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“MODERN PROBLEMS OF WATER MANAGEMENT,
ENVIRONMENTAL PROTECTION, ARCHITECTURE

AND CONSTRUCTION”

25 -27 JULY, 2021, Thilisi, Georgia

CONFERENCES DATE PLACE (LOCATION)
I 18-22 August, 2010 Qobuleti, GEORGIA
I 24-31 July, 2012 Qobuleti, GEORGIA
i 29 July — 4 August, 2013 Thilisi — Borjomi, GEORGIA
v 27 — 30 September, 2014 Thilisi, GEORGIA
\Y 16 — 19 July, 2015 Thilisi, GEORGIA
Vi 22-25 September, 2016 Thilisi — Telavi, GEORGIA
VII 25-27 August, 2017 Thilisi, Georgia
VIl 1-5 November, 2018 Thilisi, Georgia
X 25— 27 July, 2019 Thilisi, Georgia

Scientific directions of the Conference

Water management;

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

Safety and risk of hydraulic structures;
Construction and architecture;

Earth sciences.
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IO6ueit

IOBUJIEN AKAJEMUKA IOTHE MUPIIXYJIABA — 100

Cpean 3acnyXeHHbIX YYeHbIX CTpaHbl, KOTOpble BO3BENU AOCTUXKEHUS TPY3UHCKMX
YYEHbIX A0 MUPOBOrO YpPOBHs, 0coboe MeCcTO 3aHMmaeT akagemuk HaumoHanbHoM
akagemuun Hayk [pysun, ['pysmHcKkon n Poccuickon akageMuin cenbCKOXO3SMCTBEHHbIX
Hayk, npe3ngeHT HauumoHanbHon akagemumn dasuc, GbiBLMN AnpekTop MHCTUTyTa
BOOHOrO  XO3AWCTBa, MNpeacefaTenb Yy4yeHoro coBeTta WHcTuTyta, obnagatenb
MHOIOYUCIIEHHbIX rOCYAapCTBEHHbIX Harpaa, akagemuk LlotHe Mupuxynasa.

HeoueHum Bknag r-Ha LloTHe B pasBuTME M COBEpPLUEHCTBOBAHWE YNpaBreHuUs
BOOHBIMW  pecypcamMm W  OKpyXalollehn Ccpeaon, rmapasnuky, rmapomenuopauum,
HaOEeXHOCTU, pUCKa M APYrMX CMEXHbIX HayK. BaxHoe HayyHoe Hacnegme, KOTOpoe OH
ocTaBun aton obnactu, ewe Aonro dyaeT CNyxXuTb ero pogHomy WHCTUTYTY BOAHOrO
XO34MCTBa U rPY3NHCKOMN HayKe.

-1 UoTHe Mupuxynasa poguncsa B r. B MNoTtu 25 viona 1920 roga. MNocne cmeptn
oTua - r-Ha EBreHusi, oH B paHHeM Bo3pacTe Hadan paboTaTb, YTOObI cogep)kaTb CBOHO
MaTtb - Mapuam Keupksenuda. [-H LloTHe ycnewHo 3akoHyun [MapomennopaTuBHbIN
TexHukyMm B [1loTM U B TOM e rogy caan BCTYNUTENbHble 3K3aMeHbl Ha MHXEHepHO-
CTpOUTENbHbIN hakynbTeT [PY3UHCKOro NOSIMTEXHUYECKOrO MHCTUTYTA, KOTOPbIN 3aKaH4un
3a 3 roga BMECTO MOJI0XKEHHbIX 5 ner.

C 1956 roga r-H LoTHe no wHuumatmee ObiBwero Aauvpektopa WHcTUTyTa
rMOpOTEXHUKM U Menuopauun npodeccopa Mwuxauna [larowmase Hadan paboTtaTb B
PY3MHCKOM MHCTUTYTE BOOHOrMO X03AKUCTBA. fABNAACL OeCCMeHHbIM pykoBoAUTENEM
WHctutyTa, ¢ 1968 no 2005 rog oH (B TedeHun 37 neT) OH BHEC CyLEeCTBEHHbIN BKNaj B
NoBbILLUEHME €ro MexayHapogHOro aBTopuTeTa.

YaomBuTenbHbiM SBRSieTCA TOT akT, 4YTO OH YCMewHO WCMOonb3oBan Mogenu
MEeXaHUWKWN, KOTOpble OH Co3arn v BHeapun B MeauunHy, npeanaras cpeactsa npoasieHuns
4YenioBEeYECKON XWU3HKU, KOoTopble Habpanu 6onee 600 000 mMpocMOTpoOB B couManbHbIX
ceTsax, ocobeHHO YkpauHbl. B VIHTepHeTe gaxe ectb dpasa: «Mwupuxynasa - 3TO TOT
YyenioBek, KOTOpbIM 3PdEKTUBHO paboTaeT, kKak B pelleHun npobnem, CBSA3aHHbIX C
BOOHbIM XO35IMCTBOM, Tak W npobrnemamun npoasfieBaHus YenoBeYeCKON >KU3HU B
MeauumHe». NpuMmeHeHne 3Toro oeHOMeHa B CBOEW NMOBCEAHEBHOW XMU3HU Takke UMEeno
MECTO B nMPEeOoAoSsieHMM TPYOHOCTEMW, CBHA3AHHbIX C CYLECTBYOWNMU  BbITOBBIMU
OTHOLLEHUAMMN.

Mocne okoH4yaHus [lonuTexHudeckoro wuHcTUTyTa Yy LloTHe EBreHbeBuya
chopMMpPOBaAnNMCb KavyecTBa YYeHOro, KOTopble MOHagobunuce emy npu nocnegylowen
aeaTenbHOCTM Ha obbekTe «Ipy3HedTby» B [legonnucukaponckoM panoHe. C nepBbixX Xe
AHen paboTbl OH BbLIMOSMHAN HE TOMbKO MOPYYEHHYD eMy paboTy, HO 4acTo, ecnu
BO3HMKana HeobxogmMMocCTb, OH 3aMeHsAn npocTtoro paboyero. Mo3TOMy B KOSMEKTUBE OH
nonb3oBasnca yBaxeHMem K nwboBblo. Ero camooTBepXeHHOCTb He ocTanacb
He3aMe4yeHHOM pyKoBOACTBOM «[ py3HedTb», U BCkope OH Obin nepeBefeH B rOMIOBHOWM
ocduc B TGUNUCK Ha JOMKHOCTb rMaBHOMO MHXeHepa Tpecta (1942-1953).
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-1 LloTHe onybnukoBan 6onee 600 ctaTen B BbICOKOPEUTUMHIOBBIX MEXAYHAPOLHbIX
HayYHbIX >XypHanax, B TOM u4ucne 26 wmoHorpadpun. MoHorpadua «HagexHocTb
rMOapoMenMopaTMBHbBIX COOpPYXeHn» Obina nepesefeHa Ha aHrnunckmin a3bik B CLUA B
1974 r. n onybnukoBaHa nsgatenocteom «Becklem Publishing» B Hnaepnangax.

YoveButenbHa ero  CrnocobHOCTb  M3yyaTb, aHanu3uposatb W  OLEHMBaTb
KonoccarnbHoe KONMMYeCTBO NUTepaTypHbIX MCTOYHWKOB, MUCMOSIb30BaHHbLIX B paboTe r-Ha
LloTHe, KOTOpPYyO OH BbLINOSIHAN CO CBOEN OObLIYHOM 3PPEKTUBHOCTLIO, TOYHOCTBIO U
LeneycTpemMrieHHocTblo. 34echk cnefyeTt ynoMsiHyTb YMEHUE LMTMpoBaTh Npou3BeadeHuUs
He TONbKO M3 Hay4HbIX, HO U U3 XyOOXeCTBeHHOW nutepatypsbl. Npu nogbope uutaTt y
yuTaTtens MOrno CMOXUTbCA BnevaTtiieHne, YTo TO UM MHOE BbICKa3blBaHWE M3BECTHbIX
nucaTenen M No3ToB MOCBSILLEHO paccMaTpMBaeMbiM HaydHbIM Bonpocam. B atom nerko
ybeantbca, npocMoTpeB MoHorpadum r-Ha LloTHe, KoTopble npeanaratoTca Ansg peLleHns
BOMpPOCOB B 3TOM obnacTtu, Takmx Kak «HagexHoCTb rmapoMennopaTMBHbIX COOPY>KEHUNY,
«OnacHOCTM 1 PUCKM Ha HEKOTOPBIX BOAHbIX U APYIMX cUCTEMax» u ap.

ABTOp HOpPMaTUBHbLIX OOKYMEHTOB roCydapCTBEHHOro 3HayeHusi - «OnpeaenexHue
AOMNYCTUMbIX  Hepa3MblBalLWMX CKOPOCTEM BOAOTOKA AN MNOYB U TPYHTOBY,
«OpurnHanbHas meToguka pacyeTa HadeXHOCTU U pUcCKa WHXEHEPHbIX COOPY>KEHUN»
nonyyYnnn MUPOBOE MpPU3HAHME W3BECTHbLIX CheuuanucToB. Takas oueHka pabor,
onyGnMKoBaHHbIX akagemMukom LlIoTHe, siBMnacb NpeanocCbiikoOM K TOMY, YTO YYeHbIN
nonb3oBancss Npu3HaHHbIM aBTOPUTETOM U YBaXXEHMEM He TOSMbKO cpean CBOUX
COOTEYECTBEHHUKOB, HO W cpeau 3apybexHbIX Komner, 4YTo MNoATBepX4anocb ero
eavHornacHeiM  n3bpaHMem B uneH-koppecnoHaeHTom  Poccurickon — akagemuu
CENbCKOXO3SNCTBEHHbIX HayK, a No3xe - B AENCTBUTENbHbIM YfieHOM. B TeyeHne mMHormx
net oH 6bin BeccMeHHbIM npeacedateneMm MOCTOSSHHONW KOMMUCUMM MO YNpaBreHuIo
BOAHbIMW pecypcamun npu Komutete no Hayke n TexHuke. bonee Toro: r-H LloTHe BNNoTh
Ao cesoen cmepTtn 6bin npefcenatenem MexagyHapooHOW accounaumm rmgpasinyeckmnx
nccnegosaHnn, MexagyHapogHOro KkKommteTa no vppurauum u gpeHaxy. lNapannensHo ¢
Hay4YHo-uccnegoBatenbckon paboTon r-H LljoTHe B TedeHne 50 neT BEN negarornyeckyto
AeaTenbHocTb B [onutexHndeckom MHCTUTYTE py3nn, Ha dpakynbTeTe ropHON reosornu.
Mog ero pykoBoACcTBOM 3awuieHo okorno 100 kaHAMOAaTCKMX N OOKTOPCKUX auccepTaumm
Kak B 'py3un, Tak 1 3a pybexom.

Akagemuk LloTHe MupuxynaBa - 3acrnyXeHHbln gesatens Hayku [pysun ¢ 1970 roga,
a ¢ 1973 roga - 4encTBUTENbHBIN YneH AKaaeMnn cenbCKOX03sIMCTBEHHbIX Hayk CCCP. C
1993 r. L. MupuxynaBa aBnsetca OeNCTBUTENbHbIM YrieHOM HaumoHanbHOW akagemun
Hayk [py3uun, a Takke sBnsetca npesangeHTom Akagemun «Pasmc» Ha 0OLLEeCTBEHHbIX
Hadanax. Akagemuk L. MwupuxynaBa HeogHOKpaTHO u3bupanca AupekTopoMm
MexXayHapoaHbIX CMMNO31yMoB, ceMuHapos (B Mpare, Mapuxe, Hbto-Nopke, Tokno v ap.).
B 1967 rogy B kadectBe oakcnepta OOH oH pykoBogun cemuHapom OOH no
npeaoTBpaLLeHNIO HABOAHEHWI 1 3PO3UN, B KOTOPOM NPUHANN y4acTue 35 cTpaH mupa.

FocnogunH LloTHe oTnuyanca HeobbldanHbiM Tpygontobuem n tpeboBan Toro xe ot
Hac - GbIBLUMX acnuMpaHToB M Mnagwwmx konner. [-H LlotHe Mwupuxynasa, KOTopbii 1 B
nocrnegHue rogbl XU3HW akTUBHO 3aHMMarncsa Hay4yHon paboTon, NOA ero pykoBOACTBOM
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Oblnn  paspaboTaHbl 2 T[PaHTOBbLIX MNpPoOekTa HauuoHanbHOrO Hay4yHoro doHAa.
CoBmecTHbIM peweHem HOHECKO wu HauuoHanbHoOm akagemun Hayk [pysum OH
HarpaxaeH 2005 r. ¢ cooTBeTCTByKOLWEN Medanblo. Takke 3acnyxuBaeT BHUMaHUSA
paspaboTka MexgyHapogHoro rpaHtoBckoro npoekta (TA-MOU-01-CA15-011 -
«MccnegoBaHne NpoTUBOIPO3MOHHBIX MEPONPUATUIA B BUAE BETUBEPA U OPYrNX MOYBO-
ceneygepxumBawwmx 6Gapbepos "2002-2007 rr.) kKoTtopoe 60no0 pekoMeHOoBaHO
areHTcTBoM MexayHapogHoro pa3sutna CLUA (USAID), npoekT 6bin npodmHaHCcMpoBaH
HauunoHnanbHon akagemuen Hayk CLUA, a coucnonHutenb npoekta - MHCTUTYT OXxpaHsbl
NnoYBbl U OKpyXatLen cpebl N3pannbckoro BorkaHckoro LleHTpa.

PeweHnem YdyeHoro coseTa WHcCTUTYyTa BOAOHOrO Xxo03AMctBa [ py3nHCKOro
TexHuveckoro yHmBepcuteta (I'TY) ot 8 asrycta 2014 roga Hay4HbIMU-COTPYOHUKaAMMU
WHCTUTYTa, NOCTaHOBIMEHNEM akagemunveckoro coseTa I'TY oT 22 ceHTsabpsa 2014 r. Ne
1263, cornacoBaHHbIM ¢ MuHUCcTepcTBOM obpasoBaHuna u Hayku py3un 10 gekabpa 2014
r., UHCTUTYTY NPUCBOEHO UMSA akagemuka LlotHe Mupuxynasa.

Mo nHuymatmee pykosoactea NHCTUTYTa 1 pelueHnem mapum Tounucm ogHa s ynu
Tounucu 6bina HasBaHa uMeHeM LloTHe Mupuxynasa, Ha bacage ero JoMa ycTaHOBMeHa
MemopwuarnbHas gocka. B r. [loTv ogHa 13 ynuu, HOCUT ero UM4.

MpumeyaTenbHO, 4YTO BOCMUTaHHble akageMmkom LloTHe ydeHble 00 cux nop
paboTatoT B [[py3nn 1 B pasHbiX CTpaHax Mupa 1 NpoaosiKatoT ero Hay4yHble Tpaauuun.

LloTHe MupuxynaBa 6611 rnaBov BENUKONENHOW ceMbK: 3aboTnueas cynpera - HaHa
Mranobnuweunn, 3acnyXeHHbln Bpayd pecnybnuku; cbiHoBbs - [JaBng u 3a3a Mupuxynasa
- DOKTOpa TEeXHWYECKMX HayK MpOAoSmKaT  HaydHbl NyTb oTua; aed 10 BHYKOB M
NpaBHYKOB.

25 wona 2020 roga r-Hy LlotHe ucnonHunocb 6bl 100 net. Ero uma Hagonro
OCTaHeTCss B MNaMATU COTPYAHWKOB WHCTUTYTa BOAHOIO X035IMCTBaA, [pPy3nHCKOro
TEXHUYECKOro YHUBEPCUTETA, €ro CTYAEHTOB N B ByAyLINX MOKONIEHNUN HALLEN CTPaHbI.

Hasupg NypreHnase
PekTop py3MHCKOro TEXHNYECKOro YyHUBEPCUTETA,
npodeccop

N'veu NaBappgawsunu

[VpeKTop MHCTUTYTa BOAHOIO X03A1UCTBA
nm. LotHe Mwupuxynasa

['PY3MHCKOro TeXHNUYECKOro yHMBepcuTeTa,
npodeccop
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Anniversary

ACADEMICIAN TSOTNE MIRTSKHULAVA - 100

Among the honored scientists of the country who have taken the achievements of
Georgian science to global standards, a special place is occupied by the Academician of
the National Academy of Sciences of Georgia, the Georgian and Russian Academies of
Agricultural Sciences, the President of the Phasis Secular Academy, the former Director of
the Institute of Water Management, the Chairman of the Scientific Council of the Institute,
the holder of numerous national awards, Academician Tsotne Mirtskhulava.

Mr. Tsotne made invaluable contribution to the development and improvement of
water management, the environmental protection, water resources engineering,
hydroamelioration, reliability, risk, and other related sciences. The significant scientific
legacy he left for the field will serve for a long time as an important contribution to his
native institute of water management and, in general, to Georgian science.

Mr. Tsotne Mirtskhulava was born in c. Poti on 25 July 1920. Due to the death of his
father - Mr. Evgeni at an early age, he began working since his childhood to support his
mother - Mariam Kvirkvelia. Mr. Tsotne successfully graduates from Poti Hydroamelioration
Technical School and in the same year passes the entrance exams at the Faculty of Civil
Engineering of the Georgian Polytechnic Institute, which he graduates in 3 years instead of 5
years.

In 1956, Mr. Tsotne, at the initiative of the director of the institute, Professor Mikheil
Gagoshidze, started working at the Georgian Institute of Water Management and he was
the director of the institute for 37 years - from 1968 to 2005. Mr. Tsotne made great
contribution to gaining the international authority by the Institute of Water Management.

It is also astonishing that he has successfully used the models of mechanics he has
created and implemented in medicine, by offering a means of prolongation of human life,
which has had more than 600,000 views on social media, especially from Ukraine. There
is even a phrase on the Internet: "Is Mirtskhulava — one and the same person who works
so effectively to solve problems related to water management and, at the same time, to
prolong human life in medicine?". The application of this phenomenon in his daily life also
took place in overcoming the difficulties related to the real-life relationships.

His qualities of a scientist formed while he was still working at the Dedoplistskaro
facility of Saknavtobi after graduating from the Polytechnic Institute. From the very first
days of his work, he not only diligently carried out the work assigned to him, but often, if
the need arose, he would replace even a simple worker. That was why he enjoyed respect
and obvious love in the team. His dedication was not left unnoticed by the leadership of
“Saknavtobi” and he was soon transferred to the head office in Thbilisi, to the position of
Chief Engineer of the trust (1942-1953).

Mr. Tsotne has published more than 600 papers in high-ranking international
scientific  journals, including 26 monographs. The monograph "Reliability of
Hydroamelioration Facilities" was translated into English in the United States in 1974 and
published by Becklem Publishing House in the Netherlands.
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His scientist colleagues were amazed at his ability to study, analyze, and evaluate the
colossal number of literary sources referred to in Mr. Tsotne's works, which he carried out with
his usual promptness, accuracy, and purposefulness. The ability to quote works not only from
scientific literature but also from belles-lettres should be mentioned here. He used to select
citations so conveniently that the reader would get the impression that this or that expression
of famous writers and poets was exactly dedicated to the scientific issues under consideration.
This can be easily ascertained by looking at Mr. Tsotne's monographs, which are proposed to
address the urgent issues of the field, such as "Reliability of Hydrotechnical and
Hydroamelioration Facilities", "Hazards and Risks for Water-management and Other
Facilities", etc.

His authored scientific works together with normative documents of a state value,
such as: "Determination of allowable non-leaching velocities of water flow for subsoils and
soils”, "Original methodology for calculating the reliability and risk of engineering
structures”, were impartially recognized by world-renowned specialists.

Such an assessment of the works published by Mr. Tsotne was a prerequisite for the
fact that the scientist enjoyed the recognized authority and respect not only among his
compatriots, but also among his foreign colleagues, as evidenced by the fact that he was
unanimously elected as an associate member of the Russian Academy of Agricultural
Sciences, and a little later - as a full member. For years he was the permanent Chairman
of the Standing Committee of Water Management under the Committee of Science and
Engineering. Moreover: Mr. Tsotne was the Chairman of the International Association for
Hydraulic Research, the International Committee for Irrigation and Drainage until his
death.

In parallel with his scientific-research work, Mr. Tsotne has been actively involved in
pedagogical activities at the Georgian Polytechnic Institute, Faculty of Mining and Geology
for 50 years. Under his leadership, about 100 PhD and doctoral dissertations have been
defended both in Georgia and abroad.

Acad. Ts. Mirtskhulava is an Honored Scientist of Georgia since 1970. Since 1973- a
full member of the Academy of Agricultural Sciences of the USSR.

Since 1993 Ts. Mirtskhulava is a full member of the Georgian National Academy of
Sciences, he is also the president of the "Phasis Academy" on a public basis.

Academician Ts. Mirtskhulava has been repeatedly elected as the director of
international symposia, seminars (in Prague, Paris, New York, Tokyo, etc.). As an UN
expert, in 1967 he led an UN seminar on flood and erosion preventive measures, which
was participated by 35 countries around the world.

Mr. Tsotne was distinguished by his extraordinary hard work and demanded the
same from us - former postgraduate students and junior colleagues.

Mr. Tsotne Mirtskhulava has been actively involved in scientific work in recent years
and this is also evidenced by the fact that he has led two grant projects of the National
Science Foundation, and by a joint decision of UNESCO and the National Academy of
Sciences of Georgia he was named as the best scientist in the field of engineering in 2005
and was awarded the appropriate medal. Also noteworthy is the development of an
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international grant project led by Mr. Tsotne (TA-MOU-01-CA15-011 - Study of Erosion
Preventive Measures in the Form of Vetiver and Other Soil-retaining Grassy Barriers 2002-
2007), recommended by the United States Agency for International Development (USAID),
sponsored by the US National Academy and co-executed by the Institute of Water, Soll
and Environmental Sciences of the Volcani Center of Israel.

By the decision of the Scientific Council of the Institute of Water Management of the
Georgian Technical University (GTU) as of 8 August 2014 and by the Resolution # 1263 of
the Academic Council of GTU as of 22 September 2014 agreed with the Ministry of
Education and Science of Georgia on 10 December 2014, the Institute was named after
Academician Tsotne Mirtskhulava by the scientific-workers of the Institute to perpetuate
the merit of Academician Tsotne Mirtskhulava and crown him with immortality.

At the initiative of the Institute's management and according to the decision of the
Thilisi City Hall, one of the streets in Thilisi was named after Tsotne Mirtskhulava, a
memorial plaque was fixed on his residential house and before, the street in his native city
of Poti was named after Mr. Tsotne.

It is noteworthy that the scientists brought up by Mr. Tsotne still actively work both in
Georgia and in different countries of the world and continue the scientific traditions
introduced by him.

Mr. Tsotne, in addition to spending most of his life at the institute, was the head of a
brilliant family: an attentive spouse of Nana Mgaloblishvili - Honored Doctor of the
Republic, a caring father of David Mirtskhulava and Zaza Mirtskhulava - specializing in
hydraulic engineering, Doctors of Science, who suitably continue Mr. Tsotne's scientific
path; Grandfather of 5 grandchildren and praiseworthy great grandfather of 5
grandchildren.

Mr. Tsotne turned 100 on 25 July 2020. His memory will remain for a long time in the
future generation of the staff of the Georgian Technical University and the Institute of
Water Management, his students and our country.

David Gurgenidze
Rector of Georgian Technical University, Professor

Givi Gavardashvili
Director of Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University, Professor
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IO6mei
LlotHe EBreHbeBu4 MupuxynaBa -- HenoBek, Y4eHbIn,

Yuutenb, Konnera, Opyr !!!

FoBopuTb U NNcaTb 0 LloTHe EBreHbeBnYe MOXHO O4YeHb MHOrO. A HeJapOM MPUHSAS
Takoe LWNPOKOoe HasBaHMe MOEro BOCMNOMMHaHUSA, TaK Kak 9TO OTBeYyaeT U JOCTOMHO
Benukoro Yenoseka. BnepBble Mbl BCTpeTUnNUCb Ha Bble3gHoOM 3acefgaHun MAIUA,
KoTopoe npoxoauno B Tounucu - MNMotn no npobneme pekn PuoHn B Havane 70 rogos. C
TeX Mop MHOrne AecAaTnneTus Mbl UMenu BO3MOXHOCTb BCTpeyaTbes, obwartbes. CHavana
s paboTan 3aMecTUTENEM MaBHOrO MHXeHepa MHcTUTyTa "YKprunposopgxo3", ¢ 1974
roga auvpektopom YkpHUUTmMM Munsogxosa CCCP.

Hawu nHCTUTYThl 6bInn B nogyYnHeHun ogHoro naeBka MuHuctepctBa. PaboTtas B
"YKkprunpoBogxose" MHe Npuxoamsiocb NobbiBaTb MOYTU BO BCEX MPOEKTHBIX U Hay4HO-
nccneposBartenbckux uHctutytax Coto3a, B TomMm uucrie m B [pysHAUTMM-e u
"py3runpoBoaxos-e.

OTO AMKTOBaNocb HeOoBXOAMMOCTbIO MOMYYUTb C MEpPBbl PYK HOBblE peLUeHUs U
nogxodbl Mpuv CO34aHUM  KPYMNMHENWWX BOOOXO3SANCTBEHHbIX W MeNMopaTUBHbIX
KomnnekcoB, Takux kKak CeBepo-KpbIMCkMA KaHanm W KpynHenwas KaxoBckas
opocuTenbHas cuctema, nnowagb opoweHus 750 Tbicay rektapos, a Bogo3abop 530
KyOMyYecknx MeTpoB B CeKyHOy. Bosrnaensss B MHCTUTYTE TexHudeckun otgen (wtab
WHCTUTYTA) MO MOPYYEHUIO AMPEKUMM 9 MOoTasncs Mno CTpaHe B MOUCKaxX HOBUHOK B
NPOEeKTUPOBaHUN 06BHLEKTOB. Bblna BO3MOXHOCTb MO3HAKOMUTLCS CO MHOFMMMU YYEHbIMMU,
cneunanuctamu. Bcerga 6Gbina pagoctb BCTpeun ¢ LloTHe EBreHbeBuyem, nonyyvvtb
KOHCynbTauuto, coseT. Mbl Hawnu obwue npobnembl, Hag KOTOpPbIMU TPyAUIUCH
FPY3UHCKME N YKPaMHCKME MHXEHepbl N yyeHble. Hac nHTepecoBanu npobremMbl ropHbIX
pek. Y Hac 6binu npobnembl Kapnatckmx pek. LloTHe EBreHbeBuy 3amHTepecoBarncs
Hawwnmm npobnemamm wn BCKope, korga s yxe 6bin gupektopom YKpHUUTMM, wmbl
opraHusoBanu BcTpe4vy B KmeBe c Bble3goM Ha [lpukapnatbe, rge nosyyunn XXMy
KOHCYNbTaUUo U COBET N0 MHOrMM BornpocamM. COBMECTHO C UHCTUTYTOM [MapoMexaHuKu
AH YKkpauHCcKkOM akagemum Hayk Mbl NPOBENU Hay4yHO-NPaKTUYECKYlD KOH(epeHuuto B
Kues-/BaHo-®paHkoBcke. LloTHe EBreHbeBunY Obln akKTUBHBIM Yy4YaCcTHMKOM. Torga s
6nmsko y3Han YdeHoro, Yenoseka M ons mMeHs Yuutens. PaGoTtas Hag AOKTOPCKOM
ancceptaumMen s CMOr MOMYYMTb HEKOTOpble KOHCynbTauuu. 3awmwas OOKTOPCKYH
ancceptaumio B 1975 rogy, B Mockse u ¢ Gonblion 6narogapHOCTb0 MONyYnn OT3bIB-
nogaepxky ot LlotHe EBreHbeBuya.

MHorne rogbl Mbl Tpyaunucb kak konnern. W 3gecb A Bcerga nonyvan COBETHI
cTapwero Yeaxaemoro ToBapuwia. Kaxabim rog [MaBk Haykm opraHu3oBbiBan COBET
ANPEKTOPOB Ha KOTOPOM Mbl MO MOAENUTLCS cBOMMU ycnexamun. Bcerga 6bino Bcem
HaM MHTEPECHO ycnblwaTb MHeHne akagemmnka BACXHWIT LloTHe EBreHbeBuya.

MHorokpatHo, ObiBass y Hac B MWHCTUTYTY Mbl Mofiydann KOHCynbTauuMmM no
rmapaBnMYeCcKMM UCCNeaoBaHUsIM CITOXHbIX PYCNOBbIX MPOLIECCOB, OCOBEHHO B MeToaax
MOAenMpoBaHUs HAHOCOB.
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MHorne-mHorve rogbl HawW WHCTUTYTbI W Cneuuanuctbl UMenn BO3MOXHOCTb
COBMECTHO TPYAUTCA HaA CrOXHbIMM Npobnemamu, CBs3aHHbIX C BOAOW, MNOYBaMW,
rmopoTtexHukon. B cucteme MuHBOAX03a Mbl, BepHee LloTHe EBreHbeBumy n 5, Obinu
cTapenwmmm gupektopamm MHCTUTYTOB . [locne yxoga Benuyanwero YdeHoro, Konneruy,
Opyra s octaBun ampektopctso B 2011 roagy . Pekopa n obpasey, nogpaxaHus Ha BCHO
XWU3Hb oOcCTaeTcs 3a Hawum [pyrom, Benukom YdeHom wu Yenosekom LIOTHE
EBMEHBEBUYEM !

NMOMHMM 1 LEHUM.

KoBaneHko IN. W.

OOKTOp TEXHUYECKUX HaykK, npodeccop, akagemuk: HAAH YkpauHbl, PAH,
NtanbaHckon akagemun ["'eoprodum

WHCTUTYT BOAHbIX Npobnem n menvopauum HAAH YkpauHbl , Kues
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Momu Jloporou u
YBaxxaeMbli MupIiixyiiapa
IlotHe EBrenneBuy

IIpumuTe MO HCKpeHHHE ClToBa OI1arofapHOCTH 3a Bamr BEICOKHIT pode CCHOHATH3M,
IIeJJaTOTHUeCKUI TalJaHT M IPeJaHHOCTh CBOeMy OIaropoJHOMY Jely B TeueHHe
MHOTHX JIeT. BEIpakaro HCKPeHHIOIO IPH2HATETFHOCTE 3a Ballly MPOJeIaHHy0 PadoTy.
Xouy BEIpa3HUTh OTPOMHYI0 OIaroapHOCTE 3a MPOoJIeIaHHY 0 padoTy. S e THHCTBEHHEIH
BAIII yuenuk ¢ AzepbaiiiixaHa u ropxKych M. OueHb NPHATHO 0CO3HABATh, UTO €CTh
TaKHe OTBETCTBEHHEIC H HCIIOJIHHTETBHEIE TIONH. MHe 0e3yMHO IPHATHO TOBOPHTH
Bam cmacu6o 3a Bcé. Hameroch, 4To B JanpHeiieM Bce JIIOAH, 3HamIHe Bac,
COXPaHAT TaKyIo Tpamuiwio. [IycTs BoId, U jKeTaHHe TPYIUTEC BeayT Hac K modemam
H TIOCTaBISHHEIM ITelIaM. Takke Xody moOmaromapHTh Bac 3a oTiady M HOHHMaHHe,
OIeNTeTHIFHOCTE M CIAKeHHOCTh. 3a ITOJTHOe ITOHHMAaHHe 3HAUUMOCTH H BaKHOCTH
Hamrero fena! SI [opkych TeM 4to ObLT BammM YdeHukoMm Cracu6o!

My Dear and Dear
Mirtskhulava Tsotne
Evgenievich

Please accept my sincere words of gratitude for your high professionalism, pedagogical
talent and dedication to your noble cause for many years. I express my sincere gratitude for
your work done. I want to express my deep gratitude for the work done. I am the only
YOUR student from Azerbaijan and I am proud of him. It is very pleasant to realize that
there are such responsible and executive people. I am extremely pleased to say thank you for
everything. I hope that in the future all people who know you will keep this tradition. Let the
will and desire to work lead us to victories and set goals. I also want to thank you for your
commitment and understanding, scrupulousness and coherence. For a complete
understanding of the significance and importance of our business! I am proud to be your
Disciple Thank you!
TELMAN ZEINALOV
Chairman of the Public Council under the MENR Azerbaijan
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AKAJIEMMK LHOTHE MUPLIXYJIABA — YYEHBII,
I'PAKIAHUH, YEJIOBEK

Wen man 2002 roga. B ato Bpemda B CaHkT-lleTepbypre npoxoamn KpynHbIn
MeXayHapoaHbIn koHrpecc nog armgon MAIW. lNocne Tsbkenon ©60nesHn, CBA3aHHOW C
npobnemon KpoBoobpalleHnsi B MO3re, 51 BblHY>KAeH Oblfl CpOYHO BblexaTb M3 EpeBaHa,
Tak Kak Obln Ha3Ha4yeH pykoBOOUTENEM OAHOW W3 HayYHbIX CEKLUMU MEeXAyHapOOHOro
KOHrpecca. [lapannenbHo € Hawen cekumen paboTana cekums nog PyKOBOACTBOM
akagemuka LloTHe EBreHbeBun4a Mupuxynasa.

Y3HaB 0 Moen 6onesHu, OH pekoMeHJoBasi MHe MOCMOTPETb €ro KHUry O CTapeHuu
MaTepuanoB U KOHCTPYKLMIA, B KOTOPOW NpOBeAEHbI Napanieny NHXeHepHbIX COOPY>KEHWUN
C YerioBe4YeCKMM OpraHn3mMoM. B aTon oyeHb MHTEPECHOM U MOSIe3HOWN KHUre npuBeneHb!
KOHKpPETHble pekoOMeHZauun no nNUTaHmi 1 obpasy XM3HWM B3POCHOro Yyernoseka, YTOObI
npegoxpaHuTb ero OT Ype3MepHoro ObicTporo ctapeHus. OgHa u3 pekomeHaauun -
HeobXxo4MMOCTb NepMoaNYecKoro ynoTpebneHnsa XXMAKOro NUTaHus, Hanpumep Cynos U
OyNbOHOB HeCKonbKo pa3 B Hedento. Ha ocHoBe uccnegosBaHui ObiNo gokasaHo, 4To
MeXay OpraHm3mMoM YerioBeka U MHXEHEPHbIMU KOHCTPYKUMSIMU MHOro o6Liero, Kotopble
NOAYMHAIOTCS 3aKOHAM CTapeHus.

MHe kaxeTcs,, 4YTO HacTano
BpeMda nepeusgatb 3Ty 3amMeva-
TENbHYK KHUFY, KOTOpas BOMSO-
waet B cebe matemaTtuky, pusuky,
domsnonorno, Teoputo Katactpodd
n ounocoduto. BoT Takmm BcecTo-
POHHE pa3BUTbIM 4YenoBeKOM Obin
akagemuk LoTtHe Mwupuxynaga.
bonblwoe cuyactbe 6bITb coBpe-
MEHHUKOM 3Toro Benukoro 4eno-
BEKa, a elle U APYXUTb C HUM U
ObITb €ro Y4eHUKOM.

NckpeHHOo BnarogapHbIn
OrAHEC TOKMAOXAH

A.T.H., npodreccop
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I'napoJiorusi 1 METEoPOJIOr st

IHOHATUE BPEMEHHU B OLHEHKE 3KOJOI'MYECKOI'O COCTOSAHUSA
I'MAPOSHEPTETUYECKUX OBFBEKTOB

bonnapenko B.JL.Y Xeunypuanu E.I[.Z), CeménoBa E.A.S), HIraBaakep M.].Y
2 Hosouepkacckuii MnxeHepHo-MennopatusHelii MHCTUTYT
Honckoro I'ocygapcTBeHHOTO ATpapHOTr0 Y HUBEpCHUTETA,
Hogouepkacck, Poccuiickas ®deneparus
210sxH0-Poccuiickuii l'ocynapcteennsiii [lonurexanueckuit Y auBepcuret (HITN)
Nm. M.N.ITnaroBa, I'. HoBouepkacck, Poccuiickas ®eneparus;
Honckoit 'ocynapcrBennsiil Texnuueckuil Y HuBepcurer, r. PoctoB Ha JloHy
3 Cesepo-Kaskasckuii heaepanbblii yauBepcuTet ((uauan B r. [ITHrOpeK)

K Hosouepkacckuit UnxenepHo-MennopatuBHblii UHCTUTYT
Honckoro "'ocyaapcTBeHHOro ArpapHoro Y HuBepcureTa,
Hosouepkacck, Poccuiickas ®enepanust
E-mail: nimi. TBiP@yandex.ru,goodga@mail.ru,
deakannn@mail.ru, Shtawkader.marya@yandex.ru

Annomayus. B npoCTpaHCTBEHHBIX Mpeenax 0acCeHHOBBIX T€OCUCTEM, Iie (DOPMHUPYIOTCS BOJIHBIC
pecypchl (TIOBEpXHOCTHBI H TMOA3EMHBIM CTOK), MPOTEKAIOT BCE IMPOIECCH IKUZHEIEATECILHOCTH
MPUPOTHBIX (OMOTHYECKUX, a0MOTHYECKNX) U TEXHOTEHHBIX KOMIIOHEHTOB W MPOXKUBAIOIIETO HACEIICHUS,
KOTOpBIC OOYCJABJIMBAIOTCA TEMU WIA HWHBIMU MPEAMICCTBYIONUMH HCXOMAHBIMH 3KOJIOTHYCCKUMHU
COCTOSTHUSIMH WJIM Pa3IMYHOTO pOJa SBJICHUSMHU (PYCIOBBIMH, 3K30T€HHBIMH U Ap.).IloaTomy mroboe, k
MpUMEPY, SKOJIOIMYECKOE COCTOSHHE B pPacCMaTPUBAEMOW CHCTEME MOXET OBITh OOBSCHEHO H
npeackazano. Takoit METOMOIOrHYeCcKUil TTOIX0] MTO3BOJISET JeNiaTh aJbTePHATHBHBIC NEUCTBUS BHIOODA,
4yTO 00yCIIaBIMBAET TECHYIO B3aUMOCBS3b C IMOHATHEM BpeMeHH [1].

Bpemst HempephIBHO TEYET, T/Ie HACTOAIIEE IMOCTOSHHO OOHOBISETCS, OymyIiee BCeraa OTKPHITO
MOKa HE CTAaHeT HACTOSIIMM, a IPOIUIOE BCErAa OCTaeTCs HEW3MEHHbIM. B 1MoToke BpeMeHHu
paccMaTpuBaeMasi 0acceiHOBasi T€OCHCTeMa M3 HEM3MEHHOTO MPOIUIOTO, CKOPOTEYHOTO0 HACTOSIIETO U
OTKPBITOTO OYyIyIIETO MEPEeMEIIaeTCsl BIepe] MO BO3JACHCTBHEM MPHUPOIHBIX MPOILIECCOB B COUYETAHUU C
XO3UCTBEHHON MESTENBHOCTRI0O U mNpupogHo-TexHuueckumu cuctemamu IITC «llpuponnas cpena -
O0BekT aesTenbHOCTH - Hacenenue», B KOTOphIX 1Mo «OOBEKTOM JAESTEIBHOCTIY) MOXKET ObITh «OOBEKT
runposnepretukm» (I'2C, FTADC).

PaccmatpuBasi BOmpoChl, CBSI3aHHBIE C OLICHKOM 3KOJIOMMYECKOTO0 COCTOSHUS B 30HAX BIUSHUA
«OO0BEKTOB THIAPOIHEPTETUKN» WK B TpocTpaHcTBeHHBIX npeaenax [ITC «lIpuponnas cpena - OObexT
TUAPOIHEPTreTHKN — HaceneHne», BaXHBIM SBISETCS Kakoe oxumaercs Oyaymee? B sTtom Bompoce
COJICPIKUTCS TIIYOOKHI CMBICI TOTO, YTO BpPeMs sBIsCTCS (yHIaMEHTAIbHbIM H3MEPEHHEM, B YaCTHOCTH,
OIICHKM JKOJOTMYECKOTO COCTOSHHUS B 30HAX BO3BOAMUMOrOo WM (QyHKIMOHHpYromero «O0bekTa
TUAPOIHEPTETUKI.

Knioueevie cnoea: cuctema, Bpems, OacceliHOBas TE€OCHUCTEMA, JKOJIOTHYECKOE COCTOSHHUE,
pa3BUTHUE, SHTPOTIHS, PKOJIOTHYECKast 0€301acHOCTb.
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BBE/IEHUE

Xo03s1icTBEHHAS JICSITEBHOCTD 110 UCIIOJIb30BAaHHIO BOJHBIX PECYPCOB, B YACTHOCTH, JIJISI BRIPAOOTKH
anekTpudeckor 3ueprun Ha ['DC-I'ADC, cBHIAETEIHLCTBYET O TOM, YTO MPONUIOE W OY/yIee BBIOIHSIOT
pasnuuHbie ponu. Tak, Ha mpuMepe KoMIuiekca TuapoTexHudeckux coopyxkenuit (KI'TC) 3eneHuykckoit
I'DC- T'ADC (puc. 1), 9acTHYHO CTPOSAIMIMIACA W YaCTHYHO (PYHKIIMOHHPYIOUMI u 00pa3yromux coboit
I[TC «IIpuponnas cpena — OOBEKT ruApodHEpreTHKU - HaceneHue» B MPOCTPAHCTBEHHBIX Mpeeiiax
OaccetinoBoit TeocucteMbl Bepxueit Kybanu (o6bvem OacceitHoBoil reocuctemsl W =11330 KM3, 00BeM
BepXHUX clI0eB TUTOCHEPBl W yepy e = 3300 KM®, TIomans BOI0COOpa FBOH_Tep:HOOKMS), MPOILIOE HE
UMEJIO BHYTPUOACCEHHOBOTO TMepepacipe/ieiCHIsl CTOKa, a HACTOAIIEe MMEET ITO Nepepaclpe/ielicHIe
Oyayimee OTKPBITO Juis OoJiee TOJHOTO HMCIOJIb30BaHUS IepepaclpeieIcHHOT0 CTOKAa HAa HAMEYaeMbIX K
ctpoutenscTBY KpacuHoropckux I'DC-1 u 'DC-2, uro oOycnaBiuBaeT cOOOH SBICHHE HEOOPATHMOCTH

(puc. 2).
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Pucynok 1. Kommiexke ruipoTeXHH4eCKUX COOPY KeHHIT Kackaaa //
3eaenuykckoii I'9C-I'ADC

HeoOparumocts B mpomeccax BHYTpH 0acceifHOBOTO Tiepepaciipe/ieieHdss CTOKa BHOCHT
orpeJiesIeHHbIe H3MEHEHNUS B IPUPOJHYIO Cpelly, Kak B 30HaX BIUAHUS «OOBEKTOB THAPOIHEPIETUKIY, TAK
1 B 0acCEHOBYIO, TE€OCHCTEMY B IIEJTOM.

HeoOpatuMocTh TIpOIIECCOB  B3aMMOCBS3CH, B3aUMOJCHCTBUI U B3amMmooTHouieHui (BBB)
«O0BEKTOB JESATENBHOCTH» C TPUPOJHBIMH CpellaMH B 30HAX BJIMSHHS MPOCTPAHCTBEHHBIX MPEEIIOB
OaccelHOBOW Te€0CHCTEMBI MPUBOJIUT K COTJIACOBAaHHBIM CO BpeMeHeM (KOTE€pPeHTHOCTH) JEHCTBHSIM H
saddexram, oxsatbBaromuM Bce AeMeHThl [ITC «lIpupognas cpema - OOBEKT THAPOIHEPTrETHKH -
Hacenenne» m 0acceiiHOBOH TeOCHCTEMbI B IIEJNOM, Tlie (OPMUPYIOTCS BOJHBIE Pecypchl. Tak, MOXHO
OoTMeTHTh, 4TO «CTpejia BpeMeHHW», K TpHUMEpy, HauOojee HarJIAHO MpOSIBISIETCS B Mpoleccax
¢opMHupOBaHUsT CTOKa B MPOCTPAHCTBEHHBIX Mpenenax 0acCeHOBOM TI'eOCHCTEMBbl  pEUHOU
ruaporpaduyecKoi CeTH Ha BOJOCOOPHOW TeppUTOpUHU. TaK,ITOJIHOBOJHOCTH PEK U BOJOTOKOB (Pacxoj
M°/c) Ha ruaporpaduUecKoil CeTH MEHSETCS B 3aBHCHMOCTH OT C(OPMHPOBABIIMXCS MOP(HOIOrHUECKHX
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XapaKTePUCTUK U TMAPOJIOIMYECKUX IPOLIECCOB, MEHSIOIIMXCS B TEYEHUH IoJla ¥ MHOTOJIETHUX LUKIIOB,
4yTO COOCTBEHHO M oOyclaBIuBaeT co0oil sBieHHe HeoOparmmocTH. HeoGpatumocTs B mpoleccax
JBIDKEHHSI BOZHOTO IOTOKAa B Pyciax PEeK U BOJOTOKOB IIPUBOAUT K MHOXKECTBY HOBBIX SIBICHHUH, TaKUX
Kak nepeopMUpoBaHUE OEperoB, TPAHCIIOPTUPOBAHUE JOHHBIX M B3BELICHHBIX HAHOCOB, 3aMJICHHUE WIIN
pa3MBbIB OTAEIBHBIX YUYACTKOB pycen U T.1. [2, 16].

MracC
3,36 MBT
(nNpoekT)

Bonblw oi
CTaBpononbCkui kaHan

rackan KyBaHcrmx
26,8

HuxHe-KpacHoropckan
rac

108 MBT
(npoekT)

YeTe-IxeryTuHckoe
BOAOXPaHUNULLE

MIr3aC
0,8 MBT
(NpoekT)

MIr3ac
0,8 MBT
(npoekT)

YpasHUTENbHBIY pesepeyap

BepxHe-
KpacHoropckan
Fac

Awokep vepes p KapaoHWK flokep vepes 6.Kyboiw

102 MBT
(npoekT)

20 kyB.micek BacceitH CYTONHOr
PErYNMpoBaHna

p. AxcayT

3eneHuykckas NSC
p-Wapy raC 2*80 MBT

p. KyBaHb
p. B. 3eneHuyk

FA3C 2'75/70 MBT
(NpoekKT)

Puc. 2. llepcnexTuBbl pazputus komimiaekca '2C
B OacceiiHoBo# reocucreme Bepxuneii Kyoanu

B cucteMHOM paccMOTpEHHH MTPOUCXOIAIINX U3MEHEHUN B PUPOAHBIX Cpelax, MoJl BO3EUCTBUEM
«OOBEKTOB THIPOIHEPTETUKN» B 3HAYMTEIHHOW CTENEHH OOYCIaBIMBAIOT C000i «IKOJ0rHUecKoe
COCTOSIHME» B PAacCMaTPUBAaGMbIX MPOCTPAHCTBEHHBIX TNpeeiiaX. «IKOJOTHYECKOe COCTOSTHHE
paccMaTpuBaeMoro IPOCTPAHCTBA B 30Hax BIHSHUA «OOBEKTOB THAPOSHEPTETHKH» OMPEIeNsIeTCS
MHTCHCUBHOCTBIO M XapaKTePOM HEIPEPHIBHOTO JBHIKCHHSI IIOTOKOB BEIIECTBA, JHEPTUH M HH(OPMAIIHH
(BOU), oOycnapnuBaronmx co0oii 0a30Bble IMMOKazaTeid «JKOJOTMYecKOil 0e30macHOCTH». -
KIIMMATHYECKUE, THAPOJOTHYECKHE, TEOXUMHYECKHE, THUAPOOUOIOTHYECKHEe ¥  HXTHOJOTHYECKUE,
CaHUTApPHO-XNUMHYCCKUEC, 63KTepI/IOHOFI/I‘IeCKI/Ie, IMapasuToOJIOrH4eCKuUce, IMOYBECHHO-PACTUTCIILHBIC )51
¢dayHucTudeckue, reoOoTaHWYECcKHe, (U3MYECKHE  BO3JCHCTBHS  (paJUallMOHHBIX,  IIYMOBBIX,
AJIEKTPOMArHUTHEIX), 310poBbe «HacenmeHus», a TakKe aKTHBH3AIMs 3K30TEHHBIX T'€OJOTHYECKUX
nporeccoB (OI'TI). MHTeHCHMBHOCTS M XapakTep ABWKeHHS 0oTokoB BOU B 30Hax Biausaus «OO0BEKT
TUAPOIHEPTETUKNY TIPOSBISICTCS BO BPEMEHH, T.e. «IKOJOTHIECKOe COCTOHHE» B PACCMaTPHBAEMOM
MIPOCTPAHCTBE U3MEHACTCS CO BPEMEHEM OT IPHUHSATOr0 MCXOAHOTo. « BpeMs» - 3TO COTBOpPEHHE HOBOTO
WJIH BOOOIIE HUYETO. «IKOJOTHIEeCKOe COCTOTHIE)» B PACCMATPHUBACMBIX IPOCTPAHCTBEHHBIX MpeIeiiax—
STOHENPEPHIBHOE COTBOPEHHE HOBOTO IOABO3JIEHCTBIEM E€CTECTBEHHBIX M MPHPOTHO-TEXHOTEHHBIX
motokoB BOW. Bce mnpomeccst BBB  Mexay TpupoaHBIMA W TEXHOTEHHBIMH KOMIIOHCHTaMU
XapaKTePU3yIOTCS TO YCHIMBAIOIIMMHUCSA, TO YMEHBINAIONIUMUCS W3MECHCHUSMH B NPHUPOJHBIX Cpeiax.
XapakTep JTHX W3MEHEHWH, KaK TII0Ka3blBAalOT MOHWUTOPHHTOBBIE MCCIEAOBAHUS, OMPENENsIeTCs
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HEe00PATHUMBIMHU TPOIIECCAMH.

[lpu wu3ydenun HeoOpaTumocTH, Kak «Crtpensl Bpemenm» B Tpoueccax BBB «O0bekrta
JESITEIBHOCTHY C MPUPOIAHBIMHU CPEAaMU B 30HAX BIMSHUS, BaXKHO yYUTHIBaTh HadaJlbHbIE (MCXOIHBIE)
YCIIOBUSL.

B mpocrpaHCTBEHHBIX Tpeaenax 0acceHOBBIX T'€OCHUCTEM, IAe (OPMHUPYIOTCS BOIHBIE PECyPCHI
(TIOBEpXHOCTHBIH W MOJ3EMHBIM CTOK), MPOTEKAIOT BCE IPOLECCH JKU3HEAEATENbHOCTH NPHUPOIHBIX
(bnorexHUYECKUX, aOMOTUYECKUX), TEXHOTCHHBIX KOMIIOHEHTOB U MPOXKHUBAIOIIECTO HACEJCHHUS, KOTOpPhIC
00yCIaBIMBAIOTCS TEMH WJIM HWHBIMH HPEIIIECTBYIOIIUMH HCXOJHBIMH 3KOJIOTHYECKUMHU COCTOSHHUSIMHU
WIN PAa3IUYHOTO POAA SIBICHUSAMH (PYCJIOBBIMH, SK30I'€HHBIMH M IIp.) M IO3TOMY JIt00O€, K IpUMeEpy,
«IKOJIOTHYECKOE COCTOSIHME» B pacCMaTpUBAEMOW CHUCTEME MOXKET OBITh OOBSICHEHO M IpeAcKa3aHo.
Takoil METONONMOTHMYECKHH TOAXOA TO3BOJSET JeNaTh ajlbTepHATHBHBIE JEHCTBHsS BbIOOpa, dYTO
00yciIaBnMBaeT TECHYIO B3aMMOCBSI3b C MOHATHEM BpemeHH B olleHKEe «IKOJOTHYECKOI0 COCTOSIHUS» B
30HaxX BIMSIHUSA «BOIOX03AHCTBEHHBIX OOBEKTOB TI'MIAPOIHEPIETUKN», KOTOPblE (YHKUHUOHUPYIOT HIIH
BO3BOJATCA [3, 5].

[lpu wusyuenun mponeccoB BBB Mexny mnpupogneiMu (OHMOTHYECKMMH, aOMOTHUSCKUMH) U
TE€XHOTCHHBIMHU KOMIIOHEHTAaMH B COCTaBE ACHCTBYIOIIMX MM CO3JABACMbIX MPHPOJHO-TEXHUIECKUX
cucteM (IITC) «IIpuponnas cpema - OObekT aesTenbHOCTH — Hacenenue», (QYHKIIMOHUPYIOIIUX B
NPOCTPAHCTBEHHBIX Tpefenax OaccelHOBBIX TeocucTeM, Bpemsi sBisiercss (GyHAaMEHTaJIbHBIM
U3MEPEHHEM IIPU OLEHKE «IKOJOIMYeCKOro COCTOSIHUS B 30HaX BIMAHUS «OOBEKTOB IESITEIBHOCTH
KaK Ba)KHOTO (hakTopa B o0ecreueHUH «IKOJIOTHYECKOo He30MacHOCTH.

OBCYXJIEHUE

B npoctpancTBeHHBIX npenenax 0acceHOBBIX reocucteM, riae ¢pyHkunonupyot IITC «lIpuponHas
cpena - O0beKT TUApPOIHEPTeTHKH - HaceneHue», W cucrteM 0oJiee BHICOKOTO HEPapXU4YeCKOro YpOBHS
Bpemsi HETIpepBIBHO TEYET, I/Ie HACTOSIIEE ITOCTOSHHO OOHOBIIsIETCS, Oyayliee BCeraa OTKPhITO, IIOKa He
CTaHeT HACTOAIIMM, a MPOIUIOe BCErJa OCTaeTcs HeM3MEeHHbIM. B motoke Bpemenm paccmaTpuBaemast
OacceliHOBasi reocucTeMa M3 HEM3MEHHOTO MPOIIOr0, CKOPOTEYHOT'O HACTOAIIETO U OTKPBITOTO OYAYIIETo
nepeMernaeTcsi BHepéa, IOJ BO3AEHCTBHEM NPUPOIHBIX MPOLECCOB B COYETAHMH C IPHUPOAHO-
texunaeckumu cucremamu [ITC «[Ipupoanas cpena - O0bekT rugposHepreTrku - Hacenenwue.

PaccmarpuBast BOIIpOCHI, CBA3aHHBIE C OLIEHKONW «JKOJOIMYeCKOro COCTOSIHUSD B 30HAX BIMSIHUS
«O0BEKTOB TUAPOIHEPTETUKI» WK B mpocTpaHcTBeHHBIX npenenax [ITC «[Ipupoanas cpena - OObEKT
ruaposHepreTukn - HacenmeHue» BaxKHBIM SBJIsIeTCA Kakoe o)kumaerca Oynymiee? B atom Bompoce
COJEPIKUTCS TIYOOKUH CMBICI TOTOo, yTO Bpems siBisieTcs pyHAaMEHTaNbHBIM H3MEPEHUEM, B YACTHOCTH,
OIIEHKH «IJKOJOIMYECKOro COCTOSIHHSD» B 30HaX BO3BOJUMOro WIU (yHKIHOHHUpYromero «O0bekTa
TUAPOIHEPTETUKI.

Xo3siicTBeHHAs AESITENBHOCTD IO UCTIONB30BaHHUIO BOAHBIX PECYPCOB, B YACTHOCTH, JIJIsl BBIPAOOTKH
anekTpudeckort sueprun Ha ['DC-I'’ADC, cBHAETENBCTBYET O TOM, YTO MPOILIOE M OYyTyIee BBHITOTHSIIOT
pasnnuHble pond. Tak, Ha nmpuMepe Komiuiekca ruapotexHudeckux coopyxenuii (KI'TC) 3enenuykckoit
I'SC-TADC, 9acTHYHO CTpOSIIMICA M YacTUYHO (DYHKIMOHUPYIOIIMH u oOpasyromux cobor TITC
«IIpupoanas cpema - OOBEKT ruIpodHepreTukn - HaceneHue» B NPOCTPAHCTBEHHBIX Ipenesax
OaccelinoBol reocucteMsl Bepxueit Kybanu (Ws. =11330 KM, W sepx.crmr » = 3300 KM, Foonrep=1 IOOKMZ),
NpOILIOE HE UWMENo BHYTpUOACCEHOBOE IepepacrpesielieHue CTOKa, a HaACTOsIee HWMeeT 3TO
nepepacnpeseienue, a Oyayiee - OTKpHITO AJisi 0ojiee MOJHOTO HCIOJIB30BAHUS MEepepacinpeaeseHHOro
CTOKa HaHaMedaeMbIX K cTpouTtenabcTBY KpacHoropckux ['DC-1 u I'DC-2, uro oOycnaBiuBaeT co0oit
sBIIcHUE HeoOpaTuMocTH (puc. 2) [2, 3].

HeoOpaTtumMocTs B Tporeccax BHYTpHOAcCEHHOBOTO —TepepacrpeneNieHus] CTOKa BHOCHT
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ompezeNieHHbIE U3MEHEHHS B TIPUPOIHYIO Cpeny Kak B 30HaX BIHAHUAA «OOBEKTOB THAPOIHEPTETUKIY, TAK
1 0acceiHOBOM IeOCHCTEMBI B LIEJIOM.

Heob6paTumocTth miporteccoB BBB «O0BekTOB rumposHepreTukn» ¢ «lIpupogHsiMu cpenamMm» B
30HaxX BIUSIHUS M IPOCTPAHCTBEHHBIX MpeiesiaXx 0acceHOBON re0CUCTEMBI IPUBOJUT K COTJIACOBAHHBIM CO
Bpemenem (kxorepeHTHOCTH) AeHCTBHAM H dddekram, oxBaTbiBaromuM Bee dnemenThl [ITC «[Ipupoanas
cpena - O0BeKT TUAPOoIHEpreTHKY - Hacenenne» u 0acCEeHOBOM reoCHCTEMBI B IIENIOM, TAe (OPMHUPYIOTCS
KOJIMYECTBEHHbIE M KaueCTBEHHBIE ITOKA3aTEeM BOJHBIX pecypcoB. MOXKHO OTMETHTh, uTo «CTpena
BpeMeHU» HanOoJee HarJSAHO MPOSBILETCA B Mporeccax (pOpMHPOBAHHS CTOKA B MPOCTPAHCTBEHHBIX
mpeaenax pedHo O0acceHOBOW reocucTeMbl Ha Tuaporpadudeckor cetw. Tak, TMOTHOBOTHOCTH PEK U
BOJIOTOKOB HAa THUApPOrpa)MUecKOd CeTH MeEHSeTCs B 3aBUCHMOCTH OT C(OPMHPOBABIIMXCS
TH/IPOJIOTHIECKHX MPOIECCOB, a PACXO/BI (M/C) B HUX MEHSIOTCS B TEYCHHH rOf[d H MHOTOJICTHHX [IUKIIOB,
4TO COOCTBEHHO W oOycnaBiuBaeT coboil sBieHHEe HeoOpaTumocTu. HeoGpaTumocTh B mpolieccax
JIBIKSHHST BOJHOTO MOTOKA B PyclaX PeK W BOAOTOKOB NMPUBOJIUT K MHOXKECTBY HOBBIX SIBJICHHM, TAaKUX
Kak nepedopMupoBaHUe OeperoB, TPAHCIOPTUPOBAHKE JOHHBIX M B3BEIIEHHBIX HAHOCOB, 3aWJICHUE WIIH
Pa3MBbIB OT/AEIBHBIX YYaCTKOB pycen U T.11. [3]

B cucteMHOM pacCMOTPEHHH MPOUCXOSAIINX U3MEHEHUI B MPUPOTHBIX Cpelax MoJl BO3ACHCTBUEM
«O0BEKTOB THUAPOIHEPTeTHKN» B 3HAYUTEIBHOM CTENEHH OOYCIABIMBAIOT COOOH «IKOJOrHYecKoe
COCTOSIHME» B DPACCMaTPHUBAEMBIX IPOCTPAHCTBEHHBIX IHpefenax. «IKOJOrH4ecKoe COCTOSTHHE
paccMaTpuBaeMoro IPOCTPAHCTBA B 30HaX BHHSIHUA «OOBEKTOB THAPOIHEPTETHKH» OMPEIEISIeTCs
WHTEHCHBHOCTBIO U XapaKTEPOM HETNPEPHIBHOTO JBIKEHHS TIOTOKOB BEILIECTBA, SHEPTHU M MH(POPMALIUH,
oOycnaBiuBaromme coboii 0a30BbIe MOKA3aTENM «IKOJOTHYeCKod 0e30MacHOCTHY»: - KIMMATHYECKHE,
THJPOJIOTHYECKHUE, TEOXUMHUECKUE, THIPOONOIOTHYECKHE U UXTUOJIOTHYECKHEe, CAHUTAPHO-XUMHUYECKUE,
0aKTepHOJIOTUYECKUE ¥ Mapa3sUTOJIOTUYECKUE, ITOYBEHHO-PACTUTENbHBIE W (ayHHUCTHYECKHE,
reo0oTaHUYeCKHe, (PU3UMUECKUX BO3ACUCTBUH (paaualiMOHHbBIX, IITyMOBBIX, SJIEKTPOMAarHUTHEIX), 37I0POBbSI
«Hacenenus», a Takxke 3K30T€HHBIX reojorumueckux mporeccoB (OITI). MHTEHCHMBHOCTH M XapakTep
JIBUKCHHS TIOTOKOB BEIECTBA, SHEPTUU W WHGOpMAIWK B 30HaX BIUSHUSA «OO0BEKTa TUIPOIHEPTECTUKI
MIPOSIBIISIETCS BO BPEMEHHM, T.€. IKOJOTHUECKOE COCTOSHHE B PACCMATPUBAEMOW CHCTEME M3MEHSIETCS CO
BpeMEHEM OT TMPHHATOIO HCXOJHOrOo. Bpemsi - 3TO COTBOpEHHE HOBOTO WM BOOOIIE HHUYETO.
«IKoJI0THYECKOEe COCTOSIHHE» B PAcCMATPUBAEMBIX IMPOCTPAHCTBEHHBIX IpENeNax, 3TO HENpephIBHOE
COTBOpPEHHE HOBOTO TIOJT BO3/IEHCTBUEM MHTEHCHBHOCTH M HampalieHus JBmwkeHus BOU. Bce mporecch
B3aMMOJICHCTBUH, B3aUMOCBS3€ W B3aWMOOTHOIIEHWH MEXAy NPHUPOJHBIMH ¥ TEXHOTCHHBIMU
KOMIIOHEHTaMH XapaKTepU3yeTcsl TO YCHIUBAIOMIMMHUCA, TO YMEHBIIAIONMMHACS W3MEHEHUSIMH B
MIPUPOJIHBIX CpeAax. XapakTep 3TUX U3MEHEHUH OTpeiesieTcs HeoOPaATUMBIMM TIPOLIECCAMH.

[Ipu wusyuenun HeoOpaTumocTH, kKak «Ctpeasl BpemeHnm» B mnpoueccax BBB «O0bekra
TUApOdHEpreTHKN» ¢ «lIpupoaHpIMH cpegaMm» B 30HAX BIMSHHUA, BaXXHO YYWTHIBATH HavaJbHBIC
(ncxonmHbIe) YCIOBHUS «JKOJOTHUECKOT0 COCTOSIHUSI», KOTOpBIE OYyIyT pacmpocTpaHATbCA Ha
nocienytoume MomeHTtel Bpemenmn. HeoOparumocts mis IITC «Ilpupognas cpema - OOBekT
THUAPOIHEPTETHKH - HaceneHnune)» paccMaTpuBaeTcsl HCXOAS U3 BTOPOTO Hadala TEPMOJMHAMHUKH - 3aKOHA
HeyOBIBaroIel auTpomuu [2, 5, 12, 31].

B nerepmunncTudeckom onrcannu mporeccoB BBB B paccmarpuBaembix I1TC «IIpuponnas cpena -
O6bexT ruaposnepreTuky - Hacenenney «CTpesia BpeMeHW» ONpEesseT HalpaBieHUe MPOUCXOASIINX
W3MEHEHUI B MPHUPOAHBIX Cpelax W CTPYKTYPHBIX 0Opa3oBaHMW HaHHOM cuctembl. Ecimu Oynymiee
JKOJIOTHYECKOE COCTOSIHHME B 30Hax BIUsSHHA «OO0beKkTa THAPOIHEPTETHKN» KaKUM-TO 00pa3oM
COICPKUTCSL B HACTOSIIEM (TIEPUOJ CTPOMTENLCTBA, HAYaJbHOM OKCIUTyaTalldd), a B HACTOSIIEM
3aKJIFOUEHO Tpornuioe (ucxomHoe (GoHOBOE cocTosHUE), To «CTpeja BpeMeHH» O0YCIaBIMBaeT co0Oi
dakT TOro, 4YTro «BpeMsi 00ycJaBJMBaeT B cede CBOEOOPa3HOr0 KOHCTPYKTOPA», KOTOPBIH
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B3aMMOCBSI3bIBAECT MPOLLJIOE ¢ HACTOSAIIMM M OyaymuMm. CrexyeT OTMETUTh, YTO MEXIY BpPEMEHEM U
MPOCTPAHCTBEHHBIMU TIpeJeNiaMH 30H BIUSHUA «OOBbeKTa THAPOIHEPTeTUKNY UMEIOTCS TPUHIMITHATBHBIE
pasnmnuusa. Tak, B paccMaTpuBaeMOM IIPOCTPAHCTBE 30H BiIMAHMSA «OOBEKTa THUAPOIHEPTETHUKID
MOKa3aTeNd «IKOJOTHYeCKOro COCTOSHUS» MEHSIOTCS, @ BpeMs IPU 3TOM MPOTEKAET TOJIBKO B OJHOM
HaNpaBJICHUH - OT HACTOSILETO B OyayIiee, T.€. HEBO3MOXKHO MEPECTaBUTh MECTAMU NMPOLLIOe U Gyayiee.
OU3NIECKUIA CMBICI CBSI3M MEXIYy NMPOULIBIM M OYAYIIUM B OIpENeICHHON Mepe OOBACHSET JeiicTBHe
BTOPOTO Hayala TEPMOAWHAMHKH, KOTOPHIM OMpelesieH SHTPONUHHBIN Oapbep, ONpeaesomuit
JOCTYIIHBIE COCTOSIHMSI OT COCTOSIHUI 3alpelleHHbIX. XapaKTep W3MEHEHUs! SHTPOIUM B 30HAX BIMSHUS
«O0BeKTa THIPOIHEPTETHKI» U 0aCCEHHOBOI T€OCHCTEMBI B IIEJIOM B 0000IIECHHOM MTOHUMaHUHN OTpa)kaeT
NMpoLnuIoe, HacTosIee U Oyaymee «JKOIOTHIECKOro coctossuuay. Cymma n3Menenuit autponuu [1TC
«lIpuponnas cpema - OOBEKT TUApOIHEpreTHKH - Hacenenwe» W BHEImHEH [UIsI Hee Cpenbl B
MPOCTPAHCTBEHHBIX MpeAeiax PeyHol 0acCeHOBON TeOCHCTEMBl HE MOXKET yOBIBaTh, T.€. TPUPOIHBIC
KOMIIOHEHTHI, K IPUMEPY, B BUIE PEYHOM CETH HENb3s BEPHYTh B HCXOIHOE COCTOSHUE IO OCYILIECTBICHUS
BHYTpHUOAacCEHOBOIO MepepacipenesieHnss CTOKa. VI3MEHeHHe SHTPOIMHM OIpenesieTcss H3BECTHBIM

ypaBHenueM U. IIpuroxuna [15]:
d5  deS | diS
e~ ar Tar @)
rae: dS - moiHoe W3MEHEHUE SHTPOITUH B CHCTEME 3a IEpUo/] BpeMeHH dt;
diS - W3MeHeHHE SHTPONUH B CHCTEME, OOYCIOBICHHOEC HEOOPATHMBIMH IPOIECCAMH BHYTPH
CUCTEMBI WJIM IPOU3BOJICTBOM SHTPOIINH;
deS - sHTponus, oTOMpacMasi U3 OKPY)KaloIlel BHEIIHEH Cpelbl, T.e. B paCCMaTPUBACMOM Clly4ae
MPOCTPAHCTBEHHBIX MpEIeNoB OaCCEHHOBON I€OCHCTEMBI W XapaKTepU3yeT OOMEH JHeprueil ¢ BHEUTHeH
cpenoi.
CornacHO BTOpOro Hayajla TEpMOJMHAMUKH, diS Bceraa MonoxuTenbHa, a deS MoxkeT ObITh, Kak
MIOJIOXKUTEIIBHOMN, TaK ¥ OTPHUIIATEIIEHON BETUIHHOHN (puc. 3).

ACCEHOB‘\g

sortit! BIVIRM,

Puc. 3. Cxema moaeu B3aumoaeiictBus komnonenToB B cocrase [ITC «I1.C.-O.1.-H.»
B IPOCTPAHCTBEHHBIX Npeesax pevyHoi 6acceiilHOBOI reocHCTeMBbI

HampaprneHHOCTh TPOTEKAOIIUX TPOIECCOB B paccMaTpuBaeMoil cucteme - GopMUpyeTCs
MpOoLIeCCaMK Pa3BUTHUS, KOTOPBIE 3aBUCAT OT POCTA MOJE3HON MOUIHOCTU P A1 onpeneneHHbIX NepruoioB
BPEMEHHM B HACTOSIIEM tg U OyAyLieM tp, tz 1 T. 1. [l kakaoro nepuoaa GuKCUpyercs: BKiaa B poct P 3a
t, BKJIaJ B CKOpOCTh pocTa P 3a t,, Bkian B yckopeHue pocta P 3a t3. DTOT nmporecc MOKHO NMPEACTaBUTh B
BHJIC psIa pa3iokeHuH BenmarH P(t) 1Mo cremnensm:

P(t) = Py + Pyt +Po+ Pe=.. [t°T %], 2
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rae: Pp - HeraTuBHas BEJIWYMHA I10JIE3HON MOLLHOCTY;

P; - ckopoCTb M0JI€3HOI MOLITHOCTH;

P, - ckopocTb pocTa moJsie3HOM MOIIHOCTH;

P3 - ycxopenue pocTta mosie3Hoi MOIIHOCTH.

3a pocTOM TOJE3HOH MOIMHOCTH CTOMT pocT d¢pdexTuBHOCTH f(t) HCMONB30BaHMS MOTHON
MOITHOCTH Ny, KOTOpOH 00namaer cuctema. Poct addexTuBHOCTH HcTonb30BaHms N, TPEICTaBIICTCS
PAIOM Pa3IOKEHHUS:

f(t}:fu+f1f+fr=+fr5---v (3)
rae: fy - HeratuBHas >(Q(HEKTHBHOCTD UCIONb30BaHHSA Ny fg B fi- 3P(DEKTHBHOCTD UCIIONB30BAHMS IS
ty, nanee fz ana ta, f3 s L.

CrnemxyeT OTMETHTB, YTO JKOJOTHUYECKH ycToiWumBoe pasButue (DYP) B paccmartpuBaemoit I1TC
«[Ipuponnas cpena - OO0beKT AeATeNbHOCTH - HaceneHune» 3aBHCHUT OT TeMIOB pocTa 3()(HEeKTUBHOCTH
ucnonb3oBaHus Ny, 1 He yOBIBAOIINX TEMITOB pocTa P:

P+ Pit+ Pot?+ Pyt3+...= 0 [t5T 7] (4)
" COXpPAaHCHUA y6bIBa}OIHCFO N3MCHCHUA MOIITHOCTHU IIOTCPhL!:
Gop+ Gyt +Got2+ Gatd+...< 0 (5)

Ha ocHoBe ananuza BeipaxkeHn#t 4-5 1o ucnons3oBanuio N, ¥ HeyOBIBalOMIKUX TeMIOB pocta P(5) u
coxpaHeHus yOwiBaromiero wusMeHeHuss G(6) MOXHO cenath BbIBOJ, uTo oOecrieueHus OYP B
paccmarpuBaembix [ITC «llpupomuas cpema - O0bekT mesrenpHOCTH - HacemneHne» BO3MOXHO, e€ciid
paccMaTpuBaTh MCIIOJNB30BaHHE BOJHBIX PECYpcOB - KakK IIpollecc, HaNpaBieHHbII Ha H3MEHEHHE
HanpaBJICHUsT M CKOPOCTH MABWKEHHS IIOTOKOB CBOOOJHOM SHEPIuH, OOYCIABIMBAIOLIME II0JIC3HYIO
MOIIIHOCTH P B mpocTpaHcTBe 1 BpeMeHu [6].

Heob6patumocts niporieccoB BBB mexny «O0bekTa rugposnepreTukm» 1 «[[pupoaHsIMu cpeaaMuy
B Mpelesnax 30H BIUSHHSA OOYCIABIMBACT OIPEJEJICHHbIE NPOOJIEMBbl, CBSI3aHHbIE C OOecleYeHHEM
«IKoJoTNYecKoii 0€30MaCHOCTH», a C JPYroil CTOPOHBI, BBI3BIBAET HEOOXOAMMOCTH HW3MEHEHHIA
TEXHOJIOTMH HCIOJIb30BaHUsl BOJHBIX PECypCOB, K INpUMEPY, B JIOMOJIHEHHH K JeuctByromeir ['OC
ctpoutenscTBO 'TADC, a Takxke MPUMEHSEMBIX KOHCTPYKTUBHBIX pemeHuil. IlpoctpaHcTBEHHBIE Ipeebl
peuHOl OacceHOBOW TE€OCUCTEMBI, TJieé BO3BOAUTCS M (YHKIMOHUpPYET «OOBEKT THAPOIHEPTETUKNY
npuoOpeTacT BpeMEHHOe H3MeHeHHe - «OBpeMeHeHHe NPOCTPAHCTBA», KOTAa HOBBIA OOMHK
MIPOCTPAHCTBA U COOTBETCTBEHHO, « IKOJOTHYECKOEe ero COCTOsIHNE (HACTOSIIEE) UMEET OTpe/IeIICHHbIE
OTIAMYMS OT MCXOAHOTO (Mpouuioro) obmuka. Byaymuil oOMMK MpoCTpaHCTBA M €ro «JKOJIOrHYecKoe
COCTOSIHME» MOXET ONPENENIATHCS SBOJIOLMHOHHBIM IMPOLECCOM HEOOPaTHMMOCTH, CBS3aHHOTO C POCTOM
JHTPONMU W B ONPEICIIEHHOW Mepe NPOBOANMBIMH NPUPOAOOXPAHHBIMH MEPOIPHATHAMHA B 30HAX
BiHAHUS «OOBEKTa THAPOIHEPTETUKIY.

B npouecce sBomonnu IITC «IIpuponnas cpena - O0beKT ruapo’HepreTuku - Hacenenue» B 30Hax
BJIMAHUS HerpepsiBHO oOMeHmBaercsi BOU ¢ okpyxatomeln «[IpupoaHoit cpenoit» mpocTpaHCTBEHHBIX
MIPEJIEIIOB PeYHO OaccCeHOBOW T€OCUCTEMBI M MPOU3BOAUT IHTPomnuIo (puc.3). [Ipu sTom, mponsBoaumas
IHTPONHSA HE aKKyMYyJIHUPYETCSl B CHCTEME, a BHIBOJUTCS B OKPYXKAloOIIyl0 BHEIIHIOW cpeny, T.e. [ITC
«IIpupoanas cpena - O0beKT ruaposHepreTuky - Hacenenue» ne Moxxet ObITh paBHOBecHOH. Takue BBB
otkpeiToii 1 HepaBHOBecHOU IITC «llpuponnas cpema - OOwexT rumposHepreTukn - Hacemenwe» c
OKpY’KaIoIIed cpemaoi OMpeNessioT MPOIecChl MOTpedieHns u3 Okpyxkaromiet «lIpupoaHoil cpemnsn»
«IOPSAIKA» U BEIBOJA U3 CUCTEMBI B OKPYKAIOLIYIO cpeny «0ecnopsigkay (puc.3). Ciaenyer OTMETUTD, YTO
KIIFOUeBYIO poib B paccmaTpuBaeMbIx [ITC «lIpupognas cpema - OObEKT THAPOIHEPTETHKH - Hacenerue»
UTpaeT MOHATHE POCTa IHTPONMH, KOTOpOe O0YCIIaBIMBacTCd BHYTPEHHHMH MpPOIECCAaMH B3aMMOCBSI3H,
B3aMMOJICUCTBHIA M B3aMMOOTHOMICHHH «OOBEKTOB THAPOIHEPTeTHKH» C «lIpupogHsiMu cpemamMm» B
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npenenax 30H BAUSHHA. POCT 3HTPONMHM B €AMHUIYy BPEMEHHM B €JUHHIE O00beMa MPOCTPAHCTBEHHBIX
npenenax 30H BAMAHUS «OOBEKTa THIPOIHEPTeTHKW» BBIpaKaeT coO0W (YHKUIUIO IAUCCUIALUS WIN
npeoOpazoBanus cBobomnoil sHeprum (E ;) B cBszannyo sHepruio (E.,) W, B KOHEYHOM HTOTE, B
ycroiunBylo (Gopmy - TemiuoByro. Yem Oonbme 3HaueHune E s, TeM Bblie paboTOCIOCOOHOCTS,
MIPOU3BOAUTEIBHOCTh U, KaK CJEACTBHE, COOTBETCTBEHHO «JKOJOTMYecKOe COCTOSTHHE» CUCTeMBI. Tak,
pu TOMUHHPOBAHUU E;, Kak E;s cucTemMa cTpeMuTCa K paBHOBECHIO, T.€. Aerpagupyer [2, 15]. DHepro-
SHTPOMUIHBIA MOAX0 «IKOJOIMYECKOro COCTOSIHMS» B 30HaX BAMAHUS «OO0BEKTa THIPOIHEPreTUKI
no3BoynsgeT Oosee  OOBEKTMBHO OLEHMBATh 3KOJIOTMYECKYI0 CHUTYalMI0 B  pPaccMaTpUBaeMbIX
IPOCTPAHCTBEHHBIX Npeeax.

[Tpu oneHke «IKOJOTHYECKOro COCTOSTHUS B 30HAX BIMAHUS «OOBEKTa THAPOIHEPTETUKI», KAK
MOKA3bIBAET ONBIT MHOTOJETHUX MOHHUTOPUHIOBBIX HAOIIOACHUH, BO3HMKAeT HEOOXOOUMOCTb B
MOJU(HKALNY MMOAXO0AO0B YieTa BPeMeHH B 3aBHCUMOCTH OT (DYHKIIMOHAJIBHOTO HAa3HAYEHHS OTIEIBHBIX
BUJOB THIAPOTEXHUYECKUX COOPY)KEHHH, UX BPEMEHHOIO IEPHOJa NPAKTHUYECKOI'O HCIOJIb30BaHMA, B
YaCTHOCTH, Ha CTaJud HPOEKTUPOBAHMS, CTPOUTENILCTBA, OSKCIUIyaTallMd M JPYTrUX achekToB. Tak,
CO3/71aHHE KOMIUIEKCA THUAPOTEXHUUYECKUX COOPYKEHHH I BHYTpHOACCEHHOBOTO NepepacrpeneieHus
ctoka pek bompmoin, Manerii 3enenuykn u KyOGanu ams BBIpaOOTKH AIIEKTPUYECKON HHEPTHH Ha
3enenuykckoit [DC-I'ADC, a B nepcnektuse Ha Kpacnoropckux I'DC-1 u I'9C-2, rae Bpems BeIpakaeTcst
«BO3HMKAKIIUM CcBOMCTBOMY [2] u onpenensier Hanpasinenue «Pazsutusay [ITC «[Ipuponnas cpena -
O0bext ruaposHepreTrnkn — Hacenerns». [lonstie «Pa3BuTue» oOycnaBimBaeT B cebe HEOOpaTHMEIE,
HanpaBJIeHHBIC, 3aKOHOMEpPHBIE HW3MEHEHHSI B MPHPOAHBIX cpedax 30H BiusHuA «OObekTa
THIPORHEPTETUKN» U COOTBETCTBEHHO «JKOJIOrHYecKoe cocTossHue». HeobpaTnuMocTh 3TUX M3MEHEHUI
XapakTepu3yeT Tpolecchl (QyHKIUOHUpoBaHUS «OOBEKTa THAPOIHEPTETHKH» B IMPOCTPAHCTBEHHBIX
npenenax OacceliHOBoW reocucteMbl. B pesymnbrate «PazButusi» [ITC «IIpupognas cpema - OOBEKT
THIPO3HEPreTHKH - HaceneHne» BO3HUKAaeT HOBOE KaYeCTBEHHOE M KOJMUYECTBEHHOE «JKOJOIHMYecKoe
COCTOSIHME», B KOTOPOM B&)KHYIO XapaKTEPUCTUKY COCTABIIIET BpeMs, OIpEeNioNiee HanpaBIeHHOCTb
«Pa3BuTH», KaK HECOOPATUMOTO, HAIIPABJICHHOT'O U 3aKOHOMEPHOTO U3MEHEHHMS B IPUPOJIHBIX Cpelax 30H
BiusaHus. Ilpu mn3ydennmn npoueccoB BBB B IITC «llpuponnas cpega - OOBEKT THMIPO3HEPreTHKU -
Hacenenue», (QYHKIMOHHPYIOIIUX M CTPOSIIUXCS B TPOCTPAHCTBEHHBIX TMpenenax O0accelHOBBIX
reoCHCTEM, BaXKHBIM SIBJISIIOTCS 1BA MPOTHBOIOJIOKHBIX ITOHATHUS - COXpaHeHUsl W u3MeHenusi. Hamnune
CBSI3U MEXIY IMOHATHSIMU «H3MEeHeHHe» M «COXpaHeHHe» oOpallaeT BHHMAaHUWE TO, YTO HaJH4He
«M3MeHeHMi1» 00yClaBIMBaeT OTCYTCTBUE «COXPAHeHHUs», TO €CTb Ha He - coxpaHeHue. Cremyer
OTMETHTh, 4YTO 00a TOHATHS, KaKk COXpPaHEHHMe, TaK W H3MeHeHHe MOIYT OTHOCHUTCA Kak K
NMpPOCTpPaHCTBaAM, Tak M K QopMmaMm IBWKEHUs B Bujae nporeccoB BBB wmexny npupomsHsiMu u
TEXHOT€HHBIMU KOMIIOHeHTaMu B paccMmarpuBaeMbix [ITC «llpuponnas cpena - O0beKT THAPOIHEPTETHKI
- Hacenenue». IloaTomMy, BaXKHBIM SIBIIETCS YCTAaHOBHTH, YTO COXPAHMAETCA W YTO M3MeHseTCH, T/
CJIEJIyeT YUHUTHIBATh, YTO OJIHO JIEJI0 COXpPAaHEHHE «MPOCTPAHCTBAY H COBCEM JIPYroe - COXpaHeHue Gpopm
IBwkeHus: nmorokoB BOWU. [lns paccmarprBaeMoOro mpocTpaHCTBa, K MPHUMEpPY, 30H BIMAHUS «OOBeKTa
THUAPOIHEPTETUKN», XapaKTEPHBIM SBIISETCS HAIWYHE JIMHEHHBIX Pa3MepOB U, CIE0BATEIHHO, N3MEHEHUE
«IPOCTPAHCTBA» CBA32aHO C M3MEHEHHEM €ro reoMeTpuyecKux pazmepoB. CoxpaHeHHE (HOPM JIBHKEHUS
(mporieccoB) HE MOXKET OBITH BBIPAKEHO B JMHEMHBIX pa3Mepax, Tak Kak MpeauKaToOM Mpoliecca WU
(GOpMBI JIBHXKEHUSI SBISIETCS «IJIMTEIBHOCTB», TO €CTh HEUYTO, CBS3aHHOE CO BpeMeHeM. B sTom
COOCTBEHHO M OOYCIaBIMBAeTCsS pa3idiyue TMOHIATHI MPOCTPaHCTBA U (opM JBHMKEHHS, KOrAa
COXpaHEHHE NPOCTPAHCTBA MOXXHO XapaKTEepPH30BaTh HEU3MEHHOCTBIO pa3MepoB, B KOTOPOM HET
BpEMEHH W TZ¢ HMMEIOTCS JBa B3aHMMOMCKIIOYAIOUIMX TMOJOXEHUS - M3MEHEHHs, JIMOO coXpaHeHHe
TpeTbero He JaHo. Cle0BaTenbHO, BCAKOE H3MEHEHHe €CTh He - COXpaHeHHe U BCAKOE COXpaHeHHe eCTh
He - H3MEHeHHe, a M3MEHEHMe HE eCTb coxpaHeHme. [ paccmarpuBaembix mpoueccos B IITC
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«IIpuponnas cpena - O0BEKT THAPOIHEPTETHKN — HaceneHuey, onpenensionux coooi « IK0Jornueckoe
COCTOSIHME»B TIPUPOHBIX CPE/laX 30H BIMSHHUSA, XapaKTCPHOW OCOOCHHOCTBHIO CBSI3U MEXAY MOHITHIMU
«M3MEHEHHMe» W «COXpPaHeHUe» SBISIETCA TO, YTO «JKOJOrHYecKoe COCTOSIHHME» B 30HAX BIFSHHA
«OOBEKTOB THUIPOIHEPTCTUKH» «U3MEHSIETCSI», a IPOCTPAHCTBO, KaK B 30HAX BIHUSHUS, TaK U B
0acceliHOBOW TIEeOCHCTEME B IICJIOM «COXpaHsieTcsi». [ coXpaHeHHsS NPOCTPAHCTBEHHBIX IPEICIOB
pedyHON OacCceHOBOW T'€OCHCTEMBI HEOOXOIUMBI ITOCTOSIHHBIE M3MEHEHHs B «lIpHUpomHBIX cpemax», T.e.
«COXpaHEHME» €CTh «H3MeHeHue». ClieJ0BaTeIbHO, MOKHO OTMETHTh, YTO CUHTE3 3THUX JIBYX MOHSTHIM
o0ycraBiIMBaeT peaTbHOCTh OKPY)KAMOIIEro Hac mupa «Bce m3MeHsieTcsl M OCTaeTcsi HEM3MEHHBIMY,
ompezensioniee B cede mporecchl ABmkeHuss BOUW. M3BecTHast MBICIIE APHCTOTENS: - «8PeMA - YUCTIO0
oguIICeHUEe.

BbIBO/IbI

Ha ocHoBe pe3ynbTaToB uccnegoanuii mporeccos BBB kommnonentoB B coctase IITC «lIpupoanas
cpena - OOBEKT ruIpo’HepreTukn — HaceneHue», MOKHO OTMETHTbH, YTO OIEHKA «IKOJOTHYECKOro
cocrosinus» B «lIpupomHeix cpemax» 30H BIusHUS «OOBEKTOB THUAPOIHEPTETHUKN» SBISETCA
JIOMHHUPYIOLIUM 3KOJIOTHUECKUM (HaKTOpPOM IO OOCCIEUYCHUI0 «IKOJOTHYEeCKOoi 0e30MacHOCTH» B
MIPOCTPAHCTBEHHBIX TpeNeNax PeYHoON 0acCeiHOBOW T'eOCHCTEMBI, Iie (hOPMHUPYIOTCS BOJTHBIC PECYPCHI,
MCTIONB3yeMbIe TSl BBIpaOOTKH dnekTpudeckoit saeprun Ha ['OC, TADC.

