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METOA0J0THAA PACYETA PACIPOCTPAHEHUS ITOBEPXHOCTHBIX
3ATPA3HEHUU B BOJAHBIX OBBEKTAX

HHTeHcuBHOE pa3BUTHE Pa3IMYHBIX OTpaciiel MPOMBIIIICHHOCTH, SHEPTeTHKH, aBTOMOOMIILHOTO
KEJIE3HOAOPOKHOTO TPAHCIOPTa, POCT YHUCICHHOCTH HAaCeleHUsT W Jpyrue (akTopbsl OKa3bIBAIOT
HeOMaronpusTHOE BO3/ECTBUE Ha OKPYXAIOILYIO CPey, B YACTHOCTH Ha COCTOSIHUE BOAHBIX HKOCHCTEM.
B Hacrosmiee Bpemst Uil M3ydeHUs1 MacliTada 3arpsi3HEHUI BOAHBIX OOBEKTOB BCE Yallle OMUPAIOTCS Ha
HIUPOKUH KPYT MaTeMaTHYECKHX METONOB. DPQPEKTUBHOCTh HCIIOIb30BaHUSI TOrO HIJIM MHOTO METOoZa
BO3pacTaeT MpH TMPAaBWJIBHOM TOHHMAaHWM CYIIHOCTH SIBICHHH M TPOLECCOB, MNPOTEKAIOMIUX B
HCCIIelyeMOM O0OBEKTE, a TaKXKe B XO/e MPUMEHEHHUsI cucTeMHoro ananu3a. OHako, mpobiieMa TOYHOTO
MaTEeMaTHYECKOTO OMUCAHMS JUHAMHUKH PACTIPOCTPAHEHUS 3arpsA3HEHHU W3 JIOKaJbHBIX UCTOYHHKOB IO
00beMy OrpaHUYCHHBIX PE3ePBYapoB IO ceil JieHb cnabo pa3paborana [1-3]. D10 00BACHIETCA TEM, YTO
JaHHas 3ajladya CONpPSDKEHa C ONpPEAENCHHBIMH MaTeMaTHYeCKUMHU TPYAHOCTSIMA Kak B TOCTaHOBKE
TPaHUYHBIX YCIOBHM, TAK X B METOAAX aHAJMTHYECKOIO PELIeHUSI.

Ha ocHoBe MeToa TOKaIbHBIX HCTOUHUKOB, IPEATI0KEHHOTO B pabote [4], pazpaboTaHa MeTonnka
MOJIETTUPOBAHHS TUHAMUKH PACIIPOCTPAHEHHs JIOKAIM30BAHHBIX MPUMEced 0 OrpaHUYEHHON OOJIACTH.
ObocHOBaHME WIEH M aJanTalys 3TOr0 METO/a K JaHHOMY MpOIIECCY 3aKIovaeTcs, Ha Halll B3I, B
MaTeMaTHYeCKOH aHaloruu JTUQQYy3MOHHOrO TMpomecca M Tpolecca pacTeKaHHsl >KUAKOCTH 10
HacaJI0uHOMY CJOI0 [5].

[Ipr ucnonp3oBaHMHM MeTOMA JIOKAJBHBIX HMCTOYHHKOB TPaHWYHBIC YCIOBHUS (OPMHUPYIOTCS Ha
OCHOBaHWM TE€X HWIIM WHBIX (PU3HYECKUX COOOpakeHUi. B peasbHBIX YCIOBHSX pa3Mepbl MCTOYHHKA
3arps3HEHHsI HAMHOTO MEHBIIE, YeM pa3Mepbl HCCIEAYEMbBIX OOBEKTOB, MOITOMY CUMTaeM, 4YTO Ha
OECKOHEUHOCTH KOHLEHTPAlMs 3arps3HSIONIEr0 BEllecTBa paBHA HyNMO. HauanmpHas KOHIIEHTpaLHs
3aJaHa TaK: BHE HCTOYHHKA PaBHA HYJIIO, @ BHYTPU MCTOYHHKA PaBHA EHHHULIC.

