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Otnenenue HeTerazoBoro nena

MAT'UCTEPCKASA JTUCCEPTAIIUA

Tema padoTbl

CoBepuieHCTBOBAHUE TEXHMYECKHUX CPEACTB U TEXHOJIOTHi rpaBuiiHON NPU(UILTPOBOH
30HbI CKBAKHH

V]IK 622.245.65-048.78

CryneHt
I'pynna DPUO Hoanuck Hara
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3BaHHE
Xopes Bragumup
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3BaHHe
Boncynosckas K.(.H.
JlomeHT JIropmuia
MuxalinoBHa
JONNYCTUTH K 3AIIUTE:
PykoBoaureas QOII dPHUO Yu4yeHasi cTeneHb, IMToanucey Jlara
3BaHMe
Kosanes Aprem
JlomeHT K.T.H.
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Tomck — 2018 1.




ILnanupyembie pe3ybTarhl 00y4yenus no OOII

Kon
pe3ynbTaTa

Pesynbrar 00ydeHus (BBITYCKHUK JTOJDKEH OBITH TOTOB)

P1

[IpuMeHSTh €CTeCTBEHHOHAYYHBIE, MAaTEMATHYECKUE, TYMAHUTAPHBIC,
9KOHOMHYECKUE, HH)KCHEPHBIE, TEXHUUYECKUE U TITyOOKHe podeccHnoHaTbHBIC
3HaHHUSI B OOJIACTH COBPEMEHHBIX HE(PTETa30BBIX TEXHOJIOTHHA IJIs PEIICHHUS
NPUKIAOHLIX  MEHCOUCYUNTUHAPHBIX — 3a0a4 W UHICEHEePHbIX  npobiiem,
COOTBETCTBYIOIIMX TNPOGII0 TOArOTOBKH (B HedTerasoBoM cekrope
9KOHOMMKH).

P2

[TnanwpoBaTh W TPOBOJUTH AHAIUTUYCCKHE U IKCIICPHUMCHTAILHBIC
uccnredosanusi ¢ NCTIOIb30BAHUEM HOBEHIIMX JOCTH)KCHHA HAYKH M TEXHUKH,
YMETh KPUTUYECKU OIICHUBATH PE3yJIbTAThl U JCNAaTh BHIBOJIGI, MOJYYCHHBIC B
CHIOJICHbIX U HEONpeOeNéHHbIX  YCA08UsAX;  WCIOJIB30BATh  NPUHYUNDL
uzobpemamenbcmed, NpPasovle OCHO8bL 6 O00NACMU  UHMELIeKMYATbHOU
CcOOCMBEHHOCMU.

P3

[IposiBnsiTe  PO(ECCHOHATIBHYIO  0C8E00MIEHHOCMb O NePeoosbix
SHAHUAX U OMKpbIMUsAX B OOJIACTH HEPTETa30BBIX TEXHOJOTHH C Y4ETOM
nepecoo2o  OMeYeCmeeHHo20 U 3apy0edCcHO20  OTBITA;  HCIIOJIb30BAThH
UHHOBAYUOHHBINL NOOX00 TIpU pa3pabOTKe HOBBIX UACH HW  METOJOB
npoekmupoganusi OOBEKTOB HE(PTEra3oBOro KOMIUIEKCA JUISL  peldeHust
UHIICEHePHBIX 3a0ay pazeumusi He(PTera3oBbIX TEXHOJIOTUH, MOOepHU3ayuu u
Yycosepulencmeosanusi HeTera3oBoro Mporu3BOJICTBA.

P4

BHreOpamb,  sKcniyamuposamv U - 00CIYHCUBAMb — COBPEMEHHbIE
MAWUHbL U MeXaHu3Mbl UIS pealn3allii  TEXHOJIOTHYECKHX IPOIECCOB
HedrerazoBoil o00sacT, o0OECNEeYMBATH WX GbICOKVIO 3PdhekmusHocmo,
coOII01aTh MPaBHIIA OXPAHbL 300P06bs U Oe30nacHoCmu mpyod, BHITIOJIHSTH
TPeOOBAHUS TI0 3awyume OKpyscauell cpeobl.

P5

BBICTPO OpHEHTHPOBATHCS W BHIOWPATh ONMUMANIbHbIE PEUEHUs. 8
MHO20(AKMOPHLIX — cumyayusx,  BIAaJeTh  METOJaMHU UM CPEACTBAMH
MAMeMamuyecko20  MOOeIuposaniss  TEXHOJOTUYECKHX  TPOIECCOB  H
00BEKTOB.

P6

OddexkTuBHO  WCMOJIB30BaTh  JIO0OW  WMEIONIUHCA  apceHan
TEXHUYECKUX CPEJICTB Ui MAaKCUMAJIBHOTO MPHUOIMKEHHS K MOCTaBICHHBIM
NPOM3BOJICTBEHHBIM MEJSIM TIPH  paspabomke U pearu3ayuu NpoeKmos,
NIPOBOJIUTD IKOHOMUYECKUU AHAMU3 3AMPam, MAPKEeMUH208bie UCCIe008AaHUs,
Paccuumvleéams IKOHOMUYECKYVIO dhhekmusrHocmo.

P7

OddextuBHO padboTaTh UHOUBUOYAIbHO, B KAYECTBE UleHA U
PYKOBOOUmensi KOMaunovl, yMeHUue (HOpPMHUPOBATH 3aJaHHUS U ONEPAMUGHbIE
nIaHbl BCEX BHUJOB JIEATCIBHOCTH, pACIPENCNiATh OOS3aHHOCTH YIICHOB
KOMaH/Ibl, TOTOBHOCTb HECTH OMBEENICMEEHHOCb 3d Pe3yIbmanvl pabomoi.

P8

CaMOCTOSATENHHO YUUTHCS U HETIPEPHIBHO NOGbIUAMb KEATUDUKAYUIO
B TEYEHHE BCEro IMmepuojia NpodecCHOHATBHOW JEeSTeNbHOCTH; AaKTHBHO
e1adems UHOCMPAHHLIM S3bIKOM HAa YPOBHE, IMO3BOJIAIONIEM paboTaTh B
MHTEpHAIMOHAILHOW cpene, pa3padaTbiBaTh JAOKYMEHTALMIO M 3allUIIaTh
pe3yabTaThl MHKEHEPHOU NESTEIbHOCTH.




MunncrepcrBo o6pazoBanusi U Hayku Poccuiickoii ®@enepannu
(benepanabHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKACHUE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHU MOJIATEXHUYECKA YHUBEPCUTET»

NHuxeHepHas 1IKoJ1a IPUPOIHBIX PECYPCOB
Hanpasnenue noarorosku: «Hedrerazooe aeno»
[Tpodws noaroroBku: «CTPOUTEIBCTBO IITYOOKHX HEPTIHBIX M Ta30BbIX CKBAKUH B

CJIOJKHBIX TOPHO-TCOJIOTMUCCKHUX YCIIOBHAX»

Otnenenue HepTerazoBoOro I

B dopwme:

cia

YTBEPX]JIAIO:
PyxoBoaurens OOII
Kopases

A.B.
(ITommucws)  ([ata)

3AJIAHUE
HA BBINOJIHEHHE BBINYCKHOM KBaIN(pUKALNOHHOI padoThl

MATHMCTEPCKOM JUCCEPTALIMU

(bakamaBpckoi pabOTHI, IUIIOMHOTO MPOEKTa/paboThl, MArUCTEPCKON TUCCEPTALIIN)

CryneHnry:

I'pynna

DPUO

2BM6]1

[TormoBy Tumodero BanepreBuuy

Tema paboThI:

CoBepuieHCTBOBaAHME TEXHUYECKHUX CPEACTB M TEXHOJIOTHil rPaBUiiHON NPUPUILTPOBOM
30HbI CKBAKUH

YTBepxkaeHa TPUKA30M JTUPEKTOpa (aTa, HOMEp)

Cpok cayul CTyI€HTOM BBITIOJIHEHHOH paboThI:

TEXHUYECKOE 3ATAHHUE:

Hcxoanbie JaHHBbIE K padoTe

OOBEKTOM HCCIIEIOBaHUE SIBJSICTCS pa3padoTKa
ne3uHTerpupyemoro rpasuitHoro ¢uiabtpa(dl'd)
00J1ajaroIero 3HAYUTEIbHBIMH TPOYHOCTHBIMU
XapaKTePUCTHKAMH.

PaccMOTpeHbl KOHCTPYKIIUH JIE3UHTETPUPYEMOTO
TPaBUHHOTO ¢bunbTpa, oOmanaromei
3HAUUTENBHONW  MPOYHOCTBIO U pa3paboTKa
pELenTyphl pacTBOPA Ui CKIICUBAHUS TPABUSL.

Hepeqeﬂb nmoaJeKamux ucCJiea10BaHnIo,

MPOEKTHPOBAHUIO u
BOIIPOCOB

pa3padorTke

1. AHAIMTHYECKHI 0030p MO JIUTEPaTypHBIM
HCTOYHHKAM C LE€JIbI0 BBIICHEHHUS IOCTHKEHHIA
HayK{ U TEXHUKH B pacCMaTpuBacMoi 00J1acTu;

2. [IpoBeneHue SKCIIEPUMEHTAITBLHOTO UCCIIEIOBAHUS
MO pa3paboTKe PelenTyphl IS CKIICHBAHUS TPABHUSL.
3. ®UHAHCOBBIA MEHEIKMEHT;

4. CoruanbHas OTBETCTBEHHOCTE;

5. TlepeBoa 0fHOM M3 OCHOBHBIX YacTel
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JUTEepaTypHOro 0030pa Ha AaHTJIMICKUH SI3bIK;

Hepeqeﬂb rpa(]mqeclcoro MaTepuaJjia

OTCYTCTBYET.

HeoOxomuMocTs B Tpaduyueckux Mmarepuaiax

KoncynabTaHThI 0 pa3iesnaM BbIIYCKHON KBAIN(GUKAIIMOHHONH padoThI

Pa3pen

KoncyabTant

DuUHAHCOBEIM  MCHEIKMCHT,
pecypco3hHeKTHBHOCTD u
pecypcocOepexeHust

Accucrenr, XKaBopoHok AHacracus BanepreBHa

ConmanbpHag OTBETCTBEHHOCTD

AHaroJibeBHA

Crapmmuii mpenojiaBaresnp, K.T.H., 3a10poxHas TaTesHa

Pa3Z[CJ'IBI, BBIIIOJIHEHHBIE Ha
HHOCTPAHHOM A3BIKE

Homent, x.¢.H., bosiicynoBckas Jlronmuiia MuxaitinoBHa

Ha3zBanus pa3ae/ioB, KOTOPbIC TOJKHbI ObITh HANKCAHLI HA HHOCTPAHHOM SI3bIKE:

Gravel Packing

Jara BbIAaUM  3aJaHuA

Ha

BbINNOJIHEHU € BbIHyCKHOﬁ

KBAJIN(UKANMOHHOH padoThI 110 JUHEHHOMY rpaduky

3ananue Bb11aJ1 PYKOBOJUTEIIb:

HosxHocTh ®UO Yuyenas crenenb, | Iloanuch Hara
3BaHHe
Xopes Brnagumu
Houent p & p K.1.1
CepreeBuu
3anaHne NPUHSJI K MCIIOJTHEHUIO CTY/IEHT:
I'pynna DOUO Hoanuch Hdara

2bM6/1 [TormoB Tumodeit BanepreBuu




3AJAHUE JUISI PA3JIEJIA

«®UHAHCOBBIII MEHEI)KMEHT,

PECYPCOO®P®EKTUBHOCTDb 1

PECYPCOCBEPEKEHUE»

Crynenry:

I'pynna (0% (0]

2bM6/] [TonoBy Tumodero BanepreBuuy
Ixo.s1a MNP OTaeeHue HedTerazoBoro nena
YpoBeHnn maructparypa | Hampasiienue/ «CTpOUTENBCTBO TIYOOKHX HE(PTIHBIX
o0pa3zoBaHus CHEeNHAIBHOCTD | ¥ Ta30BBIX CKBAXUH B CIIOKHBIX TOPHO-

re0JIOTMYECKUX YCIIOBUSIX)»
Hcxoaubie JaHHbIE K pazaeiy «@®uHAHCOBBII MEHEeIKMEHT,

pecypcodekTUBHOCTHL U pecypcocOepeskeHue !

1. Cmoumocms pecypcoes HAYYHO2O OEEHKQ cmoumocmu mMamepuaibHO-mexHU4eCKux
uccie008anus (HH): MAMepUuaIbHO-MEeXHUUECKUX, | U Yel08eUeCKUX Pecypcos HA NpogedeHuUe ONblinog
OHEPeemU4ecKux, (UHAHCOBLIX, UHMOPMAYUOHHBIX U| 8 Jaabopamopuu  OYypOSbIX  NPOMBIBOUHbIX U
qenoeeveckKkux MAaMNOHRANCHBLX pACMB0OPO6

2. Hopmet u Hopmamugvl pacxo0osaHus
pecypcos

3. HCV!OJle’yEMaﬂ cucmema HCL/Z02006JZO.?!C€HM8,

CMmaeKu HAjlocoes, Om'-lUCfleHulZ, auCKOHmMpOGaHMﬂ u
Kpeoumosanusi
Ilepeyenb BONMPOCOB, TMOMJIEKAINUX MCCIAEIOBAHUIO, TNPOEKTHPOBAHUIO U
pa3padoTke:
1. Oyenxa  rommepueckoco  nomenyuana,| SWOT-ananuz npoexma

nepcnekmueHocmu U anrbmepHamug npogedenus HU c
no3UYUU pecypcodrPhexmusHocmu u pecypcocoepexncenus

2. IIhanuposanue u gpopmupoganue 6100xicema
HAY4YHO-UCCIe008AMENbCKUX PABOM

Broooicem nayuno — mexnuueckozo ucciedoganus
(HTH)

1.Pacuem  mamepuanbHuix
MEXHUYECKO20 UCCACO08AHUS
2. OcHosHas 3apabomuas Wiama ucnoIHumenetl
membvi

3. Omuucnenust 80 enebioOdicemuvie Gonowl

4. Dopmuposanue 6r00xcema 3ampam HAyYHO-
UCCe008aMENbCKO20 NPOEKMA

3ampam  Hay4Ho-

Hepeqeﬂb Fpa(l)lrl‘leCKOI‘O MaTEPHUAJIA (c mounvim yxazanuem obszamenvHblx yepmedicei) .

1.
2.

Mampuya SWOT
Kanenoapmuii epaghux nposedenus HTH

JaTa BbI1auM 3a1aHMA /151 pa3jieia 1o JuHeiiHOMY rpaduky

3agaHue BbIIAJ KOHCYJIbTAHT:

YuyeHasi cTeneHb,
JomxkHocTh DdUO sBANMe Moanuck Jara
’KaBopoHok AHacracus
ACCHUCTEHT
BanepreBna
3ajaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna dUO Hoanucek Hara
2bM6/] [TonoB Tumodeii BanepreBuu




3AJAHUE JUISI PA3JIEJIA
«COLUMUAJILHASI OTBETCTBEHHOCTb»

CryneHty:
I'pynna DPUO
2bM6/1 [TonoBy Tumodero BanepoeBuuy
HnxkeHnepHas mKosaa IIpupoaneix pecypcoB | Otnesienne Hedrerasosoro gena
YpoBeHs 00pa3oBaHus | MarucTparypa HanpagJjenue/cnemuaiabiocts | 21.04.01 «Hedrerasosoe

JIeT10» Ipoduis
«CTpouTenscTBO
TITyOOKNX HEPTSHBIX U
ra30BBbIX CKBRKUH B
CIIOXHBIX TOPHO-
Te0JIOrMIeCKUX
YCIIOBUSIX»

HUcxoaHbie TaHHBIE K pasaeiry «ConuaJbHasi 0OTBETCTBEHHOCTD

1. XapakrepucTrka 00beKTa UCCICTOBAHHUS
(BelecTBO, MaTepUall, MPUOOP, AJITOPUTM,
MEeTOo/IMKa, pabouasi 30Ha) 1 00JIaCTH €ro
MIPUMEHEHUS

PaGounm MecToM sBIISIETCS CO3J]aHue TPaBUHHOrO (hUIIBTpa B
npu3a00iHO 30He CKBakMHBI PaboTa ocyiecTBisercs
Crioco0 co3aHus rpaBUHOTO GUIIBTPa B CKBaXKHHE BKIIFOUAET
BCKPBITHE POYKTHBHOTO TTacTa rnep(opupoBaHHON
00caJJHOH KOJIOHHOM, HAMBIB TPaBHsl B IPOCTPAHCTBO
00caJHOI KOJIOHHBI B MHTEpBaJIe Nepdopalyy 1 B
MPOCTPAHCTBO KaBEPH 3a 00Ca/IHOM KOJIOHHOM C
THAPOYIUIOTHEHHEM Ipu3adoitHoi 30HbI mwiacta (I1311).

Bpemst paboT co3aaHMI0 TPABUIHOrO (GMIIBTPA — OCCHHUH U
OCEHHE-3UMHHUI NIEpUOJL

Hepequb BOIIPOCOB, MOMJICKAINMX UCCJICT0OBAH

W10, MPOEKTHPOBAHMIO U pa3padoTke:

1. IIponsBoacTBeHHAsI 0€30MACHOCTH

1.1. AHanu3 BBISIBIICHHBIX BPEIHBIX (DAKTOPOB
NP pa3paboTKe U IKCIUTyaTaluu
MIPOEKTUPYEMOTO PEIICHHUS B CIIEAYIOMIEH
MOCTIeI0BATENbHOCTH:

Pabota 1o co3aanuo rpaBUHHOTO (GUIIbTpa HEMOCPEICTBEHHO
CBsA3aHa psAJ0M BpCIHBIX (baKTOpOB, YTO MOXET CHU3UTH
MPOU3BOIUTENLHOCTD TpyAa. K Takum dakTopam MOXKHO
OTHECTH:

1. OTKIOHEHHE MOKa3aTeNe KIMMaTa Ha OTKPBITOM BO3AYXE;
2. TsbxecThb U HANIPSHKEHHOCTH (PU3UYECKOT0 TPYa;

3. [peBbllieHne ypoBHE 11ymMa;

4. IIpeBrilieHue ypoBHEH BUOpauu

1.2. AHasu3 BBISBJICHHBIX OMACHBIX (haKTOPOB
P pa3pabOTKe U IKCIUTyaTalllH
MPOEKTUPYEMOTr0 PELIeHHS B CISAYIOIIEH
MOCIIEJOBATEILHOCTH:

Ha o0bekTe ciycka ¢uiibTpa B pru3aboiHyI0 30HY II1acTa
MOT'YT BO3HHKATh ONACHBIE CUTYalluH A1 pabodero
HepcoHaja, K HUIM OTHOCSTCS:

1. JIBmKkymuecss MaIlluHbBl 1 MEXaHU3MBI TPOU3BOACTBEHHOTO
00opyaoBaHus (B T.4. TPY30MOABEMHEIE)

2. DIEeKTpUYECKUH TOK;

3. I[ToxxapoonacHOCTh

2. DKojornyeckast 0€30MacHOCTb:

[pu co3nanuu rpaBuitHOro GUILTPA OYIET OKAa3bIBATHCS
HEraTUBHOE BO3/ICHiCTBHE, B OCHOBHOM, Ha COCTOSTHHE
3eMEJIbHBIX PECYPCOB M aTMOC(HEPHOro BO3AyXa.

1. OxpaHa 3eMeNbHBIX PECYPCOB U PACTHTEILHOTO MHUPA;
2. OxpaHa aTMOC(epHOTr0 BO3AyXa.

3. Be3onacHOCTh B Upe3BBIYAMHBIX CHTYAITHSX:

B paifone gesrenbHOCTH pabOT 1O CO3MAHUIO TPABUIHOTO
(unpTpa, BO3SMOKHO BO3HUKHOBEHHE CIIETYIOIINX BHUIOB
Ype3BBIYAWHBIX CUTYalllil pa3iu4Horo xapakrepa. OOHum u3
OCHOBHBIX MAKUX AGNAEMCs — nodxcap *.

4. TIpaBOBbIC ¥ OPraHU3AIOHHBIE BOIPOCHI
obecrieuenus 0€30I1aCHOCTH:

CrienmanbHbIe IPaBOBBIE HOPMBI TPYIOBOTO
3aKOHOJIATENbCTBA.

Jarta Beimaun 3amaHus

3aganne BbIIAT KOHCYJIbTAHT:

JomxHocTh dUO YdeHas CTeneHb, [Toamuck Jara
3BaHHE
Crapmmii mpenoaaBaTenb 3amopoxras TaTbsiHA K.r.H
AHaTOIbeBHA
3agaHue NPUHAJ K MCTIOJIHEHHMIO CTYJeHT:
I'pymna (4[] Ioanuce Hata
2BM6/] [TonoB Tumodeit BaneppeBry




MunncrepcrBo o6pazoBanusi U Hayku Poccuiickoii ®@enepannu

(enepanpHOE TOCYIApCTBEHHOE aBTOHOMHOE 00pa30BaTelIbHOE YUPEKICHUE

BBICLICTO 00pa30BaHs _
«HAHUOHAJIBHBIN UCCJIEJOBATEJIbCKUHA
TOMCKHWA MOJIUTEXHUYECKWA YHUBEPCUTET»

NnxenepHas 1ikosa npupoIHbIX PeCypcoB

Hanpasnenue noarorosku: «Hedrerazooe aeno»
[Tpodws noaroroBku: «CTPOUTEIBCTBO IITYOOKHX HEPTIHBIX M Ta30BbIX CKBAKUH B

CJIOJKHBIX TOPHO-TCOJIOTMUCCKHUX YCIIOBHAX»

Otnenenue HeTerazoBoro nena
YpoBeHb 0Opa3zoBanus: Marucrparypa
[Tepuon BeINOJIHEHUS: (Becennuii cemectp 2017/2018 yuebroro rona)

dopma npeacTaBiaeHUus paboOTHI:

MAT'UCTEPCKAA JUCCEPTALIA

(bakamaBpckast paboTa, IUITOMHBINA TPOEKT/paboTa, MarucTepcKast IICcepTarus)

KAJIEHJIAPHBIN PEUTUHT -TIJIAH

BbINOJTHEHH S BBINYCKHOI KBATH(PUKAIIMOHHONH PadoThI

Cpok cauu CTYZICHTOM BBITIOJTHEHHOHW paOOTHI:

Hara Ha3zBanue pa3aesa (moayJs) / MaxkcumaJjibHbIH
KOHTPOJISA BMJI pa00ThI (HCCJIe0BAHMS) 0aJs1 pasaesia (MoayJist)
Buvinoanenue numepamyproco 0630pa 50
IIposedenue n1abopamopHulx uccied08anull 40
Yempanenue neoouemos 6 pabome 10

CocTaBuii IpenoaBaTelib:

JloaskHOCTH DdPUO Y4eHan cTeneHb, IMoanucek Jara
3BaHHne
COI'JIACOBAHO:
PykoBoaureanr OOII dPUO Yuenas creneHb, IMoanuck Jara
3BaHune
JomenT Kosane Aprem T

Brnanumuposuu




AHHOTAIMA

B mnepBoii yacTH IMUIJIOMHOTO MPOEKTa PAacCMaTPHUBAIOTCA MPOOJIEMBbI
BBIHOCA TE€CKa B CKBOXMHAX, a TAaKK€ OCHOBHBIE METOAbl OOpbObI. MOXHO
BBIICJIUTh  JIBa  BO3MOJKHBIX  HAalpaBJIEHUS  PEIICHHS  MPOOJIEMBI:
TEXHOJOTHYECKHEe U MeXaHuyeckue. [IpoaHanu3upoBaB 3T METOHBI, MOKHO
clellaTh BBIBOJ: MEXaHWYECKHME METOJbl SIBISIOTCA HauOoyiee MNPOCTBIMH U
JOCTYIIHBIMH, TO3TOMY MONY4YWIM HauOonbliee pacupocTtpaHeHue. K Hum
OTHOCHUTCSI 000pyI0BaHNE HEPTSIHBIX CKBAKUH MPOTUBONECOUYHBIMU (DUIBTPAMU
paznu4yHOM  KOHCTpYKIMHU. COOTBETCTBEHHO OHHM HYXJAlOTcs B Oosee
JETAIBHOM PAacCMOTPEHUU H3-32 CBOEH MPOCTOTHI, a 3HAYUT M OOJbLIEH
peHTabeNIbHOCTH.

Bo BTOpOI1 yacTH AUMIIOMHOTO MPOEKTa MPUBEJIEH aHAJIN3 KOHCTPYKIUH
¢unbTpoB. PaccMOTpeHbl UX JTOCTOMHCTBA U HEJAOCTATKH W CHIENAHBI BBIBOBI:
rpaBuiiHble (QUIBTPHl 00JaJAI0T CYIIECTBEHHBIMH IPEUMYIIECTBAMU TEpe/]
bunpTpamMu APYrux KOHCTpyKumi. Vcxoms w3 maHHOTO BBIBOJA, OBUIH
oJIpoOOHO PACCMOTPEHBI KOHCTPYKIIUU TpaBUHHBIX GuiabTpoB. CylliecTByeT 1Be
OCHOBHBIX TPYMIbl IPAaBUHHBIX (PUIBTPOB — CO3[]aBaeMble HA MOBEPXHOCTU U
co3naBaeMble Ha 3a0oe. HecMoTpst Ha Bce mpeuMyIecTBa Mepe]; OCTaabHBIMU
BUJaMU (QWIBTPOB, OHU TaK K€ HUMEIT CBOM HEJOCTaTKU. BaxHbIM
HEJOCTAaTKOM TakKuX (UIBTPOB SBISIIOTCA: OOJBIIME BPEMEHHBIE 3aTpaThl Ha
dbopmupoBanue ¢GuabTpa Ha 3a00€ M HEOOXOJIMMOCTHh YBEIWUYCHHS JHAMETpa
CKBOKUHBI U pacHIupeHusi (UIBTPOBOM 30HBI CKBAKUHBI. B CBSI3M ¢ JaHHBIMU
BBIBOJIAaMH TIOSIBHJIACH HEOOXOJAMMOCTh B COBEPIICHCTBOBAHWU TEXHHUYECKUX
CPEICTB W TEXHOJOTUH TPAaBUMHOW OOCHINMKK MPUPUIBTPOBON  30HBI
TE€XHOJIOTUYECKUX CKBaYKHH.

B TpeTheit acTu TUTIIIOMHOTO MTPOEKTa pa3padaThIBaCTC:

1 Konctpykius JE3UHTETPUPYEMOTO IrPaBUMHOTO bunbTpa,
o0J1aaroIIeit 3HauNTEeILHON MMPOYHOCTHIO.

2. Pa3paboTka pernentypsl pacTBOpa JUTsl CKICUBAHUS TPaBHS.

Pa3zpaboTka pementypsl pacTBOpa A CKJICHBAHHS TPABHsI, OCHOBHAs
3a7a4a JaHHOM paboThl. HayuHas HOBW3HA 3akioyaeTcss B BbIOOpe

CKIICUBAOIICTO p€arcHra, a TakK >KC B IIOHMCKC H aHp06I/Ip0BaHI/II/I Pa3INYHbIX


file:///C:/Users/epihinav/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.IE5/O6VMY2O9/Referat_i_vvedenie.docx%23_Toc405454022

pacTBOpUTENEH, HAIPABJICHHBIX HAa Pa3pyLICHUE CKICCHHOM KOHCTPYKIHH,
aanTHUPOBAaHHBIX TIOJ COCTaB OINpEAEIeHHON peuentypbl. OCHOBOW 1A
CKJICUBaHUsI TpaBusi ObUT MpeliokeH OutyM. lMcmonb3dyemble pacTBOpPUTENU:
yauT-CIUpPUT, KEPOCHH, AalleTOH, pacTBopuTenab 646, OeH3uH «Kanomay.
[locnenoBaTENbHOCTD UCCIENOBAHNN:

1. OmnpexneneHue MPOIEHTHOTO COJAEpKaHUSI TPaBUsl U pacTBOpa IS
€ro CKJICUBaHMUS.

2. IIpoBepka NpOYHOCTHBIX XapaKTEPUCTUK MOTYUYEHHBIX 00Pa3IIOB.

3. Ilouck pactBOpuTEned aganTUPOBAHHBIX IOJ COCTAaB pacTBOpa U
pacTBOpPEHUE MOTYYSHHBIX 00Pa3II0B.

4.  AHanu3 MOJy4eHHBIX PE3yJIbTaTOB.

B 4yerBepTOil  yacTM  TPOBOAUTCS  pacueT  IKOHOMHUYECKOU
3 PEKTUBHOCTH YKA3aHHOTO METOJ/Ia YBEJIMUYCHUs MPOAYKTUBHOCTH CKBaKUHBI
IpU pealu3aluy TUAPABIMYECKOTO0 pa3phiBa IJACTa C CO3JAHUEM T'PABUHMHOTO
¢bunpTpa Ha 3a00€¢ CKBAXKHHBI. Takke OTpPa)KEHbI M MPOBEICHBI PacyeThl BCEX
BUJIOB PacX0/10B, HAIPABJICHHBIX HA MPOBEJICHHE HAYYHOT'O UCCIIEIOBAHMUS.

3aTpatbl Ha BBINOJHEHUE HAYYHO-UCCIEAOBATEIBCKOTO IPOEKTA
BKJTIOUAIOT B C€0sI CIIETYIOIINE SJIEMEHTHI:

- 3aTpaThl Ha  CHEIMalbHOE Oo0opymoBaHMe ©  paboumne
KOMITOHEHTBI;

- 3aTpathl HA OIUIATy TPYyAa;

- 3aTpatbl HA  CTPAXOBblE B3HOCBI B  T'OCYJapCTBEHHbBIE
BHEOIOKETHBIC (DOH/IBI;

- HaKJIaJHbIE PACXO/bI

B mnaToit wWacth nmumioMHOro paboThl  pacCMOTpEHa COIHabHAs
OTBETCTBEHHOCTh paOOTHHKA HeTera3oBoi oTpaciu. Omnucanbl BUIBI BPEIHOTO
BO3JEHCTBUSA HAa OKpyXarwllyw cpeny. lIpoBeneH aHanm3 BceX OMACHBIX U
BpeIHbIX (aKTOpOB paboyell 30HBI, TAaKMX Kak: IIyM, METEOpPOJIOTrHYECKHE
YCJIOBHSI, 3JIEKTPOMArHUTHOE W3JIyYEHHUE, BPEAHBIE BELIECTBA, JICKTPUUYECKUU

TOK U TMOXKap.



OmnpeneseHusi, COKpaleHus1, 0003HAYCHUSA
JI'® — ne3uHTerpupyeMbiii TpaBUMHBINA (QUITBTP
[13I1 — mpu3aboiiHas 30Ha macTa
ITAB — noBepXHOCTHO-aKTUBHbBIC BELIECTBA
CCCP — Coto3 Coserckux Counanucruueckux Pecrmyonuk
I'’IP — I'epmanckas JlemokpatuBHast PecriyOinka
OPI" — denepanbhas Pecnyonuka ['epmanun
[IXI" — moa3eMHble XpaHWIMILA ra3a
CCO® — cynbdut-ciuproBas 0apaa
KMII — kapOoKCUMETHIIIEITI0N03a
HKT — HacocHo-KOMIIpeccopHbIe TPYObl

I'OCT — rocynapcTBEHHBIN CTaHIAPT
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BBenenue

Jist HopManbHOrO ()YHKIIMOHHUPOBAHUS O0OpYIOBaHUSA, HEOOXOIUMO
BCEMH METOJaMU OOpOThCA C MecKonposBieHusIMU. CnabocueMeHTUPOBAHHBIM
I1acT ¢ OOJIBIIMM COJEPKaHUEM NECKa, YaCTULIBI KOTOPOr0 MOTYT MONaAaTh Ha
32001 CKBaXWHBI, pa3pyliaTh IUIACThI, BBI3bIBATh MPOOKH, OOBAJIbI B CTBOJIE.
OTU TOBPEXKICHUS MOTYT MPUBECTH K TMOJHOMY OTKa3zy o0OOpyI0BaHMUS,
M03TOMY JII0ObIE TIECKONPOSABICHHS] HEOOXOIUMO YCTPAHSTh.

MOXHO BBIZICUTH JIBA BO3MOXKHBIX HAMPABJICHUSI PEIICHUs MPOOJIEMBbI:
TEXHOJOTUYECKUE U MEXaHUYECKHE.

