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bgedo Romag@amo bogomdabs o bbgs s6mmm3maqban 806s6Mg3980L go3-
(39900l 869980 s 3Mb(396@Ma309d0 [37-44, 150-152].

b gddn 3m(3939mns ol doMomsmn gob@mmgdgdo, Hmmgdo(s Lo-
Bdzmom eg3b Mgaombym 3Gmabmbym bob@qdsdn dgdsgam domgdsdo-
306 3mEgmgdl, bobynbo s bLabsdmgHm doMmdgda.

338™MM7d0, 0EsE doEMmdgmbo 046906056 s yMomgdoom donemg-
396 dz0mbggmms 6gdabdng®m dgb0dgbsl, Moy dndsmmyymon 0gbgds bogbals
3599dxmd9bgdabs s LEYYmYymMRaLs 3gb.

33&™MMgdo gmoms© doemdal Mbonsbh bemzgal dopcmauobozol ab-
LEOGEOL (4. LggobEM3mEo) obsddMMImgdlL, w3Genbol gMmMzbeyma
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3936096905, 3509300L Bg3M-3mAgL3mbogbEL, 3mey. a. 3mOmEog3L,
30b030-3537358030L 3936096 gdsm0 @MIGMAL 5. 3MdM0s3mzl, HmBmgd-
0365(3 3M335mbm0s63s, ddnMmm 3g(3609MymBs S 3Mmga0smM@mds Ma-
6533M3mmds3 NATO-bs o gg@mgegdamal badgboghm 3Mmgd@gdal
BMamgddn oEse dgnbym bgmo Bobsdwgdsmg bngbdo Bomdmmagborma
3393980b Ro@oamgdab. sbggg, 93&mMgdL babosdmzbm dmzamgmdow dnsh-
booo dommds goonbomb 03. Kogob0dz0mmal bab. mdomabol babgmadbo-
B3m 96039MLoG @b 3. bmwansl bab. ggmenbozalb ablb@oG @b sGbgdy-
mo bagomadm bLgdnbo®als ,839me0 8039600 o g3menmgonmo Smm;gbydob
Jo9858 035m0 dmogemomgds” dmbsobamggdl, Mm3madmsebsy bemgdal gob-
3og3emmdadn 89(3609MymBs 056533MMBmmMdS3 o babamagdmm GRg3q53s
3gdomn ao3mgbs ngmbos Bogbol 3mdbogdabsol. smbsbadbsgas, ™3
b0gbol dofomawa bobomo s38mMgdol dagMm dMsgomrgm oym dmbbgbgdey-
™m0 5 33bbommo s@bndbym Lydnbomdy.

33&™MMgd0 0EdE Jsmngmbo s60sb ggmanbozol nbbGGME 0L y39-
ms 08 03653dMmM3mobs, GmM3gmos 3goomasbbymded ©s doemabbdgged
360d369mm3560 G0 0msdsds, Moms Bogbn godmzgdnmaym.
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Bmgoghmo 30mdgdo dogo dmgol dgliobgd

do30 Dmgs, Mm3gmog 930m3abs s 3boolb gbogzoMgnbdy dgdatiy-
ML s oo LoGMobDoGm gMbi(zns 530LMNS, SGMIBENL M3gsbal smbal
&03960 dngs3mb@nbgb@ Mo Bysmba@ggns (bsb. 1.1). ngo dgdomgmdl B. g.
40°51 - 46°35 o o. 3. 27928 - 41946 Fmiols o 6 §39960L — dymastgonl,
M dgonl, Gndabgmoal, Gybgmoab, bojommggmmbs s ¢3Msnbol LogHom
bgob Bom8maagbl.
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Bob. 1.1. og0 Demgab Mggomba

0b@gMgbo dogo bemgobodn godmbzgnmos oMo doM@Gm drgolb LB g-
30990 3gdsmgmdoms s dobn dnsma MabyMmbgdom, sMedgm oo bo-
96053mEabm g3mbmdogymca 360d3b6gmmdom. dob gobls 3nmmgdoo oo
berz00E-93mbmdogmcn 360336gemmds gsshbos do30bmzgabdams J39464-
d0bomgob. ds30 dgal g3mbm3n 3n& Mmeb 360d365mmzbam aobadnmmdgdl
dobo 3bomn LaGMIBLIMMEM BB (305. dogo bemgs oMal ©s3s303d0M9dg-
™0 boo sbagmambs ©s s@3mbagmgmb dmEal bagomdobs s Lbgs &306-
0930b go@sbaEzgal mzembabdMobom. dog brmzadg aswol LagMmsdmEnbm
Lo@@abL3MOEG™ MG oMo ,@Mobggs“ (TRACECA - Transport Coridor Euro-
pe-Caucasus-Asia) [29].

39Ma60x04mo mzsmbsdMabom, ngn Rszg@omoa demgzob bLGsGLL dng-
30036905 5 6oMImaaqbl 3bmgmomlb gMo-gMm oowgl dogs begsl. ds-
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30 B30 9@ mobBob m39569L doMdoGnmmb, gagmbol s bdgmmadns dmgg-
30bd 8 dMbEMENL, EMEIbymalb s g0dfMomE@omal gobmm LAY g9dal
a®dgmo godzom 39330M©gds. 330 drgs dgemgdom dsMG0g0 babsdomm
boDoom bobosmegds oo yucggdabs s 30bdmmgdal asmgdy. gMmemgm-
o0 3603369mm3960 yoMndal babgzet3nbdaymo bmzal mMBsbymmaeb bo-
Boelb m& momgdolb bodg@Ganm Bobomagdosw ymeyab. dog demzsdo Ibmenme
03096037 35@0Ms 3bdymos, MmIgmms ImGol yzgmodg oos 34bdy-
mo goMomasho, Hm3gmocg 3o630bs@ab yymgdo 8gdemgmdl oo g390360L
1 3M0065L. 3bdnmoa anbabmgdgmas s dobo GoMomda ssbrmmgdom 56
39%-00. 36dnmbg BgdoMgmdl gomamashol gHmgbmmo dbgdMog0 3o6-
30, ®m3gmoi 2009 bgmb oombrs. sbggg, ©3mo060b  GgfaGmGogym
Bymgd30s 3996dnmgdo 3gmgbobo (0,5 382) o bdgnbo (0,2 382). 3nbdummo dg-
9bobo m3o30gmos, 3ogMad ngo BaMmImomaqbl ¢360060L gMmgbeyma
3936096935, 535075300L gMo-gGH o abGmEanm-sGdgmemmaoMo bs3Ghds-
mab 6Bob, Lasy 3gMom@umom d0d@nbsfmgmdl sGJgmmmanno bode-
domgda. 333mgzoMms 3gMbooom LogaMamoms, Gm3 8b&n n® bsabsdn 3ubd-
™o 39Mgbsbo Bobgzem 30bdmmo ngm, bowss sBLydmdws dggmo dgmdbema
obobmgds.

dmbgmEolb bEME L sdmbsgmgmnm, ssbemmgdom 90 33-0b sdmMg-
doo 60l 39933960L 3mbdyma. Medwgbandy (306 3bdumas dnMasbal yq-
930 (dmmastgmo).

obogmgmom dogo drgalb Bymagdl g33M0L doem3obgmal babgza 3mb-
dnmob s@3mbagmgmo badnta, Ahmommgomnm 3g3mbabdmgMamoas smdmbag-
Mo 9360m30b 35300, smdmbogmgmom 3o335b00l LobsdoMmmn o jmembyg-
20l sdmmmdom, bmem badbMgomom — 33067 ool LabsdoBmma. gobHm s
Byomdamhbo Jgmhab LEE g dog Drgol sbmzgal Drgsbmeb s 3o3damgdl.

dogo degal mebsdgmmgg bobgmbBmmgds ,dog0 Drgs” (dyma. Uepno
mope, oqyfrg. Karadeniz, 6d0b. Marea Neagra, G¢b. Uepnoe mope, ¢ 36. Hopue
Mope), Gmdgmag Imabbgbogds ¢339 XII Loy zmbol sMgmm Bystmgddo
(Jorogm byscmgddo 3nmggmaw XVI bayyznbgdos dmbbgbogdmma), o6 60d-
boglb degolb dgggfammdsls, obggg Bmameg Lbgs Lobgmbmegdgdo ,60cmg-
mo dmgs”, ,yzomgmo dmgs”, ,ogoma bmgs” o sbobosmgdgb brggdal
396b [120]. o3(39, DmangMoo 333mg3560b sdMom gb bobgmbmwgds wo-
3938069dmm0s 03 Bod@&mob, MHmd 3mMmMIgdal @MmL brgab Bysemn dmogm
3ndgds. sbggg, sMbgdmdL ImbodMgds, HmI dns Loyyznbggdol oM ym
96030 g9Mgdo 5mbndbogebgb ggmamagom dadsmmgdgdl, bememm ,ds-
30% 0mbndbogrs LAMommgmb®. (36mdomoas sbgomo 8mbadEgdss, Gm3
byodo 180 3 Loe@3ab Jgg3mor Rsdgzgdama dg@omal bogbgdo nemgdwbgb
353 Bgmb gmanmebysmdawal dg3mddgmgdal aodm ©s 580@m3 brmgeds(s
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donem Labgmbmegds ,d530 dmzgs”. sMbgdmdl Lbgs 303m@Egdgdas dogo
Bgob 93 babgmBmegdobmab s 3ogdomgdaom [135, 136].

X-XVI bayygnbggdol dggem by Byommgddo azbzogds Labgem-
Bmgdss »Obymo bemgs®, bommm dmangfo Bystimdo “bzgomgdal dergs®.
3b&0gnm bysmmgddo dmgolb LobgmbBmwgdss ,3mbGmML o4LabmbL” (Pontos
Axeinos), 3mg30569600 30 ,3mbGML 934LobmL* (Pontos Evxeinos). I Loy ge-
bob godmBgbomo dgMdgbo obGMEMngmMbobs o ggmafoxgal LEMEdMbal
(0o0b., d3. 6. 64 6 — ob. b. 23 B) ,g39mamognada® [221] drgs dmablbgbogds
Bmamez 3mbGmL 94Lobmb, oz 603boglh sGbEmIsMmmImygetg bergsb.
Bmame (3 LEMSdMbo goMmaEMAL, sbgmo Labgmbmegds ©s 393306 dmma
0ym degady 653035(300L LoMOYYMgdMeb ©s saMgmgg 03 GoJGMsb, Hm3
Bgob Labs3nMmMLMSb 3mbdobamg &mdgdo ddog babssmdmgamdsl 1bgs-
©bgb d9Mdbgdl. dmagznsbgdom, Mmizs dgMdbgdol dogH smgabgdyma ogbs
dogo dmgob bodnMmgdo ©s ssMbgdymo 0dbs 3membagdo, bemzsd doomm
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Lobgmbmmgds ,3mbG™ML  g3JLabmLY, o bodbogws LEIsMNImyszatig
Bgob. gncm bdomo dob 3mbBMLL Nbmogdwbgb. dIns Lamznbygdda Lo-
bgmbmads ,3mbGML 93dLobmMLN® MSbEIMsb gobogsbs ,doz0 bemgalb® Ls-
bgmbmgdsd, MmIgmoa(z 98703 Loagmazgmmam bdsmgdsadns. ¢d3gmalb bom-
bmedo 3oL ,b3gF0b Drgobas” MBmMEydEBgb, Mowasb L3gMgda — Jofmmemoa
&m39d0 do30 Drgol 30dwgdatg G gendmmnsdy (36m3zMmMdobab.

439Dy oo 3nbsfggdo, MmAmgda(z dog drgeb gMmzgal, 560l ©e-
bs0, 69360, ©bgbE M, bLadbGgom dman, 3mEmMn, 9bana, Momba, 30boem-
063530, gd0-0673530 s bbg. bmeme bodsMmzgmmb bobsdoMmb BbMnwsb
dog bmgada hognbgds 150-8g oo, badmammm s 358 oMs 3nbaty (65b.
1.2) [107]. 3507 dmal osbmmmgdoom 50 3nbstgh LobsdoMm dmbsdo dgdm-
0g3L 3yotn 658 sbn, Gm3gmoa(s Mool Hmmb sbEHMmadl Drgob babsdnmm
BBl ©068030dg o 3mogbamdmdgdbgm 3Mm(39LgdDy. dobo gBaaG
MoMYmMmBomsm s0bobgds bodoMmms LGsdamyMmmdsbdy s 0b393L geHmDamm
36m(39L90L, G LedbYbsMm, 83 30MoE n330M398s Lodofmggmmb be-
badomm demmdo dmem smgme Bemgddo [5, 6, 60, 108]. dgoto 658960l moo-
©qb 8603369mmdadg badamms LGsdomaMa gobzomamgdobmgal babasbdy-
™05 B3g9d0b LobsdoGm babal nbsdnzolb (56mdama 333mgzeMal 3. 3. Dgb-
3930R0L b3 9bGNE Imbmamagngddo [126-128].

1.1. 3530 dmgab dmORmIg@Mas s Mgmogyo

do30 begal 99Dl 3mMgm3g@Hos s Mgmogyo ghom-gfmo doMoos-
0 m3gobmamogonmo dobabosmgdmgdas, Mmdmgda(z 360d369mmmaba gs6-
LodEgM396 Bymgdals (306 3mmo0nE Megz0bgdnEgdgdlb s mgMmImbaemoa-
bn& LEONIGMOSL. bbgosabbzs bystimgdda doz0 drgalb dmGERM3gE Gammo
306039 @Mgdo 3oM339mbomo gob6bbgagmgds gHmdsbgmabogsb [94, 132,
202, 218]. [132]-0b oobobdo, dogn drgalb dgosdoMol gomommdo 60l
416790 382, bengnen dea(gyemmds — 535430 33° brgol Lodysem b3y, G-
am&z degob ImEmmmdal gobsymagn bgwsdamal gommddg, 1284 3-no
[132]. Lbgs og3@mGmns dmbs(3989600 5mbndbyymoa 3oMsdg@Mmgdn sbgomons:
[202]-0b B0bggoom brgolb bgsdamal gomommda sfab 423000337, [218]-0b
dobggom — 420000352, [94]-0b dobggom 406680-423000 332 no3sbmEI0s.
[94]- 0L 2sbsb3or, oz bemzal bymgdal dmzmmmds bbgsabbgs s3&mGms
dmbs(3939300m 537000-555000 33°-0s. Lodmomm Low3dg [202]-0b dobgrgoom
1197 8-00, [218]- ob dobgogoom, 1300 3-05, beem [94]-0b mebsbdag, Lbgo-
obbgs 93@mMms 3mbs(3939d00m, 1270-1315 8 dnomaodos.
9dmmm@oo godmdgzol 8mbs(398900L sbsmabal Lagmdzgmbg aob-
LodEgENmo Drzob JogbodsmmmEn Low@mdg Lbgosbbzs Bystimgdal dabgro-
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300 2210-2258 3 00535Dmbdo 3gMyqgmdl [132]. 53sbmsbagg, 160 3 boem3dga-
7 996335000 dposmn Bymal 196olb dmznmmds dgoggblb dmgmo dm-
39emdob ssbemmagdom 10%-b, bengmm obsmhgbo 90% dm(mmmds 30300
M996adom, amanmbysmdsnm dmBademmm Lom®mdobgym Bymgdl.

[132]-0b 05bob3ow, dog0 begal dogbodsemmEn LogMdg asbgom®a do-
domogmagdoo (dnMmasbol ygumol 6396m©eb 4. Jmdymamsdweyg) oMol 1180
39, 354L0damyMo Logsbg 3gMaEnsbmmo dodsmmyymgdoo 615 33, bmem do-
bodoma@o Logoby - 264 33. [94]-0b @obobdo, LobsdnGm bobalb Logmdy
3400-4100 33 0o35DmBdns. [107, 132]-0b dobgogno dogo bemzal babsdnmm
bobal bog@dg 4125 33-0s. 5dg@sb, LooBmnggmmb Labsdamm babo osbemm-
9d0m 313 33 dgoaqbl.

abggg BmamE(3 m3gebgms gbggMab Mgmangado, dsgo drgob Ggmogey-
do 333900080 godmomBgzs Lodo dofomawa bLGGYJGNGs: dgman, 3mbEn-
696 M0 BgMmdo s Loe@Iymo Jzodggmo (sdaboery®o 3539).

dgmazo oMol b3gmgmol bgmedomol gogMdgmads, Hmdgmoa bymoo
560l agadmoa. dsgn drgob dgmagm@o dmbs 030398L GLgMab LagMom
BMmMdob 25%-3g o badysmme babosmwgds 100-120 3 Low®no. dgem-
BYMo dmbs yzgmody goMoms drgol dghbg@mbymmgsb RMoomm-©absag-
mgo bsBoemdo, Losz gmazal Logsby esbemmagdoom 200 33-L s0bggl, bm-
mm dobodserm@o bogsbyg, g. 0. yzgmedy (30(390m gm0 snbndbgds 3og3e-
boobes s AMommgmn og@mdgmob bobsdnmmgdmsb. badsmmggmmb bobsdo-
m Dmbs30 gzl bogsbg osbmmmgdom 15-20 33-ns.

bob. 1.3. dogo drgal mebsda bagtma gm@m (NASA)
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bob. 1.3-Bg g0dmbobym dogo Drgol msebadabogdym bLyFomndy 33ox0-
me Roblb degal dgmaneo dmbs. bob. 1.4-Bg bohzqbgdos dogo Drgob gbgg-
0L bEOYJEYMab bLdgds@nco bLyyGoma. 3Mb@nbyb@ Mo BaMomda, Mmdg-
M0(3 0393900 osbemmgdoo 40%-3g BoMomadl, 9d39ds ssbrmmgdoom 2000
3 LomM3gd@y. SdabamyMo 3539 (35%) doMomosow dMEGygmns 36n03369mm-
3960 GgmogBnco bomdmbsgdbgdal aomgdy, bomm jommgdo (30(390m, Mm-
dgmons Ladmomm obGommds 6-8° 5Bg3l. dbmmme, Lobm3bs s Ladlyybl
dmEab badoMobado momddob doMomgmuMae aomsgndnmos Bysmdggds
9900980 Lob@gds LongMdao osbemmgdaom 150 33. y3gmody oo Bysmdzg-
35 Jgo o(30mgdamos badoMowsb 60-75 33-Bg o gsdmymaamos dobasb
(39m 390 hom®mdaggdgdoom [202].

Bp0 = 306¢0babiyeo
= QYOO
2 ;
m bogedaero
| sk / | daspaero
— ) .
E L J L
|
-1 ' .“-ld ]L il
|
i T i
=l el

bob. 1.4. 3og0 Begob byl GGG s [202].

Logomoggmmb Labodommbmsb 808gdatg drmzab gbzgeo bszdsme
Bomo MHgmogBom bsbosmwgds s demazalb dgmado dgdtomoa Bysmdzqds
3960mbgdals LedMagmom gsdmamhggs, Mmdmado(y doMomssem dogmbgm-
398, oby 09bsdgmmgg 30bafMggdol aoaMdgmadgdl bomdmewagbgb.
LEmMgE gL aobs30mmMdgdL gl Lobsdnmml dmgogHo Imbszggmdy Ls-
3mEmGm 3d9b693mmmdobomgal dgmemgdom bgmboy@gm 30mmdgdl. dodbods-
@0 Low@dg 93 3obombgddn osbemmagdom 250 39 Mns. sbgmn 3obomby-
305 3000656 g950L 9baH0l, Hombal, byybob, d3bogol, gmomGal, gmEmbal
dgboM 9398006, 5309039 domy30lb 3mMmbzbmsb [107]. bab. 1.5-g bohggbgdo
0dmdomgdo, HmImgdas 5390mmos 2003 byl RsGomgdmmo s393330L bo-
3d3gmdg, 3oMasm sbobaggb bmzal gLbigMal Mgmognob msegabgdaneg-
398L . gmmob 3mEE0b 83398 mM0nsdn dgdamg gobombao [34]. bob. 1.6-By
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bohggbgdos gbgMal bysmdzgds 3obombol LogMzomo LyMomo [1]. Bysm-
43995 3obombgdol sMbgdmds ©on3z0M39ds dog0 dbmgalb oy@mdgmalb bLgd-

&mMdns.

10

20

r.Rioni.north branch

15

r.Rioni.south branch

Poti.port

bob. 1.6. 3. gbaMob Bysmdzgds 3obombo [1]



bob. 1.7-%g bohggbgdos dogo begal gbggMab Mgmoggyal bogHsnma go-
3mbobymgds sbs@mmoanl LobsdoMmmEsb s hnmmgmal IbGnwsb. gb go-
dmbobamgdgdo 93 9dmm0s s3@mEMms dngf dogo drgolb bagngszono Myz0-

b 5gd9mn 8mba(398980b Logydzgmdy.

bob. 1.7. 3o30 Begab gbygmab bogMzncmn ga8mbobmmadgda badbmgo (sbs@mmonl)
(o) o BMommgo bLobsdnHmmab (3)

do30 Dgob Lobsdomm boba LybEew oMol dggmom-dgdmgtacema. dg-
0M9d00m 39@ods ©obsbggMmgdnmo AMmamm-sbsogmgmal s AMoammg-
»0b badnfgdo, bowss 3gdsmgmdl megbobs s 396 306080bL yMggda. wo-
bogmgo Lobsdommbdg 360d36gmmgabas dyMmasbol yumyg, oymdgmol bobs-
3ommbg — Lobm3ob yuMg, 3o339L00b LobsdoMmbgy — BegmEmLaal ol ¢dy.
bogomomggmmb Lobsdomm baboi mamngddal LEmEmbsdmzgbgdam godmamhggs,
dbmmm, boggobomal, bmbydals, 3m@mMobes s dsmydals 3mbzbgdo odtgdo-
o6 M0300965008 D330 s BoMmBmM86056 Gomommm godmaem mdggdl.

1.2. 3330 B30b ggmmmgon@o Bs@baymo

dog0 dge ymggmmgol o6 agm abgmo, Mmamo(y 93¢s3sss. 83 Mgan-
mb3s, Loy ©dygsdom dogo bmzgs dgdsmgmdl, s@Mbgdoma ggmmmaonn
93M00 (300 3960(39000. 3030 Bzolb Mebsdgmmzgy 3Mmbgoan@ms30s s ImE-
BmIg@FMonmo 3563398 Mgdn Rodmysmndms @ssbemmgdao 7000-8000 Bemols
Boboo. domombo Brmgdol gobdsgmmdsada ol sMogMombgm ozgmoms msgals
Lobgl, ogm Gdo(3 s PYgMNEgdmes JbmGmam m3gsbgb.

3oMmmbygmhm, Gmdgmoa jmods@mo Lob@gdob gMo-ghmo 3mI3m-
69b6@&00s, 3603369mm3bsss ©8mM30EgdMmn ©gEsdabal 3modsd dy. sbgay,
B3980 s m3go6g9d0 maz0L BbMog oMebs3mad go3mgbol sbwgbgb 5&3mUL-
RO 3O 3990y, bo@bymo ggmmmaono g3mggdolb g063s3mmdadn
0©9053065bg ©omdmdabs s d(303900L 3gHommagdn 9Mm3sbgml gbs(zzmy-
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dmEs [11] o gb gog@mto (bbgs x3od@mEgdmsb ghomsow) 36ndgbgmmabac
20babgdmes 3oEOHMbLEgHMbY s oo dmMab dogo degal ggmey(300Dy.

dmbgmmolb ggmmmaonMo  gzmmyysoolb gsdm3zgmgzgdo, Mmdmgdacy
a56bmM (309madymmos dabo gbzgeolb dammgalb aboo, g30h39693L, Gm3
dmbgmeo 3Mogomxg® eddMaoms s 33bgdmms bymoom Lyabdnma 3Mm(39-
Ldob gEgasm s dogo drgal EMbob (339mgdomdol godm as3ynbzamgdo-
Lo @ @MdMal 3gMomegdals mbs(33emgmdal aogmgboo [218]. pmgobsoc-
30b o6 56bgdmdL dago begal ggmemanno §MIbLEMEMBs300b LENmO ©s
obENmgdnmo mgmMos, dogMsd 8obo abGmMGammo gzmeazoal dmaswo
LyFocmalb omgds dofMomawo 9@ s3gdal Rsmgmom dgbadmgdgmos [10, 136,
138, 218].

bob. 1.8. bomds@nal begs-@ds (5-7 3rb beol 6ab)

39MEmaonco a5dm33mg3980b mebobdaw, 40-60 dnmombo Bemals Bobsm
5 YBOM 50M (3 ©ILIZMIMOEL 5MBMbsgmMgmabezgb, badbfmgm g3Mm3abs
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3563060m39dmmos bemzal onbob AMoomm-©sbsgmam mogmbgm dgmen®
boBomdn badmmob 3mbzgdomdo 3Gmgbgdom ©s (3030 Bymal dobgdal
50399309960 300589600 bezob AMmamm-sbagmgo bobomawsb (3568 G-
@6 ©8 53mbagmam 93358MG0gdd0. Bodmamdo dogn drgol Bymagdo yzg-
madg dg@om (3030900 drgal AMmomm-©sbagmam dgman® Bsbormdn ©s-
sbmmagdoo 20-3°C amombodmg (dbmax g 0gnbgds 30ys). 3™b3gdionca
36m(39L930b 30630056 5d0b dggas drgol 3 baBomdn (3030 bysmo 9d3g-
35 4398mm @ssbemmgdoo 60 3 bLoe®3gdyg, bmemm dgdwpamd dogo Drgol dm-
39@0 (303mmbyHn bobosmn gobsdnfmmdgdl o3 (3030 bymgdol sw39d30®
3036 (39mq85L begol sbsMAgb 6s6omgdda.

dogo dgs dgadmgds gobgabommo, Gmamz bysmbs@gzo dgdmastin
3oMHmmmann®o m30bgdgd0m 360d3b69mmmzbae asbLbzszgdamoa dgoada-
o s mM3d §qbgdabogsb, Gm3gmoms dm@nl dwgdsgmdl dnwdoga Jo-
mmgemobo. gbss ggbs doMnmnsbmdol own 3gME0zomuMa gfengb@gdoom.
53 3960L Lobgg 30M339m bogM(300-EOHMom (33e0mgdgdl 4obo(30b. dobo
3gdomgmdals Lom®m3dg ©EaIM3nEgdMmos 39ME03omYYMo GMdnmgbdymo
35330l 3Gm(39L90Dy @S BOEYES DMZoL M0 3335GMMN0ESE 3gFaggma-
90005396 [220]: oMnmosbmds 83 gggbsdo ndHEYds asbemmagdoo 17,5%o-
36 18,3%0-307, 3o6s drgob Atmomm-©abagmgmo bobamabs, bowss ©s-
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0330613905 356M0m03bmdals sbmIsmMom odsemn 3603369mmdgdo o
30bomgms 3@ 3bomn Bymadolb d93m©abgdals godm.

Bgedomgmn 53qbs, @ssbemmgdoo 100-150 8 Low®3gdwyg, babosmwgds
dgofgdoo 3538 3boMgdemo (adsemn 3oMomnsbmdom, ssbemmgdom 17-
18%o0) Bymagdom s g96adonl domamo d93(339mmdom. MIs RBgbobamzgals
030bb0dmgdgmns ¢obadoal 3MMLgdmds (sbsgmmdmmo dmbs), Mgmm
doMnmosbo s 3336030 bymgdo s 3mwdogo §g33gModnmo.

(3030 dgomgEMo §gbob 439dmo ©ssbemmgdom 100 3 LomMIowsb
3L39Ms3my daomo 543L 8gd3gMoGMMal domonsb d(30Mg do@gdal, bmem
beogob M3 BbLIgPMsE §9g339GoGMms Jog Drgedo wosbmmgdoo 9°C
39900396L. LonbBgHgbms 50603bmb, M3 Jbmggmom m 3956930 gL 3gMM6
Bymob 89339608 Mo esbemmagdom 5°C-as. (3bo0s, Gm3 Fog0 Drgol mMIs
Bymgdal §g339GMo@& Mol dgesmgdoo dsmamon 860d36g9mmmds g6 3399
3000b393L do@gdL, Moy 3mdsgamo 33mgg0b bagsbo dgadmads gobrogl. dg-
Lodmgdgmos gb g8dmbzgmo ogmb bergab gb3gMcsb aomz3gmo bomdmb
bo3900g80b 5Mbgdmdom 56 b3gmmadys drgal mdomon s dstomasbo Bymyg-
30l d93menbgdoom doz Drgsedo dmbgmmal bl dgdzgmdaom.

3oem3mobob d398mo bymol dsGnmnsbmds 33069, dmbmEmbamawm
0358 90L o M Bgbgddn ssbmmgdom 22,4%0 smBgzL. daMomasbmdals
30 gdobmsb gMmo bymal LodyzMogg do@Mmmdl, Mowasbsi dogn
Bgob Lod3zMngg JoMa 3MEMgms(305d0d JoMomaobmdsbmaeb [35, 148, 220].
oabs(3 dgoedoMmmn s mM3s Bgbgdo asbLbiezgdnsb LndzzMnzom,
530@m3 53 g9bgdol dgMagze LyybEos, oydze gb 3Gm(3gLo 3506(35 d0d@nbo-
9mdb. [88]-dn dmygebomn 39530L9d9d0lb Mobobdow ymggmbmanmae 3000
39% Bgomo 3o 3969300006 50l Bgro30Msdwy.

03 @MML OHmEgbs M3ge60bs s Brggdalb Mdgdgbmdsl odsb momddals
96®bs0M0 ©s domnsb domamn doMnmnsbmds (35%o), dog drgadn gb dshzg-
bgdgmo 2-xqM ©sdsmos drgob Dgosdatmm gq6s3n (17-18%0), beenm
M3 39693d0 560l ssbemmgdom 22,4%0. ymggmogg gb s0bbbgds Bysmbe-
&930L doEOHmmmaonco Ms30b5d9Mgdgdom, bymal Jobgdal gm@Iomgdam,
LEENIG YOS s ©0bs3ozom. FgMmdme, dsgo bemgab LyLbEo 393d060
3bmgmom m3956gbmsb, dnbofgms bgo dgbszowa, LybGo bysmasgmes
Bgos ©d Jzge §gbgdlL Mol sysmndgdl Bymagdol L3g080396 Jodon®
393500396mmdsL s 350 Ml doMoemnsbmdals 3gmals msegabgda® Hgendl.

dobgosgem 0dobs, Hm3 dmbym@al LEYEg BoMdmsewmaqbl Lszdomm
30b6m, 39hbgmBymnsb LEME L, dog0 drgob bymgdal gozgms dbmemom
M399bgbmab 33 LENEEL dgdzgmdom o gogmgbsl sbegblb dogo brmgzal
30MHmEmann®o ©s 3opMmdodonmo Mg9080b Rsdmysmandgdada. bab. 3.4 -
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bg 65hg969800 dmbgmEal bLEMENL Mdbsdgdogmnmo LyyMoma. dmbgmmal
LENEOL bogMdg esbemmagdoom 31 33-0s, dogLodsmMa bogsbgs 3,6 33, bm-
mm d0608se@o — 730 8. badymaemm bLomE8gs 65 3, 8ogLodsmyMa Low®dg —
92 3. 53gsdom, do30 d30lb Mby Mo3gbowady ogsMdgdL bmemoam m 39560l
mMbgl o dgbodadoba b3gmmadys bemgab @mMbybas. sd0@ma3, dogo bemgal

bob. 3.4. dmbgm&al LEmE L
56033 bogmao byMoma

Bgsdofrmmo Bymgdo dmbym®do sbfamos domdstnmmb dmgal dbsmgl.
Lodsemgms bbgomds ssbrmmagdom 35 b3-ns [218]. gb @ebGaEmds byl vby-
mdL dmbgmmol bgoedoMmo ©abgdal smdgmsl, Mol 3gdzgmdomsy dogo
Bgob 6s3mgdae doMamnsbo Bysmo gogwnbgds dsMdsmommmb demgsedn. bg-
o300 ©0bgdolb bom®dg dmbgmeal LEMEgdo n33mmgds Bemal Lbgeal-
bge @Mmdo s LENEEL Lbgosobbzs Bobamdn 20-40 358 M0l gaMamgddos.
Bgs30fmmo ©0bgdal Ls3zm33gbbaom ©bgdsl Bomdmowmagbl dmbgmmal
J39@s ©bgds, Mmdgmbsg domdstammlb doGomnsbo Bysemo (osbenmgdom
36%0) d93mog3l dog begadn. 93 @nbgdal sMbgdmds gs8mbggmemos 360d3b9-
mm3560 gobbbgegzgdom dmbgmmabs s dogo brgal Bymadal BsGomnsbmds-
do, M5(3 0930b 3bM0g gobsdnmmdgdl gobbbgeggdsl bndzzMozgda. gb 30 Atn-
mmgooom Jodsmgmo 56930L aMemgb@ol domgdal scdzmalb dodgbo brog-
3. [218]-0b 00b5b3s@, bm@3smmn@ 9@ gmMmmmaon 30mmdgddo dgos ©s
J390s @bgdams LoRdsmg osbemmadom 55 13/63-0s. Bymal 8obgdals gocs-
3ol 06530 3o dog o doMBamammb bezgdl dmmal 360d36gemmazboss wo-
3m30@gdmmo Bemal 3gMomgddy. Bemals 3oMggm bobggatda, Mmogbsa Lag-
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3d6mdma© ndMEgds dog Drgada dabsfgms Rsdmbopgbn s Drgol mby
Log@dbmdmae domms 06g3L, dofnmoasbo Bymgdol dgdmbgems dog bergsda
dmbgmmolb 8g339mdom 3(306@7ds. Brolb dgmmg bobgzatda, Mmogbsy dogo
Bgob @mMby odms 06g3L, do30 brrgalb bszmgdem doMamnsbo Bymgdals go-
©0b930b 068)96Logmds BoMmIstoemml brgsdo bgws dmbgmEal ©abgdom
3(3060090s. [179]-d0 3mygzobamos . 3. dmasbmgslb dogH dg30gdaemo s nb-
&9gM3M 98 0Mgdmmo Momgbmdmagn dmbs(3939d0, MHmMImgdas dsbsbnocmgdgb
93900 dmbgmEnlb ©abgdal gogmgbol bomabbl dogo bemgalb m@mds Bymagdol
0 gM3mbamobamn 39mgdal gm®Iamgdsdyg [83]. [83]-d0 go3909dm ©ob-
33690L Laggmdgma Mgl 1958, 1960 o 1961 brgddn dogn Drgol dmbggm-
0b30Ms Mo0mbdn Ro@eMgdyma L3gnsmmGo s330M39d0b dggagdo.

