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

Mapcu

3aoaua Nel. Onpenennts K03GHUIHEHTH! GUIBTPALMHA U IPOHUIIAEMOCTD 10
JAHHBIM, IPUBEICHHBIM B TaOIIHIIE

[aHo:

HanmeHoBaHue 3HaveHue

1.Nnowanp nonepeyHoro ceyeHus rOPMU30HTa/IbHO
50
pacnofoeHHoro obpasua necyaHuka, F, cm?

2. AnnHa obpasua, L, cm 6

3.Pa3HoOCTb AaBneHWt Ha BXode XWUAKOCTM B obpasel, U Ha

0,5
BbIxoae, Ap, aTt
4.YnenbHbIN BEC }KUAKOCTH, Y, KI/m3 1000
5. AnHamunyeckui KoadduumMeHT BA3KOCTY, LI, CN3 2,5
6. Pacxopa, Q, n/uyac 2
Haintu: c, k
PeweHue:
1) IlepeBoaum nauubie B cuctemy CU:
HanmeHoBaHune 3Ha4vyeHune cHn
1. F, m? 50*10* 0,005

2.L,m 6%10? 0,06




3.Ap, Na 0,5*10° 50000
4.y, kr/m?*c? 1000*9,81 9810
5.y, Ma*c 2,5%10°3 0,0025
6.Q, m*/c 2*103/(60*60) 5,55*107
2) 3anwmmeM 3akoH J[apcu B 001IeM BH/IE:
Q =i HZF—k:Hl Bl g r,qu—z+— (1.1)

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

TOpHU30HTAJIIBHO, T.C. Z = 0:

ky (p1/ y—pz/ y) kAp
PLLF = @=%LF (1.2)

Q:

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

IIoACTaBHUB JAHHBIC U3 T8,6J'II/II_U::I pacCUnTbIBACM:

QuL  5,55%x1077%0,0025%0,06 _
k = = = 3,33 x 107 13m? (1.3)
ApF 50000%0,005

5) 3amumiem popmyny kodddunuenta GpuiabTpamu (C) U MOACTABUB JTAaHHBIC

pacCUUTHIBAEM:

_ ky _ 333+10713x9810 _ —6 M
c=-= 0.0025 =133x107°M/.  (1.4)




k=3,33*10m?=0,33 napcu,
c=1,33*10"°wm/c.

3adaua Ne2. OnpenenuTs CKOPOCTh PUIBTPALMU U U CPETHIOI0 CKOPOCTD JTBUKCHHUS
W He(TH y CTEHKU TUAPOINHAMHYECKU COBEPIICHHON CKBaXKUHBI U HA PACCTOSTHUN

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

[aHo:
HanmeHoBaHue 3HayeHune
1. Pagmyc ruapoauHaMAYECKd COBEPIICHHON CKBAKHUHBI, I¢, CM 10
2. PaccTosiHHE OT CKBaXXHUHBI, I, M 75
3. MommnocTs miacra, h, m 10
4. Tlopuctocth mopoasl, M, % 12
5. Huuamuueckuit K03PPUIUEHT BA3KOCTH, L, CII3 2,5
6. MaccoBblii 1eOUT ckBakuHBI, G, T/CyT 50
7. IInotHOoCTh HETH, P, KI/M> 850
Hantu: u, w
PeweHwne:
[TepeBonum nannbie B cucteMy CHU:
HanmeHoBaHue 3Ha4veHune 7]

1. ro™ 10*107 0,1




2. I, M 75 75
3. hym 10 10
4. m, n.e. 12 0,12
5. p, [MTa*c 2,5%10° 0,0025
6. G, xr/c 50*10%/(60*60%24) 0,579
7. p, kr/m® 850 850

3anuiieM GopMyIily MaccoBOro e0OuTa:

G=p-Q (21)
C Y4E€TOM TOr'O, YTO.

Q=u-F (2.2),

rZie U — CKOpPOCTb QUAbTpaluu QJironaa:

u=m-w (2.3)
F —momiaas IONepeyHoro CEYCHMs OPOIbI Yepe3 KOTOPYIO (PHIBTPYETCS
bmron;
F=2-wm-h-r (24)

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

N3 dpopmyisr (2.5) Beipaxkaem ckopocth (uibTparmu (U) U TIOJCTaBUB JaHHBIC W3
TaONMIBl  PAaCCUMTBIBAEM  CKOpPOCTh  (uiabTpanuu  (Qaounna y  CTEHKH
TUJIPOTMHAMUYECKU COBEPIICHHON CKBaXXHHBI (U1) CKOPOCTh (HUIbTpauU (Irouaa

Ha PaCCTOSIHUU OT CKBaXKHHBI (Uy):



_ G
u= p-2rh (26)

0,579

- 850-2-3,14-10-0,1 = 0,000108 m/c.

Uq

0,579

_ — . -7
=850.2.314-10. 75 40107 m/c

U,

N3 dbopmynsl (2.3) BeIpakaeM CpeHIO CKOpPOCTh (puiibTparuu (W) U MOJCTaBUB
JaHHBIE U3 TAOJMWIBI PACCUUTHIBAEM CPEAHIOI0 CKOPOCTh (uibTpanuu ¢uonaa y
CTEHKU THIPOJMHAMHYECKH COBEPUIEHHOW CKBaXXUHBI (W1) CKOPOCTh (DUIIBTPALIMH

¢uron1a Ha PACCTOSIHUU OT CKBaXKUHBI (Wo):

u
_0,000108 0,000903 n/
Wl - 0,12 - ) M C.
1,445-1077 6
w, = 012 =1,204-107° m/c.

3aoaua Ne3. Onpenenuts NPOHUIIAEMOCTh K ¥ TOUKy, B KOTOPO# HapylIaeTcsi 3aKOH
Hapcu (T.e. paccuuTath CKOPOCTh (UIBTpAUUU U) IPU IUIOCKO — pPagUdaIbHOM

TeueHuu ¢uronaa (HeTh) Mo JaHHBIM, IPUBEICHHBIM B TaOIUIIE:

HaHo:



HanmeHoBaHue 3HayeHune
1. Paamyc rufipoAMHAMUYECKH COBEPIIICHHON CKBaYXUHBI, I¢, CM 10
2. Pamuyc KoHTypa nutanus, Ry, M 300
3. MommHocTs miacra, h, m 10
4. Tlopuctocth mopoasl, M, % 10
5. JIlunamuueckuit KO3)PUIIUESHT BA3KOCTH, L, CII3 2,5
6. MaccoBsblit 1eOUT cCKkBakuHbI, G, T/CyT 50
7. Inotaocts HedTH, P, KT/M> 350
8. IlnacroBoe gaBneHue, Py, aTm 250
9. MaBneHue Ha 3a00€ CKBOKHUHBI, P;, aT™ 100

B peweHnun ncnonblosaTb 4nucao Re no popmyne M. . MUAAMoOHWMKOBA U

3a Reyp B3ATb BepxHee 3HayeHue Reyp = 0,29.

Hantun: k, u

PeweHwne:

1. TlepeBoaum nanubie B cuctemy CHU:

HanmeHoBaHune 3HauyeHue cu
1. fowM 10*10 0,1
2. Ru M 300 300
3. hym 10 10




4. m, n.e. 12 0,12
5. p, [MTa*c 2,5%10° 0,0025
6. G, xr/c 50*10°/(60*60*24) 0,579
7. p, xr/m® 850 850
8. Py, Ila 250 250*%10°
9. P, Ila 100 100*10°

2. 3amuiieM ypaBHEHHE MPUTOKA JIA MJIOCKO — PaJMajbHOTO TEeYeHHs (Irouaa

(cootHoMmeHKE J{fomron):

Q= 2mhk 1, (3.1)
u
AP, _ n
rneal =——; . =—
Inr, T
3. 3ammmem Gopmyay MaccoBoro aedura:
G=p-Q (32

4. U3 dopmymsl (1.2) BeipakaeM o0beMHbIN 1eOUT (Q) M MOACTaBMB JAaHHBIC W3

TaOJIMIIBI PACCUUTHIBAEM:

Q (3.3)

_ 0,579

_ 3
=350 0,00068 Mm> /cek.



5. U3 dopmynsr (3.1) Beipaxkaem mnpoHumaeMocts (K) W MOACTaBUB JaHHBIC W3

TaOJIUIBI PACCUNTHIBACM:

fo = LR (3 4)

"~ APp2mh

0,00068 - ln%- 0,0025

k =
(250 — 100) - 105 -2 - 3,14~ 10

=1,45-10"1*m?

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

Re = —”O""Z k/m - (35)

rae w =1uy, = %/

7. W3 dopmynsl (1.7) BeipakaeM cKOpoCcTh GuibTpanuu (irouaa (U) U MoICTaBHB

JaHHBIC U3 Ta6J'H/II_IBI pacCUUTBIBACM:

Re,m>p

e (3.6)

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

u M/c

3amaua Ne4. OnpenenuTh UMEET JIM MecTo (GuiIbTpanus mo 3akoHy Jlapcu B
npu3ab0MHOM 30HE MO JIAHHBIM, IPUBEJACHHBIM B Ta0IHIIE:

HaHo:



HanmeHoBaHue 3Ha4veHune
1. Paauyc rupoiMHaMUYECKH COBEPIIIEHHOW CKBaXKUHBI, ¢, CM 10
2. JleOuT ra3oBoi CKBOKHMHBI, MPUBEJACHHBIN K aTMOCHEepHOMY 200-10°
JABIICHUIO TIPH IUIACTOBOM Temmeparype, Qum,M>/CyT
3. MormnHocts miacra, h, m 10
4. TlopuctocTh oposl, M, % 12
5. KoaddunuenTt nporumaeMocTs mopoasl, K, 1 0,3
6. AOcomoTHOE TaBjeHUE Ha 3a00¢ CKBaOXXUHBI, Pc, aTM 80
7. CpenHuii MOJIEKYJIIpHBIN Bec raza, M 18
8. JlmHamuueckuit KOAQPHUIIUEHT BA3KOCTH B IIACTOBBIX 0,012
YCJIOBUSX, L, CTI3
9. Temmneparypa miacra, T, °C 45
B peweHun ncnonbsosatb popmyny LLlenkauésa.
Hantu: k, u
PeweHue:
1. IlepeBonum nanuwie B cuctemy CU:
HanmeHoBaHune 3Ha4veHune cHn
1. re,m 10 0,1
2. Qune MYc 200-10° 2,315
3. hym 10 10




4. m, n.e. 12 0,12

5. k, M? 0,3 0,3-10*
6. Pc,Ila 30 80-10°
10. M 18 18

11. u, a-c 0,012 0,012:103
12. T, K 45 45+273-318

. Ha ocHoBanuu 3akoHa ABOFaI[pO MOKHO ONpCACINTb INNIOTHOCTb TIasa IIpH

HOPMAaJIBHEIX YCIOBHUSX (Po), T.€. pu To=0°C u naBnenun B Po=1,033 aT™m:

M
Vi

18
= ——=10,804 kxr/m3

Po = 224

y.

. W3 ypaBHeHus cocTossHMs uacanbHOro rasa Kiainepona — Menaeneesa mpu

ITIOCTOAHCTBEC COCTaBa rasa:

= const

©
N
~

U IIpH YCJIOBUSIX Ha 3a00€:

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

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

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



5. ITo dopmyne IllenkaueBa paccuntaeM umucio PeiiHonbaca Re u cpaBHUM ero ¢
KpuTU4ecKkuM 3HaueHueM (Re,=1-12, eciu nonyuennoe 3nauenue Re 6onvue 12,

mo 3axou Jlapcu Hapywien):

Ha ocHOBaHWM NOAYYEHHbIX AAaHHbIX MOXHO CAENaTb BbIBOA O TOM, YTO Npw
cKopocTM duUNbTpaLmMm Ha 3aboe cKBaXKMHbI paBHol 0,0051 m/c — 3akoH Japcu

HapYyLLEH.



IIpakTnueckoe 3ansaTue 2 [ipamMonuHeiiHo-napaiielbHas puiabTpanus
KUAKOCTH

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 IIOTOKAaM OTHOCATCS:

1) NpAMOJINHEMHO—TIAPAIIIETbHBIN:

2) TWI0CKOPaIHAIbHBIN;

3) paananbHO—C(hHEepUUECKUN.

B npsmonuHeiiHO-apayieIbHOM MOTOKE TPACKTOPUHM YACTHUL] KUIKOCTH -
napajuleJibHble TpsSMblE, a CKOPOCTH (QWIbTPAMM BO BCEX TOYKax JIOOOro
MOTIEPEYHOTO (TIEPIIEHANKYISIPHOTO K JIMHUSAM TOKA) CEUEHUS TOTOKA PaBHBI MEXKIY
c000i1, MOBEPXHOCTU PABHBIX MOTEHIMAIOB (SKBUIIOTEHIUAIbHBIE TOBEPXHOCTH) U
MOBEPXHOCTH PABHBIX CKOPOCTEW (M30Taxu) SIBISIOTCSA TUIOCKUMHU TOBEPXHOCTSIMH
NEPIEHIUKYJISIPHbIMUA TPACKTOPHUSAM. 3aKOHBI JBUKEHUS BJIOJIb TPACKTOPHUI TaKOro
(GUIBTPALIMOHHOTO NMOTOKA WACHTHYHBI, a IOTOMY JAOCTATOYHO U3Y4YUTh JBHXKEHUE
BJIOJIb OJTHOM W3 TPACKTOPHUI, KOTOPYIO MOXKHO MPHUHSTH 3a OCh KOOPAUHAT X.

B npoaykTuBHBIX IUIacTax B Pa3MYHBIX TOYKAX IPOHULIAEMOCTb HE
onuHakoBa. Ilpy MenkoMacmITaOHOM XaOTHYHOM HW3MEHEHUH (PUIbTPALIMOHHBIX
XapaKTEPUCTHK MO IJIACTY IJIACT CYUTAETCS B CPETHEM OJAHOPOIHO-TTPOHUIIAEMBIM.

[Inact Ha3pIBaeTCsI MaKpOHEOAHOPOJIHBIM, €CIU €ro (UIbTPALMOHHbBIE
XapaKTePUCTUKU (TMPOHMUIIAEMOCTh, TOPUCTOCTh) 3HAYUTEIBHO, CKauKOOOpa3HO
OTJIMYAIOTCA B Pa3HBIX 001ACTAX.

PasznuyaroT crneayromue BUAbl MaKpOHEOIHOPOAHOCTH:

a) CioucTast HEOMHOPOAHOCTh (MHOTOCIOMHBIN IJ1ACT), T.€. HEOAHOPOIHOCTh
no ToJMHE 1myacta. [lpeamonaraercsi, 4YTO  NPOIUIACTKU  Pa3/eJICHBI

HCTIPOHUIACMBIMU I'PaHUIAMH — THAPABINYCCKHU U30JIMPOBAHBI, 00 YUUTBIBAIOTCA



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

IIPOHUIIAEMOCTHIO:
_gkh
P4 h

rae ki , hj — nponummaemMocTs W 3(QeKkTUBHAS TOJIIMHA I-TO TpoIulacTka, h—
s eKTUBHAS TONIIMHA BCETO IUIACTA.

0) 30HaIpHAS HCOJHOPOIHOCT — IJIACT IT0 ILIOIIAIA COCTOUT U3 HECKOJIbKHX
30H C pa3IMYHbIMH (PHIIBTPAIIMOHHBIMH ITapaMeTpaMy, Ha TpaHUIAX KOTOPHBIX
TIOCJICTHAE MEHSFOTCSI CKaYKO0Opa3Ho.

