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pacrpocTpaHeHus, yBeandeHne pasHoro poxa OMII B MecTax MOCTOSHHOTO MPeObI-
BaHUS YEIIOBEKa.

B P® cucrema cTaHZapTOB 1O 3JIEKTPOMATHUTHOW O€30MaCHOCTH CKIIAIBIBACTCS
3 TlocynapctBennsix ctangapToB (I'OCT) u CanurapHbix npaBun u HopMm (Cal-
[MuH). DT JOKYMEHTHI 1O CBOEH CYTH Pealu3yIOT THTHEHHYIECKOe HOPMHUPOBAHUE
OMII Ha 6aze ycTaHOBIICHUS NpeAesibHO JomycTUMbIX ypoBHel (ITAY) HanpsxEénno-
CTH, YTO HE pelaeT MmpoOiieM perjamMeHTanuu BosaeicTBus OMII ¢ Touku 3peHwst
9KOJIOTHYECKOI OE30MacHOCTH.

KomrutekcHas olieHKa cTereHr HEeTaTUBHOTO Bo3zekcTBus DMII Ha TOPOACKYO
Cpely SIBISIETCS UpE3BbIYAHO CIOXKHOM 3a1adyeil. Pemenue Takoi 3a1a4yu BO3MOKHO
JIMIIb C UCHOJIB30BAaHUEM CHUCTEMHOIO MOJX0/Aa, KOTOPBIA YUYUTHIBAET BCEOOIHOCTU
CBsi3eil B mpupose u 6a3upyercs Ha 3HAHUH OOIIECHCTEMHBIX 3aKOHOB M AWHAMHYE-
CKHX CBOMCTB 9KOCUCTEM, TAKMX KaK YCTOHYUBOCTb, UHEPTHOCTD, INIACTUYHOCTb.

OreHKa CTETeHN HeraTWBHOTO Bo3naedcTBUs OMII momkHa BKIIOYATh OMOTE-
CTHPOBaHME C LENbI0 YCTAaHOBJIEHHS YyBCTBUTEIbHBIX K Bo3aelcTBUI0 DMII snemen-
TOB DKOCHCTEM — OMOWHAMKATOPOB, & TAKXKe ONpe/AeieHus HauOoliee TyBCTBUTEINb-
HbIX 3kocucteM [10].

ITpoBen¢HHBIN aHAIN3 COBPEMEHHBIX HMCCICAOBAHUMN, MOCBIMEHHBIX Mpobneme
BozzeicTBusl DOMII MpOMBIIIUIEHHON YacTOTHl Ha TOPOJICKYIO CPEeLy, MTO3BOJIHII OIpe-
JEITUTh, YTO OTCYTCTBYIOT €IMHBIC METOIWYCCKUE Pa3pabOTKU MO 3KOJIOTHYCCKOMY
HopMmupoBaHMio OMII, a Takke yCTaHOBHTH HEOOXOAWMOCTH Pa3pabOTKH M COBEp-
LIEHCTBOBAHUSI METOJIOB OLIEHKU CTENEeHH HeraTuBHOro BozaeiictBust OMII koHKpeT-
HBIX THIIOB.
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J.T.H., npod. Ceeprysosa C.B., acnupant Unanos . IO.
benzopoockuii eocyoapcmeennulil mexHonocuueckull yHugepcumem
um. B.I'. lllyxoea, Poccus

K BOIMNPOCY O BO3MOXXHOCTHU UCTMNOJIb3OBAHUA MNblJA
ANEKTPOCTANENNABUIIbBHOIO NPOU3BOACTBA
AnA OYNCTKN POCPATCOLOEPXKALLUX BOA

BoaHbie 5K0CHUCTEMBI, B KOTOPBIX YKHBbIE KOMIIOHEHTHI TPEICTAaBIECHBI BOAOPOC-
JISIMH, TIPOCTEHIITUMH | T.JI., KaK MPaBUIIO, OBICTPO PEarupyroT Ha 3arpsi3HEHHOCTS [1].

®docdartel, MOCTyNAIIKE B BOAHBIC 00BEKTHI CO CTOYHBIMHU BOJIAMH, IIPECTAB-
JISIFOT CEPHE3HYI0 YIPo3y UL BOAHBIX YKOCHUCTEM, IIOCKOJIBKY M30BITOYHOE COIepIKa-
HUE (ochaToB B BOAE BHI3BIBACT YCHIICHHYIO 3BTpoduKarmio BoA. OmHUM H3 XyI-
[IMX TOCNIEICTBUI IBTPODUKAIMK SIBISCTCSA BBI3BAHHOC 3TUM ()CHOMCHOM H3MCHE-
HHUE COJEpXKaHWs KUCIIOpoJa B BoAe. | MAPOOMOHTHI HCIBITHIBAIOT CEPHE3HBIC TPY/I-
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Opraneik KazakcTtaHgarsl 3KOJOTHSUIBIK MOCEJENepAiH IMIHAer Cy Macelneci
©KEeNIeH €H MaHBI3Abl OONBIT caHamaabl. AWMaKTarbl CYABIH SKETICIICYIIiTiK
MaceJieci MHIYCTPUUTaHABIPY Ke3iHIe MIenrreH OoJica, CYABIH camachl i KYHTe
JeliH e3ekTi Macenenepnid Karapbeinaa. CoHIbIKTaH Oyl e3eHaepi JaHamadTThIH
Tyrac Oeiri peTiHAe caKTanm Kajldy YVIIiH, OpTYpJli TaOHWFaT KOpFay IIapanapbiH
OTKI3yAl Kaxer ereai [5].

Kapkapaner e3¢Hi axaOBIHAAFBl 3KOJOTHSUIBIK-TEOTpadUsIIBIK  JKaFJaiapant
KaKcapTy MakcaTbhlH/a KeJieci TEeXHOJOTUSUIBIK KOHE CaHWUTAPIIBIK-TEXHHUKAIBIK ic-
Lapanap/pl YHbIMAACThIPFaH JKOH:

Texnonocusnwix ic-wiapanap: ©3€H KaralayblH/1a OpHAIACKaH eI MeKeHIEePIiH
KOpI3IIK >KYHeNepiHiH TeXHMKAaJBIK J>KaFJallblH TEKCEpill OTHIPY; ETIHLIUIK Xep
TeMMIEepl IIeriHmeri jkep OeTi JXoHe JKepacThl CYJapblH THIHAWTKBIIITAD JKOHE
MeCTHLUITapMEH JIacTaHyAaH Kopray OobiHIIa MeMCT TananTapbiH cakray.

