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BBEJAEHUE

Crynent, wiywatomuii Kypc “Pa3zpaboTka HEPTIHBIX W Ta30BBIX
MECTOPOXACHUI , TOMHUMO YCBOCHHSI TEOPETHUYECKHMX OCHOB JIOJDKEH
OBJIAJICTh METOJMKAMHU WM TPAKTUYCCKUMU HABBIKAMH DPACUETOB TMPOIECCOB
W3BJICUCHUS HE(PTH U ra3za u3 HeJp.

M3BecTHO, 4YTO TEOpPETHYECKHE 3HAHUs, TIOIYYCHHBIE CTYACHTaMH,
OBICTpEE CTAHOBATCA PYKOBOJACTBOM K JIEHCTBHIO, €CIIM HA WX OCHOBE
pelIaTcs 3aJadyu, Naxe He OYCHb CIOKHBIE. B 1aHHOM mpakThkyme, C
y4ETOM TPEJCTABICHUN O CYIIHOCTH TPOIECCOB pa3pabOTKU HEPTIHBIX H
ra3oBbIX MECTOPOXKIICHWH, TMPHUBOMATCA METOJUKM peUIeHHs 3ajaad,
OCHOBaHHBIC Ha TIOJyYEHHOW B By3€ MaTeMaTHUECKOH TIOJITOTOBKE.

CoBpeMEeHHOE MPOEKTUPOBAHHE pPa3pabOTKU HEPTSIHBIX U Ta30BBIX
MECTOPOXKIEHUM  TpeOyeT CIOXKHBIX pacueroB C  HCIOJIb30BaHHUEM
JUIEH3UOHHBIX TMPOTPAMMHBIX TPOAYKTOB W MOIIHBIX BBIYMCIUTEIBLHBIX
cpeactB. OpaHako, MNOpoCTEHIIMEe MOJENM, JIekKalllue B OCHOBE 3ajady,
PACCMOTPEHHBIX B JIaHHOM Yy4Ye€OHHUKE, IMO3BOJSIOT OBICTPO TOTYYUTH
KaueCTBCHHBIC PE3YJIbTaThl 0€3 HMCIOJb30BaHUS JJIMTEIHHBIX PAcCUYeTOB Ha
OCHOBe Oonee CIOXHBIX Mojenei. [loaToMy, mpexae yeM HCIOoJIb30BaTh
THIPOTUHAMUYECKHE CUMYJISITOPBI TUTST MIOCTPOCHUS re0JI0ro-
TEXHOJOTHYECKHX MOJENeH MECTOPOXKICHHM, MOXHO CIeNaTh OIEHKY Ha
OCHOBE TIPOCTEHUINUX OalaHCOBBIX COOTHOIICHWN M YIPOIICHHBIX MOJEJEH,
94acTh U3 KOTOPHIX PACCMOTPEHA B JAHHOM IIPAKTHKYME.

[TpakTiKyM sIBIIsSIeTCS y9eOHBIM TIOCOOMEM TIO pacdYeTHON YacTh Kypca
“Pa3paboTka HE(PTSAHBIX W Ta30BBIX MECTOPOXKACHUN . 3a OCHOBY ObUIH
B3STHI XOPOIIIO M3BECTHBIE M3nanus [1-5]. B mpaktukyme mnpeacraBieHbl Kak
nepepaboTaHHBIC U3BECTHBIC TUTIOBBIC, TAK M HOBBIC MPAKTUYECKUE 3a/IaHMUS.
PaccmoTpens! 3a1a4n 10 MPOSKTUPOBAHUIO CHCTEM Pa3pabO0TKH HE(DTIHBIX U
ra3oBbIX MECTOPOXICHUH, IOCTPOCHUIO MOJENel HEePTIHBIX IUIACTOB,
pa3pabOTKe MECTOPOXKICHUN KaK Ha €CTECTBEHHBIX MPHUPOJHBIX PEKUMAX,
TaK ¥ ¢ MPUMEHEHHUEM Pa3IMIHBIX METOJIOB BO3/ICHCTBHS Ha TIACT.



1. OITIPEAEJIEHHUE MMOKA3ATEJIEA PASPABOTKH
3AJIEJXKEN ITPU YIIPYTOM PEXXUME
1.1. Onpenenenne HedTeOoTAAYM B 3aBUCHUMOCTH OT YNPYTIHWX CBOMCTB
JKUAKOCTH M MOPOABI
OpHopoaHas IO MPOHUIIAEMOCTH U TOJIIUHE TuTacTa He(TIHAS 3aJIeXKb,
OTpaHWYCHHAs KOHTYpOM HE(PTEHOCHOCTH U IUIOManbi0 F, OkpyxeHa
KOJIBLIEBOM 3aKOHTYPHOM BOJIOHANIOPHOW o00sacTeio ¢ mmiomiaaso F;. B
nporiecce pa3pabOTKU CPEeAHEB3BEIICHHOE JaBJCHUE BHYTPpH He(DTEHOCHOM
YacTH 3aJIe)KH M3MEHHMJIOCH OT HAYaJIILbHOI'O IIJIACTOBOTO JIABJICHUS 0O
JABJICHUS HACBIIICHUA. 32 TOT K€ MPOMEKYTOK BPEMEHU CPEHEB3BEIICHHOE
JaBJICHWE B 3aKOHTYPHOM BOJIOHAMOPHOM YACTH IJIaCTa YMEHBIIWJIOCH Ha
Benuuuny Ap;.
Onpenenuth HePTEOTAAUY, KOTOPYIO MOKHO TMOJYYUTh U3 3AJCKH 32
CYET YOPYruX CBOWCTB Cpeibl BHYTPH KOHTypa HE(PTEHOCHOCTH U B
3aKOHTYPHOM YacTH miacta. MicxoiHble JaHHbIe TpUBeIeHbI B Ta0a. 1.1.

Ta6numa 1.1
Tabauya ucxoOHvIX OAHHBIX
Haumenoeanue ucxoonvix Oobo3nauenue, 3nauenue
napamempoe pasmeprocma 1 2
[Tnomans 3anexu B mpenenax F. o2 12 11
KOHTYpa He(pTEHOCHOCTHU
II;momans KoJIbIIEBOM
3aKOHTYPHOU BOJIOHAIIOPHOM F1kM® 120 130
obactu
TosnuuHa macta BHyTpU KOHTYypa
HEe(TEHOCHOCTH U B 3aKOHTYPHOM h, m 12 11
4acTH
[IponuitaemocTh MOPOJI IIIACTA B
He()TEHOCHOM YacTH U 32 k, M 0.5-10" | 0.5.10'°
KOHTYPOM HEe()TEHOCHOCTH
Bsi3kocTh HEPTH B MIACTOBBIX 1.63 1.63
YCIOBUSX H lla-c
Bs3K0CTb BOABI Uy, MITa-c 1 1
[TopucTocTh MOPOIBI m 0.22 0.22
Hauansubiit kodpdunineHt
BOJIOHACKIILIEHHOCTHU S 0.2 0.2
He(TEHOCHOI YacTu 1mjacTa




KoaddunmeHTt cxumaeMocTu mnop

S, 1MIIa 210" 210"
B IIOPOAC MJ1acTa

Koadpumment CKUMAEMOCTH
BOJIbI

B mnpoumecce pa3palorku cpeAHeB3BelICHHOE [aBJI€HHE BHYTPH
He(PTEHOCHOM YaCTH 3J1€KU U3MEHUJIOCH!
OT HaYaJIbHOT'O TIACTOBOTO Oun MITa 18 20
JIaBJICHUS

[, 1MIla 4.210° | 4.210°

JT0 TaBJICHUS HACBIILIEHUS Prac, MITa 8 8

3a TOT e MPOMEKYTOK BPEMEHH
CPEIHEB3BEILICHHOE JaBICHHUE B
3aKOHTYPHOM BOJIOHAIIOPHOM Ap;,MIla 5 6
YaCTH TUTACTa YMEHBITUIIOCH Ha
BEITUINHY

OObeMHbI KO3 DULIEHT HEPTH
MpU HAYaJIbHOM IJIaCTOBOM B 1.02 1.019
JABJICHUU Py

OO0BeMHBIN KO3 huLeHT HeDTH b
NIPU JABJICHUH HACBIIEHUS Pyac il

1.026 1.027

PEIINEHUE
1. KoadpdumueHnt cxumaeMocTd HePTH ompeaessieTcss 4Yepe3 HadalbHbIN
o0beM HedpTH B 3anexu Vo U 00beM HeDTH NpH NaBICHUU HACBIIICHUS
Vi1 (B uTOTE HCTIONB3yeM oOmpeielieHre 00beMHOTO Kodddurrenta b):

AVH VHl _VHO
BH = = =
VHO |lp VHO [ﬂp}’lﬂ - pHac)

= 588M10“ 1/ MIla.

bHO [qpnﬂ - puac)

2. Koadpdunuent ymnpyroeMkoctn miacta (MM CKHMAEMOCTH ITOPUCTOM
Cpelbl BHYTPH KOHTypa HE(PTEHOCHOCTH) YYHUTBHIBACT CYMMapHYIO
CKUMAaEeMOCTh HACBHIIIAIONIMX €€ JKUAKOCTeH — He(TH C HACBHIICHHOCTHIO
(1-S) 1 BoABI C HACHIIIEHHOCTHIO S a TaK)Ke CKUMAEMOCThb opobl [1]:

B”=miB, (1-S)+B,S|+B, = 42200 1/MIla.  (1.2)
3. Ucrons3yst koodduiment B u 06beM 3anexu V,,, BBIYHCIHEM 00BEM

He(TH, W3BJIEKAEMBIN IOJ] MEUCTBHEM YIIPYTUX CHJI BHYTPH KOHTYpa
HedreHocHoCTH F:



AV, =BV, p=B°(F h){p,, - p,,.) = 592010° M° (1.3)
4. IloacuntaeM HaydajJbHBIE 3aacChl He(bTH B 3aJIEXKU.
V,, = F hinfl- S)/b,,, = 24800" m°. (1.4)
5. Beruncnum HedTeoTmady, 0O0yCIOBICHHYIO JIEWCTBHEM TOJBKO YIPYTHX
CHJI BHYTpHU KOHTYpa HeTeHOCHOCTH F:

AVH = 2.38‘:'.0_2 (1.5)

n=
HO

6. [lagenne naBneHus B mpenenax KOHTypa HedTeHocHOCTH F Hapymut
paBHOBECHE B IUIACTE, MOJTOMY 4YacThb BOJBI NOJ JIEUCTBHUEM YIIPYrou
SHEPruM 3aKOHTYpPHOM uacTu Iuiacta F; moctymutr B HedTEHOCHYIO
obmacte. Koaddumument ymnpyroeMkocTu (C)KMMaeMOCTH) IOPUCTON
Cpenbl B 3aKOHTYpHOW OOBOJHEHHOW dYacTW Tutacta F; yuuThIBaeT
CYMMAapHYIO C)KMMAeMOCTb ITOPOJIbI M HACHIAIOIIEH €€ BOJIBL:

B,/ =mB, +B, = 422[10* 1/MlIla (1.6)

7. Vcnons3ys xosddumment [ 1, Haiizem kommdgecTBo BOasl AV, KOTOpoe
MOCTYIUT B HE(TEHOCHBIH KOHTYp F M BBITECHUT PaBHYIO MO 00BEMY
He(Th MOJ JCHCTBHEM YNPYyrux CUJI MPH U3MEHEHUHU NaBleHus Ap; B
3aKOHTYpHOM yacTu miacta Fi:

AV, =BV, @p, =B(F, h)@p, = 21100°.  (1.7)

8. Brruncnsiercss HedTeoTrnaua, 0OyCIOBIEHHAs CyMMAapHBIM JEWCTBHEM
yIpyrux cui [2]:

n, =2V * A  109m07 1.8)
HO
1.2. TIIporuo3upoBaHue U3MeHEHUsI JAaBJIEHUS] HA KOHType HeQTSAHOI0
MECTOpPOK/AeHUs NMPH YNPYIroM pe:kuMe B 3aKOHTYPHOIl o0JacTH
niacra

[Ipu pa3zpaboTke MECTOPOXKIECHUS BaXKHO 3HATh U3MEHEHHE JIaBJICHUS BO
BpEMEHM HA YCJIOBHOM KOHTYpe HEPTEHOCHOCTH MECTOPOKIACHUS
Pron=Pxou(t). OHO TMO3BOJNIET TPOTHO3UPOBATH MEPEBOJ  OTACIBHBIX
CKB)XHMH C (D)OHTAHHOTO HAa MEXAHU3MPOBAHHBIE CIOCOOBI AKCILTyaTalllH, a
TaK)Ke ONpeNessTh BpeMs, KOrja IUIaCTOBOE JABJIEHHE CHU3HUTCS 0
JIABJICHUSl HACBIIIEHUS, HAYHETCS pas3razupoBaHue HePTH B IUIACTE U
BO3HHMKHET PEXHUM PACTBOPEHHOIO rasa, a 3aTeM — ra3oHamnopHblil. Takum
o0pa3oM, BaXXHO 3HaTh, B T€YCHHE KAKOrO MEPHOAa BPEMEHH JOIIYCTHMO
pa3pabaTbeiBaTh HE(TAHOE MECTOPOXKIEHUE Oe3 BO3AEHCTBHUS Ha IJIACT MpPH



YOPYTOM PEXHUME, HE JOBOAS 10 BOSHUKHOBEHHS PEKHMOB PAaCTBOPEHHOTO
rasa ¥ razoHarmopsoro [1].

['myboko3aneratomee  HeOonbIoe 1Mo  pa3mepam  HedTsHOE
MECTOPOXKACHUE, KOHTYp HE(PTEHOCHOCTH KOTOPOTo UMeeT hopmy, OJIU3KYIO
K hopMe Kpyra, OKpYKEHO OOITMPHON BOJOHOCHOU 00JaCThIO, BO MHOTO pa3
MPEBOCXOAIIEH MO0  pasmepy  MectopoxkaeHue. Ilpu  paspaboTke
MECTOpPOXKACHHUST He(PTh OyIeT BBITECHATHCS BOJAOH, TMOCTYyMAOMEH U3
3aKOHTYPHOH 00JIaCTH, T/Ie peau3yeTcsl ynpyruii pesxkxuM. Cauraercs, 4To B
npezenax HePTIHON 3aJIekKH PEKUM JKECTKO BOAOHAMOPHBIN [2]. McxomHbie
JaHHBIE TIpUBEICHBI B Ta01.1.2.

KomuuectBo Boabl 03z, mocTynaromied W3 3aKOHTYPHOM YacTH

MECTOPOX/ICHHS B €r0 He(TEHACHIIIIEHHYIO YacTh, ONMPEICIIACTCS 10 3aKOHY,
n300pakxeHHoMy Ha (puc. 1.1).

OB

ty to t3
Puc. 1.1.Koauuecmeo nocmynusuiell 6 3a1e24cb 3aKOHMYPHOU 800bl

1) B nmepuog O<t<t, - pa3OypuBanus MmecTopoxaeHus (;; =at.
2) B nepuon U, <U<t, - crabunuszanuu or6opa xuakoctu Jyy = = CONSL,

3) B mepuon t, <t <t, - magenus orbopa xuakoctu d;; = q—0at,

OnpeneJuTh U3MECHEHHUE KOHTYPHOT'O JaBJICHUS B TCUCHHE MEPBhIX 5.5
Jer pa3paboTku MECTOPOXKICHHUS, TIOCTPOUTh rpaduk
Pxon [MITa]=f(t[roasi]).



Tabmuma 1.2
Tabnuya ucxoOHbIX NAPAMEMPO8

Haumenoeanue ucxoonvix Obosnauenue, 3nauenue
napamempos pasmepuocmes 1 >
Pannyc KoHTypa HETEHOCHOCTH R M 3000 3200
HauanpHOe mmacToBO€ aBiieHNE B
He(TSIHOM 3aJIe)KU ¥ Ha KOHTYpE Pw, MIla 20 22
HEe(PTEHOCHOCTH
[IponuiiaemocTs macTa B K, M 0.1-10 | 0.1-10"
3aKOHTYPHOM BOJOHOCHOW 00J1aCTH
Bsi3kocTh BOAbI u, Ia-c 1-10° 1-10°
Koaddumuent ynpyroemroctu 5, 1Ma 1-10" 1-10"
BOJIOHOCHO# 00y1acTu
Tonmmaa BOJOHOCHOTO IJ1acTa h, m 10 11
[TpoaomKUTENbHOCTD MEPHO/Ia t1, TOOBI 2 2.5
pazOypHuBaHUS MECTOPOKACHHS
Bpemst okoHuaHUs cTaOMIM3aIIH t, TOIBI 4 4.5
pacxojia MoCTyIMAaroIen u3
3aKOHTYPHOM 0071aCTH BOJIBI
Bpewms ucrornenus sHepruu t3, TOOBI 7 7.5
yIPYTOCTH 3aKOHTYPHON BOJIOHOCHOM
obJiactu
Temn HapacTaHHs pacxoa BOIbI o [M/c?] 6.7-10° | 6.7-10"
PEIHEHUE

WN3menenne naBneHus Ui YIPYroro pexkuma B HEOTPAHWMYEHHOU
3aKOHTYpHOM obOnacth R<r <o mpu paauasbHOW (UIBTPALUU BOJIBI
onuckiBaeTcs nudpepeHIaibHbIM YPABHEHHEM B YACTHBIX ITPOU3BOIHBIX!

o°p, 13p) _dp
o ror) ot (1.9)

k
20e. X =—— —Nnbe30npo8ooOHOCHb N1ACmA.

W3BecTHO uyacTHOe pemieHue ypaBHeHus (2.1), ommchIBarolee
M3MEHEHHUE aBJICHHUSI B 3aBUCHUMOCTA OT MTHOBEHHOTO M3MEHEHHS 00BheMa

KHNIAKOCTU B Jjiacre.
A r?
rt)y=C——exp-——
p(r,t) : ;{ 4th (1.10)
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eoe: C u A —xoncmanmol uHme2puposanusi.
C nomonipto wuHTerpana [oamenss MOXHO TOKa3aTh, YTO MpHU

IIEpeMEHHOM BO BpeMeHH oTOope Boabl (s, =at mis O<t<t, pemecuaue

o au P dr
Py =F, 4ka‘exF{ 4)((t—r)]t—r' (1.11)

0
JITsT KaXIoro CIIeAyIomero nepuoaa t, <t<t, u t, <t<t, B (1.13)0yayr

MMeET BULL.

MOSIBJIATHCS  COOTBETCTBYIOIIME HWHTErPalibl, M OKOHYATEIBHOE pEIICHHUE
npumMer Buf [2]:

p.-H 51), o<tst,
4Tikh

P (1)=1P, —%{J(T)—J(T—Tl)], t, <tst,,

KOH

(1.12)

P - 30 -3@-1)-3(-1,)] t,<tst.

41kh

30ecw

_M
r= F — meKyujee be3pasmepHoe 8pems;

_Xy
I, —F bespazmeprhoe  6pemMsi  OKOHYAHUsL — nepuooa  pazoypusanus
MeCmopoI*COeHUS,

_ X
I, = RZ ~ be3pazmepHoe 8peMs OKOHYAHUS Nepuooa cmabunuzayuu omoopa
HCUOKOCINU,

J (T), J (T - Tl), J (T - Tz) — 3Hauenus unmezpana J{roamens 0Jisi 6pemen
I, T—1,, T—T, COOMBEMCMBEEHHO.

Hns  npousBosbHOoro I,  wuHterpan Jroamens  npuOIuKeHHO
BBIUMCIIAETCS 110 HOpMYyIIE:

Ir)=r - 0.35{1—(1T1_)281} +0974(1+7)n(l+7)-7].  (1.13)

[Tpumep pacueta npexacrapneH B Tadnuie 1.3.
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Obpa3zey mabauybsl 0151 NPOBEOEHUS PACUEMO8

Taomuma 1.3

t[rox] t[cC] T J(2) -7 | Jo-1) | =1 | Jr-1) | T—1o | J(1-T3) | Peon[I1a]

0.00 | 0.00E+00 0.0000| 0.0000| O 0.0000 0 0 0 |0.0000| 2.000E+07
0.50 | 1.58E+07| 1.7520| 1.2119| O 0.0000 0 0 0 |0.0000| 1.884E+07
1.00 | 3.15E+07| 3.5040| 3.1712| O 0.0000 0 0 0 |0.0000] 1.696E+07
1.50 | 4.73E+07| 5.2560| 5.4776| O 0.0000 0 0 0 |0.0000] 1.474E+07
2.00 | 6.31E+07| 7.0080| 8.0271| O 0.0000 0 0 0 |0.0000] 1.229E+07,
2.50 | 7.88E+07| 8.7600 | 10.7652 1.752 | 1.2119 0 0 0 |0.0000| 1.083E+07
3.00 | 9.46E+07 10.5120 13.6573 3.504 | 3.1712 0 0 0 |0.0000| 9.931E+0§
3.50 | 1.10E+08 12.2640 16.6799 5.256 | 5.4776 0 0 0 |0.0000| 9.244E+0§
4.00 | 1.26E+08 14.0160 19.8155 7.008 | 8.0271 0 0 0 |0.0000| 8.681E+0§
4.50 | 1.42E+08 15.7680 23.0509 8.760 | 10.7652 1.7520| 1.2119| 0 | 0.0000| 8.979E+06
5.00 | 1.58E+08 17.5200 26.3756/ 10.512| 13.6573 3.5040| 3.1712| 0 |0.0000 9.818E+06
5.50 | 1.73E+08 19.2720 29.7812 12.264| 16.6799 5.2560| 5.4776| 0O |0.0000| 1.093E+07
6.00 | 1.89E+08 21.0240 33.2606| 14.016| 19.8155 7.0080| 8.0271| 0 |0.0000| 1.223E+07,
6.50 | 2.05E+08 22.7760 36.8079| 15.768| 23.0509 8.7600| 10.7652) 0 |0.0000| 1.368E+07
7.00 | 2.21E+08 24.5280 40.4182 17.520| 26.3756 10.5120 13.6573 0 |0.0000| 1.526E+07
7.50 | 2.37E+08 26.2800| 44.0871] 19.272| 29.7812 12.2640 16.6799 1.7520| 1.2119| 1.617E+07
8.00 | 2.52E+08 28.0320 47.8108 21.024| 33.2606 14.0160 19.8155 3.5040| 3.1712| 1.668E+07
8.50 | 2.68E+08 29.7840 51.5861 22.776| 36.8079 15.7680 23.0509 5.2560| 5.4776| 1.706E+07
9.00 | 2.84E+08 31.5360| 55.4099| 24.528| 40.4182 17.5200 26.3756| 7.0080| 8.0271| 1.735E+07

12



1.3. Onpenenenne n3MeHeHHsI TaBJeHHS B IJIACTe TPH YIPYTOM pesKuMe

B HEorpaHMYEHHOM MPOJAYKTUBHOM ILIACTE, HACBHIIIICHHOM 32 KOHTYPOM
HEe(DTEHOCHOCTH BOJOW, OO0JAMArONIe BA3KOCTHIO TPUMEPHO PaBHOU
BS3KOCTH He(TH TMyIIeHbl B OJKCIUTyaTalldl0 B pa3inyHoe BpeMms 4
IO0OBIBAIONIHE CKBAXHHEI (prc.l.2).

3AJJAHUE 1
OnpenenuTh Kak U3MEHUTCS JaBjcHHEe B TOuke A (Haxojmsiieics Ha
JMHHUM PACIIOJIOKEHUS CKBAXHH 1, 2Ha OJJUHAKOBOM PACCTOSHHU OT HHUX) IO
CpPaBHEHMIO C HAYaJIbHBIM ILJIACTOBBIM JaBJIEHUEM CITyCTS Bpems 1; mocie

IyCKa TIEPBOM CKBa)XMHBI. VICXOJIHBIC MaHHBIC IS pacyeTa MPUBEICHBI B
Ta6s.1.4.

Tabmuna 1.4
Tabauya pacuemusix OaHHbIX
Haumenoeanue ucxoonvix 3nauenue
napamempoe 1 2

JleObuThl JOOBIBAIOINX CKBAYKUH: O, M/C 1.3-10° 1.4-10°

o Mlc | 1.0.10 1.2-10°

O, M°/ 1.2:10° 1.1-10°

o, M/c | 1.1.10° 1.3-10°
Tonmmea acra h, m 9 10
[IponuIIaeMoCTh MOPO/I TUTACTa B HEPTEHOCHOW YaCTH
1 32 KOHTYPOM HE(PTCHOCHOCTH K, M 0.5-10” | 0.55-10°
[THe301POBOAHOCTD IOPOJIBI ILIACTA xMilc 1.2 1
BsizkocTh HEQTH B TIaCTOBBIX ycnoBusix M wmlla-c 1.3 1
PaccTosiHre MeXTy CKBOXKHHAMHU 20, M 300 350
Bpewmsi ¢ Hauasa mycka rnepBoil CKBaXXMHBI 11, CyT 40 47
BpewMmsi ¢ Hayaia mycka BTOpOM CKBaXKUHBI  t), CyT 35 37
Bpemsi ¢ Hauana mycka TpeThel CKBaXUHBI 13, CyT 29 30
Bpewms ¢ Hayana nycKa YeTBEPTOU CKBAKHUHBIt4,CYT 15 16
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Puc. 1.2.Cxema yyacmka nracma

PEIINEHUE

Hcnonb3yeTcsi M3BECTHOE pEIeHUE 3a7adyd O MPHUTOKE KHUIKOCTH W3
HEOTPaHMYEHHOTO IUlacTa K TOYEYHOMY CTOKY. bynem ucnoin3oBath
dbopMyTy yIpyroro pexuma Jjisi TOYEHHOTO CTOKA, MYIIEHHOTO B PaboTy C
MOCTOSIHHBIM JIeOUTOM OJHOPOJHON CKUMAeMOH KUAKOCTH B OJHOPOHOM
OeckoHeuHOM 1iacTe (MpUOIMKEHHOE aHAJUTHYECKOE PEIICHHE YPaBHEHUS
BE30MPOBOAHOCTH). [I[puMEHUTENBHO K 4 TOYEYHBIM CTOKaM, IyIIEHHBIM B
paboTy B pa3nuIHOE BpeMH, UCIIOJIB3YETCS IPUHITUT CYTIEPIIO3HUIINH [2]:

n 225X [t 6
Ap(t) = 4nkh qu ,-2 = 29800°Ma. (; 14

eoe:.

t]- — 8pemMs C Ha4aaa nycKa CK8AMNCUHbL HOMeD |,

I, — paccmosmnue om paccmampueéaemo mo4ku A (s xomopoii onpedensemcs

uzmenenue oaenernus AP) 0o ckeaxcunvl Homep |.
PexoMeHlyeTcs HMCIOJIB30BaTh Pa3MEPHOCTH (U3UYECKUX BEIUYUH B
€IMHON MeXTyHapoaHou cucteme equnui CH.

