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regime of water flow in the downstream. The basis of the research is a system of differential equations
that describes the non-stationary mode of water flow at ponds conjunction of hydraulic structures.
There is given a structure determination of the water oscillatory movement at pools conjunction.
The hypotheses analysis of the various forms formation of the flow free surface, as well as conditions
for the hydraulic jump formation in the channel of the water flow is given. Five hypotheses were
marked that determined the energy loss of the water flow in the hydraulic jump at the conjunction
of pools of hydraulic structures. According to the results of the analysis, there was established
the presence of the oscillatory process formed by the open volume of water mass.The asymptotic
method is given for calculations in the area of extreme parameters as the most effective one. There
is given an assessment of the stability of the solution of the differential equation describing stationary
nonlinear oscillations in the downstream according to A.M. Lyapunouvtheory. The theory describing
the oscillatory nature of water movement is based on the Balthazar Van der Paul equation.
The qualitative analysis of the Van der Pol equation made it possible to determine the factor that
influences the formation of the oscillatory motion of water flow. The results obtained allow obtaining
reliable engineering solutions for calculating the parameters of the oscillatory movement of water flow

based on the asymptotic methods.

Oscillatory regime of water flow, depth of flow, period of oscillation, conjugation of pools.
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NOBbILUEHUE 3KOJIOTMYECKOWN BEE30MNACHOCTU
NMPU NPOBEAEHNN PABOT MO 3KCIJTYATALUU

NPUPOAOOOXPAHHbLIX COOPY)KEHUU HA BOOOCBOPAX PEK

Paccmompernvr  6onpocvt  sxosnioeuueckoil  6ezonacnocmu  hpu  nposederuu  pabom
no JIKCNAYAMAUUL U B0CCMAHOBJICHUI0 NPUPOOOOXPAHHBLX COOPYXHCEHUL HaA 6000cHope pexu
Aysza. Bbuio npoaHanu3uposano akoi02uueckoe CoOCmosHue NPUPOOOOXPAHHBIX COOPYHCeHUT

@
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U cocmasieHa KJAACCUPUKAUUS IKCNILYAMUPYEMbLX COOPYHCEHULL C YyUemom HebOIa20NPULMHbLX
MexXHO2eHHbLX 6030elicmeul. Buvinoanena KJIACCUPUKALUSL IKCNJILYAMAUUOHHBLX
U B80CCMAHOBUMENIbHLIX pAbom no YPOSHI MEXHO2EHHOL ONACHOCMU U JIOKAJU3QUUL,
U npeocmasJsieHa CmpyKkmypa aampam Ha obecneueHue 6e30NACHOCMU B8bINOJIHACMbLX pabom.
s  noswviwerus axos02uvecKkoll Oe30nacHoCcmMU  NPU  IKCNJYAMAUUU  NPUPOOOOXPAHHBLY
coopydceHull 6bil pazpabomar U NPuMeHeH KOMNJCKCHbII no0x00, BKJIOUAIOW UL 80NPOCHL
bezonacHocmu NPU IKCRJAYAMAUUU U B80CCIMAHOBJCHUL NPUPOOOOXPAHHBIX COOPYHCEHUL,
nPUMEHACMbLX OJIS OUUCMKL NOBEPXHOCMHBIX 800 C YUemOoM 0XPAHb. mpyoa u bezonacHocmu
pabom, nposoOUMbBIX HQA IKCRJLYAMUPYEMbLX CcoopyxceHusax. Jlna paccmampusaemozo
obvexma nposedeHo 0600UleHUe U 8bINOJIHEHA CMAMUCMUYECKAs 00pabomKa pe3ysibmamos
uccaed08aHUll. N0 HEOIALONPUAMHbIM 8030€liCMEUAM, ONACHLIM U IKOJI02UUECKU 8PeOHbLM
MexXHO2eHHbLM PAKMOPAM NPU IKCNAYAMAUUL U 80CCMAHOBJICHUL PASJIUYHBLY COOPYHCCHULL.
Buinoninena ouenka Kauecmea cOPOCO8 NOBEPXHOCMHDLIX CMOUMHBIX 800 U dPhPherKmusHocmu

OYUCMKU NOCMYNAULUX HA COOPYHCEHUS NOBEPXHOCMHbLX CIMOK08 no 006006ueHHoMY
nokazamesilo  HeOIA2ONPUAMHO20  IKOJI02UYECK020  8o3delicmeus. Jns — nosviuernus
u obecneuenus IKOJI02UYECKOL 6GesonacHocmu  pa3pabomaHa Ccucmema 680000XPAHHbLX

meponpusamuli Ha e6odocbope pexu AAyza u O0aHbL peKOMEHOAUUL NO OP2AHU3AUUOHHBLM

meponpusmuam 6 coomaeemcecmaeuu ¢ COBpeMeHHbIMU mpe()'oeaHuﬂmu.

Besonacrocms, sxcniyamayus u 60CCMaHO8eHUE 800HbLX 005eKMo8; NPUPo000XPAHHbLE
COOPYHCEHUA, OUUCMKQA NOBEPXHOCMHDLIX 600, HE2AMUBHbIE MexXHOocHepHble HAKmMopbL,

80000XPAHHBLE MEPONPUATNUA.

