TOMSK TOMCKUNHA
POLYTECHNIC NONMUTEXHUYECKUN
UNIVERSITY INEBB YHUBEPCUTET

MWHWCTEPCTBO HaYKM 1 Bbiclero o6pa3soBaHmA Poccuinckon Megepauun
denepanbHoe rocygapcTBeHHOe aBTOHOMHOE
obpasoBaTesibHOe yypexkaeHune Bbicliero o6pasoBaHumA
«HaumoHanbHbIN nccnefoBaTenbcknii TOMCKUI NONUTEXHNYECKNA YyHUBepcuTeT» (TI1Y)

[ITxona — MuxkeHepHas IKoJa IPUPOIHBIX PECYPCOB
Hanpasnenue noarorosku — Hedrerasosoe neno
Otnenenune mkoinsl (HOLL) — OTnenenue nedrerazoBoro aena

MATUCTEPCKASA JTUCCEPTALIUA

Tema padoTsl

CoBeplIeHCTBOBAHUE TEXHUYECKHUX CPEICTB U TEXHOJIOTHil TPABUITHOH 00CHINKHU
NpUGUIBTPOBOM 30HbI CKBAKHH

YJIK 622.245.65-048.32

CryneHt
I'pynna DPUO Hoanuch Harta
2bM73 AbakoB Anekceit ButanbeBuu
PykoBogurens BKP
J0KHOCTH (1% (0] Yuenasi crenenb, Moanucy Jara

3BaHHE

JloLeHT OTAeaCHMS

I'motosa B.H. K.T.H.
HeTera3oBoro jena

KOHCYJBTAHTBI 110 PA3JIEJIAM:
ITo pazneny «®UHAHCOBBIN MEHEKMEHT, pecypcor((HEKTUBHOCTL U PECYPCOCOEPEKEHUE

J0KHOCTH (1% (0] ‘Y4enasi cTeneHs, Moanucey JlaTta
3BaHHe

JloLleHT oTacHCHUS

Pomanrok B.b. K.9.H.
He()TEra30BOro Jiena

IIo pasacity ((COI_[I/IaJ'H)HaH OTBCTCTBCHHOCTL»

J0KHOCTH (1% (0] ‘Yuenasi cTeneHs, Moanucey JlaTa
3BaHHE

AccucreHnr OTACIICHUA

OO0IIETEXHUYECKHX Uepemuckuna M.C. -
JUCLUTIIIMH
JOIIYCTUTHD K 3AILIUTE:
Pykosoautenn OOII DdPUO YyeHasi cTeneHb, IMoanuch JlaTa
3BaHMe
JloueHT oTaeneHus Kosanes A.B. K.T.H
HC(I)TCFEBOBOFO aciia

Tomck — 2019 1.




Iliianupyemblie pe3yiabTaThbl 00ydenus no OOII

Kon
pe3yibTaTa

PesynbTar 00yueHus
(BBIMYCKHUK JIOJDKEH OBITh TOTOB)

Pl

[IprMeHsITh eCTECTBEHHOHAYYHbBIC, MAaTEMAaTHUECKUE, TYMAaHUTApHbBIC, SKOHOMUYECCKHE,
UHKEHEPHBIE, TEXHHYECKHE M TIyOOKHE TpOo(ecCHOHANbHbIE 3HAaHHMA B 00JAaCTH
COBPEMEHHBIX  HEe(TEera3oBbIX  TEXHOJOTMH  JUIsI  PEIICHHS  MPUKIAOHbIX
MENCOUCYUNTUHAPHBIX 3A0a4 W UHHCEHEPHBIX NpoOIeM, COOTBETCTBYIOIIMX IMPO(UITIO
TIOJITOTOBKH (B HEPTETA30BOM CEKTOPE SKOHOMHUKH ).

P2

[TnarupoBaTh ¥ MPOBOAWTH AHATUTUYECKHE U JKCICPUMEHTAIBHBIC UCCIe008aHUS C
UCITOJIb30BAHUEM HOBEUIIIMX JOCTIDKCHHM HAyKM W TEXHHKH, YMETh KPUTHYCCKH
OLICHUBATh PE3YJIBTAThI U JIENIaTh BBIBOIBI, IOYIECHHBIC B CIOJNCHLIX U HEONPEeOeNEHHbIX
VCI08USX, WCTIONB30BATh NPUHYLUNDLL U300Pemamenbcmed, npasoeble 0CHOBbL 8 0baIacmu
UHMENIEKMYAIbHOU COOCMBEHHOCMU.

P3

[IposiBiATE  MPO(ECCHOHATIBHYIO  0C8E00OMIIEHHOCHb O  NEpedosblX  3HAHUAX U
OmMKpulmusAX B 00MacCTH HE(PTEra3oBbIX TEXHOJOTUH C Y4ETOM  1epedo8ozo
OMeyecmeeHH020 U 3apy0exncHO20 OTbITa; UCIONb30BATh UHHOBAYUOHHBIL NOOX00 TIPU
pa3paboTKe HOBBIX HIECH W METOJOB MPOEKMUpo8anus OOBEKTOB HE(PTEra3oBoro
KOMIUIEKCA JJISl peuleHuss UHIICEHEPHbIX 3a0ay pazsumusi He(TEera3oBbIX TEXHOJOTHH,
MOOEpHU3AYUU U YCOBEPUIEHCIMBOB8AH U HEPTETa30BOr0 MPOU3BOJICTBA.

P4

Breopsimo, sxcniyamuposams u 00OCIysHCUBANb COBPEMEHHBLE MAUIUHBL U MEXAHUIMbL
JUISL peayu3alii TEXHOJIOTHYECKUX IPoIeccoB HedrerazoBoil obmactu, obecrneunBarh
UX 8bICOKVIO 3hhexmusHocmb, COOIIONATH MPABUIIA OXPAHbI 300P08bsL U OE30NACHOCU
mpyoa, BBITIOIHATH TPEOOBAHUS T10 3auyume OKpyscaroujeti cpeovl.

P5

bbicTpo opHeHTUpOBaTbCS U BBIOUPATH ONMUMAIbHbIE PEUleHUs] 8 MHOLODAKMOPHBIX
cumyayusx, BIAJETh METOAAMHM M CPEICTBAMU MAMeMamuiecKko20 MoOelIuposaHus
TEXHOJIOTHYECKHUX MPOIIECCOB U OOHEKTOB.

P6

O heKTUBHO HCHONB30BaTh THO00N MMEIOIIMIICS apceHall TEXHUYECKUX CPENICTB IS
MaKCUMAJIBHOTO TPHUOJIMDKEHUST K TIOCTABJICHHBIM TIPOW3BOJCTBCHHBIM IIENISIM  TIPU
paszpabomke U peanu3ayuy npoeKmos, TPOBOAUTb IKOHOMUYECKUL AHATU3 3ampam,
MapKemuH208ble UCCIe008aHUs, PACCUUMBIBAMb IKOHOMUYECKYIO d¢hdekmusHocmb.

P7

OddexkTuBHO paboTaTh UHOUBUOYATbHO, B KAYECTBE WieHa U PYKOBOOUMEN KOMAHObL,
yMeHue (hOpMHpOBaTh 3aaHHUS U OnepamugHvle NIaHbl BCEX BHUIOB JAESTEILHOCTH,
pacrpeensaTh 00s3aHHOCTH WICHOB KOMAaH/ 1bl, TOTOBHOCTb HECTU OMBEMCMBEeHHOCb 3a
pe3yivbmamul pabombl.

P8

CaMOCTOSTEIILHO YUUTBCA U HEIIPEPBIBHO 7106blULANTD KGCI./ZL{quKal/;MIO B TCUCHHUEC BCCTO
rnepuoaga HpO(i)GCCHOHaJII)HOfI JCATCIIBHOCTHU, aKTHUBHO 61a0embp UHOCMIPAHRHRBIM A3bIKOM
Ha YPOBHC, IIO3BOJIAIOIICEM pa6OTaTI> B HHTepHaHHOHaHBHOﬁ cpeae, paBpa6aTLIBaTL
JOKYMCHTAIIMIO W 3alIUIIATh PE3YyJIbTAaThI HH)KeHepHOﬁ JCATCIIBHOCTH.




TOMSK TOMCKUNN
POLYTECHNIC MNONMUTEXHUYECKUN
UNIVERSITY NI YHVBEPCUTET

MWHMCTEpPCTBO HayKM U Bbiclwero obpasoBaHua Poccuinickon Gegepaunm
¢depepanbHoe rocyapcTBEHHOE aBTOHOMHOE
obpasoBaTesibHOE yupexaeHmne Bbicliero obpasoBaHuA
«HaumoHanbHbIN nccnegoBaTeNbCknii TOMCKUI MOAMTEXHMYECKNA YHUBEPCUTET» (TI1Y)

[IIxona — MuxeHepHas 1MKoja IPUPOIHBIX PECYPCOB
Hampasnenue nonrorosku — Hedrerazoroe nemno
Otnenenne mkoibl (HOLL) — OTnenenne Hedrerazoporo aena

YTBEPX/IAIO:
PyxoBonurens OOII

(ITopmmucs)  ([ara) (®.1.0.)

3AJJAHHUE
HA BBINOJIHEHHE BBIMYCKHOIH KBAJIN(PUKANMOHHO PadoThI
B dopwme:

MarHCTepCKOﬁ JUCCCpTaliun

(bakanaBpcKkoii pabOTHI, UIUIOMHOTO MPOEKTa/PabOThI, MAaTUCTEPCKON AUCCEPTALIHHN)

CryneHry:

I'pynna (0] 4 (0]

2bM73 AbakoBy Anekcero BuranbeBuuy

Tema paboThI:

CoBepuieHCTBOBAaHHE TEeXHHMYECKHX CpeICTB M TEXHOJIOTMH rpaBUMiHOH  00CBINKH
NPUPUILTPOBOI 30HbI CKBAKHH

VYTBepxkIeHa NPUKa3oM JUpeKTopa (1ata, HoMep) ‘

Cpok c/1auu CTYZIEHTOM BBITIOJTHEHHON paOOTHI: ‘ ‘

TEXHUYECKOE 3AJIAHHUE:

Hcxonnbie nanHblie K padore OObeKTOM  HCclefoBaHME  SBJISETCS  pa3paldoTka
ne3uHTerpupyemMoro rpaBuiiHoro ¢unbtpa (AT'D)
0o0yasaomero  3HAYUTEIbHBIMU  MPOYHOCTHBIMU
XapaKTEPUCTUKAMH.

Pa3paboTka peuentypel pacTBopa i CKJICHBaHUS
rpaBuUs.

IHepedyensb mompiexammx 1. Ananutuyeckuii 0630p Mo JIUTEPATYPHBIM

HCCIICI0BAHMIO, IIPOEKTHPOBAHHUIO U HCTOYHHKAM C IIEJIbIO BBIICHEHUSI JOCTHKCHUI HAYKH U

TEXHUKH B paccMaTpuBaeMoi 00acTu;

2. IlpoBeneHune 3KCEPUMEHTAIBHOTO UCCIEOBAHUS IO
pa3paboTKe penenTypsl A CKICHBAHUS TPABHS.

3. ®UHAHCOBBIM MCHEIKMCHT;

4. ComnnanbHas OTBETCTBEHHOCTE;

5. MepeBog 04HOM M3 OCHOBHbIX YacTeu.

pa3paldoTkKe BOIIPOCOB




Hepeqenb rpaq)n'{eucoro MmarTepuajaa HCO6XOIII/IMOCTB B rpa(bnqecxnx MaTcepHrajiax
(C MOYHBIM YKA3aHUEM 00513aMeNbHbIX Yepmedicell) OTCYTCTBYET

KoncyabTaHThI 110 pa3aeaM BbIIYCKHONH KBAJIM(PUKALUOHHOH PadoThI

(¢ ykazanuem pazoenos)
Pazgen KoncyabTant
DuHaHCOBBIM MEHEIDKMEHT, JlonieHT oTaeneHus HedTera3oBoro jaena, k.3.H., Pomantok B.b.
pecypcodhHEeKTHBHOCT U
pecypcocOepekeHne

CornuanbHast OTBETCTBEHHOCTh | ACCHUCTEHT OT/ACICHUS OOMIETeXHHYSCKUX JUCIUTUTHH
Yepemuckuna M.C.

YacTs Ha MHOCTpAaHHOM si3blke | CTapIuuii npenogaBaTesib OTACICHUS HHOCTPAHHBIX SA3bIKOB
JIeicynen T.b.

Ha3Banusi pazaesioB, KOTOpble [I0JKHBI ObITh HANMCAHBI HA PYCCKOM U HHOCTPAHHOM
SI3bIKAX:

Improvement of technical means and technologies of gravel dusting of the well filter zone

JlaTta BbI1a4M 32JaHHUA HA BbINOJTHEHUE BBINIYCKHOM
KBAJIU(UKAIUOHHOH padoThl 110 JIMHeHHOMY rpaduky

3aganue BbIAAJ PYKOBOAUTEC/Ib:

J0KHOCTH [5(0] Yuenas creneHb, Moanucy Jara
3BaHHe
JoueHT oTaeiaeHus I'morosa B.H. K.T.H.
HedTera3oBoro aena

33}13HI/I€ NMPHHAJ K UICIIOJTHEHUIO CTYACHT:

I'pynna (07 (0] Hoanmuch Harta

2bM73 AOakoB Anekceli BuraiseBud




_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXXEHUE)
CryzneHry:
I'pynna (015 (0
2BM73 AbakoB Anekceit BuraipeBuy
HNnikenepuas IIpupoaHbIX pecypcos Otaenenne Hedgrerazosoro geia
IIKO0Ja
YpoBeHsb Maructp HanpaBienue/cnenuaibHOCTH Hedrerazosoe nemno /
o0pa3oBaHus CrpontenscTBO TTyOOKHX

HE(PTIHBIX ¥ TAa30BBIX CKBAXXHH B
CIIO’KHBIX TOPHO-TEOJIOTHYECKUX
YCIIOBUSIX

Hcxoanbie nanHble K pazgeny «OPHHAHCOBBI MeHEIKMEHT, pecypcodd(PpeKTHBHOCTE U pecypcocOepekeHne»

1. CrommMocTb pecypcoB HayqHOTO HccnenoBanus (HIU):

I/IH(I)OpMa].[I/IOHHBIX 1 9CJIOBCUYCCKUX

MAaTCpHUAJIbHO-TCXHUYCCKUX, DOHCPICTUICCKUX, (I)I/IHaHCOBBIX,

Pacuer cMeTHOH CTOMMOCTH BEIITOJTHSIEMBIX pa60T,
corjraCHO HpPIMeH?IeMOfI TCXHHUKH U TCXHOJOI'HH

2. HopMbl 1 HOpMATHBEI PACXOIOBAHHS PECYPCOB

Hopmbr pacxoma marepuanoB, Tapu(HBIE CTaBKH
3apabOTHOM TUTATHI pabounx, HOPMBI
aMOPTH3aLMOHHBIX OTYMCICHNH, HOPMBI BpEMEHH Ha
BBINOJTHEHHE omepauuii, HOPMBI pacxoja
MaTepHaJIoB, HHCTPYMEHTA U Jp.

3. Hcmomp3yemas cucTeMa HAJIOTOOOIOKCHHS, CTABKH

HaJIOroB, OT‘IHCHCHHﬁ, JAUCKOHTHUPOBAHUA U KPEAUTOBAHUA

CraBka Hanora Ha npuOsLTs 20 %);
CrpaxoBsle BHOCHI 30%;
Hanor na no6aBnennyto croumocts 20%

Hepeqeﬂb BOIIPOCOB, NOMJIC/KAIUX UCCITEA0BAHUIO, IPOCKTUPOBAHUIO U pa3p360TKe:

anpTepHaTUB nposeaeHuss HU ¢ no3unun
pecypco3hHEKTHBHOCTH U PECYpPCOCOCPEIKEHHSI

1. OHeHKa KOMMCPUYCCKOT'0 NOTCHIHUAaIa, IEPCIICKTUBHOCTH U

TexXHUKO-IKOHOMHYECKOE 000CHOBaHUE
11eJ1ecO00Pa3HOCTH BHEAPEHUS HOBOM TEXHUKU
WM TEXHOJIOTHHY BBIOJHEHUS PaboT

2. TInanmpoBanme U GOpMHPOBaHHE OFO/KETa HAYTHBIX
UCCIIEOBAHMMH

JlunelHbIl TpaduK BHIIONHEHHS padoT

Hepeqenb rpa(l)nlleucoro MATEPHAJIA (c mounbim yrasanuem 0OA3amenbHbLx uepmedrceil) .

1. Opranu3zannoHHas CTPYKTypa YHpaBICHUS

2. JlvHeliHbIN KajeHAapHbIN rpad UK BHIMOTHEHUs padoT

\ JlaTa BbIIa4M 3aaHUsA JJIA pa3/ienia o JHHEHHOMY rpaguky \

3aganue BbIAaJ KOHCYJIbTAHT:

J0/KHOCTH [(%(0] Yuenas cTeneHs, Moanucey JaTa
3BaHHe
Honent OHJT Pomantok B.b. K.3.H, JIOLIEHT
321)]21]-[1/]6 NMPUHAJ K HCIIOJTHCHUIO CTYJICHT:
I'pynna PUO Moanmucs Jara
2bM73 AbakoB Anekceit BuranbeBud




3AJAHME JIJISI PA3JIEJIA
«COLIMAJIBHASI OTBETCTBEHHOCTb»

CTyneHry:
I'pynna DPUO
2BM73 AobakoB Alekceii BuranbeBuu
Ixona HNmxenepHast mkosa Otnenenue (HOLY) Otnenenre He(TETa30BOTO Jea
IIPUPOTHEIX PECYPCOB
Yposenn Maructparypa HanpagJieHue/crieMaibHOCTh 21.04.01 «Hedrerazosoe aeno»
o0pa3oBaHus

Hcxoanble jaHHble K pa3aeny «CounajabHasi 0TBETCTBEHHOCTbY:

1. XapakTepuctuka 00beKTa UCCICIOBAHUS
(BemecTBO, MaTepual, prUOOP, aNTOPUTM,
METOAMKa, pabodast 30Ha) H 007IaCTH ero
MPUMEHEHHUS

PabGounm MecToM sBISETCS KYyCTOBas IUIOIIAJAKA JUIS  CO3/aHMs
rpaBUitHOTO QIIBTpa B pH3a00iiHOI 30He cKkBaXkuHBI. CTIOCO0 co3manus
TPaBUHHOTO (HUIBTPA B CKBAKHMHE BKIIOYAET BCKPBHITHE HMPOIYKTHBHOTO
mwracta mnepdopupoBaHHOl 00cagHOW KOJIOHHOW, HAaMBIB TpaBHUs B
MPOCTPAHCTBO O0CAagHOH KOJNIOHHBI B HWHTEepBaie mepdopam U B
MIPOCTPAaHCTBO KaBEpPH 3a 00CaJHON KOJOHHOM C THIPOYIUIOTHEHHEM
npu3aboiinoit 30Hk wacTa (I1311). Bpems paboTt co3maHuio rpaBUHHOTO
(GUIbTPa — OCEHHUI U OCEHHE-3UMHHUH MEpUO]]

HepequL BOIIPOCOB, NMOMJICKAIINX UCCIICJOBAHUIO, IIPOCKTUPOBAHNIO U pa3pa60TKe:

1. IIpaBoBbIe M OPpraHN3alHOHHbIE
BOIIPOCHI 00ecnieyeHus1 0€30MACHOCTH:

CIICHAJIbHBIC ITPABOBLIC HOPMBI TPYJOBOI'O 3aKOHOAATCIILCTBA,
OpPraHM3allMOHHBIC MEPONPUATHS TP KOMIIOHOBKE pa60qel71 30HBI.

2. lIpousBoacTBeHHast 0€30I1ACHOCTD:

2.1 AHanu3 BEISIBICHHBIX BPEIHBIX
(hakTOpOB MpH pa3paboTKe U IKCITyaTaI[MU
MPOCKTUPYEMOT'O PEIICHUSL.

Pabota mo co3maHMiO TPaBHIHOTO (MIBTPa HETOCPEICTBEHHO CBS3aHA
pSAIOM BpEOHBIX (PAaKTOPOB, UTO MOXKET CHHU3HTH MPOHW3BOAUTEIHHOCTD
tpyna. K Takum hakropam MOKHO OTHECTH:

1. OTkIOHEHNE TOKa3aTenei KIMMaTa Ha OTKPBITOM BO3IIyXe€.

2. IlpeBblllieHUE YPOBHEN IIyMa.

3. DNeKTpOMarHuTHOE U3ITyYCHHE.

4. BpIOpOC BpeIHBIX BEIIECTB.

2.2 AHanu3 BBIABIEHHBIX OIACHBIX
(hakTOpOB MpU pa3pabOTKE U IKCILTyaTAIUU
MPOCKTHPYEMOTO PEIICHUS.

Ha oOwexre cmycka ¢(uibTpa B NpH3a0OHHYIO 30HY IUIaCTa MOTYT
BO3HHKATh OMacHele (DAKTOpl Ui pabodvero MepcoHana, K HUM
OTHOCSTCS:

1. DnekTpudecKuii TOK.

2. TToxapoonacHOCTb.

3. Dkosornyeckasi 0e30MaCHOCTb:

aHaJIM3 BO3JIEHCTBHS 00beKTa Ha aTMocdepy;
aHaIM3 BO3JICHCTBHA 00bEKTa Ha ruapochepy;
aHaJIM3 BO3JICHCTBHS 00BEKTa Ha JUTOCHEDY.

4. be30nacHOCTDH B Ype3BbIYAHBIX
CUTyalHUsAX:

niepedeHb Bo3MOKHbIX UC Ha 00BeKTe;

BEIOOp Hanbonee TummaHOi YC: - moxap, B3pHIB;

pa3paboTKa MPEeBEHTUBHBIX Mep 1o npeaynpexaeanto UC;
pa3paboTka neiicTBuii B pe3ynbTare Bo3HHKmIEH UYC u wmep 1o
JIMKBUJIALUU €€ N1OCJIEJCTBUI.

[ara Bblia4u pasjeJia 1o JHHEHHOMY rpauky

33}13HI/I€ BbIJ1AJ KOHCYJbTAHT:

JokHOCTD DPUO Yudenasi cTenenb, 3BaHUe Moanuck Jara
accuctent OO/l, | Yepemuckuna M.C.
ILIIBUIT
3anaHne NMPUHAJT K UHCITIOJTHEHUIO CTYACHT:
I'pynna DPUO Hoanuch Jarta

2BM73

AbakoB Anekceli BuraaseBuu




TOMSK TOMCKUNN
POLYTECHNIC MNONMUTEXHUYECKUN
UNIVERSITY YHUBEPCUTET

cl)e,qepan bHO€e rocygapctBeHHOe aBTOHOMHOE€E

MWHMCTEPCTBO HayKK U Bbiclero o6pa3osaHua Poccuinickoin Pepepalun

obpasoBaTesibHOE yupexaeHmne Bbicliero obpasoBaHuA
«HaumoHanbHbIN nccnegoBaTeNbCknii TOMCKUI MOAMTEXHMYECKNA YHUBEPCUTET» (TI1Y)

[ITxona — MuxkeHepHas MIKoJa IPUPOIHBIX PECYPCOB
Hamnpagsiienue moaroToBku (cnenuaibHOCTh) — Hedrerazosoe neno
YpoBeHb 00pa3oBaHusl — MarucTpaTypa

Otnenenne mkoibl (HOLL) — OTnenenne Hedrerazoporo aena
[Tepuon BeITIONIHEHUST — OCCHHMM / BeceHHu# cemectp 2018/2019 yuebHoro roga

dopma npeacTaBIeHus: padOTHI:

MarucCTepcCKasa auccecpranusa

KAJIEHJIAPHBIN PEUTUHI -TIJIAH

(bakanaBpckas paboTa, TUIIIOMHBIA POEKT/padoTa, MarucTepcKas JucCepTanus)

BbINOJTHEHHUS BBINYCKHON KBAJTH(UKAIHOHHOMH padoThI

CpoK cl1au¥l CTYICHTOM BBIITOJIHEHHOUW PabOTHI:

06.06.2019

JlaTa Ha3zBaHnue pa3zgena (Moay.as) / MaxkcuMaJIbHbII
KOHTPOJsA BH/1 pa0oThI (McCJIeI0BAHNSA) 0an1 pa3aena (MoayJis)
01 mapra 2019 [IpoBenenue nurepaTypHoro 0630pa 1o Teme 20
08 mapra 2019 YTBepKJIeHuE METOJUKHU MPOBEICHUS UCCIETOBAHUN 1 5
00pabOTKH JaHHBIX
22 anpens 2019 IIpoBeneHne uccaeq0BaHus PEUENTYPBI I CKIEUBAHUS 10
rpaBUMHOTO QUIbTpA.
06 mast 2019 AHau3 NOJyYEHHBIX 3KCIEPUMEHTAIbHBIX JaHHBIX, 5
MPOMEKYTOUHAS aTTECTAIIHS BBINIOJHEHUS JUCCEPTALTAN
23 mas 2019 IIpenBapurenbHas 3aUTa JUCCepTaluu 3)
COCTABUIJI:
PykoBoautear BKP
JoxkHocTh [01% (0] Yu4enas crenenb, IMoanucn Hara
3BaHHUE
JIOIIEHT OTaeICHUS I'morora B.H. K.T.H.
He(dTerazoBoro aena
COI'JIACOBAHO:
PykoBoautesas QOII
Jo/KHOCTH [%(0] Yuenas creneHs, Moanucey JaTa

3BaHHE

JIOLIEHT OTaeICHUS
HedrerazoBoro nena

Kosanes Aprem
Biagumuposuy

K.T.H.




AHHOTALIUA

B nepBoil yacTu JTUIIOMHOIO IPOEKTa pacCMaTpHUBAIOTCA POOJIEMBbI BEIHOCA
IECKa B CKB&)XHMHAX, a TaKKe OCHOBHbIE METOJbl OOpbObI. MOYKHO BBIIEIHUTH
HECKOJIBKO BO3MO’KHBIX HAlpaBJIEHUsI PEIICHUs MPOOIEMbl: MEXaHUYECKUE, (PU3UKO-
XUMUYECKHE U XuMuueckue. [Ipoanannu3npoBaB 3TU METO/bI, MOKHO CI€IaTh BBIBOJ:
MEXAHUYECKUE METOABbl SIBJISIIOTCS HanboJiee MPOCTHIMU U JOCTYIHBIMH, MO3TOMY
NOJy4YWIM HauOonbliee pacnpocTpaHeHue. K HuM oTHocuTcs 000pyJoBaHME
HE(TAHBIX CKBaXHH MPOTUBONECOYHBIMUA (UIBTPAMHU PA3TUYHON KOHCTPYKIIHH.
CoOTBETCTBEHHO OHHM HYXJAIOTCsl B Oo0Jiee AETaJIbHOM PAacCMOTPEHHH H3-3a CBOEU
IPOCTOTHI, a 3HA4YUT U Oousblield peHTabenbHOCTU. bbU1 mnpHuBeAeH aHAIW3
KOHCTPYKUUH (QuibTpoB. PaccMOTpeHbl MX JOCTOMHCTBA M HEIOCTATKH U CHAEJaHbI
BBIBO/JIbI: T'paBUiiHbIE (PUIBTPHI 00JIa1al0T CYLUIECTBEHHBIMU NPEUMYIIECTBAMU MIEPE]
bunbTpaMu IpYrux KOHCTpYKUuH. Mcxoas M3 JaHHOTO BBIBOJA, ObUIM MOAPOOHO
paccMOTpeHbl KOHCTPYKUMHU TpaBUMHBIX (uiabTpoB. CyllecTBYeT JIBE€ OCHOBHBIX
TPYIIIbl TPaBUIHBIX (PUIIBTPOB — CO3/1aBacMble Ha MOBEPXHOCTH U CO3/1aBacMble Ha
3a00e. HecMOTps Ha Bce MperMyIecTBa Nepel OCTaIbHBIMU BUIaMU (DUIIBTPOB, OHU
TaK K€ UMEIOT CBOM HEIOCTATKH. BakKHBIM HEOCTAaTKOM TaKUX (PUIBTPOB SBISIOTCA:
OonplIME BpEMEHHbIE 3aTparbl Ha (opmupoBaHue ¢QuibTpa Ha 3a00e U
HEOOXOMMOCTh YBEJIIMUEHUS AMaMeTpa CKBAXUHbBI U PACIIUPEHUS (PUIBTPOBOI 30HbBI
CKBaXUHBl. B CBA3M C JaHHBIMH BBIBOJAMHU TOSBHJIACh HEOOXOAMMOCTH B
COBEPILIECHCTBOBAHUM TEXHUYECKUX CPEACTB U TEXHOJOTUW TIpaBUHHON OOCHINIKU
npUPUILTPOBOI 30HBI TEXHOJIOTUYECKUX CKBAXKHH.

Bo BTOpoil uacTM JUIUIOMHOTO TIPOEKTa pa3pabaThiBaeTCs pelenTypa
pacTBOpa ISl CKJIEMBaHWSl TpaBUs, OCHOBHAs 3ajada JaHHOW paboTel. Hayunas
HOBHM3HA 3aKJIOYAaeTCs B BHIOOpE CKIIEHMBAIOLIEIO peareHTa, a TakkKe B IMOHCKE U
anpoOOBaHUM  PA3JIMYHBIX PACTBOPUTENCH, HANpaBIEHHbIX Ha pa3pyllieHHe
CKJIEEHHON KOHCTPYKLIMH, aallTUPOBAHHBIX IO/ COCTaB ONPENEIECHHON PELENnTypBhl.
OcHOBOU aJ1 CKJIEMBaHUSI TpaBUsl OBUIO MPEAJIOKEHO KPUCTAIUMYECKOE BSIKYILEE
BemiecTBO. JIJisi mpoBepKH 00pa3lioB Ha pacTBOpPEHHE ObLIM BBHIOpaHBI CIEAYIOIIUE

BCIICCTBA.



1. Bona.

2. I'muHUCTHIN pacTBOP.
3. Hedts

4. bens3un «Kanomay.
5. Kepocus.

6. Yait-ciupur.

[TocnenoBaTenbHOCTD UCCIIEIOBAHMIA:

1. OmpeneneHue MNPOLEHTHOTO COJAEp>KaHUA TpaBHUsl U pacTBOpa Il €ro
CKJICHBaHHUSI.

2. TIpoBepka MPOYHOCTHBIX XaPAKTEPUCTUK MOTYICHHBIX 00pa3IIoB.

3. Tlouck pacTtBOpuTENeH, adanTUPOBAHHBIX IO COCTaB pacTBOpa U
pacTBOpPEHHE MOTYICHHBIX 00pa3IOB.

4. AHanu3 NoJy4eHHBIX PEe3yJIbTAaTOB.

B Tperwheit yacTu OTpaskeHbI M MPOBEJEHBI PacyeThl BCEX BUOB PACXOJIOB,
HanpaBIIEHHBIX HA TMPOBEJEHHUE HAyYHOTO HCCIEAOBAaHUA U  pa3paboTKu
CKJICMBAIOIIETO peareHTa JJis Je3UHTETPUPYEMOTO TPaBUIHOTO PHIIbTpA.

