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Ilnanupyemsle pe3yabTaThl 00y4enusi no OOIL

Kon
pe3yJibTaTa

Pesynbrat 00y4ueHnus
(BBIITYCKHUK JOJKEH OBITh TOTOB)

P1

[lpumeHsaTh 0a30BbIE €CTECTBEHHOHAYYHBIC, COIMAIBHO-3KOHOMHUYECKHUE,
PaBOBBIC W CIENHMANIbHbIC 3HAHUA B 00JIACTH HePTErazoBoro neina, s
PEHICHUS NPUKIAAOHBIX MENCOUCYUNTIUHAPHBIX 3A0a4 Y UHIICEHEPHBIX NpodieM,
COOTBETCTBYIOIMX MPOPMIIO TOArOTOBKH (B  He(dTErazoBoM  CEKTOpe
SKOHOMHUKH) , CaMOCTOSTEJbHO YYHUTHCS ¥ HEIPEPBHIBHO IOBBIIIATH
KBaNMM(PHUKAIIMIO B  TEYEHHE BCEro mepuoaa  mpodeccruoHaIbHOU
JIESATEIBHOCTH.

P2

[InanupoBaTh W TPOBOAUTH AHAIUTHIECKHE U  IKCIEPUMEHTAJbHBIC
uccnedo8anusi ¢ UCIOJb30BAHMEM HOBCHINMX JOCTHKCHUH HAYKH M TEXHHUKH,
YMETh KPUTUYECKH OICHHMBAThH PE3YyJIbTAThl U JCJIaTh BBIBOJBI, MOJYYCHHBIC B
CLOJICHLIX U HEONPeOeNéHHbIX  YCI06USX,  WUCIOJb30BaTh  NPUHYUNBL
uzobpemamenbcmea, NpPAoOBvle OCHOBbI—E 00JACMU  UHMEULEKMY AlbHOU
coOCmMEeHHOCmU.

P3

[TposiBNATE TPOPECCHOHATBHYIO 0C800MIEHHOCMb O Nepedo6biX 3HAHUAX U
omxkpvimusAx B 00JacTH HE(PTEra3oBbIX TEXHOJIOTHMH C YYE€TOM nepedos8o2o
omeuecmeeHHO20 U 3apyOedHCH020 OIIBITA; UCTIONb30BATh UHHOBAYUOHHBLIU NOOX00
npu pa3pabOTKEe HOBBIX WACH €W METOJOB HNPOeKMUposanus OO0BEKTOB
He(TETa30BOr0 KOMILIEKCA [UISl peuleHuss UHIMCEHePHbIX 3a0ad pa3eumus
HE(TEra30BbIX  TEXHOJNOTHH,  MOOepHUZAyuu U  YCOBEPUIEHCMBOBAHUS
HeTEra3oBOro Mpon3BOJCTBA.

P4

Bueopamv, skcniyamuposams U 00CLYHCUBAMb COBPEMEHHbIE MAWUHbL U
Mexanuzmbl Ui PEATU3alMM  TEXHOJIOTMYECKUX TPOLECCOB He(TerazoBoi
obyacTu, o0ecneunBaTh MX 6bLCOKYIO 3P ghekmusHocmp, COOMIONATH TMpaBHia
0Xpamwvl 300p06bs U 6e30NACHOCMU MpYyod, BBIIOJHATH TPEOOBAHUS 110 3auume
OKDpYHcarouyell cpeovl.

P5

beicTpo opueHTHpOBATHCS U BBHIOUPATH ONMUMANbHbIE peuleHUus 8
MHO20()AKMOPHBIX — cumyayusix, BIAAeTh METOJAMH €  CpPEIACTBAMH
mamemamuuecKkozo MOO@/ZMPOG‘CIHM}Z TCXHOJIOI'NYCCKUX Hp.OI_[.CCCOB )51
00BEKTOB.

P6

D¢} PeKTUBHO HCHOJIb30BATh JII0OOOH HMMEIIIUICA apceHald TEeXHUYECKHX
CpeACTB  JUIsl ~ MAaKCHUMaJbHOTO  NPUOJMIKEHUS K  MOCTABJIEHHBIM
MPOU3BOJCTBEHHBIM MEJSAM TPHU pa3pabomke U peaiuzayuu npoexmos,
POBOJIUTH 9KOHOMUYECKUL ananus 3ampam, MApKemuH2086ble
UCCcne008ans, paccyumsl8ams IKOHOMULECKY10 I¢) peKmugHo cma.

P7

O¢ddexTuBHO paboTaTh UHOUBUOYANBLHO, B KAUECTBE YleHA U PYKOBOOUmMENs
KOMAHObl, yMEHHE (OPMHUPOBATH 3aJaHUS U OnepamuHvle NiaHbl BCEX
BUJIOB JICATEIBHOCTH, pACIpPENeNATh OO0S3aHHOCTH UWICHOB KOMAaHJIBI,
TOTOBHOCTb HECTU OMEEemMCMEEHHOCIb 3d Pe3y.lbmamvl pabomol.

P8

CaMOCTOATEIbHO YYHUTHCS W HENPEPBIBHO NOBbLUAMb KEALUDUKAYUIO B
TEUeHUE BCEro mnepuona MNpohecCHOHANbHON NeATEIbHOCTH; aKTUBHO
enadems UHOCMPAHHLIM A3bIKOM HA YPOBHE, TO3BOJAIOINIEM paboTaTh B
WHTEPHAIIMOHAJIBHOM cpele, pa3padarsiBaTh JOKYMEHTAIMIO U 3aIllUINATh
pe3yJbTaThl MHKEHEPH OH I€ATETHHOCTH.

P9

PaSpa6.aTLIBaTb U BHCAPATH MHHOBAIIMOHHBIC PCIHICHUS MPU CTPOUTLCIBCTBEC
CKBAaJ’XHH.




P10 OOecnieynBaTh TEXHOJOTHUCCKUH KOHTPOJIb W YIPaBICHHUE TMPOIECCOM
OypeHHU s CKBaJKUH.

P11 Pa3zpabarpiBaTh NMPOEKTHYIO JTOKYMEHTAIIMIO HA CTPOUTEIBCTBO CKBAXKUH B
OCJIOKHEHHBIX TOPHO-T€OJOTUYECKUX YCIOBUSAX.

TOMSK TOMCKNNA
POLYTECHNIC NONMUTEXHUYECKUN
UNIVERSITY INEM YHVBEPCUTET

MwuHMCcTepcTBO HayKm 1 Bbicwwero obpasoBaHna Poccuinckon Gegepaumm
depepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpasoBaTesibHOe yupexkaeHune Bbicliero obpasoBaHumA
«HaumoHanbHbIN nccnegoBaTeNbCknii TOMCKUIN NONMTEXHMYECKNA YHUBEpCUTeT> (TI1Y)

IITxona — MHeHepHas LIKOJIa IPUPOLHBIX PECYPCOB
HanpaBnenue nmoaroroBku (cnenuanbHOCTh) — Hedrerazosoe nemo
Orpenenue mkonsl (HOLL) — Ornenenue vHedrerazosoro nena

YTBEPX/IAIO:
PyxoBoautens OOII

(ITognucs)  ([ata) (®.1.0.)
3AJJAHUE
HA BBINOJIHEHHE BHINMY CKHOM KBAJTH(PUKANHOHHOH PadoThI
B dopwme:

Marucrepckoil AuccepTauuu

(6axanaBpckoil paOOThl, AUIUIOMHOTO MPOEKTa/paboThl, MArMCTEPCKOM TuCcCepTallim)
Crynenry:

I'pynna N0

2bM92 O3epbaeBy Ucnamy EMupanoBuuy

Tema paOoThI:

[ToBblieHNE 3() PEKTUBHOCTH KpeEMJIEHUSI HEPTSIHBIX U Ta30BbIX CKBAXHUH

YTBepxkeHa NpUKa30M JUpeKTopa (gata, Homep)

CpoOK cauu CTYIEHTOM BBIIIOJTHEHHOMN paOOTHI:

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1aHHbIE K padoTe [ToBblmienne 3¢ HeKTUBHOCTH KpEIJIeHU S
HE(TSIHHBIX U Ta30BBIX CKBAYKUH.
[IpoBenenue aHanmm3a TEXHOJIOTHH KpeIJICHHS
CKBaKHH.

IlepeyeHb MmoasIeRaAMUX UccaenoBanum, | 1. [IpoBenenne murepatypHOro 00630pa ¢ HeJbI0

NP OEeKTHPOBAHHUIO " pa3padoTke | BBISICHEHUS JOCTHKEHHUIM HAYKU U TEXHUKHU B

BOIPOCOB paccMaTpuBaeMoii obiacrtu;

(ananumuvecKkuil 0630p no | 2. AHanu3 cymecTBYIONMX TEXHOJIOT U U




JUMEePAMYPHbIM ~ UCTNIOYHUKAM C  Yelbio
BbISAAICHEHUS OO0 CMUNCEHUU MUPOBOL HAYKU
MEXHUKU 8 pPACCMAmMpueaemol 061acmu;
nOCMAaHo8Ka 3a0ayu uccnedo8aHus,
NP OeKmup 08 AHUs, KOHCMPYUPO BAHUSL,
cooepoicanue npoyeoypvl UCCLe008aAHUS,
NP OeKmup 08 AH U, KOHCMPYUPO BAHUSL
obcydcoeHue pe3yibmamos 6blNOJHEHHOU
pabomul; HauMeHOo8aHue
00NONHUMENbHBIX PA30e108, NOONEHCAUJUX
paspabomke,; 3aKi104eHue no pabome).

CIOCO0OB KpenJieHUs CKBaXKUH

3. TexHuKa U1 IEMEHTHUPOBAHMSI CKBAXKUH
4. Bypenue Ha 00caTHOM KOJIOHHE

5. ®uHAHCOBBII MECHEIXKMCHT;

6. CounanbHasi OTBETCTBEHHOCTD;

7. IlepeBoJ OJTHOM U3 OCHOBHBIX YacTen
JAUTEPaTypHOro 0030pa Ha aHTTIUICKUN A3BIK;

Ilepeuyens rpauuecKOro MaTepuasia
(c mouHbiM YKazaHuem 00A3amenbHbIX
yepmesicell)

Heob6xonumocts B rpadguueckux marepuanax

OTCYTCTBYET

KoHcyJbTaHTBI 110 pa3aejaM BbIILy CKHOM KBAJIH(PUKANMOHHOKH padoThI

(c ykazaHueM pas3/ielioB)

Pa3nen Koncynbranr
OUHAHCOBBI  MEHEIKMEHT,
JoneHT oraeneHus HedTErazoBoro jeia, K.3.H., PomaHiOK
pecypcodddexkTnBHOCTH ul B
pecypcocOepekeHue o

CO]_[I/I aJIbHas1 OTBCTCTBCHHOCTD

[Ipodeccop, a.1.H., Ceunn A.U.

YacTh Ha HHOCTPAHHOM A3bIKC

JIOLIEHT OTJI. ”YHOCTPAHHBIX S3BIKOB J1.(h.H, MaTBeeHKO M. A.

Ha3zBanus pa3aejaoB, KOTOPbIEC T0JKHBI ObLITHL HANIM CAHBI HA HHOCTPAHHOM fA3bIKAX:

Overview of the advances in casing drilling technology

Jlata BbIHJauMm 3aJaHUS HA

BBINOJIHEHHE
KBAJIM(PUKALMOHHOMH padoThl O JINHEHHOMY rpaguky

BbIIIY CKHOM

3ajaHue BbI1aJ PyKOBOAUTEb

Yuenas
JloJKHOCTD DOUO CTENEeHb, IMoanucek JlaTa
3BaHHUe
OILICHT OTJEJEHUS
Hlon A MatBeenko N.A. .G H.
WHOCTPAHHBIX SI3BIKOB
3agaHue NPUHS K HCIIOJIHEHMIO CTYAEHT:
I'pynna PO IMoanuce Jara
2BbM92 O3epbaes N.E.




. 3AJJAHUE JJIA PA3AEJIA
«PUHAHCOBBIM MEHEJKMEHT, PECYPCO®®EKTUBHOCTDb U

PECYPCOCBEPEKXEHUE»
CryneHry:
I'pynna 1017 (0)
2bM92 O3epbaeB Mciam EMupanoBuy
IMxoaa HUIIIIP OTrpenenne Hedrerasoporo neia
Yposens, HanpaByieHnune/cnenuajibHOC
o6pa3zoBanu | Marucrparypa Th 21.04.01 «Hedrerazosoe nemo»
s

pecypcocoepekeHU e»:

Hcxoanbie 1aHHbIe K pa3aely «PUHAHCOBBIH MEHEIKMEHT, pecypcodPpPpekTHBHOCTL U

1. CTOMMOCTH PeCypCcOB HAYIHOTO
uccnenosanust (HU): MaTepuanbHO-TeXHHYECKUX,
SHEPIreTUUECKUX, (MHAHCOBBIX,
MH(OPMAIMOHHBIX M YeJIOBEYE CKUX.

2. HopMmbl 1 HOpMATUBHI pacx 0 0BaHHs
peCypcoB.

3. Hcnonbiyemas cucremMa
HAJIOro00JI0KEHU S,

CTaBKH HAJIOI'OB, OTQHCH.GHHIZ, AUCKOHTUPOBAHU A
U KpCAUTOBAHMUSA.

1. Ouenka NEPCIEKTUBHOCTH u
9KOHOMHYECKOM 3¢ PeKTUBHOCTU
UCIOJIb30BaHUS COBPEMEHHOI0 000pYyA0BAHUS
2.TY 14-161-163-96

3. Hajorosel# kogekc PO

Hepe‘qenb BOIIPOCOB, MOAJEKAINUX UCCITICAOBAHNIO, IPOCKTHUPOBAHUIO U paspaﬁorke:

1. OrneHka KOMMEPYECKOTO MOTEHITHAA,
MEePCIEeKTUBHOCTH U albTEePHATHB MpoBeaeHus HNU
c MO3U I U pecypcodddekTHBHOCTH 74
pecypcocOepeKeHU .

OneHka NEpPCHNEKTUBHOCTH W HKOHOMHYECKON
s pexTuBHOCTH WCTIOJIb30 BAHU A
COBPEMEHHOTO O00OpYIOBaHMS TIPH CIIyCKe
00caTHbIX KOJIOHH

2. [MnanmpoBanue u GopmupoBanue rpaduk
HaYYHBIX HAYHO-HUCCIEI0BATEIBCKON pabOTHI.

CocraBieHue IUlaHa [POEKTa C YYETOM
HEOOXO0IMMBIX BPEMEHHBIX, TPYIOBBIX 3aTpaT U
COOTBETCTBYIOIIMX PUCKOB

3. [InanmpoBanue u dbopmupoBaHue
010/1K€Ta HaYyYHO-HCCIE0BATENbCKOM pabOThI

Onenka 3¢ PeKTUBHOCTH NMPUMEHEHHUS HOBOTO
000pymOBaHHS

Ilepeuyens rpapuyeckoro MaTepuajia (C TOYHBIM YKa3aHUEM 00s3aTEIbHbIX YEPTEKEi):

1. Mampuya SWOT
2. Jluneiinvui kanreHoapHulil 2pagux

\ Jara BeIjayu 3alaHuA AJ1d pa3aeia 1no JUHeHHOMY rpaguxky \

3aganue BbIaaJa KOHCYJBTAHT:

JloJIzKHOCTD DdOUO

Yuenas
CTCIECHb,
3BaHMe

IMoanucon JlaTa




HoueHnt
OTACICHIA Pomanrok B.b. K.3.H.
HepTEerazoBoro
Jena
3agaHue NPUHS K MCIIOJIHECHMIO CTYAEHT:
I'pynna (017(0) Hoanuch Hara
2bM92 D3epbaes N.E.
3AJJAHUE J1JIA PA3AEJIA
«COUAJIBHASA OTBETCTBEHHOCTb»
Crynenrty:
I'pynna DOHUO.
2bM92 O3epbaeB Mcnam EmupanoBud
HIKOJIA WILITP Otnenenne (HOII) Hedrerasosoe
Jleno
YpoBensn Marucrparypa HanpaBiienne/cnenuaibHOCTh 21.04.01.
o0pa3oBaHusA Hedrerazosoe
JeJ10

Tema qunaomHoi padorsi: «IloBbimenust 3¢ pextuBHocTH KpemaeHuss HI'Cy»

I/ICXOI[HI)Ie HJaHHBIC K pa3jiely «C‘Olll/la.]'lbl-laﬂ OTBETCTBEHHOCTb)».
OOBEKT Uc ciiemoBanus: TeXHOIIOr UK KpCIJICHU S CKBAXXWHBI U ITOUCK BO3MOKHBIX HyTCfI

COBCPUHICHCTBOBAHU A TCXHOJJOIMU KPCIIJICHU S CKBAKUH.

Obnacts npUMEHEHUS: Oy peHNEe HePTAHBIX ¥ FA30BbIX CKBAXKUH, Pa3JINYHOM TPACKTOPHHU U NP O ML,

3aKa49YMBaHUC U KPCIIJICHUC CKBAKU HBI.

IIpaBoBbIe U OPraHM3aMOHHbIE BONPOCHI 00 ecneYe HU

06e3omacHOCTH

e cCrenuaigbHbIE (XapaKTepHBIE MPH IKCIITyaTAluU 00 bEKTa
HCCIeTOBAHUS, IPOEKTUPYEe MO paboueil 30HbI) IPaBOBHIE
HOPMBI TPYAOBOI'O 3aKOHOIaTEJIbCTRA,;

® OpraHn3alfuOHHBIC MECPONPHUATHSA TPU KOMITOHOBKE
paboueii 30 HblI.

