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CIIMCOK OBO3HAUYEHU

P, p— ZIaBlieHHE, IEPEMEHHOE JABICHHE
Pur, Ppi— TU1acTOBOE J1aBIICHHE
P. = P.(t) — mepemenHOe naBieHne Ha 3a00€ CKBaKHHBI

OP — W3MCHCHHE JIaBIICHUS
P., Ps— ammnuryzaa naBieHus Ha BO3MYIIAIONICH CKBaXKMHE
Pr— ammimuTyna gaBieHHUS B pearupyroieii CKBaKUHE
Qo— TMOCTOSIHHEBIN I1eOUT
g, q(t)— mepeMeHHBIH 1eOUT
Qc, Qs— amMmuTyna nqeduTa Ha BO3MYIIAONIEH CKBaKUHE
r— PACCTOSIHME OT OCH CKBaYKHUHBI
R—  paccrosHHe MEXTy CKBOKHHAMU
t— Bpems
kK—  mpoHHIIaeMoCTh
h—  TonmuHa miacra
LL—  BA3KOCTb KHUIKOCTH
B—  ko3hOUIHMEHT yIPYyroeMKOCTH
I'e, f'w— (TIPUBENIEHHBIN) paUyC CKBAXKUHBI
T—  nepuon kojeOanuii (ieOMTa CKBaYKHHBI)
To—  Bpems pabOThl CKBaXKUHBI 10 OCTAHOBKHU
« T,
T, T, T,, T =——— — IOCTOSIHHAsl pa3MEPHOCTHU BPEMEHU
1T,
®—  Kpyroas 4acToTa
d—  pasHoCTh (ha3 Mexy 1eOUTOM U IaBJICHUEM Ha BO3MYIIAIONICH CKBAXKIUHE
A—  pa3HOCTbH (pa3 MEeXay JeOMTOM Ha BO3MYIIAIOIIEH U JaBICHUEM Ha

pearupyroLen CKBaXKuHe
v=1.781 — mocrosiHHas Dinepa
x=k/up — o3 duIMeHT MHLE30MPOBOAHOCTH
Xy — IIbE30IPOBOIHOCTD TPEILINH

« T

X =% +1 —  KOMOWHHMpPOBAaHHAs  NbE30MPOBOJHOCTh  JJIA
T+
17

MTOPUCTBIX CpeNl

€ = kh/u — ruaponpoBoOHOCTH

€1— TUAPONPOBOJHOCTH TPELIVH

OIII -  gunpTpanoOHHBIE TAPAMETPHI IIJ1acTa

TPELIMHOBATO-



BBEAEHHUE

TeopeTudueckue  OCHOBBI  MOJ3EMHOM  THAPOJUHAMHKH,  ONUCAHMS
TUAPOAMHAMUYECKUX  DKCIIEPUMEHTOB W OOIIME METOJIbl pEelIeHHUs  3ajad
HECTaIlMOHAPHOW (QUIIBTPAIMH PACCMATPUBAIOTCS B YUCOHBIX MOCOOUSX, YUCOHUKAX,
COOTBETCTBYIOIIUX Kypcax Jieknuid u MoHorpadusx [1-3], B Tom umcie ¢ ygactuem
aBTOPOB JJAHHOTO 1mocoOus [4-6]. /laHHOE MOCOOME HOCUT OpUTHHAJIBHBIN XapaKkTep U
COJICPKUT Pa3HOOOpa3HbIE KOHKPETHBIC 3aJaud, WCIIOJIb3yeMbIe TMPH YTCHHH
JUCLUUIUIMH [0 HECTAllMOHAPHBIM METOAAaM HCCJIEAOBAHUA IUIACTOB BOJIHOBBIMU U
MMIIYJIbCHBIMM METOAAaMU B MOA3EMHOM THAPOAMHAMHUKE W TPEAHA3HAYECHO IS
CTyJICHTOB U MAarucCTpaHTOB MHCTUTyTa (U3UKK U MHCTUTYTa TEOJIOTUU U
He(Tera3oBbIX TEXHOJOTHH, BKIIOYAs CIyIIaTeNed AaHTJIOSI3bIYHBIX MPOrpaMM

HHCTUTYTA I'cOJIOTMU U He(l)TCFaSOBBIX TEXHOJIOTH.



II.1. Metroa kpuBbIX BoccTaHoBjJdeHusi aAaBjeHusi (KBJI) nas BepTukajabHBIX

CKBa’KMH

YPaBHCHI/Ie IMbC30IIPOBOAHOCTH

apg Y AP ). (1)

Pemenue nma KB/

P(r t)_—(lnt +In 2'2257‘) 2)

r

c

Mamemamuueckuii KommeHmapuil.
B page 3amau onpenenenme DIIII ocymecTBisieTcss mocie CBEACHUS HCXOIHBIX
OKCIIEPUMEHTAIBHBIX IAHHBIX K YPAaBHEHHUIO MPSMOU

y=ax+b. (3)
Kak ompenenuts mapamerpsr a u b?
BriOepem 1iBe MpOM3BOIbHBIC TOUKK Ha MPSIMOK ¢ KoopAuHATaMH (X1, Y1) U (X2, Y2).
Torma mapameTpsl a 1 b MOXKHO cocUUTaTh KaK

Yo=Y b= y1 y2X1 (4)

a: H
X=X X=X

: 2
OnpenenuTs: TUAPONPOBOJHOCTD € U TapaMeTpP x/ .

Pekomennyercsi pemats 3anauy B cucreme CU, nmest B BUIy, YTO B CyTKax

86400 cexynn u 1 MIla = 10° ITa.




BriOupaem J1Be TOUKH:

x =Int, y,=0F, x,=Int,, y, =0P,. 5)
PaccuutrsiBaem
Int, —In
c= QO( 2 t1) ’ (6)
An(oP, - 6F)
OoPInt, — 0P, 1
L _Ygyp| T 0% | ™)
r- 4 oP, - 0P,
3amanue 1-1.
Bapuant A
Q o= 100 M*/cyrxn
t,c Int oP, MlIla t,c Int oP, Mlla t,c Int oP, Mlla

300 | 5,704 4,802 3600 | 8,189 5,946 6900 | 8,839 6,246
600 6,397 5121 3900 | 8,269 5,983 7200 | 8,882 6,265
900 | 6,802 5,308 4200 | 8,343 6,017 7500 | 8,923 6,284
1200 | 7,090 5,440 4500 | 8,412 6,049 7800 | 8,962 6,302
1500 | 7,313 5,543 4800 | 8,476 6,079 8100 | 9,000 6,319
1800 | 7,496 5,627 5100 | 8,537 6,106 8400 | 9,036 6,336
2100 | 7,650 5,698 5400 | 8,594 6,133 8700 | 9,071 6,352
2400 | 7,783 5,759 5700 | 8,648 6,158 9000 | 9,105 6,368
2700 | 7,901 5,814 6000 | 8,700 6,181 9300 | 9,138 6,383
3000 | 8,006 5,862 6300 | 8,748 6,204 9600 | 9,170 6,398
3300 | 8,102 5,906 6600 | 8,795 6,225 9900 | 9,200 6,412




3amanue 1-2.

Bapuant b

Q=282 M3/CyTKI/I
t,c Int | 5P, MIla t,c Int oP, Mlla t,c Int oP, Mlla
300 | 5,704 1,646 3600 | 8,189 2,021 6900 | 8,839 2,120
600 | 6,397 1,751 3900 | 8,269 2,033 7200 | 8,882 2,126
900 | 6,802 1,812 4200 | 8,343 2,045 7500 | 8,923 2,132
1200 | 7,090 1,855 4500 | 8,412 2,055 7800 | 8,962 2,138
1500 | 7,313 1,889 4800 | 8,476 2,065 8100 | 9,000 2,144
1800 | 7,496 1,917 5100 | 8,537 2,074 8400 | 9,036 2,149
2100 | 7,650 1,940 5400 | 8,594 2,083 8700 | 9,071 2,155
2400 | 7,783 1,960 5700 | 8,648 2,091 9000 | 9,105 2,160
2700 | 7,901 1,978 6000 | 8,700 2,098 9300 | 9,138 2,165
3000 | 8,006 1,994 6300 | 8,748 2,106 9600 | 9,170 2,169
3300 | 8,102 2,008 6600 | 8,795 2,113 9900 | 9,200 2,174

I1.2. Metoa XopHepa

Penrenue

_ Qo t
Pt)=P,+ Ak |I’l[_|_O +t]' (8)

OnpenenuTs: TUAPONPOBOIHOCTD € U TJIACTOBOE JIaBieHUE Py
BriOupaem J1Be TOUKHM IO BPEMEHU U COOTBETCTBYIOITNE 3HAUCHUS JaBJICHUS .
t, bu Py, Py

PaccuutrsiBaem



Qo1 lnTo+t1_lnTo+t2

€= 9)
4n(F, - F) 4 t,
|n M
t
P =P+(P,-P) 1 (10)
1 1 2 1
InT0 +h, InT0 +1,
1 t2
3anganue 2-1.

