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IIpakTuyeckoe 3ansitue 1 3akoHn Jlapcu, rpaHMIbI IPUMEHUMOCTH 3aKOHA

Mapcu

3adaua Nel. OnpenenuTs KO3PPUIUESHTH! PUIBTPAIIMHA U TPOHUIIAEMOCTH TI0

JdaHHBIM, IIPUBCIACHHBLIM B Ta6J'II/IH€

JlaHo:

HaunmenoBaHue 3HaueHHE
1.ITnomann MOTIEPEYHOTO CEUCHHS TOPU30HTAIBHO
PACIIONIOKEHHOTO 00pasia mecyanuka, F, cm? >0
2. Jlnuna o6pasua, L,cm 6
3.Pa3HOCTh MaBJieHUN Ha BXOJIE KUJKOCTH B 0Opaszell U Ha
BBIXOJE, Ap, aT 0
4. Y nenbHbI BEC )KUAKOCTH, Y, K[ /M 1000
5. Iunamudeckuii kK03 PUITMEHT BA3KOCTH, W,CII3 2,5
6. Pacxon, O, n/gac 2

Haiitu: c, k
Pemenue:
1) IlepeBogum nanueie B cuctemy CU:
HaumenoBanue 3HaucHUE CHu
1. F, M? 50%10* 0,005
2.Lm 6%1072 0,06




3.Ap, Ila 0,5%10° 50000

4.y, xr/m**c? 1000*9,81 9810
5. u, Ma*c 2,5%1073 0,0025
6. Q. wlc 2*103/(6060) 5.55%107

2) 3anumieM 3akoH Jlapcu B 00111eM BU/IE:

— HMzH p kY HiHp — p
Q=c - F_u ; F, r,qu-z+y(1.1)

3) 3anumem 3akoH Jlapcu ¢ ydeTroM TOro, 4tro OOpas3el, pacloioKeH

IrOpHU30HTAJIBHO, T.C. Z= 0:

_ k_y (P1/y_P2/y)
= p —L

kA
Q F = Q=M—Lf’F(1.z)

4) U3 dopmynsr (1.2) Beipaxaem kodddunuent mnponunaemoctu (k) u

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

QuL  5,55%1077%0,0025%0,06 _
k=<2 = 3,33 % 107 13M? (1.3)
ApF 50000%0,005

5) 3amumem popmyny kodddunrerTa bunbTpanuu (C) u MOCTABUB JaHHBIC

paCcCUUTBIBACM:

_ ky _ 333+10713+9810 _ —6M
c=,= 0.0025 =1,33%107°Y/c  (1.4)

k=3,33*10"*m?=0,33 napcw,



c=1,33*10"°wm/c.

3aoaua Ne2. OnpenennTs CKOPOCTb GUIBTPAIIUU UK CPETHIO CKOPOCThIBUKEHUS
WHE(PTH Y CTEHKH TUAPOIUHAMUYCCKHA COBEPIICHHONW CKBAKMHBI U HA PACCTOSHUH

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

JlaHo:
HaumenoBanue 3HaueHHUE
1. Pagnyc ruipoluHaMAYE€CKH COBEPIICHHOW CKBaYKUHBI, I¢, CM 10
2. PaccTosiHME OT CKBa)KHMHHIL, I, M 75
3. MomnocTh macTa, h, M 10
4. Tlopucrocts nopoasl, m, % 12
5. Huuamuueckuiit KO3PPUIUEHT BI3KOCTH, LL,CII3 2,5
6. MaccoBsblit 1eOUT CKBakuHBI, G, T/CyT 50
7. IlnotHoCcTh HEQTH, P, KI/M> 850
Haiitu: u, w
Pemienue:
[TepeBonum nannbie B cucteMy CHU:
HanmenoBanue 3HaUueHHue CHu
1. 1o, M 10*102 0,1
2. ,M 75 75
3. hyM 10 10




4. m, 1.e. 12 0,12
5. u, a*c 2,5%10° 0,0025
6. G, kr/c 50*%10%/(60*60%*24) 0,579
7. p, kr/m 850 850

3anumiem GopMyIry MaccoBOTO AeOuTa:

G=p-Q (2.1)
C Y4€TOM TOr'O, 4TO:

Q=u-F (2.2),

r7ie U — CKOpocTb GUAbTpanuu pJarounaa:

u=m-w(2.3)
F—1omaas IomepevHoro CEUYeHUs MMOPOIbI Yepe3 KOTOPYIO (GHIBTPyeTCs
bmron;
F=2-m-h-r24)

orctonqa G =p-u-2-mw-h-r2.5)

N3 popmynsl (2.5) BeipakaeM CKOpOCTh (puiibTpanuu (#) U NOJCTABUB JAHHbBIE U3
TaONMHIBI  PAacCYUTBIBAEM  CKOpPOCTh  uibTpamuu  Gaouga y  CTEHKH
TUJIPOMHAMUYECKH COBEPILIEHHOM CKBa)XMHBI (1) CKOPOCTh (punpTpauuu iarouga

Ha PACCTOSIHUU OT CKBAXKHUHBI (U>):

(2.6)

a p2mrh



_ 0,579
©850-2-3,14-10-0,1

Uq = 0,000108 m/c.

B 0,579
© 850-2-3,14-10-75

U, = 1,445-10"" m/c.

N3 popmynsl (2.3) BeIpaxkaeM CpeIHIOI CKOPOCTh (PHIbTpanuu (W) U MOACTABHB
JaHHBIE U3 TAOJMIBI PACCUUTHIBAEM CPEAHIOI0 CKOPOCTh (UIbTparuu Quronaa y
CTEHKH THUAPOJWHAMUYECKH COBEPILIEHHOM CKBa)KHUHBI (W;) CKOPOCTh (PUIBTpALUU

(arona Ha pacCTOSHUU OT CKBAaXKUHBI (W)):

u
w = 2(2.7)
0,000108
wq = O,T = 0,000903 M/C.
 1,445-1077

=1,204-10"°m/c.

W2 = T012

3aoaua Ne3. Onpeaenutb MPOHUIIAEMOCTh k U TOUKY, B KOTOPOI HapyIIaeTCsl 3aKOH
Hapcu (T.e. paccuuTaTh CKOPOCTh (PUIBTpAIMU 1) TpPHU IUIOCKO — paguaibHOM

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

JlaHo:
Haumenosaunue 3HayeHue
1. Paguyc ruipoaguHaMUUeCKH COBEPIIIEHHON CKBaXKUHBI, T, CM 10
300

2. Pamuyc koHTypa nuTtanus, Ry, M




3. MomHocTs miacta, h, M 10
4. TlopucrtocTs opoasl, m, % 10
5. Jlunamudeckuil Ko3pPUIUEHT BA3KOCTH, [,CI3 2,5
6. MaccoBblit 1eOUT CKBakuHBI, G, T/CyT 50
7. TlnotHOCTH HETH, P, KI/M 850
8. IlnacroBoe naBnenue, Py, atm 250
9. JlaBiieHue Ha 3a00€ CKBaKUHBI, P,, aT™M 100

B pemiennn ucnonb3oBats unciio Re no gpopmyne M. JI. MuwunoHukoBa u

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

Haiitu: k, u

Penienue:

1. IlepeBogum nanubie B cuctemy CU:

HanmenoBanue 3HavyeHue cn
I. e, M 10*10 0,1
2. Rem 300 300
3. hym 10 10
4. m, n.e. 12 0,12
5. u, Ia*c 2,5%107 0,0025
6. G, xr/c 50*10%/(60*60*24) 0,579
7. p, kr/m 850 850




8. P Tla 250 250*10°

9. P, Ma 100 100%10°

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

(cootHomeHue J{romon):

K
raeal =———; n, =
T

3. 3anuiiem GpopMysly MacCOBOro J1e0uTa:

G=p-Q (32

4. U3 dbopmynsl (1.2) BeipakaeM o0beMHBIN aeOuT (()) M MOJACTaBUB JaHHBIC U3

Ta0JIMIIBI PACCUUTHIBAEM:
G
=—3.3
Q =%33)

—0'579—000068 3/
Q= gs0 -~ 0 M3 /cek.

5. U3 dopmynsl (3.1) BeIpakaeM TPOHUIIAEMOCTh (k) W TOACTaBUB JIaHHBIC U3

Ta6HI/II_[I)I paCCUUTBIBACM

fo = LR (3 4y
APy-2-mch



0,00068 - ln% . 0,0025

= (250 — 100) - 105 -2 - 3,14 - 10 = 1,45 - 10" 14m2

k

6. 3anumem Gopmyny M.J[.MumiroHmkosa:

Re = % \/"/7’1’(3.5)

raew = uy = 4/

7. W3 dopmynsl (1.7) BelpaxkaemM cKopocTh pruibTpanuu ¢uirouaa (¢#) U MoJCTaBUB

JaHHBIC N3 Ta6JIHI_II>I PaCCYHUTBIBACM:

Rey, m*>:

u
u=—""(3.6)

0,29~ 0,12%5-0,0025

M/c
850 /1,45 - 10-14

u

3anaya Ne4. OnpenenuTs UMEET JIn MecTO (QuibTpauus no 3akony lapcu B

pU3a00MHON 30HE 0 TaHHBIM, IPUBEACHHBIM B TaOJIHIIE:

JaHo:
HaumenoBanue 3HayeHue
1. Paguyc runpoauHaMUUE€CKy COBEPIIEHHON CKBaXKUHBI, T, CM 10
2. lebut ra3oBoi CKBa)KHMHBI, TPUBEACHHBIN K aTMOC(HEpPHOMY 200-103
JaBIICHUIO TIPU IUIACTOBOM Temmeparype, Qum,M>/CyT
3. MomHocTs m1acta, h, M 10




4. TlopuctocTh mOpoasl, m, % 12
5. KoaddurmeHnTt npoHuiiaeMocT mopoasl, kK, 1 0,3
6. AOcoaI0THOE AaBJICHHE Ha 3a00€ CKBaXXUHEI, Pc, aTmM 80
7. CpenHuid MOJIEKYJISIPHBIN Bec ra3a, M 18
8. Junamuyeckuit K03(pPUIMEHT BA3KOCTH B MIACTOBBIX 0,012
YCIOBHSX, LL,CII3
9. Temneparypa mnacta, T, °C 45
B pemiennn ucnonb3oBats popmyny [lenkauéna.
Haiitu: k, u
Pewmenue:
1. IlepeBoaum nannsie B cuctemy CH:
HaumenoBanue 3HaueHne cu
l. e, M 10 0,1
2. Qun, MY/C 200-10° 2,315
3. h, M 10 10
4. m, n.e. 12 0,12
5. k, M2 0,3 0,310
6. Pc, Ia 80 80-10°
10. M 18 18
11.u, Ma-c 0,012 0,012-1073




12.T,K 45 45+273=318

2. Ha ocHoBaHumM 3akoHa ABOTraJpo MOYKHO ONPEIEIUTh IUIOTHOCTh TIa3a IpHU

HOPMAJILHBIX YCIO0BHAX (Po), T.€. ipu To=0°C u nasnennu B Pp=1,033 atm:

M
Vi

18
= ——=10,804 kxr/m3

Po = 224

y.

. M3 ypaBHeHus cocTOsiHMS HaeanbHOro rasza Kiainepona — MeHneneeBa nmpu

ITIOCTOAHCTBC COCTaBa rasa:

= const

©
N
~3

Y TIPH YCJIOBUSIX Ha 3a00€:

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

= = 53,3 3
T-P, 318 - 1.033 Kr/m
. CxopocTb (punbTparuu npu yciIoBHsIX Ha 3a00e:
o " Parm 2,315-1,033
U, = Ca 2 = 0,0051M/c

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

. Ilo ¢opmyne IllenkaueBa paccuntaeM uuciao PeliHOonbIcaRen CpaBHUM €ro C
KPUTHYECKUM 3HaueHueM (Re,=I1—12, eciu nonyuennoe snauenue Re Oonvuie

12, mo 3akon /lapcu napyuien):

10-u-p-vVk
= m23 -

Re =17,74.



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

HapyLIEH.



IIpakTuyeckoe 3ansitue 2 IlpsiMosinHeiiHO-Iapa/LiebHass GQUIbTPanus
KUAKOCTH

[leap paboOThl — MOATBEPKIEHUE INPABWIBHOCTU BBIBEIECHHBIX (OPMYIT |,
HAaXOXXJEHUE BEJIMYMH T[apaMeTpPOB, XapakTEepPU3YIOUUX (UIBTPAIUI0 B
HEOJHOPOHOM I10 IIPOHUIIAEMOCTH ILIACTE.

OnHOMEpHBIM  HA3bIBAa€TCA IMOTOK, B KOTOPOM IapaMETphl  SIBISIOTCS
byHKIIMEH TONBKO OJHOW MPOCTPAHCTBEHHOW KOOPAMHATHI, HAMpPaBICHHOW IO
JuHUY ToKa. K 0THOMEpHBIM IIOTOKaM OTHOCSTCS:

1) IPSIMOIMHENHO—TIaPAJUICIIbHBIN:

2) IJIOCKOPAINaIbHbIN;

3) paauanbHO—C(HEePUUECKUN.

B mnpsmonuHeiiHO-napayuieIbHOM MOTOKETPACKTOPUU YACTUL SKUJIKOCTH -
napajuleJibHble TpsSMblE, a CKOPOCTH (WIbTPAMM BO BCEX TOYKax JIOOOro
NONEPEeYHOro (MEPNEeHIUKYISIPHOrO K JIMHUSAM TOKA) CEUYEHHUS MOTOKA PABHBI MEXIY
cO00i1, MOBEPXHOCTU PABHBIX MOTEHIMAJIOB (3KBUIIOTEHIUAIbHBIE TOBEPXHOCTH) U
MOBEPXHOCTU PABHBIX CKOPOCTEH (M30TaxM) SBISIOTCA IUIOCKUMH IOBEPXHOCTIMHU
NEPIEHIUKYISIPHBIMUA TPACKTOPHUSAM. 3aKOHBI JBUKEHUS BJIOJIb TPACKTOPHUI TaKOrO
(GUIBTPALIMOHHOTO MOTOKA WACHTHYHBI, a IOTOMY JAOCTATOYHO U3YUYUTh JBHXKEHUE
BJI0JIb OJHOW U3 TPAEKTOPUH, KOTOPYIO MOKHO IIPUHSATH 32 OCh KOOPJUHAT X.

B npoaykTuBHBIX IuUTacTax B pa3IMYHBIX TOYKAaX MPOHULAEMOCTh HE
onuHakoBa. Ilpy MenkoMacmITaOHOM XaOTHYHOM HW3MEHEHUH (PUIbTPALIMOHHBIX
XapaKTEPUCTHK MO IUJIACTY IJIACT CYUTAETCS B CPETHEM OJHOPOIHO-ITPOHUILIAEMBIM.

[Inact Ha3pIBaeTCsI MaKpPOHEOAHOPOIHBIM, €CIU €ro (UIbTPALMOHHBIC
XapaKTEPUCTUKU (IIPOHULIAEMOCTh, MOPUCTOCTh) 3HAYUTEIBHO, CKAYKOOOPa3HO
OTJIMYAIOTCA B Pa3HBIX 001ACTAX.

PaznuuaroT cienyromuye BUabl MAKpOHEOIHOPOHOCTH:

a) Crnoucras  HEOJHOPOJHOCTH  (MHOTOCIOWHBIA  IJIacT),  T.C.
HEOJTHOPOJHOCTh MO TodmuHe miacta. [Ipeamomaraercs, YTO MIPOIJIACTKH

Pa3acICHbl HEMMPOHUIACMBIMHA TI'PaHHULIAMHW — THAPABINYCCKHA HM30JIHMPOBAHEI, h15 (e10)



YUHUTBIBAIOTCS ~ NEPETOKH  MEXAY  CIOSAMH  pa3IMYHOM  MPOHULAEMOCTH
THJIPABIMYECKH  cooOulalomuecs; B MpeAenax  KaxJIoro  HpoIuiacTKa
(GUIbTPAlIMOHHBIE IapaMETpPbl IOCTOSHHBI, @ Ha TPaHUIE COCEJIHUX OHHU
IIPETEPHEBAOT CKAYOK.

Ecnu TedyeHne moTeHIMAaNbHO, TO MOJIHBIN 1EOUT IJIacTa ONpEesaeTcs Kak
CyMMa JeOMTOB BCEX IpoIUIacTKoB. IIpum mpakTHUecKHX pacueTax yKa3aHHBIN

MHOTOCIIOMHBIN TJIAaCT MOXHO 3aMEHUTh KBa3HOAHOPOIHBIM C 3(PPEeKTUBHOM

MPOHUIIAEMOCTHIO:
B Zkihi
e
rae kih; — npoHunaemMoctb M A(PQPEeKTUBHAs TOJIIMUHA [—TOMPOIJIACTKa, /—
s dexTuBHAS TONIIKMHA BCETO TIACTa.
0) 3oHanmbHas HEOJHOPOJHOCTh — IUIACT MO IUIOIMIAJA COCTOUT W3

HECKOJIbKUX 30H C Pa3IMUHbIMU (UIBTPAIMOHHBIMU TapaMeTpaMu, Ha TpaHUIaX
KOTOPBIX MOCJIETHUE MEHSIOTCS CKauKOOOpa3HO.