TpynoBoit kogexc Poccuiickoit denepanuu
otr 30.12.2001 N 197-®3 (pex. ot 27.12.2018),
CanlluH 2.2.2/2.4.1340 — 03. Bompocs! 1o
6e30macHOMN 3K CITyaTan i 00beKTa, Ha
KOTOPOM NPOU3BOAUTCS OypeHue
NpelCTABJICHBI B IPHUKa3e
T'ocroprexnanzopa ot 09.04.1998 N 24
«[1paBuia 6e30macHOCTH B HEPTSHOH U
ra3oBoii npombmuieHHOCTH PJI 08-200-98»:
TpebGoBaHus K TEPPUTOPHHU, OOBEKTAM,
MOMEIIeHU M, padodnM MecTaM;
TpeboBaHHA K 6€30I1aCHOMY BeICHUIO padoT
TIPU CTPOUTEIHCTBE HEPTAHBIX M TA30BBIX
CKBaJXXWH; OypeHHE H T.1.

IlepeyeHs BOMPOCOB, MO EKAUIMX HCCIET0BAHHIO, TPOEKTHPOBAHUIO U pa3padoTke:

1. Ilpou3BoacTBeHHAs 0€30NaACHOCTDH
AHanu3 nokazaTeJeii myma u BuGpanuu
e YCTaHOBIEHME COOTBETCTBHE IMOKa3aTeIeH
HOPMATHUBHOMY TpeO0BaHUIO;
AHanu3 nokazaTeJjeii MUKpOKJIUMATA
e TI0Ka3aTeJN TEMIIEPATypHbBIE, CKOPOCTH ABIDKCHHUS
BO3/yXa, 3aIIbIJICHHOCTH.
AHATHN3 OCBEIIEHHOCTH Paboyeii 30 HbI
e TUIIBI JAMI, UX KOJINYECTBO, COOTBETCTBHE
HOPMATHBHOMY TPEO.OBaHHIO OCBELICHHOCTH;
® IIpU pacueTe OCBEIEHUS yKa3aTh CXEMY pa3MelleHHUs
CBETHJILHUKOB Ha IOTOJIKE COITIACHO NPOBEJECHHOMY
pacuery.

K BpenHbIM ¢akTOpaMm, KOTOpPBIE MOTYT

BO3HHMKHYTh Ha pabodeM MecTe TpHu
MPOBENEHUA  HMCCIENOBAHMHA  OTHOCSTCS:
MHUKpOKJIUMAT, LIyM, O3JIE€KTPOMAarHUTHBIE

T0JIs1, OCBEIICHHE.

Pabora 1O CTpPOMTENBCTBY HAKIOHHO-
HaIpaBJIEHHBIX CKBa’XKHH Ha KycTe
He(Tera3soBbIX MECTOPOXIECHUIl CBsA3aHaA C

JONOJHUTENBHBIM  BO3AEHCTBUEM  LEJOH
IpYILIBI BPEIHBIX (haKkTOpOB, 4TO
CYILECTBEHHO CHIDKAeT




AHANTHN3 31eKTPOo0e30MaACHOCTH
HAJIMYHE 3IEKTPOUCTOYHNUKOB, XaPAKTEP UX OMACHOCTH;
YCTaHOBJIEHHE KJIAacca 3IEKTPOOIaCHOCTH IIOMEIIEHHU S, a
Taxoke 0e30MacHble HOMHUHAJbBI TOKA, HAIIP DK CH U,
CONPOTHBICHUS 3a3€ MIECHHS.
P pacdeTe 3a36MIEHHS YKA3aTh CXEMY pa3MeIleHHs
3a3eMIIUTEISI COTTIACHO NP OBEICHHOMY pacuerTy.
AHANTH3 N0KAPHOI 0e30IacHOCTH
MPUCYTCTBUE TOPIOYUX MATEPUATIOB, TEM CAMBIM,
MIPUCYTCTBUE MOBBIIIEHHON CTEMEHHU M0XKapOOMacHOCTH.
KaTeropuu MoxkKapoonacHOCTH NOMEIEHU S, MapKHI
OTHETyIINTEeNeH, UX Ha3HaueHMUe.
Pa3paborars cxemy 3BaKyallly IIPHU IOKape.

MPOU3BOJMUTENBHOCT Tpyaa. K  Takum
(hakTOpaM MOIKHO OTHECTH:

1. TIloBblmieHHas  3alBUICHHOCTE |
3ara30BaHHOCTH BO3/1yXa pabodeii 30HbI;

2. lloBplmeHHas WIH  TIOHUJXKCHHAS
TeMIeparypa Bo3ayxa padoyeil 30 bl

3. IloBBIIICHHBIH YyPOBEHB BUOPALIUH.

4. IloBbIIICHHBIH YPOBEHB LIIyMa.

3. Henocrarounas

pabouei 30HEIL.

OCBCIIICHHOCTH

K onacueiM ¢akxTopam pabodell 30HBI, B
KOTOpPOl ~ NPOM3BONMTCS  HCCIEHOBAHHC
OTHOCAT: OIIACHOCTh MOJXKapa,
MO PaKEHUS ITEKTPUIECKAM TOKOM.

Ha xycTe HedTera3oBBIX MeCTOPOXKACHUN

OIIaCHOCTh

B IIPOI[ECCE CTPOMUTENHCTBA CKBAXKHH MOTYT
BO3HUKHYTbh OIIACHBIE CHTYAIIUH IS
00CI1y’)KMBAIOIIET0 NEPCOHANA, K HUM
OTHOCATCS:
1. JIBMKyIinecst MallnHbl 1 MEXaHH3Mbl;

IO ABHKHBIE YaCTH TP OU3BOACTBEHHOTO
000pyIOBaHUS; IIEPE IBUTAIOIIN €CS 13 I JIHS;

2. IloBblIE HHOE 3HAYCHNE HATIPSDKCHUS B
AEKTPHIECKOHN ETIH;

3. Pacmonoxenue pabodero mecra Ha
3HAYUTEIbHOU BEICOTE OT 36 MIIHU.

4. Ilo>xapa-B3pOBOONACHOCTD

2. DKoJoruyeckas 60e30MacHOCTh:

3aIluTa CeNUTEOHON 30HBI

aHaJNMU3 BO3AeHCTBUS 00beKTa Ha aTMOChepy (BBIOPOCHI);
aHaJH3 BO3I el cTBUA 00beKTa Ha THApochepy (cOPOCH);
aHaJH3 BO3J el CTBUA 00beKTa Ha tuToCchepy (0TXO0bI);
pa3paboTaTh peleHus Mo 00.eCeYSHHIO IKOIOT U9 eCKO M
6e3omacHocTu co cchuikamu Ha HT J] o oxpane
OKpYIKalolieil cpeasbl.

B npornecce cTpoutenbscTBa CKBasKHH Ha
MECTOPOXJICHUHU Oy 1eT OKa3bIBaThCs
HEraTHBHOE BO3/€HCTBUE Ha OKPY KAIONLYIO
cpeny, Takoe Kak:

— 3arpsi3HEHUE aTMOC( EpPHOTO BO3LyXa
BCJIEICTBHE BELOPOCOB BBIXJIOIIHBIX TA30B;

— MEXaHNUYECKOE U XMMHUUYECKOE 3aTrpsA3HEHUE
BOJIOOTBO/IOB

— HapyllleHUE €CTECTBEHHbIX CBOWCTB
re0J0ru4eCcKoi Cpenbl.

3. be3onacHOCTh B Ype3BbIYAHHBIX CUTY ALl UAX:

nepedeHs Bo3MokHBIX YC npu pa3paboTke u

9K CIITy aTAIluHU MPOEKTHPYEMOTO PEIICHH S,

BEIOOD Hambonee Tunnanoit UC;

pa3paboTKa NpeBEHTHBHBIX Mep 1o npeaynpexnennto UC;
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BBenenue

Ha  ceromnsmuHuil  1€Hb  NPAKTUUYECKM  BCE  JIETKOJOCTYITHBIE
MecTopoxJaeHuss Heptu u raza B Poccum yxke paspaboranbl. CoBpeMEHHBIC
peanuu AUKTYIOT HEOOXOJMMOCTh TMOMCKA, pa3pabOTKH W MPUMEHEHHUS HOBBIX
TEXHOJIOTUH, CIIOCOOCTBYIONMMX CHUXCHHUIO JICHEKHBIX U BPEMEHHBIX U3JEPKCK
Ha BCEX 3TAnax CTPOUTEIbCTBA CKBAXKUHBI. B 4aCTHOCTH, HA CTAJIMU KPEIJICHUS.

Dtal KpenjeHus CKBa)KUHBI SBJIETCS OJHUM U3 CaMbIX BaXkHbIX. K criycky
KOJIOHHBI W IIEMEHTHPOBAHMIO MPUKOBAHO 0CO0OE€ BHHMMAHHE H3-3a BBICOKOM
BEPOSATHOCTH BO3HUKHOBEHHUS OCJIO)KHEHUM M aBapuil. OT 3¢ (HEeKTHUBHOCTH U
KaueCcTBa BBINOJHEHMUS JIAHHOTO J3Tamna 3aBUCUT  JaJIbHEUIIEE  BpeMs
AKCIJIyaTalMy CKBaKHH.

AKTyaJIbHOCTb pOoO0JIEMBI OnpeIesieTcs HEO00XO0 MO CTBIO
COBEPIICHCTBOBAHMS TEXHOJOTHMM M TEXHHUKHU KpEIJICHUS HE(PTSIHBIX U Ta30BBIX
CKBa’>XHH.

lens paboThl: aHANUM3 TEXHOJOTHH KPEMJICHUS CKBaXXUH M TMOUCK
BO3MOXHBIX ITyTEN COBEPIICHCTBOBAHUS TEXHOJOTUU U TEXHUKH.

JIns  NOCTHKEHUsT TOCTaBJICHHOM 1enu Obui  chOpMYyJUPOBAHbI
CIENYIOIINE 3aJaUH:

1. paccMOTpeTh COBPEMEHHOE COCTOSHHE TEXHOJOTMH U TEXHHUKH
KperieHUs HEPTSHBIX U Ta30BbIX CKBAXKHUH;

2. TpoaHAJIM3UPOBATH COBPEMECHHBIC HAIIPABJICHUS COBEPIICHCTBOBAHU S
TEXHOJIOTUU U TEXHUKHU KPEIJICHUS CKBAKHH;

3. TpOBECTH aHANM3 HanOOJIee MePCIEKTUBHBIX HAIIPaBJICHUH.
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1. CoBpemMeHHOe COCTOSTHHE TEXHOJOTHMM M TEXHUKHM KpeILIeHus
He(TSAHBIX M Fa30BbIX CKBAKHH

1.1. Cnoco0Obl HEMEHTHPOBAHHUS CKBAKUH

OcHOBHBIE 3aJlaud LEMEHTHPOBAHUS: pa300IIeHHE TOPU30HTOB JAPYT OT
Ipyra U OT NOBEPXHOCTH; 3aKPEMJIECHHE CTEHOK CKBaXXMH; 3alllTa 00cCaJIHBIX
KOJIOHH OT KOPpPO3MOHHOIO BO3AEHCTBUS IUIACTOBBIX (DIIIOMIIOB; YJEp)KaHUE B
MOJIBEIIEHHOM COCTOSIHUM 00CaJHON KOJIOHHBI.

['pynnsl cnoco6oB:

*  NEpBUYHOE LIEMEHTUPOBAHMUE;

*  BTOPUYHOE [IEMEHTHPOBAHHE.

[lepBUuHOE IEMEHTHPOBAHUE OCYHIECTBISETCA Cpa3y K€ IMOCJEe CILyCKa B
CKBa)XMHY OOCAJHOM KOJOHHBI U HMMEET LEJbI0 pa300LIeHUEe MPOHMIIAEMbIX
IUIACTOB APYT OT Apyra U 3alllUTy Hapy>KHOU MOBEPXHOCTH 00CaTHON KOJOHHBI OT
KOPPO3HUH TUIACTOBBIMH KUJIKOCTSIMH, a TAKKE MOBBIIICHUE YCTOMUNBOCTH CTEHOK
CKBa’KUHBI U 00CATHON KOJOHHBI.

CriocoObl MEPBUYHOTO IEMEHTUPOBAHUS:

*  mpsiMoe ogHocTyneHyartoe (¢ 1 win 2 pa3aenuTenbHbIMU IPOOKaMH);

*  IpsAMOE JBYXCTYINEHYATOE;

*  IpsAMOE MaH)XETHOE (MaHKETHO-CEJIEKTUBHOE);

 obpartHOE;

*  BCTPEUYHBIMHU NOTOKAMU;

*  KOMOMHHMpPOBAHHOE;

LIEMEHTHUPOBAaHHUE XBOCTOBUKOB / cexuuii OK.

Bropuunoe LEMEHTHPOBAHHUE — 3TO JOTIOJTHUTEIIbHAS

omepanus  LUEMEHTHUPOBaHMS  (0JHA WIM  HECKOJIBKO), KOTOPYIO
OCYILIECTBJIAIOT BO BpEMSI OKCILTyaTAllUd CKBAXXUHBI B NEPUOJ, CIEAYIOUHHA

1ocje NePBUYHOIO IEMEHTUpOBaHus. BropuuHoe LEMEHTHPOBAHUE

CBSI3aHO C 3aKaHUYMBAHUEM CKBa)XXWHBI WJIM TPOBEJCHHUEM B HEH

PEMOHTHBIX pabOT MOCIIE BCKPHITHUS MPOTYKTUBHOTO TOPU30HTA.
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1.1.1. llpsimoe OAHOCTYNNEHYATOE IEMEHTHUPOBaHHE

IlemeHTHpOBaHNE TMPOU3BOJUTCS 3aKAUKOM TaMIOHAXXHOTO pacTBOpa B
obcannyio kojoHHy (OK) c mocnenyromeil ero mpomaBkoil uepe3 OaliMak B
3aTpyOHO€ mpoctpaHcTBO. (Pucynox 1) Peanmsyercss B onun npuém. Cxema
npocTa B peanu3aiuu, 1aéT BBICOKOE KaueCTBO IEMEHTUPOBAHMUS M IPHUMEHSICTCS
B 90 — 95% cny4aeB (Bcex 3aJIMBOK).

TexHomornueckasi OCHaCTKa KOJOHHBI: HM3 — OammmMak, oOcajaHas TpyoOa,
OOpaTHBIN KJIAMaH CO «CTOM-KOJBIIOMY»; HApyXKHAsI MOBEPXHOCTH — IEHTPATOPHI

(bonapm), TypOyIHM3aTOPHI; BEPX — IEMEHTUPOBOYHAS TOJOBKA, MPOOKA.

& 4 - ‘é:u@
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HE
B "I DTC’
ol B g p =¥ b g 9,
a 6 8

Pucynok 1 — Cxema npsimoro oJHOCTYNEHYATOr0 HEeMEHTHPOBAHUSA C
O/THO ¥ Mp o0 Koii:

a) 3akayka OOJIETYEHHOIO0 TaMIOHAXXHOTO pacTBOpa, pacTBOpa
HOPMAJIbHOM

IJIOTHOCTH nocie 0y hepHOH KU IKOCTH;
0) cOpoc pa3aenuTenbHol NpoOKU, Mpo1aBKa TAMIIOHAXKHOTI'O pacTBOpPA B
3aTpyOHOE MPOCTPAHCTBO C MOMOILBIO IPOAABOYHOM KU AKOCTH;

B) nocajka pa3aenuTenbHon npoOKu B «CTOM-KOJBIIO,
CONPOBOJKIAIOIIEEeCs CKAYKOM JIaBJICHUSI Ha LEMEHTHUPOBOYHOI T'OJIOBKE,

KOHCII HEMCHTHUPOBAHMUA.
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CxeMa mpsIMOr0 OJHOCTYIEHYATOrO LIEMEHTUPOBAHUS C IBYMS MPOOKaMHU

n3o0pakeHa Ha pucyHke 2. llpenmymecTBa JaHHON CXEMBI: JIydllee KadyeCTBO

TaMIIOHAXHOI'O KaMHA  Ha

Irpanune pas3aciia

«OybepHass KHJIKOCTb

TaMIIOHQKHBIM paCTBOP»
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Pucynok 2 — Cxema npstMOro 0JHOCTYN €HYaTOr0 [IEMEHTUPOBAHMUS C
JIBYMS MPOOKaMHU:
1 — ueMeHTHpPOBOYHASA FOJIOBKA; 2 — HUXKH A poOKa; 3 — eHrpartop; 4 —
o0cajHas KOJIOHHA; 5 — 00paTHBIN Ki1anaH; 6 — 6alIMak KOJOHHBI; 7 — BEPXHSIS
npoOKa;

8 —1IleMeHTHBII PacTBOP.
a) cOpoc HMXKHEW MpoOKM 2, HAYaI0 3aKaYKH TAMIIOHAKHOTO pacTBopa 8
nocie 0y epHo )KUJIKOCTH;

0) cOpoc BepxHel mMpOOKH 7, HayaJl0 3aKa4KH MPOJABOYHOMN JKHMJIKOCTH
nocJje

TaMIOHAXXHOTO pacTBoOpa §;
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B) TMoOcajka BEpXHEHl  NPOJAaBOYHON  MPOOKHU 7 B
HUDKHIOIO 2, COINPOBOXKJAIOIIEECs] CKAauyKOM JaBJIEHHS Ha LIEMEHTHPOBOYHOM
roJIoBKE 1, KOHEeIl IEMEHTUPOBAHMS CKBAKUHBI

1.1.2. lIpsimoe ABYXCTyNmeHYaTOE IEMEHTHUPOBAHHE

[IpssiMoe nOByXCTymeHYaTOE LHEMEHTUPOBAHUE MPEANIOUTUTENBHO:
IpU  BBICOKOM BEPOSTHOCTHU TUAPOPA3PhIBA TOPHBIX MOPOJ] 32 CUET OOJBIIOTO
pacyeTHOro 3a00MHOTO JaBIeHHUS B KOHIE LEMEHTHPOBAHUS; PacCUETHOM
JMABJICHUU Ha IIEMEHTHUPOBOYHON TOJIOBKE, OOJbIIEM, 4YEeM MaKCHMaJlbHOE
JABJIEHUE, pA3BUBAEMOE I[IEMEHTUPOBOYHBIM arperartoM; HEOO0XOJIUMOCTH
OJJTHOBPEMEHHOI'0 Y4YacTHs YpPE3MEPHO OOJBIIOTO 4YHCIa LEMEHTHPOBOUYHBIX
arperaToB M CMECHUTEJIBHBIX MAIIUH; OOJBIIOM BPEMEHHU LIEMEHTUPOBAHUS;
pPa3IMYHBIX TEMIIEPATYPHBIX YCIOBUSIX.

