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1.1 D»04adIC R*AAURY YIi-adAU%Y
E3-A*YAC " %UE»AC U»Aa'Y»hA

E3ACYAC U»Aa'C ;abAUABYY 2UY 4, an N»OadIC RAAaGUA p»hiadu ¢ Yid 2é°YOQY
0%YCIY»iC BAAUPY 46646UY°6CAaGAUTYA: E>APYAC U»Aa'C N3U3O3UY AYiriasU ¢
N»OasIC ar”e, I»i, UEYCI PU iChasUA, N»iadU Y@® RAAUSY pYadAsiGa U
|a6AUABYY»AC 4+ anAU3YA

r=r(a,b,c,t) 11

~,~" (L] ~,~A~ ~ N ’ N~ "’ amEm ” ’,~ -l N ~ o (IR Z
»Oadl iICAABUAC RAAURY Gi»YUA &iFY3Ead N3UA a»iu ¢
UQ3A3U3Y3I +a+ab»E YRi?l pakan a, b, ¢ 7 t +a+aEPFYY»AA,
anaYu [4aiaouU »Y E3-A*YAC +a+ab3PYY»A, Cél Mga. b, ¢)
466a0UY3eCAiad U»Aa'A" E3-ASYAC U»A4': |

M(x, y, z)

;..|"

ad600%YIUadY H»PFATURY  [8aA'CY*PUCY  NeUsPA-agu !
REAAU3Y (1.1) 0A»YUY 48YC N»i"U3E inéuA’

1.1
x=x{abe. D) Vy=yv{@b.cil, z=z({a.b cik 1.2



P3i3&3RaduUY »AC (1.2) N3URA-Co 13Aa0 » YU ERY3E ICY»U3CIRUC UUA&6é nYadsA3-AaCay»iA

_dy ¢y ¢y da ¢y db ¢y dc _ oy 13

(1.3) u3Y2O »AA EPYSECE N3RIC 4 %6YirE, af a, b, c-Y N3&i%iasY »Y*

da_db _dec _, . 14
dt dt dt

P»0adIC UYCIY»AC 3A3-20adUA TanariC N»i"UE p3Y20 »Aai

dv, &V, &%

Sh— = — :
Todt ot 2 15




lll~,,

D»anIY»nQ B3ﬁAU3Y éc")ééc”)UY?*é(;ﬁ’”"U?’Y ZUE»AC U»Ad' ééU AYTﬁl’éc")U P Y R3AA

AYA3C')l‘Jéc")U 3YoYé16U »Y N»anl(} N3c}éﬁ13l3Y U3eYQIY»nA a3—»Eé|' 3U1 »iai 3YoYao
U38YCIY»AC 3A3-a0AUAa8YY»AA AU3Y3IC PhAprA &3N»AC, 1adY»Y3Yu

V,=Vi(Xx. y, z, 1),
Vy:Vy(x) Y, £, t): 16
V=Va(X, y, z, t):

D»048l iCHa6UAC paEan UEYCIY»AC *A*-a6AUa0YY»AC =RiA AURY3IC 6°YIP6%l &°NCY
e|3Y3Eéc"> N3U3" aniu ¢, Ta+ aE»Yu X, Y, Z tU>>IaoAUé6YY»nA 2Ue X,Yy,z t+a+ aE3I3YY»nA
[aaiadU »Y LUE»AC +a+aE33YY»h, Cél a6éadUY3eCARURY 3Ué U»Aa1A %UE»AC U»Ad™:

adY»Y3Eai 3i%-a6AUaBYY»AC RiA, 1?Aa0 »Yu aRAR»E 3A3-2.648UY»AC 3RIA .

LAV _dx _dYy _d%y _dv, _d’z 17
TUdt g2’ T dt g2 T dt g2




UBIC 46Y»Y3Eai, ai N»Oadi UEYCIC x, y, z 1aai'CY3Y»iA +a+akiadl »Y Asi ACURYSIC,

[adY»Y3YU
oV oV oV, Vv
ach‘.xﬁLc‘.therc_. dy c\‘x.dz
ct cx dt cy dt cz dt
Luud
¢V cV cVy cV
aX: 2 "‘Vx - X 2 [ y V = X 7 1.8
cX cy ¢z
6Vy 6V cV 6Vy
ay: r T E X = + V Vz T
ct cX cy ¢z
2V 2V oV oV
az:C\Z+ XC\—Z+VyCHZ— z¥3
ct cX cy cz
2/3-33(3Y inliafA IECYC' -
= V.. BV cV cV cV . 1.9
TR X T Yy e
; y 6z

