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OLl,eHKa PpnCKa n NPorH03 NoBbILLEHHOTO 3arpA3HeHnA NPUpPOaHbIX BOA 0CODEHHO BaXXHbl B npombiLl-
NEHHBIX PETMOHAX, rae HeCTabnnbHOCTb KOHTPONMPYEMBIX NoKasaTenen Hanbonee Bbicoka. IMoOCKoNbKY
PUCK ABNAETCA BGDOFITHOCTHOIZ XapaKTepI/ICTI/IKOI7I cTeneHun 3arpsa3HeHnda soabl oTaesibHbIMU KOMMOHEH-
TaMu, ogna peweHnsa aTOoMN 3ajayun HeOGXO,D,I/IMO npuerie4eHne CtTatTucTu4eCknx meTogos. B ctatbe npea-
NTOXXeHa npakTnyeckada metoguka Takomn OLIEHKM C ncnofib3oBaHneM HenapamMmeTpu4ecknx, OCHOBaHHbIX
Ha TEOPUK NOPSAKOBLIX CTATUCTUK, M Bonee TOYHbIX MapaMeTpUYECKMX METOAOB CTAaTUCTUYECKOrO aHa-
nn3a faHHbIX TMAPOMOHUTOPUHIA, TPEOYHOLMX aHaNMMTUYECKOrO OnucaHnsa yHKUMM pacnpeaeneHus
KOHLEHTpauun 3arpasHaoLmMxX BewecTs. PesynbtaTbl UCNOMb30BaHUSA METOAMKM anpobupoBaHbl s
ypanbCKOoro pernonHa, ans 4ero 060CHOBaHO 1 NOKa3aHo, YTO aHaNMTUYECKOE OMNUCAHNE «XBOCTOBbIX»
yacTen yHKLMIA pacnpeneneHms BeposiTHOCTEN Npu BOnbLUNX 3HAYEHMAX UCCneayeMblX nokasaTenen
KayecTBa BoAbl pacnpegeneHnem Mapeto no3BonsieT No BbIGOPKaM orpaHnyYeHHoro obbema onpege-
NSiITb COOTBETCTBYIOLME NMoKasaTeny B HeHabnogaeMblX YacTsix pacnpeneneHuii, T.e. AaBaTb NpPOrHo-
3Hble oLeHkn. OTMEeYEHO, YTO PUCK BLICOKOTO 3arpsi3HEHUS BOAbI CYLLIECTBYET, AaXe eCcnu cutyaumst no
AaHHbIM TMAPOMOHUTOPUHIA OTHOCUTENBHO BnarononyyHa. B cBs3u ¢ 3TM npeanoxeHa MeToauka oueH-
K1 [JOBEPUTENBHOIO MHTEPBAra, NMOKPbLIBAOLLEro 3Ha4YEeHNs1 KOHTPONMPYEMOro NokasaTens ¢ 3afaHHON
[OBEPUTENBHON BEPOSTHOCTLIO, B TOM YnUcne Hanbornee BaXKHON ero BepXHeW AOBEPUTENBHOW rpaHu-
ubl. Ha npakTMyeckmx 4eMOHCTPaLMOHHbIX TpUMepax nokasaHa aeKTMBHOCTb paspaboTaHHOW MeTo-
avkun. Ocobasi 3HaYMMOCTb NPUMEHEHMS NPEANOXKEHHbIX MOAX0AO0B K MPOrHO3HON 3aga4ve obycrnoBneHa
BO3MOXHOCTbIO OLleHMBaHMS! MarblX PUCKOB MOSIBIIEHUS 3KCTPEeMarbHbIX €4MHUYHBIX 3HAYEHUI nuccne-
OYEeMbIX CIyYalHbIX BEMWNYMH.

Knroveenie csioea: BepOATHOCTb BbICOKOTO 3arpsi3HEHUSI BOAbI, MPOrHO3, «XBOCT» (OYHKLMKN pac-
npeaeneHnst BeposaTHOCTEN, paHXMpOBaHWE HanBOMbLUNX 3HAYEHWIA KOHLEHTPaLMK, BEePXHAS rpaHnLa
[OBEPUTENBHOMO MHTEpBana, TeopUs NOPSAKOBLIX CTAaTUCTUK
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Assessing the risks and predicting the increased pollution of natural water bodies is especially important
in the industrial regions where the instability of the monitored indicators is most significant. This article
proposes methods of this activity with the use of non-parametric and more accurate parametric methods of
hydro-monitoring data analysis. The results of using these methods for the Ural region have been obtained,
and it has been shown that the analytical description of the “tail” parts of the probability distribution in the
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studied water quality indicators with the use of the Pareto distribution allows to identify the appropriate
indicators for the limited volume samples and to give the projected estimates in the unobserved parts of
the distributions. It has been noted that the risk of significant water pollution exists even if the situation is
relatively favorable according to the hydro-monitoring. In this regard, a methodology of estimating the upper
limit of the confidence interval covering the value of the monitored index with the acceptable reliability has
been proposed. Practical examples show the effectiveness of this method. The special significance of the
application of the proposed approaches to the predicting aspect is due to the possibility of assessing the
small risks of the appearance of extreme unit values of the investigated random variables.

Keywords: probability of considerable water contamination, prediction, the «tail» of the probability
distribution function, ranking the highest concentrations, upper fiducial limit, the theory of order statistics.