Canumapnvik-mexHuKavblK: eijii MEKeHIep ayMarblH, aybll IIapyallbUIbIFbl
HBICAaHAAPBIH CaHWTAPJIBIK TajanTapFa cail ycTay; Cy KOpray aiMakTapbl MeH
Oennmeynepi meriHmeri KeH-KM VHIHIUIEpiH KOI0; Ccy KOpray aWMakTapsl MEH
Oenneynepi ImeriHgeri yHBIMIACTBIPBUIMAFaH KOKBIC KAJJBIKTAPBIH JKOIO; YJIBI
OHEPKACINTIK, OHAIPICTIK jkoHe 6acka Ja KalIbIKTapbl CAHUTAPIbIK TaJlalTapra cai
XKHMHAKTay, TaCbIMaJIIay. 3apapChI3aHabIPY JKOHE KoMy .

MyHpail cy InapyambuIBIK XKQHE Cy KOpFay IIapayapblH jKo0anay »KOHE OHBI
JKy3ere achlpy Kelen JKOHE Y3aK Mep3iMIi Oackapy IMenmnMIepiH KaObuiaayabl
OHTAWJIAHJBIPY MaKcaThIHAA Cy pEecypcTapbl MEH Killi e3eHAEpIiH KopIuaraH
OpTachIHA dcepiH O0IpKayMeH KaTap XKypri3iryi Kaxer.
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B menom pe3ynsTarhl HCCIeAOBaHUS BBIBILIH, 4TO 40% pecroHISHTOB OIICHU-
BAIOT COCTOSTHHE OKPYKAIOIIEH Cpeibl B CBOEM paliOHE KaK «Xoporeey, Takxke 40% —
KaK «yAOBJIETBOPUTEIbHOEY; KaK «0TNInYHOE» — 15% u nmumb 5% — ganu «HeynoBie-
TBOPUTENBHYIO» OICHKY.

AOGCOIOTHOE OONBIIMHCTBO pecTiOHAeHTOB (60%) CUHTAIOT, YTO 3a MOCIEIHHE
5 5eT sKoJIorHUecKas CUTyalus B bamrkopTocraHe HECKOIBKO yXyAmuiIace, 15% mo-
JararoT, 9TO HAYETO He M3MEHMWIOCh, 10% — yxymmmmack u 15% 3aTpyIHIINCH OT-
BeTUTh. UTO ke KacaeTcsl MepCHeKTUB Pa3BUTHS SKOJIOTMUYECKOM CUTYalluu, TO, OHU
HE CTOJIb ONTHMHCTHYHBI, TOCKOJIBKY 35% OTPOIIEHHBIX, OKUIAIOT B Ommkaimme 5
ner eé yxynmenus, 10% cuuTaroT, 9TO 3KOIOTHYEcKas 00CTaHOBKAa HE M3MEHHTCS,
30% npeamnonaraoT, YTO HbIHEIIHUE TPOOIEMBI, K COXKATIEHUI0, TOJIBKO yCYTyOsTCS.

['maBHPIMH BHHOBHHKAMH HEOJIATONPHSATHON SKOJOTHYECKOH CHTYaIlUH B pec-
myOauKe, T0 MHEHHIO PECIIOHJCHTOB, SIBISIFOTCSI CaMU JIIOAM U MECTHBIE TPeaNpusi-
tust. [Ipu 5TOM OHU OBUTH €TUHOIYITHBI B TOM, YTO CIIOKUBIIYIOCS HEOJIArompHsT-
HYI0 3KOJIOTHYECKYI) 00CTAaHOBKY MOXKHO M3MCHHUTH K JY4YIIEMYy Pa3yMHBIM H OCY-
MIECTBUMBIM CIIOCOOOM. JIJIT 3TOTO HY)KHO KaXJOMY HAayaTh OYHINATh MECTHOCTb,
BOJIOEMBEI OT MycCOpa, YCTpamBaTh MacCOBBIE CyOOOTHHKH, Ca)kaTb NIEPEBBs, MpOIIa-
TaHIUPOBaThH 3a00Ty 00 okpyxkaromeil cpere B CMI, MOBBIIATE 3KOIOTHYECKYTO
TPaMOTHOCTh HACEJICHHS, IONBITaThCSI M3MCHUTh OTHOLICHHE YeJOBeKa K IPUpOJE,
JIOHOCSL IO HETO, YTO €€ COCTOSHHUE BIMAET Ha 3[0POBbE, MOCTPOUTH E€BPOIEUCKUE
OYNCTHBIE COOPYXECHHUS U T.I. TakKe peCTOHIEHTHI IIPEUIOKIIN BEIBECTH TPOMBIIII-
JIGHHBIE TPEANPUATHS 3a YepTy T'OpPOJOB, COKPATUTh JBM)KEHHE aBTOTPAHCIIOPTA U
YCHIINTh KOHTPOJIb 332 COCTOSTHHEM BBIXJIONTHBIX T'a30B, YIYUHUTH CTPOKANIINN HAA30D
3a IPOMBIIUICHHBIMH BBIOPOCAaMH, YKECTOUNTH CAaHKIIUH ITPOTHB HapyITHTEICH.

