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MogenupoBanue 6udypKaiuii CTaTUCTUIECKUX
pacrpeaejeHnii KOHIIEHTPAaIii a3oTa aMMoHuitHoro B /lecHe

Jarno obsacrerue cmoxacmudeckur budyprayuti nAOMHOCIMU 6EPOATNHOCTU KOHUEHMPAUUT a30-
ma ammonutinozo 6 ecre, kax caedcmeue cAY4aiino20 co8nadenus 08Yr eCmecmeeHHuT npoue-
€CO8: NOHUINCENHO20 600H020 CMOKG U NOBLLIULUEHHO20 MENA06020 (hona. /locmoseprocmy 6bi600a
cocmaeasem oxono T5%. Modeauposanue 6vnoOAHEHO NOCPEICTNEOM CTOTACTUNECK020 Jude-
PEHUUAABHOZ0 YPABHEHUA C YNPLBAFIOUUM NAPAMETPOM.

Karouesvie cao6a: croxactudyeckue OMdypKaluu, JIOTHOCTh BEPOATHOCTH, a30T aMMOHUII-
HBIH, cTOXacTHIecKoe auddepeHIinabLuoe ypasHeHne.

Cocrosinme npobJsieMbl. BoccraHoB/i€HIE €CTECTBEHHOI'O COCTOSIHUSI MTOBEPXHOCTHBIX BOJI,
[TOJIBEP2KEHHBIX AHTPOIOINEeHHOMY BO3JEUCTBUIO, TPeOyeT paspabOTKU MEPOIPHUATHIl Ha OCHOBE
3HAHUI TPUPOJIHBIX ITAPAMETPOB BOJHBIX OOBEKTOB, B YACTHOCTU COJIEPKAHUS PACTBOPEHHBIX XU-
MUYECKUX BEIecTB. B 910l ¢Bsi3um ObLI pa3paboTaH MeToJ, BEPOSITHOCTHO-CTATUCTUYIECKOIO pPas3-
JIeJICHUST KOHIIEHTpAIMK HaOJIIOIEHHBIX KOMIIOHEHT Ha IPUPOIHYI0O W AHTPOIOIEHHYIO COCTaB-
JSIONyIo 1], IpUMEHNMOCTh KOTOPOro OrpaHuYeHa OJHOMOJAJBHBIMY PacIipe/enenusivu. [Tpu
MHOT'OMO/IAJIBHOCTH BO3HUKAET BOIIPOC, YeM OOYCJIOBJIEHO IIOSBJIEHUE JIOTIOJHUTEIbHBIX MO/
OudypKausMd BHYTPU CHCTEMBI I10J] BO3/efICTBHEM eCTEeCTBEHHBIX (DAaKTOPOB WJIH Ke JIO-
MMOJITHUTETbHBIMIA aHTPOIOTeHHBIMA HCTOYHUKAMU. Ha IepBblil B3IVISA pelleHne BO3MOYKHO
B paMKaX TEOPUU JUHAMUYECKUX CHCTEM, TJie UCCJIEI0OBAHBI TUINYHBIE CTOXAaCTUYECKUE -
depeHIaIbHbIE YPABHEHUS, IOPOXK/Iaonie oudypKauu Ipu KPUTUIECKUX 3HAYEHUAX YIIPaB-
JISIONMX apamerpos |2, 3|. OjHako npuMeHeHHe “MEeTOJIOB IIO3HAHUS CJIOXKHOIO” [2|, crasrimx
OCHOBO#1 UCCJIE/IOBAHUST MUKPOIIPOIIECCOB, CTAJIKUBAETCS C PSIJIOM ITPOOJIEM TIPU U3YUYEHUN CTOXAC-
TUYIECKUX MAKPOIIPOIECCOB KadecTBa BOj. lIpexie Bcero — ¢ HeOOXOIUMOCTHIO BOCCTAHOBJIE-
HUS IIPOIECCOB 110 MUCTOPUYECKUM HAOJIOIEHUAM TI'UJIPOXUMUYECKAX KOMIIOHEHTOB, 3aTeM —
¢ CO3JIaHUEM CTOXACTUIECKUX b depeHIuaIbHbIX YPABHEHNI, OMMMCHIBAIOIINX TUHAMUKY KOH-
KPETHBIX PACTBOPEHHBIX BEIECTB € YIETOM BO3MOXKHBIX OudypKalinii, u, HAKOHeIl, — ¢ HIeHTU-

dukarueil yupaBsonux IPUPOJIHBIX TAPAMETPOB.
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Harma 1esib — BeIOpaTh cpejin U3BECTHBIX I depeHnraibHoe YpaBHEHHE U OIPEIeIUTh €ro
VIIPABJISIONIAI €CTECTBEHHDIN TapaMeTp, 00bICHATONIH OudyPKAIMA IIJIOTHOCTH BEPOSITHOCTH
KOHIIEHTpAIUil a30Ta aMMOHUIHOTO, Ha IIpuMepe bacceitna peku [lecHa.

