ISSN 1512 — 2344

LIJIGOIBITML 306001 IBNLY RO 3IB6NIAISNL LOANBNLSEAM
LOJOMOIBITML $II6N3IA(N) I603IALONSGISN
G.3066ITI3OL LOLITMSOL BIOT0O 3JTA6IM3NL N6LENSGISN
39633ML ROGB3NL ISMBIGSEMAN

WM

] COcenier

1888

(LSS MIAIFR TASFTS STIGEIM 05 06 b Td ()]
GEORGIAN WATER MANAGEMENT INSTITUTE

1929

VI 53d&033MSH0LM LSIIG60IHM-BIT603IMH0 3M6BIHI6E0
"GO0 39I-63M80L, 33®IIML RIG30V,

36 JNBIIGIO0LS RS 39I6I0<(Md0L
00363393 30 (M6 IId0”

361335006 3 Jd IR0
1-5 6mgddgo, 2018
T

MINISTRY OF EDUCATION AND SCIENCE OF GEORGIA
TSOTNE MIRTSKHULAVA WATER MANAGEMENT INSTITUTE
OF GEORGIAN TECHNICAL UNIVERSITY
ECOCENTER FOR ENVIRONMENTAL PROTECTION

VIII INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFERENCE

»VODERN PROBLEMS OF WATER MANAGEMENT, ENVIRONMENTAL
PROTECTION, ARCHITECTURE AND CONSTRUCTION*

COLLECTED PAPERS
1-5 NOVEMBER, 2018
q

MUHHUCTEPCTBO NIPOCBEIIEHUS 1 HAYKU I'PY3UU
UHCTUTYT BOJHOI'O XO3SMCTBA UMEHHU [IOTHE MUAPIIXYJIABA
I'PY3UHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA
3KOIIEHTP OXPAHBI OKPYKAIOIIEN CPEJIbI

VIII MEXAYHAPOJAHASI HAYYHO-TEXHUYECKASI KOH®EPEHLI U

»COBPEMEHHBIE ITPOBJIEMbBI BOTHOI'O XO3SVCTBA,
OXPAHBI OKPY/KAIOIIEU CPE/IbI,
APXUTEKTYPbI U CTPOUTEJbCTBA“

CBOPHUK HAYYHBIX TPY1OB
1-5 HOSIBPD, 2018

S LI
~1M
= ) |
- --‘.-: o .
Y f —
i f i ~ e e
7 A a;;ﬁg;_f : E '_‘fJ
= ¥ - e — 5 =
o e

o =

R

03020060, LYJISAZIKM / Thilisi, GEORGIA / Tonauen, 'PY3HUS, 2018



ISSN 1512-2344

LAIIONIIRNML 363N I3NLY RS 3IG60I&HISOL LHINGOLSE ()
LAINGNIIML GII603I&O0 I603I6HLOGIG0
G. 306HCEIKIZI LILIMAOL TIILMS 3IIH6IM80L 06LG0BGIG0
3d®JAML RGOV I3MCBIEG®0

WIN I | coceniexr

BMISGOIFIA IS0 3TIGEIMB0L D6LSHNS IS0
GEORGIAN WATER MANAGEMENT INSTITUTE

1929

VI 53I&0133M&0L 1d3IB60deO(M-GAI603IM0 3(16BI&HI6G0S
“GdIRMS 3II6H6IM80L, 33@IAML RIG30V,

3 INBIIGIOH0LS RS 39I6I3Md0L
0136339R&(M3I 36 (M6KRIIB0”

AHM3IB0L 36 dd IR0
1-5 6mgddgco, 2018

MINISTRY OF EDUCATION AND SCIENCE OF GEORGIA
TSOTNE MIRTSKHULAVA WATER MANAGEMENT INSTITUTE
OF GEORGIAN TECHNICAL UNIVERSITY
ECOCENTER FOR ENVIRONMENTAL PROTECTION

VIII INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFERENCE
,MODERN PROBLEMS OF WATER MANAGEMENT, ENVIRONMENTAL
PROTECTION, ARCHITECTURE AND CONSTRUCTION®

COLLECTED PAPERS
1-5 NOVEMBER, 2018

~——— ™

MMUHHUCTEPCTBO TPOCBEINEHUSA U HAYKHU I'PY3UN
HUHCTUTYT BOJHOT'O XO3SHCTBA UMEHU IIOTHE MUAPIIXYJIABA
I'PY3UHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA
SKOILEHTP OXPAHBI OKPYKAIOIIEN CPEJIbI

Vi MEXIAYHAPOJHASlI HAYYHO-TEXHUYECKAS KOH®EPEHIIUA

»COBPEMEHHBIE ITPOBJIEMbI BOTHOI'O XO3SMCTBA,
OXPAHBI OKPYXAIOHIEU CPE/IbI,
APXUTEKTYPbBI U CTPOUTEJIbCTBA*

CBOPHUK HAYUYHbBIX TPYIOB
1-5 HOSABPB, 2018

—_——

mdogolo, LsJsdmggeoem / Thilisi, Georgia / Tonaucu, I'pysus
2018



Lomdgsbobsgom gmdoGgdo:

3Gobg0dg30m0 o (Lomdpsbobszom  gmBodgBol  mogixemdsdg),  golodsTgomo b (msbesmogdxwmBsdy),
35350 dgomo 3. (0565mSghxEMBEBY), GMIIsx0560 .  (NSbsmoglxmBotyg),  0856mgo G. (05650 >gdxMB>GY),
069853gomo 0. (3Lybobdygdgmo Br0gsbo), 350560 3., 3MbESMOZ0 0., FSMOdMZO 0., eIRSBSEMgo 3., bgobsemgo §.
35053980560 g., J035a0560 V., gm3oGmglgo g, 3d5go0lgo o, olyigsodg ™., IaLGsxsggo 3., bsmodgomo @. bydoggo g.
©s0B0go 0., 3m3mg> 0., Lsgadgsdg g. Lodmbosbo 5., Ledmds g, bogmgmmgs s, JgGasko @., Gmgdsyxosbo g

Organizing Committee:

Prangishvili A. (Chairman of the Organizing Committee), Gasitashvili Z. (Co-chairman of the Organizing Committee),
Gavardashvili G. (Co-chairman of the Organizing Committee), Tokmajyan O. (Co-chairman of the Organizing Committee),
Imanov F. (Co-chairman of the Organizing Committee), Iremashvili I. (Executive Secretary), Baljyan P., Bondarik I., Garibov I.,
Godjamanov M., Karapetyan G., Kopaliani Z., Kopitovsky V., Majaiski lu., Misetskaite O., Mustafayev M., Natishvili O., Nuriev E.,
Rajczyk J., Popova I., Salukvadze G., Simonyan A., Sobota J., Sokolova A., Hertman L., Tokmajyan V., Zeinalov T.

Opranu3anoHHbIN KOMHUTET:

Hpanrnmsuin AWM. (npencenaresib OpPraHH3alHOHHOrO KomuTeTa), [acuramBuiam 3. (compencenaresib OPraHU3aLHOHHOTO
komuTeTa), [TaBappamsuiau I'B. (compexncesarejb  opraHu3anMoHHoro komurera), Toxmamksan O.B. (compeacenarennb
OpraHM3annoHHOro Komurtera), Umanos @.A. (compeacenaTens OPraHM3anuoHHOro Komutera), Upemamsuian U.P. (oTBeTcTBEHHBII
cexperaps), bamuxkan I1.0., Bonnapuk W.I'., I'apudos U.A., I'onx:xkamanos M.I'., 3eiinanos T.C., Kapanersin I'.., Konmannann 3./1.,
KonuroBckuii B., Maxaiickuii F0.A., Mucenxkaiite O., Mycragaes M.I'., Hatumsuiau O.I'., Hypues 3.b., Panyux 51.3., Ilonosa U.,
CaanykBanze I''A., Cumonsin A. B., Cobota E., CokoJioBa A., 'eprman JI., Tokmagxsan B.O.

Ls3g3bogtim 3m3odg@o:

50930 8. (59F), dsgoxosbo 3. (bLedbgmo), dsEogsdy . (bododmggmm), dodGgogo o (oo dMo@ESbyme), dmyPM@bsligo g
(Ogmas@gma), asgs@Esdgomo 3. (bss@mggmm), asbodsdgomo b. (LsJoBmggerm), gs3@s8sbano o. (Sbg@ddsoysko),
©054mb0dg &. (LsJodmggmm), pmdGmEogdmgo L. (G3Lgmo), ©9dgbmgo L. (dgmsdgbos), ©3eso 6. (0LBsgeo),
gobmbobo b. (dgEsdlo), gaosbisgo 3. (Bgbgmo), goenbggo o. (dgens@ylos), g9 o. (Bobgmo), bgobsgmmgo @. (Sbgddsoxsbo),
DogoBgoglgoby 0. (0§gs), mogbgmody . (boJodmggerm),  0dsbmgo g. (bbg@dsoxsbo),  om@psboBgomo o.
(LoJsBmggerm), 0@gdsTgomo o. (LdJodmggem), gobgo . (gg0dshos), gerodosTgogo w. (LoJsBmggmm), Fmgsmgbgem 3.
(9345065), gm3sgmosbo b., (GgLgma), gadghgmgs ©. (Bgbgmo), 3bbgimgo 8. (GyLgma), 3a3@godgomo 9. (bsfs@mggenm),
@mobgobpmo g (sgbd®os), Bopmdgpmgs o (Hybgmo), dsdsGgobmgo ©. (goGaobgma), Bsdgmgo o. (Sbg@ds0x560),
35g50L30 0. (G3Lgmo), Fgoxgd K. (58F), bswoBgomo ®. (LsJodmggem), g5bgo 3. (Fobgmo), @sobogo 0. (3membgmo),
LosGgbsbosbo o. (Lmdbgmo), Lsligggoho 3. (Bdgems@glo), Lgodsbo g (09@GJgmo), Ledmds g (Bmmmbyno), bags 3. (053mbos),
O®3dsx0sbo .  (bedbgma), Gmgdsxosbo g (bmdbgmo), 9gxds o  (CBommbyno), Gobbymody x. (LsJs@mnggem),
805603300 o. (bodo@mggerm), @s@0dmgo 0. (SbgMmdsexsbo), Bogs o. (dgams@dylos), Vyowsos g. (bodsdmnggmm), hsbsos
o (boJobmggmm), Bgdbmdm@giso b. (Bglgmoe), xgbggmols @. (0domos), dsorg . (bogdmsbrgdo).

Hay4nblii kKomuTeT:

Aunyo B.M. (CIIA), Bamukan I1.O. (Apmenusi), bauukanze T.B. (I'py3usi), BoprBuxk A. (Auriusi), Boypuacku E. (Bosarapus),
Baxonunn H.K. (Beaapycs), Baacak II. (Uexust), Boruek A. (Beaapycs), By HU. (Kurait), Taapapamsuiu I'.B. (Ipy3us), Tauae JI.
(Hupepaannsl), l'apu6os 10.A. (Azepbaiimxan), I'acutamsuan 3. (I'py3us), Faxpamanim 10.B. (Azepbaiixkan), [T:xenesoiic P.
(Aranust), Iuaxkonunnse P.B. (I'py3usi), Hoopoaodos C. (Poccusn), dyoenox C.A. (benapycs), dynan H. (M3pauas), Kanr I1. (Kutaii),
3eiinanoB T.C. (Asep6aiinxkan), 3uBarkayckune HW. (JlutBa), UmanoB ®.A. (Azepbaiimxkan), Hoppannmsuin UK. (I'py3us),
HpemamBuiau U.P. (I'py3ust), Kuur JI. (Fepmanus), Knumuamsuiau JI. (I'py3us), KoBasenko I1. (Ykpauna), Konammaunu 3.1, (Poccus),
Kyo6eukoBa /I. (Uexms), Kysnemos M.C. (Poccus), Kynpenmsuau I1.3. (I'py3us), Jlonckanan B. (ABctpusi), Maromenosa A.B.
(Poccust), Mazkaiickuii FO.A. (Poccusi), MamatkanoB .M. (Kbipreizcran), Mamanos A.Ill. (Azep6aiimxan), Meiimkep Ix. (CLIA),
Harnmusuiau O.I'. (Ipysun), Hanuyaumze k. (Upysus)), Hpaurumsuwiu A.W. (Ipy3us), Paitunk 51.9. (IToapwma), Capyxansin A.
(Apmenust), CackeBuu II.A (Beaapycs), Ceiixan K. (Typuus), Cooora E. (Ilonbma), Cysa X. (SInonus), Tasxeanaze 1. (I'py3usn),
Toxmamxsan O.B. (Apmennsi), Tokmamxksan B.O. (Apmenusi), VYmxma A. (Iloasma), Yaxasa I'.I'. (I'py3us), Yepnomopen C.C.
(Poccusn), llTnna U.H. (Bexapycs), lypras B.II. (I'py3us)

Scientific committee:

Ayyub B. (USA), Baljyan P. (Armenia), Batsikadze T. (Georgia), Borthwick A. (United Kingdom), Bournaski E. (Bulgaria),
Chakhaia G. (Georgia), Chernomorets S. (Russia), Diakonidze R. (Georgia), Dobrolioubov S. (Russia), Dubenok S. (Belarus); Dudai
N. (Israel), Gahramanli Y. (Azerbaijan), Garibov Y. (Azerbaijan), Gasitashvili Z. (Georgia), Gavardashvili G. (Georgia), Genevois
R. (ltaly), Hayde L. (The Netherlands), Imanov F. (Azerbaijan), lordanishvili I. (Georgia), Iremashvilil. (Georgia), King L.
(Germany), Klimiashvili L. (Georgia), Kopaliani Z. (Russia), Kovalenko P. (Ukraine), Kubeckova D. (Czech republic), Kupreishvili Sh.
(Georgia), Kuznetsov M. (Russia), Loiskandl W. (Austria), Magomedova A. (Russia), Mamatkanov D. (Kyrgyzstan), Mammadov
A. (Azerbaijan), Mazhaiskiy Yu. (Russia), Major J. (USA), Natishvili O. (Georgia), Panchulidze J. (Georgia), Prangishvili A.
(Georgia), Rajczyk J. (Poland), Sarukhanyan A. (Armenia), Saskevich P. (Belarus), Seyhan K. (Turkey), Shila I. (Belarus), Sobota E.
(Poland), Shurgaia V. (Georgia), Suwa H. (Japan), Tavkhelidze D. (Georgia), Tokmajian O. (Armenia), Tokmajian V. (Armenia), Ujma
A. (Poland), Vakhonin N. (Belarus), Vlasak P. (Czech republic), A. Volchak (Belarus), Wu I. (China), Zeynalov T. (Azerbaijan),
Zhang P. (China), Zivatkauskiene 1. (Lithuania)

3oLsds@mo: 0179, mdogmobo, 0. X55%535dob gs8b. 60%; gen eyeb@s: gwmil929@gmail.com; ggo-aggtso: http://wmi.ge
Address: 0179, Thilisi, 60° Ave. I. Chavchavadze; E-mail: gwmil929@gmail.com; web-site: http://wmi.ge
Axpec: 0179, Téuancn, np. M. YaBuasaxze 60°. 3,1, moura: gwmil929@gmail.com; Be6-crp.: http:/wmi.ge
ISSN 1512-2344

© bsJodmnggmels §gibogaéo 96ogg@dlodgdols
3- J003bymsgsl Lobgmmdol Fygomms Ig3@bgmdols 0blGodydo,

35M39mb 5330l g3m39b@ o, 2018
Godsgo: 150


http://wmi.ge/
http://wmi.ge/
http://wmi.ge

8" INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFERENCE “MODERN PROBLEMS OF WATER
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONSTRUCTION”

1-5 November, 2018

VIII International Conference on

“MODERN PROBLEMS OF WATER MANAGEMENT,
ENVIRONMENTAL PROTECTION, ARCHITECTURE

AND CONSTRUCTION”
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Conferences Date Place (Location)
I 18-22 August, 2011 Qobuleti, GEORGIA
1 24-31 July, 2012 Qobuleti, GEORGIA

i 29 july — 4 August, 2013 Thilisi - Borjomi, GEORGIA

v 27 — 30 September, 2014 Thilisi, GEORGIA

\Y 16 — 19 July, 2015 Thilisi, GEORGIA

VI 22-25 September, 2016 Thilisi — Telavi, GEORGIA
Vil 25-27 August, 2017 Thilisi, Georgia

Scientific directions of the Conference

Water management;

Hydraulic engineering and irrigation;
Hydrology and meteorology;
Environmental protection;

Safety and risk of hydraulic structures;
Construction and architecture;

Earth sciences.
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Photo gallery from VII International Conference on
“MODERN PROBLEMS OF WATER MANAGEMENT, ENVIRONMENTAL
PROTECTION, ARCHITECTURE AND CONSTRUCTION”
25-27 August, 2017
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CTpouTebCcTBA

POJIb OJIUMMIINCKUX KOMILIEKCOB B PA3BUTHUHU
CIHOPTUBHOI'O TYPU3MA (HA IPUMEPE CIIOPTUBHBbIX
OJMMIIMACKHUX KOMILJIEKCOB I'.BAKY)

H.3. AJmeBal), 9.b. HypneBZ)

2 Asepbaiioocancruti Apxumexmypro-Cmpoumenvhviti YHusepcumem
ya. A.Cyamanosou 11, e.baxy, AZ.1173
E-mail: nigar-aliyeva-80@mail.ru
2 Bakuncruii I ocydapcmeenHuvlil YHueepcumem
yn.3. Xanunoea 23, 2.baxy, AZ.148, Azepbaiioxncan
E-mail: nuriyev 1947@mail.ru

Annomayusa. B ctatbe paccMaTpuBaeTCs pa3BUTHUE MEXIYHAPOAHOIO CIIOPTUBHOTO Typu3Ma r.baxy.
J1g pa3BUTUS CHOPTUBHOTO TypU3Ma HY>KHBI CIIOPTUBHBIE OJIMMITUHCKHE KOMIUIEKChl. CIOPTUBHBIN TYypH3M
B AzepOaiipkaHe pa3BUBaeTCs HHTEHCUBHO. B pecmyOmuke HacunThiBaeTCst 42 OJMMITMACKUX CIIOPTHBHBIX
KOMILJIEKCOB, CPEIA HUX CaMbIi KPYNHBINA U apXUTEKTypHbI bakunckuii Onumnuiickuii CtaauoH.
Knrouegvle cnoea: CHOPTUBHBIM Typu3M, OJUMIMMCKHM KOMIUIEKC, MEXIYHAPOIHBIH TYypH3M,
peHTa0eNbHOCTD.

BBEJIEHHUE

CrpoutenberBo bakunckoro Onumnuiickoro Crangnona Hadanoch 6 utons 2011 roga Ha Gepery o3epa
Berok-1llop. Craguon 0bu1 oTKpHIT B 2015 Toxy. B 2015 romy na bakmackom Omummuiickom Cramuone
ObuH TIpoBezieHbl EBpomneiickue urpel. B 2020 roxy Ha craanoHe OyIyT MPOBOAUTHCS (yTOOIHHBIE MATYH
yemnroHata EBponel. CtagnoH uMeeT okosno 70 ThICSY MOCaJOYHBIX MECT.

OCHOBHASA YACTH

TypusMm - oluH U3 Pa3BUTBHIX OTpacield MUPOBOW 3KOHOMHKH. HacTosmiee Bpems psii TokaszaTeneit
MEXIYHAPOJHOTO TYypU3Ma OMNEPeIMIA METAUIyprhi0, aBTOMOOWMIECTPOCHUE, DIEKTPOTEXHUYECKYIO
MPOMBILIUICHHOCTh M JlaXke ceibckoe xo3siictBo (1, 2, 3). Okono 300 MiiH denoBeK 3aHATHI B cdepe
TypUCTCKOW WMHIycTpun. KonmyecTBO MPUOBITHI B MEXIYHAPOAHOM TYpH3ME B MHpPE PE3KO BO3POCIO U
COCTaBMJIO OKOJIO 1 MIIpJ YesloBeEK.

Hnst  pa3BUTHS MEXIYHAapOJHOTO CIOPTHBHOTO TypHU3Ma CTpaHbl MHUpPa BIIOXWINA OOJbIINe
WHBECTHIIMH. JTO Takue cTpaHbl kak Opanmus, Ucnanus, Uramus, ['perus, Typrwms, Uaaus, Kurait, CIIA,
Kanana, BenukoOputanus, ['py3us, AzepOaiimxan u T.1.

[Ipenmonaraercs, 4To UCTOPHSI CHOPTHUBHOTO TypHU3Ma HAYMHAETCS C JPEBHETPEUECKUX OJTMMITHHACKHAX
WTp, KOTOpPbIE MPOBOAWINCH B JApeBHEM ropoje PuMe Ha OCHOBE TIaguaToOpcKuX BOWH M (DyTOOJBHBIX
copeBHoBaHMUA. OnuMnuana ObpUTa caMoOi BBICOKOHM Topoil B I'penmu u nMena Beicoty 2911 merpos. B 766
rogy OnumMmuaza Oblia MpoBeieHa B YeCTh 3eBca.

OnuMmuiickne Wrpbl CTHMYJHPOBAJIM CO3/aHWE CHOPTHBHOTO Typuima. llocie mnpuobpereHus
He3aBUCHMOCTH B 1996 Tomy cnopT M Typu3M Haudayd pa3BuBaThes B AsepOaiimkanckoit Pecrybmuke. C
1993 roma cnopT W Typu3M cranu Ooliee MOMYJISpHBEIMH, ObUIa co3aaHa HamwonanbHas OnuMmmnuiickas
opraHuzanysa. B Hamell cTpaHe yCTpaumBalOTCsi HOBBIE MEXIYHAapOJHBIE CIIOPTUBHBIE COPEBHOBAHUA,
CO3JIaHbl HOBBIE OTENM M Jpyras uHppacTpykTypa. [IpoBeneHre HEKOTOPBIX KPYIHBIX MEXKTYyHApPOIHBIX
OJIUMIMICKUX MEPONPUATHI B Halled CTpaHE — OpraHM3alus pPas3IudHbIX BCTPEY MEXTYHApOJHBIX
OJIMMITMICKUX OpraHU3allMid, ydacTHe B BBICTaBKax - MpeBpaTwin A3zepOaiiyKaH TYpUCTCKYIO CHOPTUBHYIO

CTRaHz.
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Knaccudukanus BumoB TypusMa pazHooOpasHa. OIHMM U3 BHIOB TypU3Ma SBISETCS CHOPTUBHBIN
Typu3M. K ciopTHBHOMY TypH3My OTHOCSTCS, TAKXKE Pa3InUHbIe CIOPTUBHBIE COpeBHOBaHU. /s pa3BuTHS
CHOPTUBHOTO Typu3Ma HEOOXOJUMBI CHOPTUBHBIE OJNIMMIIMHACKHME KOMIUIEKCHI — CTaJHOHBI, BOJIHBIC
OaccelHsI U TIp.

CrniopTuBHBIN TypusM B AsepOaiiikaHe pa3BUBacTCSI MHTEHCHBHO. B pecnyOmnuke HacuuThiBaeTcs 42
OJINMITUICKUX CIOPTHUBHBIX COOpyXeHui. OJUH U3 HUX - caMblii KPYNHBIM apXUTEKTypHbIH bakuHckui
OJINMITUICKUM CTaJUOH.

CrpoutenbcTBo cTamnona Havanoch 6 mroHsS 2011 roma Ha Gepery ozepa betok-lllop. B aTtom romy
npouwio npaszgHoBanue 100 metust azepOaiimxanckoro Qyrbona u 3amoxeH (yHIamMeHT bakuHckoro
Onumvruiickoro craawoHa. CraauoH Osu1 OTKPHIT B 2015 roxy. B 2015 roay na bakumackom OnuMmuiickoM
Cragmone Obutn mpoBeneHbl EBpomefickne wurpsl. OOmmii o0bem wHBecTHIMA B EBpomeiickue urpsl
coctaBui okoio 300 mutH momnapoB CIHIA. Hucio mocerureneit coctasuiio 20000 yenoBex.

KomndecTBo mocamouHbix MecT Ha craauoHe coctaBisieT 70 Thic. CTPOHTENBCTBO CTaIMOHA
mromaapko 225 000 kB M Ha ydacTtke 651 000 xB.M. O6buT0 3aBepiueHo B 2015 roxgy. Ha craguone moctpoeHsl
TpuOYHBI, OeroBasi JOpoXKKa M apyras mH(pacTpykTypa. Bricota craguoHa 62 M, BHYTpPEHHsS IUIONIANlb
craauoHa coctapiseT 120830 kB M, aBTOoCcTOsIHKA nTpuHUMatomas 3080 aBToMoOuIIeH.

Bbaknacknid Omummmiicknii Komiiekce
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B 2017 romy xonmuecTBO CHOPTHUBHBIX 00BEKTOB B AsepOaiimxane mocturio 11215. B mepBrie Ha
EBpomnelickux urpax npunsiio yuactiue 6067 cnoprcmenoB u3 50 ctpan. Ha IV Mcenamckux urpax B 2017
roxy npussa yaactue 3500 cmopTcMeHoB u3 57 cTpaH.

g

I

BHyTpeHHuUIl BH KOMILIEKCa

B 2020 r. Ha baknackom OnumiuiickoM craguoHe OyayT moBeieHb! (yTOONbHBIE MAaTYl YEMITMOHATA
EBpombl. DTOT CTaguoH mpexHasHa4yeH Jis npoBeleHHs OyAyIIMX MEpONpHsITUH, TakuX Kak
MeXIyHapOIHbIE CIOPTHBHBIE UTPHI.

CpaBHEHHE MEXIyHApPOAHOTO CIOPTHBHOIO TypH3Ma IIOKa3bIBaeT, YTO Ha CIIOPTHBHBIE COOBITHS
tpatutcs okono 182 miupa nomn CLIA B roa. ['omosoit noxoxn ot Typusma coctasisieT 476 miupa nos CIIA,
32% u3 HUX cOPTUBHBINA Typu3M. [locie mepBbix EBporeiickix Urp XOpOIIO pa3BHBAETCs HE HEPTSIHOM, a
CIIOPTUBHBINA CEKTOP.
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I'ymunun T1.K. Typusm cioptusaslid. Buteock, 2017, 116 c.

2. Boctok WM.E. OcHOBHBIE KOHIIENTYaIbHBIC ACIEKThl CUCTEMBI PAa3BUTHS CIIOPTHBHOTO TypH3Ma B
Poccun. M., 2006, c.6.

3. Peipmau M.A. OcHoBsl Typusma (yueOHOe mocodue) noj penakmnueii C.H. Cmonenckoro, M., 2012,

204 c.
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Construction

ROLE OF OLIMPIC COMPLEXES IN THE DEVELOPMENT OF SPORTS
TOURISM (ON THE EXAMPLE OF THE OLIMPIC SPORTS COMPLEXES OF
THE SITY OF BAKU)

N. Aliyeva®, E. Nuriyev?.

Y Azerbaijan University of Architecture and Construction
2 Baku State University
Baku, Azerbaijan

Annotation. Baku Olympic Stadium is a 70000 — seat stadium, designed and constructed to meet the
international standards for stadiums set by the Union of European Football Associations (UEFA). This is the
largest stadium in. Azerbaijan Construction of the 225000-square-meter site was completed in February
2015. The sixtory, 65,7 meter structure near Boyuk-Shor Lake, Baku, Azerbaijan, opened on 6 march 2015.

Keywords: sports, tourism, Olympic stadium, international tourism, intended.
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Hydraulic Enginering And Irrigation

APPLICATION OF MUDFLOW PROTECTION SRTUCTURE WITH THE
PURPOSE OF REDUCING THE DEAD CAPACITY OF THE RESERVOIR
(On The Example of Mastara Reservoir)

V.P. Baljyan

Shushi University of Technology
Shushi, Ashot Bekor 4, Republic of Artsakh
E-mail: baljyan-1951@list.ru

Annotation. In middle sized and small reservoirs a considerable capacity is allocated for the silt
accumulation flowing along the water. Sometimes the local conditions do not allow creating regulating
capacity of the required size. Besides, the dead volume foreseen for the silt accumulation is added to it
which significantly reduces the possibility of regulation of the reservoir. The example of the Mastara
reservoir of the Republic of Armenia was the assessment of the amount of silt flowing into the reservoirs. For
water courses of mudflow risky areas the use of a smaller mudflow protection structures and cascade
solution was simultaneously based. It is technically feasible and it significantly increases the useful capacity
and efficiency of exploitation of the reservoir.

Key words: river, reservoir, silt, silt accumulation, dead capacity, mudflow protection structure

INTRODUCTION

A technical project was prepared for the construction of the Mastara reservoir about 40 years ago
where the calculation of dead capacities was done by estimating the silt flow. For this purpose the
methodological guidelines for the conditions of the RA were applied [1]. According to 1%, 2% and 5% of
the insurance, the Mastara mudflow outcomes (160 m®s, 141 m%s and 110 m%s respectively) were
determined. The capacities and maximum concentrations of the silts of these flows were determined by the
following formulas:

W, = 1000H xaxAx A, (thousand. m°), (1)
S = 12312 %1% (kg/m®) )
According to the resulting calculations we get W, =5,52x10° m*, W/ =4,73x10° m® and
S =0, 47 t/m*: From these data the dead capacity of Mastara reservoir was accepted as 2 min/m°.

THE OBJECTIVE OF THIS WORK

As the analysis shows in the existing methodological guidelines and in the technical project, there are
incorrect approaches to determining the number of mudflow silts. The time required for the accumulation of
certain quantities is calculated in a simple way and it is 14.7 hours. Long term measurements have shown
that the duration of even the longest mudflow lasts practically no more than 5-6 hours. Moreover, the
graphics of silts and water outcomes are very close to classical distribution of possibility [2]. In other words,
with the increase in the fluid flow, the output of the mudflow siltation increases reaching the maximum
value, and parallel to the reduction of the water outlet it returns to the minimum value. The experts say that
the data obtained by this method [1] often overestimate the parameters of the mudflow.
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In the present work based on a multiple study an attempt has been made to assess the mudflows of
Mastara River, which will allow to determine correctly the dead capacity of the reservoir to be constructed.
For this purpose the data of the measurements made in this reservoir were collected (see the table). Various
methods for determining mud silts have also been used [1,2,3]. During the research, the comparative method
of variants was used and, in particular, the silt of water was determined as follows:

- by the current method of calculation of mudflows,

- by the method proposed for the calculation of the capacity of silt of mudflow

as a result of natural studies,

- by the traces of recorded mudflows.

Taking into account [1] the inaccuracies which are present in the work and which were expressed
during the application of the work, the amount of mud siltation in the first version was calculated as half of
the maximum value of 1% stream (once per 100 year). On the basis of this, the calculated amount of silts
will be determined as

W, = W, >, 3)

where p - is the specific density of siltation which is equal to 2600 kg/m”:

As a result of the calculation we have Ws = 0,96 x 10° m®.

In the second version the calculation of the amount of silt was done by the formula [3] received as a
result of natural researches done by the Institute of Water Problems and Hydro Techniques after academician
I.V. Yeghiazarov:

W, = 19 Qi x17, (4)
where W, - is the amount of silt accumulation of in the outlet cone, thousand.m?,

Qpmax - is the quantity of maximum outlet of mudflow of the certain provision, m*/s;
| - is the slope of the stream in the calculated area.

According to the data of the table Q,,, =128 m®s, 1=0,03. Here we should mention that the
value of the outcome is very close to the of the mudflow outcome quantity having 5 % provision. The
amount of silt accumulation is counted from this calculation as W,= 26,3 thousand.m’. Taking into

consideration that during the 100 years of the exploitation of the reservoir not more than 5+1 such mudflows
are possible, in this case the amount of mudflow silt accumulation may comprise about 160 thousand. m®.
Calculation of the mudflow silt accumulation in the third variant was realised on the results of the
measurements made on mudflow traces. The traces of the strong mudflows passed during the 90 years on
Mastara River and its tributaries have been investigated. Particularly, on June 12, 1957, in the case of
mudflow which occurred as a result of heavy rains, 16.5 thousand cubic meters of silt accumulation were
measured below the water reservoir. This value is the same as the calculated amount of 5% safe mud
accumulation in the second version. During the exploitation of the reservoir such 6 mudflows may be
possible. Accordingly, about 100,000 m® siltation can be gathered in the reservoir during 100 years from the
mudflows in similar cases. Such values are recorded in Mastara river basin in case of other mudflows.
Comparing the amounts of siltation estimated by three variants we note that the amounts assessed by the first
variant are greater for more than 5 times than the estimations resulted from the second or third variants.
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Table
Mudflow of the Mastara and the characteristics of the mudflows over its tributaries
e s 30 < ;:t 5 8™
3 <
River The place 22 s g Bw,cé ¥ g g% The type =
of the measurement | < 3 25 m@ 3235 | ofthe 3 S
X @ =) S S o
52 = 3| 3° Z | mudflow 2 5
N w =}
Village Mastara 48,0 9.07.1929 76.0 -
Town Armavir 1050 20.06.1955 165 -
Mastara 1050 28.08.1955 170 - T
Canal of Armavir 780 12.06.1957 128 16,5 g §
[ <
Katnaghbyur | 300 m above the mouth 204 12.06.1957 42 2,0 % g
w
Mudlow 2 km above the stone 208 20.05.1957 76 5,0
Shamiram mine

Though the impossibility of the first variant from these three values the average value is chosen as the
calculation method: (960 000 + 160 000 + 100 000)/3 = 0,41 miIn. m*:

In conclusion, the total amount of silt accumulation flown to Mastara reservoir due only to rare
mudflows during the expoloitation period is estimated as 0,41 mIn. m*. Besides this amount, the siltation
brought by the constant river stream are filled into the reservoir the capacity of which must be estimated
separately. With these two factors the dead capacity of the reservoirs which are being built in the mountain
rivers should be determined [4]. According to the given quantity the dead capacity of Mastara reservoir
might be not less than 0,7 min. m® from the pointed quantity.

Depending on the relief and economic conditions, the total capacity of Mastara reservoir can not be
more than 12 min. m®. Consequently, in case of huge water deficit in that area the additional 0,7 min.m®
capacity can significantly increase the efficiency of the reservoir.

CONCLUSION

Taking into consideration the circumstance above mentioned, it is recommended to deploy a mudflow
protection structure which is apt to create up to 0.7 million cubic meters capacity above the river intersection
of the reservoir. Nearly 1 km upstream of the reservoir a very convenient river intersection was found for
installation of the structure. Here the river valley is abruptly narrowed and creates good prerequisites for the
construction of low-cost small mudflow protection structure.
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I'mapaBiauka u uppuranus

HCIOJb30BAHUE 3ANIUTHON KOHCTPYKIIMA OT CEJIA 114
YMEHBIHIEHUSA TEPUOJA 3AITIOJIHEHUSA PESEPBYAPA
(HA ITIPUMEPE MACTAPCKOI'O PE3EPBYAPA)

B.I1. Banxxkan
L ywickuii mexnono2uieckutl yHugepcumem

I Illynrn, Haropro-Kapabaxckas Pecry6rnka

Annomauusn. B pesepsyapax cpeoneco u manoco obvema 3HAYATENBHBI O0BEM €0 pPacIoNIOKEeH
BJIOJIb AKKyMYJIMPOBaeMOW BOJBI. MECTHBIE YCIOBHS HE BCErJa II03BOJIAIOT CO31aTh HEOOXOIUMBIH
perymupyeMerii o0peM. BmecTe ¢ 3TUM, HEOOXOIWMO YYHTHIBATH BHOCHMBIM O0BEM HAHOCOB, KOTOPBIU
YMEHBIIAET BO3MOXKHOCTh PETYyJHUpOBaHUs pe3epByapa. MacTtapckuil pe3epByap SBISIETCS TNPUMEPOM
3¢ (EeKTUBHOTO WCIIOJIB30BaHUS IS 3aJIepXKaHMs CEIEBBIX IOTOKOB. 371eCh OBbUIBI BHEIPECHBI 3aIMTHBIC
KOHCTPYKIIMM M KacKaJbl OT MajbIX CEJEBBIX MOTOKOB. TE€XHUYECKH BO3MOXKHO YBEJIMYEHHUE I10JIE3HOTO
o0BeMa pe3epByapa U MpoJUICHHE CPOKa IKCILTyaTal[iuH.

Kntouegwle cnosa: pexa, peepByap, HAHOCHI, MEPTBBIN 00BEM, CEJIe3aNUTHAS KOHCTPYKITHSL.
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ABOUT OF HIGHLIGHT BUILDING IN GEORGIA
M. BediashviliV, G. Kipiani?, V.Sulashvili¥

U Engineering Academy of Georgia
2 Aviation University of Georgia
% Georgian Technical University

Tbilisi, Georgia

Annotation. The article reviewed stages of the highlight building in Georgia and particularly in

Tbilisi. From 11 floor building at the Heroes square to 40 floor at the Avenue Chavchavadze. Noted, that

in the city there is ground price high the infrastructure and architecture of city requires create modern

appear. It is necessary design of highlight building and complexes.

The modern building science give us its possibility. Recently, in our country created group of

engineer-constructors who can solving this task successfully.

By opinion of authors, highlight building in Tbilisi and in resort zone is based on the modern

bases of the seismic resistance, which have to develop also in future.

Keywords: seismic, uniform frame, liquidation of the base, prevention.
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CrpouresncTBa

O BBICOTHOM CTPOUTEJILBCTBE B I'PY3UHU

BeaunamBuan M.l), Kunuanu I'.? CyaamBuiu B.Y

D Unocenepnas axademusn Ipysuu
2) Ipysunckuil aeuayuonHvlii yHusepcumen
3 o .
iy DY3UHCKUL MEXHUYeCKUll YHUBepCUumem

Tounucu, I pysus

Annomayusa. B cratbe paccMaTpuBaeTCsl BOIIPOC Pa3BUTHH BBHICOTHOTO CTpouTenbcTBa B ['py3un, B
gactHOCTH, B TOMmMcH, HaunHas C 11-tu stakHoro Aoma Ha miomaan ['epoes, 10 40-a 3TaXKHBIX CTPOCHHH B
Toumuen mno mpocmekty YasuaBanze. Otmedaercs, 4YTO B TOpoAax, IZ€ 3€MENbHBIC YYacTKH IS
CTPOUTENLCTBA OYEHb BBICOKO LEHATCS,FOpoAcKas HH(pacTpyKTypa M apXHUTEKTYPHBIH BHUJI TOPOJOB
TpeOYIOT CO3IaHHsI COBPEMEHHOT'O 00JIMKA TOPOJICKUX LIEHTPOB, MOSBISAETCS HEOOXOAUMOCTh CTPOUTEIHCTBA
BBICOTHBIX 3JaHAN U KOMITJIEKCOB.

CoBpeMeHHasi CTpOHMTENbHAs HayKa 3TO Mo3BojsieT. [losBisieTcss HEOOXOAUMOCTh CTPOHUTENBCTBA
BBICOTHBIX 3[JaHHH W KOMIUIEKCOB. B Hacrosmee BpeMs B Halled CTpaHe Ienas Iulesga WHXKEHEPOB -
CTPOMTENEH, KOTOPBIM B CHITy PEIIaTh CaMbIe CIO0XKHBIE BOIIPOCHI B CEHCMOCTOWKOM TPaloCTPOUTENBCTBE.

[lo MHEHHMIO aBTOPOB, BHICOTHOE CTPOMTENILCTBO B TOWIIMCH U B KYPOPTHBIX 30HAX, I/ie OBICTPBIMHU
TEMIIaMH pa3BUBAECTCAd OTOT BHUJ CTPOMUTENBCTBA CETOAHS, OMUPAETCs Ha JOCTIKEHHE MHPOBOM
CTPOUTENFHON HAYKH U JIOJDKHO Pa3BUBATHCS H B OyIylIeM.

Knrwouesvie cnoga: ceiicMuka, yHnQUIIMPOBAHHBIN KapKac, pa3kmKeHHe (yHIaMEeHTa, TPEBEHIIHSL.
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Hydrology and Water Resources

MODELING TOOLS FOR INTEGRATED WATER RESOURCES MANAGEMENT
OF TRANSBOUNDARY RIVERS

E. Bournaski

National Institute of Meteorology and Hydrology,
Bulgarian Academy of Sciences

66 Tsarigradsko Chaussee, Sofia 1784, Bulgaria,
E-mail: bournaski@aim.com

Annotation. Integrated water resources management of transboundary rivers (where there are often
conflicts between the countries over how rivers should be used) needs to incorporate all the relevant sectors
that interact within water management. The proposed here modeling tools and web-based DSS comprise five
major subsystems that are concerned with data management, hydrologic modeling (HEC-HMS), mapping
and spatial analysis (geoprocessing), DSS functionality (MULINO) and module for user management. The
Mesta/Nestos transboundary river on the Balkans is used as an illustration of this approach.

Keywords: Integrated Water Resources Management, transboundary rivers, hydrologic modeling, DSS.

INTRODUCTION

The rivers and aquifers that are shared by more than one country are international water resources and need
special attention. In practice more than 40% of the global population lives in transboundary water basins,
emphasizing the need for concerted management of transboundary water bodies and harmonization of
policies. To deal with the impacts of climate change combined with the demands of increasing populations
and economic growth requires an international, integrated approach to transboundary water resource
management based on legal and institutional frameworks and shared benefits and costs. The European Water
Framework Directive 2000/60 introduces river basin management and integrated water management, not
only for the EU members but also for the candidate countries, providing thus a common framework for the
co-operation, planning and management of water resources (Directive 2000/60/EC, 2000). The Water
Framework Directive (WFD) contributes to the accomplishment of EU’s obligations to the international
conventions for the management of transboundary water resources, as the UN Convention on the Protection
and Use of International Watercourses and Lakes (Helsinki Convention, 1992). The UNECE Water
Convention, as a legal framework for transboundary water cooperation worldwide, initially only open to
countries in the pan-European region, is globally available since 2003. However, around two-thirds of the
world’s transboundary rivers do not have a relevant cooperative management framework (Handbook, 2012).

Some examples of Bulgarian-Greek river basin cooperation

A research team of Bulgarian Academy of Sciences and a partner team from the Aristotle University of
Thessaloniki in Greece co-operated in two European projects concerning the transboundary water basin of
Mesta/Mestos river between Bulgaria and Greece: IRON CURTAIN, and TRANSCAT. The IRON
CURTAIN Project goal was development of a methodology and information basis leading to standardized
tools and procedures for integrated resource evaluation, analysis and management following the principles of
sustainable development. It is in help for regional planning and decision making support. Priority is the
social and economical development of the transboundary region and share use of natural resources. The
developed methodology was tested and scaled in six case studies along a European north/south traverse, with
Mesta/Nestos basin being the southern pilot area. Another research project is TRANSCAT: “Integrated
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Water Management of Transboundary Catchments” aiming to create an operational and integrated
comprehensive Decision Support System (DSS) for optimal water management in borderland regions in
context of the implementation of the EU WFD. This multi-lingual DSS allows an integrated water
management system within the scope of the transboundary catchment. It is believed to be able to cope with
the complexity of the water resources system and the uncertainty of decision-making. Nine European
countries participated in the project and five pilot sites have been selected in order to provide a good contrast
in transboundary area typology (TRANSCAT Compendium, 2006). River Mesta/Nestos was chosen as the

Bulgaria-Greek reference area where the DSS is primarily focused on water quantities issues and socio-

economic models. The projects benefits each country, but are also having a positive effect on the

neighbouring Struma/Strimon transboundary river Basin. Slowly but gradually this fosters trust and mutual
understanding, which in turn creates win-win situations and propels cooperation.

A short Mesta/Nestos catchment description

The river flows from the Rila Mountains in Bulgaria (height 2716 m) (Mesta River), through Greece (Nestos

River) to the Aegean Sea. The river crosses the former Iron Curtain border between former Eastern and

Western blocks, which was isolated area and periphery, however with the ongoing integration efforts in

Europe these specific catchment areas reveal high importance and special attention. The catchment is divided

between the two countries with the 60% of the area belonging to Bulgaria (including the Dospat river

occupies 3425 km?) while the rest to Greece. The total area of the basin is approx. 5900 km®and river length

230 km. There are 212 settlements, 93 in the Bulgarian and 119 in the Greek territory.

WEB-based DSS approach to water resources management and TRANSCAT DSS

Modern WEB-based DSS are grounded on the integration of the WEB-technology with systems for

modeling, based on the application of artificial intellect technologies (Fedra, 2005, Kazimierz et al., 2004).

The operational (functional) architecture of such system for supporting water resources management is

ensured by the following information-communication services:

o WEB-based services — establishment of a WEB-portal with sites of a single organization;

o WEB-based GIS — access to geographic information, hydrological analyses and 3D-map images of the
given water basin;

And services related to:

e Decision making support — using hydrological and simulation models, analyzing water resources
availability, analyzing the possible consequences from river floodings and high waves and searching for
preventive activities, generating alternative solutions, etc.;

e Information for group work — sharing a common window between users for simultaneous work on
graphs (maps, schemes, diagrams, etc.); composing and exchange of documents on water management;
publishing documents intended for respective user groups; planning of tasks, calendar of activities and
following schedules for carrying out activities;

e Joint discussion of information (briefing) and organizing virtual meetings in the network — defining a
briefing (short meeting); publishing information about topical briefing themes; presenting information by
the participants on-line in the information network; holding video-conferences between official persons,
accompanied by presentation of information; exchanging text information (chat); using video-
information (Video-streaming), etc.;

e Announcement of important events — giving signals for dangerous values of observed quantities in the
river basins and expected critical events;

o Electronic-mail services (E-mail) — for exchange of text messages and files;

e System services — administration and management of information resources, control on user access and
protection of information.
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The Transboundary Catchment DSS of TRANSCAT Project (TDSS) represents an application of a part
of the above described WEB-based approach (see Fig. 1). It comprises the water management of
transboundary rivers, one of them being the Mesta/Nestos river (TRANSCAT Compendium, 2006). The
system is server-based and is accessible via the Internet for various users and interested entities.

The three basic components of TDSS are (Fig.1):
e The decision analytical applications, including mDSS (MULINO) - multi-criteria decision making
system (Giupponi et al., 2004), Mediator - supports group decision making, ProDec. BarTend

(Bargain) and ArgWar.

. Legend:
Mediator ProDec
. . - z ) Strategic decision taking support involving
edltOl R '11'U'Iil] ATGW e(lltOl explicit value / objective aspects
Dal Zd ‘___ jar
1 F ProDec [ _| Operational decision taking support
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PHP | PHP | Modelling & processing support
{ | g g sup
A | .

{ ——— Existing (assured) connection

‘ “  Connection under preparation
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Bl ,_EA_, | —> One way communication support
o i ¢ <—> Bi-directional communication
| g Public
XTD | |- c¢TD - Information
Services
| ECOSWIM | [ - 1 cAscp &
TR T s S o
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ModFlow | 2
| £ services

| QUALK2
!

Figure 1. General scheme of TDSS supporting the river water management.

e The core system (cTD), the main data provision, processing and interfacing tool, oriented mainly at
operational functions, and

e The models and related applications, that represents individual components of the natural, technical and
socio-economic object system (e.g. HEC-HMS surface-flow model, ModFlow - analysis and
assessment of groundwater, etc.).

Additionally there are some auxiliary applications, like SHE — the editor tool facilitating parallel translations

of documents, and the use of Public Web Services. The TDSS prototype was located in the server of the

University of Ostrava in Czech Republic. Figure 2 shows an example of a visual presentation of TDSS of

Mesta/Mestos river basin.

GIS and Hydrologic Modeling - HEC-HMS software

The knowledge of the catchment’s characteristic, spatial and temporal steamflow and precipitation

distributions is crucial when selecting the data for a hydrologic model development and its calibration and
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verification. Therefore, as a first step a detailed Geographic Information System (GIS) of the basin was
developed by the Bulgarian-Greek team from maps with scale of 1:50 000. GIS is the basic source of

information and an important component of the integrated water resources management of the river.
3 http:Htranscat.vsb.cz - Mesta/Nestos |: |:| User: guest |:|:| Language: (EN) - Mozilla Firefox
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Figure 2. TDSS prototype — Mesta/Nestos river catchment

The hydrologic model HEC-HMS developed by the US Army Corps of Engineers (HEC-HMS, 2010)
simulates precipitation-runoff processes in different kind of dendritic watersheds and even in large river
basins. Hydrographs produced by the program are used directly or in conjunction with other software to
study of water availability in the catchment, urban drainage, flow forecasting, future anthropogenic impact,
flood damage reduction, floodplain regulation, system operation, etc. HEC-HMS uses separate models to
represent each component of a simplified watershed runoff process and the river network. The program
features a completely integrated work environment including data base, data entry utilities, computational
engine and result reporting tools. A graphical user interface allows the users easy movement between the
different components of the program.

Some Applications of HEC-HMS model of the Mesta/Nestos catchment

The primary, basic hydrologic model was composed with the help of the HEC-GeoHMS modul using DEM
of the region. The Bulgarian territory was divided into 11 sub-basins (Figure 3) representing the main
tributaries of the Mesta river. Then the software was supplemented by suitable computational models.

G. 800BHIRIBI LOLIRMBOL TSRS 8IIG6IMBOL 0ELBHOBIB0; d5®GIBML RHBZOL ISMBIESGEH0 23
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



8G-8 bS5IFNSIPIG0L) b558IC60IGI-BIT603IG50 (D6 BIGI6CNS “FISRMS 3IIG6IMdOL, d5®IFML
RoG30L, S&INBIISIA0LS RS 3FI6IIRMIOL 0)5608IRGM3I 3@(MIRIFISBN”

-5 6(M3J83930, 2018 V.

Draglishka

Iztok

6 JazotKoshka

R azhdavitza
Giney 1

‘j ]
Dybritza /o Bistitza
p/ f ‘ J
} \ ) F
~ A

Furgolska

N awnkopska

J_Haduamovo Toplika
ﬁ) ?J Furgolska

R_Matritza

) Fulguvsk Y
J_Matnitza b

P l
N - R_Makaza
A\; e Mytritza n_ Makazski {Dutet
)

e fi'f( at the BG-G R bm der
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Figure 4. Summarizing runoff distribution graph versus time in the three monitoring points.

24 G. 30AGbIN3OL LOLIRMBOL VIORDS 8IID6IMBOL 06LBOBIB0; d5MIIML ROB30L IFMGBIGS A0
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



8" INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFERENCE “MODERN PROBLEMS OF WATER
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONSTRUCTION”

1-5 November, 2018

CONCLUSIONS

Decision-making supporting tools briefly described here are based on the use of models that allow
simulating the hydrological (rain, flow rate, aquifer level), hydraulic (river discharge flow, flow propagation,
regulating structures) functioning and the allocation of water resources according to uses and geographic
areas, and decision analytical applications as multi-criteria decision making systems, different kinds of
planning tools, etc. In addition we can distinguish main data provision, processing and interfacing tools and
the use of Public Web Services. We remind that such tools cannot replace expertise by river basin managers.
These applications are useful when it comes to the integrated management of transboundary water resources,
and help in the decision-taking process in a short-medium term.
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I'uapoJiorusi 1 BoJHbIE pe3epBYaphbl

MOJIEJMPOBAHUE YCTPOMCTB UHTETPUPOBAHHOI'O YIIPABJIEHUS
BO/IHBIX PECYPCOB TPAHCI'PAHUYHBIX PEK

J. BoypHack

HanmoHansHbIi HTHCTUTYT METEOPOJIOTHH U THAPOIIOTHH,
Axanemun Hayk bonrapun
Codus, bonrapus

Annomayusn. VIHTerpupoBaHHOE yIpaBJIeHUE BOJHBIX PECYPCOB TPAHCTPAHUUHBIX PEK, TJie
HaO0II0Aat0TCs KOH(MIMKTBI MEXJly CTpaHaMH, TpeOyeT pesieBaHTHOTO BKIIFOUEHMS BCEX CEKTOPOB
BOJHBIX pecypcoB B cdepy MeHekMeHTa. llpennararoTcs MoOJenbHBIE YCTPOHCTBA C
ncrions3oBanneM BEDB cucrem, ocHOBaHHBIE Ha 5 OCHOBHBIX MOJICHCTEMAxX, THAPOIOTHYECKOM
moaemupoBanuu (HEC-HMC), amamm3ze kapt u o0wsemMoB pecypcoB (I'eomporiieccoB),
¢ynknuonupoanun  DSS  (MULINO) wu ympaBieHMHM MOJENBHBIX IIOnb30BaTeneid. Jlns
WIIOCTPALIMK STOTO IIOJXOZa MCIIONIb30BaHA peka Macra Ha TpaHcrpanunyHoi peke Hacra Ha
OasKaHax.

Knrouegvie cnoea: MHTETpUPOBAHHOE YIPABIEHHWE BOJHBIX PECYpPCOB, TPaHCIPAaHUYHbIE
peKH, THIPOJIOrHYecKoe MoaenupoBanue, DSS.
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FIELD SURVEY AND ASSESSMENT OF ECOLOGICAL PROCESSES

OCCURRING IN THE WATER AREA OF ZHINVALI RESERVOIR
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security risk during formation of predictable disasters

Annotation. In order to assess the ecological condition of Zhinvali reservoir, the results of theoretical
and field surveys are presented in the paper. The current situation of the main junctions of Zhinvali earth-fill
dam is considered and its operational conditions are estimated.

According to the theoretical and field studies, the erosion rate of the active erosion-mudflow type
Mletis Khevi, which is tributary of river Aragvi is calculated, the value of which is equal to: E=1,13, with the
intensity 10-50 (t/ha per year) corresponding to the fourth erosion class.

Keywords: Zhinvali reservoir, water area, ecological processes, erosion.

INTRODUCTION

In recent years, the impact of global warming has significantly changed the environmental situation
and the decentralization of the existing infrastructure has been clearly demonstrated.

The natural anomalies operating on the ecological balance of the environment are especially
important, particularly, the increase in the frequency of erosive-landslide-debrisflow phenomena, deflation
processes in the coastal zone of the sea and at the location sites of reservoirs, the possibility of transporting
sediments by rivers forming the coastal strip, dynamics and intensity of groundwater levels, possible impact
of various types of natural and power effects on artificial structures

The impact of water reservoirs on the ecological balance is attributable to the attention. Unsustainable
function of reservoirs can play a significant role in the variation and formation of landscape infrastructure.
Therefore, for the purposes of ecological stability, along with other problems, special attention should be
paid to their sustainable functioning, the flows occurring in structures, wave modes, variation and seepage of
water levels at the places of their location.

Due to the safe operation of water reservoirs, the seismicity of the location and in case of dam
breaking, as a result of rising water levels or debrisflows, the possibility of the spread of flood zones in the
downstream and the nature of variation of flow’s hydraulic parameters are especially important. In this case,
the causes of the accident may be acceptable, and their estimates and mathematical solutions may be based
on different models.
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STUDY AND ANALYSIS OF DESIGN DATA
OF ZHINVALI EARTH-FILL DAM

Zhinvali reservoir was created at the junction of the Aragvi and Pshavis Aragvi rivers, which is
located at a distance of 60 km from capital Thilisi (Fig. 1). At the upstream section of Zhinvali dam, the
water-catchment area of river Aragvi is 1900 km?; the average annual discharge is 43.8 m*/s. The maximum
discharge for the river is 811 m*/s, and the minimum discharge is 5,8 m%s. The average annual runoff from
the village Zhinvali is 1380 million m®,

Construction of the reservoir complex began in 1975 and was put into operation in 1985. The general
view of Zhinvali reservoir and earth-fill dam, and components of headwork’s structures are provided bellow.
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Fig. 1. The map of the river Aragvi va

The purpose of the hydropower plant is drinking and household water supply for Thilisi capital and
territories adjacent to it, irrigation of agricultural land in Kvemo Samgori, meeting sanitary-ecological water
demand for the territory located below the buffer basin and performing energy functions in the event of a
power shortage

The complex of Zhinvari structures is represented by local earth-fill dam with clay core, deep water
intake, and deep and idle open water spillway.The normal storage capacity or spilling level is at 810,0 m, and
maximum is at 812 m, and minimum — 770 m. It is assumed that below 766 mark, the operation of the
reservoir is prohibited. The complete design capacity of the reservoir 520 million m® and active volume is
370 million m®.

The operation of the reservoir and the normal functioning of the Hydropower Plant (HPP) are carried
out by means of filling and recharging process, the actual data is obtained in consequence of fluctuation of
water levels in the reservoir. As for the processing of the boards, its fixation is carried out through visual
inspection.

Based on the studied existing information, the process of filling the reservoir with compiled inert
material is intense. According to the analyzed information, in a case of a water level at 810, the active
volume is reduced by 320 million cubic meters.
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According to the abovementioned, the intensity of sedimentation of water reservoir is increased by 2,5
times compared to the design data. Annual average sedimentation rate is 4,5 million cubic meters. According
to daily data, the total volume of solid mass deposited in the reservoir is 126.0 million cubic meters.

The sedimentation process occurs in the upper part of reservoir, where the sediment surface is located
at a height of 20 meters from the threshold of water intake, as for the reservoir control, it is carried out with a
continuous mode of automatic self-recording with an accuracy of 1 cm and a calculation of evaporation
losses of 6.5 million cubic meters per year. According to climatic conditions, the reservoir is located in the
circulation zone, which is typical for temperate and subtropical zones.

The Aragvi Gorge is well represented by the altitude zonality, which is confirmed by the fluctuation
data of temperature.

The average annual temperature of the air in the lowlands is 9-11°, while on the cross pass is 0.10°
below zero. The precipitation increases according to height and its value varies between 600-1700 mm. The
snow cover height at the upstream of basin is about 1-2 meters. The upper and middle sides of the basin are
mostly characterized by quiet weather.

The crest part of the ridge, passes and Mukhrani Valley are characterized by windiness. The
downstream of the Aragvi River basin is dry subtropical, dominated by west and east winds. In the warm
season, evaporation far exceeds the amount of precipitation. The snow cover does not last long and the snow
cover is rarely formed.

July is the warmest month of the year in the entire basin. Its value varies from 22.3° (Mukhrani) to
12,9° degrees (Gudauri). The average temperature for the month is minimal, in January — from -0,9°
(Mukhrani) up to -7,4° (Gudauri).

In the annual distribution of precipitation, there is one main maximum (May-June) and minimum
(December-January). With a 5% probability, the daily quantity of precipitations in Pasanauri and Gudauri
ranges from 78 mm.

Compared with other areas of the Eastern Caucasus, the Aragvi Valley is characterized by relatively
high snowfalls. Above 2000 meters of sea level, a steady snow cover is formed averagely by the end of
October and in the first half of November and does not melt until the end of April. In the highland zone, the
average decadal height of snow cover reaches a monthly maximum in March. The values of its height at the
Cross pass approaches to 2 meters. At the same time, the maximum height of snow with 4-5% repeatability is
expected at the cross pass — 3,5 m and in Gudauri — 2,7 m.

The Aragvi River is mostly feeds by rain, snow, ground and glacier waters. The average water runoff
at the Zhinvali is 1369 million m® and 1763 million m3 at the river outlet. It is noteworthy that underground
drainage is 47,1%, while the rest - 27.7% is snow and 25.2% - rain fall. The river mode is characterized by
spring-summer floods, unsustainable rainfall and winter sustained waterfall. The average perennial water
discharge at the village Mleta is 5,48 m%s, the maximum - 68.0 m/s at the Pasanauri, respectively - 12.1 and
173 m¥s. The average perennial discharge at the estuary is 54,8 m®/s, and the maximum discharge at 1%
probability is 1140 m%s. Flood occurs since March. By the end of April there is a sharp increase in the water
level and during the May the high levels of water are compiled and the beginning of the decline in water
level is observed by the end of August and continues until mid-September. Since September, the period of
low water begins, which continues until the beginning of the next year’s flooding.

Maximum water discharges are mainly observed in the period of May-June. During the observation
period, the highest measured water discharge (811 m*/s) was observed on June 25, 1952 near the village
Zhinvali. Minimum water discharge is observed in January-February.

The Table 1 presents the hydrological data on the river Aragvi, particularly, average perennial
discharges (m*/s).
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Table 1. Hydrological data, average perennial discharge (m-/s)

[ fm v [ v [ v v v x| X | X[ X[ Annual
Zhinvali observation checkpoint

Aver. | 17,8 (18,2 | 26,8 | 61,6 | 946 | 864 | 58,3 | 40,8 | 335 | 32,0 | 26,4 | 20,8 | 431
Max. | 32,9 | 36,5 | 52,6 | 125,0 | 129,0 | 192,0 | 126,0 | 81,6 | 59,1 | 73,2 | 64,0 | 36,5 | 192,0
Min. | 94 | 94 | 11,7 | 235 | 416 | 448 | 30,2 | 21,0 | 16,7 | 16,1 | 13,0 | 11,1 9,4
At the outlet of Shavi Aragvi River
Aver. | 253 (252|377 | 11,9 | 193 | 176 | 11,2 | 6,59 | 542 | 504 | 3,96 | 293 | 7,72
Max. | 4,50 | 4,46 | 7,02 | 26,6 | 30,1 | 26,8 | 16,9 | 159 | 11,4 | 119 | 8,66 | 538 | 10,0
Min. | 1,14 (0,99 | 1,03 | 6,27 | 12,4 | 8,87 | 6,33 | 3,22 | 2,68 | 2,00 | 2,04 | 1,08 | 4,80
Tetri Aragvi river, Phasanauri
Aver. | 6,28 | 6,05| 7,74 | 169 | 23,1 | 204 | 158 | 12,0 | 10,2 | 9,63 | 8,42 | 7,02 12,0
Max. | 10,8 | 9,07 | 11,4 | 31,1 | 39,0 | 357 | 23,0 | 234 | 22,2 | 22,1 | 13,4 | 11,8 16,6
Min. |3,26 |3,15|4,30| 878 | 134 | 132 | 106 | 8,71 | 6,38 | 6,18 | 5,05 | 4,34 8,84

At this time the river is fed with groundwater (up to 70%). In April-August, the high-water river
passes 71% of the total annual run-off. The winter period is characterized by a low run-off and accounts for
11% of the total annual flow. The main part of the accumulated sediment material is brought by the river
during the flooding period (45-130 kg/s). Water turbidity in some years is 6800 g/m® and sometimes 43,000

3

g/m°.

ASSESSMENT OF THE EROSIVE CONDITIONS EXISTING AT THE
MOUNTAINOUS SLOPES OF ZHINVALI RESERVOIR

In order to evaluate erosive conditions of the mountainous slopes of Zhinvali reservoir, in April and
May of 2018 the field expedition was carried out.

The research focused on the ecological condition of Aragvi Coast, as well as activation of erosive
processes of rivers’ watershed. Fig. 2 illustrates the sensitive sites of the water area of Zhinvali reservoir.
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Fig. 2. Sensitive sites of Zhinvali reservoir
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The surveys carried out on the field have revealed that when the water level fluctuates in the Zhinvali
reservoir, variation of erosion processes in the water area of reservoir often occurs, particularly, in those
places where the river transports the mudflow and then it accumulates in the water area of the reservoir, in
such places, the erosion of the mountain slopes is relatively not activated, and in the water area of the
reservoir, where accumulation occurs and vice versa, channel erosion, these sites are considered as sensitive
areas.

Particularly, active in this direction is the White Aragvi watershed basin, and especially the Mletis
Khevi River, where every year the mudflows are formed and inert masses are accumulated in Zhinvali
reservoir.

PREDICTION OF THE EROSION PROCESSES OCCURRING
IN THE RIVERBED OF RIVER MLETIS KHEVI

The probability of the origin of mudflows in the White Aragvi watershed basin is related not only to
strengthening the erosion processes [1,2, 6-8] in the area but also to exceeding the limit of precipitation, And,
of course, the intensity of the rain. River Mletis Khevi (right tributary the river Aragvi) was selected as an
experimental area of research, in addition to the fact that during the last years in the riverbed there were
observed large-scale mudflows (1953, 1981, 1982, 1983, 1985, 1987, 1989, 2001, 2003, 2005 y.y.). In 2003,
2005, 2007, 2009 and 2010, the frequency of the mudflow origin has been observed (2-3 strong streams per
year). The study carried out are shown that not only the frequency of debrisflow has increased, but also the
volume of solid mass carried out by the debrisflow.

On September 13, 2001, on 3 May 2003 and on 26th April 2005, in the river-bed of Mletis Khevi, the
number of powerful mudflows were fixed that resulted in producing accordingly 65 780 m*, 110 000 m® and
95 700 m® inert mass. From 1897 to 2007, i.e. the number of catastrophic mudflows in 110 years has
exceeded 150.

It should be noted that the mudflow occurred in the river-bed of Mletis Khevi in 2003 blocked the
river Aragvi river for 20 minutes and in 2005 the disaster was raging for 25 minutes.

According to the scientific researches, it was revealed that the hydrological and hydraulic indicators of
White and Black Aragvi rivers are mainly influenced on the dynamics of the mountain slopes reservoir and
its dead volume of the Zhinvali, which mainly leads to the intensity of bed and surface erosion.

Taking into consideration the above mentioned the values of the Erosion Coefficient of Mountain
Slopes are determined by the following attitudes [2]:

0,21
E= {0,58 + 1,40(%}}(%) | )
0

where, Fy - the area of the “naked” territory within the river catchment basin (km?); F, - the total area of the
river catchment basin (km?); t - the study time interval (years); T — the whole survey period (in our case
T=20 years).

The relation between the erosion coefficient of mountain slope and the degree of damage is given
according to the scale of Prof. Sylvestrov [3, 4] (see Table 3).
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Table 3. The relation between the erosion rate of mountain slope
and the degree of damage according to the scale of Prof. Sylvestrov

Ne Value of erosion rate(E) Degree of damage
1. <0,20 Undamaged

2. 0,20 -0,49 Slightly damaged

3. 0,50-0,99 Average damaged

4. 1,00-1,49 Significantly damaged

5. > 1,50 Strongly damaged

By means of above methodology, the calculation of the erosion rate of the mountain slope of Mletis
Khevi, which is the most active tributary within the water catchment basin of Tetri Aragvi rive was carried

out, values of which are given in Table 4.

Table 4. The values of erosion rate of mountain slopes of the river Mletis Khevi
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Thus, the erosion rate and intensity of the most active erosive-debrisflow type tributaries of the river
Aragvi was determined, values of which are varies: erosion rate E=1,13, according to the Erosion Qualitative
Assessment is 4th grade, which corresponds to erosion intensity of 10-50 (t/ha per year), which is the
greatest danger for the normal operation of Zhinvali reservoir.

As regards the current situation of the mountain slopes of Zhinvali reservoir, field research has proved
that erosion processes are activated due to the drastic variations of the water level in the reservoir, where the
slope erosion rate is changing within the second and third grades (classes), this is accompanied by collapsing
and slumping of the soil on the slopes, which require additional scientific-research activities to ensure

accurate prediction.

CONCLUSION

o In order to evaluate erosive conditions of slopes at the Zhinvali reservoir, 2 field expeditions were carried
out in April and May, 2018. Using the field surveys, the erosion rate of mountain slopes in Zhinvali water
area and water catchment basin of River Aragvi was set and taking into consideration the factor of time
and other key components, the erosion class, as well as erosion intensity were evaluated,;

e Using a statistical line as a result of the theoretical and field surveys, calculation of erosion rate and
intensity of mountain slopes in the watershed basin of Mletis Khevi, which is active erosion-debrisflow
type tributary of Tetri Aragvi river. The values of above calculated erosion arte and intensity of mountain
slopes varies: in a case of erosion rate E=1,13 according to the erosion 4™ class and with intensity as 10-

50 (t/ha per year).
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I'mapoJorus
IMOJIEBBIE HCCJIEJOBAHUS U OKOJIOI'NYECKAS OLHEHKA INTPOLECCOB

B PAHOHE AKBATOPUM )KUHBAJIBCKOTI'O BOJJOXPAHWUINIIIA

I'apappamsuiu I'., Kyxamamsuiau 3., Cynaramsuiu T.,

Kynapamsuiu U., b3nasa K., Harpomsuiu I'.

HUnemumym 600no20 xoszsticmea um. L. Mupyxyrnasa
I'pysuncroeo mexnuyeckoeo yHugepcumema

Tomrucw, I pysmns

Annomauus. B uensx OIEHKH SKOJOTHYECKOTO COCTOSHUS BoxoxpaHunuma JKuHBanm, B padote
NPEICTABICHBl PE3yJbTaThl TEOPETUUECKMX W IIOJEBBIX HCClefoBaHMN. PaccmarpuBaercst Tekyiuee
COCTOSIHME OCHOBHBIX Yy3/10B JKMHBaJbCKOM 3€MJISTHOM IJIOTUHBI M OIICHMBAIOTCS €€ IKCIUTyaTallMOHHBIE
yCIIOBUS.

CornacHo TEOPEeTHYECKHMM W TIOJIEBBIM HCCIEIOBAHUSM, PaCCUUTaH KO3((PUIMEHT 3po3un peku
Mnetuc XeBH, SBISIOMIENCS aKTUBHBIM 3PO3MOHHO-CENIEBOTO THINA MPUTOKOM peku TeTpu Aparsu.
3nauenue kodpdunmenTa spo3uu coctaniser E = 1,13; sposus 4-ro knacca u ¢ uHTeHCHBHOCTHIO 10-50 T/Ta
B TOJI.

Knrwouesvie cnosa: JXunpanbckoe BOLOXPaHUINILE, aKBATOPHSL, SIKOJIOIMYECKHE MIPOLIECCHI, SPO3HSL.
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OxpaHa oKpY:KaloIeld cpeabl

OPTAHU3ALMA MOHUTOPHUHT A OCOBO OITACHBIX 3ATI'PA3HAIOIINX
BEIIIECTB B COCTABE CTOUYHBIX BOJ IIPEAIPUSTUI
PECIIYBJIMKU BEJIAPYCb

I'eprman JI.LH. , CtankeBsnu A.Il.
Pecnybnuxarnckoe ynumaprnoe npeonpusimue
«Llenmpanvholil HAYUHO-UCCTIE008AMENbCKULL UHCTIUNTYI
KOMNJLEKCHO20 UCNONb308AHUSL BOOHBIX PECYPCOBY
Munck, yn. Crnasunckoeo, 1/2, 220086, Berapyco
E-mail: lubov.hertman@yandex.ru

Annomayusa. CtaThsl OCBAIICHA MTPOOJIEME OPTaHU3aIli MOHUTOPHHTA COJIEPKAHHSI 0CO00 OMACHBIX
sarpsisastonux  BemectB (O3B) B coctaBe CTOYHBIX BOJ Hpeanpusatuii  PecnyOmuku  Benapych.
JlaGopaTopHbie MCCIEIOBaHUS CTOYHBIX BOJ C IIEibIO BhIssBIICHUS B HUX O3B MOBOJIBHO JOPOTH, MO3TOMY
MIPOBOJIMTCSL MCCIIEZIOBAHUE C IIENBIO0 OMpEIeNICHUs YEeTKOTO MEepedHs OTpacield SKOHOMHKH, KOHKPETHBIX
npeanpusITuil u Hanbomee BeposTHEIX O3B, comepKamuxcs B UX CTOYHBIX BOJAX, MEPUOJUYHOCTH OTOOpa
mpo6. Kpome Toro, ansi opraHm3anmuy peryisipHBIX HaOIOJeHU TpedyeTcss pa3paboTka HOPMATHBHBIX
MPAaBOBBIX  JOKYMEHTOB, pa3BUTHE TMPHOOPHON 0asbl, TMOATOTOBKAa BHICOKOKBAaIH(UIIMPOBAHHBIX
CHEIMATUCTOB.

Kntrouegwie cnosa: ocod0 onacHple 3arpsA3HAIONINE BEIIECTBA, CTOYHBIE BOJBI, MOHUTOPHHT.

[IpoGiiema mpuMeHeHHsT 0cO00 OMacHBIX 3arps3Hstonux BemlecTB (manee — O3B) B pazmuaHBIX
OTpaciiAX NEATENbHOCTH MEXIYHAPOIHBIM COOOIIECTBOM ONperelieHa Kak Tio0aibHAs SKOJOTHYECKas
yrpo3a, TpeOytoIasi MPUHATHS HEMEUICHHBIX Mep. Oco00 OmacHbIe 3arps3HSIOIINE BEIIECTBA, K KOTOPHIM
KpOME BEIIECTB COAEPIKAIINX TSHKEIbIe METAIlIbl, TAKKE OTHOCSITCS CTOWKHE OpTraHHYECKHe 3arpsS3HUTEINH,
SIBJISTFOTCSI BRICOKOTOKCHYHBIMU OPTaHUYECKUMH BEIIECTBAMU, YCTOWYMBBIMU K (DU3MUECKOMY, XUMHUUYCCKOMY
1 OMOJIOTUYECKOMY PA3JIOKEHHUIO B OKPYXKAIOIIEH cpejie, CIIOCOOHBIMU K OMOaKKyMYJISIIMH U [IEPEHOCUMbIC
Ha OOJIBIIIME PACCTOSHUS BO BCEX IKOJIOTHUECKUX Cpelax. JTH BEIIECTBA, JaKe B HEOOIBIINX KOIHMIECTBAX,
OKa3bIBAIOT HETaTHBHOE BO3ACHCTBHUE, KaK HA OKPYXKAIOIIYIO CPEIy, TaK M Ha 3JI0POBhE UeIoBeKa. Bmecte ¢
TeM, B Pecrybnike benapyck B IOIDKHOM Mepe HE MPOBOIUTCS MOHHUTOPHHT 3THX BEIIECTB, KaK B COCTaBe
CTOYHBIX BOJI, TAK U B MPUPOJIHBIX BOJHBIX 00BEKTAX.

JeticTByronmumMu B HacTtosimee Bpemsi B PecrmyOnmke bemapych HOpMATHBHBIMH JOKYMEHTaMH B
00J7acTH HOPMUPOBAHUS COCTaBa CTOYHBIX BOJ M HOPMAaTHBAaMU NPEICIHHO JOMYCTHUMBIX KOHIIEHTpAIUi
(mamee — IIJK) B BOJE MOBEPXHOCTHBIX BOJHBIX OOBEKTOB VYHMTHIBAIOTCS COBPEMEHHBIE HAyJHBIC
WCCIICJIOBAHUS U MHPOBBIC NIPAKTHKH B 00JaCTH HOPMHUPOBAHHUSA 0COOO OIMACHBIX 3arps3HSIONINX BEUIECTB,
MOJIOKeHUsT U TpeboBaHUS BoaHOW paMOYHON JMPEKTUBBI M crenuaibHbIX JupekTrB u PacnopspkeHuit
Espomneiickoro Coro3a, B ToM uncie u dupextussr 2013/39/EC.

