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PacueTHO-rpaduueckoe 3ajgaHue

Yactsb 1. PacueT BpeMeHHU NpoJBM>KeHUsI PpOHTA 3aKauMBaeMOu BOAbI.

JaHa HedTAHaA 3aneb. HedTb BbITECHAETCA 2 HAarHeTaTeIbHbIMW CKBaXKMHaMW. Nnact 04HOPOAHbIN.
MopuctocTb naacta m = 0.21. MouWwHoOCTb NAacTa coctaBaseT (oTcyeT ¢ NeBok cTopoHbl) 10 m, 10 m, 10
M,9M,9M,9M,9Mm,9 M mnnocneaHeln HarHetatesibHon 8 M. OAHOPOAHAA KPYroBas 3aneXb.
PaccToaHua mexay CKBa*KMHAMM COOTBETCTBEHHO cocTaBadAeT 1 Km, 2 Km, 1 Km, 1 Km, 1 KM, 1 Km, 4 Km, 3
Km. MponsBoaMTeIbHOCTb KaXKAaoM 13 ABYX HarHeTaTe/IbHbIX CKBaKWUH coctassieT ot 0.1 go 0.3 m>/c Ha
1 meTp mowHoCTM naacta. HeobxogmMmo paccuntaTb Bpems NPOABUMKEHUA GPOHTA BOAbI U CKObKO
BOZbl OyAeT 3aKa4yeHO K MHTepBanam BpemeHu ty, t1, t;. 3anexb cunTaTb CUMMETPUYHON. Yron
HaKJ/I0Ha niacTa NPUHATL paBHbIM 45 rpaycoB.

HobbI4HbIE CKBaHMHLI
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Yactb 2. 3azaya o npuTOKe HePTHU K CKBaKuHe Nel

YpaBHeHue 1.

U, U _ U
ot *Vox | At

HcxoaHble JaHHBIE.

Baskoctb HedpTu u = 1.5 - 1073 [1a ¢; ge6ut ckBaxkunbl Q = 0.083 M3/c; pafinyc KOHTypa NUTaHUSA
- MOJIOBUHA PAcCTOSIHUSA Mex [y ckBaxkMHaMu Rk = 600 M; pajuyc sKclyaTalMOHHOM KOJIOHHBI
rc = 0.168/2 Mm; nponunaeMoctb miacta k = 10712 M2 nopucrocts mnacta m = 0.2; mIacToBoe
naBnenve (koHTypHoe) Pk =30- 10°Ila; 3a6oiiHoe paBienue P3=10.1-10°Ma. At=
86400 ¢, mo cpaBHEHHUIO C TEPHOI0M Pa3pabOTKH MECTOPOXKAEHHUH.

Heob6xoauMo peminTb ypaBHeHue (1) M MOCTPOUTH COBMEIEHHbIN rpaduK rpaiueHToB Ha JaHHbIN
MOMEHT BpeMEeHHU

[ToctpouM rpaduk pacnpezeseHUs AABJEHUS B OKPECTHOCTHU CKBaXKHHBI 10 /II0MIOU U MOCTPOUM
rpaduxk:

Rk
#QLog[—-]
2 3.14kLog[]:—i(]

P =Pk -

Ila
30 107 -

25 107+

20" 107

L L Il L L L L Il L L L J M
100 200 300 400 500 600

15 107

Bo3sbmeM IMPpOXU3BOAHYIO OT P o PacCTOAHHUIO U COCTABHUM MATPHULy AAHHDBIX dataPr:
ap

dataPr =—
ar

dataPr
= {{0.084,28.810°}, {100,24233.61},{200,12116.8}, {300,8077.8}, {400,6058.4}, {500,4846.7},{600,3723.5}}

Halizem mnpaBylo 4yacTb ypaBHeHUs (1). [l aTOro 3HayeHUs JiaBJeHHUS B JUCKPETHBIX TOYKaX
P(rt
noJieJIuM Ha At, cocTaBUM MaTpULy AaHHbIX datapAt 1 nocTpouM rpadpuk (A—t):
datapAt

= {{0.084,117.77},{100,300.89}, {200,330.5}, {300,339.3}, {400,336.7}, {500,342.5}, {600,347.2}};
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PaccuntaeM u mnoctpouM rpaduK pacnpejieieHUss CKOPOCTH NPUTOKA HedTH
OKpPECTHOCTH CKBXKMHBI Yyepe3 cekTop. [[puBesieM cxeMy npuTOKa HePTH

Cxema IMIPUTOKA Heq)TI/I B OKPECTHOCTH CKBAKHHbI
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Cxema INPHUTOKa HE(l)TI/I B OKPpECTHOCTH CKBa>XHWHBbI.