CymHOCTh  JBYXCTYIIEHYATOI'O LEMEHTHUPOBAHMUS: BECh
MHTEpBaJl LUEMEHTUPOBAHMS JEJIUTCS Ha ABE 4acTu (ctymneHu). Ilpu stom

KOJIOHHA cHa0xaeTcs My proil ctyneHuaToro ueMentupoBanua (MCLI). [ ctynens
LHEMEHTHUpyeTcsl uepe3 Oammak o00cagHOM KOJOHHBI (KaK TpU MPSAMOM
OJTHOCTYNEHYATOM cnoco0e IeMeHTupoBaHus), a Il cTynmeHp UeMEeHTHUpyeTCs
yepe3 MCII. Tlpu strom cmoco0Ge HCIONB3YIOTCS EMEHTHUPOBOYHBIE TOJOBKH
2I'TLY unm 2 TTIK.

Cy11ecTBYyeT HECKOJIBKO TEXHOJIOTHYECKUX CXEM:

* 10 KOJIMYECTBY MPOOOK:

O  C4YeThIpbMs NMpoOKamu (1O JBE HA KAXKIYIO CTYICHbB);

o ¢ Tpems mnpoOkamu (ogHAa — I TEPBOM CTYNEHH, OJHA -
YO paBISOIIAs, OAHA — JJISl BTOPOU CTYNEHU (BEPXHsA));

O ¢ JABYMs NPOOKaMU M OJHUM YIPABISIIOIINM IIAPOM.

* 110 BpEMEHH 3aKaYMBaAHUSA:

o 0e3 pa3phiBa BO BPEMEHHU (TaMIIOHAKHBIA PacCTBOP BTOPOW CTYIEHH

3aKaHYMBAETCS HEMOCPEICTBEHHO MOCIE 3aKaUuKH NepBOii);
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O € pa3pblBOM BO BpPEMEHH (TaAMIIOHAXHBIA PAaCTBOP BTOPOM CTYNEHHU
3akayuBaercs nociue O3L nepBoii cTyneHn).

*  II0 MHTEpBAJIaM LHEMEHTHUPOBAHMUS:

o 0e3 pa3pplBa B MPOCTPAHCTBE; O C pa3pblBOM B

NPOCTPAHCTBE (Ceiiuac He IOy CKaeTCs).

Ha pucynke 3 mnoka3aHa cxeMa JBYXCTYNEHYATOTO IIEMEHTUPOBaHWS,
KOTOpasi IPOXOIUT B 5 3TAIIOB:

1. 3akayka TaMIOHAXXHOTO pacTBOpa 3 JJIsi HUKHEH CTyNEeHU;

2. mepen mocaakoi 1-oi mpoOkM 2 Ha «CTON-KOJBIO» 9, copoc 2-oit
npoOKHU;

3. mnocanaka 2-oi npoOku 11 Ha yaepKuBaIONIYIO BTYIKY 6, Cpe3 HMIMHIEK
1, ee onyckanue 10 ynopa, oTkpbitue orBepctuii 7 B MCLI, mpoMBIBKa BEpXHETO
uHTepBana BoBpems O31] 1-oi crynenu;

4. T1EeMEHTUpPOBAHHME BTOpPOM cTymeHu, cOpoc 3-eii mpobku 12, ee
PO/ aBKa;

5. mnocanka 3-eil mpoOku 12 B BEpXHIOI BTYJIKY 5, cpe3 IIMWIEK, €
ONyCKaHWE 10 HUKHEHN BTYJIKH, 3aKkpbiTue oTBepcTtui 7 B MCII, momeHT «CTOID» -

OKOHYaHUE NEMEHTHUPOBAHUS BTOPOM CTYIIECHHU.
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Pucynok 3 — CxeMa JByXCTYNE€HYATOTO LIEMEHTUPOBAHUSI:

1 — mmuneky; 2 — nepBas NpooKa; 3 — TaMIIOHAXHBINA PaCTBOP IS
[IEeMEHTUPOBaHuUs 1-0if cTynenu; 4 — obcagHas KOJOHHA, 5 — BTYJKa, 6 —
yaep KABaromas BTYJIKa,

7/ — oTBepcTHus, 8 — ynop, 9 — «cron-koubmo», 10, 13 — npogaBouHas KU JIKOCTb,

11 — Bropas npoOxa, 12 — TpeThst npoOKa

1.1.3. llpsimoe MaH)KEeTHOEe IEMEHTUPOBAaHHE

ManXeTHBIN c1OCO0 IEMEHTUPOBAHUS MPUMEHSIOT B T€X ClydasiX, Korja
HEOO0X0IMMO MPEAYNPETUTH 3arPSI3HEHUE [IEMEHTOM MPOYKTUBHBIX TOPU30HTOB.

MamnxetHbiii nepeBogHUK win [1IM (pucyHok 4) ycTaHaBIMBaeTCs BBIIIE
NPOAYKTUBHOTO Topu3oHTa. HuxHss nmpoOka 7 caauTcsi Ha «CTOI-KOJbLO» 8§,
COCIMHEHHOE C HW)XHEW BTYJIKOM IIEMEHTUPOBOUHOM My(ThHI, 3a cueT pocra
JABJICHUS CABUTAET €€ BHU3 M OTKPHIBAET OOKOBBIE OTBEPCTHUS 2, Yepe3 KOTOPhIE

BBITECHSIETCS TAMIIOHAXXHBINA pacTBOp 6.
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PucyHox 4 — Cxema MaHXETHOIO IEMEHTUPOBaHHUSL:
1 — mMamxeTa; 2 — oTBEpCTHE IS IEMEHTUPOBAHHUS;, 3 — MPSAMOU KIIalaH;
4 — naTpyOOK C MAHXKETOW; 5 — BEpXHsA pa3lleIuTeabHas NpoOKa; 6 — IeMEHTHbIN

pacTBOp; 7 — HUXKHSIS pa3ieNuTenbHas npooKa; 8 — CTON-KOJbI0; 9 — QUIbTp

Knanan 3 mnepekpblBaeT JOCTYIl B HHUXKHIOK 4YacTh KOJOHHBI. Ilpu
3aKayke IIEMEHTHOIO0 pacTBOpa MaHXkeTa | pacKpblBaeTcsi W TEPEKpPbIBACT
3aTpyOHOE MPOCTPAHCTBO TaKUM o0pa3oM, dYTO pacTBOpP  MOXKET
NpOXOAUTH TOJBKO BBepX. Mamnxera mnpencraBisieT co00il  BOPOHKY,
W3TOTOBIIEHHYIO U3 Ope3eHTOBOM TKaHU BbicoTOM 60 — 70 cM, nuamerpoM Ha 30%
00JIbIIIE CKBAKUHBI.

BepxHsas npoOka 5 caauTcsi Ha BEPXHIOIO BTYJKY, CIBUTAET €€ BHU3 JO
yrmopa B TOpell NepBOi MpOOKH U 3aKpbiBaeT oTBepcTus 2 B Mydre. IIpomaBka
NPEKpaIlaeTcs U Npolecc UEMEHTUPOBAHMS HA 3TOM 3aBEPIIACTCS.

1.1.4. Ilpsimoe MaH)KETHO-CeJeKTUBHOE IEMEHTHPOBaHMeE

CenexTuBHOE  UIEMEHTUpOBaHUE (PUCYHOK 5) TOPHUMEHSIOT  Ha
MECTOPOXKJICHUSIX C HU3KUM IJTACTOBBIM JIaBJIEHUEM, C CUJIbHO JPEHUPOBAHHBIMH,

NOJIBEP)KEHHBIMU TUAPOPA3pPbIBY IJIaCTAaMU M B CIIy4yae MCIIOJb30BaHUS
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TEXHOJIOTUH, NPEAYNPEKIAAIIEHN  KOHTAKT NPOAYKTMBHOW  TOJIIU €

TaMIIOHA)KHBIMHA paCTBOPAMMU.

%)

7 AN

®
<

Pucynok 5 — Cxema KOMIIOHOBKM HM3a JKCIJIYyaTAallHOHHOW KOJOHHBI U
TEXHOJIOTUS CEJIEKTUBHOI'O LIEMEHTUPOBAHHUSI CKBaKUHBI:
1 — skcrtyaTaliMOHHHAS KOJIOHHA; 2 — BEpXHEE NaKepylollee yCTPOICTBO;
3 — puabTp; 4 — HUKHEE NAKEPYIOLIEee YCTPOHCTBO; 5 — pE3UNHOBOE «CTOI-
KOJIBIIO»;
6, 7, 8 — HHXKHSS, MPOMEXKYTOUHAS U BEPXHS MPOJAaBOUHBIE MMPOOKHU;

9 — nponyKTUBHBIN TUTACT

OTtanbl HEMEHTUPOBAHUS TIPU ATOM:

1. mpoMBIBKa CKBaXKHUHBI TIEPE]] IEMEHTUPOBAHUEM;

2. 3akauyka OyQepHOW >KHUAKOCTH ¥ TAMIIOHAXHOM CMECH TMepBOM
CTYNEHU IIEMEHTUPOBAHMS, IMYyCK B KOJOHHY M TOCAaJKa HHUXKHEH
[IEMEHTUPOBOYHOM MPOOKU Ha HUXKHEE MaKePYyIoIee YCTPONUCTRO;

3. OTKpBITHME TEXHOJOTMYECKOTO KialaHa U LEMEHTHPOBOYHBIX OKOH
MydThI, mpombiBKa ckBaxuHbl. [locme O31] 3akauka OydepHON KUAKOCTH H

TaMIIOHA)KHOM CMECH BTOPOW CTYNEHHM LIEMEHTHUPOBAHHUS, IIYCK B KOJIOHHY U
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mocajJka BepXHEH  I[EMEHTUPOBOYHOM TMpoOku B  My(dTy, 3aKkpbITHE
[IEMEHTUPOBOYHBIX OKOH;

4. 3aBCPHICHUC OIICPpAll U HCMCHTHUPOBAHMA.

1.1.5. O0paTHOE IEMEeHTHUPOBAHME

Ob6nactb  mpuMeHEHHSs  OOpaTHOTO  IIEMEHTHUPOBAHMS:  BBICOKAS
BEPOSITHOCTHh TIOTJIONICHUS TaMIIOHAXHOTO pacTBOopa; Ha OypoBO#l IuTOIMIAaKe
HENIb3sS COCPENOTOYMTH JOCTAaTOYHOE YHCIO MOIIHBIX HACOCOB U
IIEMEHTHUPOBAHUS IPSIMBIMH CIIOCOOAMMU.

Ha pucynke 6 mnoka3ana cxeMa LEMEHTHPOBAHHS C YIPaBIAEMbIM

06paTHLIM KJIaIlaHOM.
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— NPOMLIBOMHARA XMHAKOCTE R -~ TamnNoHIKHLIN pacTeop

Pucynox 6 — KomnoHoBka Jj1s1 00paTHOTO crioco0a IeMEHTUPOBAHUS C
yIpaBlsieMbIM OOpPATHBIM KJIallaHOM:
1 - neMeHTUPOBOYHAS FOJIOBKA; 2 — pOTOP; 3 — BBOJ B MEXTPYOHOE
IIPOCTPAHCTBO;
4 —ipeBeHTOP; 5 — MO PEBEHTOPHbIE JINHUM; 6 — 00cagHas KOJIOHHA;

/ — TEeXHOJOTUYECKas KOJIOHHA; § — yIpaBiIsAeMblii 00paTHBIN KiamnaH; 9 — ammMak
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JlaHHBIN cIOCO0 MPOXOAUT B 3 3Tamna:

1. 3akadka TaMIOHAXXHOTO PACTBOpPA B 3aTPYOHOE MPOCTPAHCTRBO.

2. IlponmaBnuBaHuUE TEepPBOU NOpIMH  TaMIOHAXHOIO pacTBOpa
B TEXHOJIOTUYECKYIO KOJOHHY.

3. HpOMLIBKa TEXHOJIOTHUYE€CKOM KOJIOHHHI.

1.1.6. lleMmeHTHUPOBaHME BCTPEUYHBIMHU MOTOKAMH

Hcnonp3yercs Npu HaJUYUM B pa3pe3e CKBaXXMHbI NPOHULIAEMBIX
OTJIOKEHHI ¢ HU3KMMH I'paIM€HTaMU IJ1acTOBOTO naBieHusa. Crnocod HE3aMEeHUM,
KOTJla UMEIOTCSI HEU30JIMPOBAHHBIE 30HbI MOIIOMIEHHUS BBICOKOW MHTEHCHUBHOCTH
— Goutee 6 M*/4, 0XKUTAIOTCS MOTMOMIEHHS TAMIIOHAKHOTO PACTBOPA MPH MEpemnaie,
PaBHOM  pa3HOCTH 3HAYEHHUH  TUAPOCTATUYECKOTrO  JIaBJICHUSA  CTOJIOOB
TaMIIOHAXXHOTO ¥ OypOBOTO pacTBOPa, B pa3pe3e BCTPEUAOTCS IJ1aCThl, CKIIOHHBIE

K THAPABIMYCCKOMY pPa3pbiBY IIPH MJAaBJICHHAX, BO3HHKAKOIIHUX B IIPOLCCCC

1 y
i

/7

o
(o,
(=0 — npoMBIB 0YHAA AMIKOCTH  [RNNSNY ~ TAMITOHAKHBIT PACTEOP
HECMCHTHUPOBAHMN.

Pucynoxk 7 — Cxema crmoco6a nieMeHTUPOBAHUS BCTPECUHBIMU TOTOKAMMU:
1- meMeHTHPOBOYHAS TOJIOBKA; 2 — BBOJ B MEXKTPYOHOE IPOCTPAHCTBO; —

poTop;
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2- 4 —peBEeHTOP; 5- MOANPEBEHTOPHbIE TMHUH; 6 — 00caiHas KOJOHHA;

[/ — TexHONOrn4eckas KoJoHHa; 8 — o0paTHBIN KiiamnaH; 9 — 0ammaxk

IlemeHTHpOBAaHUE BCTPEYHBIMM MNOTOKAMH (PUCYHOK 7) MPOXOIUT B 3
JTarna:

1. 3akauka TaMIOOHAXXHOTO PACTBOPA B TEXHOJOTMYECKYIO KOJIOHHY U B
3aTpyOHOE MPOCTPAHCTBO.

2. IIpomaBka HEMEHTHOTO pacTBOpa B MOIVIOLIAOIIUM MIACT.

3. IIpoMbIBKa TEXHOJOTUYECKOM KOJOHHBI.

1.2 Ha3zemMHasi HEeMEeHTHPOBOYHASI TEXHUKA

1.2.1. IleMeHTHPOBOYHBIH arperart

LlementupoBounbsie arperatsl (I[A) npenHa3HaueHbl [JIsI HAaTHETAHUS
pabounx KUJIKOCTEH MpU LEMEHTUPOBAHMU CKBAXXMH B Ipollecce OypeHus u
KAallUTaJbHOTO PEMOHTA, a TaKXe IMpH MPOBEACHUU JPYTrHUX MPOMBIBOYHO
MPOJaBOYHBIX PA0OT HA HEPTIHBIX U TA30BBIX CKBaKUHAX.

B mponecce nemeHtupoBaHus ¢ NOMOIIBbHO [[A MOXHO BBINOJHSATH
CIEAyIOUIMEe 3aJaud: NoJaudy >KAJAKOCTH 3aTBOPEHUS B THIPOCMECHUTEIIHLHOE
YCTPOUCTBO I[EMEHTHO-CMECUTEILHONW MaIllMHBI, 3aKauyky Oy(hepHON >KUAKOCTH,
TaMIOHAXHOTO  pacTBOpa M  MNPOJABOYHOM  KHUJIKOCTH B  CKBaXUHY;
aKKyMYJMPOBaHHUE PAa3TIMUHBIX KUJAKOCTEN B MepHBIX Oakax L[A; mpuroroBieHue
Oy hepHBIX KUAKOCTEH U IPYTUX COCTABOB.

