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Bsenenne

Mzicis 0 TOM, 9TC BOJA €CTh IEPBONPHINHA BCCX BEMCH, ObuIa BRICKa3aHa
apesrerpedeckam dmocodom @anecom eme B Hauane VI Beka fo Hamiel 3psL
Bes - nmocnenyromas  HeTopHs  yOSAWTENBHO NOATBEDIINA  CIPABETHBOCTD
reamanproi goramkd @aneca. OaHAKO0, K COXAICHMIO, TOHUMAHAE TOT0, YTO BOAA,
no- obpassomy seipaxkemmio JIJK. Temmepcoma, «ecth m Oyaer cameim
PACHPOCTPAHEHHEIM M CAMBIM BAKABIM U3 BCEX BEMIGCTBY, HHKAK HE COITIACYETCA C
0e30TBETCTBEHHBIM OTHOHICHHEM K meH genoseuectsa [Tonoxonmes, 1991]. Ora
0€30TBETCTBEHHOCT [0 npexena 060cTpmia npollieMy BOZE Ha 3eMHOM miape,
npobieMy, KOTOpYIo B o0meM BAAE MOXKHO CHOPMYIHPOBATH KaK HPOTHBOPEYME
MeXAY BO3pacTanreM oOmecTBeHHbIX oTpeGHOCTelH B BOJE BEICOKOrO KauecTBa, ¢
OZHOif CTOPOHEL, H HPOACIDKAIOIIMMCS €€ YXYIICHHEM B JedummaToM — ¢ APYTOii.

Ecmu ceromms oxomo 1,7 Mmwumapaa moxei, To ects 40% HaceneHus
3emymt, B Gonee uem 80 crpamax cTpafaioT ot abGCOJMOTHOrO HIIM XPOHWYECKOro
nedwrnara BOASI, 1 13 BuxX He Menee 400 MHUINHOHOB YEI0BEK XHUBYT B PETHOHAX C
cephe3HbIM JedmmToM BoIE, TO k 2025 rogy yxe ABe TpeTH uenoeeuectsa OyayT
CTpajarh OT HeXBATKY BOAFL

Cornacro nasasiM FOHECKO x 2050 roay 7 mMmmmaapzios uelioBek B 60
cTpanaX (Mo NMECCHMACTHYECKHM HPOrHO3aM) Wik 2 MEIIIHAp/Aa 4Yciosek B 48
cTpaHax (0 ONTUMHECTHYESCKMM HPOTHO3aM) CTONKHYTCS ¢ MPOGIeMOi HEXBATKH

pozsl. Y curyanums MoXer TONGKO YCyryOnarscs, OCKONBKY HACENCHUE TNaHeThE
B HACTOAIIEE BPEM# YBETHIABACTCA HNPEMEPHO Ha 80 MIIITHOHOB UEIOBEK B TOJI, a
pacxol BOJH 32 TIOCHENHME RECATHIETHSA BO3PAcTaN BABOE OmicTpee, 4eM pocT
HaceneHu. Jleduimr BoAs 000CTpAETCA POCTOM ONATOCOCTOSHESA, NOBEIICHHEM
JOIM MACHEIX NPOLYKTOB B pAMOHE NHTAHWA, a TAKKe HM3MECHEHACM
pacnpee/ICHH OCAAKOB Ha 3¢MHOH ITIOBEPXHOCTH.

CraracTHuecKail  CpexHeeBpONeHCKM  ypOBSHB IOTPEONCHHS  BOXBI
cocrasiier 200-300 yETpOB IpecHOH BOABI Ha WeJIOBEKA [ia GHITOBBIX Leiei B
IeHs, 9T0 NpPEBHIIAET MENMMaNbHBIH pacxox B 10-15 pas. IlpecHas Boma
CTpeMATENEHO TpeBpamaerca B aedumurHeif npmpoamsii pecype. 3a XX
cToNeTHe ee moTpebieHNUe YBeIMUMmIOoch B 7 pas, TOrAa Kak HACENCHHE TIAHETHE
BeIpocao erpoe. He cirygatino OOH o6sasmna 2003 rox MexayHapoHeM rofoM
TIPECHOH BOJHI.

Ofecneyesne HAPOAHOro x039HCTBA H OHITOBBLIX HYKI HACENEHMS
BoJIoii sIBJIsIETCH OMOl M3 ocTpelimmx mpoGiaem B PecriyGimce Hemen [Ans
Mypeim Xanen A6go Campn Anm, 2002, 2003, 2004, 2006, 2007, Opymus, Amb
Mypeiim Xanen A6no Caun Amu, 2005, 2006].

B HacTosiiiee BpeMs B CpeHEM Ha IYITY HAcelIcHMs B VieMeHe mpuXOMHTCH
223 xy6. M B roj 0OHOB/IAEMEIX BOAHKIX PeCypcoB. Ecim ke IpeanonoxuTs, 910 B
Gyymenm TeMPLI DPEPOCTA HACEIeRws Memena COXpansics Ha CymMCCTBYIOMEM

- YpOBHE, TO IPEMEPHO Yepe3 ABa JECATKA JIET 3TOT IOKa3aTeas He Oyner
mpesoimarh 150 ky0. M B roa. Ilo cymecTBylOmEM npOrHO3aM KOJHYECTBO
BO300HOBIZEMEIX BOX Ha YNy HACeHCHUS NpuMepHo depes 30 ner yMeHbmwTes




g0 100-76 xy6. M B TOA, Y4TO 3HAYMTENLHO MEHBINE €70 (PHIHONOTHIECKUX
morpebHoOCTei.

B HacTosmee Bpemsa Ha JyImly HaceleHHs B VieMeHe B CpenHEM
norpebnserca okono 1250 xy6. M BOXHI B IO, TO €CTH PACXOAYETCH HE TONBKO
H3ORITOK 3TOr0 IPHPOAHOrO Pecypea, HO H HeMaAHO YHHITOXKACTCA caM pecype. B
wrore B Macmrrabax Bceil cTpaHE! BHIKAUABAHWE HOA3EMHBIX BOJA B IIOJTOpA pasa
[pEBHINIACT BEIHIAHY HX BO30OHOBJICHHA. JTO CO3JACT CEPLE3HYI) Yrpo3y
BOJIOCHA0XKEHHIO BO MHOTHX PpEeTHOHAX CTPAHBI, NpeXae Bcero B nambonee

~ KpymHBIX ropogax [Axs Mypeim X.A.C.A., Opymun, 2006].

Tomexo 35% Hacenenns MeMeHa NONyJaioT BOAY, HPUTOJHYIO A IATHS. B
ropofax 3TOT IOKA3aTeNb COCTABIAET OKONO 74%, B CENMBCKOM MECTHOCTH — OKOJIO
14%. Tocnencrsus MCHONb3OBAHNA HEKAUECTBEHHOM BOMHE BECHMA TDATMYHEL
Oxono 70% cMepredt nereif B TPYAHOM BO3pacTe BHI3BAHO PpasTHIHBIMH
3a00JIcBaHUAMM, HOYIaEMBIMHE Jepe3 BOAY. ‘

IlpoGnemss ofecrieueHHs HaceneHEst Pemena xauectsennoi BOJ:[OH
OCOKHAOTCA OBICTPHIM M HE KOHTPONHPYEMBIM CTHXHIHEIM pa3pacTaHHEM
TOpOAOB, 00YCIOBICHHRM HHTEHCHBHBIM MPUTOKOM B HHX CEIILCKOTO HACEICHHS.
B OonsmoMm KonmmdecTBE JOMa CTPOATCS HAa IPHTOPOAHBIX 36MILIX; I
OTCYTCTBYIOT BOJOTIPOBOIHAY ¥ KAHAIH3AIMMOHHAS CETH.

TlpuMepEO Tpm HeTBEPTH HEOUMICHHEX BOA NPHMOPCKHX TOPOJOB
cOpaceBacTCd HEHOCPEACTBEHHO B MOpe, 49ro rybmrensHO JelicTByer Ha
mxtrotaysy, Br3EBaeT 3aboneBanne Kok ¥ 00yCIOBIHBAET APYTHe 60Ne3Hu y
Hacenenus. JT0 BEChMA CEPhE3HAs HKONOrmuecKas npobieMa, Tak Kak y OYEHb
HeOOMBMIOro MO ILIOM@ENHM TOCYAAapCTBA MPOTSDKEHHOCTH -MOPCKOH Geperosoi
maeem BRons Kpacaoro u Apasatickoro mopeit cocrasier G6omee 2000 xm.

- OCHOBHEIMH IIPHYHHAMHA BOAHOTO Kpusuca B PecmyGmike Hemen smusercs
TIOCTOARHO' Bospac'ralounm CIIpoC Ha BOAY B pe3yibTare POCTa HaceleHHA (WO
TeMIaM PoCTa HaceTeHusa VieMeH 3aHMMaeT MATOe MECTO B MHDE, ONEpEKas BCe
apyree  crpaet  Azmm - 4,1% B rox), pacmmpesms  ruiomianeit
CEIbCKOXO3AUCTBEHABIX  yrogmi, TPeOylommX HCKYCCTBEHHOTO. OpPOMEHMS,
OTCYICTBHE CO CTOPOHH TIOCYNAPCTBEHHEIX CJYXO KOHTPOJA 3a TponeccaMu
H3BNIEYCHAS U IOTPEONECHAA HO3EMHKBIX BO/I.

CIOXHOCTS: PeleHus HpobieMs! BogooGecnedenns B Pecnyﬁnmce Hemen

o0ycnoBieHa  ClEAYIOMMMY - IpraanamMu: 1. TIpakTiaecKuM OTCYTCTBHEM
MOREpXHOCTHEX BON cvimu (ozep, pex). 2. Boprmoli wecnenmocTmio Hacenen:ss
(18349000 uenopex B 2000 r.). 3. BrICOXHM IOKasaTeNeM CPEIHETOIOBOTO
npapocta Hacenemmsa (4,1% B 12000-2005 1r.). 4. HeBHCOXHM IIPOICHTOM
ropozckoro Hacenenma (25% B 2000 r.) u 3HawATenbHON J0NeH «pacCeTHHOTO
Hacenerma. 5. HeBHCOKMM YpPOBHEM SKOHOMHYESCKOTO . Pa3sBRETH (BHYTDECHHEN
BaJIOBOM IPOAYKT, PACCUHTAHHEIN O MAPAMETDPY IOKYHATENbHOH CIIOCOOHOCTH, B
2000 r. cocrapmn - 14400 mm. US 3). 6. HeGomsummmM.  KOJHAIECTBOM
TIPOH3BOAMMOi 3Hepray (B 1999 r. exeroanoe Mpor3BoACTBO 3Hepruy — 240 MiH.
xBr4). 7. Kpaiine HepaBHOMEPHEIM DaCHPCHCHCHHEM OCAAKOB IO TCPPHTOPHH
pecuybnuky H He YBA3KOH WX ¢ paOHAMH MaKCHMANBHOTO BOAOIOTpetnenms.




B c¢Bm@H ¢ H3IOKCHHEIM  BCECTOPOHHMEH  aHAM3 - UpoOIeMsl
‘Bomoobecmeuenns B Pecny6muke Memen mpencraBiser cobol aKTyasbHyro
3224y, TAK KaK MPH YCIIEIMHOM €€ PEHICHHA OKA3HBACTCS BO3MOXHEIM BBIABHTH
OCHOBHEIC TpHuUMHE ne(uwuura npecHOM BOAKL, HPOBECTH ~ HEOOXOAHMMEIE
TMPHPONOCXpaHHKHE Meponpuirud H paspaborars CHCTEMY PpauHOHAIBHOIO
YHOPaBJICHHS BOXHBIMHU PECYPCaMH.

1. ®mnke-reorpaduyeckoe onucanne Pecny6mxn Hemen

Memen pacnonoxeH B I0OKHOM gacTu 0parslrmcxoro [OIYOCTPOBA, MEKILY
12° m 20° CEeBEPHOH MMPOTH M AOAroTH 41° 1 54° x BocToky or I'puHBMHA.
Pecrty6maxa Hemenckas (Ams-/lxymxypus ams-Vamanus) - rocyaperso Ha 1oro-
3auafe Apasuiickoro noxyocrpoBa, Osuta ofpazosasa 22 Mas 1990 r. B
pesynbtate obnemunenms Viemencxod - ApaGckoit PecmyGmaxu (AAP, wm
Ceseprniit Memen) n Haposmoit leMoxpatuueckoit Pecnybmma Hemen (HJIPH,
i KOxasi Hewmen). Ha ceepe rpanmunt ¢ Cayaosckoit Apasueif, a Ha BOCTOKE
— ¢ Omanom. Ha rore Hemen oMmiBaercs BofaMu ApaBuificKoro Mops i AZEHCKOTO
3ammBa, Ha 3amane — Kpacmoro mops. Memeny mpumammesxar Taxe 0oCTpoBa
Kawmapau 8 Kpacsom Mope, ITepam 8 Bab-oms-ManneGexom npommse, Cokotpa B
Apenckom 3amase. Inomams Memena 527,9 teic. k8. kM. Cromama — Cara (pHC.

1).

Puc. 1. Kapra-cxema reorpadmueckoro nonoxenus Peciry6maxu Hemen

bomemas  gacts ﬁemena 3aAHATE  TOPHRM MACCUBOM C G?_T!!.-HQ
nepeceueHHBIM penbedom: Ha 3anane (,I[xceﬁens), mraro Ha cesepe (IHapmu) u
CTON006pasHEIME ‘MacCHBaMH Ha BOCTOKe (Xappamayt), Imb y3kad HOxoca

nobepexsa npencrasaer coboll mamennyio pasuuy (Tuxama). TIpubpexnas
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paBRMHa y3KOM mnosoco#, mmpwHo# 20-30 kM, mectamum g0 80 kM., BIOME
Kpacnoro mops u Anencxoro 3amiBa (THxama) mporaruBaercs oT Gepera Mops
10 moxHOXbs1 rop. Ee abcomornsie orMerku coctaBimior oT 40 xo 200 m.
PaBHHHHAY NOBEPXHOCTD OCJAOXKHEHA PYCIIaMH MHOTOUHCIICHHEIX Bay(i, IMAPHHA
JHHIMA KOTOPHIX Y HPEeATopHi cocTasiger okoio 49 M., a 6mmke k Gepery Mops
yBemrauBaeros £0 200 M. Hanpawe Ha MOBEPXHOCTH JIETKO BOAOIPOHHI[AEMBIX
FOPHEIX NOPOX, NIOCKWX M BOTHYTHX (popM. pembeda cnocoScrByer GHCTpOM
ARQWIBTPauK aTMOCHEPHEIX OCA/KOB, BHINAJAIONIEX 34€Ch, XOTI H B OYEHD
HE3HAaYATCARHOM KOMHYECTBE, ¥ He Onarompmsrcteyer GopMEpoBanmo
TOBEPXHOCTHOrO CTOKAa.. (OJHOBPEMCHHO OSTH . YCJIIOBHA ONAarompHATCTBYIOT
NONONHEHMIO 3a11aCOB IPYHTOBHX BOA, 0COOEHHO B IEPHOX JIMBHEBHIX JOKICH.

KnwmMar crpaHBl pasiudeH B PasHbIX PErHOHAX: B ropax IONy3acyILIMBEII,
HO YMEDEHHBIH, B JOXXHOHK IyCTHHE — OYECHDL JKaDKuii, a JeTHHE H 3UMHHE BETPHI
9acTo MPHHOCAT MECUaHEle OypH. Cpemmx Temmeparypa moHs okomo 27°C, a
CpeHsA TeMmeparypa AuBaps — okono 14°C [Becs mmp..., 1998]. Ha noGepexse
Kpacnoro mops xmmar tpymaonepenocuMeli. Cambii rop;m»rﬁ C€30H C Mad 1o
ceHta0ps. B 3t Mecmisr Bemianaer Hambonsmee  KOTHHECTBO OCAZKOB, 10
yeuwnusaer pyxory. Cpemmsa TeMneparypa nera 37°C. C oxTiI0psA mo Mapr —
3AMHI CE30H CO cpexHei Temueparypoi 20°C.

Buympm crpamsi wmmar Gomee  OnarompHATHBIH, ocoOemHO - B
BLICOKOTOPHEIX paifOHax, I[e pacmojaracrcs crojmua pecrnybmmxm r.Cana.
OnHaxo 31ech COAEPKaHVE KHUCIOPOAR B BO3AYXE npmuepno Ha 20% mwxe, deM
Ha noGepexse. B Cane cpepad remmeparypa B aexaGpe - 11 °C, B moe - 20°C B
AneHe caMBIi «XONOAHEIN» MecAll AHBApE (B CpexHeM 26" C), cammiii xapruit —
HMOHb (B CpeIHEM 33°C). OcanxoB B Teuenwe roxa npmcrnqecm He OwiBaer
[TIpaxruueckuit nyresomurens. .., 1991,

O0reM BHImamarONIAX ocamcon B Pecny6mmxe Hemen 3a rox cocrasmaer
oxono 60 mupa. xy6. M. HauGomsmee KOJHYECTBO OCAIKOB ‘BHIIAJAET B TOPHBIX
paifonax. Camerii JOXUIHBEIH MECAI aBrycT, CYXOH EepHO ¢ HOI6DA 10 AHBapb.

B 1a6n. 1. mpusenens! ganmble 06 00mMeM KONHISCTBE OCAAKOB B OCHOBHEIX
roponax Hemena, 3auKCHpOBAHHKIX HA IJABHEIX Mereoponormecmx CTaHIHAX
82002 roxy.

Tabmina 1. 'oxgoBoe KOMAIeCTBO OCAAKOB B HanOOIee KPYMHBIX TOPOAAX Hemena

B 2002 rogy

T"opoa Kommiecto I'opom Komuuectro

0CAJIKOB, MM : OCAIKOB, MM
Tauz 11197 Cana 834
166 556,8 Caiisyn 72,0
Xamka 317,5 Caana 66,5
Coxotpa 239,7 AzeH ' ' 57,1
Jamap 201,8 Mapub 22,8
An-Myxansa 85,2 An-Xone#ina 18,9




Cpesis IWIOTHOCTh HaceNeHHd mo crpaHe — 37 9en./KB. K, ONHAKO €TO
pacriperiernienyie KpaiHe HEpaBHOMEPHO. Csrsune 2/3 sxuarenedl CocpeIOTO4eHO B
Jxebene (ropHas 9acTh CeBepHoro Hemena) u mpubpesxuoi momoce Tuxamsr.
TIoTHOCTH HaCENEHHsA B HEKOTOPHIX PalOHAX 3/eCh XOX0AuT A0 235 uem./ks. kM.
Hawbonee nacenenupie 00J1aCTH HA I0T¢ PACHOIOXKEHE! BIOIL OCHOBHEIX BaaW H
Ha noGepexse. CaMoli HaceIeHHOH IPOBHHIMEHR 31ech ABILICTCA XaapaMayT, Tae
npoxusaer Gonee 718 Teic. wenopex (1994r.). I'ycroHacenennrM cuamraeTes
ropoA AJIcH H €T0 OKPeCTHOCTH ¢ HaceneHHeM 568,7 Tsic. uenosek (B 2003), a
HauMeHee HaceNeHHoM — Maxpa, Ha BOCTOKE CTpaHbi, C HaceneHueM 56,5 TiC.
genoBex (B8 1994r.). B paiionax, npuneraronux K nycrsine Py6-ons-Xami, moura
HeT IIOCTOAHHOTO OCEIJIOr0 HACeNCHWs. OTH palioHH HPEHMYMECTBEHHO
HACEIMIOT KOYEBHHKM H IIOJYKOUEBHWKH. B Hacrosmee BpeMs B CTpaHe
HacumTRIBaeTea cBhime 100 THIC. ‘KOUEBHHKOB-GeXywroOB. B OCHOBHOM OHH
pacceNeHsl Ha BOCTOKE, CeBepe M CeBepo-BocToke, a Tatoke Coxorpe. B ropamix
palioHaX HMEKTCSH TAKXKE MOJYKOYECBHIE MPYIIIHL.

O6ume AeMorpauueckne MOKa3aTe A NPEACTaBNEHE B TabI. 2.