CeropHs SKOJIOTHYECKHE, YKOHOMUYECKNE M COIHATIFHBIC BOIIPOCH! Hepa3aAeln-
MBl. M 11 MX COBOKYITHOTO y4eTa, KaK CUHMTAIOT CICHUAIIHCTHI, TPEOYIOTCS KOM-
IUIEKCHBIE 3KOJIOTHYecKue HOpMaTuBbl. Clle0BaTENbHO, OHOM U3 OCHOBHBIX Ieneil
noiuTukK PecmyOnmku BamkopTrocTan HODKHO CTaTh JOCTHKEHHE W YCTAHOBIICHHE
yIOBIETBOPUTENBHOI 3KONMOrn4ecko cutyaruu. Cpeau OCHOBHBIX HAINlpaBICHUH U
MEXaHU3MOB OCYIIECTBICHHS HKOJIOTHYECKONH O€30MacCHOCTH MOXKHO BBIICIUTH ClIe-
JyIOIHE — SKOJIOTH3AIMs SKOHOMHKH, 3aKOHOaTeNIbcTBa U o0mmecTsa. Eciu ponuna
HAYMHAETCS C CEMBHU, TO IPUPOJIa HAUMHACTCS C UelloBeKa. DKOJIOrH3alys o0IecTBa
3ajada JIOBOJIBHO-TAKU CIIOXKHAs, HO BCE ke pemraemas. [IpuBuBaTh y denmoBeka Jio-
00Bb K IPHPOJIE HAJO emE ¢ paHHETo AeTCTBa. be3ycnoBHO, OomblIas posib B BOCIH-
TaHWUH KOJOTHUECKOH KyJIbTYypBl OTBOAUTCS CEMbE. DTOMY TAaKKe JOJDKHO CIOCO0-
CTBOBaTh (POPMHPOBAHUE CHUCTEMbBI HEIPEPHIBHOTO SKOJOIMYECKOT0 00pa3oBaHUS
ITyTeM BHEIPEHHS BOIPOCOB HKOJOTMH M YCTOMYMBOTO Pa3BUTHA B y4deOHBIE TPO-
rpaMMBbI BceX ypoBHel 00pa3oBaHusi. MBI COTJIacCHBI ¢ MHEHHEM psiJia aBTOPOB O TOM,
YTO HEOOXOAMMO BBECTH CTaHIAPTHI JUIS Pa3IMYHBIX YpPOBHEH oOpa3oBaHus, 00b-
€IMHNTD JEATEIbHOCTh OPTaHM3aLMH, OTBETCTBEHHBIX 3a KOJOTHYECKOe 00pa3oBa-
HUE ¥ BOCHHTAaHHWE, YBEJIMYHUThH 3aTPaThl Ha HKOJIOTHYECKOE 0Opa3oBaHUE COOTBET-
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Figure 4 — Histogram of the value Ckc distribution

Subject for further research is the complication of the problem in terms of as-
sessing the WW discharge influence directly on human health.
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Figure 3 — The empirical probability distribution function of the concentration
C

The result of calculation of the random variable C,. for N = 10000 is the follow-
ing : in 91115 cases C,. SMAC; in other cases — C,. > MPC. Thus, the probability
that the concentration of ammonia nitrogen in the CS will exceed MPC makes
(10000-91115) / 10000 ~ 0,09. Consequently, the value of considered environmental
risk exceeds acceptable level .

Fig . 4 shows a histogram of the value Ckc distribution.

Conclusion. The proposed algorithm for environmental risk assessment, which is
based on the Monte Carlo method , allows us to calculate the probability of non-
exceedance concentration level of a substance in the WB in the zone of WW discharge
influence. In speculating process the law of concentration distribution in the WW was
taken arbitrary , the method of risk assessment can be attributed to the non-parametric .

It should be noted that the adoption of an acceptable level of pollution in MPC is
not critical in terms of the calculation algorithm. As the acceptable level of contami-
nation it can be accepted an environmental standard for water bodies, which is de-
fined as the upper limit of the third category of water quality according to the classi-
fication of surface water quality [12].
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CTBYIOIIMX YYEOHBIX 3aBEIECHHH, YKPEIMB MX MaTepHalbHO-TEXHHUUYECKYI0 0a3y H
KagpoBeIil cocTaB [2, 244]. Kpome TOro cBOO JIENTY B 3KOJIOTHYECKOE BOCITUTAHUE
HaceJICHHs! JIOJDKHBI BHECTH CpEJCTBA MaccoBod MH(opmarmu. [[ns 3Toro Heobxo-
JMMO CO371aBaTh dKOJIOrHuYeckue caiitel B MHTEepHETE N pazMmelaTh TaM oduIab-
HYI0 HH(OPMALIHIO, IPOAOIDKATE MyOJIMKAIMIO HAYYHBIX CTaTel, MOHOTrpaduii, n3na-
HUE YKOJIOTMYECKUX KYPHAIIOB.

B 3axirogeHre 0OTMETHM, UTO JUIS COIMONIOTHH NPHHIMIHATIBHOE 3HAYCHHE IMEET
unest K. Mapkca 0 ToM, 4TO IIpUpoAa €cTh TEO YelIoBeKa. A UelloBeK JOJDKEH pa3yMHO
HCIIONB30BaTh CBOE TENO. «...Ha kKakmoM mary (akTel HATOMUHAIOT HAM O TOM, YTO MBI
OTHIOZIb HE BJIACTBYEM HaJl IPHPOIOH, KaK 3aBOEBATElb BIACTBYET HAJl Uy>KHM HapOJOM,
HE BJIaCTBYEM HaJl Hel Tak, Kak KTO-TH00 HaXOAIIUICS BHE IIPUPOJIBL, — YTO MBI, HA000-
pOT, HallIeH IIOThIO, KPOBBIO M MO3IOM IPUHAUIEKNM € M HAXOAUMCS BHYTpPH €€, UTO
BCE HAIlle TOCIOJCTBO HAJ HEH COCTOUT B TOM, YTO MBI, B OTIMYUE OT BCEX IPYTUX Cy-
IIeCTB, yMEEeM ITO3HABATH €€ 3aKOHBI M MPABIIIEHO X MPUMEHATH [3,177].

