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

Mapcu

3aoaua Nel. Onpenennts K03GHUIHEHTH! GUIBTPALMHI U IPOHUIIAEMOCTD 10

JAaHHBIM, ITPUBCACHHLIM B Ta6JII/IHe

[aHo:

HanmeHoBaHue 3HayeHue
1.Mnowaab nonepeyHoro ceyeHun rOPU3OHTA/IbHO
pacronox)eHHoro obpasua necyaHuka, F, cm’ >0
2. AnnHa obpasua, L, cm 6
3.Pa3HOCTb gaBneHW Ha BxoAe MAKOCTM B obpasewy M Ha
BbIxoae, Ap, aTt o>
4.YpenbHbl BEC }KUAKOCTH, v, KI’/M3 1000
5. AnHamunyeckui KoadduumMeHT BA3KOCTY, LI, CN3 2,5
6. Pacxopg, Q, n/uyac 2

Haintu: c, k
PeweHue:
1) IlepeBoaum naunbie B cuctemy CU:
HanmeHoBaHune 3Ha4veHune cHn
1.F,m 50*10™ 0,005
2.L,m 6*107 0,06




3.Ap, Na 0,5%10° 50000

4.y, kr/m**c? 1000*9,81 9810
5. 1, Na*c 2,5%10° 0,0025
6.Q, m>/c 2*10°/(60*60) 5,55%107

2) 3anwmimeM 3akoH J[apcu B 001IeM BH/IE:

— k —
Q = c%F =%¥F, roe H =z+$ (1.1)

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

TOpHU30HTAJIIBHO, T.C. Z = 0:

_ H(271/)/_?92/)/)13 = Q= kA_pF (12)

Q u L uL
4) U3 dopmynsr (1.2) BeipakaeM kodpduuueHT mnpoHunaemoctu (K) u

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

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

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

pacCUUTHIBAEM:

=l _ 3,33x10713x9810
T on 0,0025

=1,33%107°M/.  (1.4)



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

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

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

[aHo:
HavmeHoBaHune 3HayeHune
1. Pagmyc ruapoauHaMAYECKA COBEPIICHHON CKBAKHUHBL, I, CM 10
2. PaccrosiHME OT CKBaXKUHBL, I, M 75
3. MommnocTs miacra, h, m 10
4. Tlopuctocth mopojsl, m, % 12
5. Huuamuueckuit K03PPUIUEHT BA3KOCTH, L, CII3 2,5
6. MaccoBblii 1eOUT ckBakuHBI, G, T/CyT 50
7. TnotHocTs HedTH, P, KI/M 850
Hantu: u, w
PeweHue:
[lepeBoaum nanubie B cuctemy CH:
HanmeHoBaHue 3Ha4veHune 7]

2
1 o 10*10 0,1




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

3anuiieM GopMyIily MaccoBOro e0OuTa:

G=p-Q (21)
C Y4E€TOM TOr'0, YTO.

Q=u-F (2.2),

rJle U — CKOpPOCTb QUAbTpALMU PJIoUa:

u=m-w (2.3)
F —momiaab IONEpeYHoro CEYSHMs OPOIbI YepE3 KOTOPYIO (QHIBTPYETCS
bmron;
F=2-m-h-r (2.4)

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

N3 dpopmyisr (2.5) Beipaxkaem ckopocth (uibTparmu (U) U TIOJCTaBUB JaHHBIC W3
TAOJIMIBl ~ PAacCCUUTHIBAEM  CKOPOCTh  (uibTpauuu  ¢Quouaa y  CTEHKH
THJIPOAMHAMUYECKH COBEPIICHHOW CKBaXXHHBI (U;) CKOPOCTh (hmiibTpanuu (iarounna

Ha PaCCTOSHMU OT CKBaXXHHBI (Us):



_ G
u= p-2rh (26)

0,579

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

Uq

0,579

= = .10-7
T 850-2-314-10-75 1,445-107" Mm/c.

U,

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

¢uron1a Ha PACCTOSIHUU OT CKBaXKUHBI (W5):

u
= 2009708 _ 0,000903 /
Wl - 0,12 - Y M/ C.
1,445-1077 e
w, = 012 =1,204-107° m/c.

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

TeueHuu ¢urronia (HeTH) Mo JaHHBIM, IPUBEACHHBIM B TAOIHIIE:

HNaHo:



HanmeHoBaHue 3HayeHune
1. Paamyc rufipoAMHAMUYECKH COBEPIIICHHON CKBaYXUHBI, ¢, CM 10
2. Pamuyc KoHTypa murtanus, R, M 300
3. MomHocTs miacta, h, M 10
4. Tlopuctocth mopoasl, M, % 10
5. JIlunamuueckuit KOAOPUIIUESHT BA3KOCTH, L, CII3 2,5
6. MaccoBsblit 1eOUT cCKkBakuHbI, G, T/CyT 50
7. TInotHOCTH HedTH, P, KI/M 350
8. IlmactoBoe naBienue, P, atm 250
9. JlaBnenue Ha 3a00¢ CKBaXXUHBI, P,, aT™M 100

B peweHnun ncnonblosaTb Ynucao Re no popmyne M. . MUAAMOHWMKOBA U

3a Re,, B3ATb BepxHee 3Ha4yeHne Re,, = 0,29.

Hantun: k, u

PeweHwue:

1. IlepeBonum nanuHsie B cucremy CU:

HanmeHoBaHue 3Ha4yeHue U

2
1. Iy M 10*10 0,1
2. Ry, M 300 300
3 h.m 10 10




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

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

(cootHoMmeHKE J{fomron):

K 7AK
rneal = ——; 1, =—
Inr T

3. 3ammmem Gopmyay MaccoBoro aedura:

G=p-Q (32

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

TaOJIMIIBI PACCUUTHIBAEM:

Q (3.3)

—0'579—000068 3/
=ggg ¥ M° /CeK.



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

TaOJIUIBI PACCUNTHIBACM:

fo = LR (3 4)

"~ APp2mh

0,00068 - ln%- 0,0025

k =
(250 — 100) - 105-2- 3,14 - 10

=1,45-10"1*m?

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

Re = —”O'P'#V k/m - (35)

rae w =1uy, = %/

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

JaHHBIC U3 Ta6J'H/II_IBI pacCUUTBIBACM:

Re,m>p

e (39)

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

u M/c

3amaua Ne4. OnpenenuTh UMEET JIM MecTo (GuiIbTpanus mo 3akoHy Jlapcu B
pu3a00MHOM 30HE MO TaHHBIM, IPUBEACHHBIM B TaOJIHIIE:

HNaHo:



HanmeHoBaHue 3Ha4veHune
1. Paguyc ruapoauHaMAYECKH COBEPIIICHHOW CKBAXUHBI, I, CM 10
2. JleOuT ra3oBoi CKBOKHMHBI, MPUBEJACHHBIN K aTMOCHEepHOMY 200-10°
JABIICHMUIO TIPH IIACTOBOH TeMmepatype, Quu, M /CyT
3. MormnHocts miacra, h, m 10
4. TlopuctocTh opojsl, M, % 12
5. KoaddunuenTt nporumaeMocTs mopoasl, K, 1 0,3
6. AOcomoTHOE TaBjeHUE Ha 3a00¢ CKBaOXXUHBI, Pc, aTM 80
7. CpenHuii MOJIEKYJIIpHBIN Bec raza, M 18
8. JlmHamuueckuit KOAQPHUIIUEHT BA3KOCTH B IIACTOBBIX 0,012
YCIIOBHSIX, |, CII3
9. Temmeparypa mnacra, T, °C 45
B peweHun ncnonbsosatb popmyny LLlenkauésa.
Hantu: k, u
PeweHue:
1. IlepeBoaum mnanHwie B cucremy CU:
HanmeHoBaHue 3HayeHue CH
1. re,m 10 0,1
2. Qu M 200-10° 2,315
3. hwm 10 10




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

5. k, M 0,3 0,3-10"
6. Pc,Ila 80 80-10°
10. M 18 18

11. u, a-c 0,012 0,012-10°
12.T,K 45 45+273=318

. Ha ocHoBanuu 3akoHa ABora):[po MOKHO ONpCACINTb INNIOTHOCTb TIasa IIpH

HOPMAJIBHBIX YCIOBUSX (Pg), T.€. IPH To=0°C u naBrenuu B Py=1,033 atm:

M
Vi

18
= ——=10,804 kxr/m3

Po = 224

y.

. W3 ypaBHeHus cocTossHMs uacanbHOro rasa Kiainepona — Menaeneesa mpu

ITIOCTOAHCTBEC COCTaBa rasa:

= const

©
N
~

Y IIPH YCJIOBUSIX Ha 3a00e:

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

= = 53,3 3
T-P, 318 - 1.033 /3 Kr/m
. CxopocTh (puiIbTpanuu Mpu yCIOBUIX HA 3a00¢:
P 2,315 - 1,033
U, = Car * Parw = 0,0051m/c

“2nmr.-h-P. 2-314-0,1-10-80



5. ITo dopmyne IllenkadeBa paccuntaem umucio PeiiHonbaca Re u cpaBHUM ero ¢
KkputndeckuM 3HauenueM (Re,,=1-12, ecnu nonyuennoe snauenue Re Oonvuse

12, mo 3axon /lapcu napywen):

10-u-p-vk
= mz3 -

Re =17,74.

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

HapYyLLEH.



IIpakTnueckoe 3ansaTue 2 [ipamMonuHeiiHo-napaiielbHas puiabTpanus
KUAKOCTH

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

OnHOMEpHBIM  HA3bIBAa€TCA IMOTOK, B KOTOPOM IApaMETphl  SIBISIOTCS
GbyHKIIMEH TONBKO OJHOW MPOCTPAHCTBEHHOW KOOPAMHATHI, HAMpPaBICHHOW IO
auHUM ToKa. K 0THOMEpHBIM IMIOTOKaM OTHOCSTCS:

1) NpAMOJINHEMHO—TIAPAIIIETbHBIN:

2) TWI0CKOPaIHAIbHBIN;

3) paananbHO—C(hHEepUUECKUN.

B npsmonuHenHO-n1apa/uIeIbHOM IIOTOKE TPACKTOPUU YaCTHULl KUIKOCTH -
napajuleJibHble TpsSMblE, a CKOPOCTH (QWIbTPAMM BO BCEX TOYKax JIOOOro
MONEePEeYHOro (MEPNEeHIUKYJISPHOrO K JIMHUSAM TOKA) CEUEHHUS MOTOKA PABHBI MEXIY
c000ii, MOBEPXHOCTU PABHBIX MOTEHIMAIOB (KBUIIOTEHIIUAIbHbBIE TOBEPXHOCTH) U
MOBEPXHOCTU PABHBIX CKOPOCTEH (M30TaxM) SBISIIOTCA IUIOCKUMH IOBEPXHOCTIMHU
MEPIEHIUKYJIAPHBIMA TPACKTOPHUSIM. 3aKOHBI ABUKEHHS BIOJIb TPACKTOPUN TaKOTrO
(GUIBTPALIMOHHOTO NMOTOKA WACHTHYHBI, a IOTOMY JAOCTATOYHO U3Y4YUTh JBHXKEHUE
BJIOJIb OTHOW U3 TPAEKTOPUH, KOTOPYIO MOKHO MPHUHSATH 32 OCh KOOPJIAUHAT X.

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

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

Paznuyaror cienyromuye BUaAbl MAKPOHEOJHOPOAHOCTH

a) Croucras  HEOJHOPOJHOCTh  (MHOTOCIOMHBIA  TUIACT),  T.€.
HEOJHOPOAHOCTh II0 TOJIIMHE Iiacta. Ilpeamomaraercs, 4YTO NPOILIACTKH

PasaciICHbl HEMIPOHUIACMBIMHA TI'PaHHULIAMHW — THAPABIMYCCKH HM30JIHMPOBAHEI, 0o



YUHUTBIBAIOTCS ~ NEPETOKM  MEXAY  CIOSAMH  pa3IM4YHOM  MPOHULAEMOCTH
THJIPABIMYECKH  cooOuwlalommecs; B IpeAenax  KaxJIoro  HpoIulacTKa
(uIbTpAallMOHHBIE MAapaMETpbl IOCTOSHHBI, a Ha TPAHULIE COCEAHMX OHHU
IIPETEPHEBAOT CKA4OK.

Ecnu TedyeHne mOoTeHIMAaNbHO, TO MOJHBIN 1EOUT IJIacTa ONpeesaeTcs Kak
CyMMa JeOMTOB BCEX IpoIUIacTKoB. [Ipum mpakTHUeckux pacuerax yKa3aHHBIN

MHOTOCIIOMHBIN TJIAaCT MOXHO 3aMEHUTh KBa3HOAHOPOIHBIM C 3(PPEeKTUBHOM

POHMIIAEMOCTBIO:
_y ki
S
rae ki , hj — mponunaemoct ¥ 3¢¢eKkTUBHAS TOJIIMHA I-TO MpOIUIacTKa, h—
s pexTrBHAS TOIIIMHA BCETO TUIacTa.
0) 3oHajbHAas HEOJHOPOJHOCTh — IIACT IO IUIOIIAAX COCTOUT U3

HECKOJIbKUX 30H C Pa3IMUHbIMU (UIBTPAIMOHHBIMU TapaMeTpaMu, Ha TpaHUIaX
KOTOPBIX MOCJIETHUE MEHIIOTCS CKauKO0Opa3HO.
CornacHo ypaBHEHHIO HEPa3phIBHOCTH MACCOBBIM JEOUT B KaXKIOM U3 30H

HEOJHOPOJHOTO TIJIacTa MOCTOSHEH W PaBeH MpU MPSMOJUHEHHO-TIapaIIeIbHOM

IMOTOKC:
G gy PP _Bholp, -
2 / nx /
rae B — IIHUPHHA I1J1aCTa, Ii — OPOTAKCHHOCTD | — O¥f 30HBI , IPOHULACMOCTDL B

KOTOPO# MoCTOsTHHA U paBHa K , ¢ = j n~pdp,i=1,...,Nn; N— 4KCII0 30H.
MaccoBslii 1e0uT Gronaa, MpoXoIAIuil Yepe3 Bech miact (1o Bceut anmune L,
paBHOM CyMMe y4acTKOB , AuuHaMH |;) BeIpa3uTcs Tak:
G = Bhk P —Pc — Bhkp(pk — pC)
nL

CpaBHuBas aBe nocieaaue GopMyIbl, HAXOIUM BBIPAKEHHE JIJISl CpEIHEH

IMPOHHUIACMOCTH HCOOAHOPOIHOIO IIJIaCTa, paCCMAaTpUBACMOI'0 KaK OI[HOpOI[HI;Iﬁ

__ L
=,

[IpoBeneHne 3aMEpOB 1 BBIYNCICHAN



W3mepsitot maccy mpoduinbTpoBaBiieiicss Boasl M U JUIMTEIbHOCTh
NPOBE/ICHUS OMbITa t. 3aTeM BBIYUCIIAIOT BEJIMYMHY MaccoBoro aeoura G =M /t.
3aMepsIFoT JUIMHBI 30H npoHutiaeMoctel |y ,l; |3 v Benmmuunb! naBieHuii B Havae
IIEPBOU, BTOPOM U TPETHEMN 30H Py, P2, P3, @ TAKKE B KOHLE TPEThEH 30HHI p.. 110
MOJyYEHHBIM Pe3yJIbTaTaM 3aMEPOB YEPTAT «JIOMAHBII rpaQuK» U3MEHEHUS
JIaBJICHMS B 3aBUCHUMOCTH OT JUUIMHBI IU1acTa.

BpIauciAroT BeIMYrMHBI TPOHUIAEMOCTEN IIEPBOW, BTOPOM U TPETHEN 30H
iacra
_ Gnly _ Gl _ Grl,

Bho(p. - P2)  ° Bho(p-pa) T Bhp(ps-p.)

Haxopnsat BenmnunHy cpeaHel MPOHUIIAEMOCTH IUIACTA, PACCMATPUBAEMOI0 KaK

Ky

OI[HOpOI[HBIﬁ 110 ITPOHUIIACMOCTH

K=1 |L |
hob s
ki ko K3

[To pesynbTaTam TpoBeAEHHOW pPaOOTHl HEOOXOIUMO CHeNaTh BBIBOABI O
pacupeneneH JaBJI€HUS B HEOJHOPOJHOM IO MPOHUIAEMOCTH ILIACTE MpPHU
NPSAMOJIMHEHHO-TIapaUIeIbHOU  (PUIABTpAIlMU, O COOTBETCTBUU TMOJTYUYECHHBIX

pPE3YyIbTATOB OIMBITOB TEOPETUUECKUM (POopMyiam.






