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TUKE 3aTPYIHSIET YIpaBieHue BoJomnob3oBaHueM. CaenaHo NpearnoyiokeHre, YTo Mog00Hast NUCTIEPCUsT —
CJIEICTBUE HEJIMHEMHOCTU CUCTEM, HAXONSIIUXCS BAAIU OT TEPMOJIMHAMUYECKOTO paBHOBecHs. Bo3amMox-
HO, UTO ABVKYIIIEH CUIJION ITPU 9TOM CIIYXKUT TypOodope3 yacTuil TpUMeCH B TYPOYJIEHTHOM, KaK IMPaBuIo,
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BBENJEHHWE. HETIOCTOAHCTBO
ITOKA3ATEJIEMM KAYECTBA PEHHOMUW BOJbl

ExeronHble rocygapcTBeHHbIe mokianbl “O co-
CTOSIHUM M UCIIOJIb30BaHUM BOJHBIX PECYPCOB” CO-
Jiep>XaT yCpelHeHHbIEe MoKa3aTeJlu KadyecTBa IpU-
pOIHOIT BOABI, HO MH(MOPMAIIUS O BHICOKUX M DKC-
TPEMaJIbHO BBICOKMX YPOBHSIX €€ 3arpsi3HeHUsI
MpeJcTaBieHa B HUX B BeCbMa ype3aHHOM Buje. B pe-
aJIbBHOCTH COCTaB U CBOICTBA BOIAHBIX CPEJl U3MEHSIOT-
Csl HEeMPEPBIBHO, MPUTOM HACTOJBKO 3HAYUTEBHO,
YTO JaXKe B TeUEHME CYyTOK KOHILIEHTpalus npumMmeceit
MOXET U3MEHUTBhCI Ha Nopsiaok. JelcTBytolue cu-
CTeMbl MOHUTOPMHTA 3KOJOTMYECKOTO COCTOSIHUS
BOMHBIX 00BEKTOB IJI0XO MPUCIIOCOOIEHbI 1151 OOHA-
DYXEeHMSI TakKux sIBJeHui. Mexay TeM, OHU AocTa-
TOYHO YacCTO OTMEYalOTCsl B HayYyHbIX paboTtax. Tak,
CYTOUHbIE U eXeHeeJbHbIe KOJIe0aHUsI colep KaHuUs
MapraHiia, a TakXe pPenKo3eMeJIbHbIX 3JIEMEHTOB,
AJIIOMUHUS U Xejle3a oOHapyxXeHbl B peke Kanumkce
(seuwms) ([1], c. 225—272). [TonoOGHbIE UBMEHEHUST
CBOMCTBEHHbI peKaM MPOMBIIIJIEHHBIX, CETBCKOXO-
3MCTBEHHBIX M JaXke HEOCBOCHHBIX PETHMOHOB [2].
ExxenHeBHO MeHsIeTCs Jaxke M30TOIMHbBIN COCTaB pey-
Hoit Bomel [3]. B pabore [4] 3aduKcupoBaH BhIpa-
XEHHBIN MepUOANYECKUI XapaKTep 3JeKTpUUECKOMI

! Huemumym 600mwix npobaem Poccuiickoii akademuu Hayx,
Mockea, Poccusa

*E-mail: vidd38@yandex.ru

IIPOBOAMMOCTHU BOJbI M3-3a U3MEHEHUM ee MUHEpa-
JIM3alnu.

HenoolieHka M3MEHUMBOCTU TMOKasaTtejieii KOH-
LIEHTPALIMM 3arpsI3HUTENIE B BOIE MPUPOIHBIX MC-
TOYHUKOB OOYCJIOBJIMBAET HEaAeKBaTHbIE 3aKJII0Ue-
HUYSl IPU KOHTPOJIE COCTOSIHMSI BOAHBIX PECYpPCOB U
AHTPONOT€HHBIX BO3AEHCTBUIA HA HUX, HEBEPHbBIE pe-
IIeHUST TIPU YNpPaBJI€HUM — YCTAHOBJIECHUU PETUO-
HabHBIX MoKa3ateneit ITJIK, Bogo3zabopa, mpu pery-
JIMPOBaHUM PabOThI CUCTEM BOJOIMOATOTOBKM.

