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J[nenponemposckuii nayuonanwHulil yHusepcumem umenu O. I'onuapa

ITPOT'HO3 YPOBEHHOI'O PEXXUMA IIOJA3EMHBIX BOJ HA TEPPUTOPHUM,
MNPUJIETAIOLIEU K TIPYY — HAKOIIUTEJIIO CBPOCHBIX IIAXTHBIX
BOJA «CBUJOBOK)>

Ha TpuBajmii yac nporuo3y piBHeBOro pe;kuMy 3alpONOHOBAHA IIPOAMHAMIYHA cXeMa ILIACT-I0JI0CA.
Bona BpaxoBye niaiiom piBHSI TPYHTOBHX BOJ i CYMADHHM BILUIMBOM JBOX IiIpOAMHAMIYHHX CXeM: CTABKA Ta
piukun Camapu. Ilpounec onucyerbes piBHsAHHAM Dyp’e. Y NPOrHO3HUX PO3PaxyHKaX PO3PaXOBYETbCH MeETO]
NnoABiliHOI cynepno3uuii, AKNii Hal0iIbII TOYHO BPAXOBY€ BILIUB IPAHUYHHUX YMOB.

Knrouosi cnosa: nporHos, piBHsaHHSA Dyp’e, MeTOA NOABIHHOT Cynepno3uLii

Ha  pauTesbHble  CPOKH  NPOTHO3a  YPOBEHHOI0  pPelKMMAa  IPENJIOKEHO  HCNOJb30BaATh
THAPOAMHAMHUYECKYI0 cXeMy ILIacT-nmojoca. OHa yUHTBHIBAaeT NMOJAbeM YPOBHS FPYHTOBBIX BOJ IO CyMMapHbIM
BJIUSIHHEM JBYX THAPOJHHAMHYECKMX cxeM: mpyaa u peku Camapsol. IIpomecc omuchiBaeTcsi ypaBHeHHEM
®@ypbe. B NpOrHo3HbIX pacyerax MCIOAb3YyeTCS MeTO[ ABOIHOW Cyneprno3suIuM, KOTOPbI Hau0ojiee TOYHO
YYHUThIBaeT BJMSIHHE TPAHMYHBIX YCJIOBHIA.

Knrouesvie cnoga: mpornos, ypasHenne dypbe, METO IBOMHOM CyNEPIO3ZHLIUH

The hydrodynamic scheme layer-bond is proposed for long — term level regime forecast. Which takes
into account the rising ground waters under the influence by hydrodynamic schemes: of the pond and of the
river Samara. The process is described with Fourier’s equation. The method of double superposition is used in
the calculations, which the most accurately accounts for the effect of boundary conditions.

Key words: forecast, the Fourier equation, the method of double superposition

IlocranoBka mnpobuaembl. [Ipyasl - HakomuTenan COPOCHBIX IMAXTHBIX BOJ
MOCTPOCHBI  0€3  MPOTUBOMUIBTPAIIMOHHONH  3alIUTHI  BOJOBMEIIAIONICH  YaCTH.
BricokomMuHepanu30BaHHbIE COPOCHBIE MIaXTHBIE BOABI B TIpolecce (QUIbTpaIUH
3arpsi3HSIOT  BOJAOHOCHBIE TOPU3OHTHL. Jlmsi HaydHoro oOOCHOBaHUSI KOMILIEKCa
MPUPOIOOXPAHHBIX MEPOMPUATUN THAPOTEOTOTHYECKON HAMpaBICHHOCTH HEOOXOIUMBI
MIPOTHO3HBIE PACYETHI 110 U3MEHEHUIO YPOBEHHOI'O M COJIEBOTO PEKHMMa TPYHTOBBIX BO/I
TEPPUTOPUM MpuUJeraroniel K mnpyay—Hakonutento «CBugoBok». IIpornos comesoro
pexuma Ha 20 ner BemonHeH Eprpamxunoit I'. II. [1]. Hacrosmue wuccnemnoBanus
MO3BOJIAIOT MPUMEHHUTH 0OJIee COBEPIIEHHBIE METOJbI ISl TMOBBIMICHUSI JOCTOBEPHOCTHU
IIPOTHO3HBIX pacueToB U 3()(PEKTUBHOCTHU UX.