IIpakTHyeckoe 3anaTHe 3 Bausnue GuIbTPAHOHHBIX CBOIMCTB NPHU3a00iHOIM

30HBI IIJIACTAa HA TIPON3BOAUTE/IBbHOCTD CKBAKUHBI

PaccmaTpuBaeTcs OAHOMEPHbIN NAOCKOPaAUanbHbii  GUABTPALMOHHbIN
NOTOK HECKMMaeMoMn KUAKOCTW. [lnacT cocTouT w3 ABYX 30H PasINYHOM
NPOHULAEMOCTM: nepBad 30Ha (nNpu3aboiHaa 30Ha nNAacta) oOrpaHUYeHa
UMIMHAPUYECKMMM MOBEPXHOCTAMM HA PACCTOAHWUU 7, U 7, OT OCU CKBAXKUHbI;
BTOpPan 30Ha OrpaHMYeHa UMAWHOPUYECKMMWU NOBEPXHOCTAMWU Ha PACCTOSHUN 7, U
R, OCM CKBaXXMHbl. PaccumtaTtb cnegylolme xapakTepuUCTUKKM GUAbBTPALMOHHOTO

MNOTOKa:

1. CpeaHee 3HauYeHMe KOapPMUMeEHTa NPOHULLAEMOCTM B NaacTe.
2. PacnpepeneHune gasnenus B 1-oi n 2-oi 3oHax naacta (ot », 4o 10 m).
3. PacnpepeneHue rpagueHTa AasneHua B 1-oi un 2-oi 3oHax nnacrta (o1 r, Ao

10 m).

4. PacnpepeneHue ckopoctu puabTpauuu B 1-oi 1 2-oih 30Hax naacta (ot », Ao

10 m).

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

Paccuntatb 3HayeHue gebuta npu k= 0.1 * k, (CHMKEHME NPOHMLAEMOCTH
npu3aboiHo 30HbI), Npu ki= k; (NpoHUL@emocTb Npn3aboiiHOM 30HbI COBNAAAET C
NPOHMLUAEMOCTbIO  OCTa/ZIbHOTO  MAAcCTa), npu  ky;=10*k, (noBbiweHMe
NPOHMLAEMOCTN NPMU3aBOINHOM 30HbI), CPaBHUTbL MNONYyYEHHbIE 3HaYeHUs 4ebutos B

abcontoTHOM U npoueHTHOM COOTHOLIEHUN.

MocTpouTb rpaduk wM3MeHeHMA [AebuTa CKBaXKMHbI NPU  BO3PACTAHUM

KoapduumeHTa NnpoHULaemocT1 B nepsoit 3oHe ot 0.1* k, ao 10 * k.



McxoaHble AaHHbIe ANA pacyéTa:

ky = 0.2 4
k, = 1.0 4
h= 10 | m
r_CKB.= 10 | cm
ri= 3|/m
Rk = 10 | Km
m= 0.2

u = 4| cl

[aBneHune Ha KOHTYpe U Ha 3aboe

CKBaXXMHbl, MIMa (no BapmnaHTam)

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

BapuaHT 10 = BapuaHT 5, Rk=8Kkm




BapuaHTt 11 — 20 = BapuaHnT 1-10, npn k, = 0.8 A.

BapmaHTt 21 — 30 = BapuanTt 1-10, npn k, = 1.2 .

In(R, /7, )
ksredn.: 1 1
—In(R,/r.)+—In(R, /R
kl ( 1 c) k2 ( k 1)
p.+ 1 p}’;_pcl R xlni,rcSrSRl;
ol I P B WU B
k. . kR
p(r)= ~ R
Dy — 1 p},; pcl P xIn—% R <r<R, ;
| - m Sy e
L » R
nnacre;
pk_pc Xl’rc<rSRl,
kl(I]anJrllan] r
dp (r) _ ok 1
dr 1 p}/;_pcl - xl,R1<r<Rk,
N [ A N WA
ky 1. ky R
w= E X d—p — CKOpPOCTb GUNbTPALUM
u r

_Z”kzh Pr — Pe
0= "Rk, R
H In—k 4+ 21 L
Rk 1

c

- Ae6MT CKBaXXHUHbI

k=—2
pk_pc

— K030 PUUNEHT NPOAYKTUBHOCTU CKBAXKUHDI

— p B 2-X 30Ha/IbHOM

— rpagueHT AaB/eHUs



Mpumepbl rpadmMKoB 3aBUCUMOCTEN NpUBEAEHbI Ha pUCyHKax 4.1 — 4.5,

OaBnenue, MMa

F'papueHT paBnexnus, MMa/m

9.0

8.5

8.0

75

7.0

0.5

0.5

0.4

0.4

0.3

0.3

0.2

0.2

0.1

0.1

0.0

3aBMCUMMOCTbL AaBneHusi oT pacCcTosAHUNA OT LUeHTPa CKBaXWHbI

3aBMCUMOCTb FpagveHTa AaBreHUs OT PacCCTOSAHUA OT LleHTPa CKBaXXUHbI
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/
/ //
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PaccTtosiHue, M
PucyHok 4.1
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PucyHok 4.2
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0.00010

0.00008

0.00006

CkopocTb, M/c

0.00004

0.00002

0.00000

3aBucumocTb CKopocTH pUnbTpaLmum OT PpacCTOSAHMA OT LIeHTPa CKBaXXUHbI

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

PucyHoK 4.3

3aBUCUMOCTb AebuTa CKBaXXUHbI OT OTHOLWEHUA K1 K K2

0.00085

0.0008

0.00075
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0.0007

0.00065

0.0006

0.00055

0.0005

PucyHok 4.4
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PucyHok 4.5 —KapTta nsobap.

IMpakTuyeckoe 3ausatue 4 Pacuyér puiabTpaniMOHHBIX MOTOKOB MPH

HeJIMHEHHBbIX 3aKOHAX PpuiabTpanuu

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

ypaBHEHUEM:

d—p:2u+bu2, (1.1)
dr k

_pp
rae b e

Hecxxkumaemasi sKUAKOCTHb B Hege()OPMHUPYEMOM ILIACTE

Bripazum ckopocTh GUIbTpaIuu i ciiydas IUIOCKOPAJIUAIbHOTO TEYCHUS

qyepes JeOuT:

u=Q/(2rrh).

C yyetom 3toro (1.1) 3anuweTcs B BUAE:



d

©

_n Q +b Q

r k2ah — (2arh)’

o

B 3TOM BbipaxKeHUM, pas3gennsa nepemMeHHble U MHTErpupys no paguycy ot r
[0 R, v no gaBneHuto oT p 40 p, , a, BO BTOPOM C/ly4ae — No paanycy oT r. Ao R, u
Mo AAaBJEHUIO OT P, AO Py, NOAYYUM POPMYNY AN pacnpeseneHus OaB/eHUs B

nnacre:

P = Dy (1.2)

r R

K

_Qn R Q% (1 1
27kh (27zh)2

KpuBas pacnpegenexHus gasnexua (1.2) — runepbona 1 BOpoHKa Aenpeccum
— runepbona BpaweHna. KpyTusHa BOPOHKM AENPECCUM Y CTEHKU CKBaXKMHbI byaeT

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

[na sbipakeHUA LI,E‘6MTa CKBa*XMHbI 3anunuem:

r R

c K

Pie—=Pc = In—+ (13)

Qn R, Qb (1 1
27kh 1, (27zh)2 '

[ebut HaxoAUTCA KaK MNOOMKUTE/NbHbIA KOPEHb KBaApaTHOro YpaBHEHUS

(1.3). U3 Hero BUAHO, YTO MHAMKATOPHAA NNMHUA ABAAETCA Napaboon.

HNpeanbHblii ra3 B HegeopMupPyeMoOM ILJIaCTe

Bripazum ckopocTh depes npuBenEHHbBIN 00BEMHBIN pacXo/I;

G pchcm — Qcm pcm

u= = 2 athD (1.4)
pcm
[ToncraBuB Beipaxenue (1.4) B (1.1), Haxoaum:
d cm cmi-cm
®_ Py PenPenl 2 (15)

= +
dr 2z khpr =" 47z2h2\/Epr2



Pa3nenuB nepemenHsble, U, IPOUHTETPUPOBAB B NPEJEax OT p A0 p. U OT I' 10

Ie, IMEEM:

1 1
77 pCm Q pcm pcmﬂ Q2 ) (1.6)

Pt Qe i O

Pacnpenencaue napnenus mo (1.6) otauuaeTcst OT pachpeaesieHus TaBICHUA
no 3akoHy Jlapcum HamMuyumeMm MOCIETHEero WieHa, YTO BeleT K Oojee pe3Kkomy
M3MEHEHHUIO JaBJICHUs B TPU3a00MHOM 30HE.

Wurerpupys ypaBuenue(1.5) B npeaenax ot p, 10 p. ¥ OT R, 110 I ,IOTy4uM

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

> o2 NP Re . PemPemB A2
. _ : — cm Q In _K + cm cm Qcm , (1.7)
P Pe =k r.  27°h%r.Jk

nJIn B O6H_I€HpI/IH$ITOM BUAC:

D= Pé = AQuy +BOG,. (1.8)
Koaddurmentst 4 u B onpeAensroT 1Mo JaHHBIM HCCIICIOBAHUS CKBAXKUH MPU
YCTaHOBHUBIIUXCS PEKUMAX.
3akoH /lapcu cipaBemsiuB NMpu COOIOICHUHN YCIOBUM:
—TIOPHUCTAs CPEela MEJKO3EPHUCTA U TTOPOBBIE KAHAIBI TOCTATOYHO Y3KH;
—CKOPOCTh (PHIIBTPAIIMU U TPATUECHT JTABJICHUS MAJIbI;
— U3MEHEHHE CKOPOCTH (PUIIbTPALIUU U TPAJTUEHTA JTABICHUS MaJIbI.
[Ipu NoOBBIIEHNH CKOPOCTH ABUKEHUA KUJIKOCTH 3aKOH [lapcu Hapymaercs
W3-3a yBEJIMYCHUS TOTEPh JaBJiCHHs Ha d(PQEKTHI, CBSI3aHHBIE C MHEPIUOHHBIMH
cujgaMu: O00pa30BaHHME BHUXpPEH, 30H CpbIBa MOTOKAa C TOBEPXHOCTH YaCTHII,
TUJPABIMYECKUI yJap O YaCTHIlbl U T. . DTO TaK Ha3bIBacMas BEPXHSS I'paHUIIA.
Kputepuem BepxHeW TrpaHUIBI CIPaBEIIMBOCTH 3akoHa Jlapcu OOBIYHO CITY>KUT
cormocTaBjieHne uncia PeitHonbaca Re =wap/n ¢ ero KpUTHYECKHM 3HAYEHHEM
Re,, IoOcCie KOTOPOro JHMHEHHas CBsA3b MEXKIYy IIOTEPEd Hamopa U pPacxoioM
Hapymaercs. B Beipaxkenuu aJig uncna Re: W —xapaktepHasi CKOpOCTh TEUEHUS: a —
XapaKTEePHbI T€OMETPUUECKUN pa3Mep OPUCTOU CPEJIbl; O — MIOTHOCTh KUAKOCTH.

Nmeercs psin mpeacTaBieHM yucen PelHonbAca, IMOJYyYEHHBIX PAa3IUYHBIMHU



aBTOpaMU MpPU TOM WM UHOM OOOCHOBAHMHU XapaKTEpHbIX mapameTpoB. Hanbosnee
yIoTpeOsieMbl B TOA3EMHON THIPOMEXaHUKE (POPMYIIBI:

a) Wenkauésa:

Re — 10u,0\/E

m2’377
Kputnyeckoe uncno PerHonbaca Re,,=1 —12;

6) MMNAMOHLWMKOBA:

Rezm
n

Kputnyeckoe umcno PertHonbaca Re,,= 0,022 —0,29.

CkopocTb ¢punbTpaumm u,, NPU KOTOPOW HapywaeTca 3akoH [lapcwy,
Ha3blBAeTCA KPUTUYECKOW CKOpPOCTblo  GuAbTpauuu. HapyleHue CcKopocTu
buUNbTpaUMM He O03HayaeT nepexoda OT JlaMUHAPHOINO  ABUXEHMA K
TYypOYNEHTHOMY, a BbI3BAHO TEM, YTO CU/Ibl UHEPLUM, BOZHUKAIOLWME B XKUAKOCTM 32
CYET M3BUIUCTOCTM KaHA/NOB U M3MEHEHMA NNOLWAAN CeYyeHMA, CTAaHOBATCA Mpw

u > Uy, COU3MEPUMbI C CUNAMU TPEHUA.

Mpn o06paboTke 3KCNEepPMMEHTaNbHbIX AaHHbIX ANA  onpeaefneHus

KPUTUYECKOM CKOPOCTU NONb3YOTCA be3pasmepHbim napameTpom Jdapcu:

Da—u.%— unk

- A% Ck-Ap

npegcragnarowimm oTHOWEHUE CUAI BA3KOrNro TpeHUA K CUNe OaBAeHUA. B obnactu

AencTBMA 3aKoHa [apcuM AaHHbIM napameTp paBeH 1 M yMeHblUaeTca npu

npesbilLLeEHUN YNC/TOM Re KPUTUYECKOIro 3Ha4eHuA.



3akoH Jlapcu MOXET Hapylmatbcsi M NOPU OYEHb MaJbIX CKOPOCTSAX
(bHJIBTpaL[I/II/I B IIpOOeECCC Hadajla ABHKCHUA JKHUIKOCTH H3-3a IIPOSABIICHUA
HEHBIOTOHOBCKUX PEOJIOTHYECKUX CBOMCTB KUJIKOCTH M €€ B3aUMOJICHCTBUS C
TBEPJBIM CKEJIETOM MOPHUCTOM Cpelibl. ITO HUKHSSI TPaHULA.

[JaHHoe aBneHne o0b6bACHAETCA TEM, YTO MPU MasblX CKOPOCTAX CTaHOBUTCS
CyLWEeCTBEHHbIM CWN0BOE B3aMMOAEWNCTBME MeXAY TBEPAbIM CKE/eToM WU
XUOKOCTbIO 33 cyeT o06pa3oBaHMA aHOMaAJbHbIX, HEHbHOTOHOBCKUX CUCTEM.
Hanpumep, ycTtonumBbie KONNOUAHbIE PACTBOPbLI B BUAE CTyAHEObpasHbIX NAEHOK,
NepeKpbIBAlOT MOPbl M pa3pyllalocs NpU HEKOTOPOM FpagueHTe AaBAeHua 1,
Ha3bIBAEMOro Haya/ibHbIM W 3aBUCALWMM OT AO0AN T[IMHUCTOrO MaTepuana u
BE/IMYMHbI OCTAaTOYHOM BOAOHACLILEHHOCTU. MMeeTcs MHOro pPeosiorMyecKkmx
Mmoaenen HeHbHTOHOBCKUX XMAKOCTEW, Hambonee NPOCTOM M3 HUX ABAAETCA

mogaenb C npegesibHbiM rpagneHToOM:

——p_2u+r,, u>o,
d k
_d_pg 4 u=0.

dl

3akonnl puiabTpanuu npu Re > Rey,

OT COOTBETCTBUS UCMOIB3YEMOI'0 3aKOHA (PUIIBTPALINK U3Yy4aeMOMY TEUEHUIO
3aBHCHUT JIOCTOBEPHOCTh JaHHBIX HCCIEIOBAaHHUS CKBAXUH M OIpEleCHHE
nmapaMeTpoB IjacTa. B cBs3W ¢ 3TUM B 00JACTH HapylIEHUS ACHCTBHUS 3aKOHA
Japcu HeoOXo MO BBeJIcHHE Oosiee OONTHX, HETUHEHHBIX 3aKOHOB (DUIIbTPAIIHH.

Haubonpiiee ymorpebieHre HalUIM JBYXWICHHbIE 3aBUCHMOCTH, IAFOIINE
IJIABHBIN ITEpEeXO0/ OT 3aK0HA J[apcu K KBaApaTUYHOMY:

_d = Au + Bu’.
dl (1.9)
Kosdduuuentst 4 u B omnpenensitorcss JU0OO SKCIEPUMEHTAIBHO, JHOO

TCOPETUUCCKHU. B nocneanem ciay4dac:

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



rae [ — CIPYKTYypHBIA KOY(DOUIMEHT, OH IO MPENIOKEHHIO MUHCKOIO
OHpeﬂeHHCTCﬂTTaK:
12-107°d?

mk

p=

3adoaua 1

Onpenenute 3HauYeHHE yuciaa PelHONbICa y CTEHKUM THAPOJAHMHAMHYECKH
HECOBEPIIICHHON MO XapaKTepy BCKPHITUA HE(PTAHOW CKBAXKUHBI, €CJIU HU3BECTHO,
YTO OJKCIUTyaTallUOHHAs KOJOHHA TMepdopupoBaHa, Ha KaXXJIOM METpPE JJIMHBI
KOJIOHHBI ITpocTpeieHo 10 orBepctrii quameTpoM d = 10 MM, MOIITHOCTB TuTacTa h =
15 M, mpouuraemocts 1tacta K = 1JI, mopuctocts ero m = 18%, xoadduiueHr
Bs3koctH Hedti 4 = 4 mlla*c, miotHOCTs HedTH p = = 870 kr/mM° M eGuT
CKBaXMHBI cocTaBiisieT 140 M3/CyT.

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

MUnInoHIIMKOBA).

