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Abstract

Effective management of water resources, under the conditions of global warming
and tightened environmental requirements, represents the most important challenge in
our days. Territorial and time redistribution and rational management of river runoff
within river catchment area is very important for generating hydropower.

In view of high density of hydrographic network, climatic, and ect diversity of the
territory, formation of water runoff during separate periods of a year takes place under
different, specific hydrometeorological conditions. It is expected that global warming will
effect not necessarily the amount of annual runoff of rivers, but rather its distribution
during the year. For this reason, individual prognosis methodology should be developed.
Our work presents the following: necessity for updating the methods of the existing
hydrological prognosis of the river runoff in view of the changes of climate forming
factors under the conditions of reduction of information (in fact under the conditions of
35-year interruption of hydrological information); as planning and current control of
operating HPP generations require analyzing hydrological information of the runoffs and
daily data of the water resources, establishment of actual and forecasted inlet water waste
in the headwork of seasonal and regulatory HPPs is carried out through aquatic accounts
for different periods.

Chapter I studies the trends of evolution of global climate and the reasons of
changing the factors forming river runoffs of the rivers of Georgia. The particular
hydrographic network of Georgian rivers are also taken into account. Progression of river
runoffs over the year is considered, which is determined, in the first place, by climatic
factors. The impact of other factors is also quite large, such as relief of catchment area,
geological composition, the nature of ground and vegetation cover etc.

Chapter II considers forecast indicators of aquatic resources of rivers for the rivers
of different types of nutrition for Georgia, in view of the natural and anthropogenic
factors forming them. The methods determining future and preliminary factors forming
the runoff are presented. Preliminary factors include geomorphological factors of
watershead and climatic factors representing future factors, which are being formed and
acting during the period of development of average forecasted element. Main forming
factors of mountain river runoffs are discussed too. In particular, the methods of
determining the factor forming river runoffs for mountainous conditions are presented: a)
determination of temperature at different heights; b) determination of runoffs caused by
atmospheric precipitations; c) infiltration and surface retention; d) evaluation of snow
stock in the river reservoir; e) determination of glacial runoff.

Chapter III analyzes existing methods of forecasts of river runoffs, under the
conditions of limited initial information for the mountain rivers. It was established that it
is justified for the studies to select multifactorial method, and for the purpose of practical
application, it shall be fitted to the conditions of limited operative hydrometeorological
information. It shall be noted, that in course of conclusion of multi-factorial operative
prognosis the equation was selected for reporting, data of which are in place when issuing
forecasts.

The issues of effective operation of reservoirs of energetical importance are
presented in the same chapter, in particular, the method of planning operation modes of
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regulatory HPPs as per the short-termed forecast of the factors determining aquatic

resource in the river and the means for regulation of the runoff of river in the reservoir of

upstream are offered, providing operation of HPPs located in the downstream with high
power indicators.

Chapter IV presents the algorithm and block-scheme of reporting program
concluded as per the method offered by us. Calculations are presented under the lack of
initial hydrological data:

a) Runoff of the r. Mtkvari is determined on the areas of Chitakhevi HPP and Ortatchala
HPP, according to which expenses of reporting water of the existing and prospective
HPPs in the referred area may be determined and designing energy parameters
specified, which is important for planning of the effective and safe working modes of
such HPPs, during different hydrological periods of the River Mtkvari.

b) Selection of working modes of upstream of cascade of HPPs of r. Rioni, Lajanuri HPP
or prospective Namakhvani HPP reservoirs are considered, providing effective
operation of the HPPs of downstream of cascade (Gumati HPP and Rioni HPP).
Calculations are done for the events of daily regulation of Lajanuri and Namakhvani
HPP reservoirs, and one-step and two-step modes options are considered.

c) Calculations are made for Shaori HPP reservoir, based on the method of approach
offered by us — by jointly foreseeing actual inflow and synoptic prognosis,
determination of spend of running water in different time intervals.

