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09 d9dcmg00gdm S@bodgbsls

o'q,  9'q; _R d'q,

X, p)= + ,
Qx.9) op®  oo* oxop*

d5dob (2) aob@mangds dgdwgy Lobgl doowgdl:



o*w 0°w 12R® 9'w 129R*
+ + = X, . 3
op® 0p® h* ox* Eh’ Q@) ©

3odbgmols  Lows(bgm  goobydgsl gg@mdgdbyg ozl mogol  Lod®d@ygdo

Lobl®mgboe 9ddogo gooby®gs. m9 3mmOEobs@ms Lamsggh sgomgdon (ysenlisdgosbo
3odbanols Log@dols d9odo, 35Tob Lolobwgdm 306mdgdo @m@Es @=0 o6 @=@p o 35J3b
bolido hodog@gods hoofg@gds dgdwogabso@s:
op
Lomobom  gomsddbgdom  gosdfyggdo  ©ogg@gbgosmygdo  yobGmengds  (3)
Amaslos dgdpgao aobdmagdosms LoliGgdol

8 6 4
dd?;im + ddzm + 1156 (zml"ln) W, = 1;111134 Q.(¢), m=12.. (5

Amdeols 5dmboblbo gbps ggdgdmo @mam@aE dobo dglsdsdobo gOmygoG™mgsbo
3obFmMEgdol bmaswo sdmbsblbo 3oyl 53 aobdmengdols @o0dg gg@dem  sdmbsblibo,
Lomabo@m  2o0baoM0dgdgdol dgogaom  ao0s3Fg3980 ©@oxgdgbzosmy®o  asb@megdols
sdmbablibo dogomgmn dgdwgao Laboo:

~ 2 ®
w, =K, sing+ Z e ? [Ci cosb, ,0+C,, sinbm(p] , (6)
i=1,3,5,7 2 2

4yl 4
EhR[(2m - Dx]®

boo K, = (D™ (7)

m

©00xgOgbcosm Mo asbGmagdol  0b@ga®odmgdol  bgdolidogdo  €14Cy,...,C4
d9doggdol  2oblabrmg@olbomgol, sa®gmgg dwygbsgo dmdgbBgdol s Lbgs dogrmgsbo
BodHmOgd0L dmbodgoboe bokodm W, (0) #9600l (Gowosmea@o  as@ssoaomgdgdols)
Lbgooslbgs ool (o@mdmgdygagdols ob @mdganody n Gogols Fomdmgdyaols gsdmmgans.
sdobomgols 93499600 W, (@)  g96Jgool n @ogols Fomdmgdgmols  godmbomnge gano

Q&I
d"w, nz o
=K, sin((p+—]+ (Czi +C2i+1)' am2 +bi+12 e’
de 2 i=1,3,5,7 2 2
.cos| b, —y, +ny, |, (8)
2
[SNCNTE!

10



. C,
W, = arccos ———— = arcsin ————

Y, = arccos = arcsin ——=———
2 + b2
|+1 |+1 i+l

06392950l Iygedoggdo Cy, Cyy C, ... Cs 25b0bobmgdgds Lobobwgdem 3ommdgbdowsb.
dgabydadgdgmo Godol a@sgodsEoygero  3odbeols Losfbgm gosbydgol Lobasbmgdm
30Gmbgd0 3@dogo  gowol asb{goog (Fadgdo o 0bgdby @Gmgs @ =0 ©> ¢ = 0o,
0Jb6gds:

o> ¢0=0
6 4
w. =0; dwm=0; dw6m+dw4m_0,
do do do
d'w, N dw,, _ (1™ 48yR®
dp’  do’ Eh’(2m-1)n )
GOEs 0=,
dw d’w,_ d'w me1 48YR7 sin
W, =0; m =0; 6m + 4m =(_1) +1 Z Py ;
do do do Eh"(2m-1)=n
d7wm N dswm — (—1y™ 48yR° cos P,
do’  d¢’ Eh’(2m-1)n

(9) LobBgdol Sdmblbom gobglsbwg®gm 0bFga®otgdols dyodoggdo Ci; Cy; Cs; ... Cs.

od I9edoggdol aoblobwg@ols Jgdwgy, 3obglob@gMgm W @sEos@ Mo AoosE0e gdgdo.
bogem aopssaomgdgdols d9dggmdom gobolobmgmgds dogrmgsbo go@m@gdo:

3 A2 3w

M, EN W ) o BN 2w (11)
12R? 0¢° 12R° 0
Eh3 64 3 5

- sing, (12) 5= ERLOW Mo, BTN @l )
12R? 9¢* 24R* 8¢p° 2 24R* 8¢° 2
312 A6 2 312 A4

T1=—Eh |5 0 VGV_I_ﬂSin(P_Eh |5 0 \;V_qil'. (14)

48R° 0¢° 4 48R5 oo 2

0 goGoygmmo  3gaggol  dgegagdol @gogobsigos ho@o@mgdygmos mmbo  sbsfymdo,
bEAobsdB0obgdymo s ghmo Lodgomm ©obggosbo  3odberols Fglgy®  dogommonby.
Jgogagdo  Jowgdgemos  hggbl  Fog®  odydeggdymo  3md3oydghgmo  3Gma@sdols
(MATLAB) Lodygoagbdoom. >dobmab, 000N MYHE0 3o>dbanobosmgols @oi3bgomo

9JU3960396@ b0  bo@dodws  dolo  doMomso  35@odgBHMgdols  Lbgowslbgs  @oibgomo
d60dgbgermdgdolsmgols.

dmagyogls (H(i =50  3)  3odbgool  Lowo(bgm  Fobbopol  Gowosgay@o

oS0 adgdo  3odbaools R, h, [ 350998®g9d0L  gomgOmo  Gogbgomo

11



d60dgbgermdolomgols.

bob. 4. Go@osmydo hs@ebgol g3o0ydgdo w=w(x,®), 1073, @m@s Hy =5 8, h=0.78, (=400 8,
R=8.758.
dglodg 53T Jmgdygmos 3odbaol Lado@gganol  3mbLE®ydiEool sbao®odo @ g o©

2999y gosbogmobgdygemos  Lbgosolbgs ogdmdms dogdh w@ggee  ¢9dgby  godgdols,
goengdols s 3o@lgools gosbyo®odgbols dgmmegdo, ©sTggdgdo s do3mmgbgdo.
3odbanol  gangdgb@gdols  Lod@gozol  30Mmdgdols  Igbogslgdemo,  ao®339wer0

sbogobols gdwgy, FgObhgneo odbs BoORoR ool (Fogrgdol) s Lodgoemm  Lolol
2o0Lgool  mgm@os. AmIgaroiz  Lomsbom  ©sdggdgool  Logydggenbyg,  3@o]@0symo©

dobomgdo LobylbEom odarggs Ladogdgamo 35Msdg@@gools sboeoby@  godmbobymmgdgols,
0@ gdoi Jo@Fogo gdm®hoagbdosb @9bj3ombsm @ sbsaobl.
B0MR0AJo0Ls s 2oMlgdoll mgm@oosb dmygsbogros bmaswo (3695900 s

0909 gdgbdo, OMIgEgdo >3O gdgmos  sdmEsbol  @oigbgomo  @gomobsizools @
domgoyamo  dgegagdols  aosbosgrobgdolbomgol.  bsdOM3do  do@omopsw  goboboagds
93500  bodo@ygamol  gOmI@osbo  dmwgero,  mydgs  ©odydoggdygmo  dgmmogs
0og0bygBes©  25dmoyggbgds  Lodswengdo  aoblbgoggdymo  ©@ggoo  dobsbosmgdaosbo
Lodo® ggerols d@sgoen d@osbo Jmpgaobsmgol.

