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ligponunamiuHe OOIPYHTYBaHHSl CTPYKTYPM pPeKHMHOI CIIOCTEpPe:KHOI Mepexi Yy
ripHN40100yBHUX perioHax

I. Il. €Brpamkina, B. B. IIponenko

Jninponempoecokuii nayionanvuuil ynieepcumem imeni Onecs Ionuapa, /uinpo, Yxpaina, e-mail: valkaz@ua.fim

BupuenHs 3MiHH pe:KMMY IiJ3¢eMHHUX BOJ y IPOCTOPI i Yaci TeXHOT¢HHO NOPYLIEHUX TEPUTOPIii Bi10yBaeThbCs HA CHIOCTEPEXKHil
Mepexi cBeplJI0BHH. BoHa € mepiuoro, 000B’13K0BOI0 i HAKHOIIBII BAasKJIMBOIO CKJIAI0BOIO TiIPOreo0rivyHOr0 MOHITOPUHIY
KO’KHOTI'0 i3 TPHOX iioro piBHIB — ri100aJ1bHOI0, PerioHaJLHOrO i JIokaabHOro. Ilonepenni qocailkeHHs iHIIMX aBTOPIB 1Js
OOTPYHTYBaHHSI CTPYKTYPH CIOCTEPE:KHOI MepeKi MaloTh pekoMeHIauiiiHuil xapakTep ado 6a3yl0ThbCsl HA MeTOAaX MaTeMa-
THYHOI CTATHCTUKHU. 3aNPONOHOBAHI PO3POOKH MAIOTh riApoAMHAMIYHE OOIPYHTYBaHHH i 6a3yl0Tbcsi Ha Teopii ¢iabTpauii i
MaconepeHocy. Hauii 10n0BHeHHsI 10 O0IPYHTYBAHHS CTPYKTYPH PeKHMHOI CIIOCTepeskHOI Mepe:ki 3 MiHIMaJIbHO 10CTATHLOIO
KIUJIBKICTIO CBEP/VIOBHH i3 NO3HIIT HAHKPAIIOr0 BUKOPUCTAHHSA Pe3yJIbTATIB CIIOCTePesKeHb ISl J0CTOBIPHOI OLiHKHU reoijib-
TpauiiHux i MirpauiiHuX napameTpiB NOIArawThH y HacTYynNHOMY. OIMHOYHA CIIOCTEPEKHA CBEPAJOBHHA XapaKTepPU3y€e Npu-
poaHuii a00 nopyeHuii pe:kuM, riiporeoJioriyHuii npouec B 0JHii TouLi JocaixKyBaHoi TepuTOopii i He € iHdopMaTUBHOIO. 3a
JBOMA CIIOCTEPEKEHHAMHU y IPOCTOPi MOKJINBO 00y 1yBATH HPSAMY JiHiI0, ILOI'0 JOCTATHHO, SIKILO IIPOre0/10riYHMIl npouec
onucyerbes piBHAHHAM Jlamiaca. Aje reodinsrpauiiini i Mmirpauniiini npouecu onucyroTbes 6ibII CKIATHUMU PiIBHAHHAMM
JAPYroro mopsiiky B YaCTHHHHUX MOXiIHMX eJINTHYHOrO i napadosaiyHoro Tumis. Bonn xapakrepu3yloTh HeJiHiiiHi npouecu,
TOMY MiHiMaJIbHA KiIBKIiCTh CIIOCTEPeKeHDb Y IPOCTOPi T2 Yaci HOBHHHA OyTH He MEHLIE TPHOX Y MeKaX KOKHOI'0 A0C/IiIKyBa-
HOTro 00’€KkTa 200 eneMeHTa JaHAAPTY (32 MOTOKOM i BXpecT mizeMHux Boa). HaBeaeHo nmpukjiaau po3B’sa3aHHs iHBEPCHUX
Mirpauiiinux i piibTpaniiinux 3agay.

