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1. YpaBHeHUA OBMXXEHUS

YpaBHEHUA OBUXKEHUA CMYyTHUKa-rMpocTarta OTHOCUTESNbHO LeHTpa
MaccC Ha KpyroBom opbute nog AeNCTBUEM rpaBUTALMOHHOIO MOMEHTA
NMEIT BUA,

Ap + (C - B)gr —3w? (C —B)a,a,, + H,q - =0,
Bg+(A-C)rp-3w;(A-Cla,a, +H,r —H,p=0,
Ci+(B-A)pg-3w:(B-A)a,a, +H,p-H,q=0;
p=(ac+w,)a,, +y=p+ay,,
q=(a+w,)a,, + fsiny =04 +a,, )

r=(a+m,)a,,+BCosy =T +a,,

(1)

30ech A B, C rmaBHble LeHTparibHble MOMEHTbI UHEpUMK rupocTtaTta; p, (, I H, = Hlla)o,
H2 = H2 /a)o; H3 = H3/a)0; npoekumm abCcontoTHOM YrNnoBOW CKOPOCTH rMpocTaTta u
MPOEKLUMM BEKTOPA F’MPOCTaTUYECKOro MoMeHTa Ha ocu Ox, Oy, Oz; a, B, y - yrnbl

TaHraxa, pbICKaHns W KpeHa; ajj - HanpaBnsioLwye KOCUHYCh ocen Ox, Oy, Oz, B

opbuTanbHOM cucTemMe KoopauHaTt. @y — yrrnoBasi CKOPOCTb ABWKEHNS LIEHTpa Macc
CMyTHUKA Ha KpyroBow opobuTe.



2. NMonoxeHua paBHOBeCUSA

Monoxue B (1) B (2) &=, =Ly, ¥ =¥, (NOCTOSAHHbIE BENNYNHBI)
NoMy4Ynm CTauuOHapHbLIE YpaBHEHUS.

(C - B)(azzazs — 38328.33) — H2a13 + H3312 =0,
(A—-C)(a,a,, —3a,a,) — Hya, + Hia; =0, (3)
(B - A)(aya,, —3a,a;,) —H,a, +H,a, =0,

3nech ynobHee MCMNonb30BaTh 9KBUBAINEHTHYIO CUCTEMY
Aa21a31 + Bazzasz + Cazsaes =0,

3(Aay,a;, + Bajay, +Caas) + (Hay, + Hyag, + Hiag) =0, (4)
(Aay,a,, + Bay,a,, +Cayya,,) — (Hiay, + Hyay, +Hidy) =0,

KOTOpaAd BMeECTE C yCJ'IOBI/IﬂMI/I OPTONOHAJrIbHOCTU OJ14 HanpaBiAKLWNX KOCI/IHyCOB
2 2 2
d, +a, ta;z= 1, Ay,8,) +a,8;, + 38,5 = 0,
2 2 2
Ay t A, +tay, = 1, Ay,85) +ap,a;, + A58, = 0, ()

2 2 2
8y +tay +8;=1 8,8 +8,8a; +ayd; =0
onpegenseT Bce NOofoXeHUs paBHOBECUA CNYTHUKa-rTMpocTara B
opbuTanbHOW cncteme koopauHar korga A, B. C, Hy, H,, Hy 3agaHbl.



B o6wem criyyae umeem A=B=C, h #0, h, #0, h, #0. Mocne, sBBenerus

bespa3mMepHbIX NapameTpoB H, " H, H, B—A
cuctema (3), NpuMeT BUA; =g s s ¢
—(Vay8y + 8y85,) + (Nay, +hyay, +ha,;) =0,
Vay 8y + 8,385 =0, (6)

vay,a, + a8, — (hay; + ha;, +ha,) =0.
Cuctema (5), (6) MOXeT BbITb pa3peLleHa OTHOCUTENbHO NEPEMEHHbIX
dq1, G4y, &3, Ay1s 8ypy 8y3 B CIEAYIOLLIEM BUIE:

_4332 a33

. 4[Va§2 —(1- V)a§3]a31

6‘”:hla +ha,+ha,, 2= ha, +h,a, +ha
31 T Thds, T Thdss 31 T hdgy T Thdss
_ 41 -v)a,a, a. — _4(Va§1 * ae?s)asz
’ hay, +ha, +hay,’ N hay, +ha, +hay,’ (7)
a,, dva, a,, = 4(L-v)ay +agla,

hla31 T h2a32 T h3a33 h1a31 + h2a32 + h3a33



[MogcTtaensas peweHus (7) B (6), nony4ynm cuctemy anredbpanyeckmnx
ypaBHEHUN OT 3-X HEMU3BECTHbLIX 85;, A3y, Agq

16[a322a§3 +(1- V)Zaszsaézl T v2a321a322] = (h1331 T h2a32 T h3a33)2(a§1 T a§2 T 853), (8)
4v(l- V)aslasza33 T [h1aezas3 - hz (1- V)a33a31 - h3va31a32](h1a31 T h2a32 T h3a33) =0,
a321 T aé22 T a§3 =1.

