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AkmyanbHocmb. [ToHUMaH Ue MexaHu3Mos U 3akOHOMepHocme L U3MeHeHUs nod3eMHO20 CMOK a, ycroeull e3aumodelicmausi nod3 eMHb X,
PeyHbIx U bornomHbix 800 bacceliHa peku Obu 8 yerom u Tomckol obacmu 8 YacmHocmu Heobxodumo Orsi NPORHO3UPOBAHUST U3MEH -
HUS1 BOOHbIX PECYPCO8 Pe2UOHa U NITaHUPOBaHUs Meponpusimull No UX KOMNIEKCHOMY UCNOb308aHUI0 U OXPaHe.

Lenb: konudecmeeHHass oyeHka 83aumocsesizell peyHbix U nod3emHbix 800 8 cpedHem medeHuu peku Obu (Tomckas obnacms) no pe-
3ynbmamam onpedeneHus OMHOWEHUST UHGUTbMpayuu K KoaghehuyueHmy unbmpayuu u nornoxeHUs ypogHel epyHmosbix 800 Ha 80~
Oopasdenax pex.

Memodsi: cmamucmudeckue mMemodbi, Memodbl MAmeMamuyecko20 MOOEUPOBaHUS.

Pesynbmamsi u ebi800bI. BbinonHeH aHanus OaHHbIX MHO20MEMHUX 2UuOponoeu4 eckux (22 nocma Ha pexke O6u u eé npumokax) u eu 0-
pozeonozudeckux (14 2udpoeeonoaudeckux cksaxuH) HabnwdeHull Ha meppumopuu Tomckol obnacmu 3a nepuod ¢ 1960-x no 2005—
2015 2e. MokasaHo, Ymo UHhUTLMPALUST 8 UETOM CHLXK aemcst 80 8peMs N0noeodss, npuyem Ha eodopasdenax Oonblue U 6oree nnagHo,
yem 8 peyHbix OonmuHax. BHympueo0osoe U3MEHEHUE OMHOWEHUS UHGhUunbmpayul K KoaghgpuyueHmy gunbmpayuu 8 bonbuwuHcmee
cryyaeg 06pamHo NPONOPULOHATBHO USMEHEHUIO CPEOHE20 3HaY EHUS CI1051 800HOR2 0 CMOK CMEX HbIX PeK. BbinonHeHa konudecmeeHHas
OyeHka 8Hympu20008bIX U3MeHeHUl nonoxeHuss 8odopa3denos pex. Haubomee Cyu,eCmeeHHbIe USMEHEHUs 8bI8NEHbI Ha 2paHuULe
mex0y pexam u Obbo u Bacroe aH (ckeaxuHa 124p), Obbio u Llle2apk oli (63p), Yynem u Kueli (81p). CdenaH 861800 0 mom, Ymo epaHuya
8000cb0opos domkHa paccmampueambCsi He Kak JIUHUS, a kak nonoca. [lomyyeHbl nodmeepkOeHus pesuoHabHoe 0 NOO3EMHO20 Cmoka

He morbko 8A0Mb PeK, HO U 8 MEPUOUOHAIbHOM HanpagneHuu (NPUMEPHO C to2a Ha CEsep).

Knioyesble cnosa:

nodzemHbie U pe4Hble 800bl, CpedHsas Obb, OmHoweHUe UHGUTbMPauUU K KoaghghuyueHmy unbmpayuy, YpoBeHHbIl PEXUM.

BBepeHune

B 3anmagnoit Cubupu B ronoieHe MpoU30MIIN 3HAUH-
TebHBIC H3MEHEHHS KmuMata u ruapocdepst [1-4], mpu-
ygM B HacTosllee BpeMs MPOJOIKACTCS HHTCHCHBHOE 3a-
OonaynBaHue 3TOH TEPPUTOPUH B MpeieNax TaéKHOM 30HBI
[5, 6]. D10 00yCcNnOBIMBACT aKTyalbHOCTh MCCIEIOBAHUHN B
00acTH MPOTHO3UPOBAHMS HM3MEHEHHH OKpyXkatome
Cpelsl W TOBBIMEHM 0e30MacCHOCTH W HAJCKHOCTH TeX-
HUYECKHX KOMIIOHEHTOB MPUPOLHO-TEXHOTEHHBIX KOM-
miekcoB [1, 7] u ompexenseT ux o0MmYIo b — BHISBIE-
HUE 3aKOHOMEPHOCTEHl M3MEHEHMS MOI3EMHOr0 CTOKa H
YCIOBHH B3aMMOJEHCTBHS MOI3CMHBIX, PEUHBIX U 6ONOT-
HBIX BOJ OacceiiHa pexn O0u B ronouere. [Ipemmonarae-
s, 9TO HaJM4Me NMOZOOHBIX 3HAHWH MO3BOIUT OLCHHTH
HAIPABJICHHE 3BOIIONHUI OONOTHBIX SKOCHCTEM 3amajHoH
Cubupu, YTOYHATb CIEHAPUH U3MEHEHHS KPYNHBIX MpPH-
POJIHO-TEXHOTEHHBIX KOMIUIEKCOB M BHIPa0OTaTh pEKoO-
MEHJIAINK MO MOBBIMECHNIO HAJEKHOCTH U 0e30MacCHOCTH
TeXHUYECKUX CHUCTEM, (YHKIMOHUPYIOIIUX B YCIOBUAX
CUJIBHOI 320070YEHHOCTH ¥ MOJTOMJICHHS MPHIETAI0N X
Tepputopuil. Hiske 5Ta 1eip paccMOTpeHa MPUMEHHTENb-
HO K yCTIOBHAM (HOPMUPOBAHMS PEUHBIX U TOACMHBIX BOJI
BEepXHell TapoanHaMIYeckoil 30HbI B Oacceiine p. O0b Ha
yJacTke €€ cpeiHero TeyeHus B mpejenax Tomckoi o6ia-
ctu Poccuiickoii @enepanuu.