Tabmuna 2. O6mme aemorpadraeckue moxazareny Pecoy Ok Hemen

Hassanue nokaszarens ; 3nauenne Tox
YucAEHHOCTD HaceeHuA (THIC.) 18349 2000
TIporHosupyeMas 9UCIEHHOCTH Hacemerna K 2015 T. 33118 2015
{TBIC.)

Hporaosupyeman umcnennocTs Hacenenus K 2050 r. 102379 2050
(t8iC.)

UncreEHOCTH Hacenernus (o mokazaremo mocnenueit | 14587807 1994
HEPEHHUCH)

Tloxazarens CpemHETOAOBOTO npnpocra HACEICHAA 4.1 2000-2005
(%) , ' :
TII0THOCTh HACETEHHS (TEILKM ) 29,5 1998
TIpoieHT TOPOACKOr0 HaceneHus ‘ 25,0 2000
KomaaecTBo ropofioB ¢ Hacelenmem Gomee 100 000 5 1995
YeJI0BEK

OCHOBHEIe OTPAciTH 3KoHOMuKH B Pecmy6immxe Memen: cebckoe X03a#CTBO,

© JIECHOE XO3SHCTBO, PEI0ONOBCTBO, obpabarsiBaromas, IOGHBAOIAL

TPOMBILIUICHHOCT: M KOMMyHajibHEIC  CIyxkOH, cfepa ycmyr, TOproBivi,

TOCTHHHYHEIH M pecropaHmsii 6usHec, cepa TparCcHOpTa U CBA3M, QUHAHCH H
ONICPAUHH C HEBIKAMOCTEIO.

. Jlonss oBpaGarsiBaemoli 3eMiE 1O OTHOmCHHMIO K ofme# miomamm

COCTaBIAET BCero 2,9%, a Jond CellbCKOXO3MHCTBEHHEX VIOAWi W TOCTOSHHO

Q
KyJbTHBHPYCMBIX 3CMLJB — 2,/ /o TIpH TUTICHIg M

H. TIOCTOSAHHO KYJIGTHBUPYEMBIX 3eMeEIb 1545 Teic. Ta. [ons opomaeMoi
o6pabaTsiBaemoit semimi — 33%.

NOMIa CeIBCKOX0 e AT war

CIBCKOKO3AMCTRCHERX ¥1 Op,nn




B PecnyGmmxe Memen npoM3BOACTBO  OMCKTPOSHEPLHM  CB33HO C
HCTIONL30BAHHEM HCKOIAGMOTO TOIUTHBA. ATOMHEIE, IeOTepMAllbHbIE, CONHEYHEIE,
BETPOBElE M  THAPOSNEKIPOCTAHNHH OTCYICTBYIOT. MOMMMOCTE AH3EILHEIX
anekrpocranmuii 375 MBrt, temmoanextpocrammmii — 435 MBT, wr0 cocraBiser
cooTBeTCTBEHHO 46,3% 1 53,7% OT CyMMAapHO# 3IEKTPHYCCKON MOMTHOCTH. -

Ilpobnema sHeprocHabwermms macenemms B Pecny6mmke Hemen
nprobperaer 0co0yi0 OCTPOTY, TaK Kak GOJEIIAA 9acTh HACCICHHAS IIPOXKHBAET B
palioHax, OTAAIEHHHIX OT HEHTPAIM3OBAHHOH IIEKTPOIHEPTEeTHIECKOH CeTH M
june 16% HaceneHMS HMeET AOCTYI K OIEKTPOSHEPTHH 33 CYET MECTHBIX
JaCTHHIX J{H3eNb-TeHePaToOpOB HeOOIbIIONH MOIMBEOCTH.

B HMemene mocrosmmsie BonoToxn (hakTiaecku oTcyTcrsyior. Mcxmouense
COCTABIITIOT HeQOMbIIHE PEXH U PYIHH, GepyniHe Hadaio B ropHOM 9aCTH CTPAHEI,
B CyXo¢ BpeMs ropa OomsmmMHCTBO WX mepeckixaer. HamGonee 3maumremusie
pexn Ha cepepe — Myp m Manal, B 10kHmx pationax — Macuna, ['masasM
HCTOYHUKOM BOJOCHOOXKEGHMS HACENICHHAIX WHYHKTOB OCTAIOTCA KONOAUE H
apTe3NaHCKHE CKBAXHHEL

2. Cocrosmue oxpyxaromeii cpenn B PecnyGmke emen

B pesynsrare pAMEHEHHA HOOBX COBPCMEHHBIX TEXHONOTHM MPOUCXOIHT
nmedopManmsa OKpyxaromieif CpeAsl, BO3HHMKAIOT JIOKAIGHHIEC, PETHOHANGHEIE H
miofaneHbie e¢ Hapymienms. JhoOas TEXHONOrHE B TOM HIH HMHOM BHIAE
HCIONB3YET - SHEPTAKd Ui MPSMOT0 WIM KOCBEHHOTO BO3leHCTBHA  Ha
OKpYXatomyio cpegy. Bce 95T0 mO3BOMSET CUHTarh BeNHIWHY SHEPIHH,
HCIIONb3yeMOi Ha SAWHWILY TUIOMIANH TEPPHTOPHH, MHTETPAIbHEIM TIOKa3aTelieM
anTponiorerHoro Boszaeictena [Koraskos u ap., 1995]. Cornacro [Jloces, 1996],
ko3 umment awrponorerroro BosgeiicTeus (K) paccumThBaeTcs cnenyloan
obpasom:

K = Ouepeonompebinenue na edunuyy meppumopuu dannoli cmpanui 1)

Cpeduemuposoe suepzonompebnenue

B npameM HCCNenoBaHMM JUId ONCHKH /MHAMWKE aHTPOMNOTEHHOrO
BO3ZeHcTBHA Ha TeppuToprio Pecny6mmxn Memen, a Tatoke Ha OTAENBHEIE TOPOAA
(obmacts) JToM pecnyOmmxm BHadane OBUIO BEIBJICHO COOTHOMICHHE MEXKAY
koahdITIRERTAME  AHTDOTIOTERHOTD RoRNEHCTRUS (K} ua Teppuropum mecaTw
clpaH Aswy § mIOTHOCTHIO Hacenenna (1TH): .

K*=0331H) = 0,33(11H/41,6)'%" 93

Pacuer GespasmepHoit BEJI{THHE! TUIOTHOCTH HACEIeHAT IH* nponommn
110 thopmyIe

. TIH* = l'lH/4l 6 : 3
Suecy IIH — avruyeckas IJIOTHOCTH HaOCJ]CHHﬂ wenoBeK M, 41,6 —
CpeHEMHEpOBAs IIOTHOCTE HACENICHAS, IEIOBEK. KM~ :

--3aremM Oblna MpoBezieHa OReHKa JUHAMUKA amponoreHHoro Bo3zcHcTBHA HA
Teppuropmio Pecny6maxu Yemen ¢ 1950r. mo 2003r: (rabn. 3). Kak cremyer u3
TIPUBECHHEX JaHHBIX 32 mepuox ¢ 1950 r. mo 2003 r. xo3tdumment
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aHTPOTIOTEHHOTO BO3AEHCTBHA Ha TeppuTOpHIO Pecny6mxn Memen Bripoc B 7,5
pas, uTo OOYCIOBNEHO BHICOKMMH TeMIIAMH VBEJIMYEHHA HaceneHus. Ilo
nporsosam gemorpados B 2010 r. s Memene Gyaer npoxusars 24793712 YEIIOBEK,
a B 2015 r. — 33118000. genoBex. B 3THX cnyvasx pacdyers, HPOBEACHHEIE ITO
topmyne (2), noxazsiBator, aro B 2010 r. Benwauna K* Gyzer pasxa 0,038, a B
2015r. — 0,056. B cpapEMTENLHOM IDIZHE NPUBEACHHbIC 3HAYCHHA KOG rIeHTOB
aHTPOTIOTEHHOTrO BO3AeicTBIA Ha TeppuTopHIio Pecy6mmxu Hemen Becsma mmsxn
H HE MOFYT NpPHBECTH K CCPHE3HBIM SKOJOIHYECKHM IocieacTBHsM. OfHaxo
BBHICOKHIf IPHPOCT HACEIIEHAS MOXKET BEI3BATH CEPHE3HBIE IPOOIEMbI, CBI3aHHEIE C
IIHTBEBHIM BOJOCHAO:KGHHEM, NOCKONBKY Jaxe B HACTOAINEE BpEMA O
HACEJICHHS, MMEIOTIas AOCTYH K HHCTOH BOAE, cocTasnaer 69%.

Tabmmria 3. Hmmma HTPONOreHHOTO BO3AEHCTBMA HA Teppmopmo
Pecny6maxu Memen

I'on | Hacenenme 1IH, K* |Ton |Hacenemue IH, | K*
TeILKM > qeILKM

1950 | 4461000 8,45 0,004 | 1993 | 13892189 26,3 0,018

1960 | 5483000 10.4 0,006.1 1994 | 14394750 273 0,019

1970 | 6628000 12,6 0,007 | 1995 | 14861612 28,1 0,020

| 1980 | 8527396 16,2 0,010 | 1996 | 15348787 29,1 0,021

1985 | 9841522 18,6 0,012 | 1997 | 15857186 30,0 0,022

1990 | 12023220 22,8 0,015 | 1998 | 16387963 31,0 0,023

1991 | 12888524 24.4 0,017} 2000 | 18349000 34,8 0,026

1992 | 13379284 253 10,018 | 2003 | 20356700 38,6 10,030

HecmoTps Ha CpaBHMTENBHO HEBHICOKHE 3HadeHMA KOd(duumentos
aHTPOTIOTEHHOTO BO3AEHCTBHA HA TeppuTopHIo Pecmybmmim Memen, cepsesnsie
SKOJIOTHYECKHE HPOOJEMBl MOI'YT BO3HMKHYTH, a BO3MOXKHO, Y)KC¢ M BOSHHKIH B
. -CBA3H C IIPHMEHEHHEM B CENBCKOM XO035iCTBe Pa3THIHLIX IECTHI{HIOB,

OcHOBHEIM (hakTOpOM H3MEHEHHMA COCTOSHHA BO3XYIIHOrO bacceima He-
MEHAa B HACTOANIEC BpEMA ABJIACTCA XO3SMCTBEHHA’ IEATENHHOCTh 9ECIOBEKE;
OPYPOAHBIC HCTOYHHMKH 3arpPA3HEHNS arMoceps! He3HAYMTEHBHBI M CBOJSICA B
OCHOBHOM K BDEMEHHOMY YCHJICHHIO €€ 3aiBUICHHOCTH B PE3YJBTaTe BETPOBOMH
FPpl5HA B Iy CTRIHIbIA PClAUHAA. & 1 iabHbiMA ACTOTHAKAMA 3a1P pASACHAA BOSAYZG A
YXYAIIEHUS SKONOTHIECKON CHTVADMY SBISIOTCH: MDOMBIIIEHHOE HPOWIBOJICTBRO,
TPaHCIOPT, OHTOBAsA JeATEIEHOCTE HACEIICHHAS.

Tlonasnmomee OONMPIIMHCTBO JNEKTPOCTAHIMN, [EMEHTHRIX 3aBOAOB H
APYIHX TPOMBIILICHHSIX NPeIIPHATHA paboTaloT Ha Masyre W comapke. B pe-
3ynbTaTe HX CXKHMTaHHi B arMocdepy BHOpachipacrcs GONEIMIOE KONHUECTBO
CEPHUMCTOTO aHTHAPHAA, OKHCH YIJIEPOJa M JDYTHX ANOBHTHIX M BPEAHEIX [A30B.
Kpome Toro, mementHsie 3aBOAEI ABIIOTOS HMCTOYHHKOM IIOCTYIIIEHMSA B
atmocepy HEZOMyCTHMO OONIBIIOrO ‘KOJMYeCTBAa HeMentHoHM msum. Ilpm 3toM
CHCTEMBl OMHCTKH Ta30B, BHIOpacHBaeMbIX B arMOChepy B pPesyisTare COKHMTaHHS
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3TMX BHJOB TOIJIHBA Ha OONHIIMHCTBE HPOMBINIICHHBIX NPEJNPHATHA HET,
OTCYTCTBYET TAKKe CHCTEMATHYECKHII KOHTPONB 32 MX COCTABOM. 3TO OTHOCHTCH

Jaxe K crome MeMeHa, He roBops yxxe O ApYyrHEX ropojax. M3 KpymHBEIX TEIOBIX
SfeKTpocTaHuil ams MapuOckas paboTaer Ha IPUPOXHOM rase.

3arpsasHeHmIO aTMOCQEpsl CHOCOGCTBYIOT KHMPNHTHEIE 32BOAEI, TAKKE pa-
GoTalompe Ha Ma3yTe, W AOMONHATEISHO K SAHOBHTHIM Ta3aM NOCTABIMIONHME B
armocdepy KApIHYHYIO HELIb, HANOJITO 3aBHCAIOMYIO B Bo3fyxe. He cymectsyer
3aclIoHa M U1 HOCTYIUICBHA B arMoc(epy KaMEHHOM NBUIH, BOHMKAIOMICH B
npouecce Ao0bH CTPOHTENFHOIO MATEPHAIA B KAMCHOJIOMESX, KOTOPRIX TOJHKO B
ropax, okpyxarommx CaHy, HOCTOAHHO paboTaeT He MEHEE IATHAAIATH.

B mactosmiee Bpems B Femene HacumThIBaeTca Gomee 350 Thic. emMHMI
TPaHCIOPTHEIX CPEACTB, MOAABIAIOMAA 4acTh KOTOPHIX paboraer Ha OeHsume,
cozepkameM B OONBHIOM KOIIMYECTBE CBHHEI - TSDKENBI MeTaiyi, ONAcHBIM I
JUBBIX OPTaHM3MOB. BEIXJIOMALIE [a36 TPRHCHIOPTHHIX CPEACTB COACPIKAT TAKKE
CCPHWICTHIA aHTHIAPHA, OKCHABI a30Ta, OKCHI. yriepoAa (yrapsslid Tas), Caxy H
JpYTHE BPEIHEIE IS KUBHX OPraHU3MOB KOMIIOHEHTHL.

Tlo pamnsim CoBera OXpaHE! OKDYXAIOMEH Cpemsi Viemena B pesym,TaTe
HCIONB30BaHMs COMSIPKA ¥ Ma3yTa PasiHIHEIMH CTAIMOHAPHHIME B MOGHIEHEIMHU
HnoTpeOHTENIMH B BO3XYyIIHKE 6acCeHHb! KpYIHEHHX ropoKoB CTPAHEl KaXKIYIO
MunyTYy BribpacriBaetca go 200 Kr okcupa yriepoaa, 20 kr okCHEOB a30Ta, 20 kr
YrIeBORXOPOAOB, Homee 3 Kr AUOKCHAA cephl (CCPHUCTOTQ, aHIrHPHAA), HE MEHES

10 xr TBepmpix B3Beceii. Hambonbmiee 3arpsasHeHue, npn 3TOM, MCHEITHIBAIOT .

Bo3aymiHEte Oaccelinbl ropogos Cana u Xoaeiina. -

Hecmorps Ha orpaHMYeHHBIE 3apachl BOTHBIX pecypcon IO CHX HOp
BeAyTca paboTsl MO PHITHIO KOJOMNEB, €mi¢ OOMBING HCTOMAIONIHE 3TH 3amachl,
TIpUYEM B XOJ€ IPOBEACHHA NOAOOHEIX paboT He YYUTHIBAIOTCA IPOBEICHHKE Ha
3Ty TEMY HCCICAOBAHHA, KOTOPHIC PaclpOCTPAHAIOTCA Kak B COOTBETCTBYIOMMHX
rOCYJapCTBEHHHIX, TaK H B HETOCYAaPCTBEHHHIX oprammsammax. Tax, manpumep,
HocHeNIHee HCCNEROBaHHe BOXHOTO Oacceiffia ropoza CaHml (II0A3¢MHEIX BOX)
[IOKa3EBAET CHIDKCHHME YPOBHA BOBI, KOTOPHIi KoneOnerca Mexmy 6 — 7 MeTpaMu
B TOA, IpH 5ToM olmyee umcio koxoxaues B Oaccefime Canmr mocruraer 13000. B
370 K€ BPeMs 3a11achl IOBEPXHOCTHEIX BOJ yxke GOJIbIIe He MOTYT YAOBIETBOPATE
BCE pacTymyl0 B HMX HOTPEGHOCTH, a CAMUM WM YTpOXaer 3arpssHeHue. Tatoke
Heo0X0MMMO YIHTHIBaTh TOT (aKT, 9TO 3am(MTa IMOA3EMHKIX BOJ OT 3arps3HEHA
HAIWHAETCA C 3aIUTH MIOBEPXHOCTHHIX BOJ OT HEKOTOPHIX BHAAOB ACATENHHOCTH
HeN0BEeKa, NPHBOAAIIMX B HEXENATENBHLIM TOCACACTBHAM B THAPOXAMHATIECCKOM
OTHOINEHHW H B OTHOIICHHY KA9ECTBA BOXEI, TO €CTh HAHOCANIMX BPeX: BOxe H
OKpyxatomeii cpeae. Tak xak, B pesysisTaTe pocTa MOTPEOHOCTH B BOAC, 3amach
TIOBEPXHOCTHEIX BOJ IIOYTH MCTOHIAIMCH, Gosee HPHCTaIbHOE BHHMAHHE CTAN0
YAENATECA TOA3EMHBIM BOZAM,  KOTODHE OpH CPABHEHMH HX ¢ TPOIHMH
UCTOUHBKAME DECHOM BOasm ommmuarores pgmoM ceofictB [Axcsanm Hawmcan,

raseta ajib-Caypa, 17 moabpa 2003 r., Ne 14251]. »

BOMBOMHCTBO CHEUMANNCTOB BCE €M CAMTAIOT Irpn6pem1e patoHE!
Hemena ofpaMu M3 CaMBIX THCTHX B MApe. OJHAKO, JTOGOMY B3 HAC HE COCTABHT
Gompmoro Tpyaa oOHApYXHTH BCE TC HAPYIICHMA B OXPAHE OKPYKAIOMICH CDEJBI,
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KOTOpHIE OCOOEHHO JIEFKO MOXHO OOHADYXKHTh B TEX NPHODEKHEIX paiOHAX,
PAAOM € KOTOPEIMH PacHONOKEHE! OOIBIIHAE TOPOJia H MECTa OTAHXA, KOTOPHE
OKa3aMCh HABONHCHHGIMH pasnWIEbIME - orxoZamu. OmmaM w3 wHaubonee
pacIpoCTpaHeHHEX BHIOB OTXOAOB, KOMHYECTBO KOTOPHIX TOCTOSHHO DacTer,
ABJDEOTCA DA3IUIHBIE OTXOHB! IUIACTHKOBEIX MATepHANOB. HEKOTODHE BHIE
TJIACTHKA MOTYT COXPAHATECA B MOPE Ha npoTmxeHm 450 ner.

‘Hecmotps Ha 10, 910 B GONLIMHCTBE CTpas OHUIM NPAHSTH CICHUATEHES
3a8KOHBI, PA3BAHHEIE OCTAHOBHTH 3arPA3HCHHE MOPCKOH CPEHBI IIACTHKOBEIMH
MaTepHanaMH, TAKHE MATEPHANEI MPOJOIDKAIOT MONAJATh B MOPCKYIO CPEdy H
3arpA3HCHMC IUIACTHKOBHIMH OTXOJaMH IPONOJDKACT OCTaBaTbCs CEPhE3HOH
npobieMoit 11 OKpYXKAIOMEeH CpeEL.

Ha ceromnammmii JAeHs MeMmeH HCHHITHBAET OCTPYI0 MOTPEGHOCTS B
OPHHATHH CEPHE3HBIX MEP U1 PeINeHHs 3Tol mpobiIeMs! IO TOTO, KaK OHA IMPHMET
YIPOXKAIOIME Pa3MEPEL.