Hcnonp3oBanue moHsTusi «Bpemsi» B OlieHKE «JKOJOTHYECKOT0 COCTOSIHMSI» B 30HAX BIHMSHUS
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HKOJIOTUYECKUX UCCIIEAOBAaHUI B HCITOIb30BAHUH BOJHBIX PECYPCOB.
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Hydrology and meteorolog

THE CONCEPT OF TIME IN ASSESSMENT
OF THE ECOLOGICAL STATE
HYDROPOWER FACILITIES

Bondarenko V.V, Khetsuriani E.?, Semenova E.?, Shtavdaker M.?
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2 M.I. Platov South-Russian State Technical University (Novocherkassk Polytechnic Institute),
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Annotation. In the spatial limits of basin geosystems, where water resources are formed (surface and
underground runoff), all the processes of vital activity of natural (biotic, abiotic) and technogenic
components and the living population occur, which are caused by certain previous initial ecological states
or various kinds of phenomena (ruslov, exogenous, etc.) and therefore any, for example, ecological state in
the system under consideration can be explained and predicted. This methodological approach allows us to
make alternative actions of choice, which causes a close relationship with the concept of time [1].

Time flows continuously, where the present is constantly updated, the future is always open until it
becomes the present, and the past always remains unchanged. In the flow of time, the basin geosystem
under consideration moves from the unchanging past, the fleeting present and the open future to the past,
under the influence of natural processes in combination with economic activity and natural-technical
systems of the PTS "Natural environment-Object of activity-Population”, in which the "Object of activity"
can be a "Hydroelectric Power Facility" (HPP, PSPP).

Considering the issues related to the assessment of the ecological state in the zones of influence of
"Hydropower Facilities" or in the spatial limits of the PTS "Natural Environment-Hydropower Facility-
Population", what is the expected future? This question contains a deep meaning of the fact that time is a
fundamental measurement, in particular, of the assessment of the ecological state in the zones of the
constructed or functioning "hydropower Object".

Keywords: system, time, basin geosystem, ecological state, development, entropy, environmental
safety.
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Annotation. The article presents the results of a study on the development of national methodologies
for generating indicators for targets 6.3—6.5 of SDG 6 “Ensuring availability and sustainable management of
water and sanitation for all” and their integration as target indicators into the developed state and sectoral
strategies and programs affecting the rational use and protection of water resources.
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INTRODUCTION

In the Republic of Belarus, work is currently underway to implement the Sustainable Development
Goals (SDGs) adopted by the UN General Assembly in resolution A/RES/70/1 of September 25, 2015 on the
new sustainable development agenda for the period 2016-2030 — “Transforming our world: the 2030 Agenda
for Sustainable Development” (Agenda 2030) [1].

The 2030 Agenda identified 17 SDGs and 169 targets for their implementation, as well as reaffirmed
the commitments of countries towards a global partnership for sustainable development.

To assess the effectiveness and progress in achieving the SDG targets, an international system of
indicators has been created. For the formation of national reporting and assessment of progress in achieving
the SDGs, countries are recommended to use international indicators or, on their basis, to develop national
indicators to consider the specifics of the country (proxy indicators).

Eight of the seventeen SDGs have an environmental dimension, and four are related to environmental
and environmental management objectives (SDG 6, 13, 14 and 15), with SDG 6 “Ensuring availability and
sustainable management of water and sanitation for all” and SDG 14 “Conserve and sustainably use the
oceans, seas and marine resources for sustainable development” is directly aligned with the sustainable use
and protection of water resources.

In the Republic of Belarus, environmental SDGs are implemented by the Ministry of Natural
Resources and Environmental Protection of the Republic of Belarus (Ministry of Natural Resources).

At the same time, the primary task was to create a national system for monitoring progress in
achieving the SDGs and forming national reporting. This task is addressed by the National Statistical
Committee of the Republic of Belarus (Belstat).

In 2018, Belstat developed a Roadmap for the Development of Statistics on SDGs, and in 2019 — a
National Platform for Reporting on SDGs.

For the Republic of Belarus, the main direction in the field of water use and protection is the
implementation of SDG 6, including the formulation of national targets and indicators to assess progress in
achieving the targets.
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OBJECT AND RESEARCH METHODS

At the international level, SDG 6 has 8 targets and 11 indicators to measure progress towards targets.
The Republic of Belarus recognized all 8 targets and 11 indicators as relevant for itself, and they should be
used to monitor progress towards achieving SDG 6 at the national level.

According to the Roadmap for the development of statistics on SDGs, the Ministry of Natural
Resources is responsible for the implementation of most of the SDG 6 objectives and determines the
scientific and technical policy on the methodology for developing indicators, assessing them, and predicting
their changes (Table 1).

Table 1
Distribution of responsibilities in the formation of indicators within the specified SDG 6 targets
Indicators identified at the national level to assess progress towards achieving | Responsible for the

SDG 6 targets

formation of the indicator

TARGET 6.1. By 2030, achieve universal and equitable access to safe and afford

able drinking water for all

6.1.1 Proportion of population using safely managed drinking water services

Belstat

TARGET 6.2By 2030, achieve access to adequate and equitable sanitation and
defecation, paying special attention to the needs of women and girls and those in

hygiene for all and end open
vulnerable situations

6.2.1.1 Proportion of population using safely managed sanitation services Belstat

TARGET 6.3. By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing
release of hazardous chemicals and materials, halving the proportion of untreated wastewater and substantially
increasing recycling and safe reuse globally

6.3.1 Proportion of wastewater safely treated Ministry of Natural
Resources, Belstat

6.3.2.1 Proportion of surface water bodies that have been assigned a “good” or | Ministry of Natural

higher ecological (hydrobiological) status Resources

TARGET 6.4. By 2030, substantially increase water-use efficiency across all sectors and ensure sustainable
withdrawals and supply of freshwater to address water scarcity and substantially reduce the number of people
suffering from water scarcity

6.4.1 Change in water-use efficiency over time Ministry of Natural
Resources, Belstat
6.4.2 Level of water stress: freshwater withdrawal as a proportion of available | Ministry of Natural

freshwater resources Resources, Belstat
TARGET 6.5. By 2030, implement integrated water resources management at all levels, including through
transboundary cooperation as appropriate

6.5.1 Degree of integrated water resources management implementation (0- | Ministry of Natural
100) Resources
6.5.2 Proportion of transboundary basin area with an operational arrangement | Ministry of Natural
for water cooperation Resources

TARGET 6.6. By 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands,
rivers, aquifers and lakes
6.6.1.1 Changing the area of water bodies

Ministry of Natural
Resources

TARGET 6a. By 2030, expand international cooperation and capacity-building support to developing countries
in water- and sanitation-related activities and programmes, including water harvesting, desalination, water

efficiency, wastewater treatment, recycling and reuse technologies

6.a.1 Amount of water- and sanitation-related official development assistance | Ministry of Housing and
that is part of a government-coordinated spending plan Communal Services,
Ministry of Health,
Ministry of Natural
Resources,  Ministry  of
Finance, Ministry of
Economy
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Indicators identified at the national level to assess progress towards achieving | Responsible for the
SDG 6 targets formation of the indicator

TARGET 6b. Support and strengthen the participation of local communities in improving water and sanitation
management
6.b.1 Proportion of local administrative units with established and operational | International organizations
policies and procedures for participation of local communities in water and | (WHO; UNEP; OECD)

sanitation management

In the period 2018-2019 - within the framework of the international project “Water Initiative of the
European Union Plus for the Eastern Partnership Countries”, the Central Research Institute for Complex Use
of Water Resources (CRICUWR) carried out research on the adaptation of international methodologies and
the development of national methodologies for the formation of indicators for targets 6.3-6.5 of SDG 6 and
proposals were developed to include SDG 6 indicators in national programs and strategies related to the
rational use and protection of water resources, modernization and development of water systems.

The study on the nationalization of SDG 6 indicators was carried out by CRICUWR in 6 main stages:

1. Analysis of the applicability of international SDG 6 targets 6.3-6.5 indicators used in neighbouring
countries (CIS countries and EU countries) to assess the possibility of comparing the results obtained by
indicators at the country level.

2. Assessment of the possibility of applying international indicators of targets 6.3-6.5 of SDG 6 at the
national level and the need to develop national indicators (proxy indicators) from the standpoint of the
availability and optimality of national statistical data. Identification of organizations that are sources of
information for the calculation of indicators.

3. Development, agree and approval of methodologies for the formation of indicators (proxy
indicators) of targets 6.3-6.5 SDG 6, calculation of indicators.

4. Integration of methodologies for calculating indicators of targets 6.3-6.5 SDG 6 into the information
system of the State Water Cadastre (SWC) to automate their calculation.

5. Organization of information exchange of data between interested government bodies, public
organizations, citizens, etc.

6. Formation of proposals for the inclusion of indicators as target indicators in the developed state and
sectoral strategies and programs affecting the rational use and protection of water resources.

Analysis of international methodologies for the formation of indicators for targets 6.3-6.5 of SDG 6
confirmed the possibility of applying at the national level with some refinements of indicators 6.3.1, 6.4.1,
6.4.2, 6.5.1 and 6.5.2; and for indicator 6.3.2, a methodology has been developed for its assessment in the
form of a proxy indicator.

When developing national methodologies and refining international methodologies, the level of
aggregation of each indicator (national, regional, basin, by type of economic activity) and the sources of
initial information for calculating the indicator were simultaneously determined and substantiated.

Particular attention was paid to the calculation of indicators 6.5.1 “Degree of integrated water
resources management implementation (0-100)” and 6.5.2 “Proportion of transboundary basin area with an
operational arrangement for water cooperation”. These indicators are complex and make it possible to assess
the level of implementation in the country of integrated water resources management and the level of
development of international cooperation in the management of transboundary water resources with
neighbouring countries. These indicators are especially important because all five large river basins of the
country (Dnieper, Pripyat, Western Bug, Neman and Western Dvina) are transboundary and their total area is
99.7% of the country's area.
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Methodologies for calculating indicators of SDG 6 targets 6.3-6.5 were approved by the Ministry of
Natural Resources in 2019 and integrated into the information system of the State Water Cadastre (SWC),
which is maintained by the Ministry of Natural Resources and the Ministry of Health [2].

Integration of methodologies for calculating indicators in the SWC made it possible to automate
calculations for different levels of aggregation (national, regional, basin, by type of economic activity) for
different periods of time and organize information exchange of data.

Currently, the SWC information system has a section “Calculation of SDG 6 Indicators”, which
includes thematic subsections on indicators of targets 6.3 - 6.5 of SDG 6.

The structure of the section is shown in Figure 1 with the display of the names of the subsections in
the form of web pages and further work with them by activating the required subsection.

[maeHas ctpaHuua / Pasgensl FBK / LIYP 6 "OBecneyeHue Hanu4yMs W paumMoHanbHoro Nenonb3oBaHWs BOOHbIX pecypcoB U caHuTapumu Ans Bcex”

Mokaszatenu LIYP 6 "Obecne4yeHne Hann4usi n paumMoHarnbHOro
NCMONb30BaHNs BOAHbLIX PECYPCOB U CaHuTapvm ans Bcex”

O ) O

6.3.1 Jona bezonacHoO 6.3.2.1 Jons NOBepPXHOCTHbIX 6.4.1 QuHaMMKa n3MeHeHnsA
ouMLlaeMbIX CTOYHLIX BOA BOAHBLIX 00 LEKTOB, KOTOPLIM 3 heKTMBHOCTU
NMPUCEBOEH «XOPOLIUWIA» U Bblllle BOAONONb30BaHUA
IKONOrM4YeCKUA
(rmppobuonorM4yeckni) cTaTyc

O ) O

6.4.2 MLHTEHCUMBHOCTb 6.5.1 CteneHb BHeApeHUA 6.5.2 Jonsa nnowanu
MUCNONBL30BaHUA 3anacoB NPecHon KOMIJIEKCHOIO YNpaBneHuA TpaHCErpaHW4YHLIX BOAHLIX
BOALI (BOAHLIN CTpecc) BOAHLIMK pecypcamu (ot 0 oo bacceMHOB, B OTHOLLEHUMN
100) KOTOPbIX AeACTBYeT MeXxaHn3m
TpaHrpaHW4HOro BOAHOIO
COTpyAHUYeCTBa

Figure 1 - Structure of the information section on indicators of targets 6.3-6.5 SDG 6

Access to the SWC Information System is free at - http://178.172.161.32:8081[3] or from the
CRICUWRwebsite- www.cricuwr.by [4].

At present, CRICUWR regularly calculates national indicators for targets 6.3 - 6.5 of SDG 6 and
submits data to Belstat for posting on the National SDG reporting platform, as well as calculates indicators
6.5.1 and 6.5.2 for their submission to international organizations.

Obviously, for the successful achievement of SDG 6 targets, they should be included in existing and
future national strategic documents dealing with the rational use and protection of water resources, and it is
advisable to include indicators as indicators to assess the success of achieving the set goals and objectives.

Currently, several indicators of SDG 6 targets 6.3-6.5 are included in the draft Strategy of Water
Resources Management in the context of Climate Change for the period until 2030, in the draft Strategy for
Environmental Protection of the Republic of Belarus for the period until 2035. Several indicators are
included in the State Program “Environmental Protection and Sustainable Use of Natural Resources” for
2021-2025 and the State Program “Comfortable Housing and Favourable Environment” for 2021-2025.

SDG 6 target indicators 6.1 and 6.2 are planned to be included in the developed National Strategy for
the Development of Water Supply and Sewerage Sector of the Republic of Belarus until 2035.

At the regional level, individual indicators of SDG 6 targets are included in the developed river basin
management plans and are used as indicators for regional programs for the modernization and development
of water systems.
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Selected SDG 6 indicators are elements of national reporting on the implementation of obligations
under international agreements affecting the rational use and protection of waters, to which the Republic of
Belarus has joined. In particular, indicator 6.5.2 for target 6.5 “By 2030, implement integrated water
resources management at all levels, including through transboundary cooperation as appropriate” is included
in national reporting under the UNECE Convention on the Protection and Use of Transboundary
Watercourses and international lakes (Helsinki Convention), to which the Republic of Belarus joined in
2003.

CONCLUSIONS AND RECOMMENDATIONS

Nationalization of methodologies for the formation of indicators for SDG 6 targets makes it possible
to implement international approaches in the field of sustainable use and protection of water resources into
national legislation, considering the specifics of each country.

The use of various levels of aggregation of indicators allows them to be used to assess the success of
the implementation of tasks for the rational use and protection of water resources both at the regional and
basin levels.

This makes it possible to further use the indicators not only as target indicators when assessing the
success of the implementation of state and sectoral programs, but also when developing river basin
management plans, when conducting regional assessments of water potential and the ecological state of
water bodies.

The work carried out in the Republic of Belarus on the nationalization of SDG 6 indicators and the
launch of the process of their regular monitoring made a significant contribution to improving the
information basis for making management decisions at the national and international levels.
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Environmental protection
DEVELOPMENT OF METHODOLOGY FOR DESIGN INNOVATIVE

CONSTRUCTION OF SNOW AVALANCHE

G. Gavardashvili 2, E. Kukhalashvili 2
I. Iremashvili ?, N. Gavardashvili ¥
Y UN Economic and Social Council (ECOSOC) Advisory
Council Organization N(N)LE Ecocenter for Environmental Protection
2 Tsotne Mirtskhulava Water Management Institute of Georgian Technical University
Thilisi, Georgia

Scientific research are carried out by Financial Support of Sh. Rustaveli Georgian National Science
Foundation Applied Grant Project # CARYS-19-305 “Innovative Complex Measure Against Snow
Avalanche”

Annotation. In the scientific paper, field-reconnaissance studies have been carried out at the Kobi-
Gudauri section of the Georgian military road to develop a methodology for designing innovative
avalanches.

Based on the joint field surveys of the main researchers of the grant project and the staff of the
Hydrometeorology Department of the National Environment Agency of the Ministry of Environment and
Agriculture of Georgia, the mountain slope of the project building was selected, the main parameters of
which change within the following boundaries.3: GPS coordinates; Y = 4705596, length 800 m. Slope
inclination 240, with absolute mark H = 2570 m.

Through the basic hydrodynamic parameters of the avalanche and the computer program - "Complex
program for spatial framing of structures Lira-SAPR 2019 (license number # 1/7165)" innovative snow
avalanche design is designed taking into account the dynamic and statistical loads of the avalanche.

Keywords: Innovative snow avalanche event, Kobi-Gudauri district, design.
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Environmental protection
ENVIRONMENTAL ISSUES IN UKRAINE

Gumen O., Selina I.
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute”
37, Peremohy ave., Kyiv, 03056, Ukraine
E-mail: gumens@ukr.net

Annotation. Today, one of the most important environmental problems for Ukraine is the
hydrosphere. The most acute problems relate to the main water basins of Ukraine - the Dnieper and
Dniester rivers. The Sea of Azov is also in an extremely dangerous ecological state. Saving the
environment is possible subject to the adoption and implementation of a comprehensive national program,
which contains a wide range of measures for ecological restoration and health improvement of nature, from
small rivers to sea areas. Legal protection of water resources of Ukraine regulates legal relations in order to
ensure the conservation, scientific substantiation, rational use of water for the needs of the population and
economic sectors, restoration of water resources, protection of water from pollution and depletion,
avoidance of the harmful effects of water and liquidation of its consequences, improvement of the state of
water bodies, as well as protection of the rights of enterprises, institutions, organizations and citizens for
water use. Today Ukrainian legislation contains a number of very important laws; it is developing,
acquiring positive foreign experience, which allows us to hope for an improvement in the situation in the
future.

Keywords: hydrosphere, ecosystem, water legislation, environmental protection.

INTRODUCTION

Nowadays one of biggest environmental problems in Ukraine is a hydrosphere. 93% of Ukrainians
consider environmental protection to be an important issue [1]. Most of all, people are worried about
frequent droughts, floods - 40.3%, an increase in the amount of waste - 37.4%, a decline in populations,
extinction of species and the disappearance of ecosystems - 34.8% and one of the main issues - a lack of
drinking water - 30%.
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MAIN PART

Ukraine is one of the largest European countries in terms of territory, population, resource potential
and is one of the most polluted on the continent. This is due to the high level of plants concentration, a
large-scale industrial disaster - the accident at the Chernobyl nuclear power plant - as a result of which in
1991 the Supreme Soviet of Ukraine declared the entire territory of the country an ecological disaster zone.
The territory of Ukraine, not counting individual small areas, and these are the Ukrainian Carpathians,
Central and Eastern Podillia, Poltava region, are polluted and very polluted regions, and 15% of the
country's territory is considered extremely polluted with an increased risk to human health and also regions
of ecological catastrophe, the 30-kilometre zone of Chornobyl Power Plant, South Transnistria and Donbas
region.

The keenest problems of Ukraine are related to the systemic water basins - the Dnipro and Dniester
rivers. At some point, Dnipro provided high biological productivity, and normal functioning for millions of
people in the rivers pool. In our time, due to gross violations of the use of water resources, the ecosystem
has degraded; the connections between biological and abiotic elements have been disrupted. The main
reason was the construction of a cascade of reservoirs on the Dnipro, which changed the dynamics of water
flow, and also influenced large-scale reclamation, huge volumes of water intake for industry, and the
discharge of polluted waters. The water system of Dnister and other rivers in Ukraine, that provides the
local population with water, degraded with the same reasons.

There is the Sea of Azov in the extremely dangerous ecological state. In the Azov about 114 types of
fishes and general fishing-out of fish were before counted in the best years exceeded 300 thousand tons.
Now catches fell 6 times, and the caught fish is often infected and poisoned by pesticides. Things are no
better in the Black Sea pool, but a normal situation is yet supported from considerably largenesses and
depths.
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The water fund of Ukraine includes all water objects on territory of Ukraine. It includes: surface-
water (lakes), currents (rivers, brooks), ornamental waters (storage pools, ponds) and channels, under-
waters and sources, internal salt waters and territorial sea.

What do you see as saving water resources and the entire ecosystem of Ukraine? The rescue of
environment is possible on condition of acceptance and realization of the complex national programs that
contains the wide spectrum of measures on ecological renewal and making healthy of nature, since the
small rivers ending the aquatory of seas. Similarly the improvement of the state of ecosystem is assisted
by:

- limitation of emissions into the atmosphere and hydrosphere with the purpose of improvement of
general ecological situation;

- creation of reserves, national parks with the purpose of maintenance of natural complexes;

- limitation of fishing, hunts with the purpose of maintenance of certain kinds;

- garbage dump limitation and search of safe ways of its processing.

CONCLISION

The legal safeguard of water resources of Ukraine regulates legal relations with the purpose of
providing the maintenance, scientific ground, rational use of waters for the needs of population and
industries of economy, renewal of water resources, guard of waters from contamination and exhausting,
avoid the harmful effects of water and liquidation of its consequences, improvement of the state of water
objects, and also guard of rights for enterprises, establishments, organizations and citizens on a water
consumption [2-5].

Violation of water legislation entails disciplinary, administrative, civil legal or even criminal
responsibility [6]. Also a large role is played by international cooperation in the field of ecology, in the
decision of problems of relation of nature and societies. This necessity is reflected in resolutions of UN
General Assembly on the problems of environment. Environmental law became the normative base of
nature protection collaboration of countries. It is the integrated field of international law of guard and use
of international territories of World Ocean, atmosphere of Earth, space.

Today, Ukrainian legislation contains a number of very important laws, and if we consider that it is
developing, acquiring positive foreign experience, one can hope for the improvement of the environment in
the future.
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OCOBEHHOCTH OIIEHKH BO3JIEMCTBHUSI HA OKPYXKAIOI[YIO
CPEJY PEKOHCTPYKIIMA ABTOMOBWJIBHOM
JAOPOI' «M-3» MUHCK-BUTEBCK
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Annomauusa. Ha npumMepe peKOHCTYKIIUH aBTOMOOWIBHOM goporn «M-3» Munck-Butebck 8,6 kv —
56,0 kM TpuBenEHBl OCOOCHHOCTH OLIEHKH BO3JICHCTBUSI CTPOHMTENBCTBA HAa OKPYKAIOIIYI0 Cpeay B
COOTBETCTBUU C TpeboBaHusMH EBpomeiickoro 0aHka peKOHCTpYKUuMH H pasButui. Ilo pesynbraTam
MMpOBCACHUSA OLCHKHU BO3Z[€I7[CTBH$I, peumieHuA TIMPOrHO3HBIX 3ada4 OLCHCHO BO3MOXHOC BJIMAHUC
XO35MCTBEHHON JESTENbHOCTH HA KOMIIOHEHTHl OKpyXKaromed cpenpl. IlpuBeneHa cpaBHUTENbHAs
XapakTeprcTHUKa MPOBEIeHHUs OLEHKH BO3JCHCTBUS B peciyOivKe, corinacHo TpeboBaHusM EBpormeiickoro
0aHKa PEeKOHCTPYKIMU U Pa3BUTHSL.

Kniouesvte cnosa: onenka BO3AEHCTBUS Ha okpyxkaromryio cpexy (OBOC), environmental impact
assessment (EIA), ananu3 skosoruyeckoro BosaeicTusi (ADB), 3arpsi3HeHue, CONUaTbHO-OKOHOMHYECKUE
aCIIEKThI BO3ACHCTBHAL.

BBEJIEHHUE

Konuenmust HanmoHanbHOM Oe3omacHocTH bemapycu paccMaTpuBaeT Tepexo]] K YCTOHYHBOMY
Pa3BUTHIO NPHU COAIAHCUPOBAHHOM PEIICHUH COLMAIbHO-3KOHOMHYECKHX 3a7ad M HpoOJeM, CBSI3aHHBIX C
OXpaHOH OKpYKaIOIIeH Cpebl, Kak BayKHEHIIee yclioBre 00eCIIedeHNs] HAIMOHAILHBIX HHTEPECOB B 00J1aCTH
9KOHOMUKH.

OrneHka BO3AEHCTBHS Ha OKpyxatomyto cpeay wim Environmental Impact Assessment — tepMuH
MesxayHapoIHOM acCoIManyu 1Mo OIEHKe BO3AEHCTBHS Ha OKpysaromiyio cpeay (International Association
for Impact Assessment, IAIA). TIpOMBIIUICHHO pa3BUTBIC CTPaHbI, CTOJKHYBIIHECS C MPOOIEMOit
YXYIIIEHUS] COCTOSHUS OKPY>KaloLleld cpelbl, ObUTM BBIHYXAEHBI HAa4aTh pa3pabOTKy METOAUKU OLIEHKH U
CHUCTEMBI DKCIIEPTU3. DKOJIOTHYECKasT IKCIEpTH3a Hadama MpoBoauThesa ¢ 1965 1. B Amonun, 1970 r. — B
CIIA, 1973 r. — B Kanane, 1976 r. — Bo ®panuuu u Ucnanuu, 1977 r. — B Hugepnangax, 1979 r. — B Kurae
u 1.1. B CCCP skcniepTHBIE KOMEIccHH Tipu ['ockoMIpupoab! ObUTH co3fansl jmms B 1988 T. [Iporemypa
OBOC npeamecTBoBaa HOSBICHUIO YKOJIOTMYECKOH SKCIIEPTU3bI B 3apyOeKHBIX CTpaHax, H, IO CYLIECTBY,
sBuiack ee mpaodpasom. OBOC BnepBrie Obuta mpoBeaeHa B HOrocmaBuu B 1969, Gonee 20 ner Hazan B
CIIIA. B nacrosimee Bpemst Bo MHorux crpanax OBOC 3akperuiena 3akoHoaTenbpHo [1].

B mocnennee Bpemsi paspabotka OBOC cornmacHO TpeOOBaHUAM MEXIYHApPOIHBIX (HHAHCOBBIX
WHCTHTYTOB, CTAHOBHUTCSI Bce OoJlee aKkTyalbHOM 3a/1aueil, B TOM YMCIIe M B paMKaX IPOCKTOB, PEAl3yeMbIX B
Benapycu. B 31011 CBsI3M B TaHHO# cTaThe packpbIThl ocobenHocT npaktiku EC u EBPP k nposenenno OBOC.

Metononorudeckue ocodennoctn npouenypsl OBOC B crpanax EBpocorosa (EC).B nacrosiee
Bpems B ctpaHax EC HakomseH 60rathlif OmbIT B 00JaCTH 3KOJOTHYECKOW OLIEHKU MPOEKTOB peasn3alnn
HameyaeMoil nestenbHOCTH. CormacHO TpeOOBaHMSIM K MPOBEICHHIO COBpeMeHHOW mpouenypsl EIA B
crparax EC, pa3zpaboTunku 00s3aHBI PEIINTE CIICAYIONTHNE BOTIPOCHI ITPH TOATOTOBKE MaTepuaioB EIA:
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» Kakue crparerndeckne 5KOJIOTO-3KOHOMHUYECKUE PEICHNUs, TIPUHATHIE 0 TOArOTOBKH MaTepHajoB
EIA, 10/KHBI OBITH YYTCHBI?

* UTO MOXHO CKa3aTh OTHOCHUTENBHO MOCIEAYIOIUX CTaann?

* Kakum o00pa3oM MOXHO AOCTHUTHYTH Jydumiedi wHTerpanuu EIA B mpomecc TUlaHUpOBaHUS H
MIPUHATHS PELICHUS?

» KakoBo BiHsIHHE TPOYHX BO3JEHCTBUH (IKOHOMUYECKHX, COITMAIFHBIX M MTPOCTPAHCTBEHHBIX )?

[1nanupoBaHue IPOEKTOB Pa3BUTHS — ATUTEIBHBIN, CIIOKHBIN, MHOTOCTOpOHHUH npouecc. [Iponenypa
EIA mpenycmarpuBaeT 0OOCHOBaHHE TEXHMUYECKHX PELICHWH W TOJIyYeHHE psAa COTiIacoBaHUU
NPEANPOEKTHON U NPOECKTHOM JOKYMEHTALUU AJIsl peaju3allid HaMedaeMOl XO035ICTBEHHOU AEesTENbHOCTH,
a UIMEHHO:

1) mpuHATHE pelIeHni OTHOCUTENBHO TeJIel MpoeKTa (10 Hadaia mpoBeneHus npoueaypsl EIA);

2) paccMoTpeHme anbTepHaTHB mpu monarotopke EIA, wmx cpaBHeHHe, 00OCHOBaHHE BBIOOpA
(cmemyromiasi crajus IUIaHUPOBaHMsA). YpoBeHb nH(popMaiuu B EIA — pernoHanbHBINA, TaK Kak BOIPOCHI
oopMIleHUST 3eMENBHOTO YYacTKa M IUTAHOB CTPOWTENBCTBA paspadaThiBatoTcs Oonee mMoApoOHO Ha
CIIeYIONIEH CTaauu MPOEKTa, ISl KOTopoii mpoBoautcs EIA, a Takke B X0/Ie €ro peaau3aluy;

3) aHaNW3 TEXHUYECKUX PEIIeHUH, KOTOPbIE MOTYT UMETh CEPbe3HbIE TIOCIEICTBUS I OKPYKAIOIICH
cpens! (mpu moaroroke EIA). [Ipu aToM anama3oH abTepHATHB CTAHOBHUTCS O0Jee y3KUM, Oojiee TeTalbHO
n3yyaercss vHGOpMaINUs O BO3MOXHBIX BO3JCHCTBUSIX Ha OKPYXKalollylo cpeay. Beibop MecTononoxkeHus
HaMEYaeMOro K CTPOHUTEIBCTBY OOBEKTa OIPEENsIeT TJIABHBIE MMOCIEACTBHS JUISI OKPYXKAIOIMIEH CPeIbl, TaK
Kak crmoco0 WCIONB30BaHMS W CBOWCTBAa 3aCTpaMBacMoOil TEppUTOpUU OyIyT WU3MEHEHBI, a yCTpaHCHHE
MIPOM3OIIEIINX B PE3yIbTaTe pealii3alii MPOEKTa HETATUBHBIX MOCIE/CTBUI IS OKPYKAIOIIEH CPesl -
3aTPYOHUTETHHO;

4) paccMOTpeHHE U3MEHEHHH Cpelbl OOWTaHMs, BBI3BAHHBIX CTPOUTENBCTBOM, (HU3UUYECKUM
MPUCYTCTBHEM M OKCIUTyaTallied O0BhEeKTa, TaKMX KaK IIyM, CHI)KCHHE KadecTBa BO3/yXa, 3arps3HEHHE
MOYBBI ¥ BOJHBIX 00BEKTOB (BBIIYCKH CTOYHBIX BOA), yrHeTeHUE (I1ophl U ayHbl (PakTop OECIOKONCTRA), a
TaKXKe COIMaJbHbIe MPOOJIEMbI (CHU)KEHHE PEKPEAIlMIOHHBIX CBOWCTB CpPE/Ibl, YMEHBIICHUE YnClia PaboIux
MeCT U T.JI.).

[IpaBoBbie ocHOBBI TmpoBerenne EIA mnpeacraBneHsl B cooTBeTcTByromiedl aupektuBe EC
(2014/52/EUV).

TpeodoBanusi EBpomneiickoro 0aHka pexoHcTpyknuu u passutusi k EIA.EBpomnelickuii 6aHk
pexkoHcTpykiuu u pasButus (EBPP) paccmarprBaer SKONOTHYECKYI0 M COIHUATBHYIO YCTOMYMBOCTH B
KauecTBE OJHOTO M3 OCHOBOTIONATAIONINX aCIEKTOB Ul JOCTW)KEHHS Pe3yJbTaToB, MPEAYCMOTPEHHBIX €ro
MaHJaTOM, TMPU3HAET IPOCKTHI, CHOCOOCTBYIOIIHME DKOJOTHYECKOW W COIMAIbHOW YCTOMYMBOCTH, YTO
OTHOCHT K TPHUOPUTETaM CBOEH JesiTeNbHOCTH. VHBIMH CIIOBaMH, OJHUM W3 YCJIOBUH (PMHAHCHPOBaHUS
MIPOEKTOB pa3BUTHs co cTopoHbl EBPP sBigercs cooTBeTCTBHE TEKyIleW AEATEIBHOCTH OpraHU3aliu-
nonyvarenss kpeaurta EBPP, a Takke MeponpusTuil/fmelcTBuil B paMKax MpOeKTa TpeOOBaHHSM,
YCTaHOBJICHHBIM DKOJIIOTHYEeCKON U coruanbHoi nonutukoid EBPP (B pemakimum 2019 1.) [2].

CornacHo sKkonorndeckoit u connanbHoi nonutnke EBPP, npexpsasnsercs 10 «makeToBy» TpeOoBaHMiA
(TP) x peanuzaumu npoekToB, ¢uHaHCHpyeMblx EBPP, oTHOCSmuMXCS K KIIOYEBBIM HaNpaBICHUSIM
9KOJIOTHUECKOW M CcOLUMabHOM ycroumBocTH: TP 1 - OueHka M ympaBieHHE 3KOJIOTMYECKUMH U
couuanbHBIMU Bo3aeiicTBuamu; TP 2 - TpymoBeie oTHomeHus u ycnoBus tpyna; TP 3 — Pecypcoaddek-
THBHOCTb, NIPEJOTBPAIIEHUE U KOHTPOJIb 3arpsA3HEHus okpyxawomei cpensl; TP 4 - Oxpana 310poBes U
0e3omnacHocTh; TP 5 - [IpuoOpereHue 3eMellb, BRIHYKISHHOE TIEPECEIICHUE ¥ SKOHOMUYECKOE MTEPEMEIIICHHE;
TP 6 - CoxpaHeHHEe OHMOJIOTHYECKOTO pa3zHOOOpa3us W YCTOMUMBOE YIpaBlieHWE >KUBBIMH MPUPOIHBIMU
pecypcamu; TP 7 - Kopennsie Haponsl; TP 8 - Kynsryproe Hacneaue; TP 9 - ®unancoBsie nocpeauuxu; TP
10 - O6HapooBaHKe HHPOPMALIMK U B3aUMOJICHCTBHE C 3aMHTEPECOBAHHBIMH CTOPOHAMU.

C 1menpl0 aHanu3a MOTECHUMATBHBIX SKOJOTHYECKUX U COLUANBHBIX pPHUCKOB Impoekta EBPP
npumensercs llporenypa EIA, HaspiBaemas aHaIM30M JKOJOTHYECKOTO BozuaeicTteus (ADB). ADB
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MPOBOJUTCS C Y4eTOM TPeOOBaHUI HAIIMOHATIBHOTO 3aKOHOIATENBCTBA CTPAHBl, B KOTOPOW MpennoaaracTcs
peanm3anys X03sSHCTBEHHOW NeATEIHHOCTH, a Takke TpeOoBaHWH HOpMaTHBHO-TIpaBoBoi 0a3bl EC B cdepe
oXpaHbl OKpy>Katomei cpeasl [3]. [IpoBeneHne SKOIOrHYECKUX UCCIECTOBaHUI 00eCIeunBaeTCsl 3aKa3UUKOM
MPOCKTAa HaMEYaeMOM AESITeNbHOCTH B CcOOTBeTcTBUM ¢ mpasmiamu EBPP mo Bemmonnenuiro ADB mms
MOJTy4eHHs] TOCTaTOYHOTO oOBheMa mH(popManuu, Kotopas mo3BoiauT CoBeTy AMPEKTOPOB OaHKA MPUHATH
pelieHre 0 BO3MOKHOCTH (PMHAHCHPOBAHUS TIPOCKTA.

ADB BeIMONHSETCS TpPU pealu3alid MPOEKTOB CTPOUTEIHCTBA, MACIITAOHOTO PACIIUPEHHS WIN
KOHBEPCHH BBHIY HMX TOTEHIMAIbHOW 3KOJOTUYECKOW OMAacHOCTH, a TaKKe JPYTuX THIIOB MPOEKTOB,
KOTOpbIE MOTYT OKa3aThb HETaTHBHOE BO3JCHCTBHE Ha OXpaHSAEMble WM YSI3BUMBIE TEPPUTOPUH
(HannoHANMBHBIE TIAPKH, OPYTHE 3allOBEJHWKH HAIMOHAIBHOTO WM PETHOHAIBHOTO 3HAYEHHS, BKIIFOYAs
palioHbl, MpEACTABIAIOIINE apXEOJIOTHYECKU HHTEpec; pallOHbI, UMEIOIIME 3HAa4eHHE ISl ITHUYECKUX
TPYIIT, paiioHBI, TOBEPKEHHBIE SPO3UH W/WJIH OMYCTHIHUBAHUIO; 3200JI0YCHHBIE TEPPUTOPHH U T.1.) [1].

EBPP mpucBamBaeT mpoekTaM onpezieleHHYI0 KaTeTOPHUIO IS ONpeieNieHnsT TpeOyeMoro Xapakrepa u
YPOBHS 3KOJOTUYECKUX U COUAJIBHBIX HCCHCHOB&HHﬁ.

Tabamnuna 1
Karteropuzauusi npoekToB coriiacHo Tpebopanusim EBPP

Iepuon
NpeaoCcTaBJIeHHs
uHpopmManum, ITHU

Karteropus

Xapakrepucruka
NMpoeKTa

TpeboBanus EGPP

IIpoeKThl, KOTOPBIE MOTYT CTaTh

MCTOYHHKOM MOTECHI[HAJIBHO

[MonnoMacTabHas

CEPbE3HBIX SKOJIOTUYECKUX U (WITH)

. . 9KOJIOTHYECKAs U

«A» COIMANIbHBIX BO3JACHCTBHIA, KOTOPBIC 120
. colLMaJIbHAsl OLIEHKA

HAa MOMEHT MPHUCBOCHHSI €MY TOW HITH

WHOM KaTeropuu TPYIHO ONPEASINTh
WY OIIEHUTH

BO3JENCTBUSA

TpeboBanus K
ITpoexTsl, MOTEeHIINATBHBIE HEOIaro- | MpeaBapUTeIbHOM
MPUSITHBIE OyyIIHe SKOJIOTHIECKHE 3KOJIOTUYECKOU U

1 (MIM) colMalibHbIE BO3IEHCTBUS COIIMAJIbHOM OLIEHKH

«B»

KOTOPBIX OTPaHUYEHBI PAHOHOM
MECTOHAXOXACHUS 00BEKTa U (MIIH)
0e3 Tpyaa oAt TCs BBISBICHUIO U
HEHTpaTU3aIiy C IIOMOIIBI0 Mep
CMATYEHUS BO3JCHCTBUH.

MOTYT BapbUpPOBATHCA B
3aBHCHUMOCTH OT
crenuduKy IPoeKTa 1
ycranaBnuBatoTcsi EBPP
Ha MHAVBUIYalIbHOU
OCHOBE.

OnpenenstoTcst 0aHKOM

«C»

IToTeHnmansHbBIe HEOIATOMPUITHBIE
Oyaymiye 3Koorndeckue u (Mim)
COIMAJTbHBIE BO3JICHCTBUS, 110 BCEH
BEPOSITHOCTH, OyIyT MUHUMATbHBIMHU
WJIM OTCYTCTBYIOT.

IIpenBaputenbHas
9KOJIOTMYECKAs U
COLMAJIbHAS OLICHKA.

Onpenenstorcs 6aHKOM

[Ipumepamu NpPOEKTOB KAaTeropuud «A» MOTYT CIYXUTh: CTPOUTEIBCTBO aBTOJOPOr, aBTOCTpal U
Tpacc I MaruCTPaIbHBIX JKEJE3HBIX JOPOT JATBHEr0 COOOIICHHS M adpOIOpPTOB C JJIMHOW OCHOBHOM
B3JIETHO-TIOCa0YHOM TIos10ckl 2100 MeTpoB mim OoJee, CTPOUTEIHLCTBO HOBBIX JIOPOT C YETHIPHMS MK OoJiee
MOJIOCaMH, JIN0O TIepecTpoiiKa u (WIIK) paclIupeHre CYIIECTBYIOIIUX JIOPOT JI0 YEThIPEeX iU Ooliee ToIIoc;
KpYITHBIC IUIOTHHBI M BOJOXPAaHWIININA, TIPEAHA3HAYCHHBIC I cOOpa MIM MOCTOSTHHOTO XpaHCHHS 3aIlacoB
BOJBI H T.JI.
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ABtoMoOwmITbHas mopora M-3 MuHck-ButeOck 8,6 kM-56,0 KM OTHOCHTCS K OOBEKTaM KaTerophuu

«A», TIPOEKT PEKOHCTPYKLIMHU KOTOpOH TpeOyeT MpoBeACHUS MOJHOMACIITAOHON 3KOJIOTHYECKOH |

COLIMAIBHOMN OLIEHKH BO3/ICHUCTBUSI.
ADB cocTouT U3 HECKONMBKUX 3TamnoB [ 1], mpencTraBneHHbIX HA pucyHKe 1.OKOHUATENbHOE pelIeHue
OTHOCHTEIHHO HAMEUaeMOro K pealiu3allid MPOCKTa NPUHUMAETCS BO BpeMms yTBepxkieHus CoBeTom

mupektopoB EBPP. Ilpu aToM, BO BpeMs OKOHYATEITHLHOTO PACCMOTPEHHS MPOEKT MOXKET OBITh OTKIIOHEH B

cryyae,

€CJIn OH CBA3aH CO 3HAUYUTCIBbHBIMHU SKOJIOTMYCCKUMH PpHCKAMU WIIH,

€CIM TPOEKTHON

I[OKyMCHTaHPIeﬁ HE IpEAYCMOTPECHO B I[OCTaTO‘-IHOfI MEPC PCUHICHUEC SKOJIOTMYCCKUX npo6neM.

1 sran

2 oTarn

3 oTan

4 stan

Dran onpeeseHus Xxapakrepa
JIeSITeBbHOCTH (YTBEPKACHHS
KOHIIeNIH rpoekTa). Ha qanHom
JTare 3aKa34yuK MpoeKTa
npeactasnser B EBPP ucxonusie
lTaHHBIC O MPOEKTE, HH(POPMALIHIO O
HPE/IBAPUTEIIBHBIX IKOJIOTHIECKHX
HCCIIEOBAHUAX U BEJINYMHE
BEPOSTHOCTH TOTO, YTO MPOEKT
OKaJKeT CEePbe3HOE HEraTUBHOE
Bo3eicTBHe Ha coctosinue OTIC.
Yka3zaHHbIE CBEJIECHUS BKIIOYAKOTCS
B MemopaHyM 00 yTBEpkKICHUI
KOHIICTILINY [IPOEKTA U ONPEIeIIsIOT
JIETAJIBHOCTh HEOOXOIMMBIX
JIAJIbHEUIIIMX YKOJJOTHUECKUX

HCCIIeI0BAHUI.

Dran onpeaeeHus
HeoOxonumocT ADB,
Ha KOTOPOM
IPUHUMAETCS PEIICHUE
0 HEOOXOMMOCTH
BBIMOJIHEHUST ADB n/unm
KaKoro-J1i00 JIpyroro
BH/Ia KOJOIMYECKOM
OILIEHKH (T10 pe3ysibTaram
MIPOBEJCHUS TAHHOTO
JTara COCTaBIISIETCS
Memopanaym 06
ornpeeICHUN
HeoOxoaumocTu ADB).

Drarn ornpeesieHus
ooseMa ADB, B xo1e
MIPOBEJICHUS] KOTOPOTO
ONPEeICIISIOTCS U
COITIACYIOTCSl BCEMHU
3aMHTEPECOBAHHBIMU
CTOPOHAMHU BOIIPOCHI,
KOTOpbIE HEOOXOAUMO
pPaccMOTpPETH B XOJ1€
9KOJIOTHYECKHX
HCCJIeI0OBAHUI

DKojoruyecKas
IIPOBEPKa MPOEKTa
(oCHOBBIBaIOMIASICS HA
pesynbratax ADB u/uiu
JIPYTHUX DKOJIOTHYECKUX
HCCJICIOBAHUH,
pesynbraTax
KOHCYJIBTALIMM C
00IIIECTBEHHOCTBIO, a
TaKKe MPOBEPOK
00BEKTOB, KOTOPBIE
MOTYT NPOBOANTH
CIICLIMAIIUCTHI-DKOJIOTH
OaHKa).

Puc. 1. Oransl ADB

OueHnka cyuiecmeyiouie2o COCHOAHUA OKPYICAIOWell cpedbl Mmeppumopuu pPeKoHCHmPYKyuu
asmomodunvuoii oopocu M-3 8,6 km — 56,0 km (Ha npumepe Komnonenma OKpyycaroujeli cpeobvl-
Kauecmeo ammocgheprozo 6030yxa)

Obwue ceedenus o meppumopuu ucciedosanuil. Pecryonukanckas aBTOMOOWIIbHAsS jgopora M-3
MuHCK-BUTeOCK SIBISIETCS YacThIO MEXKAYHAPOJHOTO TPAHCIOPTHOTO MapuipyTa H oOecrednBaeT
Kparuaiiiyio cBs3b ctpaH EBpomnerickoro Coro3a, Peciydnuku benapycs n Poccuiickoit ®@enepanuu. Ilo
JIOpOTe OCYIIECTBIISIOTCS PETYNIApHBIE MEXKIyHApOTHBIE W MEXIYyTOPOJHUE TPY30BbIE M IAaCCaXKUPCKUE
nepeBo3Ku. B yeTHui nepuoa Bo3pacTaeT MOTOK JIETKOBBIX aBTOMOOWIIEH M aBTOOYCOB MEXIYHapOIHOTrO,
MEXTyTOPOIHOTO, TIPUTOPOTHOTO COOOIICHHSI.

Nzyuaemsriit ygactok aBTojoporu M-3 (kM 8,6-km 56,0) HaunHaeTCs ceBepHEe MHHCKON KOJbIIEBOM
aBTOMOOMJIBHOM J0OpOTH, BONM3M € aBTOMOOMIBHOM pasBsa3kod ¢ aBtogoporo H9031 (Comneunsrii-
Kommmie) m 3akamumBaeTcs B 1,5 KM ceBepHee mepekpecTka gopor Ha 1. Ko3pipm M MEeMOpHaTbHOTO
KOMILIeKca «XaThIHBY (pHC. 2).

Kauecmeo ammocghepnozo 6030yxa. OCHOBHBIMH MCTOUHUKAMH 3arpsi3HEHUS aTMOC(EPHOTO BO3AyXa
B MUHCKOIH 00JacTH SIBJISIIOTCSl MPOMBIIUICHHBIE MPEIPUITHS, KOTENbHbIC, paboTaonue Ha TBEPIOM U
KHUJKOM TOIUIMBE, MEpPEABHKHbIE MCTOYHUKH.OCHOBHBIMHM IMPOMBIIUIEHHBIMH HCTOYHHKAMH 3arps3HEHUS
aTMoc(hepHOro Bo3ayxa B MUHCKOM paioHe SBISIOTCS: KoTelbHble Y pydeHckoi KUY, OAO «1-1 MuHckas
ntunedabpuka» ar. bonpmesnk; OAO «Munckas nrunedadbpuka mmenn H.K.Kpynckoi» ¢umman
«OxomHIa.
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Puc. 2. O030pHast kapTa TeppUTOPHH HCCIeAOBAHMI
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3a mocnempnee ATk JeT (¢ 2014 mo 2018 roapl) MPOM3OLUIO CHIKEHHUE BBIOPOCOB, Kak OT
CTallMOHAPHBIX, TAK U OT MOOMJIBHBIX HCTOYHUKOB BEIOPOCOB, IPUYEM OCHOBHOMW YJENbHBIN BEC B CTPYKTYype
BBIOPOCOB  3arps3HSIOIIMX BEIIECTB B aTMOC(EpHBI BO3IyX 3aHUMAIOT BHIOPOCHI OT MOOMIJIBHBIX
MCTOYHHUKOB. J[0Ms1 BEIOPOCOB MOOMIIBHBIX MCTOYHHKOB B CyMMapHBIX BhIOpOcax 1Mo MmuHCKOH obiactu B
2018 roxy cocrasuna 71,5 %.

B nesnoMm, mo pecnyOnuKke CHUXKEHHE BBIOPOCOB cocTaBmwiio 8,1 %, mpuU 3TOM OT CTalMOHAPHBIX
rnctouyHnkoB Ha 2,1 %, oT MoOMIBHBIX McTOYHMKOB — Ha 11,2 %. Ilo MuHCKOH 00IacTH COKpalieHue
BBIOPOCOB OT MOOMJIBHBIX HCTOYHUKOB cocTaBuia 14 % (tabnuua 2).

Tabmuna 2
TenneHuu B u3MeHeHUH 00beMOB BbIOpocoB MuHckoii 06s1actu 20142018 rr., ThIC. TOHH
IToka3arenn 2014 2015 2016 2017 2018
CTaIlMOHAPHBIC HCTOYHUKHU 74,5 75,9 74,9 68,6 70,6
MOOMJIbHBIE HCTOYHUKHU 181,8 179,7 183,9 178,6 177,0
CyMMapHO 256,3 255,6 258,8 2472 247,6

B cocraBe BEIOPOCOB 3arps3HSIONINX BEHIECTB B aTMOC(HEPHBINA BO3YX OT CTAIIMOHAPHBIX HCTOYHUKOB
B MuHCKoi#1 o0stacTi npeoOaanu yriaeBoaoposl - 46,5%, okcua yriaepoaa - 22,0%; nuokcun azota - 6,9%
W TBepJible BelecTa - 6,8%.

I[lo BceM OCHOBHBIM BeEIIECTBaM, 3a HCKJIIOYEHHWEM YIJIEBOJAOPOAOB, HAONIOAAETCS CHIKEHUE
BBIOPOCOB OT CTAllMOHAPHBIX HMCTOYHHMKOB, MpPHUYEM HanOoJee 3HAYMTENbHOE IO TBEPIBIM BELIECTBAM
(25,2 %), muoxcumay azora (15,6 %) u auokcumy cepsl (Ha 17,3 % maumuas ¢ 2015 roma). 3a mepuox 2014—
2018 rr. ypoBeHb BEIOPOCOB YIIIEBOAOPOAOB B aTMOC(epHBIN BO3ayX yBenuumics Ha 11,9 %.

CyMMapHBIii TIOKa3aTellb 3arpsi3HEHUs aTMOC(EPHOTO BO3MyXa, OIpeJeNsieMblii Mo (OHOBBIM
MaKCUMaJIbHO-Pa30BbIM KOHIEHTPALMSAM 3arps3HSIOIMX BEIIECTB B aTMOC(EPHOM BO3IyXe HACEICHHBIX
MYHKTOB, PACIOJIOKEHHBIX B 30HE BIMSHHUS PEKOHCTPYHPYEMOW aBTOIOPOTH, COOTBETCTBYET IOITyCTUMOI
cTerneHu 3arpsasHenus armocdepsl [4]".

1 .
Mo AaHHbIM [OCYAAPCTBEHHOTO yupeKaeHUsa «PecnybMKaHCKWI LLeHTP No TMAPOMETEOPOOTUN, KOHTPOIO PaAMOAKTUBHOMO
3arpA3HEHNA U MOHUTOPUHTY OKpPY»KatoLwel cpeapbi»
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Ouenka usmeHeHust COCMOAHUA amMochepnozo 6030yxa. OCHOBHOW OTIHYUTEIBHON 4epToil mpu
npoBeneHnn ADB B coorBercTBUM C TpeboBanusmMu EBPP sBisercs paccMoTpeHue Bo3IeHcTBUS U
MOCJEICTBUN pealr3aliy MPOeKTa Ha CTaJH PEKOHCTPYKIUH U KCILTyaTalllH, a Takxke 0oJiee mpeaMeTHast
W JleTallbHas OlCHKA COIHMAILHO-DKOHOMHUYECKUX BO3JCHCTBUII ¢ (OKycOM Ha 3aTpPOHYTHIE MPOCKTOM
HaceJICHHbIC IyHKTHI, BKIIIOYas ysA3BUMble Tpymnnbl Hacenenus. EBPP Taxke ynenser ocoboe BHUMaHHE
TeHJICPHBIM BOIPOCaM, a TAKXKE BOIIPOCAM OTUYKJCHHS 3eMellb M UMYIIIeCTBA [T HY k]I ipoekTa. [Ipu 3ToMm,
MPOBOJUTCS JAeTalbHasi OLEHKA SKOHOMHUYECKHX MOTEph (PU3MUYECKHX M IOPHIMYECKUX JIUI B Pe3yibTaTe
peanu3anuy IpoeKTa.

Eme omgHo¥t oTmmumtensHON ueproii ADB sBisiercs Ooiiee cymiecTBEHHOE BHMMAaHHE BOIIPOCaM
BU3YaJIbHOTO BO3ACUCTBHI, CBA3aHHBIX C BU3YaJbHBIM BOCIIPUATHEM CTPOSILIMXCSI HHPPACTYPKTYp MPOEKTa
W WX WHTETPUPOBAHHOCTH B CYIIECTBYIOIIMMA NaHAmA(T, 9To B HamuoHanbHBEIX OBOCax mpencrtaBieHO
JOCTaTOYHO CKYJIHO, 1100 HE MPEJICTABICHO BOBCE.

B craThe B KauecTBe IpuUMepa aBTOpaMH NpUBEIEHA OIEHKA BO3MOXKHOTO W3MEHEHHUSI COCTOSHUS
aTMOC(epHOTo BO3/yXa, PACCMOTPEHO BO3ACHCTBHE W BO3MOXHBIN BKJIAJl MPOCKTa B M3MEHECHUE KIMMATa
(oieHKa BHIOPOCOB IMTAPHUKOBBIX T'a30B).

Opnnako, ucxozs u3 TpedboBanuil sKomorndeckor monmutuku EBPP ¢ yaerom [5], HekoTopbie MephI IO
COKpAIIEHHIO BBIOPOCOB MAPHUKOBBIX T'a30B B XOJI¢ PEKOHCTPYKIIUKM W SKCIUTyaTal[iH JOPOTH MPEII0KEHBI
paspaboTunkamMu ADB u kpaTko U310keHbI B TabuIe 3 (0).

Tao0auna 3
O11eHKa NOCTYIJIEHUSI MAPHUKOBBIX Ta30B B Pe3yJibTaTe PeKOHCTPYKIHHN AaBTOMOOHILHOM

O0BeKT
BO3/elCTBUA

aoporu M-3 u Mepbl 10 CMSITY€HUI0 BO3/1eiicTBUS

. Ocrarounoe
Bansaue Mepbl 10 CMAT4YeHUIO BO3/1eCTBUS .
BO3/€eHCTBHE

a) Ctagusi peKOHCTPYKIUH

MpuHckas Huskoe e VYBEJIUYUTH UCIIOJIH30BAHUE B CTPOUTENILCTBE CTPOUTEIBHBIX Ot

o06unacTs, MaTepuajioB u NPOAYKIIHH, MIPOU3BEACHHOMN C | HE3HAYUTEIBLHOTO
TECPPUTOPUA HMCIIOJIb30BAHMEM BTOPHUYHBIX MATCPHUAJIBHBIX pPECYypCOB, 0 HU3KOT'O
pecIryOIuKu BO300HOBJSIEMBIX OJHEPrOpPEeCypCcoB, TOIIMBA C HHU3KHM

COJIep’)KaHUEM yTIepoaa, 4YeM O0O0ecledynTh YCTOWYHUBOM
pasBuTHe;

e lcnonw3oBaTh Mare€puajibl MECTHOTO MNPOU3BOACTBA TaM,
rJie 3T0 BO3MOXXHO U HPAKTHYECKH OCYHIECTBHUMO, YTOOBI
CBECTH K MHUHHMYMY pacCTOSHHE TPaHCIOPTHPOBKU
MaTepHalioB OT HCTOYHHMKA JI0 OOBEKTa, YeM YMEHBIIHT
JIOCTaBKU M Harpy3Ky Ha aTMOC(EpHBIH BO3IyX;

e lcnonb3oBate  Oonee  3pdexTrBHOE  000pyHOBaHUE,
YBEJIMYHUTH JIOJIO JINYHOTO U OOLIECTBEHHOI'O TPAHCIIOPTA C
YIydI€HHbIMHU SKOJIOTUYECCKUMHU XapaKTCPUCTUKaAMHU
ANEKTPOTPAHCIIOPTA,;

e (Oobecrieunth TpeOyemMyl  CKOpPOCTh  ABWIXKEHHS  TIO
ABTOMOOWJILHO#M JOpore, MPeA0TBpalieHUEe TOPMOXKEHUH U
YCKOPEHHH aBTOTPAHCIIOPTa, YTO TPHBEAET K CHIKCHHIO
BpPEOHBIX BBIOPOCOB B arMmocdepy, UYTO JIOCTHIaeTCs
BBINTOJTHEHHEM CIIEIYIOMINX PEKOMEH AN
- YMEHbIIIEHHE POAOJILHBIX YKIOHOB,

- ofecrieueHHE  BHJUMOCTH  TOPU3OHTAIBHBIX U
BEPTUKAIbHBIX KPUBBIX,
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O0BeKT . Ocraro4Hoe
¥ Biusinue MepsbI 0 CMATYEHHIO BO3/1€HCTBHS .
BO3JeHCTBHSA BO3/€eHCTBHE

- yBEIHUYEHHE PAJUYCOB,
- yOyyllleHHE TEXHHUYECKOTO0 COCTOSHHS  JOPOKHOTO
TIOKPBITHS,

- [pPeayCMOTPETh CO3[aHHE MOA3EMHBIX/ HaJ3eMHBIX
MEMIEXOHBIX MEPEXO/IOB.

0) Cragusi SKCIIyaTaluK

MuHckas Or Huzkoro | e IlpemyCMOTPETh  NPOEKTOM  MAaKCHMH3ALHMIO  CPOKa Ot

o0nacTs, o IKCIUTyaTall JOPOKHOTO MOKPBITHS, WHBIX 3JIEMEHTOB M | HE3HAUHTEIBHOTO
TEPPUTOPHUS YMEPEHHOTO MHHUMHA3ALHIIO HEO0OXOIUMOCTH TEXHHUYECKOTO JI0 HU3KOTO
pecyOauKu oOciy)xuBaHMs, OOHOBICHHS W TepeocHameHus (M Bcex

CBSI3aHHBIX C 3TUM BBEIOPOCOB);

e IlpenycMOTpeTb INPOEKTOM MAaKCHMAallbHOE O3€JICHEHHE
Y4acTKOB aBTOMOOMIIBHOM OpOTH;

e [lpemycMOTpeTh MPOEKTOM MAaKCHMH3ALHUIO ITOTEHIMANA
MIOBTOPHOTO HCIIOJB30BaHMS M IEpepadOTKH MaTepHajon/
3JIEMEHTOB B KOHIIE JKU3HEHHOTO LINKJIa;

e JIpenycMOTpeTs TPOEKTOM HCIOJIB30BAHHE BBICOKOA(]-
(PEeKTHBHOTO MEXaHHYECKOTO U 3JIEKTPUIECKOro 000pyI0Ba-
HUsI, TAKOrO Kak OCBElleHHe (CBETOJAHOAHbIE (OHApH) WU

TCJICKOMMYHHKaAIUU.

AHaNOrMYHO CTaJAMU OIIEHKH COBPEMEHHOTO COCTOSHHUS TEPPUTOPUU peaH3alM XO3SHCTBEHHOMN
JeATeIbHOCTH, NpH TpoBeacHun ADB cornacHo Tpeboanusm EBPP Gosee cyliecTBeHHOE BHUMaHUE
YIAEISIETCS] COLMaIbHO-KOHOMUYECKUM (aKTopaM BO3IeicTBUS, YTO B HauuoHaibHBIX OBOCax 0o0brdHO
MIPEJICTABJICHO JIMIIb TEOPETUYECKH U, KaK MPaBHJIO, HE UMEET KOJIMYECTBEHHOTO BhIpakeHHs.ColnalbHO-
SKOHOMHUYECKHH 3(PPeKT mpu PeKOHCTPYKIIMK aBTOMOOHMIBHOU moporu M-3 kM 8,6 - kM 56,0 mpuBeneH B
Tabiuue 4.

Tadauua 4
ConuajabHO-)KOHOMHYECKHUH I(PPeKT/BHITOAbI 0T PEKOHCTPYKIMH aBTOMOOMIBLHOI qoporn M-3
Munck-Burteock (km 8,6 - km 56,0)

[oxa3arenu 3arpar, M-3 M-3 M-3
MHJLTHOHBI py0Jeii, 8.6 -20.0 20.0-41.0 41.0-56.0 Hroro
no cocrosinnio Ha 01.02.2019 r. KM KM KM
HMHBecTuLIMU B PEKOHCTPYKLMIO U PEMOHT 149,902 134.610 79344 363.856
noporu M-3
VYBenuueHne pacxoloB Ha coJliepKaHHe 1433 1,160 1011 1284
JOPOTH
BbIrop1/yObITKH, CBSI3aHHbBIE C N3MEHEHUEM 74.802 47232 103,934 225968
TPAHCIIOPTHBIX PacXo/10B
Brirona/yObITKH CBSI3aHHBIE ¢ M3MEHEHUEM 48,034 82.134 114551 244.719
BPEMEHH B IIyTH
O¢pdexr or  cHWKEHHA KOHHHCSTBa 49,905 31,002 11,357 92,264
JOPOXKHO-TPAHCTIOPTHBIX MPOUCHICCTBUN
Yucrerii 3pdext 21,406 26,915 149,486 197,807
IJKOHOMHYeCKAas HOpMa NPHOBLIN 6.2% 6.75% 12.7%
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Kax BugHO W3 Tabmurs! 4, oOmmii 00beM HMHBECTUIINN B pa3Mepe Okoio 364 MiH pyOrneil Tak wuin
MHAYE OKYIACTCsI 32 CUST SKOHOMUM TPAHCIIOPTHBIX PAcXo0B (0KOIO 226 MiIH pyOJieli), a TakkKe BBIFOJ OT
COKpalieHus BpeMeHH B nyTd (okoysio 245 wmiH pyOneil) M KOIWYecTBa JOPOKHO-TPAHCIIOPTHBIX
mpoucmiecTBuii  (okoino 92 wmuH pyOneit). [lokazaHo, YTO WHBECTHIIMH B PEKOHCTPYKIMIO TOPOT
MPeoOpa3yIoTCsl B MPSMbIC M KOCBEHHBIC COLMATBHO-3KOHOMHUYECKUE BBITOJIbI, TAKHE KaK - DKOHOMUS Ha
OKCIUTyaTallid M TEXHUYECKOM OOCIY)XHBAHUW TPAHCIIOPTHBIX CPEJICTB, & TAKXKE BHITOJBI, CBA3AHHBIC C
COKpAIllCHUEM BPEMCHH B IyTH W 4YHCJIA JIOPOKHO-TPAHCIIOPTHBIX MPOUCIIECTBHHA 3a CUET YIYYIICHUS
TPaHCIIOPTHO-IKCILUTYaTallHOHHBIX MapaMeTPOB.

ITo pe3ynmbTaraM aHamu3a MOJOXHUTEIHHBIX U HETATHBHBIX (DAKTOPOB COIMATHHO-IKOHOMHUYECKOTO
BO3JICHCTBHS TIPU PEAIU3ALMU MTPOTPaMMbl MOXHO CJIEJIaTh BBIBOJI, UYTO (PAKTOPHI, CBSA3aHHBIC C COIMAIBHO-
HSKOHOMHYECCKHM Pa3BHTHEM CTPaHbl U PETHOHAIBHBIM Pa3BUTHEM, KaK TO - MOBBIIICHUEC HWHBECTHIMOHHOMN
MPUBJICKATENBHOCTH, YIy4IICHUE OW3HEC-Cpellbl, CO3/JaHHE HOBBIX pPa0OYMX MECT B 30HE TATOTCHUS
pcain3alu MporpamMmbl, a TAKIKE CHMIKCHUEC TPAHCIIOPTHBLIX W BHETPAHCIIOPTHBIX PAaCXOJ0B HACCICHHUA U
IOPUIIUYCCKUX JIAI[ - TPEBAIUPYIOT HAJ HETaTUBHBIMH (AaKTOpaMHU, KaK TO - OCBOCHHE 3eMeNb MO
MPOBEJICHUE PEKOHCTPYKIINH.

BbIBO/IbI

B otnnume ot Oenopycckoro 3akoHoaarenbcTBa TpeOoBaHus EBPP ykaswiBaloT mepeyeHb BUAOB
NeSATeNbHOCTH, TpeOyromux mnpoBeaeHnss ADB. DTu BUABI NEATEIBHOCTH JENAT Ha KaTeropuu «A», «By,
«C» B 3aBUCHMOCTH OT 3HAQUMMOCTH MX IOCJIEICTBHM I OKpyKaromieil cpenbl. CTeneHb AeTalnu3aiiu
ADB, TpebyemMoro aist KaKA0H KaTeropuu, onpe/ielieHa B 9KOJIOrHYecKuX mpasminax banka.

[Ipu mpoBenernn ADB, cornmacHo TpeboBanusiM EBPP, Gonee cymecTBeHHOE BHHUMaHUE yaesSeTCs
COLIMAIbHO-3KOHOMHYECKUM (paKTOpaM BO3JEHCTBUS, YTO B HAMOHAIBHBIX OBOCax 00BIYHO MpeICTaBICHO
JIUIIb TEOPETUYECKH M, KaK IPABWIO, HE HMMEET KOJUYECTBEHHOro BbIpakeHus. Ilpu sToM, B pamkax
npoekToB EBPP conuanbHO-3KOHOMHMUECKAs! OLIEHKA, KAK Ha YPOBHE MAaKpO-3KOHOMHUYECKMX ITOKA3aTENIEH,
TaK ¥ Ha yPOBHE COIMATHLHO-PKOHOMUYECKUX MOKa3aTeliel BO3/ICHCTBUS Ha 3aTPOHYTHIC TIPOCKTOM TPYIIIIBI
HaceJIEHUs IIPU BO3MOXKHOCTH JIOJKHA IIPEACTABIATHCA KOJTUUECTBEHHO.

OCHOBHOH OTIMYMTENBHON 4yepToil mpu mpoBeaeHnn ADB B cooTBercTBHM ¢ TpeOoBaHusiMu EBPP
SIBJISIETCSI PACCMOTPEHUE BO3ACHCTBUSL M MOCJIEACTBUNA pealn3alii MPOEKTa HA CTAAUU PEKOHCTPYKLHUHU U
SKCIUTyaTallly, TOra KaK HAlMOHAIBHOE 3aKOHOJATENBCTBO TAKOTO POJAa BO3ACUCTBUS, U COOTBETCTBEHHO
MEPOTPHUATHS 110 UX CMATUYCHUIO - HE PACCMATPHUBAET.

EBPP Takxe ymenser ocoboe BHMMaHUE TEHIEPHBIM BOIPOCAM, a TaKXKE BOIMPOCAM OTUYKICHUS
3eMeJb U UMYIIECTBA JUIS HYXJ NMPOEKTa, B TOM YHCJIC OLEHKE SKOHOMHUYECKHX MOTEePh (U3UYECKHX U
FOPUINYECKUX JIULL.

CrouT Takke OTMETHTh, YTO HE BCE OCJIOPYCCKUE MPOEKTHl pa3padaThIBAIOTCS IIPH yYaCTHH
OOIIIECTBEHHOCTH TI0 TOW MPOCTOM TNpHYUHE, YTO TPOIEAypa ydacTusi oOIIecTBEHHOCTH B (opmarte
00s13aTEIbHBIX <OKUBBIX» OOCYKIEHHUH C y4yaCTHEM 3aTPOHYTHIX IIPOCKTaMH OpPraHOB MECTHOTO
caMOyTIpaBjeHUs, TPOQWIBLHBEIX OOIIECTBCHHBIX OpraHW3alldii W HACENeHWsS - He 3akKpervicHa
3aKOHO/IATENIFHO M HWHOTJA HOCUT (QopMallbHBIA XapakTep. B To ke Bpems mpu peammsammu ADB mo
TpeboBanussM EBPP oHu oOs3arenbHbI, Oojiee TOTO - 3aMEUaHHUS M MPEATIOKEHUs] CHOpPMYIHPOBAHHEIC B
pe3yiibTaTe OOIIECTBEHHBIX 00CYKICHHMA, JTOJDKHBI B 0053aTEIbHOM HOpPSIKe ObITh YITeHBI B ADB.

OKOHYaTeNbHOE PEIICHHE B OTHOIICHHMM HAMEYaeMON XO3SICTBEHHOM MAEATETbHOCTH SIBISETCS
3aKTIOYUTENIBHBIM ATAlloM Tporenypbl mpoBeneHus ADB B coorBerctBum ¢ TpeboBanusmu EBPP. B
COOTBETCTBHHM C OEIOPYCCKHM 3aKOHOJATENbCTBOM JTO pEUIeHHEe NPUHUMAETCd TpHU TPOBEIACHUHU
rOCYJapCTBEHHOU AKOJIOIMUECKOW 3KCIEpTHU3bl, KoTtopasa cieayeT 3a OBOC, 3anumaeT ompeneincHHOE, HE
BCET/]a PeTJIAMEHTHPOBAHHOE BPEMs, UTO JIENAeT Mpolieypy Ooliee OIOpOKpATH3UPOBAHHOH.
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B To xe Bpems, aHanM3 MOKa3zal, YTO TPeOOBaHUs OEIOPYCCKOTO 3aKOHOAATENLCTBA B 00JacTH
mposefernst OBOC B 1enoM COOTBETCTBYIOT TEPEIOBBIM MEXIYHAPOJHBIM MPAKTHKAM, B YaCTHOCTH
TpeboBanusM EBPP, koToprie B CBOIO ouepenh OCHOBBIBAIOTCS Ha 3akoHomatenbcTBe EC. OpnHako, s
NABHEHIIICH TapMOHU3AIMM HAIMOHAIBHBIX HOPMATHBHO-TIPABOBBIX TpPEOOBAHUH, C MEXKIyHAPOIHOM
MepeIoBON MPAaKTUKON PEKOMEHIYETCS yIeCTh BBISIBICHHBIE HECOOTBETCTBH TpeboBanmsiM EBPP.
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Environmental protection

FEATURES OF IMPACT ASSESSMENT
ENVIRONMENTAL RECONSTRUCTIONS
AUTOMOTIVE ROAD "M-3" MINSK-VITEBSK

Gyurjinyan S.”, Ter-Torosyan A.Y Savich-Shemet 0.?
Y Limited liability company «ATMS Solutions»
Yerevan, Armenia
2 Institute of Nature Management of the National Academy of Sciences of Belarus
Minsk, Belarus

Annotation. The article discusses the features and principles of the methodology for environmental
impact assessment in Belarus and abroad. Main features of environmental impact assessment in accordance
with the requirements of the European Bank for Reconstruction and Development are given using the
example of the highway M3 8.6 km — 56.0 km. The possible impact of project solutions on the components
of the environment is estimated based on the results of the impact assessment and the solution of forecast
tasks. A comparative description of the impact assessment in the Republic and in accordance with the
requirements of the European Bank for Reconstruction and Development is given.

Keywords: environmental impact assessment (EIA), analysis of the environmental impact, pollution,
socio-economic aspects of impact.
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Environmental protection

DEVELOPMENT OF GEOECOLOGICAL MONITORING OF GROUNDWATER
UNDER NEW CONSTRUCTION AT AIRPORTS

Havryliuk R., Kril T.
Institute of Geological Sciences, the National Academy of Science of Ukraine,
O. Honchar Str., 55-b, 01054, Kyiv, Ukraine
E-mail: kril@nas.gov.ua

Annotation. The purpose of presented research is to develop the geoecological monitoring of
groundwater on the territory of airport, taking into account new construction. The airport makes negative
impact on all components of the environment, especially on aquifers. Main pollution sources of petroleum
products are service center for aircraft maintenance, fuel and lubricant warehouses, fuel line systems,
parking places for aircraft. New construction with pile foundation on the territory of airport leads to
changes in the groundwater mode. The system of observation hydrogeological wells was proposed to
determine direction and speed of spread possible pollution. Location of wells was justified geological
structure of territory, geomorphology, meteorological and hydrogeological conditions of the airport,
assessment of man-made factors (new construction and etc.).

Keywords: geoecological monitoring, hydrogeological conditions, groundwater, barrage, pollution,
petroleum products.

INTRODUCTION

The operation of air transport is accompanied by a strong negative impact on all components of the
environment. New construction, reconstruction, technical re-equipment of airports and airfields with a
main runway length of 2100 m and more — planned activities belonging to the 1-st category of planned
activities and facilities which may have a significant impact on the environment. That activities are subject
to its assessment accordingly to the Law of Ukraine “On Environmental Impact Assessment” Ne 2059-VI11
of 23.05.2017 and Directive 2011/92 / EU. The main types of negative impacts and their location on the
territory of airfields are given in [1]. From the standpoint of engineering and geological research, the
forecast of changes in groundwater levels and their pollution by petroleum products is an important
condition for determining the impact of man-made activities on the environment.

The purpose of the research is to establish the impact on the environmental component —
groundwater during the planned activities (new construction) on the territory of the aerodrome and to
develop a system of geo-ecological monitoring of groundwater. The object of research — the territory of the
international airport “Dnipropetrovsk™, Dniprocity, Ukraine, the subject of research — changes in the
regime of groundwater under the influence of man-made activities.

CHANGES IN THE GROUNDWATER REGIME

Hydrogeological conditions of the study area to a depth of 40.0 m are characterized by the presence
of one Quaternary unconfined aquifer. The constant level of it for the period of the survey (February —
March 2020) was recorded at depths from 7.8 m to 10.3 m (abs.height135.09-136.55 m) in the north-
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western part and at depths from 10.5 m to 20.9 m (abs.height 127.36-134.94 m) in the central and south-
eastern part.

Water-containing soils are loess-like sands (edP;bg) and loams (edPy,.;pl-kd) below the
groundwater level, and deeper to hard red-brown loams (dPmr) [2]. The water-bearing stratum is
heterogeneous in composition and filtration properties. Filtration coefficients of water-containing soils
vary from 0.17 m / day to 0.90 m/ day.

The aquifer is the lower Quaternary dense reddish-brown loam (dP,mr), which lies at depths of 31.0-
34.3 m (abs.height113.72-115.61 m). The slope of the roof of the waterproof layer basically coincides with
the slope of the earth's surface.

The aquifer is fed by infiltration of precipitation, leaks from water supply communications, inflow of
soil flow from the areas hypsometrically located above.

The general direction of water flow from northwest to southeast is shown in Fig. 1. The scheme of
hydro-isogypses illustrates the depth and nature of groundwater levels, which form a domed shape with a
top within the village Aviatorske.
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Fig. 1. Hydrogeological situation of the aerodrome territory: 1 —hydroisogypsum; 2 — direction of groundwater
unloading; 3 — wells of the developed geoecological monitoring network; 4 — existing wells; 6 — sources of
possible contamination of soils and groundwater with petroleum products;

7 — a network of beams and ravines
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This maximum position of the groundwater level in the north-western part of the territory is formed
due to leaks from water networks laid along the buildings and structures of the airport, as well as adjacent
residential buildings and indicates a significant man-made impact of the airport on groundwater.

Analysis of the groundwater level changes on the mode of well Nel134 GP “Ukrshidgeologiya”
located on the built-up area of the aerodrome) and the studied materials of surveys of previous years, were
conclude that there was a rise of 3.6 m for the period from 1983 to 1992. From 1988 to 2010, there was a
rise in the level of 7.0 m. Thus, the average rate of rise of groundwater level is 0.35-0.40 m / year, which
indicates emergency leaks from communication networks. Currently, no observations are being made, but
compared to the data of the depth of groundwater level, in 2020 there is a slight increase, and this is
facilitated by climatic conditions (snowless winter and dry summer).

BARAGE EFFECT FROM NEW CONSTRUCTION

When the aerodrome area is built up with new structures, water consumption will be increased and,
as a result, water leakages from underground water supply networks will increase, which may lead to an
increase in the rate of groundwater level rise. Groundwater is unloaded towards the beams, then into the
Dnieper River.

Among the various interventions in the geological environment in the implementation of planned
activities, the greatest impact on changes in the hydrogeological situation will be areas where pile
foundations are provided for airport buildings.

In accordance with building codes [3] when using foundations in the form of a continuous series of
piles, recessed parts of buildings, retaining walls and other recessed structures in dense buildings should be
calculated to determine: possible rise in groundwater levels due to the barrage effect, their spreading,
impact changes in the hydrogeological regime for the stability and deformation of the surrounding
buildings.

To predict the behavior of the hydrogeological system of the aerodrome, hydrogeological modeling
of geofiltration processes was performed. A model with a filtration area of 740x450 m has been created for
the new buildings.

The model reproduces the filtration area composed of an unconfined aquifer. The equation of
stationary three-dimensional filtration of groundwater flow is described by the equation in partial

derivatives:
a (k ah)+ a (k ah)+ 3 (k ﬂh) W0
dx '\ Fax) ay\ eyl az\ Faz -

Where Ky, Ky, k,,— filtration coefficients in the directions of the coordinate axes X, Y, Z; h — hydraulic
head; W — volumetric flow per unit volume, representing sources and / or effluents of water.

For the numerical solution of differential equations in partial derivatives, the solution of similar
systems of finite-difference equations is used, in which the differentials of the function h by the
coordinates of space are replaced by small but finite increments by the same coordinates. To create a three-
dimensional finite-difference filtration model, the software package Visual MODFLOW v.2.7.1 was used,
which in many countries is approved as a standard among professional applications of three-dimensional
modeling of groundwater flow [4, 5].

The distribution of hydro-isohypses and the direction of vectors of groundwater flow velocity,
obtained by simulation results for the conditions before and after the planned activities (new building
construction) are shown in Figure 2.
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Fig. 2. Distribution of calculated values of hydroisogypsum and vectors of groundwater flow velocity of the
territory of the planned activity before the arrangement of pile foundations (a) and after the arrangement of
pile foundations (b)

When modeling the impact of planned activities, it is assumed that the piles cover the aquifer to its
full capacity (buildings of passenger and VIP terminals, agro-industrial complex) and 5-7 m for the
pumping station, fire tanks and repair base. To study the zone of influence of pile foundations on the
deformation of the flow and the direction of current lines bypassing the piles, the calculation of filtration
paths and trajectories for 8 particles — markers (green dots in Fig. 2, a-b) introduced into the aquifer. When
studying the hydro-isohypses scheme in detail, the distortion of hydro-isohypses caused by the local
influence of piles on the groundwater flow is noted. The general direction of the soil flow velocity vector is
preserved.

6 observation points were placed in front of the structures in the direction of the filtration flow to
establish the groundwater level increases as a result of the barrage effect (Fig. 2, b). The values of
groundwater levels before and the forecast values after the arrangement of pile foundations at points are

given in Table 1

Table 1
Raising groundwater levels (GWL) at observation points (Fig. 2, b) due to the barrage effect

Observati . - GWL to the planned GWLaft(_ar the Raising levels,
. Designed building L construction of
on points activities, m o see
buildings, m
1 Repair base 137,428 137,584 15,6
’ Administrative and  household 135.901 136,163 26,2
complex
3 Administrative and  household 136,254 136,306 5.2
complex
Passenger terminal 134,037 134,414 37,7
VIP-terminal 130,046 130,273 22,7
Pumping station, fire tanks 129,407 129,506 9,9

The expected rise of GWL by 5.2-37.7 cm in front of different types of structures with this type of
foundations will not affect the operating conditions of structures. But in the geological environment on the
territory of the terminal buildings at the local level will cause additional soaking and subsidence in the
layers of loess-like loam (edPy;,;pl-kd) and loess-like sands (vdPIlIbg).
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GROUNDWATER MONITORING NETWORK

In order to establish the actual volumes of pollution on the territory of Dnipropetrovsk International
Airport, it is necessary to conduct an ecological and geological survey and implement monitoring at the
sites of recorded and potential petrochemical pollution. The most probable sources of petroleum and
chemical pollution of groundwater and soils in the planned activities are the following (see Fig. 1): service
center for aircraft maintenance (ATB, hangars, etc.);fuel and lubricant warehouses (FLW), fuel line
systems; parking lots; base of mechanization for special machines; production equipment and freight
transport of enterprises of the communal production zone.

The most dangerous objects are fuel and lubricant warehouses on a small area of which are
concentrated the main operations with petroleum products: reception, storage, delivery. Uneven fuel needs
and peak loads on fuel storage facilities, seasonal change of aviation fuel type (summer, winter), wear of
tank farm and technological equipment lead to systematic and emergency losses of petroleum products and
formation of geological pollution centers [6].

It should be noted that all places of sources of groundwater pollution have a fairly high groundwater
levels (138-122 m), which corresponds to depths of 6-11.5 m.

Fuel and lubricant warehouses are located west of the aerodrome. The total capacity of fuel storage
tanks is 6.4 thousand m°.

Depending on the conditions of the groundwater aquifer, geological conditions that determine the
migration of petroleum products in the geological environment, studies [6, 7] distinguish three typical
hydrogeological schemes of formation of lenses of light petroleum products at aerodrome, including
military, which are typical also for airports of Ukraine.

Among them, the conditions of the territory of Dnipropetrovsk International Airport correspond to
the scheme typical for the territories of distribution of groundwater aquifer in aeolian-deluvial deposits
outside the glaciation zone and for some areas within the glacier, where groundwater is formed into
aeolian-deluvial deposits (Fig. 3).

[ B 2B =1 s[@8]- 4[] 5 Il

Fig. 3. Typical hydrogeological scheme of conditions for the formation of petroleum pollution on the territory
of airdrome in the groundwater aquifer composed of rocks with low permeability (loams, sandy loams):
1 —loams, sandy loams; 2 — clays; 3 — groundwater level; 4 — source of pollution; 5 — the direction
of movement of groundwater and the lens of petroleum products; 6 — zone of geological
environment pollution; 7 — layer of mobile petroleum products
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According to this scheme, deposits containing groundwater are represented mainly by loess-like
loam, sandstones. Insignificant permeability of deposits causes slow speeds of movement of oil products
that promotes formation of lenses of liquid petroleum products of considerable thickness (to 3-5 m, and
more).

Depending on the slope of the groundwater surface and the permeability of the bearing soils, the lens
of petroleum products can be located directly under the source of pollution, and move downstream of
groundwater for a considerable distance (up to 1 km) and reach places of natural groundwater discharge
into surface streams and reservoirs.

For geoecological monitoring we have proposed a system of observation wells (see Fig. 1).
Substantiation of the location of the network of observation wells was performed on the basis of
information about the geological structure, geomorphology, meteorological and hydrogeological conditions
of the study area, assessment of artificial factors. In addition, the tasks facing the regime network of wells
are taken into account, namely: detection of pollutants, establishing the direction and speed of spread of
contaminated water, issuing a forecast of the development of the pollution process to develop measures to
prevent it. Observation wells are located primarily in the area of the built-up area of residential buildings,
along the main industrial structures and routes of the sewerage system, on the experimental industrial site,
taking into account the natural movement of groundwater.

Observation wells, which determine the rate of spreading of polluting water, in this case are placed
in the direction of spreading of the dome of the rise and the flow of groundwater discharge. Namely, given
the area of the airport, observation wells (OW) are located as follows (see Fig. 1):

OW. Nel — in the middle part of the left side of the beam “Zmiina”, which is located in the
immediate vicinity of the western side of the airport;

OW. Ne2 — at the top of the left side of the beam “Zmiina”, on the border with residential buildings;

OW. Ne3 — in the area of the petroleum base;

OW. Ne4 — above the airport;

OW. Ne5 — in the area of the hangar “C”;

OW. Ne6 — at the top of the Rakshyvska beam;

OW. Ne7 — in the upper part of the Storozhova ravine, in the area of the aircraft parking;

OW. Ne8 — at the top of the “Mostova” beam.

The location of observation wells is provided in the main direction of groundwater flow. The target
consists of two and three observation wells to obtain the characteristics of the first from the surface of the
unconfined aquifer, as the most exposed to man-made impact and to determine the presence of leaks from
existing water supply networks and structures.

CONCLUSIONS ANDRECOMMENDATIONS

The considered planned activity envisages creation of technogenic influences on the geological
environment and underground hydrosphere in the area of the territory of the Dnipropetrovsk International
Airport, the intensity and types of which differ at the stage of construction and its implementation.

In order to identify pollutants, establish the direction and speed of spread of polluted water, issue a
forecast of the pollution process to develop measures to prevent it within the planned activities, it is
proposed to create the geoecological monitoring network of 8 observation hydrogeological wells. The
proposed observation network will determine the hydrodynamic structure of groundwater flow, which will
make it possible to calculate the current balance of groundwater, including the balance of mass transfer.
The line of wells is located near the boundaries of sources of possible pollution. This makes it possible to
determine the hydrochemical parameters of groundwater entering the experimental area of the airport
and beyond.

The number of observation wells and their location may increase over time, if necessary, to clarify
the speed and nature of the movement of contaminated water. According to the project, in the first stage a
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network is created for monitoring, which includes a minimum number of observation wells. The results of
observations of these wells will establish the need for further development of the network, the number of
additional wells and their location.

Given the planned activities, in particular the arrangement of the platform in the central part of the
aerodrome, where waiting and parking of aircraft can be a source of petroleum into the soils, it would be
appropriate to place an additional observation well in the central part of the aerodrome.

An additional source of environmental pollution is surface runoff from paved parking areas of cars,
aircraft, steering wheel and runway is partially collected by a closed rain system, partially filtered into the
soil. Minimization of the impact of surface runoff is provided by the implementation of the project of
construction of rainwater drainage of the aerodrome and rainwater treatment plants.

After construction by new passenger terminals, and in particular through the laying for their
operation of water supply and sewerage networks in case of improper operation can create man-made
additional soil moisture, raising the groundwater level and conditions for intensification of subsidence in
loess soils. At the same time, the most dangerous are leaks from heating networks; the high temperature
falling into the soil, water provokes a more intensive development of subsidence. To avoid such situations,
it is necessary to monitor the condition of networks and timely repairs.
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Woter management

WATER ALLOCATION PLAN: A CASE STUDY FOR KURA UPSTREAM
OF MINGACHEVIR WATER RESERVOIR DAM BASIN
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E-mail: farda_imanov@mail.ru

Annotation. The article is devoted to the development of a Plan for distribution of surface
water resources for Kura upstream of Mingachevir Dam River Basin within Azerbaijan in line with
the requirements of the EU Water Framework Directive. Main components of this Plan are
consisted of existing surface water resources, the quantity of environmental flow, water use
indicators for drinking water supply and irrigation. Given that the water resources of the studied
region are limited, the amount of environmental runoff was taken at 20% of the long-term annual
runoff in water distribution plan. The main water user in the region is agriculture. Water losses in
the irrigation systems of the region are at least 21 %. The plan is designed both for the modern
period and for 2035. It is shown that the water management balances of the studied river basins are
characterized by a positive sign. However, if the extremely dry period of 2014-2020 is going to
continue, the situation may worsen. A number of gaps were identified in the process of compiling
the plan that affect the accuracy of evaluation of individual components.

Keywords: water allocation plan, water intake, irrigation, water losses, drinking water supply,
environmental flow.

