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benopycckuii hayuonanvHelli mexHuueckuil ynugepcumen

st 3HaUNTENFHON 4acTH BOJO3a00PHBIX U APEHAXKHBIX CKBAXKHH XapaKTep-
Ha HEJOCTAaTOYHAsl HadaJbHAs IMPOU3BOAUTENBLHOCTh M3-3a BHECEHHS KOJIbMATHU-
pyroliero Marepuana B IpUMIBTPOBYIO 30HY €II€ B IIPOLIECCE COOPY>KEHUS
CKBa)XUHBI IIpH OypEHHU BpamaTeIbHbIM CIIOCOOOM C HPSMON MPOMBIBKOH TITH-
HHUCTBIM, TJIMHUCTO-KapOOHATHBIM M CamporeieBbiM pacTBopaMu. OctaTku Oy-
POBOrO PacTBOpa MOTYT HaXOAWUTHCS B NPU(MIBTPOBON 30HE Ha KOHTAKTE C BO-
JOBMEIIAIOIIMMH TIOPOAaMHU U CHUXKATh BOJOIPOIYCKHYIO CIIOCOOHOCTB MOPOJI.
B mpouecce ocBoeHusi NpoOypeHHBIX CKBa)KUH ISl YIaJleHHWsT POMBIBOYHOTO
pacTBopa M pasMbIBa INIMHUCTONH KOPKH MOXKET MPHUMEHSITHCS THAPABIMYCCKAs
OYMCTKAa (UIBTPOB, BKIIOYAIONIAs TMPSAMYI0 TPOMBIBKY 3aQHIBTPOBOTO IIPO-
CTpaHCTBa BOJOH uepe3 OypHibHBIE TPYObl H PabO4yI0 MOBEPXHOCTH (DUIIBTPA,
a Taxke 00paTHYIO MPOMBIBKY IO 3a(pUiIbTPOBOMY HPOCTPAHCTBY Yepe3 BOJIO-
MIPUEMHYI0 TIOBEPXHOCTb M OTKPBITHIA OamMak (hUiIbTpa ¢ OAHOBPEMEHHOU 3p-
mudTHON mpokaukoi [1]. OmgHaKo 5TH METOABI HE BCerjaa o0ecleunBaloT Kade-
CTBEHHOE OCBOCHHE CKBaXXHH T0CIIE OypeHHSI.

JanbHeliee CHUXEHNUE TIPOU3BOANUTENILHOCTH CKBAXKHH B IPOLIECCE IKCILTY-
aTaluy SIBISICTCS CIICACTBUEM MTOCTENICHHOTO 3apacTanus (WIBTPOB U MPHQUITH-
TPOBBIX 30H PAa3IUYHBIMHU MO0 (PUIUUECKUM CBOWCTBAM M XHMMUYECKOMY COCTaBY
KOJIBMaTHPYIOIIMMH OCa/IKaMH, BBINAJAIOIIMMU U3 BOAbL. sl pereHepanuu
CKBaXXWH, 3aKOJIbBMaTUPOBAHHBIX IIJIACTUYHBIMU WJIM PBIXJIBIMU OCaAKaMH, ITOI-
JAIOIUMUCS CTPYWHOMY pa3MbIBY, HMPUMEHSIOT NOUHTEPBAIBHYIO MPOMBIBKY
¢UIBTPOB BOJOH, HATHETAEMOH O] AaBJICHUEM, a Takxke cBaOupoBanue. Takue
THJPaBIMYECKHE METOJIbI PEreHEPAIllui XapaKTepPU3YIOTCS HEJIOCTATOYHON (-
(DEKTHUBHOCTBIO, TaK KaK OCYLIECTBISIOTCS HU3HYTPpH (uiibTpa. OTTECHEHHBINH OT
CTBOJIa KOJIbMATUPYIOIIUI MaTepHaj OCTaeTcs B MOPOBOM NPOCTPAHCTBE Ipa-
BUHHOHM OOCBHINKH, BOZOBMEIIAIONIIUX [IOPOJ U B IPOLIECCE JaNbHEHIIEeH SKCILTy-
aTaIuy MOYKET TTOBTOPHO 3aKyHOPUTE PU(IIETPOBYIO 30HY.

3aciy)KMBaeT MHTEpeca percHepalys CKBKUH IyTeM IPOKAYKH MOTPYIK-
HBIM HaCOCOM HJIH 3pJudTOM ¢ 1e6uToM B 1,6—2 pasza Gonbliie SKCIUTyaTaluoH-
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Horo nebura ¢ nepuoamdHocThio 8—10 mecsaneB [2]. IIpokauku 3¢ ¢dexkTUBHBI
B CKBaXMHAX, JOOBIBAIONIMX TIOJ3€MHBIC BOJbI, BBHI3BIBAIOIINE 3apacTaHUe
(GUIBTPOB CHIIMKATHBIMM W aTIOMOCHIUKATHBIMU coeauHeHusmu (Al,O3 nnn
SiO; - NH,O > 10 mr/n). 3aech mpeoOmanaroNHii 0CaOK — KOareau B3aUMHOTO
OCaXJICHUS KPEMHEKHCIIOTHI, OKHCIIOB aJIOMHUHHS W THUIPOOKHCIIOB IKele3a.
OubTpel U OOCHINIKK 3apacTaroT KeJie- U MTacTO00pa3HBIMUA COECMHEHUSIMH, BIIO-
CIIE/ICTBHM TPHUOOPETAIONIMMHU BBICOKYIO TBEPJOCTh. YBEIMYEHHE WHTEPBAJIOB
MIPOKaUYeK HEIOITyCTUMO B CBSI3U C MEPEXOJIOM OCAIKOB M3 IIACTHYECKOTO B TBEP-
JI0€ COCTOSIHWE. JTOT METOJ] pereHepaluyl ITyTeM IMPOKAYKH CKBAKWUHBI YIIBO-
€HHbIM PacXOJIOM IO OTHOIIEHHIO K IMAaclOpTHOMY UYpeBaT CO3/IaHMEM BBICOKHX
CKOpOCTeH (MIIbTpaIy, TPEBHINAIONINX JIOMTyCKaeMble CKOPOCTH, YTO MOJKET
MIPUBECTH K HAPYIICHUIO MEXaHWYECKOW M (QIIBTPAITMOHHOW yCTOMYHUBOCTH BO-
JOBMEIIAIOIINX OPOJ BOAOHOCHOTO TOPU30HTA. JJOCTOMHCTBO METOAa — BO3MOX-
HOCTB BBIHOCA KOJIbMaTaHTa, TaK KaK IPOMBIBHOM MOTOK HATIPABJIEH K QUILTPY.

