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INPEANCJIOBUE

B 510 rogy B Poccum ormeuaercs rox OKOIOTHM M 0CO00 OXpaHAEMBIX
TeppuUTOpHiL. MEXITyHapOIHBIA MOJIONEKHBIH HAYYHBIH SKOJIOTHYECKUN (HopyM
cTpan Oanrtuiickoro Peumona B 3ToM rogy wumeer yxe 20 JIETHIOIO HCTOPHIO
nposeaeHus. B aTom rony 3amnaHupoBaHO MpoBeAeHHE 4 KOHPEpeHI B paMKax
®opyma DKOABJITUKA. ®opyM mpoBOAUTCS B BHAE LENOr0 psiia pa3IudHbIX
KoH(epeHIIUK B pa3HbIX Topoaax Poccuiickoit denepanuu U ydacTueM HIHPOKOTO
CIEKTpa YYaCTHHUKOB M3 Pa3HbIX CTpaH . Pa1ocTHO OTMETUTH, YTO OpraHU3aToOpamMu
dopymMa JOCTUrHyTa JOTOBOPEHHOCTb O COTPYAHHMYECTBE € MUHHUCTEPCTBOM
okpykatomei cpeas! IlamecTuHel um B 3TOH CBA3M B COOpHHKAaX IyOJIMKYIOTCS
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HEKOTOPOC KOJIUYCCTBO CTaTef/'I, IIOATOTOBJICHHBIX U JOJIOKCHHBIX CII€UAJIMCTaMHU
n3 [lanecTuHsl.

®opyM TOpPOBOAWTCS TOJ HAYYHBIM PYKOBOACTBOM Poccuiickoli Akanemun
Hayk, mojn HauamoM AxanemukoB Poccuiickoir Axamemun Hayk - lBana
BacunbeBuua CaBuenko u Muxauna CepreeBuua Cokolosa.

Penaxropsl
Anexceui Ilasnosuy I nunywikun
Bunnuam Xoznano
Bacunuii Pyow
PREFACE

This year Russia celebrates the year of the Environment and protected areas.
International youth science environmental forum of Baltic Reina this year has been
20-year history of the event. This year is planned to conduct 4 conferences in the
framework of the Forum ECOBALTICA. The forum is held in the form of a number
of, ready for the next conferences in different cities of the Russian Federation and
participation of a wide spectrum of participants from different countries .

Glad to note that the Forum reached an agreement on cooperation with the
Environment Quality Authority of Palestine and in this regard, in collections
published a number of papers prepared and presented by experts from Palestine.

The forum is held under the scientific leadership of the Russian Academy of
Sciences, under the direction of Academicians of the Russian Academy of Sciences
Ivan Savchenko and Mikhail Sokolov.

Editors

Alexey Pavlovich Glinushkin
William Hogland

Vasiliy Rud’

MOHO/JUCHEPCHBIE TEXHOT'EHHBIE ADPO30.IM1 - HOBOE,
3KOJIOTMYHOE PECYPCOCBEPETAIOIIEE HAITPABJIEHUE
3AIATHI PACTEHUI

Coxogaos M.C., Cimpunonos 10.51., Hukutun H.B.

Bcepoccuiickuii HayuHo-uccie0o8amenbcKull UHCmumym umonamonozuu,
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Bo3HukIee HECOOTBETCTBHE MEXKAY HOTEHIMAIBHBIMA BO3MOYKHOCTSIMU

COBPEMEHHBIX MECTHUIMIOB U TPAAUIIMOHHON TEXHOJIOTHEH UX MPUMEHEHHUS - 3TO
peanbHasi, MOCTOSIHHAS yTpo3a KOMIIOHEHTaM arpocgepsbl 1 HeleleBoOi 0uoTe,
BKJIOUass 4ejoBeka. Yxke Oonee 100 jer moauamcnepcHoe pacnbljieHHe
MOKCUYHBIX JHCUOKOCMeEl B arpodKOCHUCTEMaxX BBICOKO 3aTPaTHO M PETYISIPHO
YXYAMAeT JKOJOTHYECKOoe cocTosiHue arpocdepbl. M BCE 3TO - B THTaHTCKHX
MacmTabax! CrnpaBUThCS ¢ 3TOH MPoOIEeMON MOXKHO, €CJIHM ClieJiaTh PACTbIIICHHUE
pabouux KHJIKOCTCH MOHOOUCHEPCHBIM Y YRPABIACMBIM.

HamyimMu MHOTONETHUMH HCCIIEOBAHUAMU YOEIUTENBbHO IO0Ka3aHO, YTO
MOHOOUCTIEPCHOE MANO- U MUKPOOOBEMHOe onpbickusanue (MMO, <25 n/ra) - 310
HaunOoJiee palMoOHAIbHBIN U IPEIM3HOHHbIN c1I0c00 NMPUMEHEeHHs ecTUII0B. J{o
HACTOAIIETO BPEMEHH OH HE MMeeT aHayioroB HU B Poccum, Hu 3a pyOexom. B
60-90-e rTompt XX B. Bo BHHH® co3maHo ceMEHCTBO YHHKAJIBHBIX
MOHOJIMCTIEPCHBIX J1a00PaAMOpPHbIX, MUKPONOTIEBbIX U NOJIEGbIX OTIPLICKUBATENEH C
MOHOOUCKOBLIMU 8PAWAIOUWUMUCS PACHBLIUMENSAMU, PAOOTAIONIMMH HAa IEPBOM
pPEXKUME PACIbIICHUS KUIAKOCTH.

MonoaucnepcHoe MUKPOOOHLEMHOE ONMPBLICKUBAHME KaK WHHOBAIMOHHBIN

croco0 00paboTKH MOCEBOB necmuyuoamu, JPYTuMH AepOXUMUKAMAMU:
- BBICOKOTPOH3BOJIUTEIBHO;
- CpPaBHUTEJHHO JEMIEBO U HECJIOKHO B UCTIOJTHEHHH;

- 0asupyercs Ha UCIIOJIL30BAaHUU OOBIYHBIX, THOO faxe 0oJiee NeEBBIX
($hopM NECTHIINIOB,;

- CHI)KAeT yIJIOTHEHHE MOYBHI 3a CUET CYIIECTBEHHOTO YMEHBIICHHS MaCChI
cHapspKEHHOTO pabodero arperara;

- TO3BOJISIET 3HAYUTENILHO - MUHUMYM Ha 25% - CHU3UTh HOPMY pacxoja
npenapara!

- olecrnieunBaeT CYIIECTBEHHBII POCT nokasamenel peHmadeibHOCmu
3alUTHBIX MEPONPUATHI; TaK, CHU)KEHHE HOpPMBI pacxoaa paboueit
skuakoctd ¢ 200 1o 10 i/ra HoBBIIIAET IPOU3BOAUTENLHOCTE TPYAA B 2

pa3a u B 3 pa3a COKpalaeT npsiMble 3aTpaThl HA 00PabOTKy €IMHHIIBI TOCEBA

(6e3 KOoppeKIMK Ha HOPMY pacxo/ia MECTUIUAA)! - MO3BOJIAET CYIIECTBEHHO

CHM3MTh OTPEOHOCTH 3eMJICTIONB30BaTENIEH B ONPLICKMBAIONICH TEXHUKE.

Wtak, MoHOIucCnepcHoe MHUKPOOOBEMHOE OINPBICKMBAHUE MNECTULUAAMH -
BBICOKOTEXHOJIOTUYHAsl,  HAayKoéMKas,  pecypcocOeperaromas, AIKOJOTHYHAs,
«xaWTIKOBCcKas» TexHonorus. EE HayuyHoe 00OCHOBaHHWE U COMPOBOXKICHUE
MPAaKTHYECKH 3HAaYMMO W BechMa akTtyanbHo. (OOecmeunBas —yrpaBJicHHE
oucnepcrhocmpio asposons nectuiaa on line, MMO B moJiHOM Mepe COOTBETCTBYET
TpeboBaHusM MexyHapoanoro kputepuss CDA — controlled drop application!

[Torennmanpapie Macmtabbt MMO B Poccum (TONBKO TPUMEHHUTENHHO K
repOuIIaM) - 3TO ACCSITKH MUJLUTHOHOB TeKTapoB MoceBOB! B paMkax oOcyxmaeMoro
HOBOI'O HAyYHO-TEXHMYECKOTO HampaBieHus «MoHooucnepcuvle mexnozeHHble
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ajpo3onuy B WHTEpEcax arpolpoU3BOACTBA IIpEJIaraeTCs pPELICHUE aKTYaIbHO,

COIIMAJILHO,  DKOJOTrMYeCKH W  dSKoHommueckn  3HauuMoro  IIPOEKTA:
«Onmumuzuposams _ MexHOI0SUYECKUS _NAPAMEmPbl _ ONPLICKUBAHUS _ C _ UEAbIO
MUHUMUZAYUU 003 NeCmUyUOd U _IKOA0SUSAUUL 3AUUMbL_ ON_8PEOHbIX OP2AHUZMOE
NOCEB068 _IKOHOMUYCCKU 3HAYUMDBIX _CEbCKOXO3AUCEEHHbIX _Kyabmypy. 1IpoekT
HYXJaeTCsd B TIOJUIEPKKE 3aMHTEPECOBAHHBIX WHBECTOPOB, paboTaromux B chepe
anO6I/I3Heca, ad TAK)KC€ B aKTUBHOM, TBOPYCCKOM YUaCTHUH B €I'0 pC€ain3alilui MOJIOJbIX,
HECTAaHJAPTHO MBICIAIINUX KOHCTPYKTOPOB M 3KojJoroB. BeimonHenue Ilpoekra
HaMe4eHO BBLIIOJIHATE B [[Ba dTara.

OXKUNIAEMBIE PE3YJIBTATHI 110 3ABEPHIEHUH ITEPBOT'O
I9TAIIA HUP U OKP.

1. DJkcnepuMeHTANBbHBLIA  1M0JIEBOIl  MOHOAMCIEPCHBIA  MaJio- H
MHUKPO000HLEMHBII ONPBICKUBATEJIb c BPalal0IMMHUCH
pacnbLINTEIAMH.

2. PermaMeHThl ONTHMAJBbHBIX HapaMeTPOB JUCIEPCHOCTH paboueit
KUJIKOCTH NMPH MHKPO- W/HWIM MAJ000BEMHOM BHECEHUHM NMeCTHIHIOB,
o0ecreunBaole MaKCUMAJIbHOE y/AEp)KaHUE Kareslb pabodyero pacTBopa
IIeJIeBBIMU OOBEKTAMH M HCKJIIOYAIOLIME CHOC TOKCHKAHTA 3a IIpeJlelibl
nocesa.

3. HHHOBaNHMOHHbIE TEXHOJOTHH XMM3AIMTHI, 3P PeKTHBHOCTL KOTOPBIX
NO/ATBEPK/IeHA B I0JIEBBIX YCIOBHAX (B 4YacTH u3dupamenvhocmu
pado4yux  pacTBOPOB, ORMUMUBUPOBAHHBIX 003  NECHMUUUOOG,
oucnepcHocmu M pacxooa paoouent HeuoKocmu).

4. PexoMeHaalMu JUIsl UCOBITATENEN MOJEBBIX MOHOIMCIIEPCHBIX aINapaTroB U
pacnbuUIMTENed, a  TakkKe I pa3pabdOTYMKOB  PETMOHAIBHBIX

arpoTEXHOJIOT Ui, BKJIFOYAIOLIHE:
ONTHUMH3UPOBAHHbIE TEXHOJOrnYecKne XapaKTepPUCTHKHU
AUCTIEPCHOCTH _ONPbLICKMBAHUSA ¥ CHHKEHHbIE JI03bl _INEeCTHUIIWIOB
(obecnieunBaronye 3aqaHHyI0 () (PEKTUBHOCTD, CYIIECTBEHHOE MOBBIIICHUE
9KOJIOTHYHOCTH, TPOU3BOIUTEIILHOCTH M PEHTAOCTHHOCTH XMUM3AIIMTHBIX
pabor).

OXUNIAEMBIE PE3YJIBTATDBI 110 3ABEPIHLIEHUHN BTOPOI'O
9TAIIA HUP U OKP.

1. MHorodyHKIIMOHATBHBIN KOHTPOJIBHO-U3MEPUTEIbHBINA KOMILIEKC
«/Iucneporpad», BKIIOYAOMWM HWHHOBAMOHHBIE YCTPOMCTBA UL
MHCTPYMEHTAIBHBIX W3MEPEHUH (Ta3epHBIX, IJNEKTPOHHO- ONTHYECKUX),
OLICHKH u KOHTPOILA CTEIEHU JUCIIEPCHOCTH pa3IuYHbIX
OUCNEPCUOHHO-JICUOKOCIHbIX ~ CUCmeM Ha  OCHOBE  OPUTMHAIBHOIO,
KOJINYECTBEHHOTO aHaln3a IOJIMIUCIEPCHOCTH (B 3aBUCHUMOCTH  OT
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TEMIEPATyphl, OaBIECHUs, BA3KOCTH, IUIOTHOCTH W  aKTUBHOCTHU

JUCTIEPIUPYEMBIX KUIAKOCTEH, BIUAIOUIMX HA CKOPOCTh JABMKEHUS Kaleslb U
ux pacmnpenenenue B (akene pacmbuia). «/ducneporpag» neoOxomum amns
00JeryeHusi KOHCTPYUPOBAHUS PACTIBUIUTENbHBIX YCTPOMCTB CIIEUATbHOTO
Ha3HAYEHHMSI U aTTECTALUU CEPUITHBIX PACTIBLIUTEIICH.

2. JlaGopatopHblii KOHTPOJIbHO-U3MEPUTENbHBIN «CTtenp» JUTSL
HKCIIEPUMEHTAIbHOH  OTpa0OTKM  KOHCTPYKIMH  MOHOJUCHEPCHBIX
pacmbuIMTENEH KHIKOCTH W COBEPILICHCTBOBAHUS TEXHOJOTMYECKHUX
IIPOLIECCOB UX IPUMEHEHHSI.

MONODISPERSE ANTHROPOGENIC AEROSOLS - A
NEW, ENVIRONMENTALLY FRIENDLY RESOURCE-SAVING WAY
OF CROP PROTECTION

Sokolov M. S., Spiridonov Y. Ya., Nikitin N. V.
All-Russian Research Institute of Phytopathology, vniif@vniif.ru

The discrepancy resulted between the capabilities of modern pesticides and the
traditional technology of its application - is the real, constant threat to the components
of agrosphere and non-target biota, including humans. For more than 100 years
polydisperse air-spraying of toxic liquids in agricultural ecosystems is highly
expensive and regularly degrades the ecological condition of agrosphere. And all this -
on a gigantic scale! The way to cope with this problem is to make spraying of working
fluids monodisperse and controllable.

Our long-term studies have convincingly shown that monodisperse low- and
micro-volume spraying (MMS < 25 I/ha) is the most efficient and precise method of
pesticides application. Up to the present day it has no analogues neither in Russia nor
abroad. In the 60-90-ies of the XX century scientists in VNIIF created a set of unique
monodisperse laboratorial, micro-field and field spraying units with monodisk
rotating sprayers operating in the first mode of liquid spraying.

Monodisperse micro-volume spraying as an innovative method of treatment of
crops with pesticides, as well as other agrochemicals:

- highly-efficient;

- relatively cheap and easy in execution;

- based on the use of conventional, or even more cheap forms of pesticides;

- reduces firming of soil by significantly lessening the curb weight of the

working unit;

- allows significantly - for at least 25% - reduce the consumption rate of the

agent!

- provides a significant increase in profit margins of protective measures; thus,

a reduction in consumption rate of the working fluid from 200 to 10 I/ha
increases the labor productivity by 2 times and by 3 times reduces the direct
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costs of the treatment of crop unit (without correction for the consumption rate

of the pesticide)!

- allows to significantly reduce the needs of land users for the spraying

machines.

So, monodisperse micro-volume spraying with pesticides is advanced,
knowledge-intensive,  resource-saving, environmentally friendly, "hi-tech”
technology. Its scientific rationale and support has practical significance and is highly
relevant. Providing control of aerosol dispersiveness of pesticide on line, MMO fully
complies with the requirements for the international criterion of CDA - controlled
drop application!

The potential scale MMS in Russia (only with respect to herbicides) - tens of
millions of hectares of crops! Within new discussed scientific and technical area
""Monodisperse anthropogenic aerosols™ for the benefit of agrobusiness the solution
to socially, environmentally, and economically important PROJECT is proposed:
"Optimize the technological parameters of spraying to minimize the doses of pesticide
and ecologization of protection of seeds of economically important crops against
harmful organisms." The project needs the support of interested investors working in
the sphere of agribusiness, and also active, creative involvement of young,
fresh-minded engineers and environmentalists. It is planned to implement the Project
in two phases.

EXPECTED RESULTS UPON COMPLETION OF THE FIRST PHASE OF
RESEARCH AND DEVELOPMENT

1. The Experimental field monodisperse low- and micro-volume spraying
machine with rotating sprayers.

2. Regulations of optimal parameters of dispersiveness of the working fluid in
the context of micro- and/or low-volume pesticide use, ensuring maximum
retention of drops of spray material by the target objects, and excluding the
driftage of the toxicant outside the planting area.

3. Innovative technologies of chemical protection, which effectiveness is
confirmed in_the field conditions (in_terms of selectivity of spray
materials, optimized doses of pesticides, dispersiveness and consumption
rate of the spray material).

4. Recommendations for examiners of the field monodisperse systems and
sprayers, as well as for developers of regional agricultural technologies,
including: optimized technological characteristics of the sprayer’s
dispersiveness and reduced doses of pesticides (ensuring a planned
efficiency, a significant increase in sustainability, productivity and
profitability of chemical protection).

17 Apr. 2017
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EXPECTED RESULTS UPON COMPLETION OF THE SECOND
PHASE OF RESEARCH AND DEVELOPMENT

1. Multifunctional controlling and measuring complex "'Disperograph™,
which includes innovative devices for instrumental measurement (laser,
electro-optical), evaluation and control of the degree of dispersion of various
dispersion-liquid systems by means of original, quantitative analysis of
polydispersity (depending on temperature, pressure, viscosity, density, and
activity dispersible liquids, affecting the movement speed of the droplets and
their distribution in the spray jet). "'Disperograph’ is necessary to facilitate
the design of the spray devices of special purpose and certification of serial
sprayers.

2. Laboratorial controlling and measuring **Stand** for experimental testing of
structural systems of monodisperse sprayers and improvement of

technological processes of their application. _
O®OTOBOJBTANYECKUE 2JIEMEHTHI B COBPEMEHHOU
APXUTEKTYPE BOJIBIHIOTI'O I'OPOJA

FHOTOVOLTAIC ELEMENTS IN BIG URBAN MODERN
ARCHITECTURE

Ceurana ®@panmumex Switala Franciszek
Jroonunckuu Kamonuueckuti Ynusepcumem, Jliooaun, Ionswa The

Catholic University Of Lublin, Lublin, Poland

PaCCManI/IBaIOTCSI NECPBUYHBIC BO300HOBIISIEMbIE HCTOYHUKU OHCPIrur, KOTOPBLIC
CYHICCTBYIOT Ha OCHOBC IMOCTOAHHO WJIM NICPHUOANYICCKU HCﬁCTBYIOHlHX HCTOYHHUKOB
OHCPIUur B OKp}I)KaIOH_ICﬁ cpeac. HpI/IMepOM TaKOI'O HCTOYHHKA ABJISICTCA COJIHCYHOC
H3JTy4YCHHC. Bo3obHoBI1EMas OHCPIrusa UMCCTCA B Opr)KaIOIHCﬁ Cpeac B TAKOM BUAC,
KOTOpLIfI HC ABISICTCA CICACTBUCM HeHeHaHpaBHeHHOﬁ ACATCIBHOCTH YCJIOBCKA.
OTOT MPU3HAK SBJIAETCS CAMOH TJIaBHOM OTJIMYUTENBHOW OCOOEHHOCTBIO 3TOTO BU/IA
sHeprun. [lpuBomutTcss mpuMep TpeoOpazoBaHUS COJHEYHOW OHEPTUU B
ANEKTPUYECKYI0, 32 cueT (POTOBOJIBTAHMYECKMX MOAYJIed Ha (acagax W B OKHAxX
3J1aHUS.

Renewable energy sources are the sources based on permanently existing or
periodically occurring energy sources that operate in the environment. A typical
example is solar radiation. The renewable energy exists in the environment in the form
that is not the result of deliberate human activity. It is the main feature of this kind of
energy.
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Apxutektypa,  (QOTOBOJIBTAMYECKHE  IJIEMEHTHI,  TOpPOJ,  IEPBUYHBIC
BO300HOBJISIEMbIE HCTOYHUKHU SHEPTUH, COTHEUHAS YHEPTUS

KEYWORDS

Architecture, photovoltaic elements, city, renewable energy, solar energy.

Bo300HOBNSIeMble WCTOYHMKH DSHEPTrHM MOXKHO pa3[eluTh Ha IEPBUYHBIE,
KOTOPBIMH ~ SIBJISIFOTCS  COJIHIIE, BETEp, BOJA; TE€OTePMalbHbIE M BTOPHUYHBIC
BO300HOBJISIEMbIE - 3TO T€, MPH BOCCTAHOBJICHWU KOTOPBIX HAJO BIOXKHUTH PabOTY
yenoBeka. TakuMHM HCTOYHHKAMHU SIBIIIETCS OMOMacca, TEIUI0 C TEXHOJOTHUYECKUX
JOMAIIHUX U TIPOMBIIIUIEHHBIX CUCTEM.

XapaKTepHbIM MTPUMEPOM BO30OHOBIISIEMOTO MCTOUYHHKA SHEPTHH 3[€Ch MOKET
CIIY’)KHTb COJHEeYHOe u3iay4deHue. [IoNHBIII MOTOK COJMHEYHOTO H3IY4YeHHUS pPaBEH
1,2-10Y Bt, T.e. Ha Kaxngoro uenoBeka 3emMyIM MPUXOAUTCS Okojio 16,2 MBT.
MaxkcumanbHas TUIOTHOCTh MOTOKA COJMTHEYHOTO M3JydeHHUs Ha 3emye Jocturaer |
KB1/M%.

[ToTeHuMan COTHEYHOW JHEPTUM MOXKHO OXapaKTEPHU30BaATH CPEIHETOIOBBHIM
3HAUECHHEM COJTHEUHOH pajualyy Ha | M? FOpH30HTaNbHOI moBepxHOCTH. ['0/10BOE
NOCTYIUIGHHE  COJNHEYHOW OSHEPruM Ha  TEPPUTOPUM  HEKOTOPBIX  CTpaH
XapaKTepHu3yeTcs CleqylomuMH gaHasiMu: Ilomsma - 9501050 kBrtu/m?/ron,
Bonrapust - 2000, ceBepo-Boctounast Cubupp - 550-830, [ToBomkwse, MonnaBus -
1100-1380, Cpemusist Azus 1400-1600, Typxmenust - 3100, Apmenus, ['pysus,
Azepbaitmkan - 2125-2520 kBTu/M%/ron. YCIOBHS HCIONB30BAHUS COJNHEYHOM
DHEPruu HanboJee OJIaronpHuATHBI TaM, TJIe TPOIOIDKUTEIIEHOCTh COTHEYHOTO CHUSTHUS
cocrasisgeT 2500-3000 u/ron, T.€. 250-300 4. B MecsIIL.

CosnHeuHas SHeprus MOXKeT OBITh IPeoOpa30BaHa B TEMJIOBYI0, MEXaHUUYECKYIO U
ANEKTPUYECKYIO DHEPIrHi0, HCIOJIb30BaHA B XHMHUYECKHX M OHOJIOTHYECKHUX
nporeccax. CoNHEUHBbIE YCTAaHOBKM HAxXOJSIT MPHUMEHEHHE B CHCTEMax TMOAOrpeBa
BOJIbI, OTOTIJICHHSI M OXJIQKICHHSI )KMJIBIX U OOIIECTBEHHBIX 3[JaHUH 1 TIPEIPUATHH.

Bcem m3BeCTHBI METOIBI TEPMOAMHAMUYECKOTO MEPEOOPa30OBaHUS CONHEYHON
DHEPTUU B DJICKTPUYECKYI0, OCHOBAaHHBIC HAa HCIOJB30BAaHUH IIMKIJIOB TETLIOBBIX
nsurateneii CrepnuHra, DppUKCOHA, TEPMODIIEKTPUUIECKOTO U TEPMOIMHUCCUOHHOTO
MIPOLIECCOB, a TAKXKE MPSIMbIEe METO/IbI (DOTOINEKTPUUECKOTO, (POTOTraIbBaHUUECKOTO U
¢dorosmuccuoHHOrO nepeodpazoBanus. HamOosblnee mnpakTUyeckoe MPUMEHEHUE
NOJYYMIIH (DOTOINEKTPUUYECKUE TPEOOPa30BATEIH.

DOTOdIEMEHTHl UMEIOT Mallyl0 Maccy, 3(pPexTUBHbI Kak OpU MpsIMOH, TaKk U
pacCestTHHON COTHEUHOW paualliy, a MOAYJIbHBIN THIT YCTAHOBKH ITO3BOJISIET CTPOUTH
YCTaHOBKH JII000N MomHOCTH. B Hadane OapbepamMu TpH WX HCIOIH30BAHHH
SIBIISIACH BBICOKAS I[eHA W HU3KWH KOA((OUIIMEHT IOJIE3HOTO NIEHCTBUS HAa YPOBHE
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10-12%, Torma xak ceituyac KIIJ] mocturaer 24% wu Oosbimee B (HOTOIIEMEHTAX,

NPUMEHSIEMBIX B ITOCIIETHEE BPEMSL.

o cux mop 5TH (QOTORIEMEHTHl HAaXOJWJIW MPUMEHEHHWE TONBKO B
(OTOBOJIBTANYECKHX YCTAHOBKAX COJTHEYHBIX JEKTPOCTAHLIUH, /I YETO B OCHOBHOM
1 ObUIM CLIPOEKTUPOBAHBI.

B Ilonpme Opuia ocHOBaHA ¢upMa, KOTOpas (HOTOBOJIBTAUYECKUE SIEMEHTHI
Hayaja NPUMEHATh HE TOJBKO B KJIACCUYECKUX COJHEYHBIX 3IJIEKTPOCTAHIIUIX
(ycTaHaBIIMBaeMbIX Ha KpBIIIAX, 3€MHBIX IUIOMAASNX), HO U B apXUTEKTOHHYECKHX
pemennsax. Ot1o ¢upma MJI  Cucrem (ITompmra), xoTopas MPOU3BOIUT
(oTO3MEKTpHUUECKUE 3JIEMEHTHl Ui NpUMEHEeHus Ha ¢acagax 3AaHUH BMECTO
OKOHHBIX MTAKETOB U MAJIO apXUTEKTYype.

[Tpumensist GOTOBOIBTAMYECKUE FITEMEHTHI B CTPOUTEIHCTBE MOYKHO YIYUIIUTh
DHEPreTHYeCcKyto 3()()EeKTUBHOCTh 3MaHUK W HE HAPYIIUTh APXUTEKTYPHBIH 00pa3
3MaHuH.

Pa3zpaborannbie (HOTOINEKTpUUECKHE MOAYIH [JIsl TIOJYYEHHUS COJHEUHOM
SHEPTUM UMEIOT CBOMCTBA KJIACCUYECKUX CTPOUTEIBHBIX MAaTEPHAIIOB, IPUMEHIEMBIX
JI0 HACTOSIIETO BPEMEHU: TaKue KakK; BHICOKHE YPOBHU TEIUIOM3OJISALUHU, aKyCTHUKH,
IJIOTHOCTH, IOBBIIIEHHBIH YPOBEHb MEXAHMUYECKOW CTOMKOCTH, & JIONOJIHUTEIBHO
MOTYT B 3UMHee BpeMs ObITb 00OrpeBaTelsIMH, pacIUIaBiss CHET W Jiel,
00pa30BaBIIMIACS HA CTEKIITHHBIX KPBIIIAX.

Co3naBaembie ¢pupmoit MJI Cucrem, cTeKiIssHHBIE (POTOBOJIBTANYECKHE MAHETH
JUIs BBITIONHEHUWsT acag ¥ KpbI, BBIIOJHEHB B (OpPME CTEKJIOMAKETOB,
NTAMHHHPOBAHHBIX CHApYXH ¢ Kod(duimenToMm Temmonepenaun 1,1 - 0,8 Br/m’K
OYEHb K TOMY HOJXOJISAT.

[MpoexTnpoBanne (Qacaga 37aHUNA € TEPEABIKHBIMH  (DOTORIIEMEHTAMH
BO3MOXXHO TIPU UCIIOJI30BAaHUM AJTIOMHHUEBBIX CTOJNIOOB TOMIIMHONH 50 MM,
pasmenénnbix Ha paccrosHun 4000 mM. Kpernenne GoTo3neKTpuuecKux Moysen
Ha ¢acane 3qaHus nokassiBaeT Puc. 1,2. a peanusoBansblil dacan Puc. 2. Ipyrue
METO/bI pa3MEeIeHNs ¥ KPETUICHHUS CTEKIITHBIX MOIyJIel ()oTO371eMEeHTOB Ha (acagax

3MaHuil peacTaBieHsl Ha Puc. 3-8.
41 2-2
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Puc. 6. @acao 30anus Heenonckozo ynueepcumema 6 copooe Kpaxos
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1.4

Puc. 8. @acao yHueepcuniéma 6 copooe Kewys ([lonvuia)

CoeMHEHHBIC B CETh MOIYJIU (DOTOAIEMEHTOB MPOU3BOIAT SJICKTPHUSCKYIO
SHEPTHUI0, KOTOpasi MOKET ObITh MCIIOIB30BaHA TIPU MPUMEHEHHUHU MPeoOpa3oBaTesci
U aKKyMyJIATOPOB KaK BO300OHOBJISIEMBIX HCTOYHHKOB IOBBIMIAS, KOI(PPHUIMCHT
9HeprodGHEeKTUBHOCTH 3TaHHS.

Kpome pasmenienust Moaysiei GoTodaeMeHTOB Ha ¢acaaax 3JaHUi, UX MOXKHO
MCIIOJIB30BaTh KaK OKHA BEPXHETO cBeTa (puc. 9).

Puc. 9. Illomonounoe oxno 6 Texno napke 6 Kenyaxu (Ilonvua) u noxpvimue
meppacwl 8 0coOHsAKe

[Ipu BBeieHUHU B KCILTyaTaLUIO AIEKTPOMAILUH, B COJTHEUHOE BPEMS UX MOXKHO
3apskaTh BO BpeMst mapkoBku (puc. 10).
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Puc. 10. Mooyau pomoaremenmos 014 noo3apsaoxu
anekmpomodune

Monaynu GoTo3/1IeMEHTOB UMEIOT U APYroe MpUMEHEHHEe B apXUTEKType ropoja,
HalpuMep, Ha OCTAaHOBKax Ui TOPOJCKOIO TPAHCHOPTA, HAa KOTOPBIX MOXHO
HOJ3apsIuTh MOOWIBHBIN TenedoH, HoyTOyK u np. (puc. 11).

- T — —
" g
- ™ — Sl Aeinl)h LA
:5: = — S ==
PO vV, . . - s < -

(55

- y
Puc. 11. Ocmanoexa 2opodckoco mpancnopma

Ha npumepe pazpadorok dpupmbr MJI Cuctem nmpeicTaBieHbl IPUMEPBI TOTO, KakK
MOXXHO TPUMEHATh MOJYJH (POTORIEMEHTOB B COBPEMEHHOW apXUTEKType ropoja
MPU HMCTOJB30BAaHUM TIEPBUYHOTO BO30OHOBIISIEMOTO HMCTOYHUKA JHEPIHHM KaKUM

SIBJISIETCS COJTHIIE.
Astop 6naronaput pupmy MJI Cuctem 3a BO3MOKHOCTh UCIIOTIb30BaHUS
ux (ortorpaduii.
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COILLINe77, Cankm-Ilemepoype
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B aBrycte 2016 rona s B coctaBe komanbl u3 ObI] «buoron» yuacTtBoBana B

JKOJIOTO-KPAEBENUECKON JKCHEAUIMM Ha TEeppUTOpUM 3aka3Huka «bepé3oBbie
ocTtpoBa». Ha ocTpoBa mnpue3xalT TypuUCThl, OTAbIXaronue. Ha o. bombmioit
bepézonniii ects nocenenne Kpacubiii octpoB. HaMm Obls10 MHTEPECHO M3Y4YUTh, KakK
XO3SICTBEHHAsI JESATENIbHOCTh HAa OCTPOBE BIUSET HA KUBOTHBIM U PACTUTEIbHBIN
MUD.
Ilesb padoThI: IPOBECTH OLIEHKY COOJIIOJICHUS PEXKMMA OXpaHbl HA TEPPUTOPHU
OOIIT «bepézoBbie ocTpoBa»
3agaun:
1. W3yuuth aureparypHble HCTOYHUKH [0 UCTOPUHU apXHUIIeIIara.
2. IIposectu ompenenenue pacTeHUN B pa3HBIX OMOTOMAX, OMPEICITUTD
GPS-xoopauHaThl 0CO000XpaHIEMbBIX BHIIOB.

3. OueHuTH aHTPOTIOTEHHYIO Harpy3Ky Ha OCTPOB, COCTOSIHUE CTOSTHOK.

4. IlpoBecTu Onpoc MECTHBIX KHUTEJIEH U OTABIXAIOLIUX O TOM, YTO OHH 3HAIOT
0 PEeKUMaxX OXpaHsbl.

5. CocTaBuTh peKOMEHIALIMH 110 YIYUIICHUIO COOTIOICHNUS PEKUMaA OXPAHbI

bepé3oBbIX OCTPOBOB.

Hay4ynoe u npakrtuyeckoe 3HadeHue padorel: Ilo mpenBaputenbHOU
noroBopéHHOCTH ¢ anmuHucTpanmeit Jupexkmun OOIIT Jlenunrpaackoit obnactw,
MBI IIPOBEJIM OCMOTP CTOSHOK Ha OCTPOBaX, MOJATBEPAMIM HAJIMYMEe HEKOTOPBIX
KPaCHOKHIDKHBIX pacTeHHd. Pe3ynbTaThl JaHHOW paboThl OyIyT MpEIOCTaBICHHI B
mupekiuio OOIIT JlernHrpanckoit 061acTy.

Msl uccrnenoBanu pacTUTENbHBIH MHUP Ha OCTpoBax 3amajHblii bepé3oBblii,
Bonwmoii bepésoseiii, 0. PaBuna B 5 OuoTtonax: Ha nmobepexbe @UHCKOTO 3aIHBa, B
XBOMHOM JIeCy Ha IpaHuLE ¢ NOOEPEKbEM, Ha JIYTY, B JIeCy, Ha Oepery JIECHOTo 03epa,
Ha XyTOpe.

Hamu 65111 onpenenenst 115 Bunos pacrenuii u3 50 cemeiicTs.

Ha noGepexne @uHCKOTO 3anuBa - 52 Buaa. B xBoitHOM siecy y modepesxsns - 28.
Ha nyry - 27 Bunos. Jlecy - 54 Buna. Ha 3a6onmouennom Oepery oszepa 3Banka - 17
BuoB. Ha xyropax - 30 Bunos. HauGomnbiee kommuyectBo BHUIOB - 12 u3 cem.
Bepeckossle, u ceM. Po3ossie. 13 cem. CnoxHouseTHsle - 7 BUIOB. B pacTutensHOM
IIOKPOBE OCTpOBa INpeoOsiaZiaeT JieCHas pacTUTENbHOCTh. | J1aBHOW JpeBecHOU
MOPOJIOM Ha OCTPOBE SIBJIIETCS COCHA, XOTSI PyCCKOE Ha3BaHUE OCTPOBOB IOIUIO OT
pacrnpocTpaHeHHbIX paHee Oepé3. M3 oco0ooxpaHseMbIX pacTeHUl HaM yAanoCh
ompenenuth: Jlyk ckopoma (Allium schoenoprasum) cem. JlykoBble, PocsHKY
NPOMEKYTOUHYI0, Banepuany npumopckyro, Mopckyro ropuuily 0aaTuicKyo.

Ha teppuropun octpoBa pacnojoKeHbl JIBE€ JAEPEBHH, U MbI BHJEIH MYCOp,
KOTOPBII CKalIMBaeTcs 3a MocejleHueM. PaHblie, koraa Ha ocTpoBe Oblila BOCHHAs
6a3a, cnennin, 4ToObI CBaIOK He Obu10. Teneps Mycop 1o- BUIMMOMY, HE BBIBO3ST. 1
OT/BIXAONINE BCE-TAKM OCTABIISIIOT MYCOp PAIOM CO CTOSHKOM, a He 3a0HparoT ¢
coboit. B xone skcneaunmu 66110 ocMoTpeHo 12 crosiHOK. Hambomnee ymcthie - Ha
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3amamaom bepé3oBom. boinbmoii bepé3oBeiii  Oonbmie mocemaeMm, W Mycopa

HaxoauTcs Oombire. Mbl yOpanu 3 CTOSIHKH, U BBIBE3JIM MYCOp ¢ COOO Ha KaTepe.
Hecmotps Ha pexxuMHBIE 3anpeThl, Mbl BUACTH, KaK Ha KBaJApaluKiIax u
MOTOIIMKJIaX BBIEIKAIOT HA MIECUaHbI OEpET, UTO MPUBOJIUT K PA3PYIICHUIO MECT
oOuTaHus necyaHblx MypaBbEB. [1o cpaBHenuto ¢ 2012 rogom, Korna HaMH TakKe
MIPOBOAUIINCH HAOIIOICHNUS, 3HAUUTEIHHO COKPATHIIUCH TUIOIIAIU UX OOUTAHMS.
Hamu Obuto ompomeno 20 uenoBek. Cpeau HHUX ObUIM MECTHBIE JKUTEINH,
OTJIBIXAIONINE U IXTCMEHBI. biaronaps nHGOpMaIMOHHBIM IIUTaM BCE 3HAIOT, YTO 3TO
tepputopusi OOIIT, onHako mpaBmiia coOII0IaI0TCS HE Bee. M MpakTHYecKu HUKTO He
CMOT CKa3aTh, KaKUe 0CO000XpaHsIeMble KHUBOTHBIE U PACTCHHUS 37€Ch OOUTAIOT.

3AK/IIOYEHHUE

Msbl cyMTaem, YTO CTaTyC 3aKa3HMKAa COXpPaHWI OCTpOBaM XOpolIee
IKOJIOrMUYeCKoe cocTosiHue. HecMoTps Ha T0, 4To Ha bonbiom bepé3oBom ocTpose
UMEIOTC IIOCEJIEHHMsI 4YeJIOBEKa, PEXHM 3aKa3HMKa CTaparoTcs COONIOJATh.
Xo3s/iCTBEHHass IEATEIbHOCTh 4YEJIOBEKAa BHE IIOCEJIIEHUM IPAaKTHYECKH He
ourymaercs. Mbl OATBEPIMIN MecTa O0UTaHHs HEKOTOPBIX PACTEHUM, IOUIeXKAaIINX
OXpaHe.

PexomeHmanum 1o yIydlIEHHIO COOJIIOACHUS pPEKUMa OXpaHbl: IOCTABUThH
ntaréaym Ha Bbe3ze Ha necuanblii Oeper Mbica ITouétneiii. Ha nnpopmanmoHHbix
IIUTaX CeNaTh CChUIKU Ha CaliT, B KOTOPOM OYIYT yKa3aHbl BCE PEXKHUMBI OXPaHBbI, U
KaKHe UMEHHO PaCTEHUs U )KHUBOTHBIE HAXOIATCS MO 0XpaHoi. OpraHn30BaTh BbIBO3
Mycopa co CTOSHOK Ha MbIce [louérnelii. [IpoBecTn 30HMpOBaHKME TEPPUTOPUUN AJIS
pa3paboTku Oosee OETaabHOTO PEXHMMa OXpaHbl €ro 4acTed M BBIACICHHS 30H
perIaMeHTUPOBAaHHOHN pEKpealyH.

EVALUATION OF COMPLIANCE WITH THE REGIME OF
PROTECTION OF THE TERRITORY OF THE «BEREZOVYE
OSTROV» RESERVE"

A. Buta, C. Gritcko, A.V. Avdeeva 77 School, Saint-Petersburg

In August 2016, | was a member of the team from EBC "Biotop" participated in
the ekologo-local lore expedition in the territory of the reserve "Birch Island". On the
islands come tourists, vacationers. On about. Big Birch is a settlement of the Red
Island. We were interested to learn how the economic activities on the island affect the
animal and plant world.

Objective: To conduct an assessment of compliance with the protection
regime in the territory of the Berezovye Ostrovy PA

Objectives:

1. To study literary sources on the history of the archipelago.

2. Carry out the definition of plants in different biotopes, determine the GPS

coordinates of specially protected species.

3. Assess the anthropogenic pressure on the island, the state of the parking.
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4. Conduct a survey of local residents and holidaymakers about what they

know about protection regimes.

5. Make recommendations for improving compliance with the regime of

protection of the Berezov Islands.

Scientific and practical significance of the work: By preliminary agreement
with the administration of the Directorate of PAs of the Leningrad Region, we
conducted an inspection of the parking areas on the islands, confirmed the presence of
some of the Red Book plants. The results of this work will be submitted to the
directorate of the PAs of the Leningrad Region.

We explored the plant world on the islands of the Western Birch, the Great Birch,
Fr. Ravitsa in 5 biotopes: on the coast of the Gulf of Finland, in a coniferous forest on
the border with the coast, on a meadow, in the forest, on the shore of a forest lake, on a
farm.

We have identified 115 plant species from 50 families.On the coast of the Gulf of
Finland - 52 species. In the coniferous forest off the coast - 28. In the meadow - 27
species. Forest - 54 species. On the marshy shore of Lake Zvanka - 17 species. There
are 30 species on the farms. The greatest number of species - 12 of the family.
Heather, and this. Pink. Of the seeds. Complex color - 7 species. The vegetation cover
of the island is dominated by forest vegetation. The main tree species on the island is
the pine, although the
Russian name of the islands went from the common birches. From specially protected
plants, we were able to determine: Onion (Allium schoenoprasum) sem. Onions,
Rosyanka intermediate, Valerian seaside, Baltic Sea mustard.

On the territory of the island there are two villages, and we saw the garbage that
accumulates behind the settlement. Earlier, when the island had a military base, they
monitored that there were no dumps. Now, apparently, they do not take out the
garbage. And vacationers still leave garbage near the parking lot, and do not take away
with them. During the expedition, 12 parking lots were inspected. The cleanest ones
are in the West Birch. Big Birch is more visited, and there is more rubbish. We
removed 3 parking lots, and took out the garbage with us on the boat.

Despite the regime bans, we saw how on quad bikes and motorcycles go to the
sandy shore, which leads to the destruction of sand ants habitats. Compared with 2012,
when we also conducted observations, their habitats were significantly reduced.

We interviewed 20 people. Among them were local residents, holidaymakers and
yachtsmen. Thanks to the information boards everyone knows that this is the territory
of the PA, but the rules are not respected. And practically no one could say which
specially protected animals and plants are inhabited.

CONCLUSION

We believe that the status of the reserve has kept the islands in a good ecological
condition. Despite the fact that there are human settlements on the Big Birch Island,
the regime of the reserve is being observed. The economic activity of a person outside
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the settlements is practically not felt. We confirmed the habitats of some plants subject

to protection.

Recommendations for improving compliance with the regime of protection: put a
barrier at the entrance to the sandy shore of Cape Honorary. On the information boards
to make links to the site, which will indicate all the modes of protection, and which
plants and animals are protected. Organize the removal of garbage from the parking at
Cape Honorary. Conduct zoning of the territory to develop a more detailed regime for
the protection of its parts and the allocation of zones of regulated recreation.

HET HA3BAHUSA
K.C. AbyoB
PAHXul C

YBaxkaemble KOJLJIETH, IPUTJIALIeHHbIe!

[Tpexne Bcero, Mo3BoJbTE MPUBETCTBOBATH Bac u mobnaronaputs [Ipencenarens
n Cexperapuar (EMHUK) Yerseproro Epasmiickoro monoaexunoro KonBeHta 3a
IPEJOCTABICHHYI0 BO3MOYKHOCTh 0O003HAUUTh CEPbE3HYI0 NpoOJIeMy KacaTellbHO
MPaBOBOTO PETYJIMPOBAHUSA TPAHCTPAHUYHBIX pEK, B3aUMOACIHCTBUIO M TOUCKA
MEXaHU3Ma HaKOMUBIIMXCS BOIIPOCOB.

I'maBa nHammero rocygapctsa H. Hazap6aeB HeoqHOKpaTHO OTMeUal, YTO MHOTHE
sKosiorndeckue mnpodiembl KazaxcraHa WMEIOT TpaHCTpaHMUYHBIA XapakTep. JTO
OTHOCHUTCSI, B TIEPBYIO OUEPEe/Ib, K IPOOIEMaM BOJIBI.

OcoOeHHOCTh HamIel CTpaHbl B TOM, 4YTO W3 8 OacceHOB 7 SBIAIOTCA
TpaHCTPAaHUYHBIMH, B 6 OaccelfHaX CTOK MOCTyHaeT U3 COINpPEAETIbHbIX TOCYAapCTB:
Kuraii, Y306ekucran, Koipreisctan, Poccusi, mo TeppuTOpHUM KOTOPBIX MPOTEKAIOT
Takue KpymnHble peku, kak Uptei, Ypai, Tobon, UM, Unn, Yy, Tanac, Ceiprapss,
a TaK)K€ MHOKECTBO CPEHMX M MaJibIX BOJOTOKOB. BoJHBIE pecypchl 3TUX peK U MX
KayeCTBO UMEIOT BAKHOE 3HAUEHUE I OCYILIECTBICHUS U Pa3BUTHUS X0O3SIICTBEHHOM
JIeATETbHOCTH Ha COMPENENbHBIX TEPPUTOPHSIX.

Kak n3BecTHO aHaIOrMUHAas CUTyalus U y Bac, 0acceliHbl 70 KpYIHbBIX M CPEAHUX
pek PO taxoke SBIAIOTCSA TPAHCTPAHUYHBIMH.

CoBMecCTHOE HCIOJIb30BaHUE TPAHCTPAHUYHBIX OOBEKTOB, COBEPIICHCTBOBAHUE
MEKTOCY/IApPCTBEHHBIX BOJHBIX OTHOILIEHUW CIIEyEeT paccMaTpuUBaTh KaK OJIHO W3
BOXHBIX YCIIOBHI 0OO€CTeYeHHs] HE TOJBKO SKOJIOTUYECKOW, HO M HAIMOHAJIHHOU
0€30I1aCHOCTH.

OcTaHOBIIOCH Ha Mpo0IeMax TpaHCTpaHUYHOTo OacceiiHa Boja Ypaia.

W3BecTHO, 4YTO o0O0mIas MNPOTSHKEHHOCTh peKH Ypan cocraBiuser 2 428
KUJIOMETPOB. B aIMUHUCTpAaTUBHOM OTHOIIEHUHU OacCeiiH peku Y pall pacroioKeH Ha
TeppuTopusix 3-x cyobekToB Poccuiickoii @enepanyu (OpenOyprekasi, Yensounckas
obnactu u PecnyOnuka bamkoprocran) u 3-x pernoHoB PecnyOnuku Kazaxcran
(3Bamagno-Kazaxcranckas, AxTioOnHcKass u ATeipayckas obnactu). C 1991 roaa

17 Apr. 2017



21

The International Science Environmental Conference "ECOBALTICA"
pexka mnpuodpesa CTATyC MEKIOCYAapPCTBEHHOr0 TPAHCTPAHMYHOIO BOJAHOIO

o0beKTa.

Peka Ypan siBisieTcss yHUKaJIbHBIM IPUPOIHBIM 0OBEKTOM M OJIHOM U3 OCHOBHBIX
BOJIHBIX apTepuil 0coO0ro rocyJapCTBEHHOIO 3HAUYEHHUs] HE TOJBbKO MaJOBOJHOTO
Kazaxcrana, Ho u Poccuu. AxBatopuss W 1noilmMa peku Ypajl COCTaBISIET
HallMOHAJbHOE IPUPOJHOE OOraTCTBO, OCHOBY >KU3HEIESTEIbHOCTU HAaCeIeHUs
OOIIMPHOTO reorpapuueckoro peruoHa AByxX rpaHHYaIluX rocyaapcTB.

Jkosornueckue mpodJemMbl: B mociemanwe TOApl 00mas 3KOJIOTHYECKas
CUTyanus BOKpYr Ypana yxyamaercs. He cHmkaeTcs 00beM MPOMBIIIIICHHBIX CTOKOB
KPYIHBIX TpeNNpusTuil - 3arpssHuteneid u3 Poccun n Kazaxcrana, yBenuunBaroTcs
TEMIIbl 3aWJIMBAaHUSl €CTECTBEHHOIO pyciia peku. TpeOyroTcss CKOOpAMHHUPOBAHHBIE

CUCTEMHBbIE JTHOOYHCTUTEIIbHBIE u
OeperoykpenuTenbHble paboThl, OUUCTKA PYClia OT 3aBaJIOB.

3aperyaupoBaHHOCTh PEYHOTO CTOKa B BepXHEH dacTu OacceiiHa p. Ypan Ha
HYKZbl HAPOJHOTO X03slicTBa PD npusesna K CHUKEHUIO BOJHBIX PECYPCOB B HIDKHEM
TE€YCHHUU.

Ha Tteppuropun P® crok p. Vpan 3aperyaupoBaH YETBIPbMS KPYIHBIMU
BOJIOXpaHWIMIIaMu - BepxueypainbckuMm, Marnuroropckuym, WpukimHckum u
BepxHekyMakcKkuM ¢ CyMMapHOW €MKOCThIO Oosee 4 Ky0.KM M IUIOLIAJIbI0 BOJHON
noBepxHocTH 380 KB.KM., U3 HUX caMoe KpynHoe - MpUKIMHCKOE BOAOXPAHUIUIIE
MUMEET MOJIHYIO €eMKOCTh 2,16 Ky0.KM.

JanbHejilee 3aperyJinpoBaHie peKd U MPUTOKOB (2 TaKHe MONBITKH UMEIOT
MeCTO OBITb) TPUBEAET K KaTacTpOo(hUUEeCKOMY TMaJCHHIO CPEIHETr0J0BOrO CTOKA
Vpana, 4To paBHOCHUIBHO €TI0 rHOeu.

Poccust m Kazaxcran paruguimpoBann XelbCHHCKYI0 KOHBEHIMIO 00 OXpaHe
TPaHCTPAHUYHBIX BOJ, HO JEKIApAaTUBHBIA XapakTep MHOIMX €€ MOJOKEHUH TpedyeT
KOHKPETHU3aL1H B JBYXCTOPOHHUX COITIALICHUAX U JPYTOr0 poia JOKYMEHTaX.

OtcyrcTBHE €IMHOM KOMIUIEKCHOM IpOrpamMMbl, OPHEHTUPOBAHHOM Ha
JOCTH)KEHHE KOHKPETHBIX BOJIOXO3SIMICTBEHHBIX II€Jiei sl Bcero OacceifHa pekw,
HOIBITKA peIlaTh JOKAIbHBIE BOJOOXPAaHHBIE 33aJaud B OTAEIbHBIX 00JAcTsAX, HE
CMOIVIM JaTh B MPEIbIAYLIME TOJbl JKEIAeMOro pesynbrara. lIpakTuka o4ucTku U
JKOJIOTMYECKOTO O370POBJICHMS PsAJla €BPONEHCKHUX PEK IMO3BOJISIOT HANEATHCS Ha
BO3MO>KHOCTb TaKOI'0 IIOJX0/1a K PEIIEHUIO IPOOIEMBI.

[IpakTuueckoe pemieHue npoOieM O3A0POBICHHS P. Ypald U ISKOCUCTEMbI €€
OacceiiHa BO MHOIOM 3aBUCHUT OT COBMECTHBIX M COTJIACOBAHHBIX NEHCTBUM MEXKITY
PecniyOnukoit Kazaxctan u Poccuiickoit ®enepauumeit 1o  panuoHalIbHOMY
UCIOIB30BAaHUIO BOAHBIX PECYpcOB Ypaga C yY4ETOM DKOJOTHYECKHX U
HKOHOMHMYECKHX UHTEPECOB 00EUX roCy1apCTB.

Kak m3BecTHO yXe BceMy MHUpY BCIEACTBHE 0e3pacCyqHON SKOHOMHYECKOM
MOJIMTUKN PAcXOJIOBAHUS BOAHBIX pecypcoB OacceiiHOB pek ChIpaapbs U AMynapbs
CIIy4MJIach Tpareaust ApajbCKOro MoOps — 3TO JKOJOrH4Yeckas Karacrpoda
MHpOBOro Mmacmrada. Bo n3bexanue mogo0HOro Hy)KHO JI€HICTBOBATH!
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Ceromast Poccus m Kazaxcran Moryr mokas3aTb MHPOBOMY COOOIIIECTBY

WHHOBALIMOHHBIA  TIpUMEpP  pa3yMHOI0  B3aMMOBBITOJHOTO  MCIIOJIb30BAHUSA
TPaHCTPAHUYHBIX PEK.

Coxpanuth 3a YpajoM 3KOJOTHYeCKHIl TPHOPHUTET, CIeJaB ero
CB0€OOPa3HbIM 3TAJIOHOM peK, He 3aperyJHpPOBAaHHbIX B CpeAHEM H HHKHEM
TeYeHHUHM - Hala o01as 3axa4a.

Bort yxe 6omne 10 jeT uaeiiHbIM aBTOPOM I10 CIIACEHUIO PEKH Y pajl sIBJISETCS Halll
nenyratr Maxunuca I[lapnamenta Enena MBanoBHa TapaceHko, Ee ums 3HawT OT
HCTOKOB PEKH JI0 CAMOT0 €T0 YCThs. DTON XPYyCTaIbHO YUCTOW XPYMKOHW JKEHIIMHON
NpoJeNiaHbl THTAaHWYECKHE YCWIMSA [0 CHACCHHWIO Hameld oOmed peku Ypad.
bnaronaps ee ycunusm Ha MexpernoHanbHoM Dopyme B Actane 4 okTsa0ps 2016r ¢
yuactuem I[IpesunentoB PK u P® Obuto moammcaHo MeXNpaBUTEIbCTBEHHOE
Cornamenue 0 COXpaHEHHH YKOCUCTEMbI TpaHCTpaHUYHOTo Oacceitna peku YPAIJL B
pamkax KoToporo Oyner paboTaTh Ka3aXxCTaHCKO-poccuiickas komuccus. Ho 4ToOsr
CIACTH PEKY MBI JIOJDKHBI BCE IBUTATHCS B ’TOM HAlpaBJICHUH, B IEPBYIO OUEPEIb MbI
¢ Bamu, Oynymiee 3a Moo1exbio - Oyayiiee 3a HaMH.

Buomry npeaJioxkeHust:

PexomenpnoBars:

- yBeNIMYUTH OOBEM TIPOMYCKHOH BOABI BO BpeMs MaBOJAKa, 4TO Oyxaer
CHOCOOCTBOBATh €CTECTBEHHOMY OUMINEHHUIO pycia PeKH, a TaKKe MOJTHOMY
3aI0JIHEHUIO TIOMMBI PEKH, YTO TIO3BOJIUT BO3POAUTH KHU3Hb, IIOTUOAIOIIYIO HA
Oeperax peku Ypari.

- TPHUHATHE [BYMS TOCYAapCTBAMHU 3aKOHOJATEIBHBIX MEp IO CONMKEHHUIO
HOPMATHUBHO-TIPAaBOBOM 0a3bl B cepe palroHAIBHOTO HWCIOJIB30BAHUS H
OXpaHbl TPAHCTPAHUYHBIX BOJHBIX PECYPCOB;

- pa3palbOTKy W TPHUHITHE OCHOBHBIX NPUHIIUIIOB paclpeiesieHus] BOIbI C
y4eTOM BOJA 00€CIe4eHHOCTH O0OMX TOCYIapCTB, COCTOSIHUS BOJIHOTO
XO34WCTBa,  THJPOJOTMYECKOrO0  PEXHUMa  CTOKAa,  I[PUOPUTETHOTO
BOJIOIIOJIb30BaHUS;

- (MHAHCUPOBAHNE COBMECTHBIX BOJAOXO3IHCTBEHHBIX MEPOIIPUSATHIA
(0COOEHHO B 4aCTH PAaCYUCTKH pyciia PEeKH OT 3aBajiOB).

Bbaaroaaprio 3a BHUMaHHe.
HNCHOJBb30OBAHUE BUOYTJIA B KAYECTBE ITOYBEHHOI'O
MEJIMOPAHTA JJ1S1 CHUKEHUSA SMUCCHI TAPHUKOBBIX
T'A30B B CEJIbCKOM XO3SICTBE

N. M. Myxuna

PI'BHY «Azpopusuyeckuii HayuHO-UCCACO06AMENLCKUL UHCIUMYIMY,
muhinairinal989@gmail.com
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3a mocnemame S50 et  00beM  OMHCCHM  MAPHUKOBBIX Ta30B B

CEIILCKOXO035MCTBEHHOM CeKTope yBennumics B 2 pasza ¢ 2.7 mapa. T CO2-3kB B 1961
r. g0 6onee 5.3 mupa. T CO2-5xB B 2011 r. U mpopomKaeT pacTu. 3HAUYUTEIbHBIN
BKJIaJ] B TIOCTYIJICHHE MapHUKOBBIX T'a30B B aTMOC(EPY U3 CEIbCKOXO03SHCTBEHHBIX
nouB BHocuT yrinekucieiid ra3z (CO2. Ou oOpasyeTcs B pe3yibTaTe Pas3ioKeHHs
OpPraHUYEeCKOro BEIIEeCTBAa B IOYBE, a TakKe NpH CxkuraHuum Omomaccel. Ocoboe
BHUMaHHe Takke yaensercs 3akucd aszora (N20). ITlorenmuan riaobaibHOTO
noteruieanss N2O mpeBocxouT moTeHIMa riodanpHoro noremneHus CO2 moutu B
310 pas. Ilo pa3HbIM OlIEHKaM, Ha JIOJIO CETLCKOXO035UCTBEHHBIX TIOYB PUXOJIUTCS OT
40 o 60% oT cymMMapHOTrO KOJMYECTBA 3aKHCH a30Ta, MOMAJAIONIETr0 B aTMochepy
Halllel TUTAHeThI U3 BCEX CYIecTBYIOMUX ucTouHuKoB (Kyzaespos, 1999).