Onnako, HeCMOTpsI Ha TO, 4To umeronuecs B benapycu THIIA ocHOoBaHBI Ha MUPOBOM OMBITE, B HUX
YeTKO HE MPOIHCAH MepeueHs oTpaciiei, nepederb O3B mo kaxxaoi oTpacin, MepruogNIHOCTh 0TOOpa Mpod
CTOYHBIX BOJ Il KOHTpoisi moctymieHuss O3B B oOkpykalomiyro cpemy € y4eToM OCOOeHHOCTEH
npou3BozicTBa B PecniyOnmke benapych.

JlaGopaTopHbIe HCCIIENOBAHUS CTOYHBIX BOJ C IEIbI0 BRIIBICHHS B HUX O3B HOBOIBHO IOpOTH,
MOATOMY BaXXHBIM SIBIAECTCS OIPENCTUTh UCTKUM TMepedeHb OTpacied HKOHOMHUKH, KOHKPETHBIX
MIpenNpUsITHI U IepedeHs Hanboiee BeposTHEIX O3B, comepkamuxcs B UX CTOYHBIX BOJaX, IEPHOANIHOCTD
orbopa mpod. B oroil cBa3m B pamkax [ocymapcTBEHHON HayyHO-TEXHHYECKOM IMPOrpaMMBI
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«[Ipuponononp3oBaHe U SKOJIOTMYECKHE PHCKH» IPOBOIATCA pPAabOTHl IO OLECHKE BIUSHHA Ha

[IOBEPXHOCTHBIE BOJHBIE OOBEKTBI O0CO00 OMACHBIX 3arps3HSIOMIMX BELIECTB, BKJIOYas CTOMKHUE
OpTraHMYEeCKHEe 3arpsi3HEHUs, COPAaChIBAEMBIX B COCTaBE CTOUHBIX BOJ IPOMBIIIUICHHBIX PEATIPHATHIH.

PaboTta npoBoauiack B HECKOJBKO 3TamoB. V3HayalbHO C y4eTOM MEXAYHApOJHOI'O OINbITa OBLI
ompenened nepedenb O3B, Bkmouatommii 61 BemiecTB. s HHUX, UCXOIS U3 XapaKTEPHCTHK M CBOICTB
KaXI0ro W3 IPEUIOKEHHBIX K BKIIOYEHHIO B nepedeHb O3B, Obuim ompenesneHsl BUABI SKOHOMHUYECKON
NESITeIbHOCTH, IZIe OHM MOTYT HCIONb30BaTbCsi B IPOLIECCE IIPOM3BOACTBA, JIMOO 00pa3oBHIBATHECA B
KadyecTBE MOOOUYHBIX MPOAYKTOB. B pe3ynbraTe aHamm3a OaHHBIX TOCYAapCTBEHHOH CTaTOTYETHOCTH
Bojomoabp30Bareeiit mo  dopme «l-Boma  (MuHIpHpoABl)», MNPUMEHAEMBIX  MPOMBINTUICHHBIMHA
npeanpustusiMu PecnyOonuku benapych TeXHONOrWH, JaHHBIX TEPPUTOPUANBHBIX OpraHOB MUHIPHPOIDI,
AQHKETHPOBaHMS NPOMBIIUICHHBIX MPEANpUATHH cHOPMHUPOBAH MEpeveHb MPEANPHUITUN, CTOYHBIC BOBI
KOTOPBIX, UCXOS U3 CIISU(UKN TPON3BOICTBEHHBIX ITPOIIECCOB, MOTYT cogepxars O3B [1].

AHanmu3 XapakTepUCTUK TMpemnaraeMbix B mnepedeHb O3B u  mpuMeHsSeMBbIX TEXHOJIOTHI
MIPOMBINIUICHHBIME TIPEANPUATASIMA benapycu Ha BO3MOKHOCTH oOpazoBaHust O3B B MPOW3BOACTBEHHBIX
CTOYHBIX BOJAaX MO3BOJIMJI CAENaTh BBIBOJA, 4YTO HamOoiee BeposTHO Hammune O3B B cTOYHBIX BOmax
NPEINPUATHN IO TPOU3BOACTBY: TEKCTUIIbHBIX M3IEINUN, OJEKIbI, U3EIUN U3 KOXKU U MEXA; HU3ACIUN U3
nepeBa u Oymaru; nomurpaduy; — XMMHYECKMX NPOAYKTOB; (DapMaleBTUYECKUX IPOAYKTOB H
(apMaleBTHYECKUX TMPENapaToB; PpE3UHOBBIX M  IJIACTMACCOBBIX  HM3IENWH; METaTypru4ecKoOMY;
3JIEKTPOOOOPYAOBAHHUS; MALLIMH U 000PYAOBaHUSA; TPAHCIIOPTHBIX CPEACTB; NPOLYKTOB MUTAHUS, HATUTKOB U
TaOaYHbIX U3ACTHH.

Oco60 HEoOXOAMMO OTMETHTH cekiuio «BomocHaOxkenue, cObop, 00paboTka W ynalieHHe OTXOOB,
JESITeNbHOCTh 110 JIMKBUAALMM 3arpsA3HCHUN», HAa NPEANPHUITHS KOTOPBIX MOCTYHAIOT CTOYHBIE BOIBI U
TBEpABIE OTXOABl. OJTO BBHI3BIBAET HEOOXOAWMOCTH JIETAJBHOTO aHalW3a MepedHsi aOOHEHTOB TaKHX
NPEONPHUITHH TSI OTIPeeNICHUs BO3MOXKHOTO HTOroBoro coctasa O3B B X CTOYHBIX BOJAX.

YcranosneHo, 4To Ha Tepputopun Pecniyonuku benapyck ects BepositHocTs Hanuust O3B B cTouHBIX
Bojax 104 mpenmpusTHii, OTBOAAIINX CBOM CTOYHBIE BOJBI B CHCTEMY OYHCTHBIX COOpPYXeHHH 15
NPEANpUATHH KOMMYHAJIbHON KaHauu3anuu, W 18 HMpOMBINUIEHHBIX NPEeNNpUsATHHA cOpachIBalOT CTOYHBIE
BOJIbI B IOBEPXHOCTHBIE BOJTHBIE OOBEKTHI.

Haubonee BepostHeiMM O3B B cocraBe CTOYHBIX BOJ INPOMBIIIJICHHBIX Npeanpusatuii bemapycu
SBIISIIOTCS:  TE€KCaXJIOpOEeH30T; MOJIMIMKIIMYECKIE apOMaTHYECKHE YIJIEBOAOPOIbl: OeH30(a)mupeH,
oenso(b)roopanTeH, oenso(g,h,i)mupuicH, oenso(k)daroopanTeH, unzaeH(1,2,3-cd)nupen;
nonuxyuopupoBad-ueie oudenmwnl ([1XB); Tpuxmopben3on; HadTaavH; PTYTh, HUKENb; KaJMHUii; CBHHEL,
opoMaudenumabupsl; meppTopokTaHoBas Cyib()OHOBasS KHCIIOTa, ee coiw; au(2-aTuarekcui)dranaTt
(mmoxtundranar); oxrmindenon ((4-(1,1',3,3'-rerpameTnnOyTHI)-hEHOM); AMXIOPMETAH METHIIEH XJIOPHI
(XJIOpHCTBII METHIICH); TPUXJIOPATUIICH; HOHII(eHOb! (4-(apa)-HoHundenon) [2].

OnHako, obyacTh akkpemuTanuu W npubopHas 6aza yabopatopuii bemapycu To3BoJisieT TPOBECTH
u3MepeHust Tonpko i ciexyromux O3B: rexcaxiopOeH301; MOMUIMKIMYECKHE apoMaTU4ecKue
yrieBoaopoabl:0en3zo(a)uper,  Oenso(b)duroopanren, Oenszo(gh,i) mupunen, Oenzo(k)diaoopanTeH,
naneH(1,2,3-cd)mupen; momuxnopupoBanueie Oudenunsr ([1XB); TpuxiopOeH3om; HaTaaWH; PTYTh;
HUKEJb; KaJMHil; CBUHEI.

C yd4eToM BbINIE M3IIOKEHHOTO XMMUYECKUE HCCIIEIOBAHMUS C TeNbI0 onpeenenus conepxanus O3B
Obutn mpoBeneHs! i 19 npennpusatuii. OT60p Mpod NPOU3BOAMICS B BOAHBIX 00BEKTAaX B TPEX TOUKAxX IO
KaXIOMY TPEANPHUATHIO; B MECTE BBIIIYCKA CTOUYHBIX BOJI MIOCJIE OYHCTHBIX COOPY>KEHHI, B CTBOPAxX BBIILIE U
HUKE BBITYCKa CTOYHBIX BOJI.

[IpakTudeckn BO Bcex TOYKax oTOOpa MO HMcCieqyeMbIM BellecTBaM WX KoHUeHTpauuu O3B Hipke
npenena OOHapyKEHHs, 4TO, B TEPBYIO O4Yepelb, CBA3aHO C Pa3oBbIM 0TOOpoM Mpob. Mckirouenne
COCTABIISIIOT CTOYHBIE BOABI PsAla MPEANPHUITHH, B KOTOPHIX OOHAPYKEH HUKEIb.
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AHanu3 JIMTepaTypHBIX JaHHBIX CBHIETENBCTBYET O BBICOKOH J10Jie BeposiTHOCTH oOHapyxeHus: O3B B
JOHHBIX OTJIOKEHHUSIX BOJHBIX OOBEKTOB, KOTOPBIC SBISIOTCS JCTIOHMPYIOMICH Cpeloil. AKKyMymupys
3arpsi3HEHMs], KOTOpPbIE IOCTYIAIOT B BOAHBIN 00BEKT Ha NPOTSKEHNHU POJOIDKUTEIBHOrO NIepruoaa, JOHHbIE
OTJIOKEHUS SIBISIFOTCS MHIMKATOPOM 3KOJIOTHYECKOTO COCTOSHHSA TeppuTopuu. OCOOCHHO SIpKO mMomoOHast
3aBHCHMOCTh OOHapyKHBaeTCs B OacceiiHaxX peK CHIHHO ypOaHM3UPOBAHHBIX PAWOHOB, T OONBITHHCTBO
BOJIOTOKOB SIBJIIIOTCSI OCHOBHBIMU NPUEMHUKAMM CTOYHBIX BoZ. Hampumep, 1o pesynpTataM HcClIeI0BaHUI
[3] otnenbubie O3B ObLIM BBHISABICHBI B JOHHBIX OTJIOXKEHUsX p. bepesuna (u.n. Slkumoa Crnobona) u p.
Ceucnous (H.11. Kopoumepuan).

B mHacrosmiee Bpemsi paspabaTbiBacTcs TNOPANOK IPOBEJACHUS HAOMIOACHUN 3a coaep)KaHHeM
3arps3HAIOIIMX BEILECTB B JOHHBIX OTJIOXKEHUSX, B TOM umcie ans cnexyromux O3B: rekcaxiiopbenson,
nmonuxinopupoBanusle  Oudenmwnsl  (IIXDB), nonumukiIndyeckwe  apoMaTHdecKhue  yrIIeBOIOPOIBI
(6enzo(a)mupen, Oenszo(b)dmoopanten, Oen3o(gh,i) mnupunen, Oenzo(k)daroopanten, wunaeH(1,2,3-
cd)mupeH), anTpaneH, (iaypaHTeH, Ha(TaTWH, TSHKEIbIE METAIUIbl. OTO TO3BOJHT BEITIOIHHUTH OIICHKY
BIMSHUS 0c000 ONAcHBIX 3arps3HSIOIIMX BEHIECTB Ha BOAHBIE OOBEKTHI M COCTABUTh HX
aKTyaJIM3MPOBaHHBIN NepeveHb JI OpraHU3alui MOHUTOPHHTA.

B mnacrosmee Bpemss B bemapycu OTCYTCTBYIOT 1a0OpaToOpHM, aKKpEAWTOBAaHHBIC Ha aHAIU3
coJiep>)KaHus B TIOBEPXHOCTHBIX M CTOYHBIX BOJAX CIEAYIOIIMX BEIIECTB: OpOMUpPOBAaHHBIC TUGEHUIIDUPEI,
JUOKCUHBI ¥ TUOKCHHOIIOOOHBIE COEIMHEHNUS; TUXJIOPMETaH; TPUXIIOPITHICH; NepPTOpoKTaHCYIb(HOHOBAs
kucnota u ee npousBogusie (IIOOC); mu(2- stunrekcun)- pranat (DEHP); Honmndenons (4-HoHMIpEHON);
oktuipenonsi((4-(1,1',3,3'- TerpameTrnOy T )-EeHOIN)).

OTHOCHUTENIBHO BELIECTB, BKJIIOYEHHBIX B mepeueHb O3B, Hanbosiee BEpOSITHBIX B CTOYHBIX BOAAX
MPOMBIIIJICHHBIX — npeanpuatuii  PecnyOnuku  benapycs, Haumbomnbmas o007acTh aKKpeIuTaldud y
I'ocynapctBenHOTO yupexxnenus "PecnyOnukaHCKHUN HEHTP aHAIWTHYECKOIO KOHTPOJIA B 00JacTH OXpaHbI
OKpyXaromeli cpensl" MUHUCTEPCTBA MPUPOTHBIX PECYPCOB W OXpaHBI OKpYKarolle cpeasl PecryOmuku
Benapyck (Munnpuposi). CoBeplilieHCTBOBaHHE MTPHUOOPHO-aHAIIMTUYECKOTO HapKa J1abopaTopuil CUCTEMBI
MUHIPUPOABl M YBEJIWYEHHE €ro INPOU3BOIUTEIBHOCTH B HACTOSIIEE BpeMs SIBISIETCS OCHOBHBIM H
pemraronuM (akTopoM IS OpPraHM3alMu PEeryJIpHbIX HaOmojeHMi 3a coaepkanueM O3B B o0bekTax
OKpYy’Karoei cpesl.

Tpebyercs nposeneHne padboT mo obecreyeHno MPUOOPHON 0a30i ISl ONpEAETIEeHUs CIeIyIOLNX
O3B: nuxjopMeTaH; TPUXJIOPITWICH, mepdTopokTaHCcynbPoHOBas kuciaora U ee npousBogubie (IIPOC);
mu(2- osrunrekcun)- ¢ranmatr (DEHP); wommndenonst (4-vHoHmudenon);, oxrtuwidenonsi((4-(1,1',3,3'-
TeTpaMeTWIOyTHI)-heHom)); OpomMupoBaHHbIE TUPEHWIIPUPHL; CIECAOBBIX KOHICHTPAIMHA PTYTH METOJOM
aTOMHOH (PJIyOpECIIEHTHON CIIEKTPOMETPHUH; AWOKCHHBI W AMOKCHHONOAOOHBIE COEAMHEHHS — (Kpome
TUOKCHHONIOO0HBIX [1XB).

[Tpu Hanuunu HE0OXOMMMON MPUOOPHOI 0a3kl MpeTaraeTcs NPOBEeHUE NIEPBUYHBIX UCCIIEIOBaHNT
(uccnenoBaTeNLCKOr0 MOHUTOPHHTA) COCTOSHUSI MOBEPXHOCTHBIX M CTOYHBIX BOJ B PailoHE PacroiIOKeHUs
MTOTEHITHAIBPHO OMACHBIX HWCTOYHHMKOB 3arpsi3HCHUs OKpykaromed cpeast O3B. B momrocpounoit
MEPCTIEKTHBE Ha OCHOBAHHMH TOJYYEHHBIX PE3yIbTAaTOB MCCIIEA0BATEIHCKOTO MOHUTOPHHTA MPEICTABISAETCS
1esiecooOpa3HbIM — OpraHu3alMs pErysapHbIX HaOmogeHud 3a coxepxkanveM O3B B CTOYHBIX W
MOBEPXHOCTHBIX BOJIaX B PaMKax JIOKALHOIO MOHHTOPHHTA OKPYXAMOIIEH cpelbl Ha COOTBETCTBYIOIIMX
OPEONpHUITHAX, a TaKKe aHAJUTUYECKOro (Ja0opaTOpHOr0) KOHTPOJIA B OOJIACTH OXpaHbl OKpY’Karomeil
CpPeIIbl.

TpeOyercss mpoBeneHWe JANbHEHIIE TapMOHM3AIMM C  MEXKIYHAapOJHBIMH  CTaHIapTaMHU
MeToanyeckoil 0a3sl PecnyOnmukm benmapych mo ompeapenenuto otnenbHeix O3B (B mepByro ouepens,
nonropoManpeHuIIGUPOB ) B 00BEKTaX OKPYKAIOIIEH CpeIbl.

[loBpimenre ypoBHs KBanuukanuu crneuuanuctoB PecnyOnuku benapyce, 3amelicTBOBaHHBIX B
OpraHu3ally U IPOBEJCHUN HaOmoAeHNnH 3a coaepikanrneM O3B, B ToM ymciie y4acTHIO aKKPEIUTOBAHHBIX
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mabopaTtopuii B MporpaMMax NPOBepKH KBanmupukammu (MeXIa0OpaTOPHBIX CIHYEHHSX), OpPTaHU3yeTCs

COOTBETCTBYIOIINMH IIpOBaiiepamu.

O3HaKOMJIGHHE C ONBITOM MEPEJOBBIX €BPOIEHCKHUX Ja00paTOpHii, KaK MO BONPOCAM OpraHHU3alud U
(YHKLIMOHUPOBAHUS CUCTEMbl MEHEDKMEHTA B Ja00paTopuy, Tak U B 4aCTH OpraHU3alud HAOIIOJCHUN U
METOAMYECKOTO oOecredeHus] MpoBeAeHUs u3MepeHuid koHueHTpauuii O3B B o00BbekTax OKpyxaromen
Cpeabl, IO3BOJIUT MOBBICUTh YPOBEHb KBATHU(PUKALUHN OEIOPYCCKHX CHELMAINCTOB, U, B KOHEYHOM HTOTE,
OyzeT criocoOCTBOBAaTh COBEPIIEHCTBOBAHUIO CHCTEMbl MOHUTOPHHIA B PECITYOJIHKE B LIEJIOM.

Haunbonee akTyanbHBIMH HanpaBICHUSIMH MOBBIIICHHS KBATHM(PHUKALUH CIICIHATHCTOB aHATUTHIECKUX
CITyk0 pecIyOIMKH SBISTIOTCS CIIEAYIOIIHE:

- pazpaboTtka mporpamm MoHuTopuHra O3B B 00BbekTax OKpysKarolled cpenbl, OpraHu3alus CEeTH
MYHKTOB HaOmoaeHnii Monntopunra O3B, aHanu3 u 060011eHne TaHHBIX MOHUTOPUHTA, METOUYECKOE
obecniedenne Monutopuara O3B (s crenunanncToB, OTBETCTBEHHBIX 3@ OPraHU3alUI0 MOHHUTOPUHIA
03B);

- opraHmzanus M (YHKUMOHUPOBAaHHWE CHUCTEMBl MEHEIKMEHTA AKKPEIWTOBAaHHBIX Jaboparopui,
ocymecTBisiromux onpenenearne O3B B o0bekTax oOKpyKaromed cpenbl (I CIEHUATUCTOB,
OTBETCTBEHHBLIX 3a oOOecIeueHue (I)yHKHI/IOHI/IpOBaHI/ISI CHUCTEM MCHCIKMCHTA, pyKOBOHHTCHCﬁ 10
KadeCTBY UCTIBITATENFHBIX TAO0paTopuii);

- mpoBeneHue uMepenuil konnentpanuii O3B (B mepryro ouepens [1B/13, [DPOC, ankundeHosnos,
(ramaToB, u Ap.) B 00BEKTaX OKpPYKAOIIEH cpeapl (TOHHBIE OTIOKEHUS, TIOBEPXHOCTHBIE M CTOYHEIE
BOJBI), BKIIFOYas OTambl OTOOpa MpoO0, MPOOOMOATOTOBKM W OINPEACTCHHS C WCIONIb30BaHUEM
COBPEMEHHOTO BBICOKOTOYHOTO AHAIUTHYECKOTO OOOpYAOBaHHS (Ui CIEIHATUCTOB JabopaTOpHi,
BEIMONHsIOMHX omnpenenenne CO3).

HeoOxogumo nanpHEilIee MPUBICUCHUE CPEACTB MEKIYHAPOJHOM TEXHUYECKON IOMOIIU s
MOJArOTOBKU KBAIM(HUIMPOBAHHOTO IE€PCOHANA aHAJIUTHYECKUX JIA0OPaTOPHH pPecIyOinKH, oOecredeHust
Yy4acTHs B MEXAYHAPOAHBIX IPOrpaMMax MPOBEPKH KBANU(UKALMH, KOHPEPEHIMAX U CeMHUHapax.

[IpoBeneHne naHHOW pabOTBI BaXKHO JUIS MPEIOTBPAICHUS M MHUHUMHU3AIUH OTPHIATEIHHOIO
BIMSHUS Ha OKpYXaloUlylo cpely M 310poBbe Hacenenus O3B, a Takxke peanu3auud MOJOXKECHUH
CTOKroiapbMCKOH KOHBEHIIMM O CTOMKHX OPTaHWYECKHX 3arpSA3HUTEINSX.

Pesynprarel gaHHOW paboTBl MO3BOJNAT TaKKe B 3HAUMTENBHOW MeEpe CHM3MTH 3arpaThl Ha
AQHAJMTUYECKUH KOHTPOJIb M OJHOBPEMEHHO IOBBICHUTH YpOBeHb KOHTpois O3B, mnocrynaromux co
CTOYHBIMU BOJaMHU B ITOBEPXHOCTHBIC BOAHBIC OOBEKTHI.
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ORGANIZATION OF THE MONITORING OF HAZARDOUS POLLUTANTS
IN THE WASTEWATERS OF ENTERPRISES OF THE REPUBLIC OF BELARUS

Hertman L., Stankevich A.

Central Research Institute for Complex
Use of Water Resources

Minsk, Belarus

Annotation. The article is devoted to the problem of monitoring the content of hazardous pollutants
(HP) in wastewater of enterprises of the Republic of Belarus. Laboratory studies of wastewater for to identify
of the HP is quite expensive. The study is for to determine a list of economic sectors and enterprises, the list
of the most probable HP in wastewater, the frequency of sampling. In addition, the development of
legislation, the special equipment, the training of highly qualified specialists are required to organize regular
observations.

Keywords: hazardous pollutants, wastewater, monitoring.
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Hydrology
STUDY OF THE PARTICLE SIZE DISTRIBUTION IN MUDFLOW MASS

SAMPLES TAKEN FROM THE MUDFLOW CONE OF RIV. DURUJI

Gvishiani Z., Nanitashvili M.}, Gurgenidze D.?,
Kosior-Kazberuk M,?, Mgebrishvili M.
! Georgian Technical University
Tbilisi, Georgia
ZBialystok Technical University
Bialystok, Poland
3 Ts.Mirtskhulava Water Management Institute of Georgian Technical University
Tbilisi, Georgia
Annotation. The subject of this study is the physico-mechanical, chemical, mineralogical and
granulometric (particle-size distribution) properties of the samples from the mudflow cone of riv.
Duruji. Experimental research of samples taken at different periods, indicate that granulometric
composition does not change over time (variance of composition is approximately 10%). According to
the research, particles with diameters larger than 30 mm are mainly concentrated in the frontal part of
the mudflow cone, however the smaller particles are spread out equally throughout the entire mass.
Acquired results are coherent with findings of other scientists. Results of the study will allow the
determination of the main dynamic characteristics of mudflows.
Keywords. mudflow mass, physical and mechanical parameters, granulometric composition,
mudflow cone, clay-colloid particles.

T'uaponorus

BOIIPOCBHI UBYUYEHUSA T'PAHYJIOMETPHYECKOI'O COCTABA OBPA3110B
CEJIEBOM MACCHBI, B3SThIX HA KOHYCE BBIHOCA P. IYPYJIXKH

I'sumuanwm 3.!, Haruramsuau M., I'yprennpze 1.},

Kocrop-Kas6epyx M.2, Mre6pumsunu M.3

! [ py3HHCKHE TEXHHIECKHH YHHBEPCHTET
T6urucu, I pysus
2 beTOCTOKCKHI TeEXHHIeCKHE YHHBEPCHTET
berocroxk, Ilospma
3 Hacruryt BogHOrO x0345cTB HM. L. Muprxyrasa I py3HHCKOro TeXHHYECKOIO YHHBEPCHTETA
T6mrucwu, I pysus

AHHOTaIJ;IfDI. Pa6ota IIOCBAIIEHA H3Yy4YE€HHIO q)HSI/IKO—MeXHHI/I‘-IeCKI/IX HOKaSaTEJIeﬁ, XMMHN4Y€eCKOro,
MHHEpaJOTUYeCKOr0 ¥ TPaHyJIOMETPHYECKOTO COCTaBOB OOPA3I[OB CeJeBOM MACChHI, B3ATHIX B KOHYCe
BBIHOCa p. Jlypymxu. Ha ocHOBaHMM CpaBHUTEIBHOTO aHAIN3a OOPA3LOB CeIeBOil MacChl, KOTOpBIe ObLIN
B34AThI B pPa3HOE€ BpEM:A YCTAHOBJIEHO, YTO B O6H.LEM HUX TPpaHyJIOMETpHUYECKHNE COCTaBbl HAEHTHUYIHBI.
Pasuuna cocraBisger He 6onee 10%. VMccmemoBanmsa mokasanu, uro ¢ppakunus aumamerpoM Gosiee 30 mMm
CKOHIIEHTPUpOBaHa BO (POHTAIBHOM YACTH KOHYCa BBIHOCA, a MEJKOAUCIIEPCHAS COCTABIIAIONIASL
PaBHOMEPHO paccIIpefiesieHa IO BCeMY KOHyCy BbIHOCA. [IoydeHHbIe pPe3y IbTaThl XOPOLIO COTIACYIOTCS
C TaHHBIMHU, KOTOPBIE IIOJTYY€HBI APYTUMHU NCCI€T0BaATEISIMI.

KimoueBsrte cmoBa: ceneBas Macca, (GHU3MKO-MEXaHWYECKHe IIapaMeTpsl, I'PaHyJIOMeTPUYeCKUil
COCTaB, KOHYC BbIHOCA, TJIMHHUCTO-KOJLJIOMAHBIE YaCTUIIBI.
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Earth Science

THE SOILS OF PASTURES AND ARABLE LANDS IN KHEVI REGION, THE
PROBLEMS OF THEIR USING

K. Gogidze

Agricultural University of Georgia
David Aghmashenebeli Alley, N240, 0159, Thilisi, Georgia
E-mail: getusi86@gmail.com

Annotation. It has studied the soils of arable lands and pastures of the Central Caucasus in Khevi
region above 2000 m a. s. I. The soils of study area are presented by Mountain-meadow soils. Mountain-
meadow soils basically are spread under the alpine carpets and dense sod. Mountain-meadow soils by World
Reference base belongs to Umbrisols.

Keywords: soil, erosion, pasture, Caucasus.

INTRODUCTION

Khevi is one of the highest region in Georgia. The average height of relief is 2850 m. a. s. I. The
lowest point is in Dariali gorge 1210 m a. s. |, the highest is mountain Kazbek a. s. I. 5033 m. The
orographic units of Khevi region are:

e North slope of the main ridge of the Caucasus. (Peaks: Zilgakhokhi, Kadlasani, Lagatisari,
Khorisari, Kvenamta);

e Passes: Uristi, Jvari, Gudamakari;

o Khokhi ridge is erected to north (Jimara (4770 m), Suatisi (4480 m), maili (4620 m), Shavana
and Kuro ridges);

e Other orographic units of Khevi are: riv. Tergi gorge, cavernous of Kazbegi and Sno.

Jvari pass and south slopes of the highest ridge Khokhi belongs to Kazbegi district, also longitudinal
cavernous of river Tergi — Truso gorge.

Area of Khevi territory is 1081, 7 km? and takes 15, 9% (6786,2 km?) of Mtskheta-Mtianeti region.
Mountain Kazbek is known by beauty and greatness between of the mountains of Europe. Its height is 5033
m a. s. |. Kazbek is located in nival-glacial zone and is covered by constant snow and ice. On the left side of
river Tergi by meridian direction are stretched Kuro, Kidegani and Shavana ridges.

The study area is located in the subalpine and alpine zones. Between 2100-2300 m is the alpine zone.
The alpine natural zone is presented on the highest ridges of Greater and Small Caucasus.

The research is funded by Shota Rustaveli National Science Foundation of Georgia by name PhD
Scholarships 2017, Studying of genetic peculiarities of soil in Kazbegi Municipality”.

MAIN PART

In subalpine and alpine zone are distributed mountain meadow soils. Mountain meadow soils are
characterized by non differentiated profiles. The main diagnostically signs are a well-expressed humus
horizon over a small weathering horizon.

In Georgia mountain meadow soils are absolutely dominant. Their total area is 1758200 ha, which is
25, 1% of the territory.

Mountain meadow soils are widely distributed in subalpine and alpine zones of the Caucasus and the
Transcaucasia southern mountains, at 1800 (2000) m to 3200 (3500) m a. s. I.
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Fundamental investigations of the high mountain soils were done by S. Zakharov, who wrote a
monograph on this soil. He developed a wide classification of mountain meadow soils, under which he
distinguished mountain meadow alpine, subalpine black soil like, raw (on carbonate rocks) and turf soils
(strong skeleton and stone). S. Zakharov’s investigations were the basis for intensive investigations of these
soils in the Caucasus and other mountainous areas.

Investigations of O. Mikhailovskaya (1936), M. Sabashvili (1948, 1955), M. Sabashvili and M.
Jikaeva (1950), G. Tarasashvili (1956), T. Urushadze (1974), N. lashvili (1976), K. Mindeli (1976) stated
that mountain meadow soils are characterized by the expression of alluvial processes, strong acid (mainly)
reaction, hydrolytic acidity, low degree of base saturation, high content of humus.

The mountain meadow soils are formed under extreme climatic conditions, which are characterized by
long winters (with long snow cover) and cool summers. The period without frost lasts 3-5 months. The
period of vegetation growth is 3-4 months. The average temperature of January fluctuates between -12°C and
-5,2°C, in April between -1,6°C and 5,6°C, in July between 7,3 and 14,4°C. The average annual air humidity
ranges from 68% to 81% with a humidity coefficient 6-7, but in warm periods, in spite of the summer
maximum precipitation, it sharply drops to 1,1. This may be explained by the high evaporation. The snow
cover remains during 5-7 months and its maximum is in March. The climate of the mountains is
characterized by high sun radiation. This cold climate of the high mountains supports an intensive
weathering of the rocks and this leads to an accumulation of a great number of rock fragments on the soil
surface.

The relief of the high mountains reflects the influence of vertical zones. In the zone of the upper range
an erosion-denudation relief predominates, in which forms of frost phenomena predominate. Besides this, we
meet forms of relief created by quaternary volcanism. At lower levels erosion gorges are common, with
sufficiently steep slopes and in some places with vast areas of alluvial plains.

The geology of the East Georgian high mountains is characterized by clay-schists and sandstones.
They are the main components, while the peaks of the mountains are built by volcanic rocks. In the High
Caucasus we can find more sediments. The vegetation of the high mountains is characterized by a sharply
expressed zonality. The vegetation of the subalpine belts is quite inhomogeneous. In the vegetation cover of
the subalpine belt, shrubs, shrub-mixed grasses and mixed grasses communities predominate. The grass
cover of the high mountains is dense and high and is mainly presented by different mesophile species. In
comparatively dry conditions the mesophile high grass vegetation changes to xerophytic vegetation.

The subalpine vegetation conditionally includes secondary meadows which are formed at the upper
forest boarder as a result of forest cuttings.

In the alpine belt two types of vegetation predominate — alpine carpet, turf forming grasses with
elements of mixed grasses and grass vegetation.

Mountain meadow soils are loamy to clayey and have an acid or weakly acid reaction, with high and
deep humification; in lower horizons the content of humus sometimes exceeds 1%. The type of humus is
fulvate or humate-fulvate, with predominantly water soluble fractions, with insufficient nitrogen. The content
of silicate iron increases with depth, which combines with the general bioclimatic conditions of the high
mountains and is proved by a limited active weathering and soil formation. The distribution of amorphous
iron in the profiles is very irregular.

Thus, the mountain meadow soils are characterized by an average or little depth, turf material of the
surface, loamy or clayey texture, mainly acid or weakly acid reaction, with high and deep humification, with
a low or average base saturation, an unequal distribution of mineral fractions and total oxides, and show a
siallitic type of weathering. The basic soil forming processes of mountain forest meadow soils are:
siallitization and humus formation.

The soil profile is characterized by a weak differentiation and little depth, high base saturation (which
decreases with depth) and high water permeability (which also decreases in the lower horizons). They
contain a high amount of humus. The main soil forming process is humus formation, sod formation and also
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structure formation. The main process is leaching. During humus siallitization an intensive humus formation

and humus accumulation is visible. The clay formation is without noticeable signs of illuviation. Sod

processes are also characterized by intensive humus formation and humus accumulation under the influence

of a dense grass vegetation.
[=

e
pasture

vil. Kanobi

CONCLUSIONS AND RECOMMENDATIONS

Arable lands and pastures occupied large area in East Georgia. Due to difficult relief and absence of
roads, pastures are unloaded and impartial. Pastures which are used by population are overloaded; 20-30 %
of their areas characterized by erosion, dismantling of sod, much amount of stones and other negative
indicators. Overload with starting of grazing in spring contributed dismantling of sod and development of
erosion processes, when snow is newly melted.

Erosion processes are especially presented on south slopes of Caucasus. Compared to other regions
and North Slope of Caucasus it’s mentioned growing of weeds on pastures. By erosion it happens capturing
of large part of soil, it damaged arable lands and pastures. The pastures of alpine zone basically are presented
by formation of sedges and dense sod. On comparatively steep slopes or on plateau relief and in conditions
of increased humidity is characterized the types of carpet and grass with high feature of nutrition. Increasing
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of productivity of summer pastures is regulation of their using and protection of terms of grazing. Recreation
of pastures has a big importance before restoration of sod, especially on strong erosion areas and duty of
grazing.

It has a great importance to protect soil cover and elaborating the ways against erosion on pastures.
Rectifying surface and picking up stones has a big result.

Because of cold conditions of climate have to seed potato, early breeds of vegetable and barley. Good
yield from fruit trees have apple, early and Michurin breeds of pears.

Arable lands and pastures in mountain, their improvement which depends on relief, apply to the
surface improvement methods. It should be noted the next methods of improvement of agricultural lands:
burning of aged grass, fighting against weeds, regulation of water and air, using of mineral and organic
fertilizers.
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IMPOBJIEMBI UCITOJIB30OBAHUSA TAINEHHO-ITIOCEBHBIX 1
IMACTBHUIIHBIX ITOYB B XEBCKOM PEI'MOHE
K. T'oruzngze

I'pysuHCKUMii arpapHBIi Y HUBEpCHUTET
T6wmnucu, I'pysua
Amnnoranmg. VIsydeHs! IalleHHO-TIOCeBHBIe M IacTOWmIHble 1mOo4BHl llenTpamsHoro KaBkaza B
XeBckoM paiioHe, pacnonoxkeHHoro Ha BbeicoTe 2000 M or ypoBHa MopsA. IlouBBI TOPHBEIX JIyTOB
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Krrogessre cropa: moussl, 5po3us, nactouma, Kapkas.
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Earth sciences
GEOGRAPHICAL ASSESSMENT OF TOURISM AND RECREATIONAL
POTENTIAL OF RACHA

S. Gogoladze
I. Javakhishvili Thilisi State University

Thilisi, Georgia

Annotation. Racha is one of the most problematic region in Georgia (characterized by
depopulation, hard social and economic situation, forming new protected areas, large energy projects) which
creates new challenges to the spatial arrangement. Tourism development can be considered as the way to
improve social, economic and ecologic situation. Tourism development planning can be done by
complete assessment of its potential.
Comprehensive assessment of the potential of tourism-recreational resources (medical, educational,
agricultural, adventure, etc.) of Racha has not been implemented yet. This kind of assessment will allow us
to determine the areas of tourism centers (collecting tourist resources), which will be granted status of
priority seats in spatial arrangement and planning.
In order to achieve this goal, the environmental, ecological, demographic and socio-economic conditions of
Racha, as well as the impact of ongoing and expected economic projects on tourism development have been
studied. Based on the assessment of the potential of tourism-recreational resources of Racha, the areas with
high, medium and low potential for tourism development have been identified. This kind of areas are
presented in the following places: high importance areas — city Ambrolauri-Shaori reservoir-Nikortsminda
church-the source of the river Shareula-Chelishi monastery-castle of Khotevi, city Oni, resorts Shovi and
Utsera; Middle importance areas are close to the regional centers (for example, villages Tsesi, Tsakhi,
Tchrebalo, Khvantchkara, etc.); Low importance areas located far from the regional centers (for example,
villages Gendushi, Mukhli, Likheti, Nigvznara, Sori, etc.).

Keywords: Racha, Tourism, Recreation, Resource, Potencial, Areal.
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I/ICCHCHOBaHHﬂ 110 U3YYCHUIO 3emun
Feorpaqmqecxaﬂ OIICHKA TypU3Ma U PEKPCANUOHHOI0
NnoTreHuuaJjaa Paumn

I'oronanze C.

Tounucckuii 2ocyoapcmeennbviil ynugepcumem um. U. [{casaxuweunu
Tounucu, I py3zus

Annomauusa. Pava sBnsercss oTHUM U3 Hanbosee MpoOIeMHBIX pernoHoB ['py3un (xapakTepu3yeTcs
JETIONYJISIUCH, CIOXHON COUUATBbHO-DKOHOMHUUECKOW cUTyanuel, (popMUpOBaHHEM HOBBIX OXpaHIEMBIX
paiioHOB, KPYIHBIMH  3HEPreTHYECKMMH MPOEKTaMH), 4YTO CO3JaeT HOBBbIE NPOOJIIEMBl  AJIS
MPOCTPAHCTBEHHOTO YyCTpoiicTBa. Pa3BuThe Typu3mMa MOXKHO paccMaTpuBaTh Kak CIOCO0 YIyYIIUThH
COLMANIbHYIO, 9KOHOMHMYECKYIO U 3KOJIOTMYECKYI0 CHTyauuto. IlnaHupoBaHue pa3BUTHS TypH3Ma MOXKET
OBITH CAETAHO ITyTEM MOJHON OLIEHKH €ro MOTeHIHAaIA.

KommiekcHasg  omeHka TOTEHIMaNa TYPHUCTCKO-PEKPEAIMOHHBIX  PECypcoB  (MEIUIMHCKUX,
00pa30BaTeIbHBIX, CENbCKOXO3IMCTBEHHBIX, MPUKIIOUeHNN U T. A.) B Paue eme He peanm3oBana. Taxas
OLICHKA MO3BOJIUT HaM OIpPEeTUTh O0JaCTH TYPHUCTHYECKUX IEHTPOB (COOpP TYPHUCTHUYECKHX PECYpPCOB),
KOTOpbIM OyZIeT NpPEeAOoCTaBICH CTAaTyC IPHUOPUTETHBIX MECT B IMPOCTPAHCTBEHHOM IUIAHUPOBAHUM U
IUTaHUPOBAHUH.

Jiist mocTvKeHUs ATOM 1enu ObLIM U3y4YeHBI HKOJOTMYECKHEe, SKOJIOTHUECKUE, JAeMorpaduuecKue U
COLMANIbHO-KOHOMHUECKHE yclIoBUS Paum, a Takxke BIMSHUE TEKYLIMX M OKHUAAEMBIX IKOHOMUYECKUX
MPOEKTOB Ha pa3BUTHE Typu3Ma. Ha OCHOBE OLIEHKH MOTEHIMaja TYpPHUCTCKO-PEKPEAlMOHHBIX PECYpCOB
Paun ObTH ompeneneHbl pailoHbl C BHICOKMM, CPEIHUM M HU3KUM TOTECHIIUAJIOM pa3BUTHA TypusMa. Takue
paiioHbl TpPEeACTaBJICHBI B CIEAYIOIIMX MECTaxX: pPalioHbl C BBICOKOH CTENEHBI0 BAXKHOCTH - TOPOICKOE
Bojoxpanmnne AmOponaypu-Illaopu - nepkoss Hukopremunga - ucrounuk pexu lllapeysma, MonacTeIpb
Yenumm, xpenocts XoteBu, ropoa Onu, kypoptsl LloBu n Yuepa; O6nactu cpenHero 3HaueHHUs OJU3KU K
peruoHaNbHEIM IHeHTpaM (Hampumep, nepeBHu llecu, Ilaxu, Upebamo, XBanuwyapa u T. 1.); OOnactu ¢
HU3KOM 3HAYMMOCTBIO PACIIONOXKEHbI JalleKO OT PErMOHANBHBIX LEHTPOB (Hampumep, AepeBHH [ eHmymn,
Myxnu, I'ebu, Ypasu, Jluxern, Hurszuapa, Copu u T. 11.).

Knioueevie cnosa: Paua, Typusm, Pekpeanus, Pecypcel, [lorenmman, Apear.
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Studies of the Earth
ESTIMATION OF THE DEFORMATIONS ON GEODETIC NETWORKS

IN AZERBAIJAN

M.H. Gojamanov, Z.Z. Idriszade, E.N. Asgerov
Department of Geodesy and Cartography, Baku State University
23, Z. Khalilov str., 1148, Baku, Azerbaijan
E-mail: mgodja@yandex.ru, zahid.idriszade@gmail.com, elvin.asgeroff@gmail.com

Annotation. This article provides information about the geological structure of the territory of
Azerbaijan, the results of the analysis of tectonic movements, analysis of plan geodetic networks, assessment
of deformations in geodetic networks, interpretation of the results of repeated leveling works on the
Absheron Peninsula, about the mud volcanoes and seismic situation in the Republic.

Keywords: geodetic networks, geological structure, leveling, geodynamics, Absheron Peninsula,
seismic activity, landslide processes.

INTRODUCTION

Modern development of geodesy fundamentally changed the requirements to geodetic provision.
Translation of geodesic provision on the satellite methods involves the creation of the initial vertical base
and its characteristics would be consistent with the capabilities of modern technology of operational satellite
definitions [Makarenko, 1996]. This requires increased accuracy of planned basis while dramatically
reducing requirements to the density, but a more favorable attitude of the points provisioning networks.

The State Geodetic Networks, if it is not systematically updated and do not improve, gradually aging,
loses part of points, loses accuracy in its individual parts, especially due to the modern movements of the
earth crust. Main centers of modern movements of the earth crust on the territory of the Azerbaijan Republic
(AR) are the phenomena of the tectonic character, high seismic activity, caused by technogenic and
anthropogenic processes. In order to study the geodynamic regime in the most seismically active zones AR
created six geodynamic polygons (GPA).

GEOLOGICAL STRUCTURE OF AZERBAIJAN

Tectonic position of Azerbaijan in the General structure of the Caucasus and adjacent folded regions is
determined by the main structural complexes: megantiglinory the Greater and Lesser Caucasus (east end)
and separating them Kura River between mountain deflection [Geology, 1972; Museibov, 1998]. These
patterns go under the latest deposits meridional depression of the Caspian Sea. The Caspian Sea is located at
the junction of large, heterogeneous geo-structural elements of the Northern Caspian, the Caucasus, Central
Asia (Kazakhstan, Turkmenistan and Northern Iran. Caspian depression consists of two basins: the Mid-
Caspian and South Caspian separated by the Absheron-Balaxany area of young highs.

Analysis of the geological structure of Azerbaijan shows that now observed faults deep-have a
considerable length and extending mainly from North-West to South-East and North-East to South-West
divide the whole territory of the Republic (Fig.1). In the Lesser Caucasus modern movements are
differentiated and, if in extreme mountain zones occur raising with a speed of 4-5 mm/year, in the inland
areas, on the contrary, lowering of 0.1-1 mm/year. In Kura-Aras lowland, in general, is sinking and its speed
reaches 0.5-5 mm/year, in Mil-Karabakh an inclined plain overall velocity is 2-3 mm/year. In Adjinour zone
differential rising with a velocity of 4-6 mm/year. Ganykh-Agrichay zone, located between Adjinour and the
Greater Caucasus is also an area of uplift (4 mm/year).

G. F0BCEITS3SL LBFTCIS0L VIS0 3TIGEIIE06 0LBIS IB0; 356N RSB0 IFTCIEBS0 57
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION


mailto:mgodja@yandex.ru
mailto:zahid.idriszade@gmail.com,%20elvin.asgeroff@gmail.com

898 bSIBNSIMA0L() bSIICE6NIF(I-BIT60FIH0) JCI6EIFIEB0S “XISRMS 3IAG6IMBOL, dS>®IFMs
RdG3BOL, SHINBIIBIGE0LS RS 33I6ISRM3OL 1)5653IR@MBI 31K IFIS0”

-5 6383950, 2018 V.

"\._{!na:weaanuré
\'"'"*-.." o

Fig. 1. Diagram of the locations of deep faults in AR [2]
1-Siyazan; 2-Maincaucasus; 3-Kaynar-Zangy; 4-North-Ajinohur; 5-Aji-Alyat; 6-Kur; 7- Small Caucasus;
8-Murovdag; 9-Karabakh; 10-Bashlibel;11-Hankavan-Syunik;12-Nakhchivan. Cross:
13-Xandar-Xachbulag; 14- Murovdag-Zod; 15-Tartar; 16-Lower-Araz;

ANALYSIS OF PLAN GEODETIC NETWORKS. ASSESSMENT OF DEFORMATIONS

State Geodetic Network (SGN) of Azerbaijan has never been independent, and it was part of the
General system of the SGN of the former USSR [Kashin, 1999]. History of regular surveying on the territory
of the South-Eastern Caucasus, including Azerbaijan, dates back to 1847. During 1847-1853 the
triangulation was laid 1 class of a rather high quality from Poti on the Black sea to Sumgait on the Caspian.
Some items of the Transcaucasian triangulation preserved in Azerbaijan to date.

Until 1953, the whole territory of the AR was covered with a network triangulation I, I, 1l and 1V
classes on basic provisions of 1939. Triangulation of the 1-st class - media coordinate system 1942 - was
built in years 1929-1930. In 1968-1972 Thbilisi enterprise Ne4 of Main administration of geodesy and
cartography (QUQK) was performed the reconstruction of the SGN AR, and in 1979-1985 the Baku
enterprise Ne 16 QUQK was repeatedly reconstructed, concentration and repair of networks 2,3 and 4 classes
on «Basic provisions of the 1961». In other words, the SGN of AR was built for a number of years by
various agencies according to the different documents [Gojamanov, 1998] without benefit adjustment, which
led to a heterogeneous network and decrease of its quality.

Now in Azerbaijan there are two implementations of reference frame system of coordinates (SC)
associated with Krasovsky ellipsoid: SC-42 and SC-95 [Efimov, 1995]. As is known, SC-42 obtained
resulting from the adjustment 87 polygons, among which was the Caucasian region (Armavir - Thilisi - Baku
- Batumi). In 1995, the results of a joint adjustment astronomic-geodesic (AGN), space (KGN) and Doppler
(DGN) networks established SC-95 [Bazlov and others, 1996]. The existence of two systems of coordinates
(SC-42 and SC-95) on the territory of the Republic gave the opportunity to conduct a detailed, comparative
analysis of the accuracy of the SGN AR in SC-42 [Gojamanov, 2004]. The analysis was made for differences
of coordinates of points of triangulation 1 and 2 classes, calculated in both the SC. In the analysis as a
reference SC has taken SC-95. Accuracy SC-95 is characterized by the mean square error (MSE) transfer of
coordinates on the edge of the network AGS of Commonwealth of independent States +1,02 m on the
abscissa and +1,10m on the ordinate and the MSE error of the mutual position of related items 2-4 sm.

The territory of AR is a 27-trapezoid scale of 1:200,000 and the studies conducted on these trapezoid.
For each of the trapezoid calculated mean square amendments dx and dy to the coordinates of points 1 and 2
classes of triangulation in SC-42, average RMS offset ds and their corresponding average characterized by
the RMS deviations Mdx, Mdy, Mds, composed of different maps that illustrate the changes in the values of
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these indicators on the territory of the Azerbaijan Republic (Fig.2). Data about the distribution of values Ads
in SGN AR are in table 1. By overall adjustment AGS USSR triangulation 1 and 2 classes the points of SGN
AR received the amendments in intervals:
0,95m <dx <4,53m, 2,71m <dy <6,55m,
And their average values are:
dx =3,02m, dy = 4,15m.
Values of linear displacements in the positions of the points in the SC-42 relatively SC-95 are within:

3.47m<ds<6.78m.
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Fig. 2. Maps of amendments to the coordinates of points in the SC-42 and their variations on the territory of AR:
a) dx, dy; b) Mdx, Mdy; c) Adx, Ady — (in m); d) AMdx; AMdy - (in sm)
on the territory AR SC-42 biased average value under the directional angle

Table 1. Distribution scatter shifts from the average across the AGS AR

The range in sm 0-10 | 10-20 | 20-30 | 30-40 1.0 m and above
The abscissas 5 16 6 - -
Percentage 18,5 59,2 22,3 - -
The ordinates 4 19 3 - 1
Percentage 14,8 70,4 111 - 3,7
Displacement 3 8 12 3 1
Percentage 11,1 29,6 445 11,1 3,7

AGN AR points total- 829; Trapezoids scale  1:200 000 of 27.
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RESULTS OF REPEATED LEVELING ON THE ABSHERON PENINSULA

The results of repeated leveling show that on the Absheron Peninsula there are significant movements
of the earth's surface. Analysis of instrumental data, morpho-structural features and geodynamics of the
Peninsula, produced by D.A. Lilienberg and I.N. Mesherski [Lilienberg, 1980], has allowed establishing that
these movements have tectonic nature. At the same time lowering the areas connected with the oldest oil
fields in Sabunchi, Surakhani, Ramana and Bibiheybat (for the period from 1912 until 1962, the General
lowering of the earth's surface Surakhani oil field has reached 2450 mm), have been interpreted as the result
of long-term oil and gas production, i.e. as a manifestation of anthropogenic factor on the background of
purely tectonic movements. Azerbaijan with the adjacent water area of the Caspian Sea presents a vast range
of distribution of mud volcanoes. In the South-Eastern Caucasus, there are over 200, including about 30
active mud volcanoes.

SEISMIC ACTIVITY ON THE TERRITORY OF AZERBAIJAN

The territory of Azerbaijan has long differs high seismic activity. So, district Shamakhi - most seismic
active region of Caucasus. Pockets of earthquakes in AR scattered almost on the whole territory of the
Republic. Over the past 25 years there have been earthquakes great strength - 7-point on the Richter scale,
such as, the Caspian (may 1980), Ismailly (November 1981), Caspian (March 1986), Lankaran (October
1987), Caspian (September 1989), on the border with Iran (February 1997), Lerik (July 1998), Baku
(November 2000). Figure 3 presents a map of the epicenters of earthquakes on the territory of the AR from
1979 to 2001, compiled by the author according to the American geophysical society [Gojamanov, 2008].
During this period, the number of earthquakes with the power of three or more points - 372, total the number
of jerks - 1515 (average of the year), from them earthquakes force five and more points - 75 with the number
of aftershocks 242 (average for the year). Shamakhi epicentral area against the background of other stands
out with a 9-point isoseismal, 8-point isoseismal: in Shamakhi, Nakhichevan areas in the North, the
Absheron Peninsula, in Nagorno-Karabakh, Lenkoran area and in the border zone with Iran. Analysis of the
distribution of earthquakes shows the high seismicity of the Caspian Sea, and the vast majority of epicenters
of earthquakes are situated in the Western band.
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Figure 3. a map of the epicenters of earthquakes on the territory of the AR from 1979 to 2001
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For Baku and some regions (Khizi, Shamakhi and other) Azerbaijan is characterized by recurrent
landslide processes covering significant area (in Baku in 1998 landslides occurred with the area of about 100
ha and depth of about 30 m), leading to the deformation of geodetic networks in these areas.

CONCLUSION

Essentially Mdx and Mdy are interpreted as MSE transfer of coordinates X and Y, and the Mds as
error positioning points within, in our case, trapeze 1:200000. A fluctuation of values Mdx, Mdy and Mds in
trapezes the unacceptably wide ranges is the direct evidence of heterogeneity of SGN AR by accuracy.

Uneven and significant fluctuations of values of dx, dy, and ds in trapezes can be interpreted as a
manifestation of weak internal rigidity network, bad coordination of relations between its separate units
(trapeziums), deformations of the SGN AR in SC-42. On the territory of AR SC-42 relatively SC-95 offset
by under the directional angle ~ 54.

Since the last works of the leveling on the territory of the Azerbaijan Republic past 25 years, it can be
assumed that a significant number points of frames of height control (FHC) lost (destroyed) as a result of
various anthropogenic processes in the cities, villages, repair and construction works on transport
communications along which as usually laid leveling line. According to the instructions, line leveling class |
and part-lines Il class at least once every 25 years, and in mountain seismically active areas (that is,
Azerbaijan), in every 15 years must re-smoothed over with the purpose of their modernization, as well as to
obtain the quantitative characteristics of the modern vertical movements of the earth's surface. However,
since 1984 in FHC of Azerbaijan, and in some of its lines even earlier period, practically not produced works
on updating and repetition of leveling lines of | and Il classes. It is, therefore, within the next years to
perform the works on modernization and development FHC of Azerbaijan Republic.

For more accurate and detailed study of the geodynamic processes should resume observations on
geodynamic polygons, and the need to reduce the size of polygons.

REFERENCES

1. Bazlov, Y. Z, Galazin, V.F., Kaplan, B.L., Maximov, V. ., Chugunov, I.P.: 1996, Analysis of results of
the joint equalization astronomical and geodetic, Doppler and space geodetic networks. Geodesy and
Cartography, No. 7, Moscow, 26-37.

2. Eminov, R.A. and Subbotin I.E.:1984, Analysis of vertical displacements of the earth's surface in the oil
fields of Absheron Peninsula. Geodesy and cartography, No. 2, Moscow, 43-45.

3. Efimov, G.N.: 1995, Adjustment results astronomical-geodetic network. Geodesy and Cartography, No.
8, Moscow, 17-22.

4. Geology of the USSR: 1972, The Azerbaijani SSR, Geological description, Volume XLVII, Nedra,
Moscow, 520 pp.

5. Gojamanov, M.H.: 2004, Analysis of the existing state of the state geodetic network of the Azerbaijan
Republic. Geodesy and aerial photography, No.1, Moscow, 13-25.

6. Gojamanov, M.H.: 2008, Reconstruction and development of geodetic networks with the use of satellite
technology, Moscow-Baku, 256 pp.

7. Gojamanov, M.H.: 1998, Stages of construction of the astronomical-geodetic network on the territory of
AR. Scientific conference dedicated to the 50th anniversary of the geographical society of the Republic
of Azerbaijan, BSU, Baku, 55-56.

8. Gojamanov, M.H., Ismailov A.l., Bagmanov Z.A.: 2017, The influence of geodynamic processes on
stability geodetic points in Azerbaijan. VII international scientific and technical conference “Modern
problems of water management, environmental protection, architecture and construction”, Thbilisi,
Georgia, 38-43.

G. F0BCEITS3SL LBFTCIS0L VIS0 3TIGEIIE06 0LBIS IB0; 356N RSB0 IFTCIEBS0 61
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



898 bSIBNSIMA0L() bSIICE6NIF(I-BIT60FIH0) JCI6EIFIEB0S “XISRMS 3IAG6IMBOL, dS>®IFMs
RdG3BOL, SHINBIIBIGE0LS RS 33I6ISRM3OL 1)5653IR@MBI 31K IFIS0”

1=5 6(M383IJ50, 2018 V.

9. Kashin, L.A.: 1999, Build classical astronomical and geodetic network in Russia and the USSR (1816 -
1991). Scientific-technical and historical review. Kartgeotcentr-geodezizdat, Moscow, 192 pp.

10. Makarenko, N.L.: 1996, About switching to autonomous satellite systems methods of definition of
coordinates. Geodesy and cartography, No. 5, Moscow, pp. 4-7.

11. Museibov,M.A.:1998, Physical geography of Azerbaijan (in Azerbaijani), Maarif, Baku, 400 pp.

12. Lilienberg, D.A.:1980, Experience of complex mapping of modern geodynamics (for example, AZ.
SSR), Crustal movements: Theory, methods, problems, Moscow, 65-76.

13. Yashenko W.R. Geodetic researches of the vertical movements of the earth crust. - M: Nedra, 1989. -
192 pp.

PaGora BeIoJHEHA B paMKax rpanta EIF-KETPL-2-2015-1(25)-56/27/2-M-16 ®onna Pa3surtus
Hayku npu Ilpe3unente A3epoaiixanckoii Pecnyoaukm.

©9©s8ofjols 9galfogemgamo 3g3boghgdgdo

29©) oMo Jugmgdol EIBMMIE0gd0L IYIDs SBHYMB0NS6T0

aMmx5856mgo0 3. 3., 0MOLBsY B.D., S3gM™m3z0 9.b.

8ol bsbgardpoger 216039GL0dIAHOb 3920) BooLs ©5 35693 H5300b ©I35MH896H0
B, s B9H8s0x0560

36mH530s. LESGH0S 0Mm03938 0bBMETs300L  sHYMOI0KBOL  BHIOOGHMOMOOL  gqMEMy0©OHO
LEAHOMIGHMOOL  Tgbobgd,  BH9gdBH™bo3MOO  IMIMMBYOOL  bsoDOl  FggRgdL, 2IMEIBOMEGO
JBogdols 29330L  9b65ODBL, FgMmEoBoIMO  Jugmgdol IRMOTo300l  TgBoLYdLL, SBTYHMbOL
65bg39603bdwBg  39bdgmEgdomo  EMmbol  BsdMBomgdol  Fg9gagdoL  0bGHIMIMYGHIEO,
69131003500 33960l s BYOLBMEmO 59G03MdYOOL Fglobgd.

Us3356002 bodg3980: 39m@)0mm0 Jugargdo, gmermyommo BLEOYIEMMS, A505650MYdY,
50396MH™bol 65H93563796d90, Lgobd MO 59dEH03Mds s GHYH IO 3O MEILYOO.

Hayku 1o m3yyeHu1o 3eMJan

YCTAHOBJIEHUE JE®OPMAIINU I'EOJIE3NYECKHNX CETEN
B ABEPBANJI)KAHE

TI'omskamanos ML.I'., Uapuc3ane 3.3., Acrepos E.H.

baxunckuii I'ocyoapcmeennviii Yuusepcumem
baxy, Azepbaiiosrcan

Annomayua. Cmamvsa codepocum unGopmMayuio 0 2e0102UHecKoll CMmpyKmype meppumopuu
A3sepbauiddicana, pe3yiomamax aHaiu3a MmexmoHUYecKux 08UIICEHUN U NIAHO8 cemeli, oyeHKe depopmayuu
2e00e3uyecKux cemel, uHmepnpemayuy pe3yiomamos nOGMopHuIX pabom Ha AbuiepoHckom noryocmpose u
celicMuieckoll akmusHOCMU 8YIKAHO8 8 pecnyouxKe.

Knrwouesvie cnosa: ceooezuueckas cemsv, 2eono2uveckas cmpykmypa, ypagnusanue, AbuepoHcKull
HONYOCMPO8, CeUCMUeCKds AKMUGHOCMb U ONOJIZHEGbLE NPOYECChl.

62 3. 30GGLIRBIL LOLIRMBOL TISRMS BIIGEIMBOL 0BLBOBIB0; dS@IFMIL RdBGZOL IMBIEBGAE0
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



8" INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFERENCE “MODERN PROBLEMS OF WATER
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONSTRUCTION”

1-5 November, 2018

Water management

ACOUSTIC POSITIONING METHODS AND ITS APPLICATION AREAS

M.H. Gojamanov?, A.S. Hasanov?, A.A. Hasanaliyev®, Z.A. Bagmanov’

134Baku State University
23, Z. Khalilov str., 1148, Baku, Azerbaijan
2SOCAR, Department G&G,
121, Haydar Aliyev Av. 1021, Baku, Azerbaijan
E-mail: mgodja@yandex.ru, sarhadoglu@rambler.ru, alekber3000@mail.ru,
ZahidBagmanov@gmail.com

Annotation. It is known that in the aquatic environment only acoustic waves have the ability to spread.
Therefore, hydraulic equipment and devices are used in the geodetic maintenance of offshore and underwater
works. The presented article examines features of geodetic maintenance of works by acoustic devices and
installations in the Azerbaijani sector of the Caspian Sea, and has presented a number of recommendations
on their use. At present, the acoustic devices based on underwater trilateral (underwater GPS), a remotely
operated underwater vehicle (ROV), autonomous underwater vehicle (AUV) and others are used. With these
devices, it is also possible to create marine geodetic reference networks. The article examines the sequence
and technologies of performance of marine geodetic and hydro-graphic studies, transformation of the
measured values obtained by acoustic systems, data transmission strips and the factors affecting the accuracy
of their determination and examples.

Keywords: sonar, acoustics, GPS, bathymetry, geodetic support.

INTRODUCTION

The application of the results of scientific and technical progress in industry stimulate to the
emergence of new electronic and laser surveying instruments. On the other hand, as the engineer's scope of
coverage increases, the devices parks are also developed. After signing the "Contract of the Century"”, the
acceleration of oil and gas exploitation in the Azerbaijani sector of the Caspian Sea created the necessity of
building new complexes, unique buildings and facilities in the sea [1, 2].

This, in turn, requires the development of new measuring instruments and methods for geodetic
assurance. In this regard, acoustic measuring means and methods are preferred as one of the main ways of
geodetic maintenance in seabed and underwater works.

Based on modern strategic roadmaps for the development of scientific and experimental works in the
sea and elsewhere, geo-collateral based on modern technological measurements has been started. To this end,
large-scale complex research and development projects are being implemented in areas not fully studied in
the sector of the Caspian Sea. Hydro-acoustic devices are widely used for the implementation of these
projects: a remotely operated underwater vehicle (ROV), autonomous underwater vehicle (AUV), devices
based on underwater trilateral (underwater GPS), Sonar, Profiler, Bathymetry equipment and others.

Materials and methods

In this chapter contains the following systems (sections):

1. Long Baseline

A Long Baseline (LBL) system has two parts or segments:

The first segment comprises a number of acoustic transponder beacons in an array moored in fixed
positions on the seabed. The positions of the beacons are described in a co-ordinate frame fixed to the
seabed. The straight-line distances between them from the ‘baselines’ are used by the system.
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The second segment comprises an underwater acoustic transducer on a transceiver. The transceiver is
usually installed on the vessel either in an over-the-side arrangement (Fig. 1), or in a fixed through-the hull
arrangement. It can also be installed on a towboat if necessary.

Long BaseLine (LBL)

Ship's course
e

Ship
Hydrophone  fix

Acoustic signal
transmission
from hydrophone

, Transponded
? N acoustic
§  Subeference
' reference
v beacon no.2

Subeference
reference
beacon no.3

Fig.1. Typical LBL system

The distance from the transducer to a transponder beacon can be measured by causing the transducer
to transmit a short acoustic signal to which the transponder beacon responds. The transceiver makes an
accurate measurement of the interval between the instant when it transmits and the instant when it receivers
the transponders response. Because the sound velocity in the water is know at the location, it is possible to
develop a good estimate of the range between the transceiver and the transponder beacon. The measurement
process is repeated for all the beacons in the array, and the position of the transceiver is then calculated or
estimated relative to the array [1, 3, 4].

In principle, navigation can be achieved using just two transponder beacons fixed to the seabed.
However, with only two transponders, there would be ambiguity in the navigation solution because it would
not be possible to determine from the measurements which side of the baseline was the correct transceiver
position. Also, when using only two beacons, the depth of the transceiver (equivalent to the transceivers
‘height’ above the beacons) must be assumed. For these reasons, three beacons is the minimum that can be
used to produce unambiguous results in three dimensions. The use of four beacons provides some
redundancy, and useful for making checks on the quality of navigation.

Short Baseline
Shot baseline (SBL) acoustic position systems are usually fitted to a vessel such as a barge, a semi-

submersible, or large drilling vessel.

ransducer array
n surface vehicle

)

ROV tethered to .o P
surface vehicle . o-
and carrying a - o
Responder beacon » &

T Seabed marker beacon

Fig.2. Typical SBL system
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In an SBL system there are at least three, and typically four, acoustic transducers fitted in a triangular
or rectangular array on the lower part of the vessel. The distances between transducers are made as large as
practical on the vessel, and are typically at least 10 meters long. The position of each transducer within a co-
ordinate frame fixed to the vessel is determined by conventional survey techniques, or from the ‘as built’
survey of the vessel (Fig.2).The term ‘shot’ is used as a comparison long baseline techniques, where the
baseline length usually exceeds 100 meters and can exceed 1000 meters.

SBL systems transmit from one but receive on all transducers. The result is one distance (or range)
measurement and a number of range (or time) differences. With an SBL system the co-ordinate frame is
fixed to the vessel, and is therefore subject to the rotational motions of roll, patch and yaw. This apparent
disadvantage can be overcome by using additional VRU and gyrocompass instruments, external to the SBL
system, to supply measurements of roll, pitch and heading. The additional measurements allow the co-
ordinates of the beacon to be transformed mathematically to remove the effects of these rotational motions
[5, 6].

If the requirement is to estimate the position of the vessel in some fixed or ‘inertial’ frame, such as one
fixed to the seabed, then at least on beacon must be placed in a fixed position on the seabed and used as a
reference point. This is the principle used for dynamic positioning vessels. The Figure 2 show an example of
a system that has a transponder beacon fixed to the seabed and responder beacon located on an ROV. In this
case the system can calculate the position of the vessel and of the ROV within a reference frame fixed to the
seabed.

2. Ultra-short Baseline

The principles of ultra-shot baseline (USBL) position measurement are very similar to those of an
SBL system already described. However, instead of the transducers being deployed at widely-spaced
locations on the vessel, they are built into a single transceiver assembly (Fig.3).

-~
-~

-~
-~
= "ROV tethered to
surface vehicle &
o~
Wall. and camrying a -
Responder beacon -

Seabed marker transponder

Fig.3. Typical USBL system

The distance or range measurement principles used in a USBL system are the same as those used for
SBL, but the time differences between signal receptions at the difference transducers are significantly less
than for an SBL system. System that use sinusoidal signals measure the time-phase of the signal received by
each transducer element in the transceiver, and compare them with a reference signal generated in the
receiver. These time-phase differences between transducer elements are computed by subtraction, and then
the system is equivalent to an SBL system in the calculation of range and bearing [1, 6].

Another practical difference is that the transducer elements of a USBL system are in a transceiver
assembly that is installed at some convenient location in the vessel co-ordinate frame. It is important to
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recognize that, whereas an SBL system calculates beacon positions in the vessel frame, a USBL system
calculates beacon positions in a frame fixed to the transceiver assembly.
3. Long/ Ultra-short Baseline

The long/ultra-short baseline (L/USBL) system is a special case of the USBL system. It uses USBL
hardware in a configuration similar to the one described for the LBL system (Fig.4).

An L/USBL system follows the same methods for calculating range and bearing measurement as the
basic USBL system. However, because there are more beacons deployed on the seabed, a considerable
improvement in accuracy can be achieved by L/USBL system. If a basic L/USBL system is not to be used
for highly accurate survey work, a system such as the one shown in Fig. 4 will perform a top-down
calibration automatically as soon as it is placed in Navigation mode with the beacons declared as References.
If the L/USBL system is to be used for survey work where accuracy is critical, the seabed array must be
calibrated separately or by using baseline measurements. If a DGPS input is available to the L/USBL system
it is feasible to locate each beacon on the seabed directly in geographical frame of reference to an accuracy
determined by that of the DGPS measurements.

-
. Seabed marker transponders
-

Fig.4. Typical L / USBL system.

Two complete sets L/USBL equipment can be operated in tandem to provide dual redundancy. When
used in this way, the two systems are linked in such a way that, following failure of any major element, the
system can continue to operate without the need for operator intervention. Operation of a dual-redundant
system is identical to that of standard version [1, 5, 9].

4. Long-short USBL

In a LSUSBL system, four or more transceivers are deployed below the vessel, and four or more
beacons are deployed on the seabed. The reference array is interrogated from one transceiver, and the replies
from all the beacons are collected at all the transceivers. All the resulting measurements are used to derive a
single solution of the vessels position [9]. This single solution comprises SBL, USBL, and LBL components:

¢ Ranges to each beacon are collected at all the transceivers, giving an SBL component to the solution.

e The LBL component arises from the ranges three or more beacons having been collected.

e The USBL component arises from both and direction calculations derived from the multiple
transducers of a single transceiver.

5. GPS Intelligent Buoys
GPS Intelligent Buoys (GIB), GIB systems are inverted LBL devices where the transducers are replaced by
floating buoys, self-positioned by GPS. The tracked position is calculated in real-time at the surface from the
Time-Of-Arrival (TOAS) of the acoustic signals sent by the underwater device, and acquired by the buoys
(Fig. 5). Such configuration allows fast, calibration-free deployment with accuracy similar to LBL systems.
At the opposite of LBL, SBL or USBL systems, GIB systems use one-way acoustic signals from the emitter
to the buoys, making it less sensible to surface or wall reflections. GIB systems are used to track AUVS,
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torpedoes, or divers, may be used to localize airplanes black-boxes, and may be used to determine the impact
co-ordinates of inert or live weapons for weapon testing and training purposes references [1, 5, 7, 8].

Fig.5. GPS Intelligent Buoys system

CONCLUSIONS AND RECOMMENDATIONS
1. Acoustics positioning systems have a special place in the exploration and exploitation of oil and

gas fields in the Caspian Sea, the construction of offshore communal lines, construction of platforms and
hydro-technical installations, marine platforms as well as geodetic maintenance for various purpose scientific
and technical and practical works.

2. Acoustic survey work, collection and measurement of measurement results should be performed in a
single reference system. It would be useful to use Kalman filter to protect the signals from noise.

3. In geodetic maintenance of works at sea by using hydro-acoustic instrumentation special attention
should be paid to the geometrical factor of the serifs generated by the transponders. In other words, their
uniform geographical location in the area of work is very important.
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Annomayusn. VI3BeCTHO, YTO TOJBKO aKyCTHYECKHE BOJHBI MOTYT pacmpoCTpaHsThes. Mcxoms w3
ATOTO, JUIS BBITOJHEHHSI T€OAC3UICCKUX PAOOT MCIONB3YIOTCS THIPABIMYECKUE YCTPOMCTBA IO BOMOM. B
CTaThe pPacCMOTPEHa BO3MOXKHOCTh HCIIOJIb30BaHUSl TeoJie3ndeckux padbor B Kacmuiickom Mope
AzepOaiPKaHCKOTO CEKTOpa, TAKXKE MPEACTABICHBI PeKOMEHIAINY 10 WX MpUMeHeHnt0. Ha ceroaHsmrHbIi
JIeHb TUCTAHIIMOHHO JIEWCTBYET MOJBOJHBIC TpeXpa3MepHbIe akycTrueckue ycrpoiictea (GPS), moxBogHoe
ycrporictBo (ROV), aBroHoMHBIE yeTpoiicTBO (AUV) u np. C HUCIIONIB30BaHUEM 3TUX YCTPOHCTB BO3MOXKHO
CO37IaHUE MOPCKHUX TEOAC3MICCKUX PYKOBOJCTB. B cTaThe MpeacTaBiICHBI MOCICIOBATEIIEHOCTE MOPCKUX
re0JIe3NIEeCKIX W TUAPOTpapUYECKUX WCCIACIOBAaHMI W TEXHOJIOTUM, TpaHC(HOpPMAIHS —IOJTYICHBIX
pe3yJIbTaTOB, METOBI INEpeladyd JaHHBIX U (DAKTOPOB, KOTOPHIC OKa3bIBAIOT BJIMSHHE HAa TOYHOCTH HX
OTIPEICICHHUS.

Knrouegwle cnosa: conap, akycruka GPS, 6atumeTp, reonuznyeckasi TOMOIIb.
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Environmental protection

EVALUATION OF GEOECOLOGICAL RISKS OF SOME RIVERS OF
TBILISI CAVITY

L. Grigolia

1. Javakhishvili Thilisi State University
Thilisi, Georgia

Annotation. During the last couple of decades, there was a significant growth of negative influence
caused by agricultural activities on the territory of Thilisi. It especially affected city rivers, whose
hydrodinamic and morphodinamic regimes were drastically changed by processes like this and now
causes considerable danger to the population.

Acrticle covers possible geoecological risks assessing of rarely repeated exceptionally powerful

floods and flash floods in ravines of the rivers:
Dighmistskali, Gldanula and Varaziskhevi — members of the hydrological system of Thbilisi Antrum,
identifies potential flood areas with buildings and existing communication.

Keywords: hydrography, flood, catastrophe, geoinformation system.

OxpaHa oOKpY:KaIoIeld cpeabl

OLOEHKA I'EOSKOJIOTMYECKNX PUCKOB HEKOTOPBIX PEK TBMJIMCHU

I'puroms JI.

Tounucckuii cocyoapcmeennwiil ynugepcumem um. M. [ocasaxuweunu
Tounucu, I py3us

Annomayusa. B TedeHMM TOCIEOHMX  JACCATWICTHH Ha TeppuTopun TOwnucu HaOmogancs
3HAYUTENBHBIA POCT HETATHBHOTO BIUSHHUS HAa IMPHPOIY, BBI3BAHHOTO JEATENFHOCTHIO YeJOBeKa Ha
TOPOACKHE PEKH, T'HIPOAWHAMUYECKHE W MOPQPOIMHAMHYECKHE PEKUMBI OBUIM PaJUKAIbHO H3MEHEHBI
TaKMMH IIPOLIECCAMHU U CETOJHS CO3Jal0T 3HAUNUTENIbHYIO ONTACHOCTD JIJIsl HACEICHNUS.