Ha xadenpe «Kopabaectpoenue u ruapaBmuka» BHTY npennoxeno ocy-
IIECTBISITh OCBOCHNE HOBBIX M PET€HEPAlNI0 CHU3UBIINX CBOM EOHUT IKCILTya-
TUPYIOIUXCS CKBAXHH C IMOMOIIBID TPYOUaTHIX 3aIIIBTPOBBIX CHCTEM IIPO-
MBIBKH, KOTOpBIE YCTAHABIMBAIOTCS B 3aTPyOHOM MPOCTPAHCTBE CKBAXKUHBI
BMecTe ¢ (QUIBTPOM W DKCIUIyaTannoHHOW KojioHHOU [3]. B [4] paccMoTpena
IUPKYISIHS )KAJKOCTA B MPUQPUIFTPOBOH 30HE BOJI03a00PHON CKBaXXHHBI TIPH
3aKauKe pearcHTa B HarHeTaTelbHbIe TPYOKH M OTKAaYKe MPOIYKTOB PEaKIUU U3
CKBa)XUHBI TIPH PaBEHCTBE PacX0J0B 3aKaUYKHU M OTKAYKH, KOTOPOE HEOOXOIUMO
BBIEP)KUBATh BO M30ekaHWe yTedeK peareHTa B miacT. OZHAKO NMpHUMEHEHHe
JOPOTOCTOSIIIIUX PEAreHTOB ISl pereHepanuu (QHIbTPOB CKBAXHH HE BCerna
onpaBaaHo. Hampumep, Iisi OCBOGHHUS CKBaXKUH, TPOOYPEHHBIX METOJIOM MpS-
MOW MPOMBIBKM C MPUMEHEHHEM OYpOBBIX PACTBOPOB, @ TAKXKE JJIsl IPOMBIBKH
(UIBTPOB CKBaXKUH, 3aKOJIbMATHUPOBAHHBIX TUIACTHYHBIMH, PHIXJIBIMH WM Tac-
TOOOPa3HBIMH OCaZKaMH, TTOIAIONIIMICS CTPYHHOMY pa3MbIBY, Ooiiee mpearo-
YTHTEIBHBIM SIBIIIETCS METOJ THIPOIMHAMUYECKON Oe3peareHTHOH 3auiIbTpo-
BOH MPOMBIBKH, KOTZIa B TPyOUaTyio 3aHIbTPOBYIO CUCTEMY MOJACTCS YHCTAas
Bona. [Ipu rumpoanHamuyeckoii Oe3pearceHTHOM 3auIBTPOBOI TNPOMBIBKE
CKB2XHMH MOXET OBITh HCIOJIB30BAHO Pa3IMYHOE COOTHOIIEHHWE PacxXoJ0B 3a-
KauKHA-OTKAaYKW. 371ech Hanbollee MPEANOYTHTENCH Clydai, Korja pacxoll OT-
Ka4yK{ NPEBBILIIAET PACXOA 3aKAauKH B TPyOUaTyr0 CHCTEMY, YTO HpEAIoJaraet
MIPUBJICYECHNE I IPOMBIBKH JIOTIOJIHUTEIBHOTO Pacxoja BOJbI U3 BOJJOHOCHOTO
miacta. [lpudem pacxon BOABI W3 IIacTa HE JOJDKEH OBITH OOJBINE neduTa
CKBaXUHBI, IIPH KOTOPOM Hapymaercs cypQo3rnoHHasi YCTOWYMBOCTh BOJJOBMeE-
LIAIOUIMX TOPOJ IUIACTa, HAYMHAETCS WX BBHIHOC B IPAaBUIHYIO OOCHINKY M Iec-
KOBaHUE CKBa)XKUHBI.

Lenp paboThl — TeOpETHUECKHE U IKCTIEPUMEHTAIBHBIE NCCIIEIOBAHNS YCTa-
HOBMBIIIETOCS JIBIDKEHHS JKUAKOCTH B NMPHUQPIIBTPOBBIX 30HAX BOJ03a00pHOM
U JAPEHaXHOH CKBaKHH IIPHU UX PEreHEepaluy C MOMOILBI0 TPyOUaThixX 3aduiib-
TPOBBIX CUCTEM MTPOMBIBKH.

