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“MODERN PROBLEMS OF WATER MANAGEMENT,
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Conferences Date Place (Location)
I 18-22 August, 2011 Qobuleti, GEORGIA
II 24-31 July, 2012 Qobuleti, GEORGIA
111 29 july — 4 August, 2013 Thilisi - Borjomi, GEORGIA
v 27 — 30 September, 2014 Thilisi, GEORGIA
A\ 16 — 19 July, 2015 Thilisi, GEORGIA
VI 22-25 September 2016 Thilisi — Telavi, GEORGIA

Scientific directions of the Conference

e Water management;

e Hydraulic engineering and irrigation;
e Hydrology and meteorology;

e Environmental protection;

e Safety and risk of hydraulic structures;
e Construction and architecture;

e Earth sciences.
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Earth sciences

MHUKPOSJEMEHTBI KAK ®PAKTOP SKOJOIT'NTYECKOM OLIEHKH ITOYB
BACCEMHA PEKU KATEXYAH

Axynposa A.b., Ceniumona L1./Tx., Axmenosa A.Ill.

Hucmumym nousosedenus u azpoxumuu
Hayuonanvnoii Axademuu Hayk Azepbatioscana
yi. Mameo Pazuma 5, AZ 1073, baxy, Azepbaiidsican
E-mail: axundova4l@mail.ru

Annomayus. [IpoBeneHbl UCCIEOBAHUS ISl OTIPEAETICHIs YKOJOTUYECKON OIEHKH MOYB C YYETOM
OayuTbl MOYB TIO COACPIKAHUIO MHKPORJIEMEHTOB. Hapsmy BBICOTOM MECTHOCTH, CyMMa OCajKOB U
3¢ ()eKTUBHBIX TeMIeparyp, OMOKIMMATHYECKOH IMMOTCHLHAN, TYMYC, PCaKIUs MOYBEHHOW Cpebl, Oalibl
OOHUTETA yYTEHA TaKXke Oaibl TIOYB IO COACPIKAHUI0 MUKPO3IEeMEHTOB. C IENI0 OLIEHKU MO0 KOJIUYECTBY
MHKPODJICMEHTOB OBbLIa COCTAaBJICHA OIICHOYHAs IMKajJa HAa OCHOBAHHWHM KOTOPHIA ITOYBBEI OacceiHa peKd
Karexuaii orieHrBanuch mo OaiaaMm.

Knrouessie cnosa: 3xonorusi, OOHUTUPOBKA, TIOYBA, OAIIT, MUKPOIJIEMEHTHI, COJICPKAHMSL.

MICROELEMENTS AS A FACTOR OF ENVIRONMENTAL ESTIMATION OF SOILS
OF THE KATEHCHAY RIVER BASIN

A. Akhundova, Sh. Salimova, A. Akhmadova

Institute of Soil Science and Agrochemistry,
National Academy of Sciences of the Azerbaijan
Str.Mamed Rahima 5, AZ 1073, Baku, Azerbaijan
E-mail: axundova4l@mail.ru

Annotation. Studies have been carried out to determine the ecological assessment of soils, taking
into account the soil scores for the content of trace elements. Along with the altitude of the terrain, the sum
of precipitation and effective temperatures, bioclimatic potential, humus, soil environment reaction, bonitet
score, soil scores for microelements content are also taken into account. With the purpose of estimating the
number of microelements, an evaluation scale was drawn up on the basis of which the soils of the Kachtechai
river basin were estimated by points.

Key words: ecology, bonitiration, soil, grade, microelements, content.

Juis ompeneneHus 3KOJIOTMYECKOH OIIEGHKH TOYB, HAMH TPOBOAWIHCH HCCICJOBAHHS MO BOMPOCY
V3YYCHUS COAEPKAHMUS TaKUX MHUKPOAJIEMEHTOB, KaK MapraHell, MOINOIeH, MeJb, ITMHK, KOOAIBT, BaHAIHA,
CBUHELl, HUKETb ¥ KaJMHUK B TouBax OacceiiHa pexn Karexyaii. OTOT 00beKT ObIT BBIOpaH B CBSI3H TEM, UTO
Oacceiin p. Katex4aif oXBaTeIBa€T 3HAYUTENHHO KOJIMYECTBO PA3IUYHBIX THUIOB MOYB PACIPOCTPAHEHHBIX
Ha tepputopun boasnioro Kaskasa.

CoBpeMEHHBIC UCCIICZIOBaHUST TPEOYIOT OOJbINeH HWH(POPMAIMM O BO3HUKIIUX 3KOJOTHYCCKUX
BOMpOCax, B TOM 4YHCI€ W O pEruoOHANBHBIX OCOOEHHOCTAX COJAEPIKAaHUS MHKPODIEMEHTOB B
NO0YBOOOPa3yIOIIMX MOPOAAX U MOYBAX, HAKOIUIEHUH WX B PACTEHUSX, KOHIIEHTPAIMK B BOAAX U T.1.

3a mocmegame 50 ner yuensle AsepOaiimkanckoit Pecmyonmuke A.H.ItompaxmemoB (1986),
b.K.IMlaxypu (2011), H.A.Araes (1994), O.I''Mamenos (1989), A.b.Axyrnosa (2004) u ap. TOCBSITHIN PsIIT
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paboT W3YYEHHIO POJIM MHUKPODJIEMEHTOB B IUIOJOPOJME TIOYB, IWUTAHWH PACTEHUI IOBBIIICHHH
YPOKaHOCTH CEeNIbCKOXO03AUCTBEHHBIX KYJIbTYp U YIYUIIEHWH KauecTBa mpoaykuui [1,2,3.4].

Crnenyet otMeTuTh, uto 1o MHeHHt0 B.M.BepHanckoro (1964) u A.Il.Bunorpanosa (1962) u np. B XX
CTOJICTHE BHUMaHUE YUCHBIX Bce OoJjiee U Oojiee MpUBiICKal K ce0e MPUCYTCTBHE B ITOYBE B HE3HAYUTEIIbHBIX
KOJIMYECTBAX PEIKUX XUMHUCCKUX JJICMEHTOB, HE TOJBKO ObLJIO HAHJACHO OOJIBIIOE YMCIIO 3THX 3JIEMECHTOB
HO W BBIICHWIIOCH, YTO TMOYBA JOJDKHA COIEpaTh BOOOINE BCE AJNEMEHTHL. 3HAYCHHE ITHX «OECKOHEYHO
MaJIbIX» 3JICMEHTOB i1 OHOJIOTMYECKHMX IPOLIECCOB JeJacT HEOOXOAMMBIM OIPEICICHUE HMX B TOYBE
KOTOpasi SBISETCS €MHCTBEHHBIM HCTOYHUKOM PEIKHAX U PACCESHHBIX DJIEMEHTOB. Takke HCCiieI0BaHUAMU
ATUX YYEHBIX B MIEPBBIE MMOKA3aH YTO YKMBBHIM OpPraHU3MaM CBOWCTBEHHO MMETH B CBOEM COCTaBe HE TOJIBKO
MAaKpOAJIEMEHThI HO M MHKPOAJIEMEHThI COIEpIKaHIe KOTOPhIX He mpesbimaet 1-1072% [5,6].

CreneHb paclpOCTpaHEHHS MHUKPORIEMEHTOB B TIOYBAX pa3IMdHA W 3TO MOXKHO OOBSICHUTH
pa3zHooOpazreM MoYBOOOPA3YIOUINX MTOPOI, KOTOPBIE SIBIISIOTCS OCHOBHBIM MCTOYHHKOM MHKPO3JIEMEHTOB B
rmouBe. BayXHBIMH UCTOYHHKAMH MUKPOJJIEMEHTOB SIBISIOTCS TaKXKe aTMocdepa, METEOPUTHI, KOCMHUYECKast
IbLTh, OKEaH U JIp.

HccnenoBanuaMy BBISIBICHO, YTO Pa3IHMYHBIEC TOYBHI HE MOTYT OBITH OJJMHAKOBO MPHUTOIHBIM JUTSI BCEX
pacTeHmii. DKOIOTUYECKHEe 0COOCHHOCTH PACTUTEIHHBIX OPTaHU3MOB KpaiiHe pa3HOOOpPa3Hbl B OTHOIICHHH
TpeOOBaHMIi K IMOYBEHHBIM YCIIOBUSM: K PEAKIUH Cpeibl, PU3MIECKUM CBOWCTBAM, TPAHYJIOMETPUICCKOMY
COCTaBy U Jake K O0raTCTBY OpraHMYECKHUM BEIIECTBOM U AJIEMEHTAMH MTUTAHHS.

YuuTEIBas TO, YTO MOYBA YYBCTBUTEIbHA K JIFOOOMY U3MEHEHHIO MTOYBOOOPA30BATEIBHBIX (PAKTOPOB,
yYeT COJIep>KaHUsI MHKPOARJIEMEHTOB B JKOJOTHYECKON OIEHKE MOYB SABISAETCS HOBBIM TOJXOAOM K 3TOU
npoOiieMe B Hamiel pecnyOsmke. [lpu skonorudeckoil orneHkKe MOYB OBUTM YYTEHBI BBICOTA MECTHOCTH,
cyMMa 0caZkoB B 3()(HEKTUBHBIX TeMIIepaTyp, OMOKIMMATHYECKAN MOTEHIIHAN, PEaKIIUs IOYBEHHOHN Cpebl,
a Takke 6amIpl OOHHUTETa TOYB [7].

B mnactodiee BpeMs Mpu 3KOJOTMUECKHX HKCCIEAOBAHUAX PE3YNbTAThl ONpEACIICHUS COICP>KaHUS
XUMHYECKHUX JJIEMEHTOB B TOM YHWCJI€ M MHUKPO3JIEMEHTOB BBIPAXKAIOTCS B PA3NWYHBIX BeIHUnHaX. Takoit
MOAXOJ{ TPHUHAT B arpoOXMMHYECKUX HCCIEHOBAHUAX, IIOCKOJIBKY  0€3 OmpeaeicHus KOJIHYECTBO
MHKPO3JIEMEHTOB B MOYBAaX HEBO3MOKHO OLIEHUBATH ILJIOIOPOAHE MOYB.

Banner GoHnTeTa OBUIM paccUWTaHBl HA OCHOBE CpPaBHEHHMS IIOKa3aTejed IUIONOpoAvs TOYB C
STAJIOHHBIMU TOYBaMH. B HaIlIMX MCCIIEOBAHUSAX TOPHO-TYTOBBIC JIEPHOBBIC MOYBHI (TLIOMIaaLI0 395,1 ra)
B3STHl Kak STaJIOH. B COOTBETCTBHH ¢ METOIWKOH MpH OOHUTHPOBKE MOYB HCIOJB3YIOTCS TOMPABOYHBIE
kod(uiueHTel. Tak, CTPOUTCS OCHOBHasS OOHHTHPOBOYHAS INKAJla U HAa €€ OCHOBE HAaXOIAT Oallibl
OOHHMTETA MOUBHI [8].

Hapsiny ¢ ykazanHbiMEH (pakTOpamMu ydTeHBI U OajUTbl MOYB IO COJAEPKAHHIO MHKpPOdJeMeHTOB. C
LIEJBI0 OIEHKU TOYB O KOJIMYecTBY MHUKpodsieMeHToB 0-30 cM ciioe mouB Oacceitna peku Kartexwaii Obina
ompezeNieHa HCCieayeMble HaMH 3JIeMEeHTHI. BajJoBOro KojgmuecTBa MUKpPOIJIEMEHTOB ONPEAEIsUIA aTOMHO-
abcopormonHbM MeTosioM («lnmanzy-6800» mpons3BoacTBO AmoHMM).

[TonyyenHsie HaMHU aHATUTHYECKHE NAHHBIE MOKa3aldH, YTO coiepxaHue MukposnemMeHToB 0-30 cMm
cioe TouyB KoneOnercs: MapraHer - 550-996 mr/kr; mommbzaen - 0,5-1,7; xkobanbt - 5,2-6,5; nuHK - 14,0-
44.3; mean - 14,9-27,4; uukens - 15,2-26,9; Banaguii - 15,0-23,2; cBuners - 8,4-21,6; kaamuii - 0,2-1,2 Mr/kr
(Tabm. 1).

Ha ocHoBanmm coneprxanust MukposnemeHToB B 0-30 cMm cioe, mouB Oacceiina Karexdas cocraBiena
OLIEHOYHAs IIIKajla, Ha OCHOBAaHMH KOTOPOI MOYBHI OaccelfHa OLeHUBAIUCH M0 OajiaMm.
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Tab6auna 1
OueHoyHas 1IKAJIa MO coAep:KaHue
MHKP03JIEMEHTOB MOYB Oacceiina pexu Katexuaii
MuKkpo3JieMeHTbI Mn Mo Co Zn Cu Ni \4 Pb Cd
Kaapk, Mr/kr 850 2 8 50 20 40 100 10 0,5
DoH, MI/KT 750 1,8 7,5 33 18 18 25 11 0,5
100 750-850 | 1,8-2,0 | 7,5-8,0 | 33-50 | 18-20 | 18-40 | 25-100 | 11-10 | 0,07-0,5
3 80 750-650 | 1,8-1,5 | 7,5-6,5 | 33-28 | 18-16 | 18-16 | 25-20 11-15 0,5-0,8
= 60 650-550 | 1,5-1,2 | 6,5-5,5 | 28-23 | 16-14 | 16-14 | 20-15 15-19 0,8-1,1
K 40 550-450 | 1,2-0,9 | 5,5-4,5 | 23-18 | 14-12 | 14-12 15-10 18-23 1,1-14
20 <450 <0,9 <4,5 <18 <12 <12 <10 <23 <1,4

Ha ocHOBaHME OIIEHOYHOI HIKANbI 10 COAEP)KaHUN MHKPODJIEMEHTOB MOYBHI OacceifHa OIEHUBAINCH
mo Oamram. Camblii BBICOKMH Oall paccuuTaH sl TOPHO-IYTOBBIX JCPHOBBIX IIOYB, CAaMbIil HU3KHUN
XapaKTepeH Ul aJUTFOBHAJIbHO-IYTOBBIX 3aCOJICHHBIX MOuB. I1ouBbl Oacceiina peku Karexuail momyduim
Oayuter B ipenenax 57-88 (Tabm. 2).

Taoauna 2
OueHka MoYB MO COAEPKAHUI0O MUKPO03JIeMEHTOB
HasbiBaHue no4s MMuKpP03/JIeMEHTHI
Mn Mo | Co Zn Cu Ni \% Pb Cd ban

JIyroo-opoiaemspie 100 80 | 100 | 80 | 100 80 60 60 60 88
AJLJIIOBHAJIbHO-JTYTOBbIE 100 80 80 | 100 | 100 80 60 80 60 82
T'opHo-1ecHas Oypasi 60 60 60 80 80 80 60 20 20 57
AJTI0BHAJILHO-TYTOBO 100 80 80 | 100 | 100 | 100 80 80 60 88

JIECHBIE
TopHo-Jieco Jyrosbie 60 20 | 100 | 20 80 80 60 100 100 68
TopHo-1yroBbie 60 20 | 80 | 20 | 100 80 60 100 100 68

Ilocne cocraBieHns  OOHUTHPOBOYHOW IIKANBl TPOBOJUTCS OKOJOTHMYECKas OIIEHKA TIIOYBHI.
BonuTeTHBIe 0Oamibl M 3KOJOTHYECKas OICHKa IIOYB MPOBOJAUTCS [0 METOAY Ha OCHOBE IMOIXOia
paspaborannoro I.MamenoBeiMm 1 C.MamenoBoii. Ha ocHOBe 3TOro moaxoja MpoBeleHa DKOJIOTHYECKas
olleHKa moYB OaccefiHa peku Karexuail. [lpu HaXOXJICHWU DKOJOTUYECKHX OAJUIOB 3THX IOYB OBLT
WCIIONTE30BaH PAJ IKOJIOTHUECKHX MTOKa3aTesei: CyMMa, OCaJIKOB B 3aBUCHMOCTH OT BBICOTHI MECTHOCTH, pH,
coJiep)KaHue TyMyca U MUKPO3JIeMeHTOB B rouse (Tabm.3).

Tao0aumna 3
IKOoJ0rHYecKHEe MapaMeTphI mouB Oacceiina pexu Katexuaii
I[MapameTpsI cpeabl MuKpo3JieMeHThI
Ha3piBanue BM | Bb | 9b
— B O [ymye,| pH [ Mn|{ M |[Co |Zn | C [ Ni| V | Pb | Cd
% |(H0) 0 u

Jlyroso- 600- | 600- 2,6 82 | 100 | 80 | 100 | 80 | 100| 80 | 60 | 60 | 60 | 88 | 75 | 81
opomaemble | 700 700
Anmosuansro | 200 | 250- 2,6 | 7,3 | 100| 80 | 80 | 100(100| 80 | 60 | 80 | 60 | 82 | 68 |75
-JIyTOBBIE 300
I'opHo-necnast | 700- | 850- 6,3 6,6 | 60 | 60 | 60 | 80 | 80 | 80 | 60 | 20 | 20 | 57 | 51 |54
Oypas 800 | 900
Anmosuansro | 250 | 250- 3,0 | 7,0 | 100| 80 | 80 | 100|100|100| 80 | 80 | 60 | 88 | 67 |77
-JIyTOBO 400
JICCHBIE
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lopuo-neco | 150 | 1200- | 8,1 55| 60 |20 (100 20 | 80 | 80 | 60 | 100 | 100 | 68 | 58 | 63
JIyTOBBIE 0 1400
T'opHo- 170 | 1200- | 9,2 | 46 | 60 | 20 | 80 | 20 |100| 80 | 60 | 100 | 100 | 68 | 57 | 62
JIyTOBBIE 0 1400

IIpumeuanue: B — BricoTa B Merpax; O — ocagku B MM; «MMHMKpO3IJeMeHTbD - (Maprasetl,
Monn0OieH, Ko0anbT, IUHK, ME/Th, HUKEIh, BAaHAINH, CBUHEI, KaaMuii); «BM» — 6an mukposnemeHToB; «bb»
- 0an 6onutera; «IB» — 3KoNOrMUecKuii Oa.

Pesromupys Hamm mccienoBaHUs MO COJEPKAHHIO MUKPOIJIEMEHTOB B MouBax OacceifHa Kartexuaii
CllelyeT yKa3aTh 4TO, COJCp)KaHHE WX HE3aBUCHMO OT THIIAa MOYB BBIPAKACTCS, 3HAUCHUSMH B IpeAeiax
KJIAPKOBBIX BEJWYHMH ISl 1M0YB. HambonbmnM cojiep)kaHueM MHUKPOAJIEMEHTOB sl OOJBIIMHCTBO THUIIOB
MOYB OTMEYaeTCsd BEpXHUE T'YMYCHPOBAHHbIE  TOPH3OHTHI. Takke oTMedaeTcst o0Ias 3aKOHOMEPHOCTb
MOpSMOM 3aBHCUMOCTH paclpeleNieHuss MHKPO3JIEMEHTOB IO MOYBEHHOMY MPOQWII0 OT COACpKaHUs
OpPTraHMYECKOrO BEIIECTBA B IOYBEHHOMN TOJIIE U MEXaHMYECKOTO cOcTaBa. B MeTpoBoM ciioe moys OacceliHa
TaK e ObIIO OonpeiesieHO (POHOBBIE COEPIKAHMS UCCIEAYEMBIX JICMEHTOB.

OrmeruM duro Ha ocHOBe 0-30 cM clloe TOYB MO COMASPKAHWIO MHKPOIJIEMEHTOB WX MOXKHO
pacmoyIOKUTh B cleaylomeil psa: amwnoBuainbHO-myroBele (Fluvisols) < myroBo-opomaemsie (Irragri
Qleysols) < ammopuansHO-TyroBo JiecHble (Fluvisols) < ropuo-necuas Oypas (Cambisols) < ropHo-iaeco
ayroseie (Phacozems) < ropuo-nyroesie (Leptosols Umbrisols).
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Safety and risk hydro-technical facilities

MILITARY CONFLICTS AND DAM SAFETY:
CASE STUDY
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Y AMIR Technical Service
AZ0112, Apsheron, Azerbaijan

Annotation. This article is devoted to the comparative study of earthen dam destruction risk assessment
and vulnerability analyses in Kura river basin, in peacetime and during military conflicts. In the introduction
noted, that the advisable management and protection of critical hydro-technical infrastructure, essentially as
earthen dams is relevant to safety of the population. Firstly, analyzed earthen dam destruction risks in
peacetime. As common risk factors shortly characterized wear and tear of the hydro-technical systems;
earthquakes; sludge settling of reservoir; prolonged periods of heavy rains and flooding; “domino” principle
dam destructions; animal intrusions and probability of piping. Secondly, described such threat scenarios of
explosions: over a dam body; over the water reservoir; on slopes of hillside adjacent to dam and terrorist act
(explosion) in a dam body. In each considered case, on the basis of the analysis of a direction of explosive
physical forces carried out modeling of the crater formation in dam body. In the conclusion mitigation
measures stated.

Key words: earthen dam, risk assessment, vulnerability, explosion, terrorist act, Kura River.

INTRODUCTION

World practice shows that the sustainable development of each country substantially depends on
rational management of its natural resources. Fresh water turns to the most important among natural
resources. Therefore, the dynamic, balanced management of water resources, in regional, also in global scale
is an actual problem. The basic tools of successful management of water resources are elements of a critical
infrastructure, such as dams, water reservoirs and intakes, etc. In turn, the advisable management and
protection of critical infrastructure, essentially as earthen dams is relevant to safety of the population. A
destruction of any huge dam, e.g. Mingecevir earthen dam could have serious ramifications on downstream
Kura-Araz lowland communities in the 8000 km? area lived 3.5 million population. The direction of 16 km’
water mass along the Kura River valley may cause flash flooding, raze to the ground all infrastructure,
including oil- and gas-pipelines, roads, bridges, high voltage and communication lines, etc. [1].

This article is devoted to the comparative study of earthen dam destruction risk assessment and
vulnerability analyses in Kura river basin, in peacetime and during military conflicts.

Earthen dam destruction risks: Peacetime

Wear and tear of the hydrotechnical systems. All of the earthen dams in Kura River basin in South
Caucasus were built in period, before the independence of these republics (e.g. Mingecevir cascade in
Azerbaijan, Khrami cascade in Georgia and Vorotan cascade in Armenia). The large majority of earthen
dams are working over 60 years continuously and in case of it considers as “old dams” [2]. There are many
common risk factors for all earthen dams over the Kura river basin. The basic criterion of technical
realization of such projects those years was the principle of their minimal cost. Thus issues of strategic risk,
ecological safety and other, as a rule, at all did not take seriously. Water leak supposition is rising of dam by
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getting older of earthen dams. Unfortunately, for the existence Soviet period the dam inspection, evaluations,
modifications and upgrades of the earthen dams were never spent. To this end, there is a need for more
adequate legal frameworks for dam operation. All these listed factors actualizes the prognosis of dam
destruction risk at peacetime and the development of forecasting measures plan and analyses for military
conflicts period.

Wear and tear of the hydro-technical systems, absence of due supervision of safe exploitation make
substantial the crevasse of water reservoirs and holding lagoons of runoffs that can result in catastrophic
consequences.

Earthquakes. Kura River basin covers all the South Caucasus region, which is the active seismic
earthquake area. For example, on the seismic activity maps Mingecevir dam is an eight-mark-ball zone.
Earthen dams respond to earthquake vibrations. Shaking an unstable slope that has been weakened after
saturation by rises in ground water levels may produce a landslide into the reservoir. The powerful
earthquake can cause a huge wave which can get over the dam, destroy it and lead to catastrophic
consequences.

Sludge settling of reservoir. Kura river receives the great quantity of mud from basin systems. As a
result of the mud accumulation the reservoirs lose net volume (available storage). For example, after putting
in operation (1953) the maximal depth of the Mingecevir reservoir has decreased from 83 meters up to 63
meters. The decreasing of available storage excludes an opportunity of the flood management.

Prolonged periods of heavy rains and flooding. Flooding is a yearly occurring phenomenon in Kura
River. It may be induced by heavy rains or extreme snowfall. Flood warning and forecasting system in
Azerbaijan and Georgia is in a very poor condition. No uniform standards relating to flood mitigation and no
schemes for reducing potential damage and improving protection have been developed.

Rivers of the Kura basin has extremely irregular discharge throughout a year. Sometimes, the ratio of
extreme discharge to average is 1.63-6.67, which makes sometimes difficulties to overcome its negative
impact [3].

“Domino” principle dam destructions. Peacetime, heavy flooding on basin and/or dam failure, for
some reason, in upstream are enough for catastrophic “domino” destruction of all the downstream earthen
dams. For example, the peacetime disruption of Shimantan dam in South China in 1975 August caused the
disruption of other 22 dams due to “domino principle” [4].

Animal intrusions and probability of piping. Small animals can cause big problems for earthen dam.
Earthen dam environment is near a water source and can contain a variety of vegetation; given these
characteristics, dam environments can be naturally conducive to use by wildlife. Through their natural desire
to create dens, search for food or escape predators, wildlife burrow, graze, root, and traverse the embankment
as if it were natural field or forest. These activities cause a host of damages to the dam and can even lead to
piping and dam failure. In general, there are three main serious effects that wildlife activities can have on
earthen dam: hydraulic alteration, structural integrity losses, and surface erosion.

Thus, the summarizing of the above mentioned risk factors and consideration of stated below statistics
once more shows topicality of dam destruction issues in South Caucasus (list not exhaustive):

v' 14 May, 1987. Earthen dam-break event happened in neighbor Georgia. 11.9 meters dam of Cghneti
dam near Tbilisi city destroyed.

v" Summer, 1987. Earthen dam-break event happened in neighbor Armenia. 20 meters dam on Bazar
River damaged, The flash floods damaged villages of Gubadli district of Azerbaijan.

v" May, 2010. The bank protection embankment of Sarisu lake in Azerbaijan damaged.

v 30 October, 2016. 17.5 meters Goytepe dam has damaged. Flash floods damaged houses and bridge
in the Privolni village in Djalilabad district of Azerbaijan.
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Last accident happened in the small Goytepe dam in Azerbaijan, actualized the issues of identifying of
dam destruction risks in time and developing of forecasting measures. According to the President’s Order
dated 14 November 2016, the State Commission has been made in order to learn and improve the
exploitation conditions of large reservoirs in Azerbaijan [5].

Dam safety during military conflicts

There have been various bomb attacks on dams [6, 7]. Most of these attacks occurred during military
conflicts. A review of literature indicates that most of the attacks have been against both earthen and
concrete dams. While a localized failure will not necessarily lead to breach of a concrete dam, the localized
failure of an earthen dam has a potential to develop into full dam destruction through overtopping.

During the conflict in the Balkans, the Serbian forces planted high tonnage explosive (Trinitrotoluene)
on the Peruca Dam located in Dalmatia, Croatia, in January 1993. The dam was repaired and brought back
into operation in 1996, three years after the damage caused by the Serbian forces [8].

In August, 2014 terrorists occupied the largest Mosul Dam on the Tigris River, in Iraq. As a result of the
military conflict the dam has been partially damaged and can collapse at any moment.

Absence of dialogue and trust between the conflicting parties the critical infrastructure of water
resources management turns to the tool of pressure to the enemy. The basin states located on river upstream
have a favorable geographical location and by all means during the military conflicts want to use this
advantage. This is acute problem for Azerbaijan.

After the al-Qaeda attacks 9/11 September 2001 many developed countries and international agencies
are taking measures to reduce this possibility through risk and vulnerability analyses and security measures.
However, studying of the scientific and technical literature shows that the given problem for earthen dam has
not yet been developed. The presented paper is first attempt of numerical or computational analyses of the
impacts of explosive attack scenarios for the Kura River basin earthen dams.

Unlike a peacetime, in the conditions of military conflicts, it is necessary to analyze risk and
vulnerability to bombing explosions. Such blast-assessment is spent taking with a glance of dam type and
aiming point of bomb explosion.

As a rule, earth dams on Kura River basin were built of inhomogeneous soils with different grain-size
composition.

In the report will be considered various scenarios of explosions:

v' over a dam body;

v over the water reservoir;

v" on slopes of hillside adjacent to dam;

v’ act of terrorism (explosion) in a dam body.

In each considered case, on the basis of the analysis of a direction of explosive physical forces carried
out modeling of the crater formation in dam body.

In the conclusion mitigation measures will be stated.

MITIGATION MEASURES

If earthen dam is found to be vulnerable to the impacts of an explosive blast or terrorist attack,
mitigation measures should be implemented to reduce the risk of adverse consequences to acceptable levels.
This is consistent with general geotechnical dam safety assessments in which mitigation measures would be
designed and implemented if the risk over global stability failure, piping or seismic stability were concerns.

For the above described threat scenarios, some mitigation measures are possible (site access, operational
protocols and structural improvements). These measures will be discussed in the slide presentation.
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Hydraulic engineering and irrigation
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BALANCE OF SEDIMENTS
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Annotation. Dependences between hydraulic parameters of the cross-section of channels are often
used in the system of equations in solving problems of the channel process, including bed-formation
phenomena. When replacing the average speed of the wetted perimeter and the area of the effective cross-
section through the width and depth, complex expressions are obtained. The use of their differentials,
especially in motion equation, creates serious inconveniences and difficulties for the solution. On the basis of
the carried out investigations, under conditions of observing sediment balance, simple expressions for the
depth, average velocity and area of the effective cross-section were obtained. The applicability and reliability
of the proposed dependencies for the practically possible cases of channel erosion is justified by an analysis
of the results of numerical calculations.

Key words: flow, cross-section, width, sediment balance, parameter.

INTRODUCTION

Dependences between hydraulic parameters of the cross-section of channels form an integral part of
the system of equations which are generally used to solve many problems of channel process, the more
channel-forming phenomena. Using these dependencies, the average velocity, wetted perimeter and area of
the effective cross-section are replaced by the depth of the stream and the channel width. However, even for
a rectangular cross-section, the functions
h=1f (A, x) and b = f (A, %), and even more so their differential forms are rather cumbersome and
inconvenient for use in differential equations of nonuniform motion and deformation of the channel [1, 2].

OBJECTIVE OF THIS WORK

The purpose in view is to derive simple relationships between the hydraulic parameters of the cross
section under conditions of observing sediment balance along the flow length.
RESULTS OF THE STUDY. For the rectangular cross-sectional shape of the channel, the area, the wetted
perimeter and the average velocity of the effective cross-section in the dimensionless form are determined by
the following dimensionless dependencies:

A=pfy-b-h (1)
z="0 (b+2m) )
Bo+2
— 1
V=— (3)
A
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. b L
where the coefficient f, = h—o , and for dimensionless values we have
0

R N LA Uy R Y )

b, b, 4, Xo Vo 4 0,
Here, the linear dimensionless scale assumes the width of that section of the channel by, where, due to the
maximum  loading of  the stream, the sediment does not  have  bedding.

It follows from Eq.(2) that

X = ) &)

P b(1+22’j—ﬂ° P2y

fo+2 b) p+2 B
where the coefficient =5 /h =b/h.

Under conditions of observing sediment balance, a qualitative and quantitative analysis of numerous forms in
calculation of the sediment carrying capacity of the flow was carried out in the work [3]. As a result, the
following dimensionless regularity is obtained between the area of the effective cross-section and the wetted
perimeter

—a
x =4 (6)
According to the analysis of [3], the indicator a for mountain streams varies in the interval 3 4. Then, taking
into account the dependence (6) from (5) after simplifications, we get:

A
h(,mz ﬂOJ 1 1

= e v (7)
Bot2 Bo b Va
Let us denote the following by
Va
Po+2 B

The obtained Eq.(7) is transcendental (implicit), since thector  is represented by the relation b and

h . To simplify solution of Eq.(7), we will perform a quantitative analysis of the M value. Many full-scale
studies of the morphometric parameters of rivers show that a large range of variation of coefficients 3 or B is
possibly 1 to 12 [4, 5]. Against the background of these values, a numerical calculation of the M parameter
was performed. The results are listed in Tables 1, 2 and 3. The analysis of the obtained values of this
parameter shows that the greatest deviation from unity (more than 10%) is observed in cases where the

coefficients B, = b,/ h, and f =b/h differ from each other more than 3 times. This means that the width
of the natural bed in the transition area is narrowed by as many times. The practice of constructing bridge
footings and dams, bank protection structures and other transitions shows that the narrowing of the channel is
usually made within1,2 <), /b <1,5 [6, 7]. Proceeding from the above facts, it can be concluded that the

parameter M for practical problems of channel erosion can be taken equal to unity without significant
deviations. Then, instead of (9), we get

h = - %

B b Va

With this in mind, in particular, for the average value of the exponent a, equal to 7/2, the dependence
expressed by Eq.(9) takes the following form

)

11
h=— 5 (10)
ﬂo b7
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Table 1. The values of the parameter M as a function of the coefficients p and B, for a = 4

0 2 3 4 5 6 8 10 12
g
1 1.11 1.16 1.19 1.21 1.22 1.24 1.26 1.27
2 1.00 1.05 1.07 1.09 1.11 1.12 1.14 1.14
4 0.93 0.97 1.00 1.02 1.03 1.05 1.06 1.06
6 0.90 0.95 0.97 0.99 1.00 1.02 1.03 1.03
8 0.89 0.93 0.96 0.97 0.98 1.00 1.01 1.02
10 0.88 0.92 0.95 0.96 0.97 0.99 1.00 1.01
12 0.87 0.91 0.94 0.96 0.97 0.98 0.99 1.00
Table 2. The values of the parameter M depend on the coefficients p and f, for a=7/2
2 3 4 5 6 8 10 12
g
1 1.12 1.18 1.22 1.24 1.26 1.28 1.30 1.31
2 1.00 1.05 1.09 1.11 1.12 1.14 1.16 1.17
4 0.92 0.97 1.00 1.02 1.03 1.05 1.07 1.07
6 0.89 0.94 0.97 0.99 1.00 1.02 1.03 1.04
8 0.87 0.92 0.95 0.97 0.98 1.00 1.01 1.02
10 0.86 0.91 0.94 0.96 0.97 0.99 1.00 1.01
12 0.86 0.90 0.93 0.95 0.96 0.98 0.99 1.00
Table 3. The values of the parameter M depend on coefficients § and p, for a=3
2 3 4 5 6 8 10 12
2
1 1.14 1.22 1.26 1.29 1.31 1.34 1.36 1.37
2 1.00 1.06 1.10 1.13 1.14 1.17 1.19 1.20
4 0.91 0.97 1.00 1.02 1.04 1.06 1.08 1.09
6 0.87 0.93 0.96 0.98 1.00 1.02 1.04 1.05
8 0.85 0.91 0.94 0.96 0.98 1.00 1.01 1.02
10 0.84 0.90 0.93 0.95 0.97 0.99 1.00 1.01
12 0.84 0.89 0.92 0.94 0.96 0.98 0.99 1.00
Proceeding from expression (10), instead of dependences (1) and (3), we will have:
A=0b*" (11)
— 1
V=" (12)
b 7

Thus, rather simple dependences are obtained for determining the hydraulic parameters of the flow cross
section for those channel processes in which the sediment balance takes place. We note that the regularity (9)
agrees very well with the calculated expressions proposed for determining the maximum deformations of the
under-bridge bed, provided that the sediment flow rate is constant. The generalized form of these expressions
is represented by the following dependence [7]

a B
(2] (2)

where H, and B, are the depth and width in the natural section of the channel in the natural state, Qb is the
total flow rate, Q is the portion of the flow that flows between the two support holes.
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On mountain rivers, one-span bridges are mainly built, and therefore these costs are equal. For many authors,
the value of a is close to unity, and the average value of B is 2/3 [7]. It is easy to verify that, for a = 3,
expressions (9) and (13) completely coincide in qualitative terms.

CONCLUSION

The obtained regularities in calculating the depth, average velocity and area of the effective cross-
section can be used in the problems of predicting the parameters of the stabilized stage of channel
transformations, including the hydraulic calculation of bridge transitions.

The research was performed under scientific theme 11-30/15TSCSRA.
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Water management

THE FUNDAMENTAL RESEARCH OF DRINKING WELL
WATER POLLUTION

G. Chakhaia, L. Tsulukidze, T. Supatashvili, D. Kereselidze, N. Kvashilava,
Z. Lobjanidze, S. Gogilava, I. Khubulava, N. Giorgadze, O. Oqriashvili

Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University
Ave. Chavchavadze 60", Thilisi, Georgia, 0179
E-mail: gogachaxaia@mail.ru

Annotation. For assessment quality of well water used for drinking by rural population, have been
researched seven municipality of west Georgia, particularly Samegrelo region, where main sources of
drinking water is well water. It has been determinate as chemical pollutants also microbiological conditions.
For make fulfill conclusions researches is going.

Key words: well water, drinking water, pollution, rural population.

INTRODUCTION

The water resource has significant importance for maintains favorable living conditions of population,
normal functioning of the economy and maintaining the environment. Providing population, industry, energy
and agriculture is one of the priority tasks for the normal functioning of the countries.

The supply of good quality drinking water to the country's population remains an unsolved problem.
The sanitary-hygienic and technical condition of water pipe, individual wells, natural springs and small
power village type water pipes not satisfactory, the drinking water does not treats with chlorine, or this
process is violated. This promotes: intensively pollution of water supply sources, especially surface sources.
Most of the rural population does not receive the normative quality of drinking water [2].

To management of drinking water quality has big importance to use new technologies of water
cleaning and protection of quality standards. Recently, in Georgia only a small part of the population is
provided safe water supply. Rural situation is worse than in cities.

The source of contamination of water bodies is the modern agricultural production, as a result, a
significant number of pesticides are found in the water environment. As a result of natural environment
pollution, in the water may fall significant amount of organic substances used as pesticides and fertilizers [1].

The ground water mainly is messed up by industrial, household and agricultural activities. Especially,
danger is pesticides, which remain in water and in environment for a long time, which is toxic and ability of
migration on the far away. The ecological condition of ground water is depend on the locations and
protection of the watershed , where they are formed [3].

In the villages of Georgia approximately 100 percentage supply by spring water or well water ,,well or
spring water is fit and safe to drink " this view can often be erroneous.
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MAIN PART

All the above mentioned is important to be studded the ecological condition of ground water use for
drinking, especially in such region where is not water supply system.

To accomplish this, scientific- workers of Tsotne Mirtskhulava Water Management Institute of
Georgian Technical University were sent to seven municipalities of Colchis lowland on the Spring 2017 for
determining chemical pollutants in the wells water used for drinking by rural population.

Below is presented wells used for drinking by rural water nearby agricultural lands (see photos 1, 2,

mprove plant productivity.

Photo 1 Photo 2

Photo 3
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The analyzes of well water were been making on the site by the mobile chemical laboratory (CEL

Advanced Drinking Water Laboratory), the results of the research are given in table 1.

Table 1

The results of chemical analyzes of wells water used for drinking by rural population

CONCLUSION
Common
. . Depth, microbio- | Nitrite, | Nitrate, Phos- Iron,
Sampling place Coordinates PH . phate,
m logical mg/1 mg/l mg/l mg/l
pollution

Abasha vil. Sabokuchao | 4213328 | 4210794 | 5 | 7,15 1 0,026 | 058 | 48 | 0,072
Abasha vil. Sabokuchao | 4213363 | 4210819 | 5 | 6,85 4 0,01 05 | 1,72 | 0,14
Senaki vil. Nosiri 4215076 | 4208415 | 7 | 7,22 5 0,024 | 136 | 502 | 0,07
Khobi vil. Pirveli maisi | 4220393 | 4151785 | 8 | 7.3 3 0,03 | 078 | 2,01 | 0,011
Zugdidi vil. Chkaduashi | 4235392 | 4200774 | 4 | 645 2 0,003 | 2,05 | 12 | 1,58
Tsalenjikha vil. Phabrika | 4236693 | 4202189 | 7 | 642 3 0,0036 | 1,75 | 1,85 | 0,11
Tsalenjikha vil. Nakifu | 4236314 | 4205849 | 6 | 68 2 0,0032 | 125 | 14 | 0,028
Chkhorotsku vil. Patara | 4559071 | 4206914 | 8 | 645 8 00045 | 134 | 12| o
chkhorotsku
Ccl?gloorroo:ssﬁ vil Queda 100071 | 4206841 | 7 | 676 1 0,004 | 2,66 | 137 | 0
Chkhorotsku 4231398 | 4207784 7.2 0,0075 | 244 | 1,66 | 0,02
Chkhorotsku 4236287 | 4207108 6,89 0,01 | 2,06 | 24 | 1,47
Sﬂi’;ﬁgﬁ‘ vil. Queda | 1036602 | 4206707 | 7 | 6.6 2 0,022 | 1,68 | 1.8 | 132
Sﬁlgg’rﬁtﬁ vil Queda | 1000071 | 4206843 | 6 | 6.12 3 003 | 1,75 | 12 | 1,1
g:&:ig;vo 4224086 | 4221836 | 5 | 7.11 2 0,008 | 25 | 1,19 | 0,04
Zugdidi vil. Kakhati 422927 | 462124 6,99 77 0,002 | 22 13 | 0,08
Zugdidi vi. Darcheli 422603 | 414202 6,54 1 0,001 4 16 | 1,0
The maximum
admissible 10 0,2 50 3,5 0,3
concentration mg/1

According to of analyzes results, nitrite containing of wells water chosen for analyzer is in range
0,001 - 0,03 mg/l/, nitrate 0.5-22 mg/l, phosphate — 1,19-5,02 mg/l, results were compared with data of
technical regulations for drinking water, according to these phosphate content in some cases higher than the
MPC. During field works fixed some cases tinted waters, because in selected wells water were determined
iron too, according to the results show that the iron content in only one case was higher than the MPC, it is
about 4 times more. It certainly can not be considered a normal phenomenon and requires a pollution source
survey [4;5].

Because every chosen wells water are used for drinking, the results of the processing time also used
health Requirements for bottled drinking water quality, according which nitrite containing don’t be more the
0,005 mg/1. From our selected 16 analyzing wells nitrite containing are more the 0,005 mg/l in 7 well [6].
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What about microbiological pollution of well water its has been determine by fast tester of ULTRA
SNAP, according to it value from 0 until 10 is suitable of pour water, from 10 until 30 is needed attention,
and above 30 is pollution. As we can see from the results, only in 1 well discovered water pollution, that is
not normal and requires reesearch of pollution sources

REFERENCES

https://ekofact.com/2010/05/30/76/
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The technical reglament of drinking water.

Nitrate and nitrite in drinking-water. Background document for development of WHO Guidelines for
Drinking-water Quality.

6. The health requirements approval for bottled drinking water quality.
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Environmental protection

DETERMINATION OF KEY PARAMETERS OF TRIBUTARIES TENDING TO
TURN INTO MUDFLOWS AS IN THE CASE OF THE RIONI RIVER WITH A
VIEW TO TAKING MUDFLOW PROTECTION MEASURES

Z. Charbadze, N. Sukhishvili

Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University
Ave. Chavchavadze 60°, Thilisi, Georgia, 0179
E-mail: zemfira42@mail.ru

Annotation. With a view to implementing mudflow protection measures key geometrical,
hydrological and hydraulic parameters of the Rioni River’s water channels tending to be affected by
mudflows were investigated and assessed.

Key words: mudflow, catchment basin, slope of water channel, runoff coefficient.

Water channels being prone to mudflows drastically differ from normal mountain rivers by both their
hydrological and hydraulic regime and negative impact on the environment. The water channels of this kind
are distinguished by highly unusual nature of impacting on facilities as well as hardly predictable movement
through the river bed. These flows can stop even at the transit zone of a water channel and at the same time
continue their movement until the alluvial cone and even up to the confluence of a main river. Such
movement of mudflows significantly prevents us from taking effective measures against them regardless of
whether they are needed at the river head, transit zone or nearby the alluvial cone [1,2]. In this regard priority
is given to safety measures to be provided first for the population residing at the surrounding area and then
for the communication facilities, such as: railway network, motorways, high voltage lines and water
management system.

Based on the view provided above, the drastically distinguished water channels being prone to
mudflows, such as: the Duruji River, Telavi Gulley, Antoki Gulley as well as separate tributaries of the
Aragvi River Valley those of Dusheti Gulley, Chokhelt Gulley, Nadibaant Gulley, Arakhveti Gulley and
Mleta Gulley require special attention; including as well Laskandura Gulley and Kheledula Gulley in Kvemo
(Lower) Svaneti and Nagvarevi Gulley and Skhalta Gulley in Mountain Adjara.

In order to mitigate mudflow activity in the water channels mentioned above (as to make them
completely safe is not even considered) various capital as well as palliative and contemporary measures are
applied that requires key geometrical, hydrological and hydraulic parameters of these water channels to be
identified and evaluated. Successful implementation of mudflow protection measures mostly depends on
correct selection of these parameters that include an area of water catchment basin of the water channel,
difference in maximum and minimum levels of the water channel, length of a river bed, average slope,
average annual volume of solid runoff, disposition of existing hydro-facilities, etc. [5,6,9].

It should be noted that if anywhere around the world it is required to apply mudflow protection
measures in the regions tending to be affected by mudflows, one of the most vulnerable areas in this regard is
Georgia. However, mudflow protection structures located in our country are not enough to cover all danger
zones in order to prevent or mitigate emergency situations that might be caused by this natural disaster.

The analysis of literature sources and scientific research conducted demonstrated that on the territory
of Georgia the Racha region and the tributaries of the Rioni river that inflict great damage on both the
population (resulting even in the deaths of people many times) and agriculture and communication network
are less studied in this regard.
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With a view to alleviating a mudflow activity in the water channels mentioned above it is necessary to
investigate, select and evaluate those key geometrical, hydrological and hydraulic parameters that
significantly ensure a successful implementation of mudflow protection measures. These parameters include
an area of a water channel’s catchment basin, difference in maximum and minimum levels of a water
channel, a river bed’s length, average slope, average annual volume of solid runoff, location of existing
hydraulic structures, etc.

It should be noted that in the regions tending to be affected by mudflows it is required to carry out
mudflow protection measures. In Georgia mudflow protection measures are implemented in separate basins.

With the aim of assessing mudflow situations in the country as well as developing relevant protection
measures Table 1 was offered where the names and geometrical, hydrological and hydraulic parameters of
main water channels tending to be effected by mudflows are provided. Identification and prediction of these
parameters will allow us to reduce a destructive effect of expected mudflows for separate facilities at least to
some extent (see Table 1, Table 2, Table 3).

Table 1
Factors determining mudflow runoff

1. Name of water channel (left, right)
2. Area of catchment basin €2
3. Area of spots originating mudflows
4. Slope of water channel (average) |
4.1 | 17 of heading spot
4.2 | 12 of transit zone
4.3 | Alluvial cone /3
5. Average precipitation H (mm)
6. Runoff coefficient & =f(t,7)
7. Liquid runoff volume per unit area
W=100-a-H 3
~0.07-
8. Erosion coefficient ¥=1-0""
9| Liquid runoff volume ¥ (m3) W =100-a-H Q3
" Solid mudflow deposit S md
| Sr=VW (m’)
14 \V4
Upper level of confluence zone = 3
15 Lower level of confluence zone \Z
16 j— _
Lower slope of confluence zone i=(V;=Vy/t,
17 Average gradient of tributary i=(V,=Vy)/t
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Table 2

Key hydraulic parameters of tributaries as well as their separate spots (upper, transit zone and lower

zone with alluvial cone) tending

to be affected by mudflows

# |Tributary | Basin |Total River | Confluen | Average | Leng | Upp | Lowe | Zone slope
Left area |length head ce slope thof | er |rlevel| Vi -V
F |of level level V, -V, |zone level | of |! = . r
(km2) |tributar | V, (m) v, (m) = L of | zone 1
y L =|zone |V, =
L (m) V, =
1 |- 131 |25 000 2400 800 0.064
11 Upper zone
' 5000 [2400 [1860 [0.108
12 Transit zone
‘ 9000 | 1860 [ 1330 [0.058
1.3 Lower zone with alluvial cone
1000 | 330 [800 [0.048

Apart from physical and mechanical as well as rheological properties mudflows comparing with
normal water flows are characterized by anomalous velocity of 11-20m/min, 5-10m depth and what is more
important large size (50-90m) stones having destructive force (2,4).

Table 3
# | Tributary| Basin |Total River | Confluen | Average | Leng | Upp |Lower|Zone slope
right area |length head ce slope thof | er | level | v -V,
F of level level V-V, | zone level | of |!= 7L
(km2) |tributar | V, (m) Vv, (m) i= . L =| of | zone 1
y zone
L (m) vV, 4V, =
1 - 37 |11000 2300 800 0.136
L1 Upper zone
‘ 3300 2300 [1700 [0.181
12 Transit zone
‘ 3700 [1700 [1200 [0.135
1.3 Lower zone with alluvial cone
4000 [1200 [800 [0.100

While making hydrological and hydraulic calculations of mudflows it is extremely important to lay
down parameters including an initial resistance of flow, its depth, a configuration of a riverbed itself in a
plan as well as slope values on separate zones of riverbed. In case when the flow resistance is more than the
product of flow volume ratio, riverbed slope and the existing depth of the flow at the moment of its stoppage,
basic principles of hydraulic calculations of mudflow protection structures drastically differ from traditional
methods. Therefore, before making calculations of this kind it is necessary to define values of the parameters

provided above.
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Environmental protection

FORMATION OF COHERENCE/SUBSEQUENT MUDFLOWS
IN EROSION SPOTS

Z. Charbadze, K. Dadiani, N. Sukhishvili, B. Diakonidze
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of Georgian Technical University
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Annotation. Method formation of free survey curve for hyperconcentrated by the sediment debris flow
at the constantly discharge lengthways of natural non-prismatic river beds is offered.
Key words: Debris flow, formation of stream, uniform motion, non-uniform motion

Coherence high-concentrated mudflows are mostly formed in erosion spots of high mountain regions,
on the bare slopes of high gradient near mountain river heads following the long spell of drought. In this
case, nearly the whole surface of an erosion spot is covered with a thick layer of dust that becomes water-
resistant and during the period of torrential rains it streams down as a debris flow snatching large-size rocks
on its way [1].

The debris flow of this kind consists of rocky fractions, grit, plant waste and muddy components
hiding its rocky ingredients. Its 80-90% (in weight) consists of solid material and its 10-20% is water (in
coherence condition), mixture density is 1.8-2.3t/m’ and a driving environment is a mud-rock plastic
conglomerate of solid body that represents a body of rheological properties [1, 2].

This kind of nature of the flow can be described by the Shvedov-Bingham model [2, 3]:

du
r=roi,ud—y, )]

where, 7 _ is a value of tangential stress for a flow depth; 7 - is an initial resistance of a flow for shear; 1 —
a dynamical coefficient of a mass viscosity; u - flow velocity for y depth.

(1) Based on the dependence it can be concluded that the body of this type starts travelling under the
condition as follows:

T
2>3—2— (2)
pgHi
Where, p - is flow density; g - is acceleration of gravity; /1 - is a full depth of a flow; i -is a gradient of a
river bed.
1.€., when
2
7, <§Tbbedﬁ (3)
since 7, =y hi ,in case of existence of the so-called / - heart of the flow depth, the body normally starts
moving, i.e.
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h<—H. 4
<3 4)

where H - is a full depth of the flow.

Considering the model mentioned above, it is reasonable the integration to be implemented within the
space of a gradient layer and not along the whole depth of a flow as a velocity within the borders of the heart
of the flow is constant. Then, in order to calculate a flow rate we use the following:

2 % _
Q:BIZL[ J-z'(z'0 T)dr,

bed 1, H

i.e. taking into account the dependences 7, =y H i and 7, =y hi , after the integration we receive the

ab.
following:

0= £(p), ) where S =L (% -1+ (=) ©) f=1- _is a relaive depth

Thus, based on the dependences we received, a coherence (structural) flow starts moving from the erosion
spot under the condition as follows:

H h’ h h’ ,
—(1——]>5[1—?J,(7) ie. h<09H. (8)

If we use symbols O, and Q. for Newtonian and non-Newtonian liquid rates respectively, then as a
result of comparing the dependences (1.2) and (1.5) we receive the following:

Q,on. =30 f (D) )

Thus, based on (1.9), non-Newtonian liquid rate (O ) can be expressed by a Newtonian liquid rate O; . In
this case, the proportionality coefficient

K3 = 3f(ﬂ) ’ Le. Qnot.N. = K3QN. (10)
of specific values of the function f(f) can be taken from the table provided below.
Table 1
pB=h/H 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

(B 0.333 | 0.283 0.234 0.187 0.14 0.1 0.069 0.04 | 0.018| 0.0

Spots producing mudflows are usually placed at the heads of water channels tending to form
mudflows. Due to the wind influence as well as washing capacity of a water flow (heavy rain, intensive snow
melting, etc.), mountain rocks are being permanently destructed on the slopes of high gradient. Mudflow
masses of such origination accumulate at the heads of water channels in the deepened areas of erosion spots.

Let’s consider a micro mudflow motion from one of the representative mudflow spots. If we take a
friction coefficient of a “portion” of the mudflow “flowed down” from the spot as a constant value and its
depth as equal to ° hw ~, then the well-known continuity equation for the given concrete wave (in the

direction of motion with alternating mass) will be expressed in the following way:
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[ dhdebr.
q n— dt

where ¢', —is an intensity of rate alteration per length and width unit; flow height; ¢ — is time.

(11

Let’s assume that g', = const . Then the integration of (2.1) gives the following:

hdebn - ho = qr/z (t - tO) (12)
Index “0” corresponds with the initial conditions of the task.

It is common knowledge that a wave velocity me =3V, where V is an average velocity of the “portion” of

a mudflow while the stream motion is uniform, then considering that ¥ = Q/@ we will have the following:

2
Y, =8t 1) (13)

wav.
Vdebr.

i _is an averaged slope of the spots of high gradient where elementary “portions” of a mudflow mass are
directly formed at the velocity of:

@ — 3glh§ebrf(ﬁ) (14)
dt Vdebr.
If we merge (2.1) and (2.4), we will receive:

thv. _ dhdebr. /dt _ q'n Vdebr.

_ Ve (15)
dc  dc/dt 3ghl, f(B)
After the integration of which we will have:
I N
(. — 1) & (B) _ g (x—x,). (16)

Vdebr.
(16) The equation characterizes a profile trajectory of the wave surface.

REFERENCES

1. Gagoshidze M.S. Mudflow Phenomena and Fighting against them. Tbilisi, Publishing House “Sabchota
Sakartvelo”, 1970, p.385;

2. Natishvili O.G., Tevzadze V.I. Basics of Mudflow Motion. Tbilisi, 2007, p.213;

3. Wilkinson U.A. Non-Newtonian Liquids. Translated from English. M.: Publishing House “Mir”, 1964,
p.216.

26 G. 30HCLIN3SL LOLIRMBOL YISRMS 8IIB6IMBOL N6LBNDIBN); dSBIFI ROGZO IFIBIEDEHN)
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



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

25-27 August, 2017

Hydraulic engineering and irrigation
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RIVER BASIN AND GEOMORPHOLOGICAL PROCESSES
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Annotation. The purpose of this work is to review geomorphologic processes triggered as a result of
hydraulic engineering construction (dam) on the Chorokhi River and its tributaries that pose a great threat to
the Adjara region, and in particular, the Adlia-Batumi segment as its coastline might be washed away. In the
work it is studied and analyzed the factors of bank formation.

The view has been expressed that a solution to the existing problem must be basically sought in
pumping ashore by artificially spreading inert material.

Key words: waves, coastline, dams’ cascade, river solid deposits, geomorphological processes.

INTRODUCTION

Natural or artificial change in hydrological regimes of sea waves and river runoffs has a decisive effect
on formation of a coastline of seas and oceans as well as on its geomorphological and ecological processes
causing a delta formation at the river mouth, coastline erosion processes and major changes in regard to
environment protection as well the elimination of which requires significant investments and many years.

With the purpose of a morphological investigation of a coastline it is necessary to identify the amount
of bottom as well as float deposits brought into the sea by a river. The Rioni, Enguri and Chorokhi Rivers
deposits play a crucial part in formation of the Black Sea region coastline the amount of which was
significantly changing over the last century as a result of hydraulic constructions carried out on these rivers
and various human interventions in riverbed processes. These factors were followed by lots of problems that
currently remain unresolved and that are being now studied by a number of project and scientific research
organizations operating both within Georgia and beyond it. A special contribution to this activity was made
by Institute of Energy and Hydrotechnical Constructions of Georgia, Thilhydroproekti, Saktskalproekti,
Institute of Water Management and Engineering Ecology of Georgia, Georgian Technical University, LEPL
Thiltskalgeo, GAMA Consulting LLC, Bank Protection/Napirdatsva LLC as well as other organizations.

MAIN PART

The Chorokhi River originating in Turkey in the Okus-Badatsagi Mountains situated at 2700 meters
above sea level flows into the Black Sea to the south of Batumi in 6km away. The total length of the river is
438km (26km — within Georgia). At the river mouth it divides forming islands (Fig.1).
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Out of the rivers of the Black Sea basin of Georgia the Chorokhi River has the largest water catchment
basin with an area of 22100km” (including 2090km® — within Georgia).

The river basin is distinguished as well by gradient on average 30%o. River fall on the territory of
Georgia amounts to 56m. The width of the riverbed ranges between 48m and 900m (at the river mouth); the
depth ranges from 1,5m to Sm; while average velocity of flow ranges between 0,7m/sec and 2,5m/sec.

When affected by the storms of west direction dominating in this region the Chorokhi River deposit
travels along the Batumi coastline towards the north and reaches the Natanebi River mouth.

Based on the 1832 cartographic materials, two main branches of the Chorokhi River used to discharge
into the sea, to the south — nearby the contemporary confluence and to the north — in Adlia, at the confluence
of the Mejini River. Both river branches that were forming wide deltas divided into channels demonstrate
that the Chorokhi River at that time was quite abundant with an active hydrological regime. On the map of
1890 the north branch is cancelled — at that moment the north branch had already lost its connection with the
main system of the Chorokhi River and it was replaced by the Mejinistskali River mouth [3,5,6,7].

The Mejini River bank that had been moving towards the sea over the last 150 years retreated by
approximately 400m, washing-away pace in 1880-1926 was 5,2m per year on average and in 1926-1980 it
reduced to 2,2m per year.

The Chorokhi River discharge concentrated at the confluence of the south branch significantly changed
the litho-dynamics of the sea coastline. At the confluence area deep canyons and underwater alluvial fan
were formed that is intruded into the sea up to 30 km in length.

On the Chorokhi River, near the confluence of the Adjaristskali River, by the village of Ergesi a
Hydrological Watchtower had been operating until 1992. Near this watchtower the maximum fluctuation of
river level was 6,9m and average annual flow was ranging between 159m*/sec and 409m*/sec. It was at that
time when according to the data of Prof. R. Diakonidze 1% occurrence flow reached 4210m*/sec [2].

Coastline dynamics depends on wave regimes. Flow velocity along the coastline on the territory of
Adjara is 0,3-0,5m/s on average but when there is a strong wind it reaches 1m/sec. According to wave
directions, west waves amounts to 57%, north-west waves — 18%, south-west — 15%. Parameter values of
waves and their frequency are provided in Table 1. In 1997-2007 strong storms ratio drastically increases in
their total amount.
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Table 1. Values of wave parameters along the coastline of Adjara region

§ E Average values of wave parameters Wave frequenc)lf) according to direction,

2 2 ay/year

iE- gn Height Duration Length

% g 7.m = sec Z.m S/W W N/'W N N/E | Calm
0 _ -~ _ _ _ -~ _ _ 91
1 0,06 1,4 3,0 5,1 23,8 16,7 17,2 3,7 _
2 0,23 1,8 5,0 8,5 50,0 27,0 18,0 5,6 _
3 0,46 2,6 10,8 6,35 32,4 11,2 6,95 1,28 _
4 0,74 4,0 25,5 2,42 16,6 4,8 1,78 0,15 _
5 1,25 5,6 50,0 1,3 9,6 1,27 0,73 0,11 _
6 2,15 6,8 75,0 0,22 1,9 0,22 0,36 _ _
7 33 8,5 115,0 0,07 0,4 0,07 _ _ _
8 4,45 9,8 155,0 0,04 0,04 0,04 _ _ _

In the 70’s along the left branch of the Chorokhi river mouth with a view to protecting agricultural
lands against flooding an earth dam was arranged that made its confluence at the headwater of the
underwater canyon. Since this same period an inert materials factory started operating in the Chorokhi
riverbed the capacity of which amounted to approximately 0,5mln m’/year (basically, coarse fraction
material to form a coastline was extracted). As a result of this along the coastline of the Adlia-Batumi
segment a heavy deficit of deposit supposed to form a coastline occurred. Totally, in 1930-80 along the
Adlia-Batumi coastline more than 40ha area was washed away [3,5].

Based on the 1978 data out of 30mln m” solid deposits brought into the Black Sea by the rivers from
the territory of Georgia on average, the significant share with the amount of 17mlIn m’ falls on the Chorokhi
River only, which is 57% of the total amount of deposit [2].

In 1982-1990 from the washed-away areas of the coastline with the purpose of filling the deficit of
deposits, under the project of SPA (Scientific-Production Association) “Sakzgvanapirdatsva” a great
amount of coarse fraction material (6,3 mln m’ in total) was extracted from the Chorokhi River mouth (that
was filled during the floods and freshets). Out of the amount of the coarse fraction material mentioned
above, approximately 1,3 mIn m® was spread along the coastline of the Adlia segment. This material during
the previous years was being lost in the underwater canyon leading to erosion of canyon slopes and
correspondingly, resulting in its activation. As expected the material spread along the Adlia segment
supposed to form a beach being affected by the storms of dominating directions was moving towards
Batumi where it was forming beaches of full profiles.