Bapuant A To=7200cC

Q=100 M3/cyTI<H
t,c [In((Tg+t)t)| P, MITa t,e | IN((Tg+t)t) | P, MIla t,c | In((Tg+t)t) | P, MITa
300 3,219 15,518 3300 1,157 16,467 6300 0,762 16,649
600 2,565 15,819 3600 1,099 16,494 6600 0,738 16,66
900 2,197 15,988 3900 1,046 16,518 6900 0,715 16,671
1200 1,946 16,104 4200 0,999 16,54 7200 0,693 16,681
1500 1,758 16,19 4500 0,956 16,56 7500 0,673 16,69
1800 1,609 16,259 4800 0,916 16,578 7800 0,654 16,699
2100 1,488 16,315 5100 0,88 16,595 8100 0,636 16,707
2400 1,386 16,362 5400 0,847 16,61 8400 0,619 16,715
2700 1,299 16,402 5700 0,817 16,624 8700 0,603 16,722
3000 1,224 16,436 6000 0,788 16,637 9000 0,588 16,729

3amanue 2-2.

Bapwuant b T,=7200c

Qo= 100 M*/cyTKH
t,c |In((To+t)t)| P, MITa t,c | In((Tq#t)t) | P, MITa t,c | In((To+t)t) | P, MITa
300 3,219 13,294 3300 1,157 15,667 6300 0,762 16,123
600 2,565 14,047 3600 1,099 15,735 6600 0,738 16,151
900 2,197 14,47 3900 1,046 15,796 6900 0,715 16,177
1200 1,946 14,76 4200 0,999 15,85 7200 0,693 16,202
1500 1,758 14,976 4500 0,956 15,9 7500 0,673 16,225
1800 1,609 15,147 4800 0,916 15,945 7800 0,654 16,247
2100 1,488 15,287 5100 0,88 15,986 8100 0,636 16,268
2400 1,386 15,404 5400 0,847 16,025 8400 0,619 16,287
2700 1,299 15,504 5700 0,817 16,06 8700 0,603 16,306
3000 1,224 15,591 6000 0,788 16,092 9000 0,588 16,323




I1.3. I'maponpocayminBaHue MeKCKBAKUHHOE UMITYJIbCHOE

Tpebyetcst ompeAenuTh TUAPONPOBOJHOCTh € W MHE3OMPOBOJHOCTH 7Y B

MCIKCKBA)KMHHOM IIPOCTPAaHCTBC.

Pemenue:
R%T
%= ° t , (11)
4t (t  —T)In max
max( maXx 0) (tmax _ TO j
&€= QO ln tmax (12)
47oP,, to — To
MIpU yCJIOBUU
to > T, (13)
3ananue 3-1.
Qo=1000 cm®/c, R=200 M, T¢=10000 c
t,c oP, xIla
0 0
2000 2
10000 40
20000 82
30000 74
40000 54
50000 44
60000 38
70000 30
80000 26
90000 23
100000 20
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3amanue 3-2.

Qo=1050 cm®/c, R=190 m, Tp=9900 ¢
t,c oP, klla
0 0

2000 2,4
10000 48,0
20000 98,4
30000 88,8
40000 64,8
50000 52,8
60000 45,6
70000 36,0
80000 31,2
90000 27,6
100000 24,0

3nech Pmax U tmax — MakcumanbHOE M3MEHEHUE NaBJICHHUS Ha pearupyrouiei

CKBAaXHMHC U BPCMA, CMY COOTBCTCTBYIOLICC.

I1.4. ®unbTpannonHbie BoJHbI AaBjeHus (PBJI)

Pacuer nmapamerpos

= QC
8P.sing
(Y m
E:(Ej weXp(ZtanSJ’
Q,

12

€=
2" 7P (A-mn/8)

11

(14)

(15)

(16)



X= , (17)
2(A-n/8)
=k (18)
\
X, =1No/x, (19)
X, =Ryo/y (20)
IIPY YCIIOBUU
X, =rjo/y <1, (21)
X, =Ryo/y>1, (22)
0o=2n/T. (23)
3ananue 4-1.
Bapuant A R=420 m
t,c q,CMS/c P.atm | P,, atm t,c q,CMB/c P. atm | P,, atm
0 80 -5 -1,73 3600 335 8 -1,93
600 123 -3 -1,77 4200 376 10 -1,95
1200 166 -1 -1,81 4800 416 12 -1,97
1800 209 2 -1,84 5400 455 14 -1,98
2400 252 -1,88 6000 494 17 -1,99
3000 294 6 -1,9 6600 531 19 -2