INTRODUCTION

Water Allocation Plans aim to protect the environment and equitably share the available water
between users, to ensure the long term sustainability of the water resource. Plans are developed in
regions where there are competing demands for water; there is risk from water use on significant
environmental or cultural values, or a need to manage the whole system (surface water and
groundwater reserves) due to their significant inter-connection.

Several Water Allocation Plans were developed for various river basins across the globe.
Those plans have many common features (https://denr.nt.gov.au/water/water-management/water-
allocation-plans/about-water allocation-planning).

Community involvement is integral to the water planning process. At the commencement of a
water allocation planning process, a community advisory committee is usually established.

A finalized Water Allocation Plan applies for up to 10 years and is reviewed at least every
five years. The review process provides an opportunity to assess progress and fine tune the Plan
based on new information gained through its monitoring program.

Based on international experience, are identified ten ‘golden rules’ of basin water allocation
planning (Speed, Robert and et al., 2013).
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Modern approaches to water allocation increasingly recognize that different levels of priority
should be afforded to different users. In a basin allocation process, priority water needs should be
identified and met before the remaining water is allocated among the regions within the basin. For
the purposes of this project, priority purposes include both:

e water to meet priority human and political needs: such as water for basic human needs
(drinking water, sanitary purposes) and for projects of strategic or national significance

e water to meet environmental flow requirements: that is, the water and flow patterns required
to sustain aquatic ecosystems and river processes.

Allocating water to meet basic societal needs — that is, the water necessary for domestic
survival — is naturally the first priority of most water allocation systems. A number of different
values have been suggested to meet this requirement, ranging from 20 to 100 liters per capita per
day (WHO, 2003). Ultimately, domestic water use in the majority of catchments is a very small
percentage of the total available resource.

In addition to domestic requirements, water may be allocated as a priority to communities to
support subsistence livelihoods. This can particularly apply within poorer communities, where
water is used to maintain food gardens and to support livestock. This water is often not recognized
as water for basic human needs, as it is used for a productive purpose. However due to the
subsistence nature of its use and its importance to such marginalized groups, policy and law often
recognize this as a permissible water use without any further authorization required. As such,
statutory or common law rights to take water for such purposes are recognized in many jurisdictions
— In such circumstances a person may be allowed to take water for watering livestock or for
subsistence farming, without the need for a license or other permit (South Africa Water Act, 1998).

There is too low experience on development of Water Allocation Plans. The Comprehensive
Scheme named “Protection and use of water resources in Kura River basin” was developed in
former USSR, however, it was not agreed by the Azerbaijan, Georgia and Armenia Republics. The
contracts were signed between Azerbaijan and Russia on the sharing of waters of Transboundary
Samur River, and Azerbaijan and Iran on the sharing of waters of Transboundary Aras River.
However, these contracts only specified the volume of water each country can take from those 2
rivers. Recently (2016), with the financial support of European Union, the project named “Water
Resource use studies in selected Transboundary tributaries (Zayamchay and Goshgarchay) in the
Central Kura Pilot basin of Azerbaijan combining IWRM and WFD objectives through
establishment of environmental flows and EQOs” has been implemented. Under this project, Water
Allocation Plan was developed within the framework of IWRM and EU WFD RBMP approach and
the following issues have been reflected in the Plan (www.cap-net.org).

Below the information is provided regarding the determination methodology of the
components of Water Allocation Plan developed for Kura Upstream of Mingachevir water reservoir
dam basin (Fig. 1).
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Fig. 1. Map of Kura upstream of Mingachevir Dam River Basin area

RESULTS AND DISCUSSION

Calculation of annual flow with return period of 1/20 years (Q95%). As the hydrological
observation sites operating on the rivers of pilot area are located in the upper parts of the river
basins, it is not possible to directly determine the total flow in the basin. For this reason, river flows
have been estimated indirectly.

Total flow volumes of the rivers were last calculated in 1989 according to the data from 1975
(Rustamov and Gashgai, 1989). These figures have been clarified using observational data up to
2017. In order to implement this, the multi-year estimates of average annual water consumption
observed between 1975 and 2017 were compared. The annual flow has recently increased in some
hydrological points and decreased in others. However, the value of these changes is small and is
within the measurement accuracy (5-10%) of water flow amount in the pilot area rivers. 15.2%
decrease was registered only in Talachay-Zagatala hydrological point.

The multi-annual and Q95% of the average annual water flow amount observed up to 1975
were compared in the next stage, and their ratios were determined. Then, multi-annual values of
average annual water flow amount were specified, considering flow changes. The final estimates of
Q95% were calculated using these adjusted values and the calculated ratios (Table 1). The amount
of Q95% for 2035 was provided in the plan, considering climate change. Thus, the flow is expected
to decrease by 5% for the Ganikh Basin rivers and by 10% for the Ganja-Gazakh region.
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Determination of environmental flow. The values of environmental flow were calculated
through 2 various methods. The first method is mainly used in the projects implemented by
“Amelioration and Water Economy” OJSC. According to this method, which was proposed in the
former USSR and later refined, the annual value of environmental flow is assumed to be 75% of the
minimum water discharge of 95 % exceedance of probability (Faschevsky, 1996). The second
method also belongs to the group of hydrological methods and considers the multiple fluctuations
of the flow over the months (Imanov, 2000; Imanov and et al., 2017).

The values of environmental flow calculated for each of the two methods for rivers with
hydrological observation points. According to the method used by “Amelioration and Water
Economy” OJSC, the value of environmental flow is on average 20% of the average multi-year
flow, and according to the method proposed by Imanov, 34%.

The value of environmental flow for both two regions was accepted to be 20% of the average
multi-annual flow in this Plan (Table 1).

The value of environmental flow for 2035 has been maintained at the level of 2020 (20%).

Drinking water supply. Information characterizing current state of drinking water supply was
taken from “Azersu” OJSC (www.azersu.gov.az). However, this data is provided not for river
basins, but administrative districts. Therefore, this data was recalculated for river basins,
considering the location of settlements (cities and numerous villages). “Azersu” OJSC assumes the
amount of drinking water to be supplied to the population per day, including losses, is on average
70 I/sec, within the water supply projects it implements in the regions. At present, the population
living in the Ganikh river basin is provided with 61 liters of drinking water per day. 54 liters of this
water falls on surface water and the remaining 7 liters on groundwater.

The situation is different in Ganja-Gazakh region. Data on drinking water used in this region
characterize only the population served. Thus, centralized water supply systems cover only district
centers (cities) and several nearby villages. There is no official information about the remaining
villages in the districts.

According to the information received, in 2019, only 10.31 million m® of water was supplied
to the settlements with centralized water supply in Ganja-Gazakh region: 6.21 million m® (60%)
was abstracted from surface and 4.10 million m® (40%) from groundwater sources.

According to the information provided by State Statistics Committee of Azerbaijan, currently
(as of January 1, 2020) 1 million 299 thousand people live in the Ganja-Gazakh region
(www.stat.gov.az). If we consider that the norm of drinking water for 1 person is 70 I/sec per day,
then the demand for drinking water of the entire population of this region will be 33.20 million m*
per year. Thus, only 31% (10.31 million m®) of water abstracted from natural water sources for
drinking is currently registered in the Ganja-Gazakh region. The plan only gives the amount of
water used through centralized water supply systems, and as can be seen, these figures do not reflect
the current reality in individual river basins.

The amount of drinking water to be used for 2035 was calculated considering the dynamics of
population growth, while the daily drinking water norm was maintained at the current level (70
I/sec). The quantity of water to be abstracted from surface water sources in river basins is assumed
to be at the current percentage of these waters.
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Water use for irrigation purposes and water losses. Information characterizing the current
situation on the use of water for irrigation purposes was obtained from “Amelioration and Water
Economy” OJSC (www.mst.gov.az). However, this information is also provided for administrative
districts. Therefore, these data were recalculated for river basins, considering the location of
irrigated areas (Table 1).

The amount of drinking water to be used for 2035 was maintained at the current level in the
Plan.

According to the information presented in “Water economy balance for Ganikh river basin”
developed pursuant to the Rules approved by the Cabinet of Ministers, water losses in irrigation
systems of the basin accounts for 21%. There is no correct information regarding water losses for
Ganja-Gazakh region. Therefore, water losses for both two regions have been assumed as 21% in
the Plan.

Water losses for 2035 were also not changed and kept at the level of 21%. Thus, subject to
opinion of a group of Azerbaijani water experts, currently, losses in many river basins are at the
level of 30-40%.

The main ways for reducing the water losses occurred in irrigation systems are the application
of modern irrigation methods and good agricultural practices.

Water Allocation Plan analysis. The main water user in both the Ganikh (Alazani) basin and
the Ganja-Gazakh region is irrigated agriculture. However, the proportions of surface and
groundwater used for irrigation are different in these two regions. Thus, more surface water (193.4
million m® of surface water and 21.0 million m* of groundwater) is used in the Ganikh (Alazani)
basin, and groundwater (611.3 million m® of groundwater and 371.3 million m® of surface water
and) in the Ganja-Gazakh region. The share of surface water in the drinking water supply of the
population living in the Ganikh (Alazani) basin is several times higher than groundwater (8.97
million m® of surface water and 2.74 million m® of groundwater). In the Ganja-Gazakh region, the
amount of water abstracted from surface water sources is higher for settlements with centralized
water supply: 6.21 million m® (60%) of surface water and 4.10 million m® (40%) of groundwater.

Analysis of the developed Plan indicates that water economy balances in river basins of both
2 regions are positive. Only in the Kurakchay basin in 2035 a very weak water shortage is expected
(Table 1).

The water economy balance of the Ganikh (Alazani) Basin Rivers is expected to be positive.
Hence, this region of Azerbaijan is well provided with water resources. However, it should be
considered that in the Ganikh basin, along with irrigated agriculture, dry farming is also widely
used. The drought observed during 2014-2020 and being continued currently may increase the
demand for irrigation water.

It is surprising that the water balance of river basins in the Ganja-Gazakh region is positive,
because it is known that in the summer there is no water in the lower reaches of this river. Most
likely, the reason why the balances are positive is due to errors in the data used in the Plan. This is
primarily due to the Q95% of river flows and the amount of water abstraction for irrigation.
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Table 1
Water Allocation Plan
Surface water use, min. m*
Irrigation
. water use,
River Period Available | Human Wa_ter water transfer | Water [Environmental Wa.te.r
resources | Consumption deficit
and losses flow (excess)
uncontrolled
water use
Ganja — Gazakh subbasin
Agstafachay Current 252.4 0.00 99.3 26.4 95.2 +31.5
2035 227.2 0.00 99.3 26.4 95.2 +6.3
Hesensu Current 34.1 0.08 7.6 2.0 13.6 +10.8
2035 30.7 0.42 7.6 2.0 13.6 +7.1
Akchinjachay | Current 93.9 0.20 23.0 6.1 31.8 +32.8
2035 84.5 1.25 23.0 6.1 31.8 +22.4
Zeyemchay Current 101.6 0.28 29.0 7.7 38.4 +26.2
2035 914 1.36 29.0 7.7 384 +14.9
Jeyirchay Current 31.4 0.00 3.6 0.9 114 +15.5
2035 28.3 0.00 3.6 0.9 11.4 +12.4
Shamkirchay Current 183.5 0.93 20.1 5.5 60.2 +96.8
2035 165.2 7.78 20.1 55 60.2 +71.6
Goshgarchay Current 58.5 0.09 0.9 0.2 18.6 +38.7
2035 52.6 0.66 0.9 0.2 18.6 +32.2
Ganjachay Current 99.2 1.85 25.5 6.8 29.2 +35.8
2035 89.3 1.93 255 6.8 29.2 +25.9
Kurekchay Current 91.8 1.90 28.0 7.4 44.8 +9.70
2035 82.6 3.78 28.0 7.4 44.8 -1.4
Goranchay Current 63.1 0.69 16.6 4.4 18.8 +22.6
2035 56.8 3.02 16.6 4.4 18.8 +14.0
Injachay Current 30.3 0.18 1.8 0.5 9.8 +18.0
2035 27.3 0.36 1.8 0.5 9.8 +14.8
Ganikh/Alazani river basin
Mazimchay Current 52.3 0.18 3.0 0.8 18.5 +29.8
2035 49.7 0.20 3.0 0.8 18.5 +27.2
Balakanchay Current 95.2 1.02 6.3 1.7 334 +52.8
2035 90.4 1.08 6.3 1.7 334 +47.9
Katekhchay Current 234.6 0.66 5.8 1.5 70.0 +156.6
2035 222.9 0.69 5.8 15 70.0 +144.9
Talachay Current 101.3 1.54 4.7 1.2 30.7 +63.2
2035 96.2 1.74 4.7 1.2 30.7 +57.9
Mukhahchay | Current 214.5 1.02 11.9 3.2 60.4 +138.0
2035 203.8 1.16 11.9 3.2 60.4 +127.1
Kurmukhcay | Current 245.4 1.12 23.8 6.3 69.1 +145.1
2035 233.1 1.32 23.8 6.3 69.1 +132.6
Ayrichay Current 264.9 3.74 99.0 26.3 92.7 +43.2
2035 251.6 4.25 99.0 26.3 92.7 +29.4

Note: An average of 49 million m® of irrigation water is transferred annually from the Yenikend
reservoir built on the Kura River to the Ganjachay basin (Samukh region).
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CONCLUSIONS

Water allocation is in almost all cases based on uncertain input data and can therefore not

provide guarantees. In this regard, the following may be presented for the Water Allocation Plan
developed for Kura Upstream of Mingachevir water reservoir dam basin:

1. The number of monitoring sites where river flow (also for groundwater flow) is recorded, is
low. There are no monitoring points over several transboundary (Agstfachay, Hasansu,
Mazimchay) and local rivers (Goranchay, Mukhahchay, Katekhchay, Jayirchay);

2. The accuracy of information regarding the use of river flow (also for groundwater) is lower;

3. As the Water Resources are not Managed Integrated and Basin Approach is not introduced,

information on used irrigation water and drinking water is collected for administrative districts.
The calculation of this data for particular river basins bears subjective character;

4. No forecasts have been developed on the expansion of irrigated areas and the associated
increase in demand for irrigation water;

5. There is no legal-normative document for the assessment of environmental flow;

6. The organization responsible for the implementation and monitoring of the Water Allocation
Plan is unknown.

Implementation of the “Rules for compiling water balances for the republic, water basins and

administrative territorial units” approved by the Decision of the Cabinet of Ministers of the
Republic of Azerbaijan will ensure more accurate development of Water Allocation Plans.

8.
. Www.stat.gov.az
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Hydraulic engineering

DETERMINING THE DURATION OF THE FILLING AND
DISCHARGING TIME OF RESERVOIRS

lordanishvili 1., Iremashvili 1., lordanishvili K., Mgebrishvili M.,
Kuparashvili 1., Natroshvili G., Potskhveriya D., Kandelaki N., Bilanishvili L.
Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University
Thilisi, Georgia

Annotation. The article discusses a method for determining the duration of full or partial discharging
(filling) of reservoirs.

In the calculation, a hydraulic method was used for calculating the full or partial discharging (filling)
of water from a vessel with a variable pressure head.

Keywords: reservoirs, filling, discharge.

I'maporexnuka

OITPEAEJEHHUE ITPOJOJKUTEJIBHOCTHU BPEMEHU
HAITIOJIHEHUSA 1 OITIOPOKHEHUSA BOAOXPAHUJINII]

Hopaanumsuim UK., Upemamsuiau U.P., Mopaanumsuian K.T., MreopumBuan M.A.,
Kynapamsuiu U.A., Harpomsuiu I'.H., ITouxsepus I.111.,
Kangenaxu H.B., buaanumsuian JIP.
Wuctutyt BogHoro xo3siictea um. L. Mupiixynasa
I'py3unckoro TexHuueckoro Y HUBEpCUTETA
Towumucu, ['py3us

Annomayua. B cratbe paccMOTpPEH METOJ ONpEIENIEHUS MPOJOHKUTENBHOCTH IIOJTHOTO WM
YaCTHYHOT'O OTIOPOKHEHUS (HATIOIIHEHUS ) BOAOXPAHHIIHUIIL.

[Ipu pacuere mpuMeHEH THAPABIMYECKHII METOJ pacueTa IOJIHOTO WM YaCTHYHOTO HWCTEUEHUS
(HamoJHEeHus) BOJIBI U3 COCY/a NP MIEPEMEHHOM Harope.

Kntouegwle cnosa: BOIOXpaHWINIIA, HATIOJHEHHUE, OTTIOPOKHEHHE.
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3. I'Bemecmanu T.JI. KosmuyecTBeHHbBIE XapaKTepPUCTUKY BOJIH Ha IIOBEPXHOCTH BOZBI B BOJOXPAaHIIINIIE,
BO30OyXzZaemsle 3emserpsaceHneM. B k.. CelicMumyeckue BO3ZeHCTBUA HA THAPOTEXHUYECKUE U
sHepreruyeckue coopyxenus. M.: Hayxka. 1980. c.159-174.

4. T'Benecuanu T.JI. Teopus reHepaiuu BOJH B IPUJIOKEHUHU K 33ja4aM THPOIKOJIOTHH ,, Y HUBEpCAT

Towmnucu, 2009.

I'napouH:KeHepus

OIPEJEJIEHUE MMPOJOJI)KUTEJIBHOCTH NNEPEJIMBA MAKCUMAJIBHON
BOJIHBI YEPE3 IVIOTUHY U APYI'UX XAPAKTEPUCTUK IIOTOKA
BE3 BOJTHOBOI'O OTPAKEHMUS OT IIVIOTUHbI

HpemamBuian X., bepazenamBuin I'., Husnmameuian I,

I'py3uHCKUI TEXHUYECKUNA YHUBEPCUTET
Tounucwu, ['py3us

Armomauuﬂ. B cratee paccMaTpuBacTCd METOH OIIPCACIICHUA PHCKAa OTPAXCHUA BOJHBI OT
IIJIOTHUHBI C YY€TOM BBICOTHI U JJIMHBI BOJIHBI, CO3ILaBaCMOI71 CCJICBBIMH IMOTOKAaMH B BOAOXPAaHUIIUIIIC.
Knroueeswvie cnosa: BOJOXpaHUIIUIIE, IIJIOTHUHA, celeBon IIOTOK, MEPEIINB, SKCTPEMAJIbHAs BOJIHA.

DETERMINATION OF DURATION MAXIMUM WAVE OVERFLOW ON THE
DAM AND OTHER CHARACTERISTICS WITHOUT REFLECTION THE WAVE
FROM THE DAM

Kh. Iremashvili, G. Berdzenashvili, G. Tsivilashvili

Georgian Technical University
Thilisi, Georgia

Annotation: The paper deals with the method of determining the risk of overflowing the dam
according to the height and length of the wave generated by the entry of the flood into the reservoir without
ripping (reflecting) on the wave dam.

Keywords: water reservoir, dam, debris flow, runoff, extreme wave.
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BoaHoe xo3s1iicTBO

KO2®PUIMEHT TOYHOCTH ITPH OITPEAEJIEHUN
BOJHO-®U3NYECKHAX CBOMCTB IOYBOI'PYHTOB

HUrpnamsuian JI.A., Tonypus E.C., XocpomBuiu E.3., Jannann K.3.
HNuctuTyT BomHOrO X03s11icTBa M. L. Mupuxynasa
['py3MHCKOTO TEXHHYECKOTO YHUBEPCUTETA
mp. M. YaBuaBamse 60°, r. Towmcu, 0179, I'py3us
E-mail: itriashvili@mail.ru

Annomayua. AHanM3UpYyETCsl CyLIECTBYIOMIAsl MPAKTUKA YCTAHOBICHHS TOYHOCTH JIaOOPaTOPHOTO
oIpeiesIiCHHs BOIHO-(DU3UUECKUX CBOMCTB TPYHTOB. [loka3zaHa HETOCTATOYHOCTh KO3(PPHUIIMEHTA TOUHOCTH
CpaBHCHHs TOKa3arened TOBTOPHBIX JabOpaTOpHBIX  ONpeeiCHUI. BBISBIGHBI NPUYMHBI TaKHUX
HECOOTBCTCTBUU. HpennaraeTCﬁ HOBad rpagalusd JOIMYTHUMBIX paCXO)KI[eHI/Iﬁ PE3YJIBTATOB IMMapaJlICIbHBIX
1abOPaTOPHBIX OTPEIEICHIUH.

Knrouegwle cnosa: rpyHTHI, CBOWCTBA, ONPECIICHUE, KO (UITMEHT TOYHOCTH, METOIUKA.

BBEJEHUE

Jlo ceromHsAIHEro IOHS MNPUHSTO CYUTATh, YTO JIAOOPATOPHBIE OINpPENENCHHS IOCTATOYHO TOYHO
BBITIOJIHEHBI, €CIM MapajuleibHble pe3ynbTaThl pacxoisarcs Ha 0,5-1%. MeHee TodHOe BBINIOJHEHHE
XapakTepusyeTcs pacxoxaeHuem 1,5 - 2%. HeynoBineTBOpUTENbHOH TOYHOCTHIO CUMTAIOT, KOrJa
napajujienbHble aHaIu3bl pacxoaarcss Ha 3,0 ¥ OoJblie MPOLEHTOB, NPUYEM MOCeIHble HU(PPHI CUUTAIOT
MoKa3aHueM Ha OpaK BBHIMTOJIHEHHOW PaOoOTHI.

HeynoBieTBOpUTENbHOCTD MPUHATHS KaKOrO-JIMOO OJHOIO 3HAYEHUS JOIyCTUMOTO PACXOXKICHHUS
JUIsL BceX (M3MUECKUX CBOMCTB SICHA yKE TI0 OJHOMY TOMY, YTO KaXKJj0€ 3 PU3HUECKUX CBOHCTB UMEET CBOM
IUQPPOBON MHTEPBAII, OTIIMYHBIN OT IPYTHUX.

Tak, HarpuMmep OOBEMHBIM BeC WMeeT Hambosee Kparkwii mudpoBoit mHTepBan ot 1,0 mo 2,0, a
HaOyxaHue — HauOoJsiee JUIMHHBIA uHTepBal OT 1 1m0 120 M maxke Bwime. [loaTomy, He HpeICTaBISIETCS
BO3MOXHBIM TOBOPHUTH O €IMHOM KO3((UIIMEHTE TOYHOCTH ONpeNesIeHUs] Uil 000MX YKa3aHHBIX CBOMCTB.
Hanpumep, TouHocts, paBHas 0,5 eaunun, Oyzaer aiasi 0ObEMHOTO Beca BEJIMYMHOMW, JIMILIAIOIIEH 3TO
olpeJieNieHre BCSKOTO CMBICTA, a JUIsi HaOyXaHHs - 3Ta TOYHOCTh YPE3MEPHO BEJHMKA U MPAKTHYECKH
HeBbINOMHUMA [ 1, 2].

Kpome Toro, HeoOXoAuMO WMETh B BHAY, YTO MMOMHMO 3HAYEHWH TOYHOCTH ISl OMPEIECIIEHHBIX
(U3NUECKUX CBOWCTB, B 1a0OPaTOpHON NPAKTHKE MPHHSATO CAMOCTOSTENILHO BBIACISATh TOUHOCTH HEKOTOPBIX
MPHUEMOB, BXOISIIMX B OOWIMHA IUKJI omnpeneneHud. K uncimy Takux HOpUEMOB OTHOCHTCSl ONpEACCHHUE
BIIQ)KHOCTH TPYHTA W TUTPOCKOMUYECKOH BO/bI. BrionHe ecTeCTBEHHO, YTO TOYHOCTh 3TUX MPOMEKYTOYHBIX
OIpeAeNeHNH JODKHA OTIIMYAThCS OT TOYHOCTH KOHEUHOTO PE3YJIbTaTa BCErO ONpPENEICHHUS.

[ToaTomMy, HEOOXOAMMO YCTAaHOBHUTH JOITYCTUMBIE MPEAEIIHl TOYHOCTH IS MOBTOPHBIX Ta00PaTOPHBIX
OTIpe/IeTICHH, 00ECTIEUNBAIOIINX PEATHbHOCTH IMOYYEHHBIX PE3yIbTaTOB.

OCHOBHASA YACTbH

MHoroJieTHHI OTBIT paboThl ¢ IPYHTAMH MTO3BOJISIET YTBEPKIATh, YTO JUIS PA3IMYHBIX JIA00OPATOPHBIX
orpenesieHnid HeoOXOAWMBI pa3lUYHbIE MOKa3aTeNd TOYHOCTH, I YEro LelecoOo0pa3HO BBIACIUTH TPH
TPYNNbl ONPENENeHUN W JUIs KaKIOW YCTaHOBUTH NPHHLUMIIMAIBHO Pa3iIM4YHBIA MOAXOA K JOMYCTHMBIM
PaCXOXIAEHUAM B NapaJlIeNIbHBIX aHAIU3aX.
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[lepBas rpynma nomKHa BKITIOYATH: BIAKHOCTH, TUTPOCKOIIMYECKYIO BOAY, OOBEMHBIH W yIEIbHBII
BEC.

Bropas rpymnma mommkHa BKITIOYATh: TPaHyJIOMETPHUECKHUN COCTAaB, HIKHIOIO TPAaHUILY IUIACTHYHOCTH,
HIDKHIOIO TPaHUIy TEKY4YeCTH, MAaKCUMAIbHYI0 MOJEKYJISPHYIO BJIArO€MKOCTh, OOBEMHYIO YCaAKy H
HaOyxaHue (BCe OMpEIeIICHUS ISl TPYHTA C HAPYIICHHBIM CJIIOKCHUEM ).

Tpetbs rpymma AOKHA COCTOATE U3: pa3MOKaHUs M KoddduitneHTa (GUiIbTpaIim.

Jlyis onpenenieHnii IepBor TPYMIIBI JOMYCTHMBIE PACXOXKIACHUS MOTYT OBITh YCTAHOBIICHBI, HCXOIS U3
a00PaTOPHON TMPAKTHKH, TaK KaK OIpPENEICHUS BIIAXXHOCTH, YACIHHOIO Beca W Jlaxke OOBEMHOIro Beca
BEITIONHSIOTCSI BEChbMa J]aBHO OJHOOOPA3HBIMH METOJIaMH HE TOJIbKO TPYHTOBBIMH JIA0OPATOpHUAMHU, HO U
MMOYBEHHBIMH, METTUOPATUBHBIMU U IPYTUMHU OPTaHU3ALUIMU, HAKOMMUBIIUMHU 3HAUYUTEIHHBIA OIBIT.

Bropas rpynma omnpeneneHuil HyXIaeTcsi B yCTAaHOBIEHHH IOIYCTHMOTO PAaCXOXICHUS HAa OCHOBE
MPOIOPITUOHATBHBIX W3MEHEHHUI COMOCTABJICHHBIX HU(POBBIX UHTEPBAIOB. B 3TOM cilydae mosydycHHbIE
pacxoxieHus OyIyT SKBUBAJICHTHBI, HECMOTPSI Ha pasinuue [U(PPOBLIX HHTEPBAJIOB.

BenmuunHa A0MycTHMOTO pacXokKIeHHS Il TPETheH TPYIIBI OMpENeNeHHui JOJDKHA OBIThH
YCTaHOBJICHA UCKIIIOUUTEIHFHO Ha OCHOBE MPAKTHUECCKUX JAHHBIX IS KAKIOTO UCCIEyeMOro TPyHTa, BBUIY
0co00# crenmpUIHOCTH ATHX ompeneieHuid. Tak, HampuMep, TOBTOPHEIE OMPENEICHNs Pa3MOKAHHS JTAIOT
3HAYUTENFHBIC PACXOXKACHUS HE 33 CYET KAKUX-JIMOO IMOTPEITHOCTEH BBHIMONHEHUS, a WCKIIOYUTEIHHO 32
CYEeT aHU30TPONHH CTPOCHMs caMoro rpyHTa. I[IOCKONBKY 3Ta KaueCTBEHHAs HEUJECHTUYHOCTh 3aBHCHUT OT
pola TpyHTa, ero TeHe3nca W MpourX (aKTOPOB, TO HE TPEACTABISAETCS BO3MOXKHBIM 3a0JaroBpeMeHHO
Ha3HA4aTh JOMYCTUMBIC PACXOXKICHUS.

B Takoil ke CIOXKHOW CHUTyalliM HaXOAWTCSA M omperereHue KoddduiueHnTta GuibTpanun. 31ech
HaM4Yue MOOOYHBIX (DAaKTOPOB HACTOJBKO BEIHMKO, YTO HE MPEACTABIACTCA ITOKa BO3MOXKHBIM TOBOPHTH O
KaKO¥ TO OMPEICIICHHON BEJTMYUHE JTOTYCTUMOTO PACXO0KICHUS TP MapaUIeTIbHBIX UCIIBITAHIIX [2].

Ha ocHOBaHMM BCETr0 M3JI0)KEHHOTO BO3MOXHO YCTAaHOBUTH CIIEAYIONINE BEIMYHHBI JOMYCTUMBIX
pacxoXKAeHUM:

- Jlms mepBoi TpyNIbl ONpeneNeHui cleayeT IpuHATh: s BiakHocTu 0,3-0,5 eTuHUIbI, PH YCIOBHH
TOYHOCTH apudmMeTndeckux pacuetoB 110 0,01 equHUIBI 1 3amKcH pe3ynbTaToB ¢ okpyriaeHueM 1o 0,1
eIUHUIGL, s Turpockonudeckoil Boabl 0,03-0,05 emmnwmipl, mpu TouyHOCTH pacuetoB g0 0, 001
€MHULIBL, C OKpyTIIeHueM B pesyibrarax no 0,01 exuausr; ans oobemuoro Beca 0,02-0,03 exuHUIIEL,
pu TouHocTH pacuetos 10 0,001 ¢ okpyriaeruem B pesyibTaTax 10 0,01 equHUIBL; 1T YASIBHOTO Beca
- He cBoime 0,02 enunaunbl, npu TogHocTH pacuetoB 10 0, 001 u oxpyrienueM B pe3ynabrarax m0 0,01
€IMHULIBL,

- [l BTOpOU TpymIBl OMpeneNeHUu BETUIHHBI JIOIYCTUMBIX PACXOXKICHUN, TOKHBI OBITH MOTYYEHBI
ITyTE€M COIIOCTABIICHUS] HHTEPBAIIOB UX ITU(PPOBBIX MMOKA3ATEIEH.

OpHako, MPOCTOE COIMOCTABICHHE 3TUX WHTEPBAJOB HE MOXET O0ECIEYHTh MPAaBWIHHOTO PEIICHUS,
TaK KaK H3MEHCHHE IoKa3aTesi Kakoro-iu0o (U3MUYECKOTro CBOMCTBA 10 OTHOIICHHIO K H3MEHEHHSIM
JPYToro B OOJILITMHCTBE CIIy4aeB HE MOAYMHACTCS TNHEHHON 3aBUCIMOCTH.

CrnenoBaTelibHO, HEOOXOAMMO BHAYaJle YCTAHOBUTH B3aMMOCBS3H MEXIY HU(POBBIMHU IMOKA3aTEIISIMK
(hM3UYECKUX CBOMCTB I BCEX PA3HOBHIHOCTEH ITPYHTOB OT MECKOB JIO TJIHH BKIFOYUTEIHHO.

Takas paboTa ObUIa BBITIOJHEHA Ha TPYHTaX Pa3JIMYHOTO reHe3uca. B wmrTore Obuia ycTaHOBIEHA
KOpPEIAIMOHHAS CBS3b MEXKIYy TPaHYJIOMETPHYECKUM COCTaBOM, MAaKCHMAaJbHOW  MOJEKYJISIPHOH
BIIarOEMKOCTBI0, HW)KHEH TpaHHIed TEKYy4eCTH W IUIACTUYHOCTH, HaOyxaHueM, OOBEMHOW ycajakol u
JIpyTrUMH GU3NIECKUMU CBOWCTBAMH TPYHTOB C HAPYIICHHBIM ClIOKeHHeM [3,4,5,6].

Tak, ecnmu PUHATH 32 STAIOH, YTO TOYHOCTH OTPEICICHIS, CKaXEM, MAaKCUMAILHON MOJIEKYIISIPHON
BJIATOEMKOCTH paBHA OJHON €AMHMIIE, TO OINPEACIICHUE OCTAIBHBIX CBOWCTB MOXET MPOU3BOAUTHCS CO
CJIEYIOIINMH SKBUBAJIEHTAMH TOYHOCTH, TaOI. 1.
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Tao0a. 1
3HaYeHUs IKBUBAJIEHTOB TOYHOCTH

JonycTumasi TOYHOCTH
CroiicTsa Cynecu CyrJMHKH Taunb
Makc. MOoJI. BJIarOEMK. 1,0 1,0 1,0
Hwxaas rpannma 1,0 1,0 1,0
TUIACTHYHOCTH
Hwxuss rpanuna 2,0 2,5 3,0
TEKY4eCTH
HaOyxanue 2,0 4,0 12,0
O0beMHas ycajka 2,5 2,5 2,5

Takum oOpazoM, pacxoxaeHus B 12 eauHAI py HaOyXaHWH TIIMH, WX 4 €IUHUIBI IS CYTJINHKOB,
und 2,5 enuHUOBl s Cyleced, SKBHBAJICHTHBI HE TOJIBKO MEXOY CO0O0K, HO W OSKBHUBAJICHTHBI
pPacxXoXXJIeHHIO B 1 eIMHUILY Il MaKCUMaJIbHOM MOJIEKYJISIpHOM BJIaroeMKocTH [2,4,5].

[TosTomy, ecnu B nmabopaTopuu NpH ONpeAETICHUN Ha0yXaHUsl TJIMHBI, PACXOXKACHUE B PE3ybTaTax
napajuleNIbHBIX — ompeneneHuil coctaBuseT §8-10 eOUHMI, TO TaKoe pAacXOXKICHHE OTHIOAb HE CIIY)KHUT
yKa3aHHEM Ha MJI0XO0E BBHIOJHEHUE PabOTHI.

CoBceM nHas oLeHKa paboThl 10JDKHA OBITH CHIENaHa, €CJIM TAKOE PACXOXKACHUE ObUIO IMOJIyYeHO IPH
ornpeneneHnd HaOyXaHHs CYNECH MJIHM CYTJIMHKA, YTO CBHIETEIBCTBYET O SBHOW HEYIOBICTBOPHUTEILHOCTH
BBINOJIHEHUS JTAHHOT'O OIPEAEIICHUSI.

Uro kacaercsi rpaHyJIOMETPHUUECKOr0 COCTaBa, TO B TOM BHJE, KaK OH BBIPA)KAETCsl, €0 HEBO3MOKHO
WCIIONIB30BaTh IJISl CBSI3U C APYTUMH TokazaTtensMu. C 3TOH IeNbl0 pe3yibTaThl TPaHyJIOMETPUYECKOro
aHallM3a BO3MOXXHO TPaHC(HOPMHUPOBATH B APYTOi BUJA BBIpKEHUS, UCTIONB3ys popmymny A.M. Bacunsesa
JUIA TIepecyeTa B oKa3aTelld CyMMapHOM MOBEPXHOCTH IPYHTOBBIX YacTull [7].

B wyactHOCTH, OBUIO YCTaHOBJIEHO, YTO MEXAY CYMMAapHOH ITOBEPXHOCTBIO M MAaKCHMAaJlbHON
MOJICKYJISIPHOM BIIarOEMKOCTBIO CYIIECTBYET JIMHEITHAsI CBsI3b, [IPU KOTOPOii 00a rmokasarenu paBHsl [4,5].

CrnenoBaTenbHO, €CIIM TOYHOCTD OTPEIENIEHUS] MAaKCUMAIbHOM MOJIEKYJISIPHOM BIIarOEMKOCTH NMPUHSTH
paBHO#l 1 enuHune, T0 1 Ry JOKHO MMETh OTKJIIOHEHHs HE CBBILIE €AMHULBI JUIS ABYX NapauIeibHbBIX
aHaJIN30B.

Tabamna 2
JlonmycTUMBIe PacXosKIeHHs pPe3yIbTaTOB NapajlleJbHbIX oNpeaeeHui

HaumeHoBaHuUe Jonycrumoe pacxoskaeHue s

onpeneaeHus! MeCKH cynecu CYIJIUHKH TJIUHBI
I'urpockomnuyeckas Bosia 0,03 0,03 0,05 0,05
VY nenapHLbIN Bec 0,02 0,02 0,02 0,02
OOBeMHBIH BeC 0,02 0,02 0,02-0,03 0,02-0,03
BraaxHocTb 0,3 0,3 0,3-0,5 0,5
Makc. MOJIEK. BIATOEMKOCTD 0,5 1 1 1
HyokHsis rpaHuia TeKy4ecTd - 2 2,5 3
Pa3MoKaHue B €CT. CIOKCHHU - - 3aBHCHUT OT 3aBHCHUT OT
OObemHas ycanka fpyHta fpynta
a) B HapyIIeH. CIOKEHUH - 2,5 2,5 2,5
0) B €CTECTB. CIIOKECHUH - - 2,5 2,5-3,0
I'panynomerp.coctas (R, ) - 1 1 1
Habyxanue
a) B HAPYIICH. CIIOKCHUH - 2 4 12
0) B €CTECTB. CJIIOKCHUH - - 4,5 12-15
Koad. punsrpanmu (K) 3aBUCHT OT rpyHTa - -
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3AKVIIOYEHUE

CornacHO BCeMY BBIIIEU3I0KECHHOMY, PEKOMEHIyeMasi TOYHOCTh JIAOOPATOPHBIX OMPEICICHUN MOXKET
OBITH MIPEICTABIICHA B OKOHYATEILHOM BHIC B TAOIHIIE 2.

B 3akiroueHue HEOOXOAMMO OTMETHTh, YTO B TAONUIlC 2 HET HIDKHEH TpaHMIbl IUIACTHYHOCTH,
KOTOpast 3aMEHSICTCSI ONpeJieIeHEeM MaKCHUMAITLHOW MOJICKYIISIPHOM BIarOeMKOCTH.

EcTecTBEeHHO, YTO BBIIMICH3I0KEHHOE HE MOXKET IPETeHIOBaTh Ha aOCOIOTHOCTh, OJIHAKO
mpenaracMas METOJAMKAa HamOojee OnmM3Ka K pPeaJbHOCTH. YTO IMO3BOJIACT TIpeyiarath ee JJis
HCIIOJb30BaHMUS Ha IPAKTHKE.
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Annomayus. Haydanoe HanpapieHue «Jkojgorndeckas oesonacuoctn» (O6) Oeper cBoe Havano BO
BTOpOil monoBuHEe 20-TO CTONETHS W WHTEHCHBHO MPOAOJDKAET pPa3BUBAThCS B HACTOAIIEE BPEMSL.
dopMHUpOBaHHE 3TOTO HAYYHOTO HAMpaBICHHS OOYCIOBIMBAETCS HEOTHEMIIEMOW TIOTPEOHOCTHIO B
ABOJIIOLIMOHHOM YCTOWYMBOM Pa3BUTHH OOIIECTRA.

B ®opMupoBaHuM 3TOr0 HAayYHOTO HAIPABIEHUS OIPEECIICHHBI BKIAJ BHECIH W BHOCIT Kak
otreuectBeHHbIe yueHbie (bonpmeporoit A.JL. 2010; Ko3un B.B., [letpoBckuii B.A. 2005; Mazyp U.H., 1999;
Pymsanuesa E.E., 2005; Xopyxas T.A., 2002; lImans A.T'., 2000 u ap.), Tak u 3apyOexHbie ydeHble. Db
SIBIIIETCS. OJHOW W3 COCTABISIIONIMX HAINMOHAJIBbHOI 0e30MacHOCTH, oOyciaBinuBaromas co0oit
COBOKYIHOCTh MPUPOJAHBIX, COLMAIBHBIX YCIOBUM, BUIOB XO3SMCTBEHHOM W WHON JESATEIbHOCTH,
obecrnednBaronmx 0e30MacHYI0 KU3HEACSITeIbHOCTh HACEICHHS MTPOKUBAIOIIETO B 30HAX BIUSHHS OOBEKTOB
BOJIOXO3MCTBEHHBIX KOMIUIEKCOB, CBSA3aHHBIX C MCITOJIE30BAHUEM BOJHBIX PECYPCOB B PA3THMUHBIX OTPACIIAX
XO03SMCTBEHHON U MHOU NEITEILHOCTH.

Knrueevie cnosa: cucrema, dKollorudeckas 0€30MacHOCTb, 3KOJIOTMYECKOE COCTOSHHE, OOBEKT
3aIHTHI, OOBEKT JAESITEILHOCTH.

BBEJIEHUE

Pa3BuTHe 5K0I0rHMYecKOro HampaBIeHHUs CBA3aHO C oOecriedeHneM «IK0JI0rnYecKoii 6e30macHoCTH»
B TexHOC(hEpHOW W HMHOM cpelae XO3sIMCTBEHHOM JEATENbHOCTH YEJIOBEKa B YCIOBUSAX SKOJIOTHYECKH
YCTOWYHMBOTO  COLMANBHO-DKOHOMHUYECKOTO Pa3BUTHS TpeOyeT HETPUBUAIBHBIX METOJOJIOTHIECKUX
noaxonoB u mozpenei B m3ydeHun npupoiubix U [ITC «[Ipupognas cpena — OOBEKT AEATEIBHOCTH -
Hacenenune» («I1.C.-O.J1.-H.»)[16]. B cOOTBETCTBMM C OTMEYEHHBIM, CUYHTAEM BO3MOXKHBIM JIOTIOJIHUTH
orpejeNieHre 0acceifHOBOW I'eOCHCTEMBI, KOTOpOe Oosiee MaKCUMAallbHO OY/IEeT YYUTHIBATH CYIIECTBYIOIIUE
MOHATHSI ¢ A00AaBICHUEM NMPOCTPAHCTBEHHOTO (akTopa, 0OYCIOBIUBAIOIIETO JEHCTBUTEIBHYIO PEabHOCTD
[19, 20].

Peunas OacceifHoBasi reocucTeMa B Tpejaeiax JaHImAa(THO-TEOJOrHYECKOTO MPOCTPAHCTBA B BHIE
00pa3HOro  BEpPTHKAJIBHO  PACIOJOXEHHOTO WWIMHApa, oOpasymomas KOTOpPOro MPOXOAMT IO
BOJIOpA3ICTLHON JIMHUK BOJTOCOOPHOW TEPPUTOPHUN BOJTHOTO 00BEKTA, BEPXHSS KPOMKaA (KPBIIIKA) KOTOPOTO
pacronaraeTcs Ha BBICOTE I'paHHLBI Ipu3eMHBIX cioeB (10 10 kM) aTMocdepsl, a HWKHAS KpOMKa (IIHO)
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pacnosokeHa Ha TITyOMHE BEPXHUX CIIOEB JIUTOC(EPHI, T aKTHBHO (pOPMHUPYIOTCS MOA3EMHBIE TIPHPOIHBIC
BozbI (10 300M). Cxema OGacceifHOBOM reocHUCTEMBI IpeIcTaBleHa Ha puc 1.

Ilo HUCPAPXUUYCCKOMY YPOBHCHHOMY MNPHUHIUITY 0acCEMHOBLIE T€OCHUCTEMBI KJIaCCI/I(I)I/ILII/Ip}IIOTCH

CJIeIyIOIIHUM 00pa3oM:

OacceifHOBBIE TEOCUCTEMBI OKEaHOB M MOPEHl (CaMblil BBICOKHH YPOBEHB );

OaccelfHOBBIE Te0CHCTEMBI TTIaBHBIX pek (Bomnra, loH, Kybans u ap.), Bagaromnime B OKeaHbl U MOPS;
0acceifHOBBIE Te0CHUCTEMBI PEK-TIPUTOKOB MIEPBOT0 MOPsIIKA, BIIAJAIONINE B ITIABHBIE PEKH;
0acceifHOBBIE TEOCHCTEMBI PEK-TIPUTOKOB BTOPOTO TMOPSAKA, KOTOPBIE BHAJAlOT B PEKU-TIPUTOKU
MIEPBOTO MOPSIAKA;

OacceifHOBass TeocHCTeMa MajoOd PEKH WM BOAOTOKA, KOTOpas HE HMEET NPUTOKOB M SBIISETCS
OaccelfHOBOW TeOCHCTEMOH MEPBOTO KIAcca, a BBIMIE 0ACCEHHOBBIE TE€OCHCTEMBI BTOPOTO, TPETHETO H
T.1. kimaccoB. CrenoBaTenbHO, OAacCEHHOBBIE T'€OCHCTEMBI OKEaHOB M MOpPEH OTHOCATCA K CaMOMY
BEICIIIEMY KJIaccy O0acceHHOBBIX reocucteM |1, 2].

@ cyuwecteyowwme NSC
O npoekTupyemble N'OC

Puc. 1. [IpocTpaHcTBeHHAsA cxeMa GacceiiHOBOIt
reocucrembl Bepxneii Kyoanu
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B mpenenax Ouoctepb 3emnn OacceiiHOBBIE T'€OCHCTEMBI CYIIM MAaTEPUKU SBISIOTCS Hanbonee
MIOCTOSIHHBIMHU II0 CBOMM TI'PAaHMYHBIM YCJIOBHUSIM, TaK KaK LUPKYJSLHS BOJHBIX Macc B IMPU3EMHBIX CIIOSAX
aTMoc]epsl, TTOBEPXHOCTHBIA M TOA3EMHBIH CTOK (OPMHUPYIOTCS B IpeaeiaX BOAOCOOPHBIX TEPPUTOPHIMA
pEUHBIX 0acCceHOBBIX T€OCHCTEM, OTHOCSIIMMUCS K TIOCTOSSHHOM B MCTOPUYECKOM pa3Jiesie BpEMEHH.

BacceiiHoBble TreocHCTEMBl BTOPOIO, TPEThETO, YETBEPTOro M T.A. Kiacca BKIOYAIOT B ce0s
OacceifHOBbIE T'eOCHCTEMBI 0oJiee HH3KOTO HepapXuieckoro ypoBHs; Tak, mecTHaauaTb 0accCeiHOBBIX
TEOCHCTEM BBHICIIETO KJIacca OKEaHOB W Mopel Ha TeppuTopuu Poccwm BKIIo4aroT B cebs Oonee 2,5 mMiH
0acceifHOBBIX reocHCTeM 0oJiee HU3KOTO MEPAPXUUECKOTO YPOBHS, U3 KOTOPBIX Hanboyiee 3HAYMMBIMHU MO
BOZI0COOPHOM TEPPUTOPHH SIBISIOTCS GacceiinoBble reocucteMs! pek Enmces (2580 Thic km®), Jlens! (2490
thIc KM?), OGH (2990 ThIC KM?), Awmypa (1855 TBIC kM%), Bonrn (1360 ts1c KM?), KombiMbl (647 TIC KM?),
Jlona (422 teic kM), Mumurupku (360 teic kM%), Cenenru (447 Toic kM?), euopst (322 Thic kM) H p.

B mpocTtpaHCTBEHHBIX Ipenenax PeyHbIX OacCeHHOBBIX I'€OCHCTEM IPOTEKAIOT NMPAKTUYECKH BCE
MPOLIECCHl  XO35IMICTBEHHOH AEATENbHOCTH, KOTOphIE OOYyCNIaBIMBAIOT CO3JaHHE M (YHKLHOHUPOBAHUE
MHOXECTBA OOBEKTOB JEATCIBLHOCTH Pa3INYHBIX 1O (QYHKIMOHATBHON MPHHAAJICKHOCTH M XapakTepa
BO3/IEMCTBHS HA OKPY’KAIOIIYI0 MIPUPOIHYIO cpeny [3, 4].

COBOKYIMHOCTh OOBEKTOB JACATEIFHOCTH B TIpeJiesiaX PEYHbIX 0aCcCeHHOBBIX I€OCUCTEM CIIOCOOCTBYET
nepexoy (MpeBpaIieHnIo) JTOKAILHOW IPUPOAHOH cpensl (0rnocdepsl) B TeXHOChEpyY, TIe JOMUHUPYIOIIYIO
poms B cucreMe «llpupomgHas cpema-O0bekT gestenbHOCcTH - Hacemenue» BBIMOMHSAIOT «OOBEKTHI
JeSITEITBHOCTHY.

O6cy:xnenue, pe3yabTaTbl. OCHOBOH HAYYHOr0 HANMPABJIEHHA «IKOJOTHYeCKasl 0€30MaACHOCTH
SBIISIETCS 3aIllMTa 4YeJOBEKa W TMPHUPOJHON cpeasl OT HETaTUBHBIX BO3ACHCTBHN aHTPONOTEHHOTO,
TEXHOTEHHO-TIPUPOAHOTO WJIA E€CTECTBEHHOT'O TPOUCXOXKACHUS, MPH KOTOPOM BO3MOXKHBI H3MEHEHUS
COCTOSIHUSI OKPYXKAOILeH NPUPOTHON CPEeabl,IaryOHO BIUSIOIIKE HA MPOLECCH! KU3HEIACSITEIbHOCTH KUBOH
Y KOCTHOH MaTepHH - YeJIOBeKa, OUOTHI[S].

[IpenmeroM uccnenoBaHW B HayYHOM HANpaBICHHH «JKOJOrHMYecKass 0e30MacHOCTb» SBISETCS
9KOJIOTHYECKAsi OMAacHOCTh M WX COBOKYIHOCTH, JIeHcTBymOIMe B cucteMax «O0beKT 3amuTbl —
Hcrounnk onacHoctu - Mepbl 3a1IUTa OT OMACHOCTHY.

OOBEKTOM 3aIIUTHI OT KOJIOTUYECKON OMACHOCTH ABJISIETCS MPAKTHUYECKH BECh MaTEPHAIbHbIN MUD, U
COOTBETCTBEHHO, YEJIOBEK M OKpYXKarolias MPHUPOAHAA cpeaa.

HMcToyHMKOM 3KOJI0THYECKOil ONMACHOCTH MOTYT SBISATHCS TEXHOTCHHbIE OOBEKTHI B BHIE
ypOaHU3UPOBAaHHOM,  MENUOPUPYEMOH M PEKPEallMOHHOW  TEPPUTOPHH,  CTPOUTEIBHOTO U
BOJIOXO3SIICTBEHHOTO KOMILIEKCA, 3/]aHUsl M COOPYKEHHS, TPAHCIIOPTHOH MarucTpaid M TOMY IMOJ00HOE.
VIcTOUHMKOM 3KOJOIMYECKON OMacHOCTH SIBIAIOTCS BCE M3MEHEHHs B OKPYXKalolled NPUPOAHOU cpexe,
MPOUCXOSIINE B PpPE3yJIbTaTe BO3JACHCTBHS TMOPAKAIONIMX (AKTOPOB B BUIC CTUXUHHBIX SBJICHHIA,
TEXHOTEHHBIX aBapHi U KaTacTpo() NPUPOIHOTO M TEXHOTEHHOT'O XapaKTepa.

HcTouyHNKOM 3K0I0rH4ecKoil 0NMACHOCTH MOTYT TaKXKe SIBIISIThCS CTUXHIHBIE OECTBUS IPUPOTHOTO
MPOUCXOXKICHHs (HABOJHEHUS, 3€MIICTPSICEHHUs, OIOJI3HEBBbIC SBICHUS WU Jpyrue). [1ybokoe MOHWMaHWe
MPUPOABI BOSHUKHOBEHHUS SKOJIOTHUECKON OMAaCHOCTH, XapakTepa M NPUYMH UX BO3ICHCTBHS Ha YeIOBeKa
MPUPOHYIO Cpey, Kak 0ObEKTOB 3aIl[UTHI, JISKUT B OCHOBE CUCTEMHOT'O MOJIX0JIa OLIEHKE ITHX OMAacHOCTEH
u obecrieueHust 0€30MaCHOCTH KU3HEICITEIbHOCTH YeJI0BeKa U OKpy Karomiei cpeasl [5, 7].

B peaspHBIX YCIOBHSIX Ui BO3HUKHOBEHHS M PEAIM3ALMHM 3KOJIOTHYECKOW OMACHOCTH JOJDKHBI
COOJIIOZIATHCSL  YCIIOBHSA, CBSI3aHHBIE C HAJIMYMEM caMoil cucteMbl - «O0bekT 3amuThl - HMcToyHHMK
IKO0JIOTHYECKOil onmacHOCTH — 3alMTHbIE MEPONPHMATHS»: HATUYMEM HCTOYHHKA WM HMCTOYHHKOB
9KOJIOTHYECKOW OIMAaCHOCTH, CIIOCOOHBIX CO31aBaTh MOTOKM BemectBa, IHeprumn, Uudopmanuu (BOU),
KOTOPBIC PETJIAMEHTUPYIOTCS HAJIMYMEM HOPMATHBHBIX 3HAYCHHH JIJIS 3aIUIIAEMbIX 00BEKTOB, MPEeIEHO
JOITyCTUMBIME BennarHamu moTokoB Bemiectsa (ILJIK, ITJIB,ITJAC, I1J10), sueprun n nadopmarmu (ILJ1Y).

B coorBercTBUM ¢ 3akoHOM coxpaHeHus >km3HH FO.H. KypkakoBckoro B HEmpephbIBHOM OOMEHE
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MMOTOKaMHU BEIECTBa, SHEPTUU W WH(MOPMAIIMN NMPUHUMAET y4acTHe BECh MAaT€pPUAIbHBIN MHUP, KOTOPBIA U
SIBJISIETCSI HCTOYHUKOM BO3JICHCTBHUS HA BCE MAaTEPUAILHOE U, COOTBETCTBEHHO, HA YEJIOBEKA U OKPY>KAIOILYIO
npupoauyio cpeny. [loroku BOU HenpeprIBHO JEHCTBYIOT B peaibHOM Mupe. Eciau 3Tu MOTOKHM NPEeBHIIIAIOT
snadvenus 1K, TIAY, IIJIB, IIAC, I1JJO B 30He ACHCTBUS HCTOYHHKA SKOJOTHMYECKON OMACHOCTH, TO
OOBEKT 3aIUTHI MPU BO3JACHCTBUM 3TUX MMOTOKOB UCHBIThIBAaET yiiepO. Eciu motroku BOU He mpeBbimaroT
spavenn [1JIK, IIAY, ITAB, ITAC, 110, To 00BeKT 3aIIuThl HAXOAUTCS B HOPMAJIBHBIX (HOPMATHBHBIX)
YCIOBHSIX XKU3ZHEEATEIbHOCTH.

B coOTBETCTBHE C BBINICH3IOKCHHBIM O0OOIICHHOE «IOHATHE JKOJOrHYecKas OMACHOCTH» B
CHUCTEMHOM IMOHUMAaHUN MOXXHO C()OPMYITUPOBATh B CIEAYIOIIEM BHE:

JKoJIOTHYEeCKasi OMACHOCTh - 3TO HETaTHUBHOE CBOMCTBO (DAKTOPOB MaTepUU BO3JICHCTBUS JKUBOH U
HEXXMBOW KOCTHOH MAaTEpHH, CIOCOOHOE TNPUYHMHATH YIIEpO caMOoi MaTephH: UYelIOBEKy, OOIIECTBY,
NPUPOJHON cpefie.

JKOJIOrHYeCKasi OMACHOCTh pEaJu3yeTcsl TOJNBKO B YCIOBUSAX B3aUMOJCHCTBUS HCTOYHHKA
OITaCHOCTH C 3aIIUIIAEMBIM 00OBEKTOM - YeJIOBEKOM, O0IIECTBOM, TPUPOTHON CPEIOH.

Hcxons w3 ompeneieHUs TMOHATHA «IJKOJOrMYecKasi OMACHOCTL» MOXHO  IPOBOJIUTH
UICHTU(DUKAIIMIO 3TOM ONMACHOCTH B OKPYXKAIONIEM HAaC MHPE, a TAKXKe BBITOJIHATH HCCIICIOBAHUS I10
W3YYEeHUIO TPUYMH BO3HHKHOBEHUS W pa3paboTKe HEOOXOAMMBIX MEPOIPHITHH 10 00eCIedeHUI0
0€30MacHBIX YCIOBUH JIJIS )KU3HEICATCILHOCTH YEIOBEKA U OKPYIKAIOIICH TPUPOTHON CPEIBI.

IJKOJI0ru4ecKas OMACHOCTD SIBJISICTCS LICHTPAJIbHBIM IMOHSATUEM B HAYYHOM HAIPaBJICHUM, CBSI3aHHOM
c oOecriedyeHHEM «IKOJIOTHYECKOH 0€30MacHOCTH» U, COOTBETCTBEHHO, OOOOIICHHOW 0€30MacHOCTH
JKU3HEICATCITLHOCTH.

OO0BbeKThI 3aIUTHI - YEIOBEK M OKpPYXKAIIIas cpena Bcerna IODKHBI HaXOAWUTCS B 0€30MacHOM
COCTOSIHMH, KOTOPOE MOXET OBITh NMPHU MOJHOM OTCYTCTBHM BO3JICHCTBHUS HETaTUBHBIX (DaKTOPOB WIIM IPH
JOIyCTHMBIX YPOBHSX MX BO3JEHCTBHS B mpeaenax HopMatuBHbIx ITJK, ITHAY, ITAB, ITAC, I110. B ©3
«O0 oxpane okpyxatouiedd, cpeap» ot 10 sBapst 2002 r. Ne 7 -®3 B cratee | «Ikoaoruyeckas
0€30MaCHOCTBL» ONPENETICHO KaK COCTOSIHHE 3allUIICHHOCTH MPUPOIHON CpeApl M KU3HEHHO BAKHBIX
WHTEPECOB YEJIOBEKA OT BO3MOXKHOTO HEraTHMBHOTO BO3JCHCTBUS XO3AMCTBEHHOM W HMHOM AESTENBHOCTH,
Ype3BBIYAMHBIX CHUTYaIlMil TNPUPOJHOIO M TEXHOTCHHOTO Xapakrepa, WX mociencteuii. ObecrieueHue
«IKOJTOTHYECKOI 6e30MACHOCTH» PaCCMATPUBACTCS KaK:

- eNb COXpaHEeHWs] ONarompusATHOW OKPYXaloIIed cpeapl, OHMOIIOTHYECKOrO pa3HooOpazus W
MIPUPOTHBIX PECYPCOB;

- OCHOBBI HOPMHPOBaHUS B 00JIACTH OXPaHbl OKPYKAIOIIEH CPeJIbl;

- o0IMe u crHenualibHbie TPeOOBaHMS MPH  pPa3sMENICHUM, MPOSKTUPOBAHUHM, CTPOUTEIILCTBE,
PEKOHCTPYKIUH, BBOJE B 3KCIUTyaTallWIO, SKCIUIyaTal[il, KOHCEPBAUUU U JIMKBUAALMY 3JaHUH, CTPOCHUM,
TUAPOTEXHUYECKUX COOPYKEHUHN, CTPOUTENIBbHBIX KOMIUIEKCOB, MEIUOPUPYEMBIX M PEKpPEallMOHHBIX
TEPPUTOPHUH, TPAHCIIOPTHEIX MarucTpalieif, TOPOJCKHUX U CENbCKUX TOCEIEHUHN ¢ TpeOOBaHUSAMHU B 00JIaCTH
OXpaHbl OKpYKaroUlel cpenbl, BOCCTAHOBICHUSI IMPUPOAHON CpeAbl pallMOHAIBHBIM HCIOJIb30BAHUEM U
BOCITPOHM3BOJICTBOM IIPUPOTHBIX PECYPCOB.

IIpuMeHuTENbHO A1 BUJIAa XO3AWCTBEHHOM JAESTEIBLHOCTH, CBA3AHHON C MCIOJb30BAaHHUEM BOJIHBIX
pECypcoB B BOJONOTPEOJICHHHM M BOJOIOJIE30BAHUM B IPOCTPAHCTBEHHBIX TMpejaenax 0acceiHOBBIX
reOCUCTEM «DKOJOrnYecKasi 0€e30MacHOCTb» - 3TO COCTOSIHHE OOBEKTa 3allMThl, NPH KOTOPOM
BO3/lelicTBHE Ha HeronoTokoB BOU B nponeccax B3auMOCBSI3H, B3AUMO/ECTBUS U B3aMMOOTHOLIECHUS
(BBB) TeXHOTeHHOT0 KOMIOHEHTAa (KOMILIEKC CTPOMUTEJLHBIX U BOJA0XO3SIiiICTBEHHBIX COOPY:KEHUIA,
yPOAHU3HPOBAHHBIX, MEJHOPUPYEMBbIX U PEKPeAlHOHHLIX TEPPUTOPHIi, CHCTEM BOJOCHAOKEHUS H
BOJOOTBECHUsI, TPAHCHOPTHBIX MAarucrpajgeii M [PYrHX) C OKpYy’kawolleidl NPUPOAHON cpenow,
4eJ10BeKOM (001eCTBOM), He MPeBbINIAeT MAKCUMAAbHO aonmycTumbix 3navenmii IIJIK, ILAY, I11B,
nac, mao.

«IJkonornyeckas 0e30MACHOCTH», KakK OMNpPENENAOMUNA  0a30BBIl  TEpMHUH, MNPUOOpETacT
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MPaKTUYEeCKOE peanbHOoe NOoHMMaHHe B cucrteme: «OQ0bekT 3ammTbl - MCTOYHHMK 3KOJI0THYECKOil
onmacHocTH - 3amuTHbIe Meponpustus» (0.3.-11.9.0.-3.M.), rae B kadectBe 00bekTa 3ammThl (0.3.)
MOJKET SIBIATHCS OKPYKAIOMIUK MaTepualbHBI MUD, U B MIEPBYIO OYepeb YEIOBEK, OOIIECTBO, TPUPOIHAs
cpena [8, 2].
ObecneueHue K0JI0rMUecKoi Oe3onacHocTd B Poccuu ocymecTBiIsieTcsi Ha OCHOBE T'OCYAapCTBEHHOM
MOJIUTHKH B 3TO# obnactu (Tabmuma 1) [11].
Ta6auna 1
IIpuHIUIBI TOCYIAPCTBEHHOM MOJUTHKH B 00J1acTH 00ecnedeHusi IKOJIOTMYecKoil 0e30MacHOCTH

[Ipropurter 6€30MACHOCTH JUIS )KU3HU U Peannsyemble Ha ypoBHE

3I0pOBBS JINYHOCTH U OOIIIECTBA B IIEIOM MEKTOCYIapCTBEHHBIX OTHOIICHNI

Pa3pemnTenbHbli MOPSAOK OCYILIECTBICHUS Henpuuntenue yiepba oKpysKaroreit

[IPOU3BOACTBEHHON U APYroM AESITENbHOCTH, Cpeie 3a Mpe/ienamMu OpHCHKIHI

CIocOOHO¥ CO3aTh Yrpo3y 3KOJIOTHYECKOM FOCY/IAPCTBA H HEOTBPATHMOCTD

0e301aCHOCTH HACENCHUS U TEPPUTOPHI
OO0s13aTeNBbHOCTh TOCYJAPCTBEHHON U CaHU-

OTBCTCTBCHHOCTH 3a SKOJIOTUYCCKUEC

[10CJIEACTBUS TPAHCTPAaHUYHBIX
TapHO-3IHIEMHOIOT MUECKOM SKCIIePTU3HI BO3IEHCTBHiL
[IPOEKTOB CTPOUTEIBCTBA, PEKOHCTPYKLIUHI

PKOJIOTHUECKH OMACHBIX 00OBEKTOB, a TAKKE

[IPOU3BOJICTBA THO00H IPOIYKIIMU

Opranu3zanus CHCTEMBI TOCYIApCTBEHHOTO
PKOJIOTHUYECKOTO MOHUTOPUHIA OKPYKAOLIEH
IPUPOJHON Cpenbl

[[upokoe yyacTue B Mexay-1 HapoaHOM
NEeSTeTHbHOCTH B 00JIaCTH 9KOJIOTUIECKON
0e30macHOCTH

["macHOCTH TTAHOB OCYIIECTBICHUS
NIeATEeIbHOCTH, CBA3aHHOM C yrpo30i

BO3HUKHOBECHUS SKOJIOTHUECKOM OITIaCHOCTH, a

TaK)Ke 00eCIeUeHHs TIOJTHOW IOCTOBEPHOI U
CBOEBpPEMEHHOH HHpopMaluei 00 3Toi
OMAaCHOCTH HaCeJICHH s, OOIIECTBEHHBIX

OtcyTcTBHE O0OBEKTAa 3aIUTHI WM HMCTOYHMKA JKoJormveckoii omacHocrun (M.2.0.) ycrpanser
caMy CHCTEMY W, COOTBETCTBEHHO, BCE MEPOIPHUSTHS IO 3alUTe OT HETaTUBHBIX BO3ICHCTBUN IMTOTOKOB
BOU. Crnemyer OTMETHTh, YTO TEPMHH «0€30MACHOCThY BKIIFOYAET B C€0S MHOTO3HAYHOE TOJKOBAHHE -
0e30macHOCTh Tpy/Ja, SKOHOMHYECKasi 0€30MacHOCTh, O€30IacCHOCTh HalMOHANbHAs U Tak jnanee. Ho, ecnn
paccMaTpuBaTh «IKOJOTHYECKYI0 0e30MACHOCTb B 30HE BIMAHUS 00BEKTA JESITENbHOCTH, TO HEOOXO0IUMO
MMETH B BHJLy CUCTEMY, BKIIIOYAOIIYIO B €05l B KauecTBE 00beKTOB 3allIMTHI - HACEJIEHNE, TPOKUBAIOIIIEE B
30HE BIHUSHMS OOBEKTa AEATEIIFHOCTH M OKPYXKAIOIIYI0 NPHPOJHYIO CpeAy - TeOJOTMYEecKylo Cpeay B
OCHOBAaHWM 4Yallld M COOpYKeHWH HamopHoro ¢poHTta; arMmocdepy, ruapochepy W JUTOochepy B
MIPOCTPAHCTBEHHBIX TMpejiesiax 0acCeHOBONW T'€OCHCTEMBI, Yepe3 KOTOPYI0 MPOTEKAIOT IPOIECCHI
TerooOMeHa, BiIarooOMeHa M TOCTYIJICHUS! COJIHEYHOW O3HEPruM Ha BOAOCOOPHYIO TEPPUTOPHIO U
npu3eMHble CJIOM atMocdepbl. «MCTOYHMKOM HKOJOrMYECKOil ONMACHOCTH» B JaHHOH cucTeMe Oyjaer
«O0bext gpearensHOCTH» («O..») MO BOAOMOTPEONCHHIO M BOJOIOJB30BAHUIO, B COCTAB 3alIUTHBIX
MepOHpI/ISITI/Iﬁ MOT'YT BXOIWUTH Pa3IMYHBIC BHJbBI W THUIIBI KOHCTPYKTUBHBIX, MPHUPOAOOXpPAaHHBIX U
OpPTaHU3AIMMOHHBIX MEPOIPHSITHHA, CIOCOOCTBYIOMMX cHIkeHuio ypoBuen [TIAK, TIJTY, 1B, I[TI1C, 1110
HETaTUBHOTO BO3JICHCTBHUS Ha OKPYKAIOLIYIO CPely U B TOM YHUCIE U Ha MpokuBaroiiee Hacenenue («H.») B
coctase [ITC(«I1.C.-O.1.-H.»).
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Cucrema «0.3.-11.3.0.-3.M.» B 0011eM BHIe MOXKET BKITIOUATh B c€0s1 BCE 00BEKTHI 3anTuTHI («O.3.»),
BCE MCTOYHUKH dKoyIorndeckorr onacHocTH («.9.0.») u Bech HaOOp 3amUTHBIX MeporpusaTuid («3.M.»), HO
JUTS U3ydeHus nporeccoB BBB Bcex KOMITOHEHTOB M BXOMSIIUX B HUX 3JIEMEHTOB JaHHOU cucTeMbl «O.3.-
N.2.0.-3.M.»pu  HempephIBHOM OOMeHe MmoTokaMH BOW B mpocTpaHCTBE W BPEMEHH BBHI3BIBACT
3HAYMUTENbHBIE CIOKHOCTH, [l03TOMYy Tpu HCcIenoBaHny 1efiecoo0pa3Hee paccMaTpuBaTh cucreMy - «0.3.-
N.3.0.-3.M.»c BblfeneHneM u3 OOIIeT0 Yrciia KOHKPETHOTO OOBEKTa 3allUThl, HA KOTOPHIM BO3IEHCTBYET
KOHKPETHBII MCTOYHUK DKOJOTHYECKOH OMACHOCTHB COYETAHWU C 3allIUTHBIMH MEpOTPHUITHSIMH. Mojenb
cuctembl «0.3.-11.9.0.-3.M.» B 00111eM BHJIc MOXKET OBITh MPEACTaBICHA CXeMaTHUHO (pUCYyHOK 2) [5, 6].

Okpy>xatomias MpUPOIHAs cpena

@ CocTogHue ‘4—-—
wCTeMH / < Emcey)

Puc. 2. Mojaesab B3aUMOJAECTBHA KOMIIOHEHTOB
cucrembl «0.3.-1.9.0.-3.M.»

Mogens cuctembl BKIto4aeT B ceOs BolOpaHHbd «1.D2.0.», Hampumep, BOJOXPaHIIHIIHBIN
ruapoy3er,«0.3.» - Tpuieraronas TeppUTOpUsS B 30HE BIHUSHUS BOJOXPAHWIHMIIHOTO THAPOY3IIA;
JPEHKHBIECHCTEMBI Ha TPHIIETAIONINX TEPPUTOPHSIX B BEPXHEM U HIDKHEM Obedax.

B Momenu cuCTEMBI HCIOJIB3YIOTCS BEKTOpHBbIC 0003HavyeHus: En(t) - BXomHble BelIeCTBEHHO-
SHEPreTHYECKHE BO3JEHCTBHS Ha cuctemy; S(t) - COCTOSHHE CHCTEMBI, ONpEaesieMOe IMPOoIeccaMu
B3aMMOJIEHCTBUS MEKAY co00i anmemMeHToB - «0.3. - U1.0.0. - 3.M» u okpyKaromieil IpupoaHON cpesl -
En(t); BbIXOJHBIE BO3ICHCTBHS CHCTEMbl HA OKpYKarollylo mnpupoanyio cpeny Epc(t). Bekroprbie
XapaKTePUCTUKH OIPEICIISIOTCS CTPYKTYpOii cuctembi[6].

Onupasice Ha MPHUBEIEHHYIO MOJENh CHUCTEMBI (PUC.2) MOXHO C(HOPMYIHPOBATH OTIOJHUTEIBHBIH
BapHaHT OMpeeNieHNs] «IKOJOTHYecKoil 0€30MaCHOCTH», KOTOPHIA JOMONHSET BHINIE MPHUBEIESHHOE
orpeziesieHne. JKoJornyeckass 0e30MacHOCTb -3TO €CTh CBOMCTBO CHCTEMBI CYIIIECTBOBATh M Pa3BUBAETCS
MIPH OTCYTCTBUU OTMACHBIX JJISI Y€JI0BEKa, OOIIECTBA U OKPYKAIOIIEH MPUPOIHON Cpe/lbl B3aMMOICHCTBUS, a
TaKXe CloCOOHOCTh CHCTEMBI OCIIA0IISATh B3aUMOJICHCTBUS YeJIOBEKa, 00IIECTBA M OKPYKAIOIIECH PUPOTHON
cpeasl ¢ «O0bekTOM AesTeabHocTH» B cucteme «0.3. - .0.0. - 3.M» no 0e3onacubix yposuei [1JIK, ITAY,
[IAB. ITJO.

IIpr 00OCHOBaHMHM OCHOBOTIOJNATAIONINX KATETOPUH «IKOJOrH4ecKoii 0e30mMacHOCTH», KOrja B
kadectBe «M.D.0.» npUHUMAIOTCS BOJOXO3SHCTBEHHBIE M CTPOUTENbHBIE KOMIUIEKCHI, 30aHHUA U
COOpYXeHHs, ypOaHM3MPOBAaHHBIE, MEIHOPUPYEMbIE W PEKPEallMOHHBIE TEPPUTOPUH, TPAHCIIOPTHHIC
MarucTpalid U Jp., PEKOMEHIyeTcsl UCXOMUTh 13 uHTepnperanun «M.9.0.», Kak BO3MOXHOCTH MPHYUHEHUS
yiiep6a 4enoBeKy, oOIIeCTBY M OKPYXKAIOIIeH MPUPOIHON cpene Bo3aeicTBueM Toro wim uHoro «O./.» B
cucteMe - «0.3. - 1.9.0. - 3.M.». YuursiBasg, 4TO MHOHATHE «IKOJOTHYECKOH ONMACHOCTH» SBIISIETCS
OTHUM U3 (YHAAMEHTAJIbHBIX M CIOXKHBIX, TAK KaK CBA3aHO C PSAIOM JIOMOJIHUTEIBHBIX MOHITHH: PHCK —
KOJIMYECTBEHHAsT Mepa 3KOJOTHYECKOM OMacHOCTH, XapaKTEepPH3yIomias KaK BO3MOYXHOCTh BO3HHKHOBEHHS
ymepba, Tak M €ro BEpOATHBIE pa3Mephl; ymiepd - Mepa WIH pe3ysbTaT TaKOr0 M3MEHEHHS! COCTOSHHS
cucteMl -«0.3. - HM.2.0. - 3.M.», KOTOpo€ XapakTepu3yeTcsi yTpaTod 370pOBbs HACEIECHHUA,
CaMOPETYJIUPYIOMIEH CIIOCOOHOCTH OKPYXKAIOMEH NPHPOMTHONW Cpembl B 30HE JEHCTBUA OOBEKTOB
MPUPOAOOOYCTPONCTBA M BOJAONOJIB30BAHMS; NMPOMCILIECTBHE - COOBITHE, MPOM3OLICAIIEE B pe3yibTare
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BO3/ICHCTBHSA UCTOYHUKA SKOJIOTHUECKONW OMACHOCTH Ha YeJOBEKa, OOIIECTBO U OKPYKAIOIIYI0 MPUPOAHYIO
cpeny, MoBJeKIIee 3a coO0H ONpenesieHHbIN ylepO; aBapusi Wi aBapuiiHasi CUTYalUsl - IPOMCLIECTBUE
Ha 00BEKTE MPHUPOIBI - OOYCTPOWCTBA M BOJAOIMONB30BaHHUSA C COOTBETCTBYIOIIUM YIIEpPOOM Ui JIIOAEH U
OKpYy’)Karolllel NpUpPOJHON cpenpl; KaracTpoda - TPOUCHIECTBHE, XapaKTEpHU3yeMOE€ IIOJIHBIM HIIN
YaCTUYHBIM pa3pylIeHHEM 00bEKTa MPUPOI000yCTPOMCTBA U BOJIOIMOJIB30BAHUS, KOTOPOE COMPOBOXKIAETCS
rHOeNbI0 JIIoACH W JPYTUMH KPYIHBIMU yIIepOamu JUis OOIIECTBa M OKPY)KaloLIeW MPHUPOJHON Cpeasbl;
CTPOMTE/IbHBIA 00bEeKT NMPUPOI000YCTPOICTBA M BOAONO/Ib30BAHNA MWIH «O0beKT JesTe1bHOCTH» -
BOJIOXO3SIICTBEHHBIE KOMIUIEKCHI, 3aHUS M COOPY)KEHHS, CHCTEMbl BOJOCHAOKEHUS M BOJOOTBEACHUS,
ypOaHU3UPOBAaHHBIC, METHOPUPYEMbIE TEPPUTOPHHU, TPAHCIIOPTHBIE MAarkucTpain (IOPOTH, TOHHEIH, MOCTEHI,
a3pOJPOMBbI, METPOIIOINTEHbI); BOAHBINA 00bEKT — COCPEIOTOUCHHE BOJ Ha IIOBEPXHOCTH CYIIU B (opMax
ee penbeda b0 B HeApax, UMEIOIIee IPaHuUIlbl, 00BEM U YEPTHI BOJHOTO PEKUMA.

«IKO0JIOTHYECKOe COCTOsIHNE» B 30HE AcicTBUsI «OQ0beKTa aesiTeibHOCTHY paccMmaTrpuBaemoi IITC
«IIpupomnas cpema — OOBeKT pgesTenbHOCTH — Hacenenue» ¢dopMupyeTr «IKOJIOrHYECKYIO
6e3omacHocTb» cuctemsl «0.3.- U.3.0. - 3.M.».

C yderoM OTMEUYEHHBIX BBIINIE OCHOBHBIX OIpPEIENEeHUH, I oOecreueHuss «IKOJOrHYecKoi
0e30macHOCTH» B 30HE BIMSHUS «O0beKTa AeATebHOCTH», HEOOXOAUMO 00eCreuynuBaTh TEXHUYECKYIO
0€301acHOCTh U HAJIeKHOCTh paboThI 3TOTO0 00BeKTa, B cucteMe «0.3. - 11.D0.0. - 3.M.», B xoTopoit «O./.»,
kak «M.2.0.», (QyHKOHOHHpYET B 3aJaBaeMbIX NPOEKTHBIX YCIOBHSIX C BBICOKOW BEPOSTHOCTHIO
WCKJIIOYCHUS TPOUCIICCTBUM, 00YCIOBIICHHBIC BO3JICHCTBUEM JTAHHOTO 00BbekTa Ha KOMHOHEHTH «I1.C.» u
«H.» B nomycTuMbIX HOPMAaTUBHBIX peAeax.

Cuctemsr - «0.3. - 1.D.0. - 3.M.», Kak mpaBuio, PyHKIHOHUPYIOT B MPOCTPAHCTBEHHBIX Mpeaenax
peUHBIX 0acCEeHHOBBIX T€OCHCTEM BOIHBIX OOBHEKTOB.

B IITC «II.C.-O.J1.-H.», Bxmrouaromeii B ceb0f aOHOTHYECKHE, OWOTHYCCKHE KOMIIOHCHTHI
okpyxatomeid «I1.C.», «O.[1.», xak wuctounuk «W.2.0.», SBISIETCS TIABHBIM W OMPEICISIET CBOUM
(YHKIMOHUPOBaHUEM «IKOJOrnyeckoe cocrosinue» nanHoi 11TC B mpocTpaHCTBEHHBIX MpeAenax PeYHO
0acceifHOBOMN re0CHUCTEMBI.

B co3zmanumm HOBBIX W COBEpIIEHCTBOBAHMM CymIeCTBYOIIUX «OQ0beKTOB, HAeATEJbLHOCTH,
UCTONB3YeMbIX B IpOLEccax HCIIOJIB30BAHUS BOJIHBIX PECYPCOB BAXKHBIM TIOHATHEM SBISIETCS YPOBEHb
«IKoa0rNvecKoi NMPHEeMJIEMOCTH, KOTOPBIi ompenejsiercsi ~ yPOBHeM COBEpIIEHCTBA
KOHCTPYKTHUBHBIX pelleHuii. «IKoJoruyeckasi NpueMyIeMOCTb» TEXHOJOIMU MM KOHCTPYKLHUH B
00O0OIIEHHOM TOHATUM ONPEAEISIETCS PECYypCOEMKOCTBIO HA CTaAMU CTPOUTENBCTBA TOW MM HMHOM
CTPOUTENHHONW KOHCTPYKLMHU 3/1aHUS WU COOPYKEHHS U OMNpEeNsercsi, B KOHEYHOM HTOTe, PeCypCHBIMHU
3aTpaTamMH, B TOM YHCJI€ BO30OHOBISIEMBIX M HEBO30OHOBIISIEMBIX HPUPOIHBIX 3HEPIreTHYECKUX PECYPCOB,
91O 0OyciaBnMBaeT OoJiblliee MCIIOIb30BAaHWE MECTHBIX CTPOWTENBHBIX MaTepuaioB. Mcexons wu3
OTMEYEHHOT0, MOKHO COpMYIUpOBaTh BakHOe NoHsATHE [12, 14, 15]: 3xos0rmyeckasi MpUeMJIeMOCTh
TeXHOJOTHH KOHCTPYKTHBHOro pemenusi «O.J.» B cocraBe IITC «II.C.-O.J.-H.» omnpenensiercs
NMoKa3aTeJsIMH PecypcoeMKOCTH BO300OHOBJIsAEMbIX U HEBO300HOBJSEMbIX NMPHUPOAHBIX HCTOYHUKOB
JHEpPIruM U BellecTBAa.

Ucxons u3 moHATHS «JKOJ0rMUYecKas 0e30MacHOCTb» M «IKOJOrnyeckas NPHeMJIEMOCTbY,
KpuTepun 3KoJorudeckoi 6esonacuoctu (KI9b) nnsa pacemarpuBaemsbix IITC «Ilpupoanas cpexa —
O0BexT nearesbHocTH — HaceneHne» KOIHYeCTBEHHO U Ka4eCTBEHHO ONpPeNe/siloTCS MOKAa3aTeIsiMA
IKOJIOTHYEeCKOT0 COCTOSIHUSA B MPOCTPAHCTBE M BPeMeHHM MPUPOIHBIX cpel 30H BaussHusa «0.1.».

«IKOJIOTHYECKOe COCTOSSHHe» B TMPOCTPAHCTBE W BpeMeHH B 30Hax BiausgHuA «O0bekTa
AeATeJHLHOCTH» ompenejsiercss mnpouneccaMu BBB npupoaHbIX M TeXHOTeHHBIX KOMIOHEHTOB M
BXOISIIIIUX B HUX JIEMEHTOB Me:KAYy c000ii, 4To 00ycjaBIuBaeT HeNmpepbIBHOE JABHKEHUE NMOTOKOB
BOU, koTopbie KOIMYECTBEHHO U KauyecTBeHHO periamentupyores [IIK, IIAY, B, ITAC u IIJO.

3. 30GGLIRBIL LOLIRMBOL TISRMS 3IIGEIMBOL 0BLBOBIB0; dS@IFMIL RdBZOL IZMBIEBGAE0 95
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



89-10 bSIBNSIMA0L) bSICE0IFI-BAIT60FIF0 ICI6EIGIEB0S “XIORMS 3IIG6IMBOL, dS@IFMLs
RdG3BOL, SHINBIIBIGE0LS RS 33I6ISRMIOL 1)5653IR@MBI 3H (1R IFIS0”
25 = 27 03%0060, 2021 V.

Ha ocHoBe copMynnpoBaHHBIX TOHATHH «IKOJOrHYeCKass MPHEMJIEMOCTBY», «IKOJOTHYecKas
0€30MaCHOCTE» U «IKOJOTHYECKOe COCTOSIHUE» B MPOCTPAHCTBE M BpeMeHU B 30Hax BiausHUS «O.[.»
Hamu chopMyaupoBaHo moHsTHEe «KpuTepuu 3Kog0rmyeckoii 0e30mMacHOCTH» I PacCMaTPUBACMBIX
I[ITC «lIpupomuas cpena — OOBEKT aesTeTbHOCTH — HaceneHnne», CBI3aHHBIX C UCITOJIB30BAaHUEM BOITHBIX
pecypcos [10, 13].

Tak x mpumepy, kpuTepun 3Kojoruyeckoii 6ezonacHoctu (KI9b) IITC «Ilpuponnas cpema —
OO0bexT nestenpHOCTH — HacemeHue», CBS3aHHBIX C FHCIIOJNIB30BAHWEM BOJHBIX PECYpCOB TOPHBIX
BoJ0TOKOB Ha ['OC, ompenensiior co0oi moxasarenu (xonudecTBeHHble M KadecTBeHHble) I, II;
IKOJOTHYeCKOil JomycTHMOCTH Bo3aeiicTBUA «O0beKTa 1esTeJIbHOCTH)» HA eCTeCTBEHHbIE MPOIecChl
caMoperyJsiiui B MPUPOAHBIX CPelaxX, He BbI3bIBAsl IPH ITOM HETATHBHOI TEeHIEHIIMHU Jerpagalun B
30HAX BJIMSHUS.

Xapaktep IBIKCHHsS IMOTOKOB BOW B mpocTpaHCTBE W BpPEeMEHH B 30HaX BIMSHUSA «O0beKTa
AeSITeIbHOCTH» OIPEIEIAETCS KaK BHYTPUCHCTEMHBIMU IHpoueccamu BBB npupogHbIX M TEXHOTE€HHBIX
KOMITOHEHTOB MEXIy cO00M, Tak U MpoleccaMy BEeIIECTBEHHO-DHEPTeTHIECKOro 0OMeHa ¢ BHEIIHEH cpeon
B Iipezieniax 0acceHOBOM Te0CHCTEMBI U CHCTEM 00JIee BBICOKOTO HEPAPXUUECKOTO YPOBHSL.

«Jkonornyeckas 0e30macHoOCcTb» B 30He BiugHUI «O.J[.» oleHHBaeTcs B 3aBUCUMOCTH OT
9KOJIOTHYECKOI 00CTAHOBKH, KOTOPast MOIPAa3ICsIeTCs Ha TATh BUAOB (Tabm.2) [17].

Tabnauua 2
Kuaaccupuxanus 3K0710rn4eckoii 00CTAHOBKH 110 CTeNleHH ee He(J1aromoJryyust

OtHocuTebHO |IHIEKC KOHIIGHTpAIMU BpeaHbIX BemecTB He npesbimaeT [IJIK, TTY, ITJIB.

YI0BJIETBOPHTEIbH

HanpsiskeHHas Hekc KOHIIEHTpaIluy BpeIHbIX BemecTB B mpeaenax 10 unaexcos [TJIK, TIJ1Y,
[1/1B.

Kputnueckas MHekc KOHIIEHTpaIuu BpenHbix BemecTB coctaBisieT 20-30 ungexcos [1/1K,
1Y, ITAB.

Kpuzucnas — MHaekc KOHLEHTpaluy BpeAHbIX BenlecTs mpesbiaeT naaeke [IIK, IV,

Ype3BbIYANHAA [1/1B B 50 pa3 u Oonee. YcTol4ynBble HETaTUBHBIE U3MEHEHNS B OKPY>KaroIIei

DKOJIOTHYECKasl  [IPUPOIHOMN Cpesie, HCUE3HOBEHUE OTIEIbHBIX BUJOB PACTEHUH, )KUBOTHBIX,
CUTYaLMs YIrpo3a 340POBBIO JIHOACH.

KaracTtpoduuecka [HeoOparumble n3MeHEHHS B OKpYKarollel npuponHoi cpene. Hapymenue
51 (IKOJOrHYECKoe |[[IPUPOIHOTO PABHOBECHS, Jerpaaaius Guiopsl v (hayHbl, MOTePsi TeHOPOHIa,

OexcrBuHe) CYILIECTBEHHOE YXYALLIECHUE 3I0POBBS JIIOJIEH.

Tak, B cooTBeTcTBUM C 3akoHOM Poccuiickoit @enepanun «O6 oxpaHe OKpYKAIOLIEH MPUPOIHOM
CpenbD K 30HaM 4YpE3BbIYaHON 3KOJOTHMYECKON CUTYalMH CIEAYET OTHOCUTh YYaCTKH TEPPUTOPUH 3€MHOM
MOBEPXHOCTH W BOAHBIX aKBaTopuid, rae mojx BozaekcTeueM «O.J[.» MPOUCXOAAT YCTOWUIHUBEHIE
OTPHUILIATEIbHBIE M3MEHEHUs B OKpYXalolled NPUPONHOM Cpejie, YrposKarollee 3A0pPOBbIO HAaceleHHs M
COCTOSIHUIO €CTECTBEHHON IPUPOJHOM CPEIbI.