He BbiiepXMBalOT KPUTUKU MOMBITKA OOBSICHUTD
MOBBIIIEHHYIO JTUCTIEPCUI0 KOHLIEHTPALIMU MpUMe-
ceil peYHBIX TOTOKOB MCKJIIOYUTENIbHO BIMSIHUEM
BHEIIHUX TMPUPOJHBIX U AHTPOIOT€HHBIX MPUYMH.
KoHeuHO, cocTaB BOABI CYIIECTBEHHO 3aBUCHUT OT
JIMTOJIOTMYECKUX OCOOEHHOCTe bacceliHa, XapakTe-
pa reoXuMMYECKUX MPOBUHIIM, BBIBETPUBAHUS TOP-
HBIX TIOPOJ, PA3JIOXEHUsS OPTaHUYECKUX OCTATKOB
pacCTUTENILHOCTH, CE30Ha, pasrpy3Kud MOA3€MHBIX
BOJ, OCAIKOB U JIPYTrMX MONOOHBIX (DAaKTOPOB, TEM
0oJiee — UBMEHUYMBOCTHU CTPYKTYPbI U KOHIIEHTpaIWit
3arpsi3HeHUi B cOpocax MPOMBILIJIEHHbBIX 1 KOMMY-
HaJIBHBIX TIPESANPUSITUI, aHTPOIIOTeHHOM HUdPy3-
HOM cToke. OJHaKO TPYyIHO MOHSITh, KAKUM 00pa3oM
OKUCJIUTEJIbHO-BOCCTAHOBUTENbHBIE TMPOLIECCHl B
0oJI0TaX MOTYT OBITh €IMHCTBEHHON MPUUYMHOMN “/me-
CSITUKPATHBIX CYTOYHBIX KOJIeOaHUI” cocTaBa BbITE-
Karomeit n3 Hux Boasl ([1], c. 225—272), noyemy Tak
K€ 4acTO M PE3KO U3MEHSIETCSl COCTaB TaJIO BOJBI (C
HopBexckoro JiemHuka FOcremancOpeaH) [3] u Kak
BO3HMKAaET BbICOKAsl YyBCTBUTEILHOCTh KaUeCTBa BO-
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Puc. 1. Pacxon Bombl, M3/c (BepxHUE KPUBBIE) U KOHIIEH-
Tpaus kenesa, Mr/oM> (HUXKHUE KpUBBIE), B p. Yde,
ctBOp BhILIE I. KpacHoydbumMmcka (a), u p. YycoBoii, cTBOp
BBILIE BriageHus p. ApxumnoBka B I. YycoBoM (0). Exxeme-
csiuHble naHHble Pocrunpomera B 2013—2015 rr. st npu-
BelIEHUsI K OHOMY MacllTaly KOHIIEHTpaLMsl keJie3a Ha
puc. 1 6 yBenmueHa B 200 pa3s.

IBI “K HeOOIBIITNM N3MEHEHUSIM INIYOMHBI PEK M CKO-
poctu motoka B Hux" [2]. IlpuxoguTcst MpuHSITh U
TO, 4TO “IIOKa He BhIICHeHa” [4] mpupona CHIbHBIX
KBa3UIEpPUOJUYECKUX BO3MYILIEHUN MUHEpaInu30-
BAHHOW BOJBI.

B mpoMBIIIEHHBIX permoHax HeCTaOMIBHOCTH
nokasaTteJieii KaueCcTBa BOAbI IPUIIKUCHIBAIOT COpocam
3arpsI3HSIONINX BEIIECTB B COCTaBe€ CTOYHBIX BOII.
OnHakKo 1 31eCh HEMOHSITHBI CKaYKW KOHIIEHTpalluK1
npuMecH, GUKCUpyeMble Ha THIPOXUMUYECKUX IO~
CTax, pacIoJIOXEeHHBIX HUKE TaK Ha3bIBA€MbIX CTBO-
poB monHOTO cMenleHus [5]. Paccrogamne oT Toukm
JIOKQJILHOTO cOpoca 10 TakKUX CTBOPOB OOBIYHO HE
IpeBbIIIaeT KaoMeTpa. M maxke eciau Ha HUX CMe-
IIIEHWE OCTaeTCsl He aOCOJIOTHO ITOJHBIM, TaK 4YTO
“cTouHas Boga cMmelmBaetrcd ¢ 95 wian 90% pacxona
BoAbI peku” [6], Bce ke MU3BMEHUYUBOCTh KOHIIEHTPA-
[N 3arps3HSIONIMX BEIIECTB HE MOXET ObITh Ha-
CTOJIBKO BBICOKOI, YTOOBI €€ CTaHAAPTHOE OTKJIOHE-
HHe ObUIO COM3MEPUMO CO CPETHMM 3HAaYeHUEM WJIN
Jlaxke TIPEeBBIIIAJIO0 €ro.