CornacHo ypaBHEHHIO HEPa3pbIBHOCTH MACCOBBIM JEOUT B Ka)XI0iMl U3 30H

HEOJHOPOJHOTO TIJIacTa MOCTOSHEH W PaBeH MpHU MPSMOJIUHEHHO—-TIApaATIICIbHOM

IMOTOKC:
G- ppP =2 _Bholp, -
2 / nx /
rac B - IIpHHA I11acTa, Ii — HPOTAKCHHOCTD | — Ol 30HBI , IPOHULACMOCTD B

KOTOPOH MOCTOsIHHA U paBHA Ki , ¢ = '[77‘1 pdp, i=1,...,n; N— 4YuCIIO 30H.

MaccoBblit 1e0uT uirona, TpoXoAsSIIUi Yepe3 Bech miacT (Mo Bcel amHe L,
paBHOM CyMM€ Y4acTKOB , JunHaMH l;) BEIpa3uTCs Tak:
G - Bhk e~ % _ Bhko(p, - pc)
L nL
CpaBHuBas aBe nocieanue GopmyJibl, HAXOIUM BEIPOKEHHUE JJISI CPEIHEH

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

ke -
=

IIpoBeneHne 3aMepoOB ¥ BIYUCIICHUN
N3mepsitor maccy npoduasTpoBasIieiics Boapl M 1 JyITETbHOCTh
IPOBEJCHUS OMbITa t. 3aTeM BBIUKCISIOT BEIMYUHY MaccoBoro aeouta G =M/ t.



3amepstoT JIMHBI 30H IpoHuIiaemoctei |,z |3 1 Benmmaunb! aBenuii B Havase
TIEPBOW, BTOPOH U TPETHEH 30H Py, P2, P3, @ TAKKE B KOHIIE TPETHEU 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 = Gnly | - Gl | . Grls

Bho(p, - P,) Bho(p, - ps) Bho(ps - p.)

Haxopnat BenmmunHy cpeaHel MpOHUIIAEMOCTH IUIACTA, PACCMATPUBAEMOI0 KaK

OI[HOPOI[HBIfI 110 IIPOHNUIIACMOCTHU

k=1 |L |
hyob s
ki ky kg

[To pesynbTaTam TpoBeAEHHOW paOOTHl HEOOXOIUMO CHeNaTh BBIBOABI O
pacrpeeneHud JaBlI€HUs B HEOAHOPOJHOM II0 MPOHUILIAEMOCTH IJIacTe MpHU
NpPSMOJUHEHHO-TIApAIITIEIbHON  (QUIBTPALlMM, O COOTBETCTBUHU IOJYYEHHBIX

pPE3YyJbTATOB OINBITOB TEOPETUUECKUM (POopMyTIaM.






IIpakTHyeckoe 3anaTHe 3 Bausnue GuIbTPAHOHHBIX CBOIMCTB NPHU3a00iHOIM

30HBI IIJIACTAa HA TIPON3BOAUTE/IBbHOCTD CKBAKUHBI

PaccmaTpuBaeTcs OAHOMEPHbIN NAOCKOPaAUanbHbii  GUABTPALMOHHbIN
NOTOK HECKMMaeMoMn KUAKOCTW. [lnacT cocTouT w3 ABYX 30H PasINYHOM
NPOHULAEMOCTM: nepBad 30Ha (nNpu3aboiHaa 30Ha nNAacta) oOrpaHUYeHa
UMAVHAPUYECKMMM MOBEPXHOCTAMM HA PACCTOAHUWU r, U 1, OT OCU CKBAXKUHbI;
BTOpPAA 30Ha OrpaHMYeHa LWUJAUHAPUYECKMMU MNOBEPXHOCTAMM HA PACCTOAHUMU 7, U

R, OCW CKBaXkMHbl. PaccuuTaTb creayowime XapakTepucTuku GuabTPaLMOHHOIO

MNOTOKa:

1. CpeaHee 3HaYeHMe KOapPmUMeHTa NPOHULLAEMOCTM B NaacTe.
2. PacnpepeneHue gasneHus B 1-oi n 2-oii 30Hax naacta (o1 », go 10 m).
3. PacnpepeneHue rpagueHTa gasneHua B 1-oi 1 2-oit 30Hax nnacta (ot r, oo

10 m).

4. PacnpepeneHue ckopoctu puabTpauuu B 1-oi 1 2-oi 30Hax naacta (oT r, A0

10 m).

5. [ebuT cKBa*KMHbI.
6. KoadPpuumnmeHT npoayKTMBHOCTU CKBAXKUHDI.

PaccunTaTb 3HaveHue pebuta npu ki= 0.1 * k, (CHMKeHME nNpoHMLaeMoCTH
npusaboiHon 30HbI), Npu ki= ka (NpoHMLaemocTb Npu3aboiiHOM 30HbI COBNAJAET C
NPOHMLUAEMOCTbIO  OCTAa/NIbHOFO  NJacTa), npn  ki=10* k., (noBbiweHue
NPOHMLAEMOCTN NPMU3aBOINHOM 30HbI), CPaBHUTbL MNONYyYEHHbIE 3HaYeHUs 4ebutos B

abcontoTHOM U npoueHTHOM COOTHOLIEHUN.

MocTpouTb rpaduk wM3MeHeHMA [AebuTa CKBaXKMHbI NPU  BO3PACTAHUM

KoapduumeHTa npoHULaemoct1 B nepsoit 3oHe ot 0.1* ko go 10 * k.



McxoaHble AaHHbIe ANA pacyéTa:

k1= 0.2 4
ko = 1.0 4
h= 10 | m
r_CKB.= 10 | cm
ri= 3|m
Rk = 10 | Km
m= 0.2

o= 4| cl

[aBneHune Ha KOHTYpe U Ha 3aboe

CKBaXXMHbl, MIMa (no BapmnaHTam)

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

BapuaHnT 10 = BapunaHT 5, Rk=8Kkm




BapuaHTt 11 — 20 = BapmaHnT 1-10, npu k. = 0.8 A.

BapmaHTt 21 — 30 = BapunanT 1-10, npn kp = 1.2 .

pk _pc

In(R,/7.)
ksredn.: 1 1
—In(R, /7. )+ —In(R,/R,)
kl k2
p.+ " p},; p"l 2 xlni,rcSrSRl;
k| -m™Me S|
ky . » R
p(r)= 2 — p B 2-X 30Ha/IbHOM
P p]f; pcl r xIn=k R <r<R, ;
o [ T :
ky rn. ky, R
nnacTe;
pk_pc Xl’]/‘c<’/-£Rl,
1, R
k, [ml 1 mRkJ :
dp (r) ki r. kR
g = | — rpagMeHT AaB/eHUs
r Pr — P X — ,R1<7'<Rk,
NI A
ki r. kR
k d
w=—x L _ CKOpPOCTb GUAbTPALUM
uor
27k, h —
0= M Rpk kpc — 0,e6UT CKBaXKUHbI
H ln—k+—21n&
R ko1
K= 0 _ KO3pOULMEHT NPOAYKTUBHOCTU CKBAXKUHDbI



Mpumepbl rpadmMKoB 3aBUCUMOCTEN NpUBEAEHbI Ha pUCyHKax 4.1 — 4.5,

DaBnenue, MMa

F'papgueHT aaBnexnus, MMa/m

9.0

8.5

8.0

7.5

7.0

0.5

0.5

0.4

0.4

0.3

0.3

0.2

0.2

0.1

0.1

0.0

3aBMCUMMOCTbL AaBneHus oT pacCcToAHNA OT LUeHTPa CKBaXWHbI

10 20 30 40 50 60 70 80

PaccTtosiHue, M

PucyHok 4.1

3aBucuMMocTb rpagneHTa gaBrieHNA OT PacCTOAHUA OT LleHTPa CKBaXXUHbI

90

100

PaccTosiHue, m

PUCyHOK 4.2



0.00014

0.00012

0.00010

0.00008

0.00006

CkopocTb, M/c

0.00004

0.00002

0.00000

0.00085

3aBucumocTb CKopocTu puUnbTpaLmm OT PacCTOAHMUA OT LIeHTPa CKBaXXUHbI

1 2 3 4 5 6 7 8

Pacctosinue, M

PucyHoK 4.3

3aBUCUMOCTb AebuUTa CKBaXXUHbI OT OTHOLWEHMUA K1 K K2

0.0008

0.00075

S

0.0007

0.00065

0.0006

0.00055

0.0005

PucyHok 4.4



30

29

20

30

PucyHok 4.5 —KapTta n3obap.

IIpakTuyeckoe 3ausitue 4 Pacuyér puiabTpaniMOHHBIX OTOKOB MPH

HeJIMHEHHBbIX 3aKOHAX PpuiabTpanuu

[IpuBeném TeopeTHuecKre CBEICHNS O HEIMHEWHBIX 3aKOHaX (uibTpanuu. B
o0JlacTU HapyIIeHUs BepXHEW rpaHUIlbl 3akoHa Jlapcu uibTpaiysi OMUChIBAETCS

ypaBHEHUEM:

7, (1.1)
dr kK

_Bp
rae b s

Hecxxkumaemasi ;KUAKOCTHb B Hege()OPMHUPYEMOM ILIACTE
BripazuM ckopocTh GuiabTpanuu ajis ciiydasl IJIOCKOPaIuaaIbHOTO TEUCHUS

yepes JeOuT:

u=Q/(2xrh).

C yyetom atoro (1.1) 3anuweTcs B BUAE:



B 3TOM BbipaxKeHUM, pa3genas nepemMeHHble U MHTErpupys no paguycy ot r
[0 R« v No gaBneHuto oT p 40 P« , 2, BO BTOPOM CJ/ly4ae — no paanycy oT rc A0 Rq U
Mo OABNEHUIO OT pc A0 Px, NOAy4uMm GopmMyny ANA pacnpefeneHus OaBieHuA B

nnacre:

_ Qp R Q% (1 1
P =D, > Ah In ; (27zh)2(|’ = j (1.2)

K

KpuBas pacnpegenexHus gasnexua (1.2) — runepbona 1 BOpoHKa Aenpeccum
— runepbona BpalLleHma. KpyTusHa BOPOHKM AENPECCUMU Y CTEHKU CKBAXKUHbI byaeT

6onblue, 4eM Yy YNCTO NOrapuPMUYECKON KPMBOM NPU TEYEHMM MO 3aKOHY Japcu.

nAa sbipakeHna ﬂ,e6MTa CKBa*XMHbI 3anunuem:

(1.3)

2
pK_pC:ﬂln&‘F Q b [1 1]

27kh (2702 r R

C K

,ﬂ,e6MT HaXo4UTCA KaK NOJIOXKUTENbHbIN KOpeHb KBaApaTHOrNo ypaBHEHWUA

(1.3). U3 Hero BMAHO, YTO MHAMKATOPHAA NMHUA ABNAETCA Nnapabonoi.

HNpeanbHblii ra3 B HegedoOpMHUPYyeMoOM ILJIacTe

BoIpazum cKopoCTh Uyepe3 NPUBEIEHHBIN O0BEMHBIN pacXo/I:

G pchcm — Qcm pcm

u= = >t (1.4)
pcm
[ToncraBuB Beipaxenue (1.4) B (1.1), Haxoaum:
d
_p _ 1 Pem Pem pchB chm (15)

= +
dr 2z khpr *" " 472n%Jk pr?



Pa3nenuB nepemeHHsbIe, U, IPOMHTEIPUPOBAB B MPEAENaX OT p 10 P. ¥ OT I 10

lc, IMEEM:

2 2. Mp r PemPenB ~2 (1 1
= 2. 1Py |y Iy PemPemP L2 16

Pacnipenenenne nasienus mo (1.6) oTiamyaeTcst OT paclpenecHus TaBICHS
no 3akoHy Jlapcum HamMuyumeMm MOCIETHEero WieHa, YTO BeleT K Oojee pe3Kkomy
W3MEHEHUIO JIaBJICHUS B IPU3a00HHOM 30HE.

Nurerpupys ypaBHenue(1.5) B mpeaenax oT px 10 p. U oT R, 110 Ic ,IoTydum

BeIpakeHue (npu npeHedpexxenun 1/R, mo cpaBHeHwmio ¢ 1/r¢) :

> 2. MPp R Pem PemB - ~2
pK_pC = < Qcm In_K+ i < Qcm ) (1'7)
7 kh . 2z%h%r.Jk
NN B O6HICHpI/IH5[TOM BHUAC:
2 2 2
Py~ Pc :AQcm+BQcm' (18)

Koaddummentsr 4 1 B onpenenstoT N0 JaHHBIM HCCIIEI0OBAHUS CKBAXUH MPU
YCTaHOBHUBIIUXCS PEKUMAX.
3akoH /lapcu cnipaBemsiuB Mpu COOIOICHUHN YCIOBUM:
—IOPUCTAs Cpea MEJIKO3EPHUCTA U TOPOBBIE KAHAJIbI IOCTATOYHO Y3KH;
—CKOPOCTh (PHIIBTPAIIMU U TPATUECHT JTABJICHUS MAJIbI;
— U3MEHEHHE CKOPOCTH (PUIIBTPALIUU U TPATUEHTA JTABICHUS MaJIbI.
[Ipu MoOBBIIEHNH CKOPOCTH ABWKECHUS KUAKOCTH 3aKOH [lapcu Hapymaercs
U3-3a yBEJIMYCHUsS TIOTEpPh JaBJiCHHS Ha d(PQPEKThI, CBSI3aHHBIE C MHEPIHUOHHBIMU
CWJIaMH: O0pa3oBaHUE BUXPEW, 30H CpbIBA IOTOKAa C MOBEPXHOCTH YACTHIL,
TUJPABIMYECKUI yJap O YaCTHIIBl U T. . DTO TaK Ha3bIBacMas BEPXHSS I'PaHUIIA.
Kpurepuem BepxHeW TrpaHUIBI CIPaBEIIMBOCTH 3akoHa Jlapcu OOBIYHO CITY>KUT
conocTapiieHue uncia PeitHonbaca Re = wapl 7 ¢ ero kputrueckum 3HaueHueM Re,,,
MIOCJIE KOTOPOT'O JIMHEWHAS CBSI3b MEXY NOTEPEN HAIlOpa U pacxoA0M HapyIlIaeTcs.
B BeIpackeHuu 1151 yncia Re: W —xapakTepHasi CKOpOCTh TEUCHUS: a — XapaKTEePHbIN
T€OMETPUUECKUIN pa3MepP MOPUCTOU CPEBL; O — INIOTHOCTH )KUIAKOCTH. meercs psij

HpeI[CTaBJ'IeHI/Iﬁ 15V 1 PCﬁHOJ’H)I[C&, IMMOJIYYCHHBIX pa3/IM9YHbBIMU aBTOPAMHU IIPU TOM



WIM UHOM OOOCHOBaHHMM XapaKTepHbIX mapameTpoB. Hambonee ymotpebisiembl B
MOJI3EMHOM TUPOMEXaHUKe (POPMYIIBL:

a) Wenkauésa:

Re 10upvk

m2'377
Kputnueckoe uncno PenHonbaca Reyxp=1—12;

6) MMNNMOHLWMKOBA:

oo 102
n

Kputnyeckoe uncno PenHonbaca Rexp= 0,022 - 0,29.