3a0aua 2

OmnpenennTs paanyc Npu3abOMHOM 30HBI Iy, B KOTOPOW HAapylIEH 3aKOH
Jlapcu, mpu yCTaHOBHUBIIEHCS TJIOCKOpPAIUAIbHONW (PUIBTpAlMK HEaTbHOTO Tas3a,
€CJIM M3BECTHO, YTO MPHUBEAEHHBIN K aTMOC(EPHOMY MABJICHUIO JIEOUT CKBAKUHBI
Q. = 2*10° M*/cyr, MomHoCT mracta h = 10 M, ko3bdurment npornuaemoctn K =
0,6 1, xoadduimeHT mopuctoctu miacta m = 19%, nuHaMuyeckuit KodphumeHT
BA3KOCTH T'a3a B IUIACTOBBIX ycnoBHsIX 4 =1,4* 10® kr/m*c, MIOTHOCTH Ta3a mpu
aTMOC(EpPHOM NABICHNH H IUTACTOBON TEMIIEPATYPE p o = 0,7 KI/M°.

VYkazanue. B pemienun ucnosib3oBaTh yncio PeiiHomnbaca o Gpopmyne M. 1.
MummmonmukoBa u 3a Re, B34Th HIKHee 3HadeHne Reg, = 0,022.

Otser: I, = 7,9 M.

3a0aua 3



Omnpenenuts o popmyne IllenkadeBa, mpoucxoauT au GUIBTPALKS B IIACTE
1o 3aKkoHy Jlapcu, eciu U3BECTHO, uTo AebuT HehTaHoi ckpaxnuel Q = 200 m*/cyT,
MOIITHOCTh Iiacta h = 5 M, ko3dduiment nopucroct M = 16%, Kod3PPUIIHMESHT
nponunaemoctd K = 0,2 [, mwiotHocte HehTH p = 0,8 r/CM3, JTUHAMUYCCKUU
kodpdunmeHnt Bsa3kocth ee | = 5 wmlla*c. CkBaxkuHa THIAPOAMHAMUYECKHU
COBepIlIeHHA, paauyc ee r. = 0,1 m.

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



IIpakTH4yeckoe 3ansiTHe 5 YcTaHOBUBIIASICHA QUIbTPALUA PeaJbHOIO ra3a

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

oT ypaBHeHus1 Knanelipona u uMeeT BU/I:

X3 - 2 RT
o ) (3.1)
e z = z2(p, T,) — KOIPQOUIUEHT CBEPXCIKUMAEMOCTH Ta3a, YYHTHIBAIOIIUI

OTKJIOHCHHUC PpCaJIbHOI'O TIa3a OT HACAIBHOTO H 3aBHC5IIHI/II>JI OT IIPHUBCICHHBIX

JABJICHHS U TEMIIEPATYPbI

p
Pp= s,
r Pep .xp
T
Cp.Kp

U onpexensgeMslil o rpaguky (puc. 3.1). 3nech Pepyp U Ty — COOTBETCTBEHHO
CPETHCKPUTHUYECKOE MJaBJICHUE M CPEAHCKPUTHYECKas TemImeparypa. Tak Kak
NPUPOIHBIN Ta3 COCTOUT M3 PA3JIMYHBIX KOMIIOHEHTOB (METaH, 3TaH, MPOMaH H Jp.),

TO IPEABAPUTENIBHO HY>KHO BBIUUCIUTD 3HAYEHHS Pep 1 U Tp 1p IO POpMyIIAM

_ _ZniPgpj
Pep.xp =
R _ ZniTyp;
Cp.Kp ——_—-———2
i
rae Ny — CoaepKaHue j-ro KOMIIOHEHTa B rase, 00. %; Pipj U TKpj KPUTHYCCKOC

JABJICHUE U TEMIIEpaTypa j-TO0 KOMIIOHEHTa COOTBETCTBEHHO.
Junamudeckuii KOd(O@PUIIMEHT BS3KOCTH MPUPOTHOTO (pEayibHOTO) Ta3a
3aBUCHUT OT JABJICHHs U TeMriepaTypbl. CunTtas mporecc M30TePMUUYECKUM, HYKHO
YYHUTHIBATh 3aBUCUMOCTH W(p). Ha oCHOBaHWM 3KCIIEpUMEHTALHBIX HCCIIEIOBAHMMI
MOCTPOEHBI TPAPUKUA, IO KOTOPHIM C TOYHOCTBHIO 0 6% MOXHO HAaWTH 3HAYEHUS
JUHAMHYECKOTO KO3(PPUIIMEHTa BS3KOCTH MPHUPOIHOTO Tra3za TpU Pa3IAIHBIX

JAaBJICHUAX W TEMIICpATypax B 3aBHCHUMOCTH OT OTHOCHUTEJIBbHOM INIOTHOCTH IIO

BO31yXY (puc.3.2).



Jlnsg  ompeneneHuss MaccOBOrO Jae0uTa pEeaJbHOTO Ta3a WM 3aKOHA
pacnpeziesieHus: JaBlICHHU HYKHO 3amucarh 3aKoH Jlapcu as GECKOHEYHO Majioro
JJIEMEHTa IIJacTa M, Y4YuThIBasg 3aBHCHMMOCTh W(p) u ¢dopmyny (3.1),
MIPOUHTETPUPOBATH €0 rpadoaHATUTHUYECKUM MeTonoM. Ecnu maBneHue B miacte
MEHSIETCS B HEOOJBIIOM HHTEPBaje, TO MOXHO allpPOKCHMHPOBATh 3aBUCUMOCTD
p/u(p)z(p) TIPOCTON anreOpamueckod (QyHKIHMEW, B3ATh MHTETpPAT AHATUTHYCCKH H

MNOJYUYUTh AHAJIMUTUYCCKOC BBIPAKCHUC JIA Ile6I/ITa N 3aKOHa pPacCIpCaACICHUA

JIaBJICHMUSL.
2
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Pucynok 3.2

3adaua

OnpenenuTs NPOHUIIAEMOCTH IecKa, eciau 4yepe3 TpyOy muamerpom d = 200
MM H JJTAHOM 1=12 M, 3alIOJTHCHHYIO 3THUM MTECKOM, IPOIYCKAJICS BO3IyX BA3KOCTHIO
0,018 wmlIla*c mpu mepemange gaeneHmsi, paBHom 4,41*10% IMa (0,45 krc/em?);
M30BITOYHBIC IABICHHS B HAadale U B KOHIE TPyObI cocTaBimsior P; = 0,98*10° ITa
(1 KFC/CMZ), P, = 0,539*10° Ila (0,55 KFC/CMZ). CpenHuii pacxo]| BO3ayxa, MpHUBE-
JeHHBIH K aTMocdepHOMY HaBieHHIO, paBeH 250 cm’/c. ATMocdepHOe maBiIeHHUe
IPUHSTH PaBHBIM P, = 0,98*10° ITa, Temmeparypy t = 20°C.

Otset: k=21,5 JI.



IIpakTuyeckoe 3ansaTue 6 OnpeneneHne OCHOBHbIX XapaKTePUCTHK

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

ILnockopaanaabHas GUIAbTPALMA HECKUMAEMOU KUIKOCTH K CKBAKHHE

Bpewmst nBr>keHHS 4aCTHUIIBI )KUIKOCTH OT TOYKH TiacTa (TommuHoi 10M) Ha
. 3
paccTosiHuM I 10 CKBaKUHBI, uMeromeil  aedut Q = 300M°/cyT, paBHO BpeMeHU
otbopa KUIAKOCTH U3 TUIacTa panycoM I.

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

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

300 1 239
1256 r 1’

U= = mF - 022314-10

Vo0 300 1
r

Ipu r=1500 M, U=23,9/1500=1,59*10 m/cyT

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

15

0,15

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

rac PK )41 PC — JAaBJICHUA Ha KOHTYPC IMMTAaHUA U Ha CTCHKC CKBAXKHHDBI
COOTBCTCTBCHHO Ha paCCTOSAHUAX I, U I,




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

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

rMm P, MIla
100 10

10 4,67

1

0,1

IlnockopannaibHass QUIbBTPANHUA KUAKOCTH B HEOJTHOPOAHOM
IJIOIIA/IH TJIACTe.

[13I1 — mpu3aboiinas 30Ha IIacTa;

kcp — CpCaAHAAg MPOHUIACMOCTD HCOIJHOPOAHOI'O I1JIaCTa.

rn=150m
Man=1,5M
r—=0,15m
Q _ Zﬂh(Pk — PC) ka
H Intk
C
) # 1-ln Tk 4 1 . | [nam
k rHSl’I kl'[31'[ rC

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

o

Kisn=1/2k K<k (cumras, aro I13I1 ogHOpOgHAS 11O IPOHUIIAEMOCTH, KOTOpas B

2 pa3a MeHbllIe, YeM MepBOHaYaIbHask MPOHUILIAEMOCTb IJ1acTa)

150
g— 3k 3
_ 0,15 — =
HpI/I 3TOM kcp_ll 150+ 1 1 A5 T 2+i.1 - Zk
k g 1,5 0,5k g 0,15 0,5

Kepa=0,75k (25%)




B. IIpu 6ombiiom BeiHOCE iecka u3 [131T K, >K, K, =2K
[Tycth yBenmmueHue K., «Toxe» B 2 pasa
Keps=3K/(2+1/2)=(3/2,5) *k=1,2 (20%)

u3 cpaBHEHUS Kpat Keps clenyer, 4o ymensienue nponumaemoctu [1311 cunbhee
BIIUsIET Ha K, (a 3HAUMT 1 Ha aebut Q), ueM yBenudeHue (B 2 pasa Wiy B Npas).



IIpakTnyeckoe 3ansitue / IlnockopaananbHas puiabTpanus ra3a B nOpoBOM
niacre
PuiabTpanys UAEATbHOIO rasa.

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

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

atMm — TK —
uParm2,3lg — 3,14 % 10731,03 * 1052,319@

0.15

Pacnpenenenuie naBiaeHus B pU MIIOCKOpaIUaibHON (QUIBTpAlNK Ta3a
OMUCHIBAETCS BHIPAKEHUEM

pP2—pc? _ lg-
Pk2-Pc2  1g=X’

OTCHO/Ia TTOJTy4aeM JIJIsl TOUKH IJ1acTa Ha pacCTOsSHUM =15

M OT CKBa>XHNHBI

P2s=P%+(P%-P2) (lg(r/r. Yg(rdr.))=30%at™ + (50% atm-
30%atm)*(1g(15/0.15)/1g(1500/0.15))=900+400*3/4=2100 atm®, P=2100"?=459ar™m

B nedtsHoi xe 3anexu umeem P,=P +(P-P.)*3/4=30+(50-30)3/4=45atm

T.e. npu punerpanuu, Kkorna pasueie P,, P., I',, I. Ha pacCTOSIHUM I' TaBJI€HUE
B Ta30HACBIIICHHOM IUIACTE HECKOJIBKO BBIIIE, YE€M JaBJICHUE B IUIACTE
HACBIIIIEHHOM He(ThIO.

Jlebut ckBaxxuHbl oTOUparouieit peanbHbli ra3 Qpean = Quuear/Z;

[Tpu 3anexax Ha rinyOuHax 110 4 kM, AaBieHue P u abcomtoTHas TeMrneparypa
T TakoBBI, YTO KOXPPHUIUEHT CBEPXCKUMAEMOCTH Ta3a Z<1 modToMy U Qpean >Qupear



IIpakTuyeckoe 3anaTue 8 [lnockasi paguajibHasi HeJIMHeHAsA QUIbTPALMA

AKUIAKOCTH

3amaya. CKBaXHMHY HCCIEOBAIA IO METOJY YCTAHOBUBIIUXCS OTOOpPOB,
U3MEHSS JUaMeTp IITylepa M 3aMepsis 3a0o0iHOe JaBjieHUE TIIyOMHHBIM
PETUCTPUPYIOIIMM MaHOMETPOM. Pe3ysbTaThl 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 KO3QPHUIMEHT MPOHUITAEMOCTH IIACTA, €CJIM MOIIHOCTH IIIacTa
h=12 ™, muamerp ckBaxuHbl d. =24,7 cM, MOJOBHHA PACCTOSIHHS 1O COCEIHHMX
ckBakuH o= R, = 300 M, auHaMuU4YecKuid KOIPHUIMEHT BI3KOCTU KUIKOCTU U =

4 cIl.

Pemenue. M3 1aHHbIX UCCIIEIOBAHUS BUIHO, YTO 3aBUCUMOCTh MeXIy Q u Ap
HEJIMHEWHAs, T. €. MHIUKATOpHAs JUHHUSA He OyneT mpsamoi (puc. 41). Ucmonb3ys
JIBYWICHHYIO (opMyny Ap = AQ+ BQ? M mpUBEACHHBIEC JaHHBIE, IIOCTPOUM IpaduK
3aBHCUMOCTH Ap/Q ot Q (puc 42). U3 rpaduka mo Touyke mepecedeHus! MpsMoil
Ap/Q=A+BQ ¢ ocbio Ap/Q (ockio oparHAaT) Haiinem 3Hadenue 4 = 0 04 (krc/cm®)
c/cM°, a MO TAaHTEHCY yIlla HAKIOHA mpsiMoif k ocu abemuee (Q)— B =0,00015

(xkre/em®) ¢?/em®

Ap. Krcfem? Q. 1078 mase Q, m3/cyT Ap/Q, (rrc/em?)-c/on3s
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?) €

! 3
p 17 20 ' 30 §m oy, 0 ,az M
\ g10
20 R e
408
/ ‘,/’,/'
4y — 506
{
ol 904 200 q culc
Ap r2cfeu®
Puc. 41 PHC. 42

KoadduimeHT mpoHUIIaeMOCTH HaWIeM IO TOJyYeHHOMY 3HA4YeHHIO A W3
bopmyIbl
Rk
rC

A:L In
27kh

HaieM K03(hOUIIMEHT TPOHUITAEMOCTH.

30000
In =01
12,35 ) A

= In Re +C,+C, |= 4
27Ah| T, 2-314-0,04-1200

1 Tapcu = 1 Mxm® (Mukpometp B kBagpate)= 1 10 m°

3amava 2 OnpeaenuTh KO3 GHUIMEHT MPOHUIIAEMOCTH I1acTa K Ha OCHOBE
WCCJICIOBAHUM HE(PTSIHOM CKBAKUHBI:

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

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

20 11,1 231,4 0,048

40 33,0 462,8 0,0713

60 65,6 694,2 0,0945

N3 Tabauiel BUAHO, 4TO 00pa3oM oTHoleHue mexay Pk-Pc m Q He nuHelHoe,
3HAYMUT U QUIBTpAIMs HEJIMHEITHAS.




[TocTpouM rpaduk , COOTBETCTBYIOIINN 3aBUCUMOCTH
Pk — Pc

=A1+B1%0Q
Q

[Ipo10KUTD penieHue



IIpakTuyeckoe 3ansaTue 9 OnpenesneHue NapaMeTpoB ra3oBoro mjiacTa npu

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

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

VYpaBuenue (1) siBisieTca ypaBHEHUEM KpUBOM JIMHUM. Pa3znenus ypaBHeHHe Ha Q,

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

-~ —A+B-Q (2)

rae AP? = Pz — p2

Ha razoBoii ckBaxuHe Ne63 npoBeAeHbI NCCIICI0BaHUS HA YCTAHOBUBIIMXCS
_ 2
pexuMax Ipu miactoBom gasiennn P =73.71 atm, P2 = 5433,2 atm”. Pe3ynprarsl

UCCIIEIOBAaHUM W HEOOXOJMMBIX BBIUMCICHUM MPUBEACHBI B TAOIHIIE

Tabmura
Ne | P, Q, MY/cyt P/, AP? arm® | APYQ, Q?, (M/cyr)”
n/ |atM aT™ aTm/(M°/cyT)
II
1 |73 |257.10° 5329 |104,2 0,405.10° 6,6-10%
73,1 |219-10° 5346, | 86,7 0,396.10° 4,8.10%°
2 5
3 [73,2 |185.10° 5365, | 67,6 0,365-10°° 3,42.10%
5 6
4 734 |133-10° 5389 |44,2 0,331-10° 1,78-10%
1
>Q=794-10° SAP?=302, | ZAP?/Q=1,497-1 | %
5 0° Q*=16,62-10
10
(2Q)*=63,13-10
10




ar®  _
Crponm rpauk 3aBucuMOCTH —— = f(Q) . Ha HeM B COOTBETCTBUU C JaHHLIMU

uccienoBanuii 6yayt 4 Touku. [IpoBenem uepes Hux npsmyto. Ha BepTukambHOM
OCH, OHA OTCeKaeT 3HadeHne Kodddumuenta A =0,32*10arm/(m*/cyT).