CornacHo cr. 58 u 59 peiictByromero 3akoHa B Poccum «O0 oxpaHe OKpyKawouled NpUpOTHON
Cpebl» ¥ HeONaronpHusTHOE IKOJOTHIECKOE COCTOSIHAE TEPPUTOPUE B 30HE BIUSHUS 00BEKTa JICATEILHOCTH
MO>KHO OIEHUBATH IO MPU3HAKAM, PUBEIECHHBIM B Ta0.2.

«Ikogornyeckoe cocrosinue» [ITC «llpuponnas cpema - OObekT aesrensHOCTH - Hacemenue»
(pacTUTENBPHOTO W KUBOTHOTO MHpa) XapaKTEPH3YeTCs MOKa3aTeNIMU 3arpsS3HEHHS BO3AYLTHOW CpPEIbI,
rugpocdepsl (BOAHBIX OOBEKTOB), IMOYBEHHOI'O MOKPOBa M KakK CIEACTBUE Jerpajallid 3KOCHUCTEM.
«Ikogornueckass OezomacHocTb» B 30He neictBus IITC «I1.C.-O.J1.-H.» ounenuBaercs ¢ oOie-
9KOJIOTMUYECKUX MO3UIMHA U CAHUTAPHO-TUTMEHUYECKUX HOPMATHBHBIX TPEOOBAHUII.

Ha ocnoe pesynbratoB cucremuoro ananusa «O..» B cocrase IITC «I1.C.-O..-H.»na CeepHom
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KaBkaze «Jkosoruuyeckasi 0Oe3omacHocTby» 30He BiamaHus «O./[l.» Moxer ObITH NpeAcCTaBiIeHA B
CJIEAYIOIINX KOHLIENTYaJIBHBIX YTBEPKACHUSX!

1. «Jxonoruveckasi 0e30MACHOCTH» B 30HE BIHAHUS OOBEKTa [EATEIHLHOCTH B3aUMOCBS3aHa C
MIpoLIeCCaMU KU3HEAEATENBHOCTH HACEJIEHUS U IPUPOTHON CpeIbl.

2. «Jkojoruyeckasi 06e30MaCHOCTH» B 30HAX JKU3HENESATEIFHOCTH HEMOCPEICTBEHHO B3aMMOCBS3aHA C
sHepromnoTpedieHneM, 00yCIaBIMBAIOIIEM BBIPAOOTKY, XpaHEHHEM, NpeoO0pa3OBaHUEM TEIUIOBOH,
MEXaHUYECKON, XUMHUYECKOM, IJIEKTPUUECKON U JIp. BUJIOB SHEPIHH.

3. OnacHocTh HapyHICHUS «IKOJOTMYECKOW 0e30macHOCTH» HAaYMHAET NPOSBIATHCS B pe3yibTaTe
HEYNpaBIsSIEMOT0 BBIXOJAa OJHEPrMM WM BEIIECTBA, HAKOIUIECHHOM B NPUPOJOOXPaHHBIX U
BOZIOXO3SICTBEHHBIX O0BEKTaX, BO BHELIHIOI CPELy OTHOCHUTENBHO OOBEKTa, K IpUMEpy, B Ciydae
pa3pylIeHHs IIOTHHBI BOJOXPAHUIUILHOTO THAPOY3a.

4. HeynpaBnsieMblli BBIXOJ SHEPIMU WM BELIECTBA, OCOOEHHO TOKCHYHOTO, M3 MPUPOAOOXPAHHOTO HIIH
BOJIOXO3SIMICTBEHHOTO OOBEKTAa BO BHEIIHIOIO Cpely NPUBOAMT K PaJUKaIbHOMY OTPULATEIBHOMY
WM3MEHEHUIO MPOIECCOB KU3HEACSITETbHOCTH HACENEHUs, IPUPOIHON CpeJibl B 30HE ACHCTBUS JaHHOTO
00BEKTa, YTO CONPOBOXKIACTCS YIIEPOOM Ui HACENCHHS, PACTUTEIBHOMY M XHBOTHOMY MHUpaM, a
TaK)Xe IPUPOJHOHN Cpefie U MaTepUaIbHBIM LIEHHOCTSIM.

5. Hapymenne «Jkonormvyeckoii 0e30macHOCTH» B 30HaX JCWCTBUS TPUPOIAOOXPAHHOTO HITH
BOZIOXO3SIICTBEHHOTO OOBEKTOB U B IIPOCTPAHCTBEHHBIX Mpeenax 0acCeHHOBON I'€0CHCTEMBI, SBISETCS
CIICZICTBUEM  TOSIBICHHS TNPUYMHHOHW I  TPEANOCHUIOK, OOYCJIOBIEHHBIX HA  CTaIHAX
MIPOCKTUPOBAHUS, CTPOMUTEIBCTBA M OKCIUIyaTallud, B pE3yJbTare KOTOPbIX HPOHCXOAWUT
BBICBOOOJKJICHUE SHEPTHHU M BEIIECTBA U3 00BEKTA JIESATECIBHOCTH.

6. MaunmaropaMu ¥ 3BEHBSIMH TNPHYMHHOW UENH HApyIICHHS «JKOJOTHYecKOoil 0e30macHOCTH» B
cucteMe «0.3. - N1.03.0. - 3.M.» saBnsercs «O./.», HE OTBEHAIOMIMI COBPEMEHHBIM 3KOJIOTUYECKUM
TpeOOBaHUM.

7. ABapuiiHple cHUTyalluM Ha OOBEKTE JAEATENPHOCTH MOTYT OBITh BbI3BaHbl KOHCTPYKTHBHBIM
HECOBEPIICHCTBOM, OIMMOKAMH Ha CTaJWU IPOSKTHPOBAHUs, HECOONIOJICHHEM HOPMATHBHBIX W
MPOEKTHBIX PEIICHUH Ha CTAJNH CTPOUTENHCTBA, HAPYIIIEHUEM HPAaBUI U MHCTPYKIUH I10 SKCIITyaTaI[lH
00BEKTa, KOTOPbIE MPUBOAAT K HEYNPABIIEMOMY IIPOLECCY BHICBOOOXKICHUSI HAKOIUIEHHOH B OOBEKTE
SHEPTHH WM BEIECTBA.

[ns ouLeHKH YpOBHS «JKOJOrMYecKo Oe3omacHocTW» B 30Hax BIMsAHUS «O./.» BBINTONHSIOT
CUCTEMHBI KOMIUIEKCHBIH MoHuTOpuHr (CKOM), mo pesynpraraM KOTOPOTO JENalOT OLEHKY
«IKOJTOTHYECKOTr0 COCTOSIHMSA» B TPOCTPAHCTBE M BPEMEHH pPEYHOW OacceHOBOW TI€OCHCTEMBI Kak
BaYKHOTO SKOJIOTMYECKOT0 (pakTopa 1o odbecneueHuro «IKojornyeckoii desonacuoctu» [15, 16, 18].

BbIBO/IbI

Ha ocHoBe pe3ynpTaTOB MHOTOJICTHUX HcciienoBanuii mporeccoB BBB «O./1.», kak TeXHOTEHHOTO
koMmoHeHTa ¢ pupoasbM «I1.C.» u conuaneueiM «H.» komnonenTamu B coctase [ITC «I1.C. — O.[1. — H.»
BIIEpBbIC  COPMYITUPOBAHBI CEMb KOHIICNITYAIbHBIX YTBEPXKJICHUH B OIEHKE «IKOJOTHYECKOM
0e30MacHOCTH) B XO3SHCTBEHHON M MHOM JIEATEIHHOCTH 110 UCTIOIH30BAHHUIO BOAHBIX PECYPCOB.
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Environmental protection

METHODOLOGICAL BASIS OF THE ASSESSMENT
ENVIRONMENTAL SAFETY OF THE OBJECT OF ACTIVITY
IN THE USE OF WATER RESOURCES

Khetsuriani E.”, Bondarenko V.?, Semenova E.?, Shtavdaker M.
YM.1. Platov South-Russian State Technical University (Novocherkassk Polytechnic Institute),
Novocherkassk, Russian Federation;
Don state technical University, Rostov-on — Don
2 Novocherkassk Engineering And Land Reclamation Institute
Of Don State Agrarian University, Novocherkassk, Russian Federation
% North-Caucasus Federal University (Branch in Pyatigorsk)
* Novocherkassk Engineering And Land Reclamation Institute
Of Don State Grarian University, Novocherkassk, Russian Federation

Annotation. The scientific direction "Environmental Safety" (EB) originates in the second half of the
20th century and continues to develop intensively at the present time. The formation of this scientific
direction is conditioned by the inherent need for the evolutionary sustainable development of society.

Both domestic scientists (Bolsherotoy A.L. 2010, Ko-zin V.V., Petrovsky V.A. 2005, Mazur I.1. 1999,
Rumyantseva E.E. 2005, Khoruzhaya T.A. 2002, Shmal A.G. 2000, etc.) and foreign scientists have made a
certain contribution to the formation of this scientific direction. EB is one of the components of national
security, which determines the totality of natural, social conditions, types of economic and other activities
that ensure the safe life of the population living in the zones of influence of water management facilities
associated with the use of water resources in various sectors of economic and other activities.

Keywords: system, environmental safety, environmental condition, object of protection, object of
activity.
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Apxurexrypa
IMPOBJIEMBI I'PAJJOCTPOUTEJIBCTBA 1 YPBAHU3SAIIUU

Kurypanze I'., Jleknmsuian M.
«Crynus 21»
yi. 3.A6ynamze 21, Toumwcn, ['py3us
Email: kighuradzegiorgi@gmail.com
m.lecishvili@yahoo.com

Annomayusa. PaccMOTpeHBI OCHOBHBIE MPOOJIEMBI KPU3KCa COBPEMEHHOTO NPOSKTUPOBAHUS TOPOJIOB:
YCTOMYMBOCTh BO BPEMEHHM U NPEHEOPEKEHHE K BHU3YyaJlbHO-3CTETHMYECKOMY 3HaueHuto. [lokazaHo, 4to
CYILIECTBYIOILIEE COCTOSHUE SIBISCTCS WTOrOM BHEIPEHHUS] COBPEMEHHBIX (DMIOCOPCKUX IOKTPUH M UL
BBIXOJ]a M3 KpH3HMca HEoOXOoAMMa HOBas KOHIENTyallbHas NOKTPHHA — MOHOXPOMHOE MPOCKTHPOBAHHE.
[Ipennaraercst COOTBETCTBYIOIIAS METONOJIOTHs, KOTOpasi TpeOyeT HOBOrO MHOAX0JAa K OOYYEHHIO H
BOCITMTAHUIO apXUTEKTOPOB.

Knwuesvie cnoea: ypbanuzanys, naHamadTel, Lelb, MOHOXPOMHOE IPOEKTHPOBAaHHE, ICTETHKA,
panroHaIN3M, IporpamMma o0ydeHusl.

BBEJIEHUE

OO61men3BecTeH (GakT, YTO TOPOJ] MOCTOSHHO Pa3BUBACTCS M PAcTeT, OH (DYHKI[MOHUPYET KaK YKHBOH
OpraHu3M. APXHUTEKTYPHBII OOJHMK KaKIOH 3MO0XH OTpakaeTcs B ypOaHuszMme ropojioB. B Teuenne 100 et
MHPOBOE TPAIOCTPOUTENHCTBO M YPOAHU3M HAXOIATCA B TSDKEIOM KpH3HUCE. 3aJaguMCsl BOIIPOCOM: KaKyIO
LIEHHOCTh OyAyT UMETh cerofusiHue ropoaa yepe3 50—100 ner? OOxyMbiBas OTBET, BO3HUKAIOT J[Ba THIIA
Mpo0JIeM: YCTOHYHMBOCTH HAIIUX TOPOJIOB C TEUEHHEM BPEMEHH W CHIDKEHHE BU3YallbHO-3CTETUYECKOU
3HaYNMOCTH T'OPOJIOB.

[Ipobnema mepBasi: apXUTEKTypa MO CBOCH CyTH MOJpa3yMeBaeT MOCTOSHCTBO, YCTOHYMBOCTH U
Hacienue. Mpl 3HaeM, HACKOJIBKO HM3y4YeHHE CTaphIX MOCEJICHHWH W TOPOJOB WrpaeT pOjb B U3ydeHUH /
MO3HAHUM OMNpeAeaeHHBIX 310X, CyIIeCTBEHHOE 3HAYEHUE WMEIOT 3TH KapTHUHBI, KOTOPHIE HE TOJIBKO
OCTaJIMICh OT CETOMHSNIHET0 ypOaHu3Ma, HO U yTepsHbI Ha HammMX razax. [[puumHa 3TOTO mMpoiecca B TOM,
YTO MAaTEPHAIBl U TEXHOJOTUH, UCTIOB3YeMble B COBPEMEHHOM CTPOMTENHCTBE, MOTYT IpocHy)uTh 50-200
ner. K Tomy e, HOBast IOCTpOKa He MOpa3yMeBaeT JIUTENbHYIO SKCIUTyaTaliio, a PACCMaTPUBAETCs Kak
BPEMEHHOE COOPYIKEHHE.

[Ipobnema BTOpast: MpH STOM HTHOPUPYETCSI BAYKHOCTh 3CTETHYECKOTO 0OJIMKA TOPOa, YTO OKA3bIBAET
HauOOJNbIlIee HETaTUBHOE BIIMSHUE HA TMPaBWIBHOE pa3BUTHE uYenoBeka. COBPEMEHHOE TOPOJACKOe
IUIAHUPOBAHUE aJIalITUPOBAHO K MaTEPUAIBHBIM KOHIETIHUSM, 00YCIOBICHHBIM 310XaTbHBIMU COOBITHUSIMHU.
Bce B mupe HaumHaercs ¢ (uiaocouu, ¥ HBIHEUIHSSI CUTYaIUsl SIBIIIETCS PE3yJIbTAaTOM BBEACHHUS H
MpUMeHEeHUs! GUIOCO(MCKHUX TOKTPUH COOTBETCTBEHHO.

IlepBoe QyHmamMeHTanbHOE W3MEHEHHWE HAYaJloCh C KpaeyrollbHOrO KaMHs MOJEPHHUCTCKON
¢unocopur — YEIOBEYECKOM UYBCTBE, KOIJa AM3AMHEPBhl CUMTAIM CEOSl HEMOTPEelIMMBIMH OOramMu M
MBITATUCH OOUTHCS 0€30IMMOO0YHOCTH UCTHHBI COOCTBEHHOTO BUJICHHS. DTO MPOSIBIIIOCH B 0€30TOBOPOYHOM
OTKa3e OT MpPOILIOro W CTPOUTEIBCTBE HOBOTO IOpoja. 3aTeM, MOCJIENOBal0 YTBEPKICHUE, YTO JCKOD
JIUIIHAH, a TO, YTO PYHKIIMOHAILHO, KPACHBO.

3arem B 1960-X Tomax Hadayiach Peaxilvs, ABIKCHHUE MTOCTMOJIEPHUCTOB U CYOBEKTUBHUCTOB, KOTOpast
MpHBeEJia K TOSBICHUIO TEOPUH CYOBEKTHBM3AIMK BCETO M, CJEIAOBATEIIBHO, K BHIBOJIY O HEBO3MOXKHOCTHU
OOBEKTUBHOW OLIEHKUA. AOCOJIOTHOE OTCYTCTBHE OOBEKTUBHBIX KPHUTEPHEB CaMbId TSDKENBIH M CaMbli
pa3pyIIATENBHEIN (BakTop B HAIIEW peanbHOCTH, MOTOMY 4TO (opMmanbHas JIOTHKA 3TOH ¢uiaocohun
CTAJIKMBAETCS CO CTCHON MaHUITYJISINY JDKH U HEBEXKECTBA.
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B T0 xe BpeMs1, y HaC eCTh HACJICJUE M0X, KOTa UMIICPATHBHAS UCTHHA MPUHUMAJIACh KaK BBICIITUI
CTaHAApT, a BCE JpPYrue HUIEU IONPOCTY WIHOPUPOBAIHCH. MBI CUMTaEM CBOEH TJIaBHOM 3a1ayeit
MEPEOCMBICIIUTE 3TH 3HAHUS, BBISBUTH IUIFOCHI, BBISBUTH NMPUYMHY HBIHCIIHETO KPU3UCAa M HAWTH HOBBIC
MOXOJBI K TOPOY, pa3paborarh GrirocodCKyro TOKTPHUHY, KOTOpas MO3BOJIIET HaM HalTH Kak CBOOOIHYIO
BOJTFO, TaK ¥ MECTO MBICIIH JIFOJIEH, a TAaKXKe OMPEAeNICHHYIO0 CXeMY CTPOTO HAITMCAHHBIX KPUTEPHEB OIEHKH.

OCHOBHAA YACTD

«MOHOXPOMHBIIi TOPOJ / MJIAHUPOBKA»

l'oponckoe mnanupoBanue u ypO6aHu3M TpeOyIOT €AWHOTO BHACHUS M CTPOTOTrO PEryiupOBaHUS.
PaccmoTpum ABa mpuHLMIA (OPMUPOBAHMS TOPOAOB U JIEPEBEHb, KOTOPHIE BCTPEUANNCH HA MPOTKECHUU
Bcell ucropuu. IlepBriii, Koraa TOpoacKas CTPyKTypa QOpMHUpYeTcsi MyTeM CTUXUHHOTO CaMOpa3BUTHS, B
pe3ynpTaTe Mbl IONy4YaeM KpacHUBYIO TOPOACKYIO CTPYKTypy, @ BTOpPOM — ¢ HE MeEHee MNPEKPacCHBIM
pe3yNbTaTOM — €IWHOE LEHTPAIM30BaHHOE IUIAHOBOE YIPABICHHE C ONPEACICHHONM apXUTEKTYpHOU
KOHIIETIIIUEH.
ITosToMy Hama 3agada — MPOAHATU3UPOBATH 3TH ABa NPUHIUINAIBHO Pa3HBIX MOAX0AA U ONPEACIUTD
KJIFOUEBBIE AIEMEHTHI, KOTOPBIE CO3JAal0T KPACUBYIO TOPOJICKYIO CpEAy.
AHanu3upysi TpUBEACHHBIE BBIIIE TPUMEPHl, MBI CO3JAJIM  KOHIENTYaJbHYIO JIOKTPUHY
«MOHOXPOMHBIH TOpoJl / IIIAHUPOBAHKEY, KOTOPasi BKIIOYAET CACAYIOLUINE KII0UEBbIC IIPUHLIUIIBL:
1. XKuth 10KHO OBITH KOM(MOPTHO U YIO0HO.
2. Kpacora — 310 (yHKIMS, 2 HE POCKOIIIb.
3. Topojackoe mnanupoBaHue TpeOyeT CTPOrHX MPABUIT U €TUHOTO BUJICHUSI.
4. Paiion, ceno, KBapTai cleAyeT IIaHUPOBATh B MHOM BUJICHHH.
CocTaBHBIMH 3JIEMEHTAMHU €IMHOTO BUJCHMUS SABIISIOTCS:

OrpaHu4eHHBIH BEIOOD 1IBETA M MaTepHaa.
* OnHOpOOHOCTH MacmTada.
* IIponopuuu U CTHIIB.

ITeitzax u KIUMaT.

Konnenmust MOHOXpOMHOH TUTAHWPOBKHM yHHBEpCAbHA JUISI JEOOOTO apXHUTEKTypHOTO CTHIIS |
TEUYCHHS. DTO 03HAYAET CO3JIaHUE TAPMOHUYHOTO Pa3HOO0pasus, a He KOMUPOBAHUE OJHUX U TEX JKE JOMOB,
OeccrcTeMHOE CMEIIEHHNE Pa3HbIX MACIITa00B U CTHUIIEH HITH «OJTHO U TO e pazHooOpazuey.

Konnenuus HyxgaeTcst B TadbHEHIITUX UCCIIEOBAHUSAX, PA3BUTUH M YTOUYHEHHUH, YTOOBI BOILIOTUTH €€
B KU3Hb. JlOCTHIXKEHHE ITHX IENel JO/DKHO OCYIISCTBIATHCS HAa OCHOBE aKaJEeMHUCCKUX HMCCIICIOBAHHM.
[lockonmbky OIWH-IIBA YeNOBEKA HE MOTYT PEIIUTh CTOJNh CIOXKHYIO 33]ady, HEOOXOJUMO MPUBIEKATh
CTYJCHTOB, MaruCTPOB U JIOKTOPAHTOB K UCCIIEA0BATEIbCKON M HAy4yHOU JAesrenbHOCTH. KpoMme Toro, posib
CTYACHYCCKOIr0O KOHTHMHI'€HTA B pain3alliu HpeHCTaBHCHHOﬁ HaMH1 KOHIICTIIIMM BaKHa 1 6e3aJH)TepHaTI/IBHa,
MMOTOMY, YTO IIOKOJICHWE, BBIPACTAIOINIEE C TAKUM THUIIOM MBIIIICHUS M METOAaMH OOYYCHHS, CMOXKET
BHCIPUTH U PCATIM30BaTh NPHUHIUIIBI «KMOHOXPOMHOCTW) IIJIAHUPOBAHHA »B PEAJIbHOCTH.

Msi pa3zpaboTtanu y49eOHYH TpOTrpaMMmy, C MOMOIIBK KOTOPOH CTYIEHTHI OyIyT M3y4aThb JaHHYIO
KOHUOCTIUIO U N3yYaTb yp621HI/I3M 1 rOpOACKOEC IMIAHUPOBAHUEC KAK CIIOXKHYIO MCKIUCHUITIIMHAPHYIO HAYKY.

VY4yeOHast mporpaMMa OIpeae/inia TPU KIFYEBbIX 00JIaCTH, KOTOPBIMU OyIET 3aHMMAThCS CTYJICHT.
OTH TPU YACTH JIOTIOJHSAIOT Pa3HBIE THITHI MPOEKTOB. Kaxknas W3 HUX SBISETCS HE3aBUCHMOM TEMOM, HO ee
CoJIepyKaHUE CBS3aHO C OCTAIbHBIMHU, @ 3TO €JMHAs [TPorpaMma MpeaoCTaBICHuUs MPOIyKTa.

OCHOBHasI OCh — 3TO KOHKPETHOE MECTOIOJIOKEHHE MMPOSKTA U MPEIMET, B3ATHIN B 3aJIaHHBIX JaHHBIX,
4T0 TpeOyeT IUIaHUPOBAHMS COOTBETCTBYIOIIUX HWCCIICOBAHUN C YYaCTHEM CMEKHBIX CIICIIUATBHOCTEH,
M3YYEHUST HEOOXOIUMOM IOPUANICCKON JOKYMEHTAIINH, ONIpeaeIieHUs M 00paboTKu HH(OPMAITHH, KOTOPYIO
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HY>KHO MICKaTh, CO3aHNA HEOOXOJUMON JOKYMEHTAINN U 00pabOTKH MPEATPOSKTHRIX pabOT M MaTepHajoB.
[locne yka3aHHOTO TOATOTOBHUTENBFHOIO JTala MNPUCTYNHTh K MPOSKTHPOBAHUIO U YKOMILUIEKTOBATbH
HE00X0IUMYI0 PaboUyr0 TPyIIy.

Taxo# mpoeKT MOKeT OBITh HAIMCAH TS HECKOJIBKHX M Pa3HBIX TIEPHOIOB Ha TIPOTSKEHUH BCETO Kypea.

OcHOBHasi [eJIb — CIPOEKTUPOBaTh COBPEMEHHBI TOpOJ WM TOCENOK JAPYroro THIA HAa OCHOBE
TIPUHIIMTIOB «MOHOXPOMHOTO TTAHUPOBAaHU», OO BETMHATH BCE 3TH AIIEMEHTEHI, ICCIIEIOBAHUS U MHOTOE IPYTOE.

OnHa yacTh mpodeccur TOPOJACKOrO IJIAHUPOBAHUS — 3TO NPOCTPAHCTBEHHOE IIaHWMpoBaHue. Ha
CETOTHSIIHUN JIeHb B KypOPTHOH 30He UepHOro Mopsi octanicsi TOJbKO OJMH HEUCCIIETOBAHHBIA YUaCTOK OT
Ouamunpe 10 [Icoy, 9T0 MO3BOISAET MPABUIHHO CIUIAHUPOBATH TEKYIIee Pa3BUTHE €T0 Oy TyIIETO Pa3BUTHS C
YYETOM BCEX MECTHBIX (DaKTOPOB, BMECTO HEKOHTPOIHUpYyeMoro pa3BuTus. (OduuuansHblii cTaTyc peruoHa -
«OkkynpoBaHHasi TeppuTopust AOxa3um»). B pamkax akageMHYecKHX HCCIEOBAHUN HCCIIENOBATEIbCKAs
4acTh TePpUTOpHH AOXa3uu PEOCTaBISIET HECKOIBKO BO3MOXHOCTEH:

» JlaTe moapacTarieMy MOKOJICHUIO KaKHe-TO 3HaHUS O PETHOHE, YUUTBIBas, YTO y HAIEH MOJOACKH

MPAKTUYECKN HET KOHTAKTOB, BKITFOUYas HH(OPMAIIHUIO O PETHOHE.

*  CopeiicTBOBaTh ONpPEACTICHHOMY CIOCO0Y AMAIora C IMOMOIIBI0 HAyYHBIX / WCCIENOBATEIBCKUX

CPEICTB.

* B03MOXXHOCTh Ha4aTh HOBBIE OTHOIIEHHS HA OCHOBE OOMEHA CTyIEHTaMH U OOIICHHUS MEXy HOBBIMH

MOKOJICHUSIMH.

» OOMmeH nH(popMAaIUei.
* JIMCTaHIIMOHHOE U3y4YCHHE, Ka3anoch Obl, TPYAHONOCTYIHBIX MECT Ha OCHOBE IOIyYCHHOH

JOKYMEHTAIIHH.

» Pa3BuBath crieranbHbIe IPUEMBI U HABBIKH, YTOOBI HAXOUTHh HYKHBIE BaM MaTepHAIbI.

Takum oOpa3oMm, B OyaylieM, KOTjJa TeppuUTOpHajibHAas CIpaBeIIMBOCTh OYAET BOCCTAHOBIICHA,
MOJTydYeHHbIE MaTephalibl U WH(OPMAIMs TO3BOIAT HAM IPOBECTH HMX KATAIOTHU3AIMIO, W MBI TMOIydYUM
COBEpILECHHO HOBBIM, COBPEMEHHBII THIT HAayYHOH MH(POPMAIIMOHHOM 0a3bl, KOTOpast cama Mo cede sIBIseTCs
COKpOBHUIIIHUIEH Uil JIIOOOr0 dYeloBeKa W akaJeMuyeckoro mnpocrpaHcTBa. CTyaeHTam Takxke Oyner
MpeIoCcTaBlieHa BOBMOXKHOCTh Pa3padoTaTh MOJTHOMACIITAOHBIH IJIaH TEPPUTOPHAIIFHOTO TUTAHUPOBAHUSI.

B nomonHeHne K TOMyY, YTO HYXHO MPENoJiaBaTh, BaKHO YUYUTHIBATh MHOXKECTBO (PaKTOPOB: C KaKOTO
Yyaca Bbl HAUWHAETE IMPOLECC OOYYECHHs, HACKOIBKO YETKO Y BaC €CTh KPUTEPHUU OIIEHKH, KaK BBI CIIeIyeTe
COBpEMEHHBIM HAayYHBIM padoTaM M METOJWKaM, HACKOJIBKO HHTEHCHUBHO BHI 3arpyXaeTre CTyIEHTOB WU
MHOTHE ApYyTrHe GaKTOpPHI.

Temn xu3HW B NBajIaTh NEPBOM BEKE 3HAYUTENHHO YBEIWYHIICS 10 CPABHEHHWIO C TPEIBIIYIHMH
BEKaMU IO/ BIUSHUEM Pa3BUTHsI MOTOPU30BaHHOTO TpaHcmopTta (XX Bek) W pa3BUTHs HH(POPMAIMOHHBIX
cucreM (XXI Bek). Tenepp 3aka3unk 3HAET, YTO CKOPOCTh PHUCOBAHUS Yepe3 KOMIBIOTEp 3HAYHUTEIHHO
YBEJIUYMIACh, OH Cpa3y K€ 3alpallliBaeT MPOEKT, YTO Mbl HE MOXXEM HTHOpHpOBaTh. Ho MBI HE JOIKHBI
3a0BIBaTh, YTO JICHCTBUTEIILHO KAUECTBCHHAS M BayKHas HJiesl TpeOyeT SICHOTO U JJOCKOHATBHOTO TOHUMAaHHSI.
Ham Heo6xoauMo npencTaBuTh HECKOIBKO MOIX0I0B K JU3aiiHy, KOTOPBIE TO3BOJISAT CTYACHTY Pa3BUTh Kak
OBICTpBIC HABBIKH NPOCKTUPOBAHMUS, TAK U KPACOTY M MTPEUMYIIIECTBA HEYETKOTO IPoIiecca MOHUMAaHUSI.

HecmoTpst Ha upe3BbIUaiiHYI0 BaKHOCTh M MHTEPECHOCTh TEMbI, MBI IOHUMAaeM, YTO Takas OoIbInas
Harpy3sKa SIBJISIeTCS] HEPEOoJOJIMMbIM OpeMeHeM Ui yueHHKa. TakKe BaXKHO YUUTHIBATh HEMPEICKa3yeMOCTh
CBOUX MPOEKTOB C TEUCHHEM BPEMEHH, YUWTHIBAas UX CBS3b C PEealbHOCTHIO. [loaTOMy MBI paspaboranu
Jpyroi oAX0 K 00yUeHHIO B PaMKax 3THX IJI00ANbHBIX MPOeKTOB. CTyAEHTY HE HYKHO OyIleT 3aroIHsiTh U
OTIpAaBISITh WX B yKa3zaHHOe BpeMs. Ho mpoekT OyleT OTKPBIT Ha HEONpeNeNIeHHBI CPOK, W €ro
MPOM3BOJICTBO OYJIET MEPEXOJUTh OT Kypca K Kypcy, IPOEKT OyAeT yriryOisaThcsl B TIpoIlecce MOUCKa HOBOTO
MaTepuaja U He OyJeT CTpOro MpHBA3aH K KajeHgapio oOydeHus. llepumogmdecku OyneT MpOBOIAUTHCS
ceMuHap 11 00001IeHNsT COOpaHHOTO MaTepraja, MHCHHH CTYICHTOB U AeTaliell 00pab0TaHHOTO MPOEKTA.
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BbIBO/IbI

1. MoHOXpOMHOE IITAHUPOBAHUE — TO KOHIICTIIUS, KOTOpas MoJIpasyMeBaeT MPUPABHUBAHUE BAKHOCTH
BU3YQJIbHO-3CTCTHUYECKOM YacTH K TMPAKTUYeCKOH W palMOHATBHOW 4YacTH B  TOPOJICKOM
IJIAaHUPOBAHMUMU.

2. Peanuzanus KOHLEMIIMM MOHOXPOMHOTO IUTAHHUPOBAHUS TpeOyeT MIyOOKHX M KPYIMHOMAcCIITaOHBIX
HCCIIeIOBaHNH, KOTOPbIE TPEOYIOT aKaJeMUIECKOT0 MIPOCTPAHCTBA U PECYPCOB.

3. Jlyig MOBCEMECTHOTO BHEIPEHUS B MPAKTHKY MOHOXPOMHOW TUIAHHUPOBKUA HEOOXOIUMO MOJITOTOBUTH
HOBOE TIOKOJICHHE apXUTEKTOPOB, 00JIaalOIINX COOTBETCTBYIOIIUMU 3HAHUSIMH, U MPOJIOJKUTH 3TOT
mpo1ecc.
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Hayka o 3emJe
OCOBEHHOCTH PA3BUTHUS CEJIEBOMN JNEATEJBbHOCTHU HA CEBEPHOM

CKJIOHE BOJIbIIOI'O KABKA3A

Konaparsesa H.B., Axxxunes A.X., Pasymos B.B., Y3nenosa A.b.
BricokoropHslii reopusndeckuiit tHCTUTYT (Pocrumpomer)
np.Jlennna, 2, 360030, Hampuuk, Poccus
E-mail: kondratyeva_nat@mail.ru

Annomayus. B pabote, Ha OCHOBE COOpPaHHBIX M 0OOOIICHHBIX MaTEPHUAJIOB II0 CEJICBOW TEMAaTHKE,
MOKa3aHbl HEKOTOPBbIE OCOOCHHOCTH PAa3BHTHS CEJICBOM JCATEILHOCTH HA CEBEPHOM CKIIOHE bBoibmioro
Kagkaza.

[lokazano, yro Hamboyiee ONArONPUSATHBIC MPUPOAHO-KIMMATHUECKHE YCTIOBUS IJsl (popMUpoBaHuUs
ceneli cknazpiBatoTcs Ha LlenTpansHoM KaBkase, rie cocpemoTodeHbl OCHOBHBIE JICIHUKOBBIC MAaCCHUBBI U
PETHCTPHUPYIOTCS JOCTATOYHO BBICOKHME OCAIKH, a TaKXKe MPUCYTCTBYET CIIOKHOpPACWICHEHHBIN penbed,
0oJ1bIIMe a0COJIIOTHBIC U OTHOCHUTEIBHBIC BBICOTHI CKIOHOB. Ha BocTounoM KaBkase yMeHbIICHHE TUTOIIA N
ONleZICHEHUS] W OOMIed YBIAXKHEHHOCTH KOMIIGHCUPYETCS IIHPOKHUM PACIPOCTPAHEHHUEM  JIETKO
BBIBECTPUBACMBIX TJIMHHUCTBIX CJIAaHLUCB W APYTHUX OCAJOYHBIX IIOPOJ, a TAaKXC TIOCIOACTBOM CTCIIHBIX H
MOJYMYCTHIHHBIX JTAaHAMIA(TOB, 00ECTIEUYMBAIOIINX OBICTPBIA CTOK IMMOBEPXHOCTHBIX BoJ. IloaTomy ceneBas
JEeATEIbHOCTh 371eCh TakXke naoctaToyHo Bbicoka. Ha 3amagnom KaBkasze, KOTOpoMy CBOKCTBEHHBI
He0O0JIbIINEe a0COIOTHBIC BHICOTHI CKIIOHOB, @ TAKKE BBICOKAsl CTEICHb 3aJICCEHHOCTH TEPPUTOPHUH, CelieBas
JeSTeTbHOCTh HAaMEHBIIIasl.

BriepBeie BBIsIBIIEHA B3aWMOCBSI3b YIEIHHONH MMOPAKEHHOCTH TEPPUTOPUHM CelsiMU  (OTHOIIEHHUE
CYMMAapHOH IUIOIIA/IU CEJIEBbIX 0AaCCEMHOB K IO TEPPUTOPHH pacCMaTpUBaeMoro cyobekra PD - moss
TEPPUTOPHUH, TII€ MOTYT CXOJUTh CEJH) C CYMMOHW YJEIBbHO-JOJEBBIX BKJIAIOB IPUPOIHO-KIMMATHIECKAX
ycioBuii B cyonsektax P® B npenenax Cereproro Kaekasa.

Kntouegvle cnosa: ceneBoit OacceilH, KIUMaT, OIIEJICHEHWE, ceJieBas NEATENbHOCTh, YyIeIbHAS
MTOPaXEHHOCTh TEPPUTOPHH CEIISIMH.

BBEJIEHUE

Pacripoctpanenue ceneit Ha ceBepHOM ckioHe bombiroro KaBkaza o0ycnoBieHO oporpaduuecKkuMu,
TEKTOHO-T€OMOP(OJIOTHYECKUMH, T'€0JIOr0-JINTOJOTUYCCKUMHU, ITOYBEHHO-PACTUTEIBHBIMHM, aHTPOIIOTEH-
HBIMH W, OCOOCHHO, THIPOMETEOPOJOTHUYECKAMH YCIOBUSAMHU. BrusHHE TMOCIEIHUX OIpPEeeseTcs
cnenyomuMu  (aKTopaMu: 3HAYCHHMST M PEXKHUM TEMIIEpaTypbl BO3AyXa, KOJMYECTBO, MHTCHCHBHOCTH H
PEXHUM aTMOCQEPHBIX 0CAKOB, Pa3MEPhl I HHTCHCUBHOCTh TasHUS COBPEMEHHOTO OJICJICHEHHUS M CHEXHOTO
MMOKPOBa, YBIQKHEHHOCTh TEPPUTOPUH, HATUYME MalbIX pPEK C OOJBIIMMHU YKIOHAMH pycell U HX
[1aBOJOYHBIN PEXKUM.

B mpencrasnenHoit paboTe HamMH, HA OCHOBE COOpPaHHBIX M OOOOIEHHBIX MAaTEPHUAJOB IO CEIEBOH
Tematuke [1], a Tak jke aHAJIM3a CIIPABOYHBIX W JINTEPATYPHBIX JAHHBIX O KIIMMATe, OJICICHEHUIO, TCOJIOTHH,
3aseceHHOCTH [2-10 u 1p.], BBISABIEHBI HEKOTOpPHIE OCOOCHHOCTH PAa3BHUTHS CEJICBOW JNEATEILHOCTH Ha
ceBepHOM ckiloHe bonbmoro Kaskaza.

B ceneBeneHnM YETKMX ONpPENCICHUN NOHITHH KakK ‘‘nopasiceHHocms meppumopuu ceismu’ W
“cenesasn desimenbHOCMb” HET, XOTS OHU JOCTATOYHO YacTO YMOTPEOJISIOTCS B HAYYHBIX IMyOTUKAIUSAX I10
cemsam. [losToMy, HaMu A7Is aHAITM3a H3MEHEHUS CENIEBOM JesiTeNnbHOCTH o Tepputopun CeBepHoro KaBkasza
WCTIONB3YIOTCS CIIEAYIOUINE OIPENENCHUS: NOPAXCEHHOCMb MEPPUMopuU ceisimu — CyMMapHas TUIONMAIb
CEJICBBIX 0aCCEWHOB; Cenesasi 0esmenlbHOCHb — Pealln3allis CEIeBOT0 MPOoIlecca Ha KOHKPETHON TEPPUTOPUHU
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C OIpeneleHHBIMHM TIOCTOSHHBIMH (TCOJIOTHYECKOE CTPOCHHWE, pelbed) M ImepeMeHHBIMH (3aJIeCEHHOCTb,
KJIUMAT: OCaJIKH, TEMIEpaTypa, OJICACHCHUE) MPUPOTHO-KIUMATHYECKUMU YCIIOBUSMHU.

OCHOBHASA YACTb
B crathe MBI paccMaTpuBacM CEBEpHYIO 4YacTh CkioHa bosbmoro Kaekasckoro xpe6ta. HeiHe Ha
tepputopun CeBepHoro KaBkaza pacmonoxeHsl 7 pecmyommk: Anpires, Kapagaeso-Uepkecus (3amamnbrit
Kagkas3), Kabapauno-bankapus, Cesepnas Ocerus-Ananus (Llenrpansubiii KaBka3z), Uarymerus, Yeuns u
Harecran (Boctounsrii KaBka3z), a taxke 2 kxpast: KpacHomapckmii m CraBpomonbckuii (pucyHok 1). B
JAaHHOM paboTe ceneBas nesTenbHOCTh KpacHomapckoro kpast u CTaBpomoibsi HE pacCMaTpUBAETCSI.
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Puc. 1. O030pHast kapTa pacnpocTpaHeHHs cejieBbIX 0acceliHOB HAa ceBepHOM ckJioHe boabmoro KaBkaza

Bcero Ha teppuropun cesepHoro ckioHa bonpmoro Kaskaza (unmm Cesepnbiit KaBkas (CK)) Hamu
BeIsBIEH 1236 cenmeBBIX OacceiinoB, oOmel momaneio 25133 kM2 B Tom qucie, Ha TEPPUTOPUH
Bocrounoro Kaskaza (BK) - 557 cenmeBbIx 6acceHHOB o0melt romanso 15758 KM HentpansHoro
Kagkaza (IIK) — 370, ¢ obme#i mromanpo 7338 KM , 3amagHoro Kaskaza (3K) — 309, ¢ 06LueH ILUIOIIAABIO
2037 xm® [1]. TlomydeHHBIe pe3y/bTaThl CBUACTENHCTBYIOT 00 YBEITMYEHHH CYMMApHOrO KOJHYECTBA M
CyMMapHOW IUIOLIaTy CEJIEBBIX OacceiiHOB B OCHOBHBIX IeorpaMuecKHX YacTAX PEerdoHa C 3amajga Ha
BOCTOK - JuHEeHHo. Ho, ecnm paccMaTpuBaTh B MPOILEHTHOM OTHOIICHUH, JTHHEHHOCTH HeT. Hambomnbimas
JIOJISl CyMMapHOM TUIOIIAJIN CeNeBhIX OacceHOB oTMmeuaercs: Ha Tepputopun LlenrpansHoro Kaskaza (35%
ot obmeit omanu teppuropun LK), Ha Bropom mecte - Bocrounstit Kaskas (BK) (22%), u HaumeHbImas
JIOJIT CyMMAapHOM IUIOIIaau CeJIeBbIX OacceHOB - Ha Teppuropun 3amaaHoro Kaekasa (3K) (9%), urto
00BsSICHACTCS U3MEHEHHEM KOMIUIEKCa MPUPOJHO-KIMMATHYECKUX YCIOBUH cene)OpMUpPOBaHUS B Pa3HBIX
reorpaduyeckux yactsix CeepHoro KaBkasa.

CeneBasi NeATENHHOCT BO MHOTOM 3aBHCHT OT WHTEHCHBHOCTH DPa3pyIIEHUS TOPHBIX TOPOJ H
HaKOIJICHUSI CEJIEBOTO MaTepuana. A 3TO, B CBOIO OuYepelb, ONpEAessieTCsl COYeTaHHEM pa3HOOOpPa3HBIX
MPUPOAHBIX YCIIOBHH: COCTABOM CJIATalOIIUX €ro KPUCTALTMYECKUX JIMOO OCaJOYHBIX TOPOJ, BBICOTOW U
KPYTHU3HOH CKJIOHOB, CTENIEHBIO Pa3BUTHsI PACTUTEIBHOTO TIOKPOBA, TEMIIEPATYPHBIM PEXHMOM U PEKUMOM
OCaJIKOB U T.I.

PaccmMoTpuM mpocTpaHCTBEHHBIE H3MEHEHHS (C 3amaja Ha BOCTOK) MPUPOAHO-KIMMATHYECKHIX
YCIIOBHH, BIMSIOLINX Ha CEJIEBYIO NEATEIBHOCTD B FOPHBIX paiioHax (abcomtoTHas BbicoTa oT 600 M. H.y.M.
1o 4 500 M 1.y.M.) CeBeproro Kapkaza. HamMu BBIZieIIEHBI TIOCTOSTHHBIEC IIPHUPOTHO-KIIMMATHIECKHIE YCIIOBHS -
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TCOJIOTHYECKOe CTpOCHHUE, peibed W TMepeMeHHbIe - 3aJeCeHHOCTb, KJIMMAT: aTMOc(epHBIE OCaIKH,
TeMIIepaTypa Bo3ayXa, OJCICHEHHE.

HaunOonpimee KoIM4eCTBO ceJIEBOr0 MaTepuaia TOCTAaBISIOT JIETKO pPa3MbIBaéMble IECUYaHO-
IJIMHUCTBIE OTJIOKCHMS U CIIAHIBI, T.€. 0CaI04YHbIE IOPOIBL.

B zamagnoit u nentpanpHOi uyactu CeBepHoro KaBkaza Tropbl CIIOKEHBI NPEUMYILECTBEHHO
YCTOWYMBBIMH K Pa3MbIBY KPHUCTALIMYECKUMHA W BYJKAaHHYECKUMH MOpoJamMH (TPaHHUTBI, THEWCHI,
KPUCTA/NIMYECKHE CIAHIIbI TPOTEPO30ii — MaJe030MCKOro nepruoia, pexxe — najaeo30MCKUMU 1 Me3030HCKUMU
0CaJI0YHO-BYJIKaHOTE€HHBIE MTOPO/IbI, aJI€BPOJIUTHI, APTWIIIIUTHI U TIECYaHUKH HIPKHECPETHEIOPCKOT0 MEPHOAa,
CJIAaHIIBI II€PMCKO-TpUAcoBOro Bo3pacta). B Boctounoit wactu CeBepHoro KaBkasza pacmpocTpaHEHBI
0CaZ04HbIE MOPOB! (MPEUMYIIECTBEHHO IOPCKHE INIMHUCTBIE CIIAHIIBI, KPEHKHE IOJIOMUTH3HPOBAHHBIE U
crnalble MIETOYHbIC U3BECTHSIKH, a TAKKE MMECYAHUKH), JIETKO Mojnaronmecs paspyuenuto [2]. [lo qanHbM
[2] ckanbHbIe mopoas Ha 3anagHom KaBkase (Bkimovas KpacHomapckuit Kpaid, XOTs B TaHHOW CTaThe OH HE
paccMaTpuBaeTcs) cocTaBisIIoT 38% IO OTHOIICHHUIO K PHIXJIBIM (ca00CBS3HBIM) M CBS3HBIM IOPOJAaM, Ha
Hentpansanom Kaskaze — 30%, Ha BocTounom Tonbko 1%. DT0 CBUAETENBCTBYET O TOM, YTO F€OJIOTUIECKUI
cocTaB TOpHBIX nopox Ha Boctounom KaBkase siBisieTcs moBBIIIAOMIMM (PAKTOPOM CEJIEBOM JESTEIbHOCTH,
1o cpaBHeHHMIO ¢ 3anagHbiM U LlenTpansaeiM KaBkazom.

Ananu3 ponm penbeda B CEIEBOM IEATEIBHOCTH HAaMH MPOBEAEH IO IIOKAa3aTesIM: CpeaHee
MPEBHIILICHHE TEPPUTOPHH (PaCUICHEHHOCTh penbeda) B TOPHBIX palOHAX U CPEJAHUH YKIIOH CEJIeBBIX pycedl.
JlaHHBIE TIONy4YeHBI C MCIONB30BAaHHEM KapTorpadMuecKkoro marepuana: a) HpeBblieHne BbIcOT H (M)
onpenensuiock nmo kapram teppuropuil Ceeprnoro Kaskaza M 1: 100000, 1:25000 mo OCHOBHBIM
TOPH30HTASIM — pa3HHUIA MEXIY HaWBBICIIeH Toukol penbeda u HauMmeHblied. CpeaHss pacuieHEHHOCTh
CHayaja ompenensiack mo OaccefiHaM OCHOBHBIX DEK, 3aTeM IO CyObeKTaMm, 3aTeM IO IOJyYCHHBIM
pe3yibTaTaM ObUIO HaijieHo cpeanee Ui Kaxaon dactu CeBepHoro KaBkasa; 0) cpeiHUil YKIIOH CeNEBBbIX
pycen a (%o - mpoMusIe) onpenessuics mo kapram tepputopuii Ceeproro Kaskaza M 1: 100 000, 1:25 000
110 OCHOBHBIM TOPU30HTAJISAM. Y KJIOH PacCUUTHIBAJICS 1O (opMyIie:

a(%o) = H=h 000, 1)
L
rae H — abcomoTHas BRICOTA HCTOKA PeKH, N — abCONIOTHAS BRICOTA YCThsl pekH, L — uinHa ceneBoro pycia.

Onpenendancst cpenHUN YKIOH CEJIEBOTO pyciia, 3aTeM IOJYy4YeHHbIE Pe3yNbTaThl YCPEIHSIIMCH MO
OacceifHaM OCHOBHBIX PEK, 3aTeM IO CyObeKTaM, 3aTeM IO MHOJYYEeHHBIM pe3yjbTaTaM ObUIO HalJeHO
cpeaHee U Kax o reorpagudeckoii yactu CeBepHoro Kaskasa.

Penbed na CeepHom KaBkaze m3meHsieTcs mapabosindeckd. MakCHUMyM CpPEIHETO pacuyICHEHHs
npuxoautcs Ha Llentpanpaeiit KaBkas (2690 M), Tie u cpeHue YKIOHBI CEJIEBBIX pycel HamOombime (253
%0), 37€Ch XKE PacHoJI0KEHBI W HAHOOJBIIHE 10 BBICOTE TOpHBIE BepmuHbl KaBkaza (r.0mp0pyc — 5642 M,
r.Kazbek — 5034 m). Ha Bocrounom KaBkase cpenHee pacusieHeHUE TOPHON TEPPUTOPUH COCTABUIIO 2224 M,
a CpeTHHMM YKIOH CEJIEeBBIX pycel cocTtaBmil 165%.. Cmabo pacuneHeHHBIH penbed, B CPaBHCHHU C
HentpansasiM 1 BocTtouHbM, cooTBeTcTBYeT 3amagHoMy Kaskasy, cpennee mnpesbllieHHEe — 1325 M,
CpPeIHMI YKIOH ceneBbIX pycen - 137%o. Penbed sBusercs Oonee moBbImarommM (akTOpOM B CEIIEBOM
nestenpbHoCcTH Ha [{enTpamsaom u Bocrounom Kaskase, uem Ha 3amamgHom.

3anecennocmv  meppumopuu - y4acTKM  HIPUPOIHBIX  TEPPUTOPUH, TOKPHITBIE  JIECHOW
PaCTHTEIHHOCTHIO €CTECTBEHHOTO MPOUCXOKIeHUS. JlaHHBIE O TUTOMAASMX 3aJIECEHHOCTH B TOPHBIX palloHax
HaMHM TaKKe ONpeAeseHbl Mo Kaprorpadpuueckomy Matepuany M 1: 100000, 1:25000 Tteppuropuit
CesepHoro Kaskaza. [IpocnexuBaeTcs yeTkas IpOCTPAHCTBEHHAs! 3aKOHOMEPHOCTh - JTMHEWHOE TIOHM)KEHNE
JIOT TUTOIIA/IA 3aJIECEHHOCTH TOpHBIX Tepputopuii CeBepHoro KaBkasa c¢ 3amana Ha BocTok. Hambompmas
3aJIECEHHOCTh B TOPHBIX paiioHax mpucyTcTByeT Ha 3amagHoMm Kaskasze (31% ot Bceil miomaay TeppuTopun
sT0l yactu KaBkasa), rycTble jieca NpeloXpaHsIioT UX OT Pa3BUTHS 3PO3UM U 00ECIEUMBAIOT MOCTOSHHBIN
PEUHOI CTOK, YMEHbIIasi CKOPOCTh CTeKaHus Bobl; Ha LleHTpansHoM KaBkase mouis muomanu 3aj1eceHHOCTH
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ropHoO# Tepputopuu coctaBisieT 18% ot Beelt momanu Llenrpansaoro Kaekaza; Ha Bocrounom KaBkaze

Jiec B ropax 3aHuMMaeT Bcero 8% OT miom@aau Bced Teppuropuu Bocrounoro Kaskaza. 3aneceHHOCTb
SIBIISIETCS] TIOHIDKAIONINM (DaKTOpOM JUIS CEeNeBOM AesTeIhbHOCTH BO Beex dacTax CesepHoro KaBkasza, sec
MIpeloXpaHseT CKIOHBI OT Pa3BUTHS 3PO3HH, 33JACPKUBAET OMOJI3HEBBIE MPOLIECCHI, YIEPKUBAET BIIATY.

AHanM3 ponM KJIMMaTa Ha CeJeBYI0 AEATENbHOCTh Mo Tepputopun CesepHoro Kaskaza Hamu
MPOBEJIEH IO CPETHETOOBOM CyMME OCaJKOB, CPETHETOIOBOM TeMIIepaType BO3AyXa B TOPHBIX pailOHAaX, a
TaKKe CyMMapHOU IUIOLIaau oJieAeHeHH. [ 3Toro ObUIM MCIONB30BaHbl MHOTOJICTHHE METEOJaHHBIC TI0
TeppuUTOpUN HcciaenoBanms [4-6 u nap.]. KonmedHo, mis cenmeBOd MeATEIRHOCTH IpaBMIIbHEE OBLIO OBl
aHAIIM3UPOBATh MPOCTPAHCTBEHHOE M3MEHEHHE OCAJKOB M TEMIIEPaTyphl 3a CeleBOi mepuojn roga (Mai-
CEHTSI0pb), HO Ha CETOAHSIIHUI IeHb HET JUIUTENLHOTO psifia HAOMIOACHUH 32 MeTeonapaMeTpaMy B CEJIEBOH
TIEPHUOJ TI0 HBIHE JICHCTBYIONINM METEOCTaHIIUSAM PETHOHA, MPHUYPOUYCHHBIX K 30HaM pa3BUTHS cenel (Kpome
M/c Tepckon (KabGapauno-bankapus)). Ho, aHammsupys cpegHerofoBble OCaaKH H CPEIHETOJOBYIO
TEMIIEpaTypy BO3IyXa MO TEPPUTOPHH, HAM YAAIOCh BEIIBUTH OIpEEIeHHbIE OCOOCHHOCTH. B wacTHOCTH,
CpemHeromoBeie CyMMBI ocankoB Ha CeBeprHom KaBkasze ymeHbInaroTcs ¢ 3amaga Ha BocTok (3K - 1600MmM,
HK-1275mMm, BK - 1017Mm), HaOmogaeTcsi MpOCTpaHCTBEHHAS IMHEWHAsT 3aKOHOMEPHOCTh. YacTble A0XKIH
Ha 3amaje MeHee TO3BOJISIFOT CKAIUIMBAaThCS HA CKIOHAX OCHOBHOMY Celleo0pa3yromeMy MaTepuany —
TJIMHUCTBIM U MBUIEBATHIM YaCTHIIAM, TOCTOSHHO CMBIBasi €ro B pycio pek. [loaromy Ha 3anaanom Kapkasze
OCaJIKK SIBIISIIOTCSl TIOHWKAIOMIMM (DaKTOPOM Uil CENEBOM JAEATENHHOCTH. B BOCTOYHOM dYacTH IOXKAU
BEINIA/IAIOT peXe W OBIBAIOT 0OoJee WM MeHee MPONOJDKUTENbHBIC 3aCYIUIUBBIE TEPUONBI, CO3IAIOTCS
0JIarONPUATHBIC YCIOBHS JIIsl HAKOIUICHHUS Ha CKIIOHAX CeJIco0pa3yIoliero Marepuara.

MakcuMyM CpeHETO0IOBOM TeMIIepaTyphl TOPHO TeppuTopuH Habmogaercs Ha Boctounom KaBkase
(5.6 °C), a MunuMy™ Ha Llentpansuom Kaskase (2.7 °C), Ha 3amagsom Kaekase — 3.5 °C. TemmeparypHbiit
pexxuM Ha Boctounom KaBkase siBisieTcs MOBBIIAIOMIAM (aKTOPOM ISl CEJIEBOH IesITeIbHOCTH.

CymmapHas 1oiomane oneneHeHnns B dacTsax CeBepHoro KaBkaza m3meHsieTcs mapaboddecKi.
HauGonbiee no miomaau oyieJieHenne npuxoaurcs Ha Llenrpansabiii KaBkas (886 KMZ), a HauMEHbIIIee - Ha
Bocrounsrii Kakas (96 KMZ), Ha 3amagHoM Kaskaze — 214 e [6]. Hambonpmas miomanas oJieqcHEHUS Ha
LenTtpansHoM KaBkase cBujerenbcTByeT 00 aKTHBHBIX MPOIECCAX B MEPUTIIANUAIBHON 30HE, YTO SBISETCS
MOBBIIIAIOIINAM (AKTOPOM B CEJICBOH JIESITEIHHOCTH.

Ecmu o6o3Haunte uepes F cymMMmy TpHUpOIHO-KIMMATHYECKUX YCIIOBHUH, CIIOCOOCTBYIOIIUX WU
MPEMSATCTBYIOIMUX (OPMHUPOBAHUIO CEJICH Ha TEPPUTOPHUSIX OCHOBHBIX reorpauueckux paioHaX PEeruoHa
(pacCMOTPEHHBIX BHIIIE), TO YCIOBHO F MOXHO TIPEJICTABUTH B BUE BHIPAKEHUS:

F=S,-S;+H+a+h+t, 2)

rme So, S, H, o, h, t — mpupomHO-KIMMAaTHYECKHEe YCIOBHS: S, - IUIOMAAb oleaeHeHus (km2); S, -
3aJeCeHHOCTh ropHOM Tepputopun (%) (moist ot oOmel ruomanu reorpaduyeckoit yactn); H — cpennee
MPEBBINICHUE BHICOT (PaCWIEHEHHOCTH) (M); 0L — CpeIHMiA YKIIOH celeBhix pycen (%o); h — cpeaneromonas
CYMMa 0CaJIKOB B TOPHOIT 30He (MM); t — cpeiHeroxoBas TeMneparypa Bo3ayxa B roproii 3oue (°C) (tabur. 1).

Taéaununa 1
O000menHbIe MapaMeTpbl NPUPOAHO-KINMATHYCCKHUX YCJI0BHH, BIUAIOINX HA GOopMUpOBaHHe ceJlei
B reorpajguyeckux yactsax Cesepaoro Kapkaza

3ajeceHHOCTH . Cpenuero Cpenne-
M Cpenuuii JoBast
TOPHOIA Cpennee roioBas
I'eorpadu- Inomann YKJIOH cymMma
. TeppuTOpHH, S, npeBbIllIe- TeMmeparypa
YecKui oJiefiecHeHus], ceJIeBBIX | OCa/IKOB B
. 2 (% oT nJjIomaaM | HUe BBICOT, . BO3/1yXa B
paiion S, (kM) pyce, o TOPHOI o
reorpau4eckoro H (m) o TOPHOH 30HE, t
aiioHa) (%0) oHe, )
P h (Mm)
BK 96 8 2224 165 1017 5.7
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K 886 18 2690 253 1275 2.7
3K 214 31 1325 137 1600 3.5
Cpeonee 399 19 2080 185 1297 4

Ecmu monenuTh Bce mapameTpbl B BhIpaKeHHMH (2) Ha CpellHHE WX 3HAYCHUS I BCEd TEPPUTOPUU
CeBepHoro Kapkasa, momyuyuMm yIenbHBIH BKIQJ KaXKIOr0 IapaMeTpa B CEJICBYIO JICATEIBHOCTh B
OTHOCHUTEJBHBIX €IMHUIAX. TakuM 00pa3oM HM30aBIseMCsl OT pa3MEPHOCTH CJaracMbIX B BhIpakeHUH (2).
Torma cymMMmy YIETbHO-IONEBBIX BKIQJOB MPHPOJHO-KIMMATHYCCKUX  YCIOBHH, BIHUSIONIMX HA
(dopmuposanue ceneii (Fy,), MOXKHO 3anucaTh B BHAE 6e3pa3MEpPHBIX CIaracMbIX:

Fyx = So/ Seep - (S;/ Ssep.)+ H/ Hep + o/ acp + h/ hep + t/ tep, 3
rie Fy, - cymma ylIenbHO-JIONEBBIX BKIAJOB HPHPOAHO-KIMMATHYECKHX YCIIOBUM, BIMSIONMX Ha
(bopmupoBanue ceneit; S, / S,cp. — yaenpHO-I0IE€BOM BKIIA TUIOIAIU ojieaeHeHus; - (S, / S,cp) - yaensHo-
JOTIEBOM BKJIAJ TUTOMIAAHM 3aJIECEHHOCTH (CO 3HaKoM (-), T.K. 3TO TOHIDKAIOMMKA (pakTop B ceneBoi
nesitenbHOocTH); H / Hep - yaenbHO-moneBOM BKJIa[ CpEAHEro MPEBBIMICHUS BBICOT; o / OCp - yIEIbHO-
JIOJIEBOM BKJIQJ CPEIHEro YKJIOHa pycena; h / hcp - ymenbHO-I01€BOM BKJIAA CPEAHETOOBOW CYMMBI
ocazakoB; t / tcp - ymenbpHO-0IeBO BKIIa CPEHET0I0BOI TeMIepaTypsl Bo3ayxa (Tabim. 2).

Tabamnna 2
O000meHHbIe yaeJbHO-10J1eBble TapaMeTPbl NPUPOIHO-KINMATHYECKUX YCJIOBUM, BIUSIIOIINX HA
ceJIeBYIO TeATeJLHOCTH N0 cyobekTam CeBepHoro KaBkasa

YiaeabHo-10/IeBbIe BKJIAAbI MPHPOTHO-KIMMATHYECKAX YCTIOBHIA
Cymma

yaeJabHO-

I'eorpaguyeckuii JH0JIEBBIX

paiion So/Seep | -(Ss/S;ep) | H/Hep | o/acp h/hep t/tep BKJI2/10B

NPUPOIHO-
KIAMATHYECKHX
ycaoBuid, Fy,

BK 0.24 -0.47 1.07 0.89 0.78 1.43 3.9
LK 2.22 -0.94 1.29 1.37 0.98 0.68 5.6
3K 0.54 -1.63 0.64 0.74 1.23 0.88 2.4

W3 Tabnuupl 2 BUAHO, YTO CyMMa YIENbHO-AOJIEBBIX BKJIAJ0B HPUPOIHO-KIMMATHYECKHX YCIOBHH
Haubonbmas Ha LlenTpansHom KaBkase (5.6), 3atem unet Bocrounsiit KaBkas (3.9), a Ha 3anmagnom Kapkasze
- HaMeHee OJIarONPUSTHBIE YCIOBUS IS CeNIeBON AeATeNbHOCTH (2.4).

IIpoBeneHHBIN CPABHUTENIBHBIN AHAIN3 IPUPOAHO-KIMMATUYECKUX YCIOBHM, BIUSIOIINX HA CEIEBYIO
NesITeNbHOCTh, B pa3HbIX (usuko-reorpadpuueckux paiionax CeepHoro KaBkasza mo3BomnsieT cuenaTh
CJIEYIOIUE BBIBOJIBIL:

1. MuHMMYM ceneBOil AesTeTbHOCTH Habmomaercs Ha 3amagHoM Kaskaze. D10 00ycioBIIEHO
COYETaHHEM TaKHX MOCTOSIHHBIX MPHUPOAHBIX YCJIOBHH Kak Ipeo0siaaHue YCTOMYMBBIX K Pa3MbIBY TOPHBIX
mopoJ1, ciaadopacwiCHEHHbIH peibed M HEOOJbINMe a0COJIOTHBIE BBICOTHI CKJIOHOB, a TaKXKe BBICOKAs
CTETIeHb 3JIECEHHOCTH, HECMOTPA Ha OO0JIBIIIOE KOJMYECTBO BBIMTAJAIOIINX OCAIKOB (TIepeMEHHBIE YCIOBHS).
CyMMapHBI{ BKJIa]l BBIICTIEPEUHUCIICHHBIX YCIOBUH MOHMXAET CTENICHb CEJIEBON AESTEILHOCTH Ha 3arnagHoM
KaBkaze no cnmaboit B cpaBHenuu c llenTpansabiM u BocrounbiM KaBkasom. Onenenenne (mepeMeHHOE
ycnoBue) Ha 3amagHoM KaBkase, XOTsS M 3aHUMAaeT JOCTATOYHO OOJBLIYI0 CYMMAapHYIO IUIOLIab, SBISETCS
3€Chb COIOJYMHEHHBIM ()aKTOPOM B CEIEBOM JAEATENBHOCTH, T.K. OTHOCHICA K pAacCesHHOMY M
[IOJI[yMaCCHUBHOMY THILY.
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2. Ha Lentpansaom KaBkaze, 3a cueT codeTaHusi MOCTOSHHBIX (CIOKHOpAaCWICHEHHBIH peibed,
OosnpIie A0COMIOTHBIE M OTHOCHTEIILHBIE BBICOTHI CKJIOHOB, IPE00IaJaHNe YCTOWIMBBIX K Pa3MBIBY TOPHBIX
MOpOJ) M MEPEMEHHBIX (CPEIHssl CTENEHb 3aJIECEHHOCTH, 3HAUMTEbHBIC OCAJKH, HAJHMYHe COBPEMEHHOTO
OJIEICHEHUSI MACCUBHOTO THIIA) YCIIOBHIA, OTMEYACTCS BBICILIAS CTETICHb CEJICBOM JESITETBHOCTH.

3. BBICOKYI0 aKTHBHOCTH cejeBasi NESTeNbHOCTh TOCTHIAaeT W B BOCTOYHOW dyactu KaBkasa, rue
pacmpocTpaHeHbl OCaJOYHbIE TIOPOABI, JIETKO TOAJAIOIIMECS pa3pylIeHHI0, a KIUMaT CyXoh U
KOHTHHEHTAJIGHBIH, BCIEICTBHE YEro PacTHUTEILHOCTH HA CKIOHAX OdYeHb Majo. OneneHenue (mepeMeHHoe
ycioBue) Ha Bocrounom KaBkaze mo macmirabam 3HaYMTENBHO yCTymaeT 3amaaHoMy u LleHTpansHOMY
KaBkasdy W OTHOCHTCSI K PAacCesIHHOMY U TIOJIyMAacCUBHOMY THILY, BCIIEACTBHE YEro SBIACTCS
COIIOAYMHEHHBIM (DAaKTOPOM B CEJIEBOH JIESITEIEHOCTH.

BrisiBeHHass 3aBUCHMMOCTB CEIIEBOW JAEATENLHOCTH B pasHbIX (U3MKO-Teorpaduyeckux pairioHax
CeBeproro KaBkasza oT mpupoaHO-KIMMaTHYECKAX YCIOBHH Cpebl HAXOAWT CBOE MOATBEPKICHUE H ITIPH
CPaBHEHHHU YOeNbHOU NOpajxceHHocmu CelsiMA (OTHOIICHHE CyMMAapHOW IUIOIIAAM CEJeBBIX 0acceiHOB K
TUIOINAAN TEPPUTOPUU paccMaTrpuBaeMoro cyorekta PO, T.e. 4acTh TeppUTOpPUH, TAE€ MOTYT CXOAUTH CEIHN)
TeppuTOpHil OTAEIBHBIX pecrydnuk CeBepHoro KaBkasa (Tabm. 3).

Ta6anna 3
O0001IeHHbIE MAPAMETPHI CTENEHHU MOPAKEHHOCTH ceJIAMH 10 cyobekTam PD B npenenax CeBepHoOro
Kaska3sa
IMopaxennoctb YneiabHasi HOPa:KeHHOCTH
Inomaab Teppuropun
CyobekT PO cy6bexTa, S (KMz) TEePpPUTOPHUH czeJmMH, Seo TeppuTopn;I Ce.]21$llel,
? (xm°) Sya(kM/KM?)

JHarecrtan 50300 12488 0.248

Yeuns 15000 2600 0.173

Wurymerus 4000 670 0.168

CeBepHas 8000 2365 0.296

Ocetus

Kab6apauao- 12500 4973 0.398

bankapus

Kapauaero- 14100 1675 0.119

Yepkecus

Anpires 7600 362 0.048

Ananu3 TaOiauubel 3 MOKAa3bIBaeT, YTO CTENEHb MOPAKEHHOCTH TEPPUTOPUH CEISIMH OKa3anach
Hau6onbmeit B Kabapanno-bankapuu n cocraBuna okoso 40% ot ruiomiaam Beei peciryObauKky, 9yTh MEHbIIe
- B CeBepHnoit Ocerun - Ananus (oxono 30%) u B Harectane (okono 25%). 3HaunuTeNbHBIE TUIOMAIH, T]IE
BO3MOJKHA CeJleBas JAeATelIbHOCTh, HaxoaiTcsa B Ueuenckoil pecyonuke (17.3%), Unrymernu (16.8%) u B
KapauaeBo-Uepkeccun (okomo 12%), HauMeHee 3aTpOHYTa CEJIE€BOH JEATEIBHOCTBIO TEPPUTOPUS
PecnyOnuku Anpires (oxoino 5%).

B Tabmume 4 npuBeneHs! 00OOIIEHHBIE TapamMeTpsl MPHUPOJHO-KIMMATHYECKHX — YCIOBHUH,
crocoOCTByOIMX 00pa3oBaHuio ceneil B cyObekTax P® B mpemenax Cesepnoro Kaskaza. Ilpu stom,
WCTIONB30BaHbl  clenyrone obo3HayeHus: F — cymMma TpUPOJHO-KIMMATHYECKHX  YCIIOBHH,
Ccr1ocoGCTBYOIMX (hOPMHPOBAHHIO Celeil; S, - MIomane oneaeHeHns (kM2); S, - 3aJeCeHHOCTh TOPHOI
tepputopun (% otr mnomanu pecnyonukn); H — cpemHee npeBbIIIeHHE BBICOT (PaCWICHEHHOCTH) (M); O —
cpenHuii yKIOH ceneBeIXx pycen (%o); h — cpemmeromoBas cyMMa OCaJKOB B TOpPHOHM 30He (MM); t —
CpelHeroaoBas TeMmeparypa Bo3ayxa B ropuoii 30ue (°C).

3. 30GGHIRIBIL LOLIRMBOL TISRMS 3IIGEIMBOL 0BLBOBIB0; dS@IFMIL RdBGZOL IZMBIEBE0 109
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



83-10 bSIBDSTMA0L™ b58IC60IFI-BIT603IF0 36 BIFIEGNS “VISRM)S 3IIG6IMB0L, d5GIFMs

RHG3ZOL, SBINBIIBIGOLS RS 3FI6IBRMIOL MS5653IR@M3T 3@MI3RIFIH0O”

25 — 27 03%°060, 2021 V.

Taoéauna 4

O000meHHbIe MapaMeTpsbl NIPUPOAHO-KIUMATHYECKHX YCJI0BHUI, BIUSIOIUX HA ¢opMUpOBaHue ceJleil
no cyobexktam P® B npegenax CesepHoro Kapkaza

. Cpeanero- Cpennero-
3aeceHHOCTH Cpennmii
Hnomann N IoBast IoBast
ropHoi Cpennee YKJIOH
Cy0bexT oJieJeHe- cymMma TeMIeparyp
TeppUTOPHH, S, npeBbIlIeHne ceJIeBBIX
P® Hus, S, 0CaJIKOB B a BO31yXa B
2 (% ot nJomaaun BbICcOT, H (M) pyceJ, o . .
(xm°) conyGamicn) (%) TOpHOIH TOpHOI
pecty " 3one, h (Mm) | 30me, t (°C)
Iarecran 48 4 2413 186 850 7
Yeunst 40 17 2233 171 1000 5
Wurymerus 8 21 2025 138 1200 5
Ceneprias 286 27 2640 250 1200 3
Ocerus
Kabapamao
600 10 2740 256 1350 25
-bankapus
K -
apanacso 206 32 1350 156 1800 3.3
UYepkecust
Anpires 8 37 1300 118 1400 3.8
Cpeonee: 171 21 2100 182 1257 4

[IpumennB ypaBHenue 3 mnsi Tepputopuii peciryonmk CeepHoro KaBkaza, MBI MOJIy4aeM CyMMy
YAENBHO-ZI0NIEBBIX BKJIAZIOB TMPHUPOJHO-KIMMATUYECKAX YCIOBUHM sl KaxIOW pecryOnuku. PacderHbie
3HAYEHUs IPUBEICHBI B TabiHLe 5.

[IpocrnexxuBaeTcs 10CTaTOYHO HATJISAHAS 3aBUCHUMOCTD yI€IHHON MOPaKEHHOCTH TEPPUTOPUH CETIIMU
(Sy,) OT cyMMBI yIenbHO-IOJICBBIX BKJIAJOB NpPUPORHO-KIMMaTH4eckux yciosuil (Fy,) B pecmyOmmuxax
Ceseproro Kaskaza (xoadduuument xoppemsiquu paseH 0.9). Ilpu sToM, Hambombluass yaenbHas
nopaxennocts (0.398 km”/kM?) MMeeT MecTo Ha Tepputopun KaGapmuao-Bankapuu, rie cyMMa yaenbHO-
JIOJIEBBIX BKJIAJIOB NPHPOJHO-KIMMATHYECKUX YCIOBHH, CIIOCOOCTBYIOUIIMX ()OPMHUPOBAHHIO cened 7.44.
MeHbl1e BCero yaenbHas MOPaKeHHOCTh cemsMi oTMedaetcst B Ajpiree (0.048 kM°/kM’), COOTBETCTBEHHO I
CyMMa YIENbHO-ZIOJIEBBIX BKJIAJOB MPHUPOJHO-KIMMATUYECKUX YCJIOBUHN, BIUSIONIMX Ha CEJEBYIO
NEeSTeNLHOCTh B peciyOrKe Takke HanMeHbIast (1.62) (pucyHok 2).

Ta0nauna 5
O0001meHHbIe yaeJbHO-10J1eBbIe TapaMeTPbl NPHPOAHO-KJINMATHYECKUX YCJIOBH I, BIUSIOMIUX HA
ceJIeBYI0 AeiTeJIbHOCTD 10 cyobekTaM P® B npenenax Cesepnoro KaBskasa

YaeabHO-10/1eBble BKJIA/AbI IPHPOIHO-KJIUMATHYECKUX YCIOBUM
Cymma ynebHO-
Cyonekt PO 10JIeBbIX BKJIAJ0B
So/Seep | -(Sy/S;ep) H/Hep | a/acp | h/hep | t/tep HPHPOHO-KIHMAT.
ycaoBuid, Fy,

Harecran 0.28 0.19 1.15 1.02 | 0.68 1.75 4.69
Yeuns 0.23 0.81 1.06 | 0.94 0.8 1.25 3.47
Wurymerust 0.05 1 096 | 0.76 | 0.95 1.25 2.97
Cesepnas Ocerust 1.67 1.29 1.26 1.37 0.95 0.75 4.71
Kabapnuno-bankapus 3.51 0.48 1.3 1.41 1.07 0.63 7.44
KapauaeBo-Yepkecus 1.2 1.52 0.64 0.86 1.43 0.83 3.44
Anpires 0.05 1.76 0.62 0.65 1.11 0.95 1.62
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Puc. 2. U3menenns no cyobekram CesepHoro KaBka3a yaejibHOH NOPAaKeHHOCTH TEPPUTOPUH CeJISIMHU B
3aBHCHMOCTH OT CYMMBI Y/IeJIbHO-/10JIeBbIX BKJIA10B MPHPOJIHO-KJIMMATHYECKHX YCJI0BHIi, CNIOCOOCTBYIOIMX
¢opmupoBanuio cenei

BbIBO/IbI

Takum oOpazom, kaxnaas pecryonnka CeBepHoro KaBkasza mMmeer mpucyniyie TOJIBKO € MPUPOJTHO-
KIIMMaTHYECKHE YCIOBUS, CIIOCOOCTBYIOIINE WM MPEMATCTBYIOIINE TIporieccaM ceneodpasoBanusi. CeneBas
NEeSATeNILHOCTh Ha WX TEPPUTOPHH OOYCIIOBICHA CyMMapHBIM COYETaHHEM IPUPOTHO-KIMMATHYECKUX
YCIIOBUW, MEPEUMCIICHHBIX BbilIe. [IpUBENEHHBIM aHaAIW3 paclpe/esieHus CEeNeBOM JEeATeIbHOCTH TI0
tepputopun CesepHoro Kaskaza monareepikaaer BbickazaHHoe B.A. TI'epacumoBbeiM B 1974 romy [9]
MPEIONI0KEHNEe, YTO MHTEHCHBHOCTh CEJICBOM JESATENBHOCTH, TJIABHBIM 00pa3oM, 3aBHCUT OT COYETaHUS
MIPUPOTHO-KITMMATHYECKUX YCIOBUH paifoHa, 9TO TaKKe OTMEYEeHO U B MoHOorpadun «OmnacHble IpUPOTHBIE
npoueccel CeepHoro Kaskaza» [10]. Hamm wuccnenoBaHusi MO3BOJWIM HE TOJBKO HOITBEPAUTH 3TO
MIPENIONIOKEHHE, HO M JIOKa3aTh KOJHMYECTBEHHO TECHYIO CBS3b CEJIEBOM JESTENbHOCTH C MPHUPOIHO-
KJIIUMAaTUYECKUMH YCIOBUSIMH.
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Science of earth

REGULARITIES IN THE DEVELOPMENT OF MUDFLOW ACTIVITY ON THE
NORTHERN SLOPE OF THE GREATER CAUCASUS

Kondratieva N., Adzhiev A., Razumov V., Uzdenova A.
High-Mountain Geophysical Institute
Nalchik, Russia

Annotation. In work, on the basis of collected and generalized materials on mudflow topics, some
features of the development of mudflow activity on the northern slope of the Greater Caucasus are shown.

It is proved that the most favorable natural and climatic conditions for the formation of mudflows are
formed in the Central Caucasus, where the main glacial massifs are concentrated and high precipitation is
recorded, as well as there is a complex relief, large absolute and relative heights of the slopes. In the Eastern
Caucasus, the decrease in the area of glaciations and total hydration is compensated by the wide spread of
readily eroded clay shapes and other sedimentary rocks, as well as the dominance of steppe and semi desert
landscapes, which ensure a rapid drain of surface waters. Therefore, mudflow activity here is also quite high.
In the Western Caucasus, which is characterized by small absolute slope heights, as well as a high degree of
forestry, the mudflow activity is the least.

For the first time, the correlation of the specific damage to the territory with mudflows was revealed
(the ratio of the total area of the mudflow basins to the area of the territory of the subject of the RF in
guestion - the share of the territory where the mudflows can go) with the amount of specific shares of natural
and climatic conditions in the subjects of the Russian Federation within the North Caucasus.

Keywords: mudflow basin, glaciations, conditions, mudflow activity, specific coverage of the area
with mudflows.
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Construction and Environmental Protection

POSSIBLE BENEFITS OF ENERGY EFFICIENCY MEASURES
ON THE EXAMPLE OF RESIDENTIAL BUILDINGS

Lis A., Lis P.
Czestochowa University of Technology
ul.. Dabrowskiego 69, 42-200 Czg¢stochowa, Poland
E-mail: anna.lis@pcz.pl, piotr.lis@pcz.pl

Annotation. Increasing the energy efficiency is one of the pillars of sustainable development in
construction. Among the pro-energy efficiency measures most significant are projects related to proper
shaping of the energy performance of erected buildings, as well as improving the characteristics of existing
buildings. In Poland, households are the largest heat recipients; therefore, based on the example of residential
buildings, an analysis was made of the benefits of thermal modernization projects increasing the energy
efficiency of buildings. The basic benefits relate to economic issues associated with the reduction of fuel,
water and electricity consumption, and thus incurred fees. The benefits also refer to reducing the amount of
air pollution, improving indoor microclimate conditions and user safety, as well as eliminating energy
poverty and stimulating public awareness of measures for energy efficiency.

Keywords: energy efficiency, residential buildings, environmental protection, thermal and living
comfort, energy poverty, social exclusion, stimulating public awareness.

INTRODUCTION

Retaining the current level of production and living standards, with simultaneous care for the
environment and good health of societies, is possible through the rational management of energy resources.
The increase in energy consumption in recent years has led to a significant depletion of natural resources and
environmental pollution. In Europe the implementation and operation of buildings consumes 40% of total
energy consumption and in the US about 65%, about 70% energy consumed in the building is allocated to
heating and hot water preparation [1, 2]. Energy consumption in results in Europe in 36% of greenhouse gas
emissions to the atmosphere and in US about 30% [3, 4]. In view of the constant increase in energy demand,
it is believed that saving and using it efficiently is an alternative and significant source of energy. The
introduction of innovative technologies and solutions and the gradual adaptation of the existing building
resources to the standards of energy-efficient construction combines energy and economic benefits with care
for the comfort of users and limiting the negative impact of buildings on the environment.

Admittedly the share of energy consumption for heating in the overall energy consumption balance is
steadily decreasing, in recent years, which is associated with the introduction of increasingly stringent
requirements in terms of thermal insulation and energy saving, installation of more efficient heating devices
and intensification of activities in the field of thermal modernization of buildings because in the framework
of the development EU countries, constantly aims to increase energy efficiency, reduce greenhouse gas
emissions and implement low carbon policy as well as increase the share of renewable energy in overall
energy consumption [5-9]. Renewable energy can supply two-thirds of the total global energy demand, and
contribute to the significant greenhouse gas emissions reduction [10-11]. It is estimated that the annual
energy savings achieved through thermal modernization of buildings may in 2030 reach 26% of consumption
from 2013 [12]. This will not only economic but also the environmental, utility and social benefits [12-15].
Implementation of the energy efficiency program brings already measurable benefits. Figurel presents
cumulated energy savings since 2000, which illustrate how much higher energy consumption would be in a
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given year if improvements in energy efficiency were not introduced [16].
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Fig. 1. Cumulated energy savings [16]

According to expert estimates from Buildings Perfomance Institute Europe, the total net social benefits
of implementing a deep thermal modernization program by 2045 could reach about 170 billion euros [12].
Energy efficiency, low-carbon economy and renewable energy, would result in emissions reductions of 48-
58% by 2030 and of 95% by 2050. It has been estimated also that the potential for reducing carbon dioxide
emissions in operation of buildings up to 2030 is 3,7 Gt.

It is estimated that households are the largest heat consumers; their share in the heat consumption
market is about 50% [17]. Bearing in mind the implementation of energy efficiency and the principles of
sustainable development in building construction, the effects of reducing energy consumption in the group of
residential buildings were analyzed.

1. Residential buildings

Residential buildings had a significant share in the total national consumption of energy in Poland. In
2018, this share was at the level of 18.2%. Poland belonged to the group of EU countries in which the share
of households was relatively high, 19% and more of the total national consumption occurred in 10 countries,
with the average of 17%. In average terms, households used approximately 21.3 GJ of energy per 1
inhabitant, which places Poland slightly below the average European level of 23.6 GJ/1 Ma. Less energy per
1 inhabitant is mainly consumed by households in the southern European countries. Due to multidirectional
activities comprising, among others, thermal modernisation, stricter construction standards and an improved
efficiency of heating appliances, the share of energy used for space and water heating in the consumption
structure decreased however, it still remains significantly high. In 2018, nearly 65% of energy was used to
heat rooms. Energy consumption in residential buildings by directions of use in the years 2002-2018 is
presented in Table 1.

Table 1
Energy consumption by directions of use in the years 2002-2018 [17]
Directions of use 2002 2009 2012 2015 2018
PJ % % % % PJ %
Space heating 544 71.3 70.2 68.8 65.5 543 65.1
Water heating 115 15.0 144 14.8 16.2 139 16.6
Cooking 55 7.1 8.2 8.3 8.5 71 8.5
Lighting 50 6.6 7.2 8.1 9.8 82 9.8
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In the structure of energy consumption in residential buildings in Poland, the most important are solid
fuels, mainly hard coal (36.5%) and wood (28.8), which is an exception in the European Union (Fig. 2.).
They were the most frequently used for space heating and also for water heating. A very important energy
carrier is heat from the network (40.4%), mainly in large cities, where it was the dominant heating medium
(58.3%). Moreover, 31.5% of households, i.e. 78.2% of district heating consumers used heated water from
the network.

Total energy
Electricity
District heat

Natural gas

Light fuel oil
Hard coal

Solid biomass

Other energy commodities

0 10 20 30 40 50 60 70 80 90 100%

- Poland - EU-15 Other countries

Fig. 2. Share of Poland, EU-15 and the other EU countries in the EU-28
energy consumption in 2018 [16]

Natural gas was used in 55.7% of households, but more than half of consumers (51.9%) used it only
for cooking, and only 14.0% for space heating. Fuel wood was used by 29.9% of households. It was the only
renewable energy commaodity used by households on a massive scale. Apart from fuel wood, households also
used other types of biomass, though they were far less common than wood. Solar collectors were used by
one out of 52 households, and heat pumps by as few as one out of 200. Electricity was mainly used for
lighting as well as electrical appliances and electronic devices. The use of electricity for heating purposes
was insignificant (5.1%), due to high prices.

A significant part of the residential buildings in use in Poland was built before 1990. Therefore, the
thermal insulation of their building envelope and window and door joinery significantly differs from the
current requirements of thermal insulation, which causes significant heat losses. The requirements for the
heat transfer coefficient value in the following years in Poland are presented in Table 2. (own study based on
legal acts and standards).

Table 2
The requirements for the heat transfer coefficient value in the following years in Poland

Heat transfer coefficient, W/(m°K)
Years Walls Ceilings above Ceiling uhder Flat roof Windows DOOFS
basements the attic or roof
1955-1975 1,163 1,163 1,04 0,87 - -
1976-1982 1,163 1,163 0,93 0,70 - -
1983-1991 0,75 1,16 0,40 0,45 2,6;2,0 3,0
1992-1997 0,55 0,60 0,30 0,30 2,6;2,0 3,0
1998-2008 0,30 0,60 0,30 0,30 2,6;2,0 2,6
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2009-2013 0,30 0,45 0,25 0,25 1,8;1,7 2,6
2014-2016 0,25 0,25 0,20 0,20 13 1,7
2017-2020 0,23 0,25 0,18 0,18 11 1,5
from 2021 0,20 0,25 0,15 0,15 0,9 13

High energy consumption of residential buildings and fuel economy based mainly on coal, often of
poor quality results in a significant emission of air pollutants into the atmosphere especially particulate
matter PM 2.5, benzo(a)pyrene and nitrogen oxides. Air pollution shortens the lives of the average EU
citizen by more than 8 months, and the Polish residents additionally by 1-2 months and causes the premature
death of about 46,000 people in Poland every year. This is 10 times more than in the case of road accidents
[18-21].

Given the significant heat consumption in residential buildings and their negative impact on the
environment, particularly due to low carbon emissions and the phenomenon of smog, including this group of
buildings in the program of deep thermal modernization will bring measurable benefits resulting from the
reduction of energy consumption. This will not only economic but also the environmental, utility and social
benefits [12-15].

2. The potential benefits of deep thermal modernization

The potential benefits of deep thermal modernization were analyzed for a group of multi-family
residential buildings built in the 1950s, 60s and 70s of the 20th century. The economic benefits resulting
from the energy effects associated with the reduction of fuel, water and electricity consumption are, above
all, the reduction of charges incurred for the use of buildings, but also the increase in economic development
in sectors related to thermal modernization, including the number of new jobs or the reduction of expenses
for improvement public health and the state and protection of the environment. As a result of the thermal
modernization, the final energy demand for heating, ventilation and hot water preparation could be lowered
for this group of buildings by 40-75%. The average usable floor space of a flat in Poland is 78.2 m?. The
average annual energy consumption in a household is 84 GJ and its cost is about 1000 euros [17]. Reduction
of energy demand in the analyzed group of buildings will cause an average of about 30-60% decrease in fees.
After thermal modernization the consumption of water and also electricity was decreased.

