MUWHUCTEPCTBO HAVKH U BBICIIIETO OBPA3OBAHMS POCCUICKOIA
®EJIEPALINN
d)e;[epaﬂbHoe rocyaiapCTBECHHOC aBTOHOMHOC 06pasoBaTeanoe YUPCIKACHUC

BBICILICTO 00Pa3OBaHMUs
«CEBEPO-KABKA3CKNU ®EAEPAJIbHBIN YHUBEPCUTET»

MeToan4yeckue yKa3aHUs M0 BBINOJHEHHIO JIA0OPaTOPHBIX padoT
no auctuiuinae I'mapaBinka u HepTerazoBasi rTHAPOMeEXaHUKA

Hanpasnenue noaroroBku 21.03.01 Hedreraszonoe aeno

Hamnpasnennocts (podusib) JKemiyaTanus 1 00CIykKuBaHue 00beKTOB
A00bIYM HepTH

®opma 00yueHust O0YHAasl, 0YHO-3204YHAas

['ox Hayana oOyueHus 2026

Peanmsyercs B 3,4 cemecTpax



COIEPKAHUE
[Ipaktrnueckoe 3ansatue 1 3akoH [lapcu, rpaHuibl MpUMEHNMOCTH 3akoHa lapeu ... 4
[TpakTrueckoe 3austue 2 [IpsmonuHeitHo-napasuieabHas GUIbTpaIys KUIKocT 15
[IpakTryeckoe 3ansaTve 3 BnusHue GUibTpaliioOHHBIX CBONCTB MPU3a00MHOM 30HBI
IIJJACTA HA MMPOU3BOJUTEIIBHOCTD CKBAMKHHDBL . ......vvieiurrieeisrriessirenesssreeesssnenesssnesssnneenns 19
[TpakTrueckoe 3ansTue 4 Pacy€r GpuapTpallnOHHBIX TOTOKOB ITPH HEJTUHENHBIX
BAKOHAX (DHITBTPALIMM «..vvvveerereesureeasseeaneeessneessneessnesaneeenneeesnneessneeanneseneeennneennneennnenas 24
[Ipaktrueckoe 3aHsaTHe 5 Y CcTaHOBUBIIASACA (PUIIBTPALIUS PEATBHOIO Ta3a ............. 31
[Ipaktrnueckoe 3ansaTre 6 OnpeneeHne OCHOBHBIX XapaKTEPUCTUK
MJI0CKOPATUATBHOU (DUITBTPALUS HHUIKOCTH «..vevvveeeneeeesneeesnneessnesssnesanesensneessneesnnenss 34

HpaKTI/I‘-ICCKOG 3aHATUEC 7 HJIOCKOpaI[I/IaJIBHaH q)HHBTpaHI/I}I ra3a B IIOPpOBOM INIACTC

................................................................................................................................... 37
[Ipaktrnueckoe 3anstue 8 [1nockas paauanbHas HEIUMHEHas GUIbTpALUs
D3 4% 01 100 164 N % UUTTT ST 38
ITpakTueckoe 3ansaTue 9 OnpeneneHue napaMeTpoB ra3oBoro ImjacTa npu
YCTAaHOBUBLIUXCS PEKUMAX HETTMHEUHOU (DUITBTPALIMI. ....c..eveeeveeenreeeneeesnneesnneesnneens 41

[Tpaktrueckoe 3anstre 10 OnpeneneHue OCHOBHBIX XapaKTEPUCTUK (PUIIbTpAIUU K
TUIPOAUHAMUYECKH HECOBEPIICHHOU CKBAMKIHE ......evveeeessneireeeessnnreeeesssnnnnneesssnneeess 45

[Tpaktruueckoe 3anstue 11 Henuneitnas puibTpaiius K HECOBEPIIEHHHON CKBAKUHE

[Ipaktruueckoe 3anstue 12 Pacuér nebura 0atapeu, cocTose u3 naTu HeTAHbIX
CKBQKHH C ITOMOILBIO METOJA CYTEPIIOBHIIMM ....vvevieeresssreessseeenneessneessnesssnesssnesenns 52
[Ipaktuueckoe 3anstue 13 Ilnockue HeogqHOMEpPHBIE GUIBTPALIMOHHBIE TOTOKU K

O a2 (3705 .Y PP S7
[TpakTrueckoe 3austue 14 Ilnockue HeogqHOMEpHBIE GUIBTPALIMOHHBIE TOTOKH K
CKBAKUHAM KPYTOBOTO THIACTA c....cveeureeesnreeesssseesssnsesssssnessssnesssansssssnnesssnnnssssnnsessnns 60
[TpakTrueckoe 3austue 15 Ilnockue HeogHOMEpHBIE QUIBTPALMOHHBIE TOTOKHU K

CKBaXXHMHaM I1JIaCTa C HCIIPOHULIACMBIMHU I'PAHUITAMHU ......ccviviiiiiiiiinsienasaesesasansanaaaaes 63



[TpakTrueckoe 3austue 16 Pacuér punbTpalimoOHHBIX TOTOKOB IO OCHOBHOM
(OPMYIIC TEOPUH YIIPYTOTO PEIKIMA. ... veveenreesreeteessressreasseesseesseesseessnessnesssesssessseens
IIpaktrnueckoe 3anatue 17 OnpeneneHue napaMeTpoB IUIACTA IIPU YIIPYTOM

017 87 1Y (TP UPP PP PSR



IIpakTuyeckoe 3ansitue 1 3akon Jlapcu, rpaHMIbI MPUMEHUMOCTH 3aKOHA

Mapcu

3adaua Nel. Onpenenuts KO3PPUIUESHTH! PUIBTPALIMHA U TPOHUIIAEMOCTH IO

JdaHHBIM, IIPUBCIACHHBIM B Ta6J'II/IH€

JlaHo:

HaunmenoBaHue 3HayeHue
1.ITnomanp MOIIEPEYHOr0 CCUCHMUS TOPU30HTAIBHO
PAacIOJI0KEHHOT0 00pa3la necyanuka, F, cm? >0
2. lmuna obpasma, L, cM 6
3.Pa3HOCTh maBieHWil Ha BXOJAE XUAKOCTH B oOpasel M Ha
BBIXOJIE, AP, aT 0
4.V nenbHbliA Bec KUAKOCTH, ¥, KI'/M> 1000
5. Iunamuyeckuid KO3QPUIUEHT BA3ZKOCTH, L, CMI3 2,5
6. Pacxon, Q, n/gac 2

Haiitu: c, k
Pemenue:
1) IlepeBoaum nanubie B cuctemy CU:
HaumenoBanue 3HaueHne @)%
1. F, M? 50*%104 0,005

b

2.L,m 6*1072 0,06




3.Ap, I1a 0,5*10° 50000
4.y, Kr/M?*c? 1000*9,81 9810
5. u, IMa*c 2,5%10°3 0,0025
6. Q, M/c 2*10%/(60*60) 5,55*107
2) 3anwmmeM 3akoH J[apcu B 001IeM BH/IE:
_ HiHy o ky Hi—Hp — p
Q=c ; F_u ; F, r,qu-z+y (1.1)

3) 3amumieM 3akoH Jlapcw ¢ yd4eToM TOrO, 4YTO OOpasel, pacloOkKeH

TOPU30HTAJIBHO, T.C. Z = 0:

_ iy P =P2y) _ kAp
ol Mp o g=kep (1.2)

Q

4) U3 dopmynsr (1.2) BelpakaeM kodpduuueHT mnpoHumnaemoctu (K) u

IIoACTaBUB JaHHBIC U3 Ta6J'II/II_[I>I paCCUUTBIBACM!

__ QuL _ 5,55¥1077%0,0025%0,06
© ApF 50000%0,005

k =333+10"8m2  (1.3)

5) BamnuireM popmyay koddduimenta GpuiabTpanuu (C) U MOACTABUB JTaHHBIC

paCcCUHUTBIBACM:

k 3,33x10713x9810 _
c= Iy = ooz = 133+107°M/  (14)

k=3,33*10m*=0,33 napcu,



c=1,33*10"°m/c.

3aoaua Ne2. OnpenenuTb CKOPOCTh GUIbTpAuu U U CPEAHIOI0 CKOPOCTh ABUKECHUS
W HE(TH Y CTEHKH TUIPOINHAMUYECKH COBEPIIICHHOW CKBAKUHBI M HA PACCTOSTHUHN

OT CKBAJKUHBLI 110 IdHHBIM, ITPUBCACHHBIM B T3.6J'II/IH€Z

JlaHo:
HanmMenoBanue 3HaueHue
1. Pagmyc ruapoquHaMAYECKA COBEPIICHHON CKBAKUHBI, I¢, CM 10
2. PaccrosiHM€ OT CKBaKUHBI, I, M [E
3. MorHocCTh iacta, h, M 10
4. Tlopuctoctb mopoasl, m, % 12
5. Huuamuueckuit K03PPUIUEHT BA3KOCTH, L, CII3 2,9
6. MaccoBsbIit 1eOUT cKkBakuHbI, G, T/CyT 50
7. IInotHOoCTh HETH, P, KI/M> 850
Hatitu: U, w
Pemenue:
[TepeBonum nannbie B cucteMy CHU:
HaumenoBanue 3HaueHne Ccu
1. fowM 10*10° 0,1
2. M 75 75
3. h, M 10 10




4. m, ne. 12 0,12
5. u, a*c 2,5*10° 0,0025
6. G, kr/c 50*103%/(60*60*24) 0,579
7. p, kr/m® 850 850

3anuiiem GopMyIily MaccoBOro aelura:

G=p-Q (21)
C YYCTOM TOTI'O, YTO:

Q=u-F (2.2),

r7ie U — CKOpocTb GuabTpanuu GpJarounaa:

u=m-w (2.3)
F —1muto1a s OMEepeyHOro CEYeHUs MOPOIbI Yepe3 KOTOPYIO (GUIBTPYyeTCs
bmron;
F=2-m-h-r (2.4)

orcioma G=p-u-2-mw-h-r (2.5)

N3 popmynsl (2.5) BeipakaeMm ckopocTh puiibTpanuu (U) ¥ MOJCTABUB JAHHBIE U3
TaONMHIBl  PAcCCYUTHIBAEM  CKOpPOCTh  uibTpamuu  Gaouga y  CTEHKH
TUJIPOJMHAMUYECKH COBEPILIEHHOM CKBaXMHBI (U1) CKOpOCTh (punbTpauuu irouaa

Ha PaCCTOSTHMU OT CKBaXXHHBI (Uy):

(2.6)

o p2:mr-h



_ 0,579
©850-2-3,14-10-0,1

Uq = 0,000108 m/c.

0,579

- = 1445-10~7 m/c.
850 2314 10 75 44> 1077 m/c

Uy

N3 dopmynsl (2.3) BelpakaeM CpPeAHIO CKOPOCTh (huiibTpanuu (W) U MOJCTAaBUB
JaHHBIE U3 TAOJMIBI PACCUUTHIBAEM CPEIAHIOI0 CKOPOCTh (uibTparuu ¢uonaa y
CTEHKHU THUAPOJMHAMUYECKH COBEPILIEHHOW CKBa)XMHBI (W1) CKOPOCTh (PUIBTpALUU

¢IronIa Ha PaCCTOSIHAM OT CKBAXKHHBI (W5):

u
= 2090198 _ 4000903 /
Wl - 0’12 - Y M/ C.
1,445-1077 e
Wy = 55— = 1204107 m/c

3aoaua Ne3. Onpenenuts NPOHUIIAEMOCTh K ¥ TOUKy, B KOTOPO# HapylIaeTcsi 3aKOH
Hapcu (T.e. paccuuTaTh CKOPOCTh (PuibTpaluu U) MpU IUIOCKO — paardaibHOM

TedeHuu ¢ronaa (HeTH) Mo JaHHBIM, TPUBEJICHHBIM B TaOIHUIIE:

JlaHo:
Haumenosaunue 3HaueHune
1. Paanyc rugpoiMHAMUYECKH COBEPIICHHON CKBaKUHBI, ¢, CM 10
300

2. Paguyc xoHTypa nutanus, Ry, M




3. MommHocTs miacra, h, m 10
4. Tlopuctocth mopoasl, M, % 10
5. Jlunamuueckuil KO3pPUIUEHT BAZKOCTH, |1, CII3 2,5
6. MaccoBblit 1eOUT CKkBakuHBI, G, T/CyT 50
7. TlnotHocTk HedTH, P, KI/M 850
8. IlnacroBoe maBnenue, Py, at™ 250
9. JlaBneHue Ha 3a00€ CKBaKUHBL, P,, aT™ 100

B pemiennn ucnonb3oBats unciio Re mo gpopmyne M. JI. MuunoHIukoBa u

3a Re,p, B34Th BepxHee 3HaueHue Re,, = 0,29.

Haiitu: k, u

Pentenue:

1. TlepeBoaum nanubie B cuctemy CHU:

HanmenoBanue 3HayeHue Cn
1. re, M 10*10° 0,1
2. Ry M 300 300
3. hym 10 10
4. m, n.e. 12 0,12
5. u, IMa*c 2,5%10° 0,0025
6. G, kr/c 50*10%/(60*60*24) 0,579
7. p, kr/m® 850 850




8. P. Il 250 250%10°

9. P. Tl 100 100*10°

2. 3ammiieMm YPaBHCHHUC IIPHUTOKA IJIA IINIOCKO — PaaAvaJIbHOI'O TCUCHUSA (1)JII-OI/I,ZI8,

(cootHomeHue J{romron):

Q= 2mhk 1, (3.1)
u
AP, _
rneal =——; . =—
Inr, T
3. 3amumem GopmMyay MaccoBOro aeduTa:
G=p-Q (32

4. U3 dpopmynsr (1.2) BeipaxkaeM o0bemMHBIN Aeout (Q) U MOACTaBUB JTaHHBIE U3

Ta0JIMIIBI PACCUUTHIBAEM:

Q=- (3.3
_0579 0,00068 M3/
Q= ggo = O M3 /cek.

5. U3 cdopmynsr (3.1) Bepaxkaem npoHuniaeMocth (K) M MOACTaBUB JaHHBIC W3

Ta6JII/II_[I)I paCCUUTBIBACM

fo = LB (3 )

"~ APp2mh



0,00068 - ln%- 0,0025

~ (250 —100)-105-2-3,14- 10

k =1,45-10"1*m?

6. 3amumem popmyny M.J[.MuimoHmuykoBa:

Re = Yopvk/m (3.5)
U

rme w=1uy,=4mn

7. W3 dhopmynsl (1.7) Belpaxkaem cKopocTh (pruibTpanuu ¢urouga (U) U NOJCTaBUB

JaHHBIC N3 Ta6JIHI_II>I PaCCYHUTBIBACM:

Rey,m>p

u=— "7 (3.6)

_0,29-0,125-0,0025
850 /1,45 10-14

u

3anaya Ne4. OnpenenuTh UMEET JIM MecTO QuibTpauus no 3akoHy Jlapcu B
npu3ab0MHOM 30HE MO JIAHHBIM, IPUBEJACHHBIM B TaOIHIIE:

Jano:

Haumenosaunue 3HaueHne

1. Paguyc ruapoquHaMUYeCKi COBEPILIEHHOW CKBAXHUHBI, I¢, CM 10

2. JleOuT ra3oBoil CKBaXXHHbI, MPUBEACHHBIN K aTMOC(hepHOMY 200-10°

JABIEHHIO TIPH ILIACTOBOM Temmepatype, Qun,M/CyT

3. MomHocTts miacTta, h, m 10




4. Tlopucrocts nopoasi, M, %

12

5. KoadduimeHT nporuiaeMocTs mopoasl, K, 1 0,3
6. AOcoaroTHOE AaBJICHHE Ha 3a00€ CKBaXKUHEI, Pc, aTmM 80
7. CpenHuii MOJIEKYJISIpHBIN Bec raza, M 18
8. Junamuueckuil KOAPGUIUEHT BSI3KOCTH B IIACTOBBIX 0,012
YCIIOBHSIX, |, CII3
9. Temmneparypa miacra, T, °C 45
B pemennn ucnonb3oBats popmyny [lenkauéna.
Haritu: k, u
Pewenue:
1. IlepeBoaum nanuwie B cuctemy CU:
HaumenoBanue 3HaueHHne cu
1. ro ™ 10 0,1
2. Qum, MY/C 200-103 2,315
3. h, M 10 10
4. m, n.e. 12 0,12
5. k, M2 0,3 0,3-1012
6. Pc, Ila 80 80-10°
10. M 18 18
11. p, Ma-c 0,012 0,012-1073




12.T. K 45 45+273=318

2. Ha ocHoBaHMu 3akoHa ABOTagpO MOXHO ONPEIEIHUTH IUIOTHOCTh Ta3a MpH

HOPMAJIBHBIX YCIOBHUAX (Po), T.€. mpu To=0°C u naBnenun B Po=1,033 aTm:

M
Vu

18
= ——=10,804 kxr/m3

Po = 22.4

y.

. U3 ypaBHeHus cocTtosgHMA HueanbHOro rasza Kianmepona — MeHnneneeBa mmpu

ITIOCTOAHCTBC COCTaBa rasa:

= const

©
N
~

U IIPH YCJIOBUSIX Ha 3a00€:

_po-To- P 0,804-273-80

= = 53,3 3
T-P, 318 - 1.033 Kr/m
. CxopocTh (punbTpaiu npu ycIoBUsIX Ha 3a00e€:
m " Parm 2,315-1,033
U, = Ca 2 = 0,0051M/c

~2mr.-h-P, 2-314-0,1-10-80

. Ilo dpopmyne lenkaueBa paccuntaeMm uuciio PeliHonbaca Re u cpaBHMM ero c
KpuTndeckuM 3HauenueM (Re,=1-12, ecau nonyuennoe snauenue Re borvute 12,

mo 3axou /lapcu napywen):

10-u-p-vk
= mz3 -

Re =17,74.



Ha ocHOBaHMM MOJIyYEHHBIX JAHHBIX MOXHO CHENaTh BEIBOJ O TOM, YTO MPHU
CKOpoCTH (UIIbTpalluK Ha 3a00¢ ckBakuHbI paBHOM 0,0051 M/c — 3akoH [dapcu

HapyLIEH.



IIpakTnueckoe 3ansaTue 2 [ipamMonuHeiiHo-napaiielbHas puiabTpanus
KHAKOCTH

Ileap pabOThl — MOATBEPKIEHUE NPABUIBHOCTU BBIBEIECHHBIX (OPMYT |,
HAaXOXXJEHUE BEJIMYMH T[apaMeTPOB, XapaKTEePU3YIOUUX (UIBTPAIUI0 B
HEOJHOPOHOM I10 IIPOHUIIAEMOCTH IIACTE.