LonbBgMgbms [179]-d0 dmygeboeon ©abzzbs b3gmmsdns dmgal docn-
m03bo Bymagdol GMabLEm@Is(300l dgbobgd, MHmdgmas dgdwmgado dgmds-
9mM3L. MEsbgmalb bLEYEGL dgbobgmgmmsb gagmbolb Begzseda, bymagdol
3oM0m0obmds osbrmmgdom sfal 38%o0, bmem dogn drgnsb godmdsgsma
Bgs dmbgmEnl ©nbgdobmab dgMmgzal dgogase doMomnsbmds mebosmasb
3gdmmmdl 8 dmbgmMnEsb go8mbzmabab 3(30MEgds 31%0-8rq. dotinmo-
obmdol d93amdn dgd(3069ds o3 bemgeda 22,4%0-3wg ao3mbzgmmos 3g-
dmbyyemn Bymagdob dgFgzom (3030 Inomao@o §qbolb Bymgdmsb, Hmdgmms
3o60m0dbmds ssbmmgdom 18,5%0-0s. b3gmmsdns brgob Bymagdol @Mob-
LmE3s(300L Fgaans 9369039 ©933gMHG ML Mdbsmsbmdoma dgd(306g-
3o 14,5°C -6 939mbol drgsdo 12°C -3g dmbgmEGob gbotmogmsb dog
bgado. 39800a3m3dn, dog drgadn (3030 Bsmagonmn Bymgdal dgMgzom, be-
(3 $993960@ Mo osbemmgdom 7,5°C -ns, s Mo 3969830 dystogds ©s-
sbemmgdom 8,9°C 853396 nms. [179]-80 3mygsbomon sl 3360l msbabls,
3530 demgal @@m3s Bymgdo 360l batgzn Mo 3obbbgsggdmmo bymab ggbabs,
bosz 20% b3gmomsedys drgolb Bymgdas, bmem 80% (3030 3omgoyo gg-
bob Byemgdo.

Byomaszgme dmbgm@ob Ladysmgdoo aogmgbsl sbegbl oms dosGGm
ds30 bgob bymgdob gabogznm-Jodon@ 0305393y, sg6gomzg 8ol 3emob-
JBMbyE Lobgmdams 3935003 9bMBSby. 3mmabgBmMbyHn MmEMasbod3gdal bobg-
mdomd 360d3b69mmm3zob0 MomEgbmds ddmenl dog drgsdn dmbgmmal J3gws
0693000, o@aqbamns, Mm3 53 abgdoo dog bmgzedn dgdmmal b3gmmsdys
Bgob Dmm3mabg@mbolb asbemmagdom 20 babgmds. MmamE(3 dommmann®o
353mM 3339800056 0633935, Jgdmbme babgmdomogsb bmgngfoma 3oMasw
9899905 3530 degob go6gdmb s of 3Mo3mmEad0sb 3owg(s, Moasbsy nbabo
53mBgbaemns dmbgmMolb LB b Im@L dogn Brgob dywsdoGym gggbs-
do, dogomoma, yomndob badomMgdmeb [203]. 3gmeyg dbMng, domdstnmmb
Bg0b 3emobd@mbmmo mEasbnbdgdal dgdsmaqgbmmdsbdy gogzmgbsl sbogbl
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3abg@&mbob d53mbgms dogn Drgowsb domdstommb begedn dmbgmmal bg-
5 0bgdab Lodyamgdao.

do3 Degodn bodgzMngol 39ME 030N gsbsbomgdadn dmagstn msegoby-
dFgdss 38030 3036m3mm0bolb sMLadmds, Mmdgmacy 100-200 3-bg 3gds-
9mdb. 93 ggbobamgal @edabsbosmgdgmos Lod33Mogol domama ggM@n-
3OO0 3M0096@gd0. 53 53gbol J3gdmo bodzzMngg 3z0MgE 0dMHgds

(2) (2)
Temperature (°C) Sigma-t (kg m)
6 B 10 12 14 16 11 12 13 14 15 16 17
D—_ | 0— I | ul\_l‘\ B B |
40— a0 .
= ] ’é“ ]
E 80 E 80—
£ 7 £ 7
ﬁ.. —
@ 120— 8120_—
- N 26 May 2001 - 26 May 2001
- 14 Feb 1930 150_? 14 Feb 1980
160— 03 April 1993 - 03 April 1993
3 08 Aug 1883 o 09 Auwg 1993
200— 12 March 200; 200— 12 March 2003

bob. 3.5. §7339Go@mEabs — (s) @s Lod 33030l — (3) 3EMEomgdo dogo Drzolb mos
5339@MM00d0 8rqdatyg by omaddo bbgomabbgs Bemgdbs s m399830 [69]

3L3ggMedmyg. Lod33M030L 39MEG0ZsmMNE gobsbamgds, Bod@mdMnzow, 0dg-
mMgdL JoMnmnobmdol 3960 omnEn asbsbomagdol megabgdycgdgdlb s
3036m3mobol dgdomgmds gdmbgggs doemmgmobol dgdstgmdsl.

030mbahnbmgdol 3obbom Bob. 3.5-Bg dmyzobamos gsdmaema §9339-
oG Gabs s 3ommdomn bnd3zMngalb 39ME0zomMo as6560mgdgda dogo
B3z0b oo 35335@MM00b BgMmEomgddn Lbgswsbbgs bemal go339mm ©mg-
9330 [69]. 3@ 0gnmo 035mbsdMHobom bdnMow baMggdmmdgb doMmdoma
L3 3360g0b (369800, EMIgmoai Rzgnmadmog O Bymoab LodzzMoggbomsb
sbgo odm3ngdymadsdos:

o =[p(T,S, P)~1000] (35/3)

da30 D30l (306 39ms3060 babosmo 3603369mm3bs gobbadmzmagh
0 gEImbomabamo 39mgdal bogMs0mn aobsbomgdol msegobgdnEadgdbs(s.
dog bemzada dofnemnsbmdol bogf(znmn gobsbomagdol ghom-g@ma co30bgd4)-
69055 0DM3smabyHo Dgsd3nMgdol mommzgabo gmM3s s daMamnsbmdals
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dgd(306980 Dgol (396@FommEn bobomgdowsb 3gMoggMagdabs 3gb. gb ao-
dmBggmos (303mmbyMo gGogsmgdal gm@3ocgdom, MHmdmgdog aobado-
M990 58s35m ©0bgdgdL s dgbodadabow YBMmm daMamansbo Bymgdals
0dmbgmol @By 5qbgdowsb Dgosdntmm bymgddn. Gmams IMogaem-
Gobmgobo gdb3gMH0dgb@mmo 3mba3989d0 dMBIMAL, sbgmo mommazsba
B3, HM3gembag bgmb 1bymdl (303mmbyGa (306 39mo(309, @odsbaobns-
09dgmos 1000 3 boem®m3g3g [94]. sbgma Log@omo LEGYJG NS Mgabgd-
0300 3aMons dmgmo bmalb gs63s3mmdada, bmemm daMomnsbmdals Ms-
mEgbmdMngn (33momadgdo  ©s393d0Mgdmmos 38 3bsto s doMaemnsbo
Byegdob d0gxa&dY, 30003 M0 GMogegbEao 3o33mabs @ (303-
mmby@o (306039ms300L 068gbLbogmdady. yzgmody odsmo FoMoosbm-
dom godmomhggs drgob RMomm-©sbagmgmal dgmamo boboeo, bawa(s
00 3nbsMgms Jgbs3o09d0 (0693, nbsn, babGMn) g53538 365Mgdgm
353mgbol sbgbgb Drgalb Bysmbdy. JoMamnsbmdal ggmab gb msegabgdaeg-
3900 3oMgo@ hoblbob. 3.6-bg, Lows 6oRzgbgdas [35]-30 domgds@ogyo
dmEgmomgdolb dgogasm Ladysmm Beman@o 3mmads@nEno 3mbsa(393950L go-
dmygbgdoom godmmgmoamn doMnmnsbmdol 39mol gobsBomagdol byFomgdo |
3 05 853 3mM0dmbBgdby.

(5) (3)

Odessa o Odessa @

/ Crimea Crimea
p 20.4
- a0.0,
16.9 P
varna o Sachi varna - o Sochi
& o
21.0 21.0
18.4 18.4 i) e
i7.a - . - 17.4 g g
a 17.9
17.9

20.9 1\21 1
QJ_'E/_/ ey ~ /20,9
20.6 a '

7 Sinop o sinop i~ 20.9 _/°

Batumi Batumi
o o
Istanbul Istanbul

bsb. 3.6. godmmgmoamo oMomnsbmdal badmsmm Bemago ggemo 18 (o) o
85 3 (3) boe®3ggddg [39]

bob. 3.6-Dg 3oMas RsbL doMomasbmdal 39malb anddsmnbgdnEa bobosmo
Bgol os 93358MM05d0, Moz 3oMas dggbodadgds dos (303emmbyMa
ac0a5mgdal dgdomgmdsal. yzgmodg oo daMomosbmds 033060390
obogmgo o smdmbogmgo (303mmbgdal BMHgdGOMb3al (596@Mgddn —
18,4%0 dg0b dgoednmdyg, bmem 21,0-21,1 — 85 3 3mModmb@ dyg. yzgmedy
adamo  daMomosbmdom godmomfigzs brmgal RMoomm-©sbsgmgmo bsbo-
mo Nbsnlb dgboGmazmsb, Lows 8bstnlb 3@ 36560 Bymgdol asgmagbs

y39madg 3g@om ngcdbmds.
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Bob. 3.7. godmmgmomo 3oMmdacn bod3gMaz0L bodmomm Brmona ggmoa 18 (s) o
85 3 (3) boeM8gqddg [35].

bob. 3.7-Bg bohggbgdas 0dsgg domgds@ngncn dmogmob [35] Lagyd-
39 by godmmzgmomo dommdomo bod33Moz0L Lodmsmmm Bemom@o 3gemn 1 3
©5 85 3 3mM0bdmbBgddy. Mmam(3 (36mdamns, dog drgsado bodzgzMogol 39-
™ol gmA3omMgds doMomsma gsbnbebdmzmMgds Jonmasbmdal ggmoom [148,
220]. LEmMgE gb Bod@n 3obsdoMmmdgdl ndsl, Mm3 LodzzMngal ggmolb 3m-
F0bdMbGomyMa 456560 gds, Bod@mMIMngzom, 03gmeMgdL dsaemnsbmdals 3g-
™ol 356560mmgdol magnbgdnmgdgdl. 83 dgdmbggzedaniz 0dm3ngbogn® bg-
53067530 d93m g3dsmabgdnfo Bm@Is ©s domn I domgmds 3MogE034)-
maE obgmoggs, Gmams bob. 3.6-bg bohggbgdo 0bm3smaby®o dywsdnfg-
dobogab.

Bob. 3.8. dogo Drgal BoMomnsbmdob ggema 1992 brob agemolbdo

72



3oM0m056mdol ggmol 3mMoDmbGomufn asbsbomgdal boboscmdy bo-
g bomdmeagbsl a3043bol saMgomgg 6sb. 3.8, Lowsz bomdmmagbamas
1992 Bemals 03emabol 3gLsdsdabo do30 Drz0b bgoedomal dosGnmosbmdab 39-
moa. gb byyMsmn dm3mggdamos 0b@gfMbgBomsb s domgdmmos Jns semdm-
bogmgool Ggdboznco Nbaggmbodg@ab drgob dg3bngMgdoms abb@ndy-
&0ab dmbs(398ms d5boEab (J. gfgdmo, onfdqgon). babsdbg gsdmbabmmao
3oM0m05bmdob 3gmob dobgogno dgazndmos 308Lxgmmo dogzo Drgob dm-
35000 (30037ms(300b babosmdy(s, Moasbss (306 39ms30al bobosomn 8603-
369mm3gbom 3obLodmgMmagh dofmnmnsbmdol gobsBomgdal LyFomb: (303mmm-
byGo BE7dMb30L 9Mggddo aobgnmamMgdym smdsgem ©0bgdsl mMmds gg-
693d0 3gmgzn BEA™ Fofnemnsba Bysmo sdmasgd3l dgws 539698dn, beagmm ob-
&0(303mmbymo 66936(mbsal (396@Mddn gobz0meMmgdmmo ©omdszsm ©o-
bgdol bogmada doMamasbo Bysma Rsodsb Jggms ©mbggddyg. ©dgz96o,
bob. 3.8-%g domomon 3oMomnsbmdol ofgqdl bemgal mos bobomdo (18,5-
19%o0) d99Lods3gds (303MbyMa gMogsmm@n Bom8mbaddbgdo, Mo 3oMa
®36b3Mdsdns dogo bmzal dmgswo (30M39ms300b babosmmsb. Mmame(s
bob. 3.8-0006 hobl, gl Lagomnggmmb bgd&mo dgsMgdoc sdsmo -
0m056mdoo babosmmgds (ssbrmmagdom 17,5-18%0), Mo dgbadmms dovy-
®00gd0gb 96@0(303mmMbyYMH0 IMdMomdals sOLgdmdal d359358mMMnnl o3 bo-
Boedo. Bobadby 39Maem ©on330M398s Y3gmsedy adsmo doMnemnabmdals
Bymgdo s1bob AMomm-sbagmgm ©s @sbogmgo babomgddo, Mo 3odmb-
399605 0 30bsMgms 3836560 bymab Rsdmbawgbao.

Bgsdomm ggbsdn §9339Gs@emmn 39mmalb gmM3nmgdsl 360d364-
mm365m 3565306mMdg3L Lomdmzgms drgobs s 383mbggmmb dmmol s o3
3q8mb3zg30d0 503930060 Gogd@mMgdal Bimemo JgmMgbsmobbmasebas. bed-
ommdoo demgob AMomm-psbsgmgmn ©s BMamm-sm8mbsgmgma Manmbg-
3oL Bymgdo bmaxa® (3030938 0°%-8q s J398mms(3 o 3gmaznl obgmBymm-
356 9665330 Abgds Yobymob baggstn. drgal MIsbymmzseb Monmbgddo bad-
0630 $9339Go@ncs 5%-9°C-0s. Dogbymdn bmgol Dsdatn mdgds 24°C -
27°C -89 6530693056 s 21°-23°C -8 — M3sbyemmzob Moombgd3o.

dmmm sogmm Bemgddn 0obsdgbagzdemo s 33063980b bolbi@gdal aob-
300069853 s dgnbym bymo m3gebggdol o brggdal Dgwsedomrmem
$9339MsGmEams dgbobgd LEm nbymMmdsz00lb Fomgdsl. bob. 3.9-bg boh-
3969300 dag0 degal Dgadnmal &q33gMs@mcnl msbsdgbegtmmo byfoma
2006 Bemob 9330b&™d0, o3 bogdome bamgm bomImeagbsl 4304360L dogo
Be3z0b ©9339Me@ Mmoo 39mab asbsbomgdabg. HmamE (3 0obsdg bagme-
mo byEomowsb Asbl, 2006 Brmol Dogbmmdn Mydm domsma 893396Ms84-
6900 50b603bgdmms Dmzob smdmbegmam ©330@MMnsdn @abogmaom o33e-
BMO05Lmob Jgmetgdom, Mo LagMome ©sdsbsbosmgdgmoas dogo drgo-
Loogob.
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bab. 3.9. dog0
Beogob dgosdoob
&933gG0Gncals
Moboda bogememon
om0

2006 Bemols 13

2830L@mb.
domgdymos NOAA
056583 bo3M0sb

5ea Surface Tenparature

28 |31 34 37 |40

bob. 3.10-%g BoM3mmagbomos dogo Drgol Dmaswo nMmmmanydo
s 3oMmdgodon®o 39MGogommo LEGMYJG M LgdoG Mo, Mo gom-
3390 B363m@aqgbsb 3304360b dogo dergal 396 @ 0zom LyMomdg bmags-
o [124]. bobaddg Bomdmmagbomm &9339Mo&Mmobs s LodzzMagal 3Mm-
gomgddo jomas Roblb Dgws 3gMg30b 53gbs, 0gM3mgmoba s (3030 Imaemg-
M0 Bgbs §gd3gHoGnmal aobsbomgdol 3GDy s 303bm3moba, 56v)
L0dg3M0z0L oEn 39MEG 0SNG0 3Md0gbE ool 39bs bnd 3gMngal IMo-
Bg. 63bodDY LgdsG Mo bohggbgdos MgEMdL-dmba(s, bows gRmEMMY-
Md© 5033003900 ¢9badomn s gmaommbysmdsmon. Mgomdb-bmbals d3q-
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dmbo@mMabaol gMmemmama gsbbm@(30gmgds bgdobdogfn s30boal 3o-
md93do s bbg. dgosedomdy emaMomo bagommdab dogH bomdmJdbama
oqbgo (abgzg Mmame s bbgoabbgs bgmgdobs s bgmednmymo og@ 0@
bogomngfMgdoms 30gf Bomdmddbommn s3b39d0) sbImMAL Jofom abryznfig-
e dgsdatmoa Gommgdol dmzmg dobdBod0sb 3M33mbgb@gdL s Bam-
dmgdbal gogmmzgdam oMggqdL (slicks), moggdalb o6 Dmegdal baboom, Hm3-
mgdas 30D @b bl basgommdom ogdngyosbgdnm bemzalb dgosdnmgdl.
Fo0mMEm 3530990 358mbabymadgddy gb ammzo Dgosdnmgdo Igjo Gmboo
Robl. 8dobmobagyg, Mbws 5060dbmb, MM 0obsdg bagMmmo Moomemm 3o-
300b 303mygbgds drgob @ogngynsbgdol dmbo@mEnbgol dobbom gx894@«-
0o Jomab boRjsolb 3-8 3/68 @nsdsbmbda [169]. LybGo Jomal ML (1-2
3/63) bagormdal mogdgdn o6 aobomfiggs dmdo drgalb dgmsedntinb gmbdbyg, bm-
mm demogfo Jofob emmb (10-12 3/63), bagomdal sgbgo Drgob dgosedomdy
46985 06@gbbogma Gommu@o dgfMgzol godm. bab. 3.14-dg Bomdmoaqbo-
m0d 30b300b Dgob 8335@MM0l 03653gDogMMma Moomem 3o30Ma byy-
oma, bows Igdo gFoom 3oMasm RsbL Bagmmdalb modgdo drgob Dyos-
306dg [169]. bob. 3.15-Bg godmbobmmoas 056533 bogMnsb ogojbotgdey-
™o 3930b 3mdMomdob GMogd@mEnal gobbgmng bagomdal RomgMols 3gomo.
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Bob. 3.14. bogomdal madgdob Hogomemgsonma go8mbobymadgda (3obdaob
Bgd) 006583 Do36g500056 ~ERS-1 12 850bLL (o) @ ERS-2 13 850bb, 1996 6 (3) [169]

bab. 3.15. 3980l 8md@omdal §Mogd@mEnal gobbzmag bogomdal Romgmal 3gsmo
056033 bo360 ERS-1-0006 30mgdeyem Mo@omemm oo god8mbsobmmadsbdy
(20.05.1994, 14:20 UTC) [197]

dogo Dgob 9339@ ™Mol Mebsda bagMyymo ©s330603906980b dgegasw
2009-2011 66-30 godmgmobos dmgob bgmedamal bogommdaom msogydynsby-
30l 600-%g 3980 398mbgg3s 393580 BngM gsbbmM(309madama Ramgmgdals
dgmgao. bob. 3.16-g bohggbgdos [191]-30 dmygobomo go6Dmgsmmgdymo
39-bggds dogo brgol s339@MM0d0 oR0dLaMgdMmo g939dnsb bag-
omdab Romg®gdoom go3mbggnmo @ogdynsabgdmmoa sanmgdabs, Mmdmyg-
d0(3 J0gdm0s Msb533 B30 Maommm 353090 3mba(39390lb ©a34)-
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d53960L gboon. Bmameg Imbommebgmo agm, 3935800006 RocmgMgdo 3mb-
(396&M0Mgdmmoas dofomawoa bobagogsom GMmabgdol gobbgmng: bEeddy-
m0-bmgm@mboab 3o, bGeddymo-megbs, s bE3dymo-Goxby.

bob. 3.16.2009-2011 66-30 00653g5bogemmo Hogomemga3nalb 8mba39393ab
bogmdggmbg v08mRgbama 393930l 30 dog Derzedn gobbm®zogmgdama
60300333 (3390 RomzgFgdal gobbmaswmmgdmma G gs [191]

0399850, M3gMoGonmo 0obsdgbogma dmboGmmabaol Lob@gds
Bomdo@gdom 39domdl dbmgmom m3gobal bbgomabbgs Mganmbgddn, dom
dmEab o30 demgal Hbgomal bgd@memdo, domB ool Dmz0b Ledb&gm-smdm-
bogmgo bsBomdoa, 3oL3nnlb Drgol AMommagm bobomdn s bbg [75, 160,
167,168, 172].

3.5.3. dm30b 3gd9dyns69ds 3dndg 3gomagdoms s
39bBonegdomn

&mgbogmmmaon@o dggebgdgdom 3dndg dg@omgda 03s398L dgmeg
a0l 35 dynsbgdgm b03mngFmadgdlb dmEab 3gLGn0gdal dgdmga
[176]. 8dndg 3g@omgda 56l JodogMo gmgdgb@gdol xamgo 50-dg 3580
@M dobom, MMBmadbaz goMzzgnmo 3mbzab@®s00b Mmb dgad-
mgds dmbrgm Gmdbogymo dmddgwmgds. ddndy dg@omgdl dnginm3zbgds wo-
sbemmgdoo 40 JodoygMo gmgdgb@n, Mm3gmmagsb yzgmodg Lodndos 396-
3bmobbysma (Hg), §ys0s (Pb), 3o@3oydo (Cd), 3mdasm@o (Co), boggmo (Ni),
396009130 (V), 0omndbsbo (As), (30630 (Zn). dsmo dmbzgo®s dombggmmadn
5303306 93m0s Ggdbmmmaon 3Mm39Lgdmab; gbss dogn s GgMawn
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dg@omyMgools domom§g33gMoGneymo 8 gdbmmmangdo, dabyGommto
Lobgogol B39, 3gL@n(30gd0lL Fomamo mMmbab dgd(339mn dobgMomnEa bo-
Lmdgdalb aodmygbgds, dg@omumgonm LsBsM3mms bomhgbgdol Rsdmbs-
9(3b0. 3ggasw, brgds Bossegobs s Bymalb mdngddgdol admgyosbyds
3Eogom sbgmem 3omm3g@Mmgddy [90]. 3dadg dg@omgdo bgwmgds o&3mbeyg-
Moz s 3oo0@dbgds 359Mal ©nbgdgdal dogf dme 3s6domgddy. ababo
00 LogMobgl BoM3maagbl bemzalb FmmMLs s Goybobomgal s, (3bs-
05, 500530560bmgz0bo (3.

Bymob mEao60D3gd0 396a0 domabrnjo@mMgdos dmgob 3dndg 3g@)o-
9300 ogNFY0s6gdal dgbabbogmew, dsm dmmMal drgol Bysmd (396569900
5 dmebigdo yzgmedy bdoMow aodmygbgdomn nbrngs@mmgdos [30]. gb
mE3060D35d0 domgomEHgdos, Mm3magdo(y obgbgb bymawsb 33069 6sBa-
m53980L 838mmamgdol o 830@ma oo Jbmgamgdda @sdadngynsbgdgma
0bgMg0gb@&qdob 353(339mmds brgal gomgdmb odmdyosbgdalb 3sR3969-
dgmos. 3dndg 3g@omgdal domszdymazns 360336g9mmmzgeba gog@mMns
339000 xod3d0. mg3bgda, Mm3magdo(z 3603365mmzgebo 33980L Bysmms ss-
dnobmomgal, 3398000 xod330 dmemm LagggbymDdy ©asbsb. sbg Mm3, Lodm-
mmme 3dodg 3g@omgdo 5s30560b MmEMas60D330 b3wgds.

a0dm33ma3900 oh39693L, Mm3 doz0 drzalb ogndynsbgds 3dadg dg@o-
mgdoom Lagobgodms [30, 71]. 3dndg dg@omado dog brgsada bzwgdnsb ©ow
dnbofmgms 39d3gmdom, o@&IMbPgMmEsb s bLodmgbzgmm bomhgbgdal
30Mo306 drgsedn Rsdzgdom. gotms 330by, [226]-30 o@badbymos, Hm3 ds-
30 dm30b @obogmgo ©339@mMnnl ©obsgz05698s Jodoy@n bamBgbgdoocm
bgds 393980L B0ge JodonEo bagmogmgdsms drgada RsmgGom. odmgyos-
6930l doMomown Bystim 3nbafmggdos. [71]-dn 3mygaboema dggebgdgdol me-
bobdo, 1992 Brmobamgal ymggmbmonmow dog brmgsdn Rsomes 90000 @
t30bs, 12000 @ (30630, 45000 & &yz09, 80 & 396 3bemabbysmo, 2800 & L3o-
mgbdo s 1500 & JOm8o. dmmastgmal bLobsdommdg 17 nbomgbs s 3
&5l 360d3bgmmm3560 B3moaema dgodglb dogo Drgol odndynsbgdsbs s g3-
&MMmB035(305d0 [83]. dogn drrgob g3mbob@gdalb 3dndg dg@omgdoo ogmdy-
006980L gggobgds bgds 3dodg 3g@&omgdal dgd339emmdals gobbsdmgMoo
obomgdgddn, bmzalb Bysmbs s MmMasbnd3gddn [30]. GL3gMYm @obsemg-
99830 39@omagdol 3g3(339mmds o3 brgado bszdome domamons s gb 3600-
369mm306 LodndMMgdol BaMdmoagbl dmgol (3mzbamn Ladystmbomgal;
3989 gdo ©bsmg]gdnsb 3zmeg drmgol Bymob 969330 dMMbrogdosh ©s
0335600 BLbggMmo obsmygdgdo ,3gmEMgnma® odndyosbgdol byscmb
Gmedo godmeab. degal (3mgbomm mMasbod89ddn 8dody 3g@omgdal 3mb-
(396@©5(30980L dgbbogms Londgom nbgmmdssnal g3odmgzl drmgal gomg-
dmb 3dndg 3g@omgdom adnbdyMagdol dgbabgd.
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Abgool 39(3609Mgdoms d39009300l doMdmzal Labgmmdalb m3zgebm-

mmaoob 0bb@od ol 3g(360gFms dogm 2013 Bgmb Rs@oMgdymmo 33ma3g-
d0b dggasm godmamzzs, Mmd dogn drgol Mganmbydda bemgal dgwsdamo
ogsMmas sx3bgom, Mmdgmas dgazegb 3dndy 3g@omgdal o 3mb(396-
BM5(30908L. 565(3, 50330603905 sx5L30L BENL &gbwgb(30900. Bmam(s
a0dmo 330 sbgo sg3bzda Gygznol 3mb396@Msins 100-% 96 9@ 0o, g0ty
Rggmmgdmog degal Bysemdn [90].

[226]-30 dogo Brgob om@dgmob s335@mM0s30 RoGomgdmmo asdm3-
393960b dgga90 g53moM 335, BM3 5335@MM0nlb sbsgmgm babamals bg-
dmm 5@3Mbygmmda dMagamo JodogMa gmgdgb@al 3mb3gb@Ma(30s 2-xgM
3980 0gm 3000600 5@3mMbagmgm 335@MMnal Dgdmm 58dmbegdmda. godm3-
3939835 saMgmgg sh3q6s, HmI dogo bmzal bgdmo o&ImMbygmmdn s6-
0OmM3magby@o dg@omgdoo oM dynsbgdal dmegeta Bystms g3mm3anl
439969%0. @AM®S g356353mmdada JoboyyGa bagmogmgdgda o@&dmbgggmmoab
b39d056 Bzl s3358mG0sdo.

dog0 bzl RMoomm-©sbsgmgm bsBomdo 1981-1985 66-do gobbme-
(3099 3mbo@mMnbanl 3ggagdds shggbs 8dndg 3g@omgdal 3g8gan
3Mb6(396@Mo(30980 Lobsdnfm obsmagdgddo: 3gM(3beabbyemal — 30-160
ba/a, 3odoydal — 0.04-31,8 33/g, Bys0oob — 2,3-60 33/a. gxcm Jomsma
3Mb(396@®o(30900 ©50330M390ms . Mool 30dwgdamy d335@mM0sdn
5 dmbgmMcob, dgsMgdom ©adasmoa 3mb(396@Ma(309d0 o0 330639dM©
L3nemgbdobamgal — 2-49 3g/4.

3Mdg0mKgMon gs3mygzmazgdo shggbgdl, MmA dogn drgs 30EMNs
3o©30300, 3mdam@om, L3nmgbdom s boggmoo [30], obggg BmamEi(s
bbgs Mgaombymo drggdo.

[3]-30 Ro@omgdmmaos dogn bemgob Lojomggmmb Lgd@mEob s330@™-
00b s dobdo dgdagam dnbasmgms Ls33smE YGSEYYMO §3MEMa0H-a9-
mgdodomGo 33magzs, Meds 360d369mmzabo Bomdmoanbs dgagz0ddbs bgg-
e bamagdqgddo bbgomsbbgs mommbms d93(339mmdals dgbabgd. 33emg30L
dggaqd0 0dmg3006 baggmdzgmb ©o30L33600m, HM3 3. Mombob il ggEmm
bommgdgddo mommbms 3gd(339mds bGsdommMas. gsdmbsjmoabos cyymns,
mdgmoi bogmazobmgMgdm ©sdobdymgdol gMo-gMmo abrogs@mmos.
3ol sbobnsmgdl BngMs300l domamo gbato s dgbadadobaw, 3mb39b@Ms-
(300L BB ©na35bmbo.

3. ®ombolb 6580630 s dobo dgbadmagol dndgdatg demzab ib3g-
e bamgdgddo sMbgdymo 3obgsbndal o @eMNdbobol s6mEmmM3ma gty
Byocmb Bomdmaaqbl Lobamagdemm bosmabgnmob Lodomagdo, aomedsdy-
3539890 Ladmm-g53330EMgdgmo 3Mm3d0bsdgdo s g@smaMaonma bo-
Bom3mgdn. 356356930 o aMadbsoba Drgal dgbammagda smbagsl asbbboema
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gBm&A30m, 3980306069890 doboemalb s gLigMYma Bamgdob Laboor. 3.
ombol gbggnmo ©s dg80gbsmgdmma bo@oba 35635643 @osbmmmgdoo
96mbsnMo Gommgbmdom dgo393L, bomm @ecndbsebol Momogbmds dg@03-
bogdmem bogomngcgdgddo mExg® 3980, BLgEmm bomgdgddo dob dg3-
339em35bmsb Jgomgdoo.