Insummary, under the conditions of limited hydrometeorological information,
creation and application of automated forecast system of river runoff and hydrogeneration
will facilitate effective incorporation of HPPs of Georgia into the electric power trading
system.
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99m9mbgmdol  Lbgoolbgs  aMagdoLomzol. 30639 Fomobl  dog39m3bgds
09500@MdgdoLs s §godm3z56bgd0L, bmerm Fgmegl 535 vy 0d LsdgMObgm
QMP0BOM30L 535b5L0sMYdJO dmmbm3zbgdom 3oLomM35¢olfobgdgwro
360HMabmBgdo.

3bmdoos OHMI, 30EOHMWMYoMGo 3OHMEJLgdo  3FOEOMO  SGOL  ©8393-
306900 395G JMOMEMAO0OMID O 30QOMEMA0OHO JM3egbgdol BMMI0MIOdST0
9mb5HogmdlL Hobslofo®o s LodMBsgwm BodBMEMgd0. Hobslifo®o BosdEHmOo meol-
b3dMBL 0lYo RodBHMOL, HMIgoE 3OMPBMBOL 253990l dmdgbEdo sGol 3bmdowo s
3690009 3HobBHBg 293gbsls ImBogz5¢wdo dmobgbl. 8sg.,, d0bsMOL §ysewrdndzcgd
37D8o sOLYOMEO M3l FoM930. T390 BIJBHMMO 30 ML 0LYMO FBoJG™MEMO,
HM39o3 MmO Ba3OMABMBM gegdgbEHOL A9630MYBOL 39MHr0M©PT0 BMOT0M-
@905 @S dmgdggdL. sBgM0s 5GIMLRBIOMo Bowrgdgdo, b6 dgobzsmrmo LsbMHm-
0L 30bsMOLMZ0L §Y50OEMBdOL 39MH0MEOL 3Hga3gesdmes [45], [46],[47].

596050, 3OHMYPbMBoMGOOLOmM30L 49dMm0yYygbgds dm3zwgbs, MHMAwol 3HMybm-
Do@g 32033999, 9699 LodOMABMBM BoJBHMM0, HMIgLsE 3d305 36090JGH0EGO s 496Ts-
3060MdJ090 BoJGHMM0, 56 3Mg0dBHMEO.

50b0dbe J3gmegdo oMImagboros dobstggdol iyerol dsmogol 4ob-
ABoDO3MY0  BodBHMMgdoLs s Fomo  3MMABMDoMdOL dgom©gdo, ywols 6g-
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LOLYOOL LE3OMYPbMBM F9B39690gdOL oYIBS BB3sILBZS LEBOMMBOL GHo3ol
9000bs6m9900Lsm300.

9000650l Bs3Mmbsaboll doMomo  FoBMmMIoMmgdgE  BOJBHMOGOL  FoMdm-
590L:  3¢0035¢ MO0,  gMIMOBMEMY0MM0,  I39650gMNwo  Bogs®o,  SbOM-
3m969wo (bob. 1).

B59mbsc0gbols IsgmMoMgdgwo 3sgd@Em™mgdo

3035 Mo 3bmMHM3magbmmo dggbstgmwo 3900OBMEMY0MOHO
Logs®o

65b.1. 30bsr0ol Bsdmbsgbols BsxmMBomgdgero BsgddmMgdols LEHGMIGMs

30639 oado  ©a0bgds 03 dmzgwgbol RBOBoIMGO OO, GMIOL
36OMmabmblog 49339000,  FgLodsdolo 93O PIWI© b  2obolyBOZMMU
396353060Mmd90g0  BoJ@BH™mMgdo,  MOMIgdoi3 98 dmzwgbol  BmOHToMgdsdo
9mbsfogmdl. 130l IbG0g, Bo5300HT0MYOIE0 BodBHMEMmIOO 0gmRos: 9) bvdmTsgmm @S
0) §obsLsfot BodEHmEmado.

305G O0 BogBHMM9d0: boengdqdo, 9ga3gcMmodIMd, smEMmmJwgds, BoMHEMB0-
00 39605603 [oMmBMopab9gb LodMTsz3e™ BoJBHMMYOL (bob. 2).