0,45

) 0,4
5;1{) Q 0,35__-%
0,3
0,25
0,2
0,15
0,1
0,05
0

133 185 219 257
qQ, @103

Ho Tounee 3Ta npsiMasi MpOBOAUTCS, €CITU UCTIIOJIb30BaTh CTATUCTHYECKHN METO/T
HAaMMEHBIIIMX KBaJIpaToB. B cooTBeTcTBUM ¢ HUM KOd(DduimeHT A u3 hopmyssi (2)
BBIPA3UTCS TaK:

(225)- 520 - 50 - (5aP)

A= n- (200 - (ZQ)2

rjae N — KOJIMYECTBO UCCIICJOBAHUMN
[ToacTaBisis B 3TO BRIpaKCHHE 3HAUCHUS BEJTMYHMH U3 TaOJIUIIbI, HAWIeM
YUCJICHHOE 3HaUYeHuE Kod(pdurmenta

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

A= =0,25-10 =
4-16,62-101°— 63,13 - 1010 M3
CyT

EIZ'C

Il
=21,66-10"" ——
M
B cooTBeTcTBHM METOIOM HaMMEHBIINX KBaApaToB KoddpduiueHT B popmynsr (2)
OTIPENIeIUTCS TaK :
2 AP?
n- (FAP*) — (£Q)- ZT

S D B YOE




Y100BI HAlITH IMPOHUIACMOCTD IINIACTa BOCIIOJIb3YCMC N3BCCTHBIM BBIPAKCHUCM!
-l n%-z-Fa._. Tr,

A= mhK-T, (3)

N3 hopmyisl (3) BeIpa3uM MPOHHUIIAEMOCTH IIACTa

p-lnrﬂ-z-P“-Tm
K= c

n-h-A-T,

[Tpu u3BecTHBIX BenmuunHax BsiskocTu raza p=0,014 mlla-c, koapdunmenrta
CBEPXCIKIMAaeMOCTH Ta3a Z=0,9, arMochepHbIx naBienns Py, =10° ITa u
temneparypsl Ty, =293 K, norapudma oTHOIIEHHS Paguyca KOHTypa IUTAHUSA U
pannyca CKBaKUHbI 1n:—c' = 6,83, Temneparypsl acta T,,=347 K, TonmuHbI

m1acta h=13 M BBIYMCIINM 3HAYCHUE IMPOHULACMOCTD IIJIaCTa

_0,014-107°-6,83-0,9-10°- 347
~ 3,14-13-21,66-10°-293

=1,15-10"*?*m>=1,151

3ameuyanue. B mpakTuke BakHOE€ 3HAYEHUE HMMEET Ciydaid MPUTOKA K
CKBQXMHE MPU HAJIUYUU BOKPYr 3a00s1 KOJBILEBOW 30HBI C MPOHUIIAEMOCTHIO,
OTJINYHOM OT MPOHUIIAEMOCTH IIacTa (TOPHEUPOBAHNE UIIU KUCTOTHAsE 00paboTKa,
YCTaHOBKA TPAaBUIHOTO (PWIbTpA, TIUHU3ANMS WM TapapuHU3anus npru3abonHOiMl
30HBI U T.1.).

PacyeTrsl 10O  BAMSHUIO  pa3iiMuMs  [POHMIAEMOCTENM  KOJIBLEBOU
npu3ab0MHONM 30HBI U OCTAJbHOW YACTU IUIACTa HA MPOIYKTUBHOCTH CKBAYKHUHBI
MOKa3bIBAIOT:

1) Ha HemomycTUMOCTh MPOTHO3a Ha Oyaymuid AeOUT, UCXONS TOJBKO W3
JAHHBIX O TMPOHUIIAEMOCTH TPU3aO0OWHON 30HBI IUIACTA,(CIIEIYET HCIOIb30BaTh
KBa3HOJIHOPOJHOE MPUOJINKEHHUE).

2) YXynumieHue MpPOHUIIAEMOCTH TNpU3ab0WHON 30HBI CUJIbHEE BIMSET Ha
ne0uT, 4YeM yBEJIMUCHHE MPOHUIIAEMOCTH B 3TOM 30HEe. Eciu npou3oiaér 3ameTHoe
YXYAIICHUE MPOHUIIAEMOCTH TaKe B HEOOJIBIION 00JIaCTH TUTACTa, MPUMBIKAIOIIECH K

CKBaXXHHCE, TO I[€6I/IT CKBA>XHMHBI PC3KO CHU3HUTC.



3) B cimyuae ¢unprpanmu no 3akony [lapcu yBennumBaTh MPOHUIIAEMOCTD
npuzaboiiHol 30HBI Oonee uem B 20 pa3 HE HMMEET CMbICNA, T.K. AalbHEHIIEe
yBEIUYEHUE MPOHUIIAEMOCTH MTPAKTUYECKH HE BEAET K pOCTy IeduTa.

4) Hapymenue 3aKoHa Jlapcu yCWJIMBAeT IIOJIOKUTEIIBHOE BIIMSIHUE
YBEITMYEHHOW MPOHHUIIAEMOCTH NPU3a00WHONW 30HBI HA TMPOU3BOJUTEIBHOCTH

CKBa’XUHBI.



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

CkBaxMHa HA3bIBAa€TCs TUAPOJWHAMUYECKH COBEPLICHHOM, €ClId OHa
BCKpPBIBAET IJIACT HA BCIO MOIIHOCTh M 3200 CKBa)KMHBI OTKPBITBHIM, T. €. BCS
BCKpBITas MOBEPXHOCTh 3a00s1 SBISETCA (DUIBTPYIOIMIEH MOBEpXHOCTHIO. [loTOK
XKHUIKOCTU K COBEPIICHHOW CKBAKWHE — TUIOCKHHM (PUIBTPAIIMOHHBIN TOTOK. Ecim
CKBKHHA C OTKPBITBIM 3a00€M BCKPBIBACT IIACT HE HA BCIO MOIIHOCTH, a TOJIBKO
Ha HEKOTOPYIO BEJIWYHMHY D, WM €Clii CKBaKMHA COOOIIAeTcsi ¢ IJIaCTOM 4epes
OTIIEJIbHBIE ~ OTBEPCTHS, TO  (GUIbTpalMs JKUJIKOCTH WIM raza Oyner
MPOCTPAHCTBEHHON  (TpEXMEpHOi), a CKBAXMHA —  THUJIPOJUHAMHYECKH
HECOBEPLICHHOM.

Paznnuaror TPpHU BHAd HCCOBCPHICHCTBA CKBAKHWH !

1) CKBaXXMHA THUAPOAMHAMHUYCCKH HCCOBCPIICHHAA IO CTCIICHH BCKPBITHA
macrta — 39TO CKBAXHHA C OTKPBLITBIM 3a6OCM, BCKpPbIBIIAA IINIACT HC HaA BCHO
MOIODHOCTD,

2) CKBaXMHA THAPOJIMHAMHYECKH HECOBEPIIECHHAS IO XapaKTepy BCKPBITHS
IjlacTa — CKB@XXMHA, BCKPBIBAKOIIAsA IUIACT OT KPOBJIM JIO0 TOAOILIBBI, HO
COOOMIaroNIascs ¢ TUIACTOM 4Yepe3 OTBEPCTHs B KOJOHHE TPyO, B IIEMEHTHOM
KOJIbIIE WJIA B CTICIIMAILHOM (DUITBTPE;

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

JleObuT CKBaXXKMHBI THUIPOJUHAMUYECKH HECOBEPIICHHOW Kak IO CTENeHHU
BCKPBITHS TIJ1ACTa, TaK U 10 XapaKTepy BCKPHITUSI PACCUUTHIBACTCS MO (OpMYyIIE:

27kh - p.
0= y Rpk P (1)
H o (In =5 +C, +C))

c

rie C; — Oe3pa3MmepHas BEIWMYHMHA, OIPEACNSIONas JIOMOTHUTEIBHOE
(GUIBTPAIIMOHHOE COMPOTHUBIICHUE, OOYCIIOBICHHOE HECOBEPIICHCTBOM CKBaKUHBI
M0 CTeneHW BCKphITUS Tuiacta; C, — Oe3pa3MmepHas BEIMUYWHA, OIMpeaessromas
JOTIOJTHUTENBHOE (QUIBTPAIIMOHHOE CONPOTUBIICHNE, BBI3BAHHOE HECOBEPIICHCTBOM
CKB)KHHBI TTIOXapaKTEPy BCKPBITUS IIACTA.

C; u C, Haxoasatcsa u3 rpadukos B. U. IllypoBa, mocTpoeHHBIX MO JaHHBIM
UCCIIENOBAHUS TMPUTOKA JKUAKOCTM K CKBAXHMHAM C  JIBOMHBIM  BUJOM
HECOBEPUICHCTBA HA JJIEKTPOJIUTHUYECKUX MOJICIISIX.



Benmnuuna C; npeacrasieHa Ha puc. | B 3aBUCMMOCTH OT MapaMeTpoB & =

h/Dc u h = b/h.

Ha puc. 2, 3, 4 nana 3aBucumoctsh C, oT Tpex napamerpos: ND,, | = 1'/D; u
a - dO/DC1

rie N — uyucno mnepdopanmoHHbIXx oTrBepctuit Ha 1 M; D, — amamerp
CKBaXXUHBI B M; |' — riryOMHA MPOHUKHOBEHUSI MYJb B MOPOIY B M; 0y — auaMeTp

OTBEPCTHUM B M.

CooTBeTCTBHE MEXIY KPHBBIMH W 3HAUYCHUsSMH mapamerpa o =do/D, BuaHO
U3 CJIIEAYIOIINX JaHHBIX:

Howep 1 2 3 4 5 6 7
KPHUBOM
P 0.03 0.04 0.05 0.06 0,07 0.08 0.09

®opmyny (1) MoxkHO 3amucaTh WHA4e, BBEAS B Hee MPUBEACHHBIN paguyc
CKBayKUHBI

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

_ 27kh Py — Pe
Q= X R
Ho n—k
r.C
3anaya. Onpenenutsb KO3(phULIMEHTBI TUIPOAMHAMUYECKOTO

HecoBepiieHcTBa ckBaxkuHbl C; u C, (no rpadukam Illyposa), paccuurarsb
MPUBEACHHBIA pPaTdyC CKBAXUHBI M JCOUT CKBaKUHBI. VICXONIHBIE JaHHBIC:
naBieHue Ha koHtype nutanus Py = 9.80 MIla, naBnenune Ha 3a00€ CKBaKHUHBI P,
=7.84 Mlla, xoadpdunuent nponuraemoctd Kk =0.5 J[ , momHocTs miacta h,
auaMeTp ckBakuHbI D, paanyc konTypa nutanus Ry = 10kM, BCckpbiTHE miacta b =
6m, 4YHUCIO TPOCTpPEeOB Ha 1 M BCKpPHITOW MOIIHOCTM Iulacta N, riayOuHa
NPOHUKHOBEHUS TyJb B mopony ', muamerp orBepctusi 0y. OcTajibHbIe HCXOHBIC
JAHHBIE JIJIs1 pacueTa B TaOuIax.




BapuanT 01- 10 n= 5 orB./M I'= 2 cMm
BapuanT 11- 20 n= 10 otB./M I'= 2 cM
BapuanT 21- 30 n= 15 otB./M I'= 5 cm
Bapuant 31- 40 n= 20 otB./M I'= 10 cMm
do, M
h, M
0.010 | 0.012 | 0.014 | 0.016 | 0.018
01 02 03 04 05
60
21 22 23 24 25
06 07 08 09 10
32
26 27 28 29 30
11 12 13 14 15
16
31 32 33 34 35
16 17 18 19 20
8
36 37 38 39 40
Gy T 70
55 65
o N R 2220 T
50 \\\ 50
= \\- ——— S
407 ‘\\ | — L S\ R ! oy
5% T\ N\ ]
g0 |-\ ==770 L@ =300 | J0
2o %A AN NN\ s
20 \\N\\_ 407 NEA NN 7Y ’
zo Lo AN ,.];_... \ \ NN NP z2o
\ DN
75 Py N N \\ 75
ro —\.\\‘\\\‘\\\ Q\ \x\ %
s R e e
g ST ro G0 70 5D 60 7o 80 w0 705 @/ o

Vel




l=q1
5 &
Zah
h\'\‘\-

Pucynox 1.

> S @ oy ®m ¥ ow
S L S ST T T

i
o\ , Q. ,
i adv N i
4 i ﬂF : -~ i
o N ,
= | .
> | i AN |
Q | . i hE / |
= ! | x> |
A~ , : ry |
! | : i y o~ ' |
i ﬁ : . |
[ L ” \ !
| ! | — |
H | }
W”.ﬁ#\“ : — !
' | !
& % = & § § ¢© s




Pucynoxk 3.

6'/6'/7

—
=

\

1234
/

[ —

5 nip

Pucynoxk 4.



IIpakTuyeckoe 3ansitue 11 Heqmueiinas puiabTpanusi K HecoOBepIIEHHHOM
CKBa’KUHe

3amaya 0 HEJIMHEHHOW QUIBTPALIMKM K HECOBEPIICHHOM CKBAXKUHE (110 JaHHBIM

TaOJIUIIbI).
Ap, Krcfem? Q. 107 ma/c Q, M3/cyT Ap{Q, (xrc/cm?).cfcnd:
10 157 13,5 0,0638
20 256 921 0,0782
30 334 28 8 0,0900
40 401 34,6 0,100
50 459 34,7 0,109

Onpenenutb KOAPPHUIIMEHT MPOHUIIAEMOCTH, €CJIM MOIIHOCTD Iuiacta h=12 wm,
BCKPBITHE TuTacTa b = 7 M, quamerp CKBaKuHBI O, =24,7 cM, YHCIIO IPOCTPEIIOB Ha
OJMH METP BCKPBHITOM MOIIHOCTH IIacTa N = 8, rIyOWHA MPOHUKHOBEHHUS ITyJb B
nopony I’ = 0 muamerp myneBoro kanama d=l,| cm, monoBmHa paccTosHHS 10
COCeIHUX CKBaKUH o= R, = 300 M, OUHAMHYCCKHHA KOI(PQPHUIIMEHT BSI3KOCTH

xunkoctu y =4 cll.

Pemienne. V3 n1aHHBIX MCCIIEIOBAHUS BUIHO, YTO 3aBHCUMOCTH Mexkay Q u
Ap HeJMHeWHasi, T. €. HHAMKATOPHasl JMHUsS He Oyxer mpsimoii (puc. 41).
Hcnone3yst ABywieHHYIO (opMmyny Ap=AQ+BQ’ MW mNpuBEACHHBIC JaHHEIC,
noctpouM rpaduk 3aBucuMoctd Ap/Q ot Q (puc 42). U3 rpaduka mo Touke
nepeceueHust npsMor Ap/Q=A+BQ ¢ ocbto Ap/Q (OCbIO OpAWHAT) HailAeM
sHavenne 4 = 0 04 (krc/cM®) c¢/cM°, a MO TaHreHCY yriia HAKIOHA MPAMOIl K OCH
a6emmce (Q)— B =0,00015 (kre/em®) ¢?/em®,

Ap, xrcfem? Q. jo—8 M3fc Q, M3JeyT Ap/Q, (krc/eM?y.c/omds
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?) ¢
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Ap,Azcfom?

Puc. 41 Puc. 42

Kosdpduument npoHunaeMoctd HaleM MO NOJYyYEHHOMY 3HA4YE€HHUIO A U3
bopmybl

~ 27kh

C

R
A L{In—k+Cl+Cz}
r

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

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

k=~ {|n&+C1+C2:|— 4 (2,3+34+In%j=0,585ﬂ

T 2Nl T ~2.314.004-1200

c H



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

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

Onpenenuth 1eOUT Oaraped CKBaXWH, COCTOSAMEH W3 N CKBAXKHH,
PaCTONIOKEHHBIX BN OT KOHTYpa MUTAHMS, ¥ OJJHOW CKBa)KUHBI, HAXOAIICHCS B
IIEHTPE IUIacTa, €CJIM M3BECTHO, YTO BCE CKBAKWHBI HAXOMATCS B OJWHAKOBBIX
yCIIOBHSIX: pamuyc O6artapen paBeH R;, paccTosHHE 0 KOHTypa MHUTaHWs paBHO R,,
panuyc CKBa)kKHH I, MOIIIHOCTb IUIacTa paBHa h, mpoHHIIaeMocTh Iiacta paBHa K,
BSI3KOCTh JKHJIKOCTH PaBHA 4 , JABJICHHUE Ha CKBOXHHAX PABHO [, JTaBJICHWE Ha

KOHTYPE IUTaHUsI PABHO P.

HazoBem a(dexrom B3aumopaeicTBusi £ OTHOILIEHHWE CyMMapHOro AeOuTta
BCEX MHTEP(EPUPYIOIINX CKBAXUH K CYMMAapHOMY JA€OUTY TOTO K€ YuCia CKBAXKHH

0e3 yuera ux B3aumojeictBus. Halitu 3Hauenue spdexra B3aumonencTus E.

Pucynoxk 1

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

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

bynem wucnons3oBath Gopmyny Uil MOTEHIMAda MPU paboTe TPYIIIBI

CKBa’XUH:

LZ:ql.lnrl.+C, (1)
27 i3

@ =



T.. NOTEHIMAl B TOYKE, HAXOAAIIEHCS Ha PACCTOSHMU 7, OT I-TOH CKBa)KMHBI,

UMCIOIIEH Ha CEJAMHHUIly MOIIHOCTH IUIacTa yICNbHBIA JCOUT ¢ :Q% :
onpenaensiercs o Gopmye (1).