CKopocTb OUNbTPAUMKU  Uxp, NPU KOTOPOM HapywaeTca 3aKoH Japcy,
Ha3blBaeTCA KPUTUYECKOM CKOPOCTblO  PunbTpaumn. HapyweHne CKopocTu
dnNbTPaLMKM He O3HAYaET Nepexoaa OT JAMUHAPHOIO ABUMKEHUSA K TYpOyneHTHOMY,
a BbI3BAHO TeM, 4YTO CW/Ibl MHEPUMW, BO3HUKAOWME B MHKMUOKOCTM 33 CYET
M3BUANCTOCTM KAHANOB M M3MEHEHMA NoWaAnN CeYeHUs, CTAHOBATCA NPU U > Ukp

COU3IMEPUMbI C CUN1aMUN TPEHUA.

npl/l o6pa60TKe SKCNEPUMEHTA/IbHbLIX  AdHHbIX  AONA onpeaeneHnA

KPUTUYECKOM CKOPOCTM NONb3YoTCA be3pasmepHbim NnapameTpom Jdapcu:

Da—u.%— urL

B A% Ck-Ap

npeAcTaBAAOWMM OTHOLLIEHWE CUA BA3KOTO TPEHUA K cune AasneHua. B obnactu

AencTBMA 3akoHa [apcuM AaHHbIM napameTp paBeH 1 M ymMeHbluaeTcs npu

npesbilLLEHNUN YHNUC/TOM Re KPUTUYECKOIO 3Ha4YeHUA.



3axoH Jlapcu MOKeT HapylIaThCsl U MPU OYE€Hb MAJIBIX CKOPOCTSIX (PHIIbTpaIu
B IIpoHeCCC Haydala ABUIKCHUA KHUAKOCTU H3-3a IIPOABJICHWSA HCHBIOTOHOBCKHUX
PEOJIOTUYECKUX CBOMCTB >KHIKOCTH W €€ B3aMMOJECHCTBUS C TBEPJBIM CKEJIETOM
MOPUCTOM CpeJibl. DTO HUKHSA TPAHUIIA.

[JaHHoe aBneHne o0b6bACHAETCA TEM, YTO MPU MasblX CKOPOCTAX CTaHOBUTCS
CyLWEeCTBEHHbIM CWN0BOE B3aMMOAEWNCTBME MeXAY TBEPAbIM CKE/eToM WU
XUOKOCTbIO 33 cyeT o06pa3oBaHMA aHOMaAJbHbIX, HEHbHOTOHOBCKUX CUCTEM.
Hanpumep, ycTtonumBbie KONNOUAHbIE PACTBOPbI B BUAE CTYAHEOOpPasHbIX NAEHOK,
NepeKpbIBAlOT MOPbl M pa3pyllaocs NpU HEKOTOPOM FpaaueHTe AaBAeHuA T,
Ha3bIBAEMOro Haya/ibHbIM W 3aBUCALWMM OT AO0AN T[IMHUCTOrO MaTepuana u
BE/IMYMHbI OCTAaTOYHOM BOAOHACLILEHHOCTU. MMeeTcs MHOro pPeosiorMyecKkmx
Mmoaenen HeHbHTOHOBCKUX XMAKOCTEW, Hambonee NPOCTOM M3 HUX ABAAETCA

mogaenb C npegesibHbiM rpagneHToOM:

——p:2u+r,, u>o0,
dl  k

—d—p_z'H, u=0

dl

3axonsbl puabTpanuu npu Re > Rey,

OT COOTBETCTBUS UCIOJIB3YEMOTO 3aKOHA (PHIIBTPAIIMN U3Yy4aEMOMY TEUCHUIO
3aBUCUT JOCTOBEPHOCTh JIAHHBIX UCCJICIOBAHUS CKBAKUH W  OIpPEICIICHHUE
napaMeTpoB Ij1acTa. B cBs3M ¢ 3THM B 00J1aCTH HapylIeHUs NeHCTBUs 3akoHa Japcu
HE00X0MMO BBe/IeHHE 0oJiee 00INX, HETMHEHMHBIX 3aKOHOB (DUITBTPAIIIH.

Haubonpimee ymorpebieHre HamUIM JBYXWICHHbIE 3aBUCHMOCTHU, IAIOIINE
TUIABHBIM NIEPEXO/1 OT 3aKOHA Jlapcu K KBaApaTUYHOMY:

O _ Au + Bu?®.
di (1.9)
Kosdpdumuentst 4 u B omnpeaenstorcss aubO0 IKCIEPUMEHTAIBHO, OO

TCOPECTUUCCKHU. B nocaengnem ciIy4dac:

A=T; B=pL,
k 3 (1.10)



rae [/— CTpyKTypHbIA KO3 OUIIMEHT, OH IO IPEATIOKEHII0 MUHCKOTO ONpeAesieTcs
TakK:

12.10°d*
mk

B

3ao0aua 1

Onpenenuth 3HaueHHE yuciaa PeliHoONbICA y CTEHKU THAPOJAMHAMHYECKHU
HECOBEPIIICHHOMN 10 XapaKTePy BCKPHITUS HEDTIHON CKBAXKHHBI, €CIIA U3BECTHO, YTO
AKCIUTyaTallMOHHAsI KOJIOHHA nep(opupoBaHa, Ha KaKJIOM METpE JUIMHBI KOJIOHHBI
npoctpencHo 10 orBepctuit auamerpom d = 10 MM, mMomHOCTh miacta h = 15 M,
npoHunaeMocts wiacta K = 1/, mopucrocts ero m = 18%, ko3 PpuIHeHT BAZKOCTH
Heptu u = 4 mlla*c, mnorHocts HedTH p = = 870 Kr/M° M IEOUT CKBAKUHBI
coctasnser 140 m%/cyr.

Otset: Re = 15,6 (no ¢opmyne Illenkauena), Re = 0,396 (o dopmyine

MHUJITHOHIITMKOBA).

3adaua 2

Onpenenuts paauyc Npu3abOWHON 30HBI Iy, B KOTOPOM HapylleH 3aKOH
Hapcu, mpu yCcTaHOBUBIIEHCS TMJIOCKOpaaUalibHONW (PUIBTpAIlMU HEaIbHOTO Ta3a,
€CJIM U3BECTHO, YTO NMPUBEIEHHBIN K aTMOC(HEPHOMY JTABICHUIO 1€OUT CKBAKUHBI Qqr
= 2*10° m*/cyT, momuocTh macta h = 10 M, ko3 uument nporunaemoctu kK = 0,6
A, xordpdunment nopuctoctu miacta m = 19%, auHamudeckuid Ko3QQPUUIUEHT
BA3KOCTH ra3a B IUIACTOBBIX ycnoBusx u =1,4* 10 xr/m*c, IIOTHOCT Ta3a Ipu
aTMOC(epHOM JaBICHUH U IIACTOBOM TEMIEPATYPE p o = 0,7 Kr/M3,

VYkazanue. B pemenun ucnons3oBath yncio PeitHonbaca mo dopmyne M. 1.
MunnuonmkoBa u 3a Rey, B3Th HHkHee 3HaueHue Rek, = 0,022,

OTBeT: I, = 7,9 M.

3ad0aua 3



Omnpenenuts o popmyne IllenkadeBa, mpoucxoauT au GUIBTPALKS B IIACTE
110 3aK0Hy Jlapcu, eciy U3BECTHO, 4To AeOuT HedTanol ckpaxunubsl Q = 200 mM%/cyT,
MOIITHOCTh I1acta h = 5 M, ko3dduiment nopucroct M = 16%, KO3PPUITHESHT
nponunaemoctu K = 0,2 JI, minortHocts Hedpt p = 0,8 r/cm3, muramMuueckuii
kodpdunmeHnt Bsa3kocth ee | = 5 wmlla*c. CkBaxkuHa THIAPOAMHAMUYECKHU
COBepIlIeHHA, paauyc ee r. = 0,1 m.

Otser: Re=0,036<Rexp = 1.



IIpakTH4yeckoe 3ansiTHe 5 YcTaHOBUBIIASICHA QUIbTPALUA PeaJbHOIO ra3a

HpI/I OO0IBIINX HaBJICHUAX YPAaBHCHHUC COCTOAHUA PCAJIBHOTO Ir'a3da OTJIINYaCTCA

oT ypaBHeHus1 Knanelipona u uMeeT BU/I:

B -2 RT
P ) (3.1)
e z = z(p,, T:) — KOI(DOHUIHMEHT CBEPXCIKUMAEMOCTH Ta3a, YYHTHIBAIOIIHUIA

OTKJIOHCHHUC PpCaJIbHOT'O TIa3a OT HACAIBHOTO H BaBHCHHlI/Iﬁ OT IPUBCICHHBIX

JABJICHHS U TEMIIEPATYPbI

p
pr=5—,
r Pep.xp

T
Tr = ‘—7-1
Cp.Kp

u ompexaenseMbii o rpaguky (puc. 3.1). 3aech Py U Tepipy — COOTBETCTBEHHO
CPETHCKPUTHUYECKOE MaBJICHUE M CPEAHCKPUTHUYECKas Temmeparypa. Tak Kak
MPUPOIHBINA Ta3 COCTOUT U3 PA3TUUYHBIX KOMIIOHEHTOB (METaH, 3TaH, MPOIaH u Jp.),

TO MPEABAPUTENHHO HYKHO BBIYUCIUTD 3HAUECHUS Pepp U T op.ip IO POpMyITAM

__ZniPgpj
Pepxp = —5——
Eﬂj
'Tcp Kp — ""———""zniTKpj
’ Eﬂj
rae Nj — coJepXKaHue J-T0 KOMIIOHEHTa B rasze, 00. %; Pxyj U Tpj KPUTHUECKOE

JaBJICHUE U TEMIIEpaTypa j-TO0 KOMIIOHEHTa COOTBETCTBEHHO.

Junamudeckuii KOd(O@PUIIMEHT BS3KOCTH MPUPOTHOTO (pEayibHOTO) Ta3a
3aBUCHUT OT JABJICHHs U TeMriepaTypbl. CunTtas mporecc M30TePMUUYECKUM, HYKHO
YYHUTHIBATh 3aBUCUMOCTH W(p). Ha oCHOBaHWM 3KCIIEpUMEHTALHBIX HCCIIEIOBAHMMI
MIOCTPOCHBI TpadUKH, IO KOTOPHIM C TOYHOCTBIO 10 6% MOXKHO HaMTH 3HAYCHUS
JTUHAMAYECKOTO KOd(h(UIIMEHTa BA3KOCTH MPUPOJHOTO Ta3a MPHU Pa3TUIHBIX

JAaBJICHUAX W TEMIICpATypax B 3aBHCHUMOCTH OT OTHOCHUTEJIBbHON IJIOTHOCTHU IIO

BO3aYXY (puc.3.2).



Jlnsg  ompeneneHuss MaccOBOrO Jae0uTa pEeaJbHOTO Ta3a WM 3aKOHA
pacnpeziesieHus: JaBlICHHU HYKHO 3amucarh 3aKoH Jlapcu as GECKOHEYHO Majioro
JJIEMEHTA IIJacTa M, Y4YuThiBasg 3aBHCHMMOCTh W(p) u  ¢dopmyny (3.1),
MIPOUHTETPUPOBATH €0 rpadoaHATUTHUYECKUM MeTonoM. Ecnu maBneHue B miacte
MEHSIETCS B HEOOJBIIOM HHTEPBaje, TO MOXHO allpPOKCHMHPOBATh 3aBUCUMOCTD
p/u(p)z(p) TIPOCTON anreOpamueckod (QyHKIHMEW, B3ATh MHTETpPAT AHATUTHYCCKH H

MNOJYUYUTh AHAJIMUTUYCCKOC BBIPAKCHUC JIA Ile6I/ITa N 3aKOHa pPacClpecaACiICHUA

JIaBJICHMUS.
2z
A , I
-
3,0
=5 s 100 -
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A 11
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Pucynok 3.1
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Pucynok 3.2

3adaua

OnpenenuTs NPOHUIIAEMOCTb MECKa, €CU uepe3 Tpyoy nuamerpom d =200 mm
W JUIMHOW 1=12 M, 3allOJHEHHYIO ATHUM IECKOM, IMPOITYCKAJICS BO3AYX BS3KOCTBHIO
0,018 mlIla*c mpu nepenane nasieHusi, pasHoMm 4,41*10% Ila (0,45 krc/cm?);
M30BITOUHBIE aBIICHHs B Hadale M B KOHILE TPyObl cocTapisior Py = 0,98*10° I1a
(1 xrc/em?), po = 0,539*10° ITa (0,55 krc/cm?). Cpennuii pacxon BO3myXa, MpUBE-
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 XapaKTePUCTHK

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

ILnockopaanaabHas GUIAbTPALMA HECKUMAEMOU KUIKOCTH K CKBAKHHE

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

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

CKOpOCTB ABMOXKCHHS 4aCTHUILBI 2)KUJIKOCTH OT TOYKH IIJIaCTa (HOpI/ICTOCTLI-O 0,2) Ha
pacCTOAHUM I OT CKBA>KUHBI

300 1 239
1256 r 1’

U= = mF - 022-314-10

Vo0 300 1
r

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

r, M U, m/cyT
1500 1,59*107
150

15

0,15

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

rae P u P, — naBjeHUs Ha KOHTYpE MMUTAHUS U HA CTEHKE CKBAKUHBI
COOTBETCTBEHHO Ha PACCTOSIHUSAX 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.

Nn=150m
Man=1,9M
r=0,15m
2th(Py — P.) kep
= H | Intk
c
0= 2h(P, — Fc) 1

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

o

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

2 pa3a MeHbllIe, YeM MepBOHaYaIbHask MPOHUILIAEMOCTb IJ1acTa)

150
J—= 3k 3
_ 0,15 — —
HpI/I 3TOM ka_ll E_I_ 1 . 241 - Zk
k9715 05k 9015 0,5




B. I1pu 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 ymeHbienne nponuraemocts 1311 cunpaee
BiMseT Ha Kcp (2 3HAUMT 1 Ha 1eOuT Q), yem yBenmuenue (B 2 pasa wi 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

aTM — TK - _ 1500
ppPatm2,3lg - 3,14 % 10731,03 » 10°2,3lg 51
_ @508 041052 2 400w
= T93w10s 00107 =400m oy

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=P2+(P?-P%) (lg(r/r: )g(r/r.))=30%at™ + (507 atm-
302%amm)*(Ig(15/0.15)/1g(1500/0.15))=900-+400%3/4=2100 arm?, P=2100"?=45 9arm

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

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

Jleout ckBaxxuHbI OTOMpatonielt peanbHbli ra3 Qpear = Quuear/Z;

[Tpu 3anexax Ha rinyOuHax 110 4 kM, AaBieHue P u abcomtoTHas TeMneparypa
T TakoBbl, 4TO KOA(PUIMEHT CBEPXCIKUMAEMOCTH Tra3a Z<1 noaToMy U Qpear >Qunean



IIpakTuyeckoe 3anaTue 8 [lnockasi paguajibHasi HeJIMHeHAsA QUIbTPALMA

AKUIAKOCTH

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

Onpenenuth Ko3hGUIUEHT MPOHUIIAEMOCTH IIIacTa, €CJIM MOIIHOCTH ILTacTa
h=12 ™, muamerp ckBaxuHbl d; =24,7 cM, MOJOBHHA PACCTOSIHHS 1O COCEIHHX
ckBauH o= R, = 300 M, TuHAMHYECKHUN KOIPPHUIHESHT BAZKOCTH KUAKOCTH U = 4 cll.