Oxpyxatomeii cpene B Oacceitre KpacHoro Mops yrpokaer HempaBHJIBHOC
H30aBrente oT HepTeXHMUIECKHIX OTXOA0B. Hedransie yrneBonopoms! seismorcs
CaMBIMH ONIACHEIMH HCTOUHHKAMH 3arP#3HEHHs BOALI,  3aTPA3HERHe NPHGpexXHOH
30HBI MAC/AMH H HOGOYHEIMHA MPOAYKTaMHA He()TEXHMAYECKOH TIPOMBIILIEHHOCTH
yrpoxaet MOpcKoii grnope u dayne.

3. Corpemennoe coctosiHue Bogoobecnevyenns B Pecnybmake Memen

Tlotpe6rierre Boms Ha AyNTy Hacenenns B Peciy6mxe Hemen cocrasmser
mms 2% ot cpemHero riaobamsHoro mokasarensd. Beero 223 xkyGomerpos, B To
Bpems kak Ha bmmxnem Bocroke m B Ceseproit Adpuxe — B cpemmem 1250
KyGomerpos. Hemen mormbaer oT xakmel. B uéM jKe NpHUMHA CTOND ocTpoOit
mexparks  Boas? Kak TOBODHT  COTPYZHHMK MEMEHCKOTO ~ BEJOMCTBA
BofocHaGmenma JDxamams Moxammen A6my, «...B VemeHe upHBHKIH K
npobneMe HEXBATKH BOAEL. JTa mpolieMa CBA3aHa, IPEXAE BCETO, C IPHPOXHEIME
ocobeHHOCTAME Hamiell cTpaHsl. Ho BaKHO ¥ TO, KAK HAINE HACENEHHE HCIIONE3YeT
HMEIOMYIOcS BOAY». I'IaBHEIM IOoTpebHTENEM, €CTECTBEHHO, ABJIFETCS CEILCKOE
X03s1cTBO (pHC. 2), TAE NO-NPEXHEMY TIPUMEHAIOTCA CTAPEIE CHCTEMEI OPOINCHHS,
KOTOpEIE yxe Hea(dexTnBHEL

g anr am

9.2%

Puc. 2. Pacnpe,uenefme CEKTOPOB BononomeﬁneﬂnﬂBPecuyﬁmee Hemen, %
{a- CeIECKOE X03s1#CTBO, I — mpombrunenHocTs, 111 — koMMyHabHOE xossmmo)
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Tlo nannsM #eMeHCKOTO MHHHCTEPCTBA CENTBCKOrO XO03:MHCTBa, 3 (PeKTHBHO
HCnob3yeTcs TombKO 40-50% BOAEL, TO €CTH OJIOBHHA BOIKI IPOCTO PONAafaeT.

B eMene TOCTOSHHO TIOHHXACTCA YPOBEHb IPYHTORBIX BOJ, B HEKOTOPBIX
PETHOHAX — 70 IIECTH METPOB B rOA. JTO — Myraiomas NEepCleKTHBa, CYMTAeT
fieMeHCKmiA PKCIIEPT.

Tlponece, ' marybHEIC TOCHEACTBHA KOTOPOTO OIIYIIAIOTCH  CETOMHS,
paseuBaerca ¢ 70-e romos. Toraa Hauanock OypeBHe rIyOOKMX CKBAYKHH, MOIIHEIC
HAacoCH BHIKAYMBAIM Ha MOBEPXHOCTH OTPOMHOE KoyimdgecTBO Bozawl. CormacHo
onenkaM OOH, mcTounmKy BofH B padione crommms! Memerne CaHsf IONHOCTEIO
uccaxayT k 2010 roxy [Kmiisep, 2006].

Ilocrosnpeie  BOHOTOKH  (PAaKTHYECKH  OTCYICTBYIOT. MckmoueHme
coctaBipnoT Hebonsmue pexn U pydsH, Oepymme Hagano B TOPHOM 4acTH CTPaHEL,
B Cyx0€ BpeMs rofa GOmpIIAHCTBO M3 HEX mepeckixact. Haunbonee sHaumrensHee
pex: Ha ceBepe — Myp u Magab, B roxHEIx paitoHax — Macmia. I'nasHbIM
HCTOTHHKOM BOJIOCHAO)KEHHS HACENCHHHIX IYHKTOB OCTAalOTCA KOJOAUEL M
apTe3naHCKUe CKBAXHHEL. B Hacrosmiee BPeMS B CPEAHEM Ha YNy HaCEleHHS
npuxomurcs He Gonee 250 xy6.M B rog Bo306HOBIAEMSBIX BOA. 110 cymecTBytommM
TIPOTHO3aM KOJAYECTBO BO30OHOBIIAEMEIX BOAHBIX PECYpPCOB Ha HyUIy HACEICHHA
npuMepHO depe3 30 mer ymensomrcs 1o 76-100 kyG.M B rof, wro 3HAYMTENHLHO
McEpine $E3HONOrEHecKHx mHoTpebuocte#i. OObeM BHIHAAAIOMMX OCAHKOB B
Pecry6mike Hemen 3a rox coctasiser okoo 60 MIApA. Ky6. M.

Bonpmias wx wacte Tparwrcs Ha HCHApEHHE, 4YacTh CTEKAaeT B OKEaH,
HEKOTOPOE KOJIMIECTBO TIOTONHACT 3amacsl Hog3eMHkIX Boj. Tlocnenmme sensmorca
OCHOBHEIM MCTOYHHUKOM BOAOCHA0KEHMA BCEX XO3MMCTBEHHBIX H OBITOBEIX HYXA,

Bonmpie pecypcsl B LiéMene pacnpeieNieHEl M HCHONE3YIOTCS Kpaiine
nepasaoMepHO. 90% Hacenenna Memena notpe6nser ne Gojiee 90 xy6. M BOIH B
ron Ha uenoBeka. IIpoGnema BogHEIX PECYpPCOB. 9IPE3BEYAHO OCTpa Ha 3amaje
cTpans. 3anac BOJEI, IPHTOHEN /T KCTIONE30BAHHA B 3anajHol dacta MeMena,
OLEHMBAETCA OKONO 35 MIH. Ky6. M H JaXe IIPH COXPAHEHHMH CYMIECTBYIOIIMX
TEMIIOB MCIIONB30BAHASA BOKHI, ITH PECYPCH NONHOCTHIO HCCAKHYT B TEYeHHE
Gmoxaiimmax 50 ner. Eme Xyxe NONOXEHHE B I'YCTOHACEJCHHBIX paifonax. Tax, B
bacceiine Canrl npoxusaer okono 10 % nacenernmd crpaner. 3aeck B 1994 r. Guirio
UBBIICIEHO OKOJIO 224 MiIH. Ky0. M MOA3EMHEBIX BOA, B TO BPEMSI KaK NOINOIHCHHEC
He TPeBHICANO 42 MIH. Ky6. M, TO €CTh pacxon TIPEBBICHI TIOCTYILICHHE Gonee Hem
B IIATH pas. Yixe B cambie Opxalimme roasl B crommue pecnyGnuxe r. Cane, rae
eKETONHbIN NMPUPOCT HACENEHHs B cpeaueM cocrasmieT 8§ %, mporsosHpyerca
TOHOE PacX0J0BaHKE HOI3EMHBIX BOJ.

EmpmHcTBeHHOE GNaronoydHoe ¢ MOA3EMHBIMH BOZHEIMH PECYPCAMH MECTO B

Uemene - paiion XampamayT, pPacHOJIOXCHHE B MAJIOHACENEHHOH KOTO-
BOCTOYHOM YaCcTH CTPaHbl, Ha paccrogswm okono 500 xM or cromamsl. 3aech
BO3GOHOBIIACMBIC BOATDIC PSCYPURI AOUTHL ai0T 280 »isim. K'_y’u M B I'GH, | iip# Hbifc
| CYIIECTBYIOIMX TEMITAX MCIIONb30BAHMA BOXBI, €€ 3a[1aCOB XBATUT HA HECKONBKO
TRCAYENICTHH.

OCHOBHBIME NPUIUHAMH BOHOIO Kpnanca, CYIIECTBYIOMIErO B HACTOAMIEE
BpeMa B MemeHe sBIfAEICA IOCTOSHHO BO3PACTAIONMNA COPOC HAa BOAY B
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pe3yIsTare poCTa HAaceNeHns cTpansl {Bonemai...,2003], pacmmpenue mwiomanei
CENBCKOXO3MHCTBEHHBIX  yromi, TpeOyIOmMX MCKYCCTBEHHOTO = OPOINEHES,
OTCYTCTBME KOHTDPOJII CO CTOPOHBI TOCYRApPCTBEHHBIX CIyx0 3a mpomeccaMmu
H3BICUCHHA ¥ MOTPeOICHNA IO3EMHBIX BOJ,

B03MOKHOCTE KOHTPOJA 32 HCIONE30BAHHEM MOX3EMHEIX BOJ OCIOKHAETCS
H TeéM, YT0 B CTpaHe HACUMTHIBAETCA OKOJIO 45 THIC. WACTHBIX KOJNOMIEB M OKOJIO
200 - 6ypoBbiXx CKBaKHH. [IONBITKM NPaBUTENHCTBA BBECTH NHICH3HM HA
HCTONB30BARME YACTHHIX KONOXUEE W CKBAKWH # JIOCTABHTE WX IO, KOHTPONH
roCyZapCcTBa B PE3yNbTaTe HCCOBEPIICHCTBA OPTraHU3aMHOHHO-a(MAHUCTPATHBHOM
CTPYKTYPH TOCYZapCTBCHHOINO ammapara oKasamacs OesycrmemiHeMH. B mupe Her
Oonbmme TAKOH CTPAHEI, NMOJ3EMHBIC BOABI KOTOPOH HMCTOMANHMCH OB TaKHMH
Temnamy, kak B Hemene. Ee cromiua B cambie Gnmkalinmme rofst MOKET OCTaTbCs
6e3 Bomt.

Bo3oGHOBNIEMEIE TMOA3E€MHEIE BOJAHBIC PECYPCH B HACTOMINEE BpeEMs
onemuBatorcs npumepao B 1,2 wmupa xy6. M. B rog. OObeM exeromHoro
noTpeOyienns MOA3EMHEIX BOJ cocTaBiger oxono 8.2 muph. xy6. M, TO ecTh
mouYTH B CEeMb pa3 npepsimaeT o6beM eXErOAHOTO BO30OHOBICHHS.
Ioncumrano, uro ypoBeHs 3ajieraHus HOA3EMHBIX BOJ B OONBIIMHCTBE PAKOHOB

" ¢rpansl crkaercs Ha 1- 6 m. B rox. Tak, B Kaa-AnGys, 63 Ampana, ypoBeHs
[OA3EMHEIX BOZ 32 MOCHEAHAE ARAATIATS JIeT yian mo4ts Ha 60 M., u3 koroprx 30
M. NAJEHMA NPUXOAUTICA TOJBFKO HAa OATH NMOCTCAHMX JeT. TeMnbl HCTONICHMs

' 3aIaCOB MOA3EMHEIX BOJ OBICTPO YBEIMUMBAIOTCA, OTUACTH, B CBA3H ¢ OBICTPEIM
MPHPOCTOM HACCJICHAS CTPaHkI W AKTHBH3AIMEH pa3IMIHEIX BHIOB €ro
X03HCTBCHHOM JEATENEHOCTH -

HeraTuBHEIM MOMEHTOM, CBI3aHHEIM C HMCIIONE30BAHAEM BOJEL, ABIAETCH HE
TONBKO €€ oCTphiH Aedunur, HO W GONLMAS ONACHOCTH 3ATPASHEHMS OTXOAMH
JeATETbHOCTH 4eJIoBeKa, OCOOCHHO B YCIOBHAX OTCYTCTBHS BOHOOUHCTHBIX
COOPYXEHHH, a TaxKe PasBUTON BOAOIPOBOAHON M KaHATM3AMMOHHOM CETH.

 TIpeo6naaaromem MeToIoM W36aBiIeHNS OT CTOUHEIX BOJ ABJIAETC X c6poc.
B Komomusl riyOmmo#t g0 20 M. Takue komommsl B HTOre ABILTIOTCS
HCTOUHHKOM 3arps3HEHMs nomeMubix BoA. Jlake B crommme crpamsl r. Came
OYMCTKZ BOJ BCE €Ille OCYMECTBIAETCA BO BPEMCHHEIX BOAOEMAX OKHC/ICHMA,
KOTOpHE NOJYYAlOT CTOYHBIE BOJEI B OObeMax, NPEBHINAIOIAX HX
TIPOH3BOJMTENBHYIO MOIMHOCTE. B pesynsrare 3arpA3HeHHEIC BOAE! IONANAIOT B
OKPYX2IOOIyI0 CPEXy, HEpeKO MCIOAB3YIOTCA [UId OpOmEHHA monmeH, d9ro
NpUBONMT K CHHXKEGHHI0 KA9eCTBa, 4 HEPeAKO M K  3arpa3HEHHIO
CENMBCKOXO3MHCTBEHHbIX TPOAYKTOB. Taxk, | XAMHYECKHHA "
GaKTepHONOTHYECKHH aHATH3H BOJ, B3ATHIX M3 CKBRKHHEI B padoHe A
Papna, mpmmeraomeM K MEXAyHapomHOMy  aspomopry  «Camay,
CBHAETENLCTBYIOT 00 WX 3arpAsHenwe Hutpatamm, Qocdaramu, xene3oM, a
Takxke o Gomsmiom cofepxanvwd Gone3HeTRODHWX  Oaxrepwit.  Tawas ke
KGPTHHA XapakTepHad W [UlA CKBAXKHH, PACTIONOMCHHBIX B LICHTPE TOPOA U
nOGNH30CTH OT eMKOCTEH €O CTOUHBIMEH BojaMu. B Agjene o 25%
CTOMHBIX BOA cOOMpaeTCAd B OKHMCIHTENLHEIC Pe3epByaphl. B AanpHeimeM 51
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BOABI HCHONB3YIOTCA JUIA OpOMEHHT OIM3NeXamuX —CeIbCKOXO3SHCTBEHHEIX
yromu#.

3neck YMECTHO OTMETHTB, YTO EXETOAHENL O0beM MHPOBHX CTOKOB
ornenmpaercs B 1,5 TeiCHIM KyOHUGCKHMX KHJIOMETPOB, a | JIMTD CTOYHEIX BOX
JienaeT HeMPHrOXHBIM UL IIHThS 8 JIATPOB HPECHOM BOAEL.

B mactosmee Bpems Tomeko 35 % Hacenemus Memena nomywaoT Bofy,
TPHTOHYIO JUIs OHTEA. B ropoaax sroT mokasatens cocraBisier okono 74 %. B
CEILCKOM MECTHOCTH = okojto 14 %. IlocnemcTMA HCIIONB30OBAHMA. YENOBEKOM
HEKaYeCTBECHHEIX BOA HevambHE. Oxono 70 % cMepreit aerei B rpyAHOM Bo3pacre
BEI3BAHO Pa3sHEIMH 3a001eBaHUAMY, IIOITyIaeMBEIMHE 9EPES BOAY. :

Ipobnemri obecnedenns HACENEHHS KAYECTBEHHOM BOJOH OCIOXHTIOTCS
OHICTPEIM M He KOHTPONHDPYEMBIM CTHXHMHBEIM -Pa3pacTaHHEM TOPOAOB,
00YCIHOBIICHHEIM HHTCHCHBHEIM IPHTOKOM B HHX CEIBCKOTO HACEICHHS,
Tlepeceneniel mOCEIMMOTCA B rOpoAa, HWH(pPACTpyKTypa KOTOPHIX HE TOTOBa
‘HPHMHATH CTONG OONBHIOE KOJMYECTBO HOBHIX utejield. B OONBIIOM KOIM9eCTBE
JIOMa CTPOATCSA HA NPHTOPOAHEIX 3€MIIAX, TAE OTCYICTBYIOT BOAONPOBOAHAS H
KaHA/IN3aEOAHASY CSTH.

TlpumepHo 3/4 HeOUHLICHHEBIX. BOX APAMOPCKHX TOPOZIOB cOpacemBaercs
HEMOCPEACTBEHHO B MOpPE, YTO TIyOHTENHHO BO3AeHcTByeT Ha HxTHO(AyHY,
BHI3HIBACT 3abonesanHe KOXa H o0yclopimbact Apyrue Gonesnw y Hacenends. 310
9pe3BLMAiiHO CePhE3HAA  JKOJIOrHYecKas -npoliiemMa, IOCKONBGKY 'y  O4€Hb
HeOONBIIOr0 [0 INIOMAMH TOCYA4pcTBa NPOTOKEHHOCTH MOPCKOHM Oeperosoii
Juany 8106 Kpacaoro u Apasuiickoro Mopeii cocrasiser. onee 2000 xm.

BEICTPEIE TEMITHL SKOJIOTAIECKOro 3arpa3HEHI IPHOPEKHEIX MOPCKHAX BOJ
B Gonbmioit crenenn 00yCIIOBIEHE! YBEIHICHAECM HACEICHAL H HEKOHTPOIHPYESMEIM
pocToM  mpHOpexHHX TopoJoB 0e3 CTPOHMTENHCTBA HEOOXOAMMEIX
KOMMYHHKAIHOHHBIX ~COODYXCHMM 150 BOZOCHAOKEHMIO HPOMELIIICHHBIX
00BEXTOB M HAaCcEICHU TOPOOB B OTBOAA M OYKCTKHA MCIIOJIB30BAHHEIX BOJ.

PacTymmii nedmmT npecHoit Boasl B Peciy6mixe Memen, oTcyTeTere Wi
HEZIOCTATOK €€ B 3aCYNUIHBHIX H NYCTHIHHEIX paioHAX, GOraThix NPHPOJHEIMH
pecypcaMy ¥ HEPCHCKTHBHEIX JUIT OCBOCHMA, AENIAeT HEOOXOXMMEIM. H3HICKAHWE
TaM JIOMOMHATENBHLIX BOJHEIX HCTOYHHKOB (He(HUIHT THCTOH BOAKL OIMymMacTCs
Ha TepprTopnu 6onee 40 cTpaH, pacHiONOKEHHEIX ITIABHEIM 06pa3oM B apHAHEIX, a
TaKKe 3aCyIUIHBLIX O0NacTax u cocrammoumx oxoso 60% Bceif HOBEPXHOCTH
3eMHOH cynm): :

‘Kax m3BecTHO, opraHm3M dgeinoBexa Ha 64% cocromr ‘w3 BozE. Menbme
BCEr0 BONH B KOCTSAX M JKHPOBOH TKaHH — 25-30%; B MHIIMAX H BHYTPEHHHX
opranax oxoyio 70-80% Boxsr; B xpoBu — 10 90%, a cmona cocront Ha 99,5% w3
pogs! [[Imurpues, ®pymun, 2004]. IIpr nmotepe 6-8% BOABI YeNOBEK BHamaer B
uonyoﬁmopmmoe COCTOSIHHE, nm*epn 10% BOmE BHIZHIBAIOT TANUHOIHHALMH,

vy v i ms.&.m, wrrvnma 190/ ey ven e vvredt
llﬂy_’mﬂ.l\l‘. LJIVIiQ LD DLEL ll\d\il.ll\ll\\d .u.yn Jll,lﬂl.\( 14 /v DUADL na\u]uaux Jx\z.la.lmnmn

ucxon (rubens). Hapsiay ¢ 1AM BecbMa OIACHO 1% 340POBbS U XKU3HH J€I0BEKa
ynorpe6iieAne 3arpsa3HEHHOH BOJIEL.

ExemnesHO oT GonesHel, mepefaBaeMEIX depe3 BOAY, TAKHX, KaK Xojepa,
Opromuo#t Td, AM3eATEpHA W APYTHX, B MHpe yMHpaet okono 50 000 genmosek,
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npE 3ToM GONBINYIO YacTh cocTassor Aeth Ao 5 ger. Tax, 8 1974 u 1977 rr.
Habmonmanacs Benbimka xonepst B TaH3anwm ¢ nepemavuecl HH(EKIHM BOTHEIM
myteM. OcoGerHo - pe3ko 3a00/NeBaeMOCTE BO3POCHA B CE30H JoxAeH, uTo
00YCIIOBIEHO YCIOBHSMH BEDKHBAHHA XOJEPHOro BHOpHMOHA (X0 ABYX HEmeas B
npecHol Boge # H011ee BOChMHU HEREIb B COIOHOBATOH BOXHOH cpexe).

