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aHAJIM3HUPYIOT CXeMy 00pabOTKH C TPUMEHEHHEM THIPOPa3phiBa B KOHTEKCTE CBOMCTB CKBa)KUHBI, CBOVCTB
KOJUIEKTOpa, (IIIOWAOB M TPOIIAHTOB, a TAKXKE pacdeTa KPUTHYECKOM CKOPOCTH (MIBTpAIH IS
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OIIMCAHUE U30BPETEHUA
2420-574115EA/072
CIHOCOB I'HAPABJIMYECKOI'O PA3PBIBA U CHU’KEHHUA OBPATHOI'O
IIPUTOKA ITPOIIITAHTA

OBJIACTH TEXHUKU

[0001] Hacrosimuee m3o0pereHue B LIEIOM OTHOCHUTCS K OMNEPALUSM THAPABIMYECKOTO
paspeiBa. B wactHOocTH, M300peTeHME OTHOCHTCS K  BBINOJHEHHIO KOMITBEOTEPHOTO
MOJIEIUPOBAHMS OMepalfii THAPABINYECKOTO pa3pbiBa C LEIbI0 MHHMMH3ALUH OOpPATHOTO
MPUTOKA MPONIAHTA U3 TPELIMHBI B CTBOJI CKBAXKMHBI BO BPEMSI OYHCTKU TPEIIHUHBI U TOObIUH.

YPOBEHb TEXHUKU

[0002] I'uppaBnudeckuii pa3ppiB IUIACTA MPENCTABISAET COOOH IMUPOKO MPUMEHSEMYIO
TEXHOJIOTUK0 HMHTEHCHU(UKALMN CKBAXHH, LEJIbI0 KOTOPOH SBISIETCS CO3MaHHE B TIOPOAe-
KOJUIEKTOpPE KaHajla C BBICOKOI IPOBOAMMOCTBIO. B 00pa3oBaHHYIO TpeIIMHY 3aKadMBAIOT
Oonpime OOBEMBI JKHUAKOCTH, COZAEp’KAIled YacTHIBl MPOIIMAaHTa. PacmpocTpaHeHHOH
npobieMoii mocne WHTeHCH(UKAMH C T[PUMEHEHHEM THAPABIMYECKOro paspbiBa C
PAaCKJIMHUBAIOIIMM MaTepHaOM SBJSIETCS BO3BPaTHOE W3BJIEUEHHE NPOMNINAHTa BO BpeMs
00paTHOro MPUTOKA (TaKKe HA3bIBAEMOT0 OOpaTHBIM MPUTOKOM mpormanTa). OOpaTHBIH MPUTOK
NPONIaHTa OOBMHO MPOUCXOIAUT HEMEIJIEHHO BO BPEeMsI OYHMCTKU CKBAXKHHBI WIIM B TEUEHUE
nepuoaa OT HECKOJIbKUX AHEH 10 Henenb nocyie 00paboTKu myTeM THApOpas3phiBa, HO TAKKE OH
MOJKET HAa4aThCsl B JIF000E BpeMsl B TEUEHHNE CPOKA IKCIUTyaTally CKBaKUHbI. OOpaTHBIN IPUTOK
IPOMNNAaHTa YacTO NPUBOAUT K 3HAUUTEIbHBIM MOTEPAM MPOBOAUMOCTU TPELIMHBI H3-3a
CMBIKaHUS TPELIUMHBbI B MPU3a0ONHHON 30HE CKBAXKMHBI, HE UMEIOIIEH MpPOMMAaHTa. JTO MOXKET
YXYALUINTh SKOHOMHYECKHE MOKa3aTeIu TeMma A0ObIMU W3 BCell CKBAXKMHBI. TakkKe 5TO MOXET
OKa3blBaTb HEOJArompuATHOE BO3ZECTBHE HA JKCIUIyaTaLlMOHHOE OOOpyHOBaHHE H3-3a
3aKyNOPUBAHMS WIHM 3PO3UH HA3€MHBIX U CKBAXMHHBIX 3aKAHUYMBAHUI U NMPUBECTU K CHUKEHUIO
JOXOZ0OB BO BpeMs MPOCTOSI, MOKA MPOUCXOAUT 3aMeHa obopynoBaHusi. Kpome Toro, noObITHII
NPOMIAHT AOJDKEH OBbITh OTAENeH OT JOOBITHIX YIJIEBOAOPOAOB, YTO BJeYeT 3a COOOM
JOTIOJTHUTENIbHBIE 3aTpaThl Ha 00padoTky. Koneunsiit 3¢ ekT oT 00paTHOro MpUTOKA MPOMITAHTA
MOJKET 3aKJIFOYaTbCs B COKpALIEHHH AOOBIYM, TOBPEKACHUU OOOPYIOBAHHS, MPOCTOSIX M, B
KOHEUYHOM HUTOre, B CHUKEHUU A0X0Ja.

[0003] IlpennpuHUMANUCh MOMBITKH NPUMEHEHHS HECKOJbKUX CPEICTB, HMEIOLIEro
CBOCH ILENIbI0 OTPAHUYHTh WM YCTPAHUTh OOpPATHBI NMPUTOK TBEPIABIX HYACTHILl IMPOIMITAHTA,
NOMAaBUIMX B IUIACT BO BpeMs 00paboTku myteM ruapopaspbiBa. OZHUM €3 CPENCTB,
MOKA3aBIIHM CBOIO JIOCTATOYHYIO 3(()EKTUBHOCTD, SBISUIOCH MOCTENEHHOE CHUKEHUE AaBIIECHHS
TUAPOPA3peIBA CpPa3y IOCIE 3aBEepIIEHHs OIEpPaLud THAPOPA3phIBA, YTOOBI AEHCTByIOLIEE Ha
IPOMNMAHT JaBJIEHHE CMBIKAHUS TPELIMHBl BO3PACTalO IIOCTENEHHO, IO3BOJISAS MaTpHLe
NPOMIaHTa CTA0MIN3UPOBATBCA 10 TOTrO, KaK MPOM30HAET OOpaTHBIA NMPHUTOK SKUAKOCTH IS
THAPOpa3peiBa M IPU SKCIUIyaTaLUH CKBaKHWHBI 3HAYUTENbHbIE OOBEMBI MpOMIaHTa OyayT
BBIHOCHUTBCS U3 TPELIMH OOPATHO B CTBOJI CKBAKMHBI. Taxke MHUPOKO MPUMEHSUIN IIPOMIAHT CO

cMmossiHbIM  TokpeiTHeM» (RCP - anrm.: resin-coated proppant), TO €cTh pacKJIMHUBAIOIIUN



MaTepuaj C TBEPAbIMH YaCTHLAMH, MMEIOLINMU KJIEHKOE IMOKPBITHE, NMPUKPEIUIEHHOE K HX
BHEIHEH MOBEPXHOCTH TaK, YTO YAaCTHUIIbl MPOIMIAHTA CBA3BIBAIOTCS IPYT C APYTOM - MpOIEcC,
KOTOPBIN JOMOJHUTENBHO CHIDKAET BEPOSITHOCTh OOPATHOrO MPUTOKA npomnmnanta. Hecmotps Ha
cniocooHocTh RCP mpenorepainate 0OpaTHBIN MPUTOK MPOIIAHTA, OH UMEET Psii HEJOCTATKOB:
MEHBLIYIO IPOBOJUMOCTB 10 CPABHEHHUIO C MPOIIAHTAMH, HE UMEIOLIUMHU MTOKPBITHS, YTO MOXKET
NPUBOAUTH K OOpa3OBaHHUIO B MPU3aOOWHON OOJACTH CTBOJA CKBA)KHHBI 30HBI C MOHMKEHHOM
npoBoaumoctbio. RCP  moxer umerb mnpoOieMbl COBMECTHMOCTH € JKMIAKOCTSIMH  JUIS
THIPOpPA3pbiBa, M, YTO BAXKHO, HMEET TEMIIEPATypHbIE OrPAHUYEHUS. OrpaHHYEHHbIE
BO3MOXKHOCTH  JUIsl TPUMEHEHHMs B  HH3KOTEeMIeparypHoM 1uiacte. Eme  onHOi
pacrpOCTPAaHEHHOH B OTpPacid TPAKTHKOW SIBISIETCS NPUMEHEHHE B KayeCTBE MephI
npenoTBpamienus ooparaoro npuroka nponmnanta (PFB - anrn.: proppant flowback) pasmuunbix
BOJIOKOH, 4YTO TaKXe€ MOXKET CHW)KaTb MPOBOIUMOCTb B mpu3aboiiHOH oOjactu cTBOJA
CKBAXHHBI, a TaKXe XapakTepH3yercs MpoOJieMaMH, CBS3aHHBIMH CO  CJIIO)KHOCTBIO
SKCIUTyaTaLuH.

[0004] Takum 0Opa3oMm, CYLIECTBYIOIINE CIIOCOOBI 3aMmycka TOOBIMH U3 CKBAKHH, a TAKXKe
NPUMEHEHNE PA3JINYHbIX JO0ABOK Ui MPENOTBPAIIEHUs] OOpAaTHOTO MPUTOKA MPOIIAHTA UMEIOT
HEKOTOpBIE OrPAHUYEHHS] M HE TaPaHTHUPYIOT TOTO, YTO MPOMIAHT HE MOSBUTCS HAa TIOBEPXHOCTH
gyepe3 HeNeNto, MeCsI] K aaxe rof. [lepruoasl 0OCTaHOBKH, ra30BOE 3aKyNOPUBaHUE, NPOOIeHNE
NPOMIIAHTa U IPYyTUe OTKJIOHEHHUS OT HOPMbI B TE€UEHHE CPOKA HKCIUTyaTallud CKBAKUHBI MOTYT
NPUBOJUTH K 3aMETHBIM H3MEHEHUSIM 1e0NTa, IIMPUHBI TPELUHBI U HATPY3KH HA MPOIIIAHT, YTO,
B KOHEYHOM HTOT€, BbI3bIBa€T OOpATHBIM NMPUTOK MpommaHTta. B cBOK ouepenb, 3TO CTaBUT
BOIPOC O JIOJITOCPOYHOM IPOTHO3HMPOBAHUU NMPOBOIAMMOCTH Tpel[uHBL PerneHue 3Tol 3amaqu
SIBJISIETCS] 3aTPYAHUTEIbHBIM 0€3 (YHAaMEeHTaIbHOIO MOHMMAHUS SIBJIEHUs] OOpPaTHOTO MPHUTOKA
IPOMIIAHTA M CIIOCOOHOCTH MOJENUPOBATH MPOLECCHI, MPOUCXOSIINE B CKBAXKHHE B JIIOOOH
MOMeHT BpemeHu. Hanuume Takoii moxmenu Morjo Obl TMO3BOJHUTH BBIOMPATh HAMIYUIIUN
CLICHAPHIA KCIUTyaTallii KOHKPETHOM CKBAKHHBI.

[0005] B nanHOM m300peTeHuu ompezaeneH miaH oOpaboTKU MyTeM THIpOpa3pbiBa MIIH
00paTHOro MPHUTOKA KaK BBIOOP KOHKPETHBIX PabO4YMX MapameTpoB it padoT, CBSI3aHHBIX C
THIPOPA3PhIBOM JIM OOPAaTHBIM MPHUTOKOM, TaKUX, HANpPUMeEp, KaK CKOPOCTh 3aKaYMBaHUS,
KOHLIEHTPALMK TPOIIAaHTa, o0muii o0beM 3akayky, nemnpeccus B 3a0oe, rpaduK OTKPBITHS
IITylepa B YCThe CKBAXKUHBL. MOIENMPOBAHHE IO JAHHOMY H300PETEHHIO ONpENesieHO Kak
KOMITBIOTEPHOE MOJIEIMPOBaHUE (PU3MUECKOro Mpoliecca TUAPOpa3phiBa MiacTa HWiId 0OpaTHOro
NPUTOKA, COOTBETCTBEHHO, CBA3aHHOTO C IIOTOKOM (DJIFOMAA 1 MPOMIaHTa BHYTPH TPELIHH.

KPATKOE OITUCAHUE ' PAOUYECKHUX MATEPHUAJIOB

[0006] Ha ¢wur. 1 mpencraBieHa OJIOK-CXeMa, TOKA3bIBAKOINAS TOCIEIOBATEIBHOCTD
COOBITHI JUIsI TIpEenoTBpAIeHHs OOpaTHOro NpUTOKa mnponmnadTta. JlaHHas Onok-cxema
u3zobpaxkaer pabouuii mporecc 1, KOTOphIA BKIFOYaeT B ceOs Kak cxemy OOpalOTKU MmyTem
THIPOpa3phiBa, TaK U CXeMy OOpaTHOrO IMPHUTOKA Ha OCHOBAHUHM MOZAENUpPOBAHHUS OOpPaTHOrO
NPUTOKA MPOMITAHTA.

[0007] Ha ¢ur. 2 mpexncrasneHo rpaduyueckoe n300pakeHHE TPEIIMHBI, U3 KOTOPOM



NPOMCXOOUT BBIHOC MPOIIAHTa BO BpeMsi 00paTHOro mputoka. YUepHble 00NacTH H300pakar0T
NPOMIIAHT B TPELUHE.