~ 1 4

(1.9)-A ECUIAECI O ai IPAa0 »YU -A»E’

a= V——V——V—V
ct % cX cy cz) 110

Ywd

% +(V -grad)V :

a=
¢
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2.1 D»i*-I»ii " NaéuG -I»ii N»Oaol
iChadUAasU

D»0a6l iGhiasUA&sU Naeug -Cl Taaiadu ¢ 20Y -GIA, anC Uasis
I»|aoU 333-40AU3Y |»I|an(; 46004ad6AUaBYA N3UAYIYadU 4 -
iadU RaR3+a0C a6004a6AU3Y Nyi:

dx _ dy _ dz
Vi(x.y.zt) Vy(xy.zt) Vi (xyzt)

E-CIA UCYasUuY U3eYQIC} A3U3Y3IC} AYA36u4a6U -3 C}IY , Gél Naéug

QIA I*ApGAQ U3eY(;IY»nQ 3f3- aoAUaoYY»n(} |»I|anY»n(; aoOanAUaoYY»
Aai a600i®l, i*AR3PY N3||3IY»n(}o prI3o3I -Cl ¢ A3U3Y3IQ 0K = a3N(;Y 2JE
I»Aad 283, N»i*-CIA TiU3E U3eYQIQ A3U3Y3IQ I*ApGHA a3N»n(;Y
3R> aoAUaoYY»n(; a3na6ﬁ(}aY ., Cé&l NaéduC -CIA"A3U3Y?IC 1iUE &3NCY
373-46AUABY Y »AC 3%RadACAEA:

2.1



it S 3YR3A[AA Usl»i~aoUAAI 3ic-acAU3Y i»lianC Naéu [aaiaou
é

U Q=[[Vnds : 22
S

UR3YSInEai n® -ai YAAUSEC UC3ian i»liafA ~ N3RIC &Y »Eai, &4f Va =V +n°,
35° (2.1)-C6 146Y»Y3Y U

Yud Q= “ [VX cos(nx )+ Vy coslny)+ V; cos(nz )}js 2.3
S
Q= [[|Vydydz + Vydxdz + V,dxdy | 24

S




20AU  URI»A"a6UASUCY CYin-[PECO fPadé-uéina-i*'élad pwY?O ai 3YOY»Eai
I3PE3UCY CYi»-AEC
= C V va } 6VZ |
ﬂ[ Vcos(nx)+ V, cos(ny)+ V,cos(nz) lds = ||H. R it 2.5
" ICAcé»Eai UQQCY 3AA»UC Avan»UA
e e .
Ty Ty’ o N . /Mg
la0Y»Y3Yu
divV = 6Yx + 5Yy + éYZ : 2.7
cX cy cz
(2.3), (2.5) L (2.7) pwY3O ' »ACA N»i“adU 4, af
{yv ds _J [dandr
. 2.8
2/3-40AU3Y i»liaAC RAGaTadUi (6CATABEUOC?) 1aaiadU ¢ N»i"UE U»iadAUadYA
e §Vd? - §(vxdx +V,dy + V,dz) .

L L



>3Eéi 'I'éﬁ3-Qi CYi»-APECSO U3i»A"abUASUCYCY 3YOY»Ead éiauéC pwY3O'Cé
§(Vxdy + Vydy +Vzdz )=

L
_ g 2 - ,dydz+| b 'dxdz+\ . .dedy
2fi*-a6AUY i»[ianC éaian 1aadiaduU ¢ 2uUY Q i»liaiA, anC anaU»1oGeY»iA ux, dy, Uz
363YOUY»AC ifi® N2UBaReEY 3 pwii N32&si »Y
Q, = N, _ OVy G — OVx 0V, 0. = OVy _OVx 2.11
4 oy cZ Y 0z OX i OX oy
wjuhupl
a5 —\'/'=5=t" 6,\,/2 B Cny ' |+‘ EVX . 6\/2 ’—_‘ C‘Vy g 6Vx EI .12
cy cZ cz cX | OX cy
P3RIC 26 Y»Eai (2.9), (2.10) " (2.11) 13Y3O »AA, 1a8Y» Y3V
= iﬁVdF = Ijan_ds = JQnds, 2.13
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3.1 ZYE1/2»E9é6AU3Y N3'3e3ﬁé6UA
paeuC EaOai’IC RE3FYUC él'.padYuA
P»0a&dIC  U3BYCIY»AC = ¥Y-RIC pwBEU3Y 0A»YUY»AC PEPRIadAUadYA
3APN3UTIadU ¢ UC UBA»UBICTRRY 2éYaadsAU3Uy, anA 1aaiadu s BYE»ECAasAU3Y [BU
SYAY'N3iasAURY N3ié%iasu:
2YEYL»ECABAURY N32&%RadUA IPA»EC 4 3ARI»E CYaaré E3-ACYAC, 2UYaré ; E %UE»
AC +a+aE3RYY»Aai:
1. 2YEYe» ECadAU3Y N3i2&3AadUA Lwlgnwldh thnthnfuwlywuubpny
v3Y - *IC &3NacYU3Y 0f»YuC NBURO0Y
J|fp (a,b,c,t,)dadbdc = HJ x,y,z,t)dxdydz 31