Marepuan u mMeronumka. B ocHOBY wmcciie/loBaHUsT ITOJIOYKEHBI MaTepUasIbl €3KeTHEBHBIX
PHJIPOXHMHIYMECKHX Hab/TofIennii 3a coiepskamiem azora amvonnitnoro (NHY, mr N /mv?) B zambr-
karoreM crBope p. [ecuwr ¢ 1991 mo 2003 rr.

st uccyieoBanus BHIOPAHO ypaBHEHHE, HA3BIBAEMOE “TPEXKPATHBIM PaBHOBECHEM'’, KOTO-
poe JIONOJIHEHO &/JIUTUBHBIM IIIyMOM |[3]:
do _ ax — z® +vV2Dn(t), (1)

dt
[Jie & — KOHIIEHTPAIsl PACTBOPEHHOrO BerecTsa, (Mr/anm?®); ¢ — Bpemsi; o — yIpaBJIsiioNuii mapa-
MeTp mporiecca; [ — quciepcust IpoIecca; n( t) — HOPpMUPOBAHHBIN T'ayCcCcOB OEJIBIN Ty M.

[Tonaraercs, uro ypasuenue (1) remepupyer peasnsanuu, 110J00HbIE (GaKTUIECKU HABIIIO-

JIEHHOMY BPEMEHHOMY PSIJTY N(NHI). ILmoTHOCTH BEPOATHOCTH MPOIIECCA MOJYIEHA B PE3YJIHTa~

re pemtenusi ypapaenust Poxepa—Ilnanka—Komvmoroposa st ypasaenus: (1):

2

8

p(z) = Cexp (200 — 2%) ¢, (2)

B
w|

e C' — HOpMUPOBOUHAs KOHCTaHTa. Kein o < 0, TO pacupeseseHne OJJHOMO/IAIbHOE, KYIIOJIO-
oyrobmoe, ecim o > 0, TO pacupesesienne By XMOIATBHOE.

B ocHoBy moncka yrpasJisioniero mapamMeTrpa mporecca moJiozKeHa Ciejlytorias runore3a. Hec-
MOTPsI Ha TO 9TO KOHIIEHTPAIUs a30Ta aMMOHHUITHOTO B PeKe 3aBUCUT OT MHOXKeCTBa (PaKTOPOB
(marpumep, c6poca CTOYHBIX BOJ, IIPUMEHEHHsl yJ00peHuii Ha IUIomaau Bojocbopa, ero 3ase-
CEHHOCTH U PACIAXAHHOCTHU), HAME BBIODAHBI BaXKHEHIIINe: PEYHON CTOK U TerioBoil dhoH. JIByx-
MOJTAJTFHOCTh BO3HUKAET TIPU CJIYIANHON COMPSIKEHHOCTH JIBYX SIBICHUIN, a MMEHHO: HU3KOTO
CTOKA, 9TO OrPAHUYIUBAET IMOCTYILIEHHE a30Ta AMMOHUNHOTO B BOJOEM BCJIEJICTBUE YMEHbBIIICHUS
o0beMa HOCUTEJIsT, U yBEJIMIEeHHsT TEIJIOBOrO (DOHA, ITO CIIOCOOCTBYET HHTEHCUBHOM OMOJI0rAIec-
KO# TpanchopMaIu aMMOHUS B HUTPUTHI ITyTeM HUTpuduKainu. B pe3ysibrare yipaBIsionuit
rapaMeTp IpeICTaB/IeH, KAaK COBMECTHAsI BEPOSITHOCTh HU3KOIO CTOKA U MOBBIIIEHHON TeMIiepa-
Typbl Bozayxa. COCTOSHIE CTOKA ACCOTMUPOBAIOCH € €7KEMECSTHBIMI OTKJIOHEHUSIMHI OT HOPMBI
(aHOMAJIMSIMI) PACXOJIOB BOJIBI, & COCTOSTHUE TEIIOBOrO (POHA — C €XKEeMECSTIHBIMU AHOMAJIUSIMU
TeMIIEpATYPbI BO3/IyXa. BepOHTHOCTH IIOHI>KEHHBIX aHOMAJINNI Pacxoa0B BOJABI U BEPOATHOCTU
[IOBBINIEHHBIX AHOMAJIUI TEMIIEPATYP BO3/yXa PACCUUTHIBAIUCEH C TIOMOIIBIO UHTEI'PAJIOB BEPO-
SITHOCTEH! COOTBETCTBYIONINX 3aKOHOB CTATUCTHIECKUX pacCIpeeeHuil, uaeHTUOUIITPOBAHHBIX
C MOMOIIBIO OBOBIIEHHOIO CUMMETPHYHOIO SKCIIOHEHIAIbHOro pacupejesnenus (Generalized
normal distribution: version 1) [1]|. IIpunsito, uro mporecc gocruraer Toukn 6ndypKaum Ipu