Pemenue. V3 1aHHbIX UCCIEIOBAHUS BUIHO, YTO 3aBUCUMOCTH MeXIy Q u Ap
HEeJMHEHas, T. €. UHIUKATOpHas JMHUS He Oyner mpsimoit (puc. 41). Mcnonbs3ys
JIBYWICHHYIO (opMyny Ap = AQ+BQ? W mpuBeAeHHBIC JaHHBIC, IIOCTPOUM Tpaduk
3aBUCUMOCTH Ap/Q ot Q (puc 42). U3 rpaduka mo ToUYKe nepecedeHus: MpsiMoit
Ap/Q=A+BQ ¢ ocklo Ap/Q (ocklo opauHar) Haiinem 3HaueHue 4 = 0 04 (krc/cm?)
c/cM%, a o TaHreHCy yria HakjJIOHa IpsAMoOM k ocu abcmuce (Q)— B =0,00015

(krc/cm?) c?/em®.

Ap, Krefom? Q. jo—8 M3fc Q, M3JeyT Ap/Q, (krc/cM?)-¢c/omds
10 157 13,5 0,0638
20 256 92 | 0.0782
30 334 28.8 0,0900
40 401 34.6 0,100
50 459 39,7 0,109



Ap (kze/cm?) €

! K]
o 17 20 ' 30 4 M oym. 0 ?Z il
\\ 410
20 e | [ DU —
008
, ’ P v
w _ 906
L
ol 00 200 q cu'lc
Ap recfem®
Puc. 41 PHC. 42

KoadduimeHT npoHUIIaeMOCTH HailieM MO TOJIydEeHHOMY 3HAaueHUI0 A U3
bopmyIbI

A=t In&
27kh r

c

HalgeM K03 (OUIMEHT MPOHUIIAEMOCTH.

k=—~ {ln&+cl+cz}— 4 (|n30000j=0,1/z

T27Ah| T ©2.314-0,04-1200( 12,35

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

3anmava 2 Onpenaenuts Ko3pGUIMEHT MPOHUIIAEMOCTH I1acTa K Ha OCHOBE
UCCleIOBaHUM HEQTIHOW 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 , COOTBETCTBYIOIIUNA 3aBUCUMOCTH

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., Py — maBiaenwne miacToBoe v 3a00MHOE COOTBETCTBEHHO;
A, B — ko3 durueHTsI;
Q — nebut raza B CTaHJIaPTHBIX YCIOBHUSX.

VYpaBuenue (1) siBisieTca ypaBHEHUEM KpUBOW JTUHUM. PaznenuB ypaBHeHue Ha Q,

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

T TA+BQ @,

rae AP? = p2 — p2

C

Ha razoBoii ckBaxxnHe Ne63 npoBeAeHbI UCCIIeI0BAaHUS HA YCTAHOBUBIITUXCS
pexuMax Nnpu miacToBoM fgasieHun P=73,71 atm, p2 = 5433,2 atM?. Pe3ysbTaThl

UCCIIEIOBAaHUM W HEOOXOJMMBIX BBIYUCIICHUN MPUBEACHBI B TAOJIUIIC

Tabmumna
Ne [P, |Q,mcyr P2, AP? atm® | AP?/Q, Q?, (M¥cyr)?
n/ | atm aTm? arm/(M3/cyT)
n
1 |73 257-103 5329 |104,2 0,405-10°3 6,6-10%°
2 | 73,1 |219.10° 5346, | 86,7 0,396-1073 4,8-10'°
2 5
3 | 73,2 |185.10° 5365, | 67,6 0,365-1073 3,42-10%°
5 6
4 1734 |133.10° 5389 | 44,2 0,331-10°3 1,78-10%°
1
>Q=794-103 TAP?=302, | *AP?/Q=1,4971 | =
5 0 Q?=16,62-10
10
(2Q)%=63,13-1
00




apt
CTponm rpauk 3aBUCHMOCTH —— = f(Q) . Ha HeM B COOTBETCTBUY C JaHHLIMU

uccienoBanuii 6yayt 4 touku. [IpoBenem yepes Hux npsimyro. Ha BepTukaipHON
OCH, OHa OTceKaeT 3HaueHue koddumuenta A =0,32*103arm/(m3/cyT).

0,45

0,4 —
BEP%/Q,
7103 0,35 '% B

0,3

0,25

0,2

0,15

0,1

0,05

133 185 219 257
qQ, @103

Ho Tounee 3Ta npsiMasi pOBOAUTCS, €CJIM UCIIOJIB30BaTh CTATUCTHYECKHUIM METOJ
HAaMMEHBIIMX KBaJIpaToB. B cooTBeTcTBUM ¢ HUM KO3 PuimeHT A u3 hopmyssl (2)
BBIPA3UTCS TaK:

(2%5)- 5ot - (30) - (4P

n-(XQ%) - (ZQ)?
rae N — KOJIMYECTBO MCCIICIOBAHUMN

A=

[Toncrapiisisi B 3TO BhIpaXKEHUE 3HAUCHUS BEJIMYMH U3 TaOJIUIIbI, HAlIeM
YUCJIEHHOE 3HaUeHue Kodhuirenta

1,497-107°-16,62-10'° -~ 794-10%%-302,5 _, atM
A= =0,25-10 =
4-16,62-10'" - 63,13 - 10*° 3
CyT
Ma®-c
=21,66-10"" ——
M

B cooTBeTcTBMM METOOM HaMMEHBIIUX KBaApaToB K03 duuneHt B popmynsl (2)
ONPENEITUTCS TaK :

(28R - (2Q) (z25)

T - o?




Y100BI HAlITH IMPOHUIACMOCTD IINTACTAa BOCIIOJIB3YCMC N3BCCTHBIM BBIPAKCHUCM:
-l n%-z-Fa._. T,

A= kKT (3)

N3 hopmyisl (3) BeIpa3uM MPOHHUIIAEMOCTH IIACTa

!.L-lni—t-z-PaT-TM

K=
m-h-A-T,

[Tpu u3BecTHBIX BenmuunHax BsizkocTu raza p=0,014 mlla-c, koapdunmenrta
cBepxcxuMaeMocts rasa Z=0,9, armocdepHbix nasnenus P,,=10° I1a u
temneparypsl Ty= 293 K, norapu¢ma oTHOIIEHNS pasnyca KOHTypa IUTaHUs U
paanyca CKBaKUHBI ln:—': = 6,83, Temneparypsl miacta Ty,=347 K, TonmuHbI

m1acta h=13 M BBIYMCIINM 3HAYCHUE IMPOHULACMOCTD IIJIaCTa

0,014-107%-6,83-0,9-10°-347 PP
K= =1,15-107%? n?>=1,151
3,14-13-21,66-101°- 293

3ameuaHne. B mpakTuke BaKHOE 3HAYEHHWE HMEET CIlydall INPUTOKA K

CKBA)KMHC IIPpU HAJIMYHMK BOKPYI 320051 KOHBHGBOﬁ 30HBI C IIPOHHUIOACMOCTLBIO,

OTJIMYHOM OT MPOHHUIIAEMOCTH TIjIacTa (TOpHeAUpOBaHUE UIIN KUCTOTHAs 00paboTKa,

YCTaHOBKA T'PaBUMHOrO (PUIIbTpa, rIMHU3ALMS WM Napa@uHu3auus npu3adoiiHoMl

30HBI U T.1.).

PacueTsl 10 BAUSHUIO pa3anuus MPOHUIAEMOCTEN KOJIbLIEBOU MPU3a00itHOM

30HBI U OCTAJbHOM YacTH ILIacTa Ha IMPOAYKTUBHOCTL CKBA’KHMHBI IIOKA3bIBAIOT!

1) Ha HemomycTUMOCTh MPOTHO3a Ha Oyaymuii AeOUT, UCXONS TOJBKO W3

JAHHBIX O MPOHUIAEMOCTH NPHU3a00WHOM 30HBI IUIACTA,(CEyeT HCHOJb30BaTh

KBa3HOIHOPOJHOE MPUOJIHNKEHHUE).

2) YXynuieHue NpOHUIIAEMOCTH Mpu3ab0MHON 30HBI CHIIbHEE BIUSAET Ha

Nne0uT, 4YeM yBEJIMUCHHE MPOHUIIAEMOCTH B 3TOM 30HEe. Eciu npou3oinér 3ameTHoe

YXYAIICHUE MPOHUIIAEMOCTH J1a’Ke B HEOOJIBIION 00JIaCTH TUTACTa, MPUMBIKAIOIICH K

CKBa)XHWHEC, TO )IC6I/IT CKBAXXHHBI PC3KO CHU3UTCA.



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 3aKkoHa Jlapcu yCWJIMBAaeT IIOJIOKUTENIBHOE BIIMSHUE
YBEITUYEHHOW MPOHHUIIAEMOCTH NPU3a00WHOW 30HBI HA MPOU3BOJUTEIHHOCTH

CKBa’XUHBI.



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

CkBaxMHa HA3bIBAa€TCs TUAPOJWHAMUYECKH COBEPLICHHOM, €ClId 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 BCKPBIBACT TUIACT HE HA BCIO MOIITHOCTh, a TOJIHKO HA
HEKOTOPYIO BEJIMYHMHY D, mnmm ecnm ckBakuHa COOOMIAETCS C IUIACTOM depes
OTIIEJIbHBIE ~ OTBEPCTHS, TO  (GUIbTpalMs JKUJIKOCTH WIM raza Oyner
NPOCTPAHCTBEHHOM  (TpEeXMEpHOi), a CKBAXMHA —  THUJIPOJUHAMHYECKH
HECOBEPLICHHOM.

Paznnuaror TPpHU BHAd HCCOBCPIICHCTBA CKBAKHH:

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

2) CKBaXXMHA THAPOAWMHAMHUYCCKHN HCCOBCPHICHHASA IIO XdPAKTCPY BCKPBITHA
macrta — CKBaXXMHa, BCKpBIBAaromiasa ILIACT OT KpOBJIM OO IIOAONIIBBI, HO
COO6IHEII'OHI&HCSI C INIAaCTOM 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 THUIPOJUHAMHUYECKH HECOBEPIICHHOW KaK IO CTENeHHU
BCKPBITHS TIJ1ACTa, TaK M 10 XapaKTepy BCKPBITUS PACCUNUTHIBACTCS MO opMyIIe:

_27kh  p -
H (m& +C, +C,)

c

0 1)

rie C; — Oe3pa3MepHas BEIWMYHMHA, OIPEACNSIONIas JIOMOTHUTEIBHOE
(GUIBTPAIIMOHHOE COMPOTHUBIICHUE, OOYCIIOBICHHOE HECOBEPIICHCTBOM CKBaKUHBI
M0 CTENeHW BCKphITUS Tuitacta; C, — Oe3pa3MmepHasi BEIMUYWHA, OMpenesIsrorast
JOTIOJTHUTENBHOE (QUIBTPAIIMOHHOE CONTPOTHUBIICHNE, BBI3BAHHOE HECOBEPIIICHCTBOM
CKB)KHMHBI TTOXapaKTEPy BCKPBITUS IIACTA.

C1 u C, naxopsarcs u3 rpaduxos B. WM. lllypoBa, NOCTpOCHHBIX MO AaHHBIM
MCCJIEI0BAHUS IPUTOKA )KUIKOCTH K CKBAXKMHAM C IBOMHBIM BUJIOM HECOBEPILIEHCTBA
HAa JIEKTPOIUTHUYECKUX MOJEIISX.



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

u h = Db/h.

Ha puc. 2, 3, 4 nana 3aBucumocts C, oT Tpex napamerpoB: ND¢, | =1'/D.n
= dO/Dc,

rie N — uyucno nepdopanmoHHbix oTrBepctuit Ha 1 M; D, — amamerp
CKBaXXUHBI B M; |' — riryOMHA MPOHUKHOBEHUSI MYJb B MOPOIY B M; dg — auaMeTp

OTBEPCTHUM B M.

CooTBeTCTBHE MEKAY KPUBBIMH U 3HaUeHHUIMHU TTapametpa & =do/D¢ BuIHO U3
CJIEIYIOLIUX TaHHBIX:

Howep 1 2 3 4 5 6 7
KPUBOM
a 0.03 0.04 0.05 0.06 007 0.08 0.09

®opmyny (1) MoxHO 3amucaTh WHAYe, BBEAS B Hee MPUBEACHHBIN paguyc
CKBayKHHBI

' - (G +Cy)
r=r. e ,

T. €. paluyC TaKOH COBEPIICHHOW CKBaXUHBI, TEOUT KOTOPOU paBeH JeOUTY
HECOBEPUICHHOW CKBAXWHBbI:

:Zﬂkhxpk_pc.
oo R
I

c

Q

3anaya. Onpenenuts KO3PHULIHUEHTHI THIPOIMHAMUYECKOTO HECOBEPIICHCTBA
ckBaxubl C1 u C; (nmo rpadukam IllypoBa), paccuuTaTh NPUBEIECHHBIA paguyc
CKBa)KUHBI U 1I€OUT CKBaKUHBI. VICXO/IHbIE TaHHbIE: JaBJI€HNUE Ha KOHTYpE MUTAaHUS
Px = 9.80 Mlla, naBnenue Ha 3a0oe ckBaxuubl P, =7.84 MIla, xo>dduiiueHt
nponuniaemoctd K =0.5 J[ , momaocTth 1wiacta h, nuamerp ckBaxkunbsl D, paanyc
KOHTypa nutanust Rx = 10kM, BCKpbITHE TUTacTa b = 6, yrcio mpocTpeoB Ha 1 M
BCKPBITOM MOIIHOCTH IIacTa N, IIyOWHA MPOHUKHOBEHUS IyJIb B iopoay ', muamerp
otBepctus do. OcTabHBIC UCXOIHBIC JAHHBIC JJIS pacueTra B Ta0IUIax.



BapuanT 01- 10 n= 5 orB./M I'= 2
BapuanT 11- 20 n= 10 otB./M I'= 2
BapuanT 21- 30 n= 15 otB./M I'= 5
BapuanT 31- 40 n= 20 otB./M I'= 10
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
G, ; 70
B8 5
&0 &0
.\ a=r/77 s
&5 - 55
sob- i 1 50
4.5 b t——1+——1}-- —- - e
“ N A O
PR\ \i\% -
30 h\ ‘/{-'6=:3UU X\ = t—— 30
25 %‘\il;g NZN X//,;; \ 25
Z¢ Zf &#ﬂ \\‘l@_‘\“ l 1zo
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ro N \\‘\‘Q = £ \\\\§ | Lo
5 b?fg.\tgl\% o= Q N |z
- ~ e |ax=71 "
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IIpakTuyeckoe 3ansitue 11 Heqmueiinas puiabTpanusi 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 kanana d=I,| cM, mojoBHMHA pacCTOSIHHS JI0
COCEIHUX CKBakHH 0= R, = 300 M, TuHAMHYCCKHUI KOI(DHUITUCHT BSI3KOCTH KHUIKOCTH

u=4cll

Pemenue. 113 nanHbIX KcclieqOBaHUS BUTHO, YTO 3aBHCHUMOCTH Mexxkay Q u Ap
HeJINHelHas, T. €. UHAUKATOPHAsA JIUHUS He OyaeT npsimoii (puc. 41). cnonb3ys
IBYWICHHYIO (opMmyny Ap = AQ+BQ? M IpHBEAEHHBIE JaHHBIE, IIOCTPOUM Tpaduk
3aBUCUMOCTH Ap/Q oT Q (puc 42). U3 rpaduka mo Touyke mepecedeHus! MpsMOil
Ap/Q=A+BQ ¢ ocklo Ap/Q (ockro opamHar) HaiijeMm 3Hauenne 4 = 0 04 (xkrc/cm?)
c/cM%, a o TaHreHCy yria HakjJOHa IpsAMOM k ocu abcmuce (Q)— B =0,00015
(xrc/cm?) c?/em®.