HN3noxeHne oCHOBHOTO Marepuaja. /[ mocTpoeHus KapThl TUIPOU3OTHUIIC HA
2012 ron ObuIM MCHOJIB30BAHBI JIAHHBIC PEKUMHBIX HaOmonaeHui [laBnorpanckoit I'PO.
Cnauana nocTpoeHbl TOKoBbI€ TMHUU. [locie 3Toro ans kaxaon auHuM Toka yepes3 500 m
pacCUMTBIBACTCS TOABEM  YPOBHS TPYHTOBBIX BOA. JlJis 3TOro WCMOIB30BAHO
aHAJIMTUYECKOE pelleHre ypaBHeHus Jlamnacca ans rujpoJuHaMUYECKOM CXEMBI IIacT-
1oJI0ca.

Fingy 22— Hpex
__ AnppyzaTfipens
H,= — X+ 'y S— Q)
ne H, — ypoBeHb TPYHTOBBIX BOJ B B PAaCUETHO TOYKE ¢ KOOPAUHATOM X, M; Hypyre —
YPOBEHb BOJBI B IPYAE, M; Hpewy — YPOBEHB BOJIBI B peKe, M; L — paccTosiHEE OT Ipya 10

peKu, M.
Hauvano xoopaunat x=0 BeIOpaHO 1O ype3y BOJBI B peKe.
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Ilo »TMM pmaHHBIM TOCTpOEHa Kapra ruapousorunc Ha MomeHT 2012 ropa,
conepxarias 10 TokoBbIX TuHUH (puc. 1).

(-747 - npya-HakomiTelk "bamka CeHmoBok"
< - JDIHMH TOKa
e - THOPOM30THIICE EOJOHOCHOI'0 KOMIUIEKCA OJIMMOLIeH — MHOLIEHOBEIX H YeTEEPTHYHEIX OTIIOKEHI

™~
Puc. 1. CxemaTnueckasi kapta ruapousorunc Ha 2012 rog

IIponiecc M3MeHEHHs YPOBHS IMOJ3EMHBIX BOJ Ha IPWIETAIOIIEW TEPPUTOPUU
onuceiBaeTcs ypaBHeHHEM Dypbe

8°H 1 PH
x = &t (2)
o 2
rae H- TUAPOANHAMHUYCCKUU HAIIOp, M; 4 — KOB(I)(I)I/II_II/IGHT YPOBHCIIPOBOAHOCTHU, M /CYT;
X — IPOCTPAaHCTBEHHAs KOOpAMHATA, M; t — BpeMEHHasi KOOpAUHATa, CYT.
Z[J'ISI METOMa CYNICPIO3NINU YPABHCHUC UMCCT BU:
A AH) 1 &AH
*— 3)

dx2 a ac’

rae AH — npeBbllieHre BobI B IPy/Ie HaJ YPOBHEM BOJBI B PEKE, M;

Jlis moiyorpaHMYEHHOro IUIacTa MOJANOp OT IOBEPXHOCTHOTO BOJOEMa WIIH
BOJOTOKA CO3/1a€T TMOJBEM YPOBHS TPYHTOBBIX BOJ Ha MPHIIETAIOLIEH TEPPUTOPUH,
KOTOPBIN pacCUUThIBAaETCS MO (hopmylie
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AH, = AH® erfc ——, (4)

Z=~/at

rane AHx — monHsATHME ypOBHSI TPYHTOBBIX BOJ Ha pAacCTOSHUU X OT ype3a BOIbI B
MOBEPXHOCTHOM BOJIOEME, M; AH® — noxmstHe YPOBHSI BOJIbI B IOBEPXHOCTHOM BOJIOEME
HaJ YPOBHEM TPYHTOBBIX BOJl Ha MOMEHT BpeMmeHu t=0, m; erfc — TaOynupoBaHHas
byHKIHS.

Pemenue ypaBuenust (4) momyueno H.H. BepurwHbiM ayis pacueTHON CXEMBI
MOJIyOTPAaHUYEHHOTO IulacTa mpu  yciaoBuu, uro ll-as rpanuma ynanena Ha
OeckoHeYHOCTh. Perienne nmeer pyHaaMeHTanbHbBIN XapakTep [2].