MartemaTinuyeckoe MOAEJIHPOBAHNE YCTAHOBHUBIIETOCS JABHKEHHUS K-
KOCTH NpH 3apHIbTPOBOI NMPOMBIBKe CKBAKHH. Bogo3adopHas ckBaxknHa
B HaIlOPHOM mJjacrte. PaccMOTpUM yCTaHOBHUBILYIOCS HANOpHYIO (GUIBTpaLuio
XKHUJIKOCTH B MPU(UIBTPOBON 30HE BOJ03a00PHOM CKBa)XMHBI NIPU TOAa4Ye MpPO-
MBIBHOW BOJBI B HarHeTaTeNbHbIE TPyOKH B IpoIlecce OTKAYKH BOJBI M3 CKBa-
*wuHbI (puc. 1).
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BonozabopHas 1-1 2-2

CKBaXMHA T y
HarserarenbHast Qﬂ/nl Tch \LQ"/" Bgﬁg;;?f}?:aﬂ A )
TpyOKa (1, mT.) T——‘T Vp. 3emumn
| CT
= B
= A(xQz) .
ZJ_ = ! Hmin - ‘ :: “>_L2 1-’_ X —E
- EASEBaIE
d % ! p
LR [ R |
Rn Rn
HarnerarenbHas
TpyOKa (1, mit.)

Puc. 1. PacuetHas cxema 3a(hUIBTPOBOM MTPOMBIBKH BOJI03a00PHOM CKBAKUHBI
B HAaIlOPHOM ILIacTe

BBenem 0003HaueHUs: n — KOJMYECTBO HArHETaTENbHBIX TPYyOOK; R — mx
PacCcTOsTHUS OT BOJ03a00pHOM CKBa)KUHBI; M — MOITHOCTh BOJOHOCHOTO TIACTA;
k 1 Ky — K09 unmeHTs! QUIbTPaMy IIacTa U NPHQHIETPOBOH 30HBI.

[lycth pacxox, OTKayMBaeMbIil U3 CTBOJIA CKBAXKHMHBI, TPEBBIMIAET CyMMap-
HBIA Pacxoj] BOABI, MOJIABA€MBI B HarHeTaTellbHbIE TPYyOKH. DTO 3HAYHT, YTO
HEKOTOpasi 4yacTh pacxojia OyaeT 3a0UpaThCsl U3 BOJOHOCHOTO ILIACTa

Q. =Q, +Qu» @)

rae Q. — pacxoX BOIbI, OTKAUMBAEMBIA M3 BOI03a00PHOHN CKBaXUHBI, Q, — CyM-
MapHBII pacxo]] BOJBI, MOJaBaeMblii B HarHeTaTelbHble TPYOKU; Q,; — pacxon
BOJIBI, JOTIOTHATEIFHO OTOMPAEMBIH U3 TIIacTa.

Hcnonp3yeM W3BECTHBIA METOJ HAOKEHUS (PUIBTPAIlMOHHBIX TEYCHHH H
MOJIyYUM YpaBHEHHUE IS pacueTa W3MEHEHUS YPOBHS S B JII00OW TOYKE IMPH-
q)HHBTpOBOﬁ 30HBI CKBaXMHBI IIOCJIE YCTAHOBJICHHA KBa3WyCTAaHOBHUBILIECTOCH
IBIOKEHUs. B o0ImeM cirydae MOHM)XKEHWE YPOBHS BOJBI B JIFOOOH TOUYKE IpH-
(UIBTPOBOI 30HBI CKBXKUHBI OTHOCHTEIBHO CTATHYECKOTO YPOBHS OYJET Ompe-
JETSATHCS TI0 CIENYIOIEMY YPaBHEHHIO!

S=S,-S,+S,,, @)

rae S, — MOHW)KEHUE YPOBHS TPU OTKAdKe M3 BOJ03a0OPHOW CKBaKHUHBI pac-
xozxa Q, mogaBaeMoro B HarHeTaTeIbHbIE TPYOKHU; S, — MOBBILICHUE YPOBHS MPH
3aKayKe B HarHeTaTesIbHbIe TPYOKH pacxona Q,; S,, — HOHIKEHHE YPOBHS MPH
OTKa4Ke W3 BOJ03a00PHOW CKBAXKHUHBI PacxXo0j]id, JOMOJHHUTEILHO OTOMPAeMOro
n3 mwiacta Q.

[lycte mpuduinbpTpoBas 30Ha CHH3HMJIA CBOIO MPOHHUIAEMOCTh B pe3yJIbTaTe
kosbMataxa. KojbMmaraxk HamOoJiee WHTEHCHBHO MPOSBISETCS B HEMOCPE-
CTBEHHOMW OJM30CTH OT BO03abOpHOM CKBakuHBI B obnactu (R — ), e re —
panuyc QunbTpa; R — pagumyc OypeHUs CKBaXHMHBI (paJdyc BHEIIHETO KOHTY-
pa rpaBUHHONW OOCHINTKHA, HA KOTOPOM YCTaHOBJIEHBI HarHeTaTeIbHBIE TPYOKH).
Takum 00pa3oM, CKBaXHHA HMMEET «KOJIbMATALMOHHOE KOJIBbIIO» TOJLIMHON
(R — r¢) co cHIKEHHOM MPOHULAEMOCTBIO M KO3 duIenToM GunbTpanun Kg.
JlommycTuM, 9To 3a IpenenaMu 3To 00acTi KodQPuueHT GuiabTpanu He U3-
MeHsieTcsi U paBeH koddduimenty ¢uiabrpamuu tacta K. [lonmwkenue Sy,
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B CKB@XHMHE MPHU HAMYUU BOJM3M HEe 30HBI C KOJBLEBOW HEOTHOPOIHOCTHIO
OIpeIeNIAeTCS 10 3aBUCUMOCTH [5]

—Q—[InR—+g} (3)