3arpaThl Ha BBHIMOJIHEHUE HAYYHO-UCCIEI0BATEILCKOTO MPOEKTa BKIIIOYAIOT B
ce0s1 CIeayIoITUe dIIEMEHTHI:

— 3aTpaThl Ha CEUATbHOE 000pYyI0BaHNE U paboUYre KOMIIOHEHTHI;

— 3aTpaThl Ha OIJIaTy TPYAa;

— 3aTpaThl Ha CTPAaxOBBIE B3HOCHI B TOCYIapCTBEHHbIC BHEOIOIKETHHIC

boHBI;

— HaKJIAJHbIE PACXO/IBI.

B dyerBepToli dacTu JAMIUIOMHOM pabOTBI paccMOTpEHa ColMaabHas
OTBETCTBEHHOCTh paboTHUKa HedTerazoBoi otpaciu. OnucaHsl BUIBI BPEAHOTO
BO3JICHCTBUSI HA OKPYKAIOIMIYI0 cpeny. [IpoBeseH aHann3 BceX OMACHBIX U BPETHBIX
dbakTopoB pabouell 30HBI, TAaKUX KaK: IIIyM, METEOPOJOTUYECKUE YCIOBUS,

AIEKTPOMArHUTHOE U3JIyYEHNE, BPEIHBIE BEIIECTBA, DIEKTPUUYECKUI TOK U ITOXKap.



Omnpenenenusi, COKpameHns, 0003HAYEHUS

JAI'® — ne3unTerpupyemblii rpaBUHBIA QHIBTP
[13I1 — npuzaboitHas 30Ha mIacTa

[TAB — moBepXHOCTHO-AKTUBHBIE BELIECTBA
HKT — nacocHO-KOMIIpecCOpHbIE TPYObI

['OCT — rocynapcTBEHHBIN CTaHAAPT

['PII — rupaBnu4ecKuil pa3pbiB IJ1aCTa

IIJIBA — 1u1aH JIMKBUJALMKY BO3MOXHBIX aBapyuil
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BBenenue

Jlsist HopManbHOTO (DYHKIIMOHUPOBAHUS 000PYIOBaHUs, HEOOXOJIMMO BCEMU
MeTomaMu OOpOThCA ¢ TecKomposiBieHUsIMUA. Cllab0CIIEMEHTUPOBAHHBINA TIIACT C
OONBIIMM  COEPKAHUEM TII€CKA, YaCTHI[BI KOTOPOTO MOTYT IOMajgaTh Ha 3a00u
CKBO)XHHBI, pa3pylllaTh IUIACThI, BbI3BbIBATh MNPOOKHU, OOBajgbl B CTBOJE. OTU
MOBPEXKICHUST MOTYT MPUBECTH K MOJIHOMY OTKa3zy 00O0pYyI0BaHUs, MMOITOMY JTFOOBIC
MECKOIPOSIBICHUS HEOOXOIMMO YCTPAHSTb.

MOXHO  BBIICTTUTH HECKOJIBKO BO3MOXXHBIX  HATMPABIICHUS  PEIICHUS
IPOOJIEMBI: THIPOIMHAMUYCCKIE, MEXaHNUECKHUE, (U3UKO-XUMHUCCKIE, XHMHUIECKHUE
¥ KOMOMHAIIUU ATUX METOJIOB.

MexaHU4ecKne METOABl SBIISIFOTCS HanOoJiee MPOCTBIMA W JIOCTYITHBIMH,
MO3TOMY  TOJy4HJId  HauOoJsblliee pacrpoctpaHeHne. K  HUM — oTHoOcUTCA
o0opynoBaHuE HE(PTSIHBIX CKBAXUH MPOTUBONECOYHBIMHU (UIBTPAMHU Pa3TUYHON
KOHCTpYKIMU. B naHHON paboTe paccMOTpeHbl rpaBUiiHbIE (DUIBTPHI, 00JIaJa0IINe
CYIIECTBEHHBIMU TPEUMYINECTBAMU Tiepel (QuibTpaMu Jpyrux KOHCTPYKIIHMA:
CTaOMJIBHOCTBH padOThI, 00JIEE BHICOKME MMOKA3aTENH NPUEMHUCTOCTH 3aKaYUBAIOIINX U
neOnTa OTKAUYNBAIOIINX CKBAXKHH.

CymiecTByeT JIB€ OCHOBHBIX IPYIITIbI TPAaBUMHBIX (PHIIBTPOB — CO3/1aBacMbI€ Ha
MOBEPXHOCTU U co3/laBacMble Ha 3aboe. ['paBuiiHbie (UIBTPHI, CO3/laBaeMble Ha
MTOBEPXHOCTHU (KO’)KyXOBBIE, KOp3WHYaThIE, 0JI0UHbIC) OTHOCHUTEIHHO
MaJIOTPOU3BOIUTENBHBI, JOCTATOYHO OBICTPO KOJBMATHUPYIOTCS, CIIOXKHBI U JOPOTH
IpU TIPOM3BOJICTBE M CJIOXKHBI TMPU YCTAaHOBKE B CKBakmHE. Kpome Toro, mocie
cnycka (QuibTpa B CKBaXHHY, HEOOXOJMMO TMPOU3BOJIUTH OOCBINKY BTOPOTO CJIOS
IPaBUTAIIMOHHBIM CITOCOOOM, YTO YBEJIMYHMBACT BpPEMEHHBIC 3aTpaThl. | paBuiiHBIC
buILTPHI, CO3/IaBaeMble Ha 3a00€ MPHU BCEX JOCTOMHCTBAX, HE BCET/1a 00ECIIEUYNBAIOT
BBICOKOTO KauecTBa rpaBuitHON 0OChImKU. [1pu aTOM 111 0GecniedeHust HeoOXoAMMOn
TOJIIIMHBI 3aCBITKK TPEOYETCS yBEIWYCHUE OUaMeTpa CKBAXWUHBI W PaCIIUPCHHUS
(GUIBTPOBOM 30HBI CKBOXHHBI. BCe 3TO MPUBOAUT K YBEIMYECHHUIO BPEMEHHBIX U

¢buHaHcoBbIX 3arpaT. s yBenuueHus 3p(HEeKTUBHOCTH 00ycTpoiicTBa (hUIBTPOBOM
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YaCTH CKB&XUHBI MPU COOPYKEHUU CKBXUH MIPOBOJWINCH HCCIEIOBAHUS TIO
CO3/IaHUIO U Pa3pabOTKe IE3UHTErPUPYEMOTO TpaBUHOTO (PUIBTpA.

Ilenp wHccnenoBaHUsS — COBEPUICHCTBOBAHWE TEXHUYECKUX CPEACTB MU
TEXHOJIOTHI IPaBUMHON OOCHINKH MPUPUILTPOBON 30HBI CKBAYKUH.

Hcxons W3 NOCTAaBIEHHOW 1L€NM, W B pE3yjbTaTe aHaJu3a COCTOSIHMS
po6JieMbl, cHOPMYIHPOBAHBI CIEIYIOIINE OCHOBHBIE 33/1a4U UCCIIE0BAaHUSA:

1. I[IpoBecTu nuTEpaTypHBIl 0630p 1O MIAHY:

1.1. 3apmaum, pemaemble MpU TPAaBUHHOM OOCHINKE NPUPHUIBTPOBON 30HBI
TEXHOJIOTHYECKHUX CKBAKHH.

1.2. O030p TEXHUYECKHX W TEXHOJIOTMUECKUX pEUIEHUN Ui TpaBUMHON
OOCBINKY MPUPUIBTPOBON 30HBI CKBAXKUH PA3IIUYHOTO Ha3HAYEHUS.

1.3.  O0630p TEXHONOTWH  TPaBUMHOW  OOCBHINKH,  MPUMEHSIEMBIX
IPOU3BOJCTBEHHBIMU OPraHU3alMsAMHU, 3aHUMAIOIIUXCS OypeHHueM He(QTAHBIX U
ra30BbIX CKBa)KMH.

2. IlpoBecTu dKCIEpUMEHTAIBHBIE HCCIETOBAHNUS B TA0OPATOPHBIX YCIOBHSIX.

3. CpopmynnpoBaTh BBIBOJbI U PEKOMEHIAIUH.

Meronuka pemeHus MOCTaBIEHHBIX 3aJad OCHOBaHA HAa M3YYCHUH U
0000IIIeHNN TEOPETHUECKUX 3HAHUN MO0 paccMaTpuBaeMou MpoOJemMe, MpOBEICHUN
OTBITHO-IA00PATOPHBIX MCHBITAHUN 1O pa3paboTKe penenTypsl cocraBa Jis

CBS3BIBAHUS TPaBHsl B I€3UHTEIPUPYEMOM IPABUHHOM (PUIIBTPE.
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1. TeopeTnyeckas 4acThb
1.1 AKTyaqbHOCTH PO0OJIeMBbI

OpHoil W3 TaBHBIX MPOOJIEM, BO3HHUKAIOIIEHM BO BpeMsl SKCILUTyaTalluu
CKBQXUH C HEYCTOMYMBBIMU MOPOJAMU—KOJUIEKTOPaMH, SBISIETCA pa3pyIICHHE
npu3zaboiiHONW 30HBI TuIacTa. [Iporiecc paspyiieHus MNpu3adOMHOM 30HBI IIIacTa
CONPOBOKIAETCSI BBIHOCOM YaCTHI] OPOBI U3 IJIACTA B CKBAKHHY.

C npo6sieMoil MEeCKONMPOSIBICHUS 3aHUMAIIUCh TAKWE BUJIHBIE POCCUHCKHUE U
3apyOexHbie yueHble, kak: A.H. Agonun, A.Jl. Amupos, B.A.AmusH, ['.A. ba6amnsn,
®. bozeman, B.B. lN'ompamreiin, C.B. M36am, B.C. Ucromuna, K. Ko6epmm, P.U.
KotsixoB, C.M. KynueB, M. Macker, U.1U. Macnos, JI.C. Menmuk-Acnanos, A.X.
Mupzamxkan3zane, .M. Munn, A.H. [Tarpames, A.M. [lupsepnasn, 3.M. Pycramos,
A.b. Cynenmanos, H.H. Illanberun, A.A. [llaxna3zapos, IO.M. IlllexTtman u apyrue.

NHTeHcuBHBINA BBIHOC TBEPAOM (ha3bl M3 IJIACTa MPUBOJUT K abpa3sMBHOMY
M3HOCY TIOJI3EMHOTO U Ha3€MHOTO 000PY/IOBAHUS CKBAXKWH, HAPYIIEHUS CTOMKOCTH U
oOBajIMBaHKE MOPOJ] B MpU3a00itHOM 30HE, 3a0MBaHUs IECKOM 3al[UTHBIX YCTPOMNCTB,
HACOCOB, MOJLEMHBIX U XBOCTOBBIX TPYO, IEPEBOIHUKOB U MPOYETO 000PYI0BAHUS U
o0Opa3zoBaHus MeCUYaHbIX MPOOOK Ha 3a005X, YTO, B CBOIO OYEPE/b, BEJET K CHIKEHUIO
MIPOU3BOJIUTEIIBHOCTH CKBaKUHBI BIUIOTh 10 €€ MOJIHOM ocTaHOBKH. llocienctBusi

BBIHOCA MECKa MPEJICTaBICHbI HA PUCYHKE 1.

BbiHOC necka

Jpo3unsa ObpasoBanue ObpasoeaHue
CKBaXMHHOIO nec4yaHelx npobok nycToT 3a
obopygoBaHuA obcanHo#

KONMOHHOM

[MoBpexaeHue CHuxeHue nebuta CmaTHE M U3THMD
BHYTPUCKBAKWHHBIX obcaaHOM KONOHHLI
KnanaHoB W aBapumn

Pucynok 1. IlocnenctBus BbIHOCA [TECKA B CKBAKUHY
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Pesynbpratel  1mabopaTOpHBIXYW W IPOMBILUICHHBIX  HCCIEIOBaHHIA
CBUICTEILCTBYIOT, YTO KOJUYECTBO IECKA, MOCTYMAIOIIET0 B CKBAXXHUHY, PACTET IO
Mepe UCTOMICHUS Ta30HOCHOTO KOJUIEKTOPA U CHU)KEHHS TUIACTOBOTO JaBieHus [1].

MexaHu3M TMECKOMPOSBICHUS SIBISIETCS OYEHb CIIOKHBIM: Ha HErO BIIHSET
BECh IMPOIECC OKOHYAHUS CKBA)KMH, HAUWHAS OT MEPBUYHOTO BCKPBITHSA TIACTa U 10
Hayaja J00bIYM yrieBojoponoB. HeraTuBHOoe BiusiHHE (DaKTOPOB 3aKaHYMBAHUSA
CKB2)KMH CBSI3aHO C M3MEHEHHEM HAMPSIKEHHOTO COCTOSHUS MECYaHOTO KOJJIEKTOpa
[2].

Crparerust 3amThl TOTPYKHOTO OOOPYAOBAaHHUS OT TECKOMPOSIBICHUS
JOJKHA YYUTHIBATh B3aMMOBIIMSHUE PA3IMYHBIX BUIOB OCIOKHEHUN B KOHKPETHOU
CKBayKUHE.

Ha  mpaktuke  1menecooOpa3HOCTh  MPOBEACHUS  MPOTHUBOMECOYHBIX
MEPONPUITUIA NPUHUMAETCS, OOBIYHO, C YYETOM 3KOHOMHYECKHX COOOpaK€HWiIl B
COYETAHMHM C OIIEHKOW BO3MOKHBIX TEXHOJOTMYECKHX ocioxHeHuil. Ilpu stom
YUUTHIBAIOTCS BO3MOXKHBIE TOCIEACTBUS OT 00Opa3oBaHUS IMECYAHBIX MPOOOK M OT
BBIHOCUMOT'O Ha IMOBEPXHOCTh IE€CKAa, TO €CTh OIICHUBAETCS BIMSHHME MECOYHOIO
«HaXJaKa» TO0 BCEeMy IIyTH CJEIOBaHUS, a TaKKe 3aTpaTbl Ha PEMOHTHO-
BOCCTAaHOBUTEJIbHBIE pa0OTHI B CKBa)KMHAX.

Haubonee ceppe3Has yrpos3a, KOTOPYIO TMPEACTaBIsE€T BbIHOCUMBIM B
CKBXUHY TIE€COK, 3aKJIFOUAETCS B BO3MOXXHOCTH CHW)KCHHS MPOU3BOAUTEIHLHOCTH
CKBXMHBl HU)XE€ HSKOHOMMYECKH oOlpaBAaHHOro ypoBHs. Ilecok, KoTOpbIi
CKaIlIMuBaeTcsd Ha 3a00€ win 00pazyeT MOCTOBYIO MPOOKY, MOKET YMEHBIIUTh 1€OUT
CKB)KUHBI WJIM TIOJTHOCTHIO BOCIIPETSITCTBOBATH MPUTOKY TIACTOBOTO (hIIFOMAA, €CITU
CKOPOCTH BOCXOJSILEro MOTOKa HEAOCTAaTOYHBI JAJisi TPAaHCHOPTHPOBKU IE€cKa Ha
MIOBEPXHOCTb.

Copepxamuiicss B IpOAYKIIMH CKBaXKUHBI MIECOK 3POJUPYET TOPOTOCTOSIIEE
CKBOXKMHHOE U Ha3zeMHOE 000pyA0BaHHE, KOTOPOE MPUXOAUTCS 3aMEHsTh. Bricokue
U3JICPKKH, CBSA3AHHBIE C TMOTeped JOOBIYM BO BpeMs 3aMEHBl WM KalUTaIbHOTO

PEMOHTA CYMMHUPYIOTCS ¢ OOIIIMMHU 3aTpaTaMHU.
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[lecok MOXeT 3poAUpPOBATH U BBIBOJAWTH U3 CTPOSI BHYTPUCKBAKUHHBIC
npeloXpaHuTeabHble KianaHbel. [loBpexaeHHe 53THX MEXaHM3MOB MOXET CTaTh
IPUYUHON CMEPTENIbHBIX CIY4YaeB U CEPbE3HOTO0 SKOHOMHUYECKOT0 yIliepoa, 0COOEHHO
B MOPCKHX YCJIOBHSIX U TPYAHOJOCTYITHBIX MECTaX.

OKcIuTyaTtalys CKBaKMH C BBIHOCOM IUIACTOBOIO IE€CKA HA IMOBEPXHOCTb
MOKET CHOCOOCTBOBATH OOpPAa30BaHUIO IMYCTOT 3a OOCAJHON KOJIOHHOW, OCTaBIIsis
TpyOBl 0€3 MOoJAepKKU. 3aTeM, B pe3yibTaTe OIMyCKaHUS W IMOJABIKEK IUIaCTOBOU
IIOPOJIbI MOYKET Pa3BUBATHCS HEPABHOMEPHOE PACIIPEACIICHUE COKUMAIOILEH HAarpy3Ku
Ha 00CaJHYIO0 KOJIOHHY, YTO BEJET K € CMATHIO 1 U3ruly. BRIHOC B CKBa)XXMHY YacTu
IUTACTOBOTO MaTepHalia MOKET MPUBECTH K TOMY, YTO MOPOJia MEHEee MPOHUIIAEMBIX
IPOIUIACTKOB 3alOJHUT HPOCTPAHCTBO BOKPYr OOCAJHOM KOJIOHHBI, B PE3yJIbTaTe
MPOU30MIET 3HAUUTEIbHOE U HEOOpATUMOE CHIDKEHUE JeOuTa.

CnenoBaTenbHO, BBIHOC IE€CKAa W3 IUIacTa B CKBAKMHY M Ha IMOBEPXHOCTH
MOJKET OKa3aTbCs YPE3BBIYANHO JOPOTOCTOSALIMM M IMOTEHIMAIbHO omnacHeiM. Ha
JAHHBII MOMEHT oOecrnieueHne 3S()PEKTUBHOIO  KPEIJIEHUS  HEYyCTOWYMBBIX
KOJUIEKTOPOB Ha OTEYECTBEHHBIX MECTOPOXKACHMSIX YIJIEBOJIOPOAOB, YTO IMO3BOJIUT
IPEIOTBPATUTH BHIHECEHUIO TOPHOM MOPOABI HA MPOTSHKEHUH JIIUTEIBHOTO TEpHoia

AKCIUTyaTallii CKBAXKUH, SIBIIACTCS aKTyallbHON TIPOOIEMOMN.

1.2 Metoabl 00pb0bI ¢ IECKONPOSIBJIEHHEM

CymiecTByIOT THAPOJUHAMUYCCKHMN, XHUMHUYCCKHH, (U3UKO-XUMHYECCKUH,
MEXAHUYECKUA METOJ TMOCTYIUICHUS TECKa M3 IIacTa B CKBaxuHy. [Ipumensercs
Tak)ke KOMOUHAIIUS TUX METOJIOB.

IM'uaponuHaMudeckuii MeToJ] MOXET OBbITh MNPUMEHEH B OTHOCUTEIBLHO
YCTOMYHMBBIX TOpPOAAX, KOrJa 3a CYET JKCIUIyaTallud B YMEPEHHBIX pPEeXMMax
MeCKOBaHMs MOXHO wu30exarh. CyThb MeTOAAa 3aKIIOYACTCS B HUCKIIOYCHHUH
BO3HUKHOBEHHUS 3HAYUTEIBbHBIX JCMIPECCUI HA TJIACT B OTPAHUYCHHBIE MTPOMEKYTKHU
BPEMEHH, MPUBOASIIMX K HAPYLWICHUIO DPaHEE YCTOWYMBOW CTPYKTYPBI TOPOI.
BenuunHa KpUTHMYECKUX JE€NPECCH Il KOHKPETHBIX TOPHO-T€OJIOTHYECKHUX

YCJ'IOBI/II\/'I AOJDKHA OIpCACIIATBCA 10 MCTOIUKCE, aHaAJIOTMYHOM OIIpCACIICHUIO
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KPUTHUYECKOTO TpaJleHTa TUApopaspbiBa miacta. OOBYHO IKCILTyaTanusl CKBaKUH
IIPY OTPAHMYCHHOM JeOUTE SKOHOMUYECKU HE BHITOJTHA.

MHoro4mncieHHble Mepbl OOpbOBI C TMECKOM, KOTOpbIE HMMEIOT MECTO B
3apyOeKHOW TMPaKTUKE, HOCIT YHCTO MPOPUIAKTUYCCKHNA XapakTep, TO €CTh
MPUMEHSIOTCS, KaK MPaBWIO, A0 BBOJA CKBAXKUH B AKCILTyaTalMIO, U COCTABISIOT
HEOTHEMJIEMYIO YacTh pabOT MO OKOHYaHUIO CKBaXuH. [log 3TUM TepMHHOM
MMOHMUMAIOT BCE OMEPAllid C MOMEHTA BCKPBITHS TIPOTYKTUBHOTO 00OBEKTA IO BHI30BA
MPUTOKA KUIAKOCTU WK Taza. Crojla BXOJAT: pa30ypuBaHUs MPOJYKTUBHOTO IJIacTa,
CIyCK M UEMEHTUPOBAHUE HKCILUTyaTAallMOHHOW KOJIOHHBI, YCTaHOBKa T'PABUMHOIO
bunbTpa (Miau Apyrux GuiabTPoB A OOPHOBI C MECKOM) U OCBOCHUE CKBaYKUHBI.

Ocy1iecTBiieHUE Pa3IUYHBIX MPOPUIAKTUYECKUX Mep OOpbOBI C MECKOM OT
caMOro Hauajia BBOJAa CKB&XMHBI B OKCIUTyaTallMI0 OOECIEYMBAET BBICOKYIO HX
3¢dexTuBHOCTh. ONBIT MOKA3bIBACT, YTO ISl PE3KOT0 MOBBIMICHUS 3(PHEKTUBHOCTU
MEphl 10 OTrPAaHUYEHHUIO TOCTYIUICHUS TeCKa W3 IJJacTa B CKBAKUHY CIEIYET
MPOBOAUTH A0 Hauajia pa3pylieHUs MOPoJ1 MpU3ad0itHOM 30HBI.

K wMexaHumyeckoMy METOQYy OTHOCATCS TEXHOJIOTMYECKHUE IPOLECCHI
000pyIOBaHUS CKBAKUH PA3IMYHBIMHU 3a00WHBIMHU MPOTHBOTICCYAHBIMU (UIBTPAMH
win ke oOpazoBaHusi (QWIBTPOB Ha 3a00e MyTeM HaMbiBa (UIBTPOBAIBHBIX
MaTepuayioB. DTOT METOJ M3BECTCH JaBHO. SIBisieTcss HauOoJiee MPOCTHIM, OJHAKO
IIUPOKOTO TEXHOJIOTUYECKOr0 MPUMEHEHHUE B MPAKTUKE Ta30oHePTenoOblun He
Haxoquia. B cBs3u ¢ BBeAgeHHEM B pa3pabOTKy MECTOPOXKIACHHUN C BHICOKOBSI3KUMHU
HePTIMM W  pa3BUTHEM TEPMUYECKHX METOJOB BO3JCHCTBUS HAa  IUIACT
HEOOXOJMMOCTh TpPUMEHEHUs] (DUIBTPOB IJIs MPEIYyNpEekKACHUS BBIHOCA TECKa U3
riacTa npuoodpesna akTyalbHOCTb.

XVMHUYECKHI METOJT OCHOBaH HAa HMCKYCCTBEHHOM 3aKpCIJICHUH TOPHBIX
MOpOJ, PA3TUYHBIMUA BSDKYIIMMH BEUIECTBAMU, B OCHOBHOM TOJIMMEPHOTO THIIA
(BomopactBopuMas dhenonpopmanpaeruanas cmona COXK-3012, coctaBbl Ha OCHOBE
ClaHIEBbIX (DEHOJIOB, COCTaB HAa OCHOBE BCIICHEHHBIX CHHTETHYECKMX CMOJ H
JPYTUE), HO OTHOCATCS K Hambojee TOpOTHM, XOThb W HAMOOJee MEepPCIEeKTUBHBIM

METOAM.
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K ¢@usuko-xumMuyeckum MeETOJaM MOXKHO OTHECTH CHOCO0 KperIeHHs
KOJUIEKTOPOB IMyTEM KOKCOBaHHMA He(TH B MpHU3a0OHHON 30HE B pe3yibTaTe €e
MOJIUMEPU3AIMM U CIHOCO0 TEPMOXMMHUYECKOTO KpEIUIGHHS C MPUMEHEHUEM
IPaHyJIUPOBAHHOTO MarHus. IlepBelil cmoco® OCYIIECTBISETCS 3alOJHEHUEM Yepes3
GuabTp TOpsAYEro BO3AyXa M PEKOMEHIYEeTCS K MPUMEHEHHIO MpuU J00bIue
BBICOKOBSI3KOM HE(THU C HETTTyOOKO 3aJIeTHIMX IJ1acTOB.

CKBaXMHBI, KOTOpbIe 000PYAYIOT CPEICTBAMHU 3aJCpPKUBAHUS MECKa, MOTYT
UMETh B MPOJAYKTUBHOM WHTEpBajie WM OTKPBHITHINA 3a00i, Wi nepopupoBaHHYIO
obOcamuyro TpyOy. B ciaydae oTkpbiToro 3a6os menecooOpa3Ho MPUMEHSTh (QUIBTPHI-
XBOCTOBUKHA W HaMbIBHbIE TpaBHUiHbIE (DUIBTPBL, @& B CKBAXUHAX C OOCaXEHHBIM
OPOAYKTUBHBIM HHTEPBAJIOM—HAMbIBHOW T'paBUMHBIA (UIBTP BHYTpU 0OCagHOU

KOJIOHHBI WJIM OCYIIECTBUTH KPEIJICHUE MPU3a00HOM 30HBI CMOJION (PUCYHOK 2).
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Pucynox 2. Tunosle cXeMbl MPEAOTBPAICHNUS IECKONPOSBIICHUS: & — KPEIUICHHE MTOPOJ pn3aboiHOH 30HbI 1
CrHenuaIbHBIMU COCTaBaMH; O — CO31aHNE KaBEepHBHI 2, €€ 3aIll0JIHEHNE BRICOKOIIPOHUIIAEMbBIM MaTepHalioM ¢
MOCIIEIYIONTNM 3aKpeIUIeHIE CIIeNHANbHBIMU COCTaBaAMHU; B — 9KPaHUPOBAHHUE TOPO IPU3a00HHON 30HBI pUIBTPOM 3; T

— 9KpaHUPOBaHHE MOPO/] MPHU3ab0iHON 30Ha QUIILTPOM uepe3 MPOMEKYTOUHBIH Ci10it rpaBus 4.

JUis ~ 3akaHYMBaHUS  CKBAXMH B MPOAYKTUBHBIX  IUIacTaXx  C
c1a00CEMEHTUPOBAHHBIMU TIOPOAAMH (CBHITYYMMH TECKaMH) C LEJIbI0 OOphOBI €
BBIHOCOM II€cKa HE0OXOAUMO:

a) MPUMEHEHHE NbIPUaThIX (PUIBTPOB WM TPYO C MPOCBEPIICHHBIMU B HUX

OTBEPCTUSAMY;
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0) HCIOJIb30BaHME HAMBIBHOTO 3a00WHOr0 (MiIbTpa, M3TOTOBJIEHHOTO U3
necka (rpaBus) WIKA pyroro MaTepuana;

B) 3alOJHEHHE 3aTpyOHOro IMPOCTPAHCTBA B MHTEpPBAIC 3aJlCraHMs
IPOAYKTUBHOTO IJIaCTa TPAaBUEM;

I') ICKYCCTBEHHOE KPEIUIEHUE NIECKA B IPOM3BOAUTEIHLHOM ILIACTE.

IIpu sTOM mEpBBIE JABa MEPOIPHUATHS CBOJATCS K 3aJCPKUBAHUIO YXKE
BBIHECEHHOTO C IJIacTa Mecka pa3iInyHbIMU (PUIBTPOBATBHBIMU YCTPOWCTBAMH, a JIBA
IPYTUX — JO0 HCKYCCTBEHHOIO 3aKpEIUIEHHs IMOpOJ B IMpU3a0OWHON 30HE IyTeM
CO3JIaHMsI TOMEXM MEXIYy IUIaCTOM U KOJIOHHOM TpyO WM pasjenka Ijacrta

CIICOaJIbHBIM BSDKYIIMM MAaTCpPUAJIOM.

1.3 XumMnueckue MeTobl 00pbOBI C MECKONPOSIBIEHHEM

Crioco6 pemieHust npoOaemMbl ¢ MECKONPOSBICHUSMH B CKBAKMHAX IyTEM
YCTAaHOBKHA (PUIBTPOB HE BCErja SBIAETCS ILEI€CO00pa3HbIM M 3KOHOMUYECKH
3¢ ¢pexTuBHBIM. [103TOMY C 11€71b10 MOBBIIIEHUS TPOU3BOIUTEIBHOCTH U YMEHBIICHHUS
3aTpaT Ha TEKYIIMA U KalUTAJIbHBIA PEMOHT CKBaXMH MPU3a00iHYIO0 30HY ILIacTa
MPEUMYIIECTBEHHO YKPEIUISIIOT XUMUYECKUMU METOIAMH.

XVMMHUYECKHE METOJBl OCHOBAaHbI Ha MCKYCCTBEHHOM 3aKpEIUICHUU IOPOJ B
pU3a00MHON 30HE CKBAKMH Pa3IMYHBIMU XMMUYECKUMH cocTaBamu. H3BecTHO, 4TO
npoBefieHHe paboT 10 KpeIJIeHUIO Mpu3a0OWHON 30HBI IJJacTa Ha 3Tare
3aKaHYMBAaHUS CKBO)XUH OypeHHEM WJIM B HAa4aJbHBIA MEPHOJ] dKCIUTyaTalluu (depes
1-3 Mecsma mocne BbIXoJa W3 OypeHus) AaeT Haubojee BBICOKHE Pe3yJIbTaThl
(TMTO3BOJIAET MOJIYUUTh yCHemHocTh padoT 70-90%).

Ha ceropHsiHuii 1€Hb OT€YECTBEHHBIE U MHOCTPAHHBIE KOMITAHUM aKTUBHO
NPUMEHSIOT JJIsl KPEIUICHUs CJIa00CIIEMEHTUPOBAHHBIX TOPHBIX MOPOJ MOJMMEPHBIE
KOMITO3UIIMHM, CMECH LIEMEHTa C pa3IMYHBIMU HANOJHUTEISAMH, CHUHTETUYECKHE
CMOJIbI, a TAK)KE CMECH UX C TIECKOM.