31035310 B5JEHMMJO0

(’_’)3633@6(’_’)‘(_‘]&)6 omﬁ)md@:]bo ]

8ys6o || obgzso || Fywob || dofols M3l
B9s306%) Bgs306by || BI30mBY

Bob. 2. 3¢00sGH o BogBHMMIOOL LGHOWIEMES

6osgsgols

Dobolfo  BoIBHMOPOL 0933690 29MIMOBMEOMPOMOO  BoJEHMMJIO:
909830, §95¢039930900 99Dl FoMmmdo, d3gbsMgmeo Lsgs®o (yswdgdzmgdo
3Bol B9gMoGMO05DY, RIMEOMOGOOL MmO09bES30, §Y9e0899360900 SMmBol obMY,
fyerob  39bgdc0g30  5393wsgos (HYYoo, figoerbsigagdo, fgwol 8gdszaggdgero
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J390mwqd0),  Boooggdol  Lobgmdgdo  figoardgdzdgdo 9ol Focywrgddo,
0950899360900 5Bl gMMbBHJIOL  (b0sogqgool)  HobslfaMo  @oE9bosbgds,
0950899360900  sMmBol  FmbsBMEMds (BMEDBs),  ©T5BHJP0MO  BEBOHOMMdOL
™309d3H900 (059., QIAOMZOWO M3l 390900, 3MHbEOL, fyommb 56 dobs®ols
doboyobo) (bob. 3).

l 39M3OBMEMR0MH0 BogEmMHgdo I
—®)@0)8o
| $9o@T9830900 smBo

339656910 Lsgsmo §gserdgdzmgdo svybol
A9O0FMM0sBY

39MHEMd900L MmMH0gbEs30s
Jogdol gJudmboizos

$95e089936900 5Bol sbG
$95e089936:900 5Bol Imbsbryemds

605059000 babgmdgdo §ysedgdzMgdo sv1Bol BsMawgddo

0595398000 LsBOHEMMIOL MBOYIEHIdO
Bob. 3. 39MIMOBMEMP0HO B5JBHMMIOOL LAHOWIEHMEOS

939bsmgMmo Lsxzs®mo: GYyol 93mLoLGYds (fofizmzsbo, gmmwmgsbo, dgeg-
"0), 39865600 5 B3EIbOL Logs®o (bsb. 4).

56MmM3Mygb o  BodBHmMgdos: igowlioEeggdo, dofgdol sdmhmds, saMm-
3996039960,  MOOBODBI30s. 9Lsb0TBsZ0s,  GMI  Mmommgm  3mb3MgFEHME
3900b3935d0 9605 459Mm0Yml J0MHO0MSO F>BMOHT0MIIJ0 BodEmMgdo (bsb. 5).

3bmdoos M3, Lodo®M3gEml GHgOOoEMOool MomJdol 2/3 Fmogm®m0sbos.
BO©OwMmgmo  Bobzmol asbfigMo3 J399bol Fodmmdol 1/3-Bg dg@o FoMs3L
3933560Mbols 80056 LoLEBHYIsL. LogoMmzgeml Mgwogno Ho®dm®aqbowos dowswo,
1599 QO QB0 FJIOL, DgyobgdOL s 3539900 JOMMIWOMOOM.
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93963Mgeo LoxgsMo

- fofigmgsbo

gnoemgsbo

9mgmo

3B 46560

—— 035¢m3bob Lsgsmo

Bob. 4 9396509m0 LogsMOL LEHGMIGHOS

560MHM3Mm96Mo gsgdGHmemgdo

fgoeliozsggdo

MMd560Bsgos

330mG9d603M0o mmbolidogdgdo

dofiols 3B Mds

B5b. 5. 560MM3IMygbryemo Bog@EHmMgdol LGHOWIEHMMs

dogo  BgsdoMol 53,6% d;gdby, 33,49% - doolfjobgdbg, bmewem 13%
Q3 MdDY IMEOL. IM635BIOMZ560 BoDO3WE - 49MYMIB0IO M30L93YMYd60
306935 HMaMOE 3mOH0DMbEIMMO, 0l 39603035 OHO J0TIOMWIO0 ©S
J46ob  A5bLb39390 e FoDOIMM-3gMMogor  Tbo®gqdL. J3994bol  BHIMoEHMMOs