06036006 e@gser Fadgby obgmo  Gogol  @ubgol doGomswo  (3oesdTy59(0)
009390 9b30o@ M0 JobBHmMEgdsls 53l dgdwgao Lobyg:

P
VV’w = 2r’'Viw +S'w = o (15)
(15)-do w=w(x,y) 3o@bymo goaol bgosdo@ols gobGmengdss; D - gogol ogrobp@ o

Eh? , o0 0o
_ — +
12(1-v?) ox* oy’

Lobolidg D= - goa3goliols dgm@g Gogol M3g@sEAM@0;

12



bob. 5. gogol globHnmmme d3009 gegdgbddo dognggdo s dIm3gbdgdo

P=P(x,y) - gogoobg dmJdgoo bgosdodyeo dogol 0b@gblogmds, Gmdgulon oy
2odMgo 3 gom O30 ggdol  GgoJdoge  ©s(bggsl, dogowgdm  gomsbg  dmdge
Loghmem  aog  sdgodmgel; ¥ s S - gogmols s Lsdo@ggaol  gobbmyswgdamo
A 93500 dobslosmgdegdo

T
k
2 —
J.\I" (z)dz = (16)

0

2 EO

T
rr=———- t S* Ey
41+v,)D

¥ (z)dz = — 0
Jrrea= A-vi)D

0

99dols  doboliosmgdangdo (Eg o Vo) goblobognggen  dgdmbgggsdo  gobolisbmg®gds
d99© 920 ©5dM 30 o 9gdgdom:
E .

=—2
1-v,,

Vb@

E, (17)

V, =
9 0 7
l_v‘o@

Loo Eys 05 Ve  dglododobo@ ggdol 3d9bdol edgsoemdols dnpygmo ©s 3gsbmbols
309%803096@ gd05; Y(z) - gowosaomgdol aobogo aobofomgdol gybiioss. 3GsdBogsdo
Logdome mbgao aggeeo d@olomngol, @mdmoli bwg®hgddo bo@dsgymo S, dodgs @hgds
300mdomse  dgdogo, boam  dbgdo  dodggdo  o@gmgds  FOGogo  gobmbom, bdodsw
RO P2 db

T-z

T

y(z)= (18)

09 g99dgo0 g9bols T Loldg d60dgbganmgsbos, 3530b (18) aodmlobymgds dognbyg
doosbanmgdom  sbobosmgdl  @ggoo  gydol  Igdomdsl.  slgm  30GOmdgddo  Gogools
xemdolbs s g9dgdo dodggool aobsfoamgdol gybjioobsmgols bdodop mgdyemdgb

— Shyl(T_y)

Z
V(@) shy T

, (19)

oo v, d9wdogo  3mgn03E0gb@os, @mdgmoi sbalosmgdl gydol Low®dgdo xmdols
hoJ@Omdols Lohs@gl.
13



R3

H.,

r dJHHF,jJHHLVf\§
X

bob. 6. @AYo Bdgbg oTberol Lsdodygarols Gogmols Lssbas@odm Lgds

aobbogumo  @gso0  gudol  Loobpos®odm  dJmpgano  (15) o  dgzeo kit
dobslioomgdmom, o0dom  2sblbgogogds gobgmgd-30dg®Mdsbols  aobBmengdoligeb, ®md o]

‘dgbo@hoyan gdgemos 05353 gd0m0 Fggmo0 r’ 3M9803096@ 00, OMIEoms(3
3omgool{obgdbymos  wMggo  Bydgdo smd@ymo dbgdo  dodggdo. M9y JO@OEobsGms

I
Lomoggl sgowgdm gogols dysdo (bsb.6), d5dob, dm@3s y=i5, W=M,=0, g.0.

o'w
oy’
sbgmo  Lobosbwg®m  3odmdgdol dgdmbgggsdo, (15) gobGmengdol  sdmbsblibo s

W =

=0. (20)

bgpsd30@geo  sAgodmgs dgodangds  Fo®Imgoaobmm  dgdogao  g@godso A7 3M0g9d0l

= 2m -1
Lobom: w(x,y)=2wm(x)c0smfny, —b<x<b; -1/2<y<l1/2, 2D
m=1
- 2m -1
P(x,y) = P) P, (x)cos — (22)

m=1
305JBogymoe, godbgols bodo®gganol goasby wo@Ggodmggdo oizgergds dbmame
X ©9adol aolifgdog, 3>Tob

2 2
Pm(x,y)—T P, cos

4P
nydy (- )m+lm- 0

|

2
nydy _ 2P Icos

[

2

(15) gob@dmengdsdo hogligsdm (21) o (22) godmbobyamgdosms 360dgbgamdgdls, dogowgdm:

d‘w d’w P,

20, +rH)—2 4+ At +2r’A2 +S8¢ =_m 23
( )dxz(mrm )me (23)

dx

14



2m -1

I

(23) >@0l @y BYdgby Bogol @gbgol owsdVyzad aobHmEgdowsb EgasEms
obomgdom do oo hggnegdb@ogo  sMogMmygommgabo  ©0ggMgbosmy®o
3obGme gdo.