Bo mHOrux cirydasax HOBBIH_IGHI/IC/HOHI/DKGHI/IC I10-
KazaTesie KayeCTBa BOMbI CBI3bIBAIOT C CE30HHBIM U3-
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MEHEeHHMEM pacxoma B pekaxX. Tak, M3BeCTHBI YKa3aHUS O
TOM, YTO TP MMHUMAJIbHBIX pacxomax (mo 40 m3/c) B
JIETHIOIO MEXEHb OTMeYaeTCs] MaKCUMaJIbHasi MUHE-
panusaums Boasl (1.38—1.65r/am?), a ¢ yBetmueHUEM
pacxona (mo 100—300 m3/c) B monoBOABLE OHA TIOHU-
xaercsl. Ho 3T0, KOHEYHO, HEe OOBSICHSECT NMPUUNH
3HAYUTEJbHBIX UBMEHEHU I COCTaBa BOJIbI BHYTPU Ce-
30Ha — €XKEeMECSIIHO, eXXEeHEeIeIbHO WIN eXEeTHEBHO,
a Takxke ciIyJaeB, Korma (a3bl BOMHOTO peXXruMa pek
COMPOBOXIAIOTCS HE OXMIAaeMbIM HampaBJeHUEeM
W3MEHEHUSI KadecTBa BOIBI, a IMTPOTHUBOMOJIOXKHBIM.
B gacTHOCTH, OCTAIOTCS BOIPOCHI O TOM, BCIIEACTBUE
Kakux “cliydaliHbIX” MOPUYUH TIPOUCXOAUT IOUTHU
TTOJTHOE COBITaieHNE POCTa M CHIDKEHMS pacxoia BO-
IIbI B pEYHBIX ITOTOKAX, C OMHOI CTOPOHBI, U €€ Kade-
CTBa — C IPyroii, IpUMEePhI Yero JaHbl HUXE.

JAHHBIE MOHUTOPHWHTA

Ha puc. 1 npuBeneHbl BpeMEHHEIE PSIIbl 3HAUYe-
HUI pacxoia BOABI U KOHIEHTPALIM 3arPSI3HSIIONINX
BEIIIECTB, MOJy4eHHbIe ciayxkbamu Pocruapomera B
JIBYX YpallbCKUX peKax (oCh opAuHAT IIpUBeIcHa B
JorapudmMumdeckoM MacmTabe). Kak BUIHO, TOYKU
pa3BopoTa KOHTPOJUPYEMBIX MOKa3aTeleil B CTOPO-
HY UX IIOBBIIIIEHMS WIX ITOHVKEHMS YacTO COBIIana-
10T Wir 6;m3Ku. Y X0Ts1 Ha HEKOTOPBIX OTpe3Kax Bpe-
MEHM HaOII0HaI0TCs “pacKoppessiuumn’, Bce Xe B3a-
MMOCBSI3b  BPEMEHHbBIX  3aBUCUMOCTEd  3lIeCh
OYEeBUIHA.

M3-3a BpeMeHHBIX CIBUTOB KO3 OUIIMEHTHI Map-
HOI KOppeIsinuy JUHAMUYECKNX U XUMUYECKUX Xa-
paKTepUCTUK [JIs1 TIPUBEACHHBIX Ha puUC. 1 TaHHBIX
HeBeqmku: 0.51 B ciyyae p. Yoo u 0.41 B ciaydae
p. YycoBoii. KoHeuHO, 3TO HE MOXET CIYKUTh JI0-
CTATOYHBIM IMOATBEPXKIACHNUEM BIIMSTHUSI PEYHOTO 10~
TOKa Ha repepacrpeaeiecHe KOHIIEHTpaluu 3arpsi3-
HSTIOILIMX ero BelllecTB. TeM Goliee, UTO IJId psaa aApy-
TMX 3arps3HIOIINX BeEmecTB  KO3(MGUIIMESHTHI
KOPpEJSILIMY OKa3aluCh elle HUXe.