Kntouosi cnosa: pexcumna cnocmepexncna mepesica, KiHyeo-pisHuyesi cxemu, Qiibmpayiini i MiepayiiHi napamempu, iH6epcHi
3a0aui

The hydrodynamic justification of the structure of the supervisory regim in mining regions
G. P. Yevgrashkina, V. V. Procenko

Oles Honchar Dnipropetrovsk National University, Dnipro, Ukraine

Study of changes in the grounwater regime in space and time on the technologically impaired territory is on the supervisory
network of boreholes. This is the first mandatory and the most important part of the hydrogeological monitoring each of
the three levels - global, regional and local. Previous studies made by other authors about justify the supervisory structure
of the network has an recommender nature, or based on the methods of mathematical statistics. The proposed development
has hydrodynamic rationale and based on the theory of mass transfer and filtration. Our additions to rationalisation of the
supervisory structure of the regim minimally sufficient number of boreholes from the perspective of the best use of observations
for reliable estimate geofiltrational and migration options are : single observational borehole characterize natural or disturbed
mode, hydrogeological process at one point of the research area and it is not informative. With two observations in space it is
possible to make a straight line, it is enough if hydrogeological process described by Laplace equation. But geofiltrational and
migration processes are described by more complex equations of second order in partial derivatives of elliptic and parabolic
types. They characterize the nonlinear processes, so the minimum number of observations must be at least three in space and
time within each studied object or landscape elements (the flow and across groundwater). There are examples of solving inverse
problems of migration and filtration. The hydrodynamic justification of the structure of the regime observations network
enhances its scientific value and practical significance. This approach enables maximum accuracy to determine the filtration
and migration parameters and solve the forecast problem for the scientific substantiation of a complex of environmental
measures. The development of the theory of hydrogeological monitoring is ahead of its implementation, aimed at the result —
sustainable use and protection of groundwater and surface water from pollution and depletion.

Keywords: supervisory regim, finite difference schemes, filtration and migration options, inverse problem.

BCTyII. Pexxumna CIIOCTCPCIKHA MEPECIKa CIIOYATKY 00OB’SI3KOBOIO 1 TOJOBHOIO YaCTHHOIO. HpI/IHL[I/IHI/I

JIa €IMHOIO CKJIAOBOIO T1IPOre0I0rYHOrO MOHITO- 11 po3MilieHHs 1 (PYHKIIOHYBAaHHSA Yy TIPHAYOL00YB-
0 0
puHTy. B Hamr yac BOHa 3aJMINTMIACH MOTO MEPIIOKD, HUX PErioHax i Ha IHIIMX 00 €KTaX aHTPOIOT€HHO-
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ro BIUIMBY JIOCHUThH AETalbHO BHUCBITJICHI y BITUM3-
HsIHIH 1 CBiTOBI# HaykoBiit miteparypi (Baer, 1998;
Gamburtsev, 1994; Yevgrashkina, Shmalij, 1998;
Izrajel’, 1979; Kovalevskij, 1998; Mironenko,
1993; Tjutjunova, 1987; Carrera, Usunoff,
Szidarovsky, 1984; lawod, Hussien, 1988). Peko-
MEH/Ialii MO0 PO3MILIECHHS CIIOCTEPEKHOT MEpEexKi
MaloTh OMHCOBHUH XapakTep abo 0a3yloThbcs Ha Marte-
MaTUYHIl cTaTHCTULI. 3acTOCYBaHHS TiApOAMHAMIY-
HUX METOAIB AJsl OOIPYHTYBaHHS CTPYKTYPH PEXH-
MHOI CITOCTEPEXKHOT MEPEeKi 3apPOIIOHOBAHO BIEPILE.
Takuii miaxig ga€ MOXKIMBICTH 13 MaKCHMAaabHOIO
JOCTOBIPHICTIO BU3HA4YaTH (DibTpauiiiHi i Mirpamii-
Hi apameTpH 1 po3B’si3yBaTH MPOTHO3HI 3a1a4i JUIst
HAyKOBOTO OOTPYHTYBaHHSI KOMIUIEKCY MPHPOI00XO-
POHHUX 3aXOJIiB.
Teopis i MmeTonu nocaigxenb. OCHOBHUN MPUHLUI
MoOy0BU PEKUMHOI CIIOCTEPEXKHOT MEpexi 3a MeTo-
JMKOIO, SIKa TPOIIOHYETHCS: MIHIMaJIbHO JOCTATHIH
o0csIr crocTepekeHb y IPOCTopi 1 yaci HOBUHEH OyTH
HE MEHIIE TPhOX, OCKIJIBKH OJHE CIIOCTEPEKECHHS He
iHpOpMaTHBHE, 3 ABOX OJHE MOKE Oy TH IOMIIIKOBUM.
SIKIIO pe3ynbTaTH PEKUMHHX CIIOCTEPEKEHb BUKO-
PHUCTOBYIOTHCS JUIsl BU3HAUEHHS Te0(inbTpauiiHux i
MirpamiiHuX mapaMeTpiB, TO KUIBKICTh CIOCTEPEK-
HUX CBEpP/AJIOBUH B OJHOMY €JIEMEHTI CiTKH, 110 OTHO-
My HampsIMKy TaKoX MOBHHHA OyTH HE MEHILE TPHOX.
Hanpuknaa, HeoOXiHO BU3HAUUTH KOCQIIIEHT Tij-
poaucnepcii D B ogHOpizHOMY IIapi 3a ycTaneHOro
peXuUMYy Mirpanii pedoBuHH. PiBHSIHHS MacorepeHo-
Cy JIJIsl OJTHI€T TOKOBOT JIiHIT B IIUX YMOBAaX Ma€ BUIJIS]]
(Brenner, 1962):

