NMpoGnemMbl cneayowero AecATUNETUA n
UX TEXHOJIOrn4YecKne peLueHus

Challenges for the next decade and responses

Xapwa PaTtHaBupa, MNpodeccop
Hopeexckuti ynueepcumem ecmecmeeHHbIx Hayk (NMBU)

NMpob6nembl Ha bNuXxauwune gecaTuneTus
B BOOHOM CeKTope

* [lecbmunT BOOgHbLIX PECYPCOB ;

* BnusHue nameHeHus knumara;

* BO3HUKHOBEHME MUKPO- N APYrnX 3arpsA3HSAOLLNX BELLECTB;
*HepocTtaTok 3emnuy;

*[MepepaboTka n NOBTOPHOE UCMONb30BaHNE PECYPCOB;

* LindbpoBunsaumns Kak MHCTPYMEHT pa3BuUTUS BOGHOIO
cekTopa.

5 major trends impacting the Water industry in the
next decade

/

[ Theg
/ op
/ ens in e,

i
| Detojggg,
]
/i
,

L /
9lobay Water sector |

. eyl
MpoGnembl Ha bnuXxanwmne aecATUNETUNA

B BOOAHOM CeKTope

* [ledounT BOOHbIX PECYPCOB ;

*BrnivaHue nameHeHusa knmmara;

* BO3HMKHOBEHNE MUKPO- 1 OPYrUX 3arpsa3HAOLLINX BELLECTB;
*HepocTaTtok 3emMnu;

*[MepepaboTka 1 NOBTOPHOE UCMNONb30BaHNE PECYPCOB.

* LiIndopoBunsauma Kak MHCTPYMEHT pasBUTUSA BOAHOMO CeKkTopa.

Bopa —
AedPULNTHBLIN pecypc

* > 70% 3emMnu nokpbITO BOAOM
* <1% BoAbl 4OCTYMHO NOAAM

« [laxxe 9TU BOAHbIE PECYPChI pacnpeserneHbl
HEpPaBHOMEPHO




PocT HaceneHusi 3eMnu U BogHbIe pecypchbl

Munnuapg Yenosek KyBuueckve kunomerpbl
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—World

= Africa

—Asia

= Europe

——Latin America and the Caribbeans
——Northern America

——QOceania

Oedpununt Boabl: hn3n4eCcKUn U IKOHOMUYECKUN
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Hawe noTpe6neHue Boabl BoaoHbIn cnea
» CKonbko BoAbl Mbl NOTpebnsiemM B AeHb (M3 KpaHOB B HALLMX AoMax)?
-50 n?
-150 n? saliEn 8 000 litres Individual
—300 n? water use:
drinking, cooking,
washing, etc.
10 000 litres
of water Water
used to produce
goods for us:
clothing, fuel,
ing food,
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Agriculture
accounts for

70%

of the world’s
water use

BILLION'
by 2050

To meet food demand,

global ag output will need
to increase by as much as




BoamoxHble Mpobnembl nocnenyoLmnx YeTbipe BO3AeUCTBUA U3SMEHEHUSA KNMMara,
AecATneTnii: NMeLmne OoTHOLLEHWE K BOAOCHADXEHUIO U
« [lechnumT BOAb; ynpaBneHno CTOMHbIMN BOA4aMM
*BnuaHune nameHeHusa KnnMara,
*BO3HUKHOBEHNE MUKPO- U APYrUX 3arpA3HAOLLNX BELLECTB; [loBbiLLlEHNE YPOBHA MOpPS
‘He,CI,OCTaTOK 3eMIy, *YBenuyeHue KonmyecTtaa OoCagKoB
°I'Iepepa60T|<a M NOBTOPHOE NCMNOJ1Ib30BaHMNE peCypcoB *YMeHbLLeHne KonuyectBa ocajkoB
*LindppoBunsauns kak MUHCTPYMEHT pas3BUTUA BOOHOMO CEKTopa. *[oBbILLEHHAs TemMnepaTypa

Mo6anbHoe NoBbIleHNe YPOBHA MOpPS
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Brninaxue nsmeHenus knumara: MoBbiWeHNe YPOBHA MOpPA NpuBeaerT K:

YBenu4yeHune KonndecTtsa A0XOEBbIX 0CafKoB =»
YacTtoTa BbinageHusi ocagkos=>

=> YBenuyeHne Konn4yectsa HaBoOHEHUIN 1
nepernorHeHMs pe3epByapoB

*YBENNYEHNE CONEHOCTU B UCTOYHMKAX NMUTLEBOW BOAbI,

*HakannmBaHuMIo CTOYHbIX BOA, B KaHANU3aLUMOHHON CETU;
*Yawwe paspywunTernibHbie HaBOOHEHNA B KaHalMM3aUMOHHbLIX CUCTEMaAX;

* OYNCTHbIE COOPYKEHMS M BOAHAsA MHPPACTPYKTypa — 3aTOMMEHbI.

Norges miljg- og
biovitenskapelige universitet

EBpona n HaBogHeHuUA Cutyauus B YKkpauHe

B 6yayLiem peyHon CTok BEpOSITHO, cokpaTuTcs Ha 50% B LeHTpanbHOM 1 BocTouHON EBpone n YkpaunHe.
CerogHs -cunbHas 3acyxa ogHa 3a 100 net; Ho aToT nokasaTtesnb yasoutcs k 2070 roay.

Copenhagen 2044120 mrmin 2 Hours

HasodHeHue nocre cunbHo20 0ox0s 8 Kuese, 18 aseycma 2018 2o00a.
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Floods Hit T i x v and I—L—E u
Turkey afterf280 mm of Rain in 24JHours N 'L‘IJ

Several popular tourist areas of Greece and Turkey saw
torrential rain and severe flooding late yesterday. Greece In

Italy Floods —&30 mm of Rain in 4 Hours l-
One Dead and Two Missing in Piacenza

At least 500 people, including locals and tourists, have been

Flooding in France and Italy Afterf

Rain in 24 Hours

Severe weather has swept across parts of southem and central
Europe over the last 3 days. Some of the worst was seen in
France and ltaly, which have both been

pad Full Article

N3amepeHune konmyectsa 0CagKkoB

* CTpOI/ITeJ'IbCTBO HOBbIX U OTAENbHbIX KONMNEKTOPOB - XOpollee pelweHne, Ho
HeBbINONTHUMOE (CJ'II/ILUKOM MeaneHHo N CNULLKOM D,ODOFO)

OTtBOA BOAbLI C NOBEPXHOCTU
OOpOorn Takke BaXXHad TemMa.