3. gmEmbol dgbommagabs ©s 4. ds030b ©3358MMnnlb Kb gAMma
bomgdqgdo god8mamhggs L3omgbdal, mmnnbs ©s oMmdbobol asdMoomn
dohg969dmgdao.

39L&030gdn 3(3960Mgmmo bodystmmlb dogbgdmagdobes s s350dymem-
30bog b s(330L Jodom® s domemaoy® Ladmsmgdsms bogfmm babgmbm-
b5, Bymol gofgdm d0bdyMogds 39LGn(30gd0b dg3gan babgmdgdom:
BY30(300500m, 39M0(30090000 S 3sbLogMMgdom 0bbgiEo0Lgdoo.
domnamns 39bEG 030 d0b 3odmygbgds bmgemal 8gMmbgmdsedn o g3mbm-
30396 9839d@L 0dmygs, o363 domn godmygbgds MbogMmmbmgdal Bgbgdal
3(330L go6gdg 063936 g0693mb, o ImEob Bysmbo@qzgdal, @ednbdymg-
3oL o Lodmemm %5330, 530560l KobIMM Mol ©sbsbgdsl. 339600
®5g330 Imbggtamoa 3gb@ 300 d0 gobs30mmdgdgb 5a30060l MMasbnd-
3bg bobgMdmog D8mddgmgdel s BMEnsb IMsgemn ss30m9d0b gobzomes-
7960b ®ab3b. 3gb@ozogdob Dgasgmgbom brpgds d4bgdsda (3m(sbomo me-
306093930l 3m3ymos(30960L d53(3069ds s 93mbabE 93580l doemnsbmdals
OMM393d. Mg 3936096 930b BogF Ro@omgdmmds 3odm 33mg3903ds dogn
bgob 0@ Jgool s335&mM0sda sh396s, HMI 35LE 030 d0b 393(339mmds
8335@MM00b 8@3mbagmgom bsBoemdn 3g@)0s, 3006 @obagmagom bobada. gb
20bbbgds 53 Mganmbals Ambobmmgmdols dngd 35bB0(30009d0b 8@ 0yGn godm-
y96g9d0m Lmgmolb dgumbgmdsedn. ghom-gMmn gsd8mzgmagzobslb (1974-1975
66.) 39LBoEEgdn smdmAgbarmn 0dbs dogo drmgolb Lbgswsbbgs Lobgmdal
0939980L Jbmgomgdda [226].

3.5.4. g3mmmmgoy@ma 3Mdmgdgdn s nbGomeganbs

bobadntm bemzgal ggmbab@gdgda o6 50056 dw3ng, dpamsew damdatiyg-
md5d0, domn 3MMEIGonmmds s Labgmdomn dgdsagbemmds ¢Byzg@o©
0(33 95 5 33M 30gdMEns Moz a5Mgdg Bog@mmdyg, MmamEi(3 d¢bgd-
037 dbg39 SbNOM3MagbyMDY. mgabsmzal, Labdmasmgdobomgal gdaL
56 063930 0l 3940, Bm3 drgob Mgbn@bgdo s, boghomm, d49bgdfngn Mg-
LyALYdN oM 30l SMYbYMg0 S Boma gL MG o(30s s Labdmgsmgdo-
Loomgolb Lobnggome godmygbgds gmbogmyym Logdzgmb ¢bws gdystgdm-
L. Md30mbaenm@o dbgdombomagdemmds dmambmgl dnbgdMoga Mgbmm-
Lgdal ImMbsEgdal M3B0Bnbaz0ol Bmam& (3 g3mbmdognmn, sbgzg ggmem-
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309960 3608960913900l gomzgamnbbnbgdoo. (36mdamos, Gm3 dg(3bngErmmac
oqbadgmgdgm s sMogmbagfnm yMmoghmngdgogdsl bbgowabbgs g3m-
LobEY3gdMSb Ladmgsmgdal BbEnEsb, bdnfmsew dngysgatom sbgmo LobEgdg-
d0b dmbgdMogo BmbabEmGMma dpgmdsmgmdol omMmggzobszgb s domo
30635690 3am3smgmdal seaqbs 3603369mmM396 BB K JdMSE 560l
5 393306 9dmo [230].

d0m3MogomygMmabadol  mgombsdMabom  dogn  brgs, bIgmmadys
BgoLmsb dgomgdam, 860fns. 53sb go6s30MHMBg3L abgmo BoJ@mMgda, -
am@9d0(350 3530 bzl bymgdal sdsema Lodemsdyg, bymal dgsmgdom wo-
domo §9339M@ M ©d gobadom, 3mdBadmagn amaomMobysmdsmno ©s-
F9dy0sbgdnmao 100-150 3 boe@3ob Jzg8mo dpgdsmg gbgdo. s30@md, Loo-
3l dmygemyymo ©d bymob Bomo 3oMomnsbmdabmeb dgamgdyma @I
Bymolb mFgasbnb3gdo, Mm3mgdaz 3Mogmass b3gmmsdns brgsdo, do3
bgedn o6 33b300900.

asbemmgdom gobmmo b 3nbal 70-0560 Bemgdowsb s©s80560b Ladgn-
bgm Logdoobmded s dnbamggdds dogo demgal domdmsegsomagmmabadsal by-
Bombymo bogEmmbyg 359436s. drgob d3m3mas 3090 bagmdbmdmaw 393 (306-
5 3505398 9dnmo 093dggenl, 56533300600 MEMsb0Dd3gdal dgdmdmals s
5d0bdyMgdol godm.

ds30 Dzl bomgbam 8603369mmds gobabodmgMgds Mmamm s 0g3dy-
dab, abg bbgs dommmangmo Ggba@bgdocmss: bysmad(396s6ggdam, dmeab 39-
dom, 30dmbbsnmgdom s Lb3. yggmes dogndmaznbdnms Jzgybabomgal Drgal
dbgdmngo Ggby@bgdo s 3oc ImMab mgzbggMs babsdoMm dmbal gobgoms-
90l 3603367mmzs60 AbaMgs s oo bm(z0oeM-93mbm3ognMa 360d364-
mmds goohbos 08 J3996980Lomgal. ab@gbboy®ds mgzddgMmed 30Dl
30h396939mmb dnsmbos dbmggmom m3zgbol 8936 Mgagombda. (36mdagos, GmA
350535Md9dmn 0g3dgdgms 4360L gzmemmaoym@o LoGmozonb g36353960b
doa MobgLb. begol Lobadomm g3mbob@gdgdol 3Mmend@ommmds s babg-
mdomo dg35039bemmds dgbadmmms domnsb damdbmdnsmyg sd8mhAboglb ssdn-
060l 8bMnsb D30l dommmann®o MgbaMbadolb gos89@qdamo gdL3emme-
&d(300bo3n. gMm-gMmn doMgmmo b znmbo mggbalb docogal Batdsgdmmo
5 daMmoEo gdLb3me@snnbomgol oMol Mgbymbgdol dmbdamgdols dotmgs
obgoo babom, Gm3 dgbsmRbadmmo aymlb gmbagfmma domsobbao Mgbumby-
3ol 3mbdamgdol LoRdomgbs s dom smEagbol LoRdsmgl dmMab. o3 dbMog
3603d369mm3o60s [158]-d0 godmmgdnmo b ndals dgbabgd, MHmI mgzddgmes
mgm@g bobombm dgnmbgmdalb ofmao 1bws 0gmb LabsdoMm bmbals Jom-
»30L gfm0sbo bob@gdolb dgdsagbgmo Boboemn, Moms 1dHNMB3gmymBaa
0ygmb Lobadnmm dmbab dpgMawa, bBsdomyMa asbzomamgds.
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dog drgol, bowss 093bgd0l ssbmmgdom 184 Lobgmds dabsmmaL,
360d36gmmzobo  093bbaMgbo  3mEgbzoomoa  asoshbos, Mmdgmoz dg@ow
3amdbmdaofgs a0c9dg God@mmgdal 30dstm. dmemm sogmbmgddn, mgs-
Bgdob (3939 Labgmdoms gos3g@qdgmoa g4b3mus@ o300l godm, 3oM-
39 ymgmobs b@egmowal, binddMonl, Jogzdnsl, 33MmE0lL s Lbgsms as8-
o3madobomgals s@mabgmboytgm sdom@no o domGutn Rod@mmgdal
BmbbdY, 03033063985 omn Mo(3bmzbmdal 333900 9330690 [115]. Lody-
5(300 3630300908 vgMgm3g 068)96boyMa LadgyMBgm Logdnsbmdom Jogn brgs
- 5dm3z0b Mganmbadn, Mo 06393L bagMmm g3memmaono 8amdsmgmdal gs-
MoMgbgdol — 8339800l oFngFynsbgdol dO@sL, g3@&M™MYP o300, Jnw-
Mmdom@ob dofmogal dg3(3069d0L, Moz Logzgdo dobss Lomgbo mg3dgdol-
030b. LadbYbsmmE, 13965L369m Bemgddn dogo Drmgzal odngynsbgdal dgwog-
350 m93dggMs M8gbndgxac dg3(30Mw@s. 3530 Degal admdynsbgds bagm-
Bo3bM3M9dm s BeBnbamyg bymadom abGomgenbals 33306530l gFm-g6-
o0 3603369mm30b0 Rod@mMns. 330l ©edsbadymgdgmn dogasmamas [115]-dn
dmygoboo abgmmM3ds(30s 093dgdal bmgngfma Labgmdal, 3gcdme, b3xad-
3600bs @ 00bybob domagal 833900 dgd (306900l dgbabgd dog bemzsedo 0dob
353m, MHm3 53 Lobgmdal 093bgd0b ymzgmbmman&o BngMaznol 3 bobg Bomds-
oemb drgowsb ds3 drgado dmbygmidg aogmoom abobo sbygbdnsh ,Jodoym@
domngmb® — 15-3omombosbo . LB bl IgoEmeE obobrmgdmem dggm
1369330 3Mod@nggmom oM G0l g8gd@&meo 30363960 Ladyomgdsbo o
bogmegazbmgMgdm Bymgda doMsednm Rogonbgds Drmgsadn. 880l godm mggbdy-
dab 98 babgmdgdds dgbrEglb Mmez0L0 gomssEanmgds dmbgmeal Jodsmay)-
mgd00. gb o6 oMal bmmmm J. LEGddMml 3MmMdmgds s gbss Lagom
36mdgds IMsgzomn dog0dmgabdams Jomsjobomgal [115].

30093 gfm-geon 3603369mmza60 god@mMn, Moy LyMombym asgmg-
Bob obgbl dogn Drmgzal obGomgembal dgdsmaqbrmmdseby s gt 339mmbo-
™30 (33e0b Brogolb g3mbabEgdsl, gbes Brgolb dommmann®o odndynsbgds,
369y dogo Drgob gonbabsmgzal vzbm, Dmgngdo (sbmzgen® Lobgmdoms dg-
dmgms dog brgada dbmgmom m3gobal Lbzs Mganmbgdowsb [115, 158, 236].
0bobo bdnfow dmyzgdosb 3939dL, §ob3gMgdlL domabEma bymgdal 89d3gm-
doo. dmgngBon domgsbn, MHm3gmag sbomo 3oMmmdgdabowdn sa3@so300L
mboMoom god8mamhgss, 83300M©gds sbaem asMgdmdo s 06Yqdl godmegmadab.
sbgo dgdmbzg390da, 53 Lobgmdgdds dgbadmms @ssMemgamb dogo begal ggm-
LobEgdabomgolb sdsbsbasmgdgmoa dbgdMngs Redmysmndgdmma 3398000
®9F30 © baggombg 3913656 dmgngHo sgommdmog babgmdsb.

1947 Bgmb bngmemboobgol 3m@ @l dsbrmdmao smdmBgbaema odbs
dmenmbgo Mo3sbs (Rapana thomasiana) 0s3mbool bdrmgnwsb. sbamo gogdm
doborgal bgmboy@gmo smdmRbos, Ma@ash dmbgdmagn 3@Mado o6 smdmah-
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bo s abzos drawama Ly339d0 dobs B33sb(33980bs s dongdals Laboo.
3530 drogobomgol o3 sbm Lobgmdad 0bym gmzabgdamo gedmsegmagds, bmmm
65356(33930L 3MBMms300 300 gmae dmnoba gosbsan®s [236]. sbg-
39, 05033063985 30000950L domdsbol bagMdbmdo dgd(30cgds dog degsda.

1982 Bgemb dogo degob Rwammmgo Bobomdo d93R6gmmo 0dbs 3gw-
Bobdagzomn Lobgmds, Mmdgmo(y 994937 93 3335&™M05d0 36 ©S0330M39dM-
5. 9L 8MBmABEs Lygsmzbem@s 36930m3bobo (mnemiopsis leidyi), Hmdmab
LOFIMEmMM >GSbEGNL M3gebgs. 36930m3Lobo 3mabd@mbom 03390905 ©d
530@m3 80b3s go8mhAgbsd dog bmzsdn dofomawon bszzgdo dobs Fmubdm
Jodosbs @s 33MmEL. 36930m3Lobol doboymds ged3Magmgdsd 1980-0s60
Bemgdol dmemb godmabgos Jogdosl Mommabmdal 33390mMae dgd(306gds
dog3 drgado.

30093 9M03s 36333300635 LageMzbenn®ed, Lobgmbmeagdom Beroe
ovata, ®m3gmoa(z 306zgmae 1997 Bgemb 3960dbglb s, Logomonome, sbggg
3998938b dgdmygs dog begadn, Mnemiopsis leidyi-bg @o0bym bos@otmds.

a0M s 530bs, dgndhbggs do30 drgol Lbgs dgdmbzggzomn dmbabmgbags,
Gmdgmmms Loddmdmm Jbmgmom m3gebol Lbgs Mganmbgdos. gb God@gdo
3og5m0mns 0d0bs, g HmamE ImJ3ggdL 068 330 Labgmdames dgdmgms
3530 Dmgz0b ggmbodgdady.

3.5.5. 3530 B30l ogndynsbgds bagmeszbmzmgdm bagsgom

353 bemgedo bysmdzgds godm33mg39d0 5639693L 300093 9o Lodbybamm
356g3mgdsls, Moz Ladmemmm ®sddo MoMympnmsm sabsobgds demgal gzmbab-
$q35Dg. Lobadnmm 3358MM0gdal By bdnm Jgdmbggzada Lagbgs Loym-
BobmM3gM9dm bagsgom — dmmmgdom, 35639800, 3mabGognmn batmhgbgdam
o Lbg [236]. 53 Lobol obsgznsbgdal Bystma: 3939800056 brgadn RsyGnma
bogogo; 30bomggdal LobodoMmmbosb dgsfn bamRgbgdal bogogboymgmagda,
m3mgdo(s Bysmeomdgdal @Hmb dnbsfmggdlb drgsda hosggm; Lo gnMme-
&m bydmBdo Drgal LabedoMmmgddy sgmmgamn Bomhgbgda. bemgal Bysmda
bogmegabmgMgdm bogogn abMmbbgds brmgdol o smbBmammgdol gobdsgmm-
3530, bmmm 3mab@ngneo bochgbgdo — sbbmgmmgdol go63s3mmdsdn. domn
adob@BBaL Ladmenmm 3MmeEyGos GmJbogyMo bogmagMgdgda. gomms 53abo,
3396530 3mabBognmn bomhgbo bemgal MmEMasbnd3gdolb dogM scmngdggds, Hm-
amMg bogzgdo 3OmM@NJ&0, Moz bdom dgdmbzgzedo mEmasbnd3gdolb @ac3-
300 dmo3M@gds.

>tbgdmemn g3mmmaan@o boGyyozos dmombmglb GsznmbamyMo dmbg-
300baMggdemmbals o 0bgomn dm3gdal go@omMgdsol, o3 dgo3(3060gdL o6-
0MHM3maqbn® bgbmmal obGomgembsdy. 53 30bbom 360d3675mmzsbas dgnco-
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e LdgMMedMEMEbm badg(36096M-@Bgdboz Mo MebsddEmMImmds badg3bng-
m 33mg3900Lb gobgomomgdabs o 3Mog@nimma bogombgdol aowsbyzg@oel
30Bbom g3mmmanal, 3oMgdmb @s(330Ls s dgmgzbgmdal begzgHmdo.

3.5.6. 938 Mmqg035309

ds30 drogab (sbgzg, Lbzs drggdab) ab@omgenbobomzalb ghom-gma be-
dodmgdomagsbos dnmggbmdn gmadgb@gdal 0b@gbbonMo hawnbgds bemazsdn
30batggdobs s aGb@olb bymgdol 3gdzgmdam, Mo 3o8mbBggnmos oo
MomEgbmdom domggbyma 9mgdgb@gdol — sdmE0b, BmbgmEal s bbgs do-
o0 dg3(339m0 babyydgdal 3o8myqbgdom bmgemal 3gMMmbgmdada. dom domag-
6gd0 96 domagbnfn gmgdgb@gdo gbmmgdom, Mowasb nbnbn 33398530 bogmo-
96969000 I(39boMgmomgab.

53 Jodofo gmgdgb@gdol ¢byzg@o @ oo Mamogbmdoom Rewnbgds
bgado 0b393L 93&MMB0ZO300L, Mg doamBamgmdl domggbyma gmgdgb-
8900l 3mb(396@&Ma300L 3339006 B30 s Bysmd(zgbsfgms nb@gbboy®
»9Y3030m9d530“. bo@yzs ,938MMB03o(300“ dg@mdbmmo Lo@ygss (eutrophia),
(03 3963 33905L 60dbogl. domggbn@n gemgdgb@gdal drgsdn d53moabgdals
30Ms306M0 dgga0d Bysmd(39bsgms bMwal 0b@gbbognzsos, bmemm dgd-
am3d (3bmz9mmMo MmMas60b3gdobs. domagbno gmgdgb@gdol 3mb396@ M-
300L BEs Drzab Bysmdo byl 1bymdl Bysmd(396smgms LEMsg asbgoms-
6905L, 30M39m Mngdn BoGmM3mob3Bmbol LEMsg bl s dnzEMmbysem-
3(3960Mgms 068 9bLonE asdMegmgdsb. 33539 MHML LEMsBs ndHLYds bm-
M3mabgdBmbol domdsbs, Moasbsaiz Dmm3mabd@mbo 03398905 Go@m3mab-
J&™bom. 3mabatgb Mo oo MamEgbmdom ¢obadawl, bymal dozMmmegs-
60d3g60 §db0sb gobadoob gRo(z0@L, Moz Drgal abGomysnbsdy ©sd-
@339 3m8gegdL. 2by3g, Byerab aa8dzemgormmds 333g0Mor 9(393> ©d
3bob MoEas300b dgmbBgzomds Lom®dgdo d30Mmgds. gb 0b393L KLIgMHAL
Byomd(39b0mgms doboy ame335L Lobsmmal gBo0EOL godm ©s gob-
3850000 g93m3Mdsggd0l, 3Mod@ognmae, 396939@oL. 3oL 8myzgds drgol
3bM39nEo MmEMa060D37d0L o333, MMIgmboy Lbszzgdow dmabdamgb
ALy Byomd(3969699dL. 3o 53nbs, oo domdabolb djmbg 3 33eM0
mfgo60b3gdo sMg 09y 33006 93398056 Bysmbazaz0lb GL3gMdy, bowss bog-
35 38 MmMg360B3ms s GLZgMMMmO 3330eM0 MEMas60BIGdab Mm3mdals 3Bm(3g-
Lo = 303@NbsMgMAL ogebazal 3Mm(39L0 dog@gMngdol dmbsbomagmdoo. gl
3Mm3gbo 0B3g3L gobbbomo gobadowol 3339mMa© dgd(30Mgdsl BL g M
%39698d0, Go(3 od33gmons BLgEMmo (3MEbamo MMasbobIgdabomgab.
Bymob 035 ¢969330 gmEIoMmgds s6mqLos, Hm@gbsg dgbadmgdgmos dbm-
mmE 5b5gMMdNmo dod@gcngdal sMbgdmds [116].
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Byombo@gzabomgol g3@cmmMz035(300 bm@Ismauma dmbgdogn 3Gm(39-
oo, BM3eol EMmoma 351G 0dgdo ggmmmaono EMHmomo dobd@sdgdal me-
BobmBons, dogfed sbmmm3magbnmn 93@MMP (300 98 M0 ob3Ge-
398b 83(30698L M0d7603g scngeem Bradmg s by gmgdawa(s [229).

5335 B30 o 3obbsgmmMgdoom 30b3ds RMamm-©sbsgmagm dghbgm-
Bymm3o63s bobamds, Mmam3 068 gbbomEn sboncm3magbm&n bgdmddqwg-
30l md0gd@&ds, g 30093 aobyyemo Loy zmbal 60-056 brgddo doodymm b3g-
(3090LEMS YMoEmgds, Moasbs(y 33390Mem 3odmogMms 938MMeR035(300
5 960MM3MaqgbMo dE30MmM30L Lbgs Lobggdn drgal 83 babamal g3mbab-
&35y drgob AMomm-sbagmgom 93308mM05d0, bowsz Rogmnbgds owa
30batMggdo — ©bsn, ©bgbBMo s ©by3Mn, smdmMAbms sBME LS ©s GmL-
BMM0b dgbsgFmmgdobs s BoGm3mseb]@mbol yxmgmgdal domamo 3mb396-
&M5(30900, (15353 70-006 Brgdda a0dmabzns drgal o3 s335@mE0al LMo
938Omq035300 [88, 168, 173]. odogydynsbgdgma bogmngfmgdgdol s dom
dmob domagbn@o gmgdgb@gdol go0s39@qdnmds drgadn Ronbgdsd godm-
06305 drgalb 88 ©339@™MM00L FoMNHMIsLIGodosbo g3EMmMPogd(30e s 3o-
3mgbos, amaombysmdsmnsbo dBmbgdol bsmdmJdbs s dmmasbmdsda, dom-
(396mBgd0b gafosa(30s. BoGM3mabl@mbal nb@gbboyma syzegamgdol dg-
9305 LoMgbo 073bgd0L MoMEgbmdobs o Lobsdnmmlb Mg3Mgsonmo 3m-
&gbnomal 3339mM0 dgd(30Mgds. aabygemo bagyzmbol 90-0560 Bemgdols dmbs-
(399980L M3bsbIo, 8. Bl go8mygbgded Lombysgo dobbgdabamgal go-
dmnbgns sbdMENLY s FMbRmEb brmgzsdn Roobgdol 3335mM0 dMs. de.
bs0 Bomdmaagbl domggbgdol yzgmodg ddmoge bystmb, Gm3mgdbs(s
dog dgadn dgdmogdzor osbemmgdoom 60000 Gmbs gmbygmEa Bymobowdo,
o3 BomImoaqbl domnsbom bmzsedn Ronbgdymo gmbygmEnl ssbmmmg-
dom 66%-b. stromMasbnmo sdm@ab bomo dw. mbsal Rsdmbopgbda sl
ssbmmgdao 340000 & bgmobswdn, Mo 2-%96 s g@o0 5mgds@gds dbo-
mmaon® dohggbgdgml 3. Mgabdo [158].

[173]-30 go3909dmos 2000-2012 66-d0 Rs@omgdmmo dogo dergol
RO@ommm-obogmam 6sbomab g3mmmaon@o 8pamdstgmdal dmbo@mcnb-
amo 33emg30b dggagdol sbomaba. Bymagdolb 938GOmMay035(300L badabbol
3dgx8obgdol mzombadGobom 3603369mmmzsb ab@gmgblb 06393L domagbno
5@ 300mM30L MamEgbmdMngn s Mm30bgdMngn 3oh39698madal Jggebgds. do-
m396980L doMomawo bystms dnbsfmgms doma gbmma Rsbowgbo. 2012 6gemb
3. bs0lb gem-gHmo @gm@ob (3. b. Jomool gmE0b) domagbn@ds ©s@)-
3060353 bgmobodn dgoeanbs: gmbgs@gdobomgal 6,0 smsbo @, LogHom
Bmbgmeabs — 16,5 sosba @, bo@Mo@gdobs — 5,2 sosbo &), bo@ms@gdabe
210,0 s0sbo @), 5dmboydals sDmEBobs = 24,7 sosbo @), bagMom sbm@abs —
423,3 5030 §). 93&M™MB0 35300 5 Fobmdb 393306 mn Fobadawalb Mg-
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g030b @oMm3g3d BoM3maaqbl ghom-gmo yzgmodg oMsbabymggm god-
&mAL drgol RMomm-©sbagmgo 6sbamob g3mbob@gdseda. gobadowol g-
Bo3odo 0mds bymgddo osMmbgdomo sMmgg3l 3ghbg@mbymmgsba dgmazal
93mbab@g3sb. 8808m3 gobadswal dgd(339mmds begal Bysemdo 938H™MY0 3o-
(300 batobbob doMomsmo nbmozs@mMas. Ro@oMgdymads gobmdgzgdds ohgq-
bo, Hm3 gobbboemn gobadawal dg3(339mmmds drgal AMamm-©sbagmagom bo-
Boemolb bgosedomm bymgddn 2008-2012 66-do o(z3mgdmes 4,9-00b 16,2
93/008%-301, Mo gzmemmanmo LoGuoool gomdxmdgbadsdy domomgdl,
091335 BL IGO0 Bn3gdemg 396930 @s0330M393M@s 303mJboal BoRgg6q-
3o e gam@o s6g9da [173].

d935dxmmgdgmo god@&ns, Mm3 Go@m3mabld@mbolb bagMmm domdsbs
1971-1988 66-30 gs0botrs 720 83/3%-w06 4780 3a/3°-3g G30bgmals Lobo-
306m bymgddo s odsbmmgdoo 10-%96 go0bsfes dmmastgomal babsdon-
b aobbgmog [158].
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Vezgdo

bab. 3.17. s0bgmemgddn gobodnammgdmmo goGm3mab]@mbal dom3abol
(33e0gdab ©0bs803s ogn Demgalb AMmommm-aobagmgm gmegn boBarda [173]

1 3960b369e 10-15 Bgemobodn d503Rbg3s Drgolb Atmomm-@abagmagm
boBomal g3mbob@gdnl gomdxmdgbgdal (3omzgmmo 60dbgda, o aodmb-
399905 3563399900 39169doa(33000 mMbobdngdgdols go@emgdom babgem-
360gm o bobgmdBogmmsdm@abm mbgdg [1568, 173]. Drgal Aomm-ws-
bogmgo 6sBaemals Bymagdob g3&MHme03o300L bamabbol dq3 (30696 dovy-
200938 Bob. 3.17, Lonsbsg mgombommog hobl go@m3msbg@mbals bomds-
Lol 3339060 BB gobmmo Lamzmbal 70-056 s, gobbs NG gdam, 80-056
B gddn s dobo 3603369mm3z560 983061908 dmemm M sogeyem Bgmobada.
09339, 0bo3 YbEs 5060dbML, HM3 MebsdgMmzgg 30mmdgdda, Mm(3d swo-
300bab LadgYMbgm Loddosbmdal gssd@oyMgds o0 330Mggds, Imbammuby-
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03 56MHM3MagbyMo o@30Mmzgal aodMms bemgzal g3mbobgdady. demgal
35693mb dpgmdsmgmdab dgdamdo 3odxmdgbgds ©sdmowgdmmoas do-
boggdals og@ brgedo dgdm@obam 3339003 bogmngMmgdoms mebmsmabm-
doo 353(3060985Dg, o3 dgbodmgdgmos dEHNb3gmymaam 0dbglb dog0dm-
30L306Ms s ENbsnb3nMs J3946980L gMmdmagn doemabbdggao.

2008-2009 6b-d0 dogo degal bodomggmmb bgd@m@da Rs@omgdymon
930@Ma0gM-3gmdedog@o 3532939300 3gI3oR RI3NbE, HmE 987s3>w
03 5335@MM0sb 93@MHMB0 o300 36 gddMgds s bysmda goblbboemn sb-
3350l d93(339emmds bm@Bal goGgmaddos.

bob. 3.18-%g bohggbgdans Drgol Bysmdo aoblbbomo gobadswal d93(339-
mmds gmbom-658obgdn-bmdol 3mbszzgmdn 2008 byl Rs@omgdmmo go-
BmIggdab dgogasw. ambom-65896980L dmbs 339030 goblboma gobadowanl
399 (339emds Ladamme G0l 8,2 8a/mm, Moz sbems 3Msgombman® Lodey-
sem dmbo(39893m0b [3]. 658969600056 BMm®edwg 5335@™MM00lb ImMbs3zgcmdo
a5bLbomn gobgadawal dgamgdoom d306g 3g3(339mmmdgda 6330 M6 sbemmU,
3000656 79930L gLoMmme396056 5060364ds.

]
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Bob. 3.18. goblbboma gobadawal dg3(339mmds drmgal bysemda. bgd@gddgca, 2008.
(0) = ambom-bo@obgdal Imbs 33900, () —bs@obgda-bmdal dmbszggcn [3]

938035300 LygPombdHE g3mEmaonE 3MHMmadsl Bomdmowagbl
B3930b, Bysmba@gzgdabs s dmnbsmggdabomgal, Moz o LadadEmgdsl
1g360b (3mEboem LadysMmmb. 53 3BMEMgdobmsb dMdmmoal gdbsobymgds ag-
6gLgmb m390bmaMmagammo bLsdmsgMmdasmsdmEnbm 3mdaboal Bymgdol ,o9-
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3930mgd0L* b3gnomyEa 3Mmamads (IOC UNESCO Harmful Algal Bloom
Program http://www.ioc.unesco.org/hab/), Gm3emals 30bsbos 3mmMmabsgas go-
mBomb bbgosbbgs 43994653L dmmMab byl ,,093930mgdab* 8mgmgbgdl.