OnHOMEpPHBIM Ha3bIBAETCS TOTOK, B KOTOPOM IapaMeTpBhI ABIISIOTCA PYHKIMEH
TOJBKO OJHOM IIPOCTPAHCTBEHHOW KOOPJAMHATHI, HAIIPABICHHOW MO JIMHUM TOKa. K
OJTHOMEPHBIM II0TOKaM OTHOCSTCH:

1) NpAMOJINHEMHO—TIAPAIIIETbHBIN:

2) TWI0CKOPaIHAIbHBIN;

3) paananbHO—C(hHEepUUECKUN.

B npsmonuHenHO-n1apauIeIbHOM IIOTOKE TPACKTOPUHM YaCTULl KUIAKOCTH -
napajuleJibHble TpsSMblE, a CKOPOCTH (QWIbTPAMM BO BCEX TOYKax JIOOOro
MONEePEeYHOro (MEPNEeHIUKYJISPHOrO K JIMHUSAM TOKA) CEUEHHUS MOTOKA PABHBI MEXIY
c000ii, MOBEPXHOCTU PABHBIX MOTEHIMAIOB (KBUIIOTEHIIUAIbHbBIE TOBEPXHOCTH) U
MOBEPXHOCTU PABHBIX CKOPOCTEH (M30TaxM) SBISIIOTCA IUIOCKUMH IOBEPXHOCTIMHU
NEPHEHANKYJIIPHBIMU TPAEKTOPUSM. 3aKOHBI JIBUKEHHS BJIOJb TPACKTOPUN TAKOIO
(GUIBTPALIMOHHOTO NMOTOKA WACHTHYHBI, a IOTOMY JAOCTATOYHO U3Y4YUTh JBHXKEHUE
BJIOJIb OTHOW U3 TPAEKTOPUH, KOTOPYIO MOKHO MPHUHSATH 32 OChb KOOPJIAUHAT X.

B npoaykTHMBHBIX IUIaCTax B PA3IMYHBIX TOYKaX IPOHULIAEMOCTH HE
onuHakoBa. Ilpy MenkoMacmITaOHOM XAaOTHYHOM HW3MEHEHUH (PUIbTPALIMOHHBIX
XapaKTEPUCTHK IO TUIACTY IUIACT CYUTAETCS B CPEAHEM OAHOPOIHO-TIPOHUIIAEMBIM.

[Inact Ha3pIBaeTCsI MaKpOHEOAHOPOJIHBIM, €CIU €ro (UIbTPALMOHHbBIE
XapaKTEPUCTUKU (IIPOHUILIAEMOCTh, MOPUCTOCTh) 3HAYUTEIBHO, CKAuKOOOpa3HO
OTJIMYAIOTCA B Pa3HBIX 001ACTAX.

Paznuyaror cienyromuye Buabl MAKPOHEOJHOPOAHOCTH:

a) Cioucrasi HEOJTHOPOJHOCTh (MHOTOCIOMHBIH IJIACT), T.€. HEOAHOPOIHOCTh
no ToamumHe Imacra. IIpeanomaraercs, 4YTO  IPOIUIACTKHA  Pa3lENICHbI

HCTIPOHUIACMBIMHU I'PaHUIAMHU — T'HAPABIMYCCKHU U30JIMPOBAHBI, 0o YUHUTBIBAOTCA



MEPETOKA MEXIYy CIOAMU PA3JIUYHOM MOPOHULAEMOCTHU TUJPABINYECKH
cooOIIaronecs; B mpeneiaax Kaxaoro MporiacTka (uiIbTpalliOHHbIE MapaMeTphl
MTOCTOSIHHBI, @ Ha TPAHUILIE COCETHUX OHHU MPETEPIIEBAIOT CKAYOK.

Ecnu Teyenue nmoTeHUMANBHO, TO MOJIHBIA JEOUT IJIacTa OMpeNesaeTcsl KaK
cCymMMa JeOMTOB BCEX NPOIUIACTKOB. [IpM mpakTHUeCKUX pacuerax yKa3aHHBIN
MHOTOCJIOMHBI TUTACT MOXHO 3aMEHUTh KBa3WOJAHOPOJIHBIM C 3(PGhEeKTUBHOM

IIPOHUL[AEMOCTBIO:

_ykh
S
rae ki , hj — nponummaemocTs W 3(QeKkTUBHAS TOJIKMHA I-TO TpoIulacTka, h—
s pexTrBHAS TOIIIMHA BCETO TUIacTa.

0) 3oHaNbHAS HEOAHOPOHOCTD — TUIACT I10 IO COCTOUT M3 HECKOJIBKUX
30H C pa3IMYHbIMH (PHIBTPAIIMOHHBIMH ITapaMeTpaMy, Ha TpaHUIAX KOTOPHBIX
TIOCJICTHIE MEHSIOTCS CKauKO0Opa3Ho.

CornacHO ypaBHEHHIO HEPa3pbhIBHOCTH MAaCCOBBIH JEOWT B KaXKJOW U3 30H

HEOJHOPOJHOTO TIJIacTa MOCTOSHEH W PaBeH MpU MPSMOJUHEHHO-TIapaIIeIbHOM

IMOTOKC:
G gy P % _Bholp, -
2 / )3 /
rac B - IIpHHA I1J1acTa, Ii — HPOTAKCHHOCTD | — Ol 30HBI , IPOHULACMOCTD B

KOTOpOI TIOCTOSTHHA M paBHa Ki , ¢ = In’l pdp, i=1,...,n; N— YucIo 30H.
MaccoBslii 1e6uT (haronaa, MPOXOIAIINI Yepe3 BeCh IiacT (o Beei amuHe L,
paBHOI CyMME y4acTKOB , AyinHaMH |j) BeIpasuTcs Tak:
G= Bhk P — P, — Bhkp(px - pc)
L nL

CpaBHuBas aBe nocieaaue GopMyIbl, HAXOIUM BBIPAKEHHE JIJISl CpETHEH

MMPOHHULIACMOCTH HCOAHOPOIHOIO IIJIaCTa, paCCMAaTpUBACMOI'0 KaK OI[HOpOI[HI;Iﬁ

__ L
=,

N3mepsitor maccy npoduasTpoBaBIieiics Boapl M 1 M TETbHOCTh

[IpoBeneHne 3aMEpOB 1 BBIYNCICHAN

POBEJCHUS OMbITa t. 3aTeM BBIUKCIISAIOT BEIMYUHY MaccoBoro aeouta G =M/ t.



3amepstoT JIMHBI 30H IpoHuIiaemoctei |,z |3 1 Benmmaunb! aBenuii B Havase
IIEPBOX, BTOPOH U TPETHEH 30H Py, P2, P3, @ TAKKE B KOHIIE TPETHEN 30HBI p.. 110
MOJIYYEHHBIM PE3yJIbTaTaM 3aMepPOB UYEPTST «JIOMaHbIN rpaduk» U3MEHEHUs
JIaBJICHHS B 3aBUCHUMOCTH OT JIJIMHBI T1acTa.

BpIauciAr0T BEIMYMHBI TPOHUIAEMOCTEN ITEPBOM, BTOPOM U TPETHEN 30H
iacra

k

- Gl K, = Gnl, y = Grl,
Bho(p, — p,) Bho(p, - p3) Bho(ps - P, )

Haxopnsat BenmmunHy cpeaHel MpOHUIIAEMOCTH IUIACTA, PACCMATPUBAEMOI0 KaK

OI[HOpOI[HBIﬁ 110 ITPOHUIIACMOCTH

K= |L |
hol fs
k1 I(2 k3

[To pesynpTaTam MpoBeACHHON PabOTHl HEOOXOIMMO CJIeNaTh BBIBOJBI O
pacIpeneeHuy JaBJI€HUsT B HEOJHOPOAHOM II0 MHPOHUI[AEMOCTH IUIACTE MPHU
NPSAMOJIMHEUHO-TIapaJUIEIbHOU  (QPUABTpAIlUM, O COOTBETCTBUU MOIYUYEHHBIX

PE3YIAbTATOB OIIBITOB TCOPCTUYCCKUM (bOpMYJ'IaM.






IIpakTHyeckoe 3anaTHe 3 Bausnue GuIbTPAHOHHBIX CBOIMCTB NPHU3a00iHOIM

30HBI IJIACTA HA NPOU3BOAUTE/IbHOCTD CKBAKUHbI

PaccmarpuBaeTcst oJHOMEPHBIH MIIOCKOPAIUATbHBIN (PUIBTPAIMOHHBINA TOTOK
HEC)KUMAEMOU KUJAKOCTH. [11acT COCTOUT U3 ABYX 30H Pa3MyHON MPOHUIIAEMOCTH:
nepBass 30Ha (mpu3aboilHas 30HAa IUIaCTa) OrPaHUYEHA IUIMHAPUYECKUMHU

IMOBCPXHOCTAMU HA PACCTOAHUU ¥, U r; OT OCHU CKBAKHWHBI, BTOpAs 30HA OTpaHUYCHA
ONWIMHAPUYCCKUMHA IIOBCPXHOCTAMHU HA PacCTOAHUMU r, H Rk OCH CKBaKHHBI.

PaccuuTaTh cienyromue XapakTepUCTUKU (PUIBTPALIMOHHOTO MOTOKA!

1. Cpennee 3HaueHne ko3 uLneHTa NPOHUIIAEMOCTH B IJIACTE.
2. Pacnpenenenue naBienus B 1-0i u 2-0if 30Hax miacta (0T », 70 10 m).
3. Pacnpenencnue rpaanenTa nasieHus B 1-o0i u 2-0if 30Hax 1wracta (ot r, 10 10

M).

4. Pacnpenenenue ckopocTH GuiabTpanuu B 1-0if u 2-oii 30Hax miacrta (0T r, J0

10 m).

5. JleOUT CKBa)XKHMHBI.
6. KoadduimeHT npo1yKTUBHOCTH CKBaXKHUHBI.

Paccuutarh 3Hauenue neburta npu ki= 0.1 * Ky (CHmKEeHHE TPOHUIIAEMOCTH
npr3a0orHOM 30HKI), TpU k1= Ko (IpOHUIIaeMOCTh MPU3a00HHON 30HBI COBMAIACT C
MPOHUIIAEMOCTBI0  OCTAJIBHOTO  IJIACTA), npu  ki=10* K, (moBbIIeHHE
MIPOHUIIAEMOCTH TIPU3a00IHOM 30HbI), CPABHUTH MOJTYYEHHBIC 3HAYCHUS ICOUTOB B

a0COJIIOTHOM H IMPOOCHTHOM COOTHOIICHHWH.

[Toctpouts rpaduk H3MEHEHHS Je0UTa CKBAKHUHBI TMPU BO3PACTAHUHU

ko3¢ duUIMeHTa MPOHUIIAEMOCTH B repBoii 30He oT 0.1* Ky 10 10 * Ko,

HcxonHbie naHHbIe 115 pacuéra:



ki = 02| A
ko = 1.0 4
h= 10 | m
I CKB.= 10 | c™m
rl1= 3|m
Rk = 10 | km
m= 0.2

Ho= 4 | cIl

JlaBlieHre Ha KOHTYpE U Ha 3a00¢e

ckBakunbl, MIla (o Bapuantam)

P cks.
Pk
6.86 | 7.35 | 7.84
8.82 1 2 3
9.80 4 5 6
10.78 7 8 9

Bapuant 10 = Bapuanr 5, Rk=8kxm

Bapuant 11 — 20 = Bapuant 1-10, npu k, = 0.8 /1.




Bapuant 21 — 30 = Bapuant 1-10, nmpu ko = 1.2 /1.
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[Tpumeps! rpadukoB 3aBUCUMOCTEN IpUBEIEHBI HA pucyHKax 4.1 —4.5.
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IMpakTuyeckoe 3ausatue 4 Pacuér puiabTpaniMOHHBIX OTOKOB MPH

HeJIMHEHHBIX 3aK0HAX puiabTpaumuu

[IpuBeném TeopeTUuecKue CBEICHUS O HEIMHEWHBIX 3aKOHaX GuiabTpanuu. B
00JlacTU HapyIIeHUs BepXHEW IpaHUIlbl 3akoHa Jlapcu uibTpaiysi OMMChIBACTCS

ypaBHEHUEM:

%:Qu+bu2, (1.1)
dr k

_Bp
rae b K

Hecxxkumaemasi ;KUAKOCTHb B Hege()OPMHUPYEMOM ILIACTE
Bripazum ckopocTh (GuUIbTpauu i ciydas IUIOCKOPAJIUabHOTO TEYCHHS
yepes JeOuT:

u=Q/ (2xrh).

C yuetom atoro (1.1) 3anuimiercss B BUJE:



B sTOoM BhIpaxeHuu, pasuensis NepeMeHHbIe U UHTErpupysa MO paauycy oT I
10 R« m o maBnenwuro ot p 110 p« , a, BO BTOPOM ClIy4ae — o paguycy ot I. 10 R u
M0 JABJICHUIO OT p. JO Py , NOIyduM GOpMyidy ISl pacupenesieHus JaBJICHUS B

I1acTe:

~ Qp, R Q% (1 1
P = D 27zkh|n : (27Zh)2(r R J (1.2)

K

Kpusas pacnpenenenus aasienus (1.2) — runepbosa 1 BOPOHKA AEIPECCHH —
runep6oia BpaiieHus. KpyTusHa BOPOHKH JETIPECCUM Y CTEHKH CKBA)KUHBI OyZeT

OO0JBIIE, YEM Y YUCTO JIOTAPU(PMHUUECKON KPUBOM MPU TEUEHHUH 110 3aKoHY Jlapcu.

I[JI?I BBIPAKCHHA I[C6HTa CKBA’XUHBI 3aIITMIIICM:

Qn , R. Q% (1 1
—p =T nx 4y < | =~ | ,

C K

JleOuT HaXOUTCS KaK MOJOKUTETBHBIN KOPEHb KBapaTHOTO yYpaBHeHus (1.3).

W3 Hero BUAHO, YTO MHAUMKATOPHAS JIMHUA ABJISIETCS Mapa0OoJIon.

HNpeanbHblii ra3 B HegeopMupPyeMoOM ILJIacTe

Bripazum ckopocTh depes npuBenEHHbBIN 00BEMHBIN pacXo/I:;

G pCWlQCWl — Qcm pcm

u= = DothD (1.4)
Pem
[ToacraBuB Boipaxkenue (1.4) B (1.1), Haxonum:
d_p _ N Pem n Pcm pcmﬂ ng (1.5)

dr  2zkhpr ~ " 472h? .k pr?
Pasfenus nepeMeHHbIe, U, IPOMHTEIPUPOBAB B NIPEAENIaX OT p 0 P ¥ OT I 10

I, IMEEM:



2 2. Mp F PemPemB ~2 (1 1
— p2 M Pem In— 4 FemPemb - 1.6
Pr=per— Qem e o i Qim - (1.6)

Pacnpenenenne naenenus mo (1.6) orimyaercs ot pacupeneiaeHus AaBiICHUs
no 3akoHy Jlapcu HajgMuuMeM NOCJIETHEro 4jeHa, YTo BeJAeT K 0ojee pe3KoMmy
M3MEHEHHUIO JaBJICHUS B TPU3a00MHOM 30HE.

Wuterpupys ypasaenue(1.5) B mpeaenax ot px A0 p. 4 OT R, 10 I¢ ,IOTydnM

BhIpakeHue (mpu npeHeopeskennu 1/R, mo cpaBuenuo ¢ 1/r¢) :

2 2. 1Mp PemPemB A2
. _ : — cm Qcm In_K + cmrem Qcm ’ (1-7)
PemPe =" n r,  27%h2rJk

ninu B O6I]1€HpI/IH}ITOM BUAC:

Koaddummentsr 4 1 B onpenenstoT N0 JaHHBIM HCCIIEIOBAaHUSL CKBAXKUH MPU
YCTAHOBHUBIINXCS PEKUMAX.
3akoH Jlapcu cripaBeIUB MPU COOIIOIEHNUHN YCIOBHIA:
—IIOPUCTAs Cpela MEJIKO3EPHUCTA U TOPOBBIE KAHAJIbI IOCTATOYHO Y3KH;
—CKOPOCTh (PHIIBTPAIIMU U TPATUCHT JTABJICHUS MAJIbI;
— U3MEHEHHE CKOPOCTH GUIIbTPALMH U TPaueHTa JaBJICHHS MaJIbl.
[Ipy mOBBIIIEHUN CKOPOCTH JIBMKEHUS KUIAKOCTH 3aKoH [lapcu Hapymaercs
U3-32 YBEJIMYEHHUs MOTEpb JAaBlIeHUS Ha 3()(PEKThl, CBSI3aHHBbIE C MHEPLUOHHBIMU
CWJIaMH: O0pa3oBaHUE BHUXpPEW, 30H CpbIBA IOTOKA C MOBEPXHOCTH YACTHIL,
TUAPABIMYECKUN yaap O 4acTULBI U T. . DTO TaK Ha3bIBa€Masl BEpXHsSI TpaHUIIA.
Kputepuem BepxHeWl TrpaHUIBI CIPaBEIIMBOCTH 3akoHa Jlapcu OOBIYHO CITYKHT
conocTapiieHue uncia PeitHonbica Re = wapl 77 ¢ ero kputrueckumM 3HaueHuEM Re,,,
MIOCJIE KOTOPOT'O JJMHEWHAS CBSI3b MEXY NOTEPEN HAIlOpa U pacxoAOM HapyIIaeTcs.
B BeIpaxkeHuu i uncna Re: W —xapakTepHasi CKOPOCTb TEUEHUS: a — XapaKTEePHBIH
T€OMETPUUECKUIM pa3Mep MOPUCTOU CPEBL; O — INIOTHOCTD KUIAKOCTU. ImeeTcs psij
IIPEACTABICHUN uncesl PerHonbaca, NOJIyYEeHHBIX Pa3InYHbIMU aBTOPaMU IIPU TOM
WM MHOM OOOCHOBAaHMU XapaKTepHBIX mapameTpoB. Haubosee ymorpeOisieMbl B

MO/I3€MHOM TUpOMEXaHuKe (POPMYIIbI:



a) [llenkauéna:

Re — 10U§)3\/E
m-—n
Kputnueckoe uncino Pelinonbaca Re,=1 — 12;

0) MUJTMOHIITUKOBA:
K
Uop
n

Kputnueckoe uncino Peitnonbaca Re,= 0,022 — 0,29.