BeBepeHue

OueHka pucka BblICOKOro 3arpsisHeHuns (B3) sogel
BOAHbIX 0O BLEKTOB, €€ 9KCTPEMAIIbHO BbICOKOIO 3arpss-
HeHus (OB3) 1 nporHo3npoBaHue aTux cobbITUA UC-
KIMIOYNTENBHO BaXKHbI 4118 YCTONYMBOro BOSOMONb30-
BaHus. COOTBETCTBYHLLME PYKOBOASLLNE OOKYMEHThI
[1, 2], KpUTEPUMN OLEHKN ONACHOCTM TOKCMYECKOrO 3a-
rpsisHeHus [3] 1 knaccudurkaumm kKaTeropuin asapun-
HOW CMTyaumMm NO CTEMNEHWN ONacHOCTU OXnAaeMbIX Mo-
cneacTsun [4] TONbKO BbIMIPAOT NPU UX COMETaHUn
C HeOBXOONMBIMWU CTaTUCTUYECKMMU METOZ4aMU UC-
CNefoBaHNsi HA OCHOBE BEPOSITHOCTHLIX Moaernen. B
YaCTHOCTWU, ANst KOppeKkTHon oueHkn B3 1 3B3 nones-
HO yCTaHOBIEeHVWe OOBEPUTENBHOMO MHTEpBana, npe-
X[e BCero, ero BepxHew rpaHuubl. B cBoto ovepeas ¢
3TON LieNblo XenatenbHO 3HaHMe 3akoHa pacnpege-
NeHns BEPOATHOCTEN NCKOMbIX XapakTepUCTUK, OCO-
BGEeHHO ero «XBOCTOBOWN YacTuy.

1. AHann3 pyHKUUN pacnpepeneHns
BEPOSATHOCTEN KOHLEHTPaLUun 3arpasHsoLmx
BeLecTB

KoHLeHTpauns 3arpasHaLWLmnX BeLwecTB BOAbI
B pamMKax KOHLEeNuMm npmemnemMoro pucka cuntaeTcs
Crny4anHOn BENUYUHON, ANS Hanbornee NofHoOro onu-
CaHus KOTOPOW ucnonbayetcs PYHKUMSA (3aKOH) pac-
npegeneHns BEpOSATHOCTEN COOTBETCTBYOLLMX KOM-
MOHEHT 3arpsi3HeHUs.

B pasHbIx cny4yasix 3akoH pacnpefeneHusi Be-
POSATHOCTU KOHLUEHTpaLMN 3arpasHsoLLnX BELeCcTB
NpeacTaBnseTcsa CTENEHHON UNN SKCNIOHEHLMANbHON
dyHkumen [5-7]. Hanbonee pacnpocTpaHeHHbIM 3KC-
NMOHeHLUMarnbHbIM 3aKOHOM SBNSAETCH HOpMaIbHbIN,
KOTOpbIA peanu3yeTcs, ecnu BNusioLLne Ha kadve-
CTBO BOAbI (DaKTOPbl ECTECTBEHHOM M @HTPOMOreHHOW
NpMpoAbl MHOTOYUCTIEHHBI Y HE3aBUCUMBbI, NX 3HAYU-
MOCTb — COpa3MepHa, a xapakTep BO34eNCcTBUs —ag-
ONTUBHBIN. Ha NnpakTuke 3TN yCNOBUS BbINONHATCA
He Bcerga 13-3a NpuynH HeCry4YanHoun (HewTaTHON)
npupoabl, «3anmnoBbIX» COPOCOB 3arpA3HAOLLMX BOAY
BELLECTB, CMbIBOB, CHEFOTasiHWSA, APYTMX Hexenaresnb-
HbIX MPUPOAHbIX N TEXHOMEHHbIX IBMEHUI. B pesyrnb-
TaTe NPOMCXOAMT NOSIBIIEHNE BONbLUNX BEPOSTHOCTEN
B NPaBOW BETBU IMNUPUYECKOro pacnpeneneHus, no-
CTPOEHHOr0 MO AKCNEePUMEHTANbHbLIM AAHHBLIM, U NO-
AIBMEHNE B €10 «XBOCTOBOM» YACTN CKAYKOB 3HAYEHUI
BEPOSITHOCTM KOHTPONMPYEMOro nokasarens. Takme
byHKUMM pacnpeneneHns BepoOATHOCTEN HOCAT Ha-
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3BaHWe pacnpedeneHnin ¢ «TSXKenNbIMU XBOCTamMmny
[8, 9]. 3TK byHKUMM pacnpedeneHns He NoaYMHS-
I0TCH HOPManbHOMY 3aKOHY, YTO XOPOLUO U3BECTHO
B rmgponoruu [9].

MIMeloTca MHOro4McrneHHble NOMbITKM onucatb
3aKOHbI pacnpegeneHns ¢ Tak Ha3blBaeMbIMU «TSKe-
MNbIMU XBOCTaMmuy, HaNnpUMep ramma-pacnpegeneHu-
em unu pacnpegenexdvem Benbynna [10, 11]. OgHako
MCNonb3yeMbln MpU 3TOM MaTemMaTM4eckuin annapat
OO0CTaTO4YHO CMOXEH, YTO 3aTPyAHSET AOBedeHMe No-
NyYeHHbIX pe3ynbTaTtoB A0 NPAKTUYECKNX METOOUK.
Kpome Toro, mexaHusam obpasoBaHus aKCTpemarb-
HbIX COOBLITUI OTNMYaeTcsa OT CTabunbHOro NpoTeka-
HUS1 TMAPOXMMMNYECKUX MPOLECCOB, YTO CTaBUT NoS
COMHEHUe BO3MOXHOCTb annpokcumMaumm aMnunpum-
YecKom PyHKLMM pacnpegeneHmns Kakum-nmoo ogHUM
«4YUCTbIM» 3aKOHOM. B cTaTbe npegnaraetcsa opuru-
HanbHbIN NOAX0M4, NPU KOTOPOM «MOAFOHKa» maTema-
TUYECKMX CTAaTUCTUYECKMNX MOZENEN OCYLLECTBNSETCA
TONBbKO B MHTEPBAre, rAe pacrnonaralTcst MHTEPECY-
IOLLMEe HAC 3HAYEHUS KOHLEHTpauun ¢ garnbHenwen
3KCTpanonsaumnen Nony4YeHHbIX pe3ynbLTaToB Ha HEHa-
6ntofaemMble XBOCTbI pacnpegaeneHyin. ns annpok-
cMMaLunm NpaBbIX «XBOCTOB» pacnpeaeneHms MoryT
ObITb MCMONBb30BaHbI Pa3fn4YHbIE 3aKOHbI, OrpaHNYEH-
Hble cnesa. [pocTenLLMM U3 TaKMX 3aKOHOB ABNAETCSA
pacnpegenenue [NapeTo, onucbiBatoLLee NnoBeaeHne
CNnyyYanHbIX BENMYUNH, OOMbLLMX HEKOTOPOro OUKCUPO-
BaHHOro 3Ha4yeHus [9, 12].