z
U5 =0
ne D — xoedirient rixpoaucnepcii, M*/100.;

D

(1)

C — minepanizanist mia3eMHuX BOj, I/1M>;
¥ — mBHJKICTh QiIBTpaiii, M/100.;

X — MPOCTOPOBA KOOP/INHATA, M.
AHamiTHYHEe PO3B’S3aHHA I[HOTO PIBHSHHS BiJI-

HocHO mapamerpa D sanpornonysas M. M. Bepirin
(Verigin, 1977):

vix

T Imic-1) 7

2)

ne Cq, Ca, C3 — miHepastizaiiis ma3eMHUX BOJ Y TPHOX
TOYKaX IiJ36MHOTO TIOTOKY, PO3TAIllOBAHUX Ha Bij-

crani Ax omHa Bif iHIIOL, M.

3acToCcyBaHHS aHATITHYHOTO PIlIeHHS (2) MOXKITH-
BE TUTBKH 32 OJHAKOBHUX BiJICTAHEH MIX TPhOMa CIIO-
CTEPESIKHUMHU CBEPITIOBUHAMHU.

SKmo nst BU3HA4YEHHsI reoinbTpalifiHuX 1 Mi-
rpalifHuX MapaMeTpiB BHUKOPHCTOBYETHhCS KiHIIE-
BO-pi3HHLEBa (GopMa AudepeHUitHUX PiBHSAHB, TO
MiHIMallbHa KiJBKICTh CIOCTEPEKHUX CBEPIJIOBUH
M0 KOXHOMY €JIEMEHTY IOCIiKYBaHOTO MpOoQiro
TaKkoX IOBUHHA OyTW HE MeHIIe TphoxX. Hampukiarn,
OZHOBHMIpHE PIBHSHHS MacolepeHoCy B HeycTale-
HOMY PEXHMI 3 MOCTIHHUMHU KoedilieHTamMu:

a*c ac _ _ac

D — v —=n—.
A dx ot

3)

Jlnst po3s’si3aHHs BigHOCHO mapamerpa D mpen-
CTaBJISIEMO Y KIHIIEBO-Pi3HUIIEBIN (popmi:

T T T T T T T+1 T
(r:._—cz _ cz—csj Ci-Cs _ , Ca "—C @)
(ax)®  (ax)® ZAx ar '
ne Cy, C3, C3, C3 *1 _ pinoma miHepanizamis mingzem-
HUX BOJ Y TPbOX CBEPAJIOBUHAX HAa ABA MOMCHTHU HacCy
Tit+l, /oM
T — aKTUBHA MIOPUCTICTh, YACTKU OJMHUILI;
At — kpoK 3a 4aCOBOIO KOOPAUHATORO, /i0.
Slkimo BimcTaHi MK CBEpIJIOBUHAMH HE OIHAKO-
Bi, To piBHSHHA (3) Yy KiHIIEBO-PI3HUIIEBIH Popmi Mae
BUTJIS;

T T T T
D (r:._—r:z B Cz—fs)_ﬂx;z+ﬂxa5 _

ﬂx;E ﬂxas 2
eIt cT+L_ T
—p—2 % —p2 2, (5)
Azy g tdag g At

ne Axq_p, Ax;_3 — BijcTaHi MiXK CBEpUIOBUHAMM, M.
a1 TO3HAYEeHHS HaBE/IEeH] paHiIe.