[Tpu npoBeneHNH NpPaBHIBHON SKOJOIMYECKOH MOJIWTHKK B peciyOivKe, MpHu-
ponHas cuTyarus OyaeT crocoOCTBOBaTh HE TONBKO YIIyYIICHHIO Ka4eCTBa JKU3HU
HaCeJICHHsI, HO U CO3aHHIO JOTIOJHHUTEIBHBIX TPUPOJHBIX PECYPCOB M BO3MOKHOCTH
HX €CTECTBEHHOTO BO30OHOBJIEHHUS. DTO CyIIECTBEHHBIN MOTSHIIHAN IS YIIydIIeHU
9KOJIOTHYECKOH CUTYallM B PECIyOJIMKe, a TaKKe YAOBICTBOPEHHUS MaTEepHUaIbHBIX
notpebHocTel HaceneHus [4, 4].
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METOAMYECKUE ACIMNEKTbI OLIEHKHU
®AYTHOCTU JIECHbBIX 3KOCUCTEM

@DayTel — 3TO OTKIOHEHHS B KAa4eCTBE CTBOJIA, KPOHBI, KOPHEH pacTymIero Win
YCOXIIEro JepeBa, SBILSIOMINECS CIIECTBHEM TIepeHECEHHBIX OONe3He OMOTHYECKOTO U
abMOTHYECKOTO MOPSIIKA, 3aTPyTHEHHBIX YCIOBHIA pOCTa WM HETPOTYMAaHHOH JesTelb-
HOCTH YeJIOBEKA B JIeCy, B KOHEYHOM CITydac CKa3bIBAIOIIMECS Ha YXYALICHUH KadecTBa
npeBecuHbl. Takum 00pa3oM, GayT OTHOCHTCS Kak K IMPU3HAKAM IUIOXOi CAaHUTapHOU Xa-
PaKTEPUCTHKH JIepeBa, TaK M OJJHOBPEMEHHO SIBIISICTCS TTapaMETPOM CHIDKCHHS IIEHHOCTH
JiepeBa U IPEeBECHHBI Ha KOopHI0. bosbHOe, TeM Oolee ycoxiiee IepeBo, Kak (GayTHoe, He
MOYKET JIOJITO COXPaHSTh TOBAPHBIC MIIH JIEJIOBBIE KaYeCTBa, Kak 370poBoe [1,2,3].

s OLIGHKU CTENCHH Pa3pyIICHHOCTH IPEBECHHBI CTBOJA B JCIOBOW YacTH
BBOJIUTCA MOKA3aTeNb: yCIOBHAS (PayTHOCTh — ONpEeNsieTcs Mo MPOU3BEICHUIO 00b-
éMa, 3aHMMaeMOT0 KOHKPETHBIM (hayToM, Ha KOA(PQHUIMEHT pa3pyLICHUsS IPCBECHHEI.
Ha pactymux mepeBbsx yciioBHasi (ayTHOCTb OINpeAensieTcs TONbKO IS JeN0BOit
30HBI CTBOJIA. 32 JIEJIOBYIO 30HY CTBOJIA IIPHHAMAIOT JJIS XBOHHBIX Topox 70 % BHI-
COTHI JiepeBa, i 6epésbl, ocuusl — 60 % [1,2,3].

@DayThl nenATCA Ha ABE TPYIIIBL:

AOHMOTHYECKHE — CYYKH, MEXaHWYECKHAE TOBPEKICHHS, KPHBH3HA, 3aKOMEIH-
CTOCTb U JIpyTHUE, HE CBA3aHHBIC C MPOIODKAIOIINMCS pa3pyIIeHHEM ¢ y4acTHeM Ma-
ToJOTHYecKuX (pakTopoB. BroTHUeckne — mopakeHne IPEBECHHBI TeTePOTPOGHBIMHI
OpraHM3MaMH, pa3pyIlICHHE HACCKOMBIMH M IPYTUMH OHOTHYSCKMMHU (DaKTOpaMu, a
TaKKe yXyIIIEHHOE COCTOSHHE JepeBa 0 KaTeTOPHsIM COCTOSIHUS. B KpyTiIbIX Jieco-
MaTepHaiax JIOIyCTUMas B JIMKBUIHOW IPEBECHHE 4acTh (payTOB CTAHOBUTCS MOPO-
KOM apeBecuHH [1,2,3].

JlecoBon B cBOEH HEATENFHOCTH, MPEXIE BCETO, UMEET NeN0 ¢ (PayTHOCTHIO
HaCaKJEHUM U JIE€PEBHEB.

Knaccudukamms ¢ayroB mpencraBiieHa B BHIE Clieayronmx kmaccos[1,2,3]: — da-
YTBI COCTOSIHHSL — OTHOCSTCSL KATETOPHU COCTOSHMS JIepeBbeB N0 «CaHUTAapHBIM MPaBH-
nam B Jiecax P®» ¢ ykazaHMeM IpyIIl NpUYrH yXyAlIeHus [5]; — ¢ayTs! ycinoBwuit pocta —
OOBCIMHSIOT TPYIIITBL: CYYKH, (hayThl GOpPMBI CTBOMNA, (PayThI CTPOCHHS IPEBECUHEL; — (a-
YTBI KJINIMaTOT€HHBIE OOBEUHSIOT MOCEACTBIS BIMSHUS TOTOAHBIX aHOMAJIMH (BETpo-
BaJI, OypesioM, CHETOBaJI, CHETOJIOM, TTOBPEKACHHS IPaJioM, MOPO3HBIE TPEIIHHBI, MOPO3-
HBIE ¥ 0KOTOBBIE OT BO3/IEUCTBHS COTHIIA HEKPO3Bbl, TOBPEXKIECHHS MOJHUEH).

- K TIOYBEHHBIM (hayTaM OTHOCATCS: KPWBH3HA CTBOJIOB Ha COJIOHIIAX, KPEHb H
TATOBAsl IPEBECUHA HA KPYTHIX CKIIOHAX; — (hayThl (PUTOTCHHBIC — BUHTOBBIC UCKPUB-
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In practical problems, the function F(C) can be constructed empirically accord-
ing to field observations, followed by smoothing.

Below is a demo, which is based on developed and approved standard of munic-
ipal WW discharge in Alushta (Crimea) in the river Ulu Uzen (small river of Crimea)
[11]. As an indicator of pollution in this example ammonia nitrogen is considered.
Table 1 shows the content of the substance in WW after refining at biological
wastewater treatment plants.