B pasBMBalOMmXCA CTpaHax Ha OO 3a00N€BaHHH, BHI3BAHHBIX
TmoTpeONeHNHeM BOXBI, HENPHTOAHOM JUI1 IIATES M ~ NPUTOTOBICHHS IIHINH,
TPUXOARTCH A0 75% ciydaes.

KauectBo mnuTBEBOH BOAEI NOIDKHO COOTBETCTBOBATS TIMTHCHUYECKAM
HOPMarEBaM Iepej ee NOCTYIUIEHHEM B DACHPENETHTENSHYI0 CETh, a TAKOKE B
TO9Kax BOH03a00pa HAPYKHOH M BHyTpeHHEH BOJONPOBOIHOM CETH.

BesspeanocTs TUTEEBOH BOAHL 1O XHMHYECKOMY COCTABY ONPEHEISETCH €€
COOTBETCTBHEM HOPMATHBAMH HO:

- 0000mEHANM NOKA3aTeAM H COAEPIKAHMIO BPEIAHHIX XUMHYECKHX BEIECTB
Hanboee YaCTO BCTPEJAIOMMXCA B TPHPOXHSIX BOAAX HA TEPPHTOPHH
PeciyOmxn  Memen, a Taoke BEmECTB AHTPOIOrEHHOTO nponcxoxme}mx
HONYIHBIMX ITI00abHOE PaCIpPOCTPAHCHNE,

- COIEPKaHMIO BPEHHBIX XHMHYECKHAX BEMECTB, IOCTYHAIMIX B 06pasyromuxcs
_B BOJAE B Iporiecce ¢e 00paboTky B CHCTEME BOJOCHAOKE I,

- CONEpXAHHI0 BPEOHBIX XHMHUYECKHX BEHIECTB, TMOCTYNAIOIMX B HCTOMHHKH
‘BOZOCHACIKEHHS B PE3YNHTATE XO3THCTBCHHOH JISATEMHHOCTH 9EI0BEKA.

- Ocobo cneayer OTMETHTh, YTO HECMOTPA HA BEChMAa AKTYANBHVIO H B
OpHHIENE HEPEmEHHYI NpobieMy Boxoobecmederms, B PecrmyGmixe Hemen
pa3paboTaHsl H MCIONE3YIOTCA THIHCHHIECKHAES HOPMATHBE! COACPKAHAA BPEAHEIX
BemeCTB B marbepoli Boge (Tabn. 4) ® B CTOUHBIX BOZAAX, MCHONB3YEMBIX mm
oporiterns (Tad. 5) (npenem:no I.[OHYCTHMBIC xormenTparas — IJIK).

Tabmma 4. H,I[K HEKOTOPLIX BPE/IHBIX BEIECTB B ITATHEBOM BOJE

Pecrry6imnian Memen

Ne Onementsl -~ | CumBon PasmeprocT ITIK
1 Ceunery Pb ' Mr/a - 0,05
2 Cenen ' Se | M/ 0,01
3 * Mummbsax As - MI/n 0,05
4 Xpom . Cr Mr/n 0.05
5 TTuannz CN' MI/7 0,1

6 Kaamuit Cd MI/IT 0,005
7 - Pryme 1 Hg . Mr/n 0,001
8 Cypsma Sb  Mi/n 0,01
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Tabmma 5. ITTK XAMIT9ecKuX 3EMEHTOB B CTOYHBIX BOJAX, HCHONL3YEMHX I
opomernns B Peciy6rmxe Hemen

Ne DreMeHTEI Cumson K
M/
1 Amomurmii Al : 5,00
2 Mumsax _ As 0,10
3 Bepumnuit Be 0,10
4 Kamvimii Cd 0,01
5 Kobamst : " Co 0,05
6 Xpom Cr 0,10
7 Menmb Cu 0,20
8 Drop F 1,00
9 Keneszo Fe 5,00
10 Jhwruit Li : 2,50
11 Mapranen Mn 0,20
12 MomuGaen Mo 0,01
13 Huxens - Ni 0,20
14 Caunenn Pb 5,00
15 : Cenen 4 Se 0,02
16 Bananeii . \' 0,10
17 Tlaak Zn 2,00

Jlns o60CHOBAHHS HANPABICHUH COBEPIICHCTBOBAHNSA BOAOOOECICUCHNA B
PecnyGimice Hemen Gbiio npoBe/ieHO COCTABIECHHE BOJOXO03CTBEHHOr0 Gananca,
TO €CTh KOJNMYECTBEHHOI'O COOTHOIIGHHE MEXIY MOCTYIUIEHHEM (OpHXOIHAs
4acTh) H pacxojoBanWeM (PacXofHad WYACTh) 33 ONpEACNCHHBIA INepHOZ,
PaccMaTpHBacMOE OTHOCHTENBHO BHUIEICHHOTO 6anaHcoBOro ydactka. IIopsmok
COCTaBleHHs -~ yPaBHCHMA BOHOXO3AMCTBEHHOro ~OamaHca . 3aKmodaics . B
CleNyIOmeM: - 3a7aBai¥ MHTEPBAN BPEMEHH, 33 KOTOPHH DacCMaTpHBaeTOs
Oananc (OMUH rof); - 3aNKCHBaMK BCe SJIEMEHTH Oaanca B BuJie anrebpamaeckoi
CYMMBI TIDMXOAHEIX ¥ PACXOMHEIX CTATEH; ~ ONPEICIsLIH JHCIOBEE 3HAYCHH BCEX
aneMenToR (GajiaHca; - ONCHMBAIH PE3yNBTaThl Oananca, TO €CTh T€ U3MECHCHHS B
3amacax BOAEL, KOTOpHIE TPOHMCXONAT Ha Teppmropun PecnyGmaxu Hemen B
Ppe3ysbTaTe B3aEMOJECHCTBHA ICMECHTOB Gananca.

B obmem Buzae sopoxo3sicTBeHHnil Oananc PecimyOmms Piesen Moo
NPEACTaBATh CaeAyiomuM o6pasom. Ilpaxonnas wacTh Ganamca CKIaIBIBAETCH
H3 00beMa ocaaxos (Voc). Pacxoanas gacTe 6andHca cknajusaercsa H3 ofpeMa
HHQAIB TPy JOXIEBEX BOJA B BOJOHOCHHE rOpH30HTH (Vume.), HCIIAPEHHT H
Tpancrmpane® (Vycr), Kmamarmgeckoro croka (Verox) u sononorpeGienus
(Viioress,- Banancoroe ypasHen=e 3a Bpems t (ofHH rof) uMeer BRA;

AW = Voc. - Vymo. - Vucn - Verox - Vioress.» €]
rae AW — n3MeHeHHe 3a0acoB BOJHI 32 BPEMH t.




CornacHo HamuM pacueraM BenwumHa Voc, = 51-10° m’/ron. Tlo nanEBM
2000r. Vyorees, = 3.4 10° Mfron. Bemmumua Vimo. paccMaTpuBAIach Xak
npousseaenne Voo Ha HEKOTOPELH k03¢ dumuenT &, 3Ha9eHNe KOTOPOro COryTacHO
[Hyman Camnam, 1998] 6110 prmsito paeasiM 0,1. To ects

, Vime. = 0,1- Voc. &)

Jins pacueroB Vycn. B Verok Obinia IpoBeAEHA MAaTEMATHKO-CTATHCTHIECKAN
oOpa0oTka HAHHHIX JMTCPaTyphl M. ObUIM BHIABICHE UMCJIOBHIE 3HAYEHHS
xoodduipenTa ucmapenna (o) u xo3ddunmenra croxa (o). B pesynsrare Onum
noTydens crexyromme 3Haderns: o = 0,936; a = 0,065. O1n Bemmuman ObimH
HCIONB30BAHK IS PacyeéTa BOJOXO3MMCTBEHHOro (anaHca ¢ HCIONL30BAHMEM
cnenyrommx dopmyi (rabn. 6):

Vuen = 0,936-Voc, (6)

VCTOK = 0,065 V()C . (7)

Ta6mmma 6. DnemenTH BoOX03MlCTBeHHOrO Gananca B Memere, M/ro

Voc. | Vaue. | Vucn | Verox *VROTPEBAEHHE : AW
Cenncxoe | Kommynansno- | Hunyer-
X035IHCTBO GnrToBOE " pus
X039/CTBO
51-10° | 5,1-10° | 47,7-10° | 3,3-10° | 3,145-10° 021-10° | 0,04510° | -8,5-10°

ITpumeqanue. *TIpusenero 3Ha9enne Viorpesmaue K1 2000r.

OrpuuarenbHHi  BOAOXO3AMCTBeHHbIH Oamanc (AW = -8,5:10° M*/roxn)
CBUAECTENIHCTBYET O HEOOXOZMMOCTH MEPONPHSTHH MO IOKPHITHIO . BOAHOIO
medurmTa. AHANTH3 NAHHBIX, TPUBEJEHHEIX B Ta0l 6, MOKa3BIBAaeT, 4TO O0BEM
sofonorpetnenns B 14,2 paza menbine, ueMm 06seM ocaaxoB (Voc, / Vioress, =
51-10% 3,4-10° = 14,2). ,

, Jipyroi BapHaHT pacuera BONOXO3SHCTBEHHOr0 GajlaHca IPUBEAeH B paboTe
[Kamel Mostafa Amer & Waleed K. ‘Al-Zubari, 2006]. Artops 370 paboThl
paccMaTpUBAlOT BOAHBNI OalaHC Kak PpasHANY ~ MeXIy OOCIMAMH BOXHEIMH
pecypcamu B 1997r. u oﬁxmm BogomnorpeGnerneM. Ilo omeHkam yka3saHHEIX
. HecnenoBareneit, B 1997r. oTpruaTeIBHEL BonOX03siicTBEHHbIN Oananc B Hemene
cocrasun -1,38-10° s’/roa, a mo uporrosy B 2025r. cocrasur -4,186-10° M /rox.
Hcrnons3oBanme paccMOTPEHHOTO HOAXOAA TO3BOMMIO HAM PACCTHTATH [TAHAMHKY
OTPHITATELHOTO BOAOXO3scTBeRHOro Gananca B Hemene ¢ 1990r no 2025r.
(tabn. 7.). :
: Pasmiaue Mexly BeJMGHHAME Ne(HIETA BOTH IO IEPBOMY H BTODOMY
BapHAHTaM PacdeToB 0GYCIIORIEHA TEM, 9TO B IEPBOM BAPHUAHTE NPUXOHAA YaCTh
Ganauca Omia cBA3aHa C JOXKACBRIMH OCAKaMHM, KOTOPHE JIO CHX TIOp . HE

T e A v ey

HWlIOIB3yi0TCA, @ B0 BIOPOM Bapuanic — ¢ HIOA3CMIpIME BOAAdMH, KOTODDIC H
AB/WOTCS B HACTOAMICE BPEMI OCHOBHHIM HMCTOYHHKOM BOJOOOECHCYCHAS B
pecrryOmuxke,
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Ta6muma 7. JraaMuxa Bonoxo3siicTeenroro Gamanca B Pecry6muxe Hemen

Tox | Obmwe O6mee AW, |Tox | OCmme Obmee | AW,
BOIHEIE | BOJOIO- M BOJHEIE | BOMONO- M
pecyposs, Tpebnenne, peCyponi, 'rpe6n§h'ﬂe,
M M M M
1990 | 2,0-10° 2,8-10° 0.8 {2005 | 1310° | 3710° |-2410°
1995 | 1,7-10° | 3,1-10° -1,4 {2010 | 1.1-10° | 40-10° |-29-10°
2000 | 1,510° | 34-10° -1,9 [2025 | 0710° | 4,810° |-41.10°

4. HanpaeieHns COBEPIICHCTBOBAHNAS BOA006eCIe e s B
- Pecnybumke Hemen

_ B xauecrBe BO3MOXHBIX myTel pemierms npo6neMer BopooGecnedenws - B
VlemeHe HaMu pacCMOTPEHS!: TPAaHCHOPTHPOBKA aiicGeproB, 0IMCTKA CTOMHBIX BOJ,
DOKyIIKA BOAM B JPYTHX CTIpaHaX, ONpPECHEHWE MOPCKHX BOJ, YCTaHOBKa
KOHACHCOPOB BOAHR H3 amoccbepﬂoro BO3AYXa H IIOA3CMHLIX HAJIMBHBIX
pe3epByapos (puc. 3).

N

PRISCITDET SGOH ISA
Gep-on

/—;:mmm R e W

Puc. 3. BosmoxHabIe HyTH pemeHAs npoGieMs1 BoAoOGeCeTeHuA B
-Pecmybmaxe Hemen

OzHa M3  BO3MOXHOCTeH [N YNydIICHHS BOJHOTO GasaHca COCTOHT B
HOBTOPHOM HCHOJIB30BAHHHA BOJM. 3HAYWTENHHB peseps BOAONOTpeOeHus B
Pecry6mke Hemen cBsizan ¢ 04MCTKON CTOYHBIX BOJ, TaK KaK IpHMEpHO 75%
HEOUHIUEHHRIX BOJ NPHMOPCKHX TOPOZNOB COPAacHBAeTCA HENOCPEACTBEHHO B
Mope. B Viemene nmpoMuImILICHHEIE IPEANPHSTHA COCPEHOTOYEHE B HETHPEX
Myxatasax: Cana, Tams, Ams-Xoaeiimga, Aren. Muorre u3 mMX orpaGorasHHEe
' CTOUHEIC BOJEI, 3arps3HEHHBIE NPOMBIIUICHHEIMA OTXOMAMH, a TaloKe IPOAYKTAMH
MU3HEACATENHHOCTH XHUBOTHEX B JHoZIeH 63 BCAKOM OIHCTKH ¢OpachIBaloT MPAMO B
KAHATMMANUNHHVID COTR B R MONe nrrnau'n » r'nnr\nav l"TlP » un:vrr\qmpp nnaaa

SRS RRRR AR SAR N 2 SV AR g vias

mpoxwBacT upumepno 23,5 % HACGNCHWA CTDAHEI, KAHATM3AIMOHHON CETHIO
'OXBaYeHO MeHee TOJIOBHHE TOPOZICKOro Hacenenns. Eme Gonee 0cTpoe NOJ0oxKeHne
CIIOAIIOCE B CENILCKOH MECTHOCTH, Ii¢ MpoXeBaeT GOnbIas 9acTh HaceseHHS.
3necs xanAM3AIMOHHOM Cethio o0eccmedeno e Gomee 10 % nacenemma. O6weM
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CTOuHHIX BOX B pecrybimke cocrarmer 82,9-10° o, 3 nux MOZBEPTaCTCsl OUACTKE
npaMepHO 55%, To ecth 45,6 -10° M*. Taxum obpazom, 37,3-10° M® crousnix Box He
OUMITACTCH.

Opun u3 nanbonee adquemme M NepCOeKTHBHHX myreil obecneuenus
npecHO# Bono# PecmyGmuxu Hiemen sBngercs onpecnexme COJIEHBIX MODCKHX BOJ
(comerocts Box KpacHoro mops mocturaer 42%). OnpecHerne Bojsi — cnioco
00paboTKH BOAH C TENBK CHUKEHHS KOHIEHTPAIMA PacTBOPEHHBIX comeil 1o
creneny (06smEo 1o 1 T.r'), IpH KOTOpo# BOJA CTAHOBHTCH NPHTONHON AL
TIHTHEBHX H XO3MHCTBEHHBIX LeTICH. _

PaccMoTpeHs! pazyfIHEIC METOABl ONPECHEHUs MOPCKHX BOX (ONIpPECHEHME
BHIMODQ)KHBAHMEM,  XMMAUCCKHM OCAXKOCHWEM, ~ WOHHNM  oOMenoM,
3NEKTPOAHATH30M, OOpaTHBIM ~OCMOCOM, IHCTHUIAMEH ¥ FeNMOONPECHERHE).
OxHako, yIuTHBAAL KIAMATHIecKHE OcobemHocTH Memena (BEICOKHE 3HATCHHS
HHCOJIAIHH), OCHOBHOE BHUMaHue OEIIO COCPENOTOYEHO Ha FeTHOONPECHEHNH.

CymHOCTS 5TOr0 Merofa 3aKmOuacTes B TOM, 9T0 TOX Bo3meHCTBHEM
COJIHeYHOH pajmamwy B GacceliHe, 3aNOJTHEHHOM CONEHOH BOOM, TPOHCXOMAT €€
HCHapeHwe, a JUCTHUIAT, o0pasyiomuics PH KOHACHCATAN T1apa Ha HAKIIOHHGIX,
OXJIAXKACMEIX BO3XYXOM IOBEPXHOCTAX KDHIIK W3 CICKNIA WM IUIACTMACCHL,
cobmpaercs B xenobax, pacnoI0KEeHHBIX B HIXKHEH ee JYacT, OCTABIIMICS pPaccol
ynamsercs B apenax (puc. 4). I'ermoonpecHer e TeXHONOTMMECKH OTITIAETCH OT
OGBIYIHEIX AMCTAUIHOHHEX YCTAHOBOK NHIIL TEM, YTO JUIS IEPBOHAYAIBLHOLO

' HArpeBa BOAH MCOOMB3YIOTCH CIEHHAIBHEIE TEMI00OMEHHMKH CO CTEKIAHHOM
TOBEPXHOCTHI0, IMTACMBIE TEINIOTOH  commeusoift  SHeprmw.  Conmeunas
IDHCTHIUIAINA BRITOZHO OTNHYAETCH OT APYTHX METOJNOB ONPECHEHHS, TaK KaK
TpebyeT CPaBHUTENHHO MEHBIIMX SKCIUIYATAMOHHBIX PACX0J0B.

, Puc. 4. Cxema conmneqnHoOro OpeCARTENS TANA «TOPATHH AT
1 — cocyn ¢ coméHolt BomO#, 2 — NApOBO3AYINHAY CMECh, 3 — HPO3paTHAT
KpeumKa; 4 — KOHJICHCAT; 5 — TennmOM30IMpPYIOMAan CTEHKA SINMKA; CTPENKAMHE
0603HaueHH COTHETHEIE JTyTH.

PasMepn COMHEYHBIX OmPECHHTENEH  XapaKTEPH3YIOTCA TJIABHEIM
06pa3oM - MX MPOH3BOXMTENBHOCTHIO, KOTOpasd MOXKeT OHTb C HEKOTOPHIMH
JIOIy e HAAMH BEMECIIEHA IO IPHGIDKeHHOH (hopMyire: ;

Q =kE/L =KkE/580, - ®
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rae Q - yzenpHas IPOM3BOAMTENBHOCTS  OTpecHuTeNs, /M -cyT.; k
K03(QHUHEHT  HCNONB30BAHAA  CONIHETHOMN 3HEPIWH, NPHHAMAEMEN DABHBIM
0,3-0,5; E—nHTCeHCUBHOCTh COMHEUHOM paiHaIHH, L—580 Pacxox sHeprum
H3 HAarpeBaHHEe M McHapeHHe 1 xr BOMEHL

JUia TmpoBeneHWs NpaKTHICCKHX pacdeToB (opmyma (8) Ohuta Hamu
npeobpazopana. Ilpm mnpeoGpasoBanmu OBUI0O NPHHATO CpPEAHEE 3HAYCHHE
permagmss k. (k= 0,4). B urore 6uuta nonyuena cieayromas (bopmyna
' Q=0,593-E 9)

B npnnenemlon dopmyne pasmeproOcTh Q - IWMP-CyT, a pasmepHocTs E —
KBr-a/M*-cyT.

Ilo dopmymne (9), ucmonsays HaHHEE O 3HAYCHHAX HMHCONALMY, ORI
paccYnTaHbl CpeHEMECTIHBIE u CPEHETOAOBEIE yIenbHEIE
HPOM3BOJMTENBHOCTA TENHOONDECHUTENEH VIS TPeX KPYOHBIX TIOPOJOB
Pecry6mmxu Hemen (r.Cana, r. Xopeiina, r. Tams) (puc. 5).