MHHOBaUMOHHbIe NnaHawadThI:
npeBpaLieHne 4eTCKUX Nrowanok B
pe3sepByapbl Ansi cbopa NIMBHEBbIX BOA




Bo3peucrtBue Ha NnocCcTaBKy NUTLEBOMN BOAbI:

* Ha konunyecTBo
* Ha Mukpobuonornyeckoe ka4ectso
* Ha xumun4yeckoe ka4yecTBo

KonuyectBO BOoAabI

* MeHbLLee KONMYecTBO OCAAKOB B NETHUI NEPUOL, MOXET Bbl3BaTb NPO6nemMbl
CO CHabXXeHMEM B HEKOTOPLIX PEervoHax.

* MoryT BO3HUKHYTb NPOGIEMbI, CBSI3aHHbIE C HANMYMEM MUHUMAIbHOO
noToKa B pekax.

BO3neﬁCTBMe Ha Ka4eCTBO BOA4bl
* B poxgeson Boge He (Marno) cogepxmTcsa natoreHos!

* Ho, nuBeHb npeBpaLLaeTcs B CTOK Ha NOBEPXHOCTU 3eMIM:
—Mo6unusaums naToreHoB B Bogopasaene

—C6pOCbI N3 LEeHTPann3oBaHHbIX U aeueHTparim3oBaHHbIX CUCTEM
CTOYHbIX BOA

—HaBoaHeHus

MoBbILLEHUS CTOKA OOXAEBbLIX BOL = i
yBenuYeHme KonmyecTsa 6akTepuii U NapasvToB B
B MCTOYHMKaX NUTLEBON BOAbI
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N OBbIWLEeHUEe UBEeTOBbIX NMNOKa3aTerien B N
XuMmnyeckoe Ka4ecTtBo Heo4YulleHHOU BoAe
40
« MoBbILIEHHAS 3PO3VST 1 MOBEPXHOCTHBI CTOK - 3arPSI3HSIOT UCTOUHUKM MUTHEBOI BOAI: - s+oAln. s Skul . TAN0 e OsetemeOgense
»B3BELLUEHHbIE BeLecTBa = BNUsiHNE Ha 3pdeKTUBHOCTb Ae3nHpekunm; = L] ]
.o
»NpUpOLHbIE TOKCUHbI, NECTULMABI, TSHKENble MEeTansbI; 2> /ﬁ\'w_,‘(-
>N+P: 3BTpOdMKaLN. g
5 6 i BoAbl > TpeG ! r '/\.v.r;h\/ ,_,/A
+ Bornee HecTabunbHOe kKaYecTBO UCTOYHMKM NMUTLEBOI BOAbl =» TPeOyeT yryyLleHHOro KOHTPOoss £
1 ge3nHdekLun. g 10 VW *
*» Bo3pacrtaHue konnyecTBa npupoaHbix opraHnyeckux sewects (NOM) n Temnepatypbl = ® i
yBenuyeHue obpactaHun B Tpybonposogax. e e e e
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CmaHuyuu nod2omosKu rnumeesbix 800, Komopbie bbiru co3daHbl 6e3 uenu
yOarneHus1 ugemHocmu 800bi, mernepb AomKkHbI dobagume cmaduro Ons
yOarneHus usema!

NMoororoBka NUTbeBOM BOAbI

* ICTOYHMKN MUTLEBON BOAbI AOMKHbI ObITh Jyylle 3alnLLeHbl OT
noTeHunanbHbIX 3arpsisHUTenen;

* YnyuLleHHble 1 rnbkme npoueccsl 06paboTky;

'yﬂy‘-ILIJeHHbIVI MOHWUTOPUHI U KOHTPOIb npouecca.

Bo3gencTBue Ha ynpaBrieHue BOAHbIMU
pecypcamu v NMBHEBbLIMU BOAaMMU

* MoBbILIEHHbIE PUCKN HABOAHEHWUIA B TOPOACKUX paioHax B pe3ynbraTte yBenMyeHus
WHTEHCMBHOCTU 0CagKoB 1 6onee HeNnpoHULaeMbIX NOBEPXHOCTEN.

* Bonbluee KonM4ecTBO A0XAEBOW BOAbI B KAHANU3ALUMOHHbBIX cUCTemMax, npueeaeT K
yBenuyeHuto obLero obrema.

* YBENMYeHMe MHTEHCMBHOCTM OCaAKOB U YBENMYEHNEe KONMYeCcTBa 0CaaKoB B 3UMHMUE
Mecsupbl (Ha 3amepaLuen 3emne) NPYBEAET K YBENMYEHNIO CTOKa U 3p03nMn.

* Pyck nepenonHeHus, a Tak e pUck yBENMYEHWS KONMYecTBa 3arps3HuUTEnNen.

* YBenunuyeHve BbIGpOCOB C OYNCTHBIX COOPYKEHWN.

» Bonee yacTble 1 pa3pyLumTenbHble HABOAHEHWUS B KAHANM3aLMOHHbBIX CUCTEMAX
(noaBanbl 1 apyrne o6bekTbl MHPACTPYKTYpPbI).




dPaKkTopbl, BANAKOLWLUE HA
3 hpeKTUBHOCTb OUYUCTKN U IKOHOMUKY

A O6bembl NocTynaroLwen BoAb!
V TemnepaTypa CTO4HOM BOAbI
V KoHueHTpaums nocTynaroLLen Boabl

BnusiHne Ha 6MONOrM4YEcKyro OYUCTKY

3.0

Jmax,t ¥,
ipax,20 ! Teoretisk .
(tilsvarer kys0.12°C7")

Nitrifikasj hengighet av

P (Henze et al, 1990)

YmeHbLueHue Ha 10 rpagycoB = ymeHbLueHre Ha 50% cKopocTu HUTpUdmKaLum
=>» notpebyeT 6onbLunx 06bLEMOB peakTopa

BnusiHne TemnepaTtypbl Ha NpPoLecc Koarynsuum

» dopmMpoBaHUA XMOMbEB B NPOLIECCE KOArynsiLnm CTOYHbIX BOA, NPOMCXOOUT MEATEHHEe Npuy
HU3KKUX TeMNepaTypsbl.

* MpoLecchl ocaxaeHns (CeanMeHTaLmmn) NPOUCXoOaT MeneHHee.

—A\ 06beMbl ceMMeHTaLmm
—A\ HeoOxoaMMoe KONNYEeCTBO KoarynsaHTa/pnokynsaHTa

JKOHOMUYeCcKue nocrieacTeus

" Assessing ..

* thecostsof |

o adaptation £
toclimate

» OBbwasa croumocTb (go 2030 roga)
npegocTaBneHns onpeaeneHHoro YpoBHS

o6cnyxuBaHus B rnobanbHoOM MacluTabe:
750 mnpg USD




Bbi3oBbl Ha bnNMXxanwue gecATUNETUNA
B BOOHOM CeKTope

*HepocTaTtok BoabI;

*BnnaHne nameHeHnus knumara;

* BO3HWKHOBEHNE MUKPO- 1 OPYrnX 3arpsa3HSAOLLINX BELLECTB;
*HepnocTaTtok 3emnu;

*[MepepaboTka 1 NOBTOPHOE UCMNONb30BaHNE PECYPCOB.