CornacHo ypaBHEHHUIO HEPa3pbIBHOCTH MACCOBBIM JEOUT B KaXI0Ml U3 30H
HEOJHOPOJHOTO TIJIacTa MOCTOSTHEH W PaBeH MpU MPSMOJUHEHHO-TIapaIIeIbHOM

IIOTOKC:

o gy PP _Bholp, -

Z/ 772/

rie B — mupuHa 1miacrta; /; —poTsHKEHHOCTh I — O 30HBI , TPOHUIIAEMOCTh B

KOTOpPOM NOCTOSIHHA U paBHak;, @ = I N~ pdp, i=1,..,n; n— YUCIO 30H.
MaccoBslii 1e0uT dronaa, TpoXosIIuil yepe3 Bech miacT (1o Bceit anuue L,
paBHOI CyMM€ Y4acCTKOB , JNIMHAMMU/;) BBIPA3UTCS TaK:
G=Bhk¢K — P — Bhkp(px _pc)
L nL

CpaBHuBas aBe nocieanue GopmyJibl, HAXOIUM BBIPOKEHHUE JJISI CPEIHEH

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

k:lL
=

IIpoBenenue 3aMepoB U BBIYUCIICHUM



N3mepsitoT maccy npoduasTpoBaBIIeiics BOAbI M U JUTUTETLHOCTh
MIPOBENICHUS OTbITA £. 3aTE€M BBIYUCIISIOT BEIMYUHY MaccoBoro aeoura G=M/ ¢
.3aMepsIoT JUIMHBI 30H IPOHULIAeMOcTeH /1,/> ,/3 M BEJIMUUHBI TaBJICHUM B HaUase
TIEPBOM, BTOPOH U TPETHEH 30H Py, P2, P3, @ TAKKE B KOHIIE TPETHEU 30HBI p.. 110
MOJIYYEHHBIM pPE3yJIbTaTaM 3aMEpPOB YEPTAT «JIOMaHbIN rpadrk» U3MEHEHUS
JIaBJICHUS B 3aBUCHUMOCTH OT JUUIMHBI IUIacTa.

BpIauciAr0T BeIMYMHBI TPOHUIAEMOCTEN IIEPBOM, BTOPOM U TPETHEN 30H
Iacra

Gnl, i Gnl, i Gnls

1 —_ . 2 —_ R 3 —_
Bhp(p, — p>) Bhp(p; — p3) Bhp(ps - p.)
Haxopnsat BenmmunHy cpeaHel IPOHUIAEMOCTH IUIACTA, PACCMATPUBAEMOI0 KaK

OI[HOpOI[HBIﬁ 110 ITPOHUIIACMOCTH
L
I, 1 [
h b B
kl k2 k3

IIo pe3yjabTaTaM HpOBGI[CHHOﬁ pa6OTI>I HGO6XOIII/IMO CAcCJIaTb BBIBOABI O

k:

pacnpenereHn AABJICHUS B HEOJHOPOJHOM IIO0 INMPOHHMUAEMOCTH IUIACTE IMPH
NPSAMOJIMHEUHO-TIapaUIeIbHOM ~ (PUIbTpallid, O COOTBETCTBUU TMOIYUYECHHBIX

PE3YJIAbTATOB OIIBITOB TCOPCTUYICCKUM (bOpMYJIaM.






IIpakTn4yeckoe 3ansitue 3 Biausinue GuibTpanMoOHHBIX CBOMCTB NPU3a00iiHOM

30HBI IJIACTA HA TPOU3BOAUTE/IbHOCTD CKBAKUHbI

PaccmarpuBaeTrcsi OJHOMEpPHBINM  IUIOCKOpaAHAIbHBIN  (DUIBTPAIMOHHBIN
IOTOK HECKUMAEMOW KHUIAKOCTU. [lmact coctout w3 [AByX 30H pPa3uyHOU
MPOHUIIAEMOCTU: TiepBasi 30Ha (mpu3aOoifHas 30HAa TIUIacTa) OrpaHHYEHA

IUINHAPUYECKUMY IIOBEPXHOCTSIMU Ha PACCTOSHUU r, U 7, OT OCH CKBaKUHBI,
BTOpas 30HA OrpaHUYE€HA LUIMHIAPUYECKHMU MOBEPXHOCTSAMHU HA PACCTOSIHUU 7, U
R, OCH CKBaXHHBI. PaccuuTarh clieylonIue XapaKTepUCTUKH (PUIBTPALHMOHHOTO

ITIOTOKaA.

1. Cpennee 3HaueHue ko3P puiineHTa NMPOHUIIAEMOCTH B IJIACTE.
2. Pacnpenenenue naBiieHus B 1-oif u 2-0if 30Hax miacta (ot r, 10 10 m).
3. Pacnpenenenue rpaauenta naBiieHus B 1-oil u 2-oi 30Hax miacrta (OT r, 10

10 m).

4. Pacmpenenenue ckopocTu GuibTpaiuu B 1-oit U 2-oif 30Hax 1wiacta (Ot r, J0

10 m).

5. JleOuT CKBaKUHBI.
6. KoaddurnumeHnt npo1yKTHBHOCTH CKBaKHUHBI.

Paccuutate 3Hauenue aeburta mpu ki= 0.1 * k, (CHI>KEHHE NMPOHUITAEMOCTH
npu3aboitHON 30HKI), TpH k= k> (mpoHHILIaeMOCTh TPU3a00MHON 30HBI COBIAIAET C
MPOHUIIAEMOCTBI0  OCTAJIBHOTO  ILIAcTa), mpu  k;=10*k, (moBbieHue
MPOHUIIAEMOCTU MPU3a00NHON 30HBI), CPABHUTH MOJTYyUYCHHbIC 3HAUEHUS J1I€OUTOB B

a0COJIIOTHOM H IMPOOCHTHOM COOTHOIICHHWH.

[Toctpouts rpaduk H3MEHEHHS Je0UTa CKBAKHUHBI TMPU BO3PACTAHUHU

koa(durrenTa mpoHuIaeMocT B iepBoii 30ue oT 0.1* k, 1o 10 * ks.

Hcxonnbie maHHbIe 111 pacuéra:



k= 02| O
k, = 1.0 | 4
h= 10 | m
I CKB.= 10 | c™m
rl= 3|M
Rk = 10 | km
m= 0.2

u = 4 | cll

JlaBrieHre Ha KOHTYpE U Ha 3a00¢e

ckBakunbl, MIla (o Bapuantam)

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

Bapuant 10 = Bapuanr 5, Rk=8kxm

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



Bapuant 21 — 30 = Bapuant 1-10, npu k, = 1.2 /1.

In(R, /7, )
ksredn.: 1 1
—In(R,/r. )+ —In(R, /R,)
ky k,
p, + 1 p]:_Pcl - xlnl,rCSrSRl;
ol I s B WU B
k 1n. kR
p(r)=- R — p B 2-X 30HAJILHOM
P p};;—pcl r xIn=k R <r<R, ;
N e B N B
ke 1. kR
I1acTe;
Pr — Pe xl,rcSrSRl,
k{lmellanj '
dp (r) ky 1.k 1
T ~ . — I'PaJMEHT JAaBJICHUS
’ Pr — Pe x— R <r<R, ;
k, lln&+iln& 4
ke 1.k R
k
w=2x P _ CKOPOCTb (pUIIbTpanuu
u or

0= 27ticyh X Pr — Pe — NeOUT CKBAXKUHBI

H In & + ]LZ In &
R, ko7,
K= ¢ _ K02 (PHUIMEHT MPOTYKTUBHOCTH CKBAKUHBI

pk _pc

[Tpumepsl rpaduKoB 3aBUCUMOCTEN MpUBEIEHBI Ha pucyHKax 4.1 —4.5.



OaBneHue, MMa

F'papueHT paBnexnus, MMa/m
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3aBMCUMMOCTb AaBneHus oT pPacCTosAHNA OT LUeHTPa CKBaXWHbI
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PaccTtosiHue, M

Pucynok 4.1

3aBMCUMOCTb FpagveHTa AaBreHUs OT PacCTOAHUA OT LieHTPa CKBaXXUHbI

90

100

1 2 3 4 5 6 7 8

PaccTtosiHue, M

Pucynok 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 pUnbTpaLmum OT PpacCTOSAAHMA OT LIeHTPa CKBaXXUHbI

1 2 3 4 5 6 7 8 9 10
Pacctosinue, M

Pucynok 4.3

3aBucMMocCTb AedbuTta CKBaXXMHbI OT OTHOLLIEHUS K1 K K2

0.0008

S

0.00075

0.0007

0.00065

0.0006

0.00055

0.0005

Pucynok 4.4
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Pucynok 4.5 —Kapta uzo0ap.

IIpakTnueckoe 3ansaTue 4 Pacuét puiabTpanMoOHHBIX NOTOKOB NIPH

HeJIMHEHMHBIX 3aK0HAaX (l)l/IJIprallI/ll/l

[IpuBeném TeopeTHuecKre CBEICHUS O HEIMHEWHBIX 3aKoHaxX (QuibTpanuu. B
o0JlacTU HapylIeHUs BEpXHEW rpaHullbl 3akoHa Jlapcu QuibTpaius omuchiBaeTCs

ypaBHEHUEM:

d—pzzu+bu2, (1.1)
dr k

rne b= Br :
Jk

Hec:xumaemasi :KMIKOCTb B Hele(pOPpMUPYEMOM ILIACTE

BripazuM ckopocTh GuiabTpanuu A ciiydas IJIOCKOPaIUuagbHOTO TEYEHUS

qyepes JeOuT:

u=0/(2mh).

C yuerom storo (1.1) 3anumiercs B BUjE:



dr k2mh  (mh)

dp _n Q 0’

B sTOM BBIpakeHUU, pazaeiisisi MEPEeMEHHbIE U UHTETPUPYS] 1O Paguycy OT
rIOR, W MO aBJIEHUIO OT PO Pk, 4, BO BTOPOM CiIy4dae — M0 paauycy OT 7. JOR. u
M0 JAaBJICHUIO OT p. JO Px, NOIYYUM (QOpMYIy ISl pacrpejesieHus AaBICHUS B

I1acTe:

r R

K

p=p,——In—-—-——— (1.2)

On , R. 0% (1 1

Kpusas pacnpenenenus aasiaenus (1.2) — runepdosa 1 BOPOHKA AEIPECCUH —
runepOona BpamieHus. KpyTuzHa BOPOHKHM JENPECCUM y CTEHKU CKBaKUHBI OyneT

OO0JIBIIIe, YEM Y YHCTO JIOTapu(PMHUUECKON KPUBOM MPU TEUSHHUH 110 3aKoHy Jlapcu.

I[J'ISI BBIPAKCHHA I[C6HTa CKBA’XHUHBI 3aIIMIIICM:

On R, O (1 1
—pe=——n—"rE+ =" ———|. 1.3

c K

JleOUT HaxonuTCAd KakK MOJIOKHUTENIbHBIA KOPEHb KBAJpPATHOIO YpaBHEHUS

(1.3). U3 Hero BUAHO, YTO MHAMKATOPHAS JIMHUSA SABJISIETCS TapaboIIoi.

HNpeanbHblii ra3 B HegedopMuUpPyeMoOM ILJIacTe

BoIpazum cKOpoCTh Uyepe3 NPUBEIEHHBIN O0BEMHBIN pacXo/i:

G
u= F — pchcm — chml;lcm ) (1.4)
p pcmpp27ﬂ’h P

[ToncraBuB Boipaxenue (1.4) B (1.1), Haxoaum:

dp n Pem pcmpcmﬂ 2
e R 4 . 1.5
dr 1 khpl’ cm 472'2]12 \/%prz Qcm ( )

PaznenuB nepemenHbie, U, TPOUHTETPUPOBAB B MPEAETIAX OT pAOP: U OT FAOF .,

HUMECCM.:



Ly LenPenh oo [L_1) o

cm
rC

pzzpcz-'_MQcml 2.2
7 kh r. 2x2h\k
Pacnpenenenne naenenus no (1.6) oTimyaeTcss oT pacupenesneHus JaBiIeHUs
no 3akoHy Jlapcu HamMyueM MOCIEAHEro 4jieHa, 4To BeAeT K Oojiee pe3Komy
M3MEHEHUIO JaBJeHUS B TPU3a00iHOM 30HE.
Nurterpupys ypaBuenue(1.5) B mpenenax OT pJiop. U OT R, 107, ,TIOy4UM

BbIpakeHue (nmpu npenedpexxennu 1/R, mo cpaBHeHuto ¢ 1/r,) :

> 2. Mp R PemPemB 2
_pr =g ey Panlenk oo 17
P Pe 7w kh Qo r, 2x*h*rk Qo (1.7

ninu B O6Hl€HpI/IHSITOM BHUAC:

Koadduimentsl Au BornpenenstoT mo JaHHBIM HCCIIEIOBaHUSI CKBAKHUH TMPU
YCTaHOBUBIIUXCS PEKUMAX.
3akoH /lapcu cnipaBesiuB Mpu COOIOICHUHN YCIOBUM:
—IIOPUCTAs Cpelia MEJIKO3EPHUCTA U TOPOBBIE KAHAJIbI IOCTATOYHO Y3KH;
—CKOPOCTh (PHIIBTPAIIMU U TPATUECHT JTABJICHUS MAJIbI;
— U3MEHEHUE CKOPOCTU (PUIIBTPAIIUU U TPATUCHTA IaBICHUS MAJIbI.
[Ipu NoOBBIIEHNH CKOPOCTH ABUKEHUA KUJIKOCTH 3aKOH [lapcu Hapymaercs
W3-3a yBEJIMYCHUsS TIOTEPh JaBJCHHsS Ha d(PQEKThI, CBSI3aHHBIE C MHEPIHUOHHBIMH
cujgaMu: o00pa30BaHHME BHUXpPEH, 30H CpblBa MOTOKAa C TMOBEPXHOCTH YaCTHII,
TUAPABIMYECKUN yaap O 4acTULBI U T. . DTO TaK Ha3blBa€Masl BEPXHsSI rpaHULIA.
Kputepuem BepxHeil TrpaHUIbI CIPaBEIIMBOCTH 3akoHa Jlapcu OOBIYHO CIYKUT
corocTaBiieHue uncia PeitHonbacaRe = wap/n ¢ ero KpUTUYECKUM 3HAUCHUEM Reyy,
MIOCJIE KOTOPOT'O JJMHEWHAS CBSI3b MEXY NOTEPEN HAIlOpa U pacxoAOM HapyIIaeTcs.
B BeIpakenuu 115 yncia Re:w —xapakTepHasi CKOPOCTbh TEUCHUS: d — XAPAKTEPHBIN
T€OMETPUUECKUM pa3MepP MOPUCTOU CPEIBL; O — INIOTHOCTD KUIAKOCTU. ImeeTcs psij
MpeCTaBICHUN yncen PeliHobIca, NOyYEHHBIX Pa3jInyHbIMA aBTOPAMU IIPU TOM
WM WHOM OOOCHOBAHWHU XapaKTepHBIX mapamerpoB. Haubosee ymnorpebisieMbl B

MOA3EMHOM rujipoMexaHuke GopMyJIbL:



a) [llenkauéna:

10upk

’/’12,377

Re

Kputnueckoe uncino PeltnonsacaRe,,=1 — 12;

0) MUIMOHIITUKOBA:
Up P+ %1
Re=—""
n

Kputnueckoe uncio PeiinonbacaRe,,= 0,022 — 0,29.

CkopocTh (UIBTpalUU U, NpU KOTOpPOW Hapymaerca 3akoH J[apcw,
Ha3bIBACTCSl KPUTHUYECKOW CKOpOCThIO (uibTpauuu. Hapymenue ckopocTu
(GuIbTpalK HE 03HAYAET Mepexoa OT JJAMUHAPHOIO JBHXKEHHS K TYpOYJIEHTHOMY,
a BBI3BAHO TEM, 4YTO CWIbl HMHEPLUHUH, BO3HUKAIOIIUME B JKUJAKOCTH 3a CUET
M3BWIMCTOCTU KaHAJIOB M M3MEHEHHMs IUIOLIAIN CEUEHUS, CTAHOBATCS NPHU U > Uy,

COU3BMCPHUMEI C CUJIaMH TPCHUA.

I[Ipu 00paboOTKE HKCHEPUMEHTANbHBIX  JAHHBIX ISl ONpEIEIeHUs

KPUTHUYECKON CKOPOCTH TOJIb3YIOTCSl Oe3pa3MepHbIM napameTpom Jlapcu:

u
Da= Ap ; :kunAL ’
4 ”

MNpCaACTABJLIIOINUM OTHOIICHHUC CHJI BA3KOI'O TPCHHA K CHIIC HABJICHHA. B obmactu

nercTBus 3akoHa Jlapcu maHHBIM mapameTp paBeH | M yMEHbIIAeTCS IIPU

IMPCBLIMICHHUH YU CJIIOM Re KPUTHYCCKOI'O 3HAYCHMA.

3akoH Jlapcm MOXET HapylmarbCd W MPU OYEHb MaJbIX CKOPOCTSX
buabTpalu B TpoOIlecCe Hayajga JBIDKCHHUS JKHUJIKOCTH H3-3a IPOSBIICHHUS
HEHBIOTOHOBCKHUX PEOJOTMYECKUX CBOMCTB JKUIAKOCTHU U €€ B3aUMOICUCTBHUSA C

TBEPJIBIM CKEJIETOM MOPUCTOM CPEbl. ITO HIKHSS TPaHULIA.