[0008] Ha ¢ur. 3 mpencraBineHa OJIOK-CXeMa, IMOKa3bIBAIOINAs IOCIEIOBATEIBHOCTD
COOBITHMHM JUIsI TNpenoTBpalleHus OOpaTHOro NpUTOKa mnponmnaHrta. JlaHHas Onok-cxema
n3o0pakaer paboumii mpouecc 2, OTHOCSLIMNCS K CKBaXKMHAM, KOTOpPbIE YK€ IOJBEpPrajHch
obpabotrke myteM rugpopaspbiBa Iuiacta. COOTBETCTBEHHO, peajM30BaHa TOJIBKO CXeMa
00paTHOro NMPUTOKA Ha OCHOBAHUYU MOJIEJINPOBAHMUsI 0OPATHOTO MPUTOKA MPOIIIAHTA.

[0009] Ha ¢ur. 4a nokazaHo pacrnpeaesieHne KpUTHUECKUX CKOPOCTel QuibTpanuy, ue, B
Hayvajie o0paTHOro mpuToka B «TpemuHe 1». Ha ¢ur. 4b mokaszaHo moje ckopocreii ¢urouaa B
Hauajie OOpaTHOTO MPUTOKA B «TpeLnHe 1».

[0010] Ha ¢wur. 5a nokazaHo pacrnpeneieHne KpUTHUYECKUX CKOPOCTel QuibTpanuy, u., B
Hadajie oOpaTHOro MpPUTOKA B «TpemuHe 2». Ha ¢ur. 5b mokaszano mojie ckopocreii ¢uronna B
Havajie 0OpaTHOTO MPUTOKA B KTPELIHHE 2%».

[0011] Ha ¢ur. 6 mnoka3aHo pgaBieHHEe B MecTe mepopalyi TPEIIUHBbl IS
MOJENTUPOBaHH 0OPATHOTO MPUTOKA.

[0012] Ha ¢ur. 7 noka3aHo cpaBHEHHE COBOKYITHOIO OOPAaTHOTO MPUTOKA MPOMTIAHTA JIJIs
CIIEHApPHEB ABYX CMOJEIUPOBAHHBIX TPELIHH.

[0013] Ha ¢ur. 8 mnokazaHel Temmbl A00bMU (QuroMAa Ayl CLEHAPUEB IBYX
CMOZIETUPOBAHHBIX TPEIINH.

[0014] Ha ¢ur. 9 nokasana coBokymnHass n100b4a (Quronaa U3 TPeX pacueTHBIX TPELINH
COTJIaCHO MpUMeEpy 2.

[0015] Ha ¢ur. 10 noxazan obmuii 00beM MPOMIAHTA, MOJTY4YEHHOTO U3 TPEX PaCUeTHBIX
TPELHUH COrJIaCHO NpUMepy 2.

[0016] Ha ¢ur. 11 nokasana coBokymHass no0brda (ronaa U3 TPELIMHBI B pe3yJbTaTe
OBICTPOrO CHIDKEHUS ABJIEHHs B TEUEHUE INEPBBIX 6 4acoB OOpPAaTHOTrO NMPHUTOKA U MEAJIEHHOTO
CHW)KEHUs aBJIeHHsI B TeueHrne 60 4acoB 0OpaTHOIrO MPUTOKA.

[0017] Ha ¢wur. 12 nokazan obmuii 00beM 00paTHOrO MPUTOKA MPOIIAHTA U3 TPELIHHBI
BO BpeMst OBICTPOTO U MEIJICHHOTO CHU)KEHUS TABJICHUSI.

KPATKOE U3JIOKEHUE CYIIHOCTH U3OBPETEHHUSA

[0018] B opHOM acmekTe BapUaHTbI OCYINECTBJIEHHS OTHOCATCS K crocobam
THIPOpa3phiBa TMOA3EMHON CKBKUHBI M CHIDKEHHs] OOpPaTHOrO MpPUTOKAa mponmaHTta. Llenbro
pabouero mporecca (MOIEIMPOBAHHWE U KOPPEKTHPOBKA PACUYETHBIX MApaMETPOB) SIBISETCS
IOCTH)KEHUE JIBYX YIOBJIETBOPUTEIBHBIX MapaMEeTPOB, OMHUCHIBAIOIINX BEJIUYUHY OOpaTHOTO
MPUTOKA MPOIIaHTa U 00beM noObHu Quronna 3a onpenenennsiii nepuon. (i) ObpaboTka mytem
THOpOpa3phiBa MpENHA3HAUYEHA JUISI MHTEHCU(UKALIMN KOJUIEKTOpa, B KOTOPOM OyAeT co3naHa
TpeumuHa. PacdeTHple mapaMeTpsl BKIIOYAOT B ce0sl KOHIEHTPALMIO IPOIIAHTA, BA3KOCTh
¢ronna, pacxon, 3Tarbl BEITOJHEHUS PA0OT U OKOHYATEIbHYIO T€OMETPHUIO TPELIUHBI, & TAKXKe
ux komOuHaiuu. (11) BBIMONHIIOT KOMIIBIOTEpPHOE MOnENUpoBaHUuEe 00paboTKu myTeMm
THIpOpa3peiBa, B XOA€ KOTOpPOro (opMHpYyeTcsi MPOTHO3 pPAaCIpOCTPAHEHUS TPEIUHBI,

pacripeneneHust TPOIIAHTA, pachpeneieHus Quouga M - pachpeneneHuss MPOBOIUMOCTU



TpemuHbl. (111) 3amar0T pacyeTHble IMapaMeTpbl OOpPaTHOrO MpHUTOKA. Takue pacdyeTHbIe
napameTpel 0OOpaTHOrO MPHUTOKA BKIIOYAIOT B ce0sl naBjeHHE B 3a00€ MM YCThE CKBAXKHHBI,
BpeMsl U TPOAOJUKUTENBHOCTh OOpPaTHOro mpuTOKa. lIpM KOMIBIOTEPHOM MOIEIUPOBAHUH
OKOHYATENIbHYIO (OpMYy TpEINWHBI Pa3IesIIOT Ha OTAeNdbHble sueiiku. (1v) s kaxmoit
pacyeTHOM siuelKM OKOHYATENbHOH (POPMBI TPELIMHBI ONPENENAIOT KPUTHUYECKYIO CKOPOCTb
¢unbTpaunu u.. (v) Janee, ans 3aJaHHBIX YCJIOBHI OOpPAaTHOTO MPHUTOKA OMPENENsOT HeOUT
u3BjIeueHNsT (IIOUAAa W CBSI3aHHbIH C HUM 00beM OOpaTHOro MNpHUTOKAa NpomnmaHTa. (Vi)
UzBneveHHblli 00beM mponmaHTa Vi u 1oObmy Quronaa Qr Ha rpaHuie NMpu3abOWHOW 30HBI
CTBOJIA CKBaXXHHBI PACCUUTHIBAIOT MyTEM IOBTOPHOTO OMNPENENCHUS KPUTHYECKOH CKOPOCTH
(ubTpaLny, COOTBETCTBYIOLIEro neduTa m3BjeYeHus: guronaa u o0bemMa OOpaTHOrO MPHUTOKA
NPOMITAHTA JJIs1 OCIEOBATENIbHBIX HHTEPBAJIOB MPOJOJLKUTEIBHOCTH OOPATHOTO MPHUTOKA. (Vii)
Ecim Vi < V. 1 Qf > Qun, TO 00paboTka myTeM THApopaspbiBa W OOpPaTHOrO MPHUTOKA
BBIITOJIHEHBl B COOTBETCTBUHU C pacyeToM. Qp, - MUHHMAaJbHO JOMYCTHMBIA TeMN IOOBIYH
¢mronna, a V, - MAaKCUMaJIbHO JOMYCTUMBIH 00BEM OOpaTHOTO MPHUTOKA mpomnmaHTa. (viil) Ecim
Vs wmn Qg He YIOBJIETBOPSIFOT YKAa3aHHBIM BBIIE YCIOBHUsIM, 3Tambl (i)-(Vi) MOBTOPSIOT CO
CKOPPEKTUPOBAHHBIMHU PACUETHBIMH MapaMeTpamMH rUpopa3pbiBa W/WIH 0OpaTHOTO MPUTOKA.

[0019] B npyrom acmekTe BapWaHTbl OCYIIECTBJIICHUS OTHOCATCS K CIocoOam
THIPOPa3phiBa MOA3eMHON CKBaKUHBIL. (1) Cxema mosydeHa it paHee BBIMOJTHEHHON 00padoTku
INyTeM THIPOpa3pbiBa Ui WHTEHCU(UKALMK KoJulekTopa. (11) BBIMONHSAIOT KOMIBIOTEPHOE
MOJIeNUpOBaHNe OOpa0OTKM MyTeM THIPOpa3pbiBa, (OPMUPYIOT TMPOTHO3 PACHPOCTPAHEHUS
TPELIUHBbI, pacHpefeNieHuss MPOMIMAHTa, pacrnpeneneHuss (aouna U paclpeneneHus
NPOBOJUMOCTH TpeIMHBL. (ii1) YCTaHaBIMBAIOT pacyeTHbIE MapamMeTpbl OOPAaTHOrO IMPHUTOKA.
Takue pacderHble mapameTpbl OOpPaTHOrO MPHUTOKA BKJIIOYAIOT B cedsi naBieHHe B 3a00e WM
yCThe CKBAJKHHBI, BPeMsl U NPOAOJDKHTENBHOCTh OOpaTHOro mpuroka. Ilpu kKoMIbroTepHOM
MOZETMPOBAHUN OKOHYATENbHYIO (POPMY TPEIIMHBI Pa3AeisAloT Ha OTAeNbHbIe stuerku. (1v) s
KQXIOM pacueTHOH SYeWKH OKOHYATEeJNbHOW (DOPMBI TPELIUHBI OMPENENSIOT KPUTHUECKYIO
CKOpOCTh unbTpanuu u.. (v) Jlanee mis 3agaHHBIX YCIOBHI 0OPATHOTO MPUTOKA OMPENENISIOT
neOuT u3BnedeHus: Gyrouna M CBA3aHHBIA C HUM 00BbeM OOpaTHOro MPUTOKA MpommaHTa. (Vi)
UzBneueHHplli 00beM mponmanTa Vi u 1oObmy Quironaa Qr Ha TrpaHHLEe NMPU3a0OWHONW 30HBI
CTBOJIA CKBXXHHBI PACCUUTHIBAIOT IyTEM IOBTOPHOTO ONPEAENCHUS KPUTHYECKOH CKOPOCTH
(unbTpaLny, COOTBETCTBYIOLIEro aAedOuTa m3BiIeYeHus (uronaa u o0bemMa OoOpaTHOTrO MPUTOKA
NPOMIIaHTA JJIsl TOCIENOBATENIbHBIX HHTEPBAJIOB MPOJOJLKUTEIBHOCTH OOPAaTHOTO MPHUTOKA. (Vil)
Ecmn Vi < Vo u Qf > Qun, TO HalifieHa YAOBJIETBOPUTENbHASI CXeMa OOpaTHOrO MPHUTOKA.
Omnepanust 0OpaTHOrO MPUTOKA BBITIOJHEHA B COOTBETCTBHUHU CO CXEMOH. Qpiy - MUHHMAaJBHO
IOMYCTUMBIH TeMn noO0bMu (uronma, a V, - MakCHUMaJbHO IOMYCTUMBIA 00BEM OOpaTHOTrO
nputoka nponmanTa. (viil) Ecim Vi mnn Qf He ylOBIETBOPSIOT YKa3aHHBIM BBILIE YCIIOBHSM,
stansl (iii)-(vi) MOBTOPSIOT CO CKOPPEKTHPOBAHHBIMU PACUETHBIMH MapamMeTpamMu OOpaTHOro
IPUTOKA.

ITOAPOBHOE OITMCAHME CYIIIHOCTU U30BPETEHUA

[0020] Brauane cneayeT OTMETHTb, YTO MPHU pa3padoTke J0O0ro Takoro haxTUIeckoro



BapUaHTa OCYILIECTBICHHUS JOJDKHBI OBITh BBIOJHEHBl MHOTOYHCIEHHBIE peaTu3aluu -
KOHKPETHBIE pEIleHUs] Uil AOCTIDKEHHs] KOHKPETHBIX LeJel pa3padoTyhka, TakuxX Kak
cOOJII0IeHNe OTPaHUYEHUH, CBSI3aHHBIX C CHCTEMON U BEIGHUEM SKOHOMUYECKOH IeATENbHOCTH,
KOTOpble OyIyT BapbHpOBAaThCS B pPa3HbIX BapHaHTax peanusauuu. Kpome Ttoro, cremyer
NOHUMATh, YTO TAaKHE YCHIIUS MO pa3paboTKe MOTYT OBITh CJIOKHBIMH U JJTUTEIbHBIMH, HO, TEM
He MeHee, OyayT OOBIMHBIM JeJOM JUIs CIELHaicTa B JaHHOW OOJAacTH TEXHUKH,
HOJIB3YIOIIErocss TMPEUMYIIeCTBOM HAcTosero usooperenus. Kpome TOro, kKoMmosuiws,
NpUMEHsIeMasi/ONMCaHHass B JAHHOM JIOKYMEHTe, TaKKe MOXKET COAep)KaTh HEKOTOpbIe
KOMITOHEHTBI, OTJINYHbIE OT yKa3aHHbIX. B pasznenax «Cymuocts n3o0perenus» u «IlogpodOHoe
ONMHUCaHWE W300peTeHHsT» KaKI0€ YHUCJIOBOE 3HAYEHHE CIeNyeT pacCcMaTpUBaTh, Kak
MOIU(PHUIIMPOBAHHOE TEPMUHOM «IPUOJIUZUTENLHO» (KpOME CllyyaeB, KOTa OHO YK€ B SIBHOM
dbopme MOTUDUIIMPOBAHO TAKUM 00Pa30OM), a 3aT€M PaCCMATPUBATh, KaK HE MOIU(PUILIUPOBAHHOE
TakuM 00pa3oM, €CIM M3 KOHTEKCTa He cieayer uHoe. Takke, NmpU NPOYTEHHH pa3aelioB
«Kpatkoe wm3noxkeHune cymuHoctn uszoOperennss» U «llompoOHoe omucaHWe CyIIHOCTH
nU300peTeHs» CIeAyeT MOHUMATh, YTO MO AMANA30HOM KOHLIEHTPALMH, MePEeYNCICHHBIM HIIH
ONMUCAHHBIM KaK MPUMEHHMBbIH, MOAXOMIIIUNA U T. I, MOApa3yMeBaercs Jrodas U Kaxknaas
KOHLIEHTpalusl B Ipeleiax yKa3aHHOIO AMana3oOHa, BKJIOYas KpailHue 3HaueHus. Hampumep,
«nuamnazoH ot 1 mo 10» criemyer BOCHPHHHMMATH KaK OIMUCHIBAIOIIHMK BCe 0€3 HCKITFOYCHHS
BO3MOXKHBIE YHCJIa B KOHTHHyyMe OT okoso 1 mo okomno 10. Takum obpasom, maxke eciu
OTpeZieNieHHble 3HAUY€HUs B Ipelesax Auana3oHa, WM HM OJHO W3 3HAUEHUN B mperenax
JManasoHa, B SIBHOM BHJE YKa3aHbl WM OOO3HAU€HBbl JIMIIb HECKOJBKHMMHM KOHKPETHBIMHU
3HAYEHHSIMH, CJIEYEeT IMMOHUMATh, YTO aBTOPbI M300pETeHUs MOIPA3yMEBAIOT U IMOHUMAIOT IOJ
STHM, 4TO JIIOOble W BCE 3HAUEHHs B Tpenesax AWanasoHa CIEAyeT paccMaTpUBaTh, Kak
yKa3aHHbIE, U YTO aBTOPBI HACTOALIETO U300pPETEeHHsI UMEIOT B BUy BECh JUANAa30H U 3HAYECHUSI
B IIPEJ€Jax 3TOro AUANa3oHa.

[0021] B nactosituem n300peTeHrH NMPeacTaBlIeHbl HOBbIE CIIOCOOBI MJIAHUPOBAHHS PadoT
N0 TUAPOPA3pbIBY IUIACTA M SKCIUTyaTallUd CKBAKUH, KOTOPBIE IO3BOJSIIOT MaKCHMAaJIbHO
NOBBICHTb TPOU3BOIUTENIBHOCTh CKBAXMHbI M MHUHUMH3UPOBATh PHUCK OOPAaTHOTO MPUTOKA
MPOIIAHTA.

[0022] VYka3anHble CrOCOOBI MPENCTABISIIOT COOOM KpUTEPUH, KOTOPBIA IMO3BOJISIET
oreparopam OIpPeneNATh PUCK OOpaTHOro MPHUTOKA MPOMNMNAHTA B 3aJaHHBIX YCIOBUSX. DTOT
KPUTEpHUII OCHOBAH HAa HOBOM MaTE€MAaTHYECKOW MOJENIH, KOTOpas NO3BOJIAET PacCUUTATh
MHUHHMAJIBHYIO CKOPOCTh QuiIbTpaunu ¢uronaa (TakKe Ha3bIBAEMYK KPUTHUECKOH CKOPOCTBIO
¢dunbTpauny, u.), KOTOpasi HHULMUPYET OOPaTHBIN MPUTOK MPOIIAHTA I 33aHHBIX Pa3MepOB
YacTUI] TMPOIIAHTA, HANPSDKEHUs] CMBIKAHUS, IOUPUHBI TPEIIMHbI W BS3KOCTH (IFOMIA.
OOpatrHbIii MPUTOK TMPOIMIAHTA MOXKET MPOUCXOAUTH, €CIM CKOPOCTh (UiIbTpanuu Qronna,
KOTOpast MOJKET OBITh BbIBEJIEHA U3 TEMIIAa JOOBIMH, MPEBBIIIAET CBOE KPUTHUYECKOE 3HaUeHNne. B
NPOTHBHOM cllydae HaOMBKAa TPOMIAHTA SBISETCA YCTOMYMBOM. DTOT KPUTEPUH MOXKHO
NPUMEHSTH B JIFOOOM UMHTATOPE MOTOKA, KOTOPBIM YUUTBIBAET COBMECTHOE TeUeHHE (IIOUIOB U

IIPOIIAHTOB.



[0023] VYkazaHHBIE CIOCOOBI TaKXKe NPEACTABISIOT padoyue MpPOLECChl, B KOTOPBIX
NPEeJIOKEHHBIN KPUTEPUIl MPUMEHSIIOT Ul ONTUMH3ALMN CXeMbl ONEepaluy THAPOpa3phbiBa, a
TAK>Ke JUIs OTIPENIEIeHUs ONITUMAIIbHON CTPATErHU SKCIUTyaTal[i CKBAYKUHBI.

[0024] VYka3zaHHble CHOCOOBI TO3BOJIAIOT —ONEPATOPaM MAKCHUMAJIbHO ITOBBICHTH
3¢ (eKTUBHOCTD obpabotku nyTeM TUIpOpPa3phIBa, MaKCHUMAaJIbHO TIOBBICUTD
NPOU3BOAUTENBHOCTh CKBRXKMHBI W MHHUMI3HPOBaTb BpeMs TMPOCTOSI M 3aTpaThl Ha
KaIUTaJIbHBIN PEMOHT, CBSI3aHHbIE C OOPATHBIM ITPUTOKOM MPOIIAHTA.

[0025] B 3asBke Ha mareHT CIIIA 2018/0016897A1 omucaHO MpUMEHEHHE MOJIENeH
HECTAIIMOHAPHOIO MOTOKa (uironaa Juisi MPOrHO3UpPOBaHMs (PA30BOTO COCTaBa JOOBIBAEMOTO
¢ronna v yrnpasyieHUs MOTOKOM (DIIFOMIa Yepe3 OKHA B YCThe CKBAKHHBL.

[0026] B 3asBke Ha matent CIIIA 2016/0341850A1 mpencraBieHa MoaeNb AUCKPETHOM
ceru tpemnH (DFN - anrn.: discrete fracture network), mpexncraBismoomas CeTb TPELINH B
NOA3eMHON 00JNacTH M OOBENUHSIOMAs HECKOJIBKO MOAMOAENEH, BKIOYAs MOAETb OOpaTHOTO
nputoka/yreuku (1D, 2D, 3D). Ota Moznens onuchiBaeT 00bEM OOPATHOrO MPUTOKA MPOIIIAHTA
BO BpeMsi 0Opa0OTKH MyTeM THAPOpa3pbiBa, HO HE OMHCHIBAET OOPATHBIA NMPUTOK MPOIMITAHTA
(MMMOOMIM3aLMI0 TBEPIOTO BEIIECTBA) B 3aKPHITOH TPELUIMHE BO BPEeMsl 3KCIUTyaTal[UH
CKBQ)KUHBI.

[0027] Milton-Tayler D et al.: “Factors Affecting the Stability of Proppant in Propped
Fractures: Results of a Laboratory Study, nokyment SPE 24821 (1992). B naHHOM JOKyMEHTe
NPEACTABJIEHbI SKCIIEPUMEHTBI, B KOTOPbIE OINpeesieHbl (PaKTOPBI, BIMUAIOLINE HA YCTOWIHBOCTD
NpONMaHTa B TPEIIMHAX C PACKIMHUBAIOIIUM MarepuajoM. AOCONIOTHBIA  pa3mep,
pacripeniesieHue U THUIl IPOMIAHTA MOTYT BJIMATh Ha YCTOWYMBOCTh HAOMBKH M, CIIEOBATEIbHO,
Ha BEPOSITHOCTh OOPATHOrO MPUTOKA MPOIIIAHTA.

[0028] Asgian MI et al.: “The Mechanical Stability of Propped Hydraulic Fractures: A
Numerical  Study,” nmokyment SPE 28510-PA  (1995). B nmaHHOM  JIOKyMeHTe
NPONEMOHCTPUPOBAHO, KAaK pa3JMYHbIe CBOWCTBA U YCJIOBUS (HAmpUMeEp, HampsDKeHUE
CMBIKAHMS, INUPUHA  TPELUIUHbI, BHEAPEHHWE  MPOIMMAHTA B  CTEHKH  TPELIMHBI,
IPaHyJIOMETPUUECKUI COCTaB, OTHOCUTENIbHBIA HAKJIOH CTEHOK TPELIMHbI U ACTIPECCHUs) BIIHSIOT
HA MEXaHUYECKYH YCTOHYMBOCTb HECJMIAIOUINXCS, HECBSI3aHHBIX HAOWMBOK MPOIIIAHTA.
UmncneHHbIe MOJIENN MOKA3bIBAIOT, YTO TPEIIUHBI THIPOPA3pPbIBa, PACKIMHEHHbIE HECBS3aHHBIM
PACKJIIMHUBAIOIIAM MaTEpHAJIOM, PA3PYLIAOTCS TOA ACHCTBHEM HANPSDKEHUS CMBIKAHUS TPU
KPUTUYECKOM OTHOLICHUH CPEIHETO TUaMeTpa 3ePeH K LTUPHUHE TPELIHHBI.

[0029] Aidagulov GR et al.: “Prediction of Long-Term Proppant Flowback in Weak
Rocks,” moxkyment SPE 106264-MS (2007). B naHHOM IOKyMEHTE NpPEACTaBIEH MOAXOA K
MOJIEIUPOBAHHIO, HWMEIOIIUN CBOEH LENbI0 IMPOTHO3UPOBAHME KOJMYECTBA NPOIMIIAHTA IPH
o0paTHOM TpPUTOKE. YKa3aHHAs MOAETb YYUTBIBAET OTrPAHUYEHHOE KOJIUYECTBO (PUINIECKUX
3¢ pexToB MOCPEACTBOM YHCIEHHOTO pacyueTa.

[0030] Shor RJ: “Reducing Proppant Flowback From Fractures: Factors Affecting the
Maximum Flowback Rate,” nokyment SPE 168649 (2014). [lna monenupoBaHusi KyOMYECKHX

O6’beMOB, COCTOAIUX U3 YCTHEB TPCLIMH, CTCHOK TPCIIWNH U OrpaHUYMBAOLICTIO ILIACTa, ObL1a



pa3paboraHa Monenb ¢ NMPUMEHEHHEM HMMHUTATOpa YaCTHUIbl METOAOM AHMCKPETHOTO 3JIEMEHTa
(DEM - anrn: discrete element method). Beuto m3yueHO BiMsSHWE MIMPUHBI TPEIIUHBI,
OrpPaHUYMBAIOLIETO HANpPsDKEHUs, CKOPOCTH IMOTOKa (hIFOMAA M CBS3HOCTH MpormnmnaHta. beuio
O0OHapy>KeHO, YTO IIMPHHA TPEILIMHBI 3aBUCUT OT OIPAHHMYMBAIOIIETO HANPSIKEHHUS] U CKOPOCTH
notoka ¢uromna, npu 3TOM OOpaTHOE U3BJEUYEHHE MPOIMNAHTA TAKXKE 3aBUCENIO0 OT €ro
CBSI3HOCTH.

[0031] Vernigora D et al.: “Unveil the Unknown: Combining the Laboratory Study of
Fracturing Fluids at High Pressure with a State-of-the-Art Hydraulic Fracturing Simulator,”
nokymeHT SPE 189518-MS (2018). B maHHOM HOKyMEHTE OINMMCAaHO MOAENUPOBaHUE OObeMa
o0paTHOro mpUTOKa (JIFOUIA U MPOMIAHTA C MOMOIIBIO MPOrpaMMHOTo obecrneueHus: Kinetix®
(ToBapHbIii 3Hak kommaHmu Schlumberger) B Xome 3tama ruApopaspbiBa Mepen STAroM
00paTHOTO MPUTOKA.

[0032] Kak onmcaHO paHee, pacCKpbIThI CIIOCOOBI ITAHUPOBAHUS paboT MO THAPOPA3PHIBY
W/WIM OpPTraHW3alld HAaudaJlbHON SKCIUTyaTallMd CKBAKUHBI, KOTOPble MHUHHUMH3HPYIOT DPHCK
Oo0paTHOro MPUTOKA MPONIAHTA M3 CO3MAHHBIX THAPOPA3PbIBOM TPEIIUH TNPH COXPAHEHUH
yIOBJICTBOPUTENILHOTO Temria a00bau (uronna. YKa3aHHbIe CHOCOOBI BKJIFOYAKOT B ce0si
clienyrouee.

1. Mogenb KpUTHUECKOH (MHUHUMAJIBHOW) CKOPOCTH (PUIBTPALINU, KOTOPAsi HHULIUHPYET
oOpaTHBIi TPUTOK MpOMNMaHTa. B yka3aHHOW Mozenu uisi OLEHKH OOJIacTeil, B KOTOPBIX
BO3HHMKAET IMOJBMKHOCTb TBEPAOH (pa3bl, MPUMEHSIOT MapaMeTpbl TPELUIUHBI THAPOPa3pbIBA U
IPOMIIAaHTOB. B MOAenn NpuMEeHsIOT 1Ba UMUTATOPA.

HNmuTarop 0O6paboTKH C MPUMEHEHUEM THAPOPA3PbIBA MPOTHO3UPYET MPOCTPAHCTBEHHOE
pacripenienieHue 3aKauMBa€MbIX IPOMIAHTOB I10 BCeH IMOBEPXHOCTH CO3/1aBA€MOM TPELIMHbI
THAPOPa3phiBa. YKa3aHHbIH UMUTATOP YYUTHIBAET YCJIOBHS KOJUIEKTOpPA M BBIOPAHHBIN rpaduk
3aKauKH.

HNmuTarop oOpaTHOrO MPUTOKA OMHUCHIBAET OOPATHBIM MOTOK 3aKaYMBAeMbIX (DJIFOUIOB U
TBEPIAbIX 4YacTHL (MPONMAHTA) W3 TPEIIUHBI B CTBOJ CKBAKHHBI, KOTOPBII BO3HHKAET B
pe3yJibTaTe CHIDKEHHs JaBJeHMs Iociie oO0paboTku myTteM ruapopaspeiBa. KomudecTBo u
CKOPOCTb U3BJICUEHHsI TPOIIAHTA SBJSIFOTCS KOHKPETHBIM Pe3YyJbTaTOM JTOW WMHTALIUH,
KOTOpast 3aBUCHUT OT MPABUIIBHON MOJIEIH OOPaTHOrO MPHUTOKA MPOIIAHTA.

2. Co3naHHBIE HA OCHOBE MOAeJel paboune MpoLecchl A MPEeIOTBPAIIEHHs] O0OpaTHOTO
NPUTOKA MPONIIAHTA B CTBOJI CKBRKHUHBI, BKJIFOUAIOLIHE B CeOs:

cxeMy 00palOTKH MyTeM TUApPOPa3phIBa; U

KOMITBIOTEPHYIO UMHTALUI0 OOPAaTHOrO NMPHUTOKA, B KOTOPOH MPUMEHSFOT MOAENb IS
KPUTUYECKOH CKOPOCTH (QUIIBTPALINY, U,.

IIpenycmotrpens! nBa pabounx mporecca. Padounii nporece 1 mpUMEHSIOT st CKBAKHH
nepen X oOpaboTKOM myTeM TuapopaspbiBa. Pabounii mporecc 2 NPUMEHSIFOT IJIsi CKBAXKHUH C
paHee BBITIOJHEHHON 00pabOTKOH MmyTeM ruapopa3phIBa.

Mopesib KpUHTHYECKOH CKOPOCTH (PHILTPALHHU
[0033] bruta paspaborana Monesb AJisi MPOTHO3UPOBAHUSI BOSHUKHOBEHHUS TIOABHYKHOCTH



NPOIIaHTa B TPEIIMHE B YCJOBHSX BBICOKOTO OrPAHHUYMBAIOLIErO HAMPSDKEHUs. Y Ka3aHHAs
MOZIeNIb  OTpeneNsieT MHHHUMAIBHYIO CKOPOCTb (DUIIBTPALMM, TPHU KOTOPOH MPOUCXOIUT
MHULMHAPOBAHKUE TOABIDKHOCTH MPOIIAHTA, W Jajiee B JOKYMEHTE WMEHYETCS MOIEIbIo
KPUTHYECKON CKOpOCTH (uibTpanuu. Monesnb OCHOBaHA HAa KOHLEMLHH 3PO3UH HAOWBKU
IPOIIaHTa OT Kpasi HaOMBKH MPOIMIMAHTA, IIe OMPAHUYUBAIOLINE HATPSDKEHHS] HAa HECKOJIBKO
HOPSIAKOB HIKE, YeM Te, KOTOpble NEHCTBYIOT B LIEHTPAJbHON 4acTh HAOWBKH MPOIIIAHTA.
Kpurrueckasi CKOpocTb (puibTpauuu s BOSHUKHOBEHUsI TOBIKHOCTH MPOIIIAHTA 3aBUCUT OT
OTHOILIEHHsI IIMPUHBI TpeIuHbl (W[M]) k cpenHeMy auamerpy dactuibl npormnanta (d[M]), Tuna
MPONNaHTa U BA3KOCTH QunbTpyromerocs durouna (Ug[lla- c]). Taxxe yuutbiBaercsa sddexr
niepekpbiBanust (b), KOTOPBIi 3aBUCUT OT BHEIPEHHS YaCTHIl TPOMIAHTA B CTEHKH TPEIIHHBL, U
TaK:Ke sIBJAETCS QyHKIMEH HanpsukeHus cMbikanust (o, [I1a)).

[0034] Kpurtnueckasi CKOpOCTh (PUIBTPALNHU B STYEHKE C MPOMNIIAHTOM, T7Ie TIPU CKOPOCTH,

HpeBbILHaIOH_IefI 9TO 3HAYUCHUEC, BO3HUKACT MOABUKHOCTD IPOMIIaHTa, MPUBEACHA HUXKE.

ue = (- b(an))_l, 0

" upd\d

rnie A [Ila M?] - TOITOHOYHBIH koo dunmenr, a b(o,) mnpencrasiser CcobOoOi
JOrapuPpMHUUECKYIO QYHKIHIO HAMPSDKEHHS:

b(ay) = by + by In(0y,[1a]), (2)

rae by - monroHo4HsIH K03 GULMEHT, CBA3aHHBINA C 3aKYIIOPHUBAHUEM IIPOINIAHTOM, a b,
- MOATOHOYHBIN KO3(UIMEHT, CBA3AHHBIN C BHEJPEHHEM IPOIIAHTA, B 3HAYUTEIBHON Mepe
3aBUCSIIUI OT HANpPsDKEHHUsI CMbIKaHus. [loaroHo4yHble KO3(pQPUUHUEHTHI ObLIH ONMpPEAEIeHbI 0
pe3ysbTaTaM Ccepuu JabOPaTOPHBIX 3KCIIEPUMEHTOB Ul OTPAHMYEHHOrO OOpPAaTHOTO NPHTOKA

NPOMIAHTA MPH Pa3HbIX CKOPOCTSX (PUIbTPALIMK U JJIsl Pa3HBIX MPOIIIAHTOB.

[0035] IlpencraBneHHast BBILIE MONENb SIBJSIETCS YHUBEPCAJIBHOH M MOXKET OBITh
NPUMEHEHa He TOJBKO K MPOMMaHTaM, jopMa 4acTUI] KOTOPBIX OJM3Ka K chepudeckoid, HO U K
NPOMITIAHTaM C YaCTULIAMH CTep:KHEBOH (opMmbl. Hampumep, 1is MMITMHIAPUYECKUX TPOIIIAHTOB
KPUTHYECKasT CKOPOCTb (UIBTPAllMM MOXKET OBITh ONHCaHA TEM K€ YpaBHEHHEM, C

MPUMEHEHNEM 3KBUBAJIEHTHOTO AraMeTpa cheprl, KoTopasi o 00beMy paBHA [IITHHAPY.
dyor = V1,5 L+ D2 (3)

rae L - cpensss nnmHa HUIMHAPUYECKON YacTULpL, a D - cpenHuii nuaMeTp 4acTHL.

Paboune npouecceol

[0036] Onucannbie cOcOOBI MPEeIOTBPAIEHHs] OOPATHOTO MPHUTOKA MPOIIAHTA BO BPEMsI
0o0paTHOTO MPUTOKA W NOOBIMH MpeaiaratoT asa Bapuanta: (1) 3a cueT KOHTPOIISI Kak 00paboTKH
IyTeM THAPOPa3pbIBa, TaK M IUIAHUPOBAHHMS padOT Mo OOpaTHOMY MPHUTOKY, W (2) 3a cuer
KOHTPOJII TOJIbKO TIUIAHUPOBaHUSI paboT mo oOparHomMy mputoky. Pabouumii mpomecc 1
NPUMEHSIOT JUISl CKBXKHH Tiepen ux oOpaboTkol myreM runmpopaspeiBa. Pabouunii mporecc 2

MPUMEHSIIOT [Tl CKBKUH, KOTOPBIE paHee yike MOABeprainch 00OpadboTke MmyTeM ruapopasphisa.



Pa6ouwnii npouecc 1

[0037] Ha ¢ur. 1 mpencraBieHa OJok-cxema, WUIFOCTpHUPYOIIas paboyuii mporecc
IUTAHUPOBAHMS ONEPALH THAPOPA3PhIBA C LENbIO MPEOAOIeHUs MpobiieM OOpaTHOrO MPHUTOKA
NPOMIIaHTa 3a CYET NMPUMEHEHHs] MOJAENH KPUTH4YEeCKOW ckopoctu ¢unbTpauuu. [Ipumenenue
sToro pabodero mnpouecca yCTpaHSET NEePBONPUYMHY OOPAaTHOrO NPHUTOKA INPOIIAHTA -
HEKa4eCTBEHHOE IUIaHHpOBaHHE paboT. B aToM ciiyyae Moaenb MOXKET MOKa3aTh, YBEIMYHBAET
JM yKa3aHHAs CXeMa PUCK OOpaTHOrO MPHUTOKA MPOIIAHTA, U HE TpeOyercs JiH, 4TOObI 3TOro
n30ekaTh, BHECEHUE M3MEHEHUH B IJIaH 00pabOTKU ISl TOCTHIKEHUS JIYUYIIUX SKOHOMHUYECKUX
pe3ynbTaToB (Hampumep, 3h(HEeKTHBHOE NMPUMEHEHHE MOIIHOCTU HACOCA, CTAOWJIbHBIN TeMIl
OOOBIYH U YBEIUYCHHUE IPOU3BOJUTEIBHOCTH CKBaKUHBI).

[0038] Drtan 1. BpiOMparoT CKBaXKHHY-KaHIUAAT, PYKOBOACTBYSICH KOMMEPYECKHUMH
COOOpaKEHHUSIMH.

[0039] Dtan 2. IInanupoBanue 0OpabOTKH ¢ MPUMEHEHHUEM THAPABIMYECKOTO Pa3pbIBa
BKJIFOUAET B ce0sI CIEOYIOIINE STATIbI:

nojyueHue MHPOPMALMU O MEXaHWYECKHX U MPOBOISIINX CBOHCTBAX KOJJIEKTOpA Ha
OCHOBAHWH JIAHHBIX KaPOTaka U IPYTUX U3MEPHUTEIbHBIX HHCTPYMEHTOB,

cbop uHpOpMAINH O CKBAKUHE - TPACKTOPHS, 3aKaHYMBAHHUE (HAITPUMED, PACIIONIOKEHHE
nep(opaoHHBIX OTBEPCTHI B 00CAaIHON KOJIOHHE),

cOop abopaTOpPHBIX NAHHBIX, OTHOCAIIMXCS K CBOHCTBAM MAaTEPHAJIOB, NMPUMEHSIEMbIX
I TUAPOpaspbiBa - SKUAKOCTEH (PEeosIorHYecKue IMapaMeTpbl M IUIOTHOCTB), IPONIAHTa
(pa3mep, THII U MJIOTHOCTH), BOJIOKOH (€CJIM TAaKOBbIE IMEIOTCS, HAIPUMED BIMSHUE HAa CKOPOCTD
OCAKJIEHHsI TIPOIIIAHTA),

BBIOOP CXEMBbI 3aKauykH NMPU THAPOpaspbiBe - BHIOOp Marepuana Ui 3aKadyku (BS3KHE
JKUIKOCTH, MPOMNMAHT W 100aBKM), pacxona, oObeMa MaTepHANIOB, 3aKAUYMBAEMbIX TPHU
THAPOPA3phIBe, KOHLEHTPALWHM MPOMIIAHTA, COAEP)KaHHWs BOJOKOH M J00aBOK, a TaKke
MaKCHUMAaJIbHOT'O IABJICHUS TIPU MPOBEIECHUH THAPABIMUYECKOrO pa3pbiBa IJ1aCTa,

MOJENIUPOBAaHUE  OMNepalii  TUAPABINYECKOrO  paspblBa -  MOJAEIHUPOBAHUE
pacrpocTpaHeHHMsT TPEIIMHBI W TMEePeHoca B HEH MaTepuasioB, TNPUMEHSEMBbIX IS
THIPABIMYECKOTO Pa3phbIBa, PACUET PACIPEACICHHS TPOBOIUMOCTH TPELIHHBI, H

NPUHSTHE BO BHUMAHHE PE3yJbTATOB MOAETUPOBAHUS HA MOMEHT 3aBEpPLICHUS IJIaHA
THIPABIMYECKOrO pa3pbiBa (JIOKAJIbHAS KOHLEHTPALHS MPOMITAHTA, KOHLEHTPALHS OCTATOYHOTO
redisi, pacrpeesieHre MPOBOIUMOCTH T10 TPEIIHUHE C PACKIMHUBAIOIINM MaTEPHAIIOM).

[0040] DTan 3. [lanee BBITOJHSIIOT MOACIHUPOBAHNE OOPATHOTO MPHUTOKA MPOIIAHTA. JTO
BKJIFOUAET B Ce0sl CIENYIOIIUE STAlIbI.

dopma TpeLHbI THAPOPa3PhIBA, CMOAEIUPOBAHHAS PAHEE COTJIACHO PACYETy TPEIUNHB,
o0ecrieuynBaeT MPOTHO3HOE pacHpeAeiieHne KOHLEHTPALMM IPOINAaHTa BHYTPU TPEIIHMHBI, a
TaK)Ke JABJICHMUs SKUAKOCTH W HanpspDkeHuil B mopopge. ['eomerpuueckas ¢gopma H ceTka
CMOZETUPOBAHHON TPEIIMHBI THAPABIMYECKOTO pa3pbiBa MokasaHbl Ha ¢ur. 2. Kaxxnas obnacts
MEXAY JIMHUSAMH CETKHU MPENCTABIAET COO0H «sTUeHKy».

JlaBieHue B CTBOJIE CKBA)XKUHBI 331aHO, HATIPUMEP, KaK Pe3yJbTaT OTKPBITUS LITyLEpa B
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YCTbE CKBa)KUHBI.

KunxocTs U TBepble YaCTULIbL, KOTOpPbIE MPOTEKAIOT BHYTPH TPEIIUHBI, MOJAEIUPYIOT C
Y4E€TOM PEOJIOTHYECKUX CBOUCTB YKa3aHHOMW CYCIIEH3UH.

Bo3HUKHOBEHNE MOABUKHOCTU IMPOINAHTA B TPELIMHE B YCJIOBUSAX OrPAHUYHMBAIOLIETO
HaNPsDKEHUS. MOJEIMPYIOT C IPUMEHEHUEM MOJIEIH MOTOKA JKUAKOCTH € TBEPIbIMH YaCTUL[AMU B
oOpatHOM HampasieHun. Kpuruueckas CKOpOCTh (QHUIBTPALMM U; SIBISIETCS  BaXKHBIM
napamMeTpoM B 3TOH IporpaMme, KOTOPbIH PacCUMTBHIBAIOT B Ka)KAOW pacdeTHOH suelike (1, j),
KaK MokazaHo Ha ¢ur. 2. BemuuuHy u. B KOHKPETHOW sYeiKe CPAaBHUBAIOT C AHAJOTMYHBIM
NoKa3arejieM B COOTBETCTBYIOLIMX siueiikax. Eciu ckopocTh GpuibTpali B KOHKPETHOH sTYeHKe
MPEBBIIIAET U, 3TO O3HAYAET, YTO MPOMIAHT MMOABWKEH JUIsl BbIHOCA U3 ATOM stueliku. Ecnu Her,
TO MPOMNIAHT YCTOWYUB.

JlaHHbIE MOAENUpPOBaHHA OOPATHOTO MPHUTOKA MPOINMAHTA YYHUTHIBAIOT HA MOMEHT
3aBepIICHUs] TUlaHA OOpaTHOro NPUTOKA mpomnmnaHta (moObMa mnponmaHTa W (QIIFOUAOB,

pacripeneneHue MpomnmnanTa, IUPUHA TPELUHBI H TOPUCTOCTD).
[0041] Dram 4. Jlanee oueHUBarOT oOLIHi 00BEM 0OPaTHOTO MPHUTOKA MPOIIIAHTA B CTBOJ

CKBAKMHBI, a Takke oOmui Temn no6bmu ¢uronga. Ob1mee KOJIUUECTBO AOOBITOrO MPOMITAHTA
Vs [M3 ] mpencrapnsieT coboii CyMMy CKOPOCTEH MOTOKA MPOITAHTa B KAKIOH pacYeTHOMH siuelike,
cMexXHOH ¢ mepdopanusivu  (KOTOpble COEOUHSIIOT TPELIUHY CO CKBAKHUHOW) 3a BpeMs
MoaenupoBaHusi At [c]

Vs = Z(i,j)eperf vsijwij(l - (pij) AlijAt, (4)

Tne v” [m/c] - ckopocTb TBeproro Marepuana (nmponmanta) B sueiike (i,), w [m] -
JNOKaJIbHAs LIHPHHA TpeluHbl, @Y [6e3pasMepHas BenuunHa) - TOPUCTOCTH suelikn, a AlY [m] -
pasMep yka3zaHHOH sueiiku. llenpto omumcaHHOro cmoco0a SBIAETCS MUHMMH3ALMS 3TOTO
3HaueHus. Kpurnyeckuii o0beM 0OpaTHOroO mpuToka npommnaHra V, [M], MIPEBBIIIEHNE KOTOPOTO
SIBJIIETCSI  HETIPUEMJIEMbBIM, OTPEAENSIeTCS] NEePCOHANIOM, OCYINECTBISIOIUM padoThl  Ha
NPOMBICJIE, MJTH IO KOMMePYeCKUM cooOpaskeHusiM. COOTBETCTBEHHO,

Ve <V ()

[0042] Bnaromapsi MOIEIMPOBAHUIO MOXKHO CIENaTh BBIBOA, YTO U3-32 OOpaTHOrO
MPUTOKA TMPOMNMAHTA COBOKYMHbIA Temmn n00brMu (urouna Qf [M/c] W3 TpewHBI MOKET
M3MEHUThCSA. [10oTOMY BenuunHa @ NOKHA OBITE GOJIBIIE MUHMMATBHOTO TeMMa 00U Qmin
[M’/c], KOTOpBII TaKXke ONPENENAETCs MePCOHATIOM, OCYLIECTBISIOIMM PaGOThl HA TIPOMBICIE,
WJIN TI0O KOMMEPUYECKUM COOOPaKEHUSIM.

Q f > Qmin- (6)

[0043] Pacuer Temna noObru rouna  aHAJIOTMYEH ONMMCAHHOMY BBIIE PACYETY
n00BIYM TBEPOTO MaTepuaia. TakuM 00pa3oM, TAK)Ke ONPENENIOT CYMMY pacxonoB ¢uonaa B

KaXXJIOHM pacyeTHOM siuelike, CMEeKHOM ¢ nepdopauusimu.



11

Qf = Z(i,j)Eperfu?WijAll], 7

rae u}j [M/c] mpencrasisier coboit ckopocTs (GunbTpanuu ¢pironna B sraeiike (I, j).

[0044] Ortan 5. Ecnu obwmee konudecTBO npoObITOoro mnponmanra Vg mnpesbimaeT
ponycTumbiii npenen V, wim Temn no0bru umonna @ MeHbIIE MUHMMAJIBHO NOMYCTHMOTO
3HaueHus1 Quin, YKa3aHHBIM METOJ BO3BpalaeT OIepaTropa K 3Tamy 2 HWIM 3Taly 3, Tae
U3MEHSIIOT JIMOO CXEMY BBIMOJHEHHsI 00Pa0OTKH MyTEM THAPABIMYECKOrO pa3phiBa, JUOO CXeMy
00paTHOro MPHUTOKA. DTOT MPOLECC MOBTOPSIFOT O TEX IMOp, MOKa He OyaeT yIOBJIETBOPEH
KpuTepuii stana S.

[0045] DTan 6. B nporuBHOM ciiyuae, eciu oOliee KOJIH4eCTBO A0OBITOro mpomnmnanTa Vg
menblne V,, a Temn noGeru dronna ¢ NpeBbIIaeT @iy, TPEMIOKEHHBIE CXeMbI 00pabOTKH
MyTeM TUAPABINYECKOrO paspbiBa U OOpPATHOrO MPUTOKA MONXOMSAT IJisi TMPUMEHEHUs Ha

YKa3aHHOM IIPOMBICIIC.

Pa6ouwnii npouecc 2
[0046] Ha ¢ur. 3 mpexncrasieH eme OAWH CrMOco0 YMEHbIIEHHs OOPATHOTO MPUTOKA

IPOMIMaHTa. DTOT CHOCOO OTHOCHTCS K CKB)KMHAM, KOTOPBIE YK€ IMOABEpPrajuch oOpaboTke
OyTeM THApOopa3pbiBa IIacTta. JTOT pabounii mpomecc MOXKET ObITh NPUMEHEH I
MUHUMU3AUN ymepOa, Korma omnepauus TUApOpaspbiBa yke Oblla BBITIOJHEHA, HO IUJIaH
onepannuun JJIA KOHerTHOﬁ CKBAa’>XHWHBI HE ABJIACTCA ONNTHMAJIbHBIM (Haan/IMep,
HPOTHO3UpPYEMBbIii 00beM OOpaTHOrO MPUTOKA MpommaHta Bbime, 4eM V). B sTom ciyuae
yKa3aHHAas MOJENb MOXET MPEMJIOKHTh TAaKOH Temn Ao0bMu (uronna, KOTOPbIA CBOOHUT K
MHHHUMYyMY OOpaTHBIN MPUTOK MPOMITAHTA U MPEJOTBPAILAET CHIKEHNE IPUTOKA B IPH3a00HHON
30HE€ CTBOJIa CKBaXHUHBI.

[0047] Iopsinok nevicTBuil aHamorudeH Pabouemy mpoueccy 1, 3a uckiroueHrneM Jtarma
5. Tlockompky 00paboTKa MyTeM THApopaspbiBa yke ObLIa MPOBENEHA, €CIU TeMIT JAOOBIYH
dbarouna Qr w/umu oOpaTHBIA TPUTOK TpomnmaHTa V; SBISIOTCS HEYIOBJIETBOPUTEIHHBIMH,
yKa3aHHBIN COCOO BO3BpAILAET ONEpaTopa TONBKO K 3Tamy 3. [l CHUKEeHHUs! prcka 0OpaTHOTO
NPUTOKA TPOMIIAHTA TPU MOAAEPKAHUU YIOBIETBOPUTEIHHOIO TEMIA JAOOBMU KOPPEKTUPYIOT
TUIaH OOPaTHOTO MPUTOKA.

IIpumepsl

[0048] [lnst IDOMOSHUTENBHOTO WUIIOCTPHUPOBAHUS JAHHOTO HW300pPETEHHUsl CIiy’Kat
CJeNYOIINe IPUMEPHL.

Hpumep 1

YMeHbIIeHHE OﬁpaTHOFO MpUTOKA IMpoHnma”HTa 3a CY€T H3MEHCHHUHA CXEMbI

00padoTKH NyTeM rHapopaspbiBa
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[0049] YtoOBl NpOMIUTFOCTPUPOBATh, KaK pPa3HULIA B PACHpPEIENEHHH KPUTHYECKOM
CKOpPOCTH (PMIIBTPALIMH U, B TPEIIUHAX BIHSIET HA OOBEM MPOIIAHTA, BHIHOCHMOI'O U3 TPELIUHbI
BO BpeMsi OOpaTHOro IpUTOKA, ObUIM INPHMEHEHbl CHHTE3UPOBAHHbBIE NaHHbIE. B KauecTBe
IpUMepa PacCMOTPEHBI JIB€ CUHTE3UPOBAHHBIE IO PAa3HBIM CXeMaM TpeluHbl (TpemuHa 1 u
TpemuHa 2), CO3AaHHbIE B OJHOM KOJUIEKTOPE W NPH OIMHAKOBBIX YCIOBHsIX naBieHus. O0e
TPELIMHBI COAEPIKAT OJUH U TOT K€ OXHOKOMITOHEHTHBIH HEeC)KUMAaeMbIH (IO C TUIOTHOCTBIO
1 r/xy0. cM u BsskocThto 1 clI3, ¥ ONMH W TOT K€ MPOMIMAHT CO CJIEIYIOIIUMU CBOMCTBAMU:
IJIOTHOCTh IpomnmaHra: 3,24 I“/CMS; auaMeTp 3epHa mpormadTa: 1,05 MM; MmIOTHOCTH HAOMBKH
nponmnaxTa: 0,39

[0050] Bce wmonenupoBaHue (GOPMbI TPEHNIMHBI W PACHpPEAeNieHUs] MPOIIAHTa
OCYIIECTBIISUTH C MOMOIIBIO UMHTATOPA THAPABINYECKOro paspbiBa miacta Kinetix® (ToBapHbIit
3Hak kommaHum Schlumberger). «Tpemmnaa 1» Oblia co3maHa ¢ MOMOINBIO CXEMbI 3aKAYKH,
OOBIYHO TPUMEHSIEMOH BO BPEMsl OIEPALMH THAPOPa3pbiBa, U €€ MOJKHO CUUTATh 3TAJOHHOM.
Uro0Obl M3MEHUTH 3Ty CXEMy Ha «TPELIMHY 2», YMEHBIIMIN BSI3KOCTh I'elsl U MaKCHMAJIbHYIO
KOHLIEHTPALIUIO TPOIIAHTA, YTO MPUBEJIO K YMEHBIIEHHOMY PACKPBITUIO TPELIHMHBI BOJIH3HM 30HBI
neppoparmn.  CxeMy  «TpelmMHBI 2» MOXKHO CUMTaTh ONTUMH3UpoBaHHOH. (O0e
CMOZIETUPOBAHHbIE TPELINHBI UMEIOT Pa3HYK CKIOHHOCTh K BO3HMKHOBEHHIO ITOJIBHKHOCTH
NPOMIIaHTa, YTO MPOWUIFOCTPHUPOBAHO PACIPENENICHUSIMA KPUTHYECKOH CKOPOCTH (PUIIbTpALH
U., KOTOpbIE paccuuTaHbl 1o ypaBHeHHI0. 1. Ha ¢ur. 4a moka3zaHo pacmpeneneHue MmpormnaHTa
U, PACCYMTAHHOE NIl STAJIOHHOM cxeMbl («TpemuHa 1»), a Ha Gur. 5a nokaszaHo aHaJOTMYHOE
pacnpeneneHue U, Uil ONTUMH3HPOBAHHOH cXeMbl («TpemuHa 2»). benblii nBer B mamurpe
11BeTOB (hur. 4a U 5a COOTBETCTBYIOT PACUETHBIM siueiikaM ¢ Oosiee BBICOKMMH 3HAUEHUSIMU U, a
3aTeMHEHHbIe 00JIACTH COOTBETCTBYIOT PACUETHBIM sYeliKaM ¢ Oojiee HU3KMMH 3HAYCHUSIMH U,.
Kak mosicHSJIOCh paHee, MPOMMAaHT B OOJACTSIX, e CKOPOCTh (UIIbTPALMU HUXKE U, Oymer
YCTOHYMB U HEMOJABMKEH - OyAeT JOMyCKaThCsl TONBKO ABIKeHHE (urouna. CrenoBaTenbHO,
Oenple SYEHKH COOTBETCTBYIOT OOJACTAM, TIZ€ TPOMIAHT YCTOWYHB, a YEpHbIE SYCHKH
COOTBETCTBYIOT OOJIACTSIM, i€ TPOMITAHT O0JIaIaeT MOABMKHOCTRIO. [[iist yripornenus Ha dur. 4a
U 5a He MOKa3aHo IoJie CKOPOCTH (urrona Ha 3tane skcrutyatanuu. [lone ckopoctu ¢uronna Ha
JTamne 3KCIUTyaTaluu npenacrasieHo Ha ¢ur. 4b u Sb. Bonee TeMHble 001acTH COOTBETCTBYIOT
ydacTkam ¢ 60jiee BBICOKUMU CKOPOCTSIMH (DITFOMAA.

[0051] B Tpemmue 1 cymecTByeT BBICOKHI PHCK OOpPaTHOrO MPUTOKA MPOMIIAHTA.
BenuunHa u, B HEMmocpeACTBEHHOH Oim3ocTu OT mepdopalud COCTaBisieT MeHee S5 cm/c. B
TpeUHe 2 CYIIECTBYeT MOHWKEHHBIH PUCK OOpaTHOro MPHUTOKA MpommaHTa. BennumHa uc B
HETNOCPENCTBEHHO! Onm30cTH OT mepdopaluu cocTaisier okojiao S0 cm/c. MeHbmuii puck Juist

TPELUIUHBI 2 MOXHO OOBSICHUTh MEHBIIUM PpACKPBITHEM TPEIIMHBI B 30HE nepdopanuu.
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ITockonpky Haubosee HeCTalMOHAPHBIE TOTOKK OOBIMHO BO3HUKAIOT BOJIM3HU 30HBI Iepopanuy,
Oonee BBICOKHE 3HA4YEHUS U, B TpelHHEe 2 00ecrneuuBarOT Oojee BBICOKYHO YCTOMYHBOCTD

HaOWBKU IPOIIITAHTA.

[0052] [Ina nHULIMHUPOBAHUS OOPATHOTO MPUTOKA B 30HE Nep(opaLiiy TPELIHMHBI CO3at0T
paspekeHue ¢ BPeMEHHOW 3aBUCUMOCTBIO JIaBJICHUs], MMOKa3aHHOH Ha (ur. 6 (moka3aHbl TOJBKO
nepsele 15 wacoB). [lnst mopmenupoBaHus OOpaTHOro mpuTOKa K obeum TpemuHam | u 2
IPUMEHSJIN OAWUH M TOT K€ MNepemnajn AAaBJICHUsA. YKa3aHHbIE MOAENU OXBaTblBAOT 20 gHEH
00paTHOro MPUTOKA, MPUYEM B TEUEHHUE MEPBBIX O YACOB JaBjieHHe B nepdopauuu JIMHEHHO
yMeHbIIajaoch oT nasieHus: 280 6ap B kojutektope 10 150 Gap, a 3aTeM OCTaBaIOCh MOCTOSITHHBIM
710 KOHLIA MOJIETMPOBAHMSI.

[0053] Ha ¢ur. 7 mokazaHo cpaBHeHHe 0O0Iero odbemMa MPOIMIAHTA, BBIHECEHHOTO W3
TPELIUHBI Ui TPeIuHbl | (CIUTOmHAs KpuBasi) M TpeImuHbl 2 (myHKTHpHAs juHus). Yepes 10
4acoB OOpaTHBIN MPHUTOK MPOMIAHTa B O0EUX TpEIIMHAX MpekpaTmics. B pesynbrate mexmy
TpemUHON | U TPemuHON 2 MOKHO YBUAETh YETHIPEXKPATHYIO PA3HHUIy B COBOKYITHOM OOBEMeE
U3BJICYEHHOTO TMpPOMNIMAHTa. JTO YKa3blBaeT Ha Ooyiee BBICOKYIO YCTOHMYMBOCTH HAOHMBKH
IIPOIIAHTA B TPEIMHE 2 U, CIEA0BATEIbHO, Ha JYULIYIO CXEMY TPELINHBL

[0054] Ha ¢ur. 8 moka3aHbl MTHOBEHHbIE 3HAYECHHSI TEMITA TOOBIYH KUAKOCTU B TCUEHUE
nepbix 20 nHel skcmiyatanmun. Cxema TpemuHbl 1 obOecriedynBaeT MOBBIIICHHBIE TEMITbI
n00BIYM B Havaje 0OpaTHOrO NMPHUTOKA, OAHAKO JAaHHAs MOZAENb HE MOKAa3bIBAET CYINECTBEHHOM
pa3HHULBI Mexay oO0paboTkoil TpemmuHbl | (CIIOImIHAS JMHMUA) W TPEIUHBI 2 (TyHKTHpHAS
JUHMA) I Oonee UIMTENhHOrO TNEPHOAA, 4YTO SBJSIETCS NOTEHIHMAJIbHO MPUEMIIEMBIM
CLIeHapyeM JJIsl TUTAHUPOBAHUSI JOOBIUH.

[0055] Cnenyer oTMETHTb, YTO B 3TOM IpHUMEpPE IOKA3aHa TOJBKO OJHA HTeparys
pabodero mporecca NMPOEKTHPOBAaHHs omepauuu ruapopaspeiBa (cMm. ¢ur. 1). OgHako ams
peaNbHBIX NPUMEHEHHMH KOJMYECTBO TAKHX HWTEpaluil MOXeT ObITh HACTOJNBKO BEJIHKO,
HACKOJIBKO 3TO HEOOXOAMMO JIJIsl JOCTHIKEHUS JKETAeMOT0 YIYYIIEHHUs CXeMbI TPELIHHBI.

IIpumep 2

OnTumu3anus NJIAHUPOBAHUSI 00pPa0OTKH MyTeM THAPOPA3PbIBA AJIsI CHHIKEHHS
00pATHOr0 MPUTOKA MPONMAHTA U NMOBBIIMIEHUS] NPON3BOANTEIBLHOCTH CKBAKUHBI

[0056] Drtor mpumep MOKa3bIBaE€T, KaK MOXHO CKOPPEKTUPOBATh TIpauK BHECEHHS
NPOMIaHTa B XOI€ IUIAHUPOBAHHUs OOpaOOTKM MyTeM THUAPOpa3pbiBa C LEJIbI0 ONTHMHU3ALUH
TeMIia JOObIUM M CHIDKEHUs OOpaTHOro MpuTOKa mponmnaHTa. B 6a3oBom BapuaHnTe 0OpaboTka
NyTeM THIpOpaspbiBa ObUla CIUIAHUPOBAHA C MAaKCHMAJIbHOH KOHIIEHTpALMEeH MpOMMaHTa Ha
srane BBoma B a3kcmiyaranmo 1000 kxr/lI1 (kwmorpamMmoB mpomnmaHTa, J0OAaBIEHHOTO Ha
KyOudeckuii MeTp) u 001Iei MacCol 3aKa4MBa€MbIX MPOIIAHTOB 8 METPUUECKUX TOHH (Tabnuia
1).

MaxkcumajibHas CoBoxkynHasi macca
Bapunant KOHLEHTpauus NMpPoONMaHTa,

nponmnanra, kr/l 11 TOHH
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basoBelii BapuaHT 1000 8
Hwuskas koHLeHTpanus

800 8
IpOMNnaHTa
Huskas koHLEHTpanus U Macca 800 6

Tabmuma 1. KoHueHTpauuy NponmaHTa M COBOKYITHBIE MAacChl JUIS TPeX BapHAHTOB
IJIAHUPOBAHMSI TUAPOPA3PHIBA.

[0057] B stom cnydae momenavpoBaHHe OOpPATHOTO MPUTOKA U 33aJaHHOW CXEMBbI
TPELIUHbl JEMOHCTPUPYET 3HAYUTEIbHBI 00beM wu3BjieueHuss mnpomnmanta (0,28 M3) u
yMepeHHbIi Temn 100buu (dur. 9 u 10). Ecnu Takoe 3HaYUTENbHOE KOJMYECTBO U3BJIEUEHHOTO
NPOMITaHTa MPEBBIIIAET MAKCUMAJIBHO JOMYCTHMBIH 00beM OOpaTHOrO MPUTOKA MPOIIAHTA U3
STOW CKBAKMHBI, HEOOXOUMAa ONTUMHU3aLUs 00pabOTKH ¢ MPUMEHEHUEM THIPOPA3PhIBA.

[0058] Bo BTropom ciydae (Huskasi KOHIEHTpaLMs POMIAHTa) HAOIIOAAETCS] CHIDKEHHE
koHueHTpauuu nponnanrta ¢ 1000 xr/lIl go 800 kr/IIl npu coxpaHeHUH TOro K€ KOIUYECTBA
NPOMIIAaHTa, 3aKa4aHHOTO B TpewuHy. MopenupoBaHue OOpPaTHOTO TNPHUTOKA Ui BTOPOTO
BapHaHTa MOKa3bIBAET, UTO KOJUYECTBO U3BJEUYEHHOIO MPOIIAaHTa YMEHbIIAEeTCs B /IBa pasa Io
cpaBHeHHIO ¢ 0a30BbIM BapuaHTOM. IIpu 3TOM B KOHIE NMEPBBIX CYTOK HAONIOMAEMBIH TEMIT
no0BpYM BbIIE, YeM B Oa30BOM BapHaHTe. YBEJUYEHUE NOOBMH W3 TPEIIWHBI CBS3aHO C
yMEHbBIIIEHUEM NOTePhb MPOMNIAHTA, YTO MO3BOJISIET COXPAHSTh NIEPBOHAYAIBHY IPOBOAUMOCTD
TPEeUMHBI. DTOT BapHaHT MOXET OBbITb JOCTATOYHBIM, HO MOXET OKa3aTbCsl IMOJIE3HBIM
JajbHeNIIee yTOUHEHHE.

[0059] B Ttperbem ciyuae (HHM3Kasi KOHLEHTpALMs W Macca MPOIIAHTA) COXPAaHSIETCS
HHU3Kas KOHIEHTpalMs TMpOIINAaHTa Ha OJTale 3aBeplUIeHus, IpH 3TOM ofmmas macca
3aKayMBaEMOro MpOMIAaHTa CHIKaeTcst ¢ 8 1o 6 ToHH (cMm. Tabmuny 1). Takoe miuaHupoBaHue
THAPOPA3PhIBA MOJHOCTHIO NMPENOTBPALIAET OOPATHBI NMPUTOK MPOMIAHTa M3 TPELMHBI ((ur.
10), HO MPUBOAMT K CHIDKEHHMIO Temma Ao0brum Quronna u3 tpeuwmsbl (ur. 9). CHmkeHue
MPOBOAMMOCTH TPEIIMHBI MPOUCXOAUT H3-3a YMEHBIIEHHs] MacChl MPOIMIMAHTa, 3aKaYaHHOTO B
TPEILUHY.

[0060] Takum obOpa3zom, mnpoueaypa ONTUMHU3ALWK TOKa3ajia, YTO BTOPOHM CiydYaii
obecrnieunBaeT HanOoJiee MPOAYKTUBHYIO TPELIUHY NPU OJHOBPEMEHHOM CHI)KEHHH OOpaTHOTO
IIPUTOKA MPOMNMAHTA.

IIpumep 3

OnTumuszanusi cxemMbl 00pPATHOrO NPUTOKA /JJIs1 CHH)KeHHs] O0OpAaTHOro MNMPHUTOKA
NPONNAHTA H NOBbIIEHHUSI MPOU3BOAUTEIbHOCTH CKBAKHHBI

[0061] DroT mpumep mpenycMaTpuBaeT paboOUYUil MPOIECC ONTUMH3AINH, aHAJIOTHYHBIHN
TOMY, KOTOpBII MpPHBENEH B MpUMepe 2, HO BMECTO H3MEHEHHH B cxeme o0paboTku myTem
THAPOPa3pbIBa U3MEHEH TUIAH CHUJKEHUS IaBJICHUS IIPU OOPaTHOM IPUTOKE.

[0062] Bo-mepBbix, B Oa30BOM BapHaHTEe HeNpeccHust KoJulekTopa cocrasisier 20 Gap B
TedyeHue nepBbix 6 yacoB obOparHoro mputoka. ITocme 6 wacoB maBneHue B 3a00€ OCTaeTCs

noctossHHbIM. [Ipu MonenupoBaHuu Temn A00bYM ¢uroMga B TeueHHE MepBbIX 4 aHeH
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0o0paTHOro MPUTOKA MOXET OBITh IOCTATOYHBIM, HO, K COXKAJIEHHUIO, 3TO COMPOBOXKIAETCS
3HAYHTENLHBIM OOPATHBIM MPHTOKOM TIPOITanTa u3 Tpemussl (0,28 M°) (dur. 11 u 12). Takum
oOpa3om, cxema 0OpaTHOro OTTOKa TpedoBaIa MepPecMoTpa.

[0063] Bo BTOpOoM citydae ObLI pacCMOTpPEH TOT K€ IUIAH THAPOPa3pbIBa, HO MEPHON
CHIKeHUs1 nasieHus: Ha 20 Oap Obut yBemmuen no 60 wacoB. Takoe MeANIEHHOE CHIDKEHHE
NaBJICHUS] TPUBENIO K CHIDKEHUIO TeMNa o0bMU B TeueHwe mnepBbix 00 4acoB 0OpaTHOro
IPUTOKA, OJHAKO BHYTPU TPELIMHBI OCTANOCh Oonblie mnponmaHTa. OO0beM H3BIIEUEHHBIX
NPOMITIAHTOB BO BTOPOM ciyuae Obl1 ymeHblneH (¢ur. 12). Kpome Toro, K KOHIy BTOPBIX CYTOK
BO BTOPOM Clly4ae TeMI JOOBIMH BO3POC. DTO SIBJIAETCS CIEICTBHEM CHI)KEHHOTO OOpPaTHOro
MPUTOKA MPONIAHTA U COXPAHEHHOH MPOBOAMMOCTHU TPEIIUHBI.

IIpumep 4

OnTuMH3anusl MAPAMETPOB IKCILUIYATAIIMU U TPEWIMHbI 1JIsi CHH2KEeHHsI 00paTHOro

NPHTOKA MPONNAHTA
[0064] Drtor mpuMep AEMOHCTPHUPYET, YTO OOpATHBIA MPUTOK MPOMNIAHTA MOXKHO

ONTUMU3HPOBATE C IPUMEHCHUEM MOACIN KpHTH‘{eCKOfI CKOpPOCTH (I)I/IJ'IpraLII/II/I Uc. Ha JaHHOM
npuMepe MOKa3aHo, uyTo OOl 0ObeM MpommaHTa, AOOBITOTO W3 CKBAKUHBI MPH CHIDKEHUH
JaBJICHHsA, MOKET 6I>ITb KaK yBCJIMYCH, TaK U YMCHBUICH 3a CUCT U3MCHCHHS PsAlad MMapaMETPOB,
TAKUX KaK IIHPHHA TPEIIUHBI W, CPEOHUI JUaMeTp YacTULl MPOMIAHTA d, BI3KOCThb JKUAKOCTH
THIPOpa3phiBa U, IAJACHHUE TaBJICHUS dp W BpeMs aJACHHS JaBICHUS Larop-

[0065] ba3zoBeiii cueHapuii NpeanojaraeT OOpa3OBaHHE B KOJUIEKTOPE TPEIIUHBI C
3amanHbiMu  cBorictBamu  (w = 10 MM, d = 0,74 Mmm, 4 = 1 clI3). J[lempeccuss B 06a3oBoM
cuenapuu coctapysina dp = 30 6aputyyp = 2 4.

[0066] Ilo ykasanHO#i Monmenu B 0OAa30BOM CLIEHAPUH TMPOTHO3 OOINEro KOJHUYECTBA
U3BJIEUEHHOro mnponmnaHTta cocrasui 0,53 M. Dot IpUMEpP TNOKAa3bIBAET, KAaK H3MEHEHHE
HECKOJIbKHUX MapaME€TPOB TUAPOpa3pbiBa M SKCILIyaTallMW BJIUACT Ha 06"beM HU3BJICUCHHOI'O
nponnanrta V5. B uccnenosanuu npeanosiarajgach TpelMHA CO CBONCTBAMHU, NPEACTABIEHHBIMU B

tabmuie 2. Bbuto paccMOTpEeHO OAMHHAALATE ClieHapueB (Tabauma 3).

ITapametp 3HaueHue
TToBEPXHOCTh TPELIUHbI, M2 7800
[MTupunHa TperuHb W, MM 10
[TponumaemocTs HaOMBKH TponmanTa K, / 10
Bs13KOCTb )KUIKOCTH [UIs TUAPOpaspbiBa i, cll3 1
CsxumaemocTs kojutekropa C, Tla™1 10~ 10
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ITopucrocts KoJIeKTOpa @, Oe3pasmepHas 0,1
ITpOHMIIAEMOCTD KOJIIEKTOPA Kyes, /1 0,1
JlaBieHue B KoJuieKTope, 6ap 90

Cpenuuii pa3mep 4acTHILl IPOMMaHTa d, MM 0,74

Tabnuna 2. Ilapamerpbl, mnojaraeMble JUisi OLEHKH OObemMa OOpaTHOro MPHUTOKA

TIPOIIAHTA.

Cuenapuii | w, Mm d, MM wid,- | u, cll3 | dp, 6ap Larop 4 Vs, M3
1 10 0,74 13,5 1 30 2 0,53
2 5 0,74 6.8 1 30 2 0,0057
3 15 0,74 20,3 1 30 2 4.8
4 10 1,5 6,7 1 30 2 0,2
5 10 0,3 33,3 1 30 2 0,99
6 10 0,74 13,5 10 30 2 0,82
7 10 0,74 13,5 100 30 2 0,99
8 10 0,74 13,5 1 40 2 1,81
9 10 0,74 13,5 1 20 2 0,08
10 10 0,74 13,5 1 30 6 0,5
11 10 0,74 13,5 1 30 0.5 0,55

Tabmuua 3. Tlapamerpuueckoe WCCIENOBAHUE Ui MOJAETH OOpPaTHOrO MPHUTOKA

MPOIIIAHTA.
[0067] Bo-nepBbIX, mUpUHA W TPELIUHBI C PACKJIWHUBAIOIINM MAaTEPUATIOM H3MEHSLIACh

NPOTNOPLUMOHATIBHO 00IIel Macce MPOMNIAHTa, 3aKaYaHHOTO B TPeIuHy. BeiOpanu Tpu 3HaueHHs
wupudbl W Tpeumnsl: 5,10, 15 MM (cuenapuu 1-3). KoaudyecTBO M3BIEYEHHOrO MPOMIAHTA B
3TUX Tpex cueHapusx coctaBwio 0,0057; 0,53 u 4,8 M3, cootrBeTcTBeHHO. (ClienoBaTenbHO,
IIUPOKHE TPEIIUHBI MOTYT OKa3aTbCsl HEXKENATENbHBIMH C TOYKHM 3pEHHs OOPAaTHOTO MPHUTOKA
MPOIIAHTA.

[0068] Bo BTOpOI1 cepun U3MEHEHUN NapaMeTpOB TPELIMHbI U3MEHSIN CPEHUN pa3Mep
d=03;074u15mMm (cuenapuu 1, 4 wu 5).

3epHa TpommaHTa d B JIHANa3oOHe

CootsercTByromue 06beMbl 00paTHOro mpuToka mpomnmnanta cocrasuiau: 0,99; 0,53 u 0,2 M,
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COOTBETCTBCHHO. CJ'Ie):[OBaTeJ'IbHO, AJist CHUKEHUA MHTCHCHUBHOCTU U3BJICUCHUSA TBEPABIX YaCTULL
npeaAnOUTUTECIIbHBIMU MOTYT SBJIATBCA YaCTULIBI IIPOTINIAHTA 60.]'[66 KPYIIHBIX Pa3MEpPOB.
[0069] B xauecTBe TpeThEro napaMeTpa U3MEHsUIN BSI3KOCTb U3BJIEKAEMOMN KUAKOCTH JUIs

rugpopaspeiBa; 4 (1, 10, 100 cllI3) (cuenapuu 1, 6 u 7). [nsd 3TUX TpexX THUIOB KUAKOCTEH

3

u3BnedeHune mnpomnmnanra cocraswio 0,53; 0,82; 0,99 m”, coorBercTBeHHO. Takum 00pazom,

CyHIECTBYET IpsAMasa 3aBUCUMOCTb MECXKAY BA3KOCTbIO (1)J'IIOI/II[a 1 U3BJICUCHHUEM IIPOIIIaHTA.

[0070] YerBepTbIM mapamMeTpOM, BIUSIOIIMM Ha OOpATHBIN MPUTOK MPOIIAHTA, SIBJISIETCS
nepenan nasnenus (dp). s cpaBHenust mpumensiin Tpu 3Hadenus dp (20, 30 u 40 Oap)
(cuenapuu 1, 8 u 9). KonuuectBo usBiedeHHOro npommnanta cocrasuwio 0,08; 0,53; 1,81 M3,
COOTBETCTBEHHO. TakuM 00pa3oM, OCTOPOXKHOE CHUKEHHE NABJICHUS MOXKET NPEAOTBPATUTH
00paTHBIN BBIHOC B CKBAXKUHY 3HAYUTEIBHBIX OOBEMOB MPOIIAHTA.

[0071] IIsaTeIM mapamMeTpoM, BHIOPAHHBIM JJISI 3TOTO UCCIIENOBaHUs, OblIa JTUTETBHOCTh
CHIDKEHUs faBieHus (tawop). Ilpu amurensHOCTH cHMXeHMs Aasienus 0,5, 3 u 6 4 (cueHapud 1,
10 u 11), obpembl u3BeueHHoro nponmanta cocrasmwm 0,5; 0,53 u 0,55 M3, COOTBETCTBEHHO.
PazHnia MOXXeT Mmokas3aThCst HE3HAYUTENBbHOMN, OTHAKO, €ClU Jernpeccust OyIeT MPOAOIDKAThCs B

TCUCHHUEC HECKOJIbBKUX I[HGfI, d HC HECKOJIbKHX YaCOB, COBOKYITHOC U3BJICUCHUE MPONIIAHTa MOXKET

AOCTHUYDb HEKEIATCIbHOIO YPOBHHL.

IIpumep S

IIpumep paGouero npouecca 1 ¢ HeCKOJBKHMH UTEPALHMSIMH JJIs1 CHHKeHHsI 00beMa
00paTHOr0 NPUTOKA MPONIMAHTA

[0072] B sToM mpumepe mpeacTaBiieH MpuMep peanusauuu padouero mporecca 1 (¢ur.
1). IIpunep:kuBasicb 3Toro padbouero nporecca, caeayeT ONpeAeIuTb MapaMeTphl MITAHUPOBAHUS
THAPABJINYECKOTO pas3pblBa W OOpPAaTHOrO NPUTOKA U JOCTHIXKEHUS] BEJMYHHBI 00BEMa
o0paTHOro mpuToka mpomnmnanrta Vs Huwke Ve=0,5 v’. B kauectBe GasoBoro pPaccMOTpPEH CLEHapuil
8 (cMm. Tabnuny 3). MonenupoBaHue oOpaTHOrO MPUTOKA At OA30BOrO BapHaHTA MOKA3bIBAET
oOpaTtHbIf MPUTOK mponmanTa B 1,81 M, UTO MIPEBBILAET V.

[0073] CornmacHo paboyemy mporeccy 1 Ha BTOpPOM HTepalid MOKHO HM3MEHUTH
pacyeTHbI mapameTp OOpaTHOrO MPUTOKA. YMeHblIeHue nepenana nasieHuss dp ¢ 40 Oap
(cuenapwuii 8, Tabmuma 3) mo 30 Oap (cuenapwmii 1, Tabnuma 3) NPUBOAKUT K CHIKEHHUIO 00beMa
oOparHoro npurtoka nponmnanTa 10 0,53 M°. DTOT 06bEM BCe elle BbIIIe LIeNeBOro 3HaueH s V.

[0074] Bo Bropoii urepanuu padodero mpouecca | M3MEHSIOT pacdeT THAPABINYECKOTO
pa3pbiBa, yBENIWYHBAs JUAMETP 4acTULbI pornmanTa ¢ 0,74 MM (cueHapuii 1, Tabnuna 3) no 1,5
MM (cueHapuit 4, Tabmuma 3). MozgenupoBaHHE THAPABINYECKOrO paspbiBa U OOPAaTHOTO
NPUTOKA IEMOHCTPUpPYET OOpaTHbIM MPUTOK mpomnmnaHTa 0,2 M. DTO 3HAaUeHNe YAOBJIETBOPSIET
yCIOBHIO Vs < V., MO3TOMY NPH BBIOJHEHUH ONEPalui THApOpaspbiBa U 0OPaTHOrO MPUTOKA
cienyeT NIPUMEHUTD CLeHapuil 4.

[0075] Xotst BbIme MOAPOOHO OBUTM OMHCAHBI TOJBKO HECKOJBKO WJUTIOCTPATHBHBIX

BApPHAHTOB OCYLIECTBJICHUS, CIIELIMAINCTAM B JAaHHOW O0JIACTH TEXHHUKHU OyAeT OYeBUIHO, UYTO B
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WIUIFOCTPATUBHBIX  BapUaHTax OCYLICCTBJICHHA BO3MOXKHBI MHOIHUEC MOI[I/I(I)I/IKEII_II/II/I 0e3
CYHWECTBEHHOI'0 OTCTYIUICHUA OT CYyTH HACTOALICTO I/1306peTeHI/I$I. COOTBeTCTBeHHO, BCC TAaKHC
MOI[I/I(bI/IKaI_II/II/I Np€aAHa3HA4YCHbI AJisI BKJIKOYUYCHUS B o0bem HaCTOAIICTO H306peTeHI/Iﬂ, KOTOprﬁ

ompeselieH B clieayomeil popMyie H300peTeHHsL.



18

D®OPMYJIA U3OBPETEHUS

1. Crioco® runpopa3pbiBa MOA3EMHON CKBAXKIHbBI, BKJIFOYAIOIIUN B CeOsT:

(1) mnaHupoBanue 0OpabOTKM MyTEM THAPOpa3pbIBa IJIsI MHTEHCHU(PUKALUN KOJJIEKTOPA,
npu KOTOpoil Oynmer co3gaHa TpeUIMHA, a pacueTHble IapamMeTpbl BKIIOYAOT B cels
KOHLIEHTPALMIO TPOMNIAHTa, BI3KOCTh (IIOMIA, pPacXoAd, OTambl BBINOJIHEHHS padoT
OKOHYATEJIbHYIO (POPMY TPELIMHBI, a TAKKE UX KOMOMHALUH;

(i1) BBIMOJHEHHE KOMIBIOTEPHOIO MOJIETUPOBaHUs O0OpabOTKM ¢ TPUMEHEHHEM
THIPOpa3pbiBa, TPU  KOTOPOM  (opMHPYeTCsl TPOTHO3  PACHPOCTPAHEHMs]  TPEIIUHBI,
pacripeneneHusi TMPOIIAHTA, pachnpeneieHus ¢QuIouga W - pacrpenesieHus MPOBOAUMOCTH
TPELUIHHBI,

(1i1) 3amaHue pacyYETHBIX MAPaMETPOB OOPATHOTrO MPHUTOKA, COAEPXKAIUX JABJICHHE B
3a00€ WM YCThe CKBAKUHBIL, BPEMsI H IPOAOIDKUTEIBHOCTh OOPATHOTO MPHUTOKA,

(iv) onpenenenne KPUTUYECKON CKOPOCTH (HIBTPALMH U, B KOKIOH pacueTHOHU sueiike
IUIs1 OKOHYATENbHOM (DOPMBI TPEIIHHBL,

(v) ompemenenue pacxoma mnpu aoObrde ¢irounaa w o0bemMa OOpaTHOTO MPHUTOKA
NPOTIIAaHTA [T 33JaHHBIX YCJIOBUI 0OpaTHOTO MPHUTOKA,

(vi) pacuer oObeMa W3BJIEYEHHOTrO MpommaHta Vg u nodbmu ¢uronna Qp Ha TpaHUIlE
npu3aboOHONW 30HBI CTBOJNA CKB&KWUHBI 3a cueT mnoBropa osTtanoB (iv) um (V) mis
NOCJIEIOBATENbHBIX HHTEPBAJIOB MPOAOJIKUTEIBHOCTH OOPATHOTO MPUTOKA;

(vil) ecmu Vg < Vo 1 Qf > Qpn, BBITIOJIHEHHE OOpaOOTKH IMyTeM THAPOPa3pbIBa, Kak
3aryIaHUpPOBaHO Ha 3tane (1), npudeM Qpiy - MUHIMAJIBHO TOIYCTUMBIH TeMI A00bI4H (Ironna, a
V. - MaKCUMAaJIbHO AOMYCTUMBIH 00beM 0OpaTHOTO MPUTOKA MPOTIAHTA; UITH

(viil) ecmu Vg mnu Qf HE yIOBJIETBOPSIIOT YCIOBHSM 3Tamna (Vil), TOBTOpeHHue 3Tamnos (1)-
(Vi) CO CKOPPEKTHPOBAHHBIMU PACYETHBIMH MapaMeTpaMH FHIPOpPa3PhIBA.

2. Cnocob mo m. 1, B KOTOPOM KpUTHYECKass CKOPOCTb (PHIBTPALIUU U, 3aBHCUT OT
NapaMeTpoB, BKIKOYAOIINX B ceds HampsokeHHe B CTeHKe, S()(EKTUBHBIA AMAMETP YaCTHI]
NPOMIAHTA, IIHPHHY TPEUIMHBL, BA3KOCTh (JIFOMAA M BHEAPEHHE NPOIMIAHTA, a TaKXKe HX
KOMOUWHALIHH.

3. Cnoco6 mo m. 1, B KOTOPOM CIPOTHO3UPOBAHHBIE BO BPEMsI KOMITBIOTEPHOTO

>
MOJIETUPOBAHKUST CKOPOCTHU TOTOKA TIPOIIIAHTA, KOTOpPbIE MEHbIIE KPUTHUYECKOW CKOPOCTH
(bUIBTPALINY U, YKA3bIBAIOT HA HYJIEBYIO TIOABH;KHOCTD MPOIIAHTA B TPEIIUHE.

4. Crnocob mo m. 1, B KOTOPOM BBIMUCJIEHUE H3BJIECYEHHOr0 oObeMa V; MpoImaHTa
BBIMOJIHSIOT ¢ TNPUMEHEHWEM MapaMeTPOB, BKIIIOYAIOIUX B CeOs TMUIOMmanb MOBEPXHOCTH
TPEUIUHbI, IMUPUHY TPEIIUHBL, MPOHUIIAEMOCTh HAOWBKHM TMPOMIAHTA, BS3KOCTh (IIrouna,
C)KMMAEMOCTh KOJUIEKTOpA, MOPUCTOCTh KOJUIEKTOPA, MaBjieHHE B KOJUIeKTOpe U 3()deKkTHBHBII
pasMep YacCTHII MIPOMIAHTA, & TAK)KE MX KOMOWHAIIHH.

5. Cnocob mo m. 1, B kotopom 3Tam (i) JOMOJHUTEIHHO BKIFOYAET B ceOs MOJydeHHe
UH(POPMALIUK O MEXaHHUUECKUX U MPOBOISIIUX CBOMCTBAX KOJUIEKTOPA, TPACKTOPHH CKBAYKHUHBI U
pacmoox)eHnn nephopauoOHHbIX OTBEPCTHH 00CATHON KOJIOHHBI.

6. Cnoco6 mo m. 1, B koropom stam (1) AOMOJHUTENBHO BKJIIOYaeT B cebst cOop
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71a00paTOPHBIX TAHHBIX, KACAOIIUXCS CBOMCTB (hIIIOHIa M CBOMCTB MPOIIAHTA.

7. Criocob mo m. 1, B koTopoMm 3Tan (1) JOMOJHUTEIBHO BKIIIOUAET B Ce0sl BBIOOP CXEMBbI
THIPABIMYECKOTO Pa3phIBa.

8. Criocol ruapopaspbiBa MOA3EMHOM CKBAKUHBI, BKITIOUAIOIIUHN B CeOsl:

(1) monydeHue mjaHa paHee BBINOJIHEHHOW OOpabOTKU MyTeM TIUApOpa3phiBa IS
MHTEHCU(UKALINU KOJJIEKTOPA;

(i1) BBIMOJHEHWE KOMIBIOTEPHOIO MOJIETUPOBaHUs O0OpabOTKM C TpPUMEHEHHEM
TUAPOPa3pbiBa, TMPH  KOTOPOM  (POPMHUPYETCSl TMPOTHO3  PaCHPOCTPAHEHHUS]  TPELIHHBI,
pacripeneneHusi TMPOIIAHTA, pachnpeneieHus ¢uonga W - pacrpenesieHdsl MPOBOIUMOCTH
TPELUIHHBI,

(iil) 3amaHWe pacuUeTHBIX MApaMETPOB OMepaluyd OOpPaTHOrO MPUTOKA, COMEPIKAIINX
JaBJieHHe B 3200€ MIIN YCThe CKBAXKUHBI, BPEMsI U TIPOAOJKUTEIIBHOCTh OOPaTHOTO MPUTOKA;

(iv) onpenenenne KPUTUIECKON CKOPOCTH (QUIBTPALMU U, B KOKIOH pacueTHOH stueiike
111 OKOHYATENIbHON (DOPMBI TPELIHHBI;

(v) ompemeneHue pacxoma mnpu AoObrde ¢urounaa u o0bemMa OOpaTHOTO MPHUTOKA
MPOIIAHTA,

(vi) pacuer oObemMa W3BJIEYEHHOrO mponmaHta Vg u nodbmu ¢uronna Qp Ha TpaHUIlE
npr3aboOHONW 30HBI CTBOJIA CKBAKHHBI 3a CYET MOBTOpeHus osrtamoB (iv) u (V) s
NOCJIEIOBATENbHBIX HHTEPBAJIOB MPOAOJIKUTEIBHOCTH OOPATHOTO MPUTOKA;

(vil) ecmu Vs < Vo 1 Qf > Qpn, BBITIOJNIHEHHE OOpaOOTKH MyTeM THIPOPa3phiBa, Kak
3aIIAHUPOBAHO, TpHYeM Qpin - MHHHUMAIBHO IONMYCTHMbIH Temn noObrdau ¢urouna, a V. -
MaKCHMAJIbHO JIOTyCTUMBIH 00beM 00paTHOrO MPHUTOKA MPOMIIAHTA;, HITH

(viil) ecmu Vg umu Qf He yIOBJIETBOPSIIOT YCIOBUSAM 3Tana (Vvii), MOBTOpeHue 3Tanos (1ii)-
(Vi) CO CKOPPEKTHPOBAaHHBIMU PACYETHBIMH MapaMeTpaMu 0OpPaTHOrO MPUTOKA.

9. Criocob mo 1. 8, B KOTOPOM pacueTHbIE TapaMeTphl paHee BBIOJHEHHOH 0OpaboTKH
MyTeM TUAPOpa3pbIBa BKIKOYAKOT B Ce0si KOHLEHTPALMIO MPOIIAHTA, BI3KOCTh (PIIFOUAA, pacxo,
STambl BBIMOJHEHUST pa0bOT 1 (POPMY TPEIIHHBL, a TAK)KE MX KOMOUHALIMH.

10. Criocob mo m. 8, B KOTOPOM KpHUTHYECKasi CKOPOCTb (MIIBTPALMK Uc 3aBUCHT OT
NapaMeTpoB, BKIOYAIINX B ceds HampsokeHHe B CTeHKe, 3((EKTUBHBIA AMAMETP YaCTHI]
NPONIAHTA, IIUPUHY TPELIMHBL, BS3KOCTh (IIOMAA M BHEAPEHHE MPOIMIAHTA, a TaKKe HX
KOMOUWHALIHH.

11. Cnoco6 mo m. 8, B KOTOPOM CIPOTHO3UPOBAHHBIE BO BPEMs KOMITBIOTEPHOTO
MOZEJMPOBAHUSI CKOPOCTH [MOTOKA TPOIIAHTA, KOTOPbIE MEHbIIEe KPUTHYECKOH CKOPOCTH
(HIBTPaLIMK U, YKa3bIBAIOT HA HYJIEBYIO MOJBHKHOCTH MPOIMIMAHTA B TPELINHE.

12. Coco6 mo m. 8, B KOTOPOM BBIYHMCICHHE H3BJIEUEHHOro oObeMa V MpOMIaHTa
BBIMOJHAIOT C NPHUMEHEHHEM [apaMeTpPOB, BKJIOYAKOMIMX B ceds IUIOLIAAb MOBEPXHOCTH
TPELIMHbI, IUUPUHY TPEIIUHbI, MPOHHLAEMOCTh HAOWBKM TIPOIMAHTA, BI3KOCTh (rounna,
C)KMMaeMOCTh KOJUIEKTOPA, MMOPUCTOCTh KOJUIEKTOPA, AABJICHHE B KOJJIEKTOPE U CPEAHHH pa3mep
YACTHL] TIPOIIIIAHTA, & TAK)KE HX KOMOWHALIUH.

ITo noeepennocTn
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