Jlnst CHU)KEHUS] SMUCCHI MAapHHUKOBBIX ra3oB B aTMoc(epy MHUPOBOE HAyYHOE
cooOIIecTBO TpeayaraeT M3bIMaTh M yTWIM3HPOBATH IIyT€M MHUPOJIM3a 4YacTb
BO300HOBJISIEMO OMOMAcChl, HE HWCIOJIb30BAaHHE WIM XpAaHEHHE KOTOPOH MOXKeT
HapyLIUTh 3KOJIOTHYECKOe COCTOsIHUE cpenbl. Hampumep, mpu cxuraHuu TpaBbl WM
JIPEBECHHBI OTKPBITHIM CIIOCOOOM, OTXOJOB CEIHCKOXO3SUCTBEHHOW | JIECHOM
INPOMBIIIJIEHHOCTH, a TakXe IPOYMX OpraHMYeCKUX OTXOIOB B arMmochepy
Bbiensiercst 0.2 MIIpJ. TOHH B 3KBUBAJIEHTE TMOKCU/A yIiiepoa, 4To cocTtasisieT 4%
OT BCEX BBIOPOCOB MapHUKOBBIX Ta30B B celbcKoxossiictBeHHOM cekTope (FAO,
2014). IlosyyeHHBIH NPOIYKT - OMOYTOJIb - SIBJISETCS CTAOMJIBHBIM YIJIEPOAMCTHIM
MaTepuanoM, CKOPOCTh Pa3iokeHus KoToporo cocrasisieT ot 100 et u 6onee (Woolf
¢ coasT., 2010, Pwxwust ¢ coaBt., 2015), 1 BHECEHHBIN B MOYBY - SBISETCS CPEICTBOM
cekBecTparmu yriepoaa (George c¢ coast., 2012, Pwkus ¢ coast., 2015). Takxe
YCTAQHOBJIEHO, 4YTO OHOYroib SBISAETCS OJHUM U3 CaMbIX MEPCIEKTHBHBIX
MEJIMOPAHTOB Ha HalIeW IUIaHEeTe, MOCKOJIbKY NPU BHECEHHWH B MOYBY OKa3bIBAET
MIOJIOXKHUTENIBHOE BIMSHUE HAa POCT M pa3BUTHE PACTeHUH U Ha cBoiicTBa mous (FOpwes,
2007, Ogawa c coaBt., 2006). Ilogcumtano, 4To IpeBpalleHHE PACTUTEIbHBIX
OCTaTKOB Pa3JIMYHOTO MPOUCXOXKICHHS, IPUIMHAIONINX BpeJ OKpYKarollei cpese, B
6MOYToJIb CIIOCOOHO CHU3UTH AaHTPOIOTEHHYIO SMUCCHIO MTAPHUKOBBIX T'a30B Ha 12%
(Woolf et al, 2010).

[TepcnekTHBBI UCNONIB30BaHUSA OMOYTJIL B CEIbCKOM XO03sicTBe Poccum m onenka
PHCKOB OT €ro CEKBECTpallMd B IIOYBE JO HACTOSIIETO0 MOMEHTa OCTaroTCs
OTKPBITBIMU M TPEOYIOT JOMOIHUTEIBHBIX TOJATOCPOYHBIX UCCIIEIOBAHUN, HAPSY C
obmield mpoOieMoil BHEAPEHUST HETPAIUIIMOHHBIX BO30OHOBISIEMBIX HCTOYHHKOB
DHEPTUH, a, CIEOBATENBHO, SBISIOTCS aKTyaJlbHBIMU. Pa3zpaboTka HayYHBIX OCHOB
NpUMEHEHUs1 OUOYIJId B KauecTBE MEJIMOpaHTa IOYB, U3YUYEHHUE BIMAHUSA AAHHOTO
NpOAYKTa Ha HW3MEHEHHE T[IOYBEHHOTO IUJIOJOPOJUS Yepe3 peryivpoBaHUe
bu3nyecKuMu, XUMUYECKUMH M OHOJIOTMYECKHMMH MpolleccaMu W, B HUTOre, Ha
SMHCCHIO YIJICKHCIIOTO Ta3a M 3aKHUCH a30Ta W3 MO0YB, SBWINCH TJIABHBIMU
HarnpaBJIeHUSIMH HccienoBanus. VcenenoBanue Obl1o COKYCHPOBAHO HA U3yUCHHUU
BO3/ICHCTBHSI APEBECHOTO OMOYTJISl HA CBOMCTBA MOYB JIETKOTO IT'PaHyJIOMETPHUECKOTO
cocraBa, pacroyiokeHHble B JleHmHrpaackoit ob6mactu (IatumHCKHET  p-H,
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JlenwHrpanackas 00JIaCTh), YpOXkKail CEIbCKOXO3SMCTBEHHBIX KYJIBTYP M 3MHCCHIO

NapHUKOBBIX Ta30B. g »3TOoro ObLTM mpoBeAeHBI Ja0OpaTOpHBIE U TIOJIEBBIC
UCCIICIOBaHMUS.

OCHOBHBIM  OOBEKTOM  HCCIEAOBAaHUS  SIBJSUIMCH  JIEPHOBO-TIOJ30JIUCTHIC
cylnecyaHble TOYBBI PA3IMYHOM CTENEHH OKYJIBTYPEHHOCTH U OHOYroiib, KOTOPBIH
ObLT TIOJNIy4eH MpH TIOMOIIM OBICTpOro mnuposim3a (0e3 IoCTyla KHCIOpoja)
JPE€BECUHbI MATKOIMCTBEHHBIX JIepeBbEB (OCHHA, 0JIbXa U Oepe3a) pu TemunepaType
~550 °C.

B xoxe nccnenoBanuii ObLTH BBISBIECHBI CIIEAYIOIINE 3aKOHOMEPHOCTH:

Brecenne npeBecHOro OMOJIOTHMYECKOTO yIiisl B jo3ax or 5 g0 12 T ra-1 B
JIEPHOBO-TIO/I30JIUCTYIO CYINECUYaHYIO MOYBY, KaK CpeJHEH, TaK M BBHICOKOH CTENeHU
OKYJIbTYPEHHOCTH, MPUBOJIUIIO K jJocToBepHOMY (P < 0.05) yBEIMYCHUIO BIIAKHOCTH
MOYBHl B TEYCHHWE BETETAIlMOHHBIX IEPHONOB, B cpeaneM B 1.2-1.5 pasa, mo
CPaBHEHHIO C TIOYBOM Oe3 OMOYTIIs.

HccnenoBanue IMHAMUKU ITIOTHOCTH CII0XKEHUSI JI€PHOBO-II0/130JIUCTOM MTOYBBI C
O6uoyrieM, BHECEHHOTO B J103€ M3 pacueTa 5 T ra-1, mokasajgo CHU)KEHHE JAHHOTO
IOKa3arenss B TEUCHHE BETreTaliOHHOTO IIepHoJa, OJHAKO, 0e3 JOCTOBEPHBIX
CTaTUCTHYECKHUX Pa3IM4Yui ¢ o4BOil 6e3 OnoyrJs.

AHanu3 OCHOBHOM I'MIpOodU3NUECKON XapaKTepUCTUKU CPEIHE OKYJIbTYpPEHHOM
JIEPHOBO-TIO/I30JIMCTON CyINECUaHOW IMOYBHI TOKa3aJl, YTO BHECEHHWE OWOYIN W3
pacueta 10 T ra-1 nmoBsIIIaI0 BOJOYAEPKUBAIOIIYIO CIOCOOHOCTH B ouBe Ha 3-5%, a
Ipd COBMECTHOM BHECEHHUH OHOYIJISI C JOMOJHHUTEIbHBIM HMCTOYHHKOM a30Ta
(ocTaTKu KJIeBepa KpacHOrO WJIM MUHEPAJbHBIX a30THBIX yA00peHuil) - Ha 5-9% no
CPaBHEHHIO C KOHTPOJIBHBIM BapHaHTOM. BogoynepkuBaromasi criocOOHOCTb BBICOKO
OKYJIbTYPEHHOH IEPHOBO-TIOA30JIUCTON CyMecyaHoi mouyBbl OblLia J10cTOBEpHO (P <
0.05) BeImIE CpenHE OKYIBTYPEHHOH MOYBHI, & BHECEHHE OHOYTIIS CIIOCOOCTBOBAJIO
emnie OonbIIeMy YBEIMYECHHIO MJAaHHOTO TmoKaszarenss Ha 5-10%. [loBeimenue
BOJIOY/IEP)KUBAIOIIEH CHOCOOHOCTH HAOMIONANIOCh TOJIBKO B JIMANa3oHe HU3KHX
JasieHui ot -5 1o -50 klla, xapakTepu3yroniem J1erko JpeHUpyeMble OPBl U MOPEI
MHOWIBTPAIMA C KaNWUIIPHO-TPaBUTAIIMOHHOW Bomoi. Ilpm morenmmanax Biaru
ke -50 klla BiustHre OMOYTIIS HA BOJIOYIEPKUBAIOIIYIO CIIOCOOHOCTh 00CHX MOYB
OBbLIO HEZOCTOBEPHBIM.

Pesynbrarthl HccnenoBaHWM ycaaKM M HaOyXaHUs JIEPHOBO-TIOJ30JIUCTOM
CyIeCuaHOH MOYBKI MTOKA3aJd, YTO BHECEHHUE OMOYTIIs, KaK B CPEeHE-, TAK U B BBICOKO
OKYJIbTYPEHHYIO [TOUBY, IPUBOIUIIO MOCIE TPEX IUKIIOB YBIAKHEHUS U UCCYLICHHUS K
YMEHBILIEHUIO0 CYMMAapHOW MOYBEHHON ycaaku Ha 3-9%, 10 CpaBHEHUIO C MOYBOU O€3
ouoyrisa. OnHako craTucTHYecku nocToBepHbie (P < 0.05) pa3muuusi mo JaHHOMY
MOKa3aTeNto ObLIM YCTAHOBJIEHBI TOJBKO B BBICOKO OKYJIbTYPEHHOU MOYBE.

Brecenune B 1epHOBO-TIO30JIMCTYIO MTOYBY OMOYTIIst u3 pacdera 10 T ra-1, Taxke
KaK ¥ KOMIUICKCHO - OMOYIIsS ¢ KJIeBEpOM, MpHBeio K 3HauuteabHomy (P < 0.05)
YBEIUYEHHUIO COJIEPXKAHUS YIiepoja MUKPOOHOH 6MoMacChl MHUKPOOPTaHM3MOB - B
1.2 u 2.2 pa3a, COOTBETCTBEHHO, [10 CPABHEHUIO C KOHTPOJIbHBIM BaPHAHTOM.
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Brecenne OHMOYTIS TPHUBENIO K CHIDKCHHIO TMOTEPh MHUHEPAIbHOTO a30Ta W3

JIEPHOBO-TIOA30IMCTON CyIeCYaHOW MOYBBL. B BapuaHTax BBICOKO OKYJIBTYPEHHOU
MOYBBl YBEJIMYEHUE COJEpPkKaHUS MUHEpaIbHOro azora coctaBwio 9 u 22%, mo
CPaBHEHMIO C BApMAHTAaMM KOHTPOJIb U C YA00OpeHHEeM, COOTBETCTBEHHO. [l cpenHe
OKYJbTYPEHHON MOYBHI YMEHBILIECHHE MOTEPh MUHEPAIBLHOTO a30Ta MPH BHECEHUU
O6uoyrist coctaBuiio 3 U 6%, COOTBETCTBEHHO.

VYcTaHoBneHO, YTO BHeceHue Omoyris u3 pacyeta 5 u 10 T ra-1ue Bnusuio Ha
smuccuto CO2 u3 NoYBBbI.

Brecenue 6uoyriis u3 pacueta 12 T ra-1 qocroBepso (p < 0.05), mo cpaBHEHHIO C
KOHTpoJjieM, cHiKaio sMuccuio N20 u3 cpefHe u BBICOKO OKYJIbTYPEHHOH MOYBHL. B
TPEXJIETHEM II0JIEBOM 3KCIIEPUMEHTE OBLIIO ONPEENICHO, YTO OMOYTIIh CIOCOOCTBOBAI
CHIDKEHHIO WHTEHCUBHOCTH IMpollecca JACHUTPU(HKALNU, B PE3yIbTaTe KOTOPOTrO
obpasyercs N20, B cpennem Ha 33%. OgHAaKO TOCTOBEPHBIE PA3INYUS IO TAHHOMY
MOKA3aTeNi0 MEXIY BapHaHTaMu ¢ OuoyrieM u 0e3 OHOyrisi HaOOJaUuCh TMPU
NOBBILICHUH BiIakHOCTU 10 ypoBHS HB m temmneparypsl moussr Bbeiue 17 °C.
broyrons cnocoOCTBOBaN YJIYUIIEHUIO MOPO3HOCTH M a’pUPOBAHHOCTH IOYBHI 3a
CYeT CBOEH MOPUCTON CTPYKTYpHI, W, CIEIOBATEIHHO, CHMXAN ICHUTPUPUKALHIO,
KOTOpasi IPOTEKAET, B OCHOBHOM, B aHA3POOHBIX YCIOBHSIX.

Buecenne Ouwoyrnsi B MOYBY NPUBOAMIO K TIOBBIIICHHIO YpPOKaWHHOCTU
BBIPAIMBAEMBIX KYJIbTYp. Bbuto ycraHoBineno pocroBepHoe (P < 0.05) moBbieHue
YPOXKAMTHOCTH sUMeHs1 copTa JIeHWHrpaiackuil. B cpenHe OKyJIbTypeHHON MOYBE
pasHUIa B ypo)kae MEX/1y BapuaHTaMu MOYBHI ¢ U 0e3 Ouoyris cocraBuna 60%, a B
BBICOKO OKYJIbTYpeHHOH mouse - 50%. MakcumanbHbIi ypokail TaHHOW KyJbTYpbl
OBUT TIOJTy4eH MPH BHECEHUHU B MOYBY OMOYTJISi COBMECTHO C a30THBIM yJI0OpEHHUEM,
KOTOpPBIA JOCTUTan npubaBku 2.8 paza Mo CPaBHEHHUIO C KOHTPOJIbHBIM BapUAHTOM.
Kpome Toro, Guoyrosnb okazpiBajl OiaronpusiTHOE AEHCTBHE HAa POCT U Pa3BUTHE
MHOTOJIETHUX TpaB. bbUIO yCTaHOBIIEHO yBETMYEHHE OMOMACCHI JAHHOM KYJIbTYpHI B
TE€UEHHUE BEreTalMOHHBIX epruoa0B Ha 48%.

JI7is OLleHKH COCTOSIHMS TyJla MOYBEHHOTO a30Ta, B LEJIOM, U 3(PPeKTUBHOCTH
CEJIbCKOXO3SICTBEHHBIX MeponpuaTuii B cHmwkeHun smuccuu N20, B 9acTHOCTH,
MPEIJIOKEHO HCIOJIb30BaTh OTHOIICHHE €€ KyMYJISITUBHBIX ITOTOKOB K YpOKaro
cenbckoxo3siicTBeHHBIX KyabTyp (Van Groenigen et al., 2010). Yem meHbie 310
OTHOIIICHHWE, TeM JyYIlle COCTOSHHUE IMOYBEHHOTO a30Ta U A(P(PEKTUBHEEC MEpPbI IO
CHIDKEHHIO €ro ra3oo0pasHbix mnoTepb. Mcxoas w3 pacy€roB OTHOIIECHUS
KyMmyJnaTuBHBIX 1OTOKOB N20 K ypoxaro KynbTyp, HauOounbinas 3QQeKTHBHOCTD
MCIOJIb30BaHUS PACTEHUSIMU a30Ta BbISIBJICHA B BAPUAHTAX UCCIIEOBAHUS OUOYTOJIb +
a30THbIE yOOOpeHMs, Kak Jii MOYBbI CO CpeIHElH, TaK M BBICOKOW CTENEeHbIO
OKYJbTYPEHHOCTH.

Takum oOpa3oM, BHeCEHHWE OHOYTISl B JCPHOBO-TIOM30JHMCTYIO CYIECYAHYIO
MOYBY TOJOXKHUTEIBHO CKa3bIBAIOCh HA €€ CTPYKType, BOIOYAEP KHUBAIOLICH
CIIOCOOHOCTH M COJIEP’)KaHUU BJIare B IMOYBE, YTO OJIATOMPHUSTHO IJISl BHIPAIIMBAHUS
KYJIBTYPHBIX pacTeHuil. Takxke OHOyToJIb TToKa3aj ce0s KaK JOCTATOYHO YCTOWIMBBIN
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YIJIEPOUCTBIA MaTepuall, BHECEHHE KOTOPOTO HE BIHSIO HA IMOBBIIICHUE dMHCCUH
COz2 u camxkano smuccuto N20 u3 moussl. KpoMe Toro, BHeceHHe OMOYTIIS B ITOYBY
UMeIiIo0 6HaFOTBOpHOe BJIMAHUC HA LUKI a30Ta B IMOYBC: YBCIIMYHBAJIO COACPIKAHHC
MUHEpPAJBHOIO a30Ta B TNOYBaX M yiaydmiano 3(p¢GEeKTUBHOCTh MCIOJIb30BAHUS
paCTCHUAMM a30Ta U3 IOYBBI U UX ypO)KaﬁHOCTB.
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Over the past 50 years, greenhouse gas emissions in the agricultural sector have

doubled from 2.7 billion tons of COz2-eq in 1961 to over 5.3 billion tons of CO2-eq in
2011 and are continuing to grow. A significant contribution to the flow of greenhouse
gases into the atmosphere from agricultural soils is made by carbon dioxide (CO2). It
is formed as a result of the decomposition of organic matter in the soil, as well as in the
combustion of biomass. Particular attention is also paid to nitrous oxide (N20). The
global warming potential of N2O exceeds the global warming potential of CO2 almost
by 310 times. According to various estimates, agricultural soils account for 40-60% of
the total amount of nitrous oxide that enters the atmosphere of our planet from all
existing sources (Kudeyarov, 1999).

The world scientific community proposes to reduce emissions of greenhouse
gases into the atmosphere to remove and utilize through pyrolysis part of the
renewable biomass the non-use or storage of which can be harmful for the
environment. For example, when burning grass or wood with the open method,
agricultural and forestry waste, and other organic waste, 0.2 billion tons of carbon
dioxide equivalent is allocated to the atmosphere, which is 4% of all greenhouse gas
emissions in the agricultural sector (FAO, 2014). The resulting product is biochar. It is
a stable carbonaceous material, the decomposition rate of which is 100 years or more
(Woolf et al., 2010, Rizhiya et al., 2015)/ Application of biochar to soil can be a way
to sequester carbon (George et al. 2012, Rizhia, et al., 2015). It has also been
established that biochar is one of the most promising meliorants on our planet, because
when applied to the soil it has a positive effect on the growth and development of
plants and on the properties of soils (Yuriev, 2007, Ogawa et al., 2006). It is estimated
that the transformation of plant residues of various origins that are harmful for the
environment into a biochar can reduce anthropogenic emissions of greenhouse gases
by 12% (Woolf et al, 2010). Prospects for using biochar in Russia's agriculture and
assessing the risks from its sequestration in soils remain unclear until now and require
additional long-term researches, along with the general problem of introducing
non-traditional renewable energy sources, and, therefore, are relevant. The
development of scientific basis for the application of biochar as a soil ameliorant, the
study of the influence of this product on the changes in soil fertility through regulation
by physical, chemical and biological processes and, ultimately, on the emission of
carbon dioxide and nitrous oxide from soils, were the main areas of research. The
research was focused on the study of the effect of a wooden biochar on the properties
of soils of light granulometric composition located in the Leningrad region
(Gatchinsky District, Leningrad Region), crop yields and greenhouse gas emissions.
For this, laboratory and field studies were carried out.

The main object of the study was loamy sand Spodosol soils with different level
of fertility and biochar, which was obtained by rapid pyrolysis (without access of
oxygen) of softwood trees (aspen, alder and birch) at a temperature of ~550 ° C.

In the course of the research, the following patterns were revealed:
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The introduction of the wooden biochar in doses from 5 to 12 tons ha-1 into loamy

sand Spodosol, both of medium and high level of fertility, resulted in a significant (p <
0.05) increase in soil moisture during the vegetation periods, on average 1.2-1.5 times,
in comparison with soil without biochar.

A study of the dynamics of the density of addition of loamy sand Spodosol with
biochar introduced in a dose of 5 tons ha-1 showed a decrease in this index during the
vegetative period, however, without significant statistical differences with soil without
biochar.

Analysis of the water-holding capacity (WHC) of the soil with medium level of
fertility showed that application of the biochar at the rate of 10 tons ha-1 increased the
WHC in the soil by 3-5%, and when the biochar was combined with an additional
nitrogen source (red clover residues or mineral nitrogen fertilizers) - by 5-9% in
comparison with the control variant. The water-holding capacity of loamy sand
Spodosol with high level of fertility was significantly (p < 0.05) higher than of the soil
with medium level of fertility. The introduction of biochar contributed to an even
greater increase in this indicator by 5-10%. The increase in water-holding capacity
was observed only in the low-pressure range from -5 to -50 kPa, characterizing easily
drained pores and infiltration pores with capillary-gravitational water. At moisture
potentials below -50 kPa, the effect of the biochar on the water-holding capacity of
both soils was unreliable.

The results of studies of shrinkage and swelling of loamy sand Spodosol showed
that application of biochar, in soils with medium and high level of fertility, resulted in
a 3-9% reduction in total soil shrinkage after 3 cycles of moistening and drying,
compared to soil without biochar. However, statistically significant (p < 0.05)
differences in this indicator were established only in highly cultivated soil.

Application of biochar in loamy sand Spodosol at the rate of 10 tons ha-1, as well
as of biochar together with red clover, led to a significant (p < 0.05) increase in the
carbon content of the microbial biomass of microorganisms by 1.2 and 2.2 times,
respectively, in comparison with the control treatment.

Biochar application to the soil resulted in a decrease of mineral nitrogen losses
from loamy sand Spodosol. In the treatments of soil with high level of fertility the
increase in the content of mineral nitrogen was 9 and 22%, compared with the control
and treatments with fertilizer, respectively. For soil with medium level of fertility,
application of biochar caused a decrease of mineral nitrogen losses by 3 and 6%,
respectively.

It was found that the application of biochar at the rate of 5 and 10 tons ha- 1 did
not affect the CO2 emission from the soil.

Introducing of biochar at the rate of 12 tons ha-1 significantly (p <0.05) reduced
the N20 emission from the soils with medium and high level of fertility in comparison
with the control treatment. In a three-year field experiment, it was determined that the
biochar contributed to a decrease in the intensity of the denitrification process, as a
result of which is formation of N20, in average by 33%. However, significant
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differences in this indicator between variants with biochar and without it were

observed with an increase in humidity and soil temperature above 17 ° C. Biochar
increased soil porosity and aeration due to its porous structure, and, consequently,
reduced denitrification, which occurs mainly under anaerobic conditions.

The introduction of biochar into the soil led to an increase in the yield of the
cultivated crops. It was established a significant (p < 0.05) increase in the yield of
barley. In the soil with medium level of fertility, the difference in yield between
treatments with and without biochar was 60%, and in the soil with high level of
fertility - 50%. The maximum yield of this crop was obtained by application of
biochar together with nitrogen fertilizer, which reached an increase of 2.8 times in
comparison with the control variant. In addition, the biochar exerted a favorable effect
on the growth and development of perennial grasses. An increase in the biomass of
these crops during the growing seasons achieved 48%.

For the assessment of soil nitrogen pool and effectiveness of agricultural
activities for N2O emissions reduction, it was suggested to use the ratio of nitrous
oxide cumulative flows to crop yields (Van Groenigen et al., 2010). The lower this
ratio, the better the state of soil nitrogen pool and the more efficient the reduction of its
gaseous losses. Based on the calculation of the ratio of cumulative N20 fluxes to crop
yields, the greatest efficiency in the use of nitrogen by plants has been found in the
treatment of biochar with nitrogen fertilizer for both soils with medium and high level
of fertility.

Thus, application of biochar in loamy sand Spodosol had a positive effect on its
structure, water-holding capacity and moisture content in the soil, which is favorable
for the plant growth. Also biochar was determined as a fairly stable carbonaceous
material, the introduction of which did not affect the increase in CO2 emissions and
reduced the emission of N20 from the soil. In addition, the application of biochar to
the soil had a beneficial effect on the nitrogen cycle in the soil: it increased the content
of mineral nitrogen in the soils and improved the efficiency of nitrogen use by plants
and their yield.
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JTU®DY3HBIE CEJIbCKOXO03SMCTBEHHBIE HCTOYHUKHA
SATPAZHEHUSA. MOJAEJIUPOBAHUE: IIEPCIIEKTUBBI
NUCCJEJOBAHUM

JI.K. 3oToB
Canxkm-Ilemep6ypeckuii nonumexuuueckuil ynusepcumem Ilempa Benurxozo

B nocnennue necsATuieTHs CENbCKOE XO34KWCTBO CTajJO paccMaTpUBaTbCs HE
TOJILKO C TOYKH 3pEHHs IPOU3BOJICTBA IPOIYKIINU, HO U KaK UCTOYHUK 3arpsi3HEHUS
OKpY’KaroIien cpesipl, B T.4. BCJIEACTBUE HHTEHCHUBHOTO MCIIOJIb30BaHUS NECTHLIUI0B
U HEOpraHuuecKux yaoOpeHui. B cBsi3M ¢ 3TUM BO3HHUKIA HEOOXOAMMOCTH
OTIpeNIeNIATh U NPeCKa3bIBaTh NEPEHOC, TPAaHC(HOPMAIIMIO M HAKOIUIEHHE B MOYBAaX U
BOJIHBIX OOBEKTAX XUMHUYECKUX COEJNHEHUH, UCTIONB3YEMbIX B CEJIbCKOM XO3sICTBE
[1].

Pe3ynbTatsl Oosiee yeM MOTYBEKOBBIX UCCIIEIOBAaHUM BBISIBUIIM CIIEYIOIINE
xapakTepHbie ocodenHocT [1,2]:
1. BBIHOC XMMMYECKHUX COEIUHEHMH sBisgerca Iud@y3HbIM, U TIJIABHBIM
00pa3oM UMEET MECTO B MEPHUO]I CHETOTAasIHUS U JI0KUIMBbIE CE€30HbI, KOT1a
MOBEPXHOCTHBIA CTOK TPAHCHOPTHUPYET B BOJONPUEMHHUKH TJIMHUCTbHIE
YacTULbl, aJCOPOMpOBaHHbIE HA HHUX XMMHUYECKHE COEIUHEHUs WU
pacTBOpeHHble BemiecTBa (yZOOpEHMS, MECTUIHIBI, TSHKEIbIe METalIbl,
JIETKO OKHUCJIsieMast OpraHHKa); WHOWIBTPYIOIIASCS BOJIA
TpaHc(hOpMHUPYETCs B TIOATIOYBEHHBIHN, TPYHTOBBIN W/WIIN APEHAXKHBIIN CTOK,
TPAHCHOPTUPYIOIIUI PACTBOPEHHBIE BEIIECTBA, 3arPSA3HAIONINE IPYHTOBbIE
Y TH/IPABINYECKHU CBSI3aHHbIE C HUMU TTOBEPXHOCTHBIE BOJIBI.
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3arpsi3HeHUs, TMOCTyNAalolMe€ W3  [POCTPAHCTBEHHO-PACTIPEIEICHHBIX

UCTOYHUKOB MMEIOT CTOXACTUYECKYIO MPUPOAY, IAUHAMHKA KOTOPOMH

MIPOSIBIISIETCS B POCTPAaHCTBEHHO-BPEMEHHOI W3MEHYUBOCTHU
XapaKTePUCTHK U CBOMCTB MPUPOAHO-AaHTPOIIOT€HHOM arpOCUCTEMBI.
Haub6onee 3¢ (HeKTUBHBIM WHCTPYMEHTOM U3y4YEeHUs HETOYEUHBIX

CEJIbCKOXO35IMCTBEHHBIX MCTOYHHUKOB 3arps3HEHUs] B HACTOALLEE BpeMsl IPU3HAHO
MaTeMaTHYecKoe (MMHUTAIIMOHHOE) MOJAeTUpoBaHue [3], Kak OCHOBAa METOJO0JIOTUU
CUCTEMHBIX HcclieqoBaHuil. OAHUM U3 BaXXHEUIIMX acCMEKTOB METOJO0JIOTHH
CUCTEMHBIX HCCIEI0BAaHUI SBISETCS UX OpraHu3alus B paMKaX HMMHUTAIUOHHOM
MOJIENN, KAK OCHOBHOM CTPYKTYPBI BCEH CUCTEMBI IMOTYyUYCHHS 3HAHUH.

[Ipuponno-arpapHas cucrema sisercs [4,5] BecbMa CIOXKHOW U COCTOUT U3
B3aMMOCBS3aHHBIX M B3aUMOBIIMSIOIIKX JPYT HA APYyTa MOJACUCTEM: arpOHOMUYECKOMH,
TUIPOJIOTUYECKOMN, 3KOJIOTHYECKON M SIKOHOMHUYECKOM.
CucTeMHBIIi aHaNM3 [aeT [OHMMAaHWE pa3IM4YHBIX TpaHed npoOieMsl, UX
B3aUMOJICVCTBUS U BIUSHUS APYT HA Ipyra, IO3BOJISET JIyUlle OHSITh MHOTHE YacTH
CHUCTEeMbl M HMX JIMHAMUYHOE B3aMMOJCHCTBHE HAa OCHOBE (PH3MKO- XMMHYECKUX
MpEeACTABICHUM. OTOT TMOAXOJA SBJISIETCS XOJUCTUYHBIM, T.€. HM30JIMPOBAHHOE
U3Y4YEHHUE YacTel CUCTEMBbI HE JIa€T BCECTOPOHHETO MOHUMAaHHUS 1IeJION CUCTEMBI, T.K.
OTJEJIbHbIE YacTH CBSI3aHbl JIPYT C JPYIOM CJIOXKHBIMU B3aUMOJAEHCTBUSIMHU, a
WU3MEHEHUS IPOUCXOAIINE B OHON YacTH BBI3BIBAIOT OTKJIMK BO BCEW CHUCTEME.

YpoBHEM MOAETMPOBAHUS MOXKET OBITb: CEIbCKOXO3SHCTBEHHOE IIOJIE,
JIOKaJIbHBIN BOZOCOOp, peyHoil OacceifH. B kauecTBe MpOCTPaHCTBEHHOTO YPOBHS
MOJIETIMPOBAHUS 11€Jeco00pa3HO BbIOpaTh JOKAJIbHBIA BOJOCOOp, T.K. OH HMEET
KOHKpETHbIE (u3nyeckue rpaHuiibl. GakTopbl, ONPEaesIONne BBIHOC XUMHYECKUX
3arpsi3HEHUH ¢ CETbCKOX039HCTBEHHOTO BOI0COOPA AEATCS HA I€TEPMUHUPOBAHHBIE
(KOHTPOIUPYEMBIE): CPOKH, J103bl U CHOCOOBI BHECEHHUSI MECTULUIOB M YAOOpEHHH,
arpoOTEXHOJIOTUH; M CTOXaCTUYECKHE (HEKOHTPOJIMpPYEMbIC) - HAmpuUMep, KIuMart.
Hekonrtponupyemsie bakTopbl ONPENIETSIOT CTOXaCTUYECKUN OTKJIUK
IPUPOJHO-arpapHOM  CUCTEMBI B BHJE CEIbCKOXO3AWCTBEHHOW MPOIYKIIHH,
MOYBEHHOM 3PO3UH, HAKOIUIEHHS M BBIHOCA 3arpsi3HEHU.

Briaensitor cremyromniie 06JacTi MPUMEHEHUST MOJIENIEH CelTbCKOX03sIMCTBEHHBIX
TG QPy3HBIX UCTOYHUKOB 3arpsI3HEHUS:

1. OO030pHBIE MOAENW TNO3BOJSAIOT OLEHUTHh [JIABHbIE  HANpPaBICHUS
NPUPOJIOOXPAHHON TMOJUTUKH, TAaKU€ KaK MIACHTU(PUKALUS MNOTEHUUAIBHO
OMACHBIX, C TOUKHU 3PEHUS 3arps3HEHUsI OKPYXKAIOUIe cpesbl, TeppUTOpUi
Ha roCyJ1JapCTBEHHOM WJIM PETMOHATIBHOM YPOBHE. DTH MOJIETIN HEOOXOAHUMbI
JUIsl BBINIOJIHEHHS OJTOCPOYHBIX OCPEIHEHHBIX MPOTHO30B, YIPABJICHUS
KPYNHBIMH reorpauuecKuMu peruoHaMu.

2. IlmanmpoBanue. Moneny TUIAHUPOBAHUS TPEIHA3HAYCHBI IS pa3paboOTKu
TJIABHBIX, CTPAaTErMYECKUX IyTeH KOHTPOJsS, HEOOXOIUMBIX IS
YIPaBJICHUSI, BBISBICHHBIMH OO30PHBIMH MOJIEISIMH, HEYCTOWYMUBBIMH TIO
OTHONICHUIO K 3arps3HEHUSM TeppuTopusmu. [ eorpaduueckuii macmTad
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MOJKET OBITh €Il JOCTATOYHO OOJBIINM, HO 0O0Jiee TOMOTCHHBIM U JIyYIIe

XapaKTepu3yeMbIM, Y€M B 0030PHBIX MOZETSIX.

OueHka U NPOEKTUPOBAHHE. DTH MOJENIM OCYILECTBIIAIOT IEepexox OT
OCHOBHBIX IIOJIO)KEHUI IUIAHOB KOHTPOJS, KOTOpblE OCHOBAaHbl Ha
TpeOOBaHUAX, MPEIbSIBIAEMBIX K KaueCTBY BOJAbI, K TEXHOJIOTUSIM
ylnpaBlIeHHUs, ONTHUMajJbHBIM KaK C arpOHOMMYECKOHM, Tak M C
MPUPOIOOXPAHHON ToueK 3peHus. MoaenupoBanue B OoJbled CTENEHU
OPHEHTUPOBAHO Ha Y4eT HArpy3ku M NPOU3BOACTBA INPOAYKLUH, B 3TOM
cilyyae MOTYT OBITb BBIOpPAaHBI TEXHOJOTMH, KOTOPHIE COTJIACYIOTCS C
pe3yJibTaTaMy  [UIAaHUPYIOIIUXCS MPUPOAOOXPAHHBIX MEPONPHUATHH H ¢
TpeOOBaHUSAMH CEIIbCKOXO035IICTBEHHOTO IPOU3BOICTBA.

Bceecroponnuii  ananu3. HayuyHo-uccienoBaTenbCKUE€ MOJENIN  JOJKHBI
o0nazaTe  BBICOKOW  IMPOCTPAHCTBEHHO-BPEMEHHOM  JeTanu3aunuen
paccMaTpuBaeMBbIX MHPOLECCOB, AJIsl KOHTPOJIL W YIPaBJICHUS KayeCTBOM
BOJbl. Vcrionp30BaHME CIOXKHBIX MCCIIEOBATEILCKUX MOJENe MOXKeT
cneun(uIUpoBaTh UHCTPYKLUUHM 110 IPUMEHEHUIO IEeCTUIMJIOB MU
yoOpeHuii, OTHOCUTEIbHO OCOOEHHOCTEH BOAOCOOpa M PACCTOSHUS M0
BOJIOTIPUEMHUKA, WIM OOYCJIOBUTH HOPMBI, CPOKHM M METO/bl BHECEHHs, a
TakXe BbIOOp ONTHMAJIBbHBIX, C TOUKH 3pEHHs IPOU3BOJCTBA NPOLYKIUU U
3alIATHI OKPYKArOUIEH cpe/ibl, TEXHOJOTUM.

He CYHICCTBYCT YHHBepcaHBHOfI MOACIIn, OTBC‘{aIOII_Ieﬁ Ha BCC BOIIPOCHI.
CynleCTBy}OHII/Ie MOZACIH, TMpPCAHA3HA4YCHbl MOJid PCHICHUA OTACJIbHBIX 3aJad
Pa3IMYHOIO YpOBH:A, KaK IMOCTABJICHHBIX BOIIPOCOB, TaK U Maciuraoa.

MOI[CJ'II/I OLCHKU MPOCTPAHCTBCHHO - PACHPCACICHHBIX HCTOYHHUKOB JOJI’KHBI:

1.

KonnuecTBeHHO XapakTepu3oBaTh BOJHBIM OamaHc Tepputopun. Bona
JOJDKHA OBITh PACCMOTPEHA B PA3IMYHBIX (PH3MYECKUX KOMIIAPTMEHTaX
KOHILENTYaJIbHON IPUPOJIHO - AaHTPOIIOI€HHOM arpOCUCTEMBI, U €€ ABHKEHUE
JOJI’KHO OBITH OITMCAaHO COOTBCTCTBYHOLIUMHA TUAPOJIOTrMY€CKUMHU
IPOLIECCAMH.

VYcraHaBiIMBaTh COOTHOILIEHHE MEKAY IMOUYBCHHBIMU IIOTCPSAMU B PEIYJILTATC
9pO3UM M OOBEMOM 3arpsi3HEHHH aJCOpPOMPOBAHHBIX HA IMOYBEHHOM
marepuare.

OObenuHATh TPOLECCH TPaHCHOPMALMU M PA3IOKEHUsT 3arps3HEHU B
nouse U Boje. JloJKHBI OBITh OMpeIelieHbl BAXKHEHIIINE MTPOLIECCHI, YT U
CKOPOCTH TIEPEHOCa, KOTOPBIE OMNPEIENISIOT KOHICHTPALHUIO Pa3IUYHBIX
(GOopM 1 BUIOB XUMHUYECKUX COSAMHEHHI BO BPEMEHHU U IPOCTPAHCTBE.
[Ipencka3piBaTh  TPaHCIOPT — 3arpsi3HEHUH  MEXKAY  HOACHCTEMaMHU.
HeoOxonumo mpeacka3ath M ONPEACIHTh IYTH MEpeHOca 3arps3HeHUi
MCXKAY pa3JINnYHbIMU CpE€aaMu (HOI[CI/ICTCMaMI/I, Harpumep us3 MOYBEHHOU B
BOJIHYI0) Ha OCHOBaHMM TPAHCHOPTHBIX XapaKTEPUCTHK 3arpsi3HEHUN U
paccMaTpuBacMbIX IIOJACUCTEM, 4TOOBI OLICHUTH U KOJIMYECCTBCHHO
OXapaKkTepru30BaTh OOIIHIA OaTaHC BEIIECTB.
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[IpencraBnsate BO3MO>KHOCTh HEIIPEPBIBHOTO MOIEINPOBAHUS.

[Tpenckazanue nepeHoca 3arps3HEHUH WM DPO3UH TSI OTIICTIBHBIX COOBITHIA
WIM BBIYUCIEHUE CPEIHETOJOBBIX BEJIMYMH HE SIBISAETCS OCHOBHBIM
npeIHa3HaYeHUEM pacCMaTPUBAEMBIX MOJENEH WM BaXKHEUIINX (PYHKLIUH.
HenpepsiBHOE MozenupoBaHue TpeOyeTcss [Uisi ONpeAeTeHHs MUKOB
KOHLIEHTpaUUi WK BEPOSITHOCTHON OLICHKHU.

6. beitb skoHOMHUYeckH 3(PexTuBHBIMU. CTOMMOCTH CTPYKTYpPHl MOJEINH,
CUCTEMBbI YIPaBJICHUS JaHHBIMU U OKOHYATEJIbHBIE BEIUMCICHUS JIs1 OLEHKU
T000T0 TpoLecca WM MEPONPUSTHS, IODKHBI OBITH COPa3MEpHBI C
BBITOJION, IOJTYYEHHOW B PE3yIbTATE MOAEIUPOBAHUA.

7. VY4uThIBaThb YYyBCTBUTEIBHOCTb AJITOPUTMOB K BBIOOPY YHpPaBIE€HUYECKHX
pemeHuii. AJNTOPUTMBI  MOJENW JOJDKHBI  OBITh  pa3paboTaHel U
OTKaIMOpOBaHBI TaK, 4TOOBI TapaHTHPOBAThH, YTO BEIUYMHBI MApaMETPOB
MOJIENIN KOPPEIUPYIOT C BEIOPAHHBIMU TEXHOJIOTUSMH.

8. [IlpeacraBnsaTh JETKWid JOCTYN K HWCXOAHBIM JaHHBIM. JlaHHBIE IS
napaMeTpu3anii KodQOUIUEHTOB U KOJTMOPOBKU MOJIEIH JOHKHBI UIMETHCS
B HJIMYUHM WIN OBITh JIETKO JOCTYIHBIMH W3 J1a0OpaTOPHBIX aHAJIU30B,
CIPAaBOYHUKOB WJM JPYTUX HCTOYHUKOB (THAPOMETEOPOIOTHUYECKAs,
arpoXuMUYecKas U JIpyrue ciyxoObl).

9. OmnepupoBaTh ¢ NPOU3BOJBHBIMH MaciuTabamu (c/X TOje, JOKaJIbHBIN
BOJIOCOOD, peUHOM OacceiiH).

BbBIBOJbI

I'maBHass BBIrOJa HMHMTALMOHHBIX MOJENEM 3aKIIOYaeTcss B I[IOMOILH,
MPEACTABISIEMON U1l OLIEHKH, NPOEKTHPOBAHMUSA, OIEPATUBHOIO YIPABICHHUS H
HAYYHBIX  HCCJIEIOBAHUI  CEIBCKOXO3SHUCTBEHHBIX  TUPQPY3HBIX  HCTOYHHKOB
3arpsizHeHus. [lpuopurer nokeH OBITH JaH Pa3BUTHIO TEXHOJIOTHMH, KOTOpPbIE
UCTIONIb3YIOT CPaBHHMBIE HMCXOJHBIC JAaHHBIC, MPEJICTABISIOT COBMECTHMBIE 0a3bl
JAHHBIX W TPeJUIararoT IOJA0OHBIE METOIBI OLEHKH. JTO 00Jerdyaer cpaBHEHHE
pE3yJabTaTOB MEXKIY IPOEKTAMH M OKCTPANOJALMIO pPE3yIbTaTOB Ha Jpyrue
teppuropur. HeoOxoauMo  orpaHuuuTh  pa3BUTHE  Mojeneil  TpeOyromux
UCIOJIb30BaHUS HECTAHJAPTHBIX METOOB.

Jlnst Toro 4yTOOb! JOCTUTHYTh HOCTABJICHHBIX LI€JeH B 00JIACTH MJIAHUPOBAHUS U
yIpaBJIeHUs] KAYECTBOM MOYBBI M BOJHBIX OOBEKTOB, HCCIIEOBATENISIM HEOOXOAUMBI
HAaJIe)KHBIE  MHCTPYMEHTBI,  KOTOPBIMH  SBISIOTCS  aJONTHPOBAHHBIE U
oTkanuOpoBaHHble Mozenu. CyllecTByrolMe MOJEIU IMPEACTaBIAIT  CcoOOM
3¢ (EKTUBHBIN UHCTPYMEHT ISl OLIEHKH PA3JIMYHBIX TEXHOJIOTMYECKUX BapUAHTOB U

BbIOOpA ONTUMAJIBHBIX PEIICHUH.
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UCCJEJIOBAHUE ®U3UKO-XUMHUUYECKUX CBOWUCTB JOHHBIX
OTJIO’)KEHMI NPUBPEXXHOM 30HBI BOCTOYHOW YACTH
OUHCKOT'O 3AJIMBA U UX BJIUAHUE HA COPBLHIUOHHY1O

CITOCOBHOCTD TAXKEJIBIX METAJIJIOB

JleGenesa B.J. !, Kypanosa O.10. !, Illuraesa T./I. 2, Konakos B.I'". !
L Canxm-ITemep6ypeckuii 2ocyoapcmeennuiii ynusepcumen,

2 Canxm-Ilemepbypeckuil HAY4HO-UCCICO08AMENLCKULL UCHMD IKOLOSUYECKOI
bezonacnocmu PAH, lera.isupova.1996 @mail.ru

B nHacrosiee BpeMs B CBSI3U C BO3PACTAIOIINMH HKOJIOTMUECKUMHU MpodiieMaMu
3arpsi3HEHMs] AKBATOPUM BOCTOYHOW dacTH @DHUHCKOTO 3aiuBa Bce OOJIBIIYIO
aKTyaJIbHOCTb MPUOOPETAIOT HCCIEAO0BAaHUS JOHHBIX OTJIO)KEHUH BOIHBIX CHCTEM,
KOTOpBIE SIBJISIIOTCS MHAMKATOpAaMU TEXHOTEHHBIX 3arpsi3HeHuil. K OCHOBHBIM
npobiemMaM 3arpsizHeHHs banTHiiCKOro Mops, B YacTHOCTH BOCTOYHOM YacTu
OUHCKOro 3aj1MBa, OTHOCATCS IMOCTYIUIEHHUE 3arpsi3HSIOLIUX BEIIECTB CO CTOKAMM
BIIQ/IAIOUINX PEK, CTPOUTEIHCTBO HAMBIBHBIX TEPPUTOPUI M HEPTIAHBIX TEPMHHAJIOB.
OTO NPUBOJUT K HAPYLIEHUIO IKOJIOTHYECKOTO PABHOBECHS OKPYKAIOILEH Cpeibl U, B
KOHEYHOM cueTe, K TMOeiIM >XUBBIX OpraHu3MoB. TakuM 00pa3oM Ienblo0 padoThI
SBUJIOCH N3yYCHHE 3aBUCUMOCTH MEXy (Pa30BbIM U TPaHyIOMETPUYECKUM M TOUHBIM
XMMHUYECKHM COCTaBOM JIOHHBIX OTJIOKCHMH MPUOPEKHON 30HBI BOCTOYHOM 4acTH
@DUHCKOTO 3aMMBa W KOHLEHTPAIMSMHU BaJOBBIX (OPM TKENIBIX MeTayuioB. [lis
OLIEHKU 3KOJIOTHYECKOTO COCTOSIHMS BOJHOTO OOBEKTa OBbUI IMOCTaBICH PSJI 3a/1ad,
CpeIy KOTOPBIX OCHOBHOW SIBJISIETCS HCCIIeOBaHHME (DPU3MKO-XUMHUYECKHUX CBOMCTB
JIOHHBIX OTJIOXKEHUH U UX BIUSHHUA HAa COPOLHUOHHYIO CIIOCOOHOCTb TSXKEIbIX
METAJUIOB.

B xauectBe 00bekTa HccaenoBaHus BbiOpaHbl BepxHue ciaou (0-10 cM) TOHHBIX
OTJIO’KEHUH MPUOPEKHOI 30HBI BocTouHOU yacTu duHckoro 3anuBa (rayouna 0,5 m),
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MIPEICTABIISIONE CO00M MHOTOCIIOWHBIC YacTHIIBI MecKoB. [Ipu aToM uepemoBaHue

OpPraHMYECKUX (B TOM YHCJIE TYMHHOBBIX) U HEOPTaHUYECKHX CJIOEB COCTOSIIMX U3
3apsDKEHHBIX KaTHOHOB METAJIOB, TaK M HE3apsKEHHBIX HEOPraHWYECKUX BELIECTB
HpefonpeeNnseTcs COCTaBOM BOJHOW Cpelbl, B KOTOPYIO OHM IOrpykeHsl. OueHka
CHOCOOHOCTH  3TUX  MHOTOCJOMHBIX  YacTHIl HAKaIUIMBaTh AKOTOKCHKAHTBI
OCYILECTBISCTCA IMyTEM CUCTEMATUYECKOTO0 M3ydeHMs (U3NUECKUX, XUMUUYECKHX U
OHOJOrHUecKuX (PaKTOPOB, BIMSIOMUX Ha (OPMUPOBAHUE CTPYKTYpPbI TOHHBIX
otnoxkenuil. J{ns storo B 2015 r Obul HayaT TPEXJIETHUH MOHUTOPHUHI, YTOOBI
IPOCIEIUTh 32 U3MEHEHUSMHU I'PAaHYJIOMETPUYECKOIO COCTaBa JOHHBIX OTJIOXKEHHH,
X MHUKPOCTPYKTYPBI M COAEP)KaHUS B HUX TSDKENbIX MeTaiwioB. J[ns sTtoro Obun
BBIOpAHBI CIIEIYIONME KOHTPOJIbHBIE TOYKM HAOJIOACHUS B IMPHOPEKHOH 30HE
BOCTOYHOM yactu PuHckoro 3aymBa banruiickoro mops: byxTa I'padcekas, Pernmno,
JlomonocoB, Cucro-Ilanmkuno, Cecrpopenk, Jlyxckas ['yboa, IIpumopck,
Maptsikuao, OnbruHo, YmkoBo. JIoHHbIE OTIIOKeHHS (TIECKH) ObLTH HCCIIeJOBAHbI
Mmerofamu pentrerodasosoro anaimmza (POA SHIMADZU XRD-6000), nasephoit
cequmentorpaduu (PSD ananu3, Horiba LA-950), ckanupyrolei 3JIeKTPOHHON
mukpockoruu (COM, Hitachi S-3400N ¢ npuctaBkoil AJsl SHEPTrOIUCIIEPCHOHHOTO
anamuza EDX. MHccnepoBanus Obutm mpoBeaeHsl Bnamumupom IHImnmosckux c
UCTIONb30BaHUEM o0OopynoBaHus pecypcHoro ueHTpa Hayunoro mapka CIIOIY
I'eomonens). [l mocTpoeHust KpUBBIX COPOLMM KATHOHOB TSXKEIIBIX METAJIJIOB MEU
U PTYTH U3 MOJEIBHBIX pPAaCTBOPOB IMECKM MPEABAPUTEIBHO OTMBUIM OT
COpOMPOBAaHHBIX OPraHUYECKUX M HEOPraHWYECKHX 3arps3Hutesneil. s sToro Obuia
MOCTPOEHA KPUBAsk 3aBUCUMOCTH AJIEKTPONPOBOJHOCTH POMBIBHBIX BOJ] OT BPEMEHU
BBIJIEPKKH, HA KOTOPOI HAOMI0AAI0TCS MUKH, CBSI3aHHBIE C OTMBIBKOM OpraHN4eCcKuX
Y HEOPraHUYECKHUX CIIOEB.

Metogamu COM wu PSD ananmu3a, COOTBETCBEHHO, ObLIa YCTaHOBIICHA
MHUKPOCTPYKTYpa U TpaHyJIOMETPHUECKHUI COCTaB MECKOB (pacipeeeHle YacTHIL 10
pasmepam u 00veMy, cpeHuil pa3mep dyacTtui). [TokaszaHo, 4T0O rpaHyIOMETPHUYECKHUI
COCTaB TII€CKOB 3HAYMUTEIBHO W3MEHSETCSs B 3aBUCUMOCTH OT BbIOpaHHOMU
KOHTPOJIbHOM TOUKH U3MepeHHs. OTMEUEeHO, YTO AUCHEPCHOCTh NECKOB CHU3MIIACH T10
cpaBHeHHi0 ¢ 2015 rogom. Ilo maHHBIM audpakTorpaMMm BO BCeX MpoOax IECKOB
ocHoBHOW (hasoit sBuncs SiO2. Takke B 3aBUCHMOCTH OT KOHTPOJBHON TOYKH
HaOJI0/ICHHS B IP00ax ObLTH 0OHAPYKEHBI HEOOJIBIIINE KOJUYECTBA CICAYIONTNX (a3:
Fe2S209*xH20 u (Na, K)(SisAl)Os Oblii 0OHapy>KeHBI TOYTH BO BCeX 00OpasIax;
NaHSi20s - B ITpumopcke, JIyxkckoii rydoe, Mapteimkuto; NasSisO19 - B [Ipumopcke,
Bonbioii Mxope u Jlyxckoit rybde, a Fe2Al2(SiO4)3 srsiicst xapaktepHoi ¢a3oit
tonbko Juist Jlykckoit ryObl. Ilonmydennsle mganuble EDX ananuza naxopsrcs B
cooTBeTcTBUM ¢ PDA.

Taxum 006pazom, ObUTO YCTAHOBJIEHO, YTO TPAHYJIOMETPHUUYECKHI COCTaB MECKOB
U3MEHSIETCS B 3aBHCUMOCTH OT BBIOPaHHON KOHTPOJILHON TOUYKHM U3MEPEHHs U r0J1a, a
TaKXe NU3MEHSEeTCs CpeAHni pa3Mep dacTull;, no fanHeiM POA u EDX ananuza 6su10
BBISIBJICHO, YTO BO BCEX MPO0Oax MeckoB 0CHOBHOH (hazoii siuicst SiO2 ¢ HeOOIbIMME
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KOJIMYECTBAMH TIpUMeEceii; Ha mpumepe mpod CecTpoperka Mmoka3aHo, YTO YaCTHIIBI

SIBIITFOTCS. MHOTOCJIOWHBIMU. Pasznuunas nucriepcHOCTh M (a30BBIA COCTaB MPOO
MO3BOJISIET MPEANOI0KUTH PA3TUUYHYIO COPOLIMIO TSKEIIBIX METAJIIIOB MTPOOaMH.

THE INVESTIGATION OF PHYSICAL AND CHEMICAL PROPERTIES

OF THE IN-SHORE ZONE BOTTOM SEDIMENTS OF THE WESTERN

PART OF THE GULF OF FINLAND AND THEIR

EFFECT ON HEAVY METAL SORPTION

Valeria E. Lebedeva !, Olga Yu. Kurapova !, Tatiana D. Shigaeva ?

and Vladimir G. Konakov ?
1 St. Petersburg State University

2 Scientific research center for ecological safety RAS, St.Petersburg,
lera.isupova.1996 @mail.ru

Nowadays the investigation of bottom sediments in water systems that are the
indicators of technologic pollutions are getting up-to-date. It is mainly due to the
increase of ecological problems of waters of Western part of Gulf of Finland. The
insertion of pollutants with effluents of flowing rivers, the construction of alluvial
territories and oil terminals are among the main problems causing Baltic sea pollution.
That leads to the ecological disequilibrium of the environment and, finally, to the
death of living organisms. So the goal of present work was the investigation of the
effect of phase composition, particle size distribution and chemical composition of the
in-shore bottom sediments of the Western part of the Gulf of Finland on their tendency
to the heavy metal sorption. In order to evaluate the ecological condition of the water
object a number of tasks was set. The investigation of physical and chemical
properties of bottom sediments was the main of them.

The upper layers (0-10 cm) of in-shore bottom sediments of the Western part of
the Gulf of Finland (the depth is 0.5 m) were chosen for the present study. Note, these
sediments are layered particles of sands. Herein the alternation of organic (inl. humic)
and inorganic layers consisting of both charged metal cat ions and uncharged
inorganic substances are predetermined by the composition of water medium, where
they are placed. Generally the evaluation of capacity of these multilayered particles to
ecotoxicants accumulation is carried out via the systematic investigation of physical,
chemical and biological factors affecting the formation of bottom sediments
microstructure. For that the there-years monitoring was initiated in 2015 in order to
track the changes in dispersity, microstructure of bottom sediments and the content of
heavy metals in the probes. The following control points in the in-shore zone of the
Western part of Gulf of Finland of Baltic sea were chosen for the observation:
Grafskaya bay, Repino, Lomonosov, Sisto-Palkino, Sestroretsk, Luzhskaya guba,
Primorsk, Martishkino, Olgino, Ushkovo. The bottom sediments i.e. sands were
investigated via X-Ray phase analysis (XRD SHIMADZU XRD-6000), particle size
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distribution (PSD analysis, Horiba LA- 950), scanning electron microscopy (Hitachi

S-3400N with the equipment for energy dispersive X-Ray spectroscopy EDX analysis.
The research was performed by Vladimir Shilovskih at the Research park of
St.Petersburg State University Center for Geo-Environmental Research and Modeling
(GEOMODEL). In order to obtain sorption curves for heavy metals (copper and
mercury) from the model solutions the sands were preliminary washed from organic
and inorganic impurities adsorbed on their surface. As a result the dependence of the
electric conductivity of the washing waters on the exposure time was plotted. A
number of peaks related to dissolution of organic and inorganic layers was observed.

The microstructure and dispersity of sands was obtained via SEM and PSD
analysis. Size and volume distributions of particles in sands were obtained. Mean
particle size was calculated using the data of distributions. It was shown that sands
particle size varies significantly depending on the chosen control point of the
observation. It was noted overall dispersity decreased in probes of 2016 comparing to
those of 2015. According to X-Ray patterns obtained SiO2 was the main phase in all
sands probes. Depending on control point of observation small contents of following
phases were found: Fe2S209*xH20 and (Na, K)(SisAl)Os were detected in almost all
samples; then NaHSi20s - in Primorsk, Luzhskaya guba, Martiskino, NasSisOw in
Primorsk, Bolshaya Izhora, Luzhskaya guba. Fe2Ah(SiOs)s appeared to be
characteristic just for Luzhskaya guba in-shore territory. The EDX data obtained is in
accordance with XRD.

Thus it was shown that the particle size distribution curves of sands significantly
depend on the chosen control point and the year of the observation. The mean particle
size also varies. Via XRD and EDX analysis it was found that SO2 is the main phase
for all the sands with small amount of the admixtures. Using the sands from
Sestroretsk in-shore territory it was shown that particles are do multilayered. Different
disperstity and phase composition allow to suggest the different tendency to sorption
of heavy metals cat ions by sands from the model solutions.

BECKOHTAKTHBIE METOJAbI MOHUTOPHUHI'A COCTOSHUSA
OKPYXAIOILEU CPE/JbI

Mssun H.C., Pykun E.B., laBbi10B B.B.

