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Losg 1 (Xl),f2 (Xz),...,fn (xn) 900 (3300l 6gdoldogMo  gmbdiogdos,
sdbosb K, eZ,, K,eZ,,...K €Z; ieZ, jeZ,..,vel.

50605®, vy 23543 R"-Bg  25bLobE3OMmo  n @©ed,m30@9dgE-
33woosbo  (11)  ®ywmbdsos, 85806 (13) GHo30L  BmEgEol  SMLYdIMOOLIMZOL
030090900 s B305M0L0YS, 500  3dmbgl  (12) 30MMdIL; bmewem  (15)
A030L  IMYol  sMOLYIMOOLIMZOL  9Y(30egOJ0 @S B3TIMOLOYS,  SYOWO
3Jmbgl (14) 30HMBLL.

l-ge gbGowdo xU Qo y(j) 5MoLb X 5 Y ©58M30090g0  (33¢00gd0L
godbo®gdmmo  ©mbggdo;  1=1,2,.m;; j=12,..m,; f(X(i),y(j)) - (D)oL

10JLoMgdMwo 3603369wMds, GMIgog §oMmmoybl 1-gero bMowol 3356093L.
9O0BIGHMM0560  gJu3gMH0dgbGHOL  (36mdowro dgmmom, 1-geo  3bGowOL
153v)5Eg00m 33MMEMIM JONBSJBHMOM06 BMbd309dL d9dgao Labooo:

f(X,y(j)):f(j)(X)
f(x(i), y) — £ (y)

50ob 99909y, 399mf0gdm 90 BMbJz0gd0m Bgdmom domgdmwo ((2) b6 (3);

(16)

(4) 56 (5); (6) 36 (7)) 30MMBBOL (3M0GHIMH0YTGOOL) SOLYOMDLS.

0v) (16) 53059mBogdl (2) 96 (3) 30MHMdYdL, dsdob Lsdogdgwo BwWbJszool
JOD-9OHm0 (565  9OHmMOEIMmMo) dmgwo  0dbgds  (8) Lobol  bsdGsgzo; 0y
3059mR0w©gds (4) 96 (5), 35806 Lsdogdgeo (1) gMbdzool dmgwol 9goHm-9M000
Lobg 046905 (9) ULobob  xs80, bmwm (6) 96 (7)) 306Mmdgd0L  sOLYdMdOLS
bsdogdgero (1)  gmbjgool  gPo-ghmo  dmEgwo  odbgds  (10)  Bodol
bo6H0oLbM3z56—058396900sb0 g3mbdgos.

3936086, G™A (2), (3), (4), (5), (6) ©s (7) 306GMdId0 1-gwo 3FbOOWoEsd
990090y ©5305Y4mzomlb  (8), (9) B6J30900Ld90  AobLb3szgdMds  Lbgos
96535035 3B 3050.

(1) bsdogdgemo gbdzool (8), (9) 96 (10) Lsboo BmEgwrol goblsbwzmol
89900y, Fgbeyoywo  Iwsbognco  gbGool  bygydzgrdy  Bgodergds
©535006mm, O™ (1)- 9dbgds gPm-9Omo d9dgao gboswo Loby:
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506050, OMm3s 80300900 (8) dmEwel, d5dob dol gbow Lobgl g303mz0m

39000930 9™ 300 OMEGOOm:

Z=f(x,y)=fl(x)-f2(y)= — ——; (17)

MmEds 30300900 (9) dmEwels dsdob
z2=£(x,y)f (x)+£ (y) = £ (x,y7 )+ £ (x,y) £ (x,y9); (18)

MHmas 30oyma0eqds (10) 30o@gmowdo, dsdob

lgf(x, y(j))-lgf(x(i),y)

lgf(x",yV) "

lgz=lgf(x,y)=1,(y)-lgf, (x)=

(17), (18) s (19)-80 f (X(i),y(j)) fo6m0mopabl 9B 3wsbozme

3923590 (ob. 39-2 3bGOowo) 139EHYOOLS S LEAMOJMbYdIOL Fos3zgmsdo Jowgdye

9m-gho 33560dl, Gmags X =x" QS y= y(j).