JlanHOe siBJIeHHE OOBACHAETCSA TEM, UYTO MPHU MAJIBIX CKOPOCTSAX CTAHOBHUTCS
CYIIECTBEHHBIM CHJIOBOE€ B3aWMMOJEWCTBHE MEXIYy TBEPAbIM CKEIECTOM W
KHUJKOCTBIO 3a cueT oOpa3oBaHMsI AHOMAJIbHBIX, HEHBIOTOHOBCKMX CHCTEM.
Hanpumep, ycToitunBble KOJJIOWTHBIE PACTBOPHI B BUJAE CTYAHEOOPA3HBIX IMIEHOK,
IIEPEKPBIBAIOT TOPbl M Pa3pylIarocs IPU HEKOTOPOM TPATUEHTE ABJICHUA T,
HAa3pIBAEMOI'0 HAYaJbHBIM M 3aBUCAIIMM OT JOJIA TJIMHHCTOIO MATEepHaIa M
BEJIMYMHBI OCTATOYHOW BOJOHACHIIEHHOCTH. VMeeTcs MHOro peosOrMYeCcKUxX
MOJIeJIE HEHBIOTOHOBCKMX JKUIKOCTEH, HanOoiee NpOCTOW W3 HHUX SBIAETCA

MOJCJIb C MPCACIbHBIM I'PaITUCHTOM:

—d—p—nu+f,, u>0,
dl

—d—p_rH, u=20
dl

3akonbl puiabTpauuu npu Re>Rey,

OT COOTBETCTBHS UCIOJIB3YEMOT0 3aKOHA (PUIIBTPAIIMN U3Yy4AEMOMY TEUECHHUIO
3aBUCUT JIOCTOBEPHOCTh JAaHHBIX UCCJICAOBAaHUS CKBAXHUH M  ONPEICIICHUE
napamMeTpoB IJiacta. B cBs3u ¢ 3TUM B 0O0JIACTH HApYIICHHs JEUCTBHUS 3aKOHA
Japcu HeoOXo 1Mo BBeJIcHHE Oosiee OONTHX, HETMHEHHBIX 3aKOHOB (DUITbTPAIIUH.

Haubonbiiee ynorpebiieHHe HaUUIM JBYXWICHHbIC 3aBHCUMOCTH, IAIOIIHE
TUIABHBIN MIEPEXO0/1 OT 3aKOHA Jlapcu K KBapaTUIHOMY:

_dp _ Au+ Bu’.
dl (1.9)
Kosdpdumumentst 4 u B omnpegensitorcss auO0 IKCIEPUMEHTAIBHO, OO

TeopeTuyecku. B mocneanem ciyuae:

a="1, p=p,
k Jk (1.10)

rne [ — CTIpYKTypHbId KOA(DPUIMEHT, OH N0 MNpeAIoKeHUI0 MUHCKOro
OIIpENEIACTCS TaK:
12-107d?

F= mk



3ao0aua 1

Onpenenuth 3HaYeHWE Yucia PelHONbACAa Y CTCHKH THAPOIMHAMHYCCKU
HECOBEPIICHHON M0 XapaKTepy BCKPBITUS HE(PTSHONW CKBAXKMHBI, €CIH H3BECTHO,
4TO OJKCIUTyaTallMOHHAs KOJIOHHa MepdopupoBaHa, Ha KaXKIOM METpe JUTUHBI
KOJIOHHBI ITpocTpeneHo 10 orBepctuii qauamerpoM d = 10 MM, MOIIHOCTS IJ1acTa /i =
15 M, mponumnaemocth 1wacra k= 1JI, mopucrocts ero m = 18%, xkoaddurmeHT
BsskocTH Heptn u = 4 wmlla*c, mmotHOCTE HedTH p = = 870 kr/M> M medur
CKBaKUHEI cocTaBiser 140 m’/cyr.

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

MUJIITHOHIITMKOBA).

3aoaua 2

Onpenenuts paauyc NpU3a0ONMHON 30HBI 7y, B KOTOPOM HapylIEH 3aKOH
Hapcu, pu yCTaHOBUBIICHCS TUIOCKOpPAIUalibHONW (PUIBTpAIlMU HEaIbHOTO Ta3a,
€CJIM U3BECTHO, YTO MPUBEAEHHBIA K aTMOC(EPHOMY JABICHUIO JCOUT CKBAKUHBI
Qur = 2*10° M¥/cyT, MommEOCTE TIacta 4 = 10 M, K03()PHUIUEHAT TPOHUIAEMOCTH Kk =
0,6 I, xoaddurment nopuctoctu 1miacta m= 19%, nuHamudeckuii KodphuueHT
BA3KOCTU I'a3a B IUIACTOBLIX yCIoBusx u =1,4* 10 kr/mM*c, IJIOTHOCTH rasa Ipu
aTMoCc()EpPHOM JaBJICHUH U IIACTOBON TEMIIEPATYPE Par = 0,7 Kr/M°.

VYkazanue. B pemennn ucmoib30BaTh yrcio PeiHombaca mo gpopmyne M. 1.
MunnnoHmukoBa u 3a Re,B34Th HIKHee 3HaueHne Reg, = 0,022.

Otser: 1 = 7,9M.

3ao0aua 3

Omnpenenuts no popmyne lllenkadyea, npoucxoauT au GUIBTPALMS B IJIACTE
10 3aKOHy J[apcH, €CM U3BECTHO, UTO AeOUT HeTsHOM ckBaxuHbl Q = 200 M>/cyT,
MOIITHOCTh TuIacTtah= 5 M, kodduuueHt nopucrocty m = 16%, koddduimeHt

nponnnaemocty k = 0,2 JI, minorHocts HeptH p = 0,8 r/cM’, IUHAMMYECKHI



kodhdumment Bs3kocth ee u = 5 wmlla*c. CkBaxxuHa THUAPOIUHAMUYECKH
COBEpIIIeHHA, paauyc ee 1. = 0,1 m.

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



IIpakTnyeckoe 3audaTHE S YcTaHOBUBLIAsACH (UIbTPALMs peaibHOIO raza

HpI/I OO0IBIINX HaBJICHUAX YPABHCHHUC COCTOAHUA PCAJIBHOI'O Ira3da OTJINYACTCA

oT ypaBHeHus1 Kianelipona u uMeeT BU/I:

B - 2 RT
p , 3.1)
rae: = z(p, T,) — KOIDOHUIMEHT CBEPXCKUMACMOCTH Tra3a, YYUTHIBAIOIIHI

OTKJIOHCHHC pPCaJIbHOI0 rasza OT HWACAIbHOIO H SaBI/ICSIIHI/Iﬁ OT IIPUBCACHHBIX

JABJICHHS U TEMIIEPATYPbI

_ _P
pf pcp,xp !
T
Cp.Kp

u ompexaenseMbli no rpaguky (puc. 3.1). 3n1ech pepp U Tepipy — COOTBETCTBEHHO
CPEIHEKPUTUUECKOE JaBJICHUE U CpEAHEKpUTHUUECKas Temrmeparypa. Tak Kak
MIPUPOHBIN T'a3 COCTOUT U3 PA3IUYHBIX KOMIIOHEHTOB (METaH, 3TaH, IPOMaH u Jp.),

TO MPEABAPUTENBHO HY’KHO BBIYUCIUTD 3HAYECHUSAD . p U T cpp.1p IO POPMYIIAM

S Do
Pep.xp —#‘-‘”—

i

Zn,-

' TCp.Kp =

r7e nj — COJAEp)KaHUe j-T0 KOMIOHEHTa B rasze, 00. %; p.,; U Ti,KpUTHUYECKOE
JIaBJICHUE U TEMIIEPaTypaj-T0 KOMIIOHEHTa COOTBETCTBEHHO.

Junamudeckuii Kod()PUIMEHT BS3KOCTH MPUPOJHOTO (pealbHOTO) Ta3a
3aBUCHUT OT JABJICHHS W TeMIiiepaTypbl. CuuTas mporecc u30TePMUICCKUM, HYKHO
YYUTHIBATh 3aBUCUMOCTH W(p). Ha ocHOBaHWYU SKCIIEpUMEHTANLHBIX UCCIIEIOBAHUIMI
MOCTPOCHBI IpaduKu, MO KOTOPHIM C TOYHOCTHIO 70 6% MOKHO HaWTH 3HAUYCHUS
JTUHAMUAYECKOTO Kod(h(HIMeHTa BSI3KOCTH MPUPOTHOTO Ta3a TMpU Pa3THMIHBIX
JABIICHUSX W TEeMIepaTypax B 3aBUCHMOCTH OT OTHOCHTEIILHOW IUIOTHOCTH TIO

BO3YXYy (puc.3.2).



JlnsgonpeneneHus MaccoBOro Je0uTa peanpHOro ra3a WM 3aKOHA
pacmpezieNieHusl JaBJICHUS HY)XKHO 3amucarh 3akoH Jlapcu as GECKOHEUHO Malioro
aJIeMEHTa IlacTa MW, YYMThIBas 3aBUCHUMOCTh W(p) u  dopmymny (3.1),
MIPOUHTETPUPOBATH €0 rpadoaHATUTHYECCKUM MeTonoM. Ecnu naBneHue B miacte
MEHSIETCS B HEOOJBIIOM HHTEPBaje, TO MOXHO allpPOKCHMHPOBATh 3aBUCUMOCTD
p/u(p)z(p) TIPOCTON anreOpamueckod (QyHKIHMEW, B3ATh WHTETPAJ aHATUTHUYECKUA H

MMOJYUYUTh AHAJIMUTUYCCKOC BBIPAKCHUC JIA I{G6I/ITa N 3aKOHa pacrpcaciCHusd

JaBJICHHAS.
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Pucynok 3.2

3adaua

OnpenenuTh MPOHUIIAEMOCTh TECKa, ecliu depe3 TpyOy auamerpomd = 200
MM H JJTAHOM /=12 M, 3alIOJHCHHYIO 3THUM MTECKOM, IPOIYCKAJICS BO3IyX BA3KOCTHIO
0,018 mlla*c mpu mnepemame naenenus, pasHom 4,41*10% Ila (0,45 krc/cm?);
M30BITOYHBIC NaBICHUS B Hayajle M B KOHIE TPyObl cocTaBisior p; = 0,98%10° I1a
(1 krc/em?), po = 0,539*10° ITa (0,55 xrc/cm?). Cpenauii pacxon BO3AyXa, ITPUBE-
JEHHBIA K atMoc(epHOMy AaBlIeHHIO, paBeH 250 cm’/c. ATMocdepHOe maBlIcHHE
IPUHATH PABHBIM Par = 0,98*10° I1a, Temnepatypy ¢ = 20°C.

OtBet: k=21,5 /1.



IIpakTHyeckoe 3ansitue 6 OnpenesieHue OCHOBHBIX XapaKTePUCTUK

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

ILiockopaanaabHas GUIbTPALMA HECKUMAEMOU KUIKOCTH K CKBAKHHE

Bpewmst qBMKEeHMS 4aCTUIBI )KUAKOCTH OT TOUYKH TuiacTa (ToiaumHoi 10m) Ha
PACCTOSIHHMY I' 10 CKBAXKUHBL, uMeromen  neout O = 300Mm*/cyt, paBHO BpeMeHH
otOopa KUAKOCTH U3 IUIacTa PaIuNycoM 7.

o Tnop _ mrh 2 0,2-3,14-10 -1500% = 47100cyT = 130 JeT
Q Q 300
r, M t, Jer
1500 130
150 1.3
15 0.013
1.5 0.05

CKOpOCTB ABMOXKCHHS 4aCTHULBI 2 KUJIKOCTH OT TOYKH IIJIaCTa (HOpI/ICTOCTLI-O 0,2) Ha
pacCTOSIHNN rOT CKBAKHHBI

300 1 239
1256 r 1’

U= = mF - 022314-10

vV ooQ 300 1
r

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

r, M U, M/cyT
1500 1,59*102
150

15

0,15

JlaBnenue P (Ha pacCTOSHHUU 7 OT CKBaXHHBI) B IJIaCTE MPHU MIIOCKOPAIUaTbHON
(GUIBTpALIMK OMUCHIBAETCS BHIPAKEHUEM

rae P u P, — naBjeHUs Ha KOHTYpE MUTAHUS U HA CTEHKE CKBAKUHBI
COOTBETCTBEHHO Ha PACCTOSHUSX VM 7,




In—
Orcroma, P=P. + (P, — P.) - l—:f{ , U3BECTHO, 4TO Inx=2,31gx
n—

IIpu P=10MlIIa, P.=6MlIIa, r.=0,1 M, r,=100M.mosry4gaem,

P=6+(10-6)lg(1/0.1)/1g(100/0.1)=6+4*1g(r/0.1)/3

r,M P, MIIa
100 10

10 4,67

1

0,1

IlnockopamnaibHass (UIbBTPANUA KUAKOCTH B HEOJTHOPOJHOM
IUIOIIA/IH TJIACTe.

[13I1 — mpu3aboiinas 30Ha IIacTa;

kcp — CpCaAHAAg MPOHUIACMOCTD HCOOJHOPOAHOI'O IJIaCTa.

n=150m
Tn—=1,9M
1=0,15 ™M
B 2rth(P, — P.) _ kcp
U n:—':
_ 2mh(P, — F) 1
¢ 7 .%-ln;':n+k:3n-ln%

A. Tlpu 3acopenuu (konsmatanuu) [1311 (mpu Oypenun, peMOHTHBIX paboTax)

Kpsn=1/2kksn<k (cumtas, uto 1311 onHOpoaHAs IO MPOHUIIAEMOCTH, KOTOpasi B 2

pa3a MCHBIIC, YEM IICPpBOHAYAIbHAA IIPOHUITAEMOCTDb HJ'IaCTa)

lglso

_ o1s _ 3k _ 3

HpI/I 3TOM kcp I E_I_ 1 . 241 - Zk
k9 1,5 ' 0,5k g 0,15 0,5

kepa=0,75k (25%)

o



b. [1pu 60abmom BerHOCE mecka u3 1311 kysp>k, kusn=2k
[Tyctb yBenuueHue Ky, «Toxke» B 2 pasa
keps=3k/(2+1/2)=(3/2,5) *k=1,2 (20%)

u3 cpaBHEeHUsAK AU Kepp ClleyeT, uto ymeHnblienue nponunaemoctu 1311 cunphee
BIMsET Ha K¢p (a 3HaUMT 1 Ha 1e0ut Q), ueM yBenuyeHue (B 2 pa3a Wi B npas).



IIpakTuyeckoe 3anaTue 7 IlnockopagnanbHas pUIbTpalusa ra3a B NIOpOBOM
miacre
PuiabTpanys UAEaTbHOIO ras3a.

Bbruncaum BeJIMYUHY Ae0UTAa ra30BoOM CKBAKHHBI (IIpU aTMOC(EpHBIX
YCJIOBHSAX)

_ mkh(Px® — Pc?) 3,14%0,01% 107" » 12(5% — 3?)107"?

™ wPatm23lgT  3,14%10731,03 % 1052,3lg 22

0.15
(25~ 9)23 400 * 1075 M 400 M3

T ———— k —

93105 c Me/cyT

Pacnpenenenue naBieHus B MpU MIIOCKOpaauaaibHON (QUIBTpALMK Ta3a
OMUCHIBAETCS BHIPAKEHUEM

P2-pc? lg—
or7_pez — 7o7<» OTCIO/A NOIY4aeM JUIsl TOYKH IIaCTa Ha PACCTOSAHUU r=15m
—_— g_

OT CKBaXHMHBbI

P2.:=P2+(P%-P2,) (Ig(r/r. )/1g(ri/rc))=30%at™ + (50% aTm-
302atm)*(Ig(15/0.15)/1g(1500/0.15))=900+400*3/4=2100 atv?, P=2100"2=45 9arm

B HedTsnoi xe 3anmexu umeeMPy =P +(P-P.)*3/4=30+(50-30)3/4=45atm

T.e. npu ¢punbTpauuu, korga pasueie Py, P, 1y, 7. Ha paCCTOSHHUU FJABJICHUE
B Ta30HACBHIIICHHOM IUIACTE HECKOJIBKO BBIIIE, YE€M JaBJICHUE B IUIACTE
HACBIIIIEHHOM HE(PTBIO.

JleOuT ckBaXkuHbI OTOMparomien peanbHbIi ra3Qpear =Qurear/Z;

[Tpu 3anexax Ha rinyOuHax 110 4 kM, AaBieHue P u aOCoII0THAs TeMIeparypa
T TakoBBI, YTO KOA(PPUIUEHT CBEPXCIKUMAEMOCTH ra3a z<l nodatoMy U Qpean >Quear



IIpakTnuyeckoe 3anatTue SIliockas paauajabHasiHeIMHeHHas

GUILTPANMSIKUIKOCTH

3amaya. CKBaXHMHY HCCIEOBAIA IO METOJY YCTAHOBUBIIUXCS OTOOpPOB,
U3MEHSs JUaMeTp IITylepa | 3aMepss 3a00iHOe JaBjieHUE TIIyOMHHBIM
PETUCTPUPYIOIIMM MaHOMETPOM. Pe3ysibTaThl 3aMepOB MPUBEICHBI B TaOJIUIIE.

Ap. xrcjem? Q. 108 m3fe Q, m2/eyT 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 38,7 0,109

Onpenenuts KOdPGUIMEHT MPOHUIIAEMOCTH IIJIACTa, €CIM MOIIHOCTh IUIacTa
h=12 M, nuameTp CKBaxuHbl d. =24,7cM, TOJOBUHA PACCTOSHUS JIO COCEIHUX
ckBaxuH o= R, = 300 M, quHaMHYECKUNH KOA(DPHUIIMEHT BS3KOCTU JKHJIKOCTH U =

4 cIl.