YuntblBasi 0O4HOPOAHOCTL NEPBbIX ABYX ypaBHeHul (8), n BBoAs 0003HaYeHUs

— a‘31 _ a32 .
X=—", Y =—"" nony4nm anrebpanyeckyto Cuctemy:

A33 Aa3
8,y +a,y+a, =0,
by* +b Yy’ +b,y* +by+b, =0.
3necb & = hy(h —vhyx),
a, =hh, +[4v@A-v)+h —@Q-v)h —vhZ]x—vhhx?,
a, =—(L—v)h, (hx+h,)x,
b, = hZ,
b, = 2h,(hx+ h,),
b, = (h? + h? —16) + 2hh,x + (h? + h? —16v2)x?,
b, =2h,(hx+h;)(1+ x%),
b, = (X + h)2(L+ x2) —16(L— )2 X2,

9)



Wckntoyas ns cuctemsl (9) Y, C MCNoNb30BaHMEM MOHATME PE3YnbTaHTa,
nony4ynm anrebpanyeckoe ypasHeHne 12-ro nopsaka OTHOCUTENLHO X
P XY + P XM+ PX0 + pX” + P X° A+ peX + peX’ + (10)
+P, X7 + PgX* + PeX + PioX” + PuX+ P, =0,
rae koadpduumentsl B = P;(hy, hy, by, v)  nmetor Bua:
po — 'hl4 4V6,
p= 2hh3v°| 207 —hZ (v —1) - 2v(hg +2v - 2) |
p, = -hgv*{6h + (v =) ~hZ (v =1)[16(v* —v?) + (v —1) + b (1-Tv) |+
+h/ [(—251/2 + 26V —1) +h? (v2 ~16v +1) +h? (v2 —8v+ 7)] +
+2v° [3h§1 +8(v —1)2 — 4hZ (21/2 —7v+ 5)
p,= 2h hyv° {th +h! [(—13v2 +14v —1) +2h? (v2 —6v +1) +h’ (v2 ~5v+ 4)] -
+h? [—h; (v —1)2 (2v-1)+h; (v —1)1/[h32 (1-4v)+ (16\/3 ~16v* +v —1)} +
+2v3[—h4 +8(v —1)° (4v—5)+ 2h? (7-11v + 4v2)ﬂ -
—h? h4(v 2)(v-1)° +hZ (v-1)| (16v° - 16+ +v—1)+ hi (3v? —13v+3)} +

)
+2v 2(v - 1) (5v-1)+hy (v —6v +1) +h? (181/3 ~53v* +38y - S)H}




3. AHanNu3 NofoXXeH paBHOBECUS

YncneHHble nccnegoBaHns NPoBOAUIIUCL Npu 3HadYeHusax B> A>C

(O<v<]).

[ns npegenbHbiX 3Ha4YeHn napametpoB v=0 n v =1, BO3MOXHO
aHanUTU4eCcKn onpeaennTb rpaHuLbl obracten B NPOCTPaAHCTBE
napamMeTpoB C paBHbIM YNCIIOM OENCTBUTENBHbLIX KOPHEN.

Ons cnyydas v =0 (A=B) rpaHuua nveert Bug
hlZ + h22 — (42/3 I h32/3)3, (11)
h? +h? = (1-hZ?)°

Ons cnyyaa v=1(A=C) rpaHvua umeer sug

h2/3+(h12 +h§)1/3 _42/3
2 — )
h22/3+(h12+h32)1/3:1.