3.5.7. Go00msd 80y 5 §mgbaznm bagmng@mgdsms 653smbgda

do30 dg0bogal 360d369mm306 3GIMbmgdal bomdmaa bl GmdLogne
bogmngMgdoms b653oMbgdol 0gbBogngs(30s o 3o3bgdgmymess. dogo
Bgs, 0bggg Bmames Bmang@ma dogsdsdgmagmmo dmas, godmoygbgdmwms
&mgdbogne bogongMgdoms LadsMbae sMedsmGm dgmég dbmggmom ™dab
Mmb, 5653900 mdab d93am3 bemgddacs [119, 158]. bmgogtioma d3g9sbs, Hm-
39mba(z dog drmgady gobsbgmgmoa gsshbos, dog bemgsl nygbgdl Lbgswsbbgs
dobaemal @s bogmogMgdal, 396dme, 369bg9mmdal baRgbgdal, bLoddgbygd-
mm 653530b, BmdLogm® bogmogMgdosms, Maomsd@on® bomhgbgdol s bbg.
Lodambaw (©sd30ban). 3MbE@gnbgMgdo, BmM3maddas 0bobgds, bbgowabbgs be-
bob &mgLognGo bogmngcgdgda, @OHMmMS 3o6353mmdada 0dmgds mocmmbals
3m39bob 3mBmDboob go8m s o Logmmbgl mdsol s@s doGGm drgal
93mbabE 935, sedgo dmbabermgmdsbs(s. sbgmo badsmbgda Bamdmawa 969696
»bgmo0 3mddggdal dmddgdL*, GmMAmgdLaz dgndmoasm Nongbo bosbn dns-
496mb degolb g3mbobgdsl s LyMomdyma Logmmbg 391 Jdbsb s@sdnsbos
RO6IMNgmmMdsL. Fogomoma, 1998 Bmal 22 0g393d60L aodgm ,0d39L-
&00d0” (Mbgmn) asdmd39969dmmos nbgm@mdszns L3gosmma Ladgsbog-
m- 333000 94b3ga300L oge sdmBgbormn dogo bergalb Anmm-sm8m-
bogmgor babool gbggeal Meombymopgdoom — (390nd-147 o LGMH™b-
30998-90-000 @ogngynsbgdols dgbobgd, Moz a5ds-g53mbbnggdals 360d3bgemm-
396 Byommb Bomdmaaqbl. Mmamiz Bobl, gb agm 1986 Bemals s3amdn Rgm-
Bmdamol s@mINH gmgdEmmbsancdg dmdbosomo sgstnal dgogasw sdmes-
4390 Moomsg@ oo bogmngfMgdgdoom dogo drgol odmgyosbgdol dg-
©930. 53 bogmngmgdsms begsado Imbzgoms dgbadmgdgmoas bergsado Asdnbs-
69 30bsMgms s 5@Imbggfmmoa bamgdgdal dgdggmdoo. gomms 53abs, g4-
L3gn(300L msegatn 8obsbo ngm sm8maghnbacm dozn brgal gbgMDg Bgmey
dbmgmom mdob dgdmga sdsmbamo Jodoy@o nstomn s sbaggmdgdgmo
bogmngcgdgdo, Mol dgbegmagdss 9db3gen(3008 bobommdmng dgbdmm, Mag-
3565(3 93 6335Mbgdal DL 3MMMEbsG o 1 (36mdns. sbgma g4b3gn(300b
a36bm@(309mgdol dmsgama Lagydzgmo ogm ab god@n, Mm3 dmenm Bengdols
356803mmd53n 3gmg3dggdo bdnMsw 3mmmmdbgb 8330560 ©ymenbgdl ©s
dm(3Mo3g 3MbBBJbgcgdL demngfm dmadBsdmosgn bogmngfgdom, 03Mo@no.
9mx0bgdal o330l 30bgbo L3g(3nsmabE-gdndngmbgdal sdGHom Jodoyma

dm3bsdmagn bogmngMgds aym.
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3.5.8. Mopomsd§oycn agndynsbgds

bgado dmbggofom SbGmM3maqbn® 30bsfgzqdl dmMalb gfm-gMon
Y39madg Lddndos Monmsg@ oMo 3nbyMgzgdo, Mmmgdos drgsado bwgdo-
ob mbgzemn, 8ysMn s s0fMmzsbo gm@mdnm. gb bogmngMmgdgdo brggdbs ©s
399699830 53mhbgb doMmzgmmo nsfomal godmzgdabs ©s doGomgzmmo
LoBgogol 3owaddoggdab Jgrgasr 39dgddy, @™IPH gmgddOmboa-
90bg s bbg. Moomad@onmn batmhgbgdo bemgal (30M3maz00ms s G-
3 gb@Mn 3969300 3080 0bgd0sb dmgmo 335@mMMnnl dobd@odom, Ma(s
BMbYFM0 Maomod@on®n ©mbol dmds@gdom omnbndbgds bmgngFo Mg-
a0mbdo.

dbmgemom m 39060l odndynsbgds Monmsg@oyma dabomgggdom dofMo-
®5©d© 300b5M7q000056 s 5&IMLBIMMELb brgds. 5&ImMbRgMmsb omgd-
35 ™Mo gdom 303@nbsmgmdl: sgmmbmmgdal gMsegz0@s(3099mo ©smgdzom
(»83Gomo @aergdse”) @ 9@8mbagdymo barrgdgdoo (,bggmo woegdss”)-
00MdgGoMds sbamndds shzgbs, MM ggcmm3al dogs bemggdals Moamad-
&on& dobofggms 3mb(396@ @300 (330 MMl dogn brogol) 360d3bgmmzba
FodmAL m39060L bymgdol 3mb396@Ma3090L [195]. BdmangGon s3&mMa
3(3069694mmzob 599Dgd0bs s dns Drggdal 93 Mo3z30bgdyMgdsl bLbAL 9. b.
“899mbodmammo ggbal gggd@om”. gb 08sb 6adbaglb, Gm3 Moomasd@oy)-
mds 396 3039 ds Lom®dggdda smbal 3(3069b0ymmmzgabmdals 56 39 @0-
3oma&o dgfggzal 3306y LohJoMggdol asdm, Mol dgogasss bgmedamyma
3Mb(396@Ms (30900 domamos.

bgmmzgbnfo adm@m3gdo dbgdtng asmgdmda ashbws 1945 Bmnwsb,
mEqbas Imbes MMabolb s@&mBal doMmmzal gobaghs. 03 EMHMO©SE Jmymeg-
dmmo 9By398 90 3080bsmgmadl dmbgdmngn aomgdmb ogndynsbgds Mown-
mogd@oio d0boM398000. Md300030M3gmse@ ogFynsbgdal dofoma bys-
b BoMdmoagbms doMmgnmo 0sMomnl godmimgdo dbgdcngo go6gdmb
Lbgoabbgs mdngd@gddn [210]. dbmggmom m39060Lb s dsc dmEnl dogo
Bg0b ogdynsbgds Moamsd@oymma bogmngmgdgdoom asbbsznmcgdoo of-
Gomnn gobs XX Lam3960b 50-60-056 Bmgddn, Mmegbss 06@gbboyMa
3030bsfMgmdes  dofmmgmo osfomol aodmimgdo 5@IMbygmmdn. doM-
03mds 5xgmdgdgdds godmabgzogb dmbgdmng gogdmdn — o&ImbygMmda
Boo@ag s s M 399699830 Maombyjmowgdal oo Momegbmdom gsdmym-
3. 3503 353653 FemMdbo S Gaybody 3o@&obGMmMEma babosma dno-
0m. 5356 3o3mdHomds d0nygsbs o@3mbggmmda, 3mbLAmLLs s bysmdzgd
doMngmo 353m(309800L o3 daemgal Jgbabgd dmb gmgol 1963 Bemal bgemdgs-
g3y, MmMIgmbsaz bgmo dmabgMaglb dofMomods doMomgnmds Lobgm-
360ggmgdds — Lodgmms 3933063s, 83gcn3zol dggfmgdamds 38o8gdds ©o
0035 6M0@sbgmds.
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aohbes sbammn 3MmMdmads — d9bgdMngn aocgdmb Moomsd@ommoa ©s-
FNFy0sbgds s dgbsdadabow ggmgznbazol sbamo odstmmmadgdaz — doM-
0ggmo oeOmgadogs [137] s doMmgymo dg@gmememmaos [222]. Lonb-
&9Mgbms, Hm3 30EMMLEgMMdn gsdmymenm Moombymnmgdlb dgndmoasm
JqobEmmmb &FMabgmgdal Gmmo d4bgdcnga 3Mm(39Lgd0b dgbbsogmals Lod-
3930. §Mabgmgdlb Mbmegdgb LbgsaLbgs Lobob brgal Bymolb Gobogy® 3o-
099M9dLbs s Jodoy 3mI3mMbgb@gdL, MmMdmgdos godmnygbgds drggdbs
o ™M3gebggddo (3om3gmmon dmzmgbgdol 0gb@ogngeznobs s dgbbog-
mobmgab. 3gmdme, GEMmobgfmgdal asdmygbqdsd bgemo dgmbym m3gobggdabe
5 3900l (306 39ms300b Mmog0bgdnEadgdol, EMdmmgb@mdal, dabsgsbo
&ommgdob s bbgs Imgmabocms m39mgbae goaqgdslb @s dgbBagmeab [137, 139,
1995].

3mbgmgal bgmdg3emagdal ©ogdalb dgdga, doGomzmmo sg3g0mggdg-
3ol Bmeo go69dmb Moomad@on® odndynsbydsdn 333906Mow 3933060,
3ogMs3 83 bgmdg3ermmgdsl o 5mdmyBbaos 3ocgdmb Maomad@ oo
ogndynsbgdals bogmmby. 70-0560 Brgdol dmemmbs ©s 80-0560 Bemgdal ws-
LoByobdo 33mogz dd@MomNEn gobws 30bndbyma 3MmMdmgds doMmzgmemn
9696898 030L LEMog 30630m69d5LMsb s 39330Mgd0m. ©3 EOHMOESE nb-
Mogdmes d@mINGn gmgdEmmbowam®gdol, sGmanto Mgod@mmgdobs ©o
domgnmo bobgegol gosdsdndszggdgm babsmdmms Mmma aofgdmb Mewo-
M@0 ©ad0bdMmgdada.

d530 drogolb Gaomsg@on@o Jobstgzgdom adndynsbgdal g4b3gcH0dg6-
&mo dgbbagems snbym 1959 Bemnwsb [144, 201, 210, 232]. Moomasd@oyta
3FMFY05b930L  ©MBaL  0bogesGMME smgdama aym  MoomobdmBm3o
LEOMb303-90 (Srgo), Am3gmog 3dngs meb sbmagl bgmmaby® Mowan-
M3g@0mH™Mdab s 3obo sdmab BobgzeM3gtameans 28 Bgemoa. 1960 6l do-
30 D30L MoomMdgdG Mo oFNFYnsbgdobmab ©szo3d0Mgdom gobbm(zo-
gmes bedgbogmm 94L3genz0gda Drgob AMmammgo ©s os 63Bnmgddn
(d3bggmeob 303gdstg Moombab Rsmgmom) bady(3609Mm-33maz30m0 39300
»30bg0em mmIMbmbmgn®, bowsi omgdmmo aym bdrgolb Bymob Lobxgdo
M3 53969300006. LEOMB(30130L MoENdG MMM Bzab mos baBoeab
Bgsdomyyem bymgdolb 100 mo@®dy dgogobs 44-46 ©odms/6o. bLom@danl
dabggzom LEOM6309930L Fg3(339mmds I(30MIdM®S, 353683 dmbymENl
303gds6g Moombdn 100 8 Lor@3gdg ©snz306M398mes 860336gmmma3s60
3Mb6(3968Ms(309d0, B3 3ohz9b6959em0 ngm 0dabs, B3 sbgmn Menmad@ -
S 835b5LnsMgdgmo ogm FoMmdaMommb drgob bymgdobogal, Gmdmyg-
d03 dmbgm@al bEMENL gogmom dog Drgadn dgdmbgmabsl LbMogsw 5d-
390006 g3gdmon do30 drgol Bymgdomob 3b0dgbgmmgeba dgMggzol asmgdy
[144].

103



1961-1962 66-do dommgnmo nsfomolb gsdm30900 xG™ 068 96LoY)-
o GoM®ydmEs, Mol dgogasmss ©gsdnbol bgosedomdy s oo dmEnl
3530 d30b Bgednmdys sa0mo Jmbos oo Memmybmdom Maomad@o-
M0 0dMEG™M3gdab @omgdgelb. 1964 Bemalb Dogbambes s dg8moamdaby Re-
&oMgdnmds go3m33emg3983s 393 “dabgomm mmImbmbmga” 30335L00b, yo-
030l s sbsGmmoanls 53358 MM0gddn, sbgzg (396N s LEYEGggdal
303093567 3335&™M0gddn shgzgbs bGMMb(30413-90-0b go30mgdom domama
3mMb(396@Mo(30900, 30Mg gb ogm 1960 Bgmb. gb aob3nmmdgdeman agm doM-
gm0 0sMsmolb dgogase bsmdmdmdomn bgmmgbafn Maomasddoymo
36mM9d@gd0lb omgdz00 5@3MLBgMMEsL drmgal dgosdntdy s dwnbs-
oo dogc brmgzedn dgdm@sboo.

aobgema bagy 6ol 60-70-056 Bemgddn dog Drgado Meomad@on® abm-
&™3 bEOEMb30993-90-0b 3Mb (396 MS(300L gobdMIz933s sh39bs Brrgal Mowoa-
M3g@0cn @ogymgynsbgdal 36n0d3bgmmaebn bl 89bwgb(s0s [144]. bob.
2.16-Bg 6ohz9bgd0s dogo brmzgob DyosdaGmm g6s30 Sr-als 3565600l
139, MOm3gemoag domgdymos 1965-1973 b6-do Ro@omgdmmoa aodmIgzqdals
dgmgaow. [144]-do 93 G4y 30L dgocgded sbsmmmann M) 30bmab, MHm3gma(s
0390990 oym 1960-1965 66-d0 Rs@otgdymon gobmdgzgdnb dgogasw shggbs,
Gmd S —als 393(339emmda3 o3 bmgsdn ©s dnbo bogMmzomo gobsbomagdols
bobosmds 70-0060 Brmgdol @abobyolbdn 360d3bgmmzgsbo (33emamgdgdo gobo-
(3900. 30b0dbymo Moomadm@m3al 3mb396@Mma(300 badysmme 4-5-%96
a50baMms. MHmam@ g bob. 3.19-056 RsbL, Dmz0b AOomm-@sbogmgo bs-
Boedo LGEOMb(3093-90-0b 57J@&03mds3 Ladmsmme dgomagbeos 100 Mm@y
250-280 0sdms/Bo., gl Ladbmgm-s0dmbogmgo bobomdn 3. gmEmbob
qm@obmsb - 200-250 sdms/bo.

g

J e

44, 136. 13181, ng,xr.s‘.'n‘;.\ 157 163, mm L5, 168,177 TS AN
iR 120 90,121 10,778 150 92135, 5. 12 157 45, /195, 169, 75\135. 151, 98. 220-88. 139, I35, 0k

120.123.125.18. 17 7. 1351281 14.. W24 000155135 146158, 17.161. 4012800 278 204
o\ M0 105.126.196 12, ISONB.12) 129. 52158157 155 141, H3ME\H8.143.121. 159,158 1390421

J57. 17, 16.125. 120 50 150 . mmmmnﬁx.&w
# xmﬁ o
25° 32° : 0° "

Bob. 3.19. 5+~ ol a565B0mgdals G gs Bog drgeda 1965-1973 66-3o [144]

104



Moomad@onma admBM3gdol M3Mg39096@™ Bystim asbrs 1986
Brob 26 s3Gnmb RgHbmdamol 5@mIn& gmgd@cmmbogncdg dmdbosma
830605, MMImal @AM 3 Mo3gb0dg bosmnlb gobdsgmmdado 58 dmbygMm-
do godmogfdzs Moomasd@onfo bogmogmgds 50 3mb oMol Gmeo s4@o-
3mdom. RgMbmdomol s35M00b d93wga oyMdo 3g(360gMcs nge Lada Bemals
356353mmd5d0 Mganee@ma brgdmos s@adnsbms L3390 Go30mbdo dg-

dogom 0399830 Maombyzmogdol dgd339emmdals gsdmzzmass [226].

ym39e 33060 90mds s ymazgmmgomds bobggdds shzgbs Moombyzmanwg-
30l 36033b6gmmgobo Mom@abmds mg3bgdolb godmbs33masz 60ddgdda. dogs-

00, 1986 Bemals 350Ld0 ogndboMms gods-godmbbnggdal domsmo @mby
(nmeo-131, Bnomgboydo-106, (39b0¢d-134 s (39b0¢3-137) 0g3Dgd0b M-
356093d0 37-65 3939690/ 3a ©0835dmbAn. Agmbmdomal sgsfnnl dgdam-
3o 3 mgob gobdogmmdsedn Moomagd@oncmdal LagMomm ©mbg cg3bgdal
Jbmgamgddo mebmomab dgd(30Ms. Rg@mbmdamal Moombe jmapgda sedm-
Rgbomo 0gbs sggmgg downgddn, drmgalb Jumgamgddo s 3o3Gmbysma(3g-
botgms bbgoabbgs Lobgmdgddn. gsdm3zmg396ds 5h3q6s, MM domosbm-
3530 dogo begal ogMdgonl 8330@mEnals sedmbogmgo bobomo nRcm ©s-
d0bdnFmgdamo agm Bg@bmdamals Meombyzmnegdoom, 30060 obsogmgom
boboeoa.

3.5.9. Loy NSIMAAbM N3653IMMIMMS g0 drmgab
73Mmmanyo ‘abogﬁmbmgbnb dobboon

B3980L  93mboLEGY37d0L (330 @S gyMEmann®a MbagMmbmgds
dbmgmom Lodmgsmgdol yMamgdal mdngd@o gobws m339 gobygma bo-
03000l 50-0060 Bmgdowsb. 3oMzgma LagMomsdmmobm bgemdgzMmmgds,
Mm3gmdas 3oM33999emn dmgamgmdgdo os3obms Lobgmdbogmgdlb bemgal
35693mb o330L 80bboom, ngm 1954 Brolb mmbombals 3mb3gbsns drmgzal
bogomdom ogdynsbgdol 5300056 5(30mgdal dgbabgd.

dogo bemgal g3mbob@gdnl dgbsmhnbadobs s 3obbg sbmM3maqgbayma
bgdm 390980 d93(306980L JoDbom gobyyema Law3mbol 90-0560 Bemgdowsb
bm@(309m9ds Gomom bogMmsdm@abm ebsddmmBmmds dogodmzabdoms
94399693L (dnmastgmo, odgma, H930bgma, Bbgmo, badsmnggmm, « 3-
15065) ImE0b LadmegMmdsmsdmEnbm mbgbg [158].

bogomoggmmad, dsb dgdmga Moz @edm3ogdmmds dmadmgs, gsbumao
Loy gmbob 90-0560 Brgdowsb sg&oncon Imbsbamgmdl bLogmmsdm@abm
35693mbs (33000 56533OMBmmds3o s 300l IMsgama 3mbzgbz0nbs ©d
bgm3dg3mmgdab 6gz6n Labgmdbogm. 1993 byl LadsMoggmm gobos ov-

105



BgLgmb LadmagHmdomsdmGabm m390bmamagoggma 3mdabool (bmg) byzca
[7]. LagoBmggmm s6ab, saMgmag, bmdsmegdol dogd brgal sdabdng-
30bog96 @s(330L LagMmsdmEabm 3mbB3q6(300L (BoG3memlb 3mbggb(s0s) By3-
0. 3mb3gbns nmgomalbbnbgdl 3m33mgdLy® mmbalbdogdgdl demgalb g4-
L3mmo@o(300bs s v35Mngdol dgogas bagommdoms s Lbgs bogmagmgdg-
doms s 65MR6d0nm ©dd0bdNMgdol Bobssmdwga, sgMgomzg bmdsmmagdo-
b Lodogmm bLogMol odabdyMmgdal Bobssmdoga. 3mb3gbsns Bgo(3o3L
3903390 39rE9dYmgdgdL Labgmdbogmgdol dogm, MHm3gmms ™ol
939953 3969396 393980 @S HM3gmms bymgddaz bmG(309m@gds (3796 30.

1990 byl domgdamo agdbs ,60300m30b @omzms by dBs@ymebols, Mmgs-
30980bs @5 05659dmMmIrnmBols bogmosdmmobm 3mb396(308”, Gmdgma(s
(36mdomos Gmameis OPRC 3mbggbzns. 3mbggbzns s35mogdmmgdl dob
3dmbasboemg 439969dL, 3500 Mol badsmnggmmb, dAbggmymb Idsymes-
bo bogormdal amgmal dgdmbzgzgdobasmgals s dmeb@abmb bamsbawm Mgs-
306 98s. OPRC 3mb3q6(30000 gom3amabbobgdamon gommgdamagdgdal dgb-
Gmgdal 30bboom, Ladommggmmb dmagmmdsed 2016 Bemals s3Gamdn doogm
» 03030 bsgommdob @omzms by Mgsgomgdol 9mmzbaemn 89395 %, Bmdgmoa(y
Bomdmomagbl Lobyob Lodmgdgmm 39Mbosl s MMESEO™ o 30mgdgmma
046935 3abo, Hmame (s doMgamamgdgmo ©m3Mdnb@ ol asbsbmgds s dob-
do goM 33900 (330mgdgdol dg@ebe.

1992 Byl 4. ddomgb@do (Gn30bgomn) 9d3bo dog0dmgabdnms d39y60b
3096 3omgdnmo 0dbs doMomswo LagMmsdm@mabm om3ndgb@n, Mmdgmoa(s
3530 dgob @s(330L bogombgdl sMgammomgdl, gbss dsgo dergol wogydyn-
06930bogsb o330 3mb396300 (3JoMgb@ab 3mbzgbzos [133]). 93 3mbagb-
300L 30Dsbos og0 drgab gzmbab@gdal 396 ggmmmaon® damdsmgmds-
do Jgbambhmbgds, dogn drgol domemmann@o 3Moz35mxgMmzbgdal LG edo-
M0 (335 ©5 bgmbayMgmo 30mmdgdal 1 dMbzgmymegs, 0dgnsmon babg-
mdgd0b (330 o Lbg. 3mb3gb(300L Mebobds, d30dmzgab3nms yzgms J3g-
gobs 8mzomge 03934smmb M0 MHomsebsddmmadmmds bbgs Dmgobdoms
9399693006, Hm3mals obsbozes dogo begal ggmmmannto gomgdmb ©o(s-
35 bogobagdm o s35M0mo dpamdsmgmdgdom as3mbggmmo sdnbdymy-
30basb, @s30bdyMgdal 93306905 s dob babssmdwgg dGdmems.

1994 Bemob 0g36b0bdn 53b@M0l, dymastgonl, bm@gs@nal, Rgbgmal,
39635600b 1bamgmal, Immszqgonl, M130bgonl, benmgs 3gomal, benmggbo-
ab, 13Ms0bobs s g36m393d06al Bomdmdsaqgbgmgdal dog& 4. bmggnsda
bgmdmbgFamo 0gbs 3mbggb30s 3. Bsal @s(330bs s daMawn gobgo-
03680l 30bb0c 3s653dMHMImmdals Jgbobgd. 93 3mb3zgbznal dgrgan agm
3530 dgob @s(330L 3m3abool @saMbgds, H@Imab 3@ od-dabs J. LG eddmm-

106



do (ofdgmn) 3gdsmgmdl s 3. @nbsal ©a3gob 3mdabos (4. ggbs, o3-
LEM).

1996 Bemob 31 mgd@mB8dgAb b oddmmdn Jogodmzob3aMs J39469d0b go-
93mb o330L d0bobEMgdol 3mMbygMgbz0obg bymdmbgfaem adbs dogo
Bgolb ©o(3308 mbobdogdoms LEMsGganmmo ggads. dogodmgobdoms
939469300 gErmdmogo aosbyzg@omgdom gb mefMamo sbgbrs Mmame(s
»8530 dgal LagMmedmmMobm mg®, Mo ymzgmbmoymao smnbndbgds ds-
30bm30L306s 439969330 [236].

107



ma30 4

dmdmbogmgom dog0 8mgol hggombymo
36mgbmbol bLobhgdo

XXI Lo 3mbab @obobyabol dog0 drrgol m3g@sodommo m3zgebmamagnal
000gbo 30xbg305 dogo bemgzalb @osgbmbabs s 3GMabmbal m3g@ms@ommo
Lol gdab dgdndoaggds [28, 46-48, 50, 51, 97], Go3 dgbodmgdgmo gobos go-
bymo bayznbolb 80-90-0060 Brgdowsb @obygdamoa 3g(360gGmm-@&9dbm-
mmgoqmo 3Omamgbol dggase. dsgzo Drgob osgbmbabs ©s 3GMabmbal
LobEgds BamImowagbl 3m83madLye Lol gdslb, Mm3gmas oxdbgdmmoas
056539000m39 0bgm@m3s30mm-aodmmgmomn  Ggdbmmmangddyg. Lab@gds
dmo(303L @abBob30nM s 3MBEIIGNM ©s3306039093L, Imbs3gdms dg36g-
dobo o @odMdoggdsl, 3mbazgdms sbndomsznsl, bemzal nEMmegadozal
0bbBo@Eb (B30, J- bggsbGm3mon) Jogo bzl ©bs80 30l Jomgdsd oz
dmEgmb domosba dsgn begal dobd@odoo s domamo gomhgzolymbamosb
930mbmem ImEgmgdb drgolb (30m 3gmmo bobsdomm Ggaombgdobscmgab.

bob. 4.1-%g, H™MIgmag smgdmmos [51]-0sb, Bohggbgdos dmmastgonl,
30bgmab, ¢360060L, HYLgonbs s Ladsmggmmb Mganmbamoa scggda,

bob. 4.1. g0 Begob Lobsdnmm Mggombgda, Lowa(s godmamzgmgds ©0bsdngnma
39930l 3Bmabmbo Bomoma aoMBgznbnbatnsbmdno [51]

108



Lowas aodmomgmgds bemzal Mggombmmo 3Gmabmba domama gomhgzabanbe-
056mbom. babsdbg mocmmgnma Mganmbobamgol bohggbgdas Locmgmgmao do-
©9900b 3mE0DMbEomyMa 3356d7d0b Mommgbmds, dsg@ad ¢bos dg36036mm,
3 bagommzggmmbogol gobgmmzgbom Gganmbmm s6gdo sMobbmmomss do-
20009890 b0l 3356d980L Mom@gbmds, Ma(s §398mo 046965 Imygaboema.

Amam@(z bob. 4.1-056 Robl, dogo bemzob ©osabmbabs s 3Mmabmbal
LobEgdab ghom-gMon 3m33mbgb@ns dogn bemgal damdsmgmdol Mganmby-
™o 3MmMabmbal LobEgds dogo drgol smdmbagmgm bobomabamgal, Hm3g-
mo(3 83mo(393L Logdomzggmmb babsdnmm bmbsl s 8ol 8ndgdstyg o339@™-
0ol [37-44, 150-152]. Gganmbymo 3Mmabmbals Lob@gds dgd4deggdamos
93635330606 bogHmadmGobm  badgzbogim-@9dbognca  3GHmgd@gdab
ARENA s ECOOP gomamgddn 3. gogobodgamal bLobgmmdal odomabol
Lobgmdbogm MboggmLbo@g@ob 3. brnwosl Lobgmmdal ggmendogzolb nbb@o-
&@90. bobEgdob dg3amdn LEMMmYMBS S goGsmmmgds gimemaoMo
0dm (3069300 3obbmMM (309m@s Imms Bmbmeggmob gMmgbemo Lodgzbogmm
Bmbrol g®sb@ 0l gomamgdda (2013-2015).

4.1. 36mabmbdyma babGgdab LGANIE YA S mgmMayma
bagydzengdo

930mbmmo 3Gmabmbal bLab@gds g8ysmgds Jomgdsdozmen dmegemo-
960Lb 0bs3g0Mm3g IgomEgdal asdmygbgdsl. LobEgdolb dgdswagbgmo
(353990 3mEmgdo Bom3maa bl drgado 3n0dnbafmg 3Gm(39Lgb0l o
3696 3omg3s@0gn® Imgmgdl, bmemm dmEgmgdol asb@mmagdosms s3mb-
LBs gxndbgds sMBbES(30MbsMN R HYb(3nomNE asbGmmgdsms s3mb-
LBAL LabAym-Lbgomdomo dgomegdal godmygbgdsl.
bob. 4.2-Dg bocdmeagbomos smdmbogmgo dogo bemgal Hgaombymo
36mabmbob LobGgdab LGOHNIGYMS s 3MMabmbal sfg. 3GMabmbal sy
393mbadmg®mmoas 30335L00Ls S PYMJgoolb Lsbsdomm boboo s o. 3.
39.08°-%7 3035350 bgzom0 30Gmdomo LabmgMom. Mggombamo 3Gmabm-
Bob LobEgds dgagds 3nEMmMENbsdogNHn s gimemmanno dem3qdabe-
356, 3000MME0b5d0 MM dmm 3ol doMomswo doMmgos 3. bmeosl Labgmm-
30l ggmznbogab 0bbEo@y@ob damamoa gomhgzobybamnsba dogo drgol ©o-
6530 30b Mga0mbyma domgdsdogzdo dmmgmo, bomm gizmemmao®o denm-
30b 39dsagbgmo 6560emgdas brgol aofgdmdn bogmmdabs s Lbgs @sds-
Fngyoobgdgm bogmagfagdsms go3M(39mgdolb Mo s bedgsbdmdomgdnsba
3009358 039M0 Imegmgdo, Gm3mgda 30dmoygbgdgb bemgzol ©bsdogzal
930mbmo dmEgmoo godmmgmom ©0bgdol 3gmals 3Gmabmbam 3603-
369mmd 3.
109



y3ediemgriml qaobadiagal Hiomol Bago Hrgob
dexgieno ALADIN Lalsboatr 58030b Bmany
T = ? ; m& q.‘ﬁ il ‘30 f'lq?g{:”p
| G By ErBobigonn) o2 &) bgglerinen)
'wmamﬁnw@ﬂ o Taskss

b 7

& Bewgoosl pommotho ol mpBebuen B@3etemo

13%?%:&— nBlyngdmGnb Bsgo Brgnl E"Wriﬁ—l
0B 30RO obsdogols Figgonbieo |
Do P

att gmbBLg@nadomen e
EinEuF%att:;‘j@ lis _ 3 __""_ e _" B Banomdab gradol
pEEgedol 30 ; . @@a@aﬁra{: 2D
B Bmoopere
3‘? i
BagonmBeb 3mabeteen
@adodyoababols 3 & TR
Jebpabimspool 3D JmBeaBiBapngbo @
stnpbortiann B @afngyostadol so
3000 s Ao GBll Begol bogodofity

bob. 4.2. Mganmbamo 3Gmabmbab LobGgdab bLGMMIENMS s 3MmMabmbab o6y [44]

da30 Bm3z0b ©0bs3030L Mganmbamoa dmegmo domgdemos dog0 demgal
>mbab 3obdGodalb ©nbsdn 3ol dmeamal [36, 163-155] s@sald@0mgdob gabom
Be3z0b gobsdams semdmbagmgm s335&mGnabomgal s LogMsnma godbggo-
LYBOFNSBMBOL gobDFMom & 33-ob 1 33-g. mgom dogo drgalb sbal dob-
3@0d0b 0653030 Imegeo BoM3maagbl gobyymoa Loy 3mbal 70-056 Bemgd-
do d93935390mmo drgolb ©0bsdozal Mazbzocmo dmegmab [148, 157, 186-
188] godxmdgbgdym 396Mboslb. drgolb @nbsdogzol Mganmbymo dmegmals
336@mmgdoms Lol gds dgbadadabo LobobdmgHm ©s Labyobo 3oMmmdgdoo
dmygobamos wobsmor 1-do.

930mbgmo dmEgmn sxMdbgdmmos m3zgebols 3npmmmgMmdmmnbadn-
30b 80b6@mmagdoms bEme LobGgdsdy JoEOHMLESEN 3N Bosbmmmgdsdn, Mm-
dgmos 6bgdol bodn @Mbosdgb@Ma 356mbal — 0d3mmbab, dobobs o
969Mg00L 3dogmdol 3obmbgdal domgds@ngnto godmbo@magdss. dob
9958985 saMgmgg degal Bymob dpgmdsmgmdabs s daMomgdolb go@sds-
bal gob@mmgdgda. Imegmob bsomgmagmo dswg 1 33 bogMzomn dogoom Ro-
adgmos B30-0b dogo bemgzolb Dol 3obdGodol ©06s3ngal domgds@ozn®
dmegmob & 33 bogMz0mo goMhgzobybamnsbmdal Lomgmgm dowgda. o9 go-
dmygbgdymos (30m3bMng Roadnm dowgoms dgommeo (one-way nesting), Mo(3
DBON639mymBL onbal obdodalb 3Mm(39Lgdal bgdmgdgwgdsl Ggaom-
By 3m(39L9dDg Mbgzea dnmdoma Lodrgmal 83d39mdao. gaMms 530-

110



Lo, Degal 06s3030L Mgaombaem dmEgmadn gomgzamabbabgdamoans dgdwgaon

doMomsn Bogd@mmMgdo:

o 5&IMbY MmO JocnbdngFn s MmgMm3ymo bgdm]dgmads,

*  83mbggdyme baergdgda,

o smMmngmgds drgol bgoednMowsb,

®  3bob Imzmg@ommmzgabo Mo@os300b dmsbmgds drgol Dyws 53960l do-
90,

e Bmz0b gbigMab Mgmogxro s 6330M5d0lb 3mbagogn@ssns,

e 3mM0dMbGImMNFo s 39MG0gomNMa GNEdnmgb o LodmabBobs
5 ©ogndonl 3mgun0gb@&gdol LogMom-Emmomo (339mgdsmds
(0b., @sbsmmn 2),

o Logommggmmb dofMomawo 3nbafggdolb — dDaggal, 3mommab, 9abBys-
mob, 96a99Mab, bmdal, Hombob hodmbawgbgda.

930mbmmo 3Mmabmbal gsdmmgmgdobamgal bagomm dmogmdo dg-

dsgomo yggmes dmbsa3gdn doomgds ymzgm@mo@em Mm3gMs@ommasb dosb-
mmgdam 950330 D3n-sb 0bBgMbg@nb 3gdzgmdom. gb 8mbsa3989d00:

®  ©0bgdal, gd3gFo@mGobs o doMamosbmdal  badgsbbmomagdosbo
Lobyobo ggmgdo,
®  ©0bgd0b, Bg33gMoGmEabs ©d FoMonsbmdol  MmEas6bM3nmadnsbo
3mabmdmmo 3gmgdo obsgmamalb mbgzem LodmgsMdy,
e 3Mmabmbymo Ig@gmemmmannto 39mgdo bemazalb dgosdomdg — Jomal
bobmbol §obggbznsmycn 3aqbgmgdn, Lomdmb bs 3o, 58IMbygMy-
0 bomgdgdo o smEmgmgds bemgzalb Dgosdnmnwsb.
3ommxzodognmo g39magdo @sbagmgmal mos mbgzem bLabmzemdy bom-
dmo@aqbl B30-ab begal obal 8oL3Bodal ©06s3n30b Imwgmom [105, 158]
a33mmgmo 3Mmabmdym 360d369mmdgdl, bmemm dg8gmEmmmann®o 3g-
mgdo  bdmgob Bgosedomdy 9oL 8@IMLYP gAML Mggombamo  dmegmom
ALADIN  gs8mmgmomo  3Mmabmbol  dgmgagdo. Gganmbmmo  dmegemo
ALADIN [17], ®m3gema(s s@3@0Mgdemoas dogo dmgalb Mganmbobsmgal 24 39
LogM om0 dox0m, Bbd(30MmbafMgdl GMdabgomal gMmgbem 398 gmEmemmao-
M 5030b0bG (30530 (7. dJocgbEo).