Cankm-Ilemepbypeckuil nonumexnuyeckuti ynueepcumem Ilempa Benuxoeo,
rukin.egor@gmail.com, myazin.n@list.ru, davydov_vadim66@mail.ru

B nHacrosimiee Bpems mpobiieMa 3arpsi3HEHHs OKPYKaIOIIEH Cpe/bl, B YaCTHOCTH
BOJIHBIX OOBEKTOB M CEITBCKOXO3IUCTBEHHBIX TEPPUTOPHUN, OCOOCHHO aKTyajibHa. B
CBSI3U C TEM, UYTO CTaBITCS HOBBIE 3a/Jaud NpPU TPOBEJIECHUU DKOJIOTHYECKOTO
MOHHTOpPHHTA, TIOCTOSHHO AaKTHBHO BEIETCS pa3paboTKka HOBBIX METOIOB
9KOJIOTHYECKOTO  MOHHUTOPHHTa BOAHBIX 00OBekTOB. Ceiiyac dITHX  Iemnei
UCIIOJIB3YIOTCS CJIEAYIOIME METObl: KOCMUYECKOE HaONI0/IeHHE, a3poPOTOChEMKA,
UCCJIEIOBAHHE CIIEKTPa TEIUIOBOTO M3IYUYeHUs (TEIIOBU30PbI), & TAKKE PACCETHHOTO
JIA3€pHOT0 M3JIyYE€HHsI U3 BOJHOM Cpelibl, BOAHBIE NATPYIN C ABTOMAaTUYECKUM HJIU
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PYYHBIM OTOOPOM TIPOO, MeTo 1 OHMoTFOMUHUCTICHIINA AT®. DT METOBI TTO3BOJISIFOT

B TEYEHHE KOPOTKOTO TMEepHoJia BPEMEHH AaHAIM3UPOBATh OOJBIIYIO IUIOLIA/b
MOBEPXHOCTH KaK BOJHBIX OOBEKTOB, TaK M C/X TEPPUTOPHIA, OCOOCHHO eciii Ha HEel
HET TYCTOW pacTUTEIHHOCTH (CENIbCKOX035IIICTBEHHbIE TEPPUTOPUU O€3 TIOCEBOB), HO
y KaXXJIOTO U3 HUX UMEIOTCSI CBOU MPEUMYIIECTBA H HEJJOCTATKU.

OpnHako, U3-3a MPAKTHUYECKU TMOJIHOM HEMPOXOAUMOCTH OOJIBIIOTO KOJUYECTBA
MECT Ha o0epekbe, B CUITy UMEIOIIEHCS TaM TYCTOW PacTUTEIBHOCTH (TO K€ caMoe
IpU BCXOJIE ypoXKasi Ha C/X TEPPUTOPHH), TIOYTH BCE MEPEUMCIICHHBIE METOJIbI HE
npumMeHnMBl. Taxoke mpolOiiema ycyryOisieTcss TeM, YTO 4Yalle BCEro MMEHHO Tyna
IpUOMBAETCS OCHOBHOE 3arpsi3HEHNUE, a TAK)KE CIIMBAIOTCS OMACHBIE OTXOMbI.

HawnGonee 3(peKTHBHBIM B TAKHX YCIOBHAX OKA3bIBAETCS 3a00p MO0 BPYUHYIO.
Tem He MeHee, BOZMOKHOCTH TaKOro IMOAXO0JA CHJIBHO OTPaHUYEHbl KOJIMYECTBOM
B3ATHIX MIPOO U UX JaJIbHEHIIeH JIOTUCTUKOM. [ToMrMO 3TOTO0, MadhbHEHIIN MOTHBIH
aHaJU3 B3STHIX MPOO MOXKET MPOBOJUTHCS TOJIBKO B CTALIMOHAPHOM JTabopaTtopuu. A
TaK Kak IPOMU3BOJIUTEILHOCTh CTAllMOHAPHOW Jab0paTopuu TakkKe 3a4acTyio
OTpPaHMYEHBI, @ KOJMYECTBO MOCTYMAONIUX 3as5BOK Ha MPOBEPKY BEITUKO, )KEJIATEILHO,
4TOOBI OTIIPaBJIEHHBIE 00PA3Ibl TAPAHTHPOBAHHO COJAEPIKAIM 3arPSI3HEHHUS.

Opnako sabopaTOpHBIE METOIbI aHAIW3a MMEIOT Ps  CYIIECTBEHHBIX
HEJOCTATKOB, CPEAH KOTOPBIX CIIEAYET OTMETUTH BHICOKYIO CTOMMOCTH 000PYA0BaHNUS
JUTSE MOHUTOPHUHTA, YTO BJIEUET 3a COOOM BBICOKYIO CTOMMOCTb CaMHUX U3MEPEHUH, a
TaKXKe JUIMTENBHYI0 TIOATOTOBKY 00pa3noB mius wu3MepeHuid. llepeuncneHHbie
(aKTOpHI TAKKE TOBOPAT B CTOPOHY TOT0, YTO 3arpy’kKaTh TaKOe 000pyI0BaHUE HYKHO
TOJIBKO 00pa3laMu, B KOTOPBIX 00HAPYKEHO 3arpsi3HEHHUE.

OnuH U3 METOI0B, TIO3BOJISIONIUHI OBICTPO MOTYYaTh HHPOPMAIUIO O COCTOSHUH
BOJIHBIX OOBEKTOB U CBOEBPEMEHHO MPHUHUMATh HEOOXOAMMbIE MEPBl — KOHTPOIb B
AKCIIpecc-pekume. [l KOHTPOJIS B SKCIPECC-PEKUME, KaK NMPaBUIIO, UCTIONb3YIOTCA
XUMHYECKHE U ONITHIECKHE METOIBI.

Bce xumudeckne MeToApl MMEIOT OYEBHIHBIA HEIOCTATOK: JUII KOPPEKTHOTO
OTIpesieNICHUs] PA3IMYHBIX BEUIECTB HYKHBI Pa3IUYHBIE peareHThl (Mpu4uéM, WHOTIA
HY)KHO HECKOJIBKO Pa3HBIX PEareHTOB IS ONpeaeNeHHsI OJHOTO BemecTBa). Ho Tak
KaK B MOOWJIbHO# J1ab0opaTOPHH HEBO3MOKHO TIEPEBO3UTH BCE M3BECTHBIC PEareHTHI,
9TO TPUBOAUT K TOMY, YTO JUIS Pa3HBIX IEJed TaKyl JIabopaTOpHiO HYKHO
MOCTOSIHHO MEPEKOMIUIEKTOBbIBaTh. KpoMe TOro, XMUMHYECKYI0 METO/bl BBI3bIBAIOT
HEoOpaTHMble W3MEHEHHsI B HCCIIEIyeMOW Cpejie, YTO BBIHYKIAeT HaOUpaTh U
NEPEBO3UTH HECKOJIBKO 00Pa30B OJTHOTO U TOTO )K€ BEIIECTBA, €CIIM HYKHO POBECTH
HE TOJIBKO XMMHUYECKOE HCCIIET0BAHUS.

OnThueckue MeToAbl TakKKe MMEIOT CBOM HeJOoCTaTKu. Bo-mepBbiX, Ha
MPO3PAaYHOCTh HAKIAABIBAETCS Cpa3y JBa OrPAaHUYEHHUS: OHa JOJKHA ObITh U
OJTHOBPEMEHHO JIOCTATOYHO BBICOKOM, YTOOBI CUTHAJ OT TPUOOpa MOT TIPOUTH Yepe3
cpeny W Ui MOCIENYIOIEH PETUCTpally €€ OTKIIMKA, a C APYroll CTOPOHBI, cpena
JIOJKHA OBITH JOCTATOYHO HETIPO3PAaYHOU ISl TOTO, YTOOKI 3arpsiI3HEHHE MOYKHO OBLITO
3amMeTuTh. Kpome TOrO, pa3Mep 4acTull, paCTBOPEHHBIX B Cpejie, HE JOJDKEH OBITh
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MEHBIIIC JUTMHBI BOJTHBI U3TYYCHHUS, HA KOTOPOH MPOMCXOIUT MCCIIeOBaHNe 00pasiia,

WHaYe U3-3a JUPPAKIMK CBETA IPUOOP HUYETO HE 3aPETUCTPHUPYET.

ITosToMy cymiecTByeT HEOOXOAMMOCTb B pa3paboTKe HaA&XHBIX NOPTaTUBHBIX
YCTPOHCTB, YYMTBHIBAIOIIMX BCE BBILICIEPEUUCICHHbIE HEIOCTATKH, IpPU 3TOM
00eCreunBaoLe BEICOKYIO YyBCTBUTEIBHOCTD IIPU ONPEAEICHUN COCTaBa JKUAKHX
BEIIECTB, [IPU 3TOM IPOJIOJKUTEIIBHOCTD NIPOLIECCa OJHOI0 U3MEPEHHUS 10JIKHA ObITh
B pa3yMHBIX IpeAenax sl yIOBJIETBOPEHUs TpeOOBaHUAM KOHTpOJIsS B
JKCIPECcC-peKUME.

OnHMM W3 BO3MOXKHBIX PEHICHUN ATOW MpOoOJIeMbl SBISETCS pa3paOOTaHHBIA B
Hamield  1abopaTopuu  MalloTa0apUTHBIA  SICPHO-MATrHUTHBIA  pEJIaKCOMETp.
EnuncTBeHHOE, 4TO HEOOXOAUMO JUIsl €r0 PadOoThI, - HATMYME YACTHII C HEHYJIEBBIMU
MarHUTHBIMH MoMeHTaMu. [lpu mccinenoBaHuM BOIHBIX OOBEKTOB 3TO TpeOOBaHHE
BCET/Ia BBIMOJIHACTCS, TaK KaK BOAA COJEPKUT MPOTOHBI C HAUOOIBIIUM MarHUTHBIM
MOMEHTOM.

bonpminM nmpeumMyniecTBOM KOHTPOJISL COCTOSHUS cpeApl ¢ nomombio SAMP
ABISIETCs TO, 4YTO Jaxe Inpu padoTe B DIKCIpPECC-peKUME OH IPOBOJIUT
Hepaspyllaloliie H3MEepeHHs - TO €CTh He H3MEHAeT XUMHMUYECKHH CoCTaB H
bu3nUECcKyI0 CTPYKTYpYy 00pa3LoB (B OTIIMYHE OT, HAIPUMED, PEHTT€HOCTPYKTYPHOT O
aHajau3a).

[Ipunnun onpeneneHus COCTOSHHMS Cpelbl C IOMOUIbIO JaHHOIO Ipubopa
COCTOUT B M3MEPEHHH BPEMEH MPOJOJIHHON M MONEPEYHON pelaKcaluy, a Mo dTHM
JaHHBIM MOXXHO OJHO3HAa4YHO OIPENEIUTh OTKIOHEHHE COCTOSHHS HCCIeTyeMO
Cpelbl OT CTAaHAAPTHOTO C YYETOM TeMIIEPATYPhl OKPYKAFOIIEH CPEIbL.

Jlydmie Bcero perucTpupoBaTh CUTHAJI Ha SApax BOJAOPOJA, TaK KaK OHH
o0agaroT HanOoJbINEH YyBCTBUTEIBHOCTHI0. HaOmonaTh CUrHan MOXKHO U Ha siapax
¢dropa, mutus unu Gocdopa (tTabnmna 1 Omuodka! UCTOUYHHUK CCHUIKH He Hali/IeH.),
TaK KaK OHU Takke 00J1aat0T 00JIbIION UyBCTBUTEIBHOCTBIO, HO CUTHAJI OT HUX J1aCT
Ty Jk€ HH(POpMAIMIO, YTO MBI MOXEM IOJIy4WTh Ha sApax BoJOpoia, 0e3
JIOTIOJTHUTENBHBIX JaHHBIX. B 3TOM ciydae 1enecooOpa3HO H3MepsATh BpeMeHa
penakcaluu TOJIBKO MO siApaM BOAOPOJA, 3a MCKIIOYEHUEM PEJIKHUX CIydaeB, KOTr/a
CHUTHAJI OT JPYTUX 3JIEMEHTOB MOXKET OKa3aThCs cuibHee. Hy)kHO OTMETHTD, YTO XOTS
Obl OZIMH U3 MEPEUNCIICHHBIX AJIEMEHTOB IPAKTUYECKH BCETJa €CTh B UCCIIEAYyEMbIX
cpenax.
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JINI[A
E:Isomn Marnutnbiii | Cnimn [TupomarautHoe [UyBCTBHTEIBHOCTH IIpupoanoe
apa moment / |siapa |l  oTHOmeHMe Y(oTHOCUTe/IbHAS colepiKaHue
MI'u/T MHTEHCUBHOCTD %
curaayua IMP)
'H 2.7928 1/2  42.57637513 5.87*10° 99.989
"Li 3.2564 3/2 |16.561322 1.59*10° 92.41
1B 2.6886 3/2  |13.675834 7.77%10? 80.11
3C 0.7024 1/2  10.707945 1.0 1.07
oF 2.6266 1/2  140.106214 4.89*%10° 100.0
PLAL 3.6408 5/2 |11.145327 1.26*10° 100.0
Na 2.2176 32 [11.277214 5.45%10? 100.0
31p 1.1316 1/2  [17.253987 3.91*%10° 100.0
SAs 1.4394 3/2  [7.342051 1.49*10? 100.0
51N 5.5006 9/2  19.331453 2.18*10° 4.5

Kpome Toro, Mel paspaboranmu MeTOJ, KOTOpbIE IMO3BOJSECT IOJNydYaTh
UHQOpPMALIUI0 00 OTHOCHUTENILHBIX KOHIICHTPALUSAX KOMIIOHEHTOB B HCCIIEIyeMOMN
CMECH, TP ATOM He TpeOyeTcst N3MEHEHUH B KOHCTPYKIIMIO IprOopa, a TOIBKO JIHUIIb
JIOTIOJTHATEIbHASE 00pabOTKa MOTYYEHHOTO CUTHAIA.

JUJ1s1 9T0# 1IeNn pesIaraeTcs HCIoJIb30BaTh MAaTEMaTHUECKYIO MOJIENTh Ha OCHOBE
pemieHusi (EHOMEHOJIOTHYECKUX ypaBHeHUI bioxa mist o6pabotku curnanos SIMP.
SAMP-curnan w3 cMmecw TpeAcTaBiseT co00M CyMMapHBI CUTHalT OT KaXKIOTo
KOMIIOHEHTa 3Toil cMecH. C TMOMOIIBI0 pa3padOTaHHOW MAaTeMaTHYECKOW MOJIEIH
MOXKHO pa3NIeNTh OSTH KOMIIOHEHTHl W HAWTH OTHOCHUTENbHBIE KOHIICHTPAIUU
KOMIIOHEHTOB. JTO TO3BOJSIET OOHapyXHBaThb OTKJIOHEHHE OT CTaHIApTHOIO
COCTOSIHUSI MCCIIEyeMOM cpelpl Ha MecTe OTOOpa mpo0 M BO MHOIHMX Cilydasx
NPUHUMATh pelIeHus 03 JOMOJIHMUTEIBHOIO HCCIENOBAHUS B CTALlMOHAPHOU
naboparopuu, YTO JeNIaeT KOHTPOJb B dKCIpecc-pexume 0osee 3pPeKTUBHBIM.
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Nowadays, the problem of environmental pollution, in particular water bodies as
well as agricultural areas, is an urgent problem. Because new tasks for carrying out
environmental monitoring are constantly setting, new methods of ecological
monitoring of water bodies are being actively developed. For these purposes the
following methods are used now: space observation, aerial photography, investigation
of the spectrum of thermal radiation (thermal imagers), as well as scattered laser
radiation from the aquatic environment, water patrols with automatic or manual
sampling, the method of ATP bioluminescence. These methods allow us to analyze a
large surface of water bodies and agricultural areas, especially if it does not have dense
vegetation (agricultural areas without crops) in a short period, but each of them has its
advantages and disadvantages.

However, due to the almost total obstruction of a large number of places on the
coast because of the dense vegetation there (same with the emergence of the crop in
the agricultural area) - none of the above methods is applicable. In addition, the
problem is complicated by the fact that the main pollution is most often washed
ashore, and dangerous waste is dumped.

In such conditions the most effective method is hand sampling. Nevertheless, the
possibilities of this approach are greatly limited by the number of samples taken and
their further logistics. In addition, further analysis of the samples could be carried out
only in a stationary laboratory. And since the productivity of a stationary laboratory is
also often limited, and the number of incoming applications for verification is large, it
is desirable that sent samples are guaranteed to contain contamination.

However, laboratory methods of analysis have a number of significant
drawbacks, among which it should be noted the high cost of monitoring equipment,
which entails a high cost of measurements themselves, as well as long-term
preparation of samples for measurements. The listed factors also say that loading of
such equipment is necessary only with samples in which pollution is detected.

One of the methods that allows you to quickly get information about the state of water
bodies and take action as fast as possible is control in an express
mode. Chemical and optical methods are usually used for control in an express mode.

All chemical methods have an obvious flaw: for the correct determination of
different substances, different reagents are needed - sometimes several different
reagents are needed to determine one substance. But since it is impossible to transport
all known reagents in a mobile laboratory, this leads to the fact that for a variety of
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purposes such a laboratory needs to be constantly re-assembled. In addition, chemical

methods cause irreversible changes in the considered medium, which forces the
researcher to collect and transport several samples of the same substance, if it is
necessary to conduct not only chemical research.

Optical methods also have their drawbacks. First, the transparency is
superimposed at once by two limitations: it must be both high enough to address it and
its supply, and on the other hand, the medium must be sufficiently opaque in order to
be able to detect pollution. In addition, the size of the particles dissolved in the
medium should not be less than the wavelength of the radiation on which they can be
detected or because of the diffraction of light the device will not register anything.

Therefore, there exists a need for a portable reliable device that take into account
all of the above disadvantages, thus providing higher sensitivity in determining the
composition of liquids, while the duration of a single measurement process must be
within reasonable limits to satisfy the requirements of monitoring in the express mode.

One of the possible solutions to this problem is the compact nuclear magnetic
relaxometer developed in our laboratory. The only thing necessary for its operation is
the presence of particles with nonzero magnetic moments. This requirement is always
satisfied in the researches of water bodies, because water contains protons with the
greatest magnetic moment.

A great advantage of monitoring the state of the medium with the help of NMR is
that, even when operating in the express mode, it conducts nondestructive
measurements - which means it does not change the chemical composition and
physical structure of the samples (in contrast to, for example, X-ray analysis).

The principle of determining the state of the medium using this device is based on
measuring the times of longitudinal and transverse relaxation, and from these data, it
is possible to unambiguously determine the deviation of the medium state from the
standard one taking into account the ambient temperature

It is best to record the signal on hydrogen nuclei, since they have the greatest
sensitivity. The signal can also be observed on fluorine, lithium or phosphorus cores
(Table 1), since they also have a high sensitivity, but the signal from them will give the
same information that we can get on hydrogen nuclei without additional data. In this
case, it is advisable to measure the relaxation times only for hydrogen nuclei, with the
exception of the rare cases when the signal from other elements may turn out to be
stronger. It should be noted that at least one of the listed elements is almost always
present in the investigated media.
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Nucleus Magnetic Nuclei Gyromagnetic Sensitivity (relative| Natural

isotope moment spin | ratio y MHz/T intensity of the |content %
NMR signal)

H 2.7928 1/2 4257637513 5.87*10° 99.989

Li 3.2564 3/2 16.561322 1.59*10° 92.41

g 2.6886 3/2 13.675834 7.77%10? 80.11

13C 0.7024 1/2 10.707945 1.0 1.07

B 2.6266 1/2 40.106214 4.89*10° 100.0

ZA| 3.6408 5/2 11.145327 1.26*10° 100.0

ZNa 2.2176 3/2 11.277214 5.45%10? 100.0

31e 1.1316 1/2 17.253987 3.91*%10° 100.0

SAs 1.4394 32 7.342051 1.49%10? 100.0

1N 5.5006 9/2 9.331453 2.18*10° 4.5

In addition, we developed a method that allows us to obtain the information on the
components relative concentrations in the considered medium, without changes in the
device design, and only by additional processing of the received signal is needed.

For this purpose, it is proposed to use a mathematical model based on the solution
of the phenomenological Bloch's equations for the NMR signals processing. The NMR
signal from the mixture is the sum signal from each component of this mixture. With
the help of the developed mathematical model, it is possible to separate these
components and find the components relative concentrations. This makes it possible to
detect a deviation from the standard state of the researched medium at the sampling
site and in many cases to make decisions about further actions without additional
researches in a stationary laboratory, which makes monitoring in the express mode

more efficient.
OCOBEHHOCTHU KAPINOAKTUBHOCTHU ABYCTBOPYATBIX
MOJIJIIOCKOB ®UHCKOI'O 3AJIMBA

Cvmupnos U.C., lllapos A.H., Xonoakesuu C.B.
Canxm-Ilemep6ypeckuti cocyoapcmeenHblil yHusepcumem

I[ByCTBOpLIaTBIC MOJUIIOCKH B 3Kocucteme HeBckoii T Y6BI W BOCTOYHOM YaCTH
duHCckoro 3aJIiBa, 6y,£[y‘-II/I OJHUMHN H3 OCHOBHBIX (bHJ'IBTpaTOpOB B3BCIICHHBIX
BCIUICCTB, UI'PAIOT BAXHYIO POJIb B CAMOOYHUIICHUHN IMOBCPXHOCTHBIX BOM. HMmenno
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MO9TOMY OHHM TaK Ba)KHBI JUII OMOMHIMKAIIMK KadecTBa BOAbl DUHCKOTO 3aimBa H

OLIEHKH «37J0POBbs» IKOCHCTEM.

B Cankr-IletepOyprckoM Hay4HO-HCCIEA0BATEIBCKOM IIEHTPE IKOJIOTUYECKOM
6e3omacuoctu (HUIDB) PAH 6bu1 pazpaboran MeToa OLEHKH (HYHKIIMOHAIHHOTO
COCTOSIHHSI MOJUTIOCKOB M €ro H3MEHeHHWil INn Situ Ha OCHOBE HEMPephIBHOM
perucTpaluu HUX CepJeYHOM aKTUBHOCTH, B TOM 4YMCJE €€ JUHAMHUKU B pPEXHUME
on-line. MeTox OCHOBBIBAaeTCSI HA UCIIOJIB30BAHMN HEHMHBA3HBHOTO (O€3 HapyIIeHHs
BHEILIHUX MOKPOBOB) M3MEPEHUs My/bCalliil CepAeYHOM MBIIIIBI, TO €CTh 4aCTOTHI
cepaeunbix cokpaimeHuit (UCC), HEmocpenCTBEHHO C MOBEPXHOCTH PAKOBHHBI B
paiioHe pacnojokeHus cepaua. JlanHas u3MepuTeNnbHas CUCTeMa MOJIy4niia Ha3BaHUE
OMOAJIEKTPOHHOM, TaK KaK XMBOTHOE HEMOCPEICTBEHHO BXOAMT B COCTAB CEHCOPA.
He60b1110#1 1aTYMK, KOTOPBIM KPEMUTCS ¢ MOMOLIbIO KJI€sl K CTBOPKE PaKOBHUHBI, U
rMOKO€ ONTUYECKOE BOJIOKHO MO3BOJISIOT HCIOJIb30BaTh B KAYECTBE TECT-OPraHU3MOB
KaK KpYIHBIX, TaK U CpeIHUX (110 pazMepaMm) MOJUTIOCKOB. [locie TectupoBanus Bce
MOJUIIOCKH MOT'YT OBITh BO3BpAILIEHBI B Cpely OOUTaHUS HETIOBPEKIEHHBIMHU.

3nauenuss YCC MOJUIIOCKOB, WX CTa0WJIBHOCTh M JMHAMHKA (HaAmpumep,
CKOpPOCTh BOCCTAHOBJIEHUS 110CJI€ BHEIIHUX BO3AEHCTBUI) CIyXKaT MHTETPalbHON U
OBICTPO OIpenesieMol XapaKTepPUCTUKON OO0IIero (hU3MOIOTMYECKOTO COCTOSHUS
MOJUIIOCKOB, YTO J3a€T BO3MOXKHOCTb OLIEHKHU OJIATONPUSATHOCTU Cpeibl X OOUTaHUs
M0 COBOKYIHOCTH (haKTOPOB (BKJIFOYAsi aHTPOIIOTEHHBIE BO3JCHCTBHSA).

Psnom sKkcrepuMeHTOB OBUIO YCTaHOBJIEHO, YTO JBYCTBOPYATHIE MOJUIIOCKH
OBICTPBIMM ~ M3MEHEHUSIMH  CEpIEYHOr0 pPUTMA, PETUCTPUPYEMOrO  JTaHHBIM
OMOAJIEKTPOHHBIM METOJIOM, PEArHpyIOT Ha OCTPYIO TOKCUYHOCTh, KaK OT OTJEJIbHbIX
BELIECTB, TaK U MX CMECEH, T.€. MHTErpajbHO. DTO MO3BOJISIET MCIOJIb30BaTh UX B
Ca/IKOBBIX OMOAJIEKTPOHHBIX CHCTEMax Uil OBICTPBIX PETHCTPALMA JIFOOBIX PE3KUX
U3MEHEHUI cpeibl, B TOM 4Hciae cOpPOCOB TOKCHUYHBIX 3arps3HHUTENCH 000
MIPUPOJIBI B MOTCHIUATIBHBIX «TOPSUUX TOUKax» DUHCKOTO 3a/IMBa.

PacnpocTpanenne MOJUIIOCKOB B BOCTOYHOM uacth DOUHCKOro 3aiuBa B
OCHOBHOM 3aBHCHT OT PAaclpe/ieIeHUs] COJIEHOCTH BO/IbI M TUIIOB JJOHHBIX I'PYHTOB. B
POCCHICKOM 4YacTW 3ajaMBa 110 TOPU3OHTAIM U BEPTUKAIU IPEJCTaBICHBI
3HAUUTENIbHBIE TPaJueHThl 3TuX (akrtopoB. IIpakTHueckun Bce JBYCTBOpYATHIE
MOJUTIOCKH, KaK IPECHOBOIHOTO, TAK U MOPCKOT'O POUCX0XKICHHUSI POCCUHCKON YacTh
3aJIMBa UMEIOT 3KOJIOTMYECKHE ONPaHUYEHHUS 110 ITUM NapaMeTpam cpefibl (IJIaBHBIM
00pa3oM IO COJEHOCTH) «CHM3Y» WIH «CBepXy». B mpenenax 3Toro HeOOJbLIOrO
paiioHa MPOXOIAT SKOJOTUYECKUE TPAHMIBI OOMTAaHHMS KaK MPECHOBOJIHBIX, TAaK U
MOPCKHX BHUJIOB JIByCTBOPOK. MOKHO MPEAINOJIOKUTh, YTO HA TOTPAHUYHBIX y4aCTKaX
CBOMX «9KOJIOTUYECKUX apeajioB» 3TU BUJIbl HAXOAT MEHEee 01aronpusiTHbIE YCIOBUS
JUIsl OOMTaHUsA, YeM B MX LEHTpPE, YTO MOXKET CKa3blBaThCid Ha (DU3HOIOTMYECKOM
COCTOSIHUM MOJUTIOCKOB, OTPEAEISIEMOM, B TOM YHCJIE U 110 MapaMeTpam CepIedHOn
AKTUBHOCTH.

Jlns  TOBBIIIEHHS  a/J€KBATHOCTH OWOWHAMKALMM  IOBEPXHOCTHBIX  BOJ
1esniecoo0pa3Hee UCIOIb30BATh OPTAHN3MBI, B3THIE U3 AHATM3UPYEMBIX aKBaTOPHH, a
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HE KMBOTHBIX M3 JIAOOPATOPHOU KyIbTYphl. VCrob30BaHNe MECTHBIX MOJUTFOCKOB B

ABTOMATH3HPOBAHHBIX OMOZJIEKTPOHHBIX CUCTEMaX 3HAYUTEIHHO PACIIUpPSET CIEKTP
TeCT-00beKTOB. MX peakiuu Mo3BOJSIIOT NMpEACKa3bIBaTh OTKIMKH 3KOCHCTEM Ha
HeOJIaronpuATHBIE BO3JICHCTBHSL.

BuomapkepHbie METO/IbI OLIEHOK SKOJIOTMYECKOTO COCTOSIHUSL BOAHBIX OOBEKTOB,
OCHOBaHHbIE Ha PETUCTPALMU XapAaKTEPUCTUK TMOBEACHUS U KapAHOaKTUBHOCTHU
OCHTOCHBIX >KMBOTHBIX C TBEpIbIMU IMOKPOBAMH, SIBJISIFOTCSI B HACTOSIIEE BpeMs
JIOCTaTOYHO XOPOIIO pa3BUThIMH. OJHAKO pe3ylbTaThl JAHHBIX TECTOB 3a4acTYIO
OKa3bIBAIOTCSl HENPUTOAHBIMU Il M3y4EHHUs BCIEICTBUE TOrO, 4YTO HE BCE
TECT-OPraHU3Mbl  IMOKa3blBAlOT  XOpOLIME  pe3ydbTaTbl MpU  IPOBEICHUU
sKcrepuMeHToB. Ilpu gelicTBUM TecT-Harpy3ok, Kak IPaBHJIO, IOBBIIIAIOTCS
HHEPreTUYECKUE 3aTpaThl OpPraHU3Ma, U CYIIECTBEHHO H3MEHSIOTCS pPEaKLUu CO
CTOPOHBI  CEpAECYHO-COCYAMCTONM CHCTEMBI 10 CpPAaBHEHUIO C HOPMAaJbHBIMU
ycnoBussMu. He y BceX MNOJOMNBITHBIX OTH IOKAa3aTeNd CTAaOWIbHBI, a pPeaKkUuu
npenackasyemsl. [1o 3TuM mpuunHaM MOTYT OBITH COPBaHBI MHOTHE SKCIIEPHUMEHTHI B
naHHOW oOmactu. J[aHHOe MccienoBaHUE MPEAINOIaraeT U3y4eHHe W OIpe/esicHUe
ONTHUMAJIBHBIX TapaMeTPOB ocoOel, oouTarommx B HeBckoit ryde asist HCIoyib30BaHus
UX B KauecTBE TECT-OPraHM3MOB B OHODJIEKTPOHHBIX cHUCTeMax. B kadecTse
(GyHKIMOHANBHBIX ~ HArpy30K B  HacTosmeld padoTe HWCHOJIb30BAINCH  HE
MOBPEXIAIOIINE TUIIEP- OCMOTUYECKHE BO3AEHCTBUs. TecT-BO3AEHCTBUSL pa3HOU
NPOJOJKUTENBHOCTH  pa3padaThlBaINCh € y4€TOM  (U3HONOTHYECKUX U
MOBEJICHYECKHX OCOOCHHOCTEH HCcCieayeMoro Buaa. J[BycTBOpYaThie MOJUTIOCKU
0071a/1a10T BBICOKOW YYBCTBUTEIBHOCTBIO M OTHOCHUTEIBHO OBICTPO pearupyroT Ha
3arpsi3HEHUE, 3alUINAsCh CTBOPKAMHU CBOMX PAKOBMH OT BHEIIHUX BO3JCHCTBHIA.
Bo3znelicTBue BnuseT Ha MOKas3aTeiad KapAMO- U JIBUraTebHOM aKTUBHOCTU 3THUX
JKUBOTHBIX, KOTOPbIE HAMU PETHUCTPUPYIOTCS U B JaJbHEHIIEM HCHOIb3YIHOTCS UIS
OIICHKH cpenbl obuTanusi. IMEHHO mOATOMY Ba)KHO 3HATh, KAKME OPTaHU3MBI ATYT
pUeMJIEMbIE PE3yJbTaThl, C IMOMOIIBI0 KOTOPBIX BIIOCIEACTBHH MOXKHO Oynmer
MIPOBOJIUTH TECTHPOBAHMS U HE ONACAThCS 33 IOCTOBEPHOCTH IMOTYICHHBIX JAHHBIX.

Lenpto miccnenoBanusi ObUIO M3YYUTh 3aBUCHMOCTH BPEMEHHU BOCCTAHOBJICHUS
YCC nmocne  TrUNEepOCMOTHYECKOTO  TECT-BO3JEHCTBUS  (KPAaTKOBPEMEHHOTO
MOBBIIIICHHUST COJICHOCTH BOJIBI) OT pa3Mepa M BO3pacTa MOJUTFOCKOB, a TaKXe OT
¢donoBeix 3HaueHudi YCC. Pe3ynbrarThl HUCCIEIOBaHMA HEOOXOAMMBI IS
000CHOBaHHs BbIOOpa JKMBOTHBIX, oOWTaromux B Hesckoit Ty0e, i ux
UCIOJIb30BaHUS B KAUECTBE TECT-OPraHU3MOB B OMO3IEKTPOHHBIX CUCTEMAX.

Marepuanom wuccienoBanuii 2016 roma Obiir Moiumtocku Anodonta anatina,
coOpanHble B BocTouHOM uyactu unckoro 3amuBa (KypoprHbiil paifoH, T.
Cectpopelk, HanpoTuB napka J{yoku). OT00op OpraHu3MoB OCYILECTBISIICA BPYUHYIO
B ipuOpexHoi 30He Ha riryonne 0.5 - 1 M. B rpymimy Tect-oprann3mMoB nomaan 0coou
pazHoro Bo3pacta (ot 2 10 9 net) u pazmepa (ot 35 mo 81 mm). Beero 6b110 cobpano 1
npotectupoBano 74 moiumocka. YCC MOIITIOCKOB BapbHPOBAIIO OT 3,6. yaI./MUH 10
18,7 yn./mun. Bpems BoccranoBienuss YCC (TBoccT) MOMIIOCKOB —Mocie
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TECT-HArpy3KH M3MEHSIIOCHh OT 25 MHH. 0 225 MuH. B kadecTBe QPyHKIMOHAIBLHOM

Harpy3KH UCIoib3oBascs pazpadborannsiii B HULIDb PAH meron, 3akimrouaromuiics B
OBICTPOM TMOBBIIIEHUU COJICHOCTH BOJABI M3 MECTa MX 00MTaHus 10 6 %o Ha 1 vac, c
MOCIEAYIOUIMM BOCCTAHOBJICHHEM MEPBOHAYAILHOM COoNIeHOCTH BOAbl. Ha ocHOBaHuu
MOJIYYEHHBIX JaHHBIX MCCIIEJOBAINCh 3aBUCUMOCTH Takux napamerpoB, kak HCC u
TBoccT OT pa3mepa U BO3pacTa MOJUIIOCKOB.

B pesynbTare mpoBeAECHHBIX HCCIEIOBaHUM Oblia OOHapy)XeHa KOppesuus
nokasaTesell KapJuoakTUBHOCTH TBoccT MosutrockoB U ux Bo3pacra (R =0.829 ,
p=0.042). 3HauuTenbHON KOppeIsaiuu MeKay Bo3pacToM U (oHOBbIM UCC BBISIBIICHO
He Ob10 (R =0.487 , p =0.329).

YcTaHoBI€HO, 4TO Ui Bo3pacta OT 2 10 6 JeT omnyus TBOCCT 3THX TPYIII
MOJITFOCKOB CTaTUCTHUYECKH HE 3HAUYMMBI, & TAKXKE, YTO MHIUBUAYaAIbHbIE 3HAUECHUS
YCC ¢ona MOITIOCKOB pa3HBIX BO3pacToB He BiuseT Ha TBocct. Hamporus,
MOJUTFOCKHU cTapiue 6 JIET pe3KO OTIMYAIOTCS OT MOJITIOCKOB BO3PAaCTHOM KaTeropuu
oT 2 110 6 JieT.

BaxxHoll npakTH4ecKOl 3HAYMMOCTBIO MOJIYYEHHBIX PE3YJIbTATOB SIBISIETCS TO,
YTO Ha MX OCHOBE MOTYT OBbITh pa3paboTaHbl OOOCHOBaHHBIE PEKOMEHJAIMU I10
BBIOOPY 000 MOJITIOCKOB C ONITUMAJIBHBIMU TTapaMeTpaMu IS UX MCTIOTb30BAHUS
B OMODJIEKTPOHHBIX CUCTEMAX.

Taxum o6pa3om, B HacTosIIeH paboTe Ha OCHOBE 3KCIIEPUMEHTAIBHOTO U3yUSHHUS
Bpemenu BoccraHoieHuss YUCC mocne (yHKIMOHANBHOM HAarpy3kud 10 (OHOBOTO
YPOBHS Y TIPECHOBOJIHBIX JIBYCTBOPYATHIX MOJUTIOCKOB (Anodonta), oToOpaHHBIX U3
YCIIOBHO YHCTOM (OHOBOI) akBaTopun HeBcko# ry0Obl M BOCTOUHOM YacTu PUHCKOTO
3aJIMBa, YCTAaHOBJIEHO, YTO )KMBOTHBIX cTapile 6 JIET He 11e1eco00pa3HO UCIOIb30BaTh

B OMOAJIEKTPOHHBIX CUCTEMAX B KAYECTBE TECT-OPraHU3MOB.
CARDIAC ACTIVITY PECULIARITIES OF BIVALVE MOLLIUSKS
OF THE GULF OF FINLAND

Smirnov 1.S., Sharov A.N., Kholodkevich S.V.
St. Petersburg State University

Bivalve mollusks in the Neva Bay and the eastern part of the Gulf of Finland
ecosystems, being one of the main filter agents of suspended solids, play an important
role in the self-purification of surface waters. That is why they are so important for
bioindication the water quality of the Gulf of Finland and for assessing the "health" of
ecosystems.

A method for assessing the functional state of mollusks and its changes in situ was
developed at the St. Petersburg Scientific Research Center for Ecological Safety
(SRCES) of the Russian Academy of Sciences on the basis of continuous registration
of their cardiac activity, including its dynamics in on-line mode. The method is based
on the use of a non-invasive (without disturbance of external covers) measurement of
pulsations of the heart muscle, that is, the heart rate (HR), directly from the surface of
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the shell in the region of the heart. This measuring system is called bioelectronic,

because the animal directly becomes a part of the sensor. Both, a small sensor attached
with glue to the shell and flexible optical fiber allow to use the large and medium sized
mollusks as test organisms. After testing, all mollusks can be returned to their natural
habitat intact.

The values of mollusk heart rate, their stability and dynamics (for example, the
recovery time (Trecovery) after external influences) serve as an integral and rapidly
determined characteristic of the general physiological state of mollusks, which makes
it possible to evaluate the favorable environment of their habitat in a combination of
factors (including anthropogenic effects).

A number of experiments has stated that bivalve mollusks by rapid changes in the
heart rate recorded by this bioelectronic method react to acute toxicity, both from
individual substances and their mixtures, i.e. integrally. This allows them to be used in
cage bioelectronic systems for rapid registration of any abrupt changes in the
environment, including discharges of toxic contaminants of any nature in potential
"hot spots™ of the Gulf of Finland.

Distribution of mollusks in the eastern part of the Gulf of Finland mainly depends
on the distribution of salinity of water and types of bottom soils. There are significant
gradients of these factors located horizontally and vertically in the Russian part of the
bay. Almost all bivalve mollusks, both freshwater and marine origin of the Russian
part of the bay, have ecological limitations within these parameters of the environment
(mainly in terms of salinity) "from below" or "from above". Ecological boundaries of
habitat of the freshwater and marine species of bivalves are lying in the radius of this
small area. It can be supposed that in the frontier areas of their "ecological areals"
these species find less favorable habitat conditions than in their centre. This can affect
the physiological state of the mollusks, which is determined, in particular, by the
parameters of cardiac activity.

To increase the adequacy of bioindication of surface waters, it is more expedient
to use organisms taken from analyzed water areas, rather than animals from laboratory
culture. The use of local mollusks in automated bioelectronic systems greatly expands
the range of test objects. Their responses allow predicting ecosystem responses to
adverse effects.

Biomarker methods for assessing the ecological state of water bodies, based on
recording the characteristics of behavior and cardiac activity of benthic animals with
hard cover, are now quite well developed. However, the results of these tests are often
unsuitable for study because not all test organisms show good results in the
experiments. With the action of test loads, the energy costs of the organism increase
and the reactions from the cardiovascular system are changed substantially in
comparison with normal conditions. Not all of the experimental subjects are stable,
and the reactions are predictable, that is why many experiments in this field can be
disrupted. This research assumes the study and determination of optimal parameters of
individuals living in the Neva Bay for use as test organisms in bioelectronic systems.
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Non-damaging hypersensitivity effects were used as functional loads in this study.

Test effects of various duration were developed taking into account the physiological
and behavioral features of the species under study. Bivalve mollusks are highly
sensitive and react relatively quickly to contamination, using the valves to defend
themselves from external influences. The impact influences the cardio- and motor
performance of these animals, which we register and use hereafter to assess the
habitat. This explains why it is important to know what kind of organisms will
produce acceptable results, with which you can later carry out testing and not be afraid
for the reliability of the data obtained.

The aim of the research was to study the dependence of the HR recovery time
after a hyperosmotic test effect (short-term salinity increase) on the size and age of
mollusks, as well as background heart rate indexes. The results of the research are
necessary to justify the selection of animals living in the Neva Bay, for their use as test
organisms in bioelectronic systems.

The materials of the research of 2016 were mollusks Anodonta anatina, collected
in the eastern part of the Gulf of Finland (Kurortny district, Sestroretsk, opposite to the
park Dubki). Selection of the organisms was carried out manually in the coastal zone
at a depth of 0.5-1 m. Individuals of different ages (from 2 to 9 years) and size (from
35 to 81 mm) were included in the group of test organisms. In total, 74 mollusks were
collected and tested. The mollusk heart rate ranged from 3.6. bpm. to 18.7 bpm. The
time to restore the mollusk heart rate after the test load varied from 25 min. up to 225
min. As a functional load, the method developed at the SRCES RAS was used, which
consisted in a rapid increase in the salinity of water from their habitat to 6 %o for 1
hour, with the subsequent recovery of the initial salinity of water. Based on the data
obtained, the dependences of parameters such as heart rate and Trecovery on the size
and age of mollusks were studied.

As a result of the research, a correlation was found between the cardiac activity
parameters of mollusks Trecovery and their age (R =0.829, p =0.042). There was no
significant correlation between age and background heart rate (R =0.487, p =0.329).

It was found that for the age of 2 to 6 years, the differences in Trecovery of these
groups of mollusks are statistically insignificant, and also that individual values of
heart rate of mollusks of different ages do not affect Trecovery. On the contrary, there
is a sharp difference between the mollusks over the age of 6 and mollusks aged from 2
to 6 years.

An important practical significance of the results obtained is the possibility to
develop on their base reasoned recommendations on the selection of mollusks with
optimal parameters for their use in bioelectronic systems.

Thus, the present research, based on the experimental study of the time for
recovery of the heart rate after functional loading to the background level of the
freshwater bivalve mollusks (Anodonta), taken from the conventionally clean
(background) water area of the Neva Bay and the eastern part of the Gulf of Finland,
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has concluded that animals over the age of 6 years are not suitable for using as test

organisms in bioelectronic systems.
HHTETPAJIBHASL OIEHKA KAYECTBA BOJIbl BOJIHBIX
OBFBEKTOB CEBEPO-BOCTOYHOM YACTHU ®UHCKOI'O 3AJIMBA

Ctporanosa M.C., lInmkun A.U.

Buicwas wikona mexnonoeuu u snepeemuxu CII0I'VIIT]],
mariiastri994@gmail. com

AHHOTAIUA

Ha mpoTsikeHnn HECKOJBKUX JIET OBUTH MCCIIEOBAHBI PEKU U 03Epa CeBEpHOU
yacTh OacceiiHa ®uHckoro 3aiMBa M COIJIACHO HMEIOIIMMCS METOIMKAM,
IPOBOJMIACH UHTETPaIbHAsl OLIEHKA COCTOSHUS BOAHBIX OOBEKTOB IO IMOKA3aTeNsIM
pactBopéHHbI kucnopon, BIIKS, unnexcy 3arpsisHenus Boas! (MU3B) u unnexcy
tpoduueckoro cocrosiaus Bogoéma (ITS).

K/IIOYEBBIE CJIOBA

Bonnblii  00BeKT, WHTErpajibHas OLEHKAa COCTOSHUSL BOJHBIX OOBEKTOB;
PacTBOPEHHBIN KHCIIOPOJ; WHAEKC 3arps3HEHHs BOJABI; HHIEKC TPO(UUECKOTOo
cocTtostHusl; OUHCKUN 3aJIUB.

B mHacrosimee Bpems BoaHble OOBEKTHl JIeHHMHrpaickoW oOOIAacTH OYEHb
MOJIBEP)KEHbl K BO3AEWCTBUIO 3BTpO(HKAIMM M3-32 OOJIBLIOIO  COAEPIKAHUS
OMOTreHHBIX 3JEMEHTOB U Pa3IMYHbIX OopraHudeckux Bemiects [1]. Takum oOpaszom,
KOHTPOJIb 32 HAJIMYUEM OMOTEHHBIX M OPTaHMYECKUX BEIIECTB B BOJHOM OOBEKTE
UTPAET BAKHEHUIITYIO POJIb B 9KOJIOTMYECKOM MOHUTOPUHTE TIPU HHTETPAILHOM OLIEHKE
KadecTBa BOJIbI BOJIHOTO 00BbeKTa [2].

WuTerpanbHas OIeHKa BKJIIOYAaeT B ce0s B IEPBYIO Oyepeab OIpeaesieHHe
nepeyHs IoKa3aTesel KauecTBa BO/Ibl BOJHBIX OOBEKTOB Ui pacyera uHaekcoB 113B
u ITS B pa3nbie ce3oHbl. MccnenoBanus BoJHBIX 00BEKTOB CEBEPHOM yacTH OacceiiHa
®unHckoro 3anuMBa MNPOBOJATCS NOCE30HHO, oTOuparoT 30-50 npold Boabl u
MNPOBOJNUTCA THUAPOXMMHUYECKUI aHalu3 NPUPOAHBIX BOJ IO PSAY HCCIETYyEMbIX
nokasatesneid pa3iMyHbIMH MeTojaMu. Ha OCHOBE CE30HHBIX HCCIEIOBAHUMN
CUCTEMATUYECKH  TMOMOJHseTcs  0a3a  JaHHBIX 1O  BOJHBIM  OOBEKTaM
CEBEPO-BOCTOYHOM yacTu PDUHCKOTO 3a/1MBa.

K npumepy, B Becennmii nepuon Bpemenu 2017 roma Obuio oToOpaHO U
npoaHanm3upoBaHo Oonee 30 mpoO BOABI W3 pa3HBIX BOJHBIX OOBEKTOB TIO
MOKAa3aTeNsIM PaCTBOPEHHBIN KHCIOPOA, OMOXMMHUYECKOe MOTpeOeHrne KUCIopoaa B
teuenue At cyTtok (BIIKs), conmepxanne OTaeNpHBIX MOHOB, YPOBEHb COJIEHOCTH,
BOZOPOAHBIN IOKasaTenb pH, TemmeparypHblli pexuM H pAl IPYyTUX HE MEHeEe
Ba)XXKHBIX MoKazateneil. [1o uccnenoBaHHBIM IOKA3aTENSIM PACCUUTAHBI MHTETPAIbHBIC
nokaszarenu | TS u U3B s Bogusix 00bexToB Cankt-IlerepOypra u JIeHuHrpaackoi
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obnacTu B ompene’eHHbIX Toukax. OCHOBHBIMHU TOKazaTessiMu Juist pacdera V3B

ABJIAIOTCSA PACTBOPEHHBIN B BOJAE KUCIOPOA M HAIMYME JIETKOOKUCIISIEMON OpraHMKH,
BbIpaxkeHHONM B Tmokaszarenie BIIKS [3]. Pe3ynbraThl MHTErpajibHOM OLIEHKH IO
unaexkcy 3B npexacrapnens! B Tabmute 1.

abimia 1. PesyapraTsl nHnekca 3arpsasaenns soasl (U3B)

Ne Mecto Oz, BIIKs |SO« |Fe3+ [NHs4 |[NO2 |H3B |[Kuace

npo6n1 [0T60pa M/ | wvp/n Mr/a |mr/a (mr/m | mMr/a KayecTBa
npoobI BO/JbI

MAK, mr/a 6 2 100 (0,1 0,39 0,08

17 Peka 12,35 |2,27 26 14 |37 0 3,89 IV - 3arpssz-
[IpuBeTHas, Y| HEHHAS
MOCTa
BocTok-6

18 Peka 11,04 |1,67 24 14 |3 0 3,66 |IV - 3arpssz-
IIpuBetHas, HEHHAS
yCThe

19 Peka 10,42 | 1,63 6 04 |23 0 1,67 I -
IIpuBeTHas YMmepeHHo
(ObIBII) 3arpsi3HEHHAS
naryna @©.3.
Bocrok 6

20 DuHCKHI 13,03 |5,24 13 05 |18 1,8 1,96 ll-
3aJI1MB YMmepeHHo
Bocrok-6 3arpsi3HEHHAS

24 Pyueit 4,47 3,43 20 4 52 52 19,78 \VII -
CMOJISTYKOB Yy [UpesBbIuail HO
MOCTa, MECTO rpsi3Has
cobpoca CB

25 Pyueit 13,44 | 4,75 40 14 |4 4 12,53 \VII -
CMOJISTYKOB Yy [UpesBbluail HO
MOCTa, 1oce rpsi3Has
cobpoca CB

26 Pyueit 12,66 |4,63 25 1,4 |09 0,9 554 |V -T'pasnas
CMOJIIYKOB,
ycTbe
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71 dunCKHI 10,89 3,61 0,4 , 1,34 1 -
3aIIuB YMmepenno
Pennno 3arpsA3HEHHAs

73 Pyueit 13,75(3,96 6 0,9 0,6 0,01 2,21 IV - 3arpss-
Ilenatsl HEHHAs
yCTbe

74 Pyueii 13,46 | 4,53 14 3,2 3,1 0,03 6,91 VI - Ouenb
Penmuckuid, rps3Has
yCTbe

74' Pyueii y 11,84|2,62 40 1,8 0,7 0,06 3,71 IV - 3arpss-
TOCTHHHIIBI HEHHAs
Penmackas

IIpu oueHke TPOoYUYIECKOTO COCTOSIHMS U pacueTe HWHIAEKca

ITS Obutn

UCTIOJIb30BaHbl BOJIOPOIHBIN TOKa3aTesb pH 1 HaCBIIIEHHOCTh BOBI PACTBOPEHHBIM
kuciopoaom (02,%) [2]. Pe3yabTarsl pacueToB uHAekca | TS 11 OTAEIBHBIX BOIHBIX
00BEKTOB MOKA3aHbI B TAOIHUILIE 2.

Tabnuna 2. Pesynpratel pacueroB nanekca ITS

Ne nmpo6bI Ha3Banmue O2% pH ITS JKOJIOTHUYECKOE
COCTOSIHUE

71 Bacceiin 97,6 7,55 8,83 3BTpodHOE
®DuHCKOTO 3aIUBa

73' 101,0 8,03

73" (mocenok PerrmHO) 100.9 802

74 97,1 7,31

74' 91,9 7,62

61 Bacceiitn peKu 100,3 7,12 8,43 Me3OTpO(1)HO€
Manas cectpa

62 101,1 7,00

63 96,7 7,16

4 03. CepebpsiHoe 76,4 7,00 8,26 MesotpodHoe

4 66,0 7,11

4" 61,8 7,12

5 03. [IpugoposkHoe 90,9 6,49 6,85 VYabTpa-

17 Apr. 2017



The Internatinnal Seipnes Envirnnmental Confareance "ECORAL TICA"

5' 97,1 7,05 onrorpogpHoe
5" 91,9 7,36

12 Bacceitn pexu 96,6 7,46 8,63 DBTpodhHOE
13 Hepras 94,7 7,09

14 96,6 7,00

15 94,4 7,45

17 Bacceiin pekn 90,0 7,39 8,38 DBTpodHOE
18 [IpuBerHas 576 676

19 81,9 6,49

24 pyueii Cmomnsuxos | 33,3 7,24 7,78 MesotpodHoe
25 95,1 7,05

26 92,4 7,28

46 CecTpoperkoe 98,2 7,30 8,29 MesotpodHoe
46/1 BOAOXPARILIHIE 77,3 7,32

47 77,8 7,23

CormnacHo MoJy4eHHbIM M MPOAHAIN3UPOBAHHBIM PE3yJIbTaTaM, MOXKHO CEIaTh
BBIBOJI O TOM, 4TO 1o HWHIeKcy M3B BomHble OOBEKTHI CEBEPOBOCTOYHON YACTH
@UHCKOTO 3a]1MBa MOXXKHO OTHECTH K KJIaccaM OT YMEPEHHO 3arpsi3HEHHBIX [0
Ype3BbIYAIHO TPA3HBIX BOA. JlaHHBINM pPe3ylbTaT MHTETPAIIBHOM OLICHKHU 10 MHIEKCY
3arpsA3HEHUs] BOJAbI OOYCIIOBJIEH MOBBIIIEHHBIM COJEPKAaHUEM  3arpsI3HSIOILUX
BEILIECTB OTHOCUTEIBHO UX MPeAeIbHO-I0MycTUMbIX KoHueHTpauuii (IT1K B Tabnume
1), HEMOCPEACTBEHHBIM PACMOJOKEHHUEM BOJHBIX OOBEKTOB BOJIM3M HMCTOYHHKOB
XO03HCTBEHHO-OBITOBOM JEATENBHOCTH, @ TAKKE B HEKOTOPBIX PYUbsX U MPUTOKAX -
TasHUEM JIbJ]a B BECEHHUH NIEPHOJ BPEMEHHU.

K s¢pTtpodusIM Bomam MOXHO OTHecTH OacceiiHbl (DUHCKOro 3aluBa, PEKU
YepHas; K Me30TpOpHOMY COCTOSIHMIO - OacceiiH pekn Mamas cectpa, 03epo
Cepebpsinoe, Oacceitn pexku [lpuBernas, pydeir Cmonsukos, CecTpoperkoe
Bojoxpanwimme.  Crengyer  OTMETHTh, 4YTO B JaHHBIX  BOJOEMax
NPOAYKIIMOHHO-/IECTPYKIIMOHHBIM OalaHC MOJIO0XKHUTENIbHBINA, MOCKOJIBKY 00pasyercs
OompIIe OMOTEHHBIX W OPraHWYECKUX BEMIECTB, 4eMm pasnaraercs [2, 4]. Osepo

[Tpunopoxxnoe, 0HO U3 cucTeMbl ['0yOBIX 03ep B BECEHHHI
HEPUOJ] BPEMEHU ObLIO OTHECEHO K YJIBTPAOIIUTOTPO(YHOMY COCTOSTHHIO -
oOpa3yercs U pasjiaraercs IpUuMEpHO OJJMHAKOBOE KOJIMYECTBO BEUIECTB [2, 4].
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INTEGR
OF THE FINLAND GULF NORTHEAST PART

Stroganova M.S., Shishkin A.l.

Higher School of Technology and Energy SPbSUPTD,
mariiastr1994@gmail.com

ANNOTATION

For several years the rivers and lakes of a northern part of Finland Gulf and
according to available techniques have been explored, the integrated assessment of a
water bodies condition by the dissolved oxygen, to BOD5, the water pollution index
(WPI) and an index of trophic state of a reservoir (ITS) was carried out.

KEYWORDS

Water body, integrated assessment of water bodies condition; the dissolved
oxygen; water pollution index; index of trophic state; Finland Gulf.

Now water bodies of the Leningrad region are very influences to eutrophication
because of high content of biogenic elements and various organic substances [1].
Thus, control of availability of biogenic and organic substances in a water object plays
an important role in environmental monitoring at an integrated assessment of quality
of water of a water object [2].

The integrated assessment firstly includes determination list of indicators of water

quality for calculation of the WPI and ITS indexes during different seasons.
Researches of water bodies of a Finland Gulf northern part are conducted seasonally,
take 30-50 water samples and the hydrochemical analysis of natural waters on a
number of the studied indicators is carried out by various methods. On the basis of
seasonal researches the water bodies of Finland Gulf northeast part database
systematically is replenished.
For example, during the spring period 2017 more than 30 water samples from different
water bodies by indicators - the dissolved oxygen, biochemical oxygen demand within
five days (BODs), the maintenance of separate ions, salinity level, a hydrogen indicator
pH, temperature condition and some other important indicators have been selected and
analysed. Integrated indicators of ITS and WPI for water bodies of St. Petersburg and
the Leningrad region in certain points are calculated by the studied indicators. The
main indicators for calculation of WPI are the oxygen dissolved in water and existence
of the easily oxidized organic chemistry expressed in an indicator BODs [3]. Results of
integrated assessment by the WPI index are presented in table 1.
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Ne Sample place |02, BODs [SO# |Fe*+ NHa+  [NO2 WPI \Water quality,

sampl mg/l | mg/l.  |mg/l | mg/l mg/l  |mg/l class

e

TLV, mg/l 6 2 100 |01 0,39 0,08

17 River 12,35 | 2,27 26 14 33,7 0 3,89 | IV - Polluted
Privetnaya,  at
Bridge Vostok -6

18 River 11,04 | 1,67 24 14 33 0 3,66 | IV - Polluted
Privetnaya,
mouth

19 River 10,42 | 163 6 04 23 0 1,67 |l -
Privetnaya, Moderately
lagoon F.G. polluted
Vostok-6

20 Finland Gulf 13,03 | 5,24 |13 05 1.8 1,8 1,96 (Il -
Vostok -6 Moderately

polluted

24 Stream 4,47 3,43 20 4 5,2 5,2 19,78 VII -
Smolyachkov at Extremely
bridge, place of dirty
sewage
dumping

25 Stream 13,44 | 4,75 |40 14 4 4 12,53 VII -
Smolyachkov at Extremely
bridge, after dirty
sewage
dumping

26 Stream 12,66 | 4,63 25 1,4 109 0,9 5,54 \V - Dirty
Smolyachkov
mouth

71 Finland Gulf [10,89 | 3,61 8 04 [0,8 0 1,34 Il -
Repino Moderately

polluted
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73 Penates stream, | 13,75 3,96 6 0,9 0,6 0,01 2,21 |1V - Polluted
mouth

74 Stream 13,46 (4,53 14 32 (31 0,03 6,91 |VI-Very
Repinsky, dirty
mouth

74 Stream near 11,84|2,62 40 1,8 0,7 0,06 3,71 |1V - Polluted
hotel
Repinskaya

At an assessment of a trophic state and calculation of the ITS index have been
used a hydrogen indicator pH and a water saturation by the dissolved oxygen (Oz2, %)
[2]. Results of ITS index calculations for separate water bodies are shown in table 2.