12



t,c q, em/c | P, atm | Py, atm t,c q, emlc | Pe, atm | P, atm
7200 568 21 -2 25800 927 49 -0,44
7800 603 23 -2 26400 909 48 -0,36
8400 637 24 -1,99 27000 890 48 -0,27
9000 670 26 -1,98 27600 870 47 -0,19
9600 702 28 -1,97 28200 847 46 -0,1
10200 732 30 -1,95 28800 823 46 -0,01
10800 761 32 -1,93 29400 798 45 0,08
11400 789 33 -191 30000 771 44 0,16
12000 815 35 -1,88 30600 742 43 0,25
12600 839 36 -1,85 31200 712 41 0,34
13200 862 38 -1,82 31800 681 40 0,42
13800 884 39 -1,78 32400 648 39 0,51
14400 903 41 -1,74 33000 615 37 0,59
15000 921 42 -1,69 33600 580 36 0,67
15600 937 43 -1,64 34200 543 34 0,75
16200 952 44 -1,59 34800 506 33 0,84
16800 964 45 -1,54 35400 468 31 0,91
17400 975 46 -1,48 36000 429 29 0,99
18000 984 47 -1,42 36600 389 27 1,07
18600 990 47 -1,36 37200 349 26 1,14
19200 996 48 -1,29 37800 308 24 1,21
19800 999 49 -1,23 38400 266 22 1,28
20400 1000 49 -1,16 39000 224 20 1,34
21000 999 49 -1,08 39600 181 18 1,41
21600 997 50 -1,01 40200 138 16 1,47
22200 992 50 -0,93 40800 94 14 1,52
22800 986 50 -0,86 41400 51 11 1,58
23400 978 50 -0,78 42000 7 9 1,63
24000 968 50 -0,69 42600 -36 7 1,68
24600 956 50 -0,61 43200 -80 5 1,73
25200 942 49 -0,53 43800 -123 3 1,77
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t,c q, em/c | P, atm | Py, atm t,c q, emlc | Pe, atm | P, atm
44400 -166 1 1,81 63000 -999 -49 1,23
45000 -209 -2 1,84 63600 -1000 -49 1,16
45600 -252 -4 1,88 64200 -999 -49 1,08
46200 -294 -6 1,9 64800 -997 -50 1,01
46800 -335 -8 1,93 65400 -992 -50 0,93
47400 -376 -10 1,95 66000 -086 -50 0,86
48000 -416 -12 1,97 66600 -978 -50 0,78
48600 -455 -14 1,98 67200 -968 -50 0,69
49200 -494 -17 1,99 67800 -956 -50 0,61
49800 -531 -19 2 68400 -942 -49 0,53
50400 -568 -21 2 69000 -927 -49 0,44
51000 -603 -23 2 69600 -909 -48 0,36
51600 -637 -24 1,99 70200 -890 -48 0,27
52200 -670 -26 1,98 70800 -870 -47 0,19
52800 -702 -28 1,97 71400 -847 -46 0,1
53400 -732 -30 1,95 72000 -823 -46 0,01
54000 -761 -32 1,93 72600 -798 -45 -0,08
54600 -789 -33 1,91 73200 -771 -44 -0,16
55200 -815 -35 1,88 73800 -742 -43 -0,25
55800 -839 -36 1,85 74400 -712 -41 -0,34
56400 -862 -38 1,82 75000 -681 -40 -0,42
57000 -884 -39 1,78 75600 -648 -39 -0,51
57600 -903 -41 1,74 76200 -615 -37 -0,59
58200 -021 -42 1,69 76800 -580 -36 -0,67
58800 -937 -43 1,64 77400 -543 -34 -0,75
59400 -952 -44 1,59 78000 -506 -33 -0,84
60000 -964 -45 1,54 78600 -468 -31 -0,91
60600 -975 -46 1,48 79200 -429 -29 -0,99
61200 -084 -47 1,42 79800 -389 -27 -1,07
61800 -990 -47 1,36 80400 -349 -26 -1,14
62400 -996 -48 1,29 81000 -308 -24 -1,21
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t,c q, em/c | P, atm | Py, atm t,c q, emlc | Pe, atm | P, atm
81600 -266 -22 -1,28 100200 884 39 -1,78
82200 -224 -20 -1,34 100800 903 41 -1,74
82800 -181 -18 -141 101400 921 42 -1,69
83400 -138 -16 -1,47 102000 937 43 -1,64
84000 -94 -14 -1,52 102600 952 44 -1,59
84600 -51 -11 -1,58 103200 964 45 -1,54
85200 -7 -9 -1,63 103800 975 46 -1,48
85800 36 -7 -1,68 104400 984 47 -1,42
86400 80 -5 -1,73 105000 990 47 -1,36
87000 123 -3 -1,77 105600 996 48 -1,29
87600 166 -1 -1,81 106200 999 49 -1,23
88200 209 2 -1,84 106800 1000 49 -1,16
88800 252 4 -1,88 107400 999 49 -1,08
89400 294 -1,9 108000 997 50 -1,01
90000 335 -1,93 108600 992 50 -0,93
90600 376 10 -1,95 109200 986 50 -0,86
91200 416 12 -1,97 109800 978 50 -0,78
91800 455 14 -1,98 110400 968 50 -0,69
92400 494 17 -1,99 111000 956 50 -0,61
93000 531 19 -2 111600 942 49 -0,53
93600 568 21 -2 112200 927 49 -0,44
94200 603 23 -2 112800 909 48 -0,36
94800 637 24 -1,99 113400 890 48 -0,27
95400 670 26 -1,98 114000 870 47 -0,19
96000 702 28 -1,97 114600 847 46 -0,1
96600 732 30 -1,95 115200 823 46 -0,01
97200 761 32 -1,93 115800 798 45 0,08
97800 789 33 -191 116400 771 44 0,16
98400 815 35 -1,88 117000 742 43 0,25
99000 839 36 -1,85 117600 712 41 0,34
99600 862 38 -1,82 118200 681 40 0,42
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t,c q, em/c | P, atm | Py, atm t,c q, emlc | Pe, atm | P, atm
118800 648 39 0,51 137400 -603 -23 2
119400 615 37 0,59 138000 -637 -24 1,99
120000 580 36 0,67 138600 -670 -26 1,98
120600 543 34 0,75 139200 -702 -28 1,97
121200 506 33 0,84 139800 -132 -30 1,95
121800 468 31 0,91 140400 -761 -32 1,93
122400 429 29 0,99 141000 -789 -33 1,91
123000 389 27 1,07 141600 -815 -35 1,88
123600 349 26 1,14 142200 -839 -36 1,85
124200 308 24 1,21 142800 -862 -38 1,82
124800 266 22 1,28 143400 -884 -39 1,78
125400 224 20 1,34 144000 -903 -41 1,74
126000 181 18 1,41 144600 -921 -42 1,69
126600 138 16 1,47 145200 -937 -43 1,64
127200 9 14 1,52 145800 -952 -44 1,59
127800 51 11 1,58 146400 -964 -45 1,54
128400 7 9 1,63 147000 -975 -46 1,48
129000 -36 7 1,68 147600 -084 -47 1,42
129600 -80 5 1,73 148200 -990 -47 1,36
130200 -123 3 1,77 148800 -996 -48 1,29
130800 -166 1 1,81 149400 -999 -49 1,23
131400 -209 -2 1,84 150000 | -1000 -49 1,16
132000 -252 -4 1,88 150600 -999 -49 1,08
132600 -294 -6 1,9 151200 -997 -50 1,01
133200 -335 -8 1,93 151800 -992 -50 0,93
133800 -376 -10 1,95 152400 -086 -50 0,86
134400 -416 -12 1,97 153000 -978 -50 0,78
135000 -455 -14 1,98 153600 -968 -50 0,69
135600 -494 -17 1,99 154200 -956 -50 0,61
136200 -531 -19 2 154800 -942 -49 0,53
136800 -568 -21 2 155400 -927 -49 0,44
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t,c q, em/c | P, atm | Py, atm t,c q, emlc | Pe, atm | P, atm
156000 -909 -48 0,36 174000 166 -1 -1,81
156600 -890 -48 0,27 174600 209 2 -1,84
157200 -870 -47 0,19 175200 252 4 -1,88
157800 -847 -46 0,1 175800 294 6 -1,9
158400 -823 -46 0,01 176400 335 8 -1,93
159000 -798 -45 -0,08 177000 376 10 -1,95
159600 -771 -44 -0,16 177600 416 12 -1,97
160200 -742 -43 -0,25 178200 455 14 -1,98
160800 -712 -41 -0,34 178800 494 17 -1,99
161400 -681 -40 -0,42 179400 531 19 -2
162000 -648 -39 -0,51 180000 568 21 -2
162600 -615 -37 -0,59 180600 603 23 -2
163200 -580 -36 -0,67 181200 637 24 -1,99
163800 -543 -34 -0,75 181800 670 26 -1,98
164400 -506 -33 -0,84 182400 702 28 -1,97
165000 -468 -31 -0,91 183000 732 30 -1,95
165600 -429 -29 -0,99 183600 761 32 -1,93
166200 -389 -27 -1,07 184200 789 33 -1,91
166800 -349 -26 -1,14 184800 815 35 -1,88
167400 -308 -24 -1,21 185400 839 36 -1,85
168000 -266 -22 -1,28 186000 862 38 -1,82
168600 -224 -20 -1,34 186600 884 39 -1,78
169200 -181 -18 -1,41 187200 903 41 -1,74
169800 -138 -16 -1,47 187800 921 42 -1,69
170400 -94 -14 -1,52 188400 937 43 -1,64
171000 -51 -11 -1,58 189000 952 44 -1,59
171600 -7 -9 -1,63 189600 964 45 -1,54
172200 36 -7 -1,68 190200 975 46 -1,48
172800 80 -5 -1,73 190800 984 47 -1,42
173400 123 -3 -1,77 191400 990 47 -1,36
173400 123 -3 -1,77 192000 996 48 -1,29
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3amanue 4-2.