* LiIndopoBunsauma kak UHCTPYMEHT pasBUTUSA BOAHOMO CeKTopa.

BO3HUKHOBEHME MUKPO- U OPYruX 3arpsi3HSIFOLLNX
BellecTB
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HOBUHKA!

KPEM ONA MNA3
«COBEPLIEHCTBO NMPOTHMB MOPLLWH»

= CHCTEMA BOCCTAABNMBARWEND YXORA 3A KOKER

y el
KONOrnYecKne pUCKM LMNPOoKCaLmMHa B NPECHOI BOAE

=

NporHo3upyemble KOHLEeHTpaumn 6e3 acpdpekTa.

WHO launches health review after
microplastics found in 90% of bottled
water

Researchers find levels of plastic fibres in popular bottled water
brands could be twice as high as those found in tap water




Bo3moXxHble npobnembl nocneayrowmx
OecATuneTun

*HepocTaTtok Boab!;

*Brninanune nameHeHus knumara,;

*BO3HMKHOBEHNE MUKPO- U OPYINX 3arpsa3HsIOLWLNX BELLECTB;
*HepocTtatok 3emnu;

*[lepepaboTka N NOBTOPHOE UCMONb30BaHNE PECYPCOB.
*LinppoBnsaums Kkak MIHCTPYMEHT pa3BUTUS BOAHOIO CEKTOpa.

YMeHbLeHMe nnowaau 3aHMMaeMou
OYUCTHbLIMU COOPYXKEeHUNAMUN

PeweTkn

* 40-60% opzaHu4eckol 00U 838eWeHHbIX Yacmuu, COCmassisitom 80rlokHa myanemHol bymazu

Salsnes/Trojan: 50% TSS & 20% BOD removal




MembGpaHHble 6uopeakTopbl (MBP)
%Dv? e —
YMeHblleHMe Ucnonb3yemMou nnowagm Ha 5
HocTuxeHus B o6nactm 6Monornyeckom oHYUCTKMU:
cTaauum pasgeneHus

MepecmMoTp a3oTHOro UUKna

Nitrogen Cycle

Denitrification » CokpalleHue B N-yoaneHun
CH;OH N,

* HeT He06X0AMMOCTHM BO BHELLHEM
C-ncTouHmKe

» DomxeH npepotepatute NO:NO:

NO; NH,* * MeaneHHopacTyLue opraHnamebl

Anammox®

NO;"

©: Nitrification 0




BoamoxHble npobnembl nocrnenyowmx
JECATUNETUN:

*[lecdonuunT BOAbI;

*BrnivsiHme nameHeHns knumara;

*BO3HMKHOBEHME MUKPO- U OPYINX 3arpsi3HAOLLNX BELLECTB;
*HepocTartok 3emnu;

*[lepepaboTka N NOBTOPHOE UCMONb30BaHNE PECYPCOB;
*LincppoBnsaums Kak MHCTPYMEHT pa3BUTUS BOAHOMO CEKTopa.

BoccTraHoBneHue, NOBTOPHOE UCMONb30BaHue,
nepepabotka

KEY
mm potable water

I wastewater

B non-potable water

N resources

\

for agricultural
purposes

Vatrients
for industrial and
urban applications
Eneray

ey for industral and
‘colldoss Manufacuring use
chemicals

© Water Reuse Europe

The United Nations d Water nnnt Report 2017

WASTEWATER |
THE UNTAPPE RESOURCE

dochopHbIN KpU3nc

* in ucnonb3ayeTcsa B CeNbCKOM X03AWCTBE Kak yaobpeHue
* 10-20% dbocdpopa, HeobXOANMOro B CEMbCKOM X03ANCTBE/ arpoKynsType, MoryT ObiTb
nony4YeHbl U3 Una CTOYHbIX BOA,

NO PHOSPHORUS, NO FOOD o

Annual Phosphorus. illi
Production billion
{million wnn;;] in 2050

oW}

POPULATION




NpounsBoacTBo 6muorasa

«3a ogHo nocewieHune WC Ha 3aTon mMaluuHe
MOXHO npoexatb 350 M.»

CTaHLMN OYNCTKU CTOYHbIX BOA UNN
3HepreTnyeckue habpukn?

Frank Rogalla, Aqualia

BoaMoxHble Npobriembl NOCneayoLwmnx
JEecAaTUneTun

*[leconuunTt BOADI;

*BrnvsHne nameHeHns knumara;

*BO3HUKHOBEHNE MUKPO- U APYIMX 3arpA3HAIOLNX BELLECTB;
*HepocTartok 3emnu;

*[lepepaboTka N NOBTOPHOE UCMOMb30BaHNE PECYPCOB;
*LlndpoBu3aumnsa Kak MHCTPYMEHT pa3BUTUSI BOOHOMO CEKTopa.

BbbicTpas uudpoBusaLusa BOAHOIo cekTopa
Lindbposas TpaHCcopmaLUA KaKk MUHCTPYMEHT

peweHna npobiem




HaBneHue rnodanbHbIX U3MEHEHUN YCIOXHAT
cuTyauuio B byayuiem

Nl—EJU

Mcnonb3oBaHue ungpoBbIX AaHHbLIX U
KOHUenuun ansa peweHus npoonem

Energy
Efficiency

/

YMHbIW AU3aiH - aJanTUBHbIN, pacnpoCTPaHeHHbIW, NPOABUHYTHIN
YMHoOe ucnonb3oBaHue - fenatb 605blle C MEHbLUUMK 3aTpaTamu
YMHbIN KOHTPOSb - AaTYMKK, CEH30pPbI, aHanutuka, OT-IT nHterpauum

OnpepeneHue uncgpposoun BoAbI

Lindoposas Boaa, YMHas Boga, MIHTepHet Bogbl, Boga 4.0

OhexkTnBHLIN CHOP M MCNonNb3oBaHME LUAPOBLIX OAHHbIX
0N YMHBIX UMppOBbIX peLleHni
AN pelleHns npobrnemM B KpUTUYECKUX (PM3NYECKMX aKTUBAX U UX yCryrax

Sources & Environment Collection, Treatment & Distribution End Customers

o e

= Watershed oW r C ion, Treatment * Residential
= Surface, Groundwater and t + Agricultural

Water Reuse ast L « Commercial and Industrial
* Wastewater Effluent ] ] * Water for Nature

MpenmywectBa urntanusauun-i

O6LLECTBEHHbIE BbIroab! SKCI'IJ'IyaTaLl,VIOHHbIe npenmMyllectesa

<11 YBenuYeHHas AoCcTynHocTb -  COBEpLLEeHCTBO npouecca
= IMprovea 1ong-1erm armoraaniity * Lara-anven operations ana
(| S~ of rate structure decision making reduces errors
= Greater transparency in the }Jse » Speed in decision making due to
of proceeds from water tariffs efficient data analysis and processing