3ameTuM, 4YTO NpoBeEHHbIE HUKE nccnenosa-
HMS1 N0 BO3MOXHOCTU MCMONb30BaHNUs pacnpeaeneHns
MapeTo onsa onncaHusl «XBOCTOBY pacnpeneneHuii n
COrnacoBaHue ero ¢ yCe4eHHOM cnpasa 3MNMpUYecKon
YacTblo pacnpegeneHns NpMMeHUMbI 411 LIMPOKOro
Kracca BO3MOXHbIX BUJOB 3arps3HSAOLLUX BeLLECTB,
0HaKo NpuBeAeHHbIe HIKe MPUMepbI, NPeACcTaBsio-
Lwme cobon no cywecTBy NpUKNagHbie METOAUKM, HO-
CAT AEMOHCTPAaLMOHHBIN XapakTep.

Mpumep 1'. NMoyTM NOBCEMECTHbIN M3ObLITOK Xe-
nesa B pe4yHOW BOAE MPOMBILLNIEHHbLIX PETMOHOB CO3-
AaeT npobnembl AN ee NPOMBbILLIEHHOTO 1 ObITOBO-
ro MCnonb30BaHus, a B crnyvaax B3 yacTto yrHeTaet
pa3BuUTUe BOAHBIX 3kocucTeMm. lNoaTomy npeactasnseTt
WHTepec NPOAEMOHCTPUPOBATL BO3MOXHOCTb onuca-
HUS1 SKCMEePUMEHTanNbHbIX A4aHHbIX HOPMarbHbIM pac-

1 [ns uenen gaHHOro u ganbHenwnx npumepoB
NCNONb30BaHbl MACCUBbI AKCNEPUMEHTaNbHbIX
OaHHbIX PocrmgpomeTa, npegocTaBlieHHbIEe
aBTopam ®I'BY 'XWUN B PocTtoBe-Ha-[JoHy.
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npegeneHnem v pacnpegenexHuem NapeTo 4ns atoro
BELLECTBA, UCNONb3Ysi pe3ynbTaTbl €XKe4HEBHOMO KOH-
Tpons ero cogepxxanus B Boge p. Vicetb (nputok Tobo-
na) Ha KOHTporbHOM cTBope 9.3 KM HuXe . KaMmeHck-Y-
panbckoro B 1999-2001 rr. B KonnyecTse n, = 824 [7].

PeweHue. \ccnenosaHue NpUMEHUMOCTU HOP-
ManbHOro pacnpegeneHusl.

PesynbraThl 06paboTkmn akCnepuMeHTanbHbIX
OaHHbIX NOKa3bIBAKT, YTO OLIEHKN MaTeMaTUYeCcKoro
oxuaanusa m= 0,48 mr/om® n cpegHekBagpaTUYeCcKoro
OTKMNoHeHus ¢ = 0,48 mr/gm® conamepumsl. Criegosa-
TeNbHO, 3Ha4YMTENbHas YacTb fIEBO BETBM SMNpUYe-
CKOro pacnpegesieHnsi Npu ycrnoBum ero HOPMarnbHOCTU
nepexoguna 6l B 06r1acTb U3NYECKN HEBO3MOXHbBIX
oTpuLUaTenbHbIX 3HAYEHWUIN KOHTPONUPYEMOWN KOHLIEH-
Tpauuu. lNMpu 3ToM BMECTO CBOMCTBEHHbLIX HOPMasbHO-
My pacnpeeneHuto 3Ha4eHnin nokasaTenen acumme-
Tpum \B, = 0 v akcuecca B, = 3 umeem 2.576 n 12.244,
COOTBETCTBEHHO. CneaoBaTenbHO, 3KCNepuMeHTarb-
HOe pacnpegerneHue, B OTINYNE OT HOPMarnbHOro, He
CUMMETpUYHOE 1 Gornee «oCTpoBepLUMHHOEY. [ono-
XWUTernbHas acCMMMETPUS yKasblBaeT Ha PacTsHYTYHO
npaBylo BETBb rpaduka pyHKLUUM pacnpegeneHms
BEPOATHOCTEN, T.€. «TSHKENbIN» MPaBbl «XBOCT», TaK
4YTO, MO KpaHen Mepe, B 9TON YacTu pacnpeaeneHus
MCMNOMb30BaHNEe HOPManbHOro 3aKOHa HeNpUeMnemo.

MockonbKy AaHHaa paboTa nocesiweHa npo-
6rneme NpoOrHo3MpoBaHWsl BbICOKOTO 3arpsi3HeHus
BOA, HWXe paccMOTpeHa MPUMEHUMOCTb CTENEHHO-
ro pacnpegeneHns 4ns onMcaHns ykasaHHOW «XBO-
CTOBOW 4acTuy, a NMEHHO pacnpe/eneHus Mapeto

F (x)=1— %o

ITapero X
rnokasaterib, X, < X — rpaHN4HOE 3Ha4eHue, a — napa-
MeTp pacnpegeneHus.