Ckopocts  ¢unpTpanuu U, NpU KOTOpPOM Hapymaercsa 3akoH J[apew,
HA3bIBACTCSI KPUTUYECKOM CKOpOoCThiO (unbTpanuu. Hapymienne ckopocTu
bunbTpaui HEe O3HAYAET MepPexo/ia OT JAMUHAPHOIO JABUKEHUS K TYpOYJICHTHOMY,
a BBI3BAHO TEM, YTO CWJIbl HHEPLUHUH, BO3HUKAIOIIME B MXKUJIKOCTH 3a CUET
V3BWIMCTOCTU KaHAJOB M M3MEHEHUS IUIOLIAJN CEYEHUS, CTAHOBATCS MpU U > Uy,

COU3BMCPHUMEI C CUJIaMH TPCHUA.

[Ipu 06paboTKe 3KCIEPUMEHTAIBHBIX JAHHBIX JJIs1 ONPEACIICHUS] KpUTUUECKON

CKOPOCTH TOJIB3YIOTCS Oe3pa3MepHbIM napamerpoM Japcu:

Da—u.%— urL

B A% T k-Ap’

NpeaACTAaB/LAIOIMUM OTHOIICHHUC CHJI BA3KOI'O TPCHHA K CHIIC HAaBJICHUA. B oOmactn

nercTBus 3akoHa Jlapcu maHHBIM mapameTp paBeH | M yMEHbIIAETCS IIPU

IMPCBLIMICHUH YU CJIIOM Re KPUTHYCCKOI'O 3HAYCHMA.

3akoH Jlapcu MOXKET HapylIaThCsl ¥ ITPU OYEHb MAJIIX CKOPOCTAX (PUiIbTpanun
B IIPOLECCE HAayaJla JBW)KECHUSA XUIAKOCTH W3-3a NIPOSBICHUS HEHBIOTOHOBCKUX
PEOJIOTUYECKUX CBOMCTB KUAKOCTU U €€ B3aUMOJECUCTBUS C TBEPIBIM CKEJIETOM

MOPUCTOM CpeJibl. DTO HUKHSSA TPAHUIIA.



JlanHOe sIBJI€HHE OOBACHAETCS TEM, YTO MPH MAJIbIX CKOPOCTSAX CTAHOBHUTCS
CYILIECTBEHHBIM CHJIOBOE B3aUMOJICHCTBUE MEXIY TBEPABIM CKEJIETOM H )KUIKOCTBIO
3a cueT 00pa3oBaHUs AHOMAJIbHBIX, HEHBIOTOHOBCKMX cHucTeM. Hanpumep,
YCTOWYMBBIE KOJIJIOUJIHBIE PACTBOPHI B BUJIE CTYAHEOOPA3HBIX IUNIEHOK, IEPEKPHIBAIOT
IOpBl M pa3pyllaloCcsi NPU HEKOTOPOM TPAJUEHTE JABICHHS T7,, HA3bIBAEMOTO
Ha4yaJbHbBIM Y 3aBUCAIIAM OT JOJIM [JIMHUCTOrO0 MaTepuana U BEIUIUHbBI OCTATOYHON
BOJIOHACBIICHHOCTH. VIMEeTCsI MHOTO PEOJOTMYECKUX MOJENIEH HEHBIOTOHOBCKHUX

KUJKOCTEW, Haubojiee NTPOCTOM U3 HUX SBISETCS MOJENb C MpeAciIbHBIM

IpaguCHTOM:
—QB=Qu+a,u>0
dl Kk
- d_p <r,, u=0.
dl

3akonbl puiabTpanun npu Re > Reyp

OT COOTBETCTBUS UCIOJIB3YEMOT0 3aKOHA (PUIIBTPALIMU U3YyYAEMOMY TEUEHHUIO
3aBUCUT JOCTOBEPHOCTh JAHHBIX HCCIEIOBAaHUS CKBaXUH U OIpeleIeHHe
napameTpoB IiacTta. B cBsi3u ¢ 3TuM B 00J1aCTH HapylIeHUs AecTBUs 3akoHa [apcu
HE00X0IMMO BBe/IeHHE 0oJiee 00IINX, HEIMHEWHBIX 3aKOHOB (DMUIIBTPALIMH.

Haubonbiiee ynorpebsieHre HalUIM JBYXWIEHHbIE 3aBUCUMOCTH, IArOIIHME
IJIABHBIN MTEPEXO0J OT 3aK0Ha /lapcu kK KBapaTUYHOMY:

_dp_ Au+Bu’.
dl (1.9)
Koadpdummentet 4 u B omnpegensitorcss JauO0 3KCIEPUMEHTANBHO, JUOO

TeopeTuyecku. B mocneanem ciyuae:

7. p
A=T.- p=p
K ﬁ\/F

(1.10)
rjae — CTpyKTYpHBII K03 OUITUEHT, OH 1O NPETI0KEHIUI0 MUHCKOTO ONpeIeseTcs

TaK:

12.10°d°
mk

B



3ao0aua 1

Onpenenuth 3HaYeHWE Yucia PelHONbACAa Y CTCHKH THIPOIMHAMHYCCKU
HECOBEPIICHHOM MO XapaKTepy BCKPHITUS HEDTIHOM CKBAKUHBI, €CJIM U3BECTHO, YTO
IKCIUTyaTal[MOHHAsI KOJIOHHA MepdOprupOBaHa, Ha KaXKIOM METpPE JIMHBI KOJIOHHBI
npoctpeneHo 10 orBepctuit quamerpom d = 10 MM, MomHOCTh Twiacta h = 15 M,
npoHutaeMocts wiacta K = 1/, mopucrocts ero m = 18%, ko3 PpuiueHT BA3KOCTH
Hehtu x = 4 mlla*c, mnotHocTs HeptH p = = 870 kr/M3 M NEOUT CKBAKUHBI
coctasnser 140 m%/cyr.

OtBer: Re = 15,6 (mo dopmyne IlenkaueBa), Re = 0,396 (mo dopmyne

MUJIITHOHIITMKOBA).

3ao0aua 2

Onpenenuts paauyc NpU3a0ONWHON 30HBI Iy, B KOTOPOM HapylIEH 3aKOH
Hapcu, mpu yCTaHOBUBIICHCS TUIOCKOpPaIUalibHONW (PUIBTpAIlMU HEaIbHOTO Ta3a,
€CJIM U3BECTHO, YTO NMPUBEIEHHBIN K aTMOC(HEPHOMY JABICHUIO 1€OUT CKBAKUHBI Qqr
= 2*10° m*/cyT, momuHoCTh macta h = 10 M, koappuument nporunaemoctu kK = 0,6
I, xo3ddunmeHT mopuctocTu 1miaacta M = 19%, nuHaMudeckuit K03 UITUEHT
BA3KOCTH ra3a B IUIACTOBBIX ycnoBusx u =1,4* 10 kr/m*c, IIOTHOCTH Tasa Ipu
aTMOC(epHOM JaBIICHMH U IIACTOBOM TEMIEPATYPE p o = 0,7 Kr/M3,

VYkazanue. B pemenuu ucnons3oBath ynciio PeitHonbaca mo dopmysne M. 1.
MunoHmukoBa 1 3a Re B34Th HIKHEe 3HaueHue Rexp = 0,022.

OTBeT: I, = 7,9 M.

3ao0aua 3

Omnpenenuts no Gopmysie LllenkaueBa, mpoucxoauT Jau GUIBTPALIUS B IJIACTE
110 3aKoHy Jlapcu, eciiu M3BECTHO, 4TO AeOuT HeTaHOM ckBaxunbl Q = 200 m%/cyT,
MOITHOCTh Iiacta h = 5 M, ko3ddunment nopucroctu M = 16%, KOdIPPUIHESHT

nponunaemoctd K = 0,2 JI, miortHocts Hedpt p = 0,8 r/em®, nunamuueckuii



kodhdumment Bs3kocth ee u = 5 wmlla*c. CxkBaxxuHa THUAPOIWHAMUYECKH
COBEpILIeHHA, paguyc ee 1. = 0,1 m.

OtBet: Re=0,036<Rekp = 1.



IIpakTH4yeckoe 3ansiTHe 5 YcTaHOBUBIIASICHA QUIbTPALUA PeaJbHOIO ra3a

HpI/I OOIBIINX JAaBJICHUAX YPABHCHHUC COCTOAHUA PCAJIBHOI'O Ira3da OTJIMYACTCA

oT ypaBHeHus1 Kianelipona u uMeeT BU/I:

___P_ - 2 RT
p ’ (3'1)
rae z = z(pr, Tr) — KOB(b(bI/IHI/ICHT CBCPXCIKHUMACMOCTHU TIa3ad, yIII/ITI)IBaI'OHII/Iﬁ

OTKJIOHCHHC pCaJIbHOI0 rasza OT HACAJIBHOIO H 3aBHCﬂH1Hﬁ OT NPUBCIACHHBIX

JABJICHHS U TEMIIEPATYPbI

_ _P
pl‘ pcp,xp !
T
Cp.Kp

u ompexaenseMbii no rpaguky (puc. 3.1). 3nech Py U Tepipy — COOTBETCTBEHHO
CPEIHEKPUTUUECKOE JIaBJICHUE U CpEeAHEKpUTHUUecKas Temrmeparypa. Tak Kak
MIPUPOJIHBIN Ta3 COCTOUT M3 Pa3IMYHBIX KOMIIOHEHTOB (METaH, 3TaH, IIPOMaH U Jp.),

TO MPEABAPUTENBHO HY’KHO BBIYUCIUTD 3HAYECHUS Pepip U T ep.p IO POpMyITAM

S Do
Pep.xp —éﬁ‘-‘”—

i

2!2]'

' TCp.Kp =

rae Nj — coluepXKaHue j-T0O KOMIIOHEHTa B rasze, 00. %; Pxyj U Tpj KPUTHUECKOE
JaBJICHHE U TeMIIepaTypa j-TO KOMIIOHEHTa COOTBETCTBEHHO.

Jlunamudeckuii KOG (UIIMEHT BSA3KOCTH IIPUPOJHOrO (peajlbHOro) Tasa
3aBUCUT OT JABJICHUS W TeMrepatypbl. CunuTtas mporecc U30TEPMUIYECKUM, HYKHO
YYUTHIBATh 3aBUCUMOCTH W(p). Ha ocCHOBaHWYU SKCIIEpUMEHTANLHBIX UCCIIEIOBAHUIMI
MOCTPOCHBI IrpadUKu, MO KOTOPHIM C TOYHOCTBIO 10 6% MOXHO HANTH 3HAYCHUS
JUHAMUYECKOro Kod(hduiienTa BS3KOCTH MPUPOJHOTO Tras3a TMpU Pa3IUYHbIX
JABIICHUSIX W TEMIleparypax B 3aBUCUMOCTH OT OTHOCUTEIBLHOM IUIOTHOCTHU IO

BO31yXYy (puc.3.2).



Jlnsg  ompeneneHuss MaccoBOrO Jae0UTa pEaJbHOTO Ta3a WIM 3aKoHa
pacmpeziesieHusl JaBiICHUs HYXHO 3amucarh 3aKkoH Jlapcu as GECKOHEYHO Malioro
aJIeMEHTa IlacTa MW, Y4YMThIBas 3aBUCUMOCTh W(p) u  dopmymny (3.1),
MIPOUHTETPUPOBATH €0 rpadoaHATUTHUYECKUM MeTonoM. Ecnu maBneHue B miacte
MEHSIETCS B HEOOJBIIOM HHTEPBajie, TO MOXHO allpPOKCUMHPOBATH 3aBUCUMOCTH
p/u(p)z(p) TIPOCTON anreOpamueckod (QpyHKIMEW, B3ATh MHTETPal aHATUTHYECKU H

MNOJYUYUTh AHAJIMUTUYCCKOC BBIPAKCHUC JIA Ile6I/ITa N 3aKOHa pacrpcaciCHus

JAaBJICHHA.
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Pucynok 3.1
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Pucynok 3.2

3adaua

OnpenenuTs NPOHUIIAEMOCTb MECKA, €CTU uepe3 Tpyoy auameTpoM d =200 mm
U JUIMHOW 1=12 M, 3allOJHEHHYIO ATHM IECKOM, IMPOIYCKAJICS BO3AYX BS3KOCTBHIO
0,018 mlla*c npu nepename nasneHusi, pasHom 4,41%*10* Ila (0,45 krc/cm?);
M30BITOYHBIC NaBICHUS B Hadajle M B KOHIE TpyObl cocTaBisror Py = 0,98*10° I1a
(1 xrc/em?), po = 0,539*10° ITa (0,55 krc/cm?). Cpennuii pacxof BO3myXa, NpUBE-
JEHHBIA K atMoc(epHOMy AaBlIeHHIO, paBeH 250 cm®/c. ATMocdepHOe maBlIcHHE
IPHHATH PaBHBIM Py = 0,98*10° I1a, remnepatypy t = 20°C.

Otset: k=21,5 JI.



IIpakTuyeckoe 3ansaTue 6 OnpeneneHne OCHOBHbIX XapaKTEePUCTUK

nnocxopannanbﬂoﬁ (l)I/IJILTpa]_lI/Iﬂ AKUAKOCTH

ILnockopaanaabHas GUIAbTPALMA HECKUMAEMOU KUIKOCTH K CKBAKHHE

Bpewmst nBr>keHHS 4aCTHUIIBI )KUIKOCTH OT TOYKH TiacTa (Tommuuoi 10M) Ha
PacCTOSHUM I 10 CKBaXHUHBI, uMerome  aebut Q = 300m%/cyr, paBHO BpeMeHu
otbopa KUIAKOCTH U3 TUIacTa panycoM I.

. Tnop _ mrh 2 0,2-3,14-10 -1500% = 47100cyT = 130 JieT
Q Q 300
r,m t, et
1500 130
150 1.3
15 0.013
15 0.05

CKOpOCTh IBMXKEHHS YaCTUIIBI )KHJIKOCTH OT TOUYKH Ij1acTta (mopuctoctbio 0,2) Ha
PacCTOSIHUM I OT CKBKUHBI

300 1 239
1256 r 1’

U= = mF - 022314-10

Vo0 300 1
r

I[Tpu r=1500 m, U=23,9/1500=1,59*102 m/cyT

rMm U, m/cyT
1500 1,59*102
150

15

0,15

JaBnenue P (Ha pacCTOSHHMHM I' OT CKBaXKMHBI) B IJIACTE MPU MIOCKOPATIUATbHOM
(buUIBTpALIMK OMUCHIBAETCS BHIPAKEHUEM

rac P.uP.— AAaBJICHUA HAa KOHTYPC IMUTAHUA U Ha CTCHKEC CKBAKHWHbI
COOTBETCTBCHHO Ha paCCTOSAHUAX I, U I



In—
Orcrona, P =P. + (P, — P.) - m—:_f{ , m3BecTHO, uto InX=2,31gx
Tc

[Ipu P=10MlIla, P.=6MlIIa, r-=0,1 M, =100m.mosy4aem,
P=6+(10-6)Ig(r/0.1)/19(100/0.1)=6+4*Ig(r/0.1)/3

r,M P, MIla
100 10

10 4,67

1

0,1

IlnockopannaibHass QUIbBTPANHUA KUAKOCTH B HEOJTHOPOAHOM
IJIOIIA/IH TJIACTe.

[13I1 — mpu3aboiinas 30Ha IIacTa;

kcp — CpCaAHAAg MPOHUIACMOCTD HCOIJHOPOAHOI'O I1JIaCTa.

n=150m
Msn=1,5M
r—=0,15m
Q _ Zﬂh(Pk — PC) ka
H Intk
C
) # 1-ln Tk 4 1 - I [nam
k rl'IBI'I kl'[31'[ rC

A. Tlpu 3acopenuu (konpmataruu) [1311 (mpu Oypenuu, peMOHTHBIX paboTax)

no

Kisn=1/2K  Kusn<k (cumras, uto 1311 ogHOpO HAS 11O IPOHUIIAEMOCTH, KOTOpPas B

2 pa3a MeHbllIe, YeM MepBOHaYaIbHask MPOHUILIAEMOCTb IJ1acTa)

150
g9—= 3k 3
_ 0,15 _ —
HpI/I 9TOM ka_ll 150, 1, 15 T ooptag Zk
k9715 05k 9015 0,5

Kepa=0,75k (25%)




B. IIpu 6ombiiom BeiHOCE iecka u3 [131T Kysp>K,  Kpsp=2K
[Tycte yBenuueHue Kys; «ToKe» B 2 pasza
Keps=3K/(2+1/2)=(3/2,5) *k=1,2 (20%)

u3 cpaBHeHHS Kepall Kepg citeyet, uto ymeHbieHue nponumaemocts 1311 cunpaee
BiMseT Ha Kcp (2 3HaUMT 1 Ha 1eOuT Q), yem yBenmuenue (B 2 pasa wid B Npas).



IIpakTnyeckoe 3ansitue / IlnockopaananbHas puiabTpanus ra3a B HOpoBOM
miacre

OuiabTpanus uaeajbHOro rasa.

Bbruncaum BeJIMYUHY Ae0UTAa ra30Boi CKBAKHHBI (IIpU aTMOC(epHBIX
YCJIOBHSAX)

_ mkh(PK? — Pc?) 3,14 0,01 % 10712 x 12(5% — 32)10712

at™M — TK - _ 1500
ppPatm2,3lg - 3,14 % 10731,03 * 10°2,3lg 51
_ BB 00410752 = 400 w8
TToga10s 0TI T A0

Pacnpenenenuie naBiaeHus B pU MIIOCKOpaIUaibHON (QUIBTpAlNK Ta3a
OMUCHIBAETCS BHIPAKEHUEM

r0

P2-pc? lg- _

orZ_pez — 1gr%» OTCIO/ MOJTYHaeM JUls TOUKHU T11acTa Ha PacCTOAHUU r=15
_ P

rec

M OT CKBa>XHNHBI

P2.s=P?+(P?%-P%) (Ig(r/r. )lg(r/r.))=30%at™m + (50 atm-
30%atm)*(1g(15/0.15)/1g(1500/0.15))=900+400%*3/4=2100 atm?, P=2100"2=45 9atm

B HedTsHOM ke 3anexu umeeM Py=P +(P-P.)*3/4=30+(50-30)3/4=45atm

T.e. mpu dunbTpanuu, Korjaa paBueie Py, P, Iy, I'. Ha pacCTOSHUM I' TaBJICHUE
B Fa30HACHIIICHHOM IIJIACTE€ HECKOJIBKO BBIIIE, YEM JIABJICHUE B IJIACTE HACHIIIIEHHOM
He(DTHIO.