O61BLeKTbI M METOANKA MCCrenoBaHus

OObeKTaMH  HMCCIEIOBAHUS  ABJAIOTCA  HETOCPE J-
ctBeHHO OOb 1 €€ MPUTOKH (XapaKTepHCTHKA PEK MPHBeE-
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nena B [8]) — pexu Twim, Keth ¢ mputokom Ilaiigyruna,
Uynem ¢ nputokoM Kus, ToMmb ¢ mpuTokamu Ymaiika u
bacannaiika, llerapka, Yas ¢ nputokamu bakyap u I'an-
ka (mputok pekn bakuap), Uysuk (mputok pexn Ilapa-
0exb), Bacroran ¢ mputokom Ymxkanka (puc. 1, Tabm. 1),
M TIPEANONOKHUTEIHO CBA3AHHBIC C HAMH IOJI3EMHBIC
BOJIbl BEpXHEH TUAPOAMHAMHYECKON 30HBI, MPEHMYII e-
CTBEHHO T'PYHTOBBIC OTNOXEHUS YETBEPTHYHOTO BO3PAC-
ta (puc. 1, Tabm. 2, ckaxunsl 124p, 89p, 137p, 445p,
110p, 95p, 81p), 4acTHUHO — apTEe3HAHCKHE TOA3EMHBIC
BOJIBI OTJIOXKEHHUI maneorenoBoro (167p, 63p, 156p, 113p,
129p) um neorenosoro (113p, 94p) BospacTa, B onpene-
JNIEHHOH Mepe CBSI3aHHBIE C TPYHTOBHIMU BOJAMH 4ETBEP-
THYHBIX OTIOXEHUH (C y4ETOM JHTONOTHH M XapakTepa
BHYTPUTOJ0BOTO HM3MEHEHHsS YPOBHEH MOI3E€MHBIX BOJ
[9]). CkBaxuna 18p pacmonoxkeHa Ha CeBEpHOH rpaHHule
Antae-CasHCKOH TMAPOTEONOTHYECKOH CKIaa4aTod o 6-
NacTH, Npo4YMe CKBaXHHBI — B Mpelelax 3amaaHo-
Cubupckoro apresnanckoro bacceitna [10-14].
UctounnkamMu MH(OPMAIIH TIOCTYKIIN JAHHBIE MHOT0-
NETHAX HAOMIOZIeHNH PocTuapoMeTa U MaTepuaisl ToCya p-
CTBEHHOTO MOHUTOPHHTA HEJp Ha TeppuTopun ToMCKoil 00-
macTH (B pasHoe BpeMsd — T oMCKast Teomoro-passe JoqHas IKC-
nemust, AO «TomckreomoruTopuHT» B CHOMpCKAid perv o-
HaneHbl 1eHTp OTBY «mapocmenreonommsy) 3a mepros ¢
Hagama 1960-xmo 2005-2015 rr. (c y4eToM mHpeKparmeHus
HaONIO/ICHNs Ha pAJie TTOCTOB M CKBaXWH), B 0000MEHH O
(opme omybrmkoBannbie B [9, 13—15] (Gonee moapoOHas H-
(opManus MpyBeIcHA B YKa3aHHBIX HCTOYHHKAX ).
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Tabauya 1. Cpeonemmnoe onemuue mecaunvle YposHU peuHvlx 600 Ha meppumopuu Tomckou obnacmu, m (6 banmuiickou cu-
cmeme @vicom)

Tablel.  Average annual monthly river water levels in the Tomsk region, m (in the Baltic elevation system)
Mecsan/Month
Ne Pexa/River [Mynxr/Locality
| 11 111 v \Y \Y/| Vil | VI IX X Xl X1l
i IToGena/Pobeda 72,29172,25172,43(73,58 173,97 |73,8473,28(72,67]72,20(71,9772,16|72,50
2 Morounno/Mogochino [58,69 |58,43158,32[60,81 [64,65[63,55[60,93 159,65[58,99 (59,02 [59,44(59,31
ZO6L/Ob ITpoxopkuuo/Prokhorkino|40,70 140,42 140,2941,38 |46,04 |46,21]43,8541,72|41,05 |40,97 |41,55|41,39
AJ'ICKCB.HHPOBCKOC