Ap, xrcfem? Q. jo—8 M*fc Q, M3/cyT Ap/Q, (wre/em®).c/ou’¥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 39,7 0,109
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{
ol 907 200 4 cnlc
Ap,necjon?

Puc. 41 Puc, 42

Kosdpduument nponunaeMoctd HalgeM MO MOJYyYEHHOMY 3HA4Y€HHIO A U3
bopmybl

A=t In&+Cl+C2
27kh| T,

C

3nauenuss Ci; u C; nHailnem ¢ nomompto rpadukoB Illyposa. Omnpenenum
rapaMeTpel b/h=0,584, h/d, =487, nd, =197, d/d, =0,0447 1 110 UX 3HAYECHUIM —

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

k=—* In2ic g, |- 4 23+34+1 2090 _ o585 7
278h| "t 2-314-0,04-1200 12,35

C




IIpakTuyeckoe 3ausatue 12 Pacuér nedbura 6arapeu, cocTosieil U3 mATH

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

Onpenenuth 1eOUT Oaraped CKBaXWH, COCTOSAMEH W3 N CKBAXKHH,
PaCTONIOKEHHBIX BN OT KOHTYpa MUTAHMS, ¥ OJJHOW CKBa)KUHBI, HAXOAIICHCS B
IIEHTPE IUIacTa, €CJIM M3BECTHO, YTO BCE CKBAKWHBI HAXOMATCS B OJWHAKOBBIX
yCIIOBHSIX: pamuyc O6artapen paBeH Ri, paccTosHHE 0 KOHTypa MHUTAaHWS paBHO R,
panuyc CKBaXKHH I, MOIIHOCTh IUIacTa paBHa h, mpoHHIIaeMocTh Iiacra paBHa K,
BSI3KOCTh JKHJIKOCTH paBHAa u , JaBJICHWE HA CKBaXWHAX PaBHO [, /aBIICHWE Ha

KOHTYPE IUTaHUsSI PABHO Pk.

Hazosem sapexTom B3auMoaeicTBus £ OTHOIIEHHE CyMMapHOTo 1e01Ta Bcex
UHTEPPEPUPYIOIIUX CKBAKUH K CYMMapHOMY JEOUTY TOTO K€ YMCa CKBAXKUH 0€3

ydera ux B3aumojierictus. Haiitu 3Hauenue adexra B3aumonencTsus E.

Pucynoxk 1

Paccmotpum perrenue mpu N = 4 (cMm. pucyHok 1), h =10 m, Ry = 200 M,

R=10 km, 1=0,1 M, k=1 JI, x=4 cII, pe= 11,76 MITa, pi= 15,68 MITa.

bynem wucnons3oBath Gopmyny Uil MOTEHIMAda MPU paboTe TPYIIIBI

CKBa>XUH:

o= Ygmn+C, (1)

i=1



T.C. IIOTCHIHAJI B TOYKC, HaXOIISIHIGI\/'ICH Ha pacCroianuu r; OT I-ToM CKBa’XUHBLI,

_9

MMEIOILEH Ha €JMHUILY MOIIIHOCTH ILJIACTa YAEIbHBIN 1E0UT ¢; j, » OTIpeIenIeTcs

o ¢opmye (1).

YuuThIBas, 4YTO CKBAXKUHBI PACIIOI0KEHBI BIAJIM OT KOHTYpa MUTAHUS, U
R1 / Ry=0.02, MOXHO IPHOIM3UTEIIBHO CUNTATh, YTO BCE CKBAXKUHBI HAXOJIATCS Ha
pacctosHuM R, OT KOHTypa IMUTaHUS, TO3TOMY B TOUYKE, [IOMEIICHHON Ha KOHTYP

IMATAHUA, TIOJTYIHUM:

1 n
D, =— InR, +C
k Py ;C]z k
WA

O =L R + LR+ LBmr +24mR + MR, +C.
2 2 2r 2 2

Tak kak q, =g, = gy = q, (0003HaUUM 3TH 1€OUTHI YePE3 ¢ ), OTYHIAEM:

O =LhnR + LR +LmR +LmR +LEmR, +C.(2)
2 2 2 27 2

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

1
D, :2—(qlnrc+qlnr21+q1117’31+q1n”41+% Inr,)+C .
T

Paccrosnue ot Touku M 10 1-0i CKBaXXMHBI PaBHO PaJIMyCy MEPBOM
ckBakuHbl. Kpome Toro, Tak kak . / R1=0.0005, MbI cunTaem, 4TO pacCTOSHUE OT
TOUKU M, HaxosIIecst Ha 3a00€ ePBOil CKBaXKUHBI, /10 2-0f CKBa>KUHBI
MPUOIM3UTEIIBHO PABHO PACCTOSHUIO OT MEPBOM CKBAXKUHBI JI0 2-0M CKBaKUHBI.

AHaAJOTUYHO — JIJI1 pacCTOSTHUM OT TOUku M 110 3, 4, 5- Ol CKBaXKUH.

Tak xak 1, =7, = \/ERI, ry =2R,, r5; = R, (cM. pucyHok 1), To umeeM:



1

@cl =
27

(qlnrc+qln\/§R1+qln2Rl+q1n\/§Rl+q5 h1R1)+C .(3)

Brrunras u3 popmynst (2) popmyny (3) U yuuThIBast CBOMCTBA

norapudmuueckoit pyukuuu: Ina+Inb=In(ab), Ina-Inb=In(a/b), nmoayuum:

R R R R
O, -0, =L ("t 42—~ s tn k) I3y Sk =
2r 7. \/ERI 2R, 2m R,

_a, R g Re
27 4R)r, 27 R

(4).

[Tomemast Touky M Ha 3a00i1 IIEHTpaIbHOM CKBaXKUHBI, onpeaeauM D s:
1
D s :Z(an’”ls +qlnrs+qglnrs +qhnr+gslnr, )+C-

31ech, Kak U BBIIIE, pACCTOSIHUE OT TOUYKU M 10 5-0i1 CKBa)KMHBI pABHO
pagnycy MmATON CKBaXXMHBI. KpoMe TOro Mbl CHUTAEM, YTO PACCTOSIHUE OT TOUKUA M,
HaxoJIsIIencs: Ha 3a00€ MATOW CKBaXUHBI, 10 1-0¥ CKBaKUHBI MPUOTU3UTEIHHO
PaBHO PACCTOSIHUIO OT MSATON CKBAKUHBI 10 1-0M CKBaKMHBI. AHATOTUYHO — JIJIS

paccTosiHuii OT TOUku M 110 2, 3, 4 - 0l CKBa)KHH.

V4auTBIBaAA, UTO K5 = Fys = I35 = 145 = R, TOTy4HM:

D

c

s =i(qlan +glR +glhR +glnR +¢gs;Inr, )+C (5).

Boruutas u3 popmynsl (2) popmyiny (5), momydaum:

&, ~ 0, =L B By By By @5 B
2r R R, R, R~ 2r r

2 2 © (6
-1 41n =k + 9s In =&
2r R 2z
k P
VYuuTtsiBas, uro O = ——, onpenenum 3HauCHUE MOTEHIMAIA HA

KOHTYPC IIMTAHUSA U HA 3a00€ CKBayKHH:



kB, 1.02%107*15.68*10°
7 0.04*10™"

D, = 0,004 m?/c,

kP 1.02%107711.76*10°
7 0.04*107"

D

c

= 0,003 m?/c

IToncraBuB B (4), (6) UICXOHBIE JaHHBIE, TTOJTYYHM:

(10*) 10*
0.001 =L 1n + 95 | 22
27 | 4%2°*10°*%0.1) 27 200

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

YMHOX)ast 00e yacT 000uX ypaBHeHI/Iﬁ Ha 27 W IIOACTAaBJIAA 3HAYCHUA

J0oTapu(MOB, MOTYUUM:
0.001*6.28 = ¢ *21.863 + g5 *3.912
0.001*6.28 =g *15.648 + g5 *11.513

PemuB nostyyeHHYy10 CUCTEMY OTHOCHUTENBHO (], (5, HAMIAEM:
g =0.000251 m*/c, qs =0.000205 Mm*/c. Toraa [eOUTHI CKBaXUH PABHEL

0 =qh =0.00251 M ex216.6Mm / cymxu

Qs = qsh =0.00205 2> / ¢ = 177.20° / cymxu
O6muii nebur (¢ yuérom uaTeppepenun)=4%216.6+177.2= 1043.6 m>/cyTku
JlebuT ogHOM cKkBaXXMHBI (0e3 yuera unrepdepenimu, o Gopmyie Jfomromn) paBeH:

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

uoo R 0.004 - 10000
r, 0.1
=5.46*10"° M%/c .

Jlebut msitu ckBaxkuH (6€3 yueta uHTepdepeHuu, no hopmysie Jromon)



5* 0 =5%5.46*10" m%/c = 2.73*10%2 m3/c = 2356.7 m3/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 crimcky
P cks,MlIla
Pk,MIla
6.86 | 7.35 | 7.84
8.82 I I Il
9.80 v \Y Vi
10.78 Vil | VIII IX

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




IIpakTnyeckoe 3ansaTue 13 Iliockue HeogHOMEepHbIe PUIBTPALUOHHBIE

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 nponumaemoctd K = 2J[, nuHaMHYCCKUI
ko3 dunment Bsazkoctu u =1 cll, paguyc ckBaxkunsbl I'c = 10 cM 1 MOIITHOCTB TIJIacTa
h =12 M. HaliTi 1eOUT CKBaXKUHBI IPU JBYX 3HAYCHHUSAX PACCTOSHHS OT KOHTYpa IH-
TaHus 10 ckBakuHbL: 1) @a = 100 M, 2) a =200 M. Ctatudeckuii ypoBenb Hy =40 m.

HaBHGHI/IH Ha KOHTYPC IIUTAHHUA U Ha 33606 CKBa>XHHBbI
p=pgH, =10°-9.8-40=0,392 MIla

p. =p9(H, —AH)=10%-9,8-32=0,314 MIla

Pemenune. JeOUT CKBaXMHBI BOJM3U NPSIMOJMHEWHOTO KOHTYypa MHUTAHUA
onpenensercs no popmye

o 27khpgaH
- 2a
uin—
r-C
B cnydae 1)
-12 3
o 2:814-2:102.10 21120410 988 _158.10° u/c =136 4 /cym
10°.2,3Ig =
9710

B cayugae 2)

~2-314-2-102-10*%-12-10%-9,8-8

Q 4-10*

=1,45-10"° 2®/c =125 p°/cym

107.2,3lg

ITponenats Berurcienus At a =400 M, a =800 M u caenatTh BHIBOJ O BIUSHUU
pacCTOSHUS 0 KOHTYpa MUTAHUS JACOUT CKBaKUHBI.

3aoaua o npumoke K cKadxdcune Kpy2o8otl bamapeu



HazoBeM > pexTom B3anMoeiCTBHS £ OTHOIIEHHUE CyMMapHOTO Je0uTa BCeX
uHTEP()EPUPYIONINX CKBAXKUH K CyMMapHOMY JE€OUTY TOTO K€ YHCIlia CKBaXHUH 0e3
ydeTa UX B3aUMOJCHCTBUSI.

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

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

0) TpM CKBaXMHBI (M =3) PaclONOKEHb B BEPUIMHAX 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 TMHTaHUs, HUCHOJb3yeM GdopMyiny aeduta OaHOM
CKBOXUHBI KpPYroBOM Oarape, KOTOPYIO MOXHO YIPOCTUTh B YCIOBHSX
paccMmaTpuBaeMoii 3agaun, Tak kak (R, /R, )<<1, U MPEICTaBUTh B BUIE

_ 2akh(p, - pc)
R¢
mR" 1,

Q

uln

J1eOuT OMMHOYHOM CKBaYKUHBI B KPYTOBOM TUTACTE OMpeeseTcs o Gopmye
Jlromnroun

Qoduu = Zﬂkh(pk — pC)

R
uln =
e

Puc. 21



Dddekt B3auMoaCHCTBUS pPaBEH

R R
In —¥ lg —*
E- mQ _ e _ S
m m
sz)()uH In Rk Ig Rk
mR" 1, mR" 1,

B ciyuyae a)

Rl:%=50m, m=2

4 5000
S S s N 6
25-10° 6,398
2-50-04

0) pamuyc Oatapen W3 TpeX CKBaXuH (M =3), pPacCTOSHUE MEXTY KOTOPHIMU
d, paBen R, = d//3; B 9TOM ciyuae

R
lg —*
E, - rC3 _ 4,699 - 4,699 — 0,580
g R o 125-10° 8,097

3( d T 9 10° 01
— |
\/§ C

B) pamuyc Oaraped M3 4YEThIpEX CKBAXHUH, PACIOJOKEHHBIX B BEPIIMHAX

o dv2
KBaJpara co CTOPOHOM d , COCTaBIAET R, = V2

—=70,7Mm.
2
R
lg —*
S 4,699 . 4699 _ ¢ 407
Iy R, | 625-10 9,647

4Rr, 94 70,3°-01

[To mony4eHHBIM JaHHBIM, ¥ YUUTHIBas, UTO IpU M =1 E, =1, noctpoum rpadux

n3MeHeHus g eKTa B3auMoAeCcTBUS £, B 3aBUCHMOCTH OT YUCJIa CKBAXUH m (PUC.

22).

Cnenath BeIBOJ 00 m3mMeHeHnnu 3¢ dexrta B3auMoeicTBus £, B 3aBUCUMOCTHU
OT YHUCJIa CKBAYKUH M.



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

3a0aua o0 npumoke K CK8aAMCUHE, IKCYEHMPUYHO PACNOJIOHCEHHOU 8 niacme ¢
KpPY208bIM KOHMYPOM NUMAHUSL

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

1,0 R P

7 2 3 m

Puc. 22 Puc. 23

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

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

Qakcu =

27kh(p, - pc)
R o°
In| —*|{1- "
g H Rﬂ

d CKBAJKMHBI B ICHTPC KPYIroBOI'O IJIACTa

— Zﬂkh(pk _ pc)

R
uln —%
e

Q

OtHomenue Gopmyi 1eOUTOB paBHO



3nauyenus Q. /Q, B 3aBMCUMOCTH OT /R, NPUBEICHBI HUKE:

KCY

oA s 0,1 0,3 0,5 0,7 0,8 0,9 0,98

Qo /Qo vevenen. 1,000 1,013 1,038 1,097 1,153 1,280 1,735

CrenaTh BEIBOJEIL.

3aoaua o Heobxooumom uzmeHeHuu oOenpeccuu AP 01 yoepacanus oebuma
NOCMOSIHHbIM NPU  UBMEHEHUU HNOJONCEHUS CKBANCUHbL OMHOCUMENbHO YeHmMpPA
KpY208020 niacma

B kpyroBom mracte paamyca Ry = 150 m ¢ mommuocteto h = 10 M u
ko3 dunrenToM nponuriaemMoctu kK = 0,5 /1 pacrosioskeHa CKBaKMHA  PalycoM [I¢
=10 cm. Ilpm Ap = pr—pe = 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.

Kak Heo0X0oIuMO M3MEHSATH IENPECCUI0  dp Mg

4
Ap, dTOOBI TpPH W3MEHEHHH MOJOXKEHHS 2
CKBXMHBI OTHOCHTENHHO IIEHTpa IuIacTa

10
JNeOUT 0CTaBAJICS TOCTOSHHBIM?

Pemenne. I3 popmyibl nedura a8
OKCIEHTPUYHO PACTIONOKEHHOW CKBAKUHBI -
BBIPA3UM JIEMIPECCHUIO 06

R 5° !

