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Ooecckutl 20cy0apcmeentbili IKON02UYeCKUll yHusepcumem

MOJAEJIMPOBAHUE PACITPOCTPAHEHMUSA 3ATI'PABHAIOIUX BEIHIECTB
HA AKBATOPUM O3EP SLIITYT-KYTI'YPJAYH

Ilpugedenvl  pe3ynomamul YUCTEHHO20 MAMEMAMUUECKO20 MOOETUPOBAHU pacnpocmpanenus
3a2PAHAIOWUX 6eUecm8 HA aKeamopuu npudynaickux ozep Amnye-Kyeypayi. B kauecmse ucmounuxos
3a2pA3HEHUA pacCMampueaiomess OYHAlCKue 800bl, HOCMYNAIoWue 8 6000eM Yepe3 COeOUHUMmeNbHble
Kauanwl, u cmok p.Annye.

Knrouesvle cnosa: 3azpsasnenue, Ilpuoynaiickue osepa, Mooenuposanue

Cuctema IByX B3aMMOCBsI3aHHBIX o3ep Snmyr-Kyrypmyit oOpasyeT camblii KpymHBIi
BojoeM IlpunyHaiickoii o3epHOM cuctemsbl. [Ipu 3TOoM o03epo SAnmyr sBiseTcss caMbIM
riyOOKMM BOJOEMOM 3TOW rpynmbl, a o3epo Kyrypnyit ¢axtuyecku mpezacraBiser coOoif
I0KHYI0 MEJIKOBOJHYIO 4YacTb O3epa Simyr, CBA3aHHYI0 C HHM OTHOCHUTENIBHO IIHUPOKOH
npotokoit (puc. 1). Ozepo Kyrypnyit cBszano c¢ p.JlyHail cUCTEMON COEIMHHUTEIIbHBIX
karaoB (Ckynma, 105 kM, Penmnama), yepe3 KOTOpbIE OCYIIECTBISETCS HAIMOJHEHHUE O3€p
JyHaNCKOM BOJIOM B IIEPUOJ MaBOAKOB. B ceBepHy10 yacTh o3epa fimyr Brnajgaer mauas peka
C QaHAJIOTUYHBIM Ha3BAHUEM.
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Puc. 1 — barumerpudeckas xapra o3ep Anmyr-Kyrypiayi, M, npu otMeTke ypoBHs Boabl 2,46 M BC.
Ocu pa3MedeHbl B HOMepax y3Jl0B pacdyeTHOH ceTku. IlpoctpancTBeHHBIH mar Ax=Ay=500 wm.
O06o3HaueHHsI COCMHUTENBHBIX KaHainoB ¢ p.Jlynait: 1- Cxynma; 2 — 105 xm; 3 — Penunana; 4 — p.
Snmyr.

Bopoem wucnone3yercs Ui MUTHEBOTO BOJOCHAOMKEHHS MPHUIIETAIONINX HACEICHHBIX
MyHKTOB, PHIOOBOJICTBA, pEKpeariv, a B JICTHHE MECSIIbl OCYIIECTBISETCS 3a00p BOIBI B
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UPPUTAllMOHHBIX IENAX. YUMUTBhIBas, YTO pPEYHbIE BOJAbl — TMOTEHUHUAIbHBIA HCTOYHHUK
3arpsi3HEHUs] BOJOEMa, aKTyallbHOM MpeCTaBiIsieTCs 3a7ada UCCIeI0BaHUsl MPOCTPAHCTBEHHO-
BPEMEHHOM  M3MEHYMBOCTH  3arpsisHeHWss  Boa  o3.fnmyr-Kyrypimyit  BemiectBamu,
MOCTYNAIOUMMH B BOJIOEM C TyHAHCKUMH BOJIaMU B MEPHUOJ] HATIOJHEHUS BOJOEMA U CO CTOKOM
p-Anmyr. B pemienuu 3Toi 3a1a4u 3aKII0YAETCS ETb IPEACTABISIEMON CTAThH.

Panee, B paborax [1,3,6] Obutu HcciaenoBaHbl OCOOCHHOCTH BETPOBOW LUPKYJIISIIUU
BOJI, ()OPMHPOBAHUSI YPOBHS TPO(PHOCTH, W3MEHYMBOCTH COCTABIISIONIUX BOJIHO-COJIEBOTO
OanaHca BoJIoeMa B pa3HyYHbIE 110 BOJHOCTHU TOJIBI.

Metoapl M MaTepuaibl HccaenoBaHus. J[nsg ycraHOBIEHHS OCOOCHHOCTEH
pacripocTpaHeHHs 3arps3HSIONIMX BellecTB B Bojax o3.Slnmyr-Kyrypnyil ucnonb3oBaiach
YUCJICHHAs! HECTAIlMOHApHAsA THApOoANHamMuYeckas moxaenb [2, 5]. Ilpu pacuerax axBaTtopus
BOJIOEMA MOKPBIBAJIACh TOPU3OHTAIBHOM pacdeTHOM ceTkoil 29x96 y3noB ¢ marom 500 M.
Hcnonp30Banuch 4 pacdeTHBIX YPOBHSI IO BEPTUKAIN B G - CHCTEME KoopAuHAT. [ TyOWHBI B TUMaHe
3aJaBaliiicb COOTBETCTBYIOIIMMH OTMETKE YPOBHA BobI B Bogoeme 2.46 M BC  (puc. 1).

Hcxonnast cuctema ypaBHEHUH MOJenM B NpuUOMMKeHHM byccuHecka B mpaBoi
JEKapTOBOM crcTeMe KOOPIMHAT 3aIMMChIBACTCS CIEAYIOMUM 00Pa30M.