B naHHoM cnyvae, cnenys [12], ns nmetoweincsa
BbIGOPKM n_ BblAeneHsl, Hanpumep, N = 20 Hanbonb-
LINX 3HAYEHUI KOHLIEHTpaUun X, TAe i=1,2,..,20
(cTpokn 2 n 5 B Tabn. 1) n paccunTaHbl COOTBETCTBY-

1

, TA€ X — KOHTPONMpPYEMBIN

toLLMe SKCNEPUMEHTaTbHBIE BEpOSITHOCTN [ =

[13] - (cTpoku 3 1 6). n+l

HaunGonee Ba)xeH BONPoOC 0 CONOCTaBUMOCTM
MaKCuMalbHOro 3KkCnepuMeHTanbHOro 3Ha4eHua X(20)
C COOTBETCTBYHOLUMM PACHETHBIM X, . [Insi OLEHKM o~
cnegHen BeNMYMHbI HEOOX0AMMO ONpeaennTb 3HaYe-

Hue napameTpa a. C 3Ton uenbio Mo gaHHbIM Tabn. 1
paccunTaHbl:
— cpefHee 3Ha4YeHMe U3MEPEHHON KOHLEeHTpaLuuu

n

1
X =— me =2.29 mr/om?;

n , 1¥ _\2
— ancnepena —§° = — 2 (x(l.) - x) =0.19 mr2/(am3)3;
n4 .
— oueHKa koadduumeHTa sapuauumn L = — = (.04,

OTctoga oueHka UICKOMOro napameTrYa, nony4vyeH-

Haa MeTogoM MOMEHTOB, NyTeM nNpupaBHNUBaAHNA TEO-

peTn4ecknx MOMEHTOB pacnpeaeneHmna n nx oueHok,
2

cneaytowias a=1+ |1+ - | = 6.32.

L)
Mpn noacTaHOBKe 3TUX OaHHbIX B pacnpene-
neHwue MapeTo (ans atoro ygobHa ero hopma B BUAE

ln(l - F(m)) = (Xln(xo/fc(zo))), U NMPUHATOM B pesyrnbraTe

OKPYIIEHUs X ., B MEHbLLYIO CTOPOHY X, = 1.8, nonyuye-

Q)
HO pacyeTHoe 3HayeHue (xo/fc(zo)) =0.618, oTkyaa,

A

X(20) = 2.91, 4To MeHblLe 3KCNepUMEHTaNbBHOIo 3Have-
HUA X, = 3.12, T.e. MIMEeT MecTo HeJOOLIeHKa YPOBHS

20)
3.12-291 100% = 6.73% meHb-

LUIas MOrpeLHoOCTU 3MepeHus [6], T0OSTOMY TOYHOCTb
annpokcMMaLuuv yaoBNeTBOPUTENbHAS.

Ha npakTuke cobpatb 20 pefkmx cobbITuiA 3aTpya-
HUTEeNbHO. Ha ocHoBe aHanornyHbIX pacyeToB ansa 10
PaHXUPOBaHHbIX HANOOMNbLUMX 3HAYEHUI KOHLIEHTpa-
umm, nonyyeHo: X = 2.63 mr/gm?; S? = 0.13 mr2/(am3);
0=0.02; d =8.26; F(m) =10/11; x, = 212 mr/gm®. U Tor-
Aa X, = 2.84 mr/igw®. CnepoBatenbHo, pesyrnbsTtaT 4o-
CTaTOYHO YCTONYMB.

MpumeyaHue k npumepy. BoaMoxHoO nosbiLwe-
HMe TOYHOCTM annpoKcMMaunm NyTem pacyeTa na-
pameTpa 0 METOAOM HaMMEHbLUMX KBaapaToB, HU-
BENUPYIOLWMM (haKT HU3KOW TOYHOCTU OLEHOK X 1 S?,
a criegoBaTernbHO, U d No manomy obbemy BbIGOPOK

KOHUEeHTpauumn A =

Tabnuua 1

HanbonbLumne 3Ha4YeHns KOHUEeHTpauum xenesa (Mr/omd) B p. MiceTb (akcnepuMeHTasbHble AaHHbIE) U X COOTBETCTBY-

oLLMe IKCMEPUMEHTasIbHbIE BEPOATHOCTU [7]

Table 1

Highest values of the concentration of iron (mg/dm?) in the Iset’ River (experimental data) and their corresponding

experimental probabilities [7]

| 1 2 3 4 6 7 8 9 10
X, 1.81 1.82 1.83 1.89 1.92 1.95 2.01 2.06 2.07 2.09
F, 1721 2/21 3/21 4/21 5/21 6/21 7121 8/21 9/21 10/21

i 1 12 13 14 15 16 17 18 19 20
X, 213 215 22 2.34 275 276 2.85 2.94 3.08 312
F. 11721 12/21 13/21 14/21 15/21 16/21 17/21 18/21 19/21 20/21
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(n =20, n=10). Ycnosue novcka MMHUMYyMa Criegyto-

n

. A 2
ee: min 2 ((Xl. - (1[) . 3)3,er B COOTBETCTBUN C (bop-
=

mynowu NapeTto

In(1-F)
n{x, / X
rae no-npexHemy F, = ! I 3apava cBoAMTCS K OLEH-
n+
Ke d kak cpegHeapudMeTUYECKOWN OLIEHKE:
R
a=-)»0a,. )
n i=

Mpu BbIGOPKE 06bEMaA n = 10 13 (1) n (2) nony-
4eHo d = 6.9, Tak YTo pacyeTHoe 3HayeHue X, =2.96,
M TOYHOCTb annpokcMmMauum nosbilWaeTcs

Takum obpa3om, pacnpeaeneHue NapeTto yoos-
NeTBOPUTENIBEHO ONUCLIBAET AKCNEPUMEHTarbHbIE AaH-
Hble B 061aCTU UX NOBbILLIEHHbIX 3Haqu|/||7|, 4YTO NO3BO-
nseT caenatb NPeanonoXeHne 0 BO3MOXHOCTU ero
NPMMeEHEeHNs B Liensax nporHosa B3 n 3B3.

2. Ucnonb3oBaHue pacnpegenenunsa NMapeto ang
nporHo3za 93B3

PacnpeneneHue NapeTo aHanuT1yecky onnckisa-
eT (hyHKLMIO pacnpeaeneHus, HaunHas ¢ x,. OctanbHas
YyacTb pacnpegeneHus npeacTaBneHa SMNMPUYEcKu.
MoaTtomy TpebyeTcsa cornacoBaHUe ero «XXBOCTOBON»
YacTu C OCHOBHOW. [1ns 3TOro paccyuTbiBaeTcs cTe-
n,—n

+1

8

npeneneHve npeactaBnseTcs B BUOE:

neHb yceuenus £, = , TAK YTO UCXOAHOE pac-

F=F

Tlapero

(1-F )+F,. @3)

Mpumep 2. Ncnonb3ys AaHHbIE Npumepa 1, rae
obbem BbiGopku n_ =824 npu n =20 n n =10, ocyuie-
CTBWTb MPOrHO3 3HAa4YEHWIN KOHLEHTPaLun xenesa ¢ pu-
ckom owmbku r = 0.00012, T.e. Ha ypoBHe F = 0.9999,
YTO XapakTepusyeT Ype3BblYalHO peadkoe HacTynne-

HMe JaHHOro coobITHS.