(12)



4. YncneHHble pe3ynbTaThl
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Regions of
equilibria
Vv
0,01

0,1

0,2

0,3

0,4

0,5

0,6

24/20

h,=0,00001
h,=0,00001
h,=0,990
h,=0,00001
h,=0,00001
h,=0,900
h,=0,00001
h,=0,00001
h,=0,800
h,=0,00001
h,=0,0001
h,=0,700
h,=0,00001
h,=0,00001
h,=0,600
h,=0,00001
h,=0,0001
h,=0,500
h,=0,00001
h,=0,00001
h,=0,400

20/16

h,=0,0065
h,=0,0001
h,=0,999
h,=0,0740
h,=0,0001
h,=1,021
h,=0,1400
h,=0,0001
h,=1,048
h,=0,197
h,=0,0001
h,=1,082
h,=0,231
h,=0,0001
he=1,124
h,=0,224
h,=0,0001
h,=1,182
h,=0,1236
h,=0,0001
h,=1,186

16/12

h,=0,0001
h,=0,0006
h,=3,959
h,=0,0001
h,=0,0682
h,=3,610
h,=0,0001
h,=0,1809
h,=3,264
h,=0,0001
h,=0,3154
h,=2,950
h,=0,0001
h,=0,4603
hy=2,669
h,=0,0001
h,=0,6132
h,=2,412
h,=0,0001
h,=0,7778
hy=2,167

4. YncneHHble pe3ynbTaThl

12/8

h,=0,0001
h,=0,0001
hy=4,0
h,=0,0001
h,=0,0001
h,=4,0
h,=0,0001
h,=0,0001
hy=4,0
h,=0,0001
h,=0,0001
h,=4,0
h,=0,0001
h,=0,0001
h,=4,0
h,=0,0001
h,=0,0001
hy=4,0
h,=0,0001
h,=0,0001
h,=4,0



Regions of
equilibria
vV

0,7

0,8

0,9

0,99

24/20

h,=0,00001
h,=0,00001
h,=0,300
h,=0,00001
h,=0,0001
h,=0,200
h,=0,00001
h,=0,00001
h,=0,100
h,=0,00001
h,=0,00001
h,=0,010

20/16

h,=0,0144
h,=0,0001
h,=1,105
h,=0,0001
h,=0,0155
h,=0,909
h,=0,0004
h,=0,0989
h,=0,676
h,=0,0001
h,=0,2521
h,=0,168

16/12

h,=0,0001
h,=0,9675
h,=1,915
h,=0,0001
h,=1,2107
hy=1,629
h,=0,0001
h,=1,5915
h,=1,245
h,=0,0030
h,=0,0001
h,=0,997

4. YncneHHble pe3ynbTaThl

12/8

h,=0,0001
h,=0,0001
hs=4,0
h,=0,0001
h,=0,0001
he=4,0
h,=0,0001
h,=0,0001
hs=4,0
h,=0,0001
h,=0,0001
hs=4,0



5. AHanNM3 yCTou4nMBOCTU NONMOXEHUN
paBHOBeCUS

[1na nccnegoBaHns OOCTATO4YHbIX YCIOBUA YCTONYNUBOCTU MOSIOXKEHUN
paBHOBeCUs1 Byaem Mcnosib3oBaTb 0OOOLLEHHBIN MHTErparn aHeprum

(AP + BT +CT) + (B~ C)ef{AL-v)al, +a5 ]+ (13)
+(Va§1 + a§3) —2(ha,, +h,a,, +ha,)}=const.

MpeactaBum y =y, +w, =9 +9, o=@, +p, Toraa UHTErpan sHepruu
NpUMET BUA:

1 _ _ 1 _ — _
E(Ap2 +Bg° +Cr?) +§(B —C)cog(AW,z,u2 +A,,9° + AW(PZ + (14)

+2A, 79 +2A, g + 2A, 9p) + X = const.



5. AHanNM3 yCTou4nMBOCTU NONMOXEHUN
paBHOBeCUS

[ Oe: A\W = V(a121 - a221) + (a123 - a223) +ha, +ha, +ha,,,
A,, = (3+cos’y,)(L-vsin’ p,)cos29, —
—%vsin 2y, €08 Y, sin 2¢, + (h sin g, + h, cos¢,) cosy,cos Y, + h,a,.,

(15)
A¢’¢ - V[(a222 o a‘221) - 3(8‘52 - a??l)] + h1a21 + h2a221

1. : :
Ay = _Esm 2y, SIN28) +v (a8, + a5ay ) —Siny (ha,, +ha,, + ha,,),
A//go =v(a,a,, +a,3a,)—ha, +ha;,
A, = —gvsin 29,sin2¢, +v(a,, cos@, + a,,)a,, — (h,cosg, —h,sing,)a,.,.