Ha ero ocHoBe aBTOpaMu MOJIy4EHO pEIICHUE Jisi 00Jiee CIOKHBIX TPAHHUYHBIX
YCIIOBUH, JUIsl pacueTHOM CXeMbl IUlacT-mojioca. Perenne cocTouT U3 anredpanyeckoit
CYMMBI JIBYX PELIEHUHN JUIsl TOTyOrPAaHUYEHHOTO TJ1acTa

x

TAH, = AHC erfc — AH, erfc :%

2eiar

rae FAH, — cymmapHbIi moabeM ypOBHSI TMOA3EMHBIX BOJ B PAacuyeTHON TOYKE C

KOOPJMHATON X TOJI BO3JCHCTBHEM (PWIBTpAIMK U3 MPYyJa U IPCHUPYIOIIETO JICHCTBUS
peku, M; AH® - pasHuna HamopoB B mnpyne-Hakormutene u peuke (Hy - Hp), mM; a—
K03 (UIIMEHT YPOBHEIIPOBOAHOCTH, MZ/CYT; t — CpoK IIPOrHO3HOrO pacyera, cyt; AH, —
YCJIOBHBIA TIOJbEM YPOBHSI MOJ3EMHBIX BOJI B TOUKE C KOOpJAMHATOM X = L 3a cxemon
«TOJTyOTPaHUUYEHHBIN 1Iap», TO ecTh 0e3 ydeTra APEHUPYIOIIero ACUCTBUS pekH, M; L —
paccTossHUE MEXK1y IPYIOM U PEKOM IO TOKOBOM JIMHUH, M.

[To ka0 TOKOBOW JIMHUU BHITIOJHEH MPOTHO3 MOAbEMAa YPOBHS IPYHTOBBIX BOJ
Ha 2012 rox (29 ner), ma 2033 rox (50 mer) u 10 MOMEHTa CTaOWIN3alUU YPOBEHHOTO
pexkuma Ha 2035 roa (52 roma). Pe3ynbraTel pacuera npeacTaBiieHbl B Tabnuie 1.

Crenenp crabunmsanuu Ha 2012 rox He BbICOKas, MaX. OTKIOHEHHUE COCTABIISIET
88 %, na 2033 rox — 10 % no otHowmenuto k 2035 roay. Ilpouecc noabema ypoBHSA
TPYHTOBBIX BOJ, uepe3 52 rona crabunusupyercs (2035 ron).

BoiBoabl. Ha ocHOBe aHanm3a pesKMMHBIX HAOMIOIEHUI ¢ MOMEHTa BBOJIa TIPy/Ia B
SKCIUTyaTaIlMI0, CHIeTIaHbl CIIEIYIONIME BBIBOJBI: TOJABEM YPOBHS TMOA3EMHBIX BOJ B
MEPBOM OT TMOBEPXHOCTH OEpPEeKCKOM BOJOHOCHOM TOPU30HTE, HECMOTPs Ha HKpaH,
HAyYaJICsl C MOMEHTA MOCTYIUIEHUS B MpYJl HIaXTHBIX BoA B KoHIE 1983 roxa. 3a 14 ner
(1984 — 1995 1r.) YypOoBEeHb MOA3EMHBIX BOJA B CKBakuHe 22313, mepBoil OT IUIOTHHBI
noBeicwiics Ha 2,2 M. Ctabunuzanusi ypoBHS TPYHTOBBIX BOJ mpousoiinet k 2035 roxay,
MIPU HEU3MEHHOM PEXUME SKCIUTyaTalluH.
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Tabnuya 1
IIporuo3 noagbema ypoBHSI TPYHTOBBIX BOJI 110 METOAY ABOIHOI
cynepno3uuuu Ha 2012 r