Jleout ckBaxxuHbI OTOMpatoniet peanbHblil ra3 Qpear = Quuear/Z;

[Tpu 3anexax Ha rinyOuHax 110 4 kM, AaBieHue P u abcomtoTHas TeMrneparypa
T TakoBbl, 4TO KO3(PPUIMEHT CBEPXCHKUMAEMOCTH raza Z<l noaromy 1 Qpean >Qusean



IIpakTuyeckoe 3anaTue 8 [lnockasi paguajibHasi HeJIMHeHAsA QUIbTPALMA

AKUNIAKOCTH

3amaya. CKBaXHMHY HCCIEOBAIA IO METOJY YCTAHOBUBIIUXCS OTOOpPOB,
U3MEHSS JuaMeTp IITylepa MW 3aMmepss 3a00iHOe JaBjieHUE TIIyOMHHBIM
PETUCTPUPYIOIIMM MaHOMETPOM. Pe3ysbTaThl 3aMepOB MPUBEICHBI B TaOJIUIIE.

Ap. Krcjem? Q. j0—8 M3 /e Q. m3/cyT ApjQ, (wrc/eM?).¢/onds
10 157 13,5 0,0638
20 256 22,1 0,0782
30 334 28.8 0,0900
40 401 34,6 0,100
50 459 39,7 0,109

Onpenenuts KO3QPHUIMEHT MPOHUITAEMOCTH IIACTA, €CIM MOITHOCTH IIIacTa
h=12 ™, muamerp ckBaxuHbl d; =24,7 cM, MOJOBHHA PACCTOSIHHS 1O COCEIHHX
ckBaxuH 0= R, = 300 M, TuHaMuuecKuil KOAOPUITMEHT BSI3KOCTH KUIKOCTH U = 4 cll.

Pemenue. V3 1anHbIX UCCIEIOBAHUS BUIHO, YTO 3aBUCUMOCTH MeXIy Q u Ap
HEeJMHEHas, T. €. UHIUKATOpHas JMHUS He Oyner mpsimoit (puc. 41). Mcnonbs3ys
JIBYWICHHYI0 Gopmynny Ap = AQ + BQ? U NpHUBEICHHbBIC JAaHHBIC, TOCTPOUM TpaduK
3aBUCUMOCTH Ap/Q oT Q (puc 42). U3 rpaduka mo Touyke mepecedeHus MpsMoil
Ap/Q=A+BQ ¢ ockio Ap/Q (ockio opauHar) HaiineMm 3Hauenue A = 0 04 (krc/cm?)
c/cM%, a o TaHreHCy yria HakjJOHa IpsAMOM k ocu abcmuce (Q)— B =0,00015

(krc/cm?) c?/em®.

Ap, Krc/em? Q, 1078 ma/c Q. M3fcyT Ap/Q, (Krc/em?)-c/em?s
10 157 13,5 0,0638
20 256 292, 1 0,0782
30 334 28.8 0,0900
40 401 34,06 0,100
50 459 39,7 0,109



Ap (kze/cm?) ¢

! K]
p 17 20 ' 30 §,# oym, 0 ?Z il
\ g10
20 T T
008
' / /
w . 406
L
el 904 200 q cnlc
Ap recfeu®
Puc. 41 Puc. 42

KoadduimeHT npoHUIIaeMOCTH HailieM MO TOJyYeHHOMY 3HAaueHUI0 A U3
dbopmybl

A=_H_ In&
27kh r

c

HaieM K03 OUITMEHT MPOHUIIAEMOCTH.

k=L{|n&+cl+cz} 4 (In 30000]:0,111

2. 314-0,04 -1200 12,35

1 Jlapcu = 1 mxm? (MukpomeTp B kBagpare)= 1 10712 m?

3amava 2 Onpeaenuts KO3GGUIUMEHT MPOHUIIAEMOCTH I1acTa K Ha OCHOBe
HCCIIeIOBAaHUM HEQTSIHOM CKBAKUHBI:



u=3clI3, h=8m, r=5cm, r=200m.

Q, M¥/cym P.—P., amm Q, em’/c (P - P)/Q,
amm*c/em®

20 11,1 231,4 0,048

40 33,0 462,8 0,0713

60 65,6 694,2 0,0945

N3 Tabmuikl BUAHO, 4TO 00pa3oM oTHoleHue mexay Pk-Pc m Q He nuHelHoe,

3HAYUT U PUIBTpaLIUs HEIUHEHHAS.

[TocTpoum rpaduk , COOTBETCTBYIOITUN 3aBUCIMOCTH

Pk — Pc

Q

[IponomxuTh pemexHue

= A1+ B1+Q



IIpakTuyeckoe 3ansaTue 9 OnpenesneHue NapaMeTpoB ra3oBoro mjiacTa npu

YCTAaHOBHUBIIMNXCH pEKUMaX HeJIMHEeMHOH q)I/IJILTpa]_[I/II/I

YpaBHeHHE HHIUKATOPHOU JIMHUM MPU HEIMHEHHON (GUIIBbTpaAllUK IBYUYJIICHHOE:
P;—P:=A-Q+B-Q° D),
rae P., P« — naBieHue minactoBoe 1 3a00MHOE COOTBETCTBEHHO;
A, B — ko3 durueHTsI;
Q — nebut raza B CTaHJIaPTHBIX YCIOBHUSX.

VYpaBuenue (1) siBisieTca ypaBHEHUEM KpUBOW JTUHUU. Paznenus ypaBHeHue Ha Q,

MOJIyYUM YpaBHEHHUE NIPSIMOM JIMHUHU, KOTOPOE ya00Hee 00pabaThIBaTh:
2
AP

T =AtBQ @.

2
rae AP =pZ — P2

Ha razoBoii ckBaxkune Ne63 mpoBeIeHbI UCCIEN0BAHNS HA YCTAHOBUBILIAXCS
PEXMMax IIPY IIaCTOBOM jAaBienun P,=73,71 atm, P2 = 5433,2 atm?. Pe3ynbraTs

HCCIICIOBAHUM W HEOOXOJMMBIX BBIYMCIICHUN MPUBEICHBI B TAOJIHIIC

Tabnma
Ne | P, |Q,m¥cyr P2, | AP? arm?® | APYQ, Q?, (M3/cyT)?
n/ |arm aTm? arm/(M3/cyT)
n
1 |73 257-10° 5329 |[104,2 0,405-10°3 6,6-10%°
2 |73,1|219-10° 5346, | 86,7 0,396-10°3 4,8-10%°
2 5
3 |73,2 |185-10° 5365, | 67,6 0,365-107 3,42.10%°
5 6
4 |73,4 |133.10° 5389 |44,2 0,331-10° 1,78-10%°
1
>Q=794-103 SAP?=302, | XAP?/Q=1,4971 | =
5 0 Q2=16,62-10
10
(2Q)?=63,13-1
010




z
OF
Ctpoum rpadvk 3aBUCUMOCTH - - f(Q) . Ha HeM B COOTBETCTBUM C JTaHHBIMHU

uccnenoBanuii 6yayT 4 Touku. [Iposesiem uyepes HUX npsaMyto. Ha BepTUKaIbHOM
OCH, OHA OTceKaeT 3HaueHue koddppumuenta A =0,32*103arm/(m3/cyT).

0,45

0,4 —_—>
BEP%/Q,
@103 0,35 '% B

0,3

0,25

0,2

0,15

0,1

0,05

133 185 219 257
Q, @103

Ho Tounee 3Ta npsiMasi poOBOAUTCS, €CITU UCTIOJIb30BaTh CTATUCTUYECKHUN METO/T
HAaMMEHBIIIMX KBaJIpaToB. B cooTBeTcTBUM ¢ HUM KOd(DduimeHT A u3 hopmyssi (2)
BBIPA3UTCS TaK:

(Z%’z)- (2Q%) - (£Q) - (XAP?)
n-(XQ%) - (XQ)?

rae N — KoJan4ecTBo I/ICCJIeIIOBaHI/Iﬁ

A=

[ToacTamsist B 3TO BeIpaKCHHE 3HAUCHUS BEJTMYUH U3 TaOJIUIIbI, HalIeM
YUCJIEHHOE 3HaYeHue Koduiimenta

1,497-107°-16,62-10'°—794-10'°-302,5 _ aTM
A= =0,25-10 =
4-16,62-101° — 63,13 - 101°

Ma” -
=21,66-10"" ——
M
B cooTBeTcTBHMM METOOM HaMMEHBIUX KBaApaToB K03 duuneHt B popmynsl (2)
ONPEIEIUTCS TaK :

2y _ . (sAP2
| _n (R - (0 (z45-)

n-(2Q*) - (2Q)?




YToObI HAUTH IMPOHUIACMOCTD IINTACTAa BOCIIOJIB3YCMC N3BCCTHBIM BBIPA’KCHUCM!
u-ln%-z-l’a._. .

A= mh KTy (3)

N3 hopmysl (3) BeIpa3uM MPOHHUIIAEMOCTH IIACTa

!.L-lnrﬂ-z-PaT-Tm

K= c
m-h-A-T,

[Tpu u3BecTHBIX BenmuunHax BsiszkocTu raza p=0,014 mlla-c, koapdunmenrta
cBepxcxkuMaemoctu Tasa Z=0,9, armochepubix nasnenus P,,=10° Ia u
temnepatypsl Ty= 293 K , norapugma oTHOIIEHUS pajnyca KOHTYpa TUTaHUS U
Iig
pamuyca ckBaxkuHbl In—= = 6,83, temneparypsl miacta Tn,=347 K, Tomumusl
c

macta h=13 M BeIYUCINM 3HAUCHUE TPOHUIIAEMOCTb I1J1acTa

0,014-107%-6,83-0,9-10°- 347 AP
K= =1,15-10""?m*=1,157
3,14-13-21,66-10'"- 293

3ameuyanue. B mpakTuke BakKHOE 3HAYEHUE HMMEET Ciydald IIPUTOKA K

CKBOXKHWHE TMPU HAIWYUU BOKPYT 3a00s1 KOJBIIEBOM 30HBI C MPOHUIIAEMOCTHIO,

OTJINYHOM OT MPOHUIIAEMOCTH IIacTa (TOpNEIUPOBAHNE UIIU KUCTIOTHAsE 00paboTKa,

YCTaHOBKA TPAaBUIHOTO (PWIbTpA, TTUHU3ANMS WM TapapuHU3aus npru3abonHoiM

30HBI U T.1.).

PacueTsl 10 BAMSHUIO pa3anuus MPOHUIAEMOCTEN KOJIbLIEBOU MPU3a00itHOM

30HBI U OCTAJbHOM YacTH IJIacTa Ha MPOAYKTUBHOCTb CKBA)KUHBI IIOKA3bIBAIOT:

1) Ha nemomycTUMOCTh MpOrHo3a Ha Oynymui J1eOUT, UCXOJs TOJbKO U3

JAHHBIX O TIPOHHUIIAEMOCTH TPHU3a00WHON 30HBI TUIACTA,(CIEIYyEeT HCIOJIb30BaTh

KBa3HOIHOPOJHOE MPUOJIHNKEHHUE).

2) YXynuieHue NpOHUIIAEMOCTH Mpu3ab0MHON 30HBI CHIIbHEE BIUSAET Ha

eOUT, YeM yBEeIUUYCHUE MPOHUITAEMOCTH B 3TOM 30HE. Ecnu nmpon3oiaér 3ameTHoe

YXYIIEHUE MPOHUIIAEMOCTH JakKe B HEOOIBIION 00JIaCTH IJ1acTa, IPUMBIKAIOIIEH K

CKBaXXHHCE, TO I[€6I/IT CKBA>XHMHBI PC3KO CHU3HUTCA.



3) B cimyuae ¢unprpanmu no 3akoHy Jlapcu yBenmuuBaTh MPOHHUIIAEMOCTH
npuzaboiiHol 30HBI Oonee uem B 20 pa3 HE HMMEET CMbICNA, T.K. AalbHEHIIEe
yBEIUYEHUE MPOHUIIAEMOCTH MTPAKTUYECKH HE BEAET K pOCTy IeduTa.

4) Hapymenue 3aKoHa Jlapcu yCWJIMBAeT IIOJIOKUTEIIBHOE BIIMSIHUE
YBEITUYEHHOW MPOHHUIIAEMOCTH NPU3a00WHOW 30HBI HA MPOU3BOJUTEIHHOCTH

CKBa’XUHBI.



IIpakTuyeckoe 3anaTue 10 OnpenesieHne 0CHOBHBIX XapPaKTEPUCTHK
(puiabTpanMu K ruAPOAMHAMUYECKH HECOBEPIICHHOM CKBAaKMHE

CkBaxxHa HA3bIBAECTCS TUAPOJMHAMUYECKH COBEPIICHHOW, €CIH OHa
BCKpPBIBAET IJIACT HA BCIO MOIIHOCTh M 3200l CKBa)KUHBI OTKPBITHIM, T. €. BCA
BCKpBITas MOBEPXHOCTh 3a00s1 SBISETCA (DUIBTPYIOIMIEH MOBEpXHOCTHIO. [loTOK
XKHUIKOCTU K COBEPIICHHOW CKBAKWHE — TUIOCKHHM (PUIBTPAIIMOHHBIN TOTOK. Ecim
CKB)KHHA C OTKPBITHIM 3a00€M BCKPBIBAET TUTACT HE HA BCIO MOIITHOCTh, & TOJIBKO Ha
HEKOTOPYIO BEJIMYHMHY D, mnmm ecnm ckBakuHa COOOMIAETCS C IUIACTOM depes
OTIIEJIbHBIE ~ OTBEPCTHS, TO  (GUIbTpalMs JKUJIKOCTH WIM raza Oyner
MPOCTPAHCTBEHHON  (TpEXMEpHOi), a CKBAXMHA —  THUJIPOJUHAMHYECKH
HECOBEPLICHHOM.

Paznnuaror TPpHU BHAd HCCOBCPHICHCTBA CKBAKHWH !

1) CKBaAXXMHA THUAPOAMHAMHYCCKHN HCCOBCPIICHHAA IO CTCIICHU BCKPBITHA
macrta — 39TO CKBAXHHA C OTKPBLITBIM 3a6OCM, BCKpPbIBIIAA IINIACT HC HaA BCHO
MOIODHOCTD,

2) CKBaXXMHAa THAPOAMHAMHNYCCKU HCCOBCPHICHHAA IIO XaPAKTCPY BCKPLITHA
miacrta — CKBaXXMHa, BCKpBIBAromias ILIACT OT KpPOBJIIM OO0 IIOAOIIBBI, HO
000611121}011121;1051 C INIaCTOM 4YCPEC3 OTBCPCTHUA B KOJIOHHC Tp}I6, B ICMCHTHOM KOJBIC
NI B CIICHHAJIBbHOM (I)I/IJ'IBTpe;

3) CKBa)XMHA TUJIPOJIMHAMUYECKH HECOBEPIIICHHAS] KAK 10 CTETICHU BCKPBITHS
macTa, Tak v 1Mo XapaKTepy BCKPHITHSI.

JleObuT CKBaXXKMHBI THUIPOJUHAMUYECKH HECOBEPIICHHOW Kak IO CTENeHHU
BCKPBITHS TIJ1ACTa, TaK M 10 XapaKTepy BCKPBITUS PACCUNUTHIBACTCS MO opMyIIe:

_2akh  p—p,
H (m& +C, +C,)

c

0 1)

rne C; — Oe3pa3MmepHas BEIUYHMHA, OIPEACNSIONas JIOMOTHUTEIBHOE
(GUIBTPAIIMOHHOE COMPOTHUBIICHUE, OOYCIIOBICHHOE HECOBEPIICHCTBOM CKBaKUHBI
10 CTENeHW BCKphITUS Tuitacta; Co — Oe3pa3MmepHas BEIMUYWHA, OMpeIesIsroriast
JOTIOJTHUTEBHOE (QUIBTPAIIMOHHOE CONTPOTHUBIICHHE, BRI3BAHHOE HECOBEPIIICHCTBOM
CKBa)KUHBI TTOXAPAKTEPY BCKPBITHUS TUIACTA.

C1 u C, Haxoasatcsa u3 rpadukoB B. U. IllypoBa, mocTpoeHHBIX MO JaHHBIM
MCCIIEOBAaHUSI TPUTOKA )KUJIKOCTH K CKBaXKMHAM C JBOMHBIM BUIOM HECOBEPILIECHCTBA
Ha JJICKTPOJIMTUYECKUX MOJEIISX.



Benwmuuna C; npeacraBiena Ha puc. 1 B 3aBucuMocTH ot mapamerpoB a = h/Dc

u h=Db/h.

Ha puc. 2, 3, 4 nana 3aBucumoctb C; oT Tpex napamerpoB: ND¢, | =1'/Dcu
= dO/Dc,

rie N — uyucno nepdopanmoHHbIXx oTrBepctuii Ha 1 M; D — amamerp
CKBaXXHHHI B M; |' — TyOMHA POHUKHOBEHUS ITyJb B TOPOIy B M; Oy — muamerp

OTBEPCTUH B M.

CooTBeTCTBHE MEKAY KPUBBIMY U 3HaUeHHIMU TTapametpa o =do/D¢ BuIHO U3
CJIEYIOIIUX TaHHBIX:

Howmep 1 2 3 4 5 6 7
KPUBOIA
p 0.03 0.04 005 | 006 0,07 0.08 0.09

®opmyny (1) MoxHO 3amucaTh WHA4e, BBEAS B Hee MPUBEACHHBIN paguyc
CKBaKUHBI

' —(Cy +Cy)
r=r e ,

T. €. paJluyC TaKOH COBEPIICHHON CKBAXUHBI, TEOUT KOTOPOU paBeH JeOUTY
HECOBEPUICHHOW CKBAXWHBbI:

:27Zkhx pk_pc.
oo R

Fe

Q

3anaya. Onpenenuts KO3PHUIHUEHTHI THAPOIMHAMUYECKOTO HECOBEPIICHCTBA
ckBaxunbl C1 u C; (mo rpadukam IllypoBa), paccuuTaTh NPUBEIECHHBIN paguyc
CKB&)XHMHBI U 1€OUT CKBaXKUHBI. VICXO/IHbIE JaHHBIE: JaBJICHUE HA KOHTYPE MUTaHUS
P« = 9.80 Mlla, naBnenue Ha 3a0oe ckBaxuubl P, =7.84 MIla, xo>dduiueHt
nponuniaemoctd K =0.5 J[ , momuocTh 1wiacta h, nuamerp ckBaxkunbl D, paanyc
KOHTypa nutanust Rx = 10kM, BCKpbITHE TUTacTa b = 6:m, yrcio mpocTpeoB Ha 1 M
BCKPBITOI MOIIIHOCTH TUIACTA N, TIIyOMHA MPOHUKHOBEHHUS ITyJTb B opoay ', muamerp
otBepctus do. OcTabHbIC UCXOIHBIC JAHHBIC JJIs pacuera B TaOIUIax.