3AJTAHUE 2

Jnsg  ycnoBuil TpeApIAyNIEN 3aJaud  ONPEAECIUTh KaK W3MEHUTCS
naBienne B Touke B (puc.l.3) Mo cpaBHEHWIO C HAYAJILHBIM IIJIACTOBBIM
JABJICHUEM CITyCTs BpeMsa t; TMociie mnycka TMEepBOM CKBAXWHbI MIPHU
CIEAYIOMIMNX UCXOAHBIX TAHHBIX:

b=(20)/4,
d=(20)/3.
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Puc. 1.3.Cxema yyacmka nracma
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2. TIPOTHO3UPOBAHUE ITIOKA3ATEJIEN PA3PABOTKH
MECTOPOXIEHHUA N OHEHKA DOP®PEKTUBHOCTHU
HCIOJIb30BAHUS IIJIACTOBOM DHEPTUH

Hedrsnas 3anexxp HMMeeT Ta30BYIO MIANKY, OKPYXEHa aKTUBHOMN
IJJACTOBOM BOJIOM M XapPAKTEPU3YETCs CIOKHBIM MPOSBICHUEM Pa3IMYHBIX

PEXKUMOB  pabOThl TMPOAYKTUBHOrO Iuiacta. McxomgHble mapameTpbl
npuBeieHbl B Ta0.2.1.
Ta6numa 2.1
Tabauya ucxooHwvix napamempos
Haumenosanue ucxoonvlx napamempos 3nauenue

1 2
HawanpHO€ miacToBO€ IaBiIEHUE PaBHO JaBJICHUIO _ _
HACBIIICHUS Po, MIla Po=Pn Po=Pu
Hau. nonst o6bema ra3oBoi IIanKkyu Mo OTHOIIEHUIO KO
BceMy o00bemMy 3ajexu B npedenax koHtypa | 0.25 0.2
He(Tera3oHOCHOCTH Qo

I1o naHHBIM J1200PATOPHBIX MCCJICAOBAHUN YCTAHOBJECHO:

Hau. razoconepxanue nedptu Lo, MM 150 150
Hau. 06bemHbII KOAhPuIreHT raza bro | 0.006 0.006
Hau. 06bemubIil K03 PuiiueHT Hed T bro| 1.475 1.475
HacpllieHHOCTh MOPOBOTO 00BhEMa CBSI3AHHOW BOJIOU 0.12 0.12
3B ' '
CpenHee njiacToBoe JaBJieHUE 32 ONPe/ieJIeHHbII Mepuo
IKCIJIYATAUMU CHU3WJIOCH 10 [y, TPH KOTOPOM:
["azoconepxanne HehTH L, M/ 125 125
OO6BbeMHBIN K0P DUITMEHT Ta3a br | 0.0063 0.0063
O6beMHbIN KO3(PdULIEHT HEPTH by 1.415 1.415
OO6BbeMHBIN KOIPHUITMEHT BOIBI by 1.028 1.028
3a 3ToT nepuoja ObLIO T0OBITO:
BCBBOI[HOﬁ HC(I)TI/I QH, M3 106106 106106
3
lasa Vr, M 17510° | 18510°
Bonnr Vg, Mo 510" 610"
[IprueM KoJIMUECTBO 3aKOHTYPHOM BOJIHI, 1210 1.110°
BHEJPUBIIECICS B 3aJI€Kb, COCTABUIIO W, Mo ' '
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OmnpenenuTr Ha OCHOBE MeETOJa MarepuayiibHOro Oamanca [1,3]:
HavaJibHBIE Treosiornyeckue 3amnacsl Heptu Gy; Tekyuiyto HedreoTnauy N u
TEKYyIIyI0 He(TeHACBHIIIEHHOCTh He()TAHON 3aleXu §; Ha MOMEHT BpEMEHH,
KOTJa TIJJACTOBOE JaBJIEHWE B TMpolecce pa3pabOTKHM HM3MEHUJIOCh OT
JaBJICHUS] HACBIIMIEHUS [Py A0 TEKYLIETO IaBIEHUS Py, OTHOCHTEIbHYIO
3QQEKTUBHOCTh  OTHCNBHBIX  BUJIOB  JHEPruM  (ra30BOM  IIAIKH,
PacTBOPEHHOTO Ta3a, aKTHMBHOW IUIACTOBOW BOJIbI) B BBHITECHEHMU HepTH —

‘ery Jpra ‘JB'

PEIHEHUE
1) Onpenensiem 1010 oObeMa Tra30BOW MIANKH OT O0ObeMa HaYaIbHBIX
TeOJIOTUYECKHX 3aImacoB HEPTH B 3aJICHKH

a=a,/(1-a,)= 033, (2.1)
2) OmpenensieM 3HAYEHHE CPEIHETO 32 PACCMATPUBAEMBII MEPUO]] ra30BOTO
dakropa:

* — 37,3
I =V./Q, =165m>/m>, (2.2)
3) CocrapnsieM MaTepuaNbHBIA OallaHC ra3a B 3aJIe)KH HA MOMEHT BPEMEHH,

KOrjza IIaCTOBOC JABJICHHME CHU3HIOCH 10 BEIWYUHBI Py; H ,Z[O6I>ITO
KOJIMYECTBO ra3sa Vr:

AVF :GFC +GFP = (aGHbHO/bFO +GHFO _VF)bF1 (23)

20e. AV — ocmaswuiics 6 3anedicu, NpuBeOeHHvlll K MEKyujemy nidcnogoMy
oasnenuio obvem 2asa.
OcraBmmuiics B 3a1exXH 00bEM COCTOUT U3 PACTBOPEHHOI0 B HeTH rasza G,

Gp= (GH —Qy )[br ,
¥ CBOOOIHOTO ra3a (ra3oBoii mamnkoi) G.:

GFC = (aGHbHO + GHbHO) - (GH - QH )bH - (W - bBVB) :

4) PemraeM ypaBHeHHE MaTepraiibHOTO O0ananca (2.3)otHocuTensHo Gy

— QH[bH+bF(F*_F)]_(W_bBVB)
" a0, /b —1)+ by, —b, +b (r - 1) @

BBexeMm 0003HaUEeHUE:

B:bH +(F0_F)br-
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O10oT KO3(p(ULIMEHT MOXHO YCIOBHO Ha3BaTh JBYX(a3HbIM OOBEMHBIM
koap¢punmenToM. OH XapakTepusyeT U3MEHEHUE eIMHUIBI 00beMa HEPTH C
pacTBOPEHHbIM B HEH Tra3oM IpPU CHUKEHUHM MJABICHUS OT TEKYIIEro
m1acToBoro A0 armocdeproro. I[lomyunm pacuetrnyro dopmyny s
oTpe/ieNieHUs] HauaJbHBIX Te0JIOTUYECKUX 3amacoB HepTu Gy

_ QB+ -1y |-W-v,b,)
H
B-b,, + abHO(bF /b _1)
5) 3a paccmarpuBaeMblii TepuoJ  KOIPPHUIHMEHT HePTeoTHAaYn TpU

CHIDKEHHH TUIACTOBOTO NIABJICHUS OT Py 0 Pn; (pu 3TOM OBLIO TOOBITO
HedTH Q) cocTaBmiL:

= 487[106 MS. (2.5)

n= g—H =022 (2.6)
H
OrmnpenennuM 3HaYCHUE TEKYIIeH HeTEHACHIIICHHOCTH Ha KOHEI[ YKa3aHHOTO
HIepUO/Ia;

H

(G, -Q, )b b

a2 B (os, )= (-n) (- 5,) = 0782, (o)
H™HO HO

6) OOparuM BHHMaHHWE Ha TO, YTO B BBIPAKCHHH IS HAYAIbHBIX

I'€OJOIrn4CCKHuX 3ar1aCcoB HerTI/I MEPBOC CIaracMocC B YUCIIMTCIIC BbIPAXKACT

0611166 KOJINYCCTBO ,Z[O6I>ITI>IX HC(bTI/I M rai3a, IPpUBCACHHOC K IIaCTOBLIM
YCJIOBHSM IIPH TCKYIICM IIJIACTOBOM J1aBJICHHH.

Qu =Qu[B+(r" =1, . (2.8)
[Tpeobpasyem BoipaxkeHue (2.5):

GHIB_bHO +ab(br /bro _1)]:QH|_B + (FD _Fobr)J_ (W —V, bB) .
Pasnienum sieByro ¥ MpaByio 4acTh 3TOr0 ypaBHeHus Ha (2.8):

B-by, G apHo(br /b _1) == (W Vs bB) \

Cn QH[B+(FD_F0br)J HQH|.8+(FD_F0br)J_ _QH|.B+(FD_F0br)J.

N
Jpr + Ipy +5=1, (2.9)
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CrnenoBaTesnbHO, MOKHO OINPEAEIIUTH JIOJIK0 y4acTUsl OTJAEIbHBIX BHJIOB
MJJACTOBOW SHEPTHUH B OOIIEH TOOBIYE U3 3aTICHKHU.
Jlomst ygacTust ra30BOM LIATIKK B BHITECHEHUU HEPTH

- aby, (br /By _‘1) .= 2
Jrm =Gy QH|_|3+(F* —Fo)b,—J 6./7010",

Jlomnst yqacTusi akTUBHOM TTACTOBOM BOJBI B BRITECHEHUU HEPTH

J == (W ,_VBbB) .
QB+ -ryb,

I[OJI}I YU4acCTHA paCTBOPCHHOI'O Ira3a B BBITCCHCHUHN HC(bTI/I:

] = 664010

_B-by, . — 1
Jor =Gy QHlB+(F*H—F0)pr 26810,
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3. PACYET TEXHOJIOTHYECKHNX IMOKA3ATEJIEN
PA3PABOTKMU 3AJIEXKEU IIPU BBITECHEHUU HE®THU BOAOU

3.1. Pacuer pacnpeneseHusi JAaBjJeHHsT B TPAMOYIOJbHOM YYacTKe
3ajie:ku, padoraonieii B YCJOBHAX €CTeCTBEHHOI0 BOJAOHANOPHOIO
pe:xxkuma
Onpenenurs 3a00iiHbIE JaBICHUA P;, P2, Ps B CKBOXHHAX

OKCIUTYaTaI[MOHHBIX PSJIOB OJHOPOAHOW MO TMPOHHUIIAEMOCTH W TOJIIIHMHE

iacta HEPTSIHOW 3aleKd C MPSIMOJUHEHHBIMU psgaMu, paboTaroniei B

YCIIOBHUSIX BOJOHAMOPHOTO peknMa. Cxema ydacTka 3aJeKd Ipe/CTaBIcHA

Ha puc.3.1.

Px
Ql 2]
L4
SRS
rrrrrrrrrr OO 000 Oy
L, o 2
(@) O O O O p2 =
L Q
3 3 O3
o o o} o P3 >

Puc. 3.1.Cxema npamoyeonbroeo yuacmka 3anedxicu, pabomaroujeli 8 yciosusx
ecmecmeeHH020 8000HANOPHO20 PedHCUMA

Hcxoanbie nanHbIe AJis pacueTra MpyuBeaeHbl B Ta01.3.1.

Ta6numa 3.1
Tabauya ucxooHwvix OaHHbIX 05 pacyema 3a00UHbIX 0A6lIeHUl
Haumenosanue ucxoonvix 3uauenue
napamvempos 1 2
PaccTostHue oT KOHTYpa MUTaHUS IJIacTa JI0 IEPBOTO

AKCIUTYaTalMOHHOTO psijia Li, M 300 310
Paccrosiane mexay psgamu 1-2 Lo M 320 350
Paccrosiane mexay psaamu 2—3 Ls M 330 340
PaccrosiHue MEXKY CKBOXKUHAMU B PALy: 201, M 300 300
20, M 310 305

20



20, M 305 310
Hucio CKBaXKUH B psLYy: Ny 10 11

n, 10 11

N 10 11
Pannyc cKBaKMHBI e, M 0.1 0.1
Tonmuua nacra h m 9 10
[IpoHuIiaeMocTh miacra k, M° 9.0-10° | 9.0-10"
BsizkocTh HedTH U mIac 4.5 4.5
JlaByieHHe Ha KOHTYpE MUTaHUs IUIACTa P, Mlla 15 16
JleOuThI SKCIITyaTallMOHHBIX CKBXHUH B PsIax: , 350 340

q, M /cyT

G, M/CyT 150 145

Gs, M /cyT 75 80

PEIIEHUE

IIppu pemeHnn 3aga4d  PEKOMEHAYETCS  MCIOJB30BATh  METOJ
SKBUBAJICHTHBIX  (PUIBTPALIMOHHBIX CONPOTUBJIEHUH, OCHOBAHHBIA Ha
OPUHLKIE 3IEKTPOTHIPOJMHAMUYECKON aHAJIOIMM M 3aKOHE (PUIbTpaluu
Jlapcu OJHOPOAHOW HEC)KHMMAEMOW JKHIKOCTH B TIOPUCTOM cpene. IDTOT
METOJI YCTaHABIMBAET KOJMWYECTBEHHYIO CBS3b MEXKIY AeOUTaMU CKBAaXKUH,
JaBICHUAMHU HAa HMX 3a008X M Ha KOHType nuTaHus iacta. CoriacHo
NPUHIINITY 3JEKTPOTHAPOIMHAMUYECKON aHAIOTUX (UIIBTPALMOHHAS CXEeMa
IJlacTa 3aMEHSECTCS SKBUBAJIEHTHOW €U JJIEKTpUYeCcKou cxemoul. Torma
noJiHOe (DUIIBTPALMOHHOE COMPOTHBICHUE PEATbHOTO TOTOKA >KUIKOCTH
3aMEHSIETCSl HECKOJIBKUMH OSKBHUBAJICHTHBIMH (IIOCIIEAOBATEIbHBIMU WU
napajulebHbIMU)  (HIBTPAIIMOHHBIMU  CONPOTHUBJICHUSIMH ~ TIPOCTEUIINX
notokoB [1]. Jlns sToro paccumteiBatorcst ) — BHENIHEE SKBHBaJICHTHOE

(GWIBTPallMOHHOE COMPOTUBJICHUWE I[-TO psga W G — BHYTPCHHEE
OKBUBAJICHTHOC q)HHI)TpaHI/IOHHOC COIIPOTUBJICHUE i'FO pHI[a:
Q=—* | =601100 Malth,
xh(2o,n)
| (3.1)
=1 A 0| 9= 54800 Ta @i,
n 2rkh

Cc

Jlnst pacuera naBieHWH Ha 3a00SIX CKBaXXHWH B JKCILUTyaTallMOHHBIX
psagax, ¢ ydetroMm OanaHca MpUTOKAa W OTOOpa >KUIKOCTH, COCTaBISETCS
CUCTEMa ypaBHEHHUI MHTEp(PEPEeHLINH PAIOB CKBOXKHUH ITyTEM 00XO0/Ja CXEMBbI
CONIPOTHUBJIEHUH OT Py A0 P3:
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P ~

p, = (ng, +1n,0, +n,0,)Q, +ng,0,

N (nzqz + nsqs)Qz +n,0,0, —Ng,W,
P, = Ps; = n3Q3Qs +N;0;0; —N,0,0,.
Cucrema paspelnraercsi OTHOCUTEIIBHO HEU3BECTHBIX Py, P2, Ps-

(3.2)

3.2. OnpenesieHue 1e0MTOB CKBAKMH B MIPSIMOYT0JIbHOM Y4acTKe
3aJ1eskH, padoTaroileil B yCJIOBHAX €CTECTBEHHOI0 BOJIOHATIOPHOIO

pexuma

Onpenenutsb
OJIHOPOJHOM IO MPOHMUIIAEMOCTH M TOJIIMHE IUIacTa HEPTAHOW 3aJiekKu C

JIEOUTHI

OKCILTyaTallHOHHBIX

CKBa)XUH

B psmax

OpSIMOJMHEHHBIMH  psigamu  (puc.3.2), paboraromieii. B YCIOBHSX
BOJOHAIIOPHOTO pekuMa. VICXOIHBIE TaHHBIC Uil pacdeTra IPHUBEACHBI B
Tabn. 3.2.
Tabmuma 3.2
Tabauya ucxoonvix OaHHBIX OJ1s1 pacyema 0eOUmMos8 CK8ANCUH
Haumenosanue ucxoonvix 3nauenue
napamempos 1 2
PaccrosiHre OT KOHTYpa MUTaHUS TUIacTa JI0 TIEPBOTO
AKCILTYaTAI[MOHHOTO Psa L1, M 300 310
Paccrosiuue mexay pagamu 1-2 Lo, M 320 350
Paccrostnue Mmexy psaamu 2—3 Ls, M 330 340
PaccrosiHre MeXy CKBOXKUHAMU B PANY. 201, M 300 300
20,, M 310 305
203, M 305 310
Yuciio CKBaXXHH B pANY: Ny 10 11
n 10 11
N3 10 11
Pannyc ckBayKuHBI e, M 0.1 0.1
Tonmmea wiacta h m 9 10
[TpoHuIIaeMOCTH IJ1acTa K, M° 9.0-10% | 9.0-10"
Bsi3kocTh HEDTH U, mITac 4.5 4.5
JlaBrieHre Ha KOHTYpE MUTaHUs IJ1acTa P, MlIla 15 16
I[aBJ'Ie.HI/ISI Ha 3a0051X IKCIUTyaTaIlMOHHBIX CKBOKHH B 350 340
psaax: p1, MlIa
P,, MIla 150 145
P3, Mlla 75 80
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Puc. 3.2.Cxema npamoyeonvroeo yuacmka sanedxicu, pabomaroujeli 8 yciosusx
ecmecmeeHH020 8000HANOPHO20 PedHCUMA

PEHIEHUE

I[Ipu pemieHnn 3amaul  PEKOMEHAYETCS  HMCMOJIb30BaTh  METO/
SKBUBAJICHTHBIX  (DUIBTPAIIMOHHBIX  CONPOTUBICHHWM, OCHOBAHHBIM Ha
MPUHITUTIE DJEKTPOTUIPOINHAMUYECKON AHAJIOTHH W 3aKOoHE (GuiIbTpanuu
Jlapcu OJHOPOAHOW HEC)KMMAEMOW JKHIKOCTH B TOPUCTOM cpene. IDTOT
METOJI YCTAaHABIIMBAET KOJWYECTBEHHYIO CBSI3b MEXKIY NeOMTaAMU CKBAKHH,
JTaBICHUSMA Ha WX 3a00fX W HAa KOHType muTaHus 1iacta. CorimacHo
MPUHITUITY 3JIEKTPOTUIPOINHAMUYECKON aHAJIOTUU (UIBTPAIMOHHAS CXeMa
IJlacTa 3aMEHSETCS SKBUBAJICHTHOW €U JJIEKTpUYecKou cxemoul. Torma
MoJIHOE (UIIBTPAIIMOHHOE COMPOTHUBJICHHE PEAThbHOTO IMOTOKA >KUIKOCTH
3aMEHSETCS HECKOJbKMMH OSKBUBAJCHTHBIMHU (IIOCICIOBATEIBHBIMU WM
napaulebHbIMKA)  (PHIIBTPALIMOHHBIMA ~ COMPOTHUBICHUSAMU  MPOCTEUIITNX
notokoB [1,2]. nst sToro paccunthiBaroTcs Q; — BHEIIHEE SKBHBAJICHTHOE
GWIBTPAIIMOHHOE CONPOTUBJICHWE I-TO psga W G — BHYTPCHHEE
SKBHBAJICHTHOE (DUIBTPALIMOHHOE COIIPOTUBJICHHE I-T'0 psija:

Q=—* | =60100 Malm®,
xh(2on,)
| (3.3)
w=2_H in[ % |= 548010 TTa /v
n 2mh \ 7
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JUis pacuera JaBieHUMM Ha 3a005X CKBaXWH B 3KCIUTyaTallHOHHBIX
psiaax, ¢ ydeTroM OajlaHca TpPUTOKa M OTOOpa KHUAKOCTH, COCTaBJISETCS
CHUCTeMa ypaBHEHUU MHTEP(EpPEHIINHN PAJOB CKBAXHUH IMyTeM 00X0Ja CXEMbI
conportuBieHuit ot P, 1o Ps:

P =P, = (n1q1 +n,q, + nsqs)Ql +Nn g0,
P~ P = (nz% + nsqs)Qz +N,0,W, —N,G,0,, (3.4)
P, = Ps = n3q3§23 +N;0;0; —N,0,0,.

[TonydeHHast cucremMa ypaBHEHHU YCTaHABIMBAET KOJMYECTBEHHYIO CBSI3b
MEXAy IeOMTaMU CKBRXHH M JIaBICHHEM Ha HMX 3a00iX M Ha KOHTYpe
nutaHus 1iacta. CucremMa paspemaeTcsi OTHOCHTENBHO HEM3BECTHBIX (), Op,
Qs

PexomeHyeTcsi MCIONB30BaTh Pa3MEPHOCTH (PU3MUECKUX BEITUYMH B
eIMHOW MeXITyHapoaHOU cucteme enuauil [CH].

3.3. Pacuer pacnpenesnenus 1aBjaeHHs B KPYTOBOii 3a/1e:KU MPH
€CTeCTBEHHOM BOJIOHATIOPHOM pe:KnMe

OpnHOpoaHAs IO MPOHUIIAEMOCTH U TOJIIUHE TuTacTa He(TIHAS 3aJIeXKb,
uMmeromias B miaHe Gopmy Omuskyro k ¢gopme kpyra (puc. 3.3), OKpykeHa
OECKOHEYHO MPOCTHUPAIONICHCS BOIOHOCHOW 00JacThi0 M pa3pabaThiBaeTCs
IpU BOJOHATIOPHOM pekume. VIcXoaHbple NaHHBbIe TSl pacdeTa MpPUBEICHBI B
Ta61.3.3.

Onpenenurs:
1.3a0oiiHble fAaBiIeHUS B CKBOXWHAX OJKCIUTyaTAallMOHHBIX PSIIOB C

OaTapelHbIM PACOJIOKEHUEM CKBaXXUH P1, P2, P3;
2. O0uMe HavanbHbIE Te0I0rnuecKre 3anacel Heru B 3anexu Gy,

3. Texymyro He(TeOTHady K MOMEHTY BpeMeHH {, ¢ Hauama paspaGoTKH,
KOI'Jla MPOM30iIeT 0OBOJHEHUE 2-TO IKCIUTYaTAalMOHHOTO psfa CKBaKUH

Ny (mpesmosiaraeTcst MoJiejIb MOPIIHEBOTO BBITECHEHUE HEPTH BOJION).
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Tabruya ucxoOHvIX napamempos

Tabmuma 3.3

Haumenoeanue ucxoonvix 3nauenue
napamempoe 1 2 3
Pannyc KoHTypa nuTaHus R, M 4490 4690 4890
Panunychl skcmTyaTalluOHHBIX PSAIOB 2260 2420 2650
CKBa)XUH: Ri,M
Ro,m 1870 1950 2050
Rs,m 1500 1550 1600
KonnuecTBo ckBaXkHH B psaax: Ny 33 35 40
n, 22 25 28
N3 9 10 11
Pannyc ckBayKUHBI e, M 0.1 0.1 0.1
MomnrHocTb miacta h m 8 9 10
ITponuiiaemocTh miacta K, M 0.9-10 | 0.9-10" | 0.9-10"
BsiskocTh HeTH U, mIlac 4.5 4.5 4.5
JlaBiieHre HA KOHTYpE MUTAHUS
[iacta P., Mna 15 16 17
JleOuThl ckBaskH B psiaax: ql,m3/cyr 75 80 75
O, M/CyT 160 170 180
g, M /CyT 120 130 135

Puc. 3.3.Cxema kpyeosoii 3anexcu, pabomarowetl 8 yci08Usax ecmecmeeHH020
B8000HANOPHO20 PEHCUMA
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PEIIEHUE

[Ipy pemeHnn 3a7a4d  PEKOMEHAYETCS  HMCHOJb30BATh  METOJ
HKBUBAJICHTHBIX  (PUIBTPALIMOHHBIX COMPOTUBJICHUN, OCHOBAHHBIA Ha
MOPUHIINIIE 3JIEKTPO-THAPOJIUHAMUYECKON aHAJIOTUU M 3aKOHE (PHIIbTpaIiu
Jlapcu OJHOPOAHOW HEC)KMMAEMOW JKHUIKOCTH B IOPUCTOM cpene. IDTOT
METOJ] YCTaHaBJIMBAET KOJIMUYECTBEHHYIO CBS3b MEXKIY JE€OUTaMU CKBAXXUH U
JaBICHUAMHM Ha HUX 3a008X W Ha KOHType 3aiexu. Ero cymHocTb
3aKJIIOYAeTCs B 3aMEHE [OJIHOTO  (DUIIBTPALMOHHOIO  CONPOTUBIIECHMS
peanbHOro OTOKA  JKMAKOCTHM  HECKOJIBKMMH  3KBHUBAJICHTHBIMU
(mocenoBaTeNbHBIMU WIH TapayuIeIbHBIMU) (UIbTPALIMOHHBIMU
CONPOTHUBJICHUSIMH MPOCTEHIIINX TTOTOKOB [2].