= Reduced likelihood of bill shock,
non-payment and cut-offs

Mpodunaktuyeckoe

Q’ OnbIT KNUEHTOB OGCJ'Iy)KVIBaHI/Ie

= Increased customer engagement and * Reduced number of emergency
responsiveness to customer inquiries 'X call-outs
= Reduced disruptions in water service » Reduced downtime of critical assets
= Reduction in the volume of
disruptive construction projects

CooTBeTCTBIE HOPMATUBHBIM
TpeboBaHusaM

* Reduced incidences of failure

% 3awmTa okpyxatoLen cpeabl

= Reduced risk of sewage overflows

into the environment and overflows

= Reduced GHG emissions from = Reduced risk of non-compliance
utility operations resulting from network

= Improved conservation and management water quality issues

of critical water resources




MpenmywectBa undgposusauum -l

dUHaHCOBbIE BbIroAb [onrocpoyHsle NpenmylecTea
Cokpaluetme MoBblLlLEeHHas YCTOMYMBOCTb
aKcnnyaTaumMoHHbIX (6 = Improved operational flexibility from
pacxonos '4.& changing climate and demographics
energy ana maintenance Costs = Increased safety through
= Reduction in costs and risks rapid customer

associated with ad-hoc engagement on public safety concerns
field maintenance

MosbiweHve
3appeKTUBHOCTM Passutne pa601-|eV|
MNCNosnb3oBaHUA ey cunbl
kanuTana conaporauon wrougn
. systems integration
= Reduced liability and costs from - Reduced safety risk to workforce
unexpected water main breaks through fewer emergency call-outs
and sewage overflows
YBenuyeHHbINn aoxon BpeHa v nHHoBaummn
“s = Targeted interventions with faulty = » Elevates utility brand and
meters increases revenue engagement in the water industry
- Value-added digital services « Enables the utility to more easily
available to bulk water customers pilot and adopt latest technologies

Pucku, BbiTekarowme n3s fimvrntanmsaumm

* MoBbIlWeHHaA 3aBUCUMOCTb OT aBToMaTu3aumm
* Puck TexHuyeckux c6oeB (aatymk He pabotaet 24/7 n 365 gHein / rog ...)
- Bornee nerkoe pasBuTUe OT OTKa3a OAHOMO Groka K Konnarcy cucTeMbl
« [lenatoT N1 OHW HaLUKX ONepaTopoB MeHee OCBeAOMIIEeHHbIMMU O MpoLieccax?
* MNoBbilleHHas yA3BUMOCTb CTaBGUIIbLHOCTU NpoLiecca

* MNoBbILLEHHbIN PUCK KacKaHbIX 3EKTOB MeXaY KPUTUHECKOM I/IHdeaCprKTypom (Hanpumep,
BOJOW 1 3HEpruen)

* [pnUyYmHbI
» Cbown cuctemsbl
* [NpupoaHbIn deHoMeH
» Yenoseyeckne ownGku
» BpegoHocHble AeicTus - knubep-ataku
* OWKMOKN TPETbMX NnLY

KubepaTtaku B BOOQHOM XO3ANCTBE

g

N

According to ICS-CERT * Australia 2000 ¢ PA, U.S.2006 ¢ CA, U.S.2007 ¢IL,U.S.2011 FL,U.S. 2012 # NY, U.S5.2013
{S-CERY, 2016b), W5 Target:PLC Target: Workstati Target: SCADA Target: SCADA Target: File 5 Target: HiAl

h - arget: arget: Workstation 3 arget: arget: File Server arget: HiA

is the third most targeted Action: Configuration | Aetien: Data Action: Remote Action: Physical Action: Data Action: Data
sector. Change Exfiltration SW Install ProcessChange Exfiltration

Response: Deactive L

) Proactive { den
Many cybersecurity

incidents either go
undetected, and

Response: Reactive Response: Response: Reactive
consequently unreported
or are not disclosed

o] &) 6000
because doing so may - - = ! . )
j dize the victi ) W) Q) Q) C)
SR O G Gl > & Gt
trust, and, consequently,

) .w/

Response: Reactive

* U.5.2016

Target: Multiple
Action: Unauthorized
Change

Response: Reactive

revenues.
* FL,U.5. 2021 LIL2019 *CO,U.5.2019 =EU2018 * UK 2017 *U.5.2016
Attacker:
r Target: SCADA Target: ICS Target: DB Target: HMI Target: DB Target: Multiple
: ’l—‘ d W Action: Remote Action: Unauthorized Action: Ransomware Action: Action: Unauthorized Action: Data
| (Y mmsider () WA ! Unauthorized Change Change Response: Reactive Cryptojacking Access Exfiltration
Reactive Reactive Response:Reactive  Response:Reactive Response: Proactive

{b Qutsider p MNation/State

= |L2019 *FL,U.5.2019 =NC,U.5.2018
' " ~ ) Targek:ICS Target: SCADA Target: DB
' :5. Waste water (@)‘ Wister brestwent: | Action: Unauthorized  Action: Ransomware Action: Ransomware

Change Response:Reactive Response: Proactive

s 0 1 . .
H ,; Y\ Water Cr) [Irrigation System Response: Reactive (deny)
L) ! i

(detect)

= U.5.2016

Target: SCADA
Action: Unauthorized
Access

Response: Reactive

Yto kmbepataku moryTt caenaTtb?

« BMelunBaThbCA B onepauum - 6onblie / MeHblle [03bl;

* HecaHKUMOHMPOBaHHbIE N3MEHEHNS 3anporpaMmMUpPOBaHHbIX UHCTPYKLNIA;
MoHwxeHne gaBneHue, NepenosiHeHe CTOYHbIX BOA, HEUCMNPABHOCTbL
€OVHWYHBIX MPOLIECCOB;

» MoanduumMpoBaTh CUCTEMbI YNIpaBReHUst Ans NosyyYeHnst HenpeackasyeMbix
pesynLTaTos;

* BrioknpoBaTb AaHHbIe UK OTNPAaBASATb NTOXHYI0 MHOpMaLUKO onepaTopam;
* 3meHWTb NOporn curHanoB TPEBOTM UMW OTKMOYUTb UX;

* 3anpeTuTb JOCTYN K MHGopMaLmm 06 y4eTHOM 3anucu;

+ loctyn k nnyHomn nHdopmaummn (GPDR gupekTuea);

* Boimoratenu




Camble 6onbLune yrposbl ....

\lgo

Unawﬁreness

HeocBegomMneHHOCTb

Unpreparedness

HerotoBHOCTbL

YA3BMMOCTb MOXHO yMeHbLIJVITb!