439 dgdmm Rsdmmgmoma 3Gmabmbyyma 3mbs(3gd0, Gmgema(z doo-
0gds (30g86mma 3sboggdalb Lobom (‘dat” gm@mds@om), Im3gdygmos bIn-ob
dmegmob boogmgm dsgdg 5 38 bogMzomo dogoom s 1 Lo-0560 PGmomo
dogob LobdoGom 4 mg-medal GmE EMHmom 06@gMgomdy. 93 Imbs(3gdms
a53mygbgds domomo g56Mhgzolbbamnsb brmgol ©obsdozol Mgaombam dm-
qem3do Imocmbmazl 3o gomay3zebol 1 33 bogMznmo dogab dowgdyg, Mo bm-
(309e©gds 6G:R030 06@)9M3mma300lb dgomeol 3sdmygbgdom ymggem Mm-

111



000 dogx by Mga0mbymo Imegmob 3m33oEgemo Mgsmodszonl 3Gmgb-
do. 35dsboddg, doMmdom obgze LodmzsMdY, ymzgr MHmom dog by
33593b ©0bgdal boRdsmal 3MI3Mb6EGgdal, §gd3gModmmabs s BoMomns-
Bmdal 3mabmbyemo 360d3b69mmmdgdo, HmImada(z godmoygbgds bababemgmm
306mMdgdab babom Mgaombymo dmegmal asb@mmagdsms ab@gamntgdobsb.

930mbe dmegemdn dgdsgammn dmba3gdgdo dENbggmymaegb dmwg-
ol gob@mmgdoms abBgamamadsl 4 omg-msdals babgmdmagmdbom, dogmad
R396 30bomsego 3-m0sb 3GiMabmdL (0b@gamntgdol 39-2 mnwsb). dbgo3q-
mmdsdo 300980 08 Bog@b, MM 30Mzggmo 24 Lo-ob gobdsgzemmdsedn bogds
b3 dogdg Im393m (O 38 3oMhgzabnbamosbmdam) 3mbsazg3ms s@se3@n-
900b 3Gm(39L0 ©3909L0 doab (1 33 gombgzolbybomnsbmdom) dndstron [39].

dog0 bzl nogbmbabs s 3Mmabmbal bob@gds dgdgabsntem gb-
J30mb0gdL (0b., bob. 4.2): Gm3abgomnls g@mzbam Ig@gmEmmmann® sodo-
Bob@Mo(300d0 (4. ddomgb@n) ged8momgmads 8&dmbggmmb dmjmagzemnsba
3Mmabmbo dogo Drmzal oDal bgdmo 5@3mbggmmb dmeogmol ALADIN bs-
39d3gmbg. drgalb bgdmo gedmmgmoamo 5&3mbygmmb 360398 Mgdals (Jo-
60, §993960@ MM, bomagdqdo s bbg.) 3Mmabmbymo 360d36gmmdgda m3g-
0@ 0mmab doobrmmgdym Mg:03do 03 dogbgds 068 gMbg@nL Lodmsmgdom
b30-do. o7 gb Loowggdo asdmoygbgds drgob bgwadamdg LobodmgHm 3o-
md53do D30-0b bergol nbsdogol 3megmmdn, HmM3mob Ggomads(30s brgds b
39 LogM 3000 dognm Jomosbsw dszn brgobasmgab.dgmgaswm, gsdmomgmgds
Bg0b doGomswo nbsdogn@o 39mgdol — ©0bgdal, §g33gModmEal, domn-
m03bmdabs s begalb @mbol 3Gmabmbo 4 mal BobsbBstimdom dogmao o¢)-
Bob 3obd@odo. 1B 50bndbmb MM3 gl sl Gorymo 3m33mgdLyn s3m-
(3569, Las(s 30dmaygbgds o6 JoM@m 5@IMbRgMmb 3Mmabmbal dgogagda,
56539 JMbEoJEMn s M3bsdgDogmmmo s330603960b dmba(3939d0, sbggg
0053306398006 3mbs(393ms sbndaems300b dgomegda [51, 158].

B30-d0 Ladbemgom 3MMabmbab godmmgmol Esdmagmgdabmabsgg bogds
bob. 4.1-Dg boM3meagbomo Labsdomm Mganmbgdobsmgal aobimmgbomn
3MmMabmbymo 06gmEm3s300b 30bmd3Lgds dgbadadal bon@gddy, doc dmEals
LogoBmggmmbamgol aobzmmgbom bon@dg. ymzgmmemoy@em, m3gfsdo-
DEndb Josbemmagdam Mgy0dda, 3. brnwasl Lab. ggmazabazol 0bLEGEMEI0
d00mgds yzgms ab dmbs(3930, Moz bLogoMms degal @absdogymo g39mgdal
3503m0bomzol drgolb smdmbogmgo 335&mM0s30 gBG™ Jogamo gomhig-
30bmboM0sbmdom, 39Mdme, 1 38 LogMzomo dogoo. 53 3mbs(393900l FmE-
3905 domamoa goMhgzabnbomosbo Lamgmagmo doobsmgzol begds o38maos-
&0doMgdama, 068 gm3mmasonmo 3gmmegdol asdmygbgdom, Ggaomby-
mo dmegmal gob@mmgdoms 068gamomgdol 3Gm3gbdn. dgogasm, godm-
0mgmgds ©0bgdol, ©933gMoGnMobs ©s doMommaosbmdols dmymggomnsbo
Lodrgom 3Gmabmbo 1 33 LogMznmo aomhgzobnbomasbmdoo dogn bemgal
112



Logotmggmmb bLgd@mMobs s Jndgdomyg 5335@MM00bsm3znl. gsdmmgmy-
3oL sdmagmgdobmabagyg, bmM(3ngmegds 3MMabmdymo 3gmgdal 30bee-
m0D(300 @ Bomn 06& 9By dn gobmsoglgds.

93Mmaon® denm3do dgdsgammn 8065Mg3980L g93M(39mgdol Mazbgo-
00 3mE mgdo sxndbgdamos M@ s LadasddmIomgdasb gows@ebs-©a-
Bb00b go6@mmgdgddg 9o 3mbLgMgs@ogmoa dnbomggabomgab.

36Mmabm by LobBgdsdn dgdsgama Mosbzomn ImEgmgdal gobGmemg-
doms 8dmblLbs gu3ydbgds, dofomsmsm, §Mmnsb dgommomemann dowgam-
3sb, 3gdme, 5&3mMbPgMmbs ©s Mm3gobal s3m(zobsms dmblLBal 80bbom
a. 0. 356Fm 30b og® Fgdmmagabgdam aobmghol m(303m0sb0 gommgdals
a53mygbgdsb [148, 181-183], Moz dONbggmymab gobbomyym s3m(35bsms
836Mmdbodsznsl 3gmeg Mogolb LodYLE M EMMomn (33menl dndsfo (sts-
3M39EG M0 Mm3gMoGmmgdal dgdmbggsada). aobmghol dgommeb Logmd-
3o 3L 93dm(3560L doMomswo Mm3gMme@mmolb Bomdmmagbs Mgcm do6-
8030 Mm3gMo@mMgdal boboon.

930mbmmo 3Mmabmdymo Lab@gdol 3Bmamedyma bEHNbggmymeys
BofmBmaagbl ghm0sb 3m33mgdLnE 3Mmamadym 3s39@L, Mmdgmay dg-
1do39dmm0s semamEomndgm 965Dy ,BMOEGMSb0". d3MmaMmsdnmo 353980
39039%> (39e399me dmeyrgdebsgsb, GHmBmgdbas oM 33game B1bJse-
mbamMo @o@30Mmgs goshbnso.

0@3mbagmgm dog0 degalb Mggombyma 3Gmabmbolb Lob@gds Lodys-
9oL ndmggse asdmzmazammo dogn bemgol LadsMomggmmb bgd@mEmbs o
303gdoMyg 5335@™MM0530 doMomawn dnMHmMmEndogzymo 39mgdol — bemgal
©0b6930L, &9339M3@Mabs @ d3Mnmnsbmdal 3-mnsba 3Gmabmba 1 33
Log@omo goMhgzoLybamnobmdom bbgeabbgs 3mMobmbEgddg degal Dg-
33060006 #b3gMedmyg, bmmm Logsbagdm Lodmsoz0gdal OH™L 3060b6sL-
boM3g@yYzgmmo s36Mgozg demzadn Rsmgfaemn bagommdobes s bbgs dnbofg-
3900l go3M(39mmgdab 969900 o 3Mb(396@Mo(309d0.

5399850, Mganmbamo 3Gmabmbal bob@gds 3domdl m3gHs@nmmsb
doobemmgdmm Mg90ddn o J0MmPndogneo 3gmgdalb — ©abgdal, &qd3g-
BoGM0b 5 33M0sbmdals 3 @ensbo 3MmMmabmbal dgogagdo dergalb bg-
3306y, 20 s 50 3 LoemM3ggddg Mmegbogds nb@GgMby@3do dobsdsmmgddy:

www.ig-geophysics.ge 0> www.oceandna.ge.

4.2. 0065303960 39930l 3Gmabmbab 3sgsmamgda

930mbnm 3Gmabmdmm LobBgdsdn gdsgsmon dsmgds@oznen dmwg-
mgdal 3m33o@gfmmo Mgomadsznnlb dobboom drmgal smdmbegmgo s330-
&™MM0530 3GMabmbol sy ogsmmos LogM30mn dowom, HmImal doMs-

113



39@Mgdos: 3gm@ngomdy 30 Lomgmgmo EmMby sMogMmagemmgabo doggdom
2,4,6,8,12, 16, 26, 36, 56, 86, 136, 206, 306,..., 2006 3mH0bdmMbE9ddg; crnmm-
99 3mEH0dmbG DY donl 3396dgdals Momegbmdss 215x347; LogMsomn 3m-
F0dMbG G0 dogos 1 33; @Mmacmn dogos 0,5 bo.

bob. 4.3-g 65R3969308 Im@gEmnmgdabes s 3GiMgbmbal sl Gm3mamos-
300l bogfzomo god3mbabyymadgdo obogmgomnbs s LadbGmgm-smdmbagmg-
00l IbG0ESL, Mo(3 godmygbgdmmoas Mganmbrm 3GHmabmbym bob@gdsdo.

Bob. 4.3. Imegmyddan 308myqbgdmmo dago bemgalb bLodommggmmb byd@mGabs o
30307d56g 533958 ™G00l m3mamagnal bogfznmo god8mbabaymagdgda

36mabmbymo LobGgdab gomaszns 3sbbm@zngmes 2005 Bl n3-
mobdo, GmEabs d0Mzgmem ds30 drgobaomaal Ro@omms domm@nma gd-
L39M0396@ 0 dog0 Drgob NsgabMBALS s 3BMabmbal LobGgdal Gubizom-
bocgdal g08m0b 0Bbom M3gMsGommab dosbemmgdmm Mgg0ddo. 3o-
o 94b3960396@3d0 dmbsbamamdms yzgms dagzodbmazabdnms Jzgysbs.
s@3mbagmgom dogn degal 3Gmabmbdama Lab@gdab dgwgagdolb dgosmgdsd
005330639800 3mbs (39393086 5B3960 35dmmgmamo 3Gmabmbmma 39mgdals
39630 Mbbdmds 05330M3980L Fmbso(39dgdmab [46].

dgdamddn, dbgwsdaMymo §g33gMod ol 360d3bgmmdgdo dgoamg-
o 0gbs 5653gDogEmm Imbo(3939dmab. Jgoagded shzgbs, 3GImabm-
Bymo 8 0533003980 39mgdal 3oMan 030L3M030 s MemEgbmdMagzn
sdmbgggs [39].

0b&Ma300lb B0bbom, bob. 4.4-Bg Bohggbgdos Ggaombymoa 3Mmabm-
Bgmo LobGgdab Laggdzgmdg gedmmgmoamao drgal bgwsdaMab @qd3gms-
Gemo 39mgdo 5 NOAA ©g©s3060b bgmmgbyco msbsdgbogmgdowsb
domgdgmo drgolb dgosedamymoa §q33gMaGmal bLyGscmgdo dago demgal
s3mbagmgm 8335@MMnnbomzal, MHm3mados dg9bodsdgdnsb 2010 Bemals 6,
7 5330L@ML ©s 26 md@m3dgMb. 3mabmbmmo 39mgdalb dgoscgds bpgdm-

114



5 03 156533 b3 LYMIMGEMSB, MMImMgda(y adbemmgdoom dgqbadady-
dmEbgb 3Gimabmbmo 3gmgdab dgbadsdal @mmal 3mdgb@gdb.

(a) (b) 6.08.2010, 2:35 GMT

Lo £

:

Sea Surface Temperature
3

40 i)
(d) 7.08.2010, 00:11 GMT

——r

qyuguuupg
S EERE AL
P MuBS @

Sea Surface Temperature

a0
(N 26.10.2010. 7:14 GMT

dul

Sea Surface Temperature

Bob. 4.4. 3Omabmbymo (3o (36603) 05 NOAA 0156583 DogM 9300056 8ocgdama
Bgob Dgeedamob §933gMe@ms (BoMx3b03) doga Drmgal gobedams semdmbagmygm
6o6aemdn 2010 Beab 6, 7 5330L@™b @s 26 mg@m8dg@b [39]

006533 ba3M o biyGamgdol domgds dgbadmgdgmo agm 3Esnbals
96m36mmo  3mb3mby@o Losggb@mb dogo Dmgol Imbsozgdms sMjogz0s6
(http://dvs.net.ua/mp). dgscmgdol 0bbom dgomhBs ob @mggdo, Gms dogo
Bgob s@3mbogmgom 3335@mM00b Dgdmom (30 M0mJdals ;maz0byyBaEmn nym
0Odgmms LogsfMnbogsb. 26 mg@mddgmb d(306g FMEOYEMYMMS ©503-

115



306390mMs dbmmmE asbbabamaggma 8 gcngm@nal (3968 Gsmu® ©s Rtioo-
mm-obogmgo bobomdn. bob. 4.4-0b, RsBL M3 gsdmmgmoamo 3gmgdo

396g 056b3mMds30s ©5330603980L 3mba(39390m3b S dmEgEOMgdyma 39-
930 5 036533 bz Mmo byFMomgdo Mmomdalb gMmbsaMaw sbobseggb 8 93-
39603 mo g3gmab megabgdymgdqol. dsgsmoaomaw, 65b. 4.4-056 dgadmg-
35 d936036man, Gm3 2010 Bemob 6 s 7 sg30bE™L HmamE (3 3Gmabmbamo,
obg3g ©0bsdgbogmm §q33gMaGMal 39mmgddo @s0330M39dmMs badnfal
a5LB3M0g dgmomgdom domamon §9339MaGMgdo s s &9339ModY-
960 gsbbabomggmoa oMb (396@Gsmy@ bobomdn. 26 mf@mddgMb 30 dg-
LodRbgg0 nym Bymab go(303980L bogHom &qbogbz0s bodsMmgzgmmb bado-
9000056 bmgzolb bom®m3abo3gb. Gog dggbgds MomEgbmdmng mabbzgomal,
a56bogmmmo 3ol MoEgb 65Bomdn §q33gMsGMGmmo Lbgomds 3Gmabm-
D ©5 33063939 LoEoEggdL ImEGalb o6 smgds@gdmes 0,6°70,7°C,
dbmeme dmangmo bgMGomda gobbbgsggds 3g@o nym.

a5630b0omme Mgaombamo 3Gmabmbal LabBgdob Logydzgmdg ao-
dmogmoemn ©0bsdogmcn 39mgdol 3Mmabmbal bmgngfon dsgsmoma dogo
be30L sm8mbogmgm 83358 mEnsdo.

dsgdmmooma 1. 3mabmbymao 0b@gMgsmoa: 00:00 GMT (Lodsrm gFnb-
30hob Mm), 6-9 s330b@m 2010. MmamE (3 dgdmo agm smbadbymo, dmeg-
mab gob@mmgdoms 06 gamomgds 0bygdmes 24 bo-om sy, g. 0. 00:00
GMT, 5 5330b@mb, Mo@asbsg, MmamM(z 1339 ©0bndbs, 30M39c Mgl
30300656 gmdL 3gmgdol sa3@0Mgdal 3Mmzgbo damamn gamhgzobybatn-
5b Lamgmagmo dowol dodomon.

bob. 4.5-Bg 65R3969800 @Abgdal 39mo smdmbogmgm 339@mMnsdo
Lbgoabbgs LomM3ggddg asbGmmgdosms nbGgacamgdol bobyol 3m3gb@da
(00:00 GMT, 5 sa330b&m 2010).

bobabaseb boomom Robl, MM Mgagombama (30639manal dmagetn
9mgdgbBos 968 0(303mmbyMa aMogsmn ©0sdg@Mom ©ssbrmmgdom 150-200
39, Bm3gmoi BoMogh asbbormmmn Immgmomgdol oMol Mol 6sBab.
9bss Mm3gebmaMogamm modgfme@n@mada 3oMasw (36mdama dsmydnl gMogs-
mo [49, 69], &m3gmo(z 9Bem 9@ o ©edsbobnsmgdgmas Bralb mdae bgbmb-
do 3530 drgob LadbFmgm-s8mbagmgo bobamabomgal. Hmamm(3 babobasb
RoBL, domyBal gMogsomnl LEENJG NS 3B oMM N33mgmns by
396530, bmemmE ©0bgdab bLoRdsmggda Lom®Bal BnbgL3z000 MEbrsMsb J(506-
©9ds. 57 gsbbomam dsgsmomndo ©0bgdal 3sgbodsem®a boRdscg 393 30Mms
24 1b9/63-0b 11 1L3/63-g bgednmnsb 200 3 LomE3gdwyg. MMIs Bgbgdda
509930l aMngomn 09bEsmb GMobbymmdommgds s 5033003905 RO
33069 35L& odab gMogsmnEn bodmbaddbgdal gm@mdnmgds.

116



5.06.201 0, 00:00 h £

43

ny,
-

Zriien ona
o EE skt
s s \\\«««\u\\i\

e
3
N

w

o,
-,

e
{'-,"_:‘&.

(e
oy
L

4!1"_ cm's n’ﬁ_ cm's

,
g
8
8
o
2
g
x
o
8
8
o
8
:

M z=200m i z=500m

1 3 0 82 0

W b o om oo mom
LY

g

Gosm & AR W i -
R L e 4 4 i e A0 Bawmi

_\\\“\\-.\'\w.“:__-;-‘ A,
| fialata 2
e e

bob. 4.5. ©0bgdab 3gemn 08 (), 50 3 (3), 200 3 (g) s 500 8 (©) 3mEGnbdmMEEGgdDdy
396@mmgdams nbGgamnmgdal bobyolb 8md8gb@3dn: 00:00 GMT, 5.08.2010

bob. 4.6 5 4.7-Dy 3m(393mmos 75339MG M0l s onmnsbmdal 39-
mgdo dmzab bgesdn@bs s 100 8 3mE0DmbE Dy Immgmolb asb@mmgdsms
06&93M069800L sbabyobdo. bgmedommma &qd3gModnEmal dImM0DmMbEomY-
60 30bsbomgds GodogMos Bemal Dogbymol Lybmbobomgal. YgBGH™ Mdamo
Bymgdo drmgob Dgoedomdy 033063900 39335L00b Lobsdnmml dndgdaty
03358™mM05d0. z=100 8 3mMHobdmbE@ by 3oMaom ©sn330M39ds (3030 o goY)-

0 g9bs (gb ggbs dgdmbadmgmmmons 8°C 0dMmgMdoom) ©3358mMonl 360d-
369mm3z56 Bobaemdo.

117



—
3
~
—
= Of
~—

5.08.2010. 0D:00 h
L £=100m a5
“‘-.‘5.,_;3,
&

= ‘i\lﬁgl

44
5.08.2010, 09:00 h 2828
z=0m
Soehi g
3174
1

Bob. 4.6. 89339680l ggmo 08 (5) s 100 8 (3) 3mEaDdmbEddg
356@mmgdams 0bGgamnmgdals bLobyol 8mBgb@3dn: 00:00 GMT, 5.08.2010

350130l aFogsmn 3603369mmmM306 ao3mmgbols sbgbl BoMarmnsbmdals gg-
™ol a06sbomgdadyg. BoMommnsbmdal ggmoal doMomon mogabgdamgdss ab,
™3 dgoMgdom bogmgdao dofnmnsbo bymgdo doodol gfngsmals (396@Mo-
@6 b3boendons, boenm aGogsmol 3gGoggmonm babomdo dsfnmnsbmds do-
Gemdlb (bab. 4.7). BoGomnsbmdal gobsboemgdal sbgmo babosomn swgomaw
20bLbgds (3003300 Maz30LgdNMgdgdom, S6@0(303emMbyMa afMngamals
(3968 Bsboemdn mEMBnMgdem omdsgam ©nbgdsb dgoomgdom ods-
0 3560m05bmdal bysemo Rsdmadszl bgws 139693086 39w Bgbgddoa.

(2) (3)

e 00m

z=0m

1B44 =
5082010, 0000h
508.2010, 10.00h I L e 1878
185

Wi Gaga
[

T ==rree T
5 40,6 i #5E

bob. 4.7. 3onm0sbmdal 3gmo 03 () o 100 3 (3) 3mAodmb@gdby
336@mMmgdoms 0b@gatnmgdals bLabyol 8m3g6@dn: 00:00 GMT, 5.08.2010

118



Jofals babybolb §obagbznomMo odedmmmdal ggmgdol s6sm0bas
ohggbs, M3 dm(398m 3MMabmdym 0b@gMzomdn dmgol Dgdmm 8&Imb-
B9OYE0 (306399300 360d3b69mmzbsm n33mgdmes.

bem3z0b ©nbsdn 3ol Mgaombeymo dmpgmom gedmmgmamo drgal bgwos-
3ofmmo ©0bgdolb g3gmo 24 ©s 72 bor-ab 393073 (MM smgmamns 3Gmabm-
Bob Labyobo 3m3gb@nwsb — 00:00 GMT, 6 s330b@m 2010) Bodmea g6nemas
bob. 4.8-%g, beemm B30-0b ImEgmom gedmmgmomo 0g039 3gmgdo 03539
Mmool 8m3gb@qddo Bohggbgdos bab. 4.9-%g. bob. 4.8 o Bob. 4.9-0b Jgwaty-
domo s6smndo k39693, M3 Mg dmegmom omgdaem 3Gmabmbdam 39-
mgdb bogMom mgobgdgdo asshbnom, 3ogMad 53539 MM 033063905 356-
Lbgo3g00ba(s. LagMom ©sdobaboomgdgmo msegabgdymgdss ob MHmI mMngg

(5) t= 24 bon (3) t=72bo

N

4 RMHIG a4 1 RMHG .

7.08.2010, 00:00 h = B 9,08.2010, 00:00 h
z=0m 28 B z=0m

IS
Lz

Tt b
+.
435F

/’ M\ ”"
Yo e
St e R NS )
42
X
B

§ )
L7y
4
e
N
)
f
s
\
tr‘
i

if

NN
s it '
= Mrf:?f/

bob. 4.8. brmzab ©0bsdo30lb Ggaombymo 8megmom Bomgdema dgosdamama
©06980b 3BmMmabmbma ggmoa t =24 bo (s) @s t =72 bo (3) 3m3gb@qdabsmgabs.
36mabmbmmo 0b@gMzamos 00:00 GMT, 6-9 sg30b@m, 2010

dmEgmol 0obobdom domyydol gfMogsoma 3ol bozdome dpamomn Bomdm-
654360, HmIgmoz 033063908 dogmo 3Gmabmbdymo 06@gMzomal gs6-
dogemmdadn 3603369mm3oba (33mamgdgdal aomgdy, 9@Imbygemma Bdg-
dm 35900l sG0bEGo(30mbotymmdols dobgmozaw. dmagamn goblbbgoggds
5b0dbymo dmegmgdoc 3Gmabmbomgdam (306 39ma300b 3gmgdlb dmEal
560l ob, Hm3 30335L00L Labsdnmmb gobbgMmng asbrmmgdom 20-25 33 Logs-
bob 3066m bmbsdn ©0bgdsms Lob@gds Mganmbamo dmEgmolb msbsbdow
boboosmnmgds domosb 306y Dmdol LobsdnMm sMedpaMawo gmngsmama
LEO YIS ML BMAIoMgdoo s o 0bgdal sMLES(30Mbamymoa baboo-

119



200, M5(3 B30-0b dmEgmom Jomgdam (306039306 byMomgddan bogmyg-
3o 050330603989, 93 Bmbodo ©abgds goam3zgdnmos ©d 3MadG03Nmo
LEdEomMBsMmo bobosmn 343, dogomomam, B3n-ob abLEEGMEOL dmeg-
mabogob gobbbgogqgdom, bob. 4.83-bg 3oMase Robl ds06g Dmdol afngo-
&0 gmMdomgds 15-20 33 00539800 4. bmbydal 30dgdstyg d339&™-
05d0. gb 33067 3G0a5m0 8033063908 t=24 bon 3m3gb@nbamzal, JogMsd

(3) t=72 bo

449 BSM 30
9.08.2010, 00:00 h

&
I7%Poti
E
#

A "
= Batumi

Bob. 4.9. B30-0b bzl ©06s80 30l Bmegmom Bomgdnmo dgosdatmmo nbydab
3Omabmdmmo ggmo t =24 bo (8) 0o t =72 bo (3) 3m3968gdabamzabs.
3mgbmbmmo nb@gmgaomons 00:00 GMT, 6-9 sgz0b@m, 2010

MRBO™ 33390M0@8d g53mbs@ma t=72 Loy 3mIgb@&da. sbgsg, . ML ©s 4.
beggol dmEal babadoMm o 335@mMnsdn o0 33060390 domosb d30Mg dm3ob
a6035mob BmEm30gdal 3Gm(3gbo t=24 bor 3m3gb@nbamanl, dogmMad t=72
Losmabomgol gb gBngoma smof 033060390, Moasb dmbes dobo doemggg
©0b03s(300. dSbommaanfo LddgdmBsbd@odnmn Labsdnmm amogsmgdal
BmEIomgds odobaboosmgdgmos dogo Dmzol Lobsdomm dmbado, Moz om-
60dbmmos bbgs s38mMgdals dogmsg [103, 125]. sbgon 306 8oLIGodals
3gmbg gtngsmmo bomdmbs]dgdol n@gb@ngnzsns dgbadmadgmos doe-
mo g5MRg30LmboMmnsbmdals domgda@ngnHo dmmgmagdom, Mo 1 dMHYbggm-
ymgomoos Rz96L Ggaombym dmwgmdo.

930mbgmo dmEgeol mebsbdsw, d(30Mg gMngsmeMo gmMdomgdgdals
30660m LobodoMm Dmbs aoM 3399 303 bl sbgbl dosmmdal gfmngsmal
3Mbxgoanmo300%gy o dgbodsedobow Lofjomgms gobobamgdsdy afngamal
dogboo. gb Dmbs ©835dmdL dgdaggmbgdgmo god@mmal Hmeb domyydal
a®ogomob doMg3qbs 3gMoggeommo ©0bgdobsmgal @dnsmmm dosmbomb

120



LogoBmggmmb babadommb. dogsmoma, 63b. 4.8-0056 Robl, ®m3 4. bmbwdal
dobmmdmae gmmIoMgdmmo byyddgdmdsbd@ednma gMogsmo dm]dgw0gdl,
a3 39M33990 3dM M gds domydal aMogamal 3gMoggmaymo
©0b530bsmz0l, Bm3gmaz o Jogabgds Lmbydob Lmd3gbmBsldGedy® ©s
a®ogombs s ds08alb afmngamal (396@ML dmMal dmmagbgdme ,3066m
s6bdn“. 530@m3d of BoM3mndmds domamo boRdsfggdal oMy, Lawsy obgds
ombgglb 30-32 L3/63. nbydob gb Mogabgdn@mgds B30-0b dmEgmal dng dg-

mdRbgggmos.

(5) t=24Lo d) t=72bo
N
a4 RM-IG 4 RM-IG
7.08.2010, 00:00 h I L 9.08.2010, 00:00 h I
N
N z=10m 234 \\\ z=10m 23
435y goch 27| a5 0 Rgocn 2
P Gagra n G
‘\7 235 g Gooe »
o .
43 Sukhumi 2 434 \'\*\S_u‘khumi 2
15 ha 2
L
425 ] Izw 4254 \ i
N N
[ 19.11 1 Iwa
Pati L\P ti
ol 1
424 42-
r 4
-~ v
/r‘Eatu i K‘Balu i
41.5- 415 -4
" Khopa ,f'( Khopa
r - /"rﬁ e ,r/,
- T - Ay
414 . Rize . a1 ~ M . Rize i
395 40 405 41 415 E 395 40 40.5 41 415 E

bob. 4.10. D30b ©0bsdnz0b Mggombama dmmgmom domgdnmo 93356 Mab
3Mmabmdymo ggmo t =24 Lo (8) @s t =72 bo (3) 8m3gb@gdabomgabz=103
30dmbEG dg. 3Mmabmbymn nb@gFgaemas 00:00 GMT, 6-9 sa330b@m, 2010

bob. 4.10 o Bob. 4.11.-Bg bohzgbgdos drmgal ©nbsdozol Hganmbaemao
dmEgmom gs3mmgmomo &9339M3@Mabs s doMmomnsbmdal 3GHmabmby-
™o 39m9d0, 39Lsdsdnba. 03039 39mmgda, HMImgdo(y godmmgmoamos d3o-
ob dg0b ©nbsdo30b dmegmom, 65R3969805, dgbodsedabow bab. 4.12 s bab.
4.13-%g. mM0gg d98mbgg3zodn mgM3mbamaby@n g39mgdo Bomdmeagbamas z
=10 3 3mMadmb@ by 24 s 72 bon-0b Igdwga 3Mabmbal Lobynl 3mBg68n-
0b. Bob. 4.10 o bob. 4.12-0b dgamgds oh39693L g6 339 aobbbzoggdsl
M0 dmEgmom gsdmogmoam 89339Ms@ MMl 39mgdl dm@ab. babsbdgdowsb
Robl, Hm3 mFngg dgdmbggzeda domyydolb afngamoal (396@ Mo 6s6oemdn
Bymgdo ggumm (30309, oMY 3gMoggMoge bsbomdo. bab. 4.11 s bob. 4.13
dgaMgds (3bowae 9R39698L Immgmoal domamo gomhggobnbamosbmdals bo-
Fomgdsol ©065303m60 39mgdal Mgomu@ew smbBgmal dabbom dofamos-

121



bmdab 39mob Imegmomgdal dogsmomdy. bsb. 4.11-086 3 30530m@ 0339090
doomo doMnmosbmdolb Bymagdolb dgdmdms Dmzob mos baBomowseb badom-
039emb Labsdom Dmbadn doodal 56 0(303mMBYM0 aFngamal 3gMogg-
ommo obgdom. B30-0b Imegmon, Mmdgmoa(z 04g6gdL 1bgd dowgl, 396 ocm-
Bgeb 33980m@ 03 53gbmIgbl, 3530b Mm(3s gb Meg0bgdnEmads (oo smo-
Bgegds domamon gomBg30bmbamnsba dswalb 3Jmbg 8mmgmoo.