Table 1
The content of ammonia nitrogen in municipal WW in Alushta in 2009

Month of Year 1 2 3 4 5 6 7 8 9 10 11 12

Concentration of C

3 0,86 | 0,79 | 0,62 | 1,20 | 0,65 | 0,62 | 0,52 | 0,78 | 0,61 | 0,74 | 0,77 | 0,78
, mg/dm

Design conditions for determination of ammonia nitrogen maximum concentra-
tion in WW has been adopted as the following [11] :

- Water flow in the FS Qy,, = 0.03 m3 /s;

- WW flow ¢ = 0,02 m3 /s;

- concentration of ammonia nitrogen in the FS Q,, = 0.05 dm 3 ;

- MPC of ammonia nitrogen (at the moment of standards elaboration) 0.39
mg/dm *.

In the paper [11], the calculation of allowable concentration was conducted in
accordance with the existing procedure [3] excluding the probabilistic nature of the
substance concentration in WB and without environmental risk assessment . As al-
lowable concentration it was adopted estimated actual concentration (mean value, ex-
cluding the maximum and minimum values) , equal to C = 0.720 mg/dm °. Adoption
of the actual concentration as permissible due to the fact that the concentration does
not result in exceeding the maximum permissible concentration in CS. Due to the
short distance between the WW discharge and the CS we can neglect the water self-
cleaning. Then the concentration of the substance in the CS is

_Cu0+q-C0,05-0,03+0,02-0,720

C,
O+q 0,03+ 0,02

=0318 me/om® < IIK =039 mz/ om®

In order to assess the environmental risk on the base of Table 1 it was built the
empirical distribution function F(C) followed by a linear smoothing (Fig. 3) . Level
of risk acceptability is assumed to be 0.05.
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several times the value w; € [0, 1], i=1+N, by the sample {I,}' ={I(w,)}" we can judge
about the distribution of /. In particular , the sample allows to calculate the non-
exceedance probability of a given value .

In this problem as a risk indicator serves the concentration of conservative sub-
stance in control section (CS) , which is expressed by a balance equation

_ CponOQpontq - C
Qpoutd | ()

c

Ke

where Cy,,, C, Cy is concentration of the substance in the background section
respectively (BS ) above WW discharge, in WB and in ; Oy, g — , respectively is a
water flow rate in the BS and WW flow rate.

Concentration of C in the right side of equation ( 2) is a random variable which
may be represented as an argument of the distribution function , i.e. as. w- quantile

(Fig. 1) .

F(C)

C=F (w)

Figure 1 — Representation of the C concentration in the form w- quantile

In this case, the risk indicator is presented as a function of w:

(W) _ C{[IOH-Q +q-F (W)

C,
O+gq

where F~' — is the inverse function of the distribution function F(C).
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JICHUsI CTBOJIA OT BBIOIIMXCSI PACTEHHH, CyXOBEPIIMHHOCTh CTBOJIOB OT OMEJIBI, XMe-
7S, NHAH TIOCHEACTBHSA OT OXJIECTBHIBAHMSA W ApYyrHue; — (ayTsl (UTOIAaTOTCHHBIC
BKJIIOYAIOT BCE IOCIEACTBHA Ooine3Hell TrpuOHOTo, OaKTepHalbHOTO, BHPYCHOTO,
HEMaTOTeHHOT'0 U MUKOIIJIA3MEHHOT'O IIPOUCXOXKACHUS;

- (hayThl SHTOMOTCHHBIE — 3TO TIOCJIEICTBHS MOBPEXKACHUHN 1€PEBHEB HACCKOMBIMHU;
— (ayThl 300reHHbIC — MOBPEKICHHS JIEPEBBEB MO3BOHOUHBIMH KUBOTHBIMU; — (DayThI
TEXHOTEHHBIE — O0OBEIMHAIOT KOCBEHHBIE BO3CHCTBHS IEATEILHOCTH YeJIOBEeKa (TIOATOI-
JICHHSI, OTPABJICHHS], CBSI3aHHBIE C YHHUTOKEHHEM JIECOB U T.11.); — (hayThl aHTPOIIOTEHHBIC
CBSI3aHBI C HEMIOCPEACTBEHHOM /ISSTETHHOCTBIO YENIOBEKA B JieCy (MEXaHWYECKUE TTOBpe-
XKIEHHUS, Kappbl OT MOJICOYKH, IPOPOCTH, CyXOOOKOCTH OT paH, MHOPOAHbIE BKIFOUCHUS,
YXyJILLIEHNs Ka4ecTBa CTBOJIOB OT Ype3MEpHOH peKpealnt, actb0bl ckota u apyrue). [To
9TOH KiIaccH(UKaIU yI00HO COCTABIATH IPOTHO3bI CAHUTAPHOTO COCTOSIHHS M TOBap-
HOr0 KayecTBa HaCaXJEHUI K BO3paCTy HOIb30BaHUS JPEBECUHOM.

B necy mpomncxoauT HepaBHOMEpPHOE Pa3BHTHE IEPEBbEB, KaK PAa3HBIX MOPO,
TaK W B Ipeseslax OJHOHM mopoxsl. B3anMHoe BIMsIHUE AepeBhEB IPUBOAUT K BBINA-
JICHUIO YTHETEHHBIX M MEHEe Pa3BUTHIX, PACIpeIeNICHUIO JIePEBhEB PA3HOM CTENeHH
XKHU3HECIIOCOOHOCTH B JIIOOOM COMKHYTOM JIPEBOCTOE.

BrimaneHne nepeBbeB, MPOUCXOAAIIEE BCIEACTBHE YTHETEHHS, OTHOCHTICA K
€CTECTBCHHOMY OTIIay.

VXyZIIeHne COCTOSIHUS JIePEBbEB M BBINAJICHUE MX NPOMCXOIUT U BCIICICTBHE
Pa30BBIX TOBPEXICHUH CTUXWHHBIMH SBICHUSAMH, SKCTPEMATbHBIMH TOTOXHBIMU
YCIIOBHSIMH, XMBOTHBIMHM U YEJIOBEKOM — TaKo€ BBINAJCHHE JEPEBBEB OTHOCHTCS K
Clly4ailHOMY OTHaJy, a MIOBPEXKIEHUS OTHOCATCS K (hayTaM CiydaifHOro oTmaja.