Ap:pk—pczﬁln k. 1__2 0;[/0

27kh | 1g Ry

Puc. 24

H 1I1oJCTaBUM JaHHBIC 3a4a4M



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

2
=0,372-1g {1500(1— ° n ﬂ Mlla
2,25-10

B 3aBucuMOCTH OT pasIWYHBIX 3HAYEHUW OKCIICHTPUCUTETA O IMOTydaeM
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
L Y O 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 ¢ HENPOHULAEMbIMH I'PAaHULIAMU

3aoaua o npumoke K CKedosiCuHe, pdCI’lO]ZOOfC@HHOL? 6 njiacme c a@y]l/l}l 63AUMHO
nepneHOuKyﬂﬂprlMu HenpoHuyaemvimMu epanuyamu

CosepiieHHasi ckBaxkuHa pajauyca . = 10 cM paboTtaer B 1miacte, OrpaHU4€HHOM
JIBYMSI TPSIMOJIMHEMHBIMU HEMPOHUIIAEMBIMU TpaHUIIAMHU, PACIIOJIOKEHHBIMHU IO
yriom 90° apyr k apyry (puc. 28). PaccTosiHus 1o rpanuil paBabl a = 150 m, b = 300
M, paccTosiHuE 10 KoHTypa nuTanus Ry = 8,0 kM. JlaBlieHrne Ha KOHTYpe MUTaHUs Py=
11,76 MIla (120 krc/cm?), naBnenune Ha 3a00€e ckBakuHbI Pe = 9,8 MITa (100 krc/cm?),
MOIITHOCTH 1acta h=12 m, quHaMuYeckuii KO3QPUIIUEHT BIA3KOCTH KUIKOCTH U = 3
mlla-c, koadduiuent nporumnaemoctu K = 700m/1. Halitu 1eOUT CKBaXKMHBI.

Pewmenne. [Iponomknm HENMPOHUIIAEMBIE TPAHULIBI BBEPX U BIIEBO 10 KPYTOBOTO
KOHTYpa NUTaHus pagnycoM R, u 0ToOpa3uM CKBaXUHY-CTOK OTHOCUTEIBHO 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  OTCYTCTBUHU
HEMPOHUIIAEMBIX TPAHUI] MPHU OJHOBPEMEHHON padOTE YEThIPEX CKBAXKHMH-CTOKOB
OyZeT coBmaaath ¢ THAPOJHHAMHYECKOW KAPTUHON MPU HAJUYHMKM HETIPOHUIIAEMBIX
TrpaHull, TaK KaK 3TH TPAHMIIbI SBISIOTCS JIMHUSAMU TOKa. CUnTasy, 94TO0 KOHTYpP IUTa-
HUS PacHojiO)KEH Ha  JIOCTaTOYHO OOJBIIOM  PAcCTOSHHUM OT  CKBAaXUH,
PEe3yIBTUPYIOIINN ITOTEHIIMAI B HEKOTOPOM TOYKE IUIACTA MOKHO 3alIMCaTh B BUJE
CYMMBI IOTEHINAJIOB, BO30YK/1a€MbIX KaXIbIM CTOKOM B HEOTPAaHUYEHHOM ILIACTE,

q n
D, =—>Ihr+C
M 27[|Z=1: i



ITomecTm TOUKY M Ha KOHTYp CKBa)KHHBI, TOT1a

O+

LLLILLLLL
r, =2a v a

O O
ITomemast Touxky M Ha KOHTYp IMUTaHUS, 2 j
TOJTy MM %
4
q 4

& =—A4hR +C
2w Puc. 28

a BBIUMTAs, HalJIeM

OTKYyJa

q= R?

n— A ——
8r.abva® + b’

500041

— . . . 712- —_ 6
27kh(p - p.) _  6,28-0,7-102-10 1;51%16; 9,810 _179.10° ud/c =

Q=

R4
uh ——*—— 3.107°.2,3lg
8r.abva’® +b’ 0,1-8-150-300-+/150* + 300°
=155/ cym

[Ipn naHHBIX 3TOM 3a1a4M PACCMOTPETH YIPOIIECHHBIN CITy4ail, KOT/1a CKBa)KHHA
HAaXOJUTCA Ha OMCCEKTpHCE yIJla MEXAYy HENPOHMUIIAEMbIMH TpAHMUIIAMH, Ha

PACCTOSIHUU @ OT KaXKJIOM.

3aoaua o npumoke K CKedasiCuHe, pClCHOJZOJlC‘eHHOI:Z 6 njaacme c a@yM}Z
npﬂMOﬂuHeﬁHblMu HenpoHuyaemvimMu cpanuyamu

OnpenenuTh 1e0UT CKBaKUHBI, paboTarolell B MIacTe, OTPaHUUYCHHOM JIBYMS
MPSMOJMHEUHBIMA HETPOHUIIAEMBIMU TPaHUIIAMHU, PACHOJIOKEHHBIMU TI0J] YIJIOM



60° npyr k Apyry. PaccTosiHue OT TOUKHM NEepeceYeHusl HEMPOHULIAEMBIX TPaHUL 0
CKBaXHHBI I = 200 M, paccTosiHME 10 OJHOM U3 rpanull a = 50 M, paauyc KOHTypa
nutaiuss Ry = 5 km (puc. 29). Mommnocts 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.

Pemenune. [IponomkuM HENpOHUIAEMBIE TPAHULBI U OTOOPA3UM PEANBHYIO
CKBKUHY-CTOK OTHOCHTEJIbHO TPaHUIl, COXpaHss Iy neduTta TOT XK€ 3Hak. B
pe3yabpTare MOJy4yuM JiBa CTOKa-u3oOpaxkeHus— No 2 u No O: mosiBJIeHHE CTOKa-
n300pakeHuss Ne 6 HapymiaeT ycjIoBUE HETIPOHUIIAEMOCTH TpaHullbl OA, a HaTu4ue
croka Ne 2 Hapymiaer ycinoBue Ha rpanuie OB, mo3ToMy uxX HaJo B CBOIO OY€pelb
OTpa3uTh: Ne6 - OTHOCUTEIBHO IPAHUIIBI
OA, Ne 2 — otHocutensHo OB. Ilpu
ATOM MOSBJISIIOTCS CTOKH-U300paKEHUS
Ne 3 1 Ne 5, u3 koTopbix Ne 3 Hapymaet
HEMPOHUIIAEMOCTb rpaHulpl BB a Ne 5
- TpaHuubl AA’ UX U300paKEHUS
OTHOCHUTEIBHO 3TUX I'PAHUIL] COBIAJAIOT
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

S paboTaloT OJHOBPEMEHHO pealibHas
5 CKBOXMHA-CTOK M  MATh  CTOKOB-

Puc. 29 U300pKEHUI, PACHOJIOKEHHBIX — TIO
OKpPY>KHOCTH pajmyca I.

[TpuMeHsIs IpUHIIKI CYTICPITO3UIIAH, 3aITUIIIEM PE3YIbTHPYIONTHI MTOTEHITAAT Ha
3a00€ peaabHON CKBaKUHBI:

D, =%(In rL+hr,+nr,+Inr,+hnr,+Inr,)+C
e
0 H 0
h,=2a, ,=r.=2rcos30°, r, = 2r5|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’KHUH, IIOJIY4YUM B BUJIC

® =1 .6.nR +C
21

Pa3sHOCTb MOTCHIIUAJIOB

ch—cbczi R Reop R =+1In _Rko +In ——2% =
2| 1 2a 2rcos 30 2rsm(60 +a) 2rsm(60 —a)

R6
q n 4 2 0 i . 0 H 0
2r 32r.ar” cos” 30 sm(60 +a)3|n(60 —a)

OTKy/1a
27KhA
ln YR K .
32r.ar* cos® 30°sin (60° + a)sin (60° — cx)
-12 6
_ 6,28-0,3-1,02-10 ];)0 2,14:5 10 —0.926.10° M3/C _ 80M3/cym
5°-10
2.107°.2,3-1g

32.0,1-50-16-10° -2-0,964 -0,713

IIpn naHHBIX 3TOM 3a1a4M PACCMOTPETH YIPOIICHHBIN CITy4ail, KOT/1a CKBa)KUHA
HAaXOJUTCA Ha OMCCEKTpHCE YyrIjla MEXAY HENPOHMIIAEMbIMH TpAHMIIAMH, Ha

PACCTOSIHUU @ OT KaXIOM.



IIpakTuyeckoe 3ansaTHe 16 Pacuér puabTpaniuoHHBIX 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 HEYCTAHOBUBILIUECS
IPOLECCHI, KOTOPbIE MPOSIBISIIOTCS B IEPEPACTIPEAEIECHUH MIJIACTOBOTO JaBJICHUS (B
NaJCHUU WU POCTE JaBIIEHUS BOKPYT CKBa)XKHUHBI), B U3MEHEHHUSX C TEUYCHHEM
BPEMEHU JI€OUTOB, CKOPOCTEN (PUIBTPALMOHHBIX TIOTOKOB U T. 1.

Oco0eHHOCTH STUX HEYCTAaHOBUBIIUXCS TPOIECCOB 3aBUCAT OT YIPYTHX
CBOMCTB IUIACTOB M HACBHIAIOMIMX MX KUIAKOCTeH. XOTs KO3(DPUUIUEHTHI
C)KUMAEMOCTH BOJIBI, HE(TH U MOPUCTOM cpeabl odeHb Mansl (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 KaKk 00bEMBI IJIaCTa U HACBILAOLIEH €ro KUIKOCTH MOTYT OBITh
oueHb Belauku. [loaromy npu noacuére 3amnacoB HeQTHU (U ra3a), IPU MPOCKTUPosaHUH
pa3paboTKu HE(QTAHBIX U Ta30BbIX MECTOPOXKACHWM, MpPH SKCIUIyaTallUd, Ipu

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

CKUMACMocth xuakOCTH u nmopucToi cpebl.

00bEM HACBHIIIAIOINIEH JIACT KUJIKOCTH MPU CHUKEHHUU IJIACTOBOTO JABJICHUS
YBEJIMYHUBAETCS, 2 00bEM OPOBOTO MPOCTPAHCTBA YMEHBIIIAETCS; 3TO U ONPEILISIET
BBITECHEHHUE KHMJIKOCTH U3 TIaCTa B CKBAXKUHY (WM Ta30BYIO 3aJI€XKB).

Ecnu B mpornecce pazpaboTku mpeoOiagaroiieid GopMon SHEPrUuu SBISIETCS
DHEprusl ynpyrou nedopmanuy TUiacTa W CHKATOM JKUAKOCTH, TO PEXHUM IJIacTa
Ha3bIBaeTCs ympyruM. [IpuM 3TOM mnpeamonaraercsi, 4To (GUIBTPALMOHHBIN MOTOK
0J1HO(ha3HbBIM, T. €. JITACTOBOE JIABJICHUE BHIIIE 1aBJICHUS HACHIIIICHUSI.

B ycnoBusx ympyroro pexummMa XapakTepHO TO, UTO  MpoIlecc
nepepacipeiesieHns JaBiICHHUs MPOUCXOIUT MEMJIEHHO (UIMTENIbHO), a He
MTHOBEHHO, KaKk 3TO ObLIO Obl Mpu aOCOTIOTHOM HEC)KMMAeMOCTH IIjlacTa MU
HaCBILIAIONIEH €ro KHUAKOCTH.

B teopun ynpyroro pexxuma O0JIBIIYIO POJIb UTPAIOT JIBa TapamMeTpa:



1. KoadunueHT ynpyroeMKoCTH miacTta
B*= Poc + Be (4.1)
rie M — MOPUCTOCTh; U — COOTBETCTBEHHO KO3 ULMEHTHl CKUMAEMOCTH
KAJKOCTHU U IOPUCTOM CPEBI.
Koaddunuent f* unciaeHHO paBeH U3MEHEHHIO YIIPYTOro 3amnaca >KUJIKOCTH B
eIMHULE 00bEMa IUIacTa MPU U3MEHEHUH IUIAaCTOBOTO JAaBJICHUS Ha OJHY €IUHULYY.
HNuorga BMecTo ko3 uiirenTa ynpyroeMKOCTH IIacTa UCHONB3YIOT MPUBEACHHBIHI

MOAYJIb YIIPYTOCTH:

Bt — B D
m

2. KoaddurmeHT npe30npoBOHOCTH TUTACTA

k k
P At e K

up* prm

OH XapaKTepHu3yeT TEeMIl MepepachpeeieHns IUIaCTOBOTO IaBICHUS B YCIOBHSIX
YIPYroro pexuma. Ota BEJINYMHA aHaJOTUYHA Kod(purmeHTy
TEMIIepaTypOIPOBOIHOCTH B TEOPUH TEILIOTIEpEIauu U BIiepBbie Obla BBeAeHa B. H.

[[lenkayeBbIM.

Tounvie pewenus oughghepenyuanbHo2o ypasnenus YAPY2020 PEHCUMA
HuddepennmansHoe ypaBHEHHUE YOPYroro pexuMma (UIbTpalud MOKHO

3aIIuCaTb

= %
ot \ or? roor

dap o*p 1 op >
(4.2)

WNurerpupys nuddepennimansHoe ypaBHeHHE (4.2) MPHU 3aTaHHBIX HAYAIBHOM
U TPAaHUYHBIX YCIIOBUSX, OMPEACIAIOT JaBJCHUE B JIO0OM TOUYKE IJIacTa B JHOOOM
MOMEHT BPEMEHH.

Pemienne 3amaun mepepacnpenesieHus] AaBJICHUS MOCHE MYyCKa CKBAXKHHBI C

IIOCTOAHHBIM )IC6I/ITOM Q B 6CCKOH6‘IHOM, TOPU30OHTAJIbHOM mrcre CBOAUTCA K



UHTETpUpOBaHUIO0 nuddepeHmanibHoro ypaBHeHus (4.2), HUMEIOLIEro Juis
IUIOCKOPAIUATbHON (PUIBTPAIH BHI:

op _%< p | Fp aﬂp)
Tl il R "
ot ox> oy? 02*

C HAYaJIbHBIM U I'PaHWUYHBIMHA yCJIOBHAMU

p(r, t) = ps npu ¢ =0,

9
Q - 2rikh (r ap) ’
7! or Jr=0

p(r, t) =pg IpH r=o00,

TouHoe pemienue 3ol 3amauu npu r. = 0 gaercs Gopmynoit

P— D, t) = ——2_ Ej ———’2—)

4rikh 4yt
2 P’
— Et (——- _f > == S' £ du
4xt u
rZ
dnt (4.3)

Ota TabynupoBaHHas PYHKIMS HA3bIBAETCA MHTETPATbHBIM SKCIIOHSHIIHAIIOM,

WJIU UHTETPATbHOM MOKa3aTeIbHON (YHKITUEH.

2
r2[4xt ~Bif— g

[Ipr ManbIX 3HAYEHHSX ApPTyMEHTa (GyHKLHIO 4t

MOYKHO TPHOJIMKEHHO 3aMEHUTH (hOPMYJITOi

— Fi (— i )z In 2L _0,5772

4nt r2

U TOTJa

Q 4t
px—p(r, )= E_(in—= —0,5772
4nikh re
®opmyna (4.3) sBAsETCS OCHOBHOW (hOPMYIJION yHpPyroro pexuma IUIacToB,
IIMPOKO TMPUMEHSIONICHCS TpU HUCCIEIOBAaHUM TpoIlecca IepepacipeieICHHs
IJIACTOBOTO JABJICHUS, BBI3BAHHOTO IMYCKOM CKBa)KHMH C MOCTOSHHBIMH JeOMTaMH,

OCTaHOBKOM CKBa>XUH, U3MCHCHMAMHN TCMIIOB I[O6BI‘-II/I nT. IO.