Environmental benefits are associated with the reduction of emissions into the atmosphere of harmful
substances from the combustion of fuels, primarily solid, used to generate energy. High pollution of the natural
environment by combustion products leads to negative changes in the Earth's climate and the deterioration of
the quality of life and human health, and an increase in mortality. Harmful substances for environment and
humans, that especially increase the risk of cardiovascular and respiratory diseases or death are above all
particulate matters PM10 and PM2.5, polycyclic aromatic hydrocarbons, e.g. benzo(a)pyrene, dioxins, sulphur
dioxide, nitrogen oxides, carbon monoxide, carbon dioxide, as well as heavy metals [22, 23]. Poor air quality is
particularly troublesome during the heating season. The dominant causes of the exceedances are emissions
related to individual heating, the so-called low emission, i.e. emission from fuel combustion in stoves and
domestic boilers. Pollutants introduced into the air as a result of low emissions accumulate around the place of
their production and are, under unfavourable weather conditions, the cause of the formation of smog.

The policy of the European Union in the field of reducing the emission of harmful substances into the
atmosphere has brought tangible effects, but concentrations of air pollutants are still too high. It is estimated
that around 95% of European city inhabitants are exposed to pollutants at concentrations higher than levels
considered harmful for health [20]. According to the 2019 WHO report about 90% of Turkish, 83% of
Bulgarian and 72% of Polish cities exceed the air quality standards [24]. Among the 50 cities most polluted
with PM2.5 in the EU, 36 were in Poland (41 pg/m3), 7 in Bulgaria (the highest value is 42 pg/m3), 5 in
Italy (31 pg/m3) and 2 in the Czech Republic (33 pg/m3). Compared to other European Union countries, air
quality in Poland is considered rather dangerous.
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At the time of Poland's accession to the European Union, the air quality significantly differed from
European standards and in recent years it has not improved to a satisfactory degree [18, 20 and 22]. The
highest number of exceedances of the critical values is recorded for benzo(a)pyrene (Fig. 3) and particulate
matters (Fig. 4).
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Fig. 3. Observed daily concentrations of PM10 in 2018 [20]
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Fig. 4. Observed annual concentrations of BaP in 2018 [20]

Thermal modernization combined with the replacement of low-efficiency heat sources with non-
renewable fuels, as well as an increase in the share of renewable energy sources in its production, may
significantly reduce the emission of greenhouse gases and other harmful substances, in particular so
dangerous particulate matters PM 2.5 and PM 10 and benzo(a)pyrene. Air pollution related to the common
burning of garbage in individual furnaces and solid fuels with a low calorific value will decrease too.
Reduction of energy demand, and thus the amount of fuel necessary to it produce (hard coal was accepted for
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district heating) translated into the reduction of burdensome emissions into the atmosphere. The percentage
reduction in emissions of individual substances into the atmosphere when leaving coal as an energy source
after thermal modernization is shown in Figure 5. The use of gas would make result in almost 98-100%
reduction of certain pollution to the atmosphere.

o

% 10% 20% 30% 40% 50% 60% 70% B80% 90% 100%

Fig. 5. Percentage reduction in emissions of individual substances [own research]

The utility benefits are associated with the improvement of the quality of the indoor environment,
thermal comfort and living comfort. An improper condition of the indoor environment can lead to the
phenomenon of sick building syndrome. Prolonged stay in such an environment causes and intensifies the
symptoms associated with the malfunctioning of the body and leads to its weakness or disease. The results of
research conducted among residents regarding the conditions of interior microclimate and thermal comfort of
people also indicate a significant improvement in the room's environmental conditions and the feelings
associated with being in them. An increase in indoor air temperature and a decrease in air humidity were
observed. High humidity is unfavourable due to energy saving. Occasionally moulding on the internal surface
of the envelope has disappeared. The conditions of thermal comfort of the inhabitants were also radically
improved. Before carrying out thermal modernization works, as much as 70% of residents indicated the
inadequate condition of the indoor environment (Fig. 6).
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Fig. 6. The conditions of thermal comfort of the inhabitants [own research]
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During the research, the sick building syndrome symptoms were noted in people staying in the rooms,
which they identified with longterm staying in a given environment. The study was based on guestionnaires.
The occurrence of symptoms in the studied population of people before and after thermal modernization is
presented in Table 3.

Table 3
Sick building syndrome symptoms among the residents [own research]

Percent symptom occurrence
Sick building syndrome symptoms Before thermall After thermal
modernization modernization
Malaise 37.9 17.4
Difficulty in concentration 26.7 42.1
Fatigue and sleepiness 23.6 41.2
Flu-like symptoms 29.2 9.9
Headache 35.6 30.4
Itching and dry skin 14.1 11.2
Eye irritation 21.6 74
Throat irritation, cough 46.7 175
Nose irritation, rhinitis 39.5 25.6

Some of the sick building syndrome symptoms such as above all flulike symptoms or nose irritation
and rhinitis partly receded after thermal modernization. Increased fatigue, sleepiness and difficulty in
concentration may be related with overheating of the rooms, excessive tightness of windows or the growth of
level of carbon dioxide in the rooms.

An important aspect of thermal modernization, especially in buildings with a low technical standard, is
the increase in the value of housing resources and the building itself, as well as their attractiveness related to the
possible sale as well as the aesthetics of the building and its surroundings. As a result of the thermal
modernization works, there was an improvement in safety related to the elimination of individual heating
sources and the risk of poisoning from inefficient smoke and ventilation ducts. In individually heated
buildings, the creation of a central heating system and hot water preparation has contributed to the
improvement of the standard of flats and the quality of their use, which is especially important for the
elderly. The elimination of individual heating sources has contributed to increasing the cleanliness of the
rooms and reducing the costs of renovating them. In general, residents rated the quality of housing use before
thermal modernization as unsatisfactory (51.3%) and poor (12.3%). After the thermal modernization works,
the majority of residents assessed the quality of housing use as very good. As a result of the renovation of the
facade, thermal modernization activities brought an aesthetic effect, which was further strengthened as a
result of ordering the environment and its greening, made thanks to the involvement of the residents
themselves. The works carried out the standard of the apartments and the whole facility, contributing to the
increase in the value of the apartments as well as the attractiveness for their sale.

Social benefits are primarily associated with the reduction of energy poverty, stimulating public
awareness of energy-saving activities and social exclusion. Leading activities related to deep thermal
modernization of the building structure, especially within degraded areas, can be a positive element
conducive to urban regeneration.

Conducting a deep thermal modernization of the building allowed to reduce the costs associated with
its operation, which undoubtedly improves the financial situation of the poorer residents. An increase in fuel
prices could lead these inhabitants to energy poverty, which occurs when the costs of ensuring an adequate
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indoor temperature in winter and summer exceed 10-20% of the household budget.

Preparation, implementation and use of the results of a thermal modernization project may also result
in a number of beneficial elements in the area of functioning of the local community. The social awareness
and activity of the inhabitants are stimulated; they are more willing to take care of the common property,
which is the renovated building. The implementation of energy-efficient solutions favours the energy-saving
and ecological attitude of residents and is a model for the owners of neighbouring residential buildings.
Exemplarily implemented thermal modernization projects can become an impulse to stimulate this type of
activities among building owners and administrators, especially in smaller, often more integrated local
communities.

SUMMARY

Activities related to improving energy efficiency perfectly fit into the idea of sustainable development,
which assumes satisfying the basic needs of society as well as preserving, protecting and restoring the proper
condition of the Earth's natural environment. Conducting deep thermal modernization not only allows for
rationalization of energy consumption or reduction of building operation costs, but at the same time
minimizes the harmful impact of the building on the environment, resulting from the use of natural resources
and the emission of harmful substances generated in the process of fuel combustion to the atmosphere,
improves the condition of the interior environment, increases its comfort use and brings numerous benefits in
the social sphere.

The possible benefits of measures improving energy efficiency on the example of residential buildings
are presented. The problem of non-compliance with applicable requirements in the field of thermal
protection of buildings is extremely important as it currently concerns a significant part of existing housing
resources. In addition to the economic benefits resulting from the obtained energy effect, thermal
modernization activities have contributed to the improvement of the outside air quality, interior
microenvironment and thermal comfort of people, as well as to the increase in the standard of use of
buildings and the quality of life of their residents. Improving the comfort and safety of use is important
especially for people in elderly age, who are often the majority of residents of buildings with particularly
unfavourable energy parameters. Creating one boiler room in a building prevents the combustion of all kinds
of plastics or rubber waste, so commonly practiced by individual furnace users, which is a source of highly
toxic, polycyclic aromatic hydrocarbons, dibenzofurans or dioxins. This contributes to the increase of
ecological awareness of the local community in the scope of reducing environmental pollution by products of
combustion during heating of buildings. Thermal modernization was particularly beneficial for people with
lower incomes. Conducting thermal modernization allows radically reducing operating costs and thus
improving the financial situation of poor social groups, eliminates the phenomenon of energy poverty, and
also increases the value of owned property. An underestimated effect of thermal modernization was also the
possibility of a beneficial effect on the consolidation and stimulation of the activity of local communities.
Thermal modernization can also be an impulse to undertake revitalization activities.
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Climate change of water resources

GLOBAL CLIMATE CHANGE AND ITS REGIONAL
IMPACTS IN AZERBAIJAN

Mahmudov R., Suleymanov M.
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H. Javid ave. 115, Baku, Azerbaijan
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Annotation. The article provides a research analysis of climate change in Azerbaijan based on
scientific-historical and real hydrometeorological data. All the analyses made based on real data and uses
stationary observations on meteorological network of Azerbaijan. The meteorological network covers all
mountain areas, with various attitudes. Climate change impacts on a river flow were assessing makes
statistical analyses. The real results obtained based on long-term observations and scientific facts have
theoretical and practical significance and can be used in developing mitigation and adaptation measures.

Keywords: temperature, precipitation, climate change, river flow trend, hydrometeorological
observations orography, oceans and seas.

INTRODUCTION

From this point of view, it is not accidental that the problems related to climate change have a special
place on the agenda at any high-level international event. Along with numerous examples of this, with the
participation of world governments and heads of state, international organizations, scientists, and experts, in
recent years only in Paris (in 2015, the 21st International Conference on Climate Change in Paris with 196
countries participating) the Paris Protocol is adopted to commit to the use of alternative energy sources to
keep it at a low level) and the international events held in Madrid in 2020. All this shows that if there are two
natural problems in the world today that need to be addressed in the face of civilization, one is climate
change and the other is the problem of freshwater supply. In general, the problem of modern climate change
must be solved in a system of facts, causes, possible scenarios, and forecasts.

MAIN PART

Global climate change - chronicle, causes, consequences

It is known that changes in the Earth's climate system are of both natural and anthropogenic origin.
Even in the absence of human civilization on Earth, periodic changes took place in the Earth's climate 2426-
2460 million years ago. As a result, periods of glaciations and warming in the history of the Earth have
always replaced each other. 17,000 years ago, due to changes in the Earth's axis and rotation around the Sun,
as well as the influence of physical processes on the Sun, the ice age stopped, ocean temperatures rose to 120
m, ocean currents changed and the famous Gulfstream current was restored. At the end of the glacial period
10,000 years ago, a period of flooding occurred on land, changing the map of the world's land and water
areas, creating several seas (Baltic), bays (Hudson), lakes (North America), the formation of flora and fauna
in what is now the Sahara has been [6,7].

However, there is ample scientific evidence that volcanic eruptions, the polarization of the Earth's
poles, the Earth's imaginary axis, and periodic changes in motion around the Sun cause periodic changes in
the Earth's climate system as natural factors. At present, modern climate change is synthesized by
anthropogenic factors in addition to natural ones. As a result of such effects, heat exchange and heat-energy
balance in the atmosphere-ocean system change. This, in turn, leads to strong hurricanes over the Atlantic

122 G. 30@GHIRBN LOLIRMBOL YISRMS 3IIAE6IMB0L 06LB0BDIB0; dS@EIIIL RSG3OL I3MGBIBBE0
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



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

25 —27 July, 2021

Ocean, which has a greater impact on North and Central America, and events such as EL-Ninyo and LA-
Ninya, which are characterized by positive and negative temperature anomalies in the Pacific Ocean.

As a result, there are changes in the direction of hot and cold currents in the oceans and seas (for
example, the recent changes in the flow of the Gulfstream current, which plays a special role in shaping the
European climate [2]). Rising temperatures on the ocean surface were greater than thousands of years ago
and led to an increase in hurricanes during the same period. So today, rising temperatures on the ocean and
sea surfaces will lead to an increase in such hurricanes. This, in turn, can lead to abnormal atmospheric
processes in any region of the world, including strong hurricanes, floods, desertification, forest fires, extreme
temperatures, and so on causes such phenomena as.

Global warming is leading to a sharp decline in the snow and ice cover of the continental and land
areas, which is considered the white cover of the world, which in turn leads to overheating of the land
surface and a decrease in soil moisture and temperature. Thus, the reduction of the white cover reduces the
reflection of incident direct solar radiation, converting it from the returning beam to the absorbed beam.
Rising temperatures and declining humidity in the earth's crust affect the overall productivity of forest cover
and plants by increasing their need for water. Research by scientists’ shows, that rising temperatures in the
world's oceans and seas reduces the amount of oxygen there, which affects the living world of the oceans and
seas. NASA scientists have compiled maps showing the depletion of oxygen in the world's oceans and seas.

According to the World Meteorological Organization (WMO), the 20th century is the hottest in
history, the first and second decades of the 21st century are the hottest in history, and the last 4 years (2015-
2019) have been the hottest. 20 of the last 22 years in the world were the hottest years, and the hottest period
in the last 1500 years was 2016-2018. In the history of Antarctica, a record maximum temperature (+18.3 °C)
was observed on February 6, 2020. Extreme temperatures around the world, historical highs and lows are
updated almost every year. All this once again reflects the reality of climate change on our planet.

Climate changes in Azerbaijan

Climate changes cause negative effects in various sectors of the economy of Azerbaijan [2] due to
natural hazards caused by climatic patterns [2]. In Azerbaijan the maximum, minimum, average daily,
monthly, seasonal, etc. recorded during the periods of historical instrumental meteorological observation new
records are observed in temperature indicators. In 2018, which is considered one of the hottest years in the
world, the historical maximum temperature of + 43°C in the country was renewed and amounted to + 46.2°C
[10].

The average daily maximum temperature in Baku in 1991-2019 was +0.8 °C higher than in 1961-
1990, and the number of days when the maximum air temperature was above 35°C was 81 days (1961-1990)
and 260 days (1991-2019) in Baku. The number of days when temperatures below zero degrees were
observed in Khinalig in 1992 was 140 days, while in 2010, one of the hottest years, it was only 38 days.
Similar anomalies are observed in other temperature indicators.

To conduct a comprehensive analysis of climate change in Azerbaijan, data from 95 hydrological
stations of 57 meteorological stations located in different regions and at different heights of the country (30
of which are automatic meteorological stations) were used, and comparative, statistical methods were used in
the study. It should be noted that the temperature and precipitation data, which are the main meteorological
parameters and better characterize climate change, are based on a comparative statistical analysis of the
period after 1991, with the cyclical base recommended by the World Meteorological Organization (1961-
1990). To determine the trend of change of temperature and precipitation indicators in Azerbaijan, their
analysis was carried out in the range of different heights and different territorial units. All of these are given
in Tables 1, 2, and 3, respectively.
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Table 1
Compared to the multi-year norm (1961-1990) of temperatures at different altitudes in the territory of
Azerbaijan in 2007-2019 change °C

Elevation intervals, m
i On the territory of the republic
Periods <0 [1-200 [201-500 [501-1000 [>1000
Perennial norm 146 | 143 13.3 11.9 7.8 12.3
Medium multiplicity 154 | 154 14.5 12.7 9.1 13.3
2007-2019
Growth relative to the perennial norm | +0.8 | +1.1 +1.2 +0.8 +1.3 +1.0

As can be seen from Table 1, the temperature increase in the country compared to the multi-year norm
in the period 2007-2019 is +1.0 °C. The highest increase in elevation intervals falls to altitudes over> 1000 m
(+ 1.3°C). However, the highest annual temperature increase for the period 2007-2019 was in 2010 (+ 1.3°C),
2012 (+ 1.3°C), 2014 (+ 1.3°C), 2015 (+ 1.5°C), It fell to 2018 (+ 1.8°C) and 2019 (+ 1.5°C). In general, 2018
has gone down in history as the hottest year in the world during the entire observation period, and this has
manifested itself in Azerbaijan as well. In other words, the highest annual temperature increase in the
country (+ 1.8°C) and the historical maximum temperature (+ 46.2°C) was observed in 2018. In 2007-2019,
only in 2011, there was no increase in temperature in the country compared to the perennial norm (0°C).

Table 2
Temperature changes in different regions of Azerbaijan in 2007-2019 compared to 1961-1990 °C

Regionlar On the
Periods Absheron- | Lankaran- Greater Lesser Kura- | Nakhchivan Republic
Gobustan Astara Caucasus | Caucasus Araz AR
Norma 14.5 12.9 10.7 9.2 14.3 12.4 12.3
1961 -1990
Average 15.3 13.8 11.4 10.4 15.5 135 13.3
perennial 2007-
2019
Growth relative +0.8 +0.9 +0.7 +1.2 +1.2 +1.1 +1.0
to the perennial
norm

As can be seen from Table 2, the highest temperature rise in the regions is in the Kura-Araz and the
Lesser Caucasus (+ 1.20C), and the lowest in the Greater Caucasus + 0.7°C. In 2018, a sharp temperature rise
was observed in all regions. Thus, + 1.4°C in Absheron-Gobustan, + 1.7°C in Lankaran-Astara, + 1.1°C in
the Greater Caucasus, + 1.6°C in the Lesser Caucasus, 16.2°C in the Kura-Araz, + 2.8°C in Nakhchivan AR,
and + 1.8°C in the republic has been. This increase in the regions reflects its regularity for the multi-year
period (2007-2019), respectively. In the Nakhchivan region, which is characterized by its hot continental
climate, a record temperature increase of + 2.8°C was observed compared to the perennial norm. Figure 1
shows the trend of the average annual temperature in the country for 2007-2019 and its difference from the
multi-year norm (1961-1990).
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Fig. 1. Multiple courses of average annual temperatures and norm (1961-1990) in Azerbaijan

Table 3
Distribution of precipitation in the territory of the Republic of Azerbaijan on the interval of different
heights about the multi-year norm, in mm

Elevations, m On the
Years territory of
<0 1-200 201-500 501-1000 >1000 the repu);)Ii c
Norma 334 327 478 534 639 476
1961- 1990
Average perennial 364 332 404 631 630 466
2007-2019
Change relative to the +30 +5 -74 +97 -9 -10
perennial norm

As can be seen from Table 3, there is no significant difference in the increase or decrease of
precipitation in the country compared to the multi-year norm. In 2007-2019, precipitation decreased by only
10 mm compared to the long-term norm.

In the height intervals, the highest precipitation increase is observed in the range of 501-1000 m (97
mm), and the decrease is observed in the range of 201-500 m. The highest increase in precipitation (110 mm)
in the country compared to the long-term norm was observed in 2016, and the largest decrease was observed
in 2017 (101 mm). It is noteworthy that in all altitude intervals for 2007-2019, precipitation increased or
decreased compared to the norm in some years, while in the 201-500 m altitude range, only a decrease was
observed in all years.

During the entire observation period, the maximum decrease in precipitation compared to the norm in
2013 (186 mm) and 2017 (260 mm) falls on this height range (201-500). Maximum precipitation increases
were recorded in 2011 in areas below <0 m (178 mm) and in the same year in the height range of 501-1000
m (288 mm). In 2011, as noted, no increase in temperature was recorded in the country. It is this regularity
that has shown itself in the largest increase in precipitation in 2011. In other words, the low temperatures in
2011 and the corresponding heavy rainfall are regular. Figure 2 shows the multi-year precipitation trend and
multi-year norm (1961-1990) in the territory of Azerbaijan for 2007-20109.
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Fig. 2. Multiple courses of average annual precipitation and norm (1961-1990) in Azerbaijan

Table 4
Shows the maximum temperatures observed in recent months (2017, 2018, 2019) due to the impact of
regional climate change in the territory of Azerbaijan in 2017, 2018 and 2019.

a) 2017
Temperature indicators | 1 11 v |V VI | VI | VI IX X Xl | Xl
Tmax, °C 20 | 22 | 26 | 30 | 36 | 40 | 42 | 43 | 41 | 31 | 23 | 20
Average monthly temperature
change relative to the perennial | =+ _ + + + + + + + + + +
norm
b) 2018
Temperature indicators | 1 m | v | v [ VI |V |V IX | X | Xl | Xl
Tomax 'C 16 | 20 | 28 | 29 | 37 | 42 | 46 | 42 | 37 | 35 | 24 | 19
Average monthly temperature
change relative to the perennial + + + + + + + + + + + +
norm
C) 2019
Temperature indicators | 1 11 v \Y% VI | VI VI IX X Xl Xl
|
Trmax, 'C 20 | 18 | 25 | 31 | 37 | 42 | 42 | 42 | 37 | 32 | 24 | 21
Average monthly emperature
change relative to the perennial + + + + + + + - + + + +
norm

In 2017, only in February there was a decrease in average monthly temperatures, in January, October
and November there was an increase in some regions and a decrease in others.

As the hottest year in 2018, there was an increase in temperature in all months, only in April and
December, along with an increase, a decrease was observed in some regions.

In 2019, a decrease in average monthly temperatures was observed only in August, and an increase
and decrease in April and December.
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Regional climate change has also affected the country's river and water resources, regime, and annual
flow. Thus, a decrease in the maximum water consumption (Qmax) was observed in the annual flow of rivers
(Clay) in most countries.

There is an increase mainly in the minimum currents (Qmin) of the winter solstice. This is mainly due
to the increase in mid-season temperatures in the winter months, which increase the melting of snow and
water resources during the winter months, as well as increase the flow of the dry season [4.8]. An example of
this is the trend charts showing all three processes at the Kur-Giragkesemen border checkpoint, the largest
river in the area (Figure 3).
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Fig. 3. Dynamics of change of average, minimum, maximum water consumption of rivers

Global climate change is having a greater impact on the cryosphere, primarily on the world's snow
cover, leading to serious disruptions in their morphological structure and a decrease in glacial masses. This
process, which takes place in the glaciers of the world, is also observed in the main glaciers of Azerbaijan.
This is clear from both satellite photography and the results of expedition research. In 1986-2016, the
Shahdag glacier area of Azerbaijan decreased by 0.17 km2, and the Bazarduzu and Tufandag glacier areas
decreased by 0.04 km?.
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RESULTS AND DISCUSSIONS

1. The average multi-year temperature increase in the territory of Azerbaijan for the period 2007-2019 is +
1°C relative to the multi-year norm;

2. The maximum temperature increase occurs at altitudes above> 1000 m (+ 1.3°C) and the lowest at 0 m
(+ 0.8°C);

3. The highest temperature increase in the country was observed in 2018 (+ 1.8°C). During the entire
observation period, the historical maximum temperature (+ 46.2°C) was recorded in 2018. In the same
year, the temperature rise at an altitude of> 1000 m was + 2.3°C;

4. Seasonal changes in temperatures increase in most seasons except spring;

. The highest temperature increase by regions is observed in Nakhchivan and Kura-Araz;

6. Although no significant change in the distribution of precipitation was observed (there was only a 10 mm
decrease compared to the multi-year norm), both increase and decrease were observed in all altitude
intervals for the period 2007-2019. The maximum average increase is 97 mm in the height range of 501-
1000 m, and the maximum decrease is 74 mm at the height of 201-500 m. However, in the 201-500 m
elevation range, only a decrease in precipitation is observed during 2007-2019;

7. In 1961-1990, the number of days exceeded 35°C in Baku was only 92 days, while in 1991-2019 the
number of such hot days was more than 3 times 280 days;

8. There is a decrease in the maximum and annual flow of rivers during the turbulent and flood periods.
Rivers with an average basin height of more than> 1000 m have an opposite increase in the winter flow
period, which is due to the increase in the average winter temperatures and the corresponding role of
snowmelt water;

9. Due to the regional effects of global climate change, the area of Shahdag glacier, one of the high
mountain glaciers of Azerbaijan, decreased by 0.17 km? and Bazarduzu and Tufandag glaciers
decreased by 0.0.4 km?
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Water management

CURRENT PROBLEMS OF WATER USE AND WATER PRODUCTIVITY
IMPROVEMENT IN THE REPUBLIC OF ARMENIA

Markosyan A."?, Avanesyan E.", Matevosyan E.?, Martirosyan T."
Y Shushi University of Technology
2 Yerevan State University

Annotation. For both the world and the national economy, the problem of rational and efficient use of
natural resources is a cornerstone problem, the solution of which is associated with ensuring sustainable
economic growth and increasing the country's Gross National Product (GNP). Among the main issues of
socio-economic development and environmental protection is the study of fresh water resources and
indicators of its effective use.

The authors, examining the problems related to the use of water resources in Armenia over the past 20
years, in particular, the quantitative indicators of water withdrawal, use by various sectors of the economy
and based on the types of economic activity, quantitative indicators of water losses, as well as indicators of
the productivity of water use, come to the conclusion that the studied industry needs radical reforms aimed at
achieving the goals of rational and efficient use of water resources.

Keywords: water resources, water intake, water use, fresh water, water productivity.

INTRODUCTION

The development of the global economy, as well as the economies of individual countries, today
and particularly in the near future, is largely conditioned by the availability of water resources. Not rare
are cases when water scarcity obstructs the further socio-economic development of both a separate
group of regional countries and individual economies. The growing demand for fresh water sends new
serious challenges both worldwide and in most countries. Water as a vital important resource is the
most unique natural resource on the Earth due to its irreplaceable ability. Though the Republic of
Armenia has sufficient water resources, however the use of water resources in the country shows that it
lags behind most of the countries in the world, especially in terms of water productivity. The practice of
water use in the Republic of Armenia needs significant reforms, introduction and implementation of
technologically efficient measures in the near future.

In the modern world, the well-being of human society depends on and is formed by three types of
closely interrelated and mutually conditioned capitals: economic, socio-political, and environmental [1].
It is noteworthy that in parallel with socio-economic development and economic progress, the
environmental components are becoming more and more important. This circumstance is mainly
conditioned by human economic activity and anthropogenic impact on the environment, which have led
to many environmental problems.

Contemporary notions about national wealth are framed by the following four components:
generated capital, natural capital (resources), human capital, and assets abroad [2]. Today the problem
of rational and efficient use of natural resources is becoming more and more important, including for
such an important resource as water resources. The increase in demand for this resource is mainly due
to its uniqueness (irreplaceable ability). The further economic development of the Republic of Armenia
is largely conditioned by the public demand for the efficient use of fresh water resources and handing
down the vital quality water to future generations.
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Results of the study.

Brief description of water resources of the Republic of Armenia

Water resources of Armenia are formed mainly due to atmospheric precipitation in the territory of
the country, part of the Araks and Akhuryan border rivers. Although most researchers have a common
view on the sources of water resources formation, many different quantities are presented when
estimating the volume of water resources [3]. According to the data presented in Table 1, the volume of
water resources to be restored in 2019 compared to the 1990 index (6810 million cubic meters)
decreased by 35.5%, which is conditioned by the reduction of atmospheric precipitation and climate
change, in particular, the increase of air temperature. Absorption from surface water sources in 1990
was only 66.4% of the water intake of that year, and in 2019 it was 54.8%, and from groundwater
sources - 33.6% and 45.2%, respectively. In 1990, water intake was 57.9% of renewable water
resources, and in 2019 - 65.3%. This circumstance is conditioned by the decrease of both the volume of
renewable water resources and the volume of water intake during the mentioned period, but the
decrease of renewable water resources took place at a faster rate than the water intake.

Table 1
Renewable freshwater resources, water intake (surface and groundwaterc) and their structure in
the Republic of Armenia in 1990-2019

1990 2000 2005 2010 2015 2016 2017 2018 2019

1. Renewable water resources, | 6810.0 | 2873.0 | 8457.0 | 8681.0 | 6441.0 | 6882.0 | 4663.0 | 6571.4 | 4389.0
million cubic meters, year

2. Water intake (only 3 + 4), 3942.0 | 1871.2 | 2770.6 | 2126.4 | 3271.7 | 3181.9 | 2865.4 | 2714.4 | 2865.4
million cubic meters

100.0 | 100.0 | 100.0 | 100.0 | 100.0| 100.0 | 100.0 | 100.0| 100.0

3. Water intake from surface 2616.6 | 1338.2 | 1967.6 | 1250.6 | 1967.3 | 2045.6 | 1710.9 | 1522.8 | 1571.1
water sources, million cubic
meters

Only water intake by % 66.4 715 71.0 58.8 60.1 64.3 59.7 56.1 54.8

4. Water intake from 13254 | 533.0 | 803.0| 875.8| 1304.4 | 1136.3 | 11545 | 1191.6 | 1294.3
underground water sources,
million cubic meters

Only water intake by% 33.6 28.5 29.0 41.2 39.9 35.7 40.3 43.9 45.2

5. Ratio of water intake to 57.9 65.1 32.8 24.5 50.8 46.2 61.4 41.3 65.3
renewable water resources,
in% (2/1)

The source was compiled by the authors according to the data of the "Water Resources" section of the
databases of the RA Statistical Committee.
Link: http://armstatbank.am/pxweb/en/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a

The main index assessing freshwater resources use efficiency is water productivity, which is the
ratio between a unit of output and a unit of input of water (in volumetric terms). This index can be
measures as a ratio of GDP generated in the country and the water resources used to obtain it. Table 2
shows the course of GDP, freshwater intake and water productivity (GDP / water intake volume)
indices in Armenia in 2000-2019. As tabulated data show the water productivity index in Armenia
increased during the mentioned period increased 4.7 times - from $ 1.02 in 2000 to $ $4.77 in 2019.
However, the comparison of the water productivity index of the Republic of Armenia with the water
productivity indices of other countries reveals the inefficiency of that index in the Republic of Armenia.
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Table 2
Motion of GDP, freshwater intakand water productivity (GDP / water intake)
indicators in the Republic of Armenia in 2000-2019

GDP Water intake The average
Water annual

Year bi productivity, | number of de

US dollar, Per capita, ri:telf Per capita, | GDP/water jure
million US dollar million | cubic meter intake population,
thous. people
1 2 3 4 5 6 (col. 2/cal. 4) 7

2000 1,912.0 593 1,871.2 580.9 1.02 3,221.1
2005 4,900.0 1,523 2,770.6 861.1 1.77 3,217.5
2010 9,260.0 2,844 2,126.4 653.1 4.35 3,256.1
2011 10,142.0 3,363 2,438.3 808.6 4.16 3,015.6
2012 10,619.4 3,512 2,941.1 972.6 3.61 3,024.1
2013 11,121.3 3,680 2,955.1 977.9 3.76 3,022.0
2014 11,609.5 3,852 2,860.2 949.0 4.06 3,013.8
2015 10,553.3 3,512 3,271.7 1,088.9 3.23 3,004.6
2016 10,546.1 3,524 3,181.9 1,063.4 331 2,992.3
2017 11,527.4 3,869 2,865.4 961.7 4.02 2,979.4
2018 12,457.9 4,196 2,714.4 914.2 4,59 2,969.0
2019 13,672.7 4,615 2,865.4 967.2 4,77 2,962.5

Source: compiled and calculated by the authors National Accounts of Armenia, 2013, RA Statistical
Committee, 2013, page 23, National Accounts of Armenia, 2020, RA Statistical Committee, 2020, page 9,
chronological series published by the RA Statistical Committee.

Link: https://armstat.am/am/?nid=12&id=14004.

The water productivity index calculated by the World Bank, in fact, describes the size of the country's
generated GDP from the use of one cubic meter of water. This index can be considered as one of the key
indices of the use of freshwater resources, or, in other words, it can be defined as a measure of the efficiency
of water resources use. According to the latest publications of the World Bank the water productivity index
fluctuates sharply both by individual continents and by individual countries. The difference is especially
large in the international combinations of indices of individual countries. Thus, this index, calculated for
2015, has the lowest value (in 2010 US constant dollar per cubic meter of water) in countries such as
Afghanistan, Madagascar, Pakistan, Kyrgyzstan, Tajikistan, Uzbekistan (the ratio of GDP/m® of water is 1),
in Laos PDR, Myanmar, Nepal, Turkmenistan, and Vietnam this index is 2, in Eritrea, Guyana, Mali,
Philippines, and Sudan this index is 3, and in Armenia, Azerbaijan, Egypt, and India - it is 4. Note that,
grouped according to income level, this index is equal to 4 for a group of low-income countries, as well as
less than middle-income countries, for a group of higher than middle-income countries it is 15, and for a
group of high-income countries is 57. For comparison, the following countries have the highest water
productivity indices: Luxembourg (1431), Monaco (1430), Maldives (828), Equatorial Guinea (715), Qatar
(700), Singapore (654), Denmark (492), Ireland (456), Switzerland (379), United Kingdom (337), Antigua
and Barbuda (308), Malta (307) Republic of the Congo (280), Israel (249), and Sweden (243) [4]. In the
neighboring countries of the Republic of Armenia, water productivity indices were 9 in Georgia, 6 in the
Islamic Republic of Iran and 20 in Turkey [4].
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THE MAIN AREAS OF FRESHWATER USE IN ARMENIA
Tables 3 and 4 show the freshwater intake and water use in Armenia for 2012-2015 and 2016-

2019 according to the classification of types of economic activity.

Water intake in 2019 compared to that in 2012 decreased by 2. 57% (2865.4 million cubic meters
and 2941.2 million cubic meters, respectively) and the volume of water use has decreased by 2-9%
compared to 2012 (from 2187. 2 million cubic meters in 2012 to 2123.7 million cubic meters in 2019).

In 2012, the largest share of freshwater use (82% of the total) was in agriculture, forestry and
fishing, in the second place with 7% are mining and open pit mining industries, and water supply,
sewerage, waste management and recycling sector came the third with 6.7%. In 2019, the largest share of
water use also fell to agriculture, forestry and fishery spheres— 85.9%, followed by water supply, sewerage,
waste management and recycling sector — 8.9%, and mining and open pit mining industries took third place

with 3.9%.
Table 3
Freshwater abstraction and water use in the Republic of Armenia in 2012-2015
according to the classification of economic activity types
2012 2013 2014 2015
Water | Water | Water | Water | Water | Water | Water | Water
intake use intake use intake use intake use
1 2 3 4 5 6 7 8 9
Total RA 2941.2 2187.2 | 2955.1 | 2089.1 | 2860.5 | 2112.8 | 3271.7 | 2533.1
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Agriculture, forestry and 790.9 1793.2 | 1362.8 | 1845.9 921.3 | 1748.1 | 1097.7 | 2269.9
fishery 26.9 82.0 46.1 88.4 32.2 82.7 33.6 89.6
Irrigation 178.7 1181.1 561.1 1044.5 2249 | 1051.7 357.6 | 1519.1
6.1 54.0 19.0 50.0 7.9 49.8 10.9 60.0
Forestry 0.4 0.4 0.6 0.5 0.5 0.5 0.0 0.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fishery/Fish-breeding 611.8 611.7 801.1 800.9 695.9 695.9 740.1 750.1
20.8 28.0 27.1 38.3 24.3 32.9 22.6 29.6
Mining industry and 152.3 152.2 58.4 58.3 101.9 133.8 44.0 88.1
operation of strip-mines 5.2 7.0 2.0 2.8 3.6 6.3 1.3 3.5
Manufacturing industry 45.9 4.5 41.7 4.1 38.0 4.2 41.1 4.2
1.6 0.2 1.4 0.2 1.3 0.2 1.3 0.2
Power, gas, steam and 33.5 32.1 23.1 22.2 27.9 27.8 24.2 24.2
conditioned air supply 1.1 1.5 0.8 1.1 1.0 1.3 0.7 1.0
Water supply, sewerage, 1902.3 147.6 | 1456.8 113.1 | 17442 147.8 | 2060.7 119.1
waste management and 64.7 6.7 49.3 5.4 61.0 7.0 63.0 4.7
processing
Water supply (water catch- 1902.2 147.4 | 14449 111.2 | 17438 1475 | 2050.7 97.2
ment, treatment, distribution) 64.7 6.7 48.9 5.3 61.0 7.0 62.7 3.8
Construction 0.5 0.5 0.2 0.2 4.7 4.7 0.1 0.1
0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0
Other types of economic 15.8 57.1 12.2 45.3 22.5 46.4 3.2 21.5
activity 0.5 2.6 0.4 2.2 0.8 2.2 0.1 1.1
GDP, US mil., dollars (by - 29989.3 - | 30979.0 - 32094.2 - 33121.2
purchacing power equivalent
in 2017)
Water use at arate of $1000 - 72.9 - 67.4 - 65.8 - 76.5
of GDP (by purchacing
power equivalent in 2017)
cubic meter/$1000
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In the numerator - million cubic meters, in the denominator — in % of the total.
Source: compiled and calculated by the RA Statistical Committee databases’ "Water Resources"
department data.
Link: http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a

Table 4
Freshwater intake and water use in the Republic of Armenia in 2016-2019
according to the classification of economic activity types
2016 2017 2018 2019
Economic activity types | Water | Water | Water | Water | Water | Water | Water | Water
intake use intake use intake use intake use
1 2 3 4 5 6 7 8 9
Total RA 3181.9 2470.0 | 2865.4 | 2040.0 | 2714.4 | 19265 | 2865.4 | 2123.7
100.0 100.0 100.0 | 100.0 100.0 100.0 100.0 100.0
Agriculture, forestryand 896.6 2191.6 961.4 | 1751.6 660.4 1553.8 977.0 1823.8
fishery 28.2 88.7 33.6 85.9 24.33 80.65 34.10 85.88
Irrigation 227.3 1522.3 446.3 | 1236.6 167.8 1464.6 167.8 1069.5
7.1 61.6 15.6 60.6 6.18 76.02 5.86 50.36
Forestry 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fishery / Fish-breeding 669.3 669.3 515.1 | 515.0 492.6 489.2 754.3 754.3
21.0 27.1 18.0 25.2 18.15 25.39 26.32 35.51
Mining industry and 81.6 81.5 83.9 83.9 84.0 84.0 81.9 81.9
operation of strip-mines 2.6 3.3 2.9 4.1 3.01 4.36 2.86 3.86
Manufacturing industry 5.9 6.0 7.7 7.7 17.1 17.1 8.4 8.4
0.2 0.2 0.3 0.4 0.62 0.89 0.29 0.39
Power, gas, steam and 21.6 21.4 27.2 27.2 28.9 28.9 18.6 18.6
conditioned air supply 0.7 0.9 0.9 1.3 1.06 1.50 0.65 0.88
Water supply, sewerage, 2166.0 123.2 | 17477 | 132.1 1919.1 337.8 1776.5 188.5
waste management and 68.1 5.0 61.0 6.5 70.70 17.53 62.00 8.88
processing
Water supply (water 2165.7 122.7 | 17444 | 128.8 1805.7 124.4 1772.5 180.1
catchment, treatment, 68.1 5.0 60.9 6.3 66.52 6.46 61.86 8.48
distribution)
Construction 0.1 0.1 3.6 3.6 0.2 0.2 0.1 0.1
0.0 0.0 0.1 0.2 0.01 0.01 0.003 0.005
Other types of economic 10.1 46.5 33.9 33.9 4.7 4.7 2.5 2.4
activity 0.3 1.9 1.2 1.7 0.17 0.24 0.09 0.11
GDP, US mil., dollars (by - 33187.5 - | 35676,5 - 37531.7 - 40384.1
purchacing power
equivalent in 2017)
Water use at arate of - 74.4 - 57.2 - 51.3 - 52.6
$1000 of GDP (by
purchacing power
equivalent in 2017) cubic
meter/$1000

In the numerator - million cubic meters, in the denominator — in % of the total.

Source: compiled and calculated by the RA Statistical Committee databases "Water Resources"”
department data.
Link:http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a
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Losses of water resources

The low efficiency of fresh water use in the Republic of Armenia is evidenced by the data presented in
Table 5. According to the tabulated data freshwater losses during the period from 2011 to 2019 amounted to
a significant amount. In 2012 losses amounted to 754.0 million cubic meters (which accounted for 25.6% of
water intake in 2012), and in 2019 the total losses amounted to 741.7 million cubic meters, or only 25.9% of
that year water intake. That is, during the mentioned period the water losses index increased by 0. 3

percentage points.

The data in the table show that the data on water losses are conditional, as they do not reflect the real
situation. The real reason behind the water resources losses is in that that the economic structures in the
water use system do not promote the reduction of losses, but on the contrary, contribute to the inefficient use

of water resources.

Table 5
Water losses by economic activity types: 2011-2019, million m?

Economic activity types | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 2018 2019
Total RA 700.1 | 754.0 | 866.0 | 7474 | 738.6 | 711.9 825.4 787.9 741.7
Agriculture, forestry, 0.1 0.1 0.2 0.2 0.0 0.0 0.0 33.1 32.9
fishery
Irrigation 0.0 0.0 0.0 0.1 0.0 0.0 0.0 33.1 32.9
Forestry 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Fishery/Fish-breeding 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Mining industry and 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0
operation of strip-mines
Manufacturing industry 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Power, gas, steam and 2.5 14 0.9 0.0 0.0 0.2 0.0 0.0 0.0
conditioned air supply
Water supply, sewerage, | 697.5 | 7524 | 864.8 | 747.1| 738.6 | 711.7| 8254 | 7548 | 708.8
waste management and
processing
Water supply (water 6975 | 7524 | 8548 | 7471 | 7385 | 7117 | 8254 | 7548 | 708.8
catchment, treatment,
distribution)

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other types of economic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
activity

Source — compiled by the RA Statistical Committee databases’ "Water Resources" department data.
Link:http://armstatbank.am/pxweb/hy/ArmStatBank/?rxid=002cc9e9-1bc8-4ae6-aaa3-40c0e377450a

From the study of the problem it follows that:
e water supply and water provision for the RA economy and population mainly meet the
requirements of fresh water quality;
e although during 2000-2019 water productivity has increased 4.7 times, however it remains low,
especially, compared to other countries in the region;
e the main sphere of water use is agriculture, where about 80% of freshwater resources are used,
which is a special demand for increasing water use efficiency and improving management in this

sphere;

CONCLUSION

o the extent of freshwater losses (which account for more than1/4), which has not changed over the

last 20 years, causing significant damage to both the economy and the environment;
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e climate change and reduction of atmospheric precipitation has significantly reduced the freshwater
resources in the country, which requires to develop a special approach and principles to improve
the sphere by changing the economic policy pursued in the sector, and introducing economic levers
and means of efficient and rational water use;

e it has become clear that the entire legislation, regulating water relations - the Water Code, as well
as other laws, programs, legal acts regulating the sphere(including those concerning the
responsibilities of management authorities and authorities of applications), needs to be radically
reformed;

o all the above-mentioned steps and their successful implementation will make it possible to increase
the efficiency of water resources’ use in the Republic of Armenia, which will contribute to the
development of the economy, as well as to meet the needs of the economy and the population for
fresh water.

REFERENCES

1. Cameron Dewhurst and FiratKatirci (editors). Environmental Capital: Government’s Role in
Protecting Ecosystem Services and Biodivetsity, Nova Science Publishers, Inc., New York, 2013,
188 pages.

2. The Changing Wealth of Nations 2018. Building a Sustainable Future. World Bank Group. 235
pages. As of 01.07.2021 the electronic resource is accessible
https://openknowledge.worldbank.org/bitstream/handle/10986/29001/9781464810466.pdf hnuwup:

3. Markosyan A.Kh., Matevosyan E.N., Nersisyan K.A., Tokmajyan L.VV. (2018) Water Resources of
the Republic of Armenia and the Exporting Opportunities of Potable Water //Bulletin ofHigh
Technology, Shushi, 2018, N3(7), pp. 13-28.

4. World Development Indicators: Freshwater: as of 07.07.2021 the electronic resource is
accessiblehttp://wdi.worldbank.org/table/3.5

BoaHoe x03s1iicTBO

AKTYAJIBHBIE ITPOBJIEMbBI BOAOIIOJIb30OBAHUSA U YBEJINYEHUA
NPOU3BOJAUTEJIBHOCTHU BO/IbI B PECITYBJIMKE APMEHUA

Mapxkocsn A.X."%, ABanecsin J.B.", Maresocsin J.H.%, Maprupocsn T.C.
Y Uywunckuii mexnonozuueckuii ynueepcumem
2 . .
Epesanckuti cocyoapcmeennsiii ynugepcumem

Annomayus. Kak [uisi MHpPOBOW, TaKk ¥ JUISI HAIMOHAIBHONH SKOHOMHMKH mpobiiema
parmoHanbHOr0o M 3G (EKTUBHOTO HCIOIB30BAHMS TPHPOJHBIX PECYPCOB SBIAETCS KPaeyroJbHOM
npo0JIeMOii, pelieHHe KOTOPOH CONPSIKEHO C 00eCIeYeHHEeM YCTOMYMBOTO SKOHOMHYECKOTO POCTa,
yBennderust BHIT crpamsl. Cpean OCHOBHEBIX BOIPOCOB CONHAIBHO-DKOHOMHYECKOTO Pa3sBUTHSA H
OXpaHbl OKPYXKAIOILICH Cpelbl SBISETCS H3yYeHHE PECYpCOB MPECHON BOJBI M TOKa3aTeleil ee
3(pPEeKTUBHOTO UCITOIHL30BAHUS.

ABTOpBI, HUCCIIENYS TPOOIEMBI, KAacaroIlInecss UCIIOIb30BaHNUs BOIHBIX PECYPCOB B ApPMEHMH 3a
mocnennue 20 JeT, B YACTHOCTH, KOJMYECTBCHHBIC TOKA3aTeld BOJ03a00pa, HCIOIb30BaAHMUS
pPa3IUYHBIMH  CEKTOpaMH 9SKOHOMHUKH M HUCXOJsi M3 BHUJOB DOKOHOMHYECKOH JI€ATEIHHOCTH,
KOJIMYECTBEHHBIE IMOKA3aTeIM IMMOTEPh BOIBI, a TAaK)Ke IMOKA3aTENM MPOJAYKTHBHOCTH HCITONIB30BAHMUS
BOJIHBIX PECYpPCOB, MPHUXOJAT K BBIBOJAY, YTO HCCIEAyeMas OTpaciib HYXIAeTCsd B TMPOBEACHUU
pamuKambHBIX pedopM, HAIEICHHBIX Ha IOCTIDKEHHME IeJiell palroHadIbHOTO W 3()PEKTUBHOTO
HCITOJIb30BAHHUS BOJIHBIX PECYPCOB.

Knrouesvie cnosa: BomHbIC pecypchl, Bo03a00p, BOIOIOJIB30BaHHUE, TPECHAs BOJA, MPOTYKTUBHOCTb
BOJIBL.
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Environmental protection

THE EFFECT OF CHEMOLITOTROPHIC MICROBIOTES ON THE
EFFICIENCY OF ANTICORROSION TILLING OF METAL PIPELINES BY
ORTHOPOLYPHOSPHATE REAGENT "SEAQUEST LIQUID"

Matselyuk Y., Charhyy D., Kovalenko O., Levitska V.
Institute of Water Problem and Land Reclamation
of National Academy of Agrarian Sciences of Ukraine.
Vasylkivska st. 37, 03022, Kyiv, Ukraine
E-mail: veral@ukr.net

Annotation. It is established that one of the ways to reduce the corrosive aggressiveness of drinking
water is the use of orthopolyphosphate reagent "Sea Quest Liquid". It was determined that the quality of
water which orthopolyphosphate reagent "Sea Quest Liquid" was added for 5 months, according to the most
sanitary and chemical parameters, except for iron, meets the requirements of Ukrainian national hygienic
standards for drinking water. In some water samples, the iron content in the water exceeded the level of the
hygienic standard (0.2 mg / dm®) and exceeded the maximum allowable level (1.0 mg / dm?). Under the
action of the reagent "Sea Quest Liquid" in water treated with sodium hypochlorite, there was a decrease in
the Langelier index: from -2,23 to -2,08 and from -1,79 to -1,70, indicating a decrease in its corrosive
activity. In water not treated with sodium hypochlorite, under the influence of the composite "Sea Quest
Liquid" there was some increase in the Langelier index: from -1,80 to -1,95 and from 1,85 to — 2,78; from -
2,01 to -2,13, which indicates an increase in its corrosive aggressiveness. In the presence of sulfate-reducing
thiobacteria (sulfur bacteria) in water, the reagent "Sea Quest Liquid" increases the corrosion rate of steel by
2,9-7,2 times; subject to additional disinfection of water with sodium hypochlorite, it reduces this data by
1,4-2,7 times.

Keywords: metal pipeline, corrosion, protection, iron, orthopolyphosphates, thiobacteria.

INTRODUCTION

The stability of water determines its properties to interact with substances dissolved in it with the
internal diameter of metal pipelines, destroying it (corrosion) or forming on its surface deposits consisting of
carbonates with the inclusion of iron compounds. The exploitation of metal pipelines was demonstrated that
to a greater or lesser extent both of these processes are always present. According to data of Ukrainian
maintenance services, more than 80% metal pipelines for drinking water supply system have worked for
more than 30 years and are exposed to corrosion. Fistulas are formed in some places of the metal pipelines
and the wall thickness has reduction from 10-12 mm to 1,0-1,5 mm. This reduces the security of water
supply to consumers, leads to considerable water losses and increases the risk of secondary water pollution.
When using groundwater, secondary drinking water pollution due to electrochemical and microbiological
corrosion almost always occurs.

MAIN PART

Analysis of previous researches. Priority Ukrainian anti-corrosion measures according to SOU ZHKH
41.00-35077234.010: 2008 “Systems of centralized drinking water supply and communal heat supply.
Corrosion protection. General requirements and control methods” are the use of corrosion inhibitors and
electrochemical magnesium (anode) protection. Corrosion inhibitors are able to prevent the formation of
corrosion deposits on the inner surface of the pipelines and remove already formed deposits.
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The mechanism of action of inhibitors in liquid media in most cases is to inhibit the cathode and anode
processes of electrochemical corrosion, the formation of protective and passivating coating. Some
polyphosphate-based inhibitors have the ability to prevent the formation of salt deposits on the inner surface
of pipelines, as well as to remove previously formed deposits, while the mode of removal can be adjusted by
variation the concentration of the inhibitor. According to the manufacturer, such inhibitors include
orthopolyphosphate inhibitor-reagent "SeaQuest". Reagent "SeaQuest" is sodium salt of polyphosphate acid
(powder mixture), a mixture of inorganic polyphosphates. It chemical formula is NazsHsP2sOgs. It
manufacture is “Aqua Smart Inc”, (www.aquasmartinc.com) at the plant, located in USA. Granules of a
mixture of inorganic phosphates, of which about 25% are orthophosphates and 75% are polyphosphates, are
produced under the "SeaQuest" trademark.

"SeaQuest" is safety for drinking water supply and NSF certification (National Sanitation Foundation -
Agency for certification of reagents for water supply in the USA). "SeaQuest" is safe for drinking water
supply and has NSF certification (The National Sanitation Foundation is the Agency for certification of
reagents for water supply in the USA). SeaQuest is approved for use in the networks of drinking and hot
water supply and heat supply in the territory of the EAEU Customs Union (Certificate of State Registration
Ne BY.70.06.01.013.E.006706.12.14.). In Ukraine, for anti-corrosion and stabilization treatment of water in
the drinking water supply systems, it is proposed to use the reagent "SeaQuest Liquid", manufactured by the
LLC "Nanochemical Technologies" (Ukraine, Kyiv). The reagent "SeaQuest Liquid" is an aqueous solution
of orthopolyphosphate reagent "SeaQuest” with the addition of sodium hypochlorite in a preservative
amount.

In Slovenia, in order to prevent accumulated scale, for sifting drinking water in drinking water supply
systems use polyphosphates, which are in these water, is contained within the limit of 0,2 mg PO,/ | up to
24,6 mg PO, / I [1].

In Ukraine, a study was conducted at the filtering station of water treatment facilities of the Western
group water supply system "Oblvodokanal” Zaporizhia Regional Council. They showed that there is a
probable relationship between the corrosion aggressiveness and stability of drinking water and the intensity
of chemical-organic compounds formation during the stages of water preparation and during it transportation
in pipelines. That is, the more efficient the coagulation and the more impurities were removed from the water
undergoing water treatment, the higher the corrosion aggressiveness of the treated water [2].

Reagent “SeaQuest” was used to stabilization treatment of water which was transported in the main
water supply system of Akymivka-Berdyansk of the Western group water supply system of Zaporizhia
region. As a result of the use of “SeaQuest”, the corrosion aggressiveness of water decreased from 0,25-0,37
mm / year to 0,018-0,031 mm / year (Ukrainian requirement is 0,05 mm / year).

The results of research [3] showed that during the transportation of water with high corrosion
aggressiveness, its quality deteriorates significantly, especially in organoleptic characteristics (color,
turbidity, odor, taste), iron and zinc content, permanganate oxidation, trihalomethanes (THM), etc. In
addition, it was shown [4, 5] that the corrosive aggressiveness and stability of water affect the biological
activity and the degree of toxicity of THM when they enter the body of experimental animals and humans
with drinking water.

Studies conducted at Chasiv-Yarska, Starokrymskaya filtering station Ne 2 and Western group water
supply system Yakymivka-Berdyansk, showed that the use of adequate doses of the reagent "SeaQuest" for
stabilization treatment, allowed bringing the corrosion aggressiveness of treated water in accordance with the
Ukrainian requirements.

In thy Chernihiv State Technological University studied the anti-corrosion activity of “SeaQuest” on
steel samples that were kept for 24 hours in inhibited solutions, and then transferred for 10 days in clean
piped water. It was found that the use of “SeaQuest” for anti-corrosion treatment of drinking water supply is
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not effective enough (38,8-42,1%) and leads to an increase of iron content in drinking water due to the
formation of soluble complex compounds with rust.

To assess the corrosion activity of water, we in the Institute of Water Problems and Land Reclamation
of National Academy of Agrarian Sciences of Ukraine (IWP&LR NAAS) calculated the Langelier, Ryznar
and rH2 indices based on chemical analysis of water quality indicators from the 29 studied wells and the
results are shown in Table 1. As can be seen from Table 1, the Langelier index counted to the formulas for
the water from all water intake points are in the range from - 0,89 to - 1,77, which indicates a continuous and
significant corrosion activity in this water.

As can be seen from table 1, the Langelier indices obtained using the calculation formulas at all points
of water sampling are in the range from - 0,89 to - 1,77, which indicates a continuous and significant
corrosion activity of water at these points.

Table 1
Results of Langelier, Ryznar and rH, indexes
Numbers Numbers of Langelier Index | Ryznar Langelier rH, rH,
the wells (ILngy by Stabylity Index (I.ng) | by Trufanov | by Klark
nomograph Index (RI) estimated

1 2 3 4 5 6 7

1 223 -0,38 8,19 -1,61 18,27 18,10
2 229 -0,025 7,97 -1,07 19,25 19,08
3 230 -0,04 7,8 -1,27 18,95 18,78
4 231 -0,01 8,01 -0,86 19,46 19,29
5 232 -0,96 9,58 -1,23 19,02 18,84
6 212 0,02 7,67 -1,18 19,04 18,87
7 179 -0,03 7,78 -1,25 19,10 18,92
8 178 -0,34 8,16 -1,04 19,47 19,30
9 182 0 8 -1,02 19,48 19,31
10 205 0 7,95 -1,03 19,38 19,21
11 224 -0,03 7,84 -1,11 18,86 18,70
12 242 -0,19 8,13 -1,30 18,83 18,67
13 251 0,075 7,92 -0,97 19,29 19,14
14 255 0,195 7,71 -0,84 19,42 19,27
15 269 0,05 17,77 -1,17 19,07 18,91
16 271 0,31 7,6 -0,82 19,59 19,44
17 237 0,225 7,71 -0,80 19,47 19,32
18 262 0,02 7,86 -0,99 19,06 18,90
19 261 0,22 7,91 -0,94 19,63 19,49
20 197 0,145 79 -0,85 19,53 19,38
21 200 -0,166 7,872 -1,24 18,56 18,39
22 221 -0,015 7,63 -1,22 18,68 18,51
23 190 -0,04 7,75 -1,18 18,71 18,55
24 214 -0,07 7,8 -1,24 18,58 18,42
25 293 -0,02 8,08 -0,91 18,98 18,84

It should be emphasized that the water obtained by mixing water from water wells and river water is
more corrosive than the water of the wells themselves, as evidenced by the Langelier indices obtained from
analyzes of water samples. This is due to the increase in oxygen content in this mixture of water.
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Indicators of rH, in all samples calculated as by the formula F.U. Clark, and the formula of
A.l. Trufanov, indicate that the studied aquatic environment is very favorable for the activity of iron bacteria
in general, and the pH - Eh zone of water samples indicates that there is vital functions activity of different
strains: Leptothrix, Gallionella, Thiobacillus thiooxcidans or their combined activity.

All the studied indicators indicate that the most probable in water supply networks is a complex
genesis of corrosion processes, which combines physic-chemical and biological processes. One of the
rational methods of improving the technical condition of existing metal pipelines to extend their service life
is to stabilize the water by treating them with corrosion inhibitors.

Purpose of our study is to investigate the possibility of using inhibitory protection in drinking water
supply systems using orthopolyphosphate reagent "SeaQuest Liquid".

The object of study is systems of drinking water supply.

Materials and methods of research. In our studies we are using experimental and analytical research
methods. The studies used orthopolyphosphate reagent ""SeaQuest Liquid" (TU U 20.5-40502222-001:2016.

Diagnosis of water stability, based on its chemical composition, was performed according to standard
methods for determining Langelier and Ryznar Stabylity Indexes, Paccorius index to determine the tendency
of water to scale, Larson-Skold index, which allows to characterize the corrosion ability of water relative to
low carbon steel, Oddo -Thompson index for rapid estimate of the tendency of water to dissolve or form
calcium carbonate.

Evaluation of the corrosion rate of the metal of the pipeline was performed on the basis of short-term
corrosion tests of metal samples identical to the metal of the pipelines, using corrosion probes by gravimetric
method on the weight loss of the samples.

The research results. According to the results of research it was found that for all modes of use of the
reagent "SeaQuest Liquid" in water at all sampling points there were no deviations from the standards of
basic physicochemical parameters of inorganic and organic nature: the average pH of water was 7,67 + 0,01
of unit pH, total hardness was 4,3 + 0,03 and total alkalinity - 4,4 + 0,05 mol / dm?, calcium content was 58,6
+ 0,7 mg/ dm’, magnesium was 16,1 = 0,2 mg / dm’, hydrocarbons were 261,4 + 4,8 mg / dm?, Mmanganese
was <0,01 mg / dm?, sulfates were 21,9 + 1,2 mg / dm®, chlorides were 44,3 + 1,4 mg / dm®, sodium and
potassium were 44,0 + 2,0 mg / dm?, residual chlorine was 0,35 + 0,02 mg / dm®, total dissolved solids were
459,9 + 15,1 mg / dm®.

During the observation period, the quality of water treated with orthopolyphosphate preparation
“SeaQuest Liquid” generally meets the requirements of the Ukrainian hygienic standards for drinking water,
except for periodic stage fluctuations range of excess iron content. In some water samples, the iron content in
the water exceeded the hygienic standard (0,2 mg / dm®) by 6, 4, 3, 5 and 10 times, respectively, and
exceeded the maximum allowable level (1.0 mg / dm?®). The dynamics of changes in the total iron
concentration indicates that at the initial stage of action of the drug "SeaQuest Liquid" there is a dissolution
of the iron hydroxide film formed during operation on the inner surface of the pipeline, and then take place
the process of passivation of steel.

The results of the weight studies for the effect of the reagent "SeaQuest Liquid"” in piped water on the
corrosion rate of steel samples are given in table 2.

Analysis of the results of the studies represented in table 4 shows that the corrosion rate of the steel
samples in water treated with the reagent "SeaQuest Liquid", significantly exceeds the corrosion rate of the
steel samples in water without contain this reagent.
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Table 1
The effect of the reagent ""SeaQuest Liquid™ on the corrosion rate
Weight loss of samples Weight loss of samples | Corrosion rate Km, mm/
Am, g in water: Am, % in water: year in water:
Place of sampling M\ one T with Without | With | Without With
“SeaQuest | “SeaQuest | “SeaQuest | “SeaQuest | “SeaQuest| “SeaQuest
Liquid” Liquid” Liquid” Liquid” Liquid” Liquid”
Well Ne 182 0,7545 2,3744 10,9 34,1 0,4086 1,1744
Well Ne 232 0,4839 2,5553 6,8 36,1 0,2621 1,3839
Well Ne 242 0,2822 2,0163 4,0 29,9 0,1528 1,0920
P i i PS) -1
umping station (PS) - 1, - 0,2823 i 4,45 : 0,1529
motor room, point Ne 1

PS-1, motor r;om, point Ne i 0,3404 i 5.10 i 0,1844

PS-1,wellK 12 1,4099 - 20,4 0,7636 -
PS-1, well K 29 - 0,9620 - 14,0 - 0,5210
PS-2, motor ri)om, point Ne i 0,8213 i 11,4 i 0,4448
PS - 2, motor room, point i 11659 i 16,9 i 0,6315

No 2
PS-2, w.ell with Dnipro’s 13103 i 185 i 0,7097 i
river water

It should be noted that after soaking in water that does not contain the reagent "SeaQuest Liquid", the
surface of the samples became light brown, and after soaking in water containing the reagent - black (Fig. 1).

Fig. 1 Appearance of samples after exposure to groundwater wells

It is known that the light brown color is characteristic of iron hydroxide (rust), black - for iron sulfide
(pyrite). The nature of the deposits on the surface of the samples is also different: light brown deposits are
more dense, lamellar, black - loose, which are easily removed from the surface. The obtained results suggest
the following mechanism of the corrosion process. SeaQuest Liquid catalyzes microbiological corrosion
caused by sulfate-reducing thiobacteria. The scheme of corrosion of iron, which occurs in the presence of
bacterial cells endowed with membrane-bound hydrogenesis (for example, sulfate-reducing), is shown in
Fig. 2.
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Fig. 2. Membrane hydro genesis and corrosion of iron

In the absence of the drug, corrosion foci are not associated with the presence of microorganisms, but
arise as a result of the process of chemical corrosion with the formation of iron hydroxide. The change in the
environment as a result of the introduction of the drug "SeaQuest Liquid" into the water contributed to the
development of microorganisms. In turn, in the process of life, microorganisms have accumulated reagents
that stimulate the biological corrosion process. It is known that the presence of cells of sulfate-reducing
thiobacteria is a source of biogenic hydrogen sulfide. The process follows the general scheme:

250,4+4C+3H,0—H,S*"+HS +CO,+3HCO*

Hydrogen sulfide reacts with metal to form iron sulfide. The metal surface is subject to pitting and
ulcerative corrosion. Ulcers are covered on top with loose corrosion products, which mainly consist of iron
sulfide and iron hydroxide. In the presence of oxygen, corrosive bumps are covered with a crust consisting of
iron hydroxide. Under the layer of corrosion products, bacteria penetrate into the metal, destroying it. The
deposition of iron sulfide on the surface of the pipelines (black) promotes the formation of galvanic pairs
(anode and cathode), which causes electrochemical corrosion. Iron sulfide serves as a cathode, the clean
surface of the metal - the anode. Hydrogen sulfide, interacting with iron ions, forms insoluble iron sulfide
and, at the same time, migrating to zones with oxidized regime, is oxidized to elemental sulfur. Layers of
different colors, as a consequence of the symbiosis of chemical and biological corrosion, can be observed on
samples that were kept in the pressure pipeline PS-2 (Fig. 3).

Fig. 3. Appearance of samples after exposure in the pressure pipeline PS-2
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The corrosion rate of the samples in the pressure pipelines on PS 1 and 2 after administration of the
reagent is lower than the corrosion rate of the samples installed in the area of wells. This is due to the fact
that the water in the pressure pipes of the pumping stations comes after the reservoir of clean water and it has
been treated with sodium hypochlorite, which has a detrimental effect on microorganisms. This is especially

true for the NS - 1 pipeline, where the water has been treated three times with sodium hypochlorite at a dose
of 20 mg / | and microbiological corrosion is almost absent (Fig. 4).

]

Fig. 4. Appearance of the samples after exposure in the pressure pipeline PS - 1

The effect of “SeaQuest Liquid” on the development of pathogenic microorganisms was especially
clearly revealed in samples that were kept in a medium containing a mixture of groundwater and river water
(Fig. 5).

Fig. 5. General view of the samples after aging in the mix of graundwater and river waters

142 G. 80GGLIRS3SL LOLIRMBOL VIORMS 3IIEGE6IMBOL 0BLBOBIB0; dSGIFML ROBZOL IZMBIEBE0
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



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

25 —27 July, 2021

CONCLUSIONS AND RECOMMENDATIONS

In all modes of use of the reagent "SeaQuest Liquid", no deviations from the standards of basic
physicochemical parameters were registered in the water at all sampling points. In some samples of water
treated with SeaQuest Liquid, the iron content exceeded the hygienic standard and exceeded the maximum
allowable level (1,0 mg / dm®. In the presence of sulfate-reducing thiobacteria in water, the reagent
"SeaQuest Liquid" increases the corrosion rate of steel by 2.9-7.2 times; subject to additional disinfection of
water, it reduces this figure by 1,4-2,7 times.

SeaQuest Liquid can be used to reduce the corrosiveness of the aquatic environment and slow down
the rate of corrosion of steel, subject to additional mandatory disinfection of the source water.
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Annotation. Over the past 85 years, many methods have been proposed to interpret pre-consolidation
pressure of compressible soils as defined using the standard oedometer test. The concept of the “pre-
consolidation pressure” has been extraordinarily useful in geotechnical engineering for analyzing and
predicting settlement behavior. However, defining this characteristic stress is often problematic and relies
heavily on graphical techniques that are subject to some uncertainty. This paper contains a comparison of the
accuracy of the methods of Casagrande, Becker, Pacheco Silva, and Wang & Frost.

Keywords: pre-consolidation pressure; dissipated strain energy.

INTRODUCTION

Currently, the issue of determining the parameters of soil over-consolidation is very relevant. Over the
past 85 years, many methods have been proposed to interpret pre-consolidation pressure. However, the
processing methods proposed by different researchers can give significantly different results from each other.
Existing inaccuracies, shortcomings, and discrepancies in determining these soil parameters affect the
accuracy of the determination of stress-strain state [3, 5].

EMPIRICAL METHODS FOR PREDICTING
PRECONSOLIDATION PRESSURE

Casagrande’s method (includes ASTM “D2435: Standard Test Methods for One-Dimensional
Consolidation Properties of Soils Using Incremental Loading” and GOST R 58326-2018 “Soils. Laboratory
method for determining the over-consolidation characteristics™) [2, 12].

This method uses an empirical construction from the e — log o curve, where e is the void ratio and ¢ is
the effective stress. On a logarithmic scale, idealized compression curve in width range of effective stresses
is linear for normal consolidated (NC) clays, or bilinear for over-consolidated (OC) clays: the first section
corresponds to branch of recompression, second — branch of normal consolidation [7] (Fig. 1a).

Casagrande’s method has complexity due to graphical constructions and the presence of a subjective
factor. The tests must be carried out to such values of effective stresses that a reliable output to the normal
consolidation line (NCL) is provided for the correct construction of the tangent to the final section.
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Fig. 1. Graphical constructions fordetermination preconsolidation pressure:
a) Casagrande; 6) Becker; B) PachecoSilva; r) Wang — Frost

Another subjective factor is holding the tangent to the maximum curvature point for the same reasons.
The bisector is the average value of the extreme cases — the minimum and maximum angle of inclination of
the horizontal line and tangent at the point with the smallest radius of curvature. Moreover thus, it is an
estimate averaging the two extreme values. In addition, the construction of the bisector in the space of
different dimensions is absurd, which leads to distortions due to the choice of scales along the stress axes and
the void ratio [6]. It should be noted that Appendix G of GOST R 58326-2018 offers a modification of this
method that simplifies the selection of maximum curvature point. Tangents are drawn to the initial and final
sections of the compression curve. From the point of intersection of the tangents, draw the bisector to the
intersection with the curve. The resulting intersection is the maximum curvature point [2].
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Becker’s method (includes GOST R 58326-2018)[2].

An arithmetic plot of cumulative work per unit volume W and applied effective stress ¢ will define a
generally bilinear plot, and the intersection of these lines will define the pre-consolidation pressure o, [10]
(Fig. 1b).

Accordingly, the disadvantages of the method can also be attributed to the presence of a subjective
factor in graphical constructions, particularly the difficulty in choosing linear sections to which straight lines
are drawn. In addition, to calculate the specific energy at each stage, integration is used by the trapezoidal
rule, which for the approximating analytical dependence can be replaced by the direct integration method.

Pacheco Silva’s method was considered by the developers of GOST R 58326-2018 [2], but it was not
included in the final version of the standard. This method is widely used in Brazil [5].

Similarly to Casagrande’s (1936) method [7], Pacheco Silva’s method uses an empirical construction
from the e — log o curve. Graphic constructions consist of drawing a horizontal line at e,. A vertical line is
drawn at the intersection of this horizontal line and the tangent to the NCL until it intersects with the
compression curve. Then, a second horizontal line is drawn from this intersection point until it intersects
with the tangent to the NCL. The stress at this intersection defines o, (Fig. 1c). This method is
straightforward to use, and it does not require subjective interpretation [6, 8].

Wang & Frost’s method (dissipated strain energy method DSEM) refers to a group of energy methods.
Compared to other energy methods, such as Becker’s, this method uses dissipated strain energy [9].

This method uses the unloading and reloading loop in construction and can account for sample
disturbance effects to a certain degree.

The total strain is the sum of plastic and elastic strain. For separating the plastic strain from the total
strain, it is sufficient to subtract the elastic strain from the total strain.

Fig. 1d is represented by the compression curve (RUYX), recompression line (RU), NCL (UY),
unloading line (YX). Line UY corresponds to total strain energy and the line parallel to YX is elastic strain
energy. The difference of the obtained lines is the dissipated strain energy line, the intersection of which with
the abscissa axis will give the pre-consolidation pressure.

According to the authors of this method, it is less operator-dependent than most methods.

TESTED CLAY SAND EXPERIMENTAL PROCEDURE

For the tests, samples were prepared from the soils selected at the engineering and geological surveys
in Salaryevo (Moscow, Russia). Moraine and fluvioglacial quaternary clays were selected for this study.
Their characteristics are presented in Table 1.

Table 1
Basic characteristics of the clay samples used in this study

Sand (%) Silt (%) Clay (%0) w, (%) w (%) I, (%)

19—70 21—59 8—23 11—19 20—44 9—25

Clay slurries were made from the soil samples. The soil was ground and then saturated to a liquid state
with an exceeding 1%2—2 times the liquid limit, and then the moisture content of the resulting paste was
determined. Clay slurries are expected to have no stress history as they are nearly fluid, and thus they do not
reflect any inherent relict stress or soil fabric effects [10].
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For determining the pre-consolidation pressure used oedometric testing following GOST 12248.4-
2020 “Soils. Determination of deformation parameters by compression testing” [1] on GEOTEK R&D
Enterprise LLC (Penza, Russia) equipment at maximum load stages up to 10kN. The tests were carried out in
two types of oedometer is 72x20 mm and 86x25 mm. The data obtained were processed by the methods of
Casagrande, Becker, Pacheco Silva, and Wang & Frost (Fig. 1).

The first stage test scheme was designed in such a way as to model the growth of stress in the ground
during its sedimentation, its achievement of a given maximum historical stress during the advance of the
glacier, followed by decompression during the retreat of the glacier, as well as during the extraction of the
sample to the surface during sampling.

At the second stage, the laboratory compression test of the soil in the odometer was modeled. For this
purpose, the ground paste was loaded with steps starting from 6 kPa. The axial stress was increased stepwise
at a load increment ratio (LIR) of 1. The maximum stress on the first load branch was 800 or 600 kPa. The
choice of such values is due to the limitations of the test setup. The first loading branch corresponds to the
normal consolidation line. Then the sample was completely unloaded. After that, the sample was loaded
according to the scheme of the first branch, but up to a maximum voltage of 1500 or 2500 kPa. The
stabilization criterion for each step was 0.01 mm in 12 hours.

The inflexion on the second branch should correspond to the transition of the sample from the
recompression to the normal compression. With such a sequence of actions, it is possible to show the entire
history of loads and recreate in detail the natural stresses under which the soil existed.

EXPERIMENTAL RESULTS AND INTERPRETATIONS
Imposed pre-consolidation pressure (600 or 800 kPa) and predicted by the methods of Casagrande,
Becker, Pacheco Silva, and Wang & Frost are presented in Table 2, and their comparison is shown in Fig. 2.

Table2
Imposed and Predicted Preconsolidation Pressure
. Imposed Predicted oy, kPa
Specimen
opi, kPa Casagrande | Pacheco Silva | Becker Wang- Frost
GJ6840 800 850 720 900 860
GJ6838 600 710 600 700 650
GJ6890 600 640 600 680 700
GJ6874 600 640 640 650 670
GJ6895 800 800 650 850 830
GJ68B3 800 650 650 830 800
GJ6898 600 630 540 620 620
GJ68A0 600 600 470 610 600
GJ6864 800 790 700 800 850
GJ6835 800 810 770 800 830
GJ6888 600 590 460 600 590
GJ6885 800 700 610 770 810

For evaluating the accuracy of the methods, absolute and relative error and root-mean-square error
were used, calculated using the following formulas:

1
Absolute Ervor = HZ Opp — Opi @
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After analyzing the values presented in Table 3, it can be concluded that the accuracy estimate for all
methods for increment load (LIR = 1) is approximately equal, RMSE was from 33 to 73 kPa, which is
consistent with the results of previous studies [11].

Pacheco Silva’s method systematically underestimates the values; the absolute error was minus 83
kPa. Thus the method gives a more conservative estimate of the pre-consolidation pressure.
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Fig. 2. Comparisons of imposed preconcolidation pressure 6, with predictions

When processing Casagrande’s method, the absolute error is minimal, which indicates that there is no
bias, but you should pay attention to the spread of values; absolute RMSE was 68 kPa.

Strain energy methods (Becker’s and Wang & Frost’s methods) give similar results, which is expected
because both methods have the same principle of operation. An absolute error was 34 kPa for both methods.
However, when testing natural samples, the recompression section is usually not pronounced, and the use of
unloading will be useful for its recovery.
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Table 3
Accuracy of methods for determination of preconsolidation pressure (op)
for the increment load test(LIR = 1)

Method Absolute Absolute Relative Relative
Error Aoy, kPa RMSE, kPa Errorde,, % RMSE, %
Casagrande 1 68 0.8 9.5
Pacheco Silva -83 73 -11.3 10.3
Becker 34 42 5.2 6.3
Wang—Frost 34 33 5.1 53
CONCLUSION

Some weaknesses of laboratory methods for determining the pre-consolidation pressure o, are

revealed, such as difficulties with the choice of tangents in graphical constructions and the subjective factor
in such a choice.

For improving the accuracy of the constructions, it is recommended to use increment load test with

LIR <1, or CRS test, which is consistent with the results of previous researchers [4, 11].

Test interpretation requires high qualification of the researcher. To process the data, you must use at

least two independent constructions performed in parallel for each method.

For increasing confidence in determining the over-consolidation characteristics, it is necessary to use

several methods of processing the compression curve in parallel. This approach will ensure mutual control of
the results and eliminate gross errors in interpreting the tests.

n
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Annomayusa. B naHHOW cTaThbe NPHUBENCH aHAIM3 NPOBENCHHOIO JIM3UMETPUUYECKOIO OIBITA II0
BBISIBJICHUIO BJIMSHUSI T'YMHHOBOI'O Iperapara MpH COBMECTHOM IPUMEHEHHH C OMOTYMYCOM IIpH YPOBHE
IpyHTOBBIX BoA (nanee YI'B) 1,5 M Ha cBolicTBa 1epHOBO-TIOA30JUCTON U CEPO JIECHOH MOYB, CBSI3aHHBIE C
HaKOIJICHHEM HUTPAaTHOTO a30Ta, MOABWXKHBIX (GopM Kaiblus, (ocdopa, a TakkKe ypOKAHMHOCTBIO H
Ka4C€CTBCHHBIM COCTAaBOM CCHa. LICJIBIO I/ICCHCIIOB&HI/Iﬁ SABJIAJIOCH OHNPCACIICHUC BIUAHHUA TYMHHOBOI'O
npernapaTta B COYCTaHHMH ¢ OMOTYMYCOM Ha IJIOAOPOJAME 3aJICKHBIX 3€MENb, a TAKXKE HA YPOKaHHOCTH U
Ka4yeCTBEHHbIM cocTaB ceHa. B pesynbpTaTe NMpOBENCHHBIX HCCICIOBAHUN PEKOMEHIOBAHO MPHMEHEHHE
TYMHUHOBOTO Tipenapara B o3¢ 150 n/ra (¢ konuenrpanueii 0,015 %) B mouBy BMecte ¢ ouorymycom 10 1/ra
nepes MOCEBOM B IIOJIHOM 00bEME B ITOYBY.

Knwouesvie cnosa: TyMHHOBBIN TpenapaTr, OHMOTyMYyC, TUIOJIOPOJHE, 3aJIeKHBIE 3€MITH, TPYHTOBBIC
BOJIBI.

BBEJIEHUE

B cBete coBpeMeHHBIX Tpo0iIeM Aerpajalyy MOYB CEIbCKOX03IHCTBEHHOTO Ha3HAUYEHUS, BCIEICTBUE
WX JUITUTEIBHOTO HEUCIIOIb30BaHMUS M HapallliBaHUS MPOU3BOJCTBA KOPMOB JJISl PA3BUTHS KHUBOTHOBO/ICTBA
0co0y10 aKTyalbHOCTh HPHOOPETAIOT HMCCIEAOBaHUS B O0JACTH OCBOEHMS 3aIEXKHBIX 3€MeENb C yUeTOM
JIOKAJIbHBIX 0COOEHHOCTEHN MPUPOTHOM Cpebl.

Vcnonb3oBaHne TyMHUHOBBIX MpeNapaToB OKa3blBae€T CYLIECTBEHHOE BIMSHHE Ha KadyecTBO
CeNTbCKOXO3ACTBEHHOW MPOJYKIIMK M CBOMCTBAa MouBbl. Oco00e BHMMAaHHS 3aCITy’KUBAIOT aJalTOTCHHBIC
CBOWCTBa — T'YMHHOBBIE MPENapaThl MOBBIMIAIOT CIIOCOOHOCTh PACTEHHI MTPOTHBOCTOATH OOJIE3HSIM, 3acyXe,
MIEPEYBIAKHEHUIO, TIEPEHOCUTD MOBBILIEHHBIE JO3bI COJIEH a30Ta B MO4YBE. TOKCHUYHBIE BEIIECTBA B IIOYBE
MPU B3aUMOJICHCTBUHM C TYMHHOBBIMH IIperapataMd B OOJbIIEH 4YacTH TEpsIOT OMOJOCTYITHOCTh U He
MIOMAJAl0T BMECTE C NMUTATENbHBIMU BEUIECTBAMU B pacTeHus. CHCTEMaTHYECKOe MPUMEHEHUE TYMHUHOBBIX
TIperapaToB OKa3bIBaeT BIMSHHE Ha BOAHO-(pu3n4eckue cBoiicTa mouskl (I[lepmunosa U.B., 2008).

Hecmotps Ha T0, 9TO MpoGiieMa OCBOCHHUS 3aJIEKHBIX 3€MeJb XOPOIIO H3y4YeHa, HEKOTOPHIE BOPOCHI
TpeOYIOT YTOYHEHHs, B YaCTHOCTH BIHMSHUE JIOKAJIbHBIX YCIOBHH — TPYHTOBBIX BOJI, HCIOJB30BaHHE B
KadecTBE JOIMOJIHEHUS K KJIACCHYECKHUM arpoTeXHHYECKHM MEPOIPHITHAM, ajJbTepHATHBHBIX CHOCOOOB
yAy4IleHUs IUIOAOPOAUSl JAETPaJAUPOBAaHHBIX MOYB IIyTEM NPUMEHEHUS YAOOPUTENBHBIX CpPEACTB Ha
OpPTaHMYECKOH OCHOBE, YTO COOTBETCTBYET COBPEMEHHOW TEHACHUMH Ouonorusauuu 3emienenus. B
KadecTBE MPAKTUYECKOW MEpHI, UCXOMAS M3 JIUTEPATYPHBIX JAHHBIX, aBTOPHl PEKOMEHAYIOT TaKHUE MPHUEMBI,
KaK CHJEpaldi0 WM BBIpAllMBaHUE APYTHX KYJIbTYp, CHOCOOCTBYIOIIMX HaKOIUIEHHE M (HOPMHpPOBaHUE
MUTATEIbHBIX BeecTB B mouse. (st 3h(heKTHBHOTO BOBJIECUEHHS ITOYB B CEIbCKOXO3SIHCTBEHHBII 000pOT B
MOJTHOM Mepe HEe PacKpPBITO BIHMSHME TYMUHOBBIX IpeNapaToB U OMOryMyca Ha BOCCTAHOBIICHHE TUIOIOPOIHS
(Ky3emunbix A.H., 2011; Hosocenos C.1., 2018; Cautko A.H, 2014, 2018).
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OpnHako, aHajIM3 pe3yJbTaTOB HCCIICAOBAHMI MO JIUTEPATYpHBIM JaHHBIM CBHICTEIBCTBYET O
HEOOXOIMMOCTH MHIUBHIYAJIbHOTO TOAX0/a K UCIOJIb30BAHUIO TYMHUHOBBIX IPENapaToB U TIIATSIBHOMY
U3YYCHHUIO JICHCTBUS T'yMHHOBBIX IIPENapaToB Ha IMPOLECCHl KOMIUIEKCOOOPAa30BaHMsSI C PA3IUYHBIMU IO
HPOUCXOXKICHUIO DJIEMEHTAMH B TOM YHCIE C TSDKEIBIMH MeTauiaMu. OINpeAeNeHHOro pEIICHUs I0
UCIIONIb30BAHUI0 TYMHHOBBIX TNpENapaToB HET, 3TO OTHOCUTCS K YCIOBUSM Ps3aHckoit oOmactu, rne
HPOBEICHO OTHOCUTEIBFHO HEOOJIBIIOE KOJIMYECTBO HCCIICIOBAHUI C TyMaTaMy Pa3IMYyHOrO MPOU3BOJACTBA
(UepmakoBa A.C., 2016).

B cBsi3M C BBINICH3I0KEHHBIM, LENIbI0 HAIIUX MCCICAOBAHUN SBISUIOCH OMPEICIICHUES BIHSIHUS
T'YMHHOBOTO TIperapara B COYETAaHHH C OMOryMyCOM Ha IUIOJIOPOJME 3aJeKHBIX 3eMellb, a TAKKe Ha
YPOXKaifHOCTh M KaUeCTBEHHBII COCTAB CEHa.

METOJUKA UCCJEJOBAHUI

TpexneTHue uccienoBaHus NPOBEACHBI Ha nu3uMeTpuueckod miomanke YHUL] «Arporexnonapk»,
pacmonoxkeHHoi B Ps3anckoit obmactu. W3yueHo mpuMeHeHHe TYMHUHOBOTO MpenapaTa U OMorymyca Ha
¢one YI'B 1,5M. KoHTpOIHHBIM IPUHAT BapHUAHT O3 IPUMEHEHHS yIOOPEHHUIA.

Kinmarnueckast xapakTepucTuka OpuHATa o AaHHbIM MaTtepuanoB I'HY BHUUI'uM um. A.H.
KoctskoBa. CpenHeMHOTOIETHSSI HOpMa OCaJIKOB C Masl [0 CEHTSIOph cocTaBisieT 266 MM, cpeHEMecsSuHas
Temneparypa Bo3ayxa 15,5 °C. B nepuon nposeaenus onbita 2017-2019 rr., 6naronpusaTHeIM U pocTa U
pPa3BUTHUSL PACTEHUM CUMTACTCA MEPBBIA Troj HcciemoBanuit (2017 1.), B OCTaIbHON NEpHUOa HAOIIIOIANICS
neGULUT OCaJKOB U MOBBIICHHAS TEMIIEPAaTypa BO3AyXa, BCE 3TO CO3/1aBAJIO HEOIAronpHUATHBIC YCIOBUS AJIS
(hopMHpOBaHUs TOYBOOOPA3YIOIIKX MIPOLIECCOB U MPOU3PACTAHUS PACTCHUH.

Ha ombiTHOM y4acTKe HCIONB30BANINCH CEpble JIECHBIE W JICPHOBO-TIOA30JIUCTHIE TOYBHL. [lo
IPaHyJIOMETPUYECKOMY COCTaBy — CPEIHECYIJIMHUCTBIE M CyIeCUYaHble COOTBETCTBEHHO. IIIOTHOCTBH
crosxennst Boicokas - 1,31 i 1,2 r/cm®. TTaxoTHBII FOPU30HT UMEET CPEIHEKHCIYIO H CTA0OKHCIYIO PEAKIIHIO
MMOYBEHHOTO pacTBopa - 5,2 u 5,6 en. Coneprkanue opranmueckoro Bemectsa - 4,2 u 2,5 %. Conepxanue
MOABIWXKHBIX (hopM (pocdopa B IEPHOBO-TIOA30IMCTON TTOUBE HU3KOE - 37,6 MI/KT, B CEpOil JIECHOH ITOYBE
cpenuee - 68,4 mr/kr, kanus cpeaaee — 85,8 u 116 mr/kr.

O6mas mnomanp au3umerpa 1,2 M2, ¢ 3arpy3koit mouBsl oT 0,9 no 1,8 M. ¥V nu3uMeTpoB uUmeeTcs
JIBOWHOE JHO, KOTOPOE COEIMHEHO C COCYAOM IO PEryJIMpPOBKE YPOBHS TPYHTOBOW Bojbl. [ToBTOpHOCTBH
BapHaHTOB OIBITA YEThIPEXKpPaTHASI.

B kauecTBe KOpPMOBBIX KyJBTYp OBLIM HMCIOJB30BaHBl CMECH BHKO-OBca (C cooTHouieHuem 1/1) u
KJIEBEpa KpacHOIro, TAMO(ECBKH JIyTOBOM, €1 COOPHOIi (¢ cooTHOIIeHneM 2/1/1).

B kauectBe ynoOpenuii ucronb3oBaH TyMHHOBBIH mpemnapaT mapku DKOPOCT, ¢ koHueHTpaumei
ryMmycoBbiX u ¢yiabBokuciior 50,1 r/n B Buze 0,015 % pabouero pacTBopa U OHOryMyc B J103¢ BHeceHHs 10
T/Tra ¢ comepkanmemM obmiero azora 1-1,5 %, opranmdeckoro Bemecta 40-45 %. BHeceHrne OCyIeCTBISIIOCH
B TIOYBY II€pe]] IIOCEBOM.