OnHako 3TO HE O3HAyaeT, YTO OOHAPY>KEHHbIMU
¢dakTaMu MOXXHO npeHeoperatb. HeTpynHo, Hampu-
Mep, TMPearnosoXnTh, YTO XOTSI UICKOMOE B3aMHOE
BJIMSIHUE U CYLIECTBYET, HO €ro MposiBJIEHUE YacTO
HUBEJIMPYETCSI MEPEYNCACHHBIMU BbIlI€ BHEITHUMU
¢dakTOopamu, Kak CUCTEMaTUUYECKUMU, TaK U cydaii-
HBIMU, HEMPENCKA3yEeMbIMU.

J11s1 6osee CTpOroro BeISICHEHMS BOITIPOCa O CyILe-
CTBOBAHMM IIPEAIIOIaraéMbIX CBSI3€ MEXIy TMAPO-
JUHAMUYECKUMU XapaKTEPUCTUKAMU PEYHOTO MOTO-
Ka ¥ KOHLIEHTpaLUsSIMU 3arpPs3HSIOLINX €r0 BEeIIEeCTB
OBLIIO BBHIIIOJIHEHO YCpeOIHEeHWEe HAaOII0TaeMBIX COCE/I-
HUX 3HAYEHUIT BPEMEHHBIX PSIAOB IYTEM BbIACICHUS
HECJIydalHOI CUCTEMATUYECKOM COCTaBJISIOLIECH
(crnaxxuBaHue psiaa).

PaccmatpuBaemble psiibl OrpaHUUYEeHBl KaK CBEp-
Xy, TaK U CHU3Y, TO3TOMY, €CJIU Obl OHU aHAJIU3UPO-
BaJINCh HA OCU (—o°, ©°) MU KaKOu-1100 IoIyocu
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Puc. 2. TpeHabl BpeMeHHBIX PSITOB 7151 KOHIICHTpalMKu HedTH (BBEpXy), 3Kele3a (B cepelHe) M pacxona Boabl (BHU3Y) B p. Uy-

coBoii (cneBa) u p. Yde (cripaBa).

(=020, 1y), (#), ©°), TO €CTECTBEHHO ObLIO ObI UCKATh
MPpUOIMKEHME K HUM C TOMOILBIO TPUTOHOMETpUYe-

a, + zz=1(ak coskt +
+ b, sin kt) npu GUKCUPOBAHHBIX IOCTOSIHHBIX dy, 4,
ay, ..., 4y, by, ..., b,. ONHAKO aHAIU3UPYETCS UHTEP-
BaJl, OTpPaHUYEHHbI C 00euX CTOPOH: (7, #7,], TAK UTO
MOXHO TIONpPOOOBaTh OTHICKAThH MOIXOJsIIEe MpU-
OnvkeHWEe U cpedud ajredpanyecKux ITOJMHOMOB.
OKa3ajock, 4TO alredpandecKuii ITIOJTUHOM 6-i1 cTe-
MeHU AaeT NpubvXeHue, Jydiiee, 4eM J1Io0oi Tpu-
TOHOMETPUYECKHMU MOJIMHOM He Bhille 10-ii cTeneHu.
ITockonbKy mpubaMXeHue ajredopandecKum IOJIv-
HOMOM 6-f CTeTleHn o6ecIieunBacT O9eHb BHICOKYIO
TOYHOCTb, OBUIO PEILICHO APYTUX MPUOIMKEHUIN He
HUCKAaTh.

CKMX MOJIMHOMOB F(?)

HMrak, Obu1a copmupoBaHa IOJMHOMMAIbHAS
(anredGpamnyeckasi) MoJieJib TPEH1a BDEMEHHBIX PSIIOB
Ha OCHOBE MOJIMHOMOB 6-ii CTeNeHH, OTHOCUTEIbHO
TOJTHO ONKCHIBAIOIINE MACCHBBI JAHHBIX, UCITOJIb30-
BaHHbBIX IPU MOCTPOSHUU pucC. 1 6e3 yueTa ux cCe30H-
HOCTH.