VYuuThIBasi, 4TO CKBaXKUHBI PACTIOJIOKEHBI BJAIN OT KOHTYpa MUTAHUS, U
R:/ R,=0.02, MOXHO IIpHUOIU3UTEIBHO CUUTATD, YTO BCE CKBAKUHBI HAXOIATCS Ha
9 2
paccrosHuM R, OT KOHTypa IMUTaHUS, TO3TOMY B TOUKE, [IOMEIICHHOM Ha KOHTYP

IMUTaHWA, IIOJTYYHUM:

1 n
aﬁh—z%m&+c
i=1

27w =

HIIn:

O =R +L2mR +LBmR +LmRr +LmR, +C.
2 2 2 2r 2

Tak kak ¢, = q, = q¢; = q, (0003HaUUM 3TU AEOUTHI UEPE3 ¢ ), NOTYyUAEM:

O =L mR +LmR+LmR +Lmr +LmR, +C.(2)
2 2 2 2 2

[Tomemntas Touky M Ha 3a00if mepBOi CKBaXKUHBI, OYJIEM UMETh:

1
@, :Z—(qlnrc+q]nr21+q1r17”31+q1n”41+45 ]nr51)+C '
T

Paccrosinue ot Touku M 10 1-0¥i CKBaXXKMHBI PaBHO pagnycCy EepBO
ckBakuHbl. Kpome Toro, Tak kak ./ R;=0.0005, MbI cunTaem, 4T0 pacCTOSHUE OT
TOYKU M, HaxosIeicst Ha 3a00€ IepBOM CKBaXKUHBI, /10 2-0i CKBa>KUHBI
MPUOIU3UTEIIBEHO PABHO PACCTOSIHUIO OT MEPBOM CKBAXKUHBI 0 2-0M CKBAYKUHBI.

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

Tak xak 1, =74 = \/ERl , 13 =2R,, 15, = R, (cM. pucyHOK 1), TO nMeeM:

1

¢c1 =4
27

(qlnrc+qln\/§R1+qln2R1+qln\/§Rl +45 1nR1)+C .(3)



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

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

R R R R
B, - D,y =L (I 42—k In Ky 4 Lo Tk =
2 7 V2R, 2R 27 R,

R} R
= iln—’é + q_Sln_k
27 4R]r. 2m R,

(4).

[Tomemast Touky M Ha 3a00i1 IIEHTpaTIbHON CKBaKUHBI, onpeaeauM D s:
1
D s :E(an’”ls +glnrs +qnrs +glnrs +qgslnr, )"‘C-

3/1€ech, KaK M BbIIIE, pACCTOSIHUE OT TOYKU M 710 5-0i1 CKBa)KUHBI PABHO
paanycy MmiITol CKBAKUHBI. KpoMe TOro Mbl CUMTaeM, YTO PACCTOSHUE OT TOYKU M,
HaxoJIsIIeics Ha 3a00€ MATOW CKBaXXUHBI, 10 1-0M CKBaKUHBI IPUOTUZUTEIHHO
PaBHO PacCCTOSHUIO OT MATOM CKBaXUHBI 710 1-0M CKBa)KUHBI. AHAJTOTUYHO — JIJIA

paccTosiHuil OT TOYku M 110 2, 3, 4 - 01 CKBa)KHH.

YUHTEIBAS, UTO 15 = Fys = I35 = Iys = R, TOJIy4UM:

Cc

D =2i(q1an +qInR +qh R +glh R +qgnr, )+C (5).
w

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

D, - D, :i(]n&+1n&+]n&+1n&)+ﬁ]n&=
2r R, R, R, R~ 2 r

R R R ©
_1 41n =k + 9s In =k
2r R, 27 v,
Vuuteiad, uro O = ——, onpeaenuM 3Ha4CHUE NOTEHIMAIIA Ha

KOHTYpE MUTAaHUS U Ha 3a00€ CKBaKUH:

kP, 1.02*%107"15.68*10°

b =
o 0.04*10™"

= 0,004 M°/c,




o kP _ 1.02*107"% 11.76 *10°

‘' u 0.04*107"

=0,003 mM%/c

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

(10*)’ 10*
0.001=Lin| — =S| Dy =
27 (4*2°*#10°%0.1) 27 (200

4 4
0.001= L gm| 10 ], 95 [ 10°
27 200]) 27 |01

YMHOX)ast 00e yacTu 000uX ypaBHCHI/Iﬁ Ha 277 Y IOJCTaBJIASA 3HAUCHUSA

JorapuMoB, TIOTYUUM:
0.001*6.28 =g *21.863 + g5 *3.912
0.001*6.28 =g *15.648 + g5 *11.513

PemmB nony4eHHy0 CUCTEMY OTHOCHUTENBHO (, (5, HANIEM:
g =0.000251 M, qs =0.000205 M /c. Torna neGUTHI CKBAKUH paBHBI:

0O =qgh=0.00251 M /e~216.6m° / cymxu ,

O; = qsh =0.00205 3 /¢ = 177.2m° / cymru
OO6uuit 1e6ut (¢ yuérom unrepdepeniun)=4*216.6+177.2=1043.6 M3/cyTKH
JlebuT ogHOM ckBaXXuHBI (0e3 yuera unrepdepenimu, o Gopmyie liomnron) paBeH:

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

Hoo R 0.004 | 10000
7, 0.1
=5.46*10" m°/c .

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

5% =5*5.46*10"° m°/c = 2.73*107% M*/c = 2356.7 M*/cyTKHL.

Dddexr Bzaumonerictus £=1043.6/2356.7 = 0.443 .



I/ICXOI[HBIC JaHHBIC U1 pacucTa:

k= 05| 1

h= 15| m

DckB.= 20 | cm

R1= 200 | m

n= 4

Rk = 10 | xm

u = 6 | mIla*c

Bapuantsl 1o crivcky
P ckB,MIla
Pk,MIla
6.86 | 7.35 | 7.84

8.82 I I Il
9.80 v \/ VI
10.78 Vil | VI IX

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




IIpakTnyeckoe 3ansaTue 13 Iliockue HeogHOMEepHbIe PUIBTPALUOHHBIE

NNOTOKH K CKBA’KUHaAM

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

CoBepuieHHasi CKBaXMHA pacIoJIoKEHa B  BOASHOM  IUIacTe  BOJIM3H
MPSAMOJIMHEWHOTO KOHTypa NUTaHus. Pa3HOCTh CTAaTHUYECKOTO W JUHAMUYECKOIO
ypoBHeli AH = 8 M, koabduiuent nponumaemoctd K = 2J[, nuHaMHYCCKUI
kodpdunment Bszkoctd u =1 cll, paguyc ckBaxuubl I, = 10 cM U MOITHOCTH
wiacta h = 12 M. HaliTu neOUT CKBa)KMHBI MIPU JABYX 3HAYCHHSX PACCTOSHHS OT
KOHTYpa nutaHus 10 ckBaxuubl: 1) a =100 M, 2) a = 200 m. CtaTudyeckuii ypoBeHb
Hk =40 M.

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

p. =p9(H, —AH)=10°-9,8-32=0,314 MIla

Pemenune. JeOUT CKBaXMHBI BOJM3U NPSIMOJMHEHHOTO KOHTypa MHUTAHUA
onpenensercs no popmyJe
2rkhpgAH
0= pY
uin—
rC
B ciydae 1)

_2-314-2-1,02-10*%-12-10°-9,8-8

Q > 10" =158-10"° »*/c =136 »°/cym
107°.2,3lg =
B ciyuae 2)
-12 3
Q= 2-314-2-1,02-10 415030 98-8 =1,45-10"° MB/C =125 M3/Cym
10°-2,3lg —

IIponenate Berumcnenuss aist a = 400 M, a = 800 M u caenaTh BBIBOA O
BJIMSTHUU PACCTOSTHUSA /10 KOHTYpa MUTAaHUs J1I€OUT CKBa>KUHBI.



3aoaua o npumoke K CKeadxdCuHe Kpy2080u bamapeu

HazoBeM 3pexTom B3anMoaeicTBHs £ OTHOILIEHHE CyMMapHOTo 1ebuTta Bcex
UHTEP()EPUPYIONINX CKBAKUH K CyMMapHOMY JAE€OUTY TOTO K€ YHClia CKBaXHUH 0e3
ydeTa uX B3aUMOJECUCTBHS.

Haiitn u3smenenue »s¢ddexta B3aMMOACHCTBHS B 3aBUCUMOCTH OT 4YHCIA
CKBAXUH, SKCIUTyaTUPYIOIIMX 3aJiexkb paanycoM Ry = 5000 m; paguyc CKBaXXUHBI I,
= 10 cM; cKBaXXUHBI padOTAIOT NPU MOCTOSIHHOW JENPECCHUH.

ConocTaBUTh CIICIYIOIINE CITyJYan:
a) IBe CKBKUHBI (M = 2) HaxoasaTcs Ha pacctossaun d = 100 M;

0) Tpu CKBaXHHBI (M =3) pacHoONOXKEHBl B BEPIIMHAX PABHOCTOPOHHETO

TpeyrojbHUKa co ctopoHoi d= 100 wm;

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

Pemrenne. Cuuras, YTO CKB@KHUHBI PACIOJOKEHBI PABHOMEPHO IO
OKPY’KHOCTH, KOHIIEHTPHYHON C KOHTYPOM MUTaHUsI, UCIIONIb3yeM (hopMyity aedura
OJIHOM CKBaXKHHBI KPYrOBOM 0OaTaped, KOTOPYIO MOXHO YIPOCTHTH B YCIOBHSIX
paccMmaTpuBaeMoii 3aqa4n, Tak kak (R, /R, )<<1, U MPEICTaBUTh B BHIEC

_ 27Z|(h(pk B pc)

Q - m

|n Rik

# mR"r,

JleOuT ONMHOYHOW CKBAXKHUHBI B KPYrOBOM IJlIacTe  ompeaessaercs 1o
dbopmyne romron
— 27Zkh(pk - pc)

Qooun - R

In =k

un

e

“ 4

d
GO d
7

Puc. 21



Oddekt B3auMoaCHCTBUS PaBEH

In Re Iy Re

LIS S S

mQO()MH In R:" Ig Rlin
mR"r, mR"r,

B ciyyae a)

R =4 -501, m=2
2

g 5000
o 014699
25.10° 6,398
2.50-01

0) paguyc 0ataped M3 TPEX CKBaXHH (M =3), pacCTOSHUE MEXKIY KOTOPHIMU
d, paBeH R, =d/+/3; B 5TOM Ciyuae

R
lg —*
B = e 15 " 5097 =%
gk | !

3( d ]2 9 10° 01
—= | T
\/§ C

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

. d/2
KBaJpaTa cO CTOPOHOH d , COCTaBIAET R, =

——=70,7Mm.
2
R
lg —*
E, - rC4 _ 4,699 - 4,699 _ 0,487
g R | 625107 9647

R, D 470301

[Io monydyeHHBIM JaHHBIM, W YYUTBIBass, 4To Npu m=1 E =1, mocTpoum

rpadguk wu3meHeHusi s¢pdexra B3zauMoAeucTBUS E,, B 3aBUCUMOCTH OT 4YHUCIA
CKBaXXuH m (puc. 22).

Cnenatpb BbIBOJI 00 u3MeHeHUnH 3 exra B3auMoaecTBus £, B 3aBUCUIMOCTH
OT YHcJia CKBaKUH M.



IIpakTuyeckoe 3ansitue 14 Ilnockue HeogHOMepHBIe PUIbTPALHOHHBbIE
NOTOKH K CKBa’KMHAM KPYroBOro IJIacTa

3a0aua o0 npumoke K CK8adMCUHe, IKCYEHMPUYHO PACNOJIOHCEHHOU 8 niacme ¢
KPY208bIM KOHMYPOM NUMAHUSL

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

LON i’

7 2 3 m

Puc. 22 Puc. 23

Haiitu u3meHeHue paeOuta B 3aBUCUMOCTH OT PACIHOJIOKEHUS CKBAa)KUHBI
(3KCuEeHTpHUCHUTETa O) MO OTHOIICHHIO K JEOUTY CKBA)XXKMHBI, PACIIOJIOXKEHHOU B
LEHTpE.

Pemenue. /[eOUT SKCIIEHTPUYHO PACIIOIOKEHHON CKBAYKUHBI OTPEIETISETCS 110
bopmyie

27Zk|’l(pk—pc)
R 2
In| —*|1- =
: “ Rﬂ

d CKBAJKMHBI B ICHTPC KPYIroBOI'O IJIACTA

— Z”kh(pk — pc)

R
uln =%
r-C

Qazccu =

Qo

OtHomenue GpopMynn 1e0UTOB paBHO



3nayenus Q,, /Q, B 3aBUCHMOCTH OT §/R, NPUBEICHBI HUXKE:

aKCY

SIR  ceeeniinninn. 0,1 0,3 0,5 0,7 0,8 0,9 0,98

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

CrenaTh BEIBOJEIL.

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

B kpyroBom mmacte pagmyca Ry = 150 m ¢ mommuocteto h = 10 M #u
k03 durrenTom nponunaemocta K = 0,5 /I pacnonoxkeHa CKBaXHHA  PaglycoM
re=10 cm. Ilpu  Ap = p—p.= 1,18 MIla (12 xrc/em®) nebur Hedru ¢
JUHAMUYECKUM Kod(pduuueHtoM Bs3kocTH u = 2 wlla'c npu neHTpasbHOM
PaCIIOJI0KEHUU CKBAKUHBI paBeH 223 M3/cyT.

Kakx HE0OX0IMMO H3MEHATH JENPECCHIO  4p Mg

Ap, dTOOBI TpPH W3MEHEHHH MOJOXKEHHS -
CKBXMHBI OTHOCHTENHHO IIEHTpa IuIacTa \T\
10 TN
IEOUT OCTaBajICs MOCTOSHHBIM? i
Pemenne. I3 popmyibl nedura 08 N
OKCIEHTPUYHO PACTIONOKEHHOW CKBAKUHBI - !
|
BBIPA3UM JETIPECCUIO 08 e #},,_
_ _ Qu IR 5 gy —1 TR S i |
Ap—pk—pc—mm ’ 1_R_k2 0 9z 0y 06 08 /R,

Puc. 24
1 nnoaACTaBUM JAHHBIC 3a1a4YN



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

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

B 3aBucuMOCTH OT pasIWYHBIX 3HAYEHUW OKCIICHTPUCUTETA O TMOIydaeM
cieayromme 3HaueHus aenpeccuu Ap (puc.24).

5, M... 0 15 30 45 60 75
Ap,MIIa 1,180 1,180 1,173 1,166 1,151 1,134
Sy Muviiininnnn. 90 105 120 135 149

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



IIpakTuyeckoe 3ansitue 15 Ilinockue HeogHOMepHBbIE PUIBTPALHOHHbIE
MOTOKH K CKBA)KHHAM IIACTA ¢ HENIPOHULAEMbIMH I'PAaHULIAMU

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

CoBepiieHHasi ckBaxuHa paauyca I, = 10 cm pabortaer B IIacTe,
OTPAaHMYCHHOM  JIByMS  NPSIMOJIMHEWHBIMU  HENPOHUIIAEMBIMH  TPaHULIAMH,
pacrojoXeHHbIMU 1101 yTi0M 90° npyr k apyry (puc. 28). PaccTosHus 10 rpaHMI]
paBael a = 150 M, b = 300 M, paccrossHue m0 KOHTypa mutaHus Ry = 8,0 kM.
JlaBnenue Ha KOHType nutaHus Py= 11,76 Mlla (120 Kre/cM?), IaBieHne Ha 3a00e
ckBakuHBI P, = 9,8 MIla (100 KFC/CMZ), MOIIHOCTD 11acta h=12 M, guHAMUYECKUi
K03 pHIHEHT BA3KOCTH xuaKocTu i = 3 Mmlla-c, koaddunuent npouuraemoctu K =
700m/1. HatiTi 1eOUT CKBa)KHHEI.