4 Aleksandrovskoe 34,19133,78133,64(34,59 139,89 |40,83(38,67(35,77|34,88 134,73 135,19|34,89
5 [Tombs/Tom T omck, r/c/Tomsk, h/s 70,35170,01[69,91(72,61[74,21]72,08[70,41(70,06]70,06 (70,44 [70,89(70,66
6 ggg:ﬁél:ﬁ‘(‘;a Bacanaiika/Basandaika |81,43 [81,48 [81,59(82,01 [81,75 [81,36(81,25 [81,22(81,23|81,28 [81,35(81,41
7 |Ymaiika/Ushayka CrenanoBka/Stepanovka [79,60 179,65 (79,73 (80,03 (79,80179,45179,34(79,33(79,3179,37179,49]79,55
8 Terynsnet/Teguldet 124 44[124,35]124,300125,07[127,67[126,90{125,50[124,83]124,56[124,50|124,65[124 67
T‘{ynblM/Chulym 3pipsiackoe/Zyryanskoe [97,29197,13197,09(98,11 [101,50[100,52/98,58 [97,73(97,45 (97,46 |97,65]97,60
110 Batypuno/Baturino 74,70 (74,53 |74,43(75,12|78,6477,97|75,71(74,88|74,63 74,64 |74,91|74,94
11 |[Kus/Kiya OxkyHeeBo/Okuneevo 100,44{100,37/100,38{101,82[104.,85[102,67/100,76[100,50{100,53[100,76/101,01{100,71
12 [Hers/Chet Konropka/Kontorka 119,83]119,86[119,901120,49(122,95(120,701119,82{119,65[119,55|119,60[{119,86/119,80
13 [Kern/Ket bemni SIp*/Bely Yar* 65,18165,1565,17(65,3767,19168,36[66,68[65,24|64,99 [64,98[65,33[65,35
14 |[Taiimyruna/Paiduginalbepésoska/Berezovka 75,12175,12175,16(75,16 (77,11 |76,33|75,15(74,82|74,87 75,63 75,49(75,23
15 [T emv/T ym Hamnac/Napas 63,35163,32163,32(63,49 165,48 |66,15|64,17 [63,58]63,45(63,47163,75|63,53
16 [[Llerapka/Shegarka |[babapsikuno/Babarykino [89,23189,21(89,18(90,75(93,02[90,31(89,78189,70(89,57 [89,56 [89,39(89,24
17 |4as/Chaya IoaropHoe/Podgomoe 62,60 62,61 [62,62(63,21 (66,13 [64,47(62,94 [62,54(62,45 (62,53 [62,91(62,72
18 [bakuap Bakchar [osmpmsiHKa/Polynyanka [95,91195,86195,84(96,59 (98,18 96,82196,19(96,16(96,17 (96,21 [96,15]96,00
19 [lanka/Galka bakuap/Bakchar 92,86192,83192,81(93,45(94,801(93,65(92,98(92,99]92,94 193,01 [92,88(92,87
20 [Hy3ux/Chuzik [Ty uuro/Pudino 79,62179,59179,57(80,01 |82,88 180,74179,96 |79,76]79,74 179,84 179,86|79,68
21 [Umxanka/Chizhapka [JlaBpoBka™*/Lavrovka**[89,35[89,33(89,33]189,47190,61 [90,51(89,84[89,59]89,58189,57[89,50(89,42
22 [Bacioran/Vasyugan g%zﬁ*;“\'ja'iig:;a“ 53,69 (53,59 [53,55(54,33 (58,27 58,16 (55,54 |54,37|54,26 |54,27 | 54,40|53,95

Ipumeuanue: nomep ob6vexma coomeemcmeyem puc. 1; * 3nauenus cpeoHemecsuHbIX ypoeHell 600bl p.
Ap nonyuenvi mHelHoU uHmepnoaAyuetl 8 3a8UCUMOCII OM NIOWAOU 8000cO0pa mexcoy cmeopamu y ¢. Maxcumxun Ap u c. Po-
ouonosxa, Ha p. Tomu y ¢ bamypuno — menxcoy cmeopamu y c. Ilonomownoe u 2. Touck (2udpocmeop); ** ypoeru 600vl
p. Yuoicanku 6 patione ypouuwa Jlagposka paccuumanst coenacto [18] no eapuanmy omcymaneus 0anHbix Haba0OeHutl (Unob-
306aHUe NOJTUHOMUANBHOU 3A6UCUMOCIIU Me&l(‘()y JPOosHAMU U pacxo@wwu 600bl N0 JPAasHerHusIM Llezu—-Mannurea u 3asucumocnu
Yusrcanku
Qui=(0,308+0,012) Qpcp(FyilFuyy, 20e Fyu Fyyy — naowaou 60oocbopos p. Quowcanku 6 cmeope Jlasposku u Yemo-dypynoku,).
Note: object number corresponds to Fig. 1; * values of average monthly water levels of the Ket river near the Bely Yar
village were obtained by linear interpolation depending on the catchment area between the cross-sections at the Maksimkin
Yar village and the Rodionovka village, on the Tom river near the Baturino village were between the cross-sections at the
Polomoshnoe village and Tomsk (hydrological section near the Lagerny Sad area); ** water levels of the Chizhapka river
nearby the Lavrovka (uninhabited) were calculated by [18] according to the variant of the absence of observational data
(using the polynomial dependence between water levels and discharges according to the Shezy—Manning equations and the
dependence between the average monthly discharges of the Chizhapka river Qy,;; and the Vasyugan river near the Middle
Vasyugan village Qzcs: Quir=(0,308+0,012)Q pc(FyilFyyy), Where Fy; and Fyyy are the catchment areas of the Chizhapka
river at the Lavrovka and Ust-Churulka sites).
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Taonuya 2. Cpeonemnoz onemuue mecsiumvle yposHU NOO3eMHbIX 600 Ha meppumopuu Tomckou obracmu, m (8 Barmuiickou
cucmeme 6blcom)