3bGogno 2
Y S0 e ¥ S0 g
NO f(x(”,y(‘)) f(x“), y<2)) f(XU),y(S)) f(x(l)’ y(J)) f(xmj y(mn)
(i) f(x(l), y(l)) f(x(l)’ y(2)) f(x(i), y(3)) f(x(‘), y(J)) f(x(l)’y(mz))
(m) _ _ - - f( x(m) yu)) - -

0dol dobgzom, mvy GMIgE BM6J3090L 93093560 (8), (9) s (10)
BOOINIdF0,  25@o339MOL 339639000 (x(l),y(j)) b f (x(i),y(j)). 0930 90
©59m300gdgdgddo  dga39ogl (X(l),y) RbJ30s, 05806 3356ds@ B0300900m
f(x(l),y(j)),bmqwm ) 8923953 f(x(i),y), 35806 — f(x(i),y(j)).

00 d9dombgggzedo, MOmEs  IMo35¢3E3wsosbo  (11)  gmbdisos  dm3gdenos
3bMoEol bsbom s 3dsgmaowqds (12) 6 (14) 30o@EgM0dgdo, 85306 (11)-ob
3bo Lobgl 303Mm300m BMEOIMgdOL J9dz9mdom.
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506050, OMm3s 3030090m (13) dmEgwl, 35306 (11)-0b gboso Lobg odbgds

n

[f(x(li), x! e X )}(n-l)

bogrm, GmEs 30300930 (15) dmEgeel, 35306 (11)-ob 3bs bobgl 303mz00m

f(xl,x(zj),...,xgv))+f(xfi),x2,...,x(v))-...-f(x(i),x(zj),...,xn)

y= (20)

09000930 BMEOHIMEOm:
y= f(xl,x(zj),...,xgv))+f(x(li),xz,...,xflv))+...+f(x(i),x(2j),...,xn)—

—f(x(i),xj,...,x(v))-(n—l), D

1 2 n

boosg | (Xfi),x(zj),...,xrvl) o600 9bl d9bwMMwo 3wsliogmMo 3gadol 3356dU.
50 05380  dmyzsboos  s3®gmzg  3M0DBIM  39wsdm@gddo  fywols
365056505600 IMIMMBOL JOMHOMIO OBIMNYBE0SXMMO Q5BEMEgdgdO.
3M5mobsdsM0  IMAMOMds  Tgodgds oYMl BLIGMHOL  OMYMOG
303000 (1>0), oby 6mwmgsbo (1=0) s oOymgomo (1<0) Jsbmdgdol
d90mbggzsdo.  bdoMs  3b3wgdom  Lombol  olgo  BMIOHMBILL,  OHMIgELs3
aboboomgdl 6535000l  goliizMog bobxol 330w gds, Mg @odmfzgmeos Lombols
Bo3o00l  ImdMomdol BBy, oL 4903390 bsffools  Asobgdom b
990m0bgdom. 3oMzge  Ggdmbggzodo, 35J3l  Lombols  BmdMsmds  Bs3ool
3oLH3M03  bodxol Jwgdom, bmwm dgmégdo — Loobol dmdMomds  bobxol
353 9000m. (3350 ool obsTo30L FobEHmgds oblbgsgads dmdogo dsLol
©0653030L  396@HMEqd0logsb, 5 dbgzgermdsdos dJowgdveo doligdol ,,d9Mg30L
(506930L) borxbg 9b9Ma00lL  ©bs35MRgd0. Lombols bs3zsdo gl bs3MYGdO
bdoe d90dmbggzsdo s50fg3l LoOYIBL, OMIWIOOE PIBGOWIO0 OWOS, 30MY
dogo  ,,bobmbBg  ©obs3oMgd0.  BOBo3MGs©, 8b0d3zbgEmgsbo  Ibs3otygdo
3969359 20blbgds LobBHYTsbg FodEGH0gdol FogMmgdol s Folysb godmymaols
090935 doMomso 6535000l 0T BIOEMIOMO  LoBJsMggdol  BoO™dOL
Loydz9wdy.  MY39@d©  FJ0dE0bsMgMdL  Lbgsslbgs  LoBdotgms  b53500900L
396935, OMIgdo3  IMdMSMOL  Lbgssolbbgs  300HMdgddo. 3003000  Jobmdol
d90bg935d0,  (33woo  boxom  Lombol  dmdOIMIOL  ORIMIBE0SCME
390@Mgdsl  3M0BINW  35e03mFJddo, MHMES  JOPNEOOMMWO®  d0dE0bIMYMIL
Lomboll bosbrxol  sMH3mbsdsMO  Joghmgds o  godmygmas  Bs3ool  ImdMomdol