BapuanT 01- 10 n= 5 orB./M I'= 2 cMm
BapuanT 11- 20 n= 10 otB./M I'= 2 cM
BapuanT 21- 30 n= 15 otB./M I'= 5 cm
BapuanT 31- 40 n= 20 otB./M I'= 10 cMm
do, M
h, m
0.010 | 0.012 | 0.014 | 0.016 | 0.018
01 02 03 04 05
60
21 22 23 24 25
06 07 08 09 10
32
26 27 28 29 30
11 12 13 14 15
16
31 32 33 34 35
16 17 18 19 20
8
36 37 38 39 40
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&0 50
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Pucynok 3.
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IIpakTuyeckoe 3ansitue 11 Heqmueiinas puibTpanusi K HecoOBepIIEHHHOM
CKBa:KUHe

3amaya O HEJIMHEHHOW (UIBTPALIMKM K HECOBEPIICHHOM CKBAXKUHE (IO JaHHBIM

TaOJIUIIbI).
Ap, xrcfem? Q. 1078 ma/c Q, M3/cyT Ap/Q, (xrc/om?).¢/em¥s
10 157 13,5 0,0638
20 256 221 0.07862
30 334 28.8 0,0900
40 401 34.6 0,100
50 459 38,7 0,109

Onpenenutb KOAPPHUIIMEHT MPOHUIIAEMOCTH, €CJIM MOIIHOCTD Iuiacta h=12 wm,
BCKPBITHE TuTacTa b = 7 M, quamerp CKBaKUHBI O; =24,7 cM, YHCIIO IPOCTPEIIOB Ha
OJMH METP BCKPBHITOM MOIIHOCTH IIacTa N = 8, rIyOWHA MPOHUKHOBEHHUS ITyJb B
nopony I' = 0 amamerp myneBoro kaHaiga d=I,1 cMm, HoJOBHHAa pacCTOSHHS JI0
COCeMHMX CKBaXHH o= R, = 300 M, JWHAMHYECKHN KOIPQPHUIMCHT BSI3KOCTH

)kuakoctu u = 4 clIl.

Pemenue. V13 manHbIX KicclieqOBaHUS BUTHO, YTO 3aBHCUMOCTBL Mexxay Q u Ap
HeJINHelHas, T. €. UHAUKATOPHAsA JIUHUS He OyaeT npsimoii (puc. 41). cnonb3ys
JIBYWICHHYIO GopMyny Ap = AQ +BQ? U NMPHUBEACHHBIC JaHHBIC, TIOCTPOUM TrpaduK
3aBUCUMOCTH Ap/Q oT Q (puc 42). U3 rpaduka mo ToUyke mepecedeHus MpsMoil
Ap/Q=A+BQ ¢ ocsio Ap/Q (ockio opauHar) HalineMm 3Hauenue A = 0 04 (krc/cm?)
c/cM®, a o TaHreHCy yria HakjJIoOHa IpsAMOM k ocu abcmuce (Q)— B =0,00015
(xrc/cm?) c?/em®.

Ap, xrcfom? Q. jo—8 M3 fc Q, M3/eyT Ap/Q, (wre/em?).¢/ouds
10 157 13,5 0,0638
20 256 22,1 0,0782
30 334 28.8 0,0900
40 401 34.6 0,100
50 459 39,7 0,109



Ag (rzelem?) ¢
‘ ; a’' om?
Ty 20 ' 30 4 wleym. 012

a10
20 \b\q jaﬂb’ /
pd

w1 B 006
{

ol 90" 200 4 cnlc

Ap,Azcfom?

Puc. 41 Puc. 42

Kosdpdunment npoHunaemMoctd HalgeM MO MOJYyYEHHOMY 3HA4Y€HHIO A U3
bopmybl

A= nBeic e,
27Kkh r

c

3nauenuss Ci1 u C, nHaiinem ¢ nomoipto rpadukoB Illyposa. Omnpenenum
nmapameTpsl b/h=0,584, h/d, =48,7, nd, =197, d/d, =0,0447 1 O UX 3HAYCHUAM —

C1=2,3 u C; = 34; npu 3ToM HaiigeM K03 OHUITHUEHT MPOHUIIAEMOCTH.

k=—* In2ic e, |- 4 2,3+ 34+ In 200
278h| " x 2-314-0,04-1200 12,35

c

j ~0,585



IIpakTuyeckoe 3ansatue 12 Pacuér nedura 6arapeu, cocTosinieil U3 maATH

He(l)TﬂHbIX CKBa’KMH C MIOMOIILIO ME€TOAA CYIIEPIO3UITUHA

Onpenenuth 1eOUT Oaraped CKBaXWH, COCTOSAMEH W3 N CKBAXKHH,
PaCTONOKEHHBIX B OT KOHTYpa MUTAHUS, © OJJHOW CKBaXHHBI, HAXOISAIICHCS B
IIEHTPE IUIacTa, €CJIM M3BECTHO, YTO BCE CKBAKWHBI HAXOMATCS B OJWHAKOBBIX
YCIIOBUSIX: paauyc OaTapen paBeH Ri, paccTosHuE 10 KOHTypa MUTaHHUS paBHO R,
pajnyc CKBaKWH Ic, MOIIHOCTH IUIacTa paBHa h, mpoHHMIIaeMoCTh TuTIacTa paBHa K,

BA3KOCTh XMJKOCTH paBHa u , JABJICHHMC HA CKBaXXWHAX pPAaBHO [P¢, JABJICHHUC Ha

KOHTYp€ MUTAHUS PABHO P.

Hazosem sa¢pexTom B3auMoaeicTBus £ OTHOIIEHHE CyMMapHOTo 1e01Ta Bcex
UHTEP(PEPUPYIONINX CKBAKUH K CyMMAapHOMY A€OUTY TOTO K€ 4Mciia CKBaXHUH 0e3

ydera ux B3aumojerctus. Haiitu 3Hauenue apdexra B3aumonencTsus E.

Pucynoxk 1

Paccmotpum pemienue nipu N = 4 (cMm. pucyHok 1), h =10 m, Ry = 200 m,

R=10 km, 1=0,1 m, k=1 JI, z= 4 cII, p= 11,76 MIIa, p= 15,68 MITa.

bynem wucnons3oBath Gopmyny JUisl MOTEHIMAIa MPU pabdoTe TPYIIIBI

CKBa’XUH:

1 n
O=—>Sghr+C, (1
zﬁ;% ; (1)



T.e. MOTCHIMAJI B TOYKE, HAXOJSIICHCS HA PACCTOSHHUH 7, OT I-TOM CKBa)KWHBI,
MMEIOLIEH Ha €IMHHILY MOIIHOCTH IIIAcTa yIeIbHbII 1e0UT ¢; = Q/ , OTIPEeAEIACTCS
o ¢opmye (1).

VYuuThIBasi, 4TO CKBaXKUHBI PACTIOJIOKEHBI BJAIN OT KOHTYpa MUTAHUS, U
R1/R,=0.02, MOXXHO npUOIU3UTEIBLHO CYUTATD, YTO BCE CKBAXKUHBI HAXOIATCS HA
b 9
paccrosHuM R, OT KOHTypa IMUTaHUS, TO3TOMY B TOUYKE, [IOMEIICHHON Ha KOHTYP

IMUTaHWA, IIOJTYYHUM:

D, =i2q,. nR, +C
i=1

2w

Hnin:

O =R+ LR + LR + IR, + LR, +C.
2r 2r 2r 2 2

Tak xak g, = g, = q¢; = q, (0003HaYNM 3TU A€OUTHI Yepe3 ¢ ), MOTyUYaeM:

&=L mR+LmR + LR +LhR +LEmRr +C.(2
27 2 27 2r 2r

[Tomenias Touky M Ha 3a00ii mepBOi CKBaKUHBI, OYJIEM UMETH:

D

cl :E(qlnrc+q1nr21+qlnr31+qlnl’41+qs 7 )+C .

Paccrostnue ot Touku M 10 1-0i1 CKBa>KMHBI paBHO pagnycCy NepBOi
ckBakuHbl. Kpome Toro, Tak kak ./ R1=0.0005, MBI cunTaem, 4TO PacCTOSHUE OT
Touku M, Haxopsencs Ha 3a00¢e EPBOI CKBAXKUHBI, 10 2-0M CKBaKUHBI
MPUOIM3UTEIIBHO PABHO PACCTOSHUIO OT IMIEPBOM CKBAXKMHBI JI0 2-0M CKBAKHHBI.

AHaJIOTUYHO — JIJI1 pacCTOSTHUM OT Touku M 110 3, 4, 5- 0l CKBa)KUH.

Tak KaK 7, =74, = \/ERl, 7y =2R,, 15, = R, (cm. pucyHoK 1), TO nmMeeM:



1

@cl =
27

(qlnrc+qlnx/§R1+qln2R1+qlnx/§Rl+q5 lan)+C .(3)

Breruurast uz popmyinsl (2) popmyny (3) U yuutsiBasi CBOMCTBA

norapudpmuueckort pynkun: Ina+Inb=In(ab), Ina-Inb=In(a/b), momyunm:

R R R R

O -D, =L (" 42—k Ity I5pn Tk o
27 7, V2R, 2R 27 R

_d R a5 Re

27 4R, 27 R,

(4).

ITomemast Touky M Ha 3a00#1 IIEHTpaTBHON CKBaKUHBI, onpeaeauM D s:
1
D s :g(qln”ls +qlnns+qlnrs + g +gsinr, )"‘ C.

31ech, Kak M BbIIIE, PACCTOSTHUE OT TOUKKU M 110 5-0M CKBaKMHBI PAaBHO
paanycy MmAToN CKBaXXMHBI. KpoMe TOTO MBI CUMTAEM, YTO PACCTOSIHUE OT TOYKHU M,
HaxoJIsIIeics Ha 3a00€ MSITOM CKBaXXUHBI, 10 1-0M CKBaKUHBI MPUOTUZUTEIIHHO
PaBHO PACCTOSHUIO OT MATON CKBAXUHBI 10 1-0¥ CKBaKMHBI. AHAJIOTUYHO — JIJIst

paccTosiHUM OT TOuku M 110 2, 3, 4 - 0if CKBa)KHH.

Y4UuThIBas, UTO 7j5 = Ihs = Fy5 = Fys = R, , IOIy4UM:

! (qlnR1+q1an+qlnR1+q1an+q51nrc )+C (5).

D =—
c5 271_

Boruutas u3 popmynsi (2) dopmymny (5), momydanm:

D, - D, 4 B B R Ry s R
2r . R, ) R, R~ 2r 7
R R ©)
-4 41n =% + 45 In =%
2 R, 27m 7,
k P
VYuauteiBas, uro © = ——, onpenenum 3HaueHUE OTCHIIMAIA Ha

KOHTYpE MUTaHUS U Ha 3a00€ CKBaXKUH:



kP, 1.02%107'*15.68*10°
7 0.04*10™"

@, = = 0,004 m2/c,

kP 1.02%107711.76*10°
U 0.04*107"

D

C

= 0,003 m?/c

IToncraBus B (4), (6) UCXOHBIE AJAHHBIE, TOJTYYUM:

4 4
0.001=-L1n 3(10 )6 L 45 [ 107
27 | 4%2°%10°%0.1 ] 27 | 200

4 4
0.001 =9 41| 10 |4 954 1O
27 1200) 27 (0.1

YMHO)kast 00e yacTu 000UX YpaBHEHUM Ha 277 M MOJACTaBIsIA 3HAUCHUS

JorapuMoB, TIOTYUUM:
0.001*6.28=¢g*21.863 + g5 *3.912
0.001*6.28 =g *15.648+ g5 *11.513
PemuB nostyyeHHYI0 CHCTEMY OTHOCHUTENBHO (], (5, HAMIAEM:
g =0.000251 n" /c, g5 =0.000205 %° /c. Torma ne6UThI CKBAXKHH PABHEI
O =qh=0.00251 3"/ ¢ = 216.6:° | cymxu,
Qs = qsh =0.00205 7> / ¢ = 177.2:° | cymxu
OOGmwmii nedur (¢ yuérom uaTephepenmn)=4*216.6+177.2= 1043.6 m°/cyTku

JlebuT ogHOM ckBaXXuHBI (0e3 yuera unrepdepeniuu, o Gopmyie Jomomn) paBeH:

0- 27kh p, — p. _2*3.14%1.02%107% %10, 15.86*10° —11.76*10° _

Moo R 0.004 1 10000
. 0.1
=5.46*10" m%/c .

Jebut natu ckBakuH (0e3 yuera untepdepeHu, no Gopmyse Jromon)



5* 0 =5*5.46*10" m%/c = 2.73*10% M%/c = 2356.7 m*/cyTKn.

Db dexr B3anmonericTeust £=1043.6/2356.7 = 0.443 .

HcxonHbie n1aHHbIE IS pacyera:

k= 05| 1
h= 15| m
DckB.= 20 | cm
R1= 200 | m
n= 4
Rk = 10 | kM
u = 6 | mITa*c
BapuanTel o cnicky
P ckB,MIla
Pk ,MIla
6.86 | 7.35 | 7.84
8.82 I I 11
9.80 vV VvV VI
10.78 Vil | VI IX

Bap.10 = Bap.V, Rk=8km




IIpakTuyeckoe 3ansaTue 13 [liockue HeogHOMepHbIe GUIBLTPALHOHHBIE

NNOTOKH K CKBA’KUHaAM

3a0aua o ckeadrcune 801uU3U I’lp}lMO]luHGIZHOZO KoHmypa numaHus

CoBepuieHHasi CKBaXMHA pacIoJIoKEHa B  BOASHOM  IUIacTe  BOJIM3H
NPSIMOJIMHEWHOTO KOHTypa NUTaHus. Pa3HOCTh CTATUYECKOTO M JAUHAMHYECKOTO
ypoBHeli AH = 8 M, koabduiuent nponuraemoctd K = 2J[, nuHaMHYCCKUI
ko3 dunment Bsazkoctu u =1 cll, paguyc ckBaxxkunsl I'c = 10 cM 1 MOIITHOCTB TIJIacTa
h =12 M. HaiiTi 1eOUT CKBaKUHBI IPU JBYX 3HAYCHHUSAX PACCTOSHHS OT KOHTYpa ITH-
TaHus 10 ckBakuHbL: 1) @ = 100 M, 2) a =200 M. Ctatudeckuit ypoBenb Hy =40 m.

H&BHGHI/IH Ha KOHTYPC IIUTAHUA U Ha 33606 CKBA XKW HBI
P =pgH, =10°-9,8-40 =0,392 MIIa

pe = p9(H, —AH)=10°.9,8-32 =0,314 MIla

Pemienue. JeOUT CKBaXWHBI BOJU3U MPSIMOJMHEHHOTO KOHTYpa MUTAHUS
ompenensercs mo Gopmye

Q:27zkhpgAH

uin—
C

B cnydae 1)

~2-314-2-1,02-10*?-12-10°-9,8-8
2-10*
10

Q =1,58-10"° »°/c =136 »*/cym

10°-2,3lg

B ciyuae 2)

_2-314-2-102-10"%-12-10°-9,8-8
4-10*

Q =1,45-10"% m%/c =125 M3 /cym

107.2,3lg

[TIponenars Beruucnenus g a =400 m, a =800 M u caenaTh BBIBOJ O BIUSHUA
pacCTOSIHUS 10 KOHTYpa MUTAHUS JACOUT CKBaKUHBI.

3aoaua o npumoke K cK8addcuHe Kpy2osou bamapeu



HazoBeM 3¢ pexTom B3anMoeiCTBHS £ OTHOIIEHUE CYMMapHOTO JeOuTa BCeX
uHTEP()EPUPYIONINX CKBAXKUH K CyMMapHOMY JE€OUTY TOTO K€ YHCIlia CKBaXHUH 0e3
ydeTa UX B3aUMOJICHCTBHSI.

Haiitn u3menenue »s¢ddexta B3aMMOACHCTBHS B 3aBUCUMOCTH OT 4YHCIA
CKBaYKUH, IKCIUTYaTUPYIOMIMX 3as1ekb paanycoM Ry = 5000 m; paanyc CKBaKUHBI I
= 10 cM; cKkBaXHHBI pabOTAIOT MPHU MOCTOSIHHOM JIETIPECCHH.

ConocTaBUTh CIICITYIOIINE CITyJIan:
a) B¢ CKBaKUHBI (M = 2) HaxoaTcs Ha paccTossiun d = 100 wm;

0) Tpu CKBaXHHBI (m=3) PaCHOJOKEHbl B BEPIIMHAX PABHOCTOPOHHETO

TpeyrojbHUKa co ctopoHoi d= 100 wm;

B) YeThIpE CKBaXXMHBI — B BEpIIMHAX KBajapara co ctopoHoii d = 100 m (puc.
21).

Pemenne. Cuntasi, 4T0 CKBRXHHBI PACTIOJI0KEHBI PABHOMEPHO 10 OKPYKHOCTH,
KOHIICHTPUYHOU C KOHTYpOM IMHTaHUs, HUCHOJb3yeM GdopMyiny neduta OaHOM
CKBOXUHBI KpPYroBOil Oarape, KOTOPYIO MOXHO YIPOCTUTh B YCIOBHUSX
paccmarpuBaeMoii 3a1aun, TaK Kak (R,/R, )<<1, ¥ IPEICTaBUTH B BUJIE

0- Zﬂkh(pk—mpc)

Kk
pln o
MR

J1eOUT OAMHOYHOM CKBaKMHBI B KPYTOBOM ILIACTE OIpeAenseTcs no popmyne
Jlrorron

0. - 27kh (P, — Pc)

R
uln =%
rC

Puc. 21



Oddekt B3auMoaCHCTBUS PaBEH

In Ry lg Re
onduH In ka Ig ka
mR," 1, mR," 1,
B ciyyae a)
R =9 _50u, m=2
2
X 5000
S S P
X 25-10 6,398
2-50-01

0) paauyc OaTapen U3 TPeX CKBaXHH (m = 3),

d, paBeH R, = d/+/3; B 3TOM ciyuae

PaCCTOAHUC MCKIY KOTOPBIMH

Ig&
B i 1 007 ~0%®
k )

d

JZ g 10*-01
— | T
\/é C

{

B) paauyc Oarapeu W3 YEThIpEX CKBaKHH,

PAacCIIOJOKCHHBIX B BCPIIMHAX

KBaJpaTa co CTOPOHOM d , COCTaBJISET R, = ¥ =70,7m.
9 & 4,699 4,699
== 2O 497
g R, X 625 -10 9,647
4Rf’rC 4.70,3°.01

[To mony4eHHBIM JaHHBIM, U YUYUTHIBAs, UTO IpU M =1 E, =1, mocTpouM rpadux

n3MeHeHus g deKTa B3auMoAeCTBUS £, B 3aBUCHMOCTH OT YUCJIa CKBAXUH m (pUC.