(5) t=24Lo (®) t=24Lo

7.08.2010, 00:00 h 9.08.2010,00:00 h 1835
I18 18
1794

17.79
17565
Iwz
1607
0f

" Bptumi

Bob. 4.11. Dg0b ©absdagnl Mgaombymo Immgmom domgdgmo dotarmnsbmdals
36mabmbymo 3gma t =24 bo () @o t =72 bo (3) Im3gb@qdobamzgals. 3Grmabmbema
ab@gmgamas 00:00 GMT, 6-9 sg30b@m, 2010

09930l 56@0(303mMBYE aMoasmmsb s 3ogdomgdom Nbrs smgbnd-
bmo d93mgan. dogo DmzoL 335BabEG30MbsGMm 6@ 0(303mMbNE Bomdm-
6543693L dmEaly, dscdal 56@0(303mmba yzgmodg 3603369mmzoba afngs-
m©o 6oMImbogdbos dobo ab@gbboyMmdabs ©s LbGsdomymmdal mgom-
LodMOLom. ngo Fgodemgds Rsabobmb Bemol 6gdobdng® Lydmbn, Fogsd
0053306390505 LBGoGNLENZd 330h3969dL, M3 gb aMogomn Mgammamy-
Mo PMM3oMEgds 6ol mdorm bLydmbdn oM@ -03MomnEsb mg@madgm-
bmg3dcs8c0g. [158]-d0 8nbn gmMBamgdal Bndgdaw Jotn dookbggs. B3g6L do-
96 [19]-30 Ro@omgdemon GMobzoma gdb3gcndgb@gda 3. bmwoasl bab. ggmezn-
Bogob 0bbEod@ob dogo bemgal nbsdogal dmeogmal [36, 153, 154] boggyd-
39mDg 3mods@mo badymsmm Bmogmmo dmbs(3985d0l aodmygbgdoom baggwd-
39l 330dmg3l 3035Mem@mm, MM dscydnl 8bGn(303mmbyHn amogsmals

122



Batumi

bob. 4.12. B30-0b D30L ©bsdoz0b megmom Jomgdama 8933gGHeGnEals
36mabmbDmma ggmo t=24 Lo (5) o =72 Lo (3) M6 gdabomgal z=10 3
3m0dMbG dy. 3Gmabmbymo nb@gmgamas 00:00 GMT, 6-9 s330b&m, 2010

(5) t=24 boo (3)t="72 bo

BSM
7.08.2010, 00:00 h 183
BSM
9.08.2010, 00:00 h
z=10m 1814
chi
17.95
17.76

18.39

18.14
17.95
1776
1764
174

| 1543

" Batumi

bab. 4.13. B30-0b Begob nbsdn 3ol dmegmom omgdmma BsGomasbmdol
3Mmabmbdmmo 3o t=24 Lo (5) o t=72 Lo (3) Im3g68gdabomzgalb z=10 3
3mB0bdmbEG dy. 3Mmabmbyma nb@gMgaemas 00:00 GMT, 6-9 s330b@m, 2010

B3O gdalb Fodgbo mgMdmbomaby@o 3oMmdgdas, by ©9339ModMabs
5 336M0056mdal 3gmagdol 406560 gdal L3gzox03M0 babosma. godmam-
339, Hm3 ghmo ©d 08039 Jofolb bgdmddgogdol 3ommdgdda brgalb Lad-
bEgm-90dmbogmgo bobomdn domy80lb 96@0(303mMbal BM@MBaFmgds sdm-
300980m0s BgEs LabsdmgHm doMmdgdem aodmygbadym dmgob Dgosdo-

123



7\ poti
« boi ofi

B * Batumi
atumi

* Batumi * Batumi

bob. 4.14. ©0bgdol 39ema 03 - (s), 50 3 - (3), 200 3 - (g), 500 3 - ()
3mM0DmbEgddg 496G mmgdsms nb@gamatgdal babynl dm3gb@do:
00:00 GMT, 25.10.2010

0L §g33gMo@Mabs s doMamnobmdol 3gmagdobs s doma gmbyca 396-
&0gomMa 3GmBomgdol 930L900Mqdgdmsb. [19]-do smbgFam Moibzom
94L396039689dd0  add3m33mgMEo  0ym (306 3Mm30mc0  3Mm3gLbgdab
336dbmdnommds LababmgMm 3oMmmdgdal babom dmegmdo dgdsgsm bemgal
Bgsd0mob §g339Me@nMab s JoMmomnsbmdal 39mgdabs @s dsmn 3Gmy0-
g0l dndsfom. gobobomgdmes hzgblb bgmo s@bgdmmo mMa bobal badews-
mm bemog@o 3mods@yMo 3mba(393960 §gd3gMe@ntnbs s doMomosbmdo-
Loomgol, Gm3mgdos domgdmn oym bbgosbbgs sg3@mmms dogm Lbgosl-
bgo Brmgddn Ro@GoMgdem ©5330603980L 3mba(398ms sBomnDal Logyydggm-
By, 535bmsbs3g Jofal §obagbznomMo ©adsdmmmdab 39d@mEmmoa ggmo

124



96®bsntMo ogm mEngg Moisbzom gdb3gHndgb@do. Mazbzomds g4b3gMndgb-
$903s ohggbs dsmndal 56 0(303mMbBaL BMEIoMgds gMomn Lobol mgMdmbe-
m0byMo 39mgdal dg8mbggzedn, bememm dgmEg Lobal ggmgdol asdmygbgdo-
Lol doo¢ydalb gMogsmo o6 ©s0330M390MEs. 83a35Mo®, Jomgdamoa dgogan
boggmdzgmb agedmgsb ged8mgodzom dmbadmgds, HmB dscdal afngamals
BmHIoMgdal Jodgbo §9d3gMe@nMabs s doMmamosbmdal 3gmgdol mago-
LydNE0 goboboemgdss.

844

25.10.2010, 00:00 h
z=100m

bob. 4.15. 8933968 Ml 3gema 08 (5) o 100 3 (3) 3mGaDdmbEddg
356@mmgdoms nb@gaamgdal babyal 8mB8g6@38n: 00:00 GMT, 25.10.2010

dogd3momn 2. 3Mmabmbymo 068 gfgzomo: 00:00 GMT, 26-29 md@8mddg-
o 2010. Babs dgdmbgggzol sbommaon@o, Immgmol asb@mmagdsms ab-
&9afomgds 0bygdmes gMmn @mom sy, g. 0. 00:00 GMT, 25 md@maddgmb.
bob. 4.14-%g 65h3969800 ©0b7doL 3gmmo DmgogHor ImEndmMbEddg 3ob6@m-
mgdoms 068 gaMomgdal Lobyob 3mB8g6@dn. Lok gFmgbms 50603bmb, MHm3
gz 6ob. 4.14 o bob. 4.8 dgmomgdnwsb Robl, Ggaombymo (306 3mmes-
(300 bENmosE g56Lbgszgds 2010 Bl 5 5g30L@™ML MLy (306 3mmes-
(300b0856. Bga0mbyma (30639ms300b bmaswo bGGIGnGs 00:00 GMT,
25 mg@m3dgmb bobosmmgdmes 3306y dmdal (303mmbyGo ©s s6@0(303-
mmbyMo aMogomagdol gmMdomgdom. sbgmo LEGMYJGHMS Mz30bgdMogoe
d9bomRmbogdnmoas mM3s §gbgdedmg ©nbgdol 8ogLodsmeyma LohdsGnl
»dbEsmsbmdoma dg330Mgdom 32 1L3/63-6 Drgob dywsdnmdy 4 1LI/63-
3y 500 3 LomEM3gdy. dgbodadobaw, &gd3gMaGmmabs s doMamnsbmdals
3990l 3mE0DmbGomnEn gobsBomgds (Bob. 4.15 o bob. 4.16) asbLbgag-

125



905 03039 399dab gobsbomgdnbsgsb 2010 bemal 5 sg30LE™L (ab., Bob.
4.10 oo bob. 4.11).

a39mx0bogalb  0bLEGNENL Ggaombymo dmEgmom  gsdmmgmomo
3Mmabmbymo bgmednfyma (306 3mma00b ggmo bomdmmagbomas Bob.
4.17-%g, beagne B30-0b 0bLEE MG L Dr30L NBsTn 30l BmEgmom gsdmon-
3000 03039 390 bohggbqdas bob. 4.18-bg 24 Loy o 72 Loy dg3gg 3Gmg-
Bmbob Lobyol 3mBg6@G0@sb. 53 MM bababol dgamgds sR39698L, Hm3 Mg-
30mbgmn 3mEgmoo 3MmabmbaMgdygmoa (306 39ma30d babosomwgds dgbm-

&) @)

444 44
25.10.2010, 00:00 h 1827 25.10.2010, 00:00 h 2
\ z=0m z=100m °
_Sochi 18.06 «_Sochi
4254 :& 4354 L“M 1985

1965
434 * Sukhumi 17.65 43 4 Sukhumi
1945
175
4254 1736 4254 1925

219.14
Poti

| 16.46
3 Poti

f/E atumi
4154

/‘_/Khopa
417% e /_‘/:Riﬁ_/‘
395 40 405 Ll

415

Bob. 4.16. Jor0omsbmdals ggema (%0) 0 8 (s) o 100 8 (3) 3mEndmb@gddg
0b@gatmocgdob Lobyolb 8m3gb@dn: 00:00 GMT, 25.10.2010

5 bYddgdMIsLIGod M afngsmna bodmbs]3bgdal 6@ gbLanEa gm-
d0Mgd0m, 93MeM (300000 © ©E0LO3S(30000 (EosbEmgdoo 15-40 38 0s3gE)-
0m), M5(3 39069500 bs3rmgdosos 3odmbs@mmo b3n-ab 0bbEodn@ob dm-
oo 3MmMabmdoMgdnm ©abgdob 3gmdo. gb gogd@o 3owgz geHmbge
3350M63¢bgdL 03 50, MH™3 Mozbzomo dmEgmolb domamo gamhgzobybs-
006mds BoMdmaaqbl dmaget god@m®mL 3306 sModaMomn afMngama-
3oL bondgm 0gbGnxnzsEnabsmgal, Mmdgmos gmmdomgds Mbyzgdowo
30300656 gmdL Logomomggmmb bobadammb gobbzfMng gobmm bmmda.

Bzl ©0653030L Hganmbaymo dmpgmom godmmgmomon §9339681)-
obs s 3Mnm0sbmdol 3Mmabmbdmmo 39magdo bohggbgdas Bob. 4.19 s
bob. 4.20-Bg, beenm B30-0b BmEgmom godmmgmamn 0gn3g 39mgdo - bab.
4.21 @05 Bob. 4.22-Bg. 50badbymo 39mgda 65h3969800 2= 10 3 3mMH0DMEE by
24 5 72 bo-ob dg8rga 3mabmbals Labyobo 3m3gb@nEsb. mGngg dmwg-
oo domgdmo mgmImbamabyfo ggmgdol dgoomgdomon sbsmobda dmb-
dmdb, HmA o3 ggmgdol dofMomsn mogobgdymgdsbo dbgogbos s mgzabgd-

126



127

26-29 md@m3ddgn, 2010)

0300 dbEmbos §MNIobnmmsb, dog®ed an330M390s 3ot 339memn gobbbgo-

390960 39mgd0b (39m39mm boyabbgddo.

Cc
g ¢
o g
€y
BRESBERELES oo = ~ %
[ F 2 cecssaaee
a E 2 nm.\urmo EERERL
[ = © € 2 w
£ o o
c 52 2
m\\ -~ = = ¥
< - = g
: 527 m
S © ® ¢ FES  Aunzimi
al=i © & 6 & a3
m = da re c 2 3
) Zon @ oH ©O m «
peE R aessane T Toam i f
o I R e AN e @ DL Q ST q
I 8 oA m e i I B LIy N
f ) \nnw QW ¢ Il ﬂ/;/,;ﬂ/rnrﬂ%y/ NN ]
+ qi/ff///ﬂ,/%/, i ST Ll or &2 7%%7//;»4%/5,?%&
REERl LA o Beh ) PRRREY 0
NN RS ALY \“ @ A N ﬂ//?// /W
PRI bR ettt et/ le € Ea E EQL RN K]
[ M k:Z/, WA AT G2 F AR A TERERRNND 3 L
%) LAZSERIENTLERELHE B ; ) © o | —~ ? . 1)
~ “ < o S 2 S c ~\° 0 z3 o~ 2 4
Q g py Qﬂo o ~— < ~
= ~—~ T.r
E328EBEETS 0o : romM o segsnas
C o ees——c > 2
0 & w € &) §
- - Cc 2
- = o O
g 222 =
I AIITeaiiy e Qm 3
- 0 _ Syl A7 | D~ 8
= PN RS 5 c 7 .. .
e Virmeerarrt M~ C =5 o
8 S < g ag
3 oSN © T
o SE 5 W oD N ~
Ico s e Lo 2 <] ol
BT ¥y € LT E S
- % EV s AN L c o s
D ~ T AL 5.@ oy ol «Q
< a i e = D <
2 cw I\
h & E© I
Il
&g R - & o
= A G A NN AN
© IMu ZaiesnnnsrE e[ ®
. N z > > S
M _“ ..Mw 3 2 Q g < = T
c O
N w
. C
S
w

Bob. 4.18. B3n-0b dmegmom domgdygmo bgmedoGma ©abgdal ggmoa t=24 Lo s
72bo (3) 3m3gb@gdabomgab. (3Gimabmbema 068 gMgsoa: 00:00 GMT,



(o) t=48 bon (3)t="72bor

il RM-IG
28.10.2010, 00:00 h -
s
3 198

RM-1G 2027
29.10.2010, 00:00 h I
z=10m 2041

‘ N
\\‘\Sochi

198

194

y o
* Batumi /(7 Batumi

Bob. 4.19. Brgolb ©nbsdn 3ol Mganmbymo dmegmam domgdama §933gModnenmn
390 (°C) =10 8 3mMH0dmb@ dg =48 bon (s) s =72 bo (3) 8m3g6&0bomgabs.
3mabmbdmmo ab@gmgaoema: 00:00 GMT, 2629 md@mddgca, 2010

(5) t=48 bon (3) t=72bo

28.10.2010, 00:00 h e 29.10.2010, 00:00 h e

18.1 18.1

17.9 17.9

17.75 17.75

176 176

« Pofi 1695 « Pofi 1695

* Batumi * Batumi

41‘5[: T FrotorT T T 41‘5[:

bab. 4.20. drgob ©0653030L Hganmbymo Imegmom omgdaemo doMomnsbmdals
390 (%0) z=10 8 3mE0DmMbE Dy t=48 Lo () s t=72 Lo (3) Im3gbGabomzab.
3Mmabmbdmmo ab@gmgaema: 00:00 GMT, 2629 md@mddgca, 2010

128



I20.25
20

17.85
-~ Poti

* Batumi

Bob. 4.21. B30-0b Begob ©abs8ngab dmegmom domgdama §g33gModmenmo 39
(°C) z=10 3 3mGH0bmMBGDY =48 Lon (5) s =72 bon (3) 3mBgbGabsmgals.
3mabmbdmmo 0b@gmgsemo: 00:00 GMT, 26 29 m]@m3dga, 2010

(5) t=48 bo (3) t=72bo

N
44

N
o 1844
28.10.2010, 00:00 h BSM S
1846 29.10.2010, 00:00 h
182
182

1595

Batumi
B

Bob. 4.22. B30-0b Begob ©nbs8ngal Bmegmaom Bomgdmma 8sMamnsbmdalb ggmn
(%0) z=10 8 3mE0dMbE by t=48 Lo (o) s =72 Lo (3) 8mBg6Gobomgab.
3mabmbdmmo nb@gmgsoma: 00:00 GMT, 26-29 md@maddgca, 2010

129



(o) t=24 bm (&) t=48 b

RIHIG B 1 RIHG
2.07.2011, 00:00 h 1 e 27.07.2011, 0000k

() t=24Lm (w) t=48lLmn

:

emkemg s SN HEERE

4.23. dga3069mo ©0bgdal 3Gmabmbyma 39mgdo t=24 bo (s, 3) ©
t=48 bo (6, @) IMIgbGabomzgab. (), (3) — Mganmbyyema 3megmoo domgdemmo;
(8); (©) = B30-0b BmEgemoo Bocmgdama. 3Gmabmbymoa ab@gmgsomas 00:00 GMT,
25-28 agmobo, 2011

dogdmomn 3: 3Omabmdymo 0b@gmgamo: 00:00 GMT, 25-28 ogemabo
2011. B0bs dg8mbggz0l sbogmann@ow, dmmgmob gob@mmgdsms 0b@gaco-
6985 06ggdmes gfmo Erom sy, g. 0. 00:00 GMT, 24 ogmobl. bob. 4.23-
bg bohggbgdos bgwsdoMyymo ©obgdol ggmgdo 24 o 48 Lo-ob dgdga
36mabmbob babyobo 3m3gb@nwsb — 00:00 GMT, 25.07.2011. bob. 4.235 o
bob. 4.235-%g Bom3mmagbomn 0nbgdolb ggmagdo 3Mmabmbamgdaymoas Ggao-
mbymo ©06s3030L dmeEgmom, bmem B30-0b ©0653030L FmeEgmom 3Gma-
BmbaMgdmmo 03039 39egdo Bamdmmagbomas bob. 4.23a o bob. 4.23w-by.
bob. 4.23-0056 boomom RsbL MmEngg dmegmom 3Gmabmbamgdamoa dsorndals
aM0g5mo, MHmIgma(z, doMoms©sE, asbbobomaggmoa smob Ladb&gm bobomdo
300gdoMgmdL s Mgagombamoa (3060399ms(300L doMomswn gemgdgb@ns. doo-

130



300 35bbbgeggds mMa dmeymom 3Gmabmbomgdnm ©nbgdol ggmmgdl dm-
0L bogoGmggmmbs s oM gmal babsdommb (@ssbmmmgdoo 4. Mobgdwg)
a5L63M03 Labsdnmm bmmdn dgodhbgzs. Mganmbamo dmegmal Mmebsbds,
53 dmdo 33030mE 3903Rbg3s (3067 Lobadomm gMogsmgdol gm@Iamgdals
&96096(300 ©5 ©0bgdal sGbEd(30MbBafMma babosmon, 35306 Mm(ss B30-abs
dmEgmoon gedmmgmoamo ©0bgds 83 bmedo 3Mod@ognmam bgszombame-
M0 5 358mM39dmmo0s. 8d3g dg0dmgds 506036mb, HmI 88 dgdmbzgzsda
bobadamm bddgdMIsbdGodama gMngsmgdal dBmo NROH™ GoMmms, 300-
&9 gb ogm 2010 Benals 9330L&™d0 (ab., dsgsmoma 1). Amam (s bob. 4.23-056
Robl, sbgoma LabsdnMm bmmalb gmMIoMgds 360336gmmzeb gogmagbsol sb-
bl dsm3ol gMngomol 3mMbgngn@soznody s bgmb ¢dmal docmyydab
a®ogomob doMg396s 3gMoggmonm @abgdsl mdmemmm sbemlb Romsmmb
bogdoMomggmmb badomb (Bob. 4.233).

39633990 3obbbgeggdebn dg0dRbgzs M0 dmegmom 3Mmabmbamg-
3 0 g3mbamnby 39mgdda(z. nnbGEMo300L Babbom, bob. 4.24-Dg boh-
3969005 356M0m0obmdal g3gmo z=20 3 3mEM0dmbG by 3EMabmbal Labyabo
3m3gb@oab 24 s 48 Losmabomgob. obggg Bmam 3 306z asbbogmme
dogdmnmdn, mMngg Immgmoo 3Mmabmbamgdmmo doMomasbmdolb dofomes-
0 530b7530Mgd55 Eadamn d3Mnnsbmdals Bymgdol gm@mdamgds docdal
a®oaomab (396@Mon® bobomdon, Moz 498mbggmmos 88 369do gmEnmg-
dmon ardsgamo ©abgdom. bscydol aMogsmal 3gMogkgfMomn ©obgds
bobosmnmgds dgsmgdom domama dofnmnsbmdol Bymgdom, Hm3gmms dg-
3mE0bgds 033003900 bzl mos bobomowsb. gb god@o gmm 3339mMs-
o 30dmba@mmo Mgagombymo Imegmom domgdym ggmgdda (ob., bob.
4.245 05 ).

da30 dmz0b Lagommggmmb Ld@mAbs s 30dwgdemy 8335@mMonboc-
30b ©0bs303mE0 3gmgdal Im 3mgzem0sbo 3Mmabmball gedmomgmadds, Ma(s
930mamo d0dnbsmgmdlb 3. brmeosb Lob. ggmauobazal 0bLEGNENEd0
2010 Brosb, dgbadmgdgma asbsws dg4dboemaym doMomawo dntMmggobo-
3960 39emgdob — ©0bgdal, §933gMsGMabs s dsnmasbmdal badgsbbmaon-
mgd0sb0 39mgdal bozdome dmowamo dmbszgdmes dads. sbndbmmo 39mg-
30l sBomaba oh39698L, H™I do30 Degal asbsdnms semdmbsgmam s330@mM0s
Bocdmoagbl ©0bsdngnfom dg@om og&onm gaombl, Lowsi Mbyzg@owe
dogmo brob a063s3mmdsedn 3030boMgmdl (303mmbaHo s 36@0303em-
b0 babosomal 89bmsbd@edmmo ©s byddgdmdslbd@odnmo aMmogsmgdals
Robobgs, BMabLEmMMIs(300 o abdszns.

obB@a300b B0bbom, bob. 4.25-4.29-Bg boRzgbgdas Mganmbamma
36mabmdmmo bobEgdob bogndzgmdy godmmgmoemo dszn bemzal bgosdo-
rmmo obgdab ggmgde 2012-2016 6b-30 Lbgssobbgs Lybmbdn dogn brgol
Lodommggmmb Lgd@mMbs s 303gdemy 5335@MM053n, MmMBmgdas 3oM339-

131



@ Bom3meagbsl a304360b 3m(393mm Gganmbda gsbzometgdam (306 34-
(309960 3G (396980 Fogdsbmoy s Bgmmadmmabo ggmmeysnal baboso-
Bg. 9f-gMH00 Bmgowo 30bmbbdmBngMgdss ab, Hm3 bemgal bgws ¢gbol @abs-
30360 bGEnJ&nes 356 3390mBomae gobLbzeggdmmoas bemab mdoen (s360-
m0-mg@m3dgen) s (303 3gM0omEgddn (6mgddgmn-3om@n). sbyg Bogsmoma,
odbemmgdom 3oMG0@sb, smdmbogmgm ©335@mM00lb LadbMgm-sabagmgm
boBoendn Robobgol nbygdlb doondol ob@n(303mmbaMa gMogsmon, Mm3gmo s

(o) =24 bo @) (=48 Lo

RMIG 188 Salinity 188
Salinity o 27.07.2011, 0000 b
26.07.2011, 00:00 h 185 zm20m 18.5
z=20m 18.18
1784
1779
17.65
1 17.2
|\ 18.2
145
st
™ R
W 08 4
() 1=24Lm () t=48Lim
BSM BSM fan
Salinty - Salinity
3 26.07.2001, 0300k 185 27.07.2011, 0000 h 188
--gochl 2=20m 1618 z=2X0m 1818
1784 1704

] Gagra
.
'

1778
17,86
nme
bl [
I 145

s
* Batumi

bob. 4.24. Jotrnmnobmdal 3Gmabmdmmo 39mgda z=20 8 3mE0DdmbE by t=24 Lo
(5, 8) @ t=48 bon (3, ) IMBgbBabamgals. (s), (3) — Mggombymn dmegmaom
800939er0; (3); (@) — B30-0b Imegeoo dorgdgero.
36mabmbdmmon nb@gmgomoas 00:00 GMT, 25-28 ngmabon, 2011

132



(2) @)
cm/s 45\[ cm/s
RM-IG 50 RM-IG 40
7.01.2012,00:00 GMT 45 14.03.2012, 00:00 GMT
z=0m =
43, 40 1 435] 30
35 :
o 25
4 . RIS L re Sukhumi 22 43 \QQA\ 20
A IR 15 e .
" flicaaivan W | 10
. ‘ e v\ ‘\“V\r } 5 g :)u,- >, 5
R
\\ci\ yreveed) g L o
anduy Sl oti s Poti
42 ﬁ’mid 421
; fﬁﬁz»:::\::rj;}
YN " Batumi atumi
A\ \ X\K\w“wf} T
41. '\\%&\\%%“ 41.5{ %5
RSt S
\\\tmn‘{“ T
R : ard ‘
395 40 405 41 415E 41 5E
(a) ()
N cm/s N cm/s
“ RM-IG 24 “ RM-IG 35
27.08.2012,00:00 GMT 22 % 6.10.2012, 00:00 GMT
z=0m 20 el z=0m 30
18 435 Aas gd“ .
2 R Gy
14 %R»}*’R\" 20
¥ AR X
13 PN ?Z}?ﬁ;;i’:g];;%( Sukhumi -
Y he V- 14y
Tiss 8 } 17 g Snsaiaa prses
T e e TR 10
» 6 e sk T e { «K;K
St a 105 ) i e .
- - il
\‘\\ \\\“ 2 FrEeesIrEiily \}}n% Y %
&\Ww‘\ = //’% Ny M poi ©
WEP | e
e S i
T Wi Rea 7 {i¢ .
205 Batumi et Y v " Batumi
e H s ]
‘y‘/{}“;‘/’g/{?ﬁ;‘/f/ﬂ‘jﬁﬁﬁfﬁﬁif/ Khopa ’ Mﬂﬁ{é {/’ f;ﬁ/ s Khopa
e P g
395 40 40.5 4 415E 395 0 405 41 415E

bob. 4.25. bgoodo@mmo ©nbgdal 3Gmabmbyma g39magdn dogn brrgob bagdsmggmmb
Lad@™ALS s 808gdamy s330@mMnsdn 2012 Bgmb: () — 7 0563560, (3) - 14 om0,

(8) = 27 sg30L@m, |((g) -6 mg&m3dgo

133



N cmls N cm/s
“ RM-IG 4 RM-IG 26
09.01.2013, 00:00 GMT b % 27.05.2013. 00:00 GMT 24
z=0m 24 Y- 9, VU 25
hS . 25 . z=0m
= 20 435

43+ . m

St 6
Q\\\'\Q\ 4 425
| 2

W ' 0
/5(”3’:’} % Poti
Rl

FwEress .
T * Batumi

4259

421

41.5q I
* Khopa 41.54

41 415E 411

bl em/s N cmi/s
u“ RM-IG G RVHIG B
23.06.2013, 00:00 GMT = ) 19.10.2013, 00:00 GMT || ¢
\‘:;‘j\t o z=0m 50
ochi
e . 24 3\:’1‘"\‘#“; AN p
\\\\ Lo 2rGagra 40
20 ») 35
{/{/ 30
3 i A3 25
1 .
i }S‘;‘ 15
4251 e 5 425 10
LR RN L e = 5
Poli SR #Poti
42 S 42 \\\X\\\ %
oK =
O "
atumi \\ \ \Q\ 23 * Batumi
415] 4153 WIS
’ i e
k opa
\::}/;Zv// P
s
41 41 ‘* Rize .
#5E 40.5 41 415E

bob. 4.26. BgoodoGmo ©nbgdalb 3Gmabmbymoa g39magda dogn brrgob bagdsBmggmmb
Lgd&™MELS s B08mgdatiyg v335@MM0sdn 2013 Bgemb: () — 9 0bgzon, (8) — 27 3sabn,
(8) = 23 03b0boa, (©) = 19 md@m3dga

134



! RM-IG el -
05.01.2014, 00:00 GMT :g ™~ 17.04.2014, 0000 GMT
4354 .
25
Sukhumi 20
\kﬁ 15
a ! Y A 10
425 sy S ol '
1}“‘ %Poﬁ 0
S
SR Behr
\\\‘f\%:;% e /v ‘:‘ ‘ 2 g ;): -
SRR SRR e T B
41_57,;\:%_ Fruns 2% _"’.g‘.“»“ \@;;f
ks =g )} \iﬁ” " Khopa
A
M'rr S
411 FE i i Rize i ‘
395 40 405 41 415E

N cm/s
44 RM-IG &
=) 18052014, 00:00h 25 22.10.2014, 00:00 h
R Sochi s z=0m
43 5 ~Fwai 20 435
Lttt Gagra
AR Ry g
A - . 15 Ko,
'S 3 oLl Sukhumi 43 W‘mi%ﬂ Sukhumi

3 10

SRR
425 NN 5 q
y ’;fﬁ‘(g iy “h
7, _.
.
T

LR
AL N
¥

o

5 ;g oti O
" /
. #¥ Batumi
415

%
&\‘ “FKn opa
Ty

WA
M_M\ Rxo! * Rize

=
T Frabzom

395 40 405 41 41‘ 5 E

bob. 4.27. bgoadatmmoa ©abgdol 3Gmgbmbyma g3gmado dogo drgab LojsGmggmmb
Lad@™ALS s 808gdamy o339@mEnsdn 2014 Bgmb: () — 5 0563060, (3) — 17
a3Mnmo, (3) — 18 0360b0, (©) = 22 mgd@m3dgcn

135



& RNM-IG RM-IG 40
19.02.2015, 00:00 h 18.05.2015, 00:00 h &
z=0m

LS _ 30
s o 25
4 E%u:- E Farr ot Sukhumi 20
bw s ;\M-mn f" ! 15

P e S E e

(a) ()
#] RM-IG mf's “* RM-IG

20.07.2015, 00:00 h 24 3 18.10.2015, 00:00 h
Om -22 by z=0m

atumi

4 #5E

bob. 4.28. Bgoado@mo ©nbgdal 3Gmabmbyma g3gmagda dogn brgob bogdsmggmmb
Lgd&™MELo s B0d@gdatyg v335@™MM0sda 2015 Bgembs: () — 19 mgdgHgamoa, (8) — 18
8s0b0, (g) = 20 0gemobo, (©) = 18 md@m3dgha

136



RM-1G
19.04.2016, 00:00 h 35
=0m

43+
b~

&

42| R

Y &
T Batumi

re
=
=3

.-

- cmvs m/
RM-IG i
35 03.10.2016, 00:00 h 45
z=0m 40

~ Hatumi * Batumi

bob. 4.29. bgosdatmmoa ©abgdol 3Gmgbmbyma g3gmado dogo drgab Lojsmggmmb
Lgd@mELS s F0dEgdatyg 93358MM0s3n 2016 Byemb: (s) — 25 mgdgHgama, (8) — 19
83M0emo, (3) — 12 0gmabo, (©) - 3 md@madgHa

3d99am3dn dgbadmgdgmos 0digb macm 3dmoze s dpaMmam gMngsmn®
Boc3mbogddbow, Mm3gmoi 039390L 360d369mmzeb GgMo@mmasl gsbbo-
e Mgaombdo. gb afMogomo momgdalb ymggmmgol ©s0zz0fzgds Bemal
»doen bgdmbdo, boboosmmgds (330 06Egbbogmdam ©s Y3Mszmgl 3gMa-
mdo Mga0mbymo (306 3mma300b Jmsgema gmgdgb@os Bemal 93 bydmbJn.
dom9y3alb gMogsmo 39ME03omdg Imazo3L osbrmmgdao 300-400 3 Lobgal
%3965L. ©0bgdal ggmgdol s6smaba 5Az9698L, B3 domyydal gMogsmo Lbgs-

137



abbgs Bemgddn magobo 068gbLogmdal dogLodxdl smbagzl bbgewsabbzs mgg-
9830. dsgomoma, 2012 Bgmb gb gGogsmo dogbodsey dmdgdl (180-200
30 ©03398F0m) smbgzos mg@mIdg@madn (ab., bob. 4.25w), bememm 2010 o
2011 Brgddn — dogbymdo. dsomdal aMngomal asbgomamgdol dojbods-
& bBonsda 3oMomnsbmdall ggmol aobsbomagdol b3gzox03960 Liymes-
00 Yomodmgds: gMngsmaMo (306 3mms300b (396@ Mo 656omdo gmem-
3060985 3650 FoMnm0dbmdol bysmoa, bmemm afmogsmal 3gMoggHogema
©0bgds bgmb MBymdL gymm dsMomoasbo bymgdal dgdmgmsl bemgal moas
bobomasob Logomggmmb 335&mEnsdn. bdoGom mdEm3dgm-bmgddgcda
o030l 3M0aomo 05bEsmsb LyYLbEEgds s sEanmo 543l dob msbpoms-
bmdom GEobbgm@ds305L RRMm dz06g M3l gMogsmymo Bomdmbsddby-
60l Loboon.

Bemob (303 LgbBMbdn EMInboMgdmmo aFogsrn@o Boc3mbaddbo bdo-
(00 o6 (05033063905 @S Mgaombamoa (30039300 babnosmwgds dgosmy-
dom 33069 dm3ab (303MbYF0 ©d 36 0(303mMbYM0 gMogsn@o bomdm-
65436930b ggm@3aMgdom, ssbemmagdom 40-60 33 0539800, Lonb@gfMg-
bmo 80603bmb 6@ 0(303mMbaMa gGogsmo d. bmbydob 808gdemg 8339-
GmMM0odn, MM3gmoz 3M(3 0] 03305m00 033003985, gb 33069 dm3ob
a®ogomo dgodmgds sMbgdmdoglb 69dabdng® omggl, dogmsd dgosgdoo
bdoMom BMmEmInMEgds brmol mdam Lybmbdo.