Beenenue. B macrosaiee spems obocTpsi-
eTcsl IIpobiIieMa dKOJIOTHUECKOr0 COCTOSHUSA BO-
IHBIX 00BEKTOB K BOJOCOOPOB MAJIBIX PEK HJIS
MoCKOBCKOr0 permoHa M BO3HMKAET HEOOXOIH-
MOCTb HMX BOCCTAHOBJIEHHSI M PeaOUINTAIIAN
[1, 2]. IloBeimenue sxoJOTHUECKOl Oesorac-
HOCTH TPH SKCILIyaTAIIMX W BOCCTAHOBJICHMI
IPUPOSOOXPAHHEIX MEPOIPUATHMA Ha BOSHBIX
00BeKTaxX ABJISICTCS OOHHMM M3 Hambosee BaK-
HBIX BOIIPOCOB B 00ITEl mpobIeMe 9KOJIOTHYe-
CKOM 0E30IIaCHOCTH OKPYSKAIOIIEH CpeIbl, 0COo-
0eHHO Ha ypPOAHM3HUPOBAHHLIX TEPPUTOPHUIX,
IIJIS KOTOPBIX, KaK IIPAaBIJIO, Pa3padaTeIiBaeTCs
IOJIHOLIEHHAS CHCTEeMa OTBENeHUs U OUYNCTKUA
MOBEPXHOCTHBIX CTOYHEIX BOZ [3, 4, 5]. Ilomo6-
Had CHCTeMa IeHMCTBYeT B mpemesiax r. MoCKBEI
¥ TpeIcTaBJIAeT co00M Pas3BUTYIO KOJLIEKTOP-
HO-PEYHYIO0 CeTb, BKJIIOUAIOIIYI0O B ce0sS BCIO
TUAPOrpadpUUecKyi0 CeTb TOopoaa, YACTHUIHO
3AKJIIOYEHHYI0 B KOJLJIEKTOPHI, ¥ BOIOCTOYHYIO
ceTb, KoTopas oxBarbkiBaer g0 90% Tteppuro-
pum Meramoiuca. lIpoTsaKeHHOCTH BOSOCTOU-
HBIX ceTell B ropoae MocCKBe cocTaBIgeT CBEIIIE
7000 KM 1 ABJISI€TCS OOHOM M3 CAMBIX JJINHHBIX
BOJOCTOYHEIX CeTeH B MHUpPeE, a dyepe3 BOIOCTOU-
HYIO CeTh IOpoia B BOJHBIE 00HEKTHI COpacHIBa-
ercs 1o 500 mutH M? TOBEPXHOCTHOIO CTOKA [6].

J1s obecrieueHnsT 9KOJIOTHYECKOM U TeX-
HOTeHHOM 0e30IIaCHOCTA HeOOXOIUMBI dKCILIY-
aTallMs, PEMOHT M BOCCTAHOBJIEHHE IIPHPOJIO-
OXpPaHHBIX COOPY:KEHMI HA BOJOcOOpax pekK, Ta-
KHX KaK KOJLJICKTOPHL JOYKIeBOM KaHAJIM3AIINH,
BOJIOCTOYHEIE CETH, OTKPBITHIE PYCJIa MAJIBIX
PEeK M PyubeB, BOIOEMOB, OUMCTHELIE M IPYTHe

&

IIPUPOIOOXPAHHEIE THUIPOTEXHUUYECKHE COO0PY-
SKEeHUSA, a TAaKKe OKOJIOTMYECKUN KOHTPOJIb
KavecTBa IIOBEPXHOCTHBIX CTOKOB M BOIBI B BO-
OHBIX 00BeKTax. PasgBuTue moskaeBol KaHAIH-
3allM UIET IIOCTOSHHO, 0COOEHHO IIOCJIE IIPH-
coenuHeHUA K MOCKBEe HOBBIX TEPPUTOPHIL.
[Ipu sToM mpoBOOWTCS IIOCTOSTHHAS OIIEHKA
COCTOSTHMSI BOJOCTOYHEIX CeTeM M APYTUX IIPH-
POIOOXPAHHEIX COOPYIKEHUIM, KOTOPhIE TPEOYIOT
HAIJIEKAIIEr0 COMEPsKAHNSI M PerJaMeHTHOMN
OKCILIyaTAIlMU [JIsI 00ECIeUeHUsT JKOJIOrHYe-
CKOM M TeXHOTEHHOI 0€30IIaCHOCTH KaK JIJId T0-
pona, Tak ¥ IpHU IPOBEedeHNH CAMHUX PaloT.
Bcenencreue  Gosbimoro  pasmoobpasus
IIPUPOIOOXPAHHEIX COOPYYKEHMH M BHIOB pPa-
00T II0 MX SKCILIyaTAIlMM M BOCCTAHOBJICHMIO
Ha BomocOOpax pPeK, KOTOPhIE BBIIOJIHIIOTCS
B PA3IMYHBIX JIOKATHU3AIMAX — HA BOJIE, IO BO-
oI, B KOJIOOIIAX, KaMepax 3aMKHYTOr0 THUIIA,
HA OUMCTHBIX COOPY:KEHHUIX, HA BOI0OCOOpE PEKI,
HA3eMHBIX BOJOHAIIPABJIAIOIINX, BOLOCOOPHBIX,
0OeperoyKkpermTe/IbHBIX, IOMIOPHBIX M OPYTHUX
COOPYIKEHUAX, HEOOXOOMMO PACCMOTPEHHE Ta-
KHMX BOIIPOCOB, KAK IIPOBEIeHNE aHAIN3a U Pas-
paboTka KIaccupUKAIIMI COOPYKEHUN U BUI0B
paboT II0 SKCILIyaTAIIMM M BOCCTAHOBJICHIIO
10 KATeropusaM 0e30IIaCHOCTH, TUIIAM OOCITYKH-
BAeMBIX COOPYYKEHMH M BHOAM HeOJIATOIPHAT-
HBIX BO3IEMCTBHUM, OIIACHBIM M BPEIHBIM TEXHO-
reHHBIM (paxTopaM. PaccmaTprBaeMbie BOIIPO-
CHI TIOBBIIIEHHUS] 3SKOJOTMYECKON 0e30IacHOCTH
IIPH SKCILIyATAINN 1 BOCCTAHOBJICHIH IIPHPOJIO-
OXPAHHBIX MEPOIPUATHM HA BOOHBIX 00BEKTAaX,
BRJIIOYAIOIINE aHAIN3 JUHAMUKNA ABAPUHAHOCTH
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IIPH IIPOBEAEHUN PadOT 1 KOMILIEKC BOJIOOXPaH-
HBEIX MEPOIPUATUMN, SBJISIOTCI AKTYAJIbHBIMUI
BOIIPOCAMU M IIPEICTABJISIIOT OCOOBIN HMHTEpec
JIJISI CIIEIIMAJIMCTOB B 00JIACTH SKOJIOI'HHU, IIPHPO-
IIOIIOJIb30BAHMS M TEXHOC(HEPHOI OE30IIaCHOCTH.