SHJ]
2mkm r

rae R, — paauyc BiIMsSHUS BOJ03a00pHON CKBaXKUHBI, I — PACCTOSIHUE OT OCH BO-
7103a00pHON CKBa)KMHBI IO TOYKH, B KOTOPOH OIpEaensercss MOHWKEHNE; G —
IoKazareslb 0000OIEHHOTO CONMPOTUBIIEHUS, OOYCIOBJICHHOTO KOJIBEMATaXKOM B
soHe (R — rc), ompenensemMslii 1o 3aBUCUMOCTH [5]

c= kﬁ—l nR. (4)

® e

[MoHmkeHue S HAXOJUM C YYETOM BBIPAKEHUH, MOMYYCHHBIX MPH TEOPETHU-
YCCKOM HCCJICAOBAaHNU HUPKYIAINHUOHHOI'O IABUXXCHHUA B HpI/I(I)I/IJII)TpOBOI\/'I 30HC
CKBaXUHBI, OCHAIICHHON TpyOuaTOH CUCTEeMOHN 3apHIbTPOBOW pereHepaiuu,
IIPH PaBEHCTBE pPACXOJ0OB 3aKadykl M OTKadykd [4]. BBemem o0003HaUCHUS:

k
=" ne= ?‘b Torma ¢ yuetom (3) u (4) monyunm

Q,
6 Q R__Q &, R.Q,

n———zln §<m In—”+ — 1
2nk,m r  2nk,nmiE  p;  2mkm

Q |1, RZ 1 & R, (1 R
=—" — - In—+2 In—=+ ——1 —
4mmk Z , b r € r

eren, :

R
;

C

Q, R 1 R
=—<1 | _Inr?+=YInp?+2eB| In—2+| =1 |In—
4mmk Zl‘ P EB[ r (s r, H

4nmk nZlnp' +2£B[In 2 (i—ljlnrﬂ}, (5)

c

TJIe pi — PacCTOsSIHKE OT i-if HarHeTaTeIbHON TPYOKH 10 TOUKH, B KOTOPOIi ompe-
JIeISIeTCs TIOHMKEHHE.
B nexapToBBIX KOOpAMHATaX BRIpAXKEHHUE UMEET BUJL

S(X'y):m?—ﬁk{lzl (x- RCOSO‘) +(y Rsm(x)

n4< X2 +y?
+2¢f3 InR— (l—ljlnB , (6)
x2+y? \& e
rac (Xi 211:(' ) r= ale + y2 — PpacCTosIHUC OT BOH03360pHOﬁ CKBaXu-
n

Hbl pagmyca [ 10 TOYKH, B KOTOpOfI OIIPCACIACTCA IMOHMKCHUE, Pj =
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= \/ (x—Rcosoy)? +(y—Rsino,)® — paccrosHme OT i-if UMPKYIAIMOHHOM
TpyOKH 10 TOUKH, B KOTOPO OMPEICNIACTCS MOHMKEHHUE.

OOmuit BUI THAPOAMHAMUYECKONW CETKH, MOCTpOeHHOW 1o dopmyrne (6),
TIPEACTABIICH Ha PHC. 2.

HarnerarenbHas
TpyOKa (4 mT.)

JluHuu paBHBIX
HaIropoB

Puc. 2. Tunponnnammudeckas cetka punsrpauu: N =4; R =0,5m; m = 10 m;
Q. = Qu, = 0,006 M%/c; ky =k=0,0001 m/c; R, =200 m; r;=0,1M; B=1,0;e=1,0

JlpeHaskHasi CKBa:KMHA B 0e3HaNOPHOM IL1acTe. PacueTHas cxema ycTaHo-
BUBIIEHCS OE3HANOPHON (GUIBTpalMU MpPH 3aKayKe-OTKauKe BOJABI B CHCTEME
«HaATHETaTeJIbHBbIE TPYOKH — IpeHakHas CKBaYKMHA) MPEJICTaBIeHa Ha puc. 3.

Jpenaxnas  1-1 22
CKBAXKHHA /Y y
Qi Qe Qum JpenaxHas '

r CKBaXXHHA
TpyOKa (1 1T.) L Vp. 3emin
N

Harnerarenpnas

ey

W T

©

SRE:

AR
5
ERK

Rn Rn

HaruerarenbHast
TpyOKa (7, mr.)

Puc. 3. PacueTHast cxema 3a()MITPOBOM IPOMBIBKH APEHAXKHOW CKBa)KHEI
B OE3HAMOPHOM IIJIaCTe

g sToro cimyuas Takxke cripaBeanuBsl BeipakeHus (1), (2). YpaBHenue qis
OIIpeJeNICHNs] ITIOHMKEHUSI YPOBHS TPYHTOBBIX BOJ Sy, B JII00OH TOUKE IUIACTA,

BBI3BaHHOTO Pa0OTOH JAPEHAKHOM CKBAXKUHBI MPH 3a00pe BOJABI U3 TUIACTA B KO-
nudecTtBe Qy,, UMEET BUL
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Sm=he—h:{he—\/h§—Q—“ﬂ[ln&+g)], ()
Tk r

rae he — craTuyeckas riryOMHA TPYHTOBBIX BOJ; N — MOIIHOCTH MOTOKA TPYHTO-
BBIX BOJ| B TOUKE IJIaCTa C KOOPAMHATOM .
Torna moHmKeHNE B TOYKE IIACTa COTIIacHO (2) ¢ yaeToM (4) paBHO

n 2 2
S= |h’+ Q, Zlnp—‘z— h? + Q, Inr—2+
2nk,niF R 2nk, R

" he_th_%{m&Jr(l—ljlnE} : (8)
ik r € I,

rae I — pacCcTOSHHE OT TOYKH, B KOTOPOM OIpENeNsieTCsl MOHIKEHUE, 10 OCH
JIPEHAXKHON CKBaYKHHBI.
B nexapToBBIX KOOpIWHATAX BRIpaKEHUE (8) UMeeT BUJ

2

A n _ )2 _ H )2 _ 2
S(x.y) = \/h§+gZIn(x Rcosoy)” +(y —Rsinoy) _\/heeranx Y,
nia

R? R?