In the 90’s in the upper part of the Chorokhi River hydraulic constructions being widely spread
across the territory of Turkey drastically changed a hydrological regime of the river. From 1998 the
construction of the Derineri arch dam with a height of 249m started (Fig.1.23). The dam was being
constructed in stages was finally completed in 2013.
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~ e,

Fig. 2. Derineri Arch Dam on the Chorokhi River (Turkey)

According to the 2017 data, on the Chorokhi River within the territory of Turkey 27 dams are
planned to be constructed in total (Fig.3.) that constitutes a major threat to the coastline of the Adjara
region. Out of the dams mentioned above except for Derineri dam, six dams including Muratli, Borchkha,
Artvini, Arkuni, Giulbaghi and Tortumi have already been constructed and put in operation.

1420
B

Fig. 3. Schematic section of the dams being in operation or under construction
on the Chorokhi River within the territory of Turkey

Width of the washed-away zone of the coastline along the left bank of the Chorokhi River mouth
amounted to 180-185m in 2007. And, only as a result of the bank protection works conducted in 2007-2011
it became possible to increase beach width up to 50-55m.

Meanwhile, in 2001-2007 the right bank of the river mouth was washed away more frequently, along
the Adlia segment the beach with a width of 125m was washed away. With the purpose of protecting a beach
in 2009-2012 inert material with the amount of 100 thousand m® was brought into the above mentioned area
from the Chorokhi riverbed as a result of which the beach width increased up to 30-50m.

More to the north, Batumi beaches increased only up to 2-7m. But, as this material is extracted from
the Chorokhi riverbed with almost no deposits remained in it significant activation of erosion processes is
expected at the water areas of the river mouth.

Besides, a collapsing situation has been emerged again near the Batumi Boulevard the most part of
which was washed out and destroyed (Fig.4).
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A* Vi ;
Fig. 4. Collapsed promenade near Adlia (2016)

Dynamics of the Gonio coastline is not homogeneous. In particular, if in 1984-2001 the width of a
washing zone near the Chorokhi River mouth amounted to approximately 60m while in 2001-2007 it reached
33-35m, in 2007-2011 beach width in the south and central part of Gonio increased by 4-10m. On this
segment the condition of beaches does not cause concern as yet. Although, after comparing the materials of
various periods it appeared that in this area washing-away processes are still being implemented [5].

For the time being liquid flow in the Chorokhi river basin within the territory of Georgia constitutes
200m’/sec on average per year. Average annual flows of the two tributaries of the Chorokhi River — the
Adjaristskali River and Machakhela River — that relatively constitute 52m’/sec and 18m?/sec discharge into
the Chorokhi river basin as well. The total volume of deposit of these tributaries supposed to form a beach
does not exceed 80 thousand m® per year. However, even these deposits cannot reach the sea as the river has
no capability to transfer deposits any more. The deposits settle in the Chorokhi riverbed and form islands at
the confluence area.

Within the territory of Georgia on the Chorokhi River Kirnati, Khelvachauri 1 and Khelvachauri 2
Hydro Power Plants (Fig.5) are being constructed while on the tributary of the Chorokhi River — the
Adjaristskali River — Shuakhevi, Koromkheti and Khertvisi Hydro Power Plants are planned to be
constructed (Fig.6).

KIRNATI 57

KHELVATCHAURI 1
4 3 KHELVATCHAURI 2

33
v,

Fig. 5. Dams being under construction
on the Chorokhi River within Georgia [6]
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Concrete Barage

H=5m Skhalta HPP

Supply Tunnel
Concrete Dam
H=22m

river Chirukhisckali Diversion Tunnel

Concrete Dam
H=39m

river Skhalta

Supply Tunnel Shuakhevi HPP

Concrete Dam

river Achariskali H=17m

river Achariskali

Fig. 6. Design Hesses on the Adjaristkali River [8].

In the very near future after the Hydro Power Plants mentioned above are put in operation, the
Chorokhi River will stop to provide the Adjara coastline with the deposits that are intended for forming a
beach for over the next 300-350 years.

REHABILITATION MEASURES FOR THE COASTLINE
OF THE ADJARA REGION

Following the regulation of the Chorokhi River a new extremely different stage of formation of banks
has started in the Black Sea region of Adjara that is determined by the factors as follows:

e A natural renewable source of the material forming a beach does not exist any longer as solid deposits in
significant amount are not brought to the Chorokhi River mouth;

e A sea coastline washing-away process at the river mouth became irreversible that will continue until this
coastline has a frontal shape against dominating waves and dynamical balance profile of a beach is not
determined by new fractional composition of deposits;

e Impact of an underwater canyon on the coastline will be reduced to minimum. A great amount of deposits
that was seized by this canyon is not brought by the river any longer. It is quite hard to predict a
geomorphological change caused by this occurrence;

e Along-the-coastline flow of deposits is formed at the expense of washing-away products of a river mouth
and adjacent transit zone.

Due to the lack of information regarding the operation of existing and planned dams as well as
volumes of deposits to be gained in future, the predictions made in this regard are quite provisional. In this
case the peak (flood) flows that will be released from the dams being in operation on a periodic basis, will
take on particular significance for deposit transportation.

In spite of the fact that there exists a prediction for the Adlia-Batumi coastline zone development up to
2025 as well as several schemes [4] for bank protection measures, we suppose that currently all these options
need to be proved in more reasonable manner. These measures should be implemented by taking into
account natural and anthropogenic factors. First of all it will be necessary to achieve a balance of deposits
intended to form banks artificially on separate areas of the coastline. And only on those areas where bank
strengthening will be impossible or less effective to implement by solid deposits, various types of bank
protection and deposit-directing constructions should be used.
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ArpomMenuopanusi

OCOBEHHOCTU ®OPMUPOBAHUS U PA3BUTUS AHTPOIIOI'EHHBIX
JJAHAIIA®TOB PABHUHHBIX PATOHOB ABEPBANI’KAHCKOHN
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Annomauyun. B crtatbe aHAIM3UPYIOTCS OCOOCHHOCTH (DOPMUPOBAHUS U Pa3BUTHUS aHTPOIOTCHHBIX
naHAmaTOB B Pa3IAYHBIX €CTECTBEHHBIX KOMIUIEKCAaX. A TakKe IJITAHOMEPHOE YperyJInpoBaHUE, CO3/IaHNe
arpOMPPHUTAIIMOHHBIX, CAJO0BO-IUIAHTAIIMOHHBIX H  OOrapHO-3eMIICACIFYSCKUX JTaHAMa(pTOB, IMyTeM
ONTUMH3AIINN XO3SHCTBEHHOW Harpy3KH Ha paBHUHHBIX peruoHax AzepOaiimkanckoi Pecryomukm.

Knwouessie cnoga: arpouppuraliioHHbIe JIaHAMA(THI, pallMOHAIbHOE TUIAHUPOBAHUE, MEINOPAIIS,
ONTUMU3ALUA, YPETYJIUPOBAHUE.

Agromelioration

FEATURES OF FORMATION OF ANTROPOGENIC LANDSCAPES THE
REGION OF PLAIN OF THE REPUBLIC OF AZERBAIJAN
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St. Zakhid Khalilov 23, Baku AZ 1148, Azerbaijan
E-mail: yaqub.qaribov@mail.ru, eyyubbeyli.gulnare@mail.ru

Annotation. The article analyzes the peculiarities of antropogenic landscapes in different natural
complexses. As well as the creation of the planned settlement agroirrigation, garden and plantation-and
rainfed agricultural landscapes through the optimization of the economic burden on the lowland regions of
Azerbaijan

Key words: agroirrigation landscapes, rational planning, reclamation, optimization, settlement.

BBEJIEHUE

Ananmu3  nmaHAmadTHO-METHOPATUBHBIX  yCJIOBHH  opommaemblx  perumoHoB  Kypa-Apasckoit
HU3MEHHOCTHU IIOKa3bIBA€T, YTO MEJIMOPATUBHBIE YCIIOBUS 37€Ch KpaiiHe HeONaronpusiTHbI U 00yCIIOBJICHBI
3HAYUTEJIbHOW IUIOIIAABI0  3aCOJCHHBIX II0YB TSDKEJIOrO0 MEXaHMYECKOr0 COCTaBa C  HHU3KHUMHU
(uIbTpalMOHHBIME ~ cBOiicTBaMH. K  aHTpomoreHHbIM (akTopaM, yXYIIIAIOMIAM MEITHOPaTUBHYIO
00CTaHOBKY, OTHOCHUTCS HEYIOBJIECTBOPUTEIBHOE COCTOSIHHE HPPHUTAllMOHHOW CETH, HeCIJIaHHPOBaHHBIE

Oopo1racMbI€ Y4aCTKH, YpE3MEPHaAs MMPOTIKECHHOCTD HCO6HI/IHOB3HHLIX KaHaJIOB U T.H.
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OCHOBHAA YACTD

B apuasbix permoHax AsepOaiipkaHa W B yacTHocTH Kypa-Apa3ckod HU3MEHHOCTH YCTOWYHBEIC
arpou3MUecKue CBOMCTBA MOYBO - TPYHTa M BBICOKOE IIOAOPOAME HAOIIOAAIOTCS MOJA TYTOBHUKAMH,
BUHOTPAJAHUKAMH U JIECHBIMH HACaXACHUSAMHU. OTO OOBACHSETCS 3aMETHBIM HAKOMJICHHEM B HHUX
OpPraHUYEeCKOTO BEUIeCTBa, MOUIHBIM pa3BUTHEM Onomacchl. OcCo0EHHO B NPEATOPHBIX HAKIOHHBIX
paBHHMHAX, B €CTECTBEHHO-IPEHUPYEMBIX yJIacTKaX, IJ€ MOYBO - FPYHT UMEET BBICOKYIO (HIBTPALIHOHHYIO
CHOCOOHOCTB, POpMUpPYETCSi CBOCOOPa3HbIN arpOMpPPHUTAlIMOHHBI TOPU30OHT. MOIIHOCTh 3TOrO TOPH30HTA
ONpesensieTcss He TOJbKO NPUPOAHO-XO3IUCTBEHHBIMH YCIOBHUAMH, HO W JaBHOCTBIO OpOILIEHUS.
HccnenoBanust moKa3pIBarOT, YTO HA OCHOBHBIX arponaHamadrax: Myranckoi, Munbckoi, LllupBanckoii 1
lapabaxckoil paBHHUH camMble ONaronpusTHbIE YCIOBUS B (DOPMUPOBAHMU W PA3BUTHU DKOJOTHUYECKH
YCTOMYMBBIX arpoOKOMILICKCOB, CO3IAIOTCS Ha HE3aCOJICHHBIX MOYBOrpyHTaX (YpPOBEHb TI'DYHTOBBIX BO[-
Oomee 1,5 M) mpHW cojpepKaHWM BOJOIPOYHBIX MakpoarperatoB (Oomee 0,25 MMm) okomo 60-80%,
mukpoarperaTtoB (MeHee 0,25 mm) okono 30-40% mpu BraroéMkoctTé (0T MAaKCHMAIbHOM MOJIEKYJISIPHOI 10
nonesoit) okomo 1,0-1,5 r/cM’. B apuAHBIX YCIOBHAX C LEIbIO YIyYMICHHS H yPEryIHpOBAHHS
arpou3NYecKuX CBOIMCTB MOYBO - TPYHTA, a TAKXKE IMOBBIMLECHUS YP(PEKTHBHOCTH MEINOPALUH 3aCOJICHHBIX
U COJIOHIEBATHIX MOYB TSHKEIOT0 MEXaHMYECKOTO COCTaBa HEOOXOANMO MOBBIIIATH BOJOIPOYHOCTH MTOYBO -
IpyHTa, CIIOCOOHOCTh HAaKOIJICHHS M COXPAHEHUs MOYBEHHOW BJIAaru myTeM oOpaOOTKM B BEreTallMOHHBIN
IIEPUOJ U IIPOMBIBKH 3aCOJIEHHBIX y4acTKOB, CO3/laBaTh CUCTEMY IIOJIC3ALUTHBIX JIECHBIX II0JIOC U BBOJUTH
MMOYBEHHBIE CEBOOOOPOTHI, PEryIHpPOBaTh NPUMEHEHUE MUHEPAIBHBIX U XUMHUYECKHX YIOOPEHHH, IIUPOKO
PacIpoCTPaHATh NPOTUBOIPO3UOHHBIE MEPOIPUATHS U XUMMUYECKYI0 MEJIHOpAalUio, HAIpaBICHHYIO Ha
00pBOY € MPOIIECCOM 3aCOJICHUSI TTOYB.

O0paboTka MHOTOYMCIICHHBIX JAaHHBIX ITOKa3bIBA€T, YTO MPOAYKTHBHOCTH AarpOMpPpPUTALUOHHBIX
naHqadTOB BO MHOTOM 3aBHCUT OT HOPMAJIbHOTO OOECHEYeHHsT OpOILAaeMbIX I0JIel 3eJIeHBIMHU
HacaxxaeHnusimu. Ha IllupBanckoit paBaune kaxasie 100 ra arponangmadTa umerot B cpeaneM 0,07 ra, a B
Myranckoit u CanbsSHCKOW cTemsax, a Takxke B HOro-Bocrounoii 1lupsann-0,04-0,05 ra mecHsx monoc. B
OTAeNbHBIX MaccuBax Kypa-Apa3ckoii HHU3MEHHOCTH W IPYTHUX apUAHBIX PETHOHAX PEeCIyOIMKH 3TOT
mokasarenb konebnercs B npeaenax 0,01-0,11 ra. B mogymycTBIHHBIX U CyXOCTENHBIX arpojanamadrax s
COXPaHEHUSI OTHOCHUTEJIBHOI'O PAaBHOBECHsS MEXIY €CTECTBEHHBIMHM M HCKYCCTBEHHBIMH OHOLIEHO3aMH
HEOOXOIMMO YBEJHYUTh CYIIECTBYIOIIME IUIOMAnM JecHeIXx moimoc B 10-15 pas, a B OorapHo-
3eMJIe[IeNIbYeCKUX MaccuBax - B 3-5 pasa. [lo Hamemy mHeHuto, Ha kKaxzaele 100 ra maxoTHBIX 3eMejb
CIeyeT co3MaTh MUHUMYM 1,2-1,5 ra JecHBIX moJjoc.

VHTEeHCHUBHO HCIIONB3yeMbIe arpoaHAIadTel OXBATHIBAIOT HEOPOIIAEMBIE, OpOIIAEMble IOJIEBBIE,
CaJIoOBO - TUTAHTAIMOHHBIC KOMITIEKCH. OHH IMHPOKO pacmpocTpaHeHbl BIoyib pp. Kypa, Apas, I'efigaii,
Typuanuaii, Teptep u np., a Takxke KpynHeix kaHanoB (Bepxue-lllupBanckoro, Bepxne-I'apabaxckoro,
Cpennemyranckoro, Cabupckoro u 1ap.). B apumHeix ycmoBusix AsepOaiimkaHa ¢GopMupoBaHue
arpoOMpPPHUrallMOHHBIX JIAaHIMA(TOB 3aBUCUT OT CTENEHHM MCKYCCTBEHHOTO YBIAXHEHHUs. VIMEHHO 3TOT
(hakTOp ompeseNseT OCHOBHBIC TEHJCHIIMU DBOJIIOIUU Oa3MCHBIX JaHamadtos. 3a mocieanue 20 - 25 mer
IJI0MIa{b HHTEHCHUBHO HCITONB3yeMbIX TaHmmadToB Kypa-Apazckoit HU3MEHHOCTH YBEIHYIIACH B 2,5 pasa,
COOTBETCTBCHHO IUIOIIAAb HEPEryJIsipHO HCHOJb3YeMbIX JaHJAPTOB 3HAYUTEIBHO YMEHBIIMIACH.
Bbnaronaps yero, KO3 QUIMEHT aHTPOIIOTEHHOCTH OTAEIBHBIX ECTECTBEHHBIX TUIIOB JaHAMA(Ta COCTABISET
okoJio - 0,8 - 0,9 [3].
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MIQYAS 1: 380 000 L o e

1- 19 NnpaKTUYeCKH HEM3MEHEHHbIE NaHaWadTbl

20 - 31 HeperynapHo UCNOAb3yEMbIE NaHgwadTel
32 - 41 BTOPMYHO - NPOU3BOAHbIE NaHaWadThl

42 - 50 MHTEHCMBHO MCNOAb3YEMbBIE NaHAWaOTEI — 3
51 - 62 OCHOBaTENbHO U3MEHEHHbIE NaHAWadTh! ~ *

33100100

Puc. | CoBpeMeHHEIE aHTPONOreHHbIE NaHawadTel HukHe KypuHCKOW paBHuHb! (A. A. FTapubos)

WHTEeHCHMBHO MCTONB3yeMble arpojaHamadTsl ¢ MOMEHTa CBOEro (JOPMHUPOBAHHS MPEBpAILAIOTCS B
YIOPaBIAEMYI0 CUCTEMY M HaxXOAATCS IO PEryJSpHBIM BO3JEHCTBHEM dYeloBeKka. Ejxeromnele pacnamiky,
OpoHMBaHHE, KOPUEBKA, OpPOIICHNE, BHECCHUE OPTraHWYeCKUX M MHHEPaJbHBIX YAOOpEHHH, CEHOKOIICHHE
CEJIbCKOXO3SMCTBEHHBIX PACTEHHMH M T.O. OOHOBJSIOT BTOPUYHBIE (DPUTOLEHO3BI, BO3HUKAET MOIIHBIN
arpouppurandoHssiii ropu3oHT (0,5-1,5M), a Takke BOSHUKAET Psili HEeXKEIaTeIbHBIX MPOIECCOB, TAKUX Kak
HppUTalliOHHAsI 3PO3Hs, BTOPUYHAS 3aCOJIEHHOCTH U 3a007104eHHOCTS (3).

Ha opomraemeix arpomanmmadTax Myranckoii, [llupsanckoii, ['apabaxckoit, MUIbCKOH paBHUH H
Oro-Bocrounoii llupBanu ronoBas aMIuiMTyAa KojieOaHusi ypoBHS TPYHTOBBIX BOA gocturaet 1,5-2,0 m, a
HEOPOIIaeMBbIX MOJIYIYCTHIHHBIX - He BbIme 0,5 M.

B  Bricoko-aHTpomoreHn3upoBaHHbIX  (0,8)  CyXOCTEMHBIX,  apUIHO-PEAKONECHBIX,  JIECO-
KYCTapHHUKOBBIX, IONYMYCTBIHHBIX JaHAmAaQTax TMPEIrOpHBIX, HU3KOTOPHBIX W HHU3MEHHBIX pPaiOHOB
Asep0aiipkaHa 1MoJ| BIMSIHUEM OPOIICHUS, pacHamikd, GUTOMETHOparuu (pOPMUPYIOTCS pa3HOOOpa3HbIC
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BapHalll arpoTEXHOI€HHOIO0 MPOMCXOKICHHS. 31€Ch Ha BOJHHUCTBIX, XOJIMHCTO-TPSIOBBIX, CHJIBHO
pac4JIieHEHHbIX PaBHHHAX KallTAaHOBBIE, CEPO3EMHBIE, JIyTOBBIE, CEPO3EMHO-IIyTOBBIE, CEpO-Oypble U Ip.
MOYBBI (POPMHUPYIOTCS THAPOMOP(HBIE IPU3HAKH, U MOILHBIE arPOUPPUTALIOHHbBIE TOPU30HTHI.

HckyccTBeHHOE yBIIAKHEHUE TIOYBO - TPyHTa HA JPEBHE OPOIIAEMBIX YACTAX KOHYCOB BBIHOCA PEK U
ME)XKOHYCHBIX TMOHWXEeHUAX pp. Typuanuait, ['eituaii, 'upnpimanuaii, Teprep, Axcy, Kennenanuait u ap.
ycuiuBaeT runpomopduzanuio nanamadTa. IloBcemecTHO Ha CepO3eMHBIX, CEPO3EMHO-TYTOBBIX, CBETIIO-
KallITAHOBBIX, CEPO3EMHO-OYPBIX U JIp. TIOYB 00Pa3yroTCs KyJIbTYPHO-TUAPOMOP(HBIE TOPU30HTHI, BMECTE C
OJHOBUIOBBIMU arpoLEHO3aMH Pa3BHBAIOTCSI BTOPUYHBIC COPHBIE 3aPOCIH, COCTOSIIUE W3 HETO(QUTHBIX U
rasio(pUTHBIX COOOIIECTB.
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HccnenoBanus no u3yyeHuro 3emMiau

BJIUAHHUE 'EOJUHAMAYECKHUX TPOHECCOB HA CTABHJIBHOCTbD
I'EOAE3NYECKHUX ITYHKTOB B ABEPBAUI’KAHE

T'og:xxamanos M.I'., Ucmannos A.U., barmanos 3.A.

baxunckuii I'ocyoapcmeennvlil Ynusepcumem
Yn. 3axuo Xanunoe 23, baxy AZ 1148, Azepbatioxrcan
E-mail: mgodja@yandex.ru, alishir5701@mail.ru, zahidbagmanov@mail.com

Annomayus: B naHHOW CTaThe MPUBEACHBI CBEIECHUS O TEKTOHHYECKOM ITOJOXKEHUU TEPPUTOPHH
AzepOaifkana, MHTEpPIPETAIMA PE3yIbTATOB MOBTOPHBIX HUBEIMPOBOK Ha ATMIIEPOHCKOM IOIyOCTPOBE,
TPsI3EBBIX BYJKAaHAX, PACIPOCTPAHECHHBIX B MPHUOPEKHBIX paiioHax Kacmmiickoro Mopst U ceCMHUYECKOH
cutyaruu B PecriyOnmke. B niensix M3y4eHus reouHaMHUYECKUX MPOIECCOB B HaMOOJee CEHCMOAKTHUBHBIX
30HaX AP co3maHbl MeCTh T€OAMHAMUYECKHX MOJIMTOHOB. B cTaThe onmucaHpl X OCOOCHHOCTH CO3JaHUS U
BIIMSTHHSI HA CTAOMIIBHOCTD I'€0Ie3NYECKHUX ITYHKTOB.

Knioueevle  cnosa:  reone3nyueckass — CceTh, TEKTOHUKA,  CEMCMHUYHOCTh,  ANIIEPOHCKUN
MI0JIyOCTPOB, T€0INHAMIYECKHE TPOIIECCHI.

Studies of the Earth

THE INFLUENCE OF GEODYNAMIC PROCESSES ON STABILITY
GEODETIC POINTS IN AZERBAIJAN

M. Gojamanov, A. Ismailov, Z. Bagmanov

Baku State University
St. Zakhid Khalilov 23, Baku AZ 1148, Azerbaijan
E-mail: mgodja@yandex.ru , alishir5701@mail.ru, zahidbagmanov@mail.com

Annotation. This article provides information about the tectonic situation of the territory of
Azerbaijan, the interpretation of the results of repeated leveling on the Absheron Peninsula, mud volcanoes
common in coastal areas of the Caspian sea and seismic situation in the Republic. In order to study
geodynamic processes in the most seismically active areas AR created six geodynamic polygons. The article
describes their create features and influence on the stability of geodetic points.

Key words: geodetic network, tectonics, seismicity, Absheron Peninsula, geodynamic
processes.

BBEJAEHUE

l'ocynapcTBeHHast reone3nyeckass ceTb, €ciu e CHCTeMarndecku He OOHOBIATH M HE
COBEpIICHCTBOBATh, MOCTENIEHHO CTapeeT, yTpaurlBaeT YacTh MMyHKTOB, TEPAET TOYHOCTH B OTAEIbHBIX

e€ JacTsax, 0cOOEHHO M3-32 COBPEMEHHBIX JIBUKEHHI 36MHOUW KOPBHI.
OCHOBHBIMM OYaraMM COBPEMEHHBIX [IBM)KCHUI 3eMHOW KOphl Ha TeppuTopuH AsepOailkaHCKon
PecrryOnmku (AP) sBRSiIOTCS SIBIIEHUST TEKTOHHMYECKOTO XapaKTepa, BBICOKAas celCMHUYecKas aKTHBHOCTE,
HAJINYHME 0YaroB 3€MIICTPSICCHUH U TPS3EBYIKAHNYECKUX HU3BEPKEHUH, pa3lIuuHble BO3ACHCTBHUS Ha (POpMBI
penbeda, BEI3BaHHBIE TEXHOTEHHBIMH U aHTPOTIOT€HHBIMH MTPOIIECCaMH.

PaGora Bemonnena B pamkax rpanta EIF-KETPL-2-2015-1(25)-56/27/2-M-16 ®onna Passutus Hayxu
npu Ilpesunente AzepOaiimkanckoii PecryOnmkm.
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1. TekTOHHYeCKOE MOJIOKeHHEe A3epOaiiIKaHa

TexToHnyeckoe TmonokeHue A3sepOaiipkaHa B oOmield crpykrype KaBkaza W compenenbHBIX
CKJIaIyaThIX 00JlacTel ompeaemnsieTcss OCHOBHBIMH CTPYKTYPHBIMH KOMIUIEKCAMH: METaHTUKIMHOpPaMH
bonpmoro u Manoro KaBkaza (BOCTOYHBIE OKOHYAHHWS) M pazaendomuM uxX KypHHCKMM MeXTOpHBIM
mnporu6om [1,2]. OTu CTPYKTYpBI YXOAAT IOA HOBEHIINE OTJIOKEHHUS MEpUANAIbHON nenpeccun Kacnus.

Kacnniickoe Mope pacroyio)keHO Ha CThIKE KPYMHBIX Pa3HOPOAHBIX T€OCTPYKTYPHBIX 3JIEMEHTOB
Ceseproro Ilpukacmus, Kaskaza, 3akacrma (Kasaxcrana, Typkmenucrana) u CesepHoro Hpana.
Kacnuiickas Bnaguna coctout u3 nByx BnanuH: Cpeane-Kacnuiickoit u FOxxno-Kacnuiickoi, pa3ieneHHbIX
Anmepono-IIpudanxanckoit 30HOM MOJIOABIX MOIHATHMA.

AHanu3 reoJorn4eckoro crpoeHus AsepOalikaHa MOKa3bIBAET, YTO HBIHE HAOIIONAEMbIC Pa3IOMBI
IyOOKOT0 3aJI0)KEHUSI UMEIOT 3HAYUTEIbHYIO MPOTSKEHHOCTh U, TPOCTHPASCh B OCHOBHOM C CEBEpO-3arajia
Ha IOT0-BOCTOK U C CEBEPO-BOCTOKA HA FOT0-3amajl, pacceKaroT BCio Tepputopuio Pecyonuku (puc.1).

B Manom KaBkaze coBpeMeHHBIE IOBMKEHHS HOCAT Au((epeHIUpOBaHHBIN XapakTep W, €ClIH B
KpalHUX TOPHBIX 30HAaX MPOHMCXOAAT MOIHATHA CO CKOPOCTBIO 4-5 MM/ToJ, TO BO BHYTPEHHHX 30HaX,
HaoOopot, omyckanus 0,1-1mMm/roa[2]. Ha Kypa-ApakcuHCKOW HH3MEHHOCTH B LIEJIOM IPOUCXOIUT
OIyCKaHHue, U ero CKopocth a0xoauT 10 0,5-5 MM/roa, Ha Munb-Kapabaxckoii HaKJIOHHOW paBHUHE 0OIast
CKOPOCTh COCTaBJISIECT 2-3 MM/ToA. B AKMHOYPCKOH 30HE IMPOUCXOAUT AP QPEpEeHIIHATIbHOE MOAHITHE CO
ckopocThio 4-6 Mm/ron. ['aHbIX-Arpuuaiickas 30Ha, PacloJIOKEHHAS MEXIy AIKHHOYpoM W bombmmm
Kapkaszom, Tarke sBisercs 30HOM mnomgHsaTus (4 Mwm/roa). OTMEUYCHHBIE TEKTOHHYECKHE IIPOIECCHI
OCTaBJISIIOT CBOM OTNIEYATKH B IPOCTPAHCTBEHHBIX MOJOKEHUSIX T'€0AE3NUECKUX ITyHKTOB.

. o
N \2

\.{maxweaanu:b
\\\.‘ o,

Puc. 1. Cxema pacnosio:keHus IJIyOMHHBIX pa3jioMoB B AP [1]

1 - Cuazanckuii; 2 - I'ltapHokaBka3ckuii; 3 - Kalinapcko-3anruncknii; 4 - CeBepo-AKHHOYpPCKHIl; S-AxKu4daii-
Aunarcknii; 6 - Kypunckuii; 7 - IlpenmaniokaBkasckmii; 8 - Mposaarckmii; 9 - Kapataxckmnii; 10 -
Bamasidenbckuii; 11-AnkaBan-Cronnkcknii; 12 - HaxuueBanckmii. Ilonepeunsie: 13 - Xanpap-Xaudynakckuid;
14 - Mposnar-3oacknii; 15 -Teprepckuii; 16 - HuskHe-A pakcHHCKUIA;

2. I/IHTepl'lpeTaIH/lﬂ PE€3yJbTAaTOB HUBCJIMPOBAHUA

Pe3ynbTaTel TOBTOPHBIX HHBEJIUPOBOK ITOKA3bIBAIOT, 4YTO Ha AIIIIEPOHCKOM IIOIYOCTPOBE
TPOUCXOJIST 3HAYUTENIbHBIC JIBH)KCHHS 3EMHOH TOBEPXHOCTH. AHAIM3 HHCTPYMEHTAIBHBIX JAHHBIX,
MOP(OCTPYKTYPHBIX OCOOCHHOCTEH M T'eOJAMHAMHUKH IOJYOCTPOBA, IO3BOJMI YCTAHOBHTB, YTO OTH
JBIDKCHUS] IMEIOT TeKTOHUYECKYIO TIPHPOAY. B To e BpeMs, OmycKaHWe JIOKAIbHBIX yYaCTKOB, CBSI3aHHBIX
¢ Haubosee crapeiMu Hedrenpombiciamu B CabyHuax, Cypaxanax, Pamanax u bubusiibare (3a mepuon c
1912 r. mo 1962 rox obriee omyckanne 3eMHON MOBepxHOCTH Ha CypaxaHCKOM MECTOPOKISHHH JTOCTHIIIO
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2450 mMM), ObUIM HMHTEpHPETHPOBAHBI KaK pE3yJdbTaT [UIMTENBHOM HOObIYM HedTH M rasa, T.e. Kak
NPOSIBIIEHHE TEXHOTEHHOTO (hakTopa Ha (POHE YUCTO TEKTOHUYECKUX JABHXKEeHUH[3,4,5].

AzepOaifipkan ¢ mpuiieraromield akparopuedt Kacruiickoro mMops  mpeicTaBisieT OOIMIMPHYR 00J1acTh
pacrpocTpaHeHus IPsi3eBhIX BylkaHoOB. B permnone FOro-Bocrounoro Kaskasza nacuuteiBaercs 6osee 200, B
TOM YHciie 0KoJI0 30 TeUCTBYIONTNX IPSI3EBHIX BYJIKAHOB.

3. CelicMHYHOCTb TeppuTOpHHU A3epOaiikaHa

Tepputopust AzepOaiipkaHa W31aBHA OTIIMYAETCS BBICOKOH celicMUYHOCTRIO. Tak, paiioH r. lllemaxn
— HamnOosnee celicMoakTHUBHBIN MyHKT KaBkaza. Ouaru 3emierpsicenuii B AP paz0OpocaHsl MOYTH MO Bcei
Teppuropun PecnyOnuku. 3a mocieanue 25 neT NPOM3OLUTH 3€MIICTPSICEHMS] 3HAUYMTENBHOM CHIIOW — 7-
OamteHble TIO mKane Puxrepa: Kacnmiickoe (mait 1980 r.), Ucmamnmunckoe (Hos0pp 1981 r.), Kacnimiickoe
(mapt 1986 r.), Jlenkopanckoe (okTs0pp 1987 1.), Kacmiickoe (cenTs6psr 1989 r.), Ha rpanuiie ¢ MUpanom
(deBpans 1997 r.), Jlepukckoe (uronb 1998 1.), bakunckoe (Hos0ps 2000 1.)[6].

Ha puc.2 mpueneHa kapra SIUIEHTPOB 3eMIIETpsSCEHUN Ha Tepputopun AP, cocraBiieHHas 110
JaHHBIM aMEPUKAHCKOr0 reo(pH3MYeCcKOoro oomecTsa. 3a mocae Hux 22 rofga Yucio 3eMICTPSCCHUN C CHUIION
Tpu u Oomee OamwioB — 372, oOmee KOIMYEeCTBO TOMYKOoB — 1515 (B cpemHemM 3a TOX:

Konl—60  3emi—1u 17 . .
= — ), U3 HUX 3eMJIETPSACCHUI CHJION MATh U 6oJiee 6auoB — 75 ¢ KOIMYECTBOM

KOsl — 60 moaukose 69

9
TOTYKOB 242 (B cpenneM 3a rox —— ). lllemaxuHCKas SmuneHTpUYecKas 30Ha Ha (POHE APYTrUX BBIICIACTCS

¢ 9-OabHOM H30ceiTol, 8-0aiibHble M30cedThl: B IllemaxuHckoit, HaxndyeBaHCKOW 30HaX, Ha ceBepe
ArmmepoHckoro moiyoctpoBa, B Haropaom Kapabaxe, JlemkopaHCkoM paifoHE W B IMOTPAaHUYHOW 30HE C
Hpanom.

AHanu3 pacnpocTpaHeHUs 3eMJIETPSICEHUM TTOKa3bIBaeT BBICOKYIO ceCMUYHOCTh Kacnuiickoro mops,
MIpUYEM TOJIaBIISFOIIEe OOJILIITMHCTBO MUIEHTPOB 3EMIICTPSICEHUIN PACIIONIOKEHO B 3amaaHoH monoce[7].

A3EPBANJIKAHCKAS PECNYBITHKA
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Puc. 2. Kapra 3nuneHTpoB 3eMJ1eTpsiCeHU Ha TeppuTopun A3epoOaiiikana
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Jns baky m HekoTopwix paiioHOB A3zepOaiimxkana (Xsvi3pl, llleMaxa w np.) XapakTepHBI TaKxke
MEPUOINIECKUE OIOI3HEBBIE TPOIECCHI C OXBAaTOM 3HA4YHWTENbHON tuiomanu (B baky B 1998 romy
MIPOM3OILIN  OMOJ3HU C IUomanbo okomo 100 ra u rmybuHo#t mpumepHo 30 M), MPHUBOJAIINE TaKXKe K
nedopMalysiM reoIe3uIeCKUX CeTell B OTMEUYCHHBIX paliOHaX.

4. 'eonmHaMH4YecKHe MOJUTOHBI HA TEPPUTOPHUH A3epOaiifkaHa

B coBeTrckoe BpeMs B IENAX HM3YYEHUS T'€OJAMHAMUYECKOTO peXrMa B Haubollee CeCMOAKTHBHBIX
30HaX AP ObLI0 co3maHo miecTh reoamHamudeckux moymronoB (I'TIJ): Ammeponckas crencerb-80,
Illemaxuuckmii  reomuHamuueckuii  monuroH, [lpukacmumiickuit [JII, [AIl «lllexku-Kropmamupy,
Texunorennslit noaurod Ammepona, I'JIIT Azep6aiimkanckoit ADC (puc.3)[7].

Hanum nx Kpatkoe onvcaHue.

Anumeponckas cnencerb-80. crnonb3ys pe3yabTaThl MOBTOPHBIX HUBEIUPOBOK B Pa3IUYHbBIC TOAbI,
HCCIICAOBAaHBl KOJeOaTenbHBIC NBIDKCHHUS 3E€MHOM IOBEPXHOCTH AIMIIEPOHAa MHOTHUMH Y4YeHBIMH: A.A.
MzoroBeM, JI.A. Jlummenbeprom, M.H. Memepckum u ap. Pe3ymbTaThl HMOBTOPHOTO HUBEIHMPOBAHUS
MOKAa3bIBAIOT, YTO MOBEPXHOCTh AMIIEPOHCKOTO MOJyOCTPOBA MOBCEMECTHO UCIBITHIBAET HEPABHOMEPHYIO
nedopmaryio. B mieHTpanbHOM YacTH 3aperHCTPHUPOBAHO MaKCHMAIbHOE OITyCKaHHE CO CKOPOCThIO — 48
MM/TOJI, a Ha Mepu(epUIecKuX y4acTKax MOIyOCTPOBA - OHO CMEHSETCSI MHOTIa MOAHATHEM [3].

LAN Mpuwacrmickui (Tenace)

Puc. 3. Cxema PACOJ0KEHUA NT'COAMNHAMUYIECCKUX NMMOJIUTOHOB

HlemaxuHCKUHA TeoqMHAMHMYECKHIi MOJUrOH — co3fad B 1974 rogy B 10ro-BOCTOYHOMN 9acTH
bompmoro  KaBkaza. 3a mocmemame 150 mer 3aech 3apeructpupoBaHo Ooinee 200 3HAUMTETHHBIX
3eMJICTPSICEHUI, Cpel KOTOPBIX 0CO00 BBIACTSIOTCS KaTacTpoduueckue semiuerpsicennus 1859, 1869, 1872 u
1902 rT., MpakTHYECKH MOIHOCTHIO pa3pymuBiie ropon lllemaxa n nmpuBeamye K TuOe MHOTHUX JIECSTKOB
TBICSY JIFOJIEH.
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I'eone3nueckoil OCHOBOW MHCTPYMEHTAJIbHBIX U3MEPEHHUI COBPEMEHHBIX TEKTOHHYECKHUX ABIKCHUN Ha
MIOJIUTOHE SIBJISIIOTCSL TOBTOPHOE HUBENHMPOBAHHWE W TOBTOpHas TpuaHTyssimus. [lomuron cocrout wus
KapkacHoW HuBenupHod nuHuu | kmacca baky-Kropmamup u Tpex nuauii HuBenupoBanus Il kmacca:
Kiopmamup-Axcy, TI'amxueBo-Mapaza wu Mapasa-/lyBanHblid, a Takke JHUHEHHO-yIJIOBasi CETh,
pacnonoxeHHas Ha TeppuTopun lllemaxuHckoro paiioHa IJIs U3yYEHHUS TOPU3OHTAIBHOIO JIBMKEHHUA Ha
JaHHOW TEPPUTOPHUH.

[Mo cormacoBanmto ¢ Mucrturyrom [eonormn u reodusukm  HanmonanbHoit Axamemun Hayk
AzepOaitmxana (HAHA) Ipennpusitue Nel6 (I'VI'K) ¢ 1975 roga mo 1985 ron perymnsipHO BBINIOJHSIIO
BBICOKOTOYHBIE reofie3nyeckue uaMepeHust Ha 3tom I'J[I1 B Tpex mukiax JUHEHHO-YTIOBBIX U3MepeHHid [
kiacca, HuBenupoBanus | u Il kmaccoB. [Ipu 3TOM CTaBMIIMCH TakkKe HEIH OOHAPYKEHHUSI BO3MOMHBIX
MIPEIBECTHUKOB 3eMJICTpsiCeHUH. Pe3ynbpTaTel cpaBHEHHS W3MEPEHUH U3 Pa3sHbIX LUKIOB MOKA3bIBAIOT, YTO
Ha [emaxunckoM I'III mpoucxoauT MHTEHCUBHOE ABWXKEHHME 3€MHOM KOpPBI, KaK B BBICOTHOM, TaK M
IJJAHOBOM TOJIOKEHUSAX. B TedeHHWe MocneaHuX NecATHIETHH Ha IOJIMIOHE IMOBTOPHBIE T'€0AE3UMYECKUE
HM3MEpEHMS HE TPOU3BOAMIIHCE.

Ipukacnuiickuii reoJMHAMHMYECKUH MOJMIOH co3maH B 1981 romy Bmoib 3amagHOrO MOOEPEKbs
Kacnmiickoro mopst or Maxaukansl 10 Actapsl Ha Tepputopusix Jarectanckoit AP u AszepGaiimkaHckoi
PecnyOnmukxu. B xox HuBenupoBanus | kiacca ObulM BKIIIOYEHBI IPABUMETPUYECKUE IIyHKTHI ¢ OOBEKTa
“I"paBUMETpPUYECKHUE ITyHKThI [€OIOJIMIOHOB”. B MOJUIoOH BOLIUIN TaK)Ke HUBEJIUPHBIE JTMHUY, IPOJIOKEHHBIE
B 1950 r., 1971 r., vactmuno B 1912 r., 1936r., 1940-1944 rr., 1976 r. IlocienHue reoje3uyecKUe
W3MEPEHHsSI Ha ATOM ITOJUTOHE BBITIONHEHHI B 1982-1986 rr. Ha 06meM goHe HMEIOTCS pe3Kue YepeI0BaHus
B HalpaBJICHUH ABHKEHHUS 3€MHOM KOPBHI 110 JTMHUAM Maxaukana-Acrapa.

I'eomunamuueckuii mosuron «lllexku-Kiopaamup» co3gan B 1982-1984 rr., Ha OT0-BOCTOYHOM
Kaekase (paiionsl: Armani, Axcy, ['abana, 'eokuaii, Ernax, Memanmisl, Ory3s, Kropaamup, Y mxkap, lllekn) ¢
LEJbI0 BBISBICHUS TPEALIECTBYIONINX 3eMIIETpACEHHI0 aedopManuii 3eMHOW moBepxHOCTH. [lonmron
COCTOUT W3 JMHEHHO-YTJIOBOM CeTH TepBOro Kimacca, HuBenupHbIX guHuil 1 m I xmaccos. B 1985 romy
BBITIOJTHEHEI enle ABa IukKia (7 1 8 uukibel). Pe3ynpTaTel n3MepeHuii JaroT OCHOBaHUE TpeAroaraTh, 4To Ha
y4acTKe MOJUTOHA MPOUCXOIIT FOPU30HTAIBHbIE U BEPTUKAJIbHbIC ABIKCHHUS 36MHON KOPBI KOJIe0aTeIbHOro
XapakTepa.

TexHoreHHbIH MOJIUTOH ANIIEPOHA PACIIONOXKEH B palioHax Ao0buu HeTu u rasza JlokOaran, Ilyra,
Kymrxana Anmeporckoro moiryoctpoBa. B 1986 roxy BeimonHeH | mukin u3MepeHuit 1o HUBETHPOBAaHUIO | 1
II kmaccos. B 1987 rony ocymectsinen 11 nuxin uamMepennit Husenuposanus 1 u Il kmaccos.

['maBHO¥ Hay4HO-IPUKIAIHON 3a/1auell IPU OPTaHU3ALUHU 3TOTO MOJIMTOHA ABUJIOCH U3YUYEeHUE BIUSHUS
HWHTEHCUBHOM 100BIYM HE(TH U ra3a Ha IepeMEIIEeHNUs 36MHOM [TOBEPXHOCTH U YCTAHOBJIEHUE COOTHOLICHUI
MOCTIETHUX C MEIICHHBIMU BEPTUKAIbHBIMU IBHKECHUSIMH.

I'eonnnaMu4yeckuii moJuroH Azepoaimkanckoit ADC pacnoioKeH K ceBepy OT cTaHImu HaBan
B [lupcararckoit monmuae. B 1985 romy Opmio 3amokeHo 11 rmyOwmeHBIX W 143 TpyHTOBBIX pemepa.
[IpoekTrpoBanock HuBenMpoBaHue | Kiacca Mo cymiecTByrolled JUHUM HUBeIHpoBaHus | kmacca Amsr-
Xamrypu. B 1985-1987 rr. ObUIO BBHIMONHEHO TPH IMUKIA (C MPOMEXKYTKOM MEXTy HUKIamMu B 1 rom)
HuBenupoBaHus | kmacca m Il kmacca. llenpro  co3maHust 3TOro MONMIOHA SIBISUIOCH HM3y4YeHHE
CEeHICMUYHOCTH HAaHHOTO paioHa, TNe MPOEKTHPOBAIIOCH CTPOUTENHCTBO AsepOaiimxanckoir ADC. B
HacTosilllee BpeMsl IOBTOPHBIE M3MEPEHHUS Ha IMOJMIOHE IIPEKPalleHbl B CBS3M C IPHUOCTAHOBKOW
ctpoutenscTBa ADC.
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BBIBOJIbI U PEKOMEHIALIMA

Ilo pe3ynpTaram aHanmM3a TEOAMHAMUYECKHUX TIPOIECCOB, NPOUCXOMANINX HA TEPPUTOPUH
AzepOaifpkaHa M WX BJIMSHUSA HAa CTAOWIBLHOCTH TOJOXKECHHS T'€Ofe3UYEeCKHX ITYHKTOB, MOXKHO CIENaTh
CIICIYOIIME BBIBOABI M PEKOMEHIAINH.

1. Jlns pereHrss MHOTOYUCIIEHHBIX HAYYHBIX ¥ HAyYHO-TEXHUYECKUX, HHXKEHEPHBIX 3a/1a4 OYeHb BaXKHO
COXpaHeHHe B paboyeM COCTOSHUU ['OCyTapCTBEHHOW TI€O0AEC3MYECKON ceTH, a 3T0 Tpedyer &
CHUCTEeMAaTUYEeCKOTO OOHOBJICHHS, COBEPIICHCTBOBAHUS M Pa3BUTHSA H3-32 COBPEMEHHBIX JIBIKEHUMA
3€MHOU KOPBHI.

2. Ha AmIIEpOHCKOM IOJIyOCTPOBE MPOMCXO/AT 3HAYUTEIBHBIC JBHKCHUS 36MHOH MOBEPXHOCTH, U OTH
JBIKCHHUST MMEIOT TEKTOHHYECKYIO MpHpoay. B To ke BpeMs, ONyCKaHWE JOKaJIbHBIX Y4YacTKOB
MHTEPIPETUPYIOTCA KaK pe3ynbTaT IWUTeNbHOM n0o0bayn He(TH W Tas3a, T.e. Kak MpPOSBICHHE
TEXHOI'€HHOTrO (hakTopa.

3. Beicokass CeiCMHYHOCTh, a TaKKE€  OIIOJI3HEBBIC TMPOIECCHl TaKXKe SBISIOTCS HWCTOYHHKAMHU
nedopMarnyii B reoIe3NIeCKUX CeTSIX Ha TeppUTOpUN AzepOaiimKkaHa.

4. Tlocne [MONTOJNIETHETO TMEpepbiBa HEOOXOAMMO BO30OHOBHTH T€OJC3MYSCKUE HAONIONCHUS Ha
TCONMHAMHUYECKUX  IOJIMTOHAaX  A3zepOaiimkana. OTO TIOMHUMO  OOHApyKEHHS  BO3MOXKHBIX
MIPEIBECTHIUKOB 3€MJICTPSACEHU, N3YUYEeHUSI T€0INHAMHUYECKHUX IMPOIECCOB, MOCIYXHUT TAaKXKe K IEeIH
PEKOHCTPYKIIMH M Pa3BUTHIO Teoe3ndeckux cereid. OO 3TOM M JAPYruX CBSA3aHHBIX C HUM BOMPOCAX,
OymeM nHOOPMHUPOBATH B CICAYIONINX HAIUX ITyOTHKAITUIX.
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Environmental protection

PROBLEM OF CALCULATION OF NORMS OF PERMISSIBLE
RECREATIONAL LOADS ON BELARUS WATER RESERVOIRS

L. Hertman, P. Rutkovski

Central Research Institute for Complex Use of Water Resources
ul. Slavinskogo, %, Minsk, 220086, Republic of Belarus
E-mail: lubov. hertman@yandex.ru

Annotation. The recreational use of water reservoirs as one of the types of economic activity can lead
to adverse consequences in relation to the water object - environmental risk and the degradation of the
ecological condition (status) of the reservoir. The article represents the methodological approaches to the
integrated assessment of environmental risk and the calculation of norms of permissible recreational loads on
Belarus water reservoirs.

Key words: water reservoir, recreation, load norm.

Recreational use of water reservoirs as a kind of economic activities can lead to adverse consequences
for water bodies - deterioration of its environmental condition (status), and as a result to the decrease of its
recreational attractiveness.

According to the legal system of the Republic of Belarus, the use of water objects for recreational
purposes is currently limited in terms of correspondence with hygiene regulations of water safety, which
include:

- maximum permissible concentration of chemicals in the water bodies;

- approximate permissible levels of chemicals in the water bodies;

- organoleptic indicators;

- microbiological indicators;

- radiation safety indicators.

However, legal documents do not establish the scale or possible degree of impact of recreational
activities on water bodies.

In order to develop the methodology for integrated assessment of environmental risk and calculate the
norms of permissible recreational loads in recreational areas on Belarusian reservoirs, as well as in the
framework of the assignment of State Research Program "Nature Management and Ecology", the scientists
carried out the analysis of modern approaches to the assessment of the recreational use of water bodies [1].
The researches show that the following factors are necessary to consider when calculating admissible
recreational loads:

— load norms shall not exceed the admissible volumes of recreational use. The norms shall be
determined not separately, using different criteria, but by their correlation and finding the optimal value from
the point of view of peculiarities relating to a certain type of recreation, psycho-physiological comfort and
stability of a water body (reservoir) in terms of anthropogenic loads;

— the norms of permissible one-time recreational load are of key importance: seasonal, annual, and
established for longer periods;

— the permissible volumes of recreational use of water bodies shall be determined taking into account
the impact of other (non-recreational) activities.

It is proposed to assess the degree of possible recreational load on the water body on the basis of the
algorithm that takes into account the initial state of the reservoir, sources of impact on it and its assimilating
capacity.
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The use of this algorithm presupposes the conduction of the complex of studies, including the
following basic elements:

— collection of initial information about the water body (reservoir), which includes the assessment of
natural conditions and existing anthropogenic impact;

— identification of existing sources of anthropogenic impact and background characteristics of the
reservoir;

— calculation of load for the planned types of recreational use;

— comprehensive analysis of the degree of impact of proposed types of recreational use on the overall
environmental condition of the water body;

— determination and analysis of reservoir assimilative capacity;

— in case if the assimilating capacity is exhausted, the use of this reservoir as a recreation facility is
impossible without additional research and rehabilitation measures;

— in case if the assimilating capacity is not exhausted, we make the choice among possible types of
recreational use of this water body;

— drawing up the regulations for the recreational use of a water body and the measures ensuring the
conservation of the water body and improving its environmental state.

The collection of initial information includes the generation of basic data on the following criteria:
morphometric, climatic, hydrochemical, hydrological, hydraulic, biological, and organoleptic.

When analyzing the existing anthropogenic impact, we determine the composition of water users, the
degree of their impact on the quantitative and qualitative characteristics of the water body.

The determination and analysis of the reservoir assimilative capacity makes it possible to establish the
ability of a water body to take a certain mass of substances per unit of time without violation of water quality
standards in the controlled section or water use point.

The choice of possible types of recreational use of a water body is carried out taking into account the
recreational criteria that can be recommended for a particular water body.

The calculation of permissible recreational load is carried out in accordance with the requirements for
a certain type of recreational use and the capabilities of the water body according to the correspondences
stated in this methodology, as well as on the basis of expert estimations.

During the phase of complex assessment of the influence of recreational use of a water body, we are to
determine the total impact of the proposed composition of recreational species on the hydrological,
hydrochemical, hydrobiological, sanitary and hygienic indicators of water resources and the limits of their
use in order to prevent the excess of maximum permissible concentrations of pollutants and the density of
the water area and coastal area.

In accordance with the received information, we make the general expert assessment of reservoir
condition on the basis of morphometric, climatic, hydrochemical, hydrological, hydraulic, biological, and
organoleptic criteria for the purpose of its recreational use.

The calculation of load for each type of recreational use of a water body (reservoir) is carried out in
accordance with allowable values and the corresponding characteristic of the water body.

The algorithm is the base for developing the methodology of the integrated assessment of
environmental risk and calculating the norms of permissible recreational loads on the reservoirs of Belarus.

REFERENCES

1. “Integrated assessment of environmental risk and calculation of the norms of permissible recreational
loads in recreational areas on the reservoirs of Belarus (2016 year phase)”: Report on R&D (final) /
CRICUWR; Head of research — R. Yurevich. — Minsk, 2016. — SR No 20162118 — 75 p.

G. 30EGEIRH3SL LOLIRMBOL TISRMS 8JIGEIMBOL NELBOBIBN; dOEHIFML ROBINL IZMBIEBEHN 45
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



83-7 b533NSIIG) bSFIC60IFI-BIT6NV3TF0 36 BIGI6GNS “VddR0M)S 33306IMIOL, d5®IFML
RdGB30L, SAHINBIIBIG0LS RS §FI6IFRMBOL 0)5653IRGHM3I 36 (MB3RIFIB0”

25-27 3680650, 2017 V.

I’'uapoJiorusi 4 MeTeopoJIorust

JAUHAMUKA UBMEHEHUSA I'OJOBOI'O U MAKCUMAJIBHOI'O
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Annomayusa. B cratbe s aHanu3a Koje0aHWH TOJOBOTO M MAaKCHUMAQJIBHOIO — CTOKa  peK
AzepOailjpkaHa NPUMEHEH METOA JMHEHHOro TpeHAa. OTOT aHaIu3 II03BOJIAET BBIIBUTH JUHAMHKY
HW3MEHEHUSl HANpaBjiICHUS B MHOTOJIETHUX KoyiebaHusx. C 3TOH 1enbio ObUIM HCIOJb30BaHbI AAaHHBIE O
MaKCHUMaJbHBIX M TOJOBBIX pacxomax Boabl 3a 1960 - 2014 rr mo 29 ruaposornyeckuM IyHKTam
HaOMIOACHUH. bBBUTO BBISIBICHO, YTO Ha OOJNBINEH dacTh Teppuropum A3sepbOaikaHa HMEET MECTO
YMEHBIIEHUE MaKCUMaJIBHOIO CTOKa PEK, YTO C OOJNBIIOH 0JeH BEPOSATHOCTH BHI3BAHO COBPEMEHHBIMHU
W3MEHEHUsAMM KinuMmata. Jlumb B 2-X peruoHax TpeHIbl OOOOIIEHHOIO IOJOBOIO CTOKA  SIBIIIOTCA
CTaTHCTUYECKH 3HAYMMBIMU: ISl peK 10KHOro ckioHa bonbmoro KaBkasza - TpeH/ MOJIOKHUTENBHBIH, a 111
JleHKOpaHCKOH NPUPOTHON 00JaCTH - OTPULATEIbHBIMH.

Knwueevie cnoea: 1og0BON CTOK, MaKCUMaJlbHBI CTOK, JMHEWHBIM TpPEeHH, U3MEHEHHE KJIMMaTa,
AHTPOIIOTEHHBIE (PaKTOPBI, CTATUCTUYECKAS! 3HAYUMOCTb.

Hydrology and meteorology
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Annotation. In this article, the linear trend method was used to analyze the long-term fluctuations of
the maximum and annual runoff of the rivers of Azerbaijan. This analysis makes it possible to identify
directional changes in multi-year fluctuations. For this purpose, were used maximum and annual discharges
dates for 1960 - 2014 years for 29 hydrological observation stations.It was revealed that in most of the
territory of Azerbaijan maximum flow of rivers are decreased, which is probably caused by modern climate
changes. Only in 2 regions the trends of the generalized annual runoff are statistically significant: for the
rivers of the southern slope of the Greater Caucasus, the trend is positive, and for the Lenkoran natural area,
the trend is negative.

Key words: annual runoff, maximum runoff, linear trend, climate change, anthropogenic factors,
statistical significance.
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BBEJIEHUE

MHoroneTHss K3MEHYNBOCTD THIPOJIOTHUECKUX XapaKTePUCTUK OOYCIIOBICHA AEWCTBUEM TIPUPOIHBIX
1 aHTPOIIOTCHHBIX (PAKTOPOB.

[IpuponHbie U, pexae BCETo, KIMMAaTHYEeCKHE (PAKTOPBl MOTYT BBIPAXKATHCSA B BUAE MHOTOJIETHETO
W3MCHEHHUS PEeXKHMMa IMOCTYHAIOIMIMX Ha BOAOCOOpP aTMOC(EpPHBIX OCAJKOB M IMPH3EMHOH TEMIIEPATyphI
BO3/lyXa. B pe3ynbraTe 3TOr0 HapymIarOTCs YCIOBHS (OPMHUPOBAHMS PEYHOTO CTOKa Ha BOJocOOpe H
THUAPOJIOTHYECKAN PEeKUM Ha peKax CTAaHOBUTCS HeCTallMOHAapHBIM. HapymeHne cTannoHapHOCTH
TUAPOJIOTMYECKOT0 peXUMa Ha peKax eBpoIeicKkoi yactu Poccuu, BCIIEACTBHE KIIMMATHYECKUX U3MEHECHMUI,
He Bb3bIBaeT coMHeHmi (Illukinomanos, ['eopruesckuii, 2007; Boansie...,2008; AramsiieBa u ap.,2011;
EBcturaee u n1p.,2012; Copemenssie...,2014; bonro u np.,2017).IlporcxomuTt Takxke H3MEHEHHUE
THAPOIKOIOTMYSCKUX (PYHKIHUU peK (IKOJIOrMYSCKOM, JaHAmAGTHOH, PEKPEallMOHHO-3CTETHUYECKON U 1Ip.)
(®ponosa, 2012).

B Asepbaiimkane cpemHss romoBas TeMmIieparypa Bozayxa 3a 1991-2014rr. mo cpaBHEHHIO C
npenmectByroumM neprogoM (1961-1990rr.) Bo3pocna Ha 0,7°C. Ilpudem, HOBBIMICHHE TEMIIEPATyphI
MIPOUCXOJUT IO BCEM BBICOTHBIM IOsCaM CTpaHbl. Jl[MHAMHKa W3MEHEHUS aTMOCHEPHBIX OCAIKOB II0
BBICOTHBIM 30HaM HOCHUT OoJlee CIIOKHBIM xapaktep. Bo BTOpoM mepwoze 1mo CpaBHEHHIO C TEPBBIM, IO
BceMy AsepOalipkaHy TOAOBas cymMMa OCaJKOB yBelWuymiiach Bcero Ha 11mm wmm 2,8%. B MHOrometHemM
pa3pe3e MHUHHMMaJbHbIE 3UMHHE PacXoAbl BOIBI pek A3zepOaiiykaHa yBEIWYHBAIOTCS, a MaKCHMaJbHbBIC
ymensbimatores (Maxmynos, 2017).

Panee ObUTIO yCTaHOBJICHO, YTO BO BCEX permoHax AsepOaiipkaHa MaKCHMalbHBIE PacXOIbl BOJIBI
YMEHBITIAIOTCS, @ TPEHIBI TOJAOBOTO CTOKA SBIISIOTCS pasHoHampaBieHHbIME (MmanoB, I'acanoBa, 2008).
Takxke ObLIO BBISIBICHO, 4TO Ui 18% psIOB MakCHUMAalbHBIX PacXOMOB BOJBI THUIOTE3a CIIYyYalHOCTU U
CTaIlMOHAPHOCTH OTPOBEPTAETCS, U OHU XapaKTePU3YIOTCA 3HAYUMBIMUA BHYTPUPSIHBIMU CB3siMH (VIMaHOB,
I'acanosa, 2009).

K 2010 roxy romoBoii ctok p. Kypsl B 3aMbikatorieM crBope (CanbsHbl) yMeHbIwcs Ha 50% wnnm
13,4 kM® 1O CpaBHEHHIO C €ro0 HOPMOif, a TOIOBOIl CTOK p.Apakc B 3aMbIkaromeM crBope (CaaTiier)
CHM3UJICA elle Oomble, T.e. HA 54% wumm 4,95 KM® (Umanos, 2016; Mmanos, Bepaues, 2016). [lputok B
Kacnmiickoe mope pek JleHkopaHCKo# MpUpoAHOH obmactu cocTaBuil 65% OT HOPMBI TOJOBOTO CTOKA
(Parymmaes, 2002).

NCXOJHBIE JAHHBIE U METO/l AHAJIM3A

AHamM3 MHOTOJIETHHX KOJeOaHW TOIOBOTO ¥ MaKCHMAaJIbHOTO CTOKAa peKk AsepOaiimkaHa ObLI
BBIMIOJTHEH METO/OM JIMHEHHOTO TpeHAa. OTOT aHaliu3 JaeT BO3MOXKHOCTH BBISIBUTH HarpaBiiCHHbIE
W3MEHEHWSI B MHOTOJETHHX KoJeOaHUsIX. bBBIIM WMCHONB30BaHBI JaHHBIE 10 CPEOHETONOBBIM U
MaKCHMaJbHBIM pacxozaM Boasl 3a 1960 - 2014 rr. mo 29 ruaponornvyeckuM IyHKTaM HaOmromeHu#. Jlis
peK rro-BoctouHoro ckioHa Manoro Kaskaza u HaxubiBana TpeHnbl paccuutanbl o 1998r, 4To cBsizaHO
OTCYTCTBHEM JaHHBIX HAOJIFOACHUH 32 TIOCIEYOIINE TOIBI.

Hannume craTHCTHUECKM 3HAYMMBIX JIMHEHHBIX TPEHAOB B XOA€  MHOTOJIETHHX KoyieOaHWI
THIPOMETEOPOIIOTHIECKAX XaPAKTEPUCTHK CBUACTENBCTBYIOT O TOM, YTO WMEET MECTO CTAaTHCTHYEeCKas
HEOJTHOPOJTHOCTh BO BPEMEHH.
3HaYMMOCTh JTMHEHHBIX TPEHOB OLIEHEHa 1Mo BeluunHe Kod(dduipenTa napHoi koppensuuu (R), ¢ y4eToM
ero cranmaptHoii ommoOku (Or).TpeHa cumTaics 3HAYUMBIM, €CIH BBITIONHSIIOCH ycioBue R/Op >2, 4to
COOTBETCTBYeT  5%-My  ypoBHIO  3HauuMmoctd winm  95%-My  [OBEpUTENBHOMY  HHTEpBaly
(Metomuueckue. ..,2010; Cukan, 2007).
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OBCYXAEHUE PE3YJIBTATOB

AHanu3 TUHEHHBIX TPEHIOB CPEIHETrOJOBBIX M MAaKCUMAJBHBIX PAacXOJIOB BOJBI pacCMaTpUBACMBIX
PEK TOKa3aJx, YTO OHHU SIBJLIIOTCS pa3HOHANPaBISHHBIME (Ta0.1.).