TexHomorn4yeckue MeTOoAbl OCHOBAaHBl HA M3YYCHUM MEXaHHUYECKUX
CBOMCTB TMOpOJBI IUIACTAa B HAUYaJbHBIX YCIOBHUSAX W WX HU3MEHEHHH NpuU
HapyIIEHUH PAaBHOBECHOTO COCTOSIHUSI TEPMOTUIPOJAMHAMUYECKONU cucTteMbl. K
JAHHBIM METOJaM MOYKHO OTHECTH PEryJIMpOBaHHE CO3/1aBaeMOM JENpPecCuu Ha
IUTACT B 3aBUCUMOCTH OT HANPSHKEHHOIO COCTOSIHUS IJIACTOB, OPUEHTHUPOBAHUE
nepdopaluu CKBaXXWH, METOJ XOJIOAHOW J0OBIYM BBICOKOBSI3KOW HEPTU U
apyrue. MexaHuuecKue METOAbl  SIBIISAIOTCS  HauOoyiee  TPOCTHIMH U
JOCTYIHBIMH, TIOATOMY TMOJYYWJIM HauOosbliee pacnpocTpaHeHue. K Hum
OTHOCHUTCSI 000py/I0BaHNE HEPTIHBIX CKBAKHH MPOTUBONECOUYHBIMU (DUITBTPAMU
pa3IUyHON KOHCTpYKUMHM. B maHHOW paboTe pacCMOTpPEHBI T'paBUKHBIC
GbuUIBTPHI, 00IaTarOIME CYIIECTBEHHBIMH TIPEUMYIIIECTBAMHU Tepell GHIbTpaMu
JIPYTUX KOHCTPYKIIMW: CTaOMJIBHOCTH pPabOTHI, 0OoJiee BBICOKHE ITOKa3aTelu
NPUEMHUCTOCTH 3aKAYMBAIOIIUX U J1e0MTa OTKAYMBAIOIIUX CKBAYKUH.

CymiecTByeT JBE€ OCHOBHBIX TPYIIbl TPaBUUHBIX (PUIBTPOB —
co3JaBaeMble Ha TIOBEPXHOCTH M CO3/laBaeMbie Ha 3a0oe. ['paBuiiHbie GUIBTPHI,
CO3/1aBacMble Ha MOBEPXHOCTU (KOXKYXOBbIC, KOp3HUHYAThle, OJIOYHBIE)
OTHOCHUTEIHHO MaJIOMPOU3BOJAUTENbHBI, JOCTATOYHO OBICTPO KOJIBMATHUPYIOTCS,
CJIOKHBI U JIOPOTH IPU MPOU3BOJCTBE U CJIOXKHBI NPU YCTAHOBKE B CKBAXKHHE.
Kpome Toro, mocne cmycka (uibTpa B CKBaKHHY, HEOOXOJUMO MPOU3BOIUTH
OOCBITIKY BTOPOTO CJIOS TPaBUTAIMOHHBIM CIOCOOOM, YTO YBEIWYHBAECT
BpeMeHHBIC 3aTpathbl. ['paBuitHbie GUIBTPHI, CO37aBaeMble Ha 3a00e MpU Bcex
JOCTOMHCTBAaX HE Bcerja o0ecneuynBalOT BBICOKOIO KayecTBa TI'paBUHHON

ooceimku. Ilpum sToM myis obecriedeHUsT HEOOXOAMMOM TOJIIHMHBI 3aCHITIKH
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TpeOyeTcsl yBeJIMYEHUE TUaMeTpa CKBaKUHbBI U PACIIUPEHUS (PUIBTPOBOM 30HBI
CKBOXHHBI. Bce 3TO MPUBOAUT K YBEIUYEHUIO BPEMEHHBIX M (DUHAHCOBBIX
3atpat|1]. C uenpto cokpamieHus 3arpat ajis 000pynoBaHusl GUILTPOBOM YacTu
IpU COOPY>KEHHHM CKBa)XMH, BO3HHMKJIAa HEOOXOAMMOCTb B CO3JaHUM U
pa3pabOTKe TEXHUYECKUX CPEACTB M TEXHOJOTUM TpaBUUHOU OOCHINKU
npUPUIBTPOBON 30HBI MPOTYKTUBHBIX IIACTOB.

Henbro  BbIMOMHEHHON  paOOTBl  SIBISIETCS  COBEPIICHCTBOBAHUE
TEXHUYECKUX CPEACTB U TEXHOJOTMH TpPaBUMHONW NTPUPUIBTPOBONH 30HBI
CKBaXKUH.

Hcxonst U3 mMOCTaBIEHHOW LENW, U B pE3yJbTaTe aHAIN3a COCTOSHUS
npo0OsieMbl, CHOPMYIUPOBAHBI CIEIYIOUIUE OCHOBHbBIE 3aJa4M UCCIIEOBAHUS:

1. IlIpoBecTu nutepaTypHbIi 0030p MO MIAHY:

1.1. 3amayn, pemraeMblie pU TPAaBUMHON 00CHITIKE MPUPUIBTPOBOI 30HBI
TEXHOJIOTMYECKUX CKBAKHUH.

1.2. O030p TEXHUYECKUX U TEXHOJIOTHYECKUX PELICHUHN IJig TpaBUNHOM
OOCBINKY NPUPUIBTPOBON 30HBI CKBAKUH PA3JIMYHOIO HA3HAYECHMUS.

1.3. OO630p TExXHOJOrWi TpaBUWHON OOCHIIKH, MPUMEHSIEMbBIX
IPOU3BO/ICTBEHHBIMU OPraHU3allMsIMHU, 3aHUMAIOLIUXCA OypeHHUeM HEQTSIHBIX U
ra3o0BbIX CKBa)KMH.

2. IlpoBecTH 53KCHEpUMEHTAIbHBIE HCCIEIOBaHMUS B JaOOPAaTOPHBIX
YCIIOBHUSX.

3. CdopmynupoBaTb BBIBOABI U PEKOMEHAALINH.

Meroquka pemieHus IOCTaBJICHHBIX 3a1a4 OCHOBAHA HA HU3YyYECHWUHU U
0000IIeHNH TEOPETUYECKUX 3HAHUKW TI0 paccMaTpuBaeMoil mpoOieme,
MPOBEJCHUH OIBITHO-Ia00PAaTOPHBIX HUCHBITAHUN U TOHMCKE PalMOHAIBHOM

KOHCTPYKITUU TPAaBUMHOTO (QUITBTpA.
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1. TeopeTnueckasi 4acThb
1.1 AKkTryanbHOCTBH POOJIEeMBI

Pa3zpaboTka  HEyCTOWYMBBIX  IJIACTOB NpakTUUYEeCKH  Bcerja
COMPOBOKJAETCSI BEBIHOCOM MECKa. JTO MOXKET MPUBECTH K CHUXKCHHUIO TeMIIa
oTOOpa, MOBPEXKICHUIO 000PYAOBAaHUS HA MOBEPXHOCTU U B CKBAXKUHE U POCTY
AKCIUTYyaTallUOHHBIX 3aTpar. YYUThIBasg OOJBIIOE KOJIMYECTBO MCCIICIOBAHUH,
HaIpaBJICHHBIX Ha OOpHOYy C BBIHOCOM IIeCKa MpobJieMa MEeCKOMPOSBICHUS
OCTaeTCsl aKTyaJlbHOU M TpeOyroIel pelieHus 3a CYeT MCIOJIb30BaHUSI HOBBIX
MO/IXO/IOB B €€ U3yUCHHH.

C npoOneMol  MECKOMPOSIBICHUS 3aHUMAJIUCh TaKWe€  BUJIHBIC
poccuiickue u 3apyOexHble yueHble, kak: A.H. Anonun, A.Jl. AMupos,
B.A.Amusn, I'.A. babansna, @. bozeman, B.B. I'onpamreiin, C.B. M36am, B.C.
Ucromuna, K. Kobepnu, P.M. Koraxos, C.M. KynueB, M. Macker, N.N.
Macnos, JI.C. Menuk-AcnanoB, A.X. Mupzamxanzane, .M. Munn, A.H.
[Tarpames, A.M. Ilupsepnsan, 3.M. PycrtamoB, A.b. Cyneiimanos, H.H.
[ITanerun, A.A. Ilaxnazapos, FO.M. Illextman u npyrue. OgHol U3 BechbMa
OCTPBIX MPOOJIEM OKCIUTyaTalldd Ta30BbIX CKBa)XHWH, IUJIACTBI KOTOPBIX
oOpa3oBaHbl TECKaMH M CJIa00CIEMEHTUPOBAHHBIMU TOPOJIAMHU, SIBIISIETCS
paspyliieHue npu3a0oiiHOM 30HBI IJIaCTa W MOCTYIJIEHWE B CKBAXXUHBI TECKa,
YTO BEJET K 00pa30BaHUIO TIMHUCTO-TIECYAHBIX MTPOOOK Ha 3a00¢ M B HACOCHO-
KOMITPECCOPHBIX TpyOax. DTO MPHUBOJIUT K CHUKEHHUIO JEOUTOB MPUPOTHOTO
raza, paspymieHHr0  OO0CaJHBIX  KOJOHH W  (QWIbTpOB,  H3HOCY
BHYTPUCKBXUHHOTO W HA3eMHOT0 OOOpYAOBaHMs, BJICUET 3HAUUTEIHHBIC
SKOHOMUYECKUE TIOTEpU  BCIEJACTBHE  CHIXKEHUS  MPOU3BOIUTEIBHOCTH,
YBEIIMYEHHUSI 3aTpaT Ha TEKYIIMA U KAlUTAJIbHBI PEMOHT CKBAXKHHBI, OUUCTKY
raza OT MEXaHUYECKUX MpUMECEH. [2]

Pemenue nanHO# mpoOIeMBbI SBISETCS aKTyalbHOHW 3amaueil u TpeOyeT
pa3pabOTKH KOMILUIEKCHOTO METOJAa W TEXHOJOTHUU KperyieHus Npu3abonHON
30HBI CKBKMHBI C OJJHOBPEMEHHBIM COXpaHEHUEM (PUIIBTPALMOHHO-EMKOCTHBIX
CBOWCTB KOJUIEKTOpA.

Ha cerognsimnuii 1eHb CYIIECTBYET PsJ TEXHOJIOTUM UL YKPEIUIEHUS

npu3ab0WHONW 30HBI IJJacCTa W MPEJOTBpALEHUS BBIHOCA IE€CKa, KOTOpbIE
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UCIIOJIB3YIOTCS B 3aBHCHMOCTH OT KOHCTPYKUMHU 32008 CKBaXUH, BPEMEHU
AKCITyaTalllM, Te0JIOTMYECKUX U TeMIEpaTypHbIX mapaMerpoB. C 3Toil 1enbio
MPUMEHSIOTCA XUMHUYECKHE, MEXaHMYEeCKME M KOMOWHHUPOBAHHBIE METOMbI
KpeIUIeHUsl MOpoj IulacTa B NpU3a0OiHOW 30HE CKBaXKMH. lcmonb3oBaHue
MEXaHUYECKUX METOJI0B SIBIIAETCS JOPOrOCTOSAILEN onepanuen,
Mai03¢h(HEeKTUBHO U HE pellaeT MpodieMy pa3pylleHHs IacTa-Koyiekropa. [1]

[IpumeHsieMble XUMHUYECKUE METOJIbI MPEIOTBPAILEHNS BbIHOCA NIECKA B
CKBKMHBI OCHOBaHbl Ha MCIOJb30BAHUM IMOJMMEPHBIX KOMIIO3UIIMMA, cMecen
[EMEHTa C pa3JIMYHBIMU  HAMOJIHUTENSIMH, OIOKCUAHBIX, (ypaHOBBIX,
CIaHILIEBBIX, (opmanbaeruaHbix cmod. OJHAKO Te U3 HUX, KOTOpbIe
MOKa3bIBAIOT JIOCTATOYHO BBICOKYIO 3(P(HEKTUBHOCTH YKpEIUIEHUS pu3a00iHON
30HBI IJ1acTa ¢ 00pa30BaHUEM MPOYHOrO TAMIIOHAKHOTO KaMHs YXYIIIAIOT MpU
ATOM (UIBTPALIMOHHO-EMKOCTHBIE CBOMCTBA KOJUIEKTOpa. A T€ COCTaBbl, MpHU
3aKayKe KOTOPBIX COXPAHSETCS BBICOKAs MPOHUIIAEMOCTH IJIacTa-KOJUIEKTOpa,
HE JIOCTATOYHO HA/JEKHO (UKCUPYIOT MOPOAY, UMEIOT CIOXKHYIO TEXHOJOTHIO
IPUTOTOBIICHUS, MHOTOKOMITOHEHTHBIH COCTaB u OrpaHUYCHHbIC
TeMIIepaTypHbIe HHTEPBaJIbI TpUMeHeHH s, [1]

1.2 MeToabl 60pbObI ¢ MECKONPOSIBJIEHHEM

N3yuyenue coBpeMeHHON Hay4yHOUW HHGOpPMAIMU B 00JIACTH METOJ0B
O60pBOBI C IECKOMPOSBICHUSAMH IPUBOJIUT K BHIBOAY, UTO B HEKOTOPBIX CIydasx
NPE/ICTABIICHUS, UCIIOJIb30BABIINECS HECKOJIBKO NECATUIICTUI Hazal, SBISIOTCS
HEJOCTaTOYHO  HEYyOeTUTENbHBIMU  W3-32  OTCYTCTBUSL  TEOPETUUYECKOTO
CONpOBOXEHUA. B HacTosiee Bpems NPOBOAUTCS OONBIIOE KOJIUYECTBO
HCCIIETOBAaHUM, LIEJIbIO KOTOPBIX SBJISETCS MPOOJIEMBI BEIHOCA TIECKA.

B cBoeéi gumccepranmonHoit pabore Heckun B.A.  BbIsIBUTN
HEOOXOIUMOCTh TMPEIOTBPAIIEHUS TPOOKOOOpa30BaHMsSI TPH HCIBITAHUU U
AKCIUTyaTallu CKBa)KUH, MOBBIIMIEHUS UX MPOU3BOAUTEIBHOCTH, YMEHBIIEHUS
3aTpaT Ha KallUTAIbHBIA U TEKYIIUHA PEMOHT.

MOXHO BBIICIIUTH JIBAa BOZMOKHBIX HAIIPABJICHUS PELICHUS TPOOIEMBI:

- yCTaHOBKAa (WJIBTPOB PA3TMYHON KOHCTPYKIMU (TIPOBOJIOYHEIE,
1iesieBble, TpaBUiHBIC JIP.);

- 3aKpeIuieHue TOpoJl B MPpH3a0OMHOM 30HE C HCIOJb30BAHUEM

15



pa3IMYHbIX CIIOCOOOB W MaTepHalioB (TaMIIOHAXKHBIC COCTaBBbI, CMOJIBI,
XHUMHYECKUE PacTBOPHI | T.1.).[3]

CrenyeT OTMETHTD, YTO IMECKOMPOSIBICHUE B HEKOTOPBIX CAYYasX MOXKET
Urpatb M IOJOXKHUTEIBHYIO pOJb B ClIydae »OKCIUTyaTallMd MajJOMOIIHBIX
IUTACTOB, CIIOKEHHBIX M3 MAaJOIPOHHMIIAEMBIX MOPOJ. BBIHOC MECKa M YacTHYEK
paspymieHHBIX IMOPOJ M3 TaKhX IIACTOB IMPUBOIUT K  yBEIHYCHHUIO
POHMIIAEMOCTH TPU3a00HHON 30HBI U, KaK CIEJACTBHE, K YBEIUYECHHUIO AeOuTa
CKBaYKHHBEL.

C »oTOH TOYKM 3peHHMS METOAbl OKCIUIyaTallud CKBaXHH C
HIECKOIPOSIBIIEHUEM MOAPA3AEIIAIOT Ha ABE OOMIUPHBIE TPYIIIIHL:

- SKCIUTyaTalus CKBa)KHH C BBIHOCOM II€CKa Ha IIOBEPXHOCTH;

- DKCIUTyaTalus CKBa)KHH C IPEIOTBPAIIEHHEM BBIHOCA MIECKA M3
IUIACTA.

Ha pucynke 1 mnpencraBieHbl OCHOBHBIE METOIBI JKCILTyaTal[HH

CKBAKHUH C IICCKOIIPOABIIATOIINMHA KOJIJICKTOPAMH.

MeTtoael SKCILTyaTallHH CEBaHH C ITICCROIIPOABIIAFONTHMH KOJIIICKTOPAaMH

& &

C BbIHOCOM Necka
Ha NoBepXHOCTb

MpenoTepalleHue BeIHOCA Necka

DPU3MKO-
Xumunueckue MexaHuyeckne
XUMUYECKME

Uleneekie,
NPOBCMOYHEIE,
ceTyatkle,
LUTAMMOBaHHbIE
PUNETPEI

KomnosuLm Mcnonesoeanne CoueTanue
ANA KpenneHus LeMEHTOR CO KokcoBanue dhmamnuec kmx
n3n cney, nedu B N30 dhakTopoB M

CBOMCTEaMMK XMM. pearsHToB

IpaBuiiHLE
PUNETPLI:
+ Hayctee
* Ha zaboe

Pucynok 1 — MeTroasbl 3KCITyaTaluu CKBa)KHH C MECKOMPOSIBISIOIINMU
KOJUIEKTOpaMu
B Tabmume 1 mpencraBieHa marpuila MPUMEHUMOCTH KaXJIOTO W3
METOJI0B B 3aBUCUMOCTH OT YCJIOBUHM MECKOTPOSBICHUS.
[Ipu BBIOOpEe cmocoGa OOpsOBI C BBIHOCOM TI€CKAa B CKBAXUHY
yuuThIBaeTcsa psaj ¢dakTopoB. boiblioe 3HaueHHME UMEET KOHCTPYKIHUS 3a00s

CKBa’>XHuH. HpI/I 3dKaHYMBAaHHNN CKBAXXHMH C OTKPBITBIM 336OCM, KaK IIpaBHJIO,
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HUCIIOJIB3YIOTCA MCXaHUUCCKUC WU KOM6I/IHI/IpOBaHHBIC cIocoObl. XMMHUUYECKUE

MCTO/JIbI 3aKPCIUICHHA IICCKA IMPUMCHAIOTCA, B OCHOBHOM, B HOBBIX CKBa)XMHAX,

I7ie ellle He ycnenau o0pa3oBaThCsl KaBEPHbI M3-3a BbIHOcA mecka. [lpu BbIOOpe

criocoba

O00pBOBI ¢

BBIHOCOM

IIECKa

YUYUTBIBAIOTCA

TEMIIEPATYPHBIE

OrpaHUYCHHA. I[J'IS[ XHUMHUYCCKHUX MCTOJOB AOIIYCKACMBIC IMPCACIIbI TEMIICPATYP

cocTaBisAoT 16-175 °C, myigd MexaHM4YeCKUX METOJOB TAKUX OTPAHMYCHHI HET,

KpOME TeX CJIy4aeB, KOrja mpu oO0pa3oBaHUM HAOMBOK MCMOJIB3YIOTCS HEPTh

HJIA 3arylicHHbIC paCTBOPLI.

Tabmuma 1 - MaTtpuna kputepueB MPUMEHUMOCTH METOJIOB 3aIlUThI OT

IECKa
MeToabl 3alUTHI CyTb TeXHOJI0TUM Oo0aacTb Kputepun
3aIIUThI NpUMeHeHUs
MajsytoMonTHBIE

IJIACThI CJIOKCHHBIC

be3 3amuTel - - n3
MaJIONPOHUIIAEMBIX
OpoOJT
VYcranoBka GUIBTPOB
U JpYroro
[Ipumenenue Cnalblii 1
000pyTIOBaHUSI HIKE U
GUIBTPYIOMHUX IIpuem Hacoca, | yMEpEHHBIN BBIHOC
Mexanuueckue BBILIE Hacoca JIst
CUCTEM, Hacoc necka 6e3
IIPEAOTBPALLECHUS
[UIAMOYJIOBUTEIIEH nepecbinanus 3a00s
MONaJaHusl B HEro
necka
3akauyMBaHUE CMOJ U
Co3pnanue nopucToro
UX KOMIIO3ULIUH B HNuTeppan NHTeHcuBHbIM
SKpaHa B IU1acTe I
[13I1 nepdoparui, BBIHOC I1ECKA C
XUMHYECKHE MPEeAOTBPALLEHUS
[Ipumenenue [Ipuem Hacoca, | mepechlIaHuEM
pa3pyleHHs
CHelUaIbHbIX Hacoc 32005
KOJUIEKTOpa
LIEMEHTOB
NHTeHcuBHBIM
Coznanue nponnantHoii|  MHTepBan
BBIHOC I1ECKA C
®dusuko- IIpumenenne RCP YIIAKOBKH 3a nepopanuii,
. IepeChIlaHEeM
XUMUYECKUE MpomnmnaHTa SKCIUTyaTallMOHHOM | IpHeM Hacoca,
32005 U
KOJIOHHOM U B ILJIACTE Hacoc
obpazoBaHuEM
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KaBEpH

Cnalblii 1
Co3znanune
KokcoBanue Hedn YMEPEHHBIN BBIHOC
IIPOHULIAEMOTO0 U
B [13I1 necka 6e3

nopucToro GpuibTpa
nepechlnanus 3a00s

K TEeXHOJOTHYECKUM METOJaM IPEIOTBPAIICHUS MECKOMPOSBICHHUS B
CKBaXMHAX OTHOCSTCS, MPEKIE BCEro, PeryiupoBaHHe OTOOPOB (IIOHIOB U3
CKBaKUHBI. [IpU 3TOM ONpe/eieHHOe 3HAYCHUE HMEET BS3KOCTh (iromma B
TUIACTOBBIX YCIOBUAX. UeM BbIIIE BSI3KOCTh ()IFOMIA, TEM MEHBIINN TPAJUCHT
JaBJICHUS MOXET OBITh KPHUTHYECKHM, TO €CTh TaKOBBIM, IPH KOTOPOM
HAYUHAETCS BBIHOC Tecka. [4]

['a3 UMeeT 3HAYUTEIBHO 0O0Jice HHU3KYIO BSI3KOCTh, YeM BOJA HWIIH, TEM
Oonee, Tskemas cmonuctas HedTh. [103TOMY Tra30BbIi IUIACT, CIOKCHHBIH
CTa00CIIEMEHTUPOBAHHBIMU ~ MECYAHUKAMH, MOXKET MOJBEprathCsi  Oousee
3HAYMTENFHBIM JICTIPECCUSIM, TOJTOMY B Mpolecce pa3pabOTKH Ta30BOro
MECTOPOXICHHSI MO0 Mepe OoTOOpa ra3a TMPOHCXOAUT CTATWBAHKE KOHTYpa
BOJOHOCHOCTH WJIA TIOMBEM TOJOIIBEHHONW BOABI, Onaromaps uemy Boja
NpUOIMKaeTess K SKCIUTyaTAIMOHHOW ra30BOM CKBaXXWHE M, B KOHIIC KOHIIOB,
nmoctymaer Ha 3a0oi. EciaM mNecYaHWK CIEMEHTHPOBAaH TIIMHUCTBIM WU
M3BECTKOBUCTBIM MAaTepHaIoM, TO BOJAa IO Mepe ee OTOOpa M3 CKBaKUHBI
MOCTENICHHO BBIMBIBACT AITOT MaTepHal, CHOCOOCTBYS pPa3pyLICHHUIO IUIacTa
naxe mpu 0oJiee HU3KUX JCTIPECCHSIX, YeM MEPBOHAYAIBHO.

JIns mepBOW TPYHIBI METOJOB XapaKTePHBIM SIBISICTCS MPUMCHEHUE
Pa3TUYHBIX TEXHUKO-TEXHOJOTMYECKUX PEIICHHH MO0 O0ECHCUCHHI0 OYUCTKH
HOCTYMAIIET0 B CKBAKUHY TeCKa B MPH3a00WHON 30HE WK MPEAYIPEKICHHUIO
ero HeraTHMBHOT'O BO3/ICHCTBUS HA CKBAXXKUHHOE 000pY/I0BaHHE.

bonee 3¢ dexTrBHB MeTOABI OOPHOBI C MECKONPOSIBICHUEM, B OCHOBE
KOTOPBIX JIC)KUT MPUHIIUI MPESTOTBPAIICHHUS BRIHOCA Mecka B ckBaxkuHy. C 31Ol

OCJIbK0  IPHUMCHAIOTCA XHMHUYCCKHC, (1)I/I3I/IKO -XUMHYCCKHUEC, MCXaHHYCCKUC
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METOJbl U UX KOMOWHAIIMY JJI KPEIUICHHUsST TTOpOJ] TuiacTa B Mpu3abOMHON 30HE
CKBa)KUH.

K ¢u3nko-xuMmmnyecKuM OTHOCSITCSI METO/IbI 3aKPEIJICHUS KOJJIEKTOPOB
yTeM KOKCOBaHUA HePTH B NpuU3a0OMHOM 30HE, a TaKXKE COYETaHue
bU3UYECKUX U XUMHUYECKMX METOJOB, HalpUMEp, CO3JaHUE MPOMIAHTHOIO
dbunpTpa B mpu3abOMHON 30HE CKBAKUHBI.

XuMu4yeckne METOJbl OCHOBAaHBI HAa HCKYCCTBEHHOM 3aKpEIICHUU
npu3abOWHONM 30HBI IUIaCTa CMOJIAMH, IIEMEHTOM C COOTBETCTBYIOIIUMU
HATOJHUTESIMHU. [4]

Brinoc mecka u pazpymenue [I3I1 moxeT ObITh MpeayNpexaeHO MpHU
MOMOIIM KPETUICHUSI HECIIEMEHTUPOBAHHBIX TMECUAHBIX TMOPOJ Pa3TUYHBIMU
XUMUYECKUMHU  peareHTaMu, OOCCIEeYMBAIOIIMMHU  JOCTaTOYHO  IPOUYHOE
COCIMHEHNE OTMEJIbHBIX 4YacThll Mopojabl. KpermjeHue cnaabbix mopoa B
CKBRXMHAX Hayaldu NOpUMEHATh B cepeauHe 40-x romgoB. s »sToll uenu
NPUMEHSJIUCh Pa3JIMYHBbIC THIBI MaTEpPUAJIOB, B YACTHOCTU, HEPTIHOW KOKC,
HUKEJb, OUTYM U Jp. B HacTosiIiee BpeMsi Bce METOIbl XUMUYECKOTO KPEIUICHUS
OCHOBaHbl Ha 3aKauyke B IUIACT IUIACTMACC, KOTOpbIE 3aTeM TBEPACIOT U
[IEMEHTUPYIOT MECOK, KaK y HAC B CTPaHe, TaK U 3a pyOemKoM.

XUMHUYECKUIA METOJl KPEIUICHUS TMOpOJ MPUMEHSIIOTCS B CIEIYIOLIUX
YCIOBUSAX:

- HeOouspmiol wHTEpBad 00paboTku (m0 3 M), NpU NPUMEHEHUU
CHEIUATBHOTO 000PYI0BAaHUS MOYXHO YBEJIUYUTH €T0 332 CYET MOMHTEPBAIHLHON
00paboTKH;

- B CKBaXXMHE OTCYTCTBYIOT MEXaHUYECKHE YCTPOICTBA;

- IUIACT IPEACTaBJIEH XOPOIIO OTCOPTUPOBAHHBIM MECKOM;

- 0o0paboTka muacra BeleTcs Ha pacCTOSTHUM 710 1,2 M 1o paguycy oT
CTEHKH CKBAKUHBI.

Pazpabotan meTonm KpemieHHs Cla0OCIEMEHTUPOBAHHBIX TIOPOa C
HanuyueM KaBepH B [I311 BcrieHeHHBIMH CMOJIaMU.

HecmoTps Ha  Kaxyuiyrocss JIETKOCTh  MPOBEAEHUS  paboT 1o
3aKpEIUICHUIO T[ECKOM CMOJIaMM 3TOT METOJ HE€ Halllell IOBCEMECTHOIO

paclpoCTpaHEHUsS H3-3a €Tr0 BBICOKOW CTOMMOCTH, OOJBIIOr0 KOJHYECTBA
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HEyJa4HbIX 00pabOTOK, MHOTOKOMIIOHEHTHOT'O COCTaBa 3aKpemuTeseH,
HEJ0OCTaTOYHOI'0 MHTEpBaja pa3oBOM 0OpaOOTKH, CHUKEHUS MPOHUIIAEMOCTU
MJIaCTa-KOJJIEKTOpa B MPU3a00MHON 30HE CKBaXKUHBI. Takxke BO3MOXKHO, UTO C
TEUEHWEM  BpPEMEHU  TMPOU30UIET CHUXKEHHUE  HayaJbHOM  MPOYHOCTH
HUCKYCCTBEHHO CIIeMEHTHPOBaHHOM mopo el Ha 30...40%. [5]

I[To cnoBam Koponesa A.C. XUMHUYECKHM METOJ OCHOBAaH Ha
HMCKYCCTBEHHOM 3aKpPEIUICHUHM TMPU3a00WHON 30HBI IUTacTa CMOJAMU, KOTOpBIE
OyIyT BBINOJHATH B JalibHEHIIEeM posib (uibTpa. TeXHOJIOTHS KperUIeHUs
CMOJIaMU OCHOBaHA Ha MPUMEHEHUU METOJ1a TAMIOHUPOBAHUS O] JABJICHUEM C
UCIIOJIb30BAHUEM  TOJUMEPHBIX COCTABOB, BKIIFOYAIOIIUX CHUHTETUYECKYIO
CMOJIY, COOTBETCTBYIOUIUN OTBEPJAUTEIb M PEAreHTbl [JIsi TMOBBIIICHUS
MPOYHOCTA M TPOHMUIIAEMOCTH 3aKpPEIUICHHOW 30HBI IutacTa. M3BecTHO
JIOCTAaTOYHO MHOTO CIIOCOOOB KpEIUIGHHS C TOMOIIBIO ATOW TEXHOJIOTHUH,
OCHOBHOE€ HX OTJIMYHME 3aKJII0YaeTCs B KOMIIOHEHTaX OTBEPKJIaeMOro
MOJIUIMEPHOTO  COCTaBa. [JIaBHBIM KOMIIOHEHTOM, OMPEICISIONIUM BECh
OCTAJIBHOM COCTaB, SIBISIFOTCS CMOJbI, B KayecTBE KOTOPBIX MOTYT
MCIIOJIb30BAThCs CIeIyonue coenuneHus. [14]

Kapbamunneie cmonbl. [6] K gocTtomHCTBaM JaHHON KOMITO3UIUH
OTHOCHUTCSI JIEFKOAOCTYITHOCTh, HETOKCUYHOCTh KOMIIOHEHTOB M TMPOCTOTa €€
npumeHeHus. HemocrarkamMu JaHHOrO cocTaBa SIBISIETCA  CYHIECTBEHHOE
CHW)KCHHE TMPOHUIIAEMOCTH TMpPU3a00WHON 30HBI M HH3Kas MPOYHOCTH
ckperuieHusi. denondopmanpaeruanasie cMoibl [7]. K gocTonHcTBaM AaHHOTO
COCTaBa OTHOCUTCA HHU3KOE CHUKEHHE MHPOHHUIIAeMOCTU (10 7%) U BBICOKas
MPOYHOCTh CKperieHus. Ho, HecMOTps Ha CYIIECTBEHHBIE IUIIOCHI ATOTO
cocTaBa, o00JlacTb €ro NPUMEHEHHs OrpaHWY€Ha BBUAY TOKCUYHOCTH.
®dypaHOBBIE CMOJIBI, OCHOBOM KOTOPBIX BBICTYyMaeT GpypdyprinoBbiii cupt [8].
N3 1irocoB MaHHOW KOMIIO3WIMU TOJIBKO JIOCTYIIHOCTH KOMIIOHEHTOB. I3
MHUHYCOB — TOKCUYHOCTh KOMIIOHEHTOB, HEJIOCTATOYHAS! TPOYHOCTh CKPEIJICHUS.
[TomuyperanoBeie cMmonbl [9]. HemoctaTkm mgaHHOTO cocCTaBa: CHUKCHHE
MPOHUIIAEMOCTH M TOKCUYHOCTH OTIEIbHBIX KOMIIOHEHTOB cMmecu. MMerorcs
taxke coctael [10], He copeprkalre TOKCUYHBIX KOMIIOHEHTOB, YTO BBITOJTHO

BBIACIIICT HX HaA (bOHe OCTaJIBHBIX COCTAaBOB, COACPIKAIIMUX IIOJINYPCTAHOBBLIC
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nosmMepel.  Takke ONHMM W3  JIOCTOMHCTB  SIBJSIETCS  BO3MOYHOCTH
pPETYNHpPOBaHUS TPOHHUIIAEMOCTH MW  TMPOYHOCTH BAPBUPOBAHUEM  JIOTH
KOMIIOHEHTOB. ArieToH(OpManbAeruaHble cMoybl [6]. JlaHHAsS KOMITO3HIIHS
o0JagaeT 3HAYUTEILHONH TPOYHOCTHIO CKPEIJICHUS C COXPAHCHUEM BBICOKOM
MPOHUIIAEMOCTH. TeM HEe MEHee, B €ro COCTaBe TPUCYTCTBYIOT
KOHIICHTPUPOBAHHBIE KHCIOTBHI, OTPAaHWYUBAIOIINE €ro TNPUMCHCHHE, U
AFOMUHUEBAS Ty/pa, TJIOX0€ JUCIICPTUPOBAHME KOTOPOH MOXKET TPUBECTH K
00pa30BaHMIO HEMPOHHMIIAEMOT0 dKpaHa. Pe3ondopmanpaeruanbie cMomibl [11].
M3 [OCTOMHCTB MJaHHOTO COCTaBa: BBICOKAs IPOYHOCTh CKPCIUICHUS U
HE3HAYUTEIIPHOC CHW)KCHHE IPOHMIIAEMOCTH  TNpU3a00WHON  30HBIL. M3
HEJ0CTATKOB: TOKCMYHOCTh MPUMEHSICMBIX KOMIIOHEHTOB. DIOKCUIHBIC CMOJIBI
[12]. JocToMHCTBOM 3TOW KOMITO3UIIMH SIBJISICTCS HAWOOJbIIAs MPOYHOCTh W3
BCEX  BBIIICONMCAHHBIX, OJHAKO CHI)KCHHE IPOHHMIIAEMOCTH TIPH  €ro
ucnonb3oBanuu  jgocturact 40%. Taxke K HeIOCTaTKaM  OTHOCHTCS
HEOOXOIUMOCTh MIPUMEHEHUS BBICOKOTOKCHUYHBIX KOMITOHEHTOB.
Kpemuuiiopranundeckue cmodbl [9]. HemoctaTkamu 1aHHOTO cOCTaBa SIBISIOTCS:
cHIKeHue nponunaemoct Ha 40- 50%.