3oLb{zMog (q1 #q, # cost), 5J3L d9dga0o Loby:
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Qz_a0(2—a1) a0(2—a )

2
—_— . +7 .
dh Tk gm’ Qa g’ Q-4 )
dx 1—a0Q2~ B +a0(2_al)Q'X.aql_a0(2_a2)Q'X.aq2
3 2 2
g o gm ch gm ch

(22)  396FHMEd0Ib  Tgodwgds  dogomo  gzgws  39MAm  99dmbggzol
dgLodsdolbo  QobFGHMEgds: g, #cost, MmEd  d0dEobsmgmdl  bsGxol  Fbmerm

0
305m3b5dsM0 JogHmgds, q, =0, %=O; OemEe 8090b65M9gmdL bodxol dbmermo

99,

30mBsdIMO godmymgs, q, #cost,  q, =0, “h

=0; Gmgs 809OH»7d0L  boGxo

01030305, bmwm godmygmazol bstxo (335¢9ds©o, 9.0. ¢, =const, g, #const

©o %:O; MOmEd d0gHmadol boxo (335¢0905@0s, bmem 45dmygmaol bobxo

dmdogo, go. (,#const, (,=const s Omgs 653500l bobxo dogw

Loa®dgbg 8v9dogos, o0 dgdmbggzsdo (25)-do q,=q, =0, % = % =0 oo
53976922
2
-7
oK (23)
dx | 6Q B
g o

530 9935986930, MM (22)-s6 Fowgdmmwo (23) gobGHmegds  sGol
(30006530306 3OO  36MdOE0)  ITYIMPRIMO  FEMIMIO  (33EIWO
6535001  5M0mMbsdIMO  BMIMIMIOL  ORYMI6E0MPIMWO  2obBHmergds.  (22)
23906@™Mgds sfgdl 330 BsGxol Lombol dmdMHsmdol Bmys Tgdmbgggzsl
@5 890dmgds  98m3094gbmm 30BN Jowsdm@GHTo 330G HBYI30MOL
ool sboggds. o3 o380  dmyzsbowos  3MOBINW  Jowsdm@Ggddo  Lombols
35mBsdsM0  IMAMOMOOL  ORIMIBE0IMMO  49bEGMEYdOl  LHIEgmgBoo

dh
30033035 53MImg)  Bodmzgegnos  h=f(f) @nbdgool  ygmassdsgzs a

fo03mgdmeol  60dbol Jobgzom. ©IYIboE0s, GMEOL  gbogol  BMbdizos
093939L, 9.0. MmOl  bEgds bs3o500L  gMmo  IEAMIMIMO0ED  FgmM9do
230583ws.  §Ybsr0@sb 8doxe ByMIsMgmdsdo B535OL FoaligErolisl  sEYOWO
0gd3L bLoE®dol 9339006 F9a30MYdsL —  goagsbal, bmerm  Bsgool  ddsymo
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000 M3569Mmd0IL FybseTo 25oligerolsls, 500 59438 Lo®dol 93390060 BOEIL
— 3000653037960 BabGHMAL. fgwol bogoob h Lo®dgbs ©d 3OGoGogwo h