B nmanHOW cTaThe TpWBENEHBI pe3yibTaThl pEIIeHHS JBYMEpHOH IuQQy3noHHONH 3amaud,
XapakTepu3ylollell pacnpocTpaHeHHs 3arps3HEHHH [MOBEPXHOCTHOTO CJIOSi BOJHOIO OOBEKTa C
MPUMEHEHNUEM METO/Ia JIOKAJIbHBIX HCTOUHUKOB.

Beutn BBeneHsl crienyronme ooo3Hauenus: 2B —nnHa obnactu, M; 2A —mmupuna obnactu, m; 2k,
2n — pa3Mepsl 00JaCTH HAYaJIbHOM JIOKAJIHM3alKH [IPUMECH TI0 JJIMHE W HIMPUHE COOTBETCTBEHHO, M; S -
paccTosiHUe OT LEHTPa UCTOYHMKA 3arpsi3HEHHsI 10 CEpeIHbBI 00JIACTH 110 JJIMHE, M; h - paccTosHuE OT
LEHTpa UCTOYHHMKA 3arps3HEHHs /0 CepeluHbl 00JacTH MO IIUpUHE, M; t - mepuoa HabmoaeHus; D —
ko3 durueHt quddys3um.

I'paduueckn nanHas 3a1a4a MOXKET OBITH MpeCTaBlIeHa B BUAE pucC. 1.
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Puc.1. Z[ByMepHaH 3a7ava JJisd aHaJin3a COCTOSHUSA MMOBEPXHOCTHOI'O CJIOSL BOAHOT'O
00BeKTa Ipyu HAJIMIUU OJHOI'O UCTOYHUKA 3arpsA3HCHUSA

OTMGTI/IM, YTO OCH KOOpAWHAT COBIIaIatOT C cepem/lﬂoﬁ HNCTOYHUKA 3arpA3HCHUA.



Pacnpoctpanenne npuMecH onmuchIBaeTcs ABYMEPHBIM ypaBHeHHEM nTuddy3uu [6]:
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B cooTBercTBUM ¢ METOJOM JIOKAJBHBIX HCTOYHUKOB [5, ¢.125-128] oOmias KOHIIGHTpaIus
MPUMECH JJIs JAHHOM 3aJIau¥l PacCYMThIBAETCS 1Mo popmyiie:
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[MoctpouM rpaduku, XapakTepU3YIOIIUE PACIpPOCTPAHCHUE MPUMECH B BOJHOW cpene Jyis
JBYMEPHOTO IpocTpaHcTBa mpu BpemeHax 10 c, 15 ¢, 100 c, 200 c, 300 c, 400 ¢ u crenyrommx
ucxoaubIx qaHueix: B=12, A=10, k=3, n=2, s=5, h=4, D=0,3 (puc. 2).




2 0 oHc

Puc.2. TI'paduku pacnpocTpaHeHUs IPUMECH B BOIHOM cpejie I IBYMEPHOH 3a1aun nipu BpeMeHax 10 ¢ (a), 15 ¢
(6), 100 ¢ (8), 200 c (&), 300 c (0), 400 c (arc) m B=12, A=10, k=3, n=2, s=5, h=4, D=0,3

U3 puc.2 BUAHO, YTO KapTHHA pacCeMBaHMs IPHUMECH M BEIWYHMHA OOINEH KOHIIEHTpaIMH
3arps3HAIOLIETO BEIECTBA B BOAHOM 00BbEKTe Oy/leT pa3inyHa B 3aBUCUMOCTH OT TIEpHO/1a HaOIIOICHNUSI.
AHanorn4Ho, Kak 1 JUisl OTHOMEpHOro ciydas [7] , Oblia onpenenena nonpaska 7] . Ilonpaska 7]

paccuuThIBanach mo gopmyie: 17 = —-
2
rae S; Obut HalineH o gopmyiie (2), a S, mo gpopmyie (3):