Meroael u pes3yabpTaThl KCCJIEOOBA-
Huil. O0BEKTOM MCCIICIOBAHNN SBJIAINCH IIPH-
POIOOXPAHHEIE COOPYSKEHMA HA YYACTKE BOIOC-
oopa pexn fAdysa or KpacroboraTeipcrkoro mocra
mo yymipl BepesoBas asumess ropoma MOCKBEL
Jiis1 crcremMaTH3aIy BOIIPOCOB 0OE30IIACHOCTII
IIPH BHITIOJIHEHI PA0OT I10 9KCILIyaTALIAN 1 BOC-
CTAHOBJICHUIO IIPHUPOJOOXPAHHEIX COOPYSKEHIIA
HA TIpHUMepe JTAaHHOTO 00BheKTa Obljla BHITIOJIHE-
HA KJIACCHU(PUKAIIAS COOPY KEHHI, HA KOTOPBIX
BEIYTCSI BOCCTAHOBHUTEJLHBIE paOOThI. AHAIN3
IOKA3aJI, UYTO CYIIECTBYIOIIE OYKCTHBIE COOPY-
SKEHMS MOYKHO HOOPA3Ie/INTh Ha IISTh TUIIOB:

* OUHCTHBIE COOPYYKEHHS MEeXAHUIECKOMN
OUHMCTEH (IIPYIBI-OTCTOMHUKH, COOPYKEHI Ka-
MEPHOI'0 THIIA, IIECKOJIOBKH, IIIUTOBLIE 3arpa-
SKITCHUS);

NPUPOAOOBYCTPOWUCTBO

* TOHKOCJIOMHEIE OTCTOMHUKM;

* OUMCTHBIE COOPYKEHMS TVIyOOKOM OYMCT-
KW,

* TPYIIIIOBBIE OUMCTHBIE COOPYIKEHMUS C pe-
areHTHOM OYMCTKOM;

* (pMIBTPOBAIBHEIE OUHCTHEIE COOPYIKe-
aus (OOC).

Cobop m aHa/mMm3 MH@POPMAIIMUA BBIIIOJI-
HSJICS II0 YTBEePKIeHHBIM mHCTpykimaM ['YII
MBC 3a mepuos ¢ 2004 mo 2016 rr. [7].

JlJ1s pelreHus BOIIPOCOB 9KOJIOTHYECKOM
OesomacHOCTH OBLI paspadoTaHa KiIacCrpUKa-
LU IPUPOSOOXPAHHEIX COOPYKEHNM 1 BEIIIOJI-
HAEMBIX paboT II0 CTEeIeHHW OIIACHOCTH, Bpel-
HBIM T€XHOTeHHEIM (paxTopaMm (Tabi. 1).

Kax Bummo m3 TabOIHIBI, HIPH SKCILIY-
aTaly COOPYJKEHHM II0 OYMCTKE II0BEpX-
HOCTHBIX BOJ MMEEeTCS OIIACHOCTh KOHTAKTAa
C BOIOM OT yMEPEeHHO 3arpas3HeHHOM (KJac-
cbl 3, 4) 10 I'PSA3HOM K YPE3BBIYAMHO 3arpas-
HEHHOM 110 MHTerpaJIbHOMY OKAa3aTe 0 Kave-
cTBa BOAHI (KJIaccel 5, 6, 7).