+h, — hj—ZSBQ[InL+(1—1JInB] : 9)
JE+y? (8 e

OOmuii BUI THIPOAWHAMUYECKOW CETKH, MOCTpoeHHoW 1o dopmyne (9),
npecTaBieH Ha puc. 4.

HarnerarenbHas
TpyOKa (4 mT.)

Jlunun paBHBIX
HaropoB

Puc. 4. TunpoanHammudeckas cetka GUIBTPAIMN JUIS JPEHAXKHOH CKBaYKHHBIL:
n=4;R=0,5wm; he =10 m; Q, = Q,, = 0,006 m*/c; ky = k=10,0001 m/c; R, =200 m;
r.=0,1m;p=10e=1,0
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ITo ruppoarHaMHYEeCKUM ceTkaM (puc. 2, 4) MOKHO HAWTH MECTHYHO CKO-
pocth dunbTpanuu B 000 TOuke NMpUGUIBTPOBOH 30HBL. BOmm3um ¢umbTpa
CKB@)XUHBI JINHUM DPaBHBIX HAINOPOB MPEICTABIIIOT COOOH KOHIEHTPUYECKHE
OKPY>KHOCTH, PacCTOSIHUE MEXKIY KOTOPBIMU YOBIBAET 10 Mepe MPUOIIKEHHS K
Hapy>KHOH MOBEPXHOCTH (QWIIBTPA, YTO yKa3bIBAET Ha CYIIECTBEHHBIH POCT Trpa-
JTUEeHTOB Haropa. OJJHOBPEMEHHO BO3pacTaeT CPeAHAs CKOPOCTh B 3TUX IWJIUH-
JPUYECKUX CEYCHUSX, COBMAMAIONINX C JIMHUAMH PaBHBIX HanopoB. Ee Haxomst
KaK CyMMapHBI pacxoh, AEJICHHBIH Ha IJIOIIAAb COOTBETCTBYIOLIEIO CEUCHHMS.
[lo ceTke MOXHO ONpPENENUTh TEOPETHUECKOE 3HAUYECHNE T'PAANEHTOB (UIBTpa-
LUK U CPAaBHUTD UX C JOMYCKAEMbIMU CPEAHUMH TpaJieHTaM: (QUIbTPAOHHO-
'O TIOTOKA | 4oy, IPU MPEBBINICHUH KOTOPBIX HaYMHAETCs cyddo3us rpyHra [6].

dusnyeckoe MOJAeTUPOBAHNE YCTAHOBMBIIETOCH ABHKEHMA KUAKOCTH
npu 3apuiabTPOBOIl MPOMBIBKe CKBa:XNH. Bogo3za0opHasi ckBakMHa B Ha-
NnopHOM MJiacTe. Ouznyeckoe MOJENMPOBAHNE OCYIIECTBISUIN Ha JIabopaTop-
HOW yCTaHOBKE, NPEACTaBIEHHOI Ha puc. 5.

const

HarnerarensHas
TpyOKa % y
P
/ X >
/ X3

r
Bonozabopnas ¢
CKBa)KHHA

Puc. 5. Cxema 3KCTIEpUMEHTAILHON YCTaHOBKH: a — pa3pe3; 0 — cxema pa3MeIeHHs Tbe30METPOB

(R=0,3m; x; =0,07 m; X, = 0,125 M; X3 = 0,19 M; X, = 0,22 M; X5 = 0,27 M; X5 = 0,3 m):

1 — GunpTpanMOHHBIH JOTOK; 2 — KOJBLEBOH Obed; 3 — BOXOIIPHEMHHKH MTbE30METPOB;

4 — T THE30METPOB; 5 — IUTAHTH; 6 — CIIMBHOU MaTpyOOK; 7 — MOJIENIb BOA03a00pHOMH
CKBa)XHHBI; 8 — HaArHETaTENbHBIE TPYOKH; 9 — ymioTHeHue; 10 — BOIOBMEIIAIONINI TPYHT;
11 — Hacoc; 12 — HanopHslii 6ak; 13 — HanopHeIi 1TaHT; 14 — pacxogomep; 15 — BeHTWIIB;