39630395 3039 T30 D30l EMb0sb 5 068.8 I9EHMsdy [48].
D90m50b0dbmw0sb 399d0bs6MyY Logo®nggermdo dobstgoms

Bo9Mbo@gbols  goblslyBM3IMIE©  JOMOMHIE  J9dM0Ygbgds  dol  dEobotgqdol
30OMEM{0IMH0 3OMPbMBYdO.
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2.2. 3ools d0bsggdols Bsdmbaoggbols gsblismg®s

dool  90bs®gqdol  BsdMbogbo, doMOMOIE, BMOIOMEIOS  F9dIYO
339dBHMOGo0m:  mMm3ol  Bobmdo  fyrgdo, dgobzstrmwo  bsbmdo  fywagdo,
5GIMLGYHIe0 Boergdgdo dmbwyemo 3030l Labom, MbEol fyargdo.

dool  30bstgqdol  Bsdmbogboll  gmMToMmgds  dsMOL  I0bIMggdmMD
39056900, goblbgs390E0s. JOMOMIO Foblbz539ds F5dMOoLobgds 890gydo: dotols
9065699080 Bosgmboero fyawrgdols Mom@gbmds 360d369wm3z560 God@m™Mos s dolo
2395035¢0Lfobgds gMmM-9M0 9356 LoMMYgL HoMTMoEYgbL. dmols Iobstgqgddo
Bogmbowo  filyegdol  MHom@gbmds  Fgocmgdoom  d3o6gs, 99539 @OML  dobo
(339029050Mds {jer0sb Hersdg $3odBH0MMI© 9M5 235d3L. ol dEobstgqadolsmgols
9OM-9OM0 Mo 5dM36ss oMo FobALEBOZIMIO BoJBHMMOL - mmgols
o650l F9x30Lgds. b oMMy 459mfizgmeEos ol dobsMgms (gowdd3M9gd
3bg0do  Boergdgdol, dg4obzo®gdols s  mmzol  dwogh  2oblbgegzgdmero
3obsflowgdom @OMLY s LogmEgdo, sdoGmd 89dEwgdgE0s OYRObIL Fomo
330930l 9MHM0s60 3M309YDbE3HJO0 s B0 360d369wMBdYGBOL gobloBM3MS y39es
LooOWom HBMbsdo, MroE 9ME0WYdIE0s BsdMmbsIbol MsbsdgmMm3y LodMMABMbM™
d900mEadoL  259mygqbgdolsmzol. oM@y sdoly,  dobsdgms  BIMbBswgbols
36OMbMHBoMGOOLIMZOL 9B  9MObgLsgMHgeos 98 sMHTo dmbywo mbgzso
Boargdgdol oo oo dgs® bsengdgdmsb J9sMgdom, Moysb 8mgddo dmbivyero
0b93500 65¢9J900 8ol BIOHMBGOOL IBOOEMBOL godm 56 5398 OMEIdS S
695350 Bogobgds dobs®ol 3oasdm@do. sdol 3sdm, G0N0 om0 2odmygbgdom
9000656M0L B53Mbsgbols ImBs35¢00 MmEIbMdOL 3BrMABMBOMGds.

@O9oLsmM30L  Jol  FEobsML  BsFMbIEIBOL  3OMABMbO  4oBoLEBEOZMNOS
Bo9MBogbls s Fob gobdloBzMgw 30MMIGEHIMOMEOMYOME B5JEBHMMIOL JmMol
3MOIO30MOH0  3930060gd0m. 353000900  Fgodergds  ogml  aMo303o 96
365¢003H037960. Bs3Mmbsaboll (oMmBmddbol doMoms FodBHMOL  Hommoygbl
095008993690 B0 dmbyero Boergdgdol GHomgbmds 303 3gMomedo.