[Ipoenennniii  Koponenko A.C. aHamu3 pa3Iu4HBIX CIOCOOOB
NpeloTBpAllleHUsT BbIHOCA TEeCKa I[I0Ka3aj, YTO Ha CEeroJHSIIHUN JeHb
YHUBEPCAJIBHOTO crocoba He cymecTByeT. Bribop crmocoba 1omkeH OBITh
SKOHOMHYECKH ompaBaad. [lo MHeHHMIO aBTOpa JaHHOW CTaThbU, OJAHHUM U3
KITIOYEBBIX KPUTEPUEB SIBISIETCSI BO3MOKHOCTH OCYIIECTBIICHHS BCEX OIeparui
0e3 mpuBiedeHuss OypoBod ycraHoBku. Mcxoms w3 23Ttoro, Hambosee
ONTUMAJIBHBIM SIBIIIETCA XUMUYeCKUid Meroa. OIHAKO MIHUPOKOE BHEAPEHUE
XUMHYECKOTO  METOJla  CACPKHUBAETCS  CYIIECTBEHHBIM  CHIDKCHHEM
MIPOHUIIAEMOCTH  TMPU3a00MHOM 30HBI W  HEJOCTATOYHOW  MPOYHOCTHIO
ckperuieHus. [loaToMy y4YeHBIM U CHENHUATUCTaM HEOOXOIMMO TPOBECTH
JICTATbHBIE UCCIICIOBAHNS, HAIIPABJICHHBIC HAa PEIICHHE TAHHBIX MPOOIIEM.

B kakoii-To Mepe TeopeTHuUecKHe TPEIJIOKCHHs, BBICKA3aHHBIC
Koponenko A.C., umenu noarBepxaeHue skcnepumeHToM Tananbixuna J1.C.,
YTO XUMUYECKUH MeToa OophObl C BBIHOCOM II€CKa SIBIAETCS HauboJsiee

s dextuBHBIM MeTOI0M. [To MHeHHI0 Tananbixuna J1.C. Oosee 1enecooopa3Ho
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UCIIOJIb30BaTh METOJbl C MNPEJOTBPAIEHUEM BBIHOCA IECKAa, TO €CTh C €ro
KpeIUIeHUEM B NpU3a00MHON 30HE OJHMM W3 MHOXKECTBa pa3paOOTaHHBIX Ha
CErOAHALLIHUA MOMEHT CIoCO0O0B. Bce METOBI KpEIIeHUs
c1a00CHEMEHTUPOBAHHBIX MOPOJ| YCIOBHO MOAPA3ACIAIOTCS HA MATh TPYII:
MEXaHUYECKUe, (PU3NKO-XUMUYECKHE, TEXHOJIOTUYECKHE, XUMUUYECKUE METOMbI
U UX KOMOWHAIIUH.

EavHCTBEHHBIM METOAOM, NO3BOJISIIOLIUM HE CIAEPKUBATH BHIHOC IECKAa,
a TIOBBINIATH MPOYHOCTH TMOPOJBI sBIseTCS Xumudeckuil. [lpu npoBeneHun
paboT MO KpEIUIeHUIO CJIa0O0CIIEMEHTUPOBAHHBIX IMOPOJ MpU3a00WHON 30HBI
HEe(DTSHBIX M Ta30BBIX CKBAKUH XWMHYECKHUMH pPAcTBOpaMU MPOUCXOIUT
pearupoBaHuEe XUMHUYECKUX BEIIECTB. Y CIOBHO BCE PEAKIIMU MOKHO pa3/ieuTh
Ha TPU TPYTIIBL:

- IOCJIeI0oBaTEebHAs 3aKauka XMMHUYECKUX BEIECTB;

- pearupoBaHHE BEIIECTB, KaK MEXAYy COOOH, TaK M C BMEIIAIOIIUMHU
¢drou1amMu ¥ MopoJIoi;

- W3BJICYEHUE MTPOJYKTOB PEAKIIUH.

Tak kak s nmpoBeAeHUsT 00pabOTOK CKBaKHUH MO JTAHHOW TEXHOJOTUH
UCITIOJIB3YIOTCSI BOJIHBIE PACTBOPHI XMMHMUYECKUX BEIIECTB C HU3KOU BS3KOCTHIO,
TO OCJIOKHEHUUN NpU 3aKayke UX B Mpu3abOHHYyI 30HY HE BO3HUKaeT. [lpu
3aKayke  TaMIIOHMPYIOIIETO  COCTaBa  IMPOUCXOJUT €ro  MIHOBEHHOE
pearupoBaHuE€ C paHHEE 3aKa4eHHBIM XMMHUYECKUM BEIIECTBOM. B pesynbrare
peakuuu o0pa3yeTcs 3aKyMOpUBAIOIIMKA OCagOK, CIOCOOHBIN yIepKUBATh
cJ1a00CIIEMEHTUPOBAaHHBIE 3€pHA MOPO/IbI BMECTE.

[Ipu BHEApeHUHU B MpH3a00MHYIO 30HY PACTBOPOB XMMHUUYECKUX BEILIECTB
HAaYMHAETCS UX PEarupoBaHHUE HE TOJBKO MEXIy CO0OU, HO U C MOPOAOH, U C
BMeIaeMbIiMu (prrroriamu. B mepByro odepens, BCTYNAlOT B peakiuio (Ironmbl,
MOCKOJIbKY OJIHM W3 HHUX MOKPBIBAIOT CTEHKHM MOPOBBIX KaHAJIOB, a JpYyrue
3alOJHSIOT BCE OCTajJbHOE IYCTOTHOE MPOCTPAHCTBO. B3ammopneictBue
IJJACTOBBIX M TEXHOTEHHBIX BOJ C XMMHUYECKHMMH pEarecHTaMH 3aBUCUT OT
CTeTIeHN WX MUHepanu3anuu. [Ipn HeOONMbIINX MUHEPATH3AIUAX U COJCPIKAHMS
COJIeM KalblMsl W Mar"us, UX BIUAHHE He Beiauko. Ho mnpu mnoBbIlLIEHUH

KOHIOCHTPAIWKU 3JOTHUX COJ'IGfI, OHHM BCTYIAIOT B pPCarupoOBaHUC C AKTHBHBIMHU
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BEIIECTBAMHU, B pE3yJbTAT€ YACTh AKTUBHBIX BEIIECTB PACXOAYETCA C
o0pa3oBaHUEM KOJIbMATaHTOB. bojee CIO0XHbBIE MPOIECChl MPOUCXOAAT TPHU
B3aUMOJICMCTBUU KUJIKUX YTIIEBOAOPOJIOB C IIECTOYaMH.

YcraHoBIIEHO, YTO OE3YCIOBHO MOJOKHUTEIBHBIM CBOMCTBOM IIEI0UYEH
SBJISIETCS. OMBUICHWE WMHU JKUPHBIX KHUCJIOT, B HEOOJBIIMX KOJUYECTBAX
coaepxkamuxcsi B HepTu. Takum 00pa3oM, IIEIOYbL MOXKET BBINOJHATH POJIb
[IABa, cnocoOCTBYIOIIETO CHIKEHUIO THUJPABIMYECKUX CONPOTUBICHUN
MOTOKY B mpu3aboiHol 30He. Illenouyn, B HEKOTOPOW CTENEHU PACTBOPSIOT
LEMEHT KOJIJIEKTOPA, €CJIM OH COCTOMT U3 omnajna. Takum oOpa3om, MpuMeHEeHue
IeJI04eil [1Ji1 BO3JEWUCTBUS HAa MHUHEpAJbHBIE TPYMIbl KOJIJIEKTOPOB BECHMa
orpaHn4eHo. IIpy OCBOEHMHM SKCITyaTallMOHHBIX CKBAXXUH MOCJIE MPOBEICHUS
orieparyii Mo KPerieHUIo c1ab0CIEMEHTHPOBAHHBIX IMOPOJI OYJET MPOUCXOIUTh
BBIHOC XMMHUYECKHMX BEIIECTB, HE BCTYNUBIIMX B peakuuto. s ckpemyieHus
cnabocueMeHTUpoBaHHBIX  mopoy  Ha  Oaze  Caunkr-IlerepOyprckoro
TrOCYJJapCTBEHHOT'O TOPHOT'O YHUBEPCUTETA OBUIA MPOBEICHBI IKCIIEPUMEHTHI 10
3aKayke B IUIACT KPEIAIINX areHTOB. Uepe3 HACBIHYI0 MOJIENIb OCYIIECTBISAIN
MOCJIEIOBATENIBHYIO0 MPOKAYKY BOJHOTO pacTBOpa XJIOPUCTOTO KaJIbIUS H, B
KauecTBE TAMIOHUPYIOIIETO COCTaBa, BOJHBII pacTBOpP THAPOKCHAA HATPUS
(rumpokapOonara HaTpusi). B pe3ynbrare peakiyu, MOHBI KaJblUs 00pa3yroT
HEpPAcCTBOPUMOE B BOJIE COEJIMHEHHE, T.€. B IOPOBOM 0O0BeMEe o0Opaszyercs
3aKyNOPHUBAIOIINI OCaJOK B BHUAE TOHKOJMCIEPCHON B3BECH, & HA CTEHKaX
MOPOBBIX KAHAJOB B BHUAE TBEPIBIX MHKPOKPUCTAJJIOB. 3aKauKy KaXJoro H3
YKa3aHHBIX PACTBOPOB MPOU3BOJAT paBHBIMHU nopuusiMu. lIpennonaraercs, 4ro
MOJIYYCHHBIA B TUIACTOBBIX YCIOBHUSIX OCaOK Oy/IeT TaKkkKe MPemsiTCTBOBATH
MPOPBIBY IUIACTOBBIX BOJ, IIyTEM M30JSALUMUA BOJONPOSBISAIOIIMX YYaCTKOB
IacTa YCTOWYMBBIM B BOJIE OCaIKOM, 3a CYET 3TOTO OYyIeT MPOUCXOIUTH
MOJIKJTFOYCHHE B Pa3pab0TKy 3aCTOWHBIX U CIa00APEHUPYEeMbIX 30H Iacta. Mx
3 PEKTUBHOCTL OMPEAENIICTCS JAOCTATOYHONH YCTOMYHMBOCTBIO TIOPOJ TIOCIIC
KperuieHus] 0e3 3HAYUTEIbHOTO YXYAIICHHS KOJJIEKTOPCKUX CBOMCTB. PaGoTh
MPOBOJWIIUCh KaK Ha HACBIIHBIX MOJENsSIX Iacrta (puc.2), TaKk U Ha

€CTECTBEHHBIX 00pa3liax KepHa.
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Ha ocHOBe psna TOpOBENEHHBIX HKCIEPUMEHTOB B  KadyecTBE
npouiakTHueckux — paboT MO  MPEeAYNPEXACHUID  MECKONMPOSBICHUS
PEKOMEHYETCS UCIOJIb30BaTh METOJ rUApOo(oOu3am, KOTOPBIM 3aKI0YaeTCs
B OTBEP’KIEHUH, JIMOO resneodpa3zoBaHuu ruApOo(GOOU3UPYIOMINX COCTABOB MPHU
MOMNaJaHuK B OOBOITHEHHbBIE MHTEPBAJIBI IJ1acTa. B pe3ynbraTe 4ero npoucxoauT
CKpEIUIeHHE CIa0O0CIIEMEHTUPOBAHHBIX IMOPOJ MPU3a00MHONW 30HBI, a TaKKe
CEJICKTUBHOE TaMIIOHHMPOBAHHME BOJIOHACHIIICHHBIX HHTEPBAJIOB ILJIAaCTa, TEM
CaMbIM OTPaHUYMBAETCS MPUTOK IJIACTOBOM BOJABI B CKBAXXMHY, KOTOpas, Kak

HN3BCCTHO, TAKXKC CHOCO6CTByeT PaspymIcHUIO CJIa6OCLIeMCHTI/IpOBaHHBIX nopona.

Pucynok 2 - Cxema 1abopaTopHOM YCTaHOBKH HACHITTHON MOJIETTH
wiacta TBP-804 (Coretest systems — nmepeobopyaoBanHast Mojieiin)[14]

1 - knanawn nodauu 6o30yxa (6600), 2 - ycmano8xa 011 cO30anusi 0agienus; 3 -
pezayaamop nooavu 8030yxa, 4-manomemp oasienus 6030yxa, 5 - mpyoka
1008004 8030yXa K HAKONUMEIO JHCUOKOCMU, 6 - COeOUHUMENbHBIL dTIeMeHMm
mpyookK; 7 - HaKOnUumesnb HCUOKOCMU, 8 - HUNCHASL eMKOCIb HAKONUmens
arcuoxocmu (cmennas); 9 - purompyemas sxcuokocms, 10 - kianan nooavu
arcuoxocmu, 11 - mpyoxa nooauu sxcuoxocmu, 12 - kianan Ha 6xooe 8
KepHodepxcamenw, 13 — keprodepocamens, 14 — mepuas emKocme.

[Tocne npoBenenus s3xcnepuMenta TananbixuH JI.C. mpuiien K BBIBOAY,
9TO:

- IpUMEHEeHHUE TUAPODHOONUPYIOMINX PEAreHTOB MOJIOKUTEIHHO BIUSCT
Ha (punpTpanuio HedTH B TPU3a00HON 30HE HE(PTIHOTO TIACTa;

- 00paboTKa HEDTAHON CKBaKUHBI THIPOPOOUZUPYIONTUMHU PeareHTaMu
MO3BOJISIET CHU3WUTH MPOHUIIAEMOCTh 1O BOJIE€ B HEPTECHOCHBIX HWHTEpBaiax
miacTa W YBEIWYUTh KPUTHYECKUW TIeperaj, MaBlICHUS, TpPH KOTOPOM

HaA4YMHACTCA BBIHOC IICCKA,
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- CHIDKEHHUE MPOHMIIAEMOCTH MPU MOJCIUPOBAHUM Ta30BON CKBaKUHBI
nocJie 00pabOTKM HACBITHOM MOJIENH IU1acTa Mo razy BogHbIM pactBopoM CaCl;
n NaOH coctaBaser 12 — 18%, mmo xxuakoctu 11 — 13 %;

- CHUPKEHHUE MPOHUIIAEMOCTH MPU MOJICTUPOBAHUM HE(PDTSIHON CKBAXKUHbI
nocsie o0paboOTKM HACKIITHOW MOJIEIH TIacTa MO KUAKOCTH BOAHBIM PACTBOPOM
CaCl, u NaHCO;3; cocraBnser 51 — 68 %. Ho, mpu 5TOM, 3HAYUTEIHHO
YBEJIUYUBAETCSI TIPOYHOCTh MOPOJIbI, CIEAOBATEIbHO, CTAHOBUTCS BO3MOXKHBIM
yBEJIUYEHUE JIETIPECCUM Ha IUIACT, TEM CaMbIM MOJJIEPKUBasi YPOBEHb JOOBIYN
Ha MpekHeM ypoBHE. [15]

Astopamu Cetomed 1., Dmnuc P., Cualinep P. 6b11 paspabortan oauH U3
BapUAHTOB KOMOMHUPOBAHHOTO CIIOcC00a — 3TO MPEJAOTBPAIICHUE BBIHOCA MECKa
C MTOMOIIILI0 (GUITBTPA U3 OCMOJICHHOTO IpaBUsl. DTOT CIIOCO0 MPeyCMaTPUBAIOT
YCTaHOBKY I'paBUIHOTO (PUIIbTpa C OAHOBPEMEHHBIM €ro 3aKperieHueM. CMech,
IPUTOTOBJIEHHAs] HA TMOBEPXHOCTU, COCTOUT U3 BHICOKOBS3KOW HE(TH, TpaBus,
KaTaJIM3UPOBAaHHOW CMOJIBI Ha OCHOBE AapOMAaTHYECKOTO TIOJMaMHUHA U
cBs3bIBarollero peareHta. KoHmeHTpauusi rpaBus coctabisier 1800 KF/M3,
pacxoj cModbl — 3,8 1 Ha 40 KT TpaBus, BI3KOCTh cMecH kosebercs oT 1000 mo
1500 mIla*c. B kauecTBe >KMIKOCTU-HOCUTENS HCIIOJIB3YETCS BBICOKOBSI3KAs
HedTh. [Ipenen mpoyHOCTH CLIEeMEHTUPOBAHHOTO TPAaBUMHOTO MAaCCHBA COCTABHII
or 10 mo 17 wmlla. IlocinenoBaTenbHOCTh 3aKaukKd CJEAYIOIIAs: KHUCJIOTAa,
OUMILAIOMIMNI  areHT  (M30MpPONUIIOBBIA  CHOUPT), JHU3EIBHOE  TOIUIMBO,
BBICOKOBSI3KMH Pa3/I€JINTENb, TPABUIHAS TyJIbIIa, BBICOKOBS3KUNA PA3JICIUTEND,
JIU3ETbHOE TOIUIMBO, TPOJABOYHAS JKUIAKOCTh. lIpeminoxkeHHBIN crmocol
mpUMEHsUICT Ha HePTIHBIX MecTopoxneHusx B Jlymsmane, Texace,
Kamudopuun (cBeime 600 o6padotok). CpenHss JJIMHA HHTEPBAIOB 00pabOTKU
COCTaBJISIET OKOJIO 2,4M. YCNEUIHbIA pe3yiabTaT OTMEUEH B 84% CKBaXKHH OT
o0riero koaudecTsa 00padoTaHHBIX. [2]

dupmoii «Halliburton services» paspadoran mpomecc COIIPAC 5,
UCIoNb3ymMil PpypaHoByro cMoiy. CMech MPUTrOTaBIMBAIOT HA MOBEPXHOCTHU
W3 JH3EJIBHOTO TOIUIMBA, CMOJBI W TpaBus, MPU CMEIIUBAHUU TpaBUi
MMOKPBIBAETCSI TOHKOW IIEHKOW cMOoJIbl. [lomydyeHHas mynbna 3akaunBaeTcs npu

HHU3KHX CKOPOCTAX MW  HHU3KHX KOHOCHTpAOUAX  I'PaBHA. KaTaJ'II/ISaTOP
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3aKaYMBAETCS B CKBAXKHUHY C OTAEJIBHON KUAKOCTHIO MOCIE TOr0, KaK I'paBUil U
cMmoda Haxoautes yxe B I13I1. [5]

IIponecc COIIPAC-2 5 ommMuaercs OT NOPEAbIAYIIET0 TEM, 4YTO
KaTajJu3aTop OTBEPKJECHUSA U OCTaJIbHbIE KOMIIOHEHThl CMECH CMEUIMBAIOTCS Ha
MOBEPXHOCTH. B KauecTBe ®KUIKOCTU-HOCUTENSI MOXKHO TPUMEHSATH 3aTryIIEHHOE
Macyo. KoHueHTpanus rpaBusi peBbIIIAIOT 1800xr/™°,

dupma «Dowelly 5 paspadorana cnoco6 «Sandlocky», B koTopom st
MOKPBITUSL TpaBUsl TPUMEHSAETCS JNOKCHAHAs Wi (HEHOJbHO-PypaHOBBIC
cmoubl. KoHneHnTpanus rpaBus Beicokas (10 1800 KI‘/M3). Ha6uBka gomyckaer
HarpshKkeHue Ha cxkatus 1o 21 Mlla.

Komb6unupoBanHuslii cioco0 corinacHo ApectoBy b.B. ocHoBbIBaeTcsl Ha
3aKayke B OOCaXEHHBIX CKBAXKHMHAX uepe3 MnephopUpOBaHHBIE OTBEPCTHUS B
IUIacT, TPEIBAPUTEIBLHO OOpaOOTaHHBIN TIACTUKOBBIM PAcCTBOPOM M HaMBbIB
rpaBuitHoro ¢uibTpa. [locnenoBareabHOCTh ONEpanuii CAeAyromas: 3aKadka
3aKpeIUIAIONIET0 TUIACTUKOBOIO pacTBOpa Mepel]l TPaBUMHONW CMEChIO C IIEJIbIO
3aKperieHrs CTEHOK KaBepH BO M30€KaHHE CMEINIMBAHUS IJIACTOBOTO IMEcKa C
rpaBUEM; 3aKayKa KPYIMHO3EPHUCTOTO TPaBUs C pa3MepoM 3epeH 2,5...3 MM win
4,2..5,9 MM, 4TOOBI CBECTM K MHUHHUMAJIBHOMY CHIDKEHHMIO MPOHUIIAEMOCTHU
IPaBUMHOIO  MacchBa, OCOOEHHO B  MEep()OPUPOBAHHBIX  OTBEPCTHUSX;
MCIIOJIb30BaHME MIENEBOr0 (DUIBTPA, PACUMTAHHOTO HA 3aJiepKaHUE HE TOJIBKO
rpaBusi, HO U IJJACTOBOrO IECKa; MPOJAaBKa B KaBEpHY I'PaBUMHON CMECH IpHU
NABJICHUH, TIPEBBIIAIONIEE JABJICHUE THUIPABIMYECKOrO0 pa3phiBa IJ1acTa.
[leneBoit GumbTp cryckaercs mociie MPOJIaBKu TpaBUNHON cMecu. Bo3MoxkeH
TakKe BapUaHT MPEABAPUTEIBHOTO CIycka (UIbTpa, TOTJa 3aKauyKy CMECH
BEIYT Uepe3 CIEeIHaIbHOe YCTPOMCTBO, PACTIONIOKEHHOE HAl GUIBTpOM. [5]

KoMOuHupoBaHHBIIM croco0 XapaKTepU3yeTcs BBICOKOU
3 PEKTHBHOCTHIO, HO TPEOYET TOYHOE COOJIFOACHUE TEXHOJIOTHA 00pabOTKH U
TIIATEILHBIN YY€T KOHKPETHBIX CBOMCTB 00pabaTeiBaeMoro kojiekropa. [locme
3aBEpIEHUsT JKCIIEPUMEHTATBHBIX M OMBITHO-NPOMBIIIUICHHBIX pPaboT 3TOT
MeTon OyJeT MMeTh OOJbIINe MOTCHIMATbHBIE BO3MOXKXHOCTU IS IIMHPOKOTO

IIPOMBIINIJICHHOI'O UCIIOJIb30BAHUS].
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HecmoTpss Ha 3HauuTENbHBIM OOBEM UCCIEIOBAHUM, BBHITOJHEHHBIX
pa3IUYHBIMKA aBTOPaMHU, Ha CETOJHSIIHUN JeHb HEeT OOIero moaxoaa K
pemieHno mnpobsieMbl BbIHOca mecka. [locne aHamm3za MeTtoaoB OOpbOBI ¢
MECKOMPOSBICHUEM B MOUCKAX JYYIIIETO METOJIa HAMpaIIuBaeTCsl BHIBOJI, UTO, K
KaXJI0M CKBa)KWHE TpeOyeTCsl UHIUBUAYATIbHBINA MOIXO/I.

B Hacrosimiee BpeMs HauOousiblliee PA3BUTHE MOJYYWIO NPUMEHEHHE
MeXaHMYeCKHX CIoco00B OOpbOBI C BBIHOCOM II€CKa IyT€M IPUMEHEHHS
pa3UUYHBIX  KOHCTpyKumi. K~ MexaHudyeckum  MeTojaM  OTHOCSITCA
MPOTUBOTIECOUHBIC (UIBTPHI PA3IMYHOM KOHCTPYKIMH. ITO TPaBUUHO-
HAaMBIBHBIC, KapKaCHO-TpaBUWHbBIC, MHOTOCJIOWHBIC CETYaThle, T'PABUUHO-
HaOuBHBIE U Jp. B oTeyecTBEHHON MpaKTUKE Ha Ta30BbIX CKBaXWHAX
OPUMEHSIOTCS  CIEAyIolKe  BUIAbl  (UIBTPOB:  IIENEBbIE,  CETYaThIE,
IPOBOJIOYHBIE, KEpaMUYECKHUE, METaJUI0-KEpaMUYECKUe, JIaBCAaHOBbIE, C
TUTAHOBBIM (PHIIBTPYIOIIUM DJIEMEHTOM, CTEKJIOBOJIOKHUCTBIC U JIP.

PaccMoTpyM OIMH W3 MEXaHMYECKHUX METOJI0B OOpbOBI C BBIHOCOM
necka: CKBaXuHHbIN (uibTp. ABTopamu Jlandyenko FO.B., Pa6unoBuu A1 u
Ip. ObUI TpeAcTaBlieH MATeHT, KOTOPBIM OTHOCUTCA K He(pTea00bIBaroeh
OPOMBIIJIEHHOCTH UM MOXET OBITh  HKCIIOJNIB30BAHO B  YCTPOMCTBAX,
OPEAOTBPALIAIONIMX TOCTYIUICHHE IUIACTOBOTO I€CKa M MpoMaHTa U3
pu3a00HHON 30HBI B CKBaKUHY BMECTE C JJOOBIBAEMOM TUIACTOBOM KUIKOCTHIO.
CymHOCTBIO  M300peTeHus  sABISCTCS  (PWIBTP,  KOTOPBIM  COJEPXKHUT
nephopupoBaHHyI0 TpyOy H GUIBTPYIOUIMNA DSJIEMEHT, BBITIOJHEHHBIA C
YMEHBIIICHUEM pa3Mepa MOp B paJHAIbHOM HANpaBICHUU OT HapYyKHOU
IIOBEPXHOCTH K BHYTPEHHEW M YCTAHOBJICHHBIM COOTBETCTBEHHO C HApyXHOU
MOBEPXHOCThI0O  TepdopupoBanHoir  TpyOsl.  CormacHo  HM300pETEHUIO
GUIBTPYIONUI HJIEMEHT BBIMOJHEH W3 IMEHOMETaula C MPOCTPAHCTBEHHBIM
SYEUCTBIM KapKacoM, COCTOSIIIUM W3 MHOTOIPAHHBIX SY€EK C MPOHUIIAEMBIMU
rpaHsIMA, U C BO3MOXHOCTBIO O00pa3oBaHMsI BHYTPH I[EHOMETaJlia
€CTECTBEHHOT0 HEIMPEPBIBHOTO IMECUYaHOr0 (UIIbTPA U3 OCAXKIEHHBIX YACTHII,
MEXaHUYECKH CIETUIEHHBIX CO CTOXACTHYECKH OpPHEHTUPOBAHHBIMU B
MIPOCTPAHCTBE IPaHSIMU pedpaMu SUEUCTOr0 KapKaca.

ABTOpaMH J@HHOTO TMaTeHTa ObLI YYT€H CKBOXXUHHBIA QUIbTD,
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BKIIIOYAIOIIMK  mepdopupoBaHHY0  TpyO0y M MeTaJNIOKepaMUYECKUU
GuABTPYIOUMIA  3JE€MEHT M3  CHEYEHHOro  MOpPOIIKA, YCTAHOBJIEHHBIM
COOTBETCTBEHHO C HApPY>KHOM CTOPOHOM nep(OopupOBaHHON TPYOBI U € 3a30pOM
oTHOocHTeIbHO mocneaHei (aBT. cBua-Bo CCCP Nell61692, E 21 B 43/08,
1985).

CyliecTBEeHHbIM HEIOCTAaTKOM  YKa3aHHOTO (UIIbTpa SBIAETCS €ro
HEYJIOBJIETBOPUTENbHAS  TUAPABIMYECKAass  XapaKTEPUCTHKA,  HEBBICOKas
MOPUCTOCTh U COOTBETCTBEHHO HE3HAYUTEIbHBIN o0beM nop,
oOycliaBiuBarounii rpsizeeMKocTb. KpoMe Toro, BbimojiHEHUE (UIBTPYIOIIETO
AJIEMEHTa C OJMHAKOBBIM pa3MepoOM IOp MO TOJIIHUHE NPUBOJAUT K OBICTpOU
KOJIbMATaI[Ml €ro MOBEPXHOCTHOI'O CJIOSI CMECBhIO MEIKHUX M KPYIMHBIX YacCTHI]
NecKka M OrpaHWYEHUIO pecypca HenpepbiBHOW palboThl. Takoit ¢GuiabTp
NPAKTUYECKH HE TOJJAETCS pEreHEepalvy, YTO CYIIECTBEHHO YAOPOXKAET €ro
AKCILTyaTalHIo.

HaubGonee Onu3kuMm K 3asBISEMOMY [0 TEXHUYECKOM CYIIHOCTU U
JOCTUTAEMOMY PE3YyJIbTaTy SIBISIETCS PUIBTP, coAepsKaliuil nepdoprupoBaHHYIO
TpyOy U (PUIBTPYIOMIMIT JIEMEHT, BHITIOJHEHHBIN C YMEHBIIAIOUUMCS Pa3MEepOM
1Op B pauajibHOM HAaIpPaBJICHUU OT HAPYKHOU MOBEPXHOCTU K BHYTPEHHEW U
YCTaHOBJIEHHBII COOTBETCTBEHHO C HapyKHOU MTOBEPXHOCTHIO
nepdopupoBannoit Tpyosr (US Ne3768557, E 21 b 43/08, 1973).

JlaHHBIH (UIBTP XapaKTEepU3yeTCs CIOXKHOCThIO HW3TOTOBIeHHUs. Jls
dbopmupoBaHuss GUIBTPYIOUIUX CIOEB C PAa3IMYHBIM pa3MepoM Iop Tpebdyercs
JOTIOTHUTEIbHASI IOATOTOBKA: MIPEABAPUTENIBHO KOHIIECHTPUYHO YCTAHABIMBAIOT
pa3eauTeNIbHbIE  NEPErOPOJAKH, IPOCTPAHCTBO  MEXKAY IMEPEropoaKaMu
3alOJHAIOT YacTULAMHM CO CTPOro 3aJaHHBIMM pa3MepaMu, IIOCIE Yero
NEPErOPOAKH ynansatoT. HenoctaTkoM NaHHOW KOHCTPYKLMM TaKKe SIBISAETCS
HU3Kasi TPSA3€EMKOCTh (UIBTPYIOIIET0 MaTepuana H3-3a OTPAaHUYECHHOCTH
o0weMa coobmmaronuxcs mop ~35-40%, 4To CHIKaAET pecypc paboThl GUIbTpA.

[Ipennonaraemas KOHCTPYKIUS 0oJiee TEXHOJOTUYHA B U3TOTOBJICHUU U
MO3BOJISIET TOBBICHUTH MPOMYCKHYIO CIOCOOHOCTh TMpPHU  OAHOBPEMEHHOM
CHI)KEHUM TMJPABINYECKOIO CONPOTHUBJICHHS, YBEJIUYUTH TI'PA3EEMKOCTD,

pecypc HempephIBHOM palboThl U KOAI(DPUIIMEHT HCIOJB30BaHUS 00BbeMa
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¢unbTpa, a TAaKKE yIy4IIUTh €0 PEr€HEPUPYEMOCTb.

VYKa3aHHBIA TEXHUYECKUW pPeE3yJbTaT JOCTUrAaeTcs TEM, YTO B
CKBAXMHHOM  (puibTpe, conepxkamieMm  nephopupoBaHHyl0  TpyOy U
(GUABTPYIOUMI 3JIEMEHT C Pa3MepoOM MOp, YMEHBIIAIOIKUMCS B paguaibHOM
HAalpaBJICHUU OT HAPYKHOM IIOBEPXHOCTUM K BHYTPEHHEH, YCTAHOBJICHHBIN
COOTBETCTBEHHO C HAapy>KHOM MOBEPXHOCTbIO NEepPOPUPOBAHHON TPYOBI.
CornacHo n300peTeHnto, GUIbTPYIOMIUNA JIEMEHT BBIIIOJIHEH U3 MEHOMETAaJIA C
MIPOCTPAHCTBEHHBIM AYEUCTHIM KapkacoM. OHa COCTOUT M3 MHOTI'OIPAHHBIX
A4YEeK C MPOHMUIIAEMBIMU TPAHSIMU, U C BO3MOXKHOCTHIO OOpa3oBaHUs BHYTpPH
NEHOMETaJlJla €CTECTBEHHOI0 MECYaHOro (QUiIbTpa M3 OCAXKAAEMBIX YacTHII,
MEXaHMYECKH  CHEIJIEHHBIX CO CTOXaCTUYECKH OPHUEHTHUPOBAHHBIM B
IPOCTPAHCTBE TPAHSIMU U peOpaMu SUEHUCTOTO KapKaca.

Hcnonb3oBanue TMeHOMETaula C  MPOCTPAHCTBEHHBIM  KapKacoM,
COCTOSIIIUM M3 MHOTOTPAaHHBIX S4YEEK C MPOHMUIIAEMBIMU TPAHSIMH U TMOPAMU
BHYTPHU, 00ECIIEYHBAIOT BO3MOKHOCTh Oosiee 3P(HEeKTUBHONW OYUCTKU MIIACTOBOM
KHUJKOCTH.