16 — cnuBHBIE UIAHTK; 17 — OTBOASIIINI IUTAHT; 18 — MONMITHIIEHOBAS TUIEHKA;
19 — ruHsHBI 3aMOK

YcraHoBKa COCTOSIA U3 paiualbHOrO (PUIBTPALIMOHHOIO JIOTKA AUAMETPOM
1,22 M u BBIcOTOM 0,5 M C KOJIBIIEBEIM Ohe(hoM, BHYTPH KOTOPOTO yCTaHABIINBA-
JIM MOJIeNTb (DUITBTPA COBEPIICHHOM 110 CTENICHN BCKPBITHUS TIACTa BOJI03a00PHOIMA
CKBOXUHBI. OUIBTP CKBAKUHBI MPEJCTABIT cOOOW TPyOUaTHIi MONUITUICHO-
BBIIl KapKac BHYTpeHHHM auameTpoM 125 mm. JlnameTrp oTBepcTuii B Kapkace
coctaBisil 12 MM. OTBepcTHS paciosiarajich B IIaxMaTHOM nopsake. CHapyxu
KapKac 0OMaTbIBAIN MOJIMATHICHXO0JICTOM TOJMIIMHOK & = 7,5 MM. B ombiTax uc-
nonb3oBaik kBapieBbii mecok (TY PB 100016844.241-2001). Ha mpubope
Hapcu onpepenuian ko3huunueHT QUIbTpaLUU IECKa, KOTOPBIH COCTaBUII
k = 0,7 cM/c, 1 KPUTHUYECKYIO CKOPOCTh (QHIbTpanun Vy, = 0,23 cm/C, mpu koTo-
poil mpoucxoAUT HapyuieHue 3akona Japcu [7].
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B mpuduneTpoBoii 30He BO/03200pHON CKBaXKWHBI YCTAaHOBJIEHBI UYETHIPE
HarHeraTelbHbIe TpyOKHU. bak 3aceiman Ha BeicoTy 0,35 M QunbTpyromum mnec-
ya"bIM rpyHTOM 10. B nHumie 6aka BCTpOEHB! BOJONPHUEMHHMKH MBE30METPOB,
KOTOpBIE COENUHSIOTCS C THE30METPUYECKUM IIIMUTOM THOKHMH IITAHTaMH.
IIbe30MeTpBl PacHOIOKEHBI BJOJb IJIABHOM JIMHUM TOKA, COCAUHSIOIIEH OCh
MOJICIIA BOJI03a00pHOM CKBaKMHBI M HarHETaTeNbHON TpyOku. Cxema pazmere-
HUSl TIhE30METPOB MpeJCcTaBlieHa Ha puc. 50. B Oake mpemycMOTpeH CIUBHOM
natpyook. Bo u3bexkanue 3amieMieHHUs BO3JyXa, TPYHT 3aKJIaJbIBAIA B BOIY
C TIOCTIOWHBIM TpambOoBanueM. st oOecriedeHns yCIOBHM HAMOPHOU (priIbTpa-
nuu B TpyHTe 10 IMpH NUPKYISAIUN HAa €ro MOBEPXHOCTH ObLIA YIIOKEHA TMOJH-
STUJICHOBAS IJICHKA C TJIMHSHBIM 3aMKOM. TakuM 00pa3oM, MOJIEIb HAITOPHOTO
mwiacra obu1a MowmHocTeio M = 0,35 M. Moaens CKBaXKMHBI U HAarHETATEIbHbIE
TpyOKM UMENM HIDKHUE W BEPXHHE YIUIOTHEHHS 9 B MecTax MX HPUMBIKAHHS
K IHUIY 0aka M HAa KOHTAaKTe C MOJUITUICHOBOMW IICHKOW. B Monens Bojo3a-
OOpHOHM CKBa)XMHBI TIOMEMIAIM HACcOC, KOTOPHI OTKauWBaj W3 HeEe BOAY B
HanopHbIH O0ak. Ha HamopHOM muTaHre Hacoca yCTaHOBHIIM PacXoiOMep U BEH-
TWJIb JIJISL PETYJIUPOBKH pacxona. M3 6aka B HarHeTaTe/IbHbIC TPYOKH ObLIU TO/I-
BEIICHBI CIUBHbIE HUIaHTU. YacTh BOJBI, HATHETAEMOH HAacOCOM B HAIOPHBII
0aK, OTBOJMIIACH 10 OTBOASIIEMY IUIAHTY B KOJBIICBOW Obed B 30HY MHUTaHUS
MOJIEJIM TIAacTa, APYyras 4acTh [10/1aBajiaCh B HArHETATCNIbHbBIC TPYOKH. Y POBECHb
BOJIBI B HAIIOPHOM 0OaKe MOJIEepKUBAIN B TEUSHHE OIBITAa TIOCTOSHHBIM. Pacxo-
JIbI BOZIBI B HAITOPHOM M OTBOJIAIIEM MUTAHTaX (PUKCHPOBAIHN HPU IMTOMOIIH CUET-
guka Boasl CXB 15 (TOCT P 50601-93).

VYcranoBka pabortana cieayromuM odpazoM. Boma Hacocom 3abupaiiachk u3
CKBaXXUHBI ¢ pacxooM Q., KOTOpEI (PUKCUPOBAJICS BOAOMEPOM, U TIOJaBAlIACh
B HanopHbIil 6ak. Pacxon Qu,, MoJgaBaeMblil 110 OTBOASIIEMY IIJIAHTY B KOJIbIIC-
Boll Obed, Takke (hukcupoBaics BomoMepoM. Tak Kak ypoBEeHb B HAIOPHOM
0ake MO IePKUBAJICS TOCTOSTHHBIM, pacxo] Qy, M0jaBacMblil B HarHETaTeIbHbIC
TPyOKH, ONpeneNsuin Kak pasHocTh Q, = Q. — Q.. JlaBinenue B miacre mpu
(UIBTpaK PETUCTPUPOBAIH C TIOMOIIBIO THE30METPOB.

C uenpio0 MpPOBEPKH MPABOMEPHOCTU MPUMEHEHHS MOJYUYCHHBIX 3aBHUCHUMO-
creit (5) m (8) Mg ommcaHUWs TONIT HAMOPOB TPH 3aIIBTPOBOI MPOMBIBKE
COBEpPIICHHOW BOJI03a00pHON CKBa)XKWHBI 10 CTETIEHW BCKPBITHS BOJOHOCHOTO
TOPU30HTA B HAIIOPHOM IIACTE OBLI MPOBEJEH PsiJl 1a00paTOPHBIX IKCIIEPUMEH-
ToB. CoroCTaBIIEHUE PE3yIFTATOB OIMBITOB M PACYETOB IO OMPECIICHUIO HArlopa
BJIOJTb TJIaBHOM JIMHUU ToKa (x TIpecTaBIIeHO Ha puc. 6.