L hLuzd_h wnuGny, nn x = x(a b,ct), y =vy(a,b,ct), z=1z(a,b,ct), (3.1)-nLU X, y, Z
+4+aE3PYY»ACO 3YAY»Eai a, b, ¢ +4+aE3RYY»ACY, 181rY3Y U

[[[(po = I)dadbdc =0, 32

0



X 1N A s B 2 RN ARAQEY - (1184 3 A il
ani»O | -Y O3+aEacAU®Y analRCay ¢, (U*lapCiYA) % o o
cX oy oz |, 3.3
éb éb éb |
X oy 6z

oc O 0OC
@*YC af I*PEC dadbdc i*ARA 13U%af ¢, " » YASCYi»-AE yasYIoG3Y sYAY'N, 243
(3.2)-Co T&érY3YUu

3.4
Po =P -1,

anA N3Y'Cé3YaoU ; BYE»ECABAU3Y N3i2éRadUA E3-APYAC +4+aE3RYY»hai:

2. 2YEVe» ECadAU3Y N3i2&%hadUA Ejibph thnihnfuwlywllubpnd
Rwdwaéw)ju pwlwaélh Yunnwlwlp

Q= [[V,ds
S

Q= fppVyds: 33
S



Oqultiiny Paseé-uéina-A*'éias (2.5) puY?0 Cé'
f_}?pvnds = {:}7 [pVx cos(nx)+ pV, cos(ny) + pV, cos(nz )]ds =
) . 3.4
:J~'~|~:—6(pVx ). élpVy ) . élpVs )‘:dt

cX cy cZ

o .-7 Y -7(‘\/ ) o o
Yunwlwlp JJ.[‘ “tZ*’f *ny' dt\z/Z) " _—m °P 4 3.5
20&i»OCoH, N3RiC 3eY»EaI an T-Y PURURRY 4, |e|3Y3Yl‘J‘
gp _alpVy) | cf(pvy ) alpV,) _ 3.6

0
ct cX oy cZ

anA N»OadIiC *YE.»ECAabAU3Y N3i2éRasuY ; %UE»AC +a+aE3RYY »Aai:

anak O3+aEadAUaBYY»ACH N»ia, (3.6)-A PA»EC ¢ -A»E Nx»iUE iréuai’
OB s Y = 3.7
dt



2Yé»OU»EC N»O4s8IC N3UA p = const ~ (3.7)-A TAY'adYC N»i"UE in8uA
divv= 6Vx _évy --évz =% 3.8
. . 3 X cy cZ
2Ué "'wauaou (3.4)-Co 1adY»Y3Yu
pfp Vi ds=p|°[J'dider=o 3.9
S

P»04asIC N2&iicl RPAAURY '»auadu 3YE1/2»EQ 6AURY N3*&3RadUA IECYC

élpV, ) 5(,PVy ,)+ élpV, )

X cy czZ

=0 3.10

Luud
div( pV )=0: 3.11

Rwdwéwjl (3.9) pwY30"C, 3Yé»OU»EC N»0asiC N3U3A
[AadY»Y3YU

pﬂ'V ds = p|[ Vinds + p[[ Vands + p[[ Vads =0,  3.12
Sy S, Sh




°A» i»AGY»YU S1 7 S2-A B3 +a0A, 24° "A*Y6adU PA»EC ¢ AY'a8Y»E Vi ™ Var-A
N3U3a3BeE3Y3pwif V1 ™ V2 N3&73 |aoY 3AA»UY »A, N»i3pwi (3.12)-Co [ERY3Y U

Yuwd V,S,+V,S,=0 3.13

VS,=V>S,=const: 3.14

JE3Y2UCQY 1aai'CYiPUCY r, @, z N*UPPA-adU (x= r ‘cos@ ,y= r 'sing, z=z), *YEVo»
ECasAU3Y (3.6) N3i*&3faduUY aoYC N»i"UE i»éuA

c'p 1 c(pV r) 1 élpV, ) | cf'('pVZ ) _0 315
co 1

cel Y13U(;Y Iaan1(;Y3| UL,Y r, L|J N“U~IFh-aou (x r+sind cosy, y=r+sind siny
z=r-cosd ) [ECYC

cp 1 c‘pV r ) 1 élpV, sing) 1 C'-‘(PV‘U ) 0- 6
s R—r—sn b —= 1
ct r cr rsing c3 rsing cw 3