[IpennouTuTeNIbHO  UCHOJB30BaHUE  (QUIBTPYIOIIETO  3JEMEHTa C
AMaMETPOM TOp, YMEHbIIAIOUIUMCS B HanpasieHuu ¢puibTpanuu oT 1,0-2,5 MM
no 200-300 MKM, Opy 3TOM HM3MEHEHHE MOXXET HOCHUTh JUCKPETHOM WU
IU1aBHbIN Xxapakrep. [lopucTocTs nian 00beM COOOIIAIOMINXCS TIOP B JIOKATBHOM
o0beMe (QuubTpyromero osneMeHTa cocrtaBiuser 84-96% HezaBUCMMO OT
BEJIMYUHBl JMaMeTpa IIOp, YTO SBISIETCS CTPYKTYPHOH OCOOEHHOCTBHIO
IIEHOMETAJLJIA.

VYcraHoBka GunbTpyIomero JJIEMEHTA, BBIIIOJIHEHHOT O C
YMEHBILIAIOUIUMCS Pa3MEPOM IOp, B MPEANoIaraeéMoil KOHCTPYKIMHU He TpeOyeT
JOTIOJTHUTEIBHOM OJATOTOBKY ¥ IIPOU3BOJUTCA B OJHY CTaUIO.

Ha pwuc.3 cxematnuHo mokazaH (QUIBTPYIONIUH  DJIEMEHT W3
IIEHOMETAJIJIa ¢ YMEHBLIAIOMMMCS pa3MEPOM IOP B PaAUaIbHOM HaNpaBICHUN

OT Hapy>XKHOW TIOBEPXHOCTH K BHYTpeHHeH [12].
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OuibTp (puc.3) cocToUT U3 nepPopupoBaHHO TpyOs! 1 ¢ OTBEpCcTUAMU
2 ¥ QUIBTPYIOUIETO AIEMEHTA 3 U3 MEHOMETAIa C YMEHBLIAIOIIUMCS pa3MeEPOM
MOp B paAuaIbHOM HaIlpaBiI€HUHU OT HAPYKHOM MOBEPXHOCTH K BHYTPEHHEH.

OunbTp padortaer cieayromum obpaszoM. [locne ycraHoBku ¢unbrpa B
CKBOXMHE M IIyCKa €€ B JKCIUIyaTallMi0 CMECh IUIACTOBOM MKUIKOCTH  C
MEXaHUYECKUMHU YaCTULAMU MPUMECEH MOCTYMAET K (PUIBTPYIOMIEMY 3JIEMEHTY
n3 neHomeraia 3. M3 3Toll cMecH Ha BHEIIHEM KOHTYpPE U B MOBEPXHOCTHOM
CJI0€ TMEHOMETANIMYECKOro (UIIBTPYIOLIEro 3JIEMEHTa 3 ocaxKiaroTcs Oosee
KPYIHBIE YacTHUIBI, (POPMHUPYIOIIME YCTOWUYUBBIC apPOYHBIE CTPYKTYpHI.
VY CTOMYHUBOCTh TAKMX aPOUYHBIX CTPYKTYP U3 MPOMNIMAHTA WIH KPYITHO3EPHUCTOTO
necka oOecrmeurMBaeTcsi 3a CYET WX MEXaHMYeCKOro CILEIUIGHHS  CO
CTOXaCTUYECKHM OPHUEHTUPOBAHHBIMH B MPOCTPAHCTBE TpaHsIMU U pedpamu
SUEUCTOTO Kapkaca puiabTpa.

OuwniieHHbIt 0T HauOoyiee KPYMHBIX YACTUIl MOTOK JKHAKOCTH C
OCTaBIIMMHCS B HEM MEXaHMYECKHUMH TMPUMECIMH IMPOJIOJDKAET JBH)KCHHE
yepe3 sSYEeHCThid Kapkac. [Ipu 3ToM MOTOK ApOOUTCS Ha OTHEIbHBIE CTPYH,
CKOPOCTb JBUKEHUSI KOTOPBIX HHUXE BXOAHON ckopocTH mnortoka. Ilo mepe
raneHusi CKOPOCTH KUAKOCTH HAXOAILIECHCS B HEW MEIKOAUCIIEPCHBIE YAaCTULIbI
TAKKE€  TEPSIOT CKOPOCTh W 3aJEPKUBAIOTCS  SYEHCTBIM  KapKacoM
¢unbTpytomero asnemeHta 3. MHTEHCHBHOCTH MpoIllecca OTHAENEHUS YaCTHIL
orpezensieTcs: 0aTaHCOM MEX]y BECOM YaCTHIl, 3aBUCAIIMM OT UX pa3Mmepa,
MOJbEMHOM CWJIOW TI0TOKA, HEMOCPEICTBEHHBIM O0pa3oM CBSI3aHHOW C
pa3MepoM MOop SYEUCTOro Kapkaca, 4epe3 KOTOpbIM OH mpoTekaeT. Beiencreue
ATOTO pa3Mep 3aJep>KaHHBIX YACTHUIl YMEHBINACTCS MO TOIIINHE PUIBTPYIOIIETO
AJ€MEHTa 3 OT HapyXHOUM MOBEPXHOCTHU K BHYTPEHHEU. 3aJep>KaHHbIE YaCTHULIbI
o0pa3yloT  BHYTPH  MEHOMETAJIMYECKOIO0  3JEMEHTa  eCTECTBEHHBIN
HETMPEPBIBHBIN TeCYaHblii (QUIBTP, pazMep MOp KOTOPOTO  YMEHBIIAETCS B
pauaIbHOM HAIpaBICHUU B COOTBETCTBHUU C XapaKTepOM M3MEHEHHUs JuaMeTpa
MOp TMEHOMETANIMYECKOro 3JeMeHTa. [Ipu ABMXKEHUM TMJIACTOBOM >KUAKOCTHU
gepe3  oOpa30BaBIIMKCA KOMOWHHPOBAHHBIM  (QUIBTPYIOIIHMA  DJIEMEHT,

COCTOSIIIIMM M3 TMEHOMETaJJla H €CTECTBEHHOIo IecuyaHoro QuibTpa,

31



YBEIMYMBACTCSI BEPOSTHOCTh OCAXKICHUS MEJIKOJUCIEPCHBIX YacTHIl, YeM
JOCTUTAETCS BHICOKAst TOHKOCTh OUMCTKH. [12]

OuniieHHass OT OCHOBHOTO KOJIMYECTBA MEXaHUUYECKUX MpHUMecei
TTACTOBAs KUAKOCTh C HE3HAYUTENIbHON YacThbi0O MeNbYailIlnX YacTHIl MecKa
MPOXOANT Yepe3 oTBepcTre 2 nephopupoBaHHON TpYyOsI 1, MOAHUMAETCS 10 HEH
¥ TOMNajaeT B HACOCHO-KOMIIPECCOPHBIE TPYyOBl, a MO HUM — Ha JHEBHYIO
MOBEPXHOCTb.

Hanuune cooOmaromeics MOpPUCTOCTH B COYETAHUU C TEPEMEHHBIM
nepepacnpeieieHueM 00ecrednBaroT (UIBTPY XOPOIIYI0 pPereHepaTUBHYIO
CIIOCOOHOCTh, TPU OSTOM pereHepanus QUIbTpa MOXKET OCYIIECTBIATHCS
HETIOCPEICTBEHHO B CKBAXKHWHE ITyTEM 0OpATHOM MPOMBIBKH YUCTOU HE(PTHIO.

B03MOXXHOCTh BapbUPOBAHHS B HIUPOKUX TMpeAesiaX JUAMETPOM IOp IO
TOJIIHMHE (PUITHTPa MO3BOJISAET YIIABIUBATH B 00bEME TIOCTIETHETO0 MEXaHNIECKHE
YaCTHUIIBI, Pa3Mep KOTOPBIX M3MEHSETCS OT HECKOJIBKHX JIECATKOB 1O COTEH M
TBICSIY MHKPOH. B "acTHOCTH, 3()EKTUBHO NMPUMEHEHUE TICHOMETALTHICCKOTO
GuIbTpa 1Tt cOopa MpoNmIaHTa Mmocie MPOBEACHHS THAPOPA3PhIBA IJIACTA.

Bbicokasi MpOHHMIIAEMOCTh TEHOMETallIa, W3 KOTOPOTO W3rOTOBJICH
(GWIBTPYIOMUN JJIEMEHT, CHW)XXAeT OOIMHMHA BEC CKBAXWHHOTO QUIbTpa H
nepeaBacMyr0 OT HETO OCEBYIO Harpy3ky Ha HaCOCHO-KOMITPECCOPHBIE TPYOHI,
qT0 00yciaBnmuBaeT 3()PEKTHBHOCTh IMOAHACOCHON YyCTaHOBKHM (uiabTpa 0e3
nakepa. Mcmonap30BaHUE  JIETKOBECHBIX  IMEHOMETAUIMYECKUX  (DHIBTPOB
o0yer4aer SKCIUTyaTalldii0 MHOTOILIACTOBBIX MECTOPOXKIEHUH, MPU KOTOPOWM
MpEeIyCMaTPUBAETCSl pa3MeIIeHnE HECKOIbKUX (UIBTPOB HAMPOTHUB KaXKIOTO
MPOYKTUBHOTO CJIOS.

Takum oOpa3zoMm, BeIOpaHHas I CKBOXUHHOTO (DHUIBTpa CTPYKTypa
MaTeprayia Mo3BOJISIET BO BpeMsl IKCIUIyaTallMd CO37aBaTh KOMOMHUPOBAHHBIN
GuABTpyIOMUI  AJEMEHT, COYETAIONMKA  TMPEUMYINecTBa  TEHOMETaa,
00J1a1ar0IIeTO BHICOKOU TPSI3€EMKOCTBIO, M TIECUaHOTO (hUIBTPA, 00pa30BAaHHOTO
BHYTpH TIOp TIEHOMEeTaula ©  00eCTIeUnBaIONIeTO  JIOMOJHHUTEIBHYIO
HETMPEPHIBHYIO OYHMCTKY KUJKOCTH BO BpPEMS €€ JBWKCHHS, YTO, B KOHCYHOM
UTOTE, IAET BO3MOXKHOCTD JJOCTUYh BHICOKOH TOHKOCTH OYHCTKH. [12]

Taxxxke paccmoTpuMm mnaTeHT, paspaborannbii [lanuenko FHO.B.
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N300peTeHre OTHOCUTCS K MOTPYXHOMY OOOpPYIOBaHHIO, a HMMEHHO K
CKBOXMHHBIM  (DUIIbTpaM, MNPEAOTBpALIAIONIUM [ONAJaHUE MEXaHUYECKHUX
IIpUMeECEl B HACOCHBIN arperaT. M3BecTeH CKBaKMHHBIN (UIbTP, COCTOSALIUN U3
neppoprUpOBaHHOrO TPyOUATOrO KOPILyCa, pACIOJIOKEHHBIX Ha KOpILyce
IJIOCKUX KOPYHJIOBBIX KPYroB, 0Opa3yloUIuX MIEeId MeXAy co00i, MOIKUMHBIX
U neHTpupyomux kouer (A.c. Ne981592 CCCP, E21B 43/08,1982). [13]

Henocratok ckBaXMHHOTO (hUIBTpa 3aKIIOYAETCS B HU3KOM yIEIbHOU
MPOITYCKHOM CIIOCOOHOCTH, TaK KakK IUIOIIAb €ro (PUIBTPYIOIIEH MOBEPXHOCTH,
ompenenssemMas CyMMAapHOM IIMPUHOM IIENEH, COCTABISIET HE3HAUYUTEIbHYIO
4acTh OT IUIONaAX OOKOBOM MOBEPXHOCTH KOPYHAOBBIX KPYTOB.

W3BecTteH CKBaXMHHBIA (QUIBTP, cojepxamuil nepGopupoBaHHBINA
KOPIIYC UM CJIOMCTbI (QUIBTPYIOIIMNA DJIEMEHT Ha OCHOBE 3E€pPHUCTOTO
HATOJIHUTEIS, CHapY XU TOKPBITHIM BOpcHCThIM MaTepuasioM (A.c. Ne587242
CCCP, E21B 43/08, 1978).

Henocratkom ckBaxuHHOTO (QuibTpa sABiIgeTcs HedDPEeKTUBHOE
UCMOJIb30BaHNE 00bEMa CIOUCTOrO (PUIBTPYIOLIETO JIEMEHTA U3-3a IPOTEKAHUS
[polecca OYUCTKM  IUIACTOBOM  JKUJIKOCTH IPEUMYIIECTBEHHO B  €ro
IIOBEPXHOCTHBIX CJIOSIX M IMOBBIIMICHHOE THIPABIMYECKOE CONPOTUBIICHUE
CJIOUCTOM CTPYKTYPBHI.

Haunbonee Omm3kum k 3asBisieMoMy (GUIBTPY SBISETCS CKBaKUHHBIN
GuibTp, copepxamuii nepPoprUpoBaHHBIN KapKac, HA KOTOPOM KOHIIEHTPUYHO
pa3MelieHbl CJIOM (QWIBTPYIOIIUX 3JIEMEHTOB B BHJE Pa3HOTOJIIMHHBIX
IUIACTMACCOBBIX JUCKOB C LEHTPAJIbHBIM OTBEPCTHEM, OOPA3YIOIIHMX MEXKIY
co6oii ey 1 kaHausl (A.c. Ne1530759 CCCP, E21B 43/08, 1989).

HenocraTkamMu CKBaXXMHHOTO (PUIIbTpa SIBJISIOTCSA MOBBIIICHHAs MOTEPs
Haropa BCJIEACTBHUE BBICOKOTO OTHOILECHUS JUIMHBI IIEJIEH K UX IIMPHUHE, a TAKKE
HEYJOBJIETBOPUTENIbHAS TOHKOCTh OYMCTKH, OINpeneiseMas IIUPUHOW IIEeIeH.
Hacrosimee n3o0pereHre MOBBIMIAET KAYECTBO OYHUCTKH IJIACTOBOM JKHUJKOCTH,
YMEHBIIAET MOTEPU JABJICHUS, YBEJIMYUBAET TPA3EEMKOCTH M pecypc padoThI
¢unpTpa. VYKazaHHBIN TEXHHYECKHH pe3yJabTaT JJOCTUTACTCS TEM, 4YTO B
CKBRXXMHHOM  (QuUIbTpe, coJepxanieM nepopUpOBaHHBIM  Kapkac W

GUABTPYIOIIUE 3JIEMEHTHl W3 YEePEeAYIOIIUXCS PA3HOTONIIMHHBIX JIUCKOB C
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LHEHTPAJIIbHBIM OTBEPCTUEM, KOHIIEHTPUYHO pa3MELIEHHbIE Ha KapKace C
oOpazoBaHUEM MEXK]Ty CO00i 11eNel, COTJIACHO N300PETEHUIO JUCKHU BBITIOJHEHBI
U3 METAJUIMYECKOW CETKM M BOJOKHUCTOIO (DUIBTPALMOHHOIO Marepuaa.
Merannnyeckas CeTKa MOXET ObITh, Hampumep, pudeHOH ¢ KBaapaTHBIMU
AYeHKaMl U3 MPEeABAPUTENIbHO Je()OPMUPOBAHHON MPOBOJOKM WM TKAHOM
MOJIOTHSHOTO MEpeIUieTeHUs ¢ KBaJpaTHBIMU sueiikamu. Pa3mep siueek B CBETY
MOXKET M3MEHSThCS 0T 1 10 25 MM° U onpenensiercs: GpakIMOHHBIM COCTaBOM
MEXaHHYECKUX TpuMeceld B QuibTpyemMor skuakoctd. [13] BosmoxHO
pa3MelleHre BMECTO OJHOTO JMCKA M3 METAUIMYECKOM CeTKU ABYX WM Tpex
JTUCKOB C pa3HbIM pa3MepoM sYEHKHU U TMaMEeTPOM MPOBOJIOKH, IPUYEM B cllydae
TpeX IUCKOB CPEIHUNW M3 HUX BBIIIOJHEH C OOJBIIMM pa3MepoM SUEHKU U
JUaMETPOM MPOBOJIOKHU, YEM JIBA OCTAJIbHBIX. ITO MMO3BOJISET YMEHBIIUTD pa3Mep
mened  MeXJQy ~— KOHTaKTHPYIOUIMMHU  JIUCKAaMU W3 BOJIOKHHMCTOTO
(GUIBTPAIMOHHOTO MaTepuraa, MOBbICUTh I'PA3EEMKOCTh CKBAXKMHHOTO (PUIIBTpA.
B kauyecTBe BOJOKHHUCTOTO (UIBTPALMOHHOTO MaTepuana MOXET ObITh
UCIIOJIb30BaHO, HAIPUMED, TTOJIOTHO U3 TEPMOCKPEIIIICHHBIX MOJUTTPOITMICHOBBIX
BOJIOKOH, HMMEIOIEe BBICOKOPA3BUTYIO MOBEPXHOCTh. 3a CYET CHEIHaIbHOU
00pabOTKU MOJOTHY MOTYT OBITh TIpUAaHbI TUAPOPOOHBIC, THAPOPUILHBIE UITH
oneodpuiabHble cBoMcTBa. [loMOTHO Takke MOXKET ObITh BBINOJIHEHO U3
METAJUTMYECKUX BOJIOKOH. B 0JJTHOM CKBa)XMHHOM (DUIBTPE MOTYT IPUMEHSTHCS
JUCKA M3 BOJIOKHUCTOTO (UIBTPAIIMOHHOTO MaTepuaja ¢ OJMHAKOBBIMHU WIIH
pa3HbIMU CBOMCTBaMH. PazMep 1op BOJIOKHUCTOTO (PMIIBTPAIIMOHHOTO MaTepraia
MOXeET BapbupoBaTbcs B Auamnazone 10...100 MkM, a TONIIMHA JTUCKOB MOKET
cocTaBiATh 3-10 MM. CTPYKTypHO-TEOMETPUIECKUE XAPAKTEPUCTUKHU JTUCKOB U3
BOJIOKHUCTOTO (PUIIBTPALIMOHHOTO MaTepualia BRIOMPAIOTCS C YUETOM pa3MepoB
YacTUI[ MEXaHHYECKUX NIpuMeceil B (DUIBTPYEeMOW XUAKOCTH U €€ COCTaBa.
HapyxHblii guamerp JAUCKOB M3 METAJUIMYECKOM CETKM M JIHaMETpP
LEHTPAJIBHOIO OTBEPCTHUS B HHUX BBINOJHAIOTCS OOJBIIErO pa3sMepa, 4YeMm
COOTBETCTBYIOLLIME JUAMETPBl Y JWCKOB M3 BOJOKHHUCTOIO (DPUIBTPALMOHHOIO
MaTepHala ¢ TeM, YTOOLI OPraHM30BaTh ONTHMAJIBHYIO TPAEKTOPHUIO JBUKCHUS
KHUJKOCTH C TOUKHM 3PEHUS KAUeCTBA €€ OUUCTKH.

Ha pucynke 5 cxeMaTuuHo n300pakeH CKBaXXUHHBIN GUIBTP, 00U BU,
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pa3pe3; Ha puc. 6,7 - ceueHue (UIBTPYIOIMHUX AIEMEHTOB B HaIpaBJICHUH,

NCPHNCHAUKYJIIPHOM U MMApAJICIIbBHOM ABHUKCHUIO JKUJIKOCTH COOTBCTCTBCHHO.

Pucynok 5 — CKkBaXUHHBIN GUIBTpP, OOLINIA BU, pa3pes
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Pucynok 6 — Ceuenne GumbTpyoOMMUX HIEMEHTOB B HAIIPaBIICHUH,

NEePHEHAUKYJISIPHOM JTBHKEHHIO KUJIKOCTEH
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Pucynok 7 - Ceuenune GpuUabTpyOIMMUX 2JIEMEHTOB B HAMPABIICHUH,
napajieIbHOM JBHKEHUIO KUJIKOCTEM

CkBaxuHHBIM (QUIBTP cOCTOMT U3 TNephOpUpOBAHHOTO Kapkaca 1 c
OTBEPCTUAMH 2, (PUIBTPYIONINX JIEMEHTOB 3 B BUJIE YEPEAYIOIINXCS TUCKOB U3
METAJNIMYECKON CceTkM 4 W JUCKOB M3 BOJOKHUCTOTO (DUIBTPALMOHHOTO
Marepuana S5 (puc.5). JIUCKM M3 METaIM4ecKoil ceTKU 4 BBINOJHEHBI U3
IIPOBOJIOKH OCHOBBI 6 U yTKa / ¢ CHHYCOUJAJbHBIM MpoduiieM, 6aronaps 4emy
ey 8 MEeX Ty TMCKaMH U3 BOJIOKHUCTOTO (PMIIBTPALIMOHHOTO — Marepuaia 5
UMCIOT HU3BWIMCTYIO (OpMYy M TEpPEeMEHHYIO BEJIMYMHY TpocBeTa (pHc.6).
I'eomeTprueckue XapakTEPUCTUKH IIeJIed &8 3aBUCAT OT MapaMeTpoB
Metauinyeckor cetku. lllenn 8 BBIMOMHSAIOT (GYHKIMIO pa3JaTOYHBIX KaHAJIOB
JUTSL S)KUJIKOCTH, COENIUHAS MepuepuiiHyto M HEHTPAIbHYIO 00JacTH JTUCKOB U3
BOJIOKHUCTOTO (pMIIBTPALIMOHHOTO MaTepHaia 5, KOTOpble COOOIIAI0TCA B OCEBOM
HalpaBJICHUW 4Yepe3 s4edkun 9 wmertamindeckoil ceTku 4, oOpa3oBaHHbIE
COCETHUMH TIPOBOJIOKAMH OCHOBBI 6 U yTKa 7 (puc.7). JIMCKu N3 METaUTMIECKOM
ceTku 4 o0ecreunBaOT paguaibHyIO KECTKOCTh (QUIBTPYIOMIUM dJIEMEHTaM 3.
Jlnst BoBIe4YeHWS B Tponecc (UIbTpaAluu BCEro 00beMa (QUIBTPYIONINX
MeMEeHTOB 3 Ha TepPopupoBaHHOM Kapkace 1 momemaeTrcst apeHaKHas
tpexmepHas cetka 10. [lenmn 8§ 3akaHuMBarOTCS HAa HEKOTOPOM PACCTOSHUU OT
npeHaxxHo cerkn 10 wm3-3a pa3HULBI AMAMETPOB LIEHTPAJIbHBIX OTBEPCTUMU

JUCKOB M3 METAUNIMYEeCKONW CEeTKHU 4 U BOJOKHUCTOTO (PUIBTPALMOHHOTO
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Marepuasa 5. CHapyXu (UIBTPYIOIIUX 3JEMEHTOB 3 YCTAHOBJIEH 3alllUTHBIN
koxyXx 11 ¢ orBepcTusimu 12 (puc.S, 7). [TosKUMHBIE KOJbIIA, YCTAHOBJICHHBIC HA
KOHLIaX MNeppopupoBaHHOTO Kapkaca 1, oOecrneymBalOT KOHTAaKT JUCKOB U3
METaNINYECKOM CeTKH 4 ¢ JAMCKaMU M3 BOJIOKHHCTOTO (UIBTPALMIOHHOIO
Marepuana 5. KOHTakT ocCyiecTBisieTCss MO BCEH MOBEPXHOCTH OCHOBAHUIMA
JTMCKOB, 32 UCKIIFOUEHHUEM KOJIbLIEBOM 00J1aCTH BOKPYT ApeHakHoi cetku 10, rae
JUCKA U3 BOJOKHUCTOrO (PUIBTPAIMOHHOIO MaTepuajga S KOHTAKTHUPYIOT
HEIMOCPEACTBEHHO APYT C ApyroM. CKUMaeMOCTb U YIPYTrOCTh BOJOKHHCTOTO
(GUIBTPAIMOHHOTO MaTepHuaya ONPEeAeIIOT INIyOMHY €ro BHEIPEHUsl B SUEHKU
METAJTNYECKOM CEeTKU NPU pa3MeIlEHUH TUCKOB Ha nepdoprpoOBaHHOM KapKace.
[13]

CxBaxuHHBIM QuIbTp padoTaeT cieayromum odbpazom. [loa aeiictBuem
C0371aBAEMOT0 NOTPY>KHBIM HACOCOM I€pENaia JaBJICHUS IIACTOBAS KUIKOCTb,
cojeprKallas MEXaHUYECKUE YaCTULIbI, TIOCTYNAET U3 CKBAKUHBI UEPE3 OTBEPCTUS
12 3amurtHOro koxyxa 11 x Quubrpytomum snementam 3. OCHOBHOW MOTOK
KHUJKOCTH paclpesieIieTcsl o IIeNAM 8, UMEIOIIMM MEHBIIee THIPABINYECKOe
COTIPOTHBIJICHHE IO CPABHEHUIO C BOJIOKHUCTHIM (DUITBTPALIMOHHBIM MaTEPHAIOM,
U JBUKETCS BIIOJIb MTPOBOJIOK OCHOBBI 6 M yTKa / B paguajibHOM HANpPABICHUMU.
Haubonee kpynHble 4YacTUIBI CKAIUIMBAIOTCA CHapyxku 1ienedt 8, obOpasys
€CTECTBEHHBIN (DMIIBTP C MOBBIMICHHOW TOHKOCTHIO OUUCTKU. YaCTHIIBI MEHBIIIETO
pasMepa, mpouienmue uepe3 (GUIABTP U3 KPYNHBIX YacTHIl, IBUXKYTCS B
Ja0MPUHTOOOPA3HBIX IIENAX 8, mpeTeprieBas MHOTOKPATHBIE CTOJIKHOBEHHS C
IIPOBOJIOKAMHU OCHOBBI 6 M yTKa /. VI3MeHssl pu 3TOM TPAEKTOPHUIO TBUKECHUS,
YacTHLBl TEPSAIOT CKOPOCTh W 3aJEpPXKHUBAIOTCA B sAdYelKax 9, 3axBaThIBasCh
BBICOKOPA3BUTOM MOBEPXHOCTHIO BOJIOKHHCTOTO (PMIIBTPALIMIOHHOTO MaTepHaa.
['myOuHa MPOHMKHOBEHMSI YACTHI] B IIETH 8 3aBUCUT OT COOTHOLICHHS pa3MepOB
YaCTHI U CTPYKTYPHO-T€OMETPUUECKUX XapPAKTEPUCTHK METAININYECKON CETKH, B
TOM 4YHCJIE JUaMeTpa IPOBOJIOKHU U pa3Mepa siueku 9. OunineHHas oT KpYIHbBIX
U CpPeIHUX MO pa3Mepy YacTHIl )KUJIKOCTh Ha BBIXOJAE M3 Iejeil 8 momagaer B
JUCKU U3 BOJOKHHCTOTO (PUIBTPAallMOHHOT'O MaTepuaya 5, TJie MPOUCXOIUT €e
OKOHYaTEeJIbHAsl OYMCTKA OT Hauboyiee MEIKHUX YacTull 3arps3Hurens. Kauectso

OUYHCTKHU OMpEeNeIAeTCs] pa3MepoM MOp Marepuaina AUCKOB 5. J[Burasce paiee B
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pavaibHOM HAaINpaBJICHUHU, KUIAKOCTh JOCTHraeT JAPEHAXHOW TpeXMepHOM
cetku 10, pacnpenensiercs mno ee o00beMy, MOMNAaAaeT B OTBEPCTUSA 2
neppoprupoBaHHOrO Kapkaca 1 U oka3pIBaeTCs Ha MpUEME MOTPYKHOTO HAacoca B
OUYUIIEHHOM COCTOSIHUHU.

Coueranue TUCKOB U3 METAITMYECKON CETKU U IUCKOB U3 BOJOKHUCTOTO
(GUIBTPAlMOHHOTO  MaTepuajia, HMEIOIIMX HE3HAYUTENbHYI0  TOJIIHHY,
YBEJIMUYMBAET 00LIee KOIMYECTBO (DUIBTPYIOIIMX JIEMEHTOB U COOTBETCTBEHHO
niesie Ha €MHUILY JUTMHBI CKBaXXUHHOTO (PUIIbTpa, O1arogaps 4emy Bo3pacTaeT
ylenpHas Iuiomaab QUiIbTpalMU. OTO, B CBOI OYEpelb, YBEIUYUBAET
IOPOIMYCKHYIO CIIOCOOHOCTh M pecypc padOThl CKBaXUHHOTO GUiIbTpa U
YMEHBIIIAET MOTEPH JaBJICHHWS Ha HEM. 3a cyeT Mnoadopa XapaKTEepUCTHK
METAJUTMYECKONM CeTKM M pa3Mepa IMOp BOJOKHHCTOIO (PUIBTPAIUOHHOTO
MaTepuana JocTUraeTcsi TpedyeMas TOHKOCTh OYHMCTKH IIACTOBOM >KHMIIKOCTH.
[13]

Onnako BwIBOJA, ciaenanHHbii KoponeBbiM A.C. B cTaThe « AHamu3
CIIOCOOOB TPENOTBpAIICHUS] HWHTEHCHBHOTO BBIHOCA TMECKAa M3 CKBKHHBD)
IpOTUBOpEeUUT BbIBOAY ApectoBy b.B., KoTOpHBIi B cBOel paboTe yTBep:kaal,
yTo Hambosnee 3P(PEKTUBHBIM CPEJACTBOM OOpPBHOBI C TIECKOIPOSBICHUEM
ABJIETCS TPABUMHBIN (QUIBTP, KOTOPBIN OTHOCUTCS K MEXaHUYECKUM METOaM.

1.3 ®uabTphl KOKYXOBbIE C IPABUITHBIM 3aM0JTHUTEIEM.

K rpaBuiiHbiM (QuiibTpaM, KOTOpbIE HM3TOTOBISIOTCS Ha TMOBEPXHOCTHU
3€MJId, OTHOCSTCS (PUIBTPHI KOP3WHYATHIE, KOXKYXOBbIE W OJjouHOTO THma. B
KOP3WHYATBIX M KOKYXOBBIX (PMIIBTpAx MPU MOMOIIY KOP3UHOK WIIH KOXYXOB
pBIXJias rpaBuiiHasi 0OCHINKA yJIEPKUBAETCA BOKPYT KapKacoB.

N3 oteuecTBEHHOTO OMbITa OypeHUS M OKCIUTyaTallud CKBAXHH C
KOpP3WHYATBIMH (PWIBTpPAMU OBLUIO YCTAHOBIEHO, YTO 3TH KOHCTPYKIIMU H
MaJIONPOU3BOUTEbHBI; TAK)KE€ OHU CIIOXKHBI NPU YCTAHOBKE B CKBAXKUHBI U B
npousBojicTBe. [lo 3TUM mpuUYMHAM KOp3UHYAThle U KOXXYXOBbIE (PUIBTPHI HE
MOJTYYWIIU JadbHENUIIEro pa3BUTHSL.

B nameii ctpane m 3a py0eKOM HUCHONB3YIOTCS (QUIBTPHI, Y KOTOPHIX
rpaBuiiHbIE OOCBHINKU YAEPKUBAIOTCS MPU MOMOIIM KOXXYXOB, W3TOTOBIISIEMbBIX

3 MCTAJUVIMYCCKHMX W  CHHTCTHYCCKHX  CCTOK. KO)KYXOBBIC (I)I/IJ'II)TpI)I
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yYCTaHaBIMBAIOTCS JJi1 OTOOpa BOJABI M3 MEJIKO3EPHHUCTBIX IECKOB U B 3THX
CIy4astX IOCJI€ CIIyCKa KOXKYXOBOro (hWJIbTpa B CKBaXXHMHY MPOU3BOJUTCS
0OCBIlIKa BTOPOrO CJOS TPaBUTALMOHHBIM CcrOcOO0M. OJHAaKO B HEKOTOPBIX
ciaydasx  (QuIbTpbl I [IYOOKMX CKBaXUH  yCTaHaBIMBAKOTCS  0e3
JOTIOTHUTENIbHON TPABUITHOM OOCBHINKH.

TpyOuarble ONOpHBIE KapKachl, W3 MPOCEYHOIO JHCTA, a TaKXKe
KApKACHO-CTEP>KHEBBIC SIBISIIOTCS OCHOBOM i KOXKyXxoBoro ¢unbrpa. s
YCTPOICTBAa KOXXYXOB B Halllell CTpaHe NMPUMEHSETCS CTPOMTENbHAs CEeTKa M3
IPOCTOM CTajdu KBaJIpaTHOTO IJIETEHUs ¢ pazmepoM siuerku 1X1 umm 2X2 MM u
penko ©Oonee. B mpaktuke crtpoutenbcTtBa ckBaxuH B [JIP u OPI
UCIOJIb3YIOTCSI CETKU U3 CUHTETUYECKUX MaTEPHAIIOB.

[Ipu Oonpmmx auameTpax CKBaxuH rayounod o 100 M TommuHa
3aChINKH TPaBUS B KOXKYXE MOXKET BapbUpOBaTh OT 35 10 70 MM. [3]

1.6 I'paBuiinble GUABLTPHI

I[Ipu paszpaboTke TOM3EMHOTO  OOOPYJOBaHMSI W  TEXHOJIOTHU
COOpY)KEHHUsI TpaBUUHOrO (QUiIbTpa HEOOXOAMMO YUHUTHIBATH KAaTETOPHIO
CKBOXHUHBI IO COCTOSHUIO €€ Tpu3a00MHOW  30HBI, OMpEeIIeMYIO
YCTOMYHUBOCTBIO MOPOJ.