®opmyiy (4.3) TakKe MOKHO UCIOJIB30BATh B CIydae MPUTOKA KUIKOCTH K
CKBaXXMHE KOHEUHOro paJInyca U B HAUAJIbHOW CTaJ MU U3MEHEHUS JITABJICHUS B IJIACTE

KOHCYHBIX pasMCpPOB.

[Ipy HeycTaHOBHBIIEHCS TMapaieIbHO-CTPYHHON (UIbTpALMK  YIIPYTron
XKHUJKOCTH K Tajiepee, pacroiaokKeHHO! B MOJI0CO00Pa3HOM MOTyOECKOHEYHOM ILIACTe
MEPHEHIUKYJIIPHO K OcH ox B cedeHuu x=0 (puc. 4.1) u sKcruryaTupyromeuncs c
MOCTOSIHHBIM JIaBJICHUEM Ha 3a00€ rajepeu p. JaBlieHUE B JIIOOOW TOYKE IIacTa B
10001 MOMEHT BPEMEHU MOIYyYUM, UHTETPUPYST YPABHEHUE

ap ap

[o—

ot O0x2

IIPpHY HA4YaJIbHOM U I'PAHHWYHBIX YCIOBHAX

p(x, t) = p, mpu ¢ =0,
p(x, t) = p, npu x =0,
p(x, t)

Il

Px IIPH X = ©o

AL LTI ELLL RIS AS LSSl d S S AP
v ’ " / /7 % r O ’ o / /
A A S A LT 'C: o5
0 < Gl Ly ekl S

T I ELEHETET T OGS s Vel &4
PucyHok 4.1

Pemenue BeipaxkaeTcs Gopmysioi

p(x, §) = px— (px— pr) (1 —erf E),

rae



2Vt

e—4* du

erf § =

OL’}U\‘I‘

2
1’43

— HHTCIpaJl BEPOATHOCTH.

3aodaua

Onpenenuts 1eOUT  rajeped, paclolOXKEHHOM B MOJIOCOOOpa3HOM
nosry0eckoHewHOM Iutacte (cM. puc. 4.1) mmpunoii B = 300 M, MmonHOCTRIO h=15 M,
¢ koadduimenToM nponuiaemoct K = 0,8 JI, B MOMEHT t = 2 CyT ¢ Hayaja
AKCIUTyaTallM C TIOCTOSIHHBIM 3a00MHBIM JaBlieHHEeM ».=9,8 MIlla. HauanpHoe
IJIaCTOBOE JIaBlieHue p. = 12,74 Mlla, kodhPUIIUEHT CKUMAEMOCTH KUAKOCTH U
IOpOJBI PaBeH COOTBETCTBEHHO P, = 1,53*10° m%H m B. = 0,612-101° m%/H,
ko3 purrenT nopucroctu M = 20%, AMHAMUYECKUN KO3IP(ULIUEHT BA3KOCTH HEPTH
u=1,5 mlla-c.

B miacte uMeetr MecTo HEYCTAaHOBUBIIASICS (DUIIBTPALIMS YIIPYTOW KUAKOCTH
1o 3akony [lapcu.

Haiitu nebutsl mo TouHoi hopmysie u o Gopmyie, MOTyYESHHON MO METOLY
MOCJIEIOBATEIbHON CMEHBI CTAlMOHAPHBIX COCTOSHUM.

Pemenne. Pacnpenenenune naBieHuss B IUIACTE IPU HEYCTAHOBUBIIECUCS
napayieIbHO-CTPYHHONW  (UIBTpALIMK  YOPYTOM KUAKOCTH K MPSIMOIHMHEHHON
rajiepee Npyu NOCTOSTHHOM JaBJ€HUU Ha 3a00€ BbIpaxkaeTcs cieayromei Gopmysoi

(TOuHOE penieHue):

Pl = pe—(pe—p) (1 —erf 52— ),

rne




— uHTerpan BepositHocteil. CornmacHo 3akony Jlapcu
k 0
1) e w ( .._P,) Bh.
[V 0x Jx=0
( op ) :
Haiinem \ 0% x=0

x’
ap 2 ( At 1 ) Pgk — Pr
i = St ———} IO e NNy ——=-m
( ox >x=0 (Px— p) VYV~ 2V ut 7 x=o0 Vot

IIO3TOMY

KOB(b(I)I/IHHeHT IIBC30IIPOBOAHOCTH K B YCJIOBHAX paCCManI/IBaCMOﬁ 3aJa4u

paBeH
k k 0,8-1,02-10—12

pp* =u(m6m+ Be) ~ 1,5-10-3 (0,2-1,53.10—9 4 0,612.10—19) -
= ],48 m?/c.

H =

Jlebut, onpeneneHHsbli Mo TouHou dhopmyse, Oyaer

0,8.1,02.-10—12 (12,74 —9,8)-108.300-15

1,5.10—37/3,14-1,48-2-0,864-10%
= 694 m3/cyT.

— 8,03-10—3 M¥/c —

ITo meTomy mociegoBaTEIbHONM CMEHBI CTAIllMOHAPHBIX COCTOSIHUN Je0uT

NPUOJIMAKEHHO onpeaensercs no Gopmyse A CTAMOHAPHOTO PeXUMa ABUKEHUS

k (px — pr) Bh
pul ()

anuG -

rae |(t) — anuHa, Ha KOTOPYIO pacIpPOCTPaHUIOCH OBl MOHM)KEHUE TaBACHHS K
MOMEHTY t, eciiu ObI 1aBJICHKE B 30HE ACMPECCUU MEHSIIOCH IO MPSIMOM TMHHUU;

I(t) onmpenensercs U3 ycaoBus MaTepHaabHOro OanaHca npu pr = CONSt u paBHa
[ =2V ut

Torna



O = FPe—p) Bh _ 0,8:1,02:10712 (12,74 —9,8) 108.300-15
npuo u2 )/t 1,5-10—3.27/T,48.2.0,864- 105
= 7,12.10—3 m¥/c = 615 m¥/cyr.

[TorpemHOCTh TIpU OMpeACICHHH AeOuTa 10 NPHOTMKEHHOW (opmyre

COCTaBUT

A — Qrou — Qupus : 100 == M 100 = 11,49%
694

TOY



IIpakTHyeckoe 3ansitue 17 Onpeaenenne napaMeTpoB IUIACTA IPH YIIPYTOM
pekume

UccnegoBanust Ha HEPTIHBIX MECTOPOKACHUSX MPOBOIATCS IS MOIYYCHUS
JAHHBIX O TPOJAYKTUBHOM IUIACTE, HACHIIIAIOUIUX €ro >KHJIKOCTAX, a TakkKe O
CKBOKMHAX  JUISI  YCTAHOBJICHHUS  PAIMOHAIBHOTO  peXHMa  pa3pabOTKu
MECTOPOXKACHHUS, TaJbHEHIIEr0 €ro KOHTPOJIS U KOPPEKTUPOBKH.

[IpuHATO CUMTaTh, YTO HCCICNAOBAHUS CKBAXKUH NPU HEYCTAHOBHUBIIEMCS
pexXrUMe 1at0T 60JbIIe HHPOPMAIUH, YEM UCCIIEIOBAHH METOIOM YCTAHOBUBILIUXCS
otbopoB. Ilpu o00paboTke KpuBoi BoccTaHoBieHus maBieHus (KBJ) momyuaroT
CpellHee 3HAauy€HUE THUJIPONPOBOJAHOCTA WJIM TMPOHMUIIAEMOCTH Ha Pa3IUYHBIX
PAcCTOSIHUSAX OT CKBAXKUHBI, OINPEACNAIOT KO3()PUIMEHT NbE30MPOBOJIHOCTU U
IPUBEICHHBIM paJNyC CKBa)KUHBI, OLEHUBAIOT KO3((UIMEHT AOMOJHUTEIbHBIX
NoTeph JaBlieHUs (MOKa3aTeab CKUH-3(PdeKkTa), onpeaenstoT IMIacTOBOE JaBJICHUE U
NPUOIMKEHHBIN KO3QPUIHUEHT TPOIYKTUBHOCTU CKBAKUHBI.

HccnegoBaHue CKBaKHUH MPY HEYCTAHOBUBLIEMCS peXUME (DUIBTPAIMU — TO
UCCJIEIOBAHUE IIPU PEXUME, H3MEHEHUE KOTOPOrO IPOUCXOAUT TOJIBKO O]
JEHCTBUEM YIPYIHX CHII IIacTa U HACBILIAIOIIUX ero kuakocte. [o cymectBy 310
UCCIIEJIOBaHKUE Tepexo/ia paboThl MIacTa ¢ OJHOTO YCTAHOBUBILIEIOCS peXuma Ha
JIPYTOM MO/ ICHCTBUEM 3TUX CHIL.

[Tpu mHTEpIpeTauy JTaHHBIX UCCIEIOBAHUS MPUHUMAIOT PACIIUPSIONIYIOCS
30HY 32 KpYTrOBYIO C paauycoM R, COOTBETCTBYIOLIMM OIpEAEIECHHOMY BpeMeHHU t.
[IpomenmemMy ¢ MOMEHTa U3MEHEHHS pexxnma. CBOKCTBA MPOAYKTUBHOTO IJIaCTa Ha
pacctosiHuu R 0T CKBa)KMHBI MPUHUMAIOTCS OAMHAKOBBIMU — CPEHUMH IO IJIACTY

(puc. 1).

Pucynok 1 — Pacumpsromasicst 30Ha
HapyLIECHUS
peXuMa B HEOJHOPOJHOM ILIACTE

BcenencrBue Toro, 4To M3MEHEHUE pEKAMA MPOUCXOJINT 33 CYET YNPYTUX CHUJ,
IIPU UHTEPIIPETALUN UCTIOIb3YIOT YPABHEHHUE YIIPYTOrO pEKUMA.

AP(t) = a1y 225%8. 0

4TKh T
rie AP(t) - u3MeHeHMe mepemnaja 3a00HHBIX JaBiaeHul B QyHKIUN BpeMeHH, [1a
Q - YCTaHOBUBIIMIICS EOUT CKBAXKUHBI, U3MEPEHHBINH HA ITOBEPXHOCTH, C KOTOPHIM
CKB)KMHA paboTaNa J10 3aKPBITHS, M/C;
- - BSI3KOCTh HE()TH B MJIACTOBBIX ycloBHsX, [1a-c;
(o8 - 00beMHBIN K03(pPuLIMEeHT HEPTH ITPU TUIACTOBOM TEMIeparype;

K - TIPOHMIIAEMOCTH JPEHUPYEMOil 30HBI, M



h - 3¢ dexkTHBHAS TONIUHA ILIACTA, M
X - K03 (HUIUEHT HE30IPOBOHOCTH PEarnpyIoIeil 30HbI TUIacTa, M2/C;

lp - NPUBEICHHBIA PaANYC CKBAXXUHBI, M

VYpasuenue (1) nepenuuiem B BUze

_ Quupy 2,25y QUup,
AP(t) = -——1n 7 + o int )

JlaHHOE BBIpQKEHHUE SBISETCS ypaBHCHHEM MpsiMOil B koopauHatax AP — In t, mpu stom

OTPE30K, OTCEKaeMbIi HpHMOfI Ha OCH OpAUHAT,

3
4mKh e (3)
a yrioBoi Ko3(pPHUIIUEHT IPAMOit
. _ Quup
i=_—= (4)
4TKh
C y4eToMm MpHUHATHIX 0003HauYeHH ypaBHeHHe (1) 3amuiinem B BUIE
AP=0 +i-Int (5)

T.o., 11st unTEpIpeTanuu KpuBoi BocctanoBienus nasienus (KBJl) neo6xomumo:

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

2. Ioctpouts 3aBucumocth AP-f(t) B koopaunatax AP - Int;

3. [IpoaKCTpanoaupoBaTh NPSIMOTMHEHHBIN y4aCTOK JaHHOM 3aBUCUMOCTH JI0 TepecedeHust

C OCbIO OpAXHAT U OIIPCACIINTD YHCJICHHON 3HAaUCHHUE (08

rac

y : . DPgu5,—AP
4. Paccuurars yrioBoi Ko3QGUIKENT i: i = W (6)
2= 1

5. Beruncnuth K03 UIMEHT THAPOTIPOBOAHOCTH €

_ Kh _ 23Qb
€= u T oami (7)

6. IIpu u3BectHOM BenmunHe h paccunTath k03 GunmeHT noasmxHocTH K/,
7. Onpenenuts NpoHULaeMocTs K;
8. Paccunrath K03((HUIMEHT HE30MTPOBOIHOCTH

K
y=—r ®)
Hy (M B+ Br)
m - KO3(pQUIMEHT NOPUCTOCTH;
Bx M Bn - COOTBETCTBEHHO KOI(PPHUIIMEHT CKUMAEMOCTH KUIKOM M TOPHOM MOPOJIbI

Bx =9,5-1071°1/ITa; Bn=2-107° 1/ITa.
9. BbrunciauTh NpuBEICHHBIN pauyC CKBaKUHBI

_ /2,25)(
rﬂp - 109/1 (9)

10.IToka3zaTtens ckuH-3¢dexTa (CyMMapHbIi KOAPGHUIMEHT TOTOJIHUTENBHBIX TOTEPh)

S =In(r./7,) (10)
11. Ilorepu naBieHMs Ha MPEOJOIEHUE TOMOIHUTENBHBIX conporusienuil B [1311, MIIa:
AP, =1i5/1,15 (11)
12.[lenpeccust naBneHus mpu paboTe CKBAXXUHBI HA YCTaHOBUBIIEMCS pexxume, MITa:

1. (R
AP, =iln (T:) /1,15 (12)

13. IlnacToBoe AaBieHue npu paboTe Ha ycTaHoBUBLIEMcs pexume, MI]a:
Pr=Psa6 0+ Paag o, (13)



14. KoaddurumeHT npoIyKTHBHOCTH CKBaXUHBI, T/(cyT-MIla):

Kup=Q/A Psas0 (14)

15. OrHocutenpHast OTEPs ACMPECCUN HA TIPEOJI0TICHUE JOMOIHUTEILHOIO COMPOTUBIICHHS B
I13I1, %:

Ny = 100AP, /AP, (15)

Apyqp,Mia
4

[ 4Psapt

3t : OO
40346 (60) M Pucynoxk 2 — Kpusas

[
o ’ BOCCTAHOBJICHMSI JIaBJICHHS B
2FApyq57 ;/ [’ koopauHarax AP u Ig t
4 J
i o |
s l
o |
0 /‘ 1060 : : : |
g6o 2 3 4
3amgaya.

HcenenyoT METo1oM BOCCTaHOBJICHHS IaBJIEHHS CKBAKHHY, KOTOpast 0oJiee IByX
MecslleB paboTaia Ha ycTaHOBUBIIEMCs pexume ¢ aeoutom 80 T/cyr. 3aboitHoe
nasienue 18,45 Mlla (6onbiiie naBiaeHus HachleHus ). DPPexkTUBHAs TOIIMHA IJ1acTa
25 M, nopucrocts 20 %. IlnoTHOCTH AerasupoBanHOi HepTH 850 Kr/M°, OOBEMHBIA
k03(purment 1,2, BA3KOCTh HEPTH B MIACTOBBIX ycioBusx 2,7 mlla-c, koaddunment
cxumaeMocTtd Hedrr 9,5-1071°1/ITa, koddpuumenT cxuMaeMoCcTH MOpHUCTOi cpebl 2+ 107
101/11a. Pamuyc ckBakunbl 1o josoty 0,124 M, cpemHee pacCTOSIHUE 0 OMKaHImx
CKBaHH 250 M.