YpaBHEHUS IBUKEHUS:

_10B _
a—u+Bx1 OB xuu +8W+auw=—L8—P+fv+Bxli[23xAha—uj+
ot ox oy 0Oz po Ox ox ox O
0 ov Ou 0 ou -1
+U =B )= 4p| —+— | |+ =—| 4y — |- B:Cps By ulu|
( Bc)ay h{&x ay} 62( v@z) Bc wsDBx ||
OB, v
@_Fav_uﬁ_B;lL_kav_W:_La_P_fu_i_B;lg ZByAh@ +
ot Ox oy 0z po Oy oy oy @)
0 ou Ov 0 ov -1
+(0-B,)—| 4Ap| —+— | |+—| 4y, — |- B.C,,¢ B .
( BC)ax h{ay ﬁx} 82( v@zj BeCus y V|V|
VYpaBHEeHHE HEPa3PbIBHOCTH
OBV
B! aBX“+B;1 ALY 3)
o0x oy 0z
YpaBHEHHE MTEPEeHOCAa HEKOHCEPBATUBHON PUMECH
oC; -1 0 oC; -1 0 oC;
—+B, —|BuC; —-B,Dj, — |+B,, —| B,vC; — B, D}, — |+
ot xax("’ Xhaxj Y A Gt "

0 oC;
+§((W+ Wgi )Cj —Dva—zl] =Fi(Ci.x,y.z)+0i(x,y,z,1).

YpaBHeHHE TUAPOCTATUKH

oP
or__, 5
o =8P (5)

3nech u,v,w- KOMIIOHEHTHI BEKTOpa CKOPOCTH TEUCHHMH V B HaINpaBICHHAX X, ), Z,
COOTBETCTBEHHO; ¢ — BpeMsl; P — naBieHue; p( = const; f - napamerp Kopuonuca; Ay, 4,—
K03(pPULIMEHTHI TOPU30HTAIILHOW M BEPTUKAJIBHON TypOYJIEHTHOCTH, COOTBETCTBEHHO; O —
IUIOTHOCTb BOJBI; g — YCKOpeHue cBoOomHoro maneHus; C; — KOHIEHTpalMs 1-ro

3arpsA3HAIOMEro BEIIECTBA B BOJC, ng'* IpaBUTalUOHHAsA CKOPOCTb OCAXACHHA INPHUMECH,

Dy u D, — x03(p(dULKeHTbl TOPU30HTAIBHON U BEPTUKAIbHON IU(Qy3uH, COOTBETCTBEHHO;

By m By — 0OespasMepHas, OTHOCHTEIBHO pasMepa SCHKH PacuyeTHOW CETKH, MIMPHHA
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IOTOKa B HANpaBJICHUSX X U Y, COOTBETCTBEHHO; [3.— MHOXKHUTENIb pPAaBHBII HYIIO, €CIIU
KaHaJl OTCYTCTBYET, U €IUHHUIIE - B ciiydae Hammuus Kanana, Cy,q— KoapduiumenT 60koBoro
TPEHHs O CTEHKH KaHana; [; — (QyHKIH HEKOHCEPBATHUBHOCTH I -OH NpHMeCH (BEILECTBA),

OIIMChIBAIOIIas1 XHUMHKO-OHOJIOTHYECKHUE Iponecchl €€ TpaHC(I)OpMaLII/II/I; Qi — IPHUTOK

BEUIECTBA OT BHEIIHUX UCTOYHUKOB.

B Takoii Mommdukanum Mojaenb MO3BOJSET PACCUUTHIBATH TEUYCHUS H TEPEHOC
OpUMEeCH B KaHajaX, MMEIOUIMX IOACETOYHBbIM MacmTad B OJHOM M3 TOPU30HTAIbHBIX
HampaBjieHUN (LIIMpUHA IOTOKAa MEHBLIE MIara pacyeTHOM ceTku). YpaBHeHus (1) - (4)
aBTOMATUYECKH NEPEXOJSIT B TPAAULUOHHBIE YpAaBHEHMs, €ClAM MOJNOKUTh . =0 u
By =By, =1.

IIpy yucneHHOW peanu3aluy NPUBEACHHON BBILIE CUCTEMbl YPABHEHUHN MEPEXOIAT K
KPUBOJMHEHHOMN MO BEPTUKAIM CHUCTEME KOOpPAHWHAT (G - CHCTEME), YTO, C OJIHOH CTOPOHHI,
yJIydllaeT BbIYUCIUTEIbHbIE CBOWCTBA MOJENHU, a C JAPYrod - MO3BosiAeT 0Oosee TOYHO

ONMCaTh BEPTUKAIBHYK AUHAMUYECKYIO CTPYKTYpY BOJ M paCIpelelicHHE NPHUMECH B
o0nacTi MajbIX ITyOuH. [ 3TOro UCcnosb3yeTcs cpsamMIIsoliee peodpa3oBaHue IHA BUJA:

o=(h-z)/H; H=h+d, (6)
TAC G - HOBAs KOOpAWHATA, U3SMCHAIOMIAACA OT IMOBCPXHOCTHU OO JHA B IPCALCIIax [0,—1], H -

MOJIHAsI JIOKAJIbHAsi TIyOWHa; d - TiayOMHAa mpu HEBO3MYIICHHOM YpPOBHE MoOps;, A -
OTKJIOHEHHE YPOBHS MOPSI OT €r0 HEBO3MYIIIEHHOTO COCTOSHUSI.
YpaBHEHUS IBUKEHHUS B X, ),G - CACTEME KOOPJIUHAT MPUHUMAIOT BU;