HMckomble TMHUM TpeHAa (B TEPMUHOJOTUU MPO-
rpaMMBbl IS paGOTHI C 3JIEKTPOHHBIMM TaOJIULIAMU
Microsoft st Windows) npuBeeHbI Ha pUC. 2, a CO-
OTBETCTBYIOIIME YpaBHEHUsI perpeccuu — B Tabu. 1.
Kak BugHO, 11p1 3TOM KO3(PUIINEHTHI TTApHOIT KOp-

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

pensinuu GIM3KM K eIUHUIIE, YTO CBUAETEIBCTBYET O
MaKCHUMaJIbHO BBEICOKOI CBSI3M KOHTPOJINPYEMBIX ITO-
KazaTeJieil: pe3yJIbTaTUBHOTO (3aBUCUMOTIO) pacIipe-
JeJIeHUsI KOHLICHTPALIMM 3arpsI3HSIIONIMX BEIECTB U
dakTopHOTO (HE3aBMCUMOIO) — Pacxoaa BOIbI ped-
HOTO MOTOKA.

ITpupona B3aMMO3aBUCUMOCTH B CHUCTEME pac-
XOJI/KayecTBO BOJIbl B paMKaX IPUHSITOTO, COOTBET-
CTByIOLIETO “3IpaBoMy CMbICTy” [7] “IuHEMHOTO
nonxona” K (popMHUPOBAHUIO CIYJalHBIX IO CBOCH
npupoae Iokasatejeili HeodeBuaHa. IlogoOHBIM
YIPOIIEHHBI MOAX0A HEAOIMYCTUM IPU aHaI13€ M0-
BEJEHUSI HEJIMHEMHBIX HEPAaBHOBECHBIX CUCTEM, Ka-
KOBBIMU SIBJISIIOTCSI TTOTOKM BOIbI M PacCesiHHbIC B
HUX OpUMECHbIe 4YacTulibl. HeluHelHOCTb 31ech,
KakK U B OOJIBIIMHCTBE MPUPOIHBIX TTPOLIECCOB, pac-
CMOTpPEHHBIX B [7, 8], nmposiBisieTcss B hopMe TUCCU-
Malyu 3HEPTUU YIIOPSAOYEHHbBIX MPOLIECCOB U He-
OXHWJAHHBIX U3BMEHEHUN KOHTPOJUPYEMBIX MOKa3a-
Tesieii. B aTHUX ciyyasix Mpolecchl OMUCBHIBAIOTCS
HEJIMHEUHBIMU YPAaBHEHUSIMU, HE UMEIOIIMMMU €A1 H-
cTBeHHOro pelieHus. COOTBETCTBEHHO, HENb3sl HU
MpencKa3aTh NOBeACHUE MPUMECHBIX YAaCTUIL B pPeKe,
HU XapaKTep MUX KOHILEHTpauuil (“camMoopranmsa-
1IM1”’) B OTBET HA BO3MYILIEHE, BHI3BAHHOE TMHAMU -
YEeCKMMU XapaKTepUCTUKAMU CTpyi Boabl. MOXHO,
OIHAKO, MPUBECTU HEKOTOphIe OOIIME TMpeacTaBie-
HUS CHHEPreTUKHU O Mpolleccax, MPpOTeKaloluX B OT-
ToMm 509
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Ta6mmua 1. OcpenHeHHas olleHKa pacxolla, M>/c, M ToKa3aTeeil KauecTBa PeYHOI BOMIEL, a TakKe K03 hULINEHTH Iap-

HOIT KOPPEISIUY F MEXIY HUMM JJI1 JaHHBIX puc. 1

Pexa Pacxon Konnenrtparust r
Yycoas —107%%° + 2 x 10~41° — 0.02n* + Xenesa 0.96
+0.79n3 — 14n2 + 1021 + 21 4% 10-196 + 10-715 — 1054 + 4 x 10-4n° —
—0.00851% + 0.061n + 0.19
HedTH 0.99
1071928 — 3 x 107825 + 2 x 1076n* — 9 x 10751% +
+0.00151% — 0.0086n + 0.014
Vopa 2% 10700+ 3 x 10750 — xXenesa 0.99
—0.00292* + 0.111° — 9 x 10-19%6 + 2 x 10715 — 2 x 10-n% + 6 x 10~4n3 —
—2.1n+15n + 48 —0.00961 + 0.034n + 0.39
HepTHU 0.98
8 x 10711k —2 x 10781° + 10~%2* — 5 x 1075 +
+0.00097% — 0.00571 + 0.025

KPBITbIX CUCTEMAX, HaXOOAIIMXCA BAAJIN OT TEPMO-
JMHaAMMNYCCKOTIO paBHOBECHUS.

