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IHosicHUuTeIbHAA 32U CKA

Metoauyeckie yka3zaHdhs 10 OpTraHU3alMM U TPOBEJICHUIO CaMOCTOSTEIbHOW paboThl
cocraBiieHsl B cootBercTBHM ¢ PI'OC CIIO mo cnemmansHoctu 21.02.01 Pa3zpabotka u
JKCITyaTanusi  He(QTAHBIX W  Ta30BbIX  MECTOPOXACHUW u  paboyeil  mporpammont
npodeccuonansHoro moxyist «I[IM 06. BeimomHenue paboT TO OMHOM WM HECKOJIBKUM
npodeccusiMm pabounx, JOIHKHOCTSIM CITYKaIUX.

Llenbi0 TPOBEEHUS] CaMOCTOSTENbHOM paboThl SIBISIETCS CHCTEMATH3allUs U 3aKpericHHe
TEOPETUYECKUX 3HAHUN, 1 (OPMUPOBAHUE MPAKTUYECKUX YMEHUIL.

Oco0oe 3HadyeHHE sl YCBOCHUS cojaepkanusi [IM 6. BreimonHenue paboT 1Mo OJHOW WK
HECKOJIbKUM TpodeccusiM pabodmx, TOJDKHOCTAM CIY>KallUX U MPUBUTHS MPAKTHUYECKUX HABBIKOB
UMEET MPAaBUIIbHAS W YeTKasl OpraHM3aIlvsl TPOBEACHUS U BBITOJIHEHUS CTYICHTAMH TPAKTHUECKUX
paboT 1Moj; KOHTPOJIEM MPENOIaBaATENS.

[lepen HayamoM BBHIMOJHEHHUS KaKJIOW pPabOTHI CTYACHTHI JOJDKHBI O3HAKOMHUTBCS C €e
OCHOBHBIMH TOJIOKEHHUSIMH, MTOPSIKOM BBIMOJTHEHUS PAOOTHI.

[To kaxaOMy NpPAKTHUYECKOMY 3aHATHIO IPEAyCMATPUBACTCS WHIAMBUIYAIbHBIA OTYET
nepes mperoiaBaTessiMu.

CamocrosiTenbHast paboTa CTYJIEHTOB ITPOBOJIUTCS C IEIBIO:

. CUCTEMATHU3allMM M  3aKpEIUICHUS IIOJyYEHHBIX TEOPETHMYECKUX 3HAaHUH U
NPAaKTUYECKUX YMEHUN 00ydaromuxcs;

. yrayOeHus U pacliupeHUs TEOPETUUECKUX 3HAHUM;

. (GopMHpOBaHUS YMEHUH HCHOJIb30BaTh HOPMATHBHYIO, IPAaBOBYID, CIPABOYHYIO
JIOKYMEHTALMIO U CHEeLUAIbHYIO JUTEPATYypy;

. pa3BUTHS I03HABATEIbHBIX CIIOCOOHOCTEH U aKTUBHOCTU 00yYarOIUXCsl, TBOPYECKOMN
MHUIMATUBBI, OTBETCTBEHHOCTHU U OPraHU30BAHHOCTH;

. (bopMHpOBaHHUS CAMOCTOSTEILHOCTH MBIIUIEHUS, CIIOCOOHOCTEN K CAaMOPA3BUTHIO,

CaMOCOBEPIIECHCTBOBAHUIO U CaMOpeAIN3aliu;

. pa3BUTHUS UCCIIEJOBATEIBCKUX YMEHUM.

B pesynbrate ocBoeHUs NpodeCCHOHATBHOIO MOYJI 00Y4arOIUNCs JOKEH YMETh:

-OIpeNeNsTh OTKJIOHEHHS OT TEXHOJOTMYECKOro pexuma padoThl 000pYAOBaHMS st
JOOBIYM YTIIEBOAOPOAHOTO ChIPhS;

-OCYIIECTBIISITh PETYIUPOBAHUE M MOHHUTOPHHI TEXHOJIOTUYECKUX MapaMeTpoB pabOThI
000pyI0BaHUs 711 TOOBIYH YTIEBOJOPOAHOIO ChIPbS.

3HATh:

-XapaKTePUCTUKU MTPUTOKA U3 IJ1aCTa;

-CIOCOOBI pacuera XapaKTepUCTHK MPUTOKA MO Pe3ysbTaTaM UCCIICOBAHMS CKBAXHHBI HA
pa3IMYHBIX PEKUMAX.



Metoauyeckue pexomenaannu k CPC

IInan-rpa¢gux BpinojHenus CPC

Ne[HanmeHOBaHUE pa3/IesiOB U TEM AMCIUILTUHEI, UX KPaTKOE COICPIKAHHUE Vicnionb3oBaHue 3ayeTHbIE
WHTEPAKTHBHBIX (JOPM  |[CIMHUIIBI
(dacken)
1 [Tema 1.2. ViccnenoBanue (OHTaHHBIX CKBaXKHH M YCTaHOBIIEHHE pexkuma ux |[CobecemoBaHme 2
[paboTHI
By caMoCTOSITeNbHOM pabOTHI:
CaMOCTOATENbHOE N3yUEHHE JTUTEPATYPHI IO TEME:
[MoxroToBka k orpocy mo teme: «I1oAroToBKa yCcTbeBOTr0 000pyI0BaHUS IS
MCCIICIOBAHISI CKBAYKIH))
2 [Tema 1.2. MccnemoBanne pOHTaHHBIX CKBaKMH M yCTaHOBJIEHUE peknMma ux |CobecenoBaHue 2
[paboThI
Bun camocTosTeNnbHOM paboOTHhI:
CamocToATeNIbHOE U3yUeHHE JIUTepaTyphl 1o Teme: CocTaBieHue alropuTMa
[PETYJIUPOBAHUS PEKUMA PAOOThI (DOHTAHHBIX CKBAKHH
3 [Tema 2.1. ABTOMaTH3UpOBaHHAas IPYIIOBas 3aMepHast yctaHoBKa (AI'3Y) CobecenoBaHue 2
Bun camocTosTeNnbHOM paboOTHhI:
CamocToATeNIbHOE U3yUeHHE JIUTEpaTyphl 1o TeMe: IloaroroBka k onpocy no
TeMe «ABTOMaTH3anus (POHTAHHBIX CKBAKHH)
4 [Tema 1.2. UccrnenoBanne (OHTAaHHBIX CKBAXXHMH M YCTaHOBIICHHE pexrmMa ux ([CobecemoBanne 2
paboTHI
By caMoCTOSITENbHOM PaOOTHI:
CamocToATeIbHOE U3yUSHHE JIUTEPATyPHI 110 TeMe: [IoAT0TOBKa K OTIpOCY 110
reme «OCIIOKHEHHS TP IKCIUTyaTalud (OHTAHHBIX CKBAKHUHY
5 [Tema 1.3. MccnemoBanne CKBaKuH, 000pyIOBaHHBIX IITAHT OBBIMU CobecenoBanne 2
TTyOMHHBIMH HACOCaMH
Bun camocTosTebHON paOoTHhI:
CamocToATeNIbHOE U3yUSHHE JIUTEPaTypHI 10 TeMme: [IoAroToBKa K ompocy o
reme «lIpuHIun paboTsl AuHaAMorpaday
6 [Tema 1.3 Merozbl Bo3zeiicTBuUS HAa HE(DTSIHBIE U Ta30BbIC TLUIACTHI CobecenoBaHue 2
Bun camocTosTeNbHON paOboTHhI:
CamocToATeIbHOE U3yUeHHE JIUTEPaTyphl 1o TeMe: [loAroToBka K onpocy no
reme «[IpuHIAT ZeHCTBUSI HX0JIOTOBY
7 [Tema 1.4. MccnemoBaHre CKBaKHH, 000pYIOBaHHBIX YCTAHOBKAMH CobOecenoBanne 2
[EHTPOOEIKHBIX HACOCOB
By caMOCTOSITENEHOM PaOOTHI:
CaMocTOATeNEHOE U3yUeHHE JTUTEpaTypsl o TeMe: CocTaBlIeHNE TaOIUIIBI
TEXHIYECKUX XapaKTEPUCTHK IX0JIOTOB
8 [Tema 2.3. YcraHOBKa 3IIeKTpoIieHTpoOexkHoTro Hacoca (YIL[H) CobecenoBaHue 2
By camocTosTeIbHON paOOTHI:
CamocToATeNbHOE H3yUeHHE IUTepaTypsl 0 TeMe: COoCTaBIeHNE CXEMBI
Ha3eMHOTO 000PYAOBaHHS CKBAKIHBI, 000pyIOBAaHHON yCTAaHOBKAMHU
PIIEKTPOIICHTPOOEIKHBIX HACOCOB
9 [Tema 2.3. YcraHOBKa 35IeKTpOIIeHTpoOexkHOro Hacoca (YIL[H) CobecenoBaHue 2
By camocTosTeIbHON paOOTHI:
CamocToATeIbHOE H3yUeHHE JIUTepaTypsl o TeMe: CocTaBiIeHHe CXEMBI
[TOJI3EMHOT'0 00OPYIOBaHUSI CKBaXKUHBI, 000PYIOBAHHOW yCTAaHOBKAMU
PIICKTPOLIEHTPOOESIKHBIX HACOCOB
10[Tema 2.1. ABTOMaTH3MpOBaHHAs IPYIIIOBas 3aMepHast ycranoBka (AI'3Y) CoOecenoBanue 2
By caMOCTOSITENEHOM PabOTHI:
CaMOCTOSATEIEHOE U3YUCHHUE JTUTEPATYPHI IO TEME:
CocraBJieHUE KOHCIIEKTa 0 Teme: «/3MepurenbHas ycTaHoBka «O3Ha-
KBanTy.
Tema 2.2. ®oHTaHHAs apMaTypa CoOecenoBanue 2
By camocTosATebEHON paOoOTHI:
CaMOCTOATENbHOE N3yUEHHE JTUTEPATYPHI IO TEME:
CocTaBieHNEe KOHCIIEKTA U TIOATOTOBKA K OMPOCY 110 TeMe: « THuIbt
(hOHTAHHBIX apMaTyp, yCTbEBOT0 000PYIOBaHUS »
11{Tema 2.3. YcraHoBka anekTpoleHTpobexnoro nacoca (YOLIH) CobecemoBanue 2

By camocTosTeIbHON paOOTHI:




CaMOCTOSITENIbHOE N3yYCHUE TUTEPATypHlI 0 TeMe: CocTaBlICHHE KOHCIIEKTA,
[pEIICHHE CUTYaIlMOHHBIX 3aJad 1o TeMe: «Bp1bop Tnmna ycTaHoBOK
PIIEKTPOLIEHTPOOESIKHBIX HACOCOBY

12\Tema 2.4. IlltanroBast CKBa)XxMHHasi HacocHas ycraHoBka (LLICHY) CobecenoBanue 2
Bu caMOCTOSITENBHOM PabOTHI:

CaMmocTOoATeNIbHOE U3yUeHHE JIUTepaTyphl 1o Teme: CocTaBieHHe KOHCIIEKTa,
[pellleHNe CUTYallMOHHBIX 3aa4 1o TeMe: «[IpudnHsl, NpuBosgIIue K

pemonty HICHY »
HMToro 3a cemecTp 24
Hrtoro 24

MeTtoauyeckue peKOMeHAalMHU 110 NPOBeeHUI0 co0eceJOBaHMS
CoOecenoBanue - Hambosee pPAaCHPOCTPAHEHHBIM METOJ| KOHTpPOJIA 3HAaHUM ydaruxcs,
BApMAHT TEKYyIIEHd IPOBEPKH, MPOLECCE KOTOPOro IPENoJaBaTeNb IIOJy4aeT UIMPOKUE
BO3MOXKHOCTH I M3y4eHUs MHJIMBUAYAJIbHBIX BO3MOXKHOCTEH YCBOCHMS y4yalllUMHCS y4eOHOTO
MaTepuana.
ITpu noaroToBke K coOECEIOBAHUIO CTYACHT JIOJIKEH:
e [IlpeaBapuTenbHO TOBTOPUTH TEOPETUYECKUII MaTepuan TeMbl (T€M) IO KOTOpOH
IIPOBOJIUTCS YCTHBIN OIIPOC.
e (O3HAaKOMMTBCS C 3aJlaHUEM, YACHHUTH ero (palyiy U MOCTaBICHHbIE BOIPOCHI.
e Jlponymarp JIOTMKY M IIOCJIENOBATEIbHOCTh W3JIOKEHUs Martepuana. OTBeTel Ha
IOCTaBJIEHHBIE BOIIPOCHI JOJIKHBI ObITh apT'yMEHTHUPOBAHHBIMU.

Kpurepun oneHuBaHusl KOMIIETEH NI

OneHka «OTIMYHO» BBICTABISIETCS CTYINCHTY, TJIYOOKO ¥ TMPOYHO YCBOMBIIEMY
IPOTPaMMHBIN, B TOM YHCJIe JIEKLIMOHHBIM MaTepua, MocieA0BaTeNbHO, YETKO U CaMOCTOSITEIbHO
(6e3 HaBOASIIMX BOITPOCOB) OTBEYAIOIIIEMY Ha BOIIPOC.

O1eHKa «XOpOLIO» BBICTABISAETCS CTYIEHTY, TBEPJIO 3HAIOLIEMY NPOTPaMMHBINA, B TOM
Yrcie JIeKIUOHHBIA Marepuaji, TpPaMOTHO W TIO CYIIECTBY, OTBEYAIOIIEMYy Ha BOIPOC M HE
JIOIMYCKAIOWEMY MPU 3TOM CYLIECTBEHHBIX HETOUHOCTEH (HETOYHOCTEH, KOTOpbIe HE MOTYT OBITh
UCTIPABJICHBI HABOSIIIMMH BOIIPOCAMH HJIM HE UMEIOT BaYKHOTO MPAKTUIECKOTO 3HaYeHHs). To xe
OTHOCHTCS K OCBEILEHHUIO MPAKTUUECKU BaKHBIX BOIIPOCOB

O1eHKa «yJOBIETBOPHUTEIHHO» BBICTABISETCS CTYICHTY, KOTOPBI OOHapy)KWBaeT 3HAHHE
OCHOBHOTO MaTepuaja, HO HE 3HAaeT ero jaerajeil, OomycKaeT HETOYHOCTH, HEJ0CTAaTOYHO
npaBWIbHBIE (DOPMYITHPOBKH, U3JIaraeT MaTepuall C HApyIIEHHEM TI0CIEeI0BATEIbHOCTH, OTBEYAET
Ha NMPaKTHYECKU Ba)KHBIE BOIIPOCHI C IIOMOIIBIO MJIH MOTPaBKaMH MPEToaaBaTeNs.

OneHKa «HEYIOBIETBOPUTEIHHO» BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT
3HAYUTEIBHON YaCTU MPOrpaMMHOT0, B TOM YHKCIIE JIEKIIMOHHOTO MaTepuaa.

OcHoBHas1 JiuTEeparypa:

ITokpenun, b.B. Dxcminyatanus HeTaHbIX M TazoBeIx MectopoxiaeHuit (MAK.01.02):
yue6. nocobue / b. B. [lokpennn. — Uzn. 2-e. — PocroB-Ha-[lony: ®enuke, 2018. — 605 c.: ni.
— (Cpennee mpodeccnoHabHOE 00pa3oBaHue).
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IHosicHUuTeIbHAA 32U CKA

Metoauyeckie YyKa3aHHs [0 OpraHM3alliM W IPOBEICHUI0 MPAKTHUYECKUX 3aHATUHN
cocraBiieHsl B cootBercTBHM ¢ PI'OC CIIO mo cnemmansHoctu 21.02.01 Pa3zpabotka u
JKCITyaTanusi  He(QTAHBIX W  Ta30BbIX  MECTOPOXACHUW u  paboyeil  mporpammont
npodeccuonansHoro Mmonyns «I[IM 6. Beimomnenue paboT 1O OJHOW WM HECKOJIBKUM
npodeccusiMm pabounx, JOIHKHOCTSIM CITYKaIUX.

Lenpio BBIMOTHEHUS! MPAKTUUYECKUX 3aHATUN SIBISETCS CHUCTEMATHU3alUs U 3aKperieHue
TEOPETUYECKHUX 3HAHUHU, U POPMHUPOBAHUE MPAKTUIECKUX YMEHHM.

Oco0oe 3HadyeHHE sl YCBOCHUS cojaepkanusi [IM 6. BreimonHenue paboT 1Mo OJHOW WK
HECKOJIbKUM TpodeccusiM pabodmx, TOJKHOCTAM CIY>KallUX U MPUBUTHS IPAKTHUECKUX HABBIKOB
MMeEET MPaBWIbHAS U YETKAasl OPTaHU3alUs POBEACHUS U BBIMOJHEHUS CTYICHTAMHU MTPAKTUYECKUX
paboT 1Moj; KOHTPOJIEM MPENOIaBaATENS.

[Tepen HawamoM BBIMOJIHEHUS KaXKIOW pabOTBHI CTYICHTHI JOJDKHBI O3HAKOMHTBCS C €€
OCHOBHBIMH TOJIOKEHHUSIMH, MTOPSIKOM BBIMOJTHEHUS PAOOTHI.

[To xaxxnoMmy MpPaKTUUECKOMY 3aHATHIO MPEAYCMATPUBACTCS HHAMBUAYAIbHBIA OTYET
nepes mperoiaBaTessiMu.