Haubonpmmii wuHTEpeC MpeAcTaBISIOT CMECH TMOPTJIAHALEMEHTOB, Kak
HamOoJiee JENIeBOro M JAOCTYIMHOrO BsKyIIero areHta. OH HETOKCHMYEH, YJ00€H B
MPUMEHEHUHU U POPMHUPYET TOCTATOUHO MPOUYHBIN KAMEHb, KOTOPBII COXpaHsET CBOU

CBOWCTBA BO BPEMEHU.
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Ho B mmacrax, copepxamux TJIUHUCTYIO (pakiuio (TIUHUCTBIA W),
BBEJICHHE B MPHU3a00MHYIO IIEMEHTHOTO PAaCTBOpPA, KaK MPaBUJIO, HE JACT JKEJIaeMbIX
pe3yJIbTaTOB B KPEIICHUH TTOPO/I, TAK KaK CMECh 1IEMEHTHOTO pacTBOpa C IIMHOM He
o0Opa3yeT MpOYHOTO MEMEHTHOTO KaMHS.

B oreuectBeHHON U 3apyOeKHOM TMPaKTUKE HCHOJb3YIOT TEXHOJIOTHH
KPCIUICHUSI TOPHBIX IOPOJI Pa3IMYHBIMH BSDKYIIUMH BEIIECTBAMH IOJIMMEPHOTO
TUTMA. OJTO CHOCOOBI KPEIUICHUS CHHTETHYCCKUMH CMOJIAMH, CMOJIO-TIECUaHBIMHU
CMECSIMHU, BCIIEHCHHBIMM CMOJIaMH, COCTaBaMH Ha OCHOBE (heHOI(OopMaIbIeTUIHOM
cmost CDXK-30-12, KonTapen-2, cnanieBoro 3akpenutesiss. OCHOBHOE OTIMYNE ITHX
KOMITO3HMIIUHA 3aKJII0YaeTCs B HCIOJIB30BAaHUHM, B 3aBUCHUMOCTH OT THIIA CMOJIBI,
Pa3IMYHBIX HAIOJHHUTENICH, KOTOpBhIE OIPEACSIAOT KadeCcTBO OOpa30BaHHOTO
TIOJINMEPHOTO (PUITBTPA, €0 MPOHUIIAEMOCTh M BPEMsI OTBEPICBAHMS,

ABtopbl pabotrhl [10] yka3pIBalOT, YTO MHOTHE TEXHOJOTHH KpPEIJICHUS
npu3ab0MHON 30HBI IIJIACTa C IMOMOIIBI0O CHHTETHYECKHX CMOJI HE OOCCIeYHBAIOT
JOCTAaTOYHO YKPEIICHUS MTOPOIbI TP OJHOBPEMEHHOM COXPAaHCHHUH MPOHHUIIAEMOCTH
miacta. VMcmomp3oBaHME COCTaBOB Ha OCHOBE CMOJ TpeOyeT IpOBEICHUS
TOTIOTHUTENBHBIX TPYAOCMKHUX OIEpaIuii Mo TMOTYYSHHUIO0 MPOHHUIIAEMOTO COCTaBa
JUISL KPETUICHUS! HEYCTOMYMBBIX TIOPOJI, YePEe3 HEKOTOPOE BPEMS TEPSIOT IMPOUYHOCTb,
JAIOT TIOCAAKY WJIM COTPOBOXKIAIOTCS BBIJCICHUEM BOJBI B MPOJYKTHBHBIN IIJIACT,
YTO YXYIIIAeT KOJJIEKTOPCKHUE CBOWMCTBA MPOM3BOAUTENBHBIX TUTacTOB. Kpome Toro,
OHM JIOPOTHE, NePUITUTHBIC U SKOJOTHUECKH OTACHBIC.

[Tonmmmepbl, KOTOPBIE UCTIOJIB3YIOT VIS KPETUICHHSI CITa00CIIEMEHTHPOBAHHBIX
opoA, JOHKHBI HMMETh CIEAYIOIINEe XapaKTEPUCTUKHU: BBICOKYIO aJATre3MOHHYIO
CIIOCOOHOCTh K MUHEPaJIbHBIM 3€PEeH, KOTOPBIC COCTABJISIOT IJIACT; OBITh JIOCTATOYHO
YCTOWYMBBIMA K BIIMSHHUIO KHCJIOT W IUIACTOBOW JKUAKOCTH TIPH JTUTEIHHOM
KOHTAKTe,  IPOJOJDKHTCIBHOCTh  IMOJUMEpH3AIllMd  JIOJDKHA — 0OCCIIeYnBaTh
BO3MOXXHOCTH IIPOBEACHUS PEMOHTHO-U30JISAIIMOHHBIX PA0OT B IMOJHOM 00BEME.

OcHOBHOM 3amaueil KperieHus Mpu3abOWHONW 30HBI CKBaKUHBI SIBIISIETCS
MOBBIIIICHUE €€ IMPOYHOCTH NP COXPAHCHHH WJIM HE3HAYMTEIHPHOM CHHIKCHHUH

(GUIBTPALIMOHHO-EMKOCTHBIX CBOMCTB KOJUIEKTOpa Ui OOECHEYEeHHs] BBICOKOIO
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nebuta ckBaxuHbL. [lOCKONBKY XMMHMUYECKHH CHOCO0O, CBSI3aHH C BBEJCHUEM B
npu3aboiHYI0 30HY IUTACTa BSDKYIIMX MATEPUANIOB Pa3IMUHON (PU3UKO-XUMUYECKOM
MPUPOJIBI, TO HE CIEAYET 0KUAATh BOCCTAHOBJIEHUS €CTECTBEHHOW MPOHUIIAEMOCTH
MOPUCTON Cpenbl B TOJHOM O0BEME, OJHAKO COBEPIICHCTBOBAHME XUMHUYECKHX
CIIOCOOOB ~ KpEIUICHHSI  CIa0OCIIEMEHTUPOBAHHBIX  KOJIJIEKTOPOB ~ MOXET  J1aTh
3HAYUTENBHBIE PE3YJIbTATHI.

BaxxupiM mokasarenem, onpeaessitormumM 3¢ (HEeKTUBHOCTh CKPEIUICHUS TecKa,
SBJIIETCSI CIOCOOHOCTh TIOPOJ CONPOTHUBIIATHCS Pa3pyLICHUIO TOJ JIEWCTBUEM
BHEIIHUX CWI. JlJIS OLEHKH 3TOM XapaKTEPUCTUKH ONPEACIIAIOT Npeaea NPOYHOCTH
opoJ1 Ha o0beMHOeE cxkatue [11].

Kadenpoii «Pa3paborkm u oSKCrulyaTauuu HEQTAHBIX U Ta30BbIX
MECTOPOKICHUIN» Cankrt-IlerepOyprckoro TOCYJapCTBEHHOT'O TOPHOT'O
YHHUBEpCUTETa pa3paboTaH croco0 KpersieHUs Mpu3a00iHOM 30HbI IJIaCTa, KOTOPBIN
IIPENOTBpAIACT BBIHOC II€CKa IPU HE3HAYMTEIIBHOM CHIDKEHUM ITPOHHMIIAEMOCTU
ra30HaCHIICHHOTO iecuanuka (Ha 11-13%) [12].

OCHOBHBIM NIPEUMYILIECTBOM XMMHYECKUX METOJOB SIBIISIETCS BO3MOXXHOCTH
IPOBEICHUS] KPATKOBPEMEHHOTO pPEMOHTa B JIEHCTBYIOIIMX CKBAXKHWHAX H
OTHOCHUTEJIbHO HHU3Kasi CTOMMOCTb IO CPABHEHHMIO C MEXaHMYECKMMH U (DU3HKO-
XUMUYECKHIMH METOJaMHU.

AHanu3 0TEeYEeCTBEHHBIX pa3pabOTOK M MATEHTHBIX MyOJIMKAIMi Ha 3Ty TEMY
CBUJICTEILCTBYET HaJIM4Yue OOJBIIOro KojiumdecTBa crnocoOoB anst kperuieHus 1311,
OJTHAKO B 3aBUCUMOCTH OT TEXHOJOTMYECKUX W TEOJIOTMYECKUX MapamMeTpoB
CKBaXXHHBI 3(P(HEKTUBHOCTh UX CHJIBHO OTJIMYAeTCsA. B 1eaoM ycnemHocts padboT no
KPCIUICHHIO TTPHU3a00MHON 30HBI OCTaeTCs HU3KOM u coctanisieT 50-60%.

CocraBel, KOTOpBIE MCIONB3YIOTCA, U TexHonoruu s kperuieHus [I3I1 wve
MO3BOJISIOT MOJHOCTBIO PEIIUTh MpoOsieMy OOpbOBI C pa3pylieHueM MopoJl (HU3Kas
MPOYHOCTh  3aKPEIJICHHOW  30HBI,  HEOOJBIION  MEXPEMOHTHBIM  MEpUOJ
AKCIUTyaTallK, 3HAYUTEIbHOE CHUKEHUE MTPOHUIIAEMOCTH MJIaCTa B 30HE KPETUICHMUS,
TOKCUYHOCTh MHOTHX pEareHTOB, OOJblllMe MaTepualbHble 3aTpaThl U Ap.).

AKTyanpHON mpoOJeMoil sBIs€TCS HEOOXOJMMOCTh IOMCKA HOBBIX BSDKYLIUX
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MaTepuajoB (WM HMX MOAM(HUKAIMI), HAMpaBICHHbIX Ha MOBBINICHHE KadyeCcTBa

KPEIUICHNS] HEYCTOMYMBBIX IMOPOA-KOJUIEKTOPOB.

1.4 ®u3zuko-xuMuYecKre MeTo/ibl 00PbOBI ¢ MeCKONPOABJIEHHEM

OU3NKO-XUMUYECKUE METOAbl 3aKPEIUICHHS KOJUIEKTOPOB OCHOBaHbI Ha
MPUMEHEHUHU (PU3NUECKUX (TeMIlepaTypa, epenajibl JaBICHUS U T.1.) U XUMUYECKUX
(XMMHYECKHE peareHThl U MPOAYKTHI PEAKIMH) METOJOB — KOKCOBaHHUS He(TU B
npu3a0oiHONW 30HE B pe3yJibTaTe €€ MOJIMMEpHU3allii, CO3JaHUE MPOMAHTOBOIO
¢unbTpa B mMpu3aboiHON 30HE CKBaXXKUHBI, 00paboTka mpu3aboitHOW 30HBI IUIacTa
peareHTamu ¢ MocieAyIolled TepMrUIecKo 00paboTKOM, MPOBEACHUS THAPOPa3phiBa
TUTaCTa ¢ TMOCICIYIOIIUM 3aKperieHrneM TperuHsI [13].

Meron kokcoBanusi Hedptu B II3Il mnpumeHsroT Ha paHHEW cTaguu
OKCIUTyaTalli MECTOPOXKJIEHUH C BBICOKOM BSI3KOCTbIO HE(TH U HEOOJBIINX
IyOMHaX 3ajeranus miactoB. [[jist O0JbIIMHCTBA MECTOPOKACHUM, HAXOASAIMIMXCSA HA
3aBepIIaoIIed CTaAuu pa3padOTKH, STOT METOJ HEMPUEMJIEM H3-3a BBICOKOM
croumoctH [13].

JIns CKBOXXKWH C WHTEHCHUBHBIM TIECKOIMPOSIBICHUEM, 4YTO TMPUBOJIUT K
oOpazoBanuto kaBepH B [I3Il, ucneiTaHa TEXHOJOTHS KpEIUIEHHWS HA OCHOBE
MaJIOTOHHAXHOTO THjpaBinueckoro paspeiBa miacta (I'PII) ¢ wucnosb3zoBaHuem
RCP-nponanTa maccoro 110 5 1. CyTh 3TOM TeXHOJOTHH [4] 3aKiI0uaeTcsl B CO3JaHNuN
B Mpu3ab0NHON 30HE XOpOIIO MPOHUIIAEMOrO DKpaHa 3a JKCIUIyaTallMOHHOM
KOJIOHHOM W B IJIACTE, KOTOPBIA MPENSATCTBYET BHIHECEHUIO HE3ALEMEHTUPOBAHHOTO
MEJIKOAUCIIEPCHOIO MECKA.

HenocrarkamMu 3TOro MeroAa SIBISIIOTCS CPAaBHUTENBHO OOJBIINME 3aTPAThl
IPOIMAHTA HAa OJIHY CKBa)XUHY, BHIHOC MPOMAaHTa B CKBAXKUHY, CIOXKHOCTb PabOTHI C
HU3KOTEMIIEPATYPHBIMUA CKBAXXUHAMU, TIIATEIBHBIN MOI00p aKTUBATOPOB.

[IpumeHeHne (U3NKO-XUMHUYECKUX METOJ0B OOpbObI C BBIHOCOM MeECKa M3
mjacTa emie He BBIIUIO 3a MPEAeNibl AKCIEPUMEHTAIBHBIX pa0O0T W HE HAIIIo

IIMPOKOTO PACIPOCTPAHCHUSI.
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1.5 Mexanu4eckue MeTobl 00pbObI € MeCKONPOSBJICHUEM

Hanbosnee mnpocThiIMM M AOCTYHNHBIMM ~ METOAAMH  INPEAOTBPALLEHUS
MOCTYIJICHUSI TIECKa M3 TUIaCTa B CKBAXKHUHY SIBISIOTCA MEXaHUYECKUE, KOTOPhIC
noJydnian HauOombiiee pacrnpoctpaHenue [3]. K HUM OTHOCAT TEXHOJIOTHYECKHE
Ipoliecchl 00OpYAOBAHUE CKBAaXUH PA3IUYHBIMU MPOTUBOMUCOYHBIMU (PUIBTPAMHU
WM co3JaHusl PUIbTPOB Ha 3a00€ MyTeM HaMbiBa (PUIbTpYyrOMKUX MaTepuanoB. CyTb
UCIIONB30BaHUsl  (QUIBTPOB  3aKIIIOYAETCSs B 3aJ€PKUBAHUM  YaCcTHIl  IeCKa
MPOJYKTUBHOIO TIUJIaCTa BOKPYI OTBEPCTHM HMCKYCCTBEHHOTO (uibTpa. DOuibTp
noipkeH 3anepxkuBaTh 70-80% (Mo macce) KpYIHBIX YacTULl MOPOABI IJIacTa U
nponyckarb Menkue vactuilbl (He Oonee 20-30%). Ilpu stom ycnoBuu Oyner
COXpaHEHa MEXaHWYECKasl YCTOMYMBOCTh CKEJIETa IUIACTA, TaK )K€ CIEAYET MbITaThCs
3aJIep)KUBaTh BCE YaCTULBI NOpoAbl. PUIBTP MOKEH MNPOMYCKaTh IJIACTOBBIC
¢Garonabl U co3laBaTh IPU ATOM MHUHHMAJIbHOE THAPABIMYECKOE CONPOTHBIICHHUE,
IpeloTBpallaTh IMPOHUKHOBEHHWE TBEpAOoM (a3bl B CKBaXHUHY, OOpa3oBaHME
IIECYAHbIX TPOOOK HA 3a005X U CYIICCTBEHHOMY CHIDKCHHIO JeOUTa CKBOKUHBI [4].

[Io KOHCTPYKIMHM M TEXHOJOTMM HW3TOTOBJIEHMS pa3inyaloT TpyOHBIE,
IpaBUIHBIE U METAJUIOKEPAMUYECKHE (PUIIBTPHI.

TpyOHbBIE (QUIBTPHI HM3TOTOBISIOT U3 TPYO M OINMYCKAIOT B CKBWKHUHY Ha
o0CalHBIX TpyOax MpH COOPYKEHHHM CKBAXKHHBI WM C TOMOIIbIO KojJoHHBI HKT
BHYTpb 00CaJHOW KOJOHHBI. WX pa3nenstor Ha mpocThie (C pazMepamMu OTBEPCTUM
1,5-20 mm u meneit 0,4-0,5 MM Ha TpyOe) U cllOKHBIE, 00pa30BaHHBIE HAMOTKOU
MPOBOJIOKH (TIPOBOJIOYHBIE), KOJIEll (KOJIBLIEBBIC) U (PUIBTPONAKETOB.

CaMbIMHU A€IIEBBIMU SIBJISIIOTCS LIEJIEBbIE (DUIBTPBI, TPEACTABIIAIONINE COOOM
TpyOy C pa3HbIM pa3MEUICHHMEM TOPU3OHTAJIBHBIX WM BEPTUKAJIbHBIX LIEIEH

(pucyHoxk 3).
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Pucynox 3. CkBaXMHHBIX 11e1€BOH GUIBTP

leneBbie (GUIBTPHI, HECMOTPS HA JCIMICBU3HY, MOJYYWIM OTPAaHHUYECHHOE
IIPUMEHEHUE BCIEACTBUE MaJOW MCXOAHOW IUIOIIAIU, MOABEPKEHHBIE KOPPO3HHU U
3PO3UH, MOCKOJIBLKY M3rOTABJIMBAIOT B OCHOBHOM M3 HH3KOYTJIEPOAUCTON cTanu [5].
Henocratkom mieneBbix GUIBTPOB SIBISIETCA TaKKE CHUKEHHE MPOU3BOIUTEIHHOCTU
CKBQ)KUH U CJIOKHOCTb U3BJICUEHUS QUIBTPOB HA MOBEPXHOCTb.

[IpoBonouHble (HUIABTPHI SBISIOTCS OOJiee COBEPUICHHBIMHU, MPEACTABISIIOT
co0oil TpyOy ¢ OOJNBIIMM KOJUYECTBOM pPaJMaJIbHBIX OTBEPCTUM WM MA30B, Ha
HapY>KHON MOBEPXHOCTH KOTOPOW HABUBAETCS KAJIMOPOBAHHAS MPOBOJIOKA KPYIJIOrO

WM TpaIelen1albHOro CeYeHusl (PUCyHOK 4).

Pucynoxk 4. CKBa>KMHHBIH ITPOBOJIOYHBII QUIIBTP
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D¢ PexTUBHBIMU ABIAIOTCA CKBaXXUHHBIE TpoBoJiouHble GunbTpel CIT"YCC",
KOTOpBbIE  TO3BOJISIIOT ~ COXPaHATh CTPYKTYpy M IPOHUIAEMOCTh  IJIAcTa,
Ipe0TBpaIaTh 00BaJIaM, YMEHBIIUTh U3HOC CKBRKUHHOTO 000pyHoBaHus [ 6].

[IpoBonoyHbIE (PMIBTPHI MEHBIE MOABEPKEHBI SPO3HMH U KOPPO3HH IO
CpPaBHEHHMIO C WIENEeBBIMU (HIBTPaMH, HMMEIOT 0oJiee BBICOKYIO IPOIYCKHYIO
CIIOCOOHOCTH, OTHAKO CTOMMOCTb MTPOBOJIOYHBIX (PUIBTPOB OOJIBIIE IIIETEBHIX.

Ceryatble TPOTUBOMNECOYHBbIE (UIBTPHI HUCHOIB3YIOT B CKBaXHHAX C
OTKPBITBIM 3a00eM. [Ipu M3roToBNEHUH ceTYATHIX (DUIBTPOB HCIIONIB3YIOT CETKU U3

HEpKaBEIOUIEH, XUMUYECKH CTOMKOM CTalnu (PUCYHOK 3).

Pucynox 5. CkBa)XMHHBII ceT4aTblii puibTp

C 1993 roga ucnons3ytor cetdyarsii punbTp YIIIICC-168, pazpaboranHbIi
cnennancramu [10 "HanpiMrasnpom". @uibTp COCTOMT M3 TPEX TUIOPA3MEPHBIX
TpyO W y371a OYMCTKHA CKBaXXHMHHOTO (uiibTpa [7].

Tak e MUPOKO HCHOJB3YIOT NPEIBAPUTENBHO HANpPSKEHHbIE (UIBTPHI,
pacummpsitontecst.  Takue — QuUABTpBI  XapakTepu3yroTcs  Oojiee  MIOTHBIM
3alakoBbIBAHMEM 3€peH TIpaBusi M 3PQPEKTUBHEE MPEAOTBPALLAIOT pa3pyLICHUE

pU3a00MHOM 30HBI MJIACTA B MPOIIECCE IKCIUTyaTallul CKBAKHHBI.
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MpK pacluMpeHnm
LeneBble OTBEPCTHA
pacKpbIBAKOTCA ,
obecneunsan
MaKCUMANBHYHD
nnowaas GuAsTpaLMKU

Cnoi dMNeTREUMOHHOID MaTepHana
"TonnaHACKOE NEPEneTeHre”
Mpu PECWMPEHNK AMCTEI

HWAETPALMOHHOrO MaTepKHana
CMELLEIOTCA APYT OTHOCTENBHO ApYTa

BHEWHMI KoMy
oBecneynBaeT 3aWwmTy
dUAETPEUMOHHOro cnoa

Pazmep OTBEpCTHi
o $PUNBETPALMOHHOTO CAOA NPH Nocne
pacwrperna paclwMHpeHun GuasTpa pacliKupeHua
OCTAETCA HEM3MEHHBIM

Llieneeble OTBEPCTHA TPYDLI- m DUALTPALMOHHBINA
©OCHOBaHMA EST OTHpLIBAOTCA m = cnoit "Tonnangcroe

NpH pacliMpeHnn nepenneresue”

' s BHELWHMA ROMYX
,M ofecneynBaeT 3alMTy
] $HNBTPaLHOHHOTO Cnos

Pucynox 6. Pacimpsitonuiicst punbtp ESS xomnanun «Weatherford»

e

OnHuUMU U3 NEPCIEKTUBHBIX (DHIIBTPOB MPETOTBPAILICHUS BHIHOCOM IE€CKa U3
mjacta SBJISIOTCS MeTajulokepamMuueckue (uibTpbl. WX W3roTaBIMBalOT MyTEM
MIPECCOBAHMS METAJUIMYECKOr0 MOPOIIKAa M KEPaMUKHU B CTAIBbHBIX Mpechopmax,
KOTOpbIe UMEIOT (HOpMY PUIBTPYIOUIUX AJIEMEHTOB, C MOCIEIYIOINIUM CIIEKaHUEM B
neyax npu  Bbicokor  Temmeparype  (1200°C) B cpeme  BoJopoja.
MeramiokepamMmuueckue (UIBTPHl XapPaKTEPUIYIOTCS KOPPO3UOHHOM CTOMKOCTHIO,
TEIUIOCTOMKOCThIO M TEIUIONPOBOJHOCTHIO, UM CBOMCTBEHHA JIOCTATOYHO BBICOKAS
MPOYHOCTh M IUIACTUYHOCTh, YTO JA€T BO3MOXKHOCTH BBIJEPKUBATH BBICOKHE
nepenaabl JaBiCHUS, O0JaJal0T MaJbIM THAPABINYECKUM COMPOTUBICHUEM U
3aJIEp>KUBAIOT MeJIbUaiiie Gpakinuu necka.

Ha oTeuyecTBEHHBIX MECTOPOKACHUSAX YIIEBOJOPOJOB CETOAHS CaMbIM
pacIpoCTpaHEHHBIM SIBJISIETCS YCTAHOBKA MEXaHMYECKUX CKBAKHWHHBIX (PHIBTPOB
(TUTaHOMArHUEBBIX, IIEJIEBBIX, JJABCAHOBBIX, CTEKJIOIUIACTUKOBBIX Ha aJIOMHUHHUEBOM
KapKace, CTeKJIOIJIACTUKOBBIX U T. I1.).

AHanmu3 paboThl CKBOXXUHHBIX (PUIBTPOB, BBIMTYCKAEMBIX OTCUECTBEHHOW U
3apyOeKHON TPOMBIIIJIEHHOCThIO, TMOKa3ajl, 4YTO OHHU JOJKHBI COOTBETCTBOBATH

TaKMM OCHOBHBIM Tpe60BaHI/I$IM:
27



e  obOecrnedeHue 3aJaHHOTO YPOBHS IKCITYyaTaIIHOHHBIX XapaKTEPUCTHK;

®  JI0CTaTOYHAasi MEXaHUYECKasi MPOUYHOCTh U YCTONYUBOCTD;

e  oOecredyeHne 3asiBICHHOTO CTETIEHU QUIBTPAIIH;

e  o0OecrneyeHre HU3KOTO TUAPABINYECKOTO COPOTUBIICHUS;

®  BO3MOXXHOCTb MPOBEJCHUS MEXAaHUYECKOW MM XUMUYECKOH OUMCTKHU
bunbTpa (perereparyu) 6€3 U3BJICUCHUS €0 U3 CKBaKUHBI.

AHanu3 pe3yJbTaTOB HCCIEIOBAHUI 10 3TOMY HAIPaBJICHUIO BBISBUII
cleyIoniee: UCIoIb30BaHue (PUIBTPOB UMEET Psiji HEJOCTATKOB, KOTOPhIE BEAYT K
CHMKCHHUIO TOTEHIMAIBHOrO J1e0UTa, 3aCOpPEHUsT MEXaHMYECKUMH MPUMECSIMHU
(mecok, ui), 6aKTepHOIOTUYECKOTO 3apacTaHus U KOPPO3UU (PUIBTPOB. Y BEIMUCHUE
paboueil nempeccMd Ha IIACT JJig OOecliedeHus: HeoOXxoaumoro jaebura rasa
MPUBOJUT K pa3pylieHuio (GUiIbTpa, 00pa3oBaHUsl JIOKAIBHBIX KaHAJIOB (DUIbTPALIUU
U MHTeHCU(UKAIIMU BhIHOCA TIecka. Kpome Toro, ucnosib30BaHue (PUIBTPOB CBA3AHO
C MPUMEHEHHUEM ITaKepa, ero HaJIe)KHOU repmeTHr3aruu [8].

Tam, rae mieneBble U MPOBOJIOYHBIE (UIBTPHI HE MOTYT 3aJepPKUBAThH
YaCTHUIl TOHKO3EPHUCTOTO IeCKa, IIUPOKO PACTIPOCTPAHEHHBIM U IPPEKTUBHBIM
criocoOOM 3aJIepKUBAHUSI TECKa SBISETCS HMCIOJIb30BaHUE ILIETIEBBIX (PUIBTPOB C
BHEIITHEW TPaBUMHON OOCHINKOM. ['paBuil mpenoTBpamiaeT MoCTYIJICHUIO TIJIaCTOBOTO
necka, CTaOMIM3UpysT W TOJAJIEP)KUBAsi TIOBEPXHOCTh KaBEPHBI B IJIACTE U HE JaBas
MEeCKY JIBUTAThCA.

3acellika TrpaBUs BOKpPYr ceryaTtoro ¢uibTpa oOecreunBacT  psf
JIOTIOJIHUTENIbHBIX TPEeUMYyIIecTB. ['paBuitHas HaOWMBKa 4acTO CO3/aeTCsl IJIs TOTO,
4YTOOBI YBEJIMYUTHh Pa3Mep 4YacTell M MPOHUIIAEMOCTh MaTepuajia B 30HE, KOTopas
HETMOCPEJICTBEHHO TpWiieraeT K ceryatoro ¢uiabTpa B ckBaxkuHe. [locne
OTpEeNIeSICHUs] pa3Mepa 4YacTUUEK TpaBusl Uil MPEAOTBpAICHUS BBIHOCA MMECKa W3
MJIACTOB MOKHO OIICHUTH pa3Mep OTBEPCTHM CETKH, KOoTopas HeoOxoauma s
yAepKkuBaHUs dacTui] rpaBusi. OCHOBHBIC 33/1a4M CO3/aHUSI TPAaBUWHONW HAOWMBKU —
YBEJIMYEHUE MPOU3BOAUTEILHOCTH CKBaKUH, YMEHBIIICHUE BBIHOCA U3 IJIaCTa MecKa

N MCJIIKOAHUCIICPCHOI'O MaTcpHajia YCpe3 CCTKY, a4 TAKIKC YMCHBHICHHC CKOPOCTU
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oOpa3oBaHMsI OCajika Ha CTEHKaxX TPyO MpPH KCIOJb30BAHUU CETUATBHIX (PHIIBTPOB C
OOJBIIMMHU OTBEPCTUSIMHU.

3aKkaHYMBaHUA CKBAXXHMH C CO3/JaHUEM I'PaBUNHOrO (GUIBTPa B HEOOCAKEHHOM
npu3aboHOM MHTEpBaJie, COCTABICHHOM CJIa00CIEMEHTUPOBAHHBIMU MECYAHUKAMH,
npu3HaH HaubOosee 3PQPEKTUBHBIM METOJIOM IPEAOTBPALLECHUS MIECKOIPOSBICHUN U
o0ecrieueHre AJIUTENIbHOM SKCILTyaTallui BbICOKOJAECOUTHBIX CKBaXKUH 0€3 CHUYKEHUS
UX MIPOU3BOUTEIBHOCTH U OCTAHOBOK Ha PEMOHT.

['paBuiiHple  (QUIBTPBI JAOCTATOYHO JOJTOBEYHBI CPOK AKCILIyaTaluH
¢unbTpoB coctaBnsier S5 ner. HemocrtaTkoM TpaBUNHBIX (UIBTPOB SIBISETCA
CHIDKEHHE TPOU3BOJAUTEIHLHOCTH CKBaXUH (depe3 oOpa3oBaHUE HEMPOHUIIAEMOTO
MaccuBa MEXIy (UIBTPOM U CTEHKOW CKBA)XKHMHBI) U CIIOKHOCTh W3BJICUEHUS
(UIBTPOB HA MOBEPXHOCTb.

[IpuBeneHHblE MaTepuanbl CBUICTEIBCTBYIOT O OONBIIOM KOJIUYECTBE
TPyOHBIX M TpaBUIHBIX (UIBTPOB, KOTOPHIE NPUMEHSIOT B CKBaXUHAX IS
IpeIOTBpAIICHH TIOCTYIIJICHHUS TIECKa U3 MJlacTa B CKBaXUHY. Hanbonpmmii naTEpec
IPEJCTaBISIIOT I'paBUMHbIE (UIBTPHI TaK OHU MO CPABHEHUIO C APYTUMHU BHUIAMHU
GuIBTPOB SABISIFOTCS O0Jiee HAACKHBIMH U JOJITOBEYHBIMHU.

1.6 KomOnHnpoBaHHbIe MeTOAbI 00PbLOBI C MECKONPOSIBJIEHUEM

KoMOuHMpoBaHHBIE METOMBI MPEANOJAraloT MCHOJIb30BAaHUE MEXAHUYECKUX
(GHIBTPOB M XUMHUYECKOE 3aKpeIIeHUE 3epeH mecka [14].

B konue 90-x romoB mpouuioro Beka s OOpbObl C BBIHOCOM TIECKa
UCIOJIb30BaJIM  KOMOMHUPOBAHHBIM METOJA, KOTOpBIM BKJIIOYAET CIEIYIOIINE
orepaluu:

®  M30JMLMIO «CTApO» YacTW IJIacTa C 3alOJHEHUEM MPOU3BEIECHHOU
KaBEpPHBI LIEMEHTOM,;

e nepeHoc GpuiIbTpa BbilIe YpoBHS BogoHe]TsiHOrO KoHTakTa (BHK);

e  HapaboTKa KaBEpHBI AJIs MOCIEIYIOUIEr0 HaMbIBa I'PaBUITHOTO PUIIbTPA;

®  3aMOJIHEHHE MPOCTPAHCTBA MEXAY MPOTHBOIMCOYHBIMH (DUIBTPAMU H

00caTHOM KOJIOHHOW IpaBUHHO-TIECYAHON CMECHIO.
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HenocraTkamu 3Toro crnoco0a sSIBISIOTCS BHICOKAasi CTOUMOCTb, OOJIBIION CPOK
PEMOHTA, JUIMTEJbHBINA BBIXOJ CKBaXXUH Ha 3aJaHHBIA PEXHM SKCIUTyaTallud 4epes3
3aKa4yKy 00JbIIOr0o 00beMa BOJIbI P HAMBIBAHWU FPABUIHOTO (PUIBTPA.

Takxe M3BeCTEH CIOCOO KpEIJIEHUsI HEYCTOMYMBBIX NMOPOJ HAarHETaHHEM B
[13Y cmecu mecka ¢ HaMarHMYEHHBIMHU IIIApUKaMH Mayioro pasMepa. B macrte
HIAPUKU MPUTATHUBAIOTCS MEXIY COOOM M CO3/al0T KapKac, KOTOPHIM yAep>KUBaeT
yacTUIpl Mecka. HegoctatkoM 3TOro MeToja SBISAETCA CIOKHOCTh  MOJA4H

MAaravTHBIX IIAPHUKOB C IICCKOM B CKBA’KUHBI.

1.7 BpiOop cmoco0a mnpegoTBpamieHUss NOCTYIUIEHMS MecKa H3 IUIacTa B
CKBAKHHY

[Ipu BbIOOpE crocoba mpeAoTBpalleHUs MOCTYIUIEHUs IeCKa M3 IUlacTa B
CKBaKMHY YUUTBIBAIOT psill (pakTOpoB. bonblioe 3HaueHne MMeeT KOHCTPYKLHMS 320051
CKBaXMHBbI. [IpW 3aKaHUMBAHMM CKBaXXMH C OTKPBITBIM 3a00€M, Kak MpaBuio,
UCIOJIB3YIOT MEXAaHUYECKUE WM KOMOMHUPOBAHHBIE METOJIbl. XUMUYECKUE METOIbI
3aKpEIUICHUs] TIeCKa NMPUMEHSIOT, B OCHOBHOM B HOBBIX CKBakMHax. [lpu BwIOOpE
crocoba OopsObI C BBIHOCOM IE€CKa YYUTBHIBAIOTCS TEMIIEPATYypPHBIE OTPAHHYEHUS.
JUis XUMHUYECKUX METOJIOB JOMYCTHMbIE MPEAEbl TeMIEpaTyp cocTaBisaioT 16-175
°C, 11 MEXaHUYECKUX METOJOB OTPAHMYECHHUM HET, KPOME TEX CIy4YaeB, KOTAA IPH

00pa3oBaHNK HAOMBOK UCTIONB3YIOT HE(PTh, 3aryIieHHbIe pacTBOPHI [15].

1.8 I'paBuiinble pUIbTPHI

Kak yxe roBopusioch paHee, rpaBUiiHble (UIBTPHI SBISIOTCS HauboJiee
3 PEeKTUBHBIM CIIOCOOOM MIPEAOTBPAIICHUS IECKOMPOSIBICHUM, OHU UCIIOIB3YIOT KaK
B Poccun tak 3a pybOexxom. Y TpaBuifHbIN (QUIBTPOB (UIBTPYIOMIAs MOBEPXHOCTD
COCTOUT W3 HCKYCCTBEHHO BBEJCHHOTO TrpaBus (IecKa), Pa3MEIIeHHOIO0 BOKpPYT
OMOPHBIX (PUIBTPOB-KapKacos [5].

['paBuitHbie QUIBTPHI pa3IEAIOT HA:

a) MOJIBECHbIC TPAaBUMHO-TPYOHBIC, KOTOPBIE CO3/1aHbI HA TTOBEPXHOCTH (CJION
rpaBUs B 3a30p€ MEXIY ABYMS KOHIIEHTPUYECKUMU TIepOPUPOBAHHBIMU TPyOAMM);

0) rpaBUNHO-HAMBIBHBIC, KOTOpPHIE CO3JaHbl B CKBaXMHE (HAMBIB CJIOS

TBEPJBIX YACTHI] 110 CTEHKU NepHOpUpOBAHHOMN TPYObI).
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['paBuiinbie GUIBTPHI MOTYT 3((HEKTHBHO pabOTaTh TOJIBKO MPH MPAaBUIBHO
noo0paHHOW MIMPUHBI ILIEJeH WM pa3MepoB 3€peH TIpaBus (TOYHEE, MECKa C
pa3MepamMH 4acTHIl) C YYETOM TI'pPaHyJIOMETPHUUECKOI0 COCTaBa ILIACTOBOIO IECKa.
Baxuel u Apyrue mapamMeTpbl, B YaCTHOCTH XapaKTEPUCTHKU TPaBHsl, CTEIEHb
YVIUIOTHEHUST M KayecTBO MaTepuayia, KOH(QUrypauus wieled MU KOHCTPYKIIMS
(bUIBTPOB.

Pasmep 3epeH rpaBusi BHIOMpPAlOT HAa OCHOBE CHTOBOTO aHaiu3a oOpa3loB
1acToBOro necka. OCHOBHOE YCJIOBHE — TUAMETP 3€PEH I'PaBUs JIOJKEH IPEBHIIIATh
B JIECSTh pa3 pa3Mep 3€peH IMecKa, KOTOPBIA COCTaBISIET MPOU3BOAUTEIBHBIN IJIACT.
YroObl MOJTHOCTHIO 3aJep’KMBaTh BCE IUIACTOBBIC TECUMHKH, HEOOXOAMMO TIpU
BbIOOpE TpaBUsl OPUEHTUPOBATHCA HA TOHYAMIIME (paKUMU IJJACTOBOTO IECKa,
IPUCYTCTBYIOIIME B MPOJYKTUBHOM MHTepBaje [S5]. Yuenslii Pomxepc pekoMeHayer
UCIIOJIb30BaTh TIPaBHUH, KOTOPBI COCTOMT HE MeHee, yeM Ha 95% wu3 kBapua u
CIWJIMKATHBIX MaTepUajioB, a B HEM HE JOJDKHBI COAEPKATbCS «MSTKHE» WU
«TPYHTOBBIC» MUHEPAJIbI, TAKHE KaK CIIAHIIbI, TUTIC MM aHTHIPHUT [16].

[Inoxoe kadecTBO TrpaBUHHOrO MaTepuaia HEOJIaronpusATHO BIMIET Ha
IPOU3BOAUTENEHOCTh CKBKHUHBI.

K ¢akropam, Biusomux Ha NPOHUIAEMOCTb T'PaBUsl OTHOCST: pa3Mep U
¢dbopMa yacteit, IOPUCTOCTh, paCHPEIEIICHNE 3€PEH 110 pa3Mepam.

[Ipr ogHOBpEMEHHOMN SKCITyaTallid HECKOJIBKUX TIACTOB, CPEIu KOTOPHIX
TOJIBKO HEKOTOpbhIE HEOOXOIMMO 000PYI0BaTh IPaBUNUHBIMH (UIBTpPaMH, OOJbIIEe

NpEeArnoYTeHUE NPUIAt0T TPABUHHBIM (PUIbTPAaM, U3TOTOBJICHHBIE HA TOBEPXHOCTH.

1.8.1 I'paBuiiHo-n0ABECHBIE PUIBTPHI

[ToaBecHble rpaBuiiHbIE QUIBTPHI 33€P>KUBAIOT TOHKUW MIJIOCKUN MECOK 0e3
BHeIIHEW rpaBuiiHOM oOckimku. [logBecHble TpaBHiiHBIE (QUIBTPHI  UMEIOT
BHYTPEHHHI CJIIOW T'paBUsl, 3a1€PKUBAIOIINN TIACTOBBIN necok. Cioil rpaBusi HHOTAA
3aKpeIUIIIOT cMoJIoi. DUIBTPbl HE yCTaHABIWBAIOT BHYTPU OOCAJHON KOJOHHBI,
MOCKOJIbKY TOT/Ia HEOOXOJUMO JIeNlaTh HApYXKHYIO TPaBUHHYIO OOCBHINIKY IS
3aMOJHEHUs 32 HUMHU NepPOpalMOHHBIX KaHAJOB M KaBEpPH TpaBUEM, HHaue

HpOHSOﬁI[eT SHAYUTCIIbHOC CHHUXKCHHUC ITPOU3BOAUTCIIBHOCTH.
31



K ocHOBHBIM THIaM rpaBUHBIX (UIBTPOB, COOPYKAEMBIX HA TTOBEPXHOCTH,
OTHOCSITCSI KOXKYXOBBI€, KOp3UHYAThIE M OJI04YHbIE KOHCTpYKIMH. Hanbonee BaxHbIM
IPEUMYIIECTBOM  KOHCTPYKUUH TIpaBUMHBIX  (UIBTPOB, COOpPYKAa€MbIX Ha
MOBEPXHOCTH, — BO3MOKHOCTh (JOPMHUPOBAHUS BOKPYT Kapkaca QUiIbTpa rpaBUtHOTO
CJIOSI BBICOKOT'O Ka4yecTBa C 3aIaHHBIMU IIapAMETPAaMHU IIPU ITOCTOSIHHOM BH3yaJIbHOM
KoHTpoJsie. IIpy 3TOM HCKIOYAaeTcsi BEPOSTHOCTH IPOSIBICHUS TAaKUX YacTo
BCTPEYAIOUIMXCSI Ha TMPAKTUKE OCJIOKHEHHWW, KaK pacCclOCHUEe TIpaBus B
BEPTUKAJIBHOM CEUEHUU (UIbTpa, OOpa3oBaHHE OTKPBITHIX KaHAJIOB M IYCTOT.
CyliecTBEHHO YMEHBIIAETCA JOJS HMHOPOJIHBIX MpPUMECEH, IMOCTYyNalouMX B
TPaBUUHBIA  (QUIBTP [0 OCBOCHMS CKBAXKHUHBI, OT OO0BEMA KOTOPBIX 3aBHCHT
CONPOTHUBJIEHUE TPABUMHOIO CJIOSI,  CIEN0BATEIBHO, U €r0 Ka4ECTBO.

Hapsiny ¢ OYeBHOHBIMM  NPEUMYILIECTBAMH  T'PABUMHBIX  (UIBTPOB,

COOpPY’KAEMbIX Ha IMOBEPXHOCTH, OHU XapaKTEPU3YIOTCS U CYIIECTBEHHBIMHU OOILIMMU
HEJ0CTaTKaMH, 3HAYUTENIbHO CYKAIOLMMU PallMOHAIbHYIO 00JIaCTh UX MPUMEHEHHUS.
VYcTaHOBKa B CKBaXHUHE OJIOYHBIX, KOXXYXOBBIX M KOP3MHYATBIX KOHCTPYKUUUN
BBI3bIBAET HEOOXOIUMOCTh OypEHUs! CKBaXUHBI OOJIBIIOTO AUAMETpA.
VYcTaHOBKAa B CKBa)XMHE OJOYHBIX, KOP3UHYATHIX U KOXYXOBBIX (DUIBTPOB TpeOyeT
JIOTIOJIHUTENBHBIX 3aTpaT Ha OypeHue CKBaOXXHMHbI U €€ KpEIUIEHHE 10 KPOBIHU
OPOAYKTUBHOIO IUIACTAa 3HAYUTENIBHO OOJbIIEro nuameTrpa. Yem mpeaycMOTpeHO B
TUIIOBBIX KOHCTPYKIUAX HEPTEra30HOCHBIX CKBAYKUH.

KoHcTpykuuss rpaBUiHBIX (DUIBTPOB, COOpyXaeMmbleé Ha IOBEPXHOCTH,
OTJIMYAIOTCA MO CHOCO0Y 3aKpeIuieHHs] TPaBUMHOIO CJ0S OTHOCHTENIBHO KapKaca.
Cnoil TpaBUIHBIX YacTUL B KOXXYXOBOM (HIBTpE 3aKpEIUISIETCS OTHOCUTENIBHO
KapKkaca ¢ IMOMOUIbIO CIEHUANIbHOIO KOXyxa (pucyHok 7 0). DyHKUHIO KOXKyXa
OOBIYHO BBITNOJHSAET CETKAa TAJIyHHOTrO WJIM KBaJAPAaTHOTO IUIETEHHs, OOMOTaHHAs
BOKPYT' KapKaca TakuM 00pa3oM, YTOOBI BBIAEPKUBATH PAaBHOMEPHBINA 3a30p MEXKIY
CeTKOM M KapkacoM (uibTpa mo BbicoTe u paauycy. Ha 30-40 MM mox HM>KHUMU
OTBEpCTUSAMHM Kapkaca (QuibTpa ycTaHaBIMBaeTcs (iaHel, K KOTOPOMY >KECTKO
3akperuisercs cetka. Hapyxubrit nuametp anmna Ha 8-10 MM TOJDKEH MPEBBINIATH

JTMaMETP KOXKYXOBOTO (PUIIBTPA C YYETOM €ro 0e3J10MacTHON YCTAHOBKU B CKBa)KHHE.
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@aHubl yCTAaHABIMBAKOTCS HA KapKace ¢ M1aroM, COOTBETCTBYIOIIMM IIIMPHUHE CETKH.
3anoJHEHNE KOJIBLIEBOIO MPOCTPAHCTBA MEXKAY CETKOM U KapKacaMm OCYILECTBIIAETCS
yepe3 BEpPXHUM Topel (PUiIbTpa, KOTOPBIM MOCE YIUIOTHEHHS TPaBUHHOTO MaTepuaia
KECTKO MpUKpeIursierca K kapkacy Ha 3—40 MM BbIlI€ €ro BEPXHHUX OTBEPCTHUH.
JKecTkoe 3akperieHHe CEeTKM Ha KapKace MOXKET OCYIIECTBIIETCS XOMYyTaMu.
OnHAaKO NpU TAKOM 3aKPEIUICHUH CIIOKHEE COXPAHUTH IIEJIOCTHOCTh (PUIBTpa B
IIPOLIECCE €r0 YCTAHOBKH B CKBAXKUHY.

HenocraTkaMu KOXKYXOBBIX (DPUIBTPOB SBJIAIOTCSI — UX IIOBBIIIEHHOE
conpoTtuBiieHue QuibTpammu. Kpome 3TOro, B mpollecce 3KCIUTyaTallud TaKue
(GuUIbTPBl CKJIOHBI K OBICTpOMY 3acopeHuio. B mporecce cnycka KOXYXOBBIE
¢GuIbTPEL MOTYT J€(OPMUPOBATHCSA, YTO MPUBOJUT K OOPA30BAHUIO HEPABHOMEPHOIO
MO0 TOJIIIMHE T'PAaBUIHOTO CJIOS, @ UHOTO U K (POPMUPOBAHUIO OTKPBITHIX KAHAJIOB U
IIyCTOT, OlOJICHUIO HEKOTOPBIX OTBEPCTUM KapKaca, HX HEMOCPEICTBEHHOMY
KOHTAKTy C IIECKOM IPOAYKTHMBHOIO IIJIACTa, U KaK CIEACTBUE — K IIECKOBAaHUIO
CKBAYKUHBI B IIPOLIECCE IKCIUTYaTALNH.

B xop3uHYaThIix (GUIBTpaX TPaBUNHBIN CIION yIEPKUBACTCS OKOJIO OTBEPCTUI
KapKaca IoJ JaBJICHUEM CHJI TsDKECTH (PUCYHOK 7 a). Y KaxAoro psiaa OTBEPCTHM
KpacKa YCTaHABJIMBAIOTCS CIIELUAJIbHBIE KOP3UHKH, KOTOPBIE JKECTKO KpEHATCA K
KapKacy HWXKE€ OTBEPCTUA M HMMEIOT OTKPBITBIM TOpEl Bbllle OTBepcTUd. Ha
ITIOBEPXHOCTH YEPE3 OTKPBITHIN TOPEL] B KOP3UHKH 3ACBINAKOT IPaBUKA, KOTOPBIN MOA
JEHCTBUEM CUJI TSDKECTH YIEp’KHUBAaeTCs B IpoLEcce Clycka (UIbTPOBOM KOJIOHBI.
Kop3uHuaTeie QuibTphl, Kak MPaBUIIO0, UMEIOT CIOKHYIO U HA/IEKHYIO KOHCTPYKLHIO,
KOTOpas NpH chycke (puibTpa pa3pyllaeTcs, YTO MPUBOJMUT K BBICHIIAHUIO YaCTU
rpaBUs U3 KOP3UHOK, HEPABHOMEPHOMY SKPAaHUPOBAaHUIO Kapkaca (puiabTpa rpaBueM
OTHOCHUTEJIBHO IIeCKa TMPOAYKTUBHOIO IuIacta. Bce 3TO CBUAETENBCTBYET O
HEYJIOBJIETBOPUTEIHLHOM KauecTBe (uibTpa. Kop3uHuaThie KOHCTPYKIIMU BCIEACTBHE

OTMCYCHHBIX HCJOCTATKOB IIPAKTHYCCKH HC HAIIIJIX IIPUMCHCHHA B IIPAKTHKC.
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7
Pucynok 7. @unbTphI rpaBUHBIC: a — KOP3UHYATHIHA, O — KOXKYXOBBIH, 1 — TpyOUaThIif KapKac; 2 — KOp3UHKa; 3 —

rpaBuii; 4 — ynepkrBaromas 060i104ka

B O04HBIX KOHCTPYKIMSX TPaBUHHBIX (QUIBTPOB MPESyCMaTPUBACTCS
3aKpEMICHUE TPAaBUIHOTO CJI0SI OTHOCUTEIBHO KapKaca M 4YacTUll JPYr C JPYroMm C
MOMOILBIO PAa3JIMYHBIX KIJI€eB. bBJIOYHBIE KOHCTPYKUHMHM 4Yalle MNPUMEHSIOTCS B
IIPaKTUKE, YeM KOXKYyXOBBIE M KOp3uWHYaThle, ['paBHiiHBIA MaTepuan CKICUBAIOT Ha
MOBEPXHOCTU B KOJIBLIEBBIE OJIOKH, KOTOPBIE 3aTEM HAJEBAIOT HAa KAPKAC U KECTKO
INPUKPEIUISIOTCS K HEMY C MOMOUIbIO Kied win ¢uanueB. OCHOBHOE TpeOOBaHUE K
0JI04HBIM (UIBTPAM — HAJAECKHOCTh NPUMEHSIEMBIX KJE€EeB, O0YyCIaBIMBAIOIINX
LEJIOCTHOCTh (PUIBTPAIMOHHOW MOBEPXHOCTH M 3(P(HEKTUBHOCTH HKCIUTyaTalllid B
LIEJIOM.

B kauectBe Marepuaina, CKpEIUISIONIETO 3€pHA TPaBUsl, UCIOIB3YIOT OOBIYHO
kien tuna b® wu smokcuaHbie cMosbl. HecMoTpst Ha oOwime KieeB, MOKa He
CYUIECTBYET  pELENTyphl, OOecneuMBarolled TapaHTUPOBAHHOE COXpaHEHHE
(GUIBTPALIMOHHON MOBEPXHOCTU B MPOILECCE TPAHCHOPTUPOBKU K MECTY padboT u
CIyCKa B CKBaXWHYy. biouHble (QUIbTpHl OOSTCS yIapHBIX Harpy3ok, KOTOpbIE
BBI3BIBAIOT Pa3pylLIEHUE CTPYKTYphl OJI0KOB. Clie0BaTEIbHO, MPU HCIOIb30BAHUU
OJIOYHBIX TpaBUUHBIX (DUIBTPOB HEOOXOJUMO MPEABSABIATH  CHEIUATbHBIC
TpeOOBaHUS K MPOLECCY TPAHCIOPTUPOBKU OJIOKOB M CIIYCKY (HIBTPOB, YTO

3HAYUTENIBHO YAO0POXKAET pabOTHI.
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Kpome storo, 6mounbie (UIABTPHI MUMEIOT MEHBIIYI) MPOHHUIIAEMOCTh, YEM
IIPOCTOM CJIOM TpaBUs JAHHOW TOJIIMHBI ONPEACIEHHOTO TPAHYJIOMETPHUUYECKOTO
cocTaBa. DTO OOBACHSETCS TEM, UYTO YacTh MOP 3aOJHIETCS KieeM, (pOopMHUpPYIOTCS
TYNUKOBBbIE TOpBI. D(P(PEKTUBHAS MOPUCTOCTh TPAaBUMHOTO CJIOS YMEHBIIAETCS 32
CUeT JMOO IMOJIHOTO MEPEKPHITUS LENO0ro psaa (UIbTPAMOHHBIX KaHAJIOB KIIEEM,
aM00 HX CyXEHMs. OKCIUTyaTallUOHHBbIE XapaKTEpPUCTUKU Takoro (GuibTpa
3HAYUTEIPHO HM)KE€ BO3MOXKHBIX 3HAUEHHA JaXe TMpU YCIOBUU COXPAHEHUS
LEJIOCTHOCTU (UIBTPALIMOHHOTO CJIOSI B TPOLECCE TPAHCIOPTHUPOBKU M CIIYCKA.
OueBunHO, 4TO Tpu (OPMUPOBAHUU ONOYHBIX (UIBTPOB TPAHYIOMETPUUECKUIN
COCTaB TrpaBusl JOJKEH BBIOMPATHCA MO METOAMKE, OTIMYHOW OT TPATUIMOHHOIO
nojaxona K nonoopy rpasus. KoadhduuueHT MexKCIONHOCTH TakuX KOCTPYKLMN
JOJDKEH TPEBBIIATh PEKOMEHIYyEeMble KOI(PPUIMEHTh MEXKCIOMHOCTH IS
rpaBuiiHbIX QuiIbTpoB. K coxaneHnto, HaydHO OOOCHOBAaHHBIX PEKOMEHAALUN IO

3TOMY BOIIPOCY HET.

1.8.2 I'paBuiiHO-HAMBIBHbIE (PUIBTPBI

B mpomblnuieHHON NpakTHKe A1 OOphObI C BBIHOCOM II€CKa M3 IUIacTa B
CKBKMHY IIUPOKOE MPUMEHEHUE MOJMYyYMIM TpaBUTHO-HAMbIBHbIE (DUIbTPbI. TakoB
bunbTp TpeAcTaBiseT coOOM IieneBoi (PUIbTp-KapKac, KOJIBIIEBOE MPOCTPAHCTBO
MEXIY KOTOPBIM M CTEHKOM CKBAa)KMHBI 3aIIOJIHAIOT TpaBueM. HaMbIB IrpaBusi MOKET
OCYILECTBISATHCS MO JaBiIeHHEM. B 3ToM ciyuyae co3zmaeTcsi HalpsbKeHHbIN uibTp,
IIPU UCHOJB30BAHUM KOTOPOTO HE MPOUCXOJUT pa3pylIeHUe IuiacTa Moj AeHCTBUEM
caBHUra u pactsbkeHus. Pasmep mieneit punbTpa-kapkaca BHIOMPalOT B 3aBUCHMOCTHU
OT FPAHYJIOMETPUUYECKOTO COCTaBa MOPOJ IJIacTa U pa3Mepa (ppakuuil rpaBusl.

JlnnHa QunbTpa-Kapkaca ONpenessieTcsl U3 YCIOBHS NMEPEKPBITUS UM BCETO
WHTEpBaja MPOAYKTHBHOM YacTH IUIACTA-KOJUIEKTOpa. B 3aBMCMMOCTH OT reosoro-
TEXHUYECKUX YCIOBUHN I'PaBUIHO-HAMbBIBHbIE (DUIIBTPHI YCTAHABIMBAIOT B OTKPHITOM
CTBOJIE, meppopUpoOBaHHOM dYacTh OOCAaJTHOW KOJOHHBI WM B PACHIMPEHHOM
npu3aboitHbIE 30HE.

N3BecTeH cnocob co3nanus rpaBUMHOrO (GUIbTpa B CKBAXXMHE, OH BKIIIOYAET

pacKpeITHE TPOAYKTUBHOTO IUIAacTa, 00OpymoBaHue 3a0o0si mephOpUpOBAHHOMN
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00CaJlHOM KOJIOHHOM, HaMbIB TpaBUsl B MPOCTPAHCTBO OOCAIHON KOJOHHBI B
uHTepBaje nepdopaud U B MPOCTPAHCTBO KaBEpPHBI 3a 00CAAHON KOJOHHOHM C
THIPOYIUIOTHEHHEM Tpu3adoiHoi 30ubI miacta ([1311) [17]. g npenoTBpamieHus
HapyIICHUs KOMMAKTHOCTU CTpyKTypsl mecka B I3[l c¢ oOpa3oBaHmeMm KaBepHBI
BOKPYI' CTBOJIa CKBa)XMHBI 3a CUET OTTECHEHHsI OT CTBOJA CKBA)KMHBI IUIACTOBOIO
IeCKa O] AABJICHUEM Ha IUIACT 3arOHSIOT BBICOKOBS3KYIO XKUAKOCTb-CUIMTHIN I'eilb.
3areM B 00pa30BaHHYIO KaBEpHY U B CTBOJI CKBAXXHHBI MOJ JaBICHHEM HaMbBIBAIOT
I'PaBUIHYIO 3aChIllb C BHICOKOIIPOHUIIAEMOM HAMBIBHOM (ppakuueid, KOTopasi CIIyKUT
IPOTUBOMECOYHBIM JKPAaHOM Ui TIUJIACTOBOTO TECKa TMpH paboTe CKBaKHUHBI,
BBITIOJTHEHHYIO M3 TOJMMEPHOTO MarepHala ¢ IUIOTHOCTBIO TIPEBBIIIAIONICH
IUIOTHOCTh IUIACTOBOIO IIecKa, IO MeHbuiedl Mepe, B 3,5 pa3. Ilpu stom
OJTHOBPEMEHHO BBIMOJHIETCA YCJIOBHE II0 COCTaBy TpaBUHHOTO GUiIbTpa B
3aBHCHUMOCTH OT T'PaHyJIOMETPUUECKOI0 COCTaBa IIaCTOBOTO MECKA.

Metoapl HamblBa TpaBUsl BHYTPU O0OCAaTHOM KOJIOHHBI pa3fessioT Ha
IBYXdTalHbIE W  OJHOAXTamHbIE. B mepBoM ciaydae HambiBa TpaBUs B
nep@opaloHHbIe KaHalbl MPOBOAUTCS B BHUJE OTAEIbHOW omepauuu. Bo BTOpOM
ciydyae 00e omepauuu (HamblB TIpaBusi B MepOpPALMOHHBIE KaHAJIbl U BOKPYT
(GuIBTPOB) MPOBOJATCS TOTAA, KOTAAa HA 3a00€ YK€ YCTaHOBJIEH MPOBOJIOUHBIM MK
IeJIeBOM (PUIIBTP.

Jist 6osiee 3ppekTUBHOrO BBOJIA TpaBUs B KaXAbld epPOpallMOHHBIA KaHAaI
OOJBIIIOr0 3HAYEHUS MPUOOPETAIOT COCTAB KUIKOCTU-HOCUTEIS U METO/I 0OpabOTKH.
O PexTUBHOCTH TPAHCTIOPTUPOBKH YITYUIIAETCS TIPU HU3KUX KOHIICHTPAIMAX MecKa
¥ BBICOKHX PACXOJ BOJIBI.

B ycnoBusix aHOMallbHO HM3KOTO IUIACTOBOTO JABJIEHUS M BBICOKOM
MPOHUIIAEMOCTH TMPOAYKTUBHOTO TIIJIaCTa YCTAaHOBKH TPABUUHBIX (UIBTPOB C
UCIIOJIb30BaHUEM TPAJAULMOHHBIX TEXHOJOTHM 3aTpyJHEHO H3-32 WHTEHCHUBHBIX
MOTJIOIICHUN POU3BOUTEIIbHBIMU IacTaMd  KUJKOCTH-TIECKOHOCHUTETIS.
KauecTBeHHO pemuTh JaHHyl0 NpoOsieMy Mo3BoJisgeT, pa3padoranHas B OAO
"CesKasHUIIMra3", TexHOMOTHSI YCTAHOBKH TPAaBUIHBIX (PMIBTPOB B Ta30BOM Cpefie

[9]. TexHonorms  obOecreynBaeT  COXPAHHOCTh  KOJUICKTOPCKHUX  CBOMCTB
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OPOAYKTUBHOIO IUIaCTa B MPOLIECCE COOPYKEHUS TpaBUHHOrO (PuUiIbTpa 3a CUer
UCIIOJIb30BAaHUSI B KayeCTBE AareHTAa-IECKOHOCUTENS NPHUPOAHOrO ra3a, KOTOPBIM
3aroHSIOT B ILIACT.

Haubonee mmmpoko UCMoNb3yI0T TpaBUHHBIE (DUIIBTPHI C BEPXHUM M HUKHHUM
HaMbIBOM. B 00ouX ciydasx B LEHTpajJbHOW YaCTH YCTAHABIMBAIOT MEXaHUYECKUN
GunbTp, KOTOPBIA sBiIsieTCsT TPyOOM €  IPOCBEPJIEHHBIMH  OTBEPCTUSMH,
OOMOTaHHBIMH MPOBOJIOKOM. [InnHa MexaHHueckoro (uiabTpa JOJKHA MPEBBINIATH
IPOAYKTUBHYIO 30HY IUIacTa Ha 3 M, BHyTPEHHUI auameTp QpuibTpa cocTtaBiser 19-
32 MM Tpd YCIOBHOM JHaMETpe KOJOHHBI JU(PTOBBIX TpPyO, Yepe3 KOTOPYIO
cnyckaercss QuibTp 73 MM. KOHCTpyKUMIO TpaBUHHOTO (QUIbTpa BBIOMPAIOT C
Y4E€TOM YCIJIOBUW JKCIUTyaTallMM CKBAKMHBI, a TAK)KE€ BO3MOYKHOCTH €r0 U3BATUSA B
nanpHerem [18].

HambiB rpaBuiiHOTO (pUIbTpa BBINOJHSAIOT C MPUMEHEHUEM KOJTIOOMHTOBOM
TpyOBl B Te€X Ciyd4asX, Korma OypoBas yCTaHOBKa YK€ JIEMOHTHpPOBaHa, JE€OUT
CKBO)XMHBI MaJl, UCIIOJb30BaTh arperarbl JJisl MOA3EMHOIO PEMOHTA CTaHJAPTHOIO
TUIIAa HKOHOMHYECKM HEIEeNecoo0pa3Ho, a IUIacT XapaKTepU3yeTcs BBICOKHM
JABJIEHUEM, M €r0 TIYIICHUs HeXelaTelbHO. BpiOOp IrpaHyIOMETpUYECKOTO COCTaBa
IpaBUMHOTO (PUIBTPA OCYHIECTBIAIOT IO TEM XK€ COOOpPaKEHHUsM, UYTO U TpHU
TpaauIMOHHON TexHoaoruu [18].

CoopyXeHHeM TIpaBUITHO-HAMBIBHBIX (UIBTPOB HAa MECTOPOXKICHUSAX U
MOA3EMHBIX XpaHwiMiax raza ¢ 1983 romy 3anumaercs npeanpusitue "BHWUras”
(M. Mocksa). C Tex nop rpaBuiiHbIMU (punbTpamu o0yctpoeHo 6osee 400 ckBaxXHH
Ha Kacumosckowm, IllenkoBckoMm, KpacHogapckoMm, bazalickom u Ipyrux moa3eMHBIX
ra3oxXpaHWjuIIax, a Takke Ha  YPEHroWcKOM  He(TerazoKoHJIeHCATHOM
MECTOPOKACHUH.

YcnemHoe nmpoBeneHrue paboOT MO HaMbIBY TpaBUMHBIX (DUIBTPOB, KAYECTBO
HaMBIBHBIX (PHIIBTPOB 3aBUCST OT BBIMOJIHEHHS BCEX TEXHOJIOTMUECKUX TPEOOBAHUMN K
npoliieccy HambiBa. OJiHa U3 OCHOBHBIX TPEOOBAHMUI — ONTUMAJILHOE PEryJIUPOBAHUE
NoJlayl TpaBusl B CKBRXHMHY KaK IO TEMIaM, TaK W MO OOIIEMY €ro KOJUYECTBY.

KOHTpOJII/IpOBaTB npounecc HaMbIBa — OTO KOHTPOJIHMPOBATL TEMII 3aKa4KH H
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KOJIMYECTBO TrpaBus. [IpHHIMOMANBHO CYyHIIECTBYIOT JBAa OCHOBHBIX METOZAA
KOHTPOJIS: MAacCCOBBIM PacxoJ0MEpPOM MJIM MO AMHAMUKE YPOBHS I'paBus B OyHKepe
[18].

['paBuiinbie QUIBTPHI, CO3/1aBaeMble Ha 3a00€ MpPH BCEX JOCTOMHCTBAX, HE
BCEr/Ja 00€CleunBalOT BBICOKOTO KadecTBa rpaBUHON oOchinku. Ilpu stom ms
obecrnieyeHnss HEOOXOAUMOM TOJIIIMHBI 3aCBIIKM TpeOyeTcs yBEIMYEHUE TuameTpa
CKBXMHBI M pacIIdpeHus: (pUiIbTpOBOM 30HBI CKBaXMHBI. Bce 3TO mpuBOAUT K

YBCIIMYCHNUIO BPCMCHHBIX U (I)I/IHaHCOBBIX 3aTpar.

1.8.3 I'paBuiinas HaOuBKa

B nocnennee BpeMsi MOJy4HId paclipoCTPAHEHUE MPOBOJIOYHBIE (PUIBTPHI C
rpaBUitHONM HAOWBKOM, YTOOBI OTKAa3aThCA OT MPOILEAYpbl HaMbIBa-TpaBus. Takue
(GUIBTPHl YMEHBIIIAIOT 3aTPaThl HA MOATOTOBKY CKBAXXUHBI U YBEITUYUBAIOT CKOPOCTh
MOHTa)Xa XBOCTOBUKA € (puiibTpaMu. Pe3ynbTaThl MHOTOYMCIEHHBIX MCCIIEIOBAaHUN
UCIIOJIb30BaHUsI ~ (QUIBTPOB €  TPEIBAPUTEIBHOM  TI'paBUHHOM  HaOMBKOMU
CBUJETENBCTBYIOT 00 WX MPAKTHYECKOW LEHHOCTH NPH YCIOBUM NPAaBHIBHOIO
nogdbopa mnapamMeTpoB HAOMBKM B 3aBUCHUMOCTH OT YCIOBHM SKCIUTyaTaluu
CKBaXHUHBI. OUIBTPaMH C TPABUMHOW HAOWBKOW Hadajlyd MHTEHCHUBHO MCIIOJIb30BATh
Ha MHOTUX He(TAHbIX Mpombiciaax. OHU 0COOEHHO 3(PPEeKTUBHBI B CKBAKMHAX, B
KOTOPBIX J00BIBACTCS BMECTE ¢ HeThIO Boja [6].

B kadectBe marepuana sl rpaBUWHON HAOMBKM HamOoJsiee MPUBBIYHBIM
ABJISICTCSL PUPOJHBIA MECOK, HO 3TO HE €JWHCTBEHHBIN HCHOJIb3YEMbIM MaTepual.
[Ipy ucnonap30BaHUM MECKa MOTYT MMETh MECTO JIBA MEXaHU3Ma €ro pa3pylICHHUS:
XUMHUUYECKOE PACTBOPEHUSI KpEMHE3eMa TOPSUYMMH BBICOKOIIEIOUYHBIMU KUJIKOCTSIMU
(0COOEHHO Ha MECTOPOXKACHUSX, TJ€ MPUMEHSETCA 3aKadka Tapa s J00bIYH
HepTH) W gpoOJieHHe €ro, KOTOpOE COIPOBOXKIACTCS OOpa30BaHHEM MEJIKHUX
00JIOMKOB, KOJIbMaTUPYIOLIUX TPABUIHYIO HAOUBKY.

Kak rpaBuiiHple HaOMBKH MOTYT OBITh HCIIOJNB30BaHbl 0€3 KaKUX-I100

OCJI0KHCHUM clIeayromue MaTcpualibl:
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a) CUWIMKOHOBBIE MaTEPHAJIbl — CIIELUAJIBbHO IPUTOTOBJICHHBIE IIECKH, ITECKH C
BHEIIHUM TIOKPBITHEM (MOJHOAEHOM, TpauUTOM WM SMOKCUIHOM CMOJIOW) U
CWJIMKATHI (CTEKJITHHbBIC IIIApUKH, KapOOPYH/I U TpaHaT);

0) aTIOMUHHEBBIC MAaTEPUATIBI-CIICYCHHBII OOKCUT, KOPYH/I;

B) YIJIepOJHbIE MaTepUasbl — aHTPAIIUT.

Taxoxe maTepual Juisi rpaBURHON HAOUBKU MOXKET COJEPKATh KPEMHHM. ITO
OCOOCHHO BaXKHO JIs IJIACTOB, KOTOPBIE COJAEpX aT CHUJIBHO MHUHEPAIW30BAHHYIO
BOLY.

['paBuii, UCNIONB3YEMBIN 7Sl TPAaBUIHON HAOMBKH, JOJDKEH OBITh YHCTBHIM, C
JIOBOJIBHO KPYTJIBIMH, IJIaJKUMU U OAHOPOJHBIMU 3€pHaMU. Takue XapaKTepUCTUKU
IpaBUsl CIOCOOCTBYIOT YBEJIMYEHUIO IPOHUIIAEMOCTH U IOPUCTOCTH HAOUBKHU.

Pasmep wacTuil rpaBusi Mpu BBINOJHEHWW TPAaBUITHOW HAOMBKHU BBIOHMPAIOT
TaK, 4YTOOBI PEJOTBPATUTH MOCTYIJICHUIO IECKa U3 IJIACTa B CKBAXKUHY.

B CIIA Bo Bpemsi BbIOOpa pa3mepa 3€peH IpaBus JJsi HAOMBKHU, a TaKXkKe
buIbTpa, 0OBIYHO PYKOBOJCTBYIOTCS CICAYIOIIMMH cooOpakeHus MU [19]: gacTuirsr
rpaBus JOJDKHBI ObITh HE Ooiiee, yeM B 5-6 pa3 OOJBIIMMU IUIACTOBBIX YaCTHIL], C
BBIHECEHHEM KOTOPBIX BeneTcs 00pb0a; GuiabTp H0JKeH 3((EKTUBHO 3a/IepKUBATH
MeJTbYaIMe YacTUIlbl TPaBUs JJIsi TPAaBUWHON HAOWMBKH KEIAaTebHO HCIOJIh30BaTh
IpaBUi C OKPYTJIBIMU 3€PHAMU.

B nporiecce npoekTupoBaHusl TPaBUMHOTO (PriIbTpa HEOOXOIUMO YUUTHIBAThH
IUIOTHOCTh TEep(OpallMOHHBIX KaHAJIOB Hapsily C IMPOHULAEMOCTbIO T'paBUIHON
HAOMBKY M MOTEHIMAIbHYIO MPOJYKTUBHOCTH IUIACTAa MPEICKA3yeMbIM CIOCOOOM
skcrutyaTaruu [19].

Jlyist TpaBUifHONM HAOWMBKHU HMCIIOJIB3YIOT MECOK ¢ pasmepom 3eped 0,84-1,67
MM. Kornma u3 CKBaKHMHBI BBIHOCUTCS TIECOK C COJEpPXKAHUEM MENKUX (pakuuii B
KoamaecTBe 5% u Oosee, st HAOUBKHU UCIIOJIB3YIOT MEJIKUI TIECOK C Pa3MepOM 3epeH
0,42-0,84 mM.

Xumudeckass TOATOTOBKA IUlacTa [Jisi CO3JaHUs TpPaBUMHOM HAOWBKHU
BKJIFOYAET MHOTOYMCIICHHBIE IPOLIECCHl M ONPENENSIETCS WHIWBUIYaJIbHBIMU

XapaKTCPHUCTUKAMH KOHKP €THOM CKBa)KHUHBI.
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CHauana uCHOJNB30BAIM NPOCTYH0 TEXHOJIOTHIO CO3/1aHUA T'PAaBUMHOMN
HAOMBKM — TpaBUi 3aKayuBaiu ¢ BoJOH. [lOCKONBKY momycTHMa KOHLIEHTpAalus
rpaBus B Boje coctaBisuia 120 kr/mM3, B CKBaXHMHY 3aKauuBalIM OOJIbIINE OOBEMBI
BOJbI, 4TOOBI OOECIIEYUTh MEPEHOC HA 3200l JOCTATOYHOIO KOJMYECTBa IrpaBus. B
3TUX YCJIOBHUAX B IUIACT IOCTYINaj 3HAYUTENBHBII OOBEM BOJBI, UYTO BBI3BAJIO
yXyALIEHUE MPOHUIIAEMOCTH JUJIsl HETH U ra3a B npuszaboitHoi 30He. HenoctatkoM
WCITOJIb30BAHUS BOJBI B KAUECTBE KMIKOCTH ObLIIa TAK)KE BBICOKAs CKOPOCTh 3aKauKH,
KOTOPYIO HEOOXOAMMO MOAJEPKUBATH JUISl MPEAYIPEKIECHUS CBOOOAHOIO OCENaHuUs
rpaBus U 3aKynopku koinoHHsl HKT.

B HacTosiiee Bpemsi HCIONB3YIOT OYEHb BA3KHE >KHMJIKOCTH, CIIOCOOHBIE
IIEPEHOCUTh T'PaBUM B BBICOKMX KOHIEeHTpamusax. [IpenmyinectBo 3roro meroxa —
COXpaHEHHUE YUCTOTHI I1acTa. [T0CKoNbKY € 3arylIeHOro pacTBopa rpaBuil OBICTPO HE
OCENIACT, 3aKa4Ky CYCIICH3UU B CKBAJKMHY MOXKHO BBIIIOJHATH C MaJIOW CKOPOCTHIO.
WTak, MEHbIIIEE KOJUYECTBO MOTEHIINAIBHO 3arPsA3HSAIOIINX BEIIECTB B ILJIACT.

B oreyecTBEHHOM  NpPAKTUKE  HAKOIUIEH  IOJIOKUTEIBHBIA  OIBIT
UCIOJIb30BaHUsl  (PUIBTPOB € TpaBUMHONM HAaOMBKOM Ui MpeAOTBpallleHUs
neckonposiBuernii (Pl 39-1-1113-84, HIIO "Corosrepmuedts"). Texnomorus
ornpoboBana Ha MecTopoxkaeHussx Kazaxcrana u Azepbaitmkana u mo3poiwia B 5-10
pa3 yMEHbBIIUTD MMOCTYIIJICHUE MEXAaHUYECKUX YaCTHUI[ B 10OBIBAIOIME CKBAXKUHBI U B
2-3 pa3a yBeJIMYUTh MEKPEMOHTHBIN TIEpHo1 paOdOThI CKBaXkHHBI [19].

Ouwiprp THma OCK-III' ¢ rpaBuitHOM HAOWBKOW  MpegoTBpaIaeT
IIOCTYIUIEHUE TIECKa B IIPOLECCE OKCIUIyaTallMM CKBaXWH C HEYCTOMYMBBIMU
KojuiekTopaMu. KoHcTpykuus @uibTpa MpeaycMaTpuBaeT BO3MOXKHOCTb €O

9KCIUTyaTaluy 0e3 BHEIIHETo rpaBuiiHOrO 3ackinka [20].
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2. DKcnepUMEeHTAJIbHASA YaCTh

Tak kak co3maBaeMbie Ha TIOBEPXHOCTH TpaBUiiHBIC (PHIBTPHI (OJI0YHBIE,
KOXKYXOBBIE, KOp3UHYATHIC) OTHOCHUTEIBHO Mai03h(PEeKTUBHBI, OBICTPO
KOJIbMAaTUPYIOTCSI, KPOME TOTO, OHU CJIOKHBI U JOPOTOCTOAIINE TIPU MPOU3BOJICTBE U
UMEIOT TPYJAHOCTH B YCTAaHOBKE B CKBXKHMHY, HE0OXOAMMO pa3padoTarb
ONTUMAJIbHBIA METO] JOCTABKU IPaBUs Ha 3200, TUIICHHBIA JaHHBIX HEJOCTATKOB.

Jnsa yBenuueHus dSPQPEKTUBHOCTH OOYCTpOWCTBA (PUIBTPOBOM YaCTH
CKBaXXUHBI TP COOPY>KEHUU CKBAXKUH MPOBOAWIMCH UCCIEAOBAHUS MO CO3JAAHUIO U
pa3paboTKe NEe3MHTETPUPYEMOTO TpaBUMHOTO (PrIIBTpA. JlesuHTerpupyemsiit
rpaBUMHBIA (UIABTP — OSTO Iayka TpaBUS B CBSI3aHHOM COCTOSIHUU, KOTOPBIN
pacTBopseTCS B YIVIEBOJAOPOAHOM cCpele WIM B JAPYIMX HW3BECTHBIX HayKe
PACTBOPUTENISAX, IPU 3TOM HUMEIOIIHNN IPOYHYIO CTPYKTYPY.

[IpenmyiiecTBa TNPUMEHEHUS JAHHOM TEXHOJOTHHM TMEpel  JPYTHUMU
BapUaHTaMU I'PaBUIHONM OOCHITIKH:

e  HanexXHOCTh JOCTaBKU I'PaBUHHOTO (PUIIBTpA.

o [lpenoTBpaiienue oceaanus rpaBus Boiiie GUILTPOBON 30HHI (B
TpEUIMHAX, KaBEPHAX U CYKEHHSIX CTBOJIA CKBAKHUHBI).

o [InoTHas 1 paBHOMEpHas ycajiKa rpaBus MO BBICOTE U MEPUMETPY
BOJIONIPUEMHOM YacTu GuiibTpa (MpeaoTBpalieHne 00pa3oBaHus MyCToT).

e  CHmXaroTcs Tpya03aTpaThl HA COOPYKEHUE CKBAKUHBI.

e  BosmoxHoCTh mudPepennmanyu Gppakiuii rpaBUMHOTO PUIBTpa 1O
pasmepy.

OOBEeKTOM  HCCNEOBaHUSl  SIBJSIETCS  COBEPIICHCTBOBAHHME COCTaBa U
TeXHOJI0TUHU n3rortopyieHus ' D.

[lens wuccnenoBaHusi — COBEPIIEHCTBOBAHUE TEXHUYECKUX CPEACTB U
TEXHOJIOTUIA TPABUNHOMN OOCHINKY TPUPUIHTPOBOIN 30HBI CKBAXKHUH.

3a1aun uccieq0BaHUS:

PazpaboTka  pemenTypbl  cocTaBa  JJIi  CBSI3bIBaHMS — TpaBUs B

JE3UHTETPUPYEMOM TPABUIHOM (PHIIBTpE.
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Hnsa  ¢opMupoBaHus TpaBUWHBIX OOpa3noB (uUIbTpa HUCHOIB30BAIH
KPHUCTAUINYECKOE BSKYILEE BELIECTBO.

OOBEKTOM HUCCIEIOBAaHMS SIBJISETCA COCTaB JIE3MHTETPUPYEMOIrO TPaBUMHOIO
bunbTpa.

Jle3auHTerpupyemMblii TpaBUMHBIA (QUIBTP — W3JeNue, MPEACTABISIONIEE U3
cebsi cMech IpaBus, CBA3YIOIIETO BEIIECTBA H(WUJIM) YIEp KUBAIOIIEH O00JOUKH,
3aKpeIieHHOe Ha (DUIBTPOBOM TpyOe, KOTOPOE MO MCTEUYCHUHU 3aJaHHOTO BPEMEHHU
pacTBOPSAETCS C MOCJIEAYIOIINM OCBIITAHUEM I'PABUSA B 30HY MPOIYKTUBHOTO IJIACTA.

TpeboBanusi, mpenbsBiasieMble K KOHCTpyKuuu ' ®:

- pactBopenue II'® nmomxHO aocturatbes B mpeaenax 5—10 gacoB mocnie
Hayaja CIyCKa B CKBaXXUHY;

- koHcTpyKuMs JII'D He moymkHa HapylIaThCsl B MpOIECCe CITycka 00CagHOM
KOJIOHHBI,

- o0ecrie4yeHre MUHUMAJbHBIX THAPABIMYECKUX COIPOTUBIICHUM MPH CITyCKE
JI'® B TEXHOJIIOTUYECKYIO CKBAXKUHY;

- BO3MO>KHOCTb JIETKOU HajiexHoM cOopku JII'D ¢ oOcaaHol KOJTOHHOM;

-OCYLIECTBIICHUE Ka4YE€CTBEHHOTO OJHOPOAHOTO YIUIOTHEHHUS T'PABHMHOTO

buabTpa B GUIBTPOBOI YaCTU CKBAKUHBI.

2.1 MeToanka U3roToBJeHUs 00Pa3Lo0B Ae3UHTErPUPYEeMOro rpaBUiiHOTO
buabTpa

[Ipu n3rotoBneHnu oOpa3LOB UCIOIb30BATU MEIKUIM I'PaBUid C YACTUIIAMH OT
1 1o 5 mm. OOpasubl ObUTM W3TOTOBIIEHBI B MPOILIEHTOM COOTHOIIEHWU TPaBUS U
KPHUCTAJUIMYECKOTO BsDKyLIero BemiecTsa. ['paBusa mcnosp3oBanocs 400 rpamm Ha
OJIHy 0aJouKy, a KpUCTAJIUIMYECKOTO BsKyIIero Bemectsa 25%, 35%, 50% u 70% x
OTHOLIEHUIO rpaBus. JIIsI TOYHOrO NPOLIEHTHOIO COOTHOILUEHUS TIpaBusi U
CBS3YIOIIETO KOMIIOHEHTa (KPUCTAJUIMYECKOE BSHKYIIEE BEUIECTBO) B3BEIIMBAIM Ha
nabopatopubix Becax VIBBA AJ-220CE. I'paBuit HarpeBaiid 10 ONpEACICHHOM
TEeMIIepaTyphl, TOCJIE €ro CMEUIMBAIM C PacljiaBOM KpPUCTAUIMYECKOTO BSKYILETO
BelecTBa. CMEIIaHHYI0 CMECh 3aJMBajii B METAUIMYECKYI0 GopMy (pUCYHOK 8) u

OCTAaBJIAJIM HA CYTKH JJIs1 3aCThIBAHUA.
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Pucynox 8. ®opma danouex 3bD-40

2.2 Pe3yabTaThl JKCHEPUMEHTAIBHBIX HCCIACA0OBAHUMI

bbuto mpoBeneHO HcclieIOBAHUE MTPUMEHEHUSI KPUCTAJUIMYECKOTO BSKYIIETO
BEILECTBA JUIsl CBsI3bIBaHMS rpaBus. OCHOBHasg 3ajada HMCCIEIOBAHMS: MOJTyYEHUE
MPOYHOCBSI3aHHOW CTPYKTYpPhl JJiIi BO3MOXKHOCTH TPAHCIIOPTUPOBKH Ha 3a00u
CKBa)KHHBI, a TAKXKE CIIOCOOHOCTb PACTBOPEHUS B YIII€BOJOPOJIHON Cpee WM UHBIX
pacTBOPUTEIIAX.

boimn  M3roToBNIEHBI 00pa3Ibl PA3TUYHON KOHIEHTpAIMM KOMIIOHEHTOB
(Tabnuia 1) nis BeIOOpa OoJiee ONTUMAIBHOTO, KOTOPBIA OTBEYas Obl TPOYHOCTHBIM
U PACTBOPSIOIIUMCS TPEOOBAHUSIM.

Tabnuua 1-KoH1eHTpanysi KOMIOHEHTOB

Cocras KonrnenTparus koMmnoHeHTOB %
oOpasia
['paBwmii 100 100 100 100
Kpucrammmueckoe
BSDKYIIICE 25 35 50 70
BEILIECTBO

IIposepka na npounocmo

JIisi BBISICHCHMSI TIPOYHOCTHBIX CBOWMCTB 00pa3ilbl ObUIM TPOBEPEHBI Ha
cKaThe W W3rud, ucnpiTanus npoBoauiauck Ha MamuHe E159-01N (pucynok 9). Ilo
pe3yibTaTaM TPOBEPKHM HA TMPOYHOCTH OBUTM TIOOCTPEHBI TpaduKH, KOTOPHIC

npecTaBieHbl Ha pucynkax 10-11.
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MpouyHocTb Ha n3rn6, Mna

Pucynok 9. Maruuna uist ucnisitanus Ha cxatue 10 250kH (E159-01N)

n3rnb
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Pucynox 10. [TpounocTs 00pa3ioB Ha U3ruod
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Mpo4yHocTb Ha cXKaTtue, Mna

Pucynox 11. IlpouHocTs 06pa31oB Ha cxaTue

[lo momydeHHBIM JaHHBIM OBUT CAEJIaH BBIBOJA, O TOM, YTO CTPYKTypa H3
KPUCTAJUIMYECKOTO BSDKYILIEro BEIIeCTBA B KAueCTBE CBS3YIOLIETO KOMIIOHEHTA
rpaBUs ABJSIETCS JJOCTATOYHO MPOouHOi. HanbobInyto mpo4HOCTh MOKa3aiu 00pasiibl
¢ 40-50% koHILIEHTpaed KOMIIOHEHTOB.

IIposepxa na pacmeoperue

CrnenyromuM 3TanoM UCCIAEAOBAHUSI COCTOSJIO B TOM, 4YTOOBI HaWTH
ONTUMAJIbHBIA PACTBOPUTENb I JAHHOM pelenTypbl, KOTOpBI oOTBeudan Obl
TpeOOBAHUSIM TPEABABISEMbIE K KOHCTPYKIIMU JE3UHTETPUPYEMOTO T'PABUHHOTO
¢bunbTpa.

[IpoBepka mpoxoauia B JBa dTara, Ha OJIHY MapTUIO 00pa3IoB ObUT HAHECEH
TOHKUM CJIOEM pacIUIaBICHHBIM OUTYM, a BTOpas mapTus oOpas3lioB ocTaBajiach 0e3
U3MEHEHUs. BUTyM HaHOCWIM 3apaHee U BBIAEPKUBAIM CYTKH JUJISl €rO 3aCThIBAHMSL.
OO0pa31pl TOMENIATUCh B IJIACTMACCOBBIE €MKOCTH W 3aIlOJHSUIUCHh TTOJI00paHHBIMU
PaCTBOPUTEIISIMH.

Jlns mpoBepkrM O0Opas3loB Ha pacTBOpPEHUE ObUIM BBIOpAHBI CIEAYIOIIUE
BEILECTBA:

7. Bona.

8. I'muHUCTHIN pacTBOp.

9. Hedts
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Jlis  pacTBOpEHHUS! HCIOJB30BAJINCh OOpa3lbl C pa3HOM KOHIICHTpaIUe
KOMIIOHEHTOB. Bpems pacTBopeHms1 00pa3iioB mpeicTaBiIeHbl B TabauIe 2.

Tabnuua 2—Bpewms pactBopeHus 00pasion

PaCTszHTeH Bona ['muHUCTBIN pacTBOP Hedts
Konuentpanu
A 25% | 35% | 50% | 70% | 25% | 35% | 50% | 70% | 25-70%
KOMIIOHEHTOB
Bpewms lu. | 1u. | 24, | 34, | 54. | 64u. | 74u. | 8u. He
pactBopenmst | 12 59 33 14 18 7 17 8 pacTBop
MHH. | MUH. | MUH. | MUH. | MUH. | MUH. | MHH. | MUH. UJCs

[To momydeHHBIM AaHHBIM OBUT CHACTAH BBIBOJ, YTO BPEMS pPaCTBOPEHUS
JE3UHTETPUPYEMOTO TpaBUifHOro (uibTpa OyJeT 3aBUCETh KaK OT BEIIeCTBa, B
KOTOpOM OyJleT pacTBOPSThCA, TaK W OT KOHIIGHTPAllMd KOMIIOHEHTOB
TE3UHTETPUPYEMOTO TPABHIHOTO (PHITBTpA.

Jlist mpoBepku 00paslioB Ha pPacTBOpPEHHE C 000J04YKkoW (OUTYyM) ObLIH
BBIOpaHBI CJIEIYIONINE BEIIECTBRA:

1. Hedrts.

2. bensun «Kamnomay.

3. Kepocus.

4. YalT-criupur.

PactBopenue 00pa3iioB B JaHHBIX PACTBOPUTENSX HE IPOU3OIILIO,
pacTBopuiach TOJbKO oOosouka (6utym). IlosTomy B Tabnuiie 3 mpeacTaBieHbI
JTAaHHBIE O BPEMEHU PACTBOPEHHUS 000JOUKH B pACTBOPHUTEIIE.

Tabnuma 3—Bpewms pactBopeHus 06pasioB ¢ 000I0UKOH

PactBopurens Hedro bensun Kepocun VYair-cnupur
«Kanomay
Bpewms pactBopenus 2 4. lua
000JIOUKH 3 MUH. 8 MHUH. 24 u. 51muH.

OneiT moBoawics co ctpoutenbHbiM Outymom BH 90/10. PasnoBuaHOCTH

OuTyMa: CTPOWTENbHBIN, KPOBEIbHBIN, JOPOKHBINA. [[eHa Ha cTpouTeNnbHBIN OUTYM
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Bapeupyetcs ot 9 no 14 pyb6neit 3a kumorpamm, Ha KpoBelbHEI OT 20 10 25 pybnei
3a KWJIOTpaMM, Ha JOPOXKHBINA oT 7 10 15 pyOuieii 3a Kuiiorpamm.
BuiBOa

B xone mpozaenanHoi pabOThI U MOJYYEHHBIX PE3yIbTaTOB OBLIO BBIICHEHO,
4TO CTPYKTypa H3 KPUCTAUIMYECKOTO BSDKYIIENO BEIIECTBA B  KayeCTBE
CBS3BIBAIOLIETO KOMIIOHEHTA TPaBUs SABISAETCA JAOCTATOYHO IPOYHOM. DTO OTBEYAET
TpeOOBaHUSIM O JOCTaBKe rpaBUTHOrO (puiabTpa B MpUGUIBTPOBYIO 30HY CKBAaKUHBI
0e3 HapylieHuss ero KOHCTpykuuu. Ilpu noctaBke B NpUPUIBTPOBYIO 30HY
CKBOXMHBl HEOOXOJMMO HE JOIYyCKaThb paHHEro IpoLecca pacTBOPEHUs
JNE3UHTETPUPYEMOTO TpaBUHOTO QuubTpa. lJis TOro 4TtoObl 3TOr0 HE MPOU3OILIO
MO’KHO HCIIOJIb30BaTh 000JIOUKY B BUJE OMTyMa, KOTOpasi HE PACTBOPSIETCS B BOJIE U
MIMHUCTOM pacTBope. OcoOeHHO 3T0 3P(PEKTHBHO B HE(PTSIHBIX CKBa)XKMHAX, HE
HY’KHO 3aKayuBaThb pPACTBOPUTENL i1 000704Yku. B nanbHelmem TrpaBUNHBINA
¢unbTp Oyzmer pacTBOPSTHCS MpH Ipll Korjna OyAeT 3akauyaH pacTBOP Ha BOIHOM

OCHOBC.
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4 OUHAHCOBBIH MEHEAKMEHT, pecypco3(p(PeKTUBHOCTH U pecypcochepe:keHne

B I[ElHHOfI riaBC OTPAKCHbI M IPOBCACHLI PACUYCThl BCCX BH/IO0B PACXoaoOB,
HalpaBJCHHBIX HA TPOBEJEHHE HAYYHOTO HCCIAEAOBaHUS M pa3pabOTKU
CKJICUBAIOIIETO peareHTa JJIs Je3UHTETPUPYEMOTO TPaBUIHOTO (PHIIhTpA.

3aTpaThl HA BBINOJHEHUE HAYYHO-UCCIEA0BATEIBCKOTO MPOEKTa BKIIOYAOT B
ce0st clIeyIoIINe JIEMEHTHI:

— 3aTpaThl Ha CIEHUAIBHOE 000pYyI0BaHUE U pabO4Yre KOMIIOHEHTHI;

— 3aTpaThl Ha OILIATY TPY/a;

— 3aTparbl Ha CTPAaxOBBIC B3HOCBI B TOCYAAapPCTBCHHBLIC BHe6IOI[)KeTHBIe

boHIBI;

— HaKJIaJHbIC PACXOMbI.
4.1 Pacuer 3aTpar Ha pacxoJHble KOMIIOHEHTHI JJIfl IPOBEACHUS HAYYHBIX
HCCJICIOBAHMS M IKCIIEPUMEHTAJIBbHBIX padoT

Benmuunna pacxomoB, 3aTpayeHHBIX Ha MPUOOPETEHHE MaTepHUaIOB,

UCIIOJIb3YEMbIX, HEMOCPEJICTBEHHO, B pa3pabOTKe JE3UHTErPUPYEMOro T'PaBHIHOIO

¢bunbTpa:
m
3M :(1+kt)'zlli'NPACXi (1)
i=1
rae: M — KOJMYECTBO BHUJOB MAaTEPUAIBbHBIX PECYPCOB, MOTPEOSAEMBIX MpU

BBINIOJIHEHUH HAyYHOT'O HCCIIEA0BAHNUS;

Npsexi — KOTMYECTBO MaTEpUANBHBIX PECYPCOB I-rO BHJIA, IUIAHUPYEMBIX K
MCTIOJIb30BAaHUIO TIPH BHITIOJTHEHUH HAYYHOTO MCCleAoBaHus (IIT.);

L]; — nena npuoOpeTeHrs eUHUIIBI 1-TO BUIA MOTPEOIIEMbIX MaTEPHATBHBIX
pecypcoB (py0./mirt.);

kt — K03 duIHeHT, yYUTHIBAIOUIHI TPAHCIIOPTHO-3arOTOBUTEIILHBIC PACXO/IbI

Koaddunment K7, omuchiBaromuii TpaHCHOPTHBIC PACXOJbl HA JIOCTABKY
000pyI0BaHUs MPUHUMACTCS MHHUMAJIBHBIM, paBHbIM 15% (T.e. Kz = 0,15) ot camoii
CTOMMOCTH 3TUX MaTepuaioB. MUHUMAaIbHBII ypPOBEHb CTOMMOCTH JIOCTaBKHU
OOBSICHSIETCS] TEM, YTO BCE COCTABJISIONINE U3EIHS W3TOTABIMBAIOTCSA B TOPOJE, TIe

IMPOBOJAUTCA pa3pa60TI<a, MECTHBIMH KOMIIaHUAMU U JIMIIAMU.
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Bce paccumranHple MaTepHalbHBIE 3aTpaThl HAa 00O0pyIOBaHHME IS
pa3pabOTKN CKJICUBAIOIIETO Marepuana il JAC3UHTETPUPYEMOrO TPaBHUITHOTO
bunbTpa npeacTaBieHbl B TadauIe 4.

Tabmuia 4 — CTouMocTh 000PYI0BAHUS JUTSI CKIICUBAHUS TPABHUS

Ilena 3a 3aTpatbl Ha
En.
HanmenoBanme Kon-Bo en., MaTepuabl,
U3M.
pyo. (3m1), pyo.
[TmuTKa SnekTpudeckas Ampix | r 1 8890 8890
AMP-8004
Bechl anamutrueckue ViBBA T 1 55000 55000
AJ-220CE
@DopMBbI 17151 U3TOTOBIICHUS
o6pazos 3DB-40 T 3 3890 11670
CyMMapHasi CTOUMOCTb 75560
Htoro, ¢ y4eToM TpaHCHOPTHBIX pacxo0B (5% OT cymmapHOit 79338
CTOMMOCTH 000PYJIOBaHNs)

Takum o00pa3oM, CTOMMOCTb NPHOOPETEHHS] TEXHUKUA HJisi pa3pabOTKu
CKJIEMBAIOIIETO MaTepuala o pacueram cocraBuia 79338 pyo.

Pacxomnbpie marepuanbl HEOOXOMWMBI JJIsi TPOBEACHUS JKCIEPUMEHTOB,
U3y4EHUsS  BIMSHHUA  PA3JIMYHBIX  BHEUIHMX  (AKTOPOB  HA  IOKAa3aHUsA
pa3pabaThiBaEMOT0 JIE3UHTETPUPYEMOT0 TPABUIHOTO QUIBTPA.

HcnbiTaTenbHblil  CTEHI, NPEAHA3HAYCH [JIs MPOBEACHUS Pa3HOro poja
HKCIIEPUMEHTOB, a B JaJbHEWILEM JJIs MPOBEACHUS IPEABAPUTENBHBIX HCIBITAHUN
W3rOTOBJICHHBIX  MpeoOpa3oBaTeneil IUIOTHOCTH. JlaHHOe — crenodopyoBaHue
OCHAaIIeHO OOJBIIMM KOJUYECTBOM NPHOOPOB, MEXaHW3MOB, YCTPOWCTB U
KOHTPOJIbHO-U3MEPUTEILHONW —amnmapaTypbl, KOTOpbIE TO3BOJSIOT CO3[aBaTh U
MOJIIEPKUBATh TpeOyemble pabodne yCIOBUS U MapaMeTphl A pa3padaThiBaeMOTo

CpeacTBa UBMCPCHUAI.
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https://www.dns-shop.ru/product/3359220244ed3330/plitka-elektriceskaa-ampix-amp-8004-belyj/
https://www.dns-shop.ru/product/3359220244ed3330/plitka-elektriceskaa-ampix-amp-8004-belyj/

Kpome wucneiTatensHOro cTeHaa, I TPOBENCHUS padoT 1Mo pa3padoTke

KOHCTPYKLMHU JE3UHTETPUPYEMOT0 TpaBUHHOTO (uibTpa, TpeOyeTcss 3aKyNuTh

CpCaACTBA, 4 TAKIKC CaMU JKUIKOCTH, HCO6XOI[I/IMI>I€ 1 IPOBCACHUA SKCIICPUMCHTOB.

JlaGopaTopHble CpeCTBA U3MEPEHUS MO3BOJISIIOT ONPEACNATh MapaMeTpbl MaTepuasa

C OYEHb BBICOKOM TOYHOCTHIO. CTOHMMOCTH MepcuyHA pPacCXOJHbIX MATCPHAJIOB

MpeICTaBJICHBI B TAOIHUIIC O.

Tabnuna 5 — CTOuMOCTb MEepeyHs PacXoIHBIX MaTepUajIoB

Ilena enquHULIBI

OO0111a8 CTOUMOCTD

HaumenoBanue Komn-Bo| obopynoBanusi, | obopyaoBaHUS,
pyo. (312). pyO.
['paBuit 0,1 480 480
JlaTekcHbIE IEpYaTKH 8 40 320
butym 38 190
Xamat 1abopaTopHBIN 660 1320
bymara 3 365 1095
Pyuka 5 12 60
Pecniuparop 8 26 208
PactBopuTtens (yailT-cnupur) 4 60 240
PactBoputens (0en3un «Kanoray) 4 50 200
HMrtorosas 1ieHa 4113

OOmue eauHOpa30BbIC BIOXKEHHS HAa MPUOOPETEHUE Pa3IUYHOTO poja

o0opy10BaHUs U pabOUYMX KOMIIOHEHTOB COCTaBUJIU:

3y = 3y, + 35, = 79338 + 4113 = 83451 pyb.

4.2 3aTpaTbl 10 OCHOBHOM 3apa00THOI 1uIaTe

BpeMH, OTBCACHHOC Ha MPOBCACHNUC HAYYHO — TCXHUYCCKOI'O MCCJIICIOBAHUS,

MpeCTaBICHO B Tabnuiie 6.

Tabnuna 6 — [IpogomKUTENsHOCT PabOT, BHITOJHAEMBIX HAYYHO-TEXHUYECKUM

MIepCOHAJIOM
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[Toka3zarenu pabouero BpeMeHH

PykxoBoautens|JIabopaHT

Kanengapnoe uncio qxei

¢ 01.06.18 mo 31.12

20171, 147
2018 . 365
¢01.01.17 10 01.06 103

2019 .

¢ 01.06.15 mo 31.12
5 2017 1. 62 62

KonmuecTBo Hepabouux nHen 2018 1 116 116
- BBIXOJIHBIC U TMPA3HUYHbBIC THU

c01.01.17 mo 01.06 58 58

2019 .

¢ 01.06.15 mo 31.12 9 i

2017 1.
[Torepu paGoyero BpeMeHH, THU 2018 1. 62 26
- OTIYCK  HEBBIXOJbI IO OOJIC3HH

¢ 01.01.17 mo 01.06 i 5

2019 .
[TponomKUTeTbHOCTE  PabOT, BBIMIOJHAEMBIX  HAYYHO-TEXHHUYCCKHM 308 351
pabotHukom B niepuoj ¢ 01.06.2017 mo 01.06.2019 r., pad. aH.

I[aHHaSI CTaTbiA PACXO0d0B BKIHOYACT OCHOBHYIO 3apa60THy10 IUIATy HAYYHBIX

N HWHKXCHCPHO-TCXHHUYCCKUX pa6OTHI/IKOB,

HEIOCPEACTBEHHO YYacCTBYIOIIMX B

BBIITOJIHCHUH pa60T 110 IIaHHOﬁ Teme. B JaHHOM IIPOCKTC TaKHMU pa6OTHI/IKaMI/I

ABJIIAIOTCA PYKOBOAWUTCIIb, HWHIKCHECPD H J'Ia60paHT. PaccunTannsie JOJDKHOCTHBIC

MECSAYHBIE OKJIAJIbl IPEJCTABIEHBI B TAOIUILY /.

MecsuHbIi TOJKHOCTHOM OKJ1aJ] paOOTHHKA!

3, =3, -A+k,, +Kk,)-Kk; (2)
rae: 3. — 3apaboTHas miara no TapudHoit ctaBke, pyo.;

Kyp — mpeMuanbHblil koadduient, paBuslii 0,3;

K, — ko3¢ duIeHT gomiat u HaabaBOK coCTaBiseT nmpuMepHo 0,2;

K, — pationnslit ko3ddunuent, pasusiit 1,3 (uis Tomcka).
Tabnuua 7 — PaccuntanHble TOKHOCTHBIE MECSTYHBIC OKJIAIbI

Wcnoaaurenu Paspsin K, 3., PYO. 3w PYO

PykoBoautenn 4 2,18 13080 25500
JlabopaHT 1 1 6000 11700

CpennenneBHas 3apabOTHas IIaTa pacCUUTHIBAETCS 10 hopmyIie:
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3, = (3)

rjae: 3M — MECSYHBINA JTOJKHOCTHOM OKJIaJl pabOTHHUKA, PYO.;

M — KOIMYECTBO MeCAIIEB pabOTHI O€3 OTITyCKa B TEUEHHUE Io/1a:

1pu otiycke B 24 pab. nua M =11,2 mecdua, S-1HeBHas HEAEIS,

npu otmycke B 48 pad. queit M=10,4 mecsiia, 6-1HeBHAs HEES;

Fn — nelictButensHBIi TOMOBOM (oHA paboyero BpEeMEHH HAy4HO-
TEXHHYECKOT'0 IIepCoHaa, pad. au. (tadbuuia 6).

[IpousBeas pacuer mo Qopmyne 3 ¢ yderom rogoBoro ¢oHga padoyero

BPEMEHH, TOJYyYMM CPEIHECIHECBHYIO 3apa0OTHYIO IUIaTa s KaXIoro padouero
(Tabmuia 8).

Tabmuma 8 — CpenHeHeBHAS 3apaO0THAS TUTaTa TSl HAYIHO-TEXHUIECKOTO

nepcoHana
Hcnonaurens PykoBoaurens JlabopanT
Cpennennesnas 311, pyo. 1407 615

OcHoBHas 3apaboTHAas TUIaTa PACCYUTHIBACTCS TIO CEMyIomel hopmye:
Boen =3 T, (4)
rne: 3o — OCHOBHAS 3apaboTHAs TjIaTa OJJHOTO pabOTHHKA;

T, — NIpOOOKUTENBHOCTE ~ pabOT,  BBINOJIHAEMBIX  HAyYHO-TEXHUYECKUM
paboTHUKOM, pald. aH. (Tabauna 6);
3, — CpeaHeHeBHAs 3apa0oTHas miata paboTHUKA, PYO.

[IpousBens pacyer mo Gopmyine 4 ¢ yueToM IPOAOHKUTEILHOCTH paboT is
Ka)KJIO0T0 HAYYHO-TEXHUYECKOTO PabOTHHKA, TIOJYYUM OCHOBHYIO 3apabOTHYIO TIIATy
pabotHuka 3a iepuos ¢ 01.06.2017 mo 01.06.2019 r. (Tabnura 9).

Tabnumna 9 — OcHoBHas 3apaboTHAs MIaTa IJs HAYYHO-TEXHUYECKOTO MepcoHaia 3a

nepuog ¢ 01.06.2017 o 31.05.2019 r

Hcnonuurens PykoBonureins JlaGopanT

OcnosHas 311, py6. 433 324,10 215 939,20
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OOmue 3arpaThl Ha OCHOBHYIO 3apa0OTHYIO IUIaTy HAYYHO-TEXHHYECKOTO
NepcoHaNa, HEMOCPEACTBEHHO  Y4YacTBYIOIIETO B MPOBOJUMBIX  paboTax,
cocTaBJsaoT 649263,30 py0. (11€CTHCOT COPOK JIEBSATH THICSY JIBECTH IIECTHICCIT TPU
pyOJis TpUILIATH KOTIEEK).

4.3 OTumcjieHus1 BO BHeOIOTKeTHBIE POH/IbI

Kaxnprit padotonatens (OO0, UII) crankuBaeTcss ¢ 3TUMH IUIaTeXKaMU BO
BHEOOKeTHRIE (oHAbl. C BO3HArpaxaeHUil paOOTHUKAM IO TPYJIOBBIM JOrOBOpaM
ymiayuBaioTcsi B3HOCHI B llencuonnsii ¢gonn (IIOP), donx obs3arensHOrO
meauiuHcekoro crpaxoBanus (POOMC), u @ona conmansHoro crpaxoBanus (OPCC).

Benuunna otuucnennii BO BHEOIOKETHbIE (POHIBI OMPEAETSAETCS MCXOIs U3
cieayromieit hopMyJbL:

3 66:k

BH

) (30CH + 3;[011) (5)

rae: Kywes — KOOGGUIIMEHT OTYUCIICHWH HA YIUIATy BO BHEOIOMKETHBIE (DOHIBI

BHEO

(nencuoHHbIN PoHa, PoHA 00s13aTETHLHOTO MEUIIMHCKOTO CTPaXOBaHUs U
np.).

Ha ocHoBanum mnynkra 1.1. ctr. 284 HanoroBoro koxekca P® s
YUPEKJICHUM, OCYIIECTBISIONMX O0pa30BaTEIbHYI0O M HAYyYHYIO JACSATEILHOCTH IO
X03CTBEHHOMY J0r0BOpY, B 2017 rony Boautcs ctaBka — 30,2% [21].

Pazmep 00s13aTe€NbHBIX OTYMCICHUN CTPAaXOBBIX B3HOCOB TMPEJCTABICH B
tabymue 10.

Tabnumna 10 — Pa3zmep 00s13aTeIbHBIX OTYMCIICHUHN CTPAXOBBIX B3HOCOB

Bun 3arpar PykoBoaurens JlaGopanT
Ocnognas 311, py0. 433 324,10 215 939,20
Pa3mep cTpaxoBbIX B3BHOCOB, pyO. 117 430,84 58 519,51

CyMMapHbie CTpaxoBbI€ B3HOCHI I BCETO MepcoHana coctaBuiu 175 950,35

pyoO.
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4.4 HaknaaHble pacxoabl

BennunHa HakIaaHBIX 3aTpaTr 0OyCIaBIMBAETCS PACXO/IaMH, HE MOMAaBIIMMU
B MIPEJBIAYIINE CTaThU PAaCX0JIOB, TaKHE KaK MevaTh, KCEPOKOIMMPOBAHUE MaTEPHAIIOB
UCCIICIOBAHUM, OIJIaTa yCIYT CBSI3U, SJEKTpOosHepruu u T.J. OHA paccUUTHIBACTCS

coriacHo opmyie:

1
B =Koy 253, (6)

rae: Ky, — ko3¢ duIreHT, yuuThIBarONMil HaKJIaJHbIE PACXOJIBL.

Benmnuuna kosddurmenTa HakIagHBIX PAcXOJOB TMPUHUMACTCS B pa3Mepe
16% (t.e. 0,16).

Bhan = 0,16 X (83451 + 649 263 + 175 950) = 145 386 pyo.

4.5 ®opMupoBaHue OI0IKeTa HAYYHO-UCCJIeI0BATEIbCKOI0 IMPOEKTa

Benuunna OropxeTa Ha pa3pabOTKy HayYHO-UCCIIEA0BATEIBCKOW MPOAYKIIUU
SBJIICTCSI HUKHUM TIPECIIOM [0 YPOBHIO 3aTpaT, KOTOPHIM 3alllUINAETCS HAYyYHOMU
opraHuzaiuyen npu GopMUPOBAHUM JIOTOBOPA C 3aKA3UYUKOM.

bromker BkitouaeT B ceOs ydyeT BCEX PaHEE PACCUUTAHHBIX HEOOXOIUMBIX
3aTpart, AJis MPOBEACHHS HAYyYHBIX UCCICAOBAHHUM U MOJTYYEHUs, B KOHEYHOM MTOTE,
IPOAYKT, KOTOPBIHA U SBJSACTCS LEIbI0 padoThI (Tabmuma 11).

Ta6muma 11 — Iepeyens paboT U UX CTOUMOCTD, oTHOCsIITUXCS K HTU

HanmeHoBaHMe CTaTbu Cymma, pyo. [Tpumeuanue
1. Marepunansnsie 3atparsl HTU 83451 [ynxT 4.1
2. 3arpaTsl IO OCHOBHOH 3apabOTHOMN 649 263 TysKr 4.2
iare
3. OTuuciieHus BO BHEOIODKETHBIE 175 950 TysKr 4.3
(b oH b
4. Haknannsie pacxozsl 145 386 [lynxr 4.4
5. Wrorosas Benmn4mnHa 3aTpar 1 054 050 CymmMma cr. 1-4

bromkernpiit  GoHA, CcPOPMUPOBAHHBIM 1T  TPOBENCHUS  HAYYHO-
UCCJIEIOBATENLCKOW pabOThl MO pa3pabOTKe CKJIEUBAIOIIET0 Marepuana AJis

Je3UHTETrpupyemMoro rpaBuitHoro guibtpa 1 054 050 pyo.
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5 CoumnanbHasi OTBETCTBEHHOCTD

llenpto maHHOM THaBbl SABIAETCA pa3paboTKa MpaBuUi A OE30MacHOrOo
oOecrieueHus: padoT, MCCIEIyeMbIX B MaruCTepCKOW AUCCEepTalMd, a UMEHHO IMpHU
pa3paboTKe, MOHTaXXe U TPAHCIIOPTUPOBKE IPABUIHBIX (PUIBTPOB.

[Ipoananu3upoBaB  ¢dakTopel  pabodeil  30HBI  NpU  MNPOBEACHUU
TEXHOJIOTUYECKHUX MCCIICIOBAaHUM, MOKHO BBIJICIUTH CIEAYIONINE BpeIHbIE (haKTOPBI:
mIryM OT paboTel 000pyAOBaHWSA, HEKOM(OPTHBIE METEOPOJIOTMUECKUE YCIOBHUA,
MOBBIIICHHBIN YPOBEHb AJIEKTPOMArHUTHOTO M3NIydeHus. OnacHbIMU (pakTopamMu npu
paboTe SBIAIOTCS 00pa30BaHNE B3PHIBHBIX CMECEH, AIEKTPOOE30MacHOCTb.

5.1 IIpaBoBbIe H OpPraHM3alHOHHbIC BONPOCHI 00ecneyeHrs 0€e30I1aCHOCTH
5.1.1. CnenuajabHble (XapaKTepHbIe JJIs1 IPOCKTHPYeMOoil padoueii 30HbI)

[1nanoBble pabOTHl MO HUCCIEJOBAHUIO CKBA)XMH BBINOJHSIOT MO 33JaHMUIO,
YTBEPKIAEHHOMY [JIaBHBIM UHXEHEPOM U IJIaBHBIM re0JI0roM
He(dTera3o00bIBAOIIETO YIPABICHUS, B KOTOPOM YKa3bIBalOT U MEpbl 00eCIeUeHUs
oe3onacHocTU. [lopsiioK MOArOTOBKM M MPOBEACHUS HMCCIEAOBAHUNA OIpPENESIOT
JEHUCTBYIONME OTpaciieBble CTAaHAAPTHI W TEXHWYECKHEe WHCTpykmuu [22]. B
OMEpAaTUBHOM  MOJYMHEHUH  JUCHETYepa JIOJDKEH  HaXOOUThCAd  IEpCOHad,
OCYILECTBIISIOIINN HEIOCPEICTBEHHOE yIpaBJI€HHE  PEXUMOM  pabOThI
000OpyZ0BaHUs, B TOM YHCJI€ BKJIIOUEHHE M OTKJIIOYEHUE 000pymOBaHMs, HUIEH(OB,
HarHeTaTeNbHbBIX U JOOBIBAIOIINX CKBAXHUH U MEPEKIIOUECHUE 3alIOPHON apMaTypBhl.

Jucneryep 00s13aH:

- mOpemoTBpaimiath ~ pabory  oOOpymoBaHUSL ~C  [apaMeTpamu,

MPEBBIMIAIOIIMMHE JIOTTyCTUMBbIE;
- aHaJTM3HUPOBATh COCTOSHHUE 00OPYIOBAHUS,

- [pPUHUMATh HEOOXOJMMBIE MEphI MO COONIOACHUIO YCTaHOBIEHHOTO

pexuma padoThl;

- HEMCOJICHHO COO6IHaTB rNIaBHOMY JOHUCIICTUCDY 00 H3MEHEHUIX

pexuma padoThl.
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- perymsipHO B YCTAaHOBJEHHOE BpeMs oOecneuuBaTh Iepeaady
UHGOPMAIIUU O TEXHOJIOTHYECKOM PEXKUME.

CMEHHBIM TepcoHan JOJDKEeH paboTarh N0 rpadukaM, YTBEP)KIECHHBIM
PYKOBOJCTBOM.

Benenue aucrneTtuepckoro pexuma BO BCEX MPEANPHUSATHIX OCYIIECTBISETCS
10 MOCKOBCKOMY MOSICHOMY BpeMeHHU B 24-yacoBoM ucuucieHuu. lIpueM-nepenaua
CMEHBI CMEHHBIM MIEPCOHAIIOM JIOJDKHBI O(OPMIISITHCS B TUCIIETYEPCKOM JKypHAJe.
[Tpuem-niepenaya CMEHbBI BO BpeMsl MEPEKIIOUYEHUM, IMyCKa U OCTAHOBKHU
0o0OpylOBaHUs, aBapUUHBIX CUTYyallMid, Kak MNpaBwio, 3ampemaercs. [IpuObiBias
CMEHa [JOJDKHA TpUIATh Yy4yacTHEe B JIMKBUAAIMH aBapuud 10 YCMOTPEHUIO
pykoBojicTBa [23].

Pexxum Tpyna u otabixa nepcoHana o0bekToB KC  ycranaBiauBaroT
IpaBUJIaMU BHYTPEHHETO Paclopsiaka, pa3paboTaHHBIX B COOTBETCTBHH C TpynOBBIM
KojgekcoM P®wu  HOpMAaTUBHBIMM  NPAaBOBBIMH  aKTaMM,  YTBEPKIAEMbIMU
pykoBoguteneM D0 (QPununana 30), 10 COrlacoBaHUIO ¢ MPO(COIO3HBIM OPTAHOM.

Pexum Tpyna M oTAbIXa, BKIIOYAIOUIMA perjJaMeHTUPOBAHHBIE IEPEPHIBHI,
YCTaHABJIMBAIOT C YYETOM KOHKPETHBIX YCIOBUN TpyJa, CHEIU(PUKU TPOU3BOJICTBA U
MECTHBIX YCIIOBHI OOBEKTA.

Pexxum Tpyaa u oTapixa BaxToBOro nepconana oobektoB KC ycraHaBiMBaroT
MOJIOXKEHUEM O €ro paboTe, yrBepkaaeMbiM pykoogutenem D0 (Punmana 30), o
COTJIACOBAHUIO C MPO(PCOIO3HBIM OPTaHOM.

JUis oTapixa ONEpaTUBHOIO IMEpCOHANa B IEPHOJ PErjJaMeHTHPOBAHHBIX
NEPEPHIBOB MPEAYCMATPHUBAIOT CHEIMAbHBIE TTIOMEIICHH, 000pyT0BaHHBIC YA0OHOM

MeOesIbIo M OTBEUAIOIINE CAHUTAPHO-TUTHEHUUECKUM TpeOoBaHMsIM [24].

5.1.2. Opranu3zanuOHHbIC MEPONPUATUA IPH KOMIIOHOBKE pado4eid 30HbI
[IpoekTupoBaHWe JODKHO YYWTHIBaTh CTaOMIBHOCTH paboyux 103
TPYIAAIIUXCS W WX MOOUIBHOCTh. g 3(PQpexkTUBHOrO BBHIMOJHEHUS pPadbOUYUX
00s13aHHOCTEH HEOOXOJAMMO HMMETh JOCTAaTOYHOE ITPOCTPAHCTBO, OOECIICUMBAIOIICE
yanoOHBIE paboure TO03bl, BO3MOXXHOCTh KX BapuHaluid U NEPeIBIKEHHM.

O6opynoBanue MOKHO OBITH JIETKOJOCTYIMHO U O6e3omacHo. Pabodee mpocTpaHCTBO
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JIOJKHO OBITH CIPOEKTUPOBAHO TAKUM O0pa3oM, YTOOBI TPYASIUIUICST HE YTOMIISICS
BCJIEACTBUE NPOJOJDKUTEIBHOTO MYCKYJIBbHOTO HAIIPSKEHUS.

OO6cTaHoBKa Ha OypOBOH YCTAHOBKE, a TAKXKE PACIIOJIOKEHHE BCEX DJIEMEHTOB
JIOJIKHO COOTBETCTBOBATh AHTPOMOMETPUUYECKUM, (PU3MUECKUM U MCUXOJOTHUYECKUM
TpeOoBaHMsIM. bolbllloe 3HaUeHUE UMEET TakXKe XapakTep padoTel. B yacTHOCTH, TIpH
opraHuzanuu pabodyero MecTa JIOJDKHBI ObITh COOJIOJEHBI CIEAYIOIINE OCHOBHBIC
YCIIOBHS: ONTUMAJIBHOE pa3MeIlleHHe 000pyI0BaHus, BXOIAILIErO B COCTaB padoyero
MeCTa M JIOCTaTOYHOE pabouee MPOCTPAHCTBO, IMO3BOJISIONIEE OCYIIECTBISITH BCE
HEOOXOJMMbIC JBIJKCHHS U TEPEMEIICHUs B YaCTHOCTU CIIYCKOIOJBEMHBIC
olepalnuu, nepeMelIeHue 3JIeBaTop, MePEBOJHUKOB, 3aMeHa OypOBBIX U MIJAMOBBIX
HAcOCOB, 3aM€Ha BUOPOCUT U TUAPOLUKIOHOB U T.1.
5.2 IIpousBoacTBeHHAsI 0€30MIACHOCTH
5.2.1 AHaJu3 BpeIHbIX NPOU3BOJACTBECHHBIX (PaKTOPOB U 000CHOBAHUE
MEpONpPHUATHI 10 UX YCTPAHEHHIO

C uenpro NpeaoTBpallieHUs] BO3IEUCTBHS OMACHBIX U BPEIHBIX

MIPOM3BOJICTBEHHBIX (DAKTOPOB BHIHECEM HX B TaOMUILy 12 11t ManbHENIEro aHamu3a.

Tabnuna 12 — OnacHble U BpeaHbie (PaKTOPHI PU CTPOUTEIHCTBE HEPTIHON

CKBa)KWHBI
Hcrounuk DakTopbI
(baxTopa, HopmaTtusHbIe
HAauMEHOBAHUE
BUJIOB PabOT Bpennsie Omnacuele AOKYMCHTH
1.TOCT 12.1.003—
1. OTknonenue 83 [26]
MIOKa3aTelIen Kl
1. Bexpuirie Ha OTKPBITOM BOP;MaTi 2. TOCT 12.1.004-
IPOAYKTUBHOTO P SAYX 91 [30]
acra 2. IloBplIEHHBIN
YPOBEHb IIyMa 3.T0CT 12.1.019 -
2. HambiB . 1.2neKkTpruecKuM TOK
3. IoBblEHHOM 79 [29]
rpaBus Ha 2.IToxapoB3pbIBOONACHOCTh
3aG0ii yPOBEHb BHOpattin 4.TOCT 12.1.006~
4. DIIEeKTPOMAarHUTHOE 84 [28]
U3ITy4yeHue
5. Bpenusie Bemiecrsa ;GIIESSC]T 12.1.007-
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OTkI0HEeHHe MoKa3aTe/ieil KJIMMAaTa Ha OTKPBITOM BO3yXe

Tak, kak MHOTHE pabOThI HAa TPOMBICIIE IPOU3BOAATCS HA OTKPBITOM BO3/YXE,
TO CTOUT OOpaTUTh BHHMAHHE Ha METEOPOJOrMYECKHE YCIOBMs (TemiepaTypa,
BJIQXKHOCTH, BETEP U T.A.) U UX BIMSHHE Ha pabounx. MeTeopoIOoTHYecKUe yCIOBUs
KOJNEOIOTC B 3aBUCUMOCTH OT BpPEMEHM CyToK U ce3oHa. CypoBble
METEOPOJIOTUYECKUE YCIOBUS, OAMH M3 BaXXHBIX (PAKTOPOB MOJIYYEHHUsS TpaBM U
paboueil HepeecnocoOHOCTU. M3BECTHO, YTO MPHU BBICOKMX TEMIIEpaTypax 4YeJ0BEK
TEpseT  KOHLEHTpAllMOHHbIe  KaudecTBa.  [lOSABIAIOTCS ~ HEBHUMATENIBHOCTD,
TOPOIUIMBOCTh M T.J. lIpM HUBKHX Temmeparypax - HaOMIOAAIOTCS (PU3NYECKHUE
OTKJIOHEHHUA (HapyLIaeTcss MOTOPUKA KUCTEH U BCEro TeJla U3-3a MOBBIIEHHOM TEeIIo-
notepu opranusma). Emé oauH BaxHbl (DakTOp, BIMAIOMIMNA Ha TEIUIOOTIAUY
opraHu3Ma — 3T0 BJIaXHOCTb. [Ipu Temnepatype +18C BIaXHOCTh HOJHKHA OBITH OT
30 no 70%. Ecnu BnakHocth MeHblle, yeM 30%, TO BIa)KHOCTh-HHU3KasA. Ecim ke
BJIaXHOCTh BblIe 70% 40 BIaKHOCTh-BbICOKas. O0a 3Tux (akTopa, SBIAIOTCS
ryOUTEIbHBIMU JUISI 310pOBbsl yenoBeka. Cyxoil BO3AyX YBEIMYHMBAET BBIBOJ W3
OpraHu3Ma BJIarM W IUIOXO BJMSET HAa CIMU3UCTBIE 4YeJIOBEKa. BlakHBIA BO3MyX
MEIIAET UCMAPATHCS KUAKOCTH C KOXH U COOTBETCTBEHHO MEIIAET TEIJI000MEHY
OpraHu3Ma, a TakKe MOKET MOBJIMATH Ha 00OCTpeHHe OOJe3HEll: runepToOHnYecKas
0011€3Hb, aTEPOCKIIEPO3 U T.J.

I[Ipu paGoTre Ha  OTKPHITOM BO3AyX€ MpaBWiIaMH  O€30MaCHOCTH
OpPEeIyCMOTPEHbl ~ MEpPONpHUATHS MO  3alluTe  pabouyux OT  BO3AEUCTBUSA
HEOJAronpusITHBIX ~ METEOPOJIOTMUECKHX  (DaKTOpOB:  CHaOKeHHe  pabouyux
CHENOJEKION M crel; O0YyBbIO; YCTPOMCTBO YKPBITHI, 30HTOB HaJa padOYyuMu
MeCTaMH, TIOMEIIECHUI 1Ba 00orpeBa pabouux (KyJIbTOYIKH) U T. 1.

Bo BpeMsi CHIIBHBIX MOPO30B, BETPOB, JUBHEMN, BCSIKHAE PAOOTHI 3aMpeniatoTcs.
K uncmy MepornpusTHil mo yiydiieHUIo YCIOBHM TpyZa Mpu padboTe Ha OTKPHITOM
BO3/[yX€ OTHOCHUTCS TaK)K€ CO3J]aHHe MUKPOKIMMaTa Ha pab0YrX MeCTax C MOMOIIBIO

COOTBETCTBYIOILIUX arperaToB U YCTPOUCTB.
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IloBbIIeHHBIN YPOBEHb IIYyMa Ha pado4eM MecTe

[Ipu paboTe cO CKBaXMHOW KPOME XMMHUYECKUX BEIIECTB BPEIHOE BIUSHHUE

TAaKXKC OKa3bIBACT HpOI/ISBOI[CTBGHHBII‘/Jl IyM. B Ta6J'II/IHe 13 IMPpUBCACHLI AOITYCTUMBIC

YPOBHHU 3BYKOBOTO JTaBJICHHA. I[J'If[ CMATYCHUA HaFY6HOFO BJIMSIHUS 3BYKa C BBICOKHMM

YPOBHEM HABJICHHUA Ha CJIYXOBOﬁ arriapartr 4ceJIOBCKa, PCKOMCHIAYCTCA IPUMCHATH

3BYKOM3OJIMPYIOIIKE HAyITHUKH [26].

Tabnuna 13 - nomycTUMbIe YpOBHU 3BYKOBOTO /IaBJICHUS

PaGouee | Yposers CpenHereoMerpuyeckasi 4acToTa OKTaBHBIX 10JI0C, ['11
OO0BbexT
MECTO | 3BYKA, | g3 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
30Ha nb
IlepenBuxnas | Y mysnbra
MOJbEMHAsl | yIIpaBlie- 94 91 94 96 90 88 83 75 70
yCTaHOBKA HUS
B xabune
IlepenBuxHas pu
MOAbEMHAs | 3aKPBITOM 113 104 | 106 | 106 | 109 107 102 96 89
nebenka OKHE WU
JIBEpH
Arperar B kabune
«bakunen- (noxbem) --- 100 89 96 95 96 94 87 80
3M» A
Ha YCThe - --- 86 84 85 84 80 78 73
IHoBbIlIEHHBIN YPOBEHb BUOPALINH
K crocob6am 00opb0bI ¢ BUOpanueii otHocstes [27]:
- CHIDKCHHE BHOpAIlMd B HMCTOYHHUKE - YIY4IICHHE KOHCTPYKIIUU

MalllMH, CTaTH4YCCKasd N JHUHAMH4YCCKasid 6aHaHCHp0BKa BpalllarOmuxcCsa yacTen

MallliH;

BUOpoOrameHme —

YBCINYCHUC

MPUCOCIMHEHUS MAIIMHBI K QyHIAMEHTY;

BUOpOM3OJIALIMS  —

b dexTruBHOMN

Ir'unapaBIMYCCKHUX, IHCBMATHYCCKUX, PC3MHOBLIX U AP.,

BHYTPEHHHUM TPEHUEM;

MaCChbI

IyTEM

OpUMEHEHUE BUOPOU3OISITOPOB MPYKUHHBIX,

BHOpoAeMIIpUpOBaHNE — TPUMEHCHHE MAaTEPHAIOB C OOJIBIITUM
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- TIPUMEHEHHE HHIWBUIYaJbHBIX CPEACTB 3allUThl (BUOPO3aAIIMTHBIC
00yBb, TEPUATKU CO CHEIUAIBHBIMH YIPYTOASMI(PHUPYIOIIUMHI 3JIEMEHTaAMH,
HOTJIOUIAIOIIMMHU BUOPALIUIO.

JIEKTPOMATHUTHOE M3J1y4YeHHe

DNEeKTPOMAarHUTHOE II0JI€ CBEPXBBICOKMX HANPSIKEHUH MOXKET MaryOHO
NOBJIMATH Ha 370poBbe uenoBeka [28]. CraTUCTHKAa MENUUMHCKUX YUPEKACHUN
[JIACUT O TOM, YTO pabo4yue, KOTOPbIE HAXOAATCS PSAOM C BBICOKMM HANpsKEHHEM
13-3a BJIMSIHUS 3JIEKTPOMArHUTHOTO IIOJISI B IIPOMBIIIJIEHHBIX 4aCTOTAX I1OJBEPKECHBI
NOBBILICHHONW yTOMJIIEMOCTBIO, Npo0JieMaMu C apTepUalibHbIE [ABJICHUEM U
M3MEHEHUSIM 4YacTOThl CEPJICYHBIX COKpalleHWH, a Takxke OoyiiM B cepaue. Hinke

IMPUBCACHLI Pa3pCIIUMBIC YPOBHHU 3JICKTPOMAIHUTHOTI'O IIOJIA:

- IPEAEITBHO JOIy CTUMBIN YPOBEHB HaIPS)KEHHOCTH

BozeiicTBytomiero DIl ycranaBinuBaercst paBHbIM 25 kB/Mm.

- npeObiBanue B OIl  HanpsbkeHHOCThIO Oonee 25 kB/M  6e3

IMPUMCHCHHA CPCACTB 3alllUThI HC OOITYCKACTCA.

- npedbiBanre B Ol HanpspkeHHOCTBhIO 10 5 KB/M  BKIIIOYUTENBHO

AOITYCKACTCsA B TCUCHUC pa6oqer0 JHA.

- npu HanpspkeHHocTu DI cBbimie 20 g0 25 kB/M Bpemst npeObiBaHUS
nepconana B O1I He noymkHo npeBbimath 10 MuH.
B kadecTBe CpeACTB WHIAMBUIYAJIbHOW 3alllUTHl MPUMEHSIETCS CHELoJexka,
W3TOTOBJICHHAS U3 METAJJIM3UPOBAHHON TKAHMU.

Bpeansblie Bemecrsa

JInsi  yMEHBIIEHUS OMAaCHOCTH BPEAHBIX  BELIECTB, MJIs1  YEJIOBEKa
OTrPaHUYMBAIOT NMPUMEHEHHE UX 0 YUCIY U 00BEMY, a TJleé BO3MOXKHO, 3aMEHSIOT
BBICOKOTOKCHUYHBIE Ha MEHEE TOKCHYHBIE, COKpAIIalOT JJIUTEIbHOCTh MpeObIBaHUS
J0Ae B 3arpsA3HEHHOM BO3JyXe U cielaT 3a 3(Q(EeKTUBHBIM MPOBETPUBAHHEM
MPOU3BOJICTBEHHBIX MMoMeleHuil [25]. B 0co00 omacHBIX YCJIOBUSIX MNPUMEHSIOT
CJIEYIONTNE WHIWBUIyAIbHBIC CPEJICTBA 3AIUTHI: (PHIBTPYIOIINE MPOTHUBOIBUICBBIC

CPEACTBa 3aIlUTHI, ra30-MbLUIC3aIIUTHBIE CPEJCTBA, NUIAHTOBbIE TpoTUBOTa3bl [111-1,
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u3onupytomue kuciopon npudopsr (KUII), aBToHOMHBIE ABIXaTENbHBIC AIIapaThl,
OYKH, MaCKH, CBETO(UIBTPHI, IPOTUBONBLIEBbIE KOMOMHE30HBI, IEPYATKH U T.1.

BypoBbie pacTBOpbI TOTOBSITCS HEMOCPEICTBEHHO Ha OypOoBOM. 3arpsi3Hsonas
CIIOCOOHOCTh OYpOBBIX PAcTBOPOB 3aBHCHUT, MPEXKIE BCEro, OT KOJUYECTBA U
TOKCHUKOJIOTUYECKON XapaKTEPUCTUKU XUMHUECKUX PEareHTOB, IPUMEHSIEMbIX JIJISl UX
00paboTKH.

[IpeaenbHO AOMYCTUMBIE KOHLEHTPALMH HEKOTOPBIX XMMHYECKUX pPEareHTOB
periiaMeHTUpyroTcs Juist Bo3ayxa padoueit 3oubl o 'OCT 12.1.005-88, Tabnuua 14.
Tabnuna 14 - [IpenenbHO-A0MyCTUMbIE KOHIIEHTPAIUMA XUMHUYECKUX PEareHTOB B

BO3/Iyxe pabouei 30HbI

HaumenoBanu | Ilem | OIIy ['muromOp Cona
€ pearcHToOB et |(ITAB) Hegrs | KMI OIIIOK Acbect Na,CO3
IJIK,mr/m° [ 60 | 30 | 10 10 4 6 2
Kiace 4| 4 | 3 3 4 4 3
OTIACHOCTH

[IpakTryeckn Bce XMMHYECKUE PEareHThl TOCTABIISAIOTCS Ha OYPOBYIO B CyXOM
BHJIe. 3aTapyBaHUE B €MKOCTh TJIMHOMEIIAJIKH MPOU3BOJUTCS Yepe3 BEPXHHUU JIIOK,
IpyU OSTOM 4YacTh XHMHYECKHX PEareHTOB OCTAaeTCs B BO3AyXe H pabouwe,
MIPOU3BOJISIINE 3Ty OMEPAINIo, JBIIAT 3TUM Bo3ayxoM. Kak cienctue, y pabounx
MOT'YT pa3BUBAThCA HEKOTOpbIE BHIBI OoJie3Hed. JIJIsI mpemoTBpallleHus 3TOro,
HEO0OXOJMMO YTOOBI KaKIbI PaOOTHUK WMENI WHIWMBUIYaJbHBIE CPEJICTBA 3aIlUTHI,
tabymma 15.

Ta6nuna 15 - Cnenoaexnaa, crneroOyBb U Cpe/ICTBA MHAUBUIYATLHON 3aIlIUThHI

I'OCT, OCT, TV na Komuuectso,
HaumenoBanue
M3TOTOBJICHUE T
K v
OCTIOM 6p63€HTOBI:II/I uim x/0 cu COCT 27651-88 Ha
BOJOOTTAJIKHBAIOIICH IPOMUTKOU Kaxxaoro
Canoru Kup30BbIe I'OCT 5394-89 yeHa
Opwurajbl
PykaBuiisl Ope3eHTOBbIC I'OCT 12.4.010-75
KocTtioM 3umMHuMiA I'OCT 29335-92
Bamenku I'OCT 18724-88
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[Tponomkenne Tabmuibr 15

I'OCT, OCT, TY na |KonuuectBo,
HaumenoBanue
U3TOTOBJICHHE 1T
Pecniupatop tumna «Jlemectok» I'OCT 12.4.028-76 2
[TpenoxpaHUTENbHBIN MOSIC BEPXOBOTO I'OCT 12.4.089-86 2
MoHTaXHBIE KOTTH U TIOSIC - 2
CymMmka Ope3eHToBas 11 MHCTPYMEHTA IS ] 9
pabOTHI Ha BBICOTE
Bubporacsiye KOBpUKH MO HOTH y MTyJIbTa ]
oypuibiiuka 1 AKb-3M FOCT 26568-85 0
[[luToK-Macka aJ1/cBapIiuka I'OCT 12.4.023-84 6
Ouku oTkpoITEIE (O30) I'OCT 12.4.013-85 2
Ouxwu 3akpsiThie (033) I'OCT 12.4.013-85 5
[ToncraBka qusiekTpuyecKas I'OCT 4997-75 1
Creonexma yist paboThI ¢ KUCIIOTAMH | COCT 27652-88 1
pearcHTamMu
AnTeuka MEIUIIMHCKAs IEPBOM MOMOIIN I'OCT 23267-78 1

5.2.2 AHaJIn3 ONAaCHBIX MPOU3BOJACTBEHHBIX (PAKTOPOB 1 000CHOBAHME

MEPONPUATHI M0 UX YCTPAHECHUIO

Ha KC MoryT ObITh BBISIBIIEHBI CIIETYIOIINE MPOSBICHUS ONACHBIX (DaKTOPOB:

- 3JIEKTPOOE30IMaCHOCTh;
- MM0’Kap00OE30MaCHOCTb.

J1eKTPO0Ee30NaACHOCTh

[Ipu npoexTupoBaHUM pabOYEro MECTa YUUTHIBAIOTCS BCE BO3ZMOXHBIE PUCKU

IIpu  HKCIIOJIb30BAHHUM JOJICKTPOOHEPTHMH W  MPHUMCHAIOTCA MCETOIbI n30eraHus

OITACHOCTEH. 3J’I€I(TpI/I‘—IeCKI/Ie JaTIYUKU  CHUCTCM  KOHTPOJIA U YIIPABJICHUA

TEXHOJIOTUYECKUM IPOIIECCOM JOJKHBI OBITh BO B3PHIBO3ALTUIIIEHHOM UCTIOJHEHUH U
pacCUUTHIBATHCS Ha TMPUMEHEHUE B YCIOBUSX BHOpamuu, oOpa3oBaHUs Ta30BBIX
THIPATOB, OTJIOXKEHHH mapaduHa, co/el U APYruX BEIIECTB JIMOO YCTAaHABIMNBATHCA B

YCIOBUSX, WCKIIOYAKOIIUX IPSIMOM KOHTAKT C TPAHCIIOPTUPYEMOM CPEIOW.
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OnexTpobe3onacHOCT, Ha paboueM wmecte KouTpoiupyercs ['OCT 12.1.019-79
«2nextpode3onacHocTh. O0ImKe TpeOOBaHUS H HOMEHKIIATYPa BHIIOB 3alUThD» [29],
COIVIACHO KOTOPOMY BO M30€KaHUE TMOPaKEHUS IIIEKTPUUYECKUM TOKOM CIIEAYET
OPUMEHATh TAaKHE€ TEXHOJIOTMYECKHE MPUEMbl, KaK 3a3eMJICHHE, 3aHYJIECHHE,
3alIUTHOE OTKJIKOYEHHE, KOHTPOJIb H30JALMUA. OTH NPUEMBl MOXKHO OTHECTH K
KOJUIEKTUBHBIM cpeAcTBaM 3amuTbl. K HMHIMBHIYyadbHBIM CpENCTBAM 3alllUThI
OTHOCATCA M30JIUPYIOIIas o/exk/aa (IpH MOHTa)K€ TOKOBEIYIIUX YACTEH yCTAaHOBOK)
U COOJIIO/IEHNSI TEXHUKH 0€30I1aCHOCTH Ha pabodyeM MecTe.

IHoxapode3onacHoCTh

[Ipu BhIMOIHEHUHU pabOT B HE(PTEra30BOM MPOU3BOJICTBE MPUCYTCTBYET PUCK
BO3HMKHOBEHUS MOXapoB. JUId NpenynpexIeHHs KOTOPbIX B IPOU3BOJICTBE
UCIIOJIB3YIOTCSL  MPEJOXPAHUTEIbHBIE KJIAMlaHA, I[UIABKUE MPEJOXPAHUTEIN B
IIEKTPOLEIISAX U T.I.

IIpn TymeHuss mnoxkapa NPUMEHSIOT CIEAYIOIIHE CPEACTBA: OXJIAXKICHUE
oyara BO3rOpaHUsl HIXXE JOMYCTHUMOW TeMIepaTyphl; pa30aBiieHHE BO31yXa
HEBO3TOPAIOIIMMHU ra3aMH J0 KOHIEHTPALMHM KHCIOpOAa, IIPU KOTOPOM TOPEHHE
IPEKpaIIaeTCs; MEXaHUYECKUI YHUUYTOKEHHE TNIAMEHU CTPYEW raza Wi >KHJIKOCTH;
CHIDKEHHE CKOPOCTU BO3JEUCTBUSA XMMUYECKOW PEAKIUH, POTEKAIOIIEH B IIJIAMEHH;
o0Opa3oBaHME YCIIOBUN OTHENPErpa)KACHUs, OT KOTOPBIX IJIams MOUIET uepe3 y3Kue
npoxonbl. [lepBuuHbIE CpelncTBa MOKAPOTYILIEHUS Ha IMPOMBICIE: OTHETYIIUTENH,
BHYTPEHHHUE TOKAPHBIE KpaHbl, MOKAPHBIM MHBEHTaph (SIIMKHU C MECKOM, OOYKH C
BOJIOM, MIO’KapHbIE BeJpa, COBKOBBIE JIONAThI, aCOECTOBBIE MOJOTHA, BOMIIOK, KOIIMA)
Y TIO’KapHBIM HHCTPYMEHT (0arpsbl, JIOMbI, TOOPHI U JIp. ).

OpraHu3anuoHHbIE UM  OPraHU3aLMOHHO-TEXHUYECKHE MPOLEAYpbl IO
rapaHTUPOBAHUIO TOXAPHOW OE30MaCHOCTH JIOJKHBI BKIIIOYATh OCYILIECTBIICHUE
KOHTPOJISI U HaJ30pa 3a COOJIIOJIEHUEM HOPM TEXHOJOTUYECKOTO peXHUMa, MpaBuil U
HOPM TEXHUKH O€30MacHOCTH, TMPOMBIIUICHHON CaHUTApUM U [OKAPHOU

oezonacuoctu [30].
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5.3 DkoJsiornyeckas 0€30MaACHOCTh

5.3.1 3amura atmocgepbl
OcHoBHBIE  BbIOpacbiBaeMble B aTMocepy BpeIHbIE MPUMECH OT

He(TEra30BbIX KOMIUIEKCOB — 3TO KHCJIbIE KOMITOHEHTHI (OKCHIIBI YTJIEpOaa, CEpPhl U
a3oTa, cepoBoiopoa), YB u ux TmpousBOAHBIE U  TBEPIbIE  YACTHUIIBI.
[Ipou3BOACTBEHHBIE OTXO/bI, BOSHUKAIONINE Ha He(Tera3onpomeiciax, MOIISKAT K
C)KUTaHUIO Ha (aKeIIbHBIX YCTAaHOBKAX, B PE3Y/IhTATE YETO B aTMOCHEPY BBIIACISIIOTCS
BpEIHbIC KOMIIOHEHTHI [31].

[Ipu  crpourtenbcTBE  GQUIBTPOB  TIPEIYCMATPUBAIOTCS  CIEIYIONTHE

MEpOTIPUSATHS:

- HCIOJIb30BaHUE ABTOTPAHCIIOPTA, VIMEIOILETO BBICOKHE
HKOJIOTUYECKUE TOKA3aTENH, MOTPEOIISIONIEro HeOONbIIOE KOJUYECTBO TOILIMBA,
000pyZI0OBaHHOTO HEUTpaIM3aToOpaMu JUisi 00€3BpEKUBAHUS OTPAOOTABIIMX T'a30B
U CHJIOBBIMH YCTAaHOBKAMH, OOECHEUYHBAIOIIMMU MHWHHMAJIbHBIE YIEJbHbBIE
BBIOPOCHI 3arps3HAIONINX BELIECTB B aTMOChepy;

- OCYLIECTBJIICHUE KOHTPOJI TOKCUYHOCTM U YPOBHA JBIMHOCTH
OTpa0OTaBIIMX Ta30B aBTOMOOWJIBHBIX JBHUTAaTelled B  COOTBETCTBUU C
JIEUCTBYIOIIMMH CTAHIAPTAMU, IPOBEACHNUE MEPOTIPUATHI MO UX CHUKECHUIO;

- obecrieueHHE PETYIIPHOTO TEXHUYECKOTO OCMOTpa M OOCTY>KUBAHUS
TPaHCIIOPTHBIX CPEACTB;

- pa3paboTka ONTUMaJIbHOW CXEMBbI IBHKEHUSI TPAHCIIOPTHBIX MOTOKOB,
MO3BOJISIONIEH O MUHUMYMa CHU3UTH BEIOPOC OTPabOTaHHBIX Ta30B;

- BBIOOp ONTHUMAIBHOTO pexuMa pPabOThl MAIWH TPHU BBIMOJTHEHUU
TEXHOJIOTUYECKUX MPOILIECCOB, C YUETOM TOr0, UTO paboTa CTPOUTEIbHBIX MaIlWH
XapaKTEePHU3yeTCs] YaCTOW CMEHOW HArpy30YHBIX PEKHUMOB pabOThI ABUTATENEH, U
MUHUMAJIBHYIO TOKCHYHOCTh OTPaOOTaHHBIX Ta30B UMEIOT JU3CIIbHBIC JIBUTATEITU
npu 60-70 % paboueit Harpy3ke;

- 3ampaBKa aBTOTPAHCIIOPTA 3aKPHITBIM CIIOCOOOM.
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5.3.2 3ammTa ruapocdepsbl

OCHOBHBIMHM  3arpsSI3HUTEISIMM ~ IPUPOAHOW  CpeAbl IPU  COOPYKEHUU
rpaBuitHoro ¢QuiubTpa sBAseTcs HEPTh, OTpabOTaHHBIE pPACTBOPbI, MUIAM U
OCTAaTOYHBIE  BOJbI, COJAEP)KAIIME MEXAaHWYECKHE IPUMECH, OpPraHUYECKUE
coenuHenus, [TAB n MuHEpabHbIE COJIU.

JIns  coxpaHEHus THUAPOJIOTHYECKOTrO peXHMa IIOBEPXHOCTHBIX BOJ OT
3arpsi3HEHHsI PEYCMOTPEHBI CIEAYIOIINE MEPOTIPUSITHSL:

1) cTpoUTENnbCTBO BOAOIPOMYCKHBIX TPYO;

2) yBenWueHUE HAACKHOCTH TPYyOOMpPOBOJIOB HAa ydyacTKax MeEpexoja depes
BOJHBIE OOBEKTHI (AHTUKOPPO3UOHHOE NOKPBITUE U AUATHOCTUKA);

3) BBINOJHEHHE CTPOUTEIBHO-MOHTAXHBIX pabOT B 3MMHUN NEPUOA IS
YMEHBUIEHUS BO3JIEUCTBHS CTPOUTENBHBIX MAIIMH HAPACTUTENBHBINA MOKPOB OEPETOB;

4) CTpOUTENBCTBO TPYOONPOBOJOB IO 3CTaKaIHOMY BAapUAHTY B 3UMHUIA
NEpUO, KOI/la HET HepecTa, JUIsl CHUKEHHUS BO3/AEUCTBUS Ha JHO U Oepera BOAHOIO
00BEKTA;

5) yKpemieHue OTKOCOB JIMHEHHBIX COOPY>KEHUH U IUIOIIAJOK OT BOJHOHM U
BETPOBOM 3p03uu TOP(HO-NIECHAHON CMECHIO C IIOCEBOM TPAB;

6) eXerogHoe AMarHOCTUPOBAHME TEXHUYECKOIO COCTOSIHMSI MEpPEeX0/i0B
TpyOOIIPOBOJIOB U€pE3 BOJHBIEC IPETPA/IbI;

7) obecrieueHre Mep MO 3alUTe OT KOPPO3UU TPYyOONPOBOAOB (TPUMEHEHHE
TpyO C Hapy>KHOW 3allUTHOW W3OJSIHMEH YCWICHHOTO THIA W BHYTPEHHHUM
MPOTUBOKOPPO3UOHHBIM MTOKPBITUEM);

8) wucnosb30BaHHe OaKMpenapaToB i JUKBUAALMH CBEXHUX HEQTAHBIX
3arpsi3HCHUU.
5.3.3 3amura aurocdepsnl

Oxpyxkaromiasi cpefia npu COOPYKEHHH (UIBTpa MOXKET ObITh 3arps3HEeHa
pabouYnMHU KHUAKOCTAMHU, KOTOPBIE OCTAIOTCA [0 OKOHYAHUU TpoIiecca.

[IpuMBbIKalOMUM K CKBOXKHMHE 3€MJISIM YIIEpO MOXKET OBITh NPUYUHEH U
TEXHUYECKUMHU CPEACTBAMU: arperaramu, MECKOCMECUTEISIMU, aBTOLMCTEPHAMH U

JIPYrol CHEUTEXHUKOH, MPUMEHSEMON IMpU COOpYKEHUH (UiIbTpa, B Ciydasx
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OTCYTCTBHUSl TOIBE3NHBIX IIyT€d K CKBaXHWHE, NPU HUX HEYIOBICTBOPUTEIBHOM
COCTOSIHMM Y HApYyLIEHUU MapUIPYTOB CICIOBAHMS.

JUtsL IpenynpexacHus 3arpsi3HEHNs OKPYIKAIOIIEW Cpelbl IIPU COOPYKEHUU
¢buIbTpa MPOBOAATCS CIEAYIOIINE OCHOBHBIE MEPOIPUSATHS:

1. OcraTku KUAKOCTEN U3 EMKOCTEM arperatoB U aBTOLUCTEPH CIMUBAKOTCS B
IPOMBIIUIEHHYIO KaHAJINW3allUi0, HEPTEIOBYUIKY WJIH CIEUUAJIbHYI0 €MKOCTb.
CnuBath UX Ha 3€MJIIO 3aMPELIACTCS;

2. Bce yrneBomopo/ibl, OKa3aBIIMECS HA TEPPUTOPUU BOKPYI CKBAXKMHBI, 110
OKOHYaHUH paboT CcoOOMpPAIOTCS M YTWIM3HPYIOTCS JMOO BBIBO3ATCS, €CIHU
YTHUJIN3ALUS HEBO3MOXKHA;

3. Tepputopusi BOKpYr [A0OBIBAaIOIIEH CKBaXUHBI B COOTBETCTBHM C
JEUCTBYIOIIMMY HOPMAaMH OIPaKJI€HA 3€MJIIHBIM BaJIOM U 0J1aroyCcTpoeHa;

4. Ilo okoHYaHUM PabOTHl TEPPUTOPUIO CKBAXKHUHBI U OJEXKAY paOOTaBIIMX
IpOBEpSIETCST M HEOOXOAUMO YOeAUTbCs B OTCYTCTBUM OIACHBIX KOHLIEHTpALUN
PaaMOaKTUBHBIX BEIIECTB;

5. OcTaTku HEUCHOJb30BAHHBIX H30TONOB, a TAaKXKE JKHUJIKOCTb IIOCIE
IIPOMBIBKM €MKOCTEM M HACOCOB, IOJBEPraBIIMXCS BO3ACHUCTBUIO HM30TOIOB,
pa3baBisieTcs BOAOW A0 O€30MACHON KOHILIEHTpAlMM W XOPOHUTCS B CHELMAIBHO
OTBEJCHHOM MECTE.

5.4 3ammTa B Ype3BbIYaHBIX CUTYALUAX

UpesBblyaiiHas cuTyalus — 0OCTaHOBKA, BO3HUKAIOIIAs B PE3yJIbTaTe aBapuu
Ha OOBEKTEe WJIM OIpPEACIICHHON TEpPUTOPUU, a TaKXKe B pe3yibTaTe HMHOIO
IPUPOAHOTO WM TEXHOTeHHOTo OenctBusi. B pe3ynbrare YC HaHOCUTCS Cepbe3HBIM
BpEll OKPYXKAIOLIEH Cpele U HAPOJHOMY XO3SIMCTBY, CTABUTCS IIOJ yIPO3y KU3Hb
JOJEH, a TakKe MNPUYMHSAETCS YIepd HMMYLIECTBY HacejeHusd. YpesBblualiHbIe
CUTyalusl MOAPA3JCISAIOTCS HAa TpaHCTPAaHUYHbIE, TEPPUTOPUATIbHBIE, (elepalibHbIe,
peruoHanbHble, MECTHbIE U JIOKalbHbIE. [IpuHagnexHocts UC k TOW WM WHOM
KaTeropud 3aBUCUT OT 4YHUCIa [OCTPaJaBIIMX JIIOJEH, pa3mepa yuepba B
MaTepUAJIbBHOM OTHOLIEHHWH, a TaKXke OT IUIOAAU BO3JECUCTBHS BPEAOHOCHBIX

(haxkTOpOB.
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B npupoaHo-KnuMmaTnyeckux ycnoBusx npu mposeneHnu I[PII moryr

BO3HHUKHYTb CJIEAYIOIINE YPE3BbIYAHHBIE CUTYALlUU:
[IpupoaHoro xapakrepa:
® [aBOJKOBBIE HABOJIHECHHS;
® yparassl
TexHoreHHOro Xapakrepa:
e (HOHTAaHMPOBAHME CKBAXKUH;
® B3pHIBbI;

¢ OTKIIOYCHHUC DJICKTPOIHCPIUU.

Jlist mpenoTBpailieHuss U OBICTPOM JIMKBUIAIIMU aBapHii, KOTOpPbIE MOTYT

BO3HUKHYTb Ha 00BEeKTax He(bTCIIO6I)I‘II/I IIpu ‘-Ip@BBBI‘-I&fIHBIX CUTyalusax

COCTaBJISIIOTCS IUIaHBI MO JHUKBUAAIMKU BO3MOXHBIX aBapuii (IIJIBA). TIJIBA

COCTaBJIAIOTCA B COOTBCTCTBUHU C IIpaBHJIaMHU 0C30IacHOCTH B He(bT}IHOI;'I 1 ra30BOM

IIPOMBIIUICHHOCTH U JTOJKHBI CONEPKATh CIIEYIOLIEE:
- [epedyeHb BO3MOKHBIX aBapuil HA OOBEKTE;

- crocoObl omnoBemieHus: 00 aBapuu (CUpEeHa, CBETOBas CUTHAIM3AIuS,
IPOMKOTOBOPSIIAs CBsA3b, TeAe(HOH U Jp.), yTH BBIXO/A JIOJEH U3 OMACHBIX MECT

N YHaCTKOB B 3aBUCHMMOCTH OT XapaKTCpPa aBapru,

- ,Z[GﬁCTBHH Jur, ~ TCXHHYCCKOI'O IICPpCOHAlIa, OTBCTCTBCHHLIX 3a

ABAKYALMIO JIFACH U MPOBEACHUE TPEAYCMOTPEHHBIX MEPOIPUATHM;

- CIIMCOK nu MopsAa0K OIIOBCIICHUA JOJDKHOCTHBIX JINIY Inmpu

BO3HHMKHOBCHHHU aABAPHH,

- CIIOCOOBI JIMKBUIALIUU aBapui B HadaJIbHOM CTaJuu.
[IepBoouepenHbie OEUCTBUS TEXHUYECKOTO TMEPCOHANA IO JIMKBUIALIMU aBapHil

(moxapa), NpeAynpeXICHUIO YBEIIMUEHUS X Pa3MEPOB U OCIOKHEHUM;

- OCYILIECTBIICHUE MEPONPUATHN N0 MNPEAYNPEKIACHUIO TSHKEIBIX
MOCJHEACTBUA aBapuu. llopsAmok B3aMMOAEUCTBHUS C Ta30CHacaTelibHbIMU U

JIPYTUMU CHIENUATU3NPOBAHHBIMU CITyKOaMH;
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- CHUCOK M MECTOHAaxOXXICHUE aBapUMHOM CIIELOJAEKIbl, CPENCTB

uHauBUAyanbHOU 3amuThl (CU3) 1 HHCTpyMEHTa;
- CHHCOK I0XapHOTO MHBEHTAPS, HAXOIAIIETOCS Ha 00BEKTE;
- aktel ucneitanus CU3, cBsi3H, 3a3eMIICHUS;
- rpaduK U cxemy Mo oTOOpy POoO Ta30BO3AYIITHOMN CPEIHI;
- TEXHOJOTMYECKasi CXeMa OOBEKTA;

- ToAoBOM  TpaduK  TPOBEACHUS  y4eOHBIX  3aHATHH  J7s
MPEeIOTBPAIICHUS] BOBMOXKHBIX aBapuil.

5.4.1 Ilo:xkapoB3pbIBO0E30NACHOCTH

Jlns  mpenoTBpaiieHusi 00pa30BaHMsS  B3PHIBOOMACHBIX  KOHIICHTpAIUi
MPOJYKTOB B MOMEIICHUSIX M APYTHX 3aKPBITHIX MECTax MPH COOPY>KEHUU (PUIbTpa
OCYUIECTBJISIIOT F€PMETU3ALNI0 0O00PYAOBaHUS U BCEX MyTel NepenBKeHHs HeTU U
rasa, ycrpauBaroT 3(G(HEeKTUBHYI0 BEHTWISLUIO B MOMEIICHUSIX, & TAKXKe MPOBOJAT
MEpONPUATHSA MO NPEAOTBPALICHUIO OSIBJICHUS OTHS BO B3PBIBOOMACHBIX MECTaX.

B xauyecTBe OrHeracUTeNbHbIX BEIIECTB IPUMEHSIOT BOJY B BUJIE€ CTPYil, mapa
WIN B PACIBUICHHOM COCTOSIHMH, TBEpJbIC BelIlecTBa (IIECOK, KOIIMbI), WHEPTHBIC
razpl  (a30T, JBYOKHCh YIJepoja), TajJOHJIONPOU3BOJHBIE COCTaBbl, IIEHBI
(XuMHUecKasi ¥ BO3YyITHO-MEXaHUUECKasi).

[Toxap MOXXHO JUMKBUIMPOBATH MEXAHMYECKUM BO3ACHCTBHEM Ha IUIaMs,
U30JISIHMEN €ro OT BO3JyXa, OXJIAXKICHUEM WJIM YAAJICHUEM TOPHYMX BEUIECTB U3
ouara ropenus. g 3TOM ULENM HCMIOJB3YIOT OTHETACUTENbHBIE BEUIECTBA H
POTHUBOIIOKAPHOE  O0OpYAOBaHME: BOJSHBIE TUAPAHTHI, UUIAHTH, CTBOJIBI,
NIEHOT€HEePaTOPbI, IEHOKAMEPbI, IEHO3AKUIHbIE MAuThl U JIp.

VY CKBaXHWH M JIPYyruX OOBEKTOB JOJKEH OBITh MEPBUYHBIN MHBEHTAPh IS
MOXKAPOTYIIEHUS: SAIIMKH C IECKOM, JIONaThl, COBKH, JIOMbI, TOMOPHI, KOIIMa U
orHerymutenu neHHble (OII-5) u yruekucneie (OY-2, OVY-5). DTOT MHBEHTaph
UCIIOJIB3YETCSl TOJBKO MO NpSAMOMY Ha3zHaueHHI0. OOCTyKUBalOIIUN MepcoHal

JIOJKEH YMETh €ro 3Q(HEeKTUBHO MPUMEHSITh.
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BeiBOI:

B xonme BbimonHeHus pasnena «CouuanbHas OTBETCTBEHHOCTh» Oblia
MIPOBEICHA BCECTOPOHHSS OIICHKA BPEAHBIX MU OIMACHBIX (DAKTOPOB, BO3ZHUKAFOIIMX
IPU COOPYXEHUU TpPaBUMHOrO (QUiIbTpa, a TaK¥KE PacCMOTPEHBI / pa3paboTaHbl
MEpONpUATHS IO MHHUMHU3AUUMM WX BO3JCUCTBUA HA OPraHU3M YEJIOBEKA U
okpyxarouryto cpeny. I[lomumo »Toro, Obun paccMoTpeHbl BeposiTHbie YC u
MEpONPUATHA 0 X NMPEAYNPEKICHUIO U JTUKBUIAUNIO. [I[pakTHUecKy0 3Ha4UMOCTb
TPYIHO TIEPEOIECHUTH, T.K. JOMOIHHUTEIIBHO yJ/eJIeHHOEe O€30MMacHOCTH BBITIOJIHCHHUS
paboT BHUMAaHUE BCETla OKYIMAETCSl B BUJIE COXPAHEHHBIX MaTEepUaIbHBIX [ICHHOCTEH,

3A0POBbA U JKU3HHU COTPYAHUKOB.
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Sand takeaway

One of the main problems that arises during the operation of wells with
unstable reservoir rocks is the destruction of the bottomhole formation zone. The
process of destruction of the bottom-hole zone is accompanied by removal of rock
particles from the reservoir into the well.

Intensive removal of the solid phase from the reservoir leads to abrasive wear
of underground and surface equipment of wells, violations of resistance and the
collapse of rocks in the bottomhole zone, sand clogging protective devices, pumps,
lifting and tail pipes, subs and other equipment and the formation of sand plugs on
the faces, which, in turn, leads to a decrease in the productivity of the well up to its
complete stop.

The results of laboratory and industrial studies show that the amount of sand
entering the well increases with the depletion of the gas reservoir and the reduction of
reservoir pressure.

The mechanism of sand takeaway is very complex: it is affected by the entire
process of well completion, from the initial opening of the reservoir and before the
start of hydrocarbon production. The negative impact of well completion factors is
associated with changes in the stress state of the sand reservoir.

With poorly equipped bottom hole, the amount of sand entering the well can
be significant. One of the most common reasons for the formation of sand plugs at
the bottom is the stopping of wells operated. During stops, it stops the flow of fluid to
the surface. The sand contained in the fluid settles out and forms a tube. The
formation of plugs can occur in the wellbore and in the tubing.

The thickness of the plugs, as well as the reservoir properties of the
bottomhole formation zone also depends on the diameter of the casing. If in wells
with an operating column with a diameter of 219 mm a sand-clay plug is blocked on
average by 36 % of the total opened perforation of the thickness of the operating

object, then in wells with a diameter of the operating column 168 and 146 mm a
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sand-clay plug is blocked by 10.6 and 2.3% of the opened productive section,
respectively.

The reasons that lead to the destruction of the bottom-hole zone during the
operation of wells in unstable reservoirs can be divided into two groups.

The first group includes factors caused by the peculiarities of the geological
structure of the layers and the physical and lithological properties of rocks (depth of
the formation, reservoir and rock vise, cementation, particle size distribution,
porosity, permeability, composition of the reservoir fluid extracted). But it is very
difficult to significantly affect their elimination. The task is to choose such a mode of
operation of the well that the negative impact of these factors is minimal.

The second group includes technical and technological factors due to the
technique and technology of drilling, completion and operation of wells: bottom hole
design, fluid filtration mode, permissible sand content in the product.

One of the easiest ways to reduce the flow of formation sand into the well,
there are limitations of reservoir fluid flow rates. Flow rate limits are reduced to the
need to select such a technological mode of operation of wells, which is to maintain a
constant maximum permissible pressure gradient on the wall of the well bottom. The
magnitude of the permissible pressure gradientsrdetermine according to research
wells in stationary filtration modes. At this time, the method of limiting the flow rate
IS not often chosen as the optimal solution, since the value of the allowable flow rate
can be significantly lower for the potential of the formation.

Therefore, at the moment, ensuring the effective attachment of unstable
reservoirs in domestic hydrocarbon fields, which will prevent the removal of rock
over a long period of well operation, is an urgent problem.

Sand takeaway control methods

There are hydrodynamic, chemical, physico-chemical and mechanical
methods to prevent suffusion, and hence the flow of sand from the reservoir into the
well. A combination of these methods is also used.

Numerous measures of sand control, which take place in foreign practice, are

purely preventive in nature, that is, as a rule, are applied before the wells are put into
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operation, and constitute an integral part of the work at the end of wells. This term
refers to all operations from the opening of the productive object to the call of the
inflow of liquid or gas. This includes: drilling of the productive formation, the
descent and cementing of the production string, the installation of a gravel filter (or
other sand filters) and the development of the well.

The implementation of various preventive sand control measures from the
very beginning of the well commissioning ensures their high efficiency. Experience
shows that for a sharp increase in the efficiency of measures to limit the flow of sand
from the reservoir to the well should be carried out before the destruction of rocks
bottom-hole zone.

The mechanical method includes the technological processes of equipment of
wells of various downhole anti-slip filter or the formation of filters in the mine
through the reclamation of filter materials. This method is known for a long time. It is
the simplest, but wide technological application in practice of gas and oil production
did not find. In connection with the introduction of the development of fields with
high-viscosity oils and the development of thermal methods of impact on the
formation, the need for filters to prevent the removal of sand from the formation has
become urgent.

The chemical method is based on the artificial fixation of rocks by various
astringents, mainly polymeric type (water-soluble phenol-formaldehyde resin,
compositions based on shale phenols, composition based on foamed synthetic resins
and others), but are the most expensive, though the most promising methods.

The physical and chemical methods include a method of fixing the reservoirs
by coking oil in the bottom-hole zone as a result of its polymerization and a method
of thermochemical fastening using granular magnesium. The first method is carried
out by filling through a hot air filter and is recommended for use in the extraction of
high-viscosity oils from shallow reservaoirs.

Wells, which are equipped with means of sand retention, may have in the
productive interval or open face, or perforated casing. In the case of open face it is

advisable to use filters— shanks and alluvial gravel filters, and in wells with cased
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productive interval — alluvial gravel filter inside the casing or to mount the
bottomhole zone with resin.

In order to combat the removal of sand in productive formations with poorly
cemented rocks (loose sands) and to complete the wells it is necessary to:

a) use hole filters or pipes with holes drilled into them;

b) use a bottom-hole filter made of sand (gravel) or other material;

c) fill the annular space in the interval of occurrence of the productive
formation with gravel,

d) artificially fasten sand in a productive layer.

At the same time, the first two measures are reduced to the detention of the
sand already taken out from the reservoir by various filter devices, and the other two
— to the artificial fixation of rocks in the bottom-hole zone by creating interference
between the formation and the column of pipes or cutting the reservoir with a special
binder.

Chemical methods of prevention of sand takeaway

The way to solve the problem with sand takeaway occurrences in wells by
installing filters is not always appropriate and cost-effective. Therefore, in order to
increase productivity and reduce the cost of maintenance and overhaul of wells, the
bottom-hole formation zone is mainly strengthened by chemical methods.

Chemical methods are based on artificial fixation of rocks in the bottom-hole
zone of wells with different chemical compositions. It is known that the work on
fastening the bottom-hole formation zone at the stage of completion of wells by
drilling or in the initial period of operation (1-3 months after leaving the drilling)
gives the highest results (allows to obtain the success of 70-90%).

Nowadays, domestic and foreign companies are actively using cement
mixtures with various fillers, synthetic resins, as well as their mixtures with sand for
fixing weakly cemented rocks polymer compositions.

The mixtures of Portland cement are of greatest interest as the cheapest and
most affordable binder. They are non-toxic and easy to use, and they form a fairly

durable stone that retains its properties over time.
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But in layers containing a clay fraction (clay silt), the introduction of cement
mortar into the bottom hole, as a rule, does not give the desired results in the
fastening of rocks, since the mixture of cement mortar with clay does not form a
strong cement stone.

Technology of fastening rocks with various binders of polymeric type is in the
domestic and foreign practice. These are the methods of fastening with synthetic
resins, resin-sand mixtures, foamed resins, compositions based on phenol-
formaldehyde resin and shale binder. The main difference between these
compositions is the use, depending on the type of resin, various fillers that determine
the quality of the polymer filter formed, its permeability and curing time.

The use of resin-based compositions requires additional labor-intensive
operations to obtain a permeable composition for fixing unstable rocks, which, after a
while, lose strength, give planting or are accompanied by the release of water into the
productive formation. It worsens the reservoir properties of the productive layers. In
addition, they are expensive, scarce and environmentally dangerous.

Polymers, which are used for fixing weakly cemented rocks, should have the
following characteristics: high adhesive ability to mineral grains, which make up the
formation; be sufficiently resistant to the influence of acids and formation fluid with
prolonged contact; the duration of polymerization should provide the possibility of
repair and insulation work in full.

The main task of fixing the bottom-hole zone of the well is to increase its
strength while maintaining or slightly reducing the filtration and capacitive properties
of the reservoir to ensure a high well flow rate. Since the chemical method associated
with the introduction into the bottomhole zone of the formation of binders of different
physical and chemical nature, it should not be expected to restore the natural
permeability of the porous medium in full, but the improvement of chemical methods
of fixing weakly cemented reservoirs can give significant results.

An important indicator that determines the efficiency of sand bonding is the

ability of rocks to resist destruction under the influence of external forces. To assess
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this characteristic, it is necessary to determine the ultimate strength of rocks on the
volume compression.

The main advantage of chemical methods is the possibility of short-term
repair in existing wells and relatively low cost compared to mechanical and physico-
chemical methods.

Analysis of domestic developments and patent publications on this topic
indicates the presence of a large number of warehouses for fixing the bottom-hole
zone, but depending on the technological and geological parameters of the well, their
efficiency is very different. In general, the success of work on fastening the bottom-
hole zone remains low and constitutes only 50-60 %.

The compositions that are used and the technologies for fixing the bottom-
hole zone do not allow to completely solve the problem of combating the destruction
of rocks (low strength of the fixed zone, a small overhaul period of operation, a
significant reduction in the permeability of the reservoir in the fastening zone, the
toxicity of many reagents, large material costs, etc.). An urgent problem is the need to
find new binders (or their modifications) and technical and technological solutions
aimed at improving the quality of fastening of unstable reservoir rocks.

Physico-chemical methods of sand takeaway

Physico-chemical methods of fastening of collectors are based on the use of
physical (temperature, pressure fluctuations) and chemical (chemical reagents and
reaction products) methods of coking the oil in the bottomhole zone as the result of
its polymerization, the creation of proppant filter in the bottomhole zone wells,
processing bottom-hole formation zone by the reagents with subsequent heat
treatment, carrying out hydraulic fracturing with subsequent fixing cracks.

The method of coking oil in the bottom-hole zone is used at an early stage of
operation of fields with high oil viscosity and small depths of reservoirs. For most of
the fields at the final stage of development, this method is unacceptable because of
the high cost.

For wells with intensive sand takeaway, which leads to the formation of

caverns in the bottomhole zone, the fastening technology based on low-tonnage
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hydraulic fracturing using RCP-proppant with a mass of up to 5 tons has been tested.
The essence of this technology is to create a well-permeable screen in the bottom-
hole zone behind the production column and in the formation, which prevents the
removal of fine sand.

The disadvantages of this method are relatively high costs of proppant per
well, removal of proppant into the well, the complexity of working with low-
temperature wells, careful selection of activators.

The use of physico-chemical methods to combat the removal of sand from the
reservoir has not been tested experimentally and it has not been found widespread.

Mechanical methods to prevent sand takeaway

The most simple and accessible methods of preventing sand from entering the
reservoir into the well are mechanical, which are most common. They include
technological processes the equipment of the various wells sand filters or create
filters on the bottom by alluvium filter material.

The essence of the use of filters is to retain the sand particles of the
productive formation around the holes of the artificial filter. The filter should hold
70-80% (by weight) of large particles of formation and pass small particles (no more
than 20-30%). Under this condition, the mechanical stability of the formation
skeleton will be preserved, although you should try to retain all the particles of the
rock. The filter should pass reservoir fluids and create a minimum hydraulic
resistance, prevent the penetration of the solid phase into the well, the formation of
sand plugs on the faces and a significant decrease in the well flow rate.

Filters are distinguished by design and manufacturing techniques. They can
be pipe, gravel and metal-ceramic filters.

Pipe filters are made of pipes and lowered into the well on the casing in the
construction of wells or using a column of tubing inside the casing. They are divided
into simple (with the size of holes 1.5-20 mm and slots 0.4-0.5 mm on the pipe) and
complex, formed with a simple winding of wire (wire), the installation of buttons

(button), rings (ring) and filter packs.

81



The cheapest are the slotted filters that represent a pipe with different
placement of horizontal or vertical slits.

Slotted filters, despite their cheapness, have received limited application due
to the small initial area, predisposition to corrosion and erosion, as they are made
mainly of low-carbon steel. The disadvantage of slotted filters is also the decrease in
the productivity of wells and the complexity of extracting filters to the surface.

Wire filters are more advanced, are a pipe with a large number of radial holes
or grooves, on the outer surface of which is wound calibrated wire round or
trapezoidal section.

Wire filters are less prone to erosion and corrosion compared to slotted filters,
have a higher throughput, but the cost of wire filters more slotted.

Mesh anti-sand filters are used in wells with an open face. In the manufacture
of mesh filters using stainless steel mesh, chemically resistant steel.

One of the promising filters to prevent the removal of sand from the
formation are metal-ceramic filters. They are made by pressing metal powder and
ceramics in steel molds, which have the form of filter elements, followed by sintering
in furnaces at high temperature (1200 ° C) in a hydrogen medium. Metal-ceramic
filters are characterized by corrosion resistance, heat resistance and thermal
conductivity, they are characterized by a sufficiently high strength and plasticity,
which makes it possible to withstand high pressure drops, have low hydraulic
resistance and retain the smallest fractions of sand.

In domestic hydrocarbon fields today the most common is the installation of
mechanical downhole filters (titanium, slotted, fiberglass on an aluminum frame,
fiberglass).

Analysis of the well filters produced by domestic and foreign industry,
showed that they must meet these basic requirements:

» provide a predetermined level of performance;

* have sufficient mechanical strength and stability;

« ensure the declared degree of filtration;

* maintain a low hydraulic resistance;
82



* have the possibility of mechanical or chemical cleaning of the filter
(regeneration) without removing it from the well.

Analysis of the results of research in this area revealed the following: the use
of filters has a number of drawbacks that lead to a decrease in the potential flow rate,
clogging with mechanical impurities (sand, silt), bacteriological overgrowth and
corrosion of filters. An increase in the working depression on the reservoir to provide
the necessary gas flow rate leads to the destruction of the filter, the formation of local
filtration channels and the intensification of sand removal. In addition, the use of
filters is associated with the use of packer, its reliable sealing.

Gravel-alluvial filters are widely used to combat the removal of sand from the
reservoir into the well in industrial practice. Such a filter is a slit filter-frame, the
annular space between it and the wall of the well is filled with gravel.

The length of the filter frame is determined from the condition of the overlap
of the entire interval of the productive part of the reservoir. Depending on the
geological and technical conditions, the gravel-alluvial filters are installed in the open
barrel, perforated part of the casing or in the extended bottomhole zone.

Alluvial gravel filters in the open wellbore are installed where the strength of
the bottomhole zone allows to expand the wellbore. These filters have low filtration
resistances and, as a result, higher productivity in comparison with in-column gravel
filters or fastening of the bottom-hole zone by chemical reagents.

The most effective and promising mechanical way to prevent sand takeaway
occurrence is the creation of gravel filters in the process of completion of wells by
drilling. The essence of the technology is as follows. The well is drilled and fixed to
the roof of the productive horizon, which is opened with a bit of a smaller diameter.
After that, the wellbore is expanded in the productive interval, the filter is lowered
taking into account the overlap of the productive interval and the gravel is driven into
the extended interval between the formation and the filter.

Gravel filters can work effectively only in the case of properly selected slit
width or grain size of gravel (coarse sand), taking into account the granulometric

composition of the formation sand.
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The most widely used prestressed filters are expanded. Such filters are
characterized by more dense packings of gravel grains and more effectively prevent
the destruction of the bottom-hole formation zone during the operation of the well.

Gravel filters are quite cheap and durable enough —the life of the filters is up
to 5 years. Operation of the filter requires periodic cleaning (washing) that it is
impossible to implement in practice. The disadvantage of gravel filters is also a
decrease in the productivity of wells due to the formation of an impenetrable array
between the filter and the wall of the well), the complexity of repair work, especially
in wells in multi-layer fields, and in wells of underground gas storage gravel packing
decompresses and enters the reservoir when moving gas, the complexity of extracting
filters to the surface.

Analysis of experience of use of mechanical methods of preventing the entry
of sand from the formation into the borehole based on create on the bottom of the
wells of different filters, showed their lack of reliability. This is due to the fact that
the creation and correct choice of structural elements of mechanical filters depends
on many complex factors, both technical and geological, and is a fairly time-
consuming and expensive process. Significant disadvantages of the filters are
clogging and insufficient mechanical strength.

Combined method

Combined methods involve the use of mechanical filters and chemical
fixation of sand grains.

In the late 90s of the last century to combat the removal of sand there was
used a combined method, which includes the following operations:

* isolation of the "old" part of the formation with the filling of the produced
cavity with cement;

« wraping the filter above the level of the oil-water contact;

» operating time of a cavity for the subsequent alluvium of the gravel filter;

» filling the space between the filter and the casing gravel-sand mixture.
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The disadvantages of this method are the high cost, long repair time, long
output of wells for a given mode of operation through the injection of a large volume
of water when the gravel filter is poured.

Also there is known the method of fixing unstable rocks by injection into the
bottomhole zone of a mixture of sand with magnetized balls of small size. In the
formation, the balls are attracted to each other and create a frame that holds the sand
particles. The disadvantage of this method is the difficulty of feeding magnetic sand
balls into wells.

The choice of the method of preventing the entry of sand from the
formation into the well

When choosing a method to prevent the sand from entering the reservoir into
the well, a number of factors are taken into account. The design of the well bottom is
of great importance. Completng wells with an open face, the mechanical or
combined methods are used, as a rule. Chemical methods of fixing sand are used
mainly in new wells. When choosing a way to deal with the removal of sand the
temperature restrictions should be taken into account. For chemical methods, the
permissible temperature limits are 16-175 °C, for mechanical methods there are no
restrictions, except when oil, thickened solutions are used in the formation of gaskets.

Gravel filter

As mentioned above, gravel filters are the most effective way to prevent sand
takeaway, they are used both in Russia and abroad. In gravel filters, the filter surface
consists of artificially introduced gravel (sand) placed around the supporting filter
frames.

Gravel filters are divided into:

a) suspended gravel-pipe, created on the surface (a layer of gravel in the gap
between two concentric perforated pipes);

b) gravel-alluvial, created in the well (alluvium layer of solid particles on the
wall of the perforated pipe).

Gravel filters can work effectively only with the correct width of the cracks or

the size of gravel grains (more precisely, sand with particle sizes), taking into account
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the granulometric composition of the formation sand. Other parameters are also
important, in particular, the characteristics of the gravel, degree of compaction and
the quality of the material, the configuration of slits and filters design.

The size of the gravel grains is selected on the basis of sieve analysis of the
formation of sand samples. The main condition is the diameter of the gravel grains. It
should exceed ten times the size of the sand grains, which makes up the productive
layer. In order to completely retain all the formation grains of sand, it is necessary to
focus on the finest fractions of the formation sand present in the productive interval
when choosing gravel. Scientist Rogers recommends the use of gravel, which consists
of at least 95% quartz and silicate materials, and it should not contain “soft” or
“ground” minerals such as shale, gypsum or anhydrite.

Poor quality gravel material adversely affects the performance of the well.

The factors that affect the permeability of gravel include: the size and shape
of the parts, porosity, grain size distribution.

With the simultaneous operation of several layers, among which only some
need to be equipped with gravel filters, more preference is given to gravel filters
made on the surface. Here it is possible to alternate usual filters with gravel.

Gravel-suspended filters

Suspended gravel filters hold fine flat sand without external gravel dusting.
Suspended gravel filters have an inner layer of gravel that holds the formation sand.
A layer of gravel is sometimes fixed with resin. Filters are not installed inside the
casing, because then it is necessary to make an external gravel dusting to fill the
perforating channels and caverns with gravel behind them, otherwise there will be a
significant decrease in productivity. When installing filters in the open face, their
diameter should be slightly less than the diameter of the face, and this determines the
filling of the gap with formation rock during the removal of fluids from the well. In
1995 the suspended gravel filter FSP-168 which consists of a protective casing inside

which there is a filtering pipe is developed and made.
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Gravel-alluvial filters

In industrial practice to combat the removal of sand from the reservoir into
the well there are widely used gravel-alluvial filters. Such a filter is a slit filter-frame,
the annular space between which and the wall of the well are filled with gravel.
Gravel alluvium can be carried out under pressure. In this case, a strained filter is
created, which does not cause the formation to collapse under the action of shear and
tension. The size of the slots of the filter frame is selected depending on the particle
size of the formation rocks and the size of the gravel fractions.

The length of the filter frame is determined from the condition of the overlap
of the entire interval of the productive part of the reservoir. Depending on the
geological and technical conditions, gravel-alluvial filters are installed in the open
barrel, perforated part of the casing or in the extended bottomhole zone.

A method for creating a gravel filter in a well is known to include the opening
of a productive formation, the equipment for the face of a perforated casing string,
the alluvium of gravel in the space of the casing in the perforation interval and into
the space of the cavity behind the casing string with the water-tightness of the
bottom-hole zone. To prevent violation of the compactness of the sand structure in
the bottomhole zone with the formation of a cavity around the wellbore due to the
displacement of the wellbore formation sand under pressure on the reservoir is driven
high viscosity liquid-crosslinked gel. Then, a gravel backfill with a high-permeable
alluvial fraction is washed in the formed cavity and in the wellbore under pressure. It
which serves as a counterbalance screen for the formation sand during the operation
of the well, made of a polymer material with a density exceeding the density of the
formation sand, at least 3.5 times. At the same time, the condition on the composition
of the gravel filter depending on the granulometric composition of the formation sand
is fulfilled.

Methods of gravel reclamation inside the casing are divided into one-stage
and two-stage ones. In the first case, the reclamation of gravel in perforation tunnels

Is done as a separate operation. In the second case, both operations of gravel alluvium

87



in the inter-column space and in the perforating channels are carried out when a wire
or slit filter is already installed on the face.

For more effective input of gravel into each perforating channel, the
composition of the carrier fluid and the method of processing become of great
importance. Transport efficiency is improved at low sand concentrations and high
water consumption.

The most widely used gravel filters with upper and lower alluvium. In both
cases, a mechanical filter is installed in the Central part, which is a pipe with drilled
holes wound with wire. The length of the mechanical filter should exceed the
productive zone of the reservoir by 3 m, the internal diameter of the filter is 19-32
mm with a nominal diameter of the column of Elevator pipes, through which the filter
descends 73 mm. the Design of the gravel filter is selected taking into account the
operating conditions of the well, as the possibility of its removal in the future.

The alluvium of the gravel filter is carried out with the use of a coiled tubing
in cases where the drilling rig is already dismantled, the well flow rate is small, it is
economically inexpedient to use units for underground repair of the standard type,
and the formation is characterized by high pressure, and its jamming is undesirable.
The choice of granulometric composition of the gravel filter is based on the same
reasons as in the traditional technology.

The successful result of the works on reclamation of sand filter as a precoat
filter depends on the requirements to the process of the alluvium. One of the main
requirements is optimal regulation of gravel supply to the well both in terms of rate
and total amount of gravel. To control the alluvium process is to control the rate of
injection and the amount of gravel being pumped. There are two main methods of the
control: a mass flow meter or the dynamics of the gravel level in the hopper.

Gravel pack

Recently, the spread of wire filters with gravel packing to abandon the
procedure of alluvium-gravel. Such filters reduce the cost of well preparation and
increase the speed of installation of the shank with filters. The results of numerous

studies of the use of filters with pre-gravel packing indicate their practical value
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provided the correct selection of packing parameters which depends on the operating
conditions of the well. Filters with gravel packing began to be intensively used in
many oil fields. They are particularly effective in wells where water is extracted
together with oil.

As a material for gravel packing the most common is natural sand, but it is not
the only material used. When using sand, two mechanisms of its destruction can take
place: chemical dissolution of silica by hot highly alkaline liquids (especially in fields
where steam injection is used for oil production) and its crushing, which is
accompanied by the formation of small debris, colmatating gravel packing.

As a kind of gravel, gaskets can be used without any complications and the
following materials:

a) silicone materials: specially prepared sands, sands with external coating
(molybdenum, graphite or epoxy) and silicates (glass balls and garnet);

b) aluminum materials-sintered bauxite, corundum;

¢) carbon materials — anthracite.

Also, the material for gravel packing may contain silicon. This is especially
important for reservoirs that contain highly mineralized water.

The gravel used for gravel packing should be clean, with fairly round, smooth
and uniform grains. Such characteristics of gravel contribute to the increase of
permeability and porosity of the packing.

The size of the gravel particles in the performance of gravel packing is chosen
so as to prevent the flow of sand from the reservoir into the well.

In the USA, when choosing the size of the gravel grains for packing, as well
as the filter, the scientists are usually guided by the following considerations: gravel
particles should be no more than 5-6 times the large formation particles, with the
removal of which the struggle is conducted; the filter should effectively retain the
smallest gravel particles for gravel packing, it is desirable to use gravel with rounded

grains.
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Chemical preparation of the formation to create gravel packing includes
numerous processes and is determined by the individual characteristics of a particular
well.

First, a simple technology of creating gravel packing was used: the gravel was
pumped with water. Since the permissible concentration of gravel in the water was
120 kg/m3, large volumes of water were pumped into the well to ensure the transfer
of sufficient gravel to the bottom. Under these conditions, the reservoir received a
significant amount of water, which caused a deterioration in the permeability of oil
and gas in the bottomhole zone. The disadvantage of using water as a liquid was also
the high injection rate, which must be maintained to prevent free sedimentation of
gravel and capping of the column of pumping compressor pipes.

In the process of designing a gravel filter, it is necessary to take into account
the density of perforating channels along with the permeability of the gravel packing
and the potential productivity of the reservoir by a predictable method of operation.

For gravel packing we use sand with a grain size of 0.84-1.67 mm. When the
sand is taken out of the well with a content of small fractions in an amount of 5% or
more, we use fine sand with a grain size of 0.42 - 0.84 mm for packing.

Currently, very viscous liquids are used that can carry gravel in high
concentrations. The advantage of this method is the preservation of the formation
purity. Since the gravel does not settle quickly from the thickened solution, the
suspension can be pumped into the well at a low speed. So, there are fewer
potentially pollutants in the reservoir.

One approach would be chosen to create a gravel gaskets in horizontal wells.
It uses saline water as a carrier of gravel. The systems of this type are often referred
to as alpha-beta systems. In such systems, a low-viscosity salt solution is used to
transfer gravel into the annular space with an adjustable flow rate to prevent
premature accumulation of gravel. Problems arising in the implementation of this
method are associated with pumping salt solution with transferred gravel all the way
from the mouth to the bottom of a horizontal well and back. This problem can be

solved by using special or pre-filled gravel downhole filters as backup.
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If in vertical wells the cost of creating a gravel filter does not exceed, as a
rule, 10% of the cost of the well, in wells with a horizontal section of the well, the
length of which is 10-30 times the thickness of the productive formation, the cost of
these works is comparable to the cost of drilling the well and does not always give
the expected results. This fact should be taken into account when designing the

completion of horizontal wells with the installation of gravel filters.
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