B mpouecce AnMTENHHOTO pOCTa AEPEBbsi MHOTOKPATHO MOBPEXKJAIOTCSI HACEKO-
MBIMH, MOBPEKIAIOTCS TPUOHBIMU, OaKTepHATbHBIMU, BUPYCHBIMH, HEMAaTOAHBIMU U
JIpYTUMH OONE3HAMH, XapaKTePU3YIOIIMMHUCS JITUTEIBHBIM Pa3BUTHEM H YXYALICHHU-
€M COCTOSIHUS IepeBa M OTHAJ] UX OT 3TUX JJIUTEIbHBIX OOJIE3HEHHBIX SBJICHUH OTHO-
CSITCA K TIATOJIOTHYECKOMY.

OrmpezieneHne cCaHUTapHOI XapaKTEPUCTHKHU JIepeBa MPpOn3BOAT 110 «CaHUTapHBIM
npaBuiaM [5]». ITo HUM pa3IH4aroT 1epeBbs 3A0POBBIE, YCIOBHO 3/I0POBbIE, OCIA0JICH-
HBIE, CWJIBHO OCIAOJICHHBIE, YCBIXAIOLINE, CBEXHH CyXOCTOH M CTapblii CyXOCTOH,
YCIIOBHO-3I0POBBIE, IOJIYJCJIOBOM CBEKMH BaEKHUK U MOJIYJIUMKBUIHYIO 3aXJIAMIIEH-
HOCTb. YCJIOBHO—3IOPOBBIE JEPEBBSI OTIMYAIOTCS OT 3/OPOBBIX HAIMYHEM HECyIIe-
CTBEHHBIX OTKJIOHCHWH (HAJIM4ME IPOPOCTH, MHOTOBEPIIMHHOCTH, OJHOOOKOCTH KpO-
HBI, MEJIKUX TIOpaHEHHH U JIpyTHe), a OT OCIa0IE€HHBIX 37J0pOBOH KPOHOH, OTCYTCTBHEM
TIPU3HAKOB MOPa’KeHHsI TpubaMy, MOMBITOK HaNaJeHHs HaceKOMbIMH. CreluaabHBIMU
HCCIIEIOBAHHMAMHE yCTaHOBJIEHBI OTEPH (B EPEBOJE Ha AYIUIO — YCIOBHYIO (hayTHOCTB)
Ha |1 kyOomeTp 00BEMa CTBOJIA: CTBOJIBI YCIIOBHO 3/I0POBBIX AEPEBBEB-5 M, ocIabieH-
HBIX-15-20 1M, cribHO ocnabieHHBIX-25-301M3, yebixaronmx-50-701m3, cBexero cy-
xocTos-100-120 am3, ctaporo cyxoctosi-200-400 mM3, TOTyIETOBOTO CBEXKETO BaJIEXK-
Huka-150-300 nv?®. K 3tum pasmepam noTeph Ha YXyALIEHUE CAHUTApHON XapaKTepH-
CTUKH JiepeBa J00aBIISIOTCS ITOTEPH OT BHIABICHHBIX (hayToB.
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[Ipu3Hakamu pa3HOU CTENeHH OCNaOICHUS AepeBa U yCTOWYHBOCTH APCBECUHBI
K OMOJIOTHYEeCKOMY Pa3pyLICHUIO SBISIOTCS: aXKypHas WM OZHOOOKas KpOHA, Mell-
KOXBOIHOCTh WJIM MENKOJIUCTHOCTB, CYXOBEpPIIMHHOCTh, 00JIOMaHHBIC BETBH, HAIU-
yye MOpaHEeHUH CTBOJA, KOPHEIl U KPOHBI, MPUIOJHATOCTh KOPHEBBIX JIAMl, OBAJIbHAs
3aKOMEJIMCTOCTb, CMOJISIHBIE IIOTEKU, COKOMCTEUEHHE U IPYTHE.

Bypenom — nepeBbsi, CIOMaHHbIE BETPOM. bypenoM Mo MecTy mojioMa pasiu-
YaroT: — KOMJIEBOH — 10 4 M; — CTBOJIOBOH — 10 60 % BBICOTHI AepeBa; — BEPIIMHHBII
— 0onee 60 % BBICOTHI iepeBa.

BypenoM 1o COCTOSIHUIO IPEBECUHBL: — CBEXKUM — HE 3aCEIEHHBIN BpEAUTEISIMY;
— 3aCeIEHHBINA KOPOSIaMH U CTAPbIi, IIOpaKEHHBIH 3a00JI0HHBIMHA THUIISIMH.

ITo 3amacy OypenoM: — MaccoBBIi — moBpexkaAeHb! 6osee 30% aepeBbeB HA ILIIO-
manau 6omnee 10 ra. — X03MCTBEHHO-3HAYMMBIN — TIOBPEXICHO OT 5 110 30 % nepeBb-
eB Oosee 10 kyOomeTpoB Ha 1 ra. — eTMHUYHBIA — MOBPEXKICHO MeHee 5 % IepeBbeB
unu MeHee 10 ky0. Ha 1 ra.

[To mMpOMCXOXKICHHUIO IOJOMAHHOW YacTH OypesoM NENUTCS: — BUCSYUN — Bep-
MIMHHASA 9acTh CTBOJIA HE OT/JENICHA; — ITHIPh — KOMJIEBAs YacTh IIOJIOMaHa, BEPIIHH-
Hasl 4acTh JISKUT Ha 3emie. BeTpoBan — oTAeIbHbBIE 1€PEBbsI, NOBAJIEHHBIE C KOPHS-
MU. Pa3HOBUAHOCTH BETpOBAJla: IO COCTOSIHUIO JPEBECHHBI: CBEXHH — C 3€IEHOU
KpOHOM, He 3aceNEHHBIA BpeAUTENSIMU. 3aceIEHHBIM KOPOeJaMu — C MIOBEPXHOCTHOM
4yepBOTOYMHON. CTapblil — 3apaxEHHBII MOBEPXHOCTHBHIMM THWISAMH, HO elé He
YTPaTUBIINHN JTUKBUIHYIO YaCTb.