[Iponiecc uzyuenus npodeccuonanbHoro moayis «IIM 6. Beimonnenue paboT mo oaHoOU
WM HECKOJIBKUM MpodeccusiM pabodnx, JODKHOCTIM CIYXKaIllUX» HalpaBieH Ha (OpMUPOBAaHUE
3JIEMEHTOB CIIEAYIOIMUX 00mux komnereHuuit B coorBercTBum ¢ ®I'OC CIIO:

OK 01.BpiOupars  cnocoObl  pemieHHst 3a7ad  NPO(EeCCHOHANBHOW  JESTETbHOCTH

IPUMEHUTEIBHO K Pa3IMYHbIM KOHTEKCTaM

OK 02.Mcnonb30BaTh COBPEMEHHBIE CpPEICTBA IIOMCKA, aHalIM3a M HMHTEpPIpETaluu
uHpopMaLuy, U HH()OPMAIMOHHBIE TEXHOJOTHUU JUIS BBIIOJIHEHUS 3ajad NpodecCHOHATBLHON
JESATEIIBHOCTH

OK 03.IlnanupoBarh M peaqnu3oBbIBaThb COOCTBEHHOE MPO(ECCHOHAIBbHOE M JMYHOCTHOE
pa3BUTHE, NPEANPUHUMATENBCKYIO JESATENbHOCTh B IMpodeccrnoHalbHON cdepe, HCIosIb30BaTh
3HaHUS MO0 (UHAHCOBOM I'PAMOTHOCTHU B PA3JIMYHBIX )KU3HEHHBIX CUTYAIHIX

OK 04.3¢ddexTrBHO B3aMMOJIEICTBOBATH U pabOTaTh B KOJJIEKTUBE U KOMaH e

OK 05.OcymiecTBisiTh YCTHYIO M IHCbMEHHYI0 KOMMYHMKAI[MI0 Ha TOCYJapCTBEHHOM
a3bike Poccuiickoit denepaiuu ¢ yueToM 0COOEHHOCTEH COIMAIBHOTO U KYJIbTYPHOI'O KOHTEKCTa

OK 07.CopelicTBOBaTh  COXPAaHEHHMIO  OKpYXarlolllel  Cpeabl, pecypcocOepekeHHmIo,
OPUMEHSATH 3HaHUSA 00 U3MEHEHUH KJIMMAaTa, IPUHIUIBI O€peXIINBOTO MPOU3BOACTBA, 3(pPEeKTUBHO
JICCTBOBATH B YPE3BBIYAMHBIX CUTYALIHSIX

OK 09.1lonp30BaThCcsi  MpOQECCHOHANBHON JOKYMEHTalMeld Ha TOCylIapCTBEHHOM U
MHOCTPaHHOM SI3bIKax

I1K 1.1Ocym1ecTBasATh KOHTPOJIb U COOIIOIEHUE OCHOBHBIX TEXHOJIOTHUYECKUX TOKa3aTesei
pa3paboTKN HEPTAHBIX U ra30BBIX MECTOPOKICHUN

[1K 1.2 BpimonHsaTe 06paboTKy reoaoruueckoi nHGopMaIuu 0 MECTOPOKICHUH

[IK 1.3O0cymiecTBisaTh MepONpHUATHS MO HHTeHCU(UKAIMK 100bluM HEPTH U Trasa U
YBEJIMYEHUIO HEPTEOTIauu IJIACTOB

I1K 1.401neHuBaTh JOOBIBHBIE BO3MOKHOCTH CKBAXKHH

[IK 1.5I1poBoauTh OTHAEIBHBIE PAOOTHI MO UCCIIEOBAHUIO HEPTSIHBIX U FA30BBIX CKBAXXUH

K 2.1. [TonnepxnuBaTh TEXHOIOTMUYECKUN PEKUM pabOThI CKBAXKHUH

IIK 2.2. OcylecTBIATh KOHTPOJIIb M JUAarHOCTUKY TEXHUYECKOTO COCTOSHUSA H
napamMeTpoB pabOThl CKBAYKUH.



IIpakTyeckoe 3ansaTHe 1 3akon lapcu, rpaHnnbI NPEMEHNMOCTH 3aKk0Ha lapen

3aoaua Nel. Onpenenuts K03 PULmeHTH PUABTPALIMK U TIPOHUIIAEMOCTD MO JAHHBIM,
NPUBEICHHBIM B Ta0IHIIe

Hano:
HanmenoBanue 3HayeHue
1.ITnomane TOMEPEYHOTO CEUYCHHS TOPU30HTAIBHO PACIOIOKEHHOTO 50
o6pasia necuannka, F, cm?
2. Jlnuna obpasna, L, cm 6
3.Pa3HOCTB naBieHUl Ha BXOJIE KUIAKOCTH B oOpasel U Ha BbIxojne, Ap, ar 0,5
4. Y nenpHBIH Bec KUAKOCTH, Y, KI/m> 1000
5. lunamuyeckuii KO3 PUIIMEHT BI3KOCTH, |, CII3 2,5
6. Pacxon, Q, m/4ac 2
Haititu: ¢, k
Pemienue:

1) TlepeBomum nanubie B cucremy CU:

Haunmenosanue 3Hayenue CHU
1. F, M? 50*10* 0,005
2.L,m 6*107 0,06
3.Ap, I1a 0,5*10° 50000
4.y, xr/m?*c? 1000%9,81 9810
5. u, IMa*c 2,5%10° 0,0025
6. Q, M°/c 2*107%/(60*60) 5,55*10°'

2) 3anumem 3akoH [lapcu B 001ieM Bu/e:

Q=C#F=’;—V%F, rac H=z+" (1.1)

3) 3Bamumem 3akoH J[apcu ¢ y4eTOM TOTO, 9TO 00pasell, pacioioKeH rOPU30HTAIbHO, T.€. Z = 0:

_ ky (Zh/y_pz/y)
n L

kAp

Q

4) U3 dopmyiasr (1.2) Beipakaem koddduipent mponuaemMoctd (K) W TOACTaBUB JaHHBIE U3
TaOJIUIIBI PACCUUTHIBACM:

_QuL _ 5,55%1077%0,0025%0,06
© ApF 50000%0,005

=333%10713m2  (1.3)

5) 3anumiem dpopmyiay Kodddunrenta GuiabTpanuu (¢) ¥ MOACTABUB JaHHBIE PACCUUTHIBAEM:

__ ky _ 3,33x10713:9810 —6M
C_T_(),()T_l’?’g*lo /C (14)

k=3,33*10"13m?=0,33 napcu,
c=1,33*10"wm/c.



3aoaua Ne2. Onpenenuts CKOPOCTh GUIBTPALIUH U M CPEHIOI CKOPOCTh IBUKEHUS W HEPTH y
CTEHKH TUIPOINHAMUYECKH COBEPILICHHOW CKBAKUHBI M HA PACCTOSIHUU OT CKB)KUHBI 110 JTAHHBIM,
NPUBEJICHHBIM B Ta0iHIIe:

Hano:
HaumenoBanue 3HayeHue
Panuyc ruipoiuHaMIUYeCcKH COBEPIICHHONW CKBaKUHBI, Ic, CM 10
PaccrosHue oT CKBaXXUHBL, I, M 75
MoHocTb m1acTa, h, m 10
[Topucrocts mopojsl, M, % 12
Jlunamuueckuit K09pOUIUEHT BSI3KOCTH, W, CII3 2,5
MaccoBbiii 1e0UT CKBaXUHBI, G, T/CyT 50
[TnotHOCTH HedTH, P, KI/M> 850
Haiitu: U, w
Pemienue:

[lepeBoaum nanssie B cucremy CU:

HanmenoBanune 3HayeHue CHu
fe, M 10*10°2 0,1
r,m 75 75
h, m 10 10
m, u.e. 12 0,12
u, [Ta*c 2,5%10°3 0,0025
G, xr/c 50*10%/(60*60*24) 0,579
p, kr/m® 850 850

3anuiem GopMysy MaccoBOro J1eOuTa:

G=p-Q (21)

Q=u-F (2.2),

C YYETOM TOTO, YTO:

rZie U — CKOpPOCTb puabTpaluu GJarouja:

u=m-w (2.3)
F —1utoma ib OMepeyHoOro CeUeHUs IOPO/Ibl Yepe3 KOTOPYIo QUIbTPyeTCst (hIIFOMI:
F=2-w-h-r (24)

orctonra G=p-u-2-n-h-r (2.5)

N3 popmymel (2.5) BeipaxkaeM CKOpOCTh GuiabTpamuu (U) ¥ MOJCTABUB TaHHBIE U3 TAOHIIBI
paccUuThIBa€M CKOPOCTh (QMIIBTPALMU (PIIIOUIA Y CTEHKU THAPOJUHAMUYECKH COBEPIIEHHON
CKBaXXUHBI (U1) CKOPOCTh (pritbTpariiu (IIonaa Ha PACCTOSIHUU OT CKBXUHBI (U2):

u=—= (2.6)

- p2mrh

B 0,579
"~ 850-2-3,14-10-0,1

Uy = 0,000108 m/c.



0,579

— — .10-7
=850.2.314 10 75 L4107 m/c

Uz

N3 popmynsl (2.3) BeIpakaeM CpPEeIHIO CKOPOCTh (GUIbTpaIiuu (W) U MOJICTABUB JIaHHBIC U3
TaOJIUIIBI PACCUUTHIBAEM CPEIHIOI0 CKOPOCTh (PruibTpamnuu (DIrouIa y CTeHKH THAPOIUHAMUYCCKU
COBEPILIECHHON CKBaXUHBI (W1) CKOPOCTh (DMIIbTpALiu (PIFOKIa HA PACCTOSIHMM OT CKBaXKHHBI (W2):

u
= 2099798 _ 0000903 m/
W1 - 0,12 - Y M/C.
1,445-1077 _
Wy, = ——————=1,204-10"° m/c.

0,12

3a0aua Ne3. OnpenenuTh MPOHUIIAEMOCTh K M TOYKY, B KOTOpPOW Hapymiaetcs 3akoH Jlapcu (T.e.
paccuMTaTh CKOPOCTh (pruIbTpanuu U) MpH IUIOCKO — paJualibHOM TeueHuu ¢uarouaa (Hedtu) mo
JAHHBIM, TIPUBEICHHBIM B TA0JIHUIIE:

JaHo:
HanmenoBanue 3HadeHue
Panuyc ruipoimHaMUYeCKl COBEPIICHHOW CKBKHHEI, Ic, CM 10
Pannyc koHTypa nutanus, Rq, M 300
MorHocTs miacra, h, m 10
[Topucrocts mopoass, M, % 10
Jnnamuueckuii K03 GUIKMEHT BA3KOCTH, L, CII3 2,5
MaccoBblit 1e6uT ckBaxuusl, G, T/cyT 50
[InotHOCTS HedTH, p, KT/M° 850
[ImacToBoe maBnenue, Pry, atm 250
JlaBiierue Ha 3a00€ CKBaXXUHEI, Ps, aT™M 100

B pemenunn ucnons3oBath yucio Re no popmysne M. JI. Munnnonmukosa 1 3a Regp B3STh
BepxHee 3HadeHne Rey, = 0,29.
Haiitu: k, u

Pemenue:
1. TlepeBomum nmanubie B cuctemy CU:

2.

Hanmenosanmue 3HaueHne cu
fe, M 10*10°? 0,1
Rk, Mm 300 300
h, m 10 10
m, 1.e. 12 0,12
u, IMa*c 2,5%103 0,0025
G, kr/c 50*10%/(60*60*24) 0,579
p, Kr/M° 850 850
Py, ITa 250 250*10°
P, Ila 100 100*10°

3anuineM ypaBHEHHE MPUTOKA JUIsl TJIOCKO — paJMalbHOTO TedeHus ¢uirouaa (COOTHOIICHHE

Hromion):




Q=20 61, 3.1)
u
AP, _  xi
rareal =———; o, =—
Inr, T
3. 3anumem GopMyiTy MaccoBOro JeouTa:
G=p-Q (32
4, W3 dopmynsr (1.2) BeipaxkaemM o0beMHBIH 1e0uT (Q) W TOACTaBUB JaHHBIE M3 TaOJIHUIIBI
pacCcUUTHIBAEM:
G
== 3.3
0=% (3
0,579 3
Q= 850 — 0,00068 m> /cek.
5. U3 o¢opmynsr (3.1) Beipaxkaem mnponuiiaeMoctb (K) W MOJACTaBUB JaHHbIE W3 TaOJMIIBI
paccUUTHIBaEM:

fo = LKL (3 4y
APy-2-mh

0,00068 - ln%- 0,0025

k =
(250 — 100) - 105-2-3,14-10

= 1,45 10" 1*m?

6. 3anumem ¢popmyny M.Jl.MuinuoHmMKoBa:

Re = mfod/n Jk/m (3 5)

e w=1uy=%n

7. W3 dopmynst (1.7) Belpaxkaem ckopocTh ¢uibTpauuu ¢(aounga (U) U MOACTaBUB JaHHBIE U3
TaOJIUIIBI PACCUUTHIBACM:

__ Regm®u
u=— "5 (3.6)
0,29 -0,12%>-0,0025
u = M/C
850-4/1,45-10"14

3anaga Ne4. OmnpenenuTb UMeeT M MecTo punbpTpanus no 3akoHy Jlapcu B npusaboitHoH
30HE 110 JaHHBIM, IPUBEJCHHBIM B TaOJIHI1IE:
Hano:

Haumenosanue 3HaueHue
Pannyc ruipoinHaMHUYECKU COBEPIIEHHON CKBAXXHHBIL, I¢, CM 10
JleOuT ra3oBOi CKBa)KUHBI, IPUBEACHHBINA K aTMOC(EPHOMY JJaBICHUIO TPU 200-103
macToBoi Temmeparype, Qan, M/CyT
MorHocTs miacta, h, m 10




ITopucrocts mopoasl, M, % 12
KoaddunmenT npoHuiiaeMoctu mopoasl, K, 0,3
AOCOII0THOE TaBjIcHNE Ha 3a00¢ CKBaXXUHEI, Pc, aTM 80
Cpennuii MOJICKYJISIPHBIN Bec ra3a, M 18
JnHamuueckuii K03()(HUIIMEHT BA3KOCTH B IUIACTOBBIX YCIOBHUSX, L, C3 0,012
Temneparypa miacta, T, °C 45

B pemrennn ucnons3zoBats popmyiny lllenkauéna.

Haiitu: k, u

Pemienue:

ITepeBoaum nanHele B cuctemy CU:

HaunmenoBanue 3Hayenue CHU
lc, M 10 0,1
Qam, M/C 200-10° 2,315
h, m 10 10
m, m.e. 12 0,12
K, M? 0,3 0,3-10%?
Pc, I1a 80 80-10°
M 18 18
u, IMa-c 0,012 0,012-107
T, K 45 45+273=318

. Ha ocHoBannum 3akoHa ABOTaIpo MOYKHO ONPEACTUTh IJIOTHOCTh T'a3a MPH HOPMAIBHBIX YCIIOBHIX
(po), T.. mpu To=0°C u naBnenuu B Po=1,033 arm:

—M—18—0804 /M3
po_l/;{.y__ZZA_ , Kr/m

W3 ypaBHEeHMs cocTosiHMS HeabHOro rasa Kinalinepona — MenneneeBa py OCTOSTHCTBE COCTaBa
rasa:

= const

U TIpU yCITIOBUSIX Ha 3a0oe:

_po-Ty-P._0,804-273-80

— 3
T-P ~ 318-1033 >3 x/M
CkopoCTh (UIBTPAIMH [P YCIOBHUSIX Ha 3a00¢:
P 2,315 - 1,033
Uy = Qan * Parw = 0,0051Mm/c

“2-mwrn-h-P. 2-314-0,1-10-80

ITo ¢opmyne IllenkaueBa paccumtaeM umciio PeiiHonbica Re u cpaBHHM €ro ¢ KPUTHUYECKUM
sHaueHueM (Re,=1-12, eciu nonyuennoe snauenue Re 6orvwe 12, mo 3axon /lapcu napywen):

_10-u-p-vVk

=17,74.
m23 -

Re



Ha ocHoBaHuM nmoyly4eHHBIX JAHHBIX MOXKHO CJENATh BBIBOJ O TOM, YTO IIPU CKOPOCTHU
dbunpTparuu Ha 3a00e ckBaxuHbI paBHoi 0,0051 M/c — 3akoH Jlapcu HapyIeH.



IIpakTyeckoe 3ansaTue 2 IlpaMonuHeiiHoO-napasIeabHas PUIbTPALNS KUAKOCTH
Ilenb paboThl — MOATBEPHKAECHUE TPABUIIBHOCTH BBIBEIEHHBIX (DOPMYJI , HAX0XKIEHUE BEITUYHH
apaMeTpoOB, XapaKTEPU3YIOMUX (QUIBTPALKIO B HEOAHOPOIHOM I10 MIPOHUIIAEMOCTH TIIIACTE.
OnHOMEpHBIM Ha3bIBaeTCsA IOTOK, B KOTOPOM IapaMeTphl SBIAIOTCA (YHKLIMEH TOJIBKO

OJHOM MPOCTPAHCTBEHHOM KOOPAMHATHI, HAIPABJIEHHOM 110 JIMHUU TOKa. K OJTHOMEpHBIM ITOTOKAM
OTHOCSITCS:

1) npsMoIMHEHHO—TIapaJlIeTbHBIN:

2) IUIOCKOpaHaNIbHbII;

3) paguanbHO—ChEepUUCCKUT.

B npsmonuHeiHo-apaieTIbHOM MOTOKE TPAEKTOPUHU YACTHUIL KMJIKOCTH - TTapaJlIeIbHbIC
npsiMble, @ CKOPOCTH (UIBTPALIMU BO BCEX TOYKAX JIFOOOr0 MOMEpeyHOro (MEpreHIuKyIIpHOro K
JUHUSAM TOKa) CEUEHMs] IOTOKAa paBHBI MEXIy COOOM, TMOBEPXHOCTH PABHBIX MOTCHI[MAIOB
(9KBUINOTEHIIMATbHBIEC TMOBEPXHOCTH) W TMOBEPXHOCTH PABHBIX CKOPOCTEW (M30Taxu) SIBISIOTCS
MJIOCKUMHU TOBEPXHOCTSIMU TEPIECHIUKYISIPHBIMA TPACKTOPUSIM. 3aKOHBI JABUKEHUS BIOJb
TPACKTOPUH Takoro (UIbTPAIMOHHOTO MOTOKAa HJEHTHYHBI, a MOTOMY JOCTATOYHO H3YyYUTh
JBIKEHUE BJIOJIb OJTHOM M3 TPACKTOPUIA, KOTOPYIO MOXKHO MPUHSTH 32 OCh KOOPAUHAT X.

B mponykTUBHBIX MlacTax B pa3iuyHbIX TOYKax MPOHUIAEMOCTh HE oauHakoBa. [lpu
MEJIKOMACIITa0HOM XaOTHMYHOM HM3MEHEHMH (DPUIbTPALMOHHBIX XapaKTEPUCTHK MO IUIACTY IJIacT
CUUTAETCS B CPETHEM OJTHOPOIHO-TIPOHUIIAEMBIM.

[Inact Ha3bIBaeTCS MAaKpPOHEOIHOPOAHBIM, €CIH €ro (DUIbTPALMOHHBIE XapaKTEPUCTUKHU
(IIpOHMIIAEMOCTb, MOPUCTOCTD) 3HAYUTENIBHO, CKAUKOOOPa3HO OTJIMYAIOTCS B Pa3HbIX 00JIACTSX.

Paznuuarot cienyroniye Bubpl MAKpPOHEOJHOPOAHOCTHU:

a) Cioucrast HEOJTHOPOHOCTH (MHOTOCJIOWHBIH TIIACT), T.€. HEOJHOPOAHOCTD 11O TOJIIIUHE
mnacta. Ilpeamonaraercs, 4YTO NPOIJIACTKH PA3LECICHbl HENPOHUIAEMBIMU TpaHULAMU —
TUAPABIMYECKH HW30JUPOBAHbI, JIMOO YYUTHIBAIOTCS TIEPETOKH MEXAY CIOSMH Pa3IudHON
MIPOHUIIAEMOCTH THAPABIMYECKA COOOINAroIIuecs; B Tpelenax KaXIoro MpoIulacTKa
(GUIBTpaIIMOHHBIC TTAPAMETPHI TOCTOSIHHBI, @ HA TPAHUIIE COCETHUX OHU MPETEPIIEBAIOT CKAYOK.