* MopaepxunBarite UHBEHTAPU3ALMIO CUCTEMbI KOHTPOJSISI U CHWKEHUS! BO3OENCTBUS;
» Paspensiite ceTu n npumeHanTe 6paHamayapel;

* Wcnonb3yiite 6e3onacHble MeToabl yaaneHHoro 4ocTyna;

* YcTaHOBMWTE POSv A5t KOHTPOSS YPOBHEW AOCTYNa M perucTpaumm nonb3osarenei;
* Monb3oBaTbCsa HaaeXHbLIMK NaponsamMn & ynpaeneHMem naponsmu;

» N3beranTe ya3BnMOCTeN, BHEAPSINTE OOHOBNEHUS;

* ObecneuunTb cobrtogeHne NonUTUK 6e3onacHoOCT! MOBUIMBHBIX YCTPOWCTB;

» OpraHusoBatb nporpamMmmy obyyeHunst COTPYaHMKOB Mo knubepbesonacHocTy;

» BoBnekaTb pykoBogutenen KOMMyHarbHbIX Cyx6 B knbepbe3onacHocTb;

* MOHWUTOPWHT CeTeBbIX BTOPXXEHU U HanM4yne ninaHa pearMpoBaHus;

» Coob6LuanTe u genutecb MHopMaumer o6 MHUMAEeHTaxX A4S pa3paboTKy cornacoBaHHbIX
obwwux pencremn (aupektnea NIS u T. 4.)

*
*

* * %

*
*

* *
* 4 *

New EU cyber security regulations

Peakuus U BoCCTaHOBMEHME NocCrie aTaku

O6HapyxeHue
* Cuctembl ANs BbISIBNEHNS aTak

Peakuyus

* [MnaHbl 4EeNCTBUI B Ype3BbIYaNHbBIX CUTYaLMAX

— OTKII0YUTL CKOMMPOMETUPOBAHHbIE KOMMbOTepbl; OLeHUTb MaclTab KoMNpom1cca 1 n3onupoBaHusi; CBA3aTbes o
cneumanucTom crnyxobl 6esonacHocTy; OueHnTb Ntoboit NnoTeHuManbHbIN yuep6; VHMuMmnpoBaTb pyyYHoe ynpaBreHue;
[lepxuTe COOTBETCTBYIOLLME areHTCTBA B Kypce

BoccTaHoBneHue
» Kak YMEHbLUNTb BO3ENCTBUE N BOCCTAHOBUTb Kak MOXHO ckopee

OcBeaoOMIEHHOCTh, NpeAoTBpalleHue,
oGHapyxeHue, pearupoBaHue, BOCCTaHOBMeHUe

Kno4 K CHMXeHno puckoB

* 3HariTe cBou pucku!
* MpodmnakTmnyeckne mepbl pabotatot!
* Tak ke Kak U roToBHOCTb Npw paboTe ¢ nocT-atakamu!




BOOA U3 KPAHA - NMTb UITKX HE NMUTb?

* B nocnegHee Bpemsi Bce 6orblue NOAEN OTKasbiBaOTCSA OT MUTbsi BOAOMNPOBOAHON Boabl. YTo
3TO — BceoOLasi UCTepusi, Moa UNu XXM3HeHHast HeobxoguMoCTb?

» Cneumnanuctbl Kueeoro BogokaHarna Kaxgbii Hac fenatoT KOHTPOorbHble 3a60pbl BoAbI,
NPOBOAAT aHanu3bl 1 criedaT 3a ee kayecTBoM. Ha Bbixofe 13 cTaHLuM BoAa BMofiHe npurogHa

ana yn0Tpe6neHm| 1 Angd nuTbd B TOM 4ucne.

MHHOBaLUUK B KOHTPO/E U ynpaBaeHUn npoueccamm

* Ho ans Toro, 4To6 nonacTb B HalM KBapTWpbl, BOAA MPOXOAMUT eLle 04eHb AMUHHBIN MyThb MO
CTapbiM Tpy6am, KoTopble Aaneko He BbiCLLEro kavecTsa. [ns Toro 4to6 o6e3onacuts Xutenen
ropoga, U1 Kak-To NpoYnCTUTL TPYObl, B BOAY A0GaBNSOT XMop. B kKakon-To cTeneHu ato
MOMOTaeT, HO YeM Jarblue Bbl HAXOAUTECH OT HACOCHOM CTaHLMK, TeM XyZLLero KayecTea Boaa
K Bam nocTynaeT. [la v oT xriopa B Boe Toxe Haao nabaenatees!

FEJU
KauecTBO BOAbI B pacnpenenutenbHbIX Tpyb6ax BupTyanbHble AaTynku (nporpaMmmMHble AaTUYUKMK)
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State of the Art of Online Monitoring and Control of the

Coagulation Process
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Statistical monitoring and dynamic simulation of a
wastewater treatment plant: A combined approach to
achieve model predictive control

Xiaodong Wang 1, Harsha Ratnaweera 2, Johan Abdullah Holm 2, Vibeke Olsbu *
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Spectroscopic surrogates for real time monitoring
of water quality in wastewater treatment and water
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Ferrybox systems
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KoM6uHauma CNyTHMKOBbIX AiAHHbIX O BOAOPOCNAX U
AaHHbIX Ferrybox aaet obuwee npeacrasneHmne o6 anbrabnoyme.

Chlorophyll (WERIS Algal-1 Case | waters) 4

@ap 1 2 3 4 >10 [mg m?]

NI‘/'1" = 79

OnepaTuBHOE NpepynpexaeHne o LBEeTEHUN
BoAopocaen Ha nobepexbe

NI'/'1" 80




Cnacubo 3a s

HumaHue!




HoBble BbI3OBbI
CBA3aHHbIe C Ka4eCTBOM BOAbI

3axap Maneuknn, ArHewka Kynpuc, Xapwa PaTtHaBepa
Hopeexxckuu yHueepcumem ecmecmeeHHbIx Hayk (NMBU)




*CTaTnctuKa 1 akTopbl
* MOHUTOPUHT

*CnocobObl OMUCTKU
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Mupogeoe npoH3BOACTEBO MAca, 1961- 2018 m
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‘I'nodaIbHEI PRIHOK: 00BLEM NPOJaK B HHIVCTPHHE KPACOTHL, S MIPJ