B paGote ApecroBa b.B. ykaspiBajioch, YTO 3aKpeljieHWE T'paBUHHOU
HAOMBKU BSKYIIMM BEIIECTBOM PEKOMEHIYETCs JJIS CTapblX CKBaXHWH, ¥y
KOTOPBIX B TpHu3a0oiiHONH 30HE 0O0pa3oBajMCh KaBEPHbI WM CHIBHO
JIPEHUPOBAHHBIE YYAaCTKH. IJTOT CHOCOO [aeT CIEMEHTHUPOBAHHBIM CKeEJeT
HAOWBKH, TMPOHMUIIAEMOCTh HAOMBKM CO CMOJIOW TIOJydaercs OOJbIle, 4YeM
[IOPOABI IUIACTa CO CMOJIOM, YMEHBIIAETCS BO3MOXXKHOCTH IOTJIOIIEHUS I'PABUS
JPEHUPOBAHHBIM IUIACTOM, CJIEIOBATENBHO, U 3arpsi3HEHHE I1J1acTa. [S]

Ha pucynke 9 mnpencraBieH KaTeropuud CKBaXXUH C Pa3IMYHBIM
cocrosiHueM [I3I1, 0OBIYHO MMEIOIIME MECTO Ha MOJA3EMHBIX I'a30XPaHUIHUILAX.
PekoMeH1yeTcst uX MPUMEHEHHUE MIPH CIEAYIOIUX YCIOBUSIX.

B mepBom Bapuante (puc.9a), nmpumeHseMOM [Jisg CIa00yCTONYMBBIX
mopoJ, paspymaromuxcs npu rpaauentax aasienus ot 0,005 mo 0,1 mlla/cm,

rpaBuiiHas HaOMBKAa OCYIIECTBISIETCS TMOCIE CIOyCKa W IEMEHTHUPOBaHUS
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HKCIUTYaTAIIMOHHOW KOJIOHHBI 10 KPOBJIH IJIACTa-KOJJIEKTOPA U BCKPBITHUS €0 C
MOCTIEAYIOUIUM PACIIHPEHUEM.

Bo Bropom Bapuante (puc.96) coopyxkeHue TpaBUHHOTO GUIBTpa
OCYIIECTBISIETCS B MepPOPUPOBAHHON OSKCILTyaTAllMOHHON KOJOHHE, KOTIa
TUTACT-KOJIJIEKTOP TPEACTAaBIEH HEYCTOWYMBBIMU TIOPOJIaMH, KOTOpBIE TIpH
pa3sMOKaHUHM TEPEXOASIT B COCTOSHMM TEKY4eCTH U pa3pymaloTcs MpH
rpaguenTtax nasnenus 10 0,005 mlla/cm.

Tperuii Bapuant (puc.9B), npu KOTOPOM BHayale 3a nNepPopalliOHHBIMU
OTBEPCTHSIMH DKCIUTYaTAaI[AOHHON KOJOHHBI CO3MAal0TCS 30HBI B IJIacTe U3
3aKaue€HHOTO TpaBUs, a 3aTeM COOPYXKaeTcs TPAaBUHHBIA (QUIBTP BHYTpHU
KOJIOHHBI, SIBIISIETCS MOJICpHHU3AIMEN BTOPOrO BapuaHTa /sl MOydeHus Oosee
BBICOKHMX CYTOUYHBIX OTOOPOB Ta3a ¢ MEHBIIMMH JCTPECCUSIMU Ha TUIACT TPHU
HaJIUYUHU HE0OXOAUMOTO 3a00MHOT0 000Dy T0BAHMUS.

[Ipu mpomsBoACTBE paboT TO U3BICYCHHIO (HUIbTpa-Kapkaca ¢
rpaBUfHOW HAOMBKOH, HEOMHOKPATHO OOpaOOTaHHON pa3IWYHBIMU CMOJIAMH,
UHOTJIAa HE YyAaeTcss ero usBieub. [lpenmnaraercda cmyckaTb HPOBOJIOYHBIN
GuUIBTp MEHBILETO AMAMETPA C OINPEACICHHBIM 3a30pOM MEXKIYy BUTKAMH C
rpaBUiiHOM HaOUBKOM win Oe3 Hee. [5]

BHe 3aBUCMMOCTM OT KaTeropuud CKBOXHHBI JUIS  COOPYKEHHS
rpaBuiiHOrO (QUIbTpa HE0OXOAUMO 000pyHOBaThH €€ (HIBTPOM-KapKacoM H
YCTPOMCTBOM, OOECIIEUMBAIOIINM €r0 CIIYCK M YCTaHOBKY, a TaKXe MpOIECcC
3aKayKyd TpaBUs;, pAaCCUMTaTh TMapaMeTphl Ipollecca HaMblBa TpaBUsi Ha
OTpeIeTICHHON KHUJIKOCTU-HOCHUTEIIE.

Hcxonst W3 BBINIECKA3aHHOTO, HUXE paccMaTpuBaeTcsi pa3paboTKu
HEOO0XOAMMOr0 000PYJOBaHMS M TEXHOJIOTHUECKOTO IMpolecca Al COOPYKEHUs

IpaBUMHOTO (PUIIBTPa B TA30BOI CKBAYKUHE.
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Knaccuduxanus GuasTpoB rpaBUiHOrO TUIA

Tabauma 2

DUWIBTPBI TPAaBUMHBIE C OJHOCIOWHON WJIM MHOTOCIIOMHOMN
0OCBINIKOM, cOOMpaemMble Ha MOBEPXHOCTH 3€MJIU

OunbTpHl rPaBUNHbBIC, CO3/IaBaEMbIE HA 3a00€ CKBaYKUHBI

KOP3UHYATHIC

KOXYXOBBIC

OJIOYHOT'O TUIIA

C OJTHOCJIOMHOU OOCBIIKOU

oOCBINKa
TOHKOCJIOMHAs
tosuHou 40

— 50 Mm,m

0OCBITIKa PaCIIUPEH-
HOT'O KOHTYpa
tosuaou 100— 200
MM H 0oJee

C MHOTOCJIOMHOM
0OCBITIKOH

B Buay maioi
[TPOU3BOAUTEND
HOCTH U
CJII0’KHOCTH
YCTAaHOBKH
MacCOBOTO
[IPUMEHEHHS HE
MOJTYYUITH.

N3roToBastoTcsa Ha
OCHOBE CTaJIbHBIX
IIEJIEBBIX TPYO U

CETOK, JIEPEBIHHBIX

TpyO U CETOK,
CTaJIbHBIX TPYO U
IITAMIIOBAHHOM,
JIMCTOBOM CTaJIH,
BUHHILIACTOBBIX
TpyO U CETOK, Me-

TaJUTMYECKUX

KapKacoB U3
CTEPKHEH, CETOK,
U3TOTOBJISIEMBIX Ha
OCHOBE
CUHTETHYECKHX
MaTepuayioB
(monuATUIICHA,
MoJucTepoia u

ap.).

HsroroBasorcs us I'paBHsA

Ha OCHOBE CBSI3H €TI0
YaCTHII CICAYIOIIUMHI

BEIIIECTBAMU: CYIb(UT-

CIIMPTOBOM OapaoH,

1IeMeHTOM, KieeM bd-4,

OUTYMOM, JITAKOM

0AaKEJIMTOBBLIM, JKUIKHUM

CTEKJIOM, PE3UHOBBIM
KJI€eM, SITOKCHIHOM
CMOJIOH.

OOchINKa Mpoun3-
BOJIUTCS 10 MEXK-
TpyOHOMY TIpO-
CTPaHCTBY IIpHU
CBOOOTHOM
TaJICHUM YaCTHI]
Ha 3a001.

OO0chImKa
IIPOM3BOUTCS
CJICTYFOIIIM U

croco0amu:
OypeHreM CKBaKUH
OOJIBIIIOTO JTUAMETPa,
MIPOKAYKOMN
spiudTOoM, OypeHHEM
CKBayXHH 3pIU(TOM,
OypeHHeM CKBaKUH
gyepes QUIbTp,
3aKa4KOM rpaBHs Ha
3a00M, METOIOM
oOpyIIEHUS.

CoopyxkaroTcs ¢
MTOMOIIBIO0 OypEeHUS
CKBa)XKHH OOJIBIIIOTO

JTaMeTpa u
BCIIOMOTaTEIbHBIX
KOJIOHH.

41



- ?'_
A
A
K
-1
A
1]
-
it by
Ir.l'
.I..‘-‘
)
LA

L |

H RN

Pucynok 9. Kateropusi CKBayKvH ¢ pa3iIM4HBIM COCTOSSHUEM MPU3a00HHOM 30HbI TUTACTA.

a — OTKPBITHIN 320011, 0 — mepdopupoBaHHast KOJIOHHA, B — 32001 C THAPOYIUIOTHEHHBIMU I'PaBUEM 30HAMU 32

M B ) o r ~ 1A e
/ / 4 ¢ /
e / 4 :ﬁ ./

K /]
L y E
§ ] / / N :
% i 4 9 ,
4 L

% 1 ; | 5 ';
] ] / :: 4 5

— Y ra i :

vl 4.5 4 § il
ar s 3 ]
o 4 1 \
'..'._ ? ;

- ,.-" |..I

“Y /e .
oy 7 N
o i K \
o m SR <54

nepdoparmOHHBIMU OTBEPCTUSIMHU

|

42



1.7 TeopeTnyeckue OCHOBbI IPUMEHEHHS TPABUITHOTO (PUJIBLTPA.
[IpumeHeHus: rpaBUtHON (PUIBTPOB B CKBaXXMHAX MPECIEAYIOT CIEAYIOIINE

LEJH:

- IpEKpaIleHNe WIK OIPaHUYEHUE MOCTYIJICHUS MecKa U3 IlacTa-KoJIeKTopa
B CKBOXXHHY,

- CO3/IaHUE BOKPYT CKBAKUHBI 30HBI MOBBIIIICHHOW MPOHUIIAEMOCTH,

- YKpEIUIEHHE CTEHOK IJ1acTa-KOJIEKTOopa.

Ha puc.10. npuBenena cxema obopynoBanus II311 rpaBuitHbIM QUIBTPOM.
l'az unu gpyro#t miacToBbI (IO, KOTOPBIM MOCTYMAaeT U3 IJIacTa B CKBAXUHY,
MPOXOJUT Yepe3 JIBE KOHIICHTPUUYECKUE 30HBI Pa3IMUHON MpoHuIiaeMocTu. Moakum
I'. B pabore mpuBen pacyeThl, IMOKA3bIBAIOIIUE, YTO MPUMECHEHUE TPABUUHOIO
bunpTpa yBEIUUMBACT JEOUT CKBXHHBI 10 CPaBHEHUIO C JACOMTOM TOH Ke
CKBaXMHBI 0e3 rpaBuiiHoro Quibtpa. Ha puc.11. mnpuBemeHbl 3aBUCHMOCTH
OTHOIIIEHUH JEOUTOB CKBXXHH ¢ TpaBUiiHBIM (uiabTpoM (Qp) m 6e3 Hero (Q,) oT
OTHOIIIEHUS TPOHHMIIAeMOCTel rpaBuiitHoil HabuBku (K;) m 1uracra-kosiekropa (Kj)
OpU PAa3UYHBIX paauycax rpaBuiiHOM HaOuBkM (R) M KOHType MUTaHUSA, PaBHOM
100m. Ha pwuc.12. moka3zano um3meHenume otHommenue Q./ Q, B 3aBUCHMOCTH OT
TOJIIIMHBI TPaBUIHON HAOMBKH. [5]

Touka A Ha puc.2.6. COOTBETCTBYET CJIy4al0 PaBHBIX IPOHHUIIAEMOCTEH

macta u rpaBus (K;=K3), To ecTh B CKBaXKHHY HE 3aKau€H rPaBUid.
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Pucynok 10. Cxema o6opynoBanust [13I1 rpaBuiinbiM GUIBTPOM.
1 — ckBaxuHa; 2 — punpTp-Kapkac; 3 — rpaBuitHas HaOMBKa; 4 — MIACT-KOJUIEKTOP; 5

— BMCIIAOIUEC IMOPOABI.

L]

.

-
LTS

Pucynok 11. 3aBUCUMOCTh MEXy OTHOIICHHEM 1e0uTOB Q,/ Q, ¥ TOMIIMHOM
IPABUMHOTO CIOS (-¢xp.) A1 PA3IMYHBIX 3HAYCHUM OTHOIIEHUN MPOHULIAEMOCTEM.

1- Kl/Kz = 2, 2 - Kl/Kzz 4, 3- Kl/Kzz 20, 4 - Kl/KZZ 0,
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Pucynoxk 12. 3aBHCHMOCTh MEKIy OTHOIICHUIMH 1e0uTOB Q,/ Q, M MpoHHUIIaeMocTei
Ky/K>
1-R=02,2-R=0,53-R=1,0.

N3 puc.11 u 12 cinemyeT, 4To AEOUT CKBa)XWHBI C TPAaBUUHBIM (PUIBTPOM
BO3pacTaeT C TMOBBIILICHHEM NPOHHUIIAEMOCTH TpaBUsA, U YBEIUYEHHUEM paJnyca
rpaBUHHON HaOUBKHU.

Kornpa mnponunaemMocts TpaBUHHOIO MaccHBa MEHBIIE, YEM ILIacTa-
KOJUIEKTOpa, TO €CTh MPOM30LILIA 3aKylopKa MECKOM WIH APYTUMH MEJIKHUMU
MIPUMECSIMU, JEOUT CKBAXUHBI C TPABUHHBIM (DUIBTPOM YMEHBIIAETCS IO CPABHEHUIO
C JeOuTOM CKBaXuHBI, pabortaromieit 6e3 Quubrpa. M3 3TOro BBITEKAET, 4YTO
rpaBuifHbIe GUITBTPHI HEOOXOAMMO OYUIIATH (PETEHEPUPOBATH) KAKUM-TO CIIOCOOOM.

[Ipu yBenuyeHun pagmyca rpaBuitHOW 30HBI Oojnee 0,2 M JeOUT CKBAKUHBI
pacter He3HauHTeabHO (puc.11).

N3 puc.13 cnemgyer, 4yTo aJis OAWHAKOBOM TOJIIMHBI CJIOSA TpaBHUs J1eOUT
3HAQUYUTENIbHO PACTET C YBEJIMYEHUEM OTHONIEHUS MPOHUIAEMOCTEH 1O BEIUYHHBI
K1/K2=20, a BbIIIIE 3TOTO 3HaYCHHS OH BO3pacTaeT HE3HAYUTEIBHO.

Pa3zmep 3epeH rpaBus ompeaessieTcsi pa3MepoM 3€peH IJIaCTOBOIO IecKa,

KOTOPBIC OOJIKHBI 3a1CPKNBATLCA.
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Jlns ompenenieHHs pa3Mepa YacTUIl, KOTOpPbIE MOTYT OBITh BBIHECEHBI

(UIBTPALlHOHHBIM MIOTOKOM, BOCHIOJIb3YEMCSI CIIEYIOIIEH 3aBUCUMOCTBIO:

mD
d=—
n

rae d — quamerp yactui, m — Koaddumuent nopucroctu, 11— Kod3GUIHCHT
«CcBOOOJIBI Mpoxojaa», mpuHUMaembliii oT 1,1 g0 1,5 B 3aBUCUMOCTH OT CKOpPOCTH
(GUIBTPALIMOHHOT O TTOTOKA.

Koadduiment nopuctoctu B 3aBUCUMOCTH OT IUIOTHOCTU YKJIAJKH YaCTHIL,
KaK U3BECTHO, U3MeHsieTcs B npenenax ot 0,15 no 0,47.

Tornma, mpu M=0,15 u n=1,5 nonyuum:

d<D
— 10

CrnenoBaTesibHO, Yepe3 TPaBUHHBIN MAaCCUB, COCTOSIIINI U3 3epeH TUaMETPOM
D, Oyayt cBOOOTHO BBIHOCHUTCA YacTHUIBI C auamMeTrpoMm, paBHbIM d < 0,1D, 4ytO
coryacyercs ¢ onbiTamu A.H. ITatpamesa u B.H. Konapatbena.

1.8 YcioBusI npUMeHEeHUS U M0A00pa rpaBUHHBIX (PUJILTPOB.
Cy1iecTByeT psii OCHOBHBIX YCJIOBHM, KOTOPbIE HEOOXOIUMO YUYHUTHIBATH MPH

COOPY)KEHUS TPAaBUHHOTO (PUIbTpa, CAYXKAIIETo JJIs MPeI0TBpaIeHNs BEIHOCA ITECKa
u pazpyuenus [1311.

Bo-1iepBbIX, BCKPBITHE IIACTAa-KOJIEKTOPA JOJKHO OBITh MPOM3BEJICHO TaK,
9TOOBI TPEAOTBPATUTH OCHINIAHWE CTEHOK TIutacta. 3a00l MODKEH OCTaBaThCA
YCTOWYUBBIM C MOMEHTA BCKPBITHS U PACHIMPKU IUIACTA IO CIyCcKa (priibTpa-Kapkaca
Y 3aBEPLIEHHUs MpoLecca HaMblBa rpaBus. I[IpomMbIBOYHAS KHUAKOCTH, UCIIOIb3yEMas
JUISE BCKPBITHSI TUIacTa, HE JOJDKHA HEOOpaTUMO yXYAIaTh (QUIBTPAIIMOHHO-
€MKOCTHbIE€ CBOMCTBA MOPO/ MPU3a00MHON 30HBI.

BTopblM ycnoBHEM SBISIETCS COOTHOLICHUE MEXKAY TI'PaHYJIOMETPUUYECKUM
COCTaBOM ILIACTOBOTO MecKa M (PPaKIMOHHBIM COCTABOM BBIOPAHHOTO TpPaBHS, a
TaKXK€ COOTHOLICHHE MEXIY pa3MepaMU 3€pEH IpaBus U Pa3MEpOM OTBEPCTUH B
bunprpe-kapkace. HemanoBaxHoe 3HaueHUE UMEET M TOJIIMHA TPAaBUMHON HAOUBKH.

Bobi0op ompeneneHHbIX pa3MepoOB YACTHUI[ I'paBUs HEOOXOAUM [JIsi TOTO, UTOOBI
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IJIACTOBBIN MECOK HE MPOHUKAJ B TPAaBUMHYI0 HAOMBKY U 00pa30BbIBANl YCTOWUYUBHIC
apOYHbIE CTPYKTYpPhl HA KOHTAKTE C HUM.

TperbuM  ycClIOBHEM  SIBIISIETCSI  BBIOOp  KUJKOCTU-HOCHUTENSI  TpaBHUsl.
Kunkoctb-HOCUTENL HEOOXoaMMa JIJIsi JOCTaBKM TIpaBUsi Ha 3a00W CKBaXXUHBI U
CO3aHHSl YCTOMYMBOTO IPABUMHOTO MACCHUBA. | paBUMl TOJKEH 3aHUMATh MOJTHOCTBIO
KOJIBIIEBOE€  MPOCTPAHCTBO MEXIYy (WIBTPOM-KapKacOoM U  CKBaXXWHBI WU
nephopUpOBaHHON KOJIOHH U HE UMETh BO3MOXXHOCTH MEPEYNaKOBKU MOJT ICUCTBUEM
3HAKONEPEMEHHOT0 (PUIIBTPAIIMOHHOTO MOTOKA ra3za ¢ KUIKOCThI0. KUIKOCThIO st
HaMbIBa TpaBUs HE JOJKHA 3aKYOPHUBATH IJIACT U OOPA30BHIBAThH BA3KOW AIMYJILCUU C
IUTACTOBBIMU (QIIIOMAAMH, JOJKHA 00J1alaTh CIIOCOOHOCTHIO MEPEHOCHUTH OOJIbIINE
(1o 1000...1500 kr/m®) 0oGbeMHBIC KOHIECHTPALMH TPaBHS. JKHIKOCTh-HOCHTEID
JIOJDKHA MMETh JIOCTATOYHYIO TJIOTHOCTH JUISl TIPEAOTBPAIICHUS Ta30MPOSBICHUS B
ckBakuHax [1XI" ¢ aHoMaabHO-BHICOKMMHU TIJIACTOBBIMU JIABJICHHUSIMU.

1.9 Cnoco0 o0paTHOI HMPKYJISIIIUA

CymuiecTByroriasi TEXHOJOTHSI COOPYKEHUSI TPaBUNHBIX HAOUBOK 3aKITFOYAETCS
B cienytomieM. [IpousBoautcs OypeHHe CKBaXXKMHBI 10 KPOBIIM IUIACTa-KOJIJIEKTOPA.
[locne cmycka u IIEMEHTHPOBAHHS OOCAAHOW KOJIOHHBI CTBOJ CKBa)KUHBI
yrayOiasieTcss Ha MOIIHOCTh IUIacTa, KOTOPBIM 3aTeM pacIupsieTcs 10 JuaMeTpa
250...320 mM. MHTEpBaN U 1MaMEeTp PacUIUPKU KOHTPOJUPYETCS KABEPHOMEPOM JIJIsi
MmoJicueTa He0OXOUMOTO KOJIMYECTBA TpaBusi. PaboTh 10 yriyOJIeHNUIO CKBAXUHBI U
pacCUlIMpPEHUI0  IUIACTA-KOJUIEKTOpa  BEIyTCS €  NPUMEHEHUEM  TJMHHCTBIX
YTSKEIEHHBIX PACTBOPOB.

Ha OypuiabpHBIX MM HACOCHO-KOMITPECCOPHBIX TPyOax cIyckaeTcs 3a0o0iftHOe
obopynoBanue (puc.13), cocrosmiee u3 GuabTpa-Kapkaca 9, KJIalraHHOW CUCTEMBI 12,
MIPOMBIBOYHBIX TPYOOK 8, Ham(uIbTpoBO TPyObl 7 M MUPKYIAIUOHHON MYy(DTHI C
JIEBBIM TIepeBOAHUKOM 6. DuibTp-kapkac (Tpyba ¢ mensmu mmpunoit 0,8...1,5)
YCTaHABIIMBAETCA HAMPOTUB IIACTA-KOJJIEKTOPA.

[Tocne cnycka 3a00MHOTO0 00OPYAOBAHUS YCThE€ CKBAKUHBI TEPMETUZUPYETCS

MIPEBEHTOPOM 2, 00€CIeYMBAIOIIUM Pa0OTy NP BBICOKMX JaBICHUSAX. [ TMHUCTHIMA
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pPacTBOp B CKBaKUHE 3aMEHSIETCSI TEXHHMYECKON BOJIOM, 3aKauMBaeMblil 1O padouum
TpyOam 4.

HampIB  TpaBus  OCYIIECTBISCTCS  CIEAyIONUM  crocobom  (puc.13):
TeXHUYECKasl BOJa Mojaercs arperarom 14 B OyHkep-cMecurenb 13, B KOTOpOM
HaxXOJUTCS 3aJaHHbIH OO0OBEM TpaBUsA, OTKyJa BMECTE€ C TIpaBUEM IOCTYMaeT B
3aTpyOHOE MPOCTPAHCTBO. ['paBUIHO-)KUIKOCTHAS CMECh 3aKauMBaeTcs 10 3a00s
CKBQ)XUHBI, TJI€ TPABUM OCAXIAETCS B KOJIBIIEBOM MPOCTPAHCTBE MEXIY (DUIBTPOM -
KapKacoM W CTEHKaMH IlacTa, a BOJa, NpOWIs depe3 mienu (QuibTpa-Kapkaca,
KJIAllaHHYK) CHUCTEMY M TPOMBIBOUHBIE TPYOBI, MOCTynaer B pabouue TpyObl H
BBIXOJIUT HAa TOBEPXHOCTh. OKOHYaHWE HAMBIBA OIpPEICISAETCS MO0 3HAYUTEIHLHOMY
MOBBINICHUIO PaboOyero JaBJEHUS, YTO CBHJIETEILCTBYET O 3arllOJIHCHUH TI'paBUEM
npr3a00itHOM 30HbI. [5]

B mensx npemoTBpaiieHHMs Ta3oMpOSBICHUS  MCIOJIB3YETCS  CIOCO0
MITYIUPOBAaHUS HAa YCThE BBIXOASIIET0 pacTBopa (BOABI) JJisi  CO3AAHUS
NPOTUBOAABICHHUSI Ha Ta30BBbIA IJIACT, MMEIONIMI OOBIYHO aHOMAJIbHO-BBICOKHE
napieHus. Conepxanus rpaBus B Bojie cocranisiet 40...80 KT/M .

ITocne oxoHuaHus HambIBa rpaBus B pabouue TpyOwl 4 OpocaeTcs IIapuK,
KOTOPBIA TIPU CO3JaHUM [JIaBIICHUS CABUTA€T BHU3 BTYJIKY, OTKPBIBAIOLIYIO
IPOMBIBOYHBIE OTBepCTHsi. M3NMuImKkyW rpaBusi, Haxondmuecs B 3aTpyOHOM
MIPOCTPAHCTBE, BBIMBIBAIOTCS MOTOKOM TJIMHHCTOTO pPacTBOpa, 3aKAYMBAEMOTO JIs
CMEHBl BOJIBI B CKBaXuHE. 3areM paboudne TpyObl BpalleHHEM BIIPaBO

OTBOPAYHMBAIOTCSA U BMECTE C LUPKYISIITUOHHONW MY(TOM HU3BIEKAIOTCS U3 CKBAKUHBI.
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Pucynok 13. HambIB rpaBuiinoro ¢puiabTpa cnoco0oM 00paTHON MUPKYISITUN
M0 paHee MPUMEHSIEMOM TEXHOJIOTHH
1 — matpy0oK ¢ 3aABMXKKaMH, 2 — IPEBEHTOP, 3 — OTBO, 4 — paboune TpyOsI, 5 —
AKCIUTyaTallMOHHAS KOJIOHHA, 6 — IMUPKYISIUOHHAS My Ta C JICBBIM EPEBOTHUKOM,
7 —HaapdunpTpoBas MmydTa, 8 — MPOMBIBOUHBIE TPYOKH, 9 — pumbTp-Kapkac, 10 —
mIacT-Kouiekrop, 11 — rpaBwmii, 12 — cuctema kimananos, 13 — OyHKep-cMecuTenb, 14
— HAaCOCHBIM arperart, 15 — eMKOCTb.

I[aHHaH TCXHOJIOTHA HUMECT paa CYIICCTBCHHBIX HCOOCTAaTKOB,

3aKIIIOYA0INXCA B CJICAYIOIICM



- BCKPBITHE M pacUIMpKa IUIacTa-KOJJIEKTOpa MPOU3BOJIUTCA HAa TIMHUCTOM
pacTBOpe, KOTOPBIA OKa3bIBAET KOJIBMATHPYIOLIEE BO3JEWCTBUE HAa MPU3A00KHYIO
30HY CKBQXXHUHBl W YXyJIaeT (PWIbTPAIMOHHYIO XapaKTEPUCTHKY CO3/IaHHOTO
IpaBUMHOTO QUIBTpA;

- Ip¥ OOPATHOU ITUPKYISALUU C OOJIBIINM COJIEPKaHUEM TPaBUS B KUJIKOCTHU -
HOCHUTEJE B MECTax COCIUHECHHUS OypWIbHBIX TPyO 3aMKaMu HHOTAA OOpa3yroTcs
BUCSIUME TpaBUilHbIE NPOOKH, TPHUBOIAIIME K TPUXBATy OYPUIBHBIX TpyO U
HEMOJIHOMY 3KpaHUPOBAHUIO TpaBUeM 3a00MHOTO QUIIBTPA;

- OTCYTCTBYIOT OOOCHOBaHHas METOAMKa Moja0opa pa3Mepa 3epeH I'paBUs B
3aBUCUMOCTH OT ()PAKIIMOHHOT'O COCTaBa IMJIacTa-KOJJIEKTOpa ra30BbIX CKBaKUH, YTO
OPUBOAUT K 3aWJICHUIO TPAaBUUHOIO MAacCHMBa WM HEBO3MOXXHOCTH YIEp)KaHUs
IJIACTOBOTO T€CKa TpaBHEM, TO €CTh T'PAaBUUHBIA (QUIBTP HE BBIMOJHIECT CBOU
byHKIMY;

- B KayeCTBE >KMJIKOCTU-TPABUEHOCHUTENSI MPUMEHSETCS TeXHUYecKas BOJa,
oOnafaromias HU3KOM TpaBUEYAEPKUBAIOIIEH CIOCOOHOCTHIO, TOITOMY T'paBUMHBIN
MaccuB (OPMUPYETCS HEOAHOPOJIHBIM MO (GPAKIMOHHOMY COCTaBy IO BBICOTE.
Buuzy ¢unbrpa Gopmupyercs MacCMB M3 KPYIIHBIX 3€peH IpaBusi, BBEpXYy Ooliee
MEJKHE, YTO OTPHUIATEIBHO CKa3bIBA€TCS Ha TMECKOYIEPKUBAIOIIEH CIOCOOHOCTH
rpaBuUiiHOTO PUITBTPA;

- OTCYTCTBYET KOHTPOJIb HaJ MPOLIECCOM HaMmblBa TIpaBusi, TO €CTb
HEBO3MOXHO ONPEAEIUTh TEKYIIYI0 KOHIEHTPALHUIO I'PAaBUS B JKUIKOCTU-HOCUTETE,
pacxo]l rpaBus, OKOHYAHHE 3aKauKU FPaBUs;

- MPOMBICIIOBBIMH HAOJIOJCHUSMUA YCTAaHOBIIEHO, YTO MEHEE KAaYeCTBEHHBIM
SBIISICTCS TPABUIHBIA (DUIBTP, COOPYKCHHBIM B CKBAXHHE NMPH HAIWYUHU JTaBICHUU
raza IUIacTe-KOJJIEKTOPE  BbIIIE TUAPOCTATUYECKOr0. ITO, B  YaCTHOCTH,
MOATBEPKAAETCS MPAKTUKOM AKCIUTyaTalliu CKBaxuH Ha ll[eakoBCKOM MOA3€MHOM
ra3oXpaHwiniie, TAE€ CPOK CHyXObl TpaBUHHOTO (UIBTPA, YCTAHOBJIEHHOTO MO
3aKayKM Ta3a B IUIACT 3HAYUTENBHO OOJIbIIE, YEM IMPU MEPEHAMBIBE WM HAMbBIBE BO
Bpems skcruyatanuu [IXI', To ecTh mociie 3akayku ra3a B miacT. Huskoe kauecTBo

rpaBUMHOTrO (UIBTPa OOBACHIETCS CIEAYIOIIMM: IMOJe CIycKa (UiIbTpa MpU CMEHE
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TJIMHUACTOTO PacTBOPA HAa BOJY MPOTHUBOAABIICHUE HA IUIACT-KOJUIEKTOP CHUXKAETCA J10
TUAPOCTATUYECKOT0, YTO BBI3BIBAECT MPUTOK raza. OJHOBPEMEHHO NIPU LIUPKYISLHNH C
BOJIOM YAaCTUYHO CMBIBACTCSI TJIMHUCTAs KOPKAa CO CTEHOK CKBAXKMHBI B MHTEpBAJE
3aJleraHusl IUIacTa-KOJUIEKTOpA, YTO CIOCOOCTBYET OOpYILIEHHIO HEYCTOMYMBBIX
nopoa. Bmecte ¢ muacToBeIM ra3oM B LIHUPKYJISIHAOHHYIO BOJY MOCTYHAaeT MECOK,
KOTOpBI HaXOJWUTCS BO B3BEIIEHHOM COCTOSIHUM B CTBOJIE CKBAXXMHBI. BO Bpems
OCTAHOBKHM UHUPKYJAIMA TPU TOJATOTOBKE K TMPOILECCY 3aKaukd TIpaBusd IO
MEXTPYOHOMY TIPOCTPAHCTBY TIECOK OCeJaeT B BOJe Ha 3200l CKBaXUHBI.
CrnenoBarenbHO, Ha 3a00€ CKBOXKHHBI B TPOCTPAHCTBE MEXKIY (DUIBTPOM U CTEHKOM
CKBOXMHBI oOpasyercss mecyaHbli maccuB. HeoOxomumo Takxke mg00aBUTh, 4YTO
HaXOJSIIMNUCS B CTBOJIE CKBAKUHBI HEOCEBIINI MECOK CMENINBAETCS C 3aKaUYUBAEMbIM
rpaBueM, yXyamias ero GUuibTpalmoOHHYI0 XapaKTePUCTHKY;

- HEBO3MOXXHOCTb M3TOTOBJICHHS IIEJIEBBIX (PUIBTPOB C KOHOWIAIBHBIM
BXOJOM U IIUPUHOMN 1mieu MmeHnee 0,8Mm.

VYuuteiBasi BbIIIECKAa3aHHOE, pa3paboTaHa U BHEJIpeHa Ha CKBaXXHHAX
[IlenkoBckoro, KacumoBckoro u KpacHomapckoro IIXI' TexHosmorus coopyxeHus
IPaBUUHBIX  (UIBTPOB  CIIOCOOOM  OOpAaTHOW MUPKYJSIIIUKA, WMEIOMAs — PSJI
IPEUMYIIECTB [0 CPABHEHUIO C CYIIECTBYIOIIECH:

- BCKpPBITHUE U pacUIMpKa I[JJACTa-KOJJIEKTOpAa OCYILIECTBISETCA Ha
OC3rIIMHUCTON TPOMBIBOUYHOM KUIKOCTH;

- mo00p (HPaKIMOHHOTO COCTaBa T'PaBUSl MPOU3BOJUTCA B 3aBHCHUMOCTH OT
rPaHyJIOMETPUUECKOTO COCTaBa IMOPO/IbI IJIACTA-KOJUIEKTOPA;

- HCTIOJIB3YETCS B KadecTBE (hUIbTpa-KapKaca CBApHON MPOBOJIOYHBIN QUIBTP
C HEOOXOAUMOM IUPHUHOI 1IeIH;

- MpUMEHSIOTCS neckocMecuTenbHbll arperat YCII-50 nnst oOpazoBaHus
rPaBUHHO-)KUJKOCTHON CMECH;

- npuMmensatoTes pactBopel CChb unm KMII B kauecTBe KUIKOCTU-HOCUTEIA
rpaBusi;

- IPUMEHSIETCS] KOHTPOJIBHBIN (GUIIBTP N1JIs ONpEeICHUs BPEMEHN OKOHYAHUS

MPOJIaBJIMBAHUS TPABUUHO-KUIKOCTHON CMECH;
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- npumensiercss peareHT ['C 1 OYMCTKM KOJOHHBI M NMPU3a00HHON 30HBI
IIJIACTA OT IJIMHUCTON KOPKHU;

- BBOJISITCSL LIGHTPATOPHI B KOMIIOHOBKY MpU3a00HHOTO y371a (GUiIbTpa.

IIpumenenue arperata YCII-50 COBMECTHO C HACOCHBIM arperaroM THIA
4AH-700 wnu LIA-320M niig monydeHHs] M 3aKadykKW TPaBUWHO-)KUJIKOCTHOM CMECH
MIO3BOJIMJIO  PEryJIMpOBAaTh  COAEpKAaHWE TpaBUs B  IKUAKOCTU-HOCUTEIE U
KOHTPOJIMPOBATH PACXOJ TPABUS U KUIKOCTU-HOCHUTEIIA.

Koutponeueiii  ¢punbtp (puc.14) cayxur pans oOnpeAesieHus BpeMEHU
OKOHYAHUS TMPOJABIMBAHMS TI'PABUHHO-)KUIKOCTHOM CMECHM U CTaBUTCA MEXIY
pabouumu TpyOaMu W UUPKYJISIIMOHHOW MYy(TON ¢ JEeBBIM NepeBOJHUKOM. [[nuHa
bunsTpa 6epercs pasHoit 0,5...1,0 M, mHpPUHA IEIHU IO TOMY XK€ MPUHITUITY, YTO U Y
OCHOBHOTO (hUIIbTpa-KapKaca.

Onpenenenue BpPEMEHM OKOHYAHMS HamblBa TpaBHs C  [OMOUIBIO
KOHTPOJBHOTO (uibTpa ocyluecTBisercs cieayomum obOpazom. Ha puc.16
MOKa3aHO HM3MEHEHHUE JaBJICHUs, PETHCTPUPYEMOE Ha 3aTpyOHOM MIPOCTPAHCTBE
CKBOXUHBI, TIPY HaMbIBE TPaBUHHOTO (HUIBTpa MO CYIIECTBYIOIIEH TEXHOJIOTUU
(kpuBas 1 — ¢akTHUYECKHE JaHHBIC) U MO Pa3padOTaHHOW TEXHOJOTHMU (KpuBas 2 —
paccuuTaHa 1mo MeToAuKam). [5]

IIpn 3akauke rpaBus IO MNPEKHEHM TEXHOJOTMHM B MOMEHT MEPEKPBITUS
¢unbpTpa-Kapkaca TpaBHEM MPOUCXOJUT PE3KOE YBEIMYCHHE MaBICHUS 3aKauKu
(yuactok I'E xpuBoii 1, puc.15) u npuctynaet K cieayrollei onepain: BBIMbIBAHUE
W3IIUIITKOB TpaBus. 3akauyky TpaBus 3a HaAPWIBTPOBOW TpPyOOW HEBO3MOMKHO
IIPOKOHTPOJIMPOBaTh B JaHHOM ciydae. Ilo mpemnaraeMoil TEXHOJIOrHMH IOCIIE
MEePEeKphITUS TpaBueM QuibTpa-kapkaca (puc.15, Touka ' kpuBOi 2) KUAKOCTH-
HOCHUTENb MPOXOJUT Yepe3 OTBEPCTHS KOHTPOJIBHOTO (PUIbTpa, a IpaBuUil Ocenaer
MeXay HaapuiabTpoBo TpyOOM u 00caaHOW KoJIOHHOW. B MomeHT Hauana
MEPEKPBITUS TpaBHEM KOHTpPoIbHOTO (QuibTpa (puc.l15, Touka J| kpuBoi 2)
HAYMHAETCSI POCT JAaBJEHHUS, YTO CBHUJIETENILCTBYET O 3alOJHEHUH TIpaBUEM

KOJIBLIEBOTO MPOCTPAHCTBA MEXAY (PUIBTPOM-KAPKaCOM U KOHTPOJIBHBIM (DUIBTPOM.
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Takum 00pazoMm, MpU HAIMYUH KOHTPOIHHOTO (DUIBTPA MOXKHO YETKO OMPEACIUTH
OKOHYaHHE MPOoIiecca HaMbIBa IPaBUS.

N3 cpaBHenus kpuBbIX | u 2 puc.l5 BuaHO, 4TO IpemsiaraeMslid MPOLECC 10
BPEMEHH BBITIOTHEHUSI KOPOYE CYIIECTBYIOUIETO M TPEOYeT MEHBIIEro KOJIHMYECTBa
(ToYTH B IBa pa3a) 3aKaYUBAEMBIX TEXHOJIOTHICCKUX KUIKOCTEH.

[IpumeHeHue LeHTpaTOpoB Ha (UIbTpe-Kapkace U HaaQUIbTPOBOU Tpyode ¢
MHTEPBAJIOM YCTaHOBKH 3...4 M TIO3BOJUT U30€XaTh 00pa3oBaHUS TPaBUHHBIX
npoOOK W TONYYUTh KAueCTBEHHYIO TpaBUiHYI0 HaOWBKY Oe€3 HapylieHHUs ee
CIUIOIITHOCTH.

CoopyxeHne TrpaBUHUHOTO (GUIbTPAa CIIOCOOOM OOpPaTHOW MHUPKYJISIIIUU TIO
HPETIOKESHHON TEXHOJIOTUH 3aKIro4yaeTcst B cieayromieM (puc.14). Paspaborano nsa
BapHaHTA.

B nepBoM BapuaHTe IpH NIPUMEHCHUH B KAYECTBE MPOMBIBOYHBIX JKUIKOCTEH
JUISE BCKpBITHSL TulacTa OE3TJIMHUCTBIX PAacTBOPOB, B CIYCKaeMYH0 3a00MHYIO
KOMITOHOBKY HE BKJIFOYAETCs IUPKYJIAIHOHHAasS MypTa 5. Bo BTOpoMm BapuaHTe mpu
UCIIOJIb30BAaHUM TJIMHUCTBIX YTSOKENUTENed B 3a00MHYI0 KOMIIOHOBKY BKJIHOYAETCS
MUPKYIAIMOHHAas MydTa 5, 4T0OBI MPETOTBPATUTh 3PO3MOHHBIM H3HOC (PHIIBTpa-
Kapkaca TOTOKOM 4Yepe3 HEro yKa3aHHOMW >KHAKOCTU. [Ipu BBIMOJHEHUH OCTaIbHBIX
ATAroB PabOTHI IO COOPYKEHUIO TPABUMHBIX (PUIHTPOB 00a BapraHTa UJACHTUYHBI.

[locne TOATOTOBKM CKBaXWHBI (CITyCKa AKCIUTyaTallMOHHON KOJOHHBI,
BCKPBITHS TUIacTa-KoJiekTopa, pacumpku [1311 u reodusnaeckux pabor) cryckaercs
KOMITOHOBKA, BKJTFOUAIOMIas (CHU3Y BBEPX): 3ardyIIKy WIH IUPKYIIIUOHHYI0 My(PTY
5, mMpoBONIOYHBIA (GUIBTP-KapKac 7 ¢ IEHTpatopamu, HaaQUIbTPOBBIE TPYOBI 9,
MPOMBIBOYHOE  ycTpoiictBo 10, coenuHeHHoe ¢ HaabWIBTPOBON  TpyOOH;
KOHTpONBHBIN GunbTp 11 u pabGoume TpyOs 12 (HACOCHO-KOMIIPECCOPHBIC

OypuiabHbIe). CryIieHHass KOMITOHOBKA B CKBa)KHHE
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Pucynox 14. CoopyxeHue TrpaBUUHOTO (QUIbTpa CIOCOOOM 00paTHOM
UPKYJISIIIIT
a — MOCJIeI0BAaTEIbHOCTh 3aKaYKH TEXHOJIOTHYECKUX KUIKOCTEH, O — HAMBIB TPABHS;
B — MIEPEKPHITHE TPAaBUEM KOHTPOJILHOTO (PriIbTpa (OKOHYaHUE HAMBIBA TPaBuUs); T —
yJlaJeHue U3TUIIKOB TPaBHS,

1 — mpomMBIBOYHAS KUAKOCTH, 2 — TPABUHHO-KHJIKOCTHAS CMeCh, 3 — OydepHas
KUAKOCTH, 4 — pactBop ['C, 5 — nupkymsiimonnast mydra, 6 — mmacT-KoymekTop, 7 —
bunbpTp-Kapkac, 8 — rpaBuiiHbI MaccuB, 9 — HaapuIBTpOBas TpyOa, 10 —
MIPOMBIBOYHOE YCTPOHCTBO, 11 — KoHTpONBHBIN HuiIbTp, 12 — HacocHo-

kommnpeccopHbie Tpyosl (HKT), 13 — skcruryararimornHast KOJIOHHA.
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Pucynok 15. M3meHeHwe naBieHUs NpPH HaMbIBE T'paBUUHOTO (GUIBTpa
CrIoco0OM OOPaTHON ITUPKYIIAIIIH.

1 — mo cymecTByoIEel TEXHOJIOTHH, 2 — TI0 pa3pa00TaHHOW TEXHOJIOTHH, 0a —
3akauka pearenta ['C u OydepHoii )xunkoctu, ad — 3akauka v MPOIaBKa TPaBUITHO-
KHUJIKOCTHOW CMeCH, OB — 3aKPBITHE OTBEPCTUH B IIUPKYISIIMOHHON My(TE, BT —
3armoJHeHNE TPaBUEM MPOCTPAHCTBA BOKPYT (UIIbTpa-KapKaca, I — 3aM0JIHCHHE
rpaBHEM MPOCTPAHCTBA 32 HAADUIBTPOBOH TpyOOii (MeXTY GHILTPOM-KapKacoM U
KOHTPOJIbHBIM (PUIIBTPOM), JI€ — MEPEKPHITHE TPaBUEM KOHTPOJIBHOIO PUIBTPA.
YCTaHABIIMBAETCA C TAKUM PAcUye€TOM, YTO (QMIbTP-KapKac HAXOAUJICS MPOTUB IJIacTa-

KOJUIEKTOpA.
B ckBaxuHy 1o 3aTpyOHOMY MPOCTPAHCTBY 3aKAUMBAIOT TEXHOJOTHYECKUE

KUJKOCTU B cleayroieid nociuenoparenbHocT (puc.2.20): pacteop I'C (2...3 MS),
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st ounctku cteHoK TpyO u [13I1 oT rimmHucTO# KOpku; OydepHas xuakocts (1...2
M°), B KAYECTBE KOTOPOH IIPUMEHSETCS KHIIKOCTh-HOCHTENb; IPABUHHO-KHIKOCTHAS
cMech; Oy(epHas KHAKOCT (KHIKOCTh-HOCHTETs) B o0ObeMe 0,5..1 M° u
MIPOMBIBOYHAS KUIKOCTb.

HazemHoe oGopymoBaHue, HE0OXOAuMOE ISl TPUTOTOBJICHUS U 3aKauKu
TEXHOJIOTUYECKUX KHUIKOCTEH, OOBS3aHO C YCTheM CKBaXUHBI II0 CXEME,
nzo0paxxeHHoit Ha puc.16. PactBop ¢ pearentom I['C TOTOBHUTCSI B €MKOCTH
HACOCHOTO arperata 9, >XHUJIKOCTh-HOCUTEIb MPUTOTABIMBACTCI B €MKOCTH 3.
['paBuitHO-XKMAKOCTHAS CMECh MOJIY4aeTCs CISAYIOIMMM 00pa3oM: HACOCHBIN arperar
8 momaer XMIKOCTh-HOCUTENh B ycTaHoBKY 4 Tuma YCII-50, rae mpoucxoaut
CMEIIIMBAaHUE TPaBUSl C KUJIKOCTHIO-HOCUTEJIEM B OMPEICICHHBIX COOTHOIICHUSIX W
mojiadya TOJYyYeHHOM CMECH B HACOCHBIM arperaT 9, KOTOpBIM 3akadyWBaeT e€e B
3aTpyOHOE POCTPAHCTBE CKBAKUHBI.

[IpomaBka 3akayeHHBIX >KHAKOCTEH NPOU3ZBOAUTCA OYpPOBBIM PACTBOPOM
(yuactok a0 kpuBod 2 puc.l15), a BeITeCHSieMbIil M3 3aTpyOHOTO MIPOCTpPaHCTBA
pacTBOp MPOXOIUT Yepe3 el (PUIbTpa U OTBEPCTUS IUPKYIAIMOHHON My(PTHI 5
(puc.2.20) npy HAIMYKMH €€ B KOMIIOHOBKE.

B wmoment 3anonnenusi II3I1 pactBopom pearenta I'C ocranaBiamBaroT
UPKYJISIAI0 U TPOU3BOIAT BBIIEPKKY B Teuenue (0,5 yaca s B3aUMOJCHCTBHS
peareHra ¢ TIMHUCTOM Kopkoil. [lpm Hamuuuum B 3a00HHOM 000pyIOBaHUU
MUPKYJIAIMOHHON My(PThI OpocaloT mapuk B OypuiIbHBIE TPYObl M CO3/Ial0OT B HHUX
uMITyJIbC JaBiieHus B 4..5 MIla nis mepekpeITHsS OTBEPCTHH, YTO (PUKCHpyeETCS
MOBBIIIICHUEM JIaBJCHUS TPU BO30OHOBJICHUH OOPATHOW IUPKYJISAIUU (Yy4acTOK OB
KpuBoOi#i 2 puc.15).

JanpHelmas IUPKYIsUus UIAET C BO3pacTaHWEM JaBlieHHs (Yy4acTOK BT
KpuBoil 2 puc.l5), Tak kak rpaBuii, otkiaasiBasick B [1311, mepekpsiBaeT oTBEpCTHS
¢unpTpa-kapkaca. CraOunuzanusa naBieHuss nupkyasiuuu (ydactok ['J[ kpusoit 2
puc.15) cBUIETENbCTBYET O 3aMOJHEHUH T'PABUEM KOJIBIIEBOTO MPOCTPAHCTBA MEXIY

(GuUIBTPOM-KapKacoM M KOHTPOJIbHBIM (puiabTpoMm (puc.14 B). Pe3koe mnoBblilieHUE
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JaBieHUs] (PUKCUPYET MOMEHT MpPEKpaIleHUs] MPOJABKUA I'PAaBUUHON CYCHEH3UH, TaK
KaK TpaBUi HAYMHAET MEPEKPHIBATH LIEIN KOHTPOJIBHOIO (PUIIBTpA.

Hupkynsiius npekpaiaercs, Opocaercs IIApUK, KOTOPbIA MpU CO3AaHUU
JABJICHUS CIIBUTAa€T BHU3 BTYJIKY, OTKPBIBAIOUIYIO IIPOMBIBOUHbBIE OTBEepCTHUs (puc.14
r). Wznumku rpaBus, HaxoAsIIMecs B 3aTPyOHOM MPOCTPAHCTBE, BBIMBIBAETCS
MOTOKOM TMPOMBIBOYHOM KHJIKOCTH, MOAABAEMOro B pabouue TpyObl 1mo JAuHUU 12
HacocHbIM arperatom 8 (puc.16), 3atem pabouue TpyObl 12 BpalleHueM BIPaBO
OTBOPAYMBAIOTCA B JIEBOM IEPEBOJHUKE M BMECTE C KOHTPOJBHBIM (UIBTPOM U
IPOMBIBOYHBIM ycTpoiicTBoM 10 wu3BiekaroTcs W3 ckBaxkuHbl. Ha 3TOM mpornecc
COOPY’KEHUsI TPAaBUMHOTO (GUIbTpPA MOAXOAMUT K KOHILy, @ CKBaXMHA 00OpymyeTcs
3a00MHBIM SKCIUTyaTallMOHHBIM OOOPYJOBAaHUEM C MAKEPOM ISl 0TOOpa M 3aKauyKu
rasa. [5]

O6opynoBaHUe CKBaXXHH C Mep(GOpUpPOBAHHON IKCIUTyaTAIIMOHHON KOJOHHOM
B MHTEpBAJE  3aJ€TaHus  IUIACTA-KOJUIEKTOpPA  IIPOM3BOAMTCS  AHAJOTUYHO

OIIMCAaHHOMY.
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Pucynok 16. Pa3Mmemenne HazeMHOro OOOpYJAOBaHUS MPU HAMBIBE T'PaBUS
CIIoco0O0M OOPaTHON IUPKYIIAINH

1 — ¢manen nonsecHoi, 2,11,12,13 — oOBs3Kka, 3 — eMKOCTh IS KUIKOCTH-
HOCHUTEJIS TpaBusi, 4 — IMECKOCMECUTENILHBINA arperar, 5 — o0OcaaHas KOJOHHA, 6 —

KOJIOHHAsI TOJIOBKA, 7 — 3aJBUXKa, 8,9 — IEMEHTUPOBOYHBIN arperar, 10 - eMKOCTb
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2. JKCllepuMeHTAJIbHAS YacTh

Tak Kkak KOHCTPYKIMM (UIBTPOB  MaJOMPOU3BOJIUTENbHBI, OBICTPO
KOJIBMAaTUPYIOTCSl, OHHM CJIOKHBI IIPU TNPOU3BOACTBE M YCTAHOBKE B CKBaXKHHE,
HEO0OX0IUMO pa3padoTaTh ONTHUMAJIbHBIA METOJ JOCTAaBKM TIpaBuUs Ha 3a00i,
JUIICHHBIA JaHHBIX HemocTaTKoB. Haubonee mpuemiieMbIM BapUaHTOM CO3JaHUS
(GUIBTPOBOM YaCTH TEXHOJIOTMYECKUX CKBAXXUH SIBIISIETCS CITYCK TNMA4YKU TpaBHsS B
CBA3aHHOM COCTOSIHMM, KOTOPBIM PacTBOPSETCS B YIJIIEBOJOPOAHOM cpele WIH B
JIPYTUX U3BECTHBIX HAYKE PACTBOPUTENSAX, IPU 3TOM UMEIOUIUNA MPOUYHYIO CTPYKTYPY.
Takoii ¢uiabTp Ha3pIBacTCS — JAC3UHTErpUPYEMbId rpaBuiinblii Quibtp (D).
[IpeumytniecTBa NPUMEHEHUS JaHHOW TEXHOJIOTUM TMeEpesd JPYyruMHU BapUaHTaMU
I'PaBUMHON OOCBHITIKH:

*  HanexuocTh 10CTaBKM rpaBURHOTO (QUIBTpA.

*  IlpenorBpaienue ocenaHus TpaBusi Bbile (QUIBTPOBOM 30HBI (B
TPEIINHAX, KABEPHAX U CYKEHUAX CTBOJIA CKBAKUHBI).

 IlnotHas W paBHOMEpHas ycaJKa IpaBUsl IO BBICOTE M NEPUMETPY
BOJIONIPUEMHOM yacTu puibsTpa (MpeaoTBpaiieHne 00pa3oBaHus IMyCTOT).

*  CHmxarorcs TpyAo3aTpaThl HA COOPYKEHUE CKBAXKUHBI.

*  Bosmoxsocth auddepeHnmanun Gpaknuid rpaBUHHOTO (GUIBTpPA 10
pa3mepy.

OOBEKTOM HWCCIEAOBAHMS  SBISETCS COBEPIICHCTBOBAHME COCTaBa U
TE€XHOJIOTUU U3rotoBieHus (I ®.

e wuccnenoBaHWsT — COBEPLUICHCTBOBAHME TEXHUYECKUX CPEICTB U
TEXHOJIOTUH TPaBUIHON MPUPUIBTPOBON 30HBI CKBAYKHH.

3ajaun MCCIeI0BAHUS:

1. Pa3paboTka KOHCTPYKIIMW JI€3MHTETPUPYEMOTO TpaBUHHOTO (HUIbTpa,
o0J1a1aroIIei 3HaYNTeILHON MMPOYHOCTHIO.

2. PaspabGoTrka pementypsl cocTaBa IS CKJICWBAaHWS TpaBUS B
JNE3UHTETPUPYEMOM TPaBUHHOM (PUIIBTPE.

Jns popMupoBaHusi TpaBUW TWIIb3bl HCIOJIB30BAJICS TPABUMHO-MAacTUYHAs

cmecb I MA-15.

59



O06BexkToM WCCIIEIOBAHUS ABJISACTCS KOHCTPYKLIUS u COCTaB
NE3UHTETPUPYEMOTO IPaBUMHOTO QUIBTPA.

Jle3uHTEerpUpyeMblil TpaBUMHBIA (GUIBTP — U3JACNHE, MPEACTaBISAIONIee U3
ce0si cMech TpaBHs, CKJIEHUBAIOIIEr0 peareHTa W(WiM) yAEp>KUBAIOIIEH 000JIOYKH,
3aKperieHHOe Ha (UIBTPOBOM TpyOe, KOTOpOE MO MCTECUYCHUH 3aJaHHOTO BPEMEHHU
pacTBOPSIETCA C MOCIEAYIOIIUM OCHIITAHUEM I'PaBUs B 30HY TPOJAYKTUBHOIO TIACTA.

TpeboBanusi, npenbsaBisgeMble K KOHCTpyKuuu JI'®:

- pactBopenue JI'® pomkHO mocturatbest B mnpenenax 5—10 wacoB mocine
Hayaja CIyCKa B CKBaXHHY;

- koHctpyknus JII'® He noipKHA HApyIIaThCS B MPOIECCe CIycka o0ca HON
KOJIOHHBI;

- o0ecrieueHne MUHUMAJIBHBIX THIPABINYECKUX COMPOTUBICHHUHN MPH CIyCKe
JAI'® B TEXHOJIOTMYECKYIO CKBAXUHY;

- BO3MOXKHOCTH JIETKOM HaaexxHou coopku JII'D ¢ o6caaHoit KOJTOHHOIM;

- OCYIIECTBJIEHHE KAYECTBEHHOTO OJHOPOJHOIO YIUIOTHEHUS! TPaBUM-TUIIb3bI
B (DUITBTPOBOM YaCTH CKBaXKUHBI.

OO6pa3upl J1E3UHTErPUPYEMOT0 TPaBUHHOTO (GUIBTpa MOTYT HUMETh GopMy
CIUIONTHOTO IMJIMHJpPA, KATNCYJIbl, IIMIMHAPA C TPOAOIbHBIMU pedpaMu, WIHHAPA C
IPOJIOJBHBIMU OTBEPCTUAMHU B Tel€ ISl NPOTEKaHUSA IKUJIKOCTH, LMJIMHAPA
IIEPEMEHHOT0 JUaMeETpa.

2.1 MeToauka nmoaroTOBKMH 00pa31oB rPaBuii-rHiIb3bl

JI1s1 IpUroTOBIIEHUSI OMTYMHOM CMECH T'paBU HarpeBalid 10 ONPEAEIICHHOM
TEMIIEPATypPhl, MAPAIEITHHO HArpeBasi OUTYM 0 KHUIAKOTO COCTOSHUSA B CYIIUIHLHOM
mkady (puc.17). Ilocae sToro 6uTyM u rpaBuil CMENIMBAIH IO TOTO MOMEHTA, MOKa
OH He OyJeT BBITISAETh KaK YEPHBIN 11eOCHb.

Jna wm3roroBnenuss JAI'@ cmech W3 TpaBUsi W CKJICHBAIOIINX PEAreHTOB
pacdacoBbBaiach B MeTayutndeckue (Gopmel (puc.18). s onpeneiacHus TOYHOTO
MPOLUEHTHOTO COOTHOLICHUSI TPaBUA W CKJIEHMBAIOIIMX PEAr€HTOB MCIIOJIb30BAINCH

naboparopusie Becbl Mmapku BK-600 (puc. 19).
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[locne Toro kak cmech pac(acoBbIBaIM B MeETAIMYecKue (QopMmbl, ObLia

poBe/ieHa Harpy3ka Ha ¢popmbl 11t JJI'D B 16 TOHH Ha THIpaBIMYECKOM Mpecce

|

Puc.17. Cymunbhsiii mkad LOIP LF — 60/350-VGI Ne1074, mpotokos Ne6 ot
28.03.2017r

Puc.18. Mertannuyeckue Gpopmsl 11t usrotosierus .

(puc.19), utoObr o60pazmer JII'® wmenw J0CTaTOYHBIE TPOYHOCTHEIE

XapaKTEPUCTUKHU, a TaKkKEe IMOCJIEe U3BATHS W3 METainueckux (GopMm oOpasibl He
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pacceimanuck. Ilociae wu3bsATHS 00pa3loB W3 MeETaIMYECKUX (QopM, UM Janu

MPOCTOSTH CYTKU, YTOOBI 00pa3Ibl OCTHLIH.

S
&

Puc.19. I'mnpasnuueckuit npecc [1-56, Ne 2897-72 B peectpe CU @D OEU

il

2.2 MeTouKa MCTIBLITAHUI 00Pa3110B 1e3UHTErPUPYEMbIX I'PABHIHBIX
¢puabTpoB

JIist  oCymiecTBICHUS BU3YalIbHOW (DHUKCAIMU TIpOIEcca PaCTBOPCHUS

UCIIOIb30BAIMCH IJIACTMACCOBBIE €MKOCTH. OHM 3aloJHSJINCh MOJI00pPaHHBIMU

pacTBOpaMH TSI pacTBOpPEeHHS 00pasmoB. BHyTph moOMemianvch MOATOTOBICHHBIC

00pa3Ibl.
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Beibop Takoro Merona Ja0OpaTOPHBIX HCHBITAHUM  OOOCHOBBIBAETCS
MIPOCTOTON M JI€IIEBU3HOM MPOBEIEHUS SKCIEPUMEHTOB, YTO MO3BOJISIET IPOBECTU HX
OOJIBIIOE KOJIMYECTBO B KpaTdaiilllee BpeMs, BbIOpaB OCHOBHBIE pPEareHThbl s
JAJbHENIINX YKCIIEPUMEHTAIBHBIX UCCIIEOBAHUMN.

HcnpiTanue TakuM criocoO0OM MO3BOJISIOT ONPEEIHTD:

- BpeMs pasznoxenus A1 D;

- KOJIMYECTBO OCAJKOB CKJIEMBAIOIIETO pearenta nocie pasnoxenus JI'O.

2.3 Pe3yabTaThl IKCEPUMEHTAJbHBIX HCCIe10BAHUI

bbuto mpoBefeHO wHcclieqoBaHME MPUMEHEHUs OuTyma JUisl CBSA3BIBAHUS
rpaBusi. OCHOBHAsI 3ajjaya MCCIEOBaHUS: MOJIYYeHHE MPOYHOCBI3aHHON CTPYKTYpPHI
JUTSI BO3MOKHOCTH TPaHCIIOPTHUPOBKH HA 32001 CKBaKMHBI, a TaK e CIOCOOHOCTH
pPacTBOpPEHHUs B YIJIEBOJOPOJIHON Cpelle WM MHBIX pacTBoputensx. KoHIeHTpamus
KOMITOHEHTOB TpeJICTaBIeHbI B Ta0I. 3.

Ta6muma3. KonneHntpaiys KOMIIOHEHTOB

No CocraB
Konuenrpaius koMnoHeHTOB %
cMecu

1 I'paBmit | 98 | 97,5| 97 [ 96,6 | 95,7 | 95 | 945 | 94 | 93,2 | 92
2 butym 2 2,5 3 3,4 | 4,3 5 55 6 6,8 8

[Tocne moxbopa ONTUMAIBHBIX KOHIICHTpAIMd M TOATOTOBKH OOpasIioB B
cnenuanbHbIX  (opmax, ObUIM TMPOBENEHBI HWCHBITAHWS HA  CXaTHE U
TPEUIMHOCTOUKOCTh (puc.. Mcnbitanus npooawiuck Ha nipecce UIT — 1A — S00Ab
(puc.21).

[Tepen mpoBepKoil Ha CKATHE W TPEITMHOCTOMKOCTD, 00pa3Ilbl MPOACPKAIHA B
CTEKJIIHHOW €MKOCTH C TEXHWYECKOW BOJIOM, IJie TeMmeparypa BOIbI COCTaBIIsLIA
0°C.

[locne ucnbiTaHus 0Opa3lOB Ha CXKATUE BBISICHUIOCH, YTO pa3pyllaroiias
Harpy3ka npu 0°C pocturaercas mnpu 1,26 MlIla. Ilpu wucneiTanum Ha
TPEIUHOCTOMKOCTh pa3pyliaronias Harpyska gocruraercs npu 1,6 Mlla.

Pucynox 20 — IIpoyHOCTH pernenTypbl
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Mpecc UN - 1A
@ v ne

Puc. 21. IIpecc UIT1 - 1A — 500 Ab «Yuuepcan» TY427121-111-17690167-2007

Ilocne wucnbiTaHUs 06p33HOB Ha CXaTHuc, HGO6XO]_II/IMO OBLIO OIIPCACIINTD

ONTUMAJIBHBIN PAaCTBOPUTENb IS JAaHHOW penentypbl. PacTBopuTensiMu ObLTH BBIOpAHBI

CICAYIOIMUEC BCIICCTBA!

1.

2
3
4.
S)

Kepocun;
AneTon,;
PactBopurens 646;

VYair-cnupur;

beusun «Kanormay.

CKOpOCTB pPaCTBOPCHUA B KAKAOM M3 BbBIIICTICPCUHUCIICHHBIX BCUICCTB 0To6pa>1<eH0 B

Tabauue 4.
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Tabnuiia 4 — CKOPOCTh PaCTBOPEHUS 00pa3lia CBI3aHHOTO OUTYMOM

PactBopurens | Kepocun AnieToH PactBopurens | Yaiur- bensun
646 cnupur | «Kanomay
PactBopenue | PactBopenue lu
Bpems lu 51mMun
6 yacos cinabo cinabo 51muH.
pacTBOpeHUS 20cex
BBIPA)KEHO BBIPA)KEHO 20 cex
BobiBox:

JlanHblii ckeuBaroluii peareHT yaosinersopser Tpedoanusm ['OCT 31015-
2002. A Taxke COOTBETCTBYeM TpPEeOOBaHUSIM K KOHCTPYKIIMU JE3UHTEIPUPYEMOTO
rpaBUiHOrO (uiIbTpa TMNpU YCIOBUU 3aKAaYKM OJIHOTO M3 PACCMOTPEHHBIX

PaCTBOPUTENIEH.
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3. DPUHAHCOBBIII MEHEJ’KMEHT, PECYPCOR®®EKTUBHOCTH U
PECYPCOCBEPE/KEHHUE

B pamkax wuccnenoBaHuE aHAIU3UPYETCS BO3MOXKHOCTH THIAPABIAYECKOTO
pa3pbiBa IUIacTa C CO3JaHUEM IpaBUNHOrO (UIbTpa Ha 3a00€ CKkBakKUHBI. B manHOM
paszienie IpOBOJUTCS pacyeT SKOHOMHUYECKOH 3(PPEKTUBHOCTH YKa3aHHOTO METOoja
YBEJIMYEHUS IPOTYKTUBHOCTH CKBAYKUHBI.

Texnonorun [I'PII mocrossHHO coBepuieHcTByroTCA. Ilpm  1mpoBenenun
MHorocraguiiHoro ['PII  ectb  BO3MOXKHOCTh  NPOBEAECHUS  HENPEPBIBHOTO
TUApOpa3pbiBa IJIacTa OTIAEIBHO B KaXXJIOM HHTepBasie. B HepTsHON mnpakThke
CYLIECTBYET HECKOJIKO BUIOB M TEXHOJOTMW MPOBEACHUS NOMHTEPBaIbHBIX [ PII B
TOPU30HTAIBHBIX CKBAXKMHAX: YCTAHOBKA IIOMHTEPBAJIBHBIX II€CUYAHBIX MOCTOB;
UCIIOJIb30BaHUE TOMHTEPBAIBHBIX MPOOOK; HCIOIB30BAHUE JKUJKUX TMaKepOB;
ctpyinbiii I'PII; ucnonbs3oBanue CABMKHBIX MYPT (LUMPKYISLUMOHHBIX KIIAMAHOB);
UCIIOJIb30BaHUE Pa3pbIBHBIX MY()T. B NpPOMBICIOBBIX YCIOBHUSX CYIIECTBYIOT
pa3IM4HBIE METOJbl M3O0JLIUMU IUIACTOB B OTKPBITOM T'OPU30HTAIBHOM CTBOJIE:
UCIOJb30BAaHUE  MaKepoB  rujapaBiauyeckod  mocaaku  ARES™,  makepoB
paszOyxaroliero Tumna. B 3aBUCHUMOCTH TEXHOJIOTMHM HM3OJISIIIUM WHTEPBAJIOB IUIACTA,
UCIIOJIb3YIOTCSl ONPEICIICHHBIE CUCTEMBbl 3aKauMBaHWS IMPOININAHTa B IUIACT JJIs
CEJICKTUBHOTO paszfeiicHusa IuiactoB npu nposeneHun [PII. Ecte  cucremsr
MHOTOKPAaTHOTO JEMCTBUS, KOTOPBIE OTKPBIBAETCS MABJICHHEM M MOCAJAKOM IIapa,
3aKpBIBACTCS IIEPEMEILEHUEM BTYJIKH.