OHu  _1( OHByuu )\ OHuv ouw _ oh H OP,
—+ By + + g +
ot ox oy 0o ox pg Ox

v 2 (ZHB A a—”j (1—BC)Q(AhH{@+a—”D+H‘1i(A a—”)
ox o oy

ox Oy 0o 0o
_BC ws (7)
O\HB v Y

8Hv+8Hvu+B;1 ( ¥ )+8(vw)=_g %—iai—fHu-i-
ot Ox oy o0c oy po Oy
+ B! 91 2us Ah@ (1=, ) 2|y m| 24 & +H‘1i(A @)

8y oy ox oy Ox | oG oG
_ﬂc WS (8)
rae Ha—c—w (1 G)@—u(6h+ 8Hj v %+06—H . 9)

ot ot ox ox oy oy

VYpaBHeHHE HEPA3ZPBIBHOCTH
oh ,-10 -1 0 ow

+ B HB +B HB, v|+—=R-FE, 10
ot B o () 8y< ) P (10)

rae R — cioi ocagkoB, E — clIOM UCTIapeHMUS.

VYpaBHeHHE NEepeHOca HEKOHCEPBAaTHUBHOW MPUMECHU:
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OHC; i 5125 il uc, Dhai +B_1a By H|vC; Dhai +
at ax 8x ay 6}/’

(1)
+a££(v”v—w : vaCi]=HFi(Ci,x,y,z,t)+HQi(x,y,Z,f)-
o] (e)

Meton pemieHuss TUAPOIMHAMHYECKON 3alaud MpeaycMaTpHUBaeT pacllelUIeHHne ITOJTHOMN
CKOPOCTH TEUEHHUI Ha CPEeIHIO MO IIyOMHE CKOpOCTh (0apoTpoIHasi COCTABISIOMIAs) W OTKIOHEHUS
OT Hee Ha KaKIOM pAacueTHOM Topu3oHTe  (OapOKIMHHAS COCTaBIAIOIIAs). OTO IO3BOJISAET
UCIOJIb30BAaTh NPU YUCJIICHHOM PEIICHUH YPaBHEHWH NUHAMHKH Pa3INYHbIC BPEMEHHBIE IIATH JUIA
0apoTporHO M OapOKIMHHON COCTaBISIFOIIUX TOPH30HTAJIBHOM CKOPOCTH TEYEHWH, MOCKOJIBKY
nepBasi CBsI3aHa ¢ KOJICOaHUSIMU YPOBHS MOPS IIPU IPOXOXKACHUH [UIMHHBIX IPAaBUTALMOHHBIX BOJH U
U3MeHseTcs 6osee ObICTPO, UEM BTOPAs.

KoMmoHeHTBI 6apOoTpOITHON COCTABIISIONIEH CKOPOCTH TEUSHUH ONPEENITIOTCS KaKk

0 0
U= Iudcs ul= Ivdcs, (12)
-1 -1

a MIPOUHTECTPUPOBAHHBIC 1O BEPTUKAJIN YPABHCHUA ABUIKCHUA UMCIOT BU!

- P
MU | g1 O (1B,6,,UU)+ -2 (0, UV ) = —gi & - 1L %a
ot ox oy ox pg Ox
+ fHV + B! 8(2AhHB a_uj (1- Bc)a ayi| Y e -
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~Thx _BCCWSBy HOgy,
- oP,
AV 0 (10, UV )+ By (18,0, 17 ) = —grt 2~ L a
o o oy & po
- fHU + B! - 0 24, HB), — PN 1-pe) 2| 4y LY +Tgy -
_Tby_Bc ws ; sV
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J e J Gte Ow= [ ndo. 0w [ Foldo.
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V||V
0,,=1||—|—|do.
& _L(VJV °
YpaBHEHHE HEPA3PBIBHOCTH JIs1 OAPOTPOITHOM COCTABISIONICH
P b L)+ By LBy HY)=R-E. (15)
ot ox oy

BapOKJ'H/IHHBIe KOMIIOHCHTBI BEKTOpAa CKOPOCTU ONMPEACIAIOTCA KaK OTKIIOHCHHA OT cpe):[Heﬁ

!

!
no rayoune ckopoctu: U =u—Uwu v =v—V , a ypaBHeHUST Ui HUX TOJYYarOT BBIYUTAHUEM
ypaBHEHUH 11 6apOTPOIHON COCTABISIONIEH CKOPOCTH U3 YPaBHEHUH LIS OJTHOM CKOPOCTH:

OHu_ g1 O (B Hfuu—0,,UU )+ -2 (H[uv— 0,07 ])+ T -
o o 0y 0c
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6v au,
Bc ) ApH| — +
6x

6u
+(1- r

-10
+ By 24, HB, —
fiy ax| SORTEx T,
(16)
-1 0O ou

e Av% ~Tox T Thx _BCWSHBy;l(”|”|_

)

OHv 0 10 oy
6: +§(H[W—GWUV])+Byla(zsyzﬁl[vv—ewVV])Jr g(: _

v 6u '
8x ay

+H

su

18 8v (

~ fHu +B; Vo 2By Bc) A H| -

, (17)
1.0 A, |- T
o6 oo
YpaBHeHUE HEPa3phIBHOCTHU AJ1si OAPOKIMHHOM COCTaBIsIOIIEH
Bl 2 (B Hu )+B 1.9 (Bva')+H‘la—W=o. (18)
ox oy 0