B a3T0ii cTaThe 00CYXKIAI0TCS U OLIEHUBAIOTCS, HAXOIAIIMECS B ruaporpaduueckoii cetd TOUIHMCCKOTo
KOTJIOBaHa, peku: Jurmucukanu, ['npanyna u BapasucxeBH, BO3MOXHBIE T€03KOJOTHYECKHE PHCKH,
MTO3BOJIAIONINE OLEHUTh PEAKO TOBTOPSIONINECS HCKIIOYUTEIHHO MOIIHBIE HABOJHEHHWS W BHE3aITHBIE
W3JMSAHUM B OBparax 3THX PEK,Takke WACHTH()UIMPOBAHBI HAXOISAIIMECS B 30HAX PUCKA 3JaHUS U
CYLIECTBYIOLINE KOMMYHHKAIIUH.

Knioueswie cnosa: runporpadus, HaBogHEHNE, KaTacTpoda, reonHpopMannoHHAs CHCTEMA.
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Water management
DISINFECTION OF WATER WELLS USING OZONE
Hurynovich A. D.}, Ramanouski V. 1.%*, Klimiashvili L.D.%,
Gurgenidze D.R.%, Tsinadze Z.0.*
' Bialystok Technical University
st. Wiisk 45A, 15-351, Bialystok, Poland
E-mail: gurinowitsch@tut
?Belarusian National Technical University
Nezavisimosti Ave., 65, 220013, Minsk, Republic of Belarus
® National University of Science and Technology “MISIS”
Lenin av. 4, 119049, Moscow, Russia
* Georgian Technical University
M.Kostava str. 77, 0175, Thilisi, Georgia

Annotation. The article presents the results of laboratory and pilot plant tests to determine the
solubility of ozone in a water column of specified height, a comparative analysis of corrosion activity and
inactivation of microorganisms by chlorine-containing disinfectants and a saturated solution of ozone in
water. On the basis of analysis of the data collected, a technology for the disinfection inner surface of water
wells using ozone were suggested. The suggested technologies display improved economic efficiencies and
promote greater levels of environmental safety than existing ones.

Keywords: disinfection, water supply, ozone, solubility, corrosion, novel technology.

INTRODUCTION

Viruses and bacteria infiltrate to the groundwater during replenishment of the aquifer, i.e, slowly
passing through the rock. This method of contamination is typical of shallow wells and boreholes drilled
near the surface of water bodies. Also, microbial contamination is typical not only for water wells, but also
for new or renovated water systems. The contamination of the internal well surfaces has been associated with
outbreaks of infection transmitted by water in urban water supply systems.

At present, disinfection of wells and drinking water pipelines is carried out by treating with chlorine-
containing reagents.

The disadvantages of chlorination methods are [1]: insufficient disinfection efficiency; formation of
highly toxic chlorinated organic compounds; high doses of the active chlorine; the high toxicity of the
chlorine and the chlorine containing agents; high corrosion activity of the solution, which leads to rapid
deterioration of the network and shut-off valves; duration of exposure time for effective chlorine disinfection
(up to 24 hours or more), which leads to long delays; each method of chlorination requires
subguentdechlorination to be performed, after which, further processing of the dechlorination solution in a
WWT is also required before release to the environment, and methods of chlorination are not related to
scientific and rational fundamental principle of disinfection.

Also, using chlorine disinfectants has limited effect on the inner surface of well from the top water
level up to the well head, and almost no disinfection of the small layer of water above the pump (fig. 1).

In order to address problems and shortcomings of currently available methods of disinfection of water
wells mentioned above, alternatively, ozone may be used as a disinfectant [1-3].

According to various experiments presented in the literature, ozone exceeds the performance of all
chlorine disinfectants; According to its bactericidal effects, ozone is 3—6 times better than UV radiation and
400-600 times more than chlorine.
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Fig. 1.Contamination of water well, and identification of surfaces which are less susceptible
to treatment using chlorine disinfectants

Today, ozone is increasingly used in water treatment processes [4, 5]. It is proposed to disinfect water
wells by exposing the inner surface of the well to a disinfecting solution which is obtained by dissolving
ozone in water. The use of ozone for disinfection eliminates many of the disadvantages present when using
chlorinated solutions. Ozone is decomposed into oxygen in water for a short period of time, typically less
than 1 hour. The equipment necessary for this process is compact and can be used in the field without the
need for large storage vessels or large vehicles. The process of ozone disinfection of water wells can last for
several minutes, whereas a minimum of 8 hours is required for chlorination. Ozone is capable of
permenantinactivation of protozoa, bacteria and viruses from the water at a value of CxT-index by two
orders of magnitude lower than those required by chlorination. Ozone consumption is 0.5-5.0 mg/(I'min)
depends on the water temperature and the sensitivity of bacteria to ozone.

The high efficiency of ozone inactivation has been confirmed in practice and by various researchers.
For the development of a technology for disinfection of water wells using ozone it is necessary to
additionally solve three important tasks:

—to determine the solubility of ozone in height of the liquid column;

—to make a comparative analysis of the corrosion activity of disinfectants;

—to make a comparative analysis on the inactivation of microorganisms;

—tomake a complex justification of the proposed technology.

MATERIAL AND METHODS

To enable the research of the solubility of ozone in water and definition of the concentration of ozone
in a column of a liquid the installation represented in fig. 3 has been constructed. Investigations were carried
out on experimental installations and existing water wells at the water intake in Yurovtsy near Bialystok
(Republic ofPoland).

Experimental conditions: ozone-containing gas flow rate of 700 I/h. Volume of treated water — 0.283
m?>. To generate the ozone used experimental cascade a turboozonator[6] with concentration of ozone in the
gas mixture 2.7 g/m® was used. Flow rate of gas mixture was 13.2 I/min.
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In carrying out the work, chemical and instrumental (spectrophotometric) methods for the
determination of dissolved ozone in water were used.

To determine the corrosive activity, the following reagents were used: calcium hypochlorite, sodium
hypochlorite, bleach, a saturated solution of ozone in water. The investigated concentrations of chlorine-
containing disinfectants were: 50, 100 and 150 mg/l of active chlorine. For the corrosion tests plates from
carbon steel grades of two different marks St 37-3 and Ct 20 were used. The composition of examined steels
are shown in Table 1.

Table 1
The composition of the investigated steels
C | Si [Mn]| Ni | s | P | Cr [ Cu/| Sn|[Fe
Steel St 37-3
0.196 | 0.241 | 0.429 | 0.220 | 0.039 | 0.012 | 0.112 | 0.208 | 0.013 | ~97
Steel Ct 20
0.234 | 0.022 | 0.430 | 0.076 | 0.038 | 0.013 | 0.063 | 0.113 | 0.005 | ~97

Determination of the corrosion activity of disinfectants was carried by gravimetric and
electrochemical methods.

For evaluation of effectiveness of disinfection bacteria from the collection of the bioengineering and
bioecology professorial chairs of BSTU were used as test-organisms: Clostridium sp. (sulfite-reducing
bacteria, gram-positive, obligate anaerobes, rod bacteria, sporogenous; their presence in tap water testifies of
poor level of disinfection); Pseudomonas fluorescens (gram-negative, aerobic, nonspore-forming bacteria
capable for degradation of halogen-containing organic substances, they synthesize green pigment that
provides proper visualization of colonies); Escherichia coli (gram-negative rod bacterium widely occurs in
end gut of homothermal organisms, facultative anaerobe does not form endospores; it is an indicator of
secondary pollution of tap water by residential waste water).

RESULTS AND DISCUSSION

Saturation time was evaluated in conformity with the research results of saturation kinetics of water with
ozone; evaluation of residual ozone content in water out of initial ozone delivered into system, dynamics of ozone
decomposition in water and also time necessary to achieve 100% destroying of studied bacteria strains.

According to the obtained data and also calculation data of residual ozone content in water out of initial
ozone delivered into system (fig. 2) it is possible to conclude that recommended processing time is 25 min [7—
9].

Risidual ozone content out of
a

T, min

Fig. 2.Risidual ozone content out of initial delivered into water from top to bottom liquid column at its different
initialconcentration in gas mixture
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According to the research on evaluation of ozone kinetic decomposition from top to bottom of liquid
column, about 96% of it decomposes after 20 min (fig. 3).

Fig. 3. Destruction of decomposed ozone in water from top to bottom of liquid column

Results of the research of the effectiveness of disinfection of tap water by chlorine-containing reagents
have revealed that at recommended conditions of processing (6 h. at active chlorine concentrations of 50—
100 mg/l) 100% disinfection of water for all studied test-organisms from the collection of the bioengineering
and bioecology professorial chairs of BSTU was provided. Decrease of time processing to 0.5-1.5 h resulted to
decrease of effectiveness of disinfection by sodium hypochlorite of water polluted by bacteria E. coli, by 0.5-
1.0% whilst calcium hypochlorite effectiveness preserved. Similar behavior was observed at the usage of
chlorine-containing disinfecting agents against Clostridium sp. and Pseudomonas fluorescensbacteria [9].

Results of the research of the effectiveness of disinfection by chlorine-containing disinfectants and ozone
tested on bacteria presented in table 2 and table 3.

Table 2. Disinfection effectiveness of surfaces by chlorin-containing desinfectants, %
Time of exposure, hour ‘ 2 12 48
Steel(St3)

Bleach, 100 mg/L
Bleach, 150 mg/L

Sodium hypochlorite, 100 mg/L
Sodium hypochlorite, 150 mg/L

Concrete

Bleach, 100 mg/L
Bleach, 150 mg/L
Sodium hypochlorite, 100 mg/L
Sodium hypochlorite, 150 mg/L

Table 3. Disinfection effectiveness of surfaces by dissolved ozone, %
Time of exposure, min ‘ 1 5 10 20
Steel (St3)

Dose of ozone 36 mg/min
Dose of ozone 18 mg/min
Dose of ozone 12 mg/min
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Concrete
Dose of 0zone 36 mg/min

Dose of ozone 18 mg/min
Dose of ozone 12 mg/min

According to table 2 ideal processing time necessary to achieve 100% destroying of tested
microorganisms is less than 5 min.

Disinfection time will be limited by dissolution rate of ozone in water until achieving of necessary
minimal concentration. Consumption of gas mixture and ozone concentration in it will influence saturation
time.

As for gas mixture consumption (under equal conditions) the more it is the biggest the effectiveness of
ozone dissolution in water due to the increase of the surface of mass exchange in the form of gas bubbles
surface and correspondently the less time it will take.

For establishment of ideal concentration of ozone in gas mixture results of the test at saturation time of
15 min. were taken. They are in fig. 3.

An important consideration when using ozone as a disinfectant is to compare it corrosivity with other
disinfectant. To determine the corrosivity of the following reagents were used: calcium hypochlorite; sodium
hypochlorite; chlorinated lime; a saturated solution of ozone in water. For the corrosion test used a carbon
steel plate of three different marks.

Weight and deep corrosion performance of a saturated solution of ozone exceed those levels in
chlorine disinfection solution in 3-31 times, indicating a higher corrosion activity of a saturated solution of
ozone than chlorine disinfectants test solutions [10, 11]. However, it should be noted that the processing
plants using ozone does not exceed 15-20 minutes while the weight corrosion rate was 0.22 g / (m* - h) and
chlorinated disinfection solutions can last from 8 to 24 hours and wherein the weight corrosion rate is equal
to 2.5-3.5 g / (m* - h) for sodium hypochlorite with active chlorine concentration of 150 mg/dm®. Thus, it
can be concluded that in one step disinfection plant materials are subjected to corrosion to a lesser degree
when using a saturated solution of ozone, than when using chlorinated lime.

It proposed the creation of a mobile unit designed for the disinfection of water wells. Mobile unit is
mounted on the chassis, in which all the equipment is located in one compartment.

CONCLUSIONS
To date, ozone is a powerful disinfectant that can be used to disinfect water wells. Use of ozone will
significantly reduce the treatment time and increase the degree of disinfection, reduce the impact on the
environment. As a raw material for the production of ozone air can be used, which greatly reduces the cost of
the process.
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BoaHoe x0351iicTBO

OBE33APA’KUBAHUE BOJO3ABOPHBIX CKBAXKUH O30HOM

I'ypunoBuu A. /1. 1), Pamanosckuii B. ., 2’3), Kanmuamsuan JLJ, 4),
I'yprenunnse /I.P. 4), HMunanze 3.0. 4

! Benocmoxckuii mexnuyeckuii ynugepcumem
benocmox, Honvwa
2 Benopycckuii nayuonansublii mexuuyeckuii ynusepcumem, Munck,
Pecnybnurxa Benapycw, e.Munck
3 Hayuonansnviii ynusepcumem nayiu u mexuuxu « MHUCuCy
Mockea, Poccus
‘I PV3UHCKULL MEeXHUYECKULl YHU8epcumem
Tounucu, I'pysus

AHHOTauus: B crathe mnpexacTaBieHbl pe3yibTaThl JaOOPATOPHBIX U ONBITHO-IIPOMBIIIJICHHBIX
WCTIBITAHUI 110 ONPE/IEICHUI0 PACTBOPUMOCTH O030HA IO BBICOTE CTOJ0A JKUAKOCTH, CPaBHHUTEIBHOIO
aHajuM3a KOPPO3MOHHOW  AaKTUBHOCTH M  WHAKTUBALMM  MHMKDPOOPTaHU3MOB  XJIOPCOZAEPKAIIUMH
Ne3MH(UINPYIOMMMY BEIIECTBAMH M PAcTBOPEHHBIM B BoJe 030HOM. Ha ocHoBe aHanmmsa coOpaHHBIX
JAHHBIX TIpeJyIaraeTcsi TEXHOIOTHs Ul Ae3MH(EKIUH BHYTPEHHEH TOBEPXHOCTH BOJHBIX CKBAXHH C
WCTONb30BaHUEeM o030Ha. Ilpeanaraemple TEXHOJNOTMM JEMOHCTPUPYIOT TOBBIIICHHE 3KOHOMHYECKON
3¢ GEKTHBHOCTH | TIOBBIIIEHNE YPOBHSI KOJIOTHUECKON 0€30MacHOCTH, YeM CYIIECTBYIOIINE TEXHOJIOTHU.

KaoueBbie cioBa: je3uH(peKIus, BOJOCHAOKEHHE, O30H, PacTBOPUMOCTb, KOPpO3HS, HOBBHIE
TEXHOJIOTHH.
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BoaHoe X0351iiCTBO

ONITUMMU3ALUA SKCIVIYATAHUU CUCTEM
CEJBCKOXO03SMCTBEHHOI'O BOJOCHABKXEHUS

I'ypunoBu4 A.I[.l, Xwmeas E.B.2, KnumMuamsuin .JI.I[.3 , l'yprenunase I[.P.S,
Mre0pumBuimn M.A.Y Bykus CK?
' Benocmoxckuii mexnuueckuii yuusepcumem
yi. Buiicka 454, 15-351 benocmok, Tonvwa
E-mail: gurinowitsch@tut. mailto:kati2730565@mail.ru
2 Benopycckuii HayuonanbHblii mexnuveckuii ynusepcumem, Munck,
Pecnybauxa bBenapycs, 220013, 2.Munuck, np-m Hesasucumocmu, 65
3 Ipysunckuii mexuuyeckuii yuusepcumem
yn. M. Kocmasa 68, 0175, Tomrwucu, Ipysmug
4 Hnemumym soonoeco xossiicme um. L. Mupyxynasa
I'pysuncrozo mexnuueckoeo yHugepcumema
np. U.Y9asuasaose 60°, 0179 Tounucu, Ipysus

Annomayusa. B ctatbe paccMaTpHUBaOTCSI OCOOCHHOCTH M IPOOJIEMBI SKCIUTyaTaluy, YUCIALINXCS Ha
OanmaHce oOpraHu3aludi CENbCKOTO XO3fHCTBa cHcTeM BojocHaOxkeHuil. [Ipemmaratorcss HaydHO
000CHOBaHHEIE moAXOoAbI IO OIITUMHU3AIIUHN SKCIIITyaTalluu TAKUX CUCTEM BOZ[OCHa6)KCHI/I$I.

Jist maHupoBaHMA M KOHTPOJIS 3a SKCIUTyaTalMell CUCTeM BOJOCHAO0KEHUS! OpraHu3ali ceIbCKOIro
XO3HCTBA PEKOMEHYETCS OCYIIECTBISTh IPYMITUPOBKY BCEX PEMOHTHO-MPOPHIAKTHUECKUX pabOT B ATAIIHI,
OTJIMYAIOLIUECS 110 MPEIHA3HAYEHUI0, 00bEMY M CPOKY BBIIOJIHEHUS, a IJIsl JeJeTUPOBaHMS ITOJIHOMOYUI
WCTIONB30BaTh OJIHY U3 YEThIpeX pa3paboTaHHBIX OPraHU3aLMOHHBIE MOAEICH IKCILTyaTalliuH.

Knrwowuesvie cnoga: ontumuszanus, OpraHu3alliOHHAs MOJIENb, 3Talbl SKCIUIyaTallud, allOpUTM
BbIOOpaA, OpraHU3alMs CETLCKOI0 X035 CTBA, CUCTEMA BOJIOCHA0KEHHS.

BBEJEHUE

JlokanbHBIE CHUCTEMBI BOJOCHAOXKCHHS OpraHU3alldil CEJBbCKOrO XO3SHCTBA TMPEACTABISIIOT COOOM
KOMIDIEKC ~ COOPYXKEHHH,  OOECIeUMBAIONINKA  TMPOM3BOJACTBEHHBIC,  IUTHEBBIE,  XO3AHCTBEHHbIE H
MPOTHBOIIOKAPHBIC HYXK/IBI OpraHW3all|ii 3a CYET MoJa4y BOJALI B HEOOXOAMMOM KOJIMYECTBE YCTAHOBJIEHHOTO
Ka4ecTBa.

B PecnyOiuke benmapych OCHOBHBIM MCTOYHMKOM BOAOCHAOKEHHsI OpPraHM3alMii CeIbCKOIO XO3SHCTBA
SIBJISTFOTCSI TIOZI3EMHBIE BOJIBI, BCIIEICTBHE MX TIOBCEMECTHOTO PACIIOIOKEHHUS U IOCTATOYHOTO KOJIMYECTBA.

CocraB W pAaCIOJIOKEHUE DJIEMEHTOB CENbCKOXO3SHCTBEHHOW CHUCTEMBI BOJIOCHAOXKEHHS MOXKET
pa3im4aTbCd B 3aBUCUMOCTH OTTHAPOI€OJIOIMICCKUX yCHOBHﬁ, KadecTBa I/ICXO)IHOfI BOJbI, pem,e(ba MCCTHOCTH,
TEXHOJIOTUM TOJAYdl W TOJIrOTOBKM BOJBI, PACCTOSIHMS OT BOJOMCTOYHHKA M0 IOTpeOHTesned, oObema
BOJIOTIOTPEOICHUSL.

IlockonbKy OCHOBHas LieNb OPraHU3alMii  CEIbCKOIO XO3SIMCTBA 3aKIIIOYAETCS B IIPOM3BOJICTBE
MPOAOBOJILCTBHSL M CBHIPBS JUISl Pa3iIMUHBIX OTpacieH, a He B SKCIUTyaTallMd CUCTEM BOJOCHAOXKEHUS, TO 31€Ch
OHH CTAJIKHBAIOTCS C PSZOM IPOOJIEM.

OO0BEeKT U MeTOAMKA UCCJIeT0OBAHUIT

AHanM3 CaHWUTApPHOTO M TEXHHYECKOTO COCTOSIHUSI DJIEMEHTOB BOJOCHAOXKEHHMS, OCOOEHHOCTEH HX
JKCIDTyaTallid Ha pAAe OpraHM3alMid CenbCKoro xo3sicTBa PecrmyOmukum bemapych, a Takke HaydHOU
JIMTEPATYphl, MOCBAIIEHHOW 3TOMY BOIIPOCY,ITO3BOJIIN CHOPMYIHUPOBATH M CHCTEMATHU3MPOBAaTh OCHOBHBIC
mpo0JIeMBI, CyIecTByIOmME B 310# cdepe[l; 2].
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1. Opraam3anroHHO-UH(POPMAITHOHHBIE:

— OTCYTCTBUE TEXHHUYECKOTO PEriiaMeHTa M MHBIX HOPMATUBHBIX JOKYMCHTOB, PEI'YJIUPYIOIIUX BOIPOCHI
SKCIUTyaTallMH JIOKAIBHBIX CHCTEM BOJOCHA0KEHHS,UTO HE TO3BOJISIET 00ECIIEUNTh CBOEBPEMEHHOE U B MOIHOM
00bEeMe BBITIOJTHCHUE PEMOHTHO-TIPO(IIIAKTHICCKHUX padoT;

— HH3Kas JOCTOBEPHOCTh HH(poOpManuu B (opMax TOCYIapCTBEHHOM CTaTHCTUYECKOHMOpPraHUu3alui
CEJIbCKOTO XO3SCTBA, IPUBOJIAIIAs K UICKAKEHUIO TAaHHBIX B [ 0CyIapcTBEHHOM BOJJHOM KaJacTpe U npodiemMam
mpu  pa3padoTKe, (MHAHCHPOBAHWK, BBHIIOJHEHHNH W HSKOHOMHIYECKOW OIEHKE IUIAHOB Pa3BUTHS BOIHOTO
xo3stiicTBa PecryOmikn benapycs,

— HexBaTKa KaJpoB TpeOyeMoW KBaIM(UKAIMK M TEXHUYECKUX CPEACTB y OPraHU3alHi CelbCKOro
XO3SIMCTBA /ISl BBIOJNHEHHUS PEMOHTHO-TIPO(UIIAKTUYECKUX padOT B MOJHOM 00beMe, MOCKOJIBKY COAEpKaTh
HEOOXONMBIX CHENHAIIFICTOB U JOPOTOCTONOIIYIO CHENHATIM3UPOBAHHYI0 TEXHHKY HE BCETAa AKOHOMHYECKH
1eTIecO00Pa3HO U3-3a MAIBIX 00HEMOB padoT.

2. Texuudeckue:

— BBICOKasl CTENCHb (DU3UUCCKOTO0 M3HOCA, INPSKIACBPEMEHHBIA BBIXOJl M3 CTPOSI AJIEMEHTOB CHCTEM
BOJIOCHA0)KCHUS, BOSHUKHOBCHHE ABAPHMHBIX CHUTYalMiM3-32 HECBOCBPEMEHHOTO M HE B IOJHOM OOBEMe
BBIITOJTHEHHS PEMOHTHO-TIPO(MMIAKTUIECKIX PadoT;

— HEMNOJIHBIA OXBaT MPHUOOPaMHU ydeTa pacxoja BOJbI U JICKTPOIHEPTUU CHCTEM BOJIOCHAOXKEHHMS, YTO
CIOCOOCTBYIOT MCKKCHHIO JaHHBIX B CTATHCTHYCCKOW OTUCTHOCTH M TIPH PacueTe CeOECTOMMOCTH BOJIbI;

— TpUMEHEHHE YCTapeBIIMX TEXHOJNOTMH TIPH CTPOUTENBCTBE M OKCIDIyaTallud 3JEMEHTOB CHCTEM
BOZOCHAOKEHUSI.

3. DKOHOMHYECKHE:

— Tepepacxoj dIEKTPOIHEPTUHU TPH TI0/Ia4e BOJIBI M3-32 Pa0OTHI HACOCOB HE B HOMUHAJIBHOM PEXHIME U
MOTEPh HAIOpa B BOJOIPOBOTHOM CETH BCIIEICTBUE YTEUCK;

— MpoOJIeMBINPH TUIAHUPOBAHUH U y4ETE 3aTpaT, OTHOCHMBIX Ha CE0ECTOMMOCTh BOJIbI M3-3a0TCYTCTBUS
COOTBETCTBYIOIIIMX HOPMATHUBHBIX TIPABOBBIX AaKTOB, HE TIO3BOJIIIOT YCTAHOBHUTH PEATHHYIO BEIHMUHHY
ce0ecCTOMMOCTH BOJIBIN pa3paboTaTh MEPOTIPHATHS IO €€ MUHIMU3AIINH;

— VYBEJIMYCHHE 3aTpaT Ha HOBOE CTPUTENILCTBO JJIEMEHTOB BOJOCHAOXEHUS BCIICACTBHE HX
MIPEXKIEBPEMEHHOTO BBIXO/IA M3 CTPOSL.

4. CaHUTapHO-3KOJIOTHYECKHUE:

— MEXaHMYECKHE, XUMHUYCCKHE M MHUKPOOHOJIOTHUSCKHE OTIOXKEHUS B TpydaXx M pe3epByapax,
TIPUBOJIAIIE K BTOPUIHOMY 3arpsi3HCHUIOBO/IBI,

— OTCYTCTBHE JIMOO HEYAOBIETBOPUTEIHFHOE COCTOSHIE 30H CAHUTAPHOW OXPaHbI;

— TIOBBIIEHHOE COJIEP)KaHWE TPHUPOIHOTO OKele3a, MapraHiia ¥ HeJOCTaTodHas OO0eCIe4eHHOCTh
COOPY>KEHHSMH BOJIOTIOATOTOBKY M 00€33apayKUBaHHS BOIBI,

— aHTPOIIOTCHHOE 3arpsS3HEHHE ITOJ3EMHBIX BOJ[ OPTraHU3AMAMHU CEITLCKOTO XO3SHMCTBA M CEIBCKAM
HAaCEJICHHEM.

Ho pacnaga CCCP TexHuyeckoe OOCITy)KHMBaHHE WM PEMOHTHI OOBEKTOB CEIBCKOXO3SHCTBEHHOTO
BOJIOCHAO)KCHUSIBBITIONHSTH  crieimain3upoBantbie npeanpustust [3]. Tocne pacmaga CCCP  Bee QyHKImH,

CBSI3aHHBIC C IUTAHUPOBAHUEM M 3KCILTyaTallMeHITUX CHCTEM, MEPENUId K UX COOCTBEHHHKAM, YTO OO0YCIIOBHIIO
HEOOXOAMMOCTh Pa3pabOTKH HaydyHO OOOCHOBAHHBIX ITOJIXOOBK OPraHU3AlMM M ONTUMH3AIMH SKCILTyaTal|u
CHCTEM CEeITbCKOXO035HCTBEHHOTO BOIOCHA0XKEHHSI.

AnammTrdeckiii  0030p TPYJOB, IOCBSIICHHBIX BOMPOCAM JKCIDIyaTalldd CHCTEM BOJOCHAOMKEHWIS,
MO3BOJIJT  CTPYIITHPOBATH BCE PEMOHTHO-TIPO(MIAKTHYECKAE PAOOTHIB IIECTh ATAlOB, OTIMYAFOIIUXCS IO
MpeHa3HAYeHUI0, 00bEMY M CPOKY BBIMOJHEHHS — OCMOTp, TEXHHUYECKOE OOCIYXKMBaHHE, TEKYIIUH PEMOHT,
KaluTaIbHBIA PEMOHT, TMKBUIALIS TIOBPEX ICHHUI, Ce30HHBIE paboTHI [4, 5].
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Jns pemieHnsi BONPOCOB, CBS3aHHBIX C paclpe/ielieHHeM IIOJHOMOYHI TP AKCIDTyaTalldd CHUCTEM
BOJIOCHAOXKCHUSI OpraHM3alliii  CeNbCKOTO  XO3fHCTBa, ObUIM pa3paboTaHbl dYeTbIpe albTepHATHUBHBIC
OpraHM3aIOHHbIC MOJICITH SKCILTyaTallin, 0000IIAIOIIHE OTEUCCTBEHHBIN 1 3apyOeKHbIi OIbIT [6].

Mopgens 1 — aBTOHOMHasi DJKCIUIyaTalMsi IIpeAyCMaTpUBaeT, YTO OJKCIUIyaTallusl CHUCTEM
CENIbCKOXO3SIUCTBEHHOTO  BOJOCHAOXKEHHUSI OCYIIECTBIISIETCST TOJBKO CHJIAMH  CIICLMAIMCTOB  OpraHU3aluid
CENIBCKOTO X035icTBa. biiok-cxeMa TaHHOHW OpraHu3allMOHHON MOJIEITH MPeICTaBIeHa Ha puc.l.

Mopeanb 2 — 4acTHYHO [eJIerHPOBAHHAN IKCILTYATAIMS TIPEATOJaraeT, 4YTo COOCTBEHHUK MPUBJICKACT
CHENAIM3UPOBAHHBIE TIPEANIPUATHS K BBITIOTHEHHIO OTIETBHBIX ATANOB SKCIUTyaTaIlH IS SJIEMEHTOB CHCTEM
CeNIbCKOXO3SIMCTBEHHOTO0 BOJOCHAOXKEHHs. Bllok-cxema MaHHOW OpraHW3alMOHHOW MOJENU TpecTaBiIeHa Ha
puc. 2.

Mopaeab 3 — NOJHOCTBIO JeJIerHPOBAHHAS IKCILTYaTallMs OCHOBaHA HAa TOM, YTO COOCTBEHHHK CHCTEM
BOJIOCHAOXKEHUS JISTICTHPYET BBIMIOJTHEHUE BCEX ATAIOB AKCILTyaTallMH, CHEIHAIN3NPOBAHHBIM MPEIIPHATHSIM,
TOCPE/ICTBOM 3aKJIFOUEHHS IOTOBOPOB Mopsiia. biok-cxema MaHHOW OpraHM3allMOHHOW MOENH TpeCTaBIeHa
Ha puc. 3.

Mopgenas 4 — 3xcniayaTanysi CHeNMATU3MPOBAHHBIM NpeNPHUATHEM 3aKII0YacTcss B TOM, YTO
COOCTBEHHHMK CHCTEM BOJOCHAOXKEHHWS Ha OIpPEAETIeHHBIN CPOK BPEMEHHO IepeAaeT MpPaBO HA SKCILTYaTAIHIO
CHCTEM BOAOCHAOKEHHS CTICHHATI3UPOBAHHOMY TPEANIPHATHIO M, OTHOBPEMEHHO C 9THM, 3aKJII0YaeT JOTOBOP
Ha TIOKYTIKY y HETO BOJBI, CTAHOBSCH BoAomoTpeOuTeneM. biok-cxema MaHHOW OpraHM3allMOHHOW MOJIEIH
MpeicTaBIeHa Ha puc. 4.
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Puc. 1. Baok-cxema Mogean 1 — aBTOHOMHAasI IKCILIYaTAlUsl CeJIbCKOX0351IiiCTBEHHBIX CHCTEM BOJ0CHAOKEHUS
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Puc. 4. Biok-cxema Mogenn 4 — HKCIIyaTalusi CHCTEM CeIbCKOX035IiCTBEHHOT 0 BOJOCHAOKEHHS
CHeNHAJU3NPOBAHHBIM MPeANPUATHEM

B Pecny0nuke benapych K OCHOBHBIM CIIEIMAIM3UPOBAHHBIM NPEANPHUITUSAM B cepe IKCILTyaTaluu

CHUCTEM BO,Z[OCHa6)KeHH$I OTHOCATCA:

npennpusitua PO «bencenbxo3TexHUKa» , CIEHUATM3UPYIOMIMecs Ha CTPOUTEIbCTBE, PEMOHTE U
TaMITOHAXKy (JIMKBUAIIMH) BOJ03a00PHBIX CKBaYKHH.;
KOMMYHaJIbHbIE IPEANPHUITHS BOAOIPOBOAHO-KaHAIN3ALMOHHOTO X035IHCTBa;
YacTHBIE CHEUUAIM3UPOBaHHbIE MNPEANPUATHS, BBIIOJHAIOLIME OTHENbHBIE BHIBI paboT 1o
9KCILTyaTallly 3JIEMEHTOB BOJJOCHA0XKEHNUS (3aMEHa HAacOca, TEXHUUECKOe 00CITy)KHBaHHE, pereHeparys
¢ubTpa, BOCCTaHOBJICHHUE JieOeTa CKBaKMHBI, OYMCTKA BHYTPEHHUX CTEHOK OallleH U JIp.).

Kaxxmast 13 pacCMOTPEHHBIX OPraHU3alMOHHBIX MOJIEJNIeH 3KCIUTyaTallii UIMEET CBOE JOCTOMHCTBA U

HE/JIOCTaTKU. B KkadecTBE OCHOBHBIX KPHUTEpUEB JUIs BbIOOpa ONTHUMAJIBHON OpraHM3allMOHHOW MOJIENN

COOCTBEHHUKAM CUCTEM BO,Z[OCHa6)K€HI/I$I npeajraracTcsa UCNoJIb30BaTh TCKYLIYHO 00€eCIIeYeHHOCTD KaaApaMu

U TEXHUYCCKUMH CpCIACTBaMU, H€O6XOIII/IMBIMI/I A OCYIIECTBJICHUA OKCIUTyaTalliM, a B Kad€CTBEC

OTPaHHYCHUS - MUHHUMAJIbHYIO CE0ECTOMMOCTH BOJBI. IJTO IMO3BOJHIIO Pa3paboTaTh ajirOpUTM BbIOOpa

OITHMAJIEHOM OpFaHH3aHHOHHOﬁ MOZACIIN 3KCIUTyaTalunu CEIIbCKOXO3SUCTBCHHBIX CHCTEM BOI[OCHa6)K€HI/IH,

MIPEACTABJICHHBIN Ha pUC.5.

B ocHOBy anroputma moJjio>K€HO BBIIOIHEHUE CAEAYIOIINX TANOB MPUHATHUS PEILICHUN:
BBISIBJICHHE MTPOOJIEMBI (aHAIU3 TEXHUYECKOTO U CAHUTAPHOTO COCTOSHHUS 3JIEMEHTOB BOJIOCHAOXKEHHUS C
LEJIBK0 YCTAHOBJICHUA NEPEUHA pa60T 1 CPOKOB HX BBIIIOJIHCHUA IO KaXXIOMY OTaIly 3KCIUTyaTaluu C
pa3paboTKOM IOJI0BOI'0 OPraHU3aIMOHHO-TEXHUYECKOTO IJIaHa);
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Puc. 5. Anroput™m BbIGOpa ONTHMATBHOI OPraHU3aIMOHHOIN MOAEH IKCILTYyaTaAlMI
CeJIbLCKOX03ICTBEHHBIX CHCTEM BOJIOCHAOKEHHS
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— JWarHocTHKa MpoOJjeMbl (BBIABICHHE 3aTPyIHEHHH TP OCYLISCTBICHUHM SKCIUTyaTalld CUCTEM
BOJIOCHA0KEHHS CHUIIAMH OPTaHU3aIMH CEIbCKOTO XO3SHCTBA U AeJICTHPOBAHUH STAMOB IKCILTyaTallul —
OIICHKA KaJPOBOTO W TEXHHYECKOTO OOECHeUueHHs TNpoIlecca SKCIUTyaTallid, aHalIu3 3aTpar Ha
BBHITMIOJIHEHUE 3TAaloOB OKCIUTyaTallid CIEHUATN3UPOBAHHBIMU MNPEANPHUITHSIMH W OpraHU3alUsIMU
CETBCKOTO XO3SIICTRA);

— (opMynrpoBKa KpUTEPHEB ¥ OTPAHUYCHUIA Il ONTHMAITLHOTO PEIICHHsI MPOOIeMbI (HATMYUE y
OpraHu3alni CeIbCKOTO X03IHCTBA TPEOYEMBIX KaApOB U TEXHUYECKUX CPEACTB, MUHIUMaJIbHAS
ce0eCcTOMMOCTh BOJIBI);

— OIpeJeNeHue aNbTEPHATHBHBIX PEIlICHHUH (OIIeHKa OPraHU3aIMOHHBIX MOJIENICH SKCIUTyaTallHd C YI4ETOM
c(hopMyITUPOBAHHBIX KPUTEPHEB U OTPAaHUICHHUT);

— BBIOOp ONTHMATBHOTO PElIeHus (ONpeesieHIe TaKOH OpraHn3alliOHHON MOJIENH, KOTOpast 00eCTIeYHT
Oecriepe0oitHyI0 T01a9y BOJBI B HEOOXOAMMOM KOJTMYECTBE, YCTAHOBICHHOTO KaueCTBa C TPEOyEeMbBIM
JIABIICHUEM ¥ MUHUMAITBHBIMU 3aTpaTaMHu).

BbBIBO/IbI

PazpaboTanubpie MOAENHW M aJTOPUTM TIO3BOJISIIOT CHCTEMHO YCTAaHOBUTH ONTHMAJIBHYIO CTEIEHb
B3aMIMOJICHCTBUS COOCTBEHHUKOB CHCTEM BOIOCHAOKEHUS W CIICHUANTH3UPOBAHHBIX NPEINPUATHH, UCXOAS
13 BO3MOXHOCTU Yy4aCTUA OpFaHI/I3aHI/II71 CEJILCKOI'O XO3SHCTBA B SKCIUTyaTalluu CUCTEM BOIIOCH36)KCHI/IH u
CTOMMOCTHOM OLIEHKH OPTaHU3alIMOHHBIX MOJEIEH.

Hcnonb3oBaHue opraHu3alMs MU CEIbCKOIO XO3fAKMCTBAa ONTUMAJbHOMW OPraHU3allMOHHOW MOJENH
SKCIUTyaTallid CUCTEM BOJOCHAOXEHHUs MO3BOJIHUT 00ECTIeUnTh OecrepeOoiHyI0 mojady BOABI TPeOyeMoro
KadecTBa B IOCTATOYHOM KOJIMYECTBE C MUHIMATHHBIMH 3aTPaTaMH.
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Water management

OPTIMIZATION OF OPERATION OF SYSTEMS OF AGRICULTURAL
WATER SUPPLY
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Annotation. This article discusses the features and operation problems in water supply systems,
surpluses on the balance of agricultural organizations. Science-based approaches to optimize the operation of
water supply systems are presented in the article.

For the planning and control of the exploitation water supply systems in agricultural organizations is
recommended to group all repair and maintenance work on the stages. These stages are differing in purpose,
scope and deadlines. For the delegation of powers must be used one of four designed organizational

operating models.
Keywords: optimization, organizational model, operation steps, the selection algorithm, the

organization of agriculture, water supply system.

92 3. 30GGLIRBIL LOLIRMBOL TISRMS BIIGEIMBOL 0BLBOBIB0; dS@IFMIL RdBGZOL IMBIEBGAE0
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



8" INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFERENCE “MODERN PROBLEMS OF WATER
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONSTRUCTION”

&

BoaHoe X031HCTBO

PET'YJIMPOBAHHUE BOJOIOJIb30BAHUS B BACCEMHAX MAJIBIX
BOJAOTOKOB B IPEJEJIAX KPYIIHBIX HACEJIEHHBIX IT'YHKTOB U
PA3PABOTKA NPOI'PAMM 110 UX BOCCTAHOBJIEHHUIO

C.A. lyoenok, I1.H.3axapko
PVII «l]enmpanvHolil HAYUHO-UCCIEO08AMENLCKULL
UHCIMUMYM KOMARAEKCHO20 UCNOJIb30BAHUSL B0OHBIX PECYPCO8Y
ya. Cnasunckoeo 1, kopn. 2, 220086, e. Munck, Pecnyoauxa Berapyce
E-mail: dsnega@Iist.ru,polina.k.85@mail.ru

AnHoTamus. [IpoBeneHa oleHKa 3KOJIOTMYECKOTO COCTOSIHMS MalbIX BOJOTOKOB B U€pTE KPYMHBIX
HaceJIeHHBIX MyHKTOB PecryOnuku benapyce. Paspaborana yauduuupoanHas nmporpaMma BOCCTaHOBJICHHS
MaJblX BOJOTOKOB B YepTe KPYMHBIX HACENEHHBIX IYHKTOB M Ha €€ OCHOBE TpU TEeppPUTOpHAIbHBIE
MPOTrPaMMbl BOCCTAHOBJICHHSI MAJIBIX BOJOTOKOB.

KiroueBble ciioBa: Mayblii BOJOTOK, AHTPOIIOTCHHAs HArpys3ka, paHXUPOBAHUE BBIITYCKOB,
9KOJIOTUYECKHII cTaTycC, MPOrpaMMa BOCCTaHOBIICHUSI.

BBEJIEHHUE

PasBuTHe ypOaHn3aiu TECHO CBSA3aHO C CYNIECTBEHHBIMU M3MEHEHUSIMH MPUPOTHBIX KOMIUIEKCOB Ha
TEPPUTOPUH HACEIEHHBIX IyHKTOB. [IpH 3TOM mpeoOpa3oBaHue OTACIBHBIX JIEMEHTOB OKPYIKAIOIIEH cpeibl
3a4acTyl0 TMPOUCXOJUT HE MYTEeM HMX ECTECTBEHHOI'O BKIIOYEHHUS B TOPOJCKOW JaHAmA(T, a MyTeMm
KapJWHATFHOTO W3MEHEHHUs WM JINKBHJANU. B pesynbrare npu GopMUpOBaHNH COBPEMEHHOH TOpPOACKOM
Cpelnbl, OT/ACNbHBIE 3JEMEHTHl PUPOTHOTO JaHAmadTa, HaIpUMep, Majble BOJAOEMBI U BOJOTOKH, IPOCTO
UCUE3aIoT.

CoBpeMeHHBIE T'PaJOCTPOUTEIbHBIE TEHASHIMH B Pa3BUTHIX CTpaHaX MHpPa OPHUEHTHUPOBAHBI HA
(dopMupoBaHHE TOPOJCKOH Cpensl B TapMOHMM C HPUPOJHBIM JAHAMA(TOM, NPHYEM OTH TEHICHIUH
CBSI3aHBI HE TOJIBKO C COXPaHEHHEM, HO U C BOCCTAHOBJICHUEM OTJIEJIbHBIX AJIEMEHTOB OKPYKaIOIIel Cpe/ibl B
npezienax TOpOJCKOi 4eprThl.l3ydeHre MHpOBOrO OIBITA YKa3bIBae€T, YTO BONPOCAM BOCCTAHOBJICHUS
BOJIHBIX OOBEKTOB B HACENICHHBIX IYHKTAX CYIECTBEHHOE BHUMAHHE YAEISETCS JIOCTATOYHO JTABHO.

BoccranoBieHne MaibIX BOJOTOKOB Ha YpOaHW3MPOBAHHBIX TEPPUTOPHUSX SBISETCS MPEAMETOM
MHTEPECOB MEKIYHAPOIHBIX CIIEIHAIN3UPOBAHHBIX U aKaJJEeMUUECKHX OPTaHNU3AIMI U PEaTM30BaHO B IIEJIOM
psine eBponeiickux nporpamm: REURIS (Revitalisation of Urban Rlver Spaces) [1,c. 1],River Restoration
Workshop [2] u np.

B MUpOBOIi IIpakTHKE CYIIECTBYET IETbIN PsJi YCHEIIHBIX MAacIITA0HBIX MPOEKTOB 10 peadMInTauu
MaJIBIX BOJIOTOKOB M TEPPUTOPHI, MPHIETAIONIMX K HUM B TIpejaeiax ypOaHW30BaHHBIX TEPPUTOPHUI:
nporpamMMa peabuiuTauuu Maiblx pek Jlongona (BemmkoOputanus), peka Mancanapec (Mcmanust), pexu
Jloc-Amxenec n Can-Antonmo (CHIA), pexa Uxonreuxon (IOxnas Kopes) m ap. B psage crpan
CYIIECTBYIOT HallMOHAJbHBIE MPOrPaMMBbI TI0 BOCCTAHOBJICHUIO MaJIbIX BOJOTOKOB. Tak, OTHUM U3 IPUMEPOB
BOCCTaHOBJIGHUSI MaJloTO BOJIOTOKa B TOpOJICKOW 4vepTe sBisiercss peka Mapaen (Marden) B 1. Kanbh,
BenukoOputanusi, T/ie ObUIH BBITIONHEHBI paOOTHI 10 BO3BPAIICHUIO W3BMIIMCTOTO PYCIIa, 3aKPEIUICHHIO €T0
KaMHSIMH W TpaBUEM M TIIOCAJIKU JIPEBECHO-KYyCTApPHUKOBOM pPACTUTEIBHOCTH [UIA CO3JaHusA Ooiee
€CTECTBEHHOI'O pyciia M TOWMBI. [IpOeKT 3HAYUTENBHO CHU3WII PUCK TIOATOIUICHUS] YaCTH TOPOJia BO BpeMs
MaBOJKOB U YBEJIMYMJ JOCTYI HACENICHHUS K PEeKe B Tpeiesiax ropoa.
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OCHOBHAS YACTb

B Pecny6muke bemapych KOMIUIEKCHBIH IMOAXOM IO peabWiauTanuyd (BOCCTaHOBJICHHIO) MalbIX
BOJOTOKOB B IpEAEiax HACEICHHBIX IIYHKTOB C IIpUMEpaMH pa3padOTKU U peaju3aludl CHCTEMbI
HMHXEHEPHO-3KOJIOTHYECKUX MEPONPHUATHI 10 BOCCTAHOBJIEHHUIO U C OpraHU3alfeil cucTeMbl MOHUTOPUHIA
COCTOSIHMSI BOCCTAHOBJIEHHOTO BOJOTOKa B IIE€PUON IOCIENYIOLIeH JKCIUTyatanuu ([0 aHaJOoruu ¢
€BPOMNEHCKUMH MPOEKTaMH BOCCTAHOBJIEHHS MaJbIX BOJOTOKOB), JO HACTOSILIEro BpeMEHH He
peanu30BbIBAICS.

Hayunble uccnenoBaHus MO OLIGHKE COCTOSIHUSI M BOCCTAaHOBJIGHHIO MajlblX BOJOTOKOB B ue€pTe
KPYITHBIX HACEJICHHBIX MyHKTOB peciyonuku npoBoaunucsk PYIT « HTHUUKUBP» B Teuenue 2016-2017 rr. B
paMkax I'ocynapCTBEHHON Hay4HO-TEXHHYECKOM mporpaMmbl «lIpupoaonons3oBaHuE U SKOJIOTHYECKUE
puckm», 2016-2020 rr. (nanee — THTII «Ilpuponomnons3oBanue 1 S3KoJ0rHYecKre pucku») [3, c.1].

[lpu BbmmonHeHnn paboT pa3paboTaHa YHUMUIMPOBAHHAS MPOrpaMMa BOCCTAHOBJICHHUS MAIIbIX
BOJOTOKOB B 4YepTe KpPYIHBIX HACENEHHbIX IYyHKTOB (manee — YHUQUUIUpPOBaHHAS IporpaMma
BOCCTAHOBJICHHUSI MAJIbIX BOJIOTOKOB).

IIpu 3TOM K ManblM BOJOTOKAaM OTHECEHBI BOAOTOKU (PYyUbH U PEKH) C HNPOTKCHHOCTBIO INIABHOM
pexu Gacceitna 10 100 kM 1 Bog0CcOOpHOI mIomansio Gacceitna 10 1000 kM, a K KPYIHBIM HACETCHHBIM
ITyHKTaM OTHECEHBI HaceJIeHHbIE ITYHKThI C YHCIEHHOCThIO HacedeHus cBbime 100 ThIC. yenoBex.

B ocHoBy pa3paboTku YHH(DUIIMPOBaHHON MPOrpaMMbl BOCCTAHOBJICHHUSI MAJIBIX BOJOTOKOB 3aJI0)KEH
OacceifHOBBI MOIXOM, MPH KOTOpOM OacceilH Maloro BOJOTOKA paccMaTpUBaeTcs KakK eIUHBIH
BOJHOAKOJOTUYECKUH U BOJOXO3SCTBEHHBII KOMIUIEKC.

YHuduuupoBanHas nporpaMMa BOCCTaHOBJICHHS MaJIbIX BOZOTOKOB COCTOUT U3 ABYX OJIOKOB:

brox 1. KommiekcHas olleHKa YpOBHS aHTPOIIOI'€HHOM Harpy3Ky Ha Majblii BOJOTOK, BKJIIOYAs:

1.1 OneHky rUIPONOTHYECKUX apaMETPOB M YPOBHS MPe0OpPa30BaHuUsl PYCIOBON CETH BOAOTOKA;

1.2 OneHky rHAPOXUMHUYECKUX M THAPOONOIOrHYECKHUX MTApaMETPOB COCTOSHUSI BOJIOTOKA;

1.3 OneHky ypoBHS aHTPOIIOTEHHOM HAarpy3kd, Ha Majble BOJOTOKM HCXOAS U3 YCIOBHUH
BOJIOTIOJIb30BAHUS;

1.4 Omnpenenenre ypoBHS peKpeallioOHHON 3HAYMMOCTH BOJOTOKA JIJIsl HACEJICHHOTO ITyHKTA.

brnok 2. PazpaboTka BOMOXO3SIMCTBEHHBIX MEPONPHUSTHH, HANpaBICHHBIX Ha COXpaHEHHE U
BOCCTAHOBJIEHHE MaJIbIX BOJIOTOKOB B UePTE KPYIHBIX HACETICHHBIX TyHKTOB.

OneHka THIPOJIIOTHUECKUX TIApaMeTpoB M YPOBHs MpeoOpa3oBaHUsl PYCIOBOW CETH BOJIOTOKA
OCYILIECTBIISIIACh MyTEM pacyeTa M OLIEHKH 3HAYMMOCTH CIIEAYIOIIMX TOKa3aTeneil:

- kodpdunmeHTa MUHUMAaIBHOTO JOMYCTHMOTO CTOKa, KaK COOTHOIICHHS MHUHUMAJIbHOTO
CpPEAHEMECSYHOI0 pacxola BOABl K pPacxoay BOABI IPU BHYTPUTOJOBOM PpAaCHpENEICHUH CTOKa 3a
COOTBETCTBYIOIIHH MEepHOJ (3a JIeTHE-OCEHHHUI WIIH 3UMHUH TIEPHO.);

- pacueTa rmoKasares 3aperyJIMPOBaHHOCTH CTOKA B YepPTe HACEIEHHBIX TYHKTOB;

- pacyeTayCcTOWYMBOCTH pyclia MajJoro BOJOTOKA, KAK OTHOLICHHS TPAHCIOPTUPYIOIIEH CIOCOOHOCTH
BOJIOTOKA K CTOKY HAaHOCOB, ITOCTYNAIOIINX B BOJOTOK C BOAOCOOpa.

I'mapoxumuyeckoe COCTOSIHUE Majoro BOAOTOKAa (QOpPMHUpPYETCss B pe3yjbTaTe B3auMOJCHCTBUS
MHOXECTBAa NPHUPOJIHBIX W AaHTPONOTeHHBIX (pakropoB. K npuposHelM mpoueccaM MOXKHO OTHECTH:
THIPOJIOTHYECKHE MIPOIIECCH], BHYTPUBOIOEMHBIE €CTECTBEHHBIE OMOXMMHUYECKHE TIPOIECCHI, TPUTOYHOCTH C
BOJIOCOOpa, €CTECTBEHHBI BBIHOC BEIIECTB B BOAOTOK C TEPPUTOPUH BojgocOopa C ocagkaMu |
MTOBEPXHOCTHBIM CMBIBOM | Ap.JlJI1 MajbIX BOJOTOKOB, PacHOJIOKEHHBIX B YepTe HACENIEHHBIX ITyHKTOB,
ornpenensomuM (pakropoM mpu (GOPMHUPOBAHUM THAPOXMMHUYECKOTO pPEXHMa BOJIOTOKA OyAeT SBISATHCA
AHTPOINOTr€HHAs COCTABJISAIOIIAS.

Boansiii komekc PecnyOnwku bemapycs [4, c¢. 8] mpeaycMaTpuBaeT OIEHKY 3KOJOTHYECKOIO
COCTOSIHMSI TIOBEPXHOCTHBIX BOAHBIX OOBEKTOB (MX YYacTKOB) IO COBOKYMHOCTH THIPOXUMHYECKHX,
IrUIpOOHONIOrMYecKUX U ruapoMopdosioruueckux mnokaszareneid. Ilo ananmu3zy KoMIuleKca JaHHBIX
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noKasaresel onpeaessIeTcsl SKOJIOTHIECKUH CTaTyc BOIHOTO OOBEKTa.

B macrosmee Bpems B peciryOnmke B pamkax HaruoHanbHOW CHCTEMBI MOHHTOPHHTA OKpYKaroIei
cpeast (HCMOC) ©a BOAHBIX O00BEKTaX NPOBOAATCS THAPOOHMOIOTHYECKHE, THAPOIOTHYECKUE,
THIPOXUMHUECKHE M TUAPOMOPQOJOTHYECKHe HAOMIOACHUS, MpPUYEM CeTb TUAPOMOPEOIOTHYECKHX
HaOmroneHU TOMbKO HauuHaeT QopmupoBarbcsi. COOTBETCTBEHHO, B HACTOSIIEE BpeMsl OLEHKa
9KOJIOTHUECKOTO COCTOSIHUSI BOJHBIX OOBEKTOB IMPOBOJMUTCSA MO COBOKYMHOCTH THIPOOMOJIOTMYECKHX U
TUIpOXUMHUYECKUX HaOmoneHuid. Ha manbix BOJOTOKax ceTh I'MAPOOHONOTHYECKUX U TMAPOXUMHUYECKHX
HaOJIONEHU, B OCHOBHOM, OTCyTCTBYyeT. B cBssu ¢ ueMm, B pamkax ['HTII «llpupomomons3oBanue u
skosornyeckue puckmw» PVYII  «UHUUMKHWBP» coBmectHO ¢ T'ocyAapCTBEHHBIM  yupeKIEHHEM
«benruapoMeT» MPOBOAMIICS KOMIUIEKC UCCIEJOBAHAN Ha MAJIbIX BOJAOTOKAX, BKIIOYAIOIINHN, IIPEXKIE BCETO,
MpoBeIeHHE THIPOOHOIOTHYECKIX HAOM0IeHuH (OTpeaesieHne TAKCOHOMUUECKOTO COCTaBa M CTPYKTYPHBIX
XapaKTEPUCTHK COOOIIECTB MaKpo3000eHTOCa B PUTONIEPHU(IUTOHA) U THAPOXUMHICCKUX HAOIIOICHUH.

OueHka ypOBHS AaHTPOINOT€HHOM HArpy3KM Ha Maible BOJOTOKH, HCXOId W3 YCJIOBHUU
BOJIONOJIb30BAHUS, OCYIIECTBISIACH 110 CIEAYIOIUM KPUTEPHUSAM C OTpe/ielIeHHEeM YPOBHS MHTEHCUBHOCTHU
HCIOJIb30BaHMs BOJOTOKA!

- KOJMYECTBEHHBIN M  KAueCTBEHHBIH COCTaB 3arps3HAIOLIMX BEIIECTB M  HUHIPEIUEHTOB,
cOpachIBaeMbIX BOAOIOIB30BaTEIEM B BOJOTOK;

- MaKCHMaJbHasl KPATHOCTb MPEBBIIIEHNS 3HAUEHNN CpeHEN KOHIIEHTPALMH 3arpsI3HAIOIINX BEIIECTB
B CTOYHBIX BOJax, cOpachbiBaeMBIX BOJIOINIOJB30BATEIEM, IO OTHOIICHHIO K 3HAYCHUSM NpPEAeTIbHO
JOIyCTHMOM KOHIIEHTPAIMH COOTBETCTBYIOIIMX 3arps3HSIOIIMX BEIIECTB B BOJE MOBEPXHOCTHBIX BOJHBIX
00BEKTOB;

- pa3MelIeHre BOIOTIONB30BaTENsI B BOJOOXPAHHOW 30HE BOJHOTO OOBEKTA.

B 3aBUCHMMOCTH OT ypOBHS pEKpEalMOHHONW 3HaYMMOCTH BOJOTOKH B YEPTE HACEICHHBIX ITyHKTOB
OBLIN pa3zielicHbl Ha MATh BHJOB:

- PeKpeaoOHHO 3HaYUMBIA BOJOTOK C O0YCTPOSHHBIMH 30HAMU MAaCCOBOTO OT/IbIXa (TUISDKN);

- PeKpearoOHHO 3HAYUMBbIN BOJJOTOK C O0YCTPOCHHBIMH 30HAMH MAacCOBOTO OT/IbIXa (TIAPKOBBIE 30HBI);

- PEKpeanroHHO 3HAYUMBbI He0OyCTPOESHHBINH BOJOTOK;

- PEKPEALMOHHO MAJIO3HAYUMBIH BOJIOTOK;

- PEKpeanoHHO HE3HAYNMBIA BOJIOTOK.

Mertononorust  popmupoBanuss Omoka 2 «Pa3paboTka BOJOXO3SMCTBEHHBIX  MEPOIPHSITHH,
HampaBJIEeHHBIX Ha COXpPaHEHHWE M BOCCTAHOBJIEHHE MAaJIbIX BOJOTOKOB B HYepPTE€ KPYITHBIX HACEIEHHBIX
MYHKTOB» YHU(HUIMPOBAHHON MPOrpaMMbl BOCCTAHOBJICHHS MajibIX BOJOTOKOB OpHUEHTHUPOBAaHA Ha JBa
HaIpaBJICHUS:

1. ®opmupoBaHHe TNPUPONOCOEPETAIONINX MEPONPUATHH, OPHUEHTHUPOBAHHBIX HAa COXPaHEHHE
(HeyXy/llIeHHe) CYIECTBYIOIIEr0 COCTOSIHUS BOJOTOKA.

2.  ®opmupoBaHHE  NPHUPOJOBOCCTAHABIMBAIOUINX  MEPONPHUATUH, OPHUEHTHPOBAHHBIX  Ha
BOCCTaHOBJICHHE BOJOTOKA.

VYpOBeHb peKpealnOHHON 3HAaYMMOCTH BOJIOTOKA JUIsl HACETIEHHOTO ITyHKTA SIBJISIETCS ONPEIEISIFOINM
MIpH PeaTN3aIiy IEPBOTO WIIA BTOPOTO OJIOKA MEPOTPHUSATHIA.

Peanuzanust mpupomocOeperaomx MepOnpusTHHA HalpaBieHa, B OCHOBHOM, Ha COXpaHEHHE
BOJIOTOKA C IOCTENEHHBIM CHIKEHUEM YPOBHS aHTPOIIOTEHHOM HAarpy3KH.

Peanmzamust nmpupOAOBOCCTAHABIMBAIOIINX MEPONPHUATHI  HampaBieHa Ha BOCCTAHOBIICHHE
(peaOminTannio) BOJOTOKA C CO3JAHMEM CHCTEMBI JIAHAIA(THO-PEKPEalMOHHONW TEPPUTOPHUH B UepTe
HACEJICHHOTO ITyHKTa Ha OCHOBE MPHPOIHBIX M 03€JI€HEHHBIX JIAHAMA(PTOB.

Jinst kaxmoro 05oka cOpMUPOBAH TepeueHb THIIOBBIX MEPOIPHATHI, HAIPABICHHBIX HA pEICHHE
9KOJIOTHUECKHX MPOOJIeM B OacceifHe Majloro BOJOTOKa, 0ObEIMHEHHBIX B 4 IPYTIIIHL.

bitok nmpupogocOeperammux MEPOTIPUATHI BKITIOUACT CIICTYIOIIIE TPYITITHI MEPOTIPHSITHIA:

1. IlpuponooxpaHHbie MEPONIPUATHS Ha BogocOope.
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2. [IpuponooxpaHHbIe MEPOIIPUATHUS HA BOJOTOKE.

3. Orpa"ugnTeILHBIC MEPOTIPUATHS Ha BOJOCOOpE.

4. OrpaHn4MTENbHBIE MEPOIIPUSTHS HA BOJOTOKE.

Bbiox nprupoaoBOCCTaHABIMBAIOIINAX MEPOIIPUATHI BKITIOYAET CIEAYIOINE TPYIIBI MEPOIIPUATHIA:

1. BoccTanoBHUTENbHBIE MEPONIPUATHS Ha BogocOope.

2. BoccranoBuTEIbHbBIE MEPOIIPUATHS HA BOJOTOKE.

3. 3ammTHBIE MEPOIIPUATHS Ha BOIOCOOpE.

4. 3amuTHBIE MEPOTIPUATHS Ha BOJIOTOKE.

Kaxnas rpynma cogepKUT COCTaB THIIOBBIX MEPONPUATHH (MHCTUTYLHOHAJIbHBIX, HWH)XEHEPHO-
TEXHUYECKUX, COLUANBHBIX, SKOHOMHUUECKUX M JIp.), OPHEHTHUPOBAHHBIX HA COXPaHEHHE /MM TO3TAITHOEe
BOCCTAHOBJIEHHE MaJIOTO BOAOTOKA.

C ygerom pa3paboTaHHON YHUDHUIMPOBAHHON MPOTPaMMBI BOCCTAHOBIIEHHUS MaJbIX BOJOTOKOB PYII
«IHUUKUBP» onpeneneHbITpH MalbIX BOAOTOKA B 4YEpPTE€ KPYHHBIX HACEJIEHHBIX ITYHKTOB CTpaHbl,
UCTIBITHIBAIOIIMX HAaHOOJBIIYI0 AaHTPOIIOTEHHYIO HAarpy3Ky IO KOMILIEKCY MOKa3arenel (BOAOIOJIb30BaHME,
W3MEHEHHUE YCIIOBUI M pekrMMa CTOKa M yXYALIEHHE KayecTBa BOABI MO JJIMHE BOAOTOKA), AJS KOTOPBIX
pa3paboTaHbl IPOrPaMMBbI IO X BOCCTaHOBIICHHIO.

Pyueii Jle6ps B uepte r. Moruiesa onpezeneH OAHAM U3 TIEPBIX IS peaTn3aiiid MEPOTIPUATHHA 10
ero BoccTaHoBJIeHHUI0. Pyueit JleOpsi eTMKOM MPOTEKaeT MO0 TEPPUTOPUH T. MOrHieBa U SBISIETCS MPaBbIM
OpUTOKOM p. JIHemnp, Bnagasi B HEro B LIEHTPAJIbHOM YacTH ropoja ¢ IIuHOU 3,44 kM.

Pyueil nucnonb3yercs IpeMMyIECTBEHHO sl cOpOca MOBEPXHOCTHBIX CTOYHBIX BOJ C TEPPUTOPHH T.
MorwuneBa yepe3 CeTH TOPOJCKOW AOXKIeBOW KaHanmm3auuu. Ha OanaHce opraHu3anuu, 0OCITy>KHUBAroIeH
CeTU JOXKICBOM KaHaNW3aluu, HAXOAUTCS 9 BBITYCKOB MOBEPXHOCTHBIX CTOYHBIX BOJ B pyued. Ha Bcex
BBIIYCKaX OTCYTCTBYIOT OUHCTHBIE COOPYKEHHS NMOBEPXHOCTHBIX CTOYHBIX BOJ, HAa OOJBIIMHCTBE W3 HUX
PEryJsIpHBIA KOHTPOJIb KauecTBa COPachIBaEMBbIX CTOYHBIX BOJ HE OCYIIECTBIISETCS.

Ha pyube /[leOpsi, kak Ha OonbIIel YacTH MajbIX BOJOTOKOB B YEpPTE€ HACEJCHHBIX ITYHKTOB,
OTCYTCTBYET CTallMOHapHas CeTh HAOMIOJACHUI B paMkax HanuoHampbHOW CHCTEMBI MOHHUTOPHHTA
OKpy’Karoleil cpebl, BKJIIOYAONasi KOMIUIEKC THAPOOHOTOTHUECKUX, THAPOIOTHIECKUX, THAPOXUMUIECKUX
U TUAPOMOPGOJIOTHYECKHX HAONIOACHUI, 4YTO HE TIO3BOJSET CBOEBPEMEHHO OIEHHBATh JIWHAMUKY
M3MEHEHUS 3KOJIOTHYECKOr0 COCTOSHUS BOJOTOKA.

C yuyeTroMm aHanM3a WCTOYHUKOB BO3JeHcTBUS, pyuer [leOpst pa3meneH Ha TPH y4acTKa, Ha KOTOPBIX
MIpOBEJICH KOMILIEKC THJIPOONOTIOTHYECKHX, THIPOJIOTHYECKHUX, THIPOXUMHYECKUX u
rugpomopdosiornuecknx uccienosanuil. B coorserctBun ¢ TKII 17.13-21-2015 «Oxpana oxpyskatomeit
CpeAbl W TPUPOIONONIBE30BaHNE. AHATUTHYECKUH (1Ta0OpaTOPHBIH) KOHTPOIb M MOHHUTOPHUHT. Ilopsmok
OTHECEHUS] TOBEPXHOCTHBIX BOJHBIX OOBEKTOB (MX dYacTeil) K KiaccaM OKOJOTHYECKOTO COCTOSHHUS
(craTyca)» SKOJIOTMYECKOE COCTOSIHHE (CTaTyC) KiIacCU(PUUUPYETCS Kak: «OTIMYHOE», «XOpOLIee»,
«YIOBJIETBOPHUTEIHHOEY, «IIJIOX0E», «OUEHb Ioxoe» [5, c. 2]. Pe3ynbTaThl nccnenoBaHUi MOKa3ald, YTO
BCE TPHU ydacTKa pyubsi JleOpsi HaxoasTca B HAUXYJIIEM M3 ISITH BO3MOXKHBIX 3KOJOIMYECKHX CTaTyCOB —
«OYeHB TUIOX0W» [6, ¢. 25].

Pyueit lpyuanka B depte r. HoBomosoka ObUT OmpesesiecH BTOPHIM BOJOTOKOM ISl peaau3alun
MEpOIPHUATUH IO BOCCTAHOBIIEHUIO. Pyuell LETMKOM MpPOTEKaeT MO TEPPUTOPUHU MPOMBIIIJIEHHON 30HBI
r. HoBomononka u sBnsieTcss NEBBIM MPHUTOKOM peku 3amanHas J[BuHa c mmHOM 3,95 kM. B Bepxunem
TEYEHUH BOJOTOK KaHaiu30BaH. CTBOPHI TMAPOOHONIOTHYECKUX, THIPOJIOTHUYECKUX, THIPOXUMHUECKUX U
rugpomopdosnornueckux Habmoaennii HCMOC na pyuse [[pydaHka TakKe OTCYTCTBYIOT.

Bogomons3oBanue B Oacceline pydubsa JlpydaHKa OCYIIECTBISIIOT TPH KPYMHBIX MPEANPUSATHS TOPO/Ia,
OTHOCSIINECS K HeTEXUMHUUECKON U TeITIOPHEPTEeTHYECKON MPOMBILIUIEHHOCTH, KOTOPbIE CyMMAapHO UMEIOT
9 BBIITYCKOB, KaK MPOWU3BOJCTBEHHBIX, TaK W MIOBEPXHOCTHBIX CTOYHBIX BOJI C TEPPUTOPHI MPOMILIOMIAA0K B
pyuei.
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C yueToM aHanM3a MCTOYHUKOB BO3JIEHCTBHS, pydeil JlpyuaHka pasfesneH Ha TpU ydacTKa, Ha
KOTOPBIX TPOBENEH KOMIUIEKC THAPOOHMONOTUYECKHUX, THAPOJIOTUYECKUX, THAPOXUMHYECKAX U
THIPOMOP(OIIOTHUECKUX HCCIeAOBaHUN. Pe3ynbraTel HccienoBaHuii mo3Bonwin auddepeHnuposats
9KOJIOTHUECKOE COCTOSHHE BOJOTOKA CIIEAYIOIIMM 00pa3oM: B BEPXHEM TEUYEHHH M B pailoHE BBHIIYCKOB
CTOYHBIX BOJ C TEPPUTOPUN NPOMIPEANPUATHNA HKOJIOTMUYECKUH CTATYC — «OYEHb IUIOXON», B HIKHEM
TeueHUH (YCThe) — «yIOBJICTBOPUTEIBHEIIN [6, C. 25].

Pexa Via B uepte 1. MoJioiedHo orpejiesieHa TPETbUM BOJIOTOKOM JIJI peaiu3allid MEPOIPUATUM 110
BOCCTAHOBJICHHIO.

Kommnekc uccnenoBanuii mo p. Yma B mpenenax r. MosoaeyHo BKIOYal TakKe M JIEBBIM MPUTOK
Yum — pexky Monoaedanka JIuHOH 5,3 KM, BOI0COOp KOTOPO# METUKOM HaXOIUTCS B TIPEIENIax ropoa.

Pexa Yma sBnsgercs OOHMM M3 HEMHOTHX MAaJbIX BOJOTOKOB, HA KOTOPOM B (DYHKIHOHHPYET
CTalMoHapHass ceTh HaOmomeHmid B pamkax HCMOC: THAPOXHMHYECKHE M THAPOOMOJOTHICCKUE
HaOmoIeHNsT Ha BYX cTBopax: T. Momomeuyno (0,3 kM ceBepHee ropona) u r. Mononeuno (0,7 kM Hibke
ropoja).

Bopomone3oBanne B OacceifHe p. Ymia B mpenmenax TOpoAa OCYIIECTBISIOT 9 Tpennmpusarui,
OCYIIECTBJISIONIMX KaK J00BbIYYy IOJ3EMHBIX BOJ, TaK M COPOC CTOYHBIX BOJ B BOAOTOK. HamGosbimee
BO3JIEMICTBHE HAa KadecTBO p. YIIa OKAa3blBAIOT [Ba MPEANPHITHA: TPEANPUATHE BOIOIPOBOIHO-
KaHAJTN3aI[MOHHOTO XO3SHCTBa (OCYIIECTBISIET TPAHCHOPTHPOBKY, OYHCTKY TPOM3BOJICTBEHHBIX U
XO3HCTBEHHO-OBITOBBIX CTOYHBIX BOA T. MosofeuHo U uxX cOpoc B p. YIIa MOCpeACcTBOM 1-TO BBHITyCKa) U
MIpennpusiTHe, 00CITYKHUBAIOIee CeTH MOKIAEBOW KaHANMH3aud (OCYIIECTBISIET cOOp, TPAHCIIOPTHPOBKY U
OYHCTKY IOBEPXHOCTHBIX CTOYHBIX BOJ C TEPPUTOPHH T. MOJNOAEYHO, C MOCIEIYIONMM UX cOpOocOM B
p- Yma u p. Monoaeuanka). COpoc MOBEPXHOCTHBIX CTOYHBIX BOJ C TeppuUTOpuH T. MosonedHo B p. Yiia
OCYIIECTBIISIETCA TIOCPEICTBOM 7-W BBIYCKOB CTOYHBIX BOJI, OYHCTHBIE COOPYXEHHS Ha KOTOPBIX
OTCYTCTBYIOT.

Jis ompeneneHus 3KOJIOTHYECKOTO cTaTyca p. Yima B mpeaenax T. MOJNOAEYHOIOTOIHHTEIHHO
MMPOBEACH KOMIUICKC TMAPOJIOTMYCCKUX, I‘I/II[I)O6I/IOJ'IOFPI‘IGCKHX, FI/IIlpOMOp(i)OJ'IOFI/I‘IeCKI/IX I/ICCJ'IeI[OBaHI/Iﬁ Ha
BOJIOTOKE. OKOJIOTMYECKUHA CcTaTyc p. Yma B mOpeaernax T. MoJjoaedyHo oOmpeneneH  Kak
«YZOBIIETBOPUTENBHBIN» [6, C. 25].

BBIBO/IbI

[o pe3ynpTaTam MpOBENEHHBIX MCCIEAOBAHUN M UCXOAS M3 KOHKPETHBIX Mpeodiafaomux GakTopoB
BO3/ICMICTBHS Ha BOJOTOK B Ipe/eiax HAceNeHHOIo MyHKTa, JUIs KaXKJOTOo M3 TPeX BOJOTOKOB pa3paboTaH
KOMIUIEKC BOJIOXO3SIICTBEHHBIX MEpOTPHUATHI, HANpaBIEHHBIX Ha COXpPaHEHHE W BOCCTAHOBIICHHE
BOJIOTOKOB.

Meponpusarus BMecTe ¢ IeNEBBIMUA TTOKa3aTeIsIMU TI0 WX BBITOJHEHHUIO BOILIM B COCTAaB MPOrpaMM
BOCCTAHOBJICHHA BOIOTOKOB, YTBCPXKACHHBIX MECTHBIMU HWCIHOJIHUTCIBHBIMU MW PaCHOPAAUTCIIBHBIMU
OpraHaMu Ha TPEXJETHUH nepuon. Peanuzanus MeponpUsITHI, yKa3aHHBIX B IPOrpaMMax BOCCTAHOBIJICHMS,
HarpaBlieHa Ha yJIy4YlleHHe B AajbHEHIIEM 3KOJIOTUYEeCKOro craryca pyubs eOps B npeaenax r. Morunesa,
pyuss Jpy4anka B mpeaenax r. HoBomosnonka, pexu Yiia B rpenenax r. MonoaedHo.

Y TBEpKIAEHHbIE TPOTPaMMBI BOCCTAHOBJIEHHS MajblX BOJOTOKOB B HACTOSILEE BpPEMS AKTHUBHO
peann3yIoTCsi OCHOBHBIMHU BOJIOTIONIB30BATEISIMH, OCYIIECTBIISIOMINMU CBOIO XO3SHICTBEHHYIO EATEIHHOCTD
B IIpeJieTax BOJOCOOPOB HCCIIETyEMBIX BOJIOTOKOB.
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Water management

WATER REGULATION FOR SMALL RIVER BASINS WITHIN THE LARGE
SETTLEMENT AREAS AND DEVELOPMENT OF THE PROGRAM FOR THEIR
RESTORATION

S. Dubenok, P. Zakharko

RUE "Central Research
Institute of Integrated Water Resources "
Minsk, Republic of Belarus

Annotation. An assessment was made of the ecological state of small watercourses within the
boundaries of large settlements of the Republic of Belarus. A unified program for the rehabilitation of small
watercourses within the boundaries of large settlements and on its basis three territorial programs for the
rehabilitation of small watercourses has been developed.

Keywords: small river, anthropogenic load, ecological status, restoration program.
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Environmental protection

ECOLOGICAL AND LANDSCAPE INDICATORS OF SUSTAINABLE
DEVELOPMENT

N. Elizbarashvili, G. Meladze, R. Elizbarashvili

I. Javakhishvili Thilisi State University
Thilisi, Georgia

Annotation. The indicators of sustainable development are the indices used to evaluate and show the
levels and trends of national, regional and global development. The analysis of such indicators is used to
forecast the peculiarities of political, economic, social and ecological development of the geographical
environment.

Presently, the Ecological indicators of sustainable development are considered to be: Level of
degradation of land, water, atmospheric air, plants and animals, eco-systems and landscapes; Scales of using
the natural resources; Scales of ecological policy and ecology-oriented territorial planning and realization;
Outcomes of realization of the national environmental legislation and international conventions; Indicators of
the science and education involvement in the study of the environmental problems and realization of the
study outcomes; Level of the population’s environmental consciousness and awareness; Level of landscapes

services and governance.