Table2.  Average annual monthly groundwater levels in the Tomsk region, m (in the Baltic elevation system)
g Bospact . Mecsi/Month
; = HyHI_(T OTJIOKECHUI
§§ Locality Age of I I 1 v \Y, Vi vie | v | IX X Xl | X
3 deposits
124p |AMIeKcanpoBeKoe 1Qu  |37,22 [36,88 | 36,68 | 36,99 | 39,53 | 41,08 | 40,39 | 38,69 | 38,01 | 37,75 | 37,84 37,60
Aleksandrovskoe
Cpemnuii Bacroran
1670 | Sradny Vayugan Pitv 60,69 (60,72 |60,74 |60,81 | 61,51 [61,50 | 60,75 | 60,57 | 60,55 | 60,61 | 60,68 | 60,68
89p |Kaprana/Kargala aQms__|99,18 |98,05 | 99,19 [ 99,38 | 99,88 | 99,52 | 99,77 | 99,50 | 99,36 | 99,31 | 99,28 [ 99,27
63p |Mensnnkoso/Melnikovo| 2aQu+Ps; | 78,58 | 78,54 | 78,53 | 78,79 | 78,99 | 78,91 | 78,79 | 78,71 | 78,65 | 78,66 | 78,65 | 78,62
T37p | Terymact/Teguldet aQn 12732 (12718 (127 17| 127 24| 127,66 127,09 127 91| 127,74 127 62| 127 A8 127 45| 127 A1
18p E}’;ﬁ“;ﬁg;‘gf alQekc+Ranm |142,70 (142,72 (142,68(142,87|142,94|142 96| 142 93| 142,89|142,81|142,80|142,79| 142,73
445p gﬁgr‘*n";‘;‘ﬁggﬁa alQgcHaQesm 100,60 |100,51100,59|100,55[100,76(100,79|100,85/100,80|100,74{100,76|100,69|100,56
110p | baxuap/Bakchar aQm _ |102,21|102,16102,21|102,20{102 45| 102 44| 102 46| 102 44| 102,38| 102 42|102,39| 102,33
T56p |Harac/Napas Psg 63,80 [63,80 | 63,88 |64,03 | 65,66 | 66,51 |64,83 | 64,21 |64,02 | 64,06 |64,17 | 64,03
TT3p |Bemii SIp/Bely Yar N, 76,39 | 76,26 | 76,10 | 76,10 | 76,38 | 76,76 | 76,82 | 76,73 | 76,62 | 76,56 | 76,50 | 76,46
95p |Iloaropnoe/Podgomoe | aQus  |69,68 69,66 [69,64 | 69,65 69,77 |69,97 |69,98 69,90 [69,78 [69,75 | 69,74 [ 69,72
S1p |3uipanckoe/Zyryanskoe|  1Qw _ |99,20 |99,04 | 98,93 | 99,08 [100,72|101,54|100,70|100,08| 99,68 | 99,47 | 99,39 | 99,36
94p |Hoaroproe/Podgomoe Ny 63,94 |63,90 | 63,85 | 63,95 | 64,79 | 65,22 | 64,81 | 64,45 | 64,22 | 64,07 | 64,07 | 64,01
T29p [Ty amno/Pudino P 87,07 |87,00 | 86,96 |87,08 | 87,39 | 87,41 87,30 | 87,21 |87,18 | 87,14 (87,15 | 87,27
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Puc. 1. Cxema pacnonosiceruss nyHKmMoe MHoe oiemuux 2uoponoeuveckux (1) u euopoe eonceuveckux (1) nabarooenui, komo-
pule Obiu UCHOL306aHbL OIS AHANU3A

Fig.1. Layout of the points of long-term hydrological (1) and hydrogeological (1) observations that were used for analysis
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Puc. 2. Cxema pacuema yposueil 2pynmosuix 600 (I) mesxncoy pexamu: Hy — yposens 6oovt 6 pexe Ne 1; H, — yposens 600bi 6
pexe Ne 2; Hy — ypogens 2pynmogwix 600 na paccmosinuu X om ypesza pexu Ne 1; Ly — nonooicenue sodopazoena meoic-
oy pexamu Ne 1 u 2 omnocumenvro pexu Ne 1

Fig.2. Scheme for calculating groundwater levels (1) between rivers: H; is the water level in river no. 1; H, is the water
level in river no. 2; H, is the groundwater level at a distance x from the river's edge no. 1; L, is the position of the
watershed between riversno.l and 2 relative to river no. 1

108



V13BeCT st TOMCKOro NOMMT €X HUYECKOrO Y HUBEPCHT €T a. MHxMHNpUHT reopecy pcos. 2023. T. 334. Ne 1. 106-115
Casuyes O.T., NMobypb A.H. KonnyecT BeHHas oLieHKa B3anMOCBSI3EN PEYHbIX W TPy HT 0BbIX BOA B 6acceitte CpepHeit O6m ...