dool  80bsnqdolomzol  sGBYdMBIL  dgdgao G030l  30EOHMEMYOMEGO
36Mmabmbgdo: 153989BO30M 39M0MmEOL, §YsrOEMBdOL 39M0MmEOL, {gsedEzommMdol
39600mEol,  LBsdwmowm  M30M0  boGxgdol,  dodlodosgrmo  boMxgdol o
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339MGHWNMH0.  DOMNMIMNE0  300OMEMAO0MNO0  Lo3OMMAbMBM Jgomm®o  9Bdbgds
Dgamol  Boesblols  AobGHMEgdsl, MMmdgwdog 96Ms35¢0  bbgoobbgs  9wgdgbdo:
Bodmbogbo, bsengdqdo, 3H9839M5EHWIGs, SOmMIJwgds, 3mbgbls30s, 0bx0Ww @309,
G®obL30MSE30S s Bbg. dgob.
dool  80bsemggdolomzol  FsdmbsEgbol  AsbALsbEZMgE BmYso  Labols
396GHMgdsL slgomo Lobg 593L [49]:
Yo =Nzt Seifi + TiTt Xuufi + DiZT Xoifi + 2iZt hovifaq — (ZiZE Eoifi + 2izt Egif)) £
Agop+ Dgpy+ A (1)
Yo - 900656M0L Bo8mbogbo Losbyo®odm 3gMompobmgols;
S i - Pyol 956530 ®M3wol Logs®do i Lodseol HBmbsdo mmgzeol bmdol
©2{j49050¢09;
fi- LOFOVEPOMO DMbOL BsOPMBO;
X1 - 03w bg boergdgdol ®omgbmds 0m3zwol bmdols MmU;
X2-65¢099900L Mom©gbmds 0oy bY;
H i fa4i- 89063561900L ©5 85650710 ™30l 359bsM0 fgaol Hocm@gbemds;
E,ifi - 90m6000dwgds 030l bygsmol Bgpod30m0@sb;
Egifi - 500600 Jagds 60500s0L Bgsd3o6oab;
Agep - 3O0BGHOL fyergdol 85650l 330w gds;
A gg,y - 80foligd3985(35Bob®0) figerol badxol 33erowgds;
Ay, - 605 MBEHOL Ggb05bMdOL (33e0EgdY;
Ap, - 80fjobg398s figargdol gaerowgdo.
bdoM5 (1) M 30090EgdSL odmboboggb 99dwgao Loboo [49], [47]:
Yo = fI(S + X1), X, W] (2)
b5,
Y- 9006560 Bsdmbogbo LadHmabmbm dgMomoolmazol;
S- m3@0ob LEgsMOL Fo6o0 Lo3OMABMBM JgMHomedo;
X1- Boegdgdol H5m@gbmds 0m3zwol bmdol 39Gom©do mm3wol HBgsdom by,
X2~ Boewgdgdo ommzgol ©bmdoll dmdgbEosb Losbys@odm 3gmomol alitr-

©)053Y;
W- 5990l 39b0sbmdols 95B395909w0 LadMmabmbm 3gMomol sbisfgololmazob.
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SBgmo LE3OMYbMBM FMmEYEgdol AsdMYgbgds Fgodwgds of, Loog Mgyv-
WM 3000905 M3GMOEH0IE0 0bxMEMTs30s Bb3solb3s LMoo BMbosb
3006OMIYEHJMOMLMQ06 9w99963H90%9. Sbgmo d9dombggzolomgols
36003690 m35600 dol d0bs0ggdol Bsdmbsqbol Fosgm®ToMmgdgwo godEmM9gdols
3obLsBE3MOL  F9dgao  bgMbgdols  asdmygbgds:  3gddgmo@d ol oblabmzMs
bbgo@olbgs Lodsewgbg, 5@IMbBIOMEo bsergdgdom godmfzgmwo Bsdmbopgbol
39bLOBOZMS  0bFOWEHOH300L @S Bgs3oMMEo  F9393990L  dsmzsoliobgdom,
d0bsm0l (9508993690 99Bdo M3l oMogol  Fgxslgds s  dgobzstrmero
Bo9MBogbols 2obLabmgms.