CoracHO  OpHUHLMIY  3JIEKTPOTMAPOJAMHAMUYECKON  aHaJoruu
npenctaBuM  QUIBTPALIMOHHYIO CXEMy IUIacTa 9SKBUBAJCHTHOM  eif
ANEKTpUYECKOM cxeMoi. Jlyig pacyera naBleHH Ha 3a005X CKBaXUH B
AKCIUTYaTaI[MOHHBIX PsAaxX COCTAaBIISIEM CUCTEMY ypaBHEHUI MHTepdepeHInu

pSIIOB CKBAXKMH ITyTeM 00X0Aa cXeMbl compoTuBieHud oT Py 1o P3. Ilpu

9TOM YUYHUTbIBAEM OajaHC IMPUTOKA U 0T6opa }KI/I,Z[KOCTI/I:

P =P = (nlql +n,q, + nsqs)Ql +NnQ,w,
P~ P, = (nzqz + nsqs)Qz +N,0,w, —N,G,0, (3.5)
P, = P3 = n3Q3Qs *+N;0;0; —N,0,0,.

rac
Q =—H InRa - 6830107 Ma teiv®,
2kh - R
_ (3.6)
@ =L H in| 9|z 287010 Ta teiv®.
n 27kh \ 71

BHEIIHNE W BHYTPEHHHUE YKBUBAJICHTHBIC (PIIILTPAIMOHHBIC COTPOTHUBIICHUS
I-To psna.

[Tony4yenHnass cucTemMa ypaBHEHWI YCTaHABIWBACT KOJHMYECTBEHHYIO
CBSI3b MEXIYy AcOMTaMH CKBaXHH U JIaBIICHHMEM Ha WX 3a00s1X ¥ Ha KOHType

IIUTAHUA I1J1aCTA. CI/ICTeMa paBpeIJ_IaeTCH OTHOCHUTCIILHO HCHU3BCCTHBIX pl,
p21 p3'
HauanpHbIe Te0IornuecKue 3amachel HC(I)TI/I B 3aJICKU OHpeL[eJI}IIOTC}I KaK

o0beM He(dTH, HaXOAAUIMICS B Mpefenax KOHTypa HEPTEHOCHOCTH U
3aHUMAIOLIUI YaCTh OTKPBITOTO MOPOBOTO MPOCTPAHCTBA!
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G, =/R?hinf{l-S,)=54700" M°, (37

HakorieHHas f06bi9a K MOMEHTY BPEMEHH C Hauama paspabotku [,
KOrja TNpou3oiiner OoOBOAHEHHWE 2-TO0  OKCIUIyaTallMOHHOTO  psija
AO0OBIBAIOIINX CKBAXKUH OMPEEISIeTCS KaK KOJTUYEeCTBO HE()TH, BBITECHEHHOE
U3 00JIaCTH 3aJIEKHU MEKTYy KOHTYpPOM HETEHOCHOCTH U 1- M psgoM:

— 2 2 — Y4 3
V, =n{R? - RZ)thin{l-S, )= 45200 v%.  (3.8)
Texymass HedreoTmaya Ha  yKa3aHHBIHI  MOMEHT  BpPEMEHHU
pacCUUTBIBACTCA 110 OIIPCACIICHUILO. P CKOMCHIYCTCA HCIIOJIBb30BAThH

pasMepHOCTH (PU3MUYECKUX BEIMYMH B EAMHON MEXKIYHApPOIHOH CHCTEME
enunur [CH].

3.4. Pacuer pacnpenesieHusi JAaBJeHHS B MPAMOYIOJbHOM YYacTKe
3aJIe:KU MPHU OTHOPSITHOM cXeMe BHYTPUKOHTYPHOTI'O 3aBOHEHH S

HedrsiHoe  mecTopokneHne  pa3pabaTbiBaeTcs C  IMPUMCHEHUEM
BHYTPUKOHTYPHOTO 3aBOJHCHHS IPU OMJHOPSIHOM CXEME PacCIOJIONKCHHUS
ckBakuH. [Ipyu 3aBOJHEHHWM TUTACTa MPOMCXOIUT TOPITHEBOE BHITECHEHUE
HedTH BOJIOM.

Cxema yyacTka MeCTOPOXKAeHus unHoM L, cocTosimero us asyx psauos
HarHeraTebHbIX (1 ® 1" n OIHOTO psaa AoObIBaroIMX (2) CKBaXKHH,
nokasaHa Ha pucynke 3.4 [2].

Onpenenaurs:

a) JlaBneHue Ha PPOHTE BBITECHEHUS HEPTH BOIOH Py;

0) JlaBnenne Ha 3200€ JOOBIBAIOIINX CKBAXHH [

r) Tekyuryio HedTeoTnady Ha MOMEHT BpeMeHu { ¢ Hayama paspaboTku,
Kora (poHT 3aKauMBaEMOM B TJIACT BOJIBI IPOABUHYJICS Ha PAcCTOSHUC X,
OT psiia HarHETAaTEIbHBIX CKBAXKHWH 10 HAIPABJICHHIO K JOOBIBAIOIIMM
CKBa)KHMHAM (CUMTaTh, YTO 3aBOJHECHHE OCYIIECTBIIACTCSA 3aKA4YKOW BOJIbI
TOJIBKO B PSJIbl HATHETATENbHBIX CKBAXUH 1 1 1’).
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Puc. 3.4.Cxema pacnonosicenus CK8ANCUH HA YUACIKE MECIMOPOIHCOCHUSL NPU
0OHOPAOHOM 3A6800HEHUU

Hcxoanbie JaHHbIE 1715 pacyeTa MpuBeAeHbI B Ta0d. 3.4.
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Tadbmnuma 3.4
Tabnuya ucxoOHbIX NAPAMEMPOE

Haumenoeanue ucxoonvix 3unauenue
napamempos 1 2
JlnmuHa paccMaTpyUBaeMOTo ydacTKa 1800 1700
MECTOPOKICHUS L, m
PaccTosiHre Mexay psiaMu CKBaKUH |, m 700 650
PaccTostHust MeXIy CKBa)KHHAMU B Psiiax:
20,=20,=20,m 600 570

Yucio HarHeTaTelIbHBIX CKBAXKUH B paAay paBHO
quci1y ,Z[O6BIBaI'OHH/IX CKBA)XMH I10 HAIIPaBJICHUIO

K KOTOPBIM ITPOMCXOJUT BHITECHEHUE HEPTH 3 3

BOJOU N;=Ny

Pannyc HarHeTaTeNbHOM CKBAXKHUHBL: [, M 0.1 0.1

[IpuBenenHsblil paguyc 100bIBaOIIEH 0.01 0.01

CKBa)KHMHBI. Fey M

[TponutiaemocTs mopo miacTa st HedTu , 0.25-10” | 0.25-10"
Ky, M

[TpoHuIaeMocTh Mopo miacTa s Bojabl K, M° 0.2-10 0.2-10

KoadduimeHT oTKpbITOM MOPUCTOCTU MOPOL

niacTa m 0.22 0.23
HachimeHHocTh MopoJ TuiacTa CB. BOJON S, 0.07 0.06
TommuHa miacra h, m 10 11
HauanbHple reosiorndeckue 3amnachbl HepTH 3.2.10 3.10
MECTOPOXKJICHHS G, M

BsiskocTh HedTH U, mIla-c 5 4.5
OO6bemubI K0P urmeHt HedTr by 1.415 1.415
Bsi3k0CTh BOJIBI L, mITa-c 1 1

B mutact, yepes kaxxaplil U3 psAIoB

HarHETaTEIbHBIX CKBAKUH 3aKaYUBACTCS BOJIA C 1000 1200
pacxosiomMm q, MlcyT

[Ipu naBnennu Ha 3a00€ HarHETATEIBHBIX 25 23
CKBAXUH P, MlIla

[Ipu 5TOM B HEKOTOPBI MOMEHT BPEMEHU

(pPOHT 3aKaYMBAEMOM B IIJIACT BOJIbI 100 110

IMPOABUHYIJICA OT psAda HarHeTaTeabHOU
CKBA)XHMH I10 HAIIPaBJICHUIO K I[O6I>IBaI'OHII/IM
CKBAXXMHaM Ha paCCTOSHUC Xy M
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PEIIEHUE

Jlnst pemieHusi JTaHHOW 3a/la4d PEKOMEHYETCS WCIOJIb30BATh METO/]
OKBUBAJCHTHBIX  (DMIBTPAIIMOHHBIX CONPOTHBICHHWH, OCHOBAaHHBIH Ha
OpUHIUIE dIeKTporuaponuHamudeckoir ananorun (OI'JA). CormacHo
ATOMY NPHUHLUITY, JUHEHHBIA 3aKOH (UIBTPALMU >KUJIKOCTH B IMOPUCTOM
cpene ([lapcm) paccMaTpuBaeTcs C TOYKH 3pPEHHUS aHAJIOTHH C 3aKOHOM
ABIDKCHHUSI DJIEKTPHYECKOTO TOKa B TpoBOAHUKE (3akoH Oma). IIpu stom,
ABWKYyIIeW cuie (mepemnany AaBICHUs), BBI3BIBAIONICH JBUKEHUE JKUIKOCTH
B He(TIHOM IjjacTte, CTaBUTCA B COOTBETCTBUE JBIDKYLIAs CHIIA,
BBI3BIBAIOIIAS JIBKCHUE DIICKTPUYECKOTO TOKa B TPOBOAHUKE (Pa3HOCTH
HarnpspkeHnii). COOTBETCTBEHHO, PacXoy MM ACOUTY KHIKOCTH (MacCOBOI
CKOPOCTH (WIIBTPAIIMM) CTaBHTCS B COOTBETCTBHE CKOPOCTH JIBUIKCHUS
AJIGKTpUYECKOro Toka (cwia Toka). B pesymbrare, 1O aHAJOTHH C
DIIEKTPUYECKUM COIMPOTHBICHUEM BBOJIUTCS TMOHATHE (DHUIBTPAIIHIOHHOTO
conportusieHus [1].

OTOT  TOPUHIWI ~ TO3BOJSET  MPOBECTH  THAPOJMHAMUYECKOE
MOJISIUPOBaHUE (QUIBTPALMU JKAIKOCTH B TOPUCTOM cpele IyTeM
pa3dueHusi CI0XKHOTO (WIBTPAIIMOHHOTO TMOTOKAa HAa TPOCTHIE JJIEMEHTHI,
YUUTBIBAIOIIUE BHYTPCHHUE (GUIBTpallMOHHEIE COIIPOTHBIICHHUS,
BO3HHMKAIOIIME TMPH  IUIOCKOPAAWANbHOM  (UIbTpPALMK  KUAKOCTH B
MPUCKBAXUHHOM 30HE, M BHEIIHUE, BOSHUKAIONIUE TPU ABIKEHUH HEPTU U
BOJIbI MEXKIY KOHTYpaMu (IUTIOCKOMapasuiesbHas QUIbTpAIHs), Ha KOTOPBIX
pAacIoyoKeHbl HarHeTaTeJdbHbIe M JOOBIBalOIIME CKBaXHUHBL. C MOMOIIBIO
OI'/IA MOXHO TpPEACTaBUTh (UIBTPALIMOHHYIO CXEMYy paccMaTpHUBaeMOTIO
y4JacTKa MECTOPOXKACHUS I QUIbTPALUU BOJIBI U HEPTH SKBUBAJICHTHOU e
BJIEKTPUUYECKON CXEMOU.

[Tpu cocTaBieHnU cXeMbl IPUBEJACHHBIX BBIIIE UCXOAHBIX JAHHBIX, HAJ0
MMETh B BHJY, YTO OOIIMIA pPacxoix BOAbI, 3akaunBaeMod B psg 1’
HarHETATeIbHBIX CKBKWH paBeH (. OHAKO BJIEBO OT 3TOTO Psilia, B CTOPOHY
psna D0OBIBAIOIIMX CKBaXMH 2 mocTymaeT pacxon (/2. Bropas monosuHa
pacxoma Boabl yxoauT BopaBo. C Apyroil cTopoHbl, AEOUT HEPTH
NOOBIBAIOIIMX CKBAXUH psza 2 OyaerT 00ecrevyeH NMPUTOKOM CO CTOPOHBI

psaza HarHeraTenbHbIX ckBaxkuH 1' (cnpasa) Ha 1/2, Bropas mosnosuHa
nebuta Oymer oOecrnedyeHa NpUTOKOM cieBa. [Ipu 3ToM HEoOXOAMMO
YUHUTHIBATh OajaHC MPUTOKA U 0TOOPA KUIKOCTH.

[To aHamormm ¢ JBMIKEHHWEM ODIIGKTPHUECKOTO TOKa, JJII pacyera
JaBICHUHN COCTaBIIIETCS cucTeMa ypaBHEHUH UHTEPPEPCHINH
(GUIBTPAIMOHHBIX CONPOTHUBJICHHH (ITOCIEAOBATEILHO WM IapaljIeIbHO)
nmyTeM 00xoja cxeMbl oT P, (1aBneHrne Ha 3a00€ HarHETATEIbHBIX CKBAXKHH)

10 P. (maBmennme Ha 3a0oe MOOBIBarOIMX CKBaXHWH). JleTambHO
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paccmarpuBaercss (UIbTpanus BOAbBI HA Y4YacTKE OJJIEMEHTa IlacTa OT
HarHeTaTelbHOM CKBaXXUHBI 1O (pOHTAa BBITECHEHHUA HE(TH BOAOH H
¢bunbTpanus HeTH HA y4YacTKE AJIEMEHTa IlacTa OT (POHTA BHITECHEHUS
He(TH BOJIO /10 3a00€B CKBaYKMH J100BIBAIOIIETO Psijia.

BuyTtpennee u BHemHee (QUIBTPAIIMOHHBIE COMPOTUBICHUS TPU
bunpTpaM  BOABI HA y4YacTKE DdJEMEHTa IulacTa OT CKBaXHH
HarHeTaTelabHOTO psifa 10 (QpPOHTAa  BBITECHEHUS HEPTH  BOJOH,
COOTBETCTBEHHO:

w=—"tr 1n% =18200° Mare/’,

n 2mkh 1

(3.9)
=M% _ 578107 Ma e/,
K Lh

(]

Q,

BHemHee © BHyTpeHHee (WIBTPALMOHHBIE CONPOTHBICHHS TIPU
bunbpTpanuu HEPTH HA y4acTKe 3JEMEHTa IiacTa OT (POHTA BHITECHEHUS
HedTH BOJOM 10 3200€B CKBXKUH JOOBIBAOIIETO PsAJIa, COOTBETCTBEHHO:

W, =—t11n% = 973010° Ma e/M®,
n 2mk.h T,
_k(=x) _ (3.10)

3 3
, 667C10° TTa [&/m°.
k Lh
['panuneii, paznenstoieit oonactu GuibTpanuu He@TH U BOJIBI, SIBIASETCS
(GpOHT BBITECHEHUS] HE(YTH BOJIOWH C COOTBETCTBYIOIIMM naBieHueM [y (B
MIPEITOJIOKCHUH MOJICIIH ITOPIITHEBOTO BBITSCHEHUS HEPTH BOJIOM):

pH - p@ :qwl+ng’

(3.11)
pB - pc :gQZ +qw2'

[TomyyeHnass  cucremMa  ypaBHEHHMM  pa3pemiarcsi  OTHOCHTEIBHO
HEU3BECTHBIX JaBJICHUI Ha ()POHTE BBITECHEHUS HE(PTU BOJOU Py 1 Ha 3aboe
N00BIBAIOLINX CKBAXUH .

HakoruienHass mo0biua HeTH Ha MOMEHT BpemeHu { ¢ Hadama
pa3paboTku, Koraa ¢GpoHT 3aKayMBaeMOW B IJIACT BOJABI MPOJBHUHYJICA Ha
paccTosiHue X, OT psJa HarHeTaTeNIbHbIX CKB&)XMH I10 HAIpPABICHUIO K
IO0OBIBAIOIIMM CKBa)KHWHAM,, OMpPENEIsIeTCsl Kak 00beM BBITECHEHHON HePTH
(c y4eToM MOPHCTOCTH, HACBIIICHHOCTH MOPOJ IUIACTA CBSA3aHHOW BOJOW M
00BEMHOTO KO PUIHECHTA).
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Texymas HedTeoTnaya HAa MOMEHT BPEMEHH 1 Ui paccMaTprBaeMoro
y4acTKa MECTOPOXKICHHS PACCUNTHIBACTCS 110 ONPE/ICICHUIO.

PexomeHyeTcsi MCIONB30BaTh Pa3MEPHOCTH (PH3MYECKUX BEIUYMH B
eIMHOW MeXTyHapoaHOH cucteme enuauil [CU].

3.5. Pacuer pacnpeaeieHMs JAaBJIeHUS] B HNPSIMOYIOJIbHOM Y4YacTKe
3aJIe:KU NPH OHOPSIAHOM cXeMe BHYTPHUKOHTYPHOIO 3aBOJAHECHUS C
NpUMeHeHHeM BePTHKAJIbHBIX M TOPU30HTAJBHBIX CKBAXKHH

Hedrsanoe wmectopoxaeHue pa3pabaTblBaeTCsi C  IPUMEHEHUEM
BHYTPUKOHTYPHOTO 3aBOJHEHHUS INpPU OJHOPSIHON CXEME pacIoIOKEHUs
BEPTUKAJIBbHBIX CKBaXHH. [Ipu 3aBOAHEHMHU IJIaCTa MPOMCXOAUT MOPUIHEBOE
BoITeCcHeHre HepTu BOmod. CxemMa ydyacTKa MeCTOpOXKIeHuWs mauHoM L,
COCTOSAIIETO W3 JABYX psIOB HarHeratenbHbiXx (1 m 1’ u omHoro psana
noObIBatonyx (2) CKBayKUH, OKa3aHa Ha pUCYHKe 3.5.

Puc. 3.5.Cxema yuacmka mecmopoostcoenuss npu 00HOPAOHOM 3A800HEHUU

Onpenenurs:

Kak u3MeHHUTCsI CcyMMapHbIA 1eOUT psijia TOOBIBAIOIMIMX CKBAKHUH, €CIIH
NPUMEHUTH JIPYTYIO CUCTEMY Pa3paOOTKH, MPU KOTOPOW AOOBIBAIOIIUN Psia
OyZIeT COCTOSATH U3 IBYX BEPTUKAIBHBIX CKBAXUH M OJTHON TOPU30HTAIBHOMN C
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JUIMHOW TOPU3OHTANBHOTO cTBoNa |..? McxomHble maHHBIE ISl pacdera
npuBeneHsl B Ta0a. 3.5.

Tabmuma 3.5
Tabauya ucxoOHvIx OAHHBIX
Pazmep-
Haumenosanue ucxoonwvix HoCID 3nauenue
napamempoe
JlmmHa paccMaTprUBaEMOT0 y4acTKa MECTOPOKICHUS y 1700
L
Paccrosinre Mexay psaaMu CKBaKHH I M 650
Paccrosinus MeX Ty CKBaKMHAMHU B PSIaX:
20, =20, =20 M 570
Uwucio HarHeTaTeIbHBIX CKBKUH B PSIAY PAaBHO
YUCITy TIOOBIBAIOIINX CKBAKUH, 110 HAMPABJICHUIO K
KOTOPBIM MPOUCXOIUT BHITECHEHHE HE()TH BOJIOU 3
n,=n,=n
Pannyc noOsiBaroIeil CKBaKUHbI re M 0.1
JI1HA TOPU3OHTAIBLHOTO CTBOJIA CKBAXKUHBI l M 200
[IponuaemMocTh NOpoA miacra Ajis He(bTH K, M2 0.25. 1012
KoadgduimeHT oTKpBITOM MOPUCTOCTH MTOPO/I TIJIaCTa
m 0.23
Tonmmea wiacta h M 11
Bsizkocth HEQTH L, | Mlla-c 4.5
IInacToBoe naBiieHuHE P | Mlla 23
3a00iHOE HaBJIEHUE TOOBIBAIOIIEH CKBAXKUHBI P, MIla 10

PEIIEHUE

IIpn pemeHnn RaHHOM 3a1a4d PEKOMEHIYETCS MCHOJIB30BATH METOJ
DKBUBAJICHTHBIX (DUIBTPAIIMOHHBIX compoTuBieHuid (meton bopucosa),
OCHOBaHHBIN Ha MPUHITUTIE JIEKTPOTHApoanHaMudeckoi ananoruu (O J1A).

CornacHo 3TOMY NPUHLHUITY, TUHEHHBIN 3aKOH (PUIIBTPALIUU )KUIKOCTH B
nopucToi cpene (3akoH Jlapcu) paccMaTpuBaeTCs C TOUKH 3pEHUS aHAJIOTHH
C 3aKOHOM JIBUIKCHUS DJIEKTPHUYECKOTO TOKA B TpoBoIHUKE (3akoH Oma). [Ipu
9TOM, ABWKYIIEH cwie (mepenaay TaBICHUS), BBI3BIBAIONICH JIBIKCHHE
KUJAKOCTU B HE(PTSAHOM IUIACTE, CTABUTCS B COOTBETCTBHE ABMXKYILAS CHUIIA,
BBI3BIBAIOIIAS JIBIDKCHHE 3JICKTPUYECKOrO TOKa B IMPOBOJHUKE (Pa3HOCTh
HanpspkeHni ). COOTBETCTBEHHO, PACXOy WM ACOUTY KHUIKOCTH (00BeMHOM
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CKOPOCTH (DHIIbTpAIMH) CTaBUTCS B COOTBETCTBHE CKOPOCTH JIBMXKCHUS
JIGKTpUYEeCKoro Toka (cwia TokKa). B pesyimbrate 1O aHAJIOTHH C
ANEKTPUYECKUM COMPOTUBIICHUEM BBOJUTCS TOHATHE (UIBTPAIMOHHOTO
conpotusieHus [1].

OTOT TPUHIUIT TIO3BOJISIET TPEACTaBUTH 001Iee (UILTPAIIMOHHOE
COTIPOTUBJICHUE PEATHHOTO TEUYCHUS JKUIKOCTH B MOPUCTON Cpelie B BUIE
CYMMBI BHEITHETO (PUIBTPAIMOHHOTO COMPOTHUBIEHUS BO3HUKAIOIIETO TpPU
IBWKEHUM HepTH Mexay KOHTypamu  (TUIOCKONAapasuieibHAs WK
TUTOCKOpaTuabHas bunpTpanus), Ha KOTOPBIX  PAaCIOJIOKEHBI
HarHeTaTeNbHBIE W JOOBIBAIONIME  CKBAXHHBI W BHYTPEHHETO
(GUIBTPAIIMOHHOTO CONPOTHUBIICHHS, BO3HUKAIOIIETO MPH MJI0CKOPaAUaTbHON
GUIBTpAIUU KHUIKOCTU B MPUCKBKUHHOM 30HE. C momotipio DI JIA MoxkHO
MPEACTaBUTh  (QUIBTPAITMOHHYIO CXEMY pacCMaTpUBaeMOro  y4acTKa
MECTOPOXACHUS ISl PribTpaniu HeTHU SKBUBAIICHTHON €1 DJIEKTPUUECKOU
cxemoii. [lo aHamormum ¢ JABMKEHHWEM SJICKTPUYECKOTO TOKa, Ui pacuera
neobura COCTaBIISICTCS cucrema ypaBHEHUH uHTephepeHIIm
(GUIBTPAIMOHHBIX CONMPOTUBJICHHUN (ITOCIICOBATEILHO WM TapalIeNIbHO)
myTeM 00XoJa CXEMbI OT JIMHWH IIJIACTOBOTO JAaBJICHUS N0 32005 Kaxmaou
TOOBIBAIOIIEH CKBAXUHBI.