22).

Cnenatp BeIBOJ 00 u3MeHeHuuu 3ddexra B3aumoaeiicTeus £, B 3aBUCUMOCTU

OT 4ucCJja CKBAa>XUH m.



IIpakTuyeckoe 3ansitue 14 Ilinockue HeogHOMepHBIe PUIbTPALHOHHBbIE
NOTOKH K CKBaKMHAM KPYroBOro IJacra

3a0aua o0 npumoke K CK8adCUHe, IKCYEHMPUYHO PACNOJIOHCEHHOU 8 niacme ¢
KpPY208bIM KOHMYPOM NUMAHUSL

B kpyroBom miacre paaumyca Ry = 200 M pabGoTaeT 3KCUEHTPUYHO
pacrojiokeHHasi CkBakuHa paguycom =10 cm (puc. 23).

LON i’

7 2 3 m

Puc. 22 Puc. 23

Haiitu u3meHeHue paeOuta B 3aBUCUMOCTH OT PAaCIHOJIOKEHUS CKBAa)KUHBI
(3KCuEeHTpHUCHUTETa O) MO OTHOIICHHIO K JE0UTY CKBAXKMHBI, PACIIOJIONKEHHON B
LIEHTpE.

Pemenue. J[eOUT 3KCIEHTPUYHO PACIIOIOKEHHONW CKBAYKUHBI OMPEIEISETCS 110
bopmyie

Zﬂkh(pk—pc)
R 2

Inl =% 1-=—

ﬂn{rc( szﬂ

d CKBAJKMHBI B ICHTPC KPYIroBOI'O IIaCTa

— Zﬂkh(pk — pc)

uln Re
r-C

ancu =

Qo

OtHouenue Gpopmyn 1eOUTOB paBHO



3nauenus Q,. /Q, B 3aBUCHMOCTH OT /R, NPUBEIEHBI HIKE:
S/R e, 0,1 0,3 0,5 0,7 0,8 0,9 0,98

Qe /Qo oo 1,000 1,013 1,038 1,097 1,153 1,280 1,735

CrenaTh BEIBOJEIL.

3aoaua o Heobxooumom uzmeHeHuu oOenpeccuu AP 014 yoepoicanus oebuma
NOCMOSIHHbIM NPU  UBMEHEHUU HNOJONCEHUS CKBANCUHbL OMHOCUMENbHO YeHmMpPa

Kpyco602c0 niacma

B kpyroBom mmacte paamyca R = 150 m ¢ mommuocteto h = 10 M u
k03 durrenTom nporuraemoctu K = 0,5 /] pacronokeHa CKBaXXHHA PAIHycoM [
=10 ocm. Ilpu  Ap = pr—pc = 1,18  MIla (12 xrc/cm?) nebur HedtH C
JUHAMUYECKUM KO3 PuimeHToM Bsizkoctu ¢ = 2 mlla-c npu eHTpasbHOM paciosio-
JKEHUH CKBAXKUHBI paBeH 223 M%/cyT.

Kakx HE0OX0IMMO H3MEHATH JENPECCHIO  4p Mg

Ap, 4YTOOBl TpPH W3MCHEHHWH MOJOXCHUA —
CKBOXUHBI OTHOCHTEJIBHO I[EHTpA ILTacTa \r\
"0 - _..y._,__f._ﬂ_.,_‘ ——
IEOUT OCTaBajICs MOCTOSHHBIM? i
Pemenne. 13 popmynel nebuta 08 T e
HKCIEHTPUYHO PACTIOIOKECHHONW CKBaKUHBI - !
|
BBIPA3MM JIENIPECCHUIO 43 e 4|”"-
_ _ Q/J Rk 5 2 au 1 L.t | | |
Ap=pc=Pe =5 I . 1_R_kz 0 gz 0v g5 08 &/R,

Puc. 24
1 IMOJACTAaBHUM JAHHBIC 3a1a4YU1



-3 2
Ap = : 223-2-107-2,3 Ig|1500[ 1- o =
0,864 -10°-2-314-0,5-1,02-107°-10 2,25-10

2
=0,372 -lg {1500 [1 __9 ﬂ Mlla

2,25-10°

B 3aBucHMOCTHM OT pa3IWYHBIX 3HAYEHUN OHKCIEHTPUCUTETA O TMOIy4aeM
cieayromue 3HaueHus aenpeccuu Ap (puc.24).

5,M... 0 15 30 45 60 75
Ap,MIla 1,180 1,180 1,173 1,166 1,151 1,134
O, Mevuivnnnnnn. 90 105 120 135 149

Ap,Mlla...... 1,107 1,071 1,015 0,912 0,483



IIpakTuyeckoe 3ansitue 15 Ilinockue HeogHOMepHBIe PUIbTPALHOHHBbIE
MOTOKH K CKBA)KHMHAM IIACTA ¢ HENMPOHULAEMbIMH I'PAHULIAMU

3aoaua o npumoke K CKeaosiCuHe, pCZCI’ZOJZODfC'eHHOIZ 6 njiaacme c a@y]l/l}l 63AUMHO
nepneHOuKyﬂﬂprlMu HenpoHuyaemviMu epanuyamu

CosepiieHHasi ckBaxkuHa pajauyca . = 10 cM paboTtaer B 1miacte, OrpaHU4€HHOM
JIBYMsI MPAMOJIMHEMHBIMU HENPOHUI[AEMBIMHA TPAHULAMH, PACIOJIOKEHHBIMH IOJ
yriom 90° apyr k apyry (puc. 28). PaccTosiHus 1o rpanui paBabl a = 150 m, b = 300
M, paccTosiHuE 40 KoHTypa nuTanus Ry = 8,0 kM. J/laBlieHrne Ha KOHTYpe MUTaHUs Py=
11,76 MIla (120 krc/cm?), nanenne Ha 3a00€e ckBakuHEI Pe = 9,8 MITa (100 krc/cm?),
MOIIHOCTH I1acTa =12 M, TuHaMuYecKnii KO3(GUIIUEHT BA3KOCTH KHUIKOCTH i = 3
mlla-c, koadduiuent nporumnaemoctu K = 700m/1. Halitu 1eOUT CKBaXKMHBI.

Pewmenne. [Iponomkum HENMPOHUIIAEMBIE TPAHULIBI BBEPX U BIIEBO 10 KPYTOBOTO
KOHTYpa NUTaHus pagnycoM R, u 0ToOpa3uM CKBaXKUHY-CTOK OTHOCUTEIBLHO HUX 0€3
U3MEHEHUs 3HaKa ebura. B pe3ynbrare oToOpa)keHus MOIyYUM B KPYTOBOM ILIACTE
YeThIPEe CKBAKUHBI-CTOKA, U3 KOTOPBIX OJIHA — peajibHast U Tpu — (uKTUBHBIE. [IpH
9TOM THUAPOAMHAMHUYECKAs KapTHUHA TEYEHUSA B IUIACTE NPU  OTCYTCTBUH
HEMPOHUIIAEMBIX TPAHUI] TPU OJHOBPEMEHHON padOTE YETHIPEX CKBAKMH-CTOKOB
OyZeT coBmaaath ¢ THAPOJHHAMMYECKOW KAPTUHON MPU HAJUYMKM HETIPOHUIIAEMBIX
I'PAHML, TaK KAK 3TU T'PAHULIBI SIBJISIOTCS JIMHUASAMU ToKa. CunTas, 4To KOHTYp IUTa-
HUS PacHojiO)KEH Ha JIOCTaTOYHO OOJBIIOM  PAcCTOSHHUM OT  CKBAaXWH,
PEe3yIBTUPYIOIINN ITOTEHIIMAI B HEKOTOPOM TOYKE IUIACTA MOKHO 3alIMCaTh B BUJE
CYMMBI IOTEHINAJIOB, BO30YK/1a€MbIX KaXIbIM CTOKOM B HEOTPAaHUYEHHOM ILIACTE,

q n
D, =—)>Inr+C
M 272_; i



ITomecTm TOUKY M Ha KOHTYp CKBa)KHHBI, TOT1a

r,=2b
r, =2va’ +b? O Oq
J L L
(I e

[Tomemas Touky M Ha KOHTYp NTUTAHMUS,

IIOJIy4UM

ALY

® = 4nR +C
27 Puc. 28

a BBIUMTAs, HallJIeM

q

R R R R
G, -, =—|Ih*+Ih—~+h——"th—~
e 27[( r, 2b  2.a% +p? 2a]

OTKYyJIa
_ 2”(@1(_@0)
In —————
8r.abva® + b’
WU
_ . . . -12 . —_ 6
o- 27kh(p, —p,) _  6.28:07-102-10 12511,7162 9,8)10 179107 3 o =
8" -10

Ry -
un———* — 3.10°-2,3lg
8r.abva® +b? 0,1-8-150-300-+150° + 300
=155 »* [ cym

IIpu naHHBIX 3TOM 3a1a4l pacCMOTPETH YIIPOLIECHHBIN ClIy4yaid, KOrJaa CKBaXKMHa
HAaXOJUTCA Ha OMCCEKTpHCE YyIJla MEXAYy HENPOHMUIIAEMbIMU TpAaHMIIAMH, Ha

PACCTOSIHUU @ OT KaXKJIOM.

3aoaua o npumoke K CKedasiCuHe, paC}’lOJZODfC'eHHOﬁ 6 njiacme c 06)/]1/[}1
npﬂMOﬂMHeﬁHblMu HenpoHuyaemvimMu cpanuyamu

OnpenenuTh 1e0UT CKBaKUHBI, paboTarolell B MIacTe, OrPaHUUYCHHOM JIBYMS
MPSMOJMHEUHBIMA HETPOHUIIAEMBIMU TPAaHUIIAMHU, PACHOJIOKEHHBIMU TI0J] YIJIOM



60° npyr k Apyry. PaccTosiHue OT TOUKHM NEepeceUeHrsl HEMPOHUIIAEMBIX TPaHUL] 0
CKBaXMHBI I = 200 M, paccTosiHME 10 OJHOM U3 rpanull a = 50 M, paauyc KOHTypa
nutaiuss Ry = 5 km (puc. 29). Mommocts miacta h = 10 M, ko3bduimeHt
npoHunaemoctd miacta K = 0,3 JI, nuHamMu4YecKHil KOA(DQOUIIMEHT BA3KOCTH
xuaxoctr 4 =2 mlla-c, nenpeccust Ap == 2,45 MIla (25 krc/cm?), paanyc CKBaKUHBI
r.=0,1 m.

Pemenne. [IpogomxuM HENPOHHIIAEMBIE TPAHUIBI U OTOOpPA3UM peaIbHYIO
CKBOKHHY-CTOK OTHOCHTEIIBHO TpaHUI], COXpaHss i aeOuTa TOT K€ 3HakK. B
pe3yabpTare MOJy4yuM JiBa CTOKa-u3oOpaxkeHus— No 2 u No O: mosiBJIeHHE CTOKa-
n3o0paxenust Ne 6 HapyliaeT ycliOBHE HEMPOHUILIAEMOCTH rpaHulibl OA, a Haau4due
ctoka Ne 2 HapymaeT yciaoBue Ha rpanuiie OB, mosToMy UX Ha/lO B CBOIO OYepe.lb
OTpa3uTh: Ne6 - OTHOCUTENBHO IPAHUIIBI
OA, Ne 2 — otHocutensHo OB. Ilpu
ATOM TOSIBJISIIOTCS CTOKU-U300paKEHUS
Ne 3 1 Ne 5, u3 koTopbix Ne 3 Hapymaet
HEMPOHUIIAaeMOCTh TpaHuIlsl BB' a Ne 5
- rpanunbl  AAT UX U300paKeHHs
OTHOCHUTEIBHO 3TUX I'PAHUIL] COBNAJAIOT
U JAI0T CTOK-u300pakeHue Ne 4.,

Takum  oOpasom, 3amaya o
bunbTpallui B KIWHE CBOJIUTCA K
3aMa4e O (QUIbTpallid B KPYTrOBOM

nJiacTe paguyca Ry, B KOTOpoM

paboTalT OJHOBPEMEHHO peajbHas

CKBOXMHA-CTOK M  MATh  CTOKOB-
Puc. 29 U300pKEHUN, PACHOJIOKEHHBIX — TI0
OKpY>KHOCTH pajmyca I.

[TpuMeHsIst IPUHIIKAIT CYTIEPIIO3UITAHN, 3aITUIIIEM PE3YJIbTUPYIOITUI MTOTSHITHA Ha
3a00€ peaabHON CKBaKUHBI:

D, :%(In r+hr,+nr,+Inr,+Ihr,+Inr,)+C
rae
0 H 0
r,=2a, l;="r;=2rcos30°, r, = 2r3|n(60 + a)

e = 2rsin (600 —~ a)



a yroJ o ompezeNsseTcss u3 cooTHommenus Sin o= alr = 0,25, a.= 14°30' (cm. puc.
29).
[ToTeHIran Ha KOHTYpE MUTAHUS, KOTOPBI CYATAEM  YAaJCHHBIM OT IPYIIIIbI

B33HMO,Z[CI>'ICTBYIOIHHX CKBa’KUH, IIOJYYUM B BUJC

o =3 .6.nR +C
27

Pa3sHOCTb MOTCHIIUAJIOB

@k—dbcziln&+ln&+2ln Re =+In _Rko +In —— =
2| X 2a 2rcos 30 2r5|n(60 +a) 2r5|n(60 —a)

q Re

27 32 r.ar* cos? 30° sin(60° + & Jsin (60° - @)

OTKyzIa
27KhAp
n Re
32r.ar* cos® 30°sin (60° + & )sin (60° — «x)

wul

-12 6
B 6,28-0,3-1,02-107°-10-2,45-10 —0,926-10 1/ = 80 1% [cym

6 18
2.10°-2,3-1g ° 103
32.01-50-16-10° -, 0964:0713

[Ipu naHHBIX 3TOM 3a/1a4l paCCMOTPETH YIIPOLICHHBIN CiIy4aid, KOrja CKBaKMHa
HaXOJUTCS Ha OHCCEeKTpHUCE yria MeEXIy HEIPOHUIIAEMbIMU TpaHUIlaMH, Ha

PACCTOSIHUM @ OT KaXIOM.



IIpakTuyeckoe 3ansaTHe 16 Pacuér puiabTpaliuoHHBIX NOTOKOB 10 OCHOBHOI

(¢opmyJie TeopuH ynpyroro pe;kuma

[Ipu mycke CKBaXKMH B HKCIUTyaTaIUIO, MPHU OCTAHOBKE UX, NMPU W3MEHEHUU
TeMIna A00BIYM KHUJIKOCTU W3 CKBAXHUH B IUIACTE BO3HMKAIOT HEYCTAHOBUBILUECS
IPOLIECCHI, KOTOPbIE MPOSBISIOTCS B IepepaclpeesieHuH IIaCTOBOIO JaBJIeHUs (B
NaJCHUU WM POCTE JaBIICHUS BOKPYT CKB&)KHUHBI), B M3MEHEHHUSIX C TEUYCHHEM
BpPEMEHU J€OUTOB, CKOPOCTEN (PUIBTPALMOHHBIX TIOTOKOB U T. 1.

Oco0eHHOCTH STUX HEYCTAaHOBUBIIUXCS TPOIECCOB 3aBUCAT OT YIPYTHX
CBOMCTB IUIACTOB M HACBHILAIOIMIMX HX JKUIKOCTEH. XOoTd KO3(PUIMEHTHI
C)KUMAEMOCTH BOJIBI, HE(TH U OPUCTOMH cpeabl oueHb Manbl (B, = 4,59*%10°° m%/H,
B.= (7-30)*10"° M?/H, . = (0,3-2) 101° M*H), ynpyrocts ®uAKOCTEH M HOPOJIBI
OKa3bIBa€T OTPOMHOE pamsume HA MOBEJACHHE CKBAXUH U IUIACTOB B IPOLECCE HX
HKCIUTyaTallH, TaK Kak 00BEMBI IJ1acTa U HACBILIAIONIEH €ro XKUAKOCTU MOTYT ObITh
oueHb Belauku. [loaromy npu noacuére 3anacoB HeTH (U ra3a), IPU MPOCKTUPosaHUH
pa3paboTKu HEQPTAHBIX M Ta30BbIX MECTOPOXKACHUW, MpPH SKCIUIyaTallUud, Ipu

uccnenOBAHHUU CKBAXKWH, IIPXU CO3JJaHHUU ITOJA3CMHLBIX XPAHWUJINIL I'a3a npuxo/l¥tcs y4uThIBATh

CKUMACMocth xuakOCTH u nmopucTol cpebl.

00BEM HACBIIIAIOMICH TUTACT KUJIKOCTU MPU CHIKEHUHU TJIACTOBOTO JABIICHUS
YBEIMYHUBACTCS, & 00HEM TTOPOBOTO MPOCTPAHCTBA YMEHBIIIACTCS; ATO M OMPEIACISICT
BBITECHEHUE KUIKOCTH U3 TUIACTA B CKBAXKUHY (MJTU Ta30BYIO 3aJIEKD).

Ecnu B mpornecce pazpaboTku npeoOiagaromieid GopMoil SHEPTUU SBISIETCS
DHEPrus ymnpyrou achopMalHM IIacTa W CXATOW YKUIKOCTH, TO PEKUM IUIacTa
Ha3bIBaeTCs ympyruM. [Ipu 3TOM mpenmonaraercs, 4To (UIBTPAIIMOHHBINA TOTOK
otHO(ha3HBIMH, T. €. IJIACTOBOEC JIABJICHUE BHIIIC TaBJICHUS HACHITIICHUS.

B  ycmoBusx  ympyroro - pexmma — XapakTEpHO TO, YTO  TIPOIECC
nepepacnpesieiecHus]  JTaBICHUS MPOUCXOAUT MEMJIEHHO (JJIUTEIhbHO), a He
MTHOBEHHO, KaK 3TO ObLIO Obl Mpu aOCOMIOTHON HEC)KUMAEMOCTU IulacTa H
HACBIIIAONIEH €r0 KUIKOCTH.