[TmaHupoBaHWe SKCIIEPUMEHTA U COCTABICHUN CXEMBI OTBITAa MPOBEJICHO Ha OCHOBAHUH PE3YJIbTATOB
Tpex MpeIIIECTBYIOIMX ONBITOB MO JaHHOM TemaTtuke. [Ipu ompeneneHuy 103 OpPraHO-MHHEPAJIbHBIX
yIoOpeHuil ObUI y4TeH OIBIT HAayYyHOH JMTEpaTypbl W pPEKOMEHAAuH NpousBoauTens. Cxema ombiTa
npenacranieHa B Tabnwume 1.
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Ta6anna 1
BapuanTsbl onbiTa
Ne i/ IlouBa Bapuant
1 2 3
1 Kontpoib
2 ®OH - VIB 1,5
3 Hleproso- ®OH + I'ymunoBHIH npenapat 130 yi/ra
MOJ30JTUCTas
4 ®OH + I'ymunossrit npenapat 130 i/ra + buorymyc 10,0
5 ®OH + I'ymunoBsrit mpenapat 150 n/ra + buorymyc 10,0
6 Kontpo:n
7 ®OH - VIB 1,5
8 Cepas necHas ®OH + I'ymunoBsbIi penapat 130 /ra
9 ®OH + I'ymunossiit npenapar 130 si/ra + buorymyc 10,0
10 @®OH + I'ymunossiit npenapar 150 si/ra + buorymyc 10,0

paboTa  BBIIONHEHA B  COOTBETCTBUM C  anpoOMPOBaHHBIMH

METOAUYCCKUMH YKa3aHUAMH I10 INPOBECACHUIO IIOJIEBBIX JIMBUMETPUYCCKUX OIBITOB. MaremaTruueckas

OnsbITHO-UCCIIEIOBATEIbCKAS
00paboTKa TaHHBIX BEIIOJTHEHA B iporpaMMHOM Komrmiekce «STATISTICAy.

PE3YJIbTATBI UCCJIEJOBAHUM

OnHUM W3 OCHOBHBIX 3JIEMEHTOM IHTAaHMS PACTEHUH SBISETCS a30T, Haxonsmuiics Ha 99 % B
OpTaHMYEeCKOW - HEJOCTYNMHOW Uit pacTeHuil ¢opme. [Iporecc MuHepamuzaluyu OpPraHMYECKOro a3oTa
MPOMCXOJIUT 33 CYET OMONOTMYECKHX MpoIeccoB. JIaHHBIM Mporecc MOXKET MPOUCXOJUTh U B OOpaTHOM
HampaBJICHUH, B Ciydae ICHUTPpU(HUKALIMM IPU aHA’pOOHBIX YCIOBHAX. BO3MOXKHBI mOTEepH a3oTa HpU
BBIMBIBAHUW OC3JKaMH, JPCHaXHBIMHA BOJIaMU OCOOCHHO Ha JIETKUX IOYBAaX, a TaKKe MOTEpHU CBOOOTHOTO
ra3oo0pa3HOro azoTa.

[To momy4eHHBIM TaHHBIM JTU3UMETPUIECKOTO OIBITAa BHIHO, 4TO MoBhIeHne YI'B mo 1,5 M (oOmuit
(OH) TIpaKTHUECKH HE OKa3aJl0 BIMSHHE HA COJEPKaHHE HUTPATHOTO a30Ta B IOYBE B CPAaBHEHHH C
KOHTpONbHbIME Bapuantamu (Tabnuma 2). BHecenue rymara B fo3e 130 r/ra obecrnieumiio yBenndeHHe B
nepHoBo-Tio3oaucToi mouBe 10%, B cepoit mecHoit mouse Ha 14 %. Ilpu mOMOTHUTEIHPHOM BHECEHUHU
Oouorymyca B o3e 10 1/ra HabII0AATIOCH YBEIMUEHHUE AAHHOTO ITOKA3aTellsl B JCPHOBO-TIO30JUCTON MOYBE
Ha 68%, B cepoii necHol Ha 44 %. OOwmuii BKkiIax OMOrymyca B HaKOIUICHHMH HUTPATHOTO a30Ta B IEPHOBO-
Mo/130/1MCTOM mouse coctaBui 81 % (0TH), B cepoit necHol — 63 % (0TH). YBennueHue 1036l TYMUHOBOTO
npenapata 10 150 n/ra ¢ Ouorymycom 10 T/ra mpHBeENO K YBEJIWYCHUIO HUTPATHOTO a30Ta B JIEPHOBO-
no3onucToil mouse Ha 80%, B cepoit necHoi mouse Ha 66 %. OOl BKIa1 yBeTUISHNS O3Bl TYMHHOBOTO
npenapata Ha 20 J/ra B HaKOIUIEHUH a30Ta B JIEPHOBO-TIOA30JIMCTON mouBe cocTaBuil 19 % (oTH), B cepoit
necHoit — 32 % (otH).

Ta6auuna 2
Coaepsxanue HITPATHOIO a30Ta B cj10e Mo4BbI 0-20 cM moA moceBaMH OTHOJIETHUX M MHOTOJIETHHUX
KOPMOBBIX KYJbTYP, B 3aBHCHUMOCTH OT OPraHo-MuHepaabHoro nutanusa u YI'B, B cpennem 3a 2017-
2019 roawl, Mr/Kr

Bap. | nexana mast | nexana noHsa | nexana uroas | nexana aBrycra | cpeaHee
1 2 3 4 5 6
JepHoBo-110301MCTas TOYBA
1 10,4 13,2 14,7 14,1 13,1
2 10,7 14,2 14,9 14,3 13,5
3 12,1 15,1 15,9 14,7 14,5
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Bap. | nexama masn | nexana nwoHsn | nexama st | nexama aBrycra | cpeaHee

1 2 3 4 5 6

4 22,2 18,7 26,8 20,7 22,1
5 23,3 21,2 21,7 22,1 23,6

| Cepas JlecHasi moyBa

6 13,2 16,4 17,4 16,9 16,0
7 141 17,7 18,9 17,1 17,0
8 16,5 18,4 19,9 18,4 18,3
9 19,7 20,2 28,5 23,6 23,0
10 22,3 24,4 31,5 28,2 26,6

[lomyueHHble NaHHBIE CBHUJETENBCTBYIOT O HEMOCPEICTBEHHOM BIIMSHUU IMPUMEHAEMON CHUCTEMBI
ynoOpeHuil Ha [AWHAMMKY MHHEpalu3aldd HUTPAaTHOTO a30Ta. BiusHME T'yMHHOBOIO Ipemnapara
YCUJIMBAETCS TMPH COBMECTHOM NMPHMEHEHUH C OMOTYMyCcOM. YBEJIHUYCHHE TEMIIOB HAKOIUICHHUS a30Ta, IO-
BUAMMOMY, CBSI3aHO C YJIyYIIEHHEM IOYBEHHBIX YCJIOBUH, YTO SBISETCS Ba)KHBIM (DAKTOPOM DPa3BUTHUS
MHUKPOOPraHu3MoB B ropu3oHTe 0-20 cM. ['yMHHOBBIE BELIECTBA M0 PA3HBIM UCTOYHUKAM AKTUBHO CHUKAIOT
BaJOBOE COJIep)KaHUEC METaUIOB B KOPHEOOMTaEMOM CIIO€ TMOYBBI, CIIOCOOCTBYS WX MHUIPalUdd B
HIDKEJIEXale TOpU30HTHL. [Ipornecchl HUTpU(UKALMKM YCHWIMBAINCH INPH OJArompuATHBIX IHOTOAHBIX
ycioBusax. [Ioeeimenne YI'B Tak ke OKa3bIBanO IIOJOKHUTEIBHOE BIMSHUE HA MPOLIECCHl MUHEPAIU3aLUN
azoTa.

BaxxupiMu 3reMeHTaMH MUHEPATBHOTO MMUTAHUS pacTeHuil sBisiercs dochop u xammid. JJocTymHBIMEU
JUIS PacTCHUH SBJISIFOTCS TOJBKO TOJBWKHBIC (OpMBL. B Xoje wucciemnoBaHuil u3ydanach JUHAMHUKA
HaKOIUICHHUS TaHHBIX OpM B IMOUYBeHHOM Mpoduie 0-20 cM, pe3ynbTaThl IIPEICTABICHEI B TAOIHUIE 3.

Ta6anna 3
JAuHamMuKa cogep:kaHus NOJABUKHOIO Kaaus U (pocdopa B cioe nousbl 0-20 cM moa moceBamu
OHOJIETHUX M MHOT0JIETHUX KOPMOBBIX KYJbTYP, B 3aBUCMMOCTH OT OPraHO-MHHEPAJIBHOI0 MUTAHUSA
u YI'B, B cpennem 3a 2017-2019 roasbl, Mr/kr

BapuanTt K,O P,0s
Jo onbiTa | Cpennee Jlo onbiTa | Cpennee
JlepHOBO-ITO130JIACTAsI TOYBA
1 68,4 60,5 37,6 32,1
2 68,4 62,1 37,6 32,3
3 68,4 84,2 37,6 54,0
4 68,4 110,6 37,6 73,6
5 68,4 116,4 37,6 75,7
Cepas JiecHas mouBa
6 116,0 103,1 85,8 81,8
7 116,0 105,4 85,8 83,2
8 116,0 129,2 85,8 106,0
9 116,0 158,1 85,8 115,6
10 116,0 159,6 85,8 1214

Ha xontposbHbix BapuanTtax (1,6) B JIE€pHOBO-IIOA30JIMCTOM MOYBE cpejiHee coaepkaHue (ocdopa
XapaKTepPH30BaJIOCh KaK HU3Koe - 32,1 MI/KT, B Cepoil JIeCHO# 1movBe cpeHel obecriedeHHOCTH PochopoM -
81,8 mr/kr (PucyHnoxk 1, 2).
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[nHammka obpasosaHus noasukHoro pocpopa, mr/Kkr

130
120

MoasuKHbI pocdop
(o]
o

®OH+I 130 dOH+I3 150
n/ra+610,0 n/ra+610,0
T/ra T/ra

==@==/]e pHOBO-NOA30/I1UCTaA NOYBa 32,1 32,3 54 73,6 75,7

®OH - YI'B ®OH+3 130

Ko o
HTPO/I 1,5 n/ra

Cepasn necHaa noysa 81,8 83,2 106 115,6 121,4

Puc. 1. lnnamuka o0pa3oBaHusi NOABUKHOTO ¢ochopa ¢ cpeHEeM 32 TPU I'0/Ia B 3aBUCUMOCTH OT yA00peHMi,
Ju3uMeTpuYecKuii onbIT Nel, Mmr/kr

[AnHammnKka o6pas3oBaHUA NOABUMKHOTO Kanumsa, Mr/Kr

170
160
150
140
130
120
110
100
90
80
70
60

N Kanumn

MoaBu»KHbI

®OH+M 130 dOH+I 150
n/ra+610,0 n/ra+610,0
T/ra T/ra

==@==/le pHOBO-NO 430/ IMCTaA NOYBA 60,5 62,1 84,2 110,6 116,4

®OH - VYIB POH+I 130

KoHTposb
P 1,5 n/ra

Cepas necHaa no4vsa 103,1 105,4 129,2 158,1 159,6

Puc. 2. lunamuka 00pa3oBaHusi NOJABHKHOIO KAJIMS € CPeJJHEM 32 TPU r'o/ia B 3aBUCUMOCTH OT yA00peHui,
Ju3uMeTpudecKkuii onbIT Nel, Mmr/kr

PesynbpTarthl moka3piBalOT, 4TO Ha (POHOBHIX BapuaHTax C TNOBbINIEHHBIM YIB mo 1,5 M 06e3
MPUMEHEHHUs! yA0OpEeHUH, CYIIECTBEHHBIX HM3MEHEHHH coaepkaHus ¢ochopa W Kanus 1O CPaBHEHHUIO C
KOHTpoJIeM He HaOmomaiock. Ilpumenenue rymarta 130 Jji/ra B YMCTOM BHJE HA JIEPHOBO-TIOA30MCTHIX
MoYyBax CHoCOOCTBOBANO YBEIMYCHUIO COJEPXKaHMs MOJABMXKHOTO Qocdopa B cpeaneM Ha 21,9 wmr/kr.
HononautensHoe BHeceHne Ouorymyca 10 1/ra gamo mpubaBky B cpeaneM 41,5 mr/kr. OOmmid Biam
ouorymyca coctaBui 47 % (0TH). YBeauueHHe 103bl TYMHUHOBOTO Iipernapara o 150 j/ra ¢ ouorymycom 10
T/Ta IPUBEJIO K yBenudeHuto Ha 43,6 mr/kr. OOmuil BKiIa] yBeIMYeHUs 036l TyMUHOBOTO npenapara Ha 20
J/Ta B HAKOTUICHHHU TIOABIXKHOM opMmel (ochopa coctaBuit 5% (0TH).

[Mpumenenne rymmHOBOTO mpenapara 130 j/ra B YHCTOM BHJAE Ha CEPBIX JIECHBIX MOYBAX
CHOCOOCTBOBAJIO YBEJNMYCHHUIO COJAEpXKaHMA MOABWXKHOTO (Gochopa B cpeaHemM Ha 24,2 MI/KT.
JlomosiHuTeNIbHOE BHeceHHe Ouorymyca 10 1/ra nmano mpubaBky B cpeaHem 33,8 mr/kr. OOmmid BKjana
ouorymyca coctaBui 28 % (oTH). YBennueHue 1036l TyMHUHOBOTO npenapata 1o 150 i/ra ¢ Ouorymycom 10
T/ra IPHUBEJIO K yBeIndeHuto Ha 39,6 mr/kr. OOIIMii BKJIaJ YBEIWYCHUS 1036l TYMHHOBOIO mpemnapata Ha 20
J7/Ta B HAKOTUICHHUH TTOIBIXHOM hopMbl pocdopa coctasun 14 % (oTH).
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B xone u3ydyeHus: AMHAMHUKH COJEPXKaHUS MOJABIKHOTO KalHs B MOYBE yCTAaHOBJICHA OIpEAcTICHHAsS
3apucuMocTh. [lpumenenne rtymara 130 n/ra B 9mcTOM BHAE Ha JEPHOBO-TIOJ30JIUCTHIX TOYBAX
CIOCOOCTBOBAJIO YBETMUEHHUIO COAEPKAHMS MTOABMKHOTO Kalusl B cpeqHeM Ha 23,7 mr/kr. JlomonHutensHoe
BHeceHmne O6morymyca 10 1/ra mamo mpubaBky B cpemnem 50,1 mr/kr. OOmuit Bkiag 6HOTyMyca COCTaBHI
52% (oTH). YBenmueHue M03bI TYMHHOBOTO mpemapara a0 150 n/ra ¢ O6uorymycom 10 T/ra mpuBeno K
yBenuueHnto Ha 55,9 wmr/kr. OOmuWi BKJIajg yBeIWUYeHHs 036l TYMHHOBOTO mpemapata Ha 20 n/ra B
HaKOIUICEHWH MOABIKHOM hopMbl pocdopa coctasmr 10% (oTH).

[Ipumenenne rymmHOBoro mnpemnapata 130 j/ra B YHMCTOM BHAEC Ha CEPBIX JIECHBIX MOYBAax
CIOCOOCTBOBAJIO YBETMUEHHUIO COAEPKAHMS MTOABMKHOTO Kallusl B cpegHeM Ha 26,1 mr/kr. JlomonHurensHoe
BHeceHue ouorymyca 10 1/ra mano mpubaBky B cpeareM 55,0 mr/kr. O0muii BKiiag 6norymyca coctaBui 52
% (oTH). YBenmu4eHue 036l T'YMUHOBOTO mpemaparta no 150 n/ra ¢ Ouorymycom 10 T/ra mpuBeno k
yBenmuueHuro Ha 56,5 mr/kr. OOmmii BKJIaI yBeIWYEHHsS J036I TYMHHOBOTO mpemapata Ha 20 m/ra B
HaKOIUICHUH MOABKHOM hopMbl pocdopa cocTasmit 3 % (0TH).

B cocraB camux opraHO-MHHEpaNbHBIX YIOOpeHUH BXOmuT (ochop u Kanuii. BHeceHHMe naHHBIX
JO3MPOBOK OKAa3aJ0 BIMSHUE HAa HAKOIUIGHWE STHX BemecTB B mouBe. [loseimenne YI'B cmocoOcTByeT
(hopMHUPOBaHUIO OJATONPUATHBIX YCIIOBUH JIJIs1 00pa30BaHMs MUTATESILHBIX BEIICCTR.

Pe3ynpTaThl NpPOBENEHHOIO ONBITA IMOATBEPAMIM JOCTOBEPHOCTh MOJOXKUTEIBHOTO  BIHMSHUS
MIPUMEHSEMOH CUCTEMBI yIOOPEHHUH C TYMIHOBBIM IIPETIapaToM Ha YpO)KaliHOCTh KyNbTyp (BapuaHThI 4-5; 9-
10), maHHBIE OTpakeHbI B TaOmuie 4. YpOKaWHOCTh Ha JEPHOBO-TIOJ30JIUCTONW TOYBE, B CPAaBHCHHH C
KOHTPOJIbHBIM BapHaHTOM Y BHKO-OBCSHOW CMECH Ha 3€JICHBIH KOPM M3MEHHJIAch B OOJBIIYIO CTOPOHY Ha
890 — 1342 r/m” (B KOHTpOIE - 2575 r/M?), Ha ceno - 229 — 287 r/m” (B KOHTpOIE - 692 /M%), YpokaitHOCTh
3eJIEHON MacChl MHOTOJIETHUX TPaB Ha 3€JICHBIH KOPM M3MEHIIIACH B OOJBITYI0 cTOpoHY Ha 218 — 259 /™M’ (B
KoHTpoute - 482 /M%), Ha ceHo - 52 — 67 r/M? (B KoHTpone - 124 /).

Tabauna 4

Ypo:xkaiiHOCTH 3eJ1eHO Macchl U ceHa, B cpeaHeM 3a 2017-2019 roawi, /M’
- g 2017-2019
E ITouBa % Buko-oBcsiHasi cmech MHoroJieTHHE TPABBI
& £ 3ejieHbIH KOpPM Ceno 3eJieHblil KOpM Ceno
1 1 2575 692 482 124
2 2 2726 721 491 124
3| i‘gﬁzaﬂ 3 3010 792 504 148
4 4 3473* 921* 700* 176*
5 5 3917* 979* 741* 191*
6 6 3076 758 558 138
7 7 3190 788 585 145
8 Cepas necHast 8 3462 854 685 169
9 9 3995* 983* 794* 196*
10 10 4499* 1106* 859* 212*

*- HeIOCTOBEPHOE 3HAYeHU e, KO PuuueHT 3HaUMMocTH P>0,05.

VYpoxxkaliHOCTh Ha Cepol JIECHOW IMOYBE, B CPABHEHUH C KOHTPOJBHBIM BaPHAHTOM Y BHKO-OBCSTHOM
CMECH Ha 3e/eHbIi KOPM H3MEHMIACh B OOJIBIIYIO CTOPoHY Ha 919 — 1423 r/M? (B konTpore - 3076 r/m?), Ha
ceHo - 225 — 348 r/M° (B koHTpone - 758 r/M%). YpoxkaiHOCTh 3€1€HOI MAacChl MHOTOJIETHMX TPaB Ha
3eJICHbII KOPM M3MEHMIACh B GOJIBIIYI0 CTOPOHY Ha 236 — 301 r/m? (B KoHTpOIE - 558 T/M%), Ha ceHo - 58 —
74 r/m? (B kOoHTpOTIE - 138 1/M°) (abC).
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BaxHpiM  KpuTepueMm, XapaKTepU3yIOIIUM MHUTATENbHOCTh KOpMa JUIsl  KUBOTHOBOJICTBA,
00ecreYrBarONIero MOJHOLCHHBIH PALMOH IUTAHUS, SIBISETCA COIEPXKAHMWE CBIPOM KIETYAaTKH, CHIPOTO
XKHpa, CHIPOTO MPOTEeHWHA, CBIPOH 301k, Qocdopa, xampius. CBOWCTBa XKHpa OUYEHb BaXHBI B PallMOHE
MIUTaHUS KUBOTHBIX, OH BXOAMUT B COCTaB IIPOTOILIA3MBI KJIETOK, Y4acTBYeT B OOMEHE BEILIECTB, POCTE U
Pa3BUTHU >KUBOTHBIX. [IpH OMarompusITHBIX KIMMAaTHYECKUX YCIOBHUSX, COJEp)KaHUE CHIPOTO JKHpa C
BO3PacTOM TPABOCTOS YBEJIIMUMUBACTCSA OOBIYHO K TpeTheMy roay (Bemuxaans H.T., 2015).

Ilo pesynpTaraM uCCIENOBaHUS OTMEUYEHO HM3MEHEHHE COAEP)KaHMSA YKa3aHHBIX I[IHTaTEIbHbIX
3JIEMEHTOB, IPEACTaBICHHBIX B TA0IUIIE 5.

Taoauna 5
XHMMHYeCKHUH COCTAaB ceHa KOPMOBBIX TPaB B 3aBUCMMOCTH 0T YI'B n
OPraHo-MHHEpPAJIbHbIX YA100peHuii, MaccoBasi 10Jis1 B IlepecyeTe Ha cyXoe BellecTBO (JaJee C.B.), B
cpeaHem 3a 2017-2019 rr., %

2017-2019
= g = =
2 F|sd] 3¢ | &% | &3 | &° E :
2| 2 : = 2
5 C.B. |O1K.,% | C.B. | OTK.,% | C.B. | OTK.,% | C.B. | OTK.,% | C.B. | OTK.,% | C.B. | OTK.,%
w| 1 | 80,1 |2511 - 3,1 - 11,83 - 5,96 - 0,31 - 0,58 -
g § 21801 |2501| -04 |318| +26 |1241| +49 |6,06| +1,7 |03l 0 059 | +1,7
% E 31801 |2453| -23 |324| +45 |13,18| +114 |645| +8,2 |0,32| +3,2 |061| +52
= % 4 | 799 |2395| -46 |[336| +84 |13,64| +153 |6,77| +136 |0,33| +6,4 |[0,62| +6,9
= 5811 |2371| -56 |346]| +116 |14,21| +20,1 | 7,1 | +19.1 [0,34| +9,7 [065| +12,1
5 6 | 80,7 | 27,17 - 3,16 - 12 - 6,14 - 0,33 - 0,6 -
5|7 |803|2697| -07 |[328| +38 |1258| +48 |624| +16 |0,33 0 0,6 0
E 81801 |2623| -35 |3,34| +57 |13,26| +105 |6,49| +57 [0,34| +30 |062| +3,3
% 9804 |2621| -35 |344| +89 |1392| +16,0 |7,01| +14,2 [0,36| +9,1 |065| +8,3
© |10 80,1 | 2574| -53 |[352| +11,4 | 147 | +225 |7,97| +29,8 | 0,37 | +12,1 |0,66| +10,0

Haunyumee Bo3feiicTBre Ha KaueCcTBO KOPMOBBIX TPaB BBISBIEHO Ha BapuaHTax 5 u 10 Ha gepHOBO-
MOJ30JIUCTON M cepoil JIecHOH mouBe, ¢ mpubaBkoil ceiporo xwupa 11,4-11,6%, ceiporo nporeuna 20,1-
22,5%, cwipoii 301161 19,1-29,8%, dhocdopa 9,7-12,1%, kansius 10,0-12,1%, npu 3ToM coaepkaHHe ChIPOH
KJIETYaTKU CHU3WIOCH 110 ONBITY Ha 5,3-5,6%, uTo He npotuBopeunt HabmoaenusM Benuknans H.T. Ctout
OTMETHUTh, 4YTO JaHHas 3aBHCUMOCTh HaONIONAeTcs HE TOJBKO MpH OJaronpUsATHBIX KINMAaTHYECKUX
ycioBusix, B HamieM cirydae B 2018, 2019 3acynmumBbeIx roj1a, Tak e MPUCYTCTBOBAJIA TUHAMHUKA CHIDKEHUS
KJIETYATKH NIPH YBEJIMUEHUH YPOKANHOCTH pacTeHUI. Y CTaHOBJIEHO, 4TO ycTaHoBIeHHe YI'B Ha BrIcOTE 1,5
M HE OKa3ajo OONBIIOrO BIMAHMSA Ha OMOXMMHYECKHH COCTaB MHOTOJIETHHX TpaB. llpu 3TOM BEISBIEHO
HeOoJbIIoe cCHIKeHue Kkietyatku Ha 0,4-0,7 %, yBenuueHue ceiporo xupa Ha 2,6-3,8%, CBIpOro mnporeuHa
Ha 4,8-4,9%, ceipoit 30161 Ha 1,6-1,7%, conmepxanue ¢ochopa He uU3MEHWIOCH. [IpH 3TOM OTMEuYeHO
HEe0O0JIBIIOE YBEIUUeHHE Kaablus Ha 1,7 % Ha AepHOBO-MOA30JUCTON MouBe. /laHHBIE 3aBUCUMOCTH MOXHO
00bsicHUTh, uTo YI'B 1,5 moBbImaeT nuTaHHE MOYBEHHOT'O CJIOSI BOJOW 3a CUET KaNWUIIPHBIX CHII, a
BHeceHrne ['D mpu JaHHOM ypOBHE OOBOJIHEHHS BIUSICT Ha BOJHO-(DM3WYECKHE CBOWCTBA MOYBHI ITyTEM
TTOBBIIICHHS KaMWJUIAPHON | TTOJIEBOM BIaroeMKOCTH. MOYKHO MPEANOI0KUTh, YTO HU3KHE JO36I TyMHHOBBIX
ynoOpeHuii crnocoOCTBYIOT MOBBILICHHUIO BOJIONPOYHOCTH arperatroB, YTO OTpakaeTcs Ha OMOJIIOTHYECKUX
XapakTeprcTUKax Mo4BEIL. JlomomHUTENnbHO BHEceHHe Ouorymyca B g03¢ 10 T/ra COBMECTHO C BHECEHHEM
TYMHUHOBOTO TIpenapara MpH BCeX J103aX, MOJOXKUTEIBHO CKa3bIBaJOCh Ha KAaueCTBE CMECH MHOTOJIETHHX

TpaB. [Ipu 5TOM KOpMOBasi MPOTYKIHS 10 MCCIETyeMbIM OMOXMMHUYECKHM TOKa3aTeNsaM yiaydiiantach Ha 5-
30%.
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[Ipu mpuMeHeHUN OpraHO-MHHEPANBHBIX YIOOPEHWH M yCTaHOBIEHHH BBICOKOTO YI'B, TeM cambim
W3MCHSISL YCJIOBUS YBJIIAKHEHHS, TIOBBIIIANACH arpodHepreTudeckas 3PQPEKTUBHOCTh MPUMEHIEMbIX
pueMoB. Pe3ynbTarhl mpeicTaBieHsl B Tadbnuie 6.

Tabéauua 6
JKoHOMMYECKAsl M IHepreTuyeckas 3¢GpPeKTUBHOCTH NPU NPUMEHEHUH
OpPraHo-MHHEPAJBHBIX YA00peHuii
BapuanTt Ko3¢. JHepr. Ve10BHO 4HCTHII T0XOL, YpoBensb
JHeprerny. cedecr., ThIC. pY6. ¢ 1-T0 ra peHTa0eJIbHOCTH,
3P PeKTHBHOCTH 'x/T %
JlepHOBO-IO301MCTas TOYBA
1 1,9 4,6 0,64 3,54
2 1,9 4,5 1,01 5,58
3 2,2 4,1 2,01 10,27
4 2,1 4,3 1,36 5,66
5 2,3 4,0 2,86 11,77
Cepas JiecHas mouBa

6 2,0 4,2 2,51 13,94
7 2,1 4,1 3,19 17,50
8 2,3 3,7 4,10 20,81
9 2,2 3,9 3,28 13,53
10 2,4 3,6 5,47 21,87

OCHOBHBIMM ~ SKOHOMHMYECKMMH  IIOKa3aTeNsIMH,  OINpeeNsomuMu  3((eKTUBHOCTb,  ObUIH
MIPOM3BOJCTBEHHBIC 3aTPaThl, BKIOYAIOLUINE B ceOs BCe 3aTpaThl MO TEXHOJIOTHYECKOW KapTe, Ha HAyYHBIH
SKCIIEPUMEHT, Ha YOOPKY JOTOJHUTEIHHOHN MPOAYKIMH, TIOIYYEHHOH B X0JI¢ SKCIIEpUMEHTA; ce0ECTONMOCTb
MPOAYKIHMH; YCIOBHO YUCTBIM JOXO/; YPOBEHb PEHTA0EIbHOCTH.

[Mpumenenune I'D u Ouorymyca crmoco6cTBOBAIO MOBBIIIEHUIO OCHOBBIX YKOHOMHYECKHX MOKa3aTeseH.
B ombiTe Ha cepoil JecHoi U IepHOBO-TI0A30JIMCTOM nouBe npumenenue I'D B noze 150 si/ra u 6uorymyca 10
T /Ta YCIIOBHO YMCTHIN ToX0J1 yBenmuamics Ha 2,22 u 2,96 Thic. pyOieii, a ypoBeHb PeHTa0eIbHOCTH COCTaBUII
11,8 u 21,9 % npu kontpone 3,5% u 14%. [Ipumenenue rymMHHOBOTO mpemapara ¢ jgo3od B 130 mn/ra B
YHCTOM BHUJAE CHOCOOCTBYET MOBBILIEHHIO peHradenbHocTH, coctaBiser 10,3 u 20,81 %. Ilpu nomon-
HUTEJILHOM BHeceHue Ouorymyca B 03¢ 10 T/ra, ypoBeHb PEHTA0CIBHOCTH CHIDKaeTCs 10 5,6 u 13,5 %.

Pacuer sHepreTHyecKoll NHUTATENHLHOCTH CEHA, BBHIPAKEHHOW B IMOKAa3aTelsix OOMEHHOW SHEPIHU W
KOPMOBBIX €IMHHIAX, PACCUUTHIBAIM C yYETOM COJIEpXKaHUS MAacCOBOM JOJNM CBHIPOM KJIETYATKH B CYXOM
BEIIECTBE 110 METOAMUECKUM yKa3aHHIM, I10 OLIEHKE KauecTBa M MUTATEIbHOCTH KOpMOB. [Ipu onpenenennu
3aTpaT COBOKYITHOM 3HEPTHM YUUTHIBAIM CIEAYIOIIME CTAThbH: TPAKTOpPA, MAIIMHBI, CEIILCKOX03HCTBEHHAS
TEXHHKA, TOPI0Ye-CMa30uHbIe MaTepHaIIbl, CEMEeHa, yI0OpEeHMs, TPenapaTsl, KUBOK TPY/I.

Haun0onpimunii 4ucThiii HEPreTHUECKU JO0XO[A IOoKa3aJl BapwaHT ¢ npuMmeHenuem [D 150 mi/ra ¢
ouorymycom 10 1/ra, coctasun 19,2 — 22,3 I'Jlx/ra, npu ko3ddumente sHepreTuueckont 3hhekTuBHOCTH
2,3 — 2,4, snepruu cedbecroumoctu 4,0 — 3,6 I'JI>k/T, COOTBETCTBEHHO.

3AKIIOYEHHUE

Taknm 06pa30M, B ONTUMHU3AINU TINIOAOPOAUA 3aJICKHBIX 3€EMEJIb IIPU BbIpalllUBAHNUN KOPMOBBIX TpaB
MMeeT HanOOJIbIINH MPAaKTUIECKHU HHTEPEC COYeTaHUe TYMUHOBOI'O IIperapara u Ouorymyca.

ITo pe3ynbTaTaM IPOBEAEHHBIX ONMBITOB HA 3AJIEKHBIX JIEPHOBO-TIOA30JIMCTON U CEPOil TIECHOW TOYBE,
YCTaHOBJIEHO TIOJIOXHUTEIHHO JAeMCTBHE OPraHO-MHHEPATBHBIX YIOOPEHNH Ha YPOXKAHHOCTh M Ka4ECTBO CEHA
KOPMOBEIX TpaB. Haunboubias ypoxxaitHOCTh OblIa Ha BapHaHTE C UCIOJIB30BAaHUEM TYMHUHOBOTO TIperiapara
B J03e pabouero pactBopa 150 n/ra (0,015%) B kommiekce ¢ Guorymycom B no3e 10 t/ra. Ilpm sTom
HaOJI0/IAIOCHh CTA0MIILHOE HAKOIUICHUE HUTPATHOTO a30Ta U MOJBMKHBIX (hopM hocdopa U Kajvs B ITOYBE.
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Irrigation
ASSESSMENT OF THE APPLICATION OF HUMIC PREPARATION

AS A MELIORANT ON FALLOW LANDS

Mazhaysky Y.V, Paviov A.?

Y 000 "Mescherskiy scientific-technical center"
2 Ryazan State Agrotechnological University
Named after P.A. Kostychev
Ryazan, Russia

Annotation. This article provides an analysis of the lysimetric experiment to identify the effect of a

humic preparation when applied together with biohumus at a groundwater level (hereinafter referred to as
GWL) of 1.5 m on properties of sod-podzolic and gray forest soils associated with the accumulation of
nitrate nitrogen, mobile calcium and phosphorus, as well as yield and quality of hay. The aim of the research
was to determine the effect of a humic preparation in combination with biohumus on the fertility of fallow
land, as well as on the yield and qualitative composition of hay. As a result of the conducted studies, it was
recommended to use a humic preparation at a dose of 150 | / ha (with a concentration of 0.015%) into the
soil together with 10 t / ha biohumus before sowing in full.

Keywords: humic preparation, biohumus, fertility, fallow land, groundwater.
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W3YUYEHUE B3BEIIEHHOT'O BEIIIECTBA KAK ITPUKJIAJTHOU ACHHEKT
T'UAPOJOTMYECKUX M DKOJIOTMYECKHUX UCCJIEJOBAHUIA

Haceaxnn E.I/I.,1 OJbuITHIHCKAS A.l'[.,1 HNBanoBa A.H.,1
Murtpodanosa AAZ IIycrosoiiT U.H. !
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yi. Onecst 'onuapa, 55-0, r. Kues, 01601, Ykpaunna,
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E-mail: ol-lesia@ukr.net

Annomayusa. AHanu3 BOJHOM B3BECH - OJIMH U3 HAJICKHBIX HHCTPYMEHTOB H3YUCHHS 3KOJIOTHYECKOTO
COCTOSIHMSI BOJIOEMOB; ITOCKOJIbKY B3BELICHHBIC B BOJE TBEPAbIC YACTUIIBI HAKAIUIMBAIOT M XPAHST
WHPOPMALIMIO KaK O MPHUPOJHBIX IpolecaX TMOCTYIUICHUS W paclpe/eNieHus] OCaJouyHOro Marepuana B
aKBaTOPHM, TaK M O TpOIeccax AaHTPOIOTCHHOTO BO3ACHCTBUS Ha BOIHYIO Cpedy - IBTpopHUKanus,
3arpsi3HCHU. B CTaThe MMpEACTaBJICHbBI  PE3YJIbTAThI MHOT'OJICTHHUX HCIPCPBIBHBIX Ha6J’IIOI[CHHI>i
pacmpenesneHuss ¥ CeAMMEHTAMH OCAJI0YHOTO BEIIecTBAa B akBaTtopwsx p. Jnemp (paiioH r. 3amopoxbe,
VYxpanna) u Yeprnoro mops (moc. Kamusemn, Kpsim). OO6cyxmaercss MeToAmka OTOOpa MaTepuana c
HCIIOJIb30BaAHUEM CCAUMCHTAIIMOHHBIX JIOBYIICK, METOAbI, PE3YJIbTaTbl MW ICPCIICKTHBHBLIC HAIIpaBJICHUSA
U3y4eHHs OTOOPaHHOTO MaTepHaa.

Knioueevie cnoea: B3BELUIEHHOE BEIECTBO, JOHHBIC OCAJKH, MOHMTOPHHI, 3KOJIOTHUECKHE
UCCIIEZIOBAHUSL.

BBEJIEHUE

B reonormnueckoii HUCTOpUHU 3eMan B3BEIIEHHOE BCHICCTBO PCEYHBIX MW MOPCKHUX BOJ ABJIACTCA
OCHOBHBIM  ITOPOIOO0PA3YIONIUM MaTepUAIOM JIOHHBIX OCAQJIKOB aKKyMYJSIIMOHHBIX OacceifHOB, a
CeIMMEHTOI'eHE3 - €CTh HaudaJIbHBIA JTanm (OpMHUpOBaHUs OcCaJouHBIX (opmanmii. B sTOoM mporecce
OCaJOYHBI MaTepuall IMEepPexXOJUT W3 TMOJBWKHOTO COCTOSHUS B HemonswxkHoe. [Ipm mepemerneHnn
BENIECTBA W3 BHEITHUX HWCTOYHHKOB TIPOUCXOIUT €ro arperanus WIH pPacTBOPEHHE, MeXaHUYeCcKas,
XUMHYecKasi u Ouosorunyeckas tTpanchopmarus [1] .

CoBpeMEHHbIE HCCIAEAOBAHMS PACHPENEICHUSI OCaJOYHOIO BEIIECTBA M €ro INEPEMEIICHUs, Kpome
aHaJl3a TeO0JOTHYECKOT0 COAEp)KaHMA, CTaBiAT M Jpyrue akTyalbHble 3amaud. CBOMCTBa 0CaJ04YHOTO
BEIIECTBA BIMAIOT Ha (OPMHUPOBAHHE TUAPOJIOTMYECKOH M THAPOOMOJIOrMYECKO cdep - B3BEIICHHBIE
YaCTHIbl YMCHBIIAIOT IIPO3PavYHOCThL BOJbI, IIPOHMKHOBCHUC B HEC CBETA, TEMIICPATYpPy, MHTCHCHUBHOCTH
COpOITMH PaCTBOPEHHBIX B BOJIE BemecTB. C IKOJOTHIESCKOM MO3UIINK MOPCKas M PeUHas B3BECh IIpHOOpeIia
YCTOHYMBBIA CMBICT OCHOBHOTO IEPEHOCYHKA Psijia 3arps3HSIOIINX BEIIeCTB [2].

N3ydeHne BeIIeCTBEHHOTO COCTaBa BOJHOW B3BECH IMO3BOJIAET OMPEACTUTH ITyTH €€ MOCTYIUICHHS,
0COOEHHOCTH IOBEPXHOCTHOTO CTOKAa M aOpa3sHOHHBIX OEpEeroBBIX MPOLECCOB, THAPOOMOIIOTHUECKUE
XapaKTEPpUCTUKU BOJAOEMOB, OUCHUTH BJIWAHUA MCXaHU3MOB PECCIAUMCHTAIIMU HA COCTOAHUC FHJIpOC(l)epBI.
[IpoBeneHre peKUMHBIX HAONIOJICHHH KadeCTBEHHOTO W KOJMYECTBEHHOTO COCTaBa BOJHON B3BECH
MO3BOJIIET OLIEHUTh MHTEHCUBHOCTH BEPTHUKAJIBHOI'O M TOPU3OHTAIBHOTO NMEPEMELIEHHS] BOAHBIX MOTOKOB,
U3MCHYHUBOCTDH TC‘ICHI/II\/II, pacriojio’)K€HUE TEPMO- W IMMHMKHOKIIMHA, CE30HHOCTH W CHHOITHYECKYIO
TpaHc(hOpPMaLMIO BOJHOM Macchl Ha Pa3sHBIX y4acTKax BOJOEMOB, OCOOEHHOCTH CTpaTH()MKALUK BOJHBIX
CJIOEB.
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B3BenieHHbIE YacTHIBI CONEPKAT HH(DOPMAIMIO O MPOIEccax AHTPOIOTCHHOIO BO3ICHCTBUS Ha
BOJAHYIO cpemy, 00 OdBTpOQHUKAIMK, 3arpsA3HEHUH, (QakTopax paspylleHHs © TpaHChOpMAaIiH
TCOIKOJIOTUYECKUX cucTeM. C y4eToM pacTyIlero TEXHOTCHHOTO TPECCHHra W pPAaCHIMpPEHUs CICKTpa
3arpsI3HSIONIMX BEUISCTB aHAIW3 BOJHOW B3BECH SBIISCTCS OJHUM W3 HAJICKHBIX MHCTPYMCHTOB U3yUCHUS
HKOJIOTHYECKOTO COCTOSHUSA COBPEMEHHEIX BOI0eMOB [3].

OBBEKT UCCJIEJOBAHUSA

B mocnenHee necATmieTHE B OTAENE COBPEMEHHOIO MOPCKOTO CceAMMEHToreHesa IMHctutyTa
reonornueckux Hayk HAH Ykpaunst (MTH HAHY) B pamkax BBINOJIHEHHS Psiia HAYYHBIX MPOEKTOB OBLIH
METOANYECKH 0OOCHOBAHHBI, CO3JaHbl U BHEAPEHbI CUCTEMbl MOHUTOPHHIA TOTOKOB OCAaI0YHOI0 BELIECTBA
B PEUHBIX M MOPCKHX OacceliHax Ha 0a3e MCHOIb30BaHUS KOMIUIEKCA TOJIEBOr0 00Opy10BaHHA 111 0TOOpa
B3BECH U3 BOAHOM CpeAbl M BEPXHETO CIIOSI TOHHBIX OTIOXKECHUM.

Pe3ynpTaThl MHOTOJIETHUX HENPEPHIBHBIX HAOMIOACHUH MOKA3ald NPUHLUUIHAIBHYIO BO3MOXXHOCThH
IIPOTHO3UPOBAHUS IPUPOAHBIX IIPOLIECCOB PACHpPENEICHUs] KOHLUEHTPALUi TSHKEIbIX METAIIIOB B COCTaBe
B3BECH B 3aBHCHMOCTH OT KOJMYECTBEHHBIX M Ka4ECTBEHHBIX XapaKTEPHCTHUK OCaJ0YHOTO MaTephana,
MOCTYIAIOIIEr0 B aKBAaTOPHIO. [IoirydyeHHBIE HA 3TOM JTale AAHHBIEC JETVIH B OCHOBY IIPOCKTA IO CO3LAHUIO
CUCTEMbI MOHUTOPUHIA BIASHUS XO3AHUCTBEHHOHN NEATEIBHOCTH HA MPUPOJHBIE KOMIUIEKCHI M JAJIbHEUIINX
MCCIICI0BAHU TIPUKJIAIHOTO XapaKTepa SKOIOrHIECKOro HanpasieHus [4].

Pa3paboranHast MeTolMKa ¥ ONTUMHU3UPOBAaHHAs CHUCTEMa MOHUTOPHMHIA paclpeesieHUs] 0Ca0qHOro
BElIECTBA B aksBaropuu p. JlHemp B Impenenax SKCHEPHUMEHTAIBHOTO MOIWIOHA [ '0CyaapCTBEHHOTO
yupexnaenust «HamuonansHeiii rugpodpusndeckuii nentp HAH Ykpauus (r. 3amopoxbe) MO3BONMIH HE
TOJBKO OXapaKTEPHU30BaTh KAYECTBEHHBIE U KOJIMYECTBEHHBIE COCTABIIOIIME PEYHOHW B3BECH, HO U
ONpENeNATh, a B AAJBHEHIIEM W MPOTHO3MPOBATH KOHIEHTPALMIO 3arps3HHUTENEH M KOHTPOJIMPOBATH HMX
pacnpezieneHne B 3aBUCHMOCTH OT Psi/ia IIPOrHO3MPYEMBIX IoKa3ateneii [5].

Hwxe mnpuBeneHsl HEKOTOpHIE METOIMWYECKHE ACHEKTbl IPOBEIEHHBIX HATYpPHBIX HaONMIOACHUH,
OTJENIBHBIE PE3YIbTAThl UCCIENOBAHUI IO pa3iIMYHBIM HANpaBICHUSIM, HaMEueHBI IEPCIEKTUBBI Pa3BUTH
HaOJII0AaTeNIbHO-UCCIIEA0BATEILCKOT0 KOMILIEKCA.

METO/UKA ITOJIEBBIX I/ICCJIEI[OBAHHFI

[Ipu  w3yyeHMH  TPOCTPAHCTBEHHO-BPEMEHHOT'O  pacCHpeleNieHHus  OCaJOYHOrO0  BEIIECTBa
MOBEPXHOCTHBIX BOJIOTOKOB BHICOKasi HH()OPMATUBHOCTD CEAMMEHTAIIMOHHBIX JIOBYIICK JIEJIACT X OJHUM H3
TJIABHBIX MPAaKTHYECKUX WMHCTPYMEHTAPUEB TIPU HCCIEIOBAHWU MPOIECCOB MOPCKOTO U PEYHOTO
CeIMMECHTOI'eHE3a, W3yYCHWH BOJHBIX (DIOPHUCTUUECKUX KOMIUIEKCOB, PEXHMHBIX  HAOIIIOJCHUIX
3aBHCHMOCTH UX CE30HHOW M3MEHYMBOCTH OT TApaMETPOB BOJHOM cpenbl. OnpeaesieHne CKOpOCTH OCEAAHUs
B3BELICHHBIX BEIIECTB B LWIMHApPaX MNpuOopa JaeT BO3MOXHOCTb HEMOCPEACTBEHHOTO H3YyUeHHS
KaueCTBEHHBIX W KOJMYECTBEHHBIX XapaKTEPHUCTHUK BEPTUKAIBHBIX MMOTOKOB M OLIEHKH TEMIIOB HAKOIUICHHS
COBPEMEHHBIX 0CaIKoB [6].

[IpakTrka MepruoInvYecKuX peXMMHBIX HAOIIOIEHUH B peKax Mmoka3ana HeoOXOoJAUMOCTh MPUMEHEHHUS
JIETKUX, KOMIAKTHBIX M HAJSKHBIX BAPUAHTOB CEAMMEHTAIIOHHBIX JIOBYIIEK, KOTOpBIE OJHOBPEMEHHO
YIOBJIETBOPSUTH Obl TPeOOBAaHMSIM KOMILIEKCHBIX HCCIENOBaHHUI ocamouHoro BemiectBa. B MUI'H HAHY
OCTaTOYHO A(PGPEKTUBHO WCHONB3YEeTCd BapHAHT TNPOCTHIX CEAVMMEHTAI[MOHHBIX JIOBYIIEK, HH3Kas
ce0ecTOMMOCTh M YHHMBEPCAJIbHOCTh KOTOPBIX TOJATBEPKICHA MHOTOJETHHUM HPAKTHUYECKUM OIBITOM.
HunmuHap-HakonuTe s MPoOOOTOOPHUKA JIOBYIITKH M3TOTABIMBAETCS U3 TUIACTUKOBBIX TpyO nuamerpom 100
MM, MaTepHajoM /sl JHA CEAMMEHTAI[MOHHOTO CTakaHa, /i€ HEMOCPEACTBEHHO MPOMCXOAUT HAKOIUIEHHE
B3BECH, MOXXET CIYXHTb TEpPMETHYHO 3aKpeIIEHHass BEPXHSAS YacTh MPO3PAauyHOW JBYXJIMTPOBOMH
MJIaCTUKOBOM OyThUIKH. Takast, HECKONBKO YIPOIIEHHAs! KOHCTPYKITHS, TIO3BOJISIET B IIpoliecce mpobooTdopa
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n30exaTb cU()OHUPOBAHMS CIIOS BOJBI, HAXOJSIIETOCS HAaJ HAKOIUICHHBIM BELICCTBOM M €ro 4acTHYHOH
yTpaThl, a TaKXKe HW3BJIEKaThb BCIO MPOOY W3 OTBEPCTHS B HIDKHEW YacCTH JIOBYIIKH, YTO 3HAYUTEIHHO
obneruaer mpouenypy orbopa. IIpo3paunblii MmIacTHK TO3BOJIIET HEMOCPEICTBEHHO HaOII0IaTh
OCOOEHHOCTH pacIpeie]ieHHs] HAKOIUICHHOTO OcCaaka, a HeOOJBIION Bec Takoro mpoOooTOOpHHKA -
MIPOBO/IUTH €TI0 YCTAHOBKY M CHATHE C MAaJIOMEPHBIX CYJIOB.

OtOop oceBLIErO BemlecTBa MPOBOJUTCS MO METOIUKE, anpoOMpPOBaHHONW Ha MPAKTUKE HATYPHBIX
HaOIOJIEHN B TIpeserax MPUOPEKHBIX Y4acTKOB OacceifHOB Moped m pek. MHTepBanm orbopa mpod u3
JIOBYIIIEK COCTAaBJISET, KaK MPaBUIIO, OT JBYX HEAENb A0 MECsAla, B 3aBUCUMOCTHU OT MOCTABJIEHHBIX HAYYHBIX
3a/1a4, CKOPOCTH CEAMMEHTAIIOHHBIX MPOIECCOB M HEOOXOAWMBIX JUIS JIA0OPATOPHBIX aHAJIH30B O0BHEMOB
BemiecTBa. B manmpHeiieM mpoObl OTCTAWBAIOTCS, B3BEIIEHHOE BEIIECTBO OTAENSETCS OT BOIBI U
BBICYILIUBACTCS ISl TPOBEICHHUS HEOOXOUMBIX HCCIICAOBAHMA.

[IpakTika wWccleNOBaHWN TOKa3zajda HECKOJNBKO TEPCINEKTUBHBIX  HANPABICHWA  HW3y4eHUS
Ka4eCTBEHHBIX W KOJIMYECTBCHHBIX XapaKTEPUCTHK B3BECH KaK IMPHKIAJHOTO, TaK M (yHAaMEHTAIHHOTO
xapakrepa. ITo, B 4aCTHOCTH:

1. UccnenoBanue 3aKOHOMEPHOCTEH TepeHoca (TpaHCIOPTHPOBKH) 3arpsa3HUTENICH U JEMOHUPOBAHUE
WX B JOHHBIX OTJIOXKEHMSIX aKBaTOPHUH;

2. OteHKa BpeMEHHBIX M MPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTEH pacmpeseneHus GUTOIDIaHKTOHA Ha
OCHOBE MOHUTOPHHTA B3BELIEHHOT'O BEILIECTBA;

3. HccnenoBanue ycnoBuil (OPMHPOBAHHS OCaAKOOOPA3yIOIIEro BElIECTBA B PEUYHBIX (MOPCKHX)
BOJ/IaX, CE30HHOTO PACIIPENEIICHHS €r0 00hEMOB M BEIIECTBEHHOTO COCTaBa;

4. HaGOmonenue 3a mpoleccamMH IepepacupencieHusl MeXAy BOJHOW Cpeqod U B3BEUICHHBIM
BEIIECTBOM psila COCTUHEHHH W MHUKPOIJIEMEHTOB - WHAMKATOPOB KadecTBa BOJHOW cpensl (B Cirydae
MPUBJICUCHHS] JITAaHHBIX TOCYJApCTBEHHBIX OPTaHOB KOHTPOJST KadyecTBa BOJBI B IMpefeniax o0bekTa
HCCTICIOBAHUN ).

B pamkax peanuzanuu npoekrta "Co3gaHue CHCTEMBI HAOMIOICHUH 32 COCTOSTHUEM U H3MEHUYHUBOCTHIO
MIPUPOJHBIX YCIOBHI B 30HE B3aUMOJIEHCTBHS «Cylia - Mope»' Ha TeppUTOPUU T'€0IKOJIOTHYECKOTrO
MOJIMTOHA, CO3/IaHHOTO Ha 0a3e lleHTpa KOJIEKTHMBHOTO IIOJB30BaHHS OKCIIEPUMEHTAIBHOTO OTIIEICHUS
MI'1 HAH VYxpaunsl B nocenke Kamusemu (FOBK) B Teuenne 2009-2014 rr. ObIn mpoBeneH KOMILIEKC
MOPCKHUX H TIOJIEBBIX HaOroneHui. VcciienoBanus yclioBHI COBPEMEHHOTO MOPCKOTO OCaJIKOHAKOIIIICHHUS
npoBoaunuchk Ha OkeaHorpaduueckoil miardopme, pacnonoxenHold B 600 MeTpax ot Oepera, ¢ MOMOIIBIO
JBYX «TUPJISTHI» CEANMEHTAITMOHHBIX JIOBYIIIEK Ha TryouHax 15 u 26 meTpos (puc 1).

HccnenoBanns MO3BOJMIIM BOCCO3AAaTh KapTHHY TPaHC(OPMAIIMK IMOTOKOB OC3J0YHOTO BEIIECTBA B
MIPOIIECCE €ro MePeNBIKEHHs B TUApOCcdepe, OMOIOTHUECKHX U XUMUYECKIX M3MEHEHUH, TPOUCXOISIINX B
XO0JI€ CeIMMEHTAIIMIOHHBIX TIPOIIECCOB, a TaKkKe 3a(h)MKCUPOBATH IPUUMHBI M3MEHEHHUI 00CTAHOBKHU B TEUCHUE
roga (ompeneneHue HHTEHCHBHOCTH MOCTYIUIGHHSI B MOPCKYIO CpEIy BOJOTOKOB C CYIIH, BIIUSHHS
anmBeJINHra, OCOOCHHOCTH IIEPEOTIIOKEHHS BEPXHETO CJIOS OCAJKOB B IEPUOJBI THIPOIUHAMUYECKUX
BO3MYIICHHUI U BO3MOXKHOTO pa3MbiBa y4acTkoB aHa) (Puc 2).

G. 30@GHIRNBN LOLIRMBOL YISRMS 3IIAE6IMB0L 06LBOBIBN; dO@IFML RGO I3MGBIESEH0
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION

162



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

25—27 July, 2021

Kaunsen [

i

= OKeaHorpathu4yeckan
nnarcgopma

a)

Puc. 1. a) O0wmuii BuI JIOBYLIEK I 0TOOpa B3BelIeHHOI0 BelecTBa, 0) LleHTp KOJIeKTUBHOIO 10J1b30BaHUS
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Puc. 2. I'paduku, 1eMOHCTPUPYIOIIHE CBA3b MEKAY HHTEHCHBHOCTHIO HAKOILJIEHHUSI 0CA/I0YHOTO BellleCTBA B
TIPUIOHHBIX JIOBYHIKAX (BepXHMii rpaduK, rpaMMbl) M BeJINYNHOI BOJIHEHHSI MOPSI B TOUKe HUCCJIe0BaAHMI
(uuzkHUi rpaduk, BeicoTa BoJiH). Okeanorpaduyeckas miaardopma, 2011 rog

BeII0 ompeneneHo, 4To pacmpeleNieHue OCEBIIErO BEIIECTBA B JIOBYIIKaX OOOMX YPOBHEH TECHO
CBSI3aHO C BOJHOBBIMHM MPOLECCAMM, HMHTEPBaJIbl HamOojee WHTEHCUBHOTO HAKOIUICHHS BeIeCTBa
KOODPJMHUPYIOTCS ¢ MAaKCUMAaJIbHOM BOJTHOBOH aKTHBHOCTBHIO.

B xozne uccrenoBanuii ObUIO ONpPEAEICHO MHOTOJICTHEE 3HAYCHUE EKEMECSYHOTO pacIpeieIeHUs
0Ca/IOYHOTO BEIIECTBA, CO/IEPKAHNE €T TIIaBHBIX KOMIIOHEHTOB, paclpeeieHie OpraHunuecKoro yriepoaa
W psO APYTMX TapaMeTpoB. BbIsSBICHa 3aBUCHMOCTh TOCTYIUICHHS CEIMMCHTAIMOHHOTO MaTepHaia B
aKBaTOPHIO M €ro paclpeieieHHe IO JMHMM OeperoBas I0JOcCa - AaKBaTOPHA B 3aBHCHMOCTH OT
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IpaHyJOMETPHUUECKON pasMEpHOCTU. AHAIMTUYECKHE HCCIEAOBAaHUS IO3BOJIMIM MOIYYUTH BBIBOABI O
XapakTepe OOCTAaHOBKHM OCAJKOHAKOIUIEHWS M CBS3W MEXAYy IUHAMHYECKHMH VCIOBHSMH TIEpeHOca
0caK000pa3yIoNIero BelecTBa 1 MOBEJCHUEM 0CaJOYHOT0 MaTepHrala B Pa3IHyHbIX yCIOBHUSX.

Bruto ycTanoBi€HO, 9TO 00YCIIOBICHHBIE BOJIHOBOW aKTHBHOCTBIO TPOIIECCH B3MYYHBAaHUS BEPXHETO
CJIOS JTOHHBIX OTJIOKEHHWH MPHUBOJAAT K AaKTUBHOMY BBIHOCY TEUEHHUSMH YK€ OCEBLIEH NeIUTOBON
COCTAaBIISIIOIICH B HATIPABJICHUH yBEIMUCHHS TTTYOHH U, COOTBETCTBEHHO, U3MEHEHHUI I'PaHyIOMETPUIECKOTO,
MHHEPAJIbHOIO U MHUKPO3JIEMEHTHOTO cOcTaBa oOcalakoB. IlocienHee, mo npeaBapUTENbHBIM JIaHHBIM,
SBIISIETCS. OCHOBHBIM (DAKTOPOM «CE30HHOCTH» COJACPKaHMs Psila MUKPORJIEMEHTOB B MX MOBEPXHOCTHOM
croe.

[Ipn BemonaHeHUM mpoekTa «Co3MaHMe CHUCTEMBl HAONMIOACHUN 3a BIMSHHEM XO3SHCTBEHHOMH
JIeATENIbHOCTH Ha MPHUPOJHBIE KOMIUIEKCHl U KOHTPOJSI HETaTUBHBIX M3MEHEHUH B HX COCTaBe», KOTOPBIH
MMeEJl LEJbI0 ONpEACNICHUE POJIM HOPUPOIHBIX MEXaHH3MOB TpPAaH3UTAa CEIUMEHTALUUOHHBIX IOTOKOB B
MEPeHOCe psJa TMOJUTIOTAHTOB B p. JHenp (palioH r. 3amopokbe), CEIUMEHTAIMOHHBIC JIOBYIIKH OBLIN
OJHUM U3 OCHOBHBIX HHCTPYMEHTOB IOJIEBBIX UCCIECIOBAHUMH.

Mertonuka ompexneneHUs] 0COOEHHOCTEH MOCTYIUICHUS MPOAYKTOB aHTPOIIOTEHHOH JEATEIHHOCTH B
OKPYKAIOIIYIO CpeAy B Mpeiesiax MPOMBIIUICHHO-YPOaHN3UPOBAHHBIX IIEHTPOB, POJH Pa3IUYHBIX THIIOB
HWCTOYHMKOB B HACBIIICHUM BOJHBIX IIOTOKOB, HPHUPOAHBIX 3aKOHOMEPHOCTEH pacIpeneicHus,
TpaHC(OpMaIlMA U TPAHCIIOPTUPOBKUM B HHUX 3arps3HHUTEIICH Mpearoiarajia HENpepbIBHBIN €KEeMECIIHBIN
0oTOOp 00pasloB BOJHON B3BECH, HAKOIUICHHON B YCTAHOBJICHHBIX JIOBYIIKax. lloneBble HaOmoAcHUS,
MIPOBEICHHBIC HA TEPPUTOPHUM OTAE]A TAHOPAMHBIX aKyCTHUYECKUX CUCTEM '0CYyapCTBEHHOIO YUpPEKICHUS
«Hayunpiit ruppopusnveckuit unentp HAH VYkpamnbs» B 1. 3amopoxbe W KOMIUIEKC JalbHEUIIHX
abOPaTOPHBIX HUCCIETOBAHUN TTO3BOJIMIIN KIACCU(HUIIMPOBATH HATYPHOE BEIIECTBO MO MOP(OIOTHIECKIM
MpU3HAKaM, XUMHUYECKOMY W MHUKPODJIEMEHTHOMY COCTaBYy M TeHETHUYecKOW mnpuHaiexHocTH. Ocoboe
BHMMaHHE OBLIO YACICHO XapaKTECPUCTHKaM MW 3aKOHOMEPHOCTAM pacClpeacICHUusA aHTpOHOFeHHOﬁ
COCTaBIISIONIEH, OIIEHEH €€ BKJIaJ B 00IIee KOJTMIECTBO KOMIIOHEHTOB PeUHOi B3BecH (puc. 3, 4).

. Si0;
0 K Ca0
1 y l-‘e:o,
6 3 o =3
ey £
MecsLbl 9 10, 4 | S0
0)

Puc. 3. a) I[Ipouecc ordopa B3BecH U3 HMJIUHAPOB JoByliekK (r.3anmopo:xne, 2017 r.), 6) Cpennemecsiunoe
pacrpe/ejieHie OCHOBHBIX KOMIIOHEHTOB BellleCTBa peuHoii B3BecH (%) B Mpejesiax MOHUTOPHHIOBOI'0 y4acTKa
(2015-2019 roawr)
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Element Weight®% Atomic% Compd% Formuia
Cak 084 0.67 117 Ca0

Fek 69.12 38.47 98.83 Fe203

0 30.04 59.87

Totak  100.00

f 100pm 1 Electron Image 1 ..

Puc. 4. ®parMeHTHI OKCH/IA Kejle3a TUCIePraiuiiHoOro NPONCX0KIeHUs B COCTaBe PEYHOIl B3BeCH

MHOTOJISTHHE WCCIACIOBAHMS TIO3BOJIMIIN OMPEACIUTh KOPPEISAIMOHHBIC CBSI3M BO BPEMEHHOM
pacmnpenieleHuN psifa TSHKENBIX METaUIOB B BEIIECTBE BOJHON B3BECH, B YAaCTHOCTH ObLIAa OmpeienieHa
YCTOWYMBAs TOJIOKUTENIbHAS aCCOIMALIUSA JKEe3a, MEIU M CBUHIIA, KOI(D(PUIIMEHTH KOPPEISAIUN KOTOPOH
nmocturaroT mokasarens 0,9, a Takke oTpunaTensHbIe (CBHHEI-HUKEND - 0,75) BenmauHs (puc. 5).

1 2 3 4 5 6 7 8 ¢ 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Puc. 5. JlnarpaMmmMbl BpeMeHHOr 0 pacrnpeaeienus (ycpelHeHHbIe JaHHbIE 10 MecsilaM 32 Mepuo/1 Ha010aeHuil)
coJep:KaHUsA PSiJa TAMXKeJIbIX MeTaNI0B (I/T) B 00pa3uax pe4Hoii B3BeCH

Hns  ompeneneHus OJHOrO M3 BaXKHEWIIMX T[OKa3arelied pachpeiesieHus] aHTPONOTreHHOMU
COCTaBIISIIONIEH - (POPM CYIIECTBOBAHUS TSDKENBIX METaNIOB B BEIIECTBE TPAH3UTHBIX Cpel paloHa
WCCIIEIOBAaHNH OBLIM MPOAaHAIM3UPOBAHBI 00pa3ibl BOJHOW B3BecH p. JlHenp ¥ mbLiM U3 QUIBTPOB 3aBOJA
3anopoxxcTab.

OTaenbHOr0 BHUMAHUS 3aCITy’KMBA€T HMCIOJb30BAHHUE CEMMEHTALMOHHBIX JOBYLIEK IJIsl aHaIu3a
accoIMaIil MUKPOBOJOPOCTEH, KaK COCTaBISIONIEH CHCTEMBI MOHHTOPHHIA 32 COCTOSHHEM MPHPOTHBIX
YCIIOBUI B 30HE B3aMMOJEWCTBUS Cylid U Mops. Kak m3BecTHO, OEHTOCHBIC W IUIAHKTOHHBIE JTUATOMOBBIC
YYTKO PearupyroT Ha N3MEHEHHUE TUAPOJIIOTUIECKUX YCIOBHH CPENlbl, UTO JENAeT NX WHANKATOPAMHU yCIOBHH
CyIIIECTBOBAHUSA M OCAKOHAKOIUICHHUS.
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dakTopamy, ONPEACIAIOUIMMHA BUAOBOW COCTaB AMAaTOMOBBIX KOMIUIEKCOB, B IEPBYIO OYepeab
SBISIFOTCS (DPU3UKO-XUMHUYECKUE U T'MIPOJIOTHUECKHE, BAXKHEWIINE M3 KOTOPBIX - COJICHOCTh, INIyOMHA U
MPO3PaYHOCTh BOJBI, KOJIMYECTBO PACTBOPEHHBIX OMOTEHHBIX 3JIEMEHTOB (IPEXIE BCETO KpeMHe3eMa U
¢dbocdopa), THII 1 MUHEPATIFHBIN COCTaB CyOCTpaTa, a TAK)KE TEMIIEPATYPHBIN pekuM, TTyOnHA M aKTHBHOCTh
LTUPKYJSLIH BOI.

Omnpenenenue MPOLECCOB MOCTYIMIICHUS C CYIIU M paclpeaesieHus B aKBaTOPHH 0CaJOYHOTO BELIeCTBa
Ha ydacTke uccienoBanuii «OkeaHorpaduueckas miIaTGopMay 3HAYUTEIBHO OCIIOKHSUIOCH BIMSHUEM
MPOIIECCOB PEeCeTUMEHTAIMN JOHHBIX OTJIOKEHHH, YTO CBSI3aHO C BOJHOBOH aKTHBHOCTBIO, HHTCHCHUBHBIM
amnBEJUIMHIOM U psAaoM Apyrux ¢axTopoB. [loTeHIManbHBIMH MHOMKATOPaMH IIPOLECCOB MEPEOTIOKEHUS
BEPXHETO CJOS MJOHHBIX OCAAKOB IOJ BO3IEHCTBUEM AaKTMBHOW T'MIPOAMHAMUKH W HOCTYIUICHHS
TEPPUTEHHOT0 BEIIECTBA C CYIIW MOJ BO3IEHCTBHEM adpa3ul W BETPOBOTO MEpPEHOCa, CTalIM MOKa3aTelln
accoluanuii MUKpOBOJOPOCIIEH B palloOHE UCCIEAOBAHUMN.

B yactHoCTH:

- HCCIeNOBaHA CTENEHb BIUSHHUA IPOLECCOB PECEAMMEHTALMM OCAaJKOB HAa WHTEHCUBHOCTD
HAaKOIUJICHUSI OCaJ0YHOro BeecTBa. IIpsMbBIM HOKa3aTeneM MHTEHCHBHOCTH IIPOLECCOB pECEIUMMEHTALUH
CTaJI0 COOTHOILEHHE COJepKaHUsI OEHTOCHBIX ()OPM MHUKPOBOAOPOCICH B JIOBYIIKAX BEPXHETO M HUXKHETO
YPOBHEW;

- 0003Ha4YeHBI OCOOCHHOCTH TIPOLIECCOB MEPEHOCa B3BEHICHHOTO BEIIECTBA C OOJBIIMX TIYOWH, 4TO
CBSI3aHO C amnBeUIMHroM. WHAMKAaTOpOM B MJaHHOM cJydae CIYXHiIu Oosee TIyOOKOBOJHBIE WIIH
COJIOHOBATOBOAHEIE (DOPMBI MHKPOBOIOPOCIIEH, YeM Te, 4TO OOUTAIOT B paiioHe 0TOOpa mpood;

- olpenereHa WHTEHCUBHOCTh IOCTYIUIEHHS PacCIpPECHEHHBIX BOJ (BOJOTOKM BO BpeMs JOXKIEH,
peuHbIE BOJBI B ONIPEACIICHHBIE CE30HbI) C TIOMOIIBIO aHATN3a HAJIMYMS IPECHOBOAHBIX BUIOB IJIAHKTOHHBIX
coo0IIeCTB B paiioHe OKeaHOTpapruecKOn mIaTdopmbl.

Takum 00pa3oM, ceMMEHTAIHOHHbBIE JIOBYIIKU SIBILTIOTCS 3()()EKTUBHBIM HHCTPYMEHTOM IOJIEBBIX
(MOpPCKHX) HMCCIICAOBAaHUKA M PEXHUMHBIX HaONIOJCHUH, C TOMOILBIO KOTOPBIX MOXKHO pPeLIaTh IIUPOKHN
CIEeKTp 3ajay, CBS3aHHBIX C TIpolleccaMH o00Opa3oBaHHsA, TpaHCPOpPMALMHU, TIEPEeHOCa M OCAKICHHS
(akKyMyJsiIMM) BeLIeCTBA CEOMMEHTALIMOHHBIX IIOTOKOB, a TaKXXe HCCIEeIOBAHUS KaueCTBEHHBIX
XapaKTePUCTUK MUHEPAIHHON M OMOTHYECKOW COCTABISIOMIMX BOAHOHM B3BeCH. CHEKTP COOTBETCTBYIOIIMX
TEXHOJIOTHUECKUX PEIIeHUH I TMOJEBBIX HAONIOJCHUN JO0IDKEH (OPMUPOBATBCS B COOTBETCTBUU C
NPUKIAIHBIM MM TEOPETHYECKHM  XapaKTepoM MOCTAaBICHHBIX 3aJady, HUX HAalpaBJICHHOCTH,
MPOAODKUTCIIBHOCT H O6T)CMOB, MaCHITa6HOCTI/I u HeOGXOI[I/IMOCTI/I IMPUBJICYCHHUA psgaa KOMIIOHCHTOB
MOJIEBBIX HCCIIEAOBAaHMHN (KOJIMYECTBO JIOBYILIEK, IIMPOTHOE PACIIONOKEHUE M (PUKCALMS MX Ha Pa3IUYHBIX
rIyOWHAaX B 3aJIaHHOM WHTEpBaJe).
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Annotation. The article discusses the main features of the joint movement of water and vapour in the
soil. The seepage coefficient, which is correlated with the water-physical properties of the soil, is still not
used to determine the organic classification characteristics of the soil. However, by theoretically determining
the seepage coefficient, taking into account a wide range of processes and corresponding indicators in soils,
it can be determined taking into consideration the classification criteria. It is necessary to take into account
the fact that during the continuum of the thermal phase, the displacements take place in both phases
simultaneously, the direction of motion of which in some cases may be opposite to each other.

Keywords: Soil moisture, seepage velocity, specific gravity, bond water, thickness of film, productive
water, capillary water, seepage coefficient.

INTRODUCTION

The movement of moisture in the soil is mainly produced in the vertical direction; however, often the
horizontal factor of velocity plays an essential role, namely the determination of lateral drainage - water
absorption in irrigation ditches or water inflow into the plant root system. The velocity of moisture
movement in the soil is taken as the volume of moisture per unit time of release in the cross-sectional area of
the soil sample. Such velocity differs from the true velocity at the intersection and is fictitious, i.e.
simplified, and convenient for calculation.

The seepage coefficient according to Darcy's linear law depends on the shape and size of the water
channels. The seepage coefficient is an important characteristic of the complex of water-physical properties
of the soil. In physical terms it is the seepage velocity when the pressure gradient, i.e. the slope of the
seepage path is equal to one.

The seepage coefficient is an important parameter that is correlated with other hydro-physical
properties of the soil. To date, this characteristic has not been used to determine the organic classification
parameters of soils. Often we use conditional granulometric composition indicators to assess the degree of
soil dispersion, such as: effective diameter, coefficient of heterogeneity, total size of fractions less than 0.001
mm, etc. This is at a time when, using the theoretical definition of the seepage coefficient, which focuses on
a wide range of processes and corresponding indicators in soils, it is possible to determine it by classification
criteria.

It is especially important to consider issues such as osmotic potential, capillary potential, adsorption
water, specific surface area, etc., which we will discuss below.
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MAIN PART

Forms of soil waters and their classification features characterize static and thermodynamic
equilibrium. In order to describe the water regime and its management, it is necessary to study the dynamics
of the soil moisture in constant motion. The movement of soil moisture depends on two main factors: the
gradient of the forces acting to dissipate the moisture from the equilibrium and the permeability of the soil or
its impedance to impede the movement of moisture. Numerous experiments have proven that the movement
of moisture in the soil can, for the most part, be described by Darcy's law, which implies a linear relationship
between the velocity of the moisture movement and the operating gradient. The determinants of the moisture
motion, or seepage velocity vector, in rectangular coordinates can be expressed as follows:

vX=—ka—H; vX=—ka—H; vX=—ka—H, (1)
oX oY oL
where k is the seepage coefficient, cm/s’;

H — head, or piezometric head, m;

X, Y, Z - the corresponding axes of the coordinate system.

The soil moisture potential determines its energy state. Different authors define it differently. The
most acceptable explanation for us is given by Slatyer, R.O. [1]. In particular, the moisture potential H is
defined as energy per unit volume (J/m?).

The main determinants of soil moisture potential - osmotic Hy, capillary Hcp, and gravitational Hy,
i.e. full soil water potential:

H=Hq+Hcapp. +Hgr. (2)

The osmotic potential is generated by the presence of a soil solution concentration gradient and is
directly proportional to the solution concentration. In saline soils it achieves great values and needs to be
taken into account when predicting soil moisture movement. The osmotic potential gradient in non-saline
soils is small and is not taken into account during the soil moisture reference calculation.

Capillary potential arises during incomplete water filling under the convex meniscus as a result of
capillary pressure in the soil porous system. Capillary potential is a major factor linking water to the solid
phase of the soil and making it accessible to the plant. The degree of capillary water entrapment with the
solid part of the soil decreases as the moisture content decreases and the sorption water density also
increases.

For black earth soils in the range of soil moisture variability 1.64-13.87%, the density of the
contracted (adsorbed) water varies accordingly in the range of 1.74-1.13x10* N/m°. For alluvial soils, the
range of variability is 1.94-5.31% and 1.37-1.13x10* N/m?, respectively. Analysis of these data showed that
the indirect characteristics, particularly, according to the seepage coefficient, the specific surface area of the
soil should be determined as a function of its granulometric composition. Either by the effective, or by
another design parameter characteristic of the latter, this, in turn, is associated with the coefficient of soil
heterogeneity.

Determination of the thickness of the adsorption water film is associated with great technical
difficulties. Often even the use of a method such as X-ray structural analysis fails to obtain results that are
subject to proper statistical processing. To determine the film thickness in accordance with the specific
surface for an ideal soil model, we proceeded from the postulate - molecularly bound water does not obey the
law of hydrostatic pressure transfer, has the ability to withstand impacts, and its film thickness can be
defined as:

t=rll—\1—p), @3)
where t is the film thickness, m,
r - capillary radius in an ideal soil model, m,
@ - coefficient of water filling of soil’s pores with bound water.
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It should be noted that such a record contains some inaccuracies, although it meets the boundary
conditions.

The gravitational potential is determined by its various hypsometric positions relative to the plane of
relation and represents its energy characteristic in the gravitational layer.

In the practice of Land Reclamation calculations, the potential of soil water is expressed as the height
of the water column. There are many methods for determining the full- and self-potential of soil [3, 4, 5].
Capillary rise values are often used in the calculation because it is equated with the full potential of soil
moisture, given that the role of other components in the movement of moisture is negligible. The soil
moisture potential of a large absolute numerical value is expressed in centimeters with the height of the water
column, and its logarithm is denoted by pF.

The wetting-drying process cycle is characterized by the onset of hysteresis, which includes the range
of moisture variability from the air-dry state to the corresponding total water filling of the pores.

In soil physics, the relationship between potential and moisture, which is considered to be the main
hydro-physical characteristic of soil, is usually used.

To relate pressure to soil moisture, the concept of the so-called “simplified” pressure (P) is introduced,
which is expressed as the ratio of the Laplace pressure to the product of surface tension and specific gravity.
It is uniquely related to humidity, which is determined by the following equation:

W, =W -W,_, 4)
where W is the total amount of moisture at given moisture;

Wa - the part of moisture that is related to the vicinity of soil particle surfaces at pressures up to 1000
atmospheres and also the moisture that exists inside the crystalline mass of Montmorillonite-type clay-
minerals.

The assessment of moisture saturation in the capillary zone is based on the hypothesis that the degree
of water filling on the surface of the soil’s water table is equal to one. This hypothesis corresponds to the
physical essence of capillary pressure, because when the pores are completely filled with water (on the
surface of groundwater), the capillary pressure is equal to 0, and with decreasing moisture, it increases and
reaches a maximum constant value due to moisture hanging outside the capillary slope, which can be equated
to the maximum molecular moisture capacity.

In water-filled soils, water mainly moves due to the gradient of the gravitational component of the
potential. To date, the theoretical basis for the movement of water in impermeable soils is Darcy's law, which
generally expresses that the volume of water flowing in a unit cross-sectional area of the soil per unit time is
proportional to the hydraulic head gradient. According to such definition, the seepage flow rate can be
defined as:

do
V=—K—, 5
47 (%)

where VvV =

is the flow velocity, m/s;
wxt

W — volume, m®;

® - cross-sectional area, m?,

t—time, s,
K - hydraulic gradient rate, m/s,
@ - gravitational potential, m.

Because K depends not only on soil but also on water properties, therefore, the permeability

coefficient K' can be used as a self-characteristic of the soil, which is determined by the following equation:
K'=uxK, (6)
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where K is the permeability coefficient,
4 - dynamic coefficient of viscosity, Pa-s.

Different soils differ sharply in permeability; the K value fluctuates according to several orders of
magnitude (see Table 1).

Table 1
Order for changing water permeability
Soil Category K, m/s Notes
Especially low water permeability <10°® Waterproof soils
. - E ively | t ilit
Fairly low water permeability 10°-10° XCESSIVETy TowW Water permeabl Y
for artificial drainage
- Especially for | -ai
Low water permeability 10°-10" specially for low water-air

circulating processes

Moderate water permeability 10107 Sufficient water permeability

Good water permeability and water
retention ability

Very high water permeability >107 Low water holding capacity

High water permeability 103-10

The water permeability is mainly influenced by the cross-sectional dimensions of the pores and the
nature of their distribution in the soil body. Estimating water permeability according to the geometry of the
pores is practically impossible, so it is necessary to use the Darcy equation in agreement with the
experimental data. The use of such a method for the determination of water absorption proved to be quite
effective, especially for soils of coarse mechanical composition. However, direct measurements in the field
or observation of unstructured structural soil monoliths in the laboratory are still the main method.

Linear Darcy's law is relatively well suited for coarse-grained bulk solids, since it has a rather low
probability of detecting surface molecular effects due to its small specific surface area.

For a variety of soils, the hydraulic conductivity K, i.e. the seepage coefficient, changes over time as
the penetration characteristics change according to the pore size. Therefore, first of all, we must consider the
influence of the degree of colloidal saturation on conductivity. Saturation is largely determined by the nature
of cations on the surface of adsorption exchange (sodium ions cause a particularly noticeable effect). In
addition, the presence of energy fields of attraction and repulsion on the surface of mineral particles
determines the degree of saturation, which also strongly depends on the concentration of the electrolyte
solution in the soil. In the articles [2, 3, 4] it should be noted that as long as the concentration is high, the
permeability of the soil also remains high. But when the concentration falls, then the individual particles do
not aggregate but undergo dispersion and therefore the hydraulic conductivity can be reduced by 2-3 orders
of magnitude.

The air trapped in the soil pores also affects the hydraulic conductivity, primarily because they reduce
the diameter of the water permeable holes [4, 5].The role of temperature variability is expressed in the
change in the viscosity of water. It has been proven that temperature can also influence the pressure and
volume of compressed air.

With the penetration of air into the pores of the soil, the role of the full potential gravitational
component rapidly decreases, and from the main factor determining the nature of the movement of water in
the pores, it becomes the determining factor of the gradient of the matrix potential. The effect of the pressure
gradient in the air can be neglected, since the space is completely filled with air, and the concentration of
solid particles cannot affect the mode of movement, while it moves in suspension with the liquid.

3. 30GGLIRBIL LOLIRMBOL TISRMS 3IIGEIMBOL 0BLBOBIB0; dS@IFMIL RdBZOL IZMBIEBGAE0
170 TS. MIRTSKHULAVAWATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



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

25 — 27 July, 2021

In case of incomplete water saturation, Darcy's law can be considered fair only with certain corrections
and clarifications. It was established that Darcy's law is satisfactorily fulfilled if K is not a constant, but a
function of humidity W [3, 4, 5].The validity of this assumption is based on the perfectly acceptable theory
that the resistance to water movement at the water-air interface in the soil is negligible [6].

It should be noted that K decreases significantly with decreasing moisture, as decreasing W reduces
the living cross-sectional area in which the fluid flows. In addition, during adsorption, large pores with a
large radius are first changed, and therefore, the water permeability coefficient is sharply reduced, since it is
proportional value of the square of radius. The use of such a method allows us to more visually understand
the hydromechanical picture of water movement in impermeable porous bodies. In unsaturated (waterless)
soils, water movement occurs in both liquid and gaseous phases. Vapor movement does not matter much,
when soil moisture is high, but its role increases with increasing water-free space as well as soil moisture
corresponding to a pressure equal to 15 bars, which is the main mechanism for water movement in the
porous system for many soil types. When the continuity of the liquid phase is disrupted, then the
transformation in the form of gas is one of the forms. The flow rate in this case can be compared to a two-
row small water-saturated system.

The amount of water moving in the soil in the form of vapor, according to different authors, differs
significantly from each other. These differences can sometimes be very significant. This is especially true for
the movement of vapour in the dry layers near the soil surface, when under the influence of heat the water
layer in the soil layer condenses more than 70 mm per year [6, 7].The movement of water vapor up and
down is especially large according to the temperature gradients in winter and early summer. It is clear that
large amounts of water move through the soil in the form of vapor. It is necessary to keep in mind that with
the continuity of the liquid phase, movements occur simultaneously in both phases, the direction of
movement of which in some cases may be opposite.

The described phenomenon was quite clearly reflected in a number of experiments conducted in
horizontal columns of soil and characterized by the same moisture and salt content along the entire length.
The soil moisture in the ten used columns varied from practically absolute dryness to complete saturation
during the experiment. During the experiment, the same temperature gradient was created in all columns,
causing water and salts to move. Five days later, displacement values and distribution of water and salts were
recorded. In addition, the water movement was more intense in the low and medium moisture zones, while
the salt movement was in the medium and high moisture interval. The movement of water and salts under the
driest and highest moisture conditions was negligible.

As a result of the analysis of this experiment, the following conclusion should be made that the final
total effect of the movement and distribution of water and salt depends on the magnitude of the molecular
osmotic and chemical potential of the liquid.

CONCLUSION

Different soils are fundamentally different from each other during the joint movement of water and
vapor. In such a case, great importance is attached to the dimensions of the cross-section of the pores in the
soil and the nature of their distribution in the soil body. It is practically impossible to estimate the water
permeability of the soil according to the geometry of the pores. It is therefore necessary to use the Darcy
equation in conjunction with the experimental data. Darcy's linear law is relatively well suited for coarse-
grained granular soil bodies, as they have a rather low probability of detecting surface-molecular effects due
to their small specific surface area. When determining the amount of "productive” water, it is important to
attach importance to determining the thickness of the adsorption water film, which is associated with great
difficulties. Therefore, for an ideal soil model, we used the postulate that bound water does not obey the law
of hydrostatic pressure transfer and has the ability to resist shear. We determined that the thickness of the
film of bound water depends on the radius of the model capillary and the degree of filling the pores with
bound water.
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BoaHasi xo3siicTBa

HEKOTOPBIE OCOBEHHOCTHU COBMECTHOTI'O ABUXKXEHUSA
BOJTHO-ITIAPOBO MACCBHI B TIOUBE

OauiaBaase T.l), JlolickaHaa B.z), B3uasa K.°) ,
HpemamBuiau I/I.4), JleHncoBa n.> Xummendayasp M.%
1. 3) 4)I/IHCTI/ITyT BOJHOrO xo3diicTBa uM. I{.Mupnxynasa
['py3uHCKOTO TEXHHYECKOTO YHHBEPCUTETA
Towmucy, ['py3us
2 9V HuBepcHTET IPUPOTHBIX PECYPCOB H MPUKIATHBIX HAYK O KU3HH
Bena (BOKU), ABctpus
1.3).4).5) I'py3uHCKUI TEXHUYECKU YHUBEPCUTET
Tounucwu, ['py3us

Annomauusa. B cratbe paccMaTpUBAIOTCS OCHOBHBIE OCOOCHHOCTH COBMECTHOTO JBMKEHHS BOJABI U
napa B mouse. KoadduuneHnt ¢unbTpannu, KOTOPHI HaxXOIUTCA B KOPPEJSLUOHHOM CBSI3M C BOJHO-
(¢u3NUeCKUMH CBOWCTBAMH IOYBBI, OO CHX I[Op HE HCIOJB3YeTCs [UIA ONpPEIENICHHUS OpPraHnYecKUX
KJacCU()MKAIIMOHHBIX MPU3HAKOB MOuYBbL. OAHAKO, €ro MOXHO OMNpPENeNUTh IO KIACCH(PHUKAIMOHHBIM
MIPU3HAKaM IIyT€M TEOPETUUECKOro OompeeseHuss KodpduuueHTra GpuibTpanny, yIYUTHIBAIOLIETO MIMPOKUI
CIIEKTp MPOIIECCOB M COOTBETCTBYIOIINX MOKa3aTesel B mouBax. HeoOXoauMo y4uTeIBaTh TOT (QaKT, YTO BO
BpeMs HETPEPHIBHOCTH TEIUIOBOW (ha3bl, CMEIICHUS NPOMCXOAST OJHOBPEMEHHO B o0eux daszax,
HanpaBJICHUE ABMKCHHS KOTOPBIX B HEKOTOPBIX CIIydasiX MOXET ObITh MPOTHUBOIOIOKHBIM.

Knwouesvie cnosa: BIaxxHOCTh MOYBBI, CKOPOCTh (DMIIBTPAIIUM, YIENbHAS MOBEPXHOCTH, CBS3aHHAS
BOJIa, TOJIIIMHA [UIEHKH, IPOAYKTUBHAS BOAA, KAIMUIIPHAS BoAa, KO3(GUIMEHT QUIbTpaLuy.
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I'maposiorusi 1 MeTEOPOJI0rust

KIIMMATOOBYCJIOBJIEHHBIE TPEH/IbI KOJIMYECTBEHHbIX
XAPAKTEPUCTHUK PEK OPIIIAHCKOI'O APTE3MAHCKOI'O BACCEMHA

Casunu-lllemer O., 'ananoBuu E., Aunyx O.
I'ocynapcTBeHHOE HayYHOE YUPEKACHHE
«MHCcTUTYT Ipupoaonob3oBaHus HanmonaneHo! akagemuun Hayk benapycu»
yi1. @.Cxopunsl, 10, 220076, r. Munck, benapych
E-mail: savichoks@yandex.ru, kat@tut.by, jyulga@yandex.ru

Annomayus. B craTthe TpeACTaBICHB MHOTOJICTHHE HM3MCHEHHS pPacXxoJoB pek OpIIaHCKOTro
apTe3naHCKoro OacceliHa, OKa3aHo, YTO OCHOBHBIMHU (DaKTOpaMH, BIVSIFOIIMMHU Ha YCIOBHS ()OPMUPOBAHUS
CTOKa SIBJISTFOTCS TIPEXKJIE BCEro KIMMATHUECKHE, T€OMOP(OIOTHIESCKAE U THAPOIOTO-THIPOTe0I0THUECKUE
ycioBus peruona. Ha rtepputopuum OplIaHCKOro apTe3MaHCKOro OacceliHa BBISBICHO CTATUCTHYECKU
3HaYMMOE CHIDKEHHE CTOKA 32 BECEHHEE ITOJIOBO/IbE M YMEHBIIICHHE €0 JIOJIH B TOAOBOM CTOKE (MOITHOCTH
OTpHUIIATEIBHOTO TpeHIa cocTaBuia oT 5,4 10 22,0%). BeIsBiIeHO 3HAYNTENIBHOE YBEIMUYCHUE TOIH 3UMHETO
CTOKa B TOJOBOM pacmupeaeneHun miusi pek OpIIaHCKOTO apTe3maHcKkoro OacceliHa. B pesymbrate
MMOCTPOCHUST JBYX(AKTOPHBIX PETPECCHOHHBIX MOJENEN CBSA3M 3WMHUX PACXOJIOB M PACXOJOB BOIBI
BECCHHETO IOJIOBOJIbS YCTAHOBJICHO, YTO YBEJIMUYCHHUE JIOJU 3UMHEr0 CTOKA PEK CBSA3aHO C IMOBBIIICHUEM
TEMIIEPATyphl BO3yXa XOJIOIHBIX MECAIEB, C YBEIMUYECHHEM YacTOTHl OTTeNeNel U MPOX0XKISHHEM 3UMHUX
IIaBOJKOB. HOqueHHBIe peE3yabTaThl CBUACTCILCTBYIOT O TOM, 4YTO HOIL?,CMHBIﬁ CTOK B 3UMHIOIO MCKCHb
YBCIUYHUIICA, YTO O6yCHOBHeHO MATKHMHW 3HMaMH, HaJIU4YHUCM 4YaCTbIX oTTeneNied u JOCTAaTOYHbIM
YBIIQKHEHHUEM TEPPUTOPHHL.