Table 2. Results of ITS index calculations

Ne Sample place O2% pH ITS Ecological state
sample
71 Cinland  Gulf of Basin 97,6 7,55 8,83 Eutrophic
3 (near Repino) 1010 1803
73" 100,9 8,02
74 97,1 7,31
74 91,9 7,62
61 River Malaya Sestra 100,3 7,12 8,43 Mesotrophic
62 101,12 (7,00
63 96,7 7,16
4 Serebryanoe lake 76,4 7,00 8,26 Mesotrophic
4 66,0 7,11
4" 61,8 7,12
5 Pridorozhnoe lake 90,9 6,49 6,85 Ultra-oligotrophic
5' 97,1 7,05
5" 91,9 7,36
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12 River Chernaya 96,6 7,46 8,63 Eutrophic
13 94,7 7,09

14 96,6 7,00

15 94,4 7,45

17 Privetnaya river 90,0 7,39 8,38 Eutrophic
18 87,6 6,76

19 81,9 6,49

24 Stream Smolyachkov 33,3 7,24 7,78 Mesotrophic
25 95,1 7,05

26 92,4 7,28

46 Sestroretsk reservoir 98,2 7,30 8,29 Mesotrophic
46/1 77,3 7,32

47 77,8 7,23

According to the received and analyzed results, it is possible to draw a conclusion
that water bodies of Finland Gulf northeast part by the WPI index can be carried to
classes from moderately polluted to extremely dirty waters. This result of an integrated
assessment by water pollution index is caused by the increased content of pollutants
concerning their threshold limit value (TLV in table 1), direct arrangement of water
bodies near sources of household activity, and also in some streams and inflows -
thawing of ice during the spring period of time.

It is possible to carry the basin of Finland Gulf (near Repino), the river Black to
eutrophic waters; to mesotrophic state - river Malaya Sestra, Serebryanoe lake, a river
Privetnaya, a stream Smolyachkov, the Sestroretsk reservoir. It should be noted that in
these reservoirs production- destruction balance positive as more biogenic and organic
substances are formed, than decays [2, 4]. Pridorozhnoe lake, one of Golyby lake
systems during the spring period of time have been carried to an ultra-oligotrophic

state - approximately identical amount of substances [2, 4] is formed and decays.
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IOMCK OTJIOKEHUM MAPA®HUHA B HE®TEIIPOBO/IE
METOJOM AKYCTHUYECKOI'O PESOHAHCA

Mapresnos /1. C., I1asnos U.B.

Cankm-Ilemepbypeckutl 2opHblil YyHUBEpCcUmem

AHHOTAIIUA

Ota npobiiemMa akTyallbHa CETOJHs, OTJOXKeHHe HapaduHa B He(TEnpoBoje
BBI3BIBACT CHIKEHHE NTPOIYCKHOM CIIOCOOHOCTH M yBETMUUBAET YOBITKU. OTI0XKEeHUs
napauHa B OIEMHBIX TPyOax NPUBOIAT K PE3KOMY YMEHBIIEHHIO UX ITOTIEPEUHOTO
CEUEHMsI, B PE3YJIbTATE UYETr0 CHIDKAETCs IEOUT U yMeHbIaeTcst OygepHoe JaBieHue, a
3aTeM  3aKylopHBAaIOTCS MOJAbEMHbIE TPyObl, TMOCJIE YEero MpeKpalaeTcs
¢onTanupoBanue. B pabore paccMmaTpuBaeTcs pemieHHe MpoOIeMbl MPU MOMOIIU
npubopa pe30HACHOIO aKyCTHYECKOTO KOHTPOJIS.

KJIIOYEBBIE CJIOBA

HedtenpoBonpel, otnoxenne mnapaduna, TOUCK mapaduHa METOIAMH
HEPa3pyILIAIOIIEro KOHTPOJIS.

Hedtn MHOrMX HEQTSHBIX MECTOPOXKICHHUH MapaduHHCThIC. B Takux HedTIX
coaepxanue mapadunos (yriaeBogopoaoB ot C1BH»4 u Beimie) npesbimaer 2%. B
HOPMAJIBHBIX  YCIIOBUSAX TMapa(uHbl SBISIOTCS TBEPJABIMH KPUCTAJUTMYECKUMH
BELIECTBAMH, B TUIACTaX e OHU Yallle BCEro PaCTBOPEHbI B HEPTH.

[Nonvem HedTH OT 320051 CKBaXHUHBI 0 YCThS U €€ JajlbHeWIlee ABMKEHUE OT
CKBOKWHBI IO Ta3oCerapaTopa COIMPOBOXKIAETCS HEMPEPHIBHBIM H3MEHEHHEM
TEMIIEPaTyphl U NaBJeHUs. B pe3ynbrare 3TOro Hapyaercs paBHOBECHE B CUCTEME
«He(Th-pacCTBOPEHHBIN  ra3-pacTBOpeHHbI mapadun». HedTth, mnOCTENEHHO
TepsroNIasi Tra3, CTAHOBUTCS OoJiee TSKEJIOH, BA3KOCTh €€ YBEIWYMBACTCS, a €€
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pacTBOpsromas CHOCO!!HOCTB II0 OTHOIICHUIO K TSKCIbIM YIVICBOAOpPOAaM H

Pa3IMYHBIM IPUMECSIM CHIKAETCS, TAK KAK YMEHBILIAETCS COAEPIKaHUE B HEH KHUIKUX
ra30B, UMEIOIIUX JIYUIIyI0 PACTBOPSIOIILYIO CIIOCOOHOCTh. OJTHOBPEMEHHO CHIKACTCS
U TeMIiepaTypa He()TH, YTO BbI3bIBAaeTCS IBYMs IIpUYMHAMU: 1) nepenadeii: Temina ot
HEe(TH B OKpYXKAIOIIME CKBa)XKUHY TOPHBIE TOPOJLI M 2) OXJaxJeHueM He]pTu
BCJIEJICTBUE BblJeseHus raza.OxnaxaeHue He()TH BCIEICTBUE BbIIEICHUS Ta3za MpU
007bIIOM Ta30BoM (hakTope mpeodsagaeT Mo CPaBHEHHUIO C OXJIAXKIEHUEM 3a CYET
TEINI0OTAaYM B TIpyHT. Ilpouecc BblmajeHus U OTJIOXKEHUs napapuHa
HETIOCPEACTBEHHO Ha CTEHKaX TPYyO MPOA0IDKAETCS C Pa3TMYHON MHTEHCUBHOCTBIO Ha
BCEM NPOTSHKEHHUH MTOIBEMHBIX TPYO - OT TOUKH, I/1€ OH HAYaJICs, 10 YCThSI CKBAXKHHBI.
Ta ke yacTp napaduna, KOTOpas BHINAAAET B MOTOKE, NOJHUMAETCS 110 MOHEMHBIM
TpyOaM B BHJE MEJIKHX KPUCTAJUTUKOB, B3BEIICHHBIX B HE(PTH, U KPUCTAJUIUKOB,
NPWIKIIIIAX K 000JI0YKaM Tra30BbIX My3bIpbKOB. [0 Mepe yBenmueHHs CoIepKaHUs
ATUX KPHUCTAUIMKOB B HE()TH OHM MOTYT NPHIUNATH K CTEHKaM TpyO, yBeln4uBas
TOJIIIMHY OTJIOXEHHUH mapaduHa.

[Tapa¢uHOBBIE OTJIOKEHMS MPEACTAaBIAIOT COOOH TEMHYyKH Maccy OT
Ma3eo0pa3HOM 10 TBepAOH KOHCHCTEHIMM: OHHU COJep)KaT, Kpome napaduHa,
3HAQUUTEJIBHOE KOJMYECTBO CMOJ, Maced, BOJbl (B CKBaXMHAX, MJArOLIUX
00BOAHEHHYI0 He(Th) W MHHEPAIbHBIX YacTUIl. TakuM o00pa3oM, HOpMaibHas
SKCIUTyaTalus (POHTAHHBIX CKBaXXHMH, B KOTOPBIX J00bIBaeTcs napaduHucTas HeQTh,
HEBO3MO)KHA 0e3 yAajeHHsl OTIIOKEHUH napaduHa co CTEHOK TpyO min 0e3 IpuHSTHS
Mep, MPEeIOTBPAILAIOIINX BhINaJeHNe MapaduHa Ha CTEHKaX.

Jlns OYMCTKH TOABEMHBIX TPYO OT mapadMHa MOXKHO NPUMEHATH TEIJIOBOE
BO3/ICHCTBHE WJIM MEXaHUYECKYIO OYHCTKY CIEIHaIbHBIMU CKpeOkamu. [1]

Taxoke BaxXHOH 3amayeil SBISETCS TMOMCK HAJIEKHOTO CIIOCO0a HAXOXKICHHUS
YYacTKOB He(TemnpoBoja TPeOYIOMIEro OYUCTKH OT mapaduHa. s 3TOro Mo>KHO
UCIIOJIb30BaTh MPUOOP HAa OCHOBE PE30HAHCHOTO aKyCTHYECKOro Meroja. Pabora
PE30HAHCHbIX NpuOOpOo8 OCHOBaHA HA OCOOEHHOCTSX PE30HAHCHBIX 3aKOHOB B
JUHENHBIX 1enax. OObIYHO OHM HCHOJB3YIOTCS Ul ONpPEeNICHUs aMIUTUTYAbI U
YacTOThl OJIHOTO T'APMOHHUYECKOTO KOJICOAHUS WJIM JUIS OINpPENEeNICHUs] aMIUIUTY[ U
YacTOT HECKOJBKUX TaPMOHMYECKHX KOMIIOHEHT, BXOSIIMX B COCTaB CJIOKHOTO
Kosiebanus. B pesonancuvix npubopax ToNMHA ONpENENseTcs MyTeM HU3MEpEeHUs
Y4aCTOT aKyCTHYECKUX PE30HAHCOB B KOHTPOJIHPYEMOM H3/ICITUH.

B mporiecce KOHTpoIIst pe3oHaTOp MprOopa 3aKperuisieTcsi HEMOCPEACTBEHHO Ha
ydacTke TpyOomnpoBosa B KOTOPOM TpeOyeTcs OnpenessaTh oOpacTaHus napa@uHOM.
Tax kak nmapagus u He(pTh U HEPTH 00JIaAAIOT Pa3HOM IUIOTHOCTHIO, PE30HAHCHAs
yacTtora npeoOpa3oBaTelss IpU HaIMuuu napaduHa pEe3KO HU3MEHSAETCS, O 4YeM
NPOU3BOJUTCS CYXKJEHHE, YTO SBISETCS MH(OPMAIMOHHBIM NAapaMEeTPOM HaJIM4us
napaduHa.

JIMTEPATYPA

[1] OcHOBBI HEDTSIHOTO M Ta30BOTO jAena: YueOHuk ajisa By3os/ Cepena H.
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I'., MypaBbeB B. M. — Z2-¢ u3., mepepad. u JoI. enpa, , C.
287.
®OPMUPOBAHMUE BJIATOIIPUATHOMN T'OPOJCKOM CPEJBI U
CO3JIAHME 3KOJIOTHMYECKOH UH®PACTPYKTYPLI TOPOJIOB

A.B. OmenkoBa, A.B. Yepemucun

DI'AOY BO Canxm-Ilemepbypeckuii noaumexnuueckull yHusepcumem
Ilempa Benuxoeo

KpymHble ropona mox aelCTBHEM MHOXKECTBA BPEIHBIX (PaKTOPOB, TaKUX Kak
BBIXJIOTIHBIE T'a3bl, IIyM, TEIUIOBBIC M 3BYKOBBIE HATrPy3KH, BUOPALINH, FIEKTPHYECKOE
U PagUoOaKTUBHOE 3arpsi3HEHHs, a TakXkKe BpEeMEHHOro ¢axTopa (MHOTHE
UCTOPUYECKHE TOpOAa HE COOTBETCTBYIOT CBOEMY BpPEMEHM IO IUIAHHPOBKE H
NPUCTIOCOOIEHHOCTH K COBPEMEHHOMY OBICTPOMY U MEHSIOLIEMYCS TeUECHHIO KH3HH)
CTAHOBSITCS MaJOIPUTOAHBIMU JUIsI HOPMAJIBHOTO U KOM(OPTHOT'O CYIIECTBOBAHUS B
HeM HaceyieHMs. OHM IPUBOAAT K IIEJIOMY KOMIUIEKCY IPOOJeM B COLMAIBHOM,
HSKOHOMUYECKOH U MH(PPACTPYKTypHOI 001acTsx >ku3HH. COBpEeMEHHbIE TEHACHIIUN
pa3BUTHSL TOPOJOB M YCOBEPIICHCTBOBAHMA HMX HWH(PACTPYKTYpbl HANpaBICHBI B
CTOPOHY CO3JaHMsl YCTOMUHMBOIO pa3BUTHUs 3KO-TOpooB [ 1]. Dko-ropojia BKIOYAIOT B
ce0st ynoOHYI0 TPaHCIIOPTHYIO CETh TOpoJa, Te MPOJ0KEHbI Hanbosiee KOPOTKUE U
OBICTpBIE IYTH JOCTYIA K OCHOBHBIM 00BEKTaM MH(PPACTPYKTYPbI, MECTaM padOThI U
OOIIECTBEHHBIM MECTaM OT/bIXa, @ KPYIHBIM TOPOAAM COIYTCTBYIOT arjioMeparim,
MO3BOJISIFOIIE PABHOMEPHO paCIpeIeUTh TPYAOBBIE M KyIbTYpHBIE pecypchl [2,3].
[ToBTOpHOE HCIONB30BaHWE HEBO30OHOBISIEMBIX HMCTOYHUKOB SIBISIETCS OJHUM W3
KJIFOYEBBIX HANpaBJICHUH YCTOHYMBOTO pa3BuTHs. B 3Ko-ropoje nemaercs ymop Ha
cOamaHCUPOBAaHHOE pAa3BUTHUE B YCJIOBUSAX VYBSI3KM M COIJIACOBAHUS HMHTEPECOB
pa3IMYHBIX COIHMAJIBHBIX TPYMN, CYOBEKTOB YIPABJICHUS M XO3SHWCTBOBAHMS,
(GYHKIMOHUPYIOIUX B TOpPOJE, YTO MOAPAa3yMEBAeT COUYETAHHWE NPUHIIUIIOB
COLIMAJIBHON CHPaBEAJIMBOCTH, SKOHOMHUYECKOW 3(PPEKTUBHOCTH U IKOJIOTHUECKOU
6€30macHOCTH Ul  YAOBJETBOPEHUs MNOTPEOHOCTEH HBIHEHNIHEr0o M OyIylux
MTOKOJICHUM >KUTEJEH ropoja.

OmnpeneneHbl OCHOBHBIE NMPETIATCTBHSA JUIsl YCTOHYNBOTO Pa3BUTHS: BO3/IECHCTBHE
Ha ruzpocdepy, atMochepy, GU3nIecKoe 3arpsa3HeHNe TEPPUTOPUI, BO3JCHCTBUE Ha
ounonoruueckue (3xosoruueckue) cucreMsl [4]. CyTb npoOieMbl 3aKI0YaeTCs B TOM,
YTO rOpoja NPEACTABIAIOT COOOH KpyMHEHIINe HEHTPBI HE TOIBKO IKOHOMUYECKOH 1
COLIMAJIbHO-KYJIbTYPHOU JKM3HHU, HO W HUCTOYHHMKHM KOJIOCCAJILHOTO JaBJICHHUS Ha
OKpY’Kalolllylo NpupojaHyto cpeny. IlocrenmeHHoe pemieHne 3THX IpoOieM mnpu
MOMOIIM KOMIUIEKCa IIeJICHANpPaBICHHBIX MEPONPUITHIA BEIET K YCTOMYHMBOMY
Pa3BUTHIO, a CHI)KEHHE aHTPOIOTCHHOTO JIABJICHUS HA OKPYXKAIOIINE YKOCHCTEMBI,
KOTOPOE COCTABJISIET CYIIIHOCTh IKOJOTMYECKON CTPATErnu Mepexo/ia K yCTOHYNBOMY
Pa3BUTHIO, JOJDKHO OBITH OPraHMYECKH COEIMHEHO CO CTpaTerueil obecrnedyeHus
9KOJIOTHYECKO# 0€30IacHOCTH mportiecca ypbanuzanuu [5].
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Jlisa pereHus npo!neM, CBSI3aHHBIX C YCTOMUYMBBIM Pa3BUTHEM, HYXKHO CIIEpBa

ONpEAEINTHCS B KAKOM COCTOSIHUM HaXOJUTCS TOPOJICKAs Cpesa, €€ IKOHOMUUECKOE U
COLIMAJIbHOE TMOJIOKEeHHe. B 3TOM MOMOryT mapaMeTpbl, KOTOpbIE HarJIsIHO
XapaKTepU3ylT 3TO MoJiokeHne. CyliecTBYIOT MHOKECTBO KPUTEPUEB, BCE OHH
JeNiaTcs  Ha  TPU ~ OCHOBHBIE  TPYINIBL:  COLMAIbHBIE, HSKOHOMHUYECKHE,
sKoJorndYeckue/Ononorudeckue [6].

ConmanbHelii MMOKa3aTeidb XapaKTepU3yeT COCTOSIHHE 3J0pPOBbS HACEJICHUS,
YCIIOBUSL KHU3HU U PabOTHl, KOM(MOPTHOCTU U ONArOYCTPOSHHOCTH HCCIEAYEeMOM
TEPPUTOPHH.

OKOHOMHUYECKHIM  TOKa3aTelb  XapakTepu3yeT, C  OJHOW  CTOPOHBI,
HKOHOMHYECKYIO BBITOAY OT ()YHKIIMOHUPOBAHHS Ha PAcCMATPUBAEMOU TEPPUTOPHUU
00BEKTOB NPUPOJOINONIB30BAHUSA, @ C APYrOMl - 3KOJOrMYECKHe, HKOHOMUYECKUE,
COLIMAJIbHBIE U NPOYUE NOTEPH, KOTOPhIE HECET OKpYXKalollasi CpeJia U HaCeJIEHUE OT
3arpsi3HEHUs], CO3/1aBa€MOT0 3TUMH OOBEKTaMH.

OpHMM W3 OCHOBHBIX COIMAIbHO-KOHOMHUYECKUX KPUTEPUEB HCIIOJIb30BAHUS
TOPOJCKUX TEPPUTOPUI SIBIAETCS IMOKa3aTelb >KUJIOW 0oOecredyeHHOCTH. JlaHHBI
MOKa3aTeNb MPEJCTaBIsAET CO00H (PYHKIIMOHATBEHO- CTOMMOCTHYIO OIICHKY TOPOICKOM
TeppuTopun. U n3mepsiercs B M2 o0l MI0many Ha OJHOTO yenoBeka [7].

DKOJIOTMUECKHUH TOKa3aTeNlb XapaKTepH3yeT MaTepualbHOE M SHEPreTUYECcKOoe
3arpsisHeHHs. K 0OIIecTaTHCTUYEeCKHM TOKa3aTesiM  AKOJIOTMYECKOW  OLEHKU
OTHOCATCSl KPUTEPHUH OTINYMS (PaKTHUECKOW KOHIIEHTPALW BpEIHBIX BEIIECTB B
aTMocdepe, BOIHOH cpelie U MoUBe, a TAK)KE HHTEHCUBHOCTH BHEITHUX BO3JIEHCTBUI
OT MPeeNIbHO TOMYCTUMBIX 3HaueHuH [8,9].

BaxxupiM  mokazaTeneM  COCTOSIHUS ~ KOMGOPTHOCTH  ypOaHU3MPOBAHHBIX
TEPPUTOPUH ABIISIETCS 00ECTIEYCHHOCTD JKUTEJICH 03€JICHEHHBIMH TEPPUTOPHUSIMH BCEX
KaTeropuii, 6arogapst KOTOPBIM CKJIQ/IBIBAETCS MHTETPAIBHBIA CPENO3AIIUTHBIA 1
scTeTndeckuit 3 dexr.

[ToMrMO KOTMYECTBEHHBIX ITOKA3aTeNei OIIEHKH OJIarONPUATHON COCTABIISIONICH
ropojila MOKET TPOU3BOAMTHCA W €€ BU3YyalbHas OIEHKa KOoM(OpTa TOPOICKOTO
MPOCTPAHCTBA, BIUSIONIAsl HA SMOIMOHAIBHOE U TICHXOJIOTUYECKOE COCTOSIHHUS €T0
skurenet [10,11].

Ha nannbIii MOMEHT momoOHas uHpopMaius coOupaeTcs MpU OIpeNeIeHUH

AKOJIOT0-DKOHOMUYECKOH 3¢ (eKkTuBHOCTH MNpoekToB W Bo3naraercss Ha OBOC
(ouieHKa BO3JEMCTBHS HA OKPYIKAIOLIYIO CPENY).
OBOC sBnsiercst eTMHCTBEHHO (P (GEKTHBHON METOJO0JIOrHEH y4eTa IKOJOTHYECKUX
TpeOOBaHMII B MHBECTUIMOHHBIX MPOCKTaX HA PAaHHUX dTanax IuiaHupoBanus [12].
Takxke mogoOHBIE MapaMeTpbl YUUTHIBAIOTCA MPH J1OOPOBOJIBHON HKOJIOTHYECKOM
AKCIIEPTHU3E 10 CUCTEME «3EJICHBIX» cTaHAapToB [13].

[lepexon kK yCTOWYMBOMY Pa3BUTHIO B YK€ CHOPMUPOBABIIUXCS TOPOJIAX MOXKET
OBITH MPOU3BEICH MPU MTOMOIIIH KOMIUIEKCHON PEKOHCTPYKIIUU CPEJIb, KOTOpas OyaeT
MOUMHSATHCS CIICAYIOIMM IpUHIMNAM pa3sutus [14-17].
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Bo-nepBbIX, IpH pa3BUTUH IUIAHUPOBKH, B CTPOUTENBCTBE U APYTUX IpOorpaMmmax
0J1arOyCTpONCTBA U PEKOHCTPYKIHH HEOOXOIUMO OMTUPATHCSI HA MECTHBIE YCIIOBUS, U
Ha MX OCHOBE BbIpabaThIBaTh cTpaTeruto pazsutus [18]. Tak, s Cankt-IlerepOypra
TaKUMU YCIOBUSIMH OyAyT - KeMOpUICKHE TJIMHBI, OJM30CTh MOJ3EMHBIX BOJ,
HaJlM4ue 3JaHul, HUMEIIUX HCTOPUYECKYI0 LIEHHOCTb, HAJIWYME KpPYMHBIX
TYPUCTUYECKUX NOTOKOB U Jipyrue. COOTBETCTBHE MECTHBIM YCJIOBHUSIM T'OBOPHUT U O
COOTBETCTBUM IPOBOAMMBIX MEPOIPUATHH B KYIbTYpPHBIX U  COLMAJIbHBIX
HalpaBJICHUSIX, IPUHATHIM B Ka)KJIOM TOpOJIE.

Bo-BTOpBIX, TPUHIUIT YCTOMYUBOTO PA3BUTHSI, ONTMCAHHBIN BBINIE.

B-TpeTbux, OprueHTUPOBAHHOCTD HA JIFOAEH, IPUHIUITBI TAPMOHUYHOTO Pa3BUTHUS
(ynmydmieHue TpaHCIOPTHOM JOCTYIMHOCTH 00BEKTOB HHPACTPYKTYPHI).

B-ueTBepThIX, PKOHOMHUYECKHE, COLMAIBHBIE M 3KOJOTMYECKHE BBITOJbI OT
INPUHLUIIOB CKOOPJIMHUPOBAHHOIO PA3BUTHS (MOTYT KOMIIEHCUPOBAaTh HEraTHUBHbBIE
HKOJIOTUYECKUE U COLIMATIbHBIE IOCIEACTBUS PA3BUTHS).

B-nsThIX, COOTBETCTBHE C pa3BUTHEM IOpPOJIa, IPUHIUI OOIIEro INIAHUPOBAHUS.

Taxoke Ba)KHO OTMETHUTB TO, YTO HEOOXOAUMO IeHCTBOBATH KOMILJIEKCHO, TO €CTh
npopabaTelBaTh HE TOJBKO OJHO HAalpaBlieHHE, HalpuMep, CTPOUTENILCTBO U
UHQpaAcCTpyKTypa, a TakKe [aBaTh IOHATHE HACEJICHUIO, YTO TaKOe 3KO-TOpoJ,
MOBBIIIATH UX 00Pa30BaHHOCTh B JAHHOH cepe KU3HU.

Ilokazarenu  OUEHKM  YCTOMYMBOCTH  3€JIEHOM  NPOU3BOJUTEIIBHOCTH
UHPPACTPYKTYpbl MOTYT OBITh HCHOJB30BAaHBI IJISI MPEAJIOKECHUS HOBBIX IUIAHOB
Pa3BUTHS FOPOJIOB, @ TAKXKE Ul COBEPILIEHCTBOBAHMSI MPOIECCa MPUHATHS PEILICHUI
Ha OCHOBE 3apaHee YCTAaHOBJEHHbIX KpurepueB. OHM MO3BOJISAIOT CPABHHUBATH
pa3iaMyuHbIe METO/bl M COACHCTBOBAThH BBISBICHUIO HAWIYYIEH MPAKTUKU Pa3BUTHS
Cpelu pa3IMYHBbIX CLUEHApUEB pa3BUTUS ropoJoB. OleHKa MOXKET NPOU3BOAMTHCA
COITACHO  METOJOJIOTMM  KOMIUIEKCHOI'O  aHajiu3a  3KOJOr0-3KOHOMHYECKOH
3¢ GEKTUBHOCTH I'PaIOCTPOUTENBHBIX ITPOEKTOB U Mozenei [19].

[IprMepoM BBICOKMX IOKa3aTeNeH MO JaHHBIM KpUTEpUsM siBIseTcs ['epmaHus
[20]. Ha nmpumepe roponoB ['epmanuu - bepnuna u Jleinuura, nokazaHo, Kakum
00pa3oM KOHLENIMS 3€JeHON MH(PACTPYKTyphl TOpOAa MOXKET OBITh BHEApEHA B
IporpaMMy pa3BUTHs ropofoB. IIpeacraBieHbl OCHOBHbBIE 3JIEMEHTHI, XapaKTepHbIE
JUIS  MOJENIN 3€JI€HOr0 TOpojAa, B YAaCTHOCTM MHUHMMHU3AIUS HETaTHBHOIO
AQHTPOIIOTE€HHOT'O BO3JECUCTBUSl HAa OKPYXKAIOIIYIO Cpedy B paMKax YCTOHYHMBOIO
pa3Butusi TeppuTopur. OCHOBHas pOJb MPU ITOM OTBOJUTCS KOMIUIEKCHOM
HKOJIOTUYECKOM MOJUTHKE, BKIIOYAIOUIEH HE TOJBKO OTAEIbHBIE SKOJIOTHYECKHE
MEPOINPHSTHS, HO U HKOJOTM3ALUI0 BCEX 3IEMEHTOB MH(PPACTPYKTYphl ropoja U, B
O0COOEHHOCTH, BHEAPEHHE HKOJOTMUECKOrO MBINUIEHUS M o0pa3a JKU3HU Cpeau
JKUTENEN.

B BenukoOputanuu Oblna pemieHa mpoOiemMa TpPaHCIOPTHOW JTOCTYIHOCTH,
npucymias OOJIBIIMHCTBY MCTOpHUYECKHMX ropojoB. [Ipobrmema pemanach myrem
aHanmu3a ¥ NpopabOTKH MHOKECTBA BAPMAHTOB HOBOW IUTAHUPOBKHU YJIHIl C YIE€TOM
NPUHIMIA CErperanuy MeleX0IHbIX MapHIpyTOB BHYTPU paiioHOB, 3((EKTUBHOIO
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(GYHIIIMOHUPOBAHUS O!H_IGCTBCHHOFO U JIMYHOTO TPaHCIOPTa B  YCIOBHUAX

BO3pacTaloIel TPAaHCTIOPTHOM aKTUBHOCTH U pocTa ropoza. [21].

s CII6 B paMKax mporpaMMbl pa3BUTHs [22] BBISIBIEHO MHOXECTBO MPOOJIEM,
CBSI3aHHBIX C IUTAHUPOBOYHOH U IPATOCTPOUTEIBHOM OTPACIISIMU, 4 TAKXKE IIPUBEICHBI
nporpaMMel o ux pemeHuro. HauGosnee ocTpo cTOUT BONPOC HEPaBHOMEPHOCTHU
pacrpesiesieHHs] MacCa)KUPCKUX U TPAHCIOPTHBIX IOTOKOB «UEHTP-epudepus».
Hanbonee KOHLEHTPUPOBAHHBIMU MECTaMU PaOOTHI SIBJIIOTCS LICHTPAIbHbIE PAOHBI,
B KOTOPBIX COCPEIOTOYECHBI 3HAYUTEIIbHbIE IOTOKH aBTOMAILIWH, YTO NPUBOIUT K
CWJIBHOMY 3arps3HEHHIO BO3JyXa. Takke LEHTpaJbHbIE PAMOHBI XapaKTEPU3YIOTCS
MEHBIIUM KOJIMYECTBOM 3€JICHBIX HACAXKICHHN MO CPAaBHEHHIO C TepeepHuiHbIMU
paiionaMu. Bee 3TO 0Ka3bIBaeT HEraTUBHOE BIUSHUE HA COLUAIBHO- S3KOHOMHYECKOE
pasButre ropona. CIIO mMeeT OONBIION TEPPUTOPHATBHBIN MOTEHIMAT, HO OH HE
UCTIONIBb3yeTCs  U3-32  HEI(PPEKTHUBHON  IMONUTHKH  HWCIOJNB30BAaHUS — 3€MeEJb.
OO6pasoBanuch aucOamanchl B (PYHKIHOHAIBHOM HCIIONB30BAHUN TEPPUTOPUN U
00€CIeYeHHOCTH PA3IMYHbIX TEPPUTOPUM OOBEKTAMU COLUAIBHOW, MHKEHEPHOM,
TPAHCHOPTHOW MHPPACTPYKTYPHI U IPYTUMHU BUJaMH O0BEKTOB

Heobxonumo ompenenuTs, MO0 KakUM KPUTEPUSIM HY)KHO IPOBOJUTH OLIEHKY
TOPOJCKOM Cpelbl M MOCIEN0BAaTEILHOCTh. HyXKHa KOMIUIEKCHAs OLEHKA C y4ETOM
HKOHOMMYECKHX, COLUAIBHBIX U 3KOJIOrH4YecKuX (hakTopoB. [lokazaTenn BO3HUKAIOT
IIPY aHaIu3€ TOPOJCKOM Cpelapl M OCHOBBIBAIOTCS HAa MECTHBIX YHHMKAJIBHBIX
XapaKTepUCTHKaX TIopoJa C COOJIFOJEHUEM OCHOBOIIOJIATAIOIIMX —MPUHIUIIOB
ruianupoBanus. [leperiannpoBka MHPPACTPYKTYphI TOPOJIAa HECET TaKXkKe 3a COoOOoM
U3MEHEHHE COLUAIBHBIX (DAaKTOPOB M COLMAIBHOW JKH3HU TOpPOJa, CHIDKEHHE
MPECTYNHOCTH, COLIMATIBHYIO YCTOWYUBOCTb.

3apyOexoM OBLTIO TPOBENEHO JOCTATOYHOE KOJIWYECTBO PEKOHCTPYKLUI
TOPOJICKOM CpeJibl, YTO BO3BIMEJIO CBOM yCIIEX U MO3BOJIMIIO CO3/1aTh IKOJIOTHYECKYIO
uHpacTpyKTypy. JlaHHbIE IPOEKTHI MOKHO NMPHHATH 3a 00pasell I MPOBEICHUS
HOJJOOHBIX MEPONIPHUATUI B POCCUICKHUX TOPOJaXx.
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FORMATION OF A FAVORABLE CITY ENVIRONMENT AND
CREATION OF ENVIRONMENTAL INFRASTRUCTURE OF CITIES

A.V. Oschepkova, A.V. Cheremisin
Peter the Great Saint-Petersburg Polytechnic University

Large cities under the influence of many harmful factors, such as exhaust fumes,
noise, thermal and sound loads, vibration, electrical and radioactive contamination, as
well as a time factor (many historical cities do not correspond to their planning time
and adaptability to the modern fast and changing course of life) Become unsuitable for
the normal and comfortable existence of the population in it. They lead to a whole
complex of problems in the social, economic and infrastructural areas of life. Modern
trends in urban development and improvement of their infrastructure are directed
towards the creation of sustainable development of eco-cities [1]. Eco-cities include a
convenient transport network of the city, where the shortest and fastest way of access
to basic infrastructure facilities, places of work and public recreation places is laid,
and large cities are accompanied by agglomerations that allow evenly distributing
labor and cultural resources [2,3]. Reuse of non-renewable sources is one of the key
areas of sustainable development. The eco-city emphasizes balanced development in
the context of linking and harmonizing the interests of various social groups,
governance and economic entities operating in the city, which implies a combination
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the needs of present and future generations of city residents.

The main obstacles to sustainable development are identified: impacts on the
hydrosphere, atmosphere, physical pollution of territories, impact on biological
(ecological) systems [4]. The essence of the problem lies in the fact that cities
represent the largest centers of not only economic and socio-cultural life, but also
sources of colossal pressure on the surrounding natural environment. The gradual
solution of these problems with the help of a set of targeted measures leads to
sustainable development, and the reduction of anthropogenic pressure on surrounding
ecosystems, which is the essence of the environmental strategy for the transition to
sustainable development, must be organically linked to the strategy for ensuring the
environmental safety of the urbanization process.

To solve the problems associated with sustainable development, we must first
determine the state of the city environment, its economic and social situation. This
will help the parameters that clearly characterize this position.

There are many criteria, they are all divided into three main groups: social, economic,
ecological / biological [6].

The social indicator characterizes the state of health of the population, living and
working conditions, comfort and prosperity of the territory under study.

The economic indicator characterizes, on the one hand, the economic benefit from
the functioning of the nature use objects on the territory under consideration, and on
the other - the environmental, economic, social and other losses that the environment
and the population are carrying from the pollution created by these objects.

One of the main socio-economic criteria for the use of urban areas is the indicator
of residential security. This indicator is a functional and cost estimate of the urban
area. And measured in m? of total area per person [7].

The ecological indicator characterizes material and energy pollution. The general
indicators of environmental assessment include the criteria for distinguishing actual
concentrations of harmful substances in the atmosphere, water and soil, and the
intensity of external influences from the maximum permissible values [8,9].

An important indicator of the state of comfort of urbanized territories is the
provision of residents with green areas of all categories, thanks to which an integral
environmental and aesthetic effect develops.

In addition to the quantitative indicators of assessing the favorable component of
the city, its visual assessment of the comfort of urban space, which affects the
emotional and psychological state of its inhabitants, can also be produced [10, 11].

At the moment, such information is collected when determining the
environmental and economic efficiency of projects and is entrusted to the EIA
(environmental impact assessment). EIA is the only effective methodology for
integrating environmental requirements in investment projects in the early planning
stages [12]. Also, such parameters are taken into account in the voluntary ecological
expertise according to the system of "green" standards [13].
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achieved through a comprehensive reconstruction of the environment, which will obey
the following principles of development [14-17].

First, with the development of planning, in construction and other programs of
improvement and reconstruction, local conditions should be based on development of
a development strategy [18]. So, for St. Petersburg, such conditions will be - Cambrian
clays, the proximity of groundwater, the availability of buildings of historical value,
the presence of large tourist flows, and others. Conformity with local conditions also
speaks about the conformity of the measures taken in the cultural and social areas
adopted in each city.

Secondly, the principle of sustainable development, described above.

Third, people's orientation, the principles of harmonious development (improving
the transport accessibility of infrastructure facilities).

Fourth, economic, social and environmental benefits from the principles of
coordinated development (can offset the negative environmental and social
consequences of development).

Fifth, compliance with the development of the city, the principle of overall
planning.

It is also important to note that it is necessary to act in a comprehensive manner,
that is, to study not only one direction, for example, construction and infrastructure,
but also to give the concept to the population what an eco-city is, to enhance their
education in this sphere of life.

Indicators for assessing the sustainability of green infrastructure productivity can
be used to propose new urban development plans, and to improve the decision-making
process based on pre-established criteria. They allow us to compare different methods
and to promote the identification of best practices for development among different
urban development scenarios. The assessment can be carried out according to the
methodology of a comprehensive analysis of the eco-economic efficiency of urban
development projects and models [19].

An example of high performance according to these criteria is Germany [20]. On
the example of German cities - Berlin and Leipzig, it is shown how the concept of the
city's green infrastructure can be implemented in the city development program. The
main elements characteristic of the green city model are presented, in particular
minimization of negative anthropogenic impact on the environment within the
framework of sustainable development of the territory. The main role in this is given
to the integrated environmental policy, which includes not only individual
environmental measures, but also the ecologization of all elements of the city's
infrastructure and, in particular, the introduction of ecological thinking and a way of
life among the inhabitants.

In the UK, the problem of transport accessibility inherent in most historic cities
was solved. The problem was solved by analyzing and working out a variety of
options for a new street layout, taking into account the principle of segregation of

17 Apr. 2017



The International Science Environmental Conference ""ECOBALTICA"

pedestrian I’OU!GS WI!HIH !”e regions, e“ec!lve |unc!|on|ng 0| pU!lIC an! persona|

transport in conditions of increasing transport activity and city growth. [21].

For St. Petersburg, in the framework of the development program [22], a lot of
problems related to the planning and town-planning sectors have been identified, as
well as programs to address them. The most acute issue is the uneven distribution of
passenger and traffic flows "center-periphery". The most concentrated places of work
are the central areas in which significant traffic flows are concentrated, which leads to
severe air pollution. Also, the central areas are characterized by fewer green spaces in
comparison with the peripheral areas. All this has a negative impact on the social and
economic development of the city. St. Petersburg has a large territorial potential, but it
is not used because of inefficient land use policies. There were imbalances in the
functional use of territories and the provision of various territories with social,
engineering, transport infrastructure and other types of facilities

It is necessary to determine the criteria for assessing the urban environment and
the sequence. An integrated assessment is needed, taking into account economic,
social and environmental factors. Indicators arise in the analysis of the urban
environment and are based on the local unique characteristics of the city in accordance
with the basic principles of planning. The redevelopment of the city's infrastructure is
also subject to a change in social factors and the social life of the city, reducing crime,
social stability.

Abroad, a sufficient number of reconstructions of the urban environment were
carried out, which had its success and allowed the creation of an environmental
infrastructure. These projects can be taken as a model for holding similar events in
Russian cities.
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MOJEJUPOBAHUE NOBEAEHUSA )KUBbIX CUCTEM,
HAXOIAINUXCA BO BHEHTHUX JIEKTPUYECKHUX NMOJIAX, AJA
OITPEAEJEHUS CTEIIEHA OITACHOCTH

P.B. daBbigoB, T.U. laBbiaoBa

DI'AOY BO Canxm-Ilemepbypeckuii noaumexnuieckutl yHusepcumem
Ilempa Benuxozo

B nacTosiee BpeMsi pacTeT YUCIO0 Pa3InYHbIX KOMMYHUKAMOHHBIX CUCTEM IS
nepeaady IEKTPUUECKOW 3Hepruu. BoJbllyt0 onacHOCTh ISl JKUBBIX OPraHU3MOB
MOJET IPEJACTaBIATh BbICOKOBOJIBTHBIM Kabenb. OcoObIi HMHTEpEC BBI3BIBAET
BJIMSTHUE DJIEKTPUYECKOTO TOJISI OT BHICOKOBOJBTHBIX ceTeil (Hampspkenue 110 kB u
BBIIIIE) HA >KMBBIE OPTaHU3MBI (UETIOBEK, )KUBOTHBIC), a TAaK)KE Ha MPEAMETHI ObITa
JOAeH, KOTOphIE IOCJE€ BO3AECHCTBHA HA HHUX AJIEKTPUYECKOTO IMOJII MOTYT
MPEACTABISITh OMACHOCTH JJIs 310pOBbs [1].

OKCIEpUMEHTHI HaJ JIIOJbMH HCKIIOYEHBI, MPOBEIECHUE SKCIEPUMEHTOB HaJ
JKUBOTHBIMM OTPaHMYEHO PA3JIMYHBIMU 3aKOHaMH M MOpPAJIbHBIMH HOpPMaMH.
[ToaTromMy B 3TOM cCilydae MHpoleccaM MOJECIUPOBAHUS TAKUX SIBIEHUH OTBOAMTCSA
ocHOBHas ¢yHkuus. [Ipuuem, B CBSI3U C MOCTOSHHO M3MEHSIOIIMMUCS YCIOBUSMU
oOuTaHUs dYeloBeKa, Bce Ooiblne (AKTOPOB HAMO YUYHUTHIBATH B TOCTPOCHHE
MaTeMaTHUYeCKHUX U KOMIBIOTEpHbIX Mozened [2]. Kpome Toro, mnocTosiHHO
WU3MEHSIIOTCSI TEXHOJOTMHM M3TOTOBJIEHUSI CaMUX JJIEKTPUYECKUX CHUCTEM, UTO
MPUBOJAUT K M3MEHEHMIO JUarpaMMbl PAcCCESHHOTO 3JEKTPUYECKOTO  IOJIs.
[IpuMeHeHrne HOBBIX TEXHOJIOTHMH IO3BOJIMJIO TEPEAaBaTh MO CHUIIOBBIM KaOessiM
BBICOKHE HAMPSHKEHHSI C Pa3IMYHON YaCTOTOM, YTO TOKE MPUXOAUTCS YIUTHIBATH TIPU
noctpoeHuu mozneneit [3]. Bece 3To mpuBeno kK ToMy, 4TO MOCTOSIHHO pacIlupsieTcs
Kpyr 3ajay IOCTABJIEHHBIX IEpel pa3pabdoTUMKaMM MoOJEIeH Al NpOBEACHUs
UCCJIEIOBAHUM, a 3TO TpeOyeT yCOBEPIICHCTBOBAHUS YK€ Pa3pabOTaHHBIX MoJenen
WIM cOo3JaHus HOBbIX. B mpezicraBieHHOW paboTe Ha OCHOBE CYIIECTBYIOIIMX
JITOPUTMOB U METOJUK CO3/1a€TCSl HOBask MOJIENb, YUUThIBatOIask (hakTOpPbI, KOTOPHIE
MOCTaBJIEHbI NIEpe]] pa3pabOTUNKOM 3aKa3UMKaMH.

Jns  omucaHus ~— cucTeM € AHU3O0TPONHBIMU  OPUEHTAIIMOHHBIMU
B3aUMOJICCTBUSIMU TPUMEHSIETCSl KJIACCHYECKas PEHIETOYHAsT MOJENb, B KaXKIOM
y3J1€ KOTOPO HAXOAUTCS AHU30TPOITHAS YJIMHEHHAS YacTHIIa (MOJIEKYJIa) - pOTaTop,
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00Jaaromuy TOJIBKO BPAIATEIbHBIMU (OPUEHTALIMOHHBIMU) CTEIEHSAMU CBOOOJBI.
OuU3NYECKUE XAPAaKTEPUCTUKM TaKHX CHUCTEM, IPEXKIE BCETO, 3aBUCAT OT BHUAA
MOTCHIIMAIBHOW JHEPTUM B3aUMOJCHCTBUS OTHX POTATOPOB MEXIy COOOM.
Hampumep, maji1  CErHETORNIEKTPUYECKHMX CHUCTEM MPUMEHSETCS MOTEHUHUA
JUIIOJIBHOTO THIIA, IS JKUAKUX Cpell - KBaapynoiasHoro. [Ipu uccnenoBannu cucrem
YUUTBHIBAJIUCh  B3aUMOJEWUCTBUS TOJBKO MEXIy Onmxamumu  (COCeIHUMMU)
poTaTopamu.

Jnst ucciaenoBaHus BIWSHUA TEMIEPATypbl, KOHCTAaHT B3aUMOJEWUCTBUS U
BHEIIIHUX 3JIEKTPUYECKUX IOJIEH Ha MTapaMeTp AAJBHErO0 OPUEHTAMOHHOTO MOpsIKa
IPUMEHAJIOCh KOMITBIOTEpHOE MojenupoBanue mMetoqoM Monrte- Kapio (anroputm
Metpomnonuca), B KOTOPOM T€HEPUPYETCS CIy4ailHbIil mpolecc, COCTOSILUN M3
HaOopa TMoOCJeNoBaTeNbHBIX KOH(HUrypauuii cucteMbl. B kadecTBe mapametpa
JAJbHEr0 OPHEHTAlMOHHOIO TMOpSAAKa [UIsl CETHETORJIEKTPUYECKHX CHCTEM
HCIIOJIB30BAJICSl CPENHWH KOCHUHYC yIJla OpHEHTAallMH poTaropa Ha OCh
MPEUMYILECTBEHHOIO0 HAIPABJICHUS JUIIOJIEH, a ISl )KUJKUX CUCTEM HCIOJIb30BaJICS
daxrop L[BeTkoBa.

HanoxxeHre BHEIIHEro 3JIEKTPUYECKOrO TIOJIsI OINKCHIBA€TCA BBEICHHUEM B
MOTEHIUAIBHYIO SHEPTUI0 CUCTEMBI JIOTIOJHUTEIBHOTO CIaraeéMoro, JMHEHHOro Mo
HANPsHKEHHOCTH 1Mo, PaccMOTpeHo ero BiIMsiHUE Ha TapaMeTphl pazoBoro nepexosa
CHCTEMBI U3 YIOPSJOUEHHOI'O COCTOSIHUS B M30TPOIHOE cocTosiHue. [lokazaHo, 4To B
3TOM ciydae (a3oBbli mepexoj "pa3mbiBaeTca" B oOnacTu Temmepatyp. Taxoke
BBIYHUCIICHA NIMPHHA (a30BOTO Mepexo/a (IUpUHA KPUBOH TETTIOEMKOCTH).

[Ipn pa3nuyHBIX 3HaYEHUSAX TEMIIEPATypPbl BOJbl PACCUUTAHBI AUDJIEKTPUUYECKAS
MIPOHHULIAEMOCTh CUCTEM, HCCIIEIOBAH MPOLECC TUIIEKTPUUECKON MEPENOsIpA3alim.
ITocTpoeHsl 3aBUCUMOCTH IapaMETPOB OPHUEHTALMOHHOIO IOPSAKAa OT BEIMYMHBI
BHEIIHETO 3JEKTPUYECKOrOo IMOJIi HPHU €ro LUKIMYECKOM H3MEHEHUU (KpHUBBIE
recTepesrca) Mpy pa3IudHbIX TeMIepaTypax U BpEMEHHU peaKCaIliH.

OrmpeziesieHbl COOTHOILIEHHUSI MEXAY MapaMeTpaMH 3JIEKTPUUECKOro TMOojisl OT
BBICOKOBOJIBTHOTO Ka0els W KUBOW CHCTEMBI, IPH KOTOPBIX JKMUBAs CUCTEMa IOCIIE
BHEILIHETO BO3JICHCTBHS MOKET HE BEPHYTHCS B IMEPBOHAYAILHOE COCTOSHUE.
PesynpTaT gaHHOro MccieoBaHUsl BaXXEH MPU MPOECKTUPOBAHUM BBICOKOBOJIBTHBIX
KaOeJNbHBIX JIMHUH KaK OKOJIO CTPOCHHA, B KOTOPBIX pPACIOJIATalOTCS pa3InyHbIe
JKUBBIE CYIIECTBA, TaKk U B moMeuieHusX. OcoOblii MHTEpEC BBI3BIBAET BIUSHHUE
JUTMTEIBHOCTH BO3JAEHCTBUS 3IEKTPUYECKOTO MOJIS, YTO B MOJEINAX OYEHb TPYIHO
YUUTBIBaTh. A 3TO, KaK IOKa3blBA€T AHAJIU3 MEIUIMHCKUX JIAHHBIX, SBISETCS
OCHOBHBIM (D)aKTOPOM TIPU «HEBBICOKHX)» PACCESTHHBIX JIEKTPUUYECKUX TOJSX,
KOTOPBIA NPUBOAUT K HEOOPATUMBIM MOCIEACTBUAM (CHCTEMAa CAMOCTOSTEIBHO HE
MOJKET BEPHYTbCS B UCXOJHOE COCTOSIHUE, UCIIOJIB3YS PEIaKCallMOHHbIE TPOIIECCHI).
VYder BpeMeHHN BO3ACUCTBUS B pa3pab0TaHHOW MOJEIH SBISIETCS HAYYHON HOBU3HOU
MpEICTaBICHHON paboThl. HO mpu 3TOM BO3HHMKAeT MHOMKECTBO APYTHUX BOIPOCOB,
OIIMH W3 KOTOPHIX WHTEpBAbHOE (Yepe3 KaKhue-TO TMPOMEKYTKA BpPEMEHH)
BO3JICUCTBHUE DJIEKTPUUYECKOTO MOJISI, KAK YYECTh OCTATOYHOE COCTOSIHUE B JKMBOM

17 Apr. 2017



The International Science Environmental Conference ""ECOBALTICA"

OpraHusMe II0CJIE€ IIEPBOTO BO3IACUCTBHUA, KOTOPOEC !!y,Z[CT OKa3bIBaTh BJIIMJAHHEC Ha

MPOIIECCHI TIPHU CIIEAYIOIIEM BO3CHCTBUH H T.JI.

[TosTOMy TIOJlyY€HHBIE PE3YJAbTaThl MPEIACTABISIOT BAXKHBIA HAYYHBIA U
MPAKTHYECKUN MHTEPEC, TaK KaK C MX MOMOIIBIO MOKHO OIICHUTh CTCIICHb OITACHOCTH
BJIMAHHUA PACCCAHHOI'O 3JICKTPHUYCCKOI'O IIOJIA Ha JKUBOH OpTraHu3M IIpHU OAHOKPATHOM
BO3JEHCTBUM C BHICOKOM CTEMEHBIO NOCTOBEPHOCTH, OJAHAKO MOJEIh HYXKIAETCS B
JOpabOTKU TP y4eTe OoJiee CII0KHOTO BJIMSHHS, KOTOPOE TAaK)KE€ HE yYHUTBHIBAIOT
paHee pa3zpaboTaHHBIC MOJICIIH.
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SIMULATION OF THE BEHAVIOR OF LIVING SYSTEMS IN

EXTERNAL ELECTRIC FIELDS TO DETERMINE THE DEGREE OF

HAZARD

R.V. Davydov, T.l. Davydova
Peter the Great Saint-Petersburg Polytechnic University

Nowadays, an increase in the number of different communication systems for
transmission of electrical energy occurs. High-voltage can be very dangerous to living
organisms. The main interest is the influence of the electric field of the high-voltage
network (voltage of 110 kV and above) on living organisms (human, animals) and on
household objects, which, after exposure to an electric field can be hazardous to health
[1].

Any experiments on human beings banned, various laws and moral norms limit
experimentation on animals. Therefore, the processes of simulation the influence of
electric field on living organisms plays the key role. Moreover, because of constantly
changing human habitation conditions more, and more factors must be considered in
the construction of mathematical and computer models [2]. In addition, the
technology of manufacturing the electrical systems themselves is constantly changing,
which leads to a change in the diagram of the scattered electric field. The use of
modern technologies made it possible to transmit high voltages with different
frequencies through power cables, which also should be considered when constructing
models [3]. All this has led to the fact that the range of tasks set for the developers of
models for research is constantly expanding, and this requires the improvement of
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on existing algorithms and techniques a new model is created, considering the factors
that are put before the developer by the customers.

To describe systems with anisotropic orientational interactions, a classical lattice
model is used, at each node of which there is an anisotropic elongated particle
(molecule) - a rotator possessing only rotational (orientational) degrees of freedom.
The physical characteristics of such systems, mainly depend on the type of potential
energy of interaction of these rotators with each other. For example, for ferroelectric
systems the potential of the dipole type is used, for liquid media - the quadrupole
potential. In the study of systems, only interactions between nearest (neighboring)
rotators were taken into account.

To study the influence of temperature, interaction constants and external electric
fields on the long-range order parameter, computer simulation by the Monte Carlo
method (the Metropolis algorithm) was used, in which a random process consisting of
a set of successive system configurations is generated. As the long-range order
parameter for ferroelectric systems, the average cosine of the orientation angle of the
rotator on the axis of the preferred direction of the dipoles was used, and for the liquid
systems the Tsvetkov factor was used.

The superposition of an external electric field is described by introducing an
additional term linear in the field strength into the potential energy of the system. Its
effect on the parameters of the phase transition of a system from an ordered state to an
isotropic state is considered. It is shown that in this case the phase transition is
"blurred" in the temperature range. The width of the phase transition (width of the heat
capacity curve) is also calculated.

For different values of the water temperature, the permittivity of the systems is
calculated, and the process of dielectric repolarization is investigated. Dependences of
the orientational order parameters on the value of the external electric field at its cyclic
variation (the curves of the hysteresis) at different temperatures and relaxation time
are constructed.

Relationships between the parameters of the electric field from the high- voltage
cable and the living system are determined, under which the living system after
external exposure may not return to its original state. The result of this study is
important in the design of high-voltage cable lines both around the buildings in which
various living beings are located, and in the premises. The main interest is the effect of
the duration of the action of the electric field, which in models is very difficult to
consider. And this, as shown by the analysis of medical data, is the main factor in
"low" scattered electric fields, which leads to irreversible consequences (the system
cannot return to its original state using relaxation processes on its own). Accounting
for exposure time in the developed model is the scientific novelty of the work
presented. But this raises many other questions, one of which is the interval (after
some time intervals) effect of the electric field, how to take into account the residual
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the next exposure, etc.

Therefore, the obtained results represent an important scientific and practical
interest, since they can be used to evaluate the degree of danger of impact of the
scattered electric field on the living body by single exposure with a high degree of
certainty, but the model needs refinement when account is taken of a more complex

influence, which also do not account for previously developed models.
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PA3ZPABOTKA DKCIHHPECC-METOJA ITUOO®EPEHIIUAIINN
CJIOKHBIX CUCTEM C JJAJJbHEWUIIEA ®JIYOPECIHEHTHON
JTUATHOCTHKOM

E.A. CaBuenko, J.K. Henomusimasi, E.H. Beanuko

DI'AOY BO Canxm-Ilemepoypeckuii nonumexHu4ieckull yHusepcumem
Ilempa Benukozo

I[HH MOJIyUCHUA I/IH(i)OpMaHI/II/I 0 COCTOAHUU U CTCHICHU 3arpA3HCHUA PA3JIMYHBIX
O00BEKTOB  OKpYyXKalomled cpenbl  HEOOXOIMMO  pacroniaraThb — pa3IUdHBIMH
buznyeckuMu ~ MeToJaMHM  JKoJormueckoro  koHtposns  [1].  Paspabotka
3KCHpeCC'TeXHOHOFI/II7I, IIO3BOJIIOIITUX MTHOBC€HHO OICHUTH 0€e30aCHOCTh BOJHBIX
PECYPCOB, CEIIBCKOXO3SIMICTBEHHBIX YrOJAUM, MPOMBIIIJICHHBIX U IPUPOJOOXPAHHBIX
00BEKTOB SBJIAETCS aKTyaJIbHOH 3a/1aueil 3KOJIO0T0B.

B Hacrosmiee BpeMs CyIIeCTBYET OOJBIIOE KOJIUYECTBO (PH3UKO- XMMHUYECKHX
METOOB KOHTPOJIS 32 COCTOSTHHEM OKPY’)KaIOILIeH Cpeibl, KOTOPBIE MOIPA3AEIIOTCS
Ha: CHEKTpaJbHble (ATOMHAsi CIEKTPOCKONHS, MOJICKYJSpHAs CIEKTPOCKOIHS),
DIIEKTPOXUMHUYECKUE M Xpomatorpaduueckue [1]. JIFOMHHECHEHTHBIH aHaIn3
OTHOCHUTCSI K CHEKTPAJIbHBIM METOZaM, B KOTOPOM MOJIEKYJTy OCBEUIAIOT JIa3ePHBIM
U3JTy4eHUEM B HY)KHOM JMara3oHe MJIUH BOJH (YIbTpadHOIeTOBOM, BHIUMOM H
nHPPAKpPACHOM) Ui TIEpeBOJa €€ B BO30YXKJICHHOE COCTOSSHHE W HAOIIOJICHUS
sBIeHui QuryopecueHnnu u pocdopecuennmu. K 1ocToMHCTBaM JIIOMHHECIIEHTHBIX
METOI0B CTOUT OTHECTHU: BBICOKYIO YYBCTBUTCIIbLHOCTD (I/ICHOJ'IB3OBaHI/IC
COBpCMeHHOﬁ TEXHUKN IIO3BOJISICT Ha6J'I}OI[aTB 3a OTACIIBHBIMHU MOJIeKy.]'IaMI/I),
HEWBA3WBHOCTH, IKCIPECCHOCTH (Tporiecc (IyOpECHeHIIMHA JTUTCS HaHOCEKYH]IBI,
YTO CYIIECTBEHHO COKpAIaeT Bpemsl aHam3a) [2].
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C moOMOIIBIO JIA3€PHOM (DIIYOPECHEHTHOW JUArHOCTHKH MOXHO OLIGHUBATH
BO3/ICHCTBHE HEOIaronpusTHBIX BHEIIHUX (PaKTOPOB HA Cpedy OOMTaHUs 4ellOBeKa,
JKUBOTHBIX ¥ pacTurenbHoro  wmupa. Ilo  cmektpam  (ayopecueHIH
XJIOpoUIICOEPKAITMX ~ OMOJOTHUYECKUX  OOBEKTOB  MOXHO  CYOUTh 00
HKOJIOTUYECKOM COCTOSIHUM Ccpeibl uxX ooutanus |3, 4]. [Ipu u3yyeHnn HacelIeHHOCTH
OOWTAIOUINX B MPUIIOBEPXHOCTHBIX BOAAX OTKPBITHIX BOJIOEMOB MHUKPOOHOIIMHO30B
(OTOCHHTE3UPYIOLIMX BOJOPOCIECH MpUMEHseTCs (UIyopecLeHTHass AMAarHOCTUKA C
UCIIOJIb30BAaHHEM HECKOJBKUX JIa3epOB, KOTOpble BO30YXKAAOT CBOKO TIPYIILY
MMUTMEHTOB ()OTOCHHTE3UPYIOIIETO ammapaTta Bogopocieit [5].