The main focus of the environmental education is the study of the historical-geographical
peculiarities of the relationship between the society and the nature, demonstration of the existing situation
and identification of opportunities. The large scales and diversified nature of the environmental problems
necessitates its geographical differentiation. In this respect, it is most appropriate to consider the
environmental problems at three levels: Global: the major accent is made both, on the planetary peculiarities
and universal significance to solve the environmental problems; Regional: the major accent is made on the
kinds of environmental problems, which are possible to solve by a single state or joint efforts of several
states; Local: the major accent is made on the kinds of environmental problems, which occur within the
limits of individual landscapes or geographical objects and which can be solved by the efforts of the local
population or administration.

The best indicator of sustainable development and public activity is the establishment of a cultural
landscape, its management and service. A cultural landscape is a visible outcome of a long (historical)
relation between the man and the nature and is a part of cultural heritage. It clearly shows the ecological,
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economic and social culture and identity of the local population. It is associated both, with the historical
process and traditional economic and public activities.

A cultural landscape may be: established on purpose (by an architect or gardener), folk (created as a
result of the daily activities of a family or rural dwellers), historical (depicting some historical event or
activity), ethnographic (presenting a site incorporating a number of natural and cultural elements of the
historical heritage). It may also be a town or its district, individual historical monument, ensembles,
historical accommodation, engineering communications, archeological monuments, islands, channels,
historical-geographical provinces, monuments of nature or associated cultural objects, etc. Under the World
Heritage Convention, cultural landscapes represent the “combined works of nature and of man”, and with its
status, a cultural landscape must support the conservation of not only the monuments of the material and
spiritual culture, but also of biodiversity.

The development of the landscape management strategy is considered a success if: 1. It improves
material well-being of the local population; 2. Ensures maximum and purposeful engagement of the
population in the landscape services; 3. Increases the investment attractiveness; 4. Reduces the scales of
impact on the natural environment; 5. Supports decentralized decision-making; 6. Considers the ethno-
cultural peculiarities of the local population, and 7. Maintains the opportunities (mechanisms) for
considering and changing the different trends of strategy on time and efficiently.

Keywords: sustainable development, mountainous areas, ecology, indicator.

OxpaHa oKpY:KaloIed cpeabl

SKOJIOTNYECKHNN U JIAHJIIIA®THBIE UHINKATOPHI
YCTOMYUBOI'O PA3SBUTHUS

H. Dum3bapamsuniam, I'. Meaaaze, P. diuzbapamsBuin

Ténnmcckui rocyzapcTBeHHBIH yHHBEPCHTET HM. H. /DxaBaxmimBrrg

Tomrucm, Ipysmna
Annomayus. B ctaThe pacCMaTpUBAIOTCS WHAUKATOPHI YCTOWYMBOTO PA3BUTHUS IS OIICHKU YPOBHS U
TEH/ICHIIMH HAIHOHAILHOTO W MI00ANBHOTO pa3BUTHs. PaccMaTpuBaroTcsi mpoOieMbl OXpaHbl OKPYKaroIieH
cpesbl Ha TPEX YPOBHSX: TNIOOATBHBIX, PETHOHATIBHBIX U MECTHBIX. [0Ka3aHO, YTO JyUYIIUM HHIHKATOPOM
YCTOWYHMBOTO Pa3BUTHSA M OOIIECTBEHHOW JEATEIBHOCTH SIBIISICTCS YUPEXKACHUE KYJIBTYPHOTO JaHamadra,
€ro yIpaBlieHuE u 00CITyKHBaHHE.
Knrouessle cnosa: ycToiunBoe pa3BUTHE, TOPHBIC TEPPUTOPHUH, IKOJIOTHS, HHIUKATOPBI.
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BoaHoe xo03s1iicTBO

K BOITPOCY METOJOJIOI'NN UCCJIIEAOBAHUSA COLMAJIBHO-
IKOHOMMUYECKUX CUCTEM

Bapranos M.B., KeuxomBuiau 3.M., Joprkunanunaze ®.H.
Hnemumym eoonozo xoszsaicmea um. L. Mupyxynasa
I'pysuncrozo mexnuueckoeo ynugepcumema
np. U.Yasuasaose 60° 0179, Tounucu, I} py3us
E-mail: v.martin.hm@gmail.com

Annomayusn. B cratbe MaHO OMpENCICHUE COIMATBHO-DKOHOMHYECKOW CHCTEMBI, PACKphITa CYyTh
METOJIOJIOTUA  CHUCTEMHOIO  HCCIIEIOBAHUS  COLMAJIbHO-DKOHOMHUYECKHUX IIPOLIECCOB, PACCMOTPEHBI
COCTaBJISIONIME YacTH (MOJCUCTEMbI) U OCHOBHBIE OTpacieBbleé OCOOCHHOCTH COIHMAIbHO-IKOHOMHUYECKHX
CHUCTEM CEJIbCKOXO35MCTBEHHBIX oOpranu3auuii. [IpruBeneHsl LEenM M 33Ja4d COLMAIBHO-3KOHOMHUYECKHUX
CHUCTEM CEJIbCKOXO3MCTBEHHOI'O HAIIPAaBJICHUS B PIHOYHBIX YCIOBUSAX, HAMEUEHBI IyTU UX pealn3aluu.

Knrouegvie cnosa: coyuanbho-sKkOHOMUYECKAsl cUCmemda, Memoooiocust CUCTNEMHO20 UCCIe008AaHS,
cenbeKoe X035UCMB0, pacupeHHoe 80CHPOU3B00CHBO

BBEJEHUE

Obecrieuenne HaydHOU 0a3bl peOpPMUPOBAHUS COBPEMEHHOTO CEIhCKOTO XO03sicTBa [ pys3uwm,
NpUOJIMKEHUE €ro CTPYKTYpbl W OpraHu3alid K TpeOOBaHWsIM PBHIHOYHOM OSKOHOMHKH HaubOoee
3} }eKTHBHO BO3MOXHO peaqn30BaTh Ha 0a3e METONOJOTMH CHCTEMHOTO MCCIIEAOBAHUS COLMAIBHO-
KOHOMHYECKHX MPOIECCOB.

[lpu cucTeMHOM TMOIXO/AE TOAJEPKUBACTCS IEIOCTHOCTh B HM3YYCHHUM OOBEKTa, aHajW3e ero
CTPYKTYpBI, B3aUMOCBsI3ed M B3aMMOACHCTBUI DJIEMEHTOB, pAacCMaTpUBAETCS XapakTep HW3MEHEHUI,
MPOUCXO/AIINX B CUCTEME I0JI BIMSHHEM MOJM(UKAINK €€ OTICIbHBIX 3BEHbEB M BHEUIHUX YCIIOBHH,
OTIPEIEIISIOTCSI OCHOBHBIE YCIIOBHS Hauboliee ONaronpusiTHOrO pexuMa (PYHKIIMOHMPOBAHHSI CHCTEMBI
M Ha OTOH OCHOBE pa3padaThIBAIOTCS BapUaHTHl IIEPEBOJA CHCTEMBl B PpAlMOHAIBHBIA PEXUM
¢ynkunonupoBanusi. CUCTEMHBIH  TOAXOJ  TO3BOJSET  MPEICKa3aTh  Pa3BUTHE  HCCIEAYEMOTO
HKOHOMHYECKOT0 OOBEKTa NMPHU HW3MEHEHHH BHEIIHEH CPeibl MIIM YacTH CAMOW CHCTEMBI.

OCHOBHAA YACTD

CylecTByeT HECKOJIBKO OCHOBHBIX IIOJXOAOB K OINpPEAEICHUIO IOHATUA «cHcTeMay. B ogHuX
Clydasgx €€ pacCMaTpUBAIOT KaKk OOBEKTHBHO CYMISCTBYIOIIUH KOMIUIEKC TIPOIIECCOB W SIBICHUH U
B3aMMOCBSI3€H MEXAY HHMH, B JPYTMX — Kak HMHCTPYMEHT, CIOCO0 PAacCMOTPEHHSI HCCIETyEeMBIX
mpoueccoB M ABiaeHW. OHAaKO, BO BCEX CIy4asx I0J TEPMHUHOM «CHUCTEMa» ITOHMMAaeTCsl LEJOoE,
COCTOSIIIEE W3 B3aWMOCBS3aHHBIX, B3aMMOJEWUCTBYIOIINX, B3aMMO3aBHUCHMBIX YacTel (SJIEMEHTOB).
CBs3M MeXIy OSJIEMEHTAMH MOTYT OBITh JKECTKHUMH (B TEXHHUKE) W THOKMMH, MEHSIOIIMMHCS B
npoiiecce PyHKIMOHMPOBAHUS CHCTEMBI (B COIMAILHO-IKOHOMHUUYESCKHX crcTeMax) [3].

Cucrema o00s3aTebHO HWMeEET Ledb (PYHKIMOHMPOBAaHHWs, T. €. OHA NpEACTaBiIseT CcoOOH
COBOKYITHOCTB B3aUMOCBSI3aHHBIX 1 B3aHMOJICHCTBYIOIIMX IEMEHTOB JUISl PEILIEHHS ONPEECIICHHON 3aJauH.

Cucrema 0CHOBaHa Ha COBOKYITHOCTH CJIEAYIOIIUX MPUHITUTIOB:

— IIETIOCTHOCTb — BO3HMKHOBEHHE HOBOTO KadecTBa B OTIMYHME OT CYMMBI COCTaBJISIOLINX
3JIEMEHTOB,
— HEepapXUyHOCTh — KakJas U3 IOJICUCTEM MOXET pacCMaTpUBaThCi KaK CHCTEMa,
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— CTPYKTYPHOCTb — MEXIY MOACUCTEMaMH CYIIECTBYIOT OIPEIEICHHbBIC CBA3H.
CounanbHO-3KOHOMUYECKHUE CHCTEMBbl — IIHUPOKOE IIOHSTHE, CBA3aHHOE C KHU3HEIESTEIbHOCTHIO
obmecTBa, OHO (QYHKIMOHUpPYET B Takux (opMmax, KaK CEeMbs, COLHUAJIbHbIE THUIBI, OpPTraHU3aLUs
(mpenmpusTHE), TOPOACKOE U CENbCKOE COLUUAIBHO-TEPPUTOPUANIbHBIE 00pa30BaHUs, HAIMOHAJIbHOE
XO34HCTBO, ero orpaciu. ConnanibHO-?KOHOMUYECKUMH CHUCTEMaMH SBJIFOTCS M aAMHHHUCTPATUBHO-
TeppUTOpHalIbHBIE 00pa3oBaHus (pecimyOiInKa, pernoH, MyHHIIUIATIUTET, TOPOJ, paiioH, MOCENOK, CEeo).
K 4ncity 0OCHOBHBIX COCTaBIISIOIINX CUCTEMHOIO IIOAX0AA OTHOCSTCSL:

— y4YeT BAXKHEHIIMX COCTAaBHBIX YacTeW HCCIEAYEMOTro IIpolecca, B3AUMOCBSI3CH ONpeAeIIIOnX
¢bakTOpoB, YTO MpeAmnonaraeT pa3pabOTKy CHCTEMBbl B3aUMOCBSI3aHHBIX MOJIEJIEH, TO3BOJISIOIINX
UCCIIEIOBATh CHUCTEMY B LIEJIOM;

— HCCIEeIOBAHUE Pa3BUTHS CUCTEMbI B JUHAMHUKE;

— HCCIeI0BaHUE OT OOIIEro K YaCTHOMY.

CucTeMHBIN OAXO BKIIIOYAET B C€OS CIIEAYIOIIUE TAIlbL:

— IIOCTaHOBKA 3a/1a4H;

— ONpeleNeHre CYIIECTBEHHBIX B3aMMOCBS3EH CHCTEMBI, OTOOp (DaKTOpOB (KaueCTBEHHBIN aHATN3);

— u3MepeHue BIUSHHMA (DAKTOPOB HA pE3yJbTaThl (KOJNWYECTBEHHBIM aHaIN3); NpEABAPHUTEIIbHBIC
CYXIEHHs O B3aHMMOCBS3M (aKTOPOB U PE3YJIBTATOB IIPOM3BOJACTBA (KAUECTBEHHBIN aHAIN3);

— peanu3anys peleHus Mo pe3ysibTaTaM aHalnu3a.

CounanbHO-9KOHOMUYECKHE  CHUCTEMBI  XapaKTepU3yIOTCS  KOMIUIEKCOM B3aMMOCBSI3aHHBIX

MPU3HAKOB, HAJIWYUEM HEOJHOPOIAHBIX 3JIEMEHTOB, MEXKIYy KOTOPBIMH CYILIECTBYIOT OMNPEICICHHbIC
B3aMMOCBSI3H.

ColManbHO-9)KOHOMHUYECKass  CHUCTEMa  COCTOMT M3  (DYHKIIMOHAJIBHBIX  (TEXHOJIOTMYECKas,
colpanbHast, IKOJIOTUYECKas) M OPTraHU3AI[MOHHO - YKOHOMHUYECKHX (PIKOHOMUYECKHNA MEeXaHU3M, (POopMbI
COOCTBEHHOCTH, XO3SICTBOBAHUS M YIpaBlieHUs) moxacucteM [1, 2].

Texnonornueckas MOJICUCTEMA  TIPEACTaBIsAeT CcOoOO0M COBOKYIHOCTb PECYPCHOTO
MOTEHIIHANA, TEXHOJOTHH U (OpPM OpraHM3aIy MPOU3BOJCTBA (OKa3aHWE YCIIYTH, MPOBeNeHUEe paboThI),
o0ecrneunBaroMXx Mpeodpa3oBaHUe PECYPCOB B OIPEICICHHBIN pe3yabTaT (MPOAYKIHUs, padoTa, YCIyTH).
ConmepkaHne O3TOHW  TOJCHUCTEMBI  OMpEAENSAETCS  CYHNIHOCTBhIO, (YHKIIMOHAIBHBIM  Ha3HauYe€HUEM
KOHKPETHOM CHUCTEMBI, YaCThIO KOTOPOW OHA SIBJISIETCS.

CommanpHasi TOJCUCTEMA BKIIIOYAET B CeOs AJIEMEHTHl  COIMAbHO-TEPPUTOPHUATBHON OOIIHOCTH
HacelneHus: (TOPOJICKOTO, CEIbCKOT0): CEMbsl, COIMAbHBIE THIIBI, COLMaNbHas WH(QpacTpyKTypa U
KaJipbl, oOecleunBamIIie e¢ (QYHKIUOHHpPOBaHHE. [IPUMEHHUTENBHO K OIPEICIICHHOW OpPraHU3alud —
colanbHas IOJCHUCTEMA IIPECTaBIsieT cO00 KOJUIEKTHB OpraHHW3alliH, CONUAIBHYI0 WHQPACTPYKTYpPY
Y COOTBETCTBYIOIIEE KaJpOBOE OOCCIICUCHHE.

Ecinm B TEXHOJIOTMYECKOW, SKOJIOTHMYECKOM TOJCUCTEMAaX YEJIOBEK SIBIISIETCS JJIEMEHTOM
MMPOM3BOJACTBEHHOTO TMOTeHNUana (paOOTHUK ONpeAeNieHHOW Tnpodeccndn W KBamUpUKAIUH), TO B
COLMaTbHOU MOJICUCTEME —  COIMaJIbHOM JIMYHOCTBIO, C ONPEACIICHHBIMU 4YEepTaMU XapakTepa,
COLIMAIBHBIMU  TMOTPEOHOCTSMU, YTO  ONpPEIENseT HEOOXOMUMOCTh  CO3JaHHS MOTHBAIMOHHOTO
MEXaHU3Ma, COIIMAJIbHBIX YCJIOBUH TpyJa.

OKOJIOTHYECKasT TOJCHCTEMa BKIIOYaeT B CeOsl COBOKYIMHOCTH JJIEMEHTOB 3E€MEIbHO-TIPUPOTIHOTO
MOTEHIMAla W PECypCcoB  IPUPOAOOXPAHHOM W  IPUPOAO-BOCCTAHOBUTEIBHOM  NEATEIBHOCTH,
00eCIeunBarONMX COXPAaHCHHE W Pa3BUTHE NPUPOJHON Cpelibl, MPOM3BOJACTBO JKOJOTHUECKUA YHUCTON
NPOAYKIHH.

OKOHOMHYECKAs TOACHCTEMAa IPEACTABIIACT COO0M COBOKYIMHOCTh SKOHOMHYECKHX OTHOIICHUN U
COOTBETCTBYIOIIYIO UM CHUCTEMY DJJEMEHTOB 3KOHOMHUYECKOIO MeXaHU3Ma XO035IMCTBOBAHUS,
HaIpaBJIEHHOTO Ha OO0ECIeYeHHe ONTHMAJIBHOIO (DYHKIIMOHUPOBAHUS W Pa3BUTUS TEXHOJIOTHUYECKOM,
COLIMAJIbHOM M  9KOJOIMYECKOM mojicHcTeM (PKOHOMHMYSCKHH  MEXaHU3M JOJ/DKEH 00ecHeunBaTh
BOCIPOM3BOJICTBO BHEOOOPOTHBIX M OOOPOTHBIX aKTUBOB OPTraHM3AIUU, TPYIOBBIX DPECYpCOB, HX
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TaK KaK 3TO SIBIISIETCS €T0 CIyKeOHbIM Ha3HAYCHHUEM ).

OpraHu3aIMoHHO-yIPaBICHYCCKass  IMOJACUCTEMA - 3TO
OPraHU3aIUOHHOTO OTpEACISAONMX  QOPMBI
COIIMAJIbHOM, SKOJIOTMYECKON U HKOHOMUYECKOW TMOJCUCTEM. BblJieleHne KOHKPETHOW OpraHHu3alMOHHON
(dbopMbI  ympaBieHHus ompeaensercs (AKTUYECKHM COCTOSHHEM U IMOTPEOHOCTSAMHM — ONTUMAIBHOTO
(YHKIIMOHUPOBAHUS  (YHKIIMOHANBHBIX IOJCHUCTEM, BO3MOXXHOCTBIO YITPABIIEHHUS MMPOMU3BOICTBOM (TalOI.
1).

COBOKYITHOCTb 3JICMCHTOB

MEXaHuU3Ma, q)yHKHI/IOHI/IpOBaHI/Iﬂ TCXHOJ’IOI‘I/I‘IGCKOﬁ,

Taoauna 1
CoaepsxaHue cOUATbHO-BOCIPON3BOICTBEHHOI CHCTEMbI
«CenbCKOX0351liCTBEHHAS] OPTAHU3 AU
IHoacucremnl
OpranuzaumoHHO-
TexHnonornueckast CoummanabHas JKojornyeckas JKOHOMHYeCKas
ynpaBJeH4YCKas
Hanuuue u Konnexrus 3eMenbHo- duHaHCUPOBaHUE, DopMbI
HCIIOJIE30BAHNE OopraHuzanuu, IIPUPOJHBINA U KpEIUTOBAHMUE, yIpaBJIeHUS,
pecypcoB  (3emis, coluayibHast MIPUPOIO- IIeHo00pa3oBaHue, JIeSITeNTBHOCTD
BHEOOOPOTHEIE uHdpacTpykTypa OXpaHHBIN HaJIOT000JI0XKEHHUE, MapKeTUHTOBast
AKTHBBI, TPYAOBbLIC ()KI/IJ'II/IIIIHO IIOTCHIHAJIbI CTpaxoBaHUE, HWHBCCTUIIMOHHA,
pecypcsl, OBITOBBIC YCIOBUS, (xagpel, pe- pacupeneneHue HH(POPMALUOHHAS
MPOU3BOJICTBO MEIUINHCKOE CYpCBI) JIOXOJI0B
MIPOYKIUH, o0ciryXHuBaHME,
3aTpaThl) KyJIBTYpa, OTABIX
1 CTIOPT)
B COBOKYNHOCTHM 3KOHOMHYECKas u OpraHu3allMOHHO-YIIpaBICHYECKAs IOJICUCTEMBI
OIPELENAT COIEpKaHUE OpPraHU3alMOHHO-3KOHOMUYECKOI O MEXaHU3Ma, obecrednBaromero

(YHKIIMOHUPOBAaHWE W Pa3BUTHE TEXHOJIOTHYECKOW, CONHMAIbHOH M OKOJOTUYECKOW IOJICUCTEM,

KOTOPBIE SIBIISIOTCS (OKUBBIMID»:
®  TEXHOJIOTHYECKAs — CEIbCKOXO3SCTBEHHbBIE PACTEHHS H )KUBOTHEIE;
® COIMaJbHAs — YEJOBEK C €ro (hM3HOJOTMYECKHUMH, HMHTEIUICKTYaJbHBIMHU U COLMATBHBIMU
MOTPEOHOCTSIMU;
® HKOJIOTHYECKas — I0YBa U NPUPOJIHAS CpeJia.
OTH 0COOCHHOCTH ONPENEISIIOT OTPACIIEBbIE OCOOCHHOCTH CEIbCKOTO XO3SIHCTBA.
1. Pe3ynpraThl TPOM3BOACTBEHHOM MAEATEIHHOCTH BO MHOTOM

HE00XOIUMOCTh

3aBUCAT OT IOI'OAHBIX, IIPHUPOAHO-

KIIMMaTHYECKUX YCJIOBUH, YTO OIpeaenser HMETh OombIni o0BeM
CEJIbCKOXO3SIMCTBEHHOW TEXHUKH M TPYIOBBIX PECYPCOB Ul TIPOBEACHHSA PadOT B arpOTEXHHYECKHUE
CPOKH.

2. Cenbckoe XO3SMUCTBO XapaKTEpU3YeTCsl CE30HHOCTHIO TPOW3BOJICTBA BCIEJCTBHE [UKIMYHOCTH
BpEMEH ToJla Y, COOTBETCTBEHHO, IIOTOAHBIX YCIOBHUH, a Takke OWMOJIOTUM  Pa3BUTHUS
CEJIbCKOXO3SIMCTBEHHBIX PAacTeHWH M KUBOTHOIX. B cuily 3TOro B pacTEeHMEBOACTBE IPOLECC
MPOM3BOACTBA HE COBMAJaeT C pPabOYUM TEPUOJIOM. OTO CKa3bIBAeTCs HAa PaBHOMEPHOCTH
WCIIONB30BAaHUS. TEXHUKM M JPYTUX MaTepUAIbHBIX PECypcOB IO MEPHOAaM TOAad, 3aHATOCTH
pabOTHUKOB PaCTEHUEBOJCTBA B TEYEHHWE TOAa W, COOTBETCTBEHHO, OIPENEeIsIeT HX IOMECSYHYIO
BEIMYMHY OIUIATHI TPYya.

3. OCHOBHBIM CpPEJICTBOM IPOM3BOJICTBA B CEIBCKOM XO3AHCTBE SBISETCS 3€MJS, YTO OINPEAEISAET
HEO0OXOUMOCTh 00€CIIeYeHNsI PaCIIMPEHHOTO BOCTIPOU3BOCTBA €€ TUIOI0POIHS.

OMONOTHYECKUI MpoIecC, B KOTOPOM 3aJeiCTBOBAaHBI

nporecc

4. CenbCKOXO3SHCTBEHHOE IPOM3BOJICTBO —
JKUBBIE OpraHu3Mbl (IIOYBa, pacCTEHHE,
MIEPETJIETaeTCs C MPOLECCOM ECTECTBEHHOT'O BOCHPOM3BOJACTBA W, COOTBETCTBEHHO, HEOOXOIMMBI

|
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ycloBHs, OOECHEUYMBAIOLIME PACIIMPEHHOE  BOCIPOM3BOJICTBO IUIOAOPOIMS IOYBBI, IPUPOIHON
cpenpbl.

5. Cenbckoe  XO3SMCTBO  NPOM3BOAWUT  CBIPbIE  MPOAYKTHI ~ OMOJOTHYECKOTO TPOUCXOKACHUS
(Obnomornyeckn akTHBHAS MPOAYKIHA), KOTOpble HEOOXOAMMO OBICTpO TepepadoTaTh WM CO30aTh
yCIOBUSL Al JAJMUTEIBHOTO XpAaHEHHS UX, YTO CBSA3aHO C PACHIMPEHHBIM BOCIPOU3BOJICTBOM
CHCTEMBI XpaHEHHs, TPAHCIIOPTUPOBKHU U MIEPEPaOOTKH MPOAYKIIHH.

6. Crneunduyeckne yCIOBUS JKM3HH CEIBCKOTO HACENIICHHS ONPENENSIOT (GYyHKLMOHUPOBaHNE
CEeNbCKOW  COIHMAaTIbHO-TEPPUTOpUANbHON oOmHocTH. CenbCcKoe HaceleHHe YXHUBET HE B OTpaciu,
a Ha TEPPUTOPUH, YTO XapakTepU3yeTcs OOJBILIOW €ro pPacCeNeHHOCTBIO, PaCCPEAOTOUYEHHOCTHIO
MPOU3BOJCTBEHHBIX OOBEKTOB. JTO BIUSET HA YCIOBUS Tpylda W ObITa paOOTHHKOB CEIHCKOTO
XO3AHCTBA, YTO HEOOXOAMMO YYUTHIBATH TPH PEUICHUH BONPOCOB OpraHU3alUM TPYyHIa, 00eceYeHUH
HaCEJICHUS COIMANBbHOI HH(PACTPYKTYPOIi.

JanHple 0COOCHHOCTH CENBCKOTO  XO3SCTBa  CYIIECTBEHHO BIUSIOT Ha  BCE CTaJiH
Kpyroo0opoTa KaluTaja OTpaciH, WHBECTULHMOHHbIC M HHHOBAI[MOHHbIE IPOLIECCHl, YTO HAXOIUT
OTpPaXCHHE B PETHOHAIBHBIX CHCTEMaX CEIIbCKOTO XO035HCTBa.

Haunyumue pe3ynbpraTsl B QyHKIMOHUPOBAHUN CHCTEMBI JOCTHTAIOTCS MpPU ONTHMAIBHOM YpPOBHE
pPasBUTHS U PALMOHANBHOM COOTHOIIGHHMM  (DYHKUMOHAJIBHBIX W OPraHU3aLHOHHO-3KOHOMHUYECKUX
nojcucreM. DakTHYECKH HMEETCSl ONpeAe]ICHHOEC HECOOTBETCTBUE MEXKIY IMOJICUCTEMaMHU B CHIIy HX
Pa3IMYHOTO YPOBHS Pa3BUTHA, YTO CHMXaeT oOmyro 3¢ (heKTHBHOCTh (DYHKIIMOHHPOBAHUS COIHAIBHO-
9KOHOMHYECKHX cHucTeM. [loaToMy akTyanbHOW sBISieTCs 3alada BbISIBICHHS HECOOTBETCTBHUS MEXKIY
MOJICKCTEMaMU U 00eCTeUeHHs UX ONTHMAaIbHOTO COYETaHUS.

CounanbHO-?KOHOMHUYECKAsi CHCTeMa IIPEACTaBIIsieT COOOW enuHOe Lenoe, B TO K€ BpeMs
HaIM4YMe (YHKIUOHAIBHBIX U OPTaHU3aIMOHHO-YKOHOMHYECKHX CHCTEM OIPEAEIsIeT OTHOCUTEIbHYIO HX
ABTOHOMHOCTB, YTO HAaXOAWT BBIPAXKEHUE B JAEATEIBHOCTH CIEHUAIBHBIX CIy)O MO (YHKIHOHAIBHBIM
MOJICHCTEMaM: TEXHOJOrndeckass (B CEJIbCKOM XO3SIiCTBE —  arpOHOMHMYECKas,  300TEXHHUYECKas,
BETEpUHApHAsA, HHXXCHEPHAas CIyXObl), SKOHOMHYECKas (TJIaHOBO-(DMHAHCOBBIM OTAEN, OTJAeN Tpyaa U
3apIuiaThl, OTHEJ MapKeTUHra, OyxXraiaTepuss | Jp.), coluaibHas (0Opa3oBaHuUE, 3/APaBOOXPAHEHUE,
KYJIbTYpa U JIpyTUe 3JI€MEHTHI COIIMANbHON MHQPACTPYKTYphI), dKoJorHueckas (ciayx0a 3amiuThl, OXpaHbl
OKpy’Karoleil cpenpl), a TaKkKe B HAJIMYUM CHCTEMBl YOpaBIeHHUs, oOecreuyMBarolleld  €IUHCTBO
(YHKIMOHUPOBAHUS  COBOKYITHOCTH  IIOJCHCTEM  COLMAJbHO-3KOHOMHYECKOH CHCTeMbl (Ha YpOBHE
OpraHu3ally — OpTaHbl YIPaBJICHUS).

D¢ dexTUBHOCTD Mpoliecca MPOU3BOACTBA HOCUT BEPOSITHOCTHBIN XapakTep M, 3a4acTylo, 3aBHUCUT
OT PBIHOYHBIX (CTHpPOC, TMpPEUIOKEHHE) M TOTOMHBIX (HaKTOPOB, OCOOEHHO B CEIBCKOM XO3SIHCTBE
(YpOXaifiHOCTh, TIPOTyKTUBHOCTH), UTO CYIIECTBEHHO BIMACT HA COJCPIKAHUE COITMAIBHON, SKOJIOTHIECKOM
1 SKOHOMHYECKOW HOACHUCTEM.

JIrobast colManbHO-DKOHOMHYECKAsl CHCTEMa HMMEEeT CHCTeMy Iieliell (YHKIHOHHPOBaHUS U
pa3BUTHs (IK30T€HHBIX, JHIOTCHHBIX), CTENEHb JOCTMIKEHHS KOTOPBIX XapaKTepusyeT 3(PQPEeKTHBHOCTH
ee  (yHkumoHupoBaHus. OOmIas IeNb COIHMATBHO-)KOHOMHYECKOH CHCTEMBI OIpe/elsieT MPUINHHO-
CIJIC/ICTBEHHBIC CBSI3U €€ DIIEMEHTOB (TI0jicKcTeM). B To ke BpeMsl TOJCHCTEMBI UMEIOT OTHOCHTEIbHYIO
CaMOCTOSITEIBHOCTD M ONpEAETICHHBIE LIEH, COrTIACYIOIINECS C LETIbI0 CUCTEMBI B LIEJIOM.

Pesynbrar (QyHKIMOHUPOBaHHS CONMAIBLHO-3KOHOMUYECKOW CHUCTEMBI paclajaeTcs Ha CIeAyIoIIne
YacTU: MaTepUalbHO-BEIIECTBEHHBIH (MpOAyKUus, paboTa, YCIyrH), SKOHOMHYECKHH (IKOHOMHUYECKUI
3¢ dexT, 3PPEeKTUBHOCTH), COLMANBHBIN (counanbHbIl 3 dext, 3h(HEeKTUBHOCTE) M  IKOJIOTHUECKHUH
(9kosoruueckuit 3ppexT, 3PPEKTUBHOCTS).

OOmas uwenb  COLMAIBHO-?)KOHOMHUYECKHX CHCTEM — COOCTBEHHOE BOCHPOM3BOACTBO  Ha
pacCIIMpPEeHHOW OCHOBE, OHA KOHKPETU3UPYETCS, HAXOIHUT IPOSBICHUE B CUCTEME IeNieH, OTPaKaroIIHX
CHCTEMY 53KOHOMHYECKHX HWHTepecoB. Ha ypoBHE CenbCKOXO3SHCTBEHHON OpraHu3allMyd CHCTeMa IeJiei
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OTpa’XacT HALMOHAJIBHLIC, KOPIOPATUBHBIC 1KOJ’IJ’ICKTI/IBHI>IG; U HWHAWBUAYAJIBHBIC 3KOHOMHYCCKUEC

WHTEPECHI, YTO ONpeaessieT He0OXOAUMOCTh HX ONTUMH3AIINH.

HarmoHanpHble WHTEpECHl CBsI3aHBl C  MPOM3BOJICTBOM  CEIBCKOXO3SHCTBEHHON MPOAYKIIUH,
KOJUICKTUBHBIE — C OOECIEUEHUEM YCIIOBHI BOCIIPOU3BOJCTBA OPraHU3AlUN, UHAWBUIYaIbHBIE — C
BO3MEIICHUEM 3aTpaT TPyaa.

CenbCKOXO035UCTBCHHAS OPraHU3allus B CHITY SKOHOMUYECKOW CaMOCTOSTEIBHOCTH, 000COOJICHHOCTH
o0pa3yeT WHAWBUAYATBHYIO COIMATbHO-3KOHOMHUYECKYIO CHCTEMY, (YHKIMOHUPYION[YIO Ha OCHOBE
WHAWBHUIYAJILHOTO BOCIPOM3BOJICTBA, IJISI KOTOPOH XapaKTepHO CHEIH(DUUECKOE MPOSBICHUE KAaTEropHid
0O0IIECTBEHHOT'O BOCIIPOU3BOACTBA.

CreneHp OOCTWMKEHHS IIENN OmpenenseT oomyro 3(h(eKTHBHOCTh (YYHKIIMOHUPOBAHUS COITUAIBHO-
SKOHOMHUYECKOW CHUCTEMBI,

UccnenyeMblii 00bEKT HAXOIUTCS B HEMPEPHIBHOM JIBIDKEHHH, pa3BUTHH. COINMAIEHO-3KOHOMUYECKAs
cucTeMa, KOTOpas WM3MEHSETCS BO BPEMEHH, OTHOCHUTCS K 4YHCIY IMHAMHYECKHMX, B HEll B3aMMOCBS3b
yacTed M 3JICMCHTOB OOYCIIOBJIMBACT «ICMHYIO pEaKIUIO» W3MEHECHUH TpH W3MCHCHHU OJHOTO W3
coctaBistomux. CHCTEMHBIN MOAXO0] MPEToNaraeT MpeaBuacHue OyayIiero ais JTOCTOBEPHON OICHKH
HACTOSIIET0 M OLEHKH HACTOSINETO C MO3UIIUH BIMSHUS Ha OyyIiee.

MHOTrOBapHUaHTHOCTh Pa3BUTHS OOBEKTAa HWCCICIOBAHUS  OMPENCNISCTCS COOTHONICHHEM  €ro
3JIEMEHTOB, COBOKYITHOCTBIO PelIacMbIX 3a]au.

OCHOBHBIM  CPEJICTBOM peajH3ali CUCTEMHOTO TMOIXOJa SBJSIOTCA HSKOHOMHUKO aHAIMTUYCCKUC
METOBI W Mojaend, WHQOpPMAIMOHHBIE (OHIBI U1 TPOBEICHHUS MHOTOBAPUAHTHBIX pacUCTOB,
BBIUMCJIMTEIbHAS TEXHUKA I 00pabOTKH OOJIBIIMX O0OBbEMOB HMH(OPMALMU M PEIICHUS COIHMAILHO-
SKOHOMHYECKHX 3a]1ad.

BbIBO/IbI

HanmoHnanbHbIE WMHTEpECHl CBSI3aHBI € IPOU3BOACTBOM  CEJIBCKOXO3SHCTBEHHOW —IMPOMYKIIHH,
KOJJICKTHBHBIE — C OOECIIEYeHHUEeM YCIIOBHH BOCIPOM3BOJICTBA OPTaHU3AlNU, HHIUBHIYAIbHbIE — C
BO3MEIIIEHHEM 3aTpar Tpy/a.

CenbCKOXO035IICTBEHHAsI OPraHU3alysl B CUIIYy SKOHOMUYECKOH CaMOCTOATENbHOCTH, 000COOIEHHOCTH
o0pa3yeT MHIUBHIYaJIbHYI0  COLHAIbHO-?KOHOMHYECKYIO CHCTeMy, (QYHKIMOHHUPYIOUIYI0O Ha OCHOBE
MHIVBHIYaJIbHOTO BOCIPOU3BOICTBA, JJIsI KOTOPOM XapaKTepHO cHenuduyecKkoe MposBICHUE KaTeropuil
O0IIIECTBEHHOT'O BOCIIPOU3BOJICTBA.

CreneHb JIOCTHXKEHHS IIETH OIpesesieT oOmyr 3PQeKTHBHOCTh (YHKIIMOHUPOBAHHS COLUAIBLHO-
YKOHOMHYECKOH CHCTEMBI.
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Water management
IN RELATION TO THE ISSUE ON METHODOLOGY FOR INVESTIGATION OF

SOCIAL-ECONOMIC SYSTEMS

Vartanov M., Kechkhoshvili E., Lortkipanidze F.

Ts.Mirtskhulava Water Management Institute
of Georgian Technical University
Thilisi, Georgia

Annotation. The article gives determination of the social-economic system, shows the essence of the
methodology for systemic investigation of social-economic processes, reviews the integral parts (sub-
systems) and basic industry practices of social-economic systems of agricultural organizations. There are
given the goals and tasks of social-economic systems with agricultural direction in market conditions,
outlined the ways of their realization.

Keywords: social-economic system, methodology of systemic investigation, agriculture, extended
reproduction.
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Boanoe x03s1iicTBO

DRINKING WATER SOURCES IN AZERBAIJAN AND SMART WATER
TREATMENT TECHNOLOGIE

Imanov F., Ismayilov R.

"Azersu" Open Joint Stock Company"Sukanal"
Scientific-Research and Design Institute
Moscow av. 73, AZ1012, Baku, Azerbaijan,
E-mail:farda_imanov@mail.ru;rashail.ismayilov@gmail.com

Annotation.The article provides an analysis of surface and groundwater sources of drinking water
supply in Azerbaijan andused raw water treatment technologies.The characteristics of the main water supply
systems supplying the Absheron Peninsula with drinking water are given.Considered SMART technology
treatment of raw water,used in the Jeyranbatan water treatment plant.

Keywords: water supply sources, raw water treatment, SMART technology, Sarsang reservoir,
Jeyranbatan water treatment plant

INTRODUCTION

In the 21% Century, water security has become one of the strategicalimportant issues for each country,
such as energy, food, and transport security. Water resources shortage is one of the global challenges
threatening the world, and reliable water supply of population is one of the factors that can affect
intergovernmental relations. There are threats to water security in the Republic of Azerbaijan as more than
half of its territory is characterized by arid climate conditions. Thus, estimated population of about 10
million, the indigenous water resources per capita is 1051m® per year in Azerbaijan. According to the
forecast of the World Resource Institute, in 2025, Azerbaijan will be among the countries with the lowest
indigenous water resources (972 m®/year) per capita. On the other hand, most of surface water resources
(66.7%) accounts for the transboundaryrivers and these waters become contaminated in the neighbouring
countries, particularly in Armenia and Georgia and flow into the territory of Azerbaijan.

PRINCIPAL PART

The geographical location of Azerbaijan is also sensitive to climate change impacts. In the US Central
Intelligence Agency’s Report on Climate Change Azerbaijan is mentioned among the 39 countries which
will be most affected by climate change. Given the predictions that the temperature will rise up to 2-3°C,
surface and groundwater resources are expected to drop by 15% over the next 50 years.

The necessary legal basis for the management of the water sector has been established in Azerbaijan,
the country has joined many international environmental conventions, and the “Convention on the Protection
and Use of Transboundary Watercourses and International Lakes Helsinki, 17 March 1992” has been ratified
in 2000. Azerbaijan establishes its transboundary water policy according to this Convention and on the basis
of bilateral agreements with its neighbours. Cross-border cooperation is not carried out only with the
neighbouring Republic of Armenia and the reason for this is the occupation of 20% of Azerbaijan’s territory
by it starting from the end of the 1980s.

The main priorities of the drinking water sector of the Republic of Azerbaijan are as follows:
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~ e Supply the population WIth quallty and sustainaple arinking water In accordance with te world
Health Organization’s requirements;
e Ensure sustainable use of water resources in the country, increase the water supply and improve
wastewater treatment system by enhancing investments made in the water supply infrastructure.

Water sources. In Azerbaijan, both surface and groundwater sources are used for drinking water
supply. The surface water resources are approximately 30.9 km?® per year, and additionally 21.6 km® of water
is collected in 138 reservoirs with different volumes. More drinking water is taken from the transboundary
Kura and Samur rivers. During the period prior to 2010, the annual flow compared to the naturalized flow
(825 m®/s) was decreased by 425 m®/s or 49.8%, which was resulted from the influence of anthropogenic
factors in the estuary of the Kura river, the biggest transboundary river in the South Caucasus region. A
decrease of 325 m®s occurred directly in the Kura river basin and 100 m%s in the basin of the
transboundaryArazriver, which is the main tributary of the Kura river. The average annual natural flow of the
Samurriver flowing along the border with the Russian Federation is 65.8 m*/s, and the annual flow has
dropped by 16.5 m%s over the past 50 years (Huseynov&Imanov, 2017).

Mingachevir, Khanbulanchay, Shamkirchaywater reservoirs and others are also used for supplying
drinking water to cities and villages in different regions of the country.

The operational resources of groundwater of Azerbaijan are 4.38 km?® and they are produced in water
supply with the help of springs, confined and-non-confined water wells, ganats and captations. There are
numerous natural springs in mountainous areas, and very ancient and unique ganatsin the foothills, especially
in the Lesser Caucasus. It should be noted with regret that most of these ganatsare neglected in the territories
occupied by Armenia. The share of artesian wells in the water supply of settlements in the lowlands is much
higher and their depth is mainly 120-200 m (Imanov&Alakbarov, 2017).

As the Sarsang reservoir (560 million m®) is located in the occupied territories, its waters are almost
not used in Azerbaijan, and this has created a major problem for the water supply of population living in the
surrounding area. This problem is mainly solved at the expense of groundwater and 586 new artesian wells
have been drilled in the areas of districtsin the coverage of the Sarsangreservoir. Over the past 20-25 years,
the water bearing capacity of these wells has dropped considerably: if the water flows of those wells were
20-30 litres per second before, now this figure is 6-8 litres. Due to the fact that very little water is released
from the reservoir to the Terterriver, the groundwater levels have dropped and the ecosystems across the
river have been degraded.

Drinking water treatment technologies.Most of the Azerbaijani population lives in the Absheron
Peninsula where the capital city Baku is located. By reason of the lack ofpotable surface water and limited
groundwater in this area, the water supply of the city is satisfied from the outside water sources.

I (Shollar) and Il Baku water pipelines, 1.27 m%/s and 2.73 m*/s groundwater accordingly is transferred
to the pump station near Baku and disinfected by liquid chlorine and then supplied to the population.

In the I and 11 Kura water treatment complex, the treatment of 4.24 m*/s water (7.2 m*/s in 1969-2014)
is carried out in 3 pillars (radial sedimentation tanks, horizontal flow settling tanks and strainers) and the
water is chlorinated twice. After the Oguz-Gabala-Baku water pipeline was put into operation in 2010, the
volume of water transported to the Absheron Peninsula by the Kura water pipelineswas reduced and at
present part of the treated water is supplied to the towns and villages in the dry Aran region.

At the source of the Oguz-Gabala-Baku water pipeline, 5.0 m%s is transferred after chlorination by
gravity to the chamber at a distance of 262 km and upon re-chlorination is supplied to Baku and its suburban
settlements.

Water to the Jeyranbatanmain water treatment plants complex is delivered from the off-channel
Jeyranbatanreservoir. The main water supply source of this Reservoir is the Samurriver and several local
rivers. Here, 9.0 m%s of water goes through a two-stage technological treatment process. These plants with
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cleaned through water clearing agents and high-rate filters, and by means of horizontal flow sedimentation
tanks and high-rate filters in the third stage. The treated water is transmitted to consumers upon disinfection
by liquid chlorine twice.

Jeyranbatan ultra-filtration water purification facility complex,with the capacity is 6.6 m%s is one of
the largest in the world by its type. In these facility, the main treatment process is carried out in filter
membranes. Water is purified from suspended particles, many unsaturated salts and heavy metals, as well as
pathogenic microorganisms (bacteria) through the 0.02 micron filters installed in these membranes, turbidity
is reduced, and natural mineral content of the water is preserved. In filter membranes water is cleaned
mechanically without the use of any chemicals. After the treatment process, the water transferred to the
reservoirs is disinfected with liquid chloride.

In many cities (Aghstafa, Tovuz, Imishli, Gabala, Gobustan, Aghdash, Beylagan, Goychay, Terter and
others), artesian waters are used as drinking water sources. The water supply source of Khizidistrict is
natural springs and water is disinfected only with liquid chloride.

Water taken from a number of surface water sources (reservoirs, lakes and rivers) is given to the
population upon purification in sand filters and disinfection with liquid chloride.

CONCLUSION

The centralized water supply system covers 50.6% of the country’s population and 99.3% population
in Baku city. Presently, construction works of water supply systems and reconstruction of existing facilities
are being carried out in many large and small towns, villages and settlements Republic of Azerbaijan. The
drinking water supply to 31 towns will be provided from groundwater sources, to 19 towns from surface
water sources, and to 2 towns from both groundwater and surface water sources. In these projects, it is also
planned to introduce the use of smart technologies along with traditional purification technologies of
drinking water.
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BoaHoe x03alicTBO

UCTOYHUKH MUTHEBOM BO/IbI B ABEPBAMJ)KAHE U CMAPT-TEXHOJIOT U5
OBPABOTKH ChIPOI BOJIbI

®. Umanog, P. UcmamiioB

Omxkpvimoe akyuoneproe obujecmeo «Azepcyy,
Hayuno-Hccneoosamenvckuii u Ilpoexmuwiti Hncmumym «Cykanany
baxy, Azepbaiiosncan

Annomauusa. B cratbe NPUBOAWTCS aHAJIN3 MOBEPXHOCTHBIX U MOJI3EMHBIX HMCTOYHHKOB MUTHEBOTO
BOJOCHAOXEeHHs B A3sepOalipkaHe M HCIOJNBb3YEeMBIX TEXHOJIOTHI 00paboTKu chIpoi Bonbl. [IpuBeneHbI
XapaKTePUCTUKH OCHOBHBIX BOJOMPOBOJIOB, CHAOMAIOIMIMX NMHUTHEBOW BOMON AOIIEPOHCKHN TOIYOCTPOB.
Paccmotpena CMAPT TexHonoruss o0paboTku chipoli Bojabl, TpumeHsiemMoil B [IxelipanOaTanckom
BOJIOOYHCTHOM COOPY>KEHHH.

Kntoueevie cnosa. WCTOYHWMKU BOIOCHAOXKEHUs, 00pabOTKa CBHIPOH BOIBI, CMapT-TEXHOJIOTHH,
Capcanrckoe BogoxpaHuiuiie, /xeiipan6aTanckoe BOIOOUHUCTHOE COOPYKEHHE.
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Us,3356002 boBgg900: §45¢0dmdom3900L §ysmmgdo, Fywolb ©sdw)dsggds, bIs®E-Ggdbmamyo,
LoOBObYOL FYowlioEog0, XJ0MmbdSEHBOL [goasdfdgbo Bogqgdmds.
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I'maporexnuka

METOIUKA MOJAEJIMPOBAHUA ®POPMUPOBAHUSA BEPEI'OBbBIX
OTKOCOB I'OPHBIX BOJJOXPAHWJIUII ITPA BOJTHOBOM BO3JIENHCTBUA

HN.K. HopaanumBuiau, U.P. Upemamsuiau, K. T. Hopranumsuiin,
J.HI. Iouxsepus, JI.P. buianumsuian

Hncmumym 6oonozco xossaicmea um. L. Mupyxynasa
Tpy3uncroco mexuuueckozo ynugepcumema
np. U. Yasuasaose 60b, 0179, Tounucu, I py3ua
E-mail: irinaiord48@mail.ru

Annomayun. B cmamve npueoosmcs pesyibmamvl UCCIEO08AHUL NO  MOOETUPOBAHUIO
Gopmuposanus  OepezcosbiXx OMKOCO8 NPU  BOTHOBOMBO30CUCMEUU U Nepecyemda OCHOBHBIX
napamempog na Hamypy. IIposoodsmcs pacuemuvl no NPUOIUNCEHUIO MOOeIU K HAmype npu mpex
cxemax:

1) mooenuposanue 83aumooelicmsus 80JH ¢ Oepe2amu CLOHCEHHLIMU CEAZHbIMU CPYHMAMU,

2) modenuposanue 3auMo0elicmeus 80JH ¢ bepecamu CLOHCEHHbIMU NeCKOM;

3) MoOenuposarnue NPOHUYAEMbIX ROKPLIMULL U3 KAMEHHOU HAOPOCKU U OEMOHHBIX OI0KO8.

Paboma evinonnena na ocHO8aHUU MHO2ONEMHUX UCCTIE008AHUL 8 2UOPABTULECKUX BOTHOBLIX
JIOMKAX UHCMUMYma u npoeepKu ux 6 Hamype Ha bepeeax 2opuvlx 6o0oxpanunuwy I pysuu.

Knroueswie cnosa: coprvie 6000xpanunuwa, nepegopmuposarue bepe2os, MooeruposaHue.

BBEJIEHHUE
W3-3a cnoxHOCTM ~ ydyeTra MHOTOYHMCIEHHBIX (aKTOpOB, OOYCIOBIMBAIOUIMX DPAa3BUTHE
00pa3uMOHHBIX MPOIIECCOB MpobiieMa BOCIPOU3BEIEHUS HA MOJIENH pealbHON KapTHHbBI SBJICHUS U
METOJIMKM I[epecueTa OCHOBHBIX I1apaMEeTpOB Ha HaTypy eme He paspemnieHa. [loatomy
1ab0paToOpHbIE MCCIIEAOBAHMS B BOJIHOBBIX JIOTKAX MpPH M3YYEHUH IPOLECCOB B3aUMOJEHCTBUS
BOJIH ¢ OeperaMu BecbMa aKTyallbHBbI.

OCHOBHAA YACTD

Crenenb NpuUOIMKEHUST MOJIENIN K HAType MpOoaHAIM3UPOBaHA MPU PACCMOTPEHUH TPEX CXEM:

|. MonenupoBanue 6eperoBbIX OTKOCOB, CJIOKEHHBIX CBA3HBIMU TPYHTaAMU;

Il. MonenupoBanue B3aUMOJACHCTBUS BOJIH C OeperaMu TpPHU CIOXKEHHUU OTKOCAa TIECKOM H
raJibKoii;

I1l. MogenupoBaHre MPOHUIIAEMBIX MOKPHITUN B BUJIE HAOPOCKH.

T.xk. Bce yka3zaHHBIE NpPOLECCHl BKIIOYAET B ce0sl psAJ COCTABISAIOIIUX DSJIEMEHTAPHBIX
MIPOIIECCOB, OYEBHUIHO, UTO OOIIIee 1M01001e BOZMOKHO TOJBKO B CIydae MOA0OHs COCTAaBIISIOUIMX,
JUIE  COXpaHeHHs oOmero mnojJo0usi HEOOXOIUMO BBEACHUE JIOMOJIHUTENBHBIX KPHUTEPUEB,
BKJIIOYAIOIIMX OCHOBHBIE XapaKTEPUCTUKU Cpeibl OOYCIOBIMBAIOUIMX pa3BUTHE Ipoliecca U
OTpa)KaroILE U3MEHEHUE €€ CBOMCTB.

DKCIEePUMEHTAIBHBIC HCCIICNOBAHKUSA 10 (UKCAMK 3HAYCHWH TPHIOHHBIX CKOPOCTEH
MIPOBOJIMJIMCH HA OTKOCAX TOPHBIX BOJOXpaHUIuL] ['py3un U B TpeX BOJHOBBIX JIOTKAX, pa3MepaMHu
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50,0x0,75x1,5 m, 10,0x0,3x0,5 m u 7,0x0,5%7,0 M, ¢ usmenenreM BrIcoT BOJIH oT 0,02 M 110 0,4 M,

JutiH BoJiH OT 1,2 M 110 3,0 M 1 riny6un ot 0,2 M 1o 1,2 m (Tadm. 1).

Taomauna 1
HarypHble u 1a0opaTopHble JaHHbIE IPH MOAEJIMPOBAHUYN Pa3MbIBa
OTKOCOB U3 CBSI3HBIX TPYHTOB
Ne OcHoBHBIE O0o3na- | Enx. u3sm Ne 3amepos
XapaKTePUCTHKH YeHHUst 1 2 3 4 5
1 Cuennenne C kr/em | 0,125 | 0,190 | 0,20 0,16 0,388
2 ° Pazmep otpeiBaromuxcs d p MM 8 3] 6 4 4
g OTAENIBHOCTEN
3 2 Kpyrusua otkoca Mycex - 4,22 5,396 | 3,078 | 3,487 | 5,066
4 | = Bricota BonH h, " 050 | 056 | 0,85 | 06 | 077
5 | & Hioxii mpezren | a M | 050 | 080 | 1,2 | 07 | 150
g pa3MbIBa
6 % Vron crabunuzauunu m - 6,30 | 3,115 | 7,115 | 4,92 9,01
7 ;‘E( Jepuunr KpYTI/ISHH* Am - 1,88 1,63 4,04 1,53 3,94
8 Orcrymienne GpoBkH B M 30-35 | 35,0 54,0 28,0 53,0
9 0 s = Ipunonnas ckopocTh Vap Mm/cex 1,06 1,25 1,55 1,28 1,35
10 E % E: Homyckaemas CKOpOCTh Vax m/cex 0,33 0,34 | 0,362 0,32 0,415
11 | = & E Bpewms crabunmsanuu ter yac 99 153 204 90,5 665
12 Macurab moznenu m - 0,27 0,21 0,14 0,20 0,17
13 Cuemenne C kr/em | 0,016 | 0,016 | 0,016 | 0,012 | 0,026
14 E[ Pa3mep otaensHOCTEH d op MM 4 4 3 4 -
15 § Homyck. ckopocTh Vax M/CeK 0,17 0,15 0,14 0,13 0,183
16| & Kpyrusma otoca Mex | - | 656 | 855 | 860 | 548 | 10,07
17 | = % HAedurmnr KpyTH3HBI AM - 2,28 3,11 5,52 1,99 50
18 g § Bpewmst crabunusanim ter qac 49 32 37 20 92
19 | Orcrynienue Gposku B M 045 | 062 | 0,70 | 056 | 0,49
20 qé Huxnit npenen a M 0,09 0,125 | 0,13 0,15 0,08
z pa3MbIiBa
21 | & IpunouHas ckopocTs \Y/ M/CeK 0,53 0,53 0,53 0,50 0,58
22 5 Heduuut KpyTU3HEL AM - 2,28 3,11 5,50 2,00 5,00
23 | 2 & | Orcrynnenmue Gposxi B M 168 | 295 | 500 | 2,80 | 290
% E 29,40 | 40,50 | 48,00 26,5 69,0
24 2 % Himxanit npenen a M 0,41 0,60 0,94 0,75 1,06
o X pa3mbiBa
25 | = * | Bpews crabmimsawmm ter qac 01 150 | 197 | 100 | 800

*

AM =M - Myex

**

B crpoke 23 B uncauTene 3Hauenue «B» 1aHo Ge3 yuera cpaGOTKH YPOBHsl, B 3HAMeHaTeje

cpadoTKu

- ¢ y4eToMm
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|. Tlpu MomenMpoBaHUU OTKOCOB, CIIOKCHHBIX CBSI3HBIMHM TPYHTaMH ISl 0OCCIICUEHUS MOJ00us
HE00XO0IMMO COXpaHEHUE UICHTUYHOCTH MPOIIECCOB, MPOUCXOA[IINX B TPYHTOBOH cpelie, T.€. Y4eT
OCHOBHBIX IOKa3aTelel, OTIWYaUIMX CBS3HBIE TPYHTbl — CUEIUICHHE, IUIOTHOCTh, pa3Mep
OTPBIBAIOIINUXCSL OTICNBHOCTEH. Bo m30ekaHWe HMCKaKEHUs KOJIMYECTBEHHX IIOKa3aTeneil mpu
MEepEeMEIICHUN MaTepualla pa3pylIeHUs] MPUXOJIUTCS OTKA3bIBaThCS OT MCKAKEHHS YNIEJIbHOTO Beca
a JUIsl IpYTUX MoKaszaTesen - Oojiee mprueMiIeMbIM

¥ pasMepa arperara, T.€. ¥,.., = Voo, dam = Ao »
MOYKHO CUHTATh UCIOJIb30BAHNE KPUTEPUEB JIUTOJOTHUECKOTO MO100uSI.
Bripakast ruipoiMHAMUYECKUE YCIIOBUS HA OTMENH 4Yepe3 MPUIOHHBIC CKOPOCTH MOTOKA U BpEMs
BO3JICUCTBUSL BOJHCHHUS, & CONPOTHBISAEMOCTh IMOPOJbI — €€ CBSI3HOCTBHIO, 3aBUCHMOCTH MEXIY
MPEACTABISAIONIMMU TTOKA3aTeIIMA M IIPOrHO3UPYEMOM BEIMYMHONW (K MPUMEPY IIHPHHA HIIH
KPYTH3HA OTMEJIM) MOKET OBITh 3allMCaHa B BUJIC YPaBHCHUS:

B =V*C't#i? 1)
[Tocie MOJACTAaHOBKK Pa3MEPHOCTEH, TPYIIMPOBKHA IOKA3aTeNlieii CTEMeHH NpPH OJHHAKOBBIX
CIUHMIIAX M PEIICHUS COOTBETCTBYIOIIUX YPaBHEHHH, 3aBUCUMOCTS (1) IpUHUMAET BHUI:

B =vt(“ /)’ @
C
B kauecTBe KpuTepueB mo100ust MOTYT OBITH PUHATHL Oe3pa3mMepHbie KOA(HULIUEHTHI:
vV, -t - v, -t . . . . .
K, = ””‘”’C w00 T Yuam Zwam V. e K,=i,, =i, =idem (3)
MOO Ham

IlepennceiBas ypaBHenue (2) B Bune B=V -t- f (K, K,) u yuuTsIBas, 4T0 y MOA0OHBIX SBJICHUM

PaBEHCTBO KPUTEPHUEB MOJ00MSI 03HAYAET PABEHCTBO (DYHKIIMM, CBSA3h MEXK/y HATYpOH M MOJEIIBIO,
3alMChIBACTCS B BUJE PABEHCTBA:

\ \
B,woa = Buam 0 . —tam ' (4)
t,wo() tHam
YTO COrjiaCHo rpaBI/ITaLII/IOHHOMy 3aKOHy HO)IO6I/I$I, HpI/IBOI[I/IT COOTBETCTBCHHO K:
B.uod = ml : BHam (5)

T.e., Macmral JUIMH [epecuuThiBaeTcss coriacHo 3akoHy ®pyna. Ilpu cobmonenun

TPaBUTAIMOHHOTO TOI00MSI, MacIITa0bl MOJIEJIH MEPECUUTHIBAIOTCS COTJIACHO 3aKoHYy Dpyna:
2

Fr=Y"_idem , (6)
gl

rac V, g, | - COOTBETCTBEHHO CKOPOCTh, YCKOPCHUC CUJIBI TAKCCTH U JIMHA.
B CJIy4ac BOJIHOBOI'O JABMKCHHA Ha OTKOCE — HMCEM:

Voo =m>° V.t

MOO nam?
t ..t |

JBIDKEHUE BOJIH, BPEMEHU BO3JICHCTBHUSI BOJH HAa OTKOCE M TIIYOWHBI (IIMPUHBI) OOPa3sHOHHOTO

I - COOTBETCTBCHHO MOJICJIIBHBIC U HATYPHBIC 3HAUCHUA CKOPOCTH

MO0 ! " Ham

_ .05 . _
wo My tHam’ wo — My - IHam ! (7)

\Y

Ham?

rne V

MOO ! MOO ! “nam !

OTKOCa; m, - 3Ha4YeHHE MaclTaOHOro Ko3dduiuenra.

Uro kacaeTcst mooopa CBSI3HOCTEH MOJIEIBLHOT0 MaTepuana, MaciTab MOJAENH ONpeaensieTcs
WCXOJISl U3 YCIIOBUM PaBEHCTBA KPUTEPUEB JIUTOJIOTHIECKOTO Tomo0ust Ki 1 Moen U B HaType
(bopmyna 3). Ilpu >TOM MOIEIBHBIE CBSA3HOCTH OMPENEISIOTCS HOPMATUBHBIMH JaHHBIMH,
JAHHBIMHU JTAOOPATOPHBIX HCCIEAOBaHMH, MpoBeAeHHBIX akafgemMukoB L[.E. Muprxynasa (2003) u
OTIBITHBIMU JAHHBIMH aBTOPOB B BOJTHOBOM JIOTKE:
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Vi =m Vi, = Ad,,,d., +1,25CH- y) (8)
Orcrona 3HaueHue creruieHus Ha Mojenu (C,, , ) MOKET ObITh 10JOOPAHO U3 yCIOBUS:

_ ml szzm _A.y'dcp

Chroo = 9)
w00 0,438A
12-g-m,
rae M, macmrad moxenmu; A= ——————~-; V, - IpUJIOHHAs CKOPOCTb HATYPHOT'O BOJIHOBOTO
v na
nmotoka; t - Bpems JAeWcTBUS BOJH; » - YIeNbHBIA Bec CBSA3HOM moponbl; d - pasmep

»

OTPBIBAIOIIMXCS OTAENbHOCTEH; M =0,75 - koapuument ycnosuii paborel [Mupuxynasa ILE.,
2003]; n,= 4,0 - xo>ddunuent neperpysku [Mupuxynasa LLE., 2003]; V,, =~ - nomyckaemsie

HEpa3MbIBAOIIUEC CKOPOCTHU IJISI JAHHOT'O CBA3HOI'O I'PYHTA.
“ HpI/I MOL[eJII/IpOBaHI/II?'I B3aHMOI[eI>iCTBHH BOJIH C OTKOCAMHU CJIOKEHHBIMU NECKOM M TaJbLKOH -
3aga4a sABJIACTCA YHUCTO FpaBI/ITaLII/IOHHOﬁ U YHOBJICTBOPCHHUEC KPUTCPUCB q)py,[[a CUHUTACTCA
AOCTAaTOYHBIM YCJIOBHUEM JIA O6eCHeI‘IeHI/IH HO)IO6I/I5[:
V, V, 12
(\/_)wm - (\/_)M()() ' ( )
A A
rac VO , VA - COOTBETCTBCHHO CKOPOCTH IEPEMCUICHUS ITECKAa U CKOPOCTU ABUKCHHA BOJbLI Y JIHA.

HJ'ISI COXpaHCHHA HOI[O6I/I$I Ha4ajla CKOpPOCTH ICPCABUIKCHUSA IICCKa Ha MOJACIN MU B HATypE
HCO6XOI[I/IMO HUMCTB:

VMO 2
d,,= (V_Ha:) Ay (13)
iy, y‘II/ITBIBa}I 3aKOH q)pyzla:
\Y
V,wod — ,ml (14)

Ham

UMECM md =m,, T.C. JUHEHHbIE MAacIITaObl BOJH U qaCTul, Ha MOACIIMU — JOJI?KHBI OBITh

OJHO3HA4YCHBbI.

I11. Tlpu MomenupoBaHMU B3aUMOJICHCTBUU BOJIH C OTKOCAMH, CIOXXEHHBIMH W3 KaMHel WJIH
0eTOHHBIX 0JIOKOB HEOOXOJWMO MPOBEJACHUE SKCIEPUMEHTOB Ha CTEHJAaX PO3HOr0 Maciirada
[Mopmanumsuan UK. ... 2011].

Ecnu u3BectTeH nuHeWHBbIH MacmTa®d uccnenoBanuil (a.), To (opmylbl mepecdera HATypHBIX
M3MEPSEMBIX TIAPAMETPOB MOT'YT OBITh TPEICTABICHBI Oe3pa3MEPHBIMH COOTHOIICHHUSIMHU:

I—Ham/ I—Moo:aL ,tHam/ tMO():atn DHam/ Vnoo =4y Myam/ M/w()():aM ) FHam/ FMoo:aF ' (15)
rae a., ay a,, dy, ar, 4, ,ay ,dss Ay ,dg , A —COOTBETCTBYIOLIME MacIITaOHblE KOD()(MHIMEHTHI
napameTpoB — JuHenHbIX (L), BpemeHHbix (t), ckopoctHbIX (v), Maccel (M), cunbl (F), maccoBoi
IUIOTHOCTH (), BSI3KOCTH (V), aMIUTUTY/Ibl KoJjieOauus (04), rnyoun (H), yckopenust cuibl Tspkectu (g),
xectkoctd (K), a MHAGKCHI «HAT» U «MOJ» OTBEYAIOT 3HAYCHUSIM MMaPaMETPOB Il HATYPBI U MOJICIIH.

B Tabmuue 2 cBeneHbl MacmITaOHblE MHOXHUTENW JUIsl MEpecueTa HATYpHBIX BEJIMYMH B MOJIENb.
W neHTuyHOCTh MPOBEIEHUSI UCCIIEIOBAHUM C OJTHOM M TOW K€ KUAKOCTHIO (BOJOI0) M OJMHAKOBBIMU
Matepuaiamu (KaMeHb, OETOH) B HAaType W Mojenu OOyCIIaBIMBaeT paBEHCTBO MAacIITa0OB
MOJICTTUPOBAHHSL YCKOPSHHUS CHIIbI TsDKecTH (J), MacCOBOI IUIOTHOCTH (p), KHHEMATHYECKOM BSI3KOCTH

(V MO/LYJIA MpYrocTu marepuana (F )41 T1 X ehopmaruii & B accMaTpUBAEMOM
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THAPOMEXaHHIECKOW CHCTEMe, 3HAaUEeHHE KOTOPBIX BCET/Ia PABHO SIMHHIIE:
ag= a,= ay = ag =a, =1 (16)
CBsi3p MEXIy MacHITaOHBIMH KOA((QUIMEHTAMH HATyphl M MOJCIH NpPEACTaBICHA B BHUJC
WHIUKATOPOB MOTOOHUS:

aﬁ laja, = a,a /a,=a,a/a. =awa, a, aL =ay/a, a’=as/a =an/a. =1 17
Tab6auna 2
MacmTadHble MHOKMTEIH IS epecyeTa UCKOMBbIX BeJIMYMH
Kpurepuii Kpurepuii |Kpurepunii| Kpurepnii| Kpurepnii
YcaoBus HaunmeHoBaHue Pennoxanaca| CTpyxans| Eiinepa Komm
Macuiradubie Fr=v/,/gL P ) 5
MEeXaHHYEeCKOro | (PU3HIECKUX Ppyana Re=vL/~v |Sh=0t/L | E;=p/pv’ | Ch=pv°/E
MHOKHTEJIH _ . . : .
noxoous BeJIHYHUH g =idem v=idem g=idem | g=idem | E=idem
p =idem p=idem | p=idem | p=idem | p=idem
1 2 3 4 5 6 7 8
JIuneitnpie
a, a a a a a
I'eomerpuueckoe pa3mepsl
rnomooue ITnomann ao a’ a’ a’ a’ a’
O6BEMBI aw a a a® a a®
IIpomexxyTku
BPCMEHH, a, al? a? al? a'? a
TIEPUOTBI
YacToTsl B R . g R
a, al? a2 a’l2 QL2 at
KoJieOaHus
JInneliHbIe R
a, al2 at al2 al2 1
Kunemarnyeckoe CKOPOCTH
rnoxooue JIunelHble * R
a, 1 a’ 1 1 at
YCKOpEHHUSI
Vst ag 1 1 1 1 1
VrinoBsie * B R . R B
a, al? a2 a’l2 a2 at
CKOpPOCTH
VriaoBeie o R . R . g
ay at a* at at a?
YCKOpEHHUSI
Macca au a a a’ a® a’
Cutbl ar a 1 a’ a’ a’
MoMeHTBI
a, a’ a’ a’ a’ a’
HHEPIHH MacC
KoappummenTnr R
JluHamuueckoe b ag a’ at a’ a’ a
JKECTKOCTH
rnojgooue
Mopynu
YOpPYrocTH ag a a? a a 1
Mmarepuana
OTHOCHTEILHBIE
a, 1 1 1 1 1
nedopManuu

W3 yncna 6e3pa3mMepHbIX KOMIUIEKCOB BBIIEIUM ONPEICIISIONNE KPUTEPUH ISl MOACTUPOBAHUS
BOJIHOBBIX IIPOLIECCOB HA OTKOCAaX, CXE€Ma MOJCIMPOBAHUSA KOTOPBIX PACCMATPUBAETCA I ABYX
CJIydaeB: JI0 30HBI pa3pylICHUs BOJIH U B PUOOHHOM 30HE.

a) Ilepecuer MOIEJBHBIX THAPOANHAMUYECKHX XaPAKTEPHUCTHK B HATYPY A0 30HBbI pa3pylICHHSA
BOJH. [lo pe3ynprataM SKCHEpUMEHTAIBHBIX HCCIEIOBAHUHM, MPOBEIEHHBIX B Pa3HOMACIITaOHBIX
CTEHJaX, I BBIABICHUSA ONPEIEIAOINX KPUTEPHUEB IIPH MOJEIMPOBAHUM BOJHOBBIX IIPOLIECCOB A0
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30HBI OOPYIIEHHS BOJH, C JOCTATOYHOW JUIS THAPOCTPOHUTEIBHOM NMPAKTHKH TOYHOCTBHIO, BO3MOXKHO
NPOM3BOIUTH 10 3aKOHY TpaBHTAalOHHOrO monobust @pyma, rme mnpomeccsl MPOTEKAIOT B
aBTOMOJIENIbHOM 30HE. Torga MoaenbHble TUAPOAUHAMUYECKUE XapaKTEPUCTUKU C YUETOM JIMHEHMHOTO

MacimTaba MomemupoBaHust ar = Nygm Nuoo = Auam Asoo=Huam!/Haoo  OYAYT:  Vsoo = Uyam+/8, (IpH 3TOM

v=./0A/ 27 ) — nuHe#Has CKOPOCTh HepeMelleHHs I'peOHsS BOIHBL U0 = tuum /4/8, — BpeMeHHOMH

nepuos; M0 = Mgl (LL )3 — Macca KaMHs Wik (¢acoHHoro 6moka; W9 = W, unla® — 06beM kamHs;

— 2 ) — . —
Q100 =Quanl(@L)” — mnomans; E,po= Eun/d. —MOIYIb YUOPYTOCTH; €09 = Euyam — OTHOCHTEIBbHAS
ynpyrast 1eGOpMat¥s; (Enop)uoo = (Enop)uam — KOIPOUIUEHT HOPHCTOCTH;  A%yp0 = O%um — YIOM
3aJ0KeHusT OTKoca, Fuoo = Fum /(aL)3 — cuna; = I,,a,,,/(aL)5 — MOMCHT HHEPIMH MaccChl,

Koo = Kyaml (aL)% — KOO GHILHEEHT 5KECTKOCTH.

0) Ilepecuer MOaeJIBLHBIX THAPOANHAMHYECKHX XaPAKTEPUCTUK B HATYPY B IPHOO0ITHOI 30He.
[Tepecuer BOTHOBBIX MPOLIECCOB HA HATYpy Mo Kputepuio Opyna B 30HE pa3pylIeHHs U HaKaTa BOJH
npH J1000M Maciitabe IPUBOIUT K 3HAUUTENLHBIM pacxoxkaenusam [Moppanumemmm UK. ... 2011].
DTO HECOOTBETCTBHE MOXKHO OOBSICHUTH TeM, YTO B HAType BETpOBas BOJHA INpH OOPYIICHUU
OKa3bIBACTCSA B 3HAYMTEIHHOW MEpe a’dpUpOBAHHOM, BO3pAacTaeT BHEIIHEE CONPOTHUBJICHUE BO3AYIIHOM
cpenpl, KOTOpOE BO3HHMKAeT IPH [BIKCHHH NaJarolieidl ¢ TIpeOHS CTPyH, IOBBIMIACTCS CTENCHb
TypOyIHM3aliK U ITyJIbCAI[MH BHYTPEHHETO JaBJICHNS B BOAHOW Cpesie B 30HE Pa3pyLICHUS BOJIHBI.
CrnoxHash KapTWHA SBICHHS BO3HUKAaeT B O0O0JACTH OCHOBAaHUS KpPEIUIGHHUS OT BO3ACHCTBHA
pa3pyIIalomuXcss Ha OTKOCE BOJH. 37eCh Ha pe3yNbTaThl HCCIEAOBAHUS CYIIECTBEHHOE BIHMSHHE
OKa3bIBAIOT CWJIBI CLEIUICHUS TPYHTa, THUAPOAWHAMUYECKOE IPOTHBOJABICHHE, pa3Mep (pakmuid
¢uIbTpa ¥ OCHOBAHMSI, BUOpPAIIMOHHBIE TApaMETPhl CUCTEMBI HAOPOCKA-TPYHT U Mp., YTO CYIIECTBEHHO
YCIOXKHSIET 3a7adyy MOAENIHpoBaHUS. [ CHM)KEHHS BIUSHUS BBIIICTICPEYNCICHHBIX (aKTOPOB
NPUXOAMUTCS MPHOEraTh K 0CO00 KPYIHBIM MOJICIISIM.

Ha ocHoBe wuccnenoBaHuii, MPOBEIEHHBIX B TPEeX pa3HOMACIITaOHBIX CTeHAAax [ py3MHCKOTro
WHcTuTyTa BOJHOTO XO3SICTBA OINMpPEIEIICHBI MONpPaBOYHbIe KOI(MOHUIMEHTH! U Iepecyera: BBICOTHI
HakaTta BOMH (K up), MAKCHMaIbHOTO BOJIHOBOrO HaBieHus (K),) pa3OUTONH BOIHBI M JUaMeTpa
KaMeHHOU (OeToHHO#) Habpocku (Ky).

ITepecyer MojenbHOW BbIcOThl Hakata BOAH (Nrun up)uoo HA HATYPY (Nrun up)uam MPOU3BOMUTCS 11O

3aBUCHMOCTH:

(hrun up).woo = (hrun up)Ham : Krun up / a., (18)

rae a. — JvHeHsld Macmrab monenu; Ky yp = f(R€) — mompaBounslit MaciuTaOHbIil KO3 GUIHEHT

BBICOTHI HakaTa Ky yp= 0,7-1,0, ¢ TOUHOCTBIO, JOCTATOYHOMN [1JI1 MH)KEHEPHBIX PACUETOB AJIsl KAMEHHOM

Habpockn  Kyynyp = 0,85, mna Geronneix maccuBoB — Kyynyp=0,7-0,8 — B 3aBucHMOCTH OT THHIA
OCTOHHBIX MACCHBOB.