Ecnu TedyeHune mMOTEHIMANbHO, TO TONHBIA JEOUT IUIacTa OMpeAeNseTcsl Kak CyMma
JNeOUTOB BceX MpoIuiacTkoB. [Ipu mpakTHUeCKUX pacueTax yKa3aHHBIM MHOTOCIOWHBIA IIACT
MO>KHO 3aMEHHUTh KBA3UOJAHOPOIHBIM C 3(PPEKTUBHOI MPOHUIIAEMOCTHIO:

_ykh
" 4 h’
rae ki , hi — npoHunmaemMocT ¥ 3QQEKTHBHAS TOJIIMHA I-TO MpoIUIacTka, h— >ddexTuBHAs
TOJIIIIMHA BCETO TUTACTA.

0) 30HaNbHAS HEOJHOPOJHOCTh — IUIACT MO IJIOMAJAM COCTOMT W3 HECKOJBKUX 30H C
Ppa3siIndYHbIMU q)HHI)TpaHI/IOHHBIMI/I napamMeTpamM, Ha IpaHUIax KOTOPBIX ITOCICAHUC MCHSAIOTCA
CKauKo0Opa3Ho.

CornacHO ypaBHEHHIO HEpa3phIBHOCTH MAacCCOBBI JeOMT B KaXKIOW U3 30H
HEOJTHOPOJTHOTO TUIACTA TIOCTOSIHEH W PaBEH MPH npsIMonMHeﬁHo r[apannem)HOM MTOTOKE:

Goppfe” coc_Bhp P, —

Z/ 772/

rne B — mupuHa tiacta; li — npoTsHKeHHOCTh | — Oif 30HBI , IPOHUIIAEMOCTh B KOTOPOU IMTOCTOSTHHA

v paBHa ki, @ = J.n’lp dp, i=1,...,n; n— umco 30H.

Maccosbrit 1e6ut irona, mpoxXoAsIIMA Yepe3 Bech IiacT (1o Bcew nuuHe L, paBHO#
CyMME Y4acTKOB , JyiuHaMu |i) BeIpasutcs Tak:

G = Bhk P — Pe — Bhkp(pk B pC)
L nL




CpaBHuBas aBe mocienHue GopmyIibl, HAXOIUM BBIPAKEHUE JJIS1 CPEIHEH MPOHUIIAeMOCTH
HEOJTHOPOJHOTO IUIacTa, pACCMaTPUBAEMOr0 KaK OJHOPOIHBIN

e v
2
7 /K
[IpoBenenue 3aMepoOB U BEIYMCIICHUI

H3mepsitoT Maccy nmpoduiabTpoBaBILeiics Bosl M 1 AU TEILHOCT TPOBECHMUS ONbITA t.
3aTeM BBIYHCISIIOT BEIMYMHY MaccoBoro nebura G = M/ t. 3amepsror JIMHBI 30H
nponuraemocteid 1,12 ,13 1 BeMurHbL 1aBIeHUiT B HaYale MepBoii, BTOPOW U TPEThE 30H Py, P2, P3,
a TaKKe B KOHIIE TPEThel 30HbI pe. [10 momydeHHBIM pe3ylibTaTaM 3aMepOB YEPTSIT «JIOMaHbIH
rpaduK» U3MEHECHUS IaBJICHHS B 3aBUCUMOCTH OT JIJTMHBI TUIACTA.

BBIYUCISIOT BETMYMHBI IPOHULIAEMOCTEH IEPBOM, BTOPOW M TPEThEi 30H I1acTa

k. — G77I1 _ G77|2 _ GT?I3
" Bho(p, - py)’ * " Bho(p, — ps)’ * Bho(ps-p.)

Haxopnsar BCJIIMYUHY cpez[Heﬁ MMPOHUIACMOCTH I1JIaCTa, paCCMaTpuBacMOIro Kak O,I[HOpOI[HLIﬁ
Mo NTpOHHUIIACMOCTH

K=1 |L |
hyoh s
kl k2 k3

I[To pe3ynbraTamM NpoBeACHHON pabOTHl HEOOXOAUMO ClielaTh BHIBOJBI O PACIpPEACICHUH 1aBICHUS
B HEOJHOPOIHOM I10 TPOHHUIIAEMOCTH TJIaCTe MPU NPSIMOIUHEHHO-TIapauIeNbHON puabTpanuu, o
COOTBETCTBUU MOJIYYEHHBIX PE3YJIbTaTOB OIMBITOB TEOPETHUECKUM (POpMyIaMm.






I o

IIpakTyeckoe 3ansaTHe 3 Bansanue GuIbTPAHOHHBIX CBOMCTB NPHU32001HOI 30HBI IIACTA
HA MPOU3BOJAUTEIbHOCTh CKBAKHHBI

PaccmaTtpuBaercs  OZHOMEpHBIH  IUIOCKOpaAUaibHBIA  (DUIBTPALMOHHBIA  MOTOK
HECKUMAEMOU XUAKOCTH. [lacT coCTOUT U3 ABYX 30H Pa3IM4YHON MPOHUIIAEMOCTH: IEpBas 30Ha

(mpu3a0oiinas 30Ha IJIACTa) OrpaHUYEHa IMINHIPUYECKUMH TIOBEPXHOCTAMU HAa PACCTOSIHUM 7, U

1y 0T OCH CKB&aXXHUHBI; BTOpasd 30HAa OTI'paHUYCHA MNUIMHAPHWYCCKUMHU ITOBCPXHOCTSAMU Ha

paccTosHUU 7; U R, OCH CKBa)KUHbI. PaccuuTath ciemyrolue XapaKTepUCTUKU (QUIBTPALOHHOIO

[IOTOKa:
Cpennee 3HaueHue kod3pPuimenTa npOHUIIAeMOCTH B TUIACTE.
Pacnipenenenune nasnenus B 1-oi u 2-oi 30Hax miacra (ot 7, 10 10 m).

Pacnipenenenue rpaguenta nasieHus B 1-oii u 2-oii 30Hax miacrta (ot », 10 10 m).
Pacnipenenenune ckopoctu ¢unbrpanuu B 1-oit u 2-oi 30Hax miacra (ot 7, 10 10 m).

J1eOUT CKBa)KMHBI.
KoadduimeHT mpofyKTHBHOCTH CKBa)KHUHEI.

Paccunrate 3nadenue nebuta npu ki= 0.1 * ko (cHIDKeHHME TPOHUIIAEMOCTH TPU3a00HON
30HbI), mpu ki= Kz (mpoHuIlaeMoCTh NpPU3a0OWHOW 30HBI COBMAAAET C MPOHHIACMOCTHIO
ocraibHOro Tuiacra), npu ki=10* k> (moBbIllIcHHE NPOHUIIAEMOCTH MPH3a00NHON 30HBI),
CPaBHHTH MOJY4YECHHbIE 3HAUCHUs JeOUTOB B a0COIIOTHOM U MPOIIEHTHOM COOTHOIICHUH.

[Toctponuth Tpadmk U3MEHEHHUs eOMTa CKBAKWHBI TpPH BO3pacTaHuu Kod(dduimenra
IPOHKMIIAEMOCTH B repBoii 30ue ot 0.1* kz mo 10 * Ko.

Hcxonuble nansbie Ui pacyéra:

k

sredn. —

ki = 0.2 | 1
ko = 1.0 | 1
= 10 | m
I CKB.= 10 | c™m
ri= 3| M
Rk = 10 | km
m= 0.2
H = 4| cIl

JlaBneHue Ha KOHTYype U Ha 3a00¢e
ckBaxxubl, MI1a (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 = Bapuant 5, Rk=8xm

BapuanTt 11 — 20 = Bapuant 1-10, npu ko = 0.8 1.
Bapuant 21 — 30 = Bapuanr 1-10, npu ko = 1.2 /1.

In(R, /7. )

1

1

—In(R,/ +
k (lrc)

2

1
—In(R, /R
i (R Ry )



P+ Pr — Pe xIn - r.<r<R;
[Tk, k)
1kl Te R
p(r)= R — p B 2-X 30HAJIBHOM
Dy - P~ Pe xIn=% R <r<R, ;
’ k. kK 1
IJIACTE;
P~ Pe xl,rCSrSRl,
kl(lm%lﬁj g
dp (r) ok 1
d = 3 1 — I'paIUCHT OAaBJICHUSA
! 1 p}’; pcl S X RISPER
Vo P L e S
k. kK 1
k dp
W = — X —— — CKOPOCTb (puibTparuu
uor
Q:zﬂkzh X Pi — P — 1€OUT CKBAKUHBI
H ln&+k—21n&
Rk 7,

k=—2
pk_pc

— KO3 PUIUEHT NMPOTYKTUBHOCTH CKBa’KHUHBI

[Tpumeps! rpadukoB 3aBUCUMOCTEN IPUBEIEHBI HA pUcyHKaxX 4.1 — 4.5,

3aBuUCMMOCTb AaBnNeHUsi OT PaCCTOSAHMUA OT LIeHTPa CKBaXXUHbI

9.0

8.5

8.0 e

a4

OaBneHue, MMa

7.0
0 10 20 30 40 50 60 70 80 90 100

PaccTosiHue, M



F'papueHT naBnexnus, MMa/m

CkopocTb, M/c

0.5

Pucynok 4.1

3aBucumocTb rpaguneHTa gaBrieHNsA OT PpacCTOAHUA OT LleHTPa CKBaXXUHbI
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Pucynok 4.2

3aBucumocTb CKOpOCTU (hunbTpauum oT PacCCTOAHUA OT LLeHTPa CKBaXXUHbI

1 2 3 4 5 6 7 8
PaccTtosiHue, M

Pucynok 4.3



3aBUCUMMOCTb AebuTa CKBaXXUHbI OT OTHOLWEHUA K1 K K2
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Pucynox 4.5 —Kapra uzo6ap.
IIpakTnyeckoe 3ansaTHe 4 PacuéT GUIBTPANMOHHBIX NOTOKOB IIPH HEJTHHEHHBIX 3AKOHAX
buabTpannu

[IpuBenéM TeopeTHuecKkue CBEIEHUS O HEIMHEHHBIX 3aKoHaxX (uibTpanuu. B obmactu
HapyILIeHUs BepXHeH rpaHullbl 3aKoHa Jlapcu GuiibTpaius onuchiBaeTCsl ypaBHEHHEM:

dp _7

u+bu?, 1.1
ar (1.1)



rme b= Br .
Jk
Hec:xknmaemasi :KMIKOCTb B Hele(pOpMUPYEMOM ILJIACTE
Bripazum ckopocTh GUIbTpauu AJis CIyvast IJI0CKOPaJAUaIbHOTO TSUCHHS Yepe3 ISOnT:
u=Q/ (2xrh).

C yuerom storo (1.1) 3anummercss B BUzE:

dp_7 Q Q’

dr k2ath  (2zrhy

B sToMm BbIpaskeHuH, pas3zienss NEPEMEHHbIE U MHTETpUpPYs IO paauycy oT I 1o Ry u 1o
JABJICHUIO OT p JI0 P« , 4, BO BTOPOM Cllydae — MO pajuycy ot I 10 Rx ¥ 10 AaBJIEHUIO OT pe¢ 10 P« ,
noJy4uM (HopMyITy ISl pactpeAesIeHHs JaBlIeHNs B IJIacTe:

Qp R, Q% (1 1
p=pem == G T (12)
(2zn)°\r R,

KpuBas pacnpenenenus nasienus (1.2) — runepOosia 1 BOpOHKaA Jienpeccun — rumnepoosia
BpaueHus. KpyTu3Ha BOpPOHKM JAENpPEcCUM y CTEHKHM CKBaXMHbI OyaeT OoJibllie, YeM y YHCTO
JorapupMHUECKON KPUBOK MPU TEUCHUU 110 3aKOHY [lapcwu.

Jlnist BeIpaykeHHsI 1eOuTa CKBaKMHBI 3aIUILEM:

_Qn R, Qb b (11
- p, = e I 1,

J1eOuT HaxoIUTCS Kak IMOJIOKHUTEIbHBIM KOpeHb KBaapaTHoro ypaBHeHus (1.3). U3 Hero
BUJIHO, YTO MHJIMKATOPHAs JIMHUSA SBJISETCS MapaOoJIon.

HNneanbublii ra3 B HeAe(popMHUPYyEMOM IJ1acTe
Bripasum ckopocThb yepe3 npuBeAEHHBIN 00BEMHBIN PACXOI:

P pcmppZﬂfh 7P

[ToncraBuB Beipaxkenue (1.4) B (1.1), Haxoaum:
@ _ 1 Pem n Pem pcmﬁ Q2
dr 2z khpr =" 4z?n?Jkpr2 T

Pazgenus NEPEMEHHBIC, U, IIPOUHTEIPUPOBAB B IIPEJCIaX OT p 10 P U OT I 10 I'c, UMEEM:

— n pcm Pem pcmﬂ 2 1 1
p pc Q n_+?Qcm | (1.6)
mk r. 2z°h%Jk r, r
Pacnipenenenne nasnenus mo (1.6) oTauvaeTcs OT pachpeiesieHHs] AaBICHHUS IO 3aKOHY
Jlapcu HanmuuueM IMOCIEeNHEero WieHa, YTo BeleT K Ooyiee pe3KoMy H3MEHEHHIO IaBJICHHS B
npu3aboiHOMN 30HE.
Wuterpupys ypaBaenue(1.5) B mpenenax oT px 10 pe U OT Ry 10 Ic ,IONTyYUM BBIpaKCHHE
(mpu npeneOpesxkennn 1/R, o cpaBHeHmoO ¢ 1/r¢) :

(1.5)

2 np R PemPemB ~2
cm Q In K + cm cm Qcm ’ (1.7)
r r.  2z°h%r.Jk

2
Pr=Pc =

U B OGH.[GHpI/IHSITOM BUAC!:

ng_pcz :AQcm+Bchm (18)

Koapdurmmentet 4 w B omnpeaensiOT 1O JaHHBIM HUCCICAOBAHHUS CKBAXHH TIPU
yCTaHOBI/IBH_II/IXCSI pe)KI/IMaX.



3akoH Jlapcu cripaBeiIuB MpH COOTIOACHUH YCIOBHIA:
—IIOPUCTAst Cpella MEIKO3EPHUCTA U TOPOBBIE KaHAJIbI IOCTATOYHO Y3KH;
—CKOpOCTh (PMIIBTPAILIUH U TPAIUEHT JaBICHUS MaJbl;

— U3MEHEHUE CKOPOCTU (HUIIbTPALIMU U TPaIMEHTa TABJICHUS MaJIbl.

IIpy NOBBIIEHUM CKOPOCTH [BM)KECHMS JKUIAKOCTH  3akoH Jlapcu Hapymaercs u3-3a
YBEJIMYEHUS NOTEPh AaBlieHUs1 Ha 3P (EKThI, CBSI3aHHBIE C MHEPLMOHHBIMU CUJIaMH: 00pa30BaHUeE
BUXPEH, 30H CpbIBa [10TOKA C MIOBEPXHOCTH YaCTHUII, TUPABINYECKUI y1ap O YacCTHULbI U T. 1. DTO
TaK Ha3blBaeMmas BepxHss rpanuua. Kpureprem BepXHel IpaHULbI CIIPaBEIMBOCTH 3aKoHa Jlapcu
OOBIYHO CIIY)KUT cOIOCTaBjieHue yucia PeitHonbaca Re = wap/n ¢ ero KpuTH4eCKUM 3HaYeHUEM
Rew, mocie KOTOpOro JMHEHHas CBSA3b MEXAYy IOTEped Hamopa M pacxoioM Hapyuaerca. B
BBIp@XEHUH JUIsi yucia Re: W —xapakTepHas CKOpPOCTb TEUEHHS: a — XapaKTepHBIN
F€OMETPUYECKUI pa3Mep MOPUCTOM Cpelbl; O — IUIOTHOCTh KUAKOCTH. HMwmeercsa psan
MpEeACTAaBICHUI uncen PeliHonb/Aca, MOJYyYEHHBIX PA3JMYHBIMU aBTOPAMH I[PU TOM WA HWHOM
000CHOBAaHMHU XapaKTepHBIX napamerpo. Hanbonee ynorpediasieMbl B HOJ3EMHOM THIPOMEXaHUKE
bopMyIbI:

a) lllenxauéna:

10u p\/E

Re=—"235
m-n
Kputnueckoe uncino Pelinonbaca Re,=1 — 12;
0) MHJUTHOHIITKOBA:
k

Uop /

Re=— /M
n

Kputnueckoe uncio Peiinonsaca Re,= 0,022 — 0,29.

Ckopoctp ¢unpTpanmmu U, TpU KOTOPOH HapymaeTcs 3akoH Jlapcu, Has3bIBaeTCs
KPUTHYECKON CKOPOCThIO (hunbpTpanuu. Hapymienue ckopoctu GuiIbTpaliuu HE O3HAYaeT Iepexo/ia
OT JJAMUHAPHOTO JBIKCHHUS K TYpOYJIEHTHOMY, @ BBI3BAHO TE€M, UTO CHJIBI HHEPITUH, BOSHUKAIOIITHE
B KHUJKOCTH 3a CYET M3BWJIMCTOCTH KAHAJIOB M M3MEHEHHs IUIOMIAIN CEYEHHs, CTAHOBSTCS MpU
U > Uxp COM3MEPUMBI C CUIIAMHU TPEHHS.