+5.0% +3.2% +4.1% +4.,6%
500
477
T 455 51 Tapdromepns

400 418
383
40
51
190

i 2006 2006 2007 2008 2009 2010 2011 2012 2013 2014 2016 2016 2017 2018

i Mote: Figures may lLt sum to listed totals, because of rounding.
'1.51 r Ir u,llﬂ,_,_ h 1“ h_Jr re, men's shaving, oral-care, shower, and adults’ sun-care products; deodorants; and depilatories.
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OO0BeM H poCcT MHPOBOI'O pL[Hi:ﬂ nekapets B 2010-2025 1T,
Muapa. Jomn. CHIA
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IIporaos
’ R SR )
1.400 5-%ear 5-Year 5-Year
! CAGRs CAGRs CAGRs
1,200
Owverall Owverall Overall
1,000 &.0% 4.6% 3-6%
#00 6.0% 3.9% 3-6%
600 11.7% 7.4% 7-10%
4.8% 3.8% 2-5%
400
200
0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 EDE’I 2022 2023 2024 2025

- Developed - Pharmerging - Lower income

Source: IOVTIA Market Prognosis, Sep 2020; IQVIA Institute, Mar 2021

Exhibit Notes: Does not include estimates for COVID-19 vaccines. Spending is in US$ with variable exchange rates, CAGR in constant US$ with Q2 2020 exchange
rates. Lower income is low or lower middle income based on the World Bank (TWB) income bands, but excluding some pharmerging, which hawve higher incomes
and are shown separately.

Report: Global Medicine Spending and Usage Trends: Outlook to 2025. IQVIA Institute for Human Data Science, April 2021
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OuHamuka POCTa YHMCNa HOBbIX coenqMHeHMWH
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FIGURE 1: The pathways of the Contaminants of Emerging Concern SATPASHAIOUME BELLIECTBA Bbi3bIBAHOLIME PACTYLLYK) O3ABOYEHHOCTE

370 NpMpoOaHbIe/ MCKYCCTEEHHBIE XMMUIECKHE BelyecTBa

W MAaTepuankl, oT (hapMaLeETHYeCcKuX NpoayKToR
A0 3arpA3HUTENei OpraHMYeckoil NPOMEILLTEHHOCTH,
Hanpumep yCTOWYMBRIE K aHTUDWOTHKaM DakTepui.
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WATER & FOOQD
CECs moryT Bbim B BogE M MHLLE,

KaTopsie Mal noTpebaem.
ORM NPEACTAANAKT NOTEHLMANBHYID ONACHOCTL

DRINKING WATER

1118 NHOAEN 1 OKDYHBIOWEN COELH.

J t{ RECREATIONAL WATERS

Water JPI, AHanutndeckas 3anucka, 22 oktadpa 2018 r.
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PapmaueBTUYECKUE NpenapaThbl

-H-80 $apMALIEETHYECHHK
NPENapaTos, 0fHapyHEHHBIX B
MOBEPXHOCTHBIX, NOAIEMHBIX,
BO/ONPOBOAHLIX, MHTEEBLIX BOAAX.

0or no data




PapmaueBTNYECKME NpenapaThbl b pid

rMAoOBbLIE TEMNBI POCTA
GAPMALEBETMYECKOW OTPACAH

%
— MPoOIMHOIMPYERMEIE TEMMMN Bl POCT A
mAPMALlEETH'-IECﬁUﬁ OTP&ACIM:
8,5% B MO0 K 2022 MDAy,

A03b1 NPH NEPOPANBHOM BEEOEHWK

AKTHEHLIE *APMALEBTUYECKME
WHIPEIMEHTbI BRIBOOATCA B BWAE AKTMBHbLIX BELLECTE.
ORONC 4000 AKTHEHBI ¢APMALLEETHMHECKHX
MHITPEOWEHTOR BOAATCA BO BCEM MMWPE PAPMALIEBTHHECKME NMPEMAPATH,
B BW/E PELIEMTYPHBIX NIEKAPCTE, BECOMMBIE THIOAM WK MHBOTHBIM,
OTMYCKAEMBIX BE3 PELIENTA, BLIBOAATCA C MOHOR M EKATMAMM, NP 3TOM OT 30 40 90%
TEPAMNEBTWMYECKMX MPENAPATOR NEPOPANBHEIX 03 OBRIMHO BRIBOOATCA
B BIAE AKTHEHEIX BELLECTE.

M BETEPMHAPHBIX MPENAPATOB.

HM3MEHEHHWE KNMMATA YBENWYHBAET
PHUCKE 3ARONEBAHHK

COrAacHo NporHo3asm,
MMAAKMOHE MHOEA BHOBL CTONKHYTCA
C PHCHOM 33PEHEHNA KOMSPaMH ¥ KNeWwam-
B YCAOBHAX M3MEHEHMA KAMMATA. |

AHanumudeckas 3arnucka O3CP rio ghapmauesmuke
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MukponnacTuk B BoAe

Plastic input

W
Degradation
4 Degradation
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Mupoeoe Npon3IBOACTEC NAACTMACC, 1950-2015 rr.

Annual global polymer resin and fiber production (plastic production), measured in metric tonnes per year.

MpoW3BO0ACTEO NEPEWYHLIX NAACTMACC B NPOMBILLNEHHOCTH, 2015 1.
Primary global plastic production by industrial sector allocation, measured in tonnes per year.

World
Packaging 146 million tonnes
350 million tonnes
Building and Construction _ 65 million tonnes
300 million tonnes
Textiles 59 million tonnes
250 million tonnes
Other sectors _ 47 million tonnes
200 million tonnes
Consumer & Institutional Products 42 million tonnes
150 million tonnes
Transportation 27 million tonnes

100 million tonnes

Electrical/Electronic - 18 million tonnes
50 million tonnes

Industrial Machinery I 3 million tonnes
Otonnes
1950 1960 1970 1980 1990 2000 2010 2015 Otonnes 40 million tonnes 80 million tonnes 120 million tonnes

Source: Geyer et al. (2017) CCBY Source: Geyer et al. (2017) CCEY



MukponnacTuk M

PacnpocTpaHeHHOCTE MUEDONAACTHKA B TPONMYECKUX PervMoHax THXOro oKeaHa
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Number of microplastics per cubic meter (N/m?)