[Io Tunmy wucnomuenus LA moxapa3gensrorcs Ha: BO3MOXKHOCTBIO

YCTaHOBKH Ha aBTOMOOMJIBHOE maccy; CTAMOHAPHBIC YCTAHOBKHU.
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CxeMma 1A Ha 6a3e aBTOMOOMIIA M300pakeHa Ha pUCYHKeE 8.

Pucynok 8 — Cxema L[A:
1 — maccu aBToMOOUIIA; 2 — peIyKTOp, KOpoOKa 0TOOpa MOIIHOCTH; 3 — OJI0K
BOJIOIIOIAONIMN € IIEHTPOOEKHBIM HACOCOM; 4 — HACOC; 5 — KOJIEHO MIaPHUPHOE;
6 — KOJIeHO MAapPHUPHOE CIBOCHHOE; 7 — 0aK MEPHBIN C IOHHBIMHY KJIallaHAMH; 8 —

06a4yok neMeHTHbBIN; 9 — Mmarudons; 10,11,12 — TpyOsI

OcHoBHbIe 351eMeHTHI LIA 1 ux npegHa3zHaueHue:
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* Hacoc BbICOKOro [aBi€HHA — TMpEIHA3HAYEH [JI1 HAarHETaHUs
pPa3IMYHBIX KU JKHX.

* Bojgomagarmmuii Hacoc ¢ OCH3MHOBBIM JABHUTATENEM («MAabIID») —
CILYKHT ISl Tepeladd  BOJbI B TUJIPOBAKYyMHBII CMECUTEIh

LEMEHTHOCMECHUTEIIbHOW MaIlIMHbI.

*  MepHblll 0aKk — CIYKXHUT AJsl XpaHEHHUs C MOCIEAYIOIIEH 3aKayKou
OydepHOil 1 MPOTABOYHON KUAKOCTEH, KUJAKOCTU 3aTBOPEHUS U TAMIIOHAKHOIO
pacTtBopa

*  bak w1 HEeMEHTHOro pacTBOpa — CILYKHUT ISl IPHEMA LIEMEHTHOTO
pacTBOpa U3 TUHAPOBAKYYMHOI'O CMECUTEIN S HEMEHTHO-CMECUTENBHON Malllu HbI.

«  (COopHO-pa30oOpHBI  TpyOONpPOBOJ  BBICOKOIO  JaBICHUS  —
pEIHa3HAYEH Ui COCJMHEHUS LEMEHTHPOBOYHOIO arperara ¢ pas3IndHOM
LEMEHTUPOBOYHOMN TEXHUKOW U IEMEHTUPOBOYHOM TOJOBKOM.

e Cucrema BpIxJIONa U o0OorpeBa o00OpPyIOBaHUS _ IO3BOJISET
OpPOU3BOAUTH O0OrpeB MPUEMHOI'O0 KOJJIEKTOpa, KapTepa Hacoca BBICOKOIO
JTABJIEHUS W KapTepa JABHUraTensl BOJOIOJAOMIEr0 OJIOKA, TakKe MPOU3BOAUTH
OpOAYBKY TpYOOINpPOBOJOB YCTAHOBKM BBIXJIONHBIMU Ta3aMH JBUraTeis IIacCH
(ynpaBieHHe HalpaBJIE€HMEM TIOTOKAa BBIXJIOMHBIX Ta30B MPOU3BOJUTCA C
MOMOIIBIO 3aCIOHOK).

*  KapnanHsle BaJibl M peJyKTOpa ISl IPUBOJAA OT TATOBOTO JABUTATEIsS

aBTOIIIacCCH.

1.2.2. lleMeHTHO-CMeCHUTEJbHbIE MaIIUHBI

Jiss  TpaHCHOPTUPOBAHUS TAMIIOHAKHBIX MaTEepUaloB K OypOBBIM
CKBa)XMHAM W IS MECXaHU3UPOBAHHOTO MPHUTOTOBJICHUS PACTBOPOB MPHUMCHSIOT
[IEMEHTHOCMECHUTEIbHBIC MAIllMHBbI, KOTOPhIE TMPUHITO HA3bIBATh yYCTaHOBKAMH

CMECHUTEIBHBIMHU («CMBIUKAMU).
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Ha pucynke 9 nzo6pakeHa nieMeHTHO-cMecuTenbHas mamuHa Y C6-30H.

h

1¢

12 11
Pucynok 9 — Cxema cMecutenbHoi yctanoBku Y C6-30H:
1 — kopoOka oTOOpa MOIIHOCTH; 2 — KapJlaHHbIE BaJibl; 3 — MPUBOJI 3arPy304HOTO
IIHEKa; 4 —3arpy304HbIi LIHEK; 5 — 3arpy304Hasi BOPOHKa; 6 — OyHKep;
7 —Bubparop; 8 — mpueMHas kKaMepa; 9 — 103UPOBOYHBIC IITHEKH;
10 — cMecuTenbHOE ycTpoicTBO; 11 — nomkpatel; 12 — aBTomaccu
YceranoBku YC6-30H npennazHaueHbl AJisi TPAHCHOPTHUPOBAHUS CYXHX

MOPOITKOOOPA3HbIX MaTEepPHaJOB, MPUTOTOBJICHUS TAMIIOHAXKHBIX PACTBOPOB H
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IPYTUX TIECUAHO-KUJIKOCTHBIX CMECEd TMpH IEMEHTUPOBAHUU HEPTIHBIX U
ra30BbIX CKBaXXWH, a TAK)KE MPUTOTOBJICHUH OyPOBBIX PACTBOPOB.

YcTaHoBKH pabOTalOT COBMECTHO C IIEMEHTHUPOBOYHBIM arperatom. Ot
BOJIOIIOIAI0IIEro 010Ka arperata (1u00 OT OCHOBHOT'O Hacoca) MOJBOAUTCS BOJA
B HEOOXO0JMMOM 00bEME K CMEIIMBAIOIIEMY YCTPOHCTBY YCTaAHOBKH.

OnHOBpEeMEHHO OOCCIICYMBACTCSA peryJupyeMas Iojlaya TaMITOHKHON
CMECH.

['oTOBBIN pacTBOp MOJACTCA HA OCPEIHUTCIBHYIO E€MKOCTh WIHM 0adok

3aTBOPEHUSI.

OcHoBHbIe 3neMeHThl Y C6-30H u ux npeana3zHadyeHue:

*  byHkep — npenHa3HaueH s aKKyMYyJUPOBAHUS TPAHCIIOPTUPYEMOT O
TaMIIOHXHOTO MaTepuajga M NpeAcTaBisieT co0OM BIaroHENPOHUIAEMYIO
€MKOCTh, OOKOBBIE M TMEpEIHsAA CTEHKM KOTOPOMl HMMEIT Yrojl HaKJIOHAa,
MIPEBBIMIAO NN €ECTECTBEHHBIN YT OJI OTKOCA EMEHTA.

e 3arpy304HO-BUHTOBON KOHBeHep (IIHEK) — MNOpeaHa3HAYeH s
03arpy3kd LeMEHTa B OyHKep 10 MOJHOW Tpy30MOJbEMHOCTH. BbINONHEH W3
NBYX CeKUMil. BepxHss cekuus ¢ HENOABMXXHBIM KOXYXOM BBape€Ha IOJI yrjioM
HETIOCPEJICTBEHHO B OYHKEp, B BEPXHEH YaCTH €€ UMEeTCs] KOHUUECKUN PelyKTOop,
C KOTOPBIM CBSI3aH KOHBEHED.

* BuOparop — mpenHa3HaueH sl T€HEpalMU KoJ€OAHUN, KOTOpPBIE
CIIOCOOCTBYIOT JIyYIIEMY OCBHIIAHUIO CyXOro IIEMEHTa CO CTeHOK OyHKepa Ha
JI03UPOBOYHBIE IITHEKU.

*  Jlo3upoBOUHBIE IIHEKM — NEpPEMEIAalOT CYXOW TaMIIOHAXXHBIN
MaTepuasl BHyTpU OyHKepa K MPUEMHONU KaMepe U CMECUTEIbHOMY YCTPONCTBY C
NOMOIIBI0  JABYX  JO3HMPOBOYHBIX  BUHTOBBIX  KOHBEMEpOB  (IIHEKOB),

pacIoioKEeHHBIX B OyHKEpe.
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e IlpuemHas kaMepa CMECHTEIBHOI'O YCTPOWCTBA BCEr1a NPUBApPEHA K
3aJHel CTeHKU OyHKepa, 1 Heo0XoauMa i1l IpuéMa IeMEHTa, KOTOPBIH MoaaéTcs
JO3UPOBOYHBIMY IIHEKAMHU, MOCIE YEro HEMEHT HAINPABISIETCA B CMEIIMBAOIIECE
ycrpoiicTBo. IlepenHsss CTeHKa NPHEMHONW KaMEpPbl HUMEET CMOTPOBOE OKHO,
3aKpBITOE€ NPO3PAaYHOM OTKUJHOM KpPBIMIKOM, IS BHU3YAJIBHOTO KOHTPOJA
MOCTYIUIEHHS TaMIIOHQXKHOTO MaTepuaga K CMECHTEIBHOMY YCTPOUCTBY, M
CILy>KUT 0a30H ISl KpEeNJIEHU S 3aJHUX OIOP JO3UPYIOIIMX BUHTOBBIX KOHBEHEPOB.
B HuHXHENH YacTH NPHEMHOW KaMepbl pacloONiOXKEHa 3aciOoHKa ¢ 3yOuareiMH
pelikaMu U TNPUBOAHOM PYKOSTKOM MJisi €€ BBIABMKEHHUSA. B TpaHCOpTHOM
MOJIOKEHUH 3aCJIOHKA 3aKPBIBAET IPUEMHYIO KAMEDPY.

* (CMecuTenbHOE YCTPONCTBO KpemsarT K (QuiaHIly NPHUEMHON KaMepbl
NOMOIIBIO JIBYX IOJIyXOMYTOB, OJAMH W3 KOTOPBIX HEINOJBM)XHBIA, a JAPYrou —
OTKHJHOW. PaboTaer no npuHIMMIy CTPYMHOIr0 Hacoca (3:KEKTopa).

1.2.3. Baoku manndoabaa

biokxu MaHU(OJIb1a (BM) nmpenHasHaueHbl I OOBS3KH
HACOCHBIX YCTAHOBOK C YCTbEM CKBa)XMHbl NPH LEMEHTUPOBAHUM CKBAaXKUH,
THJPABIMYECKOM pa3phlB€ IUIACTOB M THIPONECKOCTpYHHON mnepdopanuu
(pucynoxk 10, 11).

[Ipy uMx HUCHONB30BAHUU COKpPAIIAETCS BpEMs LIEMEHTHPOBAHHUSA 3a CUET
YMEHBIICHUS] 4YHMCIa omnepanud 1o coopke/pa3dopke MaHU(DOJIBIOB OT
LHEMEHTUPOBOYHBIX arperatoB. Takxke NpH HUX MCMOJb30BAaHUM BO3MOXKEH
OMEpPATUBHBIA BBOJ pabdOThl HOBOIO LEMEHTHUPOBOYHOIO arperara B3aMeEH
BHIIICANIEMY U3 CTpPOsl IMyTeM peryjaupoBku moToka kpanamu KBJ[ (kpan

BBICOKOTI'O JIaBJICHUS).

27



Pucynox 10 — BM-70 Ha Pucynok 11 — BM-70 Ha caHsax maccu
aBTOMOOUJIbHOM

brnokx manudonsaa BM-70 cocTout us:

wmoHTaxHas ©Oaza 3MJI-433422, VYpan-43203-10 u ap. uam pamMHOE
UCIIOJIHCHHUE;

*  npu€MHO-pa3IaTOYHBINA KOJUIEKTOD;

*  TpyOHBIE CEKIIUU OOBS3KH;

*  ObicTpopazbemubie coequnenus (bPC);

*  I[IapHUPHBIC KOJICHA;

*  MEepEeXOJHUKU (BUJIKH);

*  KpaH KOHCOJIbHO-TIOBOPOTHBIM.

1.2.4. CraHnnuusi KOHTpOJA TMpouecca NeMEeHTHPOBAHUSNA

CKBAa/KHH

Crannuu koHTpoJs nemeHTupoBanus (CKI]) nzobpaxkena Ha pucyHke 12.
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PucyHok 12 — CTaHuuss KOHTPOJI HEMEHTUPOBAHUS
CKLQ OpeAHa3HauYeHbl U1 HENPEPHIBHOTO KOHTPOJS BaKHEHIINX

TEXHOJOTMYECKUX MapaMETPOB IMIPOILEeCCa IEMEHTUPOBAHUSA CKBAXXKUH B PEAIIBHOM
MacuTabe BpeMEHHU.

Ha3znauenue:

*  00BsI3Ka HACOCHBIX arperaToB MexXAy co00i M yCThEBOH TOJOBKOM
IIPA LEMEHTUPOBAHUHU CKBAXKUH;

* 00paboTKka M JOKYMEHTHMPOBAHHE IOJYYEHHOW HHPOpPMALUU Ha
IIEPCOHAIBHOM KOMIIBIOTEPE;

*  BBIJAaYa PEKOMEHIAUMUW IO KOPPEKTUPOBKE TEXHOJIOTUYECKOTO
npouecca ¢ LEJbI0 NPEAOTBPALlCHUsS TUApOpa3pblBa IuUlacTa M HEJIOINOJbEMA
TaMIIOH@XHOTO pacTBOpa B 3aTpyOHOM MNPOCTPAHCTBE CKBAXHH, a TaKKe
TUJIPOYIapOB PHU MOCATKE NPOAABOYHOM MPOOKU HA YITOPHOE KOJBIIO.

*  KOHTpOJIb I1apaMeTpOB npouecca LEeMEHTUPOBAHUA,

BKJIIOYAass MI'HOBEHHBIE 3HAUECHUA: pabouyero JaBIEHUs; pacxona;
IJIOTHOCTH; TEMIIEPATYPHI PACTBOPA; 00’b€Ma 3aKa4MBAEMOT' 0 pacTBOPA;

*  KOHTPOJIBHBIA aHAIUTUYECKUN PACUET NMapaMeTPOB UEMEHTUPOBAHUS
0 METOJIMKE Ha OCHOBE "BpeMeHHON MHCTPYKIUU MO KPEIJICHUIO HEPTSIHBIX U
ra3oBbiX CckBaxuH". Ilpum pacuere IeMEHTUPOBAHMS MCIOJIb3YETCS NPOPHUIb

CKBa)XMHBI, ONpeAeiieMblid MyTeM 00pabOTKM NaHHBIX NPOoPUIEMETPUU JHOO

KaBEPHOMETPHUH.
1.2.5. O0BsI3Ka HEMEHTHPOBOYHOMH TEXHUKH
Ycnosus MIPHUMCHEHHS pa3TUYHBIX TEXHOJIOTUIECKUX cXeM

NPUTOTOBJICHUS W HArHeTaHWs TaMIIOHAXHBIX PACTBOPOB OOYCJIOBJICHBI:
cnenuUKONd TEONOTOTEXHHUYECKNX, a WHOTJa W KIUMAaTHYECKUX YCIIOBUM
JAaHHOTO pailoHa, KOHCTPYKIIMEH CKBaXUHBI, CIIOCOOOM IIEMEHTUPOBAHUS;

TaMIIOHA)XHBIM MaTCPHAJIOM HJIA KaXKIO0I'O KOHKPCTHOI'O paﬁOHa.
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Cxema 00BsA3kHM 0€3 OCpEeIHUTENBHON eMKOCTH u300pakeHa Ha pucyHke 13.
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Pucynok 13 — Cxema 00Bs3KHU 6€3 OCPEa.6eMKOCTH:
1,3 - nemeHTUpOBOUHBIE arperaThl [[A-320; 3I{A-320M cOOTBETCTBEHHO;
2 — ieMeHTHO-cMecHuTenbHas Mammuaa 2CMH-20; 4 — cranius KOHTPOJIS
[IEMEHTUPOBaHUs; 5 — 010k Marnudoasaa 1bM-700; 6 — meMmeHTUpOBOYHAS

roJI0BKa

Kaxnas nemeHTHO-cMecutenbHas MamuHa 2CMH-20 paboTtaer ¢ nByms
LHEMEHTUPOBOYHBIMU arperataM, OAMH M3 KOTOPbIX MOXKET HE HWMETh
BojonoAaroniero Hacoca (31[A). Kak npaBuino, neMmeHTUpOBOUHBIN arperat [[A-
320 npu pabote Ha IV ckopocTu He o0ecrneunBaeT OTKaAYKy U3 IEMEHTHOro 0ayka
BCEr0 KOJIMYECTBA MPUrOTABIMBAEMOrO0 pacTBOpa, IMOATOMY K OTKadkKe
MOJIKJIFOYAETCsl BTOPOM arperar. OTO TakKKe MOPAKTHUKYETCA Ui MOBBIIICHUS
HaJIeKHOCTH Mpoliecca.