KoHeuHO-pa3HOCTHAst  anmpoKcUMarus YpaBHEHHH MOJIENM BBINOJHANACH C
UCIIOJIb30BAaHUEM HESIBHBIX KOHEUHO-PA3HOCTHBIX CXE€M. B yacTHOCTH, mpH anmpoKCUMaluu
TuddepeHIMaIbHbIX YPAaBHEHUH Ui KOMIIOHEHT OapOTpONHON COCTaBIIAIOLICH CKOPOCTH
TEYEHUS M YPOBHS MOpsI, HCIIOJIB30BAJICS METOJ MepeMeHHbIX HampasieHuii A66ora [13]. B
ypaBHeHuH (11) a5 onmmcaHust TOPU30HTAIBHOIO MEPEHOCa MPUMEHSIIACh YUCICHHAs cXema
FCT [7, 8], a nns BepTukanbHoro - TVD [9]. UncneHHble peaqn3aluy OCTAIbHBIX YpaBHEHUN
MO/IEINTN SIBJISIOTCS OPUTMHAILHBIMU | MTOJIPOOHO onmcansl B [10].

BeprukanbHas TypOysneHTHas BA3KOCTh OMHUCBIBAETCS HA OCHOBE MOIYIMIMPUYECKOU
TEOPHH TYPOYJIEHTHOCTH C MCITIOJIb30BAaHUEM JITMHBI yTH CMELIeHUs. MTrHOBEHHAs BSI3KOCTb
onpenensercss Kak (yHKUUS JJIMHBI MyTH CMEUIEHHUs, JIOKAJIIbHOTO BEPTUKAIBHOIO CIBUIA
CKOpPOCTH M YCTOHUMBOCTH BOJHON KOJIOHKH CJIEAYIOLINM 00pa3oM

A, = Ay +4; [CRO(I +CRiR;) CR2 J Dy =Dy + A |Cr3(1+ CraR; ) CRS J (19)

8 ov) 2 0 ou ) (ov)?
u \Y u N
rae Az =[(1 -2/ (azj +(§J K __g(?p PO (sz +(azj

3nece Kk =0.4- mnocrosnnas Kapmana, A,-noporosas BS3KOCTb; D,)- IOpoOrosas

+H s+ Thy —BeCous HBY (W - 0,71V]).

mipodysus; R;- uucno Puuapacona; Cpro,Cpr1,.Cr2,.Cr3,.Cr4 m CpR5 - KOHCTaHTHI,

npuHumaeMblie paBHbiMH 1.0; 10.0; 0.5; 1.0; 3.33 u 1.5, coorBeTcTBeHHO [12].
KoadduuumenTsl ropu30HTaIBHOTO TYpOYJIEHTHOrO OOMEHA PAaCCUUTHIBAIOTCA HMCXOAS U3
3HAYCHUA JIOKAJIBHOT'O caBUra FOpH3OHTaHLHOfI CKOpOCTH nu IPpOCTPAHCTBCHHOI'O miara

TOPU30HTAJIBHON KOHEYHO-pa3HOCTHOU ceTkr AL [14]
1/2

2 2
oU ov ou ov
Ay = Apo +C ALZ +| — +| —+— , Dy = Ay, 20
h=A4p0 +Cun (axj [ayj (ﬁy ax] h=Ap (20)

2
riae koapduiuent C 4 =0.1 1 Ay =1.0 Mm"/c — ponoBast BenmuumHa.
BeTpoBble HanpspKeHHs TPEHUS Ha BEpXHE rpaHuIie (BO3/lyX-B0/a) 3aMUCHIBAIOTCS KaK
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Tox = (Cawt + Caw2W10 W10Wx 5 Tsy = (Cawt + Can2Wi0 W1oWy » 21)
rae Wy u W), - COCTaBIIAIONIAE BEKTOPA CKOPOCTH BETpa Ha BbICOTe 10 M HaZl ypOBHEM MOps

0 OCSM X My, COOTBETCTBEHHO; W] - MOILylb ckopocTu BeTpa Ha BbicoTe 10 M; Cpypp 1
Cawo - KodbduuueHntsl TpeHus, mnosaraemblie paBHeiMu  0.0008 u  0.000065 c/m,

COOTBETCTBEHHO.
[IpunonHble HaNPsSKEHUS TPEHUS HA HUKHEH rpaHuile (BoAa-IHO)

2
T =Pup 1 1p), =Dy, TaE D= Cwb1+CWb2(u§+v§)l/ . (22)

3mece up M V- COCTaBIAIONME BeKTopa HpuaoHHOH ckopoctn TeueHHs; Cypp B Cypo-

KO3 GUIHEeHTH TpeHus ¢ THIMUIHBIME 3HaueHussMEu 0.001 1 0.003 m/c, COOTBETCTBEHHO.
I'panuyHbIe yca0BUSA Ha IOBEPXHOCTU MOPS ONIPEIEIIAI0TCA CISAYOIUM 00pa3oM

! !

Ou ov oS
Tor = Ay 1 Ty = Ay 3 Dy — = 03wgC; -Dy(C;), =0. (23)
ou ov oS bot
Ha nue: tp, = AVE H Tpy = AvE; D, % 0; wg;C; _Dv(Ci)'z = QCZ-O . (24)
3necs, chl-Ot — IMOTOK MIPUMECH Yepe3 TPaHHUIly «BOJIa-TOHHBIE OTIOKEHUY.