IepecyeT MOACTBLHOIO MaKCUMAIbHOIO BOJHOBOTO JaBieHusi (P,,0) Ha oTKoce B HATYPY (Pum)

IMPOU3BOJUTCS 11O 3aBUCUMOCTHU:
Pma() = Pnam X Kp /aLa (19)

rae . — JMHeHHbId Macmtab mMonenu; P, — MakCHMajbHOE BOJIHOBOE JaBieHHE B Hatype; K, —
MacIITaOHblil nonpaBouHblil ko3 duuuent nasnenus, K,=0,6-1,0, ¢ TOUHOCTBIO, JOCTATOYHOM A
UHXEHEPHBIX PacueToB, MOXKHO NpUHATH K),=0,8.

[epecyer MOACTHLHOIO MAKCHUMAILHOTO JMaMeTpa KaMeHHOM HaOpocku (d,,9) Ha OTKOCE B HATYPY

(dHam! IPOM3BOJUTCSL IO 3aBUCUMOCTH:
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dMO() = dnam xap X Kd ) (20)
r1e Uy00, Augm — AMAMETP KAMCHHOM HAOPOCKHM MOJICIIM U HATYphI; @, — JIMHCHHBIN MaciuTad Moaenu; Ky
— MaciTabHbII MONpPaBOYHbIN K03 PHULIMEHT 1naMeTpa KaMeHHOH HaOpOCKH.

3Ha4YeHUsT MacCIITaOHOTO TMOMPABOYHOrO KOX(PQHIMEHTa nuamMeTpa KaMeHHOW HaOpocku (Kjy)
3aBUCAT OT (GOpMBl KaMHSI M Re, ¢ TOYHOCTBIO, AOCTATOYHOW JISI WHXKCHEPHBIX PacyeTOB MOIKHO
MPUHATH JJ1s1 pBaHoro kamHs — Ky = 1,4, nnst okatanaoro — Ky = 1,2.

PaBencTBO 3HaueHMI MOIEIBHON M HATYPHON HOPUCTOCTH HAOPOCKH (emp)m,)= (enop),,am noJ-

TBEP)KACHO aHAIM30M TEOPETUYECKOTO YpPaBHEHHUsS JBHKCHUS JKUAKOCTH 4epe3 TOPUCTBIE CPEIbl B
HaType W Ha Mojaendu. Ecny B ypaBHEHHE NIBW)KEHHS TSOKEIOH HEC)KHMMAEMOW JKUJIKOCTH BBECTU
MHOXUTEINb 1/€,0, (€n0p — OTHOLIEHHE OOBEMA TIOP B MAcCHBE K 00IIEMy 00BEMY) IPH MPOU3BOIHON
MPOCKIMH CKOPOCTEH BO BPEMEHHU, TO OHO UMEET BH/I:

La—V+ gradP +9J=0 (21)
g, Ot

nop

3nauenue P* MoxeT ObITh IpeCTaBIIeHO Kak P*= P+ gpZ. Torna ypaBHenue (21) mpumeT BUI:

L gradp' = L gradp + gradgz (22)
P p

HIIn
i% +=gradP+gJ + gradgZ =0 (23)
&

nop

CoOOTBETCTBEHHO JIsl MOJICTTH OyIeT:

1 ov,, +£gradP ,+9J,,+gradgZ , =0 (24)

MOO

HpI/I HUCITIOJIb30BAaHUH OHHOPOHHOﬁ JKUJKOCTU Ha MOJCJIN U B HATYPEC:

—grad o = grad .+ gradgZ ,, =a gradgZ (25)
2
Torna nns ynoBIeTBOPEHUs noz[06m[ HE0O0XO0IMMO PEIIUTh JIBA YCIOBHSL:
1 (oo 1 (oo
(—r — =(—r — (26)
g”"p Ham ot Ham 8”017 MOO ot MO0
g‘] Ham = g‘]Moz) (27)
YuuThiBas, 4TO COMIACHO TPABUTAIIMOHHOMY 3aKOHY MOA00UsS (Tabmunua 2) 0,9 = aLO’SvHam "
ov ov
L00 = a|_ t,,am, Oyznem UMeTh E = E H, CIIEJIOBATEIIHHO, IS YIOBICTBOPEHHS YCIOBUS (25)
MOO Ham
JIOJKHO COXPAHSITHCSI PABEHCTBO:
1 _ 1
(g” op )uam (g’”’p )Mod
WIN
(g’wp )Ham = (8"01’ )Moz) ! (28)

T.€. IOCTaTOYHO, YTOOBI KOA(PPULIMEHT MOPUCTOCTH HA MOJIENI U B HAType ObUIM OJIHO3HAYHBIMHU.
[TonydyenHnoe B 1a0OpaTOPHBIX HCCIEAOBAHMIX JABYXMEPHOE BOJIHEHHE NMPU IepecueTe B TPeX-
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MEpHOE BOJHEHHE HATYphI CONPOBOXKAAETCS HECOBNAAEHUEM KOJIMYECTBEHHBIX XapaKTEPUCTUK. B aTux
YCIIOBHUAX HEOOXOAMMO YCTaHOBHTH B3aWMOCBA3b MEXAY CIIEKTPOM 3JIEMEHTOB TIIyOOKOBOIHBIX
TPEXMEPHBIX M OSKBUBAJICHTHBIX UM JBYXMEPHBIX TpaHC(HOPMHUPOBAHHBIX BOJH. 3a cpelHue
HKBUBAJICHTHBIE JIByXMEPHBIE BOJIHBI MOTYT OBITh MPUHSTHI T€ TPEXMEPHBIC BOJHBI, BETUYNHBI BBHICOT
KOTOPBIX B OTKPBITOM BOAOCME M Ha MEJIKOMH BOAC OCTArOTCA 0e3 M3MeHeHUs. 3a TaKOBBIE MOT yT OBITH
MPUHATHI TpeXMepHble BOJHBI 1% -oif obecrneyeHHOCTH. PekoMeHI0BaHa 3aBHCHUMOCTh, MO KOTOPOW
MOXET OBITh OIpeleNieHa CpenHss BeJIMYMHA SKBHBAJCHTHOW JBYXMEPHOH BBICOTHI BOJIHBI IO
3aBUCHUMOCTH:

hHaT,E[ByXM = 0183hHaTTpeXM,1% (29)
BBIBO/IbI

[IpumeHeHne TIpaBUTAMOHHOIO 3aKOHAa NOJM00MS B PpsJie YAaCTHBIX CiIy4aeB TpedyeT
KOPPEKTUPOBKM C BBEJIEHUEM JIONOJIbHUTEIbHBIX KPUTEPUEB, BHIOOP KOTOPBIX 3aBUCUT OT
IIPEJCTaBUTEIIS TOIO WINM MHOTO 0e3pa3MepHOro MoKa3aTelis.

[Ipy MoaenupoBaHHM CBSA3HBIX TPYHTOB — KPUTEPUEB JMTOJIOIMYECKOTO MOA00uS.
OCHOBHBIM  (PaKTOPOM, OIPENENIAIOUUM CONPOTUBISAEMOCTh TJIMHUCTBIX T'PYHTOB BOJHOBOMY
BO3/CHCTBUIO, SIBJISICTCS CUJIA CLICTIIICHHUS.

IIpu monenupoBaHuM (OPMHPOBAHUS OTKOCA, CIOKEHHOTO MECKOM, OCHOBHBIM SIBIISETCS
NEPEOTIOKEHUE MaTepHaloB IO JUIMHE Hpoduisi, opMa KOTOPOro 3aBUCUT OT COOTHOLIEHHUS
pa3Mepa 4acTHIl U BEIMYMH IPUJOHHBIX CKOPOCTEM BOJHOBOIO IOTOKAa B paccMaTpUBaeMOM
CTBODE.

[Ipn MonenupoBaHMM KaMeHHOM HAOpOCKM U OeTOHHBIX OJIOKOB BBIOOp JIMHEHHOTO
MaciiTaba Mozaenu (@) OCHOBaH Ha CO3JaHMM B OacceiiHe MaKCHMAaIbHO BO3MOXKHBIX BBICOT BOJIH.
OcHOBHBIE TapaMeTpbl MOJIEIUPYEMBIX BOJH JIO 30HBI MX OOpYyIIEHHsS NOAOUPAIOTCS U3 YCIOBHUS
NPUHATBIX Pa3MEpOB BOJIH HATYpbl M Macmraba MOAEIMPOBAHMS - IO HPaBWIAM T'HAPABINYECKOTO

nonobuss Ppyna Fr=——. B mnpuboiiHOW 30HE MepecyeT MOACIbHBIX 3HAYCHUH BOJHOBBIX

XapPaKTCPUCTUK ITPOU3BOAUTCA C IOMOIIBIO ITOIPAaBOYHBIX MacIITaOHBIX KOB(I)(i)I/ILII/IeHTOB.
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Hydrotechnic
METHOD OF MODELING OF COASTAL SLOPES FORMATION OF MOUNTAIN

RESERVOIRS DURING WAVES ACTION

I. lordanishvili, 1. Iremashvili, K. lordanishvili, D. Potskhveria, L. Bilanishvili

Ts. Mirtskhulava Water Management Institute
of Georgian Technical University
Thilisi, Georgia

Annotation. The article describes the results of the study of calculation of the coastal slopes of the
mountain reservoirs and calculations of the basic parameters in the wave action.
Considering the approximation of the models by three schemes:
1. Modeling of interactions between wires and waves drawn from the soil;
2. Modeling the interaction between the shore and waves drawn from the sand muds;
3. Modeling of stone shields strengthened with rock padding and concrete blocks.
The work is performed on the results of long-term research in the hydraulic wave of the Institute and
on the banks of their reservoir of Georgia - the test on the basis of the field research.
Keywords: mountain reservoirs, coastal processing, modeling.
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Hydraulic engineering

DEVELOPMENT OF A METHODOLOGY FOR DETERMINING DYNAMIC IMPACTS
OF WATER TO OPERATING IN EXTREME CONDITIONS THE PROTECTIVE
STRUCTURE OF THE EARTH FILL FROM WASH-OUT

Kh. Iremashvili, G. Berdzenashvili

Georgian Technical University
Thilisi, Georgia
Annotation. At an earthquake, a protective structure operating under extreme conditions, in addition
to oscillatory effects, is also influenced by dynamic (seismic) water pressures, which are necessary to be
taken into account at design and operation of these structures in order to ensure their seismic resistance.
These hydrodynamic pressures may increase due to resonance phenomena, the natural frequency of that is
close to the characteristics of earthquake oscillations. The article describes the method of determining the
specified dynamic impact.
Keywords: earth fill, bank protection structure, hydrodynamic pressure, wash-out, resonance,
earthquake.
I'maporexnuka

PA3PABOTKA METOAUKHA ONPEJAEJEHUSI IMHAMWYECKOI'O BO3JENCTBUM
BOJbI HA PABOTAIOIIYIO B OKCTPEMAJIBHBIX YCJIOBUSAX 3ALIUTHOE
COOPYXEHUE 3EMJISAHOTI'O ITIOJIOTHA OT PAZMBIBA

X. UpemamBuau, I'. bepazenamBuiaun

I'py3unckuil mexnuyeckuil ynugepcumem
Tounucu, I'pysus

Annomayus. llpu 3emnerpsceHMr Ha paboTamIlee B OKCTPEMAIbHBIX YCIIOBUSX 3allUTHOE
COOPY)KCHHE KPOME BO3ICHCTBHS KOJICOATEIHHOTO XapakTepa OKa3bIBAIOT BIIHMSHHUE TAKKE TUHAMUYCCKUC
(ceiicMuYeckue) NaBJICHHUS BOJBI, YYET KOTOPHIX HEOOXOIUM IPH MPOCKTUPOBAHHM W SKCIUTyaTallMHd 3THUX
COOPY)KCHHUU ¢ TIeNbI0 00eCIeueHus] WX CEHCMOCTOWKOCTH. YKa3aHHBIC THIPOIUHAMUYECKUC TaBIICHUS
MOTYT VBEIMYHUTHCS 3a CUET PE30HAHCHBIX SBJICHUH, YacTOTa COOCTBEHHBIX KOJEOAHUN KOTOPHIX
MPHUOJIKASTCH K XapaKTepUCTHKaM KojieOaHuil 3eMieTpsceHus. B craTtbe onmucana METOMKa ONpe/esieHUs
YKa3aHHOTO TMHAMHYECKOTO BO3/ICHCTBHS.

Kntouegvle cnoea: 3eMissHOE TIONOTHO, OEpET03allUTHOE COOPYKEHHUE, TUIPOAMHAMUYECCKOE
JABJICHUE, PA3MbIB, PE30HAHC, 3eMIICTPSICEHUE.
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Havyku o 3emJe
PEHTFEHOI[I/I(I)PAKTOMETPI/I‘IECKI/II71 AHAJIU3 AT'POUPPUT' ALIMOHHBIX

HAHOCOB PEK BOJIBIIIOIO KABKA3A B IPEJEJIAX ASBEPBAHKAHA

H.C. UcmanaoBa, S1.A. I'apu6oB

Baxunckuii 'ocyoapcmeennviii Yuusepcumem
yn.3axuda Xanunosa 23, baxy, AZ 1148, Azepbaiiosrcan
E-mail: yaqub.garibov@mail.ru; nigar2272@mail.ru

Annomauyus. MHorue Bompochkl (GOpMHpPOBaHUS U (YHKIMOHUPOBAHUSATPOUPPHUTAIIMOHHBIX
JaHAmapTOB B pa3iMuYHBIX PEruoHax AsepOaiipkaHckod PecryOiauKd 10 CMX TOP HE HM3YYEHBL. ITO
OTHOCHUTCS, OCOOCHHO, K OpOIIAEMBIM PETHOHAM pECIyOJHMKH, TJIE¢ MHOTHE BOMPOCHI CBSI3aHBI C
PEHTTCHOMU(PPAKTOMETPUYCCKAM  aHAIM30M  arpOMPPUTallMOHHBIX  HAHOCOB. B maHHOW  craThe
PEHTreHO U PAKTOMETPUICCKUM METOJOM aHAIM3UPYETCS KPUCTATMUYSCKUI COCTaB peUHbIX Boj bosbiioro
KaBka3za. BriepBeie, B pe4HBbIX BOJaX U OPOCHUTEIBHBIX CHCTEMaxX YCTAHOBJICHO KOJUTMYECTBO Tymyca U
MUHEPATBHBIX BEUIECTB B arPOUPPUTAIIMOHHBIX HAHOCAX.

Knwwuesvle cnoea: peHTTEHOMU(PPAKTOMETPUYCCKUI — aHANKM3, AarpoOMpPPUTallMOHHBIA  HAHOC,
KPHUCTAILIBI, OPOIICHHE, METNOPAIIHS

BBEJIEHUE

B mocnenHMe TOABI YBEIMYMBACTCS TEPPUTOPHS OpOIIAEMBIX 3€Melb B AsepOailkKaHCKON
PecrryOnmke. IlosToMy HEOOXOAMMO y4YeCTh DSl HETAaTHBHBIX IPOIIECCOB CBSI3aHHBIC C OPOIICHHEM, B
YaCTHOCTH, 3aCOJICHUE I 3a00JI0UE€HUE TEPPUTOPHI.

B pe3ynbpTare aHanm3a cocTaB UPPUrallMOHHBIX BOJI, B HaCTHOCTH I'ymMyca, MEXaHMYECKOTO COCTaBa,
BOJHO-(PH3UYECKUX M XUMHUYECKAX CBONCTB PA3IUYHBIX TOYB, a TaKXKe IPYHTOBBIX , KAHAIBHBIX M PEYHBIX
Boa bonbmioro KaBkasa  yCTaHOBJICHBI OCHOBHBIE TCHIACHIMH (OPMHUPOBAHUS W Pa3BUTHUSA
arpoMppHUranMoHHbIX JanamadTos[4].

OCHOBHAA YACTD

Ha ocHoBe peHTreHOAN(PAaKTOMETPUYECKOTO METOJa YCTaHOBJIEHHO, 4TO peku bonbmoro Kaskasa,
MPOXOJAIINE Yepe3 TEPPUTOPUU IOPCKUX OTIIOKEHUH HACBHINAETCIKANbINIOM,MyCKaBUTOM, KBapLUTOM U
MOJIEBBIM IIIATOM, OAHAKO, PEKH, MPOXOISIINE Yepe3 MEJIOBBIE OTIOXKEHHUSI OCOOCHHO MHOTO COAEpKaT B
cocTaBe KapOOHAHBIE OTJIOKEHHUS, B TOM YHCJIEC U3BECTHSK, MEJI, TUIIC, JOJIOMUT, KaJbUX U T.1.

Jia aHanm3a OpOCHUTENBHBIX BOJ M B3BEIICHHBIX HAHOCOB OBUIM B3SITHI oOpasusl u3 p. Camyp,
Typuanuaii, I'eokuail, Axcy, ['ycapuaii, ['apauaii, ['ynnanuaii, Aruaii, BensBennuaii u ap, Bepxue —
Kapabaxckoro m Bepxue — IllupBanckoro kanama, a Takke u3 3-Xx mocrtoB Camyp-AOIIepoHCKON
OpPOCHUTENBHON CUCTEMBI,. AHAJIN3BI IPOBOAUINCH B AHanuTH4deckoM neHTpe Mucrtutyra reonmorun HAH
AzepOaiimxana B pertren-anmnapare JJPOII-I1. [{ns kaxoii pekn cocTaBIeHbI OTEIbHBIE TUPPAKTOrPAMMBI
[3], tme yka3aHel HUGPaMU PACCTOSHHUS MEXAY IUIOCKOCTSIMH aTOMOB KPUCTAUTMUECKOW pPElIeTKU
MuHepainos (Tanuua 1, pucysku 1, 2, 3).

N3BecTHO, 4TO WPpPUTAlIMOHHBIE BOABI, UCKYCCTBEHHO YBEJIMYHBAs BIAXKHOCTh MOYBBI, MPHUHOCS C
co0Oi pacTBOpUMBIE W B3BELICHHBIC BEIIECTBA, OKAa3bIBAIOT CYLIECTBEHHOE BIMSHHE Ha XapakTep
MOYBEHHBIX IPOLIECCOB M 00pa3yeT arpoMppHUralOHHBIA TOPU30HT (KYJIbTYpHO-TIONMBHBIX) JaHAMA(PTOB

[2].

G. 30GGLIRBL LOLIRMBOL TISRMS 3IIG6IMBOL 0BLBOBIB0; dS@IFMIL RdBGZOL IZMBIEBGAE0 133
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION


mailto:yaqub.qaribov@mail.ru
mailto:nigar2272@mail.ru

898 bSIBNSIMA0L() bSIICE6NIF(I-BIT6NFIH0) JCI6EIFIEB0S “XISRMS 3IAG6IMBOL, dS®IFMs
RdG30L, SHINBIISIA0LS RS 3FI6IIRMIOL 0)5608IRG™M3I 36(MIRIFIBN”
-5 6(M3J83930, 2018 V.

Tabéauua 1
Cocras peunsix Box CeBepo-BocTrounoro Kaskasa
(Ananussl npoBoauacs B Uucruryte reonoruu HAH Azepbaiinxana)

Mr/ n
Ne | Bouinie oonexTeI BagoBoii azor CaCOg; P,Os5 K,O Pn T'ymyc
1 | Camyp-AOmICpOHCKHIA KaHAIT 0,58 120 0,68 32,4 7,01 0,21
2 | I'ycapuait 0,82 850 0,38 182,5 7,60 0,06
3 | I'youamuaii 0,56 180 0,42 129,5 7,30 0,04
4 | Tapauait 0,28 182 0,42 125,6 6,74 0,16
5 | Aruai 0,51 886 0,34 31,4 7,20 0,02
6 | Anmanuai 0,84 170 0,32 28,5 7,14 0,24
7 BenbBenuuaii 0,39 744 0,75 134,4 6,80 0,37
8 Jxaramkyrdaid 0,52 178 0,40 130 7,20 0,02
9 | Illabpanuait 0,38 740 0,70 130,5 6,70 0,35

Hamu, Ha OCHOBe aHanm3a, YCTaHOBJEHO, 4TO B maudpakrorpamme TypuaHuas u BenbBenuuas
npeobnanaror Kanbimid (CaCOs), kBapuut (SiO,), MONEBOM IImNaT, TIMHA, aMOpPQHBIE CTPYKTYphl, a B
I'ycapuaiie u Bepxne — IllupBanckom kanane -Ca, Mn, Mg, COj;, Takxe KyTHAaropur, KaldblIMOH U JIPyTUe
MuHepasbl. J[aHHbIE COOTHOIICHHS MHHEPAIOB ONArONpHATHO BIUSIOT Ha (OPMUPOBAHUE 3EPHOBBIX,
CaIOBBIX, OrOPOJOBO-0AaXUEBBIX M APYTUX arpOMPPHUIAllMOHHBIX KOMIUIEKCOB. [109TOMy, B 3THUX paiioHax
1eNIeCO00Pa3HOYBEIMYUTHTEPPUTOPUHN JAHHBIX KOMILICKCOB.
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Anamm3 audpakrorpammel Bepxue — Kapabaxckoro kanama, ['yamamdasi, oka3pIBae€T YTO B ITHX
BOJIaX COZEPIKATCS CEIMKATHBIE U KapOOHATHBIE MUHEPAJIbl, 0COOCHHO KBapLUT, KaJbIHUi, OJEBOH mmar, u
T.JI. YKa3aHHblE MUHEpalbl U JpyrHe OMOp(HbIE COCIMUHCHUS TIOJIOKUTEIBHO BIHMAIOT HA
MPOU3BOJUTEIBHOCTh  BHHOTPAJHO-IUIAHTAIIMOHHBIX W OPEXOBO-TUIAHTALIMOHHBIX ~ KOMILJIEKCOB.
OpHako,HEOOXOAMMO YYeCTh TO, YTO B ITHX pailoHaXx MpeobiagaroT 3epHOBBIE, OTOpPOIOBO-0axdeBHIE
arpoUpPPUraMOHHBIC KOMILICKCHI.

B mudpakrorpammax Camyp-AOIIepOHCKroro xaHajga oOHapykeHa ciabasi MuHepanu3auus. Boas
3THX HWCTOYHHKOB ciabo muHepammsupoBaHHbl (0,25-0,48 1/1), IpenMyIEeCTBEHHO THAPOKapOOHATHEIE,
OTHOCHUTETILHO OOraTsl KaubleM. Takke BCTpedaeTcss MyCKOBHT, KBapLUT, KAOJIHHUT, KaJbIUA, aMOpQHbIC
ctpyktypsl (Al,03, Si;Os) 1 ap.

MyTHOocTh monuBHBIX BoA pek bompmoro Kapkaza: Typuanuas, I'eokuas, ['ycapuas, ['ynuamuas,
lapauas, Camypa koneOmercs B mpenenax 2000—4000 r/MY/ron, a Arauas, [mirunbuas, [Tabpanuas,
Taxrakeprydas — 400-1000 r/m® B rox.ppHraronHble HAaHOCHI JAHHOTO PAlOHA JOCTATOYHO OOTATHI
MUTATSIBLHBIMU JIEMEHTaMH U MuHepaiamu. [1o HamuM aHanu3am oHu cojepxkat B cpeanem 0,21-0,34 mr/n
rymyca (wmm 1,25-1,85%), 0,28-0,34 mr/a BamoBoro azota (wmm 0,08-0,12%) 129-182 mr/n oOMEHHOTro
KaJusl.

3AKVIIOYEHUE

Hamu paccuntanbl KonmndecTBa MATATENBHBIX 3JIEMEHTOB BO B3BEIIEHHBIX HAHOCAX, MMOCTYMAIOIINE HA
oporraemyto teppuropuio Kypa — Apasckoit u Camyp-/leBeunHckoit HusmeHHocTd. Ha opomraemoe mome
nocrynaer B cpeaneM 280-350 kr/ra rymyca, B Tom umcie 0,96 kr/ra BOJHOPacTBOPHMOIO TIyMyca,
BajoBoro aszora 18-24 kr/ra, moxswxkHoro (ocdopa 0,30-0,53 xr/ra, kapbonaroB 900-1100 «kr/ra,
oOMeHHoro kanus 6,50—7,76 kr/ra.Ha oporiraembie 1moJist ¢ MOJMBHBIMHU BOJIAMU €XKETOJIHO MOCTYNAroT 2,35—
2,80 T/ra conel, MpeUMyIIECTBEHHO T'MAPOKapOOHATHO-CYIIb(aTHOTO cocTaBsa [3].

[lon BAWSIHMEM ATUTENHFHOTO OPOIISHUS MYTHBIMH BOJIAMH, €XKETOJHOW 00padOTKH B MOPGOIOTHH
arpojanamadTa Mpou3onuId TiyOoKue u3MeHeHus. J[aBHO opolaeMbie cepoOyphie, CepO3eMHO-Oyphie,
CEPO3EMHO-JIYTOBBIE U JP. ITIOYBEI UMEIOT OOJIbIlIe (PpaKIUK Uila U TIIMHBL U cojiepkaT rymyca B 0,80 cm-om
cJIoe B J1Ba pa3za O0JbIe, YeM MeTuHHbIe (PUCYHOK 4,5).
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Earth sciences

RENTGENDIFRAKTOMETRIC ANALYSIS OF AGRO-IRRIGATION DRAINS OF
THE RIVERS OF THE GREAT CAUCASUS IN THE LAND OF AZERBAIJAN

N.S. Ismayilova, Y.A. Qaribov

Baku State University
Baku, Azerbaijan

Annotation. The article analyzes the transformation of the settlement of the various units of modern
irrigated landscapes and the systematic creation agroirrigatsionnyh, garden and plantation-and rainfed
agricultural landscapes., Through the optimization of the economic burden in agroirrigatsionnyh complexes,
amelioration of the situation vysokoosvoennyh regions of Azerbaijan Republic.

Keywords: agro-irrigation landscapes, reclamation, agrotechnics, rentgenodifraktometric analysis,
diffractogram, optimization
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HUccaenoBanus 1o M3y4eHUIO 3emuin

OIEHKA BJIMAHUA TEXHOI'EHE3A HA 'EOJIOTHYECKYIO CPENY

Urpunamsnian JI.A., UpemamBuian U.P., XocpomBuin E.3., HarpomBuan I'.T.

Hucmumym 6oonozo xosaiicmea um. L. Mupyxynasa
I'py3uncroeo mexnuuecko2o yHugepcumema
np. U. Yasuasaose 60b, 0179, Tounucu, I pyzus

E-mail: ingairema@yahoo.com

Annomayus. B crathbe paccMaTpUBAIOTCA BONPOCH! OLIGHKH CYMMapHOI'O BO3ACHCTBHS TEXHOI'CHE3a
Ha TeO0JIOTHYECKYIO0 Cpely W IPOTHO3a €€ M3MEHEHHUs B pe3yibTare IJIaHUPYEeMbIX BHUIOB BO3JEHCTBHSL.
IIpennaraercss palilOHMPOBAaHWE TEPPUTOPHUH OCYIIECTBIATH 10 JBYM BEPTHUKAIbHBIM YpPOBHAM C
COCTaBJICHHEM COOTBETCTBYIOIIMX KapT, KOTOpble OyIyT MCHONB30BaHBl I  HOCIEAYIOLIEro
MIPOrHO3UPOBAHUS.

Knrouegole cnosa: TeEXHOTEHE3, FEOJIOTMYECKas Cpeia, BO3ACUCTBHE, MPOTHO3, MEPOIIPUSTHS.

BBEJIEHUE

B Hacrosiee Bpemst 4enoBeK aKTUBHO BO3ACHCTBYET HA I€OJOIMYECKYIO Cpeldy, IpuieM B Maciurade
BIIOJIHE COTIOCTaBMMOM, a B HEKOTOPBIX CIy4yasX W MPEBOCXOJSANIEM €CTECTBEHHBIE TI'€0JIOTHYECKHUE
nponeccel. CamMo MHOrooOpasue HCIOJIb30BAHUS TIeOJOrMYEecKoil cpenbl (pa3paboTka MeECTOPOXKICHUN
TIOJIE3HBIX MCKOMAEMBIX, KCIIOJIb30BaHUE TMOpPOJ Kak OCHOBAaHMM WIM BMECTWIHILI, COOPY)KEHHUH,
MTOBEPXHOCTHBIX U MOJ3EMHBIX BOJ, MMOJA3EMHBIX MyCTOT, UCIIOIH30BAHUE 3€MENb B CEIbCKOX03SIMCTBEHHBIX
LEJISX U Jp.) CYIIECTBEHHO YCJIOXKHSAET MPoOJieMy €€ palloHaJbHOro Mcnojib3oBaHus. Ilpu atoM cremyer
YUUTHIBaTh, YTO OJTHO M3 HAIIPABJICHUH UCIONH30BAHUS T'€0JIOTMUECKOM CpeIbl 3a4acTyI0 MPENSTCTBYET WIN
JieflaeT HEBO3MOXKHBIM OJHOBPEMEHHOE WJIM IIOCJIEI0BATENbHOE MCIOJIb30BAHUE €€ B JPYIUX LEIsIX. JTO
JUKTYEeT HEOOXOIMMOCTb OLIEHKH CyMMAapHOT'0 BO3/CHCTBHS Ha F€OJIOTHUECKYIO CPEY Pa3HbIX HAIPaBICHUH
XO3AHCTBEHHOW  JEATENLHOCTH,  YTOHEBO3MOXHO  0€3  yueTa  WHKEHEPHO-TEOJIOTHYECKHX U
THIPOTEOJIOrHYecKuX (PaKTOPOB, KOTOPbIE JOJDKHBI ObITh MPEACTaBICHBl B BUAE MPOTHO3a U3MEHEHHUS 3THX
YCIIOBUI B pe3yibTaTe IJIaHUPYEMbIX BUIOB BO3/IEHCTBHS Ha I€0JIOTHYECKYIO CPEY.

Oco0eHHO OCTPO 3TH MPOOJEMBI CTOSAT B MPEArOpHBIX M TOPHBIX PETHOHAX C BEPTUKAIBHON
30HAJIBHOCTBIO, € MHOr000pasMeM TI'HMAPOreoJOrnYeCcKUX, MOYBOIPYHTOBBIX M MHKPOKJIMMATHYECKUX
YCIIOBHUH, TAE€ CYHIECTBYET KpalHSS UYyBCTBHUTEIHHOCTH JKOJOTHYECKOTO pABHOBECHA K MalleHIIeMy
W3MEHEHUIO K00 M3 COCTaBIIIOLINX CUCTEMY (DaKTOPOB, K KOTOPBIM OTHOCUTCS [ py3usi.

OCHOBHASA YACTbH

st perieHns 3amadun Ha TIEPBOM JdTalle WCCIEAOBAHUA MOXKET OBITh HCIIONB30BAaH METOJ aHAIOTHH
[1]. Tlpu sTOM  OmpEAENsOTCS KOHKPETHBIE W3MCHEHHUS TEOJOTMUYCCKOH Cpe/bl, BO3HHUKAIOIIUE MPH
HanOoJiee pPACHpPOCTPAHCHHBIX B TMPaKTHKE BHUAAX Bo3lelcTBHS Ha Hee. llomydeHHBIE pe3yibTaThI
AKCTPANOJIUPYIOTCS HAa YYaCTKH C OJM3KMM CTPOCHHEM WM CBOMCTBAMH TIOPOJ BEPXHUX TOPH30HTOB
3eMHOM KOpbl. (OYEBUIHO, YTO JIsl COCTABICHUSPETHOHANBHBIX IPOrHO30B C MOMOIIBIO METOJIa aHATIOT UM
BCsSI HCClemyeMasi TEPPUTOPHS MOJDKHA OBITH pa3zelicHa Ha THUIIOJIOTHYECKHE YYacTKH Pa3HOTO paHra, B
Mpenenax KOTOPhIX CTPOCHHE W CBOWCTBA BEPXHHX TOPU30HTOB TOPHBIX IMOPOA (BIUIOTH IO TITyOHHBI
BO3MOJKHOTO BO3NICHCTBHUS YEJIOBEKA) OTHOCHUTEIBHO OXHOPOAHBL. OpHAKO TPOBEIECHHE TaKOTo
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palloHMpOBaHUS KPYITHBIX TEPPUTOPHUI BCTpedaeT 3HAUNTENbHbBIE TPYAHOCTH, 00yCIOBIIEHHBIE TIPEXK/IE BCETO
YpEe3BBIYAMHBIM Pa3HOOOpa3UeM M HM3MECHYMBOCTHIO CTPOCHHSI W CBOWCTB TOPOJ BEPXHUX TOPHU3OHTOB
3eMHOI1 KOpHI, KaK B TUTaHE, TaK U 10 TIIyOuHe.

PaifonupoBanue KpYMHBIX TEPPUTOPUM U1 IIeied COCTABJICHMS] TPOTHO30B  H3MEHEHUS
TCOJIOTHYECKONW Cpenbl 1enecoo0pa3Ho MNPOBOAMTH IO TEHE3UCY, COCTaBy, COCTOSIHUIO M CBOWCTBaM
BepxHero 10-20 MeTpoBOro cJosl.

IlenecooOpa3HOCTh M HEOOXOUMOCTh MPOBEACHHUS PAOHUPOBAHUS TEPPUTOPHUI BBITEKACT, HA HAII
B3TJIAI, U3 TOTO, YTO BepxHssA, 10-20 MeTpoBasi ToNIIIa OTIIOKCHHUM SBISETCS O0BEKTOM BO3ICHCTBHS IIPH
MOOBIX BHUIAX XO3SMCTBEHHOW JESATENPHOCTH — NPOMBIIUIEHHOM, TPKIAHCKOM U JWHEHHOM
CTPOUTEILCTBE, PACIAIIKE U MEJIUOPALUU TEPPUTOPHUH, BhIpyOKe jecoB U T.A. [loaTOMy KapTHHa MPOrHO3a
W3MEHEHUSI CBOMCTB O3TUX TOJI IPEXIAE BCEro JODKHA OTBEYAaThb HA BOMNPOC, KAKUE HW3MEHEHHUS
T'eOJIOTMYECKOM Ccpelibl OYAYT BO3HUKATh MPH “OO0BIYHOM”, MIOBCEAHEBHOM OCBOCHUHU TEPPUTOPHUH, BKIIFOUAS
CI0JIa TEOJOTMYECKUE U HH)KEHEPHO-T€OJIOTMYECKHE MpOLECcChl. ['OpHBIE HOPOABI K€, 3aJerarolive Ha
0OJBIINX TINyOWHAX, IOABEPIarOTCS BO3ACHCTBHI0O HA OTPAHWYEHHBIX YYacTKaX, ITO3TOMY IPHHITHUITHI
paliOHUPOBaHUS TEPPUTOPUM HA ITHX ABYX YPOBHSIX pa3nuyHbl.COCTaBICHHBIE TaKUM 00OpPa3oM KapThl
palloHMpOBaHUS TEPPUTOPHUHU TTO3BOJIAT OCTATOYHO YBEPEHHO 3KCTPANOIMPOBATh JaHHBIE 00 M3MEHEHHSIX
re0JIOTHYeCcKOi cpesibl B pernOHaIbHOM IUIaHE.

Takum 00pa3oM, MPOTHO3BI 0a3UPYIOTCS HA IPOBEACHUM pPalOHMPOBAHMS TEPPUTOPUU U HA
PETHOHATILHOM U JIOKaJbHOM HCCJIEIOBAHUU M3MEHEHUS! OTACJIbHBIX KOMIIOHEHTOB I'€0JOTMYECKON Cpelbl.
N3yuyenune xaxa0ro KOMIIOHEHTa T€OJIOTMYECKON CPeJIbl SBISETCS CaMOCTOATEIRHOM 3anayeii. K ocHOBHBIM
3aja4aM, pellaeMbIM B IEJAX MPOrHO3a,ClIeAyeT OTHOCHTH: 1) pa3paboTka MPOTHO3a HM3MEHEHHS
TCOJIOTUYECKUX U HH)KEHEPHO-TEOJOTHUECKMX MpOLECCOB; 2) pa3padoTKa NpPOTHO3a HM3MEHEHHS
TEMIIEPATyPHOT0 PeXUMa BEPXHUX FOPU30HTOB FOPHBIX MOPJ; 3) pa3paboTKa MPOrHO3a U3MEHEHHSI COCTaBa
W CBOMCTB rOpHBIX TOpoJ; 4) pa3pabdoTKa MPOrHO3a M3MEHEHUS THIPOTCOIOTHUECKUX W THAPOIOTHIECKUAX
YCIIOBHUU.

[To mMepe HakoOIUIEHUS MaTepuana U U3YYCHHs] MEXaHU3MA U3MEHEHUS Pa3IMYHbIX COCTABHBIX YacTei
TEOJIOTUYECKON Cpelibl MOJ BIUSHUEM OCHOBHBIX BHUJOB HWHXEHEPHOU NEATEIBHOCTH YEJIOBEKA IMOSBSITCA
MPEATIOCHUIKU JJII COCTaBJICHUS PETHMOHAIBHBIX W JIOKAIBHBIX KapT HOBOTO THIIA, OTpaKarommx (10
TUTIOJIOTUYECKUM Y9acTKaM) JOIMyCTUMBIE TpeAeibl W3MEHEW pa3lIMYHbIX MapaMeTpoB HHKEHEPHO-
TEOJIOTUYECKUX W THAPOTEOIOTMUSCKUX YCIOBHH, HE BBI3BIBAIOIINX TOSBICHUS HETATHBHBIX ITOCIIEICTBHUMA
KCIIOJIb30BaHUs T€0JOTHYECKOUN Cpebl.

Oco0oe 3HaueHNE UMEET H3YUCHHE HHXEHEPHO-TEOJIOTHYECKUX MPOIECCOB HAa TEPPUTOPUHN KPYITHBIX
TOpOJIOB, TJIe BO3JIEIICTBHE UEIOBEKAa Ha 3eMHYIO KOPY MPOUCXOAMT OCOOEHHO CHUJIIBHO, a HE0Y4eT 3TOTO
BO3JICUCTBUSI MOXKET IMPUBECTH K IMEYaIbHBIM MOCIHEACTBUSM. B 3TO#l CBsI3U cieayer OTMETHUTh, YTO [0
HACTOAIIETO BPEMEHHU CpPEION HEKOTOPBIX WH)KEHEP-TEOJOrOB M THAPOTEOJIOTOB, K COXKAJIEHHIO, OBITYeT
MHEHHE O CPaBHUTEIHHO CJIA00M BIIUSHUHM AHTPOIIOTCHHBIX (DAKTOPOB HAa AKTHBHOCTH TE€OJIOTHYECKUX
nporieccoB.HecoMHEHHO, OJHAKO, YTO POJIb AHTPOIOTCHHBIX (PaKTOPOB BO MHOTHX CIIy4asx SBIISCTCS
JTOMUHHUPYIOMEH W ¢ 3THM HE0OXOoauMo cUHuTaTthcs. K coxkalleHnro, B JaHHOE BpPEMS €IIe OTCYTCTBYET
JOJKHAs KOOPJIWHALMSA YCWIMM HMHXKEHEPOB-T€OJIOTOB M, B YaCTHOCTH, HET €JUHOM TroCylapCTBEHHOU
MpOrpaMMBl 10 TpoOJeMe «HH)KEHEpHas TeOoJOrusl TOPOJOBY», a IO3TOMY B OONAacTH WH)KEHEPHOH
TE€OIMHAMHKH TOPOJIOB HET HU OOMIETPUHATHIX METOIUK, HA COOTBETCTBYIONTNX HOPMATHBOB.

Hpyras mpo0OiieMa — u3ydeHHe U OICHKA BJIMSHUS TOPHOIOOBIBAIONINX MPEANPUIATANH HAa U3MEHEHUE
HMHYXEHEPHO-T€OJOTMYECKUX U THIPOreOJIOTHUECKUX YCIOBHNA NPUJIEraloluX K HUM TeppUTOpHil. BakHOM
COCTaBJISIONICH JaHHOW MPOOJIEMBI SIBJISETCS M3YYCHHE YCIOBHIA BO3HHUKHOBEHUS M PA3BUTUS WHIKCHEPHO-
Te0JIOTMYECKUX TPOIIECCOB IO BIUSHUEM TOPHBIX BBIPA0OTOK WM OTOOpa M3 36MHON KOPHI KHIKHX U
ra3000pa3HbIX MOJE3HBIX UCKOMIAEMBIX, BKIIFOUAs MIPOIIECCHI MO3EMHOM ra3u(UKaIMY WIN BBIIEIAYABAHUS
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OTHENBHBIX  KOMITOHEHTOB. 3necs, clenyeT  OTMETUTh HECOBEPIIEHCTBO  ACUCTBYIOIINX
3aKOHOZATEJIbCTB,KOTOPbIE HE 00A3BIBAIOT Pa3pabOTUMKOB MIPOEKTOB, CBSI3AaHHBIX C MCIOJIb30BAHHEM HEZp,
BKIIIOYAaTh B COCTaB MpOEKTa paszlen 00 oOxpaHe TIeoJormyeckoil cpeapl. Mcciaenys WM MCIONB3YS
T€0JIOTHUECKYIO CPEdy B JIIOOOM acmekTe, HeoOXOAMMO JOCTATOYHO TOYHO 3HATh (PU3MKO-MEXaHWYECKUE U
(U3UKO-XMMHUUECKUE CBOICTBA TOPHBIX MOPA U MX BO3MOXKHBIC M3MEHEHUsI NP PA3TUUHBIX BO3JCHCTBUIX
Ha HUX. [[OCKOIBKY € KaXAbIM I'OJOM CIIEKTP XO3SIMCTBEHHOW AESITEIILHOCTH YEJIOBEKA CTAHOBUTCS BCE
Oosiee MIMPOKUM M Pa3HOOOpa3HBIM, TO COOTBETCTBEHHO YBEIHYMBAECTCS HAOOp CBOMCTB M IapaMeTpPOB,
KOTOpbIE HEOOXOJMMO M3Y4aTh KaK B J1a0OPAaTOPHBIX, TaK U B MOJIEBBIX yCIOBUSIX.

B cBere M3M0KEHHOTO MOXHO YTBEPKIaTh, YTO ISl KPYIHBIX PETHOHOB B HACTOSINEE BPEMs
BO3MOXHO COCTaBJICHHE TOJBKO KadeCTBEHHBIX MPOTHO30B. MX cocTaBneHue TpedyeT, ¢ OJHOH CTOPOHEI,
TIIATENBHOIO M BCECTOPOHHEIO aHalIu3a CYILIECTBYIOUIETO BO3JACHCTBUS KPYNHBIX IPOMBIIUIEHHBIX,
THIPOTEXHUYECKUX M CENbCKOXO3SIMCTBEHHBIX OOBEKTOB Ha TEOJOTMYECKyI0 cpeay, a ¢ ApYrod —
COOTBETCTBYIOIIEH TUIN3AIMH (MH)XEHEPHO-TEOJIOTHUYECKOM 1 I'MIPOre0I0rHUeCcKOi) H3y4aeMOoro peruoHa.

IlepBoe maeT BO3MOYXKHOCTB OLIEHUTB XapaKTep M HaIpaBICHHOCTb N3MEHEHUS T€OJIOTHYECKON CPEBI,
BTOPOE — ONPEAEITUTh BO3MOKHBIE IIPOCTPAHCTBEHHBIE TPAHUIIBI TUX U3MEHEHHH, BKIIIOYas U TEPPUTOPHH,
OKa elle c1abo OCBOSHHBIE.

TaxoBbI BO3MOXHBIE U pealIbHBIC ITyTH HAyYHOOOOCHOBAHHOI'O KA4E€CTBEHHOI'O MPOrHO3a M3MEHEHHS
IEOJIOTHYECKOM CPEJIbl TEPPUTOPHUM B PE3YIIbTATE UX XO35MCTBEHHOTO OCBOCHHS.

3AKJIFOYEHHUE

Pesromupyss Bce CKa3aHHOE BBIIIE, MOXXHO BBIICIUTH PsAJl HaWOOJEe BaXKHBIX HAYYHO-
OpPTaHM3aIMOHHBIX BOMPOCOB, OE30TIAraTelbHOE pEIIeHHe KOTOPBIX IIOMOXET YCKOPHUTH pEelIeHHe
MpOGIIEMBI.

1. Co3maHue eMHOTO IIEHTPa, B KOMIIETEHIIMIO KOTOPOTO BXOAWUIN ObI cOOp, 00paboTka n o0oOIIeHre
OCHOBHOW WH)XEHEPHO-TEOJIOTUYECKOH ¥ THAPOTeOJIOrHYecKor WHGOpPMAIMK C BBIJAa4eld HayYHBIX
PEKOMEHIAIMI PETHOHAJIBHOIO IIaHA 10 HWHXKCHEPHO-TEOJIOTHYECKOMY IIPOTHO3Y HW3MEHEHUSI
Te0JIOTHYECKOM cpellbl U Pa3padO0TKOM eIMHBIX METO/IOB U3yUSHHS STUX U3MEHEHH.

2. Ha 0Oase xoMmIuiekca HMHKEHEPHO-TCOJOTHUSCKUX KapT ¥ TPEeAroiaracMoro paiOHUPOBAHUS
TEPPUTOPUHN CYIICCTBEHHO MOJCPHU3UPOBATh W IMOMOJHUTh CETh I PEKUMHBIX HAOJIOJICHHN 3a
W3MEHEHHUEM  WH)XEHEPHO-TEOJIOTHYECKHX W  THIPOTCOJIOTHUECKUX  YCIOBUH B pe3yibTare
XO3SIICTBEHHOM JIEATEIBHOCTH YEIOBEKA, BKIIIOUYAs CIOJa, €CTECTBEHHO, U HAOJIOACHHUS 3a Pa3InIHBIMU
MPUPOIHBIMHA M aHTPOTIOTCHHBIMY TIPOIECCAaMU U SIBJICHUSIMH. B manpHelIeM Takasi ceTh MOXET OBITh
WCIIOJIb30BaHA JUIS  CO3JIaHUS TOCYJAapCTBEHHOM CHUCTEMBl MOHHUTOPHMHIA, OOECICUMBAIOIICH
KOMIUIEKCHOCTh HA0JIIOJICHUS. U KOHTPOJIS 32 U3MEHEHHEM I'€0JIOTMUECKOM CPEIIbI.

Uro xacaercs ['py3um, TO YYHUTBIBasS TPYMOEMKOCTh M CJOXHOCTh BBIIIOJHEHUS CIEIIAaHHBIX
MPEIIOKCHUI Ha4yaTh UX PEIICHHE CJICAyeT He I BCell Tepputopuu [py3uu, a oTpaboTaTh METObI
M3YyYEHUS U IMPOTHO3a U3MEHEHHsI TEOJIOTHIECKOHN Cpeibl ISl HECKOJIBKUX, HAN0O0JIee CeHCUTHBHBIX PailOHOB
C TIOCTETICHHBIM PaCIIMPEHUEM apeaia U, B KOHCYHOM MTOTEe, COCTABUTh SIUHYIO KapTy.

Hcxons u3 crenupuieckux 0CoOOSHHOCTEH, OCHOBHOE BHUMAHHE CIIEAYET YIAEIATh TAKUM BOIIPOCAM,
KaK; THAPOTEXHHYECKOC WM MEIMOPATUBHOE CTPOUTEIHLCTBO (OPOIICHHE, OCYIICHHE, BOJIOXPAaHIUIUINA),
Kapbepbl CTPOUTENBHBIX MaTepHalioB (OCOOCHHO B moiiMax pek). OTmenbHO CleAyeT BBIACIUTH Topoja
Towmucu, barymu, Kyrancu, [lotu, Cyxymu.
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Earth sciences

EVALUATION OF THE INFLUENCE OF TECHNO GENESIS ON THE
GEOLOGICAL ENVIRONMENT

L. Itriashvili, I. Iremashvili, E Khosroshvili, G. Natroshvili

Ts. Mirtskhulava Water Management Institute
of Georgian Technical University
Thilisi, Georgia

Annotation. The article discusses about assessment of the technological the influence on the
geological areaAnd predictions of changes as a result of planned impacts. It is suggested that the territories
should be carried out by two vertical levels by drawing relevant maps that will be used for further forecast.

Keywords: techno genesis, geological area, influence, prediction, measure.
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Hydrotechnics
EFFICIENCY OF WATER RESERVOIR CONSTRUCTION

IN MOUNTAINOUS AREAS”

N. Kandelaki, Sh. Kupreishvili
Georgian Technical University
77, Kostava str., Thilisi, 0175, Georgia
E-mail: kandelaki@rocketmail.com, Shorena_12@mail.ru

Annotation. The present work describes orohydrographical conditions in Switzerland and Georgia.
Based on the work there has been established identity of their hydrographical conditions as well as efficiency
of water reservoir construction in mountain and piedmont areas.

Keywords: mountain reservoirs, efficiency.

INTRODUCTION

Georgia is among those countries which are able to provide hydro resources themselves to meet power
and irrigation demands. Primary objective of the designers of hydrotechnical units is to ensure compatibility
of irrigation and hydropower demands.

The most rational scheme to receive power supply in mountainous areas is to set up high-pressure
facilities at the outlet of the main stem of the river as well as its tributaries while irrigation facilities should
be arranged at the lower part of the river. As a rule, the outlets of mountain rivers in Georgia are usually
placed on the valleys with deep and steep slopes. Thus, it is re reasonable to construct high dams here while
the areas of lower parts which are placed on the areas of small inclination and are at the same time fertilized,
have always been used for irrigation for thousands of years.

MAIN PART

In terms of efficiency of water reservoirs construction in mountainous areas it is the most interesting
to share the experience of using of hydro resources of mountainous areas of the Alps. Orohydrographic
models of exposition of the catchment areas of the rivers of the Alps and East Georgia are identical (Map 1,
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Map 1. Orographic and hydrographic map of Georgla

*) N.Kandelaki’s PhD thesis: “Research for mountain water reservoir sedimentation and abrasive processes in
Georgia”. Thesis Supervisor — Shorena Kupreishvili, PhD in Technical Sciences, associated professor.
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Map 2. Orographic and hydrographic map of the Alps

The goal of our research is to study the experience of using of hydro resources of the countries of the
Alps for efficient development of hydro resources of east Georgia. During the business trip of Nodar
Kandelaki in Switzerland and Italy which was funded by Shota Rustaveli National Science Foundation of
Georgia under the Master’s Students’ Academic and Research Grant Program MR-2016-1-106, it has been
found out that a hydrographical scheme of one of the rivers of the Alps — the Po River (Tichino) the
catchment area of which is situated on the territories of Italy and Switzerland represents a demonstrative
example of using water resources for power supply and irrigation as well as of utilization of deep water
reservoirs. (Fig. 1,2).

Fig.1. | ‘ Fig.2

Views of Verzasca (Contra, Locarno) Dam from the downstream (Switzerland H=220.0m)

Orographic systems of east Georgia and the Alps are identical. In particular: 1) both systems belong to
the same semi-sphere of the earth and are situated between the almost similar latitudes: east Georgia - 41°-

G. 800BHIRIBI LOLIRMBOL TSRS 8IIG6IMBOL 0ELBHOBIB0; d5®GIBML RHBZOL ISMBIESGEH0 143
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



89-8 b5330S5IG06() b3FIC60IG(I-BIT603T50 IV BIGI6CS “WISRMS 83IA6IMdOL, d5®IFML
RoG30L, S&INBIISIA0LS RS 3FI6IIRMIOL 0)5608IRGM3I 3@(MIRIFISBN”

-5 6(M3J83930, 2018 V.

43° and the Alps - 44°-48°; 2) Meteorological conditions are identical as well — both regions are
characterized by the similar annual isotherms (Fig.1); 3) the direction of main mountain ranges of the Alps
and east Georgia are both from west to east. Accordingly, stream directions of the main rivers (the Po and
Mtkvari rivers) are from west to east (Map 1,2); 4) the catchment areas of the Po and Mtkvari Rivers are
surrounded by mountains from north and south; 5) the highest glaciers of Georgia and the Alps are situated
in the north part of the mountain ranges; 6) specific changes of river regime are identical as well — water
consumption diagrams of the rivers of both regions are brought one month forward by one peak in a year (in
summer — to be a maximum, in winter — to be a minimum) (Fig.2). Therefore, regulation of the outlet part of
the river regimes of the Alps by using mountain water reservoirs is quite favorable as in this case the main
goal is to contain excessive water gathered during spring and summer within a water reservoir to consume it
in winter. For example, the outlet part of the Po River is completely regulated by large mountain water
reservoirs (Fig. 3.).
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Fig.2. Average monthly consumptions of the
Mtkvari and Po rivers (out of average annual
- ’ - consumptions in percent)
Fig.1. Average annual isotherms of the Alps 1. The Po River (near Bellinzona)

and Georgia 2. The Mtkvari River (near Thbilisi)

47°
€D Tyomls3aggdo, dgdo

£:bog@sbygmo,

45° 45°

7.

44° 44°

Fig. 3. Diagram of water reservoir arrangement on the Po River (the Alps)
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In Switzerland up to 95% of the river water potential is already regulated which ensured full power

supply in the country as well as power supply export without developing any negative processes.

Const

ruction of mountain and priedmont water reservoirs helped to reduce electricity self cost, significantly

increase tourist movement and develop resort zones in Switzerland. On the territory of Switzerland

(F=41,29km?) a number of water reservoirs is more than 160 which are mainly located above the level of <
500,0m (Map 3; Table 1, 2).
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Map. 3. Map of water reservoirs and rivers in Switzerland

Table 1
List of large mountain and piedmont water reservoirs in Switzerland

TS.

Depth of Full volume
Name of water reservoir P Year of putting | of water . .
water . . . Reservoir location
Ne . into operation | reservoir
reservoir, m 3
Viur, min m
1 2 3 4 5 6
1 Grande Dixence 285 1961 401.00 Valais/Wallis
2 Mauvoisin 250 1957 211.50 Valais/Wallis
3 L.uzzone 225 1963 108.00 Ticino
4 Locarno, Contra 290 1965 105.00 Ticino
(Ueruasca)
5 Emosson 180 1974 227.00 Valais/Wallis
6 Zeuzier 156 1957 51.00 Valais/Wallis
7 Goscheneralp 155 1960 76.00 Uri
G. 80BBHLIRNSBI LSLIRMBOL TISR0)S 3TIG6IMBOL OBLBOBIBH0; 33mIFML RHG30L ISMGIEBHE0 145

MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



8G-8 bS5IFNSIPIG0L) b58IC60IAGI-BIT603IG50 (D6 BIGI6CNS “FISRMS 3IIG6IMdOL, d5®IFML

RoG30L, S&INBIISIA0LS RS 3FI6IIRMIOL 0)5608IRGM3I 3@(MIRIFISBN”
-5 6(M3J83930, 2018 V.

8 Curnera 153 1966 41.10 Graubiinden/Grigioni
9 Zervreila 151 1957 100.50 Graubiinden/Grigioni
10 Moiry 148 1958 78.00 Valais/Wallis
11 Gigerwald 147 1976 35.60 St. Gallen
12 Limmern 146 1963 93.00 Glarus
13 Valle di Lei 141 1961 197.00 Graubiinden/Grigioni
14 Punt dai Gall 130 1968 164.60 Graubiinden/Italia
15 Sambuco 130 1956 63.00 Ticino
16 Nalps 127 1962 45.00 Graubiinden/Grigioni
17 Hongrin Nord 125 1969 53.20 Vaud
18 Gebidem 122 1967 9.20 Valais/Wallis
19 Mattmark 120 1967 101.00 Valais/Wallis
20 Santa Maria 117 1968 67.30 Graubiinden/Grigioni
21 Albigna 115 1959 71.00 Graubiinden/Grigioni
22 Spitallamm 114 1932 101.00 Bern
23 Cavagnoli 111 1968 29.00 Ticino
24 Schrih 111 1924 150.00 Schwyz
25 Oberaar 100 1953 61.00 Bern
26 Raterichsboden 94 1950 27.00 Bern
27 (Castiletto) 91 1954 60.00 Graubiinden/Grigioni
28 Hongrin Sud 90 1969 53.20 Vaud
29 Rossens 83 1947 220.00 Fribourg/Freiburg
30 Schiffenen 47 1963 65.00 Fribourg/Freiburg
31 Seeuferega 42 1932 101.00 Bern
32 In den Schlagen 33 1936 96.50 Schwyz
33 Rhodannennberg 30 1910 56.40 Glarus
34 Piora 27 1920 53.90 Ticino
35 Proz-Riond 20 1957 51.00 Valais/Wallis
36 Huhnermatt 17 1937 96.50 Schwyz
Table 2
List of lakes and water reservoirs in Switzerland
according to hypsometric leveling
Max depth
& Cantons, adjacent Height above Area of water
Ne | 5 Local names . 9 .
= countries sealevel, 4, m | F, km reservoir,
H, m
1] 2 3 4 5 6 7
Lowland water reservoirs << 400,09
1 Lago Maggiore Ticino, Italy 193,5 210,12 372,0
2 LaggzrieEISQano Ticino, Italy 270,5 4867 | 2880
3 | 1 |Klingnauer Stausee Aargau 318,0 1,16 8,5
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4 Lac Leman, Vaud, Valais, France 372,0 580,03 | 310,0
Lac de Geneve
5 Bodensene St. Gallen, Thurgau, 395,6 536,00 252,0
Austria, Germany
Piedmont water reservoirs ¥ 401+ 800,0 m
1 Ziirichsee St. Gallen, Schwyz, Zurich 405,9 88,17 136,0
2 Zugersee Lucerne, Schwyz, Zugi 413,6 38,41 198,0
3 Walensee Canton of Glarus, 419.0 24,16 1500
St.Gallen
4 Lac Fje Bienne, Bern, 4291 39,51 740
Bielersee
5 Murtensee, Freeburg, Vaudi 429.2 22.80 460
Lac de Morat
6 Lac de Neuchatel, Bern, Freeburg,
Neuenburgersee Neuchatel,Vaud 4294 21520 1536
7 Vierwaldstittersee Lucerne, Nidvaland,
Obvaland, Schwyz, Uri 433,6 113,72 2140
8 Grefensee Zurich 435,1 8,17 34,0
9 Lauerzersee 447 3,1 14,0
10 Hallwilersee Aargau, Lucerne 4487 10,21 47,0
11 Baldeggersee Lucerne 463,0 5,24 66,0
12 Samersee Obvaland 468,4 7,38 52,0
13 | T | Lago di Vogomo Ticino 470 1,68 204,0
14 | 1 Wohlensee Bern 480 29,81 20,0
15 Sempachersee Lucerne 503,8 14,36 87,0
161 Lfsz:eﬁ;:ﬁ;:ﬁen Freeburg 532 4,25 38,0
17 Pfaffikersee Zurich 536 3,3 35,0
18 Thunersee Bern 557,8 47,74 215,0
19 Bienzersee Bern 563,7 3,65 260,0
20 | 1 | Lac de la Geuére Freeburg 677 9,60 75,2
21 | * Lungerersee Obvaland 688 2,01 68,0
22 Agerisee Zugi 7239 7,25 82,0
Mountain water reservoirs < 810,0+1200,0 9
111 Klontalersee Glarus 847 3,29 47,0
2 Sihisee Schwyz 889 10,72 23,0
3|1 Wagitalersee Schwyz 900 4,18 65,0
4 | * | Lago di Poschiavo Grisons 962 1,98 85,0
5| * Lac Brenet Vaud 1004 34,0
High mountain water reservoirs < > 1200,0 m
1 | 1 | LacdeI'Hongrin Vaud 1255 1,60 105,0
2 | 1 | Lago del Sambuco Ticino 1461 1,11 124,0
311 Oeschinensee Bern 1578 1,11 56,0
4 | 1 | Lago di Luzzone Ticino 1606 1,27 125,0
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5 | T | Lai da Marmorera Grisons 1680 1,41 65,04
y Silvaplanenrsee, Grisons 1790 3,1 77,04
Lej da Silvaplauna
7 | T | Goscheneralpsee Uri 1792 1,32 106,0
8 S"SerSS:éILeJ da Grisons 1797 4,1 71,0
9 | 1 | LafodiLivigno Italy, Grisons 1805 4,71 119,0
10| * Lago Ritom Ticino 1850 1,49 69,0
1| 1 Limmemsee Glarus 1857 1,36 146,0
12 1 Zervreilasee Grisons 1862 1,61 151,0
131 Grimselsee Bern 1908 2,63 100,0
14| 1 Lai da Sontga Grisons 1908 1,77 86,0
Maria
15 1 Lac de Salanfe Valais 1925 3,27 48,0
6 | T Lac d'Emosson Valais 1930 1,62 161,0
191 Lago di Lei Italy, Grisons 1931 4,12 133,0
20 | 1 | Lac de Mauvoisin Valais 1961 2,08 250,0
19 | T | Lago da I'Albigna Grisons 2163 1,13 108,0
20 1 Mattmaksee Valais 2197 1,76 93,0
21 | * Lago Bianco Grisons 2234 1,50 53,0
221 1 Lac de Moiry Valais 2249 1,40 148,0
231 1 Oberaarsee Bern 2300 1,47 90,0
24 | 1 Lac des Dix Valais 2365 3,65 285,0
Note: T — water reservoirs, * — natural lakes are used as a water reservoir

There are 26 060 rivers on the territory of Georgia (F=69,7 km?). For the purpose of hydroenergetics
there can be used at least 320 mountain rivers and they have significant fall of height. Potential capacity of
Georgian rivers is 18,2miIn kwt that corresponds to 60 bin kwt/h per year. For now 8-9,0 bin kwt/h per year
is used that means at least 15%. 75% of the Georgian territory is located in mountain of piedmont zones, it is
distinguished by the variety of natural landscape and climatic zones, difficult terrain that determines the use
of water supply, its distribution and efficient disposition of water reservoir systems [Kupreishvili Sh. 2013,
lordanishvili I. 2015] (Table. 3, 4,5, 6, 7; Fig. 7).

Table 3
Water “supply” components of Georgia

Water volume , km? %
Wat | . . . .
ater supply East Georgia West Georgia | Total, Georgia | Total, Georgia

1 2 3 4 5
Rivers 14,7 51,13 65,83 61,83
Lakes 0,422 0,30 0,72 0,69
Water reservoirs 1,9929 1,4891 3,461 3,26
Glaciers 5,08 18,740 23,82 22,37
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Underground waters 6,4 4,2 10,6 9,96
Wetlands — 1,86 1,86 1,75
Thermal waters 0,04 0,02 0,06 0,06
Mineral waters 0,001 0,1 0,101 0,09
Total 28,64 77,84 106,46 100,0
Table 4
Summary data of river water supply of Georgia
Region Local Water runoff | Water
Catchment area water from volume,
Ne Region area, ’ runoff neighboring total
km? Thous?nd km®/per territory, km®/per
km 3
year km®/per year year
1 Georgia 99,26 69,7 56,33 9,50 65,83
2 West Georgia 52,60 32,42 43,69 7,44 51,13
3 East Georgia 46,66 37,28 12,64 2,07 14,71
4 Abkhazia 23,18 8,60 15,40 - 15,40
5 Adjara 8,60 3,0 3,42 6,48 9,90
6 | The Mtkvari River basin 44,12 34,74 9,39 2,07 11,46
Table 5
Regulation characteristics of water runoff in Georgia
Useful water
Volume of Regulation discharge from £
water, .. |water reservoir| €
s 6 characteristic 3| 2 c 8
Name of water minm® S € g Wagis, MInM™ | o5 S ¢
Ne . T2 c (peryear) |2 § =
reservoir S 2 v v 8= 2
S full useful = o =
Vil |V usetul ¥ w " VOIume3 k‘GO_J
runoff | runoff mpn m @)
1 2 3 4 5 6 7 8 9
The Enguri River basin
1 Enguri 1090 | 662,0 | 4640,0 | 0,235 | 0,143 45239 0,975
2 Gali 145,0 | 26,0 | 4850,0 | 0,0298 | 0,0056 4833,4 0,996
The Rioni River basin
3 Shaori 90,0 | 87,0 | 128,0 | 0,703 | 0,679 121,0 0,945
4 Tkibuli 84,0 | 62,0 | 216,5 | 0,388 | 0,286 209,0 0,965
5 Gumati 39,0 | 13,0 | 5100,0 | 0,0077 |0,00255 4228;0 0,829
6 Ladjanuri 39,0 | 13,0 | 5100,0 | 0,0077 |0,00255 4228,0 0,829
7 Vartsikhe 24,6 | 17,6 | 1510,0 | 0,0163 | 0,0116 1509,0 0,999
8 Kukhi 146 | 2,4 | 8600,0 | 0,0017 |0,00028 8600,0 0,784
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Total '”tgzs'?r'lon' RIVer | o668 |186,85(15556.4| 0017 | 0012 |  12816,0 0,823
The Mtkvari River basin
9 Zhinvali 19 | 185 | 289 | 0657 | 0,64 2.0 0,692
10 Thilisi 5200 | 370.0 | 1373.7 | 0.378 | 0,269 13737 0.983
11 Sioni 3080|1650 = - - 1725 =
12| Dali Mountain | 3250 | 3000 | 3420 | 095 | 0877 3336 0974
13 Telet-Tskali 140,0 | 120,0 — - - 110,0 —
Totallnthe'lorl River 7746 | 576.2 B B B 1994.55 B
basin
14 Algeti 16 | 120 | 480 | 0333 | 025 475 -
15 Marabda 120 | 020 | 20 | 060 | 010 1.60 0.800
Total '”tgzsiAr:ge“ FIVer | 66,20 | 60,20 | 130,0 | 0,509 | 0,463 61,3 0,472
16 Zonkari 400 | 39.0 | 3024 | 0132 | 0.129 105.0 0347
17 Khrami 31202922 | 3080 | 10l | 0,948 246.0 0.799
18 Zahessi 120 | 30 | 56100 | 0,0021 |0,00053| 42201 0.752
19 Dmanisi 110 | 110 | - - - 148 -
20 Lapiani 3,5 3,5 — - — 4,75 —

Table 6

Classification of water reservoirs of east Georgia according to depth

@]
? ™ Name of water Depth, H, m Morphological Volume increment
ll=) ) . 3 on 1 m depth,
S I reservoir index, H/F 10
8 H H.. VfuII/H
< max. min.
1 2 3 4 5 6
Deep (H=100+40 m)
15 Zhinvali 98,0 50, 0,22 5,30
17 Algeti 72,5 28,2 0,35 0,89
24 Sioni 68,6 314 0,086 4,73
14 Patara Liakhvi 62,0 29,0 0,60 0,64
25 Thilisi (design) 45,0 26,2 0,12 6,84
16 Narekvavi 40,3 18,8 0,60 0,16
Average depth (H=100+40 m)
19 Khrami 25,0 9,3 0,0057 12,48
29 Telettskali 25,0 12,0 1,030 0,06
9 Zahessi 23,0 14,0 0,007 0,52
32 Tavtskaro 22,4 6,5 0,165 0,04
27 Lapiani (Kudigora) 20,0 12,0 0,048 0,17
Small depth (H=20+10 m)
31 Kushiskhevi | 180 | 70 | 0,075 0,22
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21 Pantiani 15,0 10,0 0,16 0,36
30 Kranchiskhevi 14,0 8,0 0,24 0,09
22 Dmanisi (lakublo) 11,5 5,6 0,016 0,95
13 Nadarbazevi 11,0 7,0 0,025 0,74
12 Tskhenisis Cha (Ude) 10,5 59 0,12 0,14
26 Chala 10,0 6,0 0,10 0,17
The smallest depth (H < 10 m)
18 Marabda 8,0 40 0,070 0,15
20 Mtisdziri 7,2 3,7 0,017 0,46
10 Jandara 7,0 4,6 0,0017 7,42
28 Octomberi 8,5 4,2 0,077 0,21
23 Kumisi 4,7 2,0 0,0007 2,34
11 Zresi 3,8 1,8 0,0006 0,54

Py rt by E21 - amosbo bebs
// ]2 - 3mol§obs bmbs
/' oS 13~ smibsmmBo: Himbs

i,

Fig. 3. Disposition of water reservoirs across the Georgian territory
(names of water reservoirs according to numeration are provided in Tables 6, 7)

Table 7
Classification of water reservoirs of west Georgia according to depth
L‘E’ o ™ | Name of water Depth, H,m Morphological index, Volume increment
S > 2 reservoir Hioa H_ H/F-10° on 1m depth
g max min Viu/H
1 2 3 4 5 6
Very deep (H>100+40 m)
1 | Jvari(Enguri) | 230,0 | 1150 | 0,98 | 4,74
Deep (H=100+40 m)
4 | Ladjanuri | 678 | 360 | 0,93 | 035
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2 Gali | 520 | 260 | 0,086 2,78
Average depth (H=100+40 m)

7 Tkibuli 320 | 16,0 0,0042 5,25

5 Gumati 300 | 17,0 0,12 1,30

8 Kukhi 19,4 6.3 0,13 0,10

3 Shaori 12,3 6.8 0,035 5,77
The smallest depth (H <10 m)

6 Vartsikhe 80 | 40 | 0,03 1,83

Table 8
Hypsometric data of operating water reservoirs of east Georgia
Name of | Level indicator | Terrain Name of |Level indicator,| Terrain
No water , <+ coefficient| |Ne water < coefficient
reservoir |NBL, m|{DVL, m L0l reservoir |NBL, m|DVL, m oA
1 2 3 4 5 1 2 3 4 5
Lowland zone ¥ <400 m 13 Algeti 792,50 | 745,00 0,349
1 Jandara 291,50 | 289,50 | 0,601 Highland zone ¥ 800+1200 m
Octomberi | 341,50 | 334,50 | 0,541 14 Zhinvali 810,00 | 770,00 | 0,384
Piedmont < 400+-800 m 15| Nadarbazevi | 862,00 | 855,40 0,344
Lapiani 429,00 | 417,00 | 0,404 16| Narekvavi |893,80|875,30| 0,320
. 448,00 | 446,50 | 0,358 17 .. 1068,0{1014,0f 0,259
Zahessi Sioni 0 0
5 Kumisi 471,35 (469,92 | 0,320 High mountain zone <~ > 1200 m
6 | Kranchiskhevi | 480,00 | 477,60 | 0,441 18 Zonkari (patara 1217,0|1167,0f 0,262
7 | Kushiskhevi | 490,00 | 475,00 | 0,459 . p_ 0 0
Liakhvi)
8 Chala 495,00 | 487,00 | 0,455
9 548,00 | 535,00 | 0,598 19 . 1360,0{1350,0] 0,361
Dmanisi 0 0
Toilisi (design) 20 — 13688(13580| 0271
Pantiani
0 0
10 Marabda 555,00 | 547,00 | 0,368 21 Khrami 1 532,0 1437,5 0,203
11 Taviskaro 616,00 | 610,00 | 0,371 22 Mtisdziri 1 620,0 1 634,0 0,251
12 Telettskali 720,00 | 705,00 | 0,402 23 Zresi 1721,8{1721,0| 0,283
2 7
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Table 9
Hypsometric data of operating water reservoirs of west Georgia
_ Level indicators, < _ o
Ne| Name of water reservoir NBL, m DVL, m Terrain coefficient ,,a
1 2 3 4 5
Lowland zone ¥ <400 m
1 Vartsikhe 87,00 86,50 0,558
2 Gali 100,550 97,00 0,685
3 Kukhi 170,00 158,00 0,650
4 Gumati 200,00 96,00 0,554
Piedmont zone < 400+800 m
5 Ladjanuri 494,00 478,00 0,352
6 Jvari 510,00 440,00 0,404
7 Tkibuli 522,50 515,00 0,322
Highland zone ¢ 800+1200 m
8 Shaori 1132,00 | 1124,00 | 0,249
Table 10
Classification of water reservoirs according to the type of mountainous terrain
Type of
Ne mountainous Average values of ,,a* | Change range of ,,a* *
terrain
1 2 3 4
1 Lowland 0.78 1.0+0.65
2 Lacustrine 0.51 0.64+0.45
3 Piedmont 0.37 0.44+0.29
4 Mountainous 0.27 0.28+0.23
5 High-mountainous 0.16 <0.23
“) Lacustrine type does not depend in the level of territory

CONCLUSIONS

In Georgia as well as in Switzerland urgency of water reservoirs construction in mountain and
piedmont areas is determined by the following: significant resources of water and high power potential;
construction of water reservoirs with high levels at the outlet part of rivers; their usage with higher values of
efficiency; their low negative influence on the environment; enriching natural landscapes; increasing the
number of recreation zones and tourists; increasing productivity of irrigated lands. Based on the results of the
analysis of the research conducted it has been established that for regulation of river water, decreasing

") According to the specific features of regional conditions of Georgia terrain mountainous coefficient (a) value is
calculated using the formula as follows (Iordanishvili I, 2015): V,, =K, - H%, where Kw is water reservoir

volume coefficient (for mountain water reservoirs Xw = 1,6+2,5); a — coefficient values (a =0,2+1,0) according to
the terrain mountainous type is provided in Table 10 (Varazashvili N.G., Gobechia G. N. 2002].
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influence on environment as well as land flood that is caused by significant volume and depth of mountain
water reservoirs — it is the most efficient to construct mountain and piedmont water reservoirs. In the near
future in Georgia it is possible to construct a number of mountain and piedmont water reservoirs (See Table
below).
Table
Projected water reservoirs of Georgia

# Name of water River Vi, min m? %
reservoir
1 Tikhi Kodori 2,5-1048 0,176
2 Pshitsy Bzipi 1,35-10° 0,278
3 Tsageri Tskhenistskali 1,18 - 10° 0,306
4 Tusheti Tusheti 0,96 - 103 0,176
5 Sori Rioni 0,8-1048 0,28
6 Tobari Enguri 0,58 - 10° 0,231
7 Kodori Chkhalta 0,53 - 10° 0,344
8 Agara Mtkvari 0,45 -10° 0,258
9 Bzipi Bzipi 0,24 - 103 0,336
10 Chkhalta Chkhalta 0,23 -10° 0,222
11 Tsknari Khrami 0,20 - 103 0,414
12 Tedzami Tedzami 0,03 -10° 0,280

Construction of water reservoirs was halted in Georgia in the middle of last century as there were
some separate groups of population who were against this construction. This delay caused economical and
ecological failures. Fortunately, at present construction of a number of water reservoirs has already started
including Khudoni (Vs =365,0 min m®) and Nenskra (Vi = 176,0 min m®).
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Environmental protection

POSSIBILITIES OF USING RENEWABLE SOURCES
FOR HEATING THE BUILDINGS

A. Lis, P. Lis
Czestochowa University of Technology
ul. Dgbrowskiego 69, 42-200, Czegstochowa, Poland
E-mail: alis@bud.pcz.pl, piolis@is.pcz.pl

Annotation. Renewable energy is derived from natural processes that are replenished constantly and
included electricity and heat generated from solar, wind, ocean, hydropower, biomass or geothermal
resources. The utilization of renewable energy sources reduces environmental pollution and greenhouse gas
emissions. The article presents the position of the European Parliament on the amount of energy from
renewable sources in Community energy consumption and national renewable energy action plan of each
Members of the European Union. It presents renewable energy potential of Poland and European Union too.
Material illustrated also the example of using geothermal water for heating of public buildings.