O [TPUYMHAX CBA3U1 PACXOIA
WU COCTABA PEYHOM BOJbI

MoXHO TIoJIaraTh YCTAHOBJIEHHBIM, YTO MPUYU-
HOM CUJIbHOI M3MEHYMBOCTU KOHIEHTPALWU MPU-
Meceil B IpUPOIHBIX BOJAX CIIYKUT BO3JIEHCTBUE MO~
TOKa BOABI Ha paclpenccHe KOHLUEHTpalui npu-
MECHBIX YaCTHII.

u (a)

<

% (©)

<|

Puc. 3. IlyabcallMOHHBINA XapaKTep M3MEHEHUsI CKOPO-
cTeil MoToKa; a, 6 — COOTBETCTBEHHO, IMPOAOJIbHAS U BEP-
TUKAJIbHASI COCTABJISIIOLIME METKOMACIUTAOHBIX U KPYII-
HOMAaCIITaOHBIX ITyJIbcaluii [2].

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

JnHaM1Ka BOTHBIX CTPYi CBOIMTCS K IBIDKEHUTO
ITOTOKA KUIKOCTH C OOJBIINM YHCIIOM CTeIleHen
CBO0OOJIBI, 00YCJIOBJICHHBIX KACKaAOM BUXpEii BIUIOTh
10 MUKPOMACINTAOHBIX, TIA¢ MPOMCXOIUT TUCCHUIIA-
M  KWHeTWYecKoit aHeprum. I[lpum >ToM, 1o
A.H. KoiMoropoBy, KUHETUYECKasi SHEPIUsl CTPYM
paccenBaeTcs, B HallleM clTydae IpoBOLIMPYS Hedop-
MaIIiIO CETKU BOTOPOMHBIX CBSI3Eii BOIbI, HapyIIalo-
LIYIO TUAPATALMIO YACTUL] TPUMECH.

B Takoii Moznenau B KauecTBe (DAKTOPHOI'O IOKa3a-
TeNsI, BO3ACMCTBYIOLIEIO Ha IepepaclpeaciicHue
MPUMECH, BBICTYMNAIOT MEJIKOMACIITAOHbBIE BHICOKO-
YaCTOTHBIE aBTOKOJIeOaHMSI KMHEMaTUYECKMX ITapa-
METPOB PEYHOro ITOTOKa, OOYCIIOBJICHHBIE €ro THI-
PaBIMYECKMMU XapaKTepucTukamu (puc. 3).

s TUTIOBOI TIPOAOIBbHONI COCTABIISIIONIEH CKO-
poctu Boabl 0.5 M/c paBHUHHOM peKU BeJIMYMHA Ta-
KMX myJbcalmii cocrasiisieT nopstnka 0.1 m/c co
CMEHOI1 3HaKa MEXaHMYECKOTO HaNpsKeHUs IIpaK-
TUYECKU €XECEKYHIHO Ha BCEX HaNpaBICHUSIX TUI-
poOMeTpHUYEeCKOro cTBopa. BeieacTBue Takux Hampsi-
XKEHUII CKOPOCTh BOJIbI B KaXIOil TOUKE PETYISIPHO
W3MEHSIETCS MO BeJMYMHE W 110 HalpaBiaeHMIo. Ta-
KUM 00pa3oM, peuyHOIi MOTOK BOJBI C COAEPXKAILIMMU-
CsI B Hell 3aTrpsSI3HSIOIIMMU BEllIeCTBAMU 00pa3yeT OT-
KPBITYIO AUCCUTIATUBHYIO CUCTEMY C KBa3UIIEPUOI-
YyeCKMMU aBToKoyiebaHusiMu. CrucTeMa HeMmpepbIBHO
IIEPEBOIUT SHEPIUIO UICTOYHMUKA (BOOZHOIO IOTOKA) B
DHEPIrUI0 MoTephb (mepepacnpenejicHue ImpuMeceit).
BOTO OOBSICHSIETCS], B YACTHOCTU, T€M, UTO YaCTUILIbI
IpuMeceil, UMeIoIIre MAaccCy, OTIIMYHYIO OT MacCChI
MOJIEKY/T BOJIbI, MCHIBITHIBAIOT PETYISIpHBIE CMeEIle-
HUs (c mepruoaom ~1 ¢), BeposITHO, BMECTE CO CBOU-
MU OIVKAMIIMMU TUAPaTalMOHHBIMUA 000JIOYKAMU,
a BO3MOXXHO, U B COCTaBe KJIaCTEPOB, COCTOSIIMUX U3
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COTEH U THICSTY MOJIEKYJI, O KOTOPBIX YACTO YIIOMUHA~
IOT B IUTepaType (CM., Harpumep, [4]).