Ne AH,
H,, a6c. L, v
TOKO- |  MeTKA HHA . X, Homep TokoBo# TMHUH
BOM . | AH AH, | paccro-
mupy | YPOBHA B | TOKOBOH SIHUE, M 1 2 3 4 5 6
u peke, M JIMHUHU
29 ner
1 63,3 8775 39,0 0,029 500 33,06 33,87 31,78 30,48 25,09 28,83 2
2 63,3 8535 39,0 0,041 1000 27,33 28,87 27,10 25,99 24,80 24,58 2
3 65,7 9015 36,6 0,020 1500 22,01 24,15 22,66 21,73 20,74 20,55 2
4 67,2 8967 35,1 0,020 2000 17,25 19,79 18,58 17,81 17,00 16,84 1
5 68,8 8871 33,5 0,022 2500 13,14 15,88 14,91 14,30 13,65 13,51 1
6 69,1 8056 33,2 0,065 3000 9,71 12,48 11,72 11,24 10,72 10,61 1
7 69,5 7768 32,8 0,093 3500 6,97 9,59 9,00 8,64 8,24 8,14 2
8 70,0 7672 32,3 0,103 4000 4,85 7,19 6,76 6,49 6,19 6,10 {
9 70,5 8247 31,8 0,049 4500 3,27 5,27 4,96 4,76 4,54 4,45 :
10 63,3 8823 39,0 0,027 5000 2,13 3,76 3,55 3,41 3,25 3,16 1
5500 1,34 2,61 2,48 2,38 2,26 2,17 1
6000 0,82 1,75 1,68 1,61 1,53 1,43 .’
6500 0,48 1,13 1,10 1,05 1,00 0,89 (
7000 0,27 0,68 0,69 0,66 0,62 0,49 (
7500 0,14 0,37 0,41 0,39 0,36 0,21 (
8000 0,06 0,16 0,22 0,20 0,18 0,02
8500 0,02 0,01 0,09 0,08 0,06
50 ner
1 63,3 8775 39,0 0,399 500 34,46 34,45 32,34 31,01 29,60 29,32 2
2 63,3 8535 39,0 0,488 1000 30,01 30,01 28,17 27,01 25,78 25,53 2
3 65,7 9015 36,6 0,306 1500 25,76 25,75 24,17 23,18 22,12 21,90 2
4 67,2 8967 35,1 0,305 2000 21,76 21,75 20,43 19,59 18,69 18,49 1
5 68,8 8871 33,5 0,316 2500 18,09 18,08 16,98 16,29 15,54 15,36 1
6 69,1 8056 33,2 0,612 3000 14,79 14,77 13,89 13,31 12,70 12,53 1
7 69,5 7768 32,8 0,755 3500 11,88 11,86 11,16 10,70 10,21 10,04 S
8 70,0 7672 32,3 0,800 4000 9,37 9,34 8,81 8,44 8,05 7,89 '
9 | 705 | 8247 [31,8| 0503 4500 | 725 | 7,21 | 682 | 654 | 623 | 606 | ¢
10 63,3 8823 | 39,0 | 0,384 | 5000 5,49 5,45 5,18 | 4,96 4,72 | 454 | ¢
5500 | 406 | 401 | 384 | 368 | 350 | 329 | :
6000 2,92 2,86 2,78 2,66 2,52 2,29 2
6500 2,03 1,96 1,95 1,86 1,76 1,50 :
7000 1,34 1,26 1,31 1,25 1,17 0,88 (
7500 0,82 0,73 0,83 0,79 0,73 0,40 (
8000 0,42 0,32 0,47 0,44 0,39 0,04
8500 0,13 0,02 0,20 0,18 0,14
52 rona
0,460
1 63,3 8775 39 6 500 34,54 34,54 33,42 | 31,09 | 29,67 | 29,39 | 2
2 63,3 8535 39 | 0,558 | 1000 30,18 30,18 28,33 | 27,17 | 2593 | 25,67 | 2
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8
0,354
3 | 657 | 9015 |366 | O | 1500 | 2599 | 2599 | 2440 | 2340 | 2233 | 22,00
4 | 672 | 8967 | 351 0’3;54 2000 | 2205 | 2204 | 2070 | 1985 | 1895 | 1874
5 | 688 | 8871 | 335 0’?565 2500 | 1842 | 1841 | 17.30 | 1659 | 1583 | 1563
6 | 691 | 8056 | 332 0’6191 3000 | 1514 | 1512 | 1422 | 1365 | 1301 | 12.83
7 | 695 | 7768 | 328 0’247 3500 | 1224 | 1221 | 1150 | 11,03 | 1052 | 10.33
0.895
8 | 700 | 7672 | 323 | %% | 4000 | 971 | 99 | 914 | 876 | 836 | 817
0571
o | 705 | 82e7 318 |3t | as00 | 757 | 753 | 713 | 683 | 651 | 632
0.443
10 | 633 | 8823 | 39 | %2 | 5000 | 578 | 573 | 545 | 522 | 497 | 476
5500 | 431 | 425 | 408 | 391 | 372 | 348
6000 | 313 | 306 | 298 | 285 | 270 | 244
6500 | 219 | 211 | 211 | 201 | L90 | L6l
7000 | 146 | 137 | 143 | 136 | 128 | 095
7500 | 090 | 080 | 091 | 086 | 080 | 044
8000 | 047 | 036 | 052 | 049 | 043 | 004
8500 | 014 | 002 | 023 | 020 | 0.16

CreneHb CTa6I/IJ'II/ISaI_[I/II/I mnmponecca ImnmoaAbeMa YPOBHA TI'PYHTOBBIX BOM,
KOJIMYCCTBCHHO OLNCHCHO Ha pa3HbIC CPOKM IPOTHO3HOIO pacducTa, 110
OTHOIIICHHUIO K PACUCTY Ha 52 roaa. Pe3y.]'ILTaTI>I MMpEACTABJICHBI B Ta6n1/1ue 2.