Jlig 3MiHHOI y TTpocTopi MBUAKOCTI (inpTpamii v

i koedirienta rigpoaucnepcii D st po3s’s3aHHs iH-
BEPCHOI 3aj1a4l BAKOPUCTOBYEMO PiBHSHHS:

~(Z)- Loy =mZ, 6)

aﬂx

VY HacTymHii KiHIIEBO-PI3HUIIEBIH Popmi:

1 [—2 ™~
2 Ax 2 Ax

D_.+0; cf,-cF D+, cf-cl,
(l i _lﬂl+__l l+_):&x_‘

cr , —-ct crri_
. [+1 L + C.'I.'
I Ax I

LT LT
) & -
= m

cr
Ax ar (7

ne D;_4,D;,D;:4 — xoedimientn rigpoamcmepcii y
pospaxyHkoBux Toukax i — 1,1, i + 1, M%/106.;

Vi—1, ¥y, Vj+1 — BUAKOCTI PinbTparii, M/100.
11 TO3HAYeHHS HaBeIeH] Y MONIePeTHhOMY TEKCTI.
[IBuakocTi QinbTpallii po3paxoByeMo 3a TaHUMHU

pPeKUMHHEX criocTepeskerb. [Tapamerpu D;—1,0;, Dy q
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BH3HAYAEMO 13 CUCTEMH TPbOX PiBHIHB Ha Pi3Hi mepi-
omu vacy (Yevgrashkina, 2016).

[puxnax inBepcHoi ¢inbTpaniiinoi 3agaui. [ns
BU3HAUCHHS 1H(QIIBTPaLiiHOrO >KUBIEHHS y (isb-
TpauiiiHO-OHOpiAHOMY O€3HamipHOMY BOAOHOCHO-
My IIapi Ha TOPU30HTAIBLHOMY BONOTPHBI (IJIOMIMHA
MOPIBHSHHS BHOpaHa MO BOIOTPHBY) PO3B’SA3YETHCS
napaboIliyHe piBHSHHS:

8*n _ 8n
T ZztW=p (8)
BizHocHO mapamerpa Wy kixneBo-pisauriesii popmi [3]:
_  haiong
w=uB o ©)
abo
W=p hiT*-hE hy—hy  hy—hy
At Axy o Axg o
A +4
X2 xz,a} (10)

2

ne T — BomonpoBinHicTs, M?/1100;

h, hi, k3, kY, k3 — norykuicts Bononacuuenoi
YaCTUHH BOJOHOCHOTO TOPU30HTY B 3arajbHOMY BU-
IJIST1 Ta y CBepATOBHHAX 1, 2, 3 HA YacOBI MOMEHTH
TiT+1;

W — indinerpariiiine *xuBieHHs, M/100;

1 — Koe(iIlieHT TiAPOEMHOCTI, YACTKH OJTUHMUIII;

X — IpOCTOpOBA KOOpAXHATA, M,

T — yacoBa KOOpAHHATa, Ji0;

Ax, Axq 5, Axy 3 — BiscTani Mixk CBEpUIOBUHAMH, M;

At — inrepBan crocrepexens y yaci, 1io.

JIJis1 OXHMJI0TO BOJOTPHUBY PIBHSHHS 3aIMCY€ETHCS
y MOBHUX TiAPOAMHAMIYHHUX HAIIOPaX i po3B’sA3y€ETHCS
ananorigdo (Izrajel’, 1979). SIkmo HeoOXimHO Bpa-
XyBaTH (QUIBTpAIifHy aHi30TPOITI0, PO3B’A3YETHCS
JMBOBUMIpHE PIBHSIHHS (iIBTpaIlii 3a JaHUMH I ITH
CBEP/UIOBUH:

8*H | #*H W _ 1 8H
52 "o T & Bt (n
Meroiika  pO3paxyHKIB  JIeTaJbHO  OIHCaHa
B. M. lllecrakoBuMm (Shestakov, 1979), Tomy TyT He
O3S TAETHCS.