Cxema  OOBSI3KM  LIEMEHTHUPOBOYHOM TEXHUKH C

NPUMEHEHUEM OCPEAHUTENBHON YCTAHOBKHY N300 pakeHa Ha pucyHke 14.
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TCXHHKH

Pucynox 14 — Cxema O0OBSA3KM 1EMEHTHPOBOYHOM

NPUMEHEHHUEM OCPEIHUTEIbHON YCTAHOBKH:
1 — memenTocmecutenpHas MmamuHa Y C6-30; 2 — 6adok 3aTBOpCHHS;
3 — neMeHTUPOBOYHBIH arperat [{A-320M; 4 — ocpennuTenbHas eMmkocth Y O-16;

5 —nemeHTUpOBOUHBIHM arperat LIA-320M (pe3epBHbIil); 6 — moABOA SIS
BOJIsiHas uHUs;, 7 — aBTouucrepHa; 8 — cranuust KCKII 01; 9 — 610k

MaHupop10B CH-43; 10 — ycThe CKBaKUHBI

JlaHHasgs cxema mpeaycMaTpuUBaeT MPHUMEHECHHE OCPEIHUTEIbHOU

YCTaHOBKH. Y CTaHOBKA UMEET MEePEMEINBAIOIIEe YCTPONHCTBO, 00€ecIieunBaroIiee
MOCTYMNAIIIEro OT

BbIpaBHMBAHHE MapaMeTPOB TAMIIOHAXXHOTO pacTBOPA,
Pa3IUYHBIX EMEHTHOCMECHUTEIbHBIX MallliH, KOTOpPhIE Y4acTBYIOT B Ipolecce

HECMCHTHUPOBAHMN.
Hp‘eI/IMyme.CTBO — IIPHUTOTOBJICHUC 00Jiee Ka4eCTBEHHOI'0 TaMITOHAKHOTO

pacTBOpPa C UCIIOJIb30BaAHNCM MCHBIICIO YN CJId HGMGHTHp.OB.O‘-IHOfI TCXHHKH.
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1.3. TexHoorn4ecKkas 0CHACTKA 00CAJHBIX KOJIOHH

TexHomormueckass ocHacTKa 00CaJHBIX KOJIOHH — OMpeJIeIeHHbII Ha0op
YCTPONCTB, KOTOPBIMH OCHAalIalOT 00CaJHYI KOJIOHHY, 4YTOOBI CO34aTh
HEOOXOIMMBIE€ YCJIOBHS ISl €€ CIyCKa M KayeCTBEHHOIO0 LEMEHTHPOBAHHS B
COOTBETCTBHH C IPUHATHIMU CI10CO0AMHU KPEMJIECHUS CKBAKUH.

XapaKTepHbIE JIEMEHTBI OCHACTKHU:

*  bammak — qis 3ammtel HM3a OK ot nedopmanuu 1 HanmpaBieHUs eé
10 CTBOJLY;

*  OOpatHBIH K1amaH — NPEIOTBPALLAECT MOCTYIJIEHUE TAMIIOHAXXHOTO
pacTBOpa BHYTPb KOJOHHBI, CILY’KHUT JJIsl OCAJKU pa3AeiuTeNbHbIX NPOOOK Mpu
LEMEHTUPOBAHUY;

* Ienrpatopsl — obecneunBatoT ueHTpupoBanue OK B cTBosE
CKBa’KUHBI BBINOJHSIOT QYHKIHIO TypOyIN3aTopOB;

*  TypOynuzaropsl — yCTaHABIMBAIOT B MECTaX JOKAIbHOTO YIIHPEHUS
CTBOJIA CKBaXXUHBI, A€ TypOylIu3upyroT NOTOK Oydepa U TaMIOHAKHOIO
pacTBopa;

*  CkpeOKH — 11 MEXaHUUYECKOTO CIUPAHUs TIIMHUCTON Kopku. Takxke
ABJIAIOTCS. ADMUPYIOIIUMH 3JIEMEHTAMM.

*  llemeHTHpOBOYHAs TOJIOBKA CIYKHUT aisi o0BsA3ku OK ¢ HazeMHBIM
LHEMEHTHPOBOUYHBIM 000PYAOBAHUEM.

e  llemMeHTHPOBOYHBIE npoOKu MPEAHA3HAYEHBl IS
pa3aeneHus TEXHOJIOrnYecKuX kuakocted B OK npu neMeHTupoBaHuu.

 ITlakepel  u3onMpyrOmME  3aKOJOHHBIC pasaensdrT IBa
OJIM3KO PaCIONIOAKECHHBIX MPOHHUIIAEMBbIX TOPU30HTA.

e lleMEHTUPOBOYHBIN MMAKEP UM MAHXKETA, KOTOPHIE YCTAHABIUBAIOT B
OK HaJ npOoAyKTUBHBIM IJ1ACTOM IPHA MAHKETHOM LIEMEHTHUPOBAHHH.

e Mydra CTYIIEHYaTOTrO0  LEMEHTUPOBAHUS -

MPUMEHSIOT NIPU CTyINeH4YaToM emeHTupoBanuu OK.
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*  ManXeTHbIN IEPEBOJHUK WIH IEMEHTUPOBOYHBIN AKEP MPUMEHSIOT
IpY MAHXKETHOM [IEMEHTHPOBAHUH 00CaTHBIX KOJOHH.

1.3.1. bammakmnu

bammMak npenHa3HadeH Ayl 00OpyAOBaHUS HHU3a 00CAaAHBIX TpyO st
HampaBJIEHUS WX MO CTBOJY CKBa’)KWHBI, MPUIAAHUS )KECTKOCTU HUXKHEMY KOHILY
0o0CcaJHON KOJIOHHBI M 3alUTHl OT MOBPEXJCHUM NPH UX CIYCKE B CKBaXXHHY.
bammMaku COCTOAT M3 TOJICTOCTEHHBIX MAaTPyOKOB, MPHCOCTUHSIEMBIX K HU3Y
o0caJHOM KOJOHHBI Ha pe3bOe unn Ha cBapke. [pyroi koHely OammMaka cHaOXeH
HalpaBJsioiel NpoOKOil, U3roTOBISIEMOM U3 UyTyHa, aJllOMUHUS, OETOHA, AepEBa
WIA U3 JAPYrux JEerko pa30ypuBaeMbIXx MarepuanoB. Hampapnsrommue mnpoOKu
UMEIOT KOHYCOOOpa3Hyl WM MHojycpepuueckyro (opMy ¢ TIagKkod WIH
peOpucTOil MOBEPXHOCTHIO.

bammaku mns o0CaJHBIX KOJOHH KOHCTPYKTHBHO BBIIIOJHSIOTCS TpEX
Mo uukanuil (pucyHok 15): Tunma BKM — 3Tu Oammaku coCTOST U3 KOpILyca C
HEpa3bEMHOM HaCagKoM, KoTopass OpPMHpPYETCS B HEM U3 CMECH TaMIIOHHOIO
EMEHTAa W Tecka, tuna bIl — ¢ HaBMHYMBAEMOW YYyTryHHOW HaIIpaBJSAIONICH

npoOko# (Hacaakoi) u Tuna b — ¢ packoit 6e3 HanpaBigroMeil TP OOKH.

a 0 B

Pucynok 15 — bamMaky KOJIOHHBIE:
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a—tuna BKM: 1 —xopnyc; 2 —3arnymka; 3 — HampaJsionias Hacaaka; 6 — Tuma

BII ¢ uyryHHOM HanpaBiIAIOMIEN HACAAKOM; B — HAIIPABJIAIONIAs HACAKA; T — TUIIA
b

[Ipn cmycke mMOTalHBIX KOJIOHH WM CEKIUMU OOCaJHBIX KOJOHH C

npopabOTKOI CTBOJA MHOTJA, €CJIM 3TO HEOOXOJIMMO, HaIpaBJAIOIIME HAacaJKH

BBIIIOJIHAIOT B BHJE MOPOAOPA3PYLIAIOIIEr0 HakoHeuHuka. K npumepy,

NpHUMEHEeHHE OalMaK-KOPOHOK (pucyHOK 16).

Pucynok 16 — bammak-kopoHKa:
1 — xopoHka; 2 — GammMaxk
bammMak-kopoHKa COCTOMT M3 KOPOHKH 1 c pe3pboil obcagHbIXx TpyO
CBEpPXy M CHHU3Y, COCAMHSICMON C OaliMadHbIM MaTpyOKOM M OaiiMakoMm 2,
OCHAIlICHHBIM  TBEPJOCIJIABHBIMM  W3HOCOCTOMKMMHU  IUIaCTUHAMHU 1A
npenoTBpaIieHus u3Hoca. Takxke cymecTByior 6ammaku tuna bK-Bp (pucyHoxk
17) npenHa3HauyeHHbIE [JI MNPOXOXKJACHUS OCJIOXKHEHHBIX 30H 0€3 MOCaJoK.
DKCIIEHTpUYHAas HacajaKa 2 OalMaka mpeo10JieBaeT yCTYIbl M OTM0aeT nperpaibl,

NEePUOJNYECKH IPOBOPAYUBASACH 32 CUET HAJTUUUS OMOP CKONbXKEHHUS 4, 5 1 6.
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Leiatvm 203 (nonyxwakan cmazka)
BOACCTONKA, pab. ananas. -60 °C... +120°C

Pucynox 17 — bammak KOJIOHHBIN ¢ BO3MOXKHOCTHIO BpameHus bK-Bp:
1 - mydra, 2 — 3KCIIeHTpUYHAS HacaJlKa, 3 — raiika ymopHas, 4, 5, 6 — omopsl
CKOJIBXKEHUS, 7 — (puKcaTop, 8 — KoJblla YIJIOTHUTENbHEBIE, 9 — mpoOKa

KOHHNYCCKasA

1.3.2. O0paTHBIe KJIAaNaHBbI

OOpaTHbIN KiamaH, NPUMEHSIEMbIH Uit OOCAIHBIX KOJIOH, BBIIOJHSET
(GYHKLIHMIO MPOTUBOJIEHCTBUS OOPATHOMY MOCTYIJEHUIO PACTBOpPa B OYpHIIbHYIO
KOJIOHHY IpU NPOBEACHUU TaMIIOHUPOBAHHUS CKBAXXMHBI, & TaKXE€ ITO3BOJISET
00JIerYuTh BeC OypUIBbHOM TpyObl B MOMEHT €€ TNOIPYKEHHUS B pPacTBOP.
[IpumeHenne 0oOpaTHOro KiamaHa MOMHUMO JTOrO MOMOTaeT B MPOMBIBKE H
OYMCTKE 3aTpyOHOTO NPOCTPAHCTBAa OT pa3lIM4yHOro tumna muiama. lloyoxxeHue
oO0paTHOro KjamaHa B 00CaJHOW KOJIOHHE HaXOJUTCS Haja OalIMadHbIM
naTpyoKoM, BHU3Y BCEH KOHCTPYKIIUH.

[lo npuHmMIy [AEHCTBUS pa3iIvdyalOT CIEAYIOUME BHIbI O0paTHBIX
KJIalaHOB:

e I'myxue — UCKIIOYAIOT NOCTYIJICHHE KUAKOCTH B 00CaIHYIO KOJIOHHY
IIPHU CITYCKE.

* Juddepenunanbupie — MNEPUOAUYECKH 3ATOJHSIOT KOJOHHY MNpHU
OompeAc/ICHHOM Tiepernaje JaBICHUM MeXAy KOJOHHOW U  3aTpyOHBIM
OPOCTPAHCTBOM (MPH 3TOM HCKIIOYAIOT BO3MOXHOCTh OOPATHOW LUPKYISALHH

pacTBopa).
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*  JlpoccenpHble — 00€CNEUMBAIOT MOCTOSIHHOE 3aIIOJHEHHE KOJOHHBI
pPacCTBOPOM MPHU CILyCKE, MO3BOISIOT NIPOBOJUTH MPOMBIBKY CKBAXKUHBI 00paTHOMN
UUPKYJIALUEH.

OCHOBHBIE XapaKTEPUCTUKN OOPATHOTO KiIanaHa.

e T'eomerpuyeckue pazMepsl (IMaMeTp, BBICOTA).

*  JlaBneHue, KOTOPOE MOXKET BBIAEPKATh OOpaTHBIN KIlamaH.

*  Temmeparypa, pu KOTOPOM KianaH GyHKIMOHUPYET.

e IlomoxeHHe B KOJIOHHE.

*  Pa3bypuBaemMoCTh 3JIEMEHTOB, HAXOAIIMXCS BHYTPU KOJTOHHBI.

HpoccenbHbie oOpaTHbie Kiananbl Tuna [IKOJI (pucynok 18) crmyckaror B
CKBa)XMHY ¢ 00CaJIHOI KOJIOHHOW 0€3 3alOpHOro 1apa, KOTOPbI MPOKAYUBAIOT B
KOJIOHHY TMOCJIE €€ CIlycka Ha 3ajJjaHHyio miyouny. I[lap, mpoxons uepes

pa3pe3Hble MAaNi0bl U Anadparmy, 3aHIMaEeT padoYee MOJI0KEHHUE.

TS

1 10 9 8

Pucynox 18 — Knanansl oOpaTHBbIE:
a— HKO/I-1, 6 — IIKOJ/I-2: 1 — kopiryc; 2— HUXKHSA raiika; 3 — Ha0op pe3MHOBBIX
maio; 4 — pe3auHoBas Auadparma 5 —0MOPHOE KOJbIIO; 6 — mIap;
7 — OTpaHUYUTETBHOE KOJIBIIO;
8 — pesnHoTKaHeBas MeMOpaHa; 9 — apoccenb; 10 — yyrynnas Brynka; 11 —

OeTOHHAas WM IUIaCTMAacCcoBas IIoABCCKa
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[Ipn cmycke cekmuii 00CagHBIX KOJOHH C OOpaTHBIM KIAMaHOM THIIA
KO/l Ha 6ypunbHbIX TpyOax, BHYTPEHHUN AMAMETP KOTOPHIX MEHBIIE TUAMETPa
mapa, mocjaeaHui cOpachiBalOT B KOJOHHY Nepe]l COSAUHEHHEM OypUIbHBIX TPYO
c cexuuei. B 3ToM ciyuae mocnenHee camMo3anoJIHEHUE KOJOHHBI C KU JIKOCThIO
HCKJII0YAeTCH.

Jlng mocaaku pa3AeNuTENbHONM MNpOOKM B KOHIE IEMEHTHPOBAHUS
CKBAXXWHBI HCHOJB3YyETCS «CTON-KoJbIo» 2. Ilocne mocaaku npoOKH poCT
JIaBJICHUS HAa LIEMEHTHUPOBOYHOM TOJIOBKE CBHUIECTEIBCTBYET O KOHIIE MPOJaBKE
TaMIIOHAXKHOTO PacTBOPA.

ITocne Toro, kak nmoiimanu «CTOIID», gaBneHre B HarHETATEIbHON JTUHUH
cOpaceiBaeTca. B pesynaprare 3amoiHEeHHMS  3aTpyOHOrO  MPOCTpaHCTBA
TaMIIOHAXKHBIM  PAacCTBOPOM, IUIOTHOCTH KOTOPOro  OOJbINE TMJIOTHOCTHU
MPOJIAaBOYHOM KUJIKOCTH, HaXOMAIICHCS B 00CaaHOW KOJOHHE, TaMIIOHAXHBIN
pacTBOp ycTpeMuTcs B TpyObl. B pesynbprare map 6 mpumxmeTcs K pe3uHOBOMH

nuadparme 4, 4TO NPEAOTBPATUT BO3BPAT PACTBOPA B 00CaTHYIO KOJOHHY.

1.3.3. HenTpaTtopsl

LlenTpaTopsl MpeaHA3HAYCHBI IS HEHTPUPOBAHUS 00CAaJHBIX KOJIOHH B
CTBOJI€ CKBaKMHBI ITPU UX CIIYCKE U IEMEHTUPOBAHHUH.

[IpuMeHeHne EeHTPATOPOB MO3BOISIET CHU3UTh CUJIBI TPEHUS TIPU CILYCKE
KOJIOHHBI, TIOJyYUTh PAaBHOMEPHBIN 3a30p MEXay o0caJHON TpyOOil U CTEHKaAMH
CKBAXXUHBI, T.€. 00ECNEUYUTh PABHOMEPHYIO TOJIIUHY IIEMEHTHOTO KaMHSI BOKPYT
CILYLLIEHHOM KOJIOHHBI (M30€KaTh 3aKOJIOHHBIX MIEPETOKOB U KOPPO3UH TPYO).

CranbHble NPYKUHHBIE LEHTPATOPHI (pUCYHOK 19) mpenHa3HayeHbl AJis
HaJEXKHOT'O IEHTPUPOBAHUS OO0CAHBIX KOJIOHH M "XBOCTOBUKOB" MPH CIIYCKE B

BCPTHUKAJIIBbHBIX, HAKIIOHHO-HAIIPABJICHHBIX U TOPHU30HTAJIBHBIX CKBa’KHMHaAX.
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Pucynok 19 — XécrTko-ynpyrui neHTparTop:
1 — meTneBble NPOYLINHBL; 2 — TBO3/IU; 3 — CHUPAJIbHBIE KIIMHBS;

4 — orpaHUYMTEIbHBIC KOJIBIIA; 5 — MPY>KMHHBIE TUIAHKH; 6 — MTa3bl CETMEHTOB

[IprMeHeHune KeCTKO-yIPYTuX HEeHTPATOPOB 00ECIIeUBAET PABHOMEPHBIM
3230p MEXIy 00CcaaHONW TPYyOOi M CTEHKaMHU CKBa)XMHBI, YTO yJIydIIIaeT Ka4eCTBO
[IEMEHTUPOBAHUSI OCHOBHOW KOJIOHHBI U MIPEIOTBpAIlaeT MOBPEKACHUE DUIHTPOB

IMpH CILYCKC XBOCTOBHKA.