Pemenue. 13 1anHbIX MCCIENOBaHUS BUIHO, YTO 3aBUCUMOCTb Mexay Qu Ap
HEeJMHEHHas, T. €. UHIUKATOpHas JUHUS He Oyner mpsimoit (puc. 41). Mcnonbs3ys
IBYWICHHYI0 (GOpMyIy Ap = AQ + BO’ M TIpUBEICHHBIC JaHHBIC, MMOCTPOUM Trpaduk
3aBUCUMOCTH Ap/Q ot Q(puc 42). U3 rpaduka mno Touke nepeceyeHus: NpsiMoi
Ap/Q=A+BQc oceio Ap/Q(ockio opauHar) Haigem 3Hauenue A = 0 04 (krc/cm?)
c/cM?, a 1o TaHreHCy yria HAakJIOHA IpsAMoil k ocu abcuucce (Q)— B =0,00015
(krc/em?) c?/em®.

Ap. Krcfem? Q. 1078 ma/e Q, mM3/cyT Ap/Q, (krc/em?)-c/cn3s
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



Ap (kze/cm?) €

1 3
p 17 20 ' 30 g Moy, 0 ,az M
\ g10
20 R e
408
/ //
4y — 506
{
ol 904 200 q culc
Ap r2cfeu®
Puc. 41 PHC. 42

KoadduimeHT npoHUIIaeMOCTH HaijaeM IO TOJYYEHHOMY 3HAauCHHI0 A U3

bopmyIbl
PR .Y
2rkh| 1

c

HaiaeM Ko3((GUIIMEHT MPOHUIIAEMOCTH.

k= |nfeicic |- 4 In
2Ah| r 2:3,14-0,04-1200

c

30000
12,35

j:o,uz

1 Tapeu = 1 mxm? (Mukpometp B kBagpare)= 1 10712 m?

3amaua 2 OnpenenuTs K03 GUIUEHT MTPOHUIIAEMOCTH TIIacTa kK Ha OCHOBe
UCCIIeIOBAaHUIM HEPTSIHOM CKBAKUHBI:

u=3clI3, h=8m, r.=5cM, 1,=200M.

O, m*/cym P.—P., amm 0, 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 Tabauikl BUAHO, 4TO 00pa3oM oTHoleHue mexay Pk-Pc u Q He nuHelHoe,
3HAYUT U QUIBTpAIMs HEJIMHEITHAS.




[TocTpouM rpaduk , COOTBETCTBYIOIINN 3aBUCUMOCTH
Pk — Pc

= A1 +B1%Q
Q

[Ipo10KUTE perieHue



IIpakTunyeckoe 3ansiTue 9OnpenesieHne NapaMeTpoB ra3oBoro miacTa npu

YCTAaHOBUBIIIMNXCH pEKUMaX HeJIMHEMHOH (l)I/IJILTpa]_[I/II/I

YpaBHeHHE HHIUKATOPHOU JIMHUM MPU HEIMHEHHON (QUIbTpalUK IBYUYJIICHHOE:
P;—P:=A-Q+B-Q° (1),
rae P., P« — naBienue miactoBoe 1 3a00MHOE COOTBETCTBEHHO;
A, B — ko3¢ durueHTsI;
Q — nebut raza B CTaHJIAPTHBIX YCIOBHUSX.

VYpaBuenue (1) sBisieTca ypaBHEHUEM KpUBOW JTMHUM. Paznenus ypaBHeHHe Ha Q,

MOJIyYHM YpaBHEHHUE NIPSIMOM JTMHUHU, KOTOPOE yA00HEee 00pabaThIBATh:
2
AP

o —ATE-Q)

rae AP? = p2 — p?

Ha razoBoii ckBaxnHe Ne63 npoBeAeHbI NCCIICI0BaHUS HA YCTAHOBUBIIMXCS
peXUMax IpY IIACTOBOM JaBjieHuu P,=73,71 atm, P2 = 5433,2 arm?. Pe3ynbTarsl

UCCIIEIOBAaHUM W HEOOXOJMMBIX BBIYMCIICHUN MPUBEACHBI B TAOJIUIIC

Tabnuia
Ne | P, |Q,m/cyr P2 | AP% atm® | APYQ, Q?, (M*/cyT)?
n/ |arm arm> atm/(M>/cyT)
n
I |73 257-10° 5329 1042 0,405-1073 6,6-10'°
2 73,1 |219-10° 5346, | 86,7 0,396-10° 4,8-10'°
2 5
3 1732 [185-10° 5365, | 67,6 0,365-107 3,42-10%
5 6
4 734 |133-10° 5389 (44,2 0,331-10° 1,78-101°
1
>Q=794-10° YAP?=302, | SAP*/Q=1,497-1 | X
5 03 Q2=16,62-10
10
(2QY=63.13-10
10




apd
CrtpouM rpaduk 3aBUCUMOCTH o f(Q) . Ha HeM B cOOTBETCTBUU C JaHHBIMU

uccienoBanuii 6yayt 4 Touku. [IpoBenem yepes Hux npsmyro. Ha BepTukaipHOM
OCH, OHa OTceKaeT 3HadeHue Kodpduumenta A =0,32*103arm/(m>/cyT).

0,45

0,4 I S
@pP?/qQ,
2103 0,35 _% B

0,3

0,25

0,2

0,15

0,1

0,05

133 185 219 257
Q, @103

Ho Tounee 3Ta npsiMasi IpOBOAMUTCS, €CIIU UCIOJIb30BaTh CTATUCTUYECKHUN METO/I
HAaMMEHBIIMX KBaJIpaToB. B cooTBeTcTBUM ¢ HUM KO3 duineHT A u3 hopmyssl (2)
BBIPA3UTCS TaK:

(225) 20 -z - (2aP?)
n (20 - 20"

rac n — KOJIM4CCTBO I/ICCJIeIIOBaHI/Iﬁ

A=

[Toncrapiisisi B 3TO BhIpAXKEHUE 3HAUCHUS BEJTMYMH U3 TaOJIUIIbI, HAlIeM
YUCJIEHHOE 3HaUYeHue Kodhuirenta

1,497-107%.16,62-10'" —794.10%'%.302,5 _ aTM
A= =0,25-10 =
4-16,62-101°— 63,13 - 1010

3

Ma®-
=21,66-10"" ——
M
B cooTBeTcTBMM METOIOM HaMMEHBIIUX KBaIpaToB K03 duuneHt B popmynsl (2)
ONPENEITUTCS TaK :

_n- (P - (500 (=25

n - (XQ%) - (2Q)?

B



UToOBI HAUTH MPOHUIIAEMOCTH TIJIACTa BOCIIOIB3YEMCSI M3BECTHBIM BBIPAKECHUEM:
purl nll-z-Fa.. )
A=—=
wh KT, 3)

N3 dopmysl (3) BeIpa3uM IPOHHUIIAEMOCTS I1J1acTa

!.L-lnﬂ-z-PaT-Tm
K= e

w-h-A-T,
[Ipu n3BecTHBIX BenuuuHax Bs3kocTH raza u=0,014 mlla-c, koapdunmenra
cBepxCKkMMaeMocTH rasa Z=0,9, armocdepubix nasnenus P,,=10° Ia u
temneparypsl Ty= 293 K, norapu¢ma oTHOIIEHNS pasnyca KOHTypa IUTaHUs U
Pl
paanyca CKBaKUHBI lnt_—k = 6,83, temneparypsl iacta Ty,=347 K, ToAMHBI
C

m1acta h=13 M BBIYHCIINM 3HAYCHUE IMPOHULACMOCTD ILJIaCTa

0,014-107°-6,83-0,9-10°- 347 42 2
K= =1,15-107"m*=1,151
3,14-13-21,66-10'°-293

3ameuanue. B mpakTuke BaXXHOE€ 3HAYEHUE HMMEET Cilydaid IPUTOKA K
CKBOXMHE MPHU HAIMYUU BOKPYT 320051 KOJBLIEBOM 30HBI C MPOHULIAEMOCTHIO,
OTJIMYHOM OT MPOHULIAEMOCTH IJ1acTa (TOpHeAUpOBaHUE WU KUCTOTHAs 00paboTKa,
YCTaHOBKA TPaBUMHOrO (puiibTpa, TIMHU3ANUS WU mapauHU3anuAnpru3aboiHOM
30HBI U T.1.).

PacyeTrsl 1O  BAMAHMIO  pa3IMuMs  [POHULAEMOCTEH  KOJIbLIEBOM
MpU3a00MHONM 30HBI M OCTAJIbHOM YACTH TUIACTa Ha MPOJYKTUBHOCTH CKBAKUHBI
ITOKA3bIBAOT:

1) Ha HepomycTUMOCTh TIpOTHO3a Ha OyAyliui MeOUT, UCXOJIS TOJIBKO U3
JAHHBIX O MPOHUIAEMOCTH NPHU3a00MHOM 30HBI IUIACTa,(CEyeT HCHOJb30BaTh
KBa3UOJHOPOJHOE MPUOIUKEHUE).

2) YXyniieHne TPOHUIIAeMOCTH TpU3a00MHON 30HBI CUJIBHEE BIMSICT Ha
NeOUT, YeM yBEeIMYeHUE NMPOHUIIAEMOCTH B 3TOM 30He. Eciu npou3oiaér 3ameTHoe
YXYAIICHUE MPOHUIIAEMOCTH TaKe B HEOOJIBIION 00JIaCTH TUTACTa, MPUMBIKAIOIIEH K

CKBa)XHWHEC, TO )IC6I/IT CKBAXXMHbI PE3KO CHU3HUTCA.



3) B cmywae ¢unbrpanmu no 3akoHy Jlapcu yBenmuuBaTh MPOHHUIIAEMOCTH
npuzaboiiHol 30HBI Oonee uem B 20 pa3 HE HMMEET CMbICNA, T.K. JalbHEHIIEe
yBEIUYEHUE MMPOHUIIAEMOCTH MTPAKTUYECKH HE BEAET K pOCTy IeduTa.

4) Hapymenue 3aKoHa Jlapcu yCWJIMBAeT IIOJIOKUTEIIBHOE BIIMSIHUE
YBEITMYEHHOW MPOHHUIIAEMOCTH NPU3a00WHOW 30HBI HA TMPOU3BOJUTEIHHOCTH

CKBa’XUHBI.



IIpakTnyeckoe 3ansitue 10 OnpeneneHne 0OCHOBHBIX XapAKTEPUCTHK
(puiabTpanMu K ruAPOAMHAMUYECKH HECOBEPIIEHHON CKBaKMHE

CkBaxMHa HA3bIBA€TCs TUAPOJWHAMUYECKH COBEPUICHHOM, €ClId OHa
BCKpPBIBAET IJIACT HA BCIO MOIIHOCTh M 3200 CKBaXKUHBI OTKPBITHIM, T. €. BCA
BCKpBITasi MOBEPXHOCTh 3a00s1 SBISETCA (DUIBTPYIOIMIEH MOBEpXHOCTHIO. [loTOK
KHUIKOCTH K COBEPIICHHOW CKBAKWHE — TUIOCKHHM (DUIBTPAIMOHHBIN TOTOK. Eciam
CKBOKHMHA C OTKPBITBIM 3a00€M BCKPBIBACT IUIACT HE HA BCIO MOIHOCTH, & TOJIBKO
Ha HEKOTOPYIO BEIMYMHY b, WJIM €ClM CKBa)XMHA COOOIIAETCs C IJIaCTOM Yepes3
OTIIEJIbHBIE  OTBEpPCTHS, TO  (QUIbTpalMs JKUJIKOCTH WM raza Oyner
NPOCTPAHCTBEHHOM  (TpEXMEpHOi), a CKBAXMHA —  THUJIPOJUHAMHYECKH
HECOBEPLICHHOM.

Paznnuaror TPpHU BHAda HCCOBCPIICHCTBA CKBAKHH:

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

2) CKBakKMHA THAPOJMHAMHYECKU HECOBEPIICHHAS IO XapaKTepPy BCKPBITHS
IJIacTa — CKBA)XXWHA, BCKPBIBAIOMIAS INIACT OT KPOBJM JO TMOJOMIBBI, HO
coOOIIaroIIascs C IJIACTOM 4epe3 OTBEpPCTUS B KOJOHHE TPyO, B IIEMEHTHOM
KOJIbIIC WJIK B CTICIIUATLHOM (PHITBTPE;

3) CKBa)XHMHA TUJIPOJIMHAMUYECKH HECOBEPIIICHHAS KAK 10 CTETICHH BCKPBITHS
11acTa, Tak v 1Mo XapaKTepy BCKPHITHS.

JlebuT CKBaXKMHBI TUIPOJMHAMUYECKH HECOBEPIICHHOW KakK IO CTENeHU
BCKPBITHS TIJIACTA, TaK U 10 XapaKTepy BCKPBITUS PACCUNUTHIBACTCS MO (opMyIIe:

_27[th pk_pc
H (1n&+c1 +C,)

c

Q (D

rnie C; — O0e3pa3MmepHas BEIUYHMHA, OIPEACISIONas JIOMOTHUTEIBHOE
(GUIBTPAIIMOHHOE COMPOTUBIICHHUE, OO0YCIOBICHHOE HECOBEPIICHCTBOM CKBA)KHHBI
M0 CTEMEeHW BCKphITHs Tuiacta; C> — Oe3pa3MepHasi BETUYHHA, OIMPEACIISIONIast
JOTIOJTHUTENBHOE (QUIBTPAIIMOHHOE CONTPOTUBIICHNE, BBI3BAHHOE HECOBEPIIICHCTBOM
CKB)KHHBI TTOXapaKTePy BCKPBITHS ILJIACTA.

C; u C, maxonsarcs u3 rpaduxos B. WM. IllypoBa, TOCTpOCHHBIX O JaHHBIM
UCCIICIOBAaHUSI MPUTOKA O KUJAKOCTH K CKBOXMHAM C  JIBOMHBIM  BHJOM
HECOBEPIICHCTBA Ha AJIEKTPOJIUTHIECKUX MOJEIISIX.



Benmnuuna CjnpencraBieHa Ha puc. | B 3aBUCMMOCTH OT MAPaMETPOB a =
h/Dc v h=b/h.

Ha puc. 2, 3, 4 nana 3aBucumoctsh C, OT Tpex mapametrpoB: nD., [ =17/D. n
o = dO/DCJ

rae n — 4ucio neppopaluMoHHBIX oTBepcTHl Ha 1 M; D, — nauamerp
CKBaKUHBI B M; /' — riiyOMHA MPOHUKHOBEHUS MyJb B MOPOAY B M; dy — JAHAMETP
OTBEPCTUH B M.

CooTBeTcTBHE MEXIy KPUBBIMU M 3HAUCHUSIMU MapameTpa o =dy/D. BUIHO
U3 CIEAYIOINX JAHHBIX:

Homepkpuson 1 2 3 4 5 6 7

o 0,03 0,04 0,05 0,06 0,07 0,08 0,09

®opmyny (1) MOXHO 3amucaTh WHAYe, BBEIsS B Hee MPUBEIAEHHBIN paanyc
CKBQ)KUHBI

' = (€ +Cy)
r=r, e :

T. €. panyC TaKOW COBEPIIEHHOW CKBaXKMHBI, 1I€OUT KOTOPOM paBeH AEOUTY
HECOBEPUICHHOW CKBAXWHBbI:

Q — 27ikh % Pr — Pe
H In Ry
rC
3anaua. Onpenenutsb KO3 pUITHEHTHI TUAPOJUHAMUYECKOTO

HecoBepiueHcTBa ckBakuHbl C; u Cxmo rpadukam IllypoBa), paccuurtarh
NPUBEACHHBIM paauyC CKBaXUHBI M JEOUT CKBaKHUHBI. VICXOIHBIE JaHHBIE:
NaBlicHHWe Ha KOoHType nutanus Pr= 9.80 MIla, naBieHue Ha 3a00€ CKBa>KUHBI
P.=7.84MIla, xoaddunuent nponuraemoctu k =0.5 J[,MourHOCTH mmacrta A,
JMaMeTp CKBaKUHBI D, paanyc KoHTypa nutanus Ry = 10km, BCKpbITHE TU1acTa b =
6M, 4YUCIO TPOCTpenoB Ha | M BCKPHITOM MOIIHOCTH IUlacTa n, IJIyOMHA
NPOHUKHOBEHUS MyJb B mopoxy /', nuamerp oTBepctus dp.OcTanbHbIE HUCXOIHBIC
JIaHHBIE VISl pacyeTa B TaOJIHIax.




BapuanT 01- 10 n= 5 oTB./M ['= 2 cm
BapuanTt 11- 20 n= 10 oTB./M ['= 2 cm
BapuanT 21- 30 n= 15 otB./M ['= 5 oM
BapuanTt 31- 40 n= 20 otB./M ['= 10 cMm
d(), M
h, M
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IIpakTnyeckoe 3ansitue 11Heanneiinasi uiabTpanusi K HecOBepIICHHHOM
CKBa’KUHe

3ajaya 0 HEJIUMHEHHOW (UIBTPALIMK K HECOBEPIICHHOM CKBAXKUHE (110 JaHHBIM

TaOJIUIIbI).
Ap, xrcfem? Q. 1078 ma/c Q, M3/cyT Ap/Q, (xrc/om?).c/om¥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

Onpenenuts KO3Q(HUIUEHT MPOHULIAEMOCTH, €CJIM MOIIHOCTh macta A=12 M,
BCKpBITHE TUIacTa b = 7 M, JUaMeTp CKBAXUHBI d, =24,7CM, YHACIO MPOCTPEIOB Ha
OJIMH METpP BCKPBITOM MOIIHOCTH Tu1acTta n = §, TIyOMHA MPOHUKHOBEHUS ITyJb B
nopony /' = 0 aumamerp myJjeBoro kanaiga d=I,1 cm, mojoBUHA pacCTOSIHUS 10
cocemHUx CKBaXHH o= R, = 300 M, auHaMuUyecKuil KOIPPUIMEHT BI3KOCTU

)kuakoctu u = 4 cIl.