[Ipu 00paboTke SKCIEPUMEHTANBHBIX JAHHBIX JJIS ONpeAeNCHUs KPUTHYECKON CKOPOCTH
MOJIE3YIOTCS Oe3pa3MepHBIM mapameTpom Jlapcu:

u
Da = k _ unk

Ay k-Ap '
L
MNPEACTaBIAOIINM OTHOIICHUE CHUIT BA3KOI'O TPCHUA K CHUJIC 1aBJICHH. B O6HaCTI/I ﬂeﬁCTBHH 3dKOHa
Jlapcu JaHHBIM MapaMeTp paBeH | U yMEHBLIAETCS NPU MPEBBIIEHUH YMCIOM R€ KPUTHYECKOTO
3HAYCHUA.
3akoH Jlapcu MOYKET HApPyIIAThCs M IIPU OYEHb MAIIBIX CKOPOCTAX (DMIBTPALUM B IPOIIECCE
Havajla JABWXKCHUA JKUIAKOCTH MH3-3a IMPOSABJICHUSA HCHBIOTOHOBCKHUX PCOJIOTHYCCKUX CBOWCTB
JKUJIKOCTH U €€ B3aMMOJEHCTBHUS C TBEPIBIM CKEIETOM IIOPUCTON CPEIBL. ITO HUKHSASA MPAHHILA.
HaHHoe SABJICHUC OG’BHCHHCTCH TCM, UYTO IHpU MaAJIbIX CKOPOCTIAX CTaHOBUTCS
CYHICCTBCHHBIM CHUJIOBOC B3aHMOIIeI>iCTBHe MCKAY TBCPABIM CKCJICTOM H KUIAKOCTBIO 3a CYUCT
00pa3oBaHMsi aHOMAJbHBIX, HEHBIOTOHOBCKMX cHcTeM. Hampumep, ycTOWYMBEIE KOJUIOMHBIE
PacTBOPHI B BUJIE CTYAHEOOPA3HBIX MIEHOK, MEPEKPHIBAIOT TIOPHI U Pa3pyLIAOCS NPH HEKOTOPOM
TpaaAuC€HTC HABJIICHUA 7, HA3bIBACMOI'O HAYaJIbHBIM M 3aBUCAIIKWM OT OOJIM INIMHHUCTOI'0 MaTc€puraia
U BCJINYHUHBI OCTaTOI‘IHOﬁ BOOJOHACBIIIICHHOCTU. HMeeTCﬂ MHOT'O peOHOFI/IquKI/IX MO,Z[GJIGI71
HCHBIOTOHOBCKHX >KI/II[KOCTCI71, HaI/I60Hee HpOCTOﬁ U3 HHUX SABJIACTCA MOJCIBL C MNMPEACITIbHBIM
IPaJUEHTOM:




9 _

——="Uu+r7, u>0,
dl Kk

—d—pSTH, u=0.

dl

3akonbl puabTpamun npu Re > Rexp

OT COOTBETCTBHSI HCIIOJIB3YEMOT0 3aKOHAa (GHIbTPAIMM HM3y4aeMOMY TCUCHHIO 3aBUCHT
JIOCTOBEPHOCTh JIaHHBIX HCCIICOBAHUSI CKBAXHH M ONpEICIICHHE MMapaMeTpoB Iuiacta. B cBsi3u ¢
9TUM B OOJIaCTH HapyIlIeHUs JeHCTBUS 3akoHa [lapcu HeoOXoauMo BBeleHHE Ooliee OOIUX,
HEJIMHEHHBIX 3aKOHOB (DPMIIBTPAIINH.

HauGonpiiee ymorpeOiieHWe HANUIM ABYXWICHHBIC 3aBUCUMOCTH, NAIONIUE ILJIABHBINA
nepexo oT 3akoHa Jlapcu K KBapaTHYHOMY:

_p_ Au + Bu’.
dl (1.9)
Koaddunmentsr 4 u B onpenensiroTcss MO0 KCIEPUMEHTAIBHO, MO0 TeopeTHdecKku. B
MOCJICTHEM CITydYae:

n. P
A=—; B=p—,
k Jk (1.10)
rze f— CTpyKTypHbIN K03 pULMeHT, OH 10 TpeaIoKeHHI0 MUHCKOTO ONPEIeNsIeTCs TaK:
B 12-107°d?
mk
3adaua 1

Onpenenuth 3HaueHue yucia PeliHonbca y CTEHKHU THAPOJAMHAMUYECKH HECOBEPIIEHHOM
M0 XapakTepy BCKPBHITUA HE(PTSHON CKBaKUHBI, €CJIM U3BECTHO, UTO JKCIUTyaTallMOHHAsl KOJIOHHA
nepdopupoBaHa, Ha Ka)XJIOM METpe JUTMHBI KOJOHHBI ipocTpenieHo 10 orBepctuii nuamerpom d =
10 MM, MomHOCTh TutacTa h = 15 M, nponuriaemocts miacta K = 1]1, mopucrocts ero m = 18%,
kod(unmentT Baskoct HebtH u = 4 wmlla*c, mmotHocTs HepTH p = = 870 kr/mM° U JeOHT
CKBaKMHBI cocTaBnseT 140 m3/cyr.

Otger: Re = 15,6 (mo popmyne lllenkayera), Re = 0,396 (o popmyne MUIITHOHIIIUKOBA).

3aoaua 2

Omnpenenuth panumyc mpu3aboiHON 30HBI vy, B KOTOpOM HapyieH 3akoH [lapcu, mpu
YCTAHOBHBIIEHCS TUIOCKOPAAMAIbHON (QHIBTpAllMM HWICaTbHOTO Tasza, €cId H3BECTHO, YTO
NIpUBEASHHBI K aTMOC(hEpPHOMY JABICHHIO AeOMT CKBaXHHBI Q. = 2*10° m%/cyr, mMommoCTH
wiacta h = 10 m, ko3 unuent npouuraemoctu K = 0,6 J1, ko3 GHUIMEHT MOPUCTOCTH TIacTa M =
19%, muHamuyeckuii Ko3QQUIMEHT BA3KOCTH Ta3a B IJIACTOBBIX ycloBuax i =1,4* 10° xr/m*c,
TIIOTHOCTH Ia3a P aTMOCHEPHOM JaBJIEHNH U TINACTOBOH TEMIIEPATYpPe p ar = 0,7 Kr/MS.

Vkazanue. B pemenun wucnonb3oBath uMciao PeitHonbaca mo  Qopmyne M. ]I
MunoHmuKoBa u 3a Reyp B3aTh HIbKHee 3HadeHne Rexp = 0,022.

OtBer: I'p = 7,9 M.

3adaua 3
Omnpenenuts 1o dopmyne lllenkadeBa, mpoucxoaut i GUIBTpAIUSA B TJIACTE MO 3aKOHY
Jlapcu, eciii U3BECTHO, uTo 1e6uT HedTsiHoM ckpakunbl Q = 200 mM%/cyT, MmomuocTs Tiacta h = 5
M, k03¢ duimeHT nopucroctd M = 16%, xkosddunuent npouumnaemoctu K = 0,2 I, maoTHOCTH



neptu p = 0,8 r/cm®, nuHammueckuii koddduiument Baskoctu ee w = 5 mlla*c. CkpaxuHa
THIPOIUHAMHUYECKH COBEpIICHHA, paauyc ee re = 0,1 M.
OtBer: Re=0,036<Rekp = 1.



IIpakTHyeckoe 3aHsATHE S YCcTaHOBUBIIASACA (PUJILTPALMSA PeaJIbLHOIO raza

[Ipu OonbIIMX [AABJICHUSX YPAaBHEHHUE COCTOSHHS PEAJIbHOrO Ta3a OTIMYAETCS OT
ypaBHeHus KnanelipoHna u uMeeT BU/I:

p
— = 2RT.

P , (3.1)
rne Z = z(pr, Tr) — KOXPPHUIMEHT CBEPXCIKUMAEMOCTH Ta3a, YYUTHIBAIONIMA OTKIOHEHHE
PCAJIBLHOIO ra3a OT HACaJIbHOI'0O U SaBI/ICSIH_II/Iﬁ OT IMIPUBCACHHBIX JAaBJICHHUA U TCMIICPATYPhI

p, = =P
r !
Pep.kp
T T
e
Tcp.lcp
u omnpenensemeridi 1o rpaduky (puc. 3.1). 3mech Py B Tepp — COOTBETCTBEHHO

CPEHEKPUTHYECKOE [aBICHHE M CPEIHEKPUTHYECKas Temmeparypa. Tak Kak NpUpOAHBINA ras
COCTOMT U3 PA3JIMYHBIX KOMIIOHEHTOB (ME€TaH, 3TaH, IPONaH U Jp.), TO MPEIBAPUTEIILHO HYKHO
BBIYUCIIUTD 3HAYCHUS Pep.p U Tep.xp 110 pOpMyIIam

Pep.xp = ____Zn,-pxp,-
Zn
TCP.KP = Zn‘l‘TKm‘
T
rae Nj — CojAep)KaHHWe |-T0 KOMIIOHEHTa B rase, 00. %; Pwj U Tipj KPUTHYECKOE JABJICHUE W

TeMIeparypa j-ro KOMIOHEHTa COOTBETCTBEHHO.

Junamuueckuid KO3(QUIMEHT BS3KOCTU MPUPOAHOIO (peasbHOr0) ra3a 3aBUCHT OT
JaBJieHUs] U Temrieparypbl. CunuTas MpoLecc M30TEePMHUECKUM, HYKHO YUYUTHIBaTh 3aBHCUMOCTh
u(p). Ha ocHOBaHMM 3KCHEPUMEHTAJIBHBIX MCCIEIOBAHUN MOCTPOEHBI I'papUKH, MO KOTOPHIM C
TOYHOCTBIO 10 6% MOXHO HalTH 3HAYEHMsI TMHAMUYECKOro KO3 (PUIIMEeHTa BA3KOCTH MPUPOJIHOTO
ra3a Nnpu pa3IUYHBIX JABICHUAX M TEMIIEpaTypax B 3aBUCHMOCTH OT OTHOCHTEIBHOM MJIOTHOCTH
o Bo3ayxy (puc.3.2).

Jlns  ompeneneHuss MaccoBOTO JAeOMTa pealbHOro ra3a WIM 3aKOHa paclpelesIeHus
JTaBJICHUs HY)KHO 3amucaTh 3akoH Jlapcu /Uit 6ECKOHEUHO Majoro 3J€MEHTa IuUlacTa M, YYUThIBas
3aBUCUMOCTH U(p) U dpopmyiy (3.1), mpouHTErpUpOBaTh €ro rpagoaHaInTHUYECKUM MeTo1oM. Eciu
JaBIIEHUE B IUTACTE MEHSAETCS B HEOONBIIOM WHTEpBAJE, TO MOXKHO allpOKCUMHPOBATH
3aBUCHUMOCTE p/i(p)Z(p) mpocToii anredpandeckoit GpyHKIMEH, B3ATh HHTETPAT aHATUTHYECKH U
MOJIyYUTh aHAIMTUYECKOE BhIpaXKEHHE [l 1e0MTa U 3aKOHA pacIipe/iesIeHUs 1aBJIeHUS.
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3adaua

OmnpeneauTs MIPOHUIIAEMOCTH IECKa, eClid yepe3 TpyOy auamerpom d = 200 MM H JIJTHHOMR
1=12 wm, 3amoJHEHHYI0 3THM MECKOM, THpoIyckaics Bo3ayx Bsskocteio 0,018 mlla*c mpum
nepemnaje jaaBieHus, paBHoM 4,41%10% ITa (0,45 krc/cM?); M3OBITOUHBIC NABJICHMS B Hadyale U B
KOHIIE TPYObI cocTapisiror P1 = 0,98*10° Ila (1 krc/em?), p2 = 0,539*10° IIa (0,55 xrc/cm?).
CpenHuii pacxoj BO3AyXa, NPHUBEACHHBIH K aTMOC(epHOMY MaaBleHHIo, paBeH 250 cm/c.
ATmochepHOe JaBieHNe IPUHATE PaBHBIM Par = 0,98*10° Ia, Temmepatypy t = 20°C.

Otset: k=21,5 1.



IIpakTuyeckoe 3ansaTHe 6 OnpeneneHne OCHOBHBIX XaPAKTEPUCTHK MJI0CKOPAANAILHOMI
buabTpanus KUAKOCTH

InockopaauanbHas GUIAbLTPAIUSA HECKUMAEMOM JKUAKOCTH K CKBAKIHE

Bpems aBr>keHNs 4acTULIBI )KUKOCTH OT TOUKM IuiacTa (ToauiuHoi 10M) Ha paccTosiHUM I
J10 CKBAKHHBI, UMerolel  e6ut Q = 300M3/cyT, paBHO BpeMeHH 0T6Opa KUAKOCTH U3 ILIacTa
panuycoMm I.

p_ Tnop _ mrh o _ 0231410 1500% = 47100cyT = 130
0 "0 7 T 300 _ A
rm t, mer
1500 130
150 1.3
15 0.013
15 0.05

CKopocCTh JBMKEHMSI YACTHIIBI )KMJIKOCTH OT TOYKH Iu1acTa (mopucroctsio 0,2) Ha pacCTOSHUU

OT CKBa)KHHBI
300 1 239

1256 r 1’

“m mF 02-2-314-10
Ipu r=1500 m, U=23,9/1500=1,59*10"2 m/cyT

Vo0 300 1
T

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

15

0,15

JlaBnenue P (Ha pacCTOSIHUM I' OT CKBaXXHHbBI) B IJIACTE MPH INIOCKOPaAHaIbHON puimbTpanun
OIIUCBIBACTCS BBIPAKEHUEM

Pr—Pc  Ink'
Tc

rae P« 1 Pc — 1aBieHus Ha KOHTYpE IUTAHKS U Ha CTEHKE CKBAKUHBI COOTBETCTBEHHO HA
PACCTOSIHUSAX Ik U I'¢

In—
Orcroma, P =P, + (P, —P.) - i =, U3BecTHO, 4To INx=2,3lgx
Tk
.

[Ipu Px=10MIIa, Pc=6MlIa, rc=051 M, l=100m.11oTyHaem,
P=6+(10-6)Ig(r/0.1)/1g(100/0.1)=6+4*Ig(r/0.1)/3

r, M P, MIIa
100 10

10 4,67

1

0,1

InockopaguanbHas GUIBTPALMSA *KHIKOCTH B HEOJTHOPOTHOM IO MJIOIIAIM MJIACTeE.
131 — mpuzaboiinas 30Ha MJIacTa;
Kep — cpeHsisi IpOHUIIAEMOCTh HEOJHOPOTHOTO ITACTA.
n=150m
Msn=1,5M
r=0,15m




_ Zﬂh(Pk — PC) ka

K Inlk

rC
- u R S S
" ran  Kan T

A. Tlpwu 3acopennu (konpmararmu) [1311 (npu OypeHun, peMoHTHBIX padoTax) Kun=1/2K  Kusn<k
(cumtas, yro I13I1 oqHOpOHAS 110 TPOHHUIIAEMOCTH, KOTOpasi B 2 pa3a MEHbIIE, YeM

IepBOHAaYajbHasl IPOHULAEMOCTh IUI1ACTa)
150

9515 3k 3
Hpu 5TOM ka:1l ! 5 — =-k

Py lg—— 24—1 4
kcpA:0,75k (25%)

15 o5k J015 05

B. I1pu 60mnbmiom BeiHOCe iecka u3 1311 Kupsn>K,  Kisn=2K

[Tyctp yBenuyenue Kusn «roxe» B 2 pasa

Keps=3k/(2+1/2)=(3/2,5) *k=1,2 (20%)

u3 cpaBHeHus Kepar Kepp citenyer, uro ymenbinenune nponunaemocts [1311 cunbhee Biusier Ha Kep
(a 3HaunT 1 Ha nebuT Q), yem yBenuueHue (B 2 paza wid B Npas).



IIpakTuyeckoe 3ansaTue 7 IlnockopaaunaibHas GuabTpanus ra3a B HOpoBOM ILJIACTe

PuiabTpanus UAeaJIbHOIO rasa.

BbrunciiuM BeJIMYMHY Je0NTa ra3oBoi CKBaKUHBI (IPU aTMOC(EPHBIX YCIO0BHAX)
wkh(Px? — Pc?) 3,14%0,01 x 10712 % 12(5%2 - 32)10712 (25-19)23

aT™M TK - = 5
,uPaTMZ,SIgr—C 3,14 * 10-31,03  1052,31g 1()5f5f) 9,310

3
M
=400 * 10_ST = 400 M3 /cyT

Pacnpesnenenue naBiaeHus B IpU INIOCKOPaIUalIbHONW (DMIIBTPALIMU a3a ONUCHIBACTCA
BBIPAKEHUEM

70
lg—
rc

p2-pc?
PRZ_peZ = lgw' OTCHOJA IMoJIy4YacM IJIsI TOYKH I1acTa Ha paCCTOSIHUN r=15 mor
re

CKBQKUHBI

P2a:=P2%c+(P2%-P%) (Ig(r/rc Yg(ri/rc))=30%at™ + (502 at™-
302arm)*(1g(15/0.15)/1g(1500/0.15))=900+400%3/4=2100 atm?, P=2100Y2=45 9atm

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

T.e. mpu ¢unprpanmu, korma paBHbie Py, Pc, Iy, I Ha paccTOSIHMM I JaBJCHHE B
ra30HACHIIIEHHOM IJIACTE HECKOJBKO BBIIIE, YEM JIaBIICHUE B IJIACTE HACHIIIIEHHOM HE(THIO.

JleOuT ckBaXKUHBI OTOMparoteii peanbHbiil Ta3 Qpear = Quucan/Z;

[Ipu 3anexax Ha TmyOuHaxX 10 4 KM, naBineHue P u abconroTHas temmepaTtypa T TaKOBBI,
9T0 KOAP(UIIUEHT CBEPXCIKUMAEMOCTH Tra3a Z<l modToMy u Qpean >Qupean



IIpakTyeckoe 3ansaTue 8 Ilinockass paguajabHas HeJMHelHHast GUIbTPALUSA KUIAKOCTH

3anaya. CKBaXHHY MCCIIEOBAJIM 10 METOAY YCTaHOBUBLIMXCS OTOOPOB, U3MEHSS JUAMETP
mTynepa W 3amepsisi  3a00iHOe JaBJeHHE INIYOMHHBIM PETUCTPUPYIOLIIUM MaHOMETPOM.
Pe3ynbraTsl 3amMepoB NpHuBeIeHBI B TAOJIHUIIE.

Onpenenuth KO3((OUIMEHT NPOHHMIIAEMOCTH IUIACTA, €CJIM MOIIHOCTh Iutacta h=12 M,

Ap, xrcfem? Q, j0—8 M*/c Q. m3/cyT Ap/Q, (urc/em®).c/en?s
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

JMaMeTp CKBaXUHBI Oc =24,7 cM, TIOJIOBHHA PACCTOSIHUS JI0 COCEAHUX CKBaKUH
0=R, =300 M, nuHamMuueckuii ko3 HUIUEHT BA3KoCTH kuakoctu u = 4 cll.

Pemenne. VI3 maHHbIX UCCIEAOBaHUS BUIHO, YTO 3aBUCUMOCTh Mex1y Q u Ap HenuHeiHas,
T. €. MHAUKATOpHas nuHUsA He Oynmer mpsimoir (puc. 41). Ucnonws3ys nBywieHHyr (opmyiry

Ap = AQ+ BQ? u npuBeneHHbIe qaHHBIE, TOCTpouM rpaduk 3aBucumoctd Ap/Q ot Q (puc 42).
U3 rpaduka mo Touke mepecedeHus npsmoir Ap/Q = A+BQ c oceto Ap/Q (ockto opauHAT)
Haifnem 3Hauenue A = 0 04 (krc/cM?) c/cM®, a MO TaHTeHCy Yria HaKIOHA MPAMOM K OCH abCImce
(Q)— B =0,00015 (xrc/cm?) c?/emb.