Yacts 3. PacueT pacnpeesieHus CKOPOCTH ABUKEHUA HEPTH B
OKPEeCTHOCTH CKBa:KUHbI

PaccunTaem pacnpeaeseHrne CKOpOCTH NPUTOKaA He(l)TI/I K CKBa>XMHE U [IOCTPOUM Fpa(l)I/IK

k(Pk—P3)

.M
mu(—-+7)

/c



CKOpPOCTB,M/C
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Paccroanune,m

PacyeT U mocTpoeHue COBMeLleHHOr0 rpadpvkKa rpaueHToB JaBJIeHUs
AJis ypaBHeHu (1)

CocTaBUM MaTpHIy CKOPOCTH B JMCKPETHBIX TOUuKax datav
datav
= {{0.084,0.395},{100,0.00066},{200,0.00033},{300,0.000223}, {400,0.00017},{500,0.00013}, {600,0.00011}

YMHOXHUM COOTBETCTBYIOIIME siYelKU MaTpuubl datav Ha dataPr u cocTaBuM MaTpulyy
dataprv = {{0.084,11.4101},{100,15.99}, {200,1},{300,1.78}, {400,1.02}, {500,0.63}, {600,0.41}}.
Tak kak rpaJUueHT Ha CTEHKe CKBAXXWHbI O4Y€Hb 60JIbIION IOHU3UM CTElNEeHb B 3TOH To4YKe ¢ 6 Ha 1.

oP

BbruteMm COOTBETCTBYHOIIIHE STYEeNKU MaTpHUIbI dataprv =V P

U3 MaTpHULBI %z datapAt u

HoJyYuM MaTpuly datapt= Z—IZ.
Datapt = {{0.084,3},{100,284.9},{200,325.83},{300,330.5}, {400,335.6}, {500,341.8}, {600,346.8}}

ap
[ToctpouM rpaduk >
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CoBMeleHHbIe TpadUKU TPaZiJMeHTOB AaBjeHus i ypaBHeHus (1).

MoaeupoBaHue ABUKEHUSA HePTHU B OKPECTHOCTHU AOObIYHOU
CKBa)KMHBI

Hcxonusle nanunie

Q = 0.000524 + 4 x10~*

Q = 0.000924; (ne6UT MmO >KUAKOCTH, M3 /)

p = 850; (MJIOTHOCTb XUJKOCTH ,KI/M>)

Pc = 16.4 x 10%; (3a6oiiHoe maBaeHue, [1a)

h = 4; (3¢ PpekTHBHAA MOLIHOCTH 11J1AaCTAa, M)

u=0.7x 1073; (*BA3KOCTB B MJIaCTOBBIX YCJ0BUSAX, [1a * c*)
Px = 24.881 x 10°; (m1acToBoe faBieHue, [1a)

k = 0.958 x 10~ '2%; (mpoHULL@aeMOCTb MO KUAKOCTH, M?)



m = 0.15; (mopHUCTOCTb IJIaCTa M0 KUJKOCTH)

YpaBHeHU e HeJTUHEeHHOM QU/IbTPALMU )KUJKOCTH B IJIACTE

apP
P aw + bw? (a u b — ko3¢pPunmenTsl A. U. lIIupKOBCKOTO, W — CKOPOCTb)

_opP
2= or
Rk = 600;
dak = 0.168;

(Pk — Pc)Log [R—k]
PH = Pk — r
L [ Rk
08 dak/2

2.048 x 107

Q = 0.0085; (M3 /c, cyTOUHBIH Je6UT CKBaXXUHBI 734 M3 /CyTKH );
u=5%10"3;(Ila-c)

h = 4; (m, a¢ppeKkTMBHAA MOLLHOCTb NaacTa)

uQLog[RTk]