Tak popmMmupyeTcst MUKpopacciaanBaHue IIpUMe-
CH, PETYJISIPHO U3MEHSIoIIeecs 10 CBOeMy HallpaB-
JICHUIO U MO BeJU4uHe (TIOSIBJIEHUE COBOKYMHOCTU
IUHAMUWYECKUX GIYKTYUPYIOIIUX MUKPOCUCTEM).
Yro ke KacaeTcss MakpoapPeKToB (Iepepacipene-
JIeHUsI M “‘caMoopraHu3alyy’ MPUMECH), 3TO BO3-
MOXHO B pe€3yJibTaTe B3auMOAECWCTBUS MyJIbCalLlUiA
MUKpOpaccjiauBaHUsl ¢ BHYTPEHHUMU CTPYKTYpPHO-
KMHETUYECKUMMU MpolleccaMy B BOMHOIT matpuiie [9].

YacToTy MoCIeIHUX MPOLIECCOB MOXHO yCTaHO-
BUTb, HAIIpUMEpP, aHAJIM3UPYS CHEKTP TUAJICKTpUYe-
CKOI mMCHepCU BOIBI B BJIIEKTPOMArHUTHOM IIOJIE.
MotekyasgpHBIE KOJIEOAHMSI, CO3MAIOIINe THUTrarep-
HoByio aucriepcuio [10], He MOryT MOBJIUSTH Ha TU/I -
poIMHAMUYeCKoe MUKpopacciauBaHUE TpUMecH
peuyHoro nmoroka. CeKyHIHBIMHU SIBJISIIOTCSI BpeMeHa
CIIMH-PENISTOYHON 1 CIIUH-CIIMHOBOI pejlakcallii,
OLIeHMBaeMBbI€ MO CIIEKTpaM IPOTOHHOTO MAarHUTHO-
ro pe3oHaHca B Bojie [11]. TakoBHI ke BpeMeHa npo-
1IECCOB CaMOOpraHu3allnuy, MPOTeKAalOIIre IO BJIU-
SIHUEeM CUJI (PU3NYECKOM, XUMUUECKO 1 MeXaHuue-
cKoil mpuponsl [9]. B yacTHOCTH, CUJIBI YIIPYrOCTH
npu aedopMalisIx CETKI BOJOPOMIHBIX CBSI3€il BOIBI
o0ecrneuynBaoT BHITAJIKMBAHNE K MecTaM Ie(eKTOB
CETKM YaCTUILIBI IPUMECH, TEM CaMbIM O0YCJIOBJIMBAs
MUKpoOpacciauBaHUe 3a CYeT BHYTPEHHUX (DaKTOpOB
([12], c. 151—198). TakoB pesyabTat TypOOdopesa
[13], oOBIYHO paccMaTpUBAEMOIro KaK MHIpPaIUs
WHEPIUOHHBIX YacTUIl B HAIIpaBISHUU CHIDKCHUS
YPOBHSI XaOTUYHOTO ABVMXKEHUS CPEIbl, HO 31eCh 00-
HapY>XKEHHOTO U IJIsI HEMHEPLIMOHHBIX (MOJIEKYJISIp-
HBIX) YaCTUII B TYpOYJIEHTHOM, KaK IMPaBU0, BOTHOM
MOTOKEe. DTOT 3 (PEKT NPOTUBOCTOUT IU(PPY3NOH-
HOMY BBIPaBHMBAHMIO KOHIIEHTPAIIUU.