Keywords: renewable energy sources, heating of buildings.

PREAMBLE

Demand for energy growing with civilization development and an increase in natural environment
pollution, brings increased interest in use of renewable energy. Renewable energy is an energy derived from
repeating natural processes, obtained from renewable energy sources energy such as: water, wind, solar,
geothermal, waves, currents and tides, and energy produced from solid biofuels, biogas and liquid biofuels,
as well as the energy of the ambient of natural environment used by the heat pump. Starting from 2021, all
newly constructed buildings will be required to have very low energy consumption, covered mainly by the
renewable energy resources. Therefore, it is necessary to promote and implement environmental friendly
technologies based on the renewable energy resources and to increase the application of these energy
resources. It is estimated that renewable resources contributed to 19.3% to global energy consumption and
24.5% to their generation of electricity in 2015 and 2016 [1]. This energy consumption coming from
traditional biomass (8.9%), modern biomass, geothermal and solar heat (4.2%), hydro electricity (3.9%) and
2.2% is electricity from wind, solar, geothermal, and biomass. Countries such as the United States and China
heavily investing in wind, hydro, solar and biofuels. Worldwide investments in renewable technologies
amounted to more than 286 billion US $ in 2015 [1]. The use renewable energy sources and its savings
constitute important elements of reduce greenhouse gas emissions and reduction of environmental pollution.

The European Union has developed a directive which promotes the use of energy from renewable
sources [2]. In the light of the positions taken by the European Parliament, the Council and the Commission,
it is appropriate to establish mandatory national targets consistent with a 20 % share of energy from
renewable sources in Community energy consumption by 2020. Each Member State shall adopt a national
renewable energy action plan. The national renewable energy action plans shall set out Member States’
national targets for the share of energy from renewable sources consumed in transport, electricity and heating
and cooling in 2020. Established in the Directive the targets for the share of energy from renewable sources
in final energy consumption in 2020 for individual States are shown in Fig 1.
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Fig. 1. Share of renewable energy in gross final energy consumption [2, 3]

The National Action Plan in the field of renewable energy contains forecasts for Poland in 2020 to
achieve 15.5% of the share of energy from renewable sources in gross final energy consumption in a
sustainable way, taking into account many factors, such as resources of renewable energy, raw materials for
the production of fuels and the role of power system. [4].

RENEWABLE ENERGY IN POLAND AND EUROPEAN UNION
The individual countries have different renewable energy potentials and operate different schemes of
support for energy from renewable sources at the national level but in Poland and most EU countries the
share of renewable energy in total primary energy has been growing. Share of renewables in total primary
energy in selected EU countries and Poland is shown in Fig. 2.
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Fig. 2. Share of renewables in total primary energy in selected EU countries and Poland [3]

In 2015, for the EU-28 the share of renewable energy in total primary energy amounted to 26.7%. For
Polish, this ratio was 13.1% [3].
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Poland is one of the biggest primary energy producers in the European Union. In 2015 the share of
Poland amounted to 8.9%, while bigger producers were the United Kingdom (15.4%), France (17.8%) and
Germany (15.6%) [5].

The share of Poland in energy consumption amounted to 5.9% in 2015 and was sixth biggest in the
European Union after Germany, France, United Kingdom, Italy and Spain. As far as energy from renewable
sources goes, the most important produced and consumed renewable energy carriers were biomass and wind.
In 2015 the share of renewables in primary energy production and consumption increased [5].

In Poland production of energy from biomass and wind has been increasing, while use of water and
geothermal energy has stabilized [3]. Structure of energy production from selected renewable sources in
2015 is shown in the Fig 3.
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Fig. 3. Structure of energy production from selected renewable sources [3]

Solid biofuels have a dominant position in the domestic production and consumption of energy from
renewable sources. Their participation in obtaining energy from renewable sources in 2016 accounted for
70.74% of acquired energy from renewable sources. In the reported period (2012-2016) the share of wind
energy increased from 4.79% to 11.93%, liquid biofuels from 7.96% to 10.16%, biogas from 1.97% to
2.88%, solar energy from 0.17% to 0.58%, while the share of energy of water decreased from 2.06% to
2.03% [3].

RENEWABLE ENERGY SOURCES AND EFFECTIVENESS OF ENERGY USE,
SUSTAINABLE DEVELOPMENT AND ENVIRONMENTAL PROTECTION

In the development of heating and air-conditioning engineering, particular consideration is being given
to enhancing the effectiveness of energy use, and integrating those activities with the utilization
unconventional energy sources, such as: renewable energy sources (e.g. solar energy, geothermal energy), as
well as waste energy sources. It should be pointed out here, that the utility and domestic sector is one of the
major energy users in the contemporary economies of developed countries. In the conditions of the Polish
building industry, most energy is used for meeting needs associated with the heating of the rooms and for
preparing hot water. On the other hand, it is important to note that the economic development in recent
decades has cause a dramatic increase in the demand for energy. In the short perspective, the conventional
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power industry will not be able to meet growing energy needs, chiefly due to the conventional fuel sources
being limited and rapidly exhausted.

One of the possibilities for improving this situation is by using, for heating purposes, renewable
energy relying, for example, solar energy or energy on low- and high-temperature geothermal waters. The
energy potential of renewable energy sources in Poland is significant: wind energy - 36,0 PJ, hydro energy -
43,0 PJ, energy from biomass - 895,0 PJ, geothermal energy - 1 512,0 PJ and solar energy - 1 340,0 PJ [6].

Active solar techniques include the use of solar thermal collectors or photovoltaic panels, with
electrical or mechanical equipment, to convert the sunlight. The annual density of solar radiation in Poland
on a horizontal plane is in the range 950-1250 kWh/m? and the average sunshine is 1600 hours per year. The
sizes of solar radiation that can be used by the collector is much smaller total solar radiation reaching the
earth and add 0.7 kW/m? [7].

The production of heat from geothermal sources can be accomplished in two ways. The first method
involves the direct use of geothermal water at temperatures from 30 to 150°C. The second option is to
generate heat by utilizing geothermal water at temperatures below 20°C with the use of heat pumps. Heat
sources in heating and air-conditioning systems based on heat pumps are enjoying increasing interest. This is
owing to the dynamically growing market for those installations, increasing their efficiency, and their price
competitiveness against conventional solutions. The specific characteristics of heat pumps make them
successfully find application in various areas, including: heating single- or multi-family houses, heating
public facilities (such as schools, hospitals, etc.), heating worship buildings, preparing hot utility water,
industry, horticulture, market gardening, recreation, air-conditioning and refrigerating engineering.

Supporting the development of renewable energy sources is one of the key elements of sustained
development in building construction, reducing environmental pollution and, in addition, it boosts the
country's energy security. Large pollution of the natural environment leads to negative changes in the Earth's
climate. The cause is seen, among others in the operation of the greenhouse effect caused by greenhouse
gases. The source of significant amounts of pollutants emitted into the atmosphere is non-renewable fuels
used for energy production. The building sector uses annually about 40% of energy and is responsible for
around 33% of greenhouse gas emissions [8]. Renewable technologies are clean sources of energy and
optimal use of these resources minimizes environmental impacts and produce minimum secondary wastes.
Renewable energy technologies is also playing a vital role in reducing the quantities of greenhouse gas
emission into the atmosphere and reducing global warming through substituting conventional energy
sources.

POSSIBILITIES OF UTILIZING GEOTHERMAL WATER FOR HEATING

One of the possibilities is using for heating unconventional energy sources relying on low- and high-
temperature geothermal waters. On Polish territory, there are several Geothermal Plant [9]: Banska Nizna,
with water temperature of 60-100 °C (capacity - 4.5 MJ/s), Pyrzyce, with water temperature of approx. 60°C
(capacity - 15 MJ/s), Mszczonow, with water temperature of approx. 40°C (capacity - 7.3 MJ/s), Uniejow,
with water temperature of approx. 67°C (capacity - 2.6 MJ/s) and Stomniki, with water temperature of
approx. 17°C (capacity - 1 MJ/s). The Stomniki Heat-Generating Plant is Poland's only plant using low-
temperature heat as the lower source. In the Silesian province, the largest technical potential of geothermal
water exists in reservoirs located in the Miechow trough, in the areas of the Czestochowa and Zawiercie
districts, as well as in the Cieszyn district.

One of the examples of the potential for utilizing low-temperature geothermal water for heat-
generating purposes is a deep bore-hole in Poczesna (Czestochowa district) [9]. Technical thermal potential
of analysed bore-hole are given in Table 1.
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Table 1
Technical thermal potential of analysed bore-hole in Poczesna [9]
Pumped water volume flux, m*h Source power, kw
24/40/50/80 406 /677 /846 /1353

For the low-temperature geothermal heat-generating plant in the locality of Poczesna, the following
facilities have been assumed to be connected: Library — 50 kW, Office Building — 175 kW, School — 320
kW, Health Centre — 50 kW, Preschool — 105 kW, Police Station — 44 kW, Poczesna Fire Brigade — 25 kW
and Church — 50 kW.

When heating only part of the above-mentioned facilities, a monovalent system with the heat pump as
the only central heating system supply source could be used. In the event, where heating of all buildings is
assumed, the thermal power of the geothermal water source under consideration would not be sufficient. In
that case, a bivalent system supplied form two different sources could be used. In the bivalent system with a
heat pump as a basic system, an additional (peak) heat source could be provided by a gas or oil-fired boiler.
The following can be considered as the solution: a separated (alternative) bivalent system with a degree of
heat demand meeting by the heat pump of approx. 60%, a parallel bivalent system with a degree of heat
demand meeting by the heat pump of approx. 80%, and a mixed bivalent system with a degree of heat
demand meeting by the heat pump of approx. 75%.

THE EXAMPLE OF UTILIZING SOLAR ENERGY FOR PREPARING HOT WATER

The example of using solar energy is the solar panel system in specialist hospital in Czestochowa. It is
the one of largest solar collector installation in Poland (Fig. 3).

Solar installation consists of 598 collectors with an area about 1500 m?. The structure is positioned on
three fields located on the roof of the building and directly on the ground level. Solar exchanger technology
based on three buffer tanks, hot water storage tank, plate heat exchangers.

The total installed capacity is about 1000 kW. Average daily consumption of hot water by the hospital
is about 53 m®. The collectors cover demand in 51,8%, 32,3% guarantee the economizers recovering heat
from exhaust, cooperating with the existing 4 steam boilers gas-oil, which provide the remaining 15,9% of
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power. During sunny weather, the solar installation together with economizers can heat all the water needed
for the hospital, with a minimum of sunlight reaching the efficiency of about 84%.

The energy-saving technology of economizers will significantly reduce the operating costs of the
hospital in terms of fees for energy utilities, the facility can save up to 85 000 $ a year. Installation of solar
installations in hospitals is very popular now.

SUMMARY

In the perspective, the conventional power industry will not be able to meet growing energy needs,
chiefly due to the conventional fuel sources being limited and rapidly exhausted. In the development of
heating and air-conditioning engineering particular consideration is being given to use renewable energy
sources e.g. solar energy or geothermal energy. Solar radiation and geothermal water with sources such as
wind, hydroelectricity and biomass are widely available renewable energy on Earth. Supporting the
development of renewable energy sources is one of the key elements of sustainable development, contributes
to increasing the security of energy supply and economic development, as well as regional development and
rural development. By reducing the emission of pollutants into the atmosphere, climate change is reduced,
and the health condition of the society and the state of the natural environment are improved. The production
of energy from renewable sources ensures positive environmental effects and at the same time contributes to
the development of less developed regions.
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BO3MOKHOCTH NUCHOJIL30BAHMS BO3OBHOBJISIEMBIX
PECYPCOB JIJIS1 OBOTPEBA 3/IAHU

A. Jluc, II. JIuc

Yecmoxosckuil mexuoiocuteckuli yHugepcumem
Yecmoxosa, [lonvwa

Amnnoragug. Bo3o6HOBNIseMas 3HepPTUs IIPOU3BOSUTCA U3 IPHUPOIHBIX IIPOIECCOB, KOTOPHIE IIOCTEIEHHO
BOCIIONHAIOTCA M COZep)KaT TeHepaluio dJeKTPUYeCcKOH, TelJI0BOM 5SHeprMu COJHIA, BeTpa, OKeaHa,
TUAPO3JIEKTPOCTAHLMY, OUOMAcChl, OSHEPIrUM TEOTEPMUYECKMX PpecypcoB. YTHIM3AIUA BO30GHOBISEMBIX
HCTOYHUKOB DHEPTUM YMEHBIIAeT 3arpsa3HeHUe OKpYXKalolllell cpelbl M S5MHCCHIO TEIUIOBBIX ra3oB. B crarbe
IpefCcTaBIeHa IIO3UIUA EBpomapramMeHTa II0 MCIIOJNB30BAHHIO BO30OOHOBIsSEMO dHepruu. llpescraBieH
BO30GHOBJIIEMBIH moTeHIuan dHepruu llombmu u EBpocorosa. Takke HLTIOCTPUPOBAH IIPUMEP IO MPHMEHEHUIO
reoTepMUYECKUX BOJ, A1 000rpeBa 3faHUM.

KorroweBsre croBa: NCTOYHUK BO30OHOBIIAEMOM SHEPTUHU, 000TpeB 3MaHMIA.
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BJIUAHUE NPUEMOB JETOKCUKALIUU YEPHO3EMA
OIIOA30JIEHHOI'O HA AKKYMYJIAIIUIO
SATPABHUTEJIA B IIOYBE

Maxaiicknii 10.A., YUepuukona O.B.

Axaoemus @CUH Poccuu
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Annomayusa. llpoBeneHsl HATYpHBIC HCCIICIOBAHUS B JIM3UMETpPAX, 3apsDKCHHBIX YEPHO3EMOM
OTOJI30JICHHBIM U 3arpsi3HeHHbIM coubio cBHHIA — PD(CH3COO), — ¢ xoHIEeHTpalumei, COOTBETCTBYIOIICH
YPOBHIO 3arps3HeHHs B 30He Bo3zaewcTBus Pssanckas I'POC, T.e. paBHOW 15 MI/KT, ¢ LENBbIO M3ydeHUs
BIIMSHHS NIPUEMOB JICTOKCHKAIIMM Ha aKKyMYJISIMIO JaHHOTO MeTajla B 1ouBe. bbuto pa3paboTaHo msTh
BapHaHTOB OIIbITA, C IPUMEHEHHEM pa3IUUHbIX AeTokcukanToB: ®oH + Opomenue; ®on + Haso3z KPC (100
1/ra); ®on + Uzsects (8 1/ra) + Haso3z KPC(100t/ra); ®on + Ussects (8 T/ra); ®on + MmuHepaibHbIe
ynoopenusi(N6OP60K60). CHuxeHre YpPOBHS 3arps3HEHHUS IMPOUCXOIWIO HA BCEX BapHaHTaX OIbITA.
Hauny4muii pesynbraT ObUT MOJTy4YeH HAa TPEThEM BapHaHTE OMbITA, TJ¢ BHOCWIN M3BecTh (8 T/Ta) U HABO3
KpymHOTO poratoro ckota (100 1/ra).

Knwouesvie cnoea. neTOKCUKAIWs, YEPHO3EM OIOJ30JCHHBIA, CBWHEI, CHUCTeMa YAO0OpEeHWH,
JIM3UMETPBI.

BBEJIEHUE

3arpsizHenue TsoxensiMu MeTamuiamu (TM) okpyskatomneit cpeasl Psasanckoit oGnacTé yxyamaeT
9KOJIOTHYECKOE COCTOSIHME TEPPUTOPHH, BBI3BIBAET M3MEHEHHE XMMUYECKOIO  COCTaBa BCEX MPUPOIHBIX
KOMITOHEHTOB, OTPHUILIATEIBHO CKa3bIBAETCA Ha 3J0POBbE HACEICHMUSL.

TM nmomagator B Ouwocdepy BCIEACTBUE TEXHOTEHHOTO  pacceMBaHUs OT  BBIOPOCOB
BBICOKOTEMIIEPATYpHBIX TEXHOJOIMYECKHX IPOLECCOB (YepHass M LBETHAs METaUIyprusi, TEIUIOBbBIE
JNEKTPOCTAHIUMN U T.A.). OZHUM M3 BaXHEWIINX KOMIIOHEHTOB OKpY’KalOUIeW Cpenbl SBISIETCS I10YBa,
KOTOpasi NPUHUMAET Ha ce0sl BO3ACHCTBHE MPOMBIIUIEHHBIX BEIOPOCOB M OTXOJIOB, OCTATOYHBIX KOJUYECTB
MNECTUIUIOB U JPYTUX TOKCHKAHTOB, BBINONHAS BAXKHYIO pojb Oydepa M NETOKCHKaHTa. FcTOYHHKOM
3arpsi3HEHMSI I0YB MOTYT CITY>KHUTh OCAJKH OBITOBBIX CTOYHBIX BOJ, UCIIOJIB3YEMBIX B Ka4eCTBE yI00OpeHMs, a
TaK)ke, BTOPUYHOE 3arpsi3HEHUE BCIICACTBHE BbIHOCa TM M3 OTBAJOB PYyIHUKOB WIM METaJLTyprHUECKUX
MPEeaNPUITHN BOJHBIMU WM BO3AYIIHBIMH MMOTOKaMH [3,7].

TexHomornyeckue BBIOPOCHI OT CTAallMOHAPHBIX W TEPEABMKHBIX HCTOYHHUKOB 3arpsi3HEHUS
OKpy’Karoleil cpelibl HOCTYNarT B aTMOC(epy, a 3aTeM, BHINAAas Ha 3eMHYIO TIOBEPXHOCTh, HAKAIUINBAIOTCS
B BEPXHHUX FOPU30HTAX MOYBHI, BHOBb BKIIIOYAIOTCS B IPUPOIHBIE U TEXHOTEHHBIE IIUKIIBI MUTPAIUH.

WnTencndukanms ceabcKoX03sHCTBEHHOTO MPOU3BOICTBA, AMHAMUYHOE Pa3BUTHE IPOMBILUIEHHOCTH,
TPaAHCIIOPTAa W JHEPTETUKH BEAyT K YCHUJICHHWIO AaHTPOIIOT€HHOM HAarpy3Kd Ha JKOCHUCTEMEBI. 3arps3HeHHe
MMOYBEHHOTO TMOKpoBa TM TPHBOIUT K OCIAOJICHUIO €ro YCTOWYWBOCTH TEXHOTEHE3Y, Pa3BUTHIO
JeTpalalliOHHBIX MPOLIECCOB, CHUKEHUIO TIOJIOPONS, a, CIE0BATENbHO, YMEHBIIEHNIO TPOAYKTUBHOCTH,
KaK €CTECTBEHHBIX, TaK M arpOKyJIbTYPHBIX JIAHAMA(TOB, YTO CYIIECTBEHHBIM 00pa3oM BIHSET Ha 00BEM U
KauecTBO INPOM3BOJIUTENBHBIX pecypcoB. (CenbCKOXO3SMCTBEHHas MPOAYKLUA, BBbIpalllcHHas Ha
3arpsi3HEHHBIX II0YBAX, YaCTO OKA3bIBAECTCS TOKCUYHOM M3-3a MOBBILIEHHOTO cojepxanus TM [6].
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UepHo3zeM SBISCTCS CHIBHBIM aKKyMyJsiTopoM TM, B CBSI3U C 9TUM, aKTyaJbHOM CTaHOBUTCS
mpobiieMa pa3paboOTKM arpoMETHOPATHBHBIX MEPONPHUATHI 10 CaHAMA TEXHOTEHHO 3arps3HEHHBIX
YEepHO3EMOB U MOJyYeHHIO 0€30TacHON MPOIYKIMH PacTEHHEBOICTBA.

Ha tepputopun Ps3anckoit o0iacTy depHO3eMbI OITOA30JICHHBIE HAXOIATCS B 30HE BO3ACHCTBUS
SHEpreTHYecKoro koMmimiekca Psa3anckas ['POC. MccnenoBanus BIUSHUS BHIOPOCOB JAHHOTO TPEIIPUATHS
Ha OKpYyXarolryto cpeny nokaszanu npesbimenue [1JK Banoseix ¢opm TM B mouse, a UMEHHO CBMHIIA Ha 56
% [1]. Ilpu cxuranum Oyporo yrma c jerydeit 3omoit or I'POC, mocrymaer exerogno 2,6 T CBHHIA.
Pszanckas ['POC HeratuBHO BO3JCHCTBYET Ha SKOCHUCTEMBI, Kak [IpoHCKOTO paiioHa, TJie¢ OHA HAXOIUTCA,
TaK ¥ Ha TpUJIETaloNIne K HEMY PaliOHbI 1, B YaCTHOCTH, OCOOCHHO CHJIBHO Ha SKocucTeMbl KopabmuHckoro
aJIMHHHCTPATUBHOTO paiioHa, BCIIEACTBHE BRIOPOCOB, COJEPIKAIINX TKEIIbIE METAIIIBI, B aTMOCheEpy.

Llenpto Hamieli paOOTHl SBISJIOCH W3YYCHUE BIMSHUS TPUEMOB JICTOKCUKAIIMKA YepPHO3eMa
OIMO/I30JIEHHOI0, 3arPsI3HEHHOTO CBUHIIOM, Ha aKKyMYJIALIMIO JaHHOT'O METalIa B ITOYBE.

OBBEKT UCCJEJOBAHUN U METOJIUKA

Jnst AOCTHXEHUSI MOCTABICHHOM LENHM OBUIM MPOBEAEHBI HATYpHBIE MCCIEIOBAHUS B JIM3UMETpaXx,
3apsHKEHHBIX YEPHO3EMOM OIOJ30JCHHBIM M 3arps3HeHHbIM coibto cBuHma — PDB(CH3;COO), — ¢
KOHIIEHTpAIel, COOTBETCTBYIOIIEH YPOBHIO 3arps3HEeHUs B 30He BozaeiictBus Pszanckas I'POC, T.e.
paBHOIA 15 Mr/KT.

O6ocHOBaHMEM AJISl UCTIONB30BaHUSI B KAUEeCTBE 3arpsI3HHUTEIISI CBUHIIA TIOCIYKHIJIO TO, YTO JAaHHBIN
XMMUYECKUH 3JEMEHT He CIY)KUT MHKPOUIEMEHTOM Ui PAacTeHHH U SBISETCS NPUOPUTETHBIM
3arpsisHUTENEM 1MouB Ps3anckoi oOmacTy.

Beuto pazpaboTraHo mATH BapUAHTOB OMBITA, C MPUMEHEHHWEM DPAa3JIMYHBIX JETOKCHKAaHTOB. Cxema
SKCIEpUMEHTA IIpeicTaBieHa B Tabiuue 1.

Tabauna 1
CxeMma 3KcriepuMeHTa

Ne n/m BapuaHT onbiTa

®on + OpomeHue
®on + Haro3z KPC (100 1/ra)
®oHn + UzBects (8 1/ra) + HaBoz KPC (100 1/ra)
®don + U3Bects (8 1/Ta)
®on + Munepanshbie yaoopenus (N6OPE60K60)

gl w e

B TewueHume BereTtaMoOHHOTO TMEpHOAa oONTUManbHOe yBiIaxHeHune mouBbl (0,65 IIIIB)
noJAepKUBaNIoch mojauBoM. OmpenesieHre CBUHIA B MTOYBE BBIOJHEHO METOJOM aTOMHO-a0COpPOIMOHHON
crexTpomeTpui [4].

[lony4yeHHble pe3yabTaThl CBHIACTEIBCTBYIOT O TOM, YTO BHECEHHBbIE JOOABKH JETOKCHKAHTOB,
OKa3bIBAIOT HEOJMHAKOBOE BIIMSHHUE HA aKKyMYJISITUIO CBHHIIA B UEPHO3EME OITOI30JICHHOM (Tadd. 2).

CHWXeHNe YpOBHS 3arps3HEHHsI YepHO3eMa OIOJI30JIEHHOTO CBHHIIOM NPH NMPUMEHEHHH Pa3InYHbIX
BUJOB JIETOKCHKaHTOB IPOMCXO/NIIO Ha BCEX BapHaHTax oOmnblTa. Haumydmmil pe3ynbraT ObLI MMOMy4YEeH Ha
TPEThEM BapHAHTE OIbITA, T/I¢ BHOCKIIM W3BECTh (8 T/Ta) U HaBO3 KpyIHOro poraroro ckora (100 1/ra).
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Taéanua 2
ConeprxaHue CBUHIIA B YePHO3eMe OMOA30JI€HHOM
N Conep:xanue CBUHIA B O4YBe (MI/KT)
n/m Baptai ot IIpo6a Nel | ITpoda Ne2 Cpennee
3HaYeHHe
1. ®oH + OporeHue. 15,00 13,75 14,375
2. ®own + Haro3 KPC (100 1/ra). 12,50 11,25 11,875
3. ®don + UzBects (8 1/ra) + Hasoz KPC (1001/ra) 10,00 10,00 10,00
4, ®on + U3Bects (8 1/Ta). 11,25 12,50 11,875
5. ®on + Munepansubie ymoopenus(N60P60K60) 12,50 10,00 11,25

BbIBO/JAbI U PEKOMEHJIAIINU

Takum 00pa3oM, Ha OCHOBE 3KCIIEPUMEHTAILHBIX UCCACIOBAHUN YCTAHOBJIEHO, YTO MPU MPHUMEHEHUH
Pa3IUYHBIX JCTOKCUKAHTOB Ha YEPHO3eMax OIMOJ30JE€HHBIX (¢ (oHOM TM) — HaMMEHbIIas AKKyMYJISIHS
CBUHI[A Ha0JIIO1a1ach Ha yA00puTebHOM cMecu M3BecTs (8 1/ra) +Hasos KPC (100 T1/ra).

B ycnoBusx HEOOJBIION CTEMEHH 3arpsA3HEHUS] MMOYBBI CBHHIIOM, IUIS TOJYYEHHS SKOJOTHYECKH
0e30macHOi MPOAYKIUH M YIy4IIEHHS CBOMCTB YEPHO3EMOB OMOJ30JCHHBIX PEKOMEHIYETCS MPUMEHSThH
KOMIIJICKC MCpOHpHHTI/Iﬁ, BKJIIOYArOIMMUX 6I/IOJIOFI/I‘-I€CKyIO OYHCTKY U XUMHYCCKYIO ACTOKCUKAIIHUIO ITOYB.
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Us3356002 bodg3980: ©IBH™IL035309, 35300 9HgM0 booo0, $HY30s, oH0dgEHMYdO.

Protection of the environment

THE IMPACT OF DETOXIFICATION TECHNIQUES OF PODZOILED
HUMUS ON ACCUMULATION OF THE POLLUTANT IN THE SOIL

Mazhaiskiy Yu.A., Chernikova O.V

Academy of FSIN of Russia
Ryazan, Russia

Annotation. In-situ researches were carried out in lysimeters charged with podzolized humus and
contaminated lead by salt - Pb (CH3COO) 2 - with a concentration corresponding to the level of pollution in
the affected area of the Ryazan HPS, i.e. equal to 15 mg / kg, to study the impact of detoxification on the
accumulation of this metal in the soil.Five variants of the experiment were developed, using various
detoxicants: Background + Irrigation; Background + Manure of cattle (100 t / ha); Background + Lime (8 t/
ha) + Manure of cattle (100 t / ha); Background + Lime (8 t / ha); Background + Mineral fertilizers
(N60P60K60). Reducing the level of pollution occurred on all variants of the experiment. The best result was
obtained in the third variant of the experiment, where lime (8 t / ha) and manure of cattle (100 t / ha) were
introduced.

Keywords: detoxification, podzolized humus, lead, fertilizer system, lysimeters
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CTpouTE/ILCTBO H APXHTEKTYpAa

BJIMAHUE NOCJTEJOBATEJIBHOCTHU MOHTAKA
MNPAMOYT OJBHBIX IVIUT HA HAMIPSIAKEHHO-IE®@OPMHUPOBAHHOE
COCTOSHHUE KOHCTPYKIIMHN

3. Maa3arya, A. Tabaranze, JI. xankapamBuiau, U. MekBaOumBuIn
I py3unckuii mexnuueckuti yHugepcumem,
Tounucu, I'pysus

Annomayus. B pabote paccMOTpeH OIWH W3 Hambojee pacIpOCTPaHEHHBIX CIOCOOOB MOHTaXKa
MPSIMOYTOJILHOW TUIMTHI: TOCJIC BO3BEACHHS CTEH (YCTPOWMCTBA KOHTYpA IUIMTHI) MPOM3BOJIUTCS MOHTAX
mmTEl. B 3TO BpeMs TmumTa BCEMH YeTBHIPbMS TpaHSAMH CBOOOAHO (mapHupHO) omnépra. IlomesHas
(3KCTUTyaTaluoHHAs1) HArpy3Ka, COTJIACHO OSTOW CXEMBl, BBI3BIBACT MaKCHMajbHBIE TPOTHOBI. 3aTteM
MPOJIOJDKAETCs] BO3BEACHUE CTEH M IUIUTA YK€ BCEMH YeTHIPbMSI CTOpPOHAMHM >KECTKO 3akperyeHa. Yepes
HEKOTOpOE BpeMsl B IUTUTE, COTJIACHO 3TOW HOBOW CXeMe, pPa3BUBAIOTCS Ae(opMaluy TOJI3y4YeCTH,
JIOTIOJTHUTEIIbHBIC MPOrvObl. [10oJIHBI MakCHMaJbHBIH MPOTUO ¢ 3TOTO MOMEHTa BPEMEHH OYIET CyMMOU
YIPYTOTO ¥ BEI3BAHHOTO TMTOJI3YYECTHIO TPOTHOOB.

YuéT nocnenoBaTeNbHOCTH MOHTaXa PAacCMOTPEHHOM MPSMOYTOJIBHOM IIUTHL MNPENyCMaTpUBAET
BIMSIHUE JeopManuii mon3yyecTd O€TOHA, MPOTUO IUIMTHI U, COOTBETCTBEHHO, 3HAYUTEIILHOE YBEIHYCHUE
HanpsoKEHHO-1e(POPMHUPOBAHHOTO COCTOSIHUA. [lodTOMYy, JKelaTreahbHO YUYWTHIBATH MOCIENOBATENLHOCTD
MOHTaa (ABJIEHUI MMOJI3y4eCTH) IITUTHI.

Knioueevie cnosa. TpsMOYTONbHBIE IUIUTHL; MOJ3Yy4YECTh; IOCIENOBATEIBHOCTh MOHTAXa,
HanpsoKEHHO-1eOPMUPOBAHHOE COCTOSHUE.

Constructionandarchitecture

IMPACT OF THE SEQUENCE OF INSTALATION OF RECTANGULAR
SLAB ON THE MODE OF DEFORMATION OF THE STRUCTURE

Z. Madzagua, A. Tabatadze, D. Jankarashvili, I. Mekvabishvili
Georgian Technical University,
Thilisi, Georgia

Annotation. In the article is considered one of the most common ways of installation of a rectangular
slab: after the walling (arrangement of the slab contour) performs the installation of slab. At this time, the tile
with all four faces is free (articulated) support. At this slab by all four edges simply (hinged) is supported.
The useful (operational) load according to this scheme causes maximum deflections. Then continues the
walling, and the slab is rigidly attached by all four sides. After a certain time in the slab according to this
new scheme develops creep deformations, additional deflections. The total maximal deflection from this
point of time will be the sum of the elastic and developed due creeping deflections.Rectagular
slab,Instalation,Mode of Deformation of Structure,

Accounting for the sequence of installation of the considered rectangular slab that involves the impact
of creep deformations of concrete, deflection of the slab and, accordingly, a significant increase in the mode
of deformation. Therefore, it is desirable to take into account the sequence of installation (creep phenomena)
of the plate.

Keywords: rectagular slab,Instalation,Mode of Deformation of Structure,deflection, Structure of
Instalation.
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Environmental protection, Earth sciences

THE LAW OF GEORGIA MOUNTAINS GEOGRAPHICAL PECULIARITIES

N. Meladze

I. Javakhishvili Thilisi State University
Thilisi, Georgia

Annotation. Sustainable development of mountainous regions is a major problem of Georgia. Among
them are migrations from mountainous regions, irrational use of natural resources, degradation of cultural
and ethnic values, hardship of social population, etc. Villages of Racha, Khevsureti, Tusheti, Mtieleti, Khevi
and other historical - geographical provinces are almost empty. "Mountain Law" was adopted in 1999 to
prevent these problems in Georgia, but it was only operational in 2016. The law applies to the entire territory
of Georgia. The area of its action envisages many geographical factors. Through the law, the mountain
population receives various social benefits, pension or salary supplements.

The efficiency of the mountain law requires consideration of several issues, including the study of
legislative regulations of the mountainous regions in European developed countries and comparative analysis
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with the relevant legislation of Georgia; Content analysis of "Mountain Law of Georgia" and study of
geographical features of its action; Dynamics of the population of villages in the area of mountain law of
Georgia (1989 - 2017) and analysis of their geographical characteristics; Study on the dependence of local
population towards the mountain law and the possibilities determined by it.

We have determined the prospects for the development of mountainous areas and effectiveness of
mountain law that will change or mitigate the difficult situation that is today in the mountainous country of
Georgia. It is worth mentioning: the central location theory or the emergence of attraction centers in the
mountains. These centers will have equal socio-economic development of mountainous areas, the emergence
of free economic zones that will promote the simplified economic regulation of the mountain population.
Also, the review of the law in the regional context (Law on the Caucasus, Small Caucasus).

Keywords: mountain law, migration, geography, alpine convention.

OxpaHa OKPY KAIOIEH cpeabl;
HccienoBanus mo M3y4eHuio 3emuan

I'EOT'PAOUYECKHUE OCOBEHHOCTHU I'OPHOI'O 3AKOHA T'PY3UH

H. Menanze

Tounucckuii rocyqapcTBeHHBIA yHUBEpCcUTET M. WM. JaBaxummBmim
Towmucn, ['py3us

Annomayusa. Y CTOHUMBOE pa3BUTHE TOPHBIX PETUOHOB SIBJISIETCS CEPbe3HOM mpobiemoit ['py3un u3 3a
MUTpAIlMi U3 TOPHBIX PalOHOB, HEPALMOHAIHHOI'O MCIIOJIB30BAaHUS IMPHUPOIHBIX PECYpPCOB, JAerpajalvu
KYJBTYPHBIX M 3THHYECKHX IIEHHOCTEH, OTCYTCTBHS HACENeHHS M T. . - TMOYTH IycThle JepeBHU Paua,
Xescyperu, Tymern, Mtuynetn, XeBU U IPYTUX UCTOPUKO-TeorpadudecKux MpoBUHIUHN. «[ OpHBII 3aKOH
ObL1 IpuHAT B 1999 romy Ui npenoTBpaiieHus 3TuX npodiem B [py3un, HO OH Havai JIeHCTBOBATH TOJIBKO
B 2016 romy. 3akoH pacmpocTpaHseTrcss Ha BCl Tepputopuio ['py3un. OOmacte ero aeMcTBus
IpeycMaTpuBaeT MHOXKECTBO reorpaduueckux ¢akropoB. Ilo 3akoHy ropHoe HaceleHHe IOJIydaeT
pa3IMyYHbIE COLMAIbHBIE ITOCOOUS, TEHCUH WU 3apIlIaTHbIE JOOABKH.

O exTUBHOCT TOPHOTO 3aKOHA TPeOyeT pacCMOTPEHUs] HECKOJIBKUX BOIPOCOB, BKIIOYAsl U3yUEeHHUE
3aKOHO/IATENbHBIX TOJO0KEHUH TOPHBIX PErMOHOB B €BPONEWCKHMX Pa3BUTHIX CTPaHAX W CPaBHUTEIbHBIN
aHaJM3 C COOTBETCTBYIOLIMM 3aKOHOJATEIbCTBOM I'py3um; coxepxarenbHblii aHanu3 «['opHOro 3akoHa
I'py3un» u uzyuenue reorpauuecKux OCOOCHHOCTEH ero NeMCTBUS; TUHAMUKY YMCICHHOCTH HACEIEeHUS
cen B obnactu ropHoro 3akona ['pysum (1989 - 2017 rr.) u aHanu3 ux reorpa@uUIeckux XapaKTEPUCTUK;
M3y4EHUE 3aBUCUMOCTH MECTHOT'O HACEJIEHH OT TOPHOTO 3aKOHA M BO3MOYKHOCTEH, ONPEENIEMBIX M.

Onpenenensl MEPCIEKTUBBI Pa3BUTHS TOPHBIX pailoHOB U 3(h(hEeKTHBHOCTH TOPHOTO 3aKOHA, KOTOpHIE
W3MEHAT WM CMATYaT CIOXKHYIO CHUTYallMIO0, KOTOpas CETrOoJHS HaXxOJIUTCs B TOpHOM cTpaHe ['py3um.
Heo0xomumMo OTMETUTB: ULEHTPAJbHYIO TEPPUTOPHUIO MECTOMOJIOKEHHS WM TOSIBICHHE LEHTPOB
MIPUTSHKEHUST B TOpax. OTH HEHTPH OyAyT WMETh PaBHOE COIHMAIHHO-D)KOHOMHYECKOE Pa3BUTHE TOPHBIX
paiioHOB, MOsBIIEHHE CBOOOAHBIX 3KOHOMHYECKHX 30H, KOTOpBIE OYIOyT CIIOCOOCTBOBAaTH YHPOLICHHOMY
9KOHOMMYECKOMY pEryJIMpPOBaHUI0 I'OpHOro HaceneHus. Kpome Toro, 0030p 3akoHa B PETrHOHAILHOM
koHTtekcre (3akon o KaBkase, Manom Kaskase).

Knrwouesvie cnosa: TOpHBIN 3aKOH, MUTpaLlKs, reorpadus, alblIicKas KOHBEHIIHSL.
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Hydrology and Meteorology

HYDROCHEMICAL CHARACTERISTICS OF WATER
IN THE VILESHCHAY RESERVOIR

Memmedova J.A.

"Azersu" Open Joint Stock Company
Moscow avenue 67, AZ1012, Baku, Azerbaijan
"Sukanal™ Scientific-Research and Design Institute
Moscow avenue 73, AZ1012, Baku, Azerbaijan
E-mail: ceyhune.memmedova@gmail.com

Annotation. Vileshchay water reservoir was constructed in Lankaran for effectively utilizing water
sources and water resources and meeting the needs of water for different sectors. Water reservoir is
multifunctional and it used for irrigation, drinking water supply and recreational purposes. This paper
presents an overview of analysis on natural hidrochemical regime of water reservoir. Uneven distribution of
water resources, changes in river flow in different years makes it inevitable to construct water reservoir.

Keywords: water reservoir, hydrochemical regime, Vileshchay.

GENERAL INFORMATION ABOUT VILESHCHAY WATER RESERVOIR

The Vileshcay water reservoir was built in 1986 in Gariblar village of Masalli region. Thus, water
supply of 11,000 hectares of land in Masalli region has been improved. The total capacity of the reservoir is
46 million m?, the useful capacity is 38 million m®, the dead capacity is 8 million m?, the water surface is
750 hectares, the length of the dam is 1700 m. Its maximum water release capacity is 838 m*/h and normal
water release capacity is 389 m*/h. Its maximum depth is 29.35 m. The irrigation water is transmitted to the
right coastal reinforced concrete canal and left-hand canal through 2 tubes with diameters of 1400 mm. The
type of the water reservoir is as canal, besides clayyed groundwater, in its construction additional rock,
gravel and pebble have been used. Warehouse is built for irrigation, but is also used as a drinking water
source [2]. The reservoir is located at a height of 365 m above sea level. There are five settlements around it.

The water reservoir is surrounded by forests starting from the protected zone (7.2 hectares) to Dambalov
village. The total area of these forests is 4.9 thousand hectares. The main part of these species are chestnut
oak, hornbeam, oak, peanut, pebble, plum, iron tree, medlar, lankaran acacia, freewill, shumshad. The
presence of endemic species in forests increases its touristic and recreational importance.Vilashcay water
reservoir is the main source of water supply for Masalli.

Water and hydrochemical regime of Vileshchay.

Vilesh and Matara rivers, as well as underground water is a source for the water reservoir.

Vileshcay originates from the northwestern slope of the Talysh Range at an altitude of 1880 m and falls
into the Gizil Agac. Its length is 115 km, the basin area is 935 km? and the average height is 987 m, the
river’s network density is 0.92 km/km?® and the average slope of the river is 16.6 %o. The river has 8 main
tributaries.
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Fig. 1. Vilashchay water reservoir
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Fig. 2. Hydrographs of Yardimli ans Shixlar points

Vileshcay is rich with floods. In its downstream, 73% of annual flows come from rainfall and 27%
from groundwater. When it comes to its upstream, the main source is rainfall, which is 60%, snowfall which
is 6% and underground water which is 34% [4].

The average perennial water consumption at various hydrological stations on Vilashcay ranges from
1,27 -4,94 m®h, maximum flood consumption is 78.5-396 m®/h, and minimal water consumption varies from
0.012 t0 0.36 [1].

According to O.A.Alyokine's classification, taking into accont all anions, all natural waters are divided
into three classes: with hydrocarbonate, sulphate and chloride [6]. Each class, in turn, is divided into three
groups according to the predominant cations: with calcium, sodium and magnesium. The hydro-chemical
properties of river water are primarily related to the soil cover, geological structure and climatic features of
the river basin.
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There are less researches on the study of the hydrochemical properties of rivers of the Lankaran natural
region, and they are mostly carried out by S.H.Rustamov [7,8]. At present, M.Abduyev and R. Ismayilov
continue their researches in this direction.

In waters of the central and southern parts of the Lankaran natural region, calcium hydrocarbonate, in
the north-east (Vileshchay basin) and in the middle stream of Astarachay, chloride (sodium group) waters is
dominated [8].

The rivers of Lankaran in low water level period referring to hydrocarbonate group (27,8-44,9% ekv
HCO;3) with a superiority of calsium (23,1-37,6 % ekv). In the anionic compostion of Vileshchay water the
abundance of chlorine (19-46,1% ekv) is noticable. Quantity of hydrocarbonate is almost 10% less. In the
cation composition of river Ca (17,2-31,6% ekv) and Na+K (13,3-31,8% ekv) are dominated.

For some consumers (utility enterprises, industry, agriculture, etc.) one of the main quality indicator of
water is degree of its natural mineralization. While water consumtion decreases, mineralization is increasing.
During a minimum flow period, its rate is the biggest.

Mineralization rate for majority of Lankaran rivers is 200-500 mg/l. It is very qualitative drinking water
and useful for irrigation. Vileshchay is exception. Its mineralization rate is very high. In different years
mineralization rate was between 237-787 mg/l in Yardimli, 267-4599 mg/Il in Shixlar. It is explained by
geological structure of basins. Volcanic-sedimentary rocks are widespread [8].

Table 1

Avarage perennial rates of chemicals in Vileshchay Shixlar point (1989-2010).

. Water Suspended Water Hydrogen | Dissolved | BODs | Miner
River- . indicator | oksygen, | (mg/l) | alizati
. temperature items transparency
point ) (ma/N (sm) (pH), mg/l (mg/l) on
(mg/l)
Vileshchay 16,2 115 17 8,2 101 | 144 | 662
-Shixlar

In the Vileshcay , the chemical composition of water corresponds to the hydrochloricity of the river
water it takes a source. However, the level of mineralization in the water reservoir has partly increased. As
Vilashcay, which is the source for the reservoir is polluted, due to this, reservoir is also contaminated [3].

Vileshcay water reservoir and environment.

When the project works of the Vileshcy water reservoir was carried out, the ecological situation was not
considered in the lower part, and especially, in the canal.

As the river was smaller in the area near the Gizil-Agac bay, naturally, the river silt was accumulated
during dry periods, small floods. During the years after the construction of a water reservoir, the volume of
accumulation of river silt in the lower stream increased, and the thickness of the sediments in the canal
reached several meters. The floods in Matalachay and the water released from the reservoir can not process
this silt. The observations of 1996-1998 show that, along with the natural regime of Vileshcay, the ecological
balance has also been violated in its outer part. As the river could not transport its sediments, by washing its
left side it opened a new canal, as a result in which a large area stayed under water. The failure of the
Vileshcay flow to reach the Kichik Gizilagac golf caused the ecological imbalance [5].
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I'napoJiorusi 1 MeTe0poJa0rust

THAPOXUMHNYECKAS XAPAKTEPUCTHKA BOJ BIIEITYANCKOI'O
BOJOXPAHUJINIIIA

MawmenoBa JIx.A.
Omkpbimoe akyuoHeprHoe ooujecmso «Asepcy»
Hayuno-Hccneoosamenvckuii u Illpoexmuoiti Hucmumym «Cykanany,
Bbaky, AzepOaiimxanckas PecriyOnnka

Annomayus. B JleHkopaHH TOCTPOEHO BopoxpaHwiuiie Bunemwaih gna  sddextuBHOrO
WCTIONIb30BAaHMSI BOJHBIX HMCTOYHMKOB M BOJHBIX PECYPCOB W YJIOBIETBOPEHHUS TOTpPEOHOCTEH B BOJE
Pa3NUYHBIX CEKTOPOB. Bogoxpanummuiie siBisieTcss MHOTO(YHKIIMOHATIBHBIM M UCHOJIB3YETCS I OPOLLCHHUS,
MMATHEBOTO BOJOCHAOKEHUS W PEKPEAIMOHHBIX TIiesiel. B HacTosmeM JOKyMEHTE IpeacTaBiieH 0030p
aHalM3a TPHUPOJHOTO THUAPOXMMHUYECKOTO pPEXHUMa BOJOXpaHWIHINA. HepaBHOMepHOE paclpeenenre
BOJIHBIX PECYPCOB, M3MEHEHHE PEYHOI0 CTOKa B pasHble T'OJABl CO3AAa0T HEOOXOIUMOCTHh CTPOMTEIHCTBA
BOJIOXPAaHWIHIIL

Knrouegvle cnosa: BOTOXpAaHWINILE, THAPOXUMHUUECKUHN pexumM, Bunenryaii.
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Hydraulic engineering and irrigation

CLIMATE CHANGE IMPACT ON THE MAIN COMPONENTS OF
THORNTHWAITE-MATHER WATER BALANCE

O. Miseckaite!”, S. Cadro?

'Aleksandras Stulginskis University
Kaunas County, Kaunas, Studjantu Street, Lithuania
University of Sarajevo
Obala Kulina Bana 7/11, 71000, Sarajevo, Bosnia and Herzegovina
E-mail: otilija.miseckaite@asu.lt

Annotation. The main objective of this study is to determine the severity of changes in some
components of the water balance for the specific area in the two developing countries (Sarajevo, Bosnia and
Herzegovina and Kaunas, Lithuania), in order to understand the significance of their influence and help
future mitigation and adaptation activities. Soil water balance was negative in both stations in the last 20
years: quantity amount bigger in Sarajevo, but continuous longer in Kaunas.

Keywords: soil moisture deficit, temperature, precipitation Kaunas, Sarajevo

INTRODUCTION

Global climate change and associated impacts on water resources are the most urgent challenges
facing humanity today and will have enduring societal implications for generations to come. Potential
impacts may include the changes in watershed hydrologic processes including timing and magnitude of
surface discharge, stream discharge, evapotranspiration, and flood events (Simonovic and Li, 2004).
Nowadays, water is becoming scarce not only in arid and drought prone areas, but also in regions where
rainfall is relatively abundant (Pereira et al., 2002). Bosnia and Herzegovina and Lithuania can be considered
as such regions. The entire territory of these countries is characterized by prominent warming trend with
positive trends in both the maximum and the  minimum temperatures throughout the year, particularly in
summer months (Popov et al., 2018). Thornthwaite and Mather (1955) developed a simple heuristic model of
water balance that estimates monthly actual evapotranspiration (AET), runoff (RO) and soil moisture deficit
(D) as a function of soil-moisture storage and potential (PET) via a “bookkeeping” procedure. Water balance
is important for determination of the water availability, crop irrigation requirement, flood risk assessment,
regional water management decision-making, drought analyses, environmental studies, and it is used to
model climate change impacts and design effective adaptation and mitigation measures (Pereira et al., 2015;
Pandey et al., 2016; Zurovec et al., 2017).

MATERIALS AND METHODS

Data from Kaunas (Lithuania) and Sarajevo (Bosnia and Herzegovina) weather stations were used for
analysis of the main water balance components by Thornthwaite-Mather (1955) method (TM). Required
input parameters used: monthly precipitation (P), monthly mean air temperature (Ts) and readily available
soil water holding capacity of 100 mm (RAW). All required data are collected for the period of 21 years
(1996 — 2016). Potential evapotranspiration (PET) was calculated via Thornthwaite (1948) method.
Thornthwaite-Mather water balance method is used all over the world and according to research done by
Vlahini¢ et al. (1982) proved to be the most appropriate in the Balkan conditions (Cadro et al., 2017).
Following equations were used:

T3 8
PETTththwaite =16 (T!] (1)
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1=x:2,(02T )=+ 2
a=6,75 x10771* - 7,71 x 107°1* +1,7912 x 107°I+ 0,49239 (3)

where T, is mean air temperature, °C, | is a thermal index imposed by the local normal climatic
temperature regime, and the exponent “a” is a function of .

RESULTS AND DISCUSSION

Yearly soil moisture deficit was observed nearly each year in both stations. The highest soil moisture
deficit was in 2002-2003 (about 200-300 mm) and 2015 (120-250 mm) (Fig. 1). Linear drought coefficient
trend increasing in Kaunas and Sarajevo in the last 20 years. Results showed increasing trends in surface air
temperature (in Kaunas meteorological station) and precipitation (decreasing in Sarajevo). The increase of
aridity may cause by the concurrent occurrences of negative precipitation trends and positive reference
evapotranspiration trends (Some’e et al., 2013). The annual summer P/PET of the study areas varied
between 0.6 and 0.9 (Tablel.). Results showed that research areas are with aridity indices higher than 0.5 (in
Sarjevo, 0.56-0.52 in July-August), and drought coefficient are higher as 0.5. Information regarding changes
in the P/ETo index because of climate change is necessary for policy makers and managers within the
context of water resources management, hydrology, agriculture, and environment. Consequently, it indicates
the need for more concentration to climate change and different aspects of its effect in the P/ETo regime
(Some’e et al., 2013). Changes in precipitation are the prime driver of change in the availability of both
surface and ground water resources (Beare, Heaney, 2002). Monthly soil water balance is negative in both
stations: quantity amount bigger in Saajevo, but continuous longer in Kaunas. Soil moisture deficit (2 - 35
mm) can be observed in all the vegetation period (May-October) in Kaunas, and soil moisture deficit is
concentrated in summer months (from April to September) in Sarajevo.

Table 1
Average water balance
Month I 10wV VI VI v||| IX X Xl Xl ?: Avirag
Kaunas (Lithuania)
Precipitatio
n 47 38 35 35 56 67 93 83 48 63 49 44 658 55
T 0 1 8 44 87 110 130 112 68 33 11 2 606 51
0 1 8 44 87 103 102 78 49 30 11 2 516 43
Deficit 0 0 0 0 0 7 28 34 19 3 0 0 91 8
Surplus 43 34 27 5 0 1 0 0 0 2 6 23 142 12
10 10 10 10 10 09 0.7 07 09 10 10
AET/PET 0 0 0 0 0 4 8 0.70 2 2 0 0 0.92
27. 45 08 06 06 0.7 07 19 42 19
P/PET 206 2 2 1 5 1 1 074 0 4 7 0 22.29
09 09 07 01 00 00 00 00 00 01 05
Surplus/P 2 0 8 5 1 1 0 0.00 0 4 3 2 0.29
Sarajevo (Bosnia and Hercegovina)
Precipitatio 7% 68 68 76 8 83 73 62 101 97 90 89 967 81
n
PET 3 7 21 49 86 114 129 118 72 45 20 3 668 56
AET 3 7 21 49 86 111 98 71 63 45 20 3 577 48
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Deficit 0 0 0 0 0 3 31 48 9 0 0 0 9 8

Surplus 72 62 48 30 14 5 0 0 11 20 47 81 390 32
10 10 10 10 10 09 07 08 10 10 1.0

AET/PET 0 0 0 0 0 7 6 0.60 7 0 0 0 0.93
23. 98 31 15 09 07 05 14 21 44 26

P/PET 9 9 8 4 9 3 6 0.52 0 6 3 3 6.31
09 09 07 03 01 00 00 01 02 05 09

Surplus/P 6 0 0 9 7 6 0 0.01 1 0 3 1 0.41

NOTE: AET/PET represents a drought coefficient; P/PET is an aridity index (Al); Surplus/P is a

potential runoff coefficient
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Fig. 1. Time series and liner trends of annual soil moisture defect

CONCLUSION

Climate change impact on surface and ground water resources increasing. Soil water balance was
negative in both stations in the last 20 years: quantity amount bigger in Sarajevo, but continuous longer in
Kaunas. Without knowing the soil water balance, the right irrigation scheduling is not possible. Soil can hold
a limited amount of water, so knowing the soil water balance reduces can help avoid plant stress, surface
runoff and soil erosion, reduce amount of irrigation water. Results show that he biggest monthly potential
evapotranspiration was in July in the last 20 year, and the biggest amount of precipitation was in July in
Kaunas and in September in Sarajevo. According an Aridity index classification May, June in Kaunas (0.65-
0.61) and in Sarajevo (0.56, 0.52) was as semi-arid.
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I'mapaBivka M Uppuramnus

BJIMAHUE NBMEHEHUSA KIINMMATA HA OCHOBHBIE
KOMIIOHEHTbBI BOJHOI'O BAJTAHCA

Lo 2
O. Mucenkaiite , C. Yaapo

1
Yuueepcumem Anexcanoposa Cmynveunckuca
Kaynac, Jlumesa

2
Yuueepcumem Capaego
Capaeso, bocnus u I'epyezosuna

Annomayua. OCHOBHAsI 1IeNIb WCCIENOBAaHUM — OIpe/eleHne N3MEHEHNH HEKOTOPBIX KOMITIOHEHTOB
BOJIHOTO 0anlaHca Ha crelu(uuecKux TeppuTopusX pas3suBaromux crpal (Capaeso, bocaus u ['eprierosuna,
Kaynac, JInTBa) n oka3zaHre MOMOIIM B OyIyIIeM P aJanTanuyd UX AesTeIbHOCTH. BomHb OanaHc mo4B
OTpUIIATEIHHBINA Ha 000X CTaHIUAX (B TeueHUH nocieanux 20 ner).

Kntrouegwle cnosa: BnaxxHOCTh OYBHI, NeUIIUT, TeMIiepaTypa, ocanku, Kaynac, Capaeso.
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Hydrology And Meteorology

SEDIMENT RUNOFF OF THE TARTAR RIVER

V.B. Mikaelyan, V.H. Sarkisyan, H.V. Tokmajyan, V.G. Hayrapetyan
Shushi University of Technology
Shushi, Ashot Bekor 4, Republic of Artsakh
E-mail: tokmajyan@shushitech.am

Annotation. In the article the transverse weir of the waters was obtained from the mudflow and
annual mudflow in the Tartar river basin on the basis of data received from the average annual weir, the
trouble and mudflow of the water. These transverses may be used for total river basin of the Tartar (by the
close joint of the Tartar — village Madaghis, F = 2460 km?). According to the data on the average perennial
importance of the norms of annual flow of balanced mudflow (R,) and the waters (Q,), the connection R, =
f (Q,) was set up which can be used for obtaining the average annual flow of balanced mudflow according to
the data on average annual weir.

Keywords: sediment runoff, turbidity of water, silt runoff, spring tide, rain flow, suspended sediment,
single water samples.

INTRODUCTION

The Tartar River is a typical mountain river. It is one of the largest and rich in water tributaries of the
Kura River. The length of the river is about 200 km, the average annual flow is about 750 million m® the
catchment area is 2650 km?, the average height of the basin is 1820 m. It flows into the Kura River at a
distance of 523 km from the mouth where the absolute height is only 3 m. The river head is located at an
altitude of 3120 m. The main tributaries of the River Tartar are the rivers Lev, Trkhy and Tutkhun.

The rivers of the Tartar River basin are mainly fed by melting snow, rain and groundwater. In the
territory of the Artsakh Republic many mountain rivers are running mainly along steep slopes which
conditions the turbulent nature of the streams. The slope runoff, formed during the spring tide and rain
floods enriches the rivers by river silts which are products of basins' surface destruction. Feeding of rivers
by sediments also occurs due to products of channels' erosion.

Currently, the rivers of the AR, including the rivers of the basin of the Tartar River, are widely used in
connection with the implementation of large-scale waterworks and hydropower construction (in the design of
reservoirs, irrigation canals, hydroelectric power stations, water treatment and other facilities). In this
connection, considerable attention is paid to the sediment runoff. However, at the present time there are no
works covering the whole range of issues related to the runoff of river sediments for the territory of AR.

THE OBJECTIVE OF THIS WORK

Rivers of the Tartar River basin, as well as the entire territory of the AR, to the present day have been
very poorly studied hydrologically. The first hydrometric observations began in 1925 on the river station, at
the hydrological station of the Tartar River near Madagis, and then, in 1950, observations had began at the
station of Magavuz.

However, since 1994 all hydrometeorological observations have been stopped in the territory of AR
and only at the Tartar-Magavuz hydrological station, located below the Sarsang reservoir, hydrological
observations are still performed, but only above the water level.
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Nearly all studies on the river water turbidity and the runoff of suspended sediments, in connection
with the labour consuming jobs and also financial expenditure, had been carried out in a limited number of
stations in the territory of AR.

The turbidity of water, expressed in grams per liter or per cubic meter of water, was usually
determined by extracting sediments from the water sample by filtration, followed by weighing the dried
filters with sediments on analytical scales. According to the weight of the sediment in the sample, the
turbidity of water was calculated by the following formula

r=Ps10%A g/m° 1)

where Ps is the weight of the sediment in the sample in grams, A is the volume of the sample in mm.
Fig. 1 shows the dependence of the average annual turbidity of water on the average annual flow of the
river.

1600
1400 y =36.577x-318.69 )
R*=0.3724 ® ®
1200
1000
800
600
400

200

Fig. 1 Connection of the average turbidity of the Tartar (on the y- axis g/m®) with the average
water expenditure (on the x- axis m*/s)

Calculation of sediment flow was carried out mainly on the turbidity of single samples, reducing it to
average turbidity by introducing a transition coefficient.

Single water samples were usually taken at the station of the main water-measuring post near the water
edge and at 0.6 depth from the water surface.

The highest average turbidity of water was determined from the single sample findings using a
transition coefficient or directly from the measured flows of weighted flows.

The number of days in the year with water turbidity of more than 50, 100, 200, 500, 1000, 5000,
10,000 g/m® was calculated for the calendar year by average daily values only for rivers with the highest
water turbidity above 200 g/m®.

On the Tartar River near Madaghiz village the average monthly turbidity of water reaches 1100g/m®
(July). The runoff for the period of high water is 95% of the annual one.

During the spring high water, the turbidity of water can vary within large limits.

As arule, it increases with increasing water flow, although not always to the greatest flow corresponds
the greatest turbidity.
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There are also cases, most often in the summer, when the turbidity of the river increases in a calm
water or in a slight rise of the water level. This is mainly accounted for by the inflow of heavily saturated by
suspended sediment tributaries as a result of rainfall in their catchment area.

The highest average monthly turbidity of the stream is observed, as a rule, during the flood period.

In the territory of the AR, there are many mountain rivers that differ in steep slopes, which causes the
turbulent nature of the stream.

The slope runoff, formed during the spring tide and rain floods, enriches the rivers with the products
of the destruction of the surface of the basins-river silts. The feeding of rivers by sediments is also due to
products of erosion of the channels of the watercourses.

The sediment runoff was calculated mainly from the turbidity of single samples with the reduction to
the average turbidity by introducing a transition coefficient.

For some years, a method was also used to calculate the sediment runoff from the graph of
relationship between the values of the water discharge and the flow of suspended sediments.

In summer, the amount of sediment flow is much less than in spring and amounts to 1 to 22% of its
total annual volume.

Using the data on the average long-term values of the norms of annual runoff of suspended sediments
(Ro) and water (Qo0), a relationship is established (Fig. 2), Ro = f (Q0)
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60 ®

50 y=1.7061x-24.846

R*=0.519
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30
20
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0 e )
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Fig. 2 The dependence of the average runoff of the sediments (on the y- axis kg/s) on the water expenditure (on
the x- axis m%s) of the Tartar —village Mataghis

Fig. 3 presents the relationship of the weighted sediment flow and of many years average annual
water flow of the rivers Tartarus, Madaghiz.

The obtained dependence between the average annual water flow and suspended sediment (Fig. 3)
can be used to determine the average annual runoff rate of suspended sediments of the unexplored rivers of
the Tartar River basin.
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Fig. 3 The dependence of the suspended sediments on the expenditure of the water of the Tartar — village
Mataghis for long time period.

Table 1 presents the values of suspended sediments flow of the Tartar River near the village of
Madaghiz.

In the spring tide period, when the main body of water flows, sediments of larger fractions are
transported, and in the mean water, due to low flow velocities and a small runoff layer, more fine particles
are contained in the sediment composition.

During the water rise, as a rule, there are more large fractions contained in all rivers of the basin
than during the flood fall, which is explained by the steep slopes and the greater transport capacity of the
stream.

The change in the size of sediments and bottom is closely related to the regime of the river.

Table 1
Distribution of runoff of suspended sediments of Terter-Madaghiz, by months
(in % of annual)
The catchment area is 2460 km? (1928-32, 34, 35, 41, 45, 46, 49-70).
I I i v \ VI VI VI | IX X XI XII Year,
kals

Average over a period of time

0.3 0.3 1.3 148 281 |286 |182 |44 2.1 1.2 0.4 0.3 15

Maximum, 1963

0.5 0.5 0.7 2.1 7.4 476 |266 |19 13 0.4 05 05 71

Minimum, 1961

0.4 0.4 0.4 249 |470 |146 |26 2.9 2.2 3.8 0.4 0.4 18
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Table 2
Granulometric composition of suspended sediment (in% by weight)
) Diameter of particles (mm)
River: Phase of the regime Sand Dust Silt
1-05 | 0.5-0.2| 0.2-0.1 | 0.1-0.05 | 0.05-0.01 | <0.01

Tartar- Flood rise 0.2 125 32.8 52.5
Magavuz, | Flood fall 0.2 1.6 25.9 15.0 42.6 14.7
Er:nzzlﬁo Summer-Autumn floods 06 | 131 22.6 52.0 117

Low water 131 31.5 55.4
Tartar- Flood rise 0.8 7.8 145 14.6 31.3 31.0
Madagiz | Flgod fall 2.4 21.2 20.9 30.3 25.2
E;%%O Summer-Autumn floods | 0.7 | 7.8 | 10.6 286 201 | 232
Low water 12.1 9.1 12.8 36.5 29.5

Rare changes in the regime of sediment size occur usually during periods of flood and rain tidec, when
channel erosion becomes active and a significant amount of sediment enters the channels. Heavy streams,
caused by intensive showery rains, destroy the channel, completely changing the nature and content of
sediments and bottom siltation.

Table. 2 presents the values of the granulometric composition of suspended sediments at two
hydrological stations on the Tartar River.

CONCLUSION

In the riverbed of the Tartar River, in all phases of the water regime, boulder-pebble deposits (50 mm
in size) predominate, at that they are more on the flood rise than in other phases of the regime. The boulder-
pebble material in the bottom sediments is 60-90% of the total composition of the sediments.

It should be noted that for such a fairly large and complex physico-geographical area of the Tartar
River basin, the number of observation stations and the number of observations for making reliable
generalization of sediment flow data and, in particular, water turbidity are not sufficient and, therefore,
additional observations throughout the basin are needed.

For the time being the obtained data can serve only as a guide for a preliminary estimation of the
runoff in the studied sections of the Tartar River.
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TBEPJBIA CTOK P. TAPTAP

B.b. Mukasasn, B.X. Capkucsn, O.B. Tokmamxksan, B.I'. I'alipanersin

LLIywickuti mexHoIo2u4ecKutl yHugepcumen
UIywu, Pecnybnuka I'opuwiii Kapabax

Annomauus. B cratbe paccMOTpEHBI CEJISIMH TPaHCIOPTUPOBaHHBIE BOJABI B OacceiiHe p. Taprap,
OCHOBaHHBIE Ha MCCIIECIOBAHUSIX OIBITHBIX JAHHBIX. DTH TPAHCBEPHI CMOTYT OBITH MCIIOJIB30BaHbI Ha BCEH
TeppuTopuu Gacceitna p. Taprap (y cen. Magarn F = 2460 km?). Ha ocHOBE MCCIIeIOBaHMIA BBISBIICHA CBA3b
Ro = f (Q0), koTopast MOKeT ObITh IPUMEHEHA TIPH OAJTAHCHUPOBAHUH CPE/IHE T'OIOBBIX CEJIEBBIX MOTOKAX.

Kniouesvie cnoea: cToK HAHOCOB, NMPONUTAHHBIA BOMOW, CIOH TIpyHTa, BOJIHA, JOXKIEBOH MOTOK,
OJTHOPA30BBIE 00PA3IIHI BOBI.
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Annotation. Since its inception, the Geographic Information System (GIS) has been widely used in
many areas of the civilian sector. However, this system with its remarkable technical capabilities is still
insufficiently implemented in the military sphere. Therefore, the article points out the necessity and
expediency of creating a GIS for military purposes.

When creating a GIS for military purposes, it should enrich its main block, that is, a topographic
database (TDB) with additional materials such as special maps, aerospace photo documents that are
universally used in the troops.Based on these considerations, the article proposes to create in the military GIS
an additional functional unit called the "Special Map Base". This article describes in detail the structure,
content and function of the proposed block.

Keywords: military geoinformation system, geospatial database, topographic database, special maps,
photo documents.

INTRODUCTION

Before proceeding to the content of the military Geoinformation system (MGIS), we will briefly
review the features of a standard GIS.

Depending on the area of implementation, the content of GIS is determined in different ways. In some
definitions, it appears as a tool for creating maps, storaging, using and displaying of geographic data, and in
others as a computer geographic database to support decision making:

Geographic Information System - this is a computer system of cartographic software, created by
individuals, scientific organizations and industrial enterprises for the collection, analysis, storing and
dissemination of information from the Earth's surface [1,p.12];

Geographic information system - this is a computer system for the collection, storage, processing,
analysis and presentation of geographic data by specific organizations [2, p. 1];

Geographic information system is a set of powerful tools for collecting, storing, processing,
transforming and demonstrating geographic data [3, p. 1];

A geographic information system is a decision support system using geospatial data [4, p. 2].

Summarizing these definitions, we can say that in general, GIS is a system for collecting, analyzing,
systemizing, processing, storing, presenting and managing all geographic and geospatial data on the Earth
using computer technology.

Geographical information system was first used by the Canadian government in the 60s of the last
century for the purpose of inventorying state land plots. Since that time, GIS has been widely used by state
institutions and private companies in other countries as a "Tool" for planning the production process, making
decisions and managing them [5, p. 31].

Thanks to the technical capabilities of GIS, military organizations also have showed interest in
creating GIS for military purposes. Military organizations are well aware and appreciate that GIS in its
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format is a large geographic database that provides detailed information about the terrain in the form of
digital raster and vector topographic maps, or on separate layers of maps and map products. Such a database
is very important for the proper planning and conduct of operational-tactical acts in military affairs. If the
GIS base is additionally equipped with military information, this system will be called the Military
Geographic Information System (MGIS) or the Defense Geographic Information System (DGIS).

Depending on the purpose of creating and assigning tasks, technical equipment, software, level and
scope of application, the MGIS may have different structures. However, for all types ofGIS, the four main
functional blocks - 1. Topographic database block; 2. Technologyblock; 3. Hardware block and 4.
Software block are characteristic.

TOPOGRAPHIC DATABASE OF THE GEOGRAPHIC INFORMATION SYSTEM

The variants for creating GIS are determined by their purpose, tasks and responsibilities, resulting
from these tasks. TDBisthemainfunctionalblockofGIS.This block contains all the geographic information of
the system, as indicated above.In recent years, special computer programs allow to collect geographic data
from maps and aerospace images directly into the TDB.

The main advantage of TDB in comparison with a topographic map is, that here the presented
geographic data makes possible to conduct a complex analysis of the terrain in the current time (real-
time). TDB is also an effective tool for creating and updating digital topographic and thematic maps.If the
analogue (paper) topographic maps represent the geographic content of the terrain (relief, vegetation,
hydrography, settlements, socio-cultural objects, road network, boundaries, etc.) with cartographic simbols,
but the TDB on the basis of the spreadsheet of attributes allowsand provide more detailed information about
each object of the map.

Due to the preservation of data in a vector format, using TDBs, you can quickly update maps and map
products.

Because the database objects are in the form of simbols, their places can be changed, erased, updated,
enlarged as images or displayed as a 3D model.The TDB has the ability to present the previous state of
objects and events, as well as the future (predictive).

For the functioning of GIS, as well as MGIS, including the collection and presentation of information
in TDB, it is advisable to use cartographic software Oracle, ArcCIS and Global Mapper.The Oracle software
is a powerful computer program and is recommended for use in the implementation of the MGIS
server.Database management capacity in the Oracle software is 100 ~ 1000 GB (gigabytes).The program
allows thousands of users at the same time to access the TDB of the MGIS.At the present time Oracle7,
Oracle 10 and Oracle 11 are used in production.ArcCIS software is used to collect map data in TDB, as well
as to create map layers.A Global Mapper as a GIS software package is used to represent digital cartographic
products.

DISTINCTION BETWEEN GEOSPATIAL AND GEOINFORMATION SYSTEMS
The twentieth century marks the era of the scientific and technological revolution, aviation, space and
nuclear technologies.The 21st century is called the age of information.In everyday life we everywhere meet
with information.
Information - this is a data about a particular object or reality [6, p. 2].It should be noted that 80-
85% of the information available everywhere is geo-information.Geospatial information is a combination
of different types of information about space, territory, events and processes.The terms "geospatial”,

"geospatial data"”, "geospatial database" are included in the technical literature in the late 80s of the last
century and are now widely used in scientific literature.
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Despite the differences in essence and designation in most cases, the term "Geospatial Data Base"
(GDB) is used in place of the term "Geographic Information System".This is a completely wrong approach.

GDB - is designed to store, process and represent objects in a geometric space.The basis for GDB is
the geospatial information network, which is called a Geospatial dataset (GDS). In GDB geospatial data are
stored in the form of coordinates, addresses, city names and codes.

Unlike GDB, the GIS is based on a topographic database, which consists of geographic information,
topographic maps, topographic plans, aerospace images and other materials.

A comparative analysis between GDB and GIS shows that it is more expedient to use GIS for military
purposes.Because, at present time, military operations are mainly planned and conducted using digital
topographic maps and map productswhich are stored in the TDB of MGIS.

Special map base of military geoinformation system

When creating a GIS, depending on the content and purpose, you can include additional elements in its
structure. As we know, when planning and carrying out military operations, alongside topographic maps,
there are widely used special maps and aerospace images in the troops (note: further in the text"Special
maps").

The main purpose of creating special maps is to provide troops with additional terrain data not
available on topographic maps.Depending on the tasks, if special maps are created, it is necessary to digitize
and collect them into a separate database in order not to confuse them with other maps (Fugure 1). Thus,
with the use of modern cartographic computer software such as ArcGIS, it is possible to create a new special
map base for military GIS.

GIS portals

Legal agreements, protocols, norms and standards
-
Internet gD ™ :

Central geoportal of MGIS. Registration, searches and services.
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Fig. 1.MGIS functional blocks (variant)

After determining the content of special maps, we will review their types and appointments, as well as
aerospace images located in a special military GIS database.
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Special maps

Special maps -are maps that describe in detail the specific part of the terrain depending on the task and
the requirements of higher combat headquarters. They are created in advance by units and units of the
topographic service of the Army in the preparation and conduct of military operations.

When creating special maps, in detail analyze the data of territorial intelligence obtained from various
cartographic sources [7, p. 39]. After that, all these data are displayed in a vector format as a separate
"Shape" file, if necessary, the created shapefile or vector layer is combined with a raster topographic map
and printed.

Special maps include:maps of terrain changes (Figure 2);maps of contour points (maps of geodetic
data);maps of river sections;cross-countrymaps;maps of mountain passages;maps of landing areas;maps of
aboveground and underground water sources;maps of drainage systems;maps of plant
cover;nauticalcharts;reliefmaps;maps of railways;roadmaps;aerodromemaps;maps of seaports;maps of
accommodation centers;maps of energy centers;oil storage maps;geologicalmaps;hypsometric maps, etc[8, p.
3].

Of the above-mentioned special maps, the first four are most often used in the troops.

Fig.2. Map of terrain changes (fragment)

Operative correction of topographic maps produsing faster than updating them. When conducting
military operations, a great need is shown for them, they are more effective and are used by troops
everywhere.

Aerospace photo documents

Aerospace photo documents are intended to bring the information about the terrain to the headquarters
and troops in addition to the information available on topographic maps. Like special maps, they are also
created on the most important areas of battlefilds. These documents usually show decrypted data about the
enemy.

In headquarters, photo documents are usually used together with topographic maps[9, p. 198].Photo
documents include:
aerospace images;
photo schemes;
photo plans (orthophoto);
photo maps, etc.
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Special maps and photo documents must satisfy the requirements of the troops for the completeness,
reliability, accuracy and visibility of the images of elements and objects of the terrain on them, as well as the
timing of the creation and visualization of these documents.

CONCLUSIONS AND RECOMMENDATIONS

1. In order to improve the troops daily activities, increase the efficiency and effectiveness of planning
and conducting military operations, military GIS as an information base is an indispensable tool in
military affairs.