MeTonuka ucCIeI0BaHAS OCHOBAHA HA TOMYIICHHH, B
COOTBETCTBHH C KOTOPBIM JBIKCHHE TPYHTOBHIX BOX B
Cpe/IHEM 3a MeCSYHbIe HHTePBAJBl PaCCMATPHBALTCS KAk
YCIIOBHO CTalMOHAPHBIA MpoIlecc, OMMCHIBAEMBIA ypaB-
HenueM Jlromion ¢ ydetom uHQuibTpanuu. [Ipu 3toM
YPOBHH TPYHTOBBIX BOI MEXIYPeUHil MOTYT OBITH OpH-
CHTHPOBOYHO OLEHEHBI M0 ypaBHeHHIO (1), OTHOMIEHHE
K, nndunstpanun Inf x (cpenremy mo paspesy) kodddu-
nueHty ¢punasTpanuu K — mo ypaBHeHHUI0 (2), a momoxe-
Hue Bojopasena Ly — mo ypasaenuto (3) [16, 17]:

HE-K? I
H, = Hf—g-x+n—f-(L12—x)-x, 1)
Ly, K

I He-h? H2-H?
K= h= o ®
Ky (Lyp-0)x (=2l
L Kr [(H-H?
L, =1___L.(#)’ )
2 mf \ 21y,

rae Hy u Hy — ypoBHu Bojbt pek Ne 1w 2 (puc. 2); H, —
YPOBEHb TOA3EMHBIX BOJI HA PACCTOSHHUHU X OT ype3a peKu
No 1; Ly, — paccTosHue Mexay ype3amu pexk Ne 1 2; Ly —
pacctosHue 0T ype3a pexu Ne 1 10 Bomopasjena Mexay
cMexHBbIME pekamu Ne 1 u 2 (puc. 2).

[Ipu moATOTOBKE M aHANM3€ NAHHBIX HAOMFONCHUI M C-
TOJb30BAIICH PETPECCHOHHbIC 3aBUCHMOCTH (OIEHKA Ma-
paMeTpoB METOJIOM HAMMEHBIIMX KBajApaTOB) MPU BBHI-
TOJHEHUH YCII0BHUiA (4), (5) Ang ypoBHS 3HAYUMOCTH 5 %:

O~ : @)

s g by o )

R* > 0,36; —
8, 8

2
rae N — 06beM BeIOOpKH; R — KBaApaT KoppensiioHHOT0
OTHOWIEHUS; I U O — KO3DQHUIHEHT KOPPEeNSIHHE U T0-
TPENIHOCTH €T0 onpeaeeHus; K, i & — KodpPumuent pe-

100 - \

80

40

Yacrorta/Frequency, %

20 - !

TPECCUH U MOTPEMHOCTh ero onpeaencHus [18]; pacuérst
BHIIOJNHEHHI B cpezie MS Excel.

Pe3yn bTaTbl UCCreaoBaHUA U UX chy»qqeuue

B teuenue roga o0biuHO HabMIOAAETCS OMpeEACTEHHOE
TOBBIIIEHNE YPOBHEH M3yUEHHBIX MOJA3EMHBIX BOJ C Mas
no aBrycT—ceHTa0ps (Tabmn. 2, puc. 3), mpuyem Haubonee
JMATENHHOE U TUIABHOS YBENMYSHINE YPOBHEH BOJBI yalie
OTMeYaeTcs Ha BOAOPa3JeNbHBIX MPOCTPAHCTBAX (MpHU-
Mep — ckBaxuHbl 445p u 18p), a Gomee peskoe — B peu-
HbIX J0JuHAaX. COOTBETCTBEHHO BHYTPUTOIOBBIM H3Me-
HEHHAM YpoBHeH peuHbix (Tabm. 1) M MOO3eMHBIX
(Tabx1. 2) BOJ B CpeiHEM 33 MHOTONETHUI MEPUoJ OTMe-
yaeTcs yMeHbleHue otHomeHus K (2) undunbrpanuu k
kodppuumeHty QuIbTpanMu B TEPUOJ  MOJOBOJBS
(puc. 4). OnHAaKO OTpUIIATENBHBIE 3HAYCHUS, CBUACTETb-
CTBYIOIME O TOCTYIJICHAH B BOIOHOCHBIE TOPH3OHTHI
PEUHBIX BOJ, OTMEUCHBI TONBKO B Mae U CKBaXHH 124p
(momuua p. O6m), 8 1p (momuna p. Yyneim) u 94p (moiima
p. Yam).

Eme ozmna BakHas 0COOEHHOCTD 3aKITIOYAETCS B CTa-
THCTHYECKN 3HAUMMBIX OOpaTHBIX CBA3SX MEXAy BEIH-
qrHOU K| 1 CpeTHIM CIIoeM BOJHOTO CTOKA Y1, CMEKHBIX
pex (3aBucumocts Buga K; =b—a-Y,, rme Yy -
cpenHee apuMeTHIeCKOe U3 CIOEB CTOKA CMEKHBIX PEK):
ycnosue (4), (5) BemoMHAETCS 7 BCEX CNyd4aeB CcO CTa-
THCTHYECKN 3HAYMMBIMH KOXQQHIHEHTAMA KOPPEIAIUHA
(Tabu. 3).

B Teuenme roga MEHAETCS U MONOKEHHE TPAHAI MOJ-
3eMHBIX BOJ0COOpOB (puc. 5), 0COOCHHO Ha TpaHHMIE
mexay pekamm OObio u Bacroran (ckaxuma 124p),
O6s10 1 llerapxoit (63p), Uynsim u Kueit (81p), rae xo-
s¢¢unnent papuammu CV BenmumHbl Ly cocTaBiseT ot
0,05 10 0,08 (Cv = %, A o-cpenHee apupmMeTHIECKOE

1 CpEAHCEC KBAIpATUYCCKOC OTKHOHGHI/IC).

I I m v v Vi Vi

vile IX X Xt Xl

Puc. 3. Buympue 00060e usmeHeHue CpeoHell 4acmomabl ypoeHell noO3eMHbIX 600 eblude 2/3 200060t amnaumyost (100 % -m/N,
m — konuuecmeo cayyaes; N=15 — konuyecmeo uzyyeHHvix apuanmos)