Rk

2 X 3.14KLog[m]

2

P =Pk —

(bopmyna [lronou — pacnpejesneHus JaBjJeHUsI B OKPECTHOCTH
HePTSIHOU JOOBIYHON CKBAXKHUHbI )

2.048 x 107

Rk
oP uQLog [7
13 ypaBHeHuss — = Pk —

= = 2.048 * 107, HaligéMm z
or

2 X 3.14kLog l%l;]
2

z=0.036



MocTponm rpadpuk U3smeHeHUs AaBAEHUSA, PACCUUTAHHOIO C Y4ETOM 3a00MHbIX
AABNEHUMN, OT PACCTOAHMUA:

y1 = Plot[PH, {r, 0.168,300}, AxesLabel — {"r,m", "p, [1a"}]
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MocTpoum rpaduK MU3MeHeHUA AaBNEHWUA, PACCYUTAHHOTO C YYETOM NapameTpoB
HedTH, OT PacCTOAHUA:

y2 = Plot[P, {r,0.168,300}, AxesLabel = {"r,m", "p, [1a"}]
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ConocTtaBum rpaduKn 3aBUCMMOCTEN AABNEHUN OT PACCTOAHUN:
Show[y1, y2]

wates

Pk — = 2.048 =107

2x3.14xLog B

2
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(Pk— Pc) Log[Rk]
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PH=Px— LO,[ Rk }
©|dax/2
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3anaauM pacupeesieHne TEMIEPaTyphl B OKPECTHOCTH CKaBaKUHBI

tn = 64; (*°C*)

Tg = 66;
k = 0.03;

T =Tg+ (—tn + Tg)e "
66

MocTpoum rpaduK 3aBUCMMOCTM TeMNEPATYpPbl OT PacCTOAHMUA:

y3 = Plot[T, {r,0.168,300}, AxesLabel - {"r,m","T,C°"}]

T.%¢c
670 |

668 -
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662

_6P
y_ar
y =0,P

r = 300; (*nepeMeHHOE pacCTOSTHUE OT CTEHKU CKBAXKUHbI JJIs1

ornpezeseHrsI CKOPOCTH B IAHHOU TOYKe™)
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TR
63 x 10°
= p— 53— (*IOPUCTOCTL B J0JIAX € JUHUIIbI™)
(&)3/2
m

y

2653.56
JoP
— = aw + bw?
or

W3 ypaBHeHUs: aw + bw? = y, HalaéM w
w = —0.0008943; w = 0.0008943
data = {{0.168,0.00351}, {10,0.000455},{20,0.00032}, {30,0.000263},
(40,0.000227}, {50,0.0002}, {100,0.00014}, {200,0.0001}, {300,0.00008}}
MocTpoMMm rpadmK 3aBMCUMOCTM CKOPOCTM OT PaCCTOAHMA:

y1 = ListLinePlot[data, PlotStyle—> Red, AxesLabel—> {"r, m", "v,Mm/c"}]
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BapuaHTbI 3agaHui

B Tabnuiie npuBeneHbl BapUaHTHI 33 IaHHMA

mectopoxaenne | p 1073 Q Rk | k1072 | m,% | Pk10° | P310° | »p No
Ne 1 1 0.083 300 1 27 27 20 806 1
No2 3 0.085 500 2 20 20 15 850 2
Ne3 3 0.08 400 3 21 21 16 810 3
Ne4 2 0.086 500 4 30 30 22 780 4
Ne5 4 0.087 350 0.3 20 20 13 843 5
Ne6 0.5 0.088 340 0.5 19 19 13 842 6
Ne7 2 0.081 350 0.7 18 18 12 843 7
No& 0.4 0.083 360 2.1 17 17 10 844 8
N9 0.5 0.085 300 3.9 16 16 12 805 9
Nel0 3 0.083 400 1.6 19 19 13 900 10
Nell 6 0.089 550 4.0 22 22 17 830 11
Nel2 8 0.088 600 0.4 23 23 18 837 12
Nel3 5 0.087 370 0.46 16 16 10 815 13
Nel4 1 0.086 380 0.3 17 17 11 856 14
Nel5 2 0.085 340 0.7 19 19 13 813 15

p — B TabJjivie MpuBejeHa MJIOTHOCTb HedpTu Kr/cM3

OctanpHbIe TapaMeTphl puBeneHs! B cucteme CU
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