B Toukax BmajgeHus pek (KaHaJIOB) I'paHUYHbIE YCIOBHUSA (OPMYIHUPYIOTCS MO THUILY
«OTKpBITOTO KaHajlay WIM «BoJomaa». B mepBoM ciydae 3amarorcs pacxoisl Boael Q, a
TaKXKe BePTUKAJIbHBIE MPO(UIN GapOKIMHHON CKOPOCTH, TPUMECH:

U=0,/(ByALH);V = Qr/(ByALH);u, = Usop cos(nz/H);v’ =Viop cos(nz/H);

C=Cpp + (Ctop —Chot I(l — cos (TEZ/ H ))] (25)

3neck, AL - pazMep A4EHKN pacUETHOM CETKH; BEJIMYMHBI C HHIEKCOM “tOp” COOTBETCTBYIOT
MOBEPXHOCTHOMY CJIOIO BOJIBI, TOT/Ia KaK C MHJEKCOM “bot” — MpHIOHHOMY CIIOI0.

3ajaHue TPAHUYHBIX YCIOBHM IO THUIy «BOJOIAA» OCYLIECTBISIETCS  CIEAYIOIIUM
obOpa3om

oh 9 . oHC _ CiopQr

= ; = .

o B.B,AL* O BB AL
B kauecTBe HauaNbHBIX YCIOBUN MPUHUMAJIOCH COCTOSIHUE MTOKOS:
U=V=u =v =w=0; A, =Ayy, A, =4y  D,=Dy. 27)

@DOHOBBII ypOBEHb KOHIEHTPALMU NPUMECH B HAYAJIbHBIH MOMEHT BpPEMEHU BO
BHYTPEHHUX TOYKaX pacyeTHON 00JacTH MoJIaracTcs paBHbIM HYJIIO.

IIporpamMuas  peanuzauuss Mozenu, BbinojgHeHHas Ha sA3bike FORTRAN-90,
MO3BOJIAIET PAcCUMTHIBATh BETPOBbIE M CTOKOBble TeueHHs. C 3a7aHHOM BpEeMEHHON
JUCKPETHOCTbIO B XOJI€ CYeTa MOJIeJIb YCBAauMBaeT HOBYIO HH(QOPMALMIO O CKOPOCTH H
HaIpaBJICHUHU BETPa, BEIMYMHAX OCA/IKOB M MCIIAPEHUS, pacX0axX BOJIbI 10 COEIUHUTEIbHBIM
KaHaJlaM M peKd SInmyr, KOHIEHTpaluu MPUMECH B PEYHbIX BoJax. MexIy BBOAMMBIMU
JUCKPETHBIMU 3HAUEHHUSIMU BBINIOJIHAETCS JINHEHHAs UHTEPIIOJISALUS BO BPEMEHHU.

MogenbHble pacyeTsl NPOBOAMIIMCH JUIs Teproa BpeMeHu ¢ 1 Maprta no 31 ceHTa0ps.

Barumerpuueckas kapra BoJoeMa IMOCTPOCHA Ha OCHOBE WH(OpPMAIUU, MOJYYCHHON Npu
BeimosiHeHnn npoekta TACHUC WW/SCRE1 / No.l1 «IIpunyHaiickue o3epa: yCTOMYHBOE

(26)
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BOCCTAHOBJICHUE M COXpaHEHUE €CTECTBEHHOTO COCTOSHUS M dKkocuctem» (2000-2002 rr.).
N3MeHUYHMBOCTh CKOPOCTH M HAMPABJICHUS BETPa 3aJaBaiach HA OCHOBE JIAHHBIX HAOJIOJACHUN
Ha 'MC bonrpaz, seimonHeHHbIX B 2001 1. ¢ 6-9acoBoi AuCKpeTHOCTHIO. Pacxon p.Ammyr,
nputok Boj p.JlyHail mo kaHamam, U3MEHEHHUsS YPOBHS BOJBI B O3epax 3a cueT aucOanaHca
OCaJIKU-HMCIIapEHHUE 3a PacyYeTHbI Nepuoj 33JaBaJIUCh HAa OCHOBE pAacyeToOB U OILICHOK,
BBIMIOJTHEHHBIX B [3] (Tabm. 1).

Tabmuma 1 — M3MEeHUYNBOCTH pacXoJoB p.Snmyr, mpUTOKa JyHAHCKHUX BOJ IO KaHajaM, YPOBHS BOJIBI
B 03€pax 3a cueT aucOananca 0CaaKu-UCIapeHne, MM, IS YCIOBHM CPEAHEBOIHOTO Tofa [3]

Bennuuna Mecsbl
111 1Y \ VI VII VIII IX
Pacxon p.Annyr, M/c 5,79 0,27 0,18 0,77 1,15 0,95 0,41

IIputok nyHaMcKux
BOJI 110 KaHAJaM, M /C:

agamnor 1985 ., 254 18,0 49,7 11,0 — - —
agajor 2001 r. 32,0 93,0 12,7 — - - -
Pa3nuiia ocagku — ucnapeHue, 41 -34 -54 -101 -124 -122 =57
MM