Qco60 OTMETMM, 9T0 pAacCUHTAHHBIC HAMH BEJHMYMHE  VACTBHBIX
HPOM3BOJATENBHOCTEH ONPECHEHHs, OIM3KM K TEM 3HAYCHHIM, KOTODHIE
npueeensl B padore [Salem M. Bin Gadhi & Mohammed A. Mukbel, 1998]. B
310l pabore, B TACTHOCTH, - OTMEYAETCH, YTO JyIA THIMYHOIO JHA
TIPOM3BOHTEILHOCTS CONHETHOrO OTIPECHHATENS JOCTHraeT 3,7 Kr/M>-IeHb.

K Hemocratkam 3TOre Meroga CIEAyeT OTHeCTH Oongsiude
KallHTaJOBIOKEHHUA BBHAY CIOXKHOCTH KOHCTPYKIHMH H CIHIIKOM GONBINEX
IapaMeTpoB COOPYXCHWH, a TalKe HH3KYI0 BHpPaGOTKy Ha  eJuHMIYy
HOBEPXHOCTH COMHEYHBX onpecHuTencd. He mnoxparomuecs = KOHTPOIQ
H3MECHEeHWd IMOroAsl, OOJMaYHOCTH, IMHUPOTA MECTa, CE30HHHE KOneOaHua
TEMIIEPATyp 3HATHTENEHO 3aTPYAHSAIOT H OrPaHHYIHBAIOT NPHMCHEHUE METOAA
CONHEYHON AUCTHILLIAMN,

Q, niMA.cyTkn

r.CaHa r.Xogeinna r.Tans

Puc. 5. Cpennerononsie yAesHEE TPOU3BOAUTENBHOCTH I'eIHOONPECHHATENEH B
' HEKOTOpHIX ropozax PecityGrmku Viemen (pacaeTHre JaHHbIE)

B pmomonHeHWE K U3NOKECHHOMY Ham#  ObUIM NPOBENCHH pacdeTsl
WIOmAneH rexHoonpecHuTenei, obecnednBaromme BHPabOTKY NETHEBOR BOXK
B TPEX PacCMaTPHBAEMEIX rOpOAax B TedeHHe roja. Ilpw pacderax Osum
HCTIONK30BAHH CTAHAAPTHEE CPEAHAE XAPAKTEPHCTHKW 4eIOBeKa W, B
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9JaCTHOCTH, KONMYECTBO NHMTHEBOM BOAE B JEHb M B3POCIOrO 4YeloBeKa — 2
nutpa (Tabn. §).

Ta6nema 8. ITmomau renroonpecHUTENeH IS OMTEEBOTO BONOCHAGKeHAs
HACETCHUA HEKOTOPHIX ropoAoR PecnyOmnku Memen

Topox VYaensnas npoussoautesibHocTe | Hacenennme [Tnomans
, onpecauTens, Q, W/M>-CyT OIPECHHTEIS, Ta
 Cana : 3,5 1834293 104,8
Xogeiina 34 826672 48,6
- Taus : 34 566569 33,3

B Hacrosmee BpeMs BIACTH lieMeHa IAHMPYIOT HEMELICHHO HAdaTh
CTPOMTENECTBO AECATKOB 3aBOJOB IO ONPECHEHMIO MOPCKOH BOmb. VYike B
Gmmkaiimee BpeMs TPaBHTENECTBO MeMeHa JIIaHupyeT. oOBABATH TEHAEPH Ha
TIPOEKTH  CTPOMTENLCTBA MHOIOMHCICHHHIX 3aBOJOB JUIS ONPECHEHHS MOPCKOM
BOJBI BJIOJIb HEMEHCKOT0 IMoGepesks s, NPOTHKEHHOCTh KOTOPOro okoao 2000 k.

i Opmaum w3 HampaeJieHWui, MO3BOIOMEM 9ACTHIHO DENIUTs mpobremy
zxe(’pmm"ra BOJHEIX PECYpPCOB B leMmeHe, fBIMeICS HCHOIb3OBAHHE TeIUia
OTXOZgIIHX razoe NeucH IEeMEHTHBIX W JAPYIEX 3aBOAOB A4  ONpECHenHs
mopckoit Bome:. Vcmonp3opaHue OTXOARINMX TIA30B IEMEHTHBIX medell STHX
.33BOJIOB, KaK MOKA3AIH HAIA PACUETH, IO3BOJIHT noyaats okono 2-10% kr - -108
1) mpecHO# BoAR B roA. Ecim ydecrs, 9T0 Ha BEIpanWHBaHWe 1 Kr roneHWns!
HeoGxoMEMO M3pacxonoBars 10° 1 BOMEL, TO YKa3aHHOE BHIIIE AOTONHHTEIBHOE
KOJIMYECTBO BOJ®L, HCIIOIE3yeMO# 7 OpONISHUs, HO3BONHT BHIpacTuTs 200 ToHH
MOCHAIE.

Jpyroe HanpaBicHWe NOKpPHITHA Ae(Eiara IPecHOH BOAM — MOJIydeHHE
BOAN M3 aTMoceprore Bo3xyxa. [ 3Tol meMM HCMONB3YIOT KOHAEHCOPH
pasigesx THNO0B. Cnoco6 momydenss npecHoi BOA |3 atMOC(epHOro BO3AyXa
COCTOHT B TOM, 9TO NOITIOIIEHHE BJIarK H3 BO3AYXa MPOUCXOART UPH €ro MPOAYRE
gepes copGenT, KOTOpEI# 3aTeM OTHaeT Biary OpH Harpese ¢ MOCHSAYIOWEH ee
KOHfieHCAllMel, W OTNMYAeTCA TeM, 9YTO B KauecTBe .COPOEHTAa HCHOMB3YIOT
MaTepHal, COCTOAIMHA M3 NOPHCTOH MATpHIBI W IOMCHIEHHOTO B IOPHI
TMCPOCKONAYIHOTO BEWNECTBA. B KauecTBe MOPHCTOH MATPHIE HMCHONL3YIOT
HEOPravM4ecKMe OKCHAEI, VINIEPOAHEIE COPOCHTEL, = MONHMEPHI, IDUPOIHBIE
COpGeHTEl, MOPOMETAITE, MOPHCTHE KOMIO3MTH WIM HX CMECH, B KA4eCTBE
THUTPOCKOIHYHOIO BEMIECTBA B IIOPH! NOMEINAIOT HEOPraHMIECKHAE COJIH, HX CMECH,
HMX pacTBOPH M MX KpHMCTamioruaparsi. Ilpm srom HarpeB copOeHTa HA CTagHu
* pmecopbmE . BOZH OCYmECTBImOT f0 Ttemmeparyps 50-80°C 3a cuer
HCIOIL30BAHAA CONMHCYHOH MM 3NEKTPHYCCKOH JHEPrHH, a Takke TEIUiad

vy by rreeaem 32

yuo.un':nnux ,qnm ulu.uun, a l\aNLll\alJul YPY B l\UﬂJ—I,\/H\lﬂ.lUpb u\uu.l@pll\.l’lna.l\ll OITH3KOH
K TeMIIEpaType OKpYKatomei cper.

Komraectso Boxw1, koTOpoe MOXeT OHTH MONydeHO W3 arMocepHOro
BO3AyXa 3aBHCHT OT. TEMIEPATYpH M BIDKHOCTH OKPYXAIOWEro BO3AYXA;
TEeMOEPaTypHl KOHJCHCHPYIOISH NMOBEPXHOCTH; 00beMa BO3AyXa, MPOXOAAIIEIro
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4epes cHCTeMy KoHaeHcamud Biarn. OueBHAHO, ITO Pa3MEHICHWE YCTPOMCTR AL
H3BJICYECHAS BOJBI M3 BO3JyXa HeENecooOpasHO Ha TEX TEPPUTOPHAX, KOTOpHE
XapaKTEPH3YIOTCA BBICOKOH OTHOCHTEIBHON BIAKHOCTHIO BO3Ayxa. B 310l cBasH
HamMd ObUIa  NPENPUHSTA NOMBITKA  BHIIBHTE  3ABHCHMOCTR  BEJWIHH
OTHOCHTEIHHON BIAKHOCTH BO3xyxa (RH) OT BHICOTHI MECTHOCTH HAj YPOBHEM
Mops (E). B pesynbrare 05112 BHSBIEHA CIEAYIOMAT 3aBHCAMOCTE.
RH =91 -6,6:In(E) ‘ (10)
N=28;1r=0,76;, " =0,58; Fp =35,9 Fr =421, Fp/Fr=85

Kaxk ciepyer w3 npuseAeHHO#H (POpMyIIB OTHOCHTENbHAA BIIAXKHOCTD BO3AYXa
JVHEHHO YMEHBIIAETCH C YBEIMYCHHEM HATYPanbHOro JIorapugMa - BEICOTHI
TEPPHTOPHM HaZ yPOBHEM MOpA (B HHTEPBAIE BEICOT OT 5 M 10 2500 M).

TlonyueHuslii  pe3ynbTAT TWPHBOUT K BHBOAY O Hejxecoo0pasHOCTH
pasMEeINeHHA YCTpOHCTB Iii H3BICYCHHA BOHHI W3 BO3AyXa HAa TCPPHTOPHIX,
PAcIONOAKEHHEIX HEBHICOKQ Haj YPOBHEM MOps, HanpaMep B paiioHe Moxa (E =
Sm). S : .
Toxpritue medpummra Boxs! B Memene Moxer GEITh peaH30BaHO TAIOKE HA
OCHOBE MPOTPECCHBHLIX cnocoGoB opomenns. Cpemd pasiMIHRIX CmoeoboB
opomenus  (MOBEPXHOCTHOE,  JAOXKACBAHHE,  a’pO30NBHOEC  YBIAKHCHHE,
MOJNOYBEHHOE, KamenbHoe) Ham(ollee NEPCIEKTABHO KaneirsHOe OpOHICHHE.
Kanemsroe opomense — IOKanbHOe OPOHICHHE ¢ TIOMONIBI0 MHEKPOBOJOBEITYCKOB,
NOJABHEIX  KameJbHAL. KanejpHOe . OpOIIEHME HMEET  CYUISCTBEHHBIE
IPEHMYHIECTBA II0 CPAaBHEHHMIO C APYruMy BUAaMH uppuramud. OHO HPEBOCXOAAT
MOBEPXHOCTHOE OpOICHHE H OPOLICHHE JOXKACBaHHEM C TOYKH 3PEHHA SKOHOMHH
Bomel. [lpm opomemnr ko3pGEIHEHT TONE3HOre WMCIONB30BAHMA BOJH
ONpEACHACTCA KaK COOTHOIICHME MEXY KOMHYCCTBOM . BOIEI, YCBOSHHEIM
pacTeHueM, H H3PacXOAOBAHHKIM Ha noJMB. Mccnenosanus MOKasHBaIOT, 910 3Ta

BEJIMOHMHA COCTABJACT OKONO 95% IPHM KAaNeTbHOM OPOIICHEHM, TOTAA KaK Vi

MOBEPXHOCTHOTO OPOIICHNAA OHa paBHAeTC 45%.

B 2000r. Ha opowerne B pecuyGmke G5UI0. H3PACXONOBAHO 3,145-109 M
Bomet. COrIacHO HammM paciIeTaM [EPEXO/l HA KaleJbHOE OPOIICHAS MO3BOJIAT
caxoHoMATE prMepro 1,655-10° M° Bomsr.

B Pecrry6mmxe ﬁemen ©XKETOIHOE KONMICCTBO OCATKOB (Voc = 51 -10°
mfron) B 15 pas [PEBRIAET 0OBeM exeromHoro Bogcnorpetnenus (Viorrss, =
3,4-10° 3/1"011). Bonee Toro, BeimumAa eskerofnoro croka (Verox = 3,3 M /rox)
com3MepnMa ¢ 06seMoM BogonoTpebnenns (Viorees/ Verox & 1). honsmas Jacts
BRHIANAIOIMX OCaAKOB TpaTWICA Ha HCHapCHHS, HEKOTOPOC KOIMICCTBO
TIOTIONTHAET 3aMacH MOA3EMHBIX BOJ, YacTh cTekaer B Kpacmoe Mope, AjieHCKmit
3amuB B Apagmiickoe Mope.

Ilo HameMy MHEHMIO, KONMYECTBO CTEKAIOMMX OCAAKOB MOKHO
CYIIECTBEHHO YMCHBIIMTE MYTEM YCTAHOBKH DE3EDBYADOB IOJ IOBEDXHOCTHIO

senuy (JOZREMHERIC HATMBHEC Pe3epByapH ).

OGocHoBaHWE MYHKTOB YCTAHOBKH HANHBHHIX  PE3€pPBYapoB ﬁmo
OpOBENeHO HaMH B HeCKONIbKO 3TanoB. Ha mepeoM 3Tane GbiN NPOBEAEH aHATN3
pacmpenenenns N0XKAERHX OCAAKOB 10 Teppurophu Memena. AHanW3 moxasan,

23




910 HauOOJBMICE KOMMIECTBO OCAAKOB BHIIAJAET B 3anajHON IOpHOH dHacTH
MViemena. Ha BropoM arame GeuT OPOBEACH AHANH3 BHYTPHIOAOBOro ofBeMa

~ocazkoB. Pe3ynsTaThl aHAMH3A CBHACTEIALCTBYIOT O HepasmoMepnoM o0beMe
BHIOANAOMHAX OCAAKOB B TeueHHE roaa. Hambompmiee KONHYECTBO OCAIKOB
BeInanaer, HanpmMep, B . Taus B anpene (152,2 mm), Mac (216,4 mm), mone (214,5

. mM), aBrycre (181,9 mm) m cenrabpe (180,5 mm). Ha TperseMm stame Owin
OpoBeAeH  aHamMs  TomorpadEueckod  Kaprel  MeMewa, cojepxameit
FOPH3OHTAIEHEIC  H30JMHHH, YKa3HBAIOMWME  pacOONOXKEHHE  PasiIH9IHBIX
TeppuTOopHil Bax ypoBHeM Mopa. K coxanermnio, MacmTab uMmeBimeiics B HaiteM
pacnopsbkerns Tomorpaguueckoil kapra Memena (1: 1000 000) me mozsomsn
paccduTarh ¢ JOCTATOYHOH TOYHOCTHIO PACCTOSHHE MEXAY Bafd (BRICOXTIHAMH
PYCHaMH PEK). '

Tem He Menee, CyTs mpennaraeMoif HaMy HACH 3&i§JﬂG"iaETC$i‘B\yCTaHOBKe
HAMBHHIX PE3€PBYapOB BJAOAB BaAM, MO KOTOPEIM TIPOHCXOAHT OCHOBHOM CTOK
JoxaeBrX ocaaxos B Kpacrnoe mope. TIpakTirgeckas peanusanms Takoro nogxosa,
KaK [OK23amH pacueThl, MO3BOINIET COOMpars BeckMa OONBINOE KOMMIECTBO
JOXKIAEBBIX 0caaKoB (Tabm. 9).

| Tabmma 9. OGbeM JOKIEBHX 0CaJixOB, KOTOPEI# MOXET O5iTh coGpan
NIOM3EMHLIME HUTHBHEIME Pe3epByapami B 3anaHoi vacta Memena

 Bapgn BopocGop, xM° CpeareroaoBoi CTOK, MM Cpezmero;(gmoﬁ CTOK,
M
1 2 - 3 4

Harad 1700 6,0 ' 16,2-10°
Mawr- 7912 20,5 162.2-10°
Surdud © 2370 28,9 68,5-10°
Rima 2250 440 99,0-10°
Zabid 4632 270 125,1-10°
Rasyan 1990 ' 62 12,3-10°
Tuban 5060 21,6 , 109,3-10°
Rabwa | 460 A 12,5 5,8:10°
Bana 6200 27,2 168,6-10°
Ahwar 6419 ; 11,0 70,6:10°
Adhiana 8300 . . 10,5 ' - 872:10°
Amd/Doan 6553 3,1 20,3-10°
Al Ayn 1500 64 9,610°
Sarr 2540 1,2 3,0.10°
Bin Ali 720 44 3,2:10°
Tuaymah 750 L6 - 0,76:10°
' Idim 5485 15  41,1.10°
Thibi 718 , 2,6 1,9-10°

~ Hroro]| 65569 xm® 241,6 mm . 9987-10°m°




TIprmeuanne. Bo m3bexanum HeTOMHOCTEH ﬁepexso,ua HA3BAHAA BAIM IPHUBEACHE
Ha aHIHHCKOM sI3biKe. IlepBuuHbie JaHHEE M1 pAcYeTOB GHUIH 3aMMCTBOBAHE W3
[Jac AM. Van Der Gun, 2000].

Kak cremyer w3 npuBENCHHBIX MAHHEIX, pPCamM3alusd HPELTOKESHHOIO
mpoexTa mosBonET cobpats oxono 1-10° M> NOXEEBHIX OCAIKOB, YTO COCTABHT
npamepHO 29,4% OT COBPEMEHHOTO BOAONOTpeOnerms B Pecny6Gmuxe Memen
(3,4-10° M’from).

IIpH MpOeKTHPOBAHMY HAMMBHEIX PE3EPBYapoB 0co00e BHHMAHFKE CAEXYET
YAEIATH: MEAMMANIBLHOMY PACXOAY MaTepHaos (6eToHa, xene300eToHa H T.A.).

Ilycrs HaymemOM pesepByap umeer (OpMy OTKPHTOro nwmmHipa. llpm
HM3rOTOBJCHAW pe3cpByapa MaTepdan Haer Ha 00pasoBaHme CTCHOK H AHa
wwmmApa. Ecng r — paguyc ocHosamma W h — BBICOTa pesepByapa, TO CyMMa
TUIOmA/M OCHOBAE#MA B GOKOBOH MOBEPXHOCTH IRUIMHAPA BHPASATCA CIIEAYIOIIHM
obpazom:

F=nr +2nrh an
O6sem wumHapa V paseH:
V=nr’h (12)
Hcxmouus h, monyaum
F=nr+2Vh (13)

CyTb 3a3/1aum 3aKmodyaeTca B TOM, 9To0H TIpH 3aaHHOM 00BeMe DHIHHIpa
(HanEBHOrO pe3epByapa) HAlTH Takoe 3HAYEHHME I, NPH KOTOPOM IIOBEPXHOCTE F
Oruta 6wt mummMansHod. Muddepenmmpys (11) mo r ¥ npupasamBas mepeyio
OPOH3BORHYIO HYITO, TIOJTY HM

dF/dr = 2mr -2V =0 (14)
Torga: '
2nr’ = 2V 15)
Tax xax
h=V/a* (16)
TO OTCIONIA HAXOAWM N
‘ h=r ’ an
TlockonbKy BTOpas HPOH3BOAHAA '
&F/dr’ =2r + 4VA° (18)

DOJIOKHTENBHA, TO MpM h = © DOBEPXHOCTS HAMMBHOrC pesepsyapa Oymer
MMHUMATHHOH.

Winnnue cnozamm, HaunGoasmas SKOHOMES MarepuanoB GyJer AOCTHTHYTa B
TOM CIy4ae, KOrAa BEICOTa pe3epsyapa Oy/eT paBHa ero pamiycy. B stom ciayaae

o65eM pesepByapa 6yner paseH
V =nrh=nr (19)
Wnw :
r—h— /‘7/...\1/3 0

' {ev)
Jins wumocTpaym npmaomm pesymmm PacdueTOB HEKOTOPHIX HATMBHEIX
pe3epByapoB A7 HEKOTOPHIX BaJH, XapaKTepu3yIOMMXca HaHOONEIHM, CpeIHIM
¥ HAMMEHBIIAM CTOKOM JOXAEBHX 0CaaxoB (Tabn: 9.). B mpuBeneHHsix pacderax
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YY4TEH TONBKO OOLEM CTOKA, HO HE YUWTHBAICA (MEPTBHIH 00BEM» HAMMBHOTO
pe3scpayapa.