Pucynox20 — Xecrkue PucyHox 21 — PommKoBBI# IEHTpATOP

LEHTPATOPbI
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Kecrkue nenrpatops! (pucyHok 20) mpuUMEHSIETCS MPHU O0COOO TIKENBIX
Harpy3Kax ClelnuaibHO Uil CUJIIbHOHAKIIOHHBIX U TOPU30HTAIBHBIX CKBaXKHH.

[lenTpaTop poOJMUKOBBIA (PUCYHOK 21) COCTOMT U3 BBIIOJHEHHOIO W3
NOJMMEPHBIX MAaTEPUAIOB KOPILyCa, B JIOMACTSIX KOTOPOr0 Ha OCSX BpaIAlOTCA
POJIMKH.

PonuxoBbie ieHTpaTopbl Hanbo1ee 3¢ PEKTUBHO NPUMEHATH B HAKITOHHBIX
U TOpPU30HTAJBHBIX CKBaxMHaX. JlaHHBIA BHJ LEHTPATOPOB CYILIECTBEHHO
CHMXKAET KO3(P(UIMEHT OCEBOro TPEHUS, YAEPKHUBAET KOJOHHY COOCHO
CKBa)XHHE.

PosinkoBbI€ LIEHTpaTOpbl yCIENIHO pabOTalOT B MECUAHbIX IJIacTaX, TaK
KaK Takasi KOHCTPYKIHS TPYOHBIX LIEHTPATOPOB CHMKAET MEXAHUUECKOE TPEHUE
0osiee 3 PEeKTUBHO, YEM pa3IHuHbIe OYpPOBbIE PACTBOPBI.

[IpenMy1IeCcTBa POJIMKOBBIX LIEHTPATOPOB:

e B IPOU3BOJCTBE  LIEHTPATOPOB UCHOJB3YIOTCA  TOJIBKO
BBICOKOKAa4YE€CTBEHHBIE, KOPPOBUOHHOCTOMKUE MAaTepUanbl, YTO  MO3BOJSET
MCII0JIb30BATh POJMKOBBIE LIEHTPATOPHI PU pabOTE B TAKEIBIX YCIOBUSIX.

*  Bce BHyTpeHHHE IMAMETPBI POJIMKOBBIX LIEHTPATOPOB BBINOJHAIOTCS
TOYHO B COOTBETCTBMU CO BCEMH pa3MepaMu 00CaJAHBIX KOJOHH MO CTaHAAPTYy
API.

. [leaTpaTOop POJMKOBBIN AMEEST W3HOCOCTOMKHE POJIMKH,
NO3BOJISIOIIME U30€eKaTh MPOOJIEM C TPEHHEM B FOPU30HTAJIBHBIX U HAKIOHHBIX
CKBa)XMHAX.

*  PonukoBble HEHTPATOPHI TAKKE MOJIE3HBI IPU U3BICUEHUHN 00Ca HOM

KOJIOHHBI UJIM HACOCHO-KOMIIPECCOPHBIX TPYO.
1.3.4. TypOoyausaropsl

TypOynuzaropsl npeaHazHaueHbl Ui TypOyIu3aluu MoToKa B 3aTpyOHOM

NPOCTPAHCTBE NPHU CIYCKE M LUEMEHTHUPOBAHUU O0CATHBIX KOJOHH (ITOBBIIIAIOT
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CTENEeHb BBITECHEHHUs OypoBOro pactBopa OydepHON >XUAKOCTHIO, a TaKxke
MOBBHIIIAIOT CTENEHB 3aI0JTHEHHS KABEPH LIEMEHTHBIM PACTBOPOM).

Ocob6enHocTh TypOynuzaropos tuna LT coctouT B ToM, 4TO KX JIONACTH,
3aKpY4YMBAIOIINE BOCXOAAIIMA TMOTOK >KUIKOCTH BOKPYT 00CaJAHON KOJOHHHI,
U3TOTOBJIEHBI U3 ApPMUPOBAHHON KOPJOM PE3UHBI; JOCTATOYHO 3JIACTUYHBI, YTOOBI
HE OKa3bIBaTh 3aMETHBIX CONPOTUBJIEHUM IPHU CIIYCKE KOJOHHBI, HO TOCTAaTOYHO
KECTKU U MPOUHBI, YTOOBI OTKIIOHSATH BOCXOSIINN OTOK KU JIKOCTH MO BUHTOBOM
JVUHUY BOKPYT KOJOHHBI.

TypOynuzarop LT (pucyHok 22) cOCTOUT U3 HEpa3beMHOTO Kopiyca | u
nomacred 2. JlomacTu ycTaHaBIMBAKOTCSA B Na3bl, IPOPE3aHHBIE B KOPILYCE IOJ
yrioM 35, U KpenArcs K KOpPIyCcy METaJUIMYEeCKUMH HaKIaJKaMH C HOMOUIbIO
ToyeyHoM  cBapku. Jlomactu  Moryr  OBITh ~ METAJUIMYECKUMHU  WIH
pe3nHoBOKOpAHBIMU. Ha oGcanHoil TpyOe TypOynu3aTop KpemsT ¢ MOMOIIbIO
CHUPANbHOTO KJIMHA 3, 3a0UBaeMOro B KOJIbIIEBYI0 KaHaBKY U OTBEPCTHE,

BBIIIOJIHCHHBIC B YTOHHIGHHOﬁ 4aCTH KOpILyca.

40



Pucynoxk 22 — Illentpatop TypOynuzarop LT
1 — xopmyc; 2 — monacTu; 3 — BAHTOBOM KIIHMH-CTOIOP

Hentpatopsi-Trypoynuzaropsl xkectkue (LUTXK) mnpennaznadensr s
NPUMEHEHHS] B HAKIOHHO-HAaIPABJIEHHBIX W TOPU3OHTAIBHBIX CKBAaXXMHAX,
0COOEHHO €CJIU UX OTKPBITHIN CTBOJ OCJIOKHEH KEJIOOHBIMHU BhIPa0OTKAMU.

LTXX BBIOJHSIOT OJHOBPEMEHHO JBE (PYHKIMU: IIEHTPUPYIOT KOJOHHY,
HE MO3BOJISA €il unu pedpaM HEeHTpaTopa MPOBATUTHCS B KEJTOOHYIO BEIpaOOTKY,
3aKpYyYHUBAIOT BOCXOSIIUNA MOTOK XUJKOCTH CBOMMHU HAKIIOHHBIMH 110 BUHTOBOM
JUHUHU peOpaMu, BbI3bIBas €ro TypOyaH3alMI0 U yJly4lllas BBITECHEHHUE OypOBOIO
pacTBOpa TAMIIOHAXKHBIM.

Cy1iecTByeT 1Ba OCHOBHBIX BHJa IIEHTPATOPOB TypOYIU3aTOPOB (PUCYHOK
23):

. LTI —ueHTpaTOphl-TYy pOYyIU3aTOPHI THAPONOTOKA;

- UTX — ueHTpaTtopbl-TypOyIH3aTOPHI )KECTKUE

a 0

Pucynox 23 — lleHTpaTOpbI-TypOyaH3aTOPHI:
a—HTX; 61T
KoncrpyktuBao nenrpatopbl-typOynuzatopsl HTXK u LTI ornnyarorcs
TEeM, 4TO KOpIyc neHTpaTopa-typoynu3aropa L[TXK m3roraBnuBaercs u3 craiw,
pé€Opa K KOpmycy NpHBApEHbI, HA KOJOHHE KPEMUTCS MNPU MOMOIIM CTOMOPHBIX
KOJICI] U KIMHBEB, a Kopmyc IeHTpatopa-typoynmuzaropa LTI m3rorommeHn u3

AJIIOMHHUA, 1 KPCIIUTCA OH HAa KOJOHHC IIpHU IMOMOIINK CTOIIOPHBIX BHHTOB 4YCPC3
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pEOpa KECTKOCTH, pacmoiaokeHHble o yriaom. Llenrpatop-typoynuzarop LTI
MOXET TaK K€ M3rOTaBIMBATHCS U3 MOJUMEPHOrO MaTepHana, 0003HAYEHUE €ro
IITITI.

TexHuko-s3koHoMHuueckue npeumymecrsa LHTX n LTI

*  MAaKCUMAJIBHO YCKOPEHHBIN CILYCK KOJIOHH.

*  OpeaynpekJACHUE U UCKIIOUECHHUE OCJIOKHEHUM IIPHU CILyCKE

® IMOBBINICHHOC KaYCCTBO HCMCHTHUPOBAHMS CKBAKNHbI

1.3.5. Ckpebkn

CkpeOKkn HCIONB3YIOTCS Uil pa3pyUIeHUs TIMHHUCTOW KOPKM HAa CTEHKAaX
CKBa)XMHBI C LIEJbI0 YIYYIIEHHUS CIETJIEHU TAMIIOHA)KHOTO pacTBOpa € MOPOI0l.
Janublii 3¢ dexT Hanbosaee SBHO NMPOSABIAECTCSA NMPHU LIEMEHTUPOBAHUU CKBaXXUH C
pacxaXMBaHHUEM.

Ckpebokx koponuaTsii THma CK (pucyHok 24) cOCTOUT W3 Kopmyca 2,
MOJIOBUHKH KOTOPOI'O COEAMHSIOTCS C MOMOIIbI0 MThIps 3. Pabouue 31meMeHThI
CKpeOKOB | BBINOJHEHBl W3 NYYKOB CTAIBHOW MPYXKUHHOH NPOBOJIIOKH H
OpPUKpPEIUVIEHBl K Koprnycy Hakiaagkamu. CKpeOOK KOMILJIEKTYETCS CTOINOPHBIM

KOJIBIIOM C (PUKCHPYIOIIMMCS Ha TpyOe CHUpPATIbHBIM KIMHOM.
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Pucynok 24 — CkpeOok koponuaTsiii Tuna CK:
1 — npyxuHHas cTanbHas MPOBOJIOKA; 2 — HAKIAJKHU; 3 — KOPILYC

Ckpebok ycTaHaBIMBAETCS TaKUM 00pa3oMm, 4TOOBI pabouyue 3IEMEHTHI C
3arHYTBIMH BHYTPb KOHIIAMH OBLIM HANpaBJCHBI BBEPX I OOCCIEeUYCHUS
MUHHMAJIbHOTO HM3HOCa JJIEMCHTOB TIPU CILyCKe KOJIOHHBL llpu nBMXKEHUH
o0caqHON KOJOHHBI BBEpPX pabodurMe DIEMEHTHl OTTHOATCA W YaCTHIHO
pa3pymarT TIHHUCTYI0 KOPKY Ha CTEHKE CKBaXKMHBI. CKpeOKHM yCTaHaBIHMBAIOT

BBIIIE WJIM HUKE LIEHTpATOPA.

1.3.6. Pa3neauTtesibHbIE NPOOKH

PaznenurenpHble NpoOKM  MpenHa3HAYeHBl JJIsi  MPEIOTBpALICHUS
CMEIIMBAHMS TAMIOHAXXHOIO PacTBOpa ¢ OypOBBIM PacCTBOPOM M MPOAABOYHOM
XKUJIOCTBIO MPU LIEMEHTUPOBAHMH, a TAKXKE JUId MOJIyYEHHUs] CUTHAJIa O MOCAJKE
NpOOKU HA CTOM-KOJIBIIO.

Huxnue npoOku (pucyHok 25) npeAHa3HAYEHbl IS OYHUILEHHUS

BHYTPEHHEH TOBEPXHOCTH KOJOHHBI 00CaAHBIX TPYO OT TJIIMHUCTON KOPKH H
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pas3aciCcHuss U NpCAOTBPAINCHNA CMCHIMBAHHWA B HEel HNEMCHTHOI'0O pacCTBOpa U

npoKaunuBaeMoi Brepeau 0y depHOil KU IKOCTH;
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PucyHnox 25 — Ilpo6xu nponaBounsie BepxHue tuna [I1:

a — C MPUTYMMHUPOBAHHBIMHU PE3MHOBBIMU MaH)XeTaMu; O — C HAOOpPHBIMU
PE3MHOBBIMHU MAaHXETaMU; | — p€3MHOBBIE MAHXKETHI; 2 — AIFOMUHHUEBBIN KOPILYC;
3 — IMCTaHIIMOHHA BTYJKA; 4 — CTsDKHAS raiika

Bepxnss mpobka (B) — HeoOxoauMa [jisi OJyYEeHUSI CKauykKa JaBIICHUS
«CTOIl», curnanu3upyromero 00 OKOHYaHHHU MpoIlecca IEMEHTUPOBAHUS U JIJIS
NpENOTBpAIIEHUS] CMEIIMBAHMS M pa3leleHus LEeMEHTHOro pacTBopa H
MPOJIaBOYHOM KM JIKOCTH, TPOKAUYMBAEMBIX B KOJIOHHE 00CaIHBIX TPYO.

MydTta npoOKu U3roTOBIAECTCS U3 KOPO3ZMOHHOCTOMKOM pe3nHbl. Brynka u

CEepAECUHUK POOOK — U3 JIETKO Ppe3epyeMbIX MATEPUAJIOB.

1.3.7. leMeHTHPOBOYHbIE I'0JIOBKH

[leMeHTHPOBOYHbIE TOJOBKM MpeAHa3HauyeHbl misi o0Bsi3ku OK ¢
Ha3€MHBIM LIEMEHTUPOBOYHBIM 000pYJOBAaHHUEM.

B nacrosmee BpemMsi cepuiiHO BblycKarOTCs ToJ0BKH TUNOB ['TIK n I'VI]
(pucyHok 26). BpicoTa 1HEMEHTHPOBOYHBIX TOJIOBOK OOOMX THUIIOB MO3BOJSET

pa3MCInaTb nux B IO ABbCMHBIX CTpoOIlax TajJaeBOM CHUCTCMbI n npu
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COOTBCTCTBYHOIIEM  OCHAIICHHUMU  HCIIOJIb30BaThb IIPU HOCEMCHTHUPOBAHUU C

paccaxxuBaHUEM 00CaIHBIX KOJOHH.

a 0

%

PrucyHok 26 — LleMEHTHPOBOYHBIE T'OJIOBKHU:
a—tuna I'YI{; 6 — tuma I'LIK

['00BKM I1IEMEHTHPOBOYHBIE TPEAHA3HAYCHBI IS OOBSA3KM yCThS
HE(TSAHBIX U Ta30BbIX CKBAXKUH C LIEJIBIO:

*  OBICTPOPa3bEMHOTO W TEPMETHYHOTO COSAMHEHHS  00cCaJIHOM
KOJIOHHBI C HArHETaTEeNbHBIMU JMHUSMH I[IEMEHTHPOBOUYHBIX arperatoB WIH
OypOBBIX

HaCOCOB;

*  TOpeABapUTE]BHOTO pa3MenleHus, GUKCUPOBAHHS MU MOCIEIYIOIIETO
OCBOOOXAEHUS Pa3ACIUTEIbHBIX [EMEHTHPOBOYHBIX MPOOOK M YIPABISIOIIUX
AJIIEMEHTOB JJISl yCTPOMCTB CTYIIEHYATOTO M MAHXKETHOTO [IEMEHTUPOBAHMS;

*  OpICTpOTO M OECHPENmITCTBEHHOTO MyCKa B KOJOHHY uYepe3 TOJIOBKY
najariux Tpodok-00MO ynpaBieHUs ABMXKEHUEM paboyuX MOTOKOB OydepHOoit
KHUJIKOCTH, OYpOBOTO U TaMIIOHAQXHOIO pPacTBOPOB MO OTHOIUEHHIO K

pa3acinuTCIbHbBIM np.061<aM " YIIPABJIIAOIIUM 3JICMCHTAM

1.3.8. My¢Thl cTYyneH4YaTOro HeMeHTHPOBAHMA
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[Ipn kpenneHWM CKBa)XUH B PAJE CIydaeB BO3HHUKAET HEOOXOJAMMOCTH

Mo ThbeéMa TAMIIOHA)XHOTO PacTBOpa 3a 00CaTHBIMU KOJIOHHAMH Ha 3HAYUTEIIHHYIO

BbIicOTY (10 3000 M u Gouiee). OGecneynuTh YCIMEUTHOCTh M BBICOKOE KadeCTBO

MPOBEICHUN Onepanuil Npu nNoabeMe TaMIOHAKHOTO PACTBOPA HA TAKYIO BBICOTY

3a OQWH MpPUEM LIEMEHTUPOBAHMS HE BCErjJa BO3MOXKHO. [IpuMeHsiemoe B 3THX

cliydyasiX II€MEHTHPOBAHHUE OOCAaIHBIX KOJOHH C TMOJAbEMOM TaMIIOHAaKHOTO

pacTBOpa Ha OOJIBIIYIO BHICOTY B JIBA IPHUEMa OCYIIECTBISAECTCS C MOMOIILI0 My DT
CTYIEHYATOTO IEMEHTUPOBAHUA.