Fig. 3. Intra-annual change in the average frequency of groundwater levels above 2/3 of the annual amplitude (100 % m/N,
m is the number of cases; N=15 is the number of options explored)
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Puc. 4. Buympue 00060¢e uzmenenue omuouienus unguivbmpayuu k kodppuyuenmy gurempayuu K (2) 6 cpednem 3a mnoe o-
JIeMHUL nepuoo (HOMepa 2 uopoe eoo2UYeCcKUX CK8ANCUH npugeder 6 maoi. 2)

Fig.4. Intra-annual change in the ratio of infiltration to the filtration coefficient K, (2) on average over a long period
(numbers of hydrogeological wells are given in Table 2)
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Puc. 5. Buympue 00oseoe usmenenue paccmosanus Ly om pexu Ne 1 0o éodopazdena cmedcuvix pek Ne 1 u 2
Fig.5. Intra-annual change in the distance L4 from river no. 1 to the watershed of adjacent riversno. 1 and 2
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Tabnuya 3. Cpeonemnoz onemmuue yposHu U3y4eHHbIX NOO3EMHbIX U PEUHBIX 800 (0O03HAUEHUsI K cXxeme Ha puc. 2)

Table 3.  Average long-term levels of the studied groundwater and river waters (notations for the scheme in Fig. 2)
IER) Lz fao|oy |TTopmo paciera: |y Lac) [ [aci) |otiio
< peku 1, 2 (HOMep
E_ TIysxr no Tabm. 1)
] . Ty Calculation order:
‘é = Locality 10°° km/km rivers 1, 2 (no. M/m
© according to Table
1)
AJ'IeKCﬁHLlpOBCKOE
124p Aleksandrovskoe 1,10 | 0,63 |-0,89 |135,0/70,3 | 5,8 4-22 38,22 35,92 (54,87 | 82,57 [19,55
167p |Cpennuit Bacroran 18,21 | 3,86 |-0,91 |135,0]68,0 | 0,3 4-22 60,82 (35,92 54,87 (288,71 |34,10
167p |Sredny Vayugan 34,02 17,11 |-0,91 |74,6 |37,6 | 0,3 3-22 60,82 [42,13 |54,87 220,79 (24,88
89p [Kaprana/Kargala 9,0 (0,25 — [39.9[238(03 1-16 99,39 [72,76 [89,91 [102,05[ 0,35
63p [MenpaukoBo/Melnikovo | 2,99 | 0,61 - 34,0 27,2 ] 2,6 1-16 78,70 172,76 189,91 | 89,24 | 0,77
137p |Teryinaet/Teguldet 9.89 [ 3,26 |-0,83 32,7 |[14,6 | 0,6 812 127,51 |125,12 120,17 (133,12 | 2,38
IIpenreuenck
18p Predtechensk 72328 2,32 - 8,9 14,4 10,0 6-7 142,82 181,45 (79,56 (144,24 ] 0,10
UepHbIIEBKa
445p Chernyshevka 13,48 | 0,30 |-0,59 |51,3 |25,5 0,1 1-5 100,68 172,76 (70,97 [118,36 ] 0,33
110p |bakuap/Bakchar 97,85 16,33 |-0,54 |28,6 |14,4 | 0,0 19-18 102,34 193,17 (96,34 |1170,14 | 3,45
156p [Hamac/Napas 3,77 11,20 |-0,39 [76,3 [40,3 | 0,6 15-14 64,43 163,92 75,43 [100,85] 7,27
113p |beunsri Sp/Bely Yar 50,73 | 4,66 |-0,83 (75,0 (37,3 (0,0 10-13 76,49 175,43 165,75 276,06 (11,91
95p [Tloaroproe/Podgomoe |11,92 | 1,92 [-0,90 [57.,0 [28.2 [ 0,1 172 69,77 |63,14 |60,15 [115,83 | 6,49
81p [3wpsuckoe/Zyryanskoe [23,70 [14,01[-0,84 [22,0 [11,4 ] 0,6 9-11 99,77 198,18 [101,23[112,98 | 6,88
94p |[lomropuoe/Podgomoe |14,58 (13,20 [-0,78 (57,0 [28,4 ] 0,2 17-2 64,27 163,14 160,15 |134,46 (19,31
129p [Ty mno/Pudino 23,2512,72 1-0,89 163,4 [32,3 | 0,1 20-21 87,18 180,11 |89,67 |174,71 | 8,07

Ilpumeuanue: A(Hgr) — cpeon ee apugp memuueckoe snauenue (6 yenom 3a MHO2 OeMHULL NEPUOD 05 6Ce20 200a) U3MEPEHHbIX
yposnet nodzemuvix 600, A(Hy) u A(H,) — cpednue apupmemuueckue snavenus (8 yenom 3a MHO2 ONemMHUL NePUOO Olis 8ce2 0
200a) yposHell 800bl cmedcHwlx pek No 1 u 2; L1y — paccmosinue mexcoy yp ezamu 800bl CMENCHBLX PeK, Ty — CIAmMUCmuyecKu
3HAUUMble K0P DuUyueHmvl Koppersyuy Mexicoy OmHOUWEHUEM UHpuibmpayuu K Ko uyuenmy urbmpayuu u cpeoHum
cnoem 600n020 cmoka cmedichvix pek; A(Ky) u oK) — cpeonue apudpmemuueckue snavenus u cpeonu e keadpamuieckue om-
xnonenus genuuunst Ki; A(Lg) u KLg) — cpeonue apughmemuueckue snavenust u cpeonue Keadpamuieckue OmrIOHeHUs no-
JIOJHCEHUSL 8000PAZOCIA MEHCOY CMENCH bIMU pekamu omuocumenvio peku Ne 1; A(Hig) u o{H\q) — cpeonue apugpmemuueckue
3HAYEHUsl U CPpeOHUe K8Aopamuieckue OmKIOHeHUs. YPOGHel NOO3EMHbIX 800 HA 6000pa3zoele; NOLYICUPHLIM UPUDMOM Gbl-
Oenenvl snavenusi A(Hyg), npesviwiarowue ommemxu nogepxnocmau.