Tabmiua 10. PasMepH HO3eMHBIX HAIMBHBIX PE3EPBYapPOB LA HEKOTOPEIX BaTH

Bagu - O6beM cToKa, M° BEICOTa = pajayc, M
Bana 168,6-10° 380
Zabid 125,1-10° 340
Idim 41,1-10° 240

‘Amd/Doan 20,3-10° 190
Rasyan 12,3-10° 160
Bin Ali 3,2-10° ‘ 101
Juaymah 0,76-10° 62

Hpnneneme pE3yIbTarel pacdCTOB HOKA3BKIBAIOT, ¥T0 B 3aBHCAMOCTH OT
ofseMa CTOKA JiMHEHHBIE PasMepHl HAIMBHEBIX PE3EPBYapOB BEChbMa 3HAYWTEIHHEL.
B 31HX ciiyuasx, MO-BHAMMOMY, BAONb Baid CJIEXYCT YCTAHABIMBATH HECKONBKO
HAMBHEIX Pe3ePBYapOB MCHBINHX pa3sMepoB. B obmem ciydae, BEIcOTa M pagayc
pe3epByapa B 32BHCHMOCTH 0T 005eMa cTOKa OmMCEBaeTed cexytomeit hopmymoi
{puc. 6): ‘

o r=h=>589InVcrox + 448 @2n

Ilpn ycramoBKe HAIMBHEIX pe3€pByapoB BEChMa aKTyalsHa mpo(uema
NpeAOTBPAmICHNA NOTEPh BOABI 33 CH4ET HCchapeHHs. K HacTosmeMmy BpeMeHH
JAOCTATOYHO WETKO BHUABHIOCH. OCHOBHOE HAUPABICHHE B  PEHICHHH
paccMaTpuBaeMoil NpofOiieMbl — 3amUra BOJHOM HOBEPXHOCTH IIPH IOMOHIH
XUMHYCCKAX PEareHTOB. PAcHpemeNdaich HO HOBEPXHOCTH BOJHL, OHA 00pasyioT
IJeHKy, 3aTPyAHSIOMYI0 wucnaperme. Hambonee >(pQEKTHBHLIME M3 HHX
oxasamuck rexcagenmnoBbii (metmnosmii) (CigHi;sOH) ©  oxTagemwioBmiit
(CysH37,0H) comptel # mx cmecH. K ¥MxX mpeHMymecTBaM OTHOCATCSA IPOCTOTa
HAHECEH¥d 3AMMTHOTO CJIOA, OTCYTCTBHE SAOBHIBIX CBOMHCTB, CpPABHHUTEIBHAT
JOCTYyIHOCTh. IIIeHKa HETHIOBOTO CIIEPTA Ha BOAE BONM3M HEBHAMMA, HE MEHAET
ec BKyCa, UBeTa W 3anaxa. AHama3 He OOHAPYXMBAET TPHCYTCTBHE LETHIOBOLO
CHHPTA B BOJIE, 3ANIHINEHHOH €r0 TUICHKOH.
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Puc. 6. 3aBacHMOCTS pagmyca (BHCOTEL, M) OA3EMHEOTO HATMBHOTO
pe3epByapa ot 00beMa YIABIHBAEMOTO CTOKA (KMS)

Al cospanus HeNPEPHBHOM IICHKHA UETHIIOBOTO CHAPTA HA NOBEPXHOCTH B
omue rexrap (100x100M) Teopermuecxm Tpebyercs Bcero llr cmmpra.
OpreHTHPOBOIHA OHEHKA KONUYECTBa HETWIOBOrO CUHpTa, HEOOX0JAMOro Iy
TIOKPEITHA TIOBEPXHOCTH BOAEI B PACCMOTPEHHBIX BHINIE BANHMBHAIX PE3epByapax
NOKA3KIBAET, YTO OHO BapsupyeT oT npuMepHO 500 r mo 13 r. (zabn. 11).

Tabmma 11. Kommecteo ixemnonoro CITAPTA IS npencympaﬁ:enm HCIIAPEHAS
BOJH 13 HAJIMBHLIX PE3€PBYaposB

Banu IToBepxHOCTE TeopeTHgeckoe MEHUMAILHO HEOOXOAMMOE
PE3EpBYapa, ra KOIMUCCTBO NETHJIOBOTQ CiipTa, I
Bana 453 500
Zabid o 36,3 400
Idim 18,1 200
Amd/Doan 11,3 124
Rasyan 8,0 88
Bin Ali 3.2 35
Juaymah 1,2 13

O6o6imeHre pe3yAbTaToOB HAIMX PacycTOB TOKA3EIBAET, UTO PeATH3ALAA
NPEAIOKEHHBIX MEPONPHUATHIA II0 MOKPHITHIO Ae(huimTa IpecHOl BOJL! HO3BOJHT
JOTIOJIHATENEHO POM3BECTA H CIKOHOMHETS mprmepso 2,9-1 0° M’ Bo (Tabn. 12).

Ta6muna 12, IpeanaraeMeie MEPOIPHATHS [0 cgnépmencmonaﬂmo
popoofecneuenms B PeciyGnake Viemen

Meporpuarua

JlomomsmrensHO TPON3BOMMEIH AITH
COIKQOHOMJICHHEIH 00BEM BOJIBL

Hepexon HA KaneIkHOC OPONICHHUC

1,7.10° M

VcrasoBKa HON3EMHERIX HATHBHELX
| pe3epByapoB

1,010° o

CISILACRANES OTESAITINIY r'a3os
UL LA L .

T
LIVIIILIUDAInY ULAUAs

na1n? .3
\I,L v

@

OECMCHTHBIX 3aBO0OB
‘YcTaHOBKa FEMHOONPECHUTENCH 2,3-10°
Mopckoit BoxwI B r.Cana, Tams,
Xoneiga
Hroro: |, ~2910° M
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BbIBObI

1. Quuoii w3 ocrpefimmax npobuem Pecny6mukn Memen smmserca obecreuenue
HApOXHOrO X03aMCcTBa # OBITOBEIX HY:K/] HACEICHHA IHPECHOH BOLOM.

2. B macrosnee Bpems Pecry6imxa Memen XapakreprayeTcs BHCOKUMH TEMIAMH
€CTeCTBEHHOTO TpHpOCcTa HaceneHus (4,1%), Hu3KOH SHEPrOBOOPYMEHHOCTHIO
(KOIMMIECTBO  OJIEKTPOJHEPIHM Ha  Jymy  Hacemerws ~ 150,3  xBru),
HE3HAUMTETHHBIM KOJHYECTBOM OCAKOB (B CpeiHeM IO pecmybimke He Gonee
100 MM B rOm) M OTCYICTBHEM NOBEPXHOCTHEIX BOX CYHH. BHICIpHEI poct
HaceJICH¥A ¥ 3KOHOMHYECKOE Pa3BHTHE B TaKMX YCIOBHAX BCE BPEMA YCWIHBAIOT
HEXBATKy BOZBI, 9TO TPO3HUT «BOIHBIM I'OJIOZOMY.

- JluMamMmka ©npOM3BOACTBA  JNEKTpOdHepruH B PecnyGmuke Memen
XapaKTepH3yercd 3HaYHTCNBHEIM pocroM. ¢ 1967r. (17 mma.xBra) mo 1994r,
(1958 mir xBT4) 1 pesknm nazenueM B nocneayomue rogs (240 mm.xBru B
1999r.), 9TO CYIECTBEHHO OrPAHMIMBAET PEIICHHE npoﬁneMH BOJZI0O0ECTICUSHIS
OyTeM ONPECHEHMA MOPCKHMX BOX ¥ YCTaHOBKH IMAPOTEXHHIECKUX COOPYXKEHHIA
A c60pa HOKAEBBIX OCAZKOB ¥ HX NOCHEAYIONIel TPaHCTIOPTHPOBKH.

4. Bonoxossiicreenmbiil 6ananc Pecny6mmm Vemen, cocroammii n3 npnxo,zmon
gacTH (OCAHKH) ¥ PacXOmHOM dacTy (MH(UILTpaNKS, HCIIAPEHHAE, KIMMaTHICCKMM
CTOK, NOTPEONICHME), XAPAKTEPH3YeTCs CIEAYIONTMMH BETHUMHAME: OCATKH -
-51- 109 M’/ron, nadmstpamms — 5,1-10° MY/rox, ucnapenne — 47,7-10° M*/rox, crok
— 3310° w™Yrox, notpebnense - 3,4-10° mfrox. OrpunarenbHbiit
Bofoxo3micTReEMEl  Gamanc  (-8,5-10°  a’frox) CBHJICTENLCTBYET O
HE00XO0HMOCTH MEPONPHATHI MO OKPHITHIO BOAHOIO ACUITHTA.

5. Jind DOKpHITHSA medummra  BoaooOecHeueHns - HEOGXOMUMO paapaﬁoran:
KOMILTEKC SKOAOTHYEeCKH GE30MacHEIX TEXHOIOTHiA,

6. Jina moxperrua medpmmuTa npecro# Boxs B PecryGimxe Memen meoGxommo
YCTaHOBHTH T€JIMOONPECHATENH MOPCKOM BOZBI, HCIIONB30BATh OTXOAAIIAE TA3H
HEMEHTHHX ¥ JPYrHX 3aBOOB J7s ONPECHEHHS MOPCKOH BOAH METOAOM
JUCTWUALMY, YCTAHOBHTL HAJMBHHIC pe3epBYapH BZOAb Bamu Mua cOopa
HOMCIEBEIX OCAJKOB, HCIONB30BaTh KOHJCHCOPEL BOAS 3 aTMOcepHOro BO3ayxa,
TepeiiTy Ha KarieTbHOe OPOMICHAE H POH3BOJHTS JOOYHCTKY CTOYHBIX BOJ.

7. llepexoa Ha KaNEUBHOE OPOMIEHHE MO3BOIMT COKOHOMHUTH nprmepno 1,655-10°
M BOEL.

8. ExerofiHoe KONMIeCTBO OcamKkoB B Pecryfmaxe Memen B 15 pas ppessimaer
ofneM CRCTOLEOTO DUAUuULPUU.TiCﬁ"ﬁﬁ (5 1 109 MBIITGE | 3,4 109 Mallrﬁf\
COOTBETCTEEHHO). YCTAHOBKA HANMEHEIX De3epBYAapoB = IMosomur  colmpats
HOpAMEPHO 11()9 M/FOII- OXJEBHX OCAZKOB, UTO COCTABIAET oxono 30%
. COBPEMEHHOTO BOXONOTPEGIICRHS B peciyOIHaKe.

9. Haubonpmas skoHOMAI MaTepuanos OyZeT HOCTHTHYTA B TOM Ciydae, KOTAa
BHICOT2 IMIMHAPA HAZMBHOIO pe3epByapa Syner passa erc pagmycy. Jns
. CHIDKSHW ACIIAPEHMSA BOIEI HENECO00DA3HO HAHECEHHWE BRICHTAX RUDHKIX CITADTOR
HUIH KHCIIOT Ha IOBEPXHOCTH BOAH, cOOpaHHO#M B pe3epryape.

10. Iipr Bhifope mpHHIHMNA DONYYSHAS TPESCHOM BOZEI CICAYET TPOBOAHUTS,
HCXOAS M3 MECTHBIX YCIOBHIH ¢ y9eTOM CBOMCTB MCXOAHOH BOZHI (MOpCKas HIH
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arMochepras BOAA), HCTOYRHKOB DHEPIHH, HH(PACTPYKTYPH H T.A. C LENBIO
HONY9IeHUS MAaKCUMANGHON sxoRoMIdeckoii addexruBHoCTH.
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Introduction

Conception of the water's cause for the all objects was yet expressed by the

ancient Greek philosopher Fales at the VI century before Christmas. The all
following history confirmed convincingly the fairness of Fales genius conjecture.
But comprehension, expressed with image by L. J. Henderson, that «water is and
will be most abundant and most important out of afl the objects», doesn’t agree by
no means with irresponsible attitude of mankind to one [Tolokontsev, 1991].
This irresponsibility sharpened limitlessly the problem of water on the Earth, this
problem may be formulated commonly as a contradiction between increasing of
the social necessities in the high qualitative water, on the one hand and
deterioration of its quality and its deficit, on the other hand.

_ If now about of 1.7 milliards of people (i.e. 40% of the Earth population) in
the more, than 80 countries, suffer of absolute or chromic deficit water and about
0.4 milliard of these 1.7 milliard live in the regions with serious water deficit, so to
2025 year 66.66% of humanity will suffer already because of water shortage.

In compliance with UNESCO data to 2050 year 7 milliards people in 60
countries (on pessimistic forecasts ) or 2 miliiards people in 48 countries (on the
optimistic forecasts) occur with the problem of water shortage. And situation may
be aggravated only, as population of a planet increases now by 80 millions people
in a year, but water expenditure increased during last” decades twice, than
population growth. Water deficit is sharpened with the growth of common weal,
with the increase of meat products, quota in feed ration and also with variation of

- precipitation distribution on the earth surface.

- Statistical mean-European level of water consumptlon accounts for 200-300
liters of the fresh water on the person for domestic aids during a day that exceeds
minimal consumption to 10-15 times.

The fresh water is converted violently into unavallable natural resource.

During XX century its consumption was increased in 7 times, when
population of a planet was increased threefold. It's not occasional that UNO
declared 2003 year as international year of the fresh water.

- Water supplement of national economy and domestic need of population is
one of the sharpest problems in Vemen Republic (Khalid Abdo Sased Ali
Al-Mureish  2002,2003,2004,2006,2007; Frumin G.T., Abdo Saeced Ali
Al-Mureish 2005,2006).

Now mean year expendlture of renovated water resources for one Yemen
inhabitant is equal 223 m®. If it's assumed that in future increasing rates of Yemen
population will be maintain at real level; then afier two decades this index will not
exceed 150 m® /year. In accordance to real forecast after 30 years removed waters
volume for one inhabitant will be reduce to 100-76 m*/year, it is less significantly
than his physiological needs.




Now Yemen inhabitant consumes meanly about 1250 m’ of water in year,
i.e. expenditure not only excess of this natural resource, but unlimited destroying
resource of oneself. In final analysis of all country scale underground waters,
pumping out exceeds its renovated volume to 1.5 times. This is a serious treat for
water security of many Yemen regions, especially in most large towns (Khalid
Abdo Saeed Ali A-1 Mureish, Frumin G.T., 2006).

Only 35% of Yemen populations receive fit drinking water. In the towns
this index is equal about 74%, in the rural district it's about 14%. Consequences of
bad water usage are very tragic. About 70% of small children deaths is induced by
different diseases, initiated by bad water.

Problems of supplying the qualitative water for Yemen population are
complicated by quick and non-controlled elemental towns growing, that is caused
by intensive influx of rural population to towns. Numerous houses are being built
on the suburban lands, where are no water lines and sewerage nets.

About 75% unpurified waters of seaside towns are thrown down directly in
the sea, that acts destructively on the ichthyofauna, causes derma and other
diseases. It is very serious ecological problem, because the state with a small areca
has the sea shore line along Red and Arabian seas with the extent of 2000 km and
more. ‘ ‘
Main causes of water crisis in Yemen Republic are the gradually growing
water permission in the result of population growing (it's rate is on the fifth place
in the world, i.e. 4.1%/year), expanding the agricultural areas, requiring the
artificial irrigation, absence of state inspecting the processes of extracting and
consuming the underground waters.

Complicity in deciding the problem of water security in Yemen Republic is
influenced by the next causes: 1. Practically absence of the surface waters (the
lakes and rivers). 2. The great population number (18349000 persons in the 2000
year). 3. Superior index of the annual population growth (4.1% in the 2000-2005
years). 4. The low per cent of the urban population (25% - in the 2000 year) and
major proportion «of the migrated population», 5. Low level of the economic
development (the internal total product was 14400 million $ USA in the 2000 year)
6. Small amount of the produced energy (240 million kWt/hour-in the 1999 year).
7. Exclusively uneven distribution of the precipitates over Republic territory.

In connection with the presented material general analysis of water security
problem in Yemen Republic presents itself the actual task, as after its successful
decision it occurs possible to reveal the main causes of the fresh water's shortage,
to carry out the natural control measures and to uevelop the system of the rationai
managing the water resources.

1. Physics—geographical description of Republic of Yemen

Yemen is disposed on the south part of Arabian Peninsula, between 12° and
20° of north latitude and 41° and 54° of longitude to East of Greenwich. Yemen
Republic (Al-Djumhurija Al- Yamanija) — state on the South-West of Arabian
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Peninsula, was generated on the 22 may of 1990 year as a result of joining Yemen
Arabic Republic (YAR, or north Yemen) and National Democratic Republic
Yemen (NDRY, or south Yemen). On the north Yemen borders on Saudi Arabia,
but on the East- Oman, on the south Yemen is surrounded by Arabian sea and
Aden gulf, on the west- Red sea (some parts of frontier don't definitude legibly
yet). Also Yemen possesses the islands: Kamaran —in the Red Sea, Perim- in Bab
Al-mandeb sound, Sokatra in Aden Gulf. Yemen's area is 527900 square km .
capital -Sana'a (figure 1).

Figure 1. Card-scheme of Yemen Republic's geographical position

The most part of Yemen is covered on the west by the mountain massive
with strongly traversed topography (Djabal), on the north — by plateau and on the
east - by the tableous massives (Hadramouth),only the narrow coast strip presents
itself the lower plain (Tehama). Littoral plain, as the narrow strip with breadth 20-
30 ki, partly to 80 km, along Red Sea and Aden Gulf (Tehama) are stretched from
the sea shore to the mountain foot. Its absolute marks contain of 40 to 200 m.

The plainy surface is complicated by the beds of numerous vedi, which
width changes of 49 m (at mountain foots) to 200m (at sea shore).

The surface, very pervious to water rocks, flat and concave forms of
topography favors quick infiltration of atmospheric precipitates and does not
encourage surface flow formation. Simultancously these conditions faveurs re-
underground waters, especially during heavy shower rains.

Yemen climate is differentiated from region to region: in the south desert —
very hot, but summer and winter winds bring the sandy storms. The average June
temperature is about 27°c, but the average January temperature is about 14°C (All
the world. .., 1998).
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Climate of the Red Sea coast is very hard for life. The hottest season is since
May to September. During these months most part of precipitates falls out, that
increases a closeness. Average summer temperature is 37°C.There is the winter
season since October to March with average temperature 20°C.

Climate is more favorable inside country, especially in the high-
mountainous regions, where is located republic capital Sana'a city. However here
air contains oxygen less by 20%, than on the coast. In Sana'a average temperature
in December is 11°C, in July is 20°C... There is the coldest month January in Aden
(on average 26°C), hottest — June (on average 33°C). It's no practically precipitates
during year [Practical guide-book...... 1991].

Annual volume of the falling precxpltauons makes up about 60 milliard cub
meter in Yemen Republic. The most precipitations, amount falls in the
mountainous regions. The rainiest month is an august, dry weather is prolonging
since November to January. Common precipitation amount's data in the main
Yemen towns, fixed on the main meteorological stations in the 2002 year, are

given in the Table 1.
Table 1. Annual precxpltatlons amount in the largest Yemen towns
in the 2002 year

Town precipitations, mm | Town piecipitations, mm
Ta'izz 1,119.7 Sana'a . ‘ 83.4

Ibb 556.8. Saywun 72.0
Hajjah 317.5 Sa'dah 66.5
Sokotra 239.7 Adan v 57.1
Dhamar 201.8 Ma'rib 228
Al-Mukalla , 85.2 Al Hudaydah 189

‘ The average density of population over country is 37 person/sq.km, however
its distribution is uneven extremely. More 2/3 of inhabitants are concentrated in
Djabal (mountain part of the North Yemen) and on the coastal strip of Tehama,
The density of population in some regions reaches to 235 person/sq.km here. The
most populated regions on the south are located along the main vadi and on the
seacoast. Hadramawt is most populated province, water 718000 persons. live (1994
year).:Aden and its environs with population of 568700 persons (2003 year) are
considered a dwuavxy pvyulmud --Al-Mahrah less pupulal.w \na pupulauuu i
1994 year --- 56500 persons.). There are no permanent settled population in the
regions adjacent to desert Roob-Al-khaly. These regions are populated by nomads

" and half-nomads mainly, Now nomads — Bedouins of couniry number more than
100000. They are settled mainly on the East, North and North-East, as well on

_Sokotra. There are half-nomadic groups.also in the mountainous rf*glonq Common
demographic indices are presented in the Table 2.