Tabmuma 1

O4ucTHBIE COOPY:KEHUS IOBEPXHOCTHBIX BO/T
¥ [IOKA3aTeJIb He0JIATONPUATHOIO BO3IEMCTBUA 10 KAYECTBY BOJIbI

No Twun coopyxeHns

HIIKO__*

Kace rauecrBa BombL

1T

IIpymsr-oTcToHuKNT

21...50 6osee 10

7 — upe3BBIYANHO I'psA3HAA

Coopy:xeHns KAaMEPHOT0 TUTIA

19...46 6osee 10

7 — Upe3BBIYANHO IpsA3HAT

ITeckosoBku

60...120 6ostee 10

7 — Upe3BBIYANHO IpsA3HAA

33...64 6osee 10

7 — Upe3BBIYANHO TpsA3HAT

ToHKOCTIOMHBIE COOPYIKEHUS

6,6...12 oT 6 1o 10

6 — oueHb T'pA3HAS

1
2
3
4 |[IuToBbIe 3arpaskoeHUsa
5
6

TOHKOCIOMHBIE COOPYIKEHUS
¢ OMOTEeXHOJIOTHEH (IMXOPHUS)

2,1...70or 2 mo 4

4 — 3arpsa3HeHHAas

7 |Coopy:renus riayboroit ounctru (DOC)

0,8...3,5

3, 4 — 0T yMepeHHO-3aTpPA3HEHHOHN
JI0 3aTpA3HEHHOMN

3 Tl'abuonHbIe PHUIBTPAIIMOHHBIE
COOPYsKEHHUS ¢ OHOILIATO

1,1...6,4

3, 4, 5 — 0T yMepeHHO 3arpsI3HeHHONI
0 TpA3HOU

*I/IHROW — WHTETPaJbHBIN MOKA3aTeJIb KaueCTBa BOJIBI

Brimosimen amasnms m cocraBieHa Kjiac-
cuUKAIINS BUI0B PAa00T, IPOBOAUMEIX HA JKC-
IJIyATUPYEMBIX COOPYKEHUIX, KOTOPAas IpHUBe-
JeHa Ha pucyHKe 1.

JlaHHEBIe 110 9KOJIOMMYECKOM 0e30IacHOCTH
¥ TEXHOI'€HHBIM (PaKTOPaM, KOTOPEIE BOSHIKAIOT
IPH OKCILIYATALIAN PA3JIMYHBIX BHUIOB IIPHPOI0-
OXPAHHBIX COOPYKEHIH, 0000ITIEHEI B TA0IHITE 2.

Anaym3z TabmIpl 2 MOKA3BIBAET, UTO IIPH
OKCILIyaTALIAH IIPYI0B-OTCTOMHIKOB HAOIIOIAI0T-
s CJIEMYIOIIHEe BHIbI OKOJIOMMUYECKIX OIACHOCTEH
¥ BO3MOXKHBIE PHCKH HETATHUBHBIX ITOCIICICTBIIA:

* IOBBIIIEHHAS KOHIIEHTPAIINS BPEIHBIX
BEIIECTB B BO3IYXE;

* IIOBBIIICHHAS 3aTa30BAHHOCTE BO3YXA;

* ormacHbIe (paKTOPHI B3PHLIBA Ia3a;

Ne 1° 2020

* TIOBBIIITEHHAS BJIAYKHOCTD BO3IyXa;

* TIOBBINIIEHHAS TEMIIepaTypa BO3IyXa;

* OmosToTHMUYecKHe (PAKTOPHI;

* Bpallaoiuecs 4acTu 000pyI0BaHUS.

[Tpu srcryaTaruu COOpysKeHUI Kamep-
HOTO THUIIA TTPUCYTCTBYIOT OITACHOCTA KOHTAKTOM
¢ TIapoM, aTPEeCCUBHBIMU BOIAMH; 3aTa30BAHHO-
CTH; TIOBBIINIEHHBIX TEMIIEPATyp Y BIIAMKHOCTHU
Bo3ayxa. JJ1d IIUTOBBIX 3arpaskIeHni OIIaCHBIM
SIBJISIeTCSI BpPEMEHHOe HAaKOIUIEHWE KasKIoro
BHJIA OTXOJIOB IIPOM3BO/ICTBA U TIOTPEOJIEHUS, TI0-
TEHITMAJIHFHO OITACHBIX JIJISI CPeIbl OOMTAHUS Je-
snoBeka. lIpu skcruTyaTarmu QUIBTPOBATIBLHBIX
U JPYTHUX OYUCTHBIX COOPYIKEHUEI CYIIIECTBYIOT
OITACHOCTH, CBSI3AHHBIE C JIEKTPOTOKOM B CJIydae
TIOBPEIKIEHUS  9JIEKTPOCETEN, OrHEOIaCHBIMU
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¥ TA30BO3IYIITHBIMHU CMECSMH, a TAKIKE OTPaBJIA-
IOIIMMHU BelllecTBaMu (MeTaH, CBeTUJIBHBIM Ias,
CEepOBOIOPO, CEPHUCTHIA AHTHUIPHI, AMMHUAK,
XJIOp U 1p.), IOBHIIIeHHBIM IrymoM. [Ipm pabo-
TaX HA Ta0MOHHBIX (PHJILTPYIONIMX OYMCTHBIX
COOPYKEHUSIX OIIACHOCTH CBSI3AHBI C MATEpPHA-
JIAMH, M3 KOTOPBIX U3TOTABIUBAIOT COOPYIKEHIS.
B wumeroruxes Ha paccMaTpUBaeMoOM  ydacT-
K€ PEKH COOPYIKEeHHUSX KCIIOJIb3yeTCs TOTOBBIN
OeToH (eCKO0ETOH), COCTABJIAIONINE KOTOPOI'O
II0 OTHEJIBHOCTH BPEOHO AEHMCTBYIOT HA Opra-
HI3M YeJioBeKa (LIEMEHT, N3BECTh, CIIeINAJIbHbIE