Bapuanrt b R=420 m
t,c q, em/e | P, atm | Py, atm t,c q, emlc | Pe,atm | P, atm

0 99 -4 -2,59 18000 1084 37 -2,13
600 147 -2 -2,65 18600 1091 38 -2,04
1200 194 -1 -2,71 19200 1096 39 -1,94
1800 241 1 -2,77 19800 1099 39 -1,84
2400 288 3 -2,81 20400 1100 39 -1,73
3000 334 5 -2,86 21000 1099 40 -1,63
3600 379 6 -2,89 21600 1096 40 -1,51
4200 424 8 -2,93 22200 1090 40 -1,4
4800 468 10 -2,95 22800 1083 40 -1,28
5400 511 12 -2,97 23400 1073 40 -1,16
6000 553 13 -2,99 24000 1062 40 -1,04
6600 594 15 -3 24600 1048 40 -0,92
7200 633 16 -3 25200 1033 39 -0,79
7800 672 18 -3 25800 1015 39 -0,67
8400 709 20 -2,99 26400 996 39 -0,54
9000 745 21 -2,98 27000 974 38 -0,41
9600 780 23 -2,96 27600 951 38 -0,28
10200 813 24 -2,93 28200 926 37 -0,15
10800 845 25 -2,9 28800 899 36 -0,02
11400 875 27 -2,87 29400 871 36 0,11
12000 903 28 -2,82 30000 841 35 0,24
12600 929 29 -2,78 30600 809 34 0,37
13200 954 30 -2,73 31200 776 33 0,5
13800 977 31 -2,67 31800 741 32 0,63
14400 998 32 -2,61 32400 705 31 0,76
15000 1017 33 -2,54 33000 667 30 0,89
15600 1035 34 -2,47 33600 628 29 1,01
16200 1050 35 -2,39 34200 588 27 1,13
16800 1063 36 -2,31 34800 547 26 1,25
17400 1075 37 -2,22 35400 505 25 1,37
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t,c q, em/e | Pe,atm | Py, atm t,c q, emlc | Pe, atm | Py, atm
36000 462 23 1,49 55800 -929 -29 2,78
36600 418 22 1,6 56400 -954 -30 2,73
37200 373 20 1,71 57000 -977 -31 2,67
37800 328 19 1,81 57600 -998 -32 2,61
38400 282 17 1,92 58200 -1017 -33 2,54
39000 235 16 2,01 58800 -1035 -34 2,47
39600 188 14 2,11 59400 -1050 -35 2,39
40200 141 13 2,2 60000 -1063 -36 2,31
40800 93 11 2,29 60600 -1075 -37 2,22
41400 45 9 2,37 61200 -1084 -37 2,13
42000 -3 7 2,45 61800 -1091 -38 2,04
42600 -51 6 2,52 62400 -1096 -39 1,94
43200 -99 4 2,59 63000 -1099 -39 1,84
43800 -147 2 2,65 63600 -1100 -39 1,73
44400 -194 1 2,71 64200 -1099 -40 1,63
45000 -241 -1 2,17 64800 -1096 -40 1,51
45600 -288 -3 2,81 65400 -1090 -40 1,4
46200 -334 -5 2,86 66000 -1083 -40 1,28
46800 -379 -6 2,89 66600 -1073 -40 1,16
47400 -424 -8 2,93 67200 -1062 -40 1,04
48000 -468 -10 2,95 67800 -1048 -40 0,92
48600 -511 -12 2,97 68400 -1033 -39 0,79
49200 -553 -13 2,99 69000 -1015 -39 0,67
49800 -594 -15 3 69600 -996 -39 0,54
50400 -633 -16 3 70200 -974 -38 0,41
51000 -672 -18 3 70800 -951 -38 0,28
51600 -709 -20 2,99 71400 -926 -37 0,15
52200 -745 -21 2,98 72000 -899 -36 0,02
52800 -780 -23 2,96 72600 -871 -36 -0,11
53400 -813 -24 2,93 73200 -841 -35 -0,24
54000 -845 -25 2,9 73800 -809 -34 -0,37
54600 -875 -27 2,87 74400 -776 -33 -0,5
55200 -903 -28 2,82 75000 -741 -32 -0,63
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t,c q, em/e | Pe,atm | Py, atm t,c q, emlc | Pe, atm | Py, atm
75600 -705 -31 -0,76 95400 745 21 -2,98
76200 -667 -30 -0,89 96000 780 23 -2,96
76800 -628 -29 -1,01 96600 813 24 -2,93
77400 -588 -27 -1,13 97200 845 25 -2,9
78000 -547 -26 -1,25 97800 875 27 -2,87
78600 -505 -25 -1,37 98400 903 28 -2,82
79200 -462 -23 -1,49 99000 929 29 -2,78
79800 -418 -22 -1,6 99600 954 30 -2,13
80400 -373 -20 -1,71 100200 977 31 -2,67
81000 -328 -19 -1,81 100800 998 32 -2,61
81600 -282 -17 -1,92 101400 1017 33 -2,54
82200 -235 -16 -2,01 102000 1035 34 -2,47
82800 -188 -14 -2,11 102600 1050 35 -2,39
83400 -141 -13 -2,2 103200 1063 36 -2,31
84000 -93 -11 -2,29 103800 1075 37 -2,22
84600 -45 -9 -2,37 104400 1084 37 -2,13
85200 3 -7 -2,45 105000 1091 38 -2,04
85800 51 -6 -2,52 105600 1096 39 -1,94
86400 99 -4 -2,59 106200 1099 39 -1,84
87000 147 -2 -2,65 106800 1100 39 -1,73
87600 194 -1 -2,71 107400 1099 40 -1,63
88200 241 1 -2,77 108000 1096 40 -1,51
88800 288 3 -2,81 108600 1090 40 -1,4
89400 334 5 -2,86 109200 1083 40 -1,28
90000 379 6 -2,89 109800 1073 40 -1,16
90600 424 8 -2,93 110400 1062 40 -1,04
91200 468 10 -2,95 111000 1048 40 -0,92
91800 511 12 -2,97 111600 1033 39 -0,79
92400 553 13 -2,99 112200 1015 39 -0,67
93000 594 15 -3 112800 996 39 -0,54
93600 633 16 -3 113400 974 38 -0,41
94200 672 18 -3 114000 951 38 -0,28
94800 709 20 -2,99 114600 926 37 -0,15
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t,c q, em/e | Pe,atm | Py, atm t,c q, emlc | Pe, atm | Py, atm
115200 899 36 -0,02 135000 -511 -12 2,97
115800 871 36 0,11 135600 -553 -13 2,99
116400 841 35 0,24 136200 -594 -15 3
117000 809 34 0,37 136800 -633 -16 3
117600 776 33 0,5 137400 -672 -18 3
118200 741 32 0,63 138000 -709 -20 2,99
118800 705 31 0,76 138600 -745 -21 2,98
119400 667 30 0,89 139200 -780 -23 2,96
120000 628 29 1,01 139800 -813 -24 2,93
120600 588 27 1,13 140400 -845 -25 2,9
121200 547 26 1,25 141000 -875 -27 2,87
121800 505 25 1,37 141600 -903 -28 2,82
122400 462 23 1,49 142200 -929 -29 2,78
123000 418 22 1,6 142800 -954 -30 2,73
123600 373 20 1,71 143400 -977 -31 2,67
124200 328 19 1,81 144000 -998 -32 2,61
124800 282 17 1,92 144600 | -1017 -33 2,54
125400 235 16 2,01 145200 | -1035 -34 2,47
126000 188 14 2,11 145800 | -1050 -35 2,39
126600 141 13 2,2 146400 | -1063 -36 2,31
127200 93 11 2,29 147000 | -1075 -37 2,22
127800 45 9 2,37 147600 | -1084 -37 2,13
128400 -3 7 2,45 148200 | -1091 -38 2,04
129000 -51 6 2,52 148800 | -1096 -39 1,94
129600 -99 4 2,59 149400 | -1099 -39 1,84
130200 -147 2 2,65 150000 | -1100 -39 1,73
130800 -194 1 2,71 150600 | -1099 -40 1,63
131400 -241 -1 2,77 151200 | -1096 -40 1,51
132000 -288 -3 2,81 151800 | -1090 -40 1,4
132600 -334 -5 2,86 152400 | -1083 -40 1,28
133200 -379 -6 2,89 153000 | -1073 -40 1,16
133800 -424 -8 2,93 153600 | -1062 -40 1,04
134400 -468 -10 2,95 154200 | -1048 -40 0,92
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t,c q, emle | Pe,atm | Py, atm t,c q, emlc | Pe, atm | Py, atm
154800 | -1033 -39 0,79 175200 288 3 -2,81
155400 | -1015 -39 0,67 175800 334 5 -2,86
156000 -996 -39 0,54 176400 379 6 -2,89
156600 -974 -38 0,41 177000 424 8 -2,93
157200 -951 -38 0,28 177600 468 10 -2,95
157800 -926 -37 0,15 178200 511 12 -2,97
158400 -899 -36 0,02 178800 553 13 -2,99
159000 -871 -36 -0,11 179400 594 15 -3
159600 -841 -35 -0,24 180000 633 16 -3
160200 -809 -34 -0,37 180600 672 18 -3
160800 -776 -33 -0,5 181200 709 20 -2,99
161400 -741 -32 -0,63 181800 745 21 -2,98
162000 -705 -31 -0,76 182400 780 23 -2,96
162600 -667 -30 -0,89 183000 813 24 -2,93
163200 -628 -29 -1,01 183600 845 25 -2,9
163800 -588 -27 -1,13 184200 875 27 -2,87
164400 -547 -26 -1,25 184800 903 28 -2,82
165000 -505 -25 -1,37 185400 929 29 -2,718
165600 -462 -23 -1,49 186000 954 30 -2,73
166200 -418 -22 -1,6 186600 977 31 -2,67
166800 -373 -20 -1,71 187200 998 32 -2,61
167400 -328 -19 -1,81 187800 1017 33 -2,54
168000 -282 -17 -1,92 188400 1035 34 -2,47
168600 -235 -16 -2,01 189000 1050 35 -2,39
169200 -188 -14 -2,11 189600 1063 36 -2,31
169800 -141 -13 -2,2 190200 1075 37 -2,22
170400 -93 -11 -2,29 190800 1084 37 -2,13
171000 -45 -9 -2,37 191400 1091 38 -2,04
171600 3 -7 -2,45 192000 1096 39 -1,94
172200 51 -6 -2,52 192600 1099 39 -1,84
172800 99 -4 -2,59 193200 1100 39 -1,73
173400 147 -2 -2,65 193800 1099 40 -1,63
174000 194 -1 -2,71 194400 1096 40 -1,51
174600 241 1 -2,77 195000 1090 40 -1,4
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IL.S. ®uabTpauoHHbIe BOJHBbI 1aBjJeHNsA. BapuaHT camonpocaymiuBaHus