Pemienne. IIpomomkMM HENPOHWIIAEMBIE TPAaHULBI BBEPX MW BIEBO 10
KpYyroBOoro KOHTypa NHUTaHHUS paguycoM R, U 0ToOpa3uM CKBaXKUHY-CTOK
OTHOCHUTEJIbHO HMX 0€3 WM3MEHEHUs 3Haka neburta. B pesynbrare oToOpakeHus
IIOJIy4YUM B KPYIOBOM IUIACTE YETHIPE CKBAXXKUHBI-CTOKA, W3 KOTOPBIX OJHA —
peanbHas U Tpu — (pUKTUBHBIE. [IpH 3TOM ruApoAHAMUYECKas KapTHHA TEUECHUS B
acTe MpU OTCYTCTBHM HEMPOHUIIAEMBIX TPAaHMI] MPU OJHOBPEMEHHOM padoTe
YEThIPEX CKBAKMH-CTOKOB OyJIeT COBMAJaTh C TMJIPOJHHAMUYECKOW KapTUHOM NpH
HaJIMYUU HENPOHMUIAEMBIX TPAHUL, TaK KaK 3TH IPAaHULBI SBJISIOTCS JMHUSIMHU TOKA.
CunTast, 4TO KOHTYp NMUTAaHUS PACHOJIOKEH Ha JIOCTATOYHO OOJILIOM PaCCTOSIHUU
OT CKB@XWH, PE3YyJbTUPYIOIIMM IOTEHLHAI B HEKOTOPOM TOYKE IUIACTA MOYKHO
3alycaTh B BUJE CYMMbl IOTEHIMAJIOB, BO30YXXIA€MbIX KaXKIbIM CTOKOM B
HEOI'PAHUYEHHOM ILIaCTe,

q n
&, =— > Inr+C
M 272_; i

ITomecTnm TOUKY M Ha KOHTYp CKBa)KHHBI, TOT 1A

O

LI L L L
a

Ic




ITomemast Touky M Ha KOHTYP HUTaHUs, IOTYIUM

® =1 4nR +C
2r

a BbIUMTAs, HalJIeM

re 2b 2+ az + b2 2a

D, —D, =i(ln&+ln&+lnL+ln&]
2

OTKyza
2”(@1( - CDc)
Ry

8r.abva® + b’

In

501041

— . . . _12- - 6
o- 27kh(p, - p,) _628-07-1,02-10"-12(11,76 - 9,8]10 _179.10% 4 /o =

Ry 3.107°-2,3lg 810"

/,lln Tk
8r.abva’® + b’ 0,1-8-150-300 - v150* + 300°

=155/ cym

IIpy pmaHHBIX 3TOM 3aJayM  PACCMOTPETh YIPOUIEHHBIM Cly4yai, KOrja
CKB)KMHA HAXOJUTCS HAa OMCCEKTPHUCE yTiia MEXIy HENMPOHUIIAEMbIMU TPaHUIIAMH,
Ha PaCCTOSIHUM @ OT KaXJIOU.

3adaua o npumoke K CKedasiCuHe, paCI’IOJlO.?fCQHHOIZ 6 njiacme c a@yﬂ/t}l
I’lpﬂMO]luHeﬁHblMu HenpoHuyaemvimu cpanuyamu

Onpenenutb 1eOUT CKBa)KUHBI, pabOTAIOIIeH B IJIacTe, OTPAHUYCHHOM JABYMS
MPSIMOJIMHEWHBIMIA HEMPOHUIIAEMBIMU TPAHUIIAMU, PACIIOJIOKEHHBIMHU TIOJ[ YTJIOM
60° npyr k apyry. PaccTosiHue OT TOUKM MEpEecedyeHUs] HEMPOHUIIAEMBIX TPAHUIL
10 ckBakuHbI I = 200 M, paccTosiHME 10 OAHOU U3 rpaHull a = 50 M, paanyc KOH-
typa mutanus Ry = 5 kM (puc. 29). MomHocTs miacta h = 10 M, ko3dduueHt
npoHunaeMoctd Iwtacra K = 0,3 JI, nuHaMuveckuit Kod(pPHUIMEHT BI3KOCTH
xuakoctd u = 2 wlla-c, mempeccuss Ap = = 2,45 MIla (25 krc/em®), pammyc
CKBaXXUHBI I, =0,1 M.

Pemenune. [IponomkuM HENMpOHUIIAEMBbIE TPAHULBI U OTOOPA3UM pEANbHYIO
CKBO)KHHY-CTOK OTHOCHUTEJIbHO TpaHHl], COXpaHss Mg aAeOuTa TOT K€ 3Hak. B
pe3ynbTaTe MOMYyYuM JBa CTOKa-u3o0paxkeHus— No 2 u Ne O: mosiBIeHHE CTOKa-



n300pakenust Ne 6 HapyIiaeT ycjaoBUE HEIPOHUIIAEMOCTH TpaHullbl OA, a Hamu4ue

ctoka Ne 2 HapyiaeT yciaoBue Ha rpanuiie OB, mosToMy UX HaJO B CBOIO OYepe.lb

Puc. 29
M300paKeHUM, PaCIIOI0KEHHBIX 110 OKPY>KHOCTH pajanyca I.

oTpa3uTh: Ne6 -  OTHOCUTEIIBHO
rpaHuiibl OA, Ne 2 — OTHOCHUTEJIBHO
OB. Ilpu 5>TOM TOSIBIAIOTCS CTOKH-
n3o0paxkeHns Ne 3 u Ne 5, U3 KOTOpBIX
No 3  mHapymiaer HENpPOHHUIIAEMOCTh
rpanuubl BB’ a Ne 5 - rpanunber AA' ux
HU300paXeHUsT  OTHOCHUTEIBHO  JTHX
TpaHUll COBHAJAIOT M JIalOT CTOK-
nzoopaxenue Ne 4.

Takum  oOpazoM, 3amaya O
buabTpalM B KJIMHE CBOAMUTCS K
3amadye 0 (QUIbTpAlMM B KPYTrOBOM
mjiacTe pamuyca Ry, B KOTOpoM
paboTaloT OJHOBPEMEHHO pealibHast
CKBOXHHA-CTOK H  TISATh  CTOKOB-

[IprMensss NpUHOMI CYyNEPHO3ULIMM, 3aIMIIEM PE3YJbTHUPYIOMMNN MOTEHINAT

Ha 3a00€ peaqbHON CKBaYKUHBI:

q

@, =—(nr,+Inr,+Inr,+Inr, +Inr,+Inr,)+C
T

rac

r,=2a, I,=r,=2rcos30°, r, = 2rsin (600 + a)

r, = 2rsin(60° — )

a yroJi o ompeenseTcss |3 cooTHomeHus Sin o = alr = 0,25, a = 14°30' (cm. puc.

29).

HOTCHI_[I/IaJ'I Ha KOHTYPC IMIUTAHMHI, KOTOpBIﬁ CUuTaCM YAAJICHHBIM OT I'PDYIIIIbI

BBaHMOI[efICTBYIOIHHX CKBA)XUH, ITOJIYYUM B BUJIC

o -9
27

Pa3HOCTL NIOTCHIMAJIOB

6-hR, +C



ch—cDC:i nReinBeon R s+ — Rko +In— R"O =
2| Iy 2a 2rcos 30 2r5|n(60 +a) 2r5|n(60 —a)

6
:iln 4 2200 -Rk 0 : 0
2z 32r.ar” cos” 30 S|n(60 +a)3|n(60 —a)
OTKYyJa
27KhA
Q=gh- - -
uln X

32r.ar* cos? 30°sin (60° + «)sin (60° — &)

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

6 18
2.1072.2,3-1g > 103
32.01-50-16-10° -, 0,964.0,713

IIpr paHHBIX O3TOM 3aJa4¥  pPacCMOTPETh YIPOIIECHHBIM Clly4ad, KOrjaa
CKBa)KMHA HAXOJUTCS Ha OUCCEKTpUCE yriia MEXAY HENpPOHHUIAEMbIMU T'PaHUIIAMH,
HA PaCCTOSIHUM @ OT KaXJIOU.



IIpakTuyeckoe 3anaTHe 16 Pacuér puabTpaniuoHHBIX NOTOKOB 10 OCHOBHOI

(¢opmyJie TeopuH ynpyroro pe;kuma

[Ipu mycke CKBaXKMH B HKCIUTyaTaIUIO, MPHU OCTAHOBKE UX, NMPU W3MEHEHUU
TEeMIIa JTOOBIYU KUJKOCTH W3 CKBOXKHUH B IJIACTE BO3HUKAIOT HEYCTAHOBHUBIIMECS
MPOLIECCHI, KOTOPBIE MPOSIBISIOTCS B MEepepacnpe/iesIeHUH MIacTOBOTO AaBieHUs (B
NaJCHUd WU POCTE JaBIICHUS BOKPYT CKBa)XKHUHBI), B U3MEHEHHUSIX C TEUYCHHEM
BpPEMEHU J€OUTOB, CKOPOCTEN (PUIBTPALMOHHBIX TIOTOKOB U T. 1.

Oco0eHHOCTH STUX HEYCTAaHOBUBIIUXCS TPOIECCOB 3aBUCAT OT YIPYTHX
CBOMCTB IUIACTOB M HACBHIAIOMIMX MX KUIAKOCTeH. XOTs KO3(DPUUIUEHTHI
CHKIMAEMOCTH BOZIbI, He)TH U [OPHUCTOM cpexsl oueHb Mabl (B, = 4,59*10™° M¥/H,
B, = (7-30)*10™"° m*H, . = (0,3-2) 10™° m*/H), ynpyrocts >KHIKOCTEH M TTOPOJIbI
OKa3bIBa€T OTPOMHOE pamsume HA MOBEJACHHE CKBAXUH U IUIACTOB B IPOLECCE HX
HKCIUTyaTallH, TaK KaK 00BEMBI IJ1acTa U HACBILIAIOIIEH €ro dKUAKOCTU MOTYT OBITh
oueHb Benuku. [loaTomy mipu moacu€Te 3amacoB HedTtw (M rasza), MOpu
IPOEKTHPosaHUM  pa3pabOTKW HE(PTAHBIX M Ta30BBIX MECTOPOXACHUN, MpH
OKCIUTYaTaIlH, Tpu uccnenOBAHUM CKBAKWH, TIPU CO3JAHHUH TOA3EMHBIX XPaHHIIUIII

I'a3a nmpuxoJurcsa yuunteiBath CKUMACMocTth xxuakOCTHU u mopucTol cpeibl.

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

Ecnu B mpornecce pazpaboTku mpeoOiagaromieid GopMon SHEPrUuu SBISIETCS
DHEPrus ymnpyrou achopMalHM IIacTa W CXATOW YKUIKOCTH, TO PEKUM IUIacTa
Ha3bIBaeTCs ympyruM. [Ipu 3TOM mpenmosnaraercs, 4To (UIBTPAIMOHHBIA MOTOK
otHO(ha3HBIMH, T. €. IJIACTOBOEC JIABJICHUE BHIIIIC TaBJIICHUS HACHITIICHUSI.

B  ycmoBusx  ympyroro pexuma — XapakTEepHO TO, YTO  TIPOIECC
nepepacnpeieicHus]  JTaBICHUS MPOUCXOAUT MEMJIEHHO (JJIUTEIhHO), a He
MTHOBEHHO, KaK 3TO ObLIO Obl Mpu aOCOIIOTHOM HEC)KMMAEMOCTH IjlacTa MU
HACBIIIAONIEH €r0 KUIKOCTH.

B teopun ynpyroro pexxuma OOJIbIIYIO POJIb UTPAIOT JIBA MMapaMeTpa:



1. KoadunueHT ynpyroeMKoCTH miacTta
B*= Boc + B (4.1)
rie M — MOPUCTOCTh; U — COOTBETCTBEHHO KO3 ULMEHTHl CKUMAEMOCTH
KAJKOCTHU U IOPUCTOM CPEBI.
Koadpdunuent f* unciaeHHO paBeH U3MEHEHHIO YIIPYTOro 3amnaca KUJIKOCTH B
eIMHULE 00bEMa IUIacTa MPU U3MEHEHUH IUIAaCTOBOTO JAaBJICHUS Ha OJHY €IUHULYY.
HNuorga BMecTo ko3 uiinenTa ynpyroeMKOCTH IJIacTa UCHONIB3YIOT MPUBEACHHBIHI

MOJYJIb YIIPYTOCTH:

6?1( + '.-1_ BC B*
m

2. KoaddurmeHT npe30npoBOHOCTH TUTACTA

k k
g A et e K

up* pimn

OH XapaKTepu3yeT TEeMIl MepepachpeesieHus TUIaCTOBOTO IAaBJICHUS B YCIOBHSIX
YIPYroro pexuma. Ota BEJINYMHA aHaJOTUYHA Kod(purmeHTy
TEMIIEpaTypOIPOBOHOCTH B TEOPUM TEIUIOTIEPEIayl U BIIEpBbIe Obla BBeneHa B.

H. IllenkadyeBbIM.

Tounvie pewenus oughghepenyuanbHo2o ypasnenus YAPY2020 PEACUMA
HuddepennmansHoe ypaBHEHHE YOPYroro pexuMma (UIbTparud MOKHO

3aIIMCaTb

= ¥
ot \ or? roor

_gp_)_ 0*p 1 op )
(4.2)

WNurerpupys nuddepennmansaoe ypaBHeHue (4.2) MpU 3aT1aHHBIX HAYAIBHOM
Y TPAaHWUYHBIX YCIIOBUSX, OMPEACIAIOT JaBJICHUE B JIOOOW TOUYKE IJIacTa B JHOOOM
MOMEHT BPEMEHHU.

Pemienune 3amaun mepepacnpenesieHus] AaBJICHUS MOCHE MyCKa CKBAXKHUHBI C

ITIOCTOAHHBIM ,Z[€6I/ITOM Q B 6CCKOHC‘{HOM, TOPHU30HTAJIBHOM mmcre  CBOOUTCA K



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

op :%< i T 0%)

ot ax: 0y? v 02*

C HAYaJIbHBIM U I'PaHWUYHBIMHA yCJIOBHAMU

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

9
Q - 2rikh f & ap ) ,
1) or Jr=0

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

TouHoe pemienue 3ol 3amauu npu . = 0 gaercs Gpopmynoit

Pe—p(r, 1) = — 2 Ei -—'-2—)

4rikh 4yt
2 PR
S E t (— _f == S' e du
4xt u
r2
int (4.3)
Orta Ta0yJIMpoBaHHAs byHKIUSA Ha3bIBaeTCH MHTETPAIbHBIM

HKCIIOHEHIINAJIOM, UJTH MHTETPAIbHOM MOKa3aTeIbHOU (PYHKITHUEH.

; re2
r2faxt =S = )

IIpr MmanbIXx 3HAYEHUSAX apryMeHTa (byHKLHIO dxt

MO>KHO TIPUOJIMKEHHO 3aMEHUTD (DOPMYIIOi

—Ei <— i >z In 2 _ 05772

4nt r2

U TOTJa

Q 4t
pe—p(r, t) = P (In22 —0,5772
4rikh r#
®opmyna (4.3) sBisercs OCHOBHOM (HOpMyIJION ympyroro pekvma IIacTOB,
IIMPOKO TIPUMEHSIIOIIEHCS TMPH HCCIENOBAHUU TIpollecca IepepacipesesieHus
IUTACTOBOTO JaBJCHUS, BBI3BAHHOTO MyCKOM CKBa)XUH C MOCTOSHHBIMH JeOUTaMH,

OCTaHOBKOM CKBa>XUH, U3MCHCHHAMHN TCMIIOB I[O6BI‘{I/I nT. IO.



®opmyiy (4.3) TakKe MOXKHO UCIOJIB30BATh B CIy4ae MPUTOKA KUIKOCTH K
CKBaXMHE KOHEYHOro pajuyca MU B HAYaJIbHOM CTaJUM WU3MEHEHHUS JABIICHUS B

IJIACTC KOHCYHBIX PAa3MCPOB.

[Ipy HeycTaHOBMBIIECHCA TapauIeIbHO-CTPYHHON (UIbTpAllMM  YIPYron
KHUJKOCTH K Tajepee, pacloJIOKEHHON B IMOJIOCOOOpPAa3HOM MOIYyOECKOHEUHOM
MjacTe TMEepPHeHIUKYJIIpHO K ochu or B cedeHun x=0 (puc. 4.1) wu
HKCIUTYaTUPYIOLIEHCS ¢ MOCTOSHHBIM JaBJIeHUEM Ha 3a00e rajepeu p, aBlieHUE B

100011 TOUKE IIacTa B JIFOOOW MOMEHT BPEMEHU NOJIyYUM, UHTETPUPYS ypaBHEHUE

2
ot 0x2

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

I

Px TIPH X = oo

P /,/;/ 2L LSA S, Pl ol P AL LA AL LS oA
0 Ll e L L L 9 uﬁ.ﬁé‘m»&-x

_’h_."'A';‘c““-.' "_'.v..q 1,

A D A

G e T vy A, P AP
PucyHok 4.1

Pemenue BeipaxkaeTcs Gopmysioi
p(x, t);: Px— (P — po) (1 — erf §),

rIe



2/t

e—4* du

erf § =

oc_-—-—;m

2
Vo

— HHTCIpaJl BEPOATHOCTH.

3aodaua

Onpenenuts 1eOUT  rajeped, paclolOXKEHHOM B MOJIOCOOOpa3HOM
nosry0eckoHewHOM Iutacte (cM. puc. 4.1) mmpunoii B = 300 M, MmonHOCTRIO h=15 M,
¢ ko3¢ ¢uirentom nponunaemMoctd K = 0,8 JI, B MOMEHT t = 2 CyT ¢ Hayaja
AKCIUTyaTallM C TOCTOSTHHBIM 3a00WHBIM JaBieHueM ».=9,8 MIlla. HawansHoe
IJIaCTOBOE JIaBlieHUE p, = 12,74 Mlla, k03pdUIIUEHT CKUMAEMOCTH >KUJKOCTU U
TOpOIBI PABEH COOTBETCTBEHHO Py = 1,53*10° mM%H u P, = 0,612-10"° m*/H,
kodpunment mnopuctoctu M = 20%, AMHAMUYECKUNA KOIPOUIIMEHT BI3KOCTH
neptu p=1,5 mlla-c.