3.2 »yaiU26C30C 3n*-aoAU3Y A»Y'Lai
C L

P»0adl iCh '6UAQ1 »ya nU3oU3Y N»T 3Y a '|'Qﬁé(")L:JA ] eY(}IY»nA 8itYaoU »Y
ER*0acoCa *n*-adcAladYy: 2U" Vo A é(")AU OYA atuuU3Y3iani®l 4 e, €2, €3, 01, 02, 03 U»
la6AUAadYY»hAai, AY' anasu - O e T A
VD:— —81_— 621-7- 837']
> O 2 2
W W— —
an—a—%nfg@swng 3.17
_cd I 1
VD _?—03_+—'2-61T]*—2—82_

e -G YCYGIIRY CUIA 8% Ead RAUH »YATinYa, 47 DOC ¢ 46Y»0rE 20YACEC "
AR0%C?, ARG KU, &1 2 0, Gl ea=e;=0,20:=0,=0: 208 éuaol (3.17)-C6 TadV»
Yu VD;:(QI.;, VDY]ZO, VD;ZOZ

<<

3.18
A ; V, & —
*0C¢ U7, £ +€p + €5 =°Y" Wi -CYZ = divV 3.19
)4 cy cZ
(3.19)U»iadAUadYA N3Y'Cé3Y ., AYiniRl IBEC N3AcpLARY +a+aE3PYasAUasYA
UC3ian ABURY3*UCcacasU:



0; -C y(;1/zCI3I3Y (;U"’eIA A3AVenEad N3U3A AY'ad0Y»Eai (3.17)-é60 0; £ 0, cél £ =
£,=¢, =0.=0, =0 [adY»Y3YU

1. .
Vp: :§G3n: Von = 5931} Vp: =0 3.20
2Uea(}eél' £1) €5 €3 0,0,,0, U»lasAL ‘é(")YY»nA AY1N3Ya'6ﬁ »al‘Jé(")U pY aoA3- ‘Na 6U Z’Y
Ol "TCNhé »V o) T o) i*YaoU » »yanU30
) , 1a0UAC  ™» U%oC3Y A3Y6 3YifYadU »Y yanUu*oC>U

| & 183 %92
=|30s w2 0
._%82 %91 €3
"3YiPYaoU » yaiU*eCiuC *i%-adAU%Y A»Yzan: 208 '»auadU A»YizanA N2Ua?
pYanaRriaoU ¢ i»d U»ladAUAadYY »Aai
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4.1 D»04adl iIChadUAasdU -anlaO aéA»inA: Z£'»E*FY N»
I

‘ __E)»Oa I 1 1CAadUAadU -aila0d adA»iA 2&%Ph-iadu »Y' %3Y-PIRUCY adA»AC ™
U3»A"a8UASUCY adA»AC:

/3Y I3I3UQY [4aiaduU »Y 3UY a6A»AA, anayu IQn3eI3I »Y |Qﬁaf)UAQ AT Bi*E4sU
A=3173 1/23Y |3IQ in%, = anG 3. »0adAUAdYA PERl a5, A» 30" At 3PEA 486YC* Ch
N3n 3YadAU3Y Ung 3UE IBBEY»A, A»" &a:

®3l»n aoA3U§3Y »Y 1agiaduU 20Y a6A»AA, anaYu I(;n3é|'éoU »Y N»anIC U3eYQI§
(l(;ﬁat")UA(;) U3InA’ aoUA(;Y ©op3ané PERL »Y YA® N3 3YaoAU3Y U»g 1Yia0
U3eY(;IY»nQo (|Qﬁa6UAY»n(;o) 3Ue(;YuY 3UY a6A»AA, anayoai +aE31.'adu »Y
N3A"3Y N»Oadl iCAadUAY»AA ~ ICA%ER »Y YARYS UinA adUAY»ACY:



y

4.2 E3nitlacAUsY A»Y.ai

D»0asIC PURURRY 1iCAadUAA 'CirAl»Eai afia»é U»EBYCRRY N2URA- * YA® YIRIUUp ICi%é»
Eai 3E3UpLAC &l5padYuA, 1adY»Y3YU