Pemenne. I3 naHHBIX UCCIIEIOBAHUS BUHO, YTO 3aBUCHUMOCTb Mexay Qu Ap
HeJIMHelHAasi, T. €. HHAMKATOPHAsl JUHMS He Oyaer mnpsimoid (puc. 41).
Wcnone3yst aBywieHHYIO GopMmyny Ap=AQ+BQ’> W TPUBCACHHBIC JaHHBIC,
noctpouM rpaduk 3aBUCUMOCTH Ap/Q oT Q(puc 42). U3 rpaduka mo TOUKe
nepeceyeHuss OpsMor Ap/Q=A+BQ ¢ ocbto Ap/Q (OCbHO OpJMHAT) HailAeM
sgauenne A = 0 04 (krc/cm?) ¢/cM®, a o TaHreHCy yrjla HAaKJIOHA IPSIMOM K OCH
abemuce (Q)— B =0,00015 (xrc/cm?) c?/em®.

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



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

are
20 \b\q ?0’03 /
e

w1 B 006
{

ol 90" 200 4 cnlc

Ap,Azcfom?

Puc. 41 Puc. 42

Kosdpdunuent npoHunaeMoctd HalJeM MO MNOJYyYEHHOMY 3HA4YE€HHUIO A U3
bopmybl

YA R

c

R
L{m—quz}

3nauenuss Cmu CoHaiimeM c mnomomibio rpaduxoB Illypoa. Omnpenennum
mapamMeTpsl b/ h=0,584,h/d, =48,7, nd, =197, d/d,=0,0447 1 10 UX 3HAYCHUIM —

C1 =2,3 u C, = 34; npu 3TOM HaitieM K0o3)PUIIUEHT MPOHUIIAEMOCTH.

k= nicic, |- 4 23434+ 2200 10585 17
r 2-3,14-0,04-1200 12,35

c

2



IIpakTnueckoe 3ansaTue 12 Pacuér nedura 6atapeu, cocrosimeii u3 naTu

He(l)TﬂHbIX CKBa’KMH C MIOMOIIBI0O ME€TOAA CYIIEPIO3UITUHA

Onpenenuth 1eOUT Oaraped CKBaXWH, COCTOSAIMIEH W3 7 CKBAXKHH,
PaCTONIOKEHHBIX BN OT KOHTYpa MUTAHMS, H OJJHOW CKBaXHHBI, HAXOISIICHCS B
IIEHTPE IUIacTa, €CJIM M3BECTHO, YTO BCE CKBAXKWHBI HAXOIATCS B OJMHAKOBBIX
YCIIOBUSIX: paguyc OaTapen paBeH R;, pacCTOSHHUE J0 KOHTypa MHUTAHUS PAaBHO R,
paauyc CKBaXKUH 7., MOITHOCTh IJIaCTa paBHA /, MPOHUIIAEMOCTh IUIacTa paBHa Kk,
BSI3KOCTh JKMJIKOCTH paBHA x , NaBJICHWEC Ha CKBAKHWHAX PAaBHO p., NABIICHUC Ha

KOHTYPC IIUTAHUSA PABHO py.

Ha3oBem adexrom B3aumMoaeicTBusi £ OTHOILIEHHWE CyMMapHOro AeOuTta
BCEX MHTEP(EPUPYIOMINX CKBAXXUH K CyMMapHOMY J€OUTY TOTO K€ YUCIIa CKBAXXUH

0e3 yuera ux B3aumojencTBusd. Halitu 3Hauenue s3pdexra B3aumonencTus E.

Pucynoxk 1

PaccmoTpum pemienue npu n = 4 (cM. pucyHok 1), 7 =10 m, R; = 200

M,R,=10 xm, .=0,1 ™M, k=1 [, u=4 clIl, p~= 11,76 MIla, p;= 15,68 MlIla.

bynem wucnons3oBath Gopmyny Uil TOTEHIMAda MPU pabdoTe TPYIIIBI

CKBa>XUH:

1 n
D=— Inr.+C, (1
27[;% ; (1)



T.. HOTEHLMAI B TOYKE, HAXOMAILIEHCA HA PACCTOSAHUM 7; OTI-TOM CKBAKHHBI,

UMEIONIe Ha eAMHMIly MOIMHOCTH IIIacTa yAeNbHBI 1e0uT g, :Q% ,
onpenensiercs o Gopmyre (1).

VYuuThiBasi, 4TO CKBaXKUHBI PACTIOJIOKEHBI BJAIN OT KOHTYpa MUTAHUS, U
R; / R,=0.02, MOXHO MPUOJTUZUTEIBHO CUUTATh, UYTO BCE CKBOXKMHBI HAXOATCS HA
paccTossHUM R, OT KOHTypa IMUTAHMS, TO3TOMY B TOUKE, [IOMEIICHHON Ha KOHTYP
MUATAHUS, TIOJTYYUM:

=izn:qi]an+C

@
‘o i=1

HNIn:

&=L R +LmR +BmR +LmR + LR, +C.
27 27 27 27 27

Tak kak ¢, = g, = ¢; = q, (0003Ha4UM 3TU AEOUTHI YEPE3 ¢ ), MOIYHAEM:

O =ILmR + IR +LmR +LmR +LWmR +C.(2
2r 2r 2r 2 2r

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

Q@ (qlnrc+qlnr21+q1nr31+qlnr41+q5lnr51)+C )

1= A _
<2

Paccrostnue ot Touku M 10 1-011 CKBa>KMHBI paBHO pagnycCy NEpBOM
ckBaxuHbl. Kpome Toro, Tak kak 7./ R;=0.0005, MbI cauTaem, 9T0 pacCTOSHHUE OT
Touku M, Haxopsencs Ha 3a00¢e EePBOI CKBAXKUHBI, 10 2-0M CKBaKUHBI
MPUOIM3UTEIIBHO PABHO PACCTOSHUIO OT MEPBOM CKBAXKUHBI JI0 2-0M CKBaKUHBI.

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

Tak kak 7, =14 = \/ERl , 13 =2R,, 5, = R, (cm. pucyHOK 1), TOo nMeeM:



1

ch =
27

(qlnrc+q]n\/§R1 +qIn2R, +q]n\/§R1 +4;5 ]nR1)+C .(3)

Brrunras u3 popmynst (2) popmyny (3) 1 yuuThiBast CBOMCTBA

norapudmuyeckort pynkuumn: [na+inb=In(ab), Ina-inb=In(a/b), noayuum:

R R R R
O, -0, =L (I 42—t ity Ty T o
2r 7., \/ER1 2R, 2m R

_4, R g R
27 4R, 27 R,

(4).

[Tomemnnas Touky M Ha 320011 IEHTpaIbHOM CKBaXKUHBI, oripeaeiuM Ds:
|
D, s :E(an’”ls +qInrys +gInrs +ginrs +gslnr, )+ C.

31ech, Kak U BbIIIE, PACCTOSTHUE OT TOUKKU M 110 5-0M CKBaKUHBI PaBHO
paauycy nATOM CKBaKMHBI. KpoMe TOro Mbl cCUMTaeM, 4YTO PACCTOSIHUE OT TOUKH M,
HaxoAsIencs Ha 3a00€ NATON CKBaKUHBIL, 0 1-0M CKBaKUHBI TPUOIU3UTEIBHO
PABHO PACCTOSHUIO OT MSATOM CKBaXUHBI 10 1-01 CKBaKMHBI. AHAJIOTUYHO — JUJIS

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

Y4UuTBIBas, UTO 7j5 = Fys = I35 = Iys = R, IOIy4nM:

I (qlnR1+qlan+qlnR1+qlnR1+q5h1rc )+C (%).

D . =—
Y

c

Boruutas uz popmynei (2) popmyiny (5), momydaum:

O~ =L (0B Ry B gy By y @5y B
2r - R R, R, R~ 2r 7

R R " (6
=4 g B D5 B
2r R 2z
k P
VYuuteiBas, uto O = ——, onpenenumM 3HauCHUE OTCHIUATIA Ha

KOHTYPC IIMTAHUSA U HA 3a00€ CKBayKHH:



kP, 1.02%107'*15.68*10°

@, = - = 0,004 m?/c,
yr 0.04*10
kP 1.02*107211.76*10°
D =——< = 02*10 76710 = 0,003 m¥c

U 0.04*107"

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

4\ 4
0.001=-Z 1n 3(10 )6 L 45 [ 107
27 | 4%2°%10°%0.1 ] 27 | 200

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

YMHOX)ast 00e yacT 000uX ypaBHGHI/Iﬁ Ha 27w U IIOACTABJIAA 3HAUYCHUA

J0rapu(MoB, OTYUHUM:
0.001*6.28=¢g*21.863 + g5 *3.912
0.001*6.28 =g *15.648 + g5 *11.513
PemuB nostyuyeHHy10 CHCTEMY OTHOCHUTENBHO ¢, (5, HAMAEM:
q =0.000251 M/ , 45 =0.000205 Mmle. Tornma neOUTHI CKBaKUH PaBHBI:
O =qh=0.00251 m" /¢ ~216.6:° | cymxu,
Qs = gqsh =0.00205 M le=1772m° | cymru
O6umit 1e6uT (¢ yuérom naTepepenunn)=4*216.6+177.2= 1043.6 m*/cyTkn

JlebuT ogHOM ckBaXXuHBI (0e3 yuera unrepdepeniuu, o Gopmyiie [iomomn) paBeH:

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

u R 0.004 10000

Te 0.1

=5.46*10" M/c .

Jebut nsatu ckBaxkuH (06e3 yuera uaTeppepeHiuu, no popmysie Jromon)



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

Dddext B3aumopeiictBust E=1043.6/2356.7 = 0.443 .

HcxonHbie naHHbIE IS pacyera:

k= 051 1

h= 15| ™m

DckB.= 20 | cm

Rl = 200 | m

n= 4
= 10 | km

U= 6 | mIIa*c

BapuanTel o ciucky
P ckB,MIla
Pk ,MIla
6.86 | 735 | 7.84

8.82 I II III
9.80 1A \Y VI
10.78 VII | VII IX

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




IIpakTuyeckoe 3ansitue 13I110cKkue HeoqHOMEPHBbIE (PUIBTPALMOHHbIE IOTOKHU

K CKBa’KMHaM

3a0aua o ckeadrcumne 801U3U I’lp}lMO]luHGIZHOZO KoHmypa numaHus

CoBepuieHHasi CKBaXMHA pacIoJIOKeHa B  BOASHOM  IUIacTe  BOJIM3H
MPSAMOJIMHEWHOTO KOHTypa NUTaHus. Pa3HOCTh CTaTHUYECKOTO W JUHAMUYECKOTO
ypoBHelt AH = 8 M, koadduimeHt npoHunaemMoctuk = 2JI, auHaMHUeCKU
koahurmentT BsazkocT y =1 cll, paguyc ckBaxkunsl 7. = 10cM 1 MOIIIHOCTB IJIacTa
h = 12 M. Haiftu 1eOUT CKBaKUHBI MPHU JBYX 3HAYEHUAX PACCTOSIHUS OT KOHTYpa
nutanus 10 ckBaxuHbl: 1) a =100 M, 2) a = 200 m. Cratuueckuii ypoBenb Hj = 40
M.

H&BHGHI/IH Ha KOHTYPC IIUTAHUA U Ha 33606 CKBAXKHHBI
P, =pgH, =10°-9.8-40 =0392 MIIa

pe=pg(H, ~AH)=10’-9,8-32 =0,314 MIla

Pemenue. JeOUT CKBaXWHBI BOJU3U NPSIMOJMHEHHOTO KOHTYpa MUTAHUS
onpenensercs no popmyJe

B ciyqae 1)

~2-314-2-1,02-107%-12-10°-9,8-8

0 7 10° =1,58-10"" M3/C:136 MB/cym
107.2,31g =
10
B ciyuae 2)
-12 3
— =145-10 " m’/c = M-jcym
2-314-2-1,02-10 41120410 9,8-8 14510 1’ 125 1°
107-2,31g —
10

IIponenatrs Berumciaenus At a = 400 m, a = 800 M U caenath BBIBOJ O
BJIMSIHUU PACCTOSTHUSA /10 KOHTYypa MUTaHUsI J1I€OUT CKBa)KUHBI.



3aoaua o npumoke K CK8axdCuHe Kpy2080tu bamapeu

HazoBeM >dpexTom B3anMOeicTBHS £ OTHOIIEHHE CyMMapHOTO Je0uTa BCexX
UHTEP()EPUPYIOMINX CKBAXKUH K CyMMapHOMY JE€OUTY TOTO K€ YHClia CKBaXHUH 0e3
ydeTa uX B3aUMOJIECUCTBHS.

Haiitn u3smenenue »s¢ddexta B3aMMOACHCTBHS B 3aBUCUMOCTH OT 4YHCIA
CKBQXXHH, 3KCIUTYaTUPYIOIIUX 3I€XKb paauycom R; = 5000 Mm; paanyc CKBaKWHBI
r.~=10 cM; CKBaXXUHBI paOOTAIOT MPU MOCTOSHHON JEIPECCHH.

ConocTaBUTh CIIENYIOIINE CITyYan:
a) JIB€ CKBAXKUHBI (m = 2) Haxonarcs Ha paccTostHuM d = 100 Mm;

0) Tpu CKBaXHHBI (m =3) PacCIOJIOKEHBI B BEPIIUHAX PABHOCTOPOHHETO

TpPEyTroJbHUKA cO CTOpoHOM d= 100 Mm;

B) UEThIPE CKBAKMHBI — B BEpPIIMHAX KBajapata co ctopoHoi d = 100 M (puc.
21).

Pemenue. Cuuras, 4YTO CKB@KHHBI DACIOJOXKEHBI PABHOMEPHO IO
OKPY>KHOCTH, KOHIIEHTPUYHOM ¢ KOHTYPOM ITMTaHUs, UCTIOB3yeM (GopMyity nebura
OJHOM CKB@KMHBI KPYTOBOM 0aTaper, KOTOPYIO MOKHO YIIPOCTUTH B YCIIOBHSX
paccMarpuBaeMoii 3a1aun, TaK Kak (R, /R, )<< 1, U IPEACTABUTh B BUJIE

_ 27kh(p, - pc)
0= "
Rk
/,l]n m—1
mR"r,
JIcOMT OJNMHOYHOW CKBaXXHWHBI B KPYrOBOM miacTe  ONpeleseTcs IO
dbopmyie romton
_ 2xkh(p, - pc)
Qndun - R
phn =~
e
d 2 a
ke ff '
- Q\\k

Puc. 21



Dddekt B3auMoaCHCTBUS pPaBeH

In & lg &
mQuduu ln Rk lg Rk
mR "7, mR"'r,.
B ciygae a)
R = 4 =50m, m=2
2
o 5000
S Y S LY £ ¥

2 | 25-10° 6,398
£2.50-01

0) paguyc OaTapen U3 TPeX CKBKHUH (m =3), PaCCTOSHHE MEXIY KOTOPhIMU

d, paBeH R, = d/~/3; B 3TOM cityuae

R
lg —*~
O &t Tl
Ig k ! ’

3( d jZ %10 0,1
—= |
\/5 C

B) paauyc Oarapeu W3 4YeThIpeX CKBAKHUH, PACIIOJIOKEHHBIX B BEpIIMHAX

d2

KBaJpara cO CTOPOHOU d ,COCTAaBISET R, = — = 70,7 m .

R
lo =~

P - 4699 4,699

: R} 625-10" 9,647
lg |

4R’r, 8 4.70,3°-0,1

= 0,487

ITo I[MOJIYYCHHBIM JOaHHBIM, W Y4YHWUTbIBAsdA, 4YTO IIPpH m=1 E, =1, IOCTPOUM

rpaduk u3mMeHeHus 3P dhexra B3auMoIeUCTBUS £,,B 3aBUCIMOCTH OT YKCJIa CKBOKUH
m (puc. 22).

Cnenatb BbIBOA 00 m3MeHeHUUU d(pdekra B3auMoencTBus E,B 3aBUCUMOCTH
OT YHCJIa CKBAKUH .



IIpakTuyeckoe 3ansitue 14Il10ckue HeOAHOMEPHbIE (PUIBTPALMOHHBIC IOTOKHU
K CKBa)KMHAM KPYroBOro mjacra

3a0aua o0 npumoke K CK8AMCUHE, IKCYEHMPUYHO PACNOTIOHCEHHOU nacme ¢
KPY208bIM KOHMYPOM NUMAHUSL

B kpyroBom miacre paaumyca R, = 200 M pabGoTaeT 3KCUEHTPUYHO
pacrojiokeHHasi CKBaKuHa paguycom r~10 cm (puc. 23).

LON i’

7 2 3 m

Puc. 22 Puc. 23

Haiitu wu3meHeHue paeOuta B 3aBUCUMOCTH OT PACIHOJIOKEHUS CKBAa)KUHBI
(3KCUEHTpHUCHUTETa O) MO OTHOIICHHIO K JEO0UTY CKBA)KMHBI, PACIIOJIONKEHHON B
LIEHTpE.