BeposaTHOCTHU > (0,5 TMOHUKEHHBIX aHOMAJIMI PAcX0JI0B BOJALI U BEPOATHOCTHU > (0,5 MOBBINMIEHHBIX
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Cyrku

Puc. 1. Ilpumep crarucrudeckoro mopobus: a — peaymsanuit (I, 2), nosydenusix mo momenn (1),
0 — BpeMEeHHBIX PsI0B KOHIeHTpanuit aszora ammonuiinoro N(NH,) B 1995 r. (1) u 2002 r. (2)

aHOMAJINIT TeMIIepaTypbl BO3IyXa, T.e. IIPH COBMeCTHOH BeposrHOCcTH « > 0,25. Ecim coBmec-
THasI BEPOATHOCTH paBHa MK MeHbIne 0,25, To yunpaBsiomuii mapaMerp « paBeH HYJIIO WIN
OTPUIIATETBHBIN, YTO COOTBETCTBYET OJHOMOJIAJIBHOCTH, ecyn Ke o > 0,25, To ecTh OCHOBaHUMA
[Ipe/IIoJaraTh Hajan4aue oudypKamm.

[IpoBepka runoTe3nl BBITOJHEHA ITYTEM COITOCTABJIEHUS €7KETOIHBIX CTATUCTUIECKUX PACIIPe-
JleJleHnii KOHIEHTPauii a30Ta aMMOHUITHOIO € €2KerO/IHBIMU IIJIOTHOCTAMHA BEPOATHOCTEH, BbI-
YUCJIEHHBIME TIOCPEJICTBOM YpaBHEHUsI (2) IpH yueTe pacCIYNTAHHBIX 3HAYEHUIT YIIPABJISIIONIErO
napaMerpa.

Oco60 oTMeTHM, YTO IPOBEPKA I'MIIOTE3bl ¢ UCIOJIL30BAHMEM CTPOIUX KPUTEPUEB B HAIIEM
cydae He Ie1ecoobpa3Ha, TaK KaK OTHOCATEbHBIE TIOIPEITHOCTH OIPEJIESIEHUN PACXO/I0B BOJIBI
MU KOHIEHTPAIWil a30Ta aMMOHMITHOro cocTapasior 10—20 % nabaromeHHoi BeJInIuHbL.

O6cy>xxaeHune pe3yJbTaToOB HccjeaoBaHuii. [lojydyennbie B KadecTBe IpUMeEpa C II0-
MoIbio Mojesnn (1) jBe peanusanuu Jyisi IpoIecca OJU3KHU 110 HEPEryJsipHON IUKJIMIHOCTH
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Puc. 2. DKcrmepuMeHTAIBHBI CTOXACTHYECKUIT Hporece KoHNeHTpanuii azora ammonuitnoro N(NH,)
B [lecue 3a nepuojr 1991-2003 rr., mmpejicTaBIeHHBIH TOCPEICTBOM THCTOTPAMM

W aMILUTUTYJIe K BPEMEHHBIM PsSJaM €XKeJIHEBHBIX KOHIIEHTPAIWi a30Ta aMMOHHUHOTO B 1995,
2002 rr. (puc. 1). Takux peanusarumit, B 60JIbIIeil WM MeHbIIE Mepe IOX0KUX Ha (DaKTHIECKIe
BPEMEHHDBIE Psi/ibl KOHIIEHTPAIM ¢ OJU3KUMU CTATHUCTUIECKUMU IIapaMeTPaMU, MOKET OBITh
HECKOHEUHOe MHOXKECTBO. Y UUThIBasi HAIILY 11€J1b, MbI JIOIIYCTUJIH, YTO MOJIe/b (1) npurogHa st
MOJIE/IMPOBaHUsI OMpypKaIlnii IJIOTHOCTH BEPOSITHOCTEN KOHIIEHT DAL NHZ.