824-20 _ 975,

W TOr4a NporHo3 KoHUeHTpauumn xxenesa Ha F = 0.9999

OCYyLLEeCTBNSAETCA Npu FHapeTo = w =0.996,
1-0.975 1.8

Tak 4To no MapeTo 1n(l—0.996)=6.321n ——

xnp.

CnepoBaTernbHo, NPOrHo3HOE 3Ha4yeHne npeneanon KOH-

Pewenue. Mpnn=20: F =

2 BepoATHOCTU M PUCKM AaHbl CO 3HAYEHUAMM
YyeTblpex 3HaKoB Nocne 3ansaTon, n He MOryT ObITb
OKpyrneHbl 6e3 HapyLeHMs TOYHOCTHN pacyeToB.
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LeHTpaumm x = 4,31 mr/gm3. Ecnimxxe n=10, nporHo3 Ha

824-10

1

F = 0.9999 paccunTbiBaeM npu ch‘ = =0.9866,

Fo 0.9999 - 0.9866

=0.9925 ,
1-0.9866

X, =212 mr/igm®, d = 6.9 nonyuum x_ ., = 4,31 mMr/am®.
Kak BugHo, x

wot) = Xopzp YTO TAKKE UNNIOCTPUPYET
YCTONYMBOCTb MOMYYEHHbIX Pe3ynbTaToB.

B oTnnyme oT 3TOro Npu UCNonb3oBaHUN HOP-
ManbHOro 3akoHa pacrnpegeneHus NporHosmpye-

MO€ 3Ha4deHune npu ycrnoBudax npumMmepa 1 cocTtaBns-

eT: X, =11+ Uj 490 "6 = 0.48 +3.57-0.469 = 2.15 mr/am®,
roe u = 3.57 — KBaHTUNb CTaHAAPTHOro HOpMarb-

oTKyda npwu

0.9999

Horo pacnpegenenus, mu é —ns npumepa 1. Kak Bna-
HO, X, HalileHHOE C NCMOMNb30BaHNEM HOPMaIbHOTO
3aKOHa, MoYTW BABOE MeHbLLIE HandeHHoro no MNapeTo.
MoaTtomy punbTpbl, OTCEKatOLLME PUCK He4oNyCTUMO-
ro 3arpsi3HeHns BO4, PacCYMTaHHble Ha OCHOBE rMMo-
Te3bl O HOpMarnbHOM 3aKOHe pacnpegeneHns Bepo-
ATHOCTEW KOHLUEHTpaLuun 3arpsa3HsoLLINX BELLECTB, He
obecneymBaloT He0b6x0AUMOe KayeCcTBO OUNLTPaLMN.
Mpumep 3. N30bITOYHOE CcopepxaHne B Boae
MHOMX B3BELUEHHbIX BELLECTB NPOMbILLIMIEHHOrO Npo-
NCXOXAEHNSA OKa3blBAlOT CUMbHOE yrHeTawllee gen-
CTBME Ha BOAHbIE 3KOCUCTEMBI. B TO e Bpems nX KOH-
LieHTpauums xapakTepuayeTcsi 0COOEHHO NOBbILLEHHON
HecTabunbHOCTbLIO M3-3a Yero nporHo3 OB3 ang Hnx
Hanbonee 3aTpyaHuteneH. lMoaTtomy npeacTaBnseTt
WHTepec NpoBepKa BO3MOXHOCTEWN nNpeanaraeMon
MeToaukn nporHo3a B3 n OB3 ons B3BeLLEHHbIX Be-
wecTB. TpebyeTcs AaTb TakoW NPOrHO3 Mo AaHHbIM 4115
p. NceTb 3a 1986-2009 rr. Ha cTBOpax: 5.2 KM BbILWE T.
EkatepuHbypra, B YepTe ropoga u 7.2 KM Huxe ropoja.
PeweHue. NpensaputensHO NpoOBEAEHO NCCne-
[AOBaHWe MacCVBOB AaHHbIX HA HanM4ne aHoMarbHbIX
BbIGPOCOB MO KpuTeputo [IkcoHa: Ans O4HOro Bbl-

X =X
6poca - T, (n) = M Ons AByx BbIOpPOCOB —

Xn,)

X n, =X ny—-2
’[2 (]/Z) = % 7] T.,q., F,El,e X(nﬂ), X(ng_l), .X(ns_z), veny
(n,) (1)

x(l) — nNopAaKoBbl€ CTAaTUCTUKKN KaxkJon 13 Tpex 3agaH-

X1

HbIX B npunmepe BbI60pOK. npl/l npeBbILLIEHNN T, (l’l),

T, (n) YCTaHOBJEHHbIX NOPOroBLIX 3Ha4YeHu [14], co-
OTBETCTBYHOLME BEMMUMHDI X[, ), X, ) UCKIIIO4anNCL
M3 pacCMOTpPEeHUA Kak aHoOMarbHble.