0,03
S, M1

] \
[
001} 005 010 015 020 025,7030 x,m 040

0,03 =

0,051

-0,071 Z -1

Puc. 6. ConocTaBneHne KCIIEPUMEHTAIBHBIX HCCIICIOBAHUI U PACUETOB MPH ONPEIACICHUN
Hamopa B mpoduie 0x Mexxay Bogo3ab0pHOI CKBaXMHOW M HarHeTaTeNIbHOM TpyOKoii B mporecce
3aIBTPOBOI MPOMBIBKY (HamopHoe aBmwxkenue): Q, = 0,235 n/c; Q,, = 0,156 n/c; Q. = 0,391 xn/c;
m=0,35m; R=0,3M; R, = 0,6 m; p = 0,664; k = ks, = 0,007 m/c; 1 — Teopus; 2 — 5KCIEPUMEHT
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AHanu3 TEOPETHUYECKUX M OMNBITHBIX JAHHBIX TOKa3all, YTO OTHOCUTEIBHOE
OTKJIOHEHHE HAIllOpOB BJI0JIb IVIABHOM JIMHUM TOKa He MpeBblmaeT 8§ %. JTo cBU-
JETEeTCTBYET O BO3MOXKHOCTH HCIIOJIB30BaHMS PAacUETHHIX 3aBHCHUMOCTEH (5)
u (6) A7 MOCTPOEHUS T0JI HAllOPOB M ONPENAENEHUs] CKOPOCTEH U rpaJleHTOB
¢unbTpaMy B NpUGHIBTPOBOI 30HE BOJ03a00PHBIX CKBaKUH MPHU UX MPOMBIB-
K€ C IIeJIbI0 Ha3HAYEHUSI HEOOXOAUMBIX PEXUMOB PEeTeHEePaIiH.

JlpeHakHasi CKBa:kMHA B Oe3HANMOPHOM Iiacte. dusnueckoe MOAEINPO-
BaHHE OCYIIECTBIISUIN Ha J1a00OpaTOpHOH yCTaHOBKE, NPEACTaBICHHON Ha pHC. 5,
/i€ TOJIMATHIICHOBYIO TUICHKY U TJIMHSHBIA 3aMOK yAaJIsUId, @ 3TO IPOCTPAHCTBO
3aIOJIHATIN TEM K€ TPYHTOM, UYTO M TPYHT BOJOHOCHOTO FOPH30HTA. DTO MO3BO-
TS0 IepeoOopyAOBaTh HAIOPHBIN BOJOHOCHBIN FOPU30HT B Oe3HANOpHBIA. Me-
TOJUKY JIaOOpaTOPHBIX UCCIENOBaHUI HcHosb30Banu Ty >xe. ComocraBieHue
pE3yJIbTaTOB ONBITOB U PAacYETOB IO ONPEAEICHHUIO HAIllopa BAOJb IVIABHOM JH-
Huu Toka Ox ApeHakKHOM CKBa)KHHBI MTPEJICTaBJIEHO Ha pUC. /.

AHanHu3 TEOPETHYECKUX U OMNBITHBIX JAHHBIX TOKAa3all, YTO OTHOCUTEIBHOE
OTKJIOHEHHE HAIllOpOB BJIOJIb IVIABHOM JIMHUM TOKa HE MpeBblmaeT 8 %. JTo cBU-
JETEIBCTBYET O BO3MOXKHOCTH HCIOJB30BaHMS PACUETHBIX 3aBHUCHUMOCTEH (5)
u (6) A7 MOCTPOEHNS MOJIS HAIlOPOB U ONPENAEIECHUs] CKOPOCTEH U I'PaleHTOB
¢unpTpaMy B NpUGUIBTPOBON 30HE IPEHAXKHBIX CKBAXHH B OE3HAIIOPHOM
IUIaCTe MPU MX MPOMBIBKE C IIEJbI0 HAa3HAUEHHUS HEOOXOJMMBIX PEKHMOB pere-
HEpaLuu.

0,027
q P
M =

002 01 %_M/o,s oM 04
0,04 /2///
0,06 4

0,08 1

0,10

Puc. 7. ConocTaBieHne KCIEPUMEHTATBHBIX HCCIICIOBAHUI U PACUETOB MPH ONPEIACTICHUN
Haropa B npoduine Ox MexIy JpeHaKHOH CKBa)KMHOI M HarHeTaTenbHOU TpyOKO# B mporecce
3abHILTPOBOI poMbIBKH (Oe3HamnopHoe aBmkenue): Q, = 0,235 n/c; Q,, = 0,179 n/c;
Q.=0,414 n/c; hy=0,46 v; R=0,3 m; R, = 0,6 m; B = 0,762; k= 0,007 m/c;