nmobaBku u ap.). [Ipwm sxcmTyaTaitnu mecKoJI0BOK
OTIACHOCTh MOTYT MPEICTABJISATEH JBUKYIIIHECS
MAIIUHBEI ¥ MEXaHU3MBI, YACTH 000pYI0BAHIT;
BO3MOJKHOCTE IIOPAYKEHHS OJIEKTPUUYECKUM TO-
KOM; HEHCIIPABHOCTH OTI'PAKIAIONINX KOHCTPYK-
I; TIOBEHINIIEHHAS 3ara30BaHHOCTH BO3IyXa,
B3PBIBOOMIACHEBIE CMECH; TOPIOYME CMECH, TIOTIaB-
IIe B CTOYHBIE BOJIBI; ITOHU:KEHHBIE TEMIIEepa-
TYPBI; IIOBBIIIIEHHAS BJIAKHOCTH BO3TyXa; IIOBBI-
IIIEHHBIN YPOBEHb IIIyMa 1 BUOPAIIH; ITOBEIIIICH-
Hasl 3allbIEHHOCTb BO3/yXa ITbLIE00Pa3yIoIy-
MU peareHTaMu; TaTOTeHHbBIE MUKPOOPTaHN3MHEI.

BUbI PABOT HA COOPYKEHUSAX

Il

PaboTel o TeKyIIEMy PEMOHTY

Il

PaboTs! o conmepkaHuIO

®  PEMOHT KOHCTPYKIUH
GeperoykperuieHuit

®  PEMOHT METAJUTMYECKUX
KOHCTPYKLIMI

®  PEMOHT BXOJHBIX U
BBIXOJIHBIX OTOJIOBKOB
®  PEMOHT HEPEIyCKHbIX TPYO

OKpacka KOHCTPYKIHI 1 000py10BaHHs
o0cieoBanne 00bEKTa, B T.4. BOJ0JA3HOE
yOopKa 3epKkaiia BOJbI OT Mycopa
y/laJIeHUE U BBIKALIMBAHUE BOIHOM
PacTUTEILHOCTH

ybopka 6eperos

MOKOC TPaBbl HA OTKOCAX

BBIPYOKa IOPOCIIHN, CYXOCTOSI M 00pe3Ka
KyCTapHHKa

BOCCTaHOBJIEHHE 3€MJISIHBIX OTKOCOB

OCeB TpaB

OYHCTKA MYCOPO3aIePKUBAIOLINX PEIICTOK
yIaJeHHe HACOCOB Y BOJOBBIMYCKA
OYHMCTKA Pyclia OT JOHHBIX OTIOKCHUIT
Morpys3Ka ObITOBOrO Mycopa, 3eJICHOMI
MAacChl CKOIICHHBIX PACTEHUI B
ABTOTPAHCIIOPTHOE CPEICTBO U
TPAaHCIIOPTUPOBKA K MECTY CKJIA[HPOBAHMUS
W YTHIIM3AIHH OTXO0I0B

Puc. 1. Knaccuduramusa suaos padoT, MIPOBOAUMBbIX HA dKCILIYATUPYEMBbIX COOPYHKEHUIX

Tabmuma 2

JlanHble 110 6€301MaCHOCTU ¥ TEXHOT€HHBIM (haKTOpaM /1A Pa3IMIHbIX
NPUPOTOOXPAHHBIX COOPYKEHUN HA pacCMaTPHUBAae€eMOM Yy4aCTKe BOJOCOOpA peKu

HebGnaronpusarueie Bo3meicTBIsA, OIIaCHBIe W BpeIHbIE IIPOU3BOICTBEHHBIE (DAKTOPEI
m . . w | @
® 5 8 e I ® w8 F 5| 8
5 888, 288 |Sa_|SB_ | B, /8 E/% 2. & 5| g¢
Hawnmenosaune CESZ8E| ZER ZOS | EES 24 oS asHE E2gSl o SE
. S | tERE SsE S| cEs 8s8 Z 9 ER| C2E= 538 ¢ S o
coopyzer T EE4Q|ESEF EZF ESY EE ggf goif o Egd F A
= | ZESH8| BeS°|Hso|dDg| S8 | FFx 5SS SEE| x| T8
SEEo| 88F |B857| 835" 9|3 g|g & |§3°% =| 28
EQ o == =1 = = o Ol & g ge g &
2z, < 5 O m ol Q « =
M ® 3 = SHEISS
1. Ilpymer-orcrotiamkm | 45 + + + + — — — —
2. Coopyxrenuns 2 + + + + B + 3 3 B
KaMepHOro THUIIa
3. IMutoBbIie 5 _ _ _ _ + B + + 3 B
3arpaskIeHus
4. OuIbTPOBAJILHEIE
" apyrue ouncTtHbie | 30 + + + + + + - + + +
COOPY KEHUS
5. 'abuonHbIE 39 + _ _ _ B B + + + B
dunpTpyromme OC
6. IleckosioBKHT 18 + + + — + + — + + -