Bosnbiiee BHIMaHUE yaeseTcsi BOIPOCaM, KacaloIMMCs COCTaBa BOJBI B MECTax
NUTHEBOTO, OBITOBOTO M XO3AHCTBEHHOTO WCHOJb30BaHUSA. B BuIy CcHibHON
3arps3HEHHOCTH BO3yXa, OOJBILIOTO YMCIa MPOMBIIUICHHBIX OTXO/I0B M KOJHMYECTBA
NPOIYKTOB YeJIOBEUYECKOH JKU3HENeATEIbHOCTH, Ka4eCTBO BOJBI HE YIOBJIECTBOPSIOT
CaHMTapHBIM HOpPMaM: OOILIEeMy YHCIYy MHKpPOOPTaHM3MOB, HAJIMYMIO TMATOTEHHBIX
Oakrepuit u BupycoB [1]. Tlockombky Bce MHKpPOOBI 00J7a7at0T 3aMETHOM
¢iryopeciieHIMen, CymecTBYIOT IPUHIIUITMATbHAS BO3MOKHOCTh UX OOHApY>KEHHUS B
xKuakoctd. Ha mpakThuke MHOTME MHUKpPOOMOIIMHO3BI TPEACTABISIOT  cOo00i
accolMalu MUKPOOOB, YMCIIO pa3HOOOPa3HBIX BUAOB B KOTOPBIX AOCTUTAET Oojee
10. B cBs3u ¢ 3TUM aKTyalbHBIM SIBJISIETCSI MOWCK U pa3pabOTKa HOBOI'O MOIXOIa
¢uryopecueHTHON JMArHOCTHKH, MO3BOJISIOILEIONPOBOJUTH
nuddepeHIMPOBAHHYIO HICHTU(PHUKAIMIO OTICIBHBIX BUIOB B MUKC-CUCTEeMaXx [5].

Ilensto  nmanHOM  paboThl  sBUsieTcss  pa3pabdoOTKa  SKCIpecc-MeTona
nuddepeHIraniy CI0XKHBIX CUCTEM C AajbHEHIIeH (hIyopecieHTHON AUarHOCTUKOM.

B kadecTBe Takoro MeToja mpeiaracTcst UCIoib30BaTh KOMIUIEKC, COCTOSIIUMA
U3 Tpex OJIOKOB: COPTHPOBKM YaCTHII, 3aXBaTa M JAIbHEHIIEH MX TUArHOCTHKH C
UCTIOJIb30BaHNEM (PIIYOPECIICHTHBIX MeTONOB. JlJisi OCYIIeCTBIEHUS COPTUPOBKU
YacTUI] 10 Pa3MepaM M ONITHYECKUM CBOMCTBAM HEOOXOIMMO CO3/JaHHUE TPATUEHTHBIX
CWJI, TAaKUX KakK Mpu UHTepDEpeHINH JTa3epHbIX My4dKoB. (s TOoro, 94Todsl co3aaTh
HNEPUOJUYECKYI0O  TPOCTPAHCTBEHHYIO  CTPYKTYpYy  HCIOJIB3YIOT  CXEMBI €
UCTIOJIb30BaHHEM OuNpu3Mbl OpeHens U Npo3padHoil TupakINMOHHON pemeTKH [6].
YacTH1ibl ¢ ONTHYECKOM MIIOTHOCTHIO OOJIbIIEH, YeM INIOTHOCTh OKPYKAIOIIeH cpebl,
OyIoyT BTSATHBATHCSI B MAaKCHMyM TIOJs, @ YacTUIBI C MEHBIIEH IUIOTHOCTHIO
BBITAJIKMBAThCS W3 Hee. llocie COPTHPOBKHM OCYIIECTBISICTCS CTaausl 3axBara
OTpENIeIEHHOH YaCTHUIBI C TOMOIIBIO ONTHYECKOH JIOBYIIKH, pEaTnu3yeMoil ¢
nmoMomplo (pokycupoBkr nazepHoro mydka [6]. Ilepememennem ¢dokyca MOXKHO
MaHUMNYJIUPOBATh YAaCTULEH M MOCJIE Yero MCCIEJ0BaTh €€ CBOMCTBA C MOMOILBIO
perucTpanuu CreKTpoB Gu1yopecleHINN.

Ha nannblil MOMEHT peain3oBaHO JBa 0J0Ka U3MEPUTEIILHOTO CTEH/A.

1. 3axeam mukpouacmuy (Mooenv 1a3epHo20 NUHYema,).

Nzmyaenne ot nazepa mpoxoauT depes GopMUpoBaTeENb Mydka (KOHPOKAIBHYIO
CHCTEMY JIMH3, KOTOpas pacHIMpsieT Iy4OK), 3aTeM CBEeT IIOCTyHaeT Ha BXOJ
o0ObeKkTHBa C OOJBIION YHCIOBOM amepTypodl Il CO3MaHUS MaKCHMaJbHO
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BO3MOXXHOT'O I'paJUCHTA SJICKTPOMArHUTHOI'O IIOJIA B IIEPETAKKE JIA3€PHOI'O ITy4dKa,

Moclie 4Yero Ha KioBeTy C oOpasmoM. HaOmioneHwe 3axBaueHHBIX OOBEKTOB
OCYILLIECTBISICTCA C IOMOIIBIO MHUKpockomna. B pabore paccMaTpuBaercs 3axBar
Ja3epHbIM M3JIy4eHHEM MHUKpOYacTHll ¢ paguycoM 5 MkM. IlpoBexen pacuer
ONTUMAJILHBIX TIAPAMETPOB JIa3epa Uil Pa3IMYHbIX YCIOBHMA SKCIIEPUMEHTA (YaCTUIIBI
HaXOJSITCS B BOJIE C MoKa3zaresieM mpenomienus N =1,33) [7].

2. Pecucmpayus @ayopecyenyuu ¢ nomowwro nogoco KMOII ouoda,
pabomaiouje2o 8 OUHAMUUECKOM pedlcuMme.

CBeT OT J1a3epHOT0 MCTOYHMKA IMOCTYIMAeT HA MPU3MY IHOJIHOTO BHYTPEHHETO
otpakenus. Mcciemyembrit oOpa3sel B BUIe TOHKOH ITICHKH HAXOIUTCS IO TPH3MOM.
VHTeHCUBHOCTh cBedyeHUsi o0bekTa oueHuBaercs npu nomoumm KMOII nuona,
PAacIONIOKEHHOTO HETOCPEeACTBEHHO Mo o0pa3noM Ha paccrosiHud 10 cm. B xoze
U3MEPeHuil peructpupyercs Bpems 3anepxkku nepexmoueHus KMOII guoma w3
MPSIMOTO PEXUMa, 0OPATHO MPOMOPLHUOHATBHOE KOJIMYECTBY MOTJIOMICHHOTO CBETA, U
C MIOMOIIBI0 KOTOPOT'O MOKHO HAWTH MHTEHCUBHOCTH ()IIyOPECIIEHTHOTO cUrHana [8].

[Tocne peanuzanuu OTACNIBHBIX OJOKOB HEOOXOIUMO COOpaTh M3MEPHUTEIbHBIN
CTEHJ], OCYIIECTBIISIIOIIMI OJHOBPEMEHHO Bce Tpu »drtama. lIpenmomaraercs
WCIIOJIb30BaHUE TMPHU3MBI TIOJHOTO BHYTPEHHETO OTPAXEHHSA, Ha KOTOPYIO MOXKHO
HAHECTH HCCIIEAYyeMYyI0 CYCIEH3WI0 B BHUIE TOHKOW IUIGHKM W TPOBOJUTH
muddepeHnnanuio, 3axsar 1 (GpIyopecleHINI0 YaCTULl B HEH.
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DEVELOPMENT OF THE EXPRESS METHOD OF COMPLEX
SYSTEMS DIFFERENTIATION WITH THE FURTHER
FLUORESCENT DIAGNOSTICS

E A Savchenko, E K Nepomnyashchaya, E N Velichko
Peter the Great Saint-Petersburg Polytechnic University

The reliable means and methods of environmental control should be available to
obtain objective information about the environmental conditions and pollution levels
[1]. The development of technologies for express analysis of environmental safety
assessing (water resources, agricultural land, industrial and environmental facilities) is
a relevant task for researchers.

Nowadays a large number of physical and chemical methods of environmental
monitoring, which can be divided into: spectral (atomic spectroscopy, molecular
spectroscopy), electrochemical and chromatographic [1]. Molecular spectroscopy
uses the absorption of electromagnetic radiation in the UV, visible and IR spectral
regions. In the luminescent analysis, a molecule is excited by laser radiation in the
correct spectral range to bring it into an excited state and observe the phenomena of
fluorescence and phosphorescence. The advantages of luminescent methods include:
high sensitivity (the use of a modern instrumental database makes it possible to
identify and analyze individual molecules), multiplex detection (the ability to observe
several objects simultaneously, the immediacy (the process of fluorescence occurs in
nanoseconds, which reduces the analysis time) [2].

Principles and means of laser fluorescent diagnostics of the environment by the
indication of its bacterial invasion can be used for rapid assessment of the
toxicological impact of unfavorable external factors on the plant and animal life,
including human habitat [3]. In particular, fluorescence of chlorophyll-containing
biological objects essentially depends on the ecological state of their habitat [4]. In the
study of the population of surface water microbiocinoses of photosynthetic algae,
fluorescent diagnostics using several lasers is applied. Lasers with different
wavelengths excite each group of pigments of the photosynthetic apparatus of algae

[5].
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water in watercourses and reservoirs in places of drinking and household and
communal-household use. The main sanitary and biological indicators of water quality
are the total microbial number and the presence of pathogenic bacteria and viruses [1].
There is a principal possibility of indicating and identifying substrates populated by
microbes because of all microbes have appreciable endogenous fluorescence. In
practice, many microbiocinoses are associations of microbes, the number of various
species in which reaches about 10. So it is relevant to search for and develop a new
method of fluorescent diagnostics that allows the differential identification of
individual species in mix systems [5].

The objective of this work is to develop an express method for differentiating
complex systems with further fluorescent diagnostics.

For the express diagnostics of water pollution a complex consisting of three
blocks: gradient-field sorting of microparticles, optical trapping and further
diagnostics by fluorescent methods can be used. In order to sort the particles by size, it
is necessary to create gradient forces by means of interfering laser beams. A periodic
spatial structure can be created by using Fresnel biprism and a transparent diffraction
grating [6]. As a result, particles with a density greater than the density of the
surrounding medium will be drawn into the field maximum, and particles with a lower
density will be pushed out of it. After sorting certain particle of interest are captured by
using an optical trap [6]. These particles are retained on the beam axis and when the
beam is focused by the lens, they are retracted to the focus center and trapped. By
moving the focus one can manipulate the particles and then investigate their properties
by recording the fluorescence spectra.

Two blocks of experimental setup have been already realized.

1. Trapping of particles (the model of laser optical tweezers)

The radiation from the laser passes through the beam former (a confocal lens
system that expands the beam), then the light is focused by a lens with a large
numerical aperture to create the gradient of the electromagnetic field in the waist of the
laser beam and then it goes through the sample cuvette. Observation of captured
objects is carried out using a microscope. In experimental work the trapping of
microparticles with radius of 5 p,m by laser radiation was considered. The optimal
parameters of the laser were calculated for different experimental conditions (the
particles in water with a refractive index n = 1.33) [7].

2. Recording low intensity fluorescence signals using CMOS diode with insulated
gate operating in dynamic mode

The light from the laser source illuminates the total reflecting prism on the bottom
side of which the studied sample is deposited in the state of thin film. The intensity of
biomolecules fluorescence is recorded by personal computer using dynamic CMOS
diode, placed directly under the sample. In our experiments the molecules solutions
were excited by a laser sources with wavelength X = 405 nm. The dynamic
dependence of the switching recovery time inversely proportional to the fluorescence
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intensity was obtained. The Tight Intensity can be defined by the delay time 0
appearance of the strong forward current with the amplitude independent of the light
intensity [8].

After the realization of individual blocks, it is necessary to assemble a measuring
complex that simultaneously performs all three stages. It is possible to use a prism of
total internal reflection on which the test suspension can be applied as a thin film and
can be carried out differentiation, capture and fluorescence of particles.
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B mnacrosiee BpEMA CTajla OCO!!O aKTyaJlbHa npo!!neMa OKOJIOTHYCCKOI'o, B

YaCTHOCTH, T€O(PH3MYECKOr0, MOHUTOPHHIA M KOHTPOJS 3arps3HEHHs OTAEIbHBIX
HPUPOAHBIX CPEJ U CIOXKHBIX 3KOJOIMYECKHX CHUCTEM. B CBsSI3M ¢ 3TUM 3a4acTyro
OBIBaET HYKHO ONPEAETUTh, CKOJIBKO T€X WJIK MHBIX IPUMECEH COACPKUTCS B KUAKUX
cpenax, TakMx Kak Bojaa, HepTh uiu Oonotucras mousa [l]. Taxke BaxHO
OTCJICKHUBATh CTENEHb 3arpsA3HEHHOCTH Bo3ayxa [2]. [ToaToMy cpeau mpoyux nepen
HKOJIOTaMHU BCTAET 3a/1a4a OINPEIeJICHHs pa3MEepOB YaCTUI] B MyTHBIX Cpelax.

Ha nanHbIi MOMEHT CylecTBYeT HeMaJlo crioco00B 3To caenats. Hanpumep, s
OTpeNieNIeHUs] KOJIWYEeCTBA MEXaHMYECKHX MpuMeced B HE(PTH UCIOJIB3YyeTCs
TEXHOJIOTHSI, BKJIIOYAIOIas B ce0s1 TOCTaTOYHO MHOTO 3TAIoOB, YTO TpeOyeT Hemalo
Bpemenu. llosTomy B mocnenHue roiasl Bce Ooiblee MPUMEHEHHE HAXOMAT
¢u3MuecKkue MeToAbl HCCIENOBaHUS, M B YaCTHOCTH onTHYeckne. B ocHoBe
OOJNBIIMHCTBA  ONTHYECKHX  METOJOB  HCCICIOBAHUS  JKUAKOCTEH  JICXKHUT
B3aMMO/ICIICTBHE MA/AIONIEr0 CBETa C UCCIEeIyEeMOM CpeIoif, B pe3ylbTaTe KOTOPOTro
U3MEHSIOTCS TapaMeTpbl CBETOBOIO MOTOKA.

Jlns mosty4deHust pactpeiesIeH s 110 pa3MepaM KOJUIOMIHBIX YacCTHILl B paCTBOPax
YCIIEIIHO MPUMEHSIOT METOJ IMHAMHUYECKOTI'0 PACCesiHUS CBETa, KOTOPBIA HUMEET psifl
IOPEUMYIIECTB 110 CPAaBHEHUIO C JPYTMMH METOJaMM: JJIUTEIbHOCTh TAaKHX
HKCIEPUMEHTOB M 3aTpaThl Ha MX NPOBEIEHHE HEBEIMKH. Takxke NpU ONTHMAILHO
N0JJOOpaHHOM METO/Ie aHaIM3a JaHHBIX MOXHO MCCJIEI0BATh PACTBOPHI C YAaCTUIIAMHU
pasHBIX pa3MepoOB U MOJIEKYJSPHBIX Macc [3]. OmHaKO STOT METOJ MPH BCEX CBOMX
NPEeUMYIIECTBAX HMEET HEIOCTaTOK: NpPU HEKOTOPBIX OTHOCHTENBHO OOJBIINX
KOHIIGHTPAIMSIX KOJUIOMJIHBIX YacTHUI] Ta K€ camas o0pabOTKa JaHHBIX MEpPecTaeT
JlaBaTh MPABWIbHBIE PE3yJbTaThl. DTO MPOUCXOJUT H3-3a TOTO, YTO CIMIIKOM
OOJIBIIYIO POJIb HAUMHAET UIPaTh MHOTOKPATHO PAacCesHHBIN cBeT. Perennem sToi
npoOJIeMbI CTaJI0 MPUMEHEHNE METOa KPOCCKOPPEISIMH, TO3BOJISIFOIIETO TOAaBHTh
MHOTOKPAaTHOE PAcCEsHUE B SKCIIEPUMEHTAX C TUHAMHUYECKHUM CBETOPACCESHUEM U
BBIJICJIUTh TOJIBKO OJHOKPATHO PACCESHHBIN CBET. DTOT METOJ OTKPBIBAET LIMPOKHE
BO3MOXHOCTH Ui TOTO, YTOOBI M3y4yaTb MYTHBIE KOJUIOWIHBIE CYCIIEH3UH, He
pa3basisist ux [4].

B cootBercTBHM € 3THM B Hameil paboTe ObUT MOCTABIEHA CIENYIOLIAs LEJb:
pa3paboTaTh CXxeMy YCTPOWCTBA JUIsS aHAJIN3a PACIIPEeNICHHUs YacTHIl 110 pa3MepaM B
MYTHBIX PACTBOPAX METOOM JIa3ePHOU KPOCCKOPPEIISALIUH.

JIMHAaMHUYECKOe paccesHhe CBETa SBIISETCS OAHUM W3 HauOoliee IMOMyNSPHBIX
METOJIOB UCCIIEIOBAHUS KOJUIOUIHBIX CycrieH3ui. OH 3aK/II04aeTcsl B TOM, UTO sSiYeiKa
C HCCIELyeMbIM pPacTBOPOM IIPOCBEUYMBAETCS JIA3€PHBIM IIy4KOM, BHYTPU HeEe
IPOMCXOJUT PACCESIHUE CBETA HA KOJIJIOWAHBIX YaCTULAX, a 3aTEM MPOLIEIINI yepes3
A4YeUKy pPAacCesHHbII CBET PETUCTPUPYETCsl IOJA HEKOTOPBIM  CIELHUAIBHO
NOJOOpaHHBIM YIJIOM OTHOCHTEIBHO HAIPABICHHUS PACIPOCTPAHEHUS JIA3ePHOTO
ayda. Peructpupyemble  (QuyKTyanum HHTEHCHUBHOCTH  PAacCESHHOTO  CBETa
oOycrmoBieHbl UGG Y3NOHHBIM  TBWKCHHEM YacTUIl. MeTol JWHAMHUYECKOTO
paccesHUsI CBE€Ta OCHOBBIBACTCS HA B3aUMOCBS3H MeXAy KodddunnuenTom nuddy3un
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U pa3MepoM YacTHILL, !!H MIO3BOJIICT I10JIy4aThb pacHpelesIeHue M0 pasMepaM Ul

CYCHEH3H ¢ YaCTHLIAMHU OT HECKOJIbKUX HAHOMETPOB JI0 HECKOJIBKHUX MHUKpOH. Ho B
HEKOTOPBIX CIy4asX ero MPUMEHEHHE MOXKET OKa3aTbCs CIMIIKOM CJIOKHBIM WIH
Jla’ke HEBO3MOXHBIM H3-3a TOT0, YTO CBET B HEPa30aBIEHHOM MYTHOM KOJUIOUIHOM
pacTBOpe MHOTOKPAaTHO pacceuBaeTcsi. AHalM3 JaHHBIX, MOJyYEHHbIX B TaKOM
HKCIEPUMEHTE, 4YpE3BbIYAiHO CJIO0XKEH M3-3a CJIMIIKOM OOJBLIOrO BKJIafa OT
MHOT'OKPaTHO paccessHHOro cBeTa. CylecTBYIOT pa3/IMuyHble METO/bl PELICHUs 3TOH
po0JIEeMbI, CyTh KOTOPBIX COCTOUT B TOM, YTOOBI MCKJIFOYUTh U3 MOJIy4YEHHBIX B XO/1€
9KCHEPUMEHTA JAaHHBIX BKJIAJ OT MHOTOKPATHOTO PAacCesHHs M BBLACIHTH TOJBKO
OJTHOKPATHO PACCESIHHBIA CBET MPH JAWHAMHYECKOM CBETOpaccestHuu. B wacTHOCTH,
ATOTO MOYKHO JTOOUTHCS, €CJIM OJTHOBPEMEHHO MPOBECTH CPa3y JIBa SIKCIEPUMEHTA 1O
paccesHUIO CBeTa Ha OJHOW paccewBamomeil sueiike. KpocckoppensipoHHas
(YHKIUS CUTHAJIOB, TOJXYYEHHBIX OJHOBPEMEHHO C JIBYX IETEKTOPOB, MO3BOJISET
JNOOHUTBCS JKEIaeMoro pesynbpTara. Ecim BKIag OT MHOTOKPAaTHOTO pPACCEesHHA
INpeHeOpe)KUMO Majl, TO ABTOKOPpENILUOHHAs (DyHKLHMs, IMOJIydeHHass B OJHOM
HKCIEPUMEHTE [0 JWHAMMYECKOMY CBETOPACCESIHUIO, U KpPOCCKOPPENALHOHHAS,
NOJy4YEeHHass TIpU IMPOBEJCHUUM OJHOBPEMEHHO JBYX OSKCIEPUMEHTOB IO
JMHAMHUYECKOMY CBETOPACCEsSHHUIO Ha OJHOM pacceuBarolieM o0beMe, TalT OJUH U
TOT k€ pe3ynpTar. Ho B aBTOKOPPENSAMOHHOM 3KCIEPUMEHTE IpU HAIUYHU
O0IBIIOr0 BKJI3aJa OT MHOTOKPATHO pACCEHHOTO0 cBeTa 00padoTKa JaHHBIX,
MOJYYEHHBIX B AKCHEPUMEHTE, CTAHOBUTCS 3HAUUTENBHO CIOKHEE WIIM YK€ BOBCE
HEeBBIOMHUMOM.  Torma kKak B KPOCCKOPPEISILMOHHOM  JKCIIEPUMEHTE
KOppenupymoomme QIyKTyallud WHTEHCUBHOCTH Ha O0OMX JeTeKTopax OyayT
CO3/1aBaThCs TOJIBKO BKJIAIAMH OT OJIHOKPATHO paccessHHOTO cBeTa [4].

[Mpocrelimmass ~ ycTaHoBKa  JAJsl  TNPOBEACHUS  KPOCCKOPPEISIIMOHHBIX
OKCIIEPUMEHTOB COJICPIKUT Ja3ep, pasleluTeNb Jiyda, 3€pKajio, JIBE OJUHAKOBBIC
cobuparomue JUH3bI, EMKOCTh C HCCIEIyeMBbIM pPacTBOPOM, JABE KOMOMHALMM W3
CHELMANbHOW JIMH3BI M OJHOMOJOBOE OINTOBOJIOKHO, J1Ba (DOTORIEKTPOHHBIX
YMHOXHUTENS U KOppesaTop [4].

Jlazep wucnonb3yercss B KadyecTBE MCTOYHMKA MOHOXPOMATHYECKOTO CBeTa.
JlazepHbIil My4oK, IPOXOJIUT Yepe3 AIEMEHT, Pa3ACIIAIOUIMMI €ro Ha JIBE YacTH: IepBas
4acTh NMPOXOAUT B NMPSIMOM HalpaBiIeHUM 0e3 M3MEHEHMH (IIepBbIil JIyd), a BTOpas
4acTh YXOIUT 1oA yriaoM 90° Kk HICXOIHOMY HaNpaBiIeHHUIO pacpOCTpaHEHHs! (BTOPOid
ay4). 3epKajo, pacHoJOKEHHOE TMoJ yriioM 45°, HampasiseT BTOPOH JIyd
napajiensHO  mepBoMy. TakuMm  00pa3oM, TONY4YarOTCs [Ba  OJMHAKOBBIX
napajuleJbHbIX JIyda Ha HEKOTOPOM PacCTOSHUM JAPYr OT Apyra. 3atem oba Jiyuya
NONaJaloT Ha MEepBYH0 COOMPAIOUIYH0 JIMH3Y CHUMMETPUYHO OTHOCUTEIBHO
OINITUYECKOM OCH M, IIPOXOJs uepe3 Hee, POKYCUPYIOTCS Ha siUeHKe ¢ MCCIeqyeMbIM
KOJUJIOMAHBIM pacTBopoM. [lo3amm siueiikm Ha TakOM e pPAcCTOSHUHM OT Hee
pacrionio’keHa BTopasi coOuparomas JIMH3a, Takas ke, Kak U IepBasi, Iociie KOTOpon
OpOIIEAIINEe Jy4d CHOBAa CTAHOBSTCA TNapajUIeJIbHBIMM U, TIOMajas dvepes
CHeluuanbHble  JIMH3BI B OJHOMOJIOBBIE  ONTOBOJIOKHA,  IIOCTYNAlOT  HA
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(OTO3IEKTPOHHBIE YMHOXHTEIH, npeo(!pa3y}onme UX B DJIEKTPUYECKHE CHUIHAJIBI.

OTH CHUTHAIIBI TMOCTYMAalT Ha KOPPEISATOP, Ha BBIXOAE KOTOPOrO MbI IOIydaeM
KPOCCKOPPEIAIMOHHYIO QYHKITHIO [5].

Ecnu npoBecT SKCHEPUMEHTHI MO CTaTHMYECKOMY M JAUHAMUYECKOMY
CBETOPACCESIHUIO, TPU YJIAYHO [T0100paHHOM MeTozie 00pabOTKH Pe3yabTaTOB MOKHO
MOJTYYUTh JOBOJIBHO OJIM3KOE K JOCTOBEPHOMY paclpeiiesieHue KOJUTOUIHBIX YaCcTHUIL
B cycrneH3uu 1o pasmepam [6]. Ho MeTon KpocCKOppensiiuu TMO3BOJIAET CAeTaTh
pe3yapTaThl 00JIee TOUHBIMH 32 CUET MOJHOTO MOIAaBJICHHS BKJIAI0B OT MHOTOKPATHO
paccessHHOrO CBeTa, a Tak)Ke B3HAYWUTEIBbHO PACHIMPUTH TPaHUIIBl MPUMEHEHUs
JWHAMAYECKOTO PACCEesHUS CBETA NMPU U3YUYCHUH MYTHBIX cpej [4].

Celiyac 1MOJOOHBIE METOABI TPUMEHSIOTCS B MEIUIIMHE IS HMCCIICIOBAaHUS
MIPOIIECCOB, MPOUCXOMANINX B KPOBHU UEIOBEKA U IPYTHX OUOJIOTHYSCKUX KHUIKOCTSX.
Bemyrcs uiccieioBaHus C IEbIO CIIENaTh METO KPOCCKOPPEISAIIUH O0JIee MPOCTHIM B
MPOBEJCHUH W IOA00paTh HAWIYYIIHK CIOCO0 OOpabOTKHM AKCIEPUMEHTAIBHBIX
JaHHBIX. B mepcmekTuBe MaHHBIA METOJ, MOXHO OyIeT MNPUMEHSTb IS
HKOJIOTUYECKOTO MOHUTOPHHTA, a UMMEHHO JJIsl aHAJIM3a MEXaHUYECKUX MPUMECeH B
He(TH W BOJE, U3YUYCHUS OOJOTHUCTBIX CpEeI M, BO3MOXKHO, AK€ 3albUICHHOCTU
ra30BbIX Cpea. ITO MOMOTIIO ObI OBICTPO MOJIyYaTh TOYHBIE JaHHBIE 00 UCCIIETyeMbIX
oOpa3iax mpu ManblX 3aTparax. OTHOCUTENbHAsh MPOCTOTA MPUMEHEHUS CXEMBbI
KPOCCKOPPEJSIMK TPU HCCIEAOBAaHUU 00pa3loB ONTUYECKUMHU METOJaMH JaeT
HAJICKIY HA TO, 4YTO B OJFpKadIIeM OyayIieM NMpoBEICHHE MHOTHX MCCISIOBaHUN 1
aHAJIM30B OyJIeT 3HAYUTEIBHO MPOIIE, OBICTPEE U JCIICBIIE, YeM Ha JaHHBI MOMECHT.
Hcnonbs3oBanne MeTo/1a KPOCCKOPPESIIIMY MOXKET 3HAUYUTEIHHO YIIPOCTUTH OJHY M3
3a/1a4  AKOJIOTMYECKOTO MOHHMTOPHUHTA - HW3YYCHHE TMPOIECCOB aTMOCHEPHOTO
MepeHoca 3arpsi3HSIOIIMX BEIIEeCTB, a TaK)Ke MPOIECCOB MEPEHOCa W MHUTPAIUU B
BOJTHOM Cpee.
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THE CROSS-CORRELATION METHOD FOR THE RESEARCH OF
MUDDY SOLUTIONS IN ENVIRONMENTAL MONITORING

Zabalueva Z.A., Nepomnyashchaya E.K., Velichko E.N., Aksenov E.T.
Peter the Great Saint-Petersburg Polytechnic University

Nowadays the problem ecological, in particular, geophysical, monitoring and
control of pollution of certain environments and complex ecological systems became
especially urgent. In this regard as usual it is necessary to define how many these or
those impurities are contained in liquid environments, such as water, oil or the
fenlands [1]. It is also important to trace air pollutants concentration [2]. Therefore
among other before ecologists there is a problem of determination of the sizes of
particles in muddy environments.

At the moment there are many ways to provide this kind of measurements. For
example, for determination of amount of mechanical impurity in oil the technology
including many stages that demands a lot of time is used. Therefore in recent years the
increasing application is found by physical methods of a research, and in particular
optical. Interaction of incident light with the studied environment as a result of which
the parameters of a light beam change is the cornerstone of optical methods for liquid
research.

To measure sizes of colloidal particles in solutions a method of dynamic light
scattering is successfully applied. It has a number of advantages in comparison with
other methods for measuring the size distributions: duration of such experiments and
costs of their carrying out are small. Also at then the method of the scattering signal
analysis is correct and optimal it is possible to investigate solutions with particles of
the different sizes and molecular masses [3]. However this method at all the
advantages has a shortcoming: at some rather big concentration of colloidal particles
the same data processing ceases to yield the correct results. It occurs because
multiscattered light starts to play crucial role. Application of a cross-correlation
method allows suppressing multiple scattering in experiments with dynamic light
scattering and to emit only single scattered light became the solution of this problem.
This method opens opportunities to study muddy colloidal suspensions, without
diluting them [4].

According to this in our work the following task was set: to develop scheme of the
device for the analysis of distribution of particles by the sizes in muddy solutions by
laser cross-correlation method.
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colloidal suspensions. It this method cuvette with the studied solution is illuminated by
a laser beam, in it there is a dispersion of light on colloidal particles. Scattered light is
registered under some specially picked up angel concerning the direction of
distribution of a laser beam. The registered fluctuations of intensity of diffused light
are caused by the diffusive movement of particles. The method of dynamic light
scattering is based on interrelation between coefficient of diffusion and the size of
particles. It allows us to receive distribution by the sizes for suspensions with particles
from several nanometers to several microns. But in certain cases its application can be
too difficult or even impossible because of the light in undiluted muddy colloidal
solution is multiple scattered. The analysis of the data obtained in such experiment is
extremely difficult because of huge contribution from multiple scattered light. There
are various methods to avoid this problem which based on excluding from the data
obtained during the experiment a contribution from multiple scattering and to emit
only once diffused light at dynamic light scattering. In particular, it can be achieved by
making two experiments on light scattering on one disseminating cell at the same time.
Cross-correlation function of the signals received along with two detectors allows
achieving desirable result. If the contribution from repeated dispersion is negligible,
then the autocorrelation function received in one experiment on dynamic light
scattering, and cross-correlation function received when carrying out at the same time
two experiments on dynamic light scattering on one disseminating volume, yield the
same result. But in an autocorrelation experiment in the presence of a big contribution
from repeatedly diffused light data processing, received in an experiment, becomes
much more difficult or at all impracticable. Whereas in a cross-correlation experiment
the correlating fluctuations of intensity on both detectors are created by deposits from
only once diffused light [4].

The simple scheme for carrying out the cross-correlation experiments contains the
laser, beam splitter, mirror, two identical lenses, cuvette with the studied solution, two
single-mode fibers, two photo electronic multipliers and the correlator [4].

The laser is used as a source of a monochromatic coherent light. The laser beam
passes through the beam splitter and divides into two parts: the first part passes in a
forward direction without changes (the first ray), and the second part goes at an angle
90° (the second ray) to the mirror. The mirror is located at an angle 45° and directs the
second ray parallel to the first. Thus, two identical parallel rays at some distance from
each other get on the first convergence lens symmetrically rather optical axis and,
passing through it, are focused on a cell with the studied colloid solution. Behind a cell
at the same distance from it the second convergence lens, after which rays become
parallel again and collected by single-mode fibers, arrive on the photo electronic
multipliers transforming them to electrical signals. These signals arrive on the
correlator on which output we receive cross-correlation function [5].

If to conduct experiments on static and dynamic light scattering, with successfully
picked method of results processing it is possible to receive quite close to reliable
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distribution ot colloidal particles in suspension Dy the sizes [6]. But the method of a
cross-correlation allows us to make results more exact due to full suppression of
deposits from repeatedly diffused light, and also to considerably expand borders of
application of dynamic dispersion of light when studying muddy environments [4].
Nowadays these kinds of methods are applied in medicine to study of the
processes in human blood and other biological liquids. Researches with the purpose to
make a cross-correlation method simpler and to pick up the best way of processing of
experimental data are conducted. In the long term this method can be applied to
environmental monitoring, to the analysis of mechanical impurity in oil and water,
studying of fenlands and, perhaps, even dust contents of gas environments. It would
help to obtain quick exact data on the studied samples at small expenses. Relative
simplicity of application of the scheme of a cross-correlation at a research of samples
by optical methods gives hope that in the near future carrying out many researches and
analyses will be much simpler quicker and cheaper, than at the moment. Use of a
method of a cross-correlation can simplify considerably one of problems of
environmental monitoring - studying of processes of atmospheric transfer of
pollutants, and also processes of transfer and migration in the water environment.
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BETPODJIEKTPOCTAHIIUN HA YJIAJEHHBIX TEPPUTOPHUSIX

Kopooos A.A., IlerpoBckasn E.IL., {oasaun M.B.

DI'AOY BO Canxm-IlemepoOypeckuii nonumexHu4ieckull yHusepcumen
Ilempa Benuxozo

BBEJIEHHME

OpnHoit M3 OCHOBHBIX OCOOEHHOCTEH Poccum sBIsSeTCS HHM3Kas ILIOTHOCTH
HaCeJICHUSI Ha OOJIBIIION TEPPUTOPUH, MPEKIE BCETO, 3TO XapaKTEPHO ISl PETHOHOB
Jansnero Boctoka n Cubupu. HecMoTpst Ha pa3BUTYIO HEPreTUYECKYIO CHUCTEMY,
MMEETCs] 3HAUYUTEIbHOE KOJIMYECTBO HEOONBIINX YAAJCHHBIX M MaJlOHACEICHHBIX
noceneHnii. K Takum motpedurensiMm OTHOCSTCS OTAETbHBbIE HACEICHHBIC ITyHKTHI,
W30JIUPOBAHHBIE OT  IEHTPAJIM30BAHHOTO  DHEProCcHAOKEHWs, TpaHCIOPTHas
JOCTYITHOCTh K HUM KpaitHe 3aTpynHeHa [1]. JlanHble moTpeOuTeNH CTaJIKUBAIOTCS C
BBICOKHM YpPOBHEM CTOMMOCTH Ha 3HEPropecypchbl, a TaKKe C 3aBUCHUMOCTBIO OT
MPUBO3HOTO TOTLINBA.

Huzkast koHIIEHTpanys WCTOYHUKOB JOCTOBEPHOM MPUPOTHO- KIMMATHUIECKOM
nHPOpPMAITUHN TAK)Ke XapaKTepHa IS YAAJICHHBIX MAJIOHACEICHHBIX TEPPUTOPHI [2,
3] , 4TO co3maeT 3HAuUMTENbHBIC MPEMSATCTBHS B OIICHKE BETPOIHEPTETHUECKHUX
pecypcoB (BOP) u BHOCHT cyleCTBEHHBIE MOTPEIIHOCTH B MPOTHO3BI BHIPAOOTKH
anexTposHeprun. CpeiHss MIIOTHOCTh pacipeielieHus] MyHKTOB METEOPOIOTHIECKUX
HaOII0ICHI TI0 TeppuTOpHUK Poccnu 3HAUNTENBHO HUXKE, 9eM B IPYTUX CTPAHAX, OHA
coctanisieT 1 myHkT Ha 10,5 TbIC. KMZ, 9TO OYEBHIHO HEIOCTATOUHO IS MIPOBEICHUS
BBICOKOTOYHOM OLIEHKH BETPOIHEPIreTUYECKUX PECYPCOB TOJIBKO HA OCHOBE JIaHHBIX
MeTeoposiornueckux Habmonenuit. st cpapuenus, B CIA 1 myHKT npuxoauTcs Ha
0,9 teic. kM2, B Kutae - Ha 2,6 Thic. kM2, Bo ®panmun - Ha 3,6 TeIC. KM? [4].

[TosTOMy B HacTosilliee BpeMsi YUCIEHHOE MOJIETUPOBAHUE BETPOBOrO MOTOKA B
nensx oOocHoBaHus mapameTpoB BOC B pailioHE NPOCKTUPOBAHUS HA OCHOBE
MPOBEJICHHBIX METCOPOJOTUYECKUX HU3MEPEHHNM W C YYETOM CBOMCTB MOBEPXHOCTH
3emiH (penbeda U mepoxXoBaTOCTH) SIBISETCS HEOOXOAUMBIM YCIOBUEM TIPH OIIEHKE
BETPOIHEPIeTHUECKUX PECYpPCOB Ha YIAJICHHBIX TeppUTOpHsX. PelieHune naHHBIX
npoOJieM TO3BOJIUT 3HAYMTEIBHO YJIYUYIIMTh PA3BUTHE TPOMBIIUICHHOCTH U
CEITLCKOT0 XO035HUCTBA MPU OCBOCHUHU yIalIEHHBIX TEPPUTOPHIA.
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METOJ/JIUKA OLIEHKH BIP

MOI[CJ'IPIpOBaHI/Ie BETPOBOI'0 MOTOKa OCHOBAHO Ha MCIIOJIb30BAHWH YHCJICHHBIX
MO,I[eJ'IeI\/'I BCTPOBOI'O ITOTOKA. I[J'ISI pacucToOB B TEX O6HaCT${X, rac Ha BETCP HE BIIMAIOT
KPYTI)IC CKJIOHBI, pa3ueneHI/Ie IIOTOKOB, KOHBCKTUBHBIC IIOTOKH H I[pyTI/IC
INHAMHWYCCKUC N HeﬂHHeﬁHBIe SIBJICHUA, I/ICHOJ'IB3YIOTC$I HHHeﬁHBIe MOJCIIN, TaKHUEC
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kak WASP [5]. Bonpmas gacth Takux MOJEJICH IMOCTPOCHBI Ha OCHOBE TEOPHH
Jxexcona-XanTa [6], 1 Ha4Yamu OIMPOKO HCHOIB30BaThCs B 80-X Tofax MpOIIOro
CTOJIETHS, KOTJIa BO3MOXKHOCTH BBIUYMCIHUTEIBHBIX PECypcoB ObUIM  OYEHb
orpanuueHsl. OHU NpeAHa3HA4YEHbl Ul PacyeToB B TeX 001acTAX, IIie Ha BETep He
BJIMSIIOT CJIOXHBIN penbed, pa3jesieHue MOTOKOB, KOHBEKTUBHBIE TOTOKH U ApPYyrue
spneHus. CienyrouyM OKOJISCHUEM MOJIeeil BETPOBOro OTOKA B BETPOIHEPreTUKE
SBISIOTCS ~ MOJENM  BelUMcaMTeNnbHOM ruapoauHamuku  (CFD), pemiaromrue
HEJIMHEHHbIE ypaBHEHMs COXpaHeHHMss Macchl ©  umnyibca Haebe-Crokca
UTEPAMOHHBIM METOIOM JI0 TOCTHM)KEHHUSI KOHBEPIeHIIUHU U MOTYyYESHHUSI TOCTOSHHOTO
npoduIiIsl BO3AYNTHOTO MOTOKa. OHU JTydImuM 00pa3oM MOAXOIAT B cirydasx 2D wm
3D MonenupoBaHUs BETPOBBIX IMOTOKOB HAJ] OTKOCAMH M XOJIMaMH C BBICOKHM
YPOBHEM JI€TANM3ALUN XapaKTEePUCTHK TypOyJIeHTHOCTH TOTOKa [7]. AHamu3
UCCIIEIOBaHMH MOKa3al, yTo Bo MHOTUX ciydasx CFD monenu pabotatot mydie, yem
crangaptHbie Moaenu WASP [8-13].

JInsi BBINOJIHEHHMST OLEHKH BETPOIHEPreTHYECKHX pecypcoB Oblia BbIOpaHa
teppuropusi Kamuarckoro Kpas (O3epHoBckoe pyaHoe mosne), U Obl1 MCIOIb30BaH
nporpamMMHbIi komuieke OpenWind.

Openwind ucrosnb3yeT COraacoBaHHYK) MacCOBYHO MOJEb pacdeTa BETPOBOTO
notoka (Mass-consistent model). Ona He comepXuT ypaBHEHHIl THHAMUKH, a
OCHOBaHAa Ha YCIIOBUM COXPaHEHMs MacC JUIi MMHUTAlUd TPEXMEpPHOro,
HEJIMBEPreHTHOTO, 3aBUCSIIETO OT (POpMBI penbeda U MEepOXOBATOCTH BO3AYIIHOTO
noToka. Mosienb UCIOob3yeT JaHHbIE METEOPOJIOTHUECKUX CTAHIMU MpH padoTe B
OpenWind.

KapTbl BeTpoOIHEpreTHUEecKuX pecypcoB COCTABISIOTCS B aBTOMATHYECKOM
pexume ¢ nomorsio [10 OpenWind. TIporpamMma ucnonb3yeT NaHHbIE 1O perabedy
MECTHOCTH, HIEPOXOBATOCTH U MHOTOJICTHUE JTAHHBIE TI0 CKOPOCTSIM U HAIIPABICHUSAM
BeTpa, KOTOpble OBLIM 3apaHee MMIIOPTHPOBAaHBI B pabouyio cpeny. Baumy
YIAJIEHHOCTH OT PAacCMaTPUBAEMOM IUIOIIAJAKH MCTOYHUKOB JOCTOBEPHBIX JAHHBIX
METEOPOJOTHYECKUX HaOoIeHni, Obun Hcmonb3oBanbl aanHeie Merra u CFSR,
MCTOYHHUKYU KOTOPBIX PACIIONIOKEHBI HA PACCTOSHUM, COOTBETCTBEHHO, 13 KM 1 9 kM OT
IPaHMIL TUTOIIAJKH.

OHepreTuyeckass BbIpaOOTKa Oblla pacCUMTaHA B TPEX PACUETHBIX TOUKAX B
npezenax IIOMAAKH B HETIOCPEACTBEHHOM 0sin30cTi K O3epHOBCKOMY
pyzaHOMY TOHO (pUCYHOK 1) 71st BceX paccMaTpUBaeMbIX Moesel TypOuH
(mpuBeaeHb! B Tabauie 1) Ha Beicotax 40 M 1 80 M.
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Google Earth

Pucynox 1. Penvegh mecmnocmu ¢ HaneCeHHLIMU SpAHUYAMU NAOWAOKU,
pazmewjeruem mpéx BOY, ucmoynuxamu 0anHbix Memeopoiocuieckux Habmooenut

Iepen pacueramu B 6a3y ganusix [10 OpenWind Obliu 3aHeceHbl paboune
XapaKTePUCTHKH U MapaMeTphl BCEX MOJIeNe TypOHH.

CpaBHUTENBHBIN aHAJIH3 110 BEIPA0OTKE pa3IMYHBIX MOJelNeil TypOuH B
pa3HBIX TOYKAX MMPHUBEICH HIDKE B Tabmuie 1.

Ta6mx1ua 1. BLIDa6OTKa Pa3HBIX MOJEIeH TVD6I/IH B TPEX TOYKAX

Mopeanb TypouHbl  |[BbicoTa, | MOmHOCTD, Capacity Bripa6orka, MBT*4

M kBT Factor, % 1Touka| 2 Touka| 3 Touka
Ghrepower FD21-50 40 50 46,4 216,38 | 167,15 228,15
Ghrepower FD21-100 40 100 33,7 319,59 | 232,28 335,66
Ghrepower FD25-100 40 100 39,3 369,25 | 277,49 388,28
Komaihaltec 33-300 40 300 28,2 811,83 | 558,73 853,84
LTW 77 80 1000 51,7 4653,13 | 3912,93 | 5059,45
Norvento 22-100 40 100 38,5 363,48 | 267,26 383,62
Norvento 24-100 40 100 40,9 384,57 | 287,14 406,05
NPS 100C-21 40 100 32,1 304,52 | 221,10 319,51
NPS 100C-24 40 100 38,5 360,43 | 273,40 380,13
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3AKIIlOYEHHUE

C MNOMOIIIBIO IPOrpaMMHOTO obecrnieueHus 1 MOACIIMPOBAHUS BETPOBOI'O
IIOTOKAa MOXKHO C JOCTaTOYHOM CKOPOCTbIO M TOYHOCTHIO BBIIIOJHUTL OLICHKY
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BETPOIHEPreTUUECKUX PECYpPCOB HA  YNAJICHHBIX TEPPUTOPUAX, BBINOJIHUTH
ONTUMAJIBHYIO PaccTaHOBKY BDY ompeneneHHOro THIAa M pacCcUUTaTh BBIPAOOTKY
AIIEKTPOIHEPTUH, YUYUTHIBAsI BCE BO3MOXKHBIE YHEPreTUYECKUe MoTepu. Tem cambiM
MOJKHO TOJIHOCTBIO WJIM YaCTUYHO PELIUTh MPOoOIeMy dHEproAepuiuTa ynaieHHbIX
tepputopuii Poccun.

Opnnako, npu npoektupoBanur BOC Ha ynaneHHbIX TEPPUTOPHUAX, CIEAYET
YUUTBIBATh M JIOTUCTUKY, TaK KaK MpearoiaraéMble CTPOUTEIbHBIE IJIOLIAKH 4acTo
MOTYT OBITh TPYIHOJOCTYIHBI JUIsl IEPEBO3KM K HUM KpymHbIX aeraneit BOY. Ilo
9TOM MPUYUHE, HE CMOTPS Ha Pe3ysibTaThl pacueTa BeipaboTku BOY B OpenWind mist
wiomanku B KamuaTckom Kpae, COIIacHO KOTOPBIM MpejularaeTcs HCIOJIb30BaTh
Typouny LTW 77 mo mpuymHE BBICOKOW BBIPAOOTKH, IiejecooOpa3HO BhIOpaTh
masiomoInnyto Typouny Ghrepower FD25-100, nu6o Norvento 24-100 (o npuumne
HauBbIcIIero kodpdunuenta Cp u3 paccMatpuBaeMbix 100-KMIOBAaTTHBIX TypOUH).

Ucnons3zoBanne BOY Ha ynaneHHBIX OT dJeKTpoceTel TeppuTopusx Poccun
MO3BOJIUT CHJILHO YIIEUIEBUTH JIEKTPOIHEPTHIO ISl TOTPEOUTENS, UTO YACTUYHO WU
MOJTHOCTBIO OTCEKaeT HEOOXOIUMOCTh B TMOKYIKE TOPIOYETO TOIUIMBA ISl pabOThI
JU3EIIBHBIX 3JICKTPOCTAHIINH.
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ASSESSMENT OF WIND ENERGY POTENTIAL IN REMOTE
TERRITORIES

Alexander Korobov, Ekaterina Petrovskaia, and Maksim Diuldin

Peter the Great St.Petersburg Polytechnic University

INTRODUCTION

One of the main features of Russia is low population density in big territory.
Primarily it is typical for Far East regions and Siberia. Despite the existence of an
electricity grid, there are many remote and sparsely populated settlements. These
include settlements isolated from a centralized power supply, which have poor
transport accessibility [1]. These consumers face high energy costs and dependence on
imported fuel.
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is one of the main problems in the design of wind farms nowadays. The major
difficulty in remote territories is the low concentration of the meteorological stations
[2,3], which are sources of reliable information on multi-year observations of wind
flow.

The average density of the distribution of meteorological observation's points on
the territory of Russia is 1 point per 10.5 thousands km?, which is clearly insufficient
for precision assessment of wind energy resources only on the basis of meteorological
observations. For comparison, in the United States it's accounted for 1 point per 0.9
km?, in China - 2.6 km?, France - 3.6 km? [4].

Therefore, at present the mathematical modeling of the wind flow in the area of
future project on the basis of meteorological measurements carried out, and taking
into account the properties of the earth's surface (topography and roughness) is
essential in the evaluation of wind energy potential of remote territories.

METHODOLOGY

Simulation of wind flow is based on the use of mathematical models of wind
flow. For calculations in areas where the wind is not affected by the steep slopes, the
separation of flows, convective flows and other dynamic and non-linear phenomena,
is used linear models such as WASP [5]. Most of these models are built on the
Jackson-Hunt theory [6] and are widely used since the 80s of the twentieth century.
They are widely used to predict the spatial variation of average wind speed, wind roses
and other characteristics of the atmospheric boundary layer.

The next generation of wind flow models in wind energy are the computational
fluid dynamics (CFD) models that solve the non-linear Navier- Stokes equations of
mass and momentum conservation in order to obtain a constant air flow profile. They
are good for 2D or 3D modeling of wind flows over slopes and hills with high detail of
flow turbulence characteristics [7]. Research analysis showed that CFD models work
better than standard WAsP models [8-13].

The territory of the Kamchatka Krai (Ozernovskoe ore field) was chosen and the
AWS Truepower OpenWind software complex was used to estimate the wind energy
resources.

Openwind uses a mass-consistent model. It does not contain the dynamic
equations. It is based on principle of conservation of mass to simulate a three-
dimensional, non-divergent, dependant on the relief and roughness, the air flow. The
model uses the data of meteorological stations.

Wind Resource Grids are made automatically using OpenWind software. The
program uses data on terrain, roughness and long-term data on wind speed and
direction, which have been previously imported into the workspace. Due to lack of
natural data of wind flow in Ozernovskoe ore field area, the long- term observations
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were obtained In *.Ixt format from Merra m south ot the ore Tield) an
km east of the ore field) databases.

Three points with the highest wind resource have been found in the analysis of
wind map. Energy capture was calculated for each point in area near Ozernovskoe ore
field (Figure 1) for all the considered models of turbines (are shown in Table 1) at
40-meter and 80-meter heights.
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Figure 1. The terrain with the boundaries of the site and the location of three windmills and
sources of meteorological observations.
Performance and parameters of all models of turbines have been entered in
OpenWind database before calculations.
Comparative analysis of the energy capture of different models of the turbines is
shown below in Table 1.

TabterénEnertoiveandded ofdifiree points.
Turbine model Hub Sum Energy atiCapacity |[Energy capture at point #,
height,m £3 points|Factor,% [MWt*h

GWt*h 1 point | 2 point | 3 point
Ghrepower FD21-50 40 0,612 46,4 216,38 | 167,15 | 228,15
Ghrepower FD21-100 |40 0,888 33,7 319,59 | 232,28 | 335,66
Ghrepower FD25-100 |40 1,035 39,3 369,25 | 277,49 | 388,28
Komaihaltec 33-300 40 2,224 28,2 811,83 | 558,73 | 853,84
LTW77-40m 40 13,371 50,7 4690,42 | 3743,33 | 4937,54
LTW77-80m 80 13,626 51,7 4653,13 | 3912,93 | 5059,45
Norvento 22-100 40 1,014 38,5 363,48 | 267,26 | 383,62
Norvento 24-100 40 1,078 40,9 384,57 | 287,14 | 406,05
NPS 100C-21 40 0,845 32,1 304,52 | 221,10 | 319,51
NPS 100C-24 40 1,014 38,5 360,43 | 273,40 | 380,13
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CONCL

With the help of software for modeling of the wind flow, it is possible to estimate
wind energy resources in remote areas with sufficient speed and accuracy, to perform
the optimal arrangement of a certain type of wind turbine and calculate the generation
of electricity, taking into account all possible energy losses. Thus, the problem of the
energy deficit of the remote territories of Russia can be solved in full or in part.

However, designing of wind farms in remote areas, the logistics should be taken
into account, since it is often can be difficult to transport large parts of the wind
turbine to the proposed construction sites. As a result of analysis we should use the
LTW 77 turbine among megawatt class types, if it is profitable logistically. Among
50-100 kW class types we should use Norvento 24-100 or Ghrepower FD21-50,
because their capacity factor is better than other types of turbines. Also the best
variation of placing turbine is the point Ne 3 with coordinates X=608081, Y=6386323.

Using the renewable energy sources will improve mining at Ozernovsky ore field
and infrastructure of mining fields.

The use of wind energy in remote areas makes it possible to significantly reduce
the cost of electricity for the consumer, which partially or completely eliminates the
need to purchase combustible fuels for the operation of diesel power plants.
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HNPUMEHUMOCTDb OITUYECKUX IKCIIPECC-METOJ0OB B
MOHUTOPHHTE OPTAHUWYECKUX TPUMECEM I'OPOJICKHUX
BOJOTOKOB

HNabuna X.B., bonapapenko E.A.

@I'AOY BO Canxm-Ilemepbypeckuii nonumexnudeckuti yHusepcumem
Ilempa Benuxozo

DKcIpecc-MeTOAbl  KOHTPOJsSL  KauyecTBa BOJbBI  BaXKHBl i OBICTPOTO
oOHapyxeHHs (M JaJbHEHIIEeM - MPEeAOTBPALLEHUs) 3arps3HEHHUS BOJAHBIX OOBEKTOB.
OnTHueckue METOJbl, OCHOBAHHBIE HAa HM3MEPEHUWU ONTHYECKOM IJIOTHOCTH WIIU
UHTEHCUBHOCTH  (DJIyOPECLUEHIMH, IIHPOKO HCIONb3YIOTCS B  MOHUTOPHHIE
pa3IMYHBIX 00BEKTOB - MUTHEBHIX BOJ [1, 2], moBepXHOCTHBIX Box [1, 3], *KUIKHX
MPOMBILUIEHHBIX OTXO0B U HepTenpoaykToB [1, 4, 5]. OnHako cienyer MOMHMTb,
YTO MX MH()OPMATHUBHOCTH OINpPENEsIeTCs] CBOMCTBAMHU KaK BOJHOIO OOBEKTa, TaK U
sarpssHuTeneil. He Bcerma ymaercs  OOHApyKUTh — KOPPENALHUIO  MEXIY
MHTEHCUBHOCTBIO U3MEPSIEMOI0 IapaMeTpa U KOHLIEHTpaLMel MOJUTFOTAHTOB [2].

B nmanHOli pabore wu3ywanmm ¢doToMerpuueckue u - (pIryopuMeTpuuecKue
XapakTepUCTUKH BOABI peku OXThl M ee NpUTOKa MYPHHCKOTO pyubsi, CHIBHO
3arpsi3HEHHOTO TOPOJICKUMH CTOYHBIMU BojamHu. [IpoOsr otoupamu B 10-20 Toukax
ocenbio u 3umoii 2013 roza.
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CrnexTpbl (UIyOpPECHCHIHH MOJy4Yalid Ha CHEKTPOMIYOPHUMETPE
(Shimadzu). B paboTe npoaHain3upoBaHbl HHTEHCUBHOCTH (DI1yOpeCceHIIUH | 036, per
NpU BHIOOPOYHBIX JJIMHAX BOJIH: BO30YyxaeHus npu 230 wiu 270 HM, peructpanuu
ripu 320, 350 wnu 420 HM.

CrnexkTpsl ONTHYECKOW TUIOTHOCTH Toiydaiu Ha mnpubope «CD-56» (OKb
Crektp). B pabote mpoananu3upoBaHa onTuveckasi IOTHOCTh npu 254 um (Da2ss),
4acTO HUCHOJb3yeMasl Jisi KOHTPOJsS COJEp>KaHUsl OpraHUYeCKUX TMpuMeceil B
MPUPOIHBIX BoAax [6].

Konuentparuu o6iero opranudeckoro yriepoaa (TOC) u obmiero azora (TN)
onpexaenstn Ha mpudope «TOC-L vpn» ¢ npucraBkoit « TNM-Ly» (Shimadzu).

VY 1enbpHYI0 JIEKTPONPOBOJHOCTD U3MEPSUIH Ha TIOPTAaTUBHOM KOHIykTOMeTpe HI
8713 (Hanna Instruments, Austria).

[TonydeHHble pe3ynbTaThl MO3BOJHMIM OLECHUTH TEHACHIWH H3MEHEHHS
doromeTpudeckux U (PIyOPUMETPHUYECKUX IMapaMeTpOB IO M TOCIE 3arpsa3HEHUs
CTOYHBIMH BOJaMH. B 1enoM 3arps3HeHHWE NPUBOIUT K CHIDKEHUIO D254, uto
OOBSICHSIETCSI 3aMETHBIM COJIEP’)KaHUEM B PEUHOM BOJIE OPTaHWYECKUX COSIMHEHUUN
MIPUPOTHOTO TTPOUCXOKIEHUS, TTIABHBIM 00pa30M r'yMUHOBBIX BetecTB. CoaepkaHue
TOC nocne kaHAJIN3aMOHHBIX BBIITYCKOB MYypHHCKOIO py4bsi OBbLIM BBILIE WM HUXKE
3HAYEHUN [0 BBINYCKOB, B OXT€ - HE3HAUUTENIbHO BO3pAacTajo IOCJE BHAJACHUS
Mypunckoro pyubs. CHmxenue TOC mocie BbIITYCKOB MOXHO OOBSCHUTH JBYMs
NPUYMHAMHE: a) BBICOKUM MPUPOIAHBIM (POHOM (OIaromaps TyMUHOBBIM BELIECTBAM),
0) ocaxkIeHHEeM B py4be B3BEIICHHBIX IPUMecel, Ha KOTOpPbIe B OBITOBBIX CTOYHBIX
BOJIaX MPUXOIUTCS OKOJIO TIOJIOBUHBI OT OOIIETO COAEPIKaHUS OPTaHUUECKUX BEIIECTB
[8].

®dnyopecuenius OenkoBoro tuna (I 230, 300-350 1 1 270, 320-350) OCIIE 3arps3HEHUS
pocia (B 000uX BOJAOTOKAX) BMECTE C APYTMMU MapKepaMH 3arps3HEHUs - yAEIbHON
AIEKTPONPOBOIHOCTEIO [7] m KoHIeHTparmeit TN [8]. dmyopecuenys ryMUHOBOTO
tuma (| 230, 420 u | 270, 420) it OXTHI yBETMUYMBATIACH IMOCIE 3arpsA3HCHUS, a IS
MypHHCKOTO py4bsi HE IEMOHCTPUPOBAJIA SIBHOM TEHACHIINN.

Berurciensr koadduitments koppessinuu [Tupcora () Mexay moaydeHHBIME
ONTUYECKUMU JTAaHHBIMUA U XUMUYECKUMHU TTapamMeTpamMH BOJIbI:

- TOC, oTpaxaromiero KOHIICHTPAIIMIO OPTAHUYECKUX BEIMIECTB (U3 IPUPOTHBIX

BOJI M CTOYHBIX BOJ);

- TN, cBsI3aHHOTO IITaBHBIM 00Pa30M C IPUMECSIMUA CTOYHBIX BOJ.