2.3. $99396M5GMEOOL gsblsBOZMS BbgsEalbgs Lodsmemgby

5GHIMLGgOHIEmo 3596M0L 3H9d39Mo@Mes s dobo 3603369emdgdo Lbgsslibgs
Lodoemgbg  IgBHo  8600396m3zsb0 s golsmzgaolobgdgwo  RodBHMG0s
390md@0bscg  odosb MM,  BsdMbsgbol  dogoficrom@o  ALbgwgwMmdols
3963L5BM3MY0 sOBYOOMO BoJBHMOGdO 9. §f. LodMAsg3e™ 564) 300BsEHMMO GodEm-
6900 ($H99396M5GH«6s, 5GHOMLBYIOMEo bsengdgdo s sMmOHMNJwgds), »dmswmo bo3-
OMabmBM 99d9bEH0L 296301560930l 39MoMm©To BMMT0MYd0sD s ImJdggdab.
39939653 M5 35bLOBWZMH3L F0bIMOL o dqdzMgd smHBIo M3l IRMM39d0L
39600mEL,  §9ooEmdol  ©sfygdol  MIMoEL,  Yswomdol  3gMmEols
bobgaMde03mdsl, 53539 @OML s7Hol Lbgsalbgs Lodswosb MmmzErol bmdoLs
@5 894063500l ©bMdOL  0bEGHIBOMOMBSL. 395380600  35960L  GHga3gMGHIOLS
Bosbmdo  fywol ggboll Lodswgl TmEOL, dgBHo©  LOYMMOIOIDM  BoJBHMEM0s
dg4obzormeo  LYBOEMMBOL  IObIMYJdOLMZOL.  IYobzomo  LobOHOMMdOL
906569900l E™bg9d0 s botMxgdo ITIMI0WYIM0s TYobgzsMol M9gx0dby, Mg
50LOHgds 30009353 Yol batrxgdol Josherom® 4osbsfogdsty.

36™do0s HMI, Inol dE0bscmnadolmz0L d9gEgmbEYMHgdoL MoiEbzo dgocgs,
239bLo3MMgdom  dol  bgs 6036 gdbg.  sFoFMI  LoFoMOm  MHoMmEIbMdOm
53306930990 dMmbs3g8900 56 SMLGOMBL. 899yo®, 893mTo390e0s 3HJI3YOSGHY)-
oL A56LIBW3MOL JosbErmgdomo bgMbgdo. ghm-gHmo slgmo Igmmos Bydoldog®
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L0doEg By 39939M5@GHIOHOL FoBLEBOZMS BEObIMIMS (95008930900 SMBYdOL (3H9d-
3965G1MH900L  4M5009bGHOL dobgwzom. gl gMEO 0MZ5¢olHobgdl Lodsweols
DOV ghmo©  Hgd3geed Mol 903060905  Lodspeol ymgger 100 9-%y
(993960530l 246M0©096@0).  90bsMol  Lbgoolbgs 33900980l Fglisdsdols
09089936090 5mBgddo 3H939M0GHMMOL Mo0gbEol 860d3bgemds oblbgsg390mos
5 033egds 0,5-0,7 godamgddo. mMo 99EHgmboamol 53od@mdmog dmbozgdgol
dm6Hob ©0bgds 9830MHovemo 393d060: t, = f(t;).

39939M5GHM0L 46509630 30 2960LBPZMYdS F90I0 BMEMT Moo [45], [46]:

_100—(t1—t3)

= — 3)