1000 1000
S;= [ [Cxy1)drdy o)
~1000 1000
A-h B*S~
S, = J. J.C(x, v, t)dxdy 3)
—(h+A ) —( B+s)

B xozme umcieHHOro 3KcrepuMeHTa Oblla paccyMTaHa MOMpPaBKa HPU BCEX BBINIEYKa3aHHBIX
BpeMeHax. B tabnmue | mpuBeneHbl 3HAUYEHHsI MOMPABOK MPH CIEAYIOMIMX HCXOJHBIX NaHHbBIX: B=12,
A=10, k=3, n=2, s=5, h=4, D=0,3.

Tabnuna 1. PaccunTanHble MOMPAaBKY MPH CJIETYIONIAX HCXOTHBIX JAHHBIX:
B=12, A=10, k=3, n=2, s=5, h=4, D=0,3

IHonpaBka Ilepnon HadaIOACHMS, t
t1=10c t2=15c¢ t3 =100c t4=200c t5=300c t6 =400c
n 0,941 0,908 0,899 1,026 1,164 1,309

Taxxe paccuuTaHo BpeMs pacCripoCTpaHCHUA, IO HCTCUYCHUIO KOTOPOro HCEPAaBHOMEPHOCTH

pacmpeeneHus He mpeBsiana 5 %. DTa HepaBHOMEPHOCTh OIEHHBACTCS OTHOIICHUEM % <1,05.B

min
pe3ynbTate pacueTHbIX omepaiuii B cpeae Mathcad 13 ¢ yueTrom BBIIETPUBEIEHHBIX UCXOMHBIX JAaHHBIX
MONTY4HIIH, YTO TIpH t = 1605 ¢ HEpaBHOMEPHOCTH pachpe/eieHus He npeBbImana 5%.

Hanee 3aga4y yCIOXHsUTH, J00aBJIssl €llle OMH MCTOYHHK 3arpsi3HeHus. bbuia u3ydeHa Meroanka
pacuc€Ta KOHICHTpalu NpUMECHU B 3aBUCUMOCTH OT PACIIOIOXKCHUA 3TUX ABYX UCTOYHUKOB 3arpsA3HCHUS.
Hctounuku 3arpsA3HCHUA JIOKAJIM30BAHBI B pPa3HbIX 06HaCT$IX BOZ[HOﬁ IMOBCPXHOCTHU, KAK ITOKAa3aHO Ha
pucynke 3 (a,0).

C nobaBieHHEM BTOPOrO HMCTOYHHMKA 3arps3HEHUS BO3HHMKAaeT HEOOXOAWMOCTh  BBEACHUS
crenyrommx obo3HaueHuit: k, ki, ko, ks, n, n;, n, nz, ompexmensronrye pasMepbl 00IacTH HaYalbHOM
JIOKaJIn3aluu npuMecu 06OI/IX HUCTOYHUKOB I10 JJIMHC U INUPUHE COOTBETCTBEHHO, M; S| - PACCTOAHUC OT
LEHTpa BTOPOTO MCTOYHHKA 3arps3HEHHs 10 CepeluHbl o0NacTH Mo JUiMHe, M; h; - paccrosHuEe OT
LEHTpPa BTOPOI0 UCTOYHUKA 3arpA3HCHHUA 10 CCPCANHBI 06J'IaCTI/I 110 IHPUHE, M.

Kaxnpiit u3 cimydaeB, NMpeACTaBIEHHBIX HAa PHUCYHKE 3 HMEIOT CBOM Pa3IMYMs U CXOXKECTH.
[lepBoHayansHO OBLIa paccMOTpeHa 3ajgadya IMpeAcTaBieHHas Ha pucyHke 3 a. [Ipum pacuere oOmieit
KOHIIGHTpAallMM TpPUMECH JJIsl BTOPOr0 HMCTOYHHMKA 3arpsa3HEHHs CcJeQyeT Y4YecTb €ro pasMephl,