HccrnenoBanue  MpOCTPaHCTBEHHO-BPEMEHHOM  M3MEHYMBOCTH  3arpsi3HEHUS  BOJ
03.nmyr-Kyrypnyii BeliectBamu, TOCTYNAIOUIMMU B BOJOEM C JIYHAaWCKUMH BOAAMU U
CTOKOM p.SlImyr mpoBOIWIIOCH HAa TpUMeEpe JBYX Hamboliee pacHpOCTPaHEHHBIX THUIIOB
3arps3HAIOIMMX  BemecTB  (3B) aHTPOMOreHHOro MPOUCXOXKICHHS: HEPTENPOAYKTOB U
MaTOTEHHBIX MUKPOOPTaHU3MOB. BeposSTHOCTD 3arps3HeHHs JyHAUCKUX BOJl HE()TETIPOAYKTaMU
3HAYUTEIbHO BO3PACTaeT B CBI3UM C (YHKIMOHHUpPOBaHHEM He(pTeTepMHHANA MOPTOBOTO
xomruiekca Jpxypmkynemrs! (Monnosa) BOsu3u r.Penn. [larorenHpie MEKpOOPraHU3MBI MOTYT
MOCTYNaTh C  HEOYMIIEHHBIMH  CTOYHBIMH  BOJAMH  KMBOTHOBOJYECKHX  (epM,
KaHAJIM3alMOHHBIMU cOpocami. M3-3a TOT0, YTO MPAaKTUYECKU BCS TEPPUTOPHsL OacceliHa peku
SAnnyr Haxoautcs Ha tore MoiigaBuu, IZI€ YPOBEHb OYHCTKM CTOYHBIX BOJ SIBIISIETCA
HEYJIOBJICTBOPUTEIIbHBIM, BEPOSITHOCTH MOCTYIUIEHUs B BojgoeM 3B co crokom p.Slnmyr Takxke
BEJIMKA.

[Ipu pacuerax y4UTHIBAJIOCh CAMOOYHIIICHHE BOJ OT paccMaTpUBaeMbIx TUTOB 3B B
pe3yibTaTe MpoLecCcoB UX (U3MUECKOM, XMMUYECKON M OHMOJIOTHYECKON TpaHCOopMaIuu.
Jectpykuus u nerpajganus 3B B BogHON cpene onuchiBajgach KMHETMUECKUM ypaBHEHUEM
peakuuu 1- ro nopsuka

Fp= o =—KiCi, (28)

dt local
rae F; — (yHKIUS HEKOHCEPBAaTHBHOCTHU 1-OM NpHMECH B ypaBHEHHU mepeHoca (4); K.;—

KO3 PUITMEHT HEKOHCEPBATHBHOCTH (AecTpykiuu) 3B, mpeacraBistomuid co00i yaenbHYIO
CKOpOCTh €ro TpaHC(OpMalUu B pe3yJbTaTe COBOKYIHOTO ACUCTBUS (PU3MKO-XUMHUYECKUX U
XUMHKO-OHNOJIOTHYECKUX MTPOIIECCOB CAMOOYHIIICHHS BOJI, 0€3 JeTaln3ainy UX BKIaI0B.

Koo dpuiment HeKOHCEPBATUBHOCTH ISl HEPTEPOAYKTOB K ;¢ 3a/jaBajicsi Ha OCHOBE

NPHUBEICHHBIX B pabore [4] maHHBIX J1a0OPATOPHBIX SKCICPUMEHTOB IO OIPEACICHUIO
3aBHCHUMOCTH I€pHOJa NOJypacnaja pacTBOPEHHBIX (opMm HedTH Tpf, B Hacax, OT

Temmneparypsl Boas! 7, B °C,

Ky =In2/t,, te 1,0 =1260.42—54.928T,, +0.5688T; . (29)
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YaenpHast CKOPOCTh NMATOT€HHBIX MHKPOOPTaHU3MOB TPYIIIBI KHIIECYHOW ITaJOYKH
(xomu-popmer (Coliforms)- aHanor KOIH-WHICKCA), B COOTBETCTBUM C [11], ompexnensnach
3aBUCUMOCTBIO BHJIA

T,,—20)
9

Keoli = knpg" (30)

rae k, — ckopocTh rubenu koiau-GpopM B TEMHOTE Ipu Temneparype Boisl 1, = 20°C u

o -1
cosneoctu 0 0/00, nonaraemas pasHo ~ 0.033 wac™; py= 1.07 — ocHOBaHHE MONPABOYHOTO

KOX(pPUITUEHTA HAa TEMIICPATYPHBIC YCIIOBUS in Sifll.

N3MeHYnBOCTh CpelHEMECSYHbIX 3HAYEHWI TeMmIepaTypbl BOJABI 3a/aBallach Ha
ocHoOBe AaHHBIX HaOmoneHui. Konuenrpanus 3B B peunsix Bojgax mosaranach paBHout 100
YCIIOBHBIM eAuHHIAM (TpolieHTaM). Vcrmonb3oBaHHe YCIOBHBIX KOHIIEHTPAIM IMO3BOJISIET
YHUQPUITUPOBATh PE3YyJbTaThl PACUETOB, IMOCKOIBKY (DaKTHYSCKH PACCUYUTHIBACTCS I10JIC
KOHIeHTpanuii 3B B mpoleHTax OT KOHIIEHTpAlMM B HUCTOYHHKE. DoHOoBas (HayaibHas)
KoHITeHTpanusa 3B B BojgoeMe mpuHUMAaIach paBHOW HyJIO. PaccMaTpuBaeMble THITHI 3arpsS3HIIONINX
BCHICCTB MOXXHO paCcCMaTpuBaTh KaK IPUMECH HeﬁTpaJ'[BHOﬁ Jj1aBy4eCTH, T.C. ng =0.