dh
LoEEIOL  MB6IRsOEMIOL, a Fomdmgd ol 6oBbol,  3obgEozn®mdol  IT

35650930, Q7 /k’  gsB@mdOL,  Fyawsbo@®ol  @L3gHOl 1 Jobmdols s
3M0GH03wwo id Jobmd900lL 565x35M©MBd0L  Loxwdz9w by, IHIBOE0s Bs3ool
05306Bs0 B30l oMol  (s3gdol s Tg@BHdMmEM30l)  SLI3GHMGHJOO.
39bboMmos 653501 930LBIO  BYEs30MHgdoL  IMEIMS  JOMOMSPO
}MmMIJPo  3OH0DBIN  3e3mBHddo  gL3YMOL  30M30M0,  Bywmzsbo s
M399496mdgdol  Ggdmbggzs80;  bmrm  9MomobsdsmO  dMmdGMsmdol  d9dmbgzsdo,
Bogzool Lo®mdg Fgodergds dg@o 0ogml b Bogegdo bmGmTs® s 3M0EG0IME
LoEMIggdDbY. FoBboME0s Tglodrm Bsdo 35M0BEH0, 9.0. OMEs MI30LvBsO
B90530600L oMo Inmogzbgdmos a dosdmdo — bmGdsgrm®mo Loe®dolb NN
POx0L Bgdmom, b dosdmdo, OHMEs Immeglgdeos bm®mdsgm® NN  {Oggls o
KK 36o@oznem §6g3gb 9mmol s C 8oedmdo, Gmas dmmsglgdwamos gLggls
> KK 63990 dmeol (ob. bob. 1; 2; 3; 4).

Bob. 1. 56505650540 dmdHomds, GaEs 1<1 ©s h>hj; a— g@dmO30L
foto, b;— ©s3990L (390Ebol) oMo, ¢; — Tg@dme3z0L oMo
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Bob. 2. §yoelsdzosbo 3o8bowro a; Ms30LvIBSE0 B30l FoMo (3gGHdmMmZOL
{o60o)

o RWSHSGUIOL VOSHO by

Bob. 4. a; 0930bYPowo BIE30HOL FoMol dEYdMIMBs, Gy h>h .
993dmM30L oMo, b, — ©sggdol foMo, C,— TgBdm®zolL fodo

9cmyg39600 33930l Lox8d3zgBY, 653500 Ms30LYBIWO  BYI30MYdOL
3MOIO0L 3560563 gd0m  Fglodegdguos  ©935R0bmm  bgdoldogmo 65350l

5306 BO0  BYI30M0L  FoMol  BmMTs.  goebs@Go®ol  Lsggbm@ol  33900L
J390mo  {igeol 65350l IBMEOT530930 @O 30LYYRSO  HBYPI30MGOOL
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foMgdolb  gm®Igoo  Bogargdsss  dgbfiogeroo,  sdsLmsb gl 50m39Bgd0
594G oMH0s 306OHm@E9dbozMneo Bog0mdgdols 3000653003960
3956g56M08gd0Lsm3z0l. 58  FoBbom, BsBHIMPIME0s  3MODBIMW  35ws3mEGHTo  ©s
LogbMol  J399mm 6535000l 300MH303MO  35M539GMYO0L LY IBs©
MINOOYLO  3ZLIIIRO-

Lox3gbOlL  4390mm Yol  Fogwol  GHMogdBHmOmool  IMbsBMMdS
©53M30090M0s 3035 BodBHMOBY, Tom  FmMoL  igolis@do®mol  Lsggbm@ol
3390080 396030350l 2obf3M03  fyawol 6535008  LoBdsGgms  gobsfogds®y. 0
3300030 39030350y LoBJobgms  gobsfoegds s  30MME0bsdozme  bggoms
39650 gdol LGmsmoi 833900605 oblbgs3ads [gobo@smol Lsggbol Hgdm
339990380 LoRds®mgms s (bgzoms gobsfiowqdolgsh (ob. bsb. 6).