_[}[J |.F-pbr+‘[ands—‘|“[‘fa>dr=0, 1

3e3YQe|(; UU46é Y(;e|»n(; APUCY YAAUSEY »AA IEQY»Y i, -j, -k i»TiaRY»AA, C&l U3infir
eY»AA" NBU3A3PEE3Y3pwA A+a, AS B, AS + v: (4.1)-Cé IaoY»Y3Yu

F-p'_\t+Pn_\S+P-x -_‘sS-o:—P-y -..‘;S-}?-P-z '._\S";'—&D_'H=O. 4.2
(4.2) N3i3&3RU3Y Unc NBRIC 26Y»Eai A1-C 3AA»UA " YIRIC
a6Y»Y3Eai, aA P _=-P_, 1adY»Y3Yu

1(F abh<P, —aP, —gP, - 1P, =0: 43
BV
(2.3)-460 SY6Y»E4i 8RUYC »iip N—0 |, I6RPY3Y0
P, = oP, +pP, +1P, : oty o U1



anaUx»TinEai (4.4)-A Oxyz [4aRA"'CY3RPUCY 3&3YSOUY»AC in3, 1adY»Y3Y U
Po=aP,, + BF’W + VP, .
Pry=aP,, + PP, +vP,, .
P=0P,, + BP).Z +vP,, :

4.5

(4.5)-A 646006 ¢, PECE, ai EciitladAUasYA N»Oadl iCRadUA&SU »Alian' I*i-C A»Y1%aieRY
U»146AU&8Y ;, aRA anariasuU s 9 U»iadAUasYY»hai

P, P, P

XX yx zx |
Hal|Po B Py |: 4.6
"sz Pyz Pzz !
( 6)A [4aiaoU ¢ E%AirlasAu3Y A»Y1/zan: U-iiwEai 2&3FY U»E3YCIRUC 0A»YUY»ACo, IRA»EC ¢,
6adUé 1°E, an (4 6) A»YeanA N3U3a3+ ;, BUECYUY’

ny:Pyx- Pyz:sz. sz:sz: b7



éE1‘»3E3'|'3Y__ N»Oé(")lll(; N3U3A Pn_, P: ,F’_y , P |'»'I~"|'éﬁY>gﬁ,A a»iu ¢ é__('i()(j)[’“"i E(}Y»‘Y
NsUsasireEsY2pwA n, O, O, O 'A%FY a600a6AUaGYY»ACY Rei*¢si, AY' anasU
P, =P,,=P,,=0: 408iC (4.5)-C6 [asY»Y*Yu

aP, =aP,, PP, =pP,,. vP, =7P, 4.8

Yuwid
Pn:Pxx:Pyy:Pzzv 4.9

A& anC, C'»E3RY N»OQadladU YarUE xYRAGUY»AA TiUE I»iadU paEan a600acAUAGYY »
Aai Gich N3*&3h »Y ™ PER a»Y NPARAZIC 'CRuanarasuUCo (8%€PEC Gfi»YUA):
2(J84Ceai, C'»3E3RY N»0adIC Usi»A"adA3UCY E3AaduUY»AY adY»Y N»i"UE in8uA

E=-P n’, 4.10

aninO P-Y 1iU%E 1»iadU xYRABUY 4, n®-3AituCY YARUSEC UC3ian irlianA:
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5.1 £"»EPRY N»OaosIC R*AAUY 'Cy»fi»YOC3E
N3i*é3naoUY»AA

(4.1) N3i3&3/U3Y Unc N3B|Q 38Y»Eai, an (}1»3E3I3Y N»OQasiC U(;3|an U3I»n»e(} ifi® 31.'a0
U3I» A’ aoA3UQY aoA»nQ -EE3ian |»I|anA ananiasu ; ¢, (4.10) pLuY3O ai (4 1) C U3»
n aoA3UQY QY|» ACEABU I%icfnEai O 3—aanAUaoY N2U2O3UY fPade-uéina-n3'élas

PwY3O C, IERY3YU
|jpnds=—ijlw ds =—ijlcos{nxhcos(ny)}cos(nz EJ(JS = lﬂ ( j+ CP !dL =—.f.f.|'grader: 5.1

<
~

2JAU i»O3'AnEai (5.1)-A (4.1)-48U, TadY»Y3YU'

|[[IF -apdz - [|[gradPdz = 0.