OO0cy:xneHne MOJY4YeHHBIX pe3yJbTaTOB. Pe3yibTaTbl pacyeToB NPUBEACHBI Ha
puc.2 — 4. BuaHo, 4To XapakTep MpOoCTPAaHCTBEHHO-BPEMEHHONW M3MEHUYMBOCTU 3arpsi3HEHUS
BojloeMa HE(TENPOAYKTaMH ¥ TIATOTCHHBIMH MHUKPOOPTaHW3MaMH, ITOCTYIAIONUMHU C
QYHAaWCKMMHM BOJaMH, CYIIECTBEHHO pas3Nu4yeH. B mepuoj HamoldHeHHs BojoeMa
HeTENPOAYKTHl HAKaIUIMBAIOTCS B €ro BOJAaX, B pe3yJibTaTe 4Yero rpaHulla o0JacTu
3arpsi3HeHus cMmemaercs K ceepy (puc. 2.a-r). OOnactb 3arpsi3HeHust Boja o3.51nmyr
NAaTOT€HHBIMU MHUKPOOPTraHM3MaMM 3aHHMAEeT ropas/l0 MEHBIIYIO IUIOIIA/b, a €€ CeBEepHas
IpaHUIla OTHOCHUTEIBHO CTaOWJIbHA W HE MPOHUKAET Ha CeBep Jajee LEHTPATbHOM YacTu
Bomoema (puc. 3.a-r). Ilpm ymeHbIIeHUM OOBEMOB NOCTYIUICHHS JyHAWCKUX BOJ, 30HA
3arpsi3HEHUs] MAaTOT€HHBIMH MUKPOOPraHU3MaMU, B OTJIMYUE OT HeTernpoaykToB (puc. 2.r),
COKpAaI[aeTCsl M  JIOKAJIM3YyeTCs B pallOHAX pacloJOXKEHUS HMCTOYHUKOB 3arpsi3HEHUs -
COEIMHUTENbHBIX KaHaioB (puc. 3.r). Ilpm mpekparieHuu NOCTyIUIEHUS AYHaWCKUX BOJ B
03.nnyr-Kyrypinyi#i, ouuieHue ero BoJ OT MAaTOT€HHBIX MUKPOOPTaHU3MOB MPOUCXOJHUT B
TEUEHUE OJHON nekanbl (puc.3.1,e), B TO BpeMs, Kak 3arps3HeHHE He]TenpomayKTamu
coxpaHsiercs Ha ypoBHe, mnpesblmaromeM 10 % (0T KOHLEHTpAaMM B HUCTOYHMKE), 1O
ceHTsI0ps (puc. 2.1-k). Hapsimy ¢ oOmelt TeHaeHIWeld YMEHBIICHUS KOHIEHTPAIMH
HE(PTENPOAYKTOB B BOJIOEME, B ATOT MEPUOJ UMEET MECTO CIVIAKUBAHUE MPOCTPAHCTBEHHBIX
IPaJUEHTOB UX PacCHpeIesICHUs MO0 aKBaTOPUH BOJOEMA.

YkazaHHbIE OCOOCHHOCTH MPOCTPAHCTBEHHO-BPEMEHHOW WM3MEHYHMBOCTU 3arps3HEHHUS BOJI
03.}IJ'IHy1"-Ky1" ypﬂyﬁ He(i)TerOI[yKTaMI/I U TAaTOTCHHBIMU MUKPOOpPraHM3MaMH, MNOCTyNAarOIIMMU C
Z[yHaﬁCKHMH BOAaMu, OGYCJIOBHQHLI pasinynudgMi B UX YCTOI\/'I‘II/IBOCTI/I K ACCTPYKLHUHU, npOTeKanmeﬁ
OMOJIOTHYECKUM, XUMHUKO-OMOJIOTHIECKAM B (PU3UKO-XUMUIECCKUM ITyTeM. 3HAUYCHUS KOIPPHUITUESHTOB
HEKOHCCPBATUBHOCTHU [JII paCCMATPUBACMBIX THUIIOB 3arpsA3HAOMIUMX BEHICCTB OTIMYAIOTCA Ha

-1

nopsiiok (Hampumep, corsiacHo dopmyiam (29) - (30), npu 7, =15°C K nf = 1.23-1073 wac ,

_ -2 -1 .
Kioji =2.4-10 © wac™). Kak pe3ynbTaT, CaMOOYMCTHTENIBHBINA OTEHIUAN BOJ 03€P B OTHOLICHHN

«OMOXHMHUYECKH MATKOI'0» 3arpsA3HAOIICTO BCIICCTBA, KaKuM SABJIAKOTCA IIaTOICHHBIC
MUKPOOPTaHMU3MBbI, OKAa3bIBA€TCA NOCTATOYHBLIM JIA CTa6I/IJII/I3aIII/II/I YPOBHA M JIOKaJIU3allun obnactu
3arpsi3HCHUS B paﬁOHax PacCIojioKCHUd HUCTOYHHUKOB MOCTYIUICHUA ):[}/HEII‘/'ICKI/IX BOJ B 3aJaHHBIX
o0BEMaXx. O,Z[HaKO B OTHONIICHHHA HCCI)TCHPOI[YKTOB, CaMOOYHCTUTEIbHAS CIIOCOOHOCTH BOJOEMA,
omnpeaciaeMad HWHTCHCUBHOCTBIO IIPOLCCCOB THUAPOAMHAMHYECKOTO p336aBJIeHI/IH n XHMHKO-
OHOJIOTHYECKOM ACCTPYKIMUH, OKa3bIBACTCA HUIKEC HWHTCHCUBHOCTHU IIOCTYIUJICHUA 3arpsA3HAIOLICTO
BC€IICCTBA C HYHaﬁCKHMH BOJaMHU, B PE3YJIbTATC UCTr0 MPOUCXOAUT €0 HAKOIIJICHHUE B BOAOCME.
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I | I I
10 20 10 20 10 20

Puc. 2 — Yposens 3arps3uenus o o3.nnyr-Kyrypnyit Hedprenpoaykramu (B % OT KOHIEHTpAIUH B
MCTOYHUKE), KOTOpPBIE MOCTYNAIOT C JyHAaHCKUMH BOJAMH U CTOKOM p.Snmyr: a) koHem Maprta; O)
amperisi; B) Mast; T) HIOHS; ) UIOJIS;, €) aBrycTa; k) ceHTIO0ps. [IpuTok nMyHaHCKHUX BOJ COOTBETCTBYET
1985 r.
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[N e SERE