pacCToAHnuEe, OTACIAIOMICE O3TU JBa MCTOYHHKA, HUX PACIIOIOKCHHUE OTHOCUTCIIBHO CEpCANHLbI
HUCCICAYEMOI'0 BOAHOI'O IMPOCTPAHCTBA U T. .
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Puc.3. /IBymepHas 3a7ada Juisl aHAJIN3a COCTOSIHHS TIOBEPXHOCTHOT'O CJIOS BOTHOTO O0BEKTA MPU HATUYUU JIBYX
HCTOYHUKOB 3arpsA3HEHMUS, JIOKAIM30BAaHHBIX OTHOCUTEIBHO JIPYT Jpyra Ha OJHOM YPOBHE (a) M B PA3JTUYHBIX
o0acTsx moBepxHOCTH (0)

W BHOBB, UCHONB3YsS METOJ JOKAJIBHBIX MCTOUYHHUKOB [5, c.125-128], HaiizeM KOHIICHTpAIIUIO
MIPUMECH JJI BTOPOT'O MUCTOYHHUKA.

BoruncnurensHbI mporece Ui ABYX HCTOYHUKOB TMPOBOJUTCS B OJHOM CHUCTEME KOOpAHMHAT.
OmnpenenuTs rpaHUIBl HHTETPAJIOB, XapaKTEPU3YIOUINX pa3Mepbl BTOPOT0 HCTOUHUKA 110 JutHHE (Ko, k3) 1
mupuHe (np, N3) JIOCTATOYHO HECIIOKHO. TPYAHOCTH BO3HUKAIOT TPU HAXOXICHUU 3TUX TPAHUII IO OCH
abcIrce, To eCTh  3HAYEHMHI Ky, Ks.

Takum 00pa3oM, MONYYHIIM KApPTUHY pacCesHUs NMPUMECH Ha MOBEPXHOCTHOM CJIO€ BOJHOIO
oobekTa mipu Bpemenax: 10 ¢, 15 ¢, 100 ¢, 200 c, 300 ¢, 400 ¢ u cienyronmx BXOAHBIX JaHHBIX: B=15,
A=8, k=3, n=2, ky=-17, n,=-2, k5=-9, n3=2, s=7, s;=6, h= h;=5,D=0,3 (cm. pucyHok 4).
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Puc.4. I'paduku pactipocTpaHeHus MpUMECH It ABYMEPHOH A dy3nOHHOM 3aaudl  TIPH HAJTMYHUHU JIBYX
HCTOYHUKOB 3arpsi3HEHUS, PACHIONIOKEHHBIX HA OJJHOM YPOBHE BOAHOM TOBEPXHOCTH BO BPEMEHAX!
10 ¢ (a), 15 ¢ (6), 100 c (8), 200 c (2), 300 c (0), 400 c (o)

KonuenTpatust mpumecu Ajist UcclielyeMol BOJHOM 00JIacTH CKIAABIBACTCS U3 KOHIIEHTPAIHH
MIPUMECH IIEPBOI0 U BTOPOI'0 UCTOYHUKOB.

B PE3YIbTATE NPOBCACHHBIX BBIUMCIICHUM C BBIIICIIPUBCACHHBIMU HCXOJHBIMH JaHHBIMU  IIPpU
BpeMeHH pacnpocTpaHeHusi t = 4365c¢ (uro cocraBuser lu 12 mmH 45 c), HepaBHOMEpPHOCTH
pacnpenenenus He npesblmana 5 %.



3aTeM paccMOTpeH citydail, KOrja WCTOYHUKHU 3arpsi3HEHUs] ObUIM JIOKAJM30BaHBI B Pa3IMYHBIX
00JIacTAX MCCISNyeMOi TOBEPXHOCTH, YTO M INPEICTaBICHO Ha pHUCyHKe 30. OTMETHM, YTO KaK U B
MpebIIYIIEM CclTydae, OCH KOOPJMHAT COBMAIAIOT C CEPeINHON MCTOUHMKA 3aTrpSA3HEHMS.