B teopun ynpyroro pexxuma OOJIbIIYIO POJIb UTPAIOT JIBA MMapaMeTpa:



1. KoadunumeHT ynpyroeMKoCTH 1iacrta
B*= Poc + Be (4.1)
rie M — MOPUCTOCTh; U — COOTBETCTBEHHO KO3 ULMEHTHl CKUMAEMOCTH
KAJKOCTHU U IOPUCTOM CPEBI.
Koadpdunuent f* unciaeHHO paBeH U3MEHEHHIO YIIPYTOro 3amnaca KUJIKOCTH B
eIMHULE 00bEMa IUIacTa MPU U3MEHEHUH IUIAaCTOBOTO JAaBJICHUS Ha OJHY €IUHULYY.
Huorga BMecTo ko3 puiienTa ynpyroeMKOCTH IIacTa UCTOIb3YIOT MPUBEICHHBIN

MOJYJIb YIIPYTOCTH:

Bt — P
m

2. KoaddurmeHT npe30mpoBOHOCTH TUIACTA

k k
W o= e K

up* i

OH XapaKTepHu3yeT TEeMIl MepepachpeeeHnus IJIaCTOBOTO NABICHHUS B YCIOBUSX
YIPYroro pexuma. Ora BEJIMYMHA aHaJOTMYHA KodhpuieHTy
TEMITepaTypOIPOBOTHOCTH B TCOPUH TEILIOTIEPEIauu U BIIEpBhIe Obla BBeAcHa B. H.

[[lenkayeBbIM.

Tounvie pewenus oughghepenyuanbHo2o ypasnenus YAPY2020 PEHCUMA
HuddepennmanpbHoe ypaBHEHHE YOPYroro pexuMa (UIbTpalud MOKHO

3a1mcaThb

= %
ot \ or? r or

_dp o0*p 1 odp )
(4.2)

WNurerpupys nuddepennimansHoe ypaBHeHHE (4.2) MPHU 3aTaHHBIX HAYAIBHOM
U TPaHUYHBIX YCIIOBUSX, OMPEACIAIOT JaBJj€HUE B JIO0OM TOUKE IJIacTa B JHOOOM
MOMEHT BPEMEHHU.

Pemenne 3amaun nepepacnpeneneHus JaBiI€HUS MOCIE IyCKa CKBAXKHUHBI C

ITIOCTOAHHBIM I[C6I/ITOM Q B 6CCKOHC‘{HOM, TOPHU30OHTAJIBHOM mmacre CBOAUTCA K



UHTETPUPOBaHUIO0 nuddepeHnanbHoro  ypaBHeHus (4.2), UMEIOLWEro IS
IUIOCKOPAIUATbHON (PUIBTPAIIUH BHI:

o %< dp | &Fp 0%)
ol e b e N as
ot ox> oy? 02?

C HAYaJIbHBIM U I'PaHWUYHBIMHA yCJIOBHAMU

p(r,t)=p, npn ¢t =0,

9
Q - 2nikh [ & op ) ,
7! or Jr=0

p(r, t) =px npuH r=oo.

TouHoe pemienue 3Toi 3amauu npu r. = 0 gaercs Gpopmynoit

_ Qg
Pe—p(r 1) = 41ikh = 4xt>
—Ei(— ) - 5 "
Axt u
5
oy 4.3)

Ota TabynupoBaHHas PYHKIMS HA3bIBAETCA MHTETPATbHBIM SKCIIOHSHIIHAIIOM,

WJIU MHTETPabHOM MoKa3aTeIbHON (QyHKITUEH.

; ra
f2/4%f —Li (__ 4yt )

[Ipu ManpIx 3HAYEHUSAX apryMeHTa GyHKIIHIO

MOXKHO TIPHOJIM)KEHHO 3aMEHUTH (hOPMYJITOi

— Fi (— i )z In 2L _0,5772

4nt r2

" TOTIa

4pt
pe—pr, 1) = 43‘5}'; (m - —0,5772)

®dopmyna (4.3) sBAAETCS OCHOBHOM (pOpMYJION YNPyroro pekuma IjiacToB,
IIMPOKO TMPUMEHSIONICHCS TpU HUCCIENOBAaHUM TpoIlecca IepepacipeieICHHs
IJIACTOBOTO JABJICHUS, BBI3BAHHOTO IYCKOM CKBa)KHH C MOCTOSTHHBIMH JeONTaMH,

OCTaHOBKOM CKBaXXHWH, UBMCHCHHUAMHU TCMIIOB I[O6I>I‘II/I nT. O



®opmyny (4.3) Takke MOKHO HCIOJIb30BaTh B CIy4ae MPUTOKA KUJKOCTH K
CKBO)KHHE KOHEYHOro PAINyCca M B HAYAJIbHOW CTaIMA U3MECHECHWS JIABJICHUS B TUIACTE

KOHCYHBIX pa3sMCpPOB.

[Ipy HeycTaHOBMBIIECHCA TapauIeIbHO-CTPYHHON (UIBTpallMK  YIPYron
XKHUJKOCTH K Tajiepee, pacroaokKeHHON B MOJI0CO00Pa3HOM MOTyOECKOHEYHOM ILIACTe
NEPHEHANKYIAPHO K OCU ox B ceueHud x=0 (puc. 4.1) U SKCIUTyaTUPYIOIIEHCS C
MOCTOSTHHBIM JIaBJICHMEM Ha 3a00€ rajepeu p. JaBJICHHE B JIFOOOM TOUKe IJlacTta B

1100011 MOMEHT BPEMEHH MOIYYUM, HHTETPUPYS ypaBHEHUE
6 2
P em d%p
ot 0x?

HpI/I Ha4YaJIbHOM H FpaHI/I‘IHBIX YCJ'IOBI/ISIX
p(x, t) = p, npu ¢ =0,
p(x, ) = p, mpu x =0,
p(x, )

Px TIPH X = oo

/// ool ///// VP
l/' ‘.LAZ// / ,/I:‘E‘/ - Z

-q\--—.-.._... e’
x o « ¢

Pucynoxk 4.1

Pemenue Bripaxkaercs hopmynoun

p(x, t): Px '“"'(px . pr) (1 — el g),

rIe



2/t

e—4* du

erf § =

oc_-—-—;m

2
Va

— HHTCIpaJl BEPOATHOCTH.

3aodaua

Onpenenuts J1eOUT rajeped, paclolOKEHHOM B MOJIOCOOOpa3HOM
noayoeckoHeuHOM 1iacte (cM. puc. 4.1) mmpunoit B = 300 M, MomHOCTRIO h=15 M,
¢ koadduimentoM nponuiaemoct K = 0,8 JI, B MOMEHT t = 2 CyT ¢ Hayaja
AKCIUTyaTalliM C TIOCTOSIHHBIM 3a00MHBIM JaBlieHHeM ».=9,8 MIlla. HauanbHoe
IJIaCTOBOE JaBiieHue p. = 12,74 Mlla, koahPUIMEHT CKUMAEMOCTH KUAKOCTH U
IOpO/Bl paBeH cOOTBETCTBEHHO P, = 1,53*10° mM%*H u B. = 0,612-10° m?%/H,
koadurmenT nopucroctu M = 20%, TuHAMUYECKU KOG OUITMEHT BA3KOCTH HEPTH
u=1,5 mlla-c.

B macte uMeetr MecTo HEYCTaHOBUBIIASICS (DUIBTPALUS YIIPYTOW KUIKOCTH
1o 3akoHy [lapcu.

Haiitu nebuthl mo TouHout popmyse u o ¢popmysie, MOJTy4YEHHON IO METOY
MOCJe0BaTEILHON CMEHBI CTAIIMOHAPHBIX COCTOSTHUH.

Pemenne. Pacnpenenenne naBieHuss B IUIACTE MNPU HEYCTAHOBUBIICHCS
napajyieIbHO-CTPYHHONU (UIbTpALMK  YOPYTOM KUAKOCTH K MPSIMOJIUMHEHHON
rajiepee mpu MOCTOSTHHOM JaBJICHUU Ha 3a00€ BhIpakaeTcs cieayromen hopmymoit

(TOuHOE penieHue):

P, 0= pe—(pe—p) (1 —erf 3=,

raIe
X
3 2 Vut
x
erf —X— — | e du
2V nt T



— uHTerpan BepositHocteil. CornmacHo 3akony Jlapcu

Q:f.(.?&) Bh.
W 0x Jx=0

MIO3TOMY

KOB(b(I)I/IHHeHT IIbBC30IIPOBOAHOCTH K B YCIOBHAX paCCManHBaeMOﬁ 3aJa4Hn

paBeH

R k B 0,8.1,02.10—12
up*  p(mPut Bo)  1,5-108(0,2-1,53.10—9 + 0,612-10—10)
— ],48 m?/c.

W =

Jlebut, onpeneneHHsblil Mo TouHoi popmyre, Oyaer

0. — 0,8-1,02.10—12 (12,74 — 9,8)-108.300- 15
T8 1,5.10—37/3,14-1,48.2-0,864- 105
= 694 m3/cyT.

— 8,03-10—3 M¥/c =

[To meTtomy mociegoBaTEIbHOM CMEHBI CTAllMOHAPHBIX COCTOSIHUN Je0uT

NPUOIMXKEHHO Oompeensercs no GopMysie At CTallMOHAPHOTO PEKUMa JBIKCHUS

k (px — pr) Bh
pl ()

anMG -

rae |(t) — mivHa, Ha KOTOPYIO PacPOCTPAHHUIOCH OBl MOHMKEHHUE JaBICHUS K
MOMEHTY t, eciiu ObI 1aBJICHKE B 30HE ACMPECCUU MEHSIIOCH T10 MPSIMOM TNHHUU;

I(t) ompenensiercs U3 ycnoBus MaTepHaTbHOTr0 Oaanca mpu pr = CONSt u paBHa
[ =2V ut

Torma



Q. o — e—p)Bh _ 0,8:1,0210712 (12,74 0,8 105:300.15 _
npHo u2 /%t 1,5-10—3.27)/T,48.2.0,864- 105
= 7,12-10—3 m¥/c = 615 m¥/cyr.

[TorpemHOCTh TIpU OMNpeACICeHNH JeduTa M0 NPUOIMKEHHON GdopMyIie

COCTaBUT

A = Qrou— Qupus 19 . 694 =615 49 _ 11,4%
694

TOY



IIpakTHyeckoe 3ansitue 17 Onpeaenenne napaMeTpoB IUIACTA IPH YIIPYTOM
peskume

UccnegoBanust Ha HEPTIHBIX MECTOPOKACHUSX MPOBOIATCS IS MOIYYCHUS
JAHHBIX O TPOJAYKTUBHOM IUIACTE, HACHIIIAIOUIUX €ro >KHJIKOCTAX, a TakkKe O
CKBOKMHAX  JUISI  YCTAHOBJICHHS  pAIlMOHAJBHOIO  pEeXHMa  pa3pabOTKu
MECTOPOXKACHHSI, JTATbHEUIIIETO €r0 KOHTPOJIS M KOPPEKTHPOBKH.

[IpuHATO CUMTaTh, YTO HCCICNAOBAHUS CKBAXKUH NPU HEYCTAHOBHUBIIEMCS
pexXrUMe 1at0T 60JbIIe HHPOPMAIUH, YEM UCCIIEIOBAHH METOIOM YCTAHOBUBILIUXCS
otbopoB. Ilpu 06paboTke KpuBoi BoccTaHoBieHUs napieHus (KBJI) momygaror
CpeHee 3HAYeHUE THAPONPOBOJHOCTH WM MPOHMIIAEMOCTH Ha Pa3IMYHbIX
PAcCTOSIHUSAX OT CKBAXKUHBI, OINPEACNAIOT KO3()PUIMEHT NbE30MPOBOJIHOCTU U
IPUBEICHHBIM paJNyC CKBa)KUHBI, OLEHUBAIOT KO3((UIMEHT AOMOJHUTEIbHBIX
NoTeph JaBlieHus (ToKa3aTeab CKUH-3(pdeKkTa), onpeaenstoT IMIacTOBOE JaBJICHUE U
NPUOJIMKEHHBIN KO3PPUUHUEHT TPOYKTUBHOCTH CKBAKUHBI.

HccnenoBanne CKBaXUH MPU HEYCTAHOBUBIIEMCS peXUME (PUIBTPAIIH — 3TO
UCCIIEJOBAaHUE TIPU PEXKUME, H3MEHEHUE KOTOPOTO MPOUCXOTUT TOJIBKO I0]
JEHCTBUEM YIPYIHX CHII IIacTa U HACBIIIAIOIIUX ero kuakocte. [o cymecTBy 310
UCCIIEIOBaHKE Tepexosia paboThl MacTa ¢ OJHOTO YCTAaHOBUBILIEIOCS peXuMma Ha
JIPyTrou MoJ NIEMCTBUEM 3TUX CHUIIL.

[Tpu wHTEpIpeTauy NaHHBIX UCCICIOBAHUS MPUHUMAIOT PACIIUPSIIONIYIOCS
30HY 32 KpYTrOBYIO C paauycoM R, COOTBETCTBYIOLIMM OIpEAEIECHHOMY BpeMeHHU t.
[IpomenmemMy ¢ MOMEHTA U3MEHEHUS pexkrma. CBOWCTBA MPOIYKTHUBHOTO IIJIACTa Ha
pacctosiHuu R 0T CKBa)KMHBI MPUHUMAIOTCS OAMHAKOBBIMU — CPEHUMH IO IJIACTY

(puc. 1).

Pucynok 1 — Pacimpsromasicst 301a
HapyIlIEeHUs
peXuMa B HEOJHOPOJHOM IIACTe

BcenencrBue Toro, 4To M3MEHEHUE pEKUMA MPOUCXOINAT 33 CYET YHPYTUX CHIL,
IIPU UHTEPIIPETALUN UCTIOIb3YIOT YPABHEHHUE YIIPYTOrO pEKUMA.

AP(t) = a1y 225%8 (1)

4TKh T
rne AP(t) - u3MeHeHue nepemnaja 3a00IHBIX aBleHU B QyHKIIMK BpeMeHH, [1a
Q - YCTaHOBUBUIMHCS 1€OMT CKBAXXUHBI, U3MEPEHHBIN HA IOBEPXHOCTH, C KOTOPBIM
CKBa)KMHA paboTaina 10 3aKphITHs, m/c;
a - BS3KOCTb HE(ITH B MJIACTOBBIX yCIOBHUsAX, [a-c;
Du - 00beMHBINH KO3 PUIMEHT HeDTH MPH TIACTOBOM TeMIepaType;

K - TIPOHMIIAEMOCTH JPEHUPYEMOH 30HBI, M



h - addexTrBHAs TOIIIKHA [UIACTa, M
X - K02(UIMEHT MbE30MPOBOHOCTH PEarupyoIIeil 30HbI MIacTa, M%/c;
Ip - TPUBEACHHBINA PAJNYyC CKBOKUHBI, M

VYpasuenue (1) nepenuiiem B BUje

_ QﬂHbH 2,25y Q”Hbﬂ
AP(t) = ppaes In s t o Int (2)

JlaHHOE BBIp@KEHHE SIBJISICTCS YpaBHEHUEM INpsiMOil B koopauHatax AP — In t, npu stom

OTPE30K, OTCEKAEMBbIi IPSAMON Ha OCH OpAMHAT,

= 3
4mKh e (3)
a yriaoBoil K03 UIHEHT NpsSIMOn
. _ Quup
j = <Chbu 4)
4TTKh
C yyerom npuHATHIX 0003HaYeHU ypaBHeHue (1) 3anmuiiem B BHE
AP=0a +i-Int 5)

T.o., 11st uHTEpIpeTauu KpuBoi BoccraHoBieHus nasieHus (KB/l) neoOxonumo:

1. JIns ¢pukcrupoBaHHBIX 3HAYCHUH BpeMeHH { Berauciauts N t;

2. IToctpouts 3aBucumocts AP-f(t) B koopaunarax AP - In t;

3. IIposkcTpanoanpoBaTh IPSIMOJUHEHHBIH Y4aCTOK JaHHOM 3aBUCUMOCTH /10 [I€peceueHust

C OCbIO OpAXHAT U OIIPCACIINTD YHCJICHHON 3HAaUCHHUE (08

rIe

y : . AP ,—AP
4. Paccuurars yrioBoi Ko3QGUIKENT i: i = W (6)
2= 1

5. Beruncnutb K03 GUIMEHT THAPOIIPOBOIHOCTH €

Kh _ 2,3Qb
u T o4mi (7)

6. IIpu u3BecTHOM BennunHe h paccuntath K03 GuUeHT noaBmxHOCTH K/,
7. Onpenenuts NpoHULaeMocTsh K;

8. Paccunrath K03((HUIMEHT HE30ITPOBOIHOCTH

K
y=—K ®)
i (MByyc+Br)
m - K03 QUIMEHT NOPUCTOCTH;
Bx ¥ Pa - COOTBETCTBEHHO KOA(P(UIIMEHT CKUMAEMOCTH KHJIKOM U TOPHOM MOPOIbI

Bx =9,5-107°1/ITa; Bn=2-10"10 1/ITa.
9. BeIuncianTh NpUBEACHHBIA PaJNyC CKBAaKUHBI

_ /2,25)(
rr[p - 10/i (9)

10.IToxa3zatens ckuH-3(dexTa (CyMMapHbIA KOAG(GULIHUEHT JONOTHUTENBHBIX TOTEPH)

S = In(,/1,) (10)
11. Ilorepu naBiaeHMs Ha MPEOJOIEHUE TOMOIHUTENBHBIX conporusnenuil B [1311, MIIa:
AP, =1i5/1,15 (11)
12.Jlenpeccust naBiieHus Npu paboTe CKBaXMHBI Ha yCTaHOBUBIIEMcs pexume, MI]a:

1. (R
AP, o = iln (r—:) /1,15 (12)
13. [InacToBOe naBieHue MpU paboTe HA ycTaHOBUBIIEMcs pexume, MIla:
Pun=Psa6 07A Psag o, (13)

14. Koaddunuent npoIyKTUBHOCTH CKBaXXUHBI, T/(cyT-MIla):



Knp:Q/A Psac o (14)

15. OrHocuTenbHas MoTepsi JENPECCUU Ha MIPEOJO0JICHHUE JIONOIHUTEIBHOIO CONPOTUBIICHUS B
11311, %:

1, = 100AP, /AP,4 (15)

A/ZsaﬁlMﬁa

[ 4Psa5t

3 B ) — C— e—
Ap3a5 (60) M Pucynok 2 — Kpusas

|
o , BOCCTAHOBJICHUS IABJICHUS B
2FApsa57 ){/ l’ xoopauHartax AP n lg t

¢ J

& 7 |
# l

4 |

0 fl ! ¥ . L l

g60 7 3 4
Lgty ngt /l!il‘
3amada.