399033093900 330P39693L, ®Md  sMbol gMmdog 3OmBowdo  Loggbmeol
3390006 Bobermdger  Msombdo 653508 930bMBso  BYEs30moL  FoMol
LodOMEg 0BOIPdS O BoJBHMOM035®  b530OL  LoMTg  3MOGH0ZML
39MAMMWEIOS 965 Ldxggbm®ol 3390080, M09 X —Xx  339mdo, MHmIgeos
90mmaglgdrEos Loggb®ol  bgdmom  (obgdol  bofobssedmgyme) [=(2-2,5)h,

356dowbg  (6sb. 5). 893b60dbmm, Gmd [ BBy s Tob  J3gdmom  Bo3sol

05306Bso  Bgs3omol  360d36gwmzsbo  LodMMOL  gsdm, Tdob  Losbys@0dm
Bo35000l  dM3MI© (339509050  IMIMHMBOOLIMZ0L  F0MYOIMO  ABEBHMEGdOL
300303790 BLOE®OAOL Fodmygbgds 56 Fgodergds.

Bob. 5. Fyoebs@smBo figerolb 653500L 300M3w03mGmo gagdgb@gdol

296L5BEOZOHOL LosbsMOdM ggds
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3O0BIM  3oea3mATdo  Logggbm@ol  Bgdm  (©obgdol  Lafobssmdwgam)  dogsdmdo
6535000L 300530 3MMO  BobslosmMPIGOOL  OLOYRNBI®, TMIMMBOL  Mom©IbmMdOL
09e9dsl 593l 9980 Lobg (bsb.5):

S (Amy -U) =Y (Am, -Uy) =Y Re- A, (24)
x=1 x=1

K=l

ooz  Am, 560b gagdgb@otrvmamo boffoeszol dobs; UKI Q5 UKZ - k-0

D9OGH0OoL 4oLsdMoEMmgdmEo boBJsMggdo OMOL ¢ s ¢+ Af dm3dgbEgodo;

R, —k- 96 §o0owdy dngdgeo g3gws 3oy dserol Gewddgeos
mKU QO mKU v, k900 GoOGool  8mdMemdol MomEgbmds  OMOL ¢ o
t + At 909963 9d30.

03399bgdol (24) gobGmegds Ggodergds 4537 9MMmm d9dgao Loboo:

MU, -MU, =Y'R, -At, (25)

k=1

Losg M = ka 360U 65350006 BeEosbo obo;

k=1

U, @ UCZ — ©MHmob ¢ > (+Af 0m3dgb@do sbsms  (396GHMYOOL

LoBJo0ggdo,  dqLsdsdolo I-I o II-II 33900903d0.

Bob. 6. LoBgdoMgms obsfoergdols s Bgs Fog3wol GHMsgdE Mmool
3963Mgdol doLowgdo  Lssbys®odm Lggds
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[I-II 3390030 gL3IGOME S TS IEMO Fogwroms LoBJsMYId0 Fodmolobgds
390090 Laboo:

U? u;
U, = [2¢ H,+—2 +iL—h, | =, [2g H, + 22 4L |, (26)
2g ’ 2g
U12 P, U12 5
U, = 2g H +——+iL-Y——"~h, |=¢, |2g| H +——+iL-Y-—=|, (27)
2g 4 2g Y

boog ¥ oGob I-I 339080  Fo3wol  Bo®Boggds; P, — 3Fogewob  39b@®mdo

309DmAgBHOMo  ©s)Hbgzs II-II 339080. B0MdMEo ©3M300 O gd0EsE BsbL,
603 5OLYdNwo  YEbMdgdOL  pdMEs,  FoMdmodgs sbowo P, B, © B,
2Ebemdgdo, ™y 9  Fogoegdm  IbgE3zgwmdsdo  SxOIM3)  @,, P, ©S @,
3bMdgdL. Fodobosdg, dm39bs 3093 MBOM FOMOIIES.