Borunciennbie exkeroibie 3HAUEHUS YIIPABJIAIONIErO TAPAMETPa MMEIN OTPHUIATEIbHbIE 3HAUE-

HHUA B TIECTU CJIydasAX, 9TO COOTBETCTBYET OTCYTCTBUIO 61/chypKaum7I, 1 I1I0JIO2KUTEJIbHBIC 3HaYCHMA

Tabauya 1. 3HAMEHUs YIPABJIAIONIETO MapaMerpa croxacTuideckoro muddepernuanbaoro ypasaerus (1)
U ero CTAIMOHAPHON MJIOTHOCTU BEPOSITHOCTH (2)

R e e
1991 0,071
1992 0,217
1993 0,042
1994 0,123
1995 -0,039
1996 0,122
1997 0,062
1998 0,194
1999 0,101
2001 0,131
2002 0,140
2003 0,022
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Puc. 3. IIpossrenns 6udypkanuii mrornocru BepostHocTeii kKonnenrparwit N(NH,) B ecne, Berauciten-
HBIX COryIacHO Mogen (2) 3a nepuoms: @ — 1991-1997 rr., 6 — 1998—2003 rr.

TaKKe B TecTn caydadax B 1992, 1993, 1996, 1997, 2002 u 2003 rr., Korjia, BO3MOXKHO, ITPOUCXOJIAII
6udypkampn (tabi. 1). Comocrasisis 3bdeKTs, MpeosaraeMble 10 3HAKY YIPABJISIONIErO a-
paMeTrpa, CO CTAaTUCTUYIECKUME PACIPEIEICHUIMI KOHIIEHTPAIMIA a30Ta aMMOHIITHOIO IO TOJIAM,
MOXKHO T'OBOPUTH O BujauMoM cooTBercTBum B 1991, 1992, 1993, 1995, 1996, 1997, 1998, 1999,
2001 u 2003 rr., uTo cocrasiser okoio 75—80 % amammsupyembix ciaydaes (puc. 2). Corsaco-
BAHHOCTb TEOPETHYECKUX IJIOTHOCTEH BEPOSITHOCTEH 110 TojaM (puc. 3) U CTATUCTUIECKUX PAC-
npejiesieEnit (pakKTUIeCKUX KOHIEHTPAIUN a30Ta aMMOHHUITHOTO TAKKe HE SIBJISIeTCS TOJITHBIM,
1o 6auskuM K 75—80 %.

Takum obpazom, HaJWYUE JBYX MOJI B CTATUCTHUUIECKUX DPACIPEIE/ICHUSX KOHIIEHTPAIU
a30Ta aMMOHUITHOTO MOXKET OBITH CJIEJACTBHEM €CTEeCTBEHHBLIX ITPOIECCOB. B 39TOil cBsI3uM HeT
OCHOBaHUM yTBEPXK/IATh, ITO JIOMOJHATE/THHBIE MOJIBI SIBJISIIOTCA PE3YJILTATOM AHTPOIIOTEHHDBIX

BO3JIEHICTBUA.
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MogaemoBanHa OipypKariiii CTaTUCTUIHUX PO3IIO/IiJIiB

KOHIIeHTpaIliil a3oty amoHiitHoro B JlecHi

Llaro noacrenna cmoxacmuswhux 6ihyprayit 2ycmuny GMoSIPHOCTIE KOHUEHMPAULT a30MY AMO-
Hitnoz2o 6 Jecni, Ax HacAIOKY 6unadkosozo 30i2y J8OT NPUPOOHUL NPOUECIE: NOHUNCEHO20 G00-
HO20 CMOKY MG Nideuusenozo menasosozo gony. Jocmosipricms 6UCHO6KY CMaH08UmMd OAU3b-

ko 75 %. Modeaosanns suxonare 3a donomozo0 CmoTacmuuhozo JuPepenyiarsvohozo pieHarta
3 KepYBaAbHUM NAPAMEMPOM.

Karowo8t caoga: croxactutdi Oidypkariii, rycTuHa HMOBIPHOCTI, 30T aMOHIWHUHN, CTOXACTHIHE
JudepeHItiaabue PiBHIHHS.
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The modelling of bifurcations of the statistical distributions

of the concentrations of ammonia nitrogen in the river Desna
Stochastic bifurcations of the probability density of the nitrogen concentration of ammonia in
the river Desna are explained as a result of the accidental coincidence of two natural processes:

reduced water flow and high thermal background. The reliability of the output is about 75 %.
The modeling is done with a stochastic differential equation with the control parameter.

Keywords: stochastic bifurcations, probability density, ammonia nitrogen, stochastic differential
equation.
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