Pesynbrarts npencrasnen B Ta6m. 1. JKupHbiM mpudToM BBIACTICHBI
KOA(pGUIMEHTHI KOPPEsLUK, 3HAaU€HUSI KOTOPBIX OJM3KU B 000MX BOAoTOKax. Jlis
JAHHBIX pacyeToB B 95% JOBEpUTENbHBIM HMHTEpBaJl MOMajaid 3HA4YeHUs I, MO
Moayto npessimatoniue 0,52.
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Tabnuma 1
IMapameTpsi MypuHckuii OxTa IMapameTpbl MypuHckmii OxTa
pyueii pyueii
D2sa u TOC 0.661 0.318 Da2sam TN -0.294 -0.578
1 230,320 1 TOC 0.116 0.237 1 230,320 1 TN 0.940 0.775
1 230,350 1 TOC -0.025 0.446 1 230,350 1 TN 0.679 0.856
1 230, 420 1 TOC 0.763 0.701 230,420 TN 0.095 0.729
1 270,320 1 TOC 0.164 0.265 12703201 TN 0.933 0.795
1270,350 u TOC 0.181 0.416 270,350 u TN 0.945 0.846
1 270,420 u TOC 0.819 0.748 270,420 1 TN -0.034 0.695

Vicxons M3 MONMy4eHHBIX 3HAYEHUH I MOXKHO CHIeNaTh CIIEAYIOIIUE BBIBOIBI O
NPUMEHUMOCTH U3YyYEHHBIX ONTHYECKUX MAapaMeTpPOB JUIS BBISBIECHUS 3arps3HEHUMN
OxT1bl 1 MypUHCKOrO py4bsi CTOYHBIMH BOJIAMHU.

1) D254 HenndopMaTuBHA UTsE 000MX M3yYEHHBIX BOJOTOKOB U3-3a NPHCYTCTBHS
B IIPUPOIHON BOJIE TYMUHOBBIX BEIIECTB, CO3/IAI0LINX BHICOKUN MPUPOIHBIX (DOH.

2) UnTtencuBHOCTh QuyopecueHunn rymuHoBoro tuma (I 230, 420 u | 270, 420)
3aMeTHO Koppenupyet ¢ koHueHTtpaueir TOC B npobax BoJbl U3 000MX BOJOTOKOB.
OnHako M3-3a 3HAUUTENBHOIO NPHUPOAHOrO (OHA TaHHBIE MapaMETpbl TaKKe He
HOJXOJAT JUJIsl BBISBJIICHUS 3arPA3HEHUI.

3) UnrencuBHOCTh (uryopectieHumu OenkoBoro tuma (| 230, 320-350 u | 270, 320-350)
UMEEeT BBICOKYIO MOJOKUTEIbHYIO KOppesiuuio ¢ KoHueHTpauueil TN B oboux
BojgoTokax. OHa Haubosee MH(GOPMATHBHA JUIS BBIABICHUS 3arpA3HEHUs CTOYHBIMU
BOJIaMH U3YYEHHBIX BOJIOTOKOB.
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APPLICABILITY OF OPTICAL EXPRESS-METHODS IN
MONITORING OF ORGANIC MATTER IN CITY STREAMS

IFina Kh. V., Bondarenko E.A
Peter The Great Saint-Petersburg Polytechnic University

Express-methods of water quality control are important for fast revealing of
pollution. Optical methods based on measurement of optical density or fluorescence
intensity of water samples are widely used in water quality monitoring [1-5]. However
their information value depends on properties of water object and pollutants [1]. Not
always correlation could be found between measured parameters and concentration of
pollutant [2].

Photometric and fluorimetric properties were studied for waters of St.Petersburg
streams. Water samples were taken from river Okhta and its tributary the Murinsky
creek heavily polluted with sewage. Samples were collected from 10-20 sampling
points at autumn and winter of 2013.

Fluorescence spectra of water samples were obtained at excitation wavelength
230...320 nm, emission wavelength 200...650 nm by analyzers "RF 5301 PC"
(Shimadzu). Fluorescence intensities I ex,em for excitation wavelengths 230 or 270 nm,
emission wavelengths 320, 350 or 420 nm are analyzed in this paper.

Optic density spectra of water were measured by spectrophotometer SF-56 (OKB
Spectr) in the range 210....850 nm. Data for 254 nm (Dz2s4) are analyzed in this paper.
Da2s4 is often used as a parameter connected with natural organic matter in waters [6].

Concentration of total organic carbon (TOC) and total nitrogen (TN) were
determined by analyzer "TOC-L vpn" (Shimadzu).

Specific electric conductivity was measured by conductometer HI 8713 (Hanna
Instruments, Austria).

Clear difference in tendencies of changing for photometric and fluorimetric
parameters was observed. In general pollution of natural waters with wastewaters lead
to decreasing of D2s4. This can be explained by high background concentration of
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natural organic matter (mainly humic substances) In natural waters. after
canalization outlets in the Murinsky creek were higher or lower than before them. In
the Okhta TOC slightly increased after inflow of the Murinsky creek. This can be
explained by two reasons: a) high natural background (due to humic substances), b)
sedimentation of organic matter from wastewater (where about a half of it is present in
suspended form [8]).

Fluorescence intensities at protein-like bands (I 230, 300-350 and I 270, 320-350)
increased after pollution in both streams in most cases together with increasing of TN
[8] and specific electric conductivity of water [7]. Fluorescence intensities at
humic-like bands (I 230,420 and 1 270, 420) demonstrated increasing after pollution in the
Okhta and did not give clear pattern in the Murinsky creek.

Table 1
Parameters Murinsky Okhta Parameters  [Murinsky Okhta
creek creek

D2ss and TOC 0.661 0.318 D2saand TN -0.294 -0.578
1 230,320 and TOC 0.116 0.237 1 230,320 and TN 0.940 0.775
1 230,350 and TOC -0.025 0.446 1 230,350 and TN 0.679 0.856
I 230, 420 and TOC 0.763 0.701 I 230,420 and TN 0.095 0.729
1 270,320 and TOC 0.164 0.265 1270,320 and TN 0.933 0.795
1 270,350 and TOC 0.181 0.416 I 270,350 and TN 0.945 0.846
1 270,420 and TOC 0.819 0.748 I 270,420 and TN -0.034 0.695

Pearson correlation coefficients (r) were calculated between studied optical
parameters and the chemical parameters of water: TOC, connected with concentration
of organic compounds in water (of natural and sewage origin); TN, connected with
mainly sewage pollutants. The results are given in Table 1. Values of r allow making
conclusions about application of optical parameters in tracing sewage effluents in
waters of the Okhta and the Murinsky creek.

1) D2ss4 is not informative for both studied streams due to high natural
background values.

2) Fluorescence intensity at humic-like band (I 230, 420 and I 270, 420) shows
noticeable positive correlation with concentration of TOC in waters of both streams.
However due to high background concentration of natural organic matter
concentration of TOC and fluorescence intensity at humic-like band does not allow
distinguishing between natural and polluted waters.

3) Fluorescence intensity at protein-like band (I 230, 320-350 and | 270, 320-350) Shows
high positive correlation with concentration of TN in waters and has the most
informative value in revealing pollution of studied river waters with sewage.
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NUMMYHOJANATHOCTHYECKHUE METO/JbI ITPU OLIEHKE
CTEIIEHU 3ATPSAZHEHUS OKPYKAIOIEN CPEJIbI

Henomuasimas 3.K., Beimuko E.H., AkcenoB E.T., boromas T.A.

@I'AOY BO Canxm-Ilemepbypeckuii nonumexnudeckuti yHusepcumem
Ilempa Benuxozo

AHanmu3 KadecTBa OKpYXKAlOIEH Cpelbl MOXKET HMPOBOAUTHCA Ppa3IMYHBIMU
METOAAMH, OJHAKO LEJb JH00r0 3KOJIOIMYeCKOr0 MOHUTOPHHIA - OTBETUTh Ha
Bonpoc «Hackonbko okpyxarolias cpena NpuemiiemMa Ul KU3HEACSATEIbHOCTU? ».
DKOJIOTH4eCKy0 0OCTaHOBKY MOYKHO OLIEHUBATh C TOUKU 3PEHUS] HAJIMYUS B HEU TeX
WIA UHBIX BPEIHBIX BEUIECTB U MX KOHLEHTPALUH, IIPU 3TOM KOHLEHTPALMOHHbIE
HOPMBI  yCTAQHABJIMBAKOTCS 3aKOHOJATEIBHO B  3KOJOTMYECKHMX  CTaHAapTax.
CoBpemeHHble (prU3HYECKHe METOABI KOHTPOJIS COCTaBa CPENibl, TAaKUe KaK SIIEPHBIH
MarHUTHBIM PE30HAHC, Ta30)KUIKOCTHAsE Xpomarorpadusi, Macc-CIeKTPOMETPHs U
Jp., TMO3BOJISIFOT C BBICOKOM TOYHOCTBIO ONPEAEIUTH KOHIEHTPALMM TOKCHYECKUX
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COCIMHCHUU || . !!I[HaKO, CJIOKHBIC B3aMMOJACUCTBHA MHOXKECTBA PAa3JIMYHBIX

BEIIECTB MOTYT OKAa3bIBaTh HEMpPEICKa3yeMblid A(PQEeKT Ha OpraHu3M 4YelOoBeKa.
YroObl mpocneauTh peajbHYI0 CTENEeHb ONAaCHOCTH AaHaTU3UPYEMBIX Cpel
HEOOXOJMMO M3YyUYEHUE MX HHTErpajbHOr0 BO3JCHCTBHSA Ha JKMBbIE OpraHu3Mbl. B
TUX UeNSIX TMPUMEHSIOT METOAbl OWOJMArHOCTHKH, TMOApa3ieysatonecs Ha
OMOWHIUKAITUIO 1 OMOTECTUPOBAHUE.

MeToap1 OMOMHAMKAIIMH ITHPOKO UCTIONB3YIOT 7Sl SKCIPECC-KOHTPOJIS HATUUHS
3arps3HEHUN  OKpYyKarolieil cpespl. VCmoNb3yroTcsl CHEIMaIbHO T10/100paHHbIE
OpraHU3MbI - OMOMHIUKATOPHI (PACTCHHUS W KMBOTHBIC, 00JIQAArOIINe Y3KOH 30HOM
KoM(popTa U OCTPO pearupyrolme Ha JrOble W3MEHEHUs cpeiapl oburtanus). Tak,
HampuMep, B CHCTEME MOHUTOPHMHTAa KadecTBa  BOJONPOBOJHOW  BOJIBI
Cankr-IlerepOypra ¢ 2005 roma MCHONB3YIOTCS a0OpPHUTEHHBIE Y3KOMAlble pPaKd
(Astacus leptodactylus), xapaHOpUTM KOTOPHIX TMpPH IMOMNAAaHUH B BOAY
3arps3HATENICH M3MEHSIETCSl IPAKTUYECKU Cpa3y M Majlo MeHsieTcs B TedeHue 1,5-2
MuHYT [1]. buonHIukanuioo Takke NPUMEHSIOT IPU aHAJIW3E€ KadecTBa IIOYB B
CEJIbCKOM XO3SHCTBE M NPU MPOBEPKE YPOBHS 3arpsi3HEHHOCTH BO3IYIIHOW MacChl
MeranonucoB. CylIecTBEHHBIM HEIOCTaTKOM METOJIOB OHOWHAMKAIIMH SIBIISETCS
HEBO3MOKHOCTb IIPOCJIEUTH AOITOCPOUHbIe A3 (EKTHI TEX WK HHBIX 3arps3HUTENICH,
KpOME TOrO, COJep)KaHHEe MHOXECTBA pA3IUYHBIX TMOMYJSIUN OpPraHU3MOB,
MpeIHa3HAYCHHBIX 71 BBISIBICHUS ONPEIECIICHHBIX YCIOBHM Cpebl, HE BCerjaa
HYKOHOMHYECKH OTIPaB/IAHO.

Bonee nmocroBepHble CBEeIeHHS O TOKCHYHOCTH OKPYKAIOMIEH Cpeabl MOXKHO
MOJYYUTh MPHU TIOMOIIM METOJIOB J1a00OPaTOPHOTO OMOTECTUPOBAHUS - MOJPOOHOTO
U3YUYCHHS BIMSIHHUS OKPYKAIOUIEH Cpe/bl Ha OPraHU3MbI M UX BHYTPEHHHUE MPOLIECCHI
KHU3HEIEATSNbHOCTH. [loJ BIMSHUEM 3arps3HAIONIMX BEIIECTB B OpraHU3Me
MPOUCXOIAT MEPECTPOUKH CTPYKTYPHI U (PYHKIUH KIIETOK, BEAYIIUE K U3MEHEHHSM B
MPOU3BOACTBE  MOJIGKYJSIDHBIX ~ KOMIUIEKCOB, 4YTO BEACT K  HW3MEHEHUIO
TOPMOHAJILHOTO, 0ETKOBOTO M (PEPMEHTHOTO COCTaBa OMOIOTUYECKUX KHUIKOCTEH [2].
MoskeT aHaJIM3UPOBATHCS KaK TUCTOJIOTHS KJIETOK OPraHnu3Ma, 3aMETHBIE H3MEHEHUS
KOTOpOH (HEKpO3, 3J0KAYECTBEHHBIE OOpa30BaHMUs) CBHUICTEIHLCTBYIOT O BBICOKOM
CTENICHH TOKCUYHOCTH Cpelbl OOWTaHWs, TaK W MaKPOMOJIEKYJSIPHBI COCTaB
JKUJIKOCTEH.

Haunbonee TOHKMMH ¥ TOYHBIMH CYHMTAIOTCS HMMMYHOJOTHYECKHE METO/BI,
OCHOBAaHHBIC HA aHAIM3€ TOKa3aTesieli UMMYHHOH cucteMsl. [Ipu aToM uccnemyercs
(YHKIMOHAIBHOE COCTOSIHME KaK MMMYHOKOMIIETEHTHBIX KJIETOK - CIUICHOLIUTOB U
auMdouuToB [2], Tak U OEJIKOB CHUCTEMbl KOMIUIEMEHTAa, OTBEYAIOLIUX 3a
HecnelM(pUUHbIA MMMYHHBIH OTBeT. TpagMLIMOHHO UMMYHOJIOTUYECKUE METObI
NPUMEHSAIOTCS JJI  JIMarHOCTHKM Pa3jMYHBIX MATOJOTUH 4YelloBeKa, OJHAKO
MOCTIETHAE HAayYHBIC JTAHHBIC CBHUIIETEIBCTBYIOT O CXOKECTH XapaKTepa MMMYHHON
peaKIuu JIOJeH U JPYTUX OPTaHW3MOB, KaK MO3BOHOYHBIX MJICKOTHMTAIONINX, TaK U
HU3MMX Oecro3BOHOUHBIX [1]. OcoOblli WHTEpeC NPEACTaBISIET HCCICIOBaHHE
MMEHHO HeCTeM(UIHOTO UMMYHHTETA - KOMITIEKCa OENIKOB, NMPHCYTCTBYIOIIETO B
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OpraHu3Me C MOMEHTa POXKACHUS U PEarnPyOLIero Ha J'IIO!yIO BHECIIHIOK YTPO3y HE

3aBUCHMO OT IEpPEHECCHHBIX paHee 3a0oseBaHMid. Belaku cUCTEMBbl KOMIUIEMEHTa
TOHKO pearupyroT Ha J1to0ble U3MEHEHUS COCTOSIHUS OKPYXKAIoLIeH cpeipbl, U, Ipu
YXYIIIEHUH YCIOBUH, MX KOHIIEHTPALUs B XMJIKOCTAX, B YAaCTHOCTH CBHIBOPOTKE
KpOBH, CyIIeCTBEHHO HapactaeT [3]. IIpoucXomar cloxkHBIE peaklMu aKTUBAIUU
0enKOB - JIABUHOOOPA3HOE CBS3bIBAHUE UX JPYr C IPYroM M MHIpalus K MeCTy
NOpa)KeHUsl, HallpaBJIEHHAsl HA YCTPAHEHHUE UYKEPOJHBIX areHTOB ¥ HEUTpaIU3alLuio
cTpecca.

HccnenoBanus AMHAMUKU COCTaBa U CTPYKTYPHBIX CBOICTB O€JIKOB CHUCTEMbI
KOMIUIEMEHTa II03BOJISIET JOCTOBEPHO OOHApYXKMBaTb BO3MOJKHBIE YXYIIECHHS
YCIOBHUH Cpelbl, IOSIBIEHHE CIIPOBOLIMPOBAHHBIX ATUM 3a00J€BaHUH, a TaKXkKe
INPOTHO3UPOBAaTh BO3HUKHOBEHHWE HETATUBHBIX  JOJITOCPOYHBIX  IOCIEACTBUMN
HAaXOKACHUS B TaKOW cpene A denoBeka. Kak MpaBuiIo, UCCIENYIOTCS KHIKOCTH
BOJHBIX JKMBOTHBIX, HampuMep pbIO, BBIYUCIAETCS KOHIEHTpaLUUs JHM30LUMa,
aHTHOAKTEpHAIILHOTO (pepMEeHTa PabOTAIOIIEro BMECTE C CHCTEMON KOMIUIEMEHTA.
s Gonee AeTanbHOrO MCCIEIOBAHUSA U BBIABICHUS MYTareHHOM M TepaTOr€HHOU
AKTUBHOCTH CpPEbl MOXKHO OLIEHUBATh OEJIKOBBIN COCTAB U aKTUBHOCTb UMMYHHOI'O
OTBETA B LIEJIOM.

B knMHMYeckoil NpakTUKE OIEHKAa AKTHBHOCTH KOMIUIEMEHTa IPOBOAUTCS
UMMYHO(GEPMEHTHBIMH MeTOAaMH [4], UMEIOLUMH, OJHAKO, PsIi OTPaHUYCHUH, HE
NO3BOJISIOIUX HIMPOKO NPUMEHATH UX B 3KOJIOIMYECKOM MOHUTOpHHre. B cBA3m ¢
3TUM B JAaHHOM paboTe MNpeiaraeTcsi UCMOIb30BaHHE (PU3MUECKHX METOJOB, B
YaCTHOCTH METOJa Ja3€pHOM KOPPEJALMOHHON CHEKTpOCKONuH. JlaHHBIM MeTon
NO3BOJISIET UCCIIEA0BAaTh HAHOYACTULBI B KMJIKOCTH, HAIPUMEpP, CHIBOPOTKE KPOBH,
OTCJIEKUBATh JWHAMHUKY BO3HMKHOBEHMs CBsA3ed MexOy OelkamMum U HX
KOH()OPMALIMOHHBIX ~ TEPECTPOEK, UYTO  XapakTepusyeT  (yHKIHMOHAIBHOCTD
UMMYyHHUTETA B 11e7I0M [5].

Cytp MeTosa Ja3epHOM KOPPESIMUOHHOW CHEKTPOCKONMMM COCTOMT B
perucTpanuyu ONTHYECKOIO CHUTHAJA, PACCESTHHOTO Ha (IyKTyalusx ITOKa3aTels
IpeIoOMJIEHHUs] pacTBOpa, B HAIlleM ciydae, Ha Oenkax B Iu1a3Me KpoBH. PaccesHHoe
U3JIy4E€HUE COJEepXKHUT HH(pOpMAIMKM O TMapaMeTpax pacceuBaTelel, TaKuxX Kak
k03 urmentsr updys3un, 13eTa NOTSHINAIBI, TApaMeTPbl AHW30TPOIIUU (HOPMBI U
J.p. Berauciss aBTOKOppEISLMOHHYIO (DYHKIMIO PACCESHHOTIO M3JIy4eHHs U IPOBOS
e¢ ManbHEHIINH aHaNIn3 MOXKHO BBIYMCIIUTH Pa3Mephl 4acTull, X GopMy U CTENCHb
B3aUMOJICHCTBHA.

B nanHOoil pabore mpeanaraeTcs CXeMa  MUHMATIOPHOTO  JIA3€PHOrO
KOPPEJSALMOHHOTO CIIEKTPOMETPa M aJIrOPUTM MPOrpaMMbl 00pabOTKU PACCESTHHBIX
CUTHAJIOB Ha OCHOBE peryispusanuu TuxoHoBa. Co3laHHBIN 1O NpenIoKEeHHOU
cxeMe TNpHOOp TMO3BOJSET IMPOBOIUTH H3MEPEHHUS] PACCESHHOTO H3IIY4EHHUS I0J
pPasNIMYHBIMM ~ yIJAaMH W C  PAa3IMYHBIMU  mossgpu3anusMu.  [lomydeHHsie
9KCIEPUMEHTAIbHBIE JTaHHBIE JAal0T BO3MOXXHOCTh YTBEpPXKIATh TO, YTO pPasMephl H
K03(pPUIIMEHTHI TpaHCIIUOHHON T dYy3UN YacTUI] B TOJIUIUCIIEPCHBIX PACTBOpax
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MOXXHO OIIPEACTIATL C TOYHOCTHIO, Ha !!!-!!!!!0 MNPEBBIMAIOIICH TOYHOCTL APYIUX

KOMMepueckux mnpubopoB usBectHbix (upm (Malvern Instruments, Photocor).
JlaHHBIE TIOJIy4€HBl NPU CPABHEHMHM PE3YyJbTATOB H3MEPEHUH MOJUIUCIEPCHBIX
pPacTBOPOB JIATEKCHBIX MUKpocdep 1 Oeka ap0yMuHa Ha pa3paboTaHHOM MprOope U
KOMMEPUYECKOM aHaJIore co BCTPOSHHO# 00paboTkoii Zetasizer Nano ZS [6].
[IpemraraeMblii MeTO UCCIIEIOBAHUS TIO3BOJISIET TIPOBOUTE OIIEHKY OEITKOBOTO
CoCTaBa IINIa3Mbl KPOBH HIOHCﬁ U JKHUBOTHBIX, aHaJIM3UPOBATb BO3I[€I\/'ICTBI/IC Ha
MMMYHHYIO CHUCTEMY HEONarompusaTHeIX (DaKTOpPOB OKpYKaloIIeW Cpeasl Hu
IPOTHO3MPOBaTh BO3MOJKHBIC HETATHUBHBIC ITOCICICTBUS HAXOXICHUS YEJOBEKa B
IaHHOW cpexe B Oyaymem. Kpome Toro s OMOTECTHpOBaHHS TAaKOro poja He
TpeOyeTcsl CONIepXaHUsl CHEHUATU3UPOBAHHBIX IOMYJSIMA OPraHu3MOB, JUIS
UCCJICJIOBAaHUH MOYKHO HCIIOJIb30BATh CHIBOPOTKY KPOBH JKUBOTHBIX, KaK IMOCTOSHHO
HPOXKUBAOIIHAX
JTAHHOW 00JIacTH, TaK W 3aBE3CHHBIX HEJJABHO, M TEM CaMbIM MIPOBOIUTH
CPaBHUTCIIbHYIO OLICHKY NPUIOJHOCTHU HCCHCI{yeMOﬁ Cp€abl AJid )XU3HU
YeJI0BeKa.
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IMMUN AGN 2 \ NT7
POLLUTION ANALYSIS

Nepomnyashchaya E.K., Velichko E.N., Aksenov E.T., Bogomaz T.A.
Peter the Great Saint-Petersburg Polytechnic University

The environment quality analysis can be carried out by various methods;

however the purpose of any environmental monitoring is to answer the question "Is
the environment acceptable for life-sustaining activity?"
The ecological situation can be estimated by measuring of harmful substances
concentration, those norms are established legislatively in environmental standards.
Modern physical methods for control of the environmental parameters, such as
nuclear magnetic resonance, gas-liquid chromatography, mass spectrometry, etc.,
allow high precision defining of toxic material concentrations [1]. However, the
complex interactions of a set of various substances can render unpredictable effect on
a human body. To measure real risks caused by the analyzed environments it is
necessary to study their integrated impact on living organisms. For this purposes
methods of biodiagnostics which are subdivided into bioindication and biotesting can
be applied.

Bioindication methods are widely used for the express control of environmental
pollution degree. Curated organisms - bioindicators (the plants and animals with a
narrow comfort zone and sharp reaction to any changes of the habitat) are used. So, for
example, in system of monitoring of quality of tap water of St. Petersburg since 2005
native narrow-clawed crayfish (Astacus leptodactylus) whose cardio rhythm in
polluted water changes at once dramatically [1]. Besides bioindication is applied in
the analysis of quality of soils in agriculture, and also in monitoring of megalopolises
air mass pollution. An essential weak point of bioindication methods is the
impossibility to track long-term effects of these or those pollutants. Also the
maintenance of a set of various populations of the organisms intended for
identification of certain conditions of the environment not always is economically
feasible.

More specific data on toxicity of the environment can be received by means of
laboratory biotesting methods that are the detailed studying of influence of the
environment on organisms and their internal living processes. Under the influence of
pollutants in the organism some reorganizations of structure and function of cells are
occurred. That is leading to changes in molecular complexes production and following
changes of hormonal, proteinaceous and enzyme composition of biological liquids
[2]. One can analyze the histology of cells of an organism which noticeable changes (a
necrosis and malignancies) testify to high degree of toxicity of the habitat, and also the
macromolecular composition of liquids.

As the most representative methods the immunologic methods based on the
analysis of immune system indicators are usually considered. In these methods the
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functional state of immune competent cells: splenocyte and lymphocytes [2], and the

complement proteins which are responsible for not specific immune response can be
investigated. Traditionally immunologic methods are applied for diagnostics of
various pathologies of the human body, however the latest scientific data confirmed
similarity of the immune reaction nature of people and other organisms, both vertebral
mammals, and the lowest invertebrates [1]. The research of not specific immunity is of
most interest. A complex of complement proteins stands for the not specific immunity.
These proteins present in organism from the moment of birth and react to any external
threat non depending on the diseases postponed earlier. Complement proteins react
finely to any changes of the environment, and, at deterioration in conditions, their
concentration in liquids, in particular blood serum, significantly increases [3]. There
are complex reactions of activation of proteins: their lavatic binding with each other
and migration to the place of a lesion, referred on elimination of foreign agents and
neutralization of an environmental stress.

Researches of structure dynamics and conformational properties of complement
proteins allow finding possible deteriorations in the environment condition and
emergence of some induce diseases. Also it is possible to predict negative long-term
consequences for people caused by living in such environmental conditions. As usual,
liquids of water animals, for example fishes are investigated; concentration of a
lysozyme, antibacterial enzyme working together with complement system in blood is
measured. For more detailed research and detection of mutagen and teratogenic
activity of the environment it is necessary to estimate proteins conformational
structure and activity of the immune reactions in an integrated manner.

In clinical practice the assessment the complement activity is carried out by the
immunoenzyme technique [4] having, however, a number of restrictions which do not
allow us to apply them widely in the environmental monitoring. In this regard in this
work physical method, in particular a laser correlation spectroscopic (LCS) technique
is suggested. The LCS technique allows investigations of nanoparticles in liquid, for
example in blood serum, and tracing the dynamics of communications between
proteins and their conformation reorganizations that characterizes integral
functionality of immunity [5].

The essence of laser correlation spectroscopic technique consists in registration
of the radiation scattered from the refraction index fluctuations in the solutions, in our
case, from proteins in blood plasma. Scattered radiation contains information on
parameters of particles, such as diffusion coefficients, zeta potentials, and parameters
of form anisotropy. By calculation the autocorrelation function of scattered radiation
with further analysis it is possible to calculate the sizes of particles, their form and
extent of interaction.

In this work the scheme of a portable laser correlation spectrometer and an
algorithm of the program for processing of scattered radiation on the basis of
Tikhonov regularization is suggested. The device created according to the offered
scheme allows measuring of scattered radiation under various angels and with various
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polarizations. From the obtained experimental data it can be claimed that the sizes and

coefficients of transmitting diffusion of particles in polydisperse solutions can be
determined with accuracy which for 30-60% exceeds the accuracy of other
commercial devices of well-known companies (Malvern Instruments, Photocor). Data
is obtained when comparing results of measurements of polydisperse solutions of
latex microspheres and albumin protein on the developed device and a commercial
analog with the built-in processing (Zetasizer Nano ZS) [6].

This research technique allows carrying out an assessment of protein
compositions of people and animals blood serum and analyzes impact on immune
system of adverse environmental factors. Also it is possible to predict future negative
consequences for the person being in such environment. Besides for such kind of
biotesting the maintenance of specialized populations of organisms is not required.
For researches it is possible to use blood serum of animals constantly living this area,
and delivered recently and by that to carry out a comparative assessment of suitability
of the studied environment for human life.
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JAMbBbI OBBAJIOBAHUS KAK 9JIEMEHT HH’KEHEPHOMU 3AHIUTHI

IPUBPEXHBIX TEPPUTOPUI ®UHCKOI'O 3AJIMBA
B.A. Kiuymenues, /I.K.3oToB

DI'AOY BO Canxm-Ilemepbypeckuii noaumexnuueckull yHusepcumem
Ilempa Benuxoeo

[To6epexxbe @Dunckoro 3amuBa Ha Tepputopun Cankr-IletepOypra wu
JleHuHTpaacKoOi 00JaCTH MOABEPKEHO AKTHUBHOW IepepadoTKe OeperoBoil JMHUM,
BCJIEJICTBHE TPUPOJHBIX U TEXHOTE€HHBIX IPOLECCOB. Pa3MBIBaIOTCS NECUaHBIE TUISIKH,
00pa3yloTCsl OMOJI3HM, B IE€PHOJ HABOJHEHUH 3aTalUIMBAETCS TEPPUTOpHUS. OTH
SBJICHUSI YTPOKAIOT PEKPEALIMOHHBIM pecypcaM, TMIAPOTEXHUUECKUM COOPYKEHUSM,
JIOpOraM, pacTUTEIILHOMY U KUBOTHOMY MHPY, @ TaKK€ HCTOPUKO-KYJIBTYPHOMY
Hacnenuto [1]. Ha ceBepHbix 6eperax BOCTOYHOM yacTi DUHCKOTO 3aJ1MBa pa3pyLlIeHO
okoio 70% oOmeil mnpoTspkeHHOCTH OeperoB. B mocieanee Bpemst nerpaiauus
OeperoB pe3ko ycwiwiach. B YacTHOCTH, 3TO MOXKET OBITH CBSI3aHO C
NEPUOAMYECKUMU WIN TTI00aTbHBIMU U3MEHEHUSAMU KiuMara [2]. B mocnennue roast
Pa3MBbIBBI U IIPOLIECCHI JIerpaials 6eperoBoii IMHUN 3HAUUTENIbHO YCHUIIMIINCK.

OpHMM M3 METOZOB 3alUTHl TEPPUTOPUIN OT 3aTOILICHUS SBJISIETCS YCTPONCTBO
naM0 o0OBaloOBaHUs, OrpaXKJAIOUIMX 3Ty TEPPUTOPUIO HA BCEM IPOTHKEHUU
HNOHW)KEHHBIX OTMETOK €€ €CTECTBEHHOW NoBepXHOcTH. O0mas cxemMa 00BaJIOBaHUS
TeppPUTOpUIl BHIOMPAETCS HAa OCHOBAHUM TEXHHUKO- JKOHOMHUYECKHX INPOpaboOTOK
BO3MOXHBIX BapUaHTOB C Y4E€TOM €CTECTBEHHBIX YCIOBMH MECTHOCTH U BaXKHOCTH
paccMaTpUBaEMOro OOBEKTa B XO3AHCTBEHHOM U KyJIbTYpHOM OTHoOIIeHUsX [3]. B
pszne ciy4aeB BO3MOXHO MCIOJIb30BAHUE IIPEPBIBUCTBIX 1aMO 0OBajIOBaHUS B
KOMOMHAIIMM € JpYrMMH OeperosamuTHeIMH Meponpustusmu. Hampumep, ¢
UCKYCCTBEHHBIMU IUISDKaMM, OyHaMM M BOJIHOJOMaMu. B sTtom ciydae namObl
3alMIIAl0T  HamboJiee OTBETCTBEHHBIE YYacTKU Oepera, TIJe PpacloJIOKEHbI
HaCeJICHHBIE ITYHKTHI, 00BEKTHl HH(PACTPYKTYPbI, 0cO00 OXpaHseMble TEPPUTOPUH, U
T.J.

3amada 3ammTel 1mobepexbs ocTtpo crouT B KypoprHom paiione CaHKT-
[TerepOypra. CymiecTBytomue Oepero3anuTHbe COOPYKEHHUsI, HOCTPOeHHbIE B 50-¢ -
80-e rozpl MPOIITIOro Beka HaXOAATCS B INTaU€BHOM COCTOSIHUM. OHH JITaBHO yCTapely,
HAaXOJATCS B aBAPUIHOM COCTOSTHUM WJIU Pa3pyILEHBI.

B pabote paccmarpuBaeTcsi yCTpOICTBO 3alllUTHBIX COOPYKEHHH OeperoBoit
muaun - KypoptHoro paitona Cankrt-IlerepOypra (Boctounass yactb DOUHCKOTO
3aJIMBa).

beperoBas nuHMA paccMaTpUBaeMOro paifoHa CcQOpPMHpOBaHA, TJIABHBIM
00pa3oM, BOJTHOBBIMH MPOILIECCAaMH. BBIIENAIOT cie/Iytolie THITbI OeperoBoi JINHHH:
BBIPAaBHHUBAIONINICA  aOpa3sMOHHO-aKKyMYJISATHUBHBIN  OyXTOBBIH, BBIPOBHEHHBIH
aKKyMYJIATUBHBIH,  aOpa3vOHHBIM  BaJyHHBIH  (MopeHHbIH).  IIpoucxomut
MHTEHCHUBHBII pa3MbIB JIETHUKOBBIX OTJIOKEHUH Kak Ha Oepery, Tak U Ha MOJIBOTHOM
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OeperoBoM OTKOCE, B pe3yibTaTe 3TOTr0 o0pa3yeTcs BaIyHHO-TAJCYHAs OTMOCTKA

(6enu), mpenaTCTBYIOMIAS JATbHEHIIIEMY Pa3MbIBY.

[Ipodpuns  momBogHOro  OeperoBoro  CKJIOHA  MPEACTaBISET  COOOi
MOJIOTOHAKJIOHHBIA BaJlyHHbI O€HY, Ha TOBEPXHOCTH KOTOPOTO BCTPEUAIOTCA
HEPaBHOMEPHO PAcCIIOJIOKEHHbIE YYAaCTKH M1€CYaHOro MaTepHaia. OTH 0COOCHHOCTU
3HAYMTEILHO CHIKAIOT PEKPEAMOHHYIO IIEHHOCTh TAKUX YYaCTKOB MOOepexbs [3],
4TO0 O00yCHaBIMBAE€T CPOYHYID HEOOXOAMMOCTH TPOBENEHUS MEPONPUATUI 110
Oeperoszamnure.

XapaKkTepUCTUKN BOJIH Ha OTKPBITBIX aKBaTOPHsX (MOps, KpyIHBIE 03€pa U
BOJIOXPAHWININA) 3aBHCAT OT CKOPOCTHM M HaNpaBlICHUS BeTpa, pasroHa -
NPOTSHKEHHOCTH CBOOOJHOM MOBEPXHOCTH AKBAaTOPHH, OaTMMeTpuu (TIyOMHBI U
penbeda 1HA), a BBICOTa HAaKara BOJH HA OTKOC OIPENENSeTCS C Y4eTOM
IIEPOXOBATOCTH OTKOCA, (PUIBTPAIIMOHHBIX CBOWCTB Martepuaia, 00pa3yromiero
OTKOC, TNTyOMHBI BOABI IIEPel COOPYKEeHHEM U (hOPMBI OTKOCA, a TAKXKE YIiia MOIX0/1a
(poHTa BOJHBI K IMHUU ype3a BOAbI Ha OTKoce [5].

Pacnonoxxenne  OeperoBoit  suHMM  KypopTtHoro  paifoHa,  OTKpBITOM
TOCIIOJICTBYIOIIIMM B paliOHE 3aIaHbIM U FOT0-3aMaIHbIM BETPaM U BHI3BIBAEMBIM HMH
BOJIHEHUSIM OIpeNieNsieT BBICOKYIO CTENEeHb MepepaboTKu OeperoB BOJIHEHHEM U
CYLIECTBOBAHME II0TOKA HAHOCOB B HANpPaBICHMM C 3amafa Ha BOCTOK.
[ToBTOpsieMOCTh IITOPMOB MPH 3aNaJHBIX U FOT0-3aMaJHBIX BETpax coctasiisieT 98% u
TOJIBKO 2% IITOPMOB BBI3BAHBI BETPAMU CEBEPHOIO U CEBEPO-BOCTOUYHOIO
HaIpaBJICHUH.

Jlns naHHOW TEPPUTOPUM XapaKTEPHBI Mayble €CTECTBEHHBbIE TIYyOMHBI |
YMEPEHHO MOJIOroe necyanoe JHO. [103ToMy BOTHOBOH pexuM B MPUOPEHKHON 30HE
CYILIECTBEHHO 3aBUCHUT OT IOJIO)KEHHUSI YPOBHS Bojbl. BeneacTsue 3Toro Heo6xoaum
NPaBUIBHBIA BBIOOP M pacueT ypoBHs Oepero3amuTsl [5]. Ha ceromusinuii neHb
uMeeTcs: 0OJIbIIOE KOJMMYECTBO METOJOB YKperuieHus: Oeperos. B 3aBucumocTtu ot
uejgell M MECTHBIX THUJIPOTEXHUUYECKUX YCIOBUH HCHOJB3YIOTCS pas3lInyHbIC
KOHCTPYKITUH M MaTEPHaJIbL.

BaxxHoit xapakrepucTikoi 1aMObl, obecrieunBaromieil Hal&KHOCTb COOPYKEHHS
Y 3aIUTy TEPPUTOPUH, SBISETCS BEIOOP OTMETKHM rpeOHs 1amObl. B cooTBeTCTBHH C
[4] oTMeTKy TpeOHs 1aMOBI ClieIyeT Ha3HauaTh Ha OCHOBE pacyeTa MPEBBIIICHUS €T0
HaJl paCYeTHBIM YpOBHEM BoJIbl. [IpeBbieHne rpeOHs 1aMObl ONPEaessioT A IBYX
CllydaeB CTOSHHMS YPOBHS BOJABI B BepXHEM Obede: mpu HOPMAJIBHOM MOATIOPHOM
ypoBHe (HIIY) wnm mpu Oosiee BBHICOKOM YpPOBHE, COOTBETCTBYIOILEM IPOIYCKY
MaKCHMaJbHOTO TMaBOJAKA, BXOJSIIETO B OCHOBHOE COYETAaHME HArpy3o0K H
BO3/IeiCTBHIA; ipU popcupoBaHHOM noanopHoM yposHe (PITY), unu npyrom ypoHe,
OTHOCHMMOM K OCOOBIM COUETaHUSIM Harpy3ok M Bo3zieiicTuil. [IpeBbliienne rpeOHs
naMObI NS B 000MX ciydasix onpeaensercs no popmylie:

rie Vhsg - BeTpoBoOit HaroH Bojibl B BepXHEM Obede;
- BBICOTA HaKaTa BETPOBBIX BOJIH 0OecreueHHOCThIO 1 %;
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a - 3arac MpeBHIICHUS TPEOHS 1aMOBbI;

3arac a onpenessiFoT Kak 00bIryro u3 Bemmaud 0,5 M 1 0//T19 - BeIcOTa BOJTHEI 1
% BEpOSITHOCTH MpeBbIlIeHus ). M3 ABYX MOMydyeHHBIX Pe3yJIbTaTOB pacuera CleayeT
BBIOMPATh 00JIee BHICOKYIO OTMETKY IpeOHSI.

Pexomenayembie B [S] aHaTIUTUUECKHE METOJBI OMPENENICHHUS BBHICOTHI Hakata
BOJIHBI TPYAOEMKH H He HuMeIT ¢uznyeckoro ob6ocHoBanua. OHH HMEIOT
SMIUPUYECKYI0O TPUPOY U MPUMEHHMBI JUIsl ONPEACIICHHBIX YIPOIIECHHBIX CXEM.
[TomyuyeHnne AaHHBIX HATYPHBIX HAOMIOACHUN TPYAOEMKO U JOPOro, a 3a4acTyro
OTCYTCTBYIOT ~OOBEKTHI-aHAJIOTH, BCIEACTBUE YHHKAJIBHOCTH IPOEKTUPYEMBIX
COOPYXKEHHM.

3amaua  pacueToB  NPH  MPOSKTUPOBAaHMU  1amMO  OOBaJOBaHUS |
OeperoyKpenuTenbHbIX COOpPYKEHUI YCIOKHSAETCS HEPEJIKO CHWJIBHOM
U3PE3aHHOCTHIO0 OEPETOBOI JTMHUU U HEOJHOPOAHOM OaTUMETPHEH.

B Hacrosiee BpeMs B IPOEKTUPOBAHUU TUAPOTEXHUYECKUX COOPYKEHUI
AKTUBHO HUCHOJB3YIOTCSI CUCTEMBI aBTOMATH3UpOBAaHHOTO npoekTupoBanus (CAIIP).
Pa3Butre mMaTeMaTHYECKUX METOJIOB PACYeTOB M MH(OPMALIMOHHBIX TEXHOJIOTHH 3a
MOCNeAHNE  JCCSATUICTHS  IO3BOJIMJIM  TMOBBICUTH  CKOPOCTH M KayeCTBO
MPOEKTUPOBAHUS BCIEICTBUE €TI0 KOMITJIEKCHOM aBTOMATHU3AIIHH.

Jlnst pacdeTa BOJIHOBOTO peskuma Obita nmpumeneHa nmporpamma Delft 3D [6]. B
KaueCTBE HCXOJHBIX JaHHBIX HCIOJB3YIOTCS MeTeopoJiorhdeckass uHpopmams,
ypoBeHb BoJibl B DuHCKOM 3anuBe u OatumeTpus. Marematnyeckoe MOAEIUpPOBaHHE
MO3BOJISIET ~ PAcCMOTPETh  OOJIBIIOE  KOJMYECTBO  BApUAHTOB  KOHCTPYKIMU
Oepero3aluTHBIX COOPYKEHUH NpPH Pa3IUYHBIX COYETAHUSAX HCXOAHBIX JIAHHBIX.
[TonydeHHble pe3yabTaThl MOTYT OBITH SKCIIOPTUPOBAHBI B Pa3IMUHbIE MPOTPAMMBI,
UCIOJIb3yEMbI€ B IPOEKTUPOBAHUH.
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IMPUMEHEHHWUE METOJIA TOJISIPU3BAIIMOHHOM
®OTOIJIEKTPUYECKOM CIEKTPOCKOITUH JIJISA
OIITUMU3AIIUA TAPAMETPOB COJIHEYHBIX DJIEMEHTOB
HA CulnSe2

HN.A. Kapuxos !, B.b. ®aneenxo !, U.B. Pyas 2, B.A. JIanuines !

L ®ra0y BO Canxm-Ilemepbypeckuii noumexnuyveckuii yuusepcumemn
Ilempa Benuxozo

2.CHI Ne 71 Kanununcxuii p-n, Canxm-ITemep6ype

Intensive expansion of the applications of linear-polarized laser radiation
necessitates the development of polarization of Photonics. Thus, this work deals
buccienosanuto possibilities of the method of polarization photoelectric spectroscopy
to study the structures of green energy on the basis of CulnSe2.

JIaBHO M3BECTHO, YTO (HOTOINEKTPUUECKUE DIEMEHTHI COCTOSIT M3 OJAHOTO WM
HCCKOJIbKHUX IOJYIPOBOAHUKOBBIX MATCPUAJIOB A TOIO, 4TOOBl 00ECIIEUNTH
Haubonee oddexTBHOE TpsiMOEe TPeoOpa3oBaHUE COJHEYHOW DSHEPIUU B
ANEKTPHUUYECKYIO.

UroObl  HaOmromaTh B CTpyKTypax  ¢oToBoJbTamdeckuii 3¢ ¢exr,
HOHYHpOBOIIHHKOBBIﬁ Marepuajg JACJar0T JICTUPOBAHHBIM. I[JIH 3TOr0O B HEro
JNO0ABIISIOT XUMUYECKUE DJIEMEHTH UB PE3yJIbTaTe BO3HUKAIOT J[BA CIIOSI — CJIOH C
NPOBOJMMOCTBIO P-THUMA C HM30BITKOM TOJOXHUTEIBHBIX HOCHTENEH W CIIOH ¢
MPOBOJMMOCTBIO N-TUTA ¢ M30BITKOM OTpUIIATEIBHBIX HOCUTENEH 3apsina. [ToaTomy B
NOTPAaHMYHOM CJIO€ TIOJYYalOT BHYTPEHHEE AJIEKTPHYECKOe MOJe, W NpU MaJeHHU
CBETa OHO BBI3BIBACT pasjeieHue 3apsanoB. [locie 3Toro Hocurenw 3apsijga MOTYT
OTBOJIUTBHCSl Yepe3 METAUIMYECKHE KOHTAKThl M HANPSIMYIO MOTPEeOISIThCS Kak
IIOCTOSIHHBIN TOK AJI1 IUTaHUuA 3JICKTPUUCCKUX HpI/I60pOB, TaKk XK€ €ro MOXHO
NnepeaaBaTb B CCTh KaK HCpCMCHHBIﬁ TOK IOCPCACTBOM IMPOMEKYTOYHOI'O HHBEPTOPA.
OddexTuBHBIM cunTaeTcss (HOTOIIEKTPUUECKHE DIEMEHTH OOBEIUHATH B MOJIYIIH,
JUIS TIOBBIIIEHUA MOIITHOCTH.

O}IHI/IM n3 Hamboiee HHTCPCCHBIX B HACTOAIIECC BpEMA MATCpHUAJIOB JJId
COJTHEYHOM SHEpPreTUKU sBisgercs mucencHus uuaus u Meau (CulnSe2) u ero
MOAU(PUKAIINHN.

CulnSe2 - noxynpoBOAHKK ¢ IIUPUHOH 3anpelnieHHoi 30861 0,96 5B oTHOCHTCS K
rpynmaM  anMma3ononobmsix momynmposonukos Tuma A'B"'Cav nms  xortopmix
XapaKTepHO HAJMYME XaJIbKOMUPUTHOW CTPYKTYphl. bonbioit natepec k CulnSez u
TBEP/IBIM PACTBOPAM Ha €0 OCHOBE OOYCIIOBJICH TEM, UTO CJIIOKHBINA SHEPreTHYECKHIA
CHEKTp DJEKTPOHOB M aHM30TPONHS ONTUYECKUX CBOIMCTB MO3BOJISIFOT CO3/1aBaTh Ha
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OCHOBE XaJIbKOMUPUTHBIX KPUCTAJUIOB CBETOBBIX TUOJIOB (POTOIETEKTOPHI, FTIEMEHTHI

COJHEYHBIX Oarapel, a TakKe KOTepeHTHbIE M HEKOTEPEHTHHIE HCTOYHUKU
HOJISIPU30BAHHOTO M3My4eHus [1].

bnaronaps TEXHOIOrMYeCKOMY IpOrpeccy HMMEHHO TEXHOJIOTUS IOJy4YeHHUs
TOHKOILJICHOYHBIX TeTEPOCTPYKTYp Ha ocHOBe CulnSe2 momyuaer B mocieaHee Bpemst
Cepbe3HOE pa3BUTHE, MO0 IMO3BOJIAET MHOJIYYUTh IPU HPeoOpa3oBaHUM SHEPrUU
Consna no 18 npouenros KIT/I.

B Takux cTpykTypax, Koropble ObUIM copmupoBaHBl Ha oOpasuax ¢
HOJMKPUCTAIUTMYECKOM CTPYKTYpOH, HabmromaeTcst MOJIIpU3aLIIOHHAs
(OTOUYBCTBUTENHHOCTH ( KOTOpasi B (PM3MKE MOTYIPOBOIHUKOB IOJIyYHIIa HA3BaHNE
SBJICHUS ¢orormneoxponsma), BbI3BaHHAas HAKJIOHHBIM naJIcHuEM
nuHeHHo-ospu3oBanHoro  usnydenus (JI[IM) ©a npueMHYy0 TUIOCKOCTH
(OTOUYBCTBUTENBHON CTPYKTYPHI [2]. DTOT THUI (HOTOIIICOXPOU3MA ONPEACISICTCS
BCELIEJIO ONTHYECKUMU MPOLIECCaMU Ha FPaHuULIE MTOJIyNpoBOAHUKA (pHc. 1) co cpenoi,
u3 koropod Ha Hero mnocrynaer JIIIM, u, B omMuue OT €CTECTBEHHOIO
dororuieoxpousma [4], HE COACPKHUT KaKUX- JTUOO OrpaHUYECHUH B OTHOIICHUU
CTPYKTYpBbI U (pa30BOr0 COCTOSIHUS NOJTYIPOBOJHHKA.

ITonygaercss 4ro mnpu ¢QuxcupoBaHHoM yrine mageHus 0° <a0< 90° myda
nuHeHo-nonsipuzoBanHoro  msnydenust (JIIIM)  ¢orouyBcTBUTENEHOCTE OyAeT
CJIEZIOBaTh NEPUOANYECKOMY 3aKOHY

i =i" cos?0 +i° sin?0 (1)

CnenoBatenbHO, Ipu HakiIoHHOM nazeHuu JIIIM Ha moBepXHOCTH U30TPOIHOTO
MOJYTIPOBOJHUKA 32 CYET AaHU30TPONUU MPOXOXKIEHUS €ro perucTpupyrouiei
MOBEPXHOCTH (HOTOUYBCTBUTEIBHOCTh OOHAPYKUBAET TAKyl0 K€ a3UMYTaJIbHYIO
3aBUCHUMOCTb, KaK M JJIsl OJHOOCHOIO MOJyHpoBoAHMKa B ciydae a0=0 [4]. Dto
COBIAJIEHUE OKAa3aJoCh B CBOE BpeMs He ciiyyaiiHo. OHO onpenensieTcs OJuHaKOBON
CUMMETpPHEH OCLIIIIATOpPA MOTJIOMIEHHS B OJTHOOCHOM KPUCTAJLIE U SHEPreTHUECKUX
HOTEph HA TPAaHUIC BO3IYX/U30TPONHBIN MOJIYNPOBOJHHUK, KOTAA BBIOJIHIETCS
ycinoBue a0=0. YucieHHOW XapaKTepUCTUKOW HaBEeJACHHOW mojspu3aunoHHon OY
npuHAT  kodpdumment HO, onpenensemblii  Kak ~ OTHOLICHME  PAa3HOCTHU
(OTOUYBCTBUTEIBHOCTEH K MX CyMME€ NPH OPTOTOHAJIBHBIX S- U P-TOJSPU3ALUIX
JIIN [2].
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ZA/

Puc. 1. I'eomempuueckas cxema oceewjenus NOAYNPOSOOHUKOBOU CIMPYKIMYpPbl NPU
uccnedo8anuu HageoeHHo20 homonieoxpousMa Memooom NOAAPUIAYUOHHOU
Gomouyscmeumenvuol chekmpockonuy (ace yeon nadenus, 0-asumymanvuvul Y20
MedHcOy HanpaeleHueM 6eKMopa NeKMPULecKo2o nos c8emogotl 8oamvl u ocvio OZ).

IIpakTHyecku BO BceX CTPYKTypaX, YIJIOBbIE 3aBHCUMOCTH (DOTOTOKOB
KOPOTKOTO 3aMblkaHus i (Bektop E mapamnmenen mmockoctu manenust (ITIT)
w3nydenus) u i° (Bexrop E mepmenmukynspen I1IT) HaXOmsATCS B COOTBETCTBHH C
pe3yibTaTaMM aHAJIN3a IPOLIECCOB MPOXO’KICHUS CBETOBOM BOJIHOM IpaHUIIbI pa3iena
JIBYX KOHTAKTUPYIOIIUX CPeJ Ha IyTH CBETa Ha OCHOBAaHMM COOTHOIIeHUH Ppenesns
[5].

JIumb B HEKOTOPBIX CIy4asX CTPYKTYp C OUY€Hb COBEPIICHHOW NPUEMHOM
TUIOCKOCTBIO, HAOJIOAAIMCh OTKJIOHEHHS OT 3aKOHOB (DpeHens. DTH OTKIOHEHHs
BBIPAXKANNCH B BO3PACTAHUM C POCTOM YI/Ia MaAeHHs COCTABMIIONEH i° .

IIpu a0 moOCTOSIHHOM BO BCEX CTPYKTypax HaOMIOJaICs IIMPOKOMOJIOCHBIN
HaBeJIeHHbIN (POTOIIEOXPOU3M BO BCel 00JacTH (POTOUYBCTBUTEIBHOCTh CTPYKTYD.
B ctpykrypax, rae HaOm0Januch OTKIOHEHHS B YIVIOBBIX 3aBUCUMOCTSX (JOTOTOKOB
pasHBIX NOJsIpu3anMii oT cooTHomeHud @Openens, HaOMIONAIOTCS OCHWIIISAIMA
HaBEJCHHOTO (oToruieoxponsma (puc. 2),
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KOTOPBIE 110 BUIUMOMY CBSI3aHBI C BRBICOKUM COBEPILEHCTBOM UCCIIEAYEMBIX CTPYKTYD.

201

Q. \. j
\’0
/] i | | _q
2.0 3.0
hw, %

Puc. 2. 3asucumocmo Pl(hrn) npu a0 =70°

Taxum obOpazom METOJI MOJISIPU3AITUOHHON (hoTORIIEKTpUIECKON
CIEKTPOCKOIUH TI0Ka3aJl CBOO 3()D(PEKTUBHOCTD I MCCIACIOBAHUS U TIPOBEIACHHS
AKCTPECC MUArHOCTUKU KauyecTBa MPUEMHOMN TIOCKOCTH CTPYKTYP ISl COJIHEUHOM
DHEPreTHKH, KOTOPHI MOXKET MPUMEHSATHCS Ha BCEX CTAaJUAX MPOU3BOJICTBA
MaHeNeH.
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MEJIMOPATUBHBIE U KYJBTYPTEXHHUYECKHUE MEPOITPUSITHUS

TP BOCCTAHOBJIEHUHU OCYHIUTEJIBHBIX
CUCTEM

JI.K. 3o1o0B, K.B. 30TOB

DI'AOY BO Canxm-Ilemepbypeckuii noaumexnuueckull yHusepcumem
Ilempa Benuxoeo

3HaunTeNnbHasT JOJS CEeNbCKOXO03WCTBeHHOW mpoAykimu B Ceepo3amnagHoM
pernoHe Poccum mpoumsBoaWTcs Ha oOcymaeMmbix 3eMisux. B 1990 1. (mmk
MEJIMOPATUBHOTO CTPOMUTEILCTBA) UX IUIOMAAL cocTaBisia 806 Thic. ra. B cBs3u ¢
TUM aKTyaJbHOW SIBJIAETCA 3a/aya MO M3YyYEHHIO MPOAYKIMOHHOIO Mpolecca Ha
TaKHUX YIOAbsIX U COCTOSIHHSI OCYLIUTENbHBIX cUcTEM [1].

[lepexox K peIHKY B M3MeHEHHE (JOpPM COOCTBEHHOCTH NMPHUBENU K MOSBICHUIO
60JIBIIIOr0 KOJIMYECTBA 3apOCIHIMX U MyCTYIOUMX 3eMenb. [1o onenke JlenmaprameHnra
Menuopauuun MuHucTepcTBa celbckoro xossdctBa Poccuiickoit  ®Denepanuun
W3HOIIEHHOCTh OCHOBHBIX (POHAOB (YHKIMOHUPYIOUIMX MEIUOPATUBHBIX H
THJIPOTEXHUYECKUX coopykeHudl pocturna 70-90%. B wHacrosmmii MOMEHT
OOJIBIIMHCTBO COOPY)KEHUIH MEITHOPATUBHOIO Ha3HA4YEHUs 3KcILTyaTupyrorcs ot 30
10 50 et u 6onee, 4TO SIBJISETCS NMPENENbHBIMU CPOKAMHU JUISl TAHHBIX COOPY>KEHHH.
N3 obmero oObemMa MeETUOPATUBHBIX OOBEKTOB H cucTteM 34,7% SBISIOTCA
Oecxo3HbIMH [2].

OcHoBHbIE (OHIBI MENIMOPATUBHBIX CUCTEM B cpenHeM mo Poccuiickoit
®enepanyu u3HoneHbl 6oee yem Ha 60%. B Jlennnrpaackoit 061acTi, coraacHo
JaHHBIM oOcnenoBanuii 29,4 Teic. reKTapoB (b 8,4%) HaXOASATCS B HOPMAIBHOM
MEJIHOPATUBHOM COCTOSIHUM, 145,5 ThIC. reéKTapoB TPeOYIOT yIyUllIeHNH, Ha MIIOIAIN
6onee 175 Toic. rekTapos (moutu 50 mpoir.) TpedyeTcs NpoBeieHHe MEPONPHUATHI 110
PEKOHCTPYKIIMM WJIM TOBBIIIEHUIO TEXHUYECKOTO YpOBHA. MHorme paHee
MEJIMOPUPOBAHHBIE  3€MJIM  HE  HCIOJB3YIOTCA B CEJIbCKOXO3SHCTBEHHOM
pou3BojCTBe [2, 3].

B crnoxuBmmxcs  ycinoBusix — TpeOyeTcs  CpPOYHOE  BOCCTaHOBIICHHE
CEJIbCKOXO3SIICTBEHHBIX 3€MeNb M MX IUIOAOPOAUS, a CEIbCKOXO3SHCTBEHHBIE
MEJIMOpPALMY, JIOJDKHBI PAcCMaTpUBAThCs KAaK HEOOXOAMMBIM M HEOTHEMJIEMBIH
AJIEMEHT MPOI0BOJILCTBEHHON 0€30MaCHOCTH CTPAHBI.

g omnpeneneHusi NOTPEOHOCTH BBIMOJIHEHUS PEMOHTHO- BOCCTaHOBUTEIBbHBIX
paboT WM PEKOHCTPYKIMH MEIMOPATUBHBIX CUCTEM BBISBISIOTCS MPOUCXOJSLINE
M3MEHEHUS MEJIMOPUPOBAHHBIX 3€MeNb U IPOU3BOAUTCS UX OLICHKA.