B macte uMeetr MecTo HEYCTaHOBUBIIASICS (DUIBTPALMS YIIPYTOW KUIKOCTH
1o 3akony [lapcu.

Haiitu nebutsl mo TouHoi hopmysie u o Gopmyie, MOTyYESHHON MO METOLY
MOCJIe0BaTEILHON CMEHBI CTAIIMOHAPHBIX COCTOSIHUM.

Pemenne. Pacnpenenenune naBieHuss B IUIACTE IPU HEYCTAHOBHUBIICUCS
napaJieIbHO-CTPYWHONU (UIBTPAIMKA  yYOPYTOM KUAKOCTH K MPSIMOIHMHEHHON
rajiepee Mnpu MOCTOSTHHOM JaBJICHUM Ha 3a00€ BhIpa)kaeTcsl clieayromiei Gpopmyroit

(TOuHOE penieHue):

P, 0= (o= (1 —erf 7=,

rIe




— uHTerpan BepositHocTeil. CornacHo 3akony Jlapcu

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

MO3TOMY

KOB(b(I)I/IHHeHT IIBC30IIPOBOAHOCTH K B YCJIOBHAX paCCManHBaeMOﬁ 3aJa4un

paBeH

k k 0,8-.1,02.10—12
% == =

uB*  p(mPt Bo)  1,5-10-3(0,2.1,53.10—° 1 0,612-10—10)
— |,48 m?/c.

Jlebut, onpeneneHHsbli Mo TouHou dhopmyse, Oyaer

0,8.1,02.10—12 (12,74 —9,8)-108.300-15
1,5.10—37/3,14-1,48.2.0,864-10%
= 694 m%/cyr.

— 8,03-10—3 M¥/c =

[To meromy mociemoOBaTEILHON CMEHBI CTAIIMOHAPHBIX COCTOSIHHM IeOUT
MPUOIMXKEHHO OMpeenseTcs mo ¢popmyJie s CTAlMOHAPHOTO PEXUMA JIBXKCHUS

k (px — pr) Bh
i (f)

anuﬁ -

rae () — anwHa, Ha KOTOPYIO PacmpOCTPaHUIOCh Obl MOHMKEHUE TaBICHHUS
K MOMEHTY t, ecim OBl JaBJIECHHE B 30HE JEIPECCHU MEHSIOCH IO MPSIMOM

muann; |(t) ompenensercs w3 ycioBHsS MaTepuadbHOTO OanaHca NpU P, =

const u paBHa

| =2V ut



Torma

k(pc—pr) B 0,8.1,02.10—12 (12,74 —9,8) 108.300- 15

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

[lorpemHocTh Mpu OMNpeAeTieHUH JeduTa Mo NpUOIMKEHHON Gdopmyrie

COCTaBUT

A — Qrou — Qnpu6 100 == 694 — 615 100 = 11,49%
694

TOY



IIpakTHyeckoe 3ansitue 17 Onpeaenenne napaMeTpoB IUIACTA IPH YIIPYTOM
pekume

HccnenoBanus Ha HEPTAHBIX MECTOPOKICHUSAX MPOBOJATCS IS MOTYUCHHUS
JAHHBIX O NPOAYKTUBHOM IIIACTE, HACBIIIAIOIIMX €T0 >KUAKOCTIX, a TaKXKe O
CKBA)XMHAX  JJI1  YCTAHOBJEHHUS  PAUMOHAIBHOIO  pEXHMMa  pa3pabOTKU
MECTOPOXKACHHUS, TaJbHEHIIEr0 €ro KOHTPOJIS U KOPPEKTUPOBKH.

[IpuHATO CuUMTaTh, YTO HCCIEAOBAHMS CKBAKUH IPU HEYCTAHOBHMBIIEMCS
pexxuMe — JaloT  Oosbine  MHGOpPMAlNMHA, YeM  HCCIEAOBAHHUS  METOA0M
ycTaHoBuBILIUXCS 0TOOpoB. IIpu 00paOoTke KpHUBON BOCCTAHOBIICHUS J1aBJICHUS
(KB/I) monyuaroT cpenHee 3HauU€HUE THAPONPOBOJHOCTH WM MPOHUIIAEMOCTH Ha
pa3IMYHBIX ~ PACCTOAHUAX  OT  CKB@XKHUHBL,  ONPEIEISIIOT  KOA(p(UUIUEHT
IBE30IPOBOHOCTH U MPUBEIECHHBIM pajinyCc CKBaXKHHbBI, OLIEHUBAIOT KOAPPUIIUEHT
JOTIOJTHUTENBHBIX TOTEph JaBieHUs (TMOKa3zaTrenb CKUH-3QQEKTa), Ompeneistor
IJIaCTOBOE  JaBJCHHE W  NPUOIMKEHHBIM  KOA3(DPUIMEHT NPOAYKTHBHOCTH
CKBQ)KHUHBI.

HccnenoBanne CKBaXXUH MPU HEYCTaHOBUBLIEMCS peXUME (PUIBTPALIMH — 3TO
UCCJIEIOBAHUE IIPU PEXKUME, H3MEHEHUE KOTOPOIO IPOMCXOAUT TOJBKO IOA
JIEVUCTBUEM YIIPYTUX CUJI IJIACTA U HACBIIAKOIIUX €ro kuakocreu. I1o cymecTBy 3t1o
UCCIIEIOBaHKUE Tepexo/ia paboThl MiacTa ¢ OJHOTO YCTAaHOBUBILIEIOCS peXxuma Ha
JIPYroM NoJ NEVCTBUEM 3THX CHIL

[Ipu uHTEpIpeTal JAHHBIX MCCIEIO0BAaHUSA NPUHUMAIOT PACHIUPSIIOUIYIOCS
30HYy 32 KpPYTOBYIO C paauycoM R, COOTBETCTBYIOIIMM OIpEAEICHHOMY BpeMeHH t.
[IpomeqieMy ¢ MOMEHTa U3MEHEHMS pexuma. CBONCTBAa MPOLYKTUBHOIO IUIACTA
Ha paccTossHUM R OT CKBaXMHBI MPUHUMAIOTCS OJMHAKOBBIMM — CPEAHUMHU IIO
miacty (puc. 1).

Pucynoxk 1 — Paciupsironiasicst 3o1a
HApPYLICHUS
peXuMa B HEOOHOPOJHOM IIJIaCTe

BcenencrBue TOro, 4T0 M3MEHEHHME PEKHMMa MPOUCXOAMT 3a CUET YIPYTIUX
CHJI, ITPY MHTEPIIPETALMHN UCIIOJIB3YIOT YPABHEHHE YIIPYTOro pEeXUMa.

AP(t) = 2Heba 1, 225XL 1)

4mKh T
rae AP(t) - wu3MeHeHue nepernaaa 3a00MHBIX JaBieHUl B pyHKIMM BpemeHH, [1a
Q - YCTaHOBHBIIMKCS JEOUT CKBaXXHHBI, U3MEPEHHBIA HA TTOBEPXHOCTH, C KOTOPHIM
CKBa)KMHA paboTana 10 3aKPBITHS, M3/c;
My - BS3KOCTh He(DTH B IUIACTOBBIX yCIIOBUSX, [1a-c;

by - oOBeMHBIN KOdhPHUIHEHT HEPTH TPH MIJIACTOBOM TEMITEpaType;



K - IPOHHMIAEMOCTb APEHUPYEMOIT 30HBI, M°

h - 3¢ dexTuBHAS TONIIUHA IJIACTa, M

X - K03(UIHEHT [be30MPOBOIHOCTH PearupyIOLIeil 30HbI IIACTa, M°/C;
Fp - TPHUBEJCHHBIA Pallyc CKBAKUHBI, M

VYpasuenue (1) nepenuiiem B BUe

_ QﬂHbH 2,25y Q”Hbﬂ
AP(t) = 4mKh In 2, + mkn Int

(2)
JlaHHOE BBIp@KEHUE SBISCTCS YpaBHEHHEM NpsiMOil B koopauHatax AP — In t, mpu stom
OTpE30K, OTCEKAEMBIH NPSMOM Ha OCH OpJMHAT,
_ QUup, 2,25y

4mKh 5, '
3)
a yriaoBoil KO3 UIIHEHT MPSIMON
. Q“—HbH
4mKh
(4)
C yueTroM npHHATHIX 0003HaUeHU# ypaBHeHue (1) 3amuiieM B Bujie
AP=a + i-In t
()

T.o., s uHTEpHpeTanun KpuBoi BoccraHoBiaeHus AasineHus (KB/I) Heo6xoanmo:

1. JIns ¢pukcupoBaHHBIX 3HAYCHUH BpeMeHH { Berauciauth In t;

2. Ioctpouts 3aBucuMocth AP-f(t) B koopaunaTax AP - Int;

3. [IIposkcTpanmonupoBaTh TPSMOJMHEMHBIA yYacTOK JITaHHOW 3aBUCUMOCTH  JIO

MEepeCceUYCHUs C OChIO OpAUHAT U ONIPCACIUTDH YHCJIEHHOW 3HaUeHUE (08
.- APsa62_AP3aﬁ 1

4. Paccuutarth yriaoBoi Kod(hGUIMEHT i: i =
Int, —Int,

(6)
5. Berancnants k03(pGUIMEHT TUAPOIIPOBOJHOCTH €
_ Kn _ 230Qb

u 4mi
(7)
6. [Ipu n3BecTHOI BenmuunHe h paccunTarh KOAPPHUIMEHT MOABMKHOCTH K/[L;
7. Onpenenuts NpoHULaeMocts K;
8. Paccunrath K03((HUIIMEHT MHE30MPOBOIHOCTH
¥ = K
i (MByyc+Br)

(8)

rae m - K03(pQUIMEHT MOPUCTOCTH;
B.¥ By - COOTBETCTBEHHO KOY(PPUIIMEHT CKUMAEMOCTH JKUIKON U TOPHOU MTOPOJIBI
B =9,5-10"°1/Ta; B,=2-10"" 1/ITa.
9. BbruuciauTh NpUBEACHHBIN PaANyC CKBaXKHUHBI

__ 2,25x
er - 109/1

©)



10.ITokazatenb ckuH-3¢dexTa (CyMMapHbIi KO3PGUIIMEHT TOTIOTHUTEIBHBIX TTOTEPh)

S =1n(1/7)
(10)

11. Ilorepu naByieHus Ha MPEOOICHUE TONMOJIHUTEIbHBIX conpoTtuBieHui B [1311, MlIla:

AP, =1i5/1,15
(11)

12.[lenpeccust naBneHus pu paboTe CKBAKUHBI HA YCTaHOBHUBILEMCS pexxume, Mlla:

.1 (R

APKmO::lln(;f)/L15
(12)

13. [InacToBO€ naBieHue pH paboTe HA ycTaHOBUBIIEMcs pexume, MlIla:

Pru=Psas otA Pas 0
(13)

14. KoadpdunueHTt nporyKTUBHOCTH CKBaXHHBI, T/(cyT-MIla):

Knp:Q/ A P3a6 0
(14)

15. OrHocuTenbHas MOTEPsl AEMPECCUM Ha MPEOA0JICHNUE JONOJIHUTEIBHOTO COIPOTHUBIICHUS B
I1311, %:

1, = 100AP, /AP,
(15)
A,Zwﬁ,Mﬂa

| 4Psast

3+ ' o000
A p3a5 (60) /LD,ozf)o_ﬁoo‘:ﬂ/a Pucynok 2 — Kpuas

BOCCTAHOBIICHHS JIaBJICHUS B
koopauHaTax AP u Ig t

2FApyany ;{

o
L
| 1 | | . |

4 1 1960 7 3 -
. 4

3anaya.

HcenemyoT METo1oM BOCCTaHOBIICHHS IaBJICHHS CKBOKUHY, KOTOpast OoJiee IByX
MecsleB paboTana Ha ycTaHOBUBLIEMcs pexume c¢ aedutom 80 T/cyT. 3aboiitHoe
napnenne 18,45 Mlla (Oosblie naBieHus: HachlmieHUs). DPQEKTUBHAS TOJIIIMHA
mracta 25 M, mopuctocts 20 %. IDnoTHOCTh merasmpoaHHON Hedrn 850 Kr/m’,
o0beMHBIN KOd(duUIHeHT 1,2, BI3kocTh HeDTH B TUIACTOBBIX ycnoBusix 2,7 wmlla-c,
kooddurpenT cxumaemoctn Heprr 9,5-107°1/[Ta, KOIDGULEEHT CKUMaeMOCTH
MIOPUCTON  Cperbl 2-10™1/11a. Pamuyc ckBaxunsl 1o nosnoty 0,124 M, cpemnee
paccTosiHue A0 OmpKaiimx ckBakuH 250 M.



OnpenenuTh CBOICTBa MNPOAYKTHUBHOIO IUIACTa, OILIEHUTh IUIACTOBOE
NaBlicHHEe M KOA()(PUIIMEHT MPOAYKTUBHOCTH, OINPEASIUTh MPUBEIACHHBIN pagnyc
CKBaXXHHBI, JIOJIIO JICTIPECCHUH, MPUXOIAITYIOCS Ha conpoTuiieHue B [1311.

Pemnienue.

[Tepen ocTaHOBKOW CKBaKMHBI PEKUM MOKHO CUMTATh YCTAHOBUBIIIUMCS, a
JTaBJICHHE Ha 3a00€ MOCTOSTHHBIM.

O0paboTKy pe3yIbTaTOB UCCIIECIOBAHMS MPOBOIUM B KoopauHatax AP —Int
(puc. 1).

B tabnume 1 mpuBeaeHBI JaHHBIE UCCIISOBAHUS, TI0O KOTOPBIM ITOCTPOEHA
KB/I.

t,c P3a6, MIIa Int AP3a6, MIla

0 18,451 0 0

60 19,674 4,09 1,22
120 20,148 4,79 1,70
180 20,681 5,19 2,23
240 21,233 5,48 2,78
300 22,452 5,70 4,00
360 23,011 5,89 4,56
420 23,121 6,04 4,67
480 23,245 6,17 4,79
540 23,375 6,29 4,92
600 23,468 6,40 5,02
1000 23,837 6,91 5,39

AP

i ~
2 |/
17//

\

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

1.YKJIOH MMHENHOro y4acTka
. APy —APys, 539 —456
"T TInt,—Int,  691-5489
2.IIpomoinKeHne TUHEHHOrO yuacTka oTcekaeT Ha ocu AP otpe3ok a=0,45
MlIa.
3. OObeMHBIH ACOUT CKBAXKUHEI

= 0,814MlIla




Q = Q,,103/86400p,,=80000/86400-850=1,089-10"° »*/c

4. KoadhuimeHT rugpornpoBOTHOCTH €
: 10-3.
g — KR _230b _ 23108910712 _ 1.28 - 10~ 1% Ma-c.
u 411 4-3,14-0,814
5. Kosdduuuent momsmwxaoctn K/p= (1,28-10710)/25 =511-10"12
2
Mm“/Ta-c.

6. Ompenemnts nporumaemocts K= (5,11-10712).2,7 = 1,38 - 10~ M?

=0,014/1
7. Paccunrtarh KO3)PUIIMEHT MbE30IPOBOIHOCTH
K 0,014-10712
¥ = = - —=0,013 wm/
Uy(MBy+Br)  2,7:1073(0,2:9,5:10710+42.10710)
8. BhIUKCIUTD NPUBEACHHBIN paInyC CKBaKUHbI
_[2,25x _ [2250,013

Thp = \/10“/1 - \/100,45/0,814 = 0,0909 m
Tc 0,124

9. ITokazatens ckuH-3¢dekTa S = In —~) = In ~o909) = 0,3106
[0} )

10. HOTGpI/I AaBJICHUA Ha ITPCOAOJICHUC HOIIOIHHUTCIBHBIX COHpOTI/IBJIeHI/Iﬁ B

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

A 1,15 1,15
11.[lenpeccust naBiueHuss mpu paboTe CKBOXKUHBI HA YCTAHOBHUBIIIEMCS

AP = 0,22 MIla

pexume, Mlla:

iln(RK) _ 0814 ln(ﬂ)

AP = ol — 00909/ = 5,6MIla
336 0 1,15 1,15 ’

12. I1nacToBoe gaBieHUE Mpu pabOTe HA YCTAHOBHUBIIIEMCS PEKUME:
Pi=Puas0+A Puys=18,45+5,6=24,05 Mlla

13. KoaddunreHT npoayKTUBHOCTH CKBAKUHBI:

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

14. OrtHocutenbHasi MOTEpsl ACMPECCHUA HA MPEOJOJCHUE JOTOJTHUTEIBHOTO

conpotusiieHus B [1311
n, = 100AP,/AP,,4, =100-0,22/5,6=3,9 %



MHHUCTEPCTBO HAVKH U BBICIIIEI'O OBPA3OBAHUS POCCUNICKOI ®EJIEPAITN
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE YUYPEXXK/IEHUE
BBICILIET'O ObPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBIN YHUBEPCUTET»

MeToanueckue yKaszaHusl

110 OpraHU3alliy U MPOBEACHHUIO CAMOCTOSITENIbHON paboThI
no aucuumuivie «l uapaBinuka u Herera3oBasi THAPOMEXAHUKA
i cTyneHToB cnennanbHoctu 21.05.06 HedrerazoBble TeXHUKA U TEXHOIOTHH
cnenuanu3anuu « Texnomorus OypeHust HEPTIHBIX U Ta30BbIX CKBAKUH

CraBpomnoss, 2026



Meroauueckue peKOMEHAAMU MpEeAHAa3HAYEHbl I CTYJIEHTOB cnenuaibHoctu 21.05.06
HedrerasoBsie TexHHKa W TEXHOJOTUH, crenuanuianuud «TexHomnorus OypeHus HEPTSIHBIX U
ra30BBIX CKBAKHHY.