[locne HaxoXIEHHS CYMMapHOH KOHLIEHTPAIlMW 3arps3HSIONIEr0 BeEllecTBa HEOOXOAWMO BHOBb
00paTHTBCS K BBIIICIPUBECHHBIM 3aMEHaM, YTO MO3BOJISIET BEPHYTHCS K Ha4YaJbHOMY YCIIOBHIO,
CBSI3aHHOMY C Pacoj0KeHNEM UCTOUYHUKA TPUMECH.

Ha pucynke 5 mpeacraBieHsl Tpaduky, XapakTepu3yIOLIHE pacIpocTpaHeHWE IPHUMECH B BOJHOM
cpezie JUId IBYMEPHOT'0 MPOCTPAHCTBA MPHU HATMYMHU ABYX HCTOUHMKOB 3arpsA3HEHUS, paclOI0KEHHBIX Ha
Pa3HBIX YPOBHSX, IPH BPEMEHAX:

10 ¢, 15 ¢, 100 ¢, 200 c, 300 ¢, 400 c 1 cnmemyrommx HUCXOAHBIX MaHHBIX: B=15, A=§, k=3, n=2,
k2=-17, n2=—ll, k3=-9, n3=—7, S=7, Sl=6, h=5, h1=4,D=0,3.

Puc.5. T'paduku pacipocTpaHeHUs IPUMECH TS ABYMEPHOU 3a]1audl MPU HAIMYHH JIBYX UCTOUHHKOB
3arpsI3HEHUS, JTOKAJTH30BAHHBIX B PA3JIMYHBIX 00JIACTSX BOJHOW MOBEPXHOCTH BO BPEMEHAX:
10 ¢ (a), 15 ¢ (6), 100 c (8), 200 c (2), 300 c (9), 400 c (orc)

[MocTpoennble TpaduKu CBUACTENBCTBYIOT O TOM, YTO C YBEIWYCHUEM Iepuoja HaOIrolIeHus
KOHIIEHTpAIMsl TMPUMECH B JaHHOW cpefie MpH HATUYMK JBYX HCTOYHHUKOB 3arps3HEHUS IOCTEEHHO
BBIPABHUBAETCSI.

[ToripaBka 177,,, paccuuThIBaeTcs 1o Gopmye:

_ Siaul (4)
77 iau - Siauz ’
e Sy =S(x,y—h—-h)+S (x,y—h—h),

S, ,=S,(x,y—h—h)+S, (x,y—h—h,) .

iau 2
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Si,S; HMEIOT OTHOLIEHHE KO BTOPOMY UCTOYHHKY M HAXOAATCA Mo (opmyIie:

1000 1000 ) vl Bis
S, = I IC, (x,y,t)dxdy, S, = J. _[C'(x,y,t)dxdy
~1000 1000 ~( A=l ) ~( B—s,)

['paHHMIBI MHTErpana IpH pacueTe S, MonoOpaHel TakuM oOpasoMm, uTo A + h, ompenenser
TpaHMILy C BEpXHEW CTOPOHOH UIMHBI 00NacTh, a —(A - h;) XapakTepu3YyIOT HWKHIOIO T'PaHHILy JJTUHBI
obmactu mo ocu opauHatr. -(B-s;) u B+s; ompenensior COOTBETCTBEHHO JIEBYIO U IIPaBYyIH0 OOKOBBIE
rpaHullbl 00bEKTa OTHOCUTENBHO OCH aOCIHCC.



[NonpaBka ObIa paccumtana npu Bpemenax: 10 ¢, 15 ¢, 100 ¢, 200 ¢, 300 ¢, 400 c 1 MCXOTHBIX
nmauueix: B=15, A=8, k=3, n=2, ky=-17, ny=-11, ks=-9, n;=-7, s=7, s;=6, h=5, h;=4,D=0,3. Pe3ynbTaTh
MPUBENCHBI B TaOUIIE 2.