Note: A(Hy) is the arithmetic mean value (in general for a long-term period for the whole year) of observed groundwater
levels; A(H;) and A(H,) are the arithmetic mean values (in general for a long-term period for the whole year) of water levels
of adjacent rivers no. 1 and 2; Ly, is the distance between the water edges of adjacent rivers; ry is the statistically significant
correlation coefficients between the ratio of infiltration to average hydraulic conductivity and the average layer of the water
runoff of adjacent rivers; A(K,) and &K,) are the arithmetic mean values and standard deviations of K;; A(H,1) and &H,;)
are the arithmetic mean values and standard deviations of the watershed position between adjacent rivers relative to river no. 1;
A(H_g) and oH_q) are the arithmetic mean values and standard deviations of groundwater levels in the watershed; bold font

indicates A(H,4) values that exceed the surface elevations.

IIpu 3TOM MOJOKEHUE PACUCTHBIX YPOBHEH BOIBI Ha
BOJOpa3ziesie MOXKET MPEeBBIIATh OTMETKU IOBEPXHOCTH
(tabm. 3), yto, MPEAMONOKUTENbHO, O0BACHAETCA HANH-
YHeM JIOKaIbHBIX BOJIOYMOPOB H/WIH aHU30TPONHEH
(UTBTPAIMOHHBIX CBOMCTB TPYHTOB M UX HAKIOHHBIM 3a-
JNeTaHUEM, TO €CTh OTKJIOHEHHEM OT HPUHATBIX JOMYIIe-
Huit npu ucnonsioBanui (1)—~(3). C apyroit cTopoHb, 9TH
OTKJIOHEHHS CaMu 10 cede ABJAIOTCA KOCBEHHOH Xapak-
TePUCTHKON CIENH(UIECKIX THIPOTCONOTHIECKHX YCIO-
Buit [16, 19]. Hanpumep, B ciydae Mexaypeubs pek O0b
1 Bactoran MoXHO NMpeanonokuTh HalMyue NoA3eMHOro
CTOKa HE TOJNbKO BIOJb pycna p. Bacioran, Hou ot p. Ba-
CIOTaH B CTOPOHY ¢. AnekcanpoBckoe (ckBaxuHa 124p),
NPUMEpHO BAoMb mpuToKa p. O6m — p. Unbsk. Axano-
THYHBI BBIBOA (0 MEPHIMOHANLHOM HAaNpaBICHUH MOJ-
3eMHOTO CTOKa) BHITEKACT W IPU aHANH3C OTMETOK I10-
BEPXHOCTH, YPOBHEH MOA3EMHBIX M PEUHBIX BOJ B IPaBO-
bepexne p. O0u (puc. 6). Ho ns ero yrouneHus u o0s-
ACHEHUS pasnuuuil B Mexaypeubsax Uynsima u Ketu, Ke-
1 1 [laiinyrunsl, afinyrunst u Teiva tpebyetcs Oonee
JeTalbHBI aHANU3 TMAPOTeONOTHYECKUX YCIOBUI ¢ yué-

TOM HaO0MI0JaeMBIX PETHOHAJBHBIX M3MEHEHHH peKuMa
MOJ3EMHBIX M TOBEPXHOCTHBIX Bof [2, 9, 15, 20, 21] 3a
paMKaMHU paccMaTpuBaeMoi paboThL.

Ecnu roBOpHTH O BHISBICHHBIX H3MEHCHUAX BEIHYH-
HHl Ly, TO MOMyYeHHBIE Pe3yNbTaTHl ABIAIOTCS apryMeH-
TOM B TOJb3y NMPUBEAEHHOTO B [22] mpeanoxeHus pac-
CMAaTpHBATh TPAHHUIE BOAOCOOPOB HE B BHIE JTHHHH, @ B
Buje monochl. lllnpuHa mocneaHeit MoxkeT ObITH OpHEH-
THPOBOYHO OIpeJieNeHa TPH YPOBHE 3HAUAMOCTH 5 % B
manasone oT A(Ly) — 2 a(Ly) mo A(Lg) — 2-a(Ly),
e A(Ly)," a(Ly) - cpennee apuMeTHUECKOE 3HAUCHNE
U cpejHee KBAaIpAaTHUECKOe OTKIOHEHME BENMYMHBI Ly,
BBIYHCJIEHHOM 10 ypaBHEHHIO (3).