Lbowsz A, = T.

dgmmbg  @ogols  hggymgd®ogo  gOMygoMMgobo  ©0RgMbEosm G0  gobGmengdols
beoao©o 0b@gadsmo hoo§gdgds dgdmgyboodsw:
w,=Co,+C,0,+C,0,+C,0,, (24)
Lowos3 Cr,Cr,C3,Cy 063920 900L Iygdoggbdos, beam @, @y, @3, @y, - B9b30900, AMIgEmns
d60dgbganmdols  goblobwgdogh  (23)  oMog@mygedmgobo  aob@meargbols  dglsdsdolo
9JOmYg50Mgobo dsbosliosmgdgano

K*-2alK? +a; =0 (25)
3obHmEgdol  gggbggdo, GMIgaoE,  mogol  IbMog,  ©@odmogdbymos  ymggeomgols
05095000 a; 0o a, 3098030963 gd0l 05b5RsMOMdsbY

(al =22 +r%; a) =A% +2r’A2 +8Y) 6593 do Im9dgeos dobolosmgdgeno

3obHmEgdol  g9lggdol  Lodo  dgbodgom  go@osbGo s  Iglsdsdolo  D,(i=1,2,3,4)
96Jzosms 3b0dgbgenmdsbo.
dgmmbg Gogol d90d033m98303096G0560 sGSgOMYgoMMgabo doMomso gobGmengdols

bmpowo sdmboblibo, dgodergds hogfg@mm dgdogao Lobow ;

E Py + Py + (P, + Pyem
a) D(2m-1)x
bowoi @@, P3,®04 396309005, GMIgeoms  360dgbgermdols goblisbwgdogh a; o a,

w, =C,®, +C,0,+C,D, +C,D, +(-1)""2 , (26)

309803096 9L d@ols mobogo®@mds, oby dgbodsdolo Jobsbosmgdgemo asb@magdols

39Lggdo.

539 dgom, GmI Jgdbyodydgdgmo a®sgodsiEoygmo  godbenol  Lado®ggmols gogns
bob@opss dgg@mgdygmo bosfbgm s goofbgm Fobbopgomsb. o3 a390w©gdol gol{gdog,
amamai3 Fgbo, godbaol dofoliggds gmb@ydl oglb googmgdo (bob. 6). dglisdsdolow,
boobgo@modem Lqgdoby aodmbobyao  Lado®ggemols gogns g@dogo 2390wgdol 2ol gMog
(m==%1) dgag0dgmos hogmgsgmmn bobEosw hodsp®goymsw, sby Gm@Es N=tl, d5dob

=T _9.
on
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) 3)

6ob 7. 3oBbeool Lodo@ggeol Gogool bosbys®oBm Ufgds.

o3 Lobobmgdm  3odmdols s @ gybjiooms @oufo s 3gbdo  mgolgdgdols
aomgomolifobgdom, 0b@ga®omgdols dywdoggdo (C1,C2,C3,Cs) sgoemo@ godmomngmgds.

bado@ygeroll  gogosdo  os@d@ygemo  dmdgbBgdo  ©s  gobogo  dogngdo  (bob.  7.0)
hoBo®gdya asdmggaggoms bagydggam by, godmomgmgds dgdogybsodsw:

M, = —DZ(%W&' —vﬂﬁ]wmjcos/imY ,
m=1

- 1
M, =D2(kwm —vb—zngcoska,

m=1

2 (A
H=H,=-H,=D(+ V)Z[me:n)sinka,

m=1

n 1 A.Z
N1 =—DZ b—3W:l:I _mefn COS)\.mY,
m=1

n )blm .
N, =D2[b_2W:rII —lfnmesmka. (27)
m=1
dogngdols o dmIgb@gdol 2oblabmgdol dgdwgy, godmgmgoggm Lomsbsm dodggdo.
d9dobogg@o  dobobosmgdbangdol  xu®M  LOPmymgomso  as3mygbgdol  dobbom,
3obloggm@gdom  3oTob,  @m@s  Lododggemol  gobl@egdgosby  Jgggoesb  bggom

dododomygmo (93980 A®s30gmo)  doangdo  dbodgbgenmgabos,  Gogols  boggemow
dgabydadgdge  3odbengddo  godmygbgdymo 0dbgds ao®lgdo, bdodow Gogobo®yano
3MbLAMYJ300l.  @spash  dgdmmogobgoyao  Godol  3odbergdo  doGomswse  dgbogds
3ob0g®  3o@sdm@gddo  Lowsi  Lododygganol  godlbol  Log@ddg  hggyawgddog 4-6-x 9@
o5&o®™bgdl dol Logobgl. dglsdsdolow, Lododjganol o@obo@ymo ao@boll oGEMmdomo
Lbog@dg ©s dob 3mb@ydby Lobobrg®m 3o@mdgdo, Lodyoegdsl odenggs dolbo ©odsdyen-
©gRmOI0O oo IEamdo@gmbol sebsfghow aodmygbgdyge o0dbgl bobggo®dmdgb@y@o
®9dboga®o godlgdol mgm@os. 53 mgmE0ol bogydgzgm by, GomobE@ g jmm@OEObsGMS
Lob@gdodo  Fmbslfmdmdol  aobdmangdoms  LolBgds, Lomsbopm  ao®wsddbols  ©o
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30693530390 bolosmols sdggdgdols aomgoolifobgdom ©> 3obogo dogools
‘dgbo@hyybgdom, gOm dH0sb wOgze Bydobomgol dgdwgy Lobgl ©gdyamdl:

o*F 2tR* 8°F o‘F . kR' 2tR* O°F 12R*&‘F R*
+(2- )+ A+ - TP T=—P.  (2¥
oo D "0¢° Op D D ox’op* h* ox* D

a(x,e@)

bob. 8. Ladodggerol 0@obp@ygmo ao@lol Logmb@edgm bgwsdomol
bm@domyBHo W 255030090930 (A0 g2dol X mds)

20053743900 ©08g0gbxosmy@o  gobBmegdol (28) sdmblbs aomgsmolifobgdygaos
(33EoEms  gobaomgdom, @mdmobmgolsi  godmoygbgds  gomdsgo  F®oymbmdg@®oyeno
3V 30030.  Lomsbsm  aoMesddbgdom  bobggo®dmdghdm  Lododygmols  3o@obodygeo
3o@Lol aobBmangds, Fgdwgy Lobgl @gdyamdls:

d*F * d°F, ‘2R, d'F, | 12R°A )
;“+(2—2tR ) ;;’+(1+kR + my—m o —— '"Fm=(—1)“‘“w, (29)
do D do D D do h Cm-1)r
2m -1
oo A, = . 2o053(943900 Lodbmamm  39@dm{e@mdmgdgeosbo s@og@mago®mgabo
3obBME@gdol bmaswo sdmbsblbo hsofgdmgds dgdwgao Laboo:
= * = 2111—1
F(x,0) = ) (F, (9) +F, (¢)cos X, (m=1,2,3,...). (30)

m=1
od  5dmboblbols  Loggydggabyg  gobolobwgmgds OO0 gbgd0 S ‘dogo
dognmgobo  goJBm@gdo.  @mdgmms  Josbgrmgdomo  360dgbgamds,  Gm@Es  3yobmbols
3098030961 gowgdm 0-0l Geeow, ofbgds:

2
T, =EndY, T, -pn 1N W) g_EhfLlou v\ _podW
ox hop R 2 (Rop 0x ox’
2 3 2
M2=_£26_V2v’ H=—Eh aw’ 1=6M1+16_H, 2=6_H+16M2-(31)
R’ oo 12R 0x0¢ ox R oo ox R 0o
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d9b69d9d 9o 3mblE®gdiEool adsgodsEoygeo jodbamol Ladodygeols goanols
09350 B9dgbg  goobyoModgds  hogo@otgm  Omym®3  do@mdomo  sliggg  sbsfymdo
bEobps@B0bo®gdymo 3odbangdoliomgols, OTURATCIUN boobyo®odm dmbs39d900

dogdgaos gb@ogdo;
3b®ogno 1

sbofgmdo 3oTbargdol Lodo@ggamol Losbys@0dm
doMomsEo 3mbs39dgdo

godbanols b, d £,3 | h, 9 T, d P, 33s LogBHmem
UOSI::’?‘{] max min dmboggdgdo
50 35 |30 050 | 200 0544 0060 |y1=05
30 175 |20 040 | 150 0527 0059 | E=24:10%33
20 48 |20 |035 | 120 0,508 | 0,057 3;2;20,3

15 0 |20 [035 |100 0,567 | 0,063 | Eq0=20,083>

3oobasM0dgdgoo  hogo@odmgm gz Kydgdo  seddymo  dbgdo  dodggdols

3omgoeolifobgboms s 50bodbyeo dodggdols gyyegdgamymazol dgdmnbgggsdo.
bob. 9-bg Imigdygmos Lado@ggenol gogools dgo Fg@Boamol (M=y=0) Goposgny®o
howebggdol a®ox03960 Ao Bdgdo smd@gemo Ibgdo dodggdol gomgogolifobgdom
> dJob gomygdy.
W(1000),3
4.5

4.0
35

30 PN
25 // \\(Hhi]b 95339300 dJ03S20LY069500)
/4 N\

15 AV AN
10 / \

05 / \

0.0 n=x/b
-0 08 -0.5 0.0 05 08 10

3bJd0 b330 8SMITI

6ob. 9. GsEosmygdo boswybggdol adsxg040 g SE RYdgdo Seddgmo Ibgdo dsdggdols
3ongomolifobgdoms s dob aom9dy.

@oisbgomo  gdb3g@m0dgbBol  Loggydgge by owygbomos Lodogdgan  3o@odg@dgdols
36093bgemdoms  3Mgdombdol  Lsgombo.  3@s]@oggmse  dobomgd  dgogagdl  odanggs
dgmeyg, dgbodg dosbaomgds (M=2,3), by, @m@Es bodogdbgaro  3o®sdg@@dol  IF300gdo
3065®hbgdm M@ ob Lod Iglogmgdl. emdogmgds 53 AML dgbodsdobo@ o6 oskoMdgdls
~5,3%-b, 53 ©odmzoEgdygmos bodogdger  3oMsdg@Mgdbby s goaols dobsbosmgdgao
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F90Bogols  3pgdo®gmdsby.  sdm@sbols  @Gogbgomo  @gosa@obsioobsmgol  dgoagbogno

303309390 Yo 3Oma®sdol  Loggydgger by sgomsw  a0bwgds dowgdye g gygoby
bbgowolbgs 30M5dgB@Mgbdols aogagbs, dom dm@ol, gydol Low®dgdo g@9bBol x©mdols
Lohodmols  3mgxn0i309b@ol gogagbs.

dmpg9o3Lb 53 Lodowarols 3odbarols yosbys@modgool dgogagdo bGomy@o gm@dom:

gbGogno 2. (Hd =50d)
3545393 M gd0 | n=x/b v
0 375 75 1125 | 13125 15
11 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
0.8 | 0.000492 | 0.000484 | 0.000487 | 0.000468 | 0.000325 | 0.000000
W 05 | 0002228 | 0.002197 | 0.002207 | 0.002089 | 0.001429 | 0.000000
) 0 | 0.004292 | 0.004234 | 0.004250 | 0.004006 | 0.002732 | 0.000000
05 |0.002649 | 0.002600 | 0.002614 | 0.002517 | 0.001759 | 0.000000
0.8 | 0.000649 | 0.000633 | 0.000638 | 0.000630 | 0.000454 | 0.000000
1| 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
1 | 777.353 | 761.302 | 766.896 | 750.039 | 530.940 | 0.000
08 | 397.886 | 394251 | 395234 | 366.014 | 244121 | 0.000
" 05 | 54659 | 52701 | -53534 | 555556 | -41.195 | 0.000
I 0 | -444.029 | -439.227 | -440.023 | -403.476 | -267.880 | 0.000
3b- /8 05 | 192.292 | 184572 | -186.537 | -195.067 | -148.663 | 0.000
08 | 419.733 | 417.275 | 417.702 | 386.045 | 254.855 | 0.000
1 | 1100.062 | 1064.685 | 1075.473 | 1084.913 | 803.380 | 0.000
1 | 155471 | -152.260 | -153.379 | -150.008 | -106.188 | 0.000
08 | -78.078 | 78175 | -78.297 | -72.379 | -47.523 | 0.000
" 05 | 16626 | 13215 | 13554 | 14.130 | 13.160 | 0.000
2 0 99473 | 92990 | 93338 | 86218 | 62.783 | 0.000
36- /8 05 | 47118 | 40935 | 41637 | 43653 | 37.246 | 0.000
08 | 81120 | -82.144 | 82127 | -75.694 | -48.503 | 0.000
1 | 220012 | -212.937 | -215.095 | -216.983 | -160.676 | 0.000
X 0.000 | 0000 | 0000 | 0.000 0.000 | 0.000
208 | 0000 | 3996 | 5000 | 26943 | 116500 | 172.887
’ 05 | 0000 | -4560 | 7.071 | 44507 | 161470 | 232.983
45, 8 0 0000 | 1416 | 2373 | 0225 | 20841 | 35237
05 0000 | 4728 | -7271 | -46.110 | -168.660 | -243.591
0.8 0000 | 6742 | -10.621 | -25.172 | -150.508 | -232.395
1 0.000 | 0000 | 0000 | 0.000 0.000 | 0.000
1 | 650.862 | 620.090 | 631474 | 686.081 | 540123 | 0.000
08 | 557226 | 539.058 | 545.922 | 566414 | 423.821 | 0.000
\ 05 | 404389 | 394375 | 398.032 | 397.936 | 287.572 | 0.000
v 0 74388 | 69.740 | 70974 | 77.852 | 63.939 | 0.000
3o/ 05 | -436.958 | -428.202 | -431.100 | -428.450 | -305.190 | 0.000
08 | -892523 | -853.603 | -865.960 | -916.576 | -710.831 | 0.000
1 | 128949 | -1203.04 | -1232.05 | -1364.28 | -1129.90 | 0.000
N, X 0.000 | 9072 | 13413 | 36329 | 210.315 | 323.249
o0 208 | 0000 | 3522 | 1846 | 29.781 | 103.164 | 145504
05 | 0000 | -2.045 | 24294 | 5143 | -12.956 | -24.718
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0 0.000 | -4.424 | -48371 | -43.044 | -107.896 | -157.762
0.5 0.000 | 2465 | -36.757 | 6.963 | -50.797 | -91.720
0.8 0.000 | 4163 | -5.898 | 32.425 | 109.394 | 151.401
1 0.000 | -18.678 | 30.378 | 22.467 | 304.210 | 497.261