€= QC_ , (24)
8P.sind
(Y m
A _| L , 25
r? (2) (DeXp(ZtanSJ (25)
0=2n/T. (26)
3aganue 5
Bapuant P., MIla Q., M¥/cyT 0, paauaH T, cex
1 40 100 0,15 86400
2 42 105 0,151 86400

I1.6. ®DuiabTpauMOHHBIC BOJIHbI /JaBJIeHHMs. BapuaHT MeKCKBaKHHHOIO

NPOCTYyIIUBAHUS

. Q ) 27)
2P (A-7/8)

®R’
=2 28
2(A-n/8) 29
TIPU YCIIOBUH
X, =Ryo/y>1, (29)
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o=2n/T. (30)
3aganue 6.
PC; Q01 Ph 8; Al
Bapuant T,cex | R,m
MIla | m¥cyr | MIla | pagman | paguan
1 40 100 1,5 0,15 2.4 86400 | 450
2 42 105 | 1,55 | 0,151 2.5 | 86400 | 450
I1.7. KB/l ¢ mocjaenpuToKom
[IpubnuxkeHHOE peleHue:
() L [y 222 (31)
Q —a(t) A4ne I;
BriOupaem J1Be TOUKHU:
( t) 5P( t)
=In , u X, =Int , 32
Xl tl yl _ (ti) 2 2 y2 (t) ( )
PaccunteiBacm
1
a=—, 33
Ame (33)
1 225
b=—In : 34
e 17 (34)

c
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4ma
12 = —exp(EJ :
rr 225 a
3anganue 7-1.
t,c Int Qo m7c | q(t), Mm% | 6P, MPa
0 2,00E-03 2,00E-03

100 4,61 2,00E-03 1,90E-03 0,078

200 5,30 2,00E-03 1,81E-03 0,162

300 5,70 2,00E-03 1,72E-03 0,246

400 5,99 2,00E-03 1,64E-03 0,329

500 6,21 2,00E-03 1,56E-03 0,409

600 6,40 2,00E-03 1,48E-03 0,487

700 6,55 2,00E-03 1,41E-03 0,562

800 6,68 2,00E-03 1,34E-03 0,635

900 6,80 2,00E-03 1,28E-03 0,704
1000 6,91 2,00E-03 1,21E-03 0,771
1500 7,31 2,00E-03 9,45E-04 1,068
2000 7,60 2,00E-03 7,36E-04 1,309
2500 7,82 2,00E-03 5,73E-04 1,503
3000 8,01 2,00E-03 4,46E-04 1,659
3500 8,16 2,00E-03 3,48E-04 1,784
4000 8,29 2,00E-03 2,71E-04 1,886
4500 8,41 2,00E-03 2,11E-04 1,968
5000 8,52 2,00E-03 1,64E-04 2,035
5500 8,61 2,00E-03 1,28E-04 2,089
6000 8,70 2,00E-03 9,96E-05 2,134
6500 8,78 2,00E-03 7,75E-05 2,171
7000 8,85 2,00E-03 6,04E-05 2,202
7500 8,92 2,00E-03 4,70E-05 2,227
8000 8,99 2,00E-03 3,66E-05 2,249
8500 9,05 2,00E-03 2,85E-05 2,268
9000 9,10 2,00E-03 2,22E-05 2,284
9500 9,16 2,00E-03 1,73E-05 2,299
10000 9,21 2,00E-03 1,35E-05 2,311
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3amanue 7-2.

t,c Int Qo M/c | q(t),mc | 6P, MPa
0 2,50E-03 2,00E-03
100 4,61 2,50E-03 1,95E-03 0,94
200 5,30 2,50E-03 1,90E-03 1,08
300 5,70 2,50E-03 1,86E-03 1,21
400 5,99 2,50E-03 1,81E-03 1,33
500 6,21 2,50E-03 1,76E-03 1,44
600 6,40 2,50E-03 1,72E-03 1,55
700 6,55 2,50E-03 1,68E-03 1,65
800 6,68 2,50E-03 1,64E-03 1,76
900 6,80 2,50E-03 1,60E-03 1,86
1000 6,91 2,50E-03 1,56E-03 1,95
1500 7,31 2,50E-03 1,37E-03 2,4
2000 7,60 2,50E-03 1,21E-03 2,81
2500 7,82 2,50E-03 1,07E-03 3,17
3000 8,01 2,50E-03 9,45E-04 3,49
3500 8,16 2,50E-03 8,34E-04 3,78
4000 8,29 2,50E-03 7,36E-04 4,04
4500 8,41 2,50E-03 6,49E-04 4,28
5000 8,52 2,50E-03 5,73E-04 4,49
5500 8,61 2,50E-03 5,06E-04 4,67
6000 8,70 2,50E-03 4,46E-05 4,84
6500 8,78 2,50E-03 3,94E-05 4,99
7000 8,85 2,50E-03 3,48E-05 5,13
7500 8,92 2,50E-03 3,07E-04 5,25
8000 8,99 2,50E-03 2,71E-05 5,36
8500 9,05 2,50E-03 2,39E-05 5,45
9000 9,10 2,50E-03 2,11E-05 5,54
9500 9,16 2,50E-03 1,86E-05 5,62
10000 9,21 2,50E-03 1,64E-05 5,7

I1.8. KB/l AJis1 TpeliuHOBATO-MOPUCTOrO 1i1acta. be3 mocaenpuroka

ypaBHCHI/Ie IbE30ITPOBOJHOCTH
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*azp(rt) ap(r t) _ op(r,t)
pe p A(lo(lr,t)ﬂ2 " j (37)

U= (38)

T,+1T,

3I[CCB T,, T, — IIOCTOSIHHBIC Pa3sMCPHOCTH BPCMCHHU.

Pemenue s KB/

P _ 1 gy L p 280 (39)
Q, 4rme, 4me, I
Bri6upaem J1Be TOUKHU:
x =Int,y, = 5P( 1) uX,=Int,y,= 5P( t) (40)
Q, Q

PaccunteiBaeMm nmapameTpsl A JanbHel 30Hbl pu yenosuu t, 1, >15000 c.