VYuuTeiBas BhINIECKA3aHHOE, HAPSAY C aHAIM30M JIMHEHHOTO TPEeHJa MO OTACIBHBIM peKam, ObLTH
paccuMTaHbl JMHEHHBIE TPEHAbl OCPEJHEHHOI'O MOXYJbHOro KoddduimeHta paccMaTpuBaeMbIX
XapaKTepUCTUK CTOKa, 0000IIEHHBIE M0 Pa3INYHBIM pernoHam AszepbOaiimkana (puc.l). [Ipomycku B pagax
HAOJI0ICHUH TOIOBOr0 U MAaKCUMAaJIbHOTO CTOKA OBUIM BOCIIOJNHEHBI X CPEIHEMHOTOJCTHUMH 3HAUYECHUSIMU

(x=1).
Taoéanna 1

KonnuecTBoO PasHOHAINIPABJIECHHBIX JHHEHHBIX TPE€HAOB B pAdax roioBoro 1 MAKCUMaJIbHOIo CToOKa

pek
I'ogoBoii cTox MakcHMAJIBLHBIH CTOK
Ne Perunonsl 3HaK TpeHaa 3Hak TpeHaa
I1T oT TO IIT OoT TO
CeBepo-BOCTOYHBIIH
1 cKJI0H Bosabuioro 1(1) 1 1 1(1) 1 1
KaBkaza
HO:KHBIH CKJIOH
2 boabioro KaBka3za >(3) 21 ! 0 1@ !
Cesepo- BocTounblii
3 ckjaon Magaoro KaBkasa 2 1M 2 0 >(D) 0
IOro- BoCTOYHBIH CKJIOH
4 Mausoro KaBkasa u 5(3) 4(2) 0 2(2) 4(2) 4
HaxuriBan
5 JleHKOpaHcKas 1 22) 1 3 1 0
npUpoaHas 00J1aCTh

Ilpumeuanue. B ckobkax npugedenvl 4ucio crmamucmuyecku 3SHayuMulx Ko3gduyuenmos xopperayuu npu
5%-om yposue sunauumocmu, IIT-nonoscumenvrvie mpenowvl;, OT-ompuyamenvusvie mpenowvi;, TO-mpeno
omcymcmeyem.

JluHeliHble TPEHBI OCPEAHEHHBIX MOJYJIBHBIX KOA((GUIMEHTOB TOJOBOTO CTOKA PEK 1O PEerHOHaM
A3zep0OaiimkaHa MpUBEICHBI HIDKE Ha PUCYHKE.
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Puc.1. JIuHeiinble TpeHIBbI 0OCPeTHEHHBIX MOAYJIbHBIX
k03¢ PUIIHEHTOB roJ0BOIr0 CTOKa peK Mo pernoHaM Asepoaii:kaHa

Pe3y.1'ILTaTBI OLCHKHU 3HAa4YMMOCTH JIMHEHHBIX TPCHAOB OCPCAHCHHLIX MOIYJBbHBIX KO3(1)(1)I/IIII/IGHTOB

CPCAHCTOAOBBIX U MAKCHUMAJIbHBIX PACXOA0B BOJbLI IO PErUOHaAM A3ep6a17m>i<aHa MpEaACTaBJICHBI B Ta6J'II/IIIe

2.

Taoaumna 2
Pe3ysbTaThl OlIeHKH 3HAYUMOCTH JIMHEHHBIX TPEHAOB OCPeIHEHHbIX MOAYJIbHBIX K03 GuLEeHTOB
rOJ0BbIX M MAKCHMMAJIbHBIX PACX0J10B BO/JbI 110 peruoHaM AzepoOaiigxaHa

T'opoBoii cTOK MakcuMaJIbHbIH CTOK
Peruonsi Ilepuon
3nak R 6 3Hak R? R 6 &
TpeHaa TpeHaa
CeBepo-
BOCTOMHBIM CIION TO 0,0001 | 0,008 | 0,139 | OT 0,095 | 031 | 0,115

Boasmoro 1962-

KaBka3za 2014
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HO:xHbBIii cCKJI0H

BoJabmoro 1961- IIT 0,1031 0,321 | 0,124 oT 0,072 | 0,27 | 0,116
KaBka3za 2014
Cesepo-
Bocrounsrii ckaon | 1958- I1T 0,0187 0,137 | 0,136 oT 0,237 0,49 0,105

MauJioro Kaskasza | 2014

IOro-BocTounbIii

ckaon Masoro TO 0,0046 | 0,068 | 0,161 oT 0,111 | 0,33 | 0,141

KaBka3zan 1960-
HaxuypiBaH 1998
JlenkopaHckas
NpUpoaHast 1960 oT 0,2379 | 0,488 | 0,106 oT 0,016 | 0,13 0,133
00J1aCcTh 201 4'

Ilpumeuanue. Kupnvim wpugdmom 0603uauenvl cmamucmudecky 3HaYuUMble Kodpduyuenmsl Koppersyuu
npu 5%-om yposHe 3HauuMocmu.

B 2-x permonax w3 5-TH, BBIACIICHHBIX Ha Tepputopun AsepOaikaHa, TpeHIbl 0O0OOIIEHHOTO
rOZIOBOIO CTOKAa SBJSIOTCA CTATHUCTUYECKU 3HAuMMbIMHU. {1 pek roxkHoro ckioHa bosbmoro Kaskasa
00OOIIEHHBI TpEeHJ ABISETCA TMOJOXKHUTEIbHBIM, a i JIeHKopaHCKOW mNpuUpoAHOH obmactu -
OTpHULIATCIBHBIM.

Bo Bcex permonax A3sepOaiikaHa OOOOIIEHHBIC JHHEHHBIC TPEHIbl MAaKCHMAJIBHOI'O CTOKA
SIBIISIEOTCSI OTPULATENBHBIMY U B 4-X U3 HUX - CTATUCTUYECKH 3HAUUMBIMU (Ta0.2).

BbIBO/IbI

1. Ha Gonpie#t yactu Teppuropun AsepOaiipkaHa HMEET MECTO YMEHBIIICHHE MAaKCUMAIBHOTO CTOKa PEK,
YTO OOJIBIION JIOJICH BEPOSTHOCTH BHI3BAHO COBPEMEHHBIMU H3MEHEHHUSIMU KITUMATa.,

2. JIump B 2-X perruoHax TpeHIsI 0000IIEHHOTO TOIOBOTO CTOKA SIBIISTFOTCS CTATUCTUYECKU 3HAYNMBIMU: JIJIS
pek 1oxHOTO ckioHa bombmioro KaBkaza TpeHI MONOXKHUTEIbHBIN, a Jas JICHKOpAHCKOW TPUPOTHON
00J1aCTH - OTPHUIIATEITHLHBIMH.
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Hydrotechnics

GRAPHOANALYTICAL METHOD OF FORECASTING THE
TRANSFORMATION OF ABRASION BANKS OF HIGHLAND WATER
RESERVOIRS

I. Iordanishvili, 1. Iremashvili, K. Iordanishvili,
L. Bilanishvili, D. Potskhveria, N. Kandelaki, N. Sukhishvili

Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University
Ave. Chavchavadze 60°, Thilisi, Georgia, 0179
E-mail: irinaiord48@mail.ru

Annotation. The article provides the results of field and theoretical research carried out for assessing
and forecasting the transformation of abrasion coasts of highland water reservoirs of Georgia depending on
wave energy, erosion of rocks and duration of erosion process. The calculations are quite accurate. It has
been established that the process of transformation of abrasion banks of highland water reservoirs has a
general nature being only distinguished by quantitative differences.

Key words: highland water reservoirs, transformation of banks.

INTRODUCTION

The issue of forecasting the transformation of banks of highland water reservoirs is significant not
only for the reservoirs being designed but also for those ones which are already existing. Georgia is a
mountainous country and highland water reservoirs constructed on its territory as early as in the middle of
the last century are already distinguished by significant consequences of bank transformation processes. For
the time being there is no guidance on calculation of bank transformation process of highland water
reservoirs. The present work provides a simple method of forecasting the transformation of an abrasion
bank that with an adequate accuracy for practical calculations allows to evaluate the scale of this process.
The work summarizes a large number of theoretical materials and observations on the banks of highland
water reservoirs of Georgia.

MAIN PART

The study of the issue being considered for lowland water reservoirs has started since the middle of
the last century when reservoirs were widely constructed throughout the world. Doctor of technical science,
prof. N. Varazashvili — a pioneer and forward of the investigations for studying highland water reservoirs of
Georgia — highlights their key differences for the first time (table 1).

Table 1
Average quantitative indicators of water reservoirs of various types
No Quantitative indicators
Item Key indicators Symbols Unit of Lowland Piedmont Highland
num- measure water . water
ber reservoir FESErvoIr 1 eservoirs
1 [Mountain terrain indicator "a" - 1,0+0,6 0,6+-0,29 0,29+0,1
2 [Morphometric feature H'/F - 9-10°+2-107[9:107+2:10° [ 9-10*+2-10”
3 |Amplitude of water level variation A m Less than 6 620 More than 20
4 |Volume utilization Woet! Wiot. - 0,4+0,6 0,5+0,7 0+0,95
5 |Volumetric gain on 1m pressure W, 'H miln.m’/m | 500+2000 50+500 1,0+50,0
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6 Correlation between volume and water- Wi, IF i m/km? 5:15 20-50 50120
surface area

7 Corre!atlon betyveen flooded area and Spond/ Wact. km¥mlnm | 150120 11050 46225
effective capacity

8 Flooded are on Im pressure Spond/H km?/m 250+65 503 0,25+0,08
Percent of area of shallow waters from

9 the total water-surface area at flood- Fpeotwater! %% 20+15 106 64
control storage level Fiot

10 A,=f(a) A, - 0.010 0.014 0.016-0.018

Based on the calculations four basic types of slopes are distinguished:

- formed by sandy non-cohesive soil;
- formed by cohesive clay rocks;
- formed by half bed-rocks with relatively weak cohesion;
- formed by solid rocks of high density with tight structural coherence.
Following the investigations of various authors a new method of forecasting erosion of abrasion coasts

for a certain type of water reservoir was developed (table 2).

Table 2
Forecasting groups for a certain type of water reservoir in Georgia
Amplitude of Movement rate of | Morphometric M.ou.nta.m
. water level . terrain indicator

No Group of water reservoir variation water line feature (average)

(Vfront)’ m/day HZ/F nan*)
- (4), m

1 |Quasistationary Less than 6 m Up t0 0,03 8-10°+3-107 0,84
2 |Unstable 6+20 0,03+0,08 3:107+3-10° 0,57
3 |Average drawdown level 20+50 0,08+0,50 3-10°+3-10™ 0,36
4 |Quick-operating 50100 0,50+1,5 3.10%:8-10° 0,27
5 |Intensive-operating More than 100 More than 1,5 Less than 8-10° 0,12

€9

) The value of mountain terrain ratio “a
depth (H) of water reservoir (Fig.1.)

(table 2) depends on the capacity (W), water surface area (F),

It is widely accepted that erosion of abrasion coasts of highland water reservoirs depends on the
following factors: wave energy at the coast of the certain area, level regime, capability of the earth material
of the coast to be exposed to erosion as well as duration of erosion.

There are two main positions that stick out: - with the level movement when an amplitude is no more
than 6,0m; and, with the level movement when an amplitude is more than 6,0m;
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Fig. 1. Dependence of water reservoir capacity (/) on the depth of water admission (H) when the terrain
indicator “a” and “K,,” has different values. 1. — Volume curve for lowland water reservoirs (a = 0,76, Ky = 3,2);
2. The same for piedmont water reservoirs (a = 0,37, Ky = 2,7); 3. The same for mountain water reservoirs
(a =0,27, Ky = 2,32); 4 — the same for high-mountain water reservoirs (¢ =0,176, Ky = 1,8).

In view of the first position of the calculation (when the variation of water level is no more than
6,0m) a design level is considered to be the level of water with no less than 60% occurrence. With a view to
forecasting the transformation of abrasion coasts an energetic method is used during which a level of
destruction is determined from the following formula, [Kachugin E.G., 1975]:

QO=EK_ K", 1

where Q— is a capacity of erodible earth material along the 1m length of the coast, in m’; E — is a long-term

annual average wave energy occurring on 1m length coast, tm.; K_  —is a coefficient of erosion of rocks in
m’ on tm. of wave action; K, —is a coefficient considering a bank elevation; 7— is a number of years of

erosion; B — is a degree value. Values of coefficients (K ) and ( K ) are provided in table 3.

eros

Table 3
Values of coefficients K and K;
NeNe Class of geological material K., m/ever.m K;
1 Very easily erodible earth materials 0,0065--0,003 0,03
2 Easily erodible earth materials (sand, loam soil, sandy loam) 0,003--0,001 0,035
3 | Earth materials of average erodibility (heavy loam, lake clay, etc.) |  0,001+0,0005 0,04
4 Hardly erodible earth materials (gravel, sandstone, marine clay) | Less than 0,0005 0,05

The value of indicator "s" ranges between 0,45 and 0,95. An average value of "¢" equals to 0,7. In the
case of alluvial coarse sand with gravel and pebble ¢ =0,5; in the case of moderately coarse sands with
gravel 6 = 0,6; in the case of bouldery glacial clay loam ¢ =0,7; in the case of alluvial fine and dust sand,
cover loessoid sandy loam and clay loam 6 =0,8; in case of cover loamy light sand ¢ =0,9. Shapes of
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erosion are delineated on the engineering-geological profile considering upper and lower borders of erosion.

Design levels are considered to be normal (upper) headwater elevation (FRL) and lower level of
maximum drawdown (MRL). Major elements of the calculation are: - erosion boundaries — upper (a;) and
lower (a,); — outlines of abrasion bench lands and their change over time, an average angle of safe cut
m = ctga; — timeframe and duration of separate stages of the process.

A projected profile is constructed along with the movement of water level in the reservoir for a design
elevation. On each design elevation a profile produced during the previous cycle of abrasion is considered to
be initial. The final (integral) profile of erosion is constructed through the integration of its private changes.

In_view of the second position of the calculation (when the variation of water level is more than
6,0m) for forecasting the transformation of abrasion coasts of mountain water reservoirs a method of grapho-
analytical construction is used. When the movement of water level in the water reservoir is variable and soil
is homogenous, the ultimate width (S) of erosion is determined in the following order (fig.2):

c ;Jld

Fig. 2. Determination of ultimate
width of erosion of rocks from
homogenous soil when the water level
of reservoir is variable

- Upper erosion boundary according to the slope profile (a;) on abrasion coasts depends on the height of
wave setup (un up), Wave (Awave setup.) ANd WINd (Myind setup.) SEtUPS aslope:

a, = hrun up + hwave setup. + hwind setup, m, (2’)

where, — Mnwp = 1,1 geep, 1% * ki * keun, m [LIordanishvili, 2012]; — 7 wave setup. = 0,5Adeep, 196; — Pwind

setup. = 0,001 /14eep,19%, m — value of wind setup on mountain water reservoirs in the conditions of short length of
wave fetch (D < 10 km); — Awind setup. = 0,001/¢eep,19%, m and for practical calculations its value can be
neglected; — Ageep, 1%, Adeep,1% (M) — the height and length of waves in deep water of 1% occurrence, in case of

absence of statistical data Aeep10 15 calculated according to dependence - /1., 1o, = }_Zdeep.'P1% , where
7 1,2 0,4 .
hdeep. = Ab ’ ch D (Il’l),

—design curves Ed =f (Ab,VC,D) provided on fig. 3: 4,=0,010+0,018, depending on the terrain

eep.
indicator (a) provided in table 1; V. — wind velocity m/sec; D — wave fetch (km); F,, =11 — coefficient

depending on 01% occurrence of wave;
— (kwn) — dependence from the angel of slope to the elevation (a°) equals to: &y, = 1,2 when a° = 18°+6°;
keun = 0,5 when a° = 5°+3°; k> 2 when a°® < 13°;
— (k;) — coefficient of surface roughness of bank side (Table 4).
- Erosion lower boundary (a,) is determined depending on a type of soil:
for non-cohesive soils:

0,16y n h*
a, = 0,084 - arcsh kAT ,m 3)
mp7/ ldmean : /1
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Fig. 3. Dependence of average height of wave ( dep-) from wind velocity (Ve), acceleration distance (D) when
coefficient Ab has various values:
hdeep. = f(Ab’ I/C’D)
(1-Ab=0,01;2 - Ab=0,014; 3 - Ab=10,016; 4 — Ab =0,020; 5 — Ab =0,022; 6 — Ab = 0,025)

Table 4
Coefficient of surface roughness (k,) of a slope

Coefficient of
) Coefficient of roughness .a.ccordmg Lineal
Type of slope protection to Gangilie and roughness, &,
roughness, k,
Kutter, mim
n
1 | Concrete plates 1,0-0,95 <0,014 <1,0
2 |Clay-gravel slope 0,94+0,90 0,015+0,020 1,0+1,1
3 | Talus of rounded stone 0,89+0,76 0,020-0,025 1,1+6,0
4 | Talus of crushed stone 0,75+0,71 0,025+0,030 6,1+50,0
5 | Concrete bricking 0,71+0,5 >0,030 >50,0
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for cohesive soils:

2
a, = 0,084 -arcsh 0.825y n,h - [, m 4)
m A7\ e +1,25K,C)
where y, and y —is relative weights of soil and water; 72, — is an overloading ratio, 7, = A":ax , for wavy

A

«an — average diameter of soil, in

flows, n,=0,4; m , — coefficient of the conditions of work, (Table 5); d.
mm; K, — coefficient of uniformity of clay soils (on average K, = 0,4, Mirtskhulava T.E. 1974); h and -
height and length of waves in control station; C — design soil adhesion for clay soil C = 0,01+0,06; C f -
standard endurance strength of clay soil: Cf =0,035C, Cf =0,00035+0,0021.

Table 5
Coefficient of the conditions of work (m,)
Cohesive soils m, Non-cohesive soils m,
Conditions of work Conditions of work

Existence of deposits in a colloidal state 1,30 |Slopes formed by sand d =0,25+0,10 mm 1,30
more than o,1kg/m’ The same, where d =1,0+3,0 mm 1,50
Existence of deposits of coarse grain 0,75 |Slopes formed by gravel d =3,0+10 mm 1,40
Bottom and slopes are occupied by 1,10 |The same, where d =10+30 mm 1,20
vegetation
Moisturizing when water level is varying in| 0,20 |Slopes formed by pebbels 1,10
the areas with dry climate
The same in the areas with humid climate 0,60 [Rubble slope 1,00

The calculation (a,) for cohesive soils according to the formula (4) is facilitated by using fig.4.

A predicted slope when a water level varies during the movement and soil is homogenous is
constructed in the following way (Fig.2.): straight c ctga = m, found in (Table 6) for the given soil, is drawn
from point (a) to point (b) on the horizontal line dividing the vertical distance in halves between the design
levels of normal headwater elevation (FRL) and lower level of maximum drawdown (MRL). Straight
ctgo = m, _ corresponding with (#;), is drawn from point (b) to point (c), straight (cd) is drawn in parallel with a

slope (ef) and the width of coast transformation is determined by horizontal distance (S).
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Fig.4. Change in size of the erosion_lower boundary of cohesive soils (a,) depending on:
wave height (%), coherence of coast soils (C), soil diameter (dyean) (1 — @mean = 0,04 m, 2 — dypean = 0,01 m) and on
relative flatness of waves A/h = 10+12.

Steepness of overwater slopes is taken to be equal to depositional gradient of soil in water-saturated
condition while steepness of underwater slopes is taken by comparison with analogues (table 6).

Table 6
Angles (a°) of safe slopes of deposits
NoeNe . Conditions
Deposits
Overwater Underwater
30° 25°
I | Gravel-pebble (m = ctga® = 1,73) (m = ctga® = 2,1
26°+28° 15°+20°
2 | Coarse and fine sand (m = ctga® = 2,1+1,9) (m = ctga® = 3,7-2.7)
. 15°+23° 6°+14°
3 |Sand clay and loam soil (m = ctga® = 3,7:2,4) (m = ctga® = 9,5+1,1)
4 |Clay >20° 5°+10°
A number of years (7},,,) during which a final transformation of coast will occur equals to:
Sk
.. =2 , year, Q)
max
where, V. — maximum velocity of coast erosion in m/annually (Fig.5).
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Fig.5. Diagram Vm = f (h))

1 —loess; 2 — fine sand; 3 — medium sand; 4 — loam soil; 5 — clay; 6 — coarse sand with boulders

In the preliminary calculations the connection between the upper boundary of erodible slope formed
by loam soil (a;) and a wave height (/) is given by a, = /1 ; and, the lower boundary of erosion is given by —
a,=13h.

An example of graphoanalytical construction of an abrasion bank profile of the Tbilisi water reservoir
is given on table 7.

Table 7
Calculation of upper (a,) and lower (a;) erosion boundaries of a coast of
the Thbilisi water reservoir (Gross section 1) (/A =10, dyean = 0,004 m, C = 0,06)

2 2 o o o
= z 2 = =
= :-E S Ec g0
~ “SE .g ~ v E E S0 = o0
— 2 = i <+ Il =i g _m =
) = s g — < o S E | XRS5l &9
— “a £ . = - « - a| T | 58| ==
2 | EZ 2| g | 21 2 R 5| 2| % > | =| @ |5 F|5E
B |=2C S8 | Fie.3| ™ 5| = | = £ & ElXlE R ALR
~ ) S = g = ~ S = z = S| 28 = O =2
s |E= 2|3 8 - < | = < | 2| |8 2|5=
< 2= 3|5 € S g 3 S | w S| o g
E = = 15 = _— | — =
S =38|E L . g2 |27
S2EES < S
=L
0,014 35 37,0 14 |1,1] 154|109 | 1,2 |1,83| 0,77 | 0,001 {2,6| 2,7 | 20° | 10°

An extent of erosion in diagram form is determined as an area confined within the line of an initial
slope as well as the line of a predicted profile (fig.8).
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CONCLUSIONS

Key distinctive features of mountain water reservoirs: moderate-size water surface; significant depths
(up to 200m) and drawdown level (20+100 m) and intensity of water level movement; variability of
geomorphological factors of coast slopes; producing significant wind velocity (up to 40m/sec); small lengths
of wave fetch and significant steepness of coast slopes (15°+45°).
With a view to forecasting the transformation of abrasion coasts of mountain water reservoirs it is reasonable
to use a graphoanalytical method of construction. However, forecasts are provisional they are quite useful for
practical calculations. Only in a crucial situation for the purposes of correcting forecasts, the calculations can
be made more precise based on quite serious investigations according to the results of hydrological and
engineering-geological observations.
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Annotation: At the present the effective agricultural production and the agricultural imports ensuring
is possible on the basis of the land reclamation development taking into account both reconstruction of the
existing and construction of a new land reclamation projects.

As a result of the research, a technology for monitoring of the reclaimed lands has been developed,
taking into account the improved monitoring principles, modern methods of collecting, processing, storing
and transferring of information; the use of GIS technologies. Recommended new instruments and equipment
for observation can provide the maintenance of the hydrogeological, hydrological and ecological
observations in an autonomous automatic mode. To analyze and systematize monitoring data, it is
recommended to use the ArcGis software system.

Key words: water resource, land reclamation, environmental monitoring, groundwater, surface water
bodies, soils, ameliorative systems.

At the present the effective agricultural production and the agricultural imports ensuring is possible on
the basis of the land reclamation development taking into account both reconstruction of the existing and
construction of a new land reclamation projects.

Currently, the area of reclaimed agricultural land in the Russian Federation is 9.1 million hectares,
including 4.3 million hectares of irrigated land, and 4.8 million hectares of drained land. Unfortunately, a
considerable part of the reclaimed lands (over 3.5 million hectares) is in unsatisfactory conditions now. More
than half of the irrigation systems (2.4 million hectares) require reconstruction and technical re-equipment to
improve safe operation and other activities. To provide normalization of the situation, the Federal Targeting
Program "Development of Land Reclamation of Agricultural Land in Russia for 2014-2020"

(Approved by resolution of the Government of the Russian Federation of October 12, 2013 N 922) has
been developed.

The State Ecological Monitoring of agricultural land including reclaimed land) is the main source of
information for the decision-making at the development of land reclamation as well as construction and
reconstruction of land reclamation systems. Researches and works on the development of monitoring of the
reclaimed land are being carried out in VNIIGIM named after A.N. Kostyakov, long term works in this
direction having been carried out at the Institute during 1970s-1980s. (D.M. Kats, N.I. Parfenova, V.E
Raynin). In the past decades, significant changes in the economy as well as in the reclaimed areas of
agriculture occurred. Tools and equipment were actively developed in the fields of observing, collecting,
storing and processing of the received information. In this regard, it is necessary to improve and to update
the methods for the conducting of the environmental monitoring in the reclaimed lands.

The objects of the environmental monitoring are: groundwater, surface water bodies, soils, and
irrigation and drainage systems. When carrying out environmental monitoring of reclaimed lands, it is
necessary to use data (if available) for monitoring soil fertility of agricultural land held by state centers and
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agrochemical stations, as well as monitoring of water bodies, subsoil conditions, and hydro-technical
monitoring.

The main objectives of environmental monitoring in drained lands are [3,4,5]:

- moisture storage and the humidity in the root layer of the soil during the growing season, including
the optimal time of the additional watering, or excess water removal;

In the case of sub-surface irrigation:

- the pattern of the atmospheric precipitation;

- capillary feeding of the aeration zone;

- total evaporation (water consumption) of the cultivated crops;

- drainage flow, including optimal time and water discharges from the drained areas, including the
period of sub-irrigation;

- the pattern of the groundwater levels;

- the quality of surface, groundwater and drainage water for determining the degree of their
contamination with mineral fertilizers and pesticides to determine the possibility of drainage flow re-using;

In the case of surface irrigation:

- temperature characteristics of the soils;

- the amount of run-off, its change in time and distribution over the territory;

- the status of drainage systems and hydraulic structures, including the development of erosion of
banks of the canals, their overgrowing and silting, deflation and subsidence of peat, etc.;

-estimation of the volume and quality of water used for drinking water supply to the population and
irrigation within the land reclamation systems;

- estimation of the volume and quality of waste and drainage flow;

- estimation of the drainage efficiency and other ameliorative measures as well the possibility of
drainage flow re-use for irrigation purposes;

In drained irrigated lands:

- the hydrological pattern of the surface water bodies (which are used for water supply, irrigation,
drainage flow discharge, etc.);

- the pattern of the underground water and the water in the pressure (sub-pressure) aquifers;

- the degree, character and dynamics of soil salinity, the complexity of soils, changes in their water-
physical properties;

- factors determining the ameliorative status of the irrigated lands;

At the final stages of the monitoring in the irrigation and drainage zone:

-estimation of the ameliorative status of the irrigated and drained lands;

-conducting of the special studies in the experimental plots to determine the parameters of the
saturated and unsaturated zone for the hydro-geochemical and hydro-geodynamic forecasts of groundwater,
water and salt pattern of the aeration zone, soils; to perform organization of the observations of the filtration
losses from the canals and filtration losses in the fields; to provide efficient operation of the collector-
drainage network, etc.

- flood control in the populated areas as well as the forecast of the emergency of any unfavorable
engineering and geological processes;

- the forecast of changes in the groundwater pattern in the hydro-ameliorative systems and adjacent
lands; the status of the water bodies used for domestic and drinking water supply, irrigation, water supply for
the livestock farms, discharge of collector-drainage water (if necessary - with the involvement of research
and design institutes of the Russian Academy of Science and the Ministry of Agriculture of the Russian
Federation);
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- estimation of the reliability of the soil-hydrogeological forecasts and land reclamation (if necessary -
with the involvement of research and design institutes of the Russian Academy of Sciences and the Ministry
of Agriculture of the Russian Federation);

-development of the proposals for the prevention or elimination of adverse ecological processes in the
agricultural and the adjoining lands, as well as in the water bodies;

- providing the necessary information for the operational management in the reclaimed lands;

- development and annual submission of the data for the Register of the Reclamation Systems and the
Reclaimed Lands, preparation of targeting programs in the field of land reclamation, reconstruction of
irrigation and drainage systems to ensure the fertility of soils of agricultural land at the Federal, regional,
district and economic levels.

As a result of the research, a technology for monitoring of the reclaimed lands has been developed,
taking into account the improved monitoring principles, modern methods of collecting, processing, storing
and transferring of information; the use of GIS technologies. Recommended new instruments and equipment
for observation can provide the maintenance of the hydrogeological, hydrological and ecological
observations in an autonomous automatic mode. To analyze and systematize monitoring data, it is
recommended to use the ArcGis software system.

The technology is a system of stages, processes, methods and software and hardware that determine
the procedure for the reclaimed land monitoring.

The implementation of the technology ensures the collection of information on the status of the
reclaimed lands as well as their changes, the processing of information and the provision of collected data in
the form of an comprehensive model (a set of sub-models such as cartographic, mathematical etc.) which is
sufficient to estimate the ecological and ameliorative conditions, to forecast dynamics and to make
management decisions on the land reclamation status in order to minimize environmental risks, to maintain a
favorable ecological conditions, to provide efficient use of water and land resources and to get high yield of
agricultural crops.

The technology includes the following stages: the determination of the object of research, the setting
of works, the monitoring program, the identification of funding sources for monitoring, the organization of
observations, the organization of special observations (pilot production plots), the observation, the
establishment of a primary information bank, the creation of graphical models reflecting the current status of
the reclaimed lands, the estimation of the status of reclaimed lands and the risks of the development of the
unfavorable processes, the adoption of the operational decisions to reduce the environmental risks, scenario
studies of the dynamics of the development of the land reclamation status using the mathematical models, the
choice of planned measures to improve the land reclamation status; information transfer to the operation
service, federal executive bodies, interested parties. At the each stage processes and algorithms of the
necessary actions, methods of conducting work, actual software and technical support are determined
depending on the monitoring object (groundwater, soil, surface water bodies, land reclamation systems),

The novelty of the research is the orientation of developments on the technology of monitoring in the
reclaimed lands basing on the wide application of GIS-techniques and software products. To analyze and
systematize monitoring data, the ArcGis software system of the Agricultural Land Monitoring System in the
Ministry of Agriculture of Russia is used.

To adapt the use of ArcGIS support for monitoring of the reclaimed lands the following works have
been done:

* a draft database structure for storing information on environmental and land reclamation indicators
was created;

» geo-information layers have been created on observation points and reclamation objects in the
Ryazan region in accordance with the list;
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* a list of visualized input information based on the data structure and tools of the geo-information
environment of the system was developed;

* additional tools have been created to work with input databases on natural indicators;

* decision support services with information on the environmental status of facilities have been created
in case of a risk of the reclaimed lands deterioration.

In the addition to the database on the development of the adopted reporting format in the system of the
Ministry of Agriculture of Russia on the environmental indicators of reclaimed lands status were given.

Studies have shown that the economic efficiency of the reclaimed land monitoring can be determined
through the gross income of the agricultural production in the cadastral valuation of land. The procedure of
the reclaimed land cadastral value determining is considered, taking into account the monitoring data. The
estimation of the gross income of the agricultural production on the basis of the monitoring data of the
reclaimed lands under their current condition as well as the restoration of a favorable land reclamation status
make it possible to determine the economic efficiency of the investments into the restoration of the land
reclamation fund.

In accordance with the completed studies, the economic part of the reporting forms which is submitted
to the Department of the Land Reclamation and Agricultural Water Supply was proposed and the accepted
form of the estimation of the planned yields should be changed. This will make it possible to increase the
validity of the proposals of the Department in the development of Land Reclamation which will increase the
Productivity of Agricultural Land.
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Annomauus. B pasIuyHBIX ~ €CTECTBEHHBIX  NaHmmadrtax  AsepOaipkaHa IMJIaHOMEPHOE
YpETYIUPOBAHUE CO3/IaHUSI arpOUPPUTAIMOHHBIX, CaJ0BO-TUIAHTAIIMOHHBIX JaHIAPTOB UMEET OrpOMHOE
3HaueHue. OMHOKA 1O CHX IOp PsJ BOIPOCH 3aKOHOMEpPHOCTEH (POPMHPOBAaHHUS arpOUpPPUTAIMOHHBIX
JaHAMAPTOB TPAKTHYECKH  HE U3YYEHBL. JTO OTHOCUTCS, B OCHOBHOM, K OpOIIAEMBbIM PETHOHAM
pecnyOIMKH, TI€ BO MHOTHX MECTaXx MeENIHOpaTHBHas 0OCTaHOBKAa HeOjarompusaTHa, w 0e3 ydeTa 3TOU
00CTaHOBKM HEBO3MOXXHO pAlMOHAILHOE IUIAHUPOBaHHWE (DOPMHUPOBAHUS Pa3TMYHBIX AHTPOIOTCHHBIX
JaHamadToB.

KurouyeBbie clIoBa: arpoOUppHUraliioHHbIC JaHAMAPTHI, PAlMOHAILHOS IJIAHKPOBAHUE, MEIHOPAIIHS,
arpoTexXHHKa, PSHTTCHOAN(PPAKTOMETPUISCKUI aHATTN3, U (paKTOrpaMMma.

Agromelioration

THE PECULIARITIES OF THE REGULATION OF THE FUNCTIONING
PROCESSES OF AGROIIRRIGATION
LANDSCAPES OF THE AZERBAIJAN REPUBLIC

N. Ismailova, Y. Garibov

Baku State University
St. Zakhid Xalilov 23, Baku AZ-1148, Azerbaijan
E-mail: yaqub.qaribov@mail ru, nigar2272@mail.ru

Annotation. In various natural landscapes of Azerbaijan creating of systematic regulation of the agro-
irrigational, cultivated-plantational landscapes have a tremendous significance. Many questions of the
appropriateness of the formation, functioning, regulation of the agro-irrigational landscapes in various
regions of Azerbaijan have already been practically learned. It mainly concerns to the irrigational regions of
the republic, where in most areas land-reclamation situation is unfavourable, without which it is impossible a
rational planning of the formation of various anthropogenic landscapes.

Key  words:  agroirrigation  landscapes, rational planing, meliorative, agrotechnic,
rentgenodifraktometrical analysis, difraktogramma.

BBEJIEHUE

VYperynmupoBaHue arpoMppUrallMOHHBIX JaHIAPTOB — JJTUTEIBHBIM U OYEHb CIIOKHBIN Mpolece,
OXBATHIBAIOIIUI OOJBIION KOMIUIEKC MEpONPHATHH, B TOM YHCIE MEJIHOPAaTHUBHBIX, WHXCHEPHBIX,
arpoTEeXHUUYECKHUX, IKOIOTHYECKUX, CAHUTAPHO-TMTHEHWYEeCKUX W T.J1. MHorue Bompockl (popmMupoBaHus,
(OYHKIMOHUPOBAHUS M ypPETYIUPOBAHUS arpOUPPUTALMOHHBIX JIAHAMIA(TOB B Pa3IMYHBIX 3KOJOTHMYECKUX
ycnoBusx AzepOaiipkaHa He U3Y4EHBI.
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OCHOBHASA YACTb

B pesynbrare ananmuza rymyca, MEXaHHUECKOT'O COCTaBa, BOAHO-(DU3NYECKUX U XUMHUYCCKHX CBOICTB
pa3snMuYHBIX TOYB, a TaKKe TPYHTOBBIX M peuHblXx Box Kypa-Apasckoi, Camyp-/leBeunHCKOH,
JlenkopaHckol, ['ycapckoil HaKkJIOHHOW paBHWHBI YCTaHOBIICHBI OCHOBHBIC TEHICHIMU (POpPMHUpPOBAaHUS U
Pa3BHUTHS arpOUPPUTAIIMOHHBIX, OOTapPHO-3eMIIECIFYECKIX, CEMUTEOHO-CaOBBIX JaHIIIA(QTOB U UX CBA3H C
OKPpYXaroIMMMHU IMPAKTUICCKNU HCU3MECHHBIMU HaHI[HIa(i)TaMI/I.

Ha ocHoBe peHTreHO-Tr(paKTOMETPHUECKOTO aHaIH3a PACCMOTPEHO BIMSHUE MYTHBIX BOJ PEK Ha
(hopMupoBaHHE arpOMPPHUTaIlOHHBIX JAHAIAPTOB NpeAropHBIX paBHUHaX FOro-Bocrounoro Kaekaza B
npenenax AsepOaitmkanckoi Pecyonuku [2].

B apupspix ycmoBusax AsepOaiipkaHa (HOpPMHUPOBaHUE arpOMPPUTANMOHHBIX JaHIMIA(QTOB BO
MHOT'OM 3aBHCHUT OT CTENEHH MCKYCCTBEHHOTO YBIaKHEHHUs. MIMEHHO 3TOT (hakTop ompesenser OCHOBHbIE
TEHJICHIINY JBOJIOIMU 0a3UCHBIX JaHmmadToB. 3a mocneanue 20 JIET IO » HHTEHCHBHO MCIIOIb3yEeMbIX
nangmagpToB Kypa-ApakCHHCKOH HU3MEHHOCTH YyBEIMYWIAach B 2,5 pasa, COOTBETCTBEHHO ILIOLIAIb
HEPETYJISIPHO HCIIOJIb3YEMBIX JaHAMAPTOB 3HAYUTEIBHO YMEHBIINIACH.

OpocutenpHas BOJAA, YBEJIMYMBAs BIAXHOCTb MOYBBI M TPHHOCA C COOOH pacTBOpUMBIE H
B3BCILCHHBIC BEIECTBA, OKA3bIBAET CYIICCTBEHHOE BIHUSHHME Ha XapaKTep IOYBEHHBIX MPOIECCOB U
CIoco0CTBYET 00Pa30BaHMIO arPOMPPUTallHOHHBIX (KYJIBTYPHO-TIONMBHBIX ) JTaHamadToB [1].

BriepBble ¢ MOMOIIBIO PEHTI€HOIUPPAKTOMETPHUECKOTO METO/Ia BCECTOPOHHE N3yYeH MUHEPAIbHO-
KPUCTA/NIMYECKUH COCTaB B3BEIIEHHBIX HAHOCOB OPOCHUTENIbHBIX BOJ ['ycapckoil HaKJIOHHOW paBHUHBI U
Camyp-/leBeUMHCKOM HHM3MEHHOCTH, a TakkKe HX BIUSHHE Ha (POPMHUpPOBAHUE ArPOUPPHUTALMOHHBIX
nangmagToB [4]. B nanHo# paboTe ¢ TOMOLIbIO YKa3aHHOTO METOJIa aHATM3UPYIOTCSl arpOUPPUTalliOHHBIE
naHamadTe npeAropHsix pasuuH FOro-Bocrounoro Kaekasa.

Jus ananu3a oOpasubl BOABI M B3BEUICHHBIE HAHOCHI ObUM B3ATHl w3 p. Camyp, Typuanuyaii,
I'eoxuaii, Axcy, ['ycapuaii, ['apauaii, I 'yamamgaii, Argaii, BenpBenudaii u ap, a Takke u3 3-x moctoB Camyp-
AOIEpOHCKON OpPOCUTEBEHON CHUCTEMBI. AHATW3Bl NPOBOIWINCH B AHAIMTHYCCKOM IeHTpe MHcTHTyTa
reonorunt HAH AsepGaiimxana B pertren-anmnapate JPOII-II. [l kakaoil peKku cocTaBieHbl OTAEIbHBIE
mudpakTorpamMmel [2], e ykasaHbl HU(PPaMUA PACCTOSHUSA MEXKIY IUIOCKOCTSIMHM aTOMOB KPHCTaUINYECKOH
peleTK: MuHepanoB (pucyHku 1-2).

VYcraHoBiaeHo, 4yro B audpakrorpamme p. BembBennuas npeoOnamator kanbimii (CaCOj;), kBapi
(Si0,), moneBoil mimazd, TAMHA, aMOp(HBIE CTPYKTYpHl, a B p. l'ycapuaite Ca, Mn, Mg, CO;, Takxe
KYTHaropurT, KaJlbLIMOH U APYTHe MHUHEpaJbl. YKa3aHHbIE COOTHOIIEHUS] MUHEPAIOB OJArompHuATHO BIUSIOT
Ha (OPMHUPOBAHHE 3€PHOBBIX, OTOPOIOBO-0aXUEBBIX U IPYTHUX arpOMPPHUTAIOHHBIX KOMIUIeKcoB. [loaTomy
B 3TUX pallOHAaX eNIecO00pa3HO YBEIHMYUTH TEPPUTOPHU JaHHBIX KOMILJIEKCOB.

B mudpakrorpamme p 'yamanuas comepikaTcs celMKaTHblE W KapOOHATHBIE MUHEpasbl, 0COOEHHO
KBapIUT, KaJbIMi, 1MONeBOi mmar, U T.4. OHX OYEeHb TOJOXHUTEIHHO BIHUAIOT HA MPOU3BOJUTEIHLHOCTH
BUHOTPAIHO-TUIAHTAIIUOHHBIX U OPEXOBO-IUTAHTAIIMOHHBIX KOMIUIEKCOB. OAHAKo, 70 CHX TOp B 3THX
paiioHax MpeoOIaAaroT 3epPHOBEIE, OTOPOIOBO-0axdeBbIe arpOUPPUTAIIIOHHBIE KOMITJIEKCHI.
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Puc. 2. Inppakrorpamma p. I'ycapuas

CamMyp-AOIIEpOHCKUH KaHaJI XapaKTepU3yeTcs HauOoJee CIOXKHBIMU AuQpakrorpaMMmaMu. Bomabl
9TUX HCTOYHHUKOB clabo muHepamm3upoBaHHb! (0,25-0,48 1/7), mpenMyImecTBeHHO THIPOKapOOHATHEIE,
OTHOCUTENFHO OOrarel KajbleM. B MHHepaJormyeckoM COCTaBe MpeodialaloT MYCKOBHT, KBapluT,
KAOJMHAT, Kampliuii, amopduble crpyktypbl (AlLO;, Si,Os) wm gp. llosToMy B pmaHHOM paiioHe
MOYBOOOpA3yIOMKe MOPOABI COCTOST W3  AJUTIOBHAIBHO-JEIIOBHAIBHBIX  KapOOHATHBIX CYTJIMHKOB,
NOJCTUIaEMBIMU Ha TIyOnHe 2,5-3,0 M, alTroBHATBLHO-IIPONIOBHATIBHBIMUA MEJIKO3EMHUCTO-TaIeYHUKOBBIMU

OTJIOXKCHUAMH.
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Tabanna 1
Cocras peunbix Boa Cesepo-BocTrounoro Kaskasa
(Anaanssl npooanacs B Mucturyte reonorun HAH Asepoaiigxana).
Mr/ a

Ne | BoaHbie 00bEeKTBI BasioBoii CaCo;, P,0s K,O P, I'ym

a30T yc
1 | Camyp-AGmeponckuii kad. | 0,58 120 0,68 32,4 7,01 | 0,21
2 | p. I'ycapuan 0,82 850 0,38 182,5 | 7,60 | 0,06
3 | p. 'yanamgait 0,56 180 0,42 129,5 | 7,30 | 0,04
4 | p. I'apayaii 0,28 182 0,42 125,6 | 6,74 | 0,16
5 | p. Aruait 0,51 886 0,34 314 7,20 | 0,02
6 | p. Annanvait 0,84 170 0,32 28,5 7,14 | 0,24
7 | p. BenbBenuyaii 0,39 744 0,75 1344 | 6,80 | 0,37
8 | p. Jkaramxkyruait 0,52 178 0,40 130 7,20 | 0,02
9 | p. lllabpanyaii 0,38 740 0,70 130,5 ]6,70 | 0,35

MyTHOCTb ONMMBHBIX BOX p. ['ycapuas, ['ynnamyas, I'apauas, Camypa konebnetcs B npeaenax 2000—
4000 /v, a Atauas, [unrnipuas, [Iabpanyvas, TaxTakepmydas — 400—1000 /M B TO1I.

UppuranuoHsele HaHOCH AHHOTO paiioHa AOCTaTOYHO OOTaThl MUTATEIBHBIMH 3JEMEHTaMHU U
MuHepanamu. [lo HammM aHanm3am oHU cojepkar B cpemHem 0,21-0,34 mr/n rymyca (mmm 1,25-1,85%),
0,28-0,34 mr/n Basosoro azota (unu 0,08—0,12%) 129—182 mr/n 0OMEHHOT0O KaJlusl.

Hamu paccuntanbl KOJIM4ECTBa MUTATENBHBIX 3JIEMEHTOB BO B3BEIIEHHBIX HAHOCAX, OCTYHAIOLINE HA
opomaemyto Tepputopuio Camyp-/leBedunHckoil Hu3MeHHOCTH. Ha oporraemoe 1mojie moCcTymaeT B CpeHeM
280-350 xr/ra rymyca, B ToM uucie 0,96 Kr/ra BOGTHOPacTBOPHUMOro ryMyca, BaIOBOro a3ora 18-24 kr/ra,
nonsmxHoro ocdopa 0,30-0,53 kr/ra, kapbonaroB 900-1100 kr/ra, oOmenHoro kamus 6,50-7,76 kr/ra
(Tabmuma 1).

Ha opomaemple moyis C TONMBHBIMH BOJAaMH €XKErogHo mnocrtymator 2,35-2,80 T1/ra couel,
MIPEUMYIIECTBEHHO THApOoKapOoOHaTHO-CyIb(aTHOTO cocTana [2].
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NEW NON-CONVENTIONAL WATERPROOFING MATERIALS

L. Itriashvili, I. Iremashvili, E. Khosroshvili, G. Natroshvili
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of Georgian Technical University
Ave. Chavchavadze 60", Thilisi, Georgia, 0179
E-mail: itriashvili@mail.ru

Annotation. Given article describes the content, behavior, fabrication method and using of new non-
conventional waterproofing materials.
Key words: woven and nonwoven materials, bentonite, polyelectrolyte, steep, waterproofing.

Water proofing is one of the basic elements of all constructions. In spite of large number of existing
ones, it is still a very difficult task to find new, easy to process and cheap waterproofing materials.

As a result of the study, we have developed a new, easy to make and cheap waterproofing on a base of
woven and nonwoven materials [1,2].

Fabrication method is easy and consists from the following operations:

- Preparation of 10% aqueous suspension of bentonite;

- Mixing of the suspension of bentonite and the polyelectrolyte solution to obtain a homogenecous mass
(working mixture);

- Impregnation with a working mixture of any woven or non-woven material and drying at any temperature
up to 1000C (700 ml of solution per 1 m” of a basis with a thickness of 1 cm).

The optimal thickness of base material is providing an effective waterproofing of 0.5 3.0 cm.

After drying, impregnated mixture turns into highly swelling composite (up to 5000% of the volume),
Contacting with water it increases in volume and covers the pores of the base, making it totally
waterproofing.

The composite is resistant to temperature, microbiological, chemical and radiation effects and it is
environmentally friendly.

Waterproofing effect of materials does not decrease when exposed to high water pressure.

Materials are flexible enough and they can be fitted on the surface of any configuration.

Period of validity of this waterproofing material depends on the period of validity of the base material.

The cost of materials depends on the price of base as the cost of impregnated mixture for 1 m” of the
base with thickness of 1 cm does not exceed 1 cent.

The proposed materials can be successfully used to create anti-filtration screens on canals, ponds,
reservoirs, slopes of dams, etc. It can also be used for growing seedlings, lawns, mushrooms, etc.

REFERENCES

1. L. Itriashvili. New non-conventional waterproofing materials: “Ecological systems and instruments”, Ne
3, Moscow, 2005.
2. L. Itriashvili. Patent 3662.The way to get poly-mineral composite, 2005.
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CTpoHuTEIbCTBO H APXHTEKTYPa

MATEPUAJ 1 ®YHKIUA: O CHEHU®UKE ®OPMOOBPA30OBAHUA
B COBPEMEHHOM APXUTEKTYPE

Kammna U.B., CoxonoBa A.H.

Axademuss cmpoumensbcmed u apxXumexkmypa
Jlonckoeo 2ocyoapcmeenioeo mexHuuecko20 yHugepcumema
nep. Kpvinosckoti 20, k6.4, 2. Pocmog-na-/{ony, Poccus
E-mail: akbcfS84@yandex.ru, lisa.858@yandex.ru

AnHoTanus: B cratbe paccmaTpuBaercss mpoOiemMa COXpaHEHWsS HACHTUYHOCTH apXHUTEKTYpHOTO
TBOPYECTBA M €r0 BHYTPEHHUX CMBICIOB M ILIEHHOCTEH B YCJIOBHSAX HBOJIOLIUM MOCTUHAYCTPHUAIBHOIO
oOmecTBa. ApXuUTeKTypHOe (OpPMOOOpa3oBaHUE KaK IPOLECC HAKOIUICHUS W TPAHCISALUHM  OIbITa
CBOOOJIHOTO TPOCTPAHCTBEHHOTO KOHCTUTYHPOBAHUS aAHAIM3HPYETCSd C TOYKHM 3pEHUS W3MEHEHHS
COOTHOILICHUSI «MaTepuanay 1 «(QyHKIHNW» B KOHTEKCTE Pa3BUTHS MacCOBOTO MPOM3BOJACTBA M KYJBTYPHI.
OrneHnBarOTCs MEPCIEKTUBBI PA3BUTHS CTPYKTYPHO-(PYHKIIMOHAIBHOTO MOIX0/a K BHIPAO0OTKE MPHUHIIUIIOB
HE3aBUCUMOM apXUTEKTYPHOU TEOPUH.

KuroueBble cjioBa: apxutekrypHas Qopma, NpPOCTPAaHCTBO, CTPYKTypa; (yHKOMA, MaccoBas
KyJbTypa, CTAH1apTU3aLHs.

Construction and architecture

MATERIAL AND FUNCTION: ON THE SPECIFICS
OF FORMATION IN MODERN ARCHITECTURE

I. Kashina, A. Sokolova

Academy of construction and architecture
Of Don State Technical University
Tr. Krylovskaya 20, ap.4, Rostov-on-Don, Russia
E-mail: akbcfS84@yandex.ru, lisa.858@yandex.ru

Annotation. The article considers the problem of preservation of architectural creativity and its
internal meanings and values within the evolution of post-industrial society. Architectural shaping as the
process of accumulation and transmission of spatial experience free of Constitution is analyzed from the
point of view of changing the ratio of "material" and "function" in the context of the development of mass
production and culture. Evaluates the prospects of development of the structural-functional approach to the
development of architectural principles independent of theory.

Key words: architectural form; space; structure; function; mass culture; standardization.

AKTyaJbHOCTb TEMBI MpeAjaraeMoil cTaTbM W €€ TIJlaBHas HCCleloBaTenbckas mpodieMa MpsMo
CBSI3aHBI C COBPEMEHHBIM 3TallOM Pa3BUTHS apXUTEKTYPHOI MBICIH Kak Ha 3amaje, Tak U B Hallell crpane. B
ycnoBusAX Ju(Qy3uu IpeAMETHBIX TPAHHUI] OIBITA APXUTEKTYPHOU AEATEIIbHOCTH, BEICTYAOLIEH MOMEHTOM
B 00ILell Lenu AeCTPYKTUBHBIX TCHICHUMH HAIIEro BPEMEHH, OCTPO BCTAE€T BOINPOC O TOM, YTO COCTABISAET
BHYTPEHHMH TpeJiel MPoTyLHPOBAHNS apXUTEKTYPHOTO «IIPOAYKTa». MIHBIMU cllOBaMH, MOXHO JIU CETOIHS
C TOJHBIM MPaBOM TOBOPUTH O TOM, YTO OCHOBAHUS ABTOHOMHOCTH U CBOOOABI apPXUTEKTYPHOTO
meopyecmsea OCTANNCH HEMOKOIeOMMbIMH. OcCTancs M CEeroiHsl apXUTeKTOp XyAokHukom? Mactepom? B
KaKOM-TO CMBICIIE TIO9TOM, CKa3bIBaIOIIEM B MPOCTPAHCTBEHHBIX OPMaxX M KaMHE CBOE YHHUKAIBHOE CIIOBO.
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ApPXUTEKTypHOE TBOPUECTBO KaK Mpolecc OmmKaiimmM oopa3oM poxIeHUsS HOBOH (DOPMBI CEroiHs Kak pa3
JWIIEHO CBOMX OCHOBaHMHA B «MaTepualiey, «TEXHONOTHH» M IelsaxX naesTenbHocTH. CoBpeMeHHas
apXUTEKTypa MPaKTHYECKH HE CO3JAaeT CTPYKTYpPhl NPOCTPAHCTBEHHO O3HAUYEHHOI'O OMBITA, KOTOphIE OBl
3aKIII0YaId B COOCTBEHHOM Pa3BePTHIBAEMOM MMMAaHEHTHO MOTOKE MPUHIUIIBI «YTEHUs», MeTaQOpH3alul 1
konudukanmyu. O4eHb TPYAHO CETONHS HAWTH apXWUTEKTYPHBIA NMPOEKT WM €ro TOTOBYIO peallu3allHio,
KOTOPBI OBl CBOMM «TEKCTOM» cO37aBajl OCOObIi Mup 3HaueHuwid. J[06oe coBpeMEHHOE CTpOeHHE
«UUTaeTCS» IO MpaBUIaM BOBCE HE APXUTEKTYPHOW WMMAHEHTHOW TpaMMAaTHKH. Y HEro NPaKTHYECKU
MIOJTHOCTBIO OTCYTCTBYET CBOSI YHHKaJbHAs T€PMEHEBTHKA, KPYI MHTEpIpeTanuii U pedeperuuii. OHO He B
cuiax camo ceds pacckazamy, TIOBECTBOBATh O caMOM ceOe. DTy (QYHKIHMIO YTHIMTAPHOU «9K3ETCTUKN
BBITOJTHSIET CaMO TIOCTMOJIEPHUCTCKOE IOTPEOUTENHCKOE OOIIECTBO.

be3ycioBHO, TOMUHUPYIOIIUM B apXUTEKTYPHOH MBICIH HOBEHILEr0 BpeMEeHH crioco00M OOBSICHEHUS
CYIIHOCTH KaK apXHTEKTyphl BOOOIIE, TAK M apXUTEKTYpHOH (OPMBI, B HYACTHOCTH, CTaT (POPMATHCTCKUI
CTPYKTYpPHO-(YHKIMOHAIBHBINA MOIX0A. DTO BIOJHE MOHSATHO M JIOTUYHO B YCIOBHSAX COLMOKYJIBTYPHBIX
TpaHchopManuii OOIIECTBEHHOW >KM3HM M CaMmMOro 4YelOBeKa B 3IMOXYy PAa3BHTUS KpPYNHOMAacCIITaOHOTO
IIPOM3BOJICTBA, MACCOBBIX CTaHAAPTU3UPOBAHHBIX aJIrOPUTMOB U INAOJIOHOB JEATEIBHOCTH, MBICIH,
MOBEJCHUS M KOMMYHUKAIMHM, TOTAJbHOTO Pa3pyLICHUS CaKpaJM30BAaHHBIX CMBICJIOBBIX ILIaCTOB
KOJIJIEKTUBHOI'O AHTPOIIOJIOTMYECKOr0 OIbITa U KyJbTHMBUPOBAaHMsS HAy4HO-TEXHHYECKOIO IIporpecca.
«CoBpeMeHHbIH Ipollecc cTaHIapTU3alMU ... HAac BhIXOJAlMBAaeT U noauuHser cede, — ormedaer D. JI.
Paiit. ...Ctanpgaptusauus crana yxe HEM30€KHOM HEOOXOOMMOCTBIO, a Kak Bpar WIH APYr — MOXETe
BBIOMPATH... MexaHu3alus U CTaHIapTH3AMA yXKe JHIIMIN )KU3HH PEMECIO BO BCEX €ro MPOSBICHUSAX...
Menst OecrokowIn, — MOAYEPKUBAET Npu 3ToM Paiit, — HOBbIe (OPMBI Kak BBIpaKEHHWE HOBOH CHUCTEMBI
MaIIMHHOTO TIPOU3BOICTBaY [8, c. 54].

Eme B 30-e rompl mo3amponuioro croieTus (QpaHIy3CKHH aBTOp M apXUTEKTOp, CO3JaTellb
oubmmorexkn CB. JXeHeBbeBB W HOBOTO uMTalnbHOro 3ana Hamnmonanbhoit OmbOmmoreku B Ilapmxe, A.
JlabpycT mucan: «...s OOBICHSIIO UM [CBOMM YYECHHKAM |, YTO MPOYHOCTH 3aBUCHT CKOPEe OT TOTO CIoco0a,
KOTOPBIM MaTepHalibl COSAMHEHBI, YeM OT X KOJIUYECTBA, H... sl TOBOPIO UM, YTO OHU JOJKHBI UCXOIUTH U3
caMOll KOHCTPYKLIMH TIpH BBIOOpE BUAA OTACIKH... 51 4acTo MOBTOPSIIO MM, YTO HCKYCCTBO oOOnamaer
BJIACTBIO JI€NaTh BCE IIPEKPAcHBIM, HO HACTAaUBal0 Ha TOM, YTOOBI MM OBUIO aOCONIOTHO $ICHO, YTO B
apxuTekType ¢(opma [OJDKHA BCerza COOTBETCTBOBATh (YHKLUMH, Uil BBIIOJHEHHS KOTOPOW OHa
npeaHaszHadeHa» [1, c. 185].

Apxutektypa (aKTHUECKH YTpaTHia CBS3b C OOpSAOBO-CUMBOJMYECKOH CTOPOHOH COLMAIBLHOTO
ObITHA, ONpeAessIBIIEH KaHOHBI CTPOMTENILCTBA HAa MPOTSDKEHWH BCEW €€ MHOTOTBHICSIUENIETHEH HCTOPHU
CYLIECTBOBaHUs, HauuHas co BpeMeH coopyxkeHus I[lupamua um Croynxenmxka u BIIoTh 10 IlepBoit
Muposoii Boiinel. Hcropudeckn apxuTekTypa ObUla HEOTHEIMMa OT TPAHCLUEHIEHTHOTO HW3MEpPEeHHUs
KyJnbTypbl. Jltoboe cTpoeHHe, He 00s3aTeNbHO Ha)XKe MPSIMO CBA3aHHOE C PEIMIHMO3HBIMU IPaKTHKaMU
(xpamoBbie KoMImieKChl, COOOPHI U T. 11.), B TPATUIIIOHHOM 00IIecTBe, Oy/Ib TO BOCTOYHBIC [IWBUIH3AIIH
(Kurait, Unaus, Ilepcus, CUHTOMCTCKUE KYNbTYpHBIE OYarv) MM KJIACCHUYSCKMH 3amal, po>KICHHBIA Ha
Oeperax Temaoro Oreiickoro Mops, Bcerna OblI0 COPUEHTHPOBAHO CTPYKTYPHO M NMPOCTPAHCTBEHHO TAKUM
00pa3om, 4To B CBoel MOP(OJIOTHH, TEOMETPUH, KOMITIO3UIIMOHHOM PELICHUH OTBEYaJI0 OOIIMM JIJIsl JAHHOTO
BpeMEHH U ero «Jlyxa» TpeOoBaHUSIM 3aKpeyIeHUs] OTHOLICHUN MEXAy €AMHUYHBIM HOCUTENEM KYyJIbTYpbI,
IIPOCTBIM HMHIMBHIOM W BCEOOIIMMM LEJIOCTHBIMH YPOBHSIMH, BIACThIO, KYJbTOOTIIPABIISIOIUMHU
COLMANILHBIMH TPYIIaMH, JTUTAMHU.

Taxoke Kak U UCKYCCTBO B II€JIOM apXHMTEKTypa BCerJa BBIIOJIHAJA BAXHEUIINE aKCHOJIOTHYECKUE U
neneperynsatuBable  GyHkuuu. Ho, Kpome TOro, BBIXOAWIA TaKkKe 3a PaMKH MPOCTOTO BBIPAKEHHS
TBOPYECKOW BOJIM M TEXHUYECKMX 3HAHWK CBOMX co3laTesieid, BBICTyHas (OpMOH 3aKperuieHus] 3HaKOBO-
CHUMBOJINYECKOTO EIMHCTBA KYJNbTYpbl, OOINECTBAa, CHOCOOOM MWJIM METOIOM OOBEKTHBUPOBAHHUS
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CBEPX(H3MUYECKOr0 HM3MEPEHHUSI OIBITa M MOCIEAYIOIIEr0 COOTHECEHHS C HUM KOHKPETHBIX HOCUTENeH-
CyOBEKTOB JAHHOTO KOHKPETHOT'O YPOBHS LIUBUIN3AIIHOHHO-UCTOPUUECKOTO PAa3BUTHSI.

VYxe co Bropod momoBuHbl XIX crojeTusi, KOrja akTHBHBIM YYaCTHHKOM COLHAIbHOIO OOMEHa B
oOmiecTBa, KOMMYHHMKATHBHBIX IPOIIECCOB CTajla TE€XHHKA, MawiuHa, cTpoutenabcTBOo B EBpome, CIIA,
Poccun m apyrux permoHax IUIaHETHI, NMPUYACTHBIX K Mporpeccy Ha 0a3e phbIHKA U HAYKH, MEPecTalio
OpPHECHTUPOBATHCS Ha MeTadu3nueckue jieca Xu3HU. «OcoOyro pojb B apXUTEKType WIPAIOT M3MEHEHHMS,
00yCIOBJIEHHBIE yXOM BPEMEHHU; HOBBIE 3a/]auH, TIOCTaBJICHHBIE MTEPE]] CTPOUTEIHCTBOM, Ha TPAHCIIOPTE U B
MPOMBIIIJICHHOCTA U BO3MOXXHOCTh HOBBIX KOHCTPYKTHBHBIX PEIICHMH NpPH MPUMEHEHWH HOBBIX
CTPOUTENBFHBIX MaTepPHAJIOB: CTEKJIa — cTanu — OeToHa» [4, ¢. 306]. TexHuveckas MOIIb MPOCTO M30aBHUIA
YeloBeKa OT HEOOXOTUMOCTU MEOpYecKO20 OCBOCHHSI M ONOCPEOBAHHOTO TOMYMHEHHS >KU3HEHHOTO
MIPOCTPAHCTBA.

Kpowme Toro, conpanpHble KOJUIM3UH, PEBOJIIOLMH U IPOYHE IPOLIECCH B OOILIECTBE U CAMOM CO3HAHUU
NpUBEIM K aKTyalu3alud paHee HEBeAOMOro (axkropa KyJbTYpHOH 3BONIOLNMU — BCIUIBIBIICH
MHOTOMWIJTHOHHOM Macchl JroAed. YpOaHu3alus, CIOM MaTpUapXajbHOM HEpapXUUYeCKOH CTPYKTYpBI,
JnecyOIMMUPOBaHUE KOMMYHHMKATHBHBIX IPAaKTHUK, HX JEICTETH3allMs, CYLIECTBEHHOE YIPOIIEHUE,
MaKCHUMaJbHasl MparMaTU3alys MaccOBOE MPOU3BOJICTBO 3aCTABUIM KAK-TO «IPUHSITHY», ACCHMUIMPOBATDH
HEKOIJja MOJYaJMBOE OOJBIIMHCTBO HACEIEHHS, BOBJICYh B OPOUTY HACHTH(HUIHPYEMOTO COLUAILHOTO
cyObekTa (HampuMep, HAIMOHAIBHOTO WM TOCymapcTBeHHOTO). Ilporiecchl ypOaHW3anuv, TEHICHIINN
paspacTaHusi TOPOJOB, MOMYMHEHHS HMH BCEro MPOCTPAHCTBA KaK «MECTa» OBITOBAaHMA WHAMBHUIA
HEOTAEIMMBI OT 3BOJIIOLMM MacCOBOIO CO3HAHMA M €ro IJIaBHOro Hocutessd. Buaumo, npaB oTedecTBEHHBIH
yuenslii B. JI. I'nma3prueB, korga numier, 4To «0OBEKTHBHBIN MpoLecc BceoOled ypOaHu3aiuu HEYMOJIIM.
Pa3ymeercst, MONBITKY yXO/bl HHAWBUIOB MM HEOONBIINX IPYIIT KaK MOXKHO Jajibllie OT BIMSHHS FOPOJIOB
OyJyT MPOIOJIKAThCS, HO 3TOT BApHAHT 3CKAIK3Ma OOpEYEeH Ha TO, YTOOBI ObITH CYyry00 MapruHabHbBIM
siBIICHHEM. MHp JABHXETCSl K TOMY, UTO BCE €ro HaceJieHne OyAeT ropoACKUM. MHUp yXe TaKoB: IPUPOAHBIE
3aKa3HMKM, 3allOBEJHHMKM, HAllMOHAJbHbIE NApku OyAyT, Hajo IojlaraTh, YBEIMYMBATHCS B YHUCIE U B
pa3Mmepax, HO 3TO TPOUCXOIUT WMEHHO IOTOMY, YTO B MX PEKPEallMOHHBIX BO3MOXHOCTAX Bce Oonee
3aMHTEPECOBAaHbl T€, Ybsl OCHOBHAs JCSATENBHOCTh OCYIIECTBISIETCS B TOpPOACKOM cpexe» [2, c. 7].
CoBpeMeHHas MaccoBast KyJIbTypa — 3TO KyJIbTypa >KUTEJIsI O0JIBIIOro ropoja, TOTAIUTAPHO MOIABIISIOLIETO
BCSIKOE MHANBUAYAIEHOE KOAUPOBAaHUE KU3HEHHOTO MUPA.

i 3TOro  HENoCpPEeICTBEHHO IOTPeOOBajloCh  CO3AAaHUE MPUHIMIMAIBHO OTJIMYHBIX — OT
TPaJULUOHHBIX (OPM YCIOBUM MPOXKHMBaHUS, MEpPEMEIICHUS W XaOWTyanu3aluHu >KU3HEHHOW cpenpl. U
rJIaBHOE TpeOOBaHKE, KOTOpoe CPOPMYTUPOBal yKe BeK XX — HOBas apXUTEKTypa JOKHA YAOBJIETBOPATD
TEKyILIUe Maccosble TOTPEOHOCTH U JKellaHUs OOYCTpOWCTBA Macc, JIMIIEHHBIX TPaHCLEHIEHTHOTO
HebocBoga u kopHed. Ilpum stom, kak cumraer Bamprep ['pommyc, «ommOo4yHO mpearosiaratb, 4TO
apXUTeKTypa YXyIIIUTCS M3-32 MHIYCTpHAIM3allMd  KOHCTPYKLMH kuioro jgoma. Hampotus,
CTaHIAPTHU3ALHUS 3JIEMEHTOB 31aHUs OKKET 0J1arOTBOPHOE BIMSHUE HA CO3JJAHNE €MHOTO XapaKTepa HOBBIX
KUTUIL ¥ npeanpustuiy [3, c. 343]. Enunblii xapakTep apXuTeKTyphl (aKTHUECKH IpEBpalacT ec B
IIPOCTOE IPOU3BOJACTBO, CO3JAIOIIEE CBOM TOTOBBIM NPOAYKT B INPOMBIIUICHHBIX Macmrabax. MHaue
YIIOBIETBOPUTH aKTyalbHBIE COIMANbHBIE TOTPEOHOCTH OyIeT KpaiiHe cioxkHo. TouHee, BOBCE HEBO3MOXKHO.
3aMeTHM, YTO COBPEMEHHasl CHUTYyallusl ¢ PELIeHHEM >KWJIMIIHOIo Bompoca B Poccum M MHOTMX Apyrux
ctpanax Craporo u HoBoro csera BO MHOTOM COXpaHSET €Ile 3TO TpeOOBaHKWE — CTPOUTH JIEIIEBIIE, OOJIbIIE
U ObICTpee, JOTOHSISI MPOIIOPIHIO 1eMOTrpagHIECcKOro pocTa, ¢ OMHONH CTOPOHBI, 1 HEOOXOAUMOCTH KECTKOU
9KOHOMHHU PECYPCOB (B TO YHCIIE MHTEIUIEKTYAIbHBIX, HEOOXOANMBIX Ul CUMBOJIMYECKOIO OCBOCHUSI HOBOH
CpeIIbl), C APYTOM.

TonkoBaHWE CYNTHOCTH apXUTEKTypHOH (OPMBI CTAI0 MCXOAUTH M3 HEOOXOAMMOCTH MOMCKAa HOBBIX
KaHAJIOB COLMAJIbHOM LIUPKYJSLUN U JU(THUHTa, Yer0 HE 3Hala HU apXUTEKTypa, HU UCKYCCTBO BOOOILIE B
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KJIACCHUYECKYIO 310XY. XapaKTEepHO B 3TOH CBs3M BhicKa3biBaHue Jlynca CannmBeHa, apXUTEKTOpa U aBTOpa
koHIa XIX B., KOTOPHIi MOMBITATICS TEOPETUIECKHA 0OOCHOBATH «HOBYIO» ICTETHKY, B KOTOPOU KpacoTa Kak
OIyIIEHNE €CTh PEe3yNbTaT YIOBJIETBOPEHHs MOTPEOHOCTEH W MMEET TakkKe (YHKIMOHAIBHYIO MPHPOIY.
«bynp TO open B CTpEMHTENBEHOM IOJIETe, SOJNOHS B I[BETY, JIOMOBAs JIOIIA/b, Be3yllas Ipy3, KypHaliui
pydeii, mibByHe B HeOe 00iaka — 1 HaJl BceM 3THM BeuHoe JBrkeHrne CorHIla — BCIOAY U Beerna Gopma
creayer 3a Qynkuuei» [9, c. 44-45]. Emy cioBHO BTOpuUT O. MeHaenbcoH: «DPopMbl BceX ILIEAECBPOB
HAYAIBHOTO 3Tala Pa3BUTHs CaMOOBITHBIX ApXHUTEKTYP ONPEAEICHbl YETKOCTBIO MOJIOKEHHOTO B OCHOBY
KOHCTPYKTUBHOTO TPHUHIIWIA; KOHCTPYKIIMM W MaTepuanbl OOYCIOBHIM Takke OOJMK BCEX TexX
MIPOM3BENIEHUII MHPOBOTO 3HAYCHHS, MO KOTOPHIM MOXKHO 0€30IHO0YHO MPOCIEIUTh UCTOPUI0 Pa3BUTHS
yenoBeuecTBay [6, c. 309].

B cBs3u ¢ 3THMU HACYIIHBIMH BESTHUSIMH CaMO OTHOIIICHHE B OOIIECTBE K apXUTEKTYpe CTANIO CYry0o
MParMaTU4ecKuM, ONHPAIOIMMCS Ha COOOpaKEHUS DKOHOMHUHU M pacueTa, Kpurepud 3(QeKTHBHOCTH
WCIIONIb30BAHUS JIOCTYITHOM Cpebl M JIaHmadTOB, MAaKCUMU3AIUK ToNe3HoCcTH. [Ipu 3TOM orpaHnMYMBaThH
Kpyr apryMEHTAIlu¥ TaKuX KPUTEPUEB TOJIBKO PAa3BUTHUEM HAYKH U TEXHOJOTUH ObLIO OBl SIBHO HEBEPHO U
HMCTOPUYECKH HE TOYHO. J[enmo B TOM, 4TO caMu 1O cebe TEXHOJIIOTHYECKHe HOBAIMH, IPUMEHEHNe 3HAHW,
MOJTyYCHHBIX JKCIEPUMEHTAIBHO, OMNBITHO, BCETAa COMPOBOXIANA OOYCTPOMCTBO >KH3HEHHOTO MHpa,
OCBOGHHE TIPUPOJHOW cpenbl (HAaMpUMep, INPU CTPOUTEIHCTBE MAPEBHEHIINX TOPOAOB, BOCHHO-
00OpOHHUTETHHBIX COOPYKEHHUI, XPaMOB, JBOPIIOBBIX KOMILIEKCOB H T. II.).

Benuuaiime NmaMsSTHUKH JIPEBHETPEUSCKOM M PUMCKOH apXUTEKTYPhl, T'PaHAMO3HBIC TOTUYCCKHUEC
Co0opbl CpeHEeBeKOBOIO 3amaja, HaKoHEl[, MaclTa0Hble CTPOMKK PeHeccaHca u 0apOKKO, MPEXK/IE BCETro,
OCHOBBIBJINCh ~HAa TOHYAWIIMX W CIIOXKHCHIIMX MaTeMAaTHYECKHMX  pacyeTax, Ha T[IyOOKOM
CTCIMAIM3MPOBAHHOM 3HAHWU COCTaBa MaTEpHaJiOB, CIIOCOOOB WX 0OpabOTKM W COYETaHHsS B KOMIUIEKCAX
3TaHAHA M XpaMOB. B 3TOM OTHOIICHWH BEPHO MOAMEYAECT HEMEIKUN uccheaoparens Kypt 3urens: «Beskuit
APXUTEKTYPHBIM 3aMBbICE]l OCYIIECTBIIICTCS OIpPENeNICHHBIMU TEXHHYECKHUMHU cpeiacTBaMu. C MOMOIIBIO
TEXHHUKH apXUTEKTypa MPUHUMAET Ty WM WHYIO (pOpMy M CTAaHOBUTCS MaTepHaIbHBIM BBIPRKEHHUEM CBOEH
snoxu. TexHuKka Bcerya oka3blBalia BIUSHIE Ha apXUTEKTYpHBIC GopMbl. Bo BCce BpeMeHa TEXHUKA U HOBBIC
CTPOUTENFHBIC MaTepHajbl CIYXKIIN apXUTEKTOpaM HCTOYHHKOM TBOPYECKOTO BAOXHOBeHUs. He Oynpb
TEXHHUKH — He ObL10 Obl HU [lapdeHoHa, Hu rotukw» [4, ¢. 8]. Eile panee aHaIornyHo BhICKa3bIBajIcs U Jle
Kop6ro3pe: «TexHHUECKHE CpEACTBAa MPEIIIECTBYIOT M SABISIOTCS YCIOBHEM BCSKOW CTPOMKH... OHHU
OTIPEETISIOT apXUTEKTYpHBIE (JOPMBI, a MHOT/Ia U BBI3BIBAIOT PAAUKAIBHYIO 3CTETHUECKYIO MEPECTPOUKY»
[5, c. 76].

C 3TO#l TOYKHM 3peHUs] apXUTEKTypHAs MBICIh, HACKOJIBKO IIyOOKO MBI MOXEM CYIUTh MO HCTOPUU
UMBUJIM3AIMN BOOOIE, BCErJa BBICTYNAla B aBaHTapA€ HHTEIUIEKTYaJbHOTO BOOPYXEHHS OOIIeCTBa.
Brigaromuecss mactepa, 304ne, apXUTEKTYpPbI, MPOCKTUPOBIIUKA ObUIM KPYITHEUITUMH YYCHBIMH CBOETO
BPEMEHH, OJHIMKIONEINYECKH COBMEIIABIIMMH 3HAHUS B CaMbBIX pa3HBIX OO0JACTAX M OYEHb TOHKO
YyBCTBOBABIIIMMH JTyXOBHBII PUTM CBOET0 BpeMeHH. [l03ToMy BiHsiHME HaydHOTO Mporpecca Ha pa3BHTHE
apXUTEKTYpHl B HOBelIlee BpeMs, HECOMHEHHO, 3HAaKOBO M CUMIITOMAaTHYHO. Ho CyITHOCTE MpOoM30IIe X
TparcopManuii ¥ TEHIESHINH, ONPEACIISIONINe XapaKTePHbIE YePThl PA3BUTHS apXUTEKTYPHI YKe CETOTHS
JTAJIeKO He OTPaHMYUBAIOTCS TOJNBKO BHEAPEHHUEM HOBBIX MaTe€pHaJIOB, TEXHOJIOTUH M pPacueTHBIX CHCTEM
MOJIETTPOBAHWISL.

AHanm3 M COTOCTaBJIEHHE TPAKTOBOK MMEHHO apXHTEKTYpHOW ()OPMBI KaK pa3 W MO3BOJISIET JTydIlle
BCETO TOHATH, YTO OOMIEMHUPOBO33PEHUECKHH CIMEHTUCTCKUH HACTPOH HOBEHIIEro BpPEMEHH, BIUSHHE
HayKl BBIPA3WINCh B HMHOM. A WMEHHO: MeTaMOp(o3bl TeNneoJorud O(OopMIIEHHS TPOCTPAHCTBA,
CUMBOJIMYECKON M CMBICIOBOM TpagyMpOBKM W paH)XHpOBaHUA. VIMEHHO dYepe3 3TH CBOM «KauecTBa»
apXUTEKTypa W BBIpa)XaeT HE TOJBKO M HE CTOJIBKO YPOBEHb MaTepHalIbHO-TEXHMYECKOTO Iporpecca
o0miecTBa, CKOJBKO CIOCOO  CaMOIIOCTIKEHHS, CaMOHWICHTH(UKAIINN, CAMOABIDKEHUS EIHHOTO
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COIIMOKYJIETYPHOTO Opranu3Ma. B apXuTekTypHO#H (opMe CUMTHIBACTCS MEHTAJIbHOE YKOPEHEHUE CyObeKTa,
CO3/IAIOIIET0 U CO3EPLAOLIET0 TO WM HHOE coopykeHHne. PopMa He TOJIBKO OTPaHWYMBAET MM OUePUHBAET
ApXUTEKTYPHYIO Maccy, HO M CYIIECTBEHHBIM onpedenaiowum o0Opa3oM 3aKpeIusieT paziudue KaK METOJ
KOHCTUTYHPOBaHUSI OCOOOTO IMEPLUENTHBHOTO CYyOBEKTO-CTPEMHTENBHOTO TOAYUHSIONIETOCS MPOCTPAHCTBA
(1 BpemeHH).

CTpyKTYpHO-QYHKIMOHAJIMCTCKUE AacleKThl [MOTOMY M HOJIYYWIM B HHIYCTPUAIBHOM H
NOCTHHYCTPUAILHOM OOIECTBE  BEAYUIYI0 pOJb B TOAXOJAE K U3YYCHHIO W MNPOIYLUPOBAHUIO
apXUTEKTYpPHOH (POPMBI, YTO KaK pa3 MMEHHO TaKod (POKYC IMO3BOJISET H30aBUTHCS OT «JIMIIHETO» OpeMEeHU
MeTapOpHUKH, MAIOMOHATHOW W TPAKTUYECKH HE HYKHOH MaccoBOMYy HOTpeOMTEN0  MeTapHu3HKU
CMBICJIOBBIX M CHMBOJIMYECKHX BEKTOPOB TEKTOHUYECKOT'O KOPHEBHIIA TPOCKTOB.

B apXHTEKTypOJOTMYECKHX MITYyIUSX HAIIero BpEeMEHH Bce OOJblIe NPEBATHPYIOT IOJMEHBI
KOHIIETTa «(hOpMay pasIMIHBIMU 3p3allaMi KOHCTPYKTUBU3MA U, COOTBETCTBEHHO TAKXK€, BBIXOJIAIINBACTCS
CaMOIOBIICIONIeE MMMaHEHTHOE KadecTBO ad(upMaTHBHOCTH (OPMBI M €€ CaMOpPENpe3eHTaTUBHOCTH,
ocraercs MycTod GopManu3M U @akmopusill ananus Gopmoobpasosanus. KoTopble, KOHEYHO K€,
BBI3BIBAIOT MHOXECTBO HAPEKAHHUI M CKENTUYECKHUX B3IJIAA0B B CBOIO CTOPOHY. YTO y)Ke OHO JIMIIb TOJIBKO
caMo 10 cebe CBUAETENbCTBYET 00 OTCYTCTBUM HAJEKHOIO COOCTBEHHOIO MPEAMETHO-METOA0IOTHYECKOrO
NPUCTAHMIIA TEOPUHM APXUTEKTypbl. He crocoOHOM B CIIOKHMBIIMXCS BECbMa HE IPOCTHIX YCIOBHSIX
MIPOTUBONOCTABUTh HEYTO COJEPKATEIFHOE U IMPOYHOE HATHCKY OINEPAllMOHAIBHON KOHCTPYKIIMOHUCTCKOM
HICOJIOTHH TIOCIEAHEr0 BPEMEHH, MOJb3YIOUICHCS OYEBHAHOCTHIO JIOBOAOB HAYYHO-OPUEHTHPOBAHHOTO
MHPOBO33PEHHSI M OTCYTCTBHEM, C JPYrod CTOPOHBI, NParMaTHYeCKOH BECOMOCTH H TOJE3HOCTH,
y1000BaprUMOI OTPEOUTENILCKONH MPUBJIEKATEILHOCTH Y OBIBLIIMX B KJIACCHYECKOW KYJIBTYpPE CMBICIOBBIX
«y3JI0B» IPOCTPAHCTBCHHBIX PEIICHUI W TOJeH HANpsDKEHHS TOYCK NMPUCYTCTBHUS CO3EpLAIOMIEro <« Sy,
cyOBekTa. B KiaccH4eckylo SMOXy CO3HAaHMS apXHUTEKTypa IpelCTaBisia co00il NMPOCTpaHCTBEHHBIN
IUTACTHYECKU 00pa3z peanvrocmu. MetaMopdo3bl HOBEHMIEr0o BpEMEHHM MOCTaBHIM II0A COMHEHHE
(byHIaMEHTaTIbHYI0 CTPATETHIO MOJ00HOTO (hopMOOOpa3yIOMEro MpOCTPAHCTBEHHOIO KOHCTHTYHPOBAHHS.
Krnaccnyeckne mpUHOUIBL apXUTEKTYPHOTO (GopMooOpa3oBaHMs MPUBOAMIM K BKIIIOYEHHIO (PU3UYECKOTO
MIPOCTPAHCTBA KaK 0O0bEKTUBHOM MPEANOCHIIKY YEJIOBEYECKOr0 OOMTaHMsI B IOTOK CAMOT'O CO3HAHUS KaK €To
uHOe; B MHPE COBPEMEHHOI apXUTEKTypHOH (POPMBI UeJIOBEK Ce0sl TOYTH HE Y3HAET.

Ecmu paccMaTpuBaTh apXWUTEKTYpy TOJBKO KakK HEKHH #poOdykm OOIIECTBEHHOI'O MPOU3BOJACTBA
(mycTh Ta’ke B caMOM IIMPOKOM CMBICTIE CIIOBA, TOM, Ha KOTOPOE yKa3bIBal MapKc B CBOEM 3HAMEHUTOM
Maccaxe O CpPaBHEHHWM «XOpOLIEH» TUeNbl M «CaMOro IUIOXOrO» AapXHUTEKTOpa), OoOJIadarouui
creun(UIECKUMH TPEANOCHUIKAMH COOCTBEHHOTO PAa3BUTHS, W3MEHEHHWS NPHUHLUIOB JAEATENLHOCTH,
IUIAHUPOBAHUS M TMPOEKTUPOBAHMSA, TO €CTECTBEHHO, YTO MMEHHO (aKTOPHBIM aHAIW3 JOJDKEH JaBaTh
OTBETHI HA OCHOBHBIE BOTIPOCHI O CYIIHOCTH apXUTEKTYPhl B KOHKPETHOM KYJIBTYPHOMH Cpeze.

OTOT ’XK€ MOAXOA IOJTHOCTHIO YKIAAbIBACTCS B METOMOJOTMYECKHE KOHTYPHI MO3UTHBHCTCKOTO
HAYYHOTO OCMBICIICHUS TOTO WJIM HHOTO IperMera. A B XX BeKe HE TOJIBKO MPUPOJHBIE O0BEKTHI CTATH €ro
npeaMeTOM, HO TPEeXJe BCEro caM YeJOBEK, €ro MBIIUICHHE, UCTOPUYECKUE pa3BUTHE KYIbTYDHI, S3BIK,
NICUXHWKA, KOMMYHHKAIUS, KOJUIGKTHBHBIC IIPEACTABICHUS W IBETYIIHE I00eTH WHIMBHIYaJIbHOTO
camoco3HaHusl (MH(DBI, TOATHKA, PEJIUTHS, HCKYycCTBO, Gpunocodus). He uckmouenue u apxurektypa. C stoit
TOYKH 3pEHUs JTI000H MpeaMeT, B TaHHOM CIIydae MPOU3BEACHIE apXUTEKTYPhI, PAaCWICHIETCS Ha Ocs3aeMble
KOMITOHEHTHI, ()aKTUYECKH PEeIyIHPYETCs U TPENCTACT B BUIE KOHpuUeypayuy WA CImpyKmypbl, A3MEHEHUS
KOTOPOi 00yCIIOBIEHbI CMEHOH (HaKTOPOB, MX JTUHAMUKOW U KaYeCTBEHHBIM POCTOM, a TaK:Ke U3MECHEHUSIMH
OOIIECTBEHHBIX OXKHUIAHUH U 3aKa30B.

ApxutektypHast (opMa BCIEACTBUE TaKOIO «TEHETHYECKOr0» TPOHUKHOBEHHS B TPEAMET
OKa3blBaeTCs BCELENO MCYEPNAaHHOM mpoueccaMu ogopmieHnus apXUTEKTYpHOTO OOBEKTa, €ro
popmoobpazosanus, TO €CTb, HHBIMH CIIOBAMH, €r0 MOCTPOCHUS WM KOHCTpyHpoBaHUs. M 1emo B JaHHOM
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Cllyyae HE CTOJBKO Ja)Ke B MPOLIECCYaIbHOM XapaKTepe Takoro n3MepeHus popmel. M6o cam mo cebe takoi
XapakTep emie HA O 4YeM He rooputT. dopma Kak HWMMaHEHTHBI METOJ caMoOpraHuzaluu obpasa
APXUTEKTYPHOTO MPOU3BEACHUS Yepe3 MPOLEcC MPEICTAET MOKa elle TOJIbKO Kak adcTpakiuus, Tpedyromas
BOCCTaHOBJICHUS IIEJIOTO Psijia OTMOCPEACTBYIONIMX 3BeHbeB. DopMa Kak ohopMIleHHE apXHUTEKTYPHOTO
00BeKTa JeMCTBUTENBHO 8ceyeno obycnosnena. Manelie nepeABIKKA B HEl UM CTPYKTYPHBIE Pa3Inyus
ML ompadicarom B cede 3Bomouuio (HakTopoB. [JaHHBIM NOJI0KEHUEM CIEAYET ONEPUPOBAThH MPENEIbHO
akkypatHo. 1 BOT mouemy.

JlroOoii apredakT yenoBedeckoi KyJIbTyphl (IO KpaliHe Mepe, JOCTOBEPHO M3BECTHBHIM HaM), JIFOOOM
COLIMOKYJIbTYPHBIH (DeHOMEH, SIBJICHUE WM MIPOLIECC B MEPBYIO OYEPENb €CTh «IAUTSD» CBOETO BPEMEHH, TPaHb
«IyXa 3TMOXH», BKIIOYAIONIETO YPOBEHb Pa3BUTHA MaTEepPHalIbHOW MPOM3BOJCTBEHHON 0a3bl colpyMa Kak
OCHOBBI aHTPOIOKYJBTypOreHe3a. ApXHUTEKTypa 34eCh HE IpOCTO NpHUMEp, a OXWH U3 Haubojee
[I0Ka3aTesbHbIX aClEKTOB POCTa U IpOrpecca «HeecTeCTBEHHOro» (MapKc) NpoAoIKeHHUS «ECTECTBEHHOIO»
TeNa 4eloBeKa.

Hdanexko He ciaydallHO KIacCHYEeCKUH TpEUecKUid opaep, CTaBmMid oOpa3moM ans  Bee
3aI1aJHOEBPOIIEHCKOM KYJIbTYphl, IOYTU Ha TPU THICAYU JIET IIOJIHOCTHIO OTPakaeT MEPHOCTD YEJI0BEUECKOTO
T€Na, €ro0 CUMMETPUI0O M acCUMMETpUYHbIE nporopuuu [7, c. 12-13]. WMnu: akTUBHOE HCHOJIB30BaHHE B
0apOYHBIX WTATBIHCKUX IOCTPOHKAX M CKyIbNTYpHBIX mpom3BeaeHusx XVII-XVIII BekoB mpamopa
(Batukan u Oeccmeptrbie meneBpbl JIk. JI. bepHuHu, KoposeBckas pe3WACHIINS HEAMOIUTAHCKUX
Byp6onos B Kazepre 0mm3 Heamons (mpoext apxurekropa Jlymmxu Bansutemnu, cepeauna XVII B.) u
Jpyrue XapakTepHbIe BUJLIBI) KOHEYHO K€, OBUIO HE B IOCJIEIHIOI o4epelb OOYyCIOBICHO HAJIMYUEM B
Uranun Gorarefmmx MeCTOPOKICHUNA 3TOr0 KPACUBEHILIETO U IIEHHEHIIIEro MpUpOAHOTO KaMHSL.

I'ynstst mo OynbBapam u aBeHro [laproka, wim npeObiBas B BeKoBo# Tuiin Pyanckoro KadenpanbHoro
Cobopa, Peitmcckoro uimu Illaptpckoro, AMberckoro ninu Cobopa Ilapmwkckoit boromartepu, paccMarpuBas
U3 TMOJI CEHU NMapKOBBIX JepeBbeB 3aMok LlleBepHu mim AmOya3, Bo-ne-Bukont win ®onrenodno, sesne u
BCIOZY TJ1a3 CKOJIb3UT IO MPAaKTUYECKU OJHOLBETHON CEPO-IIECOYHOr0 OTTEHKA IIOBEPXHOCTU CTEH, 00bEMOB
(hacagoB, U3YMHUTENBHBIX 10 KpacoTe BhIpe3aHHBIX (uryp. M 310 Toke HEe yIUBUTEIBHO, a HaXOAUT CBOE
npsiMoe  OOBSICHEHHE MAacCOBOW PAacHpOCTPaHEHHOCTBIO TECYaHWKA Ha TeppuTopuM ObIBIIEH Pumckoit
lammun. DTOT eCTeCTBEHHBIM TPUPOTHBIA CTPOWTENBHBIM MaTepuan TommaeTcss o0paboTke, peske,
(hakTypHOI1 orpaHke ropaszo Jierde, 4eM MHOTUE IpyTrue KaMHU. M BMecTe C TeM OH yIMBUTEIHHO MPOYHBIH.
Macrtepa pe3uukd U CKYJBITOPHl CMOINIM B II€CUAHMKE, HAIpuUMep, IepeJarb He IPOCTO JIUIO I'epoeB
€BaHreJIbCKUX CIOKETOB Ha creHax Peiimcckoro Cobopa, HO MOAYEPKHYTH HX OCOOBIH BBEIJIUBO-
CapKacTHYEeCKHH B3IJISM, HAMEKAoIMi (MMEHHO HaMeKalolmuid!) Ha BemuKoe OOrOOTKPOBEHHOE 3HAHHE,
pasopy:xatoliee 00yt ropJAeIUBYI0 YeJIOBEUECKYI0 COKPBITOCTh U 3€MHYIO 3MIUPUYECKYIO IICUXOJIOTHIO.
Co BpeMeHEM TEeCYaHWK TEMHEET, HO 3TO JIMIIb YCHIUBAeT 0co0YyI0 MeTapOpHKYy CTPOCHHH M 3aMKOBBIX
IIPONOPLUH, AKKYMYJIUPYET CMBICIII BDEMEHHU.

BepumHa Bcel KiIacCHYECKOH 3araJHOEBPONEHCKON KyJIbTYphl, CTABIIAS BO3MOKHBIM JOCTOSHUEM
YeNoBeYEeCKON KyNIbTYphl M caMoro /fyxa Onarofapsi pa3BUTHIO KIMEHHO 0apodHON apXHUTEKTYpHOU (OPMEI,
3HaMeHMTas 3epkanbHas ['anepest Bepcanbckoro qsopua B npuropoze Ilapmxka Ha nepuo cBoero cozgaHus
(1676-1684) BBIpaswia HE TOJBKO BBICOYAWIIYHD MeETapU3UKy W CHMBOJIM3AIMIO a0COIIOTHOMN
CyObEKTUBHOCTH, HO TaKXe ¢ OSKOHOMHYECKYl0 Molp @DpaHiuy, pa3BUTHE MPOMBIIUIEHHOCTH.
[Ipon3BoaCTBO 3epKkai B TO BpeMs TpeOoBalio crienUIecKuX 3HaHUH B 0071aCTH XVMHH, TETUIOBOW (PH3UKU
1 00pabOTKH MaTepHuaioB, yMEHUI U Pa3BUTHIX JOPOTOCTOSIIIUX TEXHOJIOTHH.

CrpemiieHHe TMOMYEPKHYTh BHYTPEHHHI COIO3 TIPaBOCIABHON BEpPHl M CaMOJEP)KaBHOW BIACTH
UMIIepaTopa HaIUIo CBOE, MOXKalyd, Jyylllee BBIpA)KEHHE B TaKOM MPUPOAHOM Marepuajie KakK I'paHUT,
KOTOpBIi n1o0bBanu 65u3 [letepOypra mo 6eperam Kapensckux n OHHCKUX 03€p, U U3 KOTOPOTO CO3/AaBajH
kojoHHaab! McaakueBckoro Cobopa, Ilocombckoit mectaumb 3umuero J[Bopua (mocie moxapa 1837 roma
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KOJIOHHBI U3 HCKYCCTBEHHOTO PO30BOTO MpamMopa 3aMEHUJIN Ha MOHYMEHTAJIbHbIE KOJIOHHBI, BRICEUCHHBIEC U3
Ceporo cepao0O0JbCKOr0 TPaHWTA) U TAKOW BaKHEHIIWH apXUTCKTYPHBIH NaMITHHUK, JTOMHHAHTY BCETO
uentpa [letepOypra xak 3HaMeHUTYI0 AnekcaHapoBckyio KomonHy Ha JIBOpIOBO# momaan, a Takke
MHOTHE JApyrue cTpoeHuss U odopmieHus QacaoB W HWHTEPHEPOB, CO3JaBaBIIMEe OOJIHMK CEBEpHOU
UMIIEPCKON CTONUIEL. TYT XK€ BCIIOMHHAEM M APYrod TaKoON XapaKTepHBIA MpHMep: mocie mokapa 1837
roga B 3uMHEeM J[Boplie MPOBOAMINCH TOTAIbHBIE PEKOHCTPYKIHMOHHBIE PaboThl. CUIBHEUIIHHA IMOoXap
OCTaBHJI OT UMIIEPATOPCKOMN PE3UICHIIMH OJTUH YepHBIH 0cTOB. B x0/1e (pakTnieckoro Bocco3manus 3aHOBO B
pemtennu rnaBHoro — ['eoprueBckoro TpoHHOTO — 3ama MBOpIA (CO3MAHHOTO elle MpH KU3HU ExaTepuHbl
Benukoii B 1795 rony apxurexropom J[x. KBapenru) BrepBbie B TaKuX OOJBIINX apXUTEKTYPHBIX 00BbEKTaX
ObUIM TpPHMEHEHbI Mo pemieHuro apxutekrtopa B. II. CracoBa meraminueckue (epMmbl IS CO3IAHHUS
KpeIUICHHST W TEePEKPHITHS IOTOJKAa BMECTO JepeBa W KaMEHHBIX CBOJOB. JlaHHBIE MeTaUTHYECKue
KOHCTPYKITMH OBUTH CO37aHBl Ha AJICKCAaHIPOBCKOM 3aBoje mmikeHepoM M. E. Kmapkom. Tem 6oree 4to
3umHnl J[Bopelr B OCHOBE CBOEH CTpOSHHE KHUPIHYHOE, a HE KaMEHHOe, W TpeOOoBal JUIs 3aBepIICHUS
00JBIINX 00BEMOB OCOOBIX TEXHUKO-TEXHOJIOTHYECKUX MPUEMOB. [IprMepsl 3TH MOXKHO MPOJIOIIKATH €IIe U
erie.

IlepeBoas cBoil B30p Ha MUHYBLIMHI U Tparndeckuit XX BeK, Mbl BUAUM aHAJIOTHMYHOE. ['0cnoacTBO
CTekna W OeTOoHa, MeTajula M CHHTETHYECKHX MAaTepHalioB, OOBACHAETCS pa3BUTHEM IIPOHU3BOJICTBA,
OMHpAIOIIETOCSd Ha HAyKOEMKHE HH)KEHEpHbIe pa3paborku. K. 3urenp maer ciemyronryio XapaKkTEepHUCTHKY
apxutekTypbl XX Beka: «CoBpeMeHHbIC KapKacHBIE KOHCTPYKIIUU MOSBWINCH B Pe3y/ibTaTe MPUMEHEHHS B
CTPOUTENFHON TpaKTHKE CTalu M OeroHa. K XapakTepHBIM udepTaM KapKacHBIX KOHCTPYKLIHUH OTHOCSTCS
YMCHBIIICHUE Pa3MEPOB CEUCHHS HECYIIMX 3JIEMEHTOB JI0 MHHHMYMa, COOTBETCTBYIOIIETO CTATUYCCKUM
pacyeram, U 4eTkoe QPyHKIIMOHAIBLHOE pa3rpaHUueHIE HECYIINX M HEHECYIIHNX dieMeHToB. Kapkac coctout
13 JKECTKO COCTUHEHHBIX MEXIy co00¥ pureneii u croek. IIpenMyrecTBa ero mpuMeHEHUST B HAaUOOJIBbIICH
CTCTICHH TIPOSBIISIIOTCS B MHOTO3TQXHOM CTPOMTEIbCTBE. bojblas Hecymias CIIOCOOHOCTh HOBBIX
CTPOUTENHHBIX MaTEpPHaJOB IT03BOJIAET BO3BOAWUTH BCe Ooiiee BBHICOKHE COOPY)KEHHS B COOTBETCTBHH C
BO3paCTAIIUMU COBPEMEHHBIMU TpeOOBaHUsAMU. [y 00NHMKa HAIIMX KPYIMHBIX TOPOAOB XapaKTePHBIM B
OCHOBHOM KapKaCHBIC 3[aHUS W3 CTadd M OETOHA TOYHO TaKXKe, KaK IS CPEAHEBEKOBBIX TOPOJIOB —
(daxBepkoBbie 3maHus» [4, c¢. 13]. Takum oOpa3oM, cooTHomieHHe GOpMbI, (PYHKIMH M MaTepHalia B
COBPEMEHHOW apXWTEKType, pPaBHO Kak W B MPOILIOM, BBICTYIIA€T OJHMM M3 OCHOBHBIX (DaKTOPOB
CTAHOBJICHHS IIEJIOCTHOTO oOimka (00pasza) apXWUTEKTypHOTO Tpou3BeneHums. VM mosTomy mpobiiema
CaMOONPEICIICHUS] CMBICIIOBOTO W3MEPEHHS MPOCTPAHCTBEHHBIX CTPYKTYpP OCTaeTCcs aKTyadbHOW W B
YCIIOBHUSIX COBEPIIICHCTBOBAHUS TEXHOJIOTHUECKON U MaTePUAIILHOM 0a3bl apXUTEKTYPHI.
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WATER QUALITY ANALYZE IN RIVER VERE
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Annotation. The problem of pollution of c. Thbilisi is one of the most urgent issues, study and analyze
of which have the most important role in further development of our city. To solve this task, since 1990 TSU
Hydro-meteorological School Laboratory has been identifying the content of some standard elements
(copper, zinc), biogenic substances and hydro-chemical properties of the river. Within the past 27years
period, to reveal the expedient changes in the chemical content of riv. Vere, taking samples and chemical
analyze was held in three stages in three sections.

Analyze of the chemical elements taken at the first stage showed that their motion is asynchronous
against the river discharges.

The comparison of the analyzes made in 1990-1992 showed that the solid residues (accordingly
mineralization) in 1990 was relatively high (0.9-1 g/I). In 1992 it started reduction and in May, 1992 reached
the minimum value (0,034g/1), which might be explained by the reason that since 1991, the enterprises
closely located to riv. Vere did not function any more due to the instable state in the country. Since 2000s,
after starting the functioning of enterprises, mineralization increased and exceeded the data of 1990 in the
samples taken in 2008.

In the samples taken in 2017 down to the Napetvrebi ravine, the nitrates are found - NO’- 0,50mg/1
and NO7; - 3.90 mg/l, where no ammonium ion is presented, which indicates that the water was polluted
previously and self-cleaning process was in course in the water. As for the sample taken at the same time to
the outfall of riv. Mtkvari — down to the Zoo, here, in contrary, ammonium ion is presented - NH, - 3.50
mg/l and no nitrates and nitrites are observed, this shows that the pollution of the water with organic
substances occurred recently. The ammonium content in this water is higher than Threshold Limit Value (T
L V - 2mg/l). Accordingly, the degree of oxidation, 44, mg/O,/1 is relatively increased in this water in
comparison with others; furthermore, this water had a heavy odour of hydrogen sulphide (H,S).

Based upon the above given conclusions of the chemical analyze of the river; the annual monitoring
should be inevitably established as for riv. Vere as for other tributaries of river Mtkvari in c. Tbilisi areas.

Key words: macro-clements, biogenes, solid residue.

INTRUDUCTION

Water is one of the most important natural resources, it is a mostly spread chemical compound. The
eminently universal role of water in nature is explained by its distinctive and, mostly, anomalous, physical
and chemical properties. By these properties water determines all of the processes being in course in water
objects, as well as a lot of peculiarities of the climate, meteorological and geomorphologic process. It is
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widely applied as drinkable water, for domestic, industrial, energetic, agricultural needs, water transports,
recreational, tourism and other public necessities complying with the requirements set forth in the laws. In
case of water shortage, a lot of countries might not deal as with food as energetic crisis.

Water is the renewable resource on the earth. Despite, in a number of regions, water suffers from very
heavy anthropogenic load due to which the water objects are intensively polluted which has the catastrophic
character sometimes. Exactly this property of water serves as the reason that the problem of fresh water
became one of the urgent and tickler social-economic problems today, this problem is not caused due to lack
of water but due to its unplanned predatory using which results in reduction of water reserves and the heavy
worsening of water quality.

There are the various sources of pollution of water objects. In a lot of regions on the earth, the polluted
substances are fallen in the water objects through bringing the radiation dust (Chernobyl — 1986, Japan
catastrophic tsunami — 2011, etc.) or other chemical substances over the earth surface by impact of
atmospheric precipitations which causes degeneracy of flora and fauna, by flowing down the treated waters
of chemical plants, marine and land transport, huge catastrophic phenomena of the earth, wars, etc. which
results in the worsening human health and disorder of the functioning of ecosystem.

Discharge waters always contain some quantity of solid particles and solved substances. Such
particles are observed in water as floating, rolling-creeping, as well as solved substances. Study of the
soluble chemical substances taken out by river water gives some possibility of observance at the impact on
environment. It should be noted that the study of the flown down soluble substances has the great scientific
and practical importance for solution of a number of geological, geochemical and hydro-chemical or other
problems.

One of the basic tasks of the study of water content is identification of ion contents. lonic or macro-
element part (Ca®, Mg®", Na*, K*, CI', SO,”,HCO;, CO;”), microelements (Cu, Zn, Mn, Cd, Pb, etc),
biogenes ( NH,", NO,, NOy, PO43'), organic substances and mineral colloids are implied in the chemical
content of the solved materials. Analyse is based upon the specific properties of every ion and identifies their
concentration in water.

The common ionic part of the substances solved in water consists of 90-95% of the basic part of water.

In surface waters, biogenic substances belong to the most variable components. The powerful, fast
biological and biochemical factors are added to the abovementioned numerous factors providing the
chemical content of water, which ensures the regime and content of biogenic substances. Basically, the
content of the biogenic substances in lakes and reservoirs is profoundly studied in contrast to river waters.

MAIN PART

The problem of pollution of c. Tbilisi is one of the most urgent issues, study and analyze of which
have the most important role in further development of our city. To solve this problem we need inevitably
study of water quality at every water object located in our city. From this point of view, riv. Vere is our
research object, the aim of which is the identification of the content of hydro-chemical properties, biogenic
substances and some standard elements (copper, zinc) in riv. Vere. For this purpose, from November 1990 to
1992, inclusive, Hydro-meteorological School Laboratory of Iv. Javakhishvili Tbilisi State University
actively started taking samples and chemical analyze of water samples at riv. Vere within different stages of
water content regime. Further, to show the expedient changes in chemical content of the river, the mentioned
works have been held episodically in 2009 and 2017. Furthermore, it should be noted that the everyday
observances at floating debris in riv. Vere has been carried out from 1963 to 1990s, the measurements were
held episodically according to the water content regime of the river to identify the bottom debris flow,
according to which the debris flow of riv. Vere was established which averagely equals to 96 thousand tons
annually (fl. 74+bot.22).
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The chemical property of the river depends on a lot of factors, it is very variable value and its chemical
flow depends on the complicated complex of the physical-geographical factors of a basin, within the last
years it is added by the economic activity of a human which sometimes has the decisive role in formation of
the chemical flow of riv. Vere, so in order to get the reliable and objective information, the long-term and
systematic observances are required.

The hydro-chemical observances at the water of riv. Vere are held in three sections: 1. adjacent to the
conjunction of Napetvrebi ravine — down to it; 2. In the section of TSU hydro-meteorological laboratory; 3.
To the outfall of riv. Mkvari — down to the Zoo.

At the first stage, the analyze of the chemical elements obtained in the observance period showed that
their motion is asynchronous against the river discharges. For example: during low water level (21.11. 1990
Q=O.3lm3/s.) there are high values of Cl',CaNcgb Mg2+ concentrations (1,68; 1,0; 0,36) , and during high
waters in Spring ( 31.04.1991, Q=4,07) is low (0,55; 0,55; 0,12), which is the sign that during high water
level, the river has the self-cleaning ability.

According to macro-element content the samples do not differ either according to seasons or to areas,
they are moderately mineralized (appr. 0,9 g/l) sulphate-calcium waters of the second group, are
characterized with high hardness (11-12 mg/eq.), the samples taken down to the Zoo have comparatively low
mineralization (appr. 0,6g/1), like mineralization, the hardness is comparatively lower in the samples taken to
the Zoo (appr. 9mg/eq.).

The comparison of the analyzes made in 1990-1992 showed that the solid residue (accordingly
mineralization) in 1990 was relatively high (0.9-1 g/1). In 1992 it started reduction and in May, 1992 reached
the minimum value (0,034 g/l), which might be explained by the reason that since 1991, the enterprises
located near to the basin of riv. Vere, especially the carpets’ factory functioning for a long time, by the
impact of which the river has different colour from time to time, did not function any more due to the
instable state in the country and the water mineralization was lower than in 1990. Since 2000s, after starting
the functioning of enterprises, as well as in the result of the construction works being in process in 2-3 km
above High building of the university and disposing construction and household wastes at the river slopes
from the different places of the city, mineralization increased and exceeded even the data of 1990 in the
samples taken in 2008. The relatively high concentration of calcium ions in the top first section (8.0 mg/eq)
with its high content in soil and in the middle, laboratory section (8.2 mg/eq) should be noted, which might
be explained by flowing down the treated waters from the marble sawmill of Saburtalo cemetery located in
2km above the laboratory in the river, further, in the lower section it is sharply reduced (6,40 mg/eq) due to
the self-cleaning property of the river water.

Except for macro-elements, in the samples of 2008 (13.11.08; Q=1,1m3/s), biogenic substances
(nitrites, nitrates, ammonium), ferrum, phosphates and some microelements, in particular copper and zinc,
have been identified. Copper content varies from top to bottom accordingly within 14,5-7, Omkg/l, i.e. to the
bottom it is reduced due to the self-cleaning property of the river, zinc is increased within 20-28mkg/l,
ferrum Fe’ is reduced from 0,50to 0,15mg/l. According to our data, NO;  nitrate is quite high in the top first
section (6,60 mg/l). Under the impact of the above mentioned anthropogenic factors, afterwards it is quite
reduced due to the self-cleaning property of the river (1,90mg/1), and downwards, basically by the impact of
the Zoo, it is quite increased (8,80mg/1). It should be noted that, no of the biogenic substances identified by
us exceeded the threshold limit value.

As for organoleptic properties, everything was within the norm excluding the samples taken down to
Napetvrebi on 13.11. 08 having a heavy odour of hydrogen sulphide i.e. it contains S* ion.

In comparison with the analyzes made previously according to the macro-element content, in the
samples taken in 2017 some changes might be observed, in particular, the concentration of calcium ions is
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reduced (from 0,180-0,160 g/I to 0,068 g/l), furthermore, present (2017) waters are less fresh ones (was 11,6-
9,0mg/eq, now within 3,0-4,0mg/eq).

Accordingly, the salty content formula of the waters as well as water group, class and type have been
changed, — was S/, now - S'\,..

In one sample (2017, down to Napetvrebi ravine), nitrates - NO’- 0,50mg/l and NO3- 3.90 mg/1 are
found where no ammonium ion is presented which indicates that the water was polluted previously and self-
cleaning process was in course in the water. As for the sample taken in another area (2017, to the outfall of
riv. Mtkvari — down to the Zoo), here, in contrary, ammonium ion is presented - NH', - 3.50 mg/l and no
nitrates and nitrites are observed, this shows that the pollution of the water with organic substances occurred
recently. The ammonium content in this water is higher than threshold limit value (T L V - 2mg/l).
Accordingly, the degree of oxidation 3,44 ,mg/O,/1 is relatively increased in this water in comparison with
others but it does not exceed TLV which equals to 4 mg/O,/1 , furthermore, this water had a heavy odour of
hydrogen sulphide (H,S).

It should be noted that before the heavy, catastrophic flooding of 13-14 June, 2015 resulting in loss of
human life (21 dead persons, two missing persons) and in huge damage to the population of c¢. Thbilisi, there
was huge impact of anthropogenic factors those resulting in the sharp changes in the chemical content of the
river water in the river basin, the heavy flooding of 2009 (Qu.=133m’/s), might be cited as an example ,
which broke the sewage pipe of Tskneti-Bagebi (1200 c¢cm) in the beginning of Vake-Saburtalo pass way
which was totally flown down in the river till 2013 (the laboratory was giving the monthly report), the
similar cases occurred in otter sections of the river as well. After the mentioned catastrophic flooding
Quax=511m’/s), the river destroyed all of the polluting focuses, including Tamaz Elizbarashvili Dogs’ Shelter
(250dogs. 10 bears), which was sharply positively reflected on the further chemical content of the river, for
example on the analyze taken by us at the river on 31.03. 2017, except for the abovementioned impact of the
Zoo, where the content of biogenic substances is increased. For this reason, the central catchment of faeces
flown down into the river with cleaning equipment should be arranged at the territory of the Zoo.

CONCLUSION

In the result of the study held by us, we might conclude that river Vere is not technogenically polluted
excluding some exceptions — in particular, down to the Zoo, in a tunnel where the impact of the Zoo is
observed and in the result the content of the biogenic substances (ammonium and nitrite ions) is increased.
The rest components (hardness, pH, sulphates, chlorides, and oxidation) are within the norm. Hence that
river Vere crosses c. Tbilisi at quite large place and taking into consideration the conclusions of the
abovementioned analyzes, the annual monitoring over river Vere should be established.
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AnHomayus. B cratbe C TIO3MIMM DSHEPTeTHKH MOYBOOOpPa30BaHUSl TIPEICTABJICHBI JaHHBIC
(bUTONPOYKTUBHOCTH, COCTABJICH 3HEPreTHYCCKHl OajlaHC arpo(UTOIICHO3a O3MMOI0 SYMEHS, BEIHUYMHA
PaAMaMOHHOTO OallaHCa W TOJHOTHI HUCIONB30BAHUS PATUAIIMOHHONW SHEPTHH arpoIlleHO30M B YCIOBHSX
Campsackoi crenm. llpoBeneHa MHOXKECTBEHHAas U TapHas KOPPEAIMOHHAS 3aBHCUMOCTh MEXIY
MIPUPOCTOM PACTUTEITHLHON MaCChl, PaJIMAIMOHHBIM OalaHCOM U BJIAXKHOCTBIO TIOYB M B OT/ICIBHOCTH.

Knrouesvle cnoea: arpodurorieHos, ¢uToMacca, paJMAlMOHHBIN OanaHC, TPaHYJIOMETPUYCCKHIMA
COCTaB, T'yMyc.

Agromelioration

ENERGETIC APPROACH THE STUDY OF BIOSPHERIC PROCESSES

A. Kerimov, S. Novruzova

Institute of Soil Science and Agrochemistry,
National Academy of Sciences of the Azerbaijan Baku, Azerbaijan
St. Mamed Ragima 5, AZ-1073, Baku, Azerbaijan

Annotation. The article deals with the information about biological productivity of barley
agrophytocenosis under the condition of Salyan plain from soil formation energetic standpoint, compiling of
the agrocenosis energetic balance, establishment of multinominal and separate nominal correlation
dependence between the productivity and radiation balance and soil humidity.

Key words: agrophytocenosis, phytomass, radiation balance, granulometric structure, humus.

BBEJAEHUE

ParonaneHass MHTEHCU(UKALUS CEIbCKOXO35MCTBEHHOIO HPOM3BOJCTBA, CHOCOOHAas 0OECIeYUTh
IUTOIOPOJIUE TIOYB U TOJyYeHHE CTAOMIBHOTO M YCTOWYHMBOTO YPOXKaeB CEIbCKOXO3SHCTBEHHBIX KYJIBTYP,
MPEACTABIIET COO0M TIIOOATBEHYIO TTPOOIeMy HAIIETO BPEMEHH.

B cooTBeTcTBUM € JOJTOBPEMEHHOM KOMIUIEKCHOW MpPOTrpaMMOM pa3BUTHSA arpapHoro CeKkTropa
9KOHOMHKH A3zepOaifkaHa, MEHIETCS M COBEPILIEHCTBYETCS €ro CTPYKTYpa, IMOy4YaroT HIMPOKOE Pa3BUTHE
HOBbIe ()OPMBI OPraHU3aLUH IPOU3BOACTBA — CEIBCKOX03HCTBEHHBIE U arpONPOMBIIUICHHbBIE TIPEAIIPUATHUS
U oObeauHeHus. Hapsinmy c¢ fmanpHEHIIMM HapallMBaHHEM TEXHOTCHHOW O0a3bl CElIbCKOTO XO3AHCTBa
(TexHuKHM, ymAOOpEeHWH, TECTHIHIOB, OPOIIEHWS W Jp.), HamMedeHo obecmednTs Oonee >PQexTHBHOE
HCIOJIb30BaHUE ITOYBEHHO-KIMMATHYECKUX PECYpCOB, OHOIOTHYECKUX CPEINCTB Tpyda (BHUIOB, COPTOB
MOPOJ, arpoLEHO30B U Jp.), MPOTPECCUBHBIX TEXHOJIOTHH, HOBBIX (OPM IUIAHUPOBAHHS M OPraHU3aLUH
MPOU3BOJCTBA, TOCTHKEHU MUPOBOU HAYKU U IPAKTUKH.

OCHOBHAA YACTD

HccnenoBanne KpyroBopoTta BEIECTB U SHEPTHH B NPUPOJE SBISIETCS OJHUM M3 BaXKHBIX BOIIPOCOB
ouocdepsl. OnHako, MOJHOTA M3YYEHHOCTH 3THUX [BYX IVIaBHBIX COCTaBJIIOIIMX IPOLECCOB PA3BUTHS
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KOMIIOHEHTOB MPUPOABI, OKAa3bIBACTCS HECOpPasMEpHO pa3nuyHoil. OCHOBHbIE yCHWIHS HCCIECIOBATENIN
YIS W3YyYEHHUI0 KPYroBOPOTa BEUICCTB, DHEpPreTHYecKas K€ CTOPOHA MPHPOJHBIX NpeBpalieHUi
OCTaBaJlaCh MAJOM3Y4YEHHOU, PH TOM YTO O HEOOXOAMMOCTH HMCCIECAOBAHUS MMEHHO BELIECTBA M SHEPTUU
rOBOPWJIOCH TTOBceMecTHO. Ha BaxkHOCTh yueHus o 6uocdepe ykazan eme B.U. Bepuanckuii, ycraHOBUBIINI
B3aMMO/JICHCTBUE MEXAY JKHBON, HEKUBOW Ouocdepoi, reonorndeckuM (akTopoM U CBSI3U HUX C
KOCMHYECKHM (aKTOPOM — HPUXOMSIIEH JyYUCTOM SHeprum conHua, a Taxke ydenue B.M. CykaueBa o
OMOIIeHO3aX, ONPEJCIUBIICTO HOBBIE MYTH B IIO3HAHWHU MPOIECCOB MAaTepHAIbHO — IHEPrEeTHYECKOTrO
B3aMMOJIecTBHS OHOChEpHI.

Bo Bcex »3Tux o0nmactax npoBelneHbl OOMIMPHBIE HMCCIECAOBAaHUS, OJHAKO KapThHa OOIIero
B3aWMOJICHCTBUS B TIpOIlECCax NpEBpalleHUs] BEIECTBA W DHEPTUM HAa 3EMHOU IMOBEPXHOCTH BCE €Ie
OCTaeTcs BO MHOIOM HE BBIABICHHOW. [IpM cHCTEMHOM MOAXOAE K H3YYEHHIO HPUPOIHBIX OOBEKTOB
CTaHOBUTCSI 0COOEHHO HEOOXOIMMBIM HCIIOIb30BAaHUE YHEPTETHUECKUX (TEPMOIMHAMUYIECKUX) KPUTEPUCB U
JaHHBIX. V3yueHne npoueccoB NpeBpalieHus] 1 MUTPALIMH BEILIECTB CONMPSHKEHO C BBISIBICHUEM M ONMCAaHUEM
Ype3BbIYAHO CIIOKHBIX CHCTEM, ITOCKOJIBKY BEIECTBEHHBIH COCTaB PACTEHUH, )KUBOTHBIX, II0YB, [PYHTOB H
Ip. TPEACTaBIeH MHOroOOpa3sHbIMM XMMHUYECKUMH COEOUHEHUsMH. Jlaxke Iepexoa B HCCICIOBaHUA
MpEeBpaliCHUH BEUIECTB K HCIOJB30BAHMUIO TOJIBKO BJIEMEHTHOIO COCTaBa JHIIbL B HEKOTOPOHl Mepe
YMEHBIIIAET TPYAHOCTh 3TON NPOOIIEMBI.

B nepexome mpu wu3yueHuM OHOC(EpHBIX MPOLECCOB K MCIOJIb30BAHUIO SHEPIeTUUECKUX
MPECTaBICHUI U KPUTEPHUEB MBI, MPEXKAE BCErO, MOJYyYaeM BO3MOXKHOCTH ONHUCHIBATH MPOTEKAIOIIME B
Onocgepe mpouecchl B UX CaMOM 0OIIeM BHAE, B MX IJIABHOM CYIIECTBE M OLIEHMBATh B €IMHUYHBIX
KOJIMYECTBCHHBIX E€AMHUIIAX, CKa)KeM, KaJOpPHAX WM JDKOYIAX. 3aTeM, 4To eme Oojiee 3HAYMMO, MBI
OKa3blBaeMcs CIIOCOOHBIMU OOHAPYKMTh HOBBIE ACHEKTHI B IIPOLECCAX SKOCUCTEMbI. YMECTHO HAIIOMHUTH
3lleCb, O BIEpBble ycTaHOBJIEHHOM JloTke M MakdenpeHOM KackaJHOM XapakTepe NepeHoca IHEPruu U
KpYroBOpOTa BELIECTB, KOTJa BEIIECTBO MOXKET IMOBTOPHO B KaKAOM HOBOM LIMKJIE BO3BpAaIaThCA B
JKOCHUCTEMY, KaXklas *e IMOPLHs SHEPruM IPOXOAUT uepe3 Hee JIMIIb OJHAKIbl M Ha KaKIOH CTyIeHU
MUILEBOH MUpaMHIBI HEOOPaTUMO TepsieTcsl.

[lomuMo »3TOro, TpH D3HEPreTHYECKOM TOAXOAE OKAa3bIBaeTCS BO3MOXKHBIM OOHAPYXHTH U
KOJINYECTBEHHO HCCIIEN0BAaTh TaKUe SIBJIEHUS U IPOLIECCHI, KOTOPbIE Ha BEIIECTBEHHOM YPOBHE OCTaJIHCh
HepacKpbITEIMA. OnHpasich Ha 3aKOHBI TEPMOJUHAMHUKH, MBI OKa3bIBAEMCSI B COCTOSIHUHU OMPEAETUTH O0IIYIO
HaIpaBJIEHHOCTb BEIIECTBA U YHEPTUH, ONPENENIUTh PELIAtOIUe 3BEHbs B 3TUX [IOTOKAX U B KOHEUHOM UTOTe
Hanbosee TIONMHO OOOCHOBAaTh palMOHAIBHBIE METOABI YHpaBIeHUS OSTHMHU mpomneccamu. Ho mns
OCYILECTBIICHUSI 3TOr0 TpeOyeTcss PacKpbITh IOTOKM HJHEPTMU BO BCEH COBOKYIHOCTH COMNPSKEHHBIX
KOMITOHEHTOB Omoc(hepsl.

CenbcKoX035CTBEHHBIE CUCTEMBI MOTYT PaCcCMAaTPUBATHCS KaK arpo3KOCHUCTEMBI, B KOTOPBIX YEJIOBEK
ABJISIETCS. HEOTAEIUMBIM KOMIOHEHTOM. OHU MOT'YT OBbITh TaKkKe PACCMOTPEHBI KaK >KUIMIIHO-UH)XEHEPHBIE
IpoLlecChl HaJ KOHTPOJEM 4YEIOBEKa, B KOTOPBIX COJHEYHBIH CBET, YIJIEKHCIOTa, a3oT, ¢ocdop,
reHeTnueckas MHpopManys W T.A. UCHOJIB3YIOTCS A 00pa3oBaHMs YIICBOAOB M JPYTHX MUTATENbHBIX
MatepuanoB. OngHako, Bce 0ojiee CTAHOBUTHCS SICHBIM, YTO HEOOXOOMMO NEPEXOIUTh K HOBOM CTpaTeruu,
KOTOPYI0 MOXHO c(hOpMyIHpoBaTh Kak TpeOoBaHUE oOOecHneduTh Haubosiee IOJHOE U IIOJIE3HOE
HCIOJIb30BaHUE 3HEPIHU COJIHEUHOro Jy4a. «DoTocuHTe3, B IIpolecce KOTOPoro o0pasyeTcs pacTUTEIbHOE
BEI[ECTBO — peIIaroliee 3BeHO B 3ToM mporecce» [1]. [loatomy moHsATHO, 9TO B paboTax MO HAYYHBIM
OCHOBaM IPOTPaMMHUPOBAHHUSI BBICOKHX YpPOXKaeB CEIbCKOXO3SMCTBEHHBIX KYJIBTYp, NEPBOH 3ajadell cTao
o0ecriedeHue  yCIOBHH  BO3MOXXKHO  HauOojee MOJHOTO MWCHOJNB30BAaHHMS COJHEYHOH  SHepruw,
AKKyMYJIMDOBAaHHOW B pAacCTHTENBbHOW Macce YPOXKaeB CEIbCKOXO3SHCTBEHHBIX KYyJIBTYp B TMpolecce
¢dorocunteza. Bmecte ¢ Tem, ®AP He packppiBaeT MOTHOCTHIO KAPTHHBI SHEPreTHUECKUX MpEeBpalleHuil B
arpoOMoIeH03aXx, TaKk Kak IPUHMMAaeTcd BO BHHMAaHME TOJBKO Hcmosib3oBanHoe DAP B mpoueccax
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¢dorocuHTE3a, KOTOPBIMH YTWIM3HUPYETCd TOJbKO Joiu mnpoueHta ot PAP. [lostomy mnosBuiach
HEOOXOJUMOCTh B O0Jiee IMOJTHOM OCBEIICHUH TPEBPAIICHHIH YHEPTUH B TIPOIIeccax Co37aHusi OMOMacCHhI.

AKKYMYJSILIUSL SHEPTHH, OCTYIAIOLIEH U3 OKPYKAIOLUIMX HUCTOYHUKOB, HETEHPTOUHN U MH(OpMaUn
JUTSL TIOCTOSIHHO TIPOTPECCHPYIOMICH SKOCUCTEMBI, XapaKTepHO YMEHBIICHUE YHTOIITHH, YTO B CBOIO OYEpeb
OTIPEJIEIISET MTYTH Pa3BUTHS MIOYB, arPOQUTOIICHO30B U SKOCHCTEMEI B IIEJIOM.

Lenbio HamIMX WCKaHWN SIBIAETCS ONpEAETCHUE IOKa3zaTeled NPHUXOSMICH COMHEYHON >HEPrHH,
COCTaBIICHHE DPHEPTEeTHYECKOTro OanaHca U BBISABICHUE BEIMYMHBI TIOJTHOTHI MCIIOIB30BAHMS PaJUallHOHHOM
9HEPIuu arpo(UTOLEHO30M O3MMOTO SUMEHS, a TAK)KE BBIIBICHHS 3aBUCHMOCTU MEXIy HPOIYKTUBHOCTBIO
pacteHus ¢ ¢axkropamu cpeabl. McciegoBaHUAM SHEPTETHKH TOYBOOOPA30BAHMUS B Pa3IMUHBIX MOYBEHHO-
KJIMMaTHYECKUX 30HaX, a TAKXKE MOACTUIAIOIIEH TTOBEPXHOCTH, IIOCBAIICHO IOCTATOYHO padoT [2].

Ha coBpemenHoMm sTtame 0coOyr0 akTyaJdbHOCTh HPHOOpETaeT mpoOiieMa HCCISHOBaHUS PECYpCcoB
ouocdepbl, B YaCTHOCTH, OIPEIACICHUC ICHCTBUTEIBHOW M IOTCHLUUAIBHO BO3MOXKHOH IEPBUYHON
OMOJIOTHUECKO  TPONYKTUBHOCTH  (PUTOLIEHO30B, B  LEIIX COXPaHEHHS W  BOCCTAHOBIICHHSA
BBICOKOTIPOAYKTHUBHBIX PACTUTEIBHBIX COOOIIECTB M IMOBBILIECHHS YPOXKAHHOCTU CENbCKOXO3SHCTBEHHBIX
KyJIbTYp. BBIBJI€HHE OCHOBHBIX 3aKOHOMEPHOCTEH KaueCTBEHHOI'O U KOJIMYECTBEHHOTO PACIpEeAEICHUs U
BOCIIPOM3BOJICTBA OPraHWYECKOro BeELIeCTBA B HMHTEpecax HanOolee panroOHAIBLHOIO HCIIOIb30BAHUS
IPOAYKIMM 3eMJIM 4YeJIOBEKOM, SIBJSIETCS OJHOH M3 OCHOBHBIX IIPOOJEM COBPEMEHHOH OMOJOrMYecKoi
HayKH, PEIICHHEM KOTOPO 3aHUMAaJTNCh MHOTHE COBETCKHE U 3apyOeKHbIe yaeHbIe [3].

Hapsany c stum, auHamuka ¢uToMacchl arpoMTOLCHO30B H3yY€Ha B OTHOCHUTEIBHO MEHBIIEH
crenenu. [Ipu sToM Guonorndeckast MpOAyKTUBHOCTE (DUTO- M arpo(UTOIIEHO30B, B OCHOBHOM, H3y4eHa 0e3
ydeTa SHEPreTMYeCKUX PecypcoB, OCHOBHOE YCHIIME HcCCieqoBaTeNiel Oblla HampaBiICHO H3YYEHUIO
KpyroBOpoTa BEIIECTB B OHOreoleHo3e. OHEpreThdeckas e CTOpOHAa IIPUPOAHBIX IPEBpALICHUI
OCTABAJIOCh MaJI0 M3YYEHHOW, XOTS HAa BaXHOCTHh JAaHHOTO Bompoca ykazan eme Jlospenko A.I. [5]. B
OCHOBHOM, JHEpreTHKa mouB (uTo- M arpoduroueHo30B 00oOmeHa B paborax Bomobyesa B.P. [6],
KepumoBa A.M. [7,8], Mexmay Tem, 6€3 3HaHHUS SHEPTETUKU TPHUPOTHBIX SBICHHUH, MPEICTaBICHUS O HUX
Oyzmer nemonHoW. Akagemuk ®epcman A.E. mucam: «DHepreTmdeckuid MOAXOJ] K aHAIU3y JUHAMHYECKH
Pa3BUBAIOIIUXCS TPOLIECCOB MPUPOJIBI SBISETCS KOHEYHOM LENbI0 HAIIUX MCKaHWK. MBI JOJKHBI TIEPEHTH
Ha €IUHOE MEpPWIO OIpeleNieHHs XoJa Mpolecca, NPUYEM TaKOBBIM MOXET OBbITh WINM KaJOpHs WX
KwioBarT» [9]. PamuanuoHHBI ¥ TEIJIOBOIM OanaHCH ACSTEIBHONH MOBEPXHOCTH SBISIFOTCS Ba)KHBIMH
(akTOopaMu B JKU3HEIEATEIBHOCTU PACTEHUI, 110]] HEIOCPEACTBEHHOM BIMSHUEM KOTOPBIX IPOTEKAET KU3Hb
1 pa3BUTHE pacTeHUH 1 (HOPMHUPYETCS ypOXKa.

bazunesnuy H.M. u Pogun JL.E [10] mumyT, 94To cBA3M OMOJOTMYECKOH MPOAYKUIUH C YCIOBHAMH
YBIQKHEHUs] HOCUT Da3JIMUHBIA XapakTep B 3aBUCUMOCTM OT KojuyecTtBa Terwia. Ilpu Beicokoit
Temnoobecneyenocty  (Gomee  35-40  kkan/cM®  rof)  BaXKHEHIIMM  (AKTOPOM,  PEryIHPYHOLMM
GHOJIOTHYECKYIO IPOIYKTHBHOCTD, SIBISICTCS BIAra, PH HU3KOH TeruroobecrnedeHHoCTH ( 10 35-40 kKam/cm”
roJ1) n30BITOK BJarv CHIKAET MMPOU3BOIUTENFHOCTE (PUTOIIEHO30B.

HUccnenoBanus MpoBOJMIINCH Ha CEPO3EMHO-TYTOBBIX TouBax CanbsHCKOW cTenu, Bxoasmmii B Kypa-
Apa3ckyro HU3MEHHOCTh, TpaHHYAIel ¢ 3amaja p. AKKymia, ¢ BocToka KacmmiickuMm mMopeMm U ¢ ceBepa
I'e13pinaragckum 3aauBoM o01ei mmomansio 149 Teic ra, cpein KOTOphIX 46 THIC Ta MPUXOAUTHCS Ha OO
CEJIbCKOXO3SIIICTBEHHBIX HACAXKICHUH.

TeppuTtopus npeacTapieHa aIIOBUATBHBIME OTJIOKEHHUSAMH PEK M MOPCKUX OTJIOKeHui [V mepuona
Kaitno3zoiickoii 3psl. Penbed MecTHOCTH paBHUHHBIN U BO3BbIaeTcs OT -26 M 70 200 M Hag ypoBHEM MOpSI.

Knumar monmynycThIHHBIN M CyXOCTEIHOM C KapKUM cyxuM jeroM. CpeqHsst Temieparypa BO3myXxa
14,6°C, cpenHss Temreparypa caMoro »apkoro mecsina 26,2-26,4°C (Mioib-aBrycT), caMoro XOJOHOTO
mecsita  2,2-4,0°C  (auBapb-¢eBpasib). CpeHEMHOrOJNIETHEE KOJIWYECTBO ocaakoB 187-309 MM, a
OTHOCUTEJIbHAS yBIaKHEHHOCTh 62-81% [11].
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I'myOvna 3ameranwsi TPYHTOBBIX BOJ HawmOollee ONM3Ka K TMOBEPXHOCTH W TPOCTHPACTCS Y3KOM
roJyiocoi 1o nobepexnio Kacnus, a B ¢. Ceitnacaapixisl, ['ymay, Amkansl, Apbatan, Haisikena u Hlopcymny
ormyckaeTcss Hmwke 10 2-3 M. PacTHTEnhbHOCTH MpencTaBieHa KCEPOPUTHBIMH (POpMAIUSIMU TIOIBIHHO-
3(heMepoBOro coo0IIeCcTBa M THAPOPHILHBIMU B 3200710YCHHBIX TEPPUTOPHUSIX.

[louBsl  TpejacTaBIEHBl  CEPO3EMHO-TYTOBBIMH,  JIyTOBO-CEPO3EMHBIMH,  JIyTOBO-OOJOTHBIMH,
COJIOHYaKaMW ¥ TIeCKAaMH W TI0 TPaHYJIOMETPUYECKOMY COCTAaBY XapaKTePU3YIOTCSH TIMHHUCTHIMH,
CYTJIMHHCTBIMU U cynecdaHbiMH Qpakiusmu. KonmdectBo rymyca konebnercs 1,2-2,8%, mocteneHHO
TTOHIDKASCH K HIDKHAM TOPU30HTaM.

Peakuus cpenpl Oka3piBaeT 3HAUYMTENEHYIO POJIb B MUTAHUH PACTEHUH W MHTEHCHBHOCTH MPOTEKAHUS
OMOJIOTUYECKUX TPOIEcCOB B MmouBe. pH opomaeMbIX cepo3eMHO-TYTOBBIX MOYB OOBEKTa UCCIIEIOBAHUI
yKa3bIBaeT Ha IIEJIOYHYIO Cpely, COCTaBsisA B maxoTHOM cioe (0-25 cm) 8,0, monmxasck Ha 25-50 cMm cioe
mo 7,4-7,6. CaCO; Takxke MOABEpracTcs M3MEHCHHMIO C yBeiaudeHueM riyounbsl ot 20,14 mo 23,14%,
oreHuBasCh no rpafanuu Mamenosa P.I'.[12] kak cpeaHe kapOOHATHEIE.

[lo rpaHymOMETpHYECKOMY COCTaBYy CEPO3EMHO-IYTOBEIE IIOYBBI CpPENHE CYTJIMHUCTBIE, C
cojiepkanueM ¢usndeckoit riaunel 47,60-47,84%.

Ha opomaembIx cepo3eMHO-TYTOBBIX MTOYBaX B KOMILJICKCE ITOTJIONCHHBIX OCHOBaHUH qomMuHUpyeT Ca
(68-76%), Mg neckompko MeHbIe (25-22%), a mokazarenun Na cocrasmsator 1,11-1,17% ot cymmsl, B
BepxHeM naxoTHoM cjoe (0-25 cMm) oH cooTBeTcTBYET 3,99% - HECOJIOHIIEBAThIE, 4 C YBETNICHUEM TITyOUHBI
25-50 cMm gocturaet g0 6,61% - ci1abo coJIoHIEBATEIE.

CyMMa TOIVIOIIEHHBIX OCHOBaHMH B  Komiuiekce 27,79-28,79 MI/5KB M OLECHHUBAIOTCS
YIOBJIETBOPUTEIBHBIM. [l0 NaHHBIM JTUTEpPaTYPHBIX HMCTOYHUKOB 3arachl (PUTOMACCHI CYIIH COCTaBJISET
2,4x10" 1 (B okeane 2x10° T); 3amachl moacTHIKK M TOopda HA MOPSIOK HIDKE OOIIEr0 KOIMYECTBA
(uTOMACCH Ha MIAHETE M COOTBETCTBEHHO cocTaBmsierT 1,9x10" u 2.2x10''t, roxmanas mpoaykuust Semian
poBHa 2,3X1011T u Ha 74% omnpeaenseTcsi HAN3EMHBIMU PACTUTEIBLHBIMU cooOmIecTBamu [13].

B Asep0aiipkane TiepBbIe UCCIIEIOBAHUS 1O OINPEEIICHHUIO 3amacoB (GUTO-MPOJYKTUBHOCTH TaKKe
W3y4YeHbl B JnocratouHoi creneHu. [llumanoBa M.A. [14] oTMmedaeT, 4TO B CyOTpPONUYECKON 30HE
AzepOaifkana oOmiasi Omomacca (Haj3eMHas W IIOJ3EMHAas) BKJIOYAs PACTUTEIIBHBIC OCTATKH, CEMCHA,
TPYXy, OPTaHWYECKYI0 TbLIb, YIJINCTBIE OCTATKH, 300MAacCy, OJOKCKPEMEHTHI, YBEIHMYHWBAaeTCS OT
MIOJTYITYCTBIHHBIX OnoreorieHo30B (168-284 1y/ra) x crenmHbM (193-460 11/ra) M manee K JIyTOBO-CTCITHOMY
(358-738 1/ra), B JIeCO-IIyrOBOM CHIBHO OCTEITHEHHOM M Ha MOJISTHE B JIeCy OHa COCTaBisier 272 1yra.
[MonzemHast yacth OOMacchl B CyOTPONTUUECKUX Oe3JIECHBIX OMOTeoleH03axX MpeodiagaeT HaJ Haa3eMHOM, ¢
KoJe0aHueM B TIOMYITyCThIHE OT 2,9 1o 9,8 pas, B crene - ot 12,7 no 21,5 pas, B iyrosoii crenu ot 2,7 o 11
pas, B TPaBIHUCTOM TIOKPOBE JIECO-ITyTOBOTO CHIIBHO OCTEIMTHEHHOTO OnoreomneHo3a 1o 8,1 pasa.

B namux uccnenoanusx B 2016 r. u3ydeHa GUTONPOAYKTUBHOCTH arpoduTorieHos3a sumens Ha 4,0 ra
Iomaan, B 1Byx Bapuantax- N150 P150 K 100 u N200 P200 K150, na npumepe depmepckoro xo3siicta
c. Amrarer ['apamannbl, Tae Hapaay ¢ (GU3HYECKUMH, XUMUYECKIMH M (U3UKO-XUMHYECKUMHI CBOMCTBAMU
CEPO3EMHO-TYTOBBIX TIOYB, XapaKTEPUCTHKA KOTOPBIX H3JI0KeHO Bhitie (Puc.1).

Puc. 1. ®a3a BOCKOBOMH CIEJOCTH H KAaTBa
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[Ipu >TOM, 3a BereTanuoOHHBIA Tepuoj o0mas ¢uToMacca arpo@UTOIEHO3a COCTaBUIIA TIPU J103€
ymoopenuit Niso Piso Kigo 1 Nogg Pago Kiso cooTBeTcTBeHHO 391,6 M 346,3 11/ra. M3BeCTHO, YTO AJIs OLICHKH
ponu (huTOMacchl (€CTECTBEHHBIX COOOIIECTB) B MOYBOOOPA30BaTENbHBIX MPOIECCaX OTPOMHOE 3HAYCHUE
HMEET OIpe/IeNIeHHe TOIMYHOTO IPUPOCTa (Craaa) Ha[3eMHOM 1 TIOJJ3EMHOM MacChl PaCTEHHUSL.

B nureparype MHOTHE HccieIoBaTeN HA OCHOBAaHMHM KOCBEHHBIX IOKa3aTesel YCIOBHO MPUHUMAIOT,
YTO MIPUPOCT M pa3ioKeHUEe KOpHEH (3a roj]) B CTEMHBIX coodIIecTBax poBHa 1/3 ot obmiel Macchl. Jpyrue
JKe TIpeIaraloT METOJ] Pa3HOCTEH, TPEThH - METOJ IOCIICOBATEIHPHOTO CYMMHUPOBAHUS ITOJOKHUTEIHHBIX
paszHocrteii [15].

B Hammx wucciemoBaHUSX MBI OICHUBAIM BEJIMYMHBI TPUPOCTA IO METOAUKE MPEITOKCHHON
Bosnobyesbim B.P.[16] — muddepeHnnanbHOro aHajgu3a KPUBOH IUHAMHKH PACTUTEIBHBIX BEIICCTB B
OHOTreoIeH03e, C TOMOIIBI0 KOTOPOTO Ha OCHOBE 3KCIIEPUMEHTATIBHBIX JAHHBIX MOXKHO OIPEEIUTh TPUPOCT
pacTUTENBHOIO BEIIECTBA JUI KaXKJOro Mecsiua. B naHHOM ciydae yCTaHOBIIEHO, YTO JCHCTBUTENIBHBIN
MPUPOCT PACTUTEILHOIO BEIIECTBa arpo(uTOIeHO3a SUMEHS B JAHHBIX YCJIOBUSAX 332 BEreTAllMOHHBIN
IIEPHOJ] COOTBETCTBEHHO BapuaHTaM Nisy Piso Kigo 1 Npygo Pago Kiso cocraBum 129,3 u 129,5 w/ra.

Jls BBIABIICHUS KOJMYECTBA JHEPTUU, aKKyMYJIHUPOBAaHHOW B TPUPOCTE PACTUTEILHOTO BEIIECTBA,
HE0OXOJMMO 3HATh JaHHBIE O TEIUIOTE CTOPAaHHSA PACTHUTEIHHOW Macchl. [lo MaHHBIM KalOpUMETPUYECKHX
OTIpPE/ICTICHUI YCTAaHOBJICHO, YTO B PACTUTEIILHOM Macce TIYMEHS B CpeHeM (CTeOerb, KOPHH, JTUCThS, ONaJ)
akkymymnupoBaHo 3957 kan/r cyxoro Beuiectsa [17].

Hcxons w3 STHX JaHHBIX M TEMIIOB IPUPOCTa PACTUTENBHOM MacChl, MOXHO OXapaKTepHU30BaTh
IUHAMHUKY HAKOIUIGHHA M pPacxofa DHEPTUH BO BpPEMEHH. BBIABIEHO, YTO 3a BEreTAllMOHHBIN TEpHOJ
HAKOILIGHHE SHEPIUU B Macce suMeHs cocTauna 517,2 u 518,0 kan/cm’ (COOTBETCTBEHHO BapuanTam). IIpu
3TOM, HanGoJIbIIee HAKOIUICHNE SHEPIUH MPUXOAUTHCS Ha (ady BockoBoii cremoctu 242,0 n 240,6 kan/cy?,
a HauMeHbIee Ha a3y Bcxoaos- 8,4 u 9,2 kan/cm” (Tabmuna 1).

Jlis cocTaBieHHsS DHEPreTUYECKOro OanaHca HEOOXOAMMO pacCuuTaTh IHEPreTUYECKHE 3aTpaThl Ha
cyMMapHoe ucmapeHue. Mcxons u3 cpeqHuX 3HAYCHUI BEIUYHMHBEI 3aTpaT SHEPTHHM HA CKPBITYIO TEILIOTY
napoobpasoBanns B 580 Ka/cM’, ompesieNieH obMmii pacxo ] SHepruy Ha ucmapenue 3a 2016 r. B pasmepe
29806 xan/cm’. [Ipu 5TOM HaMGOMBIIME PACXO YHEPrHM HA CYMMApHOE MCIIAPEHHE MPUXOIUTHCS Ha dasy
MHOJHOH crenocTtu 5881 KaJ'I/CMz, a HaMMeHbIIas K (haze BCX0o70B —928 Kas/cM>.

Hcxoas u3 JaHHBIX SHEPTUU aKKYMYJIMPOBAHHOW B YMCTOW MEPBUYHON MPOAYKIIUU U PACXO] IHEPTUU
Ha CyMMapHOe HCIapeHue, Oblila ompezesieHa OCHOBHAs BEJIMYMHA 3aTpaThl TEIUIa HAa MOYBOOOpa3OBaHHE,
YTO B JAHHOM ciiy4ae coctaBuia 30323 Kas/cm’ (Tabnwuma 1).

ConocTtaBuB HM3MEHEHHE BEJIMYWHBI HHEPIHH, pPACXOAyeMol B arpouromeHo3e sSYMeHs Ha

IIOCTPOCHNE PACTUTENFHOTO BEIIECTBA M MCIApeHHe C BEJIMYMHOW paJiMalliOHHOrO OajaHca, yCTaHOBIEHO,
YTO B CyMME 32 BETETAI[MOHHBIN NIEPUOJI, arpoPHUTOIICHO30M HCIT0NIb30BaHo 0,67 (v 67%) Bcel HATMYHOU
paIMaLHOHHOI SHEPIUH, IIPH PaAHAIMOHHOM Gamance 51,92 kkan/cm’, puc.2.
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Ha ocHOBe naHHBIX MO paaAMAlMOHHOMY OanaHCy W CYMMAapHOMY HCIIApEHHIO IPEIbLIyIINX
uccienoBaTenei, BKIoYas U HAallli SKCIICPUMEHTAIbHBIE TaHHBIC, TAK)KEe MOCTPOCHA MHTETPAIbHAS KPHUBas
MOJTHOTHI MCTIONB30BAaHUS PaMallHOHHON SHEPTUHU arpoleHO30M 03UMOro stuMeHs. ClieyeT OTMETHTh, YTO
3Ta THIIOBAs CPETHEMHOTOJIETHSSI BEIMYMHA Ha TpocTpaHcTBe Kypa-Apa3ckoil HHU3MEHHOCTH 3a TOJ
coctamsier 0,55, mpu paauarmoHHoM Oanance 52,50 kkan/cm’. OGO3HAUMB OOIIMI PACXOX SHEPTHH B
arpoUTOIeHO3¢e SUMEHS Ha MPOLECChl, CBA3aHHbIE C TTOYBOOOpazoBanreM uepe3 Q u R — pagmannoHHBIN
OanaHc, MOKHO HAIHUCATE:

Q=0,55R
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Onwupasicb Ha Pe3yJbTaTbl BAPHALMOHHOW CTAaTUCTHKMA Ha arpoHTOLEHO3€ SYMEHs, KO3((PUIMEHT
KOPPEJSIIIUA MEXJy HPHUPOCTOM PACTUTEIbHON Macchl, paJHalIOHHBIM 0allaHCOM BJIAXXHOCTBIO MOYB,
cocraBmsier r = 0,94. B manHoMm ciydae ommbka koadduureHTta xoppemiuun cocrasmiaa mr = 0,17.
YcraHoBneHo, uTo it GOPMHPOBAHUS arpoUTONEHO3a STUMEHS BIMSIHUE 3TUX JBYX (AKTOPOB JOCTATOYHO
BbIcOKa (1°=0,88%). KoaddumuenT koppensuuu (r) Ha arpopUTOIEHO3e SUMEHs ONpe/esIeHa I HHTepBaa
BIIQYKHOCTH TTOYBHI B ipezenax ot 22,7% no 26,3% (Tabnuma 2).

Ta6auuna 2

MHokecTBeHHasl M NAPHAS KOPPeJIALMOHHAS 3aBHCUMOCTb MeK1y NPUPOCTOM PACTUTEIbLHOI
Macchl, pAAUMAIMOHHBIM 0AJIAHCOM M BJIA’KHOCTHIO MOYBBI HA OPOLIAEMbIX C€PO3e€MHO-TYTOBbIX
noyBax CaJIbsIHCKOIl cTenu

YpaBHEeHHE perpeccuu r mr tr

V= 1,56X + 6,29 Z-176,83 0,94 0,17 5,53
KoppensimronHas cBsi3p MKy IPUPOCTOM PACTUTENFHOM MAcChl M PaAHALlMOHHBIM OaTaHCOM
Y= -3,71+2,76 R 0,89 0,23 3,87
KoppemsimuonHas cBs3p MeXIy IPUPOCTOM PACTUTENBHOM MAaCChl M BIa)KHOCTHIO TIOYBBI
V=975-11,247Z 0,89 0,23 3,87

X — paguauMoHHBIA OanaHc, Z — BIAXKHOCTh IMOYBBI, I- KO3((QUIMEHT KOppeIsuuu, Mr — OmHnOKa
KO3 PHLIMEHTA KOPPEISLUH, tr — KPUTEPHIA CYILIECTBEHHOCTH KO3 PHUINEHTa KOPPEIISLUH.

[Ipu mapHBIX KOppesALusSX MEXIY IPUPOCTOM PacTUTENbHOM Macchl U PagUALMOHHBIM OalaHCOM
ko3¢ duiment koppemsuud r = 0,89, a mr = +0,23, a npu OLIEHKE 3aBHCUMOCTU IPOAYKTUBHOCTH OT
BJI&KHOCTH MOYB KO3 PHUIHEHT KOppesiuuu Takxke coctasui 1= 0,89, mpu mr = + 0,23.

BbIBO/IbI

1. YcraHOBJIEHO, YTO POCT U pa3BUTHE arpoleH03a O3MMOro suMeHs Ha 88% 3aBHCHUT OT paJHallHOHHOTO
OanmaHca W BIOKHOCTH TIOYB, a octaBiimecs 12%? BeposaTHo? 3aBUCAT OT PU3NKO-XUMHUIECKUX CBOWCTB
MOYB, arpOTEXHUKU U Ap. PaKTOpOB. A TakXKe Ui MOJHOrO MCIOJB30BaHUS PaJHALMOHHBIX PE3EPBOB,
MOJKHO HCIIONIB30BaTh 3eMJTH IS TTOTyYeHHs AOMOTHUTEIHFHOTO YPOXKast IO COPro, parnc U KyKypy3bl Ha
CHJIOC.

2. BrbsBNEHO, 4TO MpH YBEIMYEHUH J103 MHUHEPAJIbHBIX YAOOpeHHH U? COOTBETCTBEHHO TEXHOJOIMYECKHX
3aTpaT, OTHOCHTENbHAs MOJS JHEPruM Ha TMOYBOOOpa3OBaHWE, aKKyMYJIHPOBAHHON B PacTHTEIHHOM
BelIeCTBE B 00eWx BapuaHTax cocTtaBwia 1,71%, 4to? B CBOI0O ouepenp? yXKe MOXKET CIYXUTbh
MPEANOCBUTKON 1T BHECEHHS MHMHEpAIbHBIX yaoOpeHmit B mo3e NisoPis0Kjgo # yMeHbIIeHHIO
TEXHOJIOTHYECKUX 3aTpar.
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Irrigation

CRITERIA FOR SOLAR RADIATION AND DEPENDENCE FACTORS DURING
VEGETATION PERIOD FOR PROGRAMMING CORN CROP

O. Kharaishvili', N. Mebonia', M. Shavlakadze®

" Georgian Technical University,
77 Kostava Street, 0175, Tbilisi, Georgia
? Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University
Ave. Chavchavadze 60% Thilisi, Georgia, 0179
E-mail: xaraishvili.nona@yandex.ru, n.mebonia@agruni.edu.ge

Annotation. As a result of the long-term supervision on Mukhrani meteorological station we had
established parity between total solar radiation and the growing sums of active temperatures by results of
researches, the parameters of solar radiation during the vegetative period fluctuate in the following limits: the
sum of active temperatures 3245-3731° C, on the average 3731C. Radiation balance 46472-102651C
kcal/sm?, photosynthetic active radiation of the sun of 40200-46091 kcal/sm” on the average within the
limits of 66286 kcal/sm”.

These parameters quite provide the reception of a potentially possible top yield not only of corn, but
also of other agricultural crops. It is necessary to note, that in some years April appeared in sufficient warm,
but the high temperature mode of October has provided power balance during the vegetative period.

Key words: climatic factors, solar radiation, radiation balance, corn.

Climatic factors — solar radiation, radiation balance, solar photosynthesis active radiation (phAR), air
temperature, sun of active temperatures, atmospheric precipitation provide reception of a potentially possible
top yield not only for corn but also for other agricultural crops in Mukhrani District.

It’s well known that an agricultural crop productivity is closely connected with the effective
application of climatic factors, which in its part, requires reliable definition of its relevant complex (indices)
indicators. Among climatic factors especially significant are: Solar radiation, radioactive balance, active
radiation of the solar photosynthesis (phAR). Air temperature, the sum of active temperatures, atmospheric
precipitation and so on [1,2].

It is also well know, that calculation of solar radiation and radiation balance is based on the
meteorological observation data, obtained through measuring direct and dispersed radiation.

Direct and dispersed radiation belongs to the short wave part of the spectre. Common sum of the solar
radiation input consist of direct and dispersed radiation [3].

There is certain parity for the ray energy input and outlet on the earth surface for any moment if time.
According to our analysis difference of the energy or radiation balance can be expressed as the following:

Rz@p-l_qg_gan_ﬂrﬂr_gg (1)
Where @, and @, are respectively direct and dispersion radiation ¥, — reflected radiation; E;, and
E, respectively atmospheric and earth long wave radiation.

According to the parity of inlet and outlet radiation, radiation balance can be positive or negative.
We have determined the dependence between the sum of Solar radiation and increasing sum of active
temperature in Mukhrani Meteorological station through many years observation:
YR=alXt>10°C+b Q)
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Link with the increasing sum of radiation balance and summed radiation is shown with analogue

dependence,
ZR=CLQ+axQ="0"1 3)
where a, b, ¢, d are empirical coefficients.
Reconsiling second and third equation we get:
Y0 = alt>10°ctp—d 4)

c
It’s well-known from reference sources that phAR is 43% of direct radiation and 75% of dispersed
radiation or approximately 50% of the total radiation.

Taking into consideration this, we can write:

Ll c+r—d
phAR = ET (%)

We can also give phAr as the function of radiation balance.

_1 _1ZR-d _ LR-d
phAR—EEQ—E c o

(6)
According to the carried out research phAR during vegetation period indices of Solar radiation

fluctuates in the following ranges: sum of active temperatures 25+30°C, on average 30+35°C.

Tab. 1. Multi annual average data during vegetation period for the evaluation of Solar radiation and
its depending factors on programming corn productively

Indices/Months v \% \%! A% 11 VIII IX X

N 1 2 3 4 5 6 7 8

1 | Sum of active temperatures | 374,4 | 508,8 588.9 689,0 659,3 530,1 368.,6
t=100¢C
Sum of radiation R 6856,8 | 11962,8 | 12904,7 | 131778,7 | 12224,5 | 9216,4 | 5472,7

3 | Sum of phAR 6040,6 | 7156,2 | 28119,8 | 8463,9 7213,1 | 5399,6 | 3893,1
Increasing sum of active 374,4 | 883,2 1472,1 | 2161,1 2820,4 | 3350,5 | 3713,0
temperatures. . t = 10°C

5 | Increasing sum of radiation | 6856,8 | 18819,3 | 31724,0 | 44902,0 | 57126,5 | 66342,9 | 71815,6
balance. ¥ R

6 | phAr increasing sum. 6040,6 | 13196,8 | 41316,6 | 49760,5 | 56993,6 | 62393,2 | 66286,3

These indices completely provide not only corn to yield but also of other agricultural crops in the
district. It is necessary to note, that sometimes April is not sufficiently warm, but the high temperature mode
of Octomber provides power balance during the vegetation period.
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HHOJEBBIE UCCJIIEJOBAHUA UHTEHCUBHOCTHU 2PO3NOHHBIX
INPOIECCOB ITOYBOT'PYHTA HA YA3BUMOM CKJIOHE B JIOJIMHE PEKH
TI'IJAHUCXEBU U DPPEKTUBHOCTHU COBPEMEHHBIX
MPOTUBOAPO3UOHHBIX MEPOIIPUSATUN

XyoOyaasa U.B.

Huemumym 600020 xossaticmea um. L. Mupyxynasa
I'pysuncrkoeo mexnuueckoeo yHugepcumema
np. . Yasuasaoze 60b, 0162, Tounucu, I pysus
E-mail: khubulavairina@gmail.com

Annomauyusn. B pabore paccMOTpEHBI MOJIEBbIE UCCIIEJOBAHUS, IPOBEACHHBIC HA UCCIIEIOBATEIECKOM
WHTETPUPOBAHHOM IIOJIMTOHE, B PE3yJbTaTe KOTOPHIX OBbLJIO YCTAHOBJIEHO, YTO Ha KOHTPOJHHOM YYacCTKe
MIPOTEKAIOT aKTUBHEIC 3PO3HOHHBIC MTPOIIECCHI, YTO HETATUBHO OTPa)kacTCs KaK Ha JAHHOM CKJIOHE, TaK U Ha
9KOJIOTHYECKOM COCTOSTHHU BOZI0cOOpHOTO OacceliHa peku [ aHucxXeBH.

UccenenoBanusi, TpOBEJCHHBIC HAa ONBITHBIX YYacTKaX HCCIIECI0BATEIBCKOTO HHTETPUPOBAHHOTO
[OJIMTOHA IMOKa3bIBalOT, uTo reokoBep “Luffacromat” Gonee shdekrruBeH, yem reokosep “Jute Mat”. Dto
MOJITBEPIKIACTCS CPAaBHEHHEM KOJIMYECTBA JPO3MPOBAHHON MacChl TBEPJOTO CTOKAa COOTBETBYIOIIHX
OTIBITHBIX YYaCTKOB, a TAKXKE TUHAMHUKOW POCTa PACTCHUH, MPOPOCHINX Ha TEKOBpaX.

Knrwouesnie cnosa: >po3visi, Ncciae0BaTENLCKUN HHTETPUPOBAHHBIN TIOJIUTOH, TEOKOBEP.

Environmental protection

FIELD RESEARCHES FOR INTENSITY OF EROSIV PROCESSES OF SOIL AT
VULNERABLE SLOPE OF GLDANISKHEVI RIVER VALLEY AND FOR
EFFECTIVENESS OF MODERN ANTIEROSIV MEASURES

1. Khubulava

Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University
Ave. Chavchavadze 60°, Thilisi, Georgia, 0179
E-mail: khubulavairina@gmail.com

Annotation. In the article are presented field researches implemented carried out at the investigated
integrated polygon, as a result of which ascertained that at the controlled section active erosive processes
take place, that negatively reflect as at the very slope, so at the ecological state of Gldaniskhevi River
catchment basin.

Researches carried out at the experienced sections of investigated integrated polygon show that geo
mat “Luffaeromat” is more effective than geo mat “Jute Mat”. This is confirmed by comparison of quantity
of masses sediment runoff washed out at the correspondent investigated sections as well as plants growth
dynamic at the geo mats.

Key words: erosion, investigated integrated polygon, geo mat.
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BBEJEHUE

JIns ONEHKHM YSA3BMMOCTH 3PO3MOHHBIX YYacTKOB (3PO3HOHHO-CENICBBIX 0YaroB) B JOJMHE PEKU
I'moanucxeBu U ¢ 1eNbl0 pa3paboTku 3 (HEKTUBHOTO MPOTHBOIPO3ZMOHHOIO IEOKOBpA OBLIM MPOBEICHBI
MOJICBBIC IKCICAMIINH, B Pe3yJIbTaTe KOTOPBIX ObUT BHIOPAH CHILHO 3PO3MPOBAHHBIN CKIIOH HEOOXOTUMBIH
TSl yCTPOMCTBA UCCIIEA0BATEILCKOTO MOJTUTOHA.

OCHOBHASA YACTb

Ha BbiOpanHOM ckiOHe OBUIM B3SATBI O0Opa3lbl TPYHTA. bBBUIM TPOBEACHBI JIa0OpAaTOPHEIC
nccienoBannus o0pa3oB TPYHTa C IENBI0 ONpEeNIeHUS er0 XUMHUYECKUX, (PM3NIECKUX U MEXaHUIEeCKHUX
CBOICTB.

B pesynpTaTe XMMHUYECKOTO aHalld3a YCTAHOBJICHO, YTO MOYBOTPYHTHI OMNBITHOTO IMOJIUTOHA CHIJIBHO
3PO3UOHHON TE€HJICHIINH.

Taxke ObUIM oOmpeneneHbl  (QU3MUSCKHE M MEXaHWYEeCKHE CBOWCTBA TOYBOTPYHTOB M  HX
rPaHyJIOMETPUUYECKUI COCTAB.

Pesynbrathl mabopaTOpHBIX HMCCIIEOBAHUIA YKA3BBIAIOT HA TO, YTO CKJIOH, CIOKEHHBIH H3 OBICTPO
HaOyXarIuX TPYHTOB, JODKEH OBITh 3aIUIICH OT (JOPMUPOBAHHUS MOBEPXHOCTHBIX MOTOKOB BO BpEeMs
MHTEHCUBHBIX OCA/IKOB.

Ha BbIOpaHHOM HamH YS3BHMOM CKJIOHE OBIT YCTPOEH HCCIE0BATEIbCKINA WHTETPUPOBAHHBIN
TIOJIMTOH JIJISl  OINPENEICHUST WHTCHCUBHOCTH OJpPO3UM TMOYB H A(H(OEKTUBHOCTH MPOTHUBOIPOZHOHHBIX
Meponpustuid (cMm. doto 1).

®oto 1. O61muii BU MCCIe10BaTEeIbCKOIT0 HHTEITPMPOBAHHOIO NOJUIOHA

Ha | ompITHOM ywacTke HCCIENOBATENLCKOTO TIONMIOHA Ha IMOBEPXHOCTH  3PO3UPOBAHHOTO
MIOYBOTPYHTa  YKJaJAbIBaeTcid TeoKoBep ,Jute Mat“, W3roTOBIEHHBIH W3 HATypalbHOIO MaTepuana.
[ToBepXHOCTh MOYBOTPYHTA, PACTIONIOKEHHAS T10Jl TEOKOBPOM 3aCEBACTCs CEeMEHaMH pairpaca.

Ha moBepxHOCTH BpO3MPOBaHHOTO MMOYBOTPYHTA II ompITHOro yuacTka yKIaabIBaeTcs,
MpeNJIOKEeHHBI HamMu  TreokoBep ,,Luffaeromat” [13], B BOJOKHUCTO-TAOMPUHTHOM CJIO€ KOTOPOTO
MOMeIaeTcs CMech MOYBbLI M CEMSIH paiirpaca TonmuHoil 0,5 cM, 1mocie 4ero opomaroTcsl BhICEIHHbIE B 00a
TeOKOBpPa CEMEHa.

C TexHMYECKO# TOUKHU 3peHHs reokosep ,,Luffaeromat” MOXXHO HCTIONB30BaTh HAa CKIIOHAX C YKIOHOM
710 60° IPOTHB SPO3UH MOUBKI U [1s BOCCTAHOB/ICHHS GHOMHOr000pa3ysl.
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B cepennHe monmmrona ycrpanBaeTcsi KOHTPOJBHBIA YIaCTOK /ISl U3yUeHUS TUHAMUKA SPO3UHU TIOYBHI.
Ha nem IMPOBOAATCA HMCCICAOBAHUA IJId M3YYCHUA MHTCHCUBHOCTH 3PO3HMOHHBIX ITPOLCCCOB (I/I3M€HCHI/IG
IapaMeTpoB MTPOMOHH, CMBITas CO CKJIIOHA SPO3MOHHAS Macca).

BosmoxHocTH UCCTIeIOBATEILCKOTO MHTEIPUPOBAHHOTO IIOJIMTOHA, TPEIIOKEHHOTO HaMH,
YHUKAJIbHBI, TaK KaK Ha HEM OAHOBPEMCHHO MHCCICAYCTCd AWMHAMHUKAa OSpPO3WH TIIOYBBI, a TaKXKeC
MIPOTBO3PO3NOHHAS 3 (EKTUBHOCTh U BO3MOXHOCTh BOCCTAHOBIICHUSI OMOMHOT000pa3us IBYX Pa3IMYHBIX
TCOKOBPOB.

C noMoInkio TroBHoOrpada perucTpupoBAIOCh KOIHYECTBO, MTPOJODKATEIHHOCTh 1 HHTEHCUBHOCTD
0CaJIKOB.

TBepaAblil U KUIKAN CTOK, CPOPMUPOBAHHBIH Ha OIBITHBIX M KOHTPOJHHOM YYacTKE, CTEKaeT uepes
HaHOCONPHUEMHUK, TpyObl B HeOOIbIIE pe3epByaphl, BCTaBIeHHbIE B 0OJbINe pe3epByapsl. O0beM CTOKa
H3MEepSETCs CIIeUATbHBIMA U3MEPHUTEIHHBIMU IIFITHHAPAMI.

[locne m3mepeHus oObeMa TBEPAOIrO U KUAKOTO CTOKA, C(OPMHPOBAHHOTO HA HCCIIEAOBATEIbCKOM
MIOJIMTOHE TIPOU3BOJIUTCS OTJECIICHUE TBEPIOr0 CTOKA, BHICYIIMBAHKUE B CIICIIUAILHON Cymmike 4 yaca mpu
temmeparype  105°C, mOTOM B3BEIIMBAHHE M COOTBETCTBEHHO ONPEACICHHE BECa 3PO3HPOBAHHOIO
ITOYBOTPYHTA.

Kpome ompenenenus Beca 3p03UPOBAHHOTO ¢ KOHTPOJIBHOTO YYacTKa IMOYBOTPYHTa, PUKCHPOBAIACH
QUHAMHKA POCTa PAaCTEHUH HA TEOKOBPaX HEMOCPEACTBEHHBIMU U3MEPEHUSIMHU.

HccnemoBanust Ha UCCIIEOBATEIHCKOM HHTETPUPOBAHHOM TOJIUTOHE MPOBOIWIKCH ¢ 19 MapTta 1o 30
nroHs 2017 1. (104 mHsA) m OBUIM TONMYYCHBI NAaHHBIE 00 DPO3MOHHBIX IIPOIlECCaxX, IMPOTEKAOIMMX Ha
KOHTPOJIBHOM Y4YacTKe, a Tak:ke 00 3(p(pEeKTHBHOCTH reOKOBPOB, CMOHTUPOBAHHBIX Ha OTBITHBIX yYaCTKaX.

Ha ¢oro 2 oryernuBo BUAHO, YTO Ha reoKoBpe ,Jute Mat“ pacTeHuil B30ILIO MEHbIIEC, YeM Ha
reokoBpe ,,Luffaecromat™, a Takxke macca TBepmoro croka, ¢ I ombITHOro y4actka Oombine, dem co Il
OTIBITHOTO YYacTKa, YTO HA JAHHOM dTare MOATBEpkAacT 3(PQPEeKTHBHOCTH MPOTBOIPO3UOHHOIO T'€OKOBpa
,Luffaeromat® W COOTBETCTBEHHO €ro BO3MOYKHOCTH BOCCTaHOBIICHHS OMOMHOTOOOpasus Ha YSI3BUMOM
CKJIOHE.

s moATBepIKIEHUS HAleKHOCTH TPOBEIECHHBIX WCCICAOBAHUIN TIOIYYCHHBIC JaHHBIC OBLIH
CPaBHEHbl C JaHHBIMH, TIOJYYEHHBIMH B pe3ylibTaTe pacueTa I0 3aBUCHMOCTH, OMpeAeNsIoei
KOJIMYECTBEHHbIE IOKA3aTell 3PO3UH M0UB, pa3paboTanHoi akagemukom LI.E. Mupiixynasa [7].
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0
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I'padux 1. IluHamMuka pocTa pacTeHUil NPOPOCIINX HA Te0KOBPax
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KommaecTBo mouBbI, CMBITO € y4acTKa, IUPHUHA U [UTMHA KOTOPOTO OT BOJAOPa3ieia CKJIOHA A0 KOHIIA
9PO3UPOBAHHON YACTH COCTABIIIET ONMPEEIICHHYIO BEJIHMUNHY, KOTOPYIO MOKHO PacCuMTaTh MO CIEAYIOMEei

dopmyme':

aﬂs(mu}ﬂﬁil},?mmfﬂ,ﬁxévs 13- 1{]_6Fﬂ:‘i&ii T

— x —
2 . 2,32 2
Vizen (onglitiem =<1 X3
rac ’Y — 06’LCMHLIﬁ BEC HOLIBOprHTa B ITIOJIHOM BOAOHACBINICHHOM COCTOSAHUU, T/MS;

Qx,r = 11-107ywd

d — cpenHuii pa3mep arperaToB (OTOPBaHHBIX OTACIBHOCTEH), M; [1].

V pzon- AOIMTyCKaeMasi Hepa3MbIBaloLIas JOHHAs CKOPOCTh BOJAHOTO IOTOKA M/C;

® — CPEJHSS YacTOTa CKOPOCTH MyJbCAIMH, KOTopasl onpesenseTcs 1o auciy Crpyxans Odmd ©=0,73 V:H
(V- cpenHsas cKopocTh CKIOHOBOro croka, H- rmyOuHa croka). Ilpym OoTCYyTCTBMM JaHHBIX CIIEIUATBHBIX
uccienosanuii w=10 I/c;

I — cpenHsst HHTEHCUBHOCTB OCaIKOB, M/C;

T — mpomomKUTENFHOCTh M30BITOYHBIX OCAIKOB MM BPEMS B C., B TEUCHHE KOTOPOTO CIOH BBIMABIINX
0Ca/IkoB OOJIBINE CITOSI HHPUIBTPAINY;

6 — KO3 PUIMEHT CTOKA;

Ny - K03QHUIUEHT TUAPABINIECKOTO CONPOTUBIeHUS (KoddduinenT MaHHUHT);

1 — cpeHuil YKIIOH IOBEPXHOCTH, PaBHBIN OTHOIICHHUIO PA3HOCTH YPOBHEH K 3aI0KEHHIO0 O0TKOCA;

X, — PAacCTOSTHHE OT BOJOpPAa3/ielia CKIIOHA 10 KOHIIa 3PO3UPOBAHHOM YacTH CKIIOHA, M;

m; - K03 uIMeHT, yIUTHIBAIOMNI OTKJIOHEHHE XapaKTepa CKIOHOBOTO CTOKA OT MPUHSATOIO B PACUETHOU
cxeme aBWKeHHUs mpsMoro cios Boael mo A. H. KocrtsakoBy [8], koaddumnment, xapakTepu3yommi
00p03A4aTOCTh TOBEPXHOCTH CKJIOHA, KOHLIEHTPALUIO CTOKA.

Taéauua
JlaHHBIE MOJIEBBIX HCCJIETOBAHMIT M COOTBETCTBEHHO BEJIHYNHBI, MOJIyY€HHBIE N0 3aBUCHMOCTH
onpeefoLIell KoJHYecTBeHHbIE MOKA3aTeJIM 3PO3UH M0YB, pa3padoTranHoii akagemukom LILE.
Mupuxyiasa
Ne . ITo popmymne LI.E.
JlaHHBIE TIONEBIX UCCCIIEAOBAHUM, N
JlaThl 3KCTIEpUMEHTOB o MupiixynaBa, TBEPJbIi
TBEPJBIi CTOK, KT
CTOK, KT

1 | 19.03.2017-30.06.2017 > 1,182 > 0,862

1 o
AJid yCTaHOBJIEHI/IiI O6H.IEI‘O KOJIn4eCTBa CMBIBA, HOHY‘IEHHBII/I peByJIbTaT HY)KHO yMHO}KI/ITB Ha IIOIaAb CKJIOHA
(x2b), rme b - mupuna cKIOHA
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W3 Tabnuiel BUIHO, YTO JaHHBIC MOJIEBBIX YKCIEPUMEHTOB U BEJIMYHMHEI, IOJYYCHHBIE B PE3yJbTaTe
pacyeTa C JOCTATOYHON TOYHOCTBHIO MPHUOIMKEHBI, HAa OCHOBAaHUU HYETrO MOXKHO 3aKJIIOYHTh, YTO
HCCCIIEIOBAHUS, MPOBEICHHBIE HAa YCTPOEHHOM HAaMM HCCIEI0BAaTEIbCKOM HHTETPUPOBAHHOM IIOJIMTOHE
HaJleKHBI.

BbBIBO/IbI

B uTore, MOKHO 3aKJIIOYMTh, YTO HA KOHTPOJIBHOM y4YacTKE MCCIIEI0BATEIBCKOTO HHTETPUPOBAHHOTO
MOJIMTOHA TPOTEKAIOT AKTHBHBIC 3PO3MOHHBIC TMPOIECCHI, YTO HEraTHBHO OTPAXKAETCS KaK Ha JAHHOM
CKJIOHE, TaK U Ha SKOJOTUYECKOM COCTOSHUU BOIOCOOPHOro Oaccelina peku [ gaHuCXeBH.

HccenenoBanusi, MPOBEICHHBIC Ha OINBITHBIX YYacCTKaX MCCIIEA0BATEIBCKOTO HHTETPHPOBAHHOTO
MOJIMTOHA TOKa3bIBalOT, uTo reokopep “Luffacromat” Gonee sddexruBeH, yem reoxorep “Jute Mat”. Dto
MOJTBEPKIACTCSI CPABHCHHEM KOJIMYECTBA 3PO3UPOBAHHOW MAacChl TBEPAOTO CTOKA COOTBETBYIOIINX
OMBITHBIX YYACTKOB, & TAK)KE JUHAMUKOMN POCTa PACTeHHUH, MPOPOCIINX HA TEKOBPax.
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Hydraulic engineering and irrigation

APPROACH TO IRRIGATION ADDAPTATION UNDER
CLIMATE CHANGES IN RUSSIA

L. Kireycheva, I. Glazunova

All-Russia Research Institute of Hydraulic Engineering and Reclamation
127550, St. Bolshaya Akademicheskaya, h.44, Moscow, Russia
E-mail: Iwkireycheva@mail.ru, ivglazunova@mail.ru

Annotation. The mean annual air temperature in Russia has increased by 1° C over the past 100 years
and by 0.4° C in the last decade of the 20th century. According to forecasts of The Main Geophysical
Observatory, the increase in temperature by 0.6°C should be expected in the South of Russia by the end of
the XXI century (http://rosnauka.ru/publication/844). In the case of aggressive anthropogenic scenario (RCP
8.5) the average-temperature in all parts of our country will be increased by 5-8°C. Climate change directly
affects agriculture and it is one of the most serious risks to the prosperity of the country. Temperature growth
will result in increased areas of agricultural land, and drought and consequent reduced yields of some crops.
The increasing frequency of extreme weather events leads to lower yields and decreases agricultural sector in
GDP.

To ensure the adaptation of agriculture and reclamation under changing climatic conditions water
availability for irrigation plays a significant role. Irrigation was developed in the South of the European part
of Russia with the aim of providing the population with rice, vegetables, cereals and fodder crops. However,
since the early 90-s the reduction of irrigated area was caused by the processes of the national economy
restructuring. According to the Ministry of Agriculture, the irrigated area has decreased by 32%. This was
caused by the deterioration of the technical condition of irrigation systems and land reform. Only large
irrigation facilities and systems belong to the Federal account balance, while on-farm network passed to the
subjects of the Russian Federation and some farms that were not ready to use reclaimed lands as well as to
operate the drainage network efficiently.

In productive years more than 20% of all agricultural commodities of Russia are produced in the
Southern Federal district (SFD), a major part of the irrigated lands being located there too. Water
consumption in agriculture is stable and ranges from 30 to 55% of total water consumption in the country
over the last 15 years, which should be considered when evaluating water availability and water pollution
caused by drainage flow and runoff from irrigated agricultural lands. Therefore it is important to estimate the
impact of the global warming and especially the adaptation of agriculture and irrigation under changing
climatic conditions in this region. This requires valid prediction of changes in water availability of the
territory on the basis of existing models of soil — climatic zoning and the possibility of crop productivity
control for major crops.

Key words: global climate change scenarios, humid, arid, precipitation evaporation ratio, productivity,
irrigation, drainage.

INTRODUCTION

Agricultural production obtained in the irrigated land which occupies 17% of the arable land provides
with food almost half of the world population. In the late 80s 15-17% of the gross output of crop production
was obtained within the reclaimed land, which comprised 7, 9% of the arable land In the Russian Federation.
Most of the agricultural land of the Russian Federation is located in the area of risky agriculture - about 80%
of arable lands are located in the zone of insufficient moisture, and more than 10% are in the zone of
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excessive moisture. In dry years it is almost impossible to realize the potential of high-yielding crop
varieties, intensive agricultural technologies and adaptive-landscape systems of agriculture without carrying
out hydr-otechnical reclamation. The situation is dramatized by the frequent natural disasters in the form of
droughts and extreme temperatures that have been observed in the recent years. Global warming is the most
obvious in the territories between 40-70 degrees of the northern latitude (Ivanov, 2003; Kiselev, 2011).
According to some climatic models global warming by 1.4 to 5.8°C is expected by 2100 (IPCC, 2007).
Global processes are accompanied by the changes in precipitation, which may cause deteriorated moisture
mode in the soil and more frequent droughts in Russia (Ivanov 2003).

According to the observation data of the Russian meteorological stations, average annual air
temperature has increased by 1° C in the last 100 years and by 0.4° C in the last decade of the 20th century
(it is significantly higher than the world average). According to the forecasts if the growth of the temperature
remains the same the climate of Russia will become warmer by nearly 2 degrees by the middle of this
century. There is an increase in the number of days with abnormally high rainfall (> 10 mm) in winter, and
on the contrary their reduction in summer in most parts of the North Caucasus and southern Federal districts
in Russia. The number of days without precipitation in winter is increasing in most parts of the country
(Natural Resources of Russia, 2014).

While, the growth of the average annual temperature is common to all regions of Russia, climate
change is uneven for different regions and seasons due to the large territory and the diversity of the natural
conditions. Average mean annual air temperatures in Russia are shown in the figure 1.
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Figure 1. Averaged anomalies of mean annual air temperature in Russia
(http://rnns.ru/176117-anomalnoe-leto-2010 beda-tolko-nachinaetsya.html)

The change in the average annual surface air temperature in Russia is shown on the chart. The thin line
shows the results of observations, the thick line - a gradual course of the air temperature. There are
considerable inter-annual fluctuations in average temperature against the background of a steady rise in
temperature over the past 35 years.

Forecast of the climate changes in Russia [A1FI scenario (HadCM3 model], proposes fast increase of
CO, in the atmosphere. The duration of the vegetation will be prolonged by 26 days; some climatic
parameters will be increased: precipitation - by 26 mm, evaporation - by 40 mm, evapotranspiration - by 141
mm. Regional climate scenario on the Main Geophysical Observatory in St. Petersburg describes the
possible climate changes according to the humid scenario (model MRK GGO). The difference in the air
temperature increase in January is 0.40 °C for the compared scenarios, whereas the increase in the July
temperatures is 5.1 - for the arid scenario and it is 1.30°C - in the case of the humid scenario.

Climate change has a direct effect on the agriculture. The increasing frequency of the extreme weather
events leads to the lower yields and the weaken role of agricultural sector in GDP. In 2010 during the
unprecedented drought a decrease in production led to the slowdown in the development of the rural
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economy in Russia. A total 895 areas in 43 regions in Russia suffered. Crops were damaged over more than
13, 3 million hectares (Mha), which are 29 % of the area of crops in these regions. Production of grain fell by
35 %; the country lost almost 15 M tons of grain, fodder - 36 M tons of feed units (hereinafter - t. f. u.), 1.9
M tons of vegetables. At the same time, fodder crops productivity under irrigation has decreased by 12 %
only.

Irrigation and drainage projects play an important role in providing planned crop yield. Nowadays
reclamation and water economy of Russia is presented as: 9.1 Mha of reclaimed land, including 4.3 Mha of
the irrigated and 4.8 Mha of drained land. Reclaimed land occupies only 5% of the total arable land; they
produced 70% of vegetables, more than 20% of coarse and succulent fodder, all rice, a significant amount of
other plant products. The distribution of the reclaimed lands in the administrative districts of the Russian
Federation is shown in the Figure 2.

8.60% CPitole]
HCOPO
HYDO
[ Jielole]
L Rp{o]e]
mC300

CK®O
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Figure 2. The distribution of the reclaimed land in the territory of the Russian
Federation [5] (JI®O - Far Eastern Federal district; C®O - Siberian
Federal district ; Y®O - Ural Federal district ; FO®O - Southern Federal
district; BO@O — Volga Federal district; C3®0O - North-Western Federal
district; CK®O — North Caucasus Federal district; II®O - Central Federal
district)

The objective of the study is to estimate the probable climate changes, their impact on crop
productivity, agricultural sector adaptation to the climate changes and the role of reclamation in the ensuring
of food security in the changing climatic conditions.

Figure 3 shows a diagram of grain yields from 2000 to 2012 in Russia as compared to other countries
in the world.
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Figure 3. Yield of grain crops in Russia in comparison with other countries of the world
[Department of Amelioration, 2013, Russian Academy of Agric. Sciences, 2014.]

The diagram shows that the yield of grain crops in Russia is lower than in many countries in 1.5-2
times in average. Climatic changes may deteriorate the existing status.

METHODS

Mathematical models and approaches on the accounting of the climatic factors when estimating
requirements in land reclamation development

The technology has been proposed to estimate possible climate changes and the probability of the
requirements in the development of land reclamation. Figure 4 shows the block diagram of the used models,
which allows carrying out the above estimations.

Unit 1. Scenarios of the climatic-changes Unit 2. The initial data for the
»| estimation of the agro-climatic
1 resources under climate
l change for the various natural
Unit 4. Model of agricultural plants ¢

A

requirements to environment on the soil Unit 3. Model on the changes of

moisture and the temperature according to the the environmental parameters

¢ Model on the agro-climatic zoning
Unit 5. Model on the water mode in the soil and and prediction (Panko V. A.). The
plant nroductivitv (Golovanov A. I.) calculations of the precipitation-
¢ evaporation ratio on the base of

Unit 6. Estimation of the water availability for
development of irrigation on the basis of the water-
economic balances as a part of the schemes on

Figure 4. Block diagram of the applied models on accounting climatic parameters
to estimate the necessity of the land reclamation development [8,11]
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Calculation of the productivity of agricultural crops depending on the soil moisture to according the
phases of plants development

At the first stage the change in the productivity of agricultural crops depending on the soil moisture
according to the phases of plant development on the model of Shabanov V. V. is calculated. [11]

Uy =U., .. >k, (1)
i=1

where: UW — crop productivity at the given soil moisture; Umax — maximum possible crop productivity at
the optimum moisture content in the root zone; - contribution of the ten-day period into crop productivity
(depends on the stage of crop growth); n — the number of the ten-day periods in the vegetation period; -
coefficient, determining productivity reduction due to soil moisture deviation from the optimum moisture
content in the given ten-day period i:

2,6 ) 7/-(1—9 ) J
. B o, i opz; 1—o, z op;
12 o 1—& z;

opz; o (2)
where
W, —Ww, 0 . VI/opti B I/VZ
91‘ =— > Copt; T
n, m-1,
W; — mean soil moisture in the root-inhabited zone for the given ten-day period ; W - optimum moisture

opl;
content in the root zone; m — soil moisture which is appropriate to the total moisture capacity; W7 - wilting
point; v - coefficient , taking into account crop reaction to the soil moisture deviation from the optimum.
The requirement in the different types of land reclamation is defined using the bio-climatic technique
based on the comparison the need of agricultural plants for soil moisture over the phases of development of
plants in the estimated years for the different scenarios of climate change.

Techniques on the estimation if the precipitation-evaporation ratio

The second step is estimation of the moisture ratio (Ky), which is one of the main criteria affecting the
productivity of agricultural land. The areas of land reclamation under climate change are defined using this
ratio. Precipitation-evaporation ratio is the ratio between the amounts of precipitation falling in a given area
which is divided by evaporation or air temperature, which determines evaporation. [8]

Ky=0/ E*To, 3)

where O — sum of the precipitation for the period of crops vegetation mm; To — sum of the average daily
temperatures (above 0o C); E - empirically determined coefficient 0,177 using to convert heat energy into
evaporativity (degrees of temperature into mm of evaporativity).
Precipitation-evaporation ratio is calculated in relation to the climatic optimum which corresponds to the
maximum productivity of the grass-forb crops in chernozem soils, or to the relative optimum in agriculture,
corresponding to the maximum productivity of agrocoenosis.

Productivity of the zonal soils and crop yields, expressed in the grain equivalent (t. g.u/ha) are
calculated at the nest step by the formula (Ponko, 2012):
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V=K - Kyple™™™ — 1), ecmm k,, <1,
V= H[‘ . Hd:lap{gr:-kg Ji 1."Fi_-|_-:' _ 1}.- ECIH I[i:}_ =1 4)

where Kt— heat provision factor weighted with the factor of the photosynthetic active radiation Kfar; Kh —
humidity factor relatively to the natural optimum, which corresponds to the maximum natural soil
productivity at Kh =1,0; constants e = 2,718..., = 3,14...; coefficient of development ko which equals 1,0507
or (1,0166) (Ponko, 2012).

The change in the precipitation-evaporation ratio according to the scenarios of the climate change for
the southern part of Russia calculated by different techniques as well as production potentials of crops are
given in table 2.

Table 2. The estimated and forecast values of the precipitation-evaporation ratio for
the South of Russia

Estimation techniques Without climate | Humid scenario of | Scenario
changes the climatic of
change climatic
change
Technique 1 ( Ponko V.A., 2012)
Ky 0,6-0,8 0,73-0,97 0,52-0,7
V, t.g.u. /ha 3,6 3,63 2,03
Technique 2 ( Ivanov A.L., 2003)
Ky 0,6 0,62 0,42
V, t.g.u. /ha 3,2 3,6 1,99

The required value of the precipitation- | 1,4-1,5
evaporation ratio
The required production potential, t.g.u. | 6,2
/ha
Actual mean productivity of cereals | 2,15
2006 mo 2014

Note: V —production potential, Ky — precipitation-evaporation ratio, t.g.u. /ha (tons of grain units per
hectare).

As can be seen from the table 4, forecast values of precipitation-evaporation ratio and the productivity
of cereals, which were calculated by the model of Ponko V. A, and by the formula of Ivanov A. L., are
decreased in the arid scenarios of climate change. In arid scenarios of climate change the precipitation-
evaporation ratio is reduced by 12-36%, while the productivity of grain is reduced up to 37% compared to
the current level.