ITo 06Bémy HaHOCHMOTO Bpena: MaccoBslil — noBpeskaeHs! 6oxee 30 % nepeBb-
eB Ha iomanu 6omaee 10 ra. Xo3sHCTBEHHO-3HAYMMBINH — MOBpexaeHO oT 5 10 30 %
nepeBneB Oonee 10 kybomerpos Ha 1 ra. EnquHUYHBIN — TOBpexkaeHO MeHee 5 % Je-
peBneB win MeHee 10 xy0. Ha | ra. BanéxHux — BeTpoBanbHbIe, OypelIoOMHbIE Aepe-
BB, JIEXKAIIFE Ha 3eMJIe U MOTEpsBIINE 0oJiee MOTIOBUHBI TMKBUIHON dacTH. Banéx-
HUK 00pasyeTcs mpu Mmoxkapax, BeTpoBaie, Oypenome, CHeroBaje, py MOBPEKICHUT
KkopHe#l rHmIIMH. CyXOCTOH — MpeKpaTUBIINE TONHOCTHIO JKH3HEAEATENFHOCTD, 3a-
COXIIIME U OCTaBIINECS CTOSATh HA KOPHIO J€PEBbS.

PasznoBunHOCTH cyxocTosi: CyXOoCTOH CBEXHUI — KpOHa ¢ COXpaHUBILIEHca XBOEM
WIHA JTUCTBIMH, U3MCHUBIIUMH IIBET W MEJNKHMH MOOETaMH, MMOJHOCTBIO COXPaHSET
nenoBeie kauecTBa. CyXocToil MOBPEXAEHHBIN TOBEPXHOCTHON YePBOTOUHHOM (3ace-
NEHHBIN KOpOeIaMH, 3JIaTKaMH ), IeJIOBBIe KadecTBa KoJiebmoTes ot 20 1o 60 %.

Crapblil cyxocToi, nmopaxXEHHbIH TTyOOKOH YepBOTOUYMHOM M 3a00JIOHHBIMH H
CILUTOIIHBIMH THHJISIMH, JIEJIOBBIE Ka4eCTBA MOJHOCTHIO TOTepsHBI (MeHee 10 %).

VYcoxiee aepeBo- AepeBo B CTa U ycbixaHus. CTBOJ HUXKE KPOHBI OKOJIBLIOBAH
BpeIUTEISIMUA MM THIIIBI0. KpoHa JepeBa HalOJIOBUHY M3MEHHIIA I[BET, MOXKEJITeNa.
BpeMeHHO TOTHOCTBIO COXpaHseT JAeloBble KadecTBa. CHIIBHO OClabJIeHHOE IePeBO
— JIepeBo C 3eIEHONM KPOHOM, B CTQJAUU MacCOBOTO 3aCEIECHUS BPEIUTEISIMU HIIH MO-
paxenus Gonesnsmu. [Ipu HECBOEBpeMEHHOW pyOKe U mocie pyOKu OBICTPO TepsieT
JICTIOBEIC KayecTBa qpeBecHHBl. CBEXHUI OTMAaj — CTOANINE Ha KOPHIO CBEXHE Oype-
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of WB condition in the zone of discharge influence. This will increasingly allow reflect
the real nature of the process WB contamination.

The most perspective direction in solving this problem seems to be the usage of
ecological risk assessment mechanism. According to the classical definition, risk is a
measure of uncertainty, which can be assessed by probabilistic method [5] In prac-
tice, we use different criteria of this uncertainty. In most cases as an environmental
risk we understand either the risk of adverse changes in the environment, or expecta-
tion of damage due to such changes [6]. Since in the rationing sanitation problems
only a possible fact of exceeding the MPC in WW is taken into account without the
analysis of its consequences for ecosystems and humans, it is advisable to use the
first definition of environmental risk, i.e. to consider the risk as a probability of viola-
tion of environmental quality standards of WB due to WW discharge.

In [7] a method for calculating the permissible concentrations of substances in WW
by environmental risk assessment is described. However, described mechanism was
based on a significant assumption, that the concentration of the substance in WW re-
garded as a random variable is distributed according to the normal law. But this is true
only if the process of formation of WW compounds is affected approximately by equiva-
lent factors [8]. In the case of sanitation (including water treatment), this condition can
not be met, and therefore it is necessary to provide an arbitrary law of substance concen-
tration distribution of in WW. For this purpose a universal Monte Carlo method can be
used, which was previously used to determine the risk of technogenic accidents at poten-
tially hazardous facilities [9]. In this paper we consider the use of Monte Carlo method
for estimation of the probability of exceeding the MPC in WB below the WW discharge.
The problem is considered on the example of a conservative pollutant.

The basis of the Monte Carlo method is based on the following mathematical
regularity [10]. If there is a random variable x, then its distribution function F(x) can
also be considered as a random variable. In this case, regardless to the law of initial
value x distribution the value of F(x) is uniformly distributed on the interval [0 , 1].
This implies that the possible values x may be derived from the equation

 ple)d(x)= F(x) = w
“ , M

where a is lower boundary of determining the value x; p(x) is density of distribu-
tion; we [ 0, 1] — uniformly distributed random variable .

Equation (1 ) of each realization of the random variable we [ 0, 1 ] puts in one corre-
spondence the realization of x , distributed according to given law F(x). This allows to
simulate the behavior of a random variable x by generating a random number value w.

Applied to the problem of environmental risk assessment this pattern can be
used as following. If we represent a risk indicator / as a function 7 = /(w) and generate
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USING MONTE - CARLO METHOD FOR ASSESSMENT
OF ENVIRONMENTAL RISK CAUSED
BY WASTEWATER DISCHARGES INTO A WATERCOURSE

One of the biggest environmental problems in economically developed countries
is a contamination of water bodies (WB) by industrial, field, agricultural and munici-
pal wastewater (WW). In a number of post-Soviet countries, particularly in the Rus-
sian Federation and Ukraine, in order to provide the contamination level above the
safe one it is developed and approved standards of pollutants discharge. The standard
of pollutants discharge is a limit mass of the substance, which is allowed to discharge
into WW per unit time [1, 2].