B 1menmoMm ke HeoOXomMMO MpHU3HATh, YTO IO CUX
IIOP BMECTO MCCIEA0BAaHMS CBOMCTB M B3aIMOCBSI3€eiA
COCTaBHBIX KOMITOHEHTOB ITPUPOIHBIX BOMHBIX TOTO-
KOB KaK CHCTEM, HaXOISAIIUXCSI BAAJU OT TEPMOIM-
HaMMUYECKOTO paBHOBECUSI, M3yUaeTCs JIMIIb UX pea-
rMpoBaHME Ha M3MEHSIOIIMECS BHEIIHWE YCIOBUSI
METOJOM “4epPHOTO SAIIUKa” . DTO OOBICHSIETCS, C ONI-
HOM CTOPOHBI, IMOTPEOUTEILCKMM OTHOIIEHUEM K
TUIPOJIOTUM B ylIepO BBISBICHUIO €€ (yHIaMeH-
TaJIbHBIX 3aKOHOB, a C IPYroii — OTCYTCTBUEM CTaTU-
CTUYECKOM TEOPUM MOJSIPHBIX XUIKOCTEH, TaKUX
Kak Boja. B pesynbrare TpyaHO CYyAUTH O NMPUPOIE
paccMOTpeHHOro Typbodopesa, poiau B HEM MOHHO-
MOJIEKYJISIPHBIX aCCOLIMATOB U3 # >> | yacTui, 00b-
eAMHEHHbBIX Oy1arogaps ’MApaTalMOHHBIMU UJIM BaH-
JIep-BaajlbCOBLIM B3aMMOJIEMCTBUSIM, KOH(pOpMepax
U IPYTUX CTEPEOM3OMEPHBIX CTPYKTypax, HaXoms-
IIMXCS B TOABMKHOM PAaBHOBECUM U CIIOCOOHBIX K
B3amMoIIpeBpaiieHuio [4, 9, 12].

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

3AKJIFTOYEHHME

CyMMUpysl U3JIOXKEHHOE, ToJIydaeM, YTO MOICU-
cTeMa MPUMECU BOMHOTO MOTOKA, MOIJIOLIAsl BHEp-
TUI0 U3 OKPYXKarollei cpeabl, 00pa3yeT TUCCUTIaTUB-
HYIO CTPYKTYPY, XapaKTepU3YIOIIyIOCsl CUHEpreThe-
CKMMHU CBOMCTBAaMH OTKPBITOCTU, CJIOXHOCTH,
HEYCTOMYUBOCTH, (PPAKTAIILHOCTH. TaKOB pe3yJibTaT
oOMeHa 3Heprueil ¢ oKpyxXKalolleil cpeaoil B HepaB-
HOBECHBIX yclIoBUsIX. O4eBUAHO, IIPU 3TOM BO3MOX-
HbI U Oudypkauuu [14], Touku nepeaoma, HabIIOIE-
HUE KOTOPbIX OTKPHIBAET BO3MOXHOCTb MPEABUAETD
sgBJIeHUEe TypbOodope3a, a TakKe OMNacHbIe BOIHO-
9KOJIOTUYECKUE CUTYyallMM, B paMKax ‘“JIUHEWHOTO
nonxoja” MPencTaBISIOLIMECS HETPeacKa3yeMbIMU,
U u3beraTh UX.

NCTOYHUK OPMMHAHCUPOBAHUA

Pabora BeinosiHeHa B pamKkax ['ocynapcTBeHHOTo 3aj1a-
Hug ®T'BYH HMuctutyTta BomHbix mpobGiem PAH (tema
FMWZ-2022-0002).
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HYPOTHESIS ON THE REASONS FOR STRONG VARIABILITY
CONCENTRATIONS OF IMPURITIES IN NATURAL WATERS

Corresponding Member of the RAS V. 1. Danilov-Danilyan“# and O. M. Rozenthal”
4[nstitute of Water Problems, Russian Academy of Sciences, Moscow, Russian Federation
*E-mail: vidd38@yandex.ru

A hypothesis has been put forward about the formation of an increased dispersion of the concentration of sub-
stances polluting the water of the river flow under the influence of internal synergistic factors. The effect is
manifested in the dispersion of controlled quality indicators, exceeding their average value, which in practice
makes it difficult to manage water use. An assumption is made that such a dispersion is a consequence of the
nonlinearity of systems that are far from thermodynamic equilibrium. It is possible that the driving force in
this case is the turbophoresis of impurity particles in a turbulent, as a rule, water flow.

Keywords: river flow, water quality, impurity concentration, thermodynamic equilibrium, kinetic energy of
jets, impurity redistribution, macroeffects, turbophoresis
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