3 Teopemebl JlanyHoBa cneayet, YTO NOnoXeHNs paBHOBECUS YCTOWUYMBSI,
ecnu kBagpatndHasa doopma (14), (15) asnaeTtcs nonoXuUTensHO
ornpenernieHHon, T.e. UMEKT MeCTO criegylLme HepaBeHCTBa:

A//l// >0,
A, Ay — (Aw)2 >0, (16)
Ay PogPyy + 2R, 6A, Ry, = A//W(Aé‘qo)z B ASS(AWJ)Z B AW(A\//S)Z >0.



6. YncneHHble pe3yribTaTbl UccrieqoBaHus

YCTONYUBOCTU paBHOBECUN
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6. YUncneHHble pe3ynbTaTbl UCCnenoBaHUA
YCTONYUBOCTU paBHOBECUN
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6. YncneHHble pe3yribTaTbl UccneaoBaHus

Fig 28 v=02 h,=02 h;=04
(20 equilibmia, 2 stable)
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(20 equilibria, 2 stable)
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Fig 33 v=02 h;=20 h;=04

Fig. 30. vV=02,h;=05h;=04
(16 equilibmia, 2 stable)

Fig 31 v=02 h;=06,h;:=04
(12 equilibria, 2 stable)

(12 equilibria, 2 stable) (12 equilibria. 2 stable)
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7. 3aKn4veHue

[lpeanoXxeH 4YncneHHo-aHanMTUYecKnn MeToA

onpeaeneHuns Bcex NomnoXeHW PaBHOBECUSA CMyTHUMKa-
rmpoctata npu A#B=#C, h =20, h,=0, h; 0.

[TlpoBedEH YUCIIEHHBIN aHanNu3 3BONOLMN obnacTten ¢
MOCTOSIHHLIM YMCJITIOM MOSIOXKEHUN pPaBHOBECUS B
nnockoctn (h, h,) ana pasnuyHbix 3Ha4YEeHUN
napameTpoB Vv U h,

[ToKka3zaHO 4YTO CNYTHUK-TMPOCTAT Ha KPYyroBon opdbute no
OENCTBUEM rpaBUTALLMOHHOIO MOMEHTA MOXET UMETb He
bonee 24 v He MeHee 8 NMosioKEHNN PaBHOBECUS;

[TokaszaHOo, 4YTO YMCIO MNOSMOXEHUN paBHOBECUS
CNyTHUKa-rMpocTaTa, ANA KOTOPbIX BbINOMHAKTCA
OOCTaTOYHbIE YCIIOBUA YCTONYMBOCTMU, B OBLLEM Cryyae
N3MEHSETCA NpuW BO3pacTaHUU BeENUYUHLI MOOYNS
rmpocTaTmyeckoro MoMeHTa ot 4 1o 2.
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[MpunoxeHune. HYucneHHoble pesynbTtaTtbl v=0.01
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“YucneHHble pe3ynbTatbl v=0.01
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YucneHHble pesynbtaTthbl v=0.01
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YucneHHble pe3ynbTaTtbl v=0.1
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YucneHHble pesynbTaTthl v=0.1

2 0.5
fl'jl
& 0.4
15
0.3
1 16
0.2
05 12
0.1
20 1&
0 0
0 0.5 1 1.5 2 p, 25 0 0.1 0.2
Fig. 9. v=0.1, h;=09
2 0.5
Itz \ 12
8 04
1.5 \
03 118 =
0.2
1 -
a1
0.5 o \
>4--" 0 0.1 0.2
0 I
o

0.5 1 15 Jip 2

Fig. 10. v=0.1, h;=1.021



YUncneHHble pe3ynbTaTthbl V

=0.1

1 0.5
A 12
1 05
8 >
0.4 L'.
05 03 1+
- 14
02 /
0.1 /
0 [4]
0 05 By 1 o o1
Fig. 11. v=01, hy=20
04
f!j
03
8
02
0 )
o A
0 | 12 [
0 0.1 0.2 03 fry 04
Fig. 12, v=0.1, h;=3.61
ID.E?? 0.0015 -
ﬂ,ml — 8
003 8 0.001
002 11— I 1 T 1 0.0005
0.01 1 I —
2076 2078 208

0.350360370.380.39 0.4 0.410420.43044045045 047048

Fig. 13. v=0.1, h;=4.0




UncneHHble pe3ynbTaTthbl V=0.2

-1 04

1
08

06

-
\

0.2

™,
.