Tabnuya 2
Pacuer orieHKH OrpemHoCcTH

ToxoBbIe TMHUHA

1 | 2 | 3| 4 | 5 [ 6 | 7 ] 8 ] 9 | 10

29 u 52 net (%)

429 | 194 | 491 | 197 | 1545 | 191 | 189 | 1,89 | 195 | 1,94

944 | 433 | 433 | 433 | 434 | 425 | 422 | 421 | 431 | 434

1532 | 706 | 712 | 712 | 712 | 701 | 692 | 689 | 7,03 | 7,08

21,79 | 10,22 | 10,25 | 10,29 | 10,27 | 10,14 | 10,01 | 10,01 | 10,19 | 10,25

28,70 | 13,73 | 13,80 | 13,78 | 13,75 | 13,56 | 13,43 | 13,39 | 13,61 | 13,74

3585|1748 | 1759 | 17,67 | 17,60 | 17,30 | 17,10 | 17,07 | 17,38 | 17,57

43,05 | 21,48 | 21,73 | 21,63 | 21,67 | 21,20 | 20,99 | 20,94 | 21,35 | 21,65

50,10 | 25,76 | 26,02 | 25,90 | 25,92 | 25,34 | 25,00 | 24,84 | 25,57 | 25,93
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56,84 | 30,02 | 30,42 | 30,33 | 30,26 | 29,59 | 29,06 | 28,86 | 29,72 | 30,25
63,12 | 34,39 | 34,90 | 34,72 | 34,61 | 33,61 | 33,04 | 32,74 | 33,84 | 34,60
68,82 | 38,63 | 39,23 | 39,08 | 39,25 | 37,64 | 37,05 | 36,65 | 38,24 | 39,12
73,86 | 42,81 | 4361 | 43,49 | 43,33 | 41,39 | 40,53 | 40,18 | 41,91 | 43,31
OxkoH4aHue Ta0IUIBI 2
78,20 | 46,52 | 47,84 | 47,84 | 47,37 | 44,72 | 44,06 | 43,70 | 46,01 | 47,27
81,82 | 50,40 | 51,82 | 51,58 | 51,56 | 48,42 | 47,37 | 45,59 | 49,50 | 51,02
84,82 | 53,52 | 55,14 | 54,86 | 55,00 | 52,27 | 47,83 | 46,67 | 51,92 | 53,85
87,15 | 55,06 | 57,77 | 58,76 | 58,14 | 50,00 53,33 | 57,14
88,81 | 50,00 | 60,18 | 60,20 | 62,50 56,25
50 u 52 roga (%)
0,23 | 0,26 | 3,23 | 0,26 0,25 0,24 0,59 0,24 | 0,25 | 0,23
0,57 | 055 | 0,55 | 0,57 0,56 0,55 0,55 0,56 | 0,57 | 0,56
0,90 | 0,90 | 0,93 | 0,93 0,94 0,90 0,87 0,88 | 0,90 | 0,88
1,33 | 1,33 | 1,32 1,32 1,35 1,33 1,24 1,26 1,34 1,32
180 | 1,78 | 1,83 1,78 1,81 1,73 1,75 1,72 1,80 1,79
2,31 | 233 | 233 | 251 2,38 2,34 2,30 2,25 2,36 2,31
291 | 289 | 295 | 2,95 2,95 2,81 2,76 2,81 2,92 2,94
3,54 | 356 | 358 | 3,64 3,66 3,43 3,37 3,31 | 3,56 | 3,60
420 | 426 | 432 | 4,27 4,30 4,11 | 4,06 3,98 | 411 | 4,23
495 | 490 | 501 | 505 5,03 4,62 4,57 445 | 477 | 5,02
573 | 571 | 591 | 581 5,91 5,46 5,42 528 | 559 | 5,79
6,56 | 6,54 | 6,68 | 6,63 6,67 6,15 5,73 594 | 6,22 6,69
722 | 7,24 | 7,54 | 7,60 7,37 6,83 6,29 6,67 7,36 7,27
8,09 | 810 | 852 | 8,29 8,59 7,37 6,58 7,35 7,92 | 8,16
8,48 | 8,29 | 9,19 | 8,56 8,75 9,09 | 435 6,67 7,69 | 8,79
10,06 | 10,11 | 9,79 | 9,28 9,30 0,00 6,67 | 10,20
9,09 | 0,00 | 11,50 | 10,45 | 12,50 6,25
Bubauorpadguyeckue cCbJIKU
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