{
Ap, xrefem? Q. jo—8 M3 fc Q, M3jcyT .. )
Ap ’(HZC/CM ¢
3
10 157 13,5 0?2 il
2(0) 256 22,1 '
3 334 28.8
10 401 34.6 010
g
5 459 39,7 008 —
;qgg / -
1y 20 ' 30 4 Moym.
0 . 0 04
\\ ’0[” 200 g’ CMJ/C
0 [N 5, RN U
2 Puc. 42
4 |— ]
Kosddunment mnpoHumaeMoct Haiaem IO
s L MOJIYYEHHOMY 3HA4YCHHIO A U3 POpMyIIbI
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Cc
1 Japeu = 1 Mxm? (Muxpometp B kBagpare)= 1 10712 w2
3anaua 2 Onpeneautb KO3 PHUIMEHT MPOHUIIAEMOCTH T1acTa K Ha OCHOBE MCCIICIOBaHUN
He(TAHOM CKBaKUHBI:
u=3cIl3, h=8wm, re=5cm, r=200m.

Q, m%/cym P.—P., amm Q, em’/c (P - P)IQ, amm*c/cm®
20 11,1 231,4 0,048

40 33,0 462,8 0,0713

60 65,6 694,2 0,0945

W3 Tabmuiel BUAHO, 9TO 00Opa3oMm oTHomeHWe Mexny Pk-Pc m Q He nwHEHOe, 3HAYUT U
bunbTpanus HemuHeHHasl.
[Toctpoum rpaduk , COOTBETCTBYIOIIHIA 3aBUCIMOCTH

Pk — Pc
0 =A1+B1x*Q

IIponomxuts pemenue



IIpakTuyeckoe 3ansaTne 9 Onpenenenne napaMeTpoB ra30Boro MJacTa npu
YCTAHOBMBIIUXCS PeKMMAX HeJIMHEHHOH (PUIbTPalMU

YpaBHEeHHE WHIUKATOPHOM JTUHUHU TIPU HEJIMHEWHOW (DUIIbTPAIUU ABYUICHHOE:
2 2 _ 2
P2-P2=A.-Q+B-Q (1),
rae Pc, Px — maBiaeHue miacToBoe U 3a00HHOE COOTBETCTBEHHO;
A, B — ko3¢ dunmenTsr;
Q — 1e0uT rasa B cTaHAAPTHBIX YCIOBUSX.

VYpasuenue (1) sBisieTcsi ypaBHeHHEM KpUBO# JInHUK. Pa3aenus ypaBHeHue Ha Q, OJIydrm
ypaBHEHHE PSIMOI JTMHUU, KOTOPOE yao0Hee 00padaThIBaTh:
AP

T =A+B-Q @

rie AP? = p2 — p2

Ha razoBoii ckBaxkune Ne63 npoBeieHbl HCCIIEOBAaHUS Ha YCTAHOBUBLIMXCS PEKUMAX IIPU
mIacToBoM gaBiieaun P=73,71 aTM, Pﬁ = 5433,2 atm?. Pesynbratel uccienoBanuii u

H606XO,I[I/IMHX BBIUMCIICHUH IIPpHUBCICHLI B Ta6J'II/II_Ie

Taonuua

Ne | P, |Q,mcyr P2, AP? atm® | AP?/Q, atm/(m¥/cyT) | Q% (M%/cyT)?

n/m | aTtMm aTM?

1 |73 257-10° 5329 | 104,2 0,405-1073 6,6-10%

2 73121 219.10° 5346,5 | 86,7 0,396-10°° 4,8.10%

3 |73,25]185.10° 5365,6 | 67,6 0,365-10°° 3,42.10%

4 | 73,411 133.10° 5389 | 44,2 0,331.107 1,78-10%°
¥Q=794-10° YAP?=302,5 | SAP?/Q=1,497-10° | £ Q°=16,62-10'°
(2Q)?=63,13-10%°

Crtpoum rpaduk 3aBUCUMOCTH = f(Q) . Ha HeMm B COOTBETCTBUH C JAHHBIMH HCCIICTOBAHHIA

Oynyt 4 Touku. [IpoBenem uepe3 HuX npsmyro. Ha BepTukanbHON OcH, OHA OTCEKAeT 3HAYCHHE
koadunmenta A =0,32%103atm/(m>/cyT).
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OcCHOBHoOI1 —
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OcHoBHOM
OcHOBHoOW1 OcHOBHOM OcHoBHOM OcHoBHOM
Q, @103

Ho Tounee 3Ta nmpsiMasi IpOBOJAMUTCS, €CJIA UCIIOJIB30BaTh CTATUCTUYCCKUI METOI HAUMEHBIITHX
KBaJIpaToB. B cooTBeTcTBUU ¢ HUM KO3 duiueHT A u3 Gpopmysnsl (2) BIpa3uTcs Tak:

AP? 2 2
(255)- 50 - (20) - (zaP?)

A= n- (200 - (302

rze N — KOJIMYEeCTBO UCCIIEIOBAHUI
[ToncTaBmsisi B 3TO BEIpaKEHNE 3HAUECHUS BEITMYMH U3 TaOJUIIbI, HAWEM YHCICHHOE
3HayeHue kod3pduimenrta

1,497-107%.16,62-10'°-794.10%°.302,5 _, aTM

A= =0,25-10 =
4-16,62-101%— 63,13 - 1010 3
CyT

z

Ma=-c
=21,66-10"" ——
M
B cooTBeTcTBUM METOIOM HAUMEHBIINX KBaApaToB Ko3dduuuent B popmy:nst (2) onpenenurcs
Takx :
AP?
n- (24P - (200 (25F)

Q
n - (XQ%) - (XQ)?

B

YT00B! HAMTH IPOHUIIAEMOCTB I1J1ACTA BOCIIOIb3YEMCSl M3BECTHBIM BBIPAKEHUEM:
pl nllgk-z-l:’_a.I Ty

A= wh KTy 3)

U3 dpopmynsl (3) BeIpa3uM MPOHUIIAEMOCTD ILIACTa

InZ.z.p_.
o w-In r, z-P_-T
m-h-A-T,
[Tpu u3BecTHBIX BeauurHax Bsizkoctu raza u=0,014 mlla-c, koaddunmrenta cBepxcKUMMAEMOCTH
raza Z=0,9, armocepusix napienus P,=10° ITa u temnepatypsi Ty= 293 K , norapudma

181§




M-
OTHOIIEHUS Paryca KOHTypa IMUTaHKs U pagnyca CKBaKHUHBI In r—"‘ = 6,83, TemmnepaTypsbl IJacTa
C

Tu=347 K, Tonmunusl iacta h=13 M BRIYUCIMM 3HaYEHUE TPOHUIIAEMOCTb IIJIacTa

0,014-107%.6,83-0,9-10°-347 42 o
K= =1,15-1072 »*=1,157x
3,14-13-21,66-10%°.293

3ameuaHue. B mpakTuke BaKHOE 3HAUEHUE HMMEET CiIydaill MPUTOKA K CKBa)XMHE IIPU
HQJIMYUKA BOKPYT 320051 KOJIBLIEBOW 30HBI C INPOHUIAEMOCTHIO, OTJIMYHOM OT IPOHMLIAEMOCTH
wiacta (TOpHEAWPOBAHUE WM KHUCJIOTHas 00paboTka, yCTaHOBKA TpaBUHHOrO (UIBTpA,
[IIMHU3ALMS WK napaduHU3aus npu3a0oiHoM 30HbI U T.1.).

Pacuersl 1o BAMSHUIO pa3inyuvs MPOHUIIAEMOCTEH KOJBIEBOM MPU3a00HOM 30HBI U
OCTaJIbHOM YacTH MJ1acTa Ha MPOAYKTUBHOCTh CKB)KUHBI TOKAa3bIBAIOT:

1) Ha HemomycTUMOCTh HPOTHO3a HAa OyaylmMid JeOUT, UCXOIS TOJBKO M3 JAHHBIX O
OPOHUIIAEMOCTH  MPU3a00HHOM  30HBI  IUIACTa,(CIEAYET  MCIOJB30BaThb  KBA3MOJHOPOJHOE
npuOIMKEHHUE).

2) YXyjalieHHe NPOHUIAeMOCTH Mpu3a0OWHOIl 30HBI CHIIbHEE BIIMSET Ha ACOUT, 4YeM
YBEIMYECHUE IPOHULIAEMOCTH B JTOW 30He. Eciaum mnpom3oWaér 3aMeTHOE yXyHALIECHHE
IPOHHUIIAEMOCTH JJa)ke B HEOONbLIOW O00JIACTH IUIACTA, MPUMBIKAIOLIEH K CKBaXHMHE, TO IEOUT
CKBA)KUHBI PE3KO CHU3UTCSL.

3) B ciyuae ¢unbTpaiuu no 3akoHy Jlapcu yBenM4YMBaTh MPOHHUIAEMOCTh MPHU3a00HHON
30HbI Oosiee yeM B 20 pa3 He MMEET CMbICia, T.K. AaJbHEHIIEe yBEIWYEHHE IMPOHULIAEMOCTU
NPaKTUYECKH HE BEJET K POCTy AeOHTA.

4) Hapymienne  3akoHa Jlapcu yCWIIMBAeT TIOJNOKUTEIBHOE BIMSHHE YBEIUYCHHOM
IPOHUIIAEMOCTH NMPU3a00IHOM 30HBI HA MPOU3BOAUTENBHOCTh CKBAXKHUHBI.



IIpakTyeckoe 3ansaTue 10 OnpenesieHne OCHOBHBIX XaPAKTEPUCTHK (PUIbTPALIUU K
THAPOAMHAMHMYCCKH HECOBEPIICHHOM CKBAKUHE

CkBa)xMHa Ha3bIBAETCSl THIPOJMHAMMUYECKHA COBEPIIEHHOW, €CIIM OHAa BCKPBIBAET IUIACT Ha
BCIO MOIIHOCTb M 32001 CKBaXXHHbBI OTKPBITBIH, T. €. BCA BCKPBITasi IIOBEPXHOCTh 32005 SIBJIAETCS
bunbTpyrOmeld MOBEPXHOCThIO. [IOTOK JKHMIKOCTH K COBEPIICHHOW CKBAXWUHE — TUIOCKUHN
(GWIbTPaMOHHBIA MOTOK. EciaM CKBaXKMHa C OTKPBITBIM 3a00€M BCKpBIBAET IJIacT HE Ha BCIO
MOIIHOCTh, @ TOJBKO Ha HEKOTOPYIO BEIMYHMHY D, WM €ClIM CKBaXMHA COOOIIACTCS C IUIACTOM
yepe3 OTIENIbHbIE OTBEPCTHs, TO (PUIBTPALUS >KUIKOCTH WIM ra3a OyleT NpOCTPaHCTBEHHOM
(TpexMepHOii), a CKBa)KMHA — I'MJIPOJUHAMUYECKH HECOBEPLICHHOM.

Pa3nnyaroT Tpu Buaa HECOBEPIIECHCTBA CKBAXKHH:

1) ckBaxMHA TMIPOAMHAMMYECKH HECOBEPIICHHAs IO CTENEHU BCKPBITHS IUIACTa — 3TO
CKBaXXMHA C OTKPBITBHIM 3a00€M, BCKPBIBIIIAS IIACT HE HA BCIO MOLIIHOCTH;

2) cKBaXMHAa TUAPOJAMHAMUYECKH HECOBEPIIEHHAs I10 XapaKTepy BCKPBITHS IulacTa —
CKBaXXMHA, BCKPBIBAIOIIAs IJIACT OT KPOBJIM JO HOJOLIBBI, HO COOOILIAIOIIANACS C IIACTOM 4epe3
OTBEPCTHUS B KOJIOHHE TPYO, B IEMEHTHOM KOJIBLIE HJIU B CIICIIUAIEHOM (DUIIBTPE;

3) cKkBa)kMHA T'MIPOANHAMHUYECKH HECOBEPIICHHAs KaK [0 CTENEHU BCKPBITHUS IJIACTa, TaK U
10 XapaKTepy BCKPHITHSI.

JleOUT CKBaXXMHBI THPOJIMHAMUYECKH HECOBEPILICHHOM KaK M0 CTENEeHU BCKPBITUS I1JIacTa,
TakK ¥ 110 XapaKTepy BCKPBITUS PaCCUUTHIBAaETCS 10 (popmyie:

QZZﬂkhx Pi — D.

R M
H o (n =k +C, +C))
C

rac CJ_ — 6e3pa3MepHa;I BCJIMYMHA, OMpCACIIAromas AOIMOJIHUTCIBHOC (I)I/IJ'IBTpaI_II/IOHHOC
COIIPOTUBJICHUEC, 06}’CJ'IOBJ'ICHHO€ HCECOBCPHICHCTBOM CKBAXHMHBI ITO CTCIICHU BCKPBLITUA I1JIACTA, Cz
— 6e3pasMepHa;I BCJIIMYHMHA, ONPpCACIIAOIIad JOIMOJIHUTCIBHOC (I)I/IJ'ILTpaI_II/IOHHOC COIIPOTUBJICHHC,
BBI3BBAHHOC HCCOBCPIICHCTBOM CKBAXKMHBI IMOXAPAKTEPY BCKPBITUA IJIaCTa.

C1 u C2 HaxogiaTcCAa U3 Fpa(I)I/IKOB B. 1. H_[ypOBa, MMOCTPOCHHBIX IO AAHHBIM HCCJICIOBAHUSA
IMPUTOKA JXHUIAKOCTH K CKBaXXHWHaM C ﬂBOﬁHBIM BUJIOM HCCOBCPHICHCTBA Ha J3JICKTPOJIMTHYCCKHUX
MOACTIAX.

Benuunna C1 npescTaBIeHa Ha puc. 1 B 3aBucumocTH ot mapamerpos a = h/Dc u h = b/h.

Ha puc. 2, 3, 4 nana 3aBucumoctb C2 ot Tpex napametpoB: NDe, | =1'/Dcu « = do/De,

rae N — yucio nepdopannoHHbiXx oTBepeTrii Ha 1 M; De — nuamerp ckBakuHbl B M; I' —
ryOuHa POHUKHOBEHHS M1YJIb B TIOPOAY B M; Uo — JAnMaMeTp OTBEPCTHH B M.

CooTBeTCTBHE MEXly KPHBBIMH U 3HaYeHUsIMH nlapameTpa & =do/D¢ BUIHO U3 CIEIYIOMNX
JIAHHBIX

Homep 1 2 3 4 5 6 7
KPHBOIi
a 003 0.04 0.05 0.06 0.07 0,08 0.09

dopmyny (1) MOXKHO 3amucaTh HHAYE, BBE/S B HEE IIPUBEAEHHBIN PaIMyC CKBAKHUHEI
' —(C; +Cy)
n=r e ,
T. c. paI[I/IyC TaKOI\/'I COBepmeHHOﬁ CKBa’XHHBbI, HCGI/IT KOTOpOI‘;I paBeH HC6I/ITy

HECOBEPIIIEHHON CKBaXKUHBbI:

_2dkh p—p.

“o R
rC

3agada. Onpenenuts KO3PPUIHUEHTH THAPOANHAMUYECKOIO HECOBEPIIEHCTBA CKBAXKHHBI
C1 u C2 (mo rpaduxam IllypoBa), paccumTarb NPUBEACHHBIA paJAUYC CKBOKUHBI M JEOHUT

CKBaXMHBI. VMIcXOnHBIC NMaHHBIE: MaBieHWE Ha KOHType mutanus Px = 9.80 Mlla, naBnenue Ha

Q




3abo0e ckBaxkuHbl P. =7.84 MIla, kosddunuent npouuraemoctu K =0.5 JI , MomHocTh miacta h,
nuametp ckBaxuHbl D, paguyc koHTypa nutanus Rk = 10kM, BCkpbiTHE Miacta b = 6, 4ucio
IPOCTPENIOB Ha 1 M BCKPBITOM MOIIHOCTH IUTacTa N, TJyOMHA MPOHUKHOBEHUS MyJb B mopoay I,
nuametp orBepctusi do. OcTanbHbIe HCXOIHBIC JAHHBIC IS pacueTa B TAOIHUIIAX.

Bapuant 01- 10 n= 5 oT1B./M = cM
Bapuanr 11- 20 n= 10 otB./M '= cM
Bapuant 21- 30 n= 15 otB./M '= cM
Bapuant 31- 40 n= 20 oTB./M '= 10 cm
h, M o, M
’ 0.010 0.012 0.014 0.016 0.018
50 01 02 03 04 05
21 22 23 24 25
39 06 07 08 09 10
26 27 28 29 30
16 11 12 13 14 15
31 32 33 34 35
8 16 17 18 19 20
36 37 38 39 40
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IIpakTyeckoe 3ansaTue 11 Henunelinas puiabTpanus K HeCOBEePIICEHHHON CKBaKUHE
3ajaua 0 HENMHEHHOW (QWIBTPALUU K HECOBEPIIEHHONW CKBaXXHMHE (110 JTaHHBIM TaOJIUIbI).

Ap. xrcfoem? Q. jo—8 M3 /e Q. M3/cyT Ap/Q, (xroc/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

Omnpenenuth KO3GOHUIMCHT MPOHUIIAEMOCTH, €CJIM MOIIHOCTh Iuiacta h=12 M, BCKpbITHE
wiacta b = 7 M, auamerp ckBakuubl dc =24,7 cM, YHCIIO TPOCTPEIIOB HAa OJWH METP BCKPBITOU
MOIIIHOCTH IJ1acTa N = §, rIyOMHAa MPOHMKHOBEHUA IMynb B mopoxy |' = 0 muamerp myneBoro
xanana d=l,| cm, monoBuHa paccrosHHsA 10 coceHHX CKBaxuH o=R, = 300 M, AuHaMHYeCKHii

KO3 UIIMEHT BA3KOCTH KUIKocTH 1 = 4 cll.

Pemienne. M3 maHHBIX WCCIENOBaHUS BHUAHO, YTO 3aBHCMMOCTb Mexay Q u Ap
HeJINHelHas, T. e. UHAMKATOPHAs JUHUS He OyaeT npsamoii (puc. 41). Vcnonb3ys ABy4IEHHYIO

dbopmyny Ap = AQ+ BQ? u npuBesieHHbIE JaHHBIE, HOCTpouM rpaduk 3aBucumoctu Ap/Q ot Q
(puc 42). U3 rpaduka no Touke nepeceuenus npsmoid Ap/Q=A+BQ ¢ ocero Ap/Q (ockro

opauHar) Haiinem 3Hauenue 4 = 0 04 (krc/cm?) c¢/cM®, a o TaHTreHCy yrila HAKJIOHA MPAMOI K OCH
a6emuce (Q)— B =0,00015 (xrc/cm?) c?/em®.