2. Topographic database is one of the main block of the standard GIS and differs significantly from
other types of geographic data base. Therefore, its creation requires a special approach.

3. The experience of past warriors, military operations conducted in modern conditions and military
trainings shows that for making informed decisions it is necessary to have additional sources of data
that are not available on topographic maps.

In this regard, it is required to provide troops with special maps and photo documents. We suggest that
MGIS of the Army which will be created, be supplemented with a new block which called "Special map
base*“.The newly created database of special maps, enabling the enrichment of TDB with special geographic
information, and will also enhance the military significance of GIS.
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HccaenoBanus mo u3y4eHuio 3emuan

YCOBEPIIEHCTBOBAHUE COJEPKAHUS DJIEMEHTOB BOEHHOHN
TEOMH®OPMAIIMOHHON CUCTEMBI

H.®. Mycaes ', M.I'. Fooncamanos 2

1
Omxkpwvimoe Axyuoneproe Obuecmso «Aszepkocmocy, Omoen 0opabomru KOCMUHECKUX CHUMKOG
2 . .
Bakunckuii 2ocydapcmeennulii ynugepcumem, kageopa 2eodesuu u kapmozpaguu
baxy, Azepbaiioxncan

Annomauus. T'eorpapuueckas Muadopmarmonnas Crucrema (I'MC) mmpoko npuMeHsieTcss BO MHOTHX
o0nacTax rpaxkaaHckoi orpaciu. OgHAKO, JaHHAs CHCTEMa CO CBOMMHU 3aMEYaTelIbHBIMU TEXHUYECKUMHU
BO3MOXXHOCTSIMH HE B TOJIHYF0 Mepy BHEApeHa B BOEHHOW cdepe mo cux mop. llostomy, B crarbe
yKa3bpIBaeTCs Ha HEOOXOIMMOCTh M IienecoobpazHocTs cosfmanus [MIC B BoeHHbIX Temsx. [Ipu co3manum
I'MC B BoeHHBIX IIeNISAX CieAyeT o0oramark €e OCHOBHOI OJIOK, TO €CTh TOmorpaduveckyro 0a3y JaHHBIX
(TBJ1) ¢ [OOMONHUTENBHBIMM MaTepUaliaMd, TaKWMH, KaK CICHHaIbHbIE KapThl, a’3pPOKOCMHUYECKUE
(OTO0OKYMEHTBI, KOTOPhIE BCEMECTHO MCIOJIB3YIOTCS B BOMCKax. McXxoas U3 3TUX COOOpakeHUH, B CTAThe
npemiaraeTess co3nath B BoeHHOW [MC nmomonHWTENbHBIH (YHKIMOHAIBHBIA OJIOK IOJ HAa3BaHUEM
«CrieninanbHas 6a3a KapT». B qaHHOM cTaThe TOAPOOHO ONMHCHIBAETCS CTPYKTYpPa, COJEepKaHue W QyHKIHS
MpearaeMoro OJIoKa.

Kntouegvle cnosa: BoeHHas reonH(OpMallMOHHAs CHCTEMa, T€OMPOCTPAHCTBEHHAs 0aza NaHHBIX,
Tonorpaduyeckas 6a3a JaHHBIX, CIICHUATBHbBIC KApThI, (POTOTOKYMEHTHI.
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BoaHoe x0351iicTBO

MOAUPUKALUA BUO-IPENTAPATA JJ1s1 OYUCTKHU BO/J
13 MOJIOKO-TIEPEPABATBIBAIOIIEN
HNPOMBIIIJIEHHOCTH

ITonoBa U.T'.

Hay4no-npukiagHoii nceaeroBaTeIbCKUM MPOEKT
Hanuonaiabueiii UnoBanuonuniii ®oHjg
BoJurapus

Annomayua. B crtatbe mpeanmaraercsi HOBBIH OMOJNIOTHYECKHA METOJ OYWCTKH BOJA OT IPOIYKTOB
OTXOJIOB M3 MOJIOKO - TiepepadaThIBarOINEH MPOMBIIIICHHOCTH.

Knrouegwle cnosa: Moaoko — niepepabaThIBArOIAs TPOMBIIUIEHHOCTh, OMOJIOTHIECKHIA METO]] OYHCTKH
BOJI.

BBEJIEHUE
IIpoexT, KoTOpHIii NpeacTaBieH Bauemy BHMMaHHI0 — cOBMecTHAas1 pa3padorka ¢pupmsl ,,Ilpore 227
00O u Coduiickoro ynusepcurera ,,Cs. Knumenta Oxpuackoro”, ¢punancuposan u3 HanmonaanHoro
HHOBALMOHHOTO poHxa Bosrapuu, KOTOpbI NOAAEPKUBACT MAJIbIA U cpeHUil OU3Hec U
NpUMeHeHHe HAYKH Ha NpPaKTHKe

OnuH 13 OBICTPO Pa3BHBAIOLIMXCS CEKTOPOB B boirapuu ceroiHs M B NEpECEKTUBE, UHTETPUPYS
Hairy SKoHOMUKY B EBpomeiickuii Coro3, sBsieTcsl MUIIEBask MPOMBIIIICHHOCTh W, B YacTHOCTH,
TpaJuIMOHHAs Ul boarapuu B mpouuioM ¥ o0CIArOIKil 10 SKOHOMUYECKUM TOKa3aTesisiM B OyayILieM -
MOJIOKO-TIepepadaThIBAIOMIAs MPOMBIIIJIEHHOCTD.

OcHOBHasE 4YaCThb COCTaBa CTOYHBIX BOJA MOJOYHOIO HPOM3BOACTBA -3TO CHIBOPOTKH. llpm
MIPOM3BOJICTBE OJIHOTO KHUIIOIpaMMa chipa BbijensieTcs oT 4 1o 11,5 Kr CBIBOPOTKH; €XKErojHOe MHPOBOE
MIPOM3BOJACTBO CHIBOPOTKH — 145 mutH. TOoHH, bonrapus - 280,000 ToHH.

Ona sBIsieTCs CEpbe3HBIM 3arpsi3HUTENEM OKpysKatomed cpeabl ( 50% MHPOBOro NpPOU3BOJACTBA
CBIBOPOTKU BblOpachiBaeTcsl) — IojydeHHas u3 100 TOHH MoJIOKa, CHIBOPOTKA (B JeHb) 3arpsi3HsieT
CTOYHbIE BOAbI OPraHMYeCKUMHU BelecTBaMu Kak ropon ¢ 55 000 :xureseid.

OCHOBHOE pelieHre MPOOJIEMBI CO CTOUYHBIMHU BOJIAMH M3 MOJIOYHOM TPOMBIIUICHHOCTHU SIBIISIETCST HX
OMOJIOTHYECKAsl OYUCTKA C TMOMOIIBI0 MHUKPOOPTAHM3MOB, KOTOpas BEIeT K OYHCTKE CTOYHBIX BOJ U
Oe3onacHOMy cOpocy B NMPHUPOAHBIE BOJOEMBI. M3 3a BBICOKOH OpraHM4YecKOil Harpy3Kd CTOYHBIX BOJ,
pallMOHAJBHBIM ~ pEIICHHEM  SIBJISCTCSl  HMCIIOJIb30BAHUE  aHadPOOHBIX  OYHCTHBIX  COOPYKEHHH -
CaMOCTOSITEIbHO WJIM B COYETAaHMU C a’pOOHBIMH, KOTOpPbIE 3HAUMTENBHO CHIKAT opranudeckue XIIK.
Kpome Toro, aHa’poOHBIE OYMCTHBIE COOPYXEHHS OOECHEUMBAIOT  BO3MOYKHOCTH  IOJTYYEHHS
IBTEPHATHBHOI'O MCTOYHUKA DHEPTUHM — B Ciydae OMOrasa, - KOTOPBI MOXKET OBbITh YCIICIIHO BKJIIOYECH B
MOIITHOCTH MOJIOYHOTO 3aBOJIa JUIS POU3BOACTBA 3JIEKTPOIHEPTUH, TETlJIa WIM MEXaHUYECKOI SHEpIUu.

Ouncturenpupie ctanmuu  "[IPOTE 22" OOO wucmonb3yrOTCS HCKIIOUUTEIHHO JUISI OYHIICHUS
OBITOBBIX CTOYHBIX BOJ. TE€XHOJIOTHYECKHE XapaKTEPUCTHKHU OOECIICUMBAIOT peajbHbIe BO3MOXKHOCTU JUIS
MPUMEHEHHUS] OYUCTKH CTOYHBIX BOJ MOJIOYHBIX MPEIIPUSITHH.

KiroueBbie (hakTopbl Jisi YCHEITHOTO MPUMEHEHHSI M OKCIUTyaTallid OYUCTHBIX COOPYKECHUIH HMEIOT
KOHCTPYKTHBHBIE U TEXHOJOTHYECKHE OCOOCHHOCTH, HPU 3TOM KPUTHYECKUM  (PAKTOPOM SIBISIETCS
Ouosoruyueckasi cucreMa BO BcexX TexHosornueckux (aszax. Takum oOpa3oM, co3maHue GHOJOTHYECKHX
npenapaToB Uil aHOKCHU U aHa’pOOHOW OYKMCTKU BOJ, COJEpIKAIUe MPOOJIEMHBIC 3arpsS3HUTENN -3TO
peajibHasi NOTPEeOHOCTH PHIHKA.
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B mupe pa3zpaboTaHO MHOKECTBO TEXHOJIOTHH M COOPYXKCHUH Ui OYUCTKH BOJ OT MOJIOYHOH
IIPOMBIIIJICHHOCTH, BO MHOTHX TOCYAAapcTBaXx -3TO He  pa3BuTas oOmactb. Pupma HMEET OIBIT C
WCTIOJNIb30BAaHUEM CIICHUATM3UPOBAHHBIX OMOJIOTHYECKUX MPENnapaToB il OMopeMearalui BOAbI, TOYBbI U
CeIMMEHTOB, OHA HE pacHojaraeT HpenapaToM M TEXHOJOTWH €ro HMPUMEHEHUs, aAalTHPOBAHHBIC LIS
aHa’pOOHBIX YCTAaHOBOK. B 3TO# CBs3M, co3naHue cHennaln3upOBaHHOIO Iperapara Uil OYUCTKH BOJX C
MOJIOYHOM TPOMBINUIEHHOCTH W TEXHOJOTHS JJs NPUMEHEHHS B OUNCTHBIX COOPYXEHHH  sSIBJISIETCSI
HOBILIECTBOM.

Kommanust «[Ipote 22" OOO Oonee 15 mer pabortaer B coTpyaHHYecTBE C  buomornueckum
¢daxynsrerom Coduiickoro ynusepcureta "CB. Kinmmenrta Oxpuackoro” — JlabopaTopueil 3K0JI0rn4eckoit
OMOTEXHOJIOTUH.

®uHaHcoBasi noaaepxka HanmoHaJbHOr0 MHOBAUMOHHOIO (oHaa, Ajas pasButus ¢pupm c
y4yacTHeM HAayK /1aj1a HaM BO3MOKHOCTh Peajiu30BaTh COBMECTHBI MpoeKT . OH ObL1 HanpasJjeH Ha
pa3padoTKy, KOHCTPYHPOBaHHE U TeXHOJOrHYeckoe NMpPUMeHeHHe OHOJOrMYecKOro mpemapara i
OYUIIIEHUS] CTOYHBIX BOJ| OT MOJIOYHOW MPOMBIIUIEHHOCTH. B OCHOBHOM, 3TOT mpemnapar OpueHTHpPOBaH Ha
MPUMEHEHHE MOJYJIBHBIX OYMCTUTENBHBIX cTaHIMi upmbl "l[lpoTe 22).

OCHOBHASA YACTb

IIpoGaeMsl.
[Ipennaraemprii TpPOEKT OyHeT CIOCOOCTBOBATH PEUICHUIO CIENYIOMMX TPOOJeM Ha IPAKTHKE:
1 . HeobxoaumocTs KOMILJIEKCHOCTH TeXHOJIOTHA B  MOJIOYHOH  MPOMBINUICHHOCTH;
2 . D¢ddexTHBHBIE OYNCTHTEIBHBIE TEXHOJIOTHH TPEOYIOT BBICOKOCIICIMAIN3MPOBAHHBIE OHOIIOTHYECKUE
CHCTEMBl — OMOJIOTMYEeCKHe MpenapaThbl, KOTOpble OyIyT CTUMYJIMPOBATh M KOHTPOJIUPOBATH TSKEIO
pasnaraeMble 3arpsi3HUTEIIH;
3 . IlpumeHeHue TakuxX NPENapaToB YCKOPSET BBOJA B JKCIUIyaTalHIO M NMOBBIMAEeT 3(hPeKTHBHOCTH
OYHMCTUTEIBHOMN TCXHOJIOTHUH,
4 .BHesjpeHue CreNUaTIM3UPOBAHHBIX OHMOJIOTHUECKUX TIpenaparoB M aHadpOOHBIX TEXHOJOTMU B
CPEAHECPOUYHBIE M JOJITOCPOYHBIC IUIAHBI HMEIOT  BBICOKYH JKOHOMHYECKYH 3(PPeKTHBHOCTD.

Hcnonb3oBanne NOJAOOHBIX MpenaparoB B MOJOYHOH NPOMBIIUICHHOCTH TpedyeT CylleCTBeHHOe

OOHOBJIEHME U  QJIalTaluio. DTO CBS3aHO C JIA0OPAaTOPHOH Hay4dyHO-HMCCIIE0BATENILCKONW pPa3paboTKOMH,

“MerolIas 1eib JOKOMIUIEKTHUPOBAHHUS MPENapaToB ¢ HOBBIMH BBICOKO AKTHBHBIMH MHUKPOOPTaHU3MaMHU

OmomerpasaHToB, [M00aBJIeHHE CTa0WIM3aTOPOB, AKTUBATOPOB, KOMIUIEKCA Jpyrux (akTopoB s

perynupoBanus OMOAETPAJAIIMOHHOTO MOTEHITHAIA.

JIrobas cymecTBeHHasi ajanTanusi MpenapaToB M aJrOPUTMOB JJIsl WX NMPHUMEHEHHS — 3TO
€O3/1aHHe HOBOI0 OMOJIOTHYECKOro MPOAYKTA.
Menn:

Hacrosmmii npoekt umeeT ciaenyromme Heu:

1. MccnenoBanue CyniecTBYIONIMX Ha 3KOJIOTMYECKOM PBIHKE MUKPOOHANBHBIX TpernapaToB - BioDigester,
BiliKuk-C - s ux crnocoOHOCTH pa3sIOKEHHsS B aHadpPOOHBIX YCIOBMSX OpraHUYECKHE CyOCTaHIMH
CBIBOPOTKH.

2. HWccnemoBaHue aBTOXTOHHOW MHKPOQUIOPHI CTOYHBIX BOJ W3 MOJOYHOW TPOMBIIIJICHHOCTH,
WACHTU(PULIMPOBAHNE MUKPOOMOIIOTMUECKUX JIOMUHAHTOB M HX POJIb B MOJCIUPOBAHUU aHA3POOHOM
OYUCTKHU CTOYHBIX BO/I.

3. MojennpoBaHre aHadpOOHBIX OYHCTUTENBHBIX MPOIIECCOB B JIAOOPATOPHBIX YCIOBUAX JUISl Pa3IMIHBIX
BapHaHTOB OMOJIOTHYECKUX CUCTEM:

a - IPUJIOKEHNE HATMYHBIMU OMOJIOTHYECKUMH TIpeTapaTaMu;
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0 - aBTOXTOHHAsI aJJaliTHPOBaHHAsT MUKpOdIIOpa;
B - pa3IMYHbIE KOMOMHAIIMN OMOJIOTUYECKUX MPENapaToB U aBTOXTOHHOW MUKPO(]IOPHL.

4. BpiOop HamboIee MOAXOAIIeH OUOJIOTUYECKON CUCTeMbI / CKOMIUICKTO BAaHHBIH MUKPOOHOIOTHYCCKIM
npemapatom/lcceoBanne  pa3NTUYHBIX  AKTHBAaTOPOB,  CTUMYJSTOPOB W CTaOMIHM3aTOPOB
OMOOYHNCTUTENILHOTO  TOTCHIMANa TIperapaToB. Beioop momxomsamiedt ¢assl U GOpMBI I HX
MIPUMCHEHUSI.

5. BBeneHre TEXHONIOTHYECKUX aJITOPUTMOB JJIsl IPUMEHEHHS] HOBOCO3/IAaHHBIX TPEMapaToB B KOHKPETHON
OMOTEXHOJIOTUH I aHAYPOOHON OYUCTKU BOJ| C MOJIOUHOW MPOMBIILICHHOCTH. ONTUMU3aIUs ITpolecca
10 KOJIMYECTBY M BapUaIlK OMOJOTHYECKOTO TIpernapaTa, BpeMs, MECTO U (popMa CTaBJICHUSI, CBSI3bIBAHUE
C MHEPTHBIMH TOJICTABKaMH, TemmepaTtypa, pH, BpeMs mpocTos, Mpon3BOACTBO OMorasza, N3MEHEHUS B
COCTaBe CTOYHBIX BOJI.

6. Pe3ynbraThl HccaeqOBaHUS -

a - JleraapHOE MUKPOOHOJIOIMYECKOE, KUHETHUECKOE U OMOTEXHOJIOTHYECKOE OITMCaHUe OMOIIpenapara;

0 - [IpennoxxeHue /it €ro MPOU3BOJCTBA U (pOpMa TPUMEHEHUSI;

B - TexHoOTHYEeCKOE OMHMCaHWE I €r0 HWCIOJIB30BAaHUS B aHA’POOHOW TEXHOJOTHH JJISi OYUCTKH
CTOYHBIX BOJ B OYUCTHBIX COOPYIKCHUAX,

r - DKOHOMHYECKas OIeHKa - pacdyeT 3()(PEeKTHBHOCTH TpPHUMEHEHHs Tpernapara B aHadpPOOHOU
6I/IOTGXHOIIOFI/II/I JJIs1 OYHNCTKH CTOYHBIX BOJ MOJIOUYHOM IMPOMBIIIIJICHHOCTH.

IIpoekT BK/IIOYaeT YeThIpe 3TAna, TPU (pa3bl 1 KOHKPETHbIE 321241 K HUM

Msbl paboTainu MO TEPeXoay C MEPHOAMYECKOr0 K TOJYHEHPEPHIBHOMY BOJI0-OYHUCTUTEILHOMY
MPOIIECCY, MaKCHUMaJIbHO OJM3KOMY K IapaMeTpaM peajlbHBIX OUYHUCTHTEIHHBIX TPOIIECCOB BOJI C MOJIOYHON
MPOMBINUICHHOCTH. [IpUMEHMIIN JBYXCTENIEHHBIA IOAXO0Jl CEJIEKIIMH MHUKPOOHOIOTHYECKUX KYIBTYp C
BBICOKON aKTHBHOCTHIO OYMCTKH OTXOMHBIX BOJ TAaKOTO BHJA. DTa CEJICKIUS TMPOBEJCHA OTHOCUTEIHLHO
OCHOBHBIX 3arpsi3HUTENCH — JIAKTO3bI W Oellka, a Ha BTOPOM d3Tale C IPUTOTOBJICHHEM Ouompernapara ¢
HEOOXOMMBIMU KadecTBaMu. McciieoBanu Tpu BapuaHTa OMOJIOTMYECKMX CHUCTEM, Ha IIEPBOM  JTarie
YCTaHOBWJIM,YTO camasl mojaxozsmas komOuHauusi 310 — AY+Laktazym+ BiliKuk, 1. k. Habmopanace
camasi BBICOKasi CTETIeHb OYHCTUTEIIbHOW aKTUBHOCTH. BBIOpaHO M MCCIe0BaHO 7 OCHOBHBIX KYJBTYP IIO
JIOMUHAHTHOCTH JIJIsi aHA’pOOHOr0 OYUCTUTENBHOTO Mpolecca, HEOOXOAUMbIe i OyayIied mnepecajku
HOBOro mpenaparta. MccrmemoBanm puHaMuKy OCHOBHBIX mapamerpoB XIIK, makroly u Oemok st
OUYUCTHUTEIBHOIO TMpoIlecca, KOTopasl MPOTeKaeT B JBe (a3bl — paHHsAS — C YMCHBIICHUEM OPraHUKH M
TIO3THSIS — C YCBAaUBAHUEM JIAKTO3BI.

[IpennoxeHHbIN B TOM MPOEKTe THUIT OMO(HUIBTpa TMONB3YeTCs Ha ATOM JTarle IOJIOKUTEIBHBIM
BO3/IEHCTBUEM.

Pabouyas runoresa:

Ha TtpetpeM »Tame mpoekTa, KOTJa CTUMYJIHPYETCS BOJOOYHUCTUTEIBHBIA MPOIECC C TOMOIIBIO
MO/IeJIbHOM BO/IbI, ObUTO BBIOpaHO 18 MUKPOOMOJIOTHYECKHX IOMHHAHTOB -7 KYJIBTYP, U30JIHMPOBAHHbIE U3
camoii a¢pextrBHOI kKomOnHauuii (AY+ Laktazym+BiliKuk) u u3 kouTponbHbIX. OHU OBIUTH BKJIIOYEHBI B
OMoIerpa aIliOHHBIA  TIPOIIECC ¢ MOAENbHBIM CYOCTPakTOM - Ka3zemHOM. CEIeKTHpOBAIM NIBE W3 HHUX-
AuX.t5 u JI.tl6 1O CTeneHu HaKOIUIGHUs OHoMacchl u ycBauBaHusi Oenka. Mbl JeTalbHO
OXapaKTepU3UPOBAIM JBE KYJIbTYpBI-OMOJETrpaJaHThl U MX KOMIUIEKTUpOBaHUE ¢ mpenapatoMm Laktazym
JUTST CO3/TaHMSI KOHEUHOTO KOMMEPUYECKOTO MTPOTYyKTA.

OndodepeHumauna buonpenapaTta NpomMcxoamna Yepes NPocnexmBaHme CKopocTu u 3dGeKTUBHOCTb
anuMmmnHmnpoaHua XMK 6enka u naktosbl. CTUMY/IMPOBaHUE NPOLECCA OCYLLECTB/IEHO B PEaKToOpE,
aHanormyHoro 6nodunbtpa Pupmbl «MPOTE» .
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CHuMmok 1. AHanorosasi MoJe/ b aHA3poOHOro OMopUILTPa

MeTonnueckuii apceHas Tabauua 1
MeToas! 1/ onpe/ie/ieHUus HCCIeJOBAHHBIX MAPAMETPOB
Tun napamerpa ITapamerp Meton
pH BAC 17.1.4.27 -80 [1]
X OCB, r/n BAC 17.1.4.04 — 80 [1]
HAPOXTMITICCIHE XTIK, mr/x BIIC 17.1.4.02— 77 [1]
napaMeTpbl ,
Jlakro3a, r/n mo Miller (1959) [9]
Benox, r/n o Koverosy (1974) [2]
OO6wias nexuaporeHasHasi aKTHUBHOCTb, 1o Lenhard (1964) [6]
MKM/mMun*mr b
Wnnexe docdarasnoii ak- .
Flint (1977) [4
OH3UMOJIOTHUCKHE TUBHOCTH, MKM/MuH*Mr B e t(1977) [4]
napameTpbl B-ramakto3unazHas akTUBHOCTb .
M B no Miller (1972) [10]
Hurparpenykrasnas ak-TUBHOCTb, o KoueroBy (1974), B
MKM/mMua*Mr b Mo uGUKanu T1abopaTopun
BbIBO/IbI

1. AnropuT™m AJ1sl KYJIbTUBUPOBAHUS TPEIBAPUTENHLHO CEICKTUPOBAHHEBIX OAaKTEPHil - CTPYKTYPHO

(yHKIMOHANBHAS Mepecasika OyLyero npenapara

2. JleranipHass XapaKTEpUCTHKA MIPEapara u ero Moau(uKamy B Xo/1e CTUMYIHPOBAHUS BOJIOOYHCTHOTO
nporuecca.

3. Auddepenunanyst 3¢ peKra UCTIOoNb3yeMbIX BAPHAHTOB MOAM(PUKALIMY ITperapaTa Ha apaMeTphl

BOJIOOYHUCTUTENIBHOIO IIPOLIECCa.
4. TexHonoruueckas crieliupuKanus 1 pe3yybTar, CBI3aHHbIA ¢ MoanduKanyen npenapara Laktazym.
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Ta6auna 2
TexHosornyeckas cneuuuxanusa Mmoaudukauu npenapara
IMapametp Ipenapar Laktazym | IIpemapar Laktazym
Bpewms, u. OddexT Brustomuii Ha! + AnX.TS + JI.716
0-14 XIIK 5.47% 2.89%
0-14 22.29% 12.06%
0-48 benku 67.94% *
0-72 65.86% *
0-14 TaxTos 0.19% 0.44%
0-48 Y 0.61% 0.72%
48 82.82% *
72 OfA 65.9% *
48 | PAI 4.98% | *
14 Hurparpenykraznyro 53.31% *
72 AKTUBHOCTb * 20.58%
14 B- ranaxrosunasmyio 677.24% 339.89%
AKTHUBHOCTh
48 buomaccy cTpykrypHOro 11.94% 4.48%
Oenka
48 Buomaccy o06iero cyxoro 10.26% 0.44%
BEIIeCTBa
* [IporieHT BO3/IEHCTBUS HA JaHHBIN MapaMeTp — HIDKE 9eM KOHTPOIBHBIN
CrpykTypa OHOJIOrMYECKOHl CHCTEMBI B brogumm + brogum +
TPYKTYP nperapar  Laktazym  +|mpenapar Laktazym +
onoduabTpe
Peptostreptococcus sp. Pseudomonas sp.
. OO6neryeHHbIN
Ynpasnenue mpoieca OO0ner4eHHbI KOHTPOJIb
KOHTPOJIb

Co3maHHBI  aNrOpUTM ISl KyJbTHBUPOBAHHS JBYX CEJIEKTUBHBIX KYJIBTYp, MOJIOOp YCIOBUH H
napamMeTpoB sl BKIIOUEHHS B IpenapaTr ObUIM YCIEIIHO NpUMEHeHbl. [IBe Momudukanuu mpenapaTa
Laktazym moxazany IMOJIOKHUTENBHBIN 3PQEKT ouncTuTenpHOro mporecca. Kak KoHeYHBbI MPOIyKT
npoexkta auddepennupyercss komouHamueii Laktazyma u kyasTypsl AHX.TS. HOBOCO31aHHBIN
rperapar CrenuaibH CKOHCTPYUPOBAH IS OYUCTKHA BOJ MOJIOYHOW MTPOMBIIIUIEHHOCTH, HO OH MOXET OBITh
MPUMEHEH W Uil TPETHPOBAaHWS BOJ C JAPYTUX MPOU3BOJCTB, XapaKTEPUMPYIOUIUXCS C BBICOKUM
colepKaHueM MpOoTeHHa.

NHHOBAIIUU
Hcnons3oBanne OMOJIOrMYECKUX mnpernaparoB ajid OYUCTKHM CTOYHBIX BOJ IIOKa IMPUMECHAIOTCA
OTPaHUYECHHO, T. K. 3TH TEXHOJOTMH OTHOCATCS K 00JacTH BBICOKHX TexHojoruii. [IpowsBonctso,
KOHCTpYHUPOBAaHUEC, ajalTalusa, JO3UPOBAHUEC W KOHTPOJIb OTUX OMOJIOTMYECKHX IIPOAYKTOB B peanLHoﬁ
OYHCTKE CTOYHBIX BOJI U COOPYXEHHI TpeOyeT BhICOKOTo npoddeccuoHa n3Ma 1 MOCTOSHHOTO HHTEpeca
K 3(p(PeKTHUBHOCTH IKOJOIMYECKHX TEXHOJIOTHil.
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IIpeumyimecTBOM SBIISICTCS TapaHTUPOBAHHBIA PpE3yJNbTaT M MPOYHBIA 3KOJIOTHYECKHN s dexr.
HenoctaTok - BBHICOKHME TEXHOJIOTHH TPeOYIOT ClENHUaibHO OOYYEHHOIO MEpCOHANa W TeXHOJOTMYEeCKOe
COOTBETCTBHE C TPEOOBAHUAMHU.

BrIcTpoe pa3BUTHE MOJIIOYHON MPOMBIIUIEHHOCTH, B YACTHOCTH €€ TAPMOHU3ALMSA € TYPUCTHYECKUM
OM3HECOM ,CCTIbCKMM U 9KOJIOTHYECKUM TYPH3MOM, KOTOpble OyIyT, B OCHOBHOM, COCPEIOTOYCHBI B
HEOOJNIBIINX CEIbCKUX M TOPOJCKMX MECTHOCTSX, B palioHaX C HHTEHCHBHBIM >XHBOTHOBOJICTBOM,
npeiaraeT MHO)KECTBO HOBBbIE BOZMOKHOCTH U1l TPUMEHEHUS 3TUX TEXHOJIOTHH [T OYMCTKU BoJ. BaxHoe
MPEUMYIECTBO 3TOH TEXHOJOTUU SBJISETCS MOAYJBHBIA TPHHIOMI, Pa3HBIX MacmITaboB U
KOMILJIEKCHOCTh TEXHOJIOTUHM — NPEIaraeTcsl COOpyKEHHE, OMOIOrMUecKasl CUCTEMa M TEXHOJIOTHUECKHUE
napameTpbl, MPeINUcaHusl Uil KOHTPOJIS U perynupoBanus. C y4eToM TeXHOJIOTHH, PUCKH OYAYT CBEICHBI K
MUHMMYMy. buonormueckue mnpenapaTbl — OPOXOIWIM  TECTHPOBAaHME HAa NATOTEHHOCTb U TEXHUKY
6e3onacHoctd. OHU SIBISIFOTCS O€30MAaCHBIMBI M COOTBETCTBYIOT HKOJIOTHUECKHM cTaHaapraMm. B HaywHO-
HCCIIEIOBATEIBCKOM YacTH MBI MPETOCTaBUIIN MCCIETOBaHMs JUIsl MHTErpalui U TapMOHM3AlUK MpernapaTa
CpeAM aBTOXTOHHBIX MHMKpPOOHBIX coobuiecTB. IIpemnaparsr OpUBEIM K MHHUMYMY 3KOHOMHYECKHX
PHUCKOB, CBSI3aHHBIX C IIOTEPEN KOJIMUECTBA IIPENAPATa, IEPEJO3UPOBKU U IPYTUX KPUTUYECKUX MOMEHTOB.

IIpoexkT mMeeT 3KOJOrHYECKHe, IKOHOMHYECKHe M couuaibHble 3(¢dexThl. Peus umer o
CO3JITaHMU BCEX DJIEMEHTOB OJIHOM YKOJIOTHUECKOW TEXHOIOTUU U €€ d3PPEKTHBHOE BKIIIOYCHUE B MOJIOYHYIO
MIPOMBIIIIEHHOCTb, rapMOHM3MPOBAHME C OKpY)Kalolllel cpenoil, NpeaoTBpallleHue 3arps3HeHUN
BOJIOTIPUEMHUKOB.B TO jxe BpeMsi, SKOHOMSITCS 3aTpaThl HA a’palliio, B CiIydae a’poOHON OUYMCTUTENHHOMN
TexHosioruu. CoopyXKeHHe 3aKpbITO€ M KOMIIAKTHOE, MPEJAO0TBPAIAeT PaclpoCTpaHEHHE 3alaxoB U IIyMa.
buonornueckuii mpemapat npemiaraetcs B (DUKCHpOBaHHOW (opme, ¢ OONbIINM 3aJEPKUBAHUEM B
COOPYKEHHH, IPUPOCT OMoMacchl He3HaunTelieH. Ee 00HOBJIeHNe, peryIMpoBaHue U U3JIMIIECTBA HAXOIATCS
MOJT KOHTPOJIEM. DHEpPreTHYecKHe 3aTpaThl CBOMSATCS K MHUHHMYMY, @ TCHEPUPOBaHHBIM Ouoras Oyner
KOMIIEHCHPOBATh 3aTpaThl HAa NMPUMEHEHHE Npenapara B KaueCTBE MWHOKYJALMOHHOTO MaTepuaia. B camom
COOpPYXXEHHH B XOJle¢ OMOTEXHOJIOTMM Tpenapar OyJaeT CaMOBOCIPOM3BOSIIMICS, KOTOPBIA yCTpaHSET
HEO0XOIMMOCTb MOCTOSIHHOTO 100aBJICHUSL.

Counanbueiii 3¢exT npeangaraeMoro mpoeKTa COCTOUT B TOM, YTO BOja He OyzaeT cOpachlBaThCs B
OYHCTHBIE COOPYXCHHUS. OTO TO3BOJIUT H30E€KaTh BPEIHOTO BO3ACHCTBUS TSDKEIO-pa3rpyKaeMbIX
3arpsi3HUTENIe Ha OYMILEHHME OBITOBBIX CTOYHBIX BOJ M oOecreuurtcsi Oosiee  CHpaBeiiMBas — OIulaTa
OYHUIICHHBIX CTOYHBIX BOJ.

HccnenoBanne mpenaparoB U TEXHOJIOTUN OCYIIECTBISIETHCSA B CHEIMAIN3UPOBAHHBIX U OE30I1aCHBIX
Hay4YHO-HCCIIEI0BATEIbCKUX JlabopaTopusix, ucnosbsyoomme [SO-14000 cranpaptel u npasuna  GLP /
Ha/iIekanas 1abopaTopHast paKkTHKA.

NuHoBanuss B npeaaraeMoM IPOeKTe 3aKJII0YaeTcsi B HMCHOJB30BAHUM YKe TOTOBBIX
NMPOAYKTOB M3 CMEHIIAHHOW MHMKPOOHAJIBbHONH KYJBTYPHI [Jsi OCHOBBI Pa3BUTHA HOBOIO
0MOJIOTHYECKOr0 mpenapara yepe3 olorameHue , NpeajanTaluil0 MHKPOOPTraHU3MOB K
crenM(PUYEeCKHM  YCIOBHMSIM, KOTOpPbIe OTKPBIBAIOTCA B CpeAe CTOYHBIX BOJ € MOJOYHOMH
NMPOMBIIJIEHHOCTH, A00aBJjieHHe KOMIIOHEHTOB /ISl MOBbIMIEeHNs 3(PPeKTHBHOCTH BOAONEPepadOTKH.
C npyroii CTOpPOHBI, HMCIOJbL30BAHWE PECHUPATOPHON KaMepbl sl NMPOBedeHHs J1a0OpPaTOPHBIX
HCCJIeI0BAHMIl, OyIeT HCKIKYUTEIbLHOH HOBOCTHIO B 3TOil 00/1aCTH HCCIeJ0BAHUIA.

AHa’po0OHOE pa3ioKEeHWE BPEAHBIX TMPOAYKTOB MOJOYHOW MPOMBINIICHHOCTH UMEET TOTEHIINAN
9KOJIOTHYECKOW ¥ 3KOHOMHMYECKOM ajJbTepHATHBBI ~ OTHOCUTENBHO JPYTHX BO3MOXKHBIX  CBIBOPOTOK.
BI)I60p KOHerTHOﬁ TEXHOJIOTUN JId OYUCTKU CTOYHBIX BOJ HMMECT IMPEKIAC BCETO OKOHOMHUYECKOE
3HaueHue. C 9TOH TOUKM 3pEeHHs, aHadpPOOHOE PA3JIOKEHUE CHIBOPOTKH SIBISIETCS PEHTAOCIBHBIM IS
MaJbIX M CPEeJHHMX MOJIOYHBIX 3aBOJIOB, B TO BpeMs Kak Oojiee KPYMHBIE - HMMEIOT MHBECTHLIMOHHBIC
BO3MOKHOCTH 17151 6071e€ (P PeKTHBHOI 00pabOTKH CHIBOPOTKH 1O MUTATEIHHBIX CYOCTaHITHH, IPOU3BOACTBA

OMOTOIIIMBA WIH XUMHUYECKHX IPOJIYKTOB.
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IKOHOMHYECKHE NePCHeKTUBbI

[IpemyiaraeMplii IPOEKT UMEET YETKYH) IKOHOMHYECKYI mNepcmekTuBy. IIpsMoe wucnosnb3oBaHue
Ipenapara U ero TEXHOJOTHYECKOe MPUIOKEHHE K MOJIOYHOW MPOMBINIIIEHHOCTH, B YaCTHOCTH MaJbIX U
CPemHUX TPEANPUATHH B OTOM CEKTOpe. OTO TMO3BOJIUT YIy4dmuTh dSkocpemy ©  TMOBBICHUTH
HHBECTHUHMOHHBII MHTepec MHBECTOPOB. KOHKpPETHOE MPENIOKEHNUE ISl SKOJOTUYECKON 3aBEPILICHHOCTH
MOJIOYHBIX TEXHOJOTHM / 3H33p06HI)IC BBICOKOITPOMU3BOAUTCIILHBIC, MAJIOOTXOJHBIC, CO3JaBaCMbIC
JIOTIOJTHUTENbHBI HWCTOYHUK JHEPTUM - OMOTa3 TEXHOJIOTUW / TIPUHECET JAONOJHHTEIbHYH NPUObLIbL
MOJb30BATENISIM JITUX TEXHOJIOTHM. FapaHTI/IH JJINTCIIBbHOIO HMCIIOJIB30BAHHA HOBBIX pa3pa60TaHHb1x
MPOIYKTOB - O3TO HEOOXOIUMOCTH BBEJCHUS PKOJOTHUYECKUX TEXHOJOTUN M TMOJYyYCHHUE HEeOOXOAMMBIX
IKOJIOTHYECKHX cepTuuKaToB. Besg 3Ta cerb ACHCTBUI  MOXKET  BIUATH OJHOBPEMEHHO Ha  PAl
MPUOPUTCTHBIX 3SKOHOMHUYCCKUX HaHpaBHGHMﬁ - BBDKHMBAHUC MaJibIX W CPCAHUX HpOl/I3BOI[I/lTeJ'I€I\/’I B
uHTEeTpanmu EBpoOmneiickoro pbIHKa, MOBBIIICHHE  KadecTBAa TMPOMYKIMH W OKPYKAIOUIEH Cpelbl,
CTHUMYJIMPOBAaHUE CEIILCKOI0 TYpHU3Ma M AKOTYypH3Ma ,9KOJOTH3UPOBaHHEIE (DOPMBI IIPOU3BOJICTBRA .
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Annotation. The article suggests a new biological method of purifying water contaminated by milk
processing industry
Keywords: milk processing industry, biological method of water purification.

figsemoms 9gmEObgmds

P9 gdol g5fdgbolimgols ®dol 9858199539090 IMgfizgermdols bsmbgbo

36 EoL 30Mm-36935M3GMEr0 IMPOBOISF0S

30m3m3s 0.
9603690 06m353009M0 Bmboo
OMEROMHI0

3bmAsos. LESGH05d0  F90Mmme35HgdME0s b  domwmaoMo dgomo - ywwgdol
39089605 HI0L 2505853985390 9wo IMgH3g™dol boaBgbo 36MHMm©vdEgdoligsb.

Us3356002  bodgagdo:  ©AoL  4o00050493539090  dM9f3gemds,  figargdol  asHdgbool
00MEMPO0MMO FJOIMO.

G. 30GGLIRBIL LOLIRMBOL TISRMS 3IIG6IMBOL 0BLBOBIB0; dS@IFMIL RdBGZOL IZMBIEBGAE0 211
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



8G-8 bS5IFNSIPIG0L) b558IC60IGI-BIT603IG50 (D6 BIGI6CNS “FISRMS 3IIG6IMdOL, d5®IFML
RoG30L, S&INBHIISIA0LS RS 3FI6IIRMIOL 0)5608IRGM3I 3@(MIRIFISBN”
I-5 6(93833m0, 2018 V.

256990l 5335,
9sdoffols dgalfagengemo dggboghgdgdo

99M90mbg Bgdmgddggdol Ggxsligdols ggmaMogommo sB39dEgdo
(43990 JsGoemols AsgserombBY)
- babomdy

03569 x¢335608300m0l Lsbgermdols
m8o¢robol bsbyerdphoger «1603960boAdIAH0
0.353453500b 359. 1, 0179, 0odo¢rolbo, bsgst0r39¢mm
E-mail: Gela.sandodze@gmail.comrector@tsu.ge

36mBsg0s.  poM0mby  Bgdmddnggdol  Fgxslgdol  ogBYemds  ©9353006M©Yds oMMl
GOBLRMOTS300L S IAMO300L F9MJ3939®@ 3OMEILL, 503560 3OMEILMS  FIMYMIROLIE
9653500 x3gMHM36900L,  15396MbAYPdIW™M  MYYMES30g0L o LyBMYPsMYdIM0Z0  (36MdOYMGOOL
530590090 gdL. LBeE0sdo oMmTMPAIBO0s 250MgIMBY Bgdmddngdols Fgxslgdol ol JoMOMSEO
31399900, MMIMIO0E ©H39300MJOMOos MMM Lbgsslbgs Lobol bsdgm®bgm Lsgdosbmdols
99535L905L09b, s939 3969860030 s LEBMYIPMYIM0Z0 A5MGIML BYIMJIgEIOOL FoldEodYOMb.

B30b  Fogh  Ao9bsEobEs  oMgdmbg  BgImddggdol  Fgxslgdol  Lo3ebmbIgderm
093 530900L  93MM3N0  J98MmEEOEYd0L  FJEIMYOs  SEHOWMDOM0Z056. Fodmymzowos ol
dOMOMOPO FJMAMOBO0IE0 FobsL0sMYOEGO0 s 3mI3Mby6EJd0, MMIgdoi LoFoMms LbsdgmEMbgm
b5gd0sbmdol  Lbgoslbgs  @mMIol  aoMgdmbg  bgdmddggdol  F9z3sL9d0L 9bsEoBob
LOHYEYMBOLMZOL. QoMgINDY Bgdmddggdol Fgz3sligdol Fgmmmermyos gobbm®mEogwgdmwos
J399m Jo@ool Mga0mbby, HmIgwog 3mI3egdlydowss (LELMBErM-BsdgmEOBgM-LsdMgH3zgwrm
15gd056Md9d0, IIMAMSBOEO, bMEO0SE-93MmbMT03MEO, AMYIMLEE30000 IEYMIMYMD)
d9LFo30E0 O JOTMYMBOWOS §3MWMYOIOHO 3OHMDEYGIOO.

0bgdMH0g A90M9gdImby 3956MbLFobss0IIa™m Bgdmddggdol Bod@gool sbsgroBol Tggyo®
29900339005 ©59009b0dg J0doMr0gds, MHMAgddos Foblogzmm®mgdmwo Lodfizsg0m godmomBggzs
b9-GYol  396mbm  Im3m3z9ds, LoloMagdwm  foowolgmwols dm3m3zgds ©o  M93ME035309,
5GBMLGIOMWOo 35960U, 515939 BYI30MIO s B3EObIMY Ywgdol sd0BIMEYdS.

U53356002 bodg3900: 3H90M, 90055300, F9x359ds, Bgdmgdggds, 396MmbIYdEMdS.

dgbsgsemo

39090mbg Bgdmddggdol 99x8oLgdoL odGHwyoErmds 353800 gds Lsdgm@Mbgm Logdosbmdol
00mgdol  yzgmws  RmOILL,  goMgdmbg  ¥96900030 @O  bMOM3MYgbmEo  BgImddggdol
3519350900L BOL, ZMGIML BHEBLBMOBo300L S IAMIS300L FJ9J3935© 3OMEILL, 503356
3GM3EgLoS  3JMAMOBOME  IM035¢RIMOM30gdL,  Lo3obmbIId™  MgAMEs3090L O
LoBMYIMYOM030  36MBOYGMHYIOOL  3530190MGOJOL.  S©LBOTBs305 0loE, MM YT 9>
LodMEMME  obloHzO Mo gocMgdmbg BgImddggdol TgBsLYOOL OMAMOE  AJMAMIBOMEO
(Log®EoMO), 0Ly  FO3gIMEo  3M33mbabEJdOL  (Mgaogno, 3535, Fywgdo, d3gbsmgryemds,

212 G. 30AGbIN3OL LOLIRMBOL VIORDS 8IID6IMBOL 06LBOBIB0; 3SEIFML RSB0 IFMNGIES A0
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION


mailto:Gela.sandodze@gmail.com
mailto:Gela.sandodze@gmail.com

8" INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFERENCE “MODERN PROBLEMS OF WATER
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONSTRUCTION”

1-5 November, 2018

50502900 s Ub3.) 300EgMH0Fgd0, B 59306090l 5dg35M0 F9xoBGOOL 9BIJEH0DMBd, dmbgdMog
5 L5305 IH-930mbMB0 MM 4909dmbg BgImgdggdol Mm3EH0B0BoEOSL.

LodoMmzgmdo  2o6Mgdmby  Bgdmgdggdol  Fggz3eligdol  3M0EIM0YTgdol  oblsbLgG
dmombmgls:

® 200M90mbBg Bgdmddggdol Fgxslgdol  LogHmsdmMolm s gOHmgzbmwo  Ls356mbdgderm
6937100930900L TguFogeroly o IgEsMGO0m 5B oBU;

® 25090y Bgdmgdggdol Fga3sligdol  4gmaMenR0wo  ™Ms30L9dIMgdgd0lL s F9gagdoL
396LsBP3MIL (9Er0BdMSZ300, 2016);

* 256bMGME0gw05©0 s J080bseY LsdgMMHbgm 3HMgdEgdol (FBgdol 389bgdEMds, dibgowo
Lofo®mdmgdol  BMbdEomboMgdol s bbg.), sxMgmzg LsBmAsEMgdol  bmEoswwOo  ©
9306030300 5§E03mdOL 2o69dmbg Bgdmddngdols 1eg30L9dwMHgdsms 453Mm3egbL;

* 37630603 s LEBMYSMYOM0Z A9MYGINDY 356MbLFObSsWIYAM BgBMmIdngdOL FoblsbLzML
@5 3500 530L90MGOIMS 9BsEPOBL;

® 20090mbBg  Bgdmgdggdol  Jgz3sligdol  Bmyso  dmgewrol  d9dabsl, GMIgeos
39603399 fomo@  Sbobogs  bbgoolibgoagzsdo  Bsdgm®mbgm  Loddosbmdol  e09gdmby
b9demgdggdol 89gaIdL;

390omEado s 3M06303900.  2oMgdmbg  Bgdmddggdol  Fgxsligdol  FJMMEMEMY0s
d9L5dgdg0s  gobolsbBPIOML  Lods®mgzgerml  bgdoldog®o  dbgowo  s@doboliGMmozorIEo
9600920l B5BsBY, Mg B396L 99dmbggzsdo, J399m JoMmEol dogseomby gobbmMEogas. B39b
dog® dgLfogero ogbs:

v 09300608 36936030  35GVEHMMGBIO0L 5 HOLZGOOL  FJMYMOGBOMO > LMEOICIG-
9306m303MM0 0530L90w96M90900;

v 36986030 5 LaBmadsMmadMHog0  3MmEgLgdoL  253wabs  MIogRBY ©S  IMMYOME
53909905y, 3535B9, dos YwgdbHg, boswoggdls s dofiol MHglyOligdHBy, BEMELLS S
R5bsBY, WsbdsxEgdby s M936M9530IE MHYLMELYdDY. (9EoHBdGSZ00, 2018);

V' 2569909 B99mddg9gdol F9g35L9d0L Lo356mbIIdEM HYaEs309d0;

V' 90abobengmdol gobensggds s dobo bgdmddggdols dstdEedgdo;

v 35399900 bsdgMbgem 3GmgdBHodol (pbgdol 399690emds, Jodo®o s bsgmmddodor®o
Lofo®mdmgdo,  39M09M9d0 s  Ubg.) @oMgdmby  bgdmddggdol  Jgxsligdol  sMlgdyeo
3°0M300009ds.

do60ms@0 bsffoero

93900 Jodomol MHgaombo gmbozmMo dMegz5wrgMmgbgdol dbMog 9eHm—9gOHmo yzgwsdy
3900MHBgME05 BodoM39w ™0, 5d0GH™MI EJIMYM>B0O Fgbw9b309d0L (3m©bs 8603369 m3960s
59935600 JgxsL900LmM30L. SB6MOM3MY96mO0 Bgdmddggdol BmMmIGO0EL godmoymas Lsdo odo,
OMIgoi 9dmomBgzs 49M9dmbg Bgdmddggdol dolidEodgdom. qugbos: LobmBEM-Lsdgm©bgm,
LoAM9H3gm O 93GHMEABL3MOEH0. SOLYIMO  QoMGIMBPO330000  BEIEGOLEHOZOL  bsEOBOL
Lo3Adz9wbBg  godmomBs dbydMoz0 AoMgImML ol gegdgbBHdo, MMIWgdB3 Sb9g3g bIoMoo
396mbLsfobssmdgam  Bgdmddgds. dsod  mEoLss  GHYol s Hosmolgmwo  GylmGLgdo,

33RO 359600 S fgoeo.

G. 800BHIRIBI LOLIRMBOL TSRS 8IIG6IMBOL 0ELBHOBIB0; d5®GIBML RHBZOL ISMBIESGEH0 213
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



8G-8 bS5IFNSIPIG0L) b558IC60IGI-BIT603IG50 (D6 BIGI6CNS “FISRMS 3IIG6IMdOL, d5®IFML
RoG30L, S&INBHIISIA0LS RS 3FI6IIRMIOL 0)5608IRGM3I 3@(MIRIFISBN”
I-5 6(93833m0, 2018 V.

B396  Bogh sbg3zg dglfiageo odbs mmbo  93d™3Mwo J399bol (3mesbos, Bgbgoo,
bmM35305 ©5  bYMdgmOo) oMgdnbg  Bgdmgdggdol Tgxzslgdol  3mEgduo s BIZoGIMGD
390560900000  9boewobo.  93MM3ME0  2oTMEOEds s Bo3bMmbIEdm  MYgYMEs30gd0
330P39690L, ™I 5335600 dgxrslgds bgds 6gdolbdogMo 3MHmgdEol s Lsdgm@bgm Logdosbmdols
569930 3OMEgLo. ol 3MMOdMYIYd0 s bsMZ9HYd0, MMIGoE 9500bodbgdm©s 5©bodbyer
9309469080,  LHMoge  asdmbfimMos  93Mm353d06m0l  Loghomm  396mbIgdemdom o
2390030009000

3900939%0.  LsdgMObgm  LsFosbMdOl  bbgoolbgs  BmMIoL  gocMgdmby  Bgdmddggdol
d9535L900L 9650 BO  330639690L, GMI ASMES  SOBYOEPOLS, Folo  LEOWYYMGBOEGOOLMZOL
LolvyO39e05 Y99 Mgds 309J39L 9999 29MM9R0w Fobol0sMYOEIYOL:

o 3000590 @5 GgAIOMEIMZOIH0 30(HMBYB0 - 3530L G030, 35900l 3H9d39MHeGMMOL
0653039, 65¢09dgd0ol gobsfoegds, 35960l 39b0sbmds, ool dodsGmmemgds, LoBJoMg o
dobo  29609MmMHgds@Mds,  IBOL  MIPOSE0s,  SMOMIWGdS 5 SMOMNJGOIOMDY,
99bG® 90500 3e0doG M0 dm3w9bgd0 s LET MM IMZ35W 0O 39M0M©IdO;

*  HICTOIRO OS5 FIAPMZOLND0 S8IBLIGBS — DMYOVO M30190)MJdb0, FMNHZIMI0 MEIMYMS-
BOYWO JONIILIO0, DMFIRO OO 53BN @ GIJAMD0Z, 30QOMYYOE-
30960, Ls0bgObOM-29MEMA0MMHO M530L9dMYO60, 29MEMAOMMHO 53909 gdOL o3wgbs
0996900l Ubgs 333MmbgbEH ool (Fyangdo, 9396509 Mmds, B05sRgd0) BMMToMYOLS s
1bJ30mbocmydsbY;

* fyamgdo — 30OMEXMQ0MGH0 Juguo, JoMH0MOIPO sOGHIM0Jd0 s F500 30O MYONOHO
35bol0smMYdgdo (LoYMAY, 35O, batIX0, PsdMbsIbOL LyBMBYGO Fobsfowrgds, LoliEgds,
090899360900 5MBoL BoODMO, LEBOOMMdS s bbg.), figewol bosdolbbo s Fywol
M9LYOLYdDY ImPbMZ6s (g oHdsMsdz0o, 2016);

o 80m3(0535¢»R9H36985 — BOMOS O B9Y6s (brMYoo M530L9d9MHYdb0, oMo GHYMOo-
GMM0900, 30MO0MOEO LEbHYMDJO0, 00O 3MLOLEJIYd0, LEdObIOMM SEYOWYdO, Boy-
5300L 3H900) (9e0BBdMST30¢0, 2016);

o b0s@sggBo — psbobowgds dobo 3Ho3gdo, gobsfowrgds, 8gdsbozm®mo Fqdsaqbermds, Lod-
5369 s 3. (9eoBdsGsdz0wo, 2016);

*  do®00s@O rsbTsRAI00 — sbIsRBEHOL 303900, GHMBLBMOTsE0, Bgdmddgwgds, 3¢~
A9b3050, 9PMOEMdS s LM30sE-93mbmdozmo 3mbJ30900 (9EoHBdsMSZ30o0,
2016);

o Jdofol 3mbgo — LEHOWIBHMMs, 0bsdozoL (398mygbgdols) mogz0lgdMMgdsbo s G9bgbizoy-
00 (9e0BdM5d30¢0, 2016);

o 35doboliHBsz029em0 9HMgeemo — ©70mddggdol MmdOYIGOL GHIMOGHMMOMEo 39m3bogg-
05, 316030350 E GOl s LozMdwEml IYdMYMdS (9EoBIGSTZ300, 2016);

o Jeabisbemgeads — 0653030, Jogo305, LOdFoMHMZY, LJglrMdMO3-5b53MIMOZ0 LGHOWIEME
5 bbg.(9e00Bds®sd30e0, 2016);

o Ggo9bgmds — 99mOBgmdol 59943560 sGgdol (AM9H39wmds, Lemgeol IgmEmBymds, GMob-
L3MOGH0, 3mFMb03530900) 25630005M9d0L FHgbab3E0gdo s Fomo Tmmbmgbs 3bgdMHO3
M9LOLYdDY (9EOBIMSTZ00, 2016);

214 G. 30AGbIN3OL LOLIRMBOL VIORDS 8IID6IMBOL 06LBOBIB0; 3SEIFML RSB0 IFMNGIES A0
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



8" INTERNATIONAL SCIENTIFIC AND TECHNICAL CONFERENCE “MODERN PROBLEMS OF WATER
MANAGEMENT, ENVIRONMENTAL PROTECTION, ARCHITECTURE AND CONSTRUCTION”

1-5 November, 2018

o bmgoseray®mo  Uggmer — 9mbsbegmdol 890mbogergdo s  @oladdgds,  36Mmzgboweo
LEAHOMIGHMOS s bbg. (9er0BdGMsdz00, 2016);
o oUHGOLICO OS5 FIEALIOLICO F90330009285 (9 0BdMT300, 2016).

93990 Jotonerol Mgyombdo LsdMghzgarm Fomdmgds ©393800:Gds WoMMbMMHO s Jodo®mo
f0o00bgmmol 9m3m3z9gdsl s 39s3853905L. o 2ob30msMgdM0s gBowIMros s Jodow®mo
96090390 mds,  (3999630L, Ls8TYbgd™m s FMBE30M39MYOJo 3900l FoMdmgds, dolig3zgb
39659030, dobolls s Bo0BMMOL  TBOEIOL (399 JsOPOEOL  Mg0Mbol  gsbgomaMgdols
LAHOGIQ0s  2014-2021  {ieogdobomgol) s Ubgs olgo  ©obyaqdl, OMIgdLsE  oM9dmby
b99mdd9900L domoeo dsldEHedgd0 2098605m. Mga0mbdo HA0M0s 3MbRWOJEHO TMLObEgMdILS s
Ubgoolbgs  Bofo®dml 3096  5GIMBGRIOHML  ©s00bdNMHGdsDY, o0 sOLYdmwo  LoliEgdgdo
(Bo@®M900) 3960 MBOEMW39wymal  SEGHIMbEgOH™To 35369 b03m009M9dgO0L o3 EILgdoL
999306905b.

39099mbs330000 BYsTHYWO39w™MdOL I35MEIIBEHL dogh 2017 - 2018 Fargddo gocgdml
©5330L bLBgMMTo godm3zwgboe BsdsMMNIMM3935ms LASGOLEGH03YBY WIYHEBMdOm,  J390m
JoONTo  930MMAO0MMH0 300050935 Bosbsdms. dmbgdMog AoMgImby  396MbLLFobssMBgAM
©99mgdggdol  BogdBHgdol  sbseroBol  Fggas®  39dm0339ms  M58gbodg  F0dsMroYEgds,
OHMIwgddog 3obLogMmGgdmwo Lodfizsgom by - BHYol 396mbm dm3mgz9ds godmo®mBagzs. Hoswol
933900l bdoms 30gloMads M9329EH0353008 3060HMdJOIOL IM®3939; Fywwol MglrMLgdol
23990mg9gbgdololl 0m®3935 dolo BmbdsMgdol, dgamdgdols s LoMHYsgo odmygbgdol Falgdo.
00b0dbme  LAIGOLEGH03Ydo  Lolberols LsFoMomEol  3mgJuol  IMPZg30L  BodGHado 0By
9090090l, MM 4909gdmnbg d0ygbgdmo Bosbo 3609369wm3560s, M3 FmLobergmdol BgMgwry

©53M3009d 1Y 89HY30 L.

©sl336s

Lbgoolibgog35M0 Lo8gmembgm  Logdd0sbmdol go0gdmbBy Bgdmddggdol Tgxgolnds, IO
GEOIOOEOMWHE SOBYOMEOLS, LELMZ9E0s IMO353L:
1. 15dd056md0oL  49BbMM309gdOL  SYFOEIOL  2JMYMIBOMEI0 S  JIMEMAONIMO  30005M9dOL
LEOMEYMBROW S 30233¢9JBE SBoEPOBU;
2. ©99mM5530v0 s L3059 YIMH-930mbMT03MHO FMbol F9a35190sL;
3. LsdgMEBgm Bogddosbmdol 8bgdMm03 S LMW YIM-930mbMB03MO oMgdmBy Bgdmgdgwgdol
NQHCNE

@oGIOAYMs

1. 9@0Bd565330¢0 b., 259Mmygbgd0m0 gma®ms5300L Logdzwgdo. - Mdorolo 2016, 512 a3.

2. bodo®mm39wmb 356mbo ,,456093mbg Bgdmgdggdol gz3slgdol 3mgduo®,
2017.https://matsne.gov.ge/ka/document/view/3691981

3. 93990 JoMmOOol Mgaombols o630msMgd0l LEGHMoEYR0s 2014-2021 {ewgdolmgol, y3. 3-4, 27-29
gov.ge/files/275 38366 523465 136517.09.13—-1.pdf

G. 800BHIRIBI LOLIRMBOL TSRS 8IIG6IMBOL 0ELBHOBIB0; d5®GIBML RHBZOL ISMBIESGEH0 215
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION


https://matsne.gov.ge/ka/document/view/3691981

8G-8 bS5IFNSIPIG0L) b558IC60IGI-BIT603IG50 (D6 BIGI6CNS “FISRMS 3IIG6IMdOL, d5®IFML
RoG30L, S&INBHIISIA0LS RS 3FI6IIRMIOL 0)5608IRGM3I 3@(MIRIFISBN”
I-5 6(93833m0, 2018 V.

4. BariSi¢ Ana , ENVIRONMENTAL IMPACT ASSESSMENT — CROATIA 2015,
https://www.unece.org/fileadmin/DAM/trans/doc/2016/TEM/6. Croatia.pdf

5. http://www.des.gov.ge/AboutUs/Activities

6. European Landscape Convention, 2000.
https://rm.coe.int/ CoERMPublicCommonSearchServices/DisplayDCTMContent?documentld=0900001
680080621

7. Telfer, T.C., Atkin, H. and Corner, R.A. Review of environmental impact assessment and monitoring in
aquaculture in Europe and North America,2009, ¢3.17-20
http://www.fao.org/tempref/docrep/fao/012/i0970e/i0970e01d.pdf

Environmental protection;
Earth sciences

GEOGRAPHICAL ASPECTS OF ENVIRONMENTAL IMPACT ASSESSMENT
(ON EXAMPLE KVEMO KARTLI)

G. Sandodze

1. Javakhishvili Thilisi State University
Thilisi, Georgia

Annotation. The importance of environmental impact assessment is associated with the irreversible
process of environmental transformation and degradation, the geographical diversity of such processes,
legislative norms and the peculiarities of public consciousness. The article presents the main aspects of
environmental impact assessment, which are related to different types of agricultural activities, as well as the
scale of environmental impact.

We analyzed and compared the European experience of legislation on environmental impact
assessment with local ones. The main geographical features and components that are necessary to improve
the assessment of the analysis of the impact on the environment of various forms of economic integration.
The methodology of environmental impact assessment on Kvemo Kartli region (agricultural and production
activities, demographic, socio-economic, ecological situation) was studied and environmental problems
identified.

As a result of the analysis of the facts of unlawful impact on the environment, there are several areas
in which illegal timber extraction, extraction and reclamation of minerals, atmospheric air, as well as
pollution of rivers and lakes and sewage are distinguished.

Keywords: environment, geography,Impact, assessment, legislation.
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OxpaHa OKpPY/KaIOIIEH cpeabl
HccaenoBanus mo M3y4eHuI0 3eMan

TEOTPA®UYECKUE ACTEKTBI OLIEHKH BO3JEVCTBUS HA
OKPYIKAIOLIYIO CPEJY (HA MPUMEPE KBEMO KAPTJIN)

I'. Cangonse

Tounucckuii cocyoapcmeennulii ynugepcumem um. M. [picasaxuweunu
Tounucu, I pysus

Annomayus. BaXHOCTb OICHKH BO3JIEHCTBUS Ha OKPYKAaIOUIYIO Cpedy CBsi3aHa C HEOOpaTHMBIM
MPOLIECCOM TPaHCPOPMALMM U JeTrpajallii OKPYXKaroLed cpelsl, reorpadhuueckuM pa3zHooOpa3sHeM TaKuX
IPOLIECCOB, 3aKOHOAATEIbHBIMH HOPMaMU U OCOOEHHOCTSIMH OOIIECTBEHHOIO CO3HaHus. B crarbe
MIPEICTABICHBl OCHOBHBIC ACHEKTHI OILCHKM BO3JCHCTBHS Ha OKPYKAIOIIYIO CPEdy, KOTOPBIE CBSI3aHBI C
pa3siM4YHbIMHU  BUOAMU CEIbCKOXO031ICTBEHHOMN JACATCIIBHOCTHU, a TaKXeC MaciTadoMm BO3)Z[€I>'ICTBI/I$1 Ha
OKPY’KaIoILyIO Cpemdy.

MBI mpoaHANM3WPOBAIM W CPaBHWJIM EBPONEWCKHIA OMBIT 3aKOHONATENbCTBA 00 OIIEHKE
BO3/ICHCTBHS HAa OKpYXKalOUIylo cpely ¢ MecTHbIMH. OcCHOBHBIE Teorpaduyeckne OCOOCHHOCTH U
KOMIIOHEHTBI, KOTOpbIE HEOOXOIWMBI U YIYYIICHHS OLIEHKM aHalInM3a BO3JCHCTBUS Ha OKPYXKAIOLIYIO
cpeay pa3n4HbIX (POPM IKOHOMHUECKON HMHTEerpaiuu. M3yueHa MeETONOJIOTHs OLICHKM BO3JCHCTBUS Ha
OKpyXkawlllylo cpegy B peruoHe Ksemo Kapmin (cesbCKOXO3SIMCTBEHHass M IIPOM3BOJACTBEHHAs
NeSITeNbHOCTD, JeMorpaduieckas, COLUAIbHO-?KOHOMUYECKas, JKOJOTHMYECKass CHUTyalus)) U BbIACIEHBI
9KOJIOTHUYECKHE TIPOOIIEMBI.

B pesynbrare aHanuza (aKkTOB HE3aKOHHOTO BO3JEHCTBUS Ha NPUPOAHYIO Cpely CYIIECTBYET
HECKOJIbKO HAampaBlieHWH, B KOTOPBIX pa3IM4aloT HE3aKOHHYIO JJ0O0bIUy JpEBECHHBI, J00bIYy U
PEKYJIbTUBAIMIO TIOJE3HBIX MCKOIMAEMBIX, aTMOC(EpHBI BO3IyX, a TaKKe 3arpsA3HEHHE peK W 03ep U
CTOYHBIX BOJ.

Knioueswie cnosa: oxpyxaromas cpeza, reorpadus, BO3eHCTBHE, OLIEHKA, 3aKOHOIaTEIbCTBO.
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Hydro technigue and amelioration

THE APPROXIMATELY ASSESSMENT OF ECOLOGICAL DISORDERS
RELATED TO SURFACE IRRIGATION

P. Sichinava, Sh. Kupreishvili, T. Supatashvili

Ts. Mirtskhulava Water Management Institute
of Georgian Technical University
Chavchavadze 60°, 0179, Thilisi, Georgia
E:mail: p.sichinava@gmail.com; shorena_12@mail.ru;
tamunasupatashvili@gmail.com

Annotation. Economic criterion of functioning ecosystems allows the system to determine the
system's marginal status based on maximally reasonable economic efficiency, which allows assessment of
approximate importance of ecological diseases related to surface irrigation.

Keywords: irrigation, ecosystems, exploitation.

INTRODUCTION

As it is known man make one of the most important anthropogenic influences on the biosphere by
creating irrigation systems and by performing irrigation works. In ecological term rational irrigation is
measure, which man carried out to receive food product and same time cares about the environment and
improves it.

MAIN PART

The implementation of amelioration activities in different regions is justify, that they are associated
with significant environmental changes, structural elements of ecosystems (phytocenase, underground
waters) change, also functional elements (content of water, warm and salt). These changes are usually
positive in nature, but you cannot deny the negative consequences of ecological disorders. Irrigation
amelioration is often associated with changes in water resources properties. According to the data, per person
per year comes to 40 + 50 tonnes of toxic substances. Most of these substances will be destroyed as a result
of atmospheric precipitation in the river and lakes. Changing the water properties causes the reduction of the
basic indicators of sustainability of ecosystems [1,2].

In order to be developed with harmoniously operating melioration systems, are needed to fully
understand the impact of these measures on the surrounding environment and its assessment methods. In
spite of the environmental impact of ameliorative measures, it is primarily allocating their sphere of
influence [3].

The existing ecological condition of the various region territory required to be developed
scientifically justified, ecological recovery program, which is based on the quantitative assessment of the
actual situation of the security of objects.

Ecological stability can be achieved by improving ecological reliability [4].

For increase ecological security in case of reliability equation can be written as follow:

Qexp.(R=Q(P,)+E(P,1I) 1)
Where Q. (P.t) —is expense for increase ecological safety; E(P, IT)- expenses for object create.
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When at the object do not implement measures for improve ecological condition, this is decrease effect
of exploitation, as a result increase economic and social lost [5]. At this time effect of exploitation during
the time may be estimate by independence:

Nec(t)= M1(t)-Za(1)-Z2(t) 2
Where n(t) is cost income by object functioning in (t) time.
Z,(t)- Cost at the planned repairs;
ns1(t)- May be estimated.
f m1. function of increase of object exploitation income. Cost of planned repairs may be estimate by
independence:

Z,®J, f(2d ®

Where n;(t)- is increase function during repairs work.
Z,(t)- importance is determine by independence:

ZO=; f(2)dt= f (2)de+ [ f(2)dt (4)
Where f (Zs), f(Z,)- suitable are function of cost increase related to sudden and frustrating during
repairs work. This frustrating may be related to accidents or other reasons.
f(Zy)- is function of cost increase, which is necessary for perform repair works, which is related to
natural and technogenic disasters. t,- duration of object functioning during disaster.
For describe variety of ecosystems may be use so called features of the building.
This feature is known to allow you to take into account the system structure of the system and is
calculated with the probability of entropy.
N

H= —Z PlgP (5)

L

P;i - element is i indicator probability N indicator i=1,2,.......N.

Technical and economic criteria can also be used. An ecological security indicator can be used to
indicate a low level of performance so confidence Probability P (t), Which will guarantee the number of
actual fraud and their duration within the accounting period of time, tolerance to the tolerant number.

P(t) - can be successfully used to describe the process by Markov method [3].

The effect of the exploitation of the object can be determined by the following approach.

Let's say the annual useful effect is in the n-year

Ewn=W,m (6)

W,- The productivity is the unit of time.

In addition to the approach taken to evaluate ecological errors related to surface irrigation

Wi=Wo(1- 1) (7)
W-In the first year of operation, the object is a normal productivity.
Object function throughout N Time

J"II-
Ex=J, Eudn 8)
And if we put this formula into the formula (8) we will have the data
Es-mW;(1-n/2)N)N 9)
Annual expenditures on the creation and operation of the facility
ls=lo+1,(N) (10)

Where lo- the price of the object, I,(N)- Total operating expenses during the entire period of operation.
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The total expenditure for the N-Year may be as follows:

Li(n)=Ic+1/(n) (11)
There |- are constant costs, Ir-repairs are the necessary expenses.
Total cost expenses can be calculated for the entire operation of the object.

W(N)=]) 1(n)dn (12)
The efficiency resulting from the exploitation of the object will be
E=Ex/ly (13)

Depending on how you will be calculated E;z and without Iz. The effectiveness of sustainable and
ecological balance will be determined by considering the damage inflicted by ecological liabilities.
The (13) ratio allows us to select the optimal strategy for maintaining or increasing the ecological
security.
CONCLUSION

In order to evaluate the problem, the observation data is required to improve the observation of the
ecosystem, which is the preferred parameters that are the most comprehensive. When choosing these
parameters you should consider the following:

1. The parameter is unequivocally, and quite efficiently react to changes in the situation;
2. The parameter should be sufficiently resistant to external impacts;
3. The parameter must be very sensitive to external impacts.
In this way the methodology used, one of the main tasks is to reduce the number of parameters that
are responsible for ecological security, taking into consideration their relative importance.
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MPUBJIU3UTEJBHAS OIIEHKA 3KOJIOTHUYECKHUX OTKJIOHEHUH,
CBs3AHHBIX C IOBEPXHOCTHBIM OPOIIEHUEM

II. O. Cnuunasa, 11.3. Kynpeumsuian, T. JI. Cynaramsuiu

HNuctutyTt BosiHOTO X03s1iicTBa uM. L. Mupixynasa
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Annomauu;l. OKOHOMUYECKHUHN KpI/ITepI/Iﬁ (I)YHKL[I/IOHI/IpOBaHI/IH OKOCHCTEM Ja€T BO3MOXHOCTB BO
BpEMA  OKCIITyaTalMUu  CUCTEMBI, OCHOBBIBasICb Ha MaKCHUMAaJIbHYHO pPa3yMHYIO XOSHfICTBeHHYIO
3(1)(1)€KTI/IBHOCTB, OonpeAcInTL MNPEACIIBHOC COCTOAHUEC CHUCTEMbI, YTO Ja€T BO3MOXHOCTbH OLCHKH
HpI/I6HI/I3I/ITe.HBHOFO 3HAYCHUS DKOJIOTUYICCKUX OTKHOHGHI/IfI, CBA3aHHBIX C ITIOBEPXHOCTHBIM OPOUICHUEM.

Knrouesuie cnoea: OpOII€HUE, DKOCUCTEMBI, OKCILTyaTalus.
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Construction and architecture

SELECTED THERMAL PARAMETERS FLOORS IN HEATED BUILDINGS

A.Ujma

Czestochowa University of Technology
ul. Akademicka, 342-200 Czestochowa, Poland
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Annotation: The article discusses and comments on some thermal properties of floors and flooring,
such as heat transfer and heat absorption. The main objective of the study was to assess the heat absorption
capacity in flooring made of various types of wood.

Keywords: floor, flooring, wood flooring, thermal parameters, heat absorption.

INTRODUCTION

Thermal properties of floors and their outer layer, termed flooring, can be considered in two contexts.
One of them is the process of heat transfer through these structures and the related heat loss from the
building. The other is heat processes connected with thermal sensations of the building's users, including
activity in terms of thermal accumulation of these structures. Although the former process and the related
properties have been paid much attention in the literature on building physics and building energy efficiency,
the interest with the latter seems to be marginal. This is undoubtedly correlated with solving the problem of
thermal insulation and energy properties of a building and its components in the form of specific technical
building guidelines. However, these regulations do not define the properties of the structure in terms of
thermal sensations or thermal comfort of the users.

The paper discusses and comments on basic properties of floors and flooring such as thermal
permeability and thermal absorption. The major focus of the study was on thermal absorption in wood
flooring.

With respect to thermal permeability, this phenomenon is affected by all layers of the floor, whereas
the processes of heat activity can be affected by one, two or three layers of the floor from the top. The
greatest effect is always from the first (outer) layer. Therefore, in order to ensure the clarity of the problems
presented in this study, this is referred in the case of thermal conductivity to the properties of the floor and its
load-bearing structure and, in the case of thermal accumulation, to flooring properties (although, as observed
above, flooring thermal activity is also affected by floor layers under the flooring.

1. Basic thermal parameters of the floor

The basic parameter that characterizes thermal insulation of structural barriers, including floor and its
structural layer, is thermal transmittance U, w W/(m?K). The value of this coefficient and heat loss in this
ceiling depends first and foremost on thermal resistance of individual layers and thermal resistance on the
surface of the ceiling. In the case of floor on the ground, the U value is affected by thermal resistance of the
ground layer, with particular focus on the edge zone of the floor and, in the structures of ceilings over e.g.
underpasses or arcades, thermal resistance of the thermal insulation layer attached from the bottom to this
ceiling.

According to current building regulations and those expected to be changed in the nearest future [1],
the required level of thermal insulation of the structures with floor and flooring, measured with permissible
level of thermal transmittance Ucpax, IS presented in Table 1.

Thermal resistance of the ceilings layers and thermal transmittance for the ceilings in contact with the
air should be calculated according to the standard PN-EN 1SO 6946:2008 Building components and building
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elements. Thermal resistance and thermal transmittance.Calculation method. Furthermore, thermal
transmittance of the barriers in contact with the ground should be calculated using the specific method
according to PN-EN 1SO 13370:Thermal performance of buildings Heat transfer via the ground. Calculation
methods.