U N3RiC 2éY»Eai, an 1-Y BUBURRY +aun iCAadUA 4
=

5=F——gradP: 5.2
P



anaUu»1oC3Y»Aai 'A3Yu TadY»Y3Y N»i"U3E in&uA’

dVy g _1cP Y, el
dt * péx dt ey
Yuwd
éV, eV, cV eV,
ct [5) 4 cy (674 *
v, v, ¢V, v,
+V,—L+V,—L+V, —-F -

ot éx Y oy &z
eV, 2.V, ¢V, cV cV iF
ct cX cy ¢z

(9.4)- -A (}1»3E3|3Y N»OasdIC R*AAUSY 'Cy»A»YSCE N3i3&3[adsuUY»AY »Y -

AC N3i&%RaduUY »f:

A —

5.3

5.4

1aziasoyU »Y %UE»



AEETY N»OasIC BAAUY "hy»iinYOCE N°iPé*RasUY»RA -EYRY re.z 14aA'CYirUCY
N3U3PA-adU -AiaduU »Y Ny»iUE ivéuai
- V - 2 -
CYr—V,CV o €V, VZC_V’—VQ—F,—J-E_E-.
ct or r céo ¢z r p cr
V N, V, oV VvV, V.V :
c ¢+Vrcq°—i QC_¢+VZC__°— r ¢=Fq,—ic;—P. 5.5
¢ ér r éo oz r pr éo
- ~ V - ~ =
C\./z ':'Vr CYZ - CYZ +Vz CYZ =Fz _l(:_P
ct cr r ¢o (o7 4 p CZ
cal -Y20UCY r, 8, y 1aaA'CY3rUCY NeUiPA-a6U"
éV, v eV, VgV, Vy &V, V‘e + V4y = _1eP
& "ér r é0 rsind éy r RS
C-:Ye LV EYe Ve EYe " Yv 5}’9 L ViVe ctgl 2 2 i _1®P 5.6
ct cr r ¢8 rsinf cy r r pr éo’
eV éVv eV, vV, oV, VWV,
_W+V, -W_VO -v_ % -v+ r CtgeVGV _
ct or r éé rsind cy r r
1 .08

prsme oy



5.2/E'»E**Y N»0asiC 'CY:UCIF0C NCUYIPY EY'CRA

A »EI3Y N»OasIC 1(;Y?’U(;PU(; N(;UY3I3Y EY1(;nY (;Y|» A»Eai N»O&adIC f?>3nAU3Y 'Cy»
n»YoQ?’E N3i383aadoUY »AA iAidl A7 uQY aoA»n(} el1/z Y33Y a6 »1/2n3U(;Y a3UU3YY»nQ »
auaou, TY»E N»OQasIC 3 aoAU3Y xYRU3Y, ElaoAU3Y Qel aa C1/zaA»nU B3nAaoUY»nQ 1»
auaoU Y3 c;>>nU3U(;Y BRinAA" BES I»|(; Iaan1QY3|Y»n(;o A3U3Y3I(;o TR EY1QnA anl»

E&d N3U3n RBRAUSY e y»n»Yo(;?’E N3i 3e?’r”\ac")UY»n(;Y a»iu ¢ UQ30Y»E 3YE1/2»E(;aoAU3Y
N3i383fadoUA: a6003YIiUasY "»I3Ail3Y 1aan'CY3ituUCY N3URA-a6U "AcYU »Y

CY" . CY" LV, CY" : ¢V, 1¢P -

ct (&) ¢ cy (674 p CX
¢V, V, eV, eVy

_)+th-y_v)' _y—vz _F) _li]

ct o) ¢ cy oz p cy
Ny v Nz Ly e év, F. AP 5.7
2 X = : S v SIRES. o

ct X cy ¢z p ¢z

d { 6V, (:Vy éV,
afiaré SYIPE NCY-»faf’ G s 385IC (-*15C) ICxIC KeiesfasUA:
‘ﬂaUaoAUaoY a6YC N»OaslY»AC UC ™38, anC N3UA EiadAUadYA yasYioC® ; UC3UY
xYR&BUCO p=f (P):

=0:




20Y "»auadU, »Ap N»OadIC EiadAUadYA yadYIoC® ¢ aa UGUY xYRasUCo, UE" ¢»

nU3e|Qx3Y(;o iCx3C N3i 3e3ﬁa6UA adYC 3i»EC P! inél, ARAYOCH a%i1.3adUYA D»Y'»Ex~ -
IE2a»UAAYC N3i%&%hasuy 4

P=pRT, 5.8

E)»anIY»n(} 308 iné3A AY1aoY|3I ¢, 3YiPY»E pLunaIE(;Y N»anIY»n °Ap R3AA&BUA Q1/zaA»nU