Pemenue. /[eOUT SKCIIEHTPUYHO PACIIOIOKEHHOM CKBAYKUHBI OTPEIECTISETCS 110
dbopmyie

27kh(p, — pc)

QSKCL; = 2
ol Ry

a CKBaXXUHBI B ICHTPE KPYrOBOT'O ILJIaCTa

2h(p, -
0, - (ka Pe)

pln —*

e

OtHotenue Gpopmys 1eOUTOB paBHO



3nauenus 0, /0, B 3aBHCUMOCTH OT &/R, NPHUBEIECHbI HUXKE:
Y0 0,1 0,3 0,5 0,7 0,8 0,9 0,98

Ops /O wrvee 1,000 1,013 1,038 1,097 1,153 1,280 1,735

CI[GJI&TI) BBIBOJHEI.

3aoaua o HeobxoOumom uzMmeneHuu Oenpeccuu Ap ona yoeporcarus oebuma
NOCMOSIHHbIM NPU  UBMEHEHUU HNOJONCEHUS CKBANCUHbL OMHOCUMENbHO YeHmMpPa
KpY208020 niacma

B kpyroBom macte pamumyca Ri= 150 M ¢ mommuocteto 2 = 10 M u
koahurenTom nponuraemoct k = 0,5 JI pacmnonokeHa CKBaXXUHa  PaldycoM
r= 10 cm. Ilpu Ap = pr—p~ 1,18 MIla(12 krc/cm?) nebut medtH C
JUHAMUYECKUM Kod(pduuueHtoMm Bsi3kocTH # = 2 wlla'c npu neHTpasbHOM
PACIIONIOKEHHNH CKBAKUHBI paBeH 223 mM>/cyT.

Kax HEO00XO0IUMO U3MEHATh  Ap Mfia
JenpeccuroAp, 9To0bl npu M3MCHEHHH 2 !
MOJIO’KEHHUSI CKBAXUHBI OTHOCHTEIHFHO IIEHTPa \T\
10 T TN
tacta AeOUT 0CcTaBajCs MOCTOSTHHBIM? i
Pemenne. 13 popmyner nebuta 08 SR i
OKCIEHTPUYHO PACTIONOKEHHOW CKBAKUHBI - !
|
BBIPA3UM JIETIPECCHUIO 98 S *}”_
. _ou [R(, & gel Lo L
Ap—Pk—Pc—zﬂkhlnz I_R_f 0 0z 0¥ g6 08 8/,
Puc. 24

U 1I1oJCTaBUM JaHHBIC 3a4a4M1



B 0,864 -10°-2-3,14-0,5-1,02-10'*-10 2,25-10*

2
=0,372 -1g| 1500 1 - ° - || MlIla
2,25-10

-3 2
A 223-2-107-2,3 lg{ISOO(l— s Hz

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

5, M... 0 15 30 45 60 75
Ap,MlIla 1,180 1,180 1,173 1,166 1,151 1,134
Oy Mevriannnns 90 105 120 135 149

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



IIpakTnuyeckoe 3anarue 15Il1ockue HeoAHOMepHBIE (PUIBTPALMOHHBIE IOTOKHU
K CKBaKMHAM IIACTA ¢ HENIPOHULAEMbIMHM I'PAHULIAMU

3aoaua o npumoke K CKeaosiCuHe, pClCI’lO]lOcheHHOIZ 6 njiaacme c a@y]l/l}l 63AUMHO
nepneHOuKyﬂﬂprlMu HenpoHuyaemvimu epanuyamu

CoBepiieHHasi ckBaxuHa paaumyca r. = 10 cm pabortaer B IUIacTe,
OTPAaHUYECHHOM  JIByMS  NPSIMOJIMHEWHBIMH  HETPOHUIIAEMBIMU  T'paHHIIAMH,
pacrojoxXeHHbIMU 1101 yTiI0M 90° npyr k apyry (puc. 28). PaccTosHus 10 rpaHMIl
paBHbl a=150 M, b = 300 M, paccTosiHHE 10 KOHTYpa nuTanus Ri= 8,0 kM. /{laBnenue
Ha KOHType nurtanus py= 11,76 MIla (120 krc/cm?), naBieHue Ha 3a00€ CKBaKUHBI
pe = 9,8 MIla (100 krc/cm?), MOIIHOCTL IUtacTa hA=12 M, IMHAMUYECKHN
K03 puIeHT BA3KOCTH KUAKocTH u =3 mlla-c, korhHUIMEHT TPOHUTIAEMOCTH k =
700M/l. HatitTi 1eOUT CKBa)KUHBI.

Pemienne. I[IpomopkKMM HENPOHHIIAEMBIE TPAaHULBI BBEPX W BIEBO 10
KpYyroBOoro KOHTypa NHUTaHUS paguycoM R, U O0TOOpa3uM CKBaXXUHY-CTOK
OTHOCHUTEJIPHO HMX 0€3 W3MEHEHHs 3Haka neburta. B pesynbrare oToOpakeHus
IIOJIy4YUM B KPYIOBOM IUIACTE YETBIPE CKBAXXUHBI-CTOKA, M3 KOTOPBIX OJHA —
peanbHas U Tpu — (UKTUBHBIE. [IpH 3TOM ruApoAHAMUYECKAs KapTHHA TEUECHUS B
IiacTe MpU OTCYTCTBHM HEMPOHMUIIAEMBIX TPAHMI] IPU OJHOBPEMEHHOM padoTe
YETBhIPEX CKBAKMH-CTOKOB OyJleT COBMAJAaTh C THJIPOJHHAMUYECKOW KapTUHOM IPH
HaJIMYUU HENPOHMUIAEMBIX TPAHUL, TaK KaK 3TH IPAaHULBI SBJISIOTCS JMHUSIMHU TOKA.
CunTast, 4YTO KOHTYp NMUTaHUS PACIOJIOKEH Ha JIOCTATOYHO OOJILIIOM PaCCTOSIHUU
OT CKBaXWH, PE3YyJbTUPYIOIIMM IOTEHLHAI B HEKOTOPOM TOYKE IUIACTA MOYKHO
3anycaTh B BUJE CYMMbl IOTEHIMAJIOB, BO30YXKIA€MbIX KaXKIbIM CTOKOM B
HEOI'PAHUYEHHOM ILIaCTe,

q n
D, =—>Inr+C
M 272_; i

ITomecTnm TOUKy M Ha KOHTYp CKBa)KHHBI, TOT1a

h=r.
r, =2b
r3=2a2+b2 O Ol{
J L Ll
r, =2a Y 5 a
O PLO"
.
7
~]
v
4

Puc. 28



ITomemast Touky M Ha KOHTYP MUTaHUs, IOTyIUM

o =Lang +C
2

a BbIUMTAs, HaliJIeM

@K—@C:i(lnR—+ln—+ln

Rk
. 2\/0 +b2 J

2
OTKYyJla
2”(@1( - @c)
q= R
n——m-"%
8r.abVa® + b’
niim
~12 _ 6
0- Zﬂkh(pR4 p) _  628:07-102:10 1;9 11(7)162 O8N0 20107 4t fe
3.107-2,31g :

8rab\/a +b? 0,1-8-150-300- /150 + 300>

=155 m° / cym

IIpy pmaHHBIX 3TOM 3aJayM  PACCMOTPETh YIPOUIEHHBIM Cly4yail, KoOrja
CKBaXKMHA HAXOJUTCS HA OMCCEKTPHUCE yria MEXy HEIMPOHUIAEMbIMU IPaHUIIAMH,
Ha PACCTOSIHUM @ OT KaXIO0Mu.

3adaua o npumoke K CKedosiCuHe, paCI”lOJIODfCQHHOZZ 6 njaacme c OeyMﬂ
I’lpﬂMO]luHelZHbl]l/lu HENPOHUUAEMBIMU CPAHUUAMU

Onpenenuth IeOUT CKBaKUHBI, pabOTaroOIIeil B TUIACTEe, OTPAHUYCHHOM JBYMS
NPSIMOJIMHEWHBIMA HETPOHUIIAEMBIMU TPAaHUIIAMU, PACHOJIOKEHHBIMU O[] YIJIOM
60° npyr k apyry. PaccTosiHue OT TOYKM NEpECEUYCHUsS HEMPOHULAEMBIX TPaHUIL
110 ckBakUHBI ¥ =200 M, pacCTOsSIHUE A0 OJHOW U3 rpanul] a = 50 M, paanyc KOHTypa
nutanuss R, = 5 km (puc. 29). Momnocts miacta A= 10 M, xkosdduimeHT
nponuiiaemocti 1mwiacta k= 0,3 JI, nunamuyeckuii KOI(PQGUIMEHT BS3KOCTH
xupkoctn u = 2 wllarc, menpeccus Ap = = 2,45 MIla (25 krc/cm?), pamuyc
CKBaXuHEI 7. =0,1 M.

Pemenne. [IponomkuM HENpOHMIIAEMbIE TPaHUIIBI U OTOOpa3uM pPeabHYIO
CKBaKMHY-CTOK OTHOCUTEJIbHO TpPaHUIl, COXpaHsis Iy Jne0uTa TOT XK€ 3Hak. B
pe3ysbTaTe MOJIY4YHM JBa CTOKa-u300pakeHus— Ne 2 u Ne 6: mosiBneHHE CTOKa-



n300pakenust Ne 6 HapymiaeT ycjaoBUE HEIPOHUIIAEMOCTH TpaHullbl OA, a Hamu4ue

ctoka Ne 2 HapyinaeT ycjaoBue Ha rpanuiie OB, TO3TOMY HUX HaJI0 B CBOIO OYEpe.lb

Puc. 29
M300paKeHUM, PacIoI0KEHHBIX 110 OKPYKHOCTH pajinyca 7.

oTpa3uTh: Ne6 -  OTHOCUTEIIBHO
rpaHuiibl OA, Ne 2 — OTHOCHUTEJIBHO
OB. Ilpu 53TOM TOSIBIAIOTCS CTOKH-
n3o0paxkeHus Ne 3 u Ne 5, u3 KOTOpBIX
No 3 mHapymiaer HENpPOHHUIIAEMOCTh
rpanunbl BB a No 5 - rpanunsl A4 ux
U300pKEHUST  OTHOCHUTEIBHO  ATHUX
IpaHMI] COBHAJAIOT W JIalOT CTOK-
nuzoopakenue Ne 4.

Takum  oOpazoM, 3amaya O
buabTpalM B KJIMHE CBOAMUTCS K
3amaye 0 (QUIBTpAIMM B KPYTrOBOM
J1acTe paaguyca Rj;, B KOTOpOM
paboTaloT OJHOBPEMEHHO pealibHast
CKBO)XHHA-CTOK W  TISITh  CTOKOB-

[IprMeHsss NpUHLOMI CYNEPNO3ULINAN, 3AIUIIEM PE3YJbTHUPYIOIMN NOTEHIMA

Ha 3a00€ peaqbHON CKBaXKUHBI:

D, =2i(lnrc+]nr12+]nlq3+lnrl4+1nr15+]nlq6)+C
T

rac

r,=2a, 1, =rs=2rcos30°, r, = 2rsin(60° +a)

He = 2rsin(60O —0()

a yroJi o, orpezensieTcs: U3 cooTHoueHusa sin o = a/r = 0,25, a = 14°30' (cMm. puc.

29).

HOTeHHI/IaJ'I Ha KOHTYPC IIUTaHH, KOTOpBIﬁ CUUuTaCM YAAJICHHBIM OT I'PDYIIIIbI

BBaHMOHeﬁCTBYIOIHHX CKBA)XUH, ITOJIYYUM B BUJIC

o -4
27

PasHOCTh ITIOTCHIUAJIOB

6-hR +C



& -0, =Ll B oK —+In ,Rko +1n ,Rko =
2| r. 2a 2rcos30°  2rsin(60° +@)  2rsin(60° - @)

q R}

2" 32r.ar* cos? 30° sin (60° + e )sin (60° — )

OTKyJa

27k hAp
g h =
O=gq RS

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

-12 6
_ 6,28-0,3-1,02-10 5160 1%,14:5 10 0926107 3¢/ = 8016 eym
2:107-231Ig : 3

32-0,1-50-16-10° -2-0,964-0,713

IIpr paHHBIX O3TOM 3aJa4¥  pPacCMOTPETh YIPOIIECHHBIM Cllydal, Koraa

CKBa)XMHA HAXOAHUTCA Ha 6I/ICCCKTpI/ICC yrjia MCKAYy HCIIPOHHUIACMBIMU I'PAaHHULIAMMU,

Ha paCCTOAHHUHU a OT K&)K,Z[Oﬁ.



IIpakTnyeckoe 3ansitue 16 PacyéTr puabTpanMOHHBIX IOTOKOB 110 OCHOBHOM

(¢opmyJie TeopuH ynpyroro pe;xkuma

[Ipu mycke CKBaXKMH B HKCIUTyaTaIUIO, MIPU OCTAHOBKE UX, NMPU W3MEHEHUU
TEeMIIa JTOOBIYM KUIKOCTH W3 CKBOXKHMH B IJIACTE BO3HUKAIOT HEYCTAHOBUBIIMECS
MPOLIECCHI, KOTOPBIE MPOSIBISIOTCA B MepepacipeieIeHu MIacTOBOro JAaBjieHUs (B
NaJeHUd WM POCTE JaBIICHUS BOKPYT CKBa)XHUHBI), B U3MEHEHHUSIX C TEUYCHHEM
BpEMEHU JAeOUTOB, CKOPOCTEN (PUIBTPAIIMOHHBIX TOTOKOB U T. [I.

Oco0eHHOCTH STUX HEYCTAHOBUBIIMXCS TPOIECCOB 3aBUCAT OT YIPYTHX
CBOMCTB IUIACTOB M HACBHILAIOIMIMX HMX KUAKOCTeH. XoTs KO3()PUIUMEHTHI
CKMMAEMOCTH BOJBL, He()TU M MOPUCTOM cpebl 04eHb Manbl (B, = 4,59*1071° m?/H,
B.= (7-30)*1071° M*/H, B. = (0,3-2) 107'° M*/H),ynpyrocts XKMAKOCTENR M MOPOJIHI
OKa3bIBa€T OTPOMHOE pamsume HA MOBEJACHHE CKBAaXXMH U IUIACTOB B IPOLECCE HX
HKCIUTyaTallH, TaK KaK 00BEMBI IJ1acTa U HACBILIAIOIIEH €ro dKUAKOCTU MOTYT OBITh
oueHb Benuku. [loaTomy mipm moacu€Te 3amacoB HedpTw (M rasza), MOpu
IPOEKTHPosHUM  pa3pabOTKW HE(PTAHBIX M Ta30BBIX MECTOPOXACHUN, MpH
OKCIUTYaTaIl|H, Tpu uccnenOBAHUN CKBAXKWH, TPU CO3AAHUU TMOA3EMHBIX XPaHHUIIUII

I'a3a npuxoJurcsa yuunteiBath CKUMACMocTth xxuakOCTH u mopucToi cpebl.

00bEM HACBHIIIAIOIIEH JIACT KUJKOCTH MPU CHUKEHHUH IJIACTOBOTO JABJICHUS
YBEIMYHUBAETCS, 2 00bEM MOPOBOTO MPOCTPAHCTBA YMEHBIIIAETCS; 3TO U ONPEALISIET
BBITECHEHHUE KHUJIKOCTH U3 TUIaCTa B CKBAKUHY (WJIM TFa30BYIO 3aJIEXKB).

Ecnu B mporecce pazpaboTku npeoOnagaronieid popMon sHEPrUM SIBISIETCS
DHEprus ynpyrow nedopmanuy TuiacTa M CHKATOM JKUAKOCTH, TO PEXHUM IJIacTa
Ha3bIBaeTCs ympyruM. [IpuM 3TOM mpeamonaraercsi, 4To (GUIBTPALMOHHBIN IMOTOK
oJ1HO(ha3HbBIM, T. €. JIACTOBOE JIABJICHUE BHIIIE 1aBJIICHUS HACHIIIICHUSI.

B ycnoBusx ympyroro pexummMa XapakTepHO TO, UTO  TpoIlecc
nepepacnpeieNieHus JaBiCHHUs TMPOUCXOIUT MEMJIEHHO (UIMTENIbHO), a He
MTHOBEHHO, KaK 3TO ObLIO Obl Mpu aOCONIOTHOM HEC)KUMAEMOCTH IulacTa M
HACBILIAIONIEH €ro KHUIKOCTH.

B teopun ynpyroro pexxuma O0JIBIIYIO POJIb UTPAIOT J1BA TapaMeTpa:



1. KoadunueHT ynpyroeMKoCTH miacTta
B*= Poc + Be (4.1)
rie m — IOPUCTOCTh; U — COOTBETCTBEHHO KO3 ULIMEHTHl CKUMAEMOCTH
YKUJKOCTHU U IOPUCTON CPELBI.
Kosd¢unuent f* uncineHHo paBeH U3MEHEHUIO YIIPYToro 3arnacaXuakocTy B
eIMHULE 00bEeMa IUIacTa MPU U3MEHEHUH IUIAaCTOBOTO JABJICHUS Ha OJHY €IUHULY.
Huorga BMecTo ko3 puiinenTa ynpyroeMKOCTH IJIacTa UCTIOIb3YIOT MPUBEICHHBIN

MOJYJb YIIPYTOCTH:

I m
K = iy
6}16 + 1 BC B
m

2. KoaddurmeHT npe30mpoBOHOCTH IUIACTa

k k
g et e K

up* i

OH XapaKTepu3yeT TEeMIl MepepacHpeesieHus IUIaCTOBOTO IAaBJICHUS B YCIOBHSIX
yIpPYyroro pexuma. Ora BEJIMYMHA aHaJOTMYHA KodhpureHTy
TEMITepaTypONPOBOTHOCTH B TEOPUHU TEILIOTIEpeaul M BIIEpBhIC Oblja BBeleHa B.