P~ ob  bLobegeobomgol  @ogdgom,  Om3  Bogso  s6oL

3m3H9b30sM0s s 6535080  LoBJsMId0 99300 dMGds  BIMMMIMS  35bMbU;
05906 890degds o3( g mom:

(28)

2yx

U. =y =2.U,
r r

boog 7, ©@o 1, 6oL -l 3390080 Bgs s BLZIOMwo F53¢9d0L LoIOEOL
6500419005 7, — 03039 BOPXIONOO Fo30bsMZoL.

(28)  ©99M30YdYngds  [o®dmopabl  II-II 3390030  Lobdstgos
3obsfoemgdol  3obmbl. o 1, s 7, YEbmdo  Loowygdos,  GHMIJMS

n

LybEgMgodo  Mbos  033wgdmEIL  F,  Ebmdo.  gboos, 98 Lowowggdol

39bLsBE3Ms  Fglodegdgaros, 85dob, MMmEs 2393Mm©0bgds  Bgs, FLIGOMO @S

399509 M0  Fo39gdol  GHM99JGHMM05mS Q9bGHMMGdgd0.
Logggbm@ols 33900do {1693900L gobsfowgdol 356mbl g3l d9dgao Loby:

AV? /
P =y =Yz, O oy T } (29)
2g ?, zZ, I,

LoxggbMoEsb  do®l  goMbowo  Bsgool  bgdmms  BgsdoMol  Fogwrol

A6593BHMM00L  gobGHMgdol  doLowgds  F93530bmm  IMIMsMdOlL  F9d90
©0g89IM963050MEM0 45bEMEgdgdo (0b. bsb. 6):
d’x,

m e = fU. +b¥ (x)+Gsina, (30)
t
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d’y,
dt’
boosg fUZ 560l 330l gedmymzom Bsfomsgby 8mddgoo 35960l Fobommdols

m

=fUnzy +b¥ (x)-Gceosa, (31

dog;
ﬁ(x)— 3930l 65foeazby Bozool dbGo@sb dmddgwo §i6930L dogns;

G — B5§omszol 15083030l dsems.

(30) s (Bl) 296GH™MgdgdolL  0bFgaMoMgdom s  Lofgobo  3oHMdGOOL
399mygbgdom, dog00gdm:

v, =L lfuzadies Dilpe. a2 sinasv,,1, @
m m

2
v, =L ([jvz e+ 2 [, ol + & cosa+U,, 1~ 11,. (33)
m m

(32) @5 (33) 2963Mmwgdgdo  FoMmdmoagbl  ™Moz30lBWI©  ZsMboeo
Bo3500L Bgdmms Hgs306MH0L F93¢0l IMIMSMBOL A9BEBHMEGdYdL. 3bsOos, vy 53
390 Mgdq00s6  godmzMobsgzm  t 396539 BHEML, 0300000  BHEogdBHMMools
396G Mgdsls.

bowmyom@mo  dbxgrmdoo  99a30dwos  dogowmom  Bsgsol  Jggws
B93060L s FMogEOHO  Fo3egdol dMmdMHHMdOLy s Fomo  BHEMOgIBHMMH0gd0L
396GH™Mgd9005.

36543030 BsobgobMOHm 58m(3569008 goolsfY39GO®© LBoFOMHMS 303M©IO.
6030 30006M53w039M0 9gdgbGgdo, Mmam®mgdogss: Py, Y(x), U, U, oo H,.