Elaboration of the standard of pollutants discharge includes the calculation of al-
lowable WW amount. The calculation is based on the assessment of WB condition at a
fixed level of contamination. In the first phase the actual level of contamination is vali-
dated. A disadvantage of the current approach to solving this problem is the neglecting
probabilistic nature of the content of pollutants in WW withdrawing into WB. In meth-
odological literature instability of WW is determined only by the requirement to take
into account an arithmetic mean value as the actual concentrations of substances [3, 4].
(In order to increase representativeness of the observation samples Ukrainian method-
ology [3] requires before averaging the concentrations exclude the minimum and max-
imum values). Overall, however, the calculation is rather deterministic: it defines the
permissible concentration of substances in WW which, according to calculation, does
not lead to exceeding the legally approved maximum of permissible concentration
(MPC) of the substances in WB. Thus, to include the consideration of the probabilistic
nature of WW is actual, as well as to consider the parameters of the probabilistic nature
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JIOMHBIE, BETpPOBaJIbHbIC (TIOBHCILIHE) CTBOJBI, CYXOCTOH, YCBHIXAIOIIME M CHIIBHO
oca0JIeHHBIE IePEBbsI, BPEMEHHO COXPAHSIONINE JIETIOBYIO YacTh.

KauecTBo ApeBeCHHBI CyXOCTOWHBIX AEPEBBEB 3aBUCUT YACTO OT IMPHYUHBI YChIXa-
HUS, KOTOpBIE ONPEAESIOT XOJ CYKLECCHH AEpeBOpa3pyLIAIOIUX I'PUOOB, TOJIIUHBI
CTBOJIA U OPOJBL. Y ChIXaHHE AEPEBLEB B JIECY IPOHCXOJNT MO YETHIPEM THIIAM.

IIpu xopHEBOM THIIE BHAYaJIe IPOUCXOJUT OTMUPAHUE KOPHEH OT pa3HbIX MaTo-
JOTHYEeCKHUX (hakTOpoB. BenencTBrue 3TOT0 MpekparmaeTcs mojaada AepeBy BOIBI C He-
OOXOJMMBIMH JUISl KHM3HECSATEILHOCTH IUTATEIbHBIMU BEIIECTBAMH, U JIEPEBO MO-
rubaet. HekoTopbie OPOABI IPH 3TOM HOJTHOCTBIO COXPAHSIOT JICJIOBBIE Ka4eCTRa.

ITpn KOMJIEBOM THIIE YCHIXaHHUS BCIEACTBHE Pa3BUTHUS I'PHOHBIX 3a00JIOHHBIX
MOPaXCHUH U KOJIBLIEBAHUS IIOBEPXHOCTHOM YEPBOTOUMHON JEIIOBbIE KAUECTBA KOM-
JIEBOTO COPTHMEHTA yKe OyIyT XyxKe.

IIpu BepUIMHHOM THIIE OTMHpAHUS — YCBIXaHHE HAUMHAETCS C Pa3BUTUS CYXO-
BEPIIMHHOCTH.

Hanuunenii otnag — cBeXHi OTNaa U CTOSIIME HAa KOPHIO LITBIPU CTaporo Oype-
JIOMa M CTapblii CyXOCTOH, MMEIOIIUE IIPU HAIUYUU CIPOCA XO34WCTBEHHOE, 3Haye-
HuUe, 00br9HO Ootee 10 ky06 Ha 1 ra.

3axyIaMJIEHHOCTh — NOpPYOOYHBIE OCTaTKH, OOJIOMaHHBIE BETBH, JIEXKAIlde Ha
3eMiIe, TOJTHOCTHIO 3arHUBIIUE OYPEITOMHBIE, BETPOBAILHBIC CTBOJIBI, HE BEIBE3CHHAS
3aroTOBJICHHAs Pa3HBIMU PYOKaMH APEBECHHA.

CyXOBepIIMHHOCTB- C BEPIIUHBI ycoxyo 6onee 10 % ckeneTHOW KPOHEI.

HwxHne BeTBU cyxue — BCIIEICTBHE OOJIE3HEH M MOBPEXICHNI KPOHA yCOXJa ¢
HIDKHEH CTOPOHBI Ha O0JIBIIOM HMPOTSHKEHUH (Oonee 2M).

OnHOOOKast KpoHa — TPHU3HAK OCIA0JICHNS JIEpeBa, Pa3BUTHS B CTBOJIE OTIIYIIa,
CMEILEHHON CEpALEBUHBI, KPEHU WU TSITOBOU JPEBECUHBL.

AJKypHas KpoHa — NPU3HAK YXYAMICHAS CAaHUTApHOW XapaKTEPHCTHKH JIEpeBa,
Pa3BHUTHS B BEPLUIMHHOW YacTH PAaKOBO-HEKPO3HBIX, COCYIHCTBIX OOJE3HEH, moBpe-
JKIEHUN Kopoeaamu.

MenKoXBOWHOCTb, MEJIKOJIMCTHOCTh — NMPHU3HAKH OCIA0JIEHHOTO COCTOSHHUS Jie-
PEBBEB U Pa3BUTHS YEPBOTOUMHEI B BEpXHEH YaCTU KPOHBI.

Bonsubie mobGern — BHOBb OOpa30BaHHBIC 10 OYMIIEHHOW OT CYYbeB YaCTH
CTBOJIa U3 CILIIMX MTOYEK M00ery.

OOHa)keHNEe KOPHEBBIX JIall — SBJICHUE, MOJBEPKEHHOE YpEe3MEPHOH peKpeanu-
OHHOI1 Harpy3Kke 1 4Ype3MepHOW nacTbObl CKOTa, Ha JIOpOrax MO APEBOCTOIO C JIETHEH
BBIBO3KOH IPEBECHHBL.

ITpunoaHATOCTh KOPHEBBIX JAIl — MPUIIOJHATOCTb CKEJIETHBIX KOPHEH y IIEHKH
xopHs. [Tpu3Hak Oyaymiero pa3BUTHS peOPHUCTON 3aKOMEUCTOCTH, KOMJIEBBIX SIIPO-
BBIX IIATEH U T0JIOC, PAHEBBIX THUJIEH, YIUIMCTOCTH CTBOJIA.

KomneBble HamabIBbl — NPHUIOAHATHIE HaJl FPYHTOM HapacTaHUS JPEBECHHBI C
OTXOAAIIMMHU OT HUX CTBOJNAaMU. [IpH3HAK pa3BUTHSA JOKHOTO Spa U SAPOBON THUIH
IIPU MHOTOKPAaTHOM BEJEHUU HU3KOCTBOJIBHOTO X035 CTBa.
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