065300 39mgd0b sbommabo 5h39698L s gmsg, Hm3 dog0 drgalb s330-
&m0l bgdmom dmgdgon demngfo Jomgdo dgdsxgMbgdgm Mmml 0sdsdm-
396 gMoaombamdmd]dbgmo 3Gm(3gLbgdals dodofom s gods3m390ge ao3-
mgbal obgbgb bgoadoMm ©nbgdsdy. 938 @MML ©abgdolb LoRdomggda bog-
dbmdmo 0DMEgds s dgbadmms 100 b3/63 gowssdsmdmb. ©nbgdals Lyy-
oma 2013 Bemolb 19 mg@m3dgmb (65b. 4.2600) dggLbodadgds dgdmbgggsls, Mm-
(30 °3mbogmagm dogo drgalb Dgdmo demngfo Joto nym gsds@mbgdmmoa.
Bame(3 bababowsb Rsbl Jods godsgmzadgmo gogmgbs dmobrabs ©o-
6gdoDdg o afMngaomma Bo(3mbadd6gdo 88 dgdmbggzedo smat 0330637~
ds. 06530 dogbodseama boRjstg o3 mglb 60 bL3/63 smbgzs s gsobbs-
bomggmo 560l o 6560mmdo ©abgds dndsmemn nym obagzmgonEsb sem-
dmbogmgomoboggb.

4.3. 3065693930l 3336 (39930l dsmg3dsGn3zMma
dmEgmoMmgds

Mmame(3 9339 9006036, Ggaombymo 3Gmabmdamoa bob@gdal ggm-
mmaon@o dmm 3o dg0(393L brgob gomgdmdn bagomdabs s bbgs 3n0bstgsg-
30l 303M(39mmgdol mE ©s LadgebDMBamgdnsb dmEgmgdl, MmImgdos 0yg-
138



69396 B30l ©0bsdozol Mganmbymo dmmgmom gsdmmgmor sMsb@s(z0m-
botmm ©nbgdol ggmb. sMs3mblLgMge@onmon dabsmgzol aos@ebs-agy-
Boob  sMsb@ozombadmmaoa  badgsbbdmdamgdasbo asbBmmgds dgbadadabo
Lobyabo s LaLabM3MM doMMdgdam 3m(3g3ymas @obsmdn 3. gsbGmmagds
00350bbnbgdL dabamggzol 3mb(396@Ms(300b (33em0mgdgdl, Moz aodmbag-
M0 3980930 dofoma©o Bog@m@gdal dmJdgmgdom:

* 300MmE0bsdognmo — 5394300 5 GYOHdNmgbGMEo ogn by,

® 30boMgzms Gnbog Mo s domdadoym®o GMIBLgMEMBs(30s,

* 3M930$°309mo RYY3e,

* ogdynsbgdal Bystml dmddgwgds.

390058 0b5-008Nb00lb gob@mmgdal MmMasbdmdamagdosbo ggMmbos go-
dm0ygbgds drgal dgoednmbg bagomdals madolb gog6(39mgdals dmegmog-
d0bo o 3MmMabmbabamgal. dob dg3aga Mog aMo308 9300, Lodmab@obs
5 @ogodnmmdal domgdal gozmgboo bmzal bgmedomdy gm@mInmogds
bogoxmdal mods, dobo dg3mamdn GMbLym@mBszns dgadmgds sm0bgHmb
350058965-00539 D00l g56@mmgdao. bs3mmdal ggbs 06ygdl Jogsoznsol s
0(330b  3mbgoan@o300Ls s BmMIgdL JoEMMENL3ngnMo BoJG™mMgdal
a33mgboo. ghmmmumen dm3sdn dmbzgoMomn bagommda gsbaznlb go-
Bogne ©s domdodog@ GEsbbgmmdssnsl. Moasbsi Aggbo dnbsbos bog-
omdom oFNdynsbgdal gogMm39mgdol 3GmMabmbolb gedmomgmes badn b
BabobBammdom, gabogn® s domgndon@ God@mEgol ImEab Mgcm 36n3-
369mm30605 bogommdal smModmgds Drgob bgoednmowsb. smEmjmgdema
bogomdol GomEgbmds ©8dm 30gdnmos Mmamg bogommdob mgobgdgddy,
sbggg goMgdg 30mmMdgddg — Bymal §g33gMme@nmobs s Jomob Lohdscgbdy,
obg3g omzMamn Bogmmdal gobggbammdsdy Drmzob dywadnmdy. Jggoby-
d0s, Hm3 LadYsmmE smEmmJmgdol dgEgas Medwgbndy Losomnwsb 24
bo-3y MM dmEads amgmamo bagomdal dobal 1/3-00b 2/3-wg.

bogommdal gogMzgmgdal mMasbbmdnmgdosbo dmegmo  RaMormmons
3Mmabmdam Lob®gdsado (3om3gmmo dmEmmoab babom, Hm3mab badamsg-
doo dgbadmgdgmos bogommdol 3mb(396@®o(30980bs s @odngynsbgdols dm-
Bob go3M(39mgdal 3-@mnsbo 3Gmabmbals gsdmmgms Mgsmuma (306 3mms-
3060 306mMdgdals gomzamabbnbgdom. 83 0bbom dgbedsdal 3Gmaedsmem
dmenmdo dgoyzebgds Bystimb 3mmmmnbs@gdn, omazfamo bogmmdol Gam-
©qbmds s Romgmol babaMdmngmds. 0b@gamnmgdolb Gmaoma dogoas 0.5 bo
05 YMzgm ©MMo EmMbydg 3o8mnygbgds bemgol ©0bsdnzob Mggombayemo dm-
qmom 3MmabmbofMgdymn dgosdoMemn nbgdolb 3gema. 03 God@ob gomge-
m0obB0bgdom HM3 smMmJmgds 3Mbgdomns oMz ©Mg-s83L, 5Ms 3mMblgm-
358 )mmdol 30633980 s0mgdmes 393gabooton: 0= 1,6.10° 63" Gm(so

139



t <12 Lo, Go3 dggbodadgds Romg®oma Bogomdal 8sbolb 50% - ol sm-
0mgdol 1/2 mg-0sdol 4563s3mmdsdn, bomm 0= 2,3.10° 63" 0sbotBhg-
bo 2 mg-sdal go63s3mmdada. 03 Bog@0b dbgrggmmdsda domgdom, HmA3,
R3gmmgdmog, Bogomdal odmdynsbgdal dbemgmmon obsedgzgd 3mbzgb-
&Md(3000 domgdmmos 0.05 3g/m, bagommdab gogM3gmgdolb dmegmomgdals
94b396089689330 9 gedmmgmoamo 3mb396@Ms30s 0,001 8g/m-bg bs3-
mMgo0s, 3mb(396&MS (300 byymom nmgmads.

bob. 4.30-Bg bomdmeagbomos dgosdntnmo ©abgdobs s bogmmdal
magdob gogc39madal 3Gmabmbob dggagdo 2011 bemal 25-28 bgd8gddgMb
(00:00 GMT), AHm@gbs 50 @ bogomdol 3odmmg@ndo sg3stammo RocmgMs
bgdmes 2 bor-0b gobdsgmmdsda. 3oMgam Mozbgzom gdLb3gcndgb@da (bsb.
4.30) Bomgtol BgM@oma 3mmGoabs@gdom 157Ax, 1424y (Ax, Ay do-
ol 6o go0s) 3gdoMgmdes sb@0(303mmbyMo gMmngamol (396@Mab Loob-
mmgglb ssbmmgdom 45 33-Bg 4. gmmob LobsdoMm@sb. 3gmtyg oz
94L3960396@8 30 (bob. 4.31) Romgmnb bgM@omma Bobs3gmgdamoa oym 20 38-
00 bogoBmggmmb 65306930b5396 5 BysBmb 3mmABoobs@gdo nym 1774 X,
1424 y.

mgmE(s bob. 4.30-056 Robl, gobbomue 3Gimabm by ab@gmazamdo -
dmyamndgdamons b3g(308030M0 ©Nbs3ngMo Mggndn: dm3admn 5330&™m-
00l 360d369mm356 boboemlb 030398L Mo 8b@n(303mmMbrGo afMngsmmo @ns-
39&Mgdoom ssbemmagdom 60-70 33 s (3968 gd00 LadbMgm-abagmgo be-
Bombs s 50dmbagmgo babgzcol d¢msdn. gofs 33abs, badomggmmbes ©s
09 dqgmob badomgdal asbbgmng gmEmBamgdmmos 30b6Gm bmbs, bowss on3-
3063905 Lnd37dMBsLIG M sMdFaMan afMngasmgdal agbgMszonbs ©s
0b03s(300L 3MbgdomaE sEsbES(30MbaMma 3Mm(39Lgd0. 6@ 0(303eMbyHn
aG0gsmn@o bEEONJE ML gozmgboom mEMngg dgdmbggzsada bagormdal msgals
7030 3o mosbmdsdo Ladbmgo dodsmmmgdoc bmMsogmmgds. ghomEMm-
Mm@ bgds 65300mdal modal gogeMormgds 0ogndonn 3Mm(39bgdal gog-
mgbom, bengm bogmmdals 3mb(396@Mo(30900 09bIMSb 3306 ds Modab go-
RMMgdobs s 08 Bobogm-Jodoymo god@mMgdob gogmagbom, Ma3 dmwg-
mdo 3615 3mblgMgo@mmdol 3oMsdg@Mnc gonmgamabbabgds. bab. 4.31-wsb
396350 Robl, HmM3 bogormdals mmads, GmBgema(s ao@osanmgdobsb msbosmasb
0g0dg0s g569000L dndstmymgdom, 0mgdlb bomobgdn® gmmdsb. dmzgdymo
Babobab obsmaba 5h39693L, BMB bagommdals mogob gBm@mIsz0nl babosma
3609369mm3bomss ©53m 30@gdmmn nbgdal ggmol sMegMmagefmazbgdsdy
03 o6gdn, BmBgmbsg 0393900 Bogmmdal mods.

140



e
e 7
i A

/ﬂmﬁ«‘ﬁ% e 2 T

S iy AT

e
G

Zrrs.

0.1

0.001
Poti

atumi

(o) t= 4bon (3) t=24bo
N
44 mg/L Py mg/L
. 305 15
25.09.2011, 04:00 GMT 26.09.2011, 00:00 GMT
435 250 10
200 5
431
100 15
4254 it 0.05
!
o .0.001
S;/ oti bot 0.001
4 7
o
ST
/‘ atumi atumi
41585
AN
AN T
RN
P e :
395 40 405 41 415E = i 415E
s 8 8 B8R v e, o cm/s S BREINREEI® o0 o
(@) t=72bo
mg/L 44 malL

Bob. 4.30. dmpgmomgdamo Dgrsdomo ©nbgds s bogommdal msdol
393639935 6obadbg Jomomgdaem ©Hmab ImIg6@8 9ddn (Mm smgmoaens

Bogomdal 3admmg@ o Rocg@al 8mB8gb@nwsb) by®mEnmgddo 3mmEnbs@gdoom

1574x,142A y 3mgbmbdmmo nb@gMgsomos: 256-28 Lg]@gddgma, 20116.

141



(o) t=4bo (3) t=24bor

a4 ma/L N

44 mg/L
26.09.2011, 00:00 GMT

435 200

100
43

10
42,5

0.001

421

atumi htumi

41,5038

Sy
41

(a) t=48bo () t=T72bo
4'}1‘ mg/L 45' mg/L
27.09.2011, 00:00 GMT 15 03
43 5433
Gagra 12 ik
X
ST =
43 g‘;;s;ﬂ.,,,»\ »’5\‘1‘_’) — ';;\‘ 06 0.1
0.05 0.01
425
0.001 T 0.001
42 {2\((’ s
WO, 7/‘//'/‘4‘ 27
A NY“// I
S atumi 7 s atumi
Qéi*;/ L %( N
IR // s
=% Yy o7t Khopa 77
VR
o “M///-
n T R :
39.5 40 40 4 4 5E 415E

Bob. 4.31. megmoamgdamo bgmedomemon ©0bgds @s bogmmdal mmsjals
393639909 65boDbg Jomamgdae Hmal ImIg6@ 9ddn (MM smgmoagns
Bogomdal 3odmmg@do Rzl 83mBgb@nwsb) by®mEnmgddo 3mmmnbs@gdom

1774 x,142 A ). 36:mabmdgymo 068g@gomas: 25-28 bgd@93dg@o, 20116.

142



53 Mobgoom g4b3gc0396@gddn gsbbomumman (306 3Mma30Ga Mgegndo-
Lo o agngyosbgdob Bystmgdals saomdEgdstgmdals dgdmbgggedo bag-
0mdal mads goM33g9m 3obdambg Mobmmzmgds bogsMmzgmmb Badnmgdl,
3ogM33 6330M9dmab d0dmgdomyg bymgdl o6 g38mdMgdsm ogmdynsbgdals
bogmmbyg, Mowasbsz 96@0(303mmbaMma gMogsmon, HmIgmoa 3GmMabmby-
mo 0b@gmgemol go63s3cmmdadn gobazol 3603369cmmzgeb sGsli@o3ombe-
e GMIBLEMEMBs300b, oM 339mm dobdombg 0dymezgds badoMnsb. Mm-
am@g Robl, LnddgdmBalid@ednmn gMogsmymo LEMY]GnFgdab aqbgmo-
9800L 3Om(39L980 ba30MobasbbsMog babsdnmm Dmmadn bgmb Mmool afo-
a5l 5dmbagmago BmEL Mdnsmme dosbrmmzmglb LadsMomggmmb bado-
90L o Jgbodadoba sg39Mmbgdl Lobsdammb Bymagdol ogydynsbgdsl.

dgdmga Mobzom gdbdgmndgb@do, bowars gobabomgdmes 3Gmabmby-
™o 06@gMgomn 2-5 nobgata, 2014 6. (00:00G MT), 6sgomdals 3n0d3mmg@o
Ramgmal sanmo ngngg ogm, Gog 3gmeg Gobgzoom gdbdgcndgb@dn, dogcod
(30OFPmd30ncn  Mggodo 3603369mm3bo  asbbbgegmgdmms. 8m(3gdyem
3Omabm by 3gMomedn drgolb ©0bgds gsdmamhBgss 0b@gbbom@n afngos-
o bEOYJEYMom. bab. 4.32-bg bohggbgdos gsdmmgzmoamn dgwsdommmao
006905 05 bogommdol mmsgol gog3M(39mgds 535M0¢mo oMgMnEsb Lbgswab-
b3 @AMl ImIgb@gddn. 53 bobobasb 3oMgswm Robl, Mm3 3 dgdmbzgzsda
bogoxmdal madolb J3930 B9qLadadgds (30M39mo0n® 306mdgdl, ©s bag-
omdob mogs, Babs 393mbgg39d0bagsb aobbbgeggdom, dmMmagds bojsGrmgg-
omb bobadnAmb.

dg3gan Mobzomo gdb3gcndgb@n, Mmdgmas dggbedsdgds 3Mmabm-
By 068 gMgomb: 6-9 ©93938960, 2014 b., bagomdal @odndynsbgdol aog-
(39g80L oL@ Fo30ob sbgbl 08 30Mmmdgddn, MBm(ss ds30 Drzalb bgdmo
35630006930 0gm demngfo Jogdo (6sb. 4.33). dmog@ds Jocds asdmabgas
3Mod@0gnmee afngsmm ©nbgds drgalb bgmedomdy, bawss 7 ©0g393d96ML
Bgob ©0bgdal dsgLodsen@mds Lokdomgd 100 L3/63-L goosgomds (Bob.
4.333). 303mm @M 535M0mmo sm3Ms 356bmmMsngmms dgdmgan Lzgbes-
toom: 30 @ bogomdo 2 bo-ab gob3sgmmdsedn amgmgdmms ssbmmagdom 20 33
356dombg - gm0l bLebs30BMEb. Bystml JmmMEnbs@gdn oym: 1804 x,
1324y . sbgoro (3063930960 G9g030b 306mdg330 bogmmdoo poddyos-
69d0b LogFz0m-EMmoma gobsbamgdal Mmegz0LgdyMgdgdo sMbgdomsw gs6-
Lbgoggds Babs asbbomuman dgdmbizgzgdobsgsb. dmgal dmogé Mgogmem
©0b785L b33m0l mods gossdglb Im@b RomgMab ByMmEomawsb Ataemm--
obogmgom dodstmmygmadom, 33539 @MHML B3gmmbal mads 035398L dgmatg-
300 o GgMoGmM0sl, 30Mg Babs gobbaemm dg3mbggzqdda. 3 mg-msedal
356853mmd530 bagmmdals mads gomses@anmEs ssbemmagdoom 120-140 338-00m
5 53539 MML 356039008 360d369mm360 @gRMEIS(300.

143



(5) t=4"bo (3) t=24 bo
N
oy mg/l 44+ _ mg/L
= 03.01.2014, 00:00 GMT | 14
150 10
100 6
20 g
04 0.05
0.001 0.001
Poti Poti
* Hatumi Batumi
4L e - - -
415E 395 40 405 41 415E
cm/s %8%&&&8293&9«:«»,«0
() t=72bo
mg/L 44] L
14 05.01.2014, 00:00 GMT mgo .
13
0.14
1.2
0.08
0.6
0.05 0.01
0.001 0.001
Poti
=K R ¢
S Wl = sl
;\}:E; f;‘i'?\ atumi (( 3 4'/ * Hatumi
¥, »
) /; = é NSee i p) Xues)
AeGhoionan 2 (poRtaiAY
LA

bob. 4.32. ngngg, Moz 4.31-Dg, Bbmmme 3Gmabmbymoa nb@gMgamas:
2-5 0obgotn, 2014 6.

144



(o) t=4bo ) t=24bo

4'5' = “"'Qz"é-n ¥y mafl
. 6.12.2014, 04.00 GMT 07.12.2014, 00:00 GMT
i .
P "
43_5_:1';1 :\.&s%xm 150 15
ﬁ"%\l S
B \""*"M.--'r.":;';._u'.'., 100 2
a4t 20 0.1
01 001
. 0,001 Loy 0001
aturri AALEIIT I i ¥ Bt
oo
mls TE2IRBEERA2
— ]
() t=72bo
gL
08.12.2014, D0:00 GMT | m
20 E 00.12.2014, 00:00 GMT ’h

i : ; : 305 40 405 41 415
cm.'sE E 8 8 g R R _E_! a EMSQBQEL’,}Q{QRE&REE@Q
— ]

E— )

bob. 4.33. ngnggs, Mo bob.4.31-By, bmmme drgeda Romg®al 3mm@mnba@gdos:
1804 x,1324y. 3Gmabmbeyma 068 gMgemoas: 6-9 93933960, 2014 6.

d93603bmm, Gm3 o7 gobbomye Mozbzoom g4b3gcH0dg6@8do Imwgmoatg-
o bogomdal magab gogM3gmgds demngfo Jomal 30emdgdda Bomdmma -
Bogmos bemgal mgemz0o6mdal asmzemnbbobgdal gomgdg. LogsMommms, Gm3
d9damddn JomobdogMo bgosdammma Gommgdal gomgomabbobgds 3603-

145



369mm396 3mE9d80390L dgo@ebl Bogommdal sg3bzol aogf(zgmgdol 3Gm-
39L30.

bzl gomgdmda dobstggzol 3-g56bm3nmgdosbo dmegmo, MHmdgma(s
(393990 dmemmobl boboor hooymoas Ggagombam 3Gmabmbam Lobdg-
3530, bLagoMmmgdal dgdmbgggedn dgbadmgdgmos gs3mygbgdemo 0dbsb dog
bmgzado bbgosbbgs abom dmbggotomo (883mbygmesb, dnbsmgqdal
dngM dgdm@obomo s bbg.) sbEmm3mggbn@n 30bofmgzal 3mb396@Ma(30g-
d0bo @ agngynsbgdol Dmbal gogM(3gmgdol 3GmMabmbalb 3abboo. aemal-
&M5(300L 30Bbom, bob. 4.34-bg @93mbLEGHaMgdmmas 3nbsmggdol Mombo-
Lo @ gmEmbal dogM dog drgada dgdm@oborma 3ommdomo dobamggzal gog-
(399000 ImEgmomgdol dgogagdo drgob bgoednmdg bemgsdn dobsmgzal
393m@obo@asb 4, 24, 48 05 72 bor-0b dg3ga, beemm bab. 3.35-bg bohggbgdas
30bomg30b aobsbomagds 12 @s 56 8 3mEmodmbEgddy (bob. 4.35 o, 3) s dg-
LoFNS3Meb Fobrmdgm 39MG 035 nE 33909330 (bab. 4.35 3, ) t=72 Lo
dm39b@nbomgal. dnbofgggdol 3mb396@Mo(30900L gogM(39mgdal dmmagmo-
930b5L g58mygbgdmmo nbgdal g3gmo 0gngg 0gm, Gmam s 6obs Gosbz00m
94b396M03896@8 30, 9. 0. dggbLodedgdmes 3MMabmbym 0bGgmzsomb: 00:00
GMT, 6-9 ©g3998960, 2014 6.

300 gdms, Hm3 @Mmab ghognmdo 3. gmmmbl drgsdo dgdm3gmbes
3n3mog@ma dobsmgga 100000 gEomgnmol Gommgbmdoom, 3. Mombol Lsd-
begor @mEb — 5000 gBmgememn, bmmm AMmammgo Gm@L — 10000 gBogama.
5615 3mbbgM358mmdol 3o6839@ Mol 36nd3bgmmmds dgomhgmas nbg, AHm3 do-
batgzal Lobyabo 3mb396@@a(30980 2-%gM 3(30Mgdmes 10 mol gobdsg-
mmdado bbgaabbzs 3d@mMgdal gogmagbom (Jodommn, Bodogncn, domem-
3099M0). bob. 4.34 s bob. 4.35-056 RsbL, HM3 (306 39ma300b 390 360d369-
mm3bs 3o6LddEZgMzL Bnbatgzal LogMm(z0m-EMmoma go3M(3mgdal cmsgo-
LydNEYE9dL.3Mb(396@MS(30980L 3gmo danbamgms dgbammaggdmseb msebos-
056 BoMomzgds ogboyMa s 3039930900 Gog@mmgdal gogmgboo ©s
0353900 by @cm 398 GgH@mENsL. 3m(398mm 3Mmabmdam nb@gMazsoem-
do 56bgdmmo ©nbgdals Mggndn gobsdnmmdgdl odmdyosbgdol Dmbob aoz-
(39g05L dofomssm hMmommgm dodstmyymgdam. dobsmggol 3mb3g6-
&M3300L LddgabbmMoemgdnsbn ggmal sboeaba ohggbgdL, GMI Babsmgzo
3060RI> 39OGNI@IMIRE 39OG0FT@IGe GIHdYmIbEYHo gy Do-
obs o 33069 39MB035 NG ©nbgdol asgmgboom. dgxsLgdgdn ohggbgdl,
™3 3m3939m Mobgoo 94b3gc0d 6@ dn 3 mg-medal gobdsgmmdsda 3mb-
(396@M5(30980 dsbEmgdom 150 3 Loem®m3gdwg 3G(39mmgds (bsb. 4.35 g, ©).

146



(3) t=24bo

. 435
05
” 05
0.05 0.05
0003 1 45 5] 0.003
89, by 00001 L, 0-0001
ofi
421
atumi fatumi
41.54
41 o T
39.5 40 40.5 41 415E
oo
a/s =2 8BRB3FTI 2o
() t="72bon
N
44 .
» 09.12.2014, 00:00 GMT 17

0.003

e
e

0.0001
ofi

[y
fH‘MM;

M

R

It
T e
o 5
S hh i TR

atumi

TR
SRR
SRR

bob.4.34. dmegmomgdamo bgosdomeman ©nbgds @s 8abofmggdol dogd bmgsda
dg3m@sbama dofmdomo 3abamggzolb gobsbormgds babaddg domnmgdam ofmmolb
3m396@&7d3d0 (MM smgmamos dabstgzal bemgeda dgdm@ebal 3mdgb@B0wab).
36mabmbymo 0b@gMgomos: 6-9 ©g393596n, 2014 b.

147



b N
44 44
09.12.2014, 00:00 GMT 3.8 09.12.2014, 00:00 GMT 03
7 0475
43.5¢’;
005
431 ot 0.01
RS 0003
i NN
425044 WX \\\ 0.0006
f \
é;,,,,}e’;‘;” el i 0.0001
bl 1hermmesenaiBo Y ¢
427”2"’ R
1 M Lt
//gw % /fﬁff{{ﬁ }N\} i f/ fatumi
eaasy N e
i maaal s SR LA ; &
s e
BT T sy S
eI o
41,j\—‘ﬁ&‘*:;"” Rize
395 40 405 1 415E
o A A a8
cm/s © @ o o - 0 o

)

J=90 21 u=142 !
9.12.2014, 00:00 GMT 7 9.12.2014, 00:00 GMT I7
25 . 25 | 3
0.1
0.1
150 | 150 |
0.01
0.01
0.001
500 0.001 500 -
0.0001
0.0001
1000 1000 |
1500 1500 |
m m

Bob. 4.35. 3oBmdamoa abscggal 3mb(396@ (30930l aobsbamads z=12 3 (o) s
7=56 3 (8) 3mF0dMbEddg s 39O G0N 3390gdd0 (8, ©) =72 bo
8mB8g6@8nbamznl. ©abgdob g3gmo dgqbodsdgds 2014 Brob 9 ©g393396L, 00:00 GMT

148



4.4. Mga0mbyma 3Gmabmbab LabEgdab 33630m3Mgdab
396b3994&0n3900

39 (300093905 50060d6mb, MM gobboemmma Mganmbemo 3Gimgbmdy-
™o bob@gds o6 BoMBmoagbl Ladmmmmm 39Mbasl s badgsbogMm-33mgg0-
o0 badmdomgdn dobo bENmyMEbs s gogsmmnmgdabsmgal sbamn s3m(3569-
b0l Roongob gboom 33mog aMdgmmgds. Mgagombeymo bob@gdob dgdwmamdo
LEMEYNRBS ©393d0Mgdm0s Brgol EMbOL (335mgdsmdabs s Jomabdog-
0 dgosdommmao Gommgdal 3Mmabmbal dmegmgdal, sbgzg Lbgssbbgs
93MEMa0mH0 s LdbgnbMM-3nMmMEq4603mM0 8m(356980L Rsmgobmab
3Mmabmdam bLob@gdsdn, Mo PomE 89350mgdl Lob@gdal Lodgsbogmm
5 36578039 oM gdaemadsb.

356 530bs, dg3dogmgds 3Mmabmbymo LobBgdob goznmgdoo M-
o doamn goMRg30bmbansbmdals 3jmbg 3gMbos (LogMsomn daggdoom ©s-
sbemmagdom 100-150 3), ®m3gmo(z aodmygbgdamo 0dbgds badstmggmmbsoom-
30b 918603369mmm3569L0 sFoMs-gmMmn-5653monl Lobsdnmm s335@mMonbooc-
30b. 50b03dbgyema babsdnm 3Mmabmbalb Lol gdob domnsb Bsmsma gombggn-
LboGnsbo 39Mbos Rsnmzggds sMbgdmm Mganmbym 3Mmabmbmm Lob@gds-
do 439L0bEg3al Loboo. 83335050, J39LobE 930l Kb z0mbamgds dgbadmg-
dgemo 0gbgds dbmemme ¢339 Mbgdnm dofomsw Mgaombym Lob@gdsbmeb
9OOMmnge@. 6ob. 4.36-bg 65R3969800 3Mabmbab ofg 1 33 gamhRgzalinbe-
006mdom, GmBgmog dmaze3b 3ogo begal Ladesmgzgmmb bgd@mmbs ©s
303 d56Mg 5335@™M0sl s domdn-gmmal 5335@MM0sl, Loy godmam-
3905 3Gmabmba 100-150 3 gomhggzobmbomnsbmdoon.

¥

bab. 4.36. Mganmbmo o Lobadnmm 3GHmabmbab sfggdo
3530 brogob vm8mbogmgo 6sbomdn

149



53335650, 890436905 333y dLyHn Mm3gFs@ommo Mgagombymo 3Gma-
Bmdab bobGgds, Mmgmas 3oogMHMNsbgdL 1 38 4o6Rg30LMbsMNsb 3Bmabm-
B LobBgdsb s 100-150 3 gomhgz0Lbomnsb 3Hmabmbym J39Lobgdsl
0360l Labadnm dmbobs S BM™M0-365 300l Bndgdstyg d335&MM0obom-
80b.

30b0dbyymn aondxmdgbgdama 3Mmabmbdyma Lob@gdnl dgdndoggdel
00 360336gmmds gbnggds dabo 3Mog@ngmmo gsdmygbgdol mzgembsdma-
boor. domamo aomBg3zobmbomnsba bLabsdnmm 3MmMabmbdymo LobBgdolb ggub-
J3ombomgds m3gMms@nmm Mggnddn badyamgdslb dmas(393Lb dENbzgmzymm
Lobdgom 3Mmmabmbgdom obgmn Lobsmbm-badgnMbgm ©sMagdo, MM3gmms
Bbg(30mboMgds Drgobmabss ws3s3d0Mgdmma. sdgzoMae, dobsbdgbmbo-
Mo 30g35R00s osMbrgl brgob damdsmgmdal 3Gmabmbol (396&0,
3ol 30bsbo 0gbgds bgma dgnbymb LadmMGm M3gMs30980L M3 G 0domy)-
o0 BoMmdommngalbs s NbogMombm Lodmgam Bagngsznal gobbm(zngmadsl
3530 begol badommggmmb Lgd@mEMLs s d0dgdsmyg ©335@mMnnl Bymagd-
do. goms 830bs, (3960 Labmgom 3Mmabmbdgdoo MdEONbggmymyb mgs-
Bbamgh, LonbygobMm-3oEmmEgdbognm s bLbzs Lsdmdomgdl, GmIgmms
LEMmEabmgaba gobbm@(z0gmgds Logomgdl m3gMoGonm abymmdsgasl
3530 bgob dpgmdamgmdals dgbsbgd.