In the case of a flooring, where people go without shoes (swimming pools, gyms, bathrooms, etc.) is a
very important issue. Based on the theory of heat flow values the optimal surface temperature of the various
kinds of floorings have been determined (Tab. 2).

Table 1
Comparison of the required value of thermal transmittance Ucmay for ceilings with flooring [1]
depending on computational air temperature in roomst;

Required value of thermal transmittance, Ucmax
;ﬁi‘; ‘i’:tt:iorce t=16°C §<t<16C | t< 8°C
o W/(m’ K)
of the provision — .
The ceiling on passing through
2017 0,18 0,30 0,70
2021 0,15 0,30 0,70
The ceiling above an unheated room and enclosed space underfloor
2017-2012 0,25 | 0,30 | 1,00
The floor on the ground
2017-2012 0,30 | 1,20 | 1,50

Floorings used by people wearing shoes, regardless of the material does not usually affect the feel
associated with the local thermal comfort. In this case, it is recommended that the optimum temperature of
the flooring for a person in a seated position is 25°C and standing or walking is 23°C. Generally, with
underfloor heating the average temperature of the flooring should not exceed 29°C. The exception is the
boundary zone along the outer walls of the room and bathrooms [2].

Table 2
The optimum temperature of the surface in contact with the floor bare foot [2, 3]

Optimum surface temperature a contact The recommended range

) . time of the foot to the flooring of surface temperatures

Material of flooring 1 min 10 min flooring
°Cc

Carpeted 21,0 245 21,0 +28,0
Cork (5 mm) 24,0 26,0 23,0+ 28,0
Beech wood 25,0 26,0 22,5+28,0
Oak wood 26,0 26,0 245+ 28,0
Wood 26,5 25,5 -
PVC (2 mm) 28,0; 29,0 27,0; 27,5 25,5+ 28,0
Linoleum on wood 28,0 26,0 24,0 - 28,0
Gas concrete 29,0 27,0 26,0+ 28,5
Concrete screed 28,5 27,0 26,0 ~ 28,5
Marble 30,0 29,0 -
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For the feelings associated with the barefoot contact with wooden floorings much lower value for
optimal comfort surface temperature is achieved than most other materials.

2. Basic parameters that characterize thermal activity of flooring

Thermal activity of the structural barrier is connected with the phenomenon of absorption and release
of heat, which occurs under conditions of dynamic heat effect on building structures. One of such processes
is mutual effect of floor structure, with particular focus on the effect of flooring on human foot and the
related thermal sensations.

This problem has been paid relatively little attention in the technical literature, although the process
substantially affects sensations connected with the comfort of building use. Flooring thermal absorption
capability, which characterizes capability of the structure to transfer heat to human feet, depends on the
design and, in particular, the type of material used for the surface layer of floors. Thermal-absorption
properties of flooring, including wood flooring made from various types of wood and comparison of these
properties to other materials will be discussed later in the study.

Thermal activity of a building barrier is mainly determined by the materials used, with particular focus
on the following physical parameters of these materials: specific heat c,, thermal conductivity A, thermal
diffusivity a, thermal absorption s,,.

Thermal diffusivity a expresses the speed at which temperature in the material is evenly distributed.
Therefore, this coefficient is used during e.g. analysis of unsteady thermal processes that occur in the
structures with variable thermal effect. With higher values of thermal diffusivity a during heating or cooling
of the material, the temperature is equalized in various points at a faster rate (leading to stabilization of
thermal conditions). Wood is the material with especially good properties. It is characterized by several-time
higher values of thermal diffusivity a compared to many other building materials, with particular focus on
structural materials, which substantially affects good thermal stability of wooden structures. This property is
slightly deteriorated only in the places where heat is transferred along the wood grain as a result of the
increase in the value of thermal conductivity. Thermal diffusivity of wood decreases with its humidity.

Thermal absorption is another parameter used during analysis of unsteady thermal conditions that
occur in building structures. It characterizes material ability to absorb heat during temperature fluctuations
on the material surface. Therefore, the increase in thermal absorption sy, leads to the increase in the intensity
of the process.

Another parameter connected with the phenomenon of thermal absorption is thermal accumulation b,
measured in W/(m? K) or thermal accumulation B, measured in Ws"%(m?K). They are used e.g. during
evaluation of upper layers of flooring to receive heat from human feet.

Floors, especially with wood flooring, are characterized by very good properties of thermal absorption
since wood thermal activity coefficient is one of the lowest among the materials used in this structural
component. For the pine wood, it ranges from 450 to 480 Ws“?/(m? K) for heat flow transversely to grains
and from 700 to 730 Ws%(m? K) for heat flow along the grains. Furthermore, for the oak wood, this
coefficient is higher, ranging from 600 to 680 Ws*%/(m? K) for heat flow occurring transversely to grains and
from 800 to 900 Ws"%/(m? K) for heat flow along the grains.

Wood flooring is considered as warm flooring i.e. if the foot is in contact with the floor, after initial
sensation of cold, the temperature in the place of contact gradually increases.

Floors finished with wood flooring or cork flooring are numbered among those which allow for
obtaining an optimal comfort of surface temperature for the sensation of the contact of bare foot with the
surface, which is much lower than other finishing materials [3].

The literature that describes properties of flooring and floor contains the data concerning the
requirements and recommendations connected with thermal accumulation of flooring, see Tab. 3 [4].
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Assumptions and methodology for determination of the thermal accumulation of flooring b and results
for calculations for various material solutions using wood flooring were discussed in the study [5].
Table 3
Requirements concerning thermal accumulation of flooring according to [4]
Thermal accumulation of
Type of building and the use of rooms flooring, b
W/(m* K)

I | Residential buildings, hospitals, health centers,
sanatoriums, orphanages, care facilities, nursery schools, <12
preschools, schools etc.

Il | Public utility buildings not listed in point 1, surfaces in
the heated commercial buildings, industrial buildings

etc., with places for permanent low-intensity exercise <14
work.

Il | Surfaces in the rooms of heated commercial buildings
and industrial buildings with places for permanent <17

medium-intensity exercise work.

3. Thermal activity for different types of flooring
Analysis of thermal activity of flooring conducted according to the methodology presented was based on ten
various types of wood (Tab. 4), with physical parameters adopted from publications [6,7, 8].

Table 4
Types of wood and other materials and their physical parameters used in calculations

_ Thermal Specific Thermal Coefficient of
Type of wood Desity . heat . thermal

orother material conductivity capacity absorption accumulation

floor p A Cp Soa B
kg/m? W/(m K) J(kg K) W/(m? K) W s¥/(m? K)

1 | Beech 720 0,16 4,33 509,1
2 | Birch 640 0,19 4,19 493,2
3 | Oak 680 0,19 4,32 508,3
4 | Ash 710 0,17 4,18 491,3
5 | Fir 440 0,12 2000 2,76 325,0
6 | Maple 650 0,16 3,88 456,1
7 | Larch 580 0,15 3,55 4171
8 | Pine 510 0,13 3,10 364,1
9 | Spruce 460 0,12 2,82 332,3
10 | Poplar 440 0,13 2,87 338,2

The results obtained in calculations presented in the study [5], where thermal accumulation b,
W/(m2K), adopts a constant value for the thickness of wooden layer of flooring at the level of from 20 to 22
mm.
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The most beneficial flooring in terms of thermal accumulation were those made from fir, spruce and
poplar wood. Flooring made from these types of wood applied over a concrete base layer with thickness of
over 16 mm meet the requirements for the first group of rooms. Other types of wood allow for meeting the
requirements for the rooms from the second group, with thickness of wooden layer of over 10-14 mm.

16.0
—&—beech —t+—birch
14.0 - [amorn | © g
< | —=— oak —&—ash
& ——fir —<—maple

12.0

W0oK) g i taren pine

—m—poplar ~ —&—spruce

10.0

8.0

60 s |

CoefTicient of thermal protection 5, W/(m?

4.0

0.5 1 15 2 2.5 3
The thickness of the surface layer hardwood flooring, cm

Fig. 2. Character of change of the thermal accumulation of flooring b wooden floors, depending on the
thickness of the layer of wood

Thermal properties of wood flooring were compared with parameters obtained by floors finished with
other materials, including marble slabs and ceramic tiles on concrete base layer and wood panels on the
polyethylene foam and concrete layers [5].

Comparison of thermal accumulation of the analyzed flooring structures shows that in the structures of
heavy flooring finished with natural stone or ceramic tiles, unlike the structure of wood flooring,
deterioration of properties connected with thermal accumulation can be observed with the increase in
thickness of surface finish layer. Thermal activity of this flooring is increasing and the structure of flooring
made of marble slabs is more active. These structures can be numbered among those which meet only the
requirements of the fourth class (Tab. 4).

Furthermore, flooring made of wood panels on the polyethylene foam with thickness of 5 mm and
concrete layer with 4 cm yielded positive results. This floor has lower abilities for thermal absorption
compared to the flooring made from oak wood.

CONCLUSIONS
1. Two groups can be emphasized among the parameters that characterize floors and flooring: one
connected with processes of thermal transmittance and the other connected with thermal accumulation
properties.
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. The increase in thermal insulation leads to a substantial increase in the temperature on the surface of
flooring. This is essential to the level of effective temperature and conditions for preventing from mold
growth and surface condensation of vapor.

. Comparison of thermal activity of flooring made from different types of wood shows certain differences
that allow for identification of types of wood which are more or less active in these terms.

. The occurrence of a specific boundary thickness of the wooden floor seems to be characteristic, with
this thickness similar for different types of wood, over which properties connected with thermal
accumulation are stabilized.

. The most beneficial in terms of the properties studied is flooring made of types of wood which are
popular for flooring, i.e. fir, spruce, poplar and pine wood. The least beneficial is the use of flooring
made of oak wood and beech wood for such structures.

. In the flooring finished with natural stone or ceramic tiles, unlike the structure of wood flooring,
deterioration of properties connected with thermal accumulation can be observed with the increase in
thickness of the finish layer.

. Flooring made of wood panels on the polyethylene foam and concrete base layer are more beneficial
than the flooring made of oak wood.
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Construction and architecture

INFLUENCE OF SELECTED WINDOW TECHNICAL PARAMETERS
ON LIGHT CONDITIONS IN ROOMS

A.Ujma, A. Lis
Czestochowa University of Technology
ul.. Dgbrowskiego 69, 42-200 Czestochowa, Poland
E-mail: aujma@bud.pcz.pl, alis@bud.pcz.pl

Annotation. The processes of heat penetration through transparent partitions related with, inter alia,
transmission of sun radiation through the partitions. They have an influence on the interior lighting
conditions, and also heat consumption. The paper presents results of analysis of lighting of the chosen
interior space taking into consideration periods of exploitation of the artificial and natural illumination. The
employment of glass of different light permeability were taken into consideration. Results of calculations
were used for evaluating time of electric energy needed for artificial lighting in analysed variants of natural
light systems.

Keywords: transparent partitions, interior lighting conditions, energy indicators.

PREAMBLE

The transmission of sun radiation through the partitions have an influence on the interior lighting
conditions coming from the natural lighting as well as on the energy balance during a heating season and
sometimes also on the interior cooling balance. The intensity of natural lighting reaching the interior of the
building determines the level electricity consumption required for artificial lighting of rooms [1, 2, 3, 4].

In accordance with the present trends of building energy evaluation the comprehensive consideration
of all factors influencing the energy consumption in the building shall be applied. The current methodology
of determining building energy characteristics takes into account the operating conditions of transparent
partitions considering their impact on the energy consumption and on the necessity to cover losses related
with heating or cooling the rooms of a building. The heat losses and gains on the transparent partitions are
covered by this methodology. However, not sufficient attention is paid to the problem of electricity
consumption in lighting systems when the interior illumination with natural lighting coming through
transparent partitions is less intensive. The importance of this problem becomes more and more crucial due
to the requirement of improving energy efficiency of elements and technical systems of buildings. In this
context the issue of specifying the transparent partitions in the buildings considering the assurance of basic
occupation needs and at the same time optimal energy consumption becomes very imperative. The articles
[5, 6, 7] present the need of rationalization of construction technology of transparent partitions taking into
account minimalized electricity demand for artificial lighting.

The requirements regarding acceptable external surfaces of partitions are specified in two provisions
of Polish construction regulations [8, 9]. The first one specifies the requirement of assuring adequate
illumination from natural light of rooms that people are using. It determines the minimum acceptable
window surface area Aogmin. In accordance with the regulation [5, 6] for the rooms that people are using the
ratio of windows surface area - A, to the floor surface area - A, should be equal to at least 1:8 and for the
rooms for which it is not necessary to assure constant natural light — at least 1:12.

The second provision refers to the group of requirements related with the obligation to limit the
building heat losses through the external partitions and specifies the maximum acceptable surface area of a
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transparent partition Aomax [9]. Following this provision the surface area of windows and other transparent
partitions characterized by the heat transmission coefficient higher than 0.9 W/(m°K) shall not exceed the
Aomax Value computed from the formula:

Aomax = 0,15 A, + 0,03 A,

where:

A, — surface area of a part of a floor along external walls with transparent external barriers in a shape
of a strip 5 m wide;

A, — surface area of a rest of a floor in heated rooms with transparent external barriers.

In this context it is worth to pay an attention to designing guidelines specifying the reasonable depth of
rooms with regard to room illumination by natural lighting. It is recommended, among other guidelines, that
the depth of rooms from east, south and west side of a building is not larger than 5.5 m whereas from the
north side not larger than 3.5 m [10]. Furthermore, it is advised that the windows on the north elevation are
characterized by the light permeability at the level of at least 75%.

ANALYSIS OF THE LIGHTING CONDITIONS ON THE EXAMPLE OF A SELECTED ROOM

The basic analysis of the lighting conditions was conducted for a chosen room of a building, located in
Warsaw, with the assumption of different parameters for light permeability through the transparent
partitions, variable depth of a room, different orientation towards four cardinal points, different seasons and
other data required for calculations. The calculations were performed using DIALux software that is applied
for designing artificial lighting and the intensity of a light coming inside through the transparent partitions
was also taken into account. The minimum lighting intensity level at the working surface E = 500 Ix was
assumed for the calculations. In accordance with the provisions [11] it corresponds to the work with details,
with average contrast, like sketching, reading, drawing, using a computer. Within the periods when the light
intensity is lower the artificial light shall be used.

The calculation results describing changes in lighting at the working surface in a room (width — 8 m,
window surface area — 12 m?, light permeability coefficient © = 80%), at the different depths (Fig. 1, 2) show
that following the increase in depth the average lighting conditions become drastically worse.
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Fig. 1. Changes in the light intensity at the working surface depending on the depth of a room
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In many cases the required illuminance level 500 Ix or even 300 Ix cannot be assured therefore it is
necessary to use artificial light. The calculations of a light intensity were carried out for a working surface
located 85 cm above the floor level. They covered 12-hours of the room exploitation (work) from 7% to 19%,
on 23" of March — equinox. The shadows from surrounding objects were not taken into account. The main
outcome of the calculations is changing time of switching on and off the artificial light.
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Fig. 2. Changes in the light intensity during a day depending on the depth of a room
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Fig. 3. Changes in the light intensity at the working surface during a day considering different window
glass transmission coefficient values
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The above comparison demonstrates (Fig. 3) that in case of window glass light transmission
coefficient lower than 06 it will be necessary to use artificial light practically during the whole day.
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Fig. 4. Changes in the light intensity at the working surface during a day considering different locations of
a building

The above graph (Fig. 4) shows that there is a considerable difference in time of using artificial light
depending on the location.

The results of the conducted analysis indicated that the total time of using artificial light within the
considered range of a relation between window surface area and the floor surface, from 0.125 to 0.250,
comes up to 2 hours and 11 minutes.

Following the presented calculation results it can be concluded that the total time of using artificial
light in the rooms may be considerably different depending on the technical solutions of transparent
partitions. Therefore, both the costs of using artificial light and the total exploitation costs may vary
significantly.

CONCLUSIONS

Building regulations impose requirements on transparent partitions to ensure adequate lighting
conditions for rooms with daylight, reduction of heat consumption and indirectly of electricity consumption
in buildings. Based on the analysis, it was found that:

1. Transparent partitions may significantly influence the total energy costs related with using the rooms
and the building energy quality indicator. In this case the deciding factors are: heat transmission
coefficient, sun radiation transmission coefficient, natural light transmission coefficient. Considering
the energy efficiency of the rooms and of the whole buildings and looking for optimal solutions from
the energy point of view the total group of factors affecting the energy costs (electricity and heat) shall
be taken into account.

2. The natural light transmission coefficient has a notable impact on time of switching on and off the
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artificial light and consequently directly influences the costs of electricity utilized for lighting purposes.
The depth of the rooms plays an important role in arranging lighting conditions in rooms and in
exploitation of artificial light and it also directly influences the significant changes in the costs of
electricity utilized for lighting purposes.
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ApPXHTEKTYpPAa H CTPOUTEIbCTBO

BJIUAHUE TEXHUYECKUX TAPAMETPOB OKOH HA YCJIOBUSA
OCBEHIEHUA KOMHAT

A. Yiima, A. Jluc

Yecmoxosckutl mexunoiocuteckuti yHugepcumem
Yecmoxosa, [lonvua

Annomauyusa. llporiecc pacpocTpaHeHHs TeIla U CBETa 3aBHCHUT OT MPO3PAYHOCTH MEPETOPOIOK H
pacmpezieieHusl COJNHEYHOM paauanui. B craTebe TMpencTaBieHbl pe3ybTaThl aHAINW3a OCBEUICHHA
BHYTPEHHOI'O MPOCTPAHCTBA C YUETEM IEPUOJa IKCIUTyaTallUU UCKYCTBEHHOI'O U €CTECTBEHHOI'O OCBEILECHUSI.
B ananusupyembIx BapHaHTaxX OCBEIICHUS I OIICHKH HEOOXOJWMOCTH JJIEKTPOIHEPTHUU TPOBOIMINCH
CrieITiaIbHbIC PacueTHI.

Knrouegvle cnosa: mpo3payHble TEPETOPOAKH, YCIOBHS OCBEIICHUS HWHTEPhEPA, SHEPrEeTHUECKHE
MTOKAa3aTeINH.
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Environmental protection
Earth sciences

NON-TIMBER RESOURCES OF MOUNTAIN FOREST AND

GEOGRAPHICAL FEATURES OF THEIR USE
T. Kobalia

I. Javakhishvili Thilisi State University
Thilisi, Georgia

Annotation. Republic of Georgia is rich with forest resources, A high variety of non-timber forest
products (NTFPs) can be found in Georgian forests, which have nutritional, medical, decorative and
other values. One of the most significant resources would be in the mountainous areas where people
used to live, but have left their homesteads. Market studies in Europe reveal that there is high demand
in natural products that can be found in Georgian forests and that can become important income source
for the local population. As a result of research, has been studied different type forest resources of
Georgia, characteristics of their geographical distribution and application possibilities. Has been

discussed the interests of international and local business about non-timber forest products, such as
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confectionery enterprises, which producing fruit juice and tea, very important is the"green pharmacies",
also a large quantity of unprocessed materials are exported to the international market.

There is the flaw in the local legislation with non-timber forest products extraction period and
quantity, it is directly related to consciousness of the population.

Using of non-timber forest products will bolster the economic development in mountainous

regions of Georgia and prevent population migration, which is a pressing challenge at the present time.
Key words: non-timber forest products, market, mountain regions of Georgia.

OxpaHa oKpY:KalolieH cpeabl
HccaenoBanus no M3y4eHuI0 3eMuan

HEJIPEBECHBIE JIECHBIE I'OPHBIE PECYPCbl U OCOBEHHOCTH UX
I'EOTPA®OUYECKOI'O UCITOJIB3OBAHUA

T. Koodaaus

Tounucckuii rocyjapcTBeHHBIA yHUBEpCcUTET M. WM. JaBaxumBmim
Towmucu, ['py3us

Amnnoragma. I'pysus Gorara JecHBIMU pecypcaMu, G0JIblIOe pa3HOOOpasue HeZpeBeCHBIX JIeCHBIX
IIPOAYKTOB MOXKHO HaWTU B 'PY3MHCKUX JIECAaX, B KOTOPBIX €CTh NTUIIEBbIe, MEAULITHCKYE, eKOPaTUBHBIE
u gpyrue neHHocTH. OcobeHHO, GobIINe pecypchl HaXOAATCA B TOPHBIX paiOHAaX, IJe HabIozaeTcs
Murpanus Hacesnenus. VcciemoBaHus peIHKA B EBpoIle ITOKa3bIBAaIOT, YTO TaM €CTh BBICOKHUI CIIPOC Ha
HaTypaJbHbIe IIPOLYKTHI, KOTOPble MOXXHO HAaWTH B I'PYy3MHCKHX JIeCaX M DTO MOXET CTaTh BAaXXHBIM
HMCTOYHUKOM [JOXOZA IJIE MECTHOTO HaCeIeHHUS.

B pesyspraTe MccienoBaHUi OBIIN M3y4YeHBI JIECHBIE PeCypCsl ' pysuu pa3HbIX TUIIOB, XapaKTep UX
reorpadu4ecKOr0 pacIpefieleHHMs ¥ BO3MOXHOCTH IIpUMeHeHUsA. Dbuin 0OCY)XIeHBI HHTepechl
MEXJyHapOJHOTO M MECTHOTO Ou3Heca B OTHOUIEHWHM HeAPEBECHBIX IIPOAYKTOB Jieca, TaKUX Kak
KOHJUTepCKHe IpeANpUATHS, IIPOU3BOAAIIME (GPYyKTOBBIE COKH M 4YaH, «3eJleHble aNTeKW», TaKxKe
60JIBII0e KOJTMYEeCTBO HeOOpaOOTaHHBIX MAaTEPHAIOB SKCIIOPTUPYETCA Ha MEX/IyHAPOLHbII PBIHOK.

TyT ecTp HeZOCTaTKM B MECTHOM 3aKOHe C IIEPHOJOM U KOJIMYECTBOM HeJPeBeCHBIX JIECHBIX
PecypcoB U 3TO IPAMO CBA3aHO C CO3HAHMEM HaceJeHu.

Vicrionp3oBaHue HelpeBeCHBIX PECypCOB Jieca IIOMOXKET SKOHOMUYECKOMY Pa3BUTHIO TOPHBIX
pernoHoB I'pysun u MpefOTBPaTUT MUTPAIUIO HACEJIEHH, YTO ABJIAETCA aKTYaJIbHOM IPO6IeMOii.

KirioueBsie c10Ba: HeZpeBeCHBIE JIeCHBIE IPOAYKTHI, PHIHOK, TOPHbBIE PeTHOHSI [ pysun.
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Hydraulics and reclamation

ASSESMENT AND ANALYSIS OF SHAKY SOIL OF 45 HA RESEARCH-
ECOLOGICAL POINTS OF ALAZANI

I. Kuparashvili, G. Kakashvili

Georgian Technical University
Thilisi, Georgia

Annotation. The article describes the 45-hectare test-drainage polygon of Alazani. Melioration
assessment of soils of the mentioned object.

The results of water sampling, mineralization of collector flow waters, criteria for assessing ecological
condition of melted soils.

It has been established that the process of gradual clearing of melted lands is irreversible and the
complete drainage-collection network is the basis for environmental improvement of strongly mineralized
groundwater.

Keywords: salinity, cleansing, confinement, mineralization, salinity type, water exclusion.

I'napoTexXHuKa U MeJTHOPALUS

OIIEHKA U AHAJIN3 3ACOJIEHHOM ITOYBBI HA YUYACTKE 45TA
AJTABAHCKOTI'O OIIBITHO-KOJOI'MYECKOT'O TYHKTA

N. KynapamBuiu, I'. Kakamsuin

I'py3unckuii mexnuyeckuil ynugepcumem
Tounucu, I pysus

Annomayusa. B cTatbe ONMUCHIBAETCS XapaKTEPHCTHUKA OIBITHO-IPEHAXXHOTO TIOJHWIOHA, OIEHKA
MEJHOpaNy TI0YB yKazaHHOTo o0ObekTa. [IpencraBieHsl pe3yabTaThl BOAOCHAOKEHHS, MUHEPAIH3AIHS BOJI
KOJUIGKTOPHOTO CTOKA, KPUTEPHUH OIEHKH YKOJIOTHUYECKOTO COCTOSIHHS 3aCOJICHHBIX-MEITHOPUPYEMBIX TIOUB.
YcTaHOBIEHO, YTO TMPOLECC IOCTENEHHOW OYHMCTKH 3aCOJICHHBIX-MEHOPUPYEMBIX 3€MEJb  SIBISETCS
HEeOOpaTHMBIM, a TIOJTHAs CETh cOOpa ApeHa)xa SBJISETCS OCHOBOH IS SKOJIOTUYECKOTO YITYIIIEHUS MOIITHBIX
MUHEPATN30BAHHBIX TPYHTOBBIX BOJI.

Knioueevlie cnoga: CONECHOCTb, TNPECTHOCTb, NPOMBIBAHUE, MHUHEpaIU3alldsi, THUIl 3aCOJCHUS,
HCKJTFOYCHHUE BOJIBI.
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Earth sciences

IMPACT OF THE MOUNTAIN SLOPES APPROPRIATION ON COVERING
DEGREE OF THE PLANT IN THE GREAT CAUCASUS

Y. Garibov, G. Hajiyeva, Sh. Humbatova, G. Akhmedova, T. Sadigov

Baku State University,
St. Zahid Khalilov 23, Baku AZ-1148, Azerbaijan
E-mail: yaqub.garibov@mail.ru, eyyubbeyli.gulnare@mail.ru

Annotation. Great Caucasus differs from the other mountainous regions for their appropriation
features. Some elements of the natural-geographical environment in the zone are convenient for the
appropriation, but some elements of the climate and relief create definite problems here. Thus, the climate in
here is colder, the relief is splintered more than the south part of the Great Caucasus . Despite, the performed
historical and ethnographical researches show that on appropriation of the zone coincides with the long
historical period. Some scientists who study a history of the investigated zone made notes in their works.

Keywords: anthropogenic, natural landscapes, optimization, appropriation dynamics, structural -
functional features, differentiation.

INTRODUCTION

For a long time appropriation of the investigated zone by the various farming areas caused serious
change in the natural geosystems. Thus, the zones where a hypsometric height 200-500 m are mainly
replaced by agro-complexes, the parts within 500-1800 m turned into life and rest objects together with the
arable and pastures, an irregular use from the summer pastures in cattle-breeding in the zones higher than
1800 m was completed by exposing of the soil and plant cover to transformation.

During the research fulfilment we have investigated an appropriation dynamics of the mountain
geosystems in the north-eastern part from the Great Caucasus [3, 9] since 1979.For this purpose, an
appropriation state dynamics of this zone by the different farming areas of 1979-2015 yy.in the investigated
zone was analyzed and the corresponding scientific recommends about the methods of prevention of the
negative cases that will appear here in the future were given by us. We used from references, fund materials
including in aero-cosmic, multispectral photos (1979-2015 yy. ESRI in GIS ArcMAP, ERDAS “Imagere”
WIS, ENVI program) for it.

MAIN PART

The historical and ethnographical researches performed in the investigated zone show that the
population’s settlement in here coincided with the middle Bronzeage. The population’s settlement tendency
is various, but a stable situation involves the periods after 1979. According to our researches a quantity of the
dwelling points was 264 (4 cities, 3 settlements, 257 villages) in 1979, (its area 13840,6 hectares), 38% of
thousand populations were settled in the cities, but 62% of them were settled in the villages [5]. From time to
time this number rose 3% and a quantity of the population was 276 in 2015, but an area rose approximately
37% and it was 21912,8 hectares, but a population rose 30% and reached 209 thousand (Diagram 1).
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Diagram 1
Appropriation dynamics of the zone by the various farming areas in 1979-2015
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As is seen from Diagram 1 an increase of the population created a condition for the zone intensive
appropriation. If this tendency continues, it will stimulate globalization of some ecological problems
including formation of the new ones. The natural-geographical condition of the zone (many rivers, forests,
meadows, fertile soils) stimulated formation of the various farming areas and especially agricultural
development since ancient times. The agriculture development involves before our century. As a result of the
researches we defined that the soils good for agriculture decreased 8,3% and became 309,6 thousand hectares
in 1979 [1, 2], but it was 283,7 thousand hectares in 2015. Besides it, while paying attention to an
appropriation dynamics of the researches zone in agriculture during the urgent period, in comparison with
1979, an arable area increased 17,5% and became 70,6 thousand hectares, the irrigation soils increased
10,8% and became 82,1 thousand hectares, an area of the grain-growers was 45,9 thousand hectares
increasing 21,6%, the fruit-growing reduced 47,1% and as 18,8 thousand hectares, vegetable-growing
decreased 44%, and became 2,8 hectares, forage plants reduced 98% and was 0,4 thousand hectares,
highlands decreased 96,3% and was 450hectares. It is known from our investigations that an intensive caused
reduction of the zone soils fit for agriculture, decrease of humus in these soils, substitution of the bogharic
agriculture by the irrigative agriculture.

The cattle-breeding that is the second main area of the agriculture provided the human life with the
living means beginning from the ancient periods: the first form of the cattle-breeding of which signs were put
from Neolite and Mezolite periods was a sedentary cattle-breeding, From time to time a growth of the
population number resulted in increase of necessity for domesticated animals, increase of the forage base for
the animals, transition to the migratory cattle-breeding besides sedentary one, According to our
investigations this involves the periods after 1979. Thus, the neat cattle rose 79,3% and became 62 000, but a
guantity of the small cattle was 456,8 increasing 52,5 %. Increase of the cattle-breeding number caused an
intensive appropriation of the natural forage base in the zone. Thus, though 10-16 hectares of the areas fall
normally on 100 neat cattle, but 2-3 hectares of the area falls on small cattle, this index rose very much. So,
as result of the spontaneous grazing in comparison with 1979 an area of the summer pastures decreased
16,8% and became 38,9 thousand hectares, pastures decreased 7% and was 49 000 hectares or the hayfields
reduced 5,2% and became 28,8 thousand hectares (Diagram 1).

While we speak about the zone appropriation the transport nets, tourism objects and different farming
objects are taken into account. We defined that a total length of the automobile ways in 1999 km, 64 km of
them falls on the republic’s share, but 1935 km is for the local important roads [5]. A density of the roads is
0.02 km per km?, an area is 10,7% hectares in the research zone and this forms 2,2% of the total zone.
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A special role of the tourism industry is available in appropriation. The tourism began in the
investigated zone from 1908 [4, 5]. At present 357,9 hectares of the zone (0,3%) are appropriated by the
tourism objects. Farming a good condition for the tourism development of the natural-geographical condition
on the mountain geosystems in the north-eastern part from the Great Caucasus is a positive state, but not
keeping ecological orders, disorder of the ecological balance happened during this area development.

According to our investigations we determined that the investigative zones are -appropriated by the
followings: 24,1% summer pastures, hayfields 14,5%, agriculture (22,3% gardens, 77,7% grain-growing,
vegetable-growing, potato-growing), 21,2% forests, 4,5% dwelling points, 12,3% bushes, 2,9% various
farming objects, 2,2% roads, 0,3% tourism objects (Diagram 2).

Diagram 2
Degree of the research zone appropriation over the various farming areas (by %0).

B Agriculture

M Summer pasture, pasture and hay
field

M Roads

M Settlements

® Tourism objects

Various objects

Appropriation of the mountain geosystems from north-eastern part in the Great Caucasus by the
different farming areas influences on covering degree of the plants negatively. We used NDVI (Normalized
Difference Vegetation Index) that is calculated by ARCGIS program applied in an international experiment
to investigate this impact. NDVI is usually called a vegetation index in the references, it is applied for
definition of the quantitative indices in plant cover. It is calculated based on the following formula [10].

NDVI=(NIR-RED)+(NIR+RED)

NIR- length of the near infra waves in the light spectrum
RED- (0,68-0,78)
NDVI- plant index value.

CONCLUSIONS

According to this formula the plant cover density, NDVI is equal to a ratio of the difference of
intensives sum of the near infrared waves length in light spectrum with red regional wave length.
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HccaenoBanus mo M3y4eHuio 3emun

BO3JIEMCTBUE T'OPHBIX TEOCUCTEM HA CTEINEHb U3MEHEHUA
PACTUTEJIBHOI'O ITIOKPOBA HA BOJIBIIOM KABKA3E

A.A. I'apubos, I'.H. I'ag:kuena, LH1.FO. I'ymbetoBa, I'.b. AxmenoBa, T.T. Caauros

baxunckuii I'ocyoapcmeennviti Ynusepcumem
baxy, Azepbaiiosrcan

Annomayusa. B craTtbe aHaNM3MpYeTCs W3MEHEHHE PACTHTENBHOIO IMOKPOBA PAa3JIMUHBIX TOPHBIX
ckioHoB bonpimoro Kapkasa mox BIMSHMEM 3K30JMHAMHYECKUX MpoleccoB. Takke paccMaTpuBaeTcs psin
BOIIPOCOB OCBOCHHMS JIMHAMHUKH M TpaHCPOpPMAIUs TOPHBIX reocucteM HOro-BoctouHoro ckioHa bomibmioro
Kagkasza.

Knwowuesvie cnoga: aHTPOTIOTCHHBIC, NPUPOJIHBIC JTaHAMA(THI, ONTUMHU3ALNS, JTHHAMHUKA, OCBOCHHE,
CTPYKTYPHO - (YHKIIMOHANBHBIE 0COOCHHOCTH, M depeHmanys.
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Arpomeauopauus
OcHOBHBIE 3aKOHOMEPHOCTHA AaHTPONOIcHE3allUN €CTECCTBCHHBIX JIaHIlHIa(bTOB

npearopubix pasauH boabmoro Kapka3za Azepoaiiaxanckoi Pecnyoiaukn

I'apuoos 5.A., Ucmaiinosa H.C., AnneBa P.A., dpenaunesa H.P.

Baxunckuii I'ocyoapcmeennwiii Yrusepcumem
Y. 3axuo Xanunoea 23, Baxy AZ-1148, Azepbatiosxcan
E-mail: yaqub.qaribov@mail.ru, nigar2272@mail.ru

Annomauyus. B craThe aHANU3UPYIOTCS OCHOBHBIC 3aKOHOMEPHOCTH  aHTPOIIOTCHH3AIUH
€CTECTBCHHBIX JIaHAMA(PTOB MPEArOpHbIX paBHUH bosbimmoro Kapkaza ¢ NPUMEHEHHEM KOCMUYECKHX
CHHMKOB. B pe3yibTaTte Hcclie/ioBaHNs, YCTAHOBJICHO, YTO aHTPOIIOTCHU3AIUS €CTECTBEHHBIX JIAHAMA()TOB B
JTAHHOM PErHOHE 3aKOHOMEPHO YMEHBIIAETCS OT MPEATOPHBIX PABHUH K CPEIHETOPHSIM U BHICOKOTOPUSIM
Bonpmoro Kapkasa.

Knrwuesvle cnosa: anHTponoreHU3aIys, eCTECTBEHHbIC TaH A THI, K03()(HUIEHT aHTPONIOTCHHOCTH,
CTPYKTYPHO — (DYHKITUOHAIbHBIE 0COOEHHOCTH, TU(hepeHITHAIHS.

BBE/IEHHUE
[Tpuponusie manmmadTH TpeAropHEIX paBHUH bombsmoro Kaskaza AzepOaiimkanckoit PecrryOmmku
00JIaZiatoT BBICOKOW CTEMEHBI0 OCBOCHHOCTH W aHTpomnoreHezanuu. KaIplli eCTeCTBEHHBIH NaHmmapT
JAHHOTO  PErHOHa  OTJIMYaeTcs COOCTBEHHBIMH  CTPYKTYPHO-(QYHKIHMOHAJIBHBIMH  OCOOEHHOCTAMU
MCIIOJIb30BaHMUsI, PETYIUPOBAHUEM YEJIOBEKA, XO3sIMCTBEHHBIMU (pyHKIMsIMU 1 T.10. [1, 5].

OCHOBHASA YACTbH
[lpn ompeneneHUH AHTPOIOTCHM3AIMU ECTECTBEHHBIX JIAaHJMA(THBIX KOMIUIEKCOB PAaBHHUHHBIX
paiionoB bosbioro KaBkasza Hamu BeiBesieHa (hopMyia ko3 pHiMeHTa aHTpornorenesaimu [4]:

AL
Az% |

rae A — ko3gduureHT aHTponorennzanuy, XAL- cymMMapHas IUIOmaab aHTPOINOT€HHBIX JaHAAa(TOB,
XTL - cymMMapHas mjomajibs eCTeCTBEHHbIX JIAHAIA(THBIX KOMILJIEKCOB.

Ucnonb3ys nanHyo ¢GopMmyiy, O KOCMHYECKHM CHHMKAaM, OIMpENeNseTcsi CyMMapHas IUIONalb
€CTECTBEHHBIX M AHTPOIIOICHHBIX KOMIUIEKCOB (Cajbl, MAIlHW, CEHOKOCHI, IUIAHTAllMU, CEIUTEOHbIE
KOMIUIEKCHI, KaHajbl, JOPOTH, OJJEKTPUUYECKHE JIMHWW, JIMHUMA CBsI3U, TPYyOONpOBOABI H JIpyrue
UHPPACTPYKTYPHI).

3areM B mpezaenax KaXAOro THIA M MOATUIA €CTECTBEHHBIX JaHAMA(TOB, ONpeneseTcs IUIoalb
AHTPOIMOTeHHBIX KoMIuiekcoB (AL). [lamee mosydeHHbIC MOKa3aTeNnd IENATCS Ha CyMMAapHYHO IUIOIIA[h
ecrectBeHHBIX KomuiekcoB (TL). Ecnu koadduuuent anrponorenesanun mensiie 0,1, To 3T KOMITIEKCH
SIBJIAIOTCS TIpakTHYecku HensMmeHeéHHbiMH, 0,1-0,2 - crmabousmenéuubivu, 0,2-0,5 - cpenHensMeHEHHBIMHY,
0,5-0,8 - cunbHO M3MeHEHHBIMH, cBhIIIe 0,8 KOpeHHBIM 00pa3oM TpaHcHOPMHUPOBAHHBIMH.

VYCcTaHOBNIEHO, YTO aHTPOINOreHe3aluusl MONYIMycThIHHOrO naHamadra oT [IpuMoOpckux paBHUH B
cTopoHy lIpUKypHHCKMX TEppUTOpUN, W3MEHSAETCd B 3HAa4YUTENbHONM creneHd. B IIpumopckux
c1a003aKpeIUIEHHBIX [IeCUaHbIX I'pUBax, OapxaHax M AIOHAX CTENEeHb aHTPOIOrEeHEe3alMK COCTABISET JIMIIb
0,01-0,1, B monbIHHO-3GeMepHBIX crabo3acon€HHbIX nonynyctbiHax HOro-Bocrounoro Illupsana,
Myranbckoi, CalbsHCKON paBHUH aHTpornorenuszanus goxoaut ao 0,78-0,86. B oporraembix oa3sucax B
lanpix-Afipuyaiickoid u lonnapckoil paBHHHaX, BO BCeX JaHAIAQTHBIX €JUHUIAX, AHTPOIIOTCHE3aLus
HMeEeT CaMblii BBICOKHMIA TIoKazaTens (6osee 0,8-0,9).
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Ha nenroBHanbHBIX, NEMOBUAIBLHO-TIPOTIOBHATBHBIX, XOIMHUCTO-TPSAOBBIX paBHMHAX IOr0-BOCTOKA
I'stamxa-I"a3axckoif HAaKIIOHHOW PaBHUHBI, TAE YKJIOH penbeda M3MEHSETCs B Mpeaenax OT 1-5%10 0,03-
0,05°, KO3(p(UUMEHT AHTPONOreHe3aluy IMONBIHHO-3(EMEPHBIX MONYIYCThIHD JOCTUraeTCs 0,8.
YcTaHOBIEHO, YTO TEXHOTEHHBIC JaHAIIA(THl 3aHUMaioT cBbime 30% o0mel TeppuTOpun CyXHX CTeren
I'ssamxa-T"a3axckoi HaKITOHHOM paBHUHEI [3].

AHTpomnoreHe3anus MOJyMyCTHIHHBIX KOMILJIEKCOB C CEPO3EMHBIMH, CEPO3EMHO-OypBIMU MOYBAMH,
SPOAMPOBAHHBIMH APHUIHO-ACHYAANMOHHBIMU W HH3KOoTOpbsMmu llamanTokana, XomkamieHa, bosmara,
Yobannara He npesbimaet 0,1, KOTOpbIE UCTIONB3YIOTCS, B OCHOBHOM, B Ka4ecTBe macTouy [2].

[onynmycteinn ~ bakunckoit u  CyMralbITCKoM — arsomepanuu  ANIIEPOHCKOTO  MOJyOCTpOBa
MOJIBEPTaroTCsA MakcHManbHOH anTpomnorenesamuu (A>0,95) u ocHoBareapHO TpaHC(hOpPMHUPOBaHHEL. boee
68% TeppuTOpHH AIMIEPOHCKOTO MOJYOCTPOBA 3aHUMAIOT  TEXHOTEHHBIE KOMIUICKCHI, IOJHOCTHIO
achabTHPOBaHHBIC, HAXOMSIIUECS IO TPOMBIIUICHHBIMH W CTPOUTENBHBIMH OOBEKTaMH, KOPEHHBIM
06p330M U3MCHCHHBIMU I“eO(bI/ISI/I‘-IeCKI/IMI/I 1 Fr€OXUMUYCCKUMHU IIPOLCCCaMU.

a)

* (CadoBo-IIMTAHTALFIOHHEIE

= Oropogoeo-GaxteBbIe,

3epHOBLIE
Cemre GHBIE MOIQHK ALETT

» TexHor eHHBIe MO QI(QHK AL

b)

» CesmTedHbIe KOMILIPK ChI

= C'aJoR 0-TUTAHTALFIOHHDBIE |
MACTOHIIHO- YT 0BbIE, ArP OHPPHT ALIOHHBIE

TexHor eHHbIe M0 QIQIK AL

c)

" (CamoB0-IITAHTALFIOHHEIE

» OropoJoeo-daxaeBbie,
3epHOBBIe , AT P OHPPHT ALTIOHHbIe
CemreSHBIE KOMILTEK ChI

= TTacTOHIHO-JIT OBBIE
= TexHor eHHBIe MO QI(HK AL
Puc. 1. AHTponorenHasi Tpancopmanus cyxux cremnei (a) u creneii (b,c): aHTponorese3anus NoJbLIHHO-
3JIAKOBBIX, MOJBIHHO-00poaaueBo-3¢GMepoBbIX, cyxux creneii-0,5-0,8; MOJBIHHO—KYCTAPHUKOBBIX
CYXHX cTemnell KoHycoB BbiHoca- 0,3-0,5; pasHoTpaBHO—KycTapHMKOBBIX -0,8;
PeYHBIX Teppac, HAKJIOHHBIX paBHIH —0,8; pegkosiecHbIX cTeneii HaKIOHHBIX paBHuH — 0,85;
PeIK0JeCHO—KYCTAPHUKOBBIX cTeneil HaKJIOHHbIX paBHuH — 0,78

Crenu ¥ cyxue CTENH aTIOBHAIBHO—TIPOIIOBHAIBHBIX paBHUH mpenropuit bompmoro n Maioro
KaBkaza  co CBeTJIO-KalITAHOBBIMH, JYTOBO-KOPUYHEBBIMU II0YBAaMH NPEBPATWINCH B MacTOUIIHO-
CEHOKOCHBIE, 3EpHOBBIC, (PYKTOBO—OBOIIHBIE W CaJ0BO-TUIAHTAIMOHHBIE KOMIUIEKCH. Koaddurment
aHTPOIOreHe3auy OOJBIIMHCTBA STHX KOMIUIEKCOB M3MeHsiercs: B mpenenax 0,5-0,8. MHorouncieHHble
TEXHOTEHHbIE MOJU(UKAIINK, TPOXOJSIIUE Yepe3 dTH TEPPUTOPHH, PACWICHSIOT MPUPOIHbIE KOMIUIEKCHI,
CO3JIAI0T B TEKCType NaHamadTa NCKyCcCTBEHHbIE MoAU(UKaIK, 00pa3ys B €ro COCTaBe MHOTOYHCIICHHBIE
BTOpPHYHBIC HEOONBIINE apeabl HPUPOIHO-aHTPOIIOT€HHBIX SAMHUII.
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3AK/IIOYEHUE
Takum 00pa3om, BO Bcex UccieayeMbix [IpuKkacuiickux paBHUHAX, aHTPOIIOTC€HHOCTh €CTECTBEHHBIX
naHamadTOB, 3aKOHOMEPHO YMEHBIIAETCS B CTOPOHY TOPHBIX paiioHOB. Takke B 3TOM HampaBlICHUU
MU3MCHSIOTCS CTPYKTYpHO — (DYHKIMOHAIbHBIE OCOOCHHOCTH €CTECTBCHHBIX KOMIUICKCOB, OCOOCHHO B
MPENrOPHBIX HAKIIOHHBIX PABHUHAX M B OPOIIIACMbIX 0a3MCaX aHTPOIOTCHU3AIUS JOCTUTaeT MAaKCUMAIILHOTO
ypoBHsi (Oombme 0,8). B cpeqHeropHBIX M BBICOKOTOPHBIX TMACTOMINAX M CEHOKOCAX W B JPYTUX

SMU30ANYCCKH HCIOJIb3YyCMbIX J'IaHI[HIa(l)TaX PE3KO CHMIKACTCA KOS(l)(l)I/IIII/ICHT AHTPOIIOIrCHHOCTH (MCHLHIG
0,1).
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Agromelioration
ANTROPOGENIC LAWS OF THE NATURAL LANDSCAPES LITTORAL

PLAINS OF THE GREAT CAUCASUS OF AZERBAIJAN REPUBLIC
Garibov Y., Ismailova N., Alieva R., Efendieva N.

Baku State University
Baku, Azerbaijan
Annotation. The article analyzes the basic laws antropogenic natural landscapes littoral plains with
satellite images. It was found that antropogenization natural landscapes naturally decreases from the coastal
plains to the heights of middle and high mountains of the Greater Caucasus.
Keywords: antropogenic, natural landscapes, anthropogenic factor, structural - functional features,
defferentation.
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Earth sciences

STUDY OF RECEIVING OPPORTUNITY OF WATER SOLUBLE AND
NON-BALLAST MICRO FERTILIZER ON THE BASE
OF MANGANESE-CONTAINING MATERIALS

M. Shavlakadze, Q. Dadiani, L. Maisaia, Kh. Kiknadze, O. Kharaishvili

Ts. Mirtskhulava Water Management Institute
of Georgian Technical University
Chavchavadze 60°, 0179, Thilisi, Georgia
E-mail: marishavlakadze@gmail.com

Annotation. From the raw material base existed in Georgia (manganese ores, manganese
containing mud), particularly, within the point of view of production availability, especial interest is
paid to micro- fertilizers containing manganese.

As a result of conducted investigation, there was established receiving of such manganese
containing materials on the basis of manganese raw-material base (ore, mud) existed in Georgia, which
shall be able to maximally provide assimilation ability of manganese, as microelement, in the desired
period of time. And also, determinant of effectiveness and competitiveness of received materials with
new composition shall become high content (more than 30%) of microelements in them (in comparison
with existed similar products), when the total sum of useful components presented in them (active i.e.
assimilated) is more than 50-70%, i.e. received materials belong to the materials having low-ballast and
functionally revealed possibilities.

Keywords: manganese, fertilizers, non-ballast.

INTRODUCTION

Development of agriculture, questions regarding quality and taste of agricultural product are paid a
great attention in the whole world and among them in Georgia. Employees of Agricultural Technical
University in direction silicates technology are trying to make their own contribution in scientific and
practical solving of these problems, particularly, on the basis of the use of methods and approaches
acceptable in the technology of silicates and raw materials existed in Georgia. With respect to the questions
regarding purposeful use of microelements there is determined their important biologic role in development
of plants and animals, because they directly participate in biochemical processes running in their organism
and what is more important, assimilation of basic food elements (nitrogen, phosphor, potassium) by plants
are defined basically by microelements.

A variety of microelements is large and it includes boron, copper, manganese, molybdenum, lead etc.
It is established that in the composition of various crops there are the different amount of microelements, but
the biggest amount comes to the manganese. For example, the content of manganese in corn of wheat, barley,
and maize makes up 20-60 mg/1kg on dry weight, the man uses manganese in especially high quantities — 5-
10 mg in 24 hours. It is delivered to the man’s organism as from vegetable, so from animal food.

From the raw material base existed in Georgia (manganese ores, manganese containing mud),
particularly, within the point of view of production availability, especial interest is paid to micro- fertilizers
containing manganese. Today such fertilizer is produced in form of manganese chelate by more than one
famous company and maximal contents of manganese in it do not exceed 14%, and the rest part is practically
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ballast during feeding of plants. The mentioned fertilizers are distinguished by good water solubility, but they
also have some defects, which are connected to their biological dissociation and expectable illuviation in the
ground, what will cause the problems of ecological character. So it becomes desirable to develop technology
for receiving of materials containing such competitiveness manganese compounds and creation of new type
of product which factually do not contain (or contain in insignificant amount) ballast component and are
distinguished by such indexes of solubility which will be the determinant of availability of their use.

MAIN PART

The purposes set in work were achieved on the basis of technological approaches and decision. First,
there shall be mentioned that existed in Georgia manganese containing ore and technogenic remainders
(mud), produced in Georgia ammonium saltpeter and the whole range of other organic and inorganic
materials were used as the basic raw material for producing of materials used as a new micro-fertilizer. In
this direction, there were studied two different compositions. One of them was the binary composition
containing manganese dioxide (M), and the composition of the second type was created by participation of
manganese ore (MK) or mud (MS). In both compositions ammonium saltpeter (N), citric acid (C) and sorrel
acid (X) was used as the second ingredients. In six compositions there was realized the synthesis of materials
with thermal processing of the corresponding spicery. Establishment of optimal regimes of thermal processes
was realized from results of the thermal analysis, what was accompanied by identification of phase
composition of materials by wide use of Roentgenol-phase analysis. In one of the compositions (manganese
(IV) oxide — ammonium saltpeter), there was additionally realized thermodynamic estimation of all really
possible chemical reactions. For the received MN, MC and MX materials there were established indexes of
solubility and according to the inclination to solubility, they were placed as follows: MN>MC>MX. An
identical relation was received for materials received with the participation of manganese ore concentrate,
when MKN>MKC>MKX, but taking into consideration the feature that “clear” binary composition’s
materials are characterized by higher values of solubility, than it is established for materials of MK series
having “ballast” compounds.

There were made up to ten compositions (MSN) on the basis of manganese containing mud (MS) and
ammonium saltpeter (N), by synthesis and study of which it became possible to establish the optimal
correlation of specific components in it and revealing of materials having desirable features. On the basis of
the study of extracts created by spectral methods as a result of the relation of investigational material with the
test reagent, there was established possibility of receiving of water-soluble manganese nitrate in synthesized
MSN composition materials, which provide change of indexes of their solubility (according weight loss)
from 16 to 53%.

For the range of perspective materials revealed by examination and received on the basis of manganese
containing raw material, there was established a scheme of carrying on of recommended technological
processes, which was drawn up for materials received by low — temperature (160-190°C) and high-
temperature (600-900°C) synthesis.

CONCLUSION

As a result of conducted investigation, there was established receiving of such manganese containing
materials on the basis of manganese raw-material base (ore, mud) existed in Georgia, which shall be able to
maximally provide assimilation ability of manganese, as microelement, in the desired period of time. And
also, determinant of effectiveness and competitiveness of received materials with new composition shall
become high content (more than 30%) of microelements in them (in comparison with existed similar
products), when the total sum of useful components presented in them (active i.e. assimilated) is more than
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50-70%, i.e. received materials belong to the materials having low-ballast and functionally revealed
possibilities.
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HUccaenoBanus 1o M3y4eHUIO 3emuin

N3YYEHUE MATEPUAJIOB ITIPUMEHNMOCTHU MAPTAHIIOCOZEPXAIIIX
BE3BAJIJIACTHBIX BOJIOPACTBOPUMEIX MUKPOY JOBPEHUM HA OCHOBE
MECTHBIX MUHEPAJIBHBIX PECYPCOB

IMMasnakanze M., Japuauu K., MaucasJl., Kukaagze X., Xapaunmsuau O.
HNuctutyTt BomHOrO X03s1iicTBa uM. L. Mupuxynasa
I'py3MHCKOTO TEXHUYECKOTO YHHBEPCUTETA
Tounucwu, ['py3us

Arbotammua. Vicxoms u3 ceIppeBOil 06asbl cymecTByiomeil B ['pysum (MapraHieBsle pyZbI,
MapraHilecozepskalye IIaMsl), B YaCTHOCTH, C TOUYKU 3PeHUs [ePCIeKTUBHOCTU IIPOM3BOJCTBA, OCOOBII
MHTepeC IIpeZCTaB/IAI0T MapraHIlecoepKalliie MUKPOyJ0OpeH .

B pesynbraTe mcciemoBaHUi yCTaHOBJIEHO, YTO HA OCHOBE CyILIeCTByomeil B I'py3uu ChIpbeBOii
6assl (pyza, IUIAM) IOJydYeHHe MapraHIlecOZepKalluX MaTepHaJoB CMOTYT MaKCHMaJIbHO OOecIeuuTsh
yCBOeHMe MapraHla, KaK MHKPOJJIEMEHTa, B >KeJaeMBIil IIepHoJ, BpeMeHH. Tak e, OIpe[efioluM
KOHKYPEHTOCIIOCOOHOCTh U 3P PEeKTUBHOCTH IIOJyYEeHHBIX MAaTePHAJIOB HOBOIO COCTAaBa JO/DKHO CTaTh
cogepxanue (6onee 30%) B HMX MHKPO3JIeMEHTOB (II0 CPaBHEHMIO C AHAJOTUYHBIMHU IIPOAYKTAMH).
Hcxonsa u3 3TOTO, IOTyYeHHbIe MaTepPUaIbl MOTYT GBITh OTBEJeHbI K IIPAKTUYECKH HU3KOOAJIACTHBIM U
(bYHKIIMOHAIBPHO BBIABIEHHBIM BO3MOXKHOCTSAM MAaTePHAJIOB.

Korogessie cropa: mapranen, ynoGpeHus, 6e30a1IacTHBIMN.
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STUDY OF SOME PARAMETERS IN THE AMELIORATED
SOILS OF THE MIL PLAIN

M.G. Mustafayev, G.G. Jabrailova, F.M. Mustafayev, N. Huseynova, Kh.H. Siileymanova

National Academy of Sciences of the Azerbaijan Republic Institute
of Soil Science and Agrochemistry Baku, Azerbaijan
E-mail: meliorasiya58@mail.ru

Annotation. At present provision of the population with the necessary agricultural products is closely
connected with the soil resources state and usage. Consideration of large development of the agricultural
plants production in the Mil plain into account, directing the researches to the study of the soils fertility
parameters, their systematizing and fertility increase is one of the main problems. The Mil plain is
considered one of the regions which is busy with the ancientest irrigative agriculture in Azerbaijan. The last
researches show that some ecological changes happened as a result of the antropoghenic and natural
processes in this zone. Creation of the new attitudes in soils utilization, an especial use of soils by the
individual and farmer economy, disorder of the crop rotation, incorrect fulfillment from cultivation
technologies caused salinization and solonetzification of some part of the soils in the same zones.

The researches show that unsatisfactory work of the irrigation canals and collector-drainage systems
acting in these zones caused increase of the subsoil waters level from the critic (permissible) depth upwards
(h=1,75-2,0m), mineralization and salts quantity in soil. From this point of view study of the water-salt
regime in soils of the same zone, their forecasting will make possible to work out an agromeliorative
measures system for the same soils improvement. Regulation of the water-salt regime in soils of the Mil
plain and complex measures system application will be a reason for soils fertility increase and high
productivity fulfillment and this is urgent and possesses a practical importance:

Keywords: salinity soils, ground water, mineralization, granulometric compo-sition, volume weight of
soil, humus.

INTRODUCTION

The research area (Imishli) borders on soils of Kurdamir from north, on Zardab from east, on Iran
Islam Republic from north-west and south-west, on Bilasuvar from southern east and Saatly from north-east.
A total zone of the district is 170000 h, 43551 h of 101268 h zone good for the agricultural plants are
irrigative soils. The Araz river and Bash Mugan canal are mainly used for the purpose of irrigation in the
district. The collector-drainage network act in the zone and majority of them are under unsatisfactory
condition. The zone relief mainly consists of plains. A total inclination is in the south-east direction of the
plain and it is weakly observed. An impact of the Araz river is clearly striking in the contemporary relief
formation. The Araz river influence is clearly striking. The microhollows, macrohollows and sometimes
ponds are met in some parts of the zone. The subsoil waters are near the surface because the relief is below
sea-level. Consequently, more soils expose to salinization and solonetzification to a different degree and this
relatively hamper the land development. Meadowforming and swamping process is usually observed in the
negative elements of the relief. The north and north-east part of the zone has got a high relief.

The soilforming rocks consist of the alluvial rocks which are created as a result of the Araz river
action. The silty deposits fill the river-bed at the expense of the debris materials of the Araz river and
consequently the running waters level rise, the river waters flood the surroundings, floodplains are covered at
the expense of the same deposits. The zone has been formed from the 4 th period deposits of the Kaynazoy
era. The sea, alluvial and provulial deposits are maternal rocks. The surface cover of the zone is geologically
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young its formation continues at present. The developed soils are salinized and solonetzificated to a different
degree here because the majority of soilforming rocks are rich in salts and carbonates. The climate of the
described zone belonges to the moderate hot, semidesert and arid steppe climate type. This climate type is
characterised by its little and weak humidity, moderate winter and arid-hot summer. The coldest months for
this zone are January, February, the hottest months are July and August, the summer in the zone is arid and
hot, and this negatively influences the plant cover and soilforming process (Shikhlinsky, 1968).

An annual temperature of the air in the zone changes by 1,8-2,5 degree. An average monthly
temperature of the hottest month (July-Avgust) vibrates by 26,1-26,5 degree, the coldest (January-February)
average monthly temperature is 1,8-2,5 degree. 187-309 million rain precipitations fall during the year in this
region. The mean annual relative moisture is 72,3-75,0. A maximum quantity of the relative moisture is
observed in the winter, but the minimum number is observed in the summer months. It is clear from the
abovementioned that a climate in the summer months. The climate aridity influences the soil cover. So, the
cultures can't develop well here. And it causes little gathering of the humic substances in this land. The
secondary salinization process happens in the places where the subsoil waters are near the surface because of
the strong evaporation from the land surface in the hot month days. The natural plant cover of the reseach
zone has been investigated by T.S.Heidman and I.N.Dorojko in 1931, then by G.Sh.Mammadov and
M.Y .Khalilov (2004). Generally the plant cover of th zone are divided into the following groups: hallophite,
xerophite, ephemer and hidrophile plants.

The long researches show that the following soil types and subtypes mainly spread in the region:
meadow-grey, grey-meadow, meadow-boggy, salinized and solonetzificated to a different degree
(M.R.Abduyev, V.R.Volobuyev, M.A.Sala-yev, G.Sh.Mammadov, M.P.Babayev and others). The upper
layes is greyish, towards the depth is yellowish in this land. Dark grey and grey colours are found in some
places. Presence of this process in the soil humus minority, yellowishness in the deep layers is motion of
subsoil waters towards surface along the soil porosity. Generally humus quantity in the soil is 1,2-2,8%. The
soils are clayey, mean clayey, loamy, but sandy in some places for the granulometric structure. The water
penetration coefficient of the rocks is an average degree in the south part of the Araz river.

The subsoil water level is in the different depths and this depends on relief. Nearness of the subsoil
waters the surface is in May-June months. Beginning from June end their level decreases.

The subsoil waters are in the very depth in October. The subsoil waters aren't coincided in the north
and north-west part of the distict, generally, change of their level. Their levels alteration vibrates 1-0,5m by
conveying a seasonal character. The salts quantity and waters mineralization are relatively more than the
other areas of the soil in some places where the subsoil waters are near the surface (1,0-1,5 m). The
researches indicate that the subsoil waters mineralization is 15-30,0 g|l and more in some places. They are
rich in chlor, sulphate-chloric and other salts. For this purpose diminishing of the their level from the
permissible depth is considered one of the main problems.

RESEARCH OBJECT AND METHODS

The irrigative grey-meadow soils concerning the farmer economy in the Jahar village of Imisli district
are taken as a research object, the experimental area is 2,5 hectares. The characteristic places have been
selected and the water samples have been taken with the puspose of investigation of the salts quantity,
subsoil waters mineralization, their situating level. The chemical analysis were realized by the generally
adopted methods (E.B.Arinushkina, 1970).

ANALYSIS AND DISCUSSIONS

The salts quantity, subsoil waters, change of their mineralization and situating level have been studied
by some researchers (V.R.Volobuyev, M.R.Abduyev, A.K.Behbudov, M.R.Babayev, G.Z.Azizov,
M.G.Mustafayev, G.G.Jabrailova and others). The long researches in this direction indicate that while the
soils used under tillage in the same zones aren't correctly used (not applying waters according to the plants
need during irrigation, using of the plants in the same zones for some years, or unfulfilment of the adopted
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norms), the same soils expose to salinization and solonetzification, and this is a reason for strongly decrease
of the plants productivity. One of the main reasons of these soils salinization is very nearness of the subsoil
waters possessing high mineralization the surface. Generally, the irrigation before sowing and other
irrigations according to the plants need muts be performed in time to achieve the salts quantity decrease in
the soil.

Table 1
Change of the salts amount in the soils of the experimental area (2017 -2018)
Dry- | Salts
= Deapth, Mz-exv % rasi- sum,
5 g| sm dus, %
£ 2 CO; |[HCO; [€I [sO. [Ca [Mz [N=K [CO; [EBCO; [CI 80: |[Ca Mz i_-'a— %
= 2
1 2 3 4 5 B 7 8 E 10 |11 2 13 14 15 16 17 18
0-20 vax | 080 [038 [127 |05 |038 [132 |vax |0,049 [00I3 |0061 |0015 |0005 |0,030 |0,183 |0173
2040 |vox [070 (05 [L12 [088 |037 [L07 |y |0.43 [0018 |0054 |0018 (0004 |0025 |0175 |0,162
o |4060 [vx |085 [063 |142 [075 |050 |L65 |y (0,052 [0022 [0068 |0015 |0006 [0038 |0213 |0201
~  |6080 |vox [080 ]050 [131 [050 [038 |13 |ve [0.049 |0018 |0063 [0010 |0005 [0040 [0198 |0185
80-100 |vax |090 |063 |L71 |06 [050 |211 [vax [0,055 |002 [0082 [0013 |0006 (0040 [0240 |0227
100-150 |vex [085 |05 [196 [075 050 |2 vax 0,052 [0018 |00%4 |0015 (0006 |0047 |0253 |0232
0-20 vax | 040 |1.00 |649% [5350 |125 |1146 |vax |0024 [0035 |0312Z |0110 |0015 |0026 |0532 |0522
2040 [vox [050 (320 [7495 [275 |175 [6690 |vex |0.030 0112 |0360 |0050 [0021 |0153 [0753 |0726
o~ |4060 |yex [040 180 [9244 |550 |175 |4194 |yox [0.024 [0063 |0444 0110 [0021 [0.096 |0771 | 0758
~ 6080 |wyox [040 |240 (1199 [825 [525 |1290 |y [0.024 |0084 |0576 [0.165 |0063 [0029 [0961 |0s41
80-100 |vax | 060 |840 |549 |875 (175 |4000 [vax [0.036 |0193 [0264 (0175 [0021 [0092 0793 |0781
100-150 |vox [060 |500 [3247 [500 (050 |3347 |vex [0.036 |0175 |0156 [0100 (0006 |0076 [0566 |0.549
0-20 vax | 0,75 [038 [237 |063 |[037 |20 |vax |0,046 [00I3 |0114 |0013 |0004 |0058 |0,258 |0248
2040 |[yx [080 [0,63 [260 [075 |0350 [27 vax (0,049 | 0022 [0125 [0015 |0006 [0064 0295 |0281
o |4060 |vex |060 |13 |227 |075 (050 |275 [vex [0,037 |0040 [0105 [0015 |0006 (0063 |028 |0270
~ 6080 |vox [065 1,88 (464 [163 [087 |467 |vax [0.040 |0067 |0223 [0033 |0011 0107 0505 |0481
80100 [vax 050 (1,50 [296 |150 |100 |2 vax (0,031 |0053 [0142 [0030 |0012 [0057 [0338 |0325
100-150 |vax [060 |100 [250 [138 [087 |18 |vam [0,037 |0036 |0120 [0028 [0011 [0043 [0290 |0275
Table 2
Change of the salts amount in the soils of the experimental area (2017 -2018)
N of Depth, cm CO; HCO, SO, Cl Dryresi-
sections MQ-, ekv % Mmg-, ekv % Mg-, ekv | % MQ-, ekv | % due,%
1 2 3 4 5 6 7 8 9 10 11
0-20 0,10 0,003 0,32 0,019 0,85 0,041 2,62 0,095 0,286
20-40 0,20 0,006 0,34 0,020 1,67 0,080 2,50 0,089 0,350
40-60 0,20 0,006 0,38 0,023 1,41 0,116 1,87 0,067 0,374
i-1 60-80 0,10 0,003 0,42 0,026 1,02 0,049 2,00 0,071 0,258
80-100 0,20 0,006 0,40 0,024 1,19 0,054 0,75 0,027 0,210
100-150 0,20 0,006 0,41 0,025 0,94 0,045 1,25 0,044 0,208
0-20 0,20 0,006 0,35 0,021 3,96 0,190 6,38 0,226 0,650
20-40 0,20 0,006 0,35 0,021 5,52 0,265 7,00 0,248 0,775
40-60 0,10 0,003 0,45 0,027 2,50 0,120 7,50 0,266 0,625
i-4 60-80 0,20 0,006 0,40 0,024 2,14 0,103 6,00 0,213 0,470
80-100 0,20 0,006 0,40 0,024 6,00 0,288 6,50 0,231 0,820
100-150 0,20 0,006 0,40 0,024 5,04 0,242 6,50 0,231 0,705
0-20 yox yox 1,28 0,078 1,64 0,079 0,32 0,011 0,250
20-40 yox yox 1,28 0,078 1,88 0,090 0,60 0,021 0,225
40-60 yox yox 1,60 0,061 1,25 0,060 0,60 0,021 0,232
i-5 60-80 yox yox 1,68 0,102 1,61 0,077 0,52 0,018 0,241
80-100 YOX YOX 1,60 0,098 1,95 0,094 0,60 0,021 0,250
100-150 YOX YOX 1,48 0,090 1,92 0,092 0,68 0,024 0,247
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Table3
Cange of soms indicas in the soils of the experimental arza
Num- [ Dapths, Absorbad bases, mzekv |Sumof From the absorbad basas sum, Hu- |[pH C0O,, |[CaCO,, [Hyszrose |Total
bar cm the absor- % mus, Y% % opic nitro-
of bad bases, % moist- | zen
s20h- Ca Mz Na mg.ekv. Ca Mz Na vre, %
ons %
I-2 (020 1550 [800 |22 25,70 6031 3113 8,56 268 | 840 | 7.32 17.09 57 0,11
20-40 1750 25 12,70 2845 6151 2899 9,15 241 | 85 | 7171 17.52 54 0.10
40-60 1775 |763 |2.% 27.88 6367 2137 8,96 18 | 846 | 8.08 1837 49 0.08
60-80 1750 [663 [2.60 26,73 6547 2480 9.73 137 | 861 | 8.27 18.80 51 0.06
80-100 1313 |637 2,00 2150 6107 2063 9.30 058 | 833 | 7.89 1794 53 0.05
I-3 1020 1187 738 [1.% 20,75 5721 3537 7.2 281 [ 760 | 6,02 13,68 47 0.14
20-40 1225 1637 |[1.60 20,22 6058 3150 7.92 25 | 70 | 677 15,38 44 0,12
40-60 1112 1763 [1.70 2045 438 3731 831 1,78 | 7.80 | 7.71 17,52 42 0.09
60-80 1475 |888 |1.80 2543 5800 3492 7.08 1,15 | 752 | 8.8 1837 43 0,07
80-100 1387 (600 |[1,60 2147 6460 2795 745 08 | 76 | .52 17,09 45 0.05
0-20 6,25 225 100 9.0 6793 2446 7.61 2,57 | 8,10 | 827 18.80 63 0.10
6 2040 6,13 287 (0% 9.9 6192 2899 9.09 2,15 | 845 | 8.08 1837 6.1 0.10
40-60 9.38 362 (1,20 14,20 66,06 2549 845 173 | 831 | 846 1923 64 0,08
60-80 1413 1687 (1,70 22,70 6225 3026 749 14 | 815 | 8.08 1837 63 0.06
80-100 1350 675 |1.80 22,05 6122 3061 8.17 049 | 820 | 827 18.80 64 0.04
Table 4
Change of subsoil waters mineralization in the soils of the experimental area (2017-2018)
N of CO; HCO; SO, Cl Minerali-
sections | Mg- g/l | Mg-ekv g/l Mg-ekv g/l Mg-ekv g/l zation, g/l
ekv
1 2 3 4 5 6 7 8 9 10
5/ [N - 5.10 0.301 21.77 1.045 24.10 0.855 2.840
| /20 (U [ 5.60 0.342 16.80 0.806 21.90 0.777 2.420
I-3 no no 4.60 0.281 20.91 1.004 31.40 1.115 3.200
| 7N [UUEEE |U— 4.60 0.281 16.11 0.773 20.30 0.721 2.940

As is known the soils in the Mil plain are widely used under cotton, grain and vegetable plants in some
places. The researches are performed in the selected experimental area under grain plant. Some main indices
are defined in the same area for investigation of the happened changes in the soil. Kachinsky s method was
used in the samples taken from the cuts in the characteristic places for the purpose of the granulometric
structure investigation. The analysis consenquences are given on the following tables. So, the granulometric
structure of the experimental area soils and water weight analyses, the main indices of the same soils-
hygroscopic moisture, absorbed bases, humus, total nitrogen, pH, CO,, CaCO; were determined. As is seen
from table 2 a quantity of the particals smaller than 0,01 mm is 62,00-74,52% on upper layer. Change of
these indices along the profile is different, increase on the middle and low layers is observed (Table 1).

The consequences of the analyses indicate that CO; ion is observed in salts structure in some sections,
and its quantity is varions along the profile, and it changes by 0,003-0,006%. HCO; ion indices are 0,024-
0,102%; Cl ion quantity is 0,013-0,193%; SO,4- quantity is 0,041-0,576%; Ca-value is 0,015-0,175%; Mg ion
is 0,004-0,063% and Na+K is 0,025-0,107.

The salts quantity is varions. The analysis consequences indicate that the salts number in the salinized
places is 0,183-0,250%; these indices in the weak and mean salinized areas was 0,258-0,505% and 0,532-
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0,921% (Table 3,4). The experimental area soils salinized to a weak and mean degree. It was determined that
pH changes by 7,52-8,6 in the experimental area soils.

Hygroscopic moisture is 4,2-6,4%, CO, 7,52-8,61%, CaCOs- 13,68-19,23% in the same soils, a sum
of the absorbed bases is 9,20-28,45 mg-ekv, Na quantity from the absorbed bases sum was 7,45-9,73%.

The soils of the experimental area are weakly provided with the nutrient if the humus amount is 2,81-
0,49%, a quantity of total nitrogen. If we take pH and Na amount from SAB (sum of absorbed basis) the
soils are weak solonchak-like. The subsoil waters mineralization was defined in the zone during the
investigation.

The researches indicate that minerlization of subsoil waters in the research zone is different in these
sections and changes by 2,42-3,20 g|l. CO;3 ion is observed in anion structure in the water samples of the
same zone. Cl ion is 0,252-1,115 g|l. SO, ion amount is 0,773-1,045 g|l. It is known from the researches, the
subsoil waters mineralization decreased in comparison with the previous years because the soils of the
experimental area are used under saltendurant grain plant for the 2™ year (3,85-4,05 g|l in 2012). During the
research the samples were taken from the irrigative waters with the purpose of the salts quantity change
investigation and the chemical analyses were performed. CO; ion wasnt observed in the water samples
taken from the open riverbed irrigation canal, but HCO; amount was 0,195-0,201 g|l, Cl ion quantity was
0,089 g|l, SO, ion number 0,263-0,436 g|l (Table 1). As is seen on the table the irrigative waters
mineralization changes by 0,640-0,690 g|l. they aren't dangerous in plant irrigation, because it is lower than
permissible level, i.e. 1,00 g|l.

Table 5
Salts amount change in the irrigative canal waters
Name and sort CO; HCO; SO, Cl Dryre-
g;t]t;(la irrigative Mg- % | Mg- % Mg- % Mg- % S|/cljue,
ekv ekv ekv ekv g
Open river-bed soil | ----- | ------ 3.30 0.201 5.48 0.263 | 2.50 |0.089 | 0.640
Canal (15.06.2017)
Open river-bed canal | ------ | ------ 3.20 0.195 9.08 0.436 | 250 |0.089 |0.690
(15.06.2018)

CONCLUSION AND SUGGESTIONS

1. The researches indicate that the salts amount is 0,183-0,961%, subsoil waters mineralization is-2,42-3,20
g|l; pH-7,52-8,61 along the profile; humus quantity is 2,81-0,49%; SAB -9,20-28,45 mg.ekv; Na amount
from SAB -7,45-9,73%; physical clay number-41,70-70,72%; CaCO,;-13,68-19,23%; CO,-7,52-8,61%,
hygroscopic moisture -4,2-6,4%; nitrogen -0,14-0,04%.

2. It was determined that the salt resource is 69,66 t|h, and a quantity of the salts removed by the drainage is
11,73 thh.

3. The following measures system application is offered to take salinization and solonetzification of soils to
weak and average degree in to consideration: deeply ploughing of the same area, appilication of the
organic and mineral fertilizers under tillage, small meliorative measures in the mean salinized and weakly
solonetzificated area while performing winter irrigation, loosening, contemporary drain and water-
collectors weighing, application of the irrigative waters concerning the plants and gypsum with 2,5 tjh
norm, replacement of one plant by the other.
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