B0O3MOXHOCTb ONMCaHUs 3KCNEpPUMEHTanNbHbIX
JaHHbIX HOpMarnbHbIM 3aKOHOM pacnpefeneHus npoBo-

. . R

avnack no dopmynam: X =m+uR(v)0, roe m =—2xl.;
X n, 4=
8 1=

521 ”ﬁ(xi_;h)z;R_— d L i=1,2,..,0,
n,—14 n,+1

rae X, — N3MepeHus B Kaxaon Bblbopke obbemom n ;

u ) — KBAHTUIN CTaHOAPTHOIo HopMalibHOro pacrnpe-
1
AeneHns.
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Tabnuua 2

PesynsraThl CTaTUCTMYECKOrO aHanmsa HaboaeHUN KOHLeHTpaL M B3BELLUEHHbIX BELLECTB B P. VIceTb. PazamepHOCTb

OaHHbIX B CTpOKax 5, 7, 8, 9 — mr/om®

Table 2

Results of the statistical analysis of the suspended solids observations in the Iset’ River. The dimension of the data

lines 5,7, 8,9 —inmg/dm?3

5.2 km Bblwe Eka- CtBOp B 4epTe 7.0 km Huxe EkaTe-
Ne AHanuanpyemas xapaktepucTmka
TepuHbypra ropoga puHbypra
1 O6beM nsmepeHui 259 256 262
2 Uncno/aHayeHne aHoMarnbHbIX BeIGpOCOB 1179 2/195, 382 2/407, 466
3 [Hons cnyyaes: meHblue MOK/B3/OB3* 0.3/0.68/0.02 0.15/0.74/0.11 0.03/0.67/0.3
4 m/S 5.8/12.04 17.1/29.85 18.87/40.1
5 [Ovana3oH annpokcumaummn dyHkuun Mapeto 22+67.8 92+162.8 154+314
6 MapameTp a 2.05 3.82 3.125
7 Makcumym KoHLeHTpauum f(g)/x(g) 67.7/67.8 168.2/162.8 311/314
3HayeHus, obecneunBatowme r < 0.01 gns pac-
8 npegeneHunin: HopmansHoro/ 30/48.8/49 86.65/113/114 132.3/229.8/227.2
CTENeHHOro/aKcnepuMeHTanbsHoro
MporHo3 koHueHTpaumu, r < 0.001. Pacnpegene-
9 N B 42/131 109.6/197 163.2/471
HWSA: HOPMarnbHbIA/CTENEHHON

Mpumeyanue: * - NAK (30ecb — NpeaenbHO JONYCTUMAas KOHLEHTPALMS B3BELLEHHbIX BELLECTB B BOAE BOAHbLIX 00b-
€KTOB, UCMOJIb3YEMbIX A1 PbIBOXO3ANCTBEHHbIX Lienen, BTopoit kateropun) = 0.75 mr/om®, B3 = 7.5 + 37.5 mr/om®,

OB3 > 37.5 mr/ome.

Ansa nporHo3a Hanbonee BbICOKOTO 3arpsidHe-
HUSA BoAbl BbIBUpanucb nogxogswmne obbLemMbl Bbl-
6opku Takum obpasom, 4TOBbI pacyeTHoe 1 akcne-
pYMeHTanbHOe MakCcMMarbHble 3Ha4YEeHUsI NpU 3TOM
Oblnn goctatovHo 6nm3kn. B gaHHOM npumepe Tako-
BbIMM OKa3anucb 3HayeHus 1 = 8-9. 3To — o4YeHb Ma-
NbI 06bEM MCNOMb3yeMblX AaHHbIX, BCNEACTBUE YEro
oueHKa napameTpa o pacnpegeneHvs NpoBoamnach
OTHOCMUTENbLHO 6onee TOYHbIM METOAOM HaUMEHbLUMX
KBagpartoB no cgopmyne (2), a cormacoBaHne «xBo-
CTOBOW» M OCHOBHOW YacTew pacnpegeneHus — no (3).

Pesynbrathl pacyeTa no gaHHbIM npumepa 3
obbeanHeHbl B Tabn. 2

Kak BugHO n3 cymmupyoLen Tabn. 2, 3Ha4eHus
KOHTponupyemoro nokasatens no Napeto npu r<0.01
GnN3KK K IKCNepUMeHTarbHbIM (CTpoka 8). OTo BbIroa-
HO OTNMYaeT CTENEHHOWN 3aKOH OT SKCMOHEHUMarbHO-
ro 1 NO3BONSAET HaAEeATbCA Ha AOCTOBEPHOCTb NEPBO-
ro Takxe v npu r> 0.01.

3. OueHka pucka BbICOKOro 3arpsisHeHusi BoAbl
Ha OCHOBE TeOpPUM NOPAAKOBbIX CTaTUCTUK

Puvck BbICOKOrO 3arpsi3sHeHus BOAbI CyLLecTByeT
Aaxe B Cryyae OTHOCUTENbHO BnarononyyHbIX pesyrb-
TaTtax nepuogmyecknx usmepeHuin. Bogonono3osare-
110 BaXXHO 3HaTb COOTBETCTBYIOLLMI PUCK, YTO TpebyeT
OLIEHKN BEPXHEeN rpaHnLbl JOBEPUTENbHOIO NHTEpBa-
na, NOKpbIBaKOLEro KOHTPONMPYEMbIN NokasaTenb C
npvemnemMon JOBEPUTENbLHON BEPOATHOCTLIO. Ecnin
3aKOH pacnpegeneHns HeM3BeCcTeH, B 3TOM crnyyae
MOXeT ObITb CMOSIb30BaH METOA, OCHOBaHHbLIN Ha Te-
OpWU NOPSAKOBbLIX CTATUCTUK.

MocKonbKy i-a NopsakoBas CTaTUCTUKa UMeeT
NPUBNMKEHHO HopMaribHOE pacrnpeaerneHue ¢ maTe-

MaTU4eCKUM OXngaHnem X(i) N cpegHeKkBagpaTtunye-

CKUM OTKITOHEHMEM ,/nE(l —E) TO A8 Haxoxae-

HWS rpaHWL JOBEPUTENBHOIO MHTEPBAana Heobxoammo
W3MEHUTb HOMEpP NOPSIAKOBOW CTATUCTUKK Ha BENU-

wnHy A, =2, nE.(l—E.) [13], rae u,,, — kBaH-

TVNb CTaH,u,ap%Horo HOpMasibHOro pacnpé,qeneHm;l,
Y — AoBepuTenbHas BepOATHOCTb. HallieHHbIe Taknum
06Pa3OM 3HAUEHNS X,y = X(;_s ) N X,;) = X(;, » ) IPUHN-
MaloTCs, COOTBETCTBEHHO, 3@ HIDKHIOK 1 BEPXHIOH [10-
BepuTtenbHble rpaHulbl AnA X(l.).