My®dTsl  cTynmeH4aTroro  II€MEHTHUPOBAHMUS MCII-1 (pucyHOK

27) mpeaHa3HAYCHBI IS OCHAIICHUS 00CaTHBIX KOJIOHH AHaMeTpoM oT 140

10 245 MM 1 IPOBEAEHUSA MPOIECCA IEMEHTUPOBAHUS CKBAXKUH B JIBE CTYNEHU KaK

C pa3phIBOM BO BpeMeHH, Tak u 06e3 Hero. [Ipu qaumerpax oO0caaHbIX KOJOHH OT 273

710 340 MM HCTIONIBE3YIOT MY (THI CTyIeHYaToro rnementupoBanus MCII-2.
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Pucynok 27 — Mydrta ctynenuaroro uementupoanus MCII-1:
a, 0, B — pa3nHUuHbIE MOJIOKEHUA BTYIKH; | — Kopryc; 2 — 060iiMa; 3, 6 — BepxHssi U
HWJKHSS BTYJIKH; 4 — CPE3HBIE BUHTHI; 5 — 3aCIIOHKA; 7 —[IUPKYJISALMOHHOE
oTBepCTHE; 8§ — ymOpHOE KobII0; 9, 10, 11 — mpoOKu mpogaBovHas, MOJarOIIas U

3aI10pHasd COOTBCTCTBCHHO

1.3.9. lakepsl

[Takepbl H30AUPYIOIIME  3aKOJOHHBIC pa3fensioT n1Ba  OJIM3KO
PACIOJIOKEHHBIX ITPOHUIIAEMBIX TOPU30HTA.

YcTaHOBIEHHBIE Ha OOCAJHOM KOJIOHHE 3aKOJIOHHBIE MaKepbl pa3HOU
KOHCTPYKIIMM O0€CIEeUYNBAIOT HAJICKHYI0O H3OJSAIMIO IJIACTOB MEXKAY COO0H H
NpENYyNpeKIAT NePEeTOKH HE(TH, ra3za WM BOJbl Yepe3 LEMEHTHOE KOJbIO B
3aTpyOHOM MPOCTPAHCTBE.

['uapomexanuueckuid makep 3akojoHHbIA Tuma I[I3-1] (pucynokx 28)
NpeAHa3HAauYEH ISl HAJIEKHOTO Pa300IeHUsI BCKPHITHIX MPOJYKTUBHBIX IJIACTOB
OT 3aTpyOHOTO MPOCTPAHCTBA CIYHIEHHOM 00CagHONW KOJIOHHBI Ha TMEpPHUOJ
3aTBEPACHUS ILEMEHTHOIO pAaCTBOpPA C ILEJBIO HUCKIKOYEHUS BO3MOKHOCTHU

BO3HHKHOBCHH A 3aKOJIOHHBIX IICPCTOKOB INIACTOBOI'O (l)J'IIOI/I,Z[a.

!

Pucynok 28 — Ilakep 3axkonoHHbIM Tuna 113-168L1:

1 — cTBOJ; 2, 6 — TaliK¥M BEPXHAS U HUXKHSA, 3, 5 —KOPIYC;
47



4 —nunuMHApUYEcKas rUib3a.

[Takep COCTOUT U3 HUIMHAPUUECKOTO CTBOJIA | C IEHTpaJbHBIM OCEBBIM H
CTYNEHYAThIM paJuajlbHbIM KaHaJaMH, a TaKKe MPUCOETUHUTEIbHBIMU Pe3b0aMu
Ha KoHIAax. CHapyXH Ha CTBOJIE KOHIEHTPUYHO YCTAHOBJIECHBI METAJJIMYECKHUE
KOPILYCHI 3 U 5, KOHIIBI KOTOPBIX KPEMATCS K CTBOJIY € IOMOIIBIO KOHYCOB U T'aeK 2
u 6. A MexXy HUMH YCTaHOBJICHA MEeTaJJIMUECcKas ruijb3a 4, urparouias GyHKIUU
nakepa. B cTynmeHyaToM paJMalbHOM KaHajle CTBOJIa pa3MELleH OOpaTHBIN

KJIaIraH.

2. Ananm3 COBpPEMEHHbIX HampaBJieHM il
COBEPIIEHCTBOBAHUS TEXHOJOI MM U TEXHUKHU 3aKAYUBAHUS CKBAKUH

AHanu3 nepuoamueckux m3ganui [1-2, 5-15, 18, 39-44] nokazamn, 4ro
npobjieMa COBEPIICHCTBOBAHUS TEXHOJIOTMU U TEXHUKHU KPEMJIEHHS CKBAaXUH
MIPHUBJICKACT BHUMAHNE MHOTHX aBTOPOB.

OnnuM 13 Hanboee NMepCIeKTUBHBIX HAMPABJICHUN COBEPIIEHCTBOBAHUS
TEXHOJIOTUU U TEXHUKHU 3aKAaHYMBAHUS CKBAXKUH SIBJISIETCS BHEJPEHUE B IMIHPOKOE
npuMeHeHne MeToda (QuoTanuu, TMO3BONSIONIETO TepepaclpeesuTh CHIIBI,
JNEHUCTBYIONINE HAa pa3Hble y4aCTKU 00CaTHON KOJOHHBI.

lupokoe pa3BuTHE TOJYYMJIA CETrOJIHS TEXHOJOTHs OypeHus Ha
oOcanHoOM KojoHHE. B manHol paboTe mpousBeaeHa KiaccuuKaiums N3BECTHBIX

cucteM nansi  OypeHuss Ha oOcamHoil koJioHHEe. [logpoOHO ommcaHa, aKTHUBHO
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COBEpIICHCTBYIOIIAACS HAa CEroJHAIIHUNA JI€Hb, TEXHOIOTUS OypeHus Ha
XBOCTOBHKE.

OTtaenpHOE BHUMAHHUE YAEIEHO METOJOM CHI)KEHUSI CONPOTUBIICHUS NPU
CILyCKe 0OCaJHBIX KOJOHH. PaccMOTpEH ONBIT MPHUMEHEHUS «CYXOW CMa3Ku» H
IpOaHaJIN3UPOBAHbI BOBMOKHBIE IIyTH COBEPIIECHCTBOBAHU S IaHHON TEXHOJIOT UM,

PaccMOTpeHBl IyTH COBEPILIEHCTBOBAHUS AIEMEHTOB TEXHOJIOTMYECKOMN

OCHACTKH 00CaJHOU KOJIOHHEIL.

2.1. MeToa paoranumu

JloBeieHue 00CaJHBIX KOJOHH /0 NPOEKTHOM TINYOHMHBI COIPSDKEHO C
OIpEJICIEHHBIMU TPYAHOCTSMH, CBA3AHHBIMHU C CHUJIAMU TPEHUS, BO3HUKAIOIIUMHU
IpU cnycke KoJIoHH. [lo3ToMy OJHUM U3 CIIOCOOOB, MO3BOISIOMINX YMEHBIIUTD
OTPULIATENIbHOE BIMSIHUE CHUJ CONPOTHUBIICHUS, MOXKET CIYKUTh CIIOCOO CIIycKa
0o0CaJlHOM KOJIOHHBI B pexume (IoTaluu, MOJYYHUBIIMN B IOCIEIHEE BpPEMA
HIMPOKOE PACIIPOCTPAHEHHUE.

['maBHas uues 3TOro MeToJa 3aKJIKYaeTcs B 00JEr4eHUN HUXKHEH 4acTu
KOJIOHHBI, HAXOAS1IECA B UHTEpBaje ¢ OOJIbIINM YIJIOM OTX0Ja OT BEPTUKAJIH, U
OPUI0KEHHUH JTOMOJHUTENBHOIO BEca Ha 00Jiee BEPTUKAJIBbHOM Y4aCcTKE B BEpXHEM
YacTH CTBOJIa CKBaXXUHbI, Il OOECIEYEHHUSI «IPOTAJKMBAHUSA» KOJIOHHBI Ha
3a0011.

BaxXHbIM 371€eMEHTOM peanu3alud TEeXHOJOTHH sBJIseTcs (IoTalMoOHHAs
Mydra (pucyHok 29). Mydra co3maer BpeMEHHbI Oapbep BHYTpH 0OOCaIHOU
KOJIOHHBI, o0ecreunBasi pa3iesl MEeXJy areHTaMu, 3alOJIHSIOIMMU BEPXHIOI U
HUOKHIOIO YacCTH KOJIOHHBI. BCIUIBITHE HMIKHEW CeKIUHA 00CaaHONM KOJOHHBI
MO3BOJISIET YMEHBIIUTh CONPOTHUBJIEHUE JIBMKEHHUIO KOJIOHHBI B CTBOJIE
CKBa)XKMHBI, B TO BpEeMs KaK 3aloJIHEHHE 00CaJHON KOJOHHBI CBEPXY OypOBBIM
pacTBOpoM (TAXKeJbIM OypoBBIM pacTBOpoM) Jo0aBisgeT Bec ia OoJee

YCIICITHOT' O «KITPOTAJIKHUBAHUA» KOJIOHHBI HA MECTO €€ YCTAHOBKM.
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a 0
PucyHox 29 — ®norannonHas mydra:
a — [IpHU CILyCKe; O — IpHY 3aMEeIIeHU U

Ha pucynke 29 npuBenena ¢paoranquoHHas MypTa B IBYX MOJOKEHHUAX: HA
pucyHke 29, a mydta cozmaer Oapbep MEX Iy areHTaMud B HUXKHEH U BEpXHEH
4acTsX KOJIOHHBI; Ha pUCyHKe 29, 60 u300pa’keH MOMEHT, KOI/la JaBJIE€HHUE Ha
KianadH (IoTaqMOHHOW My(Thl JOCTUTraeT MPEAEIbHOrO0 3HAYEHMs, KIamaH
OTKPBIBAETCSI M NPOMCXOAUT 3aMellleHHE BO3ayXa OypOBBIM pacTBOPOM WU
JerKoro pactBopa Oosiee TskenbIM. [Ipu 3TOM cpe3Hble BUHTHI CPE3al0TCa U
BHYTPEHHSAS BTyJIKa (IOTALMOHHON MY(QThl MOJIy4aeT BO3MOXHOCTh CBOOOJHO
IepeMeIaThC .

[lemeHTHpOBaHUE CKBAXXUHBI MPOUCXOAUT OOBIYHBIM CIIOCOOOM: HUKHSS
pasnenuTenbHas NpoOKa, JABUrasicb COBMECTHO C BHYTPEHHEW BTYJIKOMH
baoratmoHHOW MYQTHI, TOXOJUT JO OOpaTHOTO KjamaHa M CAJWTCS Ha HEro.
Cnyck BepxHEH pa3ieluTeNbHON NpOOKH MPHUBOAMUT K Pa3pyLICHUIO HUXKHEH
MeMOpaHBbl, ¥ IIEMEHT MOCTYMAET B 3aTPyOHOE MPOCTPAHCTRO.

ABTOpamu mnpou3sBefeH pacuerT 3((PEeKTUBHOCTHM NPUMEHEHMS JaHHOU
TEXHOJIOTUHU JIJIS POCCUMCKOTO copTaMeHTa o0calHbiX TpyO [2, 11]. PesynabTaTsl
pacuera, IpecTaBjeHHbIe B Tabnune 1, moka3aiu, yToO NMPH 3aI0JTHEHUH HUXKHEH

YaCTU KOJIOHHBI BO3yXOM, HauMHas C KOJIOHH AuamMeTrpoMm 244.5 MM, MOXHO
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00€CIIeYnTh IOJIHOE BCILILITHE KOJIOHHBI, IIpHX HCIIOJIb30BAHUH PACTBOpPA HA

yrJIeBOJOPOJHON OCHOBE MOXHO oOecmeuuth 2 — 3 KpaTHOE OOJerdeHue
KOJIOHHBI.
Tabmuuna 1 — Pe3ynsTaThl pacueToB Beca HUXKHEM dYacTh oOcagHOU
KOJIOHHBI
ATeHT, 3aI0JIH IO 1M
HH3 KOJIOHHBI
IHoka3arTesun byposoi ObJieruennniii | Bo3ayx
pacTBop PYO
[TnoTHOCTH O0JIETYEHHOTO — 0,9 -
PYO, kr/m3
Bec koJI0HHEI B BO3AyXE, T 35,1 35,1 35,1
(1000Mm)
OOneryenue KOJOHHBI, T 29,5 15,8 7,0
(1000Mm)

HOJ’Iy.‘—IeHHLIG pPE3YJIbTAThI CBUACTCIBLCTBYIOT 0 NEPCIICKTUBHOCTHU

pPa3BUTHA JAHHOTO METOA.

2.2. BypeHue Ha 00CaJHOW KOJIOHHE

B coBpeMEHHBIX YCJIOBHUSX NPHUMEHEHHE KIACCHUYECKHUX CHUCTEM
pa3paboTku HEPTSIHBIX W CTAHJAPTHBIX TEXHOJOTUH CTPOUTENHCTBA CKBaXKUH
CTaHOBUTCA BCE OoJiee CloXHOM 3aaaueil. CyniecCTBEHHOE YMCII0 MECTOP 0K ACHU I
XapakTepuzyercss npodjIeMaMU HECOBMECTHUMOCTH [aBICHUMHA B CKBaXMHE —
«y3KO€ OKHO OypeHHus», HEeYCTOWYMBOCTh CTEHOK CKBa)XHHbBI, OIACHOCTH
npuxBaTta OypuIbHON KOJIOHHBI.

OnHuM W3 pemieHHH Takoro poja mpoOJieM SABISETCS NPUMEHECHUE
TeXHOJIOTUN OypeHns Ha oOcanuoi kojmoHHe (BOK) wnu B wacTHOM ciiydae — Ha
xBocToBuke (BXB).

I'onpl pazButus BOK moxazaim, 4TO 3Ta TEXHOJIOTHS CTaja >KeJaHHBIM

ABJICHHUEM, HPHUHCCIINM OIPCACICHHBIC YIYUYIICHUA B IPOLHCCC CTPOUTCILCTBA
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CKBaXXuHbI [6, 8]. [IpeumylnecTBa MeTOoJa, KaK JOKAa3aHHbIE MPAKTHUKOW, TaK U
pacueTHbIE BKJIIOYAIOT B CEOs:

*  BO3MOXHOCTh CHWKEHHUS MOITHOCTU OypOBOM YCTAHOBKHY;

*  COKpAIlleHHE MHIMJEHTOB Ha OypOBOM;

*  BO3MOXHO COKpAIlE€HHUE Y cia 00CaHbIX KOJOHH;

e Oammak KOJJOHHBI MOXKHO YCTaHOBUTB TI1y0Ke;

*  oOmiee BpeMs OypeHHsI CHUXKACTCS;

*  yIy4lIAeTcs NPSIMOJHHEWHOCTH CTBOJA CKBaXKHHBI;

*  BO3MOXHO YMEHbIIEHHUE YICHOB OypoBOil OpUrabl;

*  He Hy>XEH NoJbeM TpyO 10 OKOHYAHUU OypeHUsI HHTEpBaa;

*  KOJIOHHA YX€ y LIeJIM U TOTOBA K IEMEHTHPOBAHUIO;

° CHMXKCHUC O6IHI/IX 3aTpaT Ha CTPOUTCIILCTBO CKBAKUHBI.

Texnomoruss BOK Ha ceroaHsmHuil [€Hb MNOJyYWJa MHUPOKOE HUMEET
MHO>XECTBO Bapuanuii npumeHeHus. [lostomy, s 0oJiee neTalIbHOTO
paccMOTpeHUs, He00X0TUMO KiIaccuPpumupoBaTh pa3innuHbie cucteMbl BOK.

Kpome TOrO, CTpOUT OTAEIBHO PACCMOTPETh TEXHOJOTHI0O OypeHHs Ha
XBOCTOBHUKE, KaK OJHY M3 HamOoJiee NMEPCIECKTUBHBIX U OYpPHO pPa3BHUBAOIIMXCS

HanpasieHuit chepe BOK.

2.2.1. Knaccupukanusa npuznakos cucrem BOK

Knaccudukannonnsie npusHaku cucreM bOK menecoobpasno pa3aenutsb
Ha yCTPOMCTBA HA3€MHOM M MOJ3EMHOM €ro yacrer. HazemHas 4acTh COOEPKUT
CUJIOBbIE TPHUBOABI sl 00CaJHOW KOJOHHBI WU 00OpyIOBaHHUE i CIIyCKa H
nogbeMa (CIIO) wuzBnexkaemoit kommnoHoBku (MK). Ilostomy mnpennaraercs
cienyrolas kiaccuuxaus.

[To cnocoOy nepeayuu BpalieHusi 1 COOTBETCTBEHHO MOMEHTA!

1) npu OypeHHH Ha XBOCTOBUKE — POTOP MM BEPXHHUM MPUBO/I;

2) 1npu OypeHHH Ha 00CaHOM KOJIOHHE — POTOP WJIN BEPXHHUH MPHUBOI:

I[To cnoco0y CITIO UK:
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1) Ha tpybGax c¢ npumeHeHmeM cranjgapTHoro kommekca CIIO Ha
OypOBOIi:

2) C npuMeHEHHEM CIeIHaIbHO KaHATHOW WM KaOeIbHOM JIeOCIKHU:

3) C nomompio rubkux TpyO Ha 6apabane (THKT):

Jiss moja3eMHOM YacTH OJHUM M3 OCHOBHBIX KPHUTEPHUEB SBISETCS
BO3MOKHOCTh KOHTPOJII HampaBiieHUs OypeHus. [lo 3ToMy mpu3zHaKy CUCTEMBI
JENSTCS Ha TPU TPYIIIIbL:

1) HeynpagisieMble CHCTEMBI.

2) YupapiseMble CUCTEMBI C HEHM3BJIEKaeMO# (0JHOpPa30BOi) OypoBOi
KOMITOHOBKOH.

3) VYmpapnsemble CHCTEMBI C H3BIEKaeMOil OypOBOW KOMIOHOBKOM.