T=const, 343 (5.8) N3 3e3ﬁac")UA (9.7) N3i 3e‘*ﬁac")UY»nC,) N»| P1sUa8U ; N3 3e3naoUY»n(;
N3U3I3n V V V P, p 3YN3U|Y»n(; YiiusUp: 20Y "»&uasu, »Ap ReAA&BUA (;1/2aA»nU ajg,
3UeQYuY fY +a+ aElaoU N3i 3e3ﬁa6UY»n(; (5.7) " (5.8) N3U3I3n A +3 ai, u u3YC an aoY»Yu
NCY:- N 3e3naoU |»03YN3U|Y»na| V.,V P, p, T: UadUY +a+aE3RYY»Aai -Aitl i»o»Aan’
N3i3&3RaduY ¢ ¢ Y»A-C3UC Na&uC N3 e3naoﬁA

dT jPdp

2B |
Tt o dt
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6.1 ' »E3*Y N»O4aosiIC B3nAU3Y 'Cy ))n))YOQ3E N3i*é*naoUY»AC
CYi»- ﬁééUA
M37Y%3-adUY CYin-APEY»A’
3) L Y»A-C2UC CYin-A*EA, anA &roiadU ¢, C»ERY N»OasIC if® 'Aitl N»i"UE &2NUBY3+3asuUY»iC
yauaol’
1. R*AAABUA E*6CaY3H ¢

2. 3ABUCY 46AUCY BRiY 48YC aadi»YOC3E", F = —gradIl
aninO M-A N»OasiC UC3ian
208 &2NUBY3+31a8UY»AC "»auadU a=F-_gradP R*RAUY 1Cy»fi»YOCE
N33&3RU3Y »filad 1aOU»AA éIPEU%Acare |’_‘LUC[U°2°II»I:aI (pdt dr 46

CYi»-finEai N»OadIC ©iCAadUAaI, N*RiC 2éY»Eai, ai  adr =| dv/dt ldr = VdV =d V 5|
AnaR O3+aEa6AU4a8YY»ACO Nyia 18itY3Yu

dEu'l*de =—‘~”:(:—de -:—-L:—pdy-j-ip. 'dr: 6.1
meaN.oN cy vz )



20&i»0 E; " 11, -Y *Una0c¢ 1iCRacUAa0U &%+l N»OasIC ICY»ICI " 8ainYOCE ¢ Y»A-C3Y»AY »Y'

2 _ [[[ ode-
Eu-§[|_|pv2dr, Ht—J:!JdeT. 6.2

(6.1)-C »Ailad Us»AA pwA3Y»Eai dt-C ~ N3RIC 36 Y»Eai, 4

dx ¢ ¢ OV

T Ml N ) P

T ¢ EX eX X
|(;n3e»EaI ﬂ3aoe' ueina-n® ciau Fwi v o 1auiza iU

9 E+T1. )= [[pV,ds + [[[PdivVdt : 6.3

T

dt



le§Y3ac§ECC QYB 1n"’EA anA éit6iadU s C'»3E3RY N»OasiC R*AAURY 2 'Aicl N»i"UE
&3NU3Y3[aoUY »AC "»auadsy

1. R*AAABUA &i*6CaY3h 4
2. 3APUCY a6A»AY adY»Y &ai»YOC3E i ani»O M-U UC3ian .Y ifiC 4ainYOC3E ¢ Y»A-C3Y
’ i
3. N»O4asiA pwiaifaa s p=f(P) I*U P= ¢(p):
2(J& '»auadU R3AAAU3Y 'C y»i»YOC3E N3i3&%AadsUY»AA -A»Eai E3UpC iréuai
%a—%gradvz -V x rotV=F—1gradP. 6.4
C P
YRi3 &30U3YY»AA N3RiC 26Y»Eai, (6.4)-Co 1adY»Y3Yu

2 = i
grad:VT—H-wb =V xrotV, 6.5
npwnbin
d = ﬁ 1gradP=grad<I>: 6.6
i P

(6.5)-C »flad lAOU»RA &IPEU3Aa»é pLquI3a3|I»Yu 1 Naeug - IC BaB3—aO_(; e’ U(;“‘lan i»lianai: D3i%e%n U3Y
3¢ USBATECYC 0, U3YC & V x rotV -Y a600°N3U36 4 V -CY, Cél e®-Y sE N3U3Ci ¢ V -CY:



T~ '3’\\ 'Vz | 0 é .V2 |
ladY»Y3Yu gad| — +TI+® " =—| —+M+® =0 6.7
| 2 ' cel 2 | |

wjuwnbinhg

2

V——H ® =const=c

2
Luwd .

x —I‘I—f£=c: 6.8

I p '
V__H_E=C: 6.9

2Y&»OU»EC N»OasiC 'vauasU (6.8)-Co 1adY»Y3YU 2 ;