1. Buemnee QUIbTPALIMOHHOE COMPOTHBIICHUE MPH IIOCKOMAPAIIIEIbHON
¢bunpTpai HEPTU B MPSMOYTOJILHOW OOJACTH 3JEMEHTa IlacTa OT
JUHUM [UIACTOBOTO JABJECHUS [0 JIMHUMA PACIOJOXKEHUS psaaa
JO0OBIBAIONIMX CKBOXHMH (CYMTAETCS, YTO KOHTYPHI ILJIACTOBOIO
JABJICHUSI PACIIONOXKEHBI C JIBYX CTOPOH OTHOCUTEIBHO JOOBIBAIOIIETO

psnaa):
U
Q=—"tr
kH thil (3.12)
2. BHyTpeHHee (UIBTPAIIMOHHOE COMPOTUBICHUE MPHU TUIOCKOPAAUATBLHON
bunpTpan HePTH B MUIMHAPUYECKONW OOJACTH B TpeiAesiax KOHTypa
IMUTAHUS OJHON (i— i) BepTUKaJIbHOU JOOBIBAIOIIEH CKBAKHUHBI:
T Y-
w, = —Ih—, i=1...,n
i kH th 27 T, : (3.13)
3. CymmapHoe BHYTpeHHEE (DWIBTPAIIMOHHOE COMPOTUBIEHUE pAla
BEPTUKAIBHBIX  JOOBIBAIONIUX CKBOXHH COTJACHO TIPECTaBICHHOMN
OKBHBAJICHTHOW JJIEKTPUYECKOW cxeMe (MmapajuieIbHOe COCIUHEHUE)
ONPENETAETCS U3 COOTHOIIECHUI:
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EICTE S
5 20 e (3.14)

6C;

4. CyMmmapHbIi 1e0uT psiga, cocrosmiero u3 I o0bBarommx BepTUKATBHBIX
CKBa)KHH

q= % [B6400=1240m°/cyT (3.15)

5. Bayrpennee QpuiIbTpallMOHHOE COMPOTUBIICHHUE MPHU MJIOCKOPAAUATBLHON
¢bunbpTpanuu HeTH B UMIMHIPUYECKON O0JIACTH B MIpeaenax KOHTypa
NUTaHUS OJHOM JOOBIBAIOIIEH TOPU30HTAIBHONW CKBAXHHBI C JJIUHOU

crona |

w, = at Dl [N h
k1, 2m 2l

PexoMeHIyeTCsl HCIONIb30BaTh Pa3sMEPHOCTH (PM3HUUYECKUX BEIHYHMH B
¢IMHOM MK IyHapoaHou cucteme eaunuil [CU].

= 4100 Malev’. (3 16)

3.6. Omnpenenenue aaBjJdeHUIl Ha 3a0051X CKBaXKUH B JJIeMEHTe
CEeMUTOYEUHOMH CXeMbl PAacnoJIoKeHusl CKBAKUH npu
BHYTPUKOHTYPHOM ILTOIIATHOM 3aBOIHEHUH

HedrsiHoe  mecTopoknenmne  paspabarbiBaeTcsi C  IMPUMEHEHHUEM
MJIOMIATHOTO BHYTPUKOHTYPHOTO 3aBOJHCHHS MPH CEMUTOYECUHON CXeMe
PACIOJIOKEHUSI CKBOKHH, TP 3TOM OOBEM BOJBI, KOTOpas 3aKAaYMBACTCS B
IJ1acT, paBeH o0beMy mo0biToN HedTH. Cxema AIeMeHTa MECTOPOXKICHHUS,
COCTOSIIETO M3 OJTHON HAarHETaTEIhbHOW CKBAXXWHBI M MIECTU TOOBIBAIOIINX,
noka3aHa Ha pucyHke puc. 3.6 [2].

P O

Puc. 3.6.Cxema cemumoueunoeo snemenma cucmemsvl pazpabomxu
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Onpenenurs:

a) [laBienne Ha GPOHTE BBITECHEHUS P, B MOMEHT BPEMEHH tx.

0) JlaBnenne Ha 3a00€ JOOBIBAIOIINX CKBAXHH [); B MOMEHT BPEMEHH L.
B) Bpems (B romax) 0Oe3BogHON 100bUM HedTH H3 PacCMAaTPUBAECMOTO

QJIEMCHTA MECTOPOXKICHUA.

Ncxonubie nanHbIe ajis pacueTa MpuBeIeHbI B Ta0. 3.6.

Tabmuma 3.6
Haumenosarnue ucxoonvix napamempos Suauenue

1 2
Pannyc psna noObiBatomux CKBakuH R, M 400 500
Pannyc ckBayKUHBI re,M 0.1 0.1
[TpoHHIIaeMOCTh MOPO/I TUTACTA JIS HEPTH

K, M 0.2:10"* | 0.2-10%
[IponuaeMocTh MOPOT TIACTA JIJIST BOBI
Ky, M° 0.15-10 | 0.15-10%

TommuHaa 1acra h, m 12 10
BsizkocTh HEPTH L, MITa-c 1.5 1.5
Bsa3kocTh BOIBI M, MIla-c 1 1
ITopucrocTs opo miaacra m 0.22 0.22
HachImeHHOCTh MOpo/T TUTacTa CBSI3aHHOMH
BOJIOM Se 0.07 0.07
B HarmeraTeabHYHO CKBOXKHHY 3aKaUMBACTCS
BOJIa C PaCX0JI0M q, M3/cyT 400 370
[Ipu naBnernu Ha 3a00€ HarHETATEIBHBIX
CKBaXNH Py, Mita 15 15
IIpy 3TOM B HEKOTOPBII MOMEHT BPEMEHU
(bpOHT 3aKauynBaeMOM B TIJIACT BOJIBI 100 150
pactpoCTpaHUICs OT IIEHTPa HarHeTaTeIbHOM
CKBa)KMHBI HA PACCTOSTHHE I, M

Tabauya ucxoouwvix OaHHbIX 05 pacuema mpedyembix napamempos

PEIIEHUE

Jnis pacuera naBiueHUs Ha 3a00€ JOOBIBAIOIINX CKBAKUH MPEACTABIISIEM

GUIBTPATIOHHYIO CXemy

paccMaTpuUBaeMoro

y4acTka

macra

AKBHUBAJICHTHOM €M JJICKTPUYECKOW CXEMOM, KaK IMOKa3aHO Ha PUCYHKE, U

COCTaBJISIEM CHCTEMY ypaBHEHUH
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COTIPOTUBIICHUH MyTeM 00X0Jla CXEMBI OT Py 10 P. OTACIBHO A HEPTH U
OTJIENBHO JJIs1 BOJBI.

OunpTpanysi BOAbI Ha yYacTKe 3JEMEHTa IUlacTa OT HarHeTaTelbHOMN
CKBaKMHBI 10 (PpoHTa BbITeCHEHMs] He(pTH BOAOW coriacHo 3akoHy [lapcu
OTIHCHIBAETCS BBIPAKCHHUEM:

Py~ Pp =0l +Qy), (3.17)
2oe.
— UB | Y —_ 3
W, = n— = 57500° Ia [&/m°,
21k, h 1T,
(3.18)
Q, =" o[ s | = 3500107 MMa leM®,
21K, h o
W — euwympennee u Qi — eHewmnee Quibmpayuonnoe CONPOMUBTIEHUS NPU

Gurempayuu 800vl Ha YKA3AHHOM Y4aCmKe.

OTcrona HaxoUTCs IaBleHUE HA (PPOHTE BHITECHEHUS ;.
Jlerko mpoBeputh, 4TO (QOopMyJa, aHAJOTHYHAs NPEABIIYIIEH, s
HAXO0X/ICHUA JaBJICHUS HAa (PPOHTE BBHITECHEHHS [P, MOTydaeTcss U3 GOpMYIIbI

J{romou:
q= 27K, h (pB _ pH)
H In| e
r

@

(3.19)

[Ipu pacuere ¢unpTpanmu HedTH OyAeM HMETb B BHIY, UYTO TpHU
MJIOUIAIHOM 3aBOAHEHMM C HCIIOJIB30BAHMEM CEMUTOYEYHOW CXEMBI IS
OJTHOTO DJIEMEHTAa CHCTEeMBI pa3paboTku, oOmui AeOUT psiga J0OBIBAFOIIIMX
CKBOKMH O0OECIeUeH MPUTOKOM HEPTH OT HArHeTaTeIbHOW CKBaKUHBI
JAHHOTO 3JieMeHTa TOoJdbko Ha 1/3 (kaxmas noObIBarolIas CKBaKHHA
HNPUHAIJICKUAT OJHOBPEMEHHO TpeM 3jeMeHTaMm). OcTaibHas 4acTh JneOuTa
o0ecrieyeHa MPUTOKOM HEPTH OT CoceqHUX 3JeMeHTOB. OTcroma MOXKHO
MOJYYUTh KOJHMYECTBO JOOBIBAIOIINX CKBAXHH B JJIEMEHTE pa3pabOTKH,
CYMMapHBIH JI€OUT KOTOPHIX paBeH MPUTOKY W3 JAHHOTO 3JIEMEHTa CHCTEMBI
pa3paboTKH:

n=6 l =2
3 .

QunpTpanuss HePTH HA YydYyacTKe »dJIEMEHTa Iacta OT (poHTa
BBITECHEHUS HEPTH BOMOM 40 3a00€B CKBaXHMH JIOOBIBAIOLIETO psijaa
OTIHCHIBAETCS BBIPAXKCHHUEM:
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Pz~ Pe = Q(Qz + C‘*z) : (3.20)

eoe.
w, =110 % =1079010° Ma e/m°
, = =1. alé/m’,
n2rk,h Tr,
(3.21)
Q, =P R |- 13800 ma e,
21K, h 1y
p — emympennee u Sy — enewnee QuUILMPAYUOHHOE CONPOMUBLCHUS NPU

Gurempayuu Hegpmu Ha YKA3AHHOM YUdcmKe.

Bpemss  oOBogHenmst  (Bpemss ~ Oe3BOJHON  J0OBIYM  HeTH)
paccMaTpUBaeMOro 3JIEMEHTa MECTOPOXICHHUS IMPH TOCTOSHHOM PacXoje
3aKauyMBacMOM B IUIACT BOJIBI ONpeeiseTcs mo Gopmyie:

Vv

c]

t53 =
qB64007365

33/3
2

= TI'OJHI, (3.22)

2oe.

V =R hinf{l-S,)=10210° m°.

9

HayaJIbHbIE 3a1achkl He(PTU B pacCMaTPUBAEMOM AJIEMEHTE CUCTEMbI pa3padOTKH
MECTOPOXKICHUS.

3.7. CpaBHeHHe reOMeTPHYECKHUX MAPaMeTPOB 3JIEMEHTOB
CEMHUTOYCYHON U MATUTOYECYHON CXeM NPH OJUHAKOBOM
NMPUEMHUCTOCTH HATHETATEJIbHBIX CKBAKUH

Hedrsnoe MecropoxiaeHue paspabarbiBaeTcss ¢  NPUMEHECHHEM
IUIOMIATHOTO  BHYTPUKOHTYPHOTO  3aBOJHEHHMS TPH  HCIOJb30BAHUH
CEMUTOYEYHON ¥ MATHTOYCUHOM CHCTEM PACIOIOKEHHsS CKBakuH (puc.3.7.,
3.8). Cxembl paccMaTpuBaeMbIX  JJIEMCHTOB  CHCTEM  pa3pabOTKH
IpEeCTaBICHbI Ha PUCYHKaX [2].
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Puc.3.7.Cxema snemenma cemumoyeunoui cucmemvl 6HYMPUKOHMYPHO20
3A800HEHUsL C NILOWAOHBIM PACNOJIOHNCEHUEM CKBANCUH

O Pe

Puc.3.8.Cxema snemenma namumoueunou cucmemvl 6HYMPUKOHMYPHO20
3A800HEHUsL C NIIOWAOHBIM PACNOJIOHNCEHUEM CKBANCUH

Onpenenurs. paauyc psaga A0OBIBAIOIIMX CKBAXKUH  DJIEMEHTa
MSTUTOYCYHON CUCTeMBI pa3paboTku Rs [M] mpu oamHakoBOM pacxoje
3aKauMBaeMoW BOAbl ( U OJUHAKOBOM TIepemnaje MJaBlICHUS MEXIY
HarHeTaTeIbHOW M TOOBIBatomMMH cKkBakuHamu (Py— Pc).

Hcxoanbie JaHHbIE 1715 pacyeTa MpUBeAeHbI B Ta0d. 3.7.
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Taomuma 3.7

Tabauya ucxoOHwvIX OAHHBIX O CPAGHUMENbHBIX PACUEMO8

Haumenoseanue ucxooHvlx napamempos 3nauenue
1 2

Pannyc psina noOpIBatomux CKBaXuH Ry, M 450 510
Paanyc ckBaKHHBI e, M 0.1 0.1
[TponuiaeMocTh mopos miacta i Heptu Ky, M° 0.2-10 0.21élO
[TponuIaeMocTh MOPOI IIacTa s Boabl K;, M° 0.15-10° 0.1152 10
TosmuHa miacra h, m 12 10
BsizkocTs HEQTH L, Mla-c 1.5 1.5
Bs3kocTh BOabI L, mlTa-c 1 1
[TopucTocTh MOPOJI MIaCTa m 0.22 0.22
HaceimenHocTs opo/ riacta CBA3aHHOKW BOJOM

Se 0.07 0.07
B HarneraTenpHy0 CKBOXKHHY 3aKauMBAETCS BOJIA
C pacxoJioM q, mcyT 400 370
[Tpu naBnennn Ha 3a60€ HAarHETATEIBHBIX
CKBaXXUH Py, Mmia 17 16
[Tpu 5TOM B HEKOTOPHII1 MOMEHT BpeMeHHU (HPOHT
3aKauyMBaeMOU B IJIACT BOJIbI pACHPOCTPAHUIICS OT 110 140
IIEHTPa HArHETATEeILHON CKBaKUHBI B 000MX
AJIEMEHTaX Ha PACCTOSIHUE ls, M

PEHTEHUE

Ha xaxxyro n0OBIBAIOIIYIO0 CKBRXKHUHY B JIEMEHTE TPHUXOJAUTCS MPUTOK
(1/6)q, HO Kakmas CKBaKMHA TPHHAUICKUT OJHOBPEMEHHO 3 AJICMCHTAaM.
[ToaTomy cymmapuslii 1edbut 1 noObIBaromeli CKBaXKHHBI OY/IET PaBEH:

3-(1/6p=(1/2).

KonudyectBo g0OBIBalOMNUX CKBAKUH B DJIEMEHTE pPa3paboOTKH,
CyMMapHbId JEOWT KOTOPBIX paBE€H MPHUTOKY W3 JaHHOTO dJIEMEHTa
pa3pabotku Ooyzaer: N;=1q/(1/20)=2. CymmapHbIii 1eOUT BeeX 6 TOOBIBAFOIINX
CKBa)XHH 3JIeMEHTa pa3paboTKu OyIeT paBeH:

0.=6-(1/2p=3q.

Ha kaxxayro m00BIBaOINyI0 CKBaKMHY B 3jeMeHTe npuxoautcs (1/4)q,
HO Ka)kK/Ias CKBaKMHA NMPHHAJICKHUT OJHOBpeMeHHO 4 srmeMenTaM. [ToaTomy
CyMMapHbIi 7e0uT 1 1oOBIBaroIIe CKBaXXHHBI OyIET paBeH:
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4-(1/4p=q.

KomndectBo  mOOBIBAIOMIMX CKBAXHH B JJIEMEHTE pa3pabOTKH,
CYMMapHBIi JeOUT KOTOPBIX paBeH NPUTOKY M3 JAHHOTO DJJIEMEHTa
pa3pabotku Oyxmer: Ns=g/q=1l. CymmapHbiii nebut Bcex 4 m0OBIBArOIINX
CKBa)KMH dJIeMEHTa pa3paboTKu OyAeT paBeH:

a-=4q

@unbTpanys BOJBl Ha y4acTKE JJIEMEHTa IUIaCTa OT HarHeTaTelbHOM
CKBaXXMHBI 110 (ppoHTa BBHITECHEHUS HePTU BOJOM coriacHo 3akoHy [lapcu
OIMCBIBAETCS BHIPAKEHUEM:

P, - P, =qw, +Q,), (3.23)
2oe.
_ Uy O Uy (1
= In—, Q.= In
A omn w0 T 20 (0) (3.24)

BHYMpeHHee U 8HeulHee PUuiIbmpayuoHHoe COnpomuegienue npu Guibmpayuu 800bul.

Jl7is1 000MX AJIEMEHTOB 3TH COOTHOIIEHUS coBnanaioT. [louemy?

Jis  ceMUTOUEYHOro »JieMeHTa (uiabTpanus He)TH Ha Yy4dacTKe
AJIEMEHTa TUIacTa OT PpOoHTa BHITECHEHUST HE()THU BOJOU 10 3a00€B CKBAKUH
TOOBIBAIOIIIETO PsiIa OTMMCHIBACTCS BHIPAKCHUSMU:

Pz = P = Q(Qm T “27) ) (3.25)

2oe:

0, =t 10| R | 21406 ma e,
27k, h | 1y

(3.26)

w, =—H 1097 = 109010° I1a /v
n,27k,h 7.

GHEWHee U GHYMPEHHee OUIbMPAYUOHHOE CONPOMUGIeHUe Npu OUIbMpayuu
Hegpmu.

AHaJOTMYHBIE COOTHOIIEHHUS JUIS IIITUTOYEUYHOI'O DJIEMEHTA HMEIOT
BU/I:

Pz = Pc = CI(st + (*325), (3.27)
2oe.
_ My R _ My Og
Q.. = In , O = In
® 27k,h ( Iy J > n2rk,h . (3.28)

CxnagsiBas (3.23), (3.25u (3.23), (3.27)1omyunm:
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Py — Pe =d(w, +Q, +Q,; +w,,) 329
Py = Pe = (e, +Q; +Q 5 +0y) (3.29)
Hcxons u3 yclioBusl paBeHCTBa pacxoja Bojbl ( U aenpeccuit (P, - Pe)

JUIE pacCMaTPUBAEMbIX JJICMEHTOB CHCTEMBI Pa3pa0OTKH M MPUHUMAs BO
BHUMaHUe cOOTHOMICHHS (3.29)MOKHO COCTaBUTh YpaBHEHUE:

) - 3
Q27 T Wy = st + Wy,
Hcrnonb3yst M3BECTHBIE UCXOAHBIE IAHHBIE JJI DJIEMEHTAa CEMUTOYEYHOU
CXeMbI (JieBasi 4acTh), MOKHO Pa3peIIUTh 3TO YPAaBHEHHWE OTHOCHTEIBHO

HEU3BECTHOTO pajanyca psijia PacHoJIOKCHUs JOOBIBAIONIUX CKBAXUH Rs
9JIEMEHTA MATUTOYCUHON CXeMbI (IIpaBasi 4yacTh).

3.8. Pacuer TeXHOJIOTHYEeCKUX nokasareJiei pa3padoTKu
MECTOPOKICHUSI HAa OCHOBe MOJeJeH CJOUCTO-HEOTHOPOIHOIO
IIACTA U NOPIIHEBOI0 BHITECHEHHSI He)TH BOAOM

HedrsiHoe  mecTopoknenue  paspabaTbiBaeTcsi C  INPUMEHEHUEM
3aBOBOJIHEHUSI MO OJHOPSTHON CXEME pAaCIONOXKEHUS CKBAaXUH. DJIEMEHT
OJIHOPSIIHOM CUCTEMBI pa3pabOTKU MOKa3aH Ha pucyHke 3.9.

\

/ e
<b >
e —_—

l
G

TN
1)
TTTTINTT]
(1]
\ 1

NN
N

)

Puc.3.9.Cxema oonopsonozo anemenma cucmemsl pazpabomxu

Hcxoanbie JaHHbIE 1715 pacyeTa MpuBeAeHbI B Ta0d. 3.8.
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Tabmuma 3.8
Tabauya ucxoouwvix napamempos

Haumenoeanue ucxoouvix napamempos 3nauenus

1 2
Cpennsist aOCOMIOTHASI MPOHUTIAEMOCTH TTOPO/IbI- , 04102 | 0.4.10%
KOJJIEKTOPA K, M
Paccrosinne Mex 1y TUHUSMU HarHETaHUSI U 0TOOpa

500 600
L, m
PaccTosiane Mex 1y ckBaknHaMH (IIIMPHHA
DJIEMEHTA) b, m 400 450
Tonmmea 1wiacra h, m 10 10
ITopucTocTh BceX MPOIJIACTKOB CJIOUCTOrO IiacTa m 0.2 0.2
HauanpHas HachIIIEHHOCTD IUIACTa CBSI3aHHOM BOJIOM 0.1 0.1
SJB

Bsi3kocTh HETH B MJIACTOBBIX YCIOBUSX L4, MIla-C 2 2
BsI3KOCTB BOJIBI B IJIACTOBBIX YCIOBUSX L4, Mlla-c 1 1
BriTecHenue HepT BOOM U3 OTIEITBHBIX
MPOIUTACTKOB MPOUCXOIUT IO MOJIENIN TOPIITHEBOTO 0.45 0.45
BBITECHEHUSI, IPUYEM BO BCEX MPOILIACTKAX
ocTaTouHas HeTEHACHIIIICHHOCTh MOCTOSTHHAS Syoc;
OTHOCHTENBHAS POHUIIAEMOCTH sl HepTH
Briepeau GpoHTa BeITecHEeHUs (IIOCTOSTHHA U 1 1
OJIMHAKOBA JJIs1 BCEX MPOTIACTKOB) K,
OTHOCHUTENBbHAST TTPOHHUIIAEMOCTh IS BOABI TO3a/H
¢dpoHTa BhITeCHEHUs (IIOCTOSIHHA W OJWHAKOBA IS 0.5 0.5
BCEX MPOTUIACTKOB) K,
Pa3paboTka ocyiecTBiseTcs Mpu MOCTOSHHOM
nepenaje AaBJIeHUs] MEXIy JTUHUSIMU HarHeTaHUs U 0.375 0.375
otbopa (mepenan nasnenus B suemente) Ap, MIla

IIpoayKTUBHBIM IUIACT HEOJHOPOIHBIA. Ero MOXHO NIpEACTaBUTH
MOJIETIBIO CJIOMCTOTO TIJIACTa, COCTOSLIEr0 M3 TOHKHUX THAPOJUHAMHUYECKH
M30JMPOBAHHBIX MPOIUIACTKOB, aOCOJIOTHAs MPOHUIIAEMOCTh KOTOPBIX
MEHSETCS B COOTBETCTBUM C 3aKOHOM raMMa pacIpeiesieHus] IpU 3HAYECHUU
a=2.I110THOCTH raMMa pacnpe/eieHus npu a=2 umeet Bun [1,2]:

f(kok ) = kexp(—zk/km)

, Osks<oo, (3.30)
m
JIJ1st HaxX 0K IeHUSI TaMMa pacipeieNieHus MOTpeOyeTCsl HHTETpat:
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2
Ik f (k, k., )dk =—| 2k + E— + 2k |exp(-k/k.,) + const, (3.31)
m
BriTecHenne HedTH BOJONM U3 OTIAEIBHBIX MPOTUIACTKOB MTPOUCXOIUT TIO
MOJIEIU TOPIIHEBOTO BHITECHEHU S, TPUYEM BO BCEX MPOIIIACTKAX:
e OCTaTOYHAas HEPTEHACHIIEHHOCTh S;oc; MOCTOSIHHA,
* OTHOCUTENIbHAs MpoHUIIAeMOCTh K, is HedTtu Bhepemu ¢GpoHTaA
BBITECHEHUS ITIOCTOSIHHA U OJTMHAKOBA JJIsl BCEX MPOIUIACTKOB;
* OTHOCHUTCIIbHAs MPOHHMIIAEMOCTh K, I Boabl To3aaw  (poHTa
BBITECHEHUS ITIOCTOSIHHA W OJTMHAKOBA JJIsl BCEX MPOILIACTKOB.
Pa3zpaboTka ocymiecTBiseTcs IpH MOCTOSTHHOM Tiepenajae naBiieHus Ap
MEXAY JUHUSMU HarHeTaHUsi U 0TOopa.
OmnpeaeanTs AJI1 paccMaTpUBAEMOr0 IEMEHTA OJHOPSAHONW CHCTEMBI
pa3pabOTKU U3MEHEHHE BO BPEMEHH CIEAYIOIINX apaMETPOB:
Ox(t) — nebura vedry,
0s(t) — mebura Bozwl,
B(t) —00BOAHEHHOCTH MPOTYKITUN CKBAXKHH.

PEIHTEHUE
Oco0OeHHOCTh peIIeHHUs] JaHHOM 3aJadyM 3aKoYaeTcs B TOM, 4YTO B
KaueCcTBE HE3aBUCMMOI'O apryMeHTa 3aJaeTcs He BpeMs, a abCoJroTHas
IPOHHUIIAEMOCTD MOJIHOCTBIO 00BOAHUBIIErOCs poruiacTka K. [To 3HaueHuo
ke HaxomuTcs Bpemsi OOBOAHEHHMs IpoILiacTKa t* W jJamee ocTajabHBIC
napaMeTphl.
ITo ycnoButo 3agaun:

/'IH / kH - /JB / k ’
IMO3TOMY, YIPOIICHHBLIC BBIPAKCHUSA IJIA ,Z[C6I/ITa HC(bTI/I 51 HC6HTa BOJAbI OJIA
9JIEMCHTA CUCTCMBbI paBpa60TKI/I 6yI[YT UMCTH BU/I.

k.
KDy ke
Myl %
ey . (3.32)
- kHbmp 2km 1_e K _ﬁe Km _ZKe K :MEGZKm _J),
UHL km HHL

niin

k bhAP

A== {2k, - J), (3.33)

Trac
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2
J= (ka + ';_D + 2ka expk. /K., (3.34)

m

COOTBETCTBEHHO JUIsI BOJBI.