Ap, xrcfem? Q. jo—8 M3/c Q. M3/cyr Ap/Q, (xrc/em?).c/en’s
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
, A4 (ﬁzc/éﬁ 2f ¢
0 1y 20 " 30 4,mYeym. flﬁ R |
A 012
20} b\q arn
008 e
% — — | )
'gos -
_ a.0%
Ap Azt Yo 200 q omle
Puc. 41

Koaddurnment nponurnaeMmocts HaijaeMm 1o
MOJIy4YeHHOMY 3HaueHUI0 A U3 HopMyIbl

Puc. 42



A=t InBeic i,
27kh

3nayenus Ci1 m C2 Haiigem ¢ nomompio rpadukoB Illypoa. Ompenenum napameTps
b/h=0,584, h/d, =487, nd, =197, d/d, =0,0447 u no ux 3nauenusim —C1 =2,3 u Cz = 34;
IPU 3TOM HaiiieM K03(ppULIMEHT TPOHUIIAEMOCTH.

c

k=t |nReic e, |- 4 23+34+1 22090 _ o585 7
27Ah| 1 2-314-0,04-1200 12,35
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IIpakTyeckoe 3ansaTHe 12 Pacyér nedura 0atapen, cocrosimeil U3 NATH HeQPTAHBIX CKBAKUH
¢ IOMOIIBI0 MeTOo/a CYNepno3uIHH

Omnpenenuth neOUT OaTaper CKBaKMH, COCTOSIILEH M3 N CKBAXKHH, PACIIOJOKEHHBIX BN
OT KOHTypa IUTAHMs, U OJHOM CKBaXWUHBI, HAXOJALICHCSA B LIEHTPE IUIACTA, €CIU U3BECTHO, YTO
BCE CKBAKMHBI HAaXOJATCA B OJMHAKOBBIX YCJIOBMAX: panuyc Oarapeu paBeH Ri, paccTosHue 10
KOHTypa MUTaHUS PaBHO Ry, pajnmyc CKBaXWH Ic, MOIIHOCThH IUIacTa paBHa h, MPOHHIIAEMOCTH
riacta paBHa K, BSI3KOCTh KUIKOCTH PaBHA 4 , JaBJICHUE HA CKBAXWHAX PABHO Pc, JaBJICHUEC HA

KOHTYp€ MUTAHUS PABHO Pk.

HazoBem »sddexTom B3aUMOJICCTBUSL E OTHOIIEHHE CyMMapHOro Je0uTa Bcex
UHTEPPEPUPYIONINX CKBOKUH K CyMMapHOMY JIE€OUTY TOTO K€ YMCIa CKBOXHH 0e3 ydera ux
B3auMoeicTBus. Halitu 3Hauenue rpdexra B3aumonencTeus E.

Pucynok 1
Paccmotpum perirenue npu N = 4 (cM. pucynok 1), h =10 M, R1= 200 m, R=10 &m, rc=0,1
M, k=1 JI, =4 cIl, pc= 11,76 MIla, pi= 15,68 MITa.
bynem ncnonb3oBath hopMyiy Ams MOTEHIIMANA IPU pabOTe TPYIIBI CKBAKHH:
1 n
D =— ; In 7+ C, D
27 Z‘ 1

T.C. IIOTCHIOHUAII B TOYKC, HaxoAAIencs Ha pacCTOAIHNU I’; oT i-ToM CKBa’>XHHBI, HMEIoIIeH Ha

_9

YduThIBas, 4TO CKBRKUHBI PACIIONOKEHBI BAATH OT KOHTYypa nutanus, u R1 / R, =0.02,
MOYKHO TIPUOJIM3UTENFHO CUNTATh, YTO BCE CKBAKMHBI HAXOATCS Ha PACCTOSHUU R, OT KOHTYypa
NUTaHUs, I03TOMY B TOUKE, TOMEIIEHHON Ha KOHTYp MUTAHUS, TOJIy4UM:

1 n
D, =2—Zqi mR, +C
i=1

nIn:

O, =R +L2mR +LmR +L2mRr +Lmr +C.
2 2 2r 2r 2

€IMHHIlY MOIIHOCTH I1J1aCTa yJeIbHbII NeOUT ¢; j, » OTIpezienseTes no dbopmyne (1).

Tax xax g, = g, = ¢ = ¢, (0003HaUMM OTH ICOUTHI YEPE3 ¢ ), MOTYIAEM:
O, =L R +LmR +LmR +Lmr + LR +C.Q
2 2 2 2 2
[Tomemmas Touky M Ha 3200 IEpBOM CKBa)KWHBI, OyI€M UMETh:

1
D, :2_(qlnrc+qlnr21+q1nr31+qlnr41 +qsInr)+C .
7T



PaccrostHue ot Touku M 10 1-0# CKBaXKMHBI paBHO pajnycy NepBoi cKBaxkuHbl. Kpome
Toro, Tak Kak r. / R1=0.0005, MbI curTaem, 4TO paCcCTOSTHUE OT TOYKKA M, HaxoaAIIelcs Ha 3a00e
NEePBOI CKBaXKUHBI, 10 2-0i CKBaKUHBI IPUOTU3UTEIHHO PABHO PACCTOSIHUIO OT NMEPBOI CKBAYKUHBI
JI0 2-0M CKBOKMHBI. AHAJIOTUYHO — ISl pACCTOSTHUNA OT TOYKU M 110 3, 4, 5- 0l CKBaXKUH.

Tak KaK ¥y, =7y = \/ERI, 75, = 2R,, 5, = R, (cm. pucynok 1), To nmeem:
D, zzi(qlnrc +q1n\/§R1 +qIn2R, +q1n\/§Rl +gs lan)+C .(3)
T

Beruuras u3 gpopmyisl (2) bopmyny (3) v yauThIBasi CBOMCTBA JIOTapuPMUIECKOM
¢yukuuu: Ina+Inb=In(ab), Ina-Inb=In(a/b), momyuwm:

O, -@, =L "k 121 —* 4 In k) L5y Tk o
2 n, J2R, 2R, 27 R

Cc

R} R @
-9 Tk 95 14 2
27 4R)r. 27 R,

[Tomemast Touky M Ha 3a00i1 IEHTPaAILHOM CKBaXXUHBI, onpenenum Des:

1
@D, =—I(qnns +qnrs +gnrs+qlnr +q;Inr, )+ C.
2r
371€ech, KaK U BbIIIE, PACCTOSIHUE OT TOUKU M 110 5-0lf CKBa)KMHBI PaBHO pajinycy IsATOM
CKBaXMHBI. KpoMe TOro Mbl cuuTaeM, 4To pacCTOSTHUE OT TOYKH M, HaxoasIencst Ha 3a00¢ MmATon
CKBQ)XMHBI, 10 1-0i CKBaKUHBI MPUOTUZUTEIHHO PABHO PACCTOSIHUIO OT MSATOW CKBaXKUHBI 10 1-0M
CKBa)XMHBL. AHAJIOTUYHO — JUIsl paCCTOSTHUNA OT TOUKU M 110 2, 3, 4 - 0l CKBa)KUH.

YUUTBIBASL, UTO 15 = Fys = Fy5 = Fys = R, , IOIydnM:

D_; zzi(q]an +qInR +qnR +ghR +qg.Inr, )+C (5)
T

Boruuras u3 gpopmysst (2) popmyny (5), momydum:

O -0 =L (S e B By B B
2r R . R, R~ 2
(6)
2r R, 27 v,
k P
y’-H/ITI)IBaSI, qTo CI) = —, OIpCACIMM 3HAUYCHHNEC IMOTCHIIMAJIa HA KOHTYPEC IMUTAaHUA
u
U Ha 3a00€ CKBaKHUH:
P ‘ x1n—12 ‘ *1N06
b — k P, _ 1.02*107° 15 _618 10 0,004 wlc,
Yz 0.04*10
kP, 1.02*10711.76*10° ,
Q. = = — = 0,003 m°/c
U 0.04*10

[ToncraBuB B (4), (6) ucXoHbIE JaHHBIE, TOTYYUM:

0.001 =L In ) +ﬁm(ﬁj

27 | 4*23*%10°*0.1| 27 | 200

4 4
0.001 =L 41| 10|, 95 4,[ 107
27 200 27 | 0.1



YMHOKast 00e yacTH 000MX YpaBHEHUI HA 277 M MOJCTABIISASA 3HAUCHHUS JIOTApUPMOB,
MOJIYYUM:

0.001*6.28 =g *21.863 + g5 *3.912
0.001*6.28 =g *15.648 + g5 *11.513

PemnB noiay4eHHy0 CUCTEMY OTHOCUTENBHO (, (s, HAUAEM:

g =0.000251 m> /¢, g5 =0.000205 1° /¢ . Torna neGHTHI CKBaXKHH PABHBI:
O = gh =0.00251 2’ / ¢ = 216.6:° | cymxu

Qs = gsh =0.00205 3’ / ¢ = 177.2° / cymxu

O6umii 1e6uT (¢ yuérom unTephepennun)=4*216.6+177.2= 1043.6 m>/cyTkn
Jlebut onHoil ckBaxkuHbI (0e3 yuera uHTephepenunu, no Gopmyne [romton) paBeH:

27kh p, — p.  2%*3.14*1.02*%107"* *10 _15.86*10° —11.76 *10° _

o= PR 0.004 10000
r 0.1

=5.46*10" m%/c .
Jebut naru ckBakuH (6e3 yuera uarepdepenunu, no Gpopmyne romon)
5* () =5*5.46*103 m%/c = 2.73*10% m%/c = 2356.7 m*/cyTKn.
Dddext B3aumoneiicteus £=1043.6/2356.7 = 0.443 .
Hcxonuble qanHble JUIs pacyera:

= 05| 1
= 15| M
DckB.= 20 | cMm
R1= 200 | m
n= 4
Rk = 10 | km
M= 6 | mITa*c
BapuaHThI 110 CIHCKY
P ckB,MIla
PkMIla a6 T 735 | 7.84
8.82 | I 1]
9.80 v \V VI
10.78 VI VI IX

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



IIpakTyeckoe 3ansaTue 13 [l1ockue HeomHOMEpHBIe (PUILTPALHOHHBIC TOTOKH K
CKBaKHHAM

3a0aua o ckeadicune 601U3U NPAMOIUHENHO20 KOHMYPA NUMAHUS
CoBepiieHHasi CKBaXHHA pAcCIONOXeHAa B BOJSHOM IUIacTe BOJM3HM TNPSMOJIHMHEHHOTO
KOHTypa nuTaHus. Pa3HOCTh cTaTMYECKOro W AMHAMHU4YecKoro ypoBHed AH = 8 M, koadunuenr
nponuraemoctu K = 2J1, ntuHamMuveckuit koappuuueHt Bazkoctu i =1 cll, paguyc CKBaXKHHBI I'c =
10 cm u mMoutHOCTb Tiacta h = 12 M. HaiiTu 1eOUT CKBaXKMHBI IPH ABYX 3HAYCHHUSX PACCTOSHUS OT
KOHTYypa MuTaHus 10 ckBaxuHbl: 1) a= 100 M, 2) a =200 m. CtaTuueckuii ypoBerb Hk =40 M.
JlaBieHMs Ha KOHType MUTaHUs U Ha 3a00€ CKBaXKHHbI

P =pgH, =10°-9,8-40=0,392 MIla
p. = p9(H, —AH)=10°-9,8-32=0,314 MIla

Pemenne. J[eOUT CKBaXXMHBI BOJU3U NPSIMOJIUHEHHOTO KOHTYPA MUTAHHS OMPEACISICTCS 0
dbopmyie

QZZﬂkhpgAH

2a
uin—
rC

B cnydae 1)
2-314-2-1,02-10*.12-10°-9.8-8

Q= 2 10° =158-10"° 2°/c =136 u*/cym
10°.23Ig ==
10
B ciyuqae 2)
~12 3
o 2:314:2:1,02:10 415030 288 145107 w/c =125 3 feym
10°%.2,3lg ~—
10

[Iponenate Beruucienus st a = 400 M, a = 800 M U cenaTh BHIBOJ O BIUSHUM PACCTOSHUS
JI0 KOHTYpa MUTaHusi JACOUT CKBAKUHBI.

3aoaua o npumoke K ck8axcume Kpy2080t bamapeu

HazoBem »s¢ddextom B3aumopeiictBust E  OTHOLIEHHME CyMMapHOro jeOurta Bcex
UHTEPPEPUPYIOIINX CKBAKUH K CyMMapHOMY JIEOHMTY TOro e 4YHcia CKBOXHH 0e3 ydera HX
B3alMOJICUCTBUSL.

Haiitu wu3menenune »s¢ddexra B3auMOJCHCTBUS B 3aBHUCUMOCTH OT 4YHCIA CKBaXXHUH,
AKCIUTYaTUPYIOMUX 3alekb pamguycoM Rk = 5000 m; pamumyc ckBaXuHBI I = 10 cM; CKBaXKHHBI
paboTaroT MpH MOCTOSHHOMN JIEPECCHH.

ConocTaBUTh CIIENYIONINE CITYYan:

a) JIBe CKBXUHBI (M = 2) HaxoaTcs Ha paccrostau d = 100 m;

0) TpU CKBa)KUHBI (m = 3)pacnono>KeHm B BEpILMHAX PAaBHOCTOPOHHEIO TPEYTOJIbHHUKA CO
croponoii d= 100 m;

B) YeThIPE CKBAKWHBI — B BEpIIMHAX KBajgpaTa co cTtopoHoit d =100 m (puc. 21).

Pemenne. Cunrtas, 4YTO CKBaXHHBI DPACHOJOXKEHBI PABHOMEPHO IO OKPYXKHOCTH,
KOHIIEHTPUYHOH ¢ KOHTYPOM IHMTaHUs, UCIOJIb3yeM (opMyiTy neOuTa OJHOW CKBaKMHBI KPYTrOBOH
Oaraped, KOTOPYIO MOXHO YIPOCTUTh B YCIOBUSX pPacCMaTpUBAaeMOM 3ajaud, TaK Kak
(R,/R, ) <<1, u IpeacTaBuTh B BU/IE



Q — 27Zkh(pk_mpc)

-
# mR"r,

J1eOuT OTMHOYHOM CKBa)XKMHBI B KPYTOBOM  IIIacTe ompezensercs mo gpopmysne Jromtoun

d A a
E 53‘1 .
7 te

Puc. 21
o - 27&n(p —pc)
ooun R
In —k
wln
r.C
OddekT B3auMoIeiCTBUS paBEH
In Re lg Re
E_ mQ _ e _ e
onduH In Rlin Ig Rlzn
mR" 1, mR"r,
B ciydae a)
R1=9:50M, m=2
2
5000
lg——
o 01 4899, 0ap
? : 25-10° 6,398
2-50-01

6) pammyc Gatapen 13 Tpex ckaxuH (M =3), paccTosHEE MeXIy KOTOPhIME d , paBeH
R, =d / J3; B aTOM CanyHae

R
lg —*
e, - L 4899 4899 .,
R¢ | 125-10 8,097

I
\/§ C

B) paauyc Oarapen U3 YETHIPEX CKBaKWH, PACIOIIOKEHHBIX B BEpIIMHAX KBaJpaTa co



cTopoHoil d , cocTaBiseT R, = ¥ =70,7m.
R
lg —*
E, - rC4 _ 4,699 — 4,699 0,487
R, 625-10 9,647

|
o 4R’r, 0 4-70,3°-01

[lo monmy4eHHBIM MJAaHHBIM, M Yy4YuThIBas, 4ro mpu mM=1 E =1, mocrpoum rpaduk

U3MeHeHus 3G deKTa B3auMOJACHCTBYS £, B 3aBUCUMOCTH OT YHUCJIa CKBOKUH m (puc. 22).
Cnenarp BeIBOJ 00 m3MeHeHHWHH d(PQeKTa B3auMOJCHCTBUS K, B 3aBUCUMOCTH OT YHUCIIA
CKBa)XKUH M.



IIpakTyeckoe 3ansaTue 14 Ilnockue HeomHOMEpHBIe (PUILTPALHOHHBIC IOTOKH K
CKBA’KMHAM KPYT'OBOIO IUIACTA
3aoaua o npumoke K cKeadjicume, IKCYEHMPUYHO PACNONIONHCEHHOL 8 NIACME C KPY208bIM
KOHMYPOM NUMAHUSL
B kpyrosom miacte paaunyca Rk = 200 M paboTaeTr S3KCIHEHTPHUYHO PacIoyIOKEHHAasi CKBaKMHA
paguycom =10 cm (puc. 23).

10 Pu
R\

Haittu U3MEHEHUE
0 nebura B
7 2 3m 3aBUCHUMOCTHU oT
pacmojoKeHusi CKBa-

KUHBI

Puc. 22 (oxcuenTpucureTa J) Puc. 23 o
OTHOIICHHUIO K 1€0UTY
CKBQKUHBI, PACTIONIOXKEHHON B LIEHTPE.
Pemenue. /[eOUT SKCIIEHTPUYHO PACTIONIOKEHHOM CKBAXUHBI OTIpeesieTcs o Gpopmyie

Q — 27kh (pk — Pc )
IKCY I & l B iz
ain 2
r-C Rk
a CKBa)XMHBI B IIEHTPE KPYrOBOTO TIacTa
27kh(p, —
0, - (P — Pc)
uln —¥
r-C
OTtHomenue Gopmyi 1e0UTOB PaBHO
In Ry lg Ry
Qakcu _ rc rC

B 2\ 2
QR 1—5—2 I Re 1—5—2
rC Rk rC Rk
3uavenus Q. / Q, B 3aBHCHMOCTH OT §/R, TpHBENCHBI HIDKE:
OfRy e 0,1 0,3 0,5 0,7 0,8 0,9 0,98

Qe /Qg v 1,000 1,013 1,038 1,097 1,153 1,280 1,735

Crenatpb BBIBOJIBI.

3aoaua o Heobxooumom uzmenenuu Oenpeccuu AP 0 yoepxcanus O0eduma noCMosSHHbLIM
npU USMEHEHUU NOJOIHCEHUS CKEANCUNBI OMHOCUMENbHO YEeHMPA KPy208020 naacma

B kpyrosom mracte pamuyca Rk = 150 M ¢ momocThio h = 10 M u ko3 duimeHTOM
nponunaemoctu K = 0,5 /] pacrionoxena ckBaxuna paauycom =10 cm. Ilpu  Ap = pk—pe
=1,18 MIIa (12 krc/cm?) nebut HedTH ¢ TUHAMIYECKHM KoddumrenToM Bs3koctn u = 2 MIla-c
TIPH LEHTPATbHOM PACION0KEHHH CKBAKHHBI paBeH 223 M/CyT.