[{enbp METOAMYECKUX PEKOMEH AWM

1. Metoauyeckoe COMPOBOXKACHUE IIpPOIlecca BBEJACHUS M peau3alud TpeOOoBaHUU
(denepanbHOro TOCYIapCTBEHHOTO 00pa30BaTENbHOIO CTaHapTa BBICHIET0 oOpa3oBaHUs (manee
®I'OC BO), nomomipb mnpu pa3padoTke pabounx yuyeOHBIX MPOrpaMM JUCIUILIMNH 00pa30BaTeIbHOMU
nporpammsl (nanee OIT).

2. Coznmanust B 00pa30BaTEIbHOM YYPEKICHUH YYECOHO-METOIUYECKOTO OOecreueHus
00pa3oBaTeNLHOTO MpoIiecca.

Mertoanueckue pEeKOMEHIALMU OMPEISISIIOT CYIIHOCTh CaMOCTOSITEIbHOM PabOTHhI

CTYACHTOB B BY3€C, €€ HA3HAYCHUC, IINITAHUPOBAHUC, (bOpMLI OpraHu3anuu 1 BUJbl KOHTPOJIA.



Conep:xkanue

1. HopmaTtuBHOe obecrieuenue camoctostenabHoi padotsl B PI'OC BO
2. Ha3HaueHue U BUJIbI CAMOCTOATENBHOM pabOThI CTYICHTOB

3. KonTponb caMocTosTenbHON paboThl CTYACHTOB IIPENOAaBaTeIsIMU



1. HopmaTuBHOe o0ecnevyeHue caMocTosiTeIbHoi padoTrsl B ®I'OC BO
1.1. TpeboBanus k ycinousim peasiuzanuu OI1:

- TpeOoBaHUsA K 00S3aTETbHOMY MHUHUMYMY COAEp)KaHUS 00pa30BaTeNbHOW MPOrpamMMbl
IOJIrOTOBKM OakajaBpa, K YCIOBUSM €€ pealM3allMd M CPOKaM €€ OCBOEHMs OIpPEIeIISIOTCS
gactosamuM PI'OC BO;

- B IIporpaMMy OakanaBpuaTa BXOIUT «Jlucuuruimubel (MOIyan)», KOTOPBIM BKIIOYAeT
JTUCHUIUIMHBL (MOJYJM), OTHOCSALIMECS K 00s3aTeNbHOM YacTU MpPOrpaMMbl M JUCIUIUIMHBI
(Momynun), OTHOCSIIMECS K 4YacTH, (POPMUPYEMOH ydacTHUKaMH 0Opa30BaTEIbHBIX OTHOLICHUH.
JucuuiuinHel  (MOJyaHM), OTHOCSIIMECS K O0s3aTeNbHOM YacTH MporpamMMmbl OakanaBpHara,
SBIISIIOTCST 00513aTENIbHBIMU TSI OCBOCHHS O0YYaroIIMMCsI BHE 3aBHCUMOCTH OT HAlpaBICHHOCTH
(mpodusist) mporpamMmbl OakagaBpuaTa, KOTOPYK OH ocBamBaeT. HabGop mucuuriiuH (MOIyJei),
OTHOCALIMXCS K  00sA3aTeNbHOM 4YacTH MporpamMmbl  CHELHUAIUTETa, By3  ONpeJeseT
CaMOCTOSITENIbHO B 00beme, ycraHoBiaeHHOM HactosmuM PI'OC BO. [Iucummiaussel (MoOmyin),
OTHOCAIINECS K 4acTH, (OPMHUPYEMOIl y4acTHUKaMH 0Opa30BaTeNbHBIX OTHOIICHHH OMpEAEIISIOT
HalpaBJIEHHOCTh (Mpo¢uib) nporpaMmel OakanaBpuara.  Habop aucnumiunH (Momyseil),
OTHOCALIMXCS K 4acTH, GOpMUpPYeMOH ydyaCTHHKaMU 0Opa30BaTENIbHBIX OTHOUIEHUH, ONpeaenseT
By3 CaMOCTOATENIbHO B oObeMme, ycrtaHoBieHHOM HacrosmuMm @OI'OC BO. Ilocne BbiOopa
00yYaromuMcsl HarpaBJIeHHOCTH (Ipo¢uiis) mporpaMmbl, HAOOp COOTBETCTBYIONIIUX AMCLUUILUINH
(MOyJeit)cTaHOBUTCS 0053aTEIBHBIM JIJIST OCBOSHHUS 00yYJarOIUMCS;

- MaKCUMaJIbHBIA 00beM yueOHON Harpy3ku CTyJEHTa yCTaHaBJIMBaeTcs 54 yaca B HEJEIIO,
BKJIIOYasl BCE BU/IbI ayIMTOPHON M BHEAYJUTOPHOM (CAaMOCTOSTENbHOMN) yueOHO! paboThl.

[Tomerenust AJis CaMOCTOSITEILHOM pabOThl OOYYArONIMXCS JIOMKHBI OBITH OCHAIICHBI
KOMITBIOTEPHON TEXHUKOW C BO3MOYKHOCTHIO MOAKIIOUEHUs K ceTu «MHTepHeT» U obecrnieueHuemM
J0CTyNa B 3JEKTPOHHYI0 MH()OPMALMOHHO-00pa30BaTeNIbHYIO cpelly opraHu3anuu. bubmuoreka
By3a JIOJDKHA UMETh JOCTATOYHOE KOJIMYECTBO COBPEMEHHBIX YUEOHMKOB M YU4e€OHBIX MOCOOHH Mo
BCEM JMCLUILJIMHAM W TOCTOSIHHO BOCIIOJNHATHCA HAyYHOW JMTEpPaTypod M IMEPUOIUYECKHUMHU
U3/IaHUSAMU HEPTEra30BOro npogus.

OOBeM BpeMeHHU, OTBEACHHBIN Ha BHEAYTUTOPHYIO CAMOCTOSITEIbHYIO padOTy, HAXOIUT
OTpa)KEHUE:!

- B pabouemM yueOHOM IIJIaHe,

- B pabouux mporpaMMax Yy4eOHBbIX UCHMIUIMH C paclpeiesieHueM Mo paszzeiiaM HWiIH

KOHKPCTHBIM TCMaM.



2. HazHayeHMe U BBl CAMOCTOSITEJIbHOI PadoThI CTY/IEHTOB
CamocrosTenbHas padoTa MPOBOAUTCS C LENIBIO:

® cuUCTEeMaTH3alMd M 3aKPEIUICHUs [OJIYUEHHBIX TEOPETHUECKUX 3HaHUU U
MPAKTUYECKUX YMEHUU CTYJCHTOB;

e yruyOJeHHS U pacIIMPEHUs TEOPETUUECKUX 3HAHUM;

e (opmupoBaHUS yMEHUN HCHOJB30BaTh HOPMATUBHYIO, MPABOBYIO, CIIPABOUYHYIO
JOKYMEHTAIMIO M CHEIHATBHYIO TUTEPaTypy;

® pa3BUTHA MO3HABATEIbHBIX CIHOCOOHOCTEH M aKTUBHOCTH CTYACHTOB: TBOPUYECKOI
WHUIUATUBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH, OPTaHH30BAaHHOCTH;

e (opMHUpPOBaHHE CAMOCTOSTEILHOCTH MBILIUICHUS, CIIOCOOHOCTEH K CaMOpPa3BHUTHIO,
COBEPIICHCTBOBAHHIO U CAMOOPTaHU3AIH;

e (opmupoBaHUs MpaKkTUYECKUX (0OIICYUYeOHBIX U MPOPECCHOHANBHBIX) YMEHUN U
HAaBBIKOB;

® Ppa3BUTHIO MCCIIEJOBATEIBCKUX YMEHUM.

BHeaynutopHas camocrosiTenpHas ~pabora — IUlaHHpyeMas — y4yeOHas, y4yeOHO-
UCCIIeIOBATEeNbCKasA, HAy4YHO-HCCIEeNOBaTeNbCckas pabdoTa  CTYJASHTOB, BBHINOJHSEMas  BO
BHEAYJAUTOPHOE BPEMS IO 33JaHUI0 M TPU METOAMYECKOM PYKOBOJCTBE IPEIojaBaTelisi, HO 0e3
€r0 HEMOCPEICTBEHHOTO YUACTHS.

B yueGHOM mpormecce 00pa3oBaTENbHOTO  YUYPEXKJCHUSI  BBIACIAIOTCS JIBa BHUIA

CaMOCTOSITENTbHON PabOTHI:

AyautopHas 1o BueaynuropHas no
JHUCIHIIINHE, JMCIHILINHE,
MEXIUCIUIIITUHAPHOMY MEXIUCIUIIITUHAPHOMY
Kypcy KypcCy

BBITIOJTHSETCS Ha yU4EOHBIX BBITIOJIHSECTCS 110 33JaHUIO0
3aHATHUSX, TT0]] HEMOCPEICTBEHHBIM MpernoaBaTelis, Ho 6e3 ero
PYKOBOJICTBOM IPENOAABATENS U HEIMOCPEICTBEHHOTO Y4acTHs
10 €T0 3aJaHHI0




3. KoHTpoJIb caMOCTOATEIbHOM PadoThl CTY/IEHTOB NMpPeNnoaaBaTe/siMu

KoHTpoIb caMOCTOSATENBHON Pa0OTHI CTYICHTOB MPEAYCMaTPHUBACT:

o COOTHCCCHHUC COACPIKAHNA KOHTPOJIA C HCIIAMHA O6yLIeHI/Iﬂ;
o 00BEKTUBHOCTD KOHTPOJIA;
o BaJIMJHOCTL KOHTPOJIA (COOTBeTCTBI/Ie MPEABABIACMBIX 3a,[[aHHI>'I TOMY, YTO

MIpeioiaraeTcs MpoBEpUTh);

o nuddepeHInalnio KOHTPOIbHO-U3MEPHUTENbHBIX MAaTEpUAIOB.

@DOopMBI KOHTPOJISI CAMOCTOSATEIBHOU PabOTHI
[TpocMoOTp M MpoBEpKa BBHIIOJIHEHUSI CAMOCTOSITENIFHON pabOThI penogaBaTeneM.
CamonpoBepka, B3auMONPOBEPKA BHINOIHEHHOTO 3aJJaHUs B TPYIIIIE.
OOcyxeHre pe3ynbTaTOB BRIMIOJHEHHON paOOThI HA 3aHATHUH.
TectupoBanue.
[TucbMeHHBIH ompoc.
YcTHBIM onpoc.
NuauBuayanbHoe cobeceioBaHUE.

Komnoksuym.

© 0o N o g b~ w0 DR

Otuer o npojienanHoi padore.

10. 3amwuTa pedepaToB WK KypcoBOil paboTHI.
11. TBopueckuii KOHKYpC.

12. NuTepHeT-KOH(PEPEHITNH.

13. KoHTponbHas paboTa.

Kpurepun onieHKH pe3ysibTaTOB CaMOCTOSATEILHOW paboThI

KputepusmMu OLEHOK pe3ylbTaTOB BHEAYAUTOPHON CaMOCTOSTENBbHOM pabOThl CTYJEHTA

SIBJISIFOTCSL:
o YPOBEHb OCBOEHMSI CTYJJEHTOB Y4€OHOI0 MaTepuaa;
o YMEHHSI CTYAECHTAa HCIIOJIb30BATh TEOPETUYECKHE 3HAHUS IIPU  BBIIOJHEHUU

MPAKTUYCCKHUX 3a/1a4;
. c(hOpMUPOBAHHOCTH OOIICYYCOHBIX YMEHHIA;
. YMEHHSI CTyJEHTa aKTHBHO WCIIOIBh30BaTh JJIEKTPOHHBIE 00pa3oBaTeIbHBIC

pecypchl, HaX0AUTh TPeOyoIIyocs HH(OPMALINIO, U3Y4aTh €€ U IPUMEHATh Ha IPAKTUKE;

o 000CHOBAaHHOCTh U YETKOCTh U3JIOKEHUS OTBETA;
. odopmileHHe MaTepraia B COOTBETCTBUU C TPEOOBAHUSIMU;
o YMEHHE OPUEHTUPOBATHCS B TOTOKE WH(OPMAIINH, BBIIENISATH IJIABHOE;



. YMEHHE YETKO CPOPMYIUPOBATH MPOOIEMY, MPEUIOKHIB €€ PEIICHHE, KPUTHICCKU

OLICHUTH PCIICHUEC U €T0 IMOCIICACTBUA,

° yMEHHE I0Ka3aTh, MPOaHAIN3UPOBATh aJbTEPHATHBHBIC BO3MOXXHOCTH, BapHAHTHI
JIEHCTBHI,
. yMeHue chopMUpPOBaTh CBOIO MO3UIINIO, OIIEHKY U apTyMEHTHPOBATh €€.

Copeprxanue BHEAYIMTOPHOM CaMOCTOSITEIbHOM JIEATETbHOCTH CTYJEHTOB
Meroaudeckue ykazaHusl IJIs CTYICHTOB I10 BBITIOJHEHHUIO CAMOCTOSATEILHON paOOThI:
1. IToaroToBKa K JIEKITHIM;
2. IloaroroBka K MPakTUYECKUM 3aHSATHUSIM,

3 CamocTosTeTbHOE H3yYCHNE YIEOHO! JINTEPATYPHI.

IlepeyeHb OCHOBHOI JIUTEPATYPBI:

1. bacame K.C., Imutpues H.M., Poszenbepr ['.JI. Hedrerazosas ruapomexaHuka.
HNHctutyT KOMIBIOTEPHBIX HccienoBannid, MockBa-Ixesck, 2005 r., 544 crp.

2. JlTammmes H.H. I'mnpasnuka. Y4ueOHHK IS CTY/. BBICII. y4e0. 3aBeieHui — 3-¢ u3., cTep.
— M.: Akanemus, 2010. — 272 c. 8.1.2. IlepedeHb 1ONOJIHUTENBHOMN JIUTEPATYPHI:

IlepeyeHb 10NMOJHUTEIbHOI JUTEPATYPHI:

1. Meroauyeckne peKOMEHIAIMH TI0 OpPraHW3aldU CAMOCTOATENBHOW pPadOTHI IO
mucuuruinHe «l'mapaBnuka U HedTerazoBas THAPOMEXAaHUKa» Ui CTYAEHTOB HalpaBlIEHUS
21.03.01 Hedrerazooe nemno, 2023-[DnekTpoHHAs BEpCHs |

2. Meroanuyeckre yKa3aHUs IO BBIMOJIHEHUIO NPAKTUYECKUX paboT MO JUCLUIUIMHE
«['unpaBnuka u HedrerazoBas T'HAPOMEXaHUKa» Uid CTyAeHTOB HampasieHus 21.03.01
Hedrerazosoe aeno, 2023[ DnekTpoHHas Bepcusi|

Ilepeyenb  y4eOHO-METOAMYECKOr0  oO0eclme4YeHHs CaMOCTOSTEIbHON  PadoThI
00yuyauuxcsi Mo JUCHUIINHE:

1. 3JIEKTPOHHBIN KYypPC JIEKIUH;

2. y4e0HO-METO/IMYECKOE T0COOME 1O  BBINOJHEHUIO MPAKTUYECKUX 3aHSATHH
(31eKTpOHHAas Bepcus);

3. y4eOHO-METO/IMYECKOEe IMOCcOOMEe TIO0  BHINOJHEHHIO  JIabOpaTOpHBIX  paboT

(27IEKTpOHHAs BEPCHUS).

Ilepeyens pecypcoB MHGPOPMALMOHHO-TEICKOMMYHUKAUMOHHOU ceTu «HMHTEpHeT»,
He0O0XO0MMBbIX /IJISI OCBOEHUSI TUCIUTIMHBI:

1. http://eLibrary.ru/ - Hay4nas snekrponHas Oubianoreka

2. WvwURL: http://www.biblioclub.ru/ - Dnexkrponnass OuOIHOTEYHAs CHUCTEMa
«YHUBEPCUTETCKAst OMOIMOTEKA OHJIAIHY

3. wwwURL.: http://e.lanbook.com/ - DiekTponHO-0MOIHOTEUHAs crcTeMa «31aTenbeTBO
«JIaHbY».
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