B menoM yka3aHHBIC (AKTH MO3BOISAIOT CACNATH BEHI-
BOJ O B3aUMOCBSA3aHHOM (YYHKI[MOHHPOBAHMH H KO3BO-
JIONMH MO3¢MHBIX ¥ TTOBEPXHOCTHBIX BOJH bIX 00BEK TOB.
Hanuume oOmupHbIX OOMOTHBIX MacCHBOB 03¢p Ha BOJO-
paszenax CpejHuX pex (Hampumep, 03epo MupHoe Mex-
ny pexamu Uysuk m Ymxkamnka) B Kakoi-T0 Mepe mpej-
OMpeeNIeH0 MPOCTPAHCTBEHHBIM MOJOKEHHEM PEeUHOH
CeTH, OCHOBHAS YaCTh KOTOpOH (BepXxHEe M CpejiHee Te-
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YeHHE CPeHUX PEK), B CBOK OdYepe.ib, ) opMUpyeTcs IpH
HACBHIMEHNH TPYHTOB M B I[EJIOM OTPakaeT THPOTeomo-
THYECKHE YCIOBHA. B uacTHOCTH, HEepaBHOMEPHOCTH
BHYTPUTOJOBOTO PEYHOTO CTOKA BO MHOTHX CIydasx
BO3HUMKAET TIPH 3aTPYyAHECHHOM BOJOOOMEHE MEXIy pe-
KaMH M MOI3€MHBIMH BOJOHOCHBIMH TOpH30HTaMu [22].

B cBoio ouepenh, HEPAaBHOMEPHOCTh CTOKA MalbIX Pek
MOKET IIPUBOANTh K TOMOJHATENbHOMY 3a001a4iBaAHUIO
B MEXKEHHBII MePHOM BCIEACTBHE COXPAHAIONMETOCH B Te-
YCHHUC roga I/I36BITOqHOF0 yBJ'[a)KHeHI/IH HpI/I 3any2]HCH-
HOM CTOKE, KOTOpPOE CTHMYJIHPYET JanbHeduiee 3aboma-
YUBaHKE BOAOCOOPOB.

Al
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Puc. 6. Cxemamuunwlii npoguis nosepxnocmu (I, 6xrrouas yposHu peuHvix 600) U CpeoH eMHO2 OemHUe YPOBHU NOO3EMHbIX
600 (1I: 81p, 113p, 156p) na yuacmke om c. 3vipanckoe 0o ypeza 600wl p. Bax y c. Jlapvax

Fig.6. Schematic surface profile (I, including river water levels) and average long-term groundwater levels (I1: 81p, 113p,
156p) in the area from the Zyryanskoe village to the water's edge of the Vakh river near the Laryak village

3aknoueHue

B pesynapTate 0000meHNs JTaHHBIX MHOTONCTHUX TH -
POJIOTHYECKUX W THAPOTCONOTMYECKIX HAOMOTCHHHA Ha
tepputopun ToMCKo# 00macTu BBHITOTHEHA OIEHKA BENH-
yuHbl K| (OTHOmeHWe WHOUIbTPAIMK K KO3QQUIMEHTY
(QUIbTPAIMA) U TOTOKEHAS BOAOPA3AENOB JIi 15 yyacT-
KOB, OTPaHHYCHHEIX yPE3aMH PeK, MEX Iy KOTOPEIMH IpoO-
BOIATCA (MTPOBOJMIIACEH paHee) HabMI0Ie HUS Ha PEXUMHOM
THIPOTeONOTHYECKOM ckBaxuHe. [lokazano, 4to WHQUIb-
TpaIus B [EJIOM CHIKACTCS BO BpeMs T0N0BOBS (TP J10-
MYIEHAY MEHEee 3HAUMTEIBHBIX BHYTPUTOJIOBBIX M3MEH e-
HHH cpeHUX 10 pas3pe3y KodDuImeHToB (uIbTpaimn),
IpHYeM Ha BOJOpa3aesax — 1ojblue i Oonee MIaBHO, YeM
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Oleg G. Savichev!,
OSavichev@mail.ru

Yana N. Lobur,
yni5@tpu.ru

1 National Research Tomsk Polytechnic University,
30, Lenin avenue, Tomsk, 634050, Russia.

Relevance. Knowledge of the mechanisms and pattems of changes in groundwater flow, the conditions for the interaction of groundwater,
river and swamp waters of the Ob river basin, including the Tomsk region, is necessary to predict changes in the region's water resources
and plan measures for their integrated use and protection.

The aim of the research is quantitative assessment of the interrelations of river and groundwater in the Middle Ob river (Tomsk region)
based on the results of determining the ratio of infiltration to the filtration coefficient and the position of groundwater levels on river water-
sheds.

Methods: statistical methods, methods of mathematical modeling.

Results and conclusions. The data of long-term hydrological (22 posts on the Ob river and its tributaries) and hydrogeological (14 hydro-
geological wells) observations on the territory of the Tomsk region for the period from the 1960s till 2005-2015 were analyzed. If is shown
that infiltration generally decreases during floods, and on watersheds it decreases longer and more smoothly than in river valleys. The in-
tra-annual change in the ratio of infiltration to hydraulic conditions in most cases is inversely proportional to the change in the average val-
ue of the water flow layer of adjacent rivers. A quantitative assessment of intra-annual changes in the position of river watersheds was
made. The most significant changes were found on the border betw een the rivers: Ob and Vasyugan (well 124p), Ob and Shegarka (63p),
Chulym and Kiya (81p). It is concluded that the catchment boundary should be considered not as a line, but as a strip. Quantitative confir-
mations of regional ground runoff were obtained not only along the rivers, but also in the meridional diirection (approximately from south to
north).

Key words:
ground and river waters, the Middle Ob river, infiltration ratio to hydraulic conditions, water level regime.
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