150



QI606GDDO






00006 m0 1

bem30b 06330 30b Mganmbamo Imegmab g56@mmgdsms

LobEgds. bobsdmzmm s Lybyaba 30AmMdgdn

b35dn 3030bsMg JoMmc g dmeabsdo 3nmn 3Gm(3gbgdo smnbgmgds

dgdgan 3ob@mmgdoms Lob@gdnm ©g3MENL Fofmm Pobmgsb gmmMmo-

bo@mo Lol gdado (X mgfdo dodsmmmmos abogmgmomsb smdmbagmy-

00bo3gb, y mgfdo — badbMgomnsb AMmammgmobsygb, z mgMdo 39MEG0gs-

@0 J399mm bemzolb Dyosdnfnwsb):

dmdEMomdob gobGmmgds X mgmdab gabbgmng

%7+mvuu I\H-——é'———V,uVu+—C;—Véﬂ

Py 9 x dz dz’
dmdMomdab gob@mmads y mgfmdal gobbzmog

%+div u v+lu+ié)—p=VyV +ivﬁ

Py Oy dz dz’
30OMLESG030L 35b&mmgds

dp

EP =8P,

1By398mdab g56@mmads 31333500 Lombobasmazal
divu=0,

Lomdmb gose@obol gob@mmgds

T’ o" T’ é’vy
+diva T + =Vu VT’ +— —rr_

t vy Vrw=Vi 0z 32 0z

1 1 0T

cwoﬁz at’
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dofomgdal aos@obol gobGmmgds

as’ % &S’ Vg ¥

J5

+divua S " +y.w=Vu Vs +— +
ar I Vs s o, T a2

bgob Bymob dpgmdomgmdal gob@mmads [177, 178]

o= f(T,S)=1+10"[28,152-0,0735-T—0,00469 T+
+(0,802-0,002-T)(S-39)] ,

m3gmbaz 30bMxz03980b dgdmga sbgon babg o3l

o= T +aS’, boa(s

a 9 _ ~1073(0.0035+0.00938 T +0.0025 ),
TUor

o :a_f:10-3(o.802—0.0027),
N

T=T(Z,t)+T'(x,y,Z,t), S=§(Z,t)+S'(x,y,Z,t),

p=p(z,0)+p (x,y,2,1),

Jd Jd  J

oT w219y
dx" dx dy Iy’

9z’

JdS
Yr = J/s=0.)_, vVuVv =
z

I=n(1-4)1,e*, 1, =asinh,—b,/sinh, ,

sinh :sin¢sinw+cos¢coswcos%t , n=1—(5+gﬁ)ﬁ.
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3bndgbgda:

u, v, w - D30b 0675300 bohjamob g394&mMal 3m33mbgb@gdo X, y o Z
0gdgdob gobb3gMng, 3gbadadnbag;

T8 p', p - $9339E0@mMal, 3oMn0sbmdal, E6g30Ls s bod3gMng0l
a505bMgda  dgbedadobo LEGSbsOEGMmO 39MHEG0 oMo g56560mgdowsb
T,S,P,p;

=1, +06-y, f=dl/dy - 3MmBommoabol 3065398 M0;

g, ¢, Py - Loddodob domal shjomgds, bymal gyomEn Lomdm@gzomds,
Bymob Ladmamm bndgzMogy, Jgbadadoba;

U, Up g - 30G0DdMBGomn@o LodmbGobs ©s @oRYDool JmgBo(3096@gd0
Lomdmbos s dofMamgdabomgal, dgbadsdabog;

V, Vi s - 3908035060 bodmob@obs ©s 0oggybool 3mgxno3096@ 90 boom-
3mbo s oMnmgdobomganl, dgbsdsdabac;

I, - 3Bob 3mgmg@ommmmgsaba Mowosznab b 3oo drgalb dgosednmdg z=0;
A —bez0b bgsdoMab smdgom;

hy - 3Bab bgboGnGo 3mmby;

P - 3)M3MBOY0 326903

Y -8%ob dobGommdal 3mmbg;

n - 3oM0dg@Mo, Mmdgmoa s0Bgmlb OYEmosbmdol gogmgbsl LM
oo (300dg;

a,b,a, b - 9330600 35675398 M9d0;

O _ 3m3mg@ommmgabo Ga@os(300b dmsbmgdal 3mggazngb@o.

dm(393mmo gobGmmgdoms Lob@gds s3mablbgds dgdmgan LabadPgH™M ©o
Lobyabo 30MmMdgdal godmygbgdom:

Bgo-98Imbgggmmb babmgstidg z=10

Ju_—-7, dv_—7,

-~ - s~ 5 W:07

dz p,v 9z p,V

vT‘QT =0", vsa—S=SO(PR—EV),
0z dz
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begob gbgaddg z = H(x, y)

5 a_Tz()’ a_Sz
0z 0z

uUu=v=w=

0,

3396000 3yo® LodmzMgddy

oT 8S=

’_:Oa P 0:
on don

u=v=0

339000 0bgzem LdbM3Mgddy (BnbsMmgms dgbammseggdmab s abagmg-
00l obggem Lodmgemdy)

Lobyal t =0 3m3968 30
u=u’, v=v°, 7=7° S=5°.

LobodrgmHm s bobyol 30Mmdgddn godmoygbgds dgdwgan 5bndgbgdo:

T, T, - Jofob bobybolb @obagbzoomyn@o ©ododymmdol ggd@meab
3M33mbgb6@gd0, dgbodsdobow, X s ¥ mgfMdgdal aobbgmng;

n — 339cM0m dgsdoMobsoda gofg bm@mdsmo;

0" - Locdmb GO nmab@nn bsgown brmgob bgosdntdy;

PR - 583dmbggeoymo boemgdgdn;

EV- sm@ogdmgds drgob bgmsedncdy;

U, ¥, T, S - obgdob boBgsmab 3m83mbgb@adab, §983g@sdm@abs wo
3oM0m0obmdolb (36mdamo 360d36gmmdgdo mbgze Labmzemdy (sembad-
bymo Loowggdo sbsgmgmal mbgze Lodmgsmdy b3n-ab 0bLEGNENL

begob ©nbsdogol dmegmolb Logydgzgmbdg asdmmgmom  3Mmabmbyym
3603369mmdgb0s, bmemm 3obsfgms dgbommagzgdmsb - Ladmomm 3mods-

&0 360d3bgmmdgda).
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0obdthmo 2
&MdmabEyMa 3gmabl 356337 FMabdy (30

3mM0DmbG oMo LodmabGabs ©s ogdaol (g33gMoGnMmabs o

dofomgdobogol) 3mggo30gb@gdeo U, trs 3obobobrzmgds dgdwgan gmM-
oo [129]

2 2 2
u =Axy 4@} fou v | Hfdv ) K
dx dy Jdx dy cr

u
g =45

Cs

Lo A X A Y ds@ob 3mEModmbGomymn doggdos X ©d ¥ ghdgdal
a3Lb3M0g, ¢ s g IMNBnggdns, MmIgmms 360d36gmmds as8mmazmgddan
s00gdmes 10-0b mma.

300&030er g0 GuPogmgbdgae oggboolb jmygeEngbgde Loom-
dmbo o doMomgdobogolb Vi g aodmomgmgds mdgbmgol dmeogozog-
o gm@Inmob Jobgogzom dgdgabsomaw [189]:

2 2
v, s =(0.05h) (ﬂ] +(ﬂj _8dp
’ dz dz P, 0z

o h ofab bgos GYMdMmabf e Gqgbob Lom®3y, Mm3gma(s
3560b5b3M9ds 08 z,, @MBL dobgog00, Loz bEMMmEgds 3oMmds:

2 2
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The Black Sea Oceanography in the Past
and at Current Stage

Avtandil Kordzadze, Demur Demetrashuvili
Summary

The Black Sea, which is located at the border of Europe and Asia, is a unique
inland water body connected with the World ocean only to the narrow Bosporus.
Influence of the Black Sea on a socio - economic state of Georgia is very important as
for all the Black Sea riparian countries. Besides that the Black Sea is a source of
biological and mineral resources, it has an essential recreational and transport value
for Georgia. In addition, the contribution of the Black Sea to formation of weather
and regional climate is especially important. The Black Sea and the atmosphere may
be considered as a uniform hydrodynamic system, where processes of an exchange
of energy and substances between the sea and atmosphere continuously take place.

This book is the first attempt to introduce the main facts and historical
information related to the Black Sea, its specific features and milestones in the
development of the Black Sea oceanography from the middle ages to the present
including the achievements of the modern Black Sea oceanography, which are based
on the new data-computing technologies.

In chapter 1 basic facts concerning the Black Sea are presented. Throughout
its geologic history, the Black Sea experienced major changes accompanied by
severe environmental modifications, including geomorphologic parameters. Over
millions of years of its history, the Black Sea several times became the lake and the
sea. Accordingly changed its flora and fauna. During 20000-8000 years back there
was no connection with the Mediterranean Sea and on the place of the Black Sea,
there was almost freshwater lake-sea. According to [112], the level of the
Mediterranean Sea about 8000 years ago, exceeded the level of the Black Sea on
100-120 m. About 7000-8000 years ago, again restored the link between the Black
and Mediterranean Seas. According to some experts, the connection to the
Bosphorus could happen suddenly, which would cause a great catastrophe. This
phenomenon is linked to the legend of the biblical flood (Noah’s flood). In the 1990s
geologists from Columbia University W. B. Ryan and W. C. Pitman have suggested
the scientific hypothesis that the scene of the biblical flood was the territory of the
modern Black Sea. At the break of the Bosphorus Strait isthmus and the formation of
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giant waves - tsunami hit the coast and flooded all the lowland. It had to happen
around 5600 BC [62, 63]. archaeological studies of the Black Sea coast confirm the
hypothesis of Ryan-Pitman [14, 111, 112], but this hypothesis has opponents, too.

The ancient Greeks very well knew the Black Sea and Georgia. The information
about them is preserved in the myths and tales of ancient Greeks (Homer,
Herodotus, Strabon et. al.). The famous Greek historian, geographer, philosopher
and military commander Flavius Arrian on behalf of the Roman Emperor in the year
131 AD traveled to the east coast of the Black Sea from Trabzon to Dioscuria (at
present Sokhumi). his journey he described in the book “Periplus of the Euxine Sea”
[2]. It is interesting that in this book he presents the characteristics of waters of river
Phasis (Rioni) and Black Sea on salinity and other properties. The book by Flavius
Arrian is a very important historical source for the study of Colchis of the second
century.

Since the ancient times, the Black Sea has played a major role in Georgia’s
forein economic relations. Georgia established its first trade contacts within the
foreign countries in the second millennium BC. First sea-trade contacts of the
ancient Georgian state of Colchis (the current territory of western Georgia) with
Ancient Greece is dated by XIlI-XII centuries BC. These relations are reflected in the
legendary form in the myth of the Argonauts. It is well known the myth on the
Argonautic expedition in Colchis to secure the Golden fleece from Aeetes, King of
Colchis. They carried away with them the Golden Fleece and Medea, the daughter of
the King. The Golden Fleece and Medea, symbolizing the spiritual and medicine
knowledge of Georgian people, so far excite all minding humanity.

From the 7-6™ centuries BC, i. e. from the founding of the ancient Greek
colonies along the Georgian Black Sea coast, Georgia’s trade via the Black Sea with
neighbouring or distant countries became regular. The character and scale of
Georgia’s sea trade varied over the centuries. In some periods Georgia established
the direct economic Links, via the Black Sea, with countries of the Mediterranean
Sea. At other times, sea trade was limited only by the countries of the Black Sea area
and Constantinople (Istanbul) [4, 13, 78].

In VI-XIl centuries AD the main partner was the Byzantine Empire. From
Georgia to Byzantium mainly exported timber, silks, local craft products, etc.
Especially a great success had Georgian silk and silk clothes, which were worn by the
Byzantine aristocratic society [4].

In XIlI-XV centuries Georgia contacted with the Trabzon Empire, Byzantium,
Mamluks’ Egypt, Venice and Genoa. In this period Georgia’s harbours played a major
role in East-West transit trade [13].
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At the end of the XIX century construction of the Batumi and Poti ports and
Caspian oil discovery led transit function of the Black Sea and Georgia.

In chapter 2 the basic stages of the history of the Black Sea Oceanography are
considered from the middle ages to the present.

Systematic study of the Black Sea began in the second half of the XIX century,
when it launched large-scale scientific expeditions. Before that there were episodic
researches, among which it is very important the discovery of the Bosporus upper
and lower currents in 1679 by famous Italian diplomat and scientist of the XVII
century Luigi Ferdinando Marsili. In the history of the Black Sea Oceanography it was
the first major study that he carried out by direct measurements. In addition, Marsili
carried out laboratory simulation of Bosphorus flows, too [58, 59, 61, 64, 170].

In 1885 famous oceanographer and the vice-admiral of the Russian fleet C. O.
Makarov has carried out detailed hydrological research of Bosporus two-layer
current and thoroughly has established, that less salty water of the Black Sea by the
upper current enters into the Sea of Marmara, and more salty water of the Sea of
Marmara by the deep current enters into the Black Sea [174, 175].

Great contribution to the study of the Black Sea hydrology made complex Black
Sea depth-measuring expedition which was led by Russian oceanographer and
meteorologist I. B. Shpindler in 1890-1891. During the expedition were made great
discoveries, such as: 1) the cold intermediate layer at a temperature below 8°C, 2)
contamination of deep layers of the Black Sea by hydrogen sulfide and the absence
of fauna, 3) waters with high salinity (34%e.) at the Bosphorus flowed into the Black
Sea with deep current from the Sea of Marmara. With this, it became clear that the
deep layers of the Black Sea are a mixture of waters of the Marmara and Black Seas,
4) It has been proven that the bottom of the central part of the sea like a flat bowl
with the greatest depth of up to 2245 m, 5) monotonous growth of temperature and
salinity from depth 200 m to the bottom up to 9°C and 22,3%o, respectively.

Since 1920s study of the structure and dynamics of the Black Sea have received
very widespread development. In 1923-1935 a large oceanographic expedition was
carried out, which was led by Russian scientist and oceanographer O. M. Shokalski,
and then - under the guidance of his disciple V. C. Snezhinski. Since 1932, V. V.
Shuleikin has become the leader of the expedition. During the expedition large-scale
studies of hydrochemical, biological and hydrological processes of the Black Sea have
been conducted, the first Black Sea relief map was made up, the general cyclonic
character of the Black Sea has been established.

almost at the same time one of the most significant expeditions in the history
of the Black Sea oceanography carried out in 1922-1928 — Azov-Black Sea research
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fishery expedition under the leadership of N. M. Knipovich. The first monograph on
the Black sea hydrology belongs to N. M. Knipovich [141]. In his monograph the
scheme of the surface circulation of the Black Sea is given, according to which the
main elements of the surface circulation are two cyclonic eddies in the open part of
the sea basin. (so-called “Knipovich’s glasses”) and the cupola-shaped form of
salinity and density fields at the centers of these eddies were established. The
subsequent researches have confirmed the basic conclusions given by Knipovich.

It is necessary to note the large contribution to the many spheres of the Black
Sea oceanography of the Academician V. V. Shuleikin. In 1929 he has based the
hydrophysical station of the Black sea (Kaciveli, Crimea). Further, on the basis of this
station the Marine Hydrophysical Institute was based (MHI, Sevastopol).

Since 40-50s of the last century wide use of physical and mathematical
methods in study of the Black sea dynamics began, but fast development of
computer facilities considerably has promoted numerical modeling of hydrophysical
processes since 60-70s. The review of articles on numerical modeling and state of
this problem by 80s of the last century are given in the monographs [148, 220].

The first scientific works on numerical modeling of dynamic processes of the
Black Sea on the basis of a complete system of the ocean hydrothermodynamics
equations were executed in the Computer Center of the Siberian Branch of the
Academy of Sciences USSR [146, 148, 187, 188]. To solve the problem a splitting
method with respect to physical processes, coordinate planes and lines was used.
The splitting method was offered by Academician G. I. Marchuk for solution of
nonstationary problems of ocean and atmospheric dynamics and enables to reduce
solution of complex nonstationary problems to solution more simple 2D and 1D
problems [181-183].

Further, in process of fast development of computer facilities since 1990s the
opportunities for development of numerical models with high resolution have
appeared [19-21, 31-33, 36, 56, 65-67, 102-105, 121, 151, 153], which have allowed
reproducing dynamic processes in the Black Sea by the greater adequacy.

Approximately during last two decades the Black Sea ceanography achieved
significant successes. Development of in-situ and remote sensing methods and
effective data-computing systems promoted creation of the Black Sea
Nowcasting/Forecasting system, which is the large scientific and technical
achievement of the Black Sea operative oceanography [46-48, 50, 51, 97]. Such
system allows carrying out continuous control over the current state of the Black Sea
and its change for some days forward. At present the Black Sea no-
wcasting/forecasting system is functioning in the near-real time and provides the
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short-range forecast of basic hydrophysical fields — the current, temperature, salinity
and sea level. The main components of this system are basin-scale model of the
Black Sea dynamics of MHI and some high-resolution models of coastal dynamics.
One of them is the regional model of sea dynamics for the easternmost Black Sea
water area developed at M. Nodia Institute of Geophysics of . Javakhishvili Thilisi
State University [39].

In chapter 3 the main features of the Black Sea Hydrology are discussed among
which is very important hydrogen sulfide contamination of Black Sea waters. The
significant attention is paid to circulating and thermohaline features of the Black Sea
and its pollution by anthropogenous impurity, especially by oil products and biogenic
elements.

Hydrogen sulfide in deep layers of the Black Sea has attracted the attention of
scientists since its discovery in 1890.The study of spatial - temporary distribution of
this poisoning gas has become especially intensive since 1920s. During expeditions
headed by N. M. Knipovich and |. M. Shokalski it became clear, that the upper
boundary of hydrogen sulfide contamination is observed on horizon of 125 m at the
centers of cyclonic vortexes [141]. The analysis of data assembled during these
expeditions has shown, that the upper boundary of spreading of hydrogen sulfide is
not invariable and changes in time and space, which is caused by system of currents
and vertical circulation of waters [141, 211].

According to modern observations, the hydrogen sulfide concentration grows
with depth till 13-14 ml/I [85]. Here only anaerobic bacteria can exist. The oxygen
zone occupies the upper layers of the sea up to 120-150 m of depth. Thickness of
this layer changes in different areas of the Black Sea depending on a season,
meteorological conditions and circulation. The upper border of the anaerobic zone in
summer season has the original cupola-shaped form on the depth about 80-100 m
from the sea surface, but above the continental slope the border between oxygen
and anaerobic zones much deeply are available up to 150-170 m. Between these
zones the transitive zone — redox-zone is formed, where an oxygen and hydrogen
sulfide coexist. In the redox-zone continuously there are processes of chemical and
biological oxidation of sulfurated compounds.

Now, large attention is paid to study the long-term variability of hydrogen
sulfide concentrations in the Black Sea and its balance, as last decades the tendency
of growth hydrogen sulfide is observed in conditions of anthropogenic loading [161,
162]. In [162] The long-term variability and estimation of balance of the hydrogen
sulfide in the Black Sea is analyzed.
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At present, the problem of search alternate, ecologically clean sources of
energy is a very urgent problem for many countries. With this purpose the hydrogen
can be used. One of the possible ways of reception of hydrogen is to use technology
of its production from hydrogen sulfide of deep layers of the Black Sea [85, 194].
Hydrogen sulfide in the Black Sea is considered as practically the inexhaustible raw
material for production of energy and sulfur.

In [85] the offered methods of sulphuretted hydrogen selection from deep
water are critically considered. According to the authors only the membrane method
of gaseous sulphuretted hydrogen extraction without lifting out of waters on a sea
surface is perspective for practical realization.

It is necessary to note, that despite several decades of history of attempts of
utilization hydrogen sulfide of the Black Sea, till now practically implemented
technologies of allocation of the hydrogen sulfide from sea water are not developed.

The Black Sea circulation is one of the major factors determining distribution of
thermohaline fields and some substances of anthropogenic and natural origins. In
the last years hydrophysical observations [55, 166, 224], results of mathematical
modeling [55, 56, 65, 105, 158, 190] and satellite data [23, 100, 158, 190, 209]
promoted better understanding of the Black Sea circulation. Fig.3.1 gives a clear
picture of the nature of the Black Sea surface circulation: the main Black Sea current
(the Rim Current) by a cyclonic ring, which covers whole basin and some cyclonic
circulations in the west and east parts of the open water area.

The Rim Current flows approximately over the continental slope and has a
width of about 40-80 km, where currents are about 25-30 cm/s. At strong
atmospheric winds sea current speed can be more than 100 cm/s. The Rim Current is
observed throughout the year and is amplified and stabilized in the autumn and
winter seasons. It is hydrodynamicaly unstable eddy and is meandering. The
meandering promotes generation of coastal anticyclonic eddies between the Rim
Current and the coast. Such coastal eddies are: Bosphorus, Sevastopol, Crimea,
Caucasus, Sakaria, Sinop eddies, etc. Among these eddies is the Batumi anticyclonic
eddy, which is more intensive and stable formation, especially in the warm season.

one of the Specific features of the Black Sea is also a specific thermohaline
regime that is being studied in many publications [80-84, 106, 132, 142, 143, 165,
171,177, 198, 212, 220, 228]. The Black Sea is a strongly stratified water body and is
characterized with rapid increase with depth of salinity and density. This is due to
permanent freshening of sea surface waters because of inflow of fresh river waters
and less salty waters of the Sea of Azov into the Black Sea.

181



The Black Sea on a vertically can be divided into the following layers: quasi-
homogenous mixed layer, seasonal thermocline, cold intermediate layer, permanent
halocline and deep layer.

The seasonal thermocline, which is formed in March-April, is characterized with
high vertical temperature gradients. Change of temperature in thicker 50 m in
summer is 15-20°C. Cold intermediate layer can be observed throughout the Black
Sea on depth about 50-80 m and 8°C isotherm marks its upper and lower
boundaries. This layer is formed due to winter cooling in the North-West area of the
Black Sea. In winter waters of this area become cold up to 2-3°C (most sometimes
freeze). Because of convective processes the cooled surface waters fall down up to
depth approximately 60 m and further general cyclonic character of the Black Sea
circulation causes transfer of these waters to other areas of the sea [148, 220].
Permanent halocline is a layer with high vertical gradients of salinity. Salinity in this
layer increases approximately from 17,5%o to 18.3%o , except for the north-western
part, where anomalous low values are observed due to the increased river inflow. In
deep layer below 200-300 m the temperature and salinity are highly homogeneous
on horizontal direction and a minor increase of both temperature and salinity with
increasing depth can be observed.

Isosurfaces of salinity and density in the upper layers have a convex form. The
salinity and density fields are in good correlation with one another. Fields of salinity
and density are also well correlated with the circulation [35]. In difference of salinity
and density the distribution of temperature in a smaller degree is correlated with
circulation. It means that in formation of temperature field the advective factors do
not play a large role in comparison with eddy diffusion and sea-atmosphere thermal
interaction.

In recent decades, an intensive pollution of several regions of the World ocean
with oil products and other highly toxic substances of anthropogenic origin takes
place. In this regard, a special place is held by inland water bodies, which are
particularly sensitive to anthropogenic loads due to their low water exchange with
the World ocean.

Primarily, the aforementioned fact may be referred to the Black Sea, where the
pollution progresses significantly. It is well known that the Black Sea is one of the
most contaminated basins of the World ocean due to anthropogenic impact and
hydrological features. For the Black Sea, as well as for other seas, oil and oil products
are the most common and dangerous pollutants.

According to the data given in [159], the annual quantity of oil emissions into
the Black sea (for 2003) was 110000 tons. In one of the documents prepared by the
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Parliamentary Assembly of the Council of Europe [54], where the contribution of
large rivers to the Black Sea pollution is quantified, it is mentioned that only the
Danube annually carries out into the sea 50000 tons of oil products. Nowadays the
Black Sea plays a role of corridor for oil transportation from the East to the West,
and in the coming years this transportation is expected to increase. This fact creates
a sufficient potential threat of even greater ecosystem pollution with oil products.

Among the major emergency oil spills in the Black Sea over the past decades
include the following. in October 1977 in Bosporus Strait as a result of damage to the
Soviet tanker 20000 tons of oil spilled into the sea. in November 1979, as a result of
the collision of the Romanian and Greek tankers 64000 tons of oil spilled into the
sea. Large emergency spill occurred in the Kerch Strait as a result of the storm of 10
and 11 November 2007. A strong storm hit the Kerch Strait located between Ukraine
in the West and Russia in the East, and linking the Sea of Azov with the Black Sea.
Extremely severe conditions lasted 9 hours. Winds exceeding 30 m/sec produced the
over 4 meter-high waves. A strong storm resulted in thirteen vessels being sunk,
stranded or damaged and the incident caused loss of life, or property, and
environmental harm. According to the data provided by the Ukrainian Ministry of
Transport, the total amount of the immediate spillage was 1300 tonnes of heavy fuel
oil, 2,3 tonnes of oil lubricants, 25 tonnes of marine diesel fuel oil and 5,5 tonnes of
heating oil.

Studies carried out in Batumi-Gonio coastal zone (Georgian Sector of the Black
Sea) in 2008-2009 [3] showed that the concentration of petroleum hydrocarbons
were within 0,04-1,74 mg/l. These studies also showed that major polluters of the
Black Sea by oil products are rivers Bartskhana, Korolistskali, Supsa and Khobi.

With the purpose of ecological monitoring of the Black Sea the modern satellite
radiolocation has great importance. The satellite radiolocation is very effective tool
to identify oil pollution zones and sources in basin scale operatively [169, 172, 209].
As a result, satellite monitoring in 2009-2011 identified more than 600 cases of
pollution of the Black Sea by ships.

For the fish fauna of the Black Sea biogenic elements (nitrogen, phosphorus,
silicon, etc.) are one of the dangers of sea pollution, which fall into the sea through
rivers, groundwater, etc. These elements are the nutrients for algae. Inflow of such
substances in large quantities in the Black Sea causes eutrophication. Eutrophication
causes Intensive breeding and the growth of phytoplankton, which resulted in a
sharp decrease in commercial fish and recreational potential of the Black Sea. The
Danube River is the most powerful source of nutrients. From the river about 60000
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tons phosphorus and 340000 tons of inorganic nitrogen per year flows into the sea
[158].

Striking example of violation of the marine ecosystem as a result of
eutrophication is the north-western shelf of the Black Sea in the 60-70s of the last
century. Many experts regarded eutrophication as the most significant cause of the
destruction of the marine environment of the Black Sea, starting from the 1960s.

Radionuclide and heavy metals are the major part of anthropogenic pollutants
in the Black Sea marine ecosystems. The main sources of Black Sea pollution are
atmospheric fallout, the big rivers run-off as well as local pollutant emissions. The
Chernobyl accident resulted in a great amount of radionuclide impact on Black Sea
marine ecosystems and especially radionuclide accumulation processes in biota. The
increase of technogenic and natural nuclide concentrations in seawater leads to a
change on the natural background of the marine environment and affects the living
organisms.

The determination of anthropogenic pollutants is of great importance because
it is involved in biological cycle and has a high impact on marine ecosystems. The
fishes represent the last trophic level of the aquatic food chain and an important
food source for people. Therefore heavy metals in the aquatic environments are
transferred through the food chain to humans [30].

In order to reduce the anthropogenic load and preserve the ecosystem of the
Black Sea, broad international cooperation has established among the Black Sea
countries since the 1990s.

In chapter 4 a regional operational forecasting system of the easternmost part
of the Black Sea developed within the international scientific—technical EU projects
ARENA and ECOOP is considered [37-44, 150-152]. The regional system is one of the
main components of the Black Sea Nowcasting/Forecasting system. The regional
forecasting system consists of hydrodynamic and ecological blocks. The
hydrodynamic block includes M. Nodia Institute of Geophysics high-resolution 3D
regional model of the Black Sea dynamics with 1 km resolution (RM-IG), which is
nested in the basin-scale model (BSM) of the Black Sea dynamics with 5 km
resolution of Marine Hydrophysical Institute (MHI, Sevastopol). There is applying
one-way nesting which provides forcing of basin-scale processes on the coastal
processes via the open boundary.

The parts of the ecological block are 2D and 3D models of spreading of
polluting substances in the sea environment.

The basis of RM-IG is a complete system of hydrodynamics equations written in
a rectangular Cartesian Coordinate System. The following basic factors are
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considered in the model: 1) wind effect and the flows of heat and salt; 2) bottom
relief and configuration of the sea basin; 3) shortwave radiation absorption by the
upper layer of the sea; 4) spatial-temporal variation of viscosity and diffusion
coefficients; 5) streamflow of Georgia’s rivers.

The 2D and 3D models of spreading of polluting substances are based on
solution of advection-diffusion equations for non-conservative impurity. These
models use sea current fields predicted from the RM-IG.

All required input data with one hour time step frequency corresponding to 3
days’ forecasting time period are available in near operative mode from MHI via
Internet. These data provide initial and boundary conditions for the RM-IG.

The two-cycle splitting methods are used to solve the problems included in the
regional forecasting system [181-183]. This method substantially simplifies the
implementation of complex physical models and enables us to reduce solution of
nonstationary problem to solution of more simple 2D and 1D problems.

The regional forecasting system provides 3 days’ forecast of main hydro-
physical fields — the current, temperature and salinity with 1 km spacing in the
Georgian sector of the Black Sea and surrounding water area, but in accidental
situations — also the forecast of spreading oil and other polluting substances.

With the purpose of demonstrating the functioning of the coastal forecasting
system some results of marine forecasts are discussed.The regional area, which is
limited to the Caucasian and Turkish coastal lines and the western liquid boundary
coinciding with a meridian 39,08°E, is covered with a grid having on horizons 215 x
347 points with step equal to 1 km. On a vertical the non-uniform grid with 30
calculated levels on depths: 2, 4, 6, 8, 12, 16, 26, 36, 56, 86, 136, 206, 306, ..., 2006 m
are considered. The time step is equal to 0.5 h. The software of the problems
involved into the forecasting system is developed on the basis of the algorithmic
language “Fortran”.

In July 2005 a pilot experiment on functioning of the Black Sea Nowca-
sting/Forecasting system in the near-real time mode was carried out for the first
time in the Black Sea region. Comparison of calculated forecasts of the hydrophysical
fields (flow, temperature, salinity) in the Georgian Black Sea coastal zone to the
natural data has shown ability of the RM-IG to predict really dynamical processes in
the Georgian coastal zone. Furthermore, we carried out comparison of simulated sea
surface temperature (SST) with satellite images SST derived from NOAA
(http://dvs.net.ua/mp). The analysis of results of comparison show that the
quantitative difference in many cases does not exceed 0,6-0,7°C [39].
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There are considered three examples of the forecast corresponding to 6-9
August 2010, 26-29 October 2010 and 25-28 July 2011. The analysis of the
forecasted fields shows that in many cases the main element of the regional
circulation in the easternmost water area of the Black Sea is the anticyclonic eddy
(the well-known Batumi eddy). The Batumi eddy is well-known among all coastal
eddies of the Black Sea because of its intensity. This eddy is observed most of all in a
warm season, but it can be formed also in winter. This eddy is quite stable and it
covers 300-400 m vertically. In different years the Batumi eddy reaches its maximum
intensity in different months. Numerical experiments carried out in [19] on the basis
of the basin-scale model of the Black Sea dynamics of M. Nodia Institute of
Geophysics at different climatic input data show that generation of the Batumi eddy
in the south-eastern part of the Black Sea depends on thermohaline conditions, i. e.
on some peculiarities of temperature and salinity fields.

The main feature of the regional circulation in 2010 was the existence of the
Batumi eddy practically throughout the summer. It was a rather steady formation
which achieved maximal intensity with diameter 150-200 km in August and covered
a significant part of the considered regional area. The Batumi anticyclonic eddy
essentially influences on distribution of salinity field (Fig. 4.11). In the central part of
the Batumi eddy the zone of relatively lower salinity is observed. This low salinity
zone is provided by descending currents developed in the anticyclonic eddy, which
transfer relatively fresh waters from the upper layer downwards. From Figure is also
well visible that the peripheral current of the Batumi eddy provides penetration of
waters with relatively high salinity through the open boundary from the central part
of the Black Sea to the Georgian coastal area. This phenomenon more evidently is
expressed by results of high-resolution RM-IG than by BSM of MHI.

The comparative analysis of predicted fields by both RM-IG and BSM of MHI
show that to use the model with high resolution is very important factor for
identification of coastal eddies of small sizes and in general for exacter reproduction
of coastal dynamic processes.

During the functioning of the regional forecasting system in the near-real time
a significant volume of the results of modeling and 3-day forecasts of dynamic
processes for 2010-2016 are accumulated in the easternmost Black Sea. In Figs. 4.25-
4.29 the computed surface-fields for 2012-2016 are shown.

The analysis of the material cumulated for the registered period shows that the
Georgian coastal zone and its surrounding water area is a dynamically very active
zone where is a continuous formation of different circulating processes considerably
distinguished from each other, throughout the year, the continuous generation,
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deformation and disappearance of the cyclonic and anticyclonic vortex formations
occur in the easternmost part of the sea.

The transport models of oil (2D task) and other substances (3D task) are
included in the forecasting system as a separate modules and enables to calculate
and forecast pollution zones and concentrations in special cases. With this purpose it
is required to input in the calculated program written on Fortran the following
parameters: coordinates of source location, amount of emission, duration of
emission and the parameter describing the change of pollution concentrations due
to physical and biochemical factors depending on the type of polluting substance.

Figs. 4.30-4.33 illustrate forecasted regional circulation in the easternmost part
of the Black Sea and drifting of oil slick in case, when an hypothetical emergency oil
emission in 50 or 30 tons quantity occurred during 2 hrs. Calculations carried out in
different locations of hypothetical sources at real circulating modes show a
significant role of dynamic processes in formation of the spatial-temporary
distribution of pollution.

Figs. 4.34-4.35 illustrate results of 3D simulation of the distribution of the
nonconservative impurity which has been discharged into the sea from rivers
Chorokhi and Rioni in the following amount per 1 s: from river Chorokhi — 100000
reference units, from river Rioni — 10000 reference units, respectively. The current
field corresponded to the forecasting interval: 6-9 December 2014.

Further improvement of the forecasting system is connected with inclusion
into system the models of forecast of wind driven surface waves, biochemical
processes, etc. In addition, the new very high-resolution version of the coastal
forecasting system will be elaborated for Adjara coastal zone and Poti water area
(with horizontal grid steps 100-150 m). The functioning of this version will be
possible jointly with the main version of the forecasting system. Thus, the complex
regional forecasting system will be developed, which will combine the forecasting
system for the Georgian coastal zone with 1 km resolution and the forecasting
subsystem for Adjara and Poti water areas with 100-150 m resolution.
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