Kak HeoOXxommmo W3MEHSTH jaenpeccuio Ap, Ap Miia

9qTOOBl IpPU H3MEHEHUU IIOJIOXKEHUS CKBAXWUHBI /7 ' N
OTHOCHUTEIBHO IIEHTpa IUIacTa JAEOUT OcCTaBajics = \0\
MMOCTOSIHHBIM? /0 ;H,ﬁ_,f__i____,__ .
Pemenne. 13 popmyiel nebrrta SKCHEHTPUIHO ' l
PACIOI0KEHHOH CKBaKMHBI BBIPA3UM JICTIPECCUIO »
Qu {Rk ( 5 ﬂ Bt 71 T
Ap=p . —Pc=—-I|—"|1-— ‘ {
27kh | 1o R¢ - i !
¥ TI0JICTABUM JaHHBIE 3a/a4H e - —} —+-
g,[/ 1 1 o { |

Puc. 24

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

2
=0,372-1g| 1500 1—5—4 MIla
2,25-10

B 3aBUCHMMOCTH OT pa3NMWYHBIX 3HAYEHUH SKCIEHTPUCHTETa ¢ IMOJydyaeM CIETyIOIIHe
3Ha4YeHus aenpeccuu Ap (puc.24).

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

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



IIpakTyeckoe 3ansaTue 15 [lnockue HeogHOMEpPHBIe (GUIBTPALMOHHBIEC NIOTOKH K
CKBAKUHAM IJIACTA C HENPOHUI[AeMbIMH IPAHMLIIAMH
3a0aua o npumoke K cKgadicume, pAacnoiONHCEeHHOU 8 NiaAcme ¢ 08YMs 83AUMHO
NepneHOUKVIAPHLIMU HeNPOHUYACMBIMU 2PAHUYAMU

CoBepiienHas ckBakuHa paguyca fe = 10 cM pabGoraer B 1utacte, OrpaHHUYEHHOM IBYMS
NPSIMOJIMHEHHBIMU HETIPOHULIAEMBIMU TPAHUIIAMH, PACIOJIOKEHHBIMU Mo yTiaoM 90° nmpyr k
apyry (puc. 28). Paccrostaus 1o rpanun paBasl a = 150 M, b = 300 M, paccrosiHuEe 10 KOHTYypa
nurtanus Ry = 8,0 km. JlaBnenue Ha KoHType nuTanus Pk= 11,76 MIIa (120 krc/cm?), naBieHue Ha
3a60e ckBaxuHBI Pc = 9,8 MIla (100 krc/cm?), mMomHOCTs mmacta h=12 M, AUHAMHYECKHil
ko3 dunmeHT Bs3koctu kuakocTH u = 3 mlla-c, koadpduuuenr nporumaemoctu K = 700m/I.
Haiitu 1e6uT CKBa>kKMHBI.

Pemenue. [IponomxuM HempoHHUIIAEMbIE TPAHUIIBI BBEPX U BIIEBO /10 KPYrOBOI'O KOHTYypa
OUTAHUS PaguycoM R, W 0TOOpasuM CKBaXHMHY-CTOK OTHOCHTEIBHO HHX 0€3 M3MEHEHHS 3HaKa
neburta. B pesynbTate 0TOOpa)KeHHsI MOJYYUM B KPYrOBOM ILIACTE YETHIPE CKBAaXKMHBI-CTOKA, U3
KOTOPBIX OJHA — peaibHas U Tpu — (ukTuBHBIE. [lpm 3TOM ruApoIMHAMUYECKas KapTHHA
TEYEHHUS B IIACTE MPU OTCYTCTBHH HETIPOHUIIAEMBIX I'PaHUI] IPU OJHOBPEMEHHON paboTe YeThIpex
CKBRXHH-CTOKOB ~ OyAeT COBMajgaTb C THIPOJAHHAMHYECKOW KApTHHOH TIpU  HATUYUU
HENPOHUIAEMbBIX T'PAHUIl, TaK KaK 3TU TPAHMIIbI SBJISIOTCS JUHHUAMH TOKa. CuuTas, 4TO KOHTYp
MUTAHUS PACIOJOXKEH Ha JIOCTATOYHO OOJIBIIOM PACCTOSIHUM OT CKBAa)XXHMH, PE3YJIbTUPYIOIINN
NOTEHIMAa B HEKOTOPOW TOYKE IUTaCTa MOXKHO 3amKcaTh B BHIE CYMMBI TOTCHIIMAJIOB,
BO30Y>KIAeMbIX KaXK/IbIM CTOKOM B HEOTPAaHUYEHHOM ILJIacTe,

@M:lLEJnn+C
T =

[TomecTuM TOUKy M Ha KOHTYp CKBa)KMHBI, TOTJ1a

h=r
r,=2b
r,= 2+a’ +b?
r,=2a
ITomemas Touky M Ha KOHTYyp NIUTaHUA, O O y
MOJIyYUM 3

LLLLLLL L 2L
a

® =3 4nR +C
27
a BEIYNTAs, HalaeM

OTKyJa

27(D, — D)

R4
In ke
8r.ab+a® + b’

nJIn



_ . . . _12- - 6
o- 27kh(p, —p,) _  6,28-0,7-1,02-10-12(11,76 - 9,8]10 179107 2 /c =

R, 3 8*.10"
un ——2  3.10°.2,3lg
8r.abva’® + b? 0,1-8-150- 300 - V1507 + 300
=155/ cym

IIpy naHHBIX 5TOM 3a1a4u PacCMOTPETh YIPOLIEHHBIN Cily4ai, KOIZla CKBa)KMHA HAXOAUTCS
Ha OUCCEKTpHCE yIila MeXy HEIPOHULIAEMbIMH IPAHULIAMHU, HA PACCTOSHUU @ OT KaX 0.

3a0aua o npumoke K cK8adiCcuHe, pacnolONHCEHHOU 8 NiaAcme ¢ 08yMs NPAMOJUHEUHbIMU
HEeNnpOHUYAeMbIMU CPAHUYAMU

Onpenenuth 1OeOUT CKBaXKUHBL, paloTamomied B  IUlacTe, OrPAaHUYEHHOM  JIBYMS
NPSAMOJIMHEHHBIMA HETIPOHUIIAEMBIMUA TPAHUIAMH, PACIOIOKEHHBIMU 1O yriaoM 60° apyr k
npyry. PaccrosiHue oT TOUkM mepecedeHHs] HeMPOHUIIAEMBIX TpaHUI] A0 CKBaxHHBI I = 200 M,
paccrosinue 110 oAHOM W3 rpaHull a = 50 M, paguyc kKoHTypa nutanus Rk = 5 km (puc. 29).
Mormnocts miacta h = 10 M, koadduuuent nponunnaemoct rmiacta K = 0,3 J, auHaMudeckuit
ko3 durment BazkocTH xkuakoctu x4 = 2 mlla-c, menpeccus Ap = = 2,45 MIla (25 xrc/cm?),
paaunyc ckBaxuHsl I =0,1 m.

Pemenne. [IponomkuM HENpPOHHUIIAEMbBIE TPAHULIBI U OTOOPA3UM pEAbHYIO CKBaKHHY-CTOK
OTHOCHUTEIIbHO TPaHMUIl, cCOXpaHssd g AeOuTa TOT ke 3HaK. B pe3ynabTare MmoiyuuM JBa CTOKa-
nzobpaxenus— Ne 2 u Ne O: mosiBieHue croka-uzoOpaxeHuss Ne 6 HapylIaeT yciOBUE
HENPOHUIaeMOCTH TpaHullbl OA, a Hajau4due
ctoka Ne 2 Hapymiaet ycioBue Ha rpanuie OB,
MO3TOMY MX HaJI0 B CBOIO OYe€pelb OTPa3UTh:
Ne6 - otnHocurenvHO rpanunbl OA, Ne 2 —
otHocuTenbHO OB. Ilpu 3TOM NOABIAIOTCA
cToku-u3oopaxkeHuss Ne 3 u Ne 5, u3 KoTophIx
Ne 3 mnapymaer HENpPOHHUIAEMOCTb T'PaHMIIBI
BB’ a Ne 5 - rpanuisr AA' uxX U300pakeHust
OTHOCHUTEJIBHO 3THX TpaHMIl COBMNAJAIOT U
JAI0T CTOK-u300pakeHue No 4.

TakuMm 00pa3zoM, 3a1a4a 0 GUIBTPAINH B
KJIMHE CBOAMTCS K 3a7aye O (UIbTpaluu B
KPYroBoM Iuiacte paauyca Rk, B KoTopoMm
pabortaroT OJTHOBPEMEHHO peanbHas
CKBa)XMHA-CTOK M ISATh CTOKOB-M300pa’keHUIH,
PacIIOIOKEHHBIX TT0 OKPYKHOCTH pajyca .

[TpuMeHsis NPUHLMI  CYNEPHO3UIINH,
3alUIIeM pPe3yJIbTUPYIONIMKA TOTEHIHAal Ha
3a00€ pealbHOM CKBAKHHBI:

Puc. 29

D =%(In rL+hnr,+nr,+hr,+hr,+Inr,)+C

rie
r,=2a, I, =, =2rcos30°, r, =2rsin(60° + )
I, = 2rsin (600 —~ a)
a yroj o onpeaeisiercss u3 cooTHomenus Sin o = alr = 0,25, o = 14°30' (cm. puc. 29).

[loTreHunan Ha KOHType MUTaHUS, KOTOPBIN CcUMTaeM yAaJeHHBIM OT TPYMIbI
B3aUMOJICCTBYIOIINX CKBAXUH, IIOJYYUM B BUE



® =1 .6.nR +C

Y 2r
Pa3HOCTh IMOTCHIIMAJIOB
ch—cDC:i R R o R s+ — Rko +In— R"O =
2| I 2a 2rcos 30 2rsin (60 + a) 2rsin (60 - a)
q R¢
=2 4 2200 o 0 : 0
2r  32rear” cos” 30" sin (60 + a)sm (60 - a)
OTKYyZIa
27KhA
Rk

I
a 32r.ar* cos® 30°sin (60° + «)sin (60° — e

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

6 18
2-10°.23-1g 5 103
32.01-50-16-10° v 0,964-0,713

[Ipu naHHBIX 3TOH 3a/la4yu PacCCMOTPETh YIPOLIEHHBIN Cily4ail, KOIr/la CKBaKMHA HAXOAMUTCS
Ha OMCCEKTpHUCE yTila MEX Ty HEITPOHUIIAEMbIMH I'PAHUIIAMH, HA PACCTOSTHUU @ OT KaXJIOH.



IIpakTyeckoe 3ansaTHe 16 Pacyér puiabTpanmoHHBIX NOTOKOB 110 OCHOBHOM GopMmy.ie
TEOPHH YIPYIroro pexxumMa

IIpu mycke CKBaXKMH B KCILTyaTallMIO, P OCTAHOBKE MX, IPU U3MEHEHUH TeMIa 100bIYU
KHUJIKOCTH M3 CKBOXHH B IUIACTE BO3HMKAIOT HEYCTAHOBHBIIMECS MPOIECCHl, KOTOPBIE
HPOSIBIIAIOTCA B IepepaclpeleseHMH IJ1aCTOBOrO JAaBiIeHMs (B MNaJE€HUM WIM POCTE JaBJICHUS
BOKPYT CKB&)KHHBI), B UI3MCHEHUSAX C TEUCHHEM BPEMEHH JEOMTOB, CKOPOCTEH (HIIBTPALIMOHHBIX
IIOTOKOB U T. 1.

OCOOEHHOCTH 3TUX HEYCTAaHOBUBIIMXCS MPOLIECCOB 3aBUCAT OT YIPYTHUX CBOWMCTB IUIACTOB
U HaCBHILAIOUIMX UX XKuAKocTe. XoTs K03()OUIUEHTHI C)KUMAEMOCTH BOJbl, HEPTU U MOPUCTON
cpensl oueHb Mmanbl (B = 4,59%107° m%/H, B, = (7-30)*10° m¥H, . = (0,3-2) 10° m%/H),
YIPYrocTh KMIKOCTEH W MOPOJbl OKa3bIBAET OrPOMHOE BJIMSHUE HA IOBEAECHUE CKBAXHUH HU
IUTACTOB B TNPOLIECCE MX IKCIUTyaTallMH, TaK Kak 0OBEMBI IUIACTa M HACBHIIIAIOMIEH €r0 KUAKOCTH
MOTYT ObITh O4eHb BesuKU. [loaTOMy npu nojicuére 3anacoB HedTH (M raza), IpyU NPOSKTHUPOBAHUN
pa3paboTku HEe(TSHBIX M TA30BBIX MECTOPOXKIACHHUN, NPU OSKCIUTyaTalldH, IPH HCCIEI0BAaHUH
CKBaXHH, MPU CO3JAHUU IOJ3EMHBIX XPAHWJIMI Ia3a OPUXOJUTCS YUHUTBHIBATh CKUMAEMOCTh
KUJKOCTH U HOPUCTOU CPEABL.

OObeM Hachl@lOImIEd IJIacT JKUAKOCTH MPU CHUKEHHMH IIJJACTOBOIO  JIaBJICHUS
yBEJIMYMUBAETCs, @ 00BEM MOPOBOrO MPOCTPAHCTBA YMEHBIIAETCS; ATO U ONpPEIEIIsieT BhITECHEHUE
KHUJIKOCTH U3 TUIACTa B CKBAXHHY (MJIM Ta30BYIO 3aJICKb).

Ecnmu B mponecce pa3paboTku mnpeoOianatomieid (GopMoil SHEpruu sIBISETCS SHEPrus
yrnpyroi neopManny miacTa u CKaTol KHUIKOCTH, TO PEXKHUM IIacTa Ha3piBaeTcs ynpyrum. [lpu
3TOM MPEAINoJaraercs, 4ro (pUIbTPALMOHHBIA MOTOK OJHO(A3HBIM, T. €. IUIACTOBOE aBJIECHUE
BBIIIIE TABJICHUS HACHIIICHHS.

B ycnoBusx ynpyroro pexxuma XapakTepHO TO, UTO IPOLecC epepacinpeaeeHHs JaBIeHUs
MPOUCXOAUT MEMJIEHHO (JIUIMTENbHO), a HE MIHOBEHHO, KaK 3TO Obulo Obl mpu aOCONIIOTHOMN
HEC)KUMAEMOCTH TUIACTa U HACBIIIAIOIIEH ero XKHUIKOCTH.

B Teopun ympyroro pexxuma O0JBIIYIO POJIb UTPAIOT J[BA TApaMeTpa:

1. KoauiumeHt ynpyroeMkocT miacta

B*= Poc + e (4.1)
r7ie M — MOPUCTOCTb; U — COOTBETCTBEHHO KOA(PPHUIIMEHTHI CKUMAEMOCTH KHUJIKOCTH U TIOPUCTON
Cpenpl.

Koapduuuent f* uucieHHO paBeH W3MEHEHMIO YIPYroro 3amaca *XHJIKOCTH B €JUHMILIE
o0beMa TuTacTa TMPH HM3MEHEHWH IIACTOBOTO JaBIICHHWsI Ha OJHY eAWHUIly. MHOrma BmecTo
K03 pHILIMEeHTa yIPYrOeMKOCTH IUIACTa UCIOIb3YIOT IPUBEACHHBIA MOIY/b YIIPYTOCTH:

B | _m
K = P

By +— Be
m

2. KoadduiineHT mpe30mpoBOIHOCTH T1acTa

K R
WL I, .

up* pm
OH XapaKTepus3yeT TEMII IIepepaclpeleseHusl IUIaCTOBOIO MIaBJICHUS B YCJIOBHUAX YIPYroro
pexxuMa. OTa BEJIWYMHA AaHAJOTUYHA KO3 ULIHEHTY TEeMIEepaTypONpOBOJAHOCTH B TEOpUU
TEIUIonepeiaun U BrepBbie Obuia BBeaeHa B. H. IllenkadyeBbim.

Tounvie peuwtenus ougpgpepenyuaibHo20 ypasHenus ynpy2020 pexrcuma
JuddepennmanbHoe ypaBHEHUE YIIPYTOTO pekuMa GUIbTPAIMH MOYKHO 3aIUCaTh
ap . g ( d*p ! Il dp \

ot \ or- roor 4.2)



Wuterpupys nuddepeHuunansnoe ypaBHeHue (4.2) MpH 3a1aHHBIX HAYaJIbHOM M TPAaHUYHBIX
YCIIOBUSX, OIPEACISAIOT JaBIE€HUE B JIIOOOH TOYKE I1acTa B JF0OOH MOMEHT BpPEMEHHU.

Pemenue 3anaum nepepacrpenenacHus J1aBICHUs MOCIE MyCKa CKBaXXUHBI C MOCTOSIHHBIM
neobutoM Q B OECKOHEYHOM, TOPU3OHTAIBHOM IUIACTE CBOJAMTCA K HHTETPUPOBAHUIO
nuddepeHnaIbHOro ypaBHeHus (4.2), UMEIOLIEro IS MII0CKOPaAnaIbHON (pUabTpay BU:

dp " d’p , d°p o*p \
ot axt dy? dz*
C HAYaIbHBIM U TPAHUYHBIMH yCIIOBUSIMU

p(r, )= p, npu t =0,

B 2rikh . ap ) ’
1! or Jr=0

]7(!', l) =P IPH r =00,

|
1=
'

Tounoe pemenue 31oit 3aaauu npu I = 0 gaercsa hopmynoi

p,{—p(r, t):_'_QP'_'El _i

4nkh 4nt
L A *-? & i
4xt > u '
i
4xt (4.3)

Ora TtalOynupoBaHHas (YHKIHMS Ha3bIBA€TCS MHTETPaJbHBIM JKCIOHEHIIMATIOM, WU
WHTErPAIbHON TTOKA3aTeNIbHON (DYHKIIMEH.

Bif—
. P2l 4xt —Ei—~=)
pY MaJIbIX 3HAUEHHSIX apryMeHTa GbyHKIIHIO MOKHO
NpUOIMKEHHO 3aMEHUTh (PopMyson
> r 4ut
—Ei [ — ~ In —0,5772

P

4nt
M TOTJa

pe—pl(r, t) = M _ (1n 4’_“ — 0,5772
4ntkh r*

@opmyna (4.3) saBrnseTcs OCHOBHOM (HOpPMYINOH yIpyroro pekuma IUIACTOB, IMTUPOKO
MPUMEHSIONICHCS TIPU HWCCIAEAOBAaHUHM TMpoIlecca MepepacnpeielieHus] IUIAaCTOBOTO JIaBJICHUS,
BBI3BAHHOTO IYCKOM CKBQ)XHH C IOCTOSIHHBIMU JI€OMTaMH, OCTAaHOBKOW CKBa)XMH, W3MEHEHUSIMU
TEMIIOB JTOOBIYM U T. 1.