Table 2. Common demographlc indices of Republlc of Yemen

.Index name ’ Value Year
Population numbers (thousand) ' 18,349 2000
Forecasted population number to 2015 y. (thousand) 33,118 2015
Forecasted population number to 2050 y. (thousand) 102,379 2050
population numbers (last census) 14,587,807 1994
Index of the average annual population increase (%) 4.1 2000-2005
Density of population (person.km™) 29.5 1998
Percentage of wban population 25.0 2000
Number of towns with population more 100.000 5 1995
persons,

Main branches of Yemen economy - : agriculture, timber industry, fishery,
manufacturing industry, sphere of services, trade, business of hotel and restaurant,
sphere of transport and communication, finances and operations with real estate.

Part of the worked land is 2.9% only of common area, but part of agricultural
land and cultivated land is 2.9% of agricultural and: cultivated land with area
1545thousand Ha. Part of irrigation worked land is 33%.:::

Electrical energy production in Yemen Republic is: connected with mmeral
fuel usage. There are no atomic, geothermal, sunny, windy and hydroelectric
power stations. Diesel electric stations power is 375MWt, for heating electric
stations 435MWt, that composes 46.3% and 53.7% accordingly of total electric
power. '

Energy security problem for Yemen populatlon acquires special sharpness as
the major. port of population lives in the regions, distanced from centralized
electro-energetically systems, and only 16% of population has an admittance to
electric energy of the local private diesel-generators with small power.

Constant water channels are absent actually in Yemen. Small rivers and
streams, originating in the mountainous part of country, constitute an exception;
Ones' majority dry out hot season. Moore and Madab are most important rivers on
the Nm'i’h Magila- in tha’ sonﬂ-l rpmone ’T'hp nenal and artecian wallg are reqervpﬂ

as main water security source for localities.

-2 Envu'onment state in Repubhc of Yemen

Environment deformation occurs, local, regional, global v101atlons of one
arise as a result of any modern technologies' application. Any tecnnologv -employs
CnSigy for direct or indircct influcnce upoii environment. It pmu.uw to account
value of energy, used by unit area, as integral index of anthropogenic influence
[Kotljakov and other, 1995]. According to [Losev, 1996] coefficient of
anthropogenic influence (K) is calculated by the next way:
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. Energy consumption on the unit territory of any country
Average global Energy consumption

=

Il
—~

—
S’

At first it was revealed ratio between coefficients of anthropogenic
influence(K) on territory of ten Asian countries and population density (PD):

K*=033(PD ¥ = 033(PD /41.6)'" @
Dimensionless value of population density PD” is accounted by formula:
PD'=PD /416 . . 3

Here PD — actual population density, person.xm; 41,6 — average global population
density, person. km™.

_ After that we evaluated the dynamics of anthrop genetic influence upon |
Yemen territory since 1950 year to 2003 year (Table 3). It follows from these data
since 1950 year to 2003 year, that coefficient of anthrop genetic influence upon
- Yemen territory has increased 7.5 times in connection with high temps of

‘population increasing. Demography forecast that 24793712 persons will live in
" Yemen to 2010 year, but 33118000 persons — to 2015 year. In these cases

accounts, carried out by formula (2), show, that K* will be equal 0.038 to 2010

year, but.0.056 — to 2015 year. Presented values of K* upon Yemen territory are
“very small and cannot lead to serious- ecologic consequences. But high population

increase can cause serious problem in connection with drinking water security,
" because now 69% of population have admission to fresh water only.

' .. Table 3. Dynamics of anthropogenic influence upon Yemen territory

.| Year | Population | PD, pe;son‘ K* |Year |Population | PD, person K*

111950 | 4,461,000 | 845 0.004 | 1993 |13,892,189 26,.3 0.018

11960 | 5,483,000 10.4 0.006 | 1994 | 14,394,750 273 0.019

1970 | 6,628,000 12.6 0.007 | 1995 | 14,861,612 28.1 0.020

1980 | 8,527,396 16.2 0.010 | 1996 | 15,348,787 | 29.1 0.021

1985 | 0,841,522 18. 0.012 | 1997 115,857,186 30.6 0.022

1990°] 12,023,220 22.8 0.015 ; 1998 | 16,387,963 31.0 0.023

1991 [12,888,524 244 0.017 | 2000 | 18,349,000 34.8 0.026

11992 113,379,284 253 . {0.018 | 2003 |20,356,700 | 386 0.030

- In spite of comparatively low values of K* upon Yemen territory, serious
- ecologic problems can arise and, possibly, have arisen already in connection with
- Application of different pesticides in agriculture.
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Now the main factor of changing the state of Yemen aerial basin is a human
_economical activity; natural sources of atmospheric pollution are negligible and
mainly come to temporary intensification of its dusting in the result of windy
erosion in the desert regions. The main sources of air pollution -and ecologic
situation's worsening are the next: industrial manufacture, transport, domestic
human activity.

Overwhelming majority of electric stations, cement plants and other industrial
enterprises are running with usage of the fuel oil and heavy fuel. A great amount of
sulphurous anhydride (SO,), carbon-monoxide (CO), and other poisonous and
harmful gases are threw off to atmosphere in the result of the burning up the ones.
Moreover cement plants are source of the entering inadmissibly great amount of
cement dust in atmosphere. By this, majority of industrial plants have no systems
for purification the gases, being thrown to atmosphere in the result of the burning
off these types of fuel, also there is no systematic control of their composition. It
concerns to many Yemen towns and to capital even. Among large thermal-electric
stations only Ma'rib station is running at usage of natural gas. Brick plants, running
with fuel oil also, promote atmospheric pollution and throw off to atmosphere not
only poison gases, but brick dust, hovering in the air during long time. Also it's no
barrier from the entering the stone dust to atmosphere; this dust arises during
extraction of building materials in the quarries, number more than fifieen around
Sana'a. Now Yemen transport means more than 350,000 units, which are runnmg
with petrol, containing much lead — heavy metal, dangerous for alive organisms.
Transport means' exhaust gases contain also sulphurous anhydride (80,), carbon-
monoxide (CO), soot and other harmful for alive organisms, components.

Data of Yemen environments' protection council show that 200 kg of CO, 20
kg of nitrogen oxides, 20 kg of hydrocarbons, more than 3 kilograms of sulphur
dioxide, 10 kg of solid suspensions are being thrown off in air basins of largest
Yemen towns every minute in the result of the using the heavy fuel and fuel oil. By
this, air basins of towns Sana'a and Al Hudaydah are feeling most pollution.

In spite of limited reserves of water resources, works are carried on digging
the wells, exhausting these reserves, moreover during similar works investigations
on this subject, which were distributed both in correspondent state and not state
organizations organizations, are not taken into account SO, for instance, last
investigation of Sana'a water level (underground waters) reveals lowering water
level, which fluctuates between 6-7 m/year, by that common number of wells in
Sana'a basin reaches 13,000. At the same time surface waters reserves cannot
satisfy already growing necessity in ones, which are threatened by pollution. Also
it's necessary to account for that under around waters, protection against pollution
begms at surface waters' protecu'on against some types of human activity, resulting
in undesirable consequences in hydro chemical relation and in relation water
\.lualu_y, wissT uuuacquwuvea arc halmﬁi} boih for water aiid enviroiineit. m, ifi
the resuit of growing necessities in water. Surface waters, reserves were exhausted
almost, more sharp attention began to pay for under ground waters, which differs
number properties at comparison ones with other sources of fresh water. (Ahmad
shamsan , newsp. Al-Saura, 17 November 2003y, Ni 1425).
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Most of experts considers yet Yemen shore regions one of the purest place in
the world. However everyone discovers easily the all violations in the environment
protection, which may be discovered especially in those shore regions around large
towns and resting zones being flood by different wastes. More distributed wastes
with growing amount of ones are different plastics wastes. Some kinds of plastic
can be preserved in the sea during 450 years.

In spite of that, most of countries accepts the special laws such materials
continue to come upon sea environment, and pollution by plastic waste continues
to remain as a serious probiem for environment.

Up to now Yemen feels sharp necessity in solutions of the serious measures for
solutions this problem before it will become threatening.

Wrong deliverance of oil and chemical wastes threatens the Red Sea basin
environment. Oil hydrocarbons are the most dangerous sources of water pollution,
but shore pollution by oils and by-products of petroleum- chemical industry is a
threat for sea flora and fauna.

3. Modern state of the water supply in Republic of Yemen

Personal water consumption in Yemen Republic composes only 2% of the
-mean global index and is equal 223 cub.m only. Where as on the Near east and in
the North Africa-meanly 1250 cub. M. Yemen is lost of thirst. What is the cause of

" such sharp water shortage? Collaborator of Yemen water-supply Department
Gamal Mohammed Abdu says: “Yemen population has got used to problem. of
water shortage First of all this problem is connected with natural peculiarities of
our country. But it’s important how our population uses the presenting water.” It’s

" natural that main consumer is agriculture (figure 2), where old non-effective
irrigation systems are used as before.
1

@l an om

89,2%

Figure 2. Distribution of Yemen water- consumption in the Republic of Yemen, %
(I - agriculture, II- Industry, III- municipal economy)

" Yemen Ministry of agriculture informs that it’s used 40-50% of water only,
i.e. half of water is lost simply. The level of subsoil waters in Yemen falls
constantly, in other regions- to 6m/year. Yemen expert accounts that it is a
frightening perspective.
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Process with today’s pernicious consequences develops since 70% years.
Boring the deep slits started at that time, powerful pumps did pumping out
enormous amount of water to surface. In accordance with Uno’s estimations, water
sources in-Yemen capital Sana’a will exhaust completely to 2010 year (QUIVER,
2006).

Constant water courses are absent actually. Small rivers and streams
originating in the mountainous Part of couniry, compose an exclusion, most of
ones dry out during dry season. The most considerable rivers on the North — are
Moor and Madab, in the south regions-Masila. Usual wells and artesian wells
remain as the main source of water — supply for localities. At present time average
annual consumption of restored waters for one person composes no more, than 250
cub. m. after 30years this forecasted index will reduce to 76-100 m>., that is less
significantly, than physiological needs. Annual volume of falling precipitations in
Republic of Yemen composes about 60 billion m’.

Most of ones evaporate, part of one is flowing together ocean, and some
amount re-stocks underground waters. Last are main water supply sources of the
all economic and municipal needs.

Yemen water resources are distributed and used very irregularly. 90% Yemen
population expends not more than 90 cubic meters of water in year for one man.
Water resources problem is sharp extremely on the west of country. Water reserve,
fit for usage in west Yemen, is evaluated about 35 million cubic meters, and even
at present temps of water usage these resources will exhausts completely during
nearest 50 years. Situation in the densely populated reglons is get worse. So about
10% of country population lives in Sana'a basin. z:

About 224 million cubic meters of underground waters did was extracted
here in 1994 year, but supplement not exceed 42 million cubic meters, i. e.
expenditure exceeded receipt more than 5 times. During nearest years it is
forecasted full expenditure of underground waters in Republic capital Sana'a ,
where average annual population increase composes 8%.

The only bappy (with underground water resources) place in Yemen is
Hadramout region, located in the sparsely Populated south-east part of country, at
distance about 500 km from capital. Here renew water resources reach 280 million
cubic meters/year, and these reserves are enough for some millenniumis at present
temps.of water usage.

The main causes of present water crisis in Yemen are the next: constantly
increasing demand for water as a result of country population increase (Large ....,
2003), extension of agricultural areas; demanding. The artificial irrigation, absence
of state control after processes of extracting and consumption the underground
waters.

Possibility of control after underground waters usage is complicated by the
fact that ahout 45 thonsands Private walls and 200 hare-hsles numbers 1 iy

angs, Orivare Weiis ang LUV OCIT-nC:Os BUMoSTs 1 vuu.uu_y

Government atiempts of license the usage of private wells-and spiits and of state
inspecting the ones were found to be unsuccessful in the result of imperfection of
organization- administrative state structures. Yemen is the only country, where
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underground waters are exhausting with such high temps. Sana'a can remains
without water in the nearest future.

Renewed underground water resources are estimated at present approximately
as 1.2 billion cubic meters/year. Volume of average annual underground waters
consumption composes about 8.2 biilion cubic meters, i.e. sevenfold voiume of
annual resumption. It is counted up that bedding level of underground waters
comes down in the most of country regions by 1-6 m annually. So, in Kaa —
Alboon (near Amran) underground waters level fell down by 60m roughly after
last twenty years and by 30m after east 5 years. Temps of exhaustion the
underground waters, reserves are increasing quickly partly, in connection with
-quick population increase and activization of different types of its economic
activity.

The negative moment, connected with water usage, is not only its sharp
deficit, but also the large danger of pollution by deviations from human activity,
especially, in conditions of absence water punfymg bmldmgs and water-line and
sewerage nets also.

Predominant method of deliverance from sewages is thelrs disposal in wells
by depth to 20 m. As a resuilt, such wells are the sources of polluting the
underground waters. Even in capital Sana'a waters pmiﬁcation is realized still in
the temporary oxidation reservoirs, which receive sewages in volumes, exceeding
its productive capacity. As a result, polluted waters are found in environment, used
“of ten for irrigation of fields, that leads to decreasing of agricultural products
_quality and to polluting the ones often. So chemical and bacteriological analyses of
waters, taken out of the wells in the region of Al-Rawda (at international carport
Sana’a) give evidence concerning its pollution by nitrates, phosphates, iron and
about great content of pathogenic bacterium’s also. The Same picture is typical for
the wells, arranged in the centre of town and near sewages reservoirs. In Aden only
25% of sewages are collected in oxidizing reservoirs. In future these waters are
used for irrigation of the nearest agricultural years:

Here it is proper to remark, that volume of the world sewages is evaluated as
1500 km’. But 1L of sewages makes unfit for drink 8 L of the fresh water.

- At present only 35% of Yemen population receives water, fit for drink. This
index conforms about 74% in towns, but in rural area.. about 14% Consequences.
of usmg the waters of poor quality are unfortanate. About 70% deaths of mfants in
arms is provoked by different illnesses, derived through water.

-Problems of supplymg the populatlon by qualitative water are comphcated by
_-ihe quick and irreguiar ¢lemenial growing up the towns that is caused by intensive
intake of rural population in ones. Migrants are seftling in the towns, infra-
structure of which is not ready to accept so much of the new inhabitants. Large
amount of houses is being built on suburban areas; where is no water-line” and
sewerage nets.

... About 3/4 unpurified waters of the coastal towis aie beiiig thrown directly it
-sea, that influences destructively upon ichthyofauna, causes derma-diseases and
makes conditional upon other illnesses of population. It is exclusively serious
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ecologic problem, as the state with small area has the sea coastal line along Red
and Arabian seas by length of more, than 2000 km.

Fast temps of ecologic polluting the coastal sea waters are caused in the
highest degree by population increase and uncontrollable growth of the coastal
towns without building the necessary utility systems for water-supplying the
industrial objects and towns’ population and for bleed and purification of the used

~ waters.

Growing deficit of the fresh water in Yemen Republic, its absence in
droughty or deserted regions, having rich natural resources and perspective for
assimilation, makes the necessity of searching there additional water sources
(deficit of the fresh water is felt on the territory of more than 40 countries,
distributed mainly in the arid and also in dry regions and composing about 60%
surface of the all global land).

- As is well known, human organism consist of water by 64% water is less of
all-in the bones and in adipose tissue — 25-30% in muscles and in viscera- about
70-80%, but saliva consist of water by 99.5% (Dmitriev, Frumin, 2004). At loss of
6-8% water man falls in to half-syncope, loss of 10% water provokes hallucination,
violates swallow- reflex. At loss of water by 12% lethal issue (death) is coming to.
At the same time polluted water’s usage is very dangerous for the health and life of
man,

About 50,000 men of the world are dies every day of such illnesses through
water as cholera, typhoid, dysentery and other, moreover most part is composed by
children to 5 years. So, outbreak of cholera was observed in Tanzanija with picking
up the infection by water way. Sickness rate increased especially sharply in season
of rains that is caused by conditions of survival for cholera of rains that is caused
by conditions of survival for cholera bacillus (to 2 weeks in the fresh water, and
more § weeks- in the salty water environment).

Share of the sicknesses, caused by consumption of water unfit for drink and
preparation of food, is up to 75% of cases.

Quality of drink water must correspond to sanitary norms before one’s
entering in distributive net and at the water inlet’s points of the external and
internal waterline net.

Harmlessness of drink water by chemical composition is determined by its
corresponding to the next nOTmS:

- generalized index and content of harmful chemical substances, that are being
founded most often on the tefritory of Yemen Republic , and also of substances
of anthropogenic origin, haring the giobal spreading,

- content of harmful chemical substances, entering and being formed in water
during her treatment in water-supply system.

- Content of harmful chemical substances, entering in water-supplement sources

in the reguit of the human economic nchmhr

it should be remarked espemauy, that in spite of very actuai and unsolved in
principle ‘water-security problem in Yemen Republic, it is developed and used
sanitary norms of harmful substances, content in drink water (Table 4) and in the
sewages, used for irrigation (Table 5) (limit acceptable concentration - LAC).
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Table 4. LAC of some harmful substances in drink water of Yemen Republic

N | Elements Symbol Dimensions FAC
1 | Lead Pb mg/1 0.05
2 1 Selenium Se mg/l 0.01
3 | Arsenic As mg/l 0.05
4 | Chromium ’ Cr mg/l 0.05
5 | Cyanogen cN!t mg/l 0.1
6 | Cadmium Cd mg/l 0.005
7 | Mercury Hg mg/l 0.001
8 | Antimony Sh- mg/l : 0.01
Table 5. LAC of chemical elements in sewages, used for irrigation in Republic
of Yemen

N | Element ’ Symbol FAC mg/l
1 | Aluminum : Al 5.00
2 | Arsenic - : As 0.10

3 | Beryllium o Be 0.10
4 | Cadmium Cd 0.01
5 | Cobalt : Co 0.05
6 | Chromium Cr 0.10
7 | Copper » Cu 0.20
8 |Fluorine F 1.00
9 |Iron . Fe 5.00
10 | Lithium , ' Li 2.50
11 [ Manganese Mn 0,20
12 | Molybdenum Mo , 0.01
13 | Nickel Ni - 0.20
14 | T.ead , _Ph 5.00
15 |-Selenium : ' Se 0.02
16 | Vanadium \'a ' 0.10
17 | Zinc Zn 2.00

Tt was drawn up water - economic balance for basing the directions of water-

security’s improvement in Yemen republic, this balance is a quantitative ratio
between entering (receipt part) and expenditure (expences part) after definite
period, being considered in regard to the picked out balance sector. The order of

composing the equation of water- economic balance was concluded in the next:
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- It was settled time interval, after that balance is bring considered (one year).
- It'was registered the all elements of balance in form of algebraic of eredit debit
- items.
- It was determined numeral meanings of the all balance elements.
- It was evaluated balance results, i. e. those changes of water reserves, which
occur in Yemen territory in the result of balance elements interaction.

Water-economic balance of Yemen Republic can be presented in general
aspect by the next. Receipt part of balance is being. formed of precipitations
volume (Vpr.). Expenses part of balance is being formed of rain water’s infiltration
(through water- bearing levels) volume (vinf.). evaporation and transpiration
volume (Vev), climatic drainage (Vdr.) and water-consumption W cons). Balance
Equation for time (t) has a form:

AW = Vpr. — Vinf, — Vev.- Vdr.- Vcons., ()

Where A W- water reserves, change during time t.

In accordance with our accounts Vpr.= 51.108 m’/year for 2000y Vcons. =
3.4. 10° m*/year . Value Vinf. Was being considered as product of Vpe. by some
coefficient k, which meaning was accepted to be equal 0.1 in accordance with

.(Numan Salim, 1998), i.e.

Vinf. = 0.1-Vpr. &)

It was carried out the mathematics- statistical treatment of literature data and
were revealed numerical meanings of evaporation coefficient (o) and of drainage
coefficient (o) for accounting Vev. And Vdr. it were resulted the next values”
o; =.0.936; a = 0.065. These meanings were used for account of water-economic
balance at using the next formulas (Table 6): i

Vev. =0.936-Vpr. ©6)
Vdr.=0.065-Vpr. 0]

Table 6. The elements of water-economic balance in Yemen, m3/year

Vpr. |Vinf. |Vev, Vdr. : *Vcons. , AW
: ‘| agriculture | municipal | industry
economy

51.10° [5.1.10° [47.7.10% [3.3.10° [ 3.145.10° |0.21.10° 0.045.10° | -8.5.10°

Note. * It’s given of value of Vcons for 2000y.