Tabnuna 2. PaccunTanHbIe MOMPABKY MPH CJIETYIONIAX HCXOAHBIX AaHHBIX: B=15, A=8, k=3, n=2,
k2=-17, l'l2=-11, k3=-9, l'l3=-7, S=7, S1=6, h=5, h1=4,D=0,3

Ilepnon HadaoneHus, t

IlonpaBka t1=10c 2= 15¢ t3=100c t4=200c t5=300c t6 = 400c

n 0,843 0,869 1,034 1,219 1,406 1,585

3aTeM paccudMTamd ~ BpeMs PACHpOCTPAHEHHS, IO HCTCYEHUI0 KOTOPOro HEPABHOMEPHOCTH

max

pacrpeneneHnss He npeBblmana 5 %, TO €cTh CIPaBEUIMBO  OTHOIIEHHE <1,05. B pesynbrare
min
pacyeTHBIX OIEpalluii, C YUEeTOM BBIIIETPUBEICHHBIX UCXOMHBIX JaHHBIX, Moay4ymid: npu t = 9090c, uto
cootBeTcTBYeT 2 yacam 31 munyte 30 cekyHaaM, HEPaBHOMEPHOCTh paclpeeieHrs He MpeBnimana 5 %.
Pe3ynbTaThl YMCIEHHBIX OSKCIEPUMEHTOB, a TaKKe IOCTPOCHHBIE HAa HMX OCHOBE rpadukw,
¢u3nvecKkr 000CHOBBIBAIOT MCCIEAYEMBIH MPOIecc M TMOATBEPKIAIOT 1IeI1eco00pa3HOCTh MPUMEHEHHS
BBIIIEU3TIOKEHHOW METOJUKHM MPHU HAIWYMH OJHOTO WJIM JABYX MCTOYHHWKOB 3arpsi3HEHHS JJIsl aHalu3a
COCTOSIHHSI TTOBEPXHOCTHOTO CJIOSl BOAHOrO OObekTa. [IpemiokeHHbI B paboTe MOAXO[ IMO3BOJSET
paccunTaTh KOHIIEHTPALMIO 3arpsi3HSIOMIEr0 BENIECTBA 3a ONpPEAEICHHBIM MEepHONl BpEMEHH, a TaKkKe
HATJISIHO TIPEACTaBUTh KapTHHY PacHpOCTpaHEHHs 3arps3HSIONICro BEIIeCTBa MPH ONpPEACIEHHBIX
WCXOJHBIX JaHHBIX.
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Pesome
Byn mMakamana cy oObexTisiepiHiH OeTiHAEr! JIaCTaHybIHBIH Tapaybl eceOiH IIenryre JOKaIbai Ke3/1ep 9/iCiH
KOJIJIaHY HJICOTOTHSICHI KOPCETUITeH. OIeTTe, Oip jKOHE €Ki JIaCTaHy Ke3i TaOburraH/a eki enmemM i quddy3us ecedi
KapacTeIpblIaThiH. JKYMBIC HOTWKECIHAE €Ki JIaCTaHy Ke3iHIH OpHAJacyblHa OailIaHBICTBI KOCIIATApIbIH
KOHLICHTPALMACBIH €cenTey aiblHAbl. MyHzpail ecenrtepii miemry cy oObekTulepiHiH OeTTik KabaTTapbiH
JIACTaHBIPATHIH 3aTTap/IbIH TapajiFaHbIH cunaTTaiinsl. Canaslk sxcriepumenTrep otkizyre MATHCAD 13 opracsin
KOJIIaHBUI/IBI.

Summary
The paper deals with the ideology of application of the local sources method to solving problems of
propagation of surface pollutions in water objects. Particularly, the two-dimensional diffusion problem in the
presence of one or two pollutant sources has been considered. The results of calculation of admixture concentration
depending on an arrangement of these two sources have been obtained too. The solution of such problems
determines a picture of waste propagation along surface layers of water objects. For carrying out of the numerical
experiments MATHCAD 13 soft has been used.
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