°Ax 31440 3APUCY a6A»AA UCUY PYAaBAURY 48Ax»A »Y, %83 M=g + z " (6.9)-C6 1a8Y»Y3Y U

£_2_3= : 6.10

"»&YABECC CYin AEC ¢ Y»A-»iCl CU3&IA &3 a»Ead N2U3A (6.10)-A Y»AlRU3GY»YU

LA 6.11
2 P

»eYaoE(;(; QY|» 3E(; ¢Y»n »|(;I (;U3e|Y 30y ¢, an ifU3E Naeu(} 1C »ARUYUAI U(;3|an V3Y -3 aoY»
640 UBYCIC ICY»iCl, aai»YOC3E ~ xYRU3Y ;Y»A-C3Y»AC -adURA A3U3Y3IC 6%Yi%6®% 43NC N3&i%iasY
6.



) TARCC CYin-AREA, anA &i%6iadU ; C'»3E3RY N»OasiC ifi® Al N»i"UE &3NU3Y3+3[asUY»AC "»auadu
1. R*AAEBUA 44&i»YOCE 4

2. 3%,'40 3AifUCY a6AUCY RiY 48YC 44inYOCE
3. N»O4abIA pwhainaa ¢ :

P3AAU3Y "Cy»fi»YOCE N32&3AadUA -fAinEai E3UpC (6.4) i»éuai, YRIF &3UU3YY»AC '»auadU 1adY»Y3YU

F = gradU = —gradIl

. ° 1 R i ” .. e
afin® RERIC »Y 26YRi L Forade+5gradV® =—gradll-grad® . vpavfdd0vyaA: (6.12)-A YrAlt0%6Y »Eai

1gradP = grad®

— - dP
— ¢)= N
V = grado | e ® o

s ws N s s o "'3 , 31' s 7~ 32 '-O 2 \ 3' 03A‘3'~

i»eual " N°BiC *eéY»Eal, an [3°f grad| _V7,H__¢ o YaUUYag ¢
%, [a6Y»Y3YU

ani» O f(t)-Y ABU3Y3ICo IPERl af _.

— +—+ 11+ =flt), 1
gt 2 o1



(6.14)- -A Iéél’éoU IaB(}C} CYi»-A3E, Aéi anC »Ax (;1»3E3I3Y N»anl(; REARAUSY A3U3Y? pwith’ Akl »Y i»
AA YR a3UU3YY»nA *a® (6.14) Nei *&3[acAU3Y O3E U3eC} aané 3Y"BUY»AC -adUAA iiU%E a3N(;Y
N3&i%iady ¢ |(;naoUA(; uaEan I»inAadU: °Ap N»OaslA 3Yé»OU»EC 4 ~ »Ap wqgnnn adA»AA BYAasAU3Y
a6A»A »Y, (6 14) —A TAY'48YC N»1"UE i»8UA
50, v?2 P

e a7 — =) 6.1
ot 2 . p .

AUPYRIG Ti0°E &°NCY f(t) yaoYioC0C *iAnuA TanariC, »A» 20" &NCY RPUIYC ECYC (6.14)-C O
UEC *iA»UA ICAABUAC afi™y, T»adU: 2Yé»OU»EC N»OadIC &ai» YOG E R2AAURY AURY? @ yadYiogeY
PWitAcAadU ¢ E2AE3EC

)
(%]

- 2
cC © C O C (

M PO 6.16
éxc oy ¢z




n) »éYA0EC-%UE»AC CYin-A*EA, aiA &i*6iadU ¢ 1aRCC CYin-A*EC N2UA 3YNACA»RT &°UURYY»ACY
3iwE30Y»Eai RPAAURY &iP6CaY3iadAUlsY &2UUSYA: 20" &3UURYY»AC "»auadU (6.14)-Co 1adY»Y3Yu

_+H-|'—=c: 6.17
(6.17)-A Ta&iadu ; »éYasEC-3 2P preoR0Y 20" CYin-RPEC, (6.17)-C O%E UeasU

Yia0 »firu U»la6AUAGYY»AC agUﬁrjA UYasu ; N&iRiadY iCRasUAC 6°YIPel I»iaoU AUCY?IC
63Y 1263 &3NCY: °Ap wgnaO ad8A»AA [FYRadsAU3Y adA»i »Y, Cél N»OadlA 3Yé»OU»EC 4, (6.17)-Co
[a8Y»Y3YU

V2 P
/xR ;) DU 6.18
> -QZ - :
2y Nf2A» Ri ’ YR»E, af (6 18) A U(}3UY I»euai ¢, YU3Y »eYaoEQ(} (6.11) (;Yl» n3E(;Y n3Yu i2aré

CA*ACo ECéi |3npbn|aoU »Y:



