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TEXHOJIOT'HYECKHUE OCHOBbBI
Tr'A3OMMITYJIbCHOU PETEHEPALIMH BOJO3ABOPHbBIX CKBAKNH

0-p mexHu. nayx, ooy. B.B. UBAIIIEYKUH
(Benopycckuii nayuonanvuolii mexnuueckui ynugepcument, Munck)

IIpeocmaenenvl 0CHOBHbIE NOLOJCEHUS PACHemd He0OX00UMO20 0aslieHUst, CO3048AeMO20 8 NOAOCMU 30-
KOJIbMAMUPOBAHHO20 KAPKACHO-CMEPICHEB020 (Puibmpa, ucxoos u3 obecneuenus e2o pezenepayuu. Konbmama-
Yusi CXeMamusuposana 6 euoe Kovyegou 30Hul. Ilonyuenvl gvipasicenus 0s onpeoeieHus: 6eautu NpeoeibHbIX
oagnenuti onst 3-x cmaouii pabomvi urebmpa. Ipusedena memoouka pacuema KOIUYeCmaea Hepeuu, Heooxoou-
MO20 01 paspyueHus 3a2psA3sHeHuti, KOmopble HaKanIuBaiomcs 6 Nopax epasutiHol 00CLINKYU U'8 Quibmpe 6000-
3abopHoll ckeaxcunvl. CocmagneHo ypaguerue baianca sHepeuu, uoyujell Ha degpopmayuio nPo8oIOUHOU HABUE-
Ku u paspyuienue 3azpsznenuil. Ilpuseden npumep pacuema neobxo0umvix suepeozampam. Paccmompen uuc-
JIEHHDBL NpuMep paciema no onpeoeienuio paboue2o uHmepsana 0aeieHull u HeodXo00UMbIX IHepeo3ampam Ois
06pabomKU KAPKACHO-CMEPIHCHEB020 PUNLMPA € 3A0AHHOU NPOUYHOCNBIO 3AKOIbMAMUPOBAHHOU 2PABULIHOU 00-
cohinku. Yemanoeneno, umo @eiutuna Heooxo0uMo2o 0AeneHuss Onpeoeisiemcs 8 3HaYUmMeNbHOU CmeneHu npoy-
HOCMHbIMU NAPAMEMPAMU B00ONPUEMHOT NOBEPXHOCHIU HA PACMIIICEHUE.

Beenenne. B mpoiiecce dKCIUTyaTanuu MpOU3BOAUTEIBHOCT BOA03a00OPHBIX CKBAXKUH CHHXKACTCSA. ITO
00YCIJIOBJICHO HAKOILICHUEM KOJBbMATHPYIOIIMX OTJIOXKEHHH B OTBEPCTHIX (DUIIBTPOB M IOpax rpaBHHHON 00-
coinku [1]. Co BpeMeHeM OTIONKEHHSI MUHEPATU3YIOTCS U YIPOUHSIOTCS . [IpuMeHeHre H3BECTHBIX UMITYJIbCHBIX
METOJIOB [THEBMOB3PBIBA, JJIEKTPOpa3psia U ra30BOro B3phIBa MO3BOJISET Pa3pylIUTh KOJbMATHPYIOIIUE OTIIO-
JKCHHS 33 CYCT Mepefayd YHEPruH 3aKOJIbMAaTUPOBAHHOMY (DHMIBTPY M TPABHITHOW 0OCHINKE B (popMe ymapHO
BOJIHBI M BOJTH C)KaTHsI, BOSHUKAIONIUX TIPH MYJILCAIMAX Ta30BOM MONOCTH (KaBEpPHBI) B (QHIBTPE CKBAKHUHBI.

B nmutepatype OCHOBHOEC BHUMAHHE YJCIISACTCS pacyeTaM TpeOyeMoW BEIMYHMHBI JaBJICHUS P Ha (QPOHTE
pacnpoCTpaHsIOLUICHCs] BOJIHBI, KOTOPOE JO0JKHO ObITh JOCTATOYHBIM /IS pa3pylieHus OTioxeHuid. OCHOBHOM
HCXOIHOM BEITMYNHON 3THX PACUETOB SIBISCTCS MPOYHOCTD [Opy] CIIEMEHTHPOBAHHOTO KOJBMATHPYIOIIHMH OT-
JIOXKCHUSAMU TPaBUs B MPUQPUILTPOBON 30HE CKBAXKHHBI, KOTOpPas HA OCHOBAHWUU UCCIICIOBAHUN MOXKET JTOCTH-
rate 2 MIla [1], B pacuerax 0oObIYHO IpHHUMAETCS paBHoi 1...1,5MIla [2; 3]. HeoOxonumoe nasieHue P Ha
(poHTE BOJIHBI JOJIKHO MPEBBINIATH [G.,] Ha KOJIBIIEBOM yYaCTKE CLIEMEHTHPOBAHHOW TPaBUUHON OOCHIIKH
TOJILMHON &, MPUMBIKAIOIIEH K PHILTPY. DTOT YIacCTOK, T1€ P > [0, HA3BIBAIOT 30HON () (HEKTUBHOIO BO3IEH-
CTBHsL. 3Hast 00BEM TOBEPracMbIX Pa3PYNICHUIO KOJIbMATHPYIONUX OTIOKCHHUN B 9TOW 30HE, HAXOMAT YHEPTUIO
€JIMHUYHOTO UMITYJIbCa H HEOOXOANMOE KOJIMUECTBO UMITYJILCOB JUIs pereHepannu 1 M moronHoro ¢uibstpa.

Hanpumep, npu 1oaBOAHOM B3pbIBE TOpIieabl AeTonupytoiero muypa (TI) ms onpeaenenus gasie-
HUS Pp, HAa BHYTPCHHEH CcTeHKE (uibTpa B pabore [2] mpemmaraercs gopMyna st chepHuIecKoro 3apsja:

113 o
P, = 533( GY3 | &6) , Tae G — Macca B3pBIBYATHIX BEIIECTB B KT; R, , — BHyTpeHHHII paanyc GpuiabTpa.
JlaBrieHre P B BOJOHACBIIICHHOM TPYHTE 3a CTCHKOM (mibTpa Ha pacctosHuu R npu B3psiBe T/ onpe-
W N
AenstoT 1o popmyne p = Py, [[B( R/ @ , TIe L — KO3 GUIMEHT, 3aBUCSIIIA OT COIACPKAHUS 3AIIEMIICHHOTO

BO3/1yXa B BOJIOHACBHIINIEHHOM IpyHTe; Ry, — HapyxHbIil paguyc duibTpa; B — CTCICHb CHIDKCHHS JaBICHHUS
BOJIHBI MaTepHajioM ¢uibTpa [2].
3anasas pajuyc R= R, +0 pacnpocTpaneHus OTIOKEHUH 33/[aHHOH NPOYHOCTH [G, ] U IpUpaBHUBAs

P = [Oc, U3 Beipaxenuit (1) u (2) Haxomsat HeoOxoaumyto Maccy G B3pbiBYaToro BemectBa. Crnenyer otMe-
THTh, YTO NpUMeHeHre GopMyJbl (1) HeOGOCHOBAHHO JJIs ONMCAHUS MOJIs AaBiaeHuit ot B3pbiBa T/ BHYTpU
CKB@)KUHBI, TaK Kak GopMmyJa moiydeHa Juis 3apsaa Tpotuiia cepuueckoid popmsl, B To Bpems kak T npen-
CTaBJSIET COOON MUITMHAPUIECKUM 3apsil, 0OBIYHO paBHBIN JuyHE QrutbTpa. Mcmob3oBanrne GOpMyIbI IS OTIH-
CaHus Ipoliecca PacupOCTPaHEHHs BOJHBI JAaBJICHUS B TPYHTE BBI3BIBAET TPYAHOCTH, TaK Kak KOI(GHULIMEHT W
M3MEHSIETCS B OYCHb IUPOKHX mpeenax —ot 1,060 2,5 —B 3aBUCHMOCTH OT COJIepIKaHMUs 3aIEMICHHOTO BO3-
JlyXa B IPYHTE, KOJIMYECTBO KOTOPOTO TPYAHO NPOTHO3UPOBATh. TakuMm 00pa3oM, yka3aHHbBIE 3aBUCHMOCTH JAI0OT
OOJIBIIYIO TTOTPEITHOCTD.

[Ipu snexTporunpoyAapHOM METOZE Ul pacyeTa aMIUIMTY.bl JaBJICHUS Ha BHYTPEHHEH MOBEPXHOCTH
¢uneTpa Py, B pabote [2] npennaraercs sMnupuyeckas GopMylia B 3aBUCHMOCTH OT NAPaMETPOB Pa3psiIHOTO
KOHTYpA, JUIMHBI KaOellsl U BEIMYUHbI PACCTOSIHUSL MEXKTy DJIEKTPOAaMH Pa3psIHUKA, a 3aTyXaHUe AaBJICHHs P Ha
(bpOoHTE BOJHBI B BOJOHACHIIIICHHOM IPYHTE PEKOMEHIYETCS ONpenessiTh TIo Gopmyite (2), 0 HemocTaTkax KOTO-
poii roBopuiioch Beime. [Tysbcanun naBieHnst 1 CKOPOCTH B NAapOra3oBOM ITy3bIpe Ha MOCIEPa3psIHON CTaaun
OITHCAHBI C MOMOIIBI0 YpaBHEHUS Pajiest TONBKO ISt ciydast 6e3rpaHndHOM KUIKOCTH [4—5], 4T0o He Mo3BOJIseT
MX MCIOJIb30BaTh JUI PACUETOB B CKBAKMHAX.
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[Ipy MHEBMOMMITYJILCHOM METOAE JJIs pacueTa aMIUIATYIbl JaBJICHUS HAa BHYTPCHHCH MOBCPXHOCTH
¢buibTpa Py, B pabore [2] mpemnaraercs smmupudeckas GopMmya B QYHKIMH COOTHOLICHUS IMAMETPOB ITHEB-
MOKamepbl U 00padaThiBaeMoro (GpuibTpa, Ha4aJIbHOIO JABICHUS CHKATOTO BO3[yXa B ITHEBMOKAMEPE U CTEIICHH
CHIYKEHUsI JIABJICHHUS CXKATOTO BO3[yXa MPH BBIXJIONE B BOJAY U3 OKOH ITHEBMOKamepbl. C 1IENbI0 OIpeAeIeHus
M3MEHEHHMs JABJICHUSI U CKOPOCTH MPOMBIBHOTO MOTOKA MPH BBIXJIOMNE C)KATOro Bo3ayxa B ckBaxuny K.H. Aun-
peeBbIM [6] BEITIOTHEHBI TEOPETUUECKHE UCCICAOBAHUS yIBCAIIMI BO3MYIIHOM mosoctu. MccnenoBanust mpoBo-
JIMJTACH C MCTIOJIB30BAHHEM ypaBHEHUs Pajiest Ui yCIioBHit Ge3rpaHUIHOM UAKOCTH (CKBKHHBI OECKOHETHOTO
nuameTpa). 3xech pabota E, pacumpsioneiicst BO3MyIIHON MOJOCTH MPOTHB CHII BHEITHETO JABICHHUS TIPH yBe-
JIYeHnH 00bheMa TOJIOCTH OT HayalbHOrO o0beMa Vp 0 TeKymiero 3HaueHus V ompenensiack 1o (Gpopmylie
E, =(V-V,) p, rae p, — ruApocTaTHYECKOE JaBJICHHE B CKBa)KMHE B MECTE BBIXJIONA ra30Bo mosioctd. ITpu-

HEMaeMoe B paboTe [6] moCTOsIHHBIM 3HaYeHNE P, HE COOTBETCTBYET YCIOBHAM MYJIBCAIMNA BO3IYIIIHOMN MTOJIOCTH
B peaylbHON CKBa)KMHE KOHEYHBIX pa3MEpOB, TZI€ Ha MOBEPXHOCTH MOJIOCTH JEHCTBYET MePEeMEHHOE BO BPEMEHU
JTaBJICHHUE, 3aBUCSIIEE OT CKOPOCTH €€ PaCIIUPEHs, CHJI HHEPIIMU ¥ COTIPOTUBIICHUS IBHKCHHIO.

Jnis ra30MMIyJIBCHOTO METOJAa pereHepanuu (QUIbTPOB B3PHIBOM IPONaH-OyTaHOBOM I'a30BO3IYIIHOMN
CMECH B MOABIKHON B3pBIBHOM Kamepe AJs ONUCaHMA U3MEHEHUs NaBICHUS BO BPEMEHU BHYTPU B3PBIBHOU Ka-
MEpBI PaInyCcoM [ MPEJIOXKEHA MOJIyYeHHas Tociie 00paboTKK J1ab0opaTOPHBIX SKCHEPHUMEHTOB IMITUPUYECKast

n
3aBucumoctb P(Iy,t) = p“pz e™ SinA; t, rae A u B — sMnupuueckue K03GQUIHUEHTHI; Pyy, — HAUaIbHOE JaBIIe-
=l
HHe B3pbIBa BO B3pBIBHOM Kamepe [7]. TlocnenHee BeIpakeHHE UMEET Y3KyIO 001acTh MPUMEHCHHS, TaK KaK M0-
Jy4EHO TOJBKO JIJISl TIOABMYKHON B3PBIBHOW KaMephl M B3pPhIBA MPOTAH-0yTaHOBOM I'a30BO3AYIIHONH CMECH B Jia-
OOpaTOPHBIX YCIOBUAX. B HEM He ydTeHbI: IIIyOHHa CKBaXKMHBI, B KOTOPOW ITPOM3BOANTCS B3PHIB, COOTHOIIIE-
HYE JUaMeTPOB B3PBHIBHOI KaMepbl U GUIBTpa, a TaKXKe CHIIBI HHEPIUH NPH PasrOHE U TOPMOXKEHUH KaMepHl.
BrlpaskeHne HempHemJIeMO Uil Ta30MMITYJIBCHOTO CI0C00a pereHepalun (GUIBTPOB B3PBIBAMU BOJOPOIHO-
KHCJIOPOJHOM CMECH, KOTOPBIE MPOU3BOISITCS B HEIIOJBIYKHBIX B3PBIBHBIX KaMEpax MOMHTEPBAIBHO [8].
OHepruio B €JMHUYHOM HMMIylsbce E,), WAYNIYI0 Ha pa3pylIeHHE CLEMEHTHPOBAHHOIO KOJbMAaTaHTa B
30HE 3G PEKTHBHOTO BO3ZCHCTBHSA, B paboTe [2] mpeanaraetesi OMpeResaTh yepes yACIbHYI0 YHEpruio apodiie-
Hus E,,, KOTOPYyIO PUHUMAIOT B MpPEAENax 120...150k/Ix/m°. Torna HeoGXOAMMOE KONHUECTBO HMITYIICOB N
¢ oHepruei £y, Ha MOrOHHBIA METP QUIBTPA ONPEACISCTCS 3aBUCHMOCTBIO N = E, ) | E,. O6bem 3aKoabMaTHPO-

BaHHOUW TpaBUWHON OOCKHITIKH, IMMOABEPracMOl pa3pylmeHUIO, ONMPEISIIIOT KaK 00BbeM KOJBIIEBOTO IHIMHApA
TONMIMHON O BeICOTOH 1 M, mpuMBIKatomiero K ¢pmibTpy. Kak ykaspBanock paHee, B peeiax KOJIbLIEBOW 30HBI
TOJIMHON O (30HBI 3P PEKTHBHOTO BO3AEHUCTBUSA) JOKHO BBIIOIHATHCS COOTHOIIEHHE P > [6,,] U €€ pasMepsl
OTIPENIeNIAIOTCS IO TaHHBIM 3aTyXaHHUs BOJH AaBIEHHS B PU(MIETPOBOM 30HE CKBAXKITHEI.

Crnemyer OTMETHTB, YTO METOMKA pacueTa SHEPTUH SANHUIHOTO UMIyJbca E,,) He JIAIIeHA HeIOCTaTKOB.
Ona 0CHOBaHa Ha MCIOJIb30BAHUH 3HAYCHNH YAeIbHON dHeprun Apobienust E,, HapylIeHHbIX U TPEIIMHOBATBIX

HOPOJI MEXaHWYECKUM CII0COOOM. 371eCh Hall0 UMETh B BUAY, YTO MEXaHHYECKUH croco0 APOOICHUS! OPOIbI
ommyaercs: (pU3NKOIl BO3AEHCTBHS OT UMIYJILCHBIX CIIOCOOOB pa3pyIICHUs! KOJbMAaTUPYIOINX OTIIOKEHUH yiap-
HBIMH BOJIHAMH M BOJIHAMH CXaTHsl. 3AE€Ch MEPBBIM MMITYJIbC JABICHUS CO3JAET TPEIIMHBI B KOJIBMATHPYIOLIEM
KOJIBLIE, a TOCJIENYIOIINE UMITYIIbChI TON XKe SHEPTHH YK€ HE CIIOCOOHBI M3MENBYNTD JIEMEHTHI KOJIbIla Ha Oojee
MEJIKHE YaCTH M3-32 HAPYIICHHON CIUIOIIHOCTH KOJbL@A M YTeUEK SHEPIHHU depe3 TpemwHbl. KpoMe Toro, ykasaH-
Hasi METOAMKA 0a3UPyeTCs Ha ydeTe SHEPTHH, IIEPEHOCHMOM TOJIBKO yOAPHOH BOHOHN, CO3AIOMICH B CLIEMEHTHPO-
BaHHBIX OTIOKCHUSIX CKMMAIOIINE HATPSDKCHUSA, MIPEBBIMIAIONINE UX MIPEAEIT IPOYHOCTH Ha CXKATHE.

OcHoBHasA YacTb. B smrepaType OTCYTCTBYyEeT METOJIMKA pacueTa KBa3UCTATHYECKOTO BO3ICHCTBUS Ha
(UIBTP M CIIEMEHTHPOBAHHYIO OOCBINIKY OT JIaBJICHHS Ta30BOH M0JIOCTH, 00Pa3YIOLIEHCs IPH CKUTAHUU Ta30BOM
cMecH. B aToi cBs3M 11enbio JaHHO# paloThl sIBUIach pa3padoTKa METOJMKU pacyeTa TEXHOJIOINYECKUX IapaMer-
POB ra3oMMITYJIbCHOTO CIIOC00a IPH MOWHTEPBATILHON PEreHepalii y4yacTKOB (PMIIbTPa, OTPaHUYCHHBIX NTaKePaMHU.

TexHOJIOrMYecKH NpOoLecC Ta30MMIYIIBCHOM JIeKoJIbMaTaluy (GUIbTPa, 3aKOJIbMAaTHPOBAHHOTO MPOYHbI-
MH OTJIOXKEHHUSMH, CIIEAYET BECTH B 3aMKHYTBIX CEKIMAX MAJIOro 00beMa, KOTOPBI COM3MEpUM ¢ 00bEMOM Ipo-
JYKTOB I'a30BOTO B3pbIBA IIPHU UX MaKCUMaJIbHOM PacIIMPEHUH. 3/IeCh Ha CTEHKH 3aK0JIbMaTUPOBAHHOTO (UIIBT-
pa OyIeT AeHCTBOBATh «KBA3MCTATHYECKOE NABIICHHE», BBI3BAHHOE TEPMOANHAMUYECKHM PACIIMPEHUEM IIPO-
JOYKTOB B3pBIBA BCJICACTBHE UX BBHICOKOW TemrepaTypsl. [IoHsITHE «KBa3MCTaTHUECKOE NABICHHUE» HCHOIb3YETCs
B DJICKTPOTHIPOMMITYJIECHOM mTamioBke [9]. Belmecka3saHHOe MO3BOJSET CXEMATH3UPOBATh 33/ady O KOJIbMa-
Talldd W PEereHepaMi CKBAXKHH PAaCCMOTPEHUEM HEKOTOPOH KOJBIIEBOW 30HBI TOJIITMHOW O, KOAKCHAILHOM
(uIbTPY, B KOTOPYIO BKIIFOUACTCS M 3aKOJIbMAaTHPOBAHHASI BOJOIPUEMHAs MOBEPXHOCTh. [10poBbIil 1IeMeHT co-
MPUKOCHOBEHHUSI MIMEET BBICOKYIO CTETIEHb CLETUICHUS C 36PHAMH OOCHINKH U C BOJONPUEMHON MOBEPXHOCTHIO
¢unbTpa, HalIpUMep, MPOBOJIOYHOM, YTO 0OecIeunBaeT MX COBMECTHYIO PaOOTy MpH JEKOIbMaTaluy (UIbTpa
ra30BBIMH B3pBIBAMHU.

Pacuem neodxo0umovlx padouux 0ag1eHull 6 3AMKHYMBIX CEKUYUAX MA1020 00vema. OKpyKHBIE pacTs-
TMBAIOIINE HANPSDKEHUS Gg, JCHCTBYIONINE B CTEHKaX OJHOPOIAHOTO TOJICTOCTEHHOTO ILIMJIMHIAPA TOJIIUHON O
(6 > 0,04l,,) mox nelicTBEM BHYTPEHHETO JaBlICHHs p, onpenenstorcs no popmyse Jlame [10]. Hanpsoxenus o
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M3MEHSIOTCA 110 TOJIIMHE CTEHKH II0 rHnepboanueckoMy 3akoHy. PaBHonelicTByromas cuna N, OT HUX B CTEHKe
LUUJIMHAPA MPU JSUCTBUH JAABIICHUS p Ha yYacTKe LIHHApa LinHoi b paBHa [10]

N, = prh
U3 Beipakenus (1) ciemyer, uto cuia N, HEe 3aBHCHT OT TOJIILMHEI CTEHKH O, a MPAMO NPONOPLHOHAIEHA

JaBIICHHUIO p U BHYTPEHHEMY paiuycy wunuHapa (puibtpa) r,. Criia mpuaoxeHa Ha PacCTOSHUM ¢, OT BHYTPEH-
HEM MoBEpXHOCTH IuauHApa (puc. 1).

8

a —1nonepevyHbIil pa3pes; 6 — NPOAOJIbHBII pa3pes; 6 —pacdyeTHas CXeMa;
1 —crep:xHE Kapkaca GUIBTPa; 2 —TMPOBOJOYHASI HABHBKA; 3 — CIIeMEeHTHPOBAHHAS IPaBHifHast 00CchINKa

Pucynok 1 —Cxema 3aK0/IbMaTHPOBAHHOT'0 KAPKACHO-CTeP:KHEBOI0 PUILTPa

PaccMOTpUM HaMpsHKEHHOE COCTOSHHE 3aKOJIbMAaTHPOBAHHOTO KapKacHO-CTEPKHEBOTO QUIBTPa OT BHYT-
penHero nasieHus p (cMm. puc. 1).

OuiIbTp UMEET MPOBOJOYHYI0 HABUBKY W3 HEPXKABEIOIIEH CTaaM JHaMeTpoM 2...3 MM Ha OTIIOPHOM Kap-
Kace U3 Kpyrieix crepykHer cormacHo TY 51-644-74 [1ra6n. 23]. [Ipu co3naHuu B 3alOJHEHHON YKHIKOCTBIO
HOJIOCTH 3aKOJbMAaTHPOBAHHOTO (PUIIBTPA UMITYJIECOB AABICHUS MOXKHO BBIICIHTH TPH OCHOBHBIC CTAAHH €O
paboTbl o HAarpysKoit (puc. 1,6).

Cmaduz |. TIpu NpuIoXeHUN BHYTPEHHETO W30BITOYHOTO JABICHUS p HOSBILIOTCS PACTATMBAIONINE Ha-
MIPSDKEHUS B TIPOBOJIOYHOM HABHBKE M CIIEMEHTHPOBAHHOW TPaBUHHONM OOCHITIKE. DTa CTaaus MPOIODKACTCS JI0
TEX IOP, OKa HANIPSKEHUS Gy B CLIEMEHTHPOBAHHOM I'PaBUIHOI OOCHINKE HE JOCTHTHYT CONPOTUBIICHUS PACTS-
xennio R, (op = R..), a paBHOzciicTBYOIIAs N, He cTaHeT paBHOI

Np| = p| reba

rie p — NepBOE NPEIENLHOE JaBJIEHHE.
Pacuer gaBieHus p, KOTOPOE CMOKET BBIAEPKATH CLIEMEHTUPOBAHHBIN KOJIBMATAHT MEPesl 00pa3soBaHUEM
TPELIMH, MOKHO BBIIIOJIHUTE 110 CIIOCOOY SAPOBBIX MOMEHTOB JUISl BHELEHTPEHHO PACTAHYTOIO CEYEHHUS, HCXOMs
U3 MOJIOXKEHHUS O TOM, YTO MOMEHT BHEIIHHMX CHJI My OyJeT paBeH MOMEHTY BHYTPEHHUX YCUIIMH Tepes o6paso-
BaHueM tpemmun M [11].
IIpn BHEIIEHTPEHHOM PACTSKEHHH CHITOH Ny, epBoe mpenebHoe NaBeHue p; PABHO

__RW _ R. W
brg(e+ry) bre(yu—cp+ry)'

P

TAg y, —IOJOXCHUC IICHTPA TAXKCCTH IIPUBCACHHOIO CCYCHHUS OTHOCUTCIILHO BHyTpeHHeﬁ o6pa3y}omel71 (bHHLTpa;
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€ —OKCUCHTPUCUTCT MPHUITIOKCHUA CUIIbL NPI OTHOCHUTECJIbHO LCHTPA TAKCCTHU NMPUBECACHHOTO CCUCHUS TUIOAAbIO Fn,
V\/T - pryFOHHaCTI/I‘-IeCKI/Iﬁ MOMEHT COIIPOTHUBJICHMUS, RL.'? — COIMPOTUBJICHUC PACTAKCHUIO.

Benuuuny y, Haxonat no gopmyine

b&’

——+nF a
2

np

Y, =S8/ =
F+F, —*

E

np

c.e

rae S, — CTaTHYeCKUi MOMEHT IPHBECHHOTO CEYCHHUS OTHOCUTEIBHO 00pa3yIolleii BHYTPCHHEH CTCHKU (DUIBTPA;
Fn — momans npuBeneHHOTO ceyenus; F —reomerpuueckas miomans ceuenus (F = ob) npu b = 1m; F,, — mwio-
maas MpOBOJIOYHON HaBuBKH, F . fnp /'S; S — mar HaBuBKM mpoBosioku quamerpom d (paccTostHEE B OCsX);

n
S=d + t (t —mpocser (3a30p) Mexny BuTKamu); E,,, E., —MOIyIIH YIPYTrOCTH IPOBOJIOKH U CLIEMEHTHPOBAHHOM
KOJIbMATaHTOM I'PABUKHON 0OCHINKH; N = E,,, | E.. f,,,, — IUIOIIAb CEYEHHS OJJHOM MPOBOJIOKH; @ — MOJIOKEHUE
[EHTpPA TSHKECTH MPOBOJIOYHON HABMBKH OTHOCHTENBEHO 00pa3yromieil BHyTpeHHEH CTCHKH (QHIIbTpa.

PaccrosiHue I, (PacCTOSHHE OT LIGHTPA TSKECTU NPUBEJCHHOIO CEYCHUs JIO YCIOBHOH SIPOBOH TOUKHM)
HaxoJsT 0 hopmyIie

W, 179

r =
"TF F

n n

rae W, — MOMEHT COMPOTHBIICHUSI TPUBEIECHHOTO CEYCHHS OTHOCHUTEIBHO OOpa3yroliel BHYTPEHHEH CTEHKH,
2
= : =2 gy -2 i
W, =1,/Y,; ln—MOMeHT HHEpIIY NPUBEIEHHOTO ceuenus, |, _E+ Y, > +nF,, (yu - a) .

IIpy neHTpanbHOM pacTsbkeHun cuiioit N, nMeet Mecto paBeHcTBO [12]:

N, =R_(®+2nF).

Mpupasusis (3) u (7), mony4uM BbhIpaKeHHE TS ONPEACICHUs IaBICHUS P

A RLg(tﬁ-'-Znan)
b= br, '

IIpu OTCYTCTBHM OTBITHBIX MAHHBIX O 3HAUCHUAX R., €r0 MOKHO OTpPEACIUTH 10 MPHOIKCHHON (op-
mysie [11] uepes ky6uKoByto IpouHOCTh [0, | ciementuposantoro rpasus: R, . =0,233[0,, .

Cmaous |1. C poctoM U30BITOYHOTO JABJICHHS p HANPSHKCHUS B CLIEMEHTUPOBAHHO rpaBUitHON 00CHITI-
K€ YBEJIMUMBAIOTCSl HACTOJIBKO, YTO B Hell 00pasyrorcst TpeniuHbl. C 3TOro MOMEHTa OOCHIKa MMOJHOCTHIO BbI-
KJII0YaeTcst U3 paboThl, a PACTATHBAIOIINE HANPSDKEHHUS Gy BOCIPUHHMMAIOTCSI TOJIBKO ITPOBOJIOYHOI HABUBKOH.
B xauectBe kpurepus st onpeneneHns 3pPEKTUBHOCTH UMIYJIbCHOM 00paboTku (uinbTpa MokeT OBITH B3sTa
HIMPHUHA PACKPBITHS TPELUIUH @, B CIEMEHTUPOBAHHOM KOJIbIIE, IPU KOTOPOH KOJIBLO CTAHET BOJONPOHUIIAEMBIM,
TO €CTh TPEUIMHBL JOJDKHBI ObITh CkBO3HBbIMH. CornacHo [12], mpenenapHo I0myCcTHMas MIUPUHA POIOKUTEINb-
HOTO PacKPBITHS TPEIINH IS JKEIe300€TOHHBIX 3JI€MEHTOB, BOCIPHHIMAIONINX JaBICHUE KUIKOCTEH, odecte-
YUBAOIIAs OTPAaHUYCHHE BOIOTIPOHUIIAEMOCTH KOHCTPYKINH, paBHa a, = 0,2MM.

Heobxoaumoe naBieHue p;, KOTOpoe 00eCHeUnuT 3alaHHYI0 LIUPUHY a7, PACKPBITUS TPELIMH, HOPMallb-
HBIX TPOJOJIFHON OCH 3aKOJIEMaTHPOBAHHOTO (PMIIBTPA, OTPEICICHO HAa OCHOBE OOIIMX MOJOXEHUH pacyera 1o
OTIPE/ICTICHUIO IIUPHHBI pacKpbiTus TpeuinH [10]. YuuThiBas, 4To B KOHIE BTOPOM CTaluH HAMPSDKEHHOTO CO-
CTOSIHUS IPOBOJIOYHOW HABMBKH CO CIIEMEHTHPOBAHHBIM CJIOEM I'PAaBUIHON OOCHINIKH, KOTJa ITHPUHA PACKPBITHS
TPEILMHBI IOCTUTAET dy, HEOOX0AUMOe JaBiieHue paBHo p, u N, = p, b, Torna nomy4unm

u
aﬂl Enp an + O’ 7%2 DFE“

pll - u ]
—nbL,
V)
— Rc.z — F"[’ —_ F"[’ . .
rae n - , U= y u ———, X — OEepUMCTpP CCUCHH MPOBOJIOKH, Y - MaKCHUMaJIbHOC HAMPAKCHUE CLCII-
wLY, X F ¢

Cc
JICHUS TIPOBOJIOKH CO CIIEMEHTHPOBAHHON IPpaBUHHON OOCHITKOM; (0 — KOA(M(OHUITUEHT MOIHOTHI AIIOPHI CIETIICHNS,

JUIsL KpYTJIOH TIPOBOJIOYHOM HaBuBku U = d/4,n = 1,25 [11].
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Cmaous |11. Xapakrepusyercst TeM, 4TO NIPU AajbHEHIIEM yBEIMYCHUH JABICHUS p HAIPSDKEHUS B IIPO-
BOJIOYHOH HAaBMBKE JJOCTHIalOT BPEMEHHOTO CONPOTHUBIIEHUS Ha pacTskeHHe R,, M Ipu p = py NPOUCXOAUT pas-

pymeHue GuiIbTpa.
OKoHYATENbHO JIaBJICHUE Py COCTABUT

Pa = Rlp D:"p . (10)
r, M
Pacuem snepzozampam 0na pazpyuienus OmaodHcenui
Pacuetnas cxema 00paboTku QuIbTpa MOKa3aHa HA pUCYHKE 2. B kauecTBe pacyeTHOro 3HAYCHHMS JABIIC-
HUS P)yycq TIPUHATO JABJICHUE B TUANA30HE P < Ppacy < Piil-
[IpuMeHeHHE TAaKEPOB MO3BOJIAET M30JIMPOBaTH 0Opada-
THIBAGMBIi MHTEPBAJ BHICOTOM h' 3aKOIBEMAaTHPOBAHHOTO KAPKAaCHO-
~ e CTEPIKHEBOr0 (DWIIBTPA OT CTBOJIA CKBAXHHBI. DUIBTP paccMoOT-
| :/;;\—; / PHM B BUJE LHIHHAPA C TOHH.[I/IHOUI‘/JI CTEHKH O, COCTOSIIIETO U3
— L — MPOBOJIOYHO!N HABUBKHU, HAXOJSIICHCS BHYTPH CIIEMCHTHPOBAH-
3 — 7] — HOW TPaBUIHOM OOCHINKH, U MPECACTABISIONICTO CAMHYIO KOM-
— . TUIEKCHYIO CHCTEMY, KOTOpasi HOJ NeHCTBUEM BHYTPEHHETO MM-
— + s g | TIYJIBCHOTO JaBJICHUS 3a CUET CHJI CIEIUICHUS MEXAY COCTaB-
—- 1 JISIFOIMMU COBMECTHO paboTaeT Ha pacTsDKEHHE.
2 To o o, °° °o® A [Ipu pacueTe HEOOXOANMOI SHEPTUH OYIEM HCIIOIH30BaTh
s - ° _° de _° e CIEYIOIIHE JOMYIICHNS: (HUIBTpP TOTHOCTHIO 3aKOJIEMAaTHPOBAH
N, °Le e Y HEMPOHMIIAEM JUIS JKUAKOCTH; paboyas KaMepa ¥ OTpakaTelb
¢ _ = = A BBITIOJTHCHBI a0COJIIOTHO KECTKUMH; JKUJIKOCTh COKMMaeMasi; mpo-
4 —_ 71— = BOJIOYHAS HABUBKA W CHEMCHTHUPOBAHHAs TpaBHHHAs OOCBHIITKA
\_ / paboTarT Ha pPacTSHKEHUC Mo 3aKOHY ['yKa; JaBlicHHE B Kamepe
6 5 $_ Y Y cropanus B IPOAYKTaX B3phIBA Dessp = 1000, Ta€ Po— rUApOCTATH-
g i YyecKoe JaBJIeHHE B CKBXHMHE B MecTe B3phiBa [8].
— ITocne B3pbIBa ra30BOM CMECH 3a7ady paclpOCTPaHECHUS
BOJHBEI JABJICHUS B IIOJIOCTH 3aKOJIEMAaTHPOBAHHOTO (HIBTpa
X MOJKHO PacCMaTpHBaTh KaK PAacHpOCTPaHEHHE THUAPABIMIECKOTO
= : yrapa B TYIHKOBOM TpPyOONpOBOJE, KOTJa K Y4acTKy (MIbTpa
| BBICOTOM N' BHE3AITHO MOIKIIIOYHIN HCTOYHHK BBICOKOTO JABICHHSI
1 —KOpIIYC B3PHIBHOI KAMEpHL, (B3pbIBHYIO Kamepy). JlaBicHHe Ha TPAHHUIIE IPOLYKTHI B3PHIBA —
2 —oTpaxaTesib;, 3 —Kamepa CrOpaHus; JKUAKOCTB» PE3KO BO3pacTaeT Ha BEIUYUHY Apyd =D, ~ Po
4 —3aKOILMATHPOBAHHLII GUALTD; 5 —NAKEPEL, B 1y, JTABJICHUS CO CKOPOCTBIO ¢ IEPEMEIACTCS K OTPAKATEIIIO,
6 —mpoBoJIOYHASI HABHBKA
uMes JaBieHue Ha GpoHnTe, paBHOE Ap,y. CKOPOCTh KUAKOCTU B
PucyHnok 2 —PacueTHasi cxema 00padoTKH .. N
xapxacho-crepsmes o G rpa mockoctd (ponra Bo3pactaeT ot 0 1o U,, €€ MOXKHO HAHTH 1O
¢ IPOBO.I0YHOI HABMBKOI B 3aMKHyToii cexumun  popmyse: U, =Ap / pc. Tlpu moaxome GpOHTA BOIHBI TABJICHHSI
MaJjioro oﬁl,ema, orpaﬂnqemmii naxkepamMu o s
K OTPaKaTero BCS JKUIKOCTh Ha yuacTke MmuHoM h' mprobperaer
CKOpOCTh U, OJHAKO €€ JlajbHelee ABMKEHUE HEBO3MOXKHO HM3-3a HAJIMYMA MAKEPOB, U CKOPOCTb CTOJI0a
JKUJIKOCTH Ha OTpakaTesiec B MOMEHT Mpuxoja BoJaHbl yMeHbmuTes 10 0. [Ipu mocTikeHun NpsMOd BOJIHOM OT-
parkaTeis AaBICHHE B IIOJIOCTU (UIBTPa HA ydacTKe 00paboTky IIuHOH h' Oyzner paBHO py = po+ Ap,y, Ipu 3TOM
JKUJIKOCTh OYIET COKUMATHCS, @ CTCHKH 3aKOJIBMAaTUPOBAHHOTO (PHIBTPA PACIIHPATHCS.
Bynem cuutath, 4TO 3HEprUs MPOAYKTOB B3pbiBa W, , 3aTpaunBacTcs Ha 3Hepruto rujapomnoroka W,,, Ha
pabory mo cxaruto xkuakoctd W, . 1 paboTy 1o aexoasmaTanuu creHok Guiaprpa W .
\Nﬂ.6 = W.n + V\!.m + Vyc (11)
Oneprus ruapomnoroka W,, MoxeT OBITH Hali[ileHa KaK MpHpalleHne KHHETHIECKONW YHEPTUH KUAKOCTH,
HaXOAAMIeHCS MEX Iy KaMepoi U oTpaxkaTeneM IpH U3MEHEHHH ckopocTd oT 0 1o U, -
— 2 — 2 — 2112 — 21! Apy(>2
W, =m,/2=p\,U;/2=prr,h'vy /2=1r'h 200" (12)

re M —Macca KUIKOCTH B TIOJIOCTH GUIbTpa 00beMOM Vo,
Jlnst pacueTa CKOPOCTH JBHKCHUSI BOJHBI ¢ MOKHO BOCIIOJIB30BATHCS PACUCTHBIME (HOPMYITaMH C YIETOM
3aKkperieHus GUIbTpa BOIOBMEIIAIONMMH mopoaamu [13].
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OHeprust, uaynias Ha cxarue xunkocta W, ., 1o teopeme Knaneiipona MoxeT ObITh HaliieHa Kak pado-
Ta CUII JaBJIeHHs Ha yTH aedopmariu Ah' Wik Kak MOJIOBHHA POM3BEICHUS CUIIBI AaBjieHus Ha Ah'

W, . =0, SApyl,TlrfAh' =0,%p AV, , (13)

rae AV, — yMeHbIeHHe 00beMa JKUIIKOCTH B PE3yJIbTaTe COKATHS.
Hns onpenenenust AV, UCIonb3yeM U3BECTHOE U3 TEOPHHU YIPYTOCTH MOJIOKEHHE O TOM, YTO HampshKe-
Hue (gaBneHue Ap),) paBHO NMPOM3BENCHUIO MOIYJS YIPYTOCTH JKHUAKOCTH E,. Ha OTHOCHTEIbHOE M3MEHCHHE

obbema AV, [V, :

AV,
Op, =E, v (14)
Ortkyna, Beipa3uB AV, u noacrasus B (13), momyunm
W, =0,54 *m’h' /E, . (15)

OHeprust, unymas Ha aedopmaiuro cteHoK GuibTpa W, ., COCTOUT U3 SHEPrUH, HAYLICH Ha PaCTsDKCHHE

HaBuBKH W, ,, 1 pa3pylIeHHUe KOIbMaTaHTa (CO31aHNUE TPEIIHH B CLIEMEHTHPOBaHHOI 00ckinke) W, ..
Woe =Wy + Wi (16)
Oneprus W, ,, MoxeT ObITh HaliieHa Kak paboTa AedopmMalin NPoBOIOYHON HABUBKM (HUIBTPA Ha BENIHU-

rae Ar,, — nmpupaleHue paguyca IpOBOJIOYHON HABHBKU B pesynbrare Aedopmaruu I,

np !

yuny Ar =r1!

np np _rnp !

I'p = Iy — 3HAYEHMS PAJMyCOB COOTBETCTBEHHO B KOHILE M 10 AedopMamuu. Beipasum paboTy Kak IOJOBHHY
IMPON3BEACHUA CUJIbI TaBJICHUA HA YIJIIMHCHUEC Ar,,,,:

W =0,5\p

p-np

2Th'Ar, . 17)

0

Nns onpenenenust Ar,, ucnonbsyem Boipaxenne O, =N, /F = ans pacuera pacTarupaomux Ha-
NpsOKEHUH O,, B NPOBOJIOYHONW HABUBKE IUIOMIANbIO F,, OT nelcTBHA ynapHOTo naBieHUs Ap,, ¥ 3aKOH
I'yka (cM. momyuieHus):

0, =N,IF, =04p

np

I
LA o (18)
rae N, — paBHOAEHCTBYIOIAsA CUlla OT PACTATMBAIOIIUX HANPSKEHUH O, B HABUBKE NPH JICHCTBUM JaBIEHUA A4
o ] - ]
F,, — IIIOWa b CeveHns NPOBOJIOYHON HABUBKHU Ha ydacTke Guibtpa b, F =f h'/S
IIpoBonouHas HaBMBKA NpU HAIUYMU CLEIUICHUS C OKPYXKAIOLIEH CLEeMEHTHUPOBAHHOI IpaBUiHOI 006-
CBINKO# uMeeT Goliee BHICOKUIT MOJJIb ynpyroctd E , yeM HOpMaTHBHbIN E,,, KOTOPBIA KOPPEKTUPYETCS KO-

np !

3 GUIMEHTOM V,,, 3aBUCAIUM OT IIPOYHOCTH cuervtenus £ = E,,/ vy, [11].

np

Jedopmanus mpoBoIIOYHON HABMBKH paBHA

g =2 (19)

g, =— L T (20)

O6beaunus (19)u (20),c yuerom (18) momyurm

Np 1S
Ar, = oo 1)
i E

np
Ioacrasus (21)8 (17), moayunm
Ap 2‘0 m:SLIJn r
p.np = yf E - h : (22)
np

np

131



2015 BECTHHUK IIOJIOLJKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCUTETA. Cepus F

OHepruo co3/lanus TPEIMH B CIIEMEHTHPOBAHHOI rpaBuitHoit oOckinke W, . HalineM kak paboty aedop-
MAalM{ [WIMHIPUYECKONH OOO0JIOUYKH, COCTOSIIEH M3 CIIEMEHTUPOBAHHOTO TIpaBHsi, TOJIIHHOW & M BBICOTOH h'
Ha BEJIMYMHY MPHpPaIIeHus paguyca Ar, .. Ananorudso (17), moaydaum

W, =0,5p, [2T,h'Ar, . (23)

PaBHOﬂeﬁCTByIOHIaS[ cujia Np| OT pacTAruBaroOmux Hal'[pﬂ)KGHI/Iﬁ B CHCMCHTHpOBaHHOﬁ 00CHBIIKe Inpu 1oc¢-
THKCHUHN TaBJICHUA p| paBHA

Np = p O, [H. (24)
C npyroi cTOpOHBI, TaK KaK HAIPsDKEHHS B CIIEMEHTHPOBAHHOW TpaBUITHON 0OCHITIKE mepen oOpa3oBa-

HHMEM TPEIIMH paBHBl R.., a B IPOBOJIOYHON HABUBKE HAIPSIKEHUS TOCTHIAIOT Gy, = 2(En.p [E )R.., T0 co-

raacHo [12] nis neHTpaabHO-PaCTAHYTHIX 31eMeHTOB Ny onpenensercs no dopmyie (7),rae b = h'.
Hedopmanust ¢i10s CUEMEHTUPOBAHHOIO IPABHS PABHA

R, _Ar
€ = Ce — ce 25
- Ec.z re ( )
OTKyZ[a BbIpAa3uM IPUPAINCHUEC pagnyca Arc_z
R
Ar  =—=r,. 26
ce E 6 ( )

O6benunsis (24)u (7), BBIpa3uM p; U TIOACTABUM BMecTe ¢ Ar., B BeIpaxeHue (23), monydnm
E f
R?.3+2 ") h'
N E_'S

W, = = : @27)

ce

Pacuersr W, . npy MakcuMambHBIX 3HaueHUAX R., moxaseiBaroT, yto BenuunHa W, Ha MOPSAJOK MEHb-
me W, ,, ¥ eif MOJKHO B pacyeTax NpeHeOpeyb.

PeanmzoBanHyro sHepruro npoaykramu B3pbiBa W, , MOXKHO HAWTH KaK CyMMY pa0OT, TMPOH3BEICHHBIX
BOJIHOH cxatusi E, . v Ta30BBIM My3bipeM E,, 1o ectb W, , = E, . + E,. Benuuuny E, . HaiineM depe3 akycTHUe-
ckmii KIIJ] m,, KOTOpHBIi mpeacTaBiseT COOOH MO0 3aNaceHHON MOTSHINATBHON YHEpTUH Eg IPOIYKTOB B3PhIBa
¢ HavaJbHBIM 00eMOM Vy,,, YHOCUMYIO BOJTHOM CHKATHS

paspv n

E.=nE,= Ne 1 (28)

OrnpeieNieHHOE OTBITHBIM IIyTEM 3HAYEHUE 1), VTS TIOABOIHOTO B3pbiBa cMecu 2H, + O, cocrasmio 0,2% [8].
Benmuuny E, HalineM U3 clIeayIomux coodpakeHuit. 3a Bpems t 1BoHHOTO npobera BOJIHBI TABICHUS OT TPAHHIIBI
pasfena «y3bpb — JKHAKOCTB» 10 OTpakatels u o0patHo t = 2h'/C; my3sIps ycneer pacmuputhes ¢ oobema Vo,
10 Vy,,. DTO BpeMs MOJTyIHIIO HA3BaHKUE BpeMEHH (DOPMHUPOBAHUS CUIIOBOTO ITOJISI B 3aMKHYTHIX Kamepax [14].

Takum 06pa3oM, ocTaBIIAsICS B TAPOTa30BO MONOCTH YHEPTHsA E1, CIIOCOOHAS MTPOU3BECTH IMOJIE3HYIO pa-
6oty, OyzmeT paBHa

V k-1
- 0 —
El _anO V" _anOKQ’ (29)

In

[Ae 1), — THAPABINYCCKUN KOI(P(UIUEHT MOJIE3HOro AeiCTBHs (OTHOIICHHE MOTCHIMATIBHON SHEPIHH ITy3BIPS,
paBHO# paboTe MPOTHB CHII BHEIIHETO NABICHUS po, K HAYaIBHOW 3Hepruu myswipst Ep), n, = 5...8% [8];
Ky —KO3(D(HUIHMEHT UCIIOIB30BAHMUSI SHEPIHH (ISt MMy3bIpsi, 00pa3yroLIerocs PH IEKTpopaspsze, k, = 0,15...0,3) [14].

OcraBlasicss B Mapora3oBoi MOJOCTH HEPIHUsl MOCIE IOCTIKCHHS MaKCHMAIbHOU IedopMaIiii CTEHOK
¢unbTpa Oyzner paBHa

k-1

E2 = n2K3E0 % ! (30)

2n

rae V,, — 00bpeM 1apora3oBOro My3bIpsi B MOMEHT JOCTIDKEHHSI MaKCUMAaJbHON pajnaibHON AedopMariy mpo-
BOJIOYHON HaBUBKH (QUIBTPA.
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Toraa pa60Ta, MpOU3BEACHHAs I'A30BbIM ITY3bIPEM E,,, COCTaBUT

2n

E =E-E =nEx [“(H ] (31)

[Nocne noacTaHOBKH BCeX charaeMbix B ypaBaenue (11) momy4unm

k-1
m:h,Apf{ 1,1 +rssw,w}= GEATY I 1_(& ] | A\
2pc® 2E, f,E, k-1 V,,

Ecnu npenedpeub HEMCIIONB30BaHHOM YHEPTUEH NapOra30BoOro My3bIpsi 00beMa YHEProHOCUTENS, Vo, MOKET
OBITH Hali/IeH B IEPBOM MPHOJIMDKEHUN
1 . + 1 + rHSl‘Ian
2pc® 2E, f,E,
pﬁ?p (r](l + r]RKf))

™, *h'Ap, { }(k -1)

V,

on —

(33)

IIpumep pacyera TEXHOIOTHYECKHX PEKUMOB J€KOIbMATALUU

1. OmpenenuTh 3HAYEHHs NPEINENbHBIX TAaBICHUH Py, Py, P AIA 3aKOJIBMAaTHPOBAHHBIX KapKacHO-
crepkHEBbIX GuibTpoB: & = 0,06M, [0, ] = 1,5MIla, R., = 0,37MIla. HaBuBka — crans Mapku 12X18H10T
(TOCT 5632-72)t = 2,5mMm, R, = 1400MlI1a, E,, = 240000MI1a [100], a,= 0,2mm, E.,= 20000MI]a.

2. OnpenenuTh BEINYUHBI 3a11aCa€MOM 3HEPTUM B €AMHUYHOM HMITyJibce npu ropeHun 2H, + O, n obmiee
KOJIMYECTBO PHEPIHH, HEOOXOJMMOM /IS IEKOJIbMATalMi 1 MeTpa MOTOHHOTO yKa3aHHBIX GUiIbTpoB mpu H = 70Mm,
n.= 0,002, = 0,05k, = 0,15.

Ilopaook pacuema

1. XapaxkrepucTHKy QUIBTPOB JruaMeTpoM 5...16 moiMoB Bo3sMeM u3 [1, Tabmn. 23].

2. JlaBicHUe p; NPH BHELCHTPEHHOM pacTsbkeHHU onpenenum o (4) B MIIa: pys) = 0,29;pye = 0,26;
Pig)= 0,22,p110)= 0,22,p1a2)= 0,19;py26)= 0,15.

3. JlaBneHue p; npH LEHTpaIbHOM pacTspkeHHH omnpexenuM 1o (8) B MIla: pys = 0,32; pyg = 0,30;
Pie)= 0,22,p110)= 0,22;p112= 0,17;py16)= 0,15.

4. JlaBnenus py u py onpeaenum no gopmymnam (9) u (10). Xapaktep H3MeHEHHs NPeaeIbHbIX AaBICHHUIT
NoKa3aH Ha pUCYHKe 3.

MiIla

13 ¢
12 =

A 11 | 1
10 :I'
°F [
) % itk
6 5!
5 ,? I]]]]]]]]]]]]]]ITpeHII/IH HET

p ; Eg m TpELIMHbl HECKBO3HBIEC
2 ’ / m TpEILIMHBI CKBO3HBIC
NN’ 7

L Shifmirdrefmn

100 150 200 250 300 350 400 450 S00 MM 600
£2 ¢ £ § g
; ? = =2 = d,

@ — pacyeTHbIe 3HAYE€HU NEPBOI0 NPeAeIbHOI0 JaBJIeHHsI; O —pacyeTHbIe 3HAYeHHsI BTOPOI'0 NMpeAe/IbHOI0 1aBJICHUs],
O —pacyeTHbIC 3HAYECHHUSI TPETHET0 NMPEAEIbLHOI0 JaBJICHUA

Pucynok 3 —XapakTep H3MeHeHHs NpeeJbHbIX 1aBJIeHUit
NPH TPeX CTaTUAX padoTbl GUILTPOB ¢ BHYTPEHHUMH AuamMeTpamu d,

5. Ilpoussenem pacuersl Vo, 10 popmyie (33) 1 BEIUUCIUM 3allacaeMylo B KaMepe SHEPTHIO E ¢ yu4eToM
sHeproemMkoctd cmecu 2H, + O,.
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XapakTep H3MEHEHHs yNENbHBIX SHeprosaTpar E,, Ha 1 MeTp moroHHslii ¢punasTpa u o6beMa razoBoi
cmecH Vo, (pu H. y.) B KaMepe Uis pa3HbIX AUaMeTpoB GUIbTpoB d, IpeAcTaBieH Ha pUCYHKE 4.

kJIK am®
1800 40
1600 32
1200 24 ]
800 16
Eyu VOn
400 8 /
0 o,o/" 2
100 200 300 400 500600

dy—»

Pucynok 4 —3aBucuMocTh BeJIMYHHEI SHepro3aTpar E,, Ha 1 meTp norouHelii puasrpa (1)
u o6bema Vo, (mpu H. y.) cmecu 2H, + O, B kamepe (2) ot tuamerpa ¢puiabtpa d,

3akaioyeHue. PaccMOTpeHBI TEXHOJIOTHICCKIE OCHOBEI TOMHTEPBAILHON Ta30MMITYIBCHONH 00paboTKH
¢nIpTpa B 3aMKHYTHIX CEKIHMAX Majioro o0beMa. B pe3ynpTare aHamu3a HAIPsHKEHHOTO COCTOSTHHS 3aKOJIbMa-
THPOBAHHOTO KapKacHO-CTEP)KHEBOTO (PMIIBTPA CO CLIEMEHTHPOBAHHBIM KOJBIIOM T'PaBUIHOI OOCHIITKH OT JIeii-
CTBHISI CHJI JaBJICHHS BHYTpU (pHIBTpa MPEAIOKESHO pacCMaTPUBATh TPH CTaIuH ero paboTsl: | — mosBnenue He-
CKBO3HBIX TpelinH; || — o6pa3zoBaHre CKBO3HBIX TPEIIUH C ITMPUHOW PACKPBITHS, TOCTATOYHOM Al obecrieye-
Hus BoponponunaemoctH; |l — paspyimenune BomonpuemMHol moBepxHocTH ¢GuibTpa. Ha | craguu TpemuHbl
HOSIBJISIIOTCS ITPH JOCTHIKEHUH NIEPBOTO NPEIEILHOTO AaBieHus p1. B konue |l craguy npu 1ocTHXeHUH BTOPO-
TO MPEJCIBFHOIO JaBJICHUS p) IUPUHA PACKPBITHS TPEIIUH ¢ CTAHOBUTCS paBHOM 0,2 MM, UX YCIIOBHO CUHUTAIOT
ckBo3HbIMU. Ha cragmm |ll mmpuHa packphiTHsi TpeluH BO3pacTacT 10 MOMEHTA JOCTHXKCHHS NPEACIHHOTO
JABJICHUS p). ITO MOMEHT, KOTJa MCUCPIBIBACTCS COIMPOTUBICHNE MPOBOJIOYHON HABHBKH pacTspKeHHIO. s
Havaya KaXI0H CTaIuH MMOTydeHBI BRIPAKEHHS IS pacdeTa BeJINUNH MPeIeNbHBIX TaBICHUH p|, Py, P -

PaccMmoTpeHHbIe CTaanN HANIPSDKCHHOTO COCTOSHHSA TMPOBOJIOYHOTO (DIIIBTPA CO CIIEMEHTHPOBAHHBIM KOJIb-
IIOM TPaBUHHON OOCKHINKH ITO3BOJIIOT PEKOMEHIOBATH JMAIa3oH JaBiIeHus Py < P < Py Ha BHYTpEHHEH MOBEPX-
HOCTH (QHIIBTpa MPH €ro JeKoidbMaTamuu. Ilpn 3ToM obecreunBaeTCsl COXPaHHOCTh BOJOIIPHEMHON MOBEPXHO-
CTH ¥ pa3pyIICHNE KOJbIA C IMUPUHON PACKPHITHS TPEIIMH HE MEHEE dyj).

[TonmydeHo ypaBHeHMe OaniaHca SHEpruM, MAyllell Ha JedopMmanuio MPOBOJIOYHON HABUBKH KapKacHO-
CTEP>KHEBOro (PMILTPA W CO3/1aHHE B KOJIBMATHPYIOLIEM KOJIbIIE CKBO3HBIX TpeluH. OnpeneneHsl He00X0AuMble
JHEPro3aTpaThl IPU MOUHTECPBATHLHON ra30MMITYJILCHON 00paboTke GuibTpa.

PazpaboTtana MeTonuKa pacueTa TEXHOJIOTMYECKHX PEXHMMOB Ta30MMITYJILCHOM 00pabOTKM KapKacHO-
CTEPIKHEBBIX (PIIIBTPOB CKBAXKUH B 3aMKHYTBIX CEKIIHIX MaJIOr0 00beMa.

Paccmotper npuMep IpUMEHEHHUS METOTUKH TIPH pacueTe BEIWIHH MPEACTbHBIX JaBICHUH py, Py, P -

HomyueHHBIC CpaBHUTEIHFHO HEOOIBIINE 3HAYCHUS ABICHUS p; YKA3bIBAIOT HAa TO, YTO CIIEMEHTHPOBAaH-
Hasl TPaBHiHasT 0OCHIIKA IIOX0 COMPOTHUBIISIETCS PACTATMBAIOIINM HAMPSKEHUSIM U OCHOBHYIO POJIb [IPU pacye-
T€ JABJICHUS ) WMEIOT XapaKTEPUCTHKH BOJOIPHEMHO TOBEPXHOCTH.
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Hocmynuna 15.09.2015

TECHNOLOGICAL PRINCIPLES
OF WATER WELLS REGENERATION BY GAS-IMPULSE METHOD

V. IVASHECHKIN

The article presents the main principles of calculation of the required pressure created in the cavity
of clogged wire screen to ensure its regeneration. Colmatation is schematized as an annular zone including
gravel filter pack grouted by colmatage matter and water intake surface which being bonded to one another
work jointly under load. Expressions defining the ultimate pressure values for 3 stages of filter work are formu-
lated. The method for calculating the amount of energy necessary to destroy the clogging matter built up in the
gravel pack pores and in the well screen is defined. The equation of the balance of energy necessary to deform
the wire packing and destroy the clogging matter is formed. An example of calculation of the necessary
energy consumption is given. A numerical example of calculation defining the working pressure range and the
necessary energy consumption to treat the wire screen with the given strength of the clogged gravel filter pack
is considered. It is established that the required pressure value is defined to a great extent by the tensile strength
of the water intake surface.
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