IIpu skcrTyaTanymiu M BOCCTAHOBJIEHUU
IIPUPOJIOOXPAHHBIX COOPYKEHUI Ha paccMa-
TpUBaeMOM ydJacTke peku JAy3wr . MockBHI, CO-
OpY’KEeHUH 110 OYHCTKE ITOBEPXHOCTHBIX BO/I, MO-
JKeT HaOJ0IaThCs OJHOBPEMEHHO HECKOJIBKO
BHUJIOB 9KOJIOTUYECKUX OMACHOCTEH U BPEITHBIX
TeXHOTeHHBIX PaKkTopoB. B mporiecce uccmemo-
BaHU OBLIO0 BBISIBJIEHO 10 OITaCHBIX ¥ BPETHBIX
(haxTOopoB Ha IITECTH BUIAX IKCILITYATAPYEMBIX
IIPUPOTOOXPAHHBIX COOPYIKEHHUIT.

Ecmu paccmaTpuBaTh omacHble BO3IEit-
CTBUSI ¥ (DAKTOPHI IIPU IKCIIyATAIIMH KAaKIOT0
COOPY:KEHMS B BUE pPeaTu3allii HEKOTOPOI CITy-
YaWHOI BEJIMYMHBI, TO K HIM MOYKHO IIPUMEHSATH
MeTo/Ibl MaTeMaTuyecKoi cratucturu. CpeHee
3HAYEeHHNe OIIEHKH IJIs I-10 KpuTepus [8]:

ri = 1rul =1L - 1Lru = riL. (1)

CpenHee 3HaueHHe 7; BEIpaKaeT CyMMap-
HbIe HeOJIarompusaTHbie BoageiicTBud. CTemneHb
COIJIACOBAHHOCTH HeOJIarOIpPUSATHEIX BO3/IEH-
CTBUII XapaKTepH3yeTcs BEeJIWUYMHOM JUCIIEep-
CHH OLICHOK U BHIPAMKAETCI KaK:

NPUPOAOOBYCTPOWUCTBO

Yem MeHbINIe 3HAUECHHUE THUCIIEPCUU, TEM
¢ OoJIBIIEl YBEPEHHOCTHI0 MOYKHO OIHUPATHCS
Ha HalJleHHble 3HAUeHHd 7, OLIeHKHU CTelleHU
BaskHOCTH dacTtHoro kpurepusa F, (X). B xaue-
CTBe Mephl HAJEKHOCTU IPUBEIEHHOMN OIEHKHU

1

o
MOMHO IIPDHMHATH IIapamMeTp ﬂZ—, Ha3bIBae-
T,

o o i
MbIft Bapuanueil. Ilo cpemnemy 3HauveHHIO 1)
PaCCUUTHIBAIOT BECOBBIE KOI(P(PUIIMEHTEI:

3)

— >
iti
Crarucrudeckas 00padboTKa pe3yJIbTaToB
OIIEHOK HeOJIarOnPUATHLIX OMACHBIX TEXHOT€H-
HBIX BO3OEHCTBMU MOMOOHA CTATHCTHYECKOM
00paboTKe pea3yJIbTATOB H3MEpPEeHHi, IIpoBe-
IEeHHOH )1 u3y4yaemMoro oobexra (tadi. 3).
Kax Buamo u3 Tabaumer 3, HAanOOJILIINE
BecOBble KO09QPUITMEHTH TPH OIeHKe Omac-
HBIX TEXHOTeHHBIX BO3MEHCTBHUM M (PaKTOPOB
MIMEIOT JBA BUIA COOPYKEHUN — (PUILTPOBAIL-
HEIE W APYTHe OUNCTHBIE COOPYIKEHM, a TAKMKE
PYObI-OTCTOMHUEKN. J[JIs1 IToATBepKIeHNs I10-
JIyYeHHBIX BBEIBOJOB BEIIIOJIHEHA OIIEHKA Kave-

ol = lZL:( ro_ ;)2 (2) CTBa COPOCOB MOBEPXHOCTHBIX CTOYHEIX TI0 JIaH-
O LFEY geiM ['VII «MocsomocTor» (Tabi. 4).
Tabmuma 3
PesaynbsTaTsel craTucTYE€CKOM 00pPadOTKH
Hammeropanme coopymxesmit Cpentee 3HaveHue ,annepcngi Bapuamms 8, Becosrie
OIIEHKH T;, e]I. OIIEHOK O, i K02 DUITHEHTHI A,
1. Ilpynpr-orcTotHUEKN 0,65 0,054 0,72 0,20
2. CoopykeHnsa KaMepHOro THUIIA 0,59 0,047 0,78 0,18
3. llluToBble 3arpaskaeHns 0,29 0,012 1,14 0,09
L Sumroamme s e | 03
5. 'abuonnsie puaprpyromme OC 0,29 0,012 1,14 0,09
6. IleckosioBKHT 0,59 0,047 0,79 0,18
) 3,23 — — 1
Tabuia 4