50605  890dgds  ©o39L336500, GMI  LoFoMms Fgdamdo  33ag300m0
L53w9domgdo BoBoMmgl gdu3gM0dgbEmwo dgom©Oom.

Jgbodg  og380  Im3gdMos  3OODBIM  JoasdmBHTdo  M30LBIO
B93060L  IMHEIOOL 52900l  2035MFH03900  IJOMPO.  OGIOSEGHIMST0
930969005 mgmMomwo  jobsdoMmdgdo s  dbxgarmds  bbgoolibgs
3960333900l 3oadmBHgddo  flywolb  mogobBowo  bgsdomol oMol
3000M5300379M0 35962500900l @5 boliosmol Fglobgd. Bopa®oed o3 Logdzgabg
Bodo®mgdemo  godmm3zgdol  Lsdmermem  d99agdol  bsodgommdol  dglobgd
Lorgdodo  9Ju3gM0dgbGH Mo IMbo3gdgool o Bodmermo  oBmIz900L

Lo®vdz9WwdY 53900 MO30LRBIO  DBYI30MOL Aol 53900l QoMgdy,
36569500,
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6535000l ®Mo30LBIO  HBYs3oMgool FOM©Y S  [Yorls@atol
LoxgbMMH0Esb  Mog3oLbIBWO®  39MEbowo  filgewol  Bs3ool  BHEsgd@BHmMools
©oLOYIBs©  BoGIOS  IM35wMOEbMm3sbo  9Ju3gM08g6G0.  BsmM3WgdOL  s©gds
bgdMEs OHMYMOF 30D M5©, 0bY BMEHMISBogdoL Lsdswgdomsg (bsb. 7).

Bob. 7. §goembsde®molb (LoggbrMosb) Msg30LMRBEsE F9EIOBYdWO
Pyeol 6535000L bgo: s) Q; bobxo, BLIIOOL i1 Jsbmdoom; d) Q, bsGxo, BLIgMOL
Iz Jobmdoom

05306MBo0  BgEs306H0L OOl 53980l bygzombgdolsdo dodwgbogn
@oRIMOGHMMSdo  n 3m9B030gbGHo  3sbobaol b 3o3wmgzLzol  BmE®IMesdo,
MmIol  39339m00m  49boLsb3zMgds  Fgbol  3mgxnozogb@do C b LoddoLol
Lbodseerg A 10, 9390 3osdm@GHobm3ol o6 M0l ©sIM30EIdo  fywol
Bogool 30693530316 96 ©0bsdozme  Jobolosmgdergdbg s [omdmowagbl
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Simplified method to plot the curves of the free water current surface in prismatic bed
Summary

Hydraulic calculation is of great significance for any engineering project to construct
reclamation construction or hydraulic facilities.
Any type of design of a reclamation construction usually covers hydraulic calculations: (a)
when designing the network of channels provided they operate in the same mode; (b) to
determine the shape and nature of the free current surface in case of the current irregular
motion due to some reason; (¢) when designing individual structures over the reclamation
channels.
The guarantee for the trouble-free operation of the reclamation works network is the correct
hydraulic calculation and construction of the kind of network-channel consistently specifying
the free surface of the water surface in the irrigation and drying channels. The dissertation
work is dedicated to this topical problem.
The work gives the existing formulae and problems of hydraulic calculation of smooth water
flow in prismatic channels and beds, as well as the classification of problems of hydraulic
calculation of smooth flow in trapezoidal channels.
The work uses widely known methods of experimental and theoretical studies, as well as

methods of dimension theory and experimental design methods by using the limited classical
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design, what allows significantly reducing the number of experiments, deducing calculation
correlations to determine a number of geometric and kinematic properties to plot a curve of
the free water current surface in prismatic beds.