OpnHopa3zoBasg cHCTEMa 3aKaykd I103BOJISIET IPOU3BOJMTH MHOIOKPATHBIE
obOpabotku mpornmanTtoM 3a oauH CIIO. [upkynamuoHHBIN KiamaH OTKPBIBACTCS
TOJIBKO €IMHOXAbI. [locagouHble mapbl CKOHCTPYMPOBAHBI TaK, YTO 0OECHEUYNBAIOT
TepMETHYHOCTh W HUCKJIIOYAIOT HMX 3aCTPEBaHME B CeIJie, MOITOMY MOTYT OBITh
BbIKaUaHbl M3 CKBaXXWHbl. KOMIO3WTHOE MOKpHITHE pabouyux AeTajled KiamnaHa M
apoB MPEIOTBPALIAET NONAJaHUE MEXaHMYECKUX TIPUMECE B OTBEpPCTHS
HUPKYJSIHAOHHOTO KJIANIaHA U3BHE.

K IIpUMepy, Ha CKBAXKMHAX Kommnsckoro MECTOPOXKIACHUSA

MHoroctynenyarele [ PII  mpousBoawnu € MCHONB30BAHUEM  AKTUBUPYEMBIX
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copacbiBaeMbix mmapoB Tuna FracPORTS. Ha Tpex ckBaxkuHax MNpPOBOJMIIUCH
tpexcrynenuarsie ['PII, mepBoHavanbHO cOpachiBayics IIap HAMMEHBILETO AUAMETPA.
CnymeHHbld map yaapsierca o ceaio uupkyisnuonHoro kianana (LK) u mon
CO3/1aBa€MbIM CBEPXY JABJICHUEM TOJKAE€T BHYTPEHHIOIO BTYJIKY BHU3 M OTKPBHIBAET
orBepcTusi. OTBepcTusi OJOKMPOBAHBI BBEPHYTHIMH  3arjiyliKaMd, IO3BOJISS
yAEpKUBATh JIOCTATOYHOE JAaBJIECHUE JJIsI OTKPBITUS ITUPKYJISIUOHHBIX KaHaJOB.
[Tocne OTKpHITUS BCEX HMEIONIUMXCS KAaHAJIOB MMPOM3BOAMIACH 3aKauka TeJIeBOM
noaymwku ¢ mnposenenueM MuHM I'PII u mocnenyromee ocHoHoe I'PII. Ilocie
npoBeaeHus TpexcryneHuatoro ['PII cmyckanuch B CKBaXXMHBI THOKHE TPYOBI,
IPOU3BOMIIACH MMPOMBIBKA U M3BJICUCHHE WM pa30ypuBaHue 1mapoB. [lo ckBaxuHe
Ne 9026, npu nepBom I'PII 6b110 3akaueHno mponmanta 16/20 B xonudecTBe 25 T #
MOJIyYEHBI CJEAYIOIINE JaBJICHUA, MakcuMainbHOoe aaBieHus no 40 MIlla, cpegnee
nasienue 20 Mlla, koneunoe naienue 17 MIla. Bo Bropom I'PII 3akawano 17 T
IPOIaHTa ¢ 1aBICHUsIMH, MakcumaiabHoe 10T 29 Mlla, cpennee 20 MIla, koHeuHoe
18 MIla. B tpetbem I'PII 3akauano 31 T mpomnmaHTa ¢ JaBICHUSIMHU, MAaKCUMaJIbHOE
no 28 MlIIa u koneunoe 10 26 MIla. Ilo pacuery B kaxaom stane npoeaeHus ['PII
MOJIy4€HBI TPEUIMHBI C MUPUHON 110 2,4 MM, BeIcOTOM 70 31 MeTpa u ayuHoM 10 110
METPOB. DTO MMO3BOJIMIIO JOCTUYh YBeIUUYeHUs aeouTa HeTH ckBakuH B 4 1 3,3 pasza
COOTBETCTBEHHO.

Hcnonp3oBaHue KOMIIOHOBOK CO CKOJB3SIIMMHU My()TamMu W mapaMud UMEIOT
ONpeJieNICHHbIE TOCTOMHCTBA. BO-IepBBIX, €CTh BO3MOKHOCTbH MPOBEACHUS KOHTPOJIS
3a pasButueMm TpemwHbl [PII (Touka WHUIMANMKM TPEHIMHBI, O0BEM MPOIABKH),
MO>XHO OBUTO yBEJIMYMBATH KOHIIEHTPAIMIO MPOIIIAaHTa Ha 3a00€, €CTh BO3MOKHOCTD
UCIIOJIb30BaHUE KPYNHBIX (pakuid OpomnmaHTa, MOXKHO MacCcy MpOIMaHTa He
OTpaHWYMBATh, €CTh YBEPEHHAS U30JIALUS PAaHEEe CTUMYJIUPOBAHHBIX 30H. [3]

[TponomxurenpHOCTh 3P dexTta oT mpoBeaerus [ PII mpuHrMaeTcss Ha ocHOBE
JMaHHbIX 10 onbiTaMm npuMmenenus ['PI1 Ha teppuropuu mensda o. Caxanus, rae ObUIO
npoBeneHo ['PII nedrsubix ckBaxkuH. Dddext ot I'PII nposBuics B yBennueHuu
K03 (ulIMeHTa TPOAYKTUBHOCTH CKBAXKUHBI U TIOyYEHUU MPUTOKA HEPTH CO CpeaHEN

MPOAOIKUTENbHOCTEIO  dddexta 517 cyrtok. Pesynmbratel mpoBenenus [PII
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npecTaBieHsl B (Tadm. 5). [2]

Tabmuua 5 — Texnonornueckuid 3¢ppext ot npumenenus ['PI1

Pe3yabTa
Mecrtopoxaenue | Ne ckB ThI
PO i Heour 10 JleOuT nocJe
MepONPHATHSA, | MepONpPHUATHS, IIpoao/KUTEIbHOCT
T/cyT T/eyT b 3pdexra, cyT
IIynbTyH -
PR Nel09 476 1075 517
AcToxckoe

B Ta6JII/II_[e 6 MMpCACTaBJICHBI HCO6XOI[I/IMBIC JaHHBIC JId pacdeTa 3aTpaT Ha
IMpOU3BOJACTBO pa60T.

Tabnuua 6 — JlanHble 17151 pacyeTa BEIMUYUHBI 9KOHOMHUYECKOT0 3 dekTa

IMoka3zarenu En.uzmep KounuectBo
1 2 3
I'onoBoit 00bem 100b1YM HEDTH
no muardopme (10 nposenenus I'PIT) T.T 1867,8

CpeIHECYTOUYHBIU ACOUT HE(PTH:
— JI0 pean3aluu

MEpOTIPHUITHS T/CyT T/CyT 476
— TIOCTIE peanu3aluu 1075
MEPOTIPUSATHS
[TpoA0IHKUTENTFHOCT TEXHOJIOTHIECKOTO oyT 517
ahdexTa
Lena peanu3aiuu HeTH pyG./T 16746
(BHYTpP.pPBIHOK)
HopmatuBHOE BpeMsI Ha ac 20,78

nposeaenue ['PII

YacoBas tapu (pHas cTaBKa
— Oypmibiuka KPC VI

320,93
pazpsiia
—  MAalIMHUCTA TOIhEMHUKA V 290,12
paspsna pyo.
— moMolHuka oypunsiiuka |V 230,82
paspsia
— moMolHuka oypunsiiuka |V 230,82

paspsza




SKOHOMMYECKOTro 3 deKra

[Iponomxenune Ttabmunel 6 - Tabmuua 6 — JlanHble 1S

pacdceta BCIMYHNHBI

1 2 3
Apenna cnenrexauku aia P11
— Hacoc MEGAFORCE pyoOsm/gac 2876
MF2250HP
— Coeu.apmatypa ycTbs pyomm/gac 2790
— brengep pyOsm/gac 2896
— biok renemerpun pyonm/gac 2987
—  Bnok marugoIBI0B pyomm/4gac 2567
_ IlucrepHa jUIs peareHToB 75 M° pyOm/gac 2767
— bynkep nop rpaBuii 40 T py0Om/gac 2876
— Kpoccosep, npombiBodHas TpyOa pyomm/4ac 2876
O6bvem nponmanTta yist ['PIT T 439
Ilena mpornmanTa pyo./T 20820
Kunkocts rugpopaspeiBa Ha 1 CKB-
OTIepAITHIO;;
— Tenp KT 42,95
— Pazpymmrens rens I 7,9
— IloHu3uTENb TPEHUS I 389,3
— Tennanat KT 1765,7
— Huruburop xoppo3uu I 1343
CebecronMocTs 100s1yn 1T HEDTH 110
nposeaenus I'PII[2] ¥ pyo. 7150
B T.4 ycioBHO-TIepeMeHHbIe
pacxoZH[Z] b pyo. 2125
Hanor Ha npu6su1H % 20,0
CtpaxoBbi€ B3HOCHI % 30,0
[TpocTon CKBa)KMHBI B TCUCHUH
CyT 5
roja
YucaeHHOCTh pabo4rXx B
opurane KPC el 4
[Tpemus % 50
PaitonnbIi KOAhHUITHEHT % 180
CeBepHas HaymbOaBKa % 80
Paccrosinue «6aza —
KM 180
CKBaXMHa(Tu1aThopma)»
CroumocTs | yaca TOCTaBKHU €TUHUIIBI
CMELTEXHUKU Ha pyo 8656
mwiatpopmy
Bpems noctaBku ClielITEXHUKH yac 4.3

Ha matGopmy
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Tabmuna 7 - Kanenga

PHBIN MJ1aH — rpaduK paboThI

m\it

HAaMMCHOBAaHHC

Cpoxku (Henenu/nara)

1 |2

3

4

S 6 7

10

[epBuunHas padota c
JIUTEPATYPHBIMU

HUCTOYHUKaAMH

- (opmynmpoBKa crimcka
TEPMHHOB IO TEME

HUCCIIEeTOBAHUN

27.10 —
07.11

- IepBUYHAsK OAOOpKa
JIUTEPATYPHI 110 TEME

HUCCIEI0OBaHUI

- IIOUCK ITaTCHTOB

- 3HaKOMCTBO C
COZIEP’)KAHUEM NIEPBUYHOMN
HOoI0OPKH JIUTEPaTypBI,
MpOBEACHNE IEPBUYHOT'O

aHajii3a

IIepBoHayanbHast MpoBepKa
pe3ynbTaToB paboThI
PYKOBOZIUTENEM, COCTABIICHUE
IUIaHA JaJIbHEUILEro

JUTEpaTypHOro 0630pa

0.8 -
12.11

Bropuunas paboThI ¢
JIMTEPaTypHBIMHU

HUCTOYHHUKaMH

- JUCCEPTALITMOHHBIC

paboTel

- CTaThH B )KypHAIaX

- TIONCK cTaTell B

MaTepuanax KoH(pepeHI i

- TIOMCK JTUIIIOMOB,
3aIIUIIEHABIX Ha Kadeape

BC

13-26.11

DopmynupoBaHne BEIBOIOB

27.11

Bropuunas npoBepka

HAayYHbBIM PYKOBOJUTCICM

04.12

SKCHGPI/IMGHTaHBHaH 4acCTh

04 -24.12

Hanucanue craten

26 —
29.12
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3.1 Pacyer o0bemMa 10NOJTHUTEJIbHOM 100bI1YH He(pTH
[Inanupyercsi, yTo B pe3ynbTaTe NPOBEACHHUS MEPONPUATHA OYyIET MOIy4YeH
JOMOJMHUTENbHBI 00beM HedTu. [lomonmHuTenbHBIA 00BEM J00BIYM HEPTU
PacCUMTHIBAETCA C UCIIOIB30BAHUEM JAHHBIX TabIULbI IO popmyne 1:
iQH.,q. = Qz _Qp (1)
rae Q; — oobem no0brun Hedtu 10 ['PIT; Q2 — 06bem no6wsuu HedTu nocie I'PII.
Q= ¢ N - T, - K5 ?)
Qu=0q," N, I5-K, -
r7ie 1 U 2 — CPEIHECYTOUHBIM JeOUT, COOTBETCTBEHHO B CTapOM CTBOJIE U HOBOM
nocye nposenenus ['PI1, 1/cyT;
N — KOJIMYeCTBO CKBaXKHH;
T, — mpogOMKUTENBHOCTh TeXHOJNOrH4eckoro s¢dekra, cyt; K, — xoadpdunment
AKCILTyaTalH.
O6beM n060bun HedT no mpoBeneHust ['PII paccuurtbiBaeTcs, ucxonas u3
CYILIECTBYIOLIUX J€OUTOB HEPTIHON KUIAKOCTH.

O6beM 100buM HePTH IO CKBaKkKMHE 10 npoBeaenus ['PII:

Q,= 476-517-1-0,98=241170,2 1.

O6BeM 100buM HePTH IO CKBaXkMHE Tociie npoBeaenus [ PIT:
Q, = 1075-517-1-0,98=527986,25T.
Takum 00pa3oMm, 00BEM JOIMOJHUTEIBHO JOOBITOM He)TH IO CKBAKHHE
COCTaBIISICT:

AQyron = 527986,25 — 241170,2 = 286816,05T.

3.2 3aTpaThbl Ha apeH/y ClleUTeXHUKHU
Peamuzamuss IT'PII ¢ cosmanmem 3aboitHOro rpaBuiiHOrO (QuiabTpa TpeOyeT
CIENyIOUMX  3aTpaT. 3arpaThl Ha apeHJy CHEUTeXHUKU (HEeoOXOauMOro

00OpyI0BaHMS ) ¥ IOCTABKY 00OPYJIOBaHHS HA MOPCKYIO TUIATHOPMY.
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3arpaThl Ha JOCTaBKy OOOpyIOBaHMs Ha IUIAT(GOPMYy paCCUUTHIBAIOTCS B
3aBUCUMOCTH OT KOJMYECTBA ONPEAEICHHOIro TUMa o0opynoBaHHs — TeXHUKa IS
npoBenenust ['PII, BpemMeHM [MOCTaBKM CHENTEXHUKU Ha IuatopMmy (U3 OTUeTa
MPEANPUATUS U PACUETHOrO BPEMEHHU IMyTH OT 0a3bl 10 MIaTPoOpMbl) U CTOMMOCTH
yaca JOCTaBKA 0O0OpyAOBaHMS Ha IJIATGOPMY YUYUTHIBAIO HCIHOJIB3YEMbId BUJ
TpancnopTa. [loapoOHBIN pacueT 3aTpaT Ha JOCTaBKY CIEUTEXHUKH HA TIaThopMy
npe/cTaniieH B (Ta0i1.8) — 3aTpaThl Ha JJOCTABKY CICITEXHUKH HA TIATPOPMY.

Tabnuua 8 — 3aTpaThl Ha TOCTaBKY CHEUTEXHUKU Ha MIaTGopMy

Bpems CTouMoOCTh Pacxop,
Bui TexHUKH Koan- | nmocraBkmu 1 yaca Cymma,
A 4ecTBo, Ha nocTapku. | TOM/MBA, | 4yg,
T miaargopm pyo n
y, yac
B s ATORCE 2 43 8656 334 | 77481
Crierr.apMarypa ycThst 1 4.3 8656 33,4 38740,
5
brennep 1 4,3 8656 33,4 38740,
5
biok Tenemerpun 1 4.3 8656 33,4 38740,
5
biiok manundoIb10B 1 4.3 8656 33,4 38740,
5
IucrepHa st peareHToB 75 m° 3 4.3 8656 33,4 116221
5
bynkep non rpasumii 40T 2 4.3 8656 33,4 77481
KpoccoBep, mpoMbIBOYHAs 1 43 8656 334 38740,
TpyOa 5
Hroro 464891

Jl5is pacueta pacxoJ0B Ha apeHAY CIEHTEXHUKHU I PeaTn3aliid BHIOPAHHOTO
METO0/la MUHTEHCU(UKAIIMN TMPUTOKA NOTPEOyeTcss HOPMATHMBHOE BpPEMS MPOBEICHUS
OTepanyu 10 HapsJ 33aJIaHUI0, KOJIMYECTBO HEOOXOIMMOTO OOOpPYTOBAHMS, a TaKKe
CTOMMOCTB OJTHOT'O Yaca MpoKaTa 000py10BaHUsI.

3arpaThl Ha apeHay CHCNTeXHWKH pacCUUThIBAlOTCA 10 Gdopmyne 3

TIpe/ICTaBlIeH B Ta01.9.

3{:]'23?.;[ :Bp C’ (3)
rine B, — Bpems npo0era, 4achl;

C — croumocTs 1 Haca apeH/Ibl CIIEUTEXHUKH, PYO.
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Tabnuua 9 — 3aTpaTel Ha apeHAy CIEUTEXHUKU

HopMmatuBHoe
Croumocts 1
KoauuecrtBo, BpeM1 10
Buj rexuuku yaca Cymma, pyo.
T HapsI/I-3aJaHUIO,
npokara, pyo
yac

Hacoc MEGAFORCE
ME2250HP 2 20,78 2876 119526,56
Cren.apmarypa ycTbs 1 20,78 2790 57976,2
brennep 1 20,78 2896 60178,88
Bbiok Tenemerpun 1 20,78 2987 62069,86
biox manu(poIHI0B 1 20,78 2567 53342,26
Lucrepra st 3 20,78 2767 172494,78
peareHToB 75 M
Bynxkep non rpaswmii 40T 2 20,78 2876 119526,56
Kpoccosep, 1 20,78 3154 65540,12
MIPOMBIBOYHAS TPyOa
Hroro 710655,22

Bce 3aTpaTbl Ha CIICOTCXHUKY OIPCACIEIIOTCA CYMMHUPOBAHUCM 3aTpaTrT Ha

ApCHAY CICOTCXHHUKH H €€ JOCTABKY Ha MCCTO IIPOBCACHUA OIICpaluu. Takum

O6p&30M 3aTpaThbl Ha CIICOHTCXHUKY COCTABAT:

Benen = 464891 + 710655,22 = 1175546,22

3.3 3aTpaThl HAa MAaTEePUAJILI U PeareHThbI

(4)

Pacxonpl cBsizaHHBIE ¢ MPUOOPETEHHE PEAreHTOB 3aBUCAT OT HOPMBI pacxoja

pPEareHToB, a TAaKKe K€ IIEHbI UCTOJIb3yeMOro peareHta. 3aTpaThl Ha MPUOOpETeHHE

XUMHYECKUX PEareHTOB PacCUMTHIBAIOTCA MO (opMyIie 5 u mpeacTaBieHbl B TaOIUIE

6 — xumMHuueckue peareHThl U ponmadt ajs nposenenus ['PII, HeoOxoaumbie 1aHHBIC

JUIS pacdeToB MpeACTaBlIeHbI B Tabauie 6. KoaudyecTBo M pacxol KOMIIOHEHTOB Ha 1

CKB. - ONEPAIHIO:
3pear =Hp ’ ]—[pearr
rie H, — Hopma pacxoa peareHra, T.;

Lpear — LeHa pearenta ¢ yuerom T3P, 6e3 HIC, py6./t.

Tabmuia 10— Xumuueckue peareHTsl v nponmnadT ais ['PIT

(5)
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Hopma Iena ¢
Pearent Konunentpan | pacxomanal | yderom T3P, | Cymma, pyo
Usl peareHTa CKB.- oe3 HJAC
onepaunmio pyo0/en
Iens 0,51 kr/m® 42,95 kr 560,98 24094,09
Paspymmrens rens 0,094 kr/m’ 7,9 xr 459,67 3631,39
[ToHU3UTEND TPCHHUS 4,63 n/m° 389,3 11 420,87 163844,69
Teiutaat 20,02 kr/m° 1765,7 i 432,34 763382,74
Wuruburop koppo3un 15,98 n/m° 1343 n 387,21 520023,03
Uroro 1474975,94
[TpormanT 439 T 20820 913998
Hroro 2388973,94

3.4 3aTpaThl Ha oMJIATy TPyAA

['unpaBnuyeckuil paspblB IJJacTa € YCTAHOBKOM TIpaBUMHOrO (uibTpa

npoBoauTcs Opuragoii u3 4 demoBek B coctaBe Oypuibiuka KPC VI paspsna,

MallMHUCTa TOAbEMHHMKA V pa3psga, NMOMOIIHUKa Oypuibiiuka IV paspsga u

BTOpOTO MoMoIHKKa Oypuibiiuka [V paspsiaa.

Pacuet 3apaboTHOM MIaThl ISl cocTaBa Opuraasl mpencTaBieH B (Tadm.11) ¢

ydeToM TapudHOI

CTaBKH TIIO0O KaXIOMy pa3pgaay,

CEBEPHOTO M PaWOHHOTO

K03(PPUIIMEHTOB, a TaK k€ BPEMEHEM IPOBEJICHUS ONEpaIlnK, KOTOPOH MpHUBEICHA B

(Tabm.8).
Tabauma 11 — Pacuer 3apaboTHoii miater (1 mec.)
Hpodeccust |Pa3psiaKoa — [Tapuduasi Bpems Tapud Ces. IMpemus 3l ¢
BO |craBKa (4 |mpoBenenusi | HBIH n 50% yueTroMm
pa3psn), (Meponpusitu| ¢ona paii. (mer Haja0aB
py6./4ac 1, 4. 311, Kos¢d |OcCI0kKHEH| oK, pyo
pyo. , uii,
180 padora
%+ OKOHYEHA
80% | B CPOK...)
%PC“”"”I“K 5 1 320,93 20,78 6668,9 [17339,2 | 33345 | 273426
MamrauCT 5 1 290,12 20,78 6028,7 |15674,6 | 3014,3 | 247176
IIOABbEMHHKA
1lomomHrK 4 1 230,82 20,78 4796,4 124707 | 23982 | 196654
OypUIIBIINKA
gOM"’“HHK 4 1 230,82 20,78 47964 (124707 | 23982 | 196654
ypI/IJ'ILIJ_II/IKa
Uroro: 4 20,78 222905 [57955,3 | 111452 | 91391,0

N3 pacueroB cremyeT, 4yTo OOLIME 3aTpaThl HA BHIMJIATY 3apaOOTHOM
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maTel pabounm coctaBuiiu 91391 py6.
3.5 CtpaxoBblie B3HOCHI

CtpaxoBble B3HOCHI B TOCY/IapCTBEHHbIE BHEOKOKEeTHBIE (DOH IbI: [[eHCHOHHBIN
¢onn, dDonn coumanbHOro crpaxoBaHus, POHI 00S3aTETBHOIO MEAUIIMHCKOIO
CTpaxOBaHUS M CTPaXOBaHUs OT HECYACTHBIX CIIy4aeB HA IPOU3BOJICTBE

Pacuyer cTpaxoBBIX B3HOCOB TpU MPOBEACHHS THIPABIMYECKOTO pa3pbiBa
I1acTa ¢ YCTAHOBKOM IPaBUMHOTO (DUIIBTpa MpecTaBicH B (Tadu. 12).

PaccuuthiBast 3aTpaThl Ha CTpaxOBaHME OT HECUACTHBIX CIy4yaeB Ha
POM3BOJICTBE U MpodeccHOoHaNbHbIX 3aboeBanui, BeiOupaem kiacc |l ¢ Tapudom
0,4 st mpeAoCcTaBiIeHUs YCIIYT 1O 100bYe He(TH U rasa, a Tak ke MPeJoCTaBICHHUS
HPOYHUX YCIYT, CBI3aHHBIX C 100bIYeH HeTH U raza (koa mo OKBOJI — 11.20.4).

Tabmuma 12 — Pacuer cTpaxoBBIX B3HOCOB MpPH MPOU3BEACHUU THAPABIHMYECCKOTO
paspeiBa miacra (1 mec.)

bypuiabuuk MammHucT oMok IoMomHuk
IHoka3zaTennb \
KPC MOAbEMHUKA OypuIbIIUKA OypwiIbIIMKA

Komn-Bo paboTHHKOB 1 1 1 1
311, py6 27342,6 24717,6 19665,4 19665,4
OCC (2,9%) 792,9 716,8 570,3 570,3
DOOMC (5,1%) 1394,5 1260,6 1002,9 1002,9
[1OP (22%) 6015,4 5437,9 4326,4 4326,4
CrpaxoBaHue oT
HECYaCTHBIX
Cclly4aeB Ha
IIPOU3BOJICTBE U 109,4 98,9 78,7 78,7
npodeccuoHaIbHbBIX
3a00J1€BaHMM
(0,4%)
Bcero, py0. 8312,2 7514,2 5978,3 5978,3
OOmast cymma, pyo: 27782,9
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3.6 Haksaguble pacxo/abl
Haxmannasle pacxoapl, koTopble coCTaBiAOT 20% oT npsambix 3atpat. s
TOr0 BCE MpsMbIE 3aTpaTbl CBEACHbl B Tabmuumy & mna Oonee yaoOHOro
paccMOTpEHUs U pacuera.
3aTpaTbl Ha TMPOBEACHHUE MEPOIPHITHS PACCUUTHIBAIOTCS MO ¢opmyne 6 u

cBosATCs B (Tabm.13):

3Mep =3pear + 33n+ 3:!01.1; + 3cner_1;l (6)
rac 3pear — 3aTpaThbl Ha 3aKYIIKY XUMHWYCCKUX PCArcHTOB, py6,

34 — 3aTpaThl Ha 3apa0OTHYIO IJIATy IPOMBIIIJIEHHOTO IEpCOHAA, pyo;
3con — 3aTPATHI HA CTPAXOBBIE B3HOCHI, PYO;

3cnen — 3aTPaThl Ha MPOOET CMEUTEXHUKH OT 0asbl JO CKBAXKHUHBI M OOpaTHO, pyoO;

Tabnuua 13 — 3arpats! Ha mpoBenenue ['PII ¢ ycranoBkoii puiibTpa

Cratbu 3atpat Cymma, pyo
ApeHJ1a 1 10CTaBKa CIEUTEXHUKHU 1157304,8
Matepuaiibt 2388973,9
3apaboTHas rara 91391,0
CtpaxoBbi€ B3HOCHI 277829
Hroro 3665452,7
Haxnagnsie pacxonabst 20% 733090,5
OO6mras cymma: 4398543,2

3.7 DkoHomuyeckasi 3p(PeKTUBHOCTH OT BHEPEHUSI MeTO/1a
B ciyuae moObuM 1OMONHUATEILHOTO 0OBbeMa HETH HEOOXOAMMO Y4YeCTh, YTO
3aTpaThl CBSI3aHHBIE C UW3BICYCHHWEM, TAaKWE 3aTpaThl HA3bIBAIOTCS  YCIOBHO-
MIEPEMEHHBIMH, PACCUNTHIBAIOTCS 110 (hOpMYJie 7 U COCTABIISIOT:
3,m:|n :QH.,D;DI'I - 3nepJ (7)
e Qy jon — 00BEM JIOMIOTHUTEIBHO TOOBITOM HEPTH, T;
31ep — YCIOBHO-TIEPEMEHHBIE 3aTPaThl Ha JOObIUY 1 T HETH, PYO/T.

3,0n = 2125 * 286916,05 = 609484106,25 pyo;
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Jlanee misi HAXOXKICHHUS TPUOBUIM M CpPOKAa OKYMAaeMOCTH HEOOXOIUMO
CyMMHPOBATh TpSMbIC 3aTpaThl Ha MEPONPUITHE U YCIOBHO-TICPEMEHHBIE T10
dbopmyre 8:

Bo6m = Brep + 3goms (8)
3.z = 4398543,2+ 609484106,25 = 613882649,4 pyo;

Bripyuka oT peanuzanuu 10NOJHUTENBHO T00BITON HEPTH HAXOAUTCS 11O

nAm

dbopmyre 9:
B,Z[DH = AQH.,Z[DH 1, (9)
rjae 1] — nena peanmszanuu HeTH ¢ BHYTPEHHETO PHIHKA.
B,.x = 286916,05 = 16746 = 4804696173,3 py6.

DOkoHOMHYECKUM A(DPEKT SBISETCS OCHOBHBIM O00O0OIIAIONINM IMOKa3aTeleM,
xapaktepusytonmM  dpdexkTuBHOCT,  MeponpusTus. Ilpu  oOlleHKe  BHeApeHus
MEPONPUATUS  ONPEIENIAeTCs TOoKa3aTelb HAKOHOMHUYECKOro 3(deKTa, KOTOPbIH
MOKa3bIBa€T BO CKOJIBKO pa3 CTOMMOCTHAsl OLIEHKa pe3yJbTaTOB MPEBBIIIACT
CTOMMOCTHYIO OLIEHKY 3aTpaT, B TEYEHHUU BCEr0 CpPOKAa OCYIIECTBICHUS BHIOPAHHOTO
mepornpusitus. W onpenensercs mo ¢opmyne 10, rae Pt — croumocTHas oleHKa
PE3yNBTATOB U 3T — CTOMMOCTHAS OIIEHKa 3aTparT:

3. =P, 3; (10)

[IpoBomuTh oOmpeneneHrue CTOMMOCTHOW OILIGHKH pe3yJbTaTOB M 3aTpar
BO3MOKHO HECKOJbKMMH MeTonaMu. [lepBblii M3 HUX NpPUMEHSETCA B TOM Cllydae,
KOrJa BHEIPSIEMOE MEpONPUATHE IO3BOJSET YBEIWYUTh OOBEMBI MPOU3BOANUMON
MpOAyKUMU. B TakoM ciydyae CTOMMOCTHasi OLIEHKA PE3YyJIbTaTOB — 3TO IPUPOCT
MPOU3BOJMMON MPOAYKIIMM, KOTOpash OLEHHUBAETCS B I1I€HAX, YCTAHOBJIEHHBIX
OpeanpusiTueM. 3T  OPEICTaBISIIOT  cOoOOM  3aTpaTbl HAa  OPOU3BOACTBO
JIOTIOJTHUTENIFHOTO 00beMa MPOAYKIIMM, a TaK  JK€ 3aTpaThl Ha pean3aiuio
BHEJPSIEMOT0 MEpONpuUsATHs. BTopoii MeTo onpeiesieHHs] IPUMEHSETCS] B TOM Cllydae,
KOrJa BHEAPAEMOE MEPOIPUSITUE BHOCHUT H3MEHEHUS B TEXHHKO-DKOHOMUYECKHUE
MOKa3aTesid MPOU3BOACTBA, ATO OCYUIECTBIISIETCS MOCPEACTBOM PEKOHCTPYKIMH WU
MOJICpHU3ALIMM, W3MEHEHUS TEXHUKHM U  TEXHOJIOTMH OTACJbHBIX 3JIEMEHTOB

MIPOU3BOJICTBA, COBEPIICHCTBOBAHWE OpPraHU3allMU WU ymOpaBieHUs. B ciyuyae ecin
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00bEM MPOU3BOJUMON MPOIYKIIUM HE U3MEHseTCs, TO P, BbIpaxkaroTcsi cymMMoil, Ha
KOTOPYIO YMEHBILAIOTCS 3aTPaThl HA MMPOU3BOACTBO MPOAYKIIUU.

[Ipy wu3MeHeHMM o00ObEMa NPOM3BOACTBA BEJIMYMHA YUYUTHIBAET W3MEHEHUS
o0beMa TPOAYKIMH B IICHE MPEANPUITUS HA pealu3aiuio. IKOHOMHUYECKUM dPdekT
OT BHEJIPEHUSI MEPOIIPHUATHS:

d= B,m:un - 306111! (11)
3= (286916,05 = 16746) — 613882649,4 = 4190813524py0;

[lockonpky B  JaHHOM  paboTe  PAcCMOTPEH  MPOLECC  YBEJIWYECHHUS
NPOAYKTUBHOCTU CKBAXXUHBI, TEM CaMbIM YBEJIUYMBAETCS CPEIHECYTOUHBIM AEOUT U
cHIKaeTcst cebectouMocTh 1 ToHHBI HedTsiHOro npoaykTa. CebecToumMocTh 100b4H 1
TOHHBI HE(TH IOCIIe MPOBEACHHUS METO/Ia YBEJIMYCHUSI HEPTEOTIauM PACCUUTHIBACTCA

UCXOMs U3 ce0ECTOMMOCTH JI0 TIPOBENIEHUsT Meponpustus o Gpopmyie 12:
Q. Cy+3
Ql + QH.,D;DH

o = 1867800 - 7150+ 613149196,31
2 1867800 + 286916,05

C, (12)

— 6482 py6;

[TpuObLIb, MONyYeHHAs] MPEANPHUATACM OT BHEIPEHUS METOJa YBCIMYCHHUS
ornmaud HeTH 3a cYET JOOBIYM JOTOJHUTEIBHOrO o0beMa HePpTH W W3MEHCHHS

cebecTouMOoCTH A00bIYM HeTH ornpenessieTcs mo ¢popmysne (IpUOBLIL OamaHCOBas):

My =W —C,)- (Qy + Qo) — U—Cy)-Qy, (13)

riae 1] — nena peanmsanuu HedTH, PYO;

Cy u C, — cebectoumocTH 100611 HedTH 10 1 niocse BHeapenus I PII ¢ yctanoBko#
rpaBuifHOTO (QrIHTpa, PyO;

Q1 — romoBoit 00beM JTOOBIUM OT MPEANPUITHS 0 BHEIAPCHHS JaHHOTO METO/a, T;

Qu non — JAOTIOTHUTEIbHAS TOOBIYA HEPTH, T.

II; = (16746 — 6482) = (1867800 + 286916,05) — (16746 — 7150)
* 1867800 = 4192596737,2 pyo;
Uucras npuObUIb OpEANpUATHS — 3TO OaTaHCOBAs MPUOBLIL 38 UCKITIOUEHUEM
HaJIora Ha MpUObLITH

= (14)

79



rae He, — ctaBka Hanora Ha npuObuib, 20%.

H,, = 41925967372 + 0,20 = 838519347,44 py®;

[TpuObLIb UyncTad:
I, =I;— Hy,; (15)
IL, = 4192596737,2 —838519347,44 = 3354077389,76 py?;

Cpoxk OKynaeMocCTH 3aTpaT Ha MEPOIPUSATUE paccuUThIBaeTcs o ¢popmyse 16:

306
T  —Zofm oo
ox =T (s1eT) (16)
613149196,31

_ — 0,181 = 6671 cyT:
Tox = 335207738976 01T PO AT

Takum o00pa3zoMm, pacyeT SKOHOMHYECKOH >(PPEKTUBHOCTH OT BHEAPEHUS
MEPOMNPUATHUS TUIPABINYECKUI pa3phIB IJlacTa C YCTAHOBKOW TpaBUHHOrO (GuUiIbTpa
IIOKa3bIBAET, YTO €ro MPUMEHEHHE BEAET 3a COOOM YBEIWYEHUE CPEIHECYTOUHOTO
nebura, TEM CcaMbIM YBEJIWYMBas MNPHUOBUIb NPEANPHUITHSA, a TaKXkKe CHUXKAeT

ce0eCTONMOCTh IMPOAYKIHUH, UTO TAKIKC ITOJIOKUTCIIBHO BIIMACT HA l'IpI/I6BIJIB.

B  (tabn.14) nmpeacTtaBieHbl — TEXHUKO-d)KOHOMHUYECKHE  IOKa3aTelu
NPUMEHEHUS] MEpONpHsTHs, TAe 0a30BbIA BapwaHT — 93TO TokKaszatenu 0e3
npoBeaeHuss ['PII, mo mpoekTy — 3TO MOKa3aredau MOCIE BHEAPEHUS JTAHHOTO
MEPOIPHUSITHSL.

Tabnuna 14 — TeXHUKO-PKOHOMUYECKHE TTOKA3aTeNN IPOBEICHUS MEPOTIPUSTHSI

IToxkazarenn En.u3m. ba3z.Bap IHo npoekrty
1 TonoBoit 06beM 10OBIYM HEPTH T.T 1867,8 2580,7
2 O0beM TOTIOJTHUTETLHON HEPTH T - 712870,6
3 CpenHecyTOUHBIH 1eOUT T/CyT 476 1075
4 TIpoJOKUTENBHOCTh TEXHOJIOTHYECKOTO oyt i 517
spdexTa
5 Cebectoumoctb 100b14M 1 T HEDTH pyo 7150 6482
6 3aTparbl Ha MEPONIPUSATHE, BCETO MJIH.pYy0 613,05
B TOM YHCJIE: )
6.1 3arparsl npsiMbie, BCEro MJIH.pYy0 3,56
U3 HUX:
—  MaTepuabl; MITH.py0 ) 2,38
— 3apaboTHas maTa; MJTH.pYO ) 0,09
— CTpaxoBbIE B3HOCHI; MJIH.pYy0 ) 0,027
—  CHENTEXHHKA. MJIH.pYO i 1,05
6.2 Yci10BHO-TIEPEMEHHBIE PACXO/IbI MJIH.pYy0 ) 609,48
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7 DKOHOMUYECKHUN dPPeKT MJIH.pYO - 4191,65
8 IIpuObLIb yncTas MJTH.pyO - 3354,08
9 Hauor Ha npuObLIb MJIH.pYO - 838,52
10 Cpox okynaemMocTy IMpsIMbIX 3aTpaT Ha cyr i 66,71
MEpOTIPHUSATHE

CpennecyTo4HbIi AEOUT U c€0€CTOMMOCTD MPOAYKIHMHA OT peaanu3alud MEpONpUITUS

HarJIIHO TIpeIcTaBiIeH Ha (puc.22 u 23).

1200

1075

1000

BOO

600

M3,cyT

200

m Gazoewld BApHaHT | Mo npexty

Pucynok 22 — CpenHecyTouHbIi 1eOUT
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7400
7200 7150

TO00

PyB.

6600

0482

6200

M Ga30BbIf BAapWaHT WMo npexty

Pucynok 23 — CebectoumocTs 100b14M 1 TOHHBI HEDTH

Kak BumHO w3 (puc.22), MpOEKTHBIN 1eOUT MpeBOCXOoauT 0a30BbIA B 2,3 pasa.

(Puc.23) otpaxaer cHmxkeHue cebecroumoctd Ha 668 py6. Takum o00paszom,

AUCCCPTAHTOM PCKOMCHAYCTCA pcain3alss HJAaHHOI'O MCPOIIPUATHA, SKOHOMHYCCKAA

Bq)(l)eKTI/IBHOCTB KOTOPOIr'0 JOKA3bIBACTCA CJICAYIOINUMHA MOMCHTAMU

Cpenunecyrounblii 1e6uT yBemmuuics ¢ 476 1/cyt qo 1075 1/cyT;
Cebecronmocts 1 ToHHBI HehTH cHU3MIAch ¢ 7150 py6. mo 6482 pyo;

BBIpy‘IKa OT pcalln3alv OOIIOJHUTCIIBHOI'O o0beMa He(l)TI/I coCTaBuJia

4804696173,3 py6.

Yucras l'[pI/I6BIJ'IB IPCAIIpUATUA OT BHCAPCHUA HOAaHHOTO MCTOHA

uHTeHcudukanyu nputoka 3354,08 muH. pyo.

Cpok OKyImaeMocTH 3aTpaT Ha MEpONpHUsITHE cocTaBmiI 66,71 cyT.
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Gravel Packing

According to Saucier, a gravel pack is a downhole filter designed and used to
prevent or block the production of unwanted formation sand and solid. Saucier added
the formation sand is normally being held properly in a place by gravel pack sand
which is held in place with a sized screen. In order to determine the needed gravel
pack size, a core sample from the formation and sand formation must be examined
with a view to determine the median grain size diameter and grain size distribution
[10]. There have been a number of publications detailing the best possible option to
be used in selecting gravel pack size to control the production of sand formation.

When the median grain size of the gravel-pack sand, D50, is no more than six
times larger than the median grain size of the formation sand, D50. The upper case D
refers to the gravel, while the lower case refers to the formation sand. The basis for
this relationship was a series of core flow experiments in which half the core
consisted of gravel-pack sand and the other half was formation sand. The ratio of
median grain size of the gravel-pack sand and median grain size of the formation
sand was changed over a range from 2 to 10 to determine when optimum sand control
was achieved. In carrying through this experiment, the procedure provides measuring
the pack permeability with each change in gravel size and comparing it to the
formation’s initial permeability. In this, if the final permeability is equal to the initial
permeability was the same as the initial permeability, we could say that effective
sand control achieved. On the other hand, if the final permeability was less

than the initial permeability, it suggests that the sand formation was invading
and plugging the gravel pack permeability. This provides that sand control could be
achieved under this condition. But at the same time, it would decrease the well
productivity [9].

Frac-Pack

Frac-Pack is a mixture of hydraulic fracturing, and gravels packing, that is
why it is called frac-pack stimulation. The frac pack treatment pumped down the
tubing and into the crossover tools. The crossover tools direct the flow into the space
between the casing and the pipe, called the annulus. The slurry flow down the screens

and the casing into the perforated zone, this treatment fit the conventional high

88



permeable treatment, with the exceptions that the treatment is designed to screenout
at the end of the stage to ensure the maximum re-stressing of the formation [6]. Frac-

pack completion components are illustrated in Figure 1 Below.

Tubing

Packer Elements

Slips

Crossover Tool

Blank Pipe
Proppant

Figure 1: Typical components of a frac completion [7]
History of Gravel Pack

It is important to trace, briefly the history of gravel pack and its application.
The gravel pack’s first frac-pack projects were conducted in the Gulf of Mexico in
the early 1980s. These treatments of the gravel pack were similar to hydraulic
fracturing in its design and execution. The gravel pack result longer, narrower
fracture, which not similar to the wider shorter fracture off frac pack treatment. This
method was not accepted by the operators because of the fact that the initial
production result was not encouraging or economically viable.

The first and successful tip-screeout (TSO) gravel pack pumped in the late
1980s, this pumping was done in sandstone formation. These early TSO treatments
placed short, wide fractures. Further advances by companies including BP and
Pennzoil led to equipment and technique innovations that helped to extend the length
and width of the fractures to give much higher sustained production rates than were

typically seen in gravel-packed wells [7]. Early frac packs were pumped at about 10
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bbls/min with proppant concentrations up tol2 Ibm/gal to give total proppant
quantities up to 40,000 Ibm.

However, industry demands for increased pump rates, higher proppant
volumes, and the move to the more-abrasive ceramic proppant materials led to
increased erosional forces on downhole crossover tools [9].

Service companies and scholars has over the years came up with significant
technical progress and tools that can comfortably carry through and cope with the
gravel pack technology.

Presently, drilling industries do places frac packs at 50 bbl/min, with 12
Ibom/galUS proppant concentrations and a total proppant quantities in excess of
200,000 Ibm[12]. Initially candidates selected to be treated by frac pack technique
were screened using different qualifiers to help ensure that success is achieved in
carrying through the job. There are advantages associated with the Net Present Value
(NPV), reservoir management, time period for commercial production, reduced
intervention, and lower operating costs which quickly became clearly seen to
operators to accepted to use this technology [9]. Operator commonly use frac pack as
their completion case and in doing this, they must have arrived at a certain conclusion
that using the sand control technique is significant in this frac pack process (Ray &
Mariano (2007). Part of the advantage of the later opinion of the operators was that
the frac-pack technique helps to solve some of the problems and risk associated with
the stability of a formation and near-wellbore positive skin or damage, water
production and water injection for pressure maintenance [9] Figure 2 shows the
relative sand face areas for gravel packing, high-rate water packing, and frac-

packing.
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Figure 2: Relative Sand Face Areas for Gravel Packing, High-Rate Water
Packing, and Frac Packing [8]
Sand Control

In this process, the first step to be taken in completion design in an
unconsolidated or weak sand formation is the necessity to have knowledge of the
formation’s strength. The sand grains in general could move due a number of factors
especially forces due to coupled drag. There are other factors that could influence
formation strength, which could amount to six different phases.

For example, pressure, and drag forces, which are commonly believed that
they could influence formation strength, such as drilling and completion; clean up;
initial production at maximum rates; shutdown, start-up and production at pressure
depletion [5]. Normally gas well operations is known and used in minimizing sand
movement that focused on the prevention of flux rates so as to control erosion,
thereby limiting the chance of high production in the initial production rate loads at a
startup to reduce the invasion of screen or gravel pack by fines or formation solids
[5].

The need for gas control for gas wells is important concern that would over
time grow as the exploration is gradually moving into complex formation especially
coal and shale. Gas control for gas wells is a critical concern that will grow as the
exploration is increasingly driven into more complex formation such as coal and
shales. King and O’Connell suggested that the best way to effect sand control is to
achieve the sand control without introducing any mechanical obstruction such as
gravel and screens. King and O’Connell added that production skins in sand control
completions range as low as 0-3 for open hole gravel pack and frac-pack, to skin of
10 to 15 for cased hole gravel packs with gravel interface outside the casing. Figure 3

91



illustrates the type of sand control completion methods being used in the industry,
such as external or open hole gravel pack, cased hole gravel pack, screen only,

internal, and frac-pack [9].

L

A B

Figure 3:Sand control completions methods: A. Screen only External C. Open
hole gravel pack internal or cased hole gravel pack D. High-Rate gravel pack E. Frac-
pack. [9]

ALLPAK

A new and superior gravel packing method called ALLPAK™, for alternate
path gravel packing, is reported here. It has been found that gravel packing problems
associated with formation of sand bridges in the annulus outside the screen can be
eliminated by adding alternate flow paths for slurry flow. The alternate paths are
provided by perforated shunts or secondary piping placed in the annulus, usually by
attaching the tubes to the screen. Laboratory gravel pack simulator tests indicate that
essentially complete annulus packs can always be obtained, even in cases where
current methods provide very poor pack efficiencies. This paper describes the
laboratory experiments and field tests which verify the advantages from this new
concept.

A new completion method is described which solves the classical problem of
sand bridging in conventional gravel packing. Provision of properly designed
alternate slurry flow paths, through shunts or secondary piping placed in the annulus,

eliminates almost all of the voids seen with common gravel packing procedures. The
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results from laboratory testing done on a 30-ft full-scale gravel pack simulator
indicate 95-100% gravel pack efficiencies as compared to 65-80% obtained with
conventional procedures, where both efficiencies are estimated by visual
observations. In addition to providing superior gravel packs, the new method, called
ALLPAK, for alternate path gravel packing, also permits wider ranges in slurry
rheology and pumping rates.

Field test results from U.S. Gulf Coast offshore wells validate and extend the
laboratory observations. The classical problem in gravel packing occurs when
premature sand bridges form in the annulus between the sand retainer screen and the
casing wall, for an in the casing gravel pack, or the formation, for an open-hole
gravel pack. The bridges usually form either at the top of the screen or adjacent to
zones of higher permeability. Once a bridge forms, slurry flow past that point ceases,
leaving an incomplete pack below the bridge. Many mechanical variations for gravel
packing apparatus have been developed or proposed for avoiding sand bridging , and
a large body of literature exists reporting studies of the effects of gravel packing
variables such as fluid rheology, pumping rates, sand density and concentration, etc.

However, major problems still exist, especially where long intervals and\or
highly deviated wells are involved. This work describes apparatus and methodology
for alternate path gravel packing which can eliminate bridging problems. The key to
the new approach is the addition of alternate paths for slurry flow adjacent to the
screen. These could either be inside or outside the screen, although the mechanical
assembly is much simpler if the alternate paths are placed in the annulus. The
alternate paths consist of small separate tubes or pipes attached to the screen and
perforated with small holes every few feet. Slurry can either be injected directly into
the tubes, or the tubes can be left open at the top of the annulus to act only as shunts.

Figures 4 and 5 illustrate the concept. Ultimately, injecting the slurry directly
into the tubes may prove to be the preferred arrangement because this would provide

a more orderly, controllable, and predictable process.

93



" SHUNT ™ TOP VIEW OF WELLBORE WITH "SHUNT"

Figure 4 ALLPAK (Alternate Path Gravel Pack) Mechanism [10]

Figure 5 Schematic of ALLPAK™ Assembly [10]
LABORATORY TESTS ALLPAK™ A series of tests were run on Baker
Sand Control's 6.2 in. The 18-ft perforated length simulates 12 shots/ft, with each 0.7
in. 1.D perforation backed by a 2.5 in. long 0.7 in. I.D. tube packed with 20/40 mesh

sand to simulate the formation.
The simulator can vary in inclination between 0 and 90° but most of the runs
were made in a horizontal position to provide the most difficult packing conditions.

Pertinent results are summarized in Table 1 [10].
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Table 1 - Summary of ALLPAK™ Testing on Gravel Pack Simulator [10]

Semmacy of ALLPAK™ Testing on Gouvel Pack Sknulsior

Test No.of Commems Pxck Shunt Hole  Hole Pack
Shunts Type Size Size  Density Efficiency

) - (in) (i) )
| 0 w cuculason 75
2 2 w crouladon  0.824 36  2per? %0

3 2 squeezs 0.824 M6  2per? 100
4 0 x circulation 80
5 0 squeeze 70
6 2 circalation 075 13 lper %0

7 2 squeeze 0.75 8 1 per I' 100
8 2 w cuculavon 0.824 13 lper 2 95
9 2 x crculston 0.524 13 per? 95
0 2 ¥ crrulsion 0824 18 lper2 95
13 0 z £ue-cine 65
12 4 cireulation L1X0.5 332 1 per 2 95
13 Bl ciculadon  1X0S 332 1 per 2 98
14 4 sgue-cire 1X0.5 332 I per2 93
15 4 rz sque-cire 1X0.5 332 I per 2 S0
16 4 z circulaton 1X0.5 116 1perd 95
17 ) z sque-cire 1X05 1216 1perd 95

The first set of experiments listed in Table 1 were the initial experiments
made in an attempt to verify the alternate path concept. The base case was previously
known to provide incomplete packing and was repeated here for comparison
purposes. Although the shunt runs were relatively successful, the packing mechanics
were haphazard with slurry running in and out of shunt holes almost at random. From
this it was surmised that the shunt holes were too large and that there were too many
holes. [10]

In the second set of experiments, the goal was to investigate the use of 36#
XC/1000 gal. clarified gel rather than 40# HEC/1000 gal. and to improve shunt hole
designs. The two base cases were run to provide comparisons for both squeeze and
circulation positions. As an afterthought, one run was made using water as a carrier
fluid with approximately the same results. The use of 0.75” 1.D. tubes rather than
0.824” 1.D. occurred because the 0.824” tubes were not immediately available. The
small size variation did not alter results in any noticeable way.

The final set of experiments were made after a field apparatus design was
tentatively identified. Rectangular shunts were chosen in order to maximize the
clearance in the annulus while still retaining substantial shunt tube cross sectional

area for slurry delivery. The squeeze-circulation experiment was chosen as a standard
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in order to simulate use of a differential valve. Four shunts set at right angles were
chosen to assure that two shunts would always be at the top of the apparatus. The
runs with 40/60 sand were made to study the effects of settling on the packing
mechanism. The smaller holes were investigated to find how small the holes can be
with minimal possibility of plugging.[10]

A separate set of tests were run where up to 300 ft long shunt tubes were laid
out on pavement and slurry was injected directly into the tubes. From these tests, it
was found that the XC gel and 40/60 sand can be delivered several hundred feet at
shunt flow rates of less than 0.2 bbls/min.

FIELD TESTS ALLPAK™ Two U.S. Gulf Coast offshore wells were
chosen for the first field tests. Each well provided a specific challenge for the new
method. Well #1 was only inclined at 45° from vertical but had two productive zones
separated by more than 50 feet of shale. The upper 18-ft perforated zone was much
more permeable than the lower 9 ft zone, and the lower zone's estimated reserves
were too small to justify a separate completion. Well #2 was inclined at 64° and had
190 feet of perforations in a 220-ft zone of highly variable quality [10].

The ALLPAK™ design for Well #1 included three joints of 2 3/8 inch screen with
four half inch by one inch rectangular shunts attached and perforated every three feet
with 3/32 inch holes. One joint of blank pipe with blank shunts was placed above the
top of the screen. The connectors between individual screen joints are key elements
in obtaining shunt fluid transmission continuity. Figure 6 provides an external view

of the connectors.

96



Figure 6 Field Type Shunt Connectors [10]

An internal O-ring assembly at each end of each connector assures a good
pressure seal. Failure of a seal ends a shunt's effectiveness below that location. A
connector is attached to the end of each shunt tube and the short length of shunt tube
between the two end connectors allows for adjustment to slightly variable shunt and
screen combinations. Additional installation time required to run an ALLPAK™
assembly has been about 15 minutes per joint. Most of the extra time is associated
with making the connections.

Well #1 was initially packed at 3.S bbls/min with 8 Ibs/gal 40/60 sand, and a
40 cp, nearly Newtonian fluid. A lower tattletale and 300 psi differential valve were
used. Since the packing pressure was at approximately the fracture gradient,
fracturing apparently occurred and a second batch of slurry was required. The second
batch was pumped at approximately 1.S bbls/min and a 2500 psi sand-off was soon
achieved. The total amount of sand placed behind the pipe was approximately 0.6S
cu ft/ft of perforated interval, much above the 0.2 to 0.2S normally expected for a
superior gravel pack. It is currently speculated that the shunts facilitate fracturing
along the entire perforated length when the fracture gradient is exceeded. Work is

underway to exploit this advantage.
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Figure 7 Well #1 with ALLPAK™ [10]

Figure 7 shows a silicon activation gravel pack log for Well #1. Although a
standard analysis indicates some possible small voids, this is misleading, since no
known mechanism exists to provide voids at and slightly above the very top of the
upper screen. The most likely situation is that the added steel of the shunt tubes and
normal statistical variations in silicon activation logs account for the occasional log
interpretations of deviations from 100% packing efficiency. In addition, the shunt
tube stand-off from the screen is not uniform and occasionally a shunt will lie
directly against the screen. This also will tend to cause variation in the silicon
activation log. The vertical line on the log indicates the position of the almost
certainly packed zone at the top of the screen. In all probability, the annulus was
completely packed. The apparatus design for Well #2 varied primarily in that two of
the shunts had 3/32 inch holes at 5-ft intervals over the entire length and the other

two had holes every 5 feet only over the bottom 100 feet of the perforated
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interval. Holes were offset so that at least one hole occurred every 2.5 feet across the
pay zone. This design followed long tube experiments which showed that
unperforated shunts provide excellent slurry transport along the unperforated
length.[10]

Well #2 was packed with the same methodology used for Well #1, except that
36 #XC/ 1000 gal. clarified gel was used as the carrier fluid. It was felt that the high
inclination angle and excessive length required a longer sand settling time than was
needed for Well #1. No problems were encountered either in running the screen or
pumping the slurry for Well #2. One noteworthy occurrence was that approximately
10 minutes after the slurry reached the crossover, a rapid 300 psi pressure rise was
observed. At that point, the pump rate was dropped to 2.25 bbls/min and the pumping
pressure stabilized at approximately the initial value. Pumping continued at this rate
and pressure for another 8 minutes, at which time pumping pressure began to rise
again, with a high pressure (2600 psi) sand-off occurring 3 minutes later. It is
speculated that the first pressure rise indicated formation of a complete annulus
bridge near the top of the completion interval, and the later somewhat steady rise
indicated dehydration of the pack for this relatively viscous carrier fluid. Figure 8
shows a silicon activation gravel pack log covering the top 145 feet of the 220-ft

screen. [10]
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Figure 8 Well *2 with ALLPAK™ [10]

The previous comments regarding packing efficiency once again apply. The
logging tool wouldn't slide below this level and was not forced lower for fear of
retrieval problems. Once again, within our evaluation capability, the pack appears to
be complete over the logged interval. Approximately 0.24 cu ft of sand was placed
per foot of perforated interval.

Both test wells were put on production and flowed efficiently with little
drawdown. As a result of these successful completions, reserves not otherwise
available were added for Well #1 and the cost of breaking the zone into two
completions was saved for Well #2. Following these excellent test results, the new
procedure was adopted as a standard operation. Six more zones have since been
completed with packing results similar to the test wells.

Premium screens Premium screens were originally developed for stand-
alone installations in horizontal wells rather than a gravel-packed completion;
however, this type of screen has been installed in several wells worldwide in

combination with a grave pack. Proprietary designs are premium designs that surpass
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the performance of either a standard wire-wrapped screen or a prepacked screen in
their ability to resist plugging and erosion and are equipped with torque-shouldered
connections to permit rotation. These screens have a single layer or multiple layers of
woven wire mesh, sometimes sintered, forming a resilient filter and providing weld
integrity and mechanical stability. Mesh screens maintain their strength during
installation without altering the filter pore openings. With drainage layers, and an
optimized design of basepipe perforations, these screens evenly distribute flow across

the full area of mesh and reduce the risk of plugging at the screen face.
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Figure 9 Premium screen [4]
These type of screens have increased inflow areas to as much as 30% of the

surface area of the screens which is significantly more than wire wrapped screens.
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The materials used and the designs differ from conventional wire-wrapped screens.
They consist of various designs like:
e L attice
e Dutch weave
e Porous membrane
e Sintered metal
e Corrugated weave
Parametric sensitivity studies of gravel packing — Master thesis by Rune
Bergkvam 25 Commonly used weave pattern are:
e Plain square (fig 10, A)
e  Plain Dutch (fig 10, B)
e  Twilled squared (fig 10, C)
e  Twilled Dutch (fig 10, D)
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Figure 10 Weave patterns for premium screens [5]
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The logic used in these designs was that they were better than wire wrap
screens because these screens have inflow areas of about 30% compared to about 5%
to 10 % with wire wrapped screens.

Alternate path screens

The classical problem in gravel packing occurs when premature sand bridges
form in the annulus between the sand retainer screen and the casing wall, for a cased
hole gravel pack, or the formation, for an open-hole gravel pack. The bridges usually
form either at the top of the screen or adjacent to zones of higher permeability. Once
a bridge forms, slurry flow past that point ceases, leaving an incomplete pack below
the bridge.

Figure 11 Expandable screens [13]

Many mechanical variations for gravel packing apparatus have been
developed or proposed for avoiding sand bridging, and a large body of literature
exists reporting studies of the effects of gravel packing variables such as fluid
rheology, pumping rates, sand density and concentration, etc. However, major
problems still exist, especially where long intervals and/or highly deviated wells are
involved.
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Figure 12 Gravel pack with alternate path technology [16]

A way to solve this issue is to use alternate path gravel packing which can
eliminate bridging problems. In this system, there is an additional alternate path for
slurry flow adjacent to the screen. This path could either be inside or outside the
screen, although the mechanical assembly is much simpler if the alternate paths are
placed in the annulus. The alternate paths consist of small separate tubes or pipes
attached to the screen and perforated with small holes every few feet (shunts). Slurry
can perforate through small holes every few feet and overcome a potential bridge
between the screens and the open hole. This system also accepts high losses during
the gravel pack operation which also could be a big challenge when running a
standard setup. Some of these systems requires a viscous carrier fluid for the gravel
pack.

The methods of monitoring sand production

Whatever sand exclusion method that is adapted, it cannot be guaranteed that
they will work indefinitely. Consequently, it is essential that the sand content of the
produced fluids be monitored so that if a well starts producing sand it can be shut-in
before subsurface or surface equipment becomes blocked or damaged. The methods
of monitoring sand production can be batch, probe or downhole sand detection. The
batch monitoring system is the cheapest method of sand monitoring. It involves

periodically taking a sample of produced fluid from the well head, filtering out and
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washing the sand, drying it and weighing it [4, 5]. Unfortunately, this method can be
inaccurate because of the random nature of sand production, particularly if the well is
slugging or on intermitted pump. However, if a greater weight of sand is collected
over a longer sampling period after passing a known quantity of produced fluid
through a filter, better accuracy may be obtained. The probe monitoring involves a
continual monitoring and leads to a greater accuracy than periodic observation. Sand
probes may be used to shut in a well or to monitor and record the quantity of sand
produced [5]. These probes can be mechanical probe, sonic probe or piezo-electric
probe. The downhole sand detection uses a system known as SANFLOG, which
operates on the same principle as the SAFLO detector [5] to detect sand influx in a
dry or wet gas wells or single liquid phase wells. The system can also be used as a
listening device operating on audio signals between 0.3 and 10 KHz [6]. This dual
capability allows the operator to use the tool to listen for flow from producing
interval while simultaneously recording sand impacts. If only part of the producing
formation is contributing to sand production, the operator may elect to selectively
treating the specific zone.
Open hole gravel pack

Gravel packing is a commonly applied technique to control formation sand
production from open-hole oil and gas wells. In a gravel pack completion, a screen is
placed in the well across the productive interval and specially sized, high
permeability gravel pack sand is mixed in a carrier fluid and circulated into the well
to fill the annular space between the screen and the formation. The size of the gravel
pack sand is selected to prevent formation sand invasion and the size of the screen
openings are selected to retain the gravel pack sand. A complete gravel pack in the
open-hole/screen annulus creates a very stable, long lasting downhole environment
where only well fluids (not formation sand) are produced. Gravel packing has been
successfully applied in conventional wells for several decades, and increasingly, the
technique is being applied in extended-reach open-hole horizontal wells. Horizontal
gravel packing is process intensive and requires special attention to drill-in fluid
selection, well displacement and service tool operation to ensure successful gravel

placement and well productivity. Specialized downhole tools facilitate circulation of
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the gravel pack sand in place. The tools create a circulating path for the gravel slurry
down the workstring, out into the annulus below a packer and down the annulus
outside the screen. The screen retains the gravel and the carrier fluid flows into the
screen, up the washpipe, out in the annulus above the packer and back to surface. The
washpipe extending down inside the screen directs the point of fluid returns to the
end of the screen. As well deviation increases, large washpipe becomes a critical
factor in achieving complete gravel fill around the outside of the screen. Test data
and field experience show that the washpipe OD to screen ID ratio needs to be
approximately 0.8. The large OD washpipe restricts the amount of carrier fluid that
diverts into and flows down the screen/washpipe annulus. The gravel is round natural
or synthetic material that is small enough to exclude formation grains and particles
from production, but large enough to be held in place by screens. Gravel packs are
operationally challenging to install, however, when successfully installed, they
prevent the formation from collapsing. Skin effects is a challenge for gravel packs
(both open hole and cased hole). This dimensionless factor is calculated to determine
the efficiency of the production by comparing the actual conditions with the
theoretical conditions. A positive skin value means that it exist some kind of effect
that is impairing the well productivity, while a negative value means enhanced
productivity. Placement of gravel-packs can lead to high positive skin values in a
well. This is often due polymer based carrier fluid invading the formation or
insufficient cleanup of wellbore prior to gravel palcement, which may lead to a
detrimental pressure drop between the formation and the well. Open hole gravel
packs can be subdivided into two main forms: circulating packs and alternate path
(shunt tubes). Both can be used with wire wrapped screens and mesh (premium)

screens. Figure 14 shows a schematic of an openhole gravel pack
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Figure 14 Open hole gravel pack with pre packed screens [4]

Cased hole gravel pack

Cased hole gravel pack use similar techniques to open hole gravel packing.
This includes using similar tools, similar rates and they have the same desire to be
able to squeeze and circulate. In cased hole gravel packs it is desired to be able to
squeeze and circulate. If pure circulation is done, it will lead to the perforations not
being packed. To achieve squeezing, the BOP is closed to restrict the return flow.
However, circulation will assist in getting the gravel to the toe of the interval for long
intervals. Further, pre-packing the perforations prior to running the screens can aid in
the placing of gravel into the perforations. Tubing conveyed guns in the hole can be
used for pre-packing.
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Figure 15 Invasion of gravel into an open perforation [6]

Disintegratable gravel pack
Since the designs of the filters are not very efficient, they are complex in

production and installation in the well, it is necessary to develop an optimal method
of gravel delivery to the downhole without these drawbacks. The most suitable
option for creating a filter part of technological wells is to lower a bundle of gravel in
a bound state that dissolves in a hydrocarbon medium or in other known solvents,
while having a strong structure. Such a filter is called a disintegratable gravel filter.
Advantages of using this technology over other options of gravel dumping:

* Reliability of gravel pack delivery.

«  Prevention of sedimentation of gravel above the filter zone (in cracks,
caverns and narrowings of the wellbore).

Dense and uniform shrinkage of gravel along the height and perimeter of

thewater intake of the filter (prevention of voids).
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»  The labor costs for the construction of the well are reduced.

*  The possibility of differentiating gravel pack fractions by size.

After carrying out the search for the gluing reagents and analyzing their
properties, possible formulations of a gluing reagent for the manufacture of a
disintegratable gravel filter have been modeled, which were to be investigated
by the experimental method.

CONCLUSION

An analysis was made of the existing technology of gravel packing in the
filter zone of the well, the requirements for the design of the gravel filter, as well
as the scheme of operational faces with its use were developed. Experimental
studies have the following conclusions:

1. Based on the results of the experimental studies it was found that
bitumen-rubber mastic do not meet the requirements for gluing gravel. Because
of the presence of plasticizers do not give a strong structure. At high
temperatures, the structure becomes loose.

2. Construction bitumen completely satisfied the requirements, to
create a solid structure of the disintegrated gravel pack, and also demonstrated a
long, but complete dissolution in all of the above solvents.

3. BF-2 glue showed the best results in the production speed,
dissolution rate, as well as in strength characteristics. A significant disadvantage
is the complete immunity to such solvents as oil and white spirit. However, in
certain solvents (acetone, 646), the dissolution rate is times higher than bitumen.

4. It is impossible to single out the best of the two binding materials
unequivocally, but it is possible to separate these prescriptions according to the
application specialization. So bitumen is ideal for use in oil wells. It does not
require the injection of an additional solvent (the hydrocarbon medium serves as
a solvent). BF-2 is also preferably used in gas wells. It is necessary to pump the
solvent, and in such conditions, BF-2 will show a better dissolution rate and a

more economical assembly of this technology from the point of view of time.
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5. The optimum solvent for formulations that meet the requirements is -
solvent
6. He demonstrated the best dissolution rate and the most economically

advantageous
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