CocTtosiHME  OCymIaeMblX  3€Melb  OLEHHMBAaeTcs 1O  CIEAYIOLUM
OpraHu3aIMOHHO-TEXHUYCCKUM ToKa3atessam [4-6]:

1. ®dopma cOOCTBEHHOCTH 3eMJIM M MEITHOPATUBHON CUCTEMBEI,

2.  YpOBEHb CEeIbCKOXO3SIMCTBEHHOTO HCIOIb30BAHNUS;

3. PaboTocmocoOHOCT OCyIIaeMOi CHCTEMBI;
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KynpTyprexaudeckoe cocTosTHUE TOJIS

TexHuueckoe COCTOSHHEC OTACJIBHBIX  OJICMCHTOB )41 COOpy>K6HPII71
OCYHIUTECIIBHBIX CUCTEM.

B pesynprare Hamero o0cie10BaHus paHee OCYIMAaeMbIX CEIbCKOX03SHCTBEHHBIX
yroauii OBLITH BBISIBIICHBI CIEAYIONINE HEJOCTATKY:

1.

4,

5.

Cy1iecTByeT MpaBoBO€ HECOOTBETCTBHE MEX/1y MpaBaMu COOCTBEHHOCTH Ha
3eMJII0 U Ha METTMOpaTUBHbBIE OOBEKTHI [3];

Hapymienne paboThl JpeHa)XHOW CETH B pe3ydabTaTe 3aujicHUS |
3a0XpUBaHUS  3aKPBITBIX JApPEeH M  KOJUIEKTOPOB, pa3pylleHHs U
3aMyCOpPUBAHHUE YCTHEB KOJIJIEKTOPOB M CMOTPOBBIX KOJIOJLEB, 3apacTaHUs
OTKPBITBIX KaHAJIOB;

O0pa3oBaHue BEIMOYEK, OTJIECHHE MOYBHI M 3a00J1auNBaHNE TIOHIKEHHBIX
YYaCTKOB;

3apactaHue OpOLICHHBIX MTAXOTHBIX 3eMeJb APEBECHO- KYCTAPHUKOBOU U
0O0JIOTHOM PaCTUTENHHOCTHIO;

Pa3pyiienue BHyTpUXO35HCTBEHHON JOPOKHOM CETH.

Taxum 00pazom, MOTYT OBITH TIPEIOKEHBI CIIEIYIOIINE OCHOBHBIE MEPOTIPUSTUS
JIJ1s1 BOCCTAaHOBJIEHHS MEJIMOPATUBHBIX cUCTEM. [4,5]:

1.

[IpuHsATHE HOPMATHBHO-TIPABOBBIX AKTOB JUIS YETKOTO 3aKpeIUICHHUs
MEJIHOPATUBHON CETH M 3eMJIM KaK €IMHOTO LeJoro 0e3 pasieneHus, u
NoCIEeAYIOLIee ONPeIeIeHne COOCTBEHHHKA;

Pazpabotka npoekra pexkoHCTpykuuu. st oOcineoBaHus ¥ MOCIETyOLIeH
pa3paboTKu MpoeKTa HEOOXOJUMO MPHUBJICYEHHE CHELMATU3UPOBAHHBIX
OpraHM3alMii, HMEIOIUX COOTBETCTBYIOIIWE [JOMYCKM U ONBIT IO
MPOU3BOJICTBY MOJAOOHBIX PaboT;

Kynbryprexuudyeckue u CTpyKTypHble Menuopanuu. 3a nocneanue 20-25
JeT Ha OpOIICHHBIX MEJTHMOPATHUBHBIX CHUCTEMax YCIEIW BBIPACTH
KyCTapHUKH U fepeBbs 10 10-18 cm B tuamerpe. Takum oOpasom Tpedyercs
MPOBEJICHUE TOJIHOMACIITAOHBIX KYJIbTYPTEXHHUECKHX MEpPONPUATHH B
COCTaB KOTOPBIX BXOJAT: PACUMCTKA 3€MENIb OT APEBECHOW M KyCTapHOH
PacTUTENBHOCTHU, THEH, KAMHEN, KOUEK, MOXOBOTO 04€ca U CTApOH IEPHUHBI;
BripaBHMBaHNE TOBEPXHOCTH MOYBHI (3aCHITIKA 5IM, KaHAaB, KAPbEPOB, Cpe3Ka
OyrpoB, INUKBUAAIMS  CTapplx OOpo3g ®W  Jp.) ©  KOHTYPOB
CEeJIbCKOXO3SIICTBEHHbIX ~ yroguil  (ycTpaHeHHE  MEJIKOKOHTYPHOCTH,
NpUJAHUE MOJISIM [TPaBUIIBHOM KOH(DUTYpalin);

BoccraHoBneHre OTKPBITOM OCYIIMTENBbHOM CETH W BOJAONPUEMHUKOB.
Meponpusitue MnpeaycMaTpuBaeT pPAaCUUCTKy TpPacC MaruCTpaIbHBIX
KaHaJIOB, BOCCTAHOBJIEHHME MPOEKTHBIX 3HAuY€HUN (HOPMBI MOMEPEUHOTO
CEYCHHS W YKJIOHOB, PETYJMPOBAaHWE W TPHUBEICHUE B TMOPSIOK pyces
BOJIONIPUEMHHUKOB;

[TpoMbIBKa ApeH M KOJUIEKTOPOB, BOCCTAHOBIIEHUE YCTHEBBIX COOPYKEHUH.
[TpoMbIBKa 0OECTIEYNBAET OYUCTKY TOJOCTH KOJUIEKTOPHO-APEHAKHBIX TPYO
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OT HaujlKa K OXPUCTHIX OTJIOKEHHH C IOMOLIbI IPCHONPOMBIBOYHON

MalllMHBbI.

CBoeBpeMEHHOE, OTBEYAlOIlee IMPOEKTHBIM TpPeOOBAaHUSAM, MPUMEHEHHUE

MMPECAJIOKCHHBIX MepOHpI/IﬂTI/Iﬁ II0 BOCCTAHOBJICHHIO CBOWCTB MCIIMOPUPYEMBIX
CEJIbCKOXO35IMCTBEHHBIX ~ YrOOWM, TpH  MOCIEAYIIIEM  arpoTeXHUYECKOM
O6C.]'Iy}KI/IBaHI/II/I, rapaHTHPYET IOJYUYCHHC YCTOﬁqHBBIX YpPOXKXac€B BbIpalliiBACMBbIX
CCJIBX03 KYJIbTYp W ABJIACTCA BKJIAaJIOM B obecrieyeHue HpOHOBOHBCTBCHHOﬁ
0€30MacHOCTH CTPAHBI.

JIUTEPATYPA

[1]

[2]

[3]

[4]

[5]
[6]

3otoB K.B., Hemunnosa H.II. T'eocTaTucTideckuii moaxo  mpu MpoOBEACHUN
MOYBEHHO-MEJIMOPATUBHOTO  oOcienoBanus. B cOopuuke: «IIpobiaembr
Pa3BUTHS MEJIMOPALIMU U BOJHOTO XO3sIICTBA U IyTH UX peleHus» Marepuaibl
MexayHapoaHOH Hay4dHO-TIpakTHUeckoi koHdepenuuu. OI'BOY BIIO
«MOCKOBCKHUH rocy1apCTBEHHBIH YHUBEPCUTET MPHUPO000ycTpoiicTBay; 2011.
C.214-219

CoBpeMEHHOE COCTOSIHME U MYTH MOBBIIIECHUS HAIEKHOCTH U IKOJIOTHYECKOM
0e30MmacHOCTH SKCIUTyaTaluu MEJTMOPATUBHBIX CHUCTEM,
www.cntimelio.ru/l_1 12.pdf;

IIporpamma  "Pa3zBurue Menuopauuu 3€Mejb  CEJIBCKOXO3SICTBEHHOTO
Ha3HA4YCHUS Jlenunrpanackoit o0Oiactu Ha 2014-2020 rojer",
http://agroprom.lenobl.ru/gos/Development_regional _program_agricultu
ral_Leningrad_Region/podprogr8;

AMN. Kmumko, M.b. UYepnsk, IO.I'. Suko, B.M. lrtsikoBa. CnpaBouHUK
menuoparopa. - CI16: U3n-Bo [Honutexunyeckoro YH-Ta, 2009. - 202 c.;

b.C. Macnos, 11.B. Munaes, K.B. I'ybep. CnpaBoyHHK 10 Menuopanuu. - M.:
Pocarponpomusnar, 1989. - 384 c.;

H.B. ApedsoeB, B.II. Bpeycos, I'.K. Ocunos. OcHOBBI (HOpMHPOBaHUS
NpUPOAHO-arpapHeIX cucteM. Teopus u mnpaktuka. - CII6: W3n-Bo
ITonmurexunueckoro Yu-Ta, 2011. - 532 c.
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ATPOBU3HEC, DKOJIOTUA U NEPEJOBBIE TEXHOJIOI'U Pyab
C.B. !, Koromenkosa O.I'. 1, Pyas U.B. 2, Koromenkos /I.B. !

L ®r40y BO Canxm-Ilemep6ypeckuil nonumexnuveckuil yHugepcumem
Ilempa Benuxozco

2 CHINe 71 Kanununcxuii paiion, Canxm-Ilemep6ype

As practice shows, the Russian agribusiness is not very aware of the need for an
ecological approach to the management of the business and the use of new advanced
technologies.

However, the use of databases competencies and new advanced technologies
requires a certain level of competence among representatives of agribusiness.

The totality of these actions can create a really effective mechanism for improving
the environmental situation in the village. This year in Russia - the year of the
environment. We should try to rise sales of advanced technology on the green basis!

[lepenoBasi TEXHONOTHS-3TO TEXHOJOTHUS, KOTOpas JOJDKHA CIIacTH MHUD,
TEXHOJIOTHsI, HOBBIH BBI30B, HA OCHOBE IMOCJICTHUX HAYYHBIX TIOCTHKEHHI.

MupoBoe cenbCKOe XO34HWCTBO JBMXKETCSA B HANpaBICHUM IOBBIIIECHUS
HayKOEMKOCTH MPOM3BOAMMOIN MPOAYKLUMH. ITO OCOOEHHO HAIJISIHO HA MpUMEpe
HKOHOMHMYECKH Pa3BUTHIX CTPaH. ITO MO3BOJSIET UM IMOACPKUBAThH OaNaHC cripoca u
NpeJUIOKEHUs] Ha BHYTPEHHEM IPOJOBOJBCTBEHHOM pbIHKE. Poccusi mbiTaercs
CTaBUTh M TIOCJIENOBATEeIbHO pellaTh 3aJadyy HHHOBALIMOHHOIO  Ppa3BUTHSA
arpornpombiniuieHHoro komiekca (AIIK). Jlpyroro mytu Het, ecnu wmbl, Poccus,
CTPEMUMCSI MHTETPUPOBATHCS B MHPOBOE CEIIbCKOE XO3SHUCTBO M TBEPAO 3aHUMATh
CBOIO HHIITY.

Nunoammonnoe paszsutre AIIK HeoOXoawmmo CBS3bIBaTh C TMEPEIOBHIMH
TEXHOJOTHSIMH--3TO TPEKIE BCEro KOHCTPYKTHUBHAS W TBOpYECKas TUHAMHKA,
o0ecrieunBaroas CoO3aHue U peaTn3alnio HTHHOBAaLKH B 1100011 cdepe.

Hocurenem MHHOBAIMOHHOTO TPOAYKTAa OOBIYHO BBICTYIAeT WHHOBAIIMOHHOE
arponpombluieHHoe npeanpusatue. Heo6XonuMo OTMETHTh, YTO TPAAUIMOHHO B
Poccun kK MHHOBALMOHHBIM TMPEANPUATHSIM OTHOCATCS HPENNPUATHS, B KOTOPBIX
6omee 70% ot oOuiero oo6beMa NpOU3BOACTBA B IEHE)KHOM BBIPAKEHUH 32 OTUETHBIH
HAJIOTOBbIM mepuoj ¢GopMupyeTcss 3a CUeT NPOM3BOACTBA HMHHOBAILIMOHHOU
NPOAYKIINH.

Ecnu takoif kputepuil pacnpocTpaHUTh Ha OTEUYECTBEHHBIE MPEANPHUSATHS, TO
craner odeBunHbiM: B AIIK Poccum B HacTosmiee BpeMst OYECHb Mallbie
WHHOBAIMOHHBIE TIPEATPHUSATHS.
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Ha ocHOBaHWMM BBIMIEU3TI0KEHHOTO, MOXHO Cc(OpPMyYIHpOBaTh TMPOOIEMY

WHHOBAIIMOHHOTO PAa3BUTHUS - AaKTHUBHM3AIlMS WHHOBAIIMOHHON JESTENHHOCTH B
CeIIbCKOM XO35MCTBE.

AKTyallbHOCTh JIAHHOH MPp00JIeMbl HEOAHOKPATHO MOAYECPKUBAIACH B €KETOTHOM
nocimannu lIpesunenta B. B. Ilyrnna ®enepamsHomy CoOpanuto Poccuiickoit
®enepanmn. Bompockl  3akoHOmaTeNLHOTO — OoOecleueHUss  WHHOBAIMOHHOM
JESTENIbHOCTH OOCYXIal0TCs Ha MapiJaMEeHTCKHX CIyHIIaHusX B ['oCynapCcTBEHHOM
Hywme.

Yacto paccMoTpeHHEe WHHOBAIMOHHOTO Pa3BUTHS HJIET B COBOKYIMHOCTH C
HAayKOH, TJ€ TNPUHATO CUYUTATh HWHHOBAIMOHHBIM MPOJYKTOM -pe3yJbTaT
WHHOBAIIMOHHOW JIEATETLHOCTH, KOTOPBIA JOJKEH YIOBJIETBOPATH CIEIYIOIINM

TpeOOBaHUAM 3a1au:
- peanu3anus UHTEIUIEKTYyallbHONH COOCTBEHHOCTH;
- 4TOOBI COOTBETCTBOBAThH TPEOYyEeMOMY HAYYHO-TEXHUYECKOMY YPOBHIO;

- OBITh NMPOM3BEICHHBIM BIIEPBbIEC, a €CIM HE BIEPBOH, TO IO CPaBHEHMIO C
JIPYrMM aHAJIOTHYHBIM IPOJYKTOM OH JOJDKEH 00j1ajgaTh 0ojee BBICOKUMHU
HAY4YHO-IKOHOMHUYECKUMH MOKA3aTEISIMH;

- 9TOOBI OBITh KOHKYPEHTOCTIOCOOHBIMH.

Jlns TpeHia CHMXKEHHUS TEMIIOB pOCTa CEIbCKOXO3SHCTBEHHOI'O HPOM3BOJICTBA
TpeOyeTcsl aKTHBHOE IPUBJIEUEHHE KaluTajla B OTpPacib C IEJIbI0 IOBBIIIECHUS
MHBECTUIIMOHHON  TNPHUBJIEKATEIHOCTH  MEPONPHUATHH MO  (UHAHCOBOMY
03/I0POBJICHHIO CEJIbCKOXO03IHCTBEHHBIX OPraHU3aMH, YIyUIICHUIO COCTOSHUS ITOYB
¥ TTOBBIIIEHUS UX IJI0J0OPOAUS.

Hns 3¢ddexTHBHOTO (yHKIIMOHUPOBAHUS CEIBCKOrO XO3siicTBa HEOOXOAMMO
OCYILLECTBIIATh MEPONPUATHA IO CO3JaHHMI0 OOIIMX YCIOBHUH (DYHKIHMOHMPOBAHUS
CEJIbCKOI0 XO3siicTBa, B TOM 4YMCJIE IO MOAJAEPKKE MOYBEHHOIO ILIOJOPOAMS,
pa3pabOTKe TEXHUUECKUX PETIAMEHTOB, ONPEEIAIOIINX TPEOOBaHUs K OCHOBHBIM U
00OpOTHBIM aKTHBAM CEJIbCKOXO35IIICTBEHHOTO IPOU3BOACTBA M TOTOBOM MPOAYKIIUH,
CO3JJAHUIO €MHON CHCTEMbl HHPOPMAIIMOHHOTO 00ECIEYEHUs! arpOIIPOMBIIIICHHOTO
KOMILIEKCa, 00€CTIeYeHHIO 0TPACIN KBATN(UIUPOBAHHBIMU KaJJpaMU U TIPOBEICHHIO
HAYYHBIX MCCJIEIOBAHUI 110 MPUOPUTETHBIM HANPaBICHHUSIM CEJIbCKOTO X03SHCTBA.

PaGotath ¢ mepeoOBBIMH TEXHOJOTHMSMH, HEOOXOJUMO HPEeXIe BCEro
ONpeNeNIuTh 11e7b. B paMkax 5KOJOrMHM NOYB, HAmpuUMeEp, 3aJadaMU SBISIOTCA
COXpaHEHHE WU PALMOHAIBHOE MHCIIOJIb30BAHNUE 3EMENIb CEeIbCKOXO035SHCTBEHHOTO
Ha3HAuUeHWs W arpojlaHamadToB, a TaKXKe CO3JaHME YCJIOBHM IS YBEJIMUYCHHUS
00BEMOB TPOM3BOCTBA BBHICOKOKAUYECTBEHHOW CEJIBCKOXO3SHCTBEHHON HPOIYKIMH
Ha OCHOBE BOCCTAaHOBJIEHMS U TMOBBIIIEHUS IUIOJOPOJAUS IOYB  3€Mellb
CEJIbCKOXO35IIICTBEHHOI0 HA3HAYEHUS! NP BBINOJHEHUM KOMIUIEKCA MPPUralluU U
JpEHaXy, TEXHOJOIMsAM KyIbTyp, AarpoOXUMHUYECKUX, arpoJieCOMEIMOPaTUBHBIX,
BOJIOXO3SIICTBEHHBIX M OPraHU3aLMOHHBIX MEPONPUATUI C HCMOJIb30BaHUEM
COBPEMEHHBIX JOCTHKEHUH HAYKU M TEXHUKHU.

Jlist 1OCTUKEHUS L€ HE00X0AUMO PELIUTD CIIEAYIOIINE 3a1a41:
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- CHUCTEMATHYE€CKOE BOCIIPOU3BOJACTBO U MOBBIIIEHUE PUPOTHOTO IIII0IOPOAUS

HI0YB 3€MeEJIb CEIbCKOX03HCTBEHHOIO HA3HAUCHMUS;

- 3allUTa 3eMeldb OT 3aTOIUIGHUS UM MOATOIUIEHMs, BOAHOM 3po3un Hu
BO3/ICHCTBHSI IPYTUX HETATUBHBIX TEXHOTCHHBIX (DAKTOPOB;

- 10 COXPAaHEHHI0 M IOAJIEP/KAHUIO CEJIbCKOXO3SIMICTBEHHBIX 3€MEIb B
CeNbCKOXO035IIICTBEHHOM IIPOU3BOJICTBE, 3aIuTe
CEIbCKOXO3SUCTBEHHBIX YTOAUN OT BETPOBOM 3pO3UU U OIyCTHIHUBAHUS;

- MHUHEpaJbHBIX yI00peHHil,

- MOHHUTOPHHT IJIOJOPOAHS MTOYB 3eMEJIb CEIbCKOX03SICTBEHHOTO Ha3HAUCHUS
u popMupoBaHre HHPOPMAITMOHHOM 0a3bl JaHHBIX 110 IJIOJOPOAMIO MOYB.

Hcxons w3 stux uwenedd, U pa3paboTaTh WIM KYINUTh TOTOBBIE IE€PEIOBHIC
TEXHOJIOTHH.

Kakmue THUIIBI NEePEeOBBIX TEXHOJIOTUH, HEOOXOUMBIX JUISL
CEJIbCKOXO3sIiiCTBEHHOT0 On3Heca?

Me1 3auHTepecoBaHbl B pa3BuTHH DKO-TeXHOIOTHIA.

CenbCckoe XO3SIMICTBO BIIMSAET HA BECh CHEKTP BO3MOXKHBIX mocinenctsuil. Ha
MIOYBBI, BOJIbI, BO3/1yXa, LIEJIbI€ PETHOHBI CTPAHBI, IJI€ OCHOBHBIM BUJIOM JI€ATEIBHOCTH
ABISIETCS  arpoOM3Hec. DJTO W HCIONB30BaHHWE TIepOMIMIOB, CTOKOB  OT
JKUBOTHOBOIYECKUX (epM M OCHOBHBIX OTXOJOB, OOpa3yIOIIMXCS B OTPOMHBIX
KOJINYECTBaxX OT JIeJIOBOM uesoBek U 6usHec. K ToMy ke, Kak NOKa3bIBaeT NMPAKTHUKA,
POCCUICKUI  arpONpOMBIIIJIEHHBI  KOMIUJIEKC HE OYEHb OCBEAOMJIEH O
HEOOXOIMMOCTH 3KOJIOTHUECKOTo MOJX0/a K BEACHUIO OM3HEeca M HCIOJIb30BaHUU
HOBBIX IPOTPECCUBHBIX TEXHOJIOTHH.

[ToaTomy, HEOOXOOUMO MPEAYCMOTPETHh PAA MEp ISl TOBBIIICHUS YPOBHS
NOHUMAHUS HKOJIOTHUECKOW OMAacHOCTM arpoOu3Heca M OTBETCTBEHHOCTH B
OousHec-cpene. [lng ciemyromero mara - MNPOJABMKEHHE IMEPEAOBBIX TEXHOJIOIHM
sKosiornyeckol  HampasneHHocTH i AIIK, Mbl  JOMKHBI — MCIOJNB30BATh
MH(QOPMAIIMOHHYIO 0a3y 3HAHUN ¥ HOBBIX NIEPEIOBBIX TEXHOJIOTHA.

OpHako, MCMNONb30BaHME KOMIETEHLMH, 0a3 JaHHBIX U HOBBIX IEPEAOBBIX
TEXHOJIOTHH TpeOyeT oNnpeaeeHHOI0 YPOBHsI KOMIIETEHIIMH CPEeIU NpeaCTaBUTENCH
arpo6usHeca.

Bei0op ocnokHsieTcss TeM, 4YTO TOYTH BCE MPEUIOKEHUS MO PEIIECHHIO
skonormueckux mpodrmem AIIK mpencraBnstor u3 cedst MEXIUCIUILUTHHAPHBIC
peLIeHuUs.

DTO 03HAYAET, YTO TaM JIOJDKHBI OBITH HEKOTOPBIE MECTA, I/I€ MOXKHO OBLIO OBl
NPUATH, MOTYYUTh KOHCYJBTALMIO CIIEIMAINCTa, a 3aTeM BBIOpaTh M3 OOJIBIIOrO
KOJIMYECTBA MHTEPECHBIX MPETOKESHHN.

Takux TOYEK KOMIIETEHIMH JOCTyma B COBPEMEHHBIE TEXHOJOTMH MOXKHO
OpraHM3oBaTh Ha 0asze (epMepcKUX OpraHU3alUil MOTPEOUTETHCKOM Koomepaluu
OTPOMHOE KOJM4eCTBO. Takue opraHu3aly MOTYT UMETh BO3MOXHOCTh JOCTyNa K
KOMIIBIOTEPY K O0JIbIINM 0a3aM JaHHBIX U OpraHU3allMi KOHCAITUHTOBBIX YCIYT AJIs

dhepmepoB.
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COBOKYIHOCTb 3TUX JA€HCTBHI MOKET CO37aTh NEHCTBUTENBHO d(DPEKTUBHBIN

MEXaHH3M 10 YIyUYIICHHIO SKOJIOTHYECKOM CUTyaIuu B cene. TeM 6osiee 9To 3TOT roj
- roj dkonoruu B Poccun!

JIMTEPATYPA

[1] Sergey Rud', Denis Kotomenkov, Ivan Rud', , Olga Kotomenkova Advanced
ecotechnology in agribusiness:how tom riaise sale in Russia. The 10-th
International Conference on Establishment of Cooperation between Companies
and Institutions in the Nordic Countries, the Baltica Sea Region and the World.
Book of Abstracts. Linneaus University, 2123 Nov. 20016 Kalmar
Sweden.pp.65-66.

AHAJIN3 CUCTEMbBI OBPAIIEHUSA C HE®TESAT'PASHEHHBIMUAU

OTXOJAMU HEDPTET'A30BOI'O KOMIIVIEKCA HA TEPPUTOPUHA

POCCHUHNCKOU ®EJEPAIINA

Xoxiaos I'.B.
Poccuiickuii 'ocyoapcmeennwiii [ uopomemeoponocuveckuti Yuueepcumem

B Poccuiickoii heneparnuu mpodiieMbl 00pa30oBaHUs, HAKOIUICHHUS, XPAHCHUS U
YTHJIU3alUU OTXOJIOB SBJISIOTCS KpaifHE OCTPHIMH U 3aTPAaruBalOT MPAKTHYECKU BCE
peruoHsl cTpaHbl. KoaumuecTBO HE YTHIM3UPOBAHHBIX OTXOJOB HACUHUTHIBACTCS
nopsiaka 80 mupa. TouH. [pu stom B EBponie mepepabatsiBaercs 6onee 50% oTX0A0B,
To B Poccum cpemHuii ypoBEHb BTOPHYHOTO WCIIOIB30BAHMS TMPOMBIIICHHBIX
0TX0J10B cocTaBisieT 35%, a TBepAbIX OBITOBBIX - HE Oosee 4%.

TsokenpiMu MeTayutaMu, He(TENPOAYKTaMU M TIECTHLIMAAMH 3arps3HeHo Ooiiee
75 MiH. TeKTapoB 3eMiid. M CKOpOCTh MpUpoCcTa 00pa3oBaHHs OTXOJOB €KETOJIHO
YBEJIIMYMBAETCS, U 32 TIOCJICTHAE HECKOJIBKO JIeT cocTaBmia oomaee 10-15 %.

Hedreconepkamue oTxompl ©  OypoBOH IHuIaM  SIBJISIOTCS  OTXOJaMHU
HedTenoObIBatoNell U HedTenepepadaThIBAOIICH MPOMBIIUICHHOCTH, W WX JOJIS
COCTaBJIsIeT OKOJIO 5 % oOT oOmero oobema A00bIBaEMOU TOBapHOW HedTH. DTH
OTXOJIbI COCTOAT U3 CMECH He(PTH W MUHEPATbHBIX YacTHI] (ITOPO/Ia, TIECOK) U BOJIbI U
CKIIQIUPYIOTCA B CIEIUAIBHBIX HAKOMUTENSX, MPEICTaBISIIOIINE COO0M OTKPHITHIC
pe3epByapbl, pacrojioKEHHBbIE B HETOCPEICTBEHHO OIM30CTH OT MECT MOOBIUU H
nepepaboTku HedTH. BypoBbie pacTBOpBl U OypOBOM IUIaM OTHOCSATCS K TPEThEH -
MSITOW KaTeTOPUHM OIMACHOCTH, B 3aBHCHMOCTH OT COCTaBa IuIaMa. JTO CBs3aHO C
nobaBieHreM B OypoBOM pacTBOp, KOTOPBHIA HEOOXOAMM Uil  OOecTieueHUs
HETIOCPE/ICTBEHHO TIporiecca OypeHHs, pa3IMdHBbIX XHUMHUYECKHX PEarcHTOB.
Pearentsl, HeoOXoaMMBIC 1711 IOHWKEHUST BOJOOT/AAUH MJIACTA, CHIDKCHUS BSI3KOCTH
pacTBopa, CIOCOOCTBYIOIIME TepMocTabmiu3auud. Tak Ke  HEeoOXOIUMBI
MHTUOUTOPBI, IEHOTAaCUTENH, MIOIaCUTENIHN CEPOBOJOPOJA U T.1. B coBOKynHOCTH 3TH
peareHThl MOTYT HAHECTH KOJIOCCAIBHBIN yiepo. [6]
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OrpomHOe BpemHOE BiHsIHHE He(DTEPOIYKTHl OKa3bIBAIOT Ha MOYBY. B mouse,

3arpsi3HEHHON He(TENpPOIyKTaMH, PE3KO MEHSETCS COOTHOIIEHHE MEXITy YIIIepOJOoM
M a30TOM, YTO YXYAILIAeT a30THBIM PEKUM IMOYB U HapylIaeT KOPHEBOE MHUTAaHUE
pactenuil. Tak e W3 TIOYBBI BBITECHSETCS KHUCIOPOJ, W TIOYBA TEpsieT
NPOAYKTUBHOCTh U TUIOJOPOAHBIA CJOW TOYBBI HE HKMEET BO3MOKHOCTH
BOCCTAHOBJICHHMS Ha JOATUH nepuoa BpemeHu. CaMOOuUIIeHHE MPOUCXOJUT OYEHb
MemieHHo. [7] OcHOBHas mNOpUYMHA HACTOJBKO  CHJIBHOTO  BO3JICUCTBUSA
HEe(TENPOAYKTOB Ha TMOYBY 3aKIIIOYAETCS B CTPOUTENILCTBE OYpOBBIX amOapoB.
CrpoutenscTBO Ha OypoBOil IUIOIAAKE aMOapOB-HAKONMUTENEH 3aKI04aeTcsl B
BBIEMKE OIIPEIeIEHHOr0 00bheMa IPyHTa U 00BAJIOBAaHUU MOJIYYEHHOTO KOTJIOTOBAHA.
['mapousonsiuus [HA U CTEHOK am0Oapa He npou3BoAuTcs. OrpaHu4uTh, a TeM Oojee
n30exaTh, GUIbTpanny KUAKON (Dasbl ¥ MONaJaHUU €€ Ha OKPY)KAIOLIMA Janamadt
NpPaKTU4YeCKH HEBO3MOXKHO. [Ipu OypeHMM CKBa)XKMH 3a/laya OYHMCTKH LUIAMOB OT
9KOJIOTHYECKH ONACHBIX OYPOBBIX OTXOIOB SIBJISICTCS HaHOOJIee aKTyalbHOU. [12]

HaubGonpiiee 3arps3nenue HedTENPOAYKTOB Ha OKPYXKAIOIIYI0 Cpedy, Ha
teppuropun Poccuiickoil denepanuu, Oputo B 90-pix romax 20 Beka. M3-3a
HEKOHTPOJIMPOBAHUSI TEXHOJIOTUYECKOTO IpOLecca Ha BCEX CTAIUSAX OCBOCHUSA WU
no0bun He(TH, AOMYCKAIUCh U, 0OJiee TOro, CYMTAIUCh HOPMAJIBHBIM MAacCOBBIC
3arpsi3sHEHHsI OKpykaromen cpeasl. COpoc HEOOE3BPEKEHHOro IIaMa B BOAY Ha
YCTaHOBKAaX B OTKPBITBIX MOPSIX, 3aXOPOHEHNE HEOUHIIIEHHON OTPaOOTKH B 3eMJIISTHBIX
ambapax-Bce OSTO TMPHBEIO K JUIMTEIBHON JeCTaOWIM3allud  HKOJOTHYECKOU
00CTaHOBKHM BO MHOTHX paiiOHax T0OBIYM HE(PTH.

Tak ke CTOUT OTMETUTh, YTO STO COBEPIIAIOCH U3-32 TEXHOJIOTUH YTHIM3AIHUU U
00e33apaKUBaHUs OTXO/IOB.

Ha nacrosmmii MOMEHT Bce, 0e3 MCKIIOYEeHHUs, He(DTIHbIE KOMIAHUU OCO3HAJIH
HACKOJIBKO MX JAEATENIbHOCTh MOXET OBITh BpelIHa JAJS OKpYXKAarolled cpeipl mpu
HECOOJIOICHNH JTOJHKHOTO KOHTPOJISI HaJl TEXHOJIOTHYECKUM TPOIIECCOM OCBOSHUS U
JOOBIYM YTIIEBOJAOPOIOB.

3a mocnemHee necsATWIETHE OBUIO pa3padOTaHO W YCIENIHO BBEIEHO B
MPOU3BOACTBO MHOXKECTBO PEIICHUH 10 MHUHUMHU3WPOBAHUIO JKOJOTHYECKOTO
BO3JICHCTBHSI OTXO/I0B OYpEHHS Ha OKPYKAIOIIYIO CPEIy.

Hanpumep, B  TatHUIIMHedtn  pa3paborana  cucrema  OYHCTKH,
NpeayCcMaTPUBAONIAs NUIAMOHAKOIUTENb, HE(TEIOBYIIKY M KacKaJ KOTIOBAaHOB
OTCTOWHHMKOB. BypoBbIe cTOUHBIE BO/BI, OCBOOOIMBIINCEH OT BBIOYPEHHOTO IIUIaMa U
N0 BO3MOXXHOCTH OT HE(TH, IOCTYNAIOT B NEPBBI KOTJIOBaH, MOJBEPraroTCs
o0paboTke KoaryiasHTamMu (CONM aJIOMUHHUS WM JKelle3a) B COYETaHUU C
bnokyngHToOM (MOAMaKpuiaamMua). 371eCh MPOUCXOAMUT XJOoNbeoOpa3zoBaHHE, U
OCBETJIEHHas BOJA TMEpPeTeKaeT B MOCIEAYIOIUMHA KOTJIOBAaH J[Uid OTCTOS U
JATBHEUIIIETO MCTIOIb30BAHUS TSI TEXHOJIOTHYECKHUX HYK: I 0OMBIBA TUTOIIAIOK,
000pyZOBaHMs, OXJIAXK/ICHHUS IITOKOB, IPUTOTOBJICHHUS PACTBOPOB U JUIsI OOPHOBI €
MOTJIOMICHUSIMA OYpPOBOTO PacTBOpa B Mpoliecce OypeHus.
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TexHonoruss oOpaTHOH 3akayky OypoBOro IIgamMa HpEACTaBISAET IPOLECC

U3MebUYeHUs OypoBoro mnuiama (TBepmoi (as3bl), CMEIIMBAHUE €TI0 C JKHIKUMHU
orxonamu O6ypenus (OBP., ObX) no o6pa3oBanus myabIbl U 3aKauka 00pa30BaHHON
NyJabIbl B TOJ3EMHBIE TOPU3OHTHI I 3axopoHeHus. llpemmymiecTBa IaHHOM
TEXHOJIOTHH - 3TO 00ecreueHre HyJIeBOro copoca, mojHasi yTHIN3alus KaK TBEPbIX,
TaKk W OKUAKUX OTXOJOB, OTCYTCTBHE pHUCKA YTEYKH OTXOJOB TMpH UX
TPAHCIIOPTUPOBKE, TMOJHBIM KOHTPOJb TMpOIEcca ONepaToOpoM, 3SKOHOMHUYECKAS
3 (PEeKTUBHOCTS.

Ha Jlampaem Boctoke amepukanckas ¢upma «CBAKO» Taxke MCHonb3yer
METO/T 3aKaYKH1 B TUIACT, 3Ta ke pupma padoraeT u B 3amagnoit Cubupu. ITOT METO.
no3BossieT co 100%-i1 3¢ HeKTHBHOCTBIO YTUIIM3UPOBATH BCE OTXObI OypEHHUS.

TexHonoruss oOpaTHON 3aKaukd OypOBOrO IUIaMa YCIEIIHO MPUMEHSETCS BO
MHOTHX YacTSAX 36MHOTO IIapa, TJe OCYIIECTBIIsCTCS J0ObIYa HETH, B TOM YHCIIE U B
Poccun Ha IlpmoOGckoM mectopoxaeHun ['a3mpoMHepTh-XaHTOC W B MPOEKTaX
Caxanun-1 n Caxanun-2.

Tak ’xe MeToAWKa MO OTHAEJICHHIO OypOBOTrO pacTBOpa OT OypoOBOro muIama,
MOJTyYMJIa IIMPOKOE Pa3BUTHE M HCIOJB3YETCS] HA MHOTUX MPOMBICIIAX M0 MPUYKUHE
BO3MO>KHOCTH UCTIOJIb30BaHMS TEXHUYECKOM BOIBI B TEXHOJIOTMYECKOM MPOLIECCE IS
HOJ|/IeP’KaHMsI UTACTOBOT'O JaBJICHUS

IIpu sTomM OypoBOW IJIaM WCHOJB3YEeTCS [UIsI OTCHIIKM KaphepoB U B
CTPOUTEINILCTBE, UTO TaK XK€ SABJIAECTCS HEMATOBAKHBIM aCIIEKTOM.

PaccMoTpeB 3konormueckre OTYEThl W JajbHEMIIME MPOrpaMMbl OJHUX M3
KpynHelmmx HeTaHeix Kommanuii Poccuiickoit ®denepanmu, Ttakume kak OAO
«CyprytHedTeras" u ITAO «["a3npom", MOKHO YBUAETH MOJIOKHUTEIbHYIO TUHAMUKY
B COKpAIIEHUU KOJMYECTBA HAKOIJICHHUSI OTXOJ0B OypeHUs U yBEJIIMYEHUH MPOLIEHTA
UX YTUIU3aLUU.

3a pacuernsiii nepuon 2012 roqga OAO «CypryrHedreras" Obl10 00pa3zoBaHO
okoj10 500 ThIc. TOHH OTXOA0B OypeHHs, U ObUIO yTHIM3UPOBAHO M 00E3BPEKEHO
nopsizika 449 ThIC TOHH OTX0JI0B OypeHusi, 60JbIIas YacTh KOTOPBIX B JajbHEHUIIEM
ObL1a KCTI0JIb30BaHa B COOCTBEHHOM IPOU3BO/ICTBE.

3a pacuerneii mepuox 2012 roma IIAO "T'asmpom" oOmiee KOJIMYECTBO
orxon10B-400 THIC. TOHH (3aMeTHO CHIDKeHHE Ha 40 TBHIC. TOHH TO CPaBHEHHIO C
OpeAbIAYIIAM TOJO0OM) CaMHM TNPEANPHATHEM HCIONb3YyeTcs M 00e3BpEeKUBACTCA
ok0J10 4%,3aXOpOHEHO Ha COOCTBEHHBIX 00beKTax-28,9%,u mepesaHo CTOPOHHUM
opranuzanusm-66,7%.

KommekcHolt skosnornyeckoit mporpammoit ITAO «l"asmpom» Ha mnepuon
2011-2015 rr. B 0o0nacTu oOpallieHus C OTXOAaMH MPEyCMOTPEHO:

- JKOJIOTHYECKH O6e30macHoe oOpalieHne ¢ 0TX0JaMu;

- cHmwkenne (Ha 25 %) 00beMOB OTX0/IOB, HAIIPABIISIEMBIX HA 3aXOPOHEHHE;

- TOBBIIIEHHE JOJIN UCTIONIB3YEMbIX M 00€3BPEXXNBAEMBIX OTXO/IOB. [14]

B 3akitoueHNH MOYKHO OTMETUTh O HAMETHBIUIECHCS MO3UTUBHOMN MOJUTUKU B
chepe oxpaHbl OKpyXkaromiel cpeabl y HE(TAHBIX U He(TEra3oBbIX KOMIIAHUSX,
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THOBJIEKILIEE 32 COOOM CYIECTBEHHOE CHUKEHUE HETATHBHOIO BO3JEHCTBUS B 00/1aCTH

3aXOpPOHEHMST W  yTWIM3AaLUMM OTXOAO0B Oypenust .Pa3Burme MHOXecTBa
TEXHOJIOTHYECKUX PEHICHWH MO YCTPAaHEHUIO 3TOW MpoOJieMbl U UX JalbHEHIIas
MOJIEpHH3AIM HA MPOU3BOJCTBE IMOKA3bIBACT €€ 3HAYUMOCTh B OOJACTH OXpaHBI
OKpYXKaroIIeil Cpebl.

JIUTEPATYPA

[1] Boporckuii H.A. M3MeHeHHEe THAPOXMMHUYSCKHX TMOKa3aTeJdeld BOJABI IPH
MoTaIaHNK OYPOBBIX KOMIIOHEHTOB. - ["a30Basi MpoMBIIIIIEHHOCTH, Ne 6, 1990.

[2] bBeikoB MN.IO. Texuuka skojoruueckoir 3ammrthl KpaiiHero CeBepa mpu
CTPOUTENBCTBE CKBaXKUH. - JI.: 3naTenscTBO JIeHMHIpajcKoro yHUBEpCUTeTa,
1991.

[3] Kammu B.M. «AxryaipHble MPOOJIEMbI OCBOCHUS MHHEPAIbHO- CBHIPHEBOTO
komIutiekca Poccuiickoit @eaeparumy / TOIIMBHO- SHEPTEeTHUECKUN KOMIUICKC
Poccun: denep. cripas. - M., 2013.

[4] Kopoms B.B., Iosaubimes I'.H., Mausipun B.H. YTtuwmuzamus oTxomoB
OypeHus CKBayKUH. JKOJIOTUS U poMbIIIeHHOCTh Poccun, Nel, 2005.

[5] OG6GocHoBaHHME WHBECTHIMH B CTPOUTEIBCTBO MOJHUIOHA YTWIM3ALUH U
nepepaboTku  oTX0M0B OypeHuss u  Hedrenodbbrun  AO  "JIYKoiui-
Koransimuedreras". T.1.00mas noscuutenbhas 3anucka. Cypryt, 1996.

[6] Otuer o HUP «Komrutexc-2012», ®I'BHY HUU PUHKIID, 2012.

[7] Otuer o HUP Ne 08-2013, ®I'6HY HUM PUHKIID, 2013.

[6] ITat. P® Ne899840 ot 23.01.82. Aracapos P.I'., Abnynnmun B.P., MasmoroB M.P.
U Ap. YCTpOMCTBO Ui pereHepanuu KOMIIOHEHTOB OypoBoro pactsopa, b.U.
Ne3. 1982.

[9] Tlatent Pd Ne2093478 ot 20.10.97. Sradaposa I'.I'., Masmoros M.P.,
bapaxanna B.b.u ap. Crnoco® OYMCTKM TOYBBI M BOJIBI OT HedTH,
He(TENPOAYKTOB U MOJUMEPHBIX J00AaBOK B OypoBoii pacTBop, b.M. Ne29.

[10] TTat. Ne 244901. Crioco6 pekyabTHBAIMK HapylIeHHbIX 3eMens / Mimkos AT,
[Ieictuna H.b., Jlucros E.JI. u ap., 2012.

[11] TIat. Ne 2399439. Croco® yTHIM3AIKMU OTXOJOB CTPOUTEIBCTBA TOPHBIX
BbIpaboTok u ckBaxuH /Axctotun O.E., T'adapoB H.A., MenbpmukoB C.H.,
Oo0nexkos I'.1., Yrkuna H.H., 2010.

[12] TamarapoB M.A. u ap. OneiT yrunusanuu Hedrenntamos JITTIC "Hepkaccesr"//
[IpomblnienHbie 1 6bITOBBIE OTXO0/IBI. [IpoGiemMsl u pemenus: Mar. kond. Y.1.
VYda,1996.

[13] Ilemeror B.}HO JlukBuparms nUIaMOBBIX aMOapoB MpPH CTPOUTEIHCTBE
ckBakuH. - M.: BHUMODHI, 1989.

[14] Dxonoruueckuit oraer OAO «["azmpomy. - 2011,

[15] sradaposa I'.I'., MaenoroB M.P., bapaxuuna B.b. Buortexnonmorudeckuii

croco0 yTuiIn3auy HedrenaMmoB 1 OypoBbIX 0TX00B. ['opHBIi BecTHUK, N4,
1998.

17 Apr. 2017



The International Science Environmental Conference "ECOBALT
ENVIRONMENTAL IMPACT ASSESSMEMT OF A COLLECTIVE

SOLAR WATER HEATER SYSTEM IN WEST BANK
Aysar Yasin

An-Najah National University - Energy Engineering and Environmental
EngineeringNablus, Palestine - Aysar.yasin@najah.edu

ABSTRACT

West Bank and Gaza strip suffer from huge shortage of conventional energy
sources and at the same time own high potential of solar energy radiations. The solar
radiation can mainly be utilized for electricity generation using PV technology and for
water heating using solar water heaters technology. Solar water heaters (SWH) are
one of the most important applications utilized in West Bank and Gaza strip. This
paper assesses the environmental impact of implementation of collective SWH
systems in health sector through a case study of a hospital located in Nablus/West
Bank. A collective SWH system supplemented with auxiliary heater for a hospital is
designed in this study. The hospital demand for hot water is about 5500 liters /day.
Indirect closed loop forced SWH with water storage tanks are used. Auxiliary water
heating is to be provided via diesel fueled boiler.

RETScreen® software solar water heating project model is utilized in this paper
to perform simulations. The total collectors' area is 77.52 m? of evacuated type. The
capacity of proposed system is about 47.6kW. The annual heating energy delivered by
the SWH collector system is 62.2 MWh which corresponds to 61% solar fraction. The
corresponding COz2 saving is about 72.5 tons on the basis that coal is the base case
electricity system fuel type. The CO2 saving is about 27.9 tons if a diesel boiler
provides the system with the required energy. The simple payback period of the
project is 2.8 years and the equity payback is 2.2 years.

KEYWORDS

Solar water heating system; evacuated tubes collectors; RETScreen; solar
fraction; Palestinian territories, GHG emission, financial indices.
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INTRODUETHEN

The excessive usage of energy depending on conventional energy sources
increases the concentration of carbon dioxide in our atmosphere and other hazardous
emissions likes NOxs and SOxs. The expected depletion of fossil fuels is another
catastrophic problem. The systematic exploitation of renewable energy sources is one
of the solutions adopted by energy decision makers all over the world.

West Bank and Gaza suffer from shortage and high prices of energy sources
because of the political situation and specifically the occupation. The Palestinian
authority purchases all its needs of petroleum products from Israeli market and about
92% of electrical energy from the Israeli Electric Corporation (IEC) which is
considered one of the main problems to Palestinian economy.

Solar energy radiations are abundant in West Bank and Gaza (5.46 kWh/ m?.day)
which makes the exploitation of solar energy feasible.

Solar energy technologies use the sun's energy and light to provide heat, light, hot
water, electricity, cooling for all sectors. Among those technologies is the SWH
technology which is defined as technology used to transform sunlight energy into heat
energy used to heat water by means of solar thermal collector.

SWH are extensively used in the residential sector in West Bank and Gaza, in
which 68.2% of households use solar family systems, whereas, it is limited in the
service and industry sectors [1]. The existing installed capacity in all sectors is totaled
to 1,533,000 m? of which 7100 m? in the service sector, this can produce 650 GWh
annually with corresponding CO2 savings of 395,000 tons per year [1, 2].

The energy consumption in service and building sectors in West Bank and Gaza
and in all other developing countries represents a major part of energy bill,
approximately equal to 75% [3]. The electric water heating consumes the most electric
power and emits the most pollutants during its life cycle [4].

This paper investigates the environmental benefits of a collective SWH based on
evacuated tube collectors for hospital in West Bank. The technical and financial
analyses are investigated as well. RETScreen® software SWH project model [5] is
used to assess the energy based on solar radiation on horizontal and tilted surface,
energy delivered from SWH system, GHG emissions, and energy saving. The
financial indices are estimated in this study to evaluate the economic benefits like
payback period, equity payback period and pre-tax IRR.
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CONTEXT AND METROLOGICAL DATA
West Bank & Gaza Strip as shown in Figure 1 lies on the western edge of the
Asian continent and the eastern extremity of the Mediterranean Sea, between 34°20'-
35°30' E and 31°10'- 32°30 N.

36X

34N

I 32N

30N

26 N
32E 3iF 36E 38E

Figure 1. Location the Palestinian Territories in the region, [7]

It includes of two land areas; the West Bank 5800 km?, and the Gaza Strip 365
km?. The metrological data used in this study are mainly based on the Atlas of solar
resources of Palestinian territories [6], the local metrological stations followed to An
Najah Energy Research Center, and the database recorded by National Aeronautics
and Space Administration NASA.

The monthly variations of daily solar radiation on horizontal surface of the
selected sites are presented in Figure 2. The data are imported from Atlas of solar
resources of Palestinian territories [6].

Figure 2 indicates that differences between sites are small as the variability in
yearly averages of global horizontal irradiation (GHI) is only 1.5% while monthly
averages have differences ranging from 1.1% in May to 5.2% in February [6].
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The hospital taken as a case study is located in Nablus city/west bank. The
authentic climatic data like latitude, longitude, location elevation, heating and cooling
design temperature are imported from its database recorded by National Aeronautics
and Space Administration (NASA) [7]. A detailed values of air temperature and daily
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Figure 2. Monthly variation of daily solar radiation on horizontal surface

solar radiations on monthly and annual basis are shown in Table 1.

Table 1. Climate data of location with latitude 31.9° and longitude 35.2° [7]

Air temperature

Daily solar radiation - horizontal

Month °C kwh/m?/d
January 1.7 3.37
February 8.2 4.20
March 10.4 5.30
April 15.1 6.81
May 19.1 7.83
June 214 8.57
July 23.1 8.40
August 23.1 7.85
September 21.8 6.73
October 19.1 5.28
November 14.1 3.74
December 9.7 3.05
16.1 5.94
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TECHNICAL ANALYSIS
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The proposed collective SWH system provides the domestic hot water for the
hospital is shown in Figure 3. The main components used to build the collective solar
water heater system are illustrated in Table 2.

Table 2. Collective SWH components

item

Component

1

Evacuated panel 2 m? , 18 pipes

2  [Flat plate stainless steel hot water heat exchanger 40 kW

3 |[Pumps

4 |Hot Water Storage Tank ( 2000 liter)

5 |Cold water makeup plastic tank 1000 liter

6 |[Expansion Tank (200 Liter)

7 Piping system and its accessories for closed loop SWH and piping system between storage
tanks

8 [Control system with differential thermostat

9 |Valves, safety valves, Thermometers , Pressure indicators, impulse hot water, pipes, etc (on
the roof, not to apartments)

10 [Fixtures

11 |Auxiliary Heating System (diesel fueled Boiler)

The system is designed with the aid of RETScreen™ software [8]. The system is
classified as a forced-indirect closed solar water heater system with supplementary
heater. The daily hot water consumption is about 5500 Litres. The load is calculated
based on the number of beds in the hospital which is 60 beds and the occupancy rate
which is about 45%. The required water temperature of the water is 60 °C and the
Operating days per week is seven.
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Figure 3. Collective SWH system layout with the required
measuring sensors (forced
- indirect closed system)

The solar tracking mode of the system is fixed in which the collective SWH
system is south-facing 45° azimuth angle and inclination angle of the collectors is 42°.
The total collectors' area is 77.52 m? of evacuated type and the cross sectional area of
each collector is 2.28 m2. The capacity of proposed system is 46.7kW taking into
account of 5% miscellaneous losses. The annual heating energy delivered by the SWH
collector system is 62.2 MWh which corresponds to 60% solar fraction.

The storages capacity of the system is 4000 Litres and two well-insulated storage
tanks are used. An external flat plate heat exchanger is used with 85% efficiency. The
system includes at least two pumps each of 1kW capacity. The annual energy
consumed by the pumps us 2 MWh.

A diesel fuelled boiler is used to compensate the low radiation in winter or in case
of a reduction in water temperature. The proposed boiler capacity is 40kW with
seasonal efficiency 85%. The existing diesel fuelled boiler is used in the study. The
proposed system is to be installed in the centre of the load as the building is
horizontally extended. 10% of miscellaneous losses were proposed in order to
compensate the transmission losses.

Environmental Asseessment

The utilization of solar energy has positive environmental impacts besides the
savings in money. This study evaluates the environmental impacts from the operation
of collective SWH system in one of the Palestinian hospitals (Etihad hospital/Nablus)
without considering the manufacturing impacts. This study evaluates the gas

17 Apr. 2017



L The International Science Environmental Conference "ECOBALTICA" .
emissions produced in case the utilized solar energy is delivered from electric and

diesel boilers.

To investigate the environmental benefits of utilizing solar energy instead of
conventional sources of energy, air pollution saved derived from the reduction in
consumption of electricity and/or diesel, conventionally used for water heating in
Palestine, are to be evaluated. It is easy to translate the amounts of energy saved into
the corresponding amounts of air pollution saved by using special equations designed
to each specific type of pollutants.

Table 3 illustrates the annual energy utilized from solar water heater and the
corresponding energy required from die sel/electric boiler.

Table 3: Annual energy utilized from SWH

Energy utilized / needed MWh/year
Energy utilized From SWH 62.2

Energy needed from Diesel boiler with 80% efficiency 77.75
Energy needed from electric boiler with 90% efficiency 69.12

This amount of energy in case it is taken from diesel or electric boiler could save
significant quantities of gas emissions mainly carbon dioxide (CO2 which is
considered the main player of greenhouse gases. The CO:2 saved emissions by
utilizing collective SWH is shown in Figure 4.
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Figure 4. COz saved emissions by utilizing collective SWH
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Figure 5 shows the amounts of saved emissions of other pollutants types.
Collective SWH systems have a good potential to reduce gas emissions which are
considered an important factor to evaluate the performance of any energy system. The
results show that by using solar energy, considerable amounts of greenhouse polluting
gasses are saved. The investigated system gives positive and very promising
performance and financial characteristics. Therefore, utilizing the collective solar
heating is efficient, cost effective and friendlier to the environment. The reduction of
greenhouse gasses pollution is the main advantage of utilizing solar energy. Therefore,
solar energy systems should be employed whenever possible in order to achieve a
sustainable future.

25 1

M Electric Boiler

¥ Diesel Boiler

I

CO No* Hyd. 502 dust N20 CH4

Figure 5. Different saved gas emissions by utilizing collective SWH

FINANCIAL ANALYSIS

The inflation rate is projected to be 15% over the 20-year life of the project. The
current electricity tariff is 0.17$/kWh. The cost of the SWH system can be depreciated
in the first year in accordance with the tax laws favouring the use of renewable energy
equipment. The financial viability of the proposed project is illustrated Table 4.

Table 4: Financial viability of the proposed collective SWH system
Pre-tax IRR - assets % 56.6%

Simple payback y' 2.8

Equity payback y 2.2

The pre-tax IRR is less than the inflation rate which is an indication of the
feasibility of this project. The simple payback period is about three years which is
considered another indication of the project's feasibility. After 2.2 years the project
starts to recover the costs. Figure 6 shows the cumulative cash flows of the proposed
project.
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concLUSToRt

Utilizing SWH technology in Palestine for water heating is feasible, efficient, and
cost effective.

The utilized annual heat energy from the proposed collective SWH system of the
hospital is 62.2 MWh and the corresponding COz2 saving is about 72.5 tons on the basis
that coal is the base case electricity system fuel type while The CO2 saving is about
27.9 tons if a diesel boiler provides the system with the required energy.
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Figure 6: Cumulative cash flow

The proposed collective SWH contributes about 61% from the total thermal
energy demand of the hospital. This fraction can be increased if further solar collectors
are installed.

Collective SWH systems have a good potential to reduce gas emissions which are
considered an important factor to evaluate the performance of any energy system. The
results show that by using solar energy, considerable amounts of greenhouse polluting
gasses are saved.

The investigated system gives positive and very promising performance and
financial characteristics. Therefore, utilizing the collective solar heating are efficient,
cost effective and friendlier to the environment.

Collective SWH systems technology usage is very limited in service sector in
Palestinian due to the lack of awareness within consumers about the significant profit
that could be gained in energy saving and gas emissions reduction.
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ABSTRACT

The Middle-East region has an arid climate with very scarce water resources,
which are under heavy and increasing stress. Therefore, it is vulnerable to climate
change that will eventually reduce rainfall, due to changes in oceano-atmospheric
circulation patterns.

Use of wastewater is one of the most sustainable alternatives to cope with water
shortage in Gaza Strip (GS). It would have a number of advantages that include
closing the gap between supply and demand, alleviating the pollution of fresh water
resources, providing sound solution to water scarcity and potentially cover half of the
total agricultural water demand in GS. On the other hand, wastewater reuse could
provide a mitigation solution to climate change through the reduction in greenhouse
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gases by using less energy for wastewater management compared to that for importing

water, pumping deep groundwater, seawater desalination, or exporting wastewater,
and enrich the deteriorated soils in GS with more organic matter which lowers the
application of chemical fertilizers and by extending the areas cultivated by olive and
Palm trees irrigated by treated wastewater to absorb high quantities of CO2 and free
02.

This paper investigated the effects of wastewater application on the level of
organic matter and soil carbon sequestration which demonstrated by many
experiments in Gaza Strip, which introduced the possibility of wastewater as a
mitigation measure of climate change.

KEYWORDS
Climate change; water; wastewater; soil; Gaza strip.

INTRODUCTION

Interest in water resources in the Mediterranean countries has risen significantly
in recent years. This is largely due to the increased populations and their
concentrations within urban areas. Human and ecosystem uses. Some parts of the
world have already experienced a reduction in resource availability, while others have
seen an increase. The demand for water in Palestine is dominated by three major user
groups: agricultural irrigation, domestic use, and industry. Even if no climate change
takes place at all, the population growth rate is one of the highest worldwide (3.06% in
the West Bank and 3.71% in the Gaza Strip), while that of the world averages 1.14%.
A correspondingly rapid growth in agricultural and industrial output will be required
to sustain this population which, in turn, will advance the water scarcity problem that
is already severe in Palestine (ARIJ, 2007).

The combination of severe water shortage, contamination of water resources,
densely populated area and highly intensive irrigated agriculture characterized Gaza
Strip which described as one of the most exploited places in the world where the level
of demand on water and land resources exceed the capacity of the environment. The
water balance records revealed a water deficit of 80 million cubic meter (MCM) in
2012 (Palestinian Water Authority, 2013). Climate change is expected to aggravate the
situation even more. Wastewater effluent is the most readily available and cheapest
source of additional water and provides a partial solution to the water scarcity
problem. The agriculture sector is the second major consumer of groundwater in the
Gaza Strip, where the level of groundwater, the main water resource, is being depleted
and its quality is adversely affected. Irrigated agriculture plays a noticeable role in the
sustainability of crop production to feed the rapid increasing population in the Gaza
Strip. The total abstraction of ground water as estimated is proximately 181 MCMy,
from which 95 MCM/y for domestic use (90 MCM/y from Gaza water wells and about
5 MCMl/y from Mekorot, Israeli Water Company), (CSO-G, 2011), while the total
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water supplied for agriculture use was about 86 MCM/y. This over extraction from the

aquifer has resulted in drawdown of the groundwater with resulting intrusion of
seawater and up-coning the underlying saline water. As a result of all current and
expected problems, there is an urgent need to adopt solutions to achieve conservation
of water quantity, improve water quality, and achieve sustainability. Selected
solutions may be one or more of the following: i) Water use conservation, ii)
Desalination of sea water, iii) Storm water collection, iv) Treated waste water (TWW)
for agricultural uses. Palestinian Water Authority (PWA) reported a range of
conclusions as to the required future interventions in the water sector. The first
conclusion pertains to the existing situation in relation to water supply in Gaza, with
strong rejection the continuation of the "status quo™ as an acceptable option. This
reflects the fact that the groundwater which is the only source of fresh water in Gaza at
the present time is being massively over-pumped and the aquifer is showing clear
signs of imminent failure or collapse, with rapidly advancing degradation of the water
resources in terms of quality and quantity as shown in Figure 1. Severe contamination
mainly from disposing raw or partially wastewater to the sea or adjacent water courses
is also evident, and almost none of the groundwater meets internationally accepted
guidelines for use as a domestic supply. The population of approximately 1.7 million
Palestinians in Gaza, (PWA, 2013) is therefore exposed to very high levels of risk and
high levels of water- borne disease continue to be prevalent amongst the Gaza
population.
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Figure 1. Scenarios of Groundwater Contamination in GS
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POTENTIAL AND PERSPECTIVE OF WASTEWATER REUSE IN GAZA

STRIP

Wastewater reuse schemes are indispensable option for Palestine in general and
Gaza in particular. The Integrated Aquifer Management Program (IAMP), which
formulated by PWA and the coastal Aquifer management project (CAMP) aimed to
reduce the agricultural pumping from 90 MCM per year to about 50-60 MCM per year.
The difference between these two volumes could be supplied by reclaimed water
directly from the three regional treatment plants and a small quantity may be extracted
from recovery wells in the vicinity of proposed infiltration basins as illustrated in
Figure 2.
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Figure 2. Planned Utilization of Wastewater in Gaza Strip.