T T
10 20 10 20

Puc. 3 — Yposens 3arps3aenus Box o3.nmyr-Kyrypiyi naToreHHBIMH MHUKpOOpraHu3Mamu (B % OT
KOHIICHTPAIIMKM B MCTOYHHKE), KOTOPBIE MOCTYMAIOT C NyHAHCKUMH BOJAMH U CTOKOM p.Slmmyr: a)
KOHEIl MapTa; 0) ampens; B) Mas; T) HioHs;, m) 5 urons; e) 10 wmronsa. Ilputok myHaHCKHX BOX
cooTBeTcTBYeT 1985 .
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Puc. 4 — Yposenp 3arpsasaenus Box o3.Snmyr-Kyrypnyl HedTenpoaykTamu (a-B) M MaTOTEHHBIMHU
MHUKpOOpranu3Mami (r-e) (B % OT KOHLEHTpPAaUUU B UCTOYHHKE), KOTOPBIE MTOCTYMAIOT C AyHAlCKUMH
BOJIaMH U CTOKOM p.flnmyr: a, r — KoHel MapTa; 0, A — ampens; B, € — Mast. [[pUTOK AyHalCKUX BOJ
cootBercTByeT 2001 T.
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Kak BumHO U3 puc. 2 — 4, 00nacTh 3arps3HEHHs] BOJOEMa CTOKOM p.SIImyr orpaHWBaeTCs CEBEpHOMH,
OTHOCUTEJIBHO MEJIKOBOAHOM 4acThIO 03.S1myT.

UwncaeHHbIe SKCIEPUMEHTHI C MOJETBIO TP 33JaHUU COOTHOLICHHS OCaIKU-HCIIapeHue, cToKa p. Smmyr
XapaKTEpHBIX IS JIET Pa3NWYHON BOIHOCTH IMOKA3aJd, YTO yCTAHOBJICHHBIE OCOOEHHOCTH PacIpOCTPaHEHHS
3arpA3HAIOMINX BCEIIECTB Ha aKBAaTOPUM BOJOCMa IMPaKTUYCCKU HEC H3MCHAIOTCH. O6’I)510H}16TC$1 3TO
OTHOCHTEJILHO OOJIBIITUM 00BEMOM BOJ] M TJIYOHHOM LIEHTPAILHOM YaCTH BOZOEMA.

BoiBoabl. MonenupoBaHie pacnpoCTpaHEHUs] 3arpsi3HSIONIMX BEIIECTB Ha aKBAaTOPUU  03€p
Snmmyr-Kyrypnyii mokasano, 4TO MpH THIMYHBIX JUIS BOJOEMa OO0OBEMax IOCTYIUICHHS JIyHAWCKUX BOJI,
3arpA3HAIONINE BEIIECTBA C XAPAKTEPHBIM 3HaUeHHEM KO(D(HIMEHTa HEKOHCEPBATHBHOCTH mopsiaka 107 uac™
OyIyT HAKaIUIMBATHCSA B BOJOEME, YXYAIIAs KAuecTBO ero BoJ. [Jis 3arps3HSIONIMX BEIIECTB C XapaKTePHBIM
3HAaueHHeM K03((DUIMEHTa HEKOHCEPBATHBHOCTH Topsiaka 107 uwac™ cBoficTBeHHa oKanu3amms obGmacteit
3arps3HEHUs] BONM3HM HCTOYHHKOB M OTHOCHUTENBHO OBICTpOE OYHMINEHHE BOAOEMa (B TEUCHHE NEKANbl) MPH
MpeKpaIleHNH MOCTYIJIeHNsI AyHalckux Boxa. Hambomee 4mcToil oka3piBaeTCsl  IepexomHas o0JacTb MEXIY
LEHTPAJbHOU M ceBepHOM uvacTaMu o3.5nmyr. BimsHue croka p.flnmyr Ha kauecTBO Box o3epa Snmyr
CKa3bIBACTCS JIUIIH B €T0 CEBEPHOM YacTH.
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MopeiioBaHHSI PO3NOBCIOJ’KEHHSI 3a0PY/HIOIOYMX PeYOBUH Ha akBatopii o3ep Slamyr-Kyrypuayid.
10.C. TyukoBenko, Anb-Cydapu Aau Axmen Canex

Hageoeni pesynomamu uucio6020 mamemamuyHo2o MoOeI08aAH s PO3NOBCIOONCEHHS 3a0PYOHIOIOUUX PEUOBUH
Ha akeamopii npudyHaticexux osep Amnye-Kyeypayi. V saxocmi — Oxcepen 3a0pyoHeHHs po321s0ar0omucs
OVHAUCHKI 600U, WO NOCMYRAIOMb Y 8000UMULYE Yepe3 CROLYYHI KaHAu, ma cmik p. Amnye.

Kntrouosi cnosa: 3a0pyounenns, IlpudyHaiicoki 03epa, MOOem08aAHHS.

Modelling of distribution of polluting substances on water area of Yalpug-Kugurluy lakes.
Y.S. Tuchkovenko, Al-Subary Ali Ahmed Saleh

The results of numerical mathematical modelling of distribution of polluting substances on water area of the
Yalpug-Kugurluy lakes are presented. Waters of the river Danube which act in a reservoir through connecting
channels, and flow of r.Yalpug are considered as sources of pollution.

Keywords: pollution, lakes of near-Dunay system, modelling
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