W(1000),

45

40 T /—Lo

¥ N\

30 y=13125"\ y=11.25

25 / A\

20 PR=LAN

is /| A\

10 / \

0.5 / \

0.0 | e | | n=x/b

10 08 05 00 05 08 10

6ob. 10. Ladotggmol ool Gs@osgygdo hswybggdol adsgogo

3gmmby msgdo dmEgdgmos 3oTbagdol gosbas®odgds Laldgm gangdgbdms dgomwonm.
399dme,  Lal®ym

(,LiRa-9.6%),

95099960 gobg  ©oxdbgdygmo  Godydo  3OmaMsdgdol  aodmygbgdom

3o dbgmols  3mbLE®YJE0gd0  aosbao®odgdyge  obs, GmameE  gOmosbo

Log®hiomo LolRgds ©@ggee 9dgbyg (godbsano @3ydg. ob. bob. 11), slggg s@s@ydols
3ob03339mgd0 dg@hggemos smbodbymo 3Gmy@sdgdols dgdggmdom.

03065093 mbol  3odbeools  ad3@mgdBgdolols  godmygbgdbymos @golsmgol

Lodo®mggermTo dmJdgoo bsddgbgoemm bm@dgdo s {gbgdo. gosbgo@odgdbolsls dgodbs

306LEOYJ3oob 00005800 gdyeno
306LEOJ300l Ggogy@ dydomdsb.

obgmo

demegeno, GmIgano 9obanmgogds
30039 9393y gobolsbrmgms 3mblE®ydool ggmdg@mos, gg@dme: 3356dgdols

AomEgbmds, domo  JmemOEobsGgdo, gdogy gHo3bg Lom@ogb@oEom aoboggggmgdo ws

dglododobo  dobognols @@Aggombols  Jmeyao s bbgs  Lako®m 35603960
dobalinsmgden gdo.

30bLEOYJ300L  golosbye®modgdgmo  Godydo  3Oma@sdol  godmygbgdolst,
Lom®0gbGoEom  aosbao®odgdol  boggeno,  godmygbgdoymos  sdsao  3odbangdols

©530m9JBgool godmEpomgds ©s b5dMMmITo dm3gdgeo sbooby®o aoobyomodgdgdols

‘dgga9%0.
YRS YA©SS  Aobbogymo  gAmo  bEbsGF0bgdyao  Lodswanols (Hd=5.08)

sbofymdo  3odbeools dogmdsdgmdol  3md3mbgb@gdols

©5dod -0 gBMAT0M o0

d609gbgenmdobo o  dggagdo  dgoodgdygeos hggb dog®  dg@hgyeo  aosbys®odgdols

d900mEom (FodgoGgools ©s ao@lgdol mgm@os) dJomgdbya Jmbs9dgdmsb.
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I
0.0322

v&x

bob. 12. 3pybsgo Imdgbdo (M, &*d/d)

3> dbanols Lgdiool Loddgosgbg Laldgmo gagdgb@gdom gosbasmodgdols dgwgagdo
305]Bogymoe  sbarmlos  sbogoby@o  aosbpo®odgdols  dggagdmsb. Lbgomds
2o0baoM0dgbol  Ygogagdl  dm@ol  gob3o@mdgdygmos,  @Amam@ 3 aosbas®odgdols
dgmmegdols  ©sdggdom, sadgmgg  0dom, @A®I  Lalegmo  gargdgb@gdols  dgmmeom
3oobyoM0dgdolol @odsBgoom gomgoeolifobgdbymos 9 dognosbo dofolidgdols dgwgaow
Lgolidy@o bgdmJdgogde.

Lobdygen  gangdgb@oms  dgmmomn  aosbas®odgdoll  Ygogas  aoblobwg@dyemo
doanggdowsb  6od@mddo  dmygobogros dbmwme  addogo  dogngdo (T, T,), 3dwybogo
dmdgbdo (M,) o aobogo dogns (N,), goboowsb sbo@hgbo dognggdo s dmdgb@gdo,
M,, H @5 N, ) gobboggom@gdomn bLows{bgm {obbopdo 360dgbgammgbo  dizodgs s
odgbow,  Loobgob®m  aosbys®modgdgdolomgols hggbl dog® bobggdo  Imdgb@ o
®9db0g9M0 gomlgdol mgm@ools godmygbgdols Lodo@meosbmdsols swoliy®gdl.

dgbmg  ®o330  yowofyggdowos 3o0Lgdols s  gogngdobomgol  m3Eodsgny@o
©530mgJBgool  sdmEobs.  asbboggmos  m3Godsyg@o  s3mgd@gdolsmgols  bmgswo

domomgdgdo,  mbga jgeosbo g gdgbBgools  m3@Godobogool  bggemTdo  s@Lgdyemo
0SB YOS s bbgowslbgs sgdmems domgdygmo dggagdo. bsdOmIdo m3Eodobsizools
dgdbeysg 300mdo  dowgdygeos  dobodsgry@o  dnEPermds, @mam®ai3 gl bmysse
dogdamos ggm@dodgdseo Lbynagdol dgsbogsdo.

65300830 Im(3939mos mbgm 3gemosbo Lowsfbgm Fobbosgol olgmo m3@edsmay@a
LoliJggool Dgmbggs, GmIgmoi 9bOYbggmygmayl Jobo yggms 9dbol  gOhNEGEMYm ©s
34olbog® oEslgmsl 3mol@ogy® dpamdsmgmdsdo. SdmEsbs Sdmblbogos bobggdom
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dmdgbB o  as@lgdol  mgm@ools ©s  gok0dgs-383d35bg  Lbgowolbbgs  Fobspmdol
doLbogool bLodGzoiEol dodmdol godmygbgdom. 3g@dme godbaols m3@odogy®o Lolggdols
3obbobwg®ms bo®Eogmegds LEHsLLoL bod@goEol 3o@mmdols dmpoxgoio®ydygemo Gm®Ion,
Gedgmog  3GoJHoggmoe  dobogdo  Lobybpom gbogbggmymgl dobodsag@o  Fmbols
3odbaols Lowsfbgm Fobbopol @od3mmgd@gdsb.