HcenenyoT METo1oM BOCCTaHOBIICHHS IaBJIEHHS CKBAKHHY, KOTOpast 0oJiee IByX
MecslleB paboTaja Ha ycCTaHOBUBIIEMCs pexume ¢ aeoutom 80 T/cyr. 3aboitHoe
nasnenne 18,45 MIla (Gonbiiie naBneHus HackImeHus). DddekTuBHAs TOMIMHA TJ1acTa
25 ™, nopucrocts 20 %. IlnotHocTs merasupoBanHoi HedTu 850 Kr/M3, 00BEMHBII
k03(purment 1,2, BA3KOCTh HEPTH B MIACTOBBIX ycioBusx 2,7 mlla-c, koadduuuent
cxumaemMocTtd Hedrr 9,5-107°1/ITa, kosdpuumenT cxMMaeMoCcTH OpHUCTOi cpebl 2+ 107
101/IMa. Pammyc ckBaxuubl mo monory 0,124 M, cpeiHee pacCTOSHUE IO OIMKAMIIMX
CKBaHH 250 M.

OmnpenenuTts CBOMCTBA MPOYKTUBHOTO IJIaCTa, OLIEHUTD IIACTOBOE JaBJICHUE
U KO3 (GUIUEHT TPOTYKTUBHOCTH, OMPEACIUTh MPUBEACHHBIA PAUyC CKBAXKWHBI,
JIOJIEO JEMPECCUU, TPUXOASIIYOCs Ha conpoTuBienue B 11311

Pemennue.

[lepen ocTaHOBKO# CKBaXUHBI PEKUM MOKHO CUUTATh YCTAHOBUBIIUMCS, &
JaBJIeHUE Ha 3a00€ MOCTOSTHHBIM.

O0paboTKy pe3yIbTaTOB UCCIICIOBAHUS MPOBOIUM B KoopauHatax AP — In t
(puc. 1).

B tabnuue 1 nmpuBeneHbl JaHHbIE UCCIIEOBAHMS, 10 KOTOPHIM OCTPOEHA
KB.

t,c P3a6, MIla Int AP3a6, MIla
0 18,451 0 0

60 19,674 4,09 1,22

120 20,148 4,79 1,70

180 20,681 5,19 2,23

240 21,233 5,48 2,78

300 22,452 5,70 4,00




360 23,011 5,89 4,56
420 23,121 6,04 4,67
480 23,245 6,17 4,79
540 23,375 6,29 4,92
600 23,468 6,40 5,02
1000 23,837 6,91 5,39

AP

i ~
2 |/
14/

X

Pucynok 1 — KBJ] B koopnuHarax AP — In t

1.YKJ1I0H NTMHENHOTO y4acTKa
. APy55 —APys1 539 — 4,56
T TInt,-Int,  691-5489
2.1TponomxkeHne TMHENHOTO yyacTKa orcekaeT Ha ocu AP orpesok 0=0,45
MITa.
3. OOBbEMHBIN 1e0UT CKBaKUHBI
Q = Q,,103/86400p,,=80000/86400-850=1,089-10 »*/c
4. KoadhuimeHT rugpornpoBOTHOCTH €

Kh _ 23Qb _ 23-1,089-1073.1,2 _
=—="—= = 1,28 - 10" 1%v%TIa-c.
w o ami 4-3,14.0,814

5. Koodpuuuent momsmwxnoctn K/u= (1,28 -10719)/25 =5,11-10712 |
m?/Ta-c.

6. Ompenenuts nponunaemocts K= (5,11-10712)-2,7 = 1,38 - 1071% M2
0,014/

7. Paccuutath KO3 UIIMEHT MTHE30MPOBOIHOCTH

K 0,014-10712
=— - —- = 0,013 wm%c
uy(mBy+By)  2,7:1073(0,2:9,5:10710+2.10710)

= 0,814Mlla

X:

8. BBIYMCIUTD MPUBEICHHBIN painyC CKBa>KUHbI

Top = \/2'25" = \/2'25'0’013 = 0,0909 M

100(/i 100,45/0,814




0,124
0,0909

9. Ilokazarens ckuH-3¢gdexra S = In (:—z) = ln( ) = 0,3106

10. IloTepn naBieHHs Ha MPEOOJEHUE AOTOJIHUTEIBHBIX CONPOTUBICHUN B
I1311, MI]a:
_ i 0814-0,3106
AT1,15 1,15
11.denpeccust naBiaeHus npy paboTe CKBaXKUHBI HA YCTAHOBUBIIIEMCS PEXKUME,
MIla:

AP

= 0,22 MIla

iln(2K)  0,8141In(-22

APya60 = 1’(12") =—7 1(;""9""’) = 5,6MIla

12. InacToBoe AaBiaeHUE Npu padOTE HA YCTAHOBUBIIEMCS PEKUME:
Pnn:P3a6 0+A P3a6 0:1 8,45+5,6:24,05 Mlla

13. KoapduureHT npoayKTUBHOCTH CKBaKUHBI:

Kip=Q/A Py50= 80/5,6=14,28 1/(cyr-Mlla)

14. OrtHocHTEIBHAS IoTCpsA ACIIPCCCHUHU Ha IIPCOMOJICHHC OOIIOJIHUTCIBHOI'O

conpotusiieHus B [1311
n, = 100AP,/AP,,5, =100-0,22/5,6=3,9 %



MWHHUCTEPCTBO HAYKH 1 BBICHIEI'O OBPA30OBAHMS POCCUMCKOM ®EJEPAIIMA
DenepanbHOE FOCYAAPCTBEHHOE ABTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHE

BbICIIIET0 00pa30BaAHUA

«CEBEPO-KABKA3CKHWI ®EJEPAJIBHBIA YHUBEPCUTET»

METOANYECKHUE YKA3AHUSA
10 OPraHM3ALUH U NIPOBEACHUIO

CaMOCTOSITeIbHOI padoThI

I'mapasiauka u HedTerasopasi ruipOMexXaHuKa

JU1sl CTyeHTOB HampasieHus noarotosku 21.03.01 Hedrerazosoe nemno
HaIPaBJIEHHOCTH (MPOodHIIb) « DKCILTyaTalus U 00CTy>KuBaHHEe OOBEKTOB TOOBIUU
HepTH»

Craspornoins 2026



Meroaudeckne peKOMEHAAMM TIPeIHAa3HA4YCeHBI U1 CTyAeHTOB By3a «CeBepo-KaBkasckuit

(henepanbHbI YHUBEPCUTET)
[lenu MeToAMYECKHUX PEKOMEHIAIIHi:

1. MeToandeckoe COMPOBOXKACHUE TMpoIlecca BBEJACHUS H  pealu3aldd  TpeOOBaHMH
®DenepallbHOTO TOCYIAPCTBEHHOTO 00pa3oBaTeNbHOTO CTaHAapTa Bbicmiero obpasosanusa (maiee OI'OC
BO), momomrs npu pa3zpabotke pabounx yueOHBIX IPOTpaMM JUCIHILINH U MPO(ecCHOHATBHBIX MOTyJeH

obpazoBarensHO# mporpammsl (nanee OIT).

2. Co3manue B 00pa30BaTEIbHOM YUPEKICHUH Y4eOHO-METOAWYECKOrO 00ecredeHUs

00pa3oBaTEILHOIO MPOIIecca.

MeToauueckue pPEKOMEHIAIMK ONPEACISIOT CYIIHOCTh CAMOCTOSTECIILHOM pabOThl CTYACHTOB B

By3e, e¢ Ha3HaueHKe, IUTAaHUPOBaHKUEe, (OPMBI OpraHU3alMy ¥ BUABI KOHTPOJIS.



Conep:xanue

1. HopmaTuBHOe 00ecrieueHre caMOCTOATeIbHOM padoTel B ®I'OC BO.
2. Ha3HayeHue U BUABI CAMOCTOSITEILHOM PadoThI CTY€HTOB.

3. KoHTpoJib caMoCcTOATEIHLHOH PadoThl CTYA€HTOB MpenoaBaTeIsiMH.



1. HopmaTuBHoOe oOecnedyeHue caMocTosiTeIbHOi padoTsl B ®I'OC BO

1.1. ®T'OC pazgmen: «TpebdoBanus k ycinoBusM peanuzanuu OID»:

— TpeboBanus Kk 00s3aTeILHOMY MUHUMYMY COJIEpKaHUsI 00pa30BaTeIbHON MPOTrpaMMBI
HOATOTOBKH CIELHUANNCTA, K YCIOBUSM €€ peal3allid M CPOKaM €€ OCBOCHHS ONpEeIIIOTCS
HACTOSIIUM (elepaIbHBIM rOCy1apCTBEHHBIM 00pa30BaTEeIbHBIM CTAaHAAPTOM;

— OCHOBHas 00pa3oBaTeIbHas IPorpaMMa HOATOTOBKH CHEIUAINCTA COCTOUT U3 TUCIUILINH
00IIeHayYHOT0 ¥ MPo(eCCHOHATBHOTO NUKJIOB, COCTOSIIMX U3 0a30BOM M BapUAaTHBHOM YacTeil U
JTUCLHUIUIMH TI0 BBIOODY;

— MaKCHMabHEII 00bEM yqe6H0171 HarpyskKu CTyI€CHTA yCTaHABJINBACTCA 54 gacaB HCACIIO, BKIIFOYas

BCE BH/Ibl ayAUTOPHOH M BHEAYIUTOPHOM (CaMOCTOATENILHON) yueOHOM padOTHL.

Bo Bpemsi caMocToATENIbHON TOATOTOBKH OOYYaIOIIMECs JOJKHBI OBITh 00ecleueHbl JOCTYIIOM K
cetu MHurepHer. Peammzamms 00pa3oBaTenbHOM MPOTrpaMMbl  TOATOTOBKH — CIICIMAINCTA JOJDKHA
00ecneunBaThCs JOCTYIIOM KKIOTO CTYACHTa K On0IroTedHsiM (hoHmaM 1 0a3aM JaHHBIX, (POPMHUPYEMBIM
M0 TIOJIHOMY TIEPEUHIO TUCIUIUTUH 00pa30BaTeIbHOM MPOrpaMMBI U3 pacueTa 00eCIIeYeHHOCTH yueOHUKaMH
U y4eOHbIME 1TocoOmsiMu He MeHee 0,5 sK3eMIuipa Ha OTHOTO CcTyAeHTa. bubnmoreka By3a JODKHA UMETh
J0CTAaTOYHOC KOJMNYECTBO COBPEMCHHBIX y‘I€6HI/IKOB u y‘IC6HBIX HOCO6HI71 10 BCEM IIMKJIaM JUCHUIUIMH U
MOCTOSIHHO BOCTIOJHATHCS HAYYHOU JTUTEPaTypOl U NEpUOAMYECKUMHU H3IaHUSIMU He(TEra30Boro mpoguist

O6BeM BpeMeHH, OTBEACHHBIN Ha BHEAYIUTOPHYIO CAMOCTOSTENBHYIO paboTy, HAXOIUT

OTpakeHHE:

. B paboueM y4eOHOM IIJIaHEe — B IEJIOM 110 TEOPETUICCKOMY O0YUCHUI0, KaXKIOMY M3 IIMKJIOB
JIACITUTUINH;

. B pabounx mporpaMmax y4eOHBIX AMCUWIUIMH IUKJIOB TUCIUILTAH C paclpeielieHHeM I10

pa3aciiaM Uil KOHKPETHBIM TCMaAM.
2. HazHayeHMe U BUbI CAMOCTOSITEJIbHON padoThI CTY/ICHTOB.

CaMocTrosTebHas pa60Ta MMPOBOAUTCS C LCIIBIO:

. CUCTEMAaTH3allM1 M 3aKPEIUICHUS TMOJYYCHHBIX TEOPETHUYCCKUX 3HAHHMHA M MPAKTHYECKUX
YMEHUH CTYJICHTOB;

. yTayOJIeHNs ¥ paCIIUPEHHs TEOPETHUECKUX 3HAHUM;

. (dbopMUpOBaHUS YMEHWH UCHOJB30BaTh HOPMATHUBHYIO, TIIPABOBYIO, CIIPABOYHYIO
JIOKYMEHTAIIVIO U CIIEIINAITbHYIO JTUTEPATYpY;

. pa3BUTHUSl TO3HABATENBHBIX CIOCOOHOCTEH ¥ AaKTHBHOCTH CTYJEHTOB: TBOPUYECKOM
WHUIMATHUBBI, CAMOCTOSTEILHOCTH, OTBETCTBEHHOCTH, OPraHU30BaHHOCTH;

. (bopMHpOBaHNE CAMOCTOSITEIBHOCTH MBIIUICHHS, CIIOCOOHOCTEH K CamMOpa3BUTHIO,
COBEpIIECHCTBOBAHUIO M CAMOOPTaHH3aIIN Y,

. (hopMUpOBaHUS TPAKTHYECKUX (0OIIeYyIeOHBIX U TPOPECCHOHAIBHBIX) YMEHUH U HABBIKOB;

. Pa3BUTHUIO UCCIIEAOBATEIILCKUX YMEHHM.

B yueOHOM npouecce OV BbIIENAIOTCS 1BA BUA CAMOCTOSATENLHON pabOoThI:



N

AyAnUTOpHaA No AMCUUNINHE, BHeayauTOpHas no aucumnanHe,
MeXANCUMNANHAPHOMY Kypcy MeXANCUMNANHAPHOMY KypCy
1
BbINONHAETCA Ha Y4EBHbIX 3aHATUAX, BbINO/IHAETCA MO 334aHMIO
noA HeNnocpeACTBEHHbIM npenogasarensd, Ho 6e3 ero
PYKOBOACTBOM Npenoaasatens v no HenoCpeACTBEHHOTO yUacTus.

€ro 3agaHuio

BreaynuropHast camocrosiTenbHas padoTta - IiaHupyemas ydeOHasl, yueOHO-HCCIIeI0BaTEIbCKas,

Hay4YHO-HCCJIEI0BaTENbCKasl paboTa CTyIEHTOB, BHIIOJIHAEMAs BO BHEAYAUTOPHOE BPEeMs 110 3aJaHUIO U IIPH

METOJUYCCKOM PYKOBOACTBEC IIpCriogaBaTeiisd, HO 6e3 ero HEIMOCPEACTBCHHOI'O Yy4aCTHUs.

3. KoHTpoJb cCaMOCTOATEIbHOM Pad0ThI CTYAEHTOB NPEeNnoJaBaTe/JIAMH.

Kontpons camocTosTenbHOM pabOThI CTYIEHTOB MPelyCMaTPUBAET:

L]

L]

L]
MIPOBEPUTH);

[ ]

0.
1.
12.
13.

RBPBOoooo~NoO~WNE

COOTHECEHUE COZEPKAHUS KOHTPOJIS C LEJIIMU 00yUeHMUS;
00BEKTUBHOCTH KOHTPOJIS;
BaJIMIHOCTH KOHTPOJIS (COOTBETCTBHE MPEABIBIAEMbIX 3aJaHUN TOMY, YTO MIPEIOIaraeTcs

IuQQepeHInanuo KOHTPOJIbHO-U3MEPUTEIBHBIX MaTEPUAIIOB.

@DopMbl KOHTPOJISI CAMOCTOATEILHOI padoThI

[IpocMoTp 1 ITpoBepKa BBHITOIHEHHUS CAMOCTOSTENIbHOM paboTHI MpenojaBaTesieM.
CamomnpoBepka, B3aMMOIPOBEPKA BHITIOJTHEHHOTO 3a/IaHUs B TPYIIIIE.
O6cyxaeHue pe3ynbTaToB BHIIOJTHEHHON pab0ThI HA 3aHATHH.
TectupoBanue.

ITuceMenHslit onpoc.

YerHbI ompoc.

WnnuBuayansHoe cobecenoBaHue.

Konnoksuym.

OT4et 0 mpoaenaHHON paboTe.

3amura pedepaToB MM KypCOBOH paboTEI.

TBopueckuii KOHKypC.

Wnteprer - koHpepeHIUN.

Kontponbnas pabora.

Kputepun oneHkn pe3yibTaTOB caMOCTOSITEIbHOI padoThI

Kputepusmu o1ieHOK pe3ylbTaTOB BHEAYTMTOPHON CAaMOCTOATEIHHON paOOTHI CTYACHTA SBIISIOTCS:

YpOBEHBb OCBOCHHSA CTYJEHTOB y4eOHOTO MaTepHana;



° YMCHHA CTYACHTA MCIIOJb30BATh TCOPETUUCCKUE 3HAHUA IIPHU BBIIIOJHCHUHN IPAKTUYCCKUX

3a/1ay;

. ¢dopmupoBanue Habopa U3 OOMIEKYIBTYPHBIX M TPOPECCHOHAIBHBIX KOMIETCHIINI
OyIyIIero CrienuanncTa;

. YMEHHUSl CTyJeHTa AaKTHBHO HCIONb30BaTh JIIEKTPOHHBIE 00pa30BaTENbHBIC PECYpCHI,
HAXOAWUTH TPEOYIONIYIOCI HH(DOPMAITUIO, U3y4aTh €€ U MPUMCHSTH Ha MPAKTUKE;

. 000CHOBAHHOCTh U YE€TKOCTh M3JIOKEHHUS OTBETA;

. odopmieHne MaTepHraia B COOTBETCTBHHU C TPEOOBAHHUAMU;

. YMCHHE OPUCHTHPOBATHCS B TIOTOKE MH(POPMAIIUH, BBIJICIATh TJIABHOE;

. YMEHHE YETKO C(HOPMYITUPOBATH MPOOIIEMY, MIPEIUIOKHB €€ PELICHHE, KPUTUYCCKH OIICHUTh
peLIeHHE U ero MOCIeICTBHS;

. YMEHHE TI0Ka3aTh, IPOAHAIM3UPOBATh AIBTEPHATHBHBIE BO3MOXXHOCTH, BapHaHTHI
JICHCTBHI,

. ymeHue c(hOpMHUPOBATEH CBOIO MO3UIINIO, OLIEHKY M apTyMEHTUPOBATH €¢.

Conep:xanue BHeAYAUTOPHO# CaMOCTOSITEILHOM
NesiTeILHOCTH CTYAeHTOB
MeTtoauyieckue yka3zaHusl JUIsl CTYJICHTOB TI0 BBITIOJHEHUIO CAMOCTOSITEIbHON PabOThI;
1. IToaroroBka K JIEKIMAM

2. IloaroroBka K NpaKTHYECKUM 3aHSATUSIM