The negative water-economic balance (AW= -8.5-10° m*/ year) is evidence of
necessity in measures, compensating water shortage.

Anmnleaia Af Anta oiram im tha Tahla ) gharva that wwatar sananmnd wrndhiema
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is 14.2 times less, than precipitations volume (Vpr./Veons. = 51-10°/3.4-10°= 14.2).

Other variant of calculating the water — economic Balance is given in work
(Kamel Mostafa Amer "Waleed k. Al-Zubari, 2006). Authors consider. water
balance as difference between common water resources in 1997y and common
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water consumption. In accordance with evaluations of these investigators, negative

‘water-economic balance in Yemen composed- 1.38-10” m’/year for 1997y, but in
accordance with prediction it will compose -4.186-10° m*/yeare for 2025y. use of
considered approach permitted to calculate the dynamics of negative water-
economic balance in Yemen since 1990y. to 2025y. (Table 7).

Difference between water deficit values by 1% and 2° variants of calculations
is conditioned by that in 1¥ variant receipt past of balance was connected with
rainy precipitations, which are not using up to now, but in 2° variant — with
underground waters, which are the main source of water-security in republic at
present time.

Table 7. The dynamlcs of water-economic balance in Republic of Yemen

Year | General General |AW, | Year | General General AW, o’
water water m’ water water-
resources | consumption | = resources | consumption
m3 m3 mS II13

1990 | 2.0-10° 2810° | -08[2005] 1.3-10° 37100 | -2410°
11995] 1.7.10° | 3.1.10° |-14[2010] 1.110° | 4.010° | -2.910°
2000-| 1.5:10° 3.410° |-1.9]2025] 0.7.10° 4.810° -4.1-10°

4. The directions of the water supply development in Republic of Yemen

We. considered the next possible ways of deciding the water- security’s
problem in Yemen: transportation. of icebergs, sewages, purification, buying of
water in other countries, desalination: of sea waters, installation the condensers of
water from atmospheric air and of underground poured reservoirs (figure 3).

Extraction of Installating the

water from air poured reservoirs
Condensers of water Possible ways of | Sewages, -
from atmospheric air " | deciding the problem ) purification

r R . ~ ™
l Baying of water in ! Desalination of sea
L other countries J | waters

Figure 3. Possible ways of deciding the water supply, problem in
Repubhc of Yemen

One of possibilities for improvement of water baiance is wumuucd in repeat

water usage. Slgmﬁcant reserve of water--consumption in Yemen republic is
connected with sewages’ purification, as about 75% unpurified waters of coastal
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towns are thrown off directly in sea. Yemen industrial plants are concentrated in
the four big towns:

Sana'a, Taiz'z , Al-Hodayda, Aden. Most of ones throw off the waste waters,
polluted by industn'al wastes and by municipal wastes, waters any purification
directly in sewer net and in sea. However only about half of urban population
(2.3% population of country) is enveloped by sewer net. More sharp situation-in
rural area, where most part of population live. Here about 10% of population is
provided with sewer net. Sewages volume in republic is equal 82.9-10° m®, but
only 55% of ones (45.1-10° m®) is purified. So, 37.3-10° m® of sewages are not
purified.

One of the most effective and perspective ways of securing Yemen republic
by fresh water is desalination of the salt sea waters (salinity of the Red Sea, waters
reaches 42%). Water desalination is method of water treatment in order to reduce
concentration of dissolved salts to degree (usually to 1g.L™), at which water
becomes fit for drink and economic purposes.

We considered different methods of sea waters, desalination (desalination by
freezing out, chemical precipitating, ionic exchange, electrodialysis, reverse
osmosis, distillation and solar desalination. However, main attention was

- concentrated on solar desalination, accounting climatic peculiarities of Yemen
{high values of insolation).

The essence of this method consists in the fact that evaporation of salt water,
which fills up reservoir, takes place in the result of solar radiation’s influence, but
condensed distillate, being formed: on inclined planes of glass or plastlc roofs, is
collected in gutters, arranged in lower part of roof, the rest brine is removed to
drainage (figure 4).

Technologically solar desalination differs from usual distillation installations
only by that special heat exchangers with glass surface, fed by heat of sun energy,
are used for initial heating of water. Solar distillation differs advantageously from
other methods of desalination, as one requires relatively lesser running costs.

b2

Figure 4. Solar distiller scheme of type “hot box”

1.Vessel with salt water. 2. Steam - air mixture. 3. Transparent cover.
4. Condensate. 5. Heat-isolating wall of the box, sun rays are marked by arrows.
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Solar distillers dimensions are determined mainly by their productivity, which
may be calculated with some assumptions by approximate formula:

Q =KkE/L = kE/580, (8)

Where Q- specific productivity of distiller, L/m?-day

k - coefficient of solar energy, utilization, accepted being equal’ 0.3-0.5;
E-intensiveness of solar radiation, L = 580 — expenditure of energy for heating and
evaporation of 1 kg water. ‘

Formula (8) was transformed for carrying out the practical calculation.
At this the mean value of k (k = 0.4 ) was accepted. Next formula was obtained as
a\result.
Q=0.593E ()]

In the resulted formula Q has the following dimensional representa’uon- L/m*day,
and E - kWt./m* day. » ,
~ Average monthly and average annual specific productivities of solar distillers
for three large towns of Yemen Republic (Sana, Hodayda, Ta" izz) (figure 5) were
calculated by formula (9) at using the insolation values data.
It is to mark that calculated values of desalination specific productivities are
“close to ones, which are adduced in work (Salem M.Bin Gadhi Mohammed ‘A.
Mukbel , 1998). Particularly it’s noted in this work, that for usual day productivity
of solar desalmatlon reaches 3.7 kg/m*day.

- Shortages of this method are the next: large capital investments because of
constructions, complicity and of too great installations, parameters, low production
on unit surface of solar distillers. Non-controlled weather changes, cloudiness,
latitude of place, season temperatures, variations makes significantly difficult and
limits the application of solar distillation method.

Sana'a Hudaydah Ta'izz
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(=)
=0

Yemen Republiic (calculation data)
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In addition to expounded we calculated solar distillers, areas, providing for
drink water’s production in three examined towns during year. Standard mean
characteristics of man and in particular, quantity of drink water for adult man
during day (2L) used at calculations (Table 8).

Table 8. Areas of solar distillers for drink water- supply of some towns’ population

in Republic of Yemen
Town Distiller’s specific Population | Distillers area, hectare
productivity, Q, L/m’-day :
Sana'a 3.5 : 1,834,293 104.8
Hodayda 34 826,672 48.6
Ta'izz 34 566,569 33.3

At present Yemen authorities plan to begin immediately the building of tens
plants for sea water’s desalination. Already at the nearest time Yemen government
plans to announce tenders on projects of building the numerous plants for water
sea’s desalination along Yemen coast, which has length about 2000 km.

One of directions, permitting to decide partially the problem of water
resources, deficit in Yemen, is the using waste gases, heat of cement and other
plants, furnaces for water sea’s desalination. Our calculations indicated, that using
the waste gases of these plants permits to receive about'2.10°kg (2-108L) fresh
water in year. If we take into account, that it’s necessary-to spend 10° L of water
for growing 1 kg of wheat, so foregoing amount of water, bemg used for irrigation,
will permit to grow 200tonnes of wheat.

The other direction of compensatmg the fresh water’s deficit- is' water
extraction out of atmospheric air. Condensers of different type are used for this
purpose. Method of obtaining the fresh water out of atmospheric air consists in
fact, that moisture absorption out of air takes place during its blowing through
sorbent, which returns moisture at heating and. following condensation of vapour,
and differs by that as sorbents it's used material, composing of porous matrix and
hygroscopic substance, placed in pores. As porous matrix are used inorganic
oxides, .carbon sorbents, polymers, natural sorbents, porous metals, porous
composites are mixtures of ones, as hygroscopic substance are placed in pores
inorganic salts, their mixtures, their solutions and their crystalline hydrates. -

At this, heating the sorbent on the stage of water desorption is being fulfilled
to temperature 50°-80°C at the expense of using the soiar or electric énergy and
different diesels, heat also, and temperature in the condenser is supported near
environment temperature.

Water amount, which may be received out of aunosphenc air, depends on the
next factors: temperature and hn-mnhfv of environment mr temnerature of
condensing surface, volume of air, passing through the system 'of moisiure
condensation. It is evident, that arrangement of devices of water extraction out of
air-is expedient ‘on that territory, whxch is charactenzed by high relatwe humidity
of air.
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_ In this connection we have tried to reveal dependence of air’s relative
- humidity values upon locality height over sea levee (E). The next relationship was
revealed as result:

RH=91 - 6,6In(E) (10)
N=28,1=0,76; 1 =0,58; Fp =359 Fr=421; Fpo/ Fy =85

As quoted from presented formula, relative humidity of air reduces linearly
with increasing the natural 1ogar1thm of territory’s height over sea level (in height
interval of 5m to 2500m).

Obtained result heads to conclusmn about expediency of devices, placing for
water extraction out of air on the territories located rather lowly over sea level, for
instance in the region of Mocha (E = 5m).

Water deficit’ compensation in Yemen may-be realized also on the base of
_progressive irrigation ways. Freckling -irrigation is most perspective among
. different irrigation ways (surface, sprinkling , aerosol moistening, subterranean,

treickling). Freckling irrigation is the local irrigation with rid of miero-floodgates,
irrigation deoppers). Freckling irrigation has an advantage over other types of
irrigation. It surpasses surface and sprinkling irrigation at point of water economy.
At imrigation, the coefficient of useful water utilization is - determined as
-relationship be tweet water amount, . assimilated by plant, and water amount,
expended on watering. The investigations show that this value composes about
95% at trickling irrigation and 45%— at surface irrigation.

Tn 2000 year 3.145-10° m® of water was expended on xmgatlon in Republic.
Passage to - trickling irrigation allows savmg about 1.655-10° m® of water in

. accordance with our cal relations.

Annual precipitations’ amount in Yemen Republic (Vpr- 51. 10° m’/year)

.exceeds. annual .water-consumiption’s. volume (Vcons= 3.4. 10° m*year) to 15
times. Moreover. Value of annual discharge volume (Vdis= 3.3 m3/year) is
commensurable- with water-consumption volume (Veons/ Vdis = 1). Most part of
falling out precipitations is expended on evaporation, some amount fills up
underground waters reserves, part is flowing down the Red Sea, the Guif of Aden
and the Arabian Sea.

In our opinion, the quantity of the ﬂowmg dawn precipitates may be reduced
essenually by. installation of reservoirs: under earth surface (under round
reservoirs, filled with water). .

_ Basing of localities for installation of ﬁlled reservoirs was. carried out in
several stages. Analysis of rain precipitates’ distribution over Yemen territory was
-carried out on the first stage. Analysis testified that the largest precipitations,
* quantity falls in the west mountainous part of Yemen. Analysis of precipitations
-volume within year was carried cut on the second stage. Analysis results are
- evidence. of irregular volume of falling precipitations during year. For instance the
.greatest precipitations amount falls in Taiz'z in April (152.2mm) May (216.4mm) ,
July (214.5mm), August (181.9mm) and September (180.5mm).
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Analysis of topographical card of Yemen was fulfilled on the third stage, this
card contains horizontal iso-lines, indicating location of different territories over
sea level. It’s a pity, that the scale of our topographic card of Yemen
(1:1000000) didn’t allow to calculate exactly distance between vadi (out dried
river-beds).

Nevertheless, the essence of proposed idea is enclosed in the installation of
filled reservoirs® along vadi, where the main flow of the rain precipitations in Red
sea takes place. Accounts has shown, that practical realization of such approach
allows to gather very great amount of the rain precipitations (Table 9).

Table 9. Rain precipitations’ volume, that may be gathered by underground
filling reservoirs in the west part of Yemen

Vadi Basin, km” | Mid-annual runoff, mm | Mid-annual runoff, m>
Harad 1,700 6.0 10.2-10°
Mawr 7912 20.5 162.2-10°
Surdud 2,370 289 68.5-10°
Rima "~ 2,250 44.0 99.0-10°
Zabid 4,632 27.0 ©125.1-10°
Rasyan 1,990 6.2 12.3-10°
Tuban 5,060 216 109.3-10°
Rabwa 460 125 5.8.10°
Bana 6,200 272 - 168.6-10°
Ahwar 6,419 11.0 70.6-10°
Adhana 8,300 10.5 87.2:10°
Amd/Doan 6,553 3.1 20.3:10°
Al Ayn 1,500 6.4 9.6-10°
Sarr 2,540 12 3.0-10°
Bin Ali 720 44 3.2.10°
Juaymah 760 1.0 0.76-10°
Idim 5,485 15 41.1-10°
Thibi 718 26 1.9:10°
Total | 65,569 km* 241.6 mm 998.7-10° m®

Primary data for calculations were borrowed of (Jac A. M. Vander Gun, 2000).

As follows from presented data, realization of proposed project will allow to
gather about 1-10° m® of rain precipitation, that will amount to about 29,4% of
modern water consumption in Yemen Republic (3.4-10° m*/year).

At projecting the filled reservoirs it is necessary to pay attention to minimum
expenditure of materials (concrete , ferro- concrete and so on).

Let filled reservoir has the form of open cylinder. At manufacturing the
reservoir material goes to make walls and bottom of reservoir. If r-radius of basis




and h-reservoir’s height, then sum of basis area and side surface of cylinder is
expressed by the next:

F=n*+ 2nrh @an
Cylinder volume V is equal -
: V =nr’h (12)
Excluding h, we receive:
F=n’+2V/ir : (13)

Task essence consists in finding for given cylinder volume such meaning r, when
surface F would be minimum. Differentiating (11) with respect to r and equating
. first derivative to zero, we relieve :

dF/dr =27 - 2V/* =0 14)
Then :

: 2m’ =2V (15)
As : h=V/n’ (16)
So from this we find:

_ h=r 17
So far as second derivative
d*Fld? =2z + 4V/iP g

is positive, then at h= r surface reservoir will be minimum.

In other words, the largest economy of materials will be achieved in that case,
when reservoir helght will be equal its radius. In this case reservoir volume will be

equal:
V =nh=nr’ (19)
Or
o r=h=(V/n)"® (20

For illustration we present the calculation results of some filling reservoirs for
some vadi being characterized by largest, medium and least flow of rain
precipitation (Table 9). In presented calculations we took into account flow-
volume only, but didn’t take into account dead volume of filling reservoir.

Tabie 9. Dimensions of underground fiiiing reservoirs for some “vadi”

Vadi Volume of runoff, m’ Height = radius, m
Bana 168.6-10° 380
| Zabid 125.1-10° 340
Idim 41.1-10° o 240
Amd/Doan 20.3-10° 190
Rasyan 12.3-10° 4 160
{Bin Ali . 3.2-10° ~ 101

23




Presented results of calculations show that linear dimensions of filling
reservoirs are very large in dependence of flow volume. Seemingly, in these cases
it is necessary to place along vadi a number of filling reservoirs with lesser
dimensions. In common case, relationship between reservoir dimensions (height,
radius) and flow volume is described by next formula (Figure 6):

r=h=1589InVy +448 @20

At installation of filling reservoirs problem of preventing the losses of water
at the expense of evaporation is very actual. At present, main direction in deciding
the considered problem is disclosed rather clearly, it is a defense of water surface
at aid of chemical reagents: distress baling over water surface, ones forms the film,
hindering the evaporation. The most effective of ones were hlexadleyl (cetyl))
(C16H330H) and okta-decyl (CisH37OH) alcohols and its mixtures. It advantages
are the next: simplicity of piling up the protective layer, absence of toxic
properties, comparive easy of access. Cetyl alcohols film on the water is invisible
near by, doesn’t change her taste, colour and smell. Analysis doesn’t discover the
presence of cetyl alcohol in water, protected by its film.
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Figure 6. Relationship between radius (height, m) of underground filling
reservoir and caught flow volume, km®

Only 11g of alcohol is required theoretically for making the uninterrupted
film of cetyl alcohol over unit surfer of one hectare (100 x 100m). Tentative
estimation of cetyl alcohol amount, necessary for water gurface, covering in
aforementioned filling reservoirs, shows, that it varies since 500g to 13g
(Table 11).
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Table 11. Cetyl alcohol’s amount for preventing the water evaporation out of

filling reservoirs
Vadi Surface of reservoir, Theoretical mini- necessary amount of
hectare cetyl alcohol, g
Bana 453 500
Zabid 36.3 400
Idim 18.1 200
Amd/Doan | - 11.3 _ 124
Rasyan 8.0 88
Bin Al : 3.2 35
Juaymah 1.2 13

Generalizing the results of our calculations shows that realization of proposed’
measures  on compensation - of the fresh water’s deficit allows to produce
additionally and to save about 2.9 x 10°m’ of water (Table 12).

Table 12. Proposed measures on development of water supply

in Republic of Yemen

Measures Produced additionally or saved
voiume of water

Transfer to trickling irrigation 1.7:10° m’
Mount of underground filling reservoirs 1.0-10° m’ -
Utilization of cement plants’ waste gases 0.2:10° m’
Installation of heliodistil-lers of sea water in 2.3.10° m’
Sana, Taiz'z, Hodayda
Total 2.910° m’
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Conclusions

. One of sharpest problems in Yemen Republic is the security of national

economy and domestic needs of population by fresh water.

2. At present Yemen Republic is characterized by high temps of natural

population increase (4.1%), low electric power availability per man (150.3
kWth, slight precipitation, amount (on the average upon Republic- not
more, than 100mm in year) and absence of land’s surface waters. Quick
population increase and economic development in these conditions
intensifies water shortage all time, that threatens by “water hunger”.

. Dynamic of electric energy’s production in Yemen Republic is characterized

by appreciable increase since 1967 year (17-10° kWt-h) to 1994 year (1958-
10° kWt.h) and by sharp decrease in the following years (240-10% kWt.h in

1999 year). That limits sharply solving the problem of water supply by

desalination of the sea waters and mount of hydro technical constructions for
gathering of rain precipitation and its following transportation.

. Water economic balance of Republic of Yemen, consisting of receipt-part

(precipitation) and expense part (infiltration, evaporation, climatic flow,
consumption), is characterized by the mnext values: precipitation-
51.10°m’/year, infiltration- 5.1.109m3/year, evaporation- 47,7.10 'm’/year
flow-3.3.10°m’/year, consumption- 3.4.10°m’/year. Negative water-
economic balance (-8.5.10°m’/year) is evidence of necessity in measures on
compensation of water deficit.

. For compensation of water- security’s deficit it is necessary to work out

complex of technologies, safe technologically.

. For compensation of the fresh water’s deficit in Yemen Republic it is

necessary to mount solar distillers of sea water, to use the waste gases of
cement and other plants for desalination of sea water by distillation method,
to mount the filling reservoirs along vadi for gathering the rain precipitation,
to use water condensers out of atmospheric air, to go over to trickling
irrigation and to make additional purification of sewage.

. Going over to trickling irrigation will allow to save about 1.655-10° m® of

water.

. Annual precipitation amount in Yemen Republic exceeds volume of annual

water consumption in 15 times (51:10° m’/year and 3.4-10°m’/year
accordingly). Instailation of the fiiiing reservoirs wiii ailow io gatiter aboui
1.10°m’fyear of rain precipitation, that consists about 30% of modern water-
consumption in Republic of Yemen.

. Largest economy of materials will be reached in that cases, when cylinder

height of the filling reservoir will be equal its radius. For decreasing of water
evaporation it is expedient to apply high aliphatic alcohols or acids on
surface of water, gathered in reservoir

e 2 g ¥ S dat A ¥ wad .

10.At a choice the concept of producing the fresh water would be carried out,

coming from local conditions with due account of origin water’s properties
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(sea or atmospheric water), of energy sources, infrastructure etc. for purpose
of producing the maximum economic efficiency.
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