Loo(bgm  gooby@dgol  m3@odobsiools  sdmEobol  goesfyggde aoboboggds @
350M05b@>.

bodDmddo dm39dyg@os @MY sdsdyeo damdodgmdolsls dobsgroms gbswmdols
300mdg60 dgoxg 3asbEogydo dsbomgdobomgol, 3g@dme  @oEasb dsbogols bog@dyeo
g mdodgmds  asbolobmg®gds mJ@ogodgmo dbgdo o MGogrdgmo  bo@dsgy®o
4583950l 5@sbalig@ggamo  jmddobsizoom,  dgogg-3asb@ogy®o  dsbsangdol  Lod@goEol
300Md5 MOA5bbMmIoangdosh Lol gdsdo dgdogybso@sm hoofg@mgds:

2 2 2
o, —0,0,+0, +(p-Do,(o, +0,) = poy,

Loo 0 o po, doliogmols Fobsomdmgamdbss dgbodsdolbow godkodgslbs s 39ddgoby.
O, ©> 0, 3053500 bo@dogy@o dodggdol dodgol Ggbbm@on dgigerom, dogomgdm:

G}, — 6,0, + 65 +3065, +(p—1)o,(0,, +Gp)—pc’ =0. (32

bob. 13-bg dmEgdgmos m@ysbbmdoggdosh LobEgdsdo ©gbsmdol b@g®ymo
bgesdomo, LEsLol (o,=15 33s; poy=16 335) ©s Jobgbol (o, =16 3I35) LoddgoEol
300mdgd0ls dobgogom, Omde0 gdo(3 B3OSR0 30 S© Fo®dmoaqbls 9ge00xly@
30390300 0b©M 9 L.

65dO™MITo  godmygbgdyaos 3. dodgansdol dogd  Jowgdyeo  ImoRBo0A oY@
Lod@goEol 300mds bobgg@mom JmdgbGy®o odsdymo dpamds@gmdolomgol:

T, =2T,+(p—1oh, (33)

(1+p)’cih* +6(1-p)T,o,h* —3(T} +4S*)h? —64M?: = 0. (34)

T o To g@ddog dogngdl dm@ol {Oxg0g0 ©odmzowgdygagdols (33) aob@mangds,
bobggo®ImdgbR @ (1) [Oxog gob@mengdsms LolBgdolmsb  gOmsw, GmIgeoi hofgdomos
3oob®dymo  ao@lbobsmgol  Gomobp@ye  jmm@obs@ms  Lob@gdsdo (X, @)
Lodygoagdsl  odanggs,  Lomsbom  Lolobwgdm  300mdgdbmsb  ghmse, asbolsbmg®mls
93bmdo dogngdo s JmdgbBgoo (Ti, Tay S, Nay M), d0dolowsdyg LEosGogg®om  9® 33930
Lob@gds (1) ©sdmgoegdyegdom (33) woygoboan odbs LEHSA0gYMo© M339350 LoliEgdaby.

3o0Lol  93bmdo  Lolggdo, @mdagdoz  9bOYbggarymal  boggdmdols  Fsbols
056535M15T0dAMgosl (B Fobosmmdsl) @mgggobyg, gobolsbmg@gds Loddgozol dodmmdom,
Omdgaoiz  aodmbobyaos h  ggeswols dododo  Ig-4  badolbbols (34) oy gd@gemo

3obGma@gdom.
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bob. 13. LEsLobs s Jobglols Jobgogom sagdyao gbsmdols
bpgdgmo bgosdo®gdo
65dO™MITo dm3gdgemos dmogoizodgdymo Loddgocol 30@mbdol g9biombsm o
sbogmobo.  3g@dme  Jmggdgmos  gJbBOYIYdgdo,  bOPsmdols s g gdomdols
o gegdo, 30gdsmbols sMggdo ©s o.9.
3oobo@ygamo  Los(bgm  Fobbogol  ®m3@odsgydo  Loliggdol  dosbeomgdomo
db0dgbganmbdoms  2oblaobrgds,  @mdaols  a@dogo  gowggdo  (Bbobgganols 2oL gMog)
hodopa@gdeos  bobRow, bogen  (oogmo  jopggoo  (dodds@mngganol 2oL g®0g)
Lobl®yao 9d@ogow, 9u9dbgds bobggdow dmdgbGyd godloms mgm@osl, bEsGo @0
s 30bgds@ogn®o balosmol ©sdggdgdom. 53 ©sdg9dgdol Logydgganby, dgmeg msgdo
do@gdygmos  Igogagdo, @mdgmmns Lodgogmgdom ©Og3eMmdol s@gdo aoblsbmgdygeos
4ggeos dogs dogry@o BoJ@mmo, 39@dme, dybsgo dmdgbGo My(10), asbogo dsgns No(11),
a®dogo dogngdo Tp (14) o Tr (12), s dg@ol dogns S (13). aosby®dgols m3Bodsgnydo
Loldggdo aoblobwgdymos d.dogersdol dog® domgdygeo Loddgzoaol (34) aob@megdom.
od godmmgegddo gy gdgagmaomos ©gbsmdols bmaswo Jo®Mmdbowsb (32) dJomgdyano
3®@dog (T1, T2) dogngdls dm@ol ©sdmgowgdygemgds (33), GmIgaoi do@mgdygaos Ibmenme
dobogmols  gbsmdol  sfygdol  300mbgdTo.  sdGogoE  gosby®gol  Mm3Godoayy®o
LoliJggdol dosbarmgdomn dbodgbgenmdoms oy gbolsal, Fobslfs® dg@bgyeo dywdogo
LobJggoom gobolobwgmgds dops dosgmgsbo  goJ@mmgdo, bmenem 53 GoJdmedgdomn -
m3@0dognyg@o  Lolijggdo 3odggenr  Josbermgdsdo. godbaol  Gogobp@ymo  aswsbymgols
M3@0dogryg@o  Loldggdol dosbammgdomn @oibgomn 360dgbgenmdsms  oagbol dobbom
Jgagbogr 0dbs  3m330hBgOgmo  3Omy@sds. 3bGoano 3 - o ImiEgdgaos gHMgO®o
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bEAobs@Bobgdygmo 30M5dgB®ol slofymdo Fyselisdgosbo godbgolomgols dbmame ols
‘dogo  dogrmgobo  goBmdgdo, @mImgdoz  PIgsmme  dmbsFomgmdls  Loddgozol  (34)
3000698do s 5d  300Mb0m  goblabwgdymos  Mm3Godogydo  Lolggdo aowsbymdgols
dobslioomgdgemo  Fg@Bomolomgol. dowgdgemo Lolbggdols ©s doarggdol Lodgoggdom
5080 A5b0Lobwg®gds 3oMggen dosbamgdsdo dsdgol jmd3mbgb@gdo s dgbsdsdolo
d0ogo®o  dodggoo. dJomgdyeno dgegagdo  dgodagds os@sbogr 0bgl LESLol  Jo@mdom
5390 gbsmbol  brgdgm  bgsdo@byg (bsb.13). slgmo  dmJdgogdol  Dggaew
spgoams 3@ dgbogdom,  @md  [gaGoangdo  dmogo®o  dsdgol  gom@©obs@gdom
360dgbgermgbo®  dogobamgwgds (‘dopbowsb) ©gbsmdol brgdye  bgsdodl, @3
3obLobEg@Magl aoobyomodgdols o3 Jgmmwol 3GsdBogge wodgdya gdsl.