1]

\20 "N

el
24 p p2 04 06 08 1

35
Iy
3 [ i
\ B
25 H“‘x
2
12
15 n
1 \
N \
0.5 \ ~ \
14 3
o I e
0 0.5 1 15 2 25 3 3501, 4
Fig. 14. v=0.2,h;=10.01
25
Iy 8
’ --‘-__-H-\“‘-\
15 \ —1" ’
12 \ -
1 =zl .
s I\ \
AN -
— \
ﬂ e
0 05 1 15 2 25 Ji; 3

Fig. 15. v=02,h;=0.4

08
12
06 -
|04
14 \
02 -
24 N_
5 20 [ T~
0 02 04 06




YucneHHble pesynbTaTthbl v=0.2

0.015

2.0

hy g 0.010 - /\ g
LS i 1 .1 0.005
g 0.000 / 12
10 i 1375 1385 1395 1405
12
05 > :
20, 16
00
0.0 05 1.0 15 2.0 1, 25

Fig. 16. v=02 h: =038

1.5

Iy
8
]
12
16
0.5
D \\.
0 05 1 15 hy 2
Fig. 17. v=0.2, h: =1.048
8
0.06 -
0.04 /J\ 8
T 0.02 EAAN
12" 0 o L 12N

0 01 02 03 04 05 06 07 075 08 085 09

Fig. 18. v=0.2, hs = 3.264 Fig. 19. v=02,h;=4



UucneHHble pe3ynbTaTthl V=0.3

3 12
iz —— 3 1 \ =
25 08
—
0.6
\ - N~
2 1 . - 04
\ bo \?lo ~

.- 0.2
15 ! \ 0 N | ‘-,.‘L
12 e g 240 02040608 1 12
1 "' -
N
05 -

BN \

0 0.5 1 15 2 25 3 35 M, 4

/

Fig. 20. v=03. h;=0.01

15

Myl —

k-\\ 8

1

0 0.5 1 15 2 h, 25

Fig. 21. v=0.3 h;=0.7

1.2 1
It h
LAY 5 0d
T
0.3 s \ 8
' N
o / 12 | 0.4
: \ 12 12
02 12 0.2 T
0 \ \‘ \; 0 \ hg
0 02 04 06 082 1 12 14 156 1.!;']:22 ] 0.2 04 06

Fig. 22. v=0.3, h;=1.082 Fig. 23.v=03, h;=2.95



YncneHHble pesynbTaTthl v=0.4

25 - . .
hy [ T —— 8
5 | | _""‘"-n..‘_‘\ 4
15
12
! N
16
05 i
24 QO df] &
Q

Q0 0.5 1 15 2 25 3 3.5 Jip 4

Fig. 24. v=04, h:=0.01

2
.l'.!]

15

Qs

0 05 1 15 7 ftzs

Fig. 25. v=04, h;=0.6
L2 14
hy 12
1.3 1
8 0.8
12 o6

|

0.5 ( T~ 0.4
16 12 1 0.2
A A 0

0 05 1 15 2 fi; 25

1

AN

fia

0
0 0204 06 0E

Fig. 26. v=04, h;=1.124 Fig. 27. v=0.4, h3=2.7



YnucneHHble pesynbTaTtbl V=0.5

2 . .

1

Itz 2]
15 1 \ |

N

o 16 \ i
P : 20 }j\

)

Q 0.5 1 15 2 2.5

Fig. 28. v=0.5, h;=0.01

2
g

15

Q.5
N
0

3 35p,4

4] 05 1 15 2

Fig. 29. v=0.5,h3=05

2
fr,[
1.5
8
1
0.5
y 16 |12 \
.
0 05 1 15 2

25 fy 3

Fig. 30. v=0.5, h:=1.182

J‘r;
1.5

0.5

0

4] 05 !:2 1

Fig.31.v=025, h;=2.412



UnucneHHble pe3ynbTaTthl V=0.6

[ 25
Jiy 8

1\
1.5 1 |
os 16 N I/Ié 12 \

I|
2N\ 20 I~ \

4] 05 1 15 2 25 3 3501 4

Fig. 32. v=0.6, h:=10.01
2.5
Iy B8

Fig. 33. v=0.6, ;=04

25 2 1

Jiy 8 Tty 2

. 15
15

1
1 {
05 | \ 0.5
16 12
0 / Q
0 0.5 1 15, 2 0 05 Jip 1

Fig. 34.v=0.6, h;=1.186 Fig. 35.v=06, h=2.167



YUncneHHble pesynbTtatbl v=0.7

3

Ity
25

12\
1.5

05 T 0
24
a

o] 05 1

Fig. 36. v=0.7, hs=0.01

3
.r'i',[

2.5

Jey”
N

12 14 Q

0 05 1

15

Fig. 37. v=0.7, h; =03

3
Ity
25

2

15

1

0s | ]2| \

o 1]