RESULTS
Productivity of crops and probability of the necessity of the land reclamation development

Calculations of productivity of agricultural crops were carried out for two scenarios of climate
change according to the phases of plant development. To estimate the necessity for land reclamation the
corresponding values of soil moisture were shown on the integral curves of the normal distribution of soil
moisture, both actual and projected for the arid and the humid scenarios of climate change. The calculations
were fulfilled for the Southern part of Russia.
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Arid scenario

The results obtained on the estimation of the probability of reclamation development in the case of
arid climate change scenario are shown in table 3.

Table 3. The probability of the optimal conditions and the need for reclamation for
the current conditions (P1) and the arid scenario (P2) according to the
phases of plant growth and in average for the vegetation period

Phases of the plant growth 1 2 3 In average
Optimal P! 22 57 32 37
o 11 47 39 32
Irrigation P 78 28 0 35
P’ 89 46 8 48
Drainage p' 0 15 68 28
P’ 0 7 53 20

When estimating the probability of the optimal conditions and the reclamation the probability of the
optimal conditions is reduced (up to 11 %), the probability of irrigation development is increased (up to 18
%), however, the probability of drainage is reduced (up to 15 %). This may change the water-economic
balance, because the frequency of irrigation, and therefore volumes of the water withdrawals will be
increased.

Humid scenario

To estimate humid scenario of the climate change actual data which correspond to the expected Ky in
the Central part (Station Kaluga) 0.87 were taken. Appropriate statistical analysis of the meteorological
parameters (precipitation, air temperature, air humidity deficit) and evaporation for 47-year period (1966-
2012.) were done. (Poddubskii, 2015).
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Figure 5. The Integral curve of probability change of the reclamation requirement in
the cultivation of grain crops in the humid scenarios of climate change
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At minimum optimal level of productive moisture in the soil probability of irrigation is 16%, while the
maximum values in the optimal range of greater than 89 mm drainage probability is 23%. Irrigation
probability for spring wheat is up to 16...22%. In average at the cultivation of spring wheat the probability of
irrigation is 19...22%, and drainage is 6-10% according to the humid scenario of the climatic changes.

Substantiation of the required levels of moisture for different zonal-provincial soils of the Southern
part of the Russian Federation

Having calculated the probability of the irrigation development in the arid scenarios of the climate
change and the decrease in grain crops productivity depending on the precipitation-evaporation ratio the
required soil moisture for the different zonal-provincial soils in the Southern part of the Russian Federation
was estimated (Fig.6).

1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

m Kh requ.

m Kh natur.

Figure. 5. The required values of precipitation-evaporation ratio in the zonal soils of the
Southern part of the Russian Federation (note: Kh nature. — humid scenario , Kh
req - required values

In the case of climate change in the Southern part of Russia according to the arid scenario, it will be
necessary to increase the area of irrigated land up to 213940 hectares, which is by 18% more than the
existing area — 180924 hectares.

RESULTS AND DISCUSSION

To ensure food security of Russia in conditions of climate change under different scenarios the
development of land reclamation is required. The Government' Program on land reclamation is aimed at
solving the issues of creation adaptive conditions in the agricultural fields through integrated land
reclamation to provide efficient and sustainable use of agricultural lands and natural resources regardless of
climate change and anomalies.
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Water management

THE MAIN DIRECTIONS OF THE WATER SUPPLY IMPROVEMENT
FOR THE AGRO INDUSTRIAL COMPLEX

B. Kizyaeyv, S. Isayeva

Federal state budgetary scientific institution "All-Russian Research Institute for Hydraulic
Engineering and Reclamation named after A.N. Kostyakov
Bolshaya Academicheskaya, 44
Metro station Petrovsko-Razumovskaya, Voikovskaya 127550, Moscow, Russia

Annotation. The basic effects of climate change on agricultural water supply in some regions of the
country are considered. The possible ways of water supply improvement and rational use of water resources
are suggested.

Key words: water resources; agriculture; global climate change, irrigation, potable water supply.

Water resources are very important for planning and development of the regions as well as solving
social and environmental problems.

According to the forecasts, global climate change will lead to aridity in the south of the European part
of Russia and in the Western Siberia.

One of the main issues is to provide the security of the population and regional economies, including
agricultural production, water quality and the volumes of water supply.

The computer simulations, having been considered in the framework of the fifth assessment report of
the intergovernmental panel on climate change with the participation of Russia (IPCC), showed that the
average global temperature will be increased under all scenarios of radiation exposure in the 21st century.

Russia is the world region where the climate warming will greatly exceed the average global rates in
the 21st century [1].

Changes are expected in the all components of climate: radiation, temperature, hydrological modes,
etc.

According to the forecasts, during the 21% century a steady tendency to the increase in precipitation
both in winter and in summer is expected, however the forecast precipitation decrease can reach up to 25%
in the southern regions of Russia by the end of the century.

The forecast climate changes have already confirmed by the long-term field studies [2].

The underground feeding of the rivers and the increased river flow are detected in the European part of
Russia (EPR) in winter, as well as the trend of increasing aridity in the south.

It is required to note significant changes in the river flow of the Don: its discharge was by 40% lower
in 2012 than it was in 2008 [3].

Nowadays, according to expert estimates, the water resources of the most rivers of the European part
of the country — the Don, the Kuban, the Samur, the Volga, the Ural, etc. — are almost completely exhausted,
while the river flow of the Sulak, the Terek, the Irtysh (in the Asian part) are used by three quarters or more.
About 6.3 million people live in the areas with local water shortages.

The increasing water supply of the territories, including agricultural purposes, and the regional
climatic changes are the reasons for the specific measures development.

A positive role in situation stabilization belongs to the reservoirs with seasonal or multi-year
regulation of the river-flow, which accumulate a significant portion of the river flow of the major rivers in
the country.
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However, the long lifetime of the most of them has led to their significant sedimentation, reduction in
the capacity, loss of the efficiency [4].

At the same time, in the last three decades, the annual inflow to the reservoirs of the Volga-Kama
cascade was increased by 8-26% in summer, and by 70-120% - in winter due to the increased precipitation in
the Volga basin.

To ensure rational use of the water resources the restoration projects of the capacity and the revision of
the principles of water management of the reservoirs are required, where primary importance is to be given
to energy generation [5].

In this case, favorable conditions can be created, especially to increase drinking water supply, water
availability of the agricultural land, power engineering and shipping [6].

Environmental aspects of agricultural water supply are of great socio-economic importance.

Issues on drinking water supply of normative quality for the rural population are acute in many
regions now.

According to the state monitoring of the water bodies 16% of the rural population use drinking water
with mineralization from 1 to 5 g/l and hardness - from 7 to 15 meq/l or higher, and 19% - underground
water which contains iron and manganese exceeding the maximum permissible concentration (mpc) without
proper treatment in Russia in 2014. 16.4% of underground water and 36.8 % of surface drinking water
sources did not meet sanitary-epidemiological standards [4].

The sustainable drinking water supply in agriculture should be based on the development of the
centralized water supply and sanitation.

Urgent provision of water purification systems and water treatment plants to supply the population
with drinking water is required.

To use of water treatment in rural areas is determined not only by the possibility of anthropogenic
pollution of surface water, but also by the extensive development of the territory in the zones of the
anomalous chemical composition of groundwater due to the chemical composition of water bearing rocks
and ion exchange processes in the system "water-rocks".

A number of major administrative regions of Russia, including Novgorod, Yaroslavl, Astrakhan,
Volgograd, Kurgan, Omsk, Tyumen district, a large part of the Rostov district, Stavropol region, the
Republic of Adygea, etc. are not provided with conditioned fresh groundwater in sufficient volumes for these
reasons. [4].

In many regions, however, groundwater must be an additional source of water supply [5,6].

However, at present, the degree of the groundwater resources use remains low - about 15% in the
country as an average.

To stabilize the situation it is necessary to conduct works on groundwater prospecting and exploration
development in the new areas, which of course is associated with certain, but necessary economic costs.

In connection with the strengthening of water shortages in the southern regions a rational
redistribution of the river flow is required to ensure, first of all, drinking water supply.

The total amount of existing and proposed water transfers in the world is about 595 billion m3/year for
35 countries.

The background for the redistribution of the part of the river flow is necessary to overcome the
shortage of water resources of the adequate quality, to improve social conditions, to increase employment of
population in the Rostov, Astrakhan, in Volgograd district, in the Republic of Kalmykia, in the Republic of
Crimea and in many other regions of the Russian Federation. [7].

The detailed scientific and technological study of the issue may determine the necessity and sufficient
conditions as well as environmental constraints to justify the redistribution of the river flow taking into
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account that the guaranteed provision of population with quality drinking water is one of the priority public
policy.

Climate change in Russia he have already had different effects on the agricultural production in
different regions in the period from 1976 to 2012.

Favorable factors caused by climate warming, are increase in the heat provision of the agricultural
crops, increase in the average temperature during the cold period of the year. Global relative rate of
photosynthesis has increased by 5-10% as the result of O2 increase in the atmosphere.

The duration of the growing season has been increased; the primary productivity of the plants being
increased at a rate of 1.17% per year in Northern Eurasia in the 1982-2000[1].

The efficiency of water use in agriculture is of particular importance.

Unfortunately, as a result long-term inefficient water use due to large seepage losses from canals, high
irrigation rates and on-field infiltration losses, etc. more than 70% of irrigated land is under unsatisfactory
condition now. [6].

According to estimates of the further warming the present moisture and level of soil fertility should
lead to increased bioclimatic potential and productivity of grain crops in Russia by the middle of 21st
century.

To maximize the use of bioclimatic potential, the necessary adaptation of agriculture to the new
conditions, and accordingly, changes in the principles of water use in agriculture are required.

Warming leads to the need for an increase in the agricultural areas in the Central and the North-
Western part of European Russia, which will require rational water supply, irrigation of lands through the
use of modern drainage and irrigation systems as well as improving techniques and technologies of irrigation
with focus on water conservation.

First of all one must restore the reclamation fund, improve farming systems and the structure of crop
rotation in relation to the new climatic conditions, development of a system of measures to combat pests and
plant diseases and other measures.

Water conservation is one of the key directions in the water management in agriculture [8].

More than half of irrigation systems (2.4 million hectares) need reconstruction and technical re-
equipment, taking into sustainable use of water resources [9]. The improvement of the irrigation and
drainage systems, water supply and sanitation, increase in drainage water reuse and others are among the
priority tasks.

Measures include upgrading the main production funds, including protection and rational use of water
resources.

The degree of depreciation of the main production funds in the water industry is practically unknown
(no statistics), but it is estimated to be about 50%, depreciation of irrigation and drainage systems is up to
70% [9].

For the development of the water probability in agriculture and other sectors of the economy in the
coming economic and climatic conditions at the international level, it is necessary to determine forms of
cooperation in the field of transboundary river basins water use, to synchronize the legal aspects of the water
use, to ensure integrated management of water resources based on the existing experience.

In general, to determine the principle directions of water sector development in the country it is
necessary to consider the development of the General schemes of integrated use and protection of waters of
the Russian Federation on the basis of basin schemes (SIWRM).

In the short term period some of the above mentioned issues are to be settled in the implementation
process of relevant policies and targeted programs [9, 10].
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Successful implementation of water management measures is determined by the scientific and
practical validity of decisions, which involve the necessary scientific research of the appropriate level,
raising the issue of actually required funding for scientific research works.

Thus, among the directions of water sector development and measures to improve water availability in
APK the following objects are considered:

-adjustment of the principles of water use in agriculture in relation to adaptation to climate change in
the regions;

- revision of the principles of water management for the reservoirs with a priority of drinking water
supply and agricultural water supply;

- strengthening measures to ensure agricultural water supply, water treatment to provide drinking
water supply to the population regardless of the water quality in the water source, the development of the
centralized water supply and sanitation;

- strengthening the role of water conservation and efficient water use in agriculture due to the
upgrading of drainage, water supply and sanitation systems, increase in drainage flow reuse etc.;

-consideration of alternative water sources in regions with water scarcity, including desalination of sea
and underground saline water, the rational redistribution of the river flow;

- the revival of the General schemes of the integrated use and protection of waters in the Russian
Federation;

- identify forms of cooperation in the field of transboundary river basins, to synchronize the legal
aspects of water use, to ensure integrated water resources management, based on the expertise

It is not possible to plan the increase in the efficiency of agriculture, as well as high production of the
main crops regardless of natural conditions without the above and other important measures application.

REFERENCES

1. The second assessment report of ROSHYDROMET on climate change and their effects on the territory
of the Russian Federation / Information re-source: http://voeikovmgo.ru/download/2014/0d/0d2.pdf

2. Jamalov, R. G., Frolova N. L., Retz, P. E., Bugrov A. A. Features of formation of modern groundwater
resources of the European part of Russia.//Water resources.- 2015.- Vol. 42.- No. 5.- P. 457-466

3. Matishov G. G., Stepanian O. V., Harikovski V. M., etc. features of the aquatic ecosystem of the Lower
don in late autumn period.//Water resources.- 2016.-Vol. 43.- No. 6.-P. 620-632.

4. State report "On the status and use of water resources of the Russian Federation in 2014". — M.: NIA-
Priroda.- 2015. — 270 p.

5. B. M. Kizyaev, S. D. Isaev. Water security of the Russian Federation in the conditions of global
warming.// Herald of the Russian Academy in-UK.- 2016.- T. 86.- No. 10. - S. - 909-914.

6. B. M. Kizyaev, S. D. Isaev. Water management: problems and solutions.//Melioration and water
economy.-2015.- No. 6.- S. 23-27.

7. Kizyaev B. M., Isaeva S. the Problem of water supply in the Crimean in Lestrove and search for their
solutions // Zhurn. "Reclamation and water economy". 2014. No. 3. S. 2-6

8. Water strategy of agro-industrial complex of Russia for the period up to 2020. - M.: Publishing House.
Rria.- 2009. - 72 p.

9. Federal target program "Development of reclamation of agricultural lands of Russia for 2014-2020"
(approved. Post. the government of the Russian Federation from 12.10 2013 No. 922, as amended by
15.01.2015 No. 13). Information resource: http://docs.cntd.ru/ document/499051291

10. Strategy for sustainable development of rural territories of the Russian Federation for the period 2030
(app. dis. The government of the Russian Federation from February 2, 2015 No. 151-R). Information
resource: http://www.garant.ru/products/ipo/prime/

G. 30EBLEIRS3SL LOLIRMBOL TISRD)S 8IIGEIMBOL 0ELBOBIBN; dOEHIFIL RSBIOL ISMBIEBHN 107
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



83-7 b533NSIIG) bSFIC60IHFI-BIT6NV3 TG0 36 BIGI6GNS “VddR0M)S 33306IMIOL, d5®IFML
RdB30L, SAHINBIIBIG0LS RS 8FI6ISRMIOL 1)5653IR@M3T 36 (MdKRIFIB)”

25-27 3680650, 2017 V.

Environmental protection

THE EFFECT OF THE BOUNDED MUDFLOW ON THE REGULATORY
BARRAGES
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Annotation. The expected risks of mud flow impact on constructions confirm that there are both a loss
of flow stability and a change in its hydraulic regime. An excited zone and a wave against the current are
created.

For the case of a tied-up flow passage in a mudflow duct with rectangular cross section, theoretical
formulas of the calculated parameters determining the breakthrough of the flow stability are derived. In
addition, their changes, graphic illustrations in connection with the rheological characteristics are given. The
distance between the counter-mudflow barrages has been determined; Theoretical calculated dependences
under the conditions of the appearance of a wave against the flow and downstream were derived.

Key words: hydraulic regime, flow, mudflows.

INTRODUCTION

Under the influence of the tied-up mudflow on natural or artificial barriers, the change in its
movement regime differs significantly from those having analogous parameters of sediment flows and water
flows.

Due to the great destructive force, it becomes necessary to transfer such flows into a calm flow
regime, which is associated with the holding of reinforcing measures of quite significant areas against the
deformation of the channels. Based on this, for the purpose of switching the flow mobility to a quiet regime,
very often artificial solutions are used, in particular, to the construction of barrages. After this action, a jump
or wave is created, where a significant loss of energy takes place and this process is directed to suppress
excess energy of the stream. Based on this, the problem is also interesting from the point of view that those
calculation parameters that have a special role in the correct arrangement of the counter-mudflow
constructions in the planned scheme would be determined.

In general, when assessing the impact of such flows on hydraulic engineering, the determining
criterion is the average speed. Possible risks of stability loss as a result of changes in traffic are fully ignored.

Based on the above, among the flows the tied-up mudflows are characterized by considerable
transportability. In the case of an impact on the opposing barrier, it is very interesting what form the
counterbalancing inclination in the head and tail water of the duct will take. When the balancing inclination
is on the inclination of the free surface of the moving stream, there will be an overflow to the construction
and vice versa.

The abovementioned circumstance has a significant influence on the solution of problems in the
planning of counter-mudflow measures.
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THE MAIN PART

The expected risks of mudflows and the peculiarity of the impact on various types of objects are
related to the defining characteristics of the possibilities of stopping their formation [1, 2, 3, 4, 5].

Depending on what objectives the protection from mudflows sets, in the process of issue resolving, a
special place is given to the tasks: determining the magnitude of the propagation of the perturbed zone arises
in the flow, formed by construction, which functions on the dynamic load; Determination of the inclination
balancing of the flow free surface.

Since each of the specific questions here depends on the type of mudflows, when their energy is
attenuated, a special attention is given to the type of construction.

Existing approaches prove that, when regulating mudflows by the engineering measures a loss of its
stability due to flow on the construction takes place; the hydraulic regime of the flow changes.

By uprising of a direct or inverse wave, the free surface of the stream takes a characteristic shape and
it is known as a balancing inclination; i.e. under the influence of construction on the flow, a loss of stability
of the flow and the wave formation takes place.

Arises in the result of the counter-mudflow barrier with a rectangular section the impulse of the wave
force on the basis of the equation of momentum can be expressed by the following dependence:

oV al2Va+al

AP ©)
g a+2Ja+4
Force impulse with respect to the outer zone:
AP =(pcV + pV Jo 2)

Where ¥ is the volumetric weight of the mudflow (N/m?); Q - consumption of mudflow (m*/sec); V -
flow motion velocity (m/sec); &' - speed correction factor (&' = 1,05 + 1,08) ;

a is a coefficient and depends on the rheological characteristics, when the equivalent depth
corresponding to the tie-up factor is 4, the depth of the flow is equal to # and @ is equal to the angle of

internal friction a = (1 —h, / h)
By equalizing (1) and (2) equations, the wave velocity caused by the force AP gets the form:

v 2\/5 +a 3)
2Wa+a+4

In the wave form moving flow, when the continuous wave is ahead of the dynamic wave and a

C=«

violation of the regime of constant advance takes place, the speed of the wave front V, caused by the force
AP will be

V.2C+V )
By specifying the value of the wave velocity ¢ in (4), we obtain:
o AJa+2a+4
V.=aV—m——"— 5
2Va+a+4 ®)

A change of the mobility mode in any flow causes a continuous or stepwise change in the flow rate,
depth and speed. The possibility of stopping the reverse wave appears when the following condition is
satisfied:

- AJa+2a+4
aV Ty i y
2Wa+a+4 (6)
1e.
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oy la—Na+2a+2)-2
a+2Ja+4 (7)
Since the velocity of the mudflow
vV =KC'Jhi ®
And the velocity of propagation of the tied-up mudflow
C=Kgh ©)

Considering relations (8) and (9) in (7), we obtain:

o Qo =Wa+2dar2)-2 g

a+2Va+4 i (10)

If we include the value of &' = 1.1 and @ = 1 to (10), in the case of water it coincides with the result

of Academician O. Natishvili.

* g
:2 —_
¢ i (11

Taking into account the value of the mudflow velocity coefficient, in (11) we have:

y p (2Va +a+af
i = 0,0026863\/% o odarard) 2] (12)

For clarity, we give a graphical dependence i = f (a,fj linking with the mudflow rheological

_ ) d
characteristics for different values of(;).
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The barrages, located in the mudflow channels, whose function is the complete or partial stop of the
mudflow, dramatically change the flow regime; Following the next task to be solved in the practice of
mudflow regulation - for example, complete stopping of the flow or overflow through the ridge, it is
necessary both to estimate the length and motion of the wave propagation by the balancing inclination, and
the definition of the reverse direction. Based on this parameter, for an approximate construction, it is
possible to estimate both the number of constructions and the distance between the constructions.

Fig. 2. Cross-section of the barrages location in the mudflow channel.

1. Approximate construction; 2. Separation of the design construction from the approximate
construction in the upper pool, when iy, <I. 3. Separation of the design construction from the approximate
construction in the upper pool, when iy, >1.

Based on the above, on the basis of the construction location in the channel on the scheme (Fig. 1, 2),
if we denote the propagation length of the wave in the direction opposite to the original motion by L, then
we get:

H
Lul — (1 i -) (13)
I

Where i, is a balancing inclination in the opposite direction from the approximate construction. H —
height of construction (m); / — angle of inclination to the mudflow channel.

Considering (12) in (13) we get:

H 3Wa|(2a' ~1)2va +a+2)-2f

L=="
! Vai|ea' -1)\ava +a+2)-2] - 0,0026863\/2[ (eVa+va+2f
(14)

When the overflow through the threshold of construction takes place, then the location of the building

structure from the approximate construction along the flow stream will be:

Va|2a' - 1)2va +a+2)-2f

L=
(15)

0,0026863\/5 (Va+a+2) ~Vall(2a' -1)\ova +a+2)-2f
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The obtained results confirm that by a constant slope of the mudflow channel for mudflows with the

same rheological characteristics (in the case of a decrease in the ratio of the stone inclusions diameter to the

flow depth), the amount of the balancing inclination decreases. Following from here, the distance between
the constructions increases; And in the case of rheological characteristics increasing, when the ratio of the

stone inclusions to the mudflow height does not change, we observe the same picture of the change of the

distance between the constructions.
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ENERGY EFFICIENCY OF BUILDINGS AS AN INDICATOR OF
ENVIRONMENTAL PROTECTION
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Annotation. The paper presents European Union strategy and documents connected with increased
energy efficiency and also polish requirements in thermal protection of buildings. The aim is to estimate
predicted energetic and ecological effects of activities that adapt existing residential buildings to the
requirements for the thermal protection of buildings in Poland. The energy demand for heating buildings at
60-70 kWh (m’rok) has been adopted. The calculations show that as a result of this adjustment, the energy
demand for heating in residential buildings may decrease by an average of around 67% compared to 2011.
Such actions will reduce the overall emissions of air pollution from households by reducing the energy
requirement for heating apartments from about 30% to about 67%, depending on the type of pollutant.

Key words: energy consumption, energy efficiency; pollutants emissions to atmosphere; policy and
strategies, buildings.

INTRODUCTION

The contemporary world is very dependent on various forms of energy. The exhaustive resources of
conventional energy resources and the impact of energy production on the environment make energy
effectiveness and energy savings should be given special attention and activities in the economy.

Finding the greatest savings and energy efficiency opportunities should be in the sectors with the
highest energy consumption. One of the largest consumers of energy is the building sector and associated
buildings. The largest groups of buildings are residential buildings. Buildings account for an average of
around 41% of total energy consumption in the European Union. This energy consumption also translates
into the emission of hundreds of millions of tons of CO, and other air pollutants. Due to the high share of
total energy consumption, the building sector has significant potential to reduce the energy intensity of the
building's operation, increase the share of RES and thus significantly reduce air pollutant emissions.

Buildings existing in Poland, both residential and public are characterized by a great potential in terms
of energy and ecological efficiency. The greatest possibility in the implementation of energy and ecological
efficiency activities creates a saving of media consumption: heat, natural gas, coal fuel, electricity, water.
One of the ways to increasing energy effectiveness of existing buildings and reduction of emissions are the
thermal modernization activity, which adapts existing buildings to present and future energy requirements.
Due to the constant global increase in energy demand, it’s considered that its saving and efficient use will
become an alternative and important source of energy (Fig. 1).
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Fig. 1. Growing demand for energy and sources of its coverage over the years [1]
1. ENERGY EFFICIENCY IN THE BUILDING SECTOR

The energy efficiency is a ratio between an output of performance, service, goods or energy, and an
input of energy. Presently the energy efficiency is a widely addressed issue in strategic documents
determining the development direction of the European Union. The impulse for action in this direction was
depletion of natural energy resources, increase in fuel prices, increased dependence on energy imports and
high environmental pollution by combustion products contributing to changes in the Earth’s climate. Energy
efficiency is a valuable means to address these challenges. It improves the Union’s security of supply by
reducing primary energy consumption and decreasing energy imports. It helps to reduce greenhouse gas
emissions in a cost-effective way and thereby to mitigate climate change. Shifting to a more energy-efficient
economy should also accelerate the spread of innovative technological solutions and improve the
competitiveness of industry in the Union, boosting economic growth and creating high quality jobs in several
sectors related to energy efficiency. The priority role of energy efficiency in the European policy was
emphasized in a document specifying a general EU development strategy up to the year 2020 - “EUROPE
2020. A strategy for smart, sustainable and inclusive growth” [2]. One of the targets identified in the strategy
is to increase the energy efficiency by 20%, to reduce greenhouse gas emissions by at least 20% compared to
the 1990 levels and increase the share of renewable energy sources in our final energy consumption to 20%.
Up to 2050 the European Union plans a reduction of CO, emissions of up to 95%. In order to support the
execution of the above-mentioned targets the Energy 2020 project has been launched [3]. A top priority of
the project is to create a common energy market. One of the initiatives of the Europe 2020 Strategy is the
flagship resource-efficient Europe adopted by the Commission on 26 January 2011. This identifies energy
efficiency as a major element in ensuring the sustainability of the use of energy resources.

The European Union has consistently implemented the objectives of climate and energy package, the
priority of increasing the energy efficiency expressed in subsequent statement and directives of European
Parliament [4-7]. One of the important directives on energy efficiency was the directive 2006/32/EC of the
European Parliament and of the Council of 5 April 2006 on energy end-use efficiency and energy services
[4]. The aim of this Directive was not only to continue to promote the supply side of energy services, but
also to create stronger incentives for the demand side. Directive 2006/32/EC imposed on Member States the
obligation to achieve an overall national indicative energy savings target of 9% for the ninth year of
application of this Directive. In 2011 the European Commission confirmed that the Union is not on track to
achieve energy efficiency target, associated with a package 3x20%. It was necessary to update the Union’s
legal framework for energy efficiency with a new Directive pursuing the overall objective of the energy
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efficiency target of saving 20% of the Union’s primary energy consumption by 2020, and of making further
energy efficiency improvements after 2020. Therefore, in 2012 it was prepared the Directive 2012/27/EU on
energy efficiency [7]. Each Member State shall set an indicative national energy efficiency target, based on
either primary or final energy consumption, primary or final energy savings, or energy intensity, establish a
long-term strategy for mobilizing investment in the renovation of the national stock of residential and
commercial buildings, both public and private, and set up an energy efficiency obligation scheme. The
development of energy efficiency indicators adapting statistics to changing economy conditions and present
needs is realized on the level of European Union and International Energy Agency. Joined actions of
Eurostat and Member States aim to create the statistical indicators system to assess trends in the field of
energy efficiency [8]. According to the Directive 2012/27/EU established a polish energy efficiency target
for 2020, shown in Table 1.

Table 1
Energy efficiency target for 2020 [8]
Energy efficiency target Energy consumption in 2020
C}SESESSEOI?FS f%?gi%}é 0 Final energy consumption Primary energy consumption
Mtoe
13.6 | 71.6 | 96.4

The provisions of the directive impose on the member countries an obligation to elaborate national,
long-term strategies supporting the various activities covering the specification of optimal ways for
improving energy efficiency of buildings and specification of instruments mobilising these activities.
Thermal protection of buildings in Poland is based on the provisions of the Polish Construction Law [9] and
on the technical and construction conditions [10]. Issues relating to energy efficiency refers whereas the act
of 15 April 2011 on energy efficiency [11] and to the energy performance the act of 29 August 2014 on
energy performance of buildings [12]. Important documents defining energy efficiency policies in Poland are
also Polish Energy Policy until 2030 and National Action Plans on energy efficiency.

2. ENVIRONMENTAL PROTECTION

Furthermore, the implementation of energy efficiency has a significant importance for the process of
reducing the emissions to the atmosphere of pollutants from fuel combustion process. The energy efficiency
pointed out in the European Directives constitutes also an important basis for reduction of greenhouse gas
emissions. Poland’s membership of the EU entails a wide array of environmental-protection requirements.
Some have been satisfied by Poland to a greater extent than required, e.g. as regards greenhouse gases
emissions. In 2014 Poland achieved a reduction of 34% in the emission of greenhouse gases, expressed as a
carbon dioxide equivalent, in relation to the base year (1990), in particular, the emission of carbon dioxide
dropped by 35%, methane by 46%, and nitrous oxide by 32 % [13]. The reduction in greenhouse gas
emissions achieved by Poland has therefore considerably exceeded the level required under the Kyoto
Protocol. The highest increase in greenhouse gas emissions in EU countries between the base year and 2014
occurred in Spain (14%), Portugal (7%) and Ireland (5%). The biggest decreases in this period were recorded
in Lithuania (62%), Romania (61%) and Bulgaria (57%). It has been estimated that the potential for reducing
CO, emissions in operation of buildings up to 2030 is 3,7 Gt. Percentage share in each region is shown in
Figure 2.
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Fig. 2. The potential for reducing CO, emissions in operation of buildings up to 2030 [14]

In 2014 there was a drop in emissions of sulphur dioxide by 53%, ammonia by 8%, nitrogen oxides,
dusts by 14%, and carbon dioxide by 3% compared to 2000. During this period, total carbon monoxide
increased by 2% non-methane volatile organic compounds by 3% [13]. The largest share of emission of dust,
sulphur and coal dioxide in Poland was, among others local boiler houses and fireplaces. In the last decade
Poland has made huge progress in environmental protection, reducing the dependence of economic growth
on a number of environmental pressure factors. However, further limitations on resource exploitation and on
the amounts of substances and energy emitted into the environment, still pose a challenge to implementing
the principles of sustainable economic development and to strengthening efficiency oriented trends.

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. Prepared and sent to the European Commission document “National
Plan Activities in the field of energy from renewable sources” stems directly from the provisions of Directive
on promotion of energy from renewable sources [5]. This document included forecasts achievements by
Poland in 2020 year 15% share of energy from renewable sources in gross final energy consumption. Poland
is one of the biggest primary energy producers in the European Union (8.9% in 2012) [15]. Relation of
renewable energy to total energy consumption has been growing both in Poland and in the European Union
during recent years. Share of renewable energy in gross final energy consumption is shown in Figure 3.
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Fig. 3. Share of renewable energy in gross final energy consumption [16]
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In Poland production of energy from biomass and wind has been increasing, while use of water and
geothermal energy has stabilized [17]. Structure of energy production from selected renewable sources is
shown in the Figure 4.
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90
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70 1 energy
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Fig. 4. Structure of energy production from selected renewable sources [17]

3. RATIONALIZATION OF ENERGY CONSUMPTION IN BUILDINGS

Issues concerning the rationalisation of power consumption constitute nowadays one of the main
trends in planning, construction and exploitation of buildings. Factors which influence the structure and
dynamics of heat consumption for a building can be divided in two groups. The first group should include
factors conditioned by the location of a building in a given climate zone and by the season of the year, and
which are beyond human control; such as: the temperature of external air, wind rose, solar energy,
precipitation and cloudiness. The second group should include factors connected with the intended building
type and its location in a given area, and resulting from man’s decision taken on the basis of the current state
of knowledge of designing buildings. These factors may include architectural and builder’s solutions,
material and constructional solutions, energy characteristic of a building, its purpose and the manner of
exploitation, holding suitable values of parameters of microclimate, quantity of air exchanges through a
ventilation system, parameters of heating system and the technical condition of a building.

Building stock of European Union covers about 200 million buildings, out of which 6 million are
located in Poland. In accordance with the Polish National Energy Conservation Agency the energy
consumption in Poland is at the level of around 120+300 kWh/m?*/ year while other European countries reach
50 kWh. The heat consumption in Poland has shown a slight declining tendency in the recent years. The
largest heat consumers in Poland in 2015 were in the households - about 64% [15]. The structure of energy
consumption in residential buildings according to different directions of use in recent years is shown in
Figure 5.
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Fig. 5. The structure of energy consumption in residential buildings sector [8, 18]

That is why, in order to limit the energy consumption on heating and ventilation one should look for
areas for its rationalisation. The main direction of activities aimed at limiting energy consumption on heating
buildings is sealing a building coating and the modernisation of ventilation and heating systems.

Pursuant to the EU directive up to the year 2020 all new buildings shall have nearly zero energy
consumption. One of the elements of rationalization of energy consumption in buildings and reduction of
emissions are the undertakings related with thermal modernization of buildings. The introduction of
innovative technologies and solutions, and the gradual adaptation of existing resources to energy-efficient
building standards, combine energy and economic effects with reducing the negative impact of buildings on
the environment. It’s estimated that the annual energy savings, achieved through thermal modernization, can
reach around 26% of 2013 consumption by 2030 [19]. The estimated potential for energy savings from the
thermal modernization of buildings under individual activities is presented in Table 2.

Table 2
Potential of energy savings from individual thermal modernization activities [20]
Type of thermal modernization activities Savings
Improvement of thermal insulation of transparent partitions 14+20%
Improvement of the thermal insulation of the walls 33+60%
Modernization of the ventilation system 16-21%
Regular inspections and repairs of boilers 10+12%
Modernization of the domestic hot water system using RES 50+80%

4. RATIONALIZATION OF ENERGY CONSUMPTION IN BUILDINGS AND REDUCTION OF
POLLUTANT EMISSIONS

As prepared in 2011 National Census of Population and Apartments in Poland is 6 047 100 buildings with
at least one apartment, of which 5 542 600 are single- and multi-family residential buildings [21]. The
average usable area of the apartments was 78.2 m”. The highest number of apartments was in the usable area
of over 100 m* (20.5%), then in the range of 41+50 m* (18.5%) and least in the range of 61=75 m* (13.6%).
The highest number of apartments was in multi-family buildings (55.5%). Individual heating predominates in
the heating of rooms. Network heat consumed 41.7% of all households. Of net heat consumers, 72% also
used it for water heating. Approximately 67% of apartments had hot water heated locally, and 30% used
district heating [18].
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Among residential buildings, over 404 000 were built before 1918. They represent 7.3% of the total
number of inhabited buildings. There were about 1.2 million apartments, which accounted for 9.0% of total
apartments in Poland [22]. The age structure of residential buildings located in Poland is presented in in
Figure 6.
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Fig. 6. The age structure of residential buildings in Poland [8, 18]

About 85% of residential buildings are characterized by high energy intensity [21, 22]. That's why
these buildings have the greatest potential for energy savings. An analysis of the possibilities to reduce the
energy demand for the heating of residential buildings which was exploited in Poland in 2011 to the value 70
kWh/(m’year) for multi-family buildings and 60 kWh/(m®year) for single-family buildings was conducted.
The potential energy savings by reduction the energy demand for heating to accepted values is shown in
Table 3 [23, 24].

Table 3
The potential energy savings by reduction the energy demand for heating to 70 KkWh/(m’year) for
multi-family and 60 kWh/(mzyear) for single-family buildings

The Heat demand for heating Reduce the energy demand for heating
building | single-family | multi-family single-family multi-family

Coféﬂﬁon KWh/(m’year) KWh/(m®year) %  |kWh/i(mlyear) %
before 1918 367,66 264,31 297,66 81,0 199,31 75,4

1918-1944 306,10 191,31 236,10 77,1 126,31 66,0

1945-1970 265,22 172,74 195,22 73,6 107,74 62,4

1971-1988 230,25 156,52 160,25 69,6 91,52 58,5

1989-2010 183,36 125,67 113,36 61,8 60,67 48,3

Saving on energy demand for heating for the whole building structure is shown in Table 4.
Table 4

Reduce the energy demand for heating for all buildings [23, 24]

Reduce the energy demand for heating Reduce the total energy demand
single-family multi-family for heating
TWh % TWh % TWh %
84,2 71,3 38,0 60,3 122,2 67,5

G. 306GHLIRS3SL LOLIRMBOL VISRMS FIIH6IMBOL OBLBOBIBO; dokIFML RdG3OL IZMBIGSH0

119

TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



8G-7 bS53 STIG06() LSFIC60IHFI-BIF603IG0 3(I6BIGI6G0S “NISRKRMS 3IIG6IMB0L, do@IIML
RdG3OL, S&INBIIG TGOS RS 39I6IdRM30L 0)5653IRHM3I 3H(M3RIFIBN”

25-27 5638068509, 2017 V.

Savings in energy demand was around 67%. It is also estimated to reduce the pollutants emission to
the atmosphere as a result of reducing the energy demand for buildings heating. Ecological effect of

reduction the energy demand for the heating of residential buildings which was exploited in Poland in 2011
to the accepted values is shown in Table 5.

Reduce of pollutants emissions [13, 25]

Table 5

o . Reduce of pollutants emissions
Pollutants emission resulting
from the apartments heating in as a result of reduced demand
Analyzed pollutants 2011 for energy for. apartments
heating
thou. of tons
Carbon dioxide (CO,) 49 440,568 33367,16
Nitrous oxide (N,O) 0,906 0,61
Methane (CHy) 120,873 81,58
Nitrogen oxides (NOy) 67,506 45,56
Sulfur oxides (SO,) 219,180 147,92
Ammonia (NH3) 0,510 0,34
Non-methane volatile organic 102,769 69.36
compounds
Carbon monoxide (CO) 1 622,308 1094,89
Particulate matter PM,, 103,756 70,02
Particulate matter PM, 5 61,348 41,40
Dioxins and furans (g i-TEQ) 134,9 91,04
Hexachlorobenzene (HCB) 2,8 1,89
Polychlorinated biphenyls (PCB) 0,0004353 0,00
Polycyclic aromatic hydrocarbons
(W%VZ) 4 0,1230266 0,08

Reduction in energy demand for heating will reduce pollutants emissions, burdensome for the
environment, especially particulate matter and greenhouse gases.

SUMMARY

Energy efficiency is key to ensuring a safe, reliable, affordable and sustainable energy system for the
future. Buildings existing in Poland, both residential and public are characterized by a great potential in
terms of energy and ecological efficiency. An analysis of the possibilities of reducing the energy

consumption for heating of residential buildings and the emission of pollutants to the atmosphere generated
during its production in relation to energy use in buildings clearly indicates the greatest potential for
activities undertaken in the area of rooms heating. The calculations show that, as a result of adjusting the
energy demand for residential heating to 60-70 kWh (m’rok), the demand for existing residential buildings
can be reduced by an average of around 67% compared to 2011. Taking these activities will reduce the air

pollutant emissions from about 30% to about 67%, depending on the type of pollutants.
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EVALUATION OF CONDUCTED COMPREHENSIVE THERMAL
MODERNIZATION AT AN ANGLE OF ENERGY SAVING
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Annotation. The article presents the real results of the thermal modernization activity based on the
monitoring of their effects conducted in selected educational building from 2011 to 2015 which was
a representativde of the evaluated group of buildings. The analysis includes energy consumption for heating,
ventilation and domestic hot water preparation and electricity consumption in chosen building. The
monitoring of the results from conducted thermal modernization showed significant energy reduction effect
and therefore also fuel consumption and exploitation costs of this building.

Key words: comprehensive thermal modernization, energy consumption, energy saving.

INTRODUCTION

One of the ways to energy rationalization of existing buildings is the thermal modernization activities.
Through the comprehensive thermal modernization activities of an average building in accordance with the
currently valid regulations up to 40% of energy may be saved. Buildings existing in Poland, both residential
and public are characterized by a great potential in terms of energy efficiency. The greatest possibility in the
implementation of energy and ecological efficiency activities creates a saving of media consumption: heat,
natural gas, coal fuel, electricity, water. Presently the energy efficiency is a widely addressed issue in
strategic documents determining the development direction of the Union Member States. The impulse for
action in this direction was depletion of natural energy resources, increase in fuel prices, increased
dependence on energy imports and high environmental pollution by combustion products contributing to
changes in the Earth’s climate. Energy saving is a valuable means to address these challenges.

In Poland thermal modernization activities have been increasingly intensified for over twenty years
and at the beginning they were mostly focused on renewal and elimination of defects in the buildings built by
industrial technologies. After implementation of the act regarding support of thermal modernization
activities, new opportunities to execute such operations in a systematic way, basing on an algorithm of
technical and economic analysis of an investment, have emerged. These regulations provided legal
background for comprehensive complex thermal modernization.

The analysis of the real effects of the thermal modernization activities in educational building is based
on monitoring of media consumption from 2011 to 2015. The analysis includes energy consumption for
heating, ventilation and domestic hot water preparation and electricity consumption. For analysis was chosen
educational building similar in the technical characteristics to other buildings of this type in Poland. Building
has undergone comprehensive thermal modernization in 2010, and the obtained results are representative for
the monitored educational building group.
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ENERGY CONSUMPTION IN POLAND

Indigenous production of primary energy carriers declined in Poland in 2014 and amounted to
2853.8 PJ. Consumption of primary energy was higher than production by more than 50% and amounted to
4320.5 PJ in 2014 [1]. Building stock of European Union covers about 200 million buildings, out of which 6
million are located in Poland. Energy used in buildings accounts for a significant percentage of a country’s
total energy consumption. This percentage depends greatly on the degree of electrification, the level of
urbanization, the amount of building area per capita, the prevailing climate, as well as national and local
policies to promote efficiency. Realization and exploitation of buildings involves in European Union in the
period 2009-2013 about 42% of total energy consumption, bat in Poland, this value is higher at about 7% [1,
2, 3]. Buildings consume more energy than transport and industry and use also about 25% of global water.

Energy consumption in buildings is divided into heating, ventilation, cooling, hot water, lighting and
electrical equipment. Structure of energy consumption in the period 2009-2012 in residential buildings
according to its destiny in Poland is shown in Fig. 1.

lighting
electrical equipment

hot water

cooking

heating
ventilation

Figure 1. Energy consumption in residential buildings in Poland in the period 2006-2012 [4, 5]

The public utility buildings have a bit different structure of energy consumption (Fig. 2). In this
structure is the energy consumption for cooling. The energy consumption for hot water is significantly lower.

cooling

otherdevices
lighting
electrical equipment

hot water

cooking

heating
ventilation

Figure 2. Energy consumption in public utility buildings in Poland in the period 2006-2012 [4, 5]
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In European Union the share of energy consumption for heating and ventilation is lower than in
Poland especially in public utility buildings but they consume more energy for hot water (Fig. 3 and 4).

lighting
electrical equipment
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cooking

7.1%

hot water

heating
ventilation

Figure 3. Energy consumption in residential buildings in EU in the period 2006-2012 [6, 7]
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Figure 4. Energy consumption in public utility buildings in EU in the period 2006-2012 [6, 7]

The structure of primary energy carriers consumption in Poland did not change significantly during
last years. Recently in Poland production of hard coal, lignite, crude oil, natural gas and others energy
carriers decreased. The most important energy carrier produced is hard coal, which share amounted to 61.0%
in 2014. The second important energy carrier is lignite with share of 18.2%. The share of natural gas
amounted to 5.5% and crude oil to 1.4% [1]. The most important energy carrier consumed is hard coal which
share amounted to 40.4%. The share of crude oil amounted to 23.8% and the share of natural gas to 14.1%.
Consumption of lignite amounted to 12.0% of total consumption [1].

Starting from 2021 all newly constructed buildings will be required to have very low energy
consumption, covered mainly by the renewable energy resources. The strategy for the development of
renewable energy sources in Poland and European Union assumes increase the share of renewable energy
sources in our final energy consumption to 20%. 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. In Poland share of renewable energy in gross final energy consumption increases
and in 2014 year was 11.4% [8, 9].
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COMPREHENSIVE THERMAL MODERNIZATION OF CHOSEN BUILDING

The school was built in 1964 using the traditional technology. The lack of thermal insulation in
partitions caused that the building failed to comply with thermal protection requirements and was not energy
efficient therefore generating considerable energy losses. The school building before thermal modernization
is shown in Fig. 5.

Figure 5. The school building before thermal modernization in 2006

In 2010 was performed the thermal modernization of this building in a complex manner and in
accordance with the guidelines resulting from the energy audit. The thermal modernization activities
included the thermal insulation of the external barriers and replacement of some equipment of the buildings.
The school building before thermal modernization is shown in Fig. 6.

Activities were aimed at improving the efficiency of the energy use for heating and preparation of the
domestic hot water. Thermal modernization works performed in research building aimed at improving the
energy performance of the building, increasing its energy efficiency, reducing its negative impact on the
environment and improve the interior microclimate. The effects of conducted thermal modernization were
monitored since 2011.

e

Figure 6. The school building after thermal modernization

After the thermal insulation significantly improve the heat transfer coefficients of school building
partitions (Table 1). Spite of the high value of heat transfer coefficients for the floor on the ground this
partition couldn't be insulated due to technical reasons.
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Table 1. Heat transfer coefficients of partitions before and after thermal modernization of school building

i, Uc, WI(m'K) | Uy WAITK)
Partitions

Before | After 2010 2016

External walls 1.40 0.22 0.30 0.25
Flat roof 0.68 0.16 0.25 0.20
Floor on the ground 0.63 0.63 0.45 0.30
Wooden windows 3.00 1.40 1.80 1.30
PCV windows 2.60 1.40 1.80 1.30
External doors 3.50 2.50 2.60 1.70

The heat transfer coefficients of walls and roof are also in accordance with the current requirements.
Insulation of partitions and the replacement of windows and doors caused a large decrease in heat loss.

Replacement of coal boiler by new gas boiler and the creation of collective water heating systems with
a water use meter were associated with improvement of the heating and hot water system efficiency (Table
2).

Table 2. Efficiency of heating and hot water system before and after thermal modernization of school

building
. Heating system Hot water
Efficiency of: system

Before | After | Before | After
- heat generation 0.65 1.00 0.97 1.00
- heat transfer 0.90 0.98 0.85 0.96
- heat accumulation 0.93 0.97 0.67 0.86
- heat regulation and utilization 0.85 0.98 1.00 1.00
- total system 0.46 0.93 0.55 0.83

Energy demand indicators of the building before and after thermal modernization, determined on the
basis of the energy audit analysis are presented in Table 3.

Table 3. Energy demand indicators before and after thermal modernization of school building

- Before | After
Energy demand indicators 3
kWh/(m“year)
EU 285.7 142.4
EK 526.0 149.4
EP 578.6 164.3

EK is demand indicator for the final energy and EU for usable energy. According to the national
legislations in the field of energy saving [10] the maximum value of EP indicator defining yearly calculated
demand for non-renewable primary energy for heating, ventilation, domestic hot water preparation, cooling
and lighting is calculated by the following formula:

EP =EP,.,, + AEP. + AEP,
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where:

EPyw — maximum value of a partial indicator of the EP for the heating, ventilation and the preparation of
domestic hot water, kWh/(m’year);

AEP( — the maximum value of the partial indicator of EP for cooling, kWh/(m’year);

AEP; — the maximum value of the partial indicator of EP for lighting (only for public utility, commercial,
warehouse and production buildings), kWh/(m’year).

Presently required partial maximum values of the indicator EP for heating, ventilation, hot water,
cooling and lighting for educational buildings are presented in Table 4.

Table 4. Partial maximum values of the indicator EP for heating, ventilation, hot water, cooling and lighting
for educational buildings [10]

Partial indicator of EP for: KWh/(m’year)
- heating, ventilation and the

. . E 65
preparation of domestic hot water P

- the maximum value of the partial

AEP 25-Agc/A
indicator of EP for cooling ¢ i/Ar

for ty <2500
AEP; =50

- lighting AEPL

for ty = 2500
AEP; =100

In the table were used the following parameters:
A¢c — the usable cooled area building, m’;

A;— the heating area of building, m’;

to — the duration of lighting during the year, h/year.

The monitored school building doesn't have a cooling system, therefore AEP=0 kWh/(m®year). The
duration of lighting during the year for school buildings amounts 2000 h/year, therefore AEP;=50
kWh/(m’year). Maximum value of EP indicator for investigated school buildings amounts 115
kWh/(m’year).

Despite the significant reduction in final energy demand the EP indicator obtained in 2010 is too high
according to current requirements. A good solution in this case would be the use of renewable energy in
monitored school building.

THE ENERGY SAVING RESULT OF CONDUCTED THERMAL MODERNIZATION

After comprehensive thermal modernization in chosen school building its various effects were
analyzed. Basic advantages of thermal modernization are related to economic aspects, i.e. reduced
consumption of fuel resulting from reduced heat consumption. In research building components of media
consumption (coal, gas, water and electricity) and associated with this consumption costs were monitored.
Energy consumption for heating, ventilation and domestic hot water preparation was estimated. The year
2010, when the thermal modernization was carried out, was transitional year which is not included in the
analysis.
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The monitoring of the results from conducted thermal modernization showed significant effect in
reduction of energy consumption for heating, ventilation and the preparation of domestic hot water (Fig. 7).

NEergy consuinpaon

2004 (2005|2006 2007|2002 (2009

Figure 7. Energy reduction effect after thermal modernization

Before thermal modernization the average energy consumption was about 1000 GJ/year, and after the
thermal modernization dropped to 420 GJ/year. Average energetic effect was about 58%. A distinct
downward in final energy consumption in monitored period is associated with improvement of the the
heating and hot water system efficiency.

After thermal modernization cost per 1 GJ of energy was increased because the conversion of coal to
gas was made but compared to 2010 decrease in the cost of heat consumption was occurred. Finally they
achieved the level of costs close to the level of 2008-2009. Performed thermal modernization works
practically set off the increase in gas prices which was in the period from 2011 until 2015. The cost of
energy consumption before and after thermal modernization is presented in Fig. 8.

Cost of energy consumption
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Figure 8. Energy consumption cost of heating and hot water preparation per 1 m” of heated surface

The decreases in the heat cost for heating and hot water preparation is not so significant as the
decrease in energy consumption due to increases in prices for 1 m’ of gas from 1.15 to 3.23 zl in the
analyzed period.
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Use of electric power decreased in the building was observed too. Electricity reduction effect is
presented in Fig. 9.

Electricity consumption
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Figure 9. Electricity reduction effect after thermal modernization

Before thermal modernization the average electricity consumption in the analyzed object was about
16 100 kWh/year, and after thermal modernization dropped to 12500 kWh/year. After thermal
modernization a decrease by about 35% of the annual electricity consumption was observed. The decrease in
consumption also results from the fact that before the thermal modernization of about 45% of hot water were
prepared using electric heaters. Increase in electricity consumption in 2011 was caused by the conducted
thermal modernization works.

In 2012 reduction the annual payment for electricity by about 17% was achieved. The cost of
electricity consumption per 1 m” of heated surface is shown in Fig. 10.

Cost of electricity consumption

2004] 2005|2006 [2007 | 2008 200920102011 [2012]2013] 2014 2015
zlm"2year | 7.87 | 7.85| 0.06 [8.68 024 | 0771 0,18 |11.16]7.65 7,371 8.13 | 8.77

Figure 10. Electricity consumption cost per 1 m’ of heated surface

In the period 2004-2015 also the increase in electricity prices was occurred. The average electricity
price in the analyzed school institution increased from 0.46 zI/kWh to 0.78 zl/kWh.
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SUMMARY AND CONCLUSIONS

The rationalization of energy consumption is a widely addressed issue in strategic documents
determining the development direction of the European Union. One of elements identified in the European
Union strategy is to increase the energy efficiency by 20% until 2020. Realization and exploitation of
buildings involves in European Union almost 40% of total energy consumption. Around 70% of energy is
consumed for heating and domestic hot water preparation. The European Union directives impose an
obligation, inter alia, to elaborate national, long-term strategies supporting the modernization investments
covering the specification of optimal ways for improving energy efficiency of buildings and specification of
instruments mobilising the investments.

In the last decade Poland has made huge progress in environmental protection, reducing the
dependence of economic growth on a number of environmental pressure factors. However, further limitations
on resource exploitation and on the amounts of energy and substances emitted into the environment, still pose
a challenge to implementing the principles of sustainable economic development and to strengthening
efficiency-oriented trends. The energy efficiency of the Polish economy is about three times lower than in
most developed European countries and about two times lower than the average in the EU. Additionally,
primary energy consumption in Poland, based on the number of population is almost 40% lower than in the
in most developed European countries, which indicates the great potential in range of energy saving in
Poland.

One of the ways of increasing the energy efficiency of buildings and reducing the environmental
impact of buildings are the activities related with thermal modernization of buildings. It has been estimated
that through the modemization of an average building in accordance with the currently valid regulations up to
40% of energy may be saved. The thermal modernization activities in Poland have been conducted for more
than twenty years, the implemented provisions constitute a basis for performing these activities in a complex
manner and cost-effectively, considering the investment and utilization expenses.

The article presents the improving the energy efficiency of the chosen school building. Thermal
modernization activities conducted in this building included a wide scope of improvements. The monitoring
of the results from conducted thermal modernization pointed out a number of benefits resulting from this
type of activity:

1. properly conducted thermal modernization considerable contribute to the improvement of the energy
performance of the building,

2. comprehensive thermal activities of a buildings brings the greatest effects and the shortest time of return
on invested capital,

3. average energy reduction effect in thermal modernized school building by approximately 58% was
observed,

4. there was occurred reduction of electricity consumption at about 35%,

5. fluctuations in energy consumption within the following years were partially related with temperature
conditions in respective settlement periods,

6. appropriate building energy performance influences on the reduction of buildings operating costs,

7. reduction the annual payment for electricity by about 17% was achieved,

8. the decreases in the energy consumption cost is not so significant as the decrease in energy consumption
due to increases in prices in the analyzed period,

9. due to the increase in the prices of fuel, water and electricity is not always possible to achieve economic
results planned in the audit.
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THE INFLUENCE OF A SEASONAL CHANGE OF THE CLIMATE ON THE SOIL OF THE
SOUTHERN PART OF THE EAST GEORGIA (TARIBANA, NATBEURI)

M. Macharashvili

Georgian Technical University,
77 Kostava Street, 0175 Tbhilisi, Georgia
E-mail:macharashvili_marina@yahoo.com

Annotation. The influence of the climate change on the soil and productivity on the territory of
Natbeuri and Taribana of the Southern part of the East Georgia has been considered in the present work.

The necessity of arranging of irrigation system by means of surface waters has been represented since
in these soils the capillary contact between the ground waters and soil humidity is disrupted.

Key words: ground, salted soil, atmospheric sediments.

INTRODUCTION

The topic of our present report is the influence of the climatic change on the soils of the Southern part
of the East Georgia (Taribana, Natbeuri) for the cold and warm periods of the year. This place belongs to the
zone of desert fields and represents a sub-region of chestnut and too salted soils. As for the relief they
represent a wide depression. This territory is nearly lacking of the water artery. The ground water is in deep
(deeply) (15-20 m. and more) and frequently is strongly mineralized. These soils are being developed in
conditions of semi-desert dry and hot climate, with the smallest number of the atmospheric sediments (200-
300 mm), having the high mean annular temperature (15%c—16’c) and with a great deficit of the humidity,
especially in summer months.

MAIN PART

A great part of this deficit (80-90%) comes on the summer months. This time it occurs the greatest
expenditures of humidity by evaporation and transpiration

Table 1. Physical property of the chestnut soils

Depth Th
. kK p ¢ specific L. . Coefficient of
Soil with the volume . Humidity capacity ]
. weight filtration
cm weight

Dark 0-18 0,97 2,48 total limited sm/sc
chestnut, 35-43 1,28 2,50
Yagslluja 7088 1,36 2,53
The 0-15 1,21 2,67 56.10 53.06, marginal 0.0006
Chestnut 20-35 1,24 2,70 45.53 45.73 0.0003 m’/h
Natbeuri 81 45-55 1,26 2,70 45.06 41.80 0.0003

According to the climatic conditions this zone of the East Georgia is characterized by hot summer and
at minimum, twice per year.
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Table 2. The mean air temperature

. _ -
Wl- = B |z |» |5 |E |E |8 |% |7 |E |E
<

Sagarejo | 0.4 0.9 5.0 100 150 |19.0 |21.8 |21.6 |172 |122 |64 1.9 10.9

Gurjaani | 0.0 1.4 6.2 11.0 162 |200 |231 |224 |18.0 |132 |71 2.8 11.8

Melaani | 1.1 3.0 7.8 129 |18.0 |21.8 |250 |251 |202 |147 |87 3.6 13.4

Tsnori | 6.4 2.0 6.7 1.7 | 16.8 | 204 |235 |237 |187 |133 |78 29 12.2

The brought numbers show us that the mean temperature of the hottest months of summer is 20-23°c;

End by the data for the last 10 years the mean temperature is 25-26’c and even more. In particular, the

maximum of the temperature in summer months reaches to37-38%. In winter it is relatively warm here too.

The number of frosty days does not exceed 50-60 days. The number of atmospheric sediments in this very

zone is quite fluctuating, too.
Table 3. A mean numbers of the sediments (mm)

<

ity |- | = |E |z |> |5 | E|E |8 |=|% |8 | &

<

Sagarejo | 20 30 43 73 141 108 74 57 62 51 48 37 744
Gurjaani | 19 28 41 68 129 96 68 52 54 47 47 35 683
Melaani | 20 29 43 62 112 87 62 48 49 43 48 37 640
Tsnori 26 26 36 54 101 72 44 36 52 57 39 21 574

By the numbers it is shown that the maximum of the sediments comes on May and June and then on
autumn months. And the minimum of sediments comes on January and summer months. Besides, it should

be indicated that for Kakheti it is characterized a strong hail.

Together with the air temperature and the number of sediments it is necessary as well the data of

evaporation and relatively the water balance, too.
For the practical aims it is very interesting to know the anomaly sedimentary and non-sedimentary

months and years.
Table 4. The number of the greatest and the smallest sediments
]
Cit Sediments | = | =| =| 2| | 5| E| E| %8| =| | 2| E-
ity ediments = = 2 > > = = > % 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Sagarejo The greatest 84 | 102 | 127 | 173 187 | 218 | 252 | 146 | 139 | 220 127 | 64 | 1337
The smallest 0 0 6 16 18 8 2 1 4 3 1 0 489
Gurjaani The greatest 9 | 106 | 113 160 | 235 192 | 221 175 188 | 250 106 | 66 1100
The smallest 0 0 6 8 41 6 6 0 9 3 0 0 262
Melaani The greatest 68 | 27 88 130 | 198 | 220 | 175 | 203 | 179 | 139 | 126 | 83 767
The smallest 0 0 1 5 5 3 1 0 1 4 1 0 241
Tsnori The greatest 42 | 59 70 97 169 | 145 | 129 | 106 | 111 151 85 49 655
The smallest 0 0 0 2 11 9 0 0 0 1 0 0 212
G. 30EGEIRH3SL LOLIRMBOL TISRMS 8JIGEIMBOL NELBOBIBN; dOEHIFML ROBINL IZMBIEBEHN 133

TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION




83-7 b533NSIIG) bSFIC60IFI-BIT6NV3TF0 36 BIGI6GNS “VddR0M)S 33306IMIOL, d5®IFML
RdGB30L, SAHINBIIBIG0LS RS §FI6IFRMBOL 0)5653IRGHM3I 36 (MB3RIFIB0”

25-27 86806509, 2017 V.

As from the data shown in the Table it is clear that the smallest number of sediments came for a month
in the lower parts of Georgia fluctuates within rather great limits. It is not so random such a year when
during any month there was only 1-2mm of sediments or no sediment at all (mainly in winter and
summer).For the last period there was indicated (1010-12ts,) much lesser that the norm of sediments the
smallest indicator (within the limits of 0-48 mm) in this part during the plenty-sediment years there is the
sediment at 650800mm).

During the relatively dryyears it is quite lower (up to 200 mm). These fields are not insured,
guaranteed, more precisely, there are often droughts. In comparison to the sediments occurred during the
cold period of the year, the snow is not laid for a long time on the indicated fields and, correspondingly, the
humidity gathered in the soil in frequent cases does not satisfy the requirements of the agricultural cultures.
The observation was realized (spring, autumn), as it is called the first (IV-VI months) and the second (VII-X
months) halves of the vegetation period. It is cleared up that in the first part of the vegetation period the
sediments are changed within the 120-500mm. On the background of all this the melioration measures to be
carried out on the objects of our observation should envisage by all means the balance the humidity of soil-
ground. And the latter is not determined only by the number of the sediments. Of great interest is the
expenses which express the total number of the humidity expenditure of those which had been accumulated
as a result of physical evaporation from the soil, percolated into deep layers, or transfused from the surface
or by other phenomena, as a result it should be realized the melioration and agro melioration measures.

On the given field (Taribana-Natbeuri) the ground water is located deeper and the capillary contact
between the soil humidity and underground water is established only periodically during the great rains. This
mode of humidity is characterized by vacillatingbalance. It depends on the number of atmospheric sediments
which is exceeded by the number of evaporated water, the coefficient (ratio) of humidity is less than 1
(0.70), the ground water, as we have indicated is lower than 15-20mm and the capillary contact between the
ground water and the soil humidity is terminated. By leakage of the atmosphere water only the upper layer of
the soil profile becomes wet and it does not reach deeper because of small quantity. The capillary water of
the soil here is always in the capillary dependant state. The soil is always distinguished by great deficit of
water and it needs to be carried out the melioration measures of watering character.

CONCLUSION

As a consequence of our present state on the indicated territory these measures can’t be performed
(carried out). The zone is declared as a desertification. With allowance that traditionally on this territory
there was a great harvest of wheat, barley, popcorn, oats and sunflower and even for today there are carried
out to sow-cultivate, grow the cultures indicated here, the results totally depend on the weather.

For today, the population of the Municipalities of Dedoplitskaro and Sighnaghi are supplied by the
surface waters. It might be found out the ways to use these waters for irrigation too.
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Annotation. The article presents a historical background of land reclamation in Brest region, Belarus.
It also describes a current state of land reclamation in the area and specifies some aspects of professional
training of qualified experts in the sphere.
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INTRODUCTION

Brest region enjoys an advantageous location in the Republic of Belarus. Better supplies with soil
moisture and warmth create favorable conditions for agriculture in the region. Nevertheless, both excesses
and shortages of moisture and warmth are often observed in cultivated soils due to instability of natural
irrigation. Today, water and heat regimes of soil are regulated with ameliorative facilities predominantly.
Agronomic soil properties, natural soil fertility, and natural irrigation only cannot guarantee high and steady
crop yields. It is also essential to create a productive air-water and heat regimes on cultivated areas, although
that might not be enough to solve the problem. Another requirement necessary for sustainable agriculture is
considered a balance of gases, minerals, and organic fertilizers. That is why amelioration is regarded today as
engineering activities (facilities and technologies) which provide optimal air, moisture, temperature, and
nutrition regimes in soils.

HISTORY

Land reclamation in Brest region has a long history.

Considerable growth of population, social and industrial development in the 16™ century resulted in
the necessity to cultivate new and virgin lands and improve them. Land reclamation began to develop then. A
few melioration canals were built in Kobrin district after Queen Bona Sforza ordered to start reclaiming her
lands (1549 — 1557). The biggest one has survived until now. It is called the Bona Canal to honor the Queen.
The canal is 29 km long. Its catchment area is 261 km”.

After Queen Bona’s contribution to land improvement the practice was continued by the Dutch who
settled near Brest in the 17" century. They drained bogs for agricultural purposes of their own.

At the end of the 18" century Polish government of King Stanislaw August Poniatowski started to
erect a navigable canal between the Dnieper River and the Bug River watersheds. The canal, which was
called the Royal Canal, connected the Pina River with the Mukhavets River. Today it is called the Dnieper-
Bug Canal although a part of the canal in Kobrin district still remains with its original name. After the war of
1941-1945 the canal was restored. Today it is used for navigation, fishing, recreation, and as a water intake
reservoir of the local melioration system. The total length of the Dnieper-Bug water system is 196 km of
which 105 km is the canal itself. It comprises 12 hydro-engineering structures with navigation locks, 28
flow-through dams, 14 water outlets, 5 earth-fill dams, 3 drop structures, 64-kilometer dams. In fact, the
Dnieper-Bug Canal connects the basins of the Baltic and the Black Seas [1].
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Alongside with the Dnieper-Bug Canal another canal called the Oginski was built at the end of the 18"
century. Its length is 47 km. It connects the Shchara and the Yaselda Rivers and as a result the Baltic and the
Black Seas. During World War I the canal was greatly destroyed so it lost its original importance. The canal
bed, some hydro-engineering facilities, and the revetments built in the war years have remained until now.
Today the canal silts up. It operates only as a water intake reservoir of the nearby polder melioration system.

The biggest land reclamation work was the so-called Western Expedition organized by Russian
general LI Zhilinski at the end of the 19™ century. Land amelioration was performed according to a
governmental plan to reclaim Polesie marshlands that is why the project was well designed and financed.
From 1874 to 1897 the Expedition managed to construct 4360 km drainage canals, 549 bridges, 30 canal
locks. 127 km of river beds were cleared of weeds and grass. Many of them were built so profoundly that
they have remained up to now.

Amelioration in Brest region almost stopped in the first half of the 20™ century, which is explained by
political changes (revolution and wars), and as a result, poor funds. But in the mid-1950s the work proceeded
again and soon a hector of ameliorated area started to produce 18-19 hundredweight of rye, 20-27
hundredweight of oats, 200-300 hundredweight of potatoes, 250-400 hundredweight of root crops, 400-500
hundredweight of corn for silage.

In 1971 irrigation systems started to be built alongside large-scale drainage practices. There appeared
water reservoirs and ponds, pump stations, network hydro-technical facilities, diversion dikes, roads, bridges,
communication lines and power transmission lines. At the top of land reclamation activity the productivity of
drained agricultural land was 33-38 hundredweight of fodder unit, and specifically, reclaimed soils produced
43-53 hundredweight of fodder unit. Gross output of crop production was 45%, including fodder up to 60%.
Reclaimed areas of Polesie were put into cultivation by new farms (sovkhoz). They also tried to develop
social services such as industrial and residential areas, public buildings and shops, recreational areas [1].

CURRENT STATE

According to the latest data (01.01.2017), 23% of the total area and 48% of the agricultural area in
Brest region is drained. Today over 80 % of the land in need of amelioration is drained. The most
ameliorated districts of Brest region are Ivanovo district (35%), Kobrin district (35%), Zhabinka district
(34%), and Drogichin district (32%). The least ameliorated districts are Baranovichi (8%) and Kamenets
(14%). 372,900 ha of Brest region land are drained with subsurface drainage systems, which is about 50% of
all the drained area. Ceramic drainage is being replaced with the plastic one in the systems under
reconstruction. It already accounts for about 5%.

37% of the ameliorated area (283,200 ha) is controlled by a two-way regulation (drainage and
subirrigation) of water regime. But, in fact, it is hard to use as a lot of the retaining structures (19%) in the
double-acting (drainage and subirrigation) systems are in poor condition.

Amelioration systems of water rotation type operate on the area of 40,400 ha. Drainage of 227,800 ha
is performed with the use of pump stations. Polder systems occupy most of the area, which is a peculiarity of
land reclamation in Brest region. Winter (non-flooded) polders occupy 208,000 ha.

The irrigated area has decreased significantly over the past decades. Today it accounts for 4,400 ha,
which is less than 1% of all the ameliorated area. The reason for this decrease is current financial problems,
and as a result, poor maintenance of the equipment.

The total length of meliorative drainage network in Brest region is 164,200 km, including 41,300 km
of an open network. The network consists of diversion dikes (2,800 km), inspection roads (6,100 km), field-
protecting forest belts (2,100 km), 291 pump stations, 364 locks, 7662 pipe-regulators, 794 bridges, 13304
conduit passes, 2411 pedestrian bridges, 7670 wells in a closed collector-drainage network, 83909 drain
outlets, 728 wells for observing groundwater level.
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PROSPECTS

Over the past decades land reclamation in Brest region has been conducted according to the State
Program for preserving and using ameliorated lands. The Program is developed and adopted for every five
years. Its main goal is to improve soil fertility by meliorative practices and drainage of highly fertile lands. In
order to reach the goal, the Program requires providing optimal air-water regime on ameliorated lands
through appropriate maintenance. Today, worn-out and outdated equipment of the melioration systems or
their particular elements are being replaced, failed systems are being restored. A lot is being done to provide
technically efficient maintenance of the system and its elements.

Although most of the ameliorated land in Brest region is mineral soils (70%), there is a problem of
preserving drained peat bogs. Agricultural use of peat-bog soils inevitably results in their degradation. Brest
region has peat-bog soils up to 1 m deep. Almost a third of them has mineralized and transformed into
organic-mineral and human modified soils. Inefficient agricultural use of peat-bog soils causes soil erosion.
About 30% of the peat-bog soil is used for tillage. Thermo-physical properties of the ameliorated peat-bog
soil have changed significantly, which aggravated a problem of ground frost and fires [2]. The double-acting
(drainage and subirrigation) systems that function on the peat-bog soils cannot solve the problem as their
equipment is in poor technical condition and they are badly maintained.

Scientific support to implement the State Program for preserving and using ameliorated land is
provided by scientific research establishments of the Department of Agrarian Sciences of the National
Academy of Sciences of Belarus. In particular, RUE Institute for Land Reclamation is a leading scientific
establishment which provides scientific support for over 4.3 million ha of farmland of which 2.9 million ha is
drained. The Institute develops technologies and design decisions for reclamation of wetlands and bogs of
Polesie.

In Belarus professional training for specialty “Land Reclamation and Water Management” is
conducted at Belarusian State Agricultural Academy and Brest State Technical University.

CONCLUSION

Although the scale of land reclamation has reduced considerably lately, Belarus is developing and
implementing the State Program for preserving and using ameliorated lands. Brest region is the country’s
leader in this sphere. In order to provide professional staff for this branch of national economy, higher
educational establishments coordinate their work with the industry.
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SLOPE DEPTH OF THE GROUND WATERS AND THEIR MINERALIZATION IN
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INTRODUCTION

The main factor which will be able to create a danger for the oil pipeline is a slope depth of the
ground waters and mineralization of this zone. Let’s pay attention to the subsoil waters in which depth they
are situated and how their mineralization changes. The subsoil waters are situated in much deeper place
(>10m). That’s why not depending on their mineralization to be high and low there can’t be an effect of the
subsoil waters on oil pipes in this part.21 hydrological wells have been drilled from 31* km till 242™ km of
the second part of the pipeline (Shirvan). (6, 8, 11, 15, 17, 20, 21, 23, 25, 27, 28, 29, 30, 31, 32, 34, 36, 37,
39, 163, 164) and samples of the subsoil waters have been taken from them. The whole water weight
analyses have been carried out in the samples taken from 8 wells, but dry residue has been defined in the
samples taken from 13 wells. The well places have been selected so that a correct notion can be created
about mineralization of subsoil waters in the different places of this part of which length is 211km. We paid
attention to salinity of the soil samples taken from the cuts which we put in order to define it, and to grass
plant that cover its around. The places of the hydrological wells have been defined depending on grass plants
of different kinds and salinity of the soil samples. To tell the truth, paying attention to abovementioned, the
wells have been built on the soil cuts. Such approach to the solution of the problem gave a chance to define
both mineralization of the subsoil waters and soil salinity at the same point. It has been done because a
notion about subsoil mineralization can be created in the places where the near marks of the salt quantity are
observed in the soils spreaded in the zone of the oil pipeline [1,2,3].

MAIN PART

The consequences which we have carried out in the different regions of the Kur-Araz Lowland show
that there is a close relation between mineralization of the subsoil waters and soil salinity in the natural-
climatic condition which posses the same physical-chemical features. The mineralization parameters of the
subsoil waters are low or on the contrary in the places where the salinity indices of the soils is low. For. Ex.
The 8" cut was put in 55" km of the pipeline. A quantity of the salts was 0.714% on 0-100cm of layer, but it
formed 1.66% increasing on 100-200cm of layer of the soils in the place where this cut was put. The
mineralization of the subsoil water taken from a hydrological well on this cut was 16.55g/l. The soil salinity
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is 0.14% in the cut put on 116™ km. The mineralization of the subsoil waters in the place of this cut formed
2.8g/1 (Fig. 1).

Slope depth and mineralization of the subsoil waters in the zone around
BTC oil pipeline.
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So, if soil salinity is known in every point of the “Shirvan” part of the pipeline, enough information
can be got about subsoil mineralization (5-10% outside) [4,5,6 ]. Let’s investigate how the ion structures of
the salts change from the low values of mineralization upwards in the total water weight analyses of the
subsoil waters. It is obvious from Table 4.1. that the lowest value of the mineralization of the subsoil waters
was observed in cut of K-17 (116km).Mineralization of the subsoil waters forms 2.8g/l here. The subsoil
waters at the distance from 277 km till Great Cut are situated in a larger depth than 5.0m from the soil
surface and their mineralization changes by 2.0-4.5g/1.
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The highest mineralization of the subsoil waters is observed in Cut K-30 and 31. Mineralization of K-
30 of subsoil waters forms 57.4g/l. SO, ion is superior-16.5g/1 in the anion composition of salts. Cl-ion is in
the second place-12.6g/l. Here HCO;-ion quantity isn’t little-6.2g/l. Na'K (difference) ion is superior in
cation structure of the salts-12.7g/l. Ca and Mg-ion quantity is high and in accordance forms 5.21 and 3.2g/1.
The salt type is sulphatic-cloridic-hydrocarbonatic. It is obvious from the investigation that anion and cation
compositions of the salts change while increasing mineralization of the subsoil waters. The high
mineralization of the subsoil waters in the zone of the pipeline of Ganja-Gazakh is observed (41,43,45) in the
salinized zones which form little areas near Ganja and in the zone of Goranboy. Mineralization of the subsoil
waters changes by 0.5-2.50g/1 in the next part of 265km of the pipeline. It is necessary to note that the
subsoil waters of this part are situated in 3.0-9.0m from the surface, that id, lower from oil tubes. Therefore a
negative effect of the subsoil waters can’t be on oil pipeline in this part of the pipeline (length is 177km).

CONSEQUENCES AND PROPOSALS

1. The danger which will be created by subsoil waters and their mineralization. The danger which will be
created by the torrent waters formed during a strong earthquake and atmospheric rainfalls.

2. The soil salinity along the zone of the pipeline is more in upper 0-100cm of layer of some places, in low
layers of some places. In two states, being more quantity of salts can create a corrosion danger for the tubes
of the pipeline. Therefore the waters leaking into soil during strong atmospheric rainfalls will create solution

140 G. 30HCLIN3SL LOLIRMBOL YISRMS 8IIB6IMBOL N6LBNDIBN); dSBIFI ROGZO IFIBIEDEHN)
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



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

25-27 August, 2017

by solving the salts in both upper and low layers. Mineralization degree of the salty solution can be from 10-
15¢g/1 till 100g/1 (in which soils the salinity is high) depending on salt quantity in the soil. Undoubtedly,
accelerating corrosion process in the oil tubes the salty solution formed in the soils possessing high salinity
can be a reason for their earlier destruction.

3. The showing figures are for the subsoil water depth of which level is 2.0-2.5m from surface. The part of
the rainfalls that feed the subsoil water in the places where a level of the subsoil water is less than 2.0-2.5m
from the surface is more than abovementioned figures, but they are less in the places where a level is more
than 2.0-2.5m. The salt which will be able to create a corrosion danger for oil pipeline can be taken 1.0-
1.5%. This quantity of the salt and mineralization of the solution which is occurred during atmospheric
rainfalls can from 15-20g/1 till 25-30g/1. Mineralization of the subsoil water in such places can change from
16-18g/1till 25g/1. The places, where a very strong influence of the soil salinity (3.0-4.0%) and subsoil water
mineralization (50-60g/1) is on oil pipeline corrosion. Such places are observed in 85, 158, 185 and 186"
kilometer.
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Arpomeauopanusi
AKTYAJIBHAS U ITIOTEHIHIUAJIBHASL AKTUBHOCTDH ®UKCAIIUU A30TA B
PU30OIEHO3AX HEKOTOPbBIX THUITAX I1OYB A3EPBAI>H[)KAHA

Mycradaes 3.X.

Hucmumym nougogedenus u acpoxumuu
Hayuonanvnoii Axademuu Hayx Azepbaiioscana
yi. Mameo Pacuma 5, AZ-1073, Baky, Azepbaiiosican
E-mail: zahid mustafayev67@mail.ru

Annomauyusa. B TpencTaBIeHHON CTaThe paccMaTpHBaeTCs CE30HHAsT W CYTOYHAs JWHAMHKA
a30TUKcallMd MHKPOOPTaHM3MaMH B PH30IEHO3aX, Ha CEpO-KOPUYHEBBIX mouBax [ siHmka-I"azaxckoit
HaKJIOHHOHM paBHHHBI, Cepo-0yphIx mouBax Kypa-Apa3ckoil HI3MEHHOCTH, cepo-0yphIX mouBax AOmiepoHa u
Cepo-KOpUYHEBEIX TouBax Mainoro KaBkasa.

Knrwouesnie cnosa: pu3o1eHO3bI, MUKPOOPT'aHU3M, a30T, OaKTepusl.

Agromelioration
ACTUAL AND POTENTIAL OF NITROGEN FIXATION IN RHIZOGENOUS

OF DIFFERENT TYPES OF SOIL
Z.. Mustafayev

Institute of Soil Science and Agrochemistry,
National Academy of Sciences of the Azerbaijan
St. Mamed Ragima 5, AZ-1073, Baku, Azerbaijan

Annotation. In proposed article analysis of Spring and summer season dynamics in daily actual and
potential activity of microorganisms which perform nitrogen fixation in rhizogenous in grey brown soil
Ganja Gazakh plain, grey-meadow soil of Kura-Araz coast, gray-brown soil of Absheron and grey-brown
soil of lowlands of Small Cuacasus was performed.

Key words: thizogenous, microorganism, nitrogen, bacterium.

BBEJAEHUE

ParmonansHasi MHTEHCH(UKALUS CENbCKOXO3SMCTBEHHOTO TPOM3BOJICTBA, CHOCOOHAs 00eCIeqnuTh
IUTOIOPOJIUE TOYB U TOJy4YEeHHE CTAOWJIBHBIX M YCTOMUYUBBIX YpPOXKaeB CEIbCKOXO3SHCTBEHHBIX KYIBTYP,
MpeACTaBIsIeT C000I0 TI0o0aNBHYI0 TpPOOJEeMy HaIero BpeMeHH. Hapsaay ¢ arpodu3udecKuMu |
arpoTeXHUYECKHUMH MPUEMaMH, CIIOCOOCTBYIONIMX YBEIUYECHUIO TUIOJOPOJUsS, OIPOMHOE 3HAYCHHE WMEeT
MOYBEHHOE HACEJICHUE B BUJIE PA3NIMUHBIX MPEICTaBUTENeH Me30(ayHbl, yIacTBYIOIIMX B 00OTAIlIeHUH TT0YB
TYMYCOM TaK a30T(hYUKCHPYIOHE OaKTEPHU.

OCHOBHAA YACTD

3amacel a30Ta Ha Hallell IJIaHeTe J0CTATOYHO OIPOMHBI, OCHOBHAs Macca KOTOPOrO HaXOMUTCS B
atMocepe B MOeKyIsipHOH popme [1]. DTa popma a30Ta XUMUIECKN HHEPTHA U MOYKET YCBAUBAThCS JIHIITH
OTPaHMYEHHOW TPYNIIOH MHKPOOPTaHM3MOB — OaKTEpHsAMH, KOTOpbIE HMEHYIOTCS a30To(UKcaTopamu.
Cesa3aHHBIN (pepMeHTaMU OaKTepuil a30T, SBISSACH OMOJOTMYECKUM U, IUPKYIHPYS B Onocdepe, hopmupyer
OMOTCOXUMUYECKHH IIMKJI a30Ta, KPYroBOPOT KOTOPOTO IPOHMCXOIUT IIOTJIONICHHEM Ana3zoTpodamu
aTMoc(epHOro a3oTa u 00pasys aMMHUaK, KOTOPbIH B CBOIO OUepeIb CIIyKHUT KPyrOBOPOTY a30Ta B IPUPOJIE.

142 G. 30HCLIN3SL LOLIRMBOL YISRMS 8IIB6IMBOL N6LBNDIBN); dSBIFI ROGZO IFIBIEDEHN)
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



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

25-27 August, 2017

Benku pacTeHWil W IKMBOTHBIX pa3NiaraloTCsi C MOMOINBI0 OakTepuii — aMMOHH(UKATOPOB C
o0pazoBaHHEM aMMHaKa ¥ HOHOB aMMOHMUSI, TIOCTIE Yero B Mpoliecce MUKPOOHOH HUTpUuUKanu oopazyercs
MOJICKYJSIPHBIA @30T, MOPEBpalICHHE KOTOPOr0 MPOHCXOJUT C  HEMOCPEJCTBEHHBIM  Y4acTHEM
MHUKPOOPTaHU3MOB.

AzoTdukcupytomye OakTepur, B OCHOBHOM, MOJPA3JEISIOT Ha JBE TPYIIBl — CBOOOIHOKHUBYIINE
(accoTnaruBHbIE) U cUMONO3HBIE (KITyOSHBKOBEIE) [2].

CBoOogHOXUBYIIIME OakTepuu, oOuTas B pusocdepe, o0Nagal0T HUTPOreHA3HOW AKTUBHOCTHIO, B
3HAYUTEILHOW Mepe 3aMEHss MUHEPAIbHBIA a30T BBICOKONW aHTHOMOTHYECKOHW aKTUBHOCTHIO. Dukcarms
STUMHU OaKTEepPHSAMHU a30Ta MMEET JOCTATOYHO BAXKHOE 3HAYCHHWE B OajlaHce a30Ta B TOYBE, KOTOPOES
OCYIIECTBJISIOT CBOOOJHOXKUBYIINE M CHUMOHOTHYECKHE MHUKPOOPTaHM3MBI: OaBKEPHH, aKTHHOMHIICTBHI,
nua"OaKTepuy, Hanboee pacpoOCTPaHEHHBIM cpeln KOTOPbIX siBisieTcst Azotobacter Clostridium.

Azotobacter Chroococcum (GHKCHPYIOT a30T B a3pOOHBIX YCJIOBHSAX, Ha arape oOpasys CIHM3HUCTBIC
KOJIOHHHU. SIBNSSICH MOABIKHBIMHM, OHH TEpSIOT CBOIO IOABHXKHOCTH B Ipolecce pa3BUTUS. B kauecTse
HCTOYHUKA YIJIepoAa a30TOOaKTep HCIOJIB3YeT MOHO - , AMCAXapuIbl, CIHUPTHl U COJM OPraHUYECKUX
KHUCJIOT, B TOM YHUCIIC U OCH30MHOMN, B HEOIArOMPHUATHBIX YCIOBUAX 00pa3ys ITUCTY.

Clostridium Pasteurianum — sBisercst oOnuratHeiM aHa’poOoM. HeoOxoaumyro sHepruto mis
ACCUMWJISIIIUKM a30Ta U B IEJIOM JKU3HEHHO Ba)XKHBIX IMPOIIECCOB, OHM TMOJYYaIOT 332 CUET MACISTHOKHCIIOTO
OpokeHus. A30TQUKCHPYIOIIME LHMAaHOAKTepUU OTHOCATCA K poaaMm Nostoc, Anabaena u SABJISIOTCS
¢doroaBTroTpodamu, aMUHOABTOTpodaMu, aspodbaMu M OOpa3ylOT clielHUajbHbIE KIETKH - | eTepouucTsl,
KOTOpPBIC 3allMIICHBI CHENUAILHOW 000J0YKON OT OKHcIeHHs KuciopoaoM. CrocoOHocTh K (ukcanmu
aTMocepHoro azora oOOYCIIOBIeHa HalIW4YHEeM CIIOKHOW cHcTeMbl (epMeHToB — Hutporenasoii,
KOJIMPOBaHHBIMHU 17 T€HAMH W MOAPA3ACIIIONINXCS Ha MOJMOI00EIIOK 1 Kene300em10K [3].

CumbuoTndeckass a30TQUKCAUS OCYIIECTBISIETCS MHOTHMH MHKpPO-OpTaHHM3MaMyd B CHUMOHO3e C
0000BBIMH DPACTEHHUSIMH, KakK JIIOLEpHa, copro, cos u ap. Cpean 3THX a30TOGUKCUPYIOIIUX OaKTepHid
Han0oJjIee u3y4eHHo spisiercsa Rhizobium B cuMOuo3e ¢ 6060BbIMU. [IpeacTaBuTenu ux poja 6eccCropoBbie
MaJOYKH, UMCIOT JXKTYTUKH, KOTOPBIC MPH CTAPCHHUH TEPSIIOT CBOKO TOIBUXKHOCTH, HAKAILIMBAs >KHPOBBIC
BKJIFOUCHUSI.

MUKpOOpraHU3MBbI, BBI3BIBAIONINE aMMOHU(DHUKAIINIO OCITKOB (MUHE-PAIH3aINI0 a30Ta), BBIICISIIOT B
OKpY’KaIoIyl0 Cpely MpOTEoIUTHYEeCKre (PEPMEHTHI, MO IeHCTBUEM KOTOPHIX OEJKH THAPOIU3YIOTCS IO
amuHOKHUCIHOT. [lociemHue mocTymaloT B KJIETKY W B HeW JIe3aMHHUPYIOTCS ¢ 0oOpa3oBaHHEM aMMHaKa,
OpPTraHUYECKUX KUCIOT U APYTHX NMPOoAyKToB. Bo30ymuTensimMu npouecca Ciry:kaT THUIHCThIC OakTepuu [4].

B mHammx ompeneneHusx OOBEKTOM HCCIENOBAHUS CIIyXaT cepo-Oypele MOYBBl AOIIEpoHa,
CEpO3eMHO-ITyTroBble TMOYBBl Kypa-Apa3ckoil HHU3MEHHOCTH, CEpO-KOPHUYHEBBIE (KAlITaHOBbIE) IOYBBI
HaKJIOHHBIX PaBHUH U TOPHO- KOPUYHEBEIE MIOYBHI IPEATropuid U HU3Koropuit Manoro Kaskasza.

PazButre u Gpu3HOIOTr0-0MOXUMHUYECKYIO aKTHBHOCTD a30TOPUKCHPYIOIIMX COOOIIECTB B Pa3TUIHBIX
MOYBEHHO — KJIIMMATHYECKUX YCIIOBUAX, PETYIUPYIOTCS SKOJIOTHUYECKUMU (HaKTOpaMH, KOTOPhIC BIHSIOT Ha
MHTEHCHBHOCTD Tpoliecca OMOIOTHUECKON (PUKCaIlK a30Ta.

Taoauna 1
AKTyajibHasi a30TQUKCHPYIOIIAS AKTHBHOCTH Pa3JHYHBIX TUIIOB OYB
KonuyecTBo UKCHPOBAHHOIO 230TAa, B Cpenusist 3a Bererai.
IouBkI cpeaIHeM 3a CYTKH, MKT N,/ KT TIOYBBI Mepuos, Kr
Maii HwoHn Hrosn ABrycr Ny/ra
Cepo-0Oyprie 96,6 118,5 110,6 85,7 103,1 37,7
Cepo-KopHYHEBBIE 72,7 88,4 83,4 70,5 79,0 28,4
Cepo3eMHO-ITyTOBEIE 88,4 95,6 93,7 80,5 89,5 32,2
I'opHO-cepo-KopUUYHEBbIE 56,4 67,5 63,2 50,1 59,4 21,3
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Kak cnemgyer u3 tabmumpl 1, KOTMYECTBO aKTyaJbHOrO (PUKCHPOBAHHOT'O a30Ta 3a BECCHHE-JICTHUI
NIEPUO/ U3MEHsIeTCAd HE TOJBKO B TEYEHHM CYTOK, HO M IO THUIIaM I10YB, UMEIOIIHE pPAa3JINYHbIE YCIOBUA
MOYBOOOpPa30BaHUSI.

Haunbonpiiee nx 3HaYeHHE MPUXOAUTCS HA CepO-Oyphle MOUBbI, OCOOCHHO Ha MIOHb, cocTaBsia 118,5
MKr  Np/Kr, a 3HAUHUTENILHOE yracanue Ha aBrycT — 85,7 MKr Ny/Kr mouBbl. BBICOKMME 3HaYeHUSIMU
BBIJICIISIIOTCSI CEPO3EMHO-ITYTOBBIC TMOUBbI 95,6 MKr N,/KT MOYBHI B HIOHE W MHHUMaIbHbIE 80,5 MKT Ny/Kr
B aprycte. [louTn B OBa pa3za akTUBHOCTb a30T(HHUKCALMH HHU3KAa B TOPHO CEPO-KOPUYHEBBIX IOYBAX,
coctaBisis 67,5 - makcumyM u 50,1 MKr N,/KT OYBBI — MUHHUMYM B aBrycTe. Takue pe3Kue OTAMYUTEIbHbIC
MoKa3aTesld MeX/ly TOPHOM M paBHUHHOW MECTHOCTBIO, BEPOSATHO CBSI3aHBI C TUAPOTEPMHUUECKUM PEKUMOM
MIOYB.

B menom olorameHne mo4B TPOYUUECKHM CyOCTPaTOM AKTUBU3UPYET a30TO(PHUKCALUI0 BO BCEX
UCCIIEyeMbIX TOYBaX, U3 YETO CIEAYeT 3aKII0YHTh, YTO MPEACTaBIECHHBIE THUIbI IIOYB UMEIOT JIOCTaTOYHO
BBICOKMI a30TO(QUKCHPYIOIIUH TOTEHIMAN, TA¢ JSATSIBHOCTh OaKTepud JIMMUTUPOBAHO 3a CYeT
HEJ0CTaTOYHOCTH SHEPreTHYEeCKOro cyocTpara.

Tabauna 2
IToTeHuaJbHAs a30TPUKCUPYIONIAS AKTUBHOCTDH PA3JIMYHBIX THIIOB MIOYB
IouBbI KoauvecTBo GUKCHPOBAHHOIO a30TAa, B Cpenusist 3a
cpeiHeM 3a CYTKH, MKI N,/KI MO4YBBbI BereTanmoOHHBII
Maii Hions Hionnb ABrycr nepuol, kr N,/ra
Cepo-0ypsie 520,8 821,0 760,0 595,0 699.,4 251,7
Cepo-KOpUUHEBbIE 480,3 524,6 710,3 448,4 548,0 222.1
Cepo3eMHO-TTyrOBbIE 652,8 865,5 708,6 615,5 709,7 2554
I'opHO-Cepo-KOpUIHEBBIC 328,5 4643 577,2 376,3 629,0 132,0

HccnenoBaHusiMu BBISBICHO, YTO HUTPOI€HA3Hasi akKTMBHOCTb yBenuuuBaercs B 10 — 50 pas3 mpu
BHECEHUH B IIOYBY AMHAMHYECKOr0 HCTOYHMKA yriepona (Tabnuua 2).

Amnanu3 Tabauibl 2 BHOBb KOHCTATHPYET BHICOKOE HaJM4YMe (PUKCHPOBAHHOTO a30Ta Ha CEPO-OyphIX U
cepo3eMHO-TyroBeIX mouBax 821,0 — 865,5 MKr N,/KT MOYBBI COOTBETCTBEHHO M 3HAYUTEIHLHO MECHBIIYIO
Ha TOPHO CEPO-KOPHYHEBBIX MOYBAX, COOTBETCTBYS MPH 3TOM 464,3 MKT Np/KT OYBHI.

BbIBO/IbI

yCTaHOBJICHO, 49YTO HaAJIHU4HUC I[I/Ia?)OTpO(i)OB B TIO4YBC HapsAay C 6PIOJ'IOI‘H‘I€CKPIMI/I, HUMCIOT
OKOJIOTUYECKOC 3HAYCHHE, 3a CUCT CBA3BIBAHUA HWMH MOJICKYJISIDHOTO a30Ta, IMPaKTHYCCKU BO BCEX
OPpUPOJAHBIX KOMITJICKCAX.
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I'maporexHuka

NCCIEJOBAHUE JE®OPMAIMOHHBIX XAPAKTEPUCTHUK ITECYAHO-
CAITPOIIEJIEBBIX COCTABOB V11 CTPOUTEJIBCTBA
NPOTUBO®UJIBTPAIIMOHHBIX 3ABEC HA BOJIOXO3AMCTBEHHBIX
CUCTEMAX

Hecrtepos M.B., Hecreposa U.M.

VO «BEJIOPYCCKAA IT'OCYAPCTBEHHAA CEJTFCKOXO3AHCTBEHHAA AKAJEMHU A,
ya. Muuypuna. 0. 5, 213407, e. I'opxu, Pecnybnuxa benapyco
E-mail: nesterova2233@mail.ru

Annomayus. llpuBeneHsl pe3ynbTaThl UCCIACIOBAHUN Ae(OPMAIIMOHHBIX XapPaKTEPUCTUK Pa3TUIHBIX
MIECYaHO-CANPOIICJICBBIX ~ COCTABOB  JUIA  CTPOHMTENBCTBA  NMPOTHBO(GMIBTPAIMOHHBIX  3aBeC  Ha
BOJIOXO3SIICTBEHHBIX CHCTEMAX.

Knrwouesvie cnosa: BOOOXO3AWCTBEHHBIE CHCTEMBI, MPOTUBO(UIBTPALMOHHBIE 3aBEChHl, IECYAHO-
camporeneBble  COCTaBbl, CalpoOIleNlb, BOJOMOANIOPHBIC COOPYXEHUs, Kod(p(UIMEHT mHOopucToCcTH,
K03(ULHMEHT YIJIOTHEHUSI.

Hydraulic engineering

RESEARCH OF DEFORMATION CHARACTERISTICS OF SAND-SAPROPELIC
STRUCTURES FOR CONSTRUCTION OF ANTIFILTRATIONAL VEILS ON
WATER MANAGEMENT SYSTEMS

M. Nesterov, I. Nesterova

Belarusian State Agrarian Academy
Michurin str. 5, 213407, Gorki, the Republic of Belarus
E-mail: nesterova2233@mail.ru

Annotation. Results of researches of deformation characteristics of various sand-sapropelic structures
for construction of antifiltrational veils are given in water management systems.

Key words: water management systems, antifiltrational veils, sand-sapropelic structures, sapropel,
water retaining constructions, porosity coefficient, consolidation coefficient.

BBEJIEHUE

MenuopaTuBHBIE CHUCTEMBI, OTBEYAIOUINE COBPEMEHHBIM TpPEOOBAaHUSAM, TPEACTABISAIOT COOOH
KOMIUIEKC Pa3lIWYHOTO POAa THAPOTEXHUYECKHUX COOPYXKEHHUH, OOJBIIYI0 YacThb KOTOPBIX COCTABIISIIOT
BOJIONIOJITIOPHBIE PETYINPYIOIINE COOPYKEHUS, IIPU CTPOUTENHCTBE KOTOPBIX HAa XOPOIIO BOJIOIPOHHULIAEMBIX
IpyHTaxX BO3HHMKAaeT HEOOXOAWMOCTh YCTPOWCTBA MPOTHBOQMIBTPALIMOHHBIX 3aBEC, YTO MPHUBOAUT K
YBEJIMUEHHIO TPYLOEMKOCTH M CTOUMOCTH COOPY>KEHHS.

Haunbonee mepcreKTHBHBIM cIIOCOOOM BO3BEJCHHUS MPOTUBOPHIILTPAIIMOHHBIX 3aBeC SBISETCS CIIOCO0
«CTeHa B TIpyHTe». OTOT CIOCO0 YCNEIIHO MNPHUMEHSAeTCS Uil CTPOMTENbCTBA  HAAEKHBIX
MIPOTUBOGMIBTPALIMOHHBIX 3aBEC HAa KPYIHBIX COOPYXEHMAX. I THAPOTEXHUYECKHX COOpPYXEHHH Ha
MEIMOPATUBHBIX CUCTEMAaX, TJIe pa3Mephl IPOTHBOQUIBTPAIIMOHHBIX YCTPOMCTB, CPABHUTEILHO HEOOIBIINE,
IIPUMEHEHNE METO/a «CT€Ha B IPYHTE» MO TPAJUIMOHHOM TEXHOJIOTMHM 3KOHOMHYECKH HeEIleIecoo0pasHo.
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310 O0OBSICHAETCS TIJIABHBIM 00pa3oM, BBICOKOM CTOMMOCTBIO HCIIONB3yeMBIX MarepuayioB. [lostomy
AKTYaJIbHOCTh IPUOOPETAET BOMPOC BO3BEACHHSI MPOTHBOMMIBTPAIMOHHBIX 3aBEC U MOUCK HOBBIX JICTEBBIX
MECTHBIX MAaTepHajoB Uil BBIIMIEYKa3aHHOIO croco0a, NPUMEHUTEIBHO K THIPOMETHOPATUBHBIM
COOPY)KEHHUSM.

B BeImONHEHHBIX paboTax Ha Kadeape THAPOTEXHUYECKUX COOPYKEHHWH U BomocHabkenus YO
«BI'CXA» Pecnybnuka benapycb, Oblia BbISIBIEHAa BO3MOXXHOCTH IPUMEHEHUS Il CTPOUTENBCTBA
NPOTUBO(QHIBTPAIIMOHHBIX 3aBEC METOJIOM «CTEHa B TPYHTE», COBPEMEHHBIX OTJIOKEHHH MPECHOBOIHBIX
BonoeMoB PecriyOnuku benapycs — canponeneil. Taxke ycTaHOBIEHO, 4TO Ui HPOTUBO(PUILTPALIMOHHBIX
3aBeC CPaBHUTEIbHO HEOONbIIONW TayOuHbl (1o 10...15 M), BO3BOAMMBIX METOAOM «CTE€HA B TPYHTE»,
HanOoJiee TEXHMUECKH W SKOHOMHYECKH 11e1eco00pa3HbI CIEAYIOINE CIIOCOObI CTPOUTENLCTBA 3aBEC!

1) mpoxoaka TpaHIEH IHEKOMHBbEKUMOHHBIMH MAallMHAMH — IE€pEeMEIIUBaHUE pa3padaThIBaEMOro
IPYHTa ¢ TUKCOTPOIIHOM CyCIIeH3Uell B IIpoliecce MPOXOAKH 0€3 U3BICUCHUS CMECH U3 TPaHILIEH;

2) pa3paboTka rpyHTa TpaHien Oypodpe3epHbIMH MAlIMHAMH C OJHOBPEMEHHBIM COPOCOM ITYJIBIIBI
(pa3pabatbiBaeMBblli TPYHT W THKCOTPOITHAs CyCIIEH3Us]) OOpaTHO B TpaHIICID — OOpaTHBI HAaMBIB CMECH
BEIOYpEHHOTO TpyHTa C THKCOTPOIHON  cycmeHsmer. Ilpm d>TMX cmocobax  CTpOWTENHCTBA
MPOTUBOGMIBTPALIIOHHBIX 3aBEC 00pa3yercsl COCTaB, COCTOAIIMN M3 BOJONPOHHLIAEMOTO TpyHTa (Iecka)
OCHOBAHUS BOJOIOIIOPHOI'O COOPYKEHUS U TUKCOTPOIIHON CarlpoIeseBON CyCIIEH3UH.

Bonpoc, xakumu nedopMallMOHHBIMH XapaKTEpUCTHKaMU B JAajbHeiiieM, OyayT o0ianath
BBIIIEYKA3aHHBIE COCTABBI, IPEJACTABIACT MPAKTUUECKUN MHTEPEC M SIBIAETCS, BECbMa aKTyaJlbHBIM, YTO
KpaiiHe HeoOX0AUMO IS OIPEAEIICHUS HECYLIeH CIIOCOOHOCTH NPOTUBOMMIBTPALIMIOHHBIX 3aBEC.

LIEJb U 3AJAUM UCCJIETOBAHMIA

[enbio paboTHl SBJISIOCH HCCIENOBaHUE Ne(POPMAIOHHBIX XapaKTEPUCTHK Pa3IMYHBIX IMeCHYaHO-
CamlpOIENIEBBIX COCTABOB JUIsl CTPOWMTEIBCTBA TMPOTHBO(MWIBTPAIIMOHHBIX 3aBEC HA MEIHMOPATUBHBIX
cucremMax. JIJis JOCTHIKEHUsI TOCTABJICHHOH e PeIIajiCh CISAYIOIIUE 3aauu:

1. Onpenensimy ko3()GUIUEHTH TOPUCTOCTH.

2. PaccuntbiBany k03 PUITEHTH! YIUTOTHEHUS.

C menpio pelieHus BBIIICYKa3aHHBIX 3aJ[ad BBIMOJNHIUCH KOMITPECCHOHHBIE HCIBITAHHS ITeCYaHO-
CampOIEIIEBbIX COCTABOB.

MATEPHUAJIBI U METOJIUKA UCCJEIOBAHUM

MarepuanaMu HCCIICIOBaHUSl  SIBISUICH  BBICOKO3OJBHBIM  CallpomleNb B3STBIH Ha 0ObeKTe
Jlykommbckoro  ombITHOTO  «O3pbiOx03a» ButeOckoit obmacth u  mecok Menknid. Dusmdeckne
XapaKTePUCTUKU UCXOJHBIX MaTepHaoB PUBEACHBI B Ta0M. 1.
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Taﬁ.mma 1- XapaKTepI/ICTI/IKI/I (l)I/IBI/I'leCKI/IX CBOMCTB HCXOAHBIX MAaTEPHAJTOB U UXCOCTAaBOB

Ne Copep:xanue IInor- [[InotHocts| Ilnor- Baax- | Koadpopun | Koappu- | Korddu-
COCTaBOB | campormes B HOCTh COCTaBa, | HOCTb B | HOCTb, HEHT LHHMEeHT HHMeHT
cocTaBe TBEpPAbIX Y r/em’ Bo3aymHO | W, % NMOPHC- |HEOAHOPOJ | BOAOHACHII
necoK + YacTHIl ys, -CyXoM TOCTH, HOCTH, eHus
canponeib, % r/em’ COCTOSIHUM e ]
’YS,F/CM3
1 10,0 2,54 174 1,26 38,5 0,98 200 1,00
2 7,0 2,55 1,87 1,32 31,30 0,79 150 1,00
3 5,4 2,58 1,98 1,39 23,60 0,61 60 1,00
4 3,7 2,62 2,13 1,45 13,0 0,39 9,5 0,97
ITecox - 2,62 - 1,68 - 0,52 4.8 -
Camnpornens - 2,55 - 0,58 - 3,40 - -

Kommpeccronnsle ucciae10BaHus BBHITIOIHUIMCH Ha MPHOOpax MpeIBapuTeIbHOTO YITIOTHEHHS
rpyaToB I'TTI-29 u 06paboTka pe3yabTaToOB UCCACIOBAHMS — IO CYLISCTBYIOLIUM METOIUKAM.

PE3YJIbTATBI UCCJIEJOBAHUI U X OBCYXKJIEHUE

Pe3ynpTaThl KOMIPECCHOHHBIX UCCIIEA0BAHUIN I1€CYaHO-CAIIPOIIEIEBBIX COCTABOB IPUBEIEHBI B Ta0J.2.
Taéanna 2 — Pe3y1bTaThl KOMIIPECCHOHHBIX HCNIBITAHMINIECYAHO-CATIPOIETIEBBIX COCTABOB

JdaBaenue Ha| Ko3¢ddunuentsl nopucrocru, e Ko3ddunuents! yniorHenus, MIla™
o6pazen, MIIa CocTaBbl CocTasbl
Nel No2 No3 Ne4 Nel Ne2 No3 Neq

0,000 0,980 0,790 0,610 0,390 22,53 16,87 9,13 0,40
0,015 0,642 0,537 0,473 0,384 9,20 5,70 4,30 0,40
0,025 0,550 0,480 0,430 0,380 1,20 0,80 0,80 0,80
0,050 0,520 0,460 0,410 0,360 0,80 0,4 0,4 0,3
0,100 0,480 0,440 0,390 0,345 0,24 0,36 0,18 0,22
0,150 0,468 0,422 0,381 0,334 0,20 0,24 0,14 0,20
0,200 0,458 0,410 0,374 0,324 0,16 0,12 0,08 0,12
0,250 0,450 0,404 0,370 0,318 0,14 0,08 0,04 0,08
0,300 0,443 0,400 0,368 0,314

AnHanuzupyst Tabnuny 2, HEOOXOJUMO OTMETHTh, YTO KOI(GQOHUIMEHT MOPHUCTOCTH IS COCTaBOB C
OONBIIMM COJEpP)KaHUEM Carpoliesisi YMEHbIIAETCs TOA HArpy3koil 0ojiee 3HAYMUTENBHO, Ye€M C MEHBLINM
coJiepkaHreM carporens. Takke clieyeT, 9To B mHTepBasie Harpy3ok a0 0,05 oOpasmsr coctaBoB Nel, No2 u
Ne3 061a/1a10T CHIIBHOM CxKMMaeMOcThi0. KoadduiueHT yroTHenus n3mensercs ot 22,53 10 0,8 MITa™.

C pocToM Harpy3ku pa3HHALA B CXHMaeMOCTH OOpa3LOB pa3lWYHbIX cMeced cHibkaerca. llpu
BepTHKANBHOI Harpyske 0,10 MITa u Gonee Kod(HUIMEHTH YIIOTHEHHS BceX cMeceii menee 0,5 MITa™, uro
XapaKTepU3yeT UX KaK CPEeIHECKUMAaeMBbIe.

IIpu comepxkanuu camporens B cMecu MeHee 4% (coctaB Ne4) cxxumMaeMOCTh 00pasLoOB BO BCEM
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IMana3oHe Harpy30K HEBEIIUKA.

CocraB Ne3 ¢ comepskanuem campornens 5,4% mnpu Harpyskax, Oonbimmux 0,05 Mlla, oGnamaet
Ty4IIAMU TIOKa3atensMu cxumaemoct. llpm Harpyskax 0,25-0,30 MIla stor cocraB o0mamgaer
KO((HUIHEHTOM yIIOTHeHHs, paBHbIM 0,04 MITa"', 4To 103BOJNSAET OTHECTH €ro K MAaJOCKHMAEMBIM H
XapaKTepH30BaTh KaK HAJEKHOE OCHOBAHWE JUI BOJOIOJIIOPHOTO COOPYXKEHHUS. DTO OOCTOSTEIHCTBO
MOKHO OOBSCHHUTH TE€M, YTO IO CPAaBHEHHIO C APYIMMHU COCTaBaMH OH 00jazaeT Ooiee ONTHMalbHBIM
coJiep)KaHUEM Carporiesisi B TecKe, T.e. 3lIeChb JOCTHracTcs HamOoyiee TIOJIHOE 3alloJHEHUE IOPOBOTO
MIPOCTPAHCTBA MIECKa CAIPOIICIIEM.

BbIBO/IbI

1. C yMeHbLIEHHEM COJIepKaHUs Callpolelsi B CMECH CXHMAaeMOCTh YMEHBIIAeTCS JOBOJBHO
3HAYUTEJIBHO.

2. CocraB Ne3 (comepxkanme camponens 5,4%) OTHOCHUTCA K MAaJOCKHMaeMOMYy, T.€.
IpoTUBOGMIBTPALIMOHHAS 3aBeca BO3BeIeHHas U3 coctaBa Ne3 OyzeT aBaTh HAMMEHbBILYIO OCAIKY.

3. YuuThiBas, uTo 3amachl campomneneil B Pecry6muke Benapych cocTaBsor Gonee 2,6 MIpa. M,
[IPUMEHEHUE MX IPU CTPOUTEIHCTBE IPOTUBO(PUIBTPALUOHHBIX 3aBEC, II03BOJIUT CHU3UTb CTOMMOCTh
cTpouTensCcTBa 3aBec Ha 60-80%.

JIUTEPATYPA

1. HecrepoBa, .M. ®unbTpalMOHHBIE HCCICAOBaHMs IIECUaHO-CAIIPOIEIeBbIX cocTaBoB / W.M.
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HOs10pb 2016, 1. Koitomua / ®TBHY BHUU «Pagyra». — Konomua: UI1 JlaBpenos, 2016. — C. 46—49.

2. HecrepoB, M.B. IlpuMeHeHrne TPOTHBOMHUILTPAIIMOHHEIX 3aBEC, BO3BOJMMBIX METOIOM «CTCHA B
TPYHTE» C HCIIOJNb30BaHWEM carmporeseil. PekoMeHmanmmm 1mo NpOeKTUPOBAHUIO U CTPOUTENHCTBY
MEJIMOPATUBHBIX M BOJIOXO03sSHCTBeHHBIX 00hekTOB / M.B. Hectepos, A.A. Boposukos, /.M. Jletiko,
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MUWHEPAJIBHBIE 1 TEPMAJIbHBIE HCTOUHUKHN ASEPBAMIKAHA
N UX UCITOJIB3OBAHUME C LHEJIBIO TYPU3MA

Hypues 23.B. ", T'ycennszage ®.M. ", Annesa H.J.?, T'ycennsage ®.®. "

" Bakunckuii ocyoapcmeennviii Yuusepcumem
? Asepbatioocanckuii Apxumexmypro-cmpoumensublil yHugepcumem
3. Xanunoe 23, AZ-1148. baky, Azepbatioxcan
E-mail: nuriyevi947@mail.ru

Annomayua. Jta CTaThs, TOCBSIIECHHAS TEIUIOBHIM M MHHEPaIbHBIM BOJaM B A3zepOailpKaHCKOI
PecryOnvike, U MCMONB3YIOMIMK 3Ty BOAY B CEKTOpaX 3KOHOMHKHU (OTOIUICHUE 3JIaHUM, Tepamusi KypopTa,
30poBbe U T.1.). MHpOpManuio o Gusudeckoil 1 XUMHYECKON CTPYKType TEILIOBBIX U MUHEPAIBHBIX BOJI,
HarpeBast TEMIIEPATyPy ITOKA3hIBAIOT B 3TOH CTAaThE.

Knrouessle cnosa: MUHEpAITbHBINA, TEPMaTbHBIHN, 1€UEOHBIN, FTEOTEPMHUUYECKUI, ICTOYHHK, PEKPEAIIUS.

Hydrology

MINERAL-THERMAL WATERS OF AZERBAIJAN AND ITS USING FOR
TOURISM PURPOSES

E. Nuriev ”, F.M. Huseynzadeh ", N. Aliyeva 2, F.F. Huseynzadeh"

" Baku State University

? Azerbaijan University of Architecture and Construction
St. Zakhid Khalilov 23, Baku AZ 1148, Azerbaijan

E-mail: nuriyevi947@mail.ru

Annotation. This article dedicated to thermal and mineral waters in the Republic of Azerbaijan, and
using this water in economic sectors (heating of houses, resort therapy, health etc.). information about a
physical and chemical structure of thermal and mineral waters, heating temperature are shown in this article.

Key words: mineral, thermal, social, region, chemical, temperature.

BBEJAEHUE

Tepputopus AsepOaiimkanckoir Pecrmybnmku Oorata mnpupogHbsiMH  pecypcamu. OnHako, 3TH
MIPUPOTHBIE PECYpChl HCIIONB3YIOTCS HE Ha JIODKHOM ypoBHE. Cpelau 3THX peCcypcoB TepMalbHBIE H
MUHEpaJbHble HCTOYHUKU 3aHUMAIOT 0CO00€ MECTO.

B rocynapcTBeHHBIX IpOrpaMMax 1o CONUaIbHO-IKOHOMIYECKOMY Pa3BUTHIO PETHOHOB JUIS KXKIO0TO
perMoHa B OTHENBHOCTH OMpeNeNeHbl MyTH pemieHus 3(QQeKTUBHOrO WCMONB30BaHUs MPUPOIAHBIX
TEPPUTOPHH, TYPUCTCKO-PEKPEAIOHHBIX PECYPCOB, B TOM YHUCIIE TEPMAaNbHBIX H MHHEPAJIbHBIX HCTOYHHKOB.
Onnaxo, 3TH TPOOIEMBI €111e HE PEIICHBL.
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OCHOBHAA YACTD

Azepbaitkanckas PecryOnuka oOnagaer OoraTbIMH NPUPOAHBIMH pecypcaMu. OJHUM M3 TaKHX
PECYpPCOB SIBIISIIOTCSI TEPMalbHBIE BOJBI, TEPMaJbHbIE 1 MUHEPaJbHbIE HCTOYHUKU A3epOaiipkaHa IIUPOKO
pacmpocTpaneHsl Ha Teppuropun bombmoro m Manoro Kakaza. K coxaneHuto, 3TH HCTOYHUKH
UCIOJB3YIOTCSI HE Ha JOKHOM ypoBHe. Ilpu pa3Bemounbix paboTrax Ha Tepputopun AszepbaimkaHa
reonoramu 0b10 0OHapysxeHo okosio 1000 MUHEpaNbHBIX U TEPMATIbHBIX HCTOYHUKOB.

OcoOble 3acmyri B W3YyYCHHM MHUHEPAIBHBIX M TEPMalbHBIX BOJA A3epOaiipkaHa HMMEIOT
A.H.AckepoB, M.A Kamkait u A.J[.AcntanoB. MuHepanbHble U TepMalbHble UCTOYHUKH HCIIONB3YIOTCS
IJIaBHEIM 00pa3zoM B HaxuriBanckoMm, Jlenkapanb-ActapuackoM, 'yba-Xaumaszckom, Haropao lllupBanckom
paiioHax.

[Ipn noCTaTOYHOM HCIIOIBL30BAaHUHM TEPMANBHBIX M MHUHEPAIbHBIX BOJ BO3MOXHO Pa3BUTHE HOBBIX
oTpacieil  XO3siCTBA, CO3JaHHE KypPOPTHO-O3MOPOBUTEIHHOTO  XO3SIMCTBA, JIEUCOHO-METUITHHCKHIX
IPENPUATUH, TYPUCTCKO-PEKPEAllMOHHBIX OOBEKTOB, YTO OKAa3blBAa€T IIOJIOKHUTEIBHOE BIMSIHUE Ha
3aHATOCTb, OOecHeurBas MECTHOE HaceleHHe paboyMMHM MeCTaMu. A TakKe MOXET CIOCOOCTBOBATH
PACIIMPEHNIO HEKOTOPBIX MPEINPHUATHHA, YBEINUYCHHUIO MOTPEOHOCTH B MPOMYKTaX MUTAHHS NMPUOBIBIIMX B
CTpaHy TYpUCTOB U Pa3BUTHUIO CEIBCKOTO XO3SHCTBA.

[lo cpaBHeHHUIO ¢ IpyruMH cTpaHamMu B AszepOaiilikaHe KypOpPTHO-CaHATOpHas CETh C1a00 pa3BUTA.
bruto 661 1IEeIECO000pa3HBIM pa3BUTHE B OMMKaiIeM OyAyIieM HOBBIX KypOPTHBIX IIEHTPOB B HaxdrniBaHe,
Kazaxe, ToBy3e, lamkecane, Acrape, Macamibl, AAname, Xyaare, Xaumase, [llemaxa u Mcmanmisl.

Bonubie wmcrounmkn Asepbaiimkana cocrosaT w3 200 rpymnm, B pe3ysibTate pa3BEIOYHBIX padoT
BBIsIBJIEHO b 30 rpynn MuHepaibHbIX BoA [1,3].

UccnenoBannsi y4eHBIX TIOKa3alM, YTO TeMIlepaTypa BOJ CYIISCTBYIOIIMX B AsepOaiimxane
TePMaIbHBIX HCTOYHHMKOB Kojebmercss oT 4°C mo 95°C. DkciuryaTallMOHHBIE 3amachl TePMaIbHBIX BOJT
coctasisieT 248000 M 3/cyT. Koneuno, 3Ta nudpa oTHocuTensHast. B xone nccienoBanus ObUIO BBISBIIECHO,
YTO 3alachl TEPMaJIbHBIX BOJ B peciyOinke coctaBisieT 496000 M 3/cyT.

B 3aBuCcHMOCTH OT reoTepMUYECKUX 0COOEHHOCTEH pailoHa TeMIlepaTypa MOJ3eMHBIX BOJ MEHSETCS B
LIMPOKOM JAuana3oHe. Temmeparypa BoJbl OTpaKaeT TEKTOHUYECKYI0O M TUAPOJUHAMHYECKYI0O OCOOCHHOCTh
JaHHOW Teppuropuu. TemmepaTypa oOKa3blBaeT BIMSHHUE HAa XMMHYECKHIl cOCTaB BOJbl U CIIOCOOHOCTh
TEUEHHSL.

B nipupoaHOM COCTOSIHUH TIO3EMHBIE BOABI OBIBAIOT 04eHb X0JoaHbIMU (<0°C), xomomxapiMu (<20°C),
tepmanbHbIMA (20-100°C) 1 odens ropstaumu (>100°C).

ITo MexayHapoIHOM OATEHEOIOTHIECKON KiTacCH(PUKAITIN TEMIIEpaTypa BOI Ha 3eMHOM MOBEPXHOCTH
JaeTCsl B HUXKE CIICAYIOILEM BUJIE:

- xonoaHsie Bojsl (Huxke 20°C)

- cybrepmansHbie — Teruibie Bogpl (20-37°C)

- TepMalibHBIE — ropsiune Bojibl (37-42°C)

- THAPOTEpPMaJibHbIE — OUeHb X0JoAHbIe ( Oonbiie 42°C)

Haxonsmmecss B AsepOaiimpkane wmuHepanbHble Boabl Cupal, bamamibl HMEOT XOJIOIHYIO
temmeparypy (7-20°C). 13 BeicokoTemnepaTypHbIX BoA A3zepOaiimkaHa MOXKHO OTMeTuTh Mctucy, Uineircey,
l'otypcy, ApkeBan, baba3zanan, Memecy, Ubanncy, Xambl, Xantad u ap.

MuHepanbHble U TepMalibHbIE BOJBI PECITyONMKN HCTIONB3YIOTCS B TaKMX OTpacisaX, Kak KypOpTHO-
O3/IOpPOBHUTENIbHBIE  TIPEANIPUATHS, XUMUYeCKas MNPOMBIIUIEHHOCTh, OCHAIIEHHE MWUTHEBOH  BOJOMH,
nepepadoTKa 3JIEKTPOIHEPTUH, 0ObIYA IPUPOTHOIO ra3a, OTONUTENbHAs CUCTEMA 31aHUH U T.J.
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ITo Berancnenusm A.Jl.Acnanosa, B.J[.Axynnoa, O.M.AxMen0Bo# CyTOUHBII 1eOUT MUHEPATbHBIX U
TepMaNBHBIX BOA A3zepOaiimxkana coctapnsier Oonee 200 muH 1. M3 HUX 50 MIH JI. IPUXOJUTCS HA JIOJFO
MUHEpAJIbHBIX BOJ C YIJIEKUCIBIM ra3oMm [2,8].

B pesynbrare nMpoBeJEHHBIX HAYYHBIX M AHAIUTHYECKUX AHAIU30B BBISICHSETCS, YTO TepMallbHbIE U
MUHEpalbHbIE BOJbI AKOHOMHUKO-Teorpaguyeckux paiioHOB A3zepOaiijpkaHa U3y4YeHbI C TeOJOTHYECKOM
TOYKH 3PEHUS, HO TPOOIEMbl KOMIUIEKCHOTO HCCIEIOBAHUS MPUPOIHO-PECYPCHBIX TMOTEHIINATIOB W3yYEHBI
He nmoJHOCThI0. Mbiciau u uneun LII.d.Mextuea, M. A Kamikas, A.I'.Ackeposa, .J.Taruesa, A.M.babaeBa,
H.A.baGaxaHoBa © Jp. WMEIOT OOJBIIOE 3HAYEHUE TIPU OIEHKE C OSKOHOMUYECKOW TOYKH 3pPEHUS
TEPMAJbHBIX U MUHEPAJbHBIX UCTOYHUKOB IMPUPOJTHO-TeOrpahUIecKuX TeppUTOpHid peciyonuku. Mcropus
U3y4YCHUsl TEPMaJbHBIX W MUHEPANBHBIX BOJl €UIC pa3 JIOKa3bIBaeT, YTO HCIIOIb30BAHUE TEPMAIIbHBIX H
MUHEPATbHBIX BOJ, B MHPOBOM XO3SHCTBE SBISIETCS OCHOBHBIM YCIOBHEM B TYpH3MeE, pEKpealud u
0370pOBJICHHH. B mponutoM Hay4yHBIE HCCIENOBAaHHUS TEPMAlbHBIX BOJ BEIMCh B TEOJOTHYECKOM U
THIIPOTEOJIOTHYeCKOM HampaBieHud. Celdac e NPOBOJUTCS, IJIaBHBIM 00pa3oM, B COLMAJIBHO-
9KOHOMHYECKOM, MEIMLUHCKOM, KypPOPTHO-O3JOPOBUTEIHHOM HampaBieHUH. Boabl HEQTSIHBIX CKBaKWUH
Ammepona, Cuszansgs, Hadtamana, Illupsana, CaibsHa IMHPOKO WCIOIL3YIOTCA B  JIE4eOHO-
O3/I0pPOBUTENBHBIX LeNsAX. Ha HaHHBIX TEpPUTOPHUSIX IOCTPOEHBI CAHATOPUH, TIE JIEUYUTCS OOJbLIOoe
KOJIMYECTBO OOJBHBIX.

TepManbHble W MHHEpaIbHBIE BOJBI BBIXOIAT Ha 3E€MHYIO MOBEPXHOCTh BMECTE C Pa3ITUYHBIMU
XUMUAYECKUMH DJJIEMEHTaMH. TepMalibHble W MUHEpalbHBIE BOIBI TI0 CBOEMY XHUMHYECKOMY COCTaBY
OTJIMYAIOTCS OT MPOCTOU BOIBI. DTH BOJBI BBIXOIAT U3 TIIYOHWHBI M 00JIaIal0T BRICOKOH TeMIepaTypoit. 31ech
BCTPEYAIOTCS, MOKHO CKa3aTbh, BCE M3BECTHHIC B MUPE BHIbl MUHEPAJIbHBIX BOJ. B cocTaBe TepMalbHBIX U
MUHEPaJIBHBIX BOJ BCTPEUAIOTCS pa3IMyHbIe MPUPOJIHBIC Ta3bl, OPraHNYECKre U MUHEPAJIbHbIE COCTNHEHMS.
B munepanpHbIX Bogax wumeercsi Oojee 70 XMMHUYECKHMX 3JE€MEHTOB B PacTBOPEHHOM Buie. B cocrase
MUHEpalbHBIX BoJ AszepOaiimxana BoisiBieHO Oonee 60 smeMeHTOB. COCTaB MHHEPAlIbHBIX HCTOYHUKOB
Hctucy, Cupab, bamamner, Baiixelp (HaxdupiBanckas ABToHOMHass PecmyOnmka) w  nmp.  Oorar
MHUKpPO3JIEMEHTaMH.

Munepanu3zaiys BOJIbl — 3TO KOJIUYECTBO COJIEH PacTBOPEHHBIX B | IUTpE BOIHI.

[lpu ompeneneHnr ypoOBHS MHUHEpaIHU3alMU  HCIONB3YIOTCs Kiaccuukanuu A.M.OBYMHHUKOBA,
B.A.Ilpuknonckoro, H.M.Toncruxuna, B.M.Bepragckoro um ap. Opnako, Obimo Obl LenecooOpasHel
WCTONB30BaHNe Klaccu(UKAIMA [0 YPOBHIO MHHEpaNM3allii TepMalbHBIX BOjJ ~ B.B.lBanoBa wu
I'.A.Hespaena [3].