g gboemo  3md309GgO Ym0  3GMYASTom, goMEs SbsTymdo Esdsmes(bggosbo ©s
LoTgommEs{bggosbo oTbmols, 3osbas®odgdym ofbs Lbgspsbbgs GgbBydo sdm3sbs.
©od9oggdaymo dgmmeo Fgodengds odmygbgdgen 0dbgl, SpMgmgg Lodo®ggmol goaols
2oLosbgs®0dgdeom.

aboogro 3.
LESbEs@BH0bgd o 3o®Msdg@B@gools sbofymdo 3odbangdols dogs doga@o
BoJHOHgoo ©s m3Godseg@o bobgggoo (H =50 9)

‘dogo 0, X, d dm 399700
do@gs | a@oc. 0.0 5.0 10.0 15.0 20.0 bowowggdo
1 2 3 4 5 6 7 8
0,000 0,000 0,000 0,000 0,000 0,000 R=8,75 9
4,857 -43,150 15,989 2,878 -45,158 347,132 1=40,0 9
9,714 64,018 31,562 5,880 89,978 691,644 h=0.50 3
Ty 46/0 14,571 | 84,890 | 46,790 8,890 134,122 | 1030,940 10 5/
19,428 | -105,657 | 62,080 11,630 177,248 | 1362,455
24,285 | -125,550 77,358 14,057 | -219,031 | 1683,690 H, =504
29,142 | 144,123 | 91,986 16,410 259,161 | 19927225 E=2.4.107
34,000 | -21,830 105,605 18,795 | 297,341 | 2285,710 6/
0,000 7,144 6,418 6,667 7,599 0,000 6‘21500
4,857 -70,112 69,739 | -69,867 | -70,345 66,443 T
9,714 | -133,083 | -133,012 | -133,036 | -133,128 132,385 36/
T2, 14,571 | -196111 | -196,234 | -196,192 | -196,033 | -197,328 pos=16000
36/ [ 19,428 | -259,239 | -259,396 | -259,342 | -259,141 | -260,782 36/
24285 | -322,500 | -322,477 | -322,485 | -322,515 -322,268 =340

29,142 -385,911 -385,444 | -385,604 | -386,203 -381,323
34,000 | -449,466 | -448,245 | -448,666 | -450,226 -417,500

0,000 -15,436 -13,868 -14,406 -16,421 0,000
4,857 6,198 5,568 5,784 6,593 0,000

9,714 3,317 2,980 3,096 3,528 0,000

102-M2, [ 12571 -4,757 4,274 -4,440 -5,060 0,000
36:9/8 | 19,428 -5,664 -5,088 5,282 6,025 0,000
24,285 2,463 2,214 2,299 2,621 0,000

29,142 7,637 6,859 7,127 8,123 0,000

24,000 | -19,165 17,214 -17,885 -20,385 0,000

S, 3b/3 0,000 1655,59 1665,19 1661,89 1649,57 1750,00
4,857 1656,00 1664,89 1661,83 1650,43 1743,40
9,714 1657,24 1663,98 1661,67 1653,00 1723,64
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14,571 1659,28 1662,49 1661,39 1657,26 1690,88
19,428 1661,11 1660,42 1661,00 1663,19 1645,36
24,285 1665,73 1657,77 1660,51 1670,72 1687,42
29,142 1670,13 1654,55 1659,93 1679,82 1517,51
34,000 1675,26 1650,79 1659,26 1690,40 1436,14
h, 3 0,000 0,347 0,349 0,348 0,346 0,367
4,857 0,344 0,351 0,349 0,340 0,423
9,714 0,341 0,354 0,350 0,334 0,486
14,571 0,339 0,356 0,350 0,329 0,555
19,428 0,336 0,358 0,350 0,324 0,628
24,285 0,334 0,360 0,351 0,320 0,703
29,142 0,333 0,361 0,351 0,317 0,779
34,000 0,331 0,362 0,351 0,315 0,854

3o dbgmols  Lowsfbgm  Fobbogol  m3@odobsizool  wsbylb@gdygmo  sdmzsbols
30057 9439B0dg o353y doggm, PRGeM doME0g0 s mgoglohobem  sdmobs, doFolgggds
boggdmdols 30e0bE@ Y@ Assby@gaby, goboowsb sbodbymo bopgdbmds Lodg@@oygaos
©s dobbg Jmpgdbgaros LodgdGogeo s@goMmgs.

bob. 14. dofolggds boggdmdgdols zomobp@gemo yosbydgol
Losbao®odem Uigds
bmpo  dgdmbgggsdo, GmEs  gopsby®goby ImJdgogdl  gg@Bogoe @0  Lodmm
76935 a@9b630L Fyegdol Jo@mbEodoiyg®o ©sfbggs o a9ddsmols bsgygmsdo Loddodols
dogns dgag0deos dogo@mo:
q, =0,q, =0,q; = —yd(Rcoscp0 +hy —Rcoscp)+ y(ho +R—Rc0s<p)+ v.h, (35)

Lo V¥ o 7, >0l dglodsdobo, Lodme  Jobol, Fyamolbs ©s dgBmbols

doygemdono Fmbs.

(33) wo (1) aob@mangdoms gOHMMomomdom  Lomsbowm Lolbobmgdm  30MMmdgdmsab
9JOMo© 2obglobwgMgm gzgees Yi3bmdo dogns s Imdgb@Go (Tys Tas S5 Nas My), Gmymeg
bEo@oggdoe 3393500 LolGgdobsmgol. gowsobydgol 93bmdo  Lobgggdo, GmIagdo
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9bOYbggegmeals Jobo Fobol Lbgowolbgs §gd@Gomgdols mobsdo@lsdodamgdols dmgggols
d0dodm, gobglabwgdgm LoddgzoEol (Lgbspmdol) (34) gobdmagbom. slgmo dowamdom
2obLobegdgao  goobydgol  goboggggmol  bmdgdo b Ybggmymal  3GsJE0syme©
dobodogg@o dnEgmemdols JmbliHydgool wed@myHgosl.