Itz

o 05 1 15

2

2

Fig. 38. v=0.7, h; = 1.105

25 Jry 3

0.18 +—
016 —
014 +—
0.12
0.1
0.08
0.06
0.04
0.02 f
0

0 002

Fig. 30.v=0.7, hs=1915



YucneHHble pe3vnbTaTtbl Vv=0.8

35
Iy
3

2.5

I\
DN

1

16 —
LN N

/

/
0 05,41 15 2 25 3 35p 4
Fig. 40. v=0.8, h;=0.01
35
Iy

3

|
\ g
25 |
2 N
. 12 \
1 N
05 \ R A“““H
D A\ﬁ 12 160N\

5 -
05505 1 15 2 25 3 Iyss

Fig. 41 v=08, h;=02



UucneHHble pe3ynbTaTthl V=0.8

35

Iy
3
25
2
15
1

0.5

0

/_1:3 12 \\

0 05 1 15f, 2

Fig.
3.5
I i

3
25
2
15
1

0.5

0

Fig.

42 v=0.8, h;=0.909

3 !
0 24 D.SK;II{D 1 15 2 25 3 35, 4

44.v=09, h;=0.01

15 |
12
]
12
0.5 | \/ |
0

0 05 1p,15

Fig. 43.v=038, h:=1629



YUucneHHble pe3ynbTaTthl V=0.9

4
g
35

3
25

2
15

1

05

20

o

Fig.

0 0.5 1 15

45 v=09 h;=0.1

3.5
.Ir.i‘_[
3

2.5

0

\

e

o 05 1 15

Fig.

46. v=0.9, h;=0.676

i5 ——

Ity

25

15 4 L
12 12

)\

Fig 47.v=09, h;=1.245



YUucneHHble pe3ynbTaTthl V=0.9

4
g
35

3
25

2
15

1

05

20

o

Fig.

0 0.5 1 15

45 v=09 h;=0.1

3.5
.Ir.i‘_[
3

2.5

0

\

e

o 05 1 15

Fig.

46. v=0.9, h;=0.676

i5 ——

Ity

25

15 4 L
12 12

)\

Fig 47.v=09, h;=1.245



YncneHHble pesynbTaTtbl v=0.99

A

fl'_;
3.5

3

2.5

0 05 ™1 1.5 2 2.5 3 3.5 7 4
~ 12

08

0.6

0.4

02

0
0 02 0.4 0.5 0.8 1 1.2 1.4

Fig.48. v=099, h;=0.005



YucneHHble pe3ynbTtaTtbl v=0.99

4 4

Ity 35 N\ 5

3.5 1 T 3 \
25

3 2
\ 1.5 12 \\
25 : e

]2 \ 05 4 A .\\ .
2 \ 12

N 0

\ 0051152253
15

Fig. 50.v=0.99, h;=0.5

0.6

16 :
N \ 15
' N 0; \\
s AN |

o \ ‘\___f
0 02 0.4 0.6 08 1

Fig. 51. v=0.99, h;=1.0

Fig. 49. v=0.99, h;=0.01



YncneHHble pesynbTtaTtbl v=1.0

4 4
Iy \ 3.5 E.hl —
2.5 3 A 8
\ 8 2.5 A
3 \ 5 y
o5 . 15 AN
. IEEERN
‘ N
2 \ 05 A 16 "\\
™ 0 \ 12
1.5 \\ 0051152253
12
1 \ \\\
0.5 =
~—
. 15\\\_ T~
0 05 1 15 2 25 3 35 pa
Fig. 52, v=1.0, hs=0.005 Fig. 53.v=1.0, h;=0.5

4

5 \\ . 2: \\ 8
IQ \\ 1 2 \\
N\ '] 12
'] 12 N o N\
\ . : \

Q.5 D 05 1 15 2
\ “"-»-.\
16
0 \-— \\‘-_

0 0.5 1 1.5 2 2.5 3 35, 4

Fig. 55. v=10,h;=1.0

Fig. 54. v=1.0, hs=0.01