I%cnm OKa3bIBAETCS, YTO X,y < X(;, , ), TO HA OCHO-
BE CBOMCTBA CUMMETPUYHOCTU HOPMASILHOTO pacrpe-
AeneHns B Ka4yeCcTBe BepXHell rpaHuLibl pUHUMaeTcs
3HaueHue X, + [x(,-) - x(,-_Ai)]. Ecnu paccTosiHne mex-

4y CoCeHMMM NOPAAKOBbIMM CTaTUCTUKaMK BonbLUoe,
BO3MOXXHA MHTEPNONALUS.

Mpumep 4. PaccumTaTb rpaHuLbl JOBEPUTENb-
HOro MHTEepBarna HernapameTpU4YecKMM MeTogoOM OIS
XapaKTEPUCTUK 3arpsi3HEeHNs BOAbI MO AAHHBIM Npu-
mMepa 3 Ha cTBope Bbilwe EkaTepuHbypra npu 3agaH-
HOM 3Ha4eHun pucka r = 0.01.

PeweHue. 3necb 1 -7 = L. 0.99, otkyna

259

i =256.4. 3Ha4yeHne cTaTUCTUKN Xos6) = 41; Xos7) = 571.
CpeaHee 3HayeHue, NPpUHATOE B KaYeCTBE OLEHKN

57.1+41
o) T " 49. CpenHeksagpaTuyeckoe oT-

knoHeHue 6ynet v258:0.99-0.01=1.6, A, = 1.64
157
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Tabnuua 3

PacuyéTtHble naHHbIe KOHUEHTpaL My B3BELLEHHbIX BELLLECTB B P. VICeTb, BO3HMKAIOLLME C PUCKOM He Bbille 0.01

Table 3

Estimated data of the suspended matter concentration in the Iset’ River arising with a risk of not more than 0.01

MopsiakoBblE CTATUCTMKN Annpokcumauus pacnpegeneHuem Mapeto
M3mepeHus a
OueHka X, X, Ouenka o o OueHka X, X,
5.2 km BblLLe MO
49 38 67.8 2.05 <2 2.55 48.8 38 58
TEYEHMIO
B yepTte ropoga 133 112 162.8 3.82 <2 6.5 129 115 143
7.0 KM HUXe no
2244 186 314 2.42 <2 2.8 229.8 217 242.6
TEeYeHUo

1.6 =+ 2.6=3 npuy = 0.9, oTkyaa, Nnp1 COOTBETCTBYIO-
LLIeM OKPYINEHMN U3 AIMNMPUYECKON PyHKLMM pacnpe-
AENEeHUs NONMy4eHO: X, o0 = 38, X, ;oo = 67.8.

Kak BugHo, gaxe o4eHb BbICOKME 3arpsi3HeHUs!
BOAbl, OTMEYEHHbIE B Tabs. 2 B TEYEHUE YUTEHHbIX 23
neT MOryT NpoucxoauTb Yalle, YeM 3TOo crneayeTt us
OaHHbIX TMAPOMOHUTOPWHTA.

B oTBETCTBEHHBIX CNy4asix LienecoobpasHo yTou-
HEeHwe rpaHnL JOBEPUTENBHOIO MHTEpPBana, Ans Yero
B JAHHOW 3afaye BOCMONb3yeMCcs annpoKCUMUpYyto-
WM pacnpenenenuem Napeto, n oueHuM ero na-
pameTp a METOAOM HaMMEHbLUMX KBagpaToB. Takas
OLleHKa BeNMYUHbI d ABNseTcsa cpegHeapudmeTuye-
CKOW, YTO Ha OCHOBE LEHTpanbHOW NpeaensHon Te-
OpeMbl NO3BONISAET MPUMEHUTbL HOPMasbHbIA 3aKOH
pacnpefeneH1si BepoSiTHOCTEN ¢ MaTeMaTUYECKNM
OXuaaHueM d (MCTUHHOE 3HaYeHue) U OLIEHKOW AuC-

2 1 A2
nepcun S~ = —1 (01,. - a) . [pannubl goBeputens-
n-1«
HOro uHTepBana [a ; o ] B 9TOM criyyae onpeaenstor-
cAKaKOL £ U, T a CoOTBETCTBYIOLME UM X, N X,
2 \n
paccYMTbIBAOTCA C MCNOSb30BaHMEM BbipaxeHus (1)
MNPy NOACTAHOBKE B HEro 3HaYeHnn a_ v d. .
3ameTnM, 4To NockonbKy avcnepcus no lMape-
a
2
(0-1)"(a-2)
JeneHne okasblBaeTcs onpeaeneHo npu a > 2, noa-

2 2
TO paBHa S e = X, , aTo pacnpe-

TOMY eCr1 OLieHKa d<2, pacCunTbIBAETCS TONBKO X,
a fanee, BCreactBMe CUMMETPUYHOCTU HOpPMarbHO-
ro pacnpefenexusi, 3Ha4eHue X, onpeaenseTcs no
anropuTmy, ykazaHHOMY BblLLE.

Mpumep 5. Pewmntb npumep 4, nucnonb3ysa na-
paMeTpuyecKMin MeToa.

PeweHue. MNpu ycnosusax npumepa 4 oueH-
Ka napameTtpa pacnpegenenus lNapeto d=0.05;

1.64-0.82
S = 0.82, aH=2.05—ﬂ=1.6<2;
1.64-0.82
\ o205 lO0R2_, 0 2
X000 = (48— 38.3) + 48 = 57.7.