®opmyny (4.3) TakkKe MOKHO HCIOJb30BaTh B CIy4yae MPUTOKA JKUIKOCTH K CKBKUHE
KOHEUYHOT'0 pajinyca U B HAYAJIbHOW CTaJ U1 U3MEHEHHUS JIABJICHHS B TUTACTE KOHEUHBIX Pa3MEPOB.

[Ipn HeycTaHOBUBILIEHCS MNapauIENbHO-CTPYHHON QMIbTpAllMK YOPYroW KHUAKOCTU K
rajepee, pacroj0XKEeHHOH B MOJI0CO00Pa3HOM MOTYyOECKOHEUHOM IUIACTE MEPIEHIUKYIIPHO K OCH
Ox B ceuennu x=0 (puc. 4.1) 1 IKCIUTyaTUPYIOIICICS C TOCTOSTHHBIM JIaBICHUEM Ha 3a00€ Tajiepen
P- IaBJIEHUE B IIOOOH TOUYKE IU1acTa B JI0O0H MOMEHT BPEMEHH IOJIyUYUM, UHTETPUPYS YpaBHEHHE

o, O

ot ox2

INpu HA4YaJIbHOM U I'PaHUYHBIX YCIOBHAX



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

! it en e  * 0
o SN

. . - ; .
- '-.vAc-,--—-*-—T- i -'P-y—,-v——w-y‘-—
r’Tlrs

Pucynok 4.1
Pemenue BripaxkaeTcs GopMyIIon

p(x’ t)‘: px""(pn_pr)(l - erf§),
rae 3
2 Vut
o 3

Vs ‘QS e—4* dy

erf§ =
— UHTETpal BEPOATHOCTHU.

3aodaua

Ompenenuth NIeOUT TajepeH, PaCIOJIOKEHHON B IMOJIOCOOOPA3HOM MOJYOECKOHEYHOM
wiacre (cMm. puc. 4.1) mmpunoir B = 300 M, mommHocThio h=15 M, ¢ ko3ddunneHToM
nponuraemoctu kK = 0,8 JI, B MOMeHT t = 2 CyT ¢ Ha4aja SKCIUTyaTaluyu C MOCTOSTHHBIM 3a00HBIM
naBienneMm p.=9,8 MIla. HauanpHoe miactoBoe naBieHue p. = 12,74 Mlla, xoadduiueHt
C)KFMAEMOCTH JKHIKOCTH M IOPOJIBI PABEH COOTBETCTBEHHO Py = 1,53*10° m%/H u B, = 0,612-101°
M%/H, k03 dunuentT mopucroctd M = 20%, AMHAMUYECKHUI Kod(UIMenT BaskocTd HedTu u=1,5
mlIa-c.

B miacte mMmeeTr mMecTo HEyCTaHOBMBIIAsICS (PUIBTPALUS YHOPYro >XKUIAKOCTH MO 3aKOHY
Hapcu.

Haiitu nebutbl mo TouHOM ¢opmyne u mo ¢Gopmyie, MOIYYEHHOM IO METOny
MOCJIEI0BATEIbHOM CMEHBI CTAIlMOHAPHBIX COCTOSHUH.

Pemenne. PacnpeneneHne naBieHWss B IUIacTe NMPH HEYCTAHOBUBIICHCS MapayielbHO-
CTpYWHOM (WIBTpalluy YHOPYrod KHUJIKOCTH K MPSIMOJIMHEHHON rajgepee MNpU IOCTOSHHOM
JaBJIEHWU Ha 3a00€ BhIpa)KaeTcs ciaeayrome popmMyIioi (TouHOE perieHne):

X
p(x’ t) - pn'—(pn—pr) (l —erf ?T/:—t—) ’

rac




— uHTerpan BepositHocTell. CornacHo 3akony Jlapeu

a ﬂeM 'c lade

2% -a—x x=0
). el )
P — At Pk — Pr
—— == = ——\ N e——
( 0x )x=o (P — P) n 2V nt 7 x=0 Vnnt

MO3TOMY

k (px — pr) Bh
G = Pr)

(TR V1 677

Koa¢hdunmeHT npe30npoBOAHOCTH K B YCIOBHSIX pacCMaTpHBAaEeMOH 3a/1aui paBeH
ko k B 0,8:1,02-10—12
up*  p(mPuyt Bo)  1,5-10-3(0,2-1,53.10—9 + 0,612.10—19)
= 1,48 M?/c.
JleGuT, onpeneneHHblii o0 TOYHOH Gopmyrie, OyaeT
. .10—12 A .106. . P
qu . 0,8.1,02-10 (12,74 —9,8)-106.300- 15 = 8,03-10—3 MY/C =
1,5.10—3 V3, 14.1,48.2.0,864-10°
= 694 m®/cyr.

[To meTtomy mocienoBaTeNbHOW CMEHBI CTAllMOHAPHBIX COCTOSHUN ACOUT MPHUOIMKEHHO
ompezensercs mo Gopmyse Ik CTAlMOHAPHOTO PEXUMAa TBUKECHHS

k (px — pr) Bh
i (f)

rae |(t) — nnuHa, Ha KOTOPYIO paclpoOCTPaHUIOCH Obl OHIMKCHHE JABICHUS K MOMCHTY t,
eciau Obl TaBJCHUE B 30HE JCHPECCUH MEHSIOCH 1Mo mpsmoit nuuuu; I(t) onpenensercs u3
yCJIOBHUS MaTepualbHOTO OanmaHca mpu pr = CONSt 1 paBHa

| =2V ut

W =

anuO =%

Torna
. k (px — pr) Bh - 0,8-1,02-10—12 (12,74 —9,8) 108-300-15 i
Qupuo = n2Vxt 1,5-10—3.21/T,48-2.0,864- 100
=7,12-10—3 m¥/c = 615 m®/cyr.
[TorpenrnocTs pu onpeneneHnn 1e0uTa Mo NpuOIMKEHHON (HOpPMYJIe COCTaBUT
A = Qo= e 100 — 220100 — 11,44

T04




IpakTuueckoe 3ansitue 17 OnpenejeHne napaMeTpoB MJIACTA MPH YIPYTOM peKHMe

HccnenoBanust Ha HETIHBIX MECTOPOKACHUSAX IMPOBOIATCS JUIS IOJYYCHUS TAHHBIX O
HPOJYKTUBHOM IUIACTE, HACBIIAIOIINX €0 XKHKOCTSIX, a TAKKE O CKBAXKUHAX Ul YCTAHOBIICHHS
pPAalMOHAIBHOTO  peXHMa pa3padOTKH MECTOPOKACHUS, JalbHEUIIEro ero KOHTPOIS H
KOPPEKTHUPOBKH.

[TpuHATO CUMTATh, YTO MCCIEIOBAHMSA CKBAXHWH IPU HEYCTAHOBUBIIEMCS PEKUME JArOT
Oonbiie HGOpPMALIUK, YEM HCCIIEOBAHUS METOJOM YCTaHOBHUBIIUXCS 0TOOpOB. IIpu oOpaboTke
KpHBOil BoccTanosnenus nasinenus (KBJ]) momywaror cpeqHee 3HaYeHHE THIPOIPOBOIHOCTH WU
NPOHUIIAEMOCTH Ha Pa3JIMYHBIX PACCTOSHHUSIX OT CKBaKUHBI, ONPEACISIOT KOI(PPHUIUCHT
IbE30NPOBOAHOCTH ¥ TNPHUBEACHHBIH  PAaJUyC  CKB@XKHHBI, OICHUBAIOT  KOX(PQHUIUCHT
JIONIOJTHUTENBHBIX TOTEph JaBlieHUs (TOKa3zaTedb CKHH-3(dekra), OompenenstoT IacToBOE
JIaBJICHNE U MPUOIMKESHHBIN KOAP(UIIMEHT TPOTYKTUBHOCTH CKBAKUHBI.

HccnenoBanre CKBOXHH TP HEYCTAHOBUBIIEMCS pEXUME QHIbTpAlMM —  OTO
UCCIIEJOBAaHUE NPU PEXKUME, U3MEHEHUE KOTOPOTO MPOUCXOAMUT TOJNBKO IOJ JACHCTBHEM YIPYTUX
CHJI TIJIACTA M HACBIIIAIOIIUX €T0 XKHUAKOCTel. 1o cymecTBy 3T0 MccliejoBaHUE Mepexoa padoTh
IUIaCTa C OJJHOTO YCTAaHOBHUBILETOCS PEXUMa Ha IPYroi Moja AEHCTBHEM STHX CHIL

[lpu wmHTEpHpeTalMu JaHHBIX HMCCICAOBAHUS MPUHUMAIOT PACIIUPSIONIYIOCS 30HY 3a
KPYTOByl0 ¢ pagumycoM R, coorBercTByrommm ompeneneHHoMmy Bpemenu t. Ilpomemmemy c
MOMEHTa W3MEeHEeHUs pexkuma. CBOIMCTBA MPOAYKTHBHOTO IUIACTA HA PACCTOSHUHM R OT CKBa)KHHBI
MPUHUMAIOTCSI OJJMHAKOBBIMU — CPEIHUMH 110 T1acTy (puc. 1).

Pucynok 1 — Pacmupsitoiasicss 30Ha HapylIeHHUs
pEKHMMa B HEOTHOPOJHOM IUIACTE

BcenenctBue TOoro, 4To M3MEHEHHE PEKMMa NPOUCXOAMT 3a CYET YHPYTUX CHII, MpHU
MHTEPIIPETALIMH UCIIOJIB3YIOT YPAaBHEHUE YIIPYTOr0 PEXKUMA.

QUub,, ;. 2,25t
AP(t) = £2bu 1 2200 (1)
4mKh Tip
rne AP(t) - u3MeHeHwue mepemnasa 3a00iHBIX 1aBieHul B QyHKIMU BpeMeHH, [1a
Q - YCTAaHOBUBIIMMICS N€OMT CKBA)KMHBI, U3MEPEHHBIN Ha MOBEPXHOCTH, C KOTOPHIM

CKBaKMHA paboTana 0 3aKphITHsA, M°/C;
i - BSI3KOCTh HE(DTH B IIACTOBBIX YCIIOBHSX, [1a-c;
Du - 00BbeMHBIH KO PHUIHEHT He(TH MPH IIIACTOBOM TeMIEpaType;
K - TIPOHHIIAEMOCTH JAPEHUPYEMOi 30HBI, M
h - 3(deKxTHUBHASA TOJIIMHA [1J1acTa, M
X - K09 HUIUEHT he30MPOBOHOCTH PEArHPyYIONIeH 30HbI MIACTa, M2/C;
Fp - TPUBEICHHBIM paJuyc CKBRXUHBI, M

VYpasuenue (1) nepemnuiiem B BuIe

_ Qwuby, ;. 225y | QUupy
AP(t) = e = ot (2)

JlaHHO€E BBIP@KCHHE SIBIIIETCS ypaBHCHHEM MPSIMON B KoopauHatax AP — In t, mpu stom
OTPE30K, OTCEKAEMBIi IPAMON Ha OCH OpAMHAT,

QUup 2,25
= by 1y 225X (3)
4mKh Tip
a yriaoBoil ko3¢ UIHEHT NpsSIMOn
. _ QUup
j = QHuby (4)
4tKh

C y4eToM NpUHATHIX 0003HAaYeHUH ypaBHEeHHE (1) 3amuiiem B BUJE



AP=qa. + i-In t
()

T.o0., ans uHTEpHIpeTanuy KpruBoi BocctaHoBneHus AasieHus (KB/I) neodxoaumo:

1. Jlns pUKCHpOBAaHHBIX 3HAYCHHI BpeMeHH t Berumciauts In t;

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

3. ITpoakcTpanoaupoBaTh NPsIMOJIMHENHBIA YIaCTOK JAaHHON 3aBUCUMOCTH J0 TIEPECCUECHUS

C OChIO OpAUHAT U OIIPCACIINTD YHCICHHOM 3HAUCHHUE o

. AP3a\62_AF'3a61

4. Paccuurtarh yriaoBoii kod(dduiMeHt i: i =
In tz —In tl

(6)

5. Berauciantb k03 GUIMEHT THIPOIIPOBOAHOCTH €
Kh _ 2,3Qb

u 4mi
(7)
6. [Ipu u3BecTHOI BennunHe h paccunTarh KOAPPHUIUEHT MOABMKHOCTH K/,
7. OnpeaenuTs NPOHUIIAEMOCTh K;
8. PaccunTaTh KO3 PUIHCHT ITbE30ITPOBOJHOCTH
K

X (8)

- Ky (M Byc+Br)

rae m - K03 (PUIMEHT TOPUCTOCTH;
Bx ¥ PBn - COOTBETCTBEHHO KOA(P(GUIIMEHT CKUMAEMOCTH KHIKOH U TOPHOM MOPOIBI
Bx =9,5-107°1/ITa; Bn=2-10"10 1/ITa.
9. BBIYHCIUTH IPUBEICHHBIN PainyC CKBAKHHBI

2,25
Tap = /m ©)
10.IToka3arens ckuH-3¢dexra (cymmapHbiit K03(D(HUIUMEHT AJONOTHUTENBHBIX MTOTEPH)
S =In(r./7,)
(10)
11. [loTepu naBieHus HA MPEOIOICHUE AOMOTHUTENbHBIX conpoTuBiaeHuit B [1311, MIIa:
AP, =i5/1,15
(11)
12.Jlenpeccust faBiieHus pu paboTe CKBaXMHBI Ha yCTaHOBUBLIEMcs pexume, MI]a:
— in (Bx
AP0 =iln (ro ) /1,15

(12)

13. IlnacToBoe AaBieHue npu paboTe Ha ycTaHoBUBLIEMcs pexume, MITa:

Pun=Psa6 0TA Psas 0,
(13)

14. KoaddunueHnt npo1yKTUBHOCTH CKBaXXHHBI, T/(cyT-MIla):

Knp:Q/ A Psa6 0
(14)

15. OrHocuTenbHAs TOTEPsT JETPECCHU Ha TPEOJIOICHNE TOTIOTHATEIFHOTO CONPOTHBIICHUST B
1311, %:

n, = 100AP, /AP,
(15)



3amgaya.

Pucynok 2 — Kpusas

BOCCTAHOBJICHUS [1aBJICHUSA B
koopauHatax AP u g t

Hcenenyror METoJIOM BOCCTAHOBJICHHSI JABJICHHS CKBKHHY, KOTOpas Ooiee JBYX MECSIICB
paboTtana Ha ycTaHOBHBIIEMCs pexkume ¢ aedoutom 80 1/cyt. 3aboiinoe nasnenue 18,45 Mlla (Oonblie
nMaBieHusl HachieHus). DddektuBHass TommmHa Twiacta 25 M, mopuctocth 20 %. IliotHOCTH
nerasupoBanHoii HedTH 850 Kr/mM°, 00BbeMHBIH Ko3(hduIMeHT 1,2, BA3KOCTh He(TH B IUIACTOBBIX
yenopusix 2,7 mITa-c, koaddumment cxumaemoctu Hedtu 9,5-107°1/T1a, Kor(pdumment cxxumaeMocTH
TIOPUCTON  CPEIbI 2-10°1/1Ta. Pagnyc ckBaxunbl no pomory 0,124 M, cpenHee paccTosiHME 0

OJVKaUIMX CKBaKAH 250 M.
Onpenenuth CBOMCTBA NPOJYKTUBHOIO IIjIacTa,

NpUXOJsLLytocs Ha conpoTtusnenue B [1311.
Pemenue.

OLICHUTH IUIACTOBOE JaBICHUE W
KO3 (UIMEHT TPOAYKTUBHOCTH, ONPEAEIUTh IPUBEIEHHBIN paJuyc CKBaXXHHBI, JOJIO JEIPECCUH,

Hepez[ OCTaHOBKOH CKBa)KHHBI PCXKUM MOKHO CUUTATh YCTAHOBUBIINMCH, a JABJICHUC HA

3200€ TOCTOSTHHBIM.

OO6paboTKy pe3ysIbTaToB UCCIIEA0BaHMs IPOBOIMM B kKoopauHatax AP —Int (puc. 1).
B tabnnne 1 nmpuBeneHbl JaHHBIE UCCIIEN0BaHMsI, 10 KOTOpbIM nocTpoeHa KB/I.

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
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Pucynok 1 — KB/I B koopaunatax AP —In t

1.YKII0H TMHENHOro yyacTKa
. APy, —AP,51 539 —4,56
" Int,-Int;  691-5,89
2.IIponomkeHue IMHERHOro yyacTka oTcekaeT Ha ocu AP orpesok 0=0,45 Ml]a.
3. O0beMHBIN JeOUT CKBAKUHBI
Q = Q,,103/86400p,,=80000/86400-850=1,089-10° »*/c
4. Koa¢dunueHT rugponpoBOTHOCTH €

Kh 2,3Qb 2,3~1,089~10_3~1,2 _
=—— =2 = = 1,28 - 10" 1%/TTa-c.
u 41Tl 4-3,14-0,814

5. Koshduuuent nogsmwkuaoctd K/p=(1,28 - 1071%)/25 = 5,11 - 10712, M¥Ta-c.
6. Onpenennts npornnaemMocts K=(5,11-10712) - 2,7 = 1,38 - 10~ 14m? =0,014/]
7. Paccuntath Ko3(p(PUIUEHT MbE30NPOBOTHOCTU

K 0,014-10~12
¥ = = - —-=0,013 ™c
My (MBy+Pn)  2,7-1073(0,2:9,5-101042.1010)

= 0,814MlIla

8. BbIunciuTh NpuUBEACHHBIN paglyC CKBaXKUHBI

- \/z,zsx _ \/ 2250013 _ ) 1909

P T\ 109/i 100,45/0,814

9. Ilokazarens ckuH-3Pdekra S = In (:—C) =In (%) = 0,3106

10. [ToTepu naBieHus HA MMPEOIOICHUE TOTIOTHUTENbHBIX conpoTuBiaeHuit B [1311, MIIa:
) 0,814 - 0,3106
AP, = =
1,15 1,15
11.lenpeccust naBiaeHus npu paboTe CKBaKUHBI Ha ycTaHOBUBLIeMcs pexume, MITa:

iin(3K)  0,8141n(-22
AP,50 = 1‘(1;") = 1‘1(;"0909) = 5,6MIla

12. IlnacToBoe AaBieHne Ipu paboTe Ha yCTAaHOBUBLIEMCS PEXKHUME:

Prn=Psa6 0t A Pias 0=18,45+5,6=24,05 Mlla

13. Koo ummeHT MpoyKTUBHOCTH CKBAKAHBI:

Kup=Q/A Psas0 = 80/5,6=14,28 1/(cyr-MIla)

14. OrHocutenbHas MOTEPs JENPECCHU HA MPEOJIOIECHNE JIOTOIHUTENBHOTO CONPOTHUBIICHUS B
1311

7, = 100AP, /APy, o =100-0,22/5,6=3,9 %

= 0,22 Mlla