. :thpjkmf(k,km)dk:
MslL
ke 3.35
:kahAPe-km(zk K +2k*j:kahAPDJ (3.35)
p'BL ; km l'lBL
0] 051
bk,hAP

, =——— 3.36
/'[BL ( )

[Topsimok pacuera CienyrOLINM:
1) 3agaemcst IPOHHUIIAEMOCTHIO OOBOIHUBIIIETOCS NPOILIACTKA (HAIIpUMeEp, B
nuamaszone ot kK*=50Qk, mo k*=K./2) u ompenensieM Bpems ero
oOBoaHeHus t* mo ¢popmyie:

ML~ Syoer - SCB)(f(’“”BJLZ

H kB

t = [c]. (3.37)

2APk,

2) ITo dhopmymam (3.33)u (3.36) Berumcisiercs: neout Hedru 0,(t*) u gedur
Bo/bI ((t*) B MOoMeHT BpemeHm t*. PacueThl MOBTOpsieM aHAIOTHYHBIM
oOpa3om i Apyrux 3HaueHui K* (B mpenenax yka3aHHOTO JMAaa3oHa).
N3 (3.36) cnemyet, 4To yeM OoJIbIE MPOHHUIIAEMOCTh OOBOHUBIIIETOCS
NpOIUTACTKA, TEM MEHbIEe BpeMs ero oOBomHeHus. [losTomMy ymoOHee
3a1aBaTh K* B ToOpsiike yObIBaHWs, TOrJa Bpemsl OyIeT BO3pacTaTh.

Pacuets! ynoOHO nipoBOAUTH B Tabuile 3.9:
Tabomuma 3.9

Tabauya ons nposedeHus pacuemos

k*/km | k* | teex |trompr | J | qu | q(meyr) | 0 |gu(mM/cyT)| B

50
40
30
20
10

0.5
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4) Ctpoum 3aBucumocty cienyrortero Buaa (puc. 3.10,puc. 3.11):
1,60E+02

1,40E+02L‘ =
1,20E+02 \ /
1,00E+02 \ /

8,00E+01 \ / :2:2:: :j::.ﬂ
6,00E+01 X

4,00E+01 / \

2,00E+401 \

0,00E+00 \\<

0,00 5,00 10,00 15,00 20,00 25,00

Bpewms, roabl

m3/cyT

Puc.3.10.13menenue 6o epemenu oebuma nepmu u oebuma 600bl

O6BOAHEHHOCTL

120,00%

100,00% ——

80,00% A

60,00%

40,00% -

20,00% /
0,00% -ra-

0,00 5,00 10,00 15,00 20,00 25,00

Puc.3.11.U3menenue 6o epemenu 06600HeHHOCU NPOOYKYUU CKBANHCUH

3.9. Onpenesnienne TeXHOJIOTMYECKHUX NMOKAa3aTeeil pa3padoTkn
KPYroBou He(pTAHOM 3aJ1€KH NMPH 3AKOHTYPHOM U
BHYTPUKOHTYPHOM CBOJ0BOM KOJIbII€BOM 3aBO/IHEHUHU

HedrtsiHoe wmecTopokieHne XapaKTepusyercs OJHOPOJHOCTBIO IO
NPOHUIIAEMOCTH M TOJIIMHE IJlacTa, KpPyroBod QopMoll u Xopouei
TUAPOAMHAMUYECKON CBSI3bI0 MEXKAY 3aKOHTYPHOM M HE(TSIHOM 4YacThlO.
[IponyKTUBHBIA TIACT BBIKJIMHUBAETCS HEMOCPEACTBEHHO 3a KOHTYPOM
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mectopoxkaeHus. [Ipu ero pa3zpaboTke mpuUMEHSIETCS CBOAOBOE KOJBIEBOE
3aBOJIHEHUE B KOMIUIEKCE ¢ 3aKOHTypHbIM [3]. CxemMa MecTOpOXICHHS,
COCTOSILEr0 M3 OJHOIO0 3aKOHTYPHOIO psAja M OJHOIO KOJBIIEBOIO psija
HArHEeTaTeNbHBIX CKBAXKWH, U HECKOJBKUX PSIOB MOOBIBAIOUIMX CKBAXHH
(pacroyio’KeHHBIX MMApAIUICTBFHO KOJBIIEBOMY PSy W BHEIIHEMY KOHTYPY
HE(PTCHOCHOCTH) TIOKa3aHa Ha pucyHke 3.12.

Puc.3.12.Cxema mecmopoorcoenus

N3BecTHO TakXke, YTO B pacCMaTpUBaeMbli MOMEHT BPEMEHHU
3aKaurMBaeMas BOJa IPOHMKJIA Ha PACCTOSTHUE OT HarHeTaTeJIbHbIX

CKBaXXUH [;= al
Onpegeaurs pacxoapl BOJBI, 3aKAYMBA€MOM B KXY U3
HArHETATEJIbHBIX CKBAXXHH 3aKOHTYPHOTO M BHYTPUKOHTYPHOTO psifa,

A1eOUTHI CKBAXKHH KaK0TO TOOBIBAIOLIETO PAIA.
Ncxonnbie nanHbie npuBeaeHbl B Tadnuie 3.10.
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Taomuma 3.10

Tabauya ucxoOnvix OaHHBIX OJIs1 pAcyema pacxood 800bl U 0eOUMOB CKBANCUH

HanMeHOBaHHEe MCXOAHBIX APaAMeTPOB 3HaAYeHHe
Paaunyc BHenIHero psjia HarHeTaTeJIbHbIX CKBAKUH Rys, M 3200
Paanyc nepBoro skcrutyaTaliiOHHOTO psijia Ry, M 2800
Paaunyc BTOpOro sKCIuIyaTaifuoOHHOTO psija Ry, M 2300
Panuyc TpeTbero SKCIIyaTallmOHHOTO psijia Rs, M 1800
Pannyc KoJIbIIEBOIO HATHETATENIBHOTO psifia Rux, M 1250
Pannyc 4eTBepTOro 3KCIIyaTalliOHHOTO psiia Ry, M 700
PaccrostHie MeX/ly CKBa)KMHAMHM B Psiax 20M 420
Paanyc cKBaKUHBI e, M 0.1
TonmuHa miacra h, m 15
[TponunaemocTph nop miacra ajast HeTH Ky, M° 0.5-10
[TpoHHMITAEMOCTH MOP IIACTA JJIST BOJIBI k,, M° 0.3-10%
Bsi3kocTh HETH B TUIACTOBBIX YCIOBUSAX L4, MIla-c 2
Bs3KOCTh BOJIBI B IIJIACTOBBIX YCIOBHSX Mg ,mlla-c 1
JlaBneHue Ha 3a0051X HarHETATEIbHBIX CKBAXKHH 3aKOHTYPHOTO
psna Pu3, MIla 19
JlaBiieHre Ha 3a005X HarHETATEIbHBIX CKBAXKUH KOJIBLIEBOTO
psla HATHETATEIbHBIX CKBAXKUH Puk, Mlla 18
JlaBnenue Ha 3a005X TOOBIBAIOIIMX CKBAXKUH P3a5, MIIa 15

PEHIEHUE

[IpeacraBnsiem GUIBTPAITMOHHYIO CXEMY IUIACTA JIsl (PUITBTPAITIN BOIBI

1 HeTH SKBHBAJICHTHOM el ayiekTpuueckoi cxemoi (puc 3.13)

aH3 al a2 a3 aHK a4 45

Q1 DQZl Q23 D Q3 Q4

os ]

»:IJ»CI— @J@ :I%%CI%T

Puc.3.13.Cxema mecmopoacoenus. Qj u € — enewnue u enympennue

¢uﬂbmpauu0]—ll—lbl€ COnpomueleHusA

Jlis pacuera pacxoJ0B BOJbI U JEOUTOB HE(TU COCTABISIEM CUCTEMY
YPaBHEHUU uHTephepeHIIH (U TPAIIMOHHBIX CONPOTHUBIICHUIN
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(ucnonp3zyeM 3akoH GuibTpanmu Jlapcm  OMHOPOTHOW HECKUMAECMOM
KHUIIKOCTH B IOPUCTOM Cpefie) myTeM 00X0/ia CXeMbI OT [P, 10 P2, OT Pyx 10
P2, o1 Pyx 10 Ps.

bynem wmeTh B Buay, 4TO OOImMIA pacxXxod BOJbI, 3aKAUMBACMBIA B

KOJIbIIEBOM psii HarHeTatedbHbIX ckBakUH (HK) paBen Qu.. Onnako, Oymem
CYUTATh, YTO BJIEBO OT ATOTO Psja, B CTOPOHY psijia TOOBIBAIOIIMX CKBOXXUH 3

mocTynaer 9acTh pacxona O3 [y, a apyras yacts OylQ,, — yXOmuT BIIpago.

Taxxe Oymem UMETh B BUIY, YTO YacTh @1@2 obmero neburta HedTH
CTATHBAIOIIETO psna 2 obOecrieueHa MPUTOKOM HedTH CJeBa, a Apyras €ro

qaCTb égmz — IIPUTOKOM CIIpaBa. Ilonnas cucrema ypaBHCHI/Iﬁ COCTOUT U3
TPEX HC3aBUCHUMBIX IIOACHUCTEM M BKIIOYACT B cebs cleayromue ypaBHCHN.

1. VpaBHeHUs, ONHCHIBAIONIME (QHIBTPAIIMIO BOJbI M HE(DTH HA YyYacTKe
miacta oT 3a00€B HAarHETaTeIbHBIX CKBOKHWH 3aKOHTYPHOTO psa J0
3a00€B JOOBIBAIOIINX CKBAXKHUH CTATUBAIOIIECTO PSJIa:

Pz = Pp = QpzWys + qH3§21 0,0,

P, — P, = 0,0, (Q Tt 002) — 0y, (3.38)

20e

W - uB In GHS’
H3
n,;2mk;h | m,

= 481M10° ITa [&/m3,

R
Q, =" o | = 567110° Ma /M®,
2rk,h \ R (3.39)

Q, =P _in[ 2| = 835m0° MMa reiv®,
ork,h R,

BHYMPeHHee U 8HellHee PUIbMPAYUOHHbIE CONPOMUBLEHUS NPU DUILMPAYUL 800bL
u Heghmu,

Q
9, =1/| 1+—= , (3.40)

23

ooist Oebuma 2-20 (cmseusarouye2o) psoa 000bIBAIOWUX CKEANCUH, 0DeCne eHHas
npumokom wepmu co cmopouwt 1-20 psoa (cresa).

2. YpaBHEHHUs, ONUCHIBaIOlME (QUIbTpAIMI0O BOJbI M HEPTH HA ydaCTKe

Ij1acTa oT 3a00€B HarHeTaTeNIbHBIX CKBa)KWH KOJIBILIEBOI'O pAga 0 3a00¢eB
,Z[O6I>IB8.IOH_II/IX CKBQXXHH CTATHBAKOLICIO Psiia.
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{pHK = Py = 030 (W +Q;5) + 03005,
(3.41)

P; =P, = 623(:]2 (st + 0)2)— 0503,

2oe:

4

5118
Q 1

00151 pacxo0a 800bl HACHEMAMENbHO20 KOIbYEB020 Psiod, NOCMYNAIOULAs CIOPOHY
3-20 psioa oobwvisalowux cksaxcun (61e60);

W, =— "8 |n(0HKj: 2460107 Ma [/,
N, 2T h | T,

Q, =_t# In[ R ]: 1550107 Ta [&/w°,

- 2mk,h Ry, (3.42)

Q,, = in| 2|2 104007 112 oA,
2rk,h | R,

GHYMPEHHUEe U GHewlHue QUILMPAYUOHHbIE CONPOMUBNEHUs NpU Quismpayuu

8000bl U Hedhmu.
Q
0, =1/| 1+ ==

21

oonsi debuma 2-20 (cmseusaiouie2o) psaoa 000bI8AIOWUX CKEANCUH, 0becneuenHas

npumoxom Hegpmu co cmoponwl 3-20 psoa (cnpasa).

3. YpaBHenusi, omnuchiBaomue (GUIbTPALMI0 BOABI M HEPTH Ha ydacTKe
mgacTa OT 3a00€B HArHETATENBHBIX CKBAKWH KOJIBIICBOTO Psfa 0 3a00s
LEHTPAJIbHOW CKBAXKUHBI:

Pux = Py = 64qHJ< ((’OHK + Q4) +0,0,,
P = Ps = 05Q5 + Q5005 — 0,0, (3.43)
0,0y = Oy + s,

S, :1/[1+ &]
Q 1

3

2oe:

00151 pACX00a 800bl HACHEMAMENLHO20 KOJbYeB020 Pidd, NOCMYNAWe20 6
cmopony 4-20 psioa dobwisarouux ckeadicun (6npaso);
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Q, = Hi_in| R | = 246010 1a e,
27k,h | R,

Q=P i BT 2 99700 Ma i, (g 4
21K, h o (3.44)

GHYMpeHHUe U 6HewHue QUIbMPAYUOHHble CONPOMUGTIeHUs NpU GUILMpayul
8000bl U Hedhmu.

Kpome Toro, BHYTpEHHHME  OSKBHUBAJICHTHbIE  (DUIBTPALMOHHbBIE
COTPOTUBIIEHUS MPU  IUIOCKOpagUalIbHON  QuibTpanuu  Heptu K
TOOBIBAIOIINM CKBOKUHAM | — IO psia ONPEEIISIOTCS BBIPAKEHUEM:

—_ | H i -
W = In , 1=1...56

Cucremsl ypaBHenuit (3.37, 3.40, 3.42)paszperiaercsi OTHOCUTEIIBHO

HEU3BECTHBIX Os, 04, Ouxs G4y U3y G2, U1y Ouss-

3.10. Onpenenenue KoJIMYECTBA BOAbI, HEOOXOAUMOM JIs1 MOAAEPKAHUSA
IUIACTOBOIO /IaBJeHHMsl W TPHEMHUCTOCTH HATHeTATeJbHbIX
CKBaKHH

Wcxonubie manAble TpUBeAeHBI B Ta0uie 3.11.
Tabmuma 3.11

Tabauya ucxoOnvix OaHHbIX OJis1 pacyema npoyecca 3a800HeHUs

Haumenoeanue ucxoonvix 3nauenue
napamempos

Cyrounas 1o0b14a HeDTH Q. T/CyT 311.4
Cytounas 100bI4Ya BOABI Q. T/CyT 104.2
Cytounas 1o0ObIua raza V,, M/cyT 91.9-18
OObeMHBIN K03 DULIEHT HEPTH b, 1.182
KoadduumeHT pacTBOpUMOCTH Ta3a B 1 0.77
He(TH * ‘ch/cxvzz )
[L1oTHOCTH HEQTH Duy TIM® 0.863
Koaddunuent c:xxumaeMocTu raza Z 0.88
[I;macToBO€ naBiieHUE Prus krc/em” 74.5
[InacroBas Temmeparypa T, °C 43.3
ATtMmocdepHoe TaBiIeHUe Po, Krc/cm® 1
[IpoHunaeMocTsh miacTa s BOJbI k, 1 0.5
D¢ddexTuBHAs TOMMHA TUTACTA h, m 10
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Jlenpeccust Ap, krc/em® 50
KoaddunmeHT ruipoAMHaMUYECKOT0 0 0.8
COBEPIIICHCTBA 320051 CKBAYKWHBI
KoadhpummenT n3dbiTKa K 1.2
[TonoBUHA PaCCTOSIHUS MEXKITY R M 400
HarHEeTaTEIbHBIMU CKBAXKUHAMHU
Pannyc CKBaKHHBI r,™m 0.1
Bs3kocTh BOJIBI U, cri3 1
PEIHEHUE
Jlo6bITast He(Th B TUIACTOBBIX YCIOBUAX 3aHUMAET 00BEM:
: b
Q, =2 — 4265u° (3.46)
Py

O0BbeM CBOOOJHOrO raza B 3aJIeKH, NMPHUBEICHHBIM K aTMOC(hEpHBIM
YCJIOBUSIM COCTABUT:

_ 0P Qu _
Ves =Vr _$ - 7127OM3. (3.47)
O0Bem cBOOOAHOTO rasa B IJIACTOBBIX YCIOBUSX:
_ ZVes PoT i _ 3
V,, = (;T?I_OIM =9754 M~ (3.48)
OO6mas cytouHas 1o0bIUa B IUIACTOBBIX YCIOBHSIX:
V=Q,+V,, +Q, =1506Mm°, (3.49)

s moxanep>kaHusl JaBJICHUs TPeOyeTcs €XECYTOYHO 3aKauyhBaTh B
3ale)Xb HE MEHee YyKa3aHHOTO KOJW4YecTBa BOjbl. [IpmHMMas B pacder
ko3 duimeHT u30bpiTka (0e3 ydeTa MMOCTYHAIOIIEr0o B 3ajlekb O0beMa
KOHTYPHOU BOJIbI) TOTPEOyeTCs CIEAYIONIee KOIMIECTBO BOIbI [4]:

R — 3
Q; =VK =1810m"/cyT, (3.50)
HpI/I 9TOM IIPUEMHUCTOCTE HArHETATCIIbHBIX CKBAKNH COCTaBUT.

_ 27khApg _ 3
q= — R - 1270m°/cyT. (3.51)

Muin—
;

c
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4. ONPEJEJIEHUE ITOKA3ATEJIEN PA3PABOTKH
MECTOPOXKIEHUSA ITIPU I'ASOHAITIOPHOM PEXXUME

Hedtsinoe w™ectopoxaenue wmeer B 1miaHe ¢GopMmy OIM3KYIO0 K
KpyroBoul. [IpoayKTHUBHBIN IUIACT BBIKJIMHUBAETCS] HETTOCPEACTBEHHO 33 3TUM
KOHTYPOM, TaK YTO U3 3aKOHTYPHOH 00yacTé B HE(PTEHACHIIICHHYIO YacTb
iacTa BOJIa NPAKTUYECKH HE TMOCTymaer. MecTopoxAeHrue Hadalu
pa3pabaThiBaTh TNpPHU CPEJHEIIACTOBOM [JIABJICHUM PABHOM JaBJICHUIO
HACBIIECHUS: Pop=Puac. OTOOp Traza (Texymiass oObeMHass T00bYa rasa,
3aMepeHHas pU aTMOC(EPHBIX YCIOBHIX) U3 MECTOPOXKICHHS H3MCHSICTCS B
teyerne 10 et mo cineayromiemy 3akony (puc. 4.1) [1]:

do npu 0<t<2

melroa] =
al ! Qo+ OVt—2, npu 2<t<10’

rae: qo=1.20-16, p=42-16.

No6biya rasza [m°]

3.0EHIE

2 5E+08
2 0E+08 ]

1.5E-+08 it
1.0E+08
5 0E+07
0.0E+00

1] 2 4 B a 10 12
rogkl

Puc.4.1. U3menenue 6o epemeru 06veMHou 000bIUU 2a3a

Onpeneantnh, kKak u3MeHstoTcss B Tedenwe 10 mer mocnme Havana
pa3paboOTKHU:

1) 3HayeHue cpeHEro TIACTOBOTO JIABJICHUS.

2) O0ObeM Ta30BOM INANKM W €€ JOJI OT IOpPOBOro oObeMa IuiacTa,
OXBa4CHHOTO Pa3pabOTKOM.

3) Hedreornaua MeCTOPOKACHUS.

[TocTtpouts rpaduku HW3MEHEHUS OSTUX [apaMETPOB OT BPEMEHHU.
Wcxonnble nanHble IpuBeaeHbl B Ta0aune 4.1.
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Tabmuma 4.1
Tabauya ucxoonwvlx OauHbIX 015 pacyema mpebdyemblx napamempos

Haumenosanue ucxoonvlx napamempos 3nauenue
1 2
Pannyc koHTypa HETEHOCHOCTH R,m | 3000 2500
JlaBieHrEe HACBIIICHUS Puac, MlIla 8.0 8.5
[TopucrocTs mopoA miacra m 0.25 0.25
Tonmunaa mracta h.m 25 22
HacpIieHHOCTh Ii1acTa CBA3aHHONH BOJOU SB 0.05 0.05
Koadduiment oxsata miaacta pazpaboTKoit N2 0.80 0.85
[TnoTHOCTH HETH pa2, TIM 0.850 0.850
[1noTHOCTB ra3a B aTMOC(HEPHBIX YCIOBUSIX P1AT, m® | 8.50-1¢ | 8.50-1¢
Kaxymasicst miI0THOCTh pacTBOPEHHOTO B He(pTH raza
3 0.3 0.3
pPix, TIM
Koaddunment pactsopumocTu ra3za B HedTH 8510 | 85.10°
a, T/(1-I1a)
Cpennee oTHolieHHe K03(POUITUEHTOB
CBEPXCIKMMAEMOCTH Ta3a MpH TIACTOBOM U 9.0-10" | 9.0-10"
aTMoc(hepHOM TaBICHUH Pep
B teuenne 10et oTO0p HedTH (Tekyias 100b4a
JeTa3upOBaHHON HE(TH) U3 MECTOPOIKICHUS 1.5-16 1.410
COCTaBIISIET Oy MTOR
PEIINEHUE
Omnpenennm 00beM TUTaCTa, OXBAYCHHBIN pa3pabOTKOM:
V,, =ML Sy, J7.7RN. (4.1)

B HavaabHOM COCTOSIHMU B IJ1actTe,

KpPOME CBSI3aHHOW BOJBI,

COJIEpKaJINCh TOJILKO HEPTh U PaCTBOPEHHBIN B Hell ra3. [losTomy B Hauane
pa3pabOTKH COOTHOIICHHE MaTepHAILHOTO OanaHca JJii CyMMBI 00BEMOB

KOMIIOHCHTOB B IJIACTC UMECT BUA.

oIl

P> P ,
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20e: Nog, Nop — Hauanerble maccer 2aza u neghmu 6 naacme.
Cuutaem, 4TO ra3 pacTBopsercs B HeTH 1o 3akony ['eHpu:

NOl = GNOZ pHac . (43)
Torz[a BEJIMUMHA HAYAJILHOU MaCCEhI HC(I)TI/I B I1J1IaCTC 6y,Z[CT:

No2 =Vor / L + P : (4.4)
P2 P
[lonnass macca pera3upoBaHHON He(pTH, OCTaBIIEHCS B IUIACTe K
MOMEHTY BpeMeHH {, Mpu W3BECTHOM 3HAUYEHHWU HAYAJIbHON Macchl HEPTH
oTpesensieTcs: C y4eTOM HaKOIUIEHHOM JOOBIYN:

t
N, = N, _Ipzqﬂdt = Ng, —p.04t. (4.5)
0

IIpy uM3BECTHOM 3HAYCHUMM HAYAJIBHOM MacChl rasa M TEKyIlleH
00beMHOH M00BIYe ra3a, MOJHAs Macca ra3a B Iiacte (BKJIrouYas CBOOOTHBIIHN
ra3 W Tra3, pacTBOPEHHBIH B HE(TH) OIpENeNseTcsi, KaKk pa3HOCTh MEXIY
HAYaJIbHOM MacCcoil 1 HAaKOIUIEHHOM 100bIYeil K MOMEHTY BpeMeHH {:

t
I\|1 = N01 _IplAqu"dt =
0

No; = 2Lt 0<t<?2 (4.6)
Ny, — o [t +158(t-2)"?], 2<t<10.

HN3MeHeHue BO BPCMCHH CPCAHCTO IIACTOBOI'O AABJICHUSA HAXOJIUTCA M3
MaTCpHUaAJIbHOTO OajaHca KOMIIOHEHT B IIaCTE B Ka)KI[bIﬁ MOMCHT BPECMCHU.

N, =G +L, (4.7)
G . L N

—t—+—= , 4.8
o Pu P (4.8)

eoe.

G1 —noanas macca c60600H020 2a3a,

L, —nonnas macca 2aza, pacmeopennozo 6 negpmu;
P1 — niomHocmb c860000H020 2a3a 6 NiaAcme;

Ny — noanas macca 2aza 6 nnacme, exknouas c606OOHbI 243 U 2a3, PACMBOPEHHBIIL
8 Heghmu;
N, —macca oecasuposannoii nepmu 6 niacme.

KpOMC 9TOro, HCIOJB3YCTCA 3aKOH FCHpI/I N YpaBHCHHEC COCTOSAHUA
p€ajIbHOTO rasa.

pCP — pAT¢CP
pl plAT .

(4.9)
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[Tocme moncranoBku B (4.8) moisrydaercss KBaJpaTHOE ypaBHEHHUE
OTHOCHTEIILHO CPEIHETO IJIaCTOBOTO JIaBJICHUS:

al:pcpz -blp., +c=0, (4.10)
eoe.
N,
P
b=V, + NLaP P cp _N ,
Prar P2

c= Ny PirPcr .

a=

Prir
Pemenune 3Toro ypaBHeHUsI UMEET J1Ba KOPHSI:

o = b++/b% -4l
- 20a '
Ecmu 2[aP,,. —b <0, TO UCNOJIB3YETCA MEHBIIUN KOPEHb.

(4.11)

Ecmm 2(arP,,. —b >0, To UCTIOIB3YETCST OOBITNI KOPEHbD.

O0bem oOpasyrolieiicss B mpolecce pa3pabOTKU 3ajJeXH BTOPUYHOU
ra3oBOM IIANKK B KaXAbIK MOMEHT BPEMEHU MOXKHO OINpPEACNIUTh, YUYUThIBAs
3aKOH ['eHpu M ypaBHEHUE COCTOSHUS PEATbHOrO raza M3 CIEIYIOIIeTro
COOTHOIIICHHUS

— N, — N,ape, — pATq)CP N, ~N.a (4.12)
29 . :

pl plAT CP

Vi

Otcrona nonst odbema ra3oBOil MIANKM OT MOPOBOro o0ObeMa IIACTa,
OXBAau€HHOT'0 Pa3pabOTKOM, OyIeT ONpPeaesIThCS KaK OTHOIIECHHE!