H. IllenkadeBbIM.

Tounvie pewenus oughghepenyuanbHozo ypasnenus YAPY2020 PEHCUMA
HuddepennmansHoe ypaBHEHHE YIOPYroro pexuMma (QUIbTpalud MOXKHO

3aI11mucaThb

= %
ot \ or? ror

_dp o0*p 1 odp )
4.2)

WNurerpupys nuddepennimansHoe ypaBHeHHE (4.2) MPpU 3a1aHHBIX HAYAIBHOM
U TPaHUYHBIX YCIIOBUSX, OMPEACIAIOT JaBJIEHUE B JIO0OM TOUKE IJacTa B JHOOOM
MOMEHT BPEMEHMU.

Pemenue 3amaum nepepacnpezesieHusl JaBlE€HUS IOCHE MyCKa CKBAXKUHBI C

ITIOCTOAHHBIM )IC6I/ITOMQ B 6CCKOH€‘IHOM, IFOPpU30HTAJIBbHOMmacre CBOJUTCS K



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

op %< dp | &Fp | 0%)
r e e U e N mn
ot ox> oy? 02*

C HAYaJIbHBIM U I'PaHWUYHBIMHA YCJIOBUAMHU

p(r,l)=p. pu £ =0,

9
Q - 2nikh & op ) ,
1) or Jr=0

p(r, t) =px NpH r=oo,

TouHoe pemienue 3Toi 3amauu npu 7. = 0 gaercs Gpopmyoit

Qv p- r
—p(r, t) = — Ei[ — —
Px—p(r 1) 4rikh 4t
2 - u
— E L (——- _f == S & du
4nt u
b1
dnt (4.3)
OTta Ta0yIMpoBaHHAs byHKIUSA Ha3bIBACTCA WHTErpATbHBIM

HKCIIOHEHIIMAJIOM, UM UHTETPaIbHOM MOKa3aTeIbHON (PyHKIUEH.

; r2
f2/4%f —Li (__ 4yt )

[Ipy ManbIX 3HAaYECHUSAX apryMeHTa byHKIHIO

MOYKHO TIPHOJIMKEHHO 3aMEHUTH (hOPMYJITOi

— Fi (— i )z In 2L _ 0,5772

4nt r2

U TOTIa

4nt
pe—pr, 1) = 4215;; (m - —0,5772)

®opmyna (4.3) sBAsieTCS OCHOBHOM (OpMYJION yNpyroro pexuma IUiacToB,
IMIMPOKO TIPUMEHSIIOIIEHCS TNPH MCCIEIOBAHMU TIpoliecca IepepachperiesieHus
IUTACTOBOTO JABJECHUS, BBI3BAHHOTO MyCKOM CKB&)XUH C MOCTOSIHHBIMH JeOUTaMH,

OCTaHOBKOH CKBa)XUH, UBMCHCHUAMHN TCMIIOB )106BI‘{I/I nT. IO.



®opmyny (4.3) Takke MOXKHO HUCIOJIb30BATh B CIy4ae MPUTOKA KUJIKOCTH K
CKBO)XKMHE KOHEYHOro pajguyca W B HAYAJIBHOW CTaIWd W3MEHEHUS /ABJICHHS B

IJIACTC KOHCYHBIX Pa3MCPOB.

[Ipy HeycTaHOBMBIIECHCA TapauieIbHO-CTPYHHON (UIbTpAllMM  YIPYron
KHUJKOCTH K Tajiepee, pacrlojOKEHHOW B MOJI0CO00Pa3HOMIIOIYOECKOHEUHOM
IjacTe TEPIeHIUKYJIIpHO K och or B cedeHun x=0 (puc. 4.1) wu
AKCIUTYaTUPYIOUICHCsS C TTOCTOSIHHBIM JIaBJICHHEM Ha 3a00e rajepeu p, JaBJCHHE B

000 TOYKe TIIacTa B JIFOOOW MOMEHT BPEMEHU TIOJTy9IUM, HHTETPUPYS ypaBHECHUE
0 0?2
P ” p
ot Ox2

HpI/I Ha4YaJIbHOM H rpaHHqux YCJ'IOBI/ISIX
p(x, t) = py npu ¢ =0,
p(x, ) = p, mpu x =0,
p(x, 1)

Px TIPH X = oo

Cdd f g g ////’/,
l" ‘.sz// / d‘é: E Z

..h.._...._... e’
b e « ¢

Pucynoxk 4.1

Pemenue Bripaxaercs hopmynoun

p(x, ) = px— (px — pr) (1 — erf§),

rac



2Vt

a
9 3
erf § = _5' e—4* du
Vn
0
— UHTErpaj BEPOATHOCTH.
3aodaua
Onpenenuthb neouT rajepeu, PacoJIOKEHHON B

1oJIoco00pazHoMIoyOeckoHeUHOM Tiacte (cM. puc. 4.1) mmpunoit B = 300 M,
MOIITHOCTBIO A=15 M, ¢ Ko3dduimenToM nponunaemMocta k = 0,8 JI, B MOMEHT: =
2CyT C Hayaja SKCIUlyaTallud C MOCTOSHHBIM 3a00MHBIM JaBieHHEMp.=9,8 MIlla.
HauansHoe macTtoBoe paBieHue p.- 12,74 Mlla, xo3dduImeHT cKUMaeMOCTH
JKUJIKOCTU M TIOPOJIbI PABEH COOTBETCTBEHHO Py = 1,53*10”° M*/H u B, = 0,612-1071°
M%/H, ko> dunment nopucroctu m = 20%, TMHAMHAYECKHH KOd(Q(HUIUEHT BA3KOCTH
neptu p=1,5 mlla-c.

B macte uMeer MecTO HEYCTAaHOBHUBIIASICS (DUIIBTPALMS YIIPYTOM KUAKOCTH
1o 3akoHy [lapcu.

Haittu nebuthl mo TouHout popmyse u 1o ¢popmysie, MOJTy4YEHHONU IO METOY
MOCJIe0BaTEILHON CMEHBI CTAIIMOHAPHBIX COCTOSTHUH.

Pemenne. Pacnpenenenune naBieHuss B IUIACTE IPU HEYCTAHOBUBIIECUCS
napajiebHO-CTPYWUHOU  (UIABTpALMK  YOPYTOM KUAKOCTH K MPSAMOJIUHEHHOM
rajiepee Mpu MOCTOSTHHOM JaBJICHUHM Ha 3a00€ BhIpaXKaeTcs cienyromiei hopmyroi

(TOuHOE penieHue):

P, 0= pe—(pe—p) (1 —erf 3=,

rie
X
5 2 Vnt
X
erf —* — — | e du
2 Y/ nt TE



— uHTerpai BepositHoctel. CornacHo 3akony lapcu
k 0
1 e w ( __£_) Bh.
[V} 0x /x=0
( dp ) ;
Haiizem\ 0% /x=0 .

x2
ap 2 ( At 1 ) Pk — Pr
o = e —_— e e Y=
( Ox >x=0 (P — ) VYV~ 2Vt 7 x=0 V nnt

IIO3TOMY

KOB(b(I)I/IHHeHT IbBC30IIPOBOAHOCTH K B YCIOBHAX paCCManHBaeMOﬁ 3aJa4Hn

paBeH
k k 0,8-1,02-10—12

Wbt p(mPut B 1,5-10-8(0,2-1,53.10—9 1 0,612 10—19)
= 1,48 ™m?*/c.

H =

JlebuT, onpeiesieHHbIN 10 TOYHOU PopMyrie, OyaeT

0,8.1,02.10—12 (12,74 — 9,8)-108.300-15

1,56.10—37/3,14-1,48.2-0,864-10°
= 694 ™m3/cyr.

— 8,03-10—3 M¥/c =

[To meTtonmy mociegoBaTEIbHOM CMEHBI CTAllMOHAPHBIX COCTOSIHUN Je0uT

MPUOIMXKEHHO OompeenseTcs o GopMysie Al CTAIlMOHAPHOTO PEKUMA JIBUXKCHUS

k (px — pr) Bh
i (f)

anMG -

rae [(t) — JUIMHA, Ha KOTOPYIO paclpOCTPAHUIOCHh Obl MOHUKEHUE J1aBICHUS
K MOMCHTY?!, €Clu OBl JaBJCHHUEC B 30HE JCMPECCUH MEHSJIOCH MO MPSIMOU

auHUM;l (t) ompenenseTcs U3 YCIOBHUS MaTepUAIBLHOTO OajlaHca MpU Pr =

const ¥ paBHa

| =2V ut



Torma

k(pc—pr) B 0,8.1,02.10—12 (12,74 —9,8) 106.300- 15

Qupus = n2 )/ =t 1,5-10—3.27/1,48.2.0,864-10°
=7,12.10—3 m3/c = 615 m¥/cyr.

[lorpemHocTh Mpu OMNpeAesTieHUH JeduTa Mo NpUOIMKEHHON Gdopmyrie

COCTaBUT

& e Qrou — Qupu6 100 == Got—Hia 100 = 11,49%
694

TOY



IIpakTn4yeckoe 3ansitue 170npenesieHue napaMeTpoB IJIACTA PH YIPYIroM
pekuMe

HccnenoBanus Ha HEPTAHBIX MECTOPOKICHUSAX MPOBOJATCS IS MOTYUCHHUS
JaHHBIX O NPOAYKTHBHOM IUIACTE, HACBHIMIAIOIMIMX €ro JKUIKOCTIX, a TaKXKe O
CKBOXMHAX  JUISI  YCTAHOBJIICHHSA  pAIMOHAJIBHOTO  peXHMa  pa3pabOTKH
MECTOPOXKACHHUS, TaJbHEHIIEr0 €ro KOHTPOJIS U KOPPEKTUPOBKH.

[IpuHATO cuUWTaTh, YTO HCCIEAOBAHMS CKBAKUH IPU HEYCTAHOBHBIIEMCS
pexxuMe — JaloT  Oonbine  WHGOpMAalNWMK, YeM  HCCIEAOBAaHUS  METOJIOM
ycTaHoBuBIIUXCA 0TOOpoB. IIpu 00paboTke KpHBOM BOCCTAaHOBJICHUS JABJICHMS
(KB/I) monyuarot cpeHee 3HauY€HUE THAPONPOBOJHOCTH WM MPOHUIIAEMOCTH Ha
pPa3IMYHBIX ~ PACCTOSAHUAX  OT  CKB@XKHUHBL,  ONPEIEISIIOT  KOA((ULIUEHT
bE30IPOBOIHOCTH U MPUBEIECHHBIA painyCc CKBa)XKUHBI, OLICHUBAIOT KO3(PPUIIHEHT
JOTIOJTHUTENBHBIX TOTEpPh JaBieHUs (MOKa3zaTeab CKUH-3(PQeKTa), Onpenenstor
IJIaCTOBOE  JaBJCHHE W  OPUOMMKEHHBIA  KOA(DPUIMEHT NPOAYKTHBHOCTH
CKBQ)KHUHBI.

HccnenoBanue CKBaXXUH MPU HEYCTAHOBUBLIEMCS PEXUME (PUIBTPALIMH — 3TO
UCCJIEOBAHUE IIPU PEXUME, H3MEHEHUE KOTOPOrO IPOUCXOAUT TOJIBKO O]
JNEHUCTBUEM YIPYIHMX CHJI IUIACTA U HACBHIAOIMIMX €ro )kuakocrel. 1o cymecTtBy 310
UCCIIEJOBaHKUE Tepexo/ia paboThl MIacTa ¢ OJHOTO YCTAHOBUBILIEIOCS pexuma Ha
JIPYroM oA NEVCTBUEM 3THX CHIL

[Ipu uHTEpHpeTalMi JAHHBIX HCCIEIOBAHUS MPUHUMAIOT PACHIUPSIIOUIYIOCS
30HY 3a KPYTOBYIO C paguycoM R, COOTBETCTBYIOIIMM ONPEIEICHHOMY BPEMEHU t.
[IpomeqeMy ¢ MOMEHTa U3MEHEHMS pexuma. CBONCTBAa NMPOLYKTUBHOIO IUIACTA
Ha PAacCTOSTHUM R OT CKBaXMHBI MPUHUMAIOTCS OJMHAKOBBIMH — CPEAHUMHU IIO
miacty (puc. 1).

Pucynoxk 1 — Pacmupsironasicst 3o1a
HAPYILICHUS
peXuMa B HEOOHOPOJHOM IIJIaCTe

BcenencrBue TOro, 4to M3MEHEHUE PEKHMMa MPOUCXOAUT 3a CUET YHPYTUX
CWJI, IPU UHTEPHPETALIUU UCIIOIB3YIOT YPABHEHUE YIIPYTOTO PEXKUMA.

AP(f) = 2o 2250 (1)
4TTKh Tip
rae AP(t) - u3MeHeHHe nepemnaja 3a00MHBIX AaBiieHU B QYHKIIUU BpeMeHH, [la
Q - YCTaHOBUBIIMICS AEOUT CKBa)KMHBI, U3MEPEHHBIN Ha MOBEPXHOCTH, C KOTOPHIM
CKBa)kMHa paboTalia 710 3aKpBITHS, M°/C;
it - BS3KOCTh He()TH B IJIACTOBBIX yCIOBHUSAX, [1a-c;

by - 00beMHBIH KO3 PULIEeHT HEPTH MPH IJIACTOBOM TeMIepaType;



- IIPOHMIIAEMOCTb JAPEHUPYEMOil 30HBI, M

s dexTrBHAS TOIIMHA TUIACTa, M
- K03} (QHUIMEHT Mbe30MPOBOHOCTH PEATHpPYIONIEH 30HBI IIACTa, M%/C;
Tp - TIPUBEICHHBIN paslyC CKBAXXHHBI, M

X =R

VYpasuenue (1) nepenuniem B BUze

__ Quupy 2,25y QUup,
AP(t) = pr In 7 t o Int(2)

JlaHHO€E BBIP@KCHHE SIBIIIETCS YpaBHCHHEM IMPSAMON B KoopauHatax AP — Int, mpu sTom
OTPE30K, OTCEKaeMbIi HpHMOﬁ Ha OCHU OpAWHAT,

4mKh 5 ’

3)

a yrioBoi ko3 GuireHT npsaMoit

. _ Quup

i =—=4)

4TKh

C yueroMm npuHATHIX 0003HaueHui ypaBHeHHe (1) 3anuinem B BUe

AP=q + iInt
()

T.o., 11st uHTEpIpeTauu KpuBoi BocctanoBieHus nasienus (KBJl) neo6xoaumo:

1. Ins pUKCHpPOBAHHBIX 3HAUYCHUH BPEMEHU t BBIYUCIHUTD Int;

2. [Toctpouts 3aBucumocts AP-f(¢) B xoopauHatax AP - Int;

3. IIpoakcrpanonupoBaTh OPSMOJIMHEMHBIA y4acTOK JAaHHOW 3aBHUCHUMOCTH  JO

TepecedeH s C OChI0 OPAMHAT U ONPEAEIUTh YUCICHHON 3HAUCHHUE O
y . . APg5,—AP
4. Paccuurarh yrioBoi KO3 pUIMEHT i: i = ﬁ(@
2= 1

5. Boruncnautb K03 PUIMEHT THAPOIIPOBOJHOCTH €

_ Kh _ 23Qb
- u T oami
(7)
6. Ilpu u3BecTHOI BenmuuHe h paccuntath ko3 puuneHT nmoaBuxHocTH K/1L;
7. Onpenenuts NpoHULaeMocTsh K;
8. Paccunrath K03((HUIMEHT HE30MPOBOIHOCTH
x = K
Hy (M B+ Br)
(8)
rae m - K03(PUIHMEHT TOPUCTOCTH;
Bx ¥ PBn - COOTBETCTBEHHO KOA(PHUIMEHT CKUMAEMOCTH KUJIKOH U TOPHOM OPOIbI
Bx =9,5-107°1/Ta; Bn=2-10""" 1/ITa.
9. BeIuncanTh NPUBEACHHBIA PAaNyC CKBAaXKHUHBI
/2,2 5x
rr[p - 109/i (9)
10.IToxa3zarens ckuH-3dexTa (cymMmmapHbIi KO3 OUIIMEHT JONOTHUTENIBHBIX TOTEPH)
S =In(r./7,)
(10)

11. Ilorepu naBieHMs Ha MPEOJOIEHUE TOMOIHUTENBHBIX conporusieHuil B [1311, MIIa:
AP, =1i5/1,15 (11)



12.[lenpeccusi maBJIeHHS TIpH padOTe CKBAXUHBI HA YCTaHOBUBIEMCs pexxume, Ml la:

AP,o = iln (’i—:) /1,15 (12)
13. [InacroBoe naBieHue Mpu pabOTe HAa yCTaHOBUBIIEMCs pexnme, MI]a:
Pnn:P3a6 0+A P336 0,

(13)

14. KoaddurueHT npoIyKTUBHOCTH CKBaXUHBI, T/(cyT-MIla):

Kup=Q/A Paas 0
(14)

15. OtHOCHTENBHAS TTOTEPS IEIPECCUN HA TPEOJIOICHHE JTOMOTHUTEIIBHOTO COTPOTUBIICHHS B
11311, %:

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

Apsub—,M/]H
4

3 .
%M Pucynok 2 — Kpusast

BOCCTAHOBJICHUS JABJICHUS B
koopauHatax AP u Igt

0 1960 7 3 -
‘ “ Slgt
lgt, lgt,g

3amgaua.