2020 2030 2050 2100

B Forecast Source: IAEA, 2020
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Plastic particles kg (d.w.)
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HensBecTHbIe NCTOYHUKU 3arpA3HeHUs

McTouHMEW 3drpA3IHeHKMA
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MOHWUTOPWUHI OPUEHTUPOBAHHBLIA HA PELLIEHME




BbunoaHanuns gna KoMOUHMpoBaHHbLIX 3hdeKToB
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= Beta-estradiol (50- | = 0,001 & | =@ ugl«
18.7) &
© 28-2) =
= 4-coepnHeHus—
© I * Bisphenol A <~ = 0,01 = pg/l <
—
g k]
= | ZI = PFAS < = 0,10 < = pg/l ¢ | = PFAS' means each individual per- and polyfluoroalkyl
'(C; | % substance (chemical formula: CnF2n+1-R). &
© =
© - “ . " ' .
o | = PFASs - Total < = 0,50 < = ug/l ¢ | = PFASs Total' means the sum of per- and polyfluoroalkyl
% substances (chemical formula: CnF2n+1-R). @
Watch list of substances for Union-wide monitoring as set out in Article 8b of Directive 2008/105/EC
Name of substance/group of CAS number () EU number (%) [ndicative Maximum
substances analytical |acceptable method
method () detection limit
A (ng/T)
letaflumizone 130068-40.3 l604-167-6 brerc. |ss Tab. 10: List of substances proposed for the first Voluntary Groundwater Watch List
18-MS
PE—LC?I Substance Name e Acronym Sub-group
15-MS substance
Amoxicillin 26787-78-0 248-003-8 PE-LC- | Perfluorododecanoic Acid (L) PFAS PFDoA PFCAs
1S @S
- Perfluoroundecanoic Acid (L) PFAS PFUnA PFCAs
[Ciprofloxacin 721-33 o 1 [P] -
is¥s
- L] -
ulfamethoxazole () 723-46-6 211-063-3 J:PSE_\LI(S._ 100 Clopidol Pharmaceutical
[Trimetheprim (%) 738-70-5 PE-LC- 100 Crotamitn‘ ,- g g g PhErmEceUtrcal N~
e 29) eHAHEHIN
Jenlafaxine and 03413-69-3 PE-LC- 6 N
I0-desmethyIventafaxine (%) 03413-62-8 1S-MS Sulfadiazin Pharmaceutical
4zole compounds () PE-LC- Primidone n Pmaﬂa
1S-MS Sotalol ‘ Phffmaleutial
[Clotrimazole 23593-75-1 245-764-8 20 -
Fluconazole 86386-73-4 1527-306-0 250 Ibuprofen Pharmaceutic
llmazalil 35554-44-0 252-615-0 300 Erythromycin Pharmaceutical
[pconazole 125225-28-7 603-038-1 44
fetconazole 125116-23-6 l603-031-3 20 Clarithromycin Pharmaceutical
ficonazole 22016-47-8 245-324-5 200
[Penconazole 66246-88-6 [266-275-6 1700
Prochloraz 67747-09-5 D66-994-5 161 Further candidates
[Tebuconazole 107534-96-3 H03-640-2 240 4:2 Fluortel I hats ter (S) PFAS 4:2 monoPAP monoPAP
[Tetraconazele 112281-77-3 407-760-6 1900
- Perfluorodecyl Phosphonic Acid (L) PFAS PFDPA PFPAs
[Dimoxystrobin 140061-52-4 604-712-8 PE-LC-  [32
15-M5 Perfluorooctyl Phosphonic Acid (L) PFAS PFOPA PFPAs
0 3 -57-3 3-520- LC- 3
framoxadons 13180757 003-520-1 [PSE\LIE - 6:2 Fluortelomerphosy noester (S) PFAS 6:2 monoPap monoPAP




Cnocobbl oTyncTKM: PapmaueBTUYECKMe npenaparTbl

Treatment process Technology

Implementation with
regards to main treatment
Integrated Fallowing

Ultra filtration (UF)

—»|

—

1

Rewverse asmosis (RO)

Physical D-I

Mano filtration (MF)

N

i

Ozonation (03] ] « | ¢ ]
Oxidative
Advanced oxidative processes [A0F) I I .
— , |
Biological/ |—>| Biologically active filter (8A%) | } R
enzymatic |—p-| Enzymes (Enz) |—| . .

—»|  Pulverised activated carbon PAC)  ——  »

1 1

Adsorptive ';-I Granulated activated carbon (GAC) I

]

N

Biochar activated carbon (BAC) |—| L]

11

—p-l PAC-UF |—| . . |
Combinations _'I _ I :I
- UF-2AF(GAC) | I .

Ready to implement

L,

BAC for PAC/GAC in above

—{ -

1

[] - before 2018
- after 2018

WL Swedish Environmental Research Institute

Treatment technology/combination

Os-

BAF UF-BAF
Pharmaceutical UF! GAC PAC2  BAF 0s* PAC-UF (GAC) (GAC)
Azithromycin - (+++) +++ ++ + +H -+ +H
Ciprofloxacin - +++ ++ ++ ++ ++ +++ ++
Clarithromycin - (+4+) (+++) (+++) (+) (+++) (+++) (+++)
Diclofenac - +++ +++ +++ +++ +++ +++ +++
E2 (17B-estradiol) - +++ +++ +++ +++ +++ (++4) +++
EE2 (17a-ethinyl estradiol) - +++ +++ +++ +++ +++ (+++) +++
Erythromycin - (+++) (+++) (++4) (+) (+++) (+++) (+++)
Ibuprofen - +++ +++ +++ ++ +++ +++ +++
Carbamazepine - +Ht +++ ++ ++ +H -+ +H
Levonorgestrel - (+++) (+++) (+++) (+++) (+++) (+++) (+++)
Metoprolol - +++ +++ +++ +++ +++ +++ +++
Oxazepam - +++ +++ +++ ++ +++ +++ +++
Propranolol - +++ +++ +++ (+++) +++ +++ +++
Sertraline - +++ + +H ++ + ++ +H
Sulfamethoxazole - +++ +++ +++ +++ +++ +++ +++
Trimethoprim - +++ (++) +H+ +H+ (+4) ++ +H+

- = No treatment; + = 0-<20%; ++ = 20-<80%; +++ = >80% removal efficiency; ( ) = Expected efficiency based on the

substance’s properties and the technology’s treatment mechanism.



CnocoObl OTYNCTKWN:
PapmMaleBTUYECKUE NpenapaThl

Treatment technology/combination

Os;-BAF  UF-BAF
UF GAC PAC  BAF 0; PAC-UF  (GAC) (GAC)
Hanexmas ometka | © ® ® ® ® © ® ®
ﬂpOBEpEHHbIE TEXHONIOTUK ] i ] ] ) i ] i
© © © © © ©1 © &1
Tpe0yeTcq HeOOMBIIOH MOHHTOPHHT ® ® ® ® & ® e ®
be3 I1Cn0Mb30BaHNA APYryiX TEXHONOTHi ® ©? @3 @2 @2 ® @2 ©
CoOTEEeTCTEYIONIHIL pasMep 00beKTa| No restriction
TpebyeTca Mano mecTa ©/04 & ©/O4 ©/©4 © ©/©4 © ©/®4

ooy
=) =

© = Positive reply; © = Neither positive nor negative; @ = Negative reply.



CnocoObl OTYUCTKMU:
MukponnacTuk
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Membrane fouling

Flocs

QDPDOEKTUBHOCTb
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Wastewater treatment processess

B "||i o

To interfere with the disinfection
process by protecting bacteria or
consuming disinfectants.