V,
A=+ 4.13
v, (4.13)
HedreoTrnaya Ha ka)kabplii MOMEHT BpEMEHH pa3pabOTKH Iu1acTa
COCTaBHT:

t

n= (jpzqﬂdt)/Noz = P,0,t/ Ny, (4.14)
0

20e: P,A,0 —naxonnennas 0o6viua nedpmu.
Pexomennauus. [y yno6cTBa pacueTsl KenaTeabHO CBECTH B Ta0IHILy 4.2,
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Tabauya ons npogedenust pacyemos

Tabmnuma 4.2

Pacuer nokazarerneit pazpaboTku

Bpems,| Macca Ionnassmacca | a | b | ¢ Cp. Hakomnen | Hegreor | O6wem | [ons
roapl |merasmpoBa| rasa Ny [1] IIACTOBOE Hast Jagam ras. ras.
HHOIA (cBoGOHOTO M napnenue P, | 1o6era [1] [IANKH | DIAIKA
HedTH B pacts.) [Ma] V [M3]
mracte N,
[1]
0 9.57-10 6.51-10 8.0-10 0 0 0 0
1
2
3
4
5
6
7
8
9
10 | 8.29-10 4.68-10 4.97-10 | 1.28-10 | 0.133 | 2.5-10] 0.186
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5. ONPEJEJIEHUE ITOKA3ATEJIEN PA3PABOTKU 3AJIEXKH,
PABOTAIOIIEHN TPU PEXKUME PACTBOPEHHOI'O I'A3A

5.1. Omnpepesienne mnokasareau pa3padoTKu 3ajgexu HedpTm npm
U3MEHEHMH [aBJICHMS HAa KOHTYpe IHMTAHUA CKBAaKHHbI OT
JAABJCHUS HACBHIILEHUS 10 3200MHOT0 JaBJICHUS
Pexxum pactBopenHoro raza (PPI)) maumnaercs B miacTte, Koraa

TEKyllee IUIACTOBOE IABJICHUE PABHO JABJICHUIO HachleHus. [lokasarenn

PPI" uacto craHOBsTCS 0a30BbIMM IpU CpPAaBHEHUU HPPEKTUBHOCTH

Pa3IMYHBIX METOJIOB BO3/IEUCTBHS Ha IUIACT.

IInacToBast sHEPIUs ONPEAEISIETCS KOIMYECTBOM ra3a, paCTBOPEHHOTO B
eMHULIe 00beMa HEPTH, U PABHOMEPHO pacipejierneHa no 3auexu. [loaromy
I00BIBAIOIINE CKBAKUHBI 1eJecoo0pa3Ho pa3MeniaTb IO PaBHOMEPHOM
(kBampaTHOW WM TPEYTOJIBHOW) ceTke. B 3ToM ciywae mmact nenuTcs Ha
o0jacTd OAMHAKOBOM (OPMBI BOKPYr KaKIOM CKBaXHUHBI. [ paHUIIBI
oOjacTeld MpU OJHOBPEMEHHOM BBOJE CKBO)XHH B OJKCIUIyaTallMI0 U
OIMHAKOBBIX JABJICHUSX — 3TO TPAHULBI pa3jesia TEYEHUM, B PACUYETHOM
OTHOLIEHUM JKBUBAJIECHTHBIC HEIPOHUIAEMBIM IpaHunaMm. B pacderax 3a
00JacTh BIUSHUS KaXIOW CKBAKHWHBI MOXXHO MNPHUHATH OJHOPOIHBIA IO
CBOMCTBaM KpYTJIbI HUIMHAP paguycoM R, ¢ KOHIEHTPUYHONW CKBAKMHOU B
neHTpe. g 3TOro S3KBHBAJEHTHOIO LWJIMHIpA pPajnyC IpPEHUPOBAHUS
(pammyc pacdeTHOrO HJIEMEHTa WM KOHTYp nurtaHus) R, Haxomurcs wu3
YCIJIOBHSI PaBEHCTBA IUIOLIAAN LUJIUHAPA U IPEHUPYEMOM IUIOIIAH, KOTOpas
IPUXOAUTCS HA CKBAXUHY B PaBHOMEPHOMW ceTke. I TpeyrojJbHON CETKH
CKBa)XMH, KOTOpasi pacCMaTpUBAETCs B JAHHOU 3a/1a4e, HAa OJIUH TPEYTOJIbHUK

(20)2+/3
IUIOMIABIO o npuxoautrcss 3 ckBaxuHbl. (CregoBaTenbHO, B
TPEYroJIbHUKE Ha OJHY CKBOXKHHY NPUXOAUTCA ApEHUpyeMas IIoIaib
1 (20)2%/3 y y
paBHasd §T Bcero ¢ KaXXI0M CKBAXHMHOU COIIPHUKACACTCA 6

TPEYTOJIBHUKOB, TMMOATOMY OOIIasi IpeHUupyeMas IUIOMaab OJHOW CKBaKHHBI

Gyrer 6 [ﬁ% (20)2*@} - (20)22*/5 .

IIpupaBHMBasg 1IOWIANb  OCHOBAHUSA

4

SKBHBAJICHTHOTO IIWJIMHApAa 7R, W JIPCHUPYEMYIO ILIOMAAb OJIHOM
ZUE/_
o [1].

Pacuer mpoBomuTcs 1O < METOAY ~ NOCIEAOBATEIBHOW  CMEHBI
CTallMOHAPHBIX COCTOSSHUM OT JaBJICHUS HACHIIICHUS 10 3a00MHOTO JaBJICHUS
Ha KOHTYpE NMUTaHUs OJHOW CKBaXKHMHBI. Tak Kak paBHOMEpHAsl CETKa JICJIUT

CKBQXXWHBI, IIOJIyYHM: R
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BCIO HEe(TSIHYIO TUIOMIA[h HA PAJl OJMHAKOBBIX OOJACTEH, TO TOJYYCHHBIC
PE3yNbTAaThl PACIIPOCTPAHSIOT HA BCIO TUIOIIA/Ib.

Hns pacuera mokaszaTened  pa3pabOTKM  3aleXd  HEOOXOAMMO
OTIPENIEINTh 3aBUCUMOCTh MEXIY HE(PTEHACHIIIEHHOCTRI0O S U AaBieHueM P
Ha HEMPOHUIIAEMOM KOHType pacyeTHor wmomenu. Jlus HeOompmmx
MHTEPBAJIOB CHIDKCHHS JABJICHHS HAa KOHTYPE PACUETHOTO JJIEMEHTa Takas
3aBUCUMOCTb MOJdy4YeHa U3 AU hepeHIIHaIbHOr0 ypaBHEHUSI MaTePUaTbHOTO
Oananca 11t He()TU U raza v BhIpaKaeTcsl MPUOIMKEHHON (HOpMYJIO:

r -r(p')

i+1

s --s)oP. + P

s = b, (P') 10° 10°
Fcip —F(pi+l)+ Pi+1 , (51)
bH(pi+1) 105

eoe:.
b, —obvemnwiii koaghuyuenm (onpedensemcs uz annpoxcumayuu),

Il — cpednee 3naenue 2az06020 (axmopa npu usmerenuu Oasienus om P'
i+1.

oo P

I' —2azocodepocanue negpmu (onpedensiemcsi uz annpoKCUMayuiL);

S, S —negpmenacviyennocmo na wazax i u i+1.

o i
HpI/I pacdue€Tax 3aJaroT piaa IMOCIACAOBATCIbHBIX 3HAYCHHUU p 141

BBIYHUCIIIOT COOTBETCTBYIONIME MM 3HaueHus S'. B HauaapHbIil MOMeHT S=1.
Cpennuii ra3oBblil (hakTOp BBIUKCIAETCS IO popmyJie:

Fci;l? :qJ(Si )M |:E[)H(|:)1/2,i)E‘Iilé72'i"'F( Pusi), (5.2)
eoe.

W — omunoweHnue ¢hazosvix nponuyaemocmeiu 2aza U Hepmu  npu
coomeemcmsyrowell Hegpmenacvlujennocmu (onpedensemcs u3z 3a8uUcUMocment

K.A.Ilapesuua [3));
- i + i+1 /2
P2 =\P P — CcpedHee OasieHue Ha KOHMype pacuemHno2o dJ1eMeHma
3a paccmampueaemoli UHmMepeal,
U, —esa3kocme Hepmu (onpedensemcst uz annpokcumayuL);
U, —68a3K0Cmb 2a3a, KOmopas ciabo 3asucum om 0asieHus, NO3MOMY CUUMaemcs
NOCMOAHHOU.

JleOutr HedTH I KaKIAOro Iiara | ompeaessercs Io Cleayromei
3aBHUCUMOCTH:
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q, =27T<hfﬂ|0i —Pc)
In&—O.S
rC
b = 'kH(Si) |
by (pler) Gy (Pler)

, (5.3)

eoe:
P'cr = (P' +P.)/2 —cpednee Oasnenue na yuacmie mexncoy KOHMypom NUManus u
CKBANCUHOU,
k —abcontomnasn nponuyaemocms niacma,
k,— omuocumenvnas nponuyaemocmv 0 Hegpmu, (onpedensemcs —u3
sasucumocmeii K.A.Ilapesuua).

HOHaFaCTC}I, qTo kH 3aBHUCHUT TOJIbKO OT HACBIIICHHOCTH I1OP HC(I)TI)IO.

Bpewmst, 3a koTopoe He(dTEHACHIIIEHHOCTh CHIDKAeTcs or S' go S'™,
HaXOJUTCS U3 BbIPAXKECHUS:

1 1 S’i Si +1

At = 057RZhmil =+ — =
[ M q,:, q’|{+1 bH(pl) bH(p|+1) . (5.4)

Torna Bpems KCITyaTauy OJHOW CKBAKUHBI OyIET:

t =0+AL +---+ AL,

Tekymas HedreoTmaya mIsi KaKAOrO OSTala PACCYUTHIBACTCS 10
bopmye:

S'b, (P,)
n =1-——-2= 5.5
b, (P') (5-:5)
HaKOHJ'IeHHaH I[06LI‘-Ia Ha KAXKIA0OM muiare.
Qy =Gyn;, (5.6)
—_ Ss Eh |]T][Shto mﬁ
! b,(P.)

20e: Gy —3anacel neghmu 6 3anedicu.

HcxomHble MaHHBIC JUIS pacdyeTa METOJIOM IOCSAOBATCIIBHON CMEHBI
CTallMOHAPHBIX COCTOSIHUM MPUBEICHBI B Ta0auIe 5.1.
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Tabauya ucxoonwvlx OauHbIX 015 pacyema mpebdyemblx napamempos

Tabmuma 5.1

Iapamempul 3anesxncu Suauenue

1 2 3
[Imontaae 3anexu S, kM° 25.1 20.1 25.1
PaccTostnue Mex 1y CKBaXKUHAMHU 20, M 380 350 370
[IpuBeneHHBIN pagnyc CKBaKUHbI le, M 0.1 0.1 0.1
3a00iiHOE NaBlIICHUE p., MIla 1 1 1
HayansHoe miacToBoe naBiIcHUE Po MIla 7 7 7
JlaBnenue Hacwimenus Hetu razom  p,;, Mlla 6 6 6
ITopucrocTs macra m 0.2 0.2 0.2
CpenHsis TOJIIMHA IJ1acTa h,m 7 7 10
AOC. MPOHMIIAEMOCTH IIJIacTa K, M° 8-10" | 8-10" | 8-10"
HauanbHas He)TeHACBIIIEHHOCTh TUIacTa ;o 1 1 1
Bs3kocTs raza U, mlla-c | 0.015 0.015 0.015
I1I0THOCTb I€ra3HupOBAHHON HEPTH Py, KT/M> 885 885 885

3aucumoct WU,(P), b, (P) u I'(P) ompeneiaeHbl SKCIEPUMEHTAIILHO, a
sapucumoctd W(S) u k, (S) maiinensr K.A.llapeBrueM. DTH 3aBUCHMOCTH
anMmpPOKCUMHUPOBAHBI CJCIYIONUMHA COOTHOIICHUSMH:

Hy, (P)=

56679~ 0.6611L{P/10°) + 0.0504(P/1CF)>

1000

[(P) =12.028+ 24.86{P/1C°)- 1.382(P/1C°)?,
b, (P) = 1.0665+ 0065[Ln(P/10°),
W(S) = 2288M(L- S)? - 9.42390(L- S)° + 487778{L- S)*,
k, (S) =1-3.1278(1- S) + 2.6839{1- S)°.
OnpeneJuTh OCHOBHBIE IIOKA3aTeld pa3pabOTKU 3ajexu He()TH B

pEeXHUME PaCTBOPEHHOIO ra3a IpH U3MEHEHUH JaBJICHHS HA KOHTYpE MUTaHUs

CKBAKMHBI OT JIaBJICHUS HACBILIEHUS Py A0 3a0oiHOro pamneHus Pc. s

KaXJIOT0 HMHTEpBaJla CHIDKEHHS JaBJICHUS Ha KOHType oTr P' go P'™

paccuuTaTh 3HA4YE€HMs ra3oBoro (Qakropa I°,,; HEPTEHACHINIEHHOCTh Ha

S'; At,
i i+1 .

HE(TEHACBIIIEHHOCTh CHIKAaeTcs oT S' 1o S™; Tekyulyro HedTeoTaady 7, .

KOHTYypE MHUTaHUS neoutr HePpTH [y Bpems 3a  KOTOpoOe

Onpenenuth BpeMs 3KCIuTyaTanuu (BpeMs HCTOIICHUS IIACTOBON SHEPTUU B

61



npenesaax o0JIacTH JIPSHUPOBAHMSA) OJHOW CKBakHWHBI. [locTpouTh Tpaduk
HaKOMIeHHOH 100brun HedTr Q,, =f(ti[roapI]) ams 0aHON CKBaKHUHBI.
PexoMeHaanmum: Ui KaKIOTo Iara | B CTPOKH TaOJMIBI BHECTH
3HAYCHHMS JIaBJICHUS HA KOHTYPE MHUTAHUS CKBaKWHBI, HAUMHAS OT JaBJICHUS
HACBIIIEHUS N0 JaBjieHus Ha 3a0oe, ¢ marom 0.2 MIla. [Ipumep TaGIHIIBI
NpUBEJICH Ha cleayromei crpanuiie (tadi. 5.2).
He myrars JaBiaeHHe HA KOHTYPE NUTAHMS P, CpEJHEE JaBJICHHE Ha

KOHTYPC pPaCdCTHOro JJIEMCHTA pl/zyi H CpCAHCC OaBJICHUC Ha YYaCTKC

o i
MCXKAY KOHTYPOM IIMTaHHUA W CKBAaXHMHOHU pcp. Taxxe He ITyTaTb

rasocojep;kanue /° ¥ cpeJiHee 3HaYeHue razosoro dakropa I, .
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Tabmuma 5.2
Tabauya ons nposederus: paciemos

Jasnenms Jaznenue P = \_I.I[S! | W, (P, )|B,. (P ) e ) rt | reey | b, (P Hacrm. -';\_.[SI ) PfCD =| b, (Fer) |u,(Pe)| @ Hebur Atcex | At oyTsm | frome Te;).::a.c.
Ha ZOHTYPe | HA HOEType —i I 4 : 2 by g ! gt B e ¥ : ! HRdTH HedTe0T-
=a mare Ha3 mare 1 = . - b - S Py P qu zawa
P P p 4 p* 3 i
[Mna] [ [TIa] 2
6 1 0
58
5.6
1.6
14
12
1.001
A
JomoTHHTETRHOE 3amaHHEIR asHsI® 115
IHAYEHHE HaTalIbHEIS rpﬂﬂbHKﬂ
IHAMCHHA
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5.2. Omnpenejenne o0beMa 3aKOHTYPHO#I BOJbI, NMOCTYNHBIIEH B
HEe(PTAHYIO 32J1€Kb

Omnpenenuts 00BEM 3aKOHTYPHOM BOJIBI, MOCTYNUBIIEH B HEPTAHYIO
3aJeXb, pa3padaThiBaMyI0 B PEXKMME PACTBOPEHHOIO raza Mpu HAJIWIUH
aKTUBHOM BOAOHAmopHO¥ oOnactu. VcxoaHble aHHBIE IJIsI PacueTOB
npuBeneHbl B Tabnuie 5.3. XapakTep maaeHUs JaBi€HHUS BO BPEMEHH
MOKa3aH Ha pucyHke 5.1.

Tabmuma 5.3
Tabauya ucxoOuwvix napamempos
Haumenoseanue ucxooHslx napamempos 3nauenue
1 2
Bpewms pazpaboTku HEPTIHON 3aJI€XKH tp, MeC 40 42
M3BecTHO, 4TO Uepes ts, MeC 36 36
[[JIACTOBOE JaBJIEHNE CHU3WIOCHL OT HAYaIbHOTO
[LJIACTOBOTO JIaBJIEHUS Po, MIla 15.5 16.5
no naBieHus (Per, Mia) v cTaOMIM3UPOBATIOCH HA
ATOM YPOBHE 13 13.5
Hau. razoconepxanue Hedptu Io, /M| 106.9 | 106.9

K MomeHTy cTabuin3anuu aaBiaeHus 100b4a HeTr
113 3aJICKH TAKXKE YCTAHOBIIIACH HA YPOBHE Oy, M/cyT| 7000 6800

MpHU TEKYIIEM ra30BOM (haKTope [r, MM 152 152
JIByxda3ublii 00beMHBIN KOADPUITUEHT NTpr

CTaOMIIM3UPOBAHHOM JIABJICHUH B, MM | 1.34 1.34
OGBeMHBIH KO3 QHIHEHT ra3a br, MM | 0.00693 0.00693

JleOuT BOJIBI MPU CTAOMIM3UPOBAHHOM JIaBJICHUH

G, Mcyr| 518 518

O6BeMHBIN KOYPOUITMEHT BOIBI bg| 1.028 1.028
3MeHeHre JaBIEHNs BO BpEMEHU
Bpewmsi, mec. t;=13 t,=22 t;=30
Jlanenune, MIla p(t)=14.9 p()=14.1 p(:)=13.7
p(t)

t to t3 ts t,

Puc.5.1. U3menenue oasnenus 60 epemenu
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PEHIEHUE
OdeBuaHO, YTO TMpH CTAaOWMJIM3AaIUMU IUIACTOBOTO  JABJICHUA,
CYMMapHbId 1€OMT HEPTH C PACTBOPEHHBIM B HEW Ta30M, CBOOOIHOTO
rasa 1 BOJbL:

s = Bq, +(FT _FO)bFCIH +0,;b, :12100M3/CYT’ (5.7)

KOMITEHCUPYETCSI PacXoioM BOJbI U3 3aKOHTYpHOU obsactu miacta O,
YTO MOHO MPEJCTaBUTh B BUJIE OanaHca!

Qs = Ws; (5.8)

C npyroil CTOpOHBI, pacxo/ BTOPrarouieics B 3a1€Xb U3 aKTUBHOU

BOJOHOCHOW 00JacTH BOJABI, MOXXHO CYUTaTh MPOMOPIHUOHAIBHBIM

CHIKEHHMIO IUIACTOBOTO JABJIEHHUS OTHOCUTEIBHO IE€PBOHAYAIBLHOIO
3HA4YEHUA T.€:

dw,

Wy = dt :K(po_pCT), (5.9

20e: K — koncmanma, xapakmepuzyrowas emopaicerue 3aKOHMypPHbIX 600 U
YOenbHbll pacxo0 800bl 3a eOUHUYY NAOEHUs OABIeHUS.

bynem cuurtaTh, 4TO 3Ta KOHCTaHTa HE HM3MEHSETCS B MpoOIEcce
pa3paboTku. Omnpenenanm ee, yunuthiBas Oananc (5.8) u peras coBMeCTHO

ypaBuenus (5.7), (5.8 (5.93):
K=

(po N pCT)’

2oe. Per — cmadunu3upo8anHoe cpedHee Niacmogoe 0asieHue.

(5.10)

[Tocme ompenenenuss kKoHCTaHTHI K MOXHO TmOACYMTaTh OO0BEM
BTOPTIICHCS B 3aJIeKb BOJBI K JFOOOMYy MOMEHTY BPEMEHH C Hadvaja
pa3paboOTKH TPOMHTETPUPOBAB PACXOJ BOJBI 1O BPEMCHH. YUYHTHIBAs
BeIpaxenue (5.9), momyunm [3]:

W, = (@ )dt=K [[p, - p(t)ldt=K [ap)dt,  (5.11)

Jlnis onpeneneHnst 00beMa BTOPTIICHCS B 3aJI€Kb BOJIBI HEOOXOAMMO
BBIYUCIIUTH MHTErpaji B BhipakeHuu (5.11). Yka3aHHbIM HHTETPAT MOKHO
BBIUMCINTh TpuOImKkeHHo 1o Gopmyne tparenun (5.12). {ias sToro
HEOOXOIMMO ammpoOKCUMUPOBaTh 3aBucuMocTh ApP(t) (puc.5.2) Habopom
Tpaneuui.

W, =K D [(ap, +ap) /20t -t) = 70600°m°,i =1,... 5

(5.12)
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CyMmmapnasi 1UIOlIaJlb, OIPAaHUYEHHAsi JIOMAaHOW,  OMNUCHIBAIOILIEH
noabIHTerpabHy0 GyHKuio ApP(t) u OyaeT YUCIICHHBIM BBIpAXKECHHEM
UHTETpaIa.

Ap(t)

ty to t3 {4 tp {

Puc.5.2. H3menenue 60 8pemenu niacmogoz2o 0agienus
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6. OMPEJAEJIEHUE ITOKA3ATEJIEM PA3PABOTKHA
HE®TEI'ASOKOHAEHCATHOTI'O MECTOPOXKJIEHUWS BE3
BO3JIEMCTBUSI HA IIJIACT

PaspabatbiBaercs He(TEra30KOHICHCATHOE OJTHOTLIIACTOBOE
MECTOPOXKACHUE, WMEIONIEe B YCIOBHUSIX MPUPOTHOTO 3aJieTaHUs
NEPBUYHYIO Ta30BYIO IIANKYy, B Ta3e KOTOPOH COJEPKUTCS OO0NbIIOe
KOJIMYECTBO KOHJEHcaTa. Kpome TOro, 3HAUMTENBHOE KOJIMYECTBO
yrieBoopoaoB Cz; — Cg T.€. 10 CcyTH Jena KOHAeHcaTa, UMeeTCsl B HeTH
B PacTBOPEHHOM COCTOSHUU. [IpOayKTHBHBIA HEPTETa30HOCHBIN IJIacT
NpeCTaBIsieT coO0OM 3aMKHYTHIM pe3epByap. Pa3pe3 MecTopokiacHHs
npejcTaBiieH Ha pucyHke 6.1.

777/

ra30KOHZ[eHC&THa${ 4acTb
MECTOPOKIACHUA

Hedrsanas gactp
MECTOPOXKICHUS

Puc.6.1. Paspe3 negpmezazoxondeHcamHoul 3aiexncu

Ilo HN30TCPMC KOHIACHCAIINUN JJIA JAHHOTI'O MCCTOPOKIACHMA
nocTpoeHa (YHKIHS COJAEpKaHUs KOHAEHcaTa B ra3e (OTHOIICHHE Macc
KOMITOHEHTOB B T'a30Boi ¢asze) [1]:

G, /G, = f(p, - p) = 0.6588([exp{~ 0.3911I(p, - p)} + 0.0105 p, - p)],

rae: G;, G, — Macchl KOMIIOHEHTOB B ra3oBoil (paze. Tekyimas rogosas
no0brya xuaKkon (asel (HeTH M KOHIEHCATa) U3MEHSIETCS CO BpeMeHeM t
10 JTUHEHHOMY 3aKOHY:

d, (t) = 0.308910°t [T/ron],
B TOM 4HHCJIC KOHACHCATA N HC(I)TI/IZ
q, (t) = 0.208910°t [r/rox],

0, (t) = 0.110°t [1/rox].
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Texymas romoBas noOblya rasa TakKe JMHEHMHO HapacTaer co
BpEMEHEM. 3aKOH HW3MEHEHUS BO BPEMEHH CpPEIHEB3BEIIEHHOIO
IJIACTOBOTO JIaBJIEHUS CUYUTAETCS 33JaHHBIM B BU/JIE!

p=p, - 15,
2o0e. t - ronpl, P —Mna.

Onpenenurs:
1) Oomyro maccy HedTu N, KoTOpas HaXOAWJIACh B IJIACTE B HAYAJIbHBIX
YCIOBUSX.
2) 3naueHusi Kod(h(GUIUMECHTOB KOMIIOHEHTOOTAAauu /}1, /3 3a 10 jer
pa3paboTKu MECTOPOXKACHHUS Ha ECTECTBEHHOM PEKUME.
3) CpenHio0 HACHIIIEHHOCTh TUIACTA XHIKON YIIeBOJOPOTHON (a3oid
S, udepe3 10mer.