MuHepanbHble BOIBI B A3epOaiipkaHe 10 CBOEMY XHMHUYECKOMY cocTaBy aeisatcs Ha 10 rpymm. C
1ebio 3 (PEeKTHBHOTO HCTIOIb30BaHUS MUHEPAIBbHBIX M TEPMAJBbHBIX BOJ MOATOTOBIEHB MHOTOYHCIICHHBIE
MpOeKTHl. TeppUTOpuanbHas OpPraHM3allsl TEPMAaIbHBIX BOJ M TMPOOJEMBI Pa3BUTHS M WX SKOHOMHKO-
reorpaduyeckoe M3yueHHEe WMeEeT HaydHO-TIpakTHYeckoe 3HaueHWe. Hmke cienyor Hamboiee
pacmpocTpaHeHHbIe Y KOHOMUYECKHE PaiOHBI TEPMATBHBIX M MHHEPATBHBIX BOJI.

ATIIEPOHCKHHA MOTYOCTPOB OTIAMYACTCS OT JPYTUX PETHOHOB CBOMMH TE€PMAITLHBIMH HUCTOUYHHKAMHU.
31ech HaxOUTCs OKOJIO 183 TepMambHBIX UCTOYHHKOB C BBICOKMM JIeOUTOM. B MX cocTtaB BXOAWT OOINBIIOE
KOJIMYECTBO METaHa, ioja, Opoma, cephl u Ap. KoMIoHeHToRB [1,11].

B macrosmee BpeMsi Ha MMOJIyOCTPOBE TE€PMabHBIE MCTOYHHUKHN MIMPOKO HCITONB3YIOTCS B JIEYEOHBIX
nensix. TepmanbHbie Boasl CypaxanoB, ['oBcanoB, bubureiibara, lllpixoBa He OTIMYaOTCS OT BOJX
«Marectay.

CeBepo-Boctounas gacts A3epbaiimkana Oorata HeTera3oBsIMU pecypcaMiu. B cocTaB TepManbHBIX
U MuHepalbHbIX BOJ ['amaantei, Xanrtan, Xambl, /Dkumu u ap. Ha tepputopun lllaGpaHckoro paiiona
BXOJIUT a30T ¥ METAHOBBIE DJIEMEHTEHI.
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Ha Teppuropun Haropno IlupBaHckoro peruoHa uMeercs okoyio 30 TepMallbHBIX U MUHEPATbHBIX
ucTOYHMKOB. Cpe HMX MOXXKHO OTMETHTh TaKHMe MCTOYHHMKH Kak Bamra, Xadracos, Jussuibl, Hamasrsx,
Jlarumxk, 3aprspan, [amarax McmammnmuHckoro paiiona, cen Yaran, ABaxeui, [ameiibyrypr, banos,
Uyxyproypt, Jxabansl [llemaxuHcKkOoro paiioHa HaxXoJsTCS TepMajbHbIE ¥ MHUHEpPalbHbIE HCTOYHHKH, T'JIE
HMMEIOTCS MEPCIIEKTUBBI Pa3BUTHS KYPOPTHOTO TypU3Ma.

CeBepo-3anazHas 4acth A3sepOaiipkaHa Oorara TepMaJbHBEIMH W MUHEPATBHBIMH HCTOYHUKAMHU.
Yacto mnpoucxoasiivue 31eCh MPUPOAHBIE KaTaKIU3MBI pa3pymaloT HCTOYHUKH TEPMalIbHBIX U
MUHEPAJIbHBIX BOJ U B PE3YJIbTaTEe YCIOXKHSIOT HUCIIOIb30BAHUE NAHHBIX MPUPOAHBIX UCTOYHUKOB. OaHAKO,
Kaxckuii aiMUHUCTPATUBHBIN paliOH IIUPOKO UCIIONb3YET TYPUCTCKO-PEKPEAIUOHHBIE BOZMOXKHOCTH.

['pynma TepManbHBIX UCTOUHUKOB Mnncy, MuHepainbHble UCcTOYHMKKM OrianOynar, ['ei30ynar 1o cux
MOP HE IKCILUTyaTHUPYIOTCS B MONHOU Mepe. Vcnonb30BaHUEM TepMabHbIX U MUHEPAIbHBIX BOJ PErHOHA U,
TEM CaMbIM, CO3JaHHEM KyPOPTHO-JICUESOHBIX 00HEKTOB MOKHO PEIINTH BOTIPOC O3I0POBIICHAS HACEICHUS, a
TaKKe CHIDKEHUE O0e3paboTHIBI B pPErHOHE, W MPUBJICYb B JAHHBIA PETHOH OOJBIIOE KOJIWYECTBO
3apyOeKHBIX TypUCTOB.
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HCTOYHUKOB, a TaKKe MH3yuYeHHe XHMHYECKOTO COCTaBa, CYTOYHOTO JeOuTa KaXIOro TepMalbHOTO
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Annotation. The article describes continuous intensive impact of human activity on the natural
environment that increases the necessity to solve urgent problems of optimal control of various complex
bioinert systems. To satisfy the needs, the modern society is compelled to create technical systems that are
related to different technological cycles and perform certain public functions. Such systems, first of all,
interact with the natural environment, consisting of various kinds of homogeneous and dissimilar natural
systems and create so called Geotechnical System. One of the varieties of natural-technical systems is a
water management system that is a totality of sources of water resources, means of their regulation and
delivery to water users and means of environmental protection.

Reviewed methods of economizing of water resources are considered for the study of water problems -
water resources protection and optimization of its planning and management.

Key words: water resources, bioinert systems, water management system, environmental protection,
water pollution

INTRODUCTION

The continuous intensive impact of human activity on the natural environment increases the necessity
to solve urgent problems of optimal control of various complex bioinert systems. To meet the needs, modern
society is forced to create technical systems in the form of a combination of tools and means of labor,
connected by some technological cycle and performing a certain social function. The most complex among
them are systems that include techniques designed to extract resources from the natural environment and for
purposeful impact on it.

Such systems, first of all, interact with the natural environment, consisting of various kinds of
homogeneous and dissimilar natural systems. Set of technical and natural objects, forming a single integrity
and purposefully functioning, forms a natural-technical system (Geotechnical System).
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MAIN PART

One of the varieties of natural-technical systems is a water management system that is a totality of
sources of water resources, means of their regulation and delivery to water users and means of environmental
protection [1]. Consequently, within the framework of water management systems, the natural and socio-
economic system is continuously interacting and the water management system itself serves as a mediator
between nature and the economy.

The main task of further development of water management systems is to establish permissible loads
on the natural environment so that the design of measures does not lead to a significant change or destruction
of natural complexes.

In usage of water resources an important role plays the contaminants of anthropogenic origin entering
the water bodies, which ultimately lead to a qualitative depletion of water resources. The main source of
water pollution is waste waters from industrial and municipal utilities. Increasingly, they pollute the surface
runoff from the territories of cities, industrial enterprises and especially from agricultural lands. In this case,
water bodies are polluted with nutrients and pesticides. No less important source of pollution of water
resources are cattle-breeding complexes and enterprises for processing livestock products.

The use on a large scale of Groundwater and their interconnection with surface waters predetermine
the penetration of pollution into underground horizons, which are the most valuable sources of drinking
water for the population.

The most common are chemical and bacteriological pollution of groundwater and they are "tied" to
industrial areas.

The increase the use of water resources in the industrial and non-industrial spheres is accompanied by
the expansion of water management capacities through the creation of Hydraulic Engineering and other
Water Supply Facilities. The main core in the water management system is the reservoirs. On the use of
water resources created reservoirs are mainly multi-purpose: for hydropower, irrigation, municipal services,
industrial water supply, flood control, fisheries, etc. An important role in the water management system
played channels which are ensuring the redistribution of the flow. They are used for irrigation, drainage,
watering, water supply, Power engineer, etc.

Rational use of water resources in irrigation traditionally means the economical use of water with
specified qualities. However, intensive human anthropogenic impact on the environment prompts the need to
take into account and evaluate all the consequences of various environmental aspects, including the
emergence of landscape-geomorphological and deformation-erosion processes that are especially
pronounced in the course of functioning of complex natural-technical systems of irrigation [2].

At nowadays, the problem of water use is dominated by the emphasis on water consumption and
almost completely ignored the environmental strategy to protect natural, in particular, the most unique
mineral resources on earth - water resources.

In this regard, the reorientation of water use from the consumer position to the eco-water system
should reflect the special role of water as an important component of the bioinert environment and an
industrial and economic resource possessing indispensable unique consumer properties. At present, Georgia
is working to improve the processes of rational use of water resources. An important role in solving this
problem belongs to economic research on the development of bases for optimizing water protection
activities, taking into account long-term socio-economic development.

The increasing demand of water resources and their scarcity (quantitative and qualitative) in certain
regions of Georgia predetermine the particular urgency of implementing water protection activities on the
necessary scale, protection and reproduction of water resources.

The main direction of rational use of water resources should be the improvement of technological
processes from the standpoint of effective use of water. At the same time, it is necessary to reduce not only
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the discharges of contaminated sewage, but also the intake of fresh water. The increase of water circulation
in the industrial technological processes is the main direction in reducing the anthropogenic impact on water
resources. Although this increases the irrevocable water consumption, but the water intake from the source is
significantly reduced and what is most importantly stopped the pollution of a huge amount of water by
sewage.

Water resources of Georgia are severely affected by agricultural activities and the use of artificial
fertilizers. Surface waters are polluted by flushing fertilizers and pesticides. There is no precise data on the
pollution of water resources by the agricultural enterprises. In rural areas, there are stocks of prohibited or
under-used agrochemicals and pesticides that are stored in conditions that do not prevent their entry into
surface and groundwater, which is an unknown threat to the sources of drinking water and consequently to
human health [3].

To illustrate the great opportunities for implementing water conservation activities, we will consider
the use of water resources in agriculture. At present agriculture, as was mentioned above, is one of the main
water users and irretrievable water consumer, which makes 70-80% of the total volume of irretrievable water
consumption in all sectors of the economics?

Obviously, one of the urgent issues of our time is the implementation of water conservation measures
in irrigated agriculture aimed at savings of water. Among such activities, the main is the transition to new,
progressive irrigation methods. The most promising here is drip and subsoil irrigation, in which moistening
of the soil provided through special droppers. With such a method of irrigation, there is no loss of moisture
due to evaporation and filtration and there is no rise of groundwater level and soil erosion. This method also
allows adding fertilizers together with water.

A large reserve of water saving in agriculture is an increasing the efficiency of irrigation systems.
Reducing the Coefficient of efficiency of irrigation systems to 0.85-0.9 makes it possible to significantly
reduce water losses and at the same time significantly reduce the water logging and salinity of land.

CONCLUSION

The above reviewed methods of saving water resources predetermine the urgency of studying the
problems of optimizing water protection activities and improving its planning and management.

Taking into account the current rate of population growth the UN predicts that by 2025 two-thirds of
humanity will live in conditions of fresh water deficiency and the global water crisis is often simply a matter
of life and death.

Therefore, water resources of a certain quality are the catalyst for optimal socio-economic
development of states, regions, districts taking into account the quantification of water resources in technical,
economic, environmental and legal aspects.
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Annotation. The article describes the physical image of the evaporation mechanism from the soil
surface. It is estimated that the evaporation intensity is the function of the capacity of dried soil layer. The
consideration of aerodynamic factors allows us to determine the intensity of capillary water intake, which is
expressed in the quantitative definition of vacuum pressure in accordance with atmospheric pressure
deficiencies.

Based on the proposed simulation model, a physical relationship between the speed and height of the
capillary movement was established. This method can be used to quantitatively measure the productive
humidity in the active layer of soil and irrigation mode.

Key words: evaporation rate, active layer of soil, productive water, meteorological factors.

INTRODUCTION

The first descriptions of the study of the evaporation process from the soil surface are derived from the
beginning of the 20th century. The process of drying of certain soil layers by a number of authors was
presented by means of three characteristic stages.

THE MAIN PART

The first stage of evaporation involves the starting momentum of atmospheric precipitation or ending
momentum of artificial irrigation and evaporation intensity in this stage is determined mainly by the
influence of meteorological factors. As for the dynamics of the water saturation in the active soil layer
(aeration zone), we must estimate it in a manner similar to the seepage process occurring in a partially
saturated porous and capillary body.

The second stage of evaporation is characterized by an intensive drying of surface layers of the soil
during which the water becomes steamy not directly on the surface, but extends to a certain depth. At the
same time, the evaporation intensity is determined by the velocity of water overflow at the evaporative zones
and the separation surface is characterized by a slight change in humidity in the upper drain layer. Since the
role of the meteorological factors is much more important than the capillary potential of water, it is usually
thought that the process of intensification in the second stage of evaporation is entirely determined by the
velocity of water in the vapor-transformation area.
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The third stage of evaporation starts when in the area of vapor-transformation the upward movement
stops and gradually starts the intensive dryness of the upper layers of the soil. Evaporation intensity at this
moment is significantly reduced and in the first stage, it is determined by the complex of meteorological
factors. The presented schematic model of the qualitative description of the physical picture of evaporation is
used universal recognition both in the former Soviet Union and abroad.

Nevertheless, for the real natural geotechnical conditions, the variability of the meteorological
properties complex within the day-cycle is characterized by certain specifications, therefore, the concept
which is formed for the second stage of evaporation requires essential revision, which is of great importance
to critical assessment of the existing models of evaporation of soil moisture, as well as the physical picture of
the phenomenon to determine adequacy with them [1].

Let us consider the trivial case when in experiments the constancy of the main meteorological factors
(solar radiation, air temperature, wind velocity, relative humidity and relative sun light) affecting evaporation
are conserved, and the second of evaporation stage begins, which is limited by the continuous water flow in
the evaporation zone. At this time the formation of the process of vapor-transformation is formed from the
soil surface at a certain distance. After this, if we change the mentioned meteorological factors in such a way
that potentially available evaporation will be significantly increased, then in the beginning the amount of
water actually evaporated from the soil will be also increased, but after the transformation process will be
completed, it will again equal to the rate of vapor-transformation and will depend on the capacity (thickness)
of the dried layer of soil. When the water "inflow" mode is unchanged, then the evaporation rate will
coincide with the initial intensity, even though the area of the vapor-transformation will be deeper into the
depth. Meteorological factors, when they reach the initial values, can be assumed that the depth of the vapor-
transformation zone (border) will remain unchanged due to the hysteria of the process.

In the proposed evaporation schemes, a paradoxical, but completely logical picture is observed, after
the end of the first stage, the difficult transition process; this does not fall directly into the framework of the
simple scheme of evaporation described above.

Evaporation from the soil depends on the potential of water flow, as well as the complex of
meteorological factors. In terms of their variation in time, to describe a more laconic form of the process, we
call the combination of complex of incoming factors as "evaporability” and at the same time consider that
"evaporability" is evaporation from the surface of fully water saturated soil. It should be noted here that such
a term is not accurate, but its use does not generate misunderstanding. However, we also need to note that
evaporability is meant evaporation, when water is delivered in the entire section of the evaporation surface
(the contact plane) continuously.

Description of the variability of the factors affecting the evaporation process during the day and their
impact on the quantitative rate of evaporation was often a subject of some critical assessment for some
researchers. As an example, for the evaluation of meteorological factors, analysis of the results of
hypothetical experiments is used, according to which it is revealed that in the closed space the evaporation is
higher than the possible potential velocity, that is equal to the potential velocity of water supplied from the
bottom, then the evaporation velocity is equal to the fictitious velocity of supplied water. Increasing
evaporation increases the duration of the vapor-transformation process. The proposed analysis aimed to
evaluate quantitatively the impact of meteorological mono-factors on the evaporation in the case of
determined local tests, which is obviously takes place in the case of different intensity in the formation of
one and the same dried soil capacity in different times.

Such prerequisites are not enough to create a model that reflects the dynamics of evaporation process
taking into account the physical essence of the hardest stochastic event. This is explained by the fact that all
existing models are based only on the formal side of the process and are less aware of the capabilities of the
capillary phenomena and, in particular, the exponential nature of the capillary rising, which completely
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excludes the possibility of quantitative evaluation of the one or another potential on the finite contours in the
given area. At the same time it is necessary to note that the model of dynamics of the capillary rising process
is not based on the formal or mathematical symbolism, but on the magnitude of the gradient determining the
velocity rate in the capillary fringe, which is dependent and tied to some or other hydrophilic and
mineralogical characteristics of the soil.

The interpretation of the evaporation in the second stage by different authors is less clear and evident,
since it is difficult to understand without any mechanical illustrative model. In order to overcome this
difficulty, we have developed a model of velocity of capillary movement [2,3,4].

According to the design scheme, the gradient of the velocity of capillary movement is equal:

J=W’ (1)

where J is the gradient of the velocity of capillary movement; H - height of capillary rising, (m); AH -
vacuum head, caused by wind velocity, (m); Z - coordinate of capillary meniscus, (m).

According to the above it becomes evident that one of the strongest meteorological factors in the
second stage, namely, wind velocity increases the evaporation intensity and thus increases the capacity of
dry soil. It is known that the increase in the depleted layer should lead to reduction of evaporation.

Conventionality and schematization of the description of the phenomenon is far from the actual
physical picture of the process, however, it quite convincingly describes the synchronous mechanism of
permanent supply of water in the depleted layer caused by the meteorological factor (wind velocity) [1,4].

At this stage of the study of the problem, we set the goal, according to the verified equation [4]
proposed by us, to carry out a particular calculation of the velocity of the supplied capillary water, taking
into account the aerodynamic pressure (vacuum effect).

For the ideal model of soils, the velocity of water movement in the vertical direction in capillary

fringe can be calculated accordingly by means of the following [3]:

Z VA

P P Y’ 2)
Ly B S
K" h-z h

where Zis an application of the capillary fringe, (m); ¢ - time of capillary rising, (s); 22 - porosity;
n=ZJ h - relative coordinate; Ax - height of capillary rising, (m); K - seepage rate, (m/s).

Z
If we consider that according to the design scheme Z varies from 0 to /Ax and mark, that — =17,
k

which varies from 0 to 1, then we will get:
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velocity of capillary movement will be described by the following equation:
158 G. 30HCLIN3SL LOLIRMBOL YISRMS 8IIB6IMBOL N6LBNDIBN); dSBIFI ROGZO IFIBIEDEHN)

TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



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

25-27 August, 2017

V=ap(n). 4)

The differentiated assessment of the factors determining the vacuum pressure is not possible
without special experimental and theoretical researches. In addition, it is noteworthy that the intensity
of water supply at the certain stage of evaporation process does not depend on the distribution of the

drying zone, although the air conductivity is obviously depending on the capacity of the drying zone.

CONCLUSIONS

Finally we can conclude that the model proposed by us will allow us to quantify the evaporation
intensity in case of permanent supply of capillary flow, which will allow us to establish a productive

water supply in the active layer of soil and thus irrigation mode in a certain interval of time.
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ASSESSMENT OF A CONTEMPORARY STATE OF SALINIZED SOIL
OF THE ALAZANI VALLEY
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Annotation. The article describes the importance of salt soil of the Alazani Valley for agriculture
development — one of the strategic directions of the country;

It provides as well performance indicators of salination of the Alazani soil according to the
experimental observations made between 2005 and 2017 that are compared with existing data;

It has been established that a salination process on the Alazani soil is carried out in an appropriate
manner and there is no threat of secondary salinization.

Key words: salinized soil, soil, salinization.

One of the main directions of agriculture development strategy of Georgia is an increase of
melioration and soil productivity. Based on climatic conditions soil melioration as well as construction,
operation and control of irrigation and drain systems is an important field that should ensure to provide a
necessary background for an intensive and effective agricultural industry.

Georgia is a traditional agrarian country. A significant condition for its social-economic stability is to
provide the population with food products and overcome poverty. The problem has become more crucial
over the recent period.

Agricultural use of salt soils is the most significant agricultural problems that should be paid an
appropriate attention. This problem is important today because the soils mentioned above occupy 18,7% of
the area to be cultivated. In East Georgia salt soils cover 205 thousand ha including the Alazani Valley
(occupying 31 ha) that is distinguished by its heavy clay saline-alkali and low-land alkali soils that are
difficult to cultivate and meliorate. Non-availability of natural drainage turned the part of the Alazani
Valley’s plain into an accumulation zone of a geochemical underground flow running from the Tsivgombori
Mountain that as a result of drastic reduction of flow velocity is accumulated from the tail into in the
transitional zone of a plain and afterwards penetrates through the upper layers of soil. Intensive water
evaporation helps salt to accumulate in the upper layers of soil, i.e. a soil-forming process of meadow
alkaline soil occurs.

Salinized soils are situated on the right bank of the Alazani River as well as on the lori Plateau, the
Gardabani Plateau, the Eldari Valley, and Taribana. Cultivation of meliorated soils as well as desalinization
of highly mineralized ground waters is quite a lengthy process.

Based on the longitudinal research carried out by the Sakhydroecology and the Alazani Probationary-
Melioration Station a full cycle of melioration and cultivation of highly salinized and sodic, sodic-sulfite
alkali soil is elaborated, approved and tested in progress that from 1970 was followed by a large-scale tillage
of salinized deserted areas of East Georgia. Currently, the area of soils meliorated on the Alazani Valley
approximately amounts to 17 thousand ha. [1,2].

Over the years on the areas mentioned above in parallel to soil cultivation, observations and industrial
tests were being made in order to improve the technology of soil prewashing-down cultivation as well as to
make the washing-down process perfect. During the cultivation process of the deserted areas it is very
important to develop methods of irrigation that will ensure a heavy yield and further desalination of soil that
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is implemented under the irrigation washing-down regime (operational washing-down and irrigation
washing-down regime) [3,4].

During this period due to the high volume of work as well as existing condition in the country
attention for the test-drainage segment diminished to some extent. Therefore, from 2005 monitoring
observations were resumed with a more facilitated scheme.

The observations demonstrate that against the background of the existing parameters of the drainage-
collector network and appropriate agro-technical measures, it is possible to intensively cultivate the soils
mentioned above that is proved by the data provided in the tables below (Table #1) where it is clearly shown
that through the years the dynamic of reduction in injurious salts is observed apart from certain exceptions
that cannot make an essential impact on the whole picture of soil rehabilitation.

Table 1. Dynamic of soil-ground desalinization on the Alazani test-drainage segment

Depth Initial content After Years of observations — agricultural cultivation period
in cm of salts washing
1952 down 1954 2005 2007 2009 2011 2013 2015 2017
1 2 3 4 5 6 7 8 9 10
0-25 1.09 0.032 0.240 | 0.180 0.190 0.120 0.140 0.130 0.156
25-50 1.55 0.51 0.400 | 0.240 0.250 0.220 0.240 0.210 0.230
50-75 — — — 0.350 0.340 0.320 0.330 0.300 0.330
75-100 2.19 1.24 1.04 | 0.820 0.800 0.785 0.790 0.760 0.810
cr
0-25 0.097 0.008 0.005 | 0.003 0.004 0.004 0.005 0.006 0.007
25-50 — — — 0.005 0.006 0.005 0.007 0.008 0.009
50-75 — — — 0.004 0.007 0.009 0.010 0.013 0.014
75-100 0.208 0.50 0.14 | 0.008 0.008 0.12 | 0.014 0.15 | 0.025
HCO;
0-25 — - - 0.027 0.032 0.034 0.034 0.50 0.057
25-50 — - - 0.023 0.032 0.040 0.042 0.044 0.045
50-175 — - - 0.025 0.045 0.045 0.047 0.048 0.048
75-100 - - - 0.050 0.060 0.070 0.071 0.080 0.085
SO,
0-25 — — - 0.90 0.95 0.106 0.110 | 0.115 0.128
25-50 — — - 0.101 | 0.103 | 0.107 0.119 | 0.125 0.139
50-175 — - - 0.310 | 0.310 | 0.320 0.350 | 0.380 0.406
75 —-100 — - - 0.500 | 0.515 | 0.520 0.550 | 0.590 0.626

It is also observed a slight increase in solid waste in a 0 — 100cm layer that is caused by the fact that
over the recent period due to the full destruction of the irrigation network an irrigation washing-down regime
does not work. In fact, over the past 10-15 years agricultural plants have not been irrigated. Not only the
water intake collector requires a full repair but the whole irrigation network needs to be reinstalled that due
to the existing situation in the country was placed in junk, and all this as you know requires high finance.
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Annotation. The article contains information about the main biometric characteristics used for quality
estimation of nursery apple plants which are grown in different soil moisture ranges regulated by means of
drip irrigation. The obtained results allow estimating various irrigation schedules and revealing the optimal
ones that can be used for growing one-, two- and three-year old apple trees in nursery gardens of the
Moscow region. Also application potential of differentiated drip irrigation schedule for growing two- and
three-year old apple trees is outlined. The comparative analysis of irrigation schedules recommended for drip
and traditional overhead sprinkler irrigation is provided in the article as well.

Key words: drip irrigation, apple saplings, differentiated irrigation schedule, irrigation dose, planting
stock quality.

INTRODUCTION

Drip irrigation is proved to be one of the most effective water saving and ecological methods of plant
watering.Moreover, such an irrigation system can be fully automated. Proper scheduling of irrigation is
critical for nursery trees since they have no roots when planted [1]. Also irrigation schedule contributes to
production costs and environmental safety when highly-profitable crops are cultivated. Drip irrigation
enables to maintain the optimum soil moisture level in accordance with biological water requirements of an
irrigated crop. However, these requirements vary greatly depending on plant species that is why it is
necessary to do research on each crop in order to find out the optimal soil moisture conditions and to develop
the ideal irrigation regime considering the specific climatic conditions of different areas. So, this article is
devoted to the development of optimal irrigation schedule for apple sapling grown in nurseries of the
Moscow region.

MATERIALS AND METHODS

The field experiment was conducted in the nursery on the territory of the Michurin Garden which
belongs to the Russian State Agrarian University and lasted for 3 years. One of the most popular apple
varieties - BeliyNaliv(which is widely grown in the Moscow region) was chosen as the object of the
research. The soil on the experimental plot is characterized as the one of the sod-podzol type with middle
loam texture on the covering silt. According to the results of agrochemical analyses the soil is well supplied
with nutrients (NPK). The average field capacity (FC) of the plowed layer (0—30 cm) on the experimental
plot amounts to 33 % of absolutely dry soil weight. Fertilizers were applied in all variants at the same rates
in correspondence with the recommendations.

Four different irrigation treatments were used in the experiment, each being repeated three times, and
every repetition included 25 average apple saplings.

Drip irrigation allows maintaining soil moisture in quite a narrow range, thus, the scheme of the
experiment runs as follows:
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1. I variant: soil moisture was maintained within the range 70-90% of FC, which means that watering of
apple saplings started every time when the soil moisture content reduced to 70% of FC and ended up
when it reached 90% of FC;

2. 1II variant: soil moisture was maintained within the range 60—80% of FC;

3. III variant — differentiated: in the 1%year of research — soil moisture was maintained within the range
70-90% of FC, in the 2™ and 3" soil moisture was maintained within the range 60—-80% of FC;

4. 1V variant (check) — without irrigation.

For the field experiment a special drip irrigation system has been designed and installed on the plot in
the nursery garden. The drippers have a self-compensating system guaranteed by a silicon membrane that
minimizes flow rate fluctuations when the working pressure changes. The flow rate of one dripper is 3.8
liters per hour. Besides, as plant roots grew the irrigated soil layer was increased, therefore, during the 1%year
of experiment watering rates were calculated for 0-30 cm layer, during the 2"year — 040 cm., the 3™~ 0-50
cm. Soil moisture content was controlled by means of tensiometers and moisture sensors calibrated on the
basis of data obtained by gravimetric method.

RESULTS AND DISCUSSIONS

The obtained results on drip irrigation schedules were compared to the existing recommendations on
traditional over-tree sprinkler irrigation used for watering saplings in nursery gardens of the Moscow region
(table 1). In order to maintain soil moisture at the predetermined for each variant ranges the volumes of

3
irrigation water applied were the following: I variant — 1665, 1481, 1463 m /ha in the 1%, 2™ and 3™ year of

research correspondingly, II variant — 1362, 731, 748 m3/ha, III variant — 1644, 725 and 741 rn3/ha (table 1).
In the experiment the soil moisture after irrigation did not reach the level of 100% of FC, which helped to
avoid infiltration of irrigation water down the soil profile into the layers underlying the root zone and to
decrease its unproductive losses. So the volumes of water used which were mentioned the above were
regularly applied at low irrigation rates, thus ensuring regular and equable humidification of the root zone.
Irrigation doses increased along with the deepening of the root zone by 10 cm each year (from 30 to 50 cm

3
for the three years of research) and on average amounted to 41, 47, 58 m /ha in the 1%, 2" and 3" year of
research correspondingly. Overhead irrigation is performed by means of much higher irrigation doses 300-

350 m3/ha, in this case water losses through infiltration and evaporation are inevitable and quite significant.
Table 1
Comparative characteristics of different irrigation schedules and
methods used for watering apple saplings

-f-_‘: Drip irrigation o L =
E I variant (70-90 % FC) II variant (60-80 % FC) | III variant differentiated _§ ﬁ -%
s =
§ Year of research § = 2
s st nd rd st nd rd st nd rd C =«'.=
= 1 2 3 1 2 3 1 2 3
Irriga-tion
demand 1500-
nand, 1665 1481 1463 1362 731 748 1644 725 741 2100
m /ha
Average
irriga-tion | 41 49 59 41 46 58 40 45 57 | 300-350
dose,m /ha
Irriga-tion
interval, 2 3 4 3 5 7 2 5 7 20-25
days
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Irrigation intervals varied depending on weather conditions and irrigation schedule, in the I variant it
fluctuated from 2 to 4 days, in the II variant —3 — 7 days, in the III variant — 2 — 7 days, which in its turn also
provides more stable distribution of moisture during the vegetation period compared to overhead sprinkler
irrigation, when irrigation interval is usually 20-25 days. Short irrigation intervals afford better meeting the
biological requirements of young apple trees for water, plants do not suffer from excess of water
immediately after irrigation and the lack of water at the end of irrigation interval.

It is necessary to outline the III variant (differentiated drip irrigation schedule) where savings of water

for two years of research amounted to 777 m3/ha andfor three years — 1500 m3/ha.

As far as one and two year old apple trees cannot bear fruits, it is impossible to evaluate their quality
by measuring the fruit yield, however, it is of greatest importance to use in orchards high-quality planting
stock. The vigor of nursery trees directly depends on such parameters as stem diameter, plants height and
leaf surface area [2]. Due to this fact during the investigation all above mentioned biological parameters
characterizing the aboveground plant development as well as the quantity of appropriate standard planting
stock were measured in order to find out the optimal irrigation schedule.

Table 2 represents information on biometric parameters of planting stock obtained in each variant of
the field experiment.

Table 2
Influence of irrigation schedules on the development and yield of apple planting stock

The number of
standard planting
Variant Plantheight, | Stemdiameter, | Leaf surface area stock Yield, kg/ha
cm cm of one plant, cm2 Thousands
% of plants
per ha

1st year
I variant 135.8 1.78 1448 77 25.9 -
IT variant 115.7 1.63 1181 68 22.9 -
III variant 139.9 1.72 1433 76 25.8 -
IV variant
(check) 100.3 1.30 892 39 13.1 -

2" year
I variant 181.3 2.38 3997 75 253 -
IT variant 156.6 1.91 3145 65 21.9 -
III variant 173.8 2.30 3715 74 24.9 -
IV variant
(check) 146.3 1.55 2899 37 12.1 -

3" year
I variant 215.3 2.91 6033 75 25.3 154.4
IT variant 181.8 2.49 5199 65 21.9 103.
III variant 213.7 2.88 5973 74 24.9 148.2
IV variant 169.3 223 4182 37 125 69.7
(check)

The maximum plant height was recorded when soil moisture was maintained at the level 70-90 %FC:
135.8-139.9 cm (1% year), 181.3 cm (2™ year), 215.3 cm (3™ year). According to the results maximum stem
diameters, which influence afterwards the yield of fruit trees in orchards [3], were also registered in variants
where higher soil moisture range was maintained (I and III): 1.72—1.78 cm, 2.38 and 2.91 cm. The largest
leaf area surface is typical of these variants as well 1433-1448 cm’ 3997 cm’ and 6033 cm’
correspondingly. Moreover, it is important to note the differentiated variant where absolute values of
biological parameters significantly exceeded the ones obtained in II variant setting aside IV (check) variant,
despite reducing available soil moisture on the 2™ year of research to the interval of 60-80% of FC (table 2)
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and were close to the ones obtained in the | variant. Minimal values were registered in the check variant.
Besides, on the 3™ year of research young apple trees started to bear fruits, the maximum number of
fructiferous plants was noted in the I and III variants — 18% and 17% respectively, where the highest yields
were obtained 148.2—-154.4 kg/ha. The check variant without irrigation showed minimal values of these
characteristics. The highest number of one-year old standard planting stock was obtained in well moistened
variants 70-90% of FCand amounted to 25.9 thousand plants per hectare, as for two- and three-year old
apple saplings then the best results were registered in the I and III (differentiated) variants 24.9-25.3
thousand plants per hectare [4].

CONCLUSIONS

These data allows assuming that nursery trees are more demanding to soil water content in the first
year after planting since they do not have developed root system yet and suffer from the lack of available
moisture in the soil. So for growing one-year old nursery trees in the Moscow region the most favourable
wetting conditions are recommended when soil moisture content is maintained within the range 70-90% of
FC.

For obtaining two- and three-year old high quality planting stock the use of differentiated irrigation
schedule is more reasonable, having formed under more intensive soil moistening in the first growing season
young apple trees can grow properly even if the soil water content is reduced in the following seasons. At the
same time such irrigation treatment allows saving resources, declining irrigation water requirements by 757
— 1500 m’/ha.
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Hydraulic engineering and irrigation
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Annotation. In the article is used existing practical filtration calculation methodic for upper tier of
combined drainage, which is located at the water resistant. This type of the drainage may be use for
protection of productive soils from the logging with atmospheric precipitation. For arise affectivity of the
drainage is necessary to conduct measure for arise water permeability at the upper half meter layer of soil.

Key words: fissure drainage, combined drainage, filtration, soil.

INTRODUCTION

A practical task of the drainage amelioration is stating a distance between drains. For this purpose in a
humid zone of European and the former Soviet Union countries, where a main reason of bogged soil is
underground waters, filtration estimation of the regulating network were made considering provision of the
necessary intensity of lowering of the underground water levels. Quite different situation is on The Colchian
Depression. A reason of bogging-up of soils of heavy mechanical composition is plenty, long and intensive
precipitations. So a main goal will be to decrease a period of flooding and water saturation of soil.

Irrigation and exploitation of such soils showed in practice of The Colchian Depression and Europe
that at the time of plenty, long and intensive precipitations only the closed tubular drainage system can’t
create a necessary hydrological regime in soil. The growth of its effective action should be carried out by
making the regulating network more frequent and using closed collectors. Besides from literature sources it
is known that a combined-double-stage drainage systems are being tested in Sweden [1], Norway [2] and
Russia [3], which is recommended for drying heavy clays, but implementation is delayed because of not
having scientifically grounded parameters (the drainage distance between the upper and lower stages and
filtration coefficient of the filling material).

MAIN PART

Combined double-stage drainage was tested on the experimental plot in Khobi region, where clayey
soils of heavy mechanical composition and slight water permeability (with content of 60-80% clay and silt
fraction) are spread. Signs of impermeability in these soils are seen from the depth of 15-20 cm, but from the
depth of 50-80 cm an impermeable layer is started, saturated with attached water (Kf=0,00n m/day) and is
water-resistant to the upper layer.

The main point of double-stage drainage is that right-angled crevices of 10 cm of the width and 60 cm
of the depth are cut at right angle to the closed tubular collectors. (Picture 1). In this picture there is not
shown a depth filter of broken stone of tubular collector, which is arranged up to the bottom of the crevices).
The distance between the crevices is 3 m, which is filled with sand and gravel mix up to 10 cm from the
earth surface in order to provide a hydraulic connection between surface waters and cervices. There was
considered the necessary condition Kg/K=20, where Kg is filtration coefficient of the surrounded clay
ground and Ky - filtration coefficient of the filling material. So we have a combination of drains arranged on
two levels: a lower stage from the ground surface — tubular closed collectors and an upper stage — crevassed
drains with filler.
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Picture 1. Doubled-stage drainage:
1 — crevassed drain; 2 — closed tubular collector (perforated plastic pipe - d>100 mm); 3- a water-permeable
layer; 4 — a weakly water-permeable layer; 5 — water-resistant layer

Taking into account that the closed collectors of the lower stage arranged in the weakly water-
permeable layer are acting factually as closed collectors and the distance between them is 4-6 times more
than the distance between the crevassed drains of the upper stage, it can be admitted that diversion of the
whole excessive water will be done by crevassed drains. Besides the water flow regime in the upper stage
drains must meet the condition of the maximal water diversion, which depends on the possibility of water
permeability of the interface of the upper and lower stage drains. However if the interface node and the depth
filter of the generally closed collector are filled with crushed stone, the filtration coefficient of which is many
times more than that of the sand-gravel mix, in our opinion it is not necessary to take into account the
possibility of water permeability in hydraulic calculations.

Nowadays we don’t have a satisfying method of diversion of waters seeped from the ground surface
while flooding by a regulating network, which would allow us to estimate seepage. But in our case when
surface waters are taken and diverted by the crevassed drains of the upper-stage of the two-stage drainage,
we can use a hydro-mechanical solution of V.V. Vedernikov, which determines the maximum charges of
tubular drains during flooding [4]. After that calculation methods of V.I. Aravin and S.N. Numerov and
calculated formulae were reduced to approximate ones for sufficiently exact practical calculations [5].

From the above reasoning according to the calculation method the corrected specific discharge of each
drain is calculated by formula [5]:

(q I-)dr = H/qb

Where: H — current hydraulic pressure i =t — 0.6a = 0.6 — 0.6 - 0.2 = 0.48m; a — thickness of
the layer to be plowed; [6]

¢b - Filtration resistance, which is calculated by the following formula:

m(w;i)m(@;ijdn(%;l}

) 2] n ()

$ = 0367 log

where K is complete elliptic integral of first-order; A - module of the complete elliptic integral of first-
order; D — drain diameter, which in our case is D=0.56P, where P is a perimeter of the crevassed drain filled
with sand-gravel, D=0.56- 1.2 = 0.672 m; [7] t- crevice deepening from the ground surface (m); T — the
thickness of the water permeable layer (m); sn, cn, dn — Jacob’s elliptic functions, which can be

determined by means of the following expressions: elliptic sinus - Sn(F ,ﬂ.)=sin(p; elliptic cosines -

cn(F ,ﬁ.) = cos @; elliptic delta - dn(F,A)=+/1—A"sin’ ¢ , where F - elliptic integral of first-order; ¢ -
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its amplitude; & — module corner (4 in radians to be turned into # degree); unknown module A can be found

from the following equation: [5]

K 2T
K" £
where K - complete elliptic integral of first-order with an additional module: A" = V1 — A%; { - the

distance between the crevassed drains (m);

1.587(4 - 0.6 — 0.672) J 1.587 - 0.672 1.587 - 0.672

5'”( 1-0.8 10.2)en (. 308 10.2) dn [ 3-0.8 :0.2)
1.587 - 0.672 1.587(4 - 0.6 — 0.672) J (1.58?{4--0.6—[].5?2] ]
(=553 .n.z)m( e 0.2 ) dn = 0.2

= 0.19

@ = 0.367 log

So reduced specific discharge of each drain will be:

(qr)e:=H/gp=0.48/0.19=2.53 m
The specific discharge of each drain:

(@)= K (qr) ¢ m*/reduced=0,05+2,53=0,126m"/day

or 0,126 « ﬂ= 0,0014 1/sec.m.
86400 -

K - Filtration coefficient of soil-ground, m/day;

Finally filtration discharge of drains from 1 ha area or drainage modulus of the drain will be:

10000
QQ =1000/1 (q)q4 I/sec. ha = T *0,0014 =4,7 1/sec. ha

Load upon the drain 4, 7 * 8.64=40.6 mm/day
In case when the crevassed drains of the upper stage are on the water-resistant layer (T' = t), then
filtration resistance ghis calculated by the following formula:
KD KD
en (gg2) dn (47 2)

Asn %,}L)

¢ = 0,7331log

Designations and calculation way are the same as above. Therefore

on (1.57:;:3. ;jﬂf?z’ IZI.IZI??) dn (1.513. -ﬂl]éﬁ?z ,ﬂ_u??)
¢ = 0,733 log - - = 0.24
’ 1.573-0.672
0.997sn (=25 2—,0.077)
The reduced specific discharge of each drain will be:
H 048
r =—=—-=220m
(gr) 4r 4 024
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The specific discharge of each drain:
(9)¢= K (qr) m*/day=0,05¢2.0=0,1 m*/day

r0,1 e ﬂ= 0,0012 I/sec. m
86400 -

The filtration discharge of drains from 1 ha area:

QQ =1000/1(q) 4 I/sec. ha. = 10000

0,0012 =4 1/sec. ha.

Load upon the drain 4,0 * 8.64=34.6 mm/day.

In the central part of the Colchian Depression the amount of precipitations per day in any season of the
year is often 500 mm. As it is seen modulus of drainage flow, depending on whether crevices are located on
the water-resistant layer or not, is in the range of 4.7-47 I/sec. ha, which is acceptable and quite real in the
conditions of the Colchian Depression opposite to the former norm of 0.65-1.07 I/sec. ha [8]. Apart from this
the regulating network of the existed parameters is able to move off 40.6 — 34.6 mm/day or 81.2% or 69.2%
precipitations off the earth surface.

CONCLUSION

The usage of double-stage drainage on the heavy soils of the Colchian Depression has its certain
perspectives, as compared to the other traditional systems along with the reliability it also allows to manage
the water-air regime flexibly and effectively considering peculiarities of climate conditions existed in soil-
grounds.
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Hydraulic engineering and irrigation

ANALYSIS OF FORMULAS FOR CALCULATING SILT-CARRYING CAPACITY
IN MAINTENANCE SEDIMENT BALANCE ALONG THE LENGTH OF THE
MOVEMENT

H. Tokmajyanl), A. Baljyanl), Y. Yeroyanz), D. Kamalyanl)

D Shushi University of Technology
Shushi, AshotBekor 4, Republic of Artsakh
? “Paskal” LLC
Armenakyan 125, Yerevan, Republic of Armenia
E-mail: jhhinst@mail.ru

Annotation. Qualitative analysis and comparison of many more or less well-known formulas by silt-
carrying capacity definition of the thread held indirectly - on the background of sediment balance.

Consistency of silt-carrying capacity of the flow or sediment balance is quite acceptable concept,
widely used in solving different tasks on thesediment movement, including the bridge hydraulics. It gives the
opportunity to conduct a qualitative evaluation of existing formulas and establish the relationship between
hydraulic parameters oftwo reaches of the channel. Moreover, one of the sections has known
characteristicsand the parameters of the second are sought for.

Key words: silt-carrying capacity, sediment, flood, flow, parameter.

INTRODUCTION

While task solving of channel process related to a sediment balance are mainlypermittedthree
inaccuracies:

- first, the flood of solid matter or silt-carryingcapacity of the flow uses the dependence of a large number
of existing recommendations. Meanwhile, none of the existing formulas for calculating the amount of
alluviums with a hint of shortcomings. Naturally, all shortcomings of this formula are automatically
transferred to the new development;

- secondly, when using the sediment balance mainly are discussed channels with a rectangular cross
section which allows to establish a simple connection between depth and width of the stream instead
ofmore general connectionbetween the areaof passage and wetted perimeter;

- thirdly, in the preparation of sediment balance in the quality of the channel reach, where the flow
parameters are known, taken that onewhich is directly before the section of the channel, for which
areacceptedthe decisions.This approach is inappropriate, especially for watercourses of a mountain and
foothill areas, as is taken as the initial section of the stream often moves with ultimate fullness of
aggradations.

OBJECTIVE OF THIS WORK

Based on that was madean attempt toconsider more deeply those conditions, which are subject to the
constancy of the marginal silt-carrying or transporting capacity. Thus, the results of analysis of formulas for
the calculation of solid discharge and flow concentration (covering the diversity of the movement of
sediment) allowed establishing a generalized relationship between the parameters of the water cross- section
[1, 2]. The performed researches sufficiently simplify different tasks on the movement of sediment and
debris flows greatly increasing the reliability of the final calculations.

It is known that the longitudinal gradient on the piedmont and especially mountain streams decreases
quite sharply. And each section of the channel, depending on slope and other characteristics corresponds to a
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certain value of marginal silt-carrying (transporting) capacity of S. In this case the calculated concentration
of the Ppflow corresponds to its Opbed formation flow rate and has a specific value which is setwell-known
hydrological calculations. Hence the obvious conclusion that transporting capacity on any section of the
channel with sufficient accuracy corresponds to an estimated concentration of flow. In other words, at this
point the stream will move with marginalsilt-carryingcapacity [2]. All parameters of this section hereinafter
referred to as “marginal” denoted with*“zero” index.

ThenP, =S, (D

The values of these parameters (slope iy, transporting capacity So, cross-sectional wet aread, and
others) play a critical role in the assessment and analysis of the state of motion silt-carrying capacity along
the length of the watercourse and, therefore, establishing the type of natural stream bed, the hydraulic
calculation of structures, etc.

Having considered silt-carrying capacityit is easy to see that the upper slopes, concerning
marginalandreaches of the channel more than the slope i,, and the bottom slopes— less i,.

Choosing the “ultimate section” as the reference, we denote by iy, iy, ..., ip,, upper slopes of them,
and after iy, iy, ..., iy, the lower slopes of the river channel (Fig. 1). For the transportingcapacity of the
flow, respectively, will have Sy, Sy, ..., Sy, and Sy;, Sua, -..r Sun

Keeping in mind that the calculated concentration of Ppflow at “marginal areais equal to its carrying
capacity S,, it can be concluded that the magnitude of the limiting silt-carrying capacityof the upper sections
of the river channel is more than the calculated concentration S,, 1.e.

Sb.1, Sb.25 +es Spn> So. ()
For the lower reaches have the inequality
SH.1» SH2s > SHA< So- 3)

Specified gives reason to the following conditions ofsilt-carrying capacity along the entirewatercourse
length:

e upper level movement occurs with concentration of Pp, with less transporting capacity S;,
(n=1,2,3,...);

e movement to “marginal land” comes with a transportingcapacity;

e lower level movementin reaches occurswith concentrationPp, with more transporting capacity of flow
Syn(m=1,23,...).

These considerations lead to the obvious conclusion that on the basis of the values i, and S, are
possible to establish two well-known types of natural streambed at the entire watercourse length: the transit
zone (upper plots) and sediment zone (lower areas) (Fig. 1).

Over time, with increasing of the predictedconcentration, “marginal land” moves up, and
withdecreasing down. A gradual increase in the length of the transition zone occurs at a constant value Pp,
because of the accumulation of sediments at the initial parts of the zone of the deposits, their grades and,
consequently, transportinf capacity will increase.

In the channel construction of hydraulic structures on the appropriate locations of watercourses,
disturbed the balance of natural channel process, so that near the target structures excited intense channel-
forming loads of the phenomenon.Herewith, depending on the purpose of the structure and characteristics of
flow, sediment, and river channels, in some cases, starts to develop a run of river erosion, in others, the
sediment deposition (Fig. 1). After some time, reaching a certain level of development, these unsteady
phenomena are fading, and the channel in this area takes on a new, almost stable shape of the longitudinal
profile and plan. In most cases, under the new conditions the flow is uneven. Further received stream
sediment transit pass through this area, i.e. the observed constancy silt-carrying capacity of flow (balance of
sediments).
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Fig. 1 Longitudinal profile of the stream diversion channel
1-mudflowcheck dam, 2 -stabilizedsurface deposition aggradation

A similar conclusion can come on the basis of known Exner-Velikanov continuity equation [3], which

in the general case (non-stationary channel process), is as follows:

oA, 00,

ot  0x

where Qris the sediment discharge in the flow, M’/s; 4 — the cross-sectional wet area of the flowing channel
A=Z b, m*; Z is the height of wash away area. Obviously, at the completion of stream diversion channel and
achievement of the stabilization period, longitudinal profile and transverse dimensions of the channel are the
same, therefore 0A /ot =0. Then, according to equation (4), we get:

P = const . (5)

Therefore, solid flow rate (or silt-carrying capacity of the flow) and the length of the artificial channel
are not changed.

From the above we can conclude thatthe diversion stream channel processassociated with the
establishment of waterworks, originate such run-of-river conditions, which provide transit silt-carryingflow
with the concentration of Ppthrough this area. All parameters here are denoted without an index. It is obvious
that the entire length of this plot the flow, similar to the “ultimate site” is subject to the condition

=0, (4)

S=P,. ©)

Taking into account specified for mountain streams the condition of a constant silt-carrying capacity
(balance of sediments) is the equation

S=S5,, (7

where S, is the transporting capacity of the stream to “marginal area” with a slope i,.

Equation (7) is valid for any location of the structurein relation to “marginal area”.

The sediment balance is often used in solutions of various tasks on aggravation motion, in particular,
the hydraulic calculation of bridges, mudflow transporting channels and trays, mudflow check dams, etc. In
this case equation (7) enables to establish the relationship between the hydraulic parameters of the cross

section of two sections of the river channel: “ultimate” and the newly formed (accordingly 4,, %, and 4 ),

using existing expressions for calculating the carrying capacity or solid flow.

There are many recommendations to determine silt - carrying capacity of the stream, which is
analyzed in detail in the works of M.A.Velikanov [3], P.O. Baljyan [4]. From the analysis of these works it is
possible to draw the following conclusion: none of the recommendations does not cover all the diversity of
forms of movement sediment in lessor more saturatedflow, in deformable and rigid channels. Based on the
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above and given the diversity of existing methods for calculation of the amount of sediment, an attempt is
made to reveal functional dependence:

% =1(A A %) (8)
Number of formulae can be reduced to the expression (9) [5]
3
C’Rp'W
this can be represented in the form:
Vi
S = const l, , (10)

W-p
Show the transformation that allows conducting the comparative analysis. Given the Chezy formula
replacing the hydraulic gradient, we get:

3
S=const —————— . (11)
C-R-p'W
Using condition (7) can be written:
vy ’
= IZ/ : (12)
C;-R, C°-R
We introduce dimensionless quantities:
= b - h — A _ = R V 1 _ n = C
b :_;h:_;A:_;X :L;R:_,-V:_::;n:_;c =— etc.
b, h, Ag %o R, Vo A n, Co
Thus, for example, for rectangular channel we have:
—  b-h _
A= =B, -b-h, (13)
b, -h,
_ b+2h - -
7 = _bi2h P (14)
b, +2h, By +2
where 3, =b, /h,is known as hydraulic ratio.
Equation (12) using the dimensionless quantities, is to mind:
73
— 1, 15
i (15)

Replacing the dimensionless flow rate ¥ and hydraulic radius R to the cross-sectional wet area and

wet perimeter% ,and determining the ratio Chezy's Manning, will receive:
4 13
ntyh — A5, (16)

Under © =N, (i.e. n =1), according to the expression (16) we get the dependence of X and A for

“marginal” and the newly formed areas in the form of:
VA

1
7=A4 . 17
A under C=C,and taking into account (2.23), we have:
y=A4"
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Similarly, with the use of a number of expressions for calculating the valuesS u Qor all kinds of
possibleconditions offlood

(silt-carrying capacity) was received on the appropriate balance between anddiffering from other
values for the exponent under A .

In cases where”? # Hyand C #C,, the findings are used well-known expressions of Shtrickler

Chang, nandigama speeds and others. Some results of these processing are presented in table 1.

The designationsare standardized in the formulas of various authors. At the same time those values
whichdo not change in the considered conditions (the value of g, the density of the sediment and flow,
solidfall diameter, etc.) included in the concept of “cons?”.

Based on the analysis of theproceeding resultswe can conclude that despite the specificexpressions by
definition of silt-carrying capacity (for suspendedload and bed silt, water and debris flows, hydraulic
transport), as well as at the existing discrepancies between the results of calculations by these expressions
(sometimes in several times), they are generalizing based on [2].

x=A% (19)

In this expression the value of the exponent a represents a formula for calculation of silt-carrying
capacityor the flow of sediment.Thus, despite the large quantitative discrepancy between the
recommendations for calculation S or Qr, the confidence range of the exponent « varies in the range from 2.5
to 4.5. This shows that the existing guidelines for determining of silt-carrying capacity significantly differ
from each otherin quantitative as well asin qualitative characteristics.

s Tablel
Research results-finding functions 7 = f{A
Ne Formulae Nota bene Transition | Ne Formulae Nota bene Transition
n/n 71=flX). n/n 1=fA)
1. c=C, =_ At E) C=C, =_7A3
| M.A. Velilanovand its g=f [ M. A Mostiow S
2 analozes =ny 7= I:.:f 10. b n=my 7= 1..‘
= stV i ) - 13 S — st 1 -
3. S=const.Vi n:d’{ __|E con Y n:d’-{ ~
g8 T=A" A T=A
d= v ) d= N2se
R% R4
4. IV. Eziazarov d=dy 7= A 12 A Shoklich n=ny
-/ =200 d=d, oy v
R-174 =R L=
= S =const % 3 q—Qqy b }( /
2 Y ) 2. gr =const—=="h-1" b
nx=d 7= A Ad nx=d : 7=A*
d= ) 58 = N> s
L% R ¥
6. A V. Karaushev =1 4. V.G.Sanovan o.p o \2
- 7 - P~ _=_: -;.'“—S'S ——— f '_=_4
S = const——T h=R 1=4 o (1+K,S)8 | P: : A-.\\V J x=A
noe 7 W‘S, d’= Cmstv—. i
% =1 V-i
7 vV z '5_ - 3 15. 3 = ~ 343
7. . $.Knoro 45 \/7( 7=2A author c=C, 7 =A%
5 ViV-v,) = —— 5 (v e 3 —
" Gr=const s 1-\/\. =1] 7=A"" [™] S=cons| —| = & i o
R E d 2 2 \ - / A}’S/ -d- =1
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The proposed dependence (19) is applicable to all types of movement of sediment and shapes of
channel cross sections, provided that there is consistency silt-carrying capacity of the flow. Passing to
dimensional quantities, the expression (19) writes in the form:

X AY
Lo = (20)
Xo (Aoj

Here it is necessary to agree the cross-sectional wet area A4, and the wetted perimeter, of “marginal
land” with a slope of i, It is obvious that without setting their values does not make sense to talk about the
use of dependencies (19) or (20).

The calculation of their values for the given values of flow rate Q, the slope of the marginal section of
the channel i, etc. is carried out according to the method of calculation riverbeds and channels, as described
in Chapter 6. Meanwhile, the value of i, is determined and by calculation according to the expression (13)
(the inverse problem), and on the basis of surveys, as the slope of the plot above which is located a transit
zone and lower are zone deposits. Naturally, it is better both ways with the aim of obtaining reliable values
for the slope of the i,. Both methods, naturally, are reliable for obtaining reliable values for the slope of the

iy

For channels of rectangular shape generalized dependence (19) using expressions (13) and (14), is to

H2ia] B _(5.5
h[}_1+2]B0+2_(b h-B, ). 1)

mind

After obvious transformations and defining

A

M:(&.—Bl_'_zj , (22)
Bi PBo+2

where 3, =b/h =b/h, will get

M

h=—
Bo 'Bl_%

(23)

Practically, acceptable values of the ratios f, and g, are easy show that the cup product in brackets

and even more the value of Mis sufficiently close to identity.

1
TS VN
Bo ‘b A
Taking into account of practical calculations for channels with a rectangular cross section instead of
independence(19) we can use (23) or (24).In confirmation of the saying consider the following example:

Then h = (24)

substituting 1/a,, =1/3and M=1, according to the expression (23) we have:

_ 1
Bo B%

Substituting the value of f,the ratio of b, /hy, and the dimensionless h andb to the dimensional, get

%
h= ho(ﬁ] | 26)

h= (25)

b
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This dependence is well known in bridge hydraulics as a fairly reliable formula for calculating the
depth of erosion under-bridge bed [6].

CONCLUSIONS

Based on the foregoing, it can be concluded that since none of the existing expressions for calculating
silt-carrying capacity does not encompass the full rangeof sediment movements, for the solution of many
practical problems, which observed the constancy of the carrying capacity, it is advisable to use a
generalized relationship (19) or (24) with different values of the exponent and its confidence interval (2.5 to
4.5). As a final calculation result is necessary tochoose the most unfavorable. This approach will allow to
avoid errors related to the use of one particular expression.

The research was performed under scientific theme 11-30/15TSCSRA.
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SOME ISSUES OF CORRELATION BETWEEN TECTO-SEISMOGENIC
LANDSLIDE-GRAVITATIONAL PHENOMENA AND EARTHQUAKES
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!_ LEPL National Environmental Agency, Department of Geology
Ave. D. Aghmashenebeli 50, 0112, Thilisi, Georgia
? _ Ivane Javakhishvili Thilisi State University, Vakhushti Bagrationi Institute of Geography
St. M. Tamarashvili 6, 11 floor, Thilisi, Georgia
E-mail: emiltsereteli@gmail.com, gaprindashvili.george@gmail.com

Annotation. Despite the large flow of information in the field of geomorphology, so far insufficient
attention has been paid to the role of the earthquake as a relief-forming factor, and use of geomorphological
methods in seismology, especially large landslide-gravity phenomena in established tectonic disturbances
and regional distribution areas for strong earthquakes. Meanwhile, the study of tecto-seismo-gravitational
formations at the proper level and the establishment of areas of their geographical distribution gives
significant information about the possibility of earthquakes in those territories where data on earthquakes are
still not available.

On the territory of Georgia, tecto-seismogenic landslide-gravity phenomena, which are directly related
to earthquakes, there are more than one thousand. By the time of their formation, they are conventionally
divided into three categories: 1. Geological period (i.e Pleistocene); 2. Holocene-Historical and 3. Modern
(Last 300 years).

Key words: Landslide, Geomorphology, Earthquake, Tectonics, Relief.

In today's understanding of Earth Science does not represent a new conceptual idea that modern
tectonic movements in the young wrinkle mountain system occupy the leading position in the formation of
relief and its geodynamic condition.

The Caucasus-Pontide Region is, first of all, the qualitative and quantitative transformation of alpine
relief, the establishment of a new tectonic regime, the formation of basic morphological structures and the
formation of hypsometric and barometric zones. At the same time begins to regenerate major tectonic
disorders (especially prealpine deep faults) and new ones, mainly surface transverse disorders, faults, strokes
and seismic dislocations. All this has led to the dismantling of large geo-structural units into separate lodges
and karst-horst "mosaic" structures. All this led to the sharp increase of relief energy relief, formation of
geophysical fields, activation of seismic processes and subareal volcanoes.

It is estimated that the speed of vertical movements in Caucasus Mountains in anthropogenic was 4-5
times higher than the average maximum speed of the whole neotectonic stage. Accordingly, the maximum
amplitude in the central Caucasus segment comprises maximum amplitude of 4-5 km, and in the Lesser
Caucasus - 3.0-3.5 km. At the same time, rates of the phase are significantly increased in the third -
anthropogenic stage (the age of which is academic O. Milevsky defines 0.5 min time), the Caucasus is
estimated to be 1.0 km, and the Lesser Caucasus is determined by the first hundred meters. The maximum
depth of the most recent sinks is in the Edge tub area: 2.5km in Kuban segment, 3.0-4.0km Tersk, 3.0km -
Rioni, Mtkvari - 6.0-7.0km, and the Apsheron-Kobistan Pericline zone - 5.0-7.0km. These rates of vertical
movements led to the block-break dislocation in the morphological structures of mountainous structures and
the same stratigraphic block at different levels with different tectonic modes. In spite of the intense energy of
deep erosion, the movements of the motion structures exceed the depths of rivers. Often the boundaries of

G. 306GHLIRS3SL LOLIRMBOL VISR FIIHEIMBOL OBLGNBIBO; doGIFML RdG3OL IZMGIEBE0 177
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



897 bSIFNSTOGOE) b5IIG6VIGI-BIT6EV3 TG0 36 BIGIEGNS “NISR0)S 3IIG6IMIOL, dS@HIFML
RdG3OL, S&INBIIGIGOLS RS 3FI6I3RMI0L 0)5653IRGM3I 3G (MIRIFIBN”

25-27 5638068509, 2017 V.

the boundary blocks and the different directions of movement are accompanied by live gaps that are
accompanied by a gravity or compressive collapse that was subsequently filled with powerful alluvial-
lacustrine-glacial sediments. Many geo-morphological discrepancies of this kind are set in the waters of the
main rivers of the Caucasus - Tergi, Baksani, Teberda, Adjaristskali and Chorokhi (Turkey) basins (2). The
uneven blockade, morpo-structures is morphologically defined by the depth of the river gorges, with the
inclination of the bottom of the valley with the alluvial sedimentary factions and power. Frequently river
gorges are a step in hard rocks, rather than a nearby neighborhood, with more concrete rocks built into
erosion processes. This type of morphological nature of the same valley logically answers logically that there
is a "live" disorder in the neighborhoods in the same river valley, though it is often not geologically
inhospitable. Similar tectonic disorders include relief micro-props (slopes and terraced surfaces of the same
age, flats, valves, waterfalls, landslide-rock avalanche events), and also indicate that we deal with micro-
tectonic surface deformations. The modern seismic activity is most frequently seen in these tectonic
disorders.

Although geo-morphological science has accumulated significant information on endogenous
communication between tectonics and relief, there is still little attention to the role of earthquakes as a relief
factor, and the use of geo-morphological methods in seismology. In this respect, it is especially important to
assess the large-scale landslide-gravitational phenomena and their correlation between tectonic disorders and
the possible spread of earthquakes in spatial areas in the context of relevant geological environment. Also,
the effects of seismogenic factors are not yet fully understood in the formation of waste of gravitational
d