Knioueevle cnosa. peunoit 6acceitH, pedHON CTOK, PacxoJ BOJBI BECEHHETO IOJOBOBS, MOITHOCTD
TpeHIa, TMHAMHUYecKas HopMa psja.

BBEJIEHUE

OpiaHckuii apTe3uaHCKUil 0acCeiH BXOIUT B cOCTaB MOCKOBCKOro MeradacceiiHa MoI3eMHBIX BOJ U
HIPUYPOUEH K LEHTPAIBHOM U CEBEPO-BOCTOYHOM yacTu bemmapycu. MOIHOCTb 0CaJOYHBIX OPOJ JOCTUTAET
1500-1700 m. B Gacceiine no cTeneHu APSHUPOBAHMS PEKaMH M YCIOBHUSIM B3aUMOCBSI3U MTOBEPXHOCTHBIX U
MTO/I3€MHBIX BOJ, BBIAEISIOTCS ABE THAPOJAMHAMHUYECKHE 30HBI — aKTHBHOTO M 3aMEIJIEHHOTO BOJOOOMEHA.
[lepBas 30Ha 0OBEAMHSCT NPECHBIE BOJABI YETBEPTUUHBIX, MEJIOBBIX U JEBOHCKUX OTJIOKEHHH, MOIIHOCTBIO
300-350 m, ymensIrasich 10 200 M B ctopony JKi100uHCKOM cenioBUHbI. BTopas 30Ha, pacioiokeHHas HIKE
0 pa3pesy, He UMeeT aKTHBHOM CBSI3U C MOBEPXHOCTHIO [1].

I'moporpaduueckas cerb OplIaHCKOro apTe3naHCKoOro OacceiiHa mpexacTaBieHa pekamu JlHenmp c
nputokamu bepesuna, Cox u 3amagnas [Isuna (pucyHok 1). B kadecTBe 00BeKTa uCCIEIOBaHUI
MHOTOJIETHMX M3MEHEHHH PEYHOro CTOKa, MCXOAd U3 aHanu3a (U3MKO-TeorpapuyecKux, I'eoJIoro-
THJIPOTEOJIOTMYECKUX M BOJIOXO3SMCTBEHHBIX aclEKTOB TEPPUTOPUH, BbIOpaH OacceilH cToka p. Hemp c
nputokoMm p. Cox.
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OCHOBHASA YACTbH

OOBEeKTOM WCCIEAOBaHUIN SBISUTMCH TOBEPXHOCTHBIE BOIBI pek OpIIaHCKOTO apTe3WaHCKOTO
OacceifHa.  UccrmemoBanusi  BKIIIOYANU:  CTPYKTYPHO-POCTPAHCTBEHHBIM  aHalIM3  MaTepHajoB,
XapaKTePU3YIOIUX TPUPOAHBIE YCIOBUS (KIMMAaTHYeCKHE, TeOMOP(OIOTHYECKUE, TUIPOJIOTHICCKUE,
TeoJIOTO-THApOreosorndeckue U Ap.) OpImIaHCKOTO apTe3HaHCKOTro OacceiHa; aHaau3 KapTorpadudecKoro
MaTepuaia; aHalli3 TPEHJOB SKBHUIWUCTAHTHBIX BPEMCHHBIX PSJIOB HAONIOJCHUN 3a pPacXoJoM peK,
MMOCTPOCHNE PETPECCHOHHBIX OJHO- W IBYX(AKTOPHBIX MOJENEH CBSI3M PAaCXOAOB PEK C OCHOBHBIMHU
MPEeIUKTOPaMH — aTMOC(EPHBIMHU OCaIKaMH U TEMIEpaTypoi aTMOC(EpPHOTo BO3ayXa.

Tuopozpaghuueckan cemsp OpHIaHCKOTO apTEe3MAaHCKOTO OacceifHa mpencTaBleHa pekod JHemp c
nputokamMu bepesnna n Cox, pekoii 3amannas [IBrHA 1 MaJIBIMA PEKaMH.

Peka [lnenp Oeper Hauamo Ha Bannmaiickoit BospbiieHHOCTH. JlmuHa peku 2201 kM, B T. 4. Ha
tepputopuu benapycu 700 kM. ['ycrora spo3uonnoit cetu 0,39 km/km. Ha Bcem 0eopyccKOM OTpe3Ke peKa
siBisieTcst cynoxonuoi. [llupuna momunsr ot 0,5-1,5 mo 5-10 xm, npu ciausaum ¢ Coxem — 10 35-50 km.
MaxkcumanbHas riyouHa Bpesa (70-80 M) ycTaHoBiieHa B paiione Opiu [2].
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Puc. 1. F'uaporeosiornyeckoe paiionnpoBanune reppuropun benapycu

B nomuue [lnenpa BeLIENAIOTCA MOMMa M ABE HaAllOMMEHHBIE Teppackl. Ha oTnenbHBIX ydacTkax
0bocobisiercs eme OoJiee BRICOKUI YPOBEHb, KOTOPBIH paccMaTpUBAETCs KakK MepUTisIuanbpHas Teppaca [1].
[loiima pa3BuTa MpakTUUYECKH NMOBCEMECTHO. Ee BhICOTa CHM)KAeTCs BHU3 IO TEYEHHUIO OT 5-6 mo0 2-3 M,
pa3nuyaloTcsi JBa TOHMEHHBIX ypoBHS. lloiima B OONBIIMHCTBE CIy4aeB akKyMYJSTHBHAs, HEPEAKO
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3a0onoueHHas. B 9 kM Boimie Opmu BBIXOIBI JEBOHCKHX MOpoA o0pasyloT B pycie pekn KobOemskckue
MTOPOTH.

Peka Bepe3nHa — eIMHCTBEHHBIH M3 KPYIHBIX BOJAOTOKOB (JMHa 613 KM), KOTOPBIA OT HCTOKOB 0
YCThsl TIpoTekaeT mo Tepputopun bemapycu. VcTokum pekn pacmonararorcs B 3a00JI0Y€HHOM MOHMKEHHU
roro-3anazuee Jloxum. I'ycrora sposuonnoit cetr 0,35 km/km®. [lnpuna gonunsl o 200-300 M B BepXOBbe
1o 5-10 kM u OoJiee B CpelHEM M HIDKHEM TedeHud, Bpe3 oT 10-15 go 20-25 m. Beigenstorcs moiima u nBe
HaJIMOWMEHHBIE TEPPACHI.

Pexa Cox Oeper Hauano B mpenenax CMOIEHCKO-MOCKOBCKOH BO3BBIIICHHOCTH BONH3U T.
Cwmonencka. Ha teppuropun bemapycu pacmonaraercst nonnHa cpeqHero u Hmwkaero Coxa. [imHa pekn 648
kM (B bemapycu 493 km). ['ycroTa spo3uonnoii cetu 0,38 kM/kM2. [1luprHa KouHsl m3MeHsieTcst ot 1,5-3 10
15-18 kM. Huxe [N'omens coBmectHas monuHa ¢ [Jnenpom gocturaer 35—50 kM. Bpes Bapeupyet ot 30-40
10 50-55 m. Bergenstorest noiiMa 1 1Be HaAnoWMeHHbIE Teppackl. [loiima Jaine Bcero akkyMyasiTUBHASL.

I[Hﬂ OIpeACJICHNA MHOT'OJICTHUX M3MEHEHHUH KOJNYECTBEHHBIX XapaKTCPpUCTUK PCUYHOTO CTOKa PEK
TEPPUTOPUHN aHATU3y OBUIM TOJIBEPTHYTH HAOJIOACHWS 332 PacXOJOM PEK MO JaHHBIM THIPOIOTHYECKUX
moctoB: p. Jnenp — Peuntia, Morunes, Opiia, XKinoous; p. Cox — ['omens, Cnasropoa, Kpuaes; p. [Ipons —
Jletsru. [epuon HaOMrOAEHUH HA THIPOJIOTHUSCKUX TOCTaX MPUBEACH B Tabiuie 1, MpoaOoKUTEILHOCTD
neproa HaOMOIeHUH cocTaBmsieT 75-126 mer.

Ta6anna 1
Benenne rugposiornyecknx Ha00eHN HA TEPPUTOPUH HCCJIETOBAHMIA

Inowanes | OTmerka
. TI'oawl, Paccrosinue
Bacceiin IMoct IMepuon BOJ0OCOOpA, HYJIS
KOJIMY. | OT YCThS, KM 2
KM nocra, M
Peunra 1895-2015 117 1168 58200 114,47
Tlsten Morwues 1931-2015 81 1496 20800 138,40
p- AHETP Opura 1882-2015 | 126 1588 18000 148,96
Knobun 1936-2015 75 1285 30300 122,65
I'omens 1900-2015 111 105 38900 113,91
p. Cox CrnaBropoj 1897-2015 113 296 17700 128,19
Kpuues 1976-2016 39 412 10200 138,95
p. [Ipons Jletsru 1932-2015 65 26 4570 132,12

OCHOBHBIMM HCXOIHBIMM MaTepuajlaMH 110 BEJIMYMHE AaTMOC(EpHBIX OCaJAKOB M TeMIeparype
aTMOC(EepHOTO BO3/lyXa, KOTOPBIE SBISIOTCS OJJHUMH W3 TNIABHBIX IUHAMUYECKUX (aKTOPOB (POPMHUPOBAHUS
PEYHOTO CTOKAa, B PadOTe TMOCITYXWIN JaHHbIE PecrmyOIMKaHCKOTO THAPOMETEOPOJIOTHIECKOTO IIEHTpPa
Munnpupozs! Pecniyonuku benapycs (Tabnuna 2).

Ta6auuna 2
XpoHoJ0rHsl BeAeHHsI MeTeOPOJOrHYecKNX HA0II0IeHN I HA TEPPUTOPHH HCCJIe0BAHUI

E:xxeMecsiuHbBIEC JaHHDBIE

ApTe3uaHcKuii Cpounble CyTounbie
Cpennss MecsiuHas

Oacceiin Ocaaxn JaHHbIE JAHHbIE
TeMIeparypa

c 1891-1905 r. c| c1905r. c nepepriBOM
Opuianckui nepepsiBoM  1933(41)- 1933(41)-1945 rr. o 1961 -2014 1955-2014
1945 rr. o 2014 2014

BrisiBieHni0  KMMMaTOOOYCIOBICHHBIX TPEHAOB pAacxoJ0B PEK TEPPUTOPUHU  HCCIEAOBaHUI
MPEIIECTBOBANIO ONpeIesieHHe MOLIHOCTH AMHAMHYECKOH HOPMBI B psAAax HaOmoaeHuil. Meronudeckue
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MoAX0bI, 0a3MpPOBABIINECS HA OMPEIEICHUH MOIIHOCTA JUHAMUYECKOH HOPMBI B Psiax HaOIIOJEHUH 3a
pacxoJlaMu peK, OmUcaHbl HKe. i onpeneneHus: Haau4usi TPEHa BPEMEHHOTO PsiJia UCTIONb3YETCSI METOT
MPOBEPKH pa3HOCTEel cpeaHmx ypoBHeW. PaszmenmB wmcxomubeid psim w3 N WieHOB Ha 1Ba C MPHUMEPHO
OJITMHAKOBBIM YHCJIOM WICHOB psifa ny v ny (N = Ny + N,), s KaXA0H M3 9acTel BBIUMCIIAIOTCS CPEIHHUEC
3HAYEHHUS U JUCIIEPCHUSL.

[IpoBepka ruUnoTe3sl 00 OTHOPOTHOCTH TUCIEPCHHA JacTeH psga MPOBOJMUTCS C TIOMOIBIO KPUTEPHS
@uwepa:

o

2 2 2
o, eciiu oy >O'2

0'22 ecuuo: > of . @
Z2 2 1
ol
Ecmu nonydyennoe 3nauenue F meHbie TabauaHoro Fi.6,, TO runoreza 00 OMHOPOIHOCTH AUCIIEPCHN
npuHuUMaeTcst U Beraucisiercs t-kpurepuit Cteronenra. Ecnu F Gomnbiie wiayv paBHO TaOIMYHOMY 3HAYEHHIO
Fa61, TO THTIOTE32 00 OHOPOMHOCTH JUCTIEPCHil OTKIOHsETCs. OnpeaeneHe YacTH TUCTIEPCHU BPEMEHHOTO
2

psizia, BEIOHpaeMO IMHAMUYECKOH HOPMOIL psina, onpenensiercs kak —— *100%.
o

B kadecTBe CTaTUCTUYECKOM MOJENM AaHAIN3UPYEMOTO BPEMEHHOTO psiia B CIydae MPHHATHS
TUIIOTE3bI O JIMHEHHOM TPEHAE CJIEAYET pacCMaTpUBaTh BhIPAXKEHUE:
u(t)=a+b, (2)
rae a u b - Ko PUIMEHTHI.
AnreOpandyeckd MOXKHO II0Ka3aTh, 4YTO NpU TMEpexoAe OT 3HAYeHWH psla K HX Pa3HOCTIM
UCKITIOYAeTCs BIMsSHUE KoeOaHuid psijia. Eciam TpeHa npencrasieH BeIpaxeHUeM (2), TO pu 0003HAYECHUH

MOCJIeIOBATEIFHBIX MOMEHTOB Bpemenu uepes (11, to,..., 1) moayueno [96]:
t=1 u(l) = a+b+dy;
=2 2) =a+2b+
t u(2) = a+2-b+dy, 3)
t=n u(n) = a+n-b+dy,

[lepBBle pa3HOCTH MPEICTABIISIOT COOOIA:

A1’ = U(2)-u(l) = b + (dy + dy);
AZ’ = U(S)‘U(Z) = b + (du3 + dUZ); (4)

Ay’=u(n)-u(n-1) = b + (dys + dyp-))-

Tax, u3 (4) BUJHO, 4TO BO BCEX PAa3HOCTAX MPUCYTCTBYET OJIHA M Ta )K€ KOHCTaHTa b, T.e. KoyeOaHus
pacCUMTAaHHBIX PA3HOCTEH A 3aBHCAT TOJBKO OT Oy, M BIUSIHUE OOIICH TeHACHIINH (TPSHIA) HCKITI0YAeTCsI.

Or1eHKa IPEICTaBUTEILHOCTH KIMMATOO0YCIIOBICHHBIX TPEHIOB B PsAAaxX HAOMIOMEHUH 3a pacxogamMu
pex OpIIaHCKOro apTe3uaHckoro OacceiiHa 0azupoBaiach Ha MOCTPOSHUH PETPECCHOHHBIX MOJETEH CBS3U
MOCJIEAHETO ¢ OCHOBHBIMM IPEAMKTOpaMHU. 3ajjadya PErpecCHOHHOIO aHalln3a — OINHCAHUE CBSI3EH MEXITY
UCCIIelyeMbIMH BEIMYMHAMH B BHAE ypaBHeHHH win wmoxeneit ces3u  y=f(X). [us mnoctpoeHus
pErpecCHOHHBIX Mojejell B paboTe MPUMEHEH METOJ HaMMEHBIIMX KBaapaToB, T.e. Y=f(X) crpoutcs Tak,
9ToObl CyMMa KBaJpaTOB OTKIOHEHHH MEXIy MOJCIbHBIMA M (DAKTUYECKUMH BEIIMYMHAMH ObLia
MUHUMAaJIbHOH.

[locTpoenne perpeccHOHHONH MOJENH MpencTaBisieT co00i WTEpalMOHHBIA MPOLIECC, HAIlPaBICHHBIN
Ha MoUCK () (HEKTUBHBIX HE3aBUCUMBIX IMEPEMEHHBIX, YTOObI OOBSICHUTH 3aBUCHMBIC ITEPEMEHHBIC, KOTOPbIE
MBI ITBITAEMCSI CMOJICIIMPOBATh M ONPECIIUTh, KAKUE BETUYUHBI SIBIISIOTCS 3PPEKTHBHBIMU IMPEAUKTOPAMHU.
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3amadya IOCTPOEHHUS] KaueCTBEHHOI'O YPAaBHEHMSI PErpecCHM, COOTBETCTBYIOILIEIO BBIOOPOUHBIM
(SMIMPUYECKUM) AaHHBIM M LIENSAM HCCIIEIOBAaHUS, SIBISIETCS AOCTaTOYHO CIOXKHBIM M MHOTOCTYIEHYAThIM
mporieccoM. ETo MoxkHO pa30ouTh Ha TpH 3Tamna: 1) BIOOp GOpMyITBl YpaBHEHHUS PETPECCHM; 2) OIpeIeIeHNe
napamMeTpoB BEIOPAHHOTO ypaBHEHUS; 3) aHAIH3 KauecTBa ypaBHEHHUS U IPOBEPKa aJleKBATHOCTH ypaBHEHUS
SMIIUPUYECKUM JAHHBIM, MPOBEPKA CTATUCTUYECKON 3HAYMMOCTH KO03()(HUIMEHTOB, MPOBEPKa OCTATKOB Ha
aBTOKOPPEIISILHIO.

B o6mem ciyyae mpu MOCTPOCHUM MAPHOHM JIMHEHHOW perpecCHOHHONW MOJENU y=agtaiX JO0Ka3zaHo,

4qTo 0 JCT MUHUMAJIbHA €CJIN ap U a3 0 AyT HaﬁI{eHLI IYTEM PCIICHUA CIIC FOLLICH CUCTEMBI aBHCHMIA:
e

a,n+ alznlxi = Zn: Yi
i1 i1
n n n !
aozl:xi + alzlle :Z:Xi Y
1= 1= 1=

rae X1, X2,...XN - 3HaYeHUs] HEKOTOPOU BEJIMYNHBL;

(5)

y1,y2,...yn - COOTBETCTBYIOIINE UM 3HAUCHHUSA Y;
- 2

Qe = Z(y, =Y, ) , Qe - CyMMa KBaJIpaToB OIIUOKH MM OCTaTOYHAs CyMMa KBaJIpaToB.
i=1

B pabote BbINONIHEHA MPOBEPKA aJIEKBATHOCTA M TOYHOCTH MOJEJICH, CTATUCTHYECKON 3HAYMMOCTH
KO3 (UITUEHTOB MOJIEIe W MPOBEPKa OCTATKOB HA HAJIMYWE ABTOKOPPEISAIMH C TOMOIIBI0 KPUTEPHUS
JHapOuna-Yotcona.

[IpoBepka Mozenu Ha aBTOKOPPEIMPOBAHHOCTh OCTATKOB IMPOBOAWIACH IPU MPEANOIOKEHUH, YTO
MIpH HAJTMYUHU aBTOKOPPEIISAIIUU OCTATKOB BEPHO COOTHOIIICHNE!

Et=p et W (6)

IJIe € — OCTaTKH, P — KO3((GUIIUEHT aBTOKOPPEISIMM OCTaTKOB; W — HE3aBUCHMBIC CIy4YaiiHbIC BEIUYHHBI.
Ecmm p=0, TO OTCYTCTByeT aBTOKOppEISAIHsS OCTaTKOB M OIIEHKAa IapaMEeTPOB METOJOM HAMMEHBIIINX
KBaJIpaTOB SIBJIACTCS HaWIydllled JTUHEHHON HecMelleHHOHN oneHnkod. Ecnu pz0, To olieHka mapameTpoB
MCTOJJOM HAUMMCHBIINX KBaJApPAaTOB SABJIACTCA CMeIIIeHHOI\/'I MU BBIBOJIbI IO MOJAECIN HE KOPPCKTHLI. Taxkum
o0pa3oM, MpH TECTUPOBAHWH Ha aBTOKOPPEISIIIHIO OCTATKOB BBIIBUTAETCS HyleBas rumnoreza Ho: p = 0
MPOTHUB AJIbTepHATUBHOW THIOTE3BI Hy: p=0.

Craructuka Jlapbunaa — YOTCOHA ONpeneNnsieTcss COOTHOIICHUEM:

. 2
Z(et o et—l)
D-W=2%—— : : ©)
28,
t=1
Kpurepuii [laporaa — YoTcoHa U KOI(PUIMEHT aBTOKOPPEISIIMNA OCTATKOB CBS3aHBI MEXKIY COOOi
COOTHOIIIEHHEM (PHCYHOK 3):

D-W =2.(1- p)
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Obaacrs i OJRACTD HPHNIATHA i OGaacrtn
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orkIonenns Heo NUI-dh orjaoucuid Hp
Hoaoxureasnan Obaacty Orpuiareisnas
ABTOKOPPE A HEONPEACACHHOCTH ABTOKOPPE. 1AL

Puc. 3. CoorHomenue kpurepust Jlapouna — YorcoHa u ko3(ppuiueHTa aBTOKOpPPpeIsALun

CraTucTHYeCcKH 3HaYMMBIX TPEHAOB B psjax HaONIONEHHH 3a CpeIHEroloBBIM pacxoioM pp. Jdxemp,
Cox, IIpoHs He BbIABICHO. B MHOromerHem paspe3e MNPOU3OLLIO HW3MEHEHHE BHYTPUTOIOBOTO
pacrmpeneneHus CTOKa, YMEHBIIWINCh HauOOJIbIINE Pacxobl BOJIBl U 00BEM CTOKA BECEHHErO IOJIOBOJBS.
Ha coBpeMeHHOM 3Tame MposSBUIIOCH IepepachpeaesieHue CTOKa BHYTPH T0lla, OCOOCHHO Ui 3UMHHUX U
BECECHHUX MecsueB. Ha Teppuropum nccienoBaHMi 3aMETHO YBEIMYMINCH CPEIHHE MECSUYHBIE PacXoibl
BOJBI B sHBape-(peBpaje M MPEICTABJICHbI JTUHCWHBIC TPEHIBI B PsliaX HAOJIOJIECHUI 3a pacXooM peK
OpIaHCKOTO apTe3MaHCKOro OacceiiHa B sHBape (pUCYHOK 2, Tabiuiia 3).

4 Q, m3/c A
300,0
p. Ouenp - Opuia p. OHenp - Morures p. Axenp - XKno6uH  p. Cox - Mlomerns p. Cox - Cnasropog
y = 0,9092x + 32,951 y = 1,0066x + 44,377 =1,0687x + 78,859y = 1,2074x + 83,354 [|y = 0,8868x + 35,068
250,0 —R2=0.2543 R?=02767 R?=0.2013 R?=0.1659 R®=0.3289

200,0 ﬁ n

L

i - ;
R — atmnil
100,0 it W A \l‘{“"’“‘?‘—»‘
50,0
0,0 Tr o1+ o1 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 1 rrr 11 &1 1 T1 1T
O D N A %) S AV O D AN A ) O L K ® N N
) W N N
CAECEINE \q@‘ Ch '9@ & '960 GG RIS @qy & r\qogb i '\CDOSO S S S S ron
—o—p. OHenp - Morunes —0—p. OHenp - Opwa —z—p. [Henp - XKnobuH
—o—p. Cox - Mlomenb —0—p. Cox - Cnaeropog — JluHenHbin (p. OHenp - Oplia)
— JluHenHbii (p. QHenp - Morunes) — JluHenHbIn (p. AHenp - XKno6wH) — JluHerHbin (p. Cox - Fomenb)
\_— Jlnnennbint (p. Cox - Criaropop) Y,
Puc. 2. CpeaHue MecsiuHbIe Pacxoabl BoJbI sHBaps Mecsina pp. Anenp, Cox
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Taouauna 3
Hons qpucnepcnu, BeIONpaeMasi AMHAMMYECKOI HOPMOii BpeMeHHBIX PAI0B Ha0II01eHHil 32
pacxonoM pek OpLIAHCKOr0 apTe3uaHCKoOro dacceiina, %

Tloer ! I i v V VI [ VIH | VHI | IX | X | XI | Xl Ton
‘;'mﬂ;‘e“p T 167 173 30 12 05 07 04 11 04 92 52
JnHamudeckast
HOpMa psifa poct pocr - - - - - - - pocrt -
p. JWID = 320 281 40 34 61 09 05 19 27 47 97 03
JnHamudeckast
HOPMa pAia poct poct - - - - - - - - pocrt -
gpmi[neﬂp - 326 214 7,2- 4.6 40 05 11 36 09 09 76 0,1
JnHamudeckast
HOpMa psja pocr  pocr - - - - - - - - - -
I})Knoél;}fnp 285 227 56 67 158 28 10 45 47 64 127 04
Junamuueckas
HOpMa psza pocr pocr - - pocr - - - - - poer -
Ir)L)MeJiom - 151 226 217- 12 12 13 01 01 13 05 35 11
Junamuueckas
HOpMa st poct poct - - - - - . _ _ ) )
Iénagf,ﬁfﬂ - 356 233 18 05 14 01 00 02 22 10 80 04
JnHamudeckast
HOpMa psza poct poct - - - - - - - - . ;
%emlgﬁom 296 152 072 0,7 00 19 00 00 09 03 119 0,2
JuHamuueckast
HOpMa psijia pocr  pocer - B - - - - - - poct -

Kak BupHO M3 Tabnuubl 3 Ha Bcell TEPpUTOpUH OacceiiHa OTMEUYEHO CHIDKEHHE CTOKa 3a BECCHHEE
MOJIOBOJIbE ¥ YMEHBIIIEHUE €TI0 J0JM B TO10BOM cToKe. CTOK BECEHHHMX MecslleB (anpenb, B p. J{Henp u maii)
Ha COBPEMEHHOM 3Tale 3HaYUTEIHHO CHU3UJICS, MOIIIHOCTh OTPHIIATENHHOTO TPEeHIa cocTaBuia: p. JHemnp —
Peunna (ampens — 20,1, mait — 15,6%), Morunes (anpens — 19,1%), Opma (anpens — 9,3%), XKinobun
(anpens — 22,0%); p. Cox — ['omens (ampens — 14,7%), Cnasropon (anpens — 13,0%), p. [Iponst — Jlersru
(ammpens — 5,4%), B cpenHem coctaBisisi 15,0%. Pacxon oceHHMX MecSLIEB peK TEPPUTOPUHU HCCIIEIOBAHUN
CTaTUCTHYECKH 3HAYNMBIX U3MEHEHUH HE BBISBUIL

MakcuManbHBIMA MOITHOCTSIME TIOJIOKHUTENBHBIX TpeHaoB (oT 15,1% p. Cox—Tomens mo 35% p.
Cox-CnaBropon) XapakTepuszyercsi 3UMHHMH CTOK, KaK BHUIHO M3 TaOJWOBl 3, T.e. MOXHO TOBOPHTH O
3HAYUTEIFHOM YBEIMYEHHH [OJM 3UMHET0 CTOKa B TOJOBOM pacmpeneieHnu st pek OplraHckoro
apTe3uaHckoro dacceiina.

[Ipu moctpoeHnn NBYX(paKTOPHBIX JHUHEHHBIX PErPecCHOHHBIX MOJENEH CBA3M pacxoja PeK B sSHBape
B Ka4eCTBe MPEJUKTOPOB BHICTYIAIH BEIIMYMHA aTMOC(HEPHBIX OCAJKOB 32 3UMHHUU MEPUOJT M TEMIIEpaTypa
aTMOC(EpHOTO BO3AyXa, OCPEIHEHHAs 3a MEepHOA AeKaOpb-sHBapb. lIpm mocTpoeHWH IBYX(AKTOPHBIX
JIMHENHHBIX PErPECCHOHHBIX MOJEINEH CBA3U pacxoja PeK BECEHHEI'O I0JIOBOIbS B KadeCcTBE NPEIUKTOPOB
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BBICTYIIAJIM BENIMYMHA aTMOC(EPHBIX OCANKOB 3a IEPHOJ MapT-alpeib W TeMIeparypa arMochepHOro
BO3/lyXa, OCPEHEHHAs 3a TOT )K€ EPUOI.

JUia TpuHATHS pelleHus] O HaJMYWU aBTOKOPPEISIIUH B OCTaTKaX IMOCTPOEHHBIX ABYX(aKTOPHBIX
MojieTiell CBsi3u ¢ KonmdecTBoM HaOmroneHuit 70, ctaructuka JlapOuHa —YOTCOHA Ha ypOBHE 3HAYHMOCTH
0,05 paBna: d.=1,55, dy = 1,67. Pe3yabTaThl MOCTPOCHUS TPUBE/ICHBI B TaONHIIE 4.

Tabauna 4
OneHka Ka4ecTBa ABYX()AKTOPHBIX PerpecCHOHHBIX MojlesIel

IMoka3zaTenn P. lnenp — moct Moruses P. Inenp — moct Opma P. Inenp — nmoct Ki106un
sSIHBaphb BeceHHee sIHBapb BeceHHee SIHBapb BeceHHee
MecsI| M0JIOBO/Ib€ MecsI| 10JIOBO/Ib€ MecsI 10JIOBO/Ib€
Ornenka
TOYHOCTH MOJIEIIN 0,44 0,14 0,42 0,15 0,42 0,19
(R%)
IIpoBepka
aJICKBaTHOCTH 0,00031 0,019 2,1%10” 0,0049 0,0052 0,023
MOJETU
IIposepka P,=0,001 P,=0,007 P,=3,45*10° P,=0,008 P,=0,0008 P,=0,007
CTATUCTAYECKOM P»,=0,004 P,=0,774 P,=0,011 P,=0,032 P,=0,006 P,=0,391
3HAYAMOCTHU
Kk03(h(pULKEHTOB
mozenu (P-3Hau.)
Kpurepwuii
HapOwna - 2,18 2,36 1,92 2,02 2,12 2,38
Yorcona
Pemenne aBTOKOP- obnactb aBTOKOP- aBTOKOP- aBTOKOP- obnacTb
pensus Heompee- pensius pensius pensius Heompee-
OTCYTCTBYET JIEHHOCTHU OTCYTCTBYET | OTCYTCTBYET | OTCYTCTBYET | JIEGHHOCTH
P. Cox — moct ['omenb P. Cox — moct CnaBropo
BECCHHEE TI0JIOBOJIBE
STHBapbh MECSII] BECEHHEE MOJI0BOIbE STHBaph MECSI]
OreHka 0,41 0,23 0,45 0,21
TOYHOCTH MOJICITH
(R%)
IIposepka
a/IeKBATHOCTH 7,8%10® 0,00019 3,9%10°7 0,0075
MoOJeNu
TpoBepka P,=6,6*10"" P,=0,008 P,=7,6*10° P,=0,003
CTaTUCTHYECKOMN P,=0,0064 P,=0,054 P,=0,001 P,=0,457
3HAYUMOCTH
KO3 PHUIIEHTOB
mozenu (P-3Ha4.)
Kpurepwii 2,01 2,41 1,96 2,34
HapOuna -
Yorcona
Pewenue ABTOKOppEISILUs o0acTh Heompee- ABTOKOPPEIISALINS 00JacTh Heompee-
OTCYTCTBYET JIGHHOCTHU OTCYTCTBYET JICHHOCTH
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Kak BunHO 13 Tabmus 4:

- 0oJiee BHICOKMM 3HAUCHUEM IOKA3aTellsi TOYHOCTH MOJISNH, MPUHUMAIMUM 3HadeHus ot 0,42 1o
0,45 xapakTtepusyroTcsi ABYX(aKTOpHBIE MOIENH CBSI3M pacxojla SHBapsS MecAlla C OcCaikaMh |
TeMIIepaTypoi, TOT/Ia KaK 3TOT MOKa3aTelb AJisl BECEHHETro MoJoBoIbs u3Mensercs ot 0,14 no 0,23. Takum
o0pa3oM MOXHO YTBEpXJaTh, YTO JUIS 3UMHHX pacxoloB pek oT 42 no 44% wu3MeHeHWW BETUYHMHBI Y
00yCIIOBIIEHBI N3MEHEHUSIMI CTATUCTUYECKH 3HAYNMBIX KO (OUIIMEHTOB MOIENEH;

- pacyeTHBIM YpPOBEHb 3HAUMMOCTU BCeX Mojeliel MeHsbIne 3ananHoro 0,05, perpecCHOHHBIE MOIETH
SIBIITIOTCS 3HAYNMBIMU;

- aBTOKOPPEJAIHS B OCTaTKaxX HE BBIABICHA JUIA BCeX NBYX(AKTOPHBIX MOeNiell 3MMHUX PacXOJ0B
PEK, PpErPEeCCHOHHBIC MOJEIM JUIs BECEHHEro monoBoabs He mnokazanu 100%-Hoe oTcyTCcTBHE
ABTOKOPPEJISIMH B OCTATKaX;

- MPOBEPKa CTATUCTUYCCKOW 3HAYMMOCTH KOA()(QUIMEHTOB MOJEJCH IMOKa3ajga, YTO CTAaTUCTUYCCKH
3HaYUMBIM BO BCEX PETrPeCCHOHHBIX MOAeNsax spisercs Kodpdumment Al — xoadummeHt mnpu
HE3aBHCHMOW TIEPEeMEHHOW «TeMIieparypa aTMoc(epHOro BO3ayXa COOTBETCTBYIOMIETO MEPHUOMA»,
kodpduumeHnt A2 - kodQQUIMEHT NpU HE3aBHUCUMON NEPEMEHHOW «BEIMYMHA aTMOCQHEPHBIX OCaKOB
COOTBETCTBYIOIIETO IEPHOJA» SBISETCS CTATUCTHYECKH 3HAYMMBIM B PETPECCHOHHBIX MOJENAX IS
Pacxo/10B BECEHHETO MOJIOBOADS.

BbIBO/IbI

Ha Ttepputopun OpiiaHcKoro apTe3HaHcKoro OacceiiHa BbISBIEHO CTATUCTUYECKH 3HAYMMOE
CHIDKEHHE CTOKAa 3a BECEHHEE IOJIOBOAbE M YMEHBILIEHHE €ro JOJHU B ToJoBOM cTOKe. CTOK BECEHHMX
MecsueB (ampenb, B p. JHemp M Mail) Ha COBPEMEHHOM JTane 3HAYMTENBHO CHHU3HJICS, MOIIHOCTD
OTpHLATEILHOTO TpeHaa coctaBuna: p. Juenp — Peunna (anpens — 20,1, maii — 15,6%), Morunes (anpens —
19,1%), Opma (anpens — 9,3%), XKnobun (ampens — 22,0%); p. Cox — T'omens (ampems — 14,7%),
Cnasropog (anpens — 13,0%), p. IIponst — Jletsru (anpens — 5,4%), B cpennem coctasisist 15,0%. Pacxon
OCEHHUX MECSIEB PEK TEPPUTOPHUU UCCIIEOBAHNN CTATUCTHUECKH 3HAYMMBIX U3MEHEHHI HE BBISBHIL.

BrisiBiIeHO 3HAUMTENbHOE YBENMYEHHE OJM 3UMHET0 CTOKa B TOJOBOM paclpeieleHHd IS PeK
Opiranckoro apre3naHckoro OacceiiHa. B pesynbrare mocTpoeHusi ABYX(aKTOPHBIX PErpecCHOHHBIX
MoOJieiell CBSI3M 3UMHMX PacXoJ0B M PacXOJ0B BOJBI BECEHHETO TMOJOBO/AbS YCTAHOBIECHO, YTO yBEITHYECHUE
JOJM 3MMHET0 CTOKa PEeK CBS3aHO C MOBBIICGHHEM TEMIIEpPaTyphl BO3/AyXa XOJOIHBIX MECSILEB, C
YBEJIMYEHHEM YacTOTHI OTTETeNel, MPOX0XKACHNEM 3UMHHIX TTaBOIKOB.
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Hydrology and Meteorology

CLIMATE-RELATED TRENDS IN THE ORSHA ARTESIAN BASIN RIVERS’
QUANTITATIVE CHARACTERISTICS

Savich-Shemet O., Gapanovich E., Antsukh Y.
State Scientific Institution «Institute for Nature Management
of the National Academy of Sciences of Belarus»
Minsk, Belarus

Annotation. The long-term changes in the flow rates of the Orsha artesian basin rivers’ are represented
in the article, it is shown that the main factors affecting the conditions of flow formation are primarily
climatic, geomorphological, and hydrological-hydrogeological conditions of the region. Statistically
significant decrease in runoff during the spring flood and a decrease in its share in the annual runoff were
revealed on the territory of the Orsha artesian basin (the power of the negative trend was from 5.4 to 22.0%).
A significant increase in the share of winter runoff in the annual distribution for the rivers of the Orsha
artesian basin was revealed. It was found that an increase in the share of winter river flow is associated with
an increase in the air temperature of the cold months, with an increase in the frequency of thaws, and the
passage of winter floods as a result of constructing two-factor regression models of the relationship between
winter flow and spring flood water flow. The obtained results indicate that the underground runoff in the
winter low water increased, which is due to mild winters, the presence of frequent thaws and sufficient
humidification of the territory.

Keywords: river basin, river runoff, spring flood water flow, trend power, dynamic rate of the series.
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I'maposiorusi 1 MeTEOPOJI0rusl

W3MEHEHMUSI YPOBEHHOI'O PEXKUMA ITOJ3EMHBIX BO/JI 3AITA THOM
BEJIAPYCH (HA IPUMEPE BACCEMHA PEKM HEMAH)

Casnu-lllemer 0.7, I'eprman J.2
YT ocynapcTBeHHOE HayqHOE YUPEsKICHHE
«MHcTuTyT npupoaonob3oBaHus HanmonaneHo# akagemMun Hayk benapycu»
yi1. ©.Cxopunsl, 10, 220076, r. Munck, benapych
2 PecryGIIMKAaHCKOE YHHTAPHOE IPEANPHSATHE
«lleHTpanpHbIi HAYYHO-UCCIIEI0BATEIbCKUA HHCTUTYT
KOMIUIEKCHOT'O HCTIOJIb30BAaHMUS BOJIHBIX PECYPCOB)
yi. CnaBuHCKOTO, 1, KopI. 26 220086, r. Munck, benapych
E-mail: savichoks@yandex.ru, lubov.hertman@yandex.by

Annomayua. BriiBIeHBI 0OCOOCHHOCTH ()OPMHUPOBAHHUSA YPOBEHHOTO pEXHMa TIOA3EMHBIX BOJ
Oaccelina peku Heman Ha COBPEMEHHOM 3Tarie, KOTOPBIA XapaKTePU3yeTCs MI00aTbHBIMU KIMMATHUECCKUMHU
M3MEHEHUSIMHU. Pe3ynpTaThl aHanm3a psAAOB HAONIONEHUH 32 YPOBEHHBIM DPEXHUMOM BOJ CIIOPaTUIECKOTO
pacnpocTpaHeHHs U HETJTYyOOKO 3aJIerarolUX HAITOPHBIX BOJI TIO3BOJIMIIN CBsi3aTh 1990 r. ¢ HauaaoM peakiuu
YPOBHS TIOJ3EMHBIX BOJ Ha HaOmofaeMblii B bemapycu camblii mpomoipkuTelbHbiid 3a 100 jer
METEOHAOIIOIEHUH TTePHOJ MOTETICHHS KIIMMaTa.

Kntouesvle cnoea. pedHoii OacceilH, HANOpPHBIC BOJBI, BOJBI CIOPAIMUYSCKOTO PACHpPOCTPAHCHHS,
MOIIHOCTH TPeHJa, TUHaMH4YecKast HopMma psina, Oypee-anamus.

BBE/IEHUE

bacceitn pexku Heman naxomutcst Ha Teppuropun benapycu, JIlutBel u Poccuiickoii ®enepannn
(Kanmununrpazackoit obnactu), UIsi HEro xapakTepHa Trycrasi peuHas certb. OT HMCTOKa 0 YCThSl peKa
npuHUMaeT okosio 180 mpuTokoB, HarboJee KPYMHBIME U3 KOTOPBIX (TI0 JITTMHE U 110 TUToma i OacceiiHa) Ha
TeppuTopun benapycu sBisdioTca cnenyoomue pekd (B MOpsAKe YAaJeHHOCTH MECT BHAJEHHUS OT YCThS):
Bbepesnna, llapa, 3ensa, Korpa, Ceucnous, Bunus. Pexka Heman mMmeer 7 mpuUTOKOB NEPBOTO MOpsAKa
mmHOoU 6omee 100 xm: Bummus, llapa, bepesuna, 3enpBsinka, Korpa, CBucnous, Yma.

I'moporeosnornyeckuil pexuM TeppUTOpUM OacceliHa pekn Heman ompenensercs npeuMylieCTBEHHO
O€3HANOPHOM I'HIPOIMHAMUKON BEPXHEUETBEPTUUHBIX BOAOHOCHBIX ropusonToB fllIpz®s, gllsz u mermy6oko
3aJIeTaroIMMK HarOpHBIMK BogoHocHBIME ropusorTamu f,Igllsz-111pz, f,Iglld, f,Iglld-sz.

OCHOBHASA YACTbH

B ecrecTBeHHON THAPOAMHAMUYECKOW OOCTaHOBKE BOJOHOCHBIM TOPU3OHT SIBIISIETCS JOCTATOYHO
cOaTaHCHUPOBAaHHOM CHCTEMOH U ero (DYHKIIMOHUPOBAHUE TIOTIMHEHO OIpeIeIeHHBIM 3aKOHOMEepHOCTIM. Ha
COBPEMEHHOM 3Talle OTCYTCTBHE NPSMOTO JIOKAJBHOIO AHTPONOTEHHOIO BO3AECHCTBUSA Ha BOJOHOCHBIN
TOPU30HT Y)K€ HE SBISIETCS OJHO3HAYHBIM TapaHTOM €ro «ECTECTBEHHOCTH)», MOCKOJBKY IOBCEMECTHO
OTMEYaeTcs ONOCPEOBAHHOE BIUSHHIE YEJIOBEKA HA YPOBEHHBIN PEKHUM MOI3EMHBIX BOJI.

Memoowvr u memoduxa uccredosanuti. B ocHOBY pabOTHI MOJOXKEHBI JaHHbIE MHCTPYMEHTAJIbHBIX
HaONMIOZACHUH 3a YpPOBHEM IIOJ3€MHBIX BOJA pAa3IMYHOTO TeHesnca B Oacceiitne p. Heman: Bombl
CTHIOPaJMYECKOr0 PaclpoCTpaHeHust B coxkckol mMopene (glISZ) 1 Boasl HaOPHOTO AHEMPOBCKO-COXKCKOTO
Bomonocuoro rtopusonra (flglld-sz) (pucymox 1). AmHammsupyemblii MEpHOI HHCTPYMEHTAIBHBIX
HaOJIOEeHNH 3a YpOBHEM MOA3EMHBIX BOA B OacceliHe pekn Heman mMakcumanbHbIi - Gonee 39 ner: 1961—
2000 rr., cpennuii - okono 30 net: 1968—2000 rr.
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OOBEKTOM WCCIICIOBAaHUHN SIBISUIMCH TTOA3EMHBIC BOIbI OacceliHa pekn Heman, mpemMeTrom

HCCIEAOBAHUS SIBIISUTUCH HU3MEHEHHUS YPOBEHHOTO PEKMMa MOJ3eMHBIX BoJ. McciemoBaHusi BKIIOYAIU:
CTPYKTYPHO-TIDOCTPAHCTBEHHBIM  aHaJ M3  MaTepualioB, XapaKTePU3YIOIUX  IPHUPOIHBIE  YCIOBHS
(kIMMaTHYecKue, reoMOpPQOIOrHISCKUe, THAPOIOTHISCKUE, TEOI0r0-THIPOreOIOrHYECKUE U ap.) OacceliHa
pexu Heman; aHanu3 kapTorpau4eckoro Matepuania; aHajlu3 TPEHIO0B SKBHIUCTAHTHBIX BPEMEHHBIX PSIOB
HaOIIO/IEHNU 32 YPOBEHHBIM PEXXMMOM TIOJ3EMHBIX BO/I, OIIEHKA MOIITHOCTH TAPMOHHK BO BPEMEHHBIX psAIax
JI0 U TIOCJIE MEPUOJIa COBPEMEHHOT'0 U3MEHEHUS KJIMMaTa.

YcnoBHble 0603HaYeHUs

e 1
® 2

s
-

I s

8bIMOHOUWAHCKOE

Puc. 1. Kapra-cxema nocTroB Had/I10ieHU 32 Pe:KUMOM MOI3€MHBIX BOJI
B Oacceiine p. Heman Ha Tepputopun Besnapycu
1 — mocTHI MOHHTOPHHTA 32 PEKAMOM INOI3eMHBIX BOJ (Ha3BaHHS MOCTOB NMPHUBeIeHbI B Ta0 ue 1);
2 — MeTeopoJOorHYecKne craHnumn; 3 — rpannna 6acceiina p. Heman; 4 — ocHOBHbIE BOIOTOKH;
5 — ocHOBHBIE BOIOEMBI; 6 — HaceIeHHbIE MMYHKTHI

Lenv dannoii pabomul — BBISBUTH OCOOCHHOCTH ()OPMUPOBAHHS YPOBEHHOTO PEXHMMa MOJ3EMHBIX BOJ
Bamannoii benapycu Ha npumepe Oacceitna peku Heman.
JIJ1s MOCTHKEHMS TIOCTaBJICHHOM 3a/1a4y OBUIH PEIISHBI CIIEIYIONIUE 3a/1a4H:

* OIpEAeNICHbl CTATHCTUYECKHE MOMEHTHI 1-TO M 2-T0 MOpSAKOB ( X, ©) pAIOB HAOIIOJACHHUNA 3a
YPOBEHHBIM PEKUMOM TOJI3EMHBIX BOJ OacceiiHa pekn Heman muis nByx nepuosio (1968—1989 u 1990-2000
IT.);

* pellieHa 3aj1aya BBISBICHHS JTUHAMHYECKOW HOPMBI BPEMEHHBIX PSIIOB HAOIIOICHUH 32 YPOBEHHBIM
PEXKUMOM TOA3EMHBIX BOJ ITO JAHHBIM HaOJIFOICHUH;

* peleHa 3aja4a ONpeneyIcHUsT MOIIHOCTH 12-MeCSYHON TApMOHUKH B PANaxX PsAI0B HAOIIOICHUN 3a
YPOBEHHBIM PEKMMOM MOA3EMHBIX BOJI 1O 1BYM nepuoaam (1968-1989, 1990-2000);

* BBISIBJICHO M3MCHCHHE JWHAMHYECKOH HOPMbI M MOIIHOCTH 12-MECSYHOM TapMOHHMKH BPEMEHHBIX
PSAIOB HAOMIONEHWH 3a YPOBEHHBIM PEXXMMOM TOJ3EMHBIX BOJ OacceifHa pekn Heman mo Tpem mepuomam
(1968-1989, 1990-2000, 1968-2000 rr.);
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* Ha OCHOBAaHMM MOJYYECHHBIX PE3YyJIbTATOB BBHIABICHBI OCOOCHHOCTH (DOPMHUPOBAHUS YPOBEHHOTO
peXrMa MO3eMHBIX BOJI M3yYEHHON TEPPUTOPUHN Ha COBPEMEHHOM JTarle.

Bri6op moanepronoB ompenensuics (akTOM yCTaHOBIEHHOTO paHee Hadaja COBPEMEHHOTO MEpHoja
noTerieHns Ha Teppuropuu bemapycu (1989) [1].

T'uopocpaguueckas cemv TEPPUTOPHH HCCICIOBAaHUIA TpeacTaBieHa pekodl Heman c mpuTokammu.
Pexa Bunus, pexa Ha tepputopun benapycu u JIutssl, npasbiii nputok Hemana, nnmuna 498 kM, B benapycu
— 264 M. Inommane BogocGopHoOro Gacceitna 25,1 Thic. KM?, Ha TEPPHTOPHH benopyccum — 11 ThIC. KM%
Cpenuuii ykinon BogHoit moBepxHocTH 0,3 °/go. CpeqHeromoBoii pacxox BoAbsl B ycThe okono 186 m/c.
npuna pexu 50-100 M, Tmy6una 1,2 — 2M, ckopocts Teuenns 0,3-0,5Mm/c. bepera kpyTtoie, 00psiBUCTHIE [2].

AHaIH3 2€01020-2U0P02e0I02UHeCKUX YC08Ull TEPPUTOPUHN MCCIEAOBAHUH TOKa3all, 9TO 00pa3oBaHue
TOJIIIM YETBEPTUYHBIX OTJIOKEHHH 3/IeCh CBSI3aHO C aKKyMYJSITHBHOM NESTEIBHOCTBIO TPEX JIEAHWKOB —
JTHETIPOBCKOTO, COXCKOTO, TOO03EPCKOTO W BOJHO-JIETHHUKOBBIX IOTOKOB, OOPa30BHIBABIIHMXCS IPH UX
TasgsHuU. COrjlacHO THIPOTeoIOTHYECKOMY pPalOHHMPOBAHMIO, TEPPUTOPUS HCCIEAOBAHUN OTHOCUTCS K
IOKHOW KpaeBoil wyactu [lpmbantuiickoro apre3maHckoro OacceifHa. XapaKTepHOH OCOOEHHOCTBIO
T€0JIOTHYECKOTO CTPOSHHS paifioHa SBISETCS MOHOKIMHAIBFHOE TOTPYKEHHUE CJI0EB, pe3Kas M3MEHYHBOCTh
(danmaipHOrO0 COCTaBa TMOPOJ, BO3PACTAHWE MOIIHOCTH BOJOBMEINAIOMIMX U CIIa0OMPOHHUIIAEMBIX MOPOJI B
CEeBEpO-3ar1aTHOM HAIMPaBIEHUH C TIOTPYKeHUEM K IeHTpy lIpubantuiickoro apresmanckoro 6acceiHa.

HIupoxkoe miomagHoe pa3BUTHE U 3HAYCHUE B XO3SHCTBEHHO-OBITOBOM BOJOIMOIB30BAaHHHU TTOTYYHIIN
TPH HAMOPHBIX BOJHO-JICAHUKOBBIX TOPWU30HTA YETBEPTUYHBIX OTJIOXKCHHH — COXKCKO-TIOO3EPCKUM,
JTHETIPOBCKO-COKCKHUN M OEPEe3MHCKO-THEITPOBCKHIA.

B nanHoii paboTe W3ydanuch pAabl HaOMIOICHHWN 32 BOJAAMHU CIIOPaJHMYECKOrO PaclpoOCTpaHEHUS B
COXKCKOM M TI03epCKOil MOpeHe M HETIyOOKO 3alleralolMMH HATIOPHBIMH BOJAaMHU JTHETPOBCKO-COKCKOTO
BOJIOHOCHOTO TOPH30HTAa Ha TEPPUTOPUU HccienoBaHui (pucyHok 2). HccrmemoBaHbl TiepBble  OT
MMOBEPXHOCTH BOJOHOCHBIC TOPU30HTHI (Tabsuia 1):

— TPYHTOBBIE BOIBI (CO CBOOOHOI TTOBEPXHOCTHIO), IPUYPOUSHHBIE K AJUTFOBHAILHBIM, ITO03EPCKAM U
03€pPHO-00JIOTHBIM OTJIOKCHHUSIM;

— BOJIBI CIIOPAJMYECKOTO PaCHpOCTPAHEHHS, NMPUYypPOUYEHHBIE K IECYaHBIM IPOCIOSM U JIMH3aM B
TOJIIIE MOPEHHBIX OTJIOKEHUH, HaOmro1aeMbie 21 CKBaKHHOM;

— HalopHBIE MEXIUIACTOBBIC BOJIbI, IPHYPOUCHHBIE K COXKCKUM-TIO03EPCKHM U JTHETIPOBCKO-COMKCKUM
BOJIHOJIETHUKOBBIM OTJIOXKEHHAM, HabmogaeMble 13 cKBaKHHAMUL.

Tabanna 1
Hao0uronaembie BOZOHOCHbIE TOPHU30HTHI
I'mopo-
g Habmronaemble BogoHocHble | Konmuects
reojoruye Tun Box
. TOPU30HTHI 0 CKBaKHH
CKHI TIOCT
IPYHTOBbIE alV; flllpz®s; fllsz® 17
CIIOPaJANYECKOTO PACTIPOCTPAHEHUS glllpzs; glisz 21
11 HATNIOpHBIC flglid; f,Iglid-sz; f,Igllsz- 13
Illpz
Hroro 51
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Puc. 2. Ypauku-lIBakmTcKuii ruiporeo1ornyeckKuii mocT: a) Kapra-cxemMa pacnojio:KeHusi CKBaKUH,

0) reo/10ro-ruAPoOre0JIOru4ecKuii paspes

s ompeneneHus AWHAMUKA YPOBHEHW TIOA3EMHBIX BOJA BBIUHCISUINCH WX PA3HOCTH. Pazmenns
MCXOMHBIN psif u3 N 4ICHOB HA JIBA C MPUMEPHO OJMHAKOBBIM YHCIIOM WIEHOB psaa Ny, Ny (N = ng + ny), ans

Ka)KIIOH M3 YacTel BEIYHCIICHEI CPEHUE 3HAUCHUS U nuctiepcu [3]:

M

2y n

— 1 2
Y1:kl ’O-lzzz(yk_y1)’

n k=1

1

ny

3y, 5

2

Y, :k:1—; O, = Z(yk _yz)z'

n,

)

(2)

HpOBCpKa TUIIOTE3BI 00 OIHOPOAHOCTH I[I/ICHCpCI/Iﬁ yacrei pdaa OpoBOAUTCA € MOMOLIBIO KPUTCPUA

duepa:
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O,
2 2 2
o, eciuoc, >0
— 2 1 2
F= 2" (3)

2 2
O, ecmao, >0,

Ecnu nonydyennoe 3naueHue F MeHbIe TabauaHOro Fo.6,, TO runore3a 00 OJHOPOIHOCTU JAUCTICPCUI
nmpuHUMaeTcs u Berancisiercs t-kpurepuii Cteronenrta. Eciou F Gonpire wim paBHO TaOMMYHOMY 3HAYEHUIO

Fa61, TO TUTIOTE32 00 OJTHOPOJHOCTH JUCTICPCHUiT OTKIOHseTCs. OnpeiesieHle YacTH TUCIICPCUU BPEMEHHOTO
2

T;" *100%.
o

B kauecTBe CTATHCTHUECKOW MOIEJIM aHAJIM3UPYEMOro BpPEMEHHOTO psja B Clydyae NPUHATHUS

pdAaa, BBI6I/IpaCMOﬁ ,I[PIHaMPI‘-ICCKOfI HOpMOfI paaa, onpeacisACTCAa Kak

THIIOTE3BI O JMHEHHOM TpEH/IE CIIeAyeT pacCMaTpHUBaTh BRIPKEHHE!
u(t)=a+bt, (4)
rae a u b - Ko PUIMEHTHI.
3amaua oOHapy>KEHHS TAPMOHUYECKUX COCTABISIOMIMX Obla pelieHa MPUMEHEHHEM KIIaCCHYECKOTO
rapMOHHMYECKOTO aHallk3a MyTeM pasjiokeHus ¢yHkuun Q(f) Ha mpocreiilime nepHogUYSCKHE
cocraBitomue. Vicxo/s U3 MPUHIMIIOB MATEMAaTHIECKOTO aHAIIN3a, JTI00YI0 (DYHKIIHIO MOKHO NPEICTaBUTh
0ECKOHEYHBIM PSJIOM CHHYCOWJAIBHBIX M KOCHHYCOMAAaNbHBIX QyHKIMH (psgom Dypwe). [TonHas cymma,

3ajaromas nepemennyro g(t), sanuceiBaercs B Buze [4, 5):
n/2

g(t) = g+2{ﬁ, sm(— i-t)+B,- cos(— i- t)} (5)

rae A; u Bj — koadduimentsr ypbe-pasnokeHus i-Toi HUKIHYECKONH KOMIOHEHTBI, C epHoIoM 2P.
Koaddunmentst 4; u B; psiaa BEIUUCISIOTCS 0 ciieaytomuM Gopmyinam [3]:

Zg sm(— i- tj (6)
Zg COS(T i- tj (7)

rae | — MOXeT MMeTh Jiroboe 1ienoe 3Hauenue ot 1 mo n/2-1. Idns mocneneii rapmonuku A,=0, B, —
BeJIMYKHA, oTydaemMoii u3 (7), neneHHoii Ha 2, T.e. By/2.
Jlaniee pacCUMTHIBAINCH 3HAUCHHSI aMILTUTYIbI I-TOH rapMOHUYECKONH KOMITOHEHTHI [3]:

G :\/'Aﬁz"'Bi2 : (8)

Kaxk7ast TapMOHHKA YIHTBIBACT HEKOTOPYIO 9aCTh TIOJTHOMN JUCTICPCHH G- JIHCIIepCHsI, BHIOHpaeMast i-

2
TOI TapMOHMKOH, paBHa O 27' JUIl BCEX I'apMOHMK, 33 HCKJIIOYEHUEM IIOCIEIHEH, JUIsl KOTOpPO OHa

paBHa Ci. YacTb AMCIIEPCHM, YdYHTHIBAEMas i-TOil TapMOHHKOMN, MOXeT OBITh NPEJCTABICHA B BH/IC
2

OTHOIIICHUS BETMYUHBI 7‘ wim C K mosHo# mucnepcuu 6°. TIockoIbKy HUKAaKHe JBE TAPMOHHKH He OyIyT

YYUTHIBATh OJHY U Ty K€ YacTh JTUCIEPCUH, TO AMCIICPCHH, YUYUTHIBAEMbIC PA3IMYHBIMA TapMOHHKAMH,

MOYKHO CKJIaJIbIBaTh [3, 5].

Pesynomamor u ux obcyscoenue. sl BBIACTEHUS TPEHIOB B paboTe OBLI WCIIONB30BAH METOJ,
onmucaHHbIX BbIIE. [lo7 TpeHIOM MOHUMANK ONTONEPUONHYIO TEHACHIIMI0O U3MEHEHHS BPEMEHHOTO psijia
HaOIIO/ICHUH 32 YPOBEHHBIM PEKUMOM. Pe3ynbTarhl onpenereHns BeTUIHHbI AUCIIEPCHHA BPEMEHHOTO psfa,
BEIOMpacMON TMHAMHYECKON HOPMOW psiia JUIsl CKBaXKUH THIPOTEOJIOrHMUECKUX MOCTOB OacceitHa Hemana
JUTSL BOJI, CIIOPAJAMYECKOTO PACIPOCTPaHEHUS B TIO3EPCKOM M COMXKCKOW MOpPEHAaX M HETIIyOOKO3aJIeTaroInx
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HAITOPHBIX BOJ TOKA3aJy Pa3HOHAIPABICHHOCTh TPEHIOB 1m0 mepuoaaM 1968-1989 u 1990-2000 rr. Bo Beex
UCcCleIOBaHHbIX 34 pagax HaOmogenuid. Ha pucyHke 3 HarisigHo mpenctasieH TpeHa nepuoaa 1990-2000
IT. JUIS BPEMEHHOTO psijia HaONIOJCHWH 32 HANOPHBIMUA BOJAMH JHEMPOBCKO-COXKCKOTO BOJOHOCHOTO
ropu3oHta B ckBaxuHe 1202 ['OpomelicKoro TUAPOTeOJOTHYECKOTO IMOCTa. Pe3ynbTaThl HCCICIOBaHUIMA
TPEHIOB TOKa3aad, dYro miIsf TmocienHed dwactm psaga (1991-2000 r1r.) OTYETIUBO TIPOSBIISCTCS
OTPHIIATENIFHBI  TPEeHJ B HW3MEHCHWU YPOBHEW BOJ  CIOPaAMYECKOTO  pACIPOCTPAHCHUS H
HermyOOKO3alIerafoIInX HAITOPHBIX BOJ, TOTAA Kak Ui mepBod dactu psaa (1968—1990 rr.) mabmogaercs
CITa0BIN TONOXKUTEIHHBIN TPEeH T TNO0 He HaOIr0gaeTcsi BOBCE. DTO CBHAETENHCTBYET O TOM, UTO HAUHHAS C
1990-x ro1oB B XapakTepe H3MCHEHUH YPOBHS MOJI3EMHBIX BOJI IPOU3OIILIH CYIECTBCHHBIC H3MCHCHUS.
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Puc. 3. lnHaMuKa YPOBEHHOT0 pexKNMa HANOPHbBIX BoJ B ckBaxkuHe 1202 I'opoaeiickoro ruaporeoioru4eckoro
nocra

[lockonmpky [UIsi ypOBHEH BOJ CHOPAIWYECKOTO pACHpPOCTPAHEHHS W HETIyOOKO3aJIeTarolnx
HanopHeIX BoJ B mepuoa ¢ 1991 mo 2000 r. xapakTepeH TpeH, TApMOHUYECKOMY aHAIM3y jaajiee ObLIN
MIOABEPTHYTHI PSIBI OTKJIOHEHUH OT TUHAMUYECKON HOPMBI psifa (TpeHaa).

Pesynprarer rapmonndeckoro (Dypre-ananmza) Hambosiee UIMHHOTO BpeMeHHOTO psiaa (39 ier)
OTKJIOHEHHH YPOBHS OT IWHAMHYECKON HOPMBI BOJ CIOPaJINYECKOrO pacIpOCTpaHEHHS JJIs CKBAaXHHBI 328
Ypnuku-11IBakImITCKOTO THIPOTEOJIOrHYECKOT0 MOCTa TpeCcTaBiIeHsl B Tabmuie 2. B coorBercTBum ¢ (8)
onpexeneHa ammmTyaa Ci 1 BBIUMCIICHA [0S IMCTIEPCHH, BEIOMpaeMast i-Toi TapMOHHKOIA.

Ta6auuna 2

Pe3ynbTaThl rapMOHMYECKOT0 aHAJIM3A Psia HAOII0IeHUH 32 yPOBHEM MOA3EMHBIX BOJ JJIsI

ckBaxnHbI 328 Ypinku-1IBakmTcKoro ruAporeo10ru4ecKoro nocra

Howmep Yacrora Iepuon (mec.) Ci C—'2 Ciz *100%
TAPpMOHUKH 2 2072

4 0,008547 117,0 0,199484 0,019897 10,1
6 0,012821 78,0 0,125476 0,007872 4,0
8 0,017094 58,5 0,195179 0,019047 9,7
9 0,019231 52,0 0,103654 0,005372 2,7
15 0,032051 31,2 0,111497 0,006216 3,2
39 0,083333 12,0 0,313439 0,049122 25,0

Hroro o4,7
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JIuneiyaTelii CIIEKTp psiia JUIsl CKBaXXUHBI 328 mpecTaBieH Ha pUCyHKE 4.
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Puc. 4. JIuneiiuarplii cnektp Pypoe (ckBaxuna 329)

U3 pucynka 4 BUAHO, YTO TapMOHUYECKHE COCTABIISIOLINE XapaKTEPU3YIOTCS Pa3InyHON MOILTHOCTBIO,
a HamOoyee MOIIHOW TapMOHUKOW, KoTopas BbiOMpaeT 25,0 % paucnepcuu psga, SBISETCS TOAOBAs
rapMOHHKA.

PesyneraTtel @ypbe-aHanu3a € BBIUUCICHUEM MOIIHOCTA 12-MECSTYHOM TapMOHHMKM B psaax
HaOJIOEHN 32 BOJAMHU CIIOPAJAWYECKOTO PACHpPOCTPaHEHHS M HETIyOOKO 3aJeTarollMMH HaroOpHBIMU
Bojamu 1o 34 psgam HaOJIIOACHUN 32 MX YPOBEHHBIM PEKHMOM Ui JBYX MepuojoB: 1968—1990 u
1991-2000 rr. mokasanu, 4YTO 4YacTOTHAas CTPYKTypa KojeOaHWH ypOBHS IMOA3E€MHBIX BOJ IpeTepriena
CyllleCTBeHHble HU3MeHeHus B 90-e romel mponuioro cronerus. Ecmu B mepuon ¢ 1968 mo 1990 r. B
W3MEHEHUH YPOBHS TOA3EMHBIX BOJ MNpeoOsafaioT JOJNrONEpUoIHbIE KoJeOaHUs UIMTENBHOCTHIO B
HECKOJIBKO JIeT, To B Hadane 90-X TOJOB Ha (QOHE JOJITONEPUOHBIX HW3MEHEHUH 3aMeTHBI
KOPOTKOIIEPUOJHbIE KOJEOaHMs; UX AJIMTENbHOCTh Onm3Ka K 12 mecsuaM. OnHOW M3 BO3MOMKHBIX NPHYUH
Takoi TpaHchopMallMd MOXKET OBITh HM3MECHEHHE B3aMMOCBS3M YpPOBHEH BhINIE- H HIDKEIEKAIIETO
BOJIOHOCHBIX TOPHU30HTOB.

BbIBO/IbI

Ornenka W3MEHEHHWS BKJIaJa TPEHIOBOM WM IMKJIMYECKOW COCTABISIONIMX B W3MEHEHUE YPOBHEH
MOJ3EMHBIX BOJI CIIOPAJANYECKOTO PACIIPOCTPAHEHUSI B MOPEHHBIX OTJIOKEHUSIX U HETITyOOKHX HAallOPHBIX BOJ
B MEpPHOJI NHTEHCUBHOTO COBPEMEHHOr0 MOTEIUICHUS KJIMMaTa IOoKa3alla: NMPOU30IIIO MepepacipeeieHue
MOIIHOCTA KOJICOAHUM JIOJTONEPUOMHON M KOPOTKOIEPHUOIHOM YacTed - YBEJIWYEHHE MOIIHOCTH 12-
MECSYHOM TapMOHUKH ypOBHEN BoJ 10 3HadeHHi 18,2-28,3 % 1 yMEHbIIEHUH MOIIHOCTH JOJITONIEPHOIHBIX
rapMoHuk (7-9 net) mo 3nauenuit 4,9-5,8 % B mepuox ¢ 1991 mo 2000 . MO CpaBHEHUIO C MPEABIIYITAM
nepuogoM (1968-1990 r1r.). CdopmupoBasics OTpULATEIBHBIA TPEeHA B HW3MEHEHHMH YpPOBHEH BOJ
MOIIHOCTBIO 35,0-56,2 % ot 0bwmeit qucnepen psixa (o) wist meproga ¢ 1991 mo 2000 r.

Takum 00pa3zoM, MOKHO TOBOPHUTH O TOM, YTO, HaumHas ¢ 1990-x roJoB MpOIIIOTO CTOJIETHS Ha
TeppuTOpuM OacceiiHa pekn HemaH perucrpupyercs MoBceMECTHOE MajJieHne yPOBHEH BOJ CHIOPAaIUYECKOTO
pacnpocTpaHeHHs W HETJIyOOKO3aJeralolMX HAMOpPHBIX BOJ, a BO3MOXKHOM TPUYMHON SBISIETCA
COBpPEMEHHOE TOTeIJIeHne KiuMaTa (IOBBIILIEHHE TeMIlepaTypbl atMoc(epHOro Bo3ayxa). Takke MOXKHO
YTBEP)KIaTh, YTO YACTOTHOE MOBEJCHUE BOJ CIOPAaAMYECKOTO PACIPOCTPAHEHUSI U HETIIyOOKO3aJIeraromx
HaIMOpHBIX BOJI CTAHOBHUTCS BCe OoJiee MPUONMKEHHBIM K «TPYHTOBBIM», @ BO3MOXKHON NPUYMHOH TOMY
OLLATE JKC ABJIACTCS NPOSAB/ICHUE COBPEMCHHOIO MOTCILICHHUS.
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Hydrology and Meteorology

CHANGES OF THE UNDERGROUND WATERS’ LEVEL REGIME IN WESTERN
BELARUS (ON THE EXAMPLE OF THE NEMAN RIVER BASIN)

Savich-Shemet 0., Gertman L.?
Y State Scientific Institution
«Institute for Nature Management of the National Academy of Sciences of Belarusy,
2 «Central Research Institute of Integrated Use of Water Resources»
Minsk, Belarus

Annotation. Features of an underground waters’ level mode formation of the Neman river basin at the
present stage which is characterized by global climatic changes are revealed. Results of the analysis of series
of observations under level mode of waters of sporadic propagation and shallow-lying pressure water
allowed to connect 1990 with the beginning of reaction of underground waters’ level on the most long
observed in Belarus in last 100 years of meteorological observations the period of climate warming.

Keywords: river basin, pressure waters, waters of sporadic propagation, trend power, dynamic rate of
the series, Fourier-analysis.
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Environmental protection

THE PROBLEMS OF INDUSTRIAL WASTES UTILIZATION AND
THEIR ROLE IN ENVIRONMENTAL POLLUTION

Supatashvili T.”, Kupreishvili Sh.?, Shavlakadze M. ?, Sichinava P.?
Y University of Georgia
Ave. M. Kostava #77 A. 0171, Thilisi, Georgia
2 Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University

Ave. |. Chavchavadze #60 B. 0179, Thilisi, Georgia

¥ Thilisi Humanitarian Teaching University
Ave. Berry Gabriel Salos #31, 0144, Thilisi, Georgia

E-mail: tamunasupatashvili@gmail.com

shorenal2@mail.ru; marishavlakadze@gmail.com; p.sichinava@gmail.com

Annotation. The article discusses the waste of mining and processing enterprises on the territory of
Georgia, which are stored on the territory of the enterprises. Due to the uncontrolled disposal of waste, it is
washed away by rain water and heavy metals are found in the waters of nearby rivers.

The content of heavy metals in the rivers Kazretula and Mashavera has been studied and compared
with the corresponding maximum allowable concentrations.

Keywords: industrial waste, pollution, heavy metals.

INTRODUCTION

The strongest source of emissions of man-made substances into the environment is industry, which is
distinguished by its scale, variety and abundance of exhaust gases and wastewater. One of the areas of
practical human activity is mining. In the process of extracting raw materials (especially using open pits) the
environment is significantly damaged. Open-pit mining is the most common method in Georgia. The use of
this method leads to the degradation of the fertile layer of the soil, the contamination of the soil, surface and
groundwater, the degradation of places with biodiversity. Significantly reduces forest and other vegetation-
covered lands, dramatically disturbs the natural balance in the surface groundwater regime, elements,
geochemistry. In addition, the waste rocks brought to the surface, the quarry itself and other types of
disturbed lands become a hotbed of environmental pollution. For example, the surroundings of Chiatura and
Madneuli can be used [1].

MAIN PART

Although the mining and petrochemical industries currently account for a relatively small share of the
country's total production, they are the most waste-intensive sectors in terms of waste generation.

There is still no accurate information on the amount of waste in Georgia. However, there are estimates
made in different years, according to which, a total of 64.5 million tons of waste was generated, which
included all types of waste except household waste. Of this amount, 70% was waste from the extraction and
processing of mineral resources.

Given that there are no special landfills for industrial waste and no alternative methods of
recycling/decontamination of this type of waste have been introduced, it is likely that part of the industrial
waste is land filled in conventional, household waste landfills and the rest is stored in the industrial area.
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Photo 1. Open waste repository of ore mining Photo 2. Sampling from river Kazretula
complex

Particularly dangerous are arsenic-containing ash and sludge in the villages of Tsana and Uravi
(former arsenic extraction and enrichment plant), as well as manganese-containing wastes in Zestaponi,
barite rocks in Chord, Kazreti and Kutaisi. During the full-time operation of the industrial sector, a
particularly large number of pollution hotspots appeared in industrial cities: Rustavi, Zestaponi, Bolnisi and
others [2].

The surrounding areas of these enterprises have been formed for many years as geochemical
provinces with increased concentrations of toxic elements. Due to the fact that toxic elements have a long
period of decay, the degree of soil contamination is still high today: Thilisi, Rustavi, Zestaponi, Kutaisi,
Batumi, Poti and especially the Madneuli mining complex (see Table 1) [3].

Table 1
Industrial waste accumulated on the territory of Georgia
City.Region Industry Type of waste Amount of waste
Kazreti Gold-Copper-Barite Mining waste 22.5 million Tone
polymetal ore
Kutaisi Lithophone factory Sludge containing 300 thousand tone
barium and zinc
Zestaponi Ferroalloy Heat treatment and 368 thousand tone
electrolysis sludge
Rustavi Metallurgical Plant Slag and iron ore - Mineral 400 thousand tone
waste
Chiatura Manganese processing Sludge containing manganese 9 318 200 Tone

Mineral waters and reservoirs are also a cause of ecological complications. For example, the
concentration of arsenic in the waters of the Racha arsenic sulfide ores is 0.5-1.0 mg / I, while in the ore
leaching waters it is 8-10 mg / I. Ore quarry waters contain copper and zinc up to 40-50 mg / I, their acidity is
also high. Coal mine waters (pH 2.5-4.5) are also characterized by increased acidity. A powerful source of
river pollution is the wastewater of ore processing plants. The river Kvirila is a "good" example of this [4].

From the existing deposits in Georgia, in this regard, one of the most important is the deposits of
Kazreti, which are located in the Bolnisi region, on the right and left shore areas of the river Mashavera
valley. These copper sulfide mines, which are processed by open quarries, cause the intense pollution of
environment by toxic metals. Dozens of research show that pollution of soil and water in this region is more
than the norm for years. Polluted river Kazretula contains a large amount of harmful elements such as
cadmium, lead, copper, zinc, iron, nickel, manganese and arsenic. From of the above mentioned elements
three are especially important: cadmium, lead and arsenic, which are harmful to the human organism. In the
region has developed horticulture, rivers polluted by industrial waste are Mashavera and Poladauri used in

G. 80GGLIRBIL LOLIRMBOL YISRMS 3IIG6IMBOL 0BLBOBIB0; dS@IFMIL RdG3OL IZMBIEBGAE0 193
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION




83-10 bSIBDSTMA0L™ b58IC60IFI-BIT603IF0 36 BIFIEGNS “VISRM)S 3IIG6IMB0L, d5GIFMs
RdG30L, SHINBIIBIGOLS RS 3FI6IBRM0L (N5653IR@(MI3T 3M(MdRIFJB0”

25 — 27 03%°060, 2021 V.

the amelioration system. The vegetable absorb large amount, heavy metals that promote cancer —lead and
cadmium. This problem poses a great threat to the local population as well as the population of cities that are
supplied with these vegetables.

According to above mentioned, we are presenting our research results of rivers: Kazretula and
Mashavera (Table 2). The research implemented in 2018-2019.

Table 2
Content of toxic metals in the rivers Kazretula and Mashavera
Sampling place Content of toxic metals, mg/I
4 Cu Zn Cd Pb Mn Fe Co Ni Sr Li
Maximum allowable |4 | 51 | 901 | 03 | 10 | 10 | 01 | 01 | 20 | 03
concentration
1 | Drainage waterfrom | o0, | g0 | 376 | 01 | 680 | 1120 | 224 | 012 | 1232 | 0,22

the dam
3 River Kazretula 90,0 | 3,82 | 0,60 | 0,01 3,20 7,0 0,13 | 0,006 | 4,567 | 0,02

At the confluence of
5 the Kazretula 0,463 | 0,35 | 0,042 - 0,25 0,14 - - 0,704 (0,006
Mashavera

Accumulated hazardous waste is a remnant of Soviet industrial enterprises. Part of the enterprise is
privatized and the relevant waste is at the disposal of the enterprise operator (such as manganese-containing
waste in Chiatura). Accordingly, the responsibility of the enterprise operator is to protect the environment
from pollution with this waste. Other enterprises have been closed and their recovery is not planned (for
example, production of arsenic in Racha-Svaneti) and the maintenance, conservation and neutralization of the
relevant waste are the responsibility of the state [5].

CONCLUSION

Thus, it is essential to properly manage waste and take the necessary measures to avoid environmental
and health problems. According to the complex waste management, in addition to traditional methods of
waste, measures to reduce their amount, waste recycling and composting are an integral part of waste
recycling. An effective way to solve the problem of solid waste lies in the combination of several
complementary programs and measures and not the use of any one technology, even if it is the latest. The
principles of waste management in force in the European legislature were established in 1977 and have not
changed since. It includes three basic principles: prevention of waste generation, waste recycling, and safe
disposal of waste that is not subject to recycling.

Each country has its own waste management system that is tailored to the social, environmental and
economic specifics of that particular country. It is important to get acquainted with and understand this
experience in order to develop a system acceptable to Georgia.
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OxpaHa oKpY:KaloIed cpeabl

INPOBJIEMbBI YTUIN3ALIUU ITPOMBIIIJIEHHBIX OTXO10OB U
HX POJIb B 3ATPSI3HEHHUM OKPYKAIOIIEA CPE/IbI

CynaramBujin T.l), KynpenmBuian I]J.Z), HIaBnakanze M.3), Cuunnasa I1.%
2 I'py3uHCKUil yHUBEpCUTET
2 HNuctutyT BonHoro xo3siictea um. LI.E.Mupnxynasa
I'py3HHCKOrO TEXHMUECKOTO YHHUBEPCUTETA
%) Toummcckmii T'YMAaHUTAPHBIN [e1arornyecKuii yHUBEPCUTET
Towumucu, ['py3us

Annomayua. B craThe paccMaTpHUBaIOTCS HaxXOAAIIHecs Ha TeppuTopuu ['py3sun oTXonmbl pyao
JNOOBIBAIOIIMX W IepepadaThIBAIOIMX NPEANPHUITUH, KOTOpbIE CKIAAUPOBAHBI HAa TEPPUTOPUU HTHUX
OpEANPUITUN.

MN3-3a HEKOHTPOJMPYEMOIO YJAJ€HUS OTXOJIOB, OHHM CMBIBAIOTCS JOXJEBOW BOJOH, U TSAXKEIbIE
METaJUIbl OMAAAI0T B BOAAX OJIM3JIEkKAIINX PeK.

N3yueHno coneprkaHue TSOKENBIX METAIUIOB B pekax Kasperyna n Mamasepa ¥ IpoBEAEHO CPaBHEHUE C
COOTBETCTBYIOIINMMU NPECACIIbHO JOIIYCTUMBIMU KOHICHTPALIUAMU.

Knrouegwle cnosa: IpOMBIIITIEHHBIE OTXOMBI, 3arpsI3HEHNE, TSHKEIIBIE METAIBI.
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OxpaHa okpy:kalouieii cpesibl
TEOMOP®OJIOT'TYECKHUI AHAJIN3 CEJIEOITACHOCTH T'OBYCTAHA
(na mpumepe 0acceiina p. IlupcaaTyaii)

Tapuxaszep C.A., 'amugosa 3.A.
WucTutyT reorpadun um. akan. I'.A. Annea HAH AsepOaiimkana.
np. I'.JlxaBuna, 115, baky, AZ1143, Azepbaiimxan
E-mail: kerimovl7@gmail.com, zernura@gmail.com

Annomayusa. B mocnenHue Troapl NPOMCXOAWT HHTEHCHUBHOE OCBOCHHE TOPHBIX TEPPUTOPUIL
AzepOaiikana B LEJISIX Pa3BUTHS TYPUCTHUYECKOH HHQPACTPYKTYphl. B pesynmpTare 3TOr0 MpOHMCXOAUT
AKTHBH3ALUS PAa3BUTHS ONIACHBIX T€OMOP(POIOTHUECKHUX MPOLIECCOB.

Lenbto paboThl ABNSETCS HCCIENOBAHWE OCHOBHBIX YCIOBHH (DOPMHUPOBAHHUSI CENEBBIX OYAaroB M
packpbiTie (HaKTOpOB CeJeBON OMACHOCTH Ha MpUMepe OJHOU u3 pek Teppuropuu bompmoro Kapkasza, a
nMeHHo ['oOycrana — p. [lupcaargaii. Ilpu 3TOM, B XO/€ WCCIENOBAHUS CEIEBOH OMACHOCTH OCHOBHBIM
MaTepuajoM IMOCIYKUIN T0JIeBble HccienoBaHus 1 a3pokocMocHUMKH (AKC) BbICOKOW reHepalu3aluu U
ob3oprOoCcTH. [IpoBenen reomopdonornueckuit ananus 6acceiina p. [lupcaaTdaii u coctaBieHa KapTa-cxema
CEJIEBOM OIIACHOCTH.

Knioueswie cnosa: pekpeanys, cellb, celieBas OAaCHOCTb, aPOKOCMOCHUMOK, ACIIN(PHUPOBAHHUE.

BBE/IEHHUE

B xonne XX B. n B Hauane XXI| B. OBICTPO pa3BUBAIOMIAsCS pEKpealys CTaja OJHOH M3 BaKHBIX
oTpaciedl xozsiiictBa A3sepOaipkana. ['maBHas mpoOiema peKpearMoHHOW OCBOSHHOCTH TEPPUTOPHUA —
OXpaHa NPHPOJBI, Pa3IWYHBIE ACHEKThl KOTOPOW CJIEAYET YUYHUTHIBaTh NPH CO3JaHUHM TEPPUTOPHAIBHBIX
pekpeanoHHbIX cucteM. OCyIecTBICHHE PEKPEallMOHHOH JIeITeTbHOCTH TpeOyeT HayqHOr0 000CHOBaHUSI €
Y4E€TOM OLEHKH HCCIENTyEMON TEPPUTOPHUU Ul MPUTOAHOCTH PA3JIUYHBIX BHJOB TYpHU3Ma M pPEKpEalui.
OmnacHble TeOMOpP(HONOTHYECKHE MPOIECCHl SIBISIFOTCS MNPOOJIEMO Ui  TYPUCTHYECKOTO Pa3BHTHUS
Tepputopun ['oOycraHa, peleHHe KOTOPOW CBS3aHO C Pa3pabOTKOH palMOHANBHBIX CHOCOOOB M Mep
3alIMTBl, & TAaKXKe C BBIIBICHHEM O€30MacHbIX 30H JUIS IEPCHEKTHUBHOM 3acTpPOMKH M IMPOKIAIKU
TypucTHdeckux MapuipytoB[1].CieoBareibHO, OpPH  ONPEACTICHUH TYPHUCTHUECKOH OIaronpusITHOCTH
TEPPUTOPUH HEJIb351 HE YUUTHIBATh NPUPOAHBIE ONACHOCTH M pUCKU. Cpean OomacHbIX TeoMOP(OIOrHYECKUX
MPOIIECCOB BEIYILIYIO POJIb HA TEpPUTOPUH ['00ycTaHa 3aHUMAIOT MPOSBICHUS CEUCMUYHOCTH M OXKHUBIICHHE
Pa3JINYHOrO paHra pa3jIOMHBIX HApYLICHWUM, IPSI3€BOM BYJKAHU3M, aKTUBHU3ALUs OIOJI3HEH, CEJIeH U Ap.

B To0Oycrane ceneBble HpPOLECCH], [0 CPAaBHEHUIO C IOXKHBIM M CEBEPO-BOCTOUHBIM CKJIOHAMU
Bonpmoro KaBkasa, mposBisitOTCS HE CTOIF MHTEHCHBHO M MAacITabHO MO MPUYMHE MEHBIINX a0COMIOTHBIX
BBICOT, apHIHOCTH KiIuMMara (KOJIMYECTBO BBIMAJAIOMIMX aTMochepHBIX ocaakoB cocrasiser 200-400
MMm/Ton). 3peck aTMoc(epHble OCaJKHd JIMBHEBOIO XapakTepa BBINAAAIOT IIOCHIE MPOJODKUTENHEHOTO
3acynuuBoro mnepuojna. dopMupoBaHHWE W BBINAJEHUE OOWMIBHBIX aTMOC(HEPHBIX OCAIKOB (KOJIUYECTBO
BBINIAJIAIONINX OCAJKOB 32 KOPOTKHH TPOMEKYTOK BPEMEHHM MOXKeT aocturHyTh 30 MM u Oolee)
00YCIIOBJIEHO 30HAIBHOM IUPKYJISAIMEH 1 MECTHBIMHU aTMOC(hEpHBIMHE TIporieccamu [2].

CeneBble MOTOKHM TMPOSBIAIOTCS HAa OTHOCHUTENBHO KPYHHBIX pekax [o0ycTaHa, a HWMEHHO p.p.
Cymrantuaii, [xeiipankeume3 u [lupcaartyait. OpnHako, HambOoyiee penpe3eHTATHUBHBIM JUIS HM3YYEHHS
CeJeBBIX TMporeccoB sBisiercst p. [lupcaatwait. Hampumep, 12 wmromst 2020 1. ceneBod MOTOK Ha P.
[Mupcaaryaii B cenenun Ilomaansl HaHec cepbe3HBIH ymiepO CENbCKUM JKuTensiM. 3atorieHo Oonee 20
YaCTHBIX JIOMOB, Pa3pyIIEHBI CENbCKHE MOPOTH, YJIHIBI TMOKPBITHI TOJCTHIM ciioeM nia. Cenp pa3pymuia
HebounbIIoi MocT Hax p. [Tupcaaryaii, moBpeaua 6ONIBIION MOCT, CMBIB OAHY M3 onop. B pe3yibraTe cTuxuu
BBILIUTM U3 CTPOS TIMHUU Ta30MPOBOJIA, HJIEKTPUUIECTBA U CBSI3H, NOBAJICHBI CTOJIOBI U ICPEBHSI.
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HEJb I METOAbBI UCCJIEAOBAHUSA

Llenp uccnenoBanus — Ha OCHOBe MmarepuanioB nemmppupoBanuss AKC BBICOKOW reHepamu3aiuu u
0030pHOCTH, a TaKXKe TMOJIEBBIX HCCICJOBAaHMA W aHanm3a (HOHJOBOTO MaTepualia  BBIIBHTH
reoMopgosiornyeckue QGakTopsl (GopMHpoBaHHS celeBbIX o4aroB Ha p. [lupcaatuait. AKC parot
BO3MOXKHOCTH C OOJIbIIICH CTENICHBIO U JIOCTOBEPHOCTHIO BBIICIATH T€OCUCTEMBI, (POPMHUPYIOT MPEIIOCHUIKY
JUISL CHCTEMHOTO aHAaJIM3a CEJIEBBIX MMOTOKOB M OCYIIECTBICHUS WX OTOOPaXKEHHS Ha reoMOPQOIOrHISCKHUX
kaprax. Hamu B ocHoBHOM wucmoabs3oBaarck AKC Beicokoro paspemenuss CNES/Airbus, Maxar
Technologies (GeoEye-1), u cpemnero paspemrenuns Sentinel-2Au 2B. B ocHOBHOM Hamu OBLIO
MIPOM3BEIEHO BHU3YAIbHOE W IIOJIyaBTOMAaTHYeCKoe nemudpupoBaHue (KJIAcCUPHUKAIMSI ¢ OOy4eHHEM) B
cpene ArcGlIS.

PE3YJBbTATbBI UCCIEJOBAHUSA

Honunsl pek ['oOycrana, mpoias CIOXKHBIHA TyTh Pa3BUTHSL, CO BPEMEHH WX 3aJI0)KEHHUS] HIMEIOT BECbMa
clIo’)kHOE MOp(oJoruyeckoe cTpoeHue. s HUX XapaKTepHbl YepeoBaHue PACIIMPEHHBIX OTPE3KOB JOJIMH
C Y3KMMH KaHbOHOOOPA3HBIMH Yy4aCTKaMH, YTO CBS3aHO C IIEPECEUCHUEM PEKaMH TEKTOHHUYECKUX CTPYKTYD,
WCIBITHIBAIOIIMX Pa3lUYHbIE 110 WHTEHCUBHOCTH M HAIIPaBIIEHHOCTH, HOBEMIINE NBM)KEHUS M CIOKEHHBIX
MOPOJAMU PA3IUYHOMN IEHYAALMOHHON YCTOMYHBOCTH.

B T'oOycrane HaOmogaroTcs pa3iuyHble COOTHOLIEHHS PEYHBIX JONHH C TEKTOHWYECKUMH
CTPYKTYpaMH: B OJHMUX CIy4yasX OHM BJIOKE€HBl B CHHKJIMHAIHN, B JPYTUX CIy4yasxX CJIEIyIOT 1O OCH MU
KpPBUIbSM aHTUKIMNHAJIBHBIX CTPYKTYp, BTPETBUX, MNEPEXOAd C OOHONW CTPYKTYpHOH 30HBI B JIPYIYIO,
npuoOpeTaroT KoseHooOpa3Hoe cTpoeHue. [lepecekas HECKONBKO CTPYKTYp, OHH 00pa3yloT JOBOJIBHO
KOPOTKHE, Y3KHE AHTELEACHTHBIC YYacTKH. PeuHble NOMMHBI B ONPEAEICHHBIX OTPE3KaxX CIENYIOT TaKkKe
BJIOJIb Pa3phIBHBIX HapylleHnH. COBpEMEHHBIE PEUHbIE JTOJIUHBI I0r0-3aMaHOM, F0)KHOM U BCEH BOCTOYHOU
gactu ['o0ycrana 3anoxensl B mo3aHeM mnolrieHe. B Ceseprom u Ceepo-3anannom ['oO0ycrane oHn ObuH
3aJI0’KE€HBI HECKOJIBKO PAHBIIE, T.€. B MHUOLIEHE, PAHHEM M CPEJHEM IUIHOICHE.B 1enoM, pedHsle JOIMHBI
paccMaTpuBacMOro PErMoHa B COBPEMEHHOM IUIaHe OQGOPMIIMCH B IO3AHEIUIMOLECH-TUICHCTOIEHOBOE
BpeMsi, KOrjJa Bcsi 00JIACTh IOT0-BOCTOYHOTO morpykeHusi boxibmoro KaBkaza Obuia BoBieueHa B oOlee
nofgHsATHE. AHaNK3 (anuii 1 MOIIHOCTEH OTJIOKEHHMH MOKAa3bIBAET, YTO €Ille B Hayajue MO3JHEro IUIMOLEeHa
MouTH Besi TeppuTopus ['00ycTaHa ¥ mpuierarome paioHbl, CBOOOJHBIE OT MOPCKUX BOJ aK4arbLIbCKOTO
OacceifHa, npeacrasisuia co000 oOMMpHBIE, €1a00 BOJHUCTHIE, HAKJIIOHHBIE PAaBHUHBI TUIA aOpa3sMOHHO-
JICHYIAIIIOHHBIX TIOBEPXHOCTEH BBHIPaBHUBAHMS. I JHIB ¢ KOHIA aK4arbLIbCKOTO BEeKa, B OCOOCHHOCTH CO
CpeaHero alliepoHa, TEMIIbl IOJHATHN YCHIMBAIOTCA. B 3TOH CBsI3W PEKHM HAYMHAIOT BPE3aThCs U
¢dopmupoBaTh cBom noiuHbl. Ha ¢oHe 0oO0mmMX CBONOBBIX (CKOpee MEPeKIMHAIBHBIX) MOAHATHH BCeH
00JIaCTH OTJETbHBIC JIOKAILHBIE CTPYKTYPBI U MX 30HBI ONEPEXKalOT B CBOEM pocTe olliee MOIHSATHE BCETO
pErMOHA W 3THM OKa3bIBAIOT CYIIECTBEHHOE BIIMSHHE HA PAa3BUTHE U MEPECTPOHKY PEUHOW CETH OOJaCTH.
Opo3MOHHas ke JESATENbHOCTh pEeK, B YCIOBHAX I[IMPOKOTO pa3BUTHS IOYTH 10 BCEMY pPETHOHY
OTHOCUTEIIbHO MaJOyCTOWYMBBIX MPOTHB SPO3UH TOJII, 3HAYUTEIHHO MEHSIET MOP(OIOTHUECKUA dPdeKT
BBIpa)KEHUSI CTPYKTYP B penbede.

Peka Ilupcaartuaii OepeT cBoe Hadajo 3a npenenamu [oOycrana. OOmias mmuHa peku 199 kwm,
nnomans BogocGopa cocrasnser 2290 kM®. J[0NMHA HEe MMEET HOCTOSHHOTO BOJOTOKA. B muTanmm pekn
JOMUHUPYIOLIAsk POJb NPHUHAMAIEKHT TOKIEBBIM BoJaM. BepXoBbs €€ HMEIOT MIMPOKOE TNIOCKOE AHO, JIUIIb
TP TIEPECEUCHHUH MOJIOKUTENBHBIX TEKTOHUYECKUX CTPYKTYP W JIUTOJIOTHYECKH YCTOWYMBBIX K Pa3MbIBY
MOPOJI, OHA Cy)KaeTcsl, 00pa3ys y3Kue riIyOOKHe yIIenbsi ¢ KpyThIMU ckioHamu. OOpaTHoe HaOiogaercs B
CHUHKJIMHAJIBHBIX Y9aCTKax, TI€ JOJUHA CUIIBHO PACIIUPSAETCS, CKIOHBI CTAHOBATCS MoJIoTUMU. Pactmpenuro
JOJHMHBI CIIOCOOCTBYIOT TaKK€ MHOTOYHCIICHHBIE OMNOJ3HH, OCJOXHSIOUIME CKIOHBI W 0Opasyromue
TeppacoBuaHbIe ycTynbl. B nonune p. [Mupcaaryaii Beinenstores ot 9 [3] no 14[4] Teppac.
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B paifone ropona lllamaxa goiwHa, CHIBHO pacHIMPSsCh, 00pa3yeT IIOCKOe JTHO, MHPUHO0 a0 150-
200 m. B mecrax, rae qonuHa mpuypodyeHa K KPbUIbSM aHTHUKIIMHAICH, OHA UMEET aCHMMETPUYHYIO (hopMy.
AcuMMeTpusl JOJIMH Ha 3THX YYacTKax eme Oosiee CrocoOCTBYET MHTEHCHBHOMY Pa3BHTHIO OITOJI3HEBBIX
nporeccoB (puc. 1) (tabmuma 1).

Puc. 1. Onon3neBsble npouecchl B 1oaune p. [lupcaaryaii

Tabauua 1
JdaTsl npoxo:xaenust HauGoJee ONACHBIX CeJieBbIX IOTOKOB Ha P. ancaaTqaﬁ*)
Jlara
Ne | mpoxoxknenust IIpnunHbI ceas IMocaeacrBus ceas
ceJist

1 2 3 4

1 17.05.1940 JIMBEHB 3aToruieHsl BOJIM3U PEKU 3€MENbHBIE YUacTKU ropoja
[lamaxa. VoM 3aTonuieHsl )uible joMa c. PsHmpKosp

2 17.05.1941 -1l Paszpymiena ocHoBa MocTa B HampaBlieHHH baky-
[llamaxa,  3arTOMJIEHBI  3HAYMTENbHBIE  YYACTKU
MOCEBHBIX 0AXYEBBIX TOCEBOB

2 01.10.1951 -1l 3aroruieHsl TeppuTopun cc. XbLABIPIbl U PSIHIDKOSIp

3 21.04.1960 -1l 3aroruieHbl 3eMelbHbIe yyacTKy ropoja llamaxa

3 20.08.1962 -1l 3aroruieHbl 3eMelbHbIe yyacTKy ropoja llamaxa

4 06.07.1963 -1 Pazpymen 30-TOHHBIH MOCT B HanpaBi€HHH JIOPOTH
Baky-lllamaxa W KaMEHHBIA MOCT BOJIM3U CTaHIMH
Canrauan. Ecte nockue notepu

5 06.06.1958 -1 3arorieHbl 3eMeNbHbIe IUionany ropoaa Illamaxa, c.
['ybansl. Paspymien Moct uepes nopory baky-Illamaxa

6 06.07.1963 -1 3aToIUICHBl 3eMENbHBIC IUIOM[aU BOJHM3M CTaHIHU
Canragan

7 27.04.1967 -1 3aTOmIeHBl HECKOJNIBKO YYaCTKOB TEPPHUTOPHH  C.C.
Jamupuu, Apunman u 'acu

8 07.06.1968 11-11 3aTOIUIEHB! 3€MENbHBIE IUIOMANU BOJIW3HM CTaHLUHU
Canragan

9 06.06.1972 11-11 Tospesxaen Moct ropoza Illamaxa. 3aTomIeHb JKUIIbIE
JIOMa ¥ TIOCEBHBIE IIIOMIAHN p. PIHIKOSp

10 14.06.1975 -1 3aroIuIeHbl  HE3HAYMTEIbHbIE TEPPUTOPHH TOPOJa
[ITamaxa

11 17.05.2017 11-11 B c. Ilomamisl ceneBble BOABI 3AIOJHUIN ITOIBAJIBI
YaCTHBIX JKUJIBIX J0MOB, O0ojiee 200 rojoB moMaIiHen
HTHIBI TOTHOIIO0
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12 12.07.2020 11-11 CeneBoit mortok B c. Ilomamuisl HaHEC CepbE3HbIH
ymep0 cenpuaHaM. 3aToruieHo Oomee 20 YacTHBIX
JIOMOB, pa3pylIeHbl CEIbCKHE JOPOTH,  YJIMIIBI
HMOKPBITBI  TONCTBIM cioeM una. Cenp  paspymun
HeOoJbIIoi MocT Haj p. [Iupcaar, moBpenui 6obIION
MOCT, CMBIB OJHY M3 omop. B pesympTare crtuxuu
BBILIUIM U3 CTPOs JIMHUU Ta30IPOBOJA, NEKTPUUECTBA
U CBSI3M, ITOBAJICHBI CTOJIOBI M IEPEBbS

") o mammsiv Maxmynosa P.H. [4], ¢ monmonsennem Tapnxaszep C.A. [1]

PasButie 1 hopMHpOBaHUE IPA3EBOTO CEIEBOTO MOTOKA OCIOKHICTCS M B CBSI3H C MOP(OIOTHIECKUM
cTpoeHueM OcHOBHOM peku.llpu mnepeceduenuun ponuHod p. I[lupcaatdail J[30TOJOBUHCKON KOTJIOBHUHBI
IJIOCKOE JHO JOJHMHBI pacuiupsercs. JJHO JONHUHBI 371eCh CI0KEHO MPEMMYIIECTBEHHO T'aJleUHUKaMH MepBOM
HaanonmeHHoi Tteppacel (1-1,5 M), mmpuHOO 2-2,5 kM. 3HAUUTENBHYIO LIMPUHY HUMEET Takke BTopas
Teppaca (10 2 KM), CIOXCHHasl CYIJIMHKaMH, NecKaMH M rajeyHukamu. Hmke cen. Taccel nmonmza p.
[Mupcaaryaili BHOBb Cy)KaeTcs, BCIEACTBHE IMEpPECeUEHHs €10 aHTUKJIMHAIBHOTO MOJHATHS, CIOXKEHHOTO
TUIOTHBIMU U3BECTKOBUCTHIMH ITECYaHUKAMH, U TIPHOOpeTaeT KaHhOHOOOpa3Hyto hopMy. OCOOEHHO OHa y3Ka
B JIBYX MecTax — HWXe cel. Taccel U Bblme cei. ['y0ansl mpu mepecedeHry JOIHHOW aHTUKIMHATBHBIX
CTpYKTyp. B aToMm paiioHe nonwHa Bpe3aercst B ['IOHrepMe3cKkuil XpeOeT y3KUM M KOPOTKHUM KaHbOHOM,
oOpa3ys ['rorrepmesckoe ymienbe. B cyxenmnm Hmke cen. Taccel U Ha BOCTOKe 10 cenl. ['yOambr
HAOIONAIOTCSl HU3KUE — TMepBas rajeyHukoBas (2-3 M), Bropas u Tpeths (7,9-10 M), cioxeHHBIE
TaJICYHUKaMH ¥ CYIJIMHKaMHM - aKKyMYJSITUBHBIE Teppachbl./IMEIOT MECTO Takke OCTATKH 3PO3MOHHBIX
cpenaux u BbIcOkux Teppac (50-60 m u 80 m). Hmxe cen. I'ybansl gonmna p. Ilmpcaaryaii, mepecekas
IIUPOKYIO TJIOCKYI0 KOTJIOBUHY CA0SITII0310, JIMHOK 70 10 KM, BHOBB pacIIMpSeT CBOE JHO 10 4-5 KM,
3aHATOE cepuel Teppac: mepBas — 2-3 M, BTopas — 7 M, TpeTbs — 9-10 M. Hmxe p. IlupcaaTdaii mepecekaer
AHTHUKJIMHAIBHBIN XpebeT betok Xapamu M BBIXOAWT Ha OOIIMPHYIO Jemnpeccuio — HaBarmHCKyro paBHUHY,
CJIOKEHHYIO CYTJIMHUCTO-TAIEYHBIMI HaHocamu HU3KkuX Teppac (0,5-1 m, 4-5 M, 9 M u pexe 15 m).

IIpu crpatuduranmm peunslx Teppac ['oOycraHa OHM KOpPpPENUPOBAINCH C (ayHHUCTUUECKU
oXapakTepu30BaHHBEIMU Mopckumu Teppacamu [Ilmpuno H.II., 1993]. Hampumep, 55-60 merpomas
Teppaca, IPUCYTCTBYIOIIAas BO BCEX JOJNMHAx B paioHe ropoaa Illamaxa m Ha cknoHax XapaMHHCKOTO
XxpebTa, compsraercsi C Teppacoi, CII0KEHHOW KOHTJIOMEPATOBO-TIECYAHO-TIIMHUCTBIMU OTJIOXKEHHUSIMH,
COJIepIKaIllMMU XapaKTePHYIO paHHEeXBaJbIHCKYIO (ayny. Teppacsl, jexariue Bbiie 55-60 M, SBISIOTCS
JPEBHEXBAIBIHCKOM. YeTKO YBS3BIBAIOTCS HHM3KHE Teppachl (IepBas W BTOpas B HHM30BBSAX IOJHH P.p.
CywmraunT4aii, Jlxeiipankeume3) ¢ HOBOKACITMHCKUMHU MOPCKUMH TeppacaMu. TpeThsi W yeTBepTasl Teppachl
YBSI3BIBAIOTCS C BEPXHEXBAIBIHCKOH MOpCKO# Teppacoid. Ilstas Teppaca p. [xeiipankeumes (paiioH T.
berokKsum3simar) cnuBaercs ¢ 80 MeTpoBOM BepxHEXa3apcKoW MOpPCKo Teppacoi. Teppaca ¢
OTHOCHTEIbHBIMHU BbicoTamu 240-260 M B paiioHe Bo3BbillieHHOCTEH ['bipaar u Ksadrapanaar conpsiraercs ¢
MOPCKOW OaKMHCKOH Teppacoil, 4To MO3BOJISIET CBA3BIBATH 0Opa3oBaHue Teppac ¢ oTMeTKor oT 70 10 200 M ¢
xa3apckuM BpemeHeM. llpu ompeneneHnn Bo3pacTa BBICOKMX Teppac yYUTHIBAINCH WX COOTHOILICHHS C
MTOBEPXHOCTSIMU BBIPABHMBAHUSA M C aHAJOTHYHBIMM B BBICOTHOM OTHOUIEHWH TEppacaMu CEBEPO-
BOCTOYHOTO cKJIOHa bosnpimoro Kaskaza, KOTopble YETKO KOPPETUPYIOTCS C MOPCKUMU Teppacamu [bynaros
B.A., 1993].

Ha p. Ilupcaatuaii B $GopMHPOBAaHMHM M NPOXOXKICHUU CEJIell BaXXKHYIO POJIb UTPAIOT PYCIOBBIE U
TEppacoBble OTJIOXKEHHUS. PyclioBbIE OTIOXEHHS, B OCHOBHOM, IPEICTABIEHBl MEIKO3EPHUCTHIMH
OTJIOKEHUSIMH, MECTAMH CMELIaHHBIE TPYyO000IOMOYHBIM MAaTEPUATIOM.
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Kax Opu10 OTMEUEHO BBIIIE, B MOCIICIHNE NCCATIIICTHS B TOPHBIX paioHaxX a3epOalKaHCKON JacTH
Bonpmoro KaBkaza akTHBHO pa3BHBAETCsS PEKPEAlMOHHO-TYPUCTHUECKAs WHAYCTPHUS, B CBS3U C YE€M BCE
Ooxpire 00BEKTOB WHPACTPYKTYPHI, & UMEHHO 3[aHUs, aBTOJOPOTH W Ip. CTPOATCS 0e3 Haiiexariero
ydeTa OIMAaCHBIX 3K30TeOMOP(OIOrHISCKUX MPOIIECCOB, B TOM YHCJIC M Ha CEIeONacHbIX ydacTkax. [loaTomy,
Bce OOJIbIIICEe 3HAUCHUE UMECT MOBBIIICHUE TOYHOCTH IMPOTHO3a PA3BUTHSI U yUeTa CEJICONACHBIX MPOIIECCOB
[6]. OmanM m3 3PPEKTUBHBIX METOMOB I ITHX HMCCIEHOBAHMI SBIAETCS 3KOJIOTO-T€OMOP(OIOTHIECKOE
KapTorpaupoBaHWE Ha OCHOBE HHTepmnperanuu marepuanop aemmdpupoBanus AKC. Hamu B xome
Hccaea0BaHms OblIa COCTABJICHA KapTa-CXeMa prucka celieBoi ormacHOCTH Ha p. [Iupcaarygait [7] (puc. 2).

areon
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40°0'0"N
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[ K m [ v
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Puc. 2. Kapra-cxema pucka cesepoii onacHoctu Ha p. Ilupcaaryaii Boabmoro Kaskasa
1.Teppurtopuu, rae He Had0AAI0TCS celeBble siBJeHMs - | 6ann; 2. TeppuTopuu ¢ NOTeHUNAIBLHOI celieBOi
onacHocthlo — |1 6anaa;
3.Tepputopuu co ciadoii ceneBoii onacHocTbIo (pa3 B 5-10 JieT, Bo3MoskeH 1 cuiibHBII ceas) — 111 6anua;
4.Tepputopuu co cpeaHei ceseBoii onacHocThIO (pa3 B 3-5 jeT, Bo3Mo:keH 1 cuiIbHbIN ceas) — |V 6ania;
5.Tepputopun ¢ BHICOKOIi cejieBOil 0MacHOCTHIO (pPa3 B 2-3 roga, Bo3MoskeH 1 cHJIbHBIN cejib) — V 0aJI0B.

BbBIBO/IbI

HO HameMy MHCHHIO, BCC CCJICBBIC IIOTOKH, Hpomezmme 3a BpeMﬂ Ha6HIOJICHI/I$I, II10 CBOUM
MOKA3aTeNSIM SBJISFOTCS KJacCUYecKUMHU. V3ydeHue yciaoBuid mx 0Opa3oBaHMs, MEXaHH3Ma MEPEeMEIICHUS,
KOJIMYECTBA BEIHECEHHOTO MaTepualia 1aeT BO3MOXKHOCTh pa3paboTaTh 0ojee palmoHaIbHbIe Mepbl OOPHOBI
co cTpykTypHBIME cersivu. Mcionp3oBanne AKC mamo BO3MOKHOCTE BEISIBUTH 3aKOHOMEPHOCTH BHYTPEHHEH
UG hepeHInaIm, CTPYKTYphl I 0COOEHHOCTH TeoMOp¢OJIOTHIECKOTO CTpoeHwus Oacceitna p. [lupcaaTyaii ¢
pa3BI/ITI)IMI/I CCJIICBBIMU OYaramMmu. COCTaBHeHHaSI KapTa-cxeMa pI/ICKa CCJICBBIX ITIOTOKOB MOXET CHY)KI/ITB
pe3y.HBTaTI/IBHBIM CHOCO6OM JIs1 OTBETCTBCHHBIX I/ICHOHHHTeHeﬁ B 06.HaCTI/I HpI/IHSITI/ISI peIHeHI/Iﬁ MUTHUT' AT
Ype3BBIYAMHBIX O0OCTOATENBCTB B A3sepOalijpkaHe W B aHAJOTHYHBIX TOPHBIX 00NacTAX AJBIUICKO-
I'umanatickoro mosica.
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Environmental protection

ENGINEERING-GEODYNAMIC AND ECOLOGICAL-GEODYNAMIC DATA -
MANDATORY COMPONENTS OF JUSTIFICATION OF ENVIRONMENTAL
PROTECTION PROJECTS

Trofimov V., Kharkina M., Barykina O.
Lomonosov Moscow State University
GSP-1, 1 Leninskiye Gory, 119991, Moscow, Russia
E-mail: kharkina@mail.ru

Annotation. The difference between the assessment of geological processes in engineering-
geodynamic and ecological-geodynamic studies is shown. Ecologically-oriented classification of geological
processes is given, based on the possible victims of the manifestation of certain geological processes.
Provides information about the regulatory and technical basis of Russia in the study of geological processes
in the engineering and geological and environmental engineering surveys. The necessity of taking into
account engineering-geodynamic and ecological-geodynamic data in drawing up environmental protection
projects is shown.

Keywords: geological processes, classifications, engineering surveys, environmental consequences.

INTRODUCTION

Engineering-geodynamic and ecological-geodynamic studies have geological processes as one of the
objects of research, but they consider them in different systems. In the case of engineering-geodynamic
studies, carried out within the framework of engineering-geological surveys, the lithotechnical system is
considered and the main purpose of these studies is to assess the stability of buildings and structures under
the occurrence of geological processes. In the case of ecological-geodynamic researches performed within
the framework of engineering-ecological researches geological processes are considered in another - in
ecological-geological system and their main purpose - assessment of safety and comfort of human and other
biota living. Each type of survey works in the Russian Federation has its own normative and technical
documents (Table 1).

What is engineering-geodynamic data? This is data on the morphology, mechanism, engineering
and geological causes of geological processes, as well as spatial and temporal patterns of their formation and
further development in the massifs of the upper horizons of the lithosphere in the course of its natural
development or in connection with engineering and economic, especially with engineering and construction
activities of mankind [1].

Tectonic movements, stress-strain state of soil massifs, their composition and properties, modern
relief, ground and surface water activity, climate, as well as technogenic factors play a major role in the
formation of modern geological processes.

Genetic and morphological classifications of geological processes are used in the evaluation of
engineering-geodynamic data. Issues of classification of geological processes are considered in works by
I.V. Popov (1959), V.D. Lomtadze (1977), A.l. Sheko (1980), G.S. Zolotarev (1983). All of them are
compiled according to the genetic feature and cover either the whole variety of processes (general
classifications) or are devoted to one process only and then they are private classifications (for example,
classification of landslides).
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Table 1
Advantages and disadvantages of regulatory and technical standards in
the study of geological processes
Regulatory and technical standards Advantages Disadvantages
SNIP 11-02-96 Does not contain a
Engineering-geological list and
surveys for construction. composition of
General provisions works on the study
SP 11-102-97 It is possible to study the of processes
Engineering and environmental processes as part of other
surveys types (engineering-geological
and engineering-
hydrometeorological) surveys
SNIP 22-01-95 Geophy- The hazard categories of
sics of natural hazards processes; geological
SP 115.13330.2016 (abiotic) indicators of
Geophysics of natural hazards assessment processes
SP 47.13330.2016 The study of hazardous Excessive time
Engineering surveys for processes is part of the basic limitation for the
construction. General work results used by the
provisions processes
SP ...2021 Classification of processes by
Engineering and environmental| ecological consequences is
surveys for construction (proj.) given

What is the ecological-geodynamic data? It is data on the impact of geological processes on the
biota, both from the position of assessing possible disasters and the comfort of living (the latter applies to the
human community) [2-3]. Assessment of the intensity of the geological process manifestation is based on
engineering-geological data, but conclusions from this assessment are made other - what are the
environmental consequences of the manifestation of processes.

Ecological consequences of geological processes depend on the population density and the degree of
territory development [4]. For example, earthquakes, even of maximum intensity, may not lead to human
casualties if they occur in areas with low population density. Such effects were seen in the Gobi-Altai
earthquake of December 4, 1957 with a magnitude of 8.1 (12 on the MSK-64 scale at the epicentre), which
affected sparsely populated areas of Mongolia, southern Buryatia, and the Irkutsk and Chita regions of
Russia and Northern provinces of China.

The social and ecological consequences of the manifestation of the processes depend on the
availability of engineering protection. It is not a secret that destruction of buildings and death of people
under the debris caused by the Neftegorsk earthquake on May 27-28, 1995, M=7.2 is connected with the
construction of large-panel houses without using earthquake engineering [5].

During the evaluation of ecological-geodynamic data used environmentally oriented classifications
based on possible victims from the manifestation of certain processes, as well as temporal and spatial
characteristics of one or another process (Fig. 1).

CONCLUSIONS

Engineer-geologists and ecogeologists in the process of research create information about the current
state and forecast of all categories of geological processes development under the influence of natural and
technogenic factors. Consideration of this information is mandatory in the justification of projects of
environmental protection and the forecast of its changes. Without taking into account these data projects,
which may be called "Environmental Protection of some object” will not be effective as a science "without
one hand".

G. 80EGHLIRSZSN LILIRMBOL TISR0)S 8ITB6IMBOL 06LBHOBIB0; dSGIFMN RGO ISMGBIESEH0 203
TS. MIRTSKHULAVA WATER MANAGEMENT INSTITUTE; ECOCENTER FOR ENVIRONMENTAL PROTECTION



83-10 bSIBDSTMA0L™ b58IC60IFI-BIT603IF0 36 BIFIEGNS “VISRM)S 3IIG6IMB0L, d5GIFMs
RdG30L, SHINBIIBIGOLS RS 3FI6IBRM0L (N5653IR@(MI3T 3M(MdRIFJB0”

25 — 27 03%°060, 2021 V.

3 sURM
-
=
2 5 TONEBIPAYR(Q
o =
§ 2 § TOTJR[NWNIDY
< <
oy g ¥ BULISIEa A
- & g
9 ~ 3 Kj1AToR J10R[D
g g
= S [[oA\S [T0S pue 20UdpISqns
o
oh BULIa}eYS 1S0I]
= :
=
b suIqquIdg
5
2 8 TUOTJEWIIO) 90]
S § uorsuedxa [10
& & ) [1oS
g ? TOTSOIING
en 2L 5
g 2 S TOTSOId W0J}0q puUe [EI)E]
2 S
o & 3
2 e g S 1STEOULIay |
E = g = sur
= (S nd
= 13
oD g [9AS] JIOATSSAI 19)eM JO 95UEY))
o I
= 7] Y
k3] o 5 Surduremg
&2 = g i
= 5 < uonegeq
E c
<
= @
) TOISeIqy
L
g 5) j
g =
g g 1STEY[
) B = : S
B 3 = TOISOId [10S ‘UOISOId A[[nD
«© +~ =
= - _§ N TOT)EDTJI}Ias(g
< =
e & = ' SIBNoI
= 2 ES
o v 2 SaIT] [eIne
n = g 2 g1 N
Q = o .
- A
2 2 g g SUOTSSIUIS SEF [eWIouqy
g G g 3
£l & A 8 SIed
[ =
g § dmgas purpy
=
5] ¥
2 83 RIEIER).
) B
k=| = SOOUE[EAY
S
= SMO[J SHqa(]
! SOpI[Spue]
= 1
S SULI0}SAOUS
& o
= 3, suondnrs orued[o A
en 2 9
5 2 3 " STWEUns} ‘soyenbyieyg
) 5 K
§llE S SpoorT
g 5 9
= S = STIIO)S J]€S PUE JS0(]
= Q
5 S \ S30peUI0} “SOUBJTIINY ‘SSITHTO A
~
.= Q
A <, SuIy[e] 91109}

Fig. 1. The systematic of natural processes according to the nature of the impact on humans
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DYNAMICS OF SURFACE WATER QUALITY IN RECREATIONAL AREAS
LOCATED IN KHARKIV CITY

Utkina K., Garbuz A., Kulyk M.
V. N. Karain Kharkiv National University
Svobody sq. 4, 61022, Kharkiv, Ukraine
E-mail: k.utkina@karazin.ua

Annotation. The paper presents analysis of dynamics in water quality for four main recreational areas
located in Kharkiv: Zhuravlevskiy Hydropark, Oleksiivskiy Lugopark, Udyanskiy Hydropark and
Osnovyanske Lake. Period of study: 2006-2020, time: May-June and August-September. Average data are
presented. Laboratory data were compared with national UA standards and European ones. Conclusions were
made for the following key parameters: dissolved oxygen and BODs, total mineralization, biogenic
substances content, Oil products and surfactants, toxic heavy metals content. Recommendations for
improvement of water quality were developed.

Keywords: surface water quality, recreational area, chemical analysis.

INTRODUCTION

Kharkiv is the second largest city in Ukraine with population more than 1.5 million people. There are
several types of recreational areas where residents can spend their free time. Areas located near rivers and
lakes are the most popular among residents during May - September period. For such types of recreational
area, water quality and available infrastructure are very crucial. Every year, before the start of the summer
season, local authorities make control field trips for assessment of water quality.

The main four rivers that flow through Kharkiv territory are: (i) the Udy River, which belongs to the
medium-sized rivers (catchment basin - 3864 km? length - 164 km) and is a tributary of the Seversky
Donets; (ii) the Lopan River, a tributary of the Udy River, which also can be classified as a middle river
(catchment basin - 2000 km?, length - 96 km), (iii) the Kharkiv River, a tributary of the Lopan River, which
belongs to small rivers (catchment basin - 1160 km?, length - 71 km), (iv) the Nemyshlya River - a small
river (catchment basin - 72.2 km?, length - 27 km) that flows into the Kharkiv River. The total length of
rivers within the city territory is about 58 km. Kharkiv's rivers are shallow, with a low flow velocity, and are
subject to significant anthropogenic impact. There are many natural and man-made reservoirs, associated
with these rivers - more than 20 reservoirs are located on the territory of Kharkiv. Local population usually
use them for recreation purposes: swimming, sunbathing, fishing etc. [1]

All surface waters suffer from various pollution sources, the most significant ones are discharges of
treated and insufficiently treated municipal and industrial wastewaters, urban and agricultural surface run-
off, runoff from landfills [2, 3]. The main pollution sources in Kharkiv are Dykanivski WWTP (138,92mIn
m® per year) and Bezludivski WWTP (51,03 min m® per year). They both belong to Kharkiv Vodokanal
Municipal Company and their discharges amount 46 % from total discharges for the whole river basin.
[4].Surface water quality is very important for both recreation activity and economic activity of the city.

The aim of the paper is to assess dynamics of water quality in four main recreational areas in Kharkiv
and to develop recommendations for improvement of water quality.
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MAIN PART
Description of water bodies
There are several recreational areas in Kharkiv, but most popular are Zhuravlevskiy Hydropark,
Oleksiivskiy Lugopark, Udyanskiy Hydropark and Osnovyanske Lake. They are located in different districts
of Kharkiv. (Fig 1) [5].

Fig. 1. Location of four main recreational areas in Kharkiv: Zhuravlevskiy Hydropark, Oleksiivskiy Lugopark,
Udyanskiy Hydropark and Osnovyanske Lake

Huravlevskiy Hydropark is located on the Kharkiv River, it was constructed together with small dam
and was opened in 1962. The reservoir has semi-closed aquatorium with low water exchange in the low-
water period; this fact explains why the water in some years has very poor quality especially on organoleptic
parameters. The water mirror area is 1340 000 m. lts aquatoria is completely located within the residential
area of the Kharkiv City in Kievskiy District [1].

Oleksiivskiy Lugoparkis located on the Lopan River, it was created due to construction of Pavlivska
dam in 1965 (dam was reconstructed in 2009). The reservoir has low water exchange in low-water periods.
The water mirror area is 230 000 m?. Aquatoria is located on the territory of six residential parts of the
Kharkiv City within Shevchenkivsky and Holodnogirsky Districts [1].
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Udyanskiy Hydropark was set up in 1971 due to construction of Novobavarska dam, is located on the
Udy River (dam was reconstructed in 2010). The reservoir has also a low water exchange during low-water
periods. The water mirror area is 350 000 m?. Aquatoria is located on in the residential part of the city in
Novobavarskiy District [1].

Osnovyanske Lake was created due to sand mining activity. The water mirror area is 430 000 m’.
Aquatoria is located on in the residential part of the city in Osnovyanskiy District [1].

Description of experiment and results

Water sampling was performed during 2006-2020. The time and season of sampling correspond to the
periods of high and low water periods. According to hydrological parameters for Kharkiv, the spring flood
period is April-May (rarely also includes the first decade of June), and the summer low water period is
August - September. These periods are interested because local population use recreational areas, thus
anthropogenic pressure is increasing and water quality is very important. Water quality is controlled by State
Company “Kharkiv Oblast Center for Control and Prevention of Diseases” (under the Ministry of Health of
Ukraine) and by local environmental authorities. [6]

Water samples analysis were performed in a certified Laboratory of Analytical Chemical Research of
the Institute of Environmental Sciences, V. N. Karazin Kharkiv National University, we analysed the
following parameter: pH, transparency, nitrates, nitrites, ammonia, dissolved oxygen, chlorides, total
hardness, alkalinity, BODs, COD, total mineralisation, phosphates, oil products, surfactants, heavy metals.
Laboratory methods and equipment were used. [7] For evaluation of water quality we used national standard
“Hygienic requirements to composition and peculiarities of surface water bodies used for recreational and
municipal purposes”’, MAC values were taken for recreational areas, used for swimming, sport and rest of
population. [8] Also EU Directive 2006/7/EC concerning the management of bathing water quality was used
for assessment of water quality [9] Obtained average data for all periods are presented in Tables 1 — 4.

Table 1
Water quality in Zhuravlevskiy Hydropark, data of chemical analysis, average data

Sampling period
. 2006-2010 2011-2015 2016-2020 MA(.:’ MAC,
Parameter Unit Ukraine| EU
15 May —| 15 Aug. — | 15 May — | 15 Aug. — | 15 May - |15 Aug. — [8] [9]
15June | 15 Sept. | 15June | 15 Sept. 15 June | 15 Sept.
Transparency cm <30 >30 <30 >30 <30 >30 <30 <100
pH pH units 8,1 8,6 7,8 8,2 73 8,4 6,5-85 | 6-9
Dissolved | mgO,/dm*| 3,8 4,6 4,0 43 3,2 4,2 <4,0 -
oxygen
BOD5 mgO,/dm’ 4,2 4,0 4,4 4,1 4.4 3,6 >4,0 -
Total mg/dm® 688 734 650 742 624 746 | <1000 | <1000
mineralization
Ammonim | mg/dm? 0,8 1,2 0,65 1,85 0,5 2,2 <2,0 1,0
nitrogen
Nitrite nitrogen| mg/dm® 1,15 2,62 1,92 3,3 1,48 2,6 <33 0,1
Nitrate mg/dm® 18,2 24,7 15,8 26,7 22,3 34,1 | <500 30
nitrogen
Phosphates | mg/dm® 1,2 1,45 0,85 1,2 0,24 029 | <35 35
Oil products | mg/dm® | 0,12 0,23 0,15 0,21 0,01 012 | <03 | 05
Surfactants mg/dm? 0,15 0,24 0,2 0,22 0,05 0,1 <0,5 0,3
Cd mg/dm® | 0,0009 0,001 0,0004 0,001 0,0005 | 0,0009 | <0,001 0
As mg/dm® | 0,0012 0,002 0,002 0,0018 0,001 0,002 | <0,05 0
Hg mg/dm® | 0,0002 0,0003 0 0,0001 0,0001 | 0,0001 | <0,0005 0
Pb mg/dm® 0,011 0,021 0,004 0,005 0 0 <0,03 0
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Table 2
Water quality in Oleksiivskiy Lugopark, data of chemical analysis, average data
Sampling period MAC. | MAC
. 2006-2010 2011-2015 2016-2020 ) '
Parameter Unit Ukraine| EU
15 May —| 15 Aug. — | 15 May — | 15 Aug. — | 15 May — |15 Aug. — [8] [9]
15June | 15 Sept. | 15June | 15 Sept. 15 June | 15 Sept.
Transparency cm <30 >30 <30 >30 <30 >30 <30 |<100
pH pH units 7,32 7,56 7,68 7,80 7,67 7,85 | 6,5-85| 6-9
Dissolved | mgO,/dm®| 3,2 3,4 3,6 4,0 4,0 49 | <40 -
oxygen
BOD5  |[mgOydm® [ 52 4,7 4,4 4,2 4,9 385 | >4, -
Total mg/dm® | 483 548 516 591 504 532 | <1000 <1000
mineralization
Ammonim | mg/dm® | 0,68 0,82 0,93 0,11 1,2 1,9 | <20 | 1,0
nitrogen
Nitrite nitrogen| mg/dm® 2,1 2,4 1,96 2,85 1,85 2,3 <33 | 01
Nitrate mg/dm® | 15,3 21,2 16,1 19,7 12,1 18,6 | <50,0 | 30
nitrogen
Phosphates | mg/dm® | 2,42 2,85 1,64 1,67 0,48 062 | <35 | 35
Oil products | mg/dm? 0,06 0,1 0,11 0,12 0,07 0,11 <0,3 0,5
Surfactants | mg/dm® | 0,08 0,11 0,04 0,06 0,07 0,08 | <0,5 | 0,3
Cd mg/dm® | 0,0009 0,001 0,0004 0,001 0,0005 | 0,0009| <0,001 0
As mg/dm® | 0,0012 0,002 0,002 0,0018 0,001 0,002 | <0,05 0
Hg mg/dm® | 0,0002 | 0,0003 0 0,0001 | 0,0001 | 0,0001|<0,0005| O
Pb mg/dm® | 0,011 | 0,021 0,024 0,025 0,022 | 0,029 | <0,03| O
Table 3
Water quality in Udyanskiy Hydropark, data of chemical analysis, average data
Sampling period MAC. | MAC
Parameter Unit 2006-2010 2011-2015 2016-2020 Ukrair;e EU '
15 May —| 15 Aug. — | 15 May — | 15 Aug. — | 15 May — |15 Aug. — [8] [9]
15 June | 15 Sept. 15 June | 15 Sept. 15 June | 15 Sept.
Transparency cm <30 >30 <30 >30 <30 >30 <30 | <100
pH pH units 7,42 7,67 7,75 7,91 7,63 7,84 |6,5-85| 6-9
Dissolved | mgO,/dm®| 4,26 4,28 4,15 4,23 4,25 4,62 | <40 -
oxygen
BOD5  |mgO,/dm® | 4,22 4,35 4,02 3,88 4,8 324 | >40 -
Total mg/dm® | 798 853 847 875 842 864 | <1000 <1000
mineralization
Ammonium | mg/dm? 2,0 1,94 2,11 2,18 1,83 206 | <20 | 1,0
nitrogen
Nitrite nitrogen| mg/dm® | 1,44 1,80 2,35 2,66 2,24 291 | <33 | 01
Nitrate mg/dm® | 28,41 19,65 24,5 29,4 30,5 39,3 | <50,0 | 30
nitrogen
Phosphates | mg/dm® | 1,71 1,86 1,54 1,63 0,46 084 | <3,5 | 35
Oil products | mg/dm® | 0,11 0,31 0,05 0,05 0,04 0,14 | <03 | 05
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Surfactants | mg/dm® | 0,41 0,38 0,14 0,21 0,21 033 | <05 | 03
Cd mg/dm’ 0 0 0 0,00051| 0,0007 | 0,001 | <0,001 | O
As mg/dm® 0 0 0,00011 0 0,0005 | 0,0002| <0,05 0
Hg mg/dm® 0 0,0001 0 0,0000 0 0 |=<0,0005| O
Pb mg/dm® | 0,001 | 0,0012 | 0,006 0,007 0,011 | 0015 | <0,03| O
Table 4
Water quality in Osnovyanske Lake, data of chemical analysis, average data
Sampling period MAC. | MAC
. 2006-2010 2011-2015 2016-2020 ! '
Parameter Unit Ukraine| EU
15 May -| 15 Aug. — | 15 May — | 15 Aug. — | 15 May - |15 Aug. — [8] [9]
15June | 15 Sept. | 15June | 15 Sept. 15 June | 15 Sept.
Transparency cm <30 >30 <30 >30 <30 >30 <30 |<100
pH pH units 8,0 8,34 8,16 8,26 8,1 8,45 | 6,5-85| 6-9
Dissolved | mgO./dm®*| 3,1 3,9 3,34 3,96 3,07 4,0 <4,0 -
oxygen
BOD5  |[mgO,/dm’® | 4,6 4,22 5,2 4,16 4,91 502 | >4,0 -
Total mg/dm® 829 947 913 944 956 984 | <1000 |<1000
mineralization
Ammonim | mg/dm® | 0,44 1,21 0,85 0,93 1,1 1,9 | <2,0 | 1,0
nitrogen
Nitrite nitrogen| mg/dm® | 1,85 1,96 2,17 2,46 1,44 223 | <33 | 01
Nitrate mg/dm? 22,8 26,15 28,45 29,31 26,2 32,8 | <£50,0 | 30
nitrogen
Phosphates | mg/dm® | 2,84 3,15 1,18 1,51 0,51 062 | <35 | 35
Oil products | mg/dm® | 0,04 0,005 0,07 0,09 0,08 0,15 | <03 | 05
Surfactants | mg/dm® | 0,19 0,11 0,06 0,15 0,24 0,26 | <0,5 | 0,3
Cd mg/dm® | 0,0004 | 0,0005 | 0,0006 0,007 0,001 0,001 | <0,001 0
As mg/dm’ 0 0 0 0 0 0 | <005] O
Hg mg/dm® 0 0 0,0001 0 0,0002 | 0,0003|<0,0005| O
Pb mg/dm® | 0,005 | 0,007 | 0,006 0,006 | 0,015 | 0,024 | <0,03| 0

DISCUSSION OF RESULTS

Dissolved oxygen and BODs are main criteria for assessment of organic pollution. There are various
natural and anthropogenic sources making inputs of organic pollutants. In surface water BODs should vary
from 0,5 to 5,0 mg/dm?® depending on season and physiological and biochemical activity of microorganisms.
As we see, there are deviations from norms in water samples from Zhuravlevskiy Hydropark and Udyanskiy
Hydropark during all 15 year period: higher by 0.6-0.9 mg/dm® for dissolved oxygen and lower by 0.3-1.2
mg/dm?® for BODs. We also can see violation of dissolved oxygen norms for dissolved oxygen and BODsin
Oleksiivskiy Lugopark during last 5 years. These can be a signal of excessive amount of organic pollution of
water bodies as a result of an increase pressure on the recreational area and the creation of illegal beaches
with a large number of people around the studied water bodies.

Total mineralization in water bodies is average 695 mg/dm® for Zhuravlevskiy Hydropark, 523
mg/dm?® for Oleksiivskiy Lugopark, 930 mg/dm?® for Osnovyanske Lake and 850 mg/dm?*for Udyanskiy
Hydropark. It corresponds to normal mineralization level.
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Biogenic substances content (namely nitrogen and phosphorus compounds) is the key parameter for
hydrochemical characteristic of water quality and water ecosystem state. These parameters show the
eutrophication level and velocity, that is the cause of sharp deterioration of water quality and death of water
life. Our data shows that in spring they are 1.5-2.2 times lower than in summer that can be explained by the
season, lighting and temperature. On the concentration of nitrogen-containing substances, the most polluted
(in terms of the content of ammonium nitrogen and nitrite nitrogen) during the 15-year period is Udyanskiy
Hydropark (the average is 2.02 mg/dm? and 2.23 mg/dm?, respectively); we see also the highest pollution by
nitrate nitrogen of the water in Udyanskiy Hydropark (28.63 mg/dm® and Osnovyanske Lake (24.29
mg/dm?®). Excess of the MAC on ammonium nitrogen was identified in waters from Zhuravlevskiy
Hydropark and Udyanskiy Hydropark during the low-water period that indicates an excessive anthropogenic
load on these objects, since the number of local population during this period increases in more than 10 times
compared to the spring period. However, we should note a positive tendency in water quality: decrease
phosphates by 5 times in all four water bodies during 15 years of research.

Oil products and surfactants

During the study period, we have identified oil films and oily stains on the water surface only three
times in ZhuravlevskiyHydropark and two times in Osnovyanske Lake. These were associated to washing of
cars and animals. At the same time chemical analysis have shown that oil products were lower than MAC
and surfactants were two times lower than MAC.

Toxic heavy metals

Fortunately, we can indicate a constant decrease of pollution by As and Hg during last 15 years in all
four water bodies. On the contrary, the content of Pb and Cd in the waters of the Zhuravlevskiy Hydropark
and Oleksiivskiy Lugopark has increased by 2.5 - 3 times over the last 5 years that is the result of
anthropogenic pressure. These reservoirs are located very closed to key highways, and the number of
vehicles over the last 5 years has increased in 4 times, therefore, the surface runoff from adjacent roads
inputs much more toxic pollutants. Exceeding the MAC for the content of toxic metals has not been
determined.

For improvement of water quality we have developed recommendations.

CONCLUSIONS AND RECOMMENDATIONS

1. Local population actively use four reservoirs (Zhuravlevskiy Hydropark, Oleksiivskiy Lugopark,
Udyanskiy Hydropark and Osnovyanske Lake) for recreation. This causes increase in anthropogenic
pressure on water ecosystem.

2. Dissolved oxygen and BODs: there are deviations from norms in water samples from Zhuravlevskiy
Hydropark and Udyanskiy Hydropark during all 15 years period: higher by 0.6-0.9 mg/dm? for dissolved
oxygen and lower by 0.3-1.2 mg/dm® for BODs. We also can see violation of norms for dissolved
oxygen and BODsin Oleksiivskiy Lugopark during last 5 years. Total mineralization in water bodies is
average 695 mg/dm?® for Zhuravlevskiy Hydropark, 523 mg/dm? for Oleksiivskiy Lugopark, 930 mg/dm?
for Osnovyanske Lake and 850 mg/dm® for Udyanskiy Hydropark. It corresponds to normal
mineralization level for rivers within city. Biogenic substances content: on the concentration of
nitrogen-containing substances, the most polluted (in terms of the content of ammonium nitrogen and
nitrite nitrogen) during the 15-year period is Udyanskiy Hydropark (the average is 2.02 mg/dm® and 2.23
mg/dm?®, respectively): we see also the highest pollution by nitrate nitrogen of the water in Udyanskiy
Hydropark (28.63 mg/dm?®) and Osnovyanske Lake (24.29 mg/dm?®). Excess of the MAC on ammonium
nitrogen was identified in waters from Zhuravlevskiy Hydroparkand Udyanskiy Hydropark during the
low-water period. However, we should note a positive tendency in water quality: decrease phosphates by
5 times in all four water bodies during 15 years of research. Oil products and surfactants: chemical
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analysis has shown that oil products were lower than MAC and surfactants were two times lower than
MAC. Toxic heavy metals: a constant decrease of pollution by as and Hg during last 15 years in all four
water bodies. On the contrary, the content of Pb and Cd in the waters of the Zhuravlevskiy Hydropark
and Oleksiivskiy Lugopark has increased by 2.5 - 3 times over the last 5 years that is the result of
anthropogenic pressure. Exceeding the MAC for the content of toxic metals has not been determined.

3. Recommendations for improvement of water quality in recreational areas: (i) to perform regular
monitoring of water quality; (ii) to introduce regular and systematic control by one local authority; (iii)
to improve infrastructure of recreational areas; (iv) to introduce regular cleaning of the recreational
areas; (v) to install bio-WC; (vi) to install additional waste containers (preferably with separate waste
collection); (vii) plant trees for better isolation from highways; (viii) to improve level of water treatment
on WWTP; (ix) to create nature protected areas along rivers.
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Annomayus. PaccMmoTpeHo BimsHHE (AKTOPOB  HMHTCHCH(PHKIHH  CEIBCKOXO3SHCTBEHHOTO
MPOM3BOJICTBA Ha opomiaeMbIX 3eMisx. C 1eNIbI0 YCTAHOBJICHUST KOJMYCCTBEHHBIX XapAKTUPUCTHK BIIHSIHUS
KOKIOr0 M3 HM3y4eHbIX (AakTOpoB ((POHIOOCHAIICHHOCTh, XMMHU3ALMs M MEIHOPALMs) pPACCUMTaHBl HMX
YKCJIOBbIC 3HAYCHUS U, COOTBETCTBEHHO, MOCTPOEHA MPOM3BOACTBEHHAS (DYHKITHSI.

Knrouesvle cnoea. cenbcKoe XO3MHWCTBO, MEJIHOpAlMs, XUMH3aIMsg, (OHIOOCHAIEHHOCTD,
3¢ (HEeKTUBHOCTD, J0JIsI BKJIAjIa.

BBEJIEHUE

N3BecTHO, uYTO SKOHOMHYECKas 3(PPEKTUHOCTh CEIBCKOXO3IHCTBEHHOI'O IPOM3BOJCTBA SBISCTCS
(yHKIIe MHOTHUX TIEPEMEHHBIX, 3HAYeHHS KOTOPBIX, B KOHEYHOM CYETe, OIPENEeISIFOT YPOBEHB €ro
s dextrBHOCTH. CTATHCTUYECKUI aHANHU3 M3YYaeMBIX MEPEMEHHBIX MO3BOJIMI BBIACIUTH TPH OCHOBHBIC
rpyINNbl MEPEMEHHBIX BIUSHUS, @ WMEHHO, TPYNIly  MEPONPUATUNA MEXAaHU3alMU TEXHOJIOTHYECKUX
MIPOIIECCOB, TPYIITy MEPOIPHUATHNA MO XMUMH3AIMHA W TPYIITy MEIHOPATUBHBIX MEPONPUATHI (OpOIIECHUE).
Kax mokazayio uccnenoBanue, Bce TPU TPYMIIBI MEPEMEHHBIX CTATUCTHUECKH 3HAYMMBL. OTHAKO, YUUTHIBAS
TO OOCTOSTENBCTBO, YTO HA3BAHHBIC MEPOMPHUATHS JOCTATOYHO KAMUTAIOEMKHE, TO B YCIIOBHSX
OTPaHWYEHHBIX  (MHAHCOBBIX  PECypcoB, HWHBECTOpY He Oe3pasnTMdyHO B  Kakylo  00JacTh
CEJIbCKOXO03SIMCTBEHHOW MH(PPACTPYKTYPhl BKJIAJBIBATh JCHEXKHBIC CPEACTBA. B 3TOM CBA3M HCCleA0BaHUE
mpenjaraeT KOJUYECTBEHHYIO OICHKY BIHSHHS TeX WJIH WHBIX MEPOIPHUITHH, O0ECTIeUNBAIOIIIX
3¢ (HEeKTUBHOCTD CENbCKOX03SMCTBEHHOTO MTPOU3BOCTBA HA OPOIIAEMbIX 3EMJISIX.

OCHOBHAA YACTD

O(h(eKTUBHOCTD MEJIMOPATUBHBIX MEPONPHUIATUH B IEPBYIO OYEpEIb ONPEAEISIETCS Pa3HOCTHIO
00BEMOB TPOIYKIIMH, MOJYyYEHHOH Ha OJHOM M TOMXKE y4yacTKe Oe3 OpOIIeHHS W C OpOIIECHHEM IpHU
COOJIIO/IEHN TIEPEIOBOTO Ui JAaHHOTO MOMEHTa BPEMEHH YPOBHS arpoTexHukd. CieayeT OTMETHTh,4TO
npubaBKa ypOsKallHOCTH CEJIbCKOXO3SIMCTBEHHBIX KYJBTYpP 3a CUET OPOLICHHUS JUIS OTHCJIBHBIX KYJBTYP,
3a4acTylO, BBIDAKAETCS B KPATHOM €€ yBeNM4YeHHWH. Tak, yposkKaHOCTh OBOIIHBIX KYJIBTYp B YCJIOBHAX
['py3un B HECKOJIBKO pa3 MPEBBIIIAET YPOKAaHHOCTh Ha HEOPOLIAEMBIX 3eMIIIX. B Toxe BpeMs, pHu NMpounux
PaBHBIX YCIIOBHSX, POCT CPaBHUTEIHHOTO YPOBHS YPO)KAWHOCTH KOJIOCOBBIX KYJIBTYD MEHBINE, YeM Y
BIIArOJTIOOMBBIX CENIbCKOXO3IHCTBEHHBIX PACTEHUH, HAITPUMED, KYKYPY3bl.

W3BecTHO, 4YTO uYeM MeHee ONaronpusTHbI €CTECTBEHHbIE IPHPOAHBIE YCIOBUS NPOU3BOJCTBA
CEJIbCKOXO3SIMCTBEHHOW TMPOIYKIMH, TeM OoJibllie 00BheM JOMOTHUTEIHHONW MPOIYKIMH, TOJYYEHHOW B
pesyibTate nosiuBa. [Ipu 3ToM, CHIKEHHE YPOXKAMHOCTH U3-3a HEAOCTATKA BJIarM MOKET MMETh MECTO KaK B
3aCyLUIMBBIX, TaK BO BIQKHBIX HPUPOJHO-KIMMATHUECKUX 30HAaX, HO €CJIM B IIEPBOM CIIydae 3TO CTOWKOE M
CIJIBHO BBIPQKEHHOE SIBIIEHUE, 3aCYXH BO BIIAXKHBIX 30HAX OOBIYHO PEAKH M CIIa00 BBIpAXKEHBI. B CBS3M C
9THUM, MPUPOCT YPOKANHOCTH BCEX CENBCKOXO3AHCTBEHHBIX KYJIBTYp, MOIYYEHHBIX B pE3yJIbTaTe OPOLIEHHUS,
YBEIMYMBACTCS TMPOMOPIHUOHATFHO YMEHBIIEHHUIO €CTECTBEHHOW BIAKHOCTH. XapakTep HW3MEHEHUs
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YPOKafHOCTH CEIHCKOXO3SIICTBEHHBIX KYJNBTYp B 3aBHCHMOCTH OT YCJIOBHH €CTECTBEHHOTO YBIIAKHEHUS
nokasaH Ha puc.l. CpenHerosoBas ypoKalHOCTh Ha OPOIIAEMBIX 3€MJISIX B 30HE 3a00JIOUEHHBIX 3EMEllb
BBIIIE, UYEM Ha HEOPOIIaeMbIX B TOH ke 30oHe B 1,1 - 1,2 pa3za, Bo BiaxkHo# 30He B 1,2 - 1,4 paza, B 30He
cimaboii 3acyxu B 1,4 - 2,0 pasa, B 30He 3acyxu B 2-3 paza, B 30HE CHIIbHOI 3acyXH - B 5-6 pas.
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Puc.1. Biusinue opouieHus: HA YPOKAHOCTD CeIbCKOX03SIHCTBEHHBIX KYJbTYP

Ha puc.l. mpencraBieHbl TpaQuKu ypo>KaHOCTH 3€PHOBBIX M OBOIIHBIX KyIbTyp. I'padmku  OCTaidbHBIX
CeITbCKOXO3SICTBEHHBIX KYJIbTYP PACIONIAraloTCs MEKAY rpaikaMi 3e€pHOBBIX M OBOIIHBIX KYJIbTYD [3].

UzBecTHO, 4TO 3((HEKTUBHOCTD CENBCKOXO3IHCTBEHHOI'O TIPOU3BOJICTBA SBISIETCSl (PYHKIIUEH MHOTHX
MEPEeMEHHBIX, BIMSHHE  KOTOPBIX MOXKHO YCJIOBHO OOBEACHHTh B TPH OOJIBIINE TPYIBI, 2 UMEHHO: B
rpymiy GpOHIOOCHAIICHHOCTH, B IPYIITYy XUMU3ALUK U B rpymity menuopauuu [1,2]. C uesnbio ycTaHOBICHHS
KOJINYECTBEHHBIX XaPaKTUPUCTHK BIUSHHS KaXJIOTO W3 MEPEYHCICHHBIX (HakTopoB ((OHIOOCHAICHHOCTH,
XMMH3aLUHA U MEJIHOpAIMU) PACCUUTAHBI MX YUCIOBBIE 3HAYEHUS W COOTBETCTBEHHO, NMOCTPOEHA (DYHKIIHS
BUJIA:

E = flaqu, (%) + U, (X,) +asus (X5)] 1)
rae: E - 53 GeKTUBHOCTD CEbCKOXO3SMCTBEHHOTO TIPOM3BO/ICTBA, PACCYMTHIBAEMAs KaK OTHOLIEHHE YHUCTOM
NPUOBLIH CETBCKOTO XO3SMCTBA K CTOMMOCTH BaJIOBOM PO YKIIUH;

X, - (oHI000eCIIeUeHHOCTh  XO3MHCTB, PacCUMThIBAEMasi KaK OTHOIICHHE OCHOBHBIX
MTPOM3BOJCTBEHHBIX (DOHIOB CEIBCKOXO3SMCTBEHHOTO HAa3HAUEHUS K IUIOMAJN CEIbCKOXO03SHCTBEHHBIX
yroauii (ThIC. Japu / ra);

X, - pacueTHOE KOJIMYECTBO BHECEHHBIX MMHEPAIIbHBIX yJOOpEHUIl B NEHCTBYIOIEM BEIIECTBE Ha
rekrap yrojaui 0e3 mactOwui (kr / ra);

Xy - 10715 OPOILAEMBIX 3eMEIIb B OOLIEH IIIOIAAU CeIbCKOX03sHCTBEHHBIX yroauii (%);

&, c,, 0ty - COOTBETCTBYIOIINE OCTOSHHBIE KOI(P(DUIINEHTBI.

YuclieHHBIC 3HAYCHUS K03(1)(1)I/IL[I/IGHTOB OnpeAcasinCb METOJAOM HOpMaJIU3aluu MNECPEMCHHBIX
YpaBHCHUS pErpeCCrUU KPUBU3HBI. I[J'ISI HEKOTOPbIX PETHUOHOB prBI/II/I IIOCTOSHHBIC KOS(I)(I)I/IL[I/ICHTH o, a,,0;

Y 3HAYCHUS KOA(PPHUIIMEHTOB KOPPEISIUH TPUBEICHBI B TabuIle 1.
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Tabauua 1
3HauyeHMA O, O O3 M KOI(PPUIMEHTOB KOpPpesuud B pernoHax I'py3un
IMocrosinabie KO3 PUUHEHTHI Koa¢ppuunentoi
Peruonsi I'py3n

o1 o o3 KOppeJsiiuu
Kaxern 0,05 0,34 0,73 0,89
Ksemo Kaptiau 0,10 0,27 0,68 0,97
una Kapriu 0,26 0,16 0,51 0,84
Cawmirxe-/I>xaBaxeTH 0,69 0,26 0,40 0,81
Nmepern 0,31 0,12 0,28 0,82
Paua-Ksemo CBanetu 0,20 0,27 0,21 0,84
Camerpeno 0,73 0,33 0,22 0,88
Auapa 0,19 0,39 0,32 0,82

Hcnonp3yst 3HaueHus: kod3((HUIMEHTOB, NMPUBEACHHbIC B Tabnuie 1, ¢ yu4eToM COOTBETCTBYIOIIMX
KO3 (QUITUCHTOB KOPPEISAIUK (DYHKIUS KPUBOJUHEHHON PErpecCHu JIsi pa3HbIX PErHOHOB CTPAHbI MPUMET
BUI:
Kaxern:

E, = £[0,05u,(x,) + 0,34ux(x;)+ 0,73u3(x)] (2)

Kgemo Kaprinu:
E, = f[0,10u,(x,) +0,27ux(x;)+ 0,68u3(x3)] 3)

Paua-KBemo CBanern:
E, = f[0,20u,(x,) +0,27ux(x2)+ 0,21us(xs)] 4

MIupa Kaprim:

E, = f[0,26u,(x,) +0,16ux(x2)+ 0,51us(X3)] (5)
Camuxe -J[:xaBaxeTu:

E, = £[0,69u, (x,) +0,26U5(x)+ 0,40u5(X3)] (6)
HNmepern:

E, = f[0,31u,(x,) +0,12uy(X2)+ 0,28u3(x3)] (7

Camerpeno:

E, = f[0,71u,(x,) +0,33u2(X2)+ 0,22u3(x3)] (8
Apmxkapa:

E, = f[0,19u,(x,) + 0,39Ux(X,)+ 0,32u3(X3)] ©)

PemenneM MONMy4YeHHBIX YypaBHEHWH OBLIM ONpeAeNeHbl O MEXaHW3alluW, XUMH3AIUA |
MEJIHOpalliy ISl JTAaHHBIX PETHOHOB B 3(PQEKTUBHOCTH CEIHCKOXO3SHCTBEHHOTO TPOM3BOJCTBA. Bce
(aKTOpbI ICHCTBEHHBI M BAKHBI.
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Taoauna 2
Jons BK1aga MexaHu3auuu, XHMH3al1 U MeJIHOPANMH B
3(¢eKT CceIbCKOX0351IICTBEHHOT0 POU3BOACTBA B pernoHax I'pysu

Hoas Bkaaga B 3QPeKT cejibcKOX0351iiCTBEHHOTO
Perunonsl I'py3un NPOU3BOACTBA
MexaHnu3auus Xumuzauus Menuopanus
Kaxern 0,30 0,30 0,40
Ksemo Kaptiau 0,10 0,21 0,69
[una Kaprnu 0,24 0,20 0,56
Camrixe-JI>xaBaxeTn 0,45 0,12 0,43
Hmeperu 0,50 0,27 0,23
Paua-KBemo Caneru 0,25 0,50 0,25
Cawmerpeno 0,79 0,11 0,10
Adapa 0,30 0,43 0,27

Kax BuHO U3 JaHHBIX TaOIUIIBL, OIS MEINOpAIH (OpOIIeHHs ) 3eMelb B 3()(DEKTUBHOCTH CEITBCKOTO
xo3siictBa koneodmercs or 0,1 (B Camerpeno) o 0,69 (B8 KBemo Kaprim). Ctomap OONBINON auama3oH
M3MEHEHUSI 3HAYCHUS JOJMM  BKIAJa MEJIHOpaIld OIMPENCIsIeTCs, TMPEXKAEC BCEro, KIMMATHYCCKUMHU
ocobeHHocTsIMH pernoHoB. B KBemo KapTim, rioe cpemHeromoBoe KOIMUECTBO OCAAKOB cocTaBisieT S80 M,
J0JIsi OpoIleHUsT B 3()(PEKTUBHOCTh CEINBCKOXO3SIMCTBEHHOTO Tpou3BojcTBa coctaBisieT 0,69; B Camirxe-
HxaBaxetn 673 mm u 0,43 coorBercTBeHHO; B Kaxetuu - 786 mm u 0,40; B Amxapuu -1564 mm u 0,27, B
Cawmerpeno - 1600 mm u 0,10.

YpaBHeHue Koppemsiuu (puc. 2) MEXIy CYMMOH CpETHETOJOBBIX OCAIKOB W JOJEH BKIIama
Menropanud B 3(P(PEKTHBHOCTH CEIHCKOTO X03SICTBA BRITIISIIUT CIEAYIONIIM 00pa3oM:

y =0,58+0,11x — 0,25x° (10)

rae X— CpeaHeroaoBasd Cymma aTMOC(I)epHI:IX 0CaaKoOB, MM/ rog
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Puc. 2. 3aBucuMoCTb MeKAY CpeJHEr00BBIM KOJIHYECTBOM ATMOC()EPHBIX 0CAKOB H 10JIel BKJIA/IA METHOANHHA
B 3(dek cesibCKOX0351iICTBEHHOT0 MPOU3BOCTBA
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BbIBO/IbI

D GhHEeKTUBHOCTD CEIBCKOXO3TMCTBEHHOTO IPOM3BOJCTBA SBISCTCA (YHKIIMEH MHOTHX TEPEMEHHBIX,
BIIUSTHUE  KOTOPBIX MOXHO YCJIOBHO OOBEJACHHUTH B TPH OOJBIIME TPYIIIbI, @ UMEHHO: B TPYIIITY
(hoHIOOCHAIIEHHOCTH, B TPYNIy XHMH3alWW M B Tpynmy Memunoparud. C [eiIpi0 YCTaHOBIICHUS
KOJMYECTBCHHBIX  XapaKTHPUCTHK  BIUSHHUS ~ KXKJAOTO M3 TEPEUYHUCICHHBIX  (aKTOpOB
(boHIOOCHAIIEHHOCTH, XWMH3AalMAd W MEJIHOPAIlMH) pACCUYWTAaHhl WX  YUCIOBBIE 3HAYCHHUA W,
COOTBETCTBEHHO, IMOCTPOEHA IMPOU3BOCTBEHHAS (DYHKITHS,

Jonst menuoparuu (OpolieHus ) 3eMelib B 3(QPEKTUBHOCTH CEIBCKOT0 X03siiicTBa Koyeoyercs ot 0,1 (B
Camerpemno) mo 0,69 (B Ksemo Kaprtmm). Croms OoONBIION AWAama3oH BIUSHUS METHOPAIIUN
OTPEICIISICTCSI, TPEXKIC BCEro, KIMMATUYeCKHMMHU ocoOeHHocTssMu pernoHoB. B Keemo Kaptmm, rae
CPEIHETr0I0BOC KOJMYECTBO OCAKOB cocTaBiisieT 580 MM, JI0JII OPOIICHHS B CEIbCKOXO3SIICTBEHHOM
npousBojacTse coctapisieT 0,69; B Camuxe-/IxaBaxetu - 673 mm u 0,43 MM cooTBeTcTBEHHO; B Kaxeruun
786 mm 1 0,40; B Amxapun- 1564 mm u 0,27, B Camerpeno -1600 mm u 0,10;

[IpencraBneHo ypaBHEHHWE KOPPENSAIUU W TpaduK 3aBHCHMOCTH MEXIY CYMMOM CpeIHErofoBBIX
0CaJIKOB U JI0JICH BKIJIaJia MeJuopaliiu (OpoleH s ) 3eMeb B 3 ()eKTUBHOCTH CEJIbCKOTO X03HCTBA.

JIUTEPATYPA

350056m3z0 4., 39RbMIz0wo0 9., 3M36090d3z0e0 4. 0639LEO(30900L 93mbmIozmEmo FgRsligdol
0565990060M39 39m©9d0 igsems dgebymdsdo. bodos®m39wml &gdbozwemo Mbogzgmbo@g@ob
GMGBy  JomEbsgsl  Lobgarmdol  fgseoms  3gMbgmdol  0bLEOGWMEO,  (3mbma®msx0s)
odoobo —2017;

Bapranos M., KeuxomBuniu 3. HekoTopble NpHHIMIBI HHTErPaJbHOrO YIPABICHHS BOAHBIMU
pecypcamu I'pysun. CroutenbetBo Nel(48), Tomnmmcu-2018;

3y3uk /. T. OxoHOMUEKa BogHOrO X034iicTBa. M.: Arponpomusaat, 1980;

WNopnanmmsumu Y., IN'aBapmamsumu I'., Bapranos M.. Kagactp Bogusix 3amacoB ['py3un. UHCTHTYT
BOJHOTO X03gicTBa uM. LI.MupuxynaBa ['py3MHCKOTO TEXHUYECKOT'O YHUBEPCUTETA, DKOLEHTP OXpaHbI
OKpy>karomeit cpenpl, Toumcu -2018.

Economics of water management

ON THE ISSUE OF CLARIFYING THE CALCULATION
OF ECONOMIC EFFICIENCY IRRIGATION OF CROPS

Vartanov M., Kechkhoshvili E., Sichinava P.
Ts. Mirtskhulava Water Management Institute
of Georgian Technical University
Thilisi, Georgia

Annotation. The influence of factors of intensification of agricultural production on irrigated lands is

considered. In order to establish the quantitative characteristics of the influence of each of the studied factors
(capital equipment, chemicalization and reclamation), their numerical values were calculated and,
accordingly, the production function was constructed.

Keywords: agriculture, land reclamation, chemicalization, capital equipment, efficiency, share of

contribution.
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Hydrology and meteorology
A TWO-STAGE HYBRID MODEL FOR

HYDROLOGICAL TIME SERIES FORECASTING

Volchak A., Sidak S., Parfomuk S.
Brest state technical University
Str. Moscow f. 267, Brest, Republic of Belarus
E-mail: harchik-sveta@mail.ru

Annotation. A model based on the combined use of the empirical mode decomposition (EMD)
method and the autoregressive integrated moving average (ARIMA) model is proposed to obtain forecast
estimates of the maximum river runoff. The analysis and comparison of the results of modelling the
maximum water runoff of the Dnieper River at the Rechitsa station allow concluding that the use of the
hybrid EMD-ARIMA model is preferable to the classical ARIMA model. The decomposition approach of
forecasting maximum water runoff series of the spring flood allows to take into account all its local features,
internal structure, as well as abnormal discharges.

Keywords: empirical mode decomposition, Hilbert-Huang transform, hybrid model, EMD, ARIMA,
river runoff forecast estimates.

INTRODUCTION

Obtaining forecast estimates of the maximum flow according to long-term observations is one of the
urgent problems of hydrology. The availability of reliable information about the future values of the
maximum river flow is one of the fundamental factors for effective planning, management and stable
operation of the water resources system.

In the conditions of a changing climate and increasing anthropogenic pressure on water resources, the
forecast assessment of maximum water consumption acts as an important economic factor. This factor allows
business entities to choose an objective development strategy, take timely protective measures to prevent or
minimize damage from adverse and dangerous hydrometeorological phenomena. The scientific problem of
forecasting the maximum water runoff is of obvious importance from the point of view of design,
construction and operation of hydraulic structures, implementation of measures to prevent the negative
impact of water.

During the XX-beginning of the XXI century, methods for calculating and forecasting hydrological
characteristics based on the study of the patterns of long-term flow fluctuations under the condition of
stationary climate in the past and future were developed. However, at present, the validity and correctness of
the application of these methods is being questioned in connection with climate changes caused by the
processes of climate warming. The ongoing climate changes have already led to changes in the maximum
flow of rivers. According to a number of studies, there was a significant decrease in the maximum water
runoff on all major rivers of Belarus, as well as the repeatability of the maximum water runoff of low
availability significantly decreased [1]. It is assumed that the main reason for the change in the maximum
runoff in the territory of Belarus was the climate mitigation in winter and an increase in the frequency of
winter thaws, as a result of which part of the spring runoff passes into the minimum winter runoff [2].

Increasing the requirements for the economic efficiency and safety of the water systems operation
leads to the need to improve the existing methods of long-term forecasting of the maximum river flow,
increasing its accuracy and timeliness.

Today a large number of mathematical models and methods of analysis and forecasting of
hydrological time series have been developed [3]. The most commonly methods use: 1) correlation and
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regression analysis, classification and regression trees; 2) predictive extrapolation; 3) spectral analysis,
wavelet analysis; 4) Markov chains; 5) pattern recognition theory; 6) neural networks, genetic algorithms.

Nowadays, hydrology often uses methods based on the construction of statistical distributions of
maximum runoff rates based on the available series of observations of runoff and further extrapolation of
these distributions to the region of small probabilities to assess the risk of spring floods. The use of this
approach implies the fulfilment of the condition of uniformity and stationarity of the runoff observation
series.

One of the most common classical statistical forecasting models is the ARIMA model proposed by
Box and Jenkins [4]. This model is effectively applied in such industries as hydrology, economics,
environment and politics. However, hydrological processes are complex, reflecting the interaction of a large
number of climate-forming factors, each of which can be described by different models. The mathematical
model of the hydrological process, constructed as a result of the application of traditional methods, as a
single and indivisible one, is practically not feasible and is of little use for use in forecasting problems.

Recently, many works devoted to hybrid decomposition models and forecasting methods obtained by
combining two or more methods in order to obtain the best characteristics of a combined hydrological model
and the possibility of using them for forecasting non-stationary hydrological series [5]. The main goal of the
decomposition approach to forecasting is to divide the initial time series into a set of series with a simpler
structure, considered independently of each other.

The purpose of this article is to obtain forecast estimates of the maximum water runoff of the spring
flood of the rivers in Belarus using a two-stage hybrid model based on the joint use of the methods of
empirical mode decomposition and Box-Jenkins.

INITIAL DATA AND METHODS

The object of the study is the first largest and watery river of Belarus, the Dnieper. The Dnieper River
flows through the territory of three countries: Russia, Ukraine and Belarus. The total length of the river is
2,145 km, almost 700 km of which is located in the territory of Belarus. The river originates on the Valdai
Upland in Russia and flows into the Black Sea. The main right tributaries in the territory of Belarus are the
Drut and the Berezina Rivers, the left is the Sozh River.

As a rule, the flood passes in one wave in the Dnieper River basin on the Dnieper, Sozh, and Berezina
Rivers. During the spring flood, flooding of the floodplain is typical for most rivers of the Dnieper basin. The
longest spring flooding in the Dnieper River basin was observed in 1956, 1958, 1962, 1970 and 1979. The
last significant flood was in 1999.

The Dnieper River basin has an important natural and socio-economic significance due to the fact that
socially significant natural resources (for example, water, land and forest resources) are concentrated in the
territory of the basin, and it is also a valuable resource base for industrial enterprises, land users, water users,
government structures, state control and regulatory bodies. The Dnieper River basin region in the territory of
Belarus is developed both in industrial and agricultural terms, and therefore, the impact of surface and
underground water resources on social development and the main sectors of the economy are significant.

All this justifies the relevance of studying the current changes in the maximum runoff of the Dnieper
Basin Rivers, both in connection with its economic significance and from the influence of the changing
climate on the characteristics of river flow.

The study uses data from hydrological observations of the maximum water runoff of the spring flood
of the Dnieper River during the period of instrumental observations of the State Institution "Republican
Center for Hydrometeorology, Control of Radioactive Contamination and Environmental Monitoring” of the
Ministry of Natural Resources and Environmental Protection of the Republic of Belarus. The forecast
estimates of the change in the maximum runoff of the Dnieper River due to the influence of climatic factors
were obtained for the Rechitsa section. The gaps in the data series were restored using the computer software
complex "Hydrolog" [6]. The study period was 141 years (1877-2017).
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A hybrid EMD-ARIMA model proposed for predicting the maximum river runoff is based on the joint
use of the empirical mode decomposition (EMD) method and the autoregressive integrated moving average
(ARIMA) model. EMD is used to decompose the initial non-stationary series into a series of mode functions
(intrinsic mode functions, IMF) and the remainder, each of which can be applied to the ARIMA
methodology (Fig. 1).

The main stages of obtaining forecast estimates using the EMD-ARIMA hybrid model are:

1) Sequential operations for extracting mode functions from the original time series, starting with high-
frequency ones, and the remainder;

2) Development of a suitable ARIMA model for each IMF function and remainder;

3) Performing general calculations to predict the initial time series based on the forecast of each sub-series;

4) Compare the performance of the EMD-ARIMA hybrid model with the standard ARIMA model.

Initial time series of
maximum river runoff

Residual ]

Final forecast

Fig. 1. Block diagram of the EMD-ARIMA hybrid model

EMD Method

Since many works have been devoted to the description of the ARIMA model [7], below will focus in
more detail on the description of the EMD method, which is the basis of the hybrid model. This method is a
relatively new form of time series decomposition. The peculiarity of the method is that the time series may
not be linear or stationary. A necessary condition for the correct representation of nonlinear and non-
stationary processes is the possibility of forming an adaptive basis that is functionally dependent on the
content of the data itself.

The EMD method is the most important component of the Huang-Hilbert Transform (HHT), which is
widely used in various fields of science and technology, along with the Fourier transform and wavelet
analysis [8].

The difference between the EMD method and the wavelet analysis is that the EMD process
decomposes into a series of mode functions that are not specified analytically and are determined exclusively
by the analyzed data sequence itself, and the basic transformation functions are formed adaptively, directly
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from the input data. In the wavelet transform, as well as in the Fourier transform, the decomposition is
performed in a fixed basis of functions. This basis must be pre-defined, that is, a specific wavelet function
used in the transformation process must be selected.

The main idea of the EMD method is the assumption that the process under study is an additive
combination of various internal oscillations, each of which is a mode function with extremes and zero values
[9].

Each IMF function must meet two criteria:

1) The number of functions extreme and the number of zero intersections must be equal or differ by one;
2) At any point of the functions the average value of the envelopes interpolating local maxima and minima
must be zero.

Let Q (t) is a multi-year series of maximum water flow rates. Then the main idea of the EMD method
is to decompose the time series Q(t) into IMF functions and the remainder r(t). As a result of this
decomposition, the series Q (t) can be represented as:

Q(t) = T, IMF.(t) + n. (D), (1)
where 1 () — the residual component of the time series decomposition, IMF;(t) — the i-th internal mode

function.
The algorithm of EMD process consists of the following steps:

1) Selection of a Q(t) series in the sifting process; putting into consideration three variables i, j and k, where
i — number calculated IMF, j — number of its approach, k — number of IMF (initial values of variables:
i=1, j=1, k=0);

2) Introducing of an additional series 5;(£) = Q(£);

3) Identification of all local extrema in the time series Q(t);

4) Forming the upper p(t) and lower q(t) envelopes by connecting all local maxima and local minima,
respectively;

5) Definition of the average function ¢;(t) == '~f-3:||'q'ur}

6) Calculation of the first filtering component ¥ ;(t) = Q(t) — ¢;(t. If ¢ ;(t)is an IMF function, we
proceed to the next step. Otherwise, we uset;(t) as the values of the series Q(t) and increase the value

of the variable j by 1 (j = j+1). For the updated series Q(t) repeat steps 3-5.
7) This stage consists of two steps. First — persistent 1;(t) obtained in the previous step as IMF;(t), i.e.

IMF;(t) = ¢;(t), the value of the variable k is incremented by one. The second —determine the
remainder 7; ()
r(t) = 5;(t) — IMF(t). )
8) In accordance with the characteristics of the function 7:(t) obtained at stage 7, a decision is made to
stop the calculations. Calculations are stopped in the following cases:
e n:(t) is aconstant or constant function from which no more IMF functions can be extracted:;
e the remainder of 7;{%) over the entire study interval becomes insignificant in its values compared to

the initial series.
9) If the criteria for stopping the EMD process are not met, we use 7:(t) as the values of the series Q(t), we
increase the value of the variable i by 1 (i = i+1), we assign the value 1 to the variable j. Next, we
proceed to step 2 and continue the EMD process.
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The most important stage in the implementation of the EMD method is the process of constructing the
upper and lower envelopes of local extreme. Traditionally, cubic splines and B-splines are used for these
purposes. However, when these types of splines are interpolated, such a phenomenon as the edge effect may
occur (Fig. 2). The reason for the end distortions of the mode functions is the unpredictability of the
approximation by the extremes of the upper and lower envelopes at the end sections of the modes.

Qi

Fig. 2. Edge effect during cubic spline interpolation
1 — observed data, 2 — local maxima, 3 — local minima, 4 — upper envelope, 5 — lower envelope

Due to the fact that the process of constructing mode functions is a sequential subtraction of the
current calculated mode from the previous input data of the maximum water runoff, errors in the
approximation of envelopes at the end points lead to distortions of the calculated modes and recursive
accumulation of errors in calculating mode functions. This significantly affects the results of EMD
decomposition.

To weaken the edge effects at the ends of the series, we propose the use of a source-like
approximation in the construction of envelope extreme [10]. The application of this approach to reduce the
influence of end effects on the EMD process allows us to standardize the process of reducing the edge
distortions of mode functions.

ARIMA Model
In general, the ARIMA (p, d, q) model for a non-stationary series ¥ is expressed by the formula

-‘ﬁd}"t =c+ E?:j_ai‘ﬂd}?t—i + E_?:j_bjgt—j + £, (3)

where p — the autoregressive parameter, d — the order of the operations of taking the differences, q — the
order of the moving average, ¢ — constant, &;, b; — coefficients of the model, A%y, — the difference operator

d-th order (Ay: = ¥. — ¥:—1 — difference of the first order), & t — "white noise".

The forecasting using ARIMA models is based on the Box-Jenkins methodology, which contains three
stages:

1) Identification of the model (determination of parameters d, p, q);
2) Evaluation and verification of the adequacy of the model,
3) Forecasting.

At the first stage of the model it is necessary to analyze the series for stationarity and select an
ARIMA model for further evaluation. At the second stage the parameters of ARIMA models are evaluated
by the maximum likelihood method and the adequacy of the obtained ARIMA models is checked. Several
criteria are used for their comparison: the estimates of the model coefficients should be statistically
significant; the remnants of the model should have the properties of white noise. If several ARIMA models
turn out to be adequate, it is necessary to choose the model with the smallest number of parameters and the
best statistical characteristics of the quality of the model fit. In this paper, the Akaike information criterion
(AIC) is used for this purpose:
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AlC(p,q) =In 52+—2:_{, 4)
. RSS
2= k=p+aq,

o= k=p+q

where p, g — the parameters of the ARIMA model, N — the number of observations, RSS — the residual sum
of squares.

Model Effectiveness Evaluation

The values of the standard error (RMSE), the average absolute error(MAE), the average absolute error
in percent (MAPE), the correlation coefficient (R) for the training and test samples were obtained to evaluate
the effectiveness of the EMD-ARIMA hybrid model using the formulas (5)-(8).

RMSE:JiEiﬁQﬂ—QmJEJ (5)

MAE = 3Y,le° - 0™, ©®)
MAPE=§E£JE%%E|CWG%J @)
R — X (e™-e™)(g°—q°) (8)

[ (om o) [FE (oo o)

where N — the sample volume, @°. — observed data, Q™. — simulated data, Q¢ — the average value of the
L L

observed data, Q™ — the average value of the simulated data.

RESULTS AND DISCUSSION

Fig. 3 shows a chronological graph of long-term fluctuations in the maximum runoff of the Dnieper
River at the Rechitsa station for the period from 1877 to 2017. In this study, the data of maximum water flow
rates from 1877 to 1997 were used to train both ARIMA and EMD-ARIMA models. Then the resulting
model is applied to the test data (the period from 1998 to 2017).
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Fig. 3. Long-term changes in the maximum runoff of the Dnieper River
at the Rechitsa station for the period 1877-2017
1 — training sample, 2 — test sample

Fig. 4 shows the first stage of the EMD process-the extraction of local extremes of a number of
maximum river runoff.
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Fig. 4. Extraction of local extremes in the original data series
1 — observed data, 2 — local maxima, 3 — local minima

Fig. 5 shows an example of building IMF1. In this example, the extracted function does not satisfy the
IMF conditions (the number of extremes and zero intersections differs by more than one) and, therefore, the
sifting procedure must be performed in the future.
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Fig. 5. Construction of the first approximation to IMF1:
a) 1 — observed data, 2 — local maxima, 3 — local minima, 4 — upper envelope, 5 — lower envelope,
6 — function of the average values of the envelopes;
b) the first component of screening

The result of the process of empirical mode decomposition of a series of maximum river runoff is
shown in Fig. 6.
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Fig. 6. Decomposition of the series of maximum river runoff
into the functions of IMF and the remainder r
a-IMF1,b-IMF2, c - IMF3, d —the remainder r

For a reasonable conclusion about the stationarity of the obtained IMFs and the remainder r, their
autocorrelation (ACF) and partial autocorrelation functions (ACF) are analyzed. The analysis showed that
the components of IMF and r are neither pure AR nor MA models, but ARMA nor ARIMA models. To
predict each IMF and the remainder of the entire portfolio of models, those that have minimum AIC values
are selected (Table 1).

Table 1

Results of building ARIMA models
Model IMF | ARIMA AlIC
ARIMA ARIMA(7,1,0) 13.24
IMF1 ARIMA(3,0,5) 13.15
Hybrid model IMF2 ARIMA(7,0,4) 11.20
EMD-ARIMA IMF3 ARIMA(1,4,1) 3.15
Remainder ARIMA(4,4,2) -0.71

The parameters for evaluating the effectiveness of the ARIMA and EMD-ARIMA models for training
and test samples are presented in Table 2. As can be seen from Table 2 and Fig. 7, the model data obtained
using the hybrid EMD-ARIMA model are in better agreement with the observed data compared to the
classical ARIMA model. The EMD-ARIMA method gives smaller error values both on the training data set
and on the test sample.
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Table 2
Values of the performance indicators of forecasting models
Training sample Testing sample
Model RMSE, MAE, MAPE, R RMSE, MAE, MAPE, R
m/e m/e % m/e m/e %
ARIMA | 684,46 511,70 30 0,76 373,15 273,85 30 0,66
EMD-
ARIMA 630,90 467,79 29 0,80 278,45 217,31 24 0,76
a00a 'Q,m3,|"5
4 initial data
3000 - i
4000 -
3000
2000 AR
1o0oo -
]
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Fig. 7. Comparison of the actual and modelled values of the maximum runoff of the Dnieper River at the
Rechitsa station

Fig. 8 shows the forecast estimates of the maximum runoff of the Dnieper River at the Rechitsa station
for the period 2018-2027, obtained using the best of the two models considered in the work — the hybrid
model EMD-ARIMA.
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Fig. 8. Forecast estimates of the maximum runoff of the Dnieper River
at the Rechitsa station for the period 2018-2027
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CONCLUSION

A hybrid EMD-ARIMA model is proposed to predict a non-stationary time series of maximum river
flow rates. The main idea of using the proposed model is to use the EMD method to decompose a number of
maximum river runoff into individual IMFs and the remainder and to select suitable ARIMA models for the
obtained series of IMFs. The final forecast is obtained by combining the results of forecasts by different
ARIMA models of each series. The method is relatively simple in computational terms and does not require
the fulfilment of the condition of stationarity of hydrological series.

The analysis of efficiency indicators for modelling the maximum water runoff allows concluding that
the proposed hybrid model EMD-ARIMA has an advantage over the classical ARIMA model. The results
obtained in the work showed that the proposed hybrid model is able to predict the values of the maximum
river runoff with high accuracy.

The work was carried out with the support of the BRFFI (grant no. X20M064)
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