LoQSG3, 1 90l J39s LOEAMOOL  3gddgeedMs; boem t; - By Loawdol
A99396M5¢ Mol 3609369 ™ds; AH BoawyMgdol Lodsmegms Lbgsmds.
9000bs6m9ms {igoedqdztgd s9Bdo 39d3gmoG Mol 36Mmo09bEHOL golsBzmOl
d90;mbg93500, 39330005 6300Ld0gH LOTsgbY FobgLoBOzOM™ ty I60T36gEMdS:
th = tye — 0,01AHyy, (4)
L5QSG3, ty 9oL Bodogdgwo 3H939MoEwOol 360369 Mds 3963390 LodswgHy
(H);
s = $I939M5¢ OB 8mbo399900 ©oLEYgHEYbO LoEMHOWB, HMBol Jobggomss
3960LsBEzMNDds:
ty. AH = H — Hy,,, 5)
ym39o3g Hgdm  0gdmwosb 259mdobstg,  84obzsrmeo 339001 o
LOBMASOM© dNOL FE0bsMYgdoL BIMBsEIbOL 3OMAbMbBOMGdOLMZOL 5930 9dg-
05 3993965 MHoL LodMMabmbm FsB3969dwgdOL 4obLEBPZMS s 3H9a3gesEWMOL
RodBH™OM030 86093690 Mmdgd0L  49035¢0olofbgds, 35960l BH9I3GMOGHMOSLS o
Bsbmdo fguob 53960L Loomegls FmGOL 3538060l OLETYSMYIWS.

2.4. 5@3mbggtemo 65¢rgdgdoo gsdmfizgmo Bsdmbowgbol gsblismg®s

3w0035GHMO0  35dBHMOGO0IB 569653 gd 3603369 m3z5605  5GHIMBGBYOHO
Boergdgdol gogwabs dobs®ol Bsdmbogbol Bm®IoMmgdsdo, goblsgmmtgdom 30,
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dool ©90mbgd0LmM30L s BEAgMOHBYM-Ls0bg0bOM Md0Y]EHYdoLmZ0L, oYL y39-
DY 95050 BJ0IOMYOOL SEBsMMOSL Fg0393L 5@TMLRBIOE0o boengdgdol 3er0ds-
A0 6mOHIob LoFoMdOLZD QoIbES. s80EMTog Bg@o 36033690 Mz560s dsmo
50M0(3H3 O 59539 EOML Lo3OMYBMBM BsB3969dol oYIDs. Bgdmm 500b0dbs,
™3 y39ws 30bstmg LsHBOOMMBL 5EIMRIOMEo Boergdom, G®MmIgero gEsdofsby
G69bRMOI0M©Y0S - 5ROl 3e0ddEHWIMO, 3IMAMIR0YW0, AJMEMYOMOO s bbgs
016936030 306MHM0gd0lL dobgz0m. 535 ™) 0d IgMmEOL sdmygbhgds sdM300Y-
005 57 Hdo Boengdqdol 5330603900l 3496JFHJo0L MoMmEYbMdILL s 330603900l
D9OE0gdol 2obmogligdol 50Ol 3996gdsby. Lsdswm Fghmbogro bosgrgdols
53960L 259MmmM3¢0l JoMHOMs© FgOMPL HoMmBdmogbl 0BMmIOHMbIdOL dgommeo, 6w
Bo9mbogbols 2969@03M0 FMEOIMes. dolo OO dEYMIsMYMIL dEobsMol s9BTdo
Boergdgdol dglobgd Imbso3gdqdol 459mygbgdom hsdmbowgbols 2sblisbwg®msdo, 39Gdm
Boergdol 49650 gdol M30L 5390530, 0HBM30xLYdL IMMOL GBsMMdJdBY bogrgdgdol
LodMom  dghmbowo ggbol  godmmgzgusdo 899®ga0  BMOIMOL  godmygbgdoo:
[47],[49],[50].
X=2IXi ¢; (6)
LoOE, Xi 9M0OL  Boergdgdol Lodwmocwm 93qbs  IgBmdgE 0BM3oxLgdL ImEOl
ROOMODY;
@; - 59 BoOOMBOL RoMOMO0MO 360I3Z69wMdS 57 HOL 06O FsOMDdOWIH;
n - 0BM30xLydl JmMHoL BosOHMNMIGOOL Mom©Ibmds.