Wastewater generation is around 80% of water use for domestic purposes. The
quantities of treated wastewater are expected to reach 180 MCM per year by 2025.
This quantity is adequate to minimize the shortage in water sources in the area.
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Effluent is available throughout the year at a fairly constant flow whilst water demand

for crops will vary. Demand in winter will be small as the rainfall is marginally
insufficient to meet the water demands of all crops. The complexity of attempting to
supply effluent in winter is great as demand would fluctuate widely according to the
rainfall. The maximum area that can be irrigated by treated wastewater depends on
many factors like the distribution of crop patterns, land tenure and on the peak demand
of the mix of crops and the flow available at this time. It can be seen that peak monthly
water demand for crops occurs in April to extend to September in some cases.
Accordingly, the maximum quantity of treated effluent may be used in Gaza Strip. In
case of
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accounting for all the fruits areas (Citrus, Olives, Palm and other Fruit Trees) and

converting the rain-fed areas to irrigated areas partially, maximally, the quantity of
effluent will be used is about 35- 40 MCM/year. However, the total needs of the entire
treated effluent are subject to more augmentation in case of climate change impacts
and additions of leaching fractions due to the high water salinity. The areas of land that
could be irrigated to satisfy peak demand with the effluent flow available during these
periods are demonstrated in the table (1).

Table 1: Distri |bution and Potential Areas of WW reuse in GS
Crops Total area| Water, Total Water Potential of WW
Dunam Quota/dunam Demand, Reuse

MCM/Area

Citrus 15,000 1000 15 Yes

Olive 25,000 400 10 Yes

Fruits 28600 500 14.3 Partially

Field crops 40470 100-400 5 Partially

Vegetables 61000 700 42 Excluded

Total 170,070 35- 40 MCM

The amount of collected, treated wastewater, and that will be reused in the future
is a matter of great concern in Gaza Strip and to be expected to increase substantially
with population growth, rapid urbanization, and improvement of sanitation service
coverage. But, on the other hand, wastewater utilization should be managed within
certain restrictions imposed for environmental protection and to safeguard public
health. Availability and utilization of treated wastewater constitutes one of the most
factors considered regarding the expansion in irrigated agriculture and the associated
agricultural water demand. However, it is expected after the completion of the four
major wastewater treatment plants throughout Gaza as shown in Figure 3, reuse can be
introduced in a significant scale in the existence of high-quality wastewater treatment.
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Figure 3. Planned Wastewater Treatment Plants and reuse schemes in Gaza Strip.
INTERACTION BETWEEN WASTEWATER REUSE AND CLIMATE
CHANGE

Climate change is the rise in temperature, is a natural phenomenon that takes
place in nature as a result of the release of greenhouse gases (water vapor, carbon
dioxide (COz2), and other nitrogen oxides (NOx) gases). Due to the fact that human
industrial activities have increased in recent centuries, CO2 gas emissions and other
greenhouse gases have risen dramatically. According to the estimates of the
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International Panel on Climate Change, the (IPCC) for the Middle East region and

North Africa will be the region most severely affected by climate change in the
coming decades (IPCC, 2007).

Soil carbon sequestration will be an important mitigation strategy to reduce
atmospheric CO2 concentrations. The process of transferring atmospheric COz2 into
soil and biotic pools can enhance soil quality, increase agronomic productivity,
improve quality of natural waters, and lower rates of anoxia (decrease in the level of
oxygen) or hypoxia (dead water) in coastal ecosystems. Soil carbon sequestration is
enhanced through agricultural management practices (such as increased application of
organic manures (OM) , use of intercrops and green manures, higher shares of
perennial grasslands and trees or hedges, etc.), which promotes greater soil organic
matter (and thus soil organic carbon) content and improve soil structure (see, e.g.,
Niggli et al. 2008;). Increasing soil organic carbon in agricultural systems has also
been pointed out as an important mitigation option by IPCC (2007b). Very rough
estimates for the global mitigation potential of Organic matter amount to 3.5-4.8 Gt
CO:2 from carbon sequestration (around 55-80 percent of total global greenhouse gas
emissions from agriculture) and a reduction of NO2 by two-thirds (Niggli et al. 2008).
For sound estimates, however, more information on the mitigation potential of OM
duly differentiated according to climatic zones, local climatic conditions, soil
characteristics, variations in crops and cultivation practices, is still needed.

WASTEWATER REUSE AND DROUGHT MITIGATION

Treated water may be substituted for conventional resources and it may be reused
for purposes such as non-agricultural irrigation (parks, green areas, jungles and
deserts ,etc.), The Municipality of Gaza irrigated more than (25 ha) of shadow trees
and ornamentals in the main streets by tertiary-treated effluent while the expansion of
such schemes in Gaza City streets is in progress. Recycling makes available
freshwater resources for the essential needs of people living in dry areas. Moreover,
fertigation methodologies, such as those selected for the project, reduce the energy
costs of up to 50% compared with traditional systems, allowing the recovery of
nutrients to enrich soil fertility.

METHOD AND MATERIALS

The prediction of wastewater reuse quantities in Gaza Strip is mainly derived from
the "Integrated Aquifer Management Program (IAMP), through the Coastal Aquifer
management project (CAMP)" funded by USAID ( 2005) and integrated by the study
of Comparative Study of Option for additional water supply in G(CSO-G, 2011) up to
the year 2035. The research was carried out in Gaza strip at EI- Zaitoun area in
Shetawe's farm where a pilot project was inaugurated in 2004 by the Job Creation
Program (JCP) in cooperation with Palestinian Hydrology Group for irrigating 100
dunams of citrus and olive trees. This pilot project funded by a French program called
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Strategy of agricultural water management in the Middle East and extended for more

than 350 dunams (35ha) by Spanish fund under the supervision of the Palestinian
Water Authority (PWA) and Ministry of Agriculture (MoA) in 2011. Sand filter was
provided with drip irrigation system to avoid clogging of laterals. Two Field
experiments were conducted in two locations of the pilot project in Gaza city to
evaluate the short term effect of irrigation with treated wastewater on the level of soil
Organic Matter (OM) and accumulation of heavy metals in the upper soil layer and
plants. The methodology adapted for the research was briefly as following:

- An area of 2 dunams (0.2 hectar) was cultivated with zee maize on 23 of April
2013 and was harvested on 25 of July 2013. Potable water was used to irrigate
quarter of land, while the rest of the land, treated waste water of Gaza
treatment plant was used for irrigation.

- Several soil and wastewater samples were taken before and after planting zee
mays. These samples were analyzed in Bir-Zeit laboratory. The results were
compared with Palestinian standards for ensuring it's compatible to be used in
irrigation.

- Plant samples that irrigated with TWW and PW were analyzed to compare the
content of essential nutrients in both types of samples.

RESULTS AND DISCUSSION

The results of wastewater reuse demonstrated that the soil OM contents
accumulated more in the topsoil in all treatments. This increase was the highest in the
top soil (0-20 cm) and for the longer period of wastewater application recorded 3.5%.
Several researchers reported accumulation of N, P, and K in the soil with wastewater
application which was attributed to the original contents of these nutrients in the
wastewater applied OM% tends to decrease after irrigation by well water, while the
opposite trend was obtained with irrigation by treated wastewater as shown in Figure
4. This is due to high nutrients result in rich biomass production, showing a benefit to
the soil. Because of the soil's organic substance, physical and chemical properties
improved. These enabled granular structures to form, and crop growth accelerated and
enjoyed nutrient absorption (Wang & Wang, 2005). OM as a mitigation strategy
addresses both emissions avoidance and carbon sequestration. It is achieved through:

- Lower N20 emissions (due to lower nitrogen input), it is usually assumed that

1-2 percent of the nitrogen applied to farming systems is emitted as N20,
irrespective of the form of the nitrogen input. The default value currently used
by the IPCC is 1.25 percent, but newer research finds considerably lower
values, such as for semi-arid areas [e.g., Barton et al. 2008];

- Less CO2 emissions through erosion (due to better soil structure and more

plant cover).

- Lower CO2 emissions from farming system inputs (pesticides and fertilizers

produced using fossil fuel).
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Figure 4. Concentration of Organic Matter in Soil under different irrigation waters.
CONTRIBUTION OF PAM PLANTATIONS TO CLIMATE CHANGE
MITIGATION MEASURES

In Gaza Strip, the last decade witnessed a remarkable jump in the number of olive
and Palm trees cultivated in all over GS due to the high salinity of irrigation water
(More than 165,000 Palm trees in planted in GS, MoA, 2014). Olive, Palm and
Almonds as well as fodder crops are highly recommended to be irrigated by treated
wastewater. For Palm, it plays a major role in the ecological balance due to the large
growth in the cryptographic even in harsh climatic conditions in the soil with relatively
high salinity. Besides this, the Palm is one of the largest trees in size so they capture
the large amount of carbon dioxide from the atmosphere of the most important features
of a palm tree, and that makes its constituents resolve problems of global warming and
climate change property. The amount of carbon dioxide from the air under- depend on
the size and green parts of the plant area. Whereas Palm characterized by high volume
and density of fronds (the length of Palm between 3 to 5 meters and all ringworm
contain about 150 leaves and leave length of about 30 cm and display about two
centimeters) and height (slug about 15 to 25 meters), so the volume of gas seized will
be great. It can be said that the composition of one ton of carbon needs about 3.66 tons
of carbon dioxide gas. So the Palm when completely grown captures a large amount of
carbon dioxide from air and a section of the carbon that is extracted and stored in the
trunk roots. Assuming the Palm tree has length of 15 meters and diameter of 0.5
meters, wood density is about (200-900 kg/m?), the wood block is about 1472 kg:

- The water forms: 1472 x 25% = 368 kg

- Therestis 1472 -368 = 1104 kg

- And it is carbon: 1104 x 50% = 552 kg.

- And so will be the Palm during its period of growth has absorbed about: 366%

x 552 = 2020.3 kg of carbon dioxide gas. (Sharif, et al, 2010).
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In general, Palm has a great ability to capture the carbon dioxide from the air and

this is a common global goal of international organizations in their different beliefs. In
addition Palm needs to the lowest possible amount of water compared with the rest of
the trees, moreover, the PWA with close cooperation with the Palestinian Ministry of
Agriculture (MoA) in the process to irrigate hundreds of Palm hectares in the southern

areas of GS with treated effluent.
CONCLUSIONS

The obvious conclusion and the initial results of the current pilot projects carried
out in GS emphasized that a high degree of effluent reuse must be achieved in Gaza in
order to reduce the current levels of groundwater withdrawal by the agricultural sector
and mitigate the negative environmentally sound impacts. All future collection and
treatment strategies should integrate reuse possibilities wherever practical. Reuse of
wastewater effluent offers the release of complementary resources, sustaining the
existing and expanding irrigated areas, in addition to the treated wastewater provides a
renewable and valuable source for agriculture and limited water supplies for domestic
and industrial purposes. Reuse of sewage water when properly managed, has the
benefit of reducing environmental degradation as well as mitigation measure of
climate change and drought management.
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ABSTRACT

Farmers in the Gaza Strip are affected by the climate changes of temperature,
humidity, wind, rain and frost which have caused economic losses of more than 80%
of their agricultural production. The researchers conducted 11 workshops in five areas
in the southern part of the Gaza strip (Abasan, Khuzaa, Al-Qarara, Al-Shoka and
Al-Fokhary) in the period between1-17 December, 2015. It aimed to educate farmers
about climate changes and its effects on agriculture sector. A structured interviewed
questionnaire was used to collect data on climate change effects on the targeted
farmers in SLCAL project. The total number of farmers who participated in the
interviews in all areas was 206 participants. The researchers used the questionnaire as
a tool for monitoring and identifying these changes in the Gaza Strip and how the
farmers are dealing with these changes. The main indicators which were used to
measure the climate change effects are: A) Temperature: Through the analysing the
farmer's answers in different areas, where they mentioned that the crops affected by
high temperature in all areas with a relative weight of 43.7%. B) Rain: The intensity of
the rainfall negative impact was the greatest on agricultural crops in all areas and
reached 45.3%. C) Humidity: Considering the effect of moisture on agricultural crops,
results showed that the high humidity has the greatest impact rate which reached
59.3%. D) Wind: According to the farmers' opinions, it has been shown that all areas
affected by wind in terms of intensity, speed and direction, relative weight were as
follows "50% - 33.7% - 16.3%" respectively.

KEYWORDS
Evaluation, agricultural crops, climate changes, beneficiaries.

INTRODUCTION

Climate change is considered one of the most important issues that have become
the focus of the world attention due to the effects of these changes and their growing
impact on the lives of people in all respects. The agricultural sector is considered one
of the most important sectors affected by these changes because of its direct relation to
the components and elements of climate change, which include temperature,
humidity, wind and rain. Perhaps, concern of the impact of these changes on the
agricultural sector and studying these impacts objectively is prioritized over the other
sectors due to the importance of the agricultural sector in providing food security for
citizens. Therefore, the study of the impact of these changes on a-the production
volume of the agricultural sector, b-to study ways to reduce or adapt to those changes
in order to reduce the size of the effects of those changes on farmers, c- discuss some
of the core issues that are of concern and debate in the Palestinian economic circles.
This is due to the effect on Palestine in general by these changes and the Gaza Strip in
particular. The project of "strengthening livelihoods through community adaptation
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and learning"” (SLCAL) is one of the first pioneering piloting applied research projects

in the Gaza Strip. This project is funded by Federal Ministry for Economic
cooperation and Development (BMZ)- Germany in partnership with Care
international and implemented by Applied Research - Institute Jerusalem (ARIJ) and
Earth and human center for researches and studies - Gaza Strip (EHCRS). It studies
the effects of climate change on the agricultural sector and conducts experiments and
applied research to study the impact of these changes on the agricultural productivity
of the sector, both on the field crops level or vegetables. Furthermore, this project
introduces modern agricultural techniques and modern innovations as one of the
experiences and important trends that can be generalized to a regional and
international scale to limit the negative impacts of climate change on the agricultural
sector, or at least adapt to them. Perhaps, one of the most modern technologies that
have been used to reduce these changes is to follow the new patterns in irrigation such
as the regular drip irrigation systems, and the use of improved varieties of field crops
seeds adapted to climate change. In addition, other technologies can be used such as
Hydrogel or mulch to reduce the volume of water losses and other technologies that
will be displayed within this research paper. Studies of the Earth Research Centre and
human experience of the first quality tests are also considered in this area in the Gaza
Strip since this project meets the vision and mission of the center. This vision focuses
on finding new mechanisms and techniques to reduce life problems by using scientific
research. Therefore, the results of this project have relied fully on the results of a real
research process that used the experimental method to obtain the results that will be
displayed. This study is an important reference for dealing with climate changes at the
agricultural level the term 'objectives of this work/research are to: a-highlights the
most important instruments and methods that the farmer can use to face climate
changes such as temperature, winds, humidity and fluctuations in rainfall. b-evaluate
the effect of climate change on the changes of quality of agriculture in the past ten
years c-determine the adaptation policies with climate changes and the choice of
suitable types of plants amidst these changes. In general, the study is an important tool
for directing agricultural policies towards the best practices required to face climate
changes according to the study results. The study is an important tool for researchers
and specialists in both the agricultural and environmental sectors. This study conforms
with the report of adaptation strategy with climate changes in the Palestinian
territories (United Nations Development Programme/ Programme of Assistance to the
Palestinian, 2009). The main dangers resulting from climate changes in achieving
food and water security in the Gaza Strip have been determined. They are: changes in
the areas of agricultural crops due to lack of optimal agricultural conditions, a
decrease in the production of crops and livestock, increasing danger of water scarcity
and drought and increasing irrigation requirements.

MATERIALS AND METHODS

First: Methodology of Data Collection:
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Authors relied on the structured interview questionnaire tool in order to assess

climate impacts on the target group of the SLCAL project. "The methods to deal with
these changes conducting workshops in the intervention areas in various provinces in
the southern Gaza Strip (Abassan, Khaza'a, Qarara, Shoka, Fukhary)." The workshops
explained to farmers the concept and the different forms of climate change and
explained and clarified the questionnaire used for purposes of monitoring these
changes in the Gaza Strip. It also aimed to identify how the farmers dealt with it during
the past period. The researchers depended on the methodology of structured
interviews in this questionnaire and the total number of targeted farmers in all
implementation regions was 206. They participated in various workshops where their
attitudes about the impact of climate change on them and how to confront these
changes in its various
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forms were monitored. The sample of farmers was chosen according to the various

different geographical areas in the southern Gaza Strip.

Second: Systematic Data Analysis:

The researcher has adopted the comparative descriptive approach in the analysis
of the data that was extracted. The results of the various questionnaires and workshops
were analysed and summarized. The methodology conducted was the descriptive
analysis approach and the results were presented using various tools, including charts
and graphs, and others.

RESULTS AND DISCUSSION

First: The Impact of Climate Change on the Agricultural Sector:

The Effect of Temperature on the Agricultural Sector: According to the farmers'
orientation and opinions about the effects of temperature in different areas, the table
below describes the effect of the degree of temperature on agricultural crops.

Table 1: Effect of temperature degree on agricultural crops

N Climate effects Degree Mean | Molecular Weight Standard deviation
1 *Temperature Rise 1.69 43.7% 0.79

Low 251 16.3% 0.56

Frost 1.74 42% 0.79

Source: Analysis of farmers' point of view.
*We have relied on 1-3 scale where 1 is the class of high importance, while
Class 3 low importance

Effect of Rain Cases:
Table 2: Raining effects on agricultural crops.

N Climate effects Ways Mean  Molecular Weight Standard deviation
34.7%
Quantity 1.96 0.7
Raining Description 5 37 21% 0.69
2 Degree 1.64 0.87

Source: Analysis of farmers' point of view.

According to the farmers' orientations and 45.3%opinions about the effects of
rain in different areas, the table below describes the raining effects on agricultural
crops.
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The Effect of Moisture on the Cases of the Agricultural Sector:
effects on agricultural crops.

Table 3: Humidit

N Climate effect Humidity Mean | Molecular Weight Standard deviation
3 Humidity High 1.22 59.3% 0.43
Low 1.78 40.7% 0.44

Source: Analysis of farmers' point of view.
According to the farmers' orientations and opinions about the effects of humidity in
different areas, the table below describes the humidity effects on agricultural crops.

The Effect of Wind on the Agricultural Sector:

Tab|e 4: wind effects on agricultural crops.
N Climate . o
effect Type of effects Mean | Molecular Weight | Standard deviation
4 Wind Speed 1.99 33.7% 0.68
Direction 241 16.3% 0.69
Strong 15 50% 0.78

Source: Analyses of Farmers point of view.
According to the farmers' orientations and opinions about the effects of wind in
different areas, the table below describes the wind effects on agricultural crops.

Secondly: The Farmers' ways of dealing with climate change: A.

Temperature:
Table 5: The ways that the farmers deal with climate changes, especially
temperature
N Temperature Ways Farmers %
Sprinkler Irrigation 53.4%
Ventilation 17%
1 High temperature Erection the Greenhouses
Others Planting high trees around crops 29.6%
Put visor sun above crops
Heating 39.3%
2 Low temperature Decrease irrigation 17.5%
Others Put Nylon to protect the trees 43.2%
Fertilizing
Heating 58.3%
3 Forts Irrigation by wells 13.6%
Others like Fertilizing 28.1%

Source: Analyses of Farmers point of view. 17 Apr. 2017
B. Rain:
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Table 6: A8 WA TR S90S HRLF AR Aiifndrs BRANGES Rspecially in

raining
# Raining Ways Farmers %
1 Quantity Collecting pools from raining 18%
Water channels 82%
Water channels 80%
Collecting pools from raining 15%
2 Description Irrigation
Others Open branch channels 5%
No action
Sand barriers 65%
Drainage channels 20%
3 Degree Channels
Others Small valleys 15%
Soil tillage
No action

Source: Analyses of Farmers point of view.

The table describes the ways that the farmers use to deal with climate
changes, especially in raining and also the percentage of farmers that used each
way.

C. Humidity:
Table 7: The farmers used to deal with climate changes especially, with humidity
Humidity Ways Farmers %

Ventilation the greenhouses 70%

High humidity Decrease Irrigation and use pesticides 15%

Others Use fire for heating 15%

Low humidity Increase irrigation 65%

1 AO/

Ventilation and heating the crops Others Use 14% 21%

pesticides No action

Source: Analyses of Farmers point of view.

The table describes the ways that the farmers used to deal with climate
changes especially, with humidity and also the percentage of farmers that used
each way.
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Wind Changes:

Table 8: The ways how the farmers deal strongly wind

# Winds Ways Farmers %

1 Speed Put barrier 43%

Planting high trees 47%

Others 10%

2 Direction Change the direction of farm 30%

Planting high trees 51%

Others like planting crops with strong stalks 19%

3 Degree Planting high trees 80%

Put nylon around crops 12%

Others Put fence around farm 8%
Spray hormones to Install the flowers

Source: Analyses of Farmers point of view

The table refers to the ways and mechanisms used by farmers to deal with
climate change, particularly with regard to strongly wind.

TEMPORAL EVOLUTION FOR DEALING WITH CLIMATE
CHANGES

1- Field Crops

According to the farmer's opinions about how to deal with climate changes, the
percentage of farmers which planted wheat before ten years was 58% and the
percentage of farmers which planted lentils was 6% and 36% of farmers planted
barley and one farmer planted chickpeas.

By temporal evolution, farmer's opinions were changed to be 63% of farmers are
planting wheat and 3% only are planting lentils and 34% are planting barley.

About irrigation and before ten years, 86% of farmers were depending on raining
to irrigate the crops but 14% were depending on drip irrigation. By temporal
evolution, farmer's opinions were changed to be78% of farmers depend on rain fed
crops to irrigate the crops and 22% depends on drip irrigation.

The total area that planted before ten years was 1238 acres but the planted area
was decreased today to be 841 acres.

2- Vegetables

According to the farmer's opinions about how to deal with climate changes, the
percentage of farmers which planted tomatoes before ten years was 39.1% and the
percentage of farmers which planted Peas was 31.6% and 15% planted Zucchini and
only 5% painted varieties of vegetables like Lettuce, potatoes, eggplant, cucumbers,
spinach and cabbage.
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are planting tomatoes but the percentage of peas rise to be 37% and 16.7% for
zucchini.

About irrigation and before teen years, 18.1% of farmers were depending on
raining to irrigate the crops but 81.9% were depending on drip irrigation. By temporal
evolution, farmer's opinions were changed to be 4% of farmers depend on raining to
irrigate the crops and 96% depends on drip irrigation.

The total area that painted before teen years was 853 acres but the planted area
was decreased today to be 582 acres.

3- Trees

According to the farmer's opinions about how to deal with climate changes, the
percentage of farmers which planted citrus fruits before teen years was 38.8% and the
percentage of farmers which planted Olive was 55.2% and 6% planted Almonds,
apples, peaches and grapes.

By temporal evolution, farmer's opinions were changed to be 23.2% of farmers
are planting citrus fruits and 65.1% only are planting Olive and 11.7% are planting
Almonds, apples, peaches and grapes.

About irrigation and before teen years, 45.9% of farmers were depending on
raining to irrigate the crops but 54.1% were depending on drip irrigation. By temporal
evolution, farmer's opinions were changed to bel7.8% of farmers depend on raining
to irrigate the crops and 82.2% depends on drip irrigation.

The total area that painted before teen years was 480 acres but the planted area
was decreased today to be 346 dounms.

CONCLUSION

The Gaza Strip has been affected by varied temperatures over the past years. The
effect of high temperature has had the utmost importance for farmers where this
situation led to the burning and wilting of crops, in addition to the droughts of
different varieties of crops which led to damage in many seasons. Also, it has been
affected by different rain rates over time. Cases of severe rain have had the greatest
impact on farmers as one of the most important forms of climatic change. This
situation has led "in many cases" to the erosion of the soil and the destruction of
agricultural crops in the Gaza Strip. High humidity levels have had the biggest impact
on farmers in the various areas where they have led to plant pathology and damage the
crops. Cases of high winds are important phenomena associated with climate change
in the Gaza Strip. The effect was on the largest agricultural crops in different areas
where the impact led to cracking and dislocation of crops and trees and damage to the
crops. One of the main methods used by farmers to cope with cases of high
temperatures are irrigation water workshops (53%), while 17% used ventilation to
cope with this situation method and 30% used other methods to cope with those
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methods used by farmers to cope with cases of severe rain. 65% of them use this
method. 20% of them set up drainage channels for water to cope with this situation,
while 15% of them use other methods. Most farmers resort to ventilate greenhouses in
case of high humidity rates. 70% of farmers use this method. 15% of them resort to
reducing the rates of irrigation and spraying fertilizers in this case. 15% use other
methods. In cases of high winds, 80% of farmers turn to the cultivation of high trees
and the establishment of screens to protect agricultural crops, while 12% of them
resort to nylon to develop and mesh crops to protect them. Eight percent resort to the
use of other methods to deal with this situation.
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TOTAL TRIHALOMETHANES FORMATION POTENTIAL OF
WASTEWATER TREATMENT EFFLUENTS FROM DIFFERENT
TREATMENT PLANTS IN PALESTINE
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Climate change department Environment Quality Authority (EQA) Ramallah,

Palestine, hadeelikhmais@gmail.com

ABSTRACT

Treated wastewater reuse is one of the critical practices of sustainable water
management to combat and adapt to climate change. In Palestine, different
wastewater technologies produce variety of effluents that are potential for different

17 Apr. 2017


mailto:hadeelikhmais@gmail.com

154

purposes TeUSE IR SSRGS e aiRrRL AT B8Rt RRRARASY effluents were
investigated for total trihalomethanes formation potential (TTHMFP). Results
showed that the chemical reactivity of different wastewater effluents with chlorine
and TTHMFP is dependent on wastewater treatment technology but also is affected
by original water source that wastewater comes from. In all cases THMs measured
were more than acceptable limits in wastewater, which indicates public and
environmental health concerns. Chloroform was the dominant species in all types of
effluents’ although brominated species appeared to be dependent on water sources
that have higher bromide contents.

KEYWORDS
Wastewater, chlorination, trihalomethane formation potential.

INTRODUCTION

Palestine is negatively impacted by climate change. Among the endangered
sectors, water is the most vulnerable sector that degrades all life aspects mainly food
security and agriculture. Presently the application of wastewater treatment started to
increase and take more concern as a conventional water resource for adaptation to
climate change.

Disinfection (mostly chlorination) is usually used in water and wastewater
treatment process to inactivate pathogenic microorganisms and to prevent or at least
to minimize the risk of waterborne diseases [12], [17]. The disinfection of wastewater
effluents is required before their utilization in different purposes such as crop
irrigation, for recharging groundwater through soil infiltration, or before their
disposal in soil or into large water bodies [2], [6].

Unfortunately disinfection of drinking water or treated wastewater with chlorine
comes with the formation of harmful carcinogenic and mutagenic disinfection by
products (DBPs). DBPs come out after the interaction of high load of organic and
inorganic precursors that enriches treated wastewater effluents. THMs are the major
class of DBPs and their presence is considered as an indicator for other DBPs
occurrence such as haloacetic acids (HAAS) and total organic halides (TOX) [16].
There are four main THMs that are considered in different water guidelines and
standards. These are chloroform (CHCls), bromodichloromethane (CHBrCly),
chlorodibromomethane (CHBrzCl) and bromoform (CHBrs), the sum of them is
known as total THMs (TTHMSs) [4]. The extent of chlorine demand and reactivity in
forming THMs is a function of organic precursor presence and characteristics. [1]
"The determination of TTHMs formed under controlled set of conditions in the
presence of excess chlorine is called trihalomethane formation potential™ (THMFP).
THMFP of treated wastewater effluents were not investigated in Palestine before.

The aim of this study is to investigate the formation potential of THMs from
different wastewater effluents resulted from different treatment methods and
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technologiés TF"BAIESha" FHETRER BISRR' SRA"EFEAted WARRAWAE Samples will be

characterized before the assessment of THMFP.

MATERIALS AND METHODS

MATERIALS

The sodium hypochlorite solution (5%) and N, N-diethyl-p- phenylenediamine
(DPD) purchased from (Sigma, catalog no. 261513). Ascorbic acid (catalog no.
A92902) were purchased from (Sigma Aldrich, USA) and De-ionized water.

METHODS

The Chromatographic separation of THMs was achieved using Gas
chromatography mass spectroscopy (GC/MS). Wastewater samples were transferred
quantitatively into a 10 mL headspace vial which was immediately sealed with a
stainless steel screw cap with PTFE-lined septum. Vials were statically incubated at
95 °C for 10 minutes in a COMPIPAL auto sampler (CTC Analytics AG,
Switzerland). An aliquot (1 mL) of the headspace gas was subsequently withdrawn
and injected into a 6890N Agilent GC combined with 5973 Agilent MS. Separation
was performed on a Varian Factor Four TM capillary column (VF-5ms, 30 m, 0.25
mm, 0.25 |im). The column oven temperature was held at 35 °C for 5 min then ramped
to 60 °C at 10 °C/min and finally ramped to 200 °C at 25 °C/min. Injections were
done in a pulsed split mode (split ratio 10 after 0.05 min of injection) with injector
temperature at 220 °C. The transfer line and the ion source temperatures were
maintained at 280 and 230 °C' respectively. Selected ion mode (SIM) method was
developed for four compounds (chloroform,  bromodichloromethane,
dibromochloromethane, bromoform) following USEPA 501 trihalomethane method.
Quantification ions and method validation were performed with external standard
calibration. Calibration curves in the concentration range from 2 to 100 ~g/L were
prepared from standard solution (Restek, Catalog # 30211).

SAMPLING

Wastewater samples were obtained from three different wastewater treatment
plants which are: Al-Quds university wastewater treatment plant, Oasis hotel
wastewater treatment plant in Jericho and Al-Auja center wastewater treatment plant,
from each effluent source samples without chlorination were transferred to 130 mL
brown glass bottles chlorinated with excess constant concentration and incubated for
1,2,4,8, 24,48, 72,96, 120 hours. During and after five days incubation period, the
samples were taken as function of time and quenched by ascorbic acid to prevent
further THMs formation. pH was adjusted to 7+ 0.3 using NaOH and HCI. Samples
were kept under 25°C in incubator under dark. Samples were preserved in the
refrigerator at 4°C until analysis took place. All experiments described were
conducted in triplicates.
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- Al-Quds university wastewater treatment plant (AQU P) consists of primary,
secondary and tertiary treatment stages, the wastewater is collected in a
special pond then passes through activated sludge (AS) after that wastewater
flows to advanced filtration technologies which are ultra-filtration (UF) and
reverse osmosis (RO).

- Oasis hotel wastewater treatment plant (Oasis P) which is mainly works on
two bioreactors which depend on biological treatment process.

- Al Auja center wastewater treatment plant (Auja P) is located at Al- Auja
village, based on collection of grey wastewater that is collected in septic tank
that is followed by gravel filter and sand filter in tanks. The influent is drawn
through the gravel as the primary filter media that is portioned into plastic
tank. Microorganisms attach themselves to the media in the bed and form a
biological film over it, as wastewater trickles through the media; the
microorganisms consume and remove contaminants from the influent.

RESULTS AND DISCUSSION

Table 1. Characteristics of wastewater effluents

Characteristics of wastewater effluents
Sample TEMP pH Clz TOC
C - mg/L mg/L
AQU AS 28+0.2 7.8+0.2 200 17.2+ 10
AQU UF 27+0.2 7.6+0.2 100 10.75+10
AQU RO 25+0.1 7.240.2 50 2.240.4
Oasis 27+0.1 7.5+0.2 100 6.6+0.2
Auja 28+0.2 7.8+0.2 100 9.2+1

TOC =total organic carbon, AQU= Al-Quds University, AS= activated sludge, UF.HF= ultrafiltration
hollow fiber, UF.SW= ultrafiltration spiral wound, RO= reverse osmosis

Total organic carbon (TOC) has known as precursors for DBPs and they were
considered as a surrogate parameter for disinfection by products formation potential
(DBPFP) [14]. These parameters are used for water assessment quality and are
known for their ease of application and costs [15]. The greatest TOC measured is in
the Activated sludge of AQUP17.2 mg/L. The advanced membrane of AQU P RO
shows the least TOC concentrations 2.2 mg/L.

Trihalomethanes Formation Potentials (THMFP).Variations in TTHM depends
on the quantity and characteristics of organic matter, chlorine dose and contact time,
pH, and temperature. Higher THMs arise from higher precursor levels, temperatures,
dosage rates, reaction times [18].

TTHFP of different treatment scenarios from AQU P are shown in "figures. 1, 2,
and 3". Generally chloroform (CF) is seen to dominate THM species. TTHMSs consist
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of CF ocdlipy iRy YR 1 FA%E RAY B P s 8RO mtrdRe (BB M) occupying
only 3.5% from AS samples". It is obvious that TTHM concentrations increased over
the incubation period. Species such as dibromochloromethane (DBCM) and
bromoform (BF) aren't detected or below 1°g/L due to low or no detection of bromide
in source water.

The major THMs species in UF of AQU P are CF and BDCM. TTHMs mainly
consist of CF occupies 84% and BDCM occupies 15%. Again the major THMs
species in RO of AQU P are CF and BDCM CF occupies 90% of TTHMs while
BDCM is around 9.5% of TTHMs.
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Figure 1. Chloroform (CF), Bromodichloromethane (BDCM) and
TTHMs results for
activated sludge (AS) of AQUP.
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Figure 2. Chloroform (CF), bromodichloromethane (BDCM) and TTHMs
for
ultrafiltration of AQU P.
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Figure 3. Chloroform (CF), bromodichloromethane (BDCM) and TTHMs for
reverse
osmosis of AQU P
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The major THMs species in Oasis P are CF and BDCM "Fig. 4" shows the
dominance of CF over BDCM, DBCM and BF in Oasis samples. CF reach to 936 |g/L
while BDCM ends up to 333 |g/L, thus TTHMs mainly have CF 69% and BDCM
22% however other species as DBCM and BF are detected but with lower
concentrations 6% and 1% respectively. Brominated species appeared in Oasis P
since bromide is present in source water in Jericho [3]. If chlorine and bromine is
present during chlorination, chlorine will act as oxidant while bromine becomes a
halogenating agent because bromine atoms preferred substitution during formation of
halogenated DBPs.
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Figure 4. Chloroform (CF), bromodichloromethane (BDCM),
dibromochloromethane (DBCM), bromoform (BF) and TTHM
(totaltrihalomethanes)
for Oasis P.

The major THMs species in Auja P are CF and BDCM. "Fig. 5" shows the
dominance of CF over BDCM, DBCM and BF in Auja samples. TTHMs mainly
consist from 58% CF and 27% BDCM however 'other species as 12% DBCM and
1.7%, BF are detected but with lower percentage.



Time (hr)

Figure 5. Chloroform (CF), bromodichloromethane (BDCM) and

TTHMs for Auja P 17 Apr. 2017

Brominated species are detected in Oasis P and Auja P since the presence of
bromide is involved in the increase of TTHMs formation [3]. Bromide is present in
Jericho as a result of Dead Sea intrusion to groundwater [3]. TOC concentration was
9.2 mg/L and applied chlorine dose was 100 mg/L of Auja P which formed the
highest concentration at TTHMSs among all studied treatment plants.

Bromide is present in Auja and Oasis water source from salt water intrusion,
bromide serves as inorganic precursor for THMs and it adds up extra formula weight
on TTHMs. The conventional treatment processes in Auja P and Oasis P (biological)
was able to remove TOC but not bromide ion which resulted in increase of bromide
ion to TOC ratio. TOC is an indicator of mass organic substance and doesn't
differentiate between the chemical compounds that form precursor's compound. thus
the variety of chemical compounds and functional groups of organics is a significant
factor in explaining why different water sources with similar TOC concentrations will
form different DBPs concentration under identical disinfection conditions [8].
Moreover, longer chlorine contact time will result in higher DBP formation. As time
increases chlorine contact and reaction with NOM increase and allow intermediate
molecules more time to react until completion [11]. The chlorine dose has a similar
effect on DBP formation as the dose rise as well the DBP concentration rise reaching
a plateau [5]. The chlorine dose can also affect the speciation of DBP as the dose
increases the ratio of THM to total halogenated DBP ratio also increases [7],[9].

Some municipal wastewater treatment plants in New Jersey established limits for
trihalomethanes after wastewater chlorination; for chloroform 221, BDCM 3.3,
DBCMB 2.4 and bromoform 26 |g/L (Patoczka et al., 2011). During this study only
RO effluents didn't exceed the limits of CF and BDCM, however all other samples
AS, UF, Oasis and Auja achieved higher values/
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- The results of TTHMs indicate that the level of TTHM increases with the

residence time in the laboratory incubation conditions. At AQU P effluents,
TTHMs concentrations are highest in TTHMs per unit of TOC at AS stage of
AQU P was 793.5 |g/L due to the high TOC content, 17.2 mg/L; after that
wastewater passes through UF units (hollow fiber and spiral wound) which
reduce TOC to 10.75 mg/L and TTHMs concentration to 371.5 |g/L. While
the RO unit of AQU P yields TOC content of 2.2 mg/L which resulted in
21.8|g/L TTHMs.

Among five effluents of WWTPs, Auja P is the richest source of TTHMSs with
1642 |g/L. RO examined the lowest TTHMSs. Oasis P and Auja P contain all
four trihalomethanes species CF, BDCM, DBCM and BF. Lowest
concentrations of THMs were found in wastewater from UF/RO with
minimum average respectively. In AQU P UF and RO removes a large
proportion of THMs precursors as turbidity, TDS, TOC.

In the finished wastewater effluent from all plants chloroform was the
predominant THM compound. In Oasis P and Auja P

the predominant brominated THM was BDCM; which after BF is the second
most important THM species from toxicological analysis [10]; however, the
levels of this compound is low.

The addition of insufficient doses of chlorine to wastewater from different
sources may result in not satisfying the demand. Thus one dosing scheme is
not appropriate for all wastewater treatment plants of AQU P, Oasis P and
Auja P, depend on their different characteristics.

For the investigated wastewater treatment plants AQU P, Oasis P, Auja P,
CHCIs was the most dominant THM species observed after the chlorination
of wastewater samples.

The levels of THMs formed upon chlorination of wastewater depended on
several operational conditions, but chlorine dose, TOC and contact time, are
the major factors in this study.

The distribution of each species of THM will vary according to wastewater
source, the treatment processes and at which the wastewater treatment
works/operates. As occurs in Oasis and Auja that contain bromide resulted in
formation of brominated by-products.

To compare data from different systems there is no universal relationship that
can predict DBPs based on TOC values.

RECOMMENDATIONS

The variation in raw water quality has a strong influence on the
formation of THM upon contact with chlorine. However, before
introducing chlorine to wastewater, significant adjustment and
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material. These changes are governed by wastewater effective
treatment.

- The levels of THMs formed upon chlorination of wastewater depended on

several operational conditions, but chlorine dose, TOC and contact
time, are the major factors in this study. Thus, further study of disinfection
methods to reduce DBP formation is needed.

- Auja P has simple treatment which wasn't efficient in removing THMs
precursors. Thus, further advanced treatment is recommended to increase the
efficiency of treatment.

- Qasis P should increase the applied dose to properly disinfect wastewater.
- The actual occurrence of THMs in wastewater treatment plants are required
to investigate the correlation of chlorine applied in each treatment plant to
THMs formation.
- A standards and specifications to THMs concentrations should be
maintained in water and wastewater by Palestinian water authority and other
local water institutes because of potential carcinogenic and mutagenic risks
associated with THMs.

ACKNOWLEDGMENT

This study was funded by Netherland Representative Office (NRO) in
Palestine as a part of Palestinian-Dutch Academic Cooperation (PADUCO)
and we thank them for their generous support. We also thank Amer Kanan and
Mohannad Qurie for their scientific guidance.

REFERENCES

[1] A. Kanan, T. Karanfil, "Formation of disinfection by-products in indoor
swimming pool water: the contribution from filling water natural organic
matter and swimmer body fluids". Water Research, 2011, pp. 926-932.

[2] A.Bdour, R. Hamdi, Z. Tarawneh, "Perspectives on sustainable wastewater
treatment technologies and reuse options in the urban areas of the
Mediterranean region". Desalination, 2009, pp. 162-174.

[3] A. Marie, and A.Vangosh, "Sorces of salinity in groundwater from Jericho area,
Jordan valley". Ground water, 2001, pp. 240-248.

[4] C. Adams, "Trihalomethane and haloacetic acid disinfection by-products in
full-scale drinking water systems". Environ. 2005, pp. 526-534.

[5] C. W. Pregeant, "Trihalomethanes formation potential in a denitrification
wastewater treatment plant, 1992, University of Florida.

[6] D. Bixio, C. Thoeye, T. Wintgens, A. Ravazzini, V. Miska, M. Muston, A.
Aharoni, D. Joksimovic, T. Melin, "Water reclamation and reuse:

17 Apr. 2017



i pFe AR RaH O R 1RGSR RRArSF 2T CBrebdiiiation, 2008, pp.
13-23.

[7] D.HCho,S.H.Kong, S. G. Oh, "Analysis of trihalomethanes in drinking water
using headspace-SPME technique with gas chromatography”. Water Res,
2003, pp. 402-408.

[8] D.E. Kimbrough, and I.H. Suffet, "Electrochemical removal of bromide and
reduction of THM formation potential in drinking water", Water Resear, 2002,
pp. 4902-4906.

[9] K. Doederer, W. Gernjak, H. S. Weinberg, M. J. Farre, "Factors affecting the
formation of disinfection by-products during chlorination and chloramination
of secondary effluent for the production of high quality recycled water", Water
Res, 2014. pp. 218-228.

[10] G. Ding, X. Zhang, M. Yang, and Y. Pan, "Formation of new brominated
disinfection byproducts during chlorination of saline sewage effluents” Water
Res, 2013, pp. 2710-2718.

[11] G. Hua, D. A. Reckhow, I. Abusallout, "Correlation between SUVA and DBP
formation during chlorination and chloramination of NOM fractions from
different sources". Chemosphere, 2015, pp. 82-89.

[12] J. Li, E. R. Blatchley 111, "Volatile disinfection byproduct formation resulting
from chlorination of organic-nitrogen precursors in swimming pools”.
Environmental Science and Technology , 2007, pp. 6732-6739

[13] J. Patoczka, P. Tyrrell, W. Wynne,"THMs control in wastewater treatment
plants.Sewerge Authorithy", 2011, New Jersey.

[14] M. J. Rodriguez, and J. Serodes, "Laboratory-scale chlorination to estimate the
levels of halogenated DBPs in full-scale distribution systems". Environ Monit
Assess, 2005, pp. 323-340.

[15] M.J. Rodriguez, J.B. Serodes, and P.Levallois, "Behavior of trihalomethanes
and haloacetic acids in drinking water distribution system™. vol. 38, Wat.
Resear., 2004, pp. 4367-4382.

[16] P. C. Siger, S. D. Chang, "Correlation between trihalomethanes and total
organic halides formed during water treatment”. J. Am. Water Works
Assoc,1989, pp. 61-65.

[17] T.Glauner, P. Waldmann, F. H Frimmel, and C. Zwiener, "Swimming pool
water-fractionation and genotoxicological characterization of organic
constituents”. Water Research, 2005, pp. 4494-4502.

[18] T.Sirivedhin, and K. A.Gray, "Comparison of the disinfection byproduct
formation potentials between a wastewater effluent and surface waters". Water
Research, 2005, pp.1025-1036.

17 Apr. 2017



164

BB EEBNEUFE NEBEETE SR fRIATEREHAYGE ON RAIN-

FED AGRICULTURE IN THE JENIN DISTRICT
Yala Ibrahim Aboushi

Water and Environmental Science, Birzeit University Jenin, Palestine,
yalaabushi@yahoo.com

ABSTRACT

Agriculture is the most crucial sector vulnerable to climate changes specially the
rainfed one. Since Jenin is one of the largest agricultural cities in the West Bank and
the economic contribution made by its agricultural crops specially the rainfed ones, it
has been chosen to be the study area. Jenin area includes the largest variety of rain-fed
crops, This huge amount of crops show that families in Jenin can depend on farming
to live especially on rainfed, since it provides family needs of food all the year. They
can also sell part of the production to provide cash for other needs. Studies show that
rainfed farming in Jenin faces great challenges as the rest of the world due to climate
change which is reflected on agricultural production and revenues. The social and
economic effects of climate change on rainfed farming in Jenin are studied in this
thesis.The study concluded that climate change affect the social and economic
aspects of the rainfed farmers. The majority of farmers are university degree holders.
Agriculture is the only source of livelihood for 65% of farmers, and it is considered as
a social standing among the people for 44.3% of the farmers.There is a need to
improve the information about climate systems and more support for adaptation of
agriculture and farmers to potential climate changes.

KEYWORDS
Climate change, adaptation, social aspects, economic aspects.

INTRODUCTION

Global warming and climate change are two of the dangers that face humanity in
the 21% century. This is because of the damages that affect the ecosystem of earth and
water, and because of the irreparable production capacity. Besides, climate change
also affects natural environment, political, social and economic environment. It also
affects food security which includes providing food and the ability to get it. And it
affects human health, livelihoods, the market and changing the purchasing
power(Rosenzweig etal,2007).

These effects can be short-term like changes in weather and some can be
long-term which are caused by temperature changes, rainfall dates and seasonal
shifts.

Some changes can be direct like temperature increase, air pollution, diseases
spread, environmental disasters, crops effect, water amount and many others. Some
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can be indireREINRY BBy SRS S TR PRI Al SO TREetRr FEIRPEEY SAd post-disasters
mental health problems like (drought, floods, heat and hurricanes) (ARIJ,2010).

In the past few years, a strange phenomenon and great climate fluctuations are
noticed which did not exist before and led to great damages to the economy and social
stability all around the world.

It obviously appears in poor countries, especially the ones depending on natural
resources to survive. As a result, these areas suffer from drought and starvation. Since
the ability of these countries to adapt or face the effects do not or barely exist due to
poverty, the people are forced to leave their homes and search for new ones. So, this is
a great lose.

Therefore, we have to adapt to climate change in order to achieve sustainable
development. Adaptation means finding measures to reduce the negative effects and
potential risks and use the positives resulting from climate change. As well as
commitment to environmental treaties. Scientists most concerns today are to find
solutions of agriculture affected by climate change to achieve sustainability to
produce food for more people. In order to achieve that, sustainability must be done in
agriculture sector.

Climate change has many effects on agriculture like rainfall dates, rainfall
amounts, water accumulation in the soil, plants response to temperature, CO2
concentration and other effects.

About 25% of world's economies depend on agriculture. When this sector is
affected by climate change, it immediately affects global economy (ARIJ, 2007).

Agriculture sector is a major source of livelihood for the Palestinian. It is also
considered the traditional way for living in Palestine since it provides food and money
especially the rain-fed one.

Climate change which is represented by drought, frost and high temperature in
Palestine in recent years played a major role in reducing the amounts of some kinds of
agricultural crops as well reducing production of pastures. As a result, the prices of
food have increased and the prices of livestock have declined.

The changes in 2008 made things even worse, because of water scarcity during
2008/2007 winter, 55,000 of the families which depend on rainfall are affected which
led to great economic lose (ARI1J,2010).

STUDY HYPOTHESES

This research targets the following hypotheses:

- There is climate change in Jenin District represented by reduced amount of
precipitation, seasonal shift, and increased temperatures.

- Climate change has social impacts on farmers and some farmers might leave
their land because they are unable to cope with the effects of climate change.

- Climate change has a negative impact on the amount of production of some
crops, and leads to disappearance of some crops.
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CLIMATE CHANGE

There are clear signs of climate change. For example, the Earth's average
temperature has risen by about 0.3-0.6°C since the late nineteenth century. In
addition, the sea level has risen by 10-25 cm, the ice area has shrunk as a result of
melting ice in some areas, and with the repetition of heat the Earth is going through
warmer period during the last 600 years. Therefore, it is expected to rise from 1-5.3
°C by 2100(Karas, 2000).

CLIMATE CHANGE VISUALIZING AND HOW TO ADAPT WITH

Ishaya and Abaje(2008) studied how does climate change affect the natives and
their activities in Jema'a region in Kaduna state in Nigeria (Jema'a local government
Area of Kaduna state, Nigeria),and they studied how to adapt with climate change.
The study revealed that the people of this area think and believe that, the climate has
already changed in the past few years. And the Farmers were the most affected of
climate change.

The oldest farmers and the most experienced adapted with climate change more
than the youngest and the less experienced did. Adaption took many forms like
growing types of crops bear harsh conditions, shorten the growing period, use
fertilizes and use water and moisture maintenance techniques in soil. Yet, improved
seeds prices increase and sometimes its absence and the lack of water are all an
obstacle to good adjustment.

AGRICULTURE ADAPTATION

Wang et. al. (2009) studied the expected effects of climate change on farming in
China, and the effects of temperature and rainfall change.

The results showed that global warming and temperature increase could be
harmful to rainfed farming. Yet, this could be useful on the short-term to irrigated
farming. But the effects will generally be harmful to both on the long- term.

The study also showed the effects will be few at the beginning, but they will
increase if the necessary measures haven't been taken.

Besides, the study show the Chinese crop productivity as the rest of the world
will be affected due climate change. Yet, this change could be useful if handled well,
adaptation done right and farmers were well educated by modern technology and
techniques.

FARMER ADAPTATION

It's doubtful that the farmer knows immediately what he has to do to adapt and
respond to climate change since it requires experience and farmers especially the
youngest have no experience.

Maddisson (2007) studied the farmer's ability in Africa to deal with climate
change and how to adapt with. The study included 11 African countries.

17 Apr. 2017



167
The 'R FEGEEIR THER The BICRE IR HAGLE"&RBerfehCRf ahthave free advice

farmers dealt well with climate change. The study also revealed that many of the
farmers believe that, the temperature has already increased and rainfall decreased.

Besides, some of the farmers believe that there are no obstacles to adapt with
climate change. But, others believe that obstacles to adapt do exist like seeds
unavailability as example.

One of the adjustments as a respond to climate change, was either grow different
kinds of the same crop, change the kind of crop, change planting date in line with
rainfall, use shading, use crop covering technique or water maintenance.

PREVIOUS STUDIES ABOUT PALESTINE

Dhehibi(2014) studied the possibility to improve production through more
efficient use of inputs. A sample of 100 rainfed farms was taken in Jenin and Tubas.
As a result to the study, farm's production can be increased in Jenin ad Tubas of 28%
through more efficient use of inputs.

It was also founded the relationship between efficient use of inputs and
education and experience of the farmers. The more experienced and educated the
farmer is, the more he was experienced to more effective use of inputs of fertilizers,
labor, expenses and others.

STUDY AREA

GEOGRAPHICAL LOCATION

Historical Palestine lies in the western part of Asia between the Mediterranean
Sea in the west and Jordan River and the Dead Sea in the east.

It's bordered by Lebanon from the north, Syria and Jordan from the east, the
Mediterranean Sea from the west and Egypt, Gulf of Agaba from the south.

Historical Palestine was divided into the West Bank and Gaza strip. Besides,
what is called now of Israel which occupies the lands of 1948.

The West Bank is located in the central highlands in Palestine. It's surrounded by
Jordan River and the Dead Sea from the east and by 1948 lands from the north, west
and south (ARIJ, 1996).

Jenin which is the study area is located north the historical Palestine and north
the West Bank. It's bordered by Nablus from the south and by Tulkarm from the south
west, it's location between 90-750m above sea level (ARIJ, 2010).

Jenin's governorate is about 10.25% of the West Bank area (Sager, 2005). In
1945 the area of Jenin city was of 835.214 km? and after the 1948 war the area
reduced to 592 km2. The Israelis took a total of 243.214 km2 of the city
lands(Al-Dabbagh, 1991).
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ENVIRONMENTAL SITUATION

Palestine in general and Jenin in particular are subjected to the Mediterranean
Sea climate which is mild and rainy in winter and hot and dry in summer (ARIJ
1996).

Rainfall in the West Bank ranges between 700-850 mm in the western slopes,
500-800 mm in the mountainous and 100-150 mm in the eastern regions. This rain is
the only source that feeds the groundwater and Because of high temperatures, the rate
of evaporation has increased and the lack of rains led to lack of water percolating into
groundwater.

One of the expected environmental effects of the east Mediterranean Sea areas
including Palestine in general and the Jenin area in particular that there will be a
decrease in the rain. In the fourth report of the IPCC, the heat over the 21st century is
expected to be greater than global annual mean warming by 2.2-5.1 °C according to
the scenarios realistic emissions of the southern and eastern Mediterranean. Rainfall
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In Palestine in particular, drought is caused by low rainfall in some years and
poor distribution of rainfall on days and regions in other years and this significantly
affected the cultivation of crops and pastoral plants season during the past few years.

The amount of rain for agricultural season in the West Bank in 2007/2008 and
2008/2009 amounted to 354 mm and 428 mm, compared to the historical average
annual precipitation rain in the West Bank which is 537.5 mm

Besides, the amount of rain in south Hebron and east Bethlehem is less than
normal precipitation by 20%(ARIJ, 2010).

The name of Jenin is derived from the large number of gardens and orchards
surrounding the city. It also has many large plains which rely on planting such as Marj
bin Amer and Sanur Plain (ARIJ, chapter 4).

With this, Jenin area like other Mediterranean regions is exposed to the effects of
climate change that have been mentioned.

METHODOLOGY
- The data was collected from different sources. The previous studies about the

subject were collected from the internet and global scientific magazines from
which the current and expected climatic data were taken at global, Palestinian
and the West Bank level.

- Agriculture ministry gave information about kinds of crops in Jenin, climate
change effects on rainfed farming, adaptation patterns farmer's do and the
ministry accomplishments to help farmers in adaptation.

- All the statistics and numbers were taken from the Palestinian Central Bureau
of Statistics of different volumes have been issued.

- Special report issued by The Applied Research Institute-Jerusalem (ARIJ)
was drawn upon.

- The study also adapted to its results on a questionnaire about whole Jenin area
of its different climate patterns. It covers the four climatic areas: the eastern,
east-south, north-west and west-south areas. The questionnaire was
distributed on farmers who planted rainfed crops whether gardening trees,
rainfed vegetables, field crops or medical plants.

- The study also relied on interviews with officials in the ministry of agriculture
and agriculture department of Jenin to ask about the achievements of the
ministry of agriculture in Jenin to face the effects of climate change, and
benefit their experience in dealing with farmers. Interviews were done to get
information about Jenin's climate with the engineer Mustafa Amarnieh from
Jenin agriculture department, the engineers Imad Ghanmeh and Ebtisam
Abo-AlHeja from the ministry of agriculture, Mr. Sa'ad Dagher, the manager
of adaptation project and Mr. Yusuf Abo Asa'd the general manager of the
Palestinian Meteorological Department.
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ministry of agriculture in Jaba' and Anza in 12/11/2015, the information about
how to adapt with climate change was taken.

CONCLUSIONS AND RECOMMENDATIONS

The main goal of the research has been achieved, which is to study the social and
economic impacts of climate change or rain-fed agriculture in Jenin area.

The Secondary first goal which was to assess the level of farmers' knowledge on
climate change and their practices to cope with these changes, has been achieved as
the findings of thesis reveal that, farmers in Jenin district know enough about climate
change.

The study shows that 95.5% of farmers in Jenin realize and believe there is
noticeable change in climate during the last 15 years.

The study also shows that those farmers adapted with the current climate change
in many ways, to avoid financial losses which will occur if they did not act.

The second secondary objective was to assess the social and economic impacts
of climate change on rain-fed farmers, this objective was achieved since the study
shows that 43.2% of farmers are youth between the ages of 3040. 94.3% of these are
males, 65.9% of them are married and need to work in farming to meet their families
needs. Moreover, 29.5% of farmers are Bachelor's degree BA holder or higher.

These results show how farmers adapted with climate change. Since the need to
work and to meet their families needs were a motive to face the risks and negative
effects of climate change.

In addition farmers awareness and education helped them create organized
solutions to adapt with climate change as mentioned before.

Besides, farming is a main job for 65.9% of farmers. Therefore, they cannot just
leave farming easily, this is for what regards the social aspect.

The third objective of the thesis which was to develop recommendations to
improve farmers adaptation to climate change. These recommendations are:

1. Technological developments by: Crop development, through developing

new kinds bear moisture, drought and others of hard climate conditions.

2. Improve Information about climate systems, by Developing early alarm

system to predict daily and seasonal weather.

3. Resources management, by developing water management innovations to

face drought or increased moisture.

4. Agriculture support program, By Modify crop insurance program

5. Agricultural production by:

a) Growing different kinds of crops.

b) Breed different kinds of livestock.

6. Land use by:

a) Change crop production site.
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soil.

¢) Change planting time to handle change in growing season and the changes
in temperature and rainfall.

d) Use supplementary irrigation.

e) Diversifying the sources of family income.

In the end, it is noticeable that human nature can find solutions to any problem
faced, and climate change in the Jenin area like any other problem, farmers can find
solutions to them, either to avoid or to cope with it

But the problem is, how long it will be needed for that, and whether there will be
new other effects of climate change, different than what existing.

We hope that these changes do not evolve to remain under human control, and
the earth heals itself as it used to.
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