During the laboratory studies and field observations, it becomes necessary to find a model of a
functional relation with multiple variables, which will give at least an approximate description
of the sought multi-variable function. For this purpose, the work gives the criterial conditions
to determine a model of functional relation with multiple variables given in the table.
According to the model specified by the given criteria, an analytical relation, which is to set
down explicitly, of the sought functional relation with multiple variables for every specific
hydraulic problem is gained.

Based on the described method, by using a complete and limited classical design, based on the
experimental data, the empirical formulae are gained, which describe the physics of the
phenomenon quite accurately.

The work gives the differential equations of irregular motion of the current changing smoothly
in the prismatic bed, which describe the curve of the free current surface in case of direct, zero
and reverse slopes of the bottom of the waterway. The work also gives a general differential
equation of the liquid motion with variable discharge when the liquid discharge is added and
extracted from the main current at the same time. The given equation is used to gain the
differential equations of the liquid motion with variable discharges for every possible
particular case of a prismatic bed.

The above-mentioned equations of the liquid motion in a prismatic bed are investigated for
the direct, zero and reverse slopes of the bottom, and the results of the investigation are used
to demonstrate the perspectives to use the differential equations of a smoothly changing
movement of the liquid. For example, if the current shifts from the rigorous state to a smooth
state, there occurs a hydraulic jump, and when the current shifts from the smooth state to a
rigorous state, there forms a waterfall, i.e. for the depths close to the critical depth, a
significant number of ripples are observed. So, the given equations are impossible to use for
the areas of waterfalls or hydraulic jumps.

The work includes the investigation of the shape of the free current surfaces in a prismatic
bed. In the beds with the bottoms with direct slopes, the location between the straight lines of
normal and critical depths depends on the ratio of the bed longitudinal slope to the critical
slope. In this connection, the work considers every possible particular case and identifies the
location of lines of flooding and fall in relation to the straight lines of normal and critical
depths. For zero and inverse slopes of the bottom, the location of lines of flooding and fall in
relation to the critical depth straight line is identified. In addition, in every particular case, we

may have only one shape of a line of a free surface. We must note that the literary sources
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widely consider the study of the shapes of free current surface, but the present work specifies
some moments, in particular, the liquid motion with a variable discharge, etc.

A theoretical investigation of the kinematics of the current in the prismatic bed and falling
from the step of the prismatic bed is given. Following the results of the given studies, it is
established that it is impossible to theoretically specify the numerical value of some
parameters of the relations describing the line of the free current surface. So, the solution to
the practical engineering problems has necessitated further research with an experimental
method.

Numerous experiments are conducted and are used to gain calculation relations to determine
the geometric and kinematic elements of the current for zero and direct slope of the bottom of
the waterway for the watercourses with prismatic channel-beds.

The empirical formulae to determine the roughness coefficient for the channel wall and
change of the lug value with the dependence on the distance from the waterway step and water
discharge are gained. In addition, the location of the critical depth of water current is
determined during the smooth flow in the prismatic bed according to the specific water
discharge, lug height and kinematic coefficients of roughness and water viscosity.

The calculation relation to determine the water depth in the section of the waterway step is
gained according to the specific water discharge, slope of the bottom of the waterway and
kinematic coefficients of roughness and water viscosity.

A general relation to determine the water current depth to plot the free water surface, and the
relation to determine the distance from the step section where the given depth is the case is
gained. The given relation may be used to determine the distance between any two sections
and plot the line of free surface of the water current if necessary, starting not from a zero
section (step section), but from any section of the waterway.

The equations describing the trajectories of the ripples of upper and lower surfaces of the
water current overflowing (with free fall) from the waterway step are gained. The experiments
are conducted according to the complete classical design, what allows examining the
righteousness of the gained calculation relations gained by using a limited classical design.
The results of the study significantly simplify and essentially specify the hydraulic calculation
of the smooth irregular motion of the smooth water flow in beds and channels.

The recommended method to calculate prismatic beds and channels can be used successfully
to calculate the drying channels on Kolkheti Valley, particularly in case of channels with a

horizontal bottom.
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