1 — Teopusi; 2 — SKCIEPUMEHT

AHanmm3 pacnpezieieHus] HalopoB M CKOPOCTEil B MPUQHILTPOBOH 30HE BO-
N103a00pHON W IPEHAKHOW CKBA)XKWH ITOKA3BIBAET, YTO NMPUMEHEHHE TPyOdaTon
cucTeMbl 3aHIbTPOBOM MPOMBIBKH HO3BOJISIET CYIIECTBEHHO YBEIMYHMTH MECT-
HBIE CKOPOCTH (WIBTPAIIMM M COOTBETCTBEHHO TPaJMEHTHI (PHUIBTPAIIMU HEMO-
CPEICTBEHHO B MPHU(HUIBTPOBON 30HE CKBAXKUH, TI€ HAXOTUTCS TpaBHHASA 00-
CBIIIKA, 3arps3HsIeMas C TEUCHHEM BPEMEHH OCAJIKaMU U HY>KAAIOIIAsCS B IEPH-
OJIMYECKON TPOMBIBKE. ITO CBOJUT K MUHUMYMY BO3MOXHOCTB CY(H(}HO3HOHHOTO
BBIHOCA TPYyHTa W3 BOJOBMEMIAIONIMX IOPOJ IUTacTa, TN TPagueHTH (PHUIIbT-
paunu OyAyT MeHbIEe AOMYCTHMBIX. [Ipu KonmbMaTauuu rpaBUHHON OOCHIIKH
MEJIKAM TECKOM, OCTaBIIMMCSI B OTKPBITOM CTBOJIE CKBa)KMHBI IOcie OypeHHs
Y TIOMaBIIMM B TPAaBHIHYIO OOCHITIKY TPH €€ TPaBUTAI[MOHHOW 3arpy3ke B 3a-
(UIBTPOBOE MPOCTPAHCTBO, €€ MOYKHO pPaccMaTpuBaTh KaK KPYIHBIH IECOK.
[Ipu xonmpMaTanMu OOCHIIKM TVIMHUCTBIMH YacTUIAMH M MACTOOOPa3HBIMHU Ke-
JIE3UCTBIMU COEMHEHUSIMHU €€ MOKHO PaccMaTpHBaTh Kak cymnech. B cnpaBou-
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HOW JIMTepaType NpHUBEICHB 3HAYECHUS MAOIYCKAaEMBbIX CPEIHHX IPalUCHTOB
(UIBTPAlIMOHHOTO TIOTOKA Ui Cymecw B auamnasoHe |y, = 0,55-0,85, a mns
kpymHoro necka — 0,9-1,1 [6, c. 151]. Takum oOpa3oM, Npu HA3HAYECHUH PEKH-
MOB MPOMBIBKHA HEOOXOAUMO OpaTh Takoe COOTHOIIeHHe pacxomoB Q, Q. Q.,
IpH KOTOPOM pacyeTHbIE 3HAYEHHs I'PaJHEHTOB (QUIBTPALIMOHHOTO MOTOKA lhacq
B 3arpsS3HEHHON TpaBUIHON OOCHIIKE PEAaHUMHUPYEMOW CKBaXHHBI IPEBbI-
CST JONMYCTHUMBIE IPaAUEHThl PUABTPALUH |y, T. €. OyAeT BBIMOIHATHCS YCIIO-
BUE lpacy > lyon. B 5TOM cilydae B 3arpsA3HEHHON OCaJKaMM MJIM MEJIKHUM IECKOM
TpaBUITHONW OOCHITIKE HAYHETCsS KOHTpoimpyemas cyddo3us, odecrieanBaromnias
BBIHOC 3arpsI3HEHUH 3a Mpeesbl CKBaXKUHBI.

BbIB O bl

1. B pesynbpTate TEOpEeTHUECKHUX HCCIICTOBAaHNI Ha OCHOBE METOJa HAJIOXKe-
HUs (QUIBTPAIIMOHHBIX TCUCHUH OTYYCHBI 3aBUCUMOCTH JJIsl OIIMCAHUS YCTaHO-
BUBIIIETOCS JIBM)KCHUS B MPUQPUIBTPOBBIX 30HAX BOA03a0OPHOW M JPEHAKHBIX
CKBOKHMH TIPH UX O€3pearcHTHON IPOMBIBKE C IOMOIIBIO TPYyOUYaTHIX 3a(HiIb-
TPOBBIX CHUCTEM pereHeparuu. [IpemioxxeHHbIe 3aBUCHMOCTH TIO3BOJIAIOT OIpe-
JIETATH HAIOP W CKOPOCTH JKUIKOCTH B JIFOOON TOYKE MPOMBIBAEMOU MPUDUITE-
TPOBOM 30HBI C MOCTOSHHOW U M3MEHEHHOW NPOHUIAEMOCTBIO, YTO JAET BO3-
MOXKHOCTb OMNPEEIUTh I'PATUCHThl (QUIBTPAllMd U O0OCHOBATH HEOOXOAUMOE
cooTtHoImeHne pacxoaoB Qy, Qu., Q., oOecreunBaromiee yaaaeHue 3arpss3HeHUH.

2. IlpoBeneHHBIE SKCIIEPUMEHTATBHBIC MCCICAOBAHMS M3MEHEHHUS HAIOpOB
BIOJb TJIABHOHM JIMHUM TOKa, COCAUHSIONIEH OCH CKBa)KMHEBI M OJHOM M3 Harue-
TaTEJIBHBIX TPYOOK NPHU YCTAHOBUBIIEMCS JBHXXEHUM B NPUQUIBTPOBON 30HE
MojieJiell Bo/103a00PHOI U pEeHAKHON CKBa)KWH, MOKA3aJIH, YTO OTHOCHUTEIIEHOE
OTKJIOHEHUE PE3YJIbTaTOB TEOPETUUECKUX U IKCIEPUMEHTAIBHBIX UCCIEI0BaHUN
TUTS PAQUITETPOBON 30HBI ¢ TOCTOSTHHON TIPOHUIIAEMOCTRIO He TIpeBhImacT 8 %.
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