3900056900l dgomob [49],[50] dobgzom ®omMmgmEo bsEyIHOLIMZ0L
259ygmz30@0s d0bs®mol §yse89d36m900 5mBol BosMNMdOL ol bofforo, G™Iols
LOBO3OMYd0E FgBMDBY LBoYMOYd5d Bsbd0EOl Bobgzs6Bg AoOU:

x_ — x1f1+x2]2....+xnfn (7)

B5QSG3, X1, X2 9G0L 5GHIMBRYHO BogrgJo MOoMMYMo 393gMmLoERIOHO0PID;
F- §95¢00899360900 5Bob LygMmnm GoOrMdO;
f1, f2 - 00090 BsAOOL BoOHMMOO.

Boargdgdol Gomgbmds 350s8m0sb Mo0mbTdo, Lo 9 sGOL 330603930l
316943900  gobolsBzmds  bsergdgdol 39ME035wMo  gMe09bEHOL  dobgzom
[47],[49],[50]:
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Yx = 100(X; — XZ)/(H1 — H,) (8)

L5, Vi 900U boegdols 39MFGH035¢ Mo 4M509bG0, 39/1003;
X195 X2-65¢9d900l Gomgbmds 99@gmboyMgdby;
Hi s H2 - 89@9mbog6gdol bodswang;

Boergdgdol g05096@0L dmdogmdols d9dmbggzsdo sBol  Lodswerggdols
009l ©0035BmbTo,  Boergdgdool  MomEgbmds  63d0oldog®m  Lodswergby
3960LB3M90s 9090 FodMLsbmwgdom [47],[49],[50]:

X1 =Xz +0,001yx (X1 - X2) 9)

03000L  §yagdol Bsdmboabols osbgotm0dgds @s oo  3OHMYbMBOMGDS,
90bsmgms 39390 57)HgooLym3zol, M350 dMBYdm030  BoJBHMOOL
D93°3wgbom FMOI0MEYds. 2obls3MMOGOom gl gbgds ol BHodol dobatrggdl,
Los3 130306 Bs3Mbogbol BMG®T0MIYdS 300093 MBOM O IDS, IEO0BIMYMS
3os3m@90do  Jowmvmo  Bsdmbogbol  2oMd9bol Mmool  Lodgo®ol s
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X +X X p_ppqeeeee +X
X xpq =—XI=H XTI 111 il—m XI-111 (30)
— 1 2
QIV—III - f(X XI—IIIIX XI=III» ==~ 'XnXI—III) (31)
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Q- = f (X x—un X2 s X" x1-111.); (32)
Quv-m = f (W) (33)
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P, =100, ®mgo t < tr (39)
ti—t
P, = t;—tr' Geogsty <t (40)

Pt :0, ﬁ)(‘QGO t 2 tﬂ

t, =8+02t,; (41)
256.4

tT = t,[[ - _32.4_1:”; (42)

tr =1 —0.25(ty — tr). (43)
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R = Rye +Roser + Ray (45)
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Q=0.038F (1+ty)exp(1.37 ki?2) (47)
o5b
Q=0.051F(1+tg)(0.75+2.2ki%) (48)

Loos3, Q (83/§3) — bsbmdo fywrgdol Lodmom EEIMSTNOHO boMx0s S3WS300L
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F (39?) 340b6356m0L 90530600l BoGI0MdO0;

ty °C — goMbol byHby 35960l Lsdrsm 39ga39gMsE M 50bodbmwr 3gMHomdo;

LIFIMOIBINMUL GIIENITMN 6 3
I6N3IMLNOION
1922 BNDoS



ki — 84ob3560L 9bols s dolo LOHYWO BsOMNMIYGOOL TGBIMIIOY;
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Bogbdo [55]:
K2 = Ray/ R x 100% (49)
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Bo9mbBogbols 3m98303096E0L ymz9gwherom®o 360dzbgermdgdo.
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dR = (0R/0t ) dt + (9dR/0P ) dP (51)
bos3, OR/Ot s OR/OP — (o®Imoagbl Bsdmbsgbols 39Mdm  Fotmdmgdwargodl
399396053 MO0l s Boegdgdol 0o s BODBOIMOMO  SOLO®  Q5TMbIES396
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