Ouenka kavecTBa COPOCOB IIOBEPXHOCTHBIX BOJI

OdderrrBHOCT OcraTouHoe cofepskaHue, Mr/i
No Tun coopy:xeHus yIaJIeHUs TIJIaBAIOIIETO
Mycopa, % B3BEIIIEHHBIX BEIECTB | HePTEIIPOAYKTOB

1 [IIpyabi-oTcTOMHUKT 100 10...15 1,5...2
2 |CoopyskeHnsT KaMepPHOr0 THUIIA 100 12...20 3...8
3 |ITecrosoBKH 70 50...100 10...20
4 |\IlluToBBIe 3arpaskIeHus 90 40...70 5...10
5 | ToHKOCJIOMHBIE COOPYKEHUS 100 8...10 1...2

TourOCTONHBIE COOPYIKEHUST
6 ¢ buotexHoIOTHEH (IFXOPHIIS) 100 8...10 01...1
7 |Coopy:xerus riryookoit ounctru (DOC) 100 2...5 0,05...0,5

l'abuontble PUIBTPAIIMOHHBIE
8 COOPY:KEHUA ¢ OHOILIATO 100 8...7 0.1...1

*
_ 1t pexu Sy3nr cpemmie
IR, mr/m noxasaresm 20...30 mr/ia 0,05...0,3

*IIpessienue He 6ostee 0,75 MI/JI 10 CpAaBHEHMIO € IIPUPOIHOM BOIOM.
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W3 amanmsa JaHHBIX, TIPeICTABIEHHBIX
B Tabsmite 4, MOYKHO ClIeJIaTh BBIBOJ O JIOCTA-
TOYHO BBICOKOU 3(PPEKTUBHOCTH OUYMCTKHU II0-
CTYHAIONIUX Ha COOPY:KEHUS TOBEPXHOCTHBIX
CTOKOB OT I1aBatomiero mycopa — ot 70 mo 100%.
OnmHmako comep:kaHUe B3BEIEHHBIX YACTHIL
B TIOBEPXHOCTHBIX BOJAX HA TAKUX COOPYIKe-
HHUSX, KaK ITeCKOJIOBKHU, IITUTOBBLIE 3arpaskie-
HUS, W HePTEIPOAYKTOB Ha COOPYKEHUIX
(IPYIBI-OTCTOMHUKH, COOPY!KEHUsS KaMepHOTO
TUTIA, IIECKOJIOBKM, IIUTOBBIE 3arpakIeHUd,
TOHKOCJIOMHEBIE COOPY*KeHUSA, TOHKOCJIOWHEIE
COOPY:KEHUST ¢ OMOTEeXHOJOTHEH «IMXOPHUI»)
Bo Muoro pas mpesbimaer [IJIK u TpeGosa-
HUA HOPMATUBOB KauyecTBa, UTO IOATBEPIKIAET
OTIaCHOCTb KOHTAKTAa C OUUIIaeMbIMI Ha COOPY-
JKeHMSIX II0BEePXHOCTHRIMHY Bogamu [9, 10].

Cratbu 3aTpar OpHA  IKCILIyaTAIlUH
OYHCTHBIX COOPYSKEHUH MIPUBEJIEHEBI B BUJIE JTU-
arpaMMbl Ha PUCYHKe 2.

m ®oHp onnaTthl
pyKkosoauTenew,
CMeLumanncTos.

CopepKaHune 30aHNN.
TeKyLWMN PEMOHT 34aHUN.
M 3aTpaTbl No becneyeHunto

6e3omacHOCTM Npu
3KCMN/yaTaLumn COOPYKEHMA.

Puc. 2. CraTeu 3aTpar npu o6ciy:KuBaHUU
OYHCTHBIX COOPY KeHUN

Ananma pucyHKa 2 IOKa3bIBaeT, u4To 3a-
TPAThl IO 00ECIIeUeHUi0 IKOJIOTUIECKO 6e30-
IMACHOCTH TIPU OKCILIyaTAIIUUA ITPUPOI00XPAH-
HBIX COOPYKEHHU Ha BomocOope peKH Ha IpH-
Mepe OOCJIy;KUBAHHUS OYUCTHBIX COOPYKEHUM
COCTaBJIAIOT 7% oT o01Iero doHIA 3aTpaT HJIH
15% ot ¢domma 3apaboTHOM IIJIATHI, YTO COOT-
BETCTBYET YCTAHOBJIEHHBIM TPEOOBAHUSIM.

Brisoanl

1. JI71s1 TIOBBIIIIEHNST 9KOJIOTMIECKOM 6e30-
IMACHOCTH pas3paboTaH ¥ IPHUMEHEH KOMILIEKC-
HBIH ITOIX0/ K BOIIPOCAM 0€30ITaCHOCTH IIPH IKC-
IUTIyaTalli ¥ BOCCTAHOBJIEHUM IPUPOII00XPaH-
HBIX COOPYSKEHHI Ha BOIocOOpe peK Ha IIpuMe-
pe yuactrka pexu fAyssr ot KpacrmoboraTeipckoro
MocTa 70 yauliel bepesoBas asest.