Hcxomaubie naHHbIC 1J1s pacueToB MpUBEICHBI B Tabnuie 6.1.
Tabmuma 6.1
Tabauya ucxoouwvix OauHvlx 05 pacyema nokazameieu paspabomxku
Hepme2a30KOHOeHCAMHOU 3A1edHCU

Haumenosanue ucxooHwvix napamempos 3nauenue

O0BeM 11acTa, OXBa4eHHBIN pa3pabOTKON Vo, M 60010°

HauansHOe cpeHee MmIacToBOe JaBlICHHUE I_Oo , MIla 30

[110THOCTB ra3a B CTAHAAPTHBIX YCIOBUAX | Orar, VAT 0.8510°

Kaxyrasicst II0THOCTh KOHJEHCATA, Do, TIM® 0.7
aCTBOPEHHOTO B He(hTH

[InoTHOCT HEQTH 03, TIM> 0.85

Kaxxyiasicsi IJI0THOCTh rasa, le,T/M3 0.3

pPacTBOPEHHOTO B HEPYTHU

KoadhdurmenT pacTBOPpUMOCTH raza a, 1/(tMI1a) 10°

Cpennee oTHoIIeHHE KO3(PHUIIMEHTOB

CBEPXCKUMAEMOCTH Ta3a MPH TIACTOBOM U Gcp 0.9

aTMoc(hepHOM JaBICHUU

HpI/I Ha4YaJIbHOM CPCIHCB3BCIICHHOM IIJIACTOBOM OABJICHHHU P, B IIJIACTC

COACPKATIOCH.
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HauanpHas macca kommoHeHTa 1 (ras) Noy, T 8510°
HauanbHas Macca KOMIIOHEHTA 2

(koHaeHcar) Noz, T 112.7310°

B TOM YHCJIE B TA30BOM IIATKE Goz, T 50.0710°

HauanpHas macca koMmrnoneHTa 3 (HeTh) Noz, T 3010°
PEIIIEHUE

[Ipexxne Bcero, pa3o0beM yIIEBOJAOPOIHBIA COCTAB MECTOPOKICHUS
Ha Tpu rpynnbl: ra3 (KOMHOOHEHT 1), B KOTOpPBI BXOIWT B OCHOBHOM
METaH; KOHJCHCAT (KOMIIOHEHT 2), COCTOSIIUI TJaBHBIM 00pa3oM u3
yrineBogopoaoB Cz—Co; um  HedTh (KoMmoOHEeHT 3), coaepiKallyro
yrieBoopoabl Cio 1 Boime. [IepBbIil 1 BTOPOIl KOMITOHEHTHI HAXOSATCS
Kak B ra3oBoi (paze, Tak u B xuakon. ComepxaHueM HePTH B Taze Oyaem
npeHeOperats. OTCIOAa MMEEM CIEAYIONINE COOTHOIIEHUS IS OOIIMX
MacC KOMIIOHEHTOB B MECTOPOXKIACHUH B IIEJIOM:

N, =G, +L,,
N, =G, +L,, 6.1
N, = L,,

eoe.

N1, No, N3 — 06wue maccor komnonenmos 6 mecmopoosicoenuu yeiom;
Gy, Gy —maccol komnonenmos 6 2azo6oi ase;

L1, Ly, L3 —maccor komnonenmos 6 sorcuokoii pase.

bynem  cuurtath, UYTO  BTOPOW  KOMIIOHEHT  (KOHIEHCAT)
HEOTPaHUYEHHO pAcTBOpPSETCS B TpeTheM (B HEPTH), NEPBBIA Ke
KOMIIOHEHT (ra3) pacTBopsieTcsi B HeTH 110 3aKony ['eHpu:

L/L=alP,
Kak w nams HedTerazoBbIX MECTOPOXKIACHHM, MOXEM 3alHcaTh
COOTHOIICHHE IS CyMMbI 00b€MOB KOMIIOHEHTOB B KHUIKOH (haze:

L L
Bl b =S,Vou, (6.2)
1011( IOZK 3

eoe:
Sk — CpeoHsis HACIUEHHOCMb NIACIA HCUOKUMU Y2Ne8000POOAMU,

Pk, ok — Kadxcywuecs niiomHocmu nepeoco u 6mopoco KOMNOHEeHmos,
pacmeopennvix 8 mpemvem (6 Hegpmu);

03 — NIOMHOCMb Mpembe20 KOMNOHeHmda,
Vo — 06vem niacma, oxeaueHHwlil NPOYeCcom paspabomKu.
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[Ipomecc  pa3pabOTKM  MECTOPOXKACHUS ~ OyaeM  CUuTaTh
M30TEPMUYECKUM. Y paBHEHNE COCTOSIHHSI PeabHOTO Ta3a!

P _ PuPer
/01 101AT ’

2o0e. P,=0.1Mna — ammocgepnoe daeénenue.

OT0  ypaBHEHHME  MNPUMEHUTENIBHO K  paccMaTpUBaEMOMY
MECTOPOXKICHUIO UMEET BUJI!

(G, +G,)lp,,¢
1_8 W — 1 2 AT T CP

Borurcium cormacHo cooTHomieHusM (6.1) oOmiyro maccy HedTH,
KOTOpas HaXOAWJIach B IJIACTE B HAYAIBHBIX YCIOBUSX

N, = Loy + Log = (Ngy =Gyp) + Loz = Ny =G, + Ngs. - (6.4)
BbrauciuM HakoruieHHy0 100619y kKomnoHeHTa 3 (HedTH) 3a t=10
JIeT pa3pabOTKU MECTOPOKICHHUSA

t
3 = J% (t)dt [1]. (6.5)
0

OnpenenuM 3Ha4YeHUE KOd(PPuIMeHTa TeKyen HeQTeoTaadn

_ Q&
,73K0M N03 . (66)

(6.3)

U TeKyIIyt0 Maccy komrnonenTa 3 (Hedtr) mociae 10 et pa3paboTKy:
= Ngs = Qs. (6.7)
OnpenenvM HAKOIUICHHYIO J00bIUy KHAKOHW (hasbl (HehTH u
KOHeHcara) 3a t=10ser:

= [a, ()t [y (6.8)

U COOTBETCTBEHHO — TEKYIIyI0 MacCy KOMIIOHeHTa 2 (KOHACHcaTa) B
)uakou ¢aze nmocne 10mer pa3pa60TI<I/I'

= Lo, =Q,. [] (6.9)

3Has 3aKOH W3MEHEHHsS BO BpPeMEHHM [ CpeaHEeB3BEIICHHOTO

IUTACTOBOTO  JIABJICHUS, TMPEJACTABICHHBIA B HMCXOJHBIX JAaHHBIX,

OTIpeNIeIMM CpeIHEB3BEUICHHOE TUIacToBOe jaaBieHue P yepe3 10 ner wu,

UCTIONB3Ys 3akoH ['eHpu (2), ompenenum TEKyIIyr0 Maccy JKUIKOU (hazbl
KoMmroHeHTa 1 (Maccy rasa, pacTBOPEHHOTO B He(hTH):

L, = Lap. [« (6.10)
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N3 cooTHOIIEHUST A CyMMBI OOBEMOB KOMIIOHEHTOB B IKHIIKOM
daze (3) BBIpa3MM W MOJIYYUM TEKyIlee 3HAYCHUE CpETHEH
HACBIIEHHOCTH TIaCTa )KUKON YTIIEBOJOPOIHOM (pa3oii:

S = 1 L, N L, N L,
B : 6.11
oV
or \Pix P Ps

W3 ypaBHEHHUs COCTOSHUS peaibHOro rasza (6.4) mpuMEeHHTEIbHO K
paccMaTpUBaeMOMY MECTOPOXKIICHUIO BBIPA3HMM M MOJYYUM TEKYIIEe
3HAYCHHUE i1 CyMMBI MacC KOMIIOHEHTOB 1 M 2, HAXOIAIIUXCS B Ta30BOi
(ase:

1-S IV, [ [
G]_ + G2 — ( JIC )PATO;CPpFAT p . [T] (612)

B To >xe Bpems Ha OCHOBE MPUBEACHHON B YCIOBUHU 33/1a4ll (PYHKIIMU
COoIepKaHUsA KOHJEHCaTa B Tra3e ONpENeIuM TEKyllee 3HauyeHue
OTHOIIIEHHUS MacC KOMIIOHEHTOB B ra30BOil (ase:

G, /G, = 0.6588exg - 0.391 p, - p)} + 0.0105 p, - p)], (6.13)

U ompeneianM, pemuB coBmectHo (6.12), (6.13), 3HaueHuss macc
komnoHeHToB G; u G, B ra3zoBoii (asze.

OoOmas macca komrnoHeHTa 1 (raza) B MmectopoxkaeHun uepe3 10 et
pa3paboTKu cocTaBUT coriacHo (6.1):

N, =L +G . [1] (6.14)
CrnemoBaTelbHO, MOKEM ONPEICITHTh KOJUYECTBO JOOBITOrO Tras3a
(kommoHenTa 1):

Qr = N01 - Nl [1] (6.15)
U 3Ha4YeHHE KOd((DUIIMEHTa TeKYIICH KOMITOHEHTOOTIa4uH JIJIs rasa:

= Qr
,711(0][/1 N01 . (616)
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7. OTIPEAEJIEHUE NPEJAEJBHBIX ITEBUTOB CKBAKHH ITPU
PA3PABOTKE HE®TEI'A3OBBIX 3AJIEKEN

11. Omnpenenenue YCJIOBHOIO MNpeAeJbHOro 0e3ra3oBoro jaedoura

He()TH CKBAKHHBI

CkBaknHa, SKCILTyaTUpyromas HeQTAHYI0 OTOPOUYKY HedTera3oBoi
3aJle’Kd, BCKpbIBa€T  IUIACT TAaKUM  00pa3oM, 4YTO  BEpXHUE
nepOpalMOHHbIC OTBEPCTUS HAXOAATCS 10 BEPTHKAIU Ha paccTosiHuu N
OT TEepBOHAYAJIHHOTO Ta30HE(TAHOTO KOHTAKTa, a BCS BCKpBITas
CKB)XMHOW TOJILMHA, OTCYUTHIBAEMAsl OT MOJOIIBBI IJIACTA, COCTABIISIET
h.. Cxema nputoka HedTH K CKBaKMHE HE(TEra30BOrO MECTOPOKAEHHUS C
00pa3oBaHKUEM ra30BOT0 KOHYCA MpeICTaBIeHa Ha pUCyHKe /.1.

I

< Yy,
« g

Puc.7.1.Cxema obpazosarnus 2az08020 konyca

OnpenenuTh yCIOBHBIN MpeaeabHbIA 0€3ra30BbIi AeOUT CKBaKHHBI.
HcxonHble TaHHbIE UI pacyeTa NpuBeIeHbl B Tadumue 7.1.
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Tabmuma 7.1
Tabauya ucxoOnvix OaHHBIX 01 pacyema 0eOUma CK8ANCUHbL

Haumenosanue ucxoonix 3nauenue
hapamempoe 0003HaYCHUE 1 2
Paccrosinue BepxHux
nep(opaoHHBIX OTBEPCTHH OT ho, M 5 7
MEPBOHAYAIILHOTO
ra3oHe(pTSIHOTO KOHTAKTa
BckprbiTasi CkBaXKUHON TOJIIMHA he, M 10 12
IUTacTa, OTCYUTHIBaEMas OT
TI0JTOTIIBBI
[IponuaemocTs 1IacTa K, M° 0.510% | 0.410%
Bszkocth HEDTH M, MITald 1.4 1.4
VY nenbHbIl Bec HePTH Ve, HNV® 8.910° e’
[l1oTHOCTH ra3a B MJIaCTOBBIX O, KT/M® 0.0810° | 0.0710°
YCIOBUSIX
Mectopoxnenue
pa3pabaThIBaeTCs ¢ 20, M 500 500
VCMOJIb30BAaHUEM CEMUTOUYECHYHOMN
CXEMBI PACIOJIOKCHHS CKBOKUH
IIPH PACCTOSTHUSAX MEXKIY HUMHU
Paanyc ckBaXHHBI e, M 0.1 0.1
PEHIEHHUE

[Ipu pa3paboTke HepTerazoBbIX MECTOPOXKICHUN HAa €CTECTBEHHBIX
peXUMax KOJMYECTBO OTOMpaeMOro rasa U3 Ta30BOM  IIAIKH
He(TEra30BOro MECTOPOKIEHUS OTPAaHWUYMBAIOT ITyTEM 3HAYNUTEIHLHOTO
YMCHBIIICHUS JIEOMTOB HE(MTSIHBIX CKBAXMH W OCOOCHHO, HAXOJSIINXCS
BOJIM3M Tra3oHePTsAHOrOo KoHTakTa. CremoBaTenbHO, NeOUT HEDTIHBIX
CKBa)XHMH JIOJDKCH OBITh MaJIBIM IO TIPUYMHE HEJOMYIIICHUS MTOATITUBAHUS
ra3oBbix KOHYycoB. CoriiacHO mNpPUONIKEHHOW METOJUKH pacuera
KOHYc0o0Opa30BaHMs, OCHOBAaHHOW Ha YHPOIICHHON TeOpUH (UIbTpaIUH
KHUIKOCTH CO CBOOOTHOW MOBEPXHOCTHIO, MPUOIMKEHHO CYUTACTCS, YTO
JaBJICHUE B KaXIOM NUJIUHAPUYECKOM CEUCHUU TUIACTa OMPESISeTCS
BBICOTOM cTOJ0a HedTH B AaHHOM cedeHur. OkoHuaTenbHas (opmysa
VIS TpelieibHOTO Oe3ra3oBoro nebura HedTH (Takoro aeOuTa, MpH
KOTOPOM B CKBOXHHY MPUTEKAET TOJIbKO HePTh) nMeeT By [1,3]:
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(7.1)

eoe.

hg — evicoma cmonba neghpmu na ycnoenom konmype numarnus ¢ paouycom,
=0, omcuumsigaemas om nooowssl niacma,

he — ebicoma eckpoimus negpmsanou uacmu mecmoposcoenus (sbicoma cmonba
Hepmu, omcuumvleaemas 0om noOOUI8bl NIACMA NPU r:rc);

AV = (VH - Vp) — PA3HOCMb YOENbHbIX 8eC08 He(hmu.

7.2. OnipenesieHUe HAYAJBLHOIO NPeeIBLHOT0 0e3ra30B0-0€3B0IHOT0
neduTa He)TH CKBAKMHBI

CkBaxkuHa, Tpe/lHa3HauYeHHAs 17151 pa3paboTKu HEPTSIHOW OTOPOUYKHU
HedTerazoBoM 3aliexu, MOACTUIIAEMON BOAOH, nephopupyeTcs: TOJIBKO B
UHTEpBaJe, PACIOJIOKEHHOM B CEpellMHEe HE(PTEHACHIIIEHHON TOJIIIH.
[Ipu 3TOM, paccTrosiHME OT BEpXHHUX MepPOPAMOHHBIX OTBEPCTHH 110
TIEPBOHAYAILHOTO TIOJIOKEHUS ra30He(TIHOr0 KOHTAKTa cocTaBiseT M.
Ha takom e paccTOsTHUM OTCTOSIT HUKHUE Mep(OpallMOHHBIE OTBEPCTHUS
OT TIEPBOHAYAJIBLHOTO IMOJIOKEHUsI BOJOHE(DTAHOrO KOHTakTa. Cxema
npuToka He(TU K CKBaXUHE He(PTEerazoBoro MECTOPOXKICHUS C
oOpa3oBaHHEM ra30BOr0 U BOASHOTO KOHYCOB IIpe/ICTaBiIeHa Ha puc. /.2.

Puc.7.2.Cxema obpazosanus 2a306020 u 600H020 KOHYCO8

TpeOyeTcst onpenenuTs MOTHBINA MpeaeIbHbI 0€3ra30B0-0€3BOIHBIN
aeOutT HeTH.

74



HcxonHbie maHHbBIC U pacyeTa MpUBEICHbBI B Tabmie 7.2.
Tabmuma 7.2
Tabauya ucxoOnvix OaHHBIX 01 pacyema 0eOUma CK8ANCUHbL

Haumenoeanue ucxoonvix 3nauenue
napamempoe 1 2

Panuyc ycnoBHOro KOHTypa NUTAHUS M, M 500 480
Bricora cron6a HedTh Ha YCITIOBHOM he, M 20 22
KOHTYpE MHUTAHUS C PaTuycoM [
WNuteppan nepdopainu B CKBaXXKHUHE h., m 10 11
[IpoHuaemMocTh miacta K, M 0.810*% | 0.7m10*
BszkocTs HEQTH M, MITald 1.5 1.3
VY nenbHbIN BeC HEPTH Ve H/v® 8.910° 9.210°
V nenpHBIA BEC ra3a B IUIACTOBBIX ¥, H/m® 0.810° 0.710°
YCIIOBUSIX
VY nenbHbI BeC BOBI ¥, Him® | 9.8110° | 9.8110°
Paanyc ckBaXXHHBI e, M 0.1 0.1

PEILIEHUE

Brigenum yciioBHO 1Be 30HBI B 00J1acTH PrutbTpaniud HeTH BOIU3U
CKBOXHHBI. BEPXHIOD W HIDKHIOI, Pa3JeleHHbIC TOPU30HTAIBLHON
MJIOCKOCTBIO, TPOXOSIIEH Yepe3 cepeuHy nHTepBaia nepdoparuu. s
MEePBOI 30HBI OYJIEM HaXOJIUTh, COOTBETCTBEHHO, HAYAJIbHBIN O€3ra30BbIi
neOuT, a JUIsl BTOpO — HadanbHBIA Oe3BojHbI neouT [1,3]. Ucxons u3
npuOIIKEHHOM  TEOpUM  KOHycooOpa3oBaHHs, i  MPEACIIbHOTO
6e3razoBoro aedurta OyAeT CripaBeaIuBO BbIPAKEHUE!

2 2
3] (3
= [86400=10.3Mm°/cyT,

r
My In 5
rC

H1

(7.2)

e0e: Ay, = (VH - Vp) — PA3HOCMb YOCTbHBIX 6eCO8 Hedhmu u 2a3d.

CooTBeTcTBEHHO, dopMmysia Ui MpeaesbHOro 0€3BOJHOTO JeduTa
MMeET BU/L.
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2

h h
TKA L1 —-1-=
Y2 5 5 3
Ay, = " [86400= 116m"/cyT, (7.3)
My In—*%
rC

20e: Ay, = (VB - VH) — PazHoCmb YOeIbHbIX 6208 600bl U Hepmu.

[lonuplii  mpenenbHbI  0e3ra3oBo-0€3BOAHBIN  1eOUT  HedTU
OTIpE/IETISETCS CYMMOM YKa3aHHbBIX JEOUTOB!

dy;, =0, T Q5 = 11.46M3/0yT.

7.3. Onpenenenne nHTepBaia nepgopanum B CKBaKUHe MPH 32JaHHOM
HAYAJBHOM HpeleJbHOMOe3razoBo-0e3801HOM ae0ute HedTH
CkBakuHa, peaHa3HaYeHHAs! ISl pa3paboTKu HEPTSIHOW OTOPOUKU

He(Tera3oBo 3ajiexH, MOACTUIAeMON BOAOH, eppopupyeTcs TONBKO B

MHTEpBaJie, PACIOJIOKEHHOM B cepeinHe He(TEeHACHIIEHHOW TOJIIH.

[Ipu sTOM paccTosiHME OT BEpXHHUX MEepHOPaLUOHHBIX OTBEPCTUH [0

IIEPBOHAYANILHOTO TIOJIOKEHHS Ta30HE(PTIHOTO KOHTAKTa cocTaBiseT Ng.

Ha TakoM ke pacCTOSIHUM OTCTOST HUKHHUE NepPOpariHOHHBIE OTBEPCTHS

OT TEpPBOHAYAIBHOIO TMOJOXKEHHUS BOAOHEPTIHOro KOHTakTa. Cxema

NpUTOKa HePTH K CKBAXUHE HEPTEra3oBOro MECTOPOXKICHUS C

o0Opa3oBaHMEM ra30BOr0 U BOJSHOIO KOHYCOB IIPEJCTaBICHA HA PUCYHKE
7.3.

A
4

Puc.7.3.Cxema 0obpazosanus 2a308020 u 600H020 KOHYCO8
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Tpebyercss ompenenuth WHTEpBal nepdopanum B CKBaxkuHe h..
VcxoaHble JaHHbBIE IS pacyeTa MPUBEACHbI B Ta0wmie 7.3.

Tabmuma 7.3
Tabauya ucxoOnvix 0auHbIX O/ ONpedesieHus uHmepaana neppopayuu 8
CKBAIMCUHE
Haumenosanue ucxoonwix 3nauenue
napamempoe 1 2
Paanyc yc10BHOTO KOHTYpa MUTAHUS Ik, M 500 480
Bricora cron6a HedTh Ha YCITIOBHOM he, M 20 22
KOHTYpE MUTAHMS C PAANYCOM [
[IponuaemocTs 1IacTa K, M° 0.810™ | 0.810"
Bszkocth HEDTH M, MITald 1.5 1.3
VY nenbHblil Bec HedTH Yo Hv® | 8.910° | 9.210°
V nenpHBIA BEC ra3a B IJIACTOBBIX ¥, H/m® 0.810° 0.710°
YCIIOBUSIX
VY nenbHbIi BeC BOBI ¥, Hiv® | 9.8110° | 9.8110°
Paanyc ckBaXHHBI e, M 0.1 0.1
3agaH npeaeIbHbIN Ha4aIbHBIHI (o8 M3/0yT 12.6 10
6e3ra3oB0-0€3BOIHBIN 1eOUT
CKBQ)KHHBI
PEHIEHUE

Brigenum yciioBHO 1Be 30HBI B 00J1acTH PrutbTpaniu HeTH BOIU3U
CKBAQXXUHBI. BEPXHIOK U HIDKHIOW, pa3/ieIeHHbIe TOPU30HTaIbHON
MJIOCKOCTHIO, TPOXOIAIISH Yepe3 cepeinHy nHTepBaina nepdopamun. J{ms
MePBOI 30HBI OYJIEM HaXOJIUTh, COOTBETCTBEHHO, HAYAJIbHBIN O€3ra30BbIi
neOuT, a IS BTOPOM — HaudalbHbIA O€3BOJHBIN nedut. Mcxons wus
OpuOIMKEHHOM  TEOpUM  KOHYCOOOpa3oBaHUsl, M  MPEaeIbHOro
0e3ra3oBoro gedura Oyaer crpaBeaanBo Beipakenue [1,3]:

n(3)-(3)

My In—5
r.C

: (7.4)

20e: Ay, = (VH - yp) — PA3HOCMb YOCIbHBIX 8€C08 He(hmu U 2a3d.

CooTBeTcTBEHHO, (hopMyIia i MpeaeabHOro 0€3BOJHOTO Je0UTa UMEET
BU/I:
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: 7.5
fy N5 (7:5)
rC

e0e: Ay, = (VB - VH) — PA3HOCMb YOENIbHbIX 8eCO08 800bl U HEDMU.

[lonuplii  mpenenbHbI  0e3ra3oBo-0€3BOAHBIN  AeOUT  HedTU
OTIpeIeNIIeTCsl CYMMOM YKa3aHHBIX J1€0UTOB!

Uy = 0y1 T 0y

[To wm3BectHoMy (M3 yCIIOBHS 3a/Ja4yd) 3HAYCHUIO MPEICIBHOTO
0e3ra3zoBo-0e3BogHOTO JAcOuTa HEhTH (y BBIPA3UM U OINpEIaeTUM
uHTEpBaJ nepdopanuu B ckBakuue N.
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8. PASPABOTKA HE®TSHBIX MECTOPOXJIEHU

TEIIVIOBBIMU METOJAMMU

8.1. Pacuer 0CHOBHBIX MOKa3aTesiell pa3padoTku HePTAHOM 3aJ1e5KH
METO/I0M CO3/IaHHSI BHYTPHUILIACTOBOIO ABHKYILEr0Csl 04ara

ropeHus

PaccuutaTh OCHOBHBIE ITOKa3aTEIU p33pa60TKI/I IIATUTOYCYHOI'O
OJIECMCHTA Y4YaCTKa II1acta METOAOM CO3AaHUs BHYTPHUINIACTOBOI'O

aBwkyierocs oyara ropeaus (BJOIN) [4,5].

HcxongHble naHHbIC OIS0 pacdeTa rokKasarejen pa3pa60TI<H 3aJICKH

npuBeieHbl B Tabmuie 8.1.

Tabmuma 8.1

Tabauya ucxoOouvix OarHLIX 0 pacuema nokazameieu paspabomxu
Hepmsnotl 3anexncu memooom BJOI"

Haumenoeanue ucxoouvix napamempos 3nauenue
Tommuua rutacra h, M 6
KoadgduimeHT oTKphITOM NOPUCTOCTU MOPOIBI m 0.28
riacra
[InacToBas Temneparypa t, °C 21
[110THOCTH HE()TH B TIIACTOBBIX YCIOBHSIX p, kr/m® 945
[TmoTHOCTH BOJIEI D, Kr/M° 1000
HedTenacplieHHOCTh TOPO/I IJ1acTa S 0.72
BogoHacheIeHHOCTD S 0.23
Paccrostnme  Mexay  HarHeTrateslbHOM W l. m 150
AKCIUTyaTAIMOHHON CKBOKMHAMU
AOCOIIIOTHOE J1aBieHue Ha 3a00¢€ p3, Mlla 8
OKCIUTYaTaI[MOHHBIX CKBAKUH
Pannychl HarHeTaTeabHbIX U rey M 0.084
OKCIUTYaTAI[MOHHBIX CKBAKUH
D¢ dexTuBHAS TPOHUIIAEMOCTH TTOPOIBI JJIsI K, M1 176
okucnuTens (Bo3ayx)

O6beMHbIH K03 (PHLIMEeHT OXBaTa MiiacTa Ay 0.575
0Yarom ropeHws

bespazmepnsiil napametp dhopmel ppoHTa Iq 6.06
TOPCHHSI

Koadpunment nedreornaun u3 yyacTkon, HE N 0.4
OXBa4CHHBIX (PPOHTOM TOpEHUS

Jlabopamopusimu IKCnepumenmamu Ha MoOe1u NAACma yCHAaHo61eHo.
ITopucrocth nm 0.4
Pacxox TomamBa  (YAEIBHOE KONHMYECTBO | (o, KI/M® 21
KOKCOBOT'O OCTaTKa)
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VY IeNIbHBIN PaCcX0] OKUCIUTENS Voem, M/Kr 12

KonnuectBo 06pasyrolieiics peakiinoHHON ', KO/M® 25

BOJIBI

Tennora cropanust Hegtu Qu, Kxay/Kr 10000

TennoTa cropanus ra3000pa3HbIX Qr, KKai/m° 300
IPOAYKTOB

Bs13K0CTh OKHCITUTENS TIPH TIACTOBOM M, mlIa-c 0.018

TEeMIEpaType

MuHumanbHas CKOPOCTh MePEeMEIICHHS Wy, M/CyT 0.0375

(dbpoHTa TOpEeHUS

MakcuMalibHasi CKOPOCTh TTepEMEILICHHS W, M/cyT 0.15

(dhpoHTa TOPEHUS

PEILIEHUE
OnpeﬂenﬂeM YACIBbHOC KOJIHMYECTBO KOKCOBOI'0 OCTaTKa B IIOPOAEC
IIATUTOYCYHOI'O 3JICMCHTA yqaCTKa mjaacra.
. 1-m
—_ — 3
gkO - gK‘O T - 252 KF/M ) (81)
OO0BEM OKHUCIIUTEINSA (BOBI[YX&), TpC6YIOH_ICFOC}I JJIsL Bblpa6OTKI/I
(BBI}KI/II‘aHI/I}I) CANHUIIbI obbema mjiacra, COCTaBUT.