= 4me, (41)
€ = 4—; , (43)
%: %ﬁexp(%} : (44)



3amanue 8-1.

t,c In t Qo M/c | 5P, MIla
0 0,0022 0
100 4,605 00022 | 18576
200 5,298 0,0022 1,979
300 5,704 0,0022 2,05
400 5,991 00022 | 2,1004
500 6,215 00022 | 2,395
600 6,397 00022 | 21714
700 6,551 00022 | 2,1984
800 6,685 00022 | 22218
900 6,802 00022 | 22425
1000 6,008 00022 | 2,2609
2000 7,601 0,0022 2,263
3000 8,006 0,0022 2,267
4000 8,294 0,0022 2,272
5000 8,517 0,0022 2,278
6000 8,700 0,0022 2,285
7000 8,854 0,0022 2,29
8000 8,087 0,0022 2,296
9000 9,105 0,0022 2,304
10000 | 9,210 00022 | 253139
15000 | 9,616 00022 | 2,3849
20000 | 9,903 00022 | 24353
25000 | 10,127 | 00022 | 24744
30000 | 10,309 | 00022 | 25063
35000 | 10463 | 00022 | 25333
40000 | 10597 | 00022 | 25567
45000 | 10,714 | 00022 | 25774
50000 | 10,820 | 00022 | 25958
55000 | 10,915 | 00022 | 26125
60000 | 11,002 | 00022 | 26278
65000 | 11,082 | 00022 | 26418
70000 | 11,156 | 00022 | 2,6548
75000 | 11,225 | 00022 | 26668
80000 | 11,290 | 00022 | 26781
85000 | 11,350 | 00022 | 2,6888
90000 | 11,408 | 00022 | 2,6988
95000 | 11462 | 00022 | 27082
100000 | 11513 | 00022 | 27172
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3amanue 8-2.

t,c In t Qo MYc | 0P, MIla
0 0,0016 0
100 4,605 0,0016 1,867
200 5,298 0,0016 1,995
300 5,704 0,0016 2,069
400 5,991 0,0016 2,123
500 6,215 0,0016 2,164
600 6,397 0,0016 2,198
700 6,551 0,0016 2,226
800 6,685 0,0016 2,251
900 6,802 0,0016 2,272
1000 | 6,908 0,0016 2,292
2000 | 7,601 0,0016 2,298
3000 | 8,006 0,0016 2,305
4000 | 8,294 0,0016 2,312
5000 | 8517 0,0016 2,318
6000 | 8,700 0,0016 2,322
7000 | 8,854 0,0016 2,328
8000 | 8,987 0,0016 2,335
9000 | 9,105 0,0016 2,24
10000 | 9,210 0,0016 2,348
15000 | 9,616 0,0016 2,423
20000 | 9,903 0,0016 2476
25000 | 10,127 | 0,0016 2,517
30000 | 10,309 | 0,0016 2,551
35000 | 10463 | 0,0016 2,579
40000 | 10597 | 0,0016 2,604
45000 | 10,714 | 0,0016 2,626
50000 | 10,820 | 0,0016 2,645
55000 | 10,915 | 0,0016 2,663
60000 | 11,002 | 0,0016 2,679
65000 | 11,082 | 0,0016 2,694
70000 | 11,156 | 0,0016 2,707
75000 | 11225 | 0,0016 2,72
80000 | 11290 | 0,0016 2,732
85000 | 11,350 | 0,0016 2,743
90000 | 11,408 | 0,0016 2,754
95000 | 11462 | 0,0016 2,764
100000 | 11513 | 0,0016 2,773
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I1.9. KB/l aJis1 TpelIMHOBATO-MIOPUCTOTO IJIACTA € MOCJIENPUTOKOM

[Tpubmmxennoe permenue s KB/

P(r.t) ~ L Int + L In2'25X.

—q(t) 4ng, 4me, I‘C2 (45)
Anroputm:
SP(r.,t) oPR,(r,,t)
=Int, y, ,=Int,, v, 46
RN =0 e MM Y70 ) (49)

PaccunTsiBaeM mapameTpsl Ais JanbHEN 30HHI Ipu ycsosud {, 1, >15000 c.

= 4me, ’ (47)
B (49)
%: = ﬁexp(g) . (50)
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3amanue 9-1.

t,c Int Qo, M/c q(t), Mmc | OP, MIla
0 0,0024 0,0024
10 2,303 0,0024 0,002395 0,0051
20 2,996 0,0024 0,00239 0,011
30 3,401 0,0024 0,002386 0,0172
40 3,689 0,0024 0,002381 0,0236
50 3,912 0,0024 0,002376 0,0302
60 4,094 0,0024 0,002371 0,0368
70 4,248 0,0024 0,002367 0,0436
80 4,382 0,0024 0,002362 0,0504
90 4,5 0,0024 0,002357 0,0572
100 4,605 0,0024 0,002352 0,0641
300 5,704 0,0024 0,00226 0,2075
400 5,991 0,0024 0,002215 0,2806
600 6,397 0,0024 0,002129 0,4267
800 6,685 0,0024 0,002045 0,5711
1000 6,908 0,0024 0,001965 0,7127
2000 7,601 0,0024 0,001609 1,3675
4000 8,294 0,0024 0,001078 2,4045
5000 8,517 0,0024 0,000883 2,8047
10000 9,21 0,0024 0,000325 4,0265
20000 9,903 0,0024 4,40E-05 4,7875
30000 10,309 0,0024 5,95E-06 4,9933
40000 10,597 0,0024 8,05E-07 5,0955
50000 10,82 0,0024 1,09E-07 5,168
60000 11,002 0,0024 1,47E-08 5,2262
70000 11,156 0,0024 2,00E-09 5,2753
80000 11,29 0,0024 2,70E-10 5,3178
90000 11,408 0,0024 3,66E-11 5,3552
100000 | 11,513 0,0024 4,95E-12 5,3888
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I1.10. ®BJI nj1s1 TpelIMHOBATO-NIOPUCTOIO MJIACTA

W3BeCTHBI TapaMeTpHI:

OcHoBHBIE (POPMYIIBIL:

X
_z’r_;’gl’Pc’Qc’T’S'
B-L U
X1 TtT,

5 . 27t8QP°
X
D=|—- | 5—eXp| ————=——=—|| .
Ty Ko J1+tan(9)

OrnpenenuTh BpEMEHHBIE apaMETPhI:

3amanue 10-1.

f=t o mr, =1 220
1-B o\VB°-D
T, c 3600
w2, et 40
% /17, ct 50
e, M*/(Ta -c) 3,00E-10
P., I1a 3000000
Qc, M/c 0,001
o, panuaH 0,22
®, paauan/c 0,00174
tan(d), paauan 0,2236
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3amanue 10-2.

T, c 3600
Y / r?,ct 45
v /17, ct 55
e, M*/(a -c) 3,20E-10
P, Ila 3100000
Qc, M%/c 0,0011
o, panuaH 0,225
®, paauan/c 0,00174
tan(d), paauan 0,2289
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I. Built up Test.

Solution

2.25
P(r, ) =2 | Int+ In222L | (55)
4me r,
We choose 2 points:
X, =Int, y,=0R and x, =Int,, y, =06P, (56)
and calculate
Int, —In
€= QO( 2 tl) ’ (57)
4n(oP, - 0R)
OPInt, — 0P, In
%pr( in, ZonhL | (59)
ro 4 oP, — 0P,
Task I-1.
Variant A
Q o= 100 m*/day
t,s Int oP, MPa t,s Int oP, MPa t,s Int oP, MPa
300 5704 | 4,802 3600 | 8,189 | 5,946 6900 | 8,839 6,246
600 6,397 5,121 3000 | 8,269 | 5,983 7200 | 8,882 6,265
900 6,802 5,308 4200 | 8,343 6,017 7500 | 8,923 6,284
1200 | 7,000 | 5,440 4500 | 8,412 6,049 7800 | 8,962 6,302
1500 | 7,313 | 5,543 4800 | 8,476 6,079 8100 | 9,000 6,319
1800 | 7,496 | 5,627 5100 | 8,537 6,106 8400 | 9,036 6,336
2100 | 7,650 | 5,698 5400 | 8,594 6,133 8700 | 9,071 6,352
2400 | 7,783 | 5,759 5700 | 8,648 6,158 9000 | 9,105 6,368
2700 | 7,901 5,814 6000 | 8,700 6,181 9300 | 9,138 6,383
3000 | 8,006 | 5,862 6300 | 8,748 6,204 9600 | 9,170 6,398
3300 | 8,102 5,906 6600 | 8,795 6,225 9900 | 9,200 6,412

34



Task 1-2.