'lllA

Primary + membrane bioreactor
Microplastics e Ty i g R e P P e e )

Aﬁﬂ 2 u.ﬂ

| (53] [

Domesﬁc vl-nstwmert | |

Removal efficiency
f—
0.4 particles/L

Removal efMiciency

2.6 particles/L

Removal efficienc

5.9 particles/L.

b A

Primary + secondary + biological aerated filter (tertiary)

Remova 5

13.5 particles/L.

U

N

NcTouHuk: https://doi.org/10.1016/j.chemosphere.2020.126612
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MBR

Koarynsuus

_ Ancop6uusi GAC /
“PAC
0,/ BAC

MF / UF

NF /RO

XnopupoBaHue

XrnopaMmuHupoBaHue

Y®-gesvHdekuus

O30HMpoBaHue

Yo /4,0,

Opyrne AOTT
(Hanpumep,
doTokaTanms)
SAT

dunbTpaums Ha
Gepery peku

lMocTpoeHHbIe BOAHO-

0OOnOTHbIE yroabsa

YpaneHue
nuTaTesibHbIX
BellecTB

Huako/ Bbicoko

Huakuit

Huskuit

Huskuit

Huskwii / cpepHuin

Huaknit

Beicokas (N, P)

Huakuii

HeTt / HeaHaunTensHo

HeTt / HeaHaunTensHoO

Huakuit

HeT / HesHaunTensHo

HeT / HeaHaunTensHo

Huakuit

Huakuit

Huakuit

YnaneHnue TSS

Bbicokuit

Bblcokuit

Bbicokuit

Huakuit / cpearuii

CepeauHa

Boicokuit

Huaknit

Het / HesHaunTensHo

HeT / HesHauuTensHO

HeT / HesHauuTensHO

Huakwit / cpepgrnin

Het / HesHaunTensHo

HeT / HesHauuTensHO

CepeauHa

CpepHe BbICOTbI

CepeauHa

Ypanenue TDS

Hert /HesHaumnTensHo

HeT / HesHaunTensHo

Hert / HeaHaunTensHo

HeTt / HeaHaunTensHo

HeTt / HeaHaunTensHo

HeTt / HeaHaunTensHo

Bbicokuii

HeT / HeaHaunTensHo

HeTt / HeaHaunTensHo

HeTt / HeaHaunTensHo

HeT / HesHaunTensHo

HeT / HesHaunTensHo

HeTt / HeaHaunTensHo

Huskuit

Huakuit

HeTt / HeaHaunTensHo

NcToyHuk: https://doi.org/10.1016/j.coesh.2018.02.003

YnaneHue
onacHbIX
MUKpPOOpT.

Cepeaguna

Huakwit / cpeaHmit

Hwskuit / cpeanuii

Huskuit

Huskwii / cpeaHuin

CepeauHa

Bebicokuii / cpeaHwii

Beicokuit / cpeHui

Huskwii / cpeaHuin

Bbicokuii

Bhbicokuin / cpeaHuii

Boicokuit

Bbicokuii / cpeaHnin

Huskuit / cpeanuii

Huakwii / cpeaHmnii

Huskuit / cpeanuii

YpaneHue

mMeTansnoB

HeT / HesHauuTensHoO

Het / HesHaunTensHo

Bbicokuit

Huakuit / cpearmii

HeT / HesHauuTensHO

HeT / HesHauuTensHO

Boicokuit

Het / HesHaunTensHo

HeT / HesHauuTensHO

HeT / HesHauuTensHO

Het / HesHaunTensHo

Het / HesHaunTensHo

HeT / HesHauuTensHO

Huskwid / cpeparuin

Huskwid / cpeprnin

Huskwid / cpeparmnin

Ynanenue LUK

Huaknit

HeT / HesHaunTensHo

Hert / HesHaunTensHo

Hu3ako Bbicoko

Huako Bbicoko

Hert / HesHaunTensHo

Bbicokuit

Hwakwia / cpephmnin

Huaknit

Huaknit

Bblicokuit

Bblicokuit

Bbicokui

Huakuit / cpepruii

Huakwid / cpeparnin

Huakuit / cpeprmii

OcTatku n/ vnu
nob6oy4HbIe
NpPoAYKTbI

Ocapok

Bopa ans o6paTHoi NpoMbIBKM

Bopa v wnam obpatHoii
NPOMBIBKM

WcuepnaHHeii GAC / PAC

OrpaHnyeHHble N0BoYHbIe
npoaykTbl Gnaropaps BAC

Bopa ans o6parHoi NpoMbIBKM

KoHueHTpat

Mo6oyHble NpoAYKTHI (Hanpumep
THM, HAA)

Mo6oyHble NpoAyKTbI (Hanpumep
HAA, NDMA)

Hert / HeaHaunTensHo

Mo6ouHble NpoAyKThI (Hanpumep
6pomat, NDMA)

Mo6ouHble NpoAYKTLI (Hanpumep

npoAayKTkl npeo6pasoBaHusi CEC

Mo6oyHble NpoayKTl (Hanpumep
npoaykTsl Nnpeobpasosanns CEC

Hert / HeaHaunTensHo

HeT / HeaHauuTenbHO

Buomacca

HaBbiku
onepartopa

Huaknit

Huakuit

Huaknit

Huakuit

Huskui / cpeprwii

Huaknit

Huskui / cpeprwii

Huakuit

Huskui / cpeprwii

Huskui / cpeprwii

CepeauHa

Huakwin / cpepgruin

Husko BbICOKO

Huakuit

Huakuit

Huakuit

OTHoCcuUTenbHasa

CNOXHOCTb
TexXHoJsiorum

Huskuit / cpeanuii

Huakuia

Huzkuit

Huskuit

CepeauHa

Huakuii

CepeauHa

Huakmiz

Huakuii

Huakuii

CepeauHa

CepeavHa

Bbicokuit

Huzkuit

Huakuia

Huzkuit

ﬂpOLI,ECCbI OYUCTKN. yaalieHue 3arpAaA3HArLWLnX sBewecTB, OCTAaTKOB, NOoOOYHbIX NPOAYKTOB,
NMPUMEHUMOCTb U 3aTpPaThbl

B |

YpoBeHb 3penocty CTonmMocTb

TexXHonormum

CpepnHeit BbICOTbl

3bICOKMIA

3bICOKMIA

3bICOKMIA

-uskui / cpeaHwii

3bICOKMIA

3bICOKMIA

3bICOKMIA

3bICOKMIA

3bICOKMIA

3bICOKMIA

3bICOKMIA

Huakuit / cpearmii

CepeavHa

CepeavHa

CepeavHa

(kanutan + O&M)

CpeaHeit BbICOTbI

Huakuia

Huzkuit

Cepeauna

CpefHel BbICOTbI

Huakuii

Bbicokuii

Huakuiz

Huakuii

Huakuir/

CepeauHa

CepeanHa

CpeaHeit BbICOTbI

Huakuit

Huakuia

Huakuit
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