Ha ocHOBIi BHIIIEBHKITaIEHOTO TOOYOBAHO PEXKH-
MHY CITOCTEPEIKHY MEpexXy OIS CTaBKiB-HAKOITHTY-
BauiB y 3axigHomy JlouOaci (puc.). CBepmmoBUHU
pO3TaIoBaHi TPYIIaMH 10 TP HA PIBHUX BiJICTAHIX
omHa Bixg omHoi. Jlnsa craBka bamka TapanmoBa BoHa
nopiHIOE 100 M.

50m 50 50k 50m _ 50m  S0u

i 400m
‘U j 100w

1lm
]

200

200m
T st
S0M S0M

i?aﬂ " 0

Puc. 1. ®parmenTH cxeM po3MillleHHs CIIOCTePeKHOI Mepeki:
1 — craBok-HakonuuyBau banka Tapanosa;
2 — craBOK-Hakonu4uyBad banka CtykaHosa.

Take posramryBaHHS 103BOJII€E BUKOPHCTATU JUIS
po3paxyHkiB mapamerpa I ¢popmyy (2) i piBHSIHHS
(4). TTo Tpu criocTepekHI CBEPAJIOBUHH PO3TAIIOBA-
Hi NEPIECHIUKYISIPHO OCHOBHOMY HAINPSIMKY MOTOKY
MiJ3eMHUX BOJ Ha BiactaHi 50 M, TOMY IO CKJIaJ0-
Bi MIBUAKOCTI QinbTpallii y [bOMY HANPSMKY 3HAYHO
HWKYI,

s xBocrocxoBuina banka CrykaHoBa BijcTaHi
MiX cBep/uloBHHaMH Oinbmii. Ha Tepuropisix, mpu-
JIETIIUX JI0 1HIMX CTABKIB, 3aJIMIIMIUCS CXEMH ITOTIe-
penHix aBropiB. BoHM cipoMOXKHI BUKOHYBATH TiJlb-
KU KOHTPOJIbHY (PYHKIIIO.

BucHoBkn

1. PexwumMHa crioctepexxna Mepeska — repiia, ToJioB-
Ha ¥ 000B’SI3KOBA CKJIa7I0Ba BCIX BHIIB TiPOr€OIOr9HOIO
MOHITOPUHI'Y HA TEXHOTCHHO TTOPYIICHUX TEPUTOPISX.

2. Pesynprarm peXMMHUX CIIOCTEPEKEHb JIO-
[IJIBHO BHKOPHCTOBYBAaTH KOMIUIEKCHO — KOHTPOIIb,
eMirHO3, TMOYaTKOBI JiaHi Ul 1HBEPCHUX 1 MPSIMUX
MPOTHO3HUX 3aJ1a4, Pe3YJIbTaTH IKHX € HAyKOBUM 00-
IPYHTYBaHHIM TPUPOJIOOXOPOHHUX 3a7a4 TiJporeo-
JIOT1YHOTO CIIPSIMYBaHHSI.

3. TimpomuHamidHe oOTpyHTYBaHHSI CTPYKTYpH
PEKUMHOT CIIOCTEPEKHOT MEpEexKi MIBUIILYE ii HAyKO-
BY I[IHHICTb 1 PAaKTHYHY 3HAYHMICTh.

4. Po3poOka Teopii TiIPOreoJIOTiYHOIO MO-
HITOPUHTY BUIEpe/DKae i MpakTHYHE 3/1iHCHEHHS,
HarpaBlieHe Ha KIHIIEBUH pe3yiabrar — palioHalbHe
BUKOPHCTAHHS 1 OXOPOHY TiJI3EMHHUX U TTOBEPXHEBUX
BOJI BiJ] 3a0py/IHEHHS 1 BUCHAKCHHSI.

5. AxrtyanbHa npoOieMa Cy4acHOCTI B CHCTEMI
T1JIpOTE0JI0TYHOr0 MOHITOPHHTY — PO3BUTOK CTpare-
rii 0OpOTHOH 3a SIKICTh MiJI3EMHUX BO/I.
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