Variant B
Q o= 82 m¥/day
t,s Int oP, MPa t,s Int oP, MPa t,s Int oP, MPa
300 | 5704 | 1,646 3600 | 8189 | 2,021 6900 | 8,839 | 2,120
600 | 6,397 | 1,751 3900 | 8,269 | 2,033 7200 | 8,882 | 2,126
900 | 6,802 | 1,812 4200 | 8,343 | 2,045 7500 | 8,923 | 2,132
1200 | 7,090 | 1,855 4500 | 8412 | 2,055 7800 | 8,962 | 2,138
1500 | 7,313 | 1,889 4800 | 8,476 | 2,065 8100 | 9,000 | 2,144
1800 | 7,49 | 1,917 5100 | 8,537 | 2,074 8400 | 9,036 | 2,149
2100 | 7,650 | 1,940 5400 | 8594 | 2,083 8700 | 9,071 | 2,155
2400 | 7,783 | 1,960 5700 | 8,648 | 2,091 9000 | 9,105 | 2,160
2700 | 7,901 | 1,978 6000 | 8,700 | 2,098 9300 | 9,138 | 2,165
3000 | 8,006 | 1,994 6300 | 8748 | 2,106 9600 | 9,170 | 2,169
3300 | 8,102 | 2,008 6600 | 8795 | 2113 9900 | 9,200 | 2,174
Il. Horner procedure
Solution
t
P(t):PpI+Q°“ In .
Ankh | T, +t
We choose 2 points
t, t2and Py, P2,
calculate
T, + T, +t
c— Qo1 {ln oth —InoT2 |
an(P,-P) t,
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T, +t,

In
P =P+(P,—-PR) (61)
1oz U T 4 T, +t,°
In-2 t1 —In-9oT>2
2
Task 11-1.

Variant A T,=7200s

Q, = 100 m*/day
t,s [In((Ty+t)t)| P, MPa t,s | In((Ty+t)t) | P, MPa t,s | In((Tg+t)t) | P, MPa
300 3,219 15,518 3300 1,157 16,467 6300 0,762 16,649
600 2,565 15,819 3600 1,099 16,494 6600 0,738 16,66
900 2,197 15,988 3900 1,046 16,518 6900 0,715 16,671
1200 1,946 16,104 4200 0,999 16,54 7200 0,693 16,681
1500 1,758 16,19 4500 0,956 16,56 7500 0,673 16,69
1800 1,609 16,259 4800 0,916 16,578 7800 0,654 16,699
2100 1,488 16,315 5100 0,88 16,595 8100 0,636 16,707
2400 1,386 16,362 5400 0,847 16,61 8400 0,619 16,715
2700 1,299 16,402 5700 0,817 16,624 8700 0,603 16,722
3000 1,224 16,436 6000 0,788 16,637 9000 0,588 16,729

Task 11-2.

Variant B T,=7200s

Q= 100 m*/day
t,s [In((Tg+t)t)| P, MPa t,s | In((Tg+t)t) | P, MPa t,s | In((To+t)t) | P, MPa
300 3,219 13,294 3300 1,157 15,667 6300 0,762 16,123
600 2,565 14,047 3600 1,099 15,735 6600 0,738 16,151
900 2,197 14,47 3900 1,046 15,796 6900 0,715 16,177
1200 1,946 14,76 4200 0,999 15,85 7200 0,693 16,202
1500 1,758 14,976 4500 0,956 15,9 7500 0,673 16,225
1800 1,609 15,147 4800 0,916 15,945 7800 0,654 16,247
2100 1,488 15,287 5100 0,88 15,986 8100 0,636 16,268
2400 1,386 15,404 5400 0,847 16,025 8400 0,619 16,287
2700 1,299 15,504 5700 0,817 16,06 8700 0,603 16,306
3000 1,224 15,591 6000 0,788 16,092 9000 0,588 16,323
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I11. Interwell

Solution

under condition

Task I11-1.

RT
X = ° : , (62)
4t (t _ —T)In méx
max( max O) Ltmax _Toj
S S (63)
476P,,, t o —To
to > T (64)

Qo=1000 cm?/s, R=200 m, T,=10000 s
t,s oP, kPa
0 0
2000 2
10000 40
20000 82
30000 74
40000 54
50000 44
60000 38
70000 30
80000 26
90000 23
100000 20
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Task I11-2.

Qo=1050 cm?/s, R=190 m, Tx=9900 s

Multiple pulse test

t,s oP, kPa
0 0
2000 2.4
10000 48,0
20000 98,4
30000 88,8
40000 64,8
50000 52,8
60000 45,6
70000 36,0
80000 31,2
90000 27,6
100000 24,0
fu = 8Ps%in 5

X Y ‘ T

r2 B (Ej CoeXp(Ztan 6}’

Q

8 = H
27 ni?p (A _/ 8)112

oR?

T
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X, =AO/%,
X, =Ryo/y

under conditions

X, =rJo/y <1,

X, =Ryo/y>1,
o=2n/T.
Task IV-1.
Variant A

P, MPa 40

QSI mglday 40

Pr, MPa 15

0, rad 0.12

A, rad 2.4

T=271/w, S 86400

R, m 400

Task 1V-2.
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Variant B

V. Built up Test. Afterflow

We choose 2 points:

and calculate

Ps, MPa 78
Qs, m3/day 195
PI’; MPa 245
o, rad 0.139
A, rad 4.3
T=21/®, S 86400
R, m 425
Solution (approximation)
Pt 1 Int+|n2'225X :
Qo_q(t) dme rw
x, =Int, yl— 1( t) and x, =Int,, y, = 5P( )
—q(t,) —a(t,)
1
a=——
4me
pmL i 225
4me r
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1

t 2o
L=——exp| = |.
r, 2.25 a
Task V-1.
t,s In t Qo m¥s | q(t), m¥s | P, MPa
0 2,00E-03 2,00E-03
100 4,61 2,00E-03 1,90E-03 0,078
200 5,30 2,00E-03 1,81E-03 0,162
300 5,70 2,00E-03 1,72E-03 0,246
400 5,99 2,00E-03 1,64E-03 0,329
500 6,21 2,00E-03 1,56E-03 0,409
600 6,40 2,00E-03 1,48E-03 0,487
700 6,55 2,00E-03 1,41E-03 0,562
800 6,68 2,00E-03 1,34E-03 0,635
900 6,80 2,00E-03 1,28E-03 0,704
1000 6,91 2,00E-03 1,21E-03 0,771
1500 7,31 2,00E-03 9,45E-04 1,068
2000 7,60 2,00E-03 7,36E-04 1,309
2500 7,82 2,00E-03 5,73E-04 1,503
3000 8,01 2,00E-03 4 46E-04 1,659
3500 8,16 2,00E-03 3,48E-04 1,784
4000 8,29 2,00E-03 2,71E-04 1,886
4500 8,41 2,00E-03 2,11E-04 1,968
5000 8,52 2,00E-03 1,64E-04 2,035
5500 8,61 2,00E-03 1,28E-04 2,089
6000 8,70 2,00E-03 9,96E-05 2,134
6500 8,78 2,00E-03 7,75E-05 2,171
7000 8,85 2,00E-03 6,04E-05 2,202
7500 8,92 2,00E-03 4,70E-05 2,227
8000 8,99 2,00E-03 3,66E-05 2,249
8500 9,05 2,00E-03 2,85E-05 2,268
9000 9,10 2,00E-03 2,22E-05 2,284
9500 9,16 2,00E-03 1,73E-05 2,299
10000 9,21 2,00E-03 1,35E-05 2,311
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Task V-2.