HccnenyroT METo0M BOCCTaHOBJICHHS IABJICHUS CKBOXXHHY, KOTOpasi 0oJiee ABYX
MecslleB paboTana Ha ycCTaHOBUBIIEMcs pexume ¢ aeoutom 80 T/cyT. 3aboitHoe
napinenue 18,45 MIla (Gonbinie maBneHust HachimieHus). D(PQEKTHBHAS TOJIIIMHA
mwiacta 25 M, nopucrocth 20 %. IltotHOoCTs aerasuposanHoil Hedru 850 Kr/m?,
00beMHBIN KOA(puimeHT 1,2, Bsi3kocTh HeTH B TuacToBbIX ycnoBusix 2,7 wmlla-c,
xko>hdumment cxumaemoctn Heptm  9,5-107°1/ITa, xod>pdUIMERT CKUMaeMOCTH
nopucroit cpempl 2:-101°1/ITa. Pamuyc cxBaxunsl mo gonory 0,124 M, cpemmee
paccTosTHUE 10 OKAUIIIX CKBaXHH 250 M.

OnpenenuTs CBOICTBa MNPOAYKTHMBHOIO IUIACTa, OIEHUTh IUIACTOBOE
naBieHue M KOI(PQGUIUEHT MPOTYKTUBHOCTH, OMPEICIUTh MPUBEICHHBIN PaInyC
CKBa)XHMHBI, JI0JI0 JENPECCUH, TPUXOAUTYIOCs Ha conpoTunieHue B [1311.

Pemennue.

ITepen ocTaHOBKOM CKBaKMHBI PEKUM MOKHO CUUTATh YCTAHOBUBIIUMCS, a
JaBJICHUE Ha 3200€ MOCTOSTHHBIM.

O06paboTKy pe3yabTaTOB UCCIIEIOBAHUS MPOBOAUM B KoopauHaTax AP — Int

(puc. 1).



B tabGnume 1 mpuBeaeHbI JaHHBIE UCCIISOBAHUS, TI0O KOTOPHIM MTOCTPOEHA
KB/.

t,C P3a6, MlIla Int AP3a0, 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 6,91 539
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Pucynox 1 — KB/l B koopaunatax AP — Int

1.YKJ10H NTMHERHOTO y4acTKa
. APy, —AP,51 539—4,56
T Tnt,-Int,  691-5489
2.ITponomkeHue TMHENHOTO yyacTKa oTcekaeT Ha ocu AP otpe3ok a=0,45
MITa.

= 0,814MIla

3. OOBEMHBIN T1EOUT CKBAKUHBI
Q = 0Q, 103/86400pHﬂ280000/86400'85021, 089-107° m’/c
4. KoadhdurmeHT ruiponpoBOTHOCTH €

Kh _ 23Qb _ 23-1,089-1073.1,2 _
=—="—= = 1,28 - 1071 /a-c.
w o am 4-3,14.0,814

5. Kosdduumuent momsmwxxoctn K/p= (1,28 -10710)/25 =511-10"12,
m*/Tla-c.

6. Ompenenuts nponuuaemocts K= (5,11-10712).2,7 = 1,38 - 1071* m?
~0,014/1

&




7. Paccuntath K03 (HUIHEHT MHE30TIPOBOTHOCTH

K 0,014-10~12
X = = — - — =0,013 w™m%/c
Up(MBy+PBy)  2,7:1073(0,2:9,5:10710+2.10710)

8. BBIYHCIUTD MPUBEICHHBIN painyC CKBa>KUHbI

2,25 2,25-0,013
Thp = = = 0,0909 m

109/1 100:45/0,814

r, 0,124
9. Ilokazarens ckuH-3¢dekta S = In (—C) = ln( ) = 0,3106
o 0,0909
10. TToTepu naBiaeHUs HA TPEOIOJIEHUE IOMOIHUTENBHBIX COIPOTHBICHUN B

I13I1, MI1a:
LS 0,814 -0,3106

A 1,15 1,15
11.[lenpeccust naBineHuss Npu pabOTe CKBAXXKHHBI HA YCTAHOBHMBIIEMCS

iIn (R—") 0,814ln( 250 )

To 0,0909
1,15 1,15
12. InacToBoe AaBiaeHUE Npu padOTe HA YCTAHOBUBIIEMCS PEKUME:
Pnn:P3a6 0+A P3a6 0:1 8,45+5,6:24,05 MlIla
13. KoadduureHT npoayKTUBHOCTH CKBaKUHBI:
Kip=Q/A Py50 = 80/5,6=14,28 1/(cyr-Mlla)
14. OtHocuTenbHasi TMOTEPsS JACMPECCHMM Ha TMPEOJIOJICHHUE JTOTOJHUTEIIBHOTO

AP = 0,22 MIla

pexume, Mlla:

APgp60 = = 5,6MIla

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






MWHHUCTEPCTBO HAYKH 1 BBICHIEI'O OBPA3OBAHMS POCCUMCKOMN ®EJEPALIIA
denepanbHOE FOCYAAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/bHOE YUPeKAeHne

BbICIIIET0 00pa30BaAHUA

«CEBEPO-KABKA3CKHWH ®EJEPAJIBHBIA YHUBEPCUTET»

METOANYECKHUE YKA3AHUSA
10 OPraHM3ALUH U NIPOBEACHUIO

CaMOCTOSITeIbHOI padoThI

I'mppaBauka u HedTerasopasi rHiAPOMEXaHUKA

JUIsl cTyieHToB Hamnpasiienust noarotoBku 21.03.01 Hedrerazoroe aeno
HaIpaBJICHHOCTH (Mpoduiib) « DKCIUTyaTalusi ¥ 00CTyKMBaHHE OOBEKTOB
TpaHCIIOpTa ¥ XpaHEeHUs He(PTH, ra3a U MPOTYKTOB MEPEPadOTKI»



Cragpormons 2025



Meroaudeckne peKOMEHIAMM TIpeIHAa3HA4YCeHB U1 CTyAeHTOB By3a «CeBepo-KaBkasckuit

(enepanbHbIi YHUBEPCUTET»
[lenu MeToAMYECKHUX PEKOMEH IAIIHi:

1. MeTtoandeckoe COMPOBOXACHUE TIpOIlecca BBEICHHUS W peaju3alud  TPEOOBAHMIA
®DenepalbHOTO TOCYIAPCTBEHHOTO 00pa30BaTeNbHOTO CTaHAapTa Bbiciiero obpazosanusa (maiee OI'OC
BO), momomrs npu pa3zpabotke pabounx yueOHBIX IPOTPaMM JUCIHILINH U MPO(eCcCHOHAIHHBIX MOTyJeH

obpazoBarensHO# mporpammsl (nanee OIT).

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

O6p330BaTCHI)HOFO rnponecca.

MeToauieckue PEKOMEHIAIMKM ONPEACISIOT CYIIHOCTh CAMOCTOSTECIILHOW pabOThl CTYACHTOB B

By3e, e€ Ha3HaueHHe, IUTAaHWPOBaHKUEe, (OPMBI OpraHU3alMy M BUABI KOHTPOJIS.



Conep:xanue

1. HopmaTuBHOe 00ecrieueHre caMOCTOATeIbHOM padoTel B ®I'OC BO.
2. Ha3HaveHue U BUABI CAMOCTOSITEILHOM PadoThI CTY1€HTOB.

3. KoHTpoJib caMoCcTOATEILHOH PadoThl CTYA€HTOB MpenoaBaTeIsaMH.



1. HopmaTuBHoOe o0ecnieyenne caMmocTosATe1bHoi padorsl B PI'OC BO

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

— TpeboBanus Kk 00s3aTeILHOMY MUHUMYMY COJIEpKaHUsI 00pa30BaTeIbHON MPOTrpaMMBI
HOJArOTOBKM CHELMAINCTa, K YCIOBUSM €€ pealu3alil U CPOKaM €€ OCBOEHUS OIpeleIsatoTCs
HACTOSIIUM (elepaIbHBIM roCy1apCTBEHHBIM 00pa30BaTEeIbHBIM CTAaHAAPTOM;

— OCHOBHas oOpa3oBaTeibHas NpPOrpaMMa IOATOTOBKM CIELUAIUCTa COCTOUT U3
JUCLUIUIMH OOIIEHAYyYHOTO M HIPOPECCHOHATBHOIO LHMKIOB, COCTOALIMX M3 0a30BOM H
BApUATUBHOW YacTeil M IUCLUUIUIMH IO BBIOOPY;

— MakCHUMalbHBII 00beM Y4eOHOW Harpy3KH CTyleHTa ycTaHaBIUBaeTcsi 54 dHaca B HeEJEIIo,

BKJIIOYAsl BCE BHJIbI 2y IMTOPHON M BHEAYIUTOPHOM (CAMOCTOSTEIBHOM) yueOHOH pabOTHLI.

Bo Bpemsi caMocToATENIbHON TOATOTOBKH OOYYaIOMIMECs TOJDKHBI OBITh 00ecleueHbl JOCTYIIOM K
cetu Harepuer. Peammsamms 00pa3oBaTeIbHOM IPOTpaMMBI  ITOATOTOBKH — CIICIMANNCTa JIOJDKHA
o0ecrneunBaThCs JOCTYIIOM KKIOTO CTYACHTa K OnOIroTeuHsiM (hoHmaM 1 0a3aM JaHHBIX, (POPMHUPYEMBIM
IO IMOJHOMY TEPEYHI0 IUCLUUIUIMH 00pa3oBaTeIbHOW IpOrpaMMbl M3 pacueTa 00ecle4eHHOCTH
y49eOHNKaMHU U y4eOHbIMU TIocoOusaMu He Meree (0,5 dK3eMIuIsIpa Ha OJHOTO CTyAeHTa. bubmmoreka By3a
A0JDKHa UMETh JOCTATOYHOC KOJIMYCCTBO COBPEMCHHBIX y‘le6HI/IKOB u y‘-I€6HI)IX HOCO6PII71 10 BCEM IUKJIaM
JUCHUIINIMH MW IIOCTOSHHO BOCIIOJHATHCA Hay‘-IHOfI J'II/ITepaTypOI\/'I n TCPpUOIUYCCKMMU U3OaHUAMU
He)Tera3oBoro mpodus

O0Bem BpeMeHH, OTBEACHHBIN Ha BHEAYIUTOPHYIO CAMOCTOSATENbHYIO paboTy, HaXOAUT

OTpakeHHe:

. B pabodeM ydeOHOM IUTaHE — B IIEJIOM II0 TEOPETUYECKOMY OOYUYCHHIO, KKIOMY U3
[IUKJIOB TUCIIUTLIHH;

o B paboumx mporpammax y4eOHBIX AMCHUIUIMH IUKIOB JUCHUIUIMH C PACIpEe/ICNICHHEM I10

pasaciiaM UM KOHKPETHBIM TEMaM.
2. Haznauenue u BHU/bI CaMOCTOSITEIbLHOM’ paGOTI)I CTYAECHTOB.

CamocrosTenbHas paboTa MPOBOJUTCS C IENBIO:

o CHCTeMAaTH3alliM W 3aKPEIUICHHS IMOJYYEHHBIX TEOPETHYECKUX 3HAHWH W MPAKTHYECKUX
YMEHHH CTYICHTOB,

. yrIyOJIeHUs] ¥ PACIIMPEHHS TEOPETHUECKUX 3HAHU;

. bopMHpOBaHHMsST YMEHHUI HCHOJB30BaTh HOPMATHUBHYIO, TIPAaBOBYIO, CIIPaBOYHYIO
JIOKYMEHTAIIHIO U CTICIIHAIBHYIO JTUTEPATYPY;

o pasBUTHSL TO3HABATENFHBIX CIIOCOOHOCTEH ¥ AaKTUBHOCTH CTYIIEHTOB: TBOPYECKOH
WHHIIMATHBBI, CAMOCTOSTEIIBHOCTH, OTBETCTBEHHOCTH, OPTaHHU30BaHHOCTH;

o (GopMHUpOBaHHE CaMOCTOATEIBHOCTH MBIIUICHHS, CIIOCOOHOCTEH K CaMOpa3BUTHIO,
COBEPIIIEHCTBOBAHHIO M CAMOOPTaHH3ALIUH;

. (dbopMupoOBaHUS TMpaKTUIECKUX (0OMIEy4eOHBIX W TPOPECCHOHANBHBIX) YMEHUH H
HaBBIKOB;

. Pa3BUTHIO UCCIIEIOBATENBCKUX YMEHUI.

B yue6HoM iporiecce OV BBIIEISIOTCS IBA BHA CAMOCTOSTEIILHOM paboThL:



N

AyauTopHas No AUCUMNAUHE, BHeayauTOpHas no AMcumnianHe,
MEXANCLMMNANHAPHOMY Kypcy MEXAMCLUMMNANHAPHOMY Kypcy

BbINO/IHAETCA Ha y4ebHbIX 3aHATUAX, BbINO/IHACTCA MO 334aHMI0

npenogasartens, Ho bes ero
HenocpeacTBEHHOro y4YacTus.

noA HenocpeacTBEHHbIM
PYKOBOACTBOM MNpenogasaTtens v no
€ero 3agaHuio

BreaynuropHast camocTosiTenbHasi paboTta - IulaHupyemas ydaeOHast, yueOHO-HCCIIeI0BaTeIbCKas,
Hay4YHO-UCCJIEIOBATENbCKas paboTa CTYAEHTOB, BBINOJIHSAEMAas BO BHEAyIUTOPHOE BPEMs IO 33aJaHUIO U
IPU METOUYECKOM PYKOBOJCTBE IIPENOAABATENs, HO 6€3 €ro HemoCPeACTBEHHOTO y4aCTHs.

3. KoHTpoJb cCaMOCTOATENbHOM Pad0ThI CTYAEHTOB NPEeNnoJaBaTe/JIAMH.

Kontpons camocTosTebHOM pabOThI CTYIEHTOB MPelyCMaTPUBACT:

. COOTHECEHHE COMEPKAHUS KOHTPOJIS C LEJIIMU 00y4eHHUS;

. 00BEKTUBHOCTH KOHTPOJIS,

. BAaJMIHOCTb  KOHTPOJIS  (COOTBETCTBHE  TMPEABABISEMBIX  3aJaHUM  TOMY, 4YTO
MIPEeJIoJIaraeTcsi MPOBEPHUTH);

. IuQQepeHInanuo KOHTPOJIbHO-U3MEPUTEIBHBIX MaTEPUAIIOB.

@DopMbl KOHTPOJISI CAMOCTOSATEILHOI PadoThI

[IpocMoTp 1 mTpoBepKa BBITOIHEHHUS CAMOCTOSTENIbHOM pabOTHI MpenojaBaTesieM.
CamomnpoBepka, B3aMMOIPOBEPKA BHITIOTHEHHOTO 3a/IaHUs B TPYIIIIE.
OO6cyxaeHue pe3ynbTaToB BHIIIOJIHEHHON paO0Thl HA 3aHATHH.
TectupoBanue.

ITuceMenHslit omnpoc.

VYcTHbIH ompoc.

WnnuBupyansHOe cobeceioBaHue.

Konnoksuym.

OT4et 0 mpoaenaHHON paboTe.

3amura pedepaToB UM KypCOBOM paboTEI.

TBopueckuii KOHKypC.

WHTepHeT - KoHbEepeHIInH.

13.  KonrposbHas pabora.
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Kpurepun oneHkn pe3yIbTaTOB caMOCTOSITEIbHOI padoThI
Kputepusmu orieHOK pe3yabTaTOB BHEAYIUTOPHON CAaMOCTOATENBHOM pabOTHI CTYACHTA SBIISIFOTCS:

. YPOBEHb OCBOEHUS CTYJICHTOB yU€OHOI0 MaTepHala;



° YMCHHA CTYACHTA MCIIOJb30BAaTh TCOPETUUCCKUEC 3HAHUA IPU BBIIIOJHCHUHN IPAKTUYCCKUX

3a/ay;

. ¢opmupoBanue Habopa U3 OOMIEKYIBTYPHBIX M TPOPECCHOHAIBHBIX KOMIETCHIINI
OyIyIIero CriennuaitncTa;

. YMEHHUSl CTyJeHTa AaKTHBHO HCIIONB30BaTh SIIEKTPOHHBIE 00pPa30BATENbHBIC PECYpPCHI,
HAXOAWThH TPEOYIONIYIOCI HH(DOPMAITUIO, U3y4aTh €€ U MPUMCHSTH Ha MPAKTHKE;

. 000CHOBAHHOCTb U YE€TKOCTb U3JIOKEHHUS OTBETA;

. odopmieHne MaTepralia B COOTBETCTBHHU C TPeOOBAHHUAMU;

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

. YMECHHE YETKO C(OopMynIupoBaTh NpoOJIeMy, MPEIJIOKUB €€ PCEIICHUS, KPUTHUYCCKU
OLICHUTD PELICHUE U €TO MOCIEACTBUS;

. YMEHHE TI0Ka3aTh, MPOAHAIM3UPOBATh AIBTEPHATHBHBIE BO3MOXXHOCTH, BapHaHTHI
JICHCTBHI,

. yMeHue c(hOpMHUPOBATEH CBOIO MO3UIIMIO, OLICHKY M apTyMEHTUPOBATh €¢.

Conep:xaHue BHeayAUTOPHOI CaMOCTOATEIbLHOI
AesATeJIbHOCTH CTY/IEeHTOB
MeTtoauyieckue yka3zaHusl Ul CTY/ICHTOB IO BBITIOJHEHUIO CAMOCTOSITEIbHON PabOThI;
1. IToaroroBka K JIEKIMAM

2. IloaroroBka K NPaKTHYECKUM 3aHATUSAM