[ns manoro obbema SKCNnepmnMeHTalbHbIX OaH-
HbIX pacnpegerneHune d 6yp,eT Y>Ke He HOpMallbHbIM, a

S8

t-pacnpegeneHnem CTblogeHTa, T.€. LOBEPUTENBHbLIN

- KBaH-

2
TWUINb pacnpeneneHna CrtblogeHTa. B pesynbrate no-

w=1.56<2; X,

n S
MHTepBan onpegensaeTcd Kak o + t1+Y T roe t,+y
- An
2

nyyeHo: o, = 2.05 - )= 38;

0.99

X, 099 = ©8. Taknm o6pasom, 3Ha4eHNst HUXHel foBe-
PUTENbLHOWN rpaHuLbl, NONYYEHHbIE HenapameTpuye-
CKUM 1 NapaMeTpu4eckum metodamu, npakTu4yecku
COBMagaloT, O4HaKO, UHTEPECYHOLLAasA HAC BEPXHSAS rpa-
HWLa nNpy ucnonb3oBaHuW pacnpeaenexus MNapeto He-
CKOINbKO CHUXaeHa, 4To cnedyet u3 tabn. 3.

Kak BugHo u3 tabn. 3, ctpoku 3, 5, CHUXeHne
BEPXHEWN rpaHnLbl NpM UCMONb30BaHUM pacnpeaene-
Hus MNapeTo TeM 3aMeTHee, YeM HUXKE MO TeYEHUIo
peku BblIbpaH CTBOP T.€. B 9TOM HanpasfeHUn Hapac-
TaeT HeCTabUNbHOCTb KOHTPONMPYEMbIX NOKasaTeneu.

CyXeHve JoBepuTeNnbHOro MHTepBana npu ne-
pexoae OT HenapameTpM4eCcKoro MeToaa OLeHUBaHWS
K napaMeTpuyeckoMy no3BonseT CHU3UTbL Mepbl npe-
OOCTOPOXHOCTH, HEOOX0ANMbIE Ha CryYan NOBbILLEH-
HOro 3arpsi3HeHunst BoA.

3akniovyeHune

Pasnnyune pesynsraToB, nony4vyaemblx npu nc-
nonb30BaHWUM ANs Lenen aHanuaa, KOHTpons v npo-
rHO3a BbICOKOrO 3arps3HeHns Bo4 HOpManbHOro unu
CTeneHHoro pacnpegeneHuin BepOATHOCTEN HOCUT
npyvHUMNnanbHbI Xapaktep. Ecnv ctatuctuka cny-
YaHOW BEJTMYUHBI OMUCLIBAETCS HOPMarsbHbIM 3aKo-
Hom, TO B 6onee yem 99.7 % cobbiTUn BENNYMHA OT-
KJTOHAETCA OT CpeaHero 3HavyeHns MeHee Yem Ha 30
(0 — cTaHgapTHOE OTKNOHEHME), a, HanpuMep, 3a rpa-
HULY 50 — pexe, YeM B OOHOM criyyae 13 MUnmnoHa.
[Mo3TOMY OYEHb «KPYMHBIMUY COBBITUAMMN, KOr4a cny-
YarHasi BefnM4mMHa 4OCTUraeT 3Ha4eHun, MHOro 6onb-
LIMX CpedHero, MOXHO npeHebpeyb, cunTas ux npak-
TUYECKM HEBO3MOXHbBIMU. ECcnn ucnons3oBatb Ans
cTaHOapTHOW 00paboTKu AaHHBIX MOHUTOPWHIa pac-
npegenexHve n3 ceMencTsa 3KCNoHeHUnanbHbIX, Ha-
npumep, Kak pekomeHgoBaHo B [15], To kaTacTpodu-
yeckme cobbITUs (HaBOOHEHUS, 3arpsi3HeHus) byayT
BCeraa HeoXuaaHHbIMU. HaBogHeHUs UCKNYnTenb-
HOW CWMbl NOcNneaHnx net ybeamTensHO nokasanu,
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YTO paccYMTbIBaTb Y3ribl BOAONOATOTOBKY, 3aLUUTHBIE
AamObl, NAOTUHBI U ApYyr1e rmapoTeXHNYECKne Coopy-
XeHWst HeoBX0AMMO Ha OCHOBAHUN NHbIX BEPOSTHOCT-
HbIX 3aKOHOMEPHOCTEMN.

AHanuTMyeckoe onucaHne «XBOCTOBbLIX» Ya-
CTEeN pacnpegeneHus BEpoATHOCTEN uccnegyembix
nokasarteneu kayectsa BOAbl pacnpegeneHvem Nape-
TO NO3BOJISIET NO BbIGOPKAM OrpaHNYeHHOro oobema
OonpefensaTb COOTBETCTBYIOLLME NOKa3aTENN B HEHA-
6nogaeMbIx YacTax pacnpeaeneHnin — gasatb NPOrHoO-
3Hble oueHkn. ObnacTb paunoHanbLHOro NPUMEHEHNS
AaHHOro nogxoaa — oLeHWBaHUe MarblX 3HaYeHU pu-
CKOB MO HEBONbLUOMY KONMYECTBY PEOKUX CODLITUN.

Vcnonb3oBaHWe NapamMeTpuyeCcKoro Noaxoaa B
BMAE COMETaHUs yCeYEeHHOW IMNUPUYECKon hopmynbl
pacnpegeneHusa n pacnpegenexus lNapeto onsa aHa-
NUTUYECKOro ONUCaHUSA XBOCTOBOW YacTu NO3BOMSET
pa3paboTaTb NPOCTbIE NPUKNaaHbIE METOAUKM pacye-
Ta, He TpebyloLme CNOoXHOro NnporpammHoro obecne-
YeHus. A Bapmauum obbema aTov XBOCTOBOMW HacTu U3
ycnoBusi obecrnevyeHns MakcumarnbHOro coBnageHus
pacyeTHbIX U 3KCNepUMEHTarbHbIX AaHHbIX MO3BOMS-
0T MPEANONOXNTL YHUBEPCarbHbIV XapakTep A4aHHOTO
NoAxofa, YTo NoATBEPKAAETCS LUMPOKOW ero anpoba-
uuen B 3agadvax Apyrux npegMeTHbelx obnacrten, cas-
3aHHbIX C HEOBXOAMMOCTBIO OLIEHKN CBEPXMAIbIX pU-
CKOB, XapakTepu3syoLmnx 6e30nacHOCTb NpoLLEeCCoB
pasnu4yHow npupoasbl [12].
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