VOK - gkOVocm = 302M3 /M3' (82)
[IpumeHsisi MUHUMAJIBHYIO CKOPOCTh MEepEMEIEeHUsT PPOHTA TOPEHUs
OHpeI[eJ'H/IM MI/IHI/IMaJ'IBHYIO IJIOTHOCTHh MOTOKA OKUCIUTECIA.
— — 3 2
v =V, w, =113 ™" /cyr [31°, (8.3)

Ucnons3yss 00beMHBIM KOAG(GUIMEHT OXBaTra IUIacTa O4yaroM
TOpPEHUs ONPEAETIUM CyMMapHbId 00BEM TPEOYIOIIETOCS OKUCIUTENS JIJIs
BbIPA0OOTKHA OJIHOTO TMSTUTOYEYHOTO JJIEMEHTa CHUCTEMbI pa3pabOTKU
niacTa;

u=4l 2hVOKA, =5110° m°. (8.4)
OmnpenenseM npeaeTbHBIA MAaKCUMATBHBIA PACX0]] OKUCTHTEIIS:
V/” =lhv.i, =61610° m°/cyT. (8.5)

JInst COKpalieHus: CpoKa pa3pabOTKM IATHTOYEYHOTO DIIEMEHTA
ydacTKa IUIacTa NPHUHAMAEM MAaKCHMAIIbHYIO CKOPOCTH II€peMEIIeHUs
(GpoHTa rOpeHust U OIpeaessieM MPOAODKUTEIBHOCTh IIEPBOTO MEPHOIA
pa3paboTKH, IIPH KOTOPOM PacXoi OKUCIUTENS JOCTUTHET 3HaYeHus Vy
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I
't 27hV, w?

KomnuectBo HN3PaCXOJ0BAaHHOIO 3a OTOT IICPHUOJ OKHUCIUTCIIA
COCTaBHT.

= 240cyT. (8.6)

u, :% V7t = 7400° m®. (8.7)

KonudecTBOo OkucauTENs, M3pACXOIOBAHHOTO B OCHOBHOM TMEPHOJ
pa3pabOTKH, OpHU 3TOM COCTABUT:

u, =u-2u, =36.2[10° m°. (8.8)
HpOI[OJ'I}KI/ITCHBHOCTL OCHOBHOI'O II€pHOaA.
— u2 —
t2 VT 588CYT (89)
T

OO6mass TPOAOKUTEILHOCTh Pa3pabOTKU BCETO MATUTOYEYHOTO
3jeMeHTa ydacTtka miaacta merogoM BJIOI cocraBur:
t=2t +t, =1068cyr. (8.10)
AOCONIOTHOE [aBJIeHWEe HA YCTh€ HArHETATEIbHOW CKBAKUHBI
2 .
[krc/em?] onpenensiercst mo popmyie:

P, =
05

np + 2
Vit +273) n—_ —1238|| o=

74k h r.w,t, (8.11)

— 2
_p3+

=2 MlIla

Jlnis BeruucieHus ko3pduirenta HeQTeoTAaun HEOOX0AUMO 3HAThH
KOJINYECTBO KOKCOBOTO OCTaTka S, M YIJIEBOJAOPOAHOTO Taza Sy,
BBIPRXKEHHOE B JIOJIAX OT MOPOBOTO 00BeMa:

S =2 20005 S, =5 =¥ -0034 g,

o

Hcnonb3ysi M3BECTHBIN OOBEMHBIH KOIPPUIIMEHT OXBaTa IJIacTa
oyaroM TOpeHHs U KOdp(UIMEHT HePTeoTnaud U3 Y4YacCTKOB, HE
OXBa4Y€HHBIX (POHTOM TOpPEHHs, OIpeaeauM oOmuid KodhPuIeHT
HereoTnauM:

S + :
n.=A 1_OS—STX +7,1- A )= 0642 (8.13)

H
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3uHast o0mui K03 PuIeHT HedTeoTaauH, ONPEACTUM KOJINIECTBO
M3BIIEKAEMOM Hed)TH Ha IIIOMAAH [IITHTOYEYHOro yuacTka miacta (S=41%)
npu ero paspadotke merogom BJIOT™

V, =ShmSn, =34900° »°. (8.14)

OmnpenensieM ynenbHOE KOJIHMYECTBO OOpasyIOIICHCs peaknOHHON
BOJIBIL:
' 1_ m 3
0; =0y —— =30xr/™m", 815
1-m (8.15)
CyMMapHOe KOIMYECTBO IOTy4aeMOH BOXBI [M°] BEIYMCIAEM IIO
dhopmyie:

_ 95 |-
V, = ASH Sm+- 2t =14600° M°. (g1

[Ipuaumaem fomymieHHe O TOM, YTO J€OMT HEPTH OFHOTO
MATUTOYEHYHOTO BJEMEHTa IUlacTa NPSAMO MPOMOPLUOHAIEH Pacxoay
OKHCIIUTENS Il BBIPAOOTKM ATOro osneMeHTta. Mcxons wu3 3Toro
JOMYILEHUsA, ONpeAenuM AeOUT HePTH 3JIEeMEHTa B OCHOBHOW MEPHUOA
paspaborku [m/cyT]:

V n 3
Oy :THVTP =422wm° [ cyT. (8.17)
JleObut HedTH B mWepBBI Tepuoid pa3pabOTKu (iy OydeT IHHEHHO

Bo3pactath OT O 10 Opy, @ B TpeTHil mepuo OyaeT yOriBaTh OT Oy 110 O.

8.2. Pacuer npoMbILLJIEHHOI0 NpPoIecca TeMI0Boi 00padoTKu
miacra

TemoBast 06paboTka mIacta BeneTCss KOMOMHUPOBAHHBIM METOJIOM
U COCTOMT M3 JIBYX JTanmoB. Ha mepBom srame mnpu3aboifHas 30Ha
HArHEeTaTeIbHONW CKBaXXUHBI TOJIOTPEBACTCS Ta30-BO3MYIIHON CMECHIO
(mpemBapuTeNbHBI HarpeB Iuiacta). Ha BTopom »JTame HarHeTaercs
XOJIOJIHAsE BOJA I TIOJYYCHHUS I1apa W BBITECHCHHS WM HEQTH.
CKBa)XMHBI PaCIIOJIOKEHBI 10 CEMUTOUYCUHOM cxeme [5].

HcxonHple AaHHBIC IS pacyera IMOKa3aTelIed Mmpolecca TEIIOBOU
00paboTKH MU1acTa MpuBeJeHbI B TabuIe 8.2.
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Tabmuma 8.2
Tabnuya ucxoOnvix OanHbIX OIS pAcuema NOKA3amenetl NPOMbIUICHHO20
npoyecca menioeou 0o6pabomKu niacma

Haumenosanue ucxooHvlx napamempos 3nauenue
PaccTositnue Mexay SKCIUTyaTallUOHHBIMU U R m 100
HarHETaTEIbHBIMU CKBAKUHAMHU
CpenHsis TOJIIMHA IJ1acTa h, m 20
KoadduimeHT oTKphITOM NOPUCTOCTA MOPOIBI m 0.2
macTa
HedrenachlllieHHOCTh MOPOIbI MJIACTa S 0.5
KosdduimenT BeiTecHEHUS HEPTH TapOM N1 0.8
[IpupocT TeMmepatypsl MeEperpeToro Imnapa ATp, °C 700
OTHOCHTEIILHO HaYaJIbHON TeMIiepaTyphbl
[IpupocT Temreparypbl XOJOJHOW BOJBI 0 ATg, °C 150
TOYKH KUTICHHSI
Tenm1oeMKOCTh BOJIbI Cg, xxai/xr °C 1
Temora ncrapeHust BOJbI I, KKaj/Kr 500
Tennora cropanusi npUPOAHOTO rasza Q, kkan/kr 8000
[IpreMHUCTOCTh HATHETATEBHON CKBAYKUHBI K, M3/cyT 1-1G
JUISL TA30BO3AYIIIHON CMECH TPHU
peIBapUTEeILHOM HarpeBe IacTa
TenmoeMKoCTh MeperpeToro napa Cp, kkan/m° °C | 500
[Tpou3BOANTENHHOCTh HATHETATEILHOMN Qs M/CyT 500
YCTaHOBKH JJIsI BOJIBI
[TmoTHOCTH BOJEI D, Kr/M° 1000

PEINEHUE

OO0veM 1acTa, TMOABEPTHYTOTO TEIUIOBOM 00paboTke (00beM
CEMHTOYEYHOTO JIEMEHTa CUCTEMBI pa3pabOTKH):

V, = 7R*h = 628000Mm°. (8.18)

AGcomtoTHpIe 3amackl He(TH B JJIEMEHTE Ha HAYaJlo TEIUIOBOU
00paboTKH:

V =V, mS, =62800m°. (8.19)

W3 3THX 3amacoB MOXHO BBITECHUThH IMApOM CIEAYIOMUHA 00beM
HeTH:

V,, =V, =50000m°. (8.20)

Onpenensem 00beM npr3ab0NHON 30HbI HATHETATEIbHOW CKBAXKUHBI
B DJIEMEHTE, OXBAYEHHBIN MPEABAPUTEIbHBIM HArPEBOM:
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VH
+ AT, 1+ CBATB
AT, [
Jlns HarpeBa Takoro o0beMa I1acTa clieyrolee KoJIu4ecTBO
TEIUIOBOM SHEPIUH:

Q, = (AT, - AT, )iV, = 244751.0° kkau. (8.22)

OOmiee KOJIUYECTBO Ta3a, HEOOXOAMMOE ISl TOJIYYEHHS] TaKoro
KOJIMYECTBA TEIUIOBOM DHEPTUU C YYETOM TEIUIOBBIX moTeph (25%)
COCTaBUT:

— —_ 3

1

V.= % =3.82410° m°. (8.23)

JlaGopaTOpHBIMH HCCIICIOBAHUSIMH yYCTAaHOBJICHO, YTO HA CrOpaHUe
3 3
1m™ raza tpeOyercs 9.5 M~ Bozayxa. CiegoBaTelbHO, Pacxo] BO3ayxa
COCTaBMT.

V, = 95[V, =3.63310 v’. (8.24)

O0bemM  Bcell  Ta30BO3AYIIHOW  CMECH, HEOOXOAMMOW ISt
MPEABAPUTEILHOTO HArPEBa IJIaCTa COCTABUT:

V., =V, +V, =4015400 u°. (8.25)

[Ipu »TOM mpenBapUTENbHBI O00OTPEB  OXBAaTUT  IUIOMIANb
CEMHUTOYEYHOTO JIEMEHTA y4acTKa IUIacTa C paJnyCoOM PaBHBIM:

V
RO :\/% =376 M. (8.26)

C yd4eroM NPUEMHUCTOCTH HATHETAaTENbHOW CKBAaXUHBI IS
ra3oBO3AYIIHOM CMECU MOYKHO PACCUUTATh MPOJOJLKUTEIBHOCTD IIEpUoAa
IIPEABAPUTEIILHOTO HArpeBa I1acTa!

V
&M = 401CYT (8.27)

tnazp -

ITocne mporpeBa npu3a0OMHON 30HBI HArHETaTEIBHOM CKBa)KUHBI
HEOOXOIMMO MaKCUMalbHO OBICTPO MPOBECTH HArHETAHWE BOJBI IS
YMEHBIIEHUS TEIIOBbIX MOTEPh U CBOEBPEMEHHOT0 MOJYYEHHUs napa JJjis
00pabOTKH BCEro IiacTa.

OOumii 00beM BOIbI, HEOOXOIUMBIM [JIsI HArHeTaHust U
oOpa3oBaHMs TTapa MOKHO ONPEACIUTH TI0 hopmysie 00bEeMHONU CKOPOCTH
KOHBEKTHUBHOTO ITEPEHOCA TEIIa B MOPUCTON CpeJie IIacTa:

_C _ 3
C (8.28)
Pps
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[Ipy NpOU3BOAUTENBHOCTH  HArHETATENIbHOW  YCTaHOBKU  (up
HPOJIOJKUTEIBLHOCTh BTOPOTO dTama TeIUIoBOH 00paboTku  (mepuon
BBITCCHCHUS HEPTH MApPOM) COCTABUT:

_Qp _
teblm - - 628CYT (829)
HB
Takum 00pazom, 001Iast TPOAOTKUTEILHOCTh TETIOBOM 00pabOTKH
CEMHTOUYEYHOTO JJIEMEHTA yJacTKa IuiacTa OyJer paBHa [CyT]:

t06p =t t+t =1029cyT. (8.30)

8blm

8.3. Pacuer Ten10Boii 00padOTKH UCTOIIEHHOT0 He(PTAHOIO MJIACTA

KOMOUHHPOBAHHBIM METOI0M

TemmoBass o00paboTka miacTa BeAETCA METOAOM  TEIJIOBOTO
UMITyJIbCa TyTEM MPEeABAPUTENBHOrO 000TrpeBa MpHu3abONHON 30HBI
ropsiueid BOJOM WM HACBHIIIEHHBIM BOJSHBIM MapoM M TOCIEAYIOIIETo
IepeHoca CO3JaHHOM Tropsiuell 30HbI HArHeTaHHEM XOJIOJAHOM BOJBI,
KOTOpasi B TUTACTOBBIX YCIOBHUSX MpeBpaiiaercs B nap [5].

PaccunTtaTh OCHOBHBIE MOKa3aTelIM TEIUIOBOW OOpabOTKU IUIACTA.
HcxonHble maHHBIE 71 pacueTa IoKasaTelel TemoBoi o0paboTku
UCTOIIEHHOTO HE(PTSAHOTO IJIacTa MPUBEACHBI B Tabsumie 8.3.

Tabmura 8.3

Tabnuya ucxoOHvIX OaHHBIX 01 pacyema nokasameletl menyiogou oopabomxu
naacma KOMOUHUPOBAHHLIM MEMOOOM

Haumenosanue ucxoonslx napamempos 3nauenue
Koadpdunuent TETUIONPOBOAHOCTH | A, Kkau/(m-AC 1) 1
HedTecoaepIKaITUX MOPOT

V nenbHas teruioeMkocTh | C, kxan/ (M3-°C) 550
HedTecoaepIKAITUX ITOPOT

VaenpHasd TEIUIOEMKOCTh HachlmeHHbX | C,, kxan/ (M3-‘C) 675
YKHUIKOCTBIO TTOPOJT

V nenbpHas TEILNIOEMKOCTh HATHETAEMOTO Ci, xxain/ (MS-‘C) 875
pabouero areHTa

CpenHee yBeqIMYeHUE TEMIIEPATYPBI AT, «C 175
TIUTacTa 10 CPABHEHHMIO C €0 HOpMaJIbHOU

TEMIIEPATYPOH

Pagnyc dppoHTa TEMIEpaTypHON BOJHBI lp, M 100
Pagnyc MECTOIIOJIOKEHUS r,Mm 50
TEMITEPaTypPHOTO UMITYJIbCA

CpenHsst TOJIMHA J1acTa h, m 20

85



KoadduimeHT OTKpBITON MOPHUCTOCTH m 0.2
HOPOJbl IJIACTA

Pacxo HarHeTaeMoro areHra V,, Mla 17.5
Koaddumument npuemucroctu K, M°/(krc/em®) 24
HarHEeTaTEIbHON CKBAKUHBI

O0BeM 1acTa, moABEPracMoro V., M 628-10
00paboTKe

TIpHUpOCT TEILIOBOI dHepruu B Im> AQ;, kkan/m> 154-10

pabouero arenta mpu AT=175 C

IIpupocT TerioBoii sueprun B Im° mmacta | AQ,, kkan/m® | 118.5-18
npu AT=175C

PEILIEHUE

) 3 )
VY aenbHbIe MOTEPU TEIUIOBOM 3Hepruu Ha 1M~ oOpaboTaHHOW YacTu
I1acTa;

4\//]C = 2.55810" kxan/m®. (8.31)

F

Kosddumument  monme3Horo - HEWCTBUS — TETUIOMHXEKIIMOHHOTO
rpouecca:

n :1-&% AT rd) = 098. (8 32)
37 8QaQ, Vhv, |
CpenHee yBellMYeHHE TEMIIEPATYPhI I1J1aCTa HA PACCTOSHUU I OT OCH
CKBaXUHEI.

2
_ 4 AC _ .
ATr =AT<1 ,—hV Ci CH rd) 1 j =158°C. (833)
MaxkcumanbHasg MPOAOJIKUTCIIbBHOCTD TCIIJIONHXKCKIIMOHHOT'O
mpounecca B gacax.
AT \ C2h?
t =|1-— I~ =6503u.
Maxc ( AT ] 16(AC) (834)

CrnenoBaresibHO, TEMIT 3aKaykd TOpsiYe BOJBI JIOJDKEH OBITh
PaBHBIM:

q =2 (p4= 463w/ cyr. (8.35)

Makc
JUist  yCHemHoro TpPOBENECHMs] TEIUIOMHKEKIIMOHHOTO Ipoliecca
HEOOXOIMMO YYMUTHIBATh KOI(PPUIMEHT MPUEMUCTOCTH HArHETATEeNbHON
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CKBaXWHBI. B pe3ynbpraTe Ha 3a00€¢ CKBaKHHBI JIOJDKHA TIOICPKHUBATHCS
pernpeccus:

Ap = % =19.3krc/em®. (8.36)

B HEKOTOpBIX ClIydasiX 3TO JABJIECHHUE MOXET OBITh CO37]aHO BECOM
caMoro ctoji0a BOJbI B CKBAKUHE.
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9. PACYHET ®OHTAHHOI'O IOABEMHUKA U3 YCJIOBUU B
HAYAJIE U KOHIIE ®OHTAHUPOBAHUS CKBAXKHWHBI
Paccuurare amamerp kononHel HKT wu3 ycnoBuii B KOHIE
(hOHTAaHUPOBAHKS CKBAXKUHBI U TPOBEPUTH €r0 Ha MaKCUMAaTbHYIO
MPOU3BOAUTEIIFHOCTD B YCJIOBHSIX Hauajaa (JOHTAHUPOBAHUS.
HcxonHbpie maHHbBIC TS pacyeTa mpuBeaeHbl B Tadmie 9.1

Tabmuma 9.1
Tabnuiia NCXOIHBIX JJAHHBIX JUIS pacyeTa (POHTAaHHOTO MOIbEMHUKA
Haumenoeanue ucxooHvlx napamempos 3nauenue
1 2
[TnoTHOCTH HETH p1 KT/ 890 890
[[;10THOCTE BOJIBI Ds KT/M> 1000 1000
OGBOTHEHHOCTh MPOAYKIIUM CKBOXKHHBI B HAYaJIe 10 10
(hoHTaHUPOBAHUS B, %0
OGBOJTHEHHOCTh MPOAYKIIMM CKBOKUHBI B KOHIIE 60 50
(hOHTaHUPOBAHUS B0
["1yOnHa CKBaKMHBI JI0 TOIOMIBHI T1acTta H M 1700 1700
Tonmmea acra h M 11 11
JlaBlIeHHE HACHIIIICHUS Prac [1a 11:10° |1110°
JlaBneHne HA YCThE CKBAKUHBI py I1a 310° [ 310
3a00liHOE aBiieHHE B Havaje (POHTAHUPOBAHUS 1410° |1410°
p3a6 I1a
JleOuT CKB. B Hauaje (POHTAHUPOBAHUS O MO/CYT 40 50
J1eOuT CKB. B KOHIIE ()OHTAHUPOBAHUS O M lcyT 10 10

PEHIEHUE

Jnis oT6opa 3agaHHOrO 1e0UTa MPU U3BECTHOM Ta30BOM (pakTope U
Psa6 = Puac MOKHO mojoOpaTh TakoW JuaMeTp KOJOHHBI TPyO, mpu
KOTOPOM PacxXojl SHEPTUU HA MOJBEM KUAKOCTH OYJE€T MUHUMAIIbHBIM.
[Io wmepe pa3paboTKu 3ajeXd KOJWYECTBO IUIACTOBOM SHEPrUH,

nocrynaronieir Ha 3a00if CKBa)XHMHBI  yMEHbBIIAETCS

BCJICACTBHC

OOBOJTHEHWSI POYKIIMH WJIH MTAJICHHS IIACTOBOTO naBieHusi. OcoOeHHO
ocTpasi HEOOXOAMMOCTh B PAIMOHAIBFHOM HCIIOJIB30BAHUH IIJIACTOBOM
PHEPrHM BO3HHKAeT B KOHIE mepuona ¢ourtanuposanus [3,4]. U3
yCIIOBHIA B KOHIIE ()OHTAHHPOBAHHUS W BHIOMPAETCS JAUAMETpP KOJOHHBI
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HKT mig mogpema ra30KMIKOCTHOTO ITOTOKA C TEM, 4TOOBI CKBa)KMHA
paboTana Ha ONITUMAIBHOM PEKUME!

d, =a000/-Lete gl %be  -230um gy
pl_py ngLK_pl+py

Jlnis ycnoBuil B KOHIE (pOHTaHMpPOBaHUA naBienue y O6ammvaka HKT
p1 6epeTcst paBHBIM 1aBIECHUIO HACBIIEHUS Pyac-

[110THOCTD JKUIKOCTH Py OMpEAENSETCS MO MPOrHO3Y OOBOIHEHUS
CKBa)KHH:

IOK :Iol 1 BK +p@ BK :956KF/M3' (92)

100 100

TpyObl cunTaroTCs CHYIIEHHBIMU 10 BEPXHUX OTBEPCTUH QUIBTPA, a
amuHa kosonHel HKT (mmMHa moabeMHMKA JUIsl YCIOBUH B KOHIIC
(oHTaHMpOBaHMH, T.€. paccTosHKE L, OT ycThs CKBaKMHBEI 10 cedyenwus,
TJIC IaBJICHUE PABHO JIABJICHUIO HACHIIICHUS) OTPEICISACTCS:

L. =H -h=1689Mm. (9.3)

BriOpannbiii tuaMetp TpyO J0JKEH 00eCeUnTh 3arjlaHupPOBaHHbIE
OoTOOpPBI KUAKOCTH B HayaldbHBIA Mepuoja (POHTAHUPOBAHUSI CKBAKUHBI

Ouay- IlOdTOMYy  DOABEMHMK  IPOBEPSIOT HA  MAKCHUMAJIBHYIO
IIPOU3BOJAUTENBHOCTD B YCIOBUAX Hayana (POHTAaHUPOBAHUS:

-7 43 — 1o
Ornax = = igs o IOl|_ 2| =462 YT (9.4)

Jns ycrnoBuit B Havane (OHTAHUPOBAHMS JaBICHHE Yy OamiMaka
HKT p; 6epercst paBHBIM HaYaJIbHOMY 3a00MHOMY JAaBICHUIO Psq6-

Ecmi Qmax>Ouayy TO CIYCKAIOT KOJOHHY JUAaMETPOM dK, 4TO
yIIOBJIETBOPSIET YCIOBUSM B KOHIIE U Hayasie (POHTaHUPOBAHUSI.

[Ipy Omax<Ouay AUAMETP TPYO OIpEnemstoT U3 yCIOBUM paboThI
KOJIOHHBI HA MAaKCUMaJIbHOM PEXHUME!
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b glq p% =219 (9.5)

pl - py
IImoTHOCTE KUOAKOCTU pHa‘I OIIpCACIISACTCA 110 ITPOTrHO3Y
O6BOI[HCHI/IH CKBaXUH.

d_ =186

B B
= p,|1-— |+ o —H = 901kr/m°.
IOH(IH pl 100 p@ 100 KI''M (96)

JlnnHa moabeMHUKA I YCIOBHM B Hadaje (OHTAaHUPOBAHUS, T.C.
paccrostHue Ly OT ycThs CKBaXKMHBI 0 Ce€4eHHMs, IJI€ JABICHUE PABHO
JIABJICHUIO HACBIIIECHUS ONPEACIACTCS:

— p3a6 — pHac —
L =H-h-12c " Pue —1350y
I 5.7)

Konornna HKT gmamerpom d,,, mHe Oymer pabGorarh Ha
ONTUMAJILHOM PEXKMME B YCIOBUAX KOHLA (hoHTaHupoBaHwus. [loaTomy
MPOAOIKUTEILHOCTD (POHTAHUPOBAHUSI YMEHBIIUTCS.
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