t,s In t Qom¥s | q(t),m¥s | 6P, MPa
0 2,50E-03 2,00E-03
100 4,61 2,50E-03 1,95E-03 0,94
200 5,30 2,50E-03 1,90E-03 1,08
300 5,70 2,50E-03 1,86E-03 1,21
400 5,99 2,50E-03 1,81E-03 1,33
500 6,21 2,50E-03 1,76E-03 1,44
600 6,40 2,50E-03 1,72E-03 1,55
700 6,55 2,50E-03 1,68E-03 1,65
800 6,68 2,50E-03 1,64E-03 1,76
900 6,80 2,50E-03 1,60E-03 1,86
1000 6,91 2,50E-03 1,56E-03 1,95
1500 7,31 2,50E-03 1,37E-03 2,4
2000 7,60 2,50E-03 1,21E-03 2,81
2500 7,82 2,50E-03 1,07E-03 3,17
3000 8,01 2,50E-03 9,45E-04 3,49
3500 8,16 2,50E-03 8,34E-04 3,78
4000 8,29 2,50E-03 7,36E-04 4,04
4500 8,41 2,50E-03 6,49E-04 4,28
5000 8,52 2,50E-03 5,73E-04 4,49
5500 8,61 2,50E-03 5,06E-04 4,67
6000 8,70 2,50E-03 4 46E-05 4,84
6500 8,78 2,50E-03 3,94E-05 4,99
7000 8,85 2,50E-03 3,48E-05 5,13
7500 8,92 2,50E-03 3,07E-04 5,25
8000 8,99 2,50E-03 2,71E-05 5,36
8500 9,05 2,50E-03 2,39E-05 5,45
9000 9,10 2,50E-03 2,11E-05 5,54
9500 9,16 2,50E-03 1,86E-05 5,62
10000 9,21 2,50E-03 1,64E-05 5,7
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V1. Built up Test. Fracture porous media

Solution

P, t) _ 1 ., 1 225
QO 47[81 47581 r2

w

We choose 2 points:

_9oR(r,t)

Q Q,

and calculate

.
r? 225 a)

t,t, >10000 s.
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Task VI-1.

t,s In t Qo m¥s | 8P, MPa
0 0,0022 0
100 4,605 0,0022 1,8576
200 5,298 0,0022 1,979
300 5,704 0,0022 2,05
400 5,991 0,0022 2,1004
500 6,215 0,0022 2,1395
600 6,397 0,0022 2,1714
700 6,551 0,0022 2,1984
800 6,685 0,0022 2,2218
900 6,802 0,0022 2,2425
1000 6,908 0,0022 2,2609
2000 7,601 0,0022 2,263
3000 8,006 0,0022 2,267
4000 8,294 0,0022 2,272
5000 8,517 0,0022 2,278
6000 8,700 0,0022 2,285
7000 8,854 0,0022 2,29
8000 8,987 0,0022 2,296
9000 9,105 0,0022 2,304
10000 9,210 0,0022 2,3139
15000 9,616 0,0022 2,3849
20000 9,903 0,0022 2,4353
25000 10,127 0,0022 24744
30000 10,309 0,0022 2,5063
35000 10,463 0,0022 2,5333
40000 10,597 0,0022 2,5567
45000 10,714 0,0022 25774
50000 10,820 0,0022 2,5958
55000 10,915 0,0022 2,6125
60000 11,002 0,0022 2,6278
65000 11,082 0,0022 2,6418
70000 11,156 0,0022 2,6548
75000 11,225 0,0022 2,6668
80000 11,290 0,0022 2,6781
85000 11,350 0,0022 2,6888
90000 11,408 0,0022 2,6988
95000 11,462 0,0022 2,7082
100000 | 11,513 0,0022 2,7172
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Task VI-2.

t,s In t Qo m¥s | 5P, MPa
0 0,0016 0
100 4,605 0,0016 1,867
200 5,298 0,0016 1,995
300 5,704 0,0016 2,069
400 5,991 0,0016 2,123
500 6,215 0,0016 2,164
600 6,397 0,0016 2,198
700 6,551 0,0016 2,226
800 6,685 0,0016 2,251
900 6,802 0,0016 2,272
1000 6,908 0,0016 2,292
2000 7,601 0,0016 2,298
3000 8,006 0,0016 2,305
4000 8,294 0,0016 2,312
5000 8,517 0,0016 2,318
6000 8,700 0,0016 2,322
7000 8,854 0,0016 2,328
8000 8,987 0,0016 2,335
9000 9,105 0,0016 2,24
10000 9,210 0,0016 2,348
15000 9,616 0,0016 2,423
20000 9,903 0,0016 2,476
25000 10,127 0,0016 2,517
30000 10,309 0,0016 2,551
35000 10,463 0,0016 2,579
40000 10,597 0,0016 2,604
45000 10,714 0,0016 2,626
50000 10,820 0,0016 2,645
55000 10,915 0,0016 2,663
60000 11,002 0,0016 2,679
65000 11,082 0,0016 2,694
70000 11,156 0,0016 2,707
75000 11,225 0,0016 2,12
80000 11,290 0,0016 2,132
85000 11,350 0,0016 2,743
90000 11,408 0,0016 2,754
95000 11,462 0,0016 2,764
100000 | 11,513 0,0016 2,773
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VII. Built up Test in fracture-porous media. Afterflow

Solution

P(r,t) 1 1 . 2.25¢"

Int + In—; (87)
—q(t) 4ne, 4ne, r,
We choose 2 points:
SR(r,.t) SR(r,,t)
X =Int,,y, = and x, =Int,, y, = (88)
' Qo _q(tl) ? 2oz Q q(t )
and calculate
1
a= 89
4, (89)
1 , 225y
b= I , 90
Ame, I’ (%0)
1
= 91
“1 4na (1)
Y 1 b
A~ ex 92
r: 225 p(aj (92)

t,t, >10000s.
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Task VII-1.

t,s Int | Qo m% | q(t), m¥ | 5P, MPa
0 0,0024 0,0024
10 2,303 0,0024 0,002395 0,0051
20 2,996 0,0024 0,00239 0,011
30 3,401 0,0024 0,002386 0,0172
40 3,689 0,0024 0,002381 0,0236
50 3,912 0,0024 0,002376 0,0302
60 4,094 0,0024 0,002371 0,0368
70 4,248 0,0024 0,002367 0,0436
80 4,382 0,0024 0,002362 0,0504
90 4,5 0,0024 0,002357 0,0572
100 4,605 0,0024 0,002352 0,0641
300 5,704 0,0024 0,00226 0,2075
400 5,991 0,0024 0,002215 0,2806
600 6,397 0,0024 0,002129 0,4267
800 6,685 0,0024 0,002045 0,5711
1000 6,908 0,0024 0,001965 0,7127
2000 7,601 0,0024 0,001609 1,3675
4000 8,294 0,0024 0,001078 2,4045
5000 8,517 0,0024 0,000883 2,8047
10000 9,21 0,0024 0,000325 4,0265
20000 9,903 0,0024 4,40E-05 4,7875
30000 10,309 0,0024 5,95E-06 4,9933
40000 10,597 0,0024 8,05E-07 5,0955
50000 10,82 0,0024 1,09E-07 5,168
60000 11,002 0,0024 1,47E-08 5,2262
/70000 11,156 0,0024 2,00E-09 5,2753
80000 11,29 0,0024 2,70E-10 5,3178
90000 11,408 0,0024 3,66E-11 5,3552
100000 | 11,513 0,0024 4,95E-12 5,3888
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VIII. Multiple pulse test in fracture-porous media

Parameters
L4 e, P,Q.T,S,
B:X_*: b
X1 TTT
- -2
5 . ZHSQPS
X
D=|= |[L—exp| ——=—
EILNC J1+tan’(3)
Calculate:
1 [1-D?
T, 121_— and Tz—g Y~
Task VIII-1.
T,s 3600
¥y 7, st 40
xl/rf,S'l 50

g, m*/(Pa-s) 3,00E-10

P, Pa 3000000
Qs, m3/s 0,001
o, rad 0,22
®, rad/s 0,001745
tan(d), rad 0,2236
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Task VIII-2.

T,s 3600
X*/I‘C2 st 45
X, /17, st 55
g, m*/(Pa-s) 3,20E-10
Ps, Pa 3100000
Qs, M¥/s 0,0011
o, rad 0,225
o, rad/s 0,001745
tan(d), rad 0,2289
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