od sdm@Eobols gosfyzgBol dgdogy bsdOmddo aobbogrgemos jodbeools Lowsfbgm
3o 0b®yao asesby®gols Mm3Godseyg®do LoliJggdol aoblabmgds

dofolgggds  39bol Lodobdobem oMdsbols (30 0bo®yano aosbydgs
2®dogo  @g®@dol dododo  Lodg@@ogeo JmblE®Mg]coss GmameG 39mdgdOogmop, olyg
3509 5RZoAOMgoms s Lobobwg®hm  30@Mmdgdom, @o3 dSoEgoegdl sdmizsbols sdmblibols
AL Lobobegam 300mdgdol hofg@ols s 03 300Mdgdol s dogmaomgdsl. bemyswe
5dmboblibgddo, mbga jgeosbo  3odbeools Lowsfbgm Fobbogo a®dogo @g@dols dododm

((p=%) aobooll  s@sbodg@@ogmo  JodmbEosdoggdo  [bggol  ImJdgogdsl, @oi

SO Y gdl  sdm@Eobols  Sdmblbol.  sdm@Eobol  @oibgom  Ggoeoboosdwyg  doygebs

305JBoggmow dgbsdangdgemos dgdwogy dgdmbgggsdo:
L. oy hogogeom, @md Jo@mb@s@ogy®o (bygs godbemols Lodswegbyg, bmaxg® dobo

d3009 Loowol aodm, dgodargds hoomgogml  mobodo@pobsfomgdyase, boam

306LEOJ3os (p=% Jbobggeool dodo@m Lodg@d®oygasg.

do(@)=0q, = aad = const;
4
g=Hj/4 )

bob. 15. Lows(bgm Fobbogol Losbys@modm Lgds mobsdo®psbsfoggdyao
©oB300mgol 300Mmdgddo
Febslfmamdols 3obHME gdoms Lol gdosb Lomsbom oM sJdbgdom
2q,(p)Rcoso
1-o’
o3 Losbao®odm Ugdol dgdmbgggsdo, Lobsbrogmm Jodmdgdo ofbgds:

30909@mdm: T, (@) = Ccoswp + Dsin o +
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dT,
OIUTES (p=(P—20, d5dob T, =E—0 ©s dogowgdm 0b@ga®omgdols bgdolidogdo (C s D)

d9doggdol dJododm Jgdwgy S gd@ Y asbAmegdoms Lol gdsl:

©P, o0 ZqORsm&
+ Do cos 20 = 2

— Cosin—

1-o’

Py

ZqORcos—

+ Dsin 2P0 _ 2
2 1-o’

@P,

Ccos—
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summari

The construction of river hydroelectric complexes is generally distinguished from that of other
engineering facilities for a large scope of work and accordingly great capital investments. Despite the
kind of water industry the hydroelectric complex serves, a dam is frequently the most valuable and
crucial structure of the complex.

Therefore, reduction in the cost of a dam construction at the expense of the structural perfection of the
dam and improved job practices will help significantly reduce the cost and duration of construction of a
hydroelectric complex.

As a result, the research and development works to significantly accelerate and reduce the cost of a dam
construction have been a subject of concern of the hydraulic engineers in recent years. The studies to
solve this problem are mostly concerned with the solution of the following two problems -
technological and structural perfection of a dam construction.

Chapter 1 deals with the design of a new-type, thin-walled blind dam and spillway. It is presented by a
smooth mating of three thin-walled structures, one of them being an upstream face (cylindrical shell),
another being a foundation slab (or a cylindrical shell) and the rest being a downstream face of the
proper geometry.

The parameters of movable dams are unified and standardized, with their discharge capacity and
stability (sliding resistance and overturning stability in the base plane) are calculated. The results of
calculation are analyzed and proper conclusions are made.

Chapter 2 gives the calculation of the strength of the dam pressure face, influence of different
parameters and working conditions (boundary conditions) of the pressure face on the deflected mode of
a cylindrical cover. The methods of calculation with the numerical experiment allow choosing the cover
parameters.

The work, aiming at determining the deflected mode of the dam pressure face, uses the theory of semi-
flexible shells. The decision equation is gained based on the theory of semi-flexible shells of V. Vlasov
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and U. Finsterwalder, which is based on proper statistical and kinematical assumptions. Based on these
assumptions, the system of equilibrium equations is written in the radial displacements as a differential
equation with the 8-th series private-derivative. By separating the variables (Maurice-Levy problem) it
is reduced to a common differential heterogeneous equation with constant coefficients of series 8.
Based on the theoretical analysis of the roots of the performance equation, a general solution to this and
accordingly, to the decision equations is gained as radial deflections. The constants of integration are
determined by the solution to the system of algebraic equations consisting of eight equations
corresponding to the boundary conditions, which gives the most real picture of the real working
conditions of the studied face.

A method of direct determination of any n-series derivative of the general solution to the problem is
produced what significantly facilitates the determination of any internal force of the dam pressure face
by radial deflections.

The computer software with mathematics 4.1 language has been developed for the purpose of numerical
implementation of the problem. The mentioned software, by using the numerical experiment allows
correct fixing the parameters of the pressure face of a hollow dam generally and of a movable low-sill
dam particularly in every concrete case.

The deflective mode of a movable low-sill spillway section is dependent not only on the structure and
sizes of its cross section, but the full length of the rollway, as after the joints are solidified, it works as a
single structure.

Chapter 3 contains the calculation of strength of the foundation slab of a movable low-sill hollow dam,
including that of a movable low-sill dam. The foundation slab transmitting the loads on the dam to the
base of the structure, is one of the most crucial structural elements of a dam together with the upstream
face. In accordance with the low height of a movable dam, due to insignificant inverse filtering pressure
and reactive forces, replacement of the dam foundation slab with the cylindrical foundation shell is not
necessary. Such a replacement is necessary for average and high dams what is also evidenced by the
results of calculation.

By means of the numerical experiments the impact of each parameter on the strength of the foundation
slab and problem of convergence of solutions are studied, and the gained results are analyzed at the
expense of the influence of additional shear stresses in the elastic base and compared with the methods
offered by other authors.

Chapter 4 deals with the scheme of the spillway solidification and its structural development. The
strength conditions of the dams were re-examined by means of the finite element method.

Chapter 5 of the monograph is dedicated to the problems of optimal designing of a thin-walled dam.
The minimum dam weight with the constant rated reserve of strength and rigidity has been taken as an
optimization criterion.

The strength condition of the structure is assessed by considering the complex state of stress and
different compression and tensile strengths (fragile-plastic materials). Selection of the optimal
thicknesses of the dam ensuring an ultimate transformation of the whole structure into a plastic state is
done by two methods. The first method, which is based on the kinematical and statistical assumptions
of the theory of semi-flexible shells, is more rigid. Another method is more accurate, as it is based on
statistical assumptions only and the problem solution, by considering the relationship between the
longitudinal forces, is reduced to the solution to the statistically definable system.
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