OmnpenenuTts CBOMCTBA MPOYKTUBHOTO IJIACTa, OLICHUTD IJIACTOBOE JaBJICHUE
U KO3(PGUIUEHT TPOSYKTUBHOCTH, OMPEACIUTh MPUBEACHHBIA PAINyC CKBAKHUHBI,
JIOJII0 IENPECCUN, MPUXOISITYIOCs Ha conpoTuBieHue B [1311.

Pemenue.

[lepen ocTaHOBKOW CKBaKMHBI PEXKUM MOKHO CUMTATh YCTAHOBUBLIUMCS, a
JaBJICHHUE Ha 3200€ MOCTOSTHHBIM.

O0paboTKy pe3y/IbTaToOB UCCIICIOBAHMS MPOBOIUM B KoopauHatax AP —Int

(puc. 1).
B tabmune 1 mpuBeneHsI JaHHBIC UCCIISIOBAHMS, TI0O KOTOPHIM ITOCTPOCHA

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

1 /
7/

0

0 2 4 6 ]

Int

Pucynox 1 — KB/] B koopnunaTtax AP — In't

1. YKJ10H TMHENHOTO y4acTKa
. AP, —AP,51 539—4,56
T Tnt,-Int,  691-5489
2.IIpogomxeHue IMHEWHOTO y9acTKa oTcekaeT Ha ocu AP otpesok a=0,45
MI]Ia.
3. OOBbEMHBIN 1e0UT CKBaKUHBI
Q = Q,,103/86400p,,,=80000/86400-850=1,089-10 »*/c
4. KoadhurmeHT rugpornpoBOTHOCTH €

Kh  23Qb  2,3-1,089-10731,2 _
E=— === = 1,28 - 10" 1%%TIa-c.
i ami 4-3,14-0,814

5. Koapdumuent noxgsmxuoctn K/p= (1,28 -10719)/25 =5,11-10"12
m?/Tac.

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

7. Paccuutath KO3 HUIMEHT MTHE30MPOBOTHOCTH

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

= 0,814MIla

X:

8. BeIUMCIUTh NPUBEACHHBIN PAINYC CKBaKUHBI

Ty = \/z,zsx _ \/2,25~0,013 — 0,0909 M

10%/i =4[ 10045/0,814



0,124
0,0909

9. Ilokazatens 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

.. (Rk 250

AP0 = llrll’(lg") = 0'8141;1(;"090‘-’) = 5,6MIla

12. IInacToBoe AaBiaeHUE NpU padOTE HA YCTAHOBUBIIEMCS PEKUME:
Prn=Pia6 014 Pias 0=18,45+5,6=24,05 Mlla

13. KoapduureHT npoayKTUBHOCTH CKBaKUHBI:

Kip=Q/A P50 = 80/5,6=14,28 1/(cyT-Mlla)

14. OrtHocutenbHas MOTEPsl JCTPECCUM HA MPEOAOJTICHUE JOMOJHUTEIBHOTO

conpotusiicHus B 11311
n, = 100AP,/AP,,4 ¢ =100-0,22/5,6=3,9 %
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Mertonuueckue peKOMEHIalMKU MpeIHa3HauYeHbl Il CTYJIEeHTOB By3a «CeBepo-KaBka3zckuii
(benepanbHBIN YHUBEPCUTET»
[enn METOANYECKUX PEKOMEH Al
1. Meroanyeckoe COMPOBOXKICHUE MPOIECCa BBEICHHS H pealTU3aIliu
TpeOoBanuii DenepansbHOTO TOCYAAPCTBEHHOTO 0O0pa30BAaTENBHOTO CTaHIapTa
BhIcIiero oOpasoBanus (nanee ®I'OC BO), momomis mpu pa3paboTke padodmx
y4eOHBIX MPOrpaMM AUCIUIUINH U TPO(PECCHOHATBHBIX MOAYIJIEH 00pa3oBaTeIbHON
nporpammsl (nanee OIT).
2. Coznmanue B 00pa3oBaTEeIbHOM yUPEKICHUH YIEOHO-METOIMYECKOTO
obecnieueHus 00pa3oBaTEIILHOTO MpoIiecca.
Mertoanyeckie pPEKOMCHIAIIMM ONPEACISAIOT CYIIHOCTh CaMOCTOSTCIBHOW paboOThI

CTYJACHTOB B BY3¢C, eé Ha3Ha4YCHUC, IIJIaHUPOBAHUC, (1)0pr1 OpraHnu3aiyi U BUAbI KOHTPOJIA.



Conep:xkanue

1. HopmaTnBHOe 00ecnieuenne camocrosTeqabHoil padorsl B ®I'OC BO.
2. HazHa4yeHne ¥ BUJBI CAMOCTOSITEJIbHOI PadOThI CTYI€eHTOB.

3. KOoHTpoJIb caMOCTOSATEILHOM PA00ThI CTYJAEHTOB NPenoaaBaTeJassMu.



1. HopmaTtuBHoOe o0ecnieyeHne caMocTosiTe1bHOI padorsl B PI'OC BO

1.1. ®I'OC pazgen: «TpedoBanus Kk ycnoBusM peanuzamuu OlDy»:

— TpeboBanus Kk 00s3aTeILHOMY MUHUMYMY COJIEpKaHUsI 00pa30BaTeIbHON MpPOTrpaMMBI
HOJArOTOBKU CHELMAINCTa, K YCIOBUSM €€ pealu3alil U CPOKaM €€ OCBOEHUS OIpeleIatoTCs
HACTOSIIUM (elepaIbHBIM roCy1apCTBEHHBIM 00pa30BaTeIbHBIM CTAaHAAPTOM;

— OCHOBHas 00pa3oBaTebHas IPOrpaMMa IOAr0TOBKH CIIELUAINCTa COCTOUT U3 AUCLUIIIUH
00IIeHayYHOTO B TIPO(ECCHOHATBFHOTO IIUKJIOB, COCTOSAIIMX M3 0a30BOI M BapHaTHBHOW YacTeil 1
JUCLHUIUIMH TI0 BBIOODY;

— MaKCUMAaJIbHBIH 00beM y4eOHOM Harpy3Ku CTy/ICHTa yCTaHABIMBAETCs 54 daca B HEJIEIIO,
BKJIIOYasl BCE BHJIbl Ay TUTOPHOM U BHEAYJAUTOPHON (CaMOCTOSITEIbHOM) yueOHOI paboThI.

Bo Bpemsi camocCTOATENBHON MOATOTOBKH OOydaromuecss TOJDKHBI OBITh 0OecreueHbl
JocTynoM Kk cetu MHTepHeT. Peanunzanus o6pa3zoBarenbHOM IpOrpaMMbl OJrOTOBKH CIELMAINCTa
JIOJIKHA 00ECTIeUNBATHCS TOCTYIIOM KaXKJIOTO CTYJeHTa K OMOIMOTeUHBIM OHIAM U Oa3aM JaHHBIX,
(GopMHUpyeMBIM 1O MOJHOMY IMEPEYHIO JUCLUIUIMH 00pa30BaTeNbHOM IporpamMMbl W3 pacyera
00ecreYeHHOCTH y4eOHUKaMHu M y4eOHbIMU TocoOmsiMu He MeHee (0,5 3K3eMIuisipa Ha OIHOTO
cryaeHTa. bubnuoreka By3a 10JKHA UMETh IOCTATOYHOE KOJIMUYECTBO COBPEMEHHBIX YUEOHUKOB U
y4eOHBIX TOCOOUH MO BCEM IUKJIIaM TUCIUILINH U TOCTOSTHHO BOCIIOHATHCS HAYYHOU JTUTEPATypOn
U MIEpUOANYECKUMHU U3JaHUSAMU He(Tera3oBoro npopus

O0beM BpeMeHH, OTBE/ICHHBII Ha BHEAYIUTOPHYIO CAMOCTOSITEIbHYIO paboTy, HAaXOIUT
OTpa’KeHHE:

. B pabodeM ydeOHOM IUIaHE — B IICJIOM IO TEOPETHUYECKOMY OOYHYCHHIO,
KaKJIOMY U3 IIUKIJIOB JUCITUTUINH;
. B pabouyux mnporpamMmax Yy4eOHBIX IUCHUIUIMH LHKIOB TUCIHUIUIMH C

pacrpeielieHleM I10 pa3jienam WM KOHKPETHBIM TEMaM.
2. HazHavyeHHne U BU/BI CAMOCTOAATEJILHOM PadoThI CTY/ICHTOB.
CamocTosiTenbHast paboTa IPOBOJUTCS C LIEIBIO:

J cUCTeMaTH3allUd W 3aKPEeIUIEHUS IOJIYYEHHBIX TEOPETUYECKUX
3HAHWW U IPAKTUYECKUX YMEHUM CTYIEHTOB;

o yrayOleHus U pacliupeHUs TEOPETUYECKUX 3HAHUM;

o (GopMHUpPOBaHUS YMEHHI HCIONIb30BaTh HOPMATHUBHYIO, IIPABOBYIO,
CIPAaBOYHYIO JOKYMEHTALMIO U CHELHAIIbHYIO IUTEPATypy;

J pa3sBUTHS T0O3HABATEIBHBIX CIOCOOHOCTEN M aKTUBHOCTH CTYEHTOB:
TBOPUYECKOHN WHUIMATHBBI, CaMOCTOSITEJIBHOCTH, OTBETCTBEHHOCTH,
OpraHU30BaHHOCTH;

J (dbopMHpOBaHHE CaMOCTOSTEIILHOCTH MBILIUIEHUS, CIIOCOOHOCTEH K
CaMOpa3BUTHIO, COBEPLIEHCTBOBAHUIO U CAMOOPTaHU3ALINN;

. (dbopMupoBaHUs MIPaKTUYECKHUX (o6mmeyueOHBIX u
npodecCHOHATIBHBIX) YMEHHUH U HABBIKOB,;

. Pa3BUTHIO UCCIIEA0BATEIBCKUX YMEHHM.

B yue6HOM mpouiecce OV BbIIENAIOTCS J1Ba BUJa CAMOCTOATEIBHONU padOThI:



AN

AyAUTOpHAA No AMUCUUNINHE, BHeayauTOpHas no aucumnanHe,
MEXANCLMNANHAPHOMY KypCy MEXKANCLUMNANHAPHOMY KypCy
1
BbINOIHAETCA Ha Y4eBHbIX 3aHATUAX, BbINOHACTCA N0 334aHNI0
noA HenocpeAcTBEHHbIM npenoaasaTens, Ho 6e3 ero
PYKOBOACTBOM Npenoaasarens u rno HenoCpeACTBEHHOTO YUacTus.

€ro 3agaHuto

BueaynutopHass camocrosTenbHas pabora - maHupyemas — ydeOHas, ydeOHO-
UCCIIeIOBATENbCKasA, HAy4YHO-UCCIIEJIOBaTeNbCKass paboTa CTYACHTOB, BBINONHSAEMAass BO
BHEAYJIMTOPHOE BPEMSI 110 3a/1aHUIO U ITPU METOIMYECKOM PYKOBOJICTBE IIPETIOAaBarTesis, Ho 03 ero
HEMOCPEJACTBEHHOTO yYacTHSI.

3. KoHTpoJIb cCaMOCTOATENbHOM Pa00ThI CTYAEHTOB NPEeNnoJaBaTe/JIAMH.
KoHnTpoib camocTosTenbHON paboThl CTYAEHTOB IPEyCMAaTPUBAET:

o COOTHECEHME COJCPKAHUS KOHTPOJIS C LEJIIMU 00y4eHus;

. 00BEKTUBHOCTb KOHTPOJIS;

J BAJIMJAHOCTh KOHTPOJISI (COOTBETCTBUE NMPEABSABIAEMBIX 33JaHUN TOMY, YTO
IpeJIoJiaracTcs MpOBEPUTH);

o Qg QepeHInauo KOHTPOIbHO-U3MEPHUTEIbHBIX MaTepHaIoB.

®opMbI KOHTPOJIA CAMOCTOATENbHON PadoThI

1. [TpocMOTp M poBepKa BBHIIOIHEHUSI CAMOCTOSITENIbHONU pabOTHI
MIPETIoIaBaTeIIeM.

2. CamornpoBepka, B3aMMOIPOBEPKa BHIITOJHEHHOTO 3a/1aHUs B TPYTIIIE.

3. OOcyxieHne pe3yIbTaTOB BRIMIOJHEHHON paOOThI HA 3aHATHH.

4. TectupoBanue.

S. [TnceMeHHBIH ompoc.

6. VYcTHBIl onpoc.

7. WuauBuayanbHoe cobeceioBaHUE.

8. Komnnoksuym.

9. OtueT o npoieTaHHOM padoTe.

10. 3ammra peepaToB UIH KypCOBOH pabOTHI.

11. TBOpUYECKUI KOHKYPC.

12. WHTepHeT - KoH(pepeHIUH.

13. KonTponbhas pabora.

Kpurepun oueHKH pe3yibTaTOB CAMOCTOATEIbHOM PadoThI
KputepusiMu OIIEHOK pe3y/lbTaTOB BHEAYIUTOPHON CaMOCTOSTENBbHOW pabOThHI CTyJAEHTa
SABIISIOTCS:
o YPOBEHb OCBOCHHMS CTYJICHTOB Y4eOHOTr0 MaTepHara,
o YMEHHMSI CTYJEHTA MCIOIb30BaTh TEOPETUUECKUE 3HAHUS IIPU BBIOJIHEHUU
IIPAKTUYECKUX 3a7ay;



J ¢dopmupoBanue Habopa u3 OOMIEKYJIBTYPHBIX M MPO(EeCCHOHATBHBIX
KOMITETEHIIH Oy/yIIero CrenuancTa;

° YMEHHsSI CTyJIEHTa aKTHBHO HCIOJIh30BaTh AJICKTPOHHBIC 00pa3oBaTeIbHBIC
pecypchl, HAXOAUTh TPEOYIOIIYIOCs HH(OPMAIINIO, U3YdaTh €€ ¥ MPUMEHSITH Ha IPAKTHKE;

° 000CHOBAHHOCTD U YETKOCTh U3JI0KEHHS OTBETA;

° odopmMIIeHHE MaTepraia B COOTBETCTBHH C TPEOOBAHUSIMH,

° YMEHHUE OPUEHTUPOBATHCS B MOTOKE MH(POPMAIH, BBIICIATH ITIaBHOE;

° yMEHHE 4YeTKO chopMyIHpoBaTh MpoldJieMy, TPEIIOKHB €€ pEIICHHE,
KPUTHYECKH OICHUTD PEIICHUE B €T0 MOCIEACTBHUS,

° yMEHUE T0Ka3aTh, MPOAHAIU3UPOBATH AJbTEPHATUBHBIE BO3MOXHOCTH,
BApUAHTHI ICUCTBUI;

° yMeHHe c(hOpMHUPOBATH CBOIO MO3UITUIO, OLICHKY M apTYMEHTHPOBATh €¢.

Conep:xanue BHeayITMTOPHOI cCaMOCTOATEILHOMI
NesiTeJIbHOCTH CTY1€HTOB
Meroandeckue ykazaHusl 1Jisi CTYI€HTOB IO BBITIOJHEHUIO CAMOCTOSATEILHON paOOThI:
1. IToaroToBKa K JIEKIUASIM
2. IloaroTroBka K MPaKTUYECKUM 3aHSATUSIM