2. BemmostHeHa  KJIacCHUKAIAS — CO-
OpY’KeHUM, I[IPUMEHSEeMBIX JJIA OUYHUCTKN
IOBEPXHOCTHBIX BOJ, BBIIOJIHEH AaHAJIN3
M COCTABJIEHA KJIACCU(UKAIIUSI COOPYKEeHUMA
¥ BHUIOB paboT, IPOBOIUMBIX HA OKCILILyaTHPY-
eMBIX coopy:keHUsxX. lIpoBemensr 0000ITIeHME

&

M CTATHCTHUYECKas 00paboTKa M0 TeXHOT€HHBIM
OIIACHBIM BO3IEeMCTBUAM, OIIACHBIM M BPEIHBIM
daxTopaM IIpH IKCILIyaTAIIAN PA3JIAYHEIX CO-
OpY:KEeHHM Ha pacCMaTpPUBAEMOM yYAaCTKE BO-
mocoopa pexu Ayael. IlpoBemena omeHka Kaue-
CTBa IIOBEPXHOCTHBIX BOJ B PAaCCMATPUBAEMBIX
COOPYKEHHAX II0 O00O0OIMIEHHOMY IIOKA3aTEJI0
OIIACHBIX BO3IEMCTBUIA.

3. BrisiBsieHO mecsaTh OCHOBHBIX HeOJIaro-
IPUATHBIX TeXHOTE€HHBIX BO3JIEUCTBUM M omac-
HBIX ¥ BpeOHBIX (PAKTOPOB IIPH SKCILIYaTALIN
IIECTH BHUIOB coopy:keHuit. CraTmcTrdecKast
00paboTKa pPe3yIbTaToB OIEHOK OIIACHBIX TeX-
HOTE€HHBIX BO3OENUCTBUIM IIOKa3aJja, 4TO Hau-
0oJIBIIINEe BECOBBIE KO(PpPUIIMEHTEI BOSHUKAIOT
IIPU SKCILIyATAIIMH CJIEMYIOIINX BHUIOB COOPY-
SKEeHNI: (DUIBTPOBAJIbHEIE U IPYTUe OYNCTHEIE
COOPYSKEHHA, a TAKIKe IPYIbI-OTCTOMHUIKH.

4. BrimosiHeHHass — OIlGHKA — KavyecTBa
CcOpPOCOB IMIOBEPXHOCTHBIX CTOYHBIX BOJI, IIPO-
BegeHHasa 1o gaHHbBIM ['VII «MocBomocTok»,
IIOKa3aja JJOCTATOYHO BBICOKYI oddeKTHB-
HOCTh OYMCTKM IIOCTYIIAIOIINX HA COOPYIKe-
HUSI TOBEPXHOCTHBIX CTOKOB OT ILJIABAOIIEr0
mycopa (ot 70 mo 100%). Omuako comepsxanme
B3BEIIIeHHBIX YACTHI] B IIOBEPXHOCTHBIX BOZAX
HA TAKHUX COOPYIKEHUAX KAK IIeCKOJIOBKM, IIIH-
TOBBIE 3arpaskIeHus, 1 HepTeIIpoayKTOB Ha CO-
Opy:KeHUAX (IPYIABI-OTCTOMHUKHN, COOPYSKEHMIS
KaMepHOr0 THIIA, MIeCKOJIOBKH, IIIHUTOBLIE 3a-
rpaskIeHnsI, TOHKOCJIONHEIE COOPYKEeHMsI, TOH-
KOCJIOMHBIE COOPY:KEHHSI C OMOTEeXHOJIOTHei
«OHMXOPHUA» ¥ T.J.) BO MHOI'0O pa3 IIPEBLIIIAET
IIJK u TpeboBaHMsa HOPMATHUBOB KAUeCTBA, UTO
B O4YepeIHON pas IOATBEepP:KIAeT BO3MOYKHBIC
OIIACHOCTH IIPH IKCILIyATAIlMKU JAHHEBIX COOPY-
SKeHIH.
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IMPROVEMENT OF ECOLOGICAL SAFETY WHEN CARRYING
OUT WORKS ON OPERATION OF ENVIRONMENTAL
STRUCTURES ON CATCHMENT AREAS OF RIVERS

The paper considers problems of environmental safety during the operation
and restoration of the environmental protection structures on the Yauza river catchment. There
was considered the ecological state of the environmental protection structures and classification
of the operated structures was developed taking into account unfavorable anthropogenic
impacts. Classification of operational and restoration works on the level of anthropogenic
danger and localization was fulfilled, safety costs for the above works given. To improve
environmental safety of the operation of environmental protection structures there was
developed and applied a comprehensive approach including safety problems of the operation
and restoration of the environmental protection structures which are used for the surface water
treatment taking into account protection of labor and safety of work provided at the operation
structures. Generalization and statistical processing of research results of unfavorable impacts
as well as dangerous and environmentally harmful anthropogenic factors during the operation
and restoration of various structures were carried out. The assessment of the quality of surface
waste water discharge as well as efficiency of water treatment was carried out for surface
wastewater structures using a generalized indicator of the environmental impact. To provide
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the environmental safety improvement, a system of water protection measures has been
developed for the Yauza river catchment area and recommendations were given as well as
organizational measures in accordance with the modern requirements.

Safety, operation and restoration of water bodies, environmental protection structures,
surface water treatment, negative anthropogenic factors, water protection measures.
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