[IpuBeneHHBIN 0030p M aHAIMN3 CYIIECTBYIOUMX TEXHOIOTHYECKUX CXEM
HNO3BOJISIIOT  CHENaTh CIEAYIOIIUME BBIBOJABl OTHOCHUTEJIBHO pPAalMOHAIBHBIX
ob6nacrteit npumenenus bOK:

1) TexHomorus c M3BJIEKAEMOU KOMIIOHOBKOM  MOJKET
ObITh 3() PEKTUBHOM B CKBa)XKMHAX, CTOUMOCTh KOTOPBIX BBIIIE CPEIHEH.

2) TexHomnorus c HEU3BJICKAEMOW KOMIIOHOBKOHW  MOXET
ObITh 2P PEeKTUBHOM B CKBaXKMHAX JIFO0O0M IEHOBOM KaTETOPUH.

3) TexHomorus ¢ pa3dypHBacMbIM J0JIOTOM-OarMakoM 3¢ (eKTHBHA B
CKBA)KMHAX CPEIHEN U BBIIIE CPEAHEN IEHOBBIX KATETOPUM.

2.3.2. BypeHue HAa XBOCTOBHKe

bypenue Ha xBoctoBuke (Drilling with liner - DwL) siBnsiercss TOruYHbIM
npoaomxenueMm texnonorun bOK (DwC). [IpoaykTuBHBIE MIacThl COBPEMEHHBIX
pa3pabaTbIBa€MbIX MECTOPOXKICHUN pacioaratorcs Bc€ riyoxe, YTO IPUBOJIUT K
YBEJIMYCHHUIO «M3MEPEHHOM TIIyOUHBI 10 CTBOJY CKBaxkuHbl» (borehole measured
depth - MD), ¢akTuyecku IWHBI CKBaXWHBL. IIpu 3ToM B mpoiecce
CTPOUTEIHCTBA CKBaXXMH Ha TAKUX MECTOPOXKJICHUSAX UHIKEHEPHI CTATIKUBAIOTCS C

npobjemMaMy HECOBMECTHUMOCTH JIaBJICHUU, y4acTKaMH OCJIOXXHEHHU, OypeHue
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KOTOPBIX 25 JeT Ha3ajJ CUYUTAIOCh HEBO3MOXHBIM. HeoOX0auM MOMCK HOBBIX
IIOJIXOJIOB B CTPOMTEIBCTBE CKBaXKMH, OJTHUM U3 KOTOPHIX siBysieTcs BXB [7].
TunuyHas cxema aJisi HeYNMpaBisieMOro OypeHHusi XBOCTOBUKOM (PUCYHOK
30) cocToWT W3 MOJBECKHM XBOCTOBHUKA, MaKepa, CILyCKOBOIO HHCTPYMEHTA,
MOCaJOYHOr0 cejjia JJIsi aKkTUBAIlMU MOJBECKU, My(dT C OOpaTHBIMHU KilalmaHaMH
JUIs IIEMEHTHUPOBAHUS M CIEIMalbHOTO pa3dypuBaemoro Oammaka. B Takux
KOMIIOHOBKaX MOCAaJOYHOE CEMIO0 pPa3sMENICHO B CIYCKOBOM HHCTPYMEHTE.
Bypenue ocyiiecTBisieTcsl BpalieHUeM Bcel KOJIOHHBI. TexHonorus o0beanHuIa
TPAJAUIIMOHHBIA CIIYCK XBOCTOBHKA C BPAIlEHUEM M BO3MOXXHOCTh OypeHUs Mpu
UCIOJb30BAHUM CHEUHMAIBHOrO pa3zdypuBaeMoro Oammaka. [lostomy mnocne
JOCTHKEHHUS MPOEKTHOM TIIyOMHBI TEXHOJIOTHSI BKJIOYAET CTaHJApPTHBIM HaOOp
ONEpaInii, CBA3AHHBIX C AKTUBALMEN NOJBECKH, PA3bEAUHEHHUEM CILyCKOBOTO

HHCTPYMCHTA, ICMCHTUPOBAHUCM U aKTHBaHI/I.eﬁ ImakKepa.

2 " byposoii
WPIILHBIC ; y -
vp paimaeMas OamMAaK

TpYobI Ho1BeCKA
/ XBOCTOBHKA —
‘ | 8
) B , n— ;
/ ocazounoc ceano ' [leventuporoynan
115 HpodKH Mydra

XBOCTOBHK

Pucynox 30 — Tunuunas cxema s HEYNpaBIseMOoro OypeHus
XBOCTOBHKOM

OOBIYHOE OTpaHUYEHUE CXEMBbI — pa0OYHii MOMEHT MOJIBECKH XBOCTOBUKA
U CIyCKOBOTO MHCTpyMeHTa. JIOMOJHUTENbHO HEOOXOJUMO BBIOMPATH
ONTUMAJIbHYI0  MPOU3BOJUTEIBHOCTH  OypOBOrO  pacTBOpa C  IEJbIO
MPENOTBPAILCHHUS pa3MbIBa CeUla MIAPOBOTO KJanaHa.

OCHOBHOE NPEUMYIIECTBO TEXHOJOTUHA — UCKIIOUEHHUE JOIMOJTHUTEIBHBIX
CIIO nns meMeHTHpOBaHMS, TaK KaK HaJIM4yue OOpaTHOrO KjamaHa JaeT

BO3MOKHOCTh HEMEIJICHHOTO LIEMEHTUPOBAHHUSI MOCIE TPEKpallleHus OypeHus.

54



bypeHne KOMIOHOBKOW ¢ KOHTPOJIEM TPACKTOPHUU CKBaJ)XKUHBI,
BKJIIOUaIoIIeld nmuiaoTHoe nosoTo, B3/[ ¢ Tenemerpuueckoit cucremon uiu PYC
n3o0paxxeHa Ha pucyHke 31. B KOMIOHOBKY BKJIFOYAETCS J10JIOTO-PACIIMPUTEID
Ha Oammake XBOcTOBHKA. [lociie akTUBallMM MOJBECKH CIYCKOBOM HHCTPYMEHT,
B3/l ¥ DMIOTHOE MOJIOTO W3BIEKAIOTCS U3 CKBAXWHBI OJHOBPEMEHHO. Jlis
LIEMEHTUPOBAHMUSI HEOOX0IuMO npuMeHeHue gonoiHurtensHod CIIO musa

YCTaHOBKH CHUCTCMBbI KJIAIIAHOB M aKTHBAallMH IIaKEpa. OI[HaKO 9Ta CUCTEMA BCEC

€l€ HAXOAUTCS B CTAIMU KOMMEpIUATU3 AL HH.
Pucynok 31 — Cxema bXB ¢ npumenenunem PYC:
1 — crmycKOBO# MHCTPYMEHT; 2 — M3BJI€KaeMasi BHYTPEHHSA KOJOHHA TPYO;
3 — ruipaBaMyeCcKUil 3a00MHBIN IBUTATEINb; 4 — IEPEBOIHUK JJIsI IPUBOJA
pacIIMpHUTEN; 5 —10JI0TO-PAaCIIUPUTEND; 6 — MUIOTHAS KOMIOHOBKA IS
HanpaBjeHHOro 0ypeHnus ¢ PYC; 7 —BHe1IHMEe KOMIIOHEHTHI CUCTEMbI ITOJJBECKH

XBOCTOBHUKA; 8 — OCHOBHAs OypUJIbHAs KOJIOHHA

B mHacTosmuii MOMEHT aKTyaJdbHOM SBJISIETCS 3ajadya pa3paboTKu
KOMIIOHOBKHM, TIO3BOJISIIOIIEN oOecneuynBaTh HamNpaBlieHHOe OypeHue W
neMeHTupoBanue 6e3 gononHutenbHbx CI1O. Huxe onucan oaquH U3 BapuaHTOB
peanu3zanuu, npeajiaraéMblidi B cTatbe [7].

KomnonoBka (pucyHOK 32) BKJIIOYAE€T TMOJABECKY XBOCTOBHKA CO
CILYyCKOBBIM HHCTPYMEHTOM, TEJIEMETPUYECKYIO CUCTEMY, HeMarHutHoe YbT,
B3/l nna HanpaBiaeHHOTro OypeHHs (C MEpPEeKocoM Kopiyca) U A0jJ0To. bypenue
TaKOM CHUCTEMOM OCYIECTBISAETCS TPAAUIMOHHBIM CIIOCOOOM C NMPUMEHEHUEM
B3/I, T. e. ¢ Bpamenuem Bcelr 00caTHON KOJIOHHBI Ha Y4aCTKE CTa0MIN3alluu UITH
TOJbKO 3a00HBIM JABHMraTeleM Ha ydyacTke Habopa KpuBH3HBI. Ilo OKOHYaHUUM

oypenus nonoto, B3Jl, nHemaruutasie YBT u, cOOCTBEHHO, XBOCTOBUK OCTAIOTCS
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B CKBa’XXHHC. TeHeMeTpI/I‘-ICCKa}I CUCTeMa BMECTC CO CIIYCKOBBIM HMHCTPYMCHTOM
HU3BJICKACTCA. ITocne HU3BJICYCHUA TCICCUCTCMBI MOJXKHO IMPpOBOJHUTH
HCMCHTHUPOBOYHEBIC pa.6OTBI npu HCO6XO,I[I/IMO.CTH

Hp‘GI[J'IO)KGHHa}I TCXHOJIIOTHICCKAA CXCMaA IIPUBCACHA HA PUCYHKC 4,

v A n
3aGoliHbli mosa:::;:%e:::m Tenemerpuueckas ﬁg;;:c“‘:“
BUraTtenb +
ﬂonovo uemexTHpoBouHoii  CHCTEMA XBOCTOBMKA
Mycpra c o6parHeim "POOKH MNepesoaxuk Ans
KnanaHom Cpe3ku LeHTpaTopoB

s=— (=
Osepuwor \

Wap
LemenTuposouHan
npobka

Pucynox 32 — Cxema cuCTEMBI 1J1s1 HAaNpaBJIEHHOTO OypeHus Ha
XBOCTOBHUKE

JUiss nmpoBeneHUs LEMEHTHUPOBOYHBIX pabOT B KOMIIOHOBKY BKIIIOYEHA
mydta ¢ oOpatHsiM kiamanoMm (LIKOJ). IlosTomy npuMeHeHHE TEpPeTMBHOTO
kinanaHa He Tpebyercs. Takum oOpazom, HKOJ cnyxur mis npenoTBpalieHus
o0paTHOro Toka OypHJBHOIO pacTBOpa M momnajaaHusi OypoBoro nuiama B B3/,
TE€M CaMbIM IpeA0TBpaIas NOBPEXKISHHE CTaTopa U 3a0MBaHUE J0J0TA.

Hanee, Bbime [KOJ/la na paccrossHun 20 M (IByX 00caaHbBIX TpyO)
pacroyiaraeTcsi MOCaJO4YHOE CeJJI0 Ui Iapa M LEeMEHTUPOBOYHONW NpOOKH.
Bkimtouenne — gaHHoro — o0OpyAoBaHMS ~— HEOOXOOMMO  JUId  aKTHUBALUH
TUJIPABJIMYECKUX Y3JIOB CHUCTEMbl NOJBECKHM XBOCTOBHKA, a TaKX€ TOYHOIO
oInpejeseHUs MocaIKu NpOoOKM U OKOHYaHMS Ipollecca IEMEHTUPOBAHUSI.

Brime pacnonararorcss e HemarHutHele YDbBT, BHYTpH KOTOpPBIX
pacrnoiokeHa TeJieMeTpuIecKas CUCTeMa.

Bubpanuu, Bo3Hukatomue npu OypeHHH, KOMIEHCUPYIOTCS pPEe3UHOBBIMU
LHEHTpaTOpaMU, KOTOpble Kpome GYHKIMHU AeMidupoBaHus o00ecrneynBarOT
bukcanuio cucrembpl mo ocu HYBT. Cpasy 3a HYBT wumer cpesarommis
NepeBOJHUK, OCHOBHAS (PYHKIIMS KOTOPOIO - CPE3Ka PE3MHOBBIX LIEHTPATOPOB 10

MaKCUMaJILHOTO AuaMeTrpa (PaKTHUECKON TEeJeCUCTEMBbI. DTO HEOOXOAMMO st
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o0ecrieueHUs MPOXOXKICHUS BCEX JIEMEHTOB TEJIEeMETPHUECKON CHCTEMBI uepes
CILyCKOBO€ 000pyIOBaHHE CHCTEMBI IOJBECKHM XBOCTOBHUKA MPH H3BICUCHUM.
Jlanee uner KoJoHHA-XBOCTOBUK. HyHO OTMeTUTh, yTO Ha OypoBOil TpeOyeTcs
ycraHoBka 'HKT mis BO3MOXHOCTH M3BIECUEHUS TEIEMETPUUECKOU CUCTEMBI U3
TOPU30HTAIBHOTO HHTEPBAA.

[Tocne nqocTUKEHUs MPOEKTHOIO 32005 B CKBAXXKMHY CILyCKa€TCsl OBEPLIOT
Ha ['HKT mis cTBIKOBKM C TenmecuctemMon m €€ ussiedeHusd. [locne mu3BieueHus
TEJICCUCTEMBbI NPOBOJATCA ONEpalus MO0 AaKTUBAIMM IIOJBECKHM XBOCTOBHUKA U
Pa3bEAUHEHNIO CIIyCKOBOTO MHCTPYMEHTA, a 3aTEM LIEMEHTHPOBAHHME KOJOHHBI
XBOCTOBHKA U IPOMBIBKA CKBA KU HBL.

JIOCTUTHYThI€ B yKAa3aHHBIX «HHILIAX» PE3yJbTaThl CBUAETEIBCTBYIOT O
NEePCIEKTUBAX PACIIUPEHUS 00JacTel NPUMEHEHHUS TEXHOJIOT U, TPEXKAE BCErO B
0o0JlacTh HMHTEpPBAJIOB CKBaXMH CO CIO0XXHOW TpaeKTOpued U JUIMHHBIX
TOPU30HTAIBHBIX CTBOJIOB. MMeroTcss npuMepsl UCIIOIb30BAHUSA «U3BJIECKAEMBbIX)»
CUCTEM JUI PEIICHUS TAaKMX 3a]a4, HO OHM HOCST 3MH30JIMYECKUUN XapaKTep B
OCHOBHOM H3-3a CIJIMIIKOM BBICOKOM L€HBl pealu3alui U HEIO0CTAaTOYHOMN
HAJEKHOCTH CHCTEM, YTO ECTECTBEHHO CBS3aHO C HEJOCTATOYHBIM ONBITOM HX
npumMeHeHus.  HampaBieHuss — COBEpIIEHCTBOBAHUS U ajalTallUd  ykKe
anpoOMpPOBaHHBIX TEXHUYECKUX pelieHui sexat B chepe bXB u npexne Bcero
3aKJIIOYMTEIbHBIX CEKIIUNA CKBaXXUH CIIOKHOM KOH(MUTYypaluu.

IIpennaraemass TEXHOJIOTrHYECKasd cxema HAaIIpaBJICHHOT O

bXB ogHOpa30BOM KOMIOHOBKOM, HO C HM3BJICUYECHUEM TEJIECHUCTEMBI, Ha
B3IVIAJl AaBTOPOB, MO3BOJUT pACIIMPUTH O00JaCTh NPUMEHEHHS MeToJa H

3aIOJIHUTH €IIe OJHY HUIITY B c(pepe CTPOUTEIHCTBA CKBAKUH.
2.3. Cumkenue cu Tpenus npu cnycke OK

PaccmoTpuM cymiecTByromue Ha CErOJAHSIIHUM JIEHb METOJbl CHUXKECHUS

cut Tpenus (pucyHok 33).
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MeTo bl CHUXEHMA CUN TPpEeHUA

Xnummnyeckue MexaHunyeckue
v Y
Mcnonb3oBaHUe
MpumeHeHMne .
3/IM4HOM
CMa3bIBAOLLMX pasn ° .
TeXHO/IOrn4Yeckom
KOMMNOHEHTOB B €XHONO 6ec ° .
OCHaCTKM obcaaHom
6ypoBOM pacTBope A
KOJIOHHbI
y y
NMpumeHeHne

«CYXOM CMasKw

Pucynok 33 — MeTo1bl CHU>)KEHHUS CUIT TPEHUS

XUMHYECKHME METOAbl O0a3upyIOTCSs Ha MNPUMEHEHUH Pa3IUYHBbIX
CMa3bIBAIOIMX 100aBOK W KUAKOCTEH B mpoiecce OypeHus. K mexanmueckum
METOJIaM OTHOCATCSI BKJIFOUCHHUSI B COCTaB 00CATHON KOJIOHBI TAKMX 3JIEMEHTOB
TEXHOJOTMYECKOM OCHACTKM, KaK OalllMak¥M W IEHTPATOPhl pa3IHUUYHBIX
KOHCTPYKIUH.

K Hepgocrarkam XUMHYECKOrO METOJAa MOYKHO OTHECTH CIIOKHOCTH
peryJiMpoBaHMsi cocraBa OypoBOro pacTBopa B Ipoluecce OypeHHs H
HenocTarouHyo  3ddextuBHOCTh. [loaTomMy  akTyanibHOCTH TpUOOpETaeT
COBEPIICHCTBOBAHUE MEXaHUYECKHUX METOIOB.

Ha creike MEXaHUUYECKOTO U busznueckoro METOJI0B
HaXOJUTCSI TEXHOJIOTUSI MPUMEHEHHS «CyXOH cMa3zku». J[aHHas TexXHOJIorus, a
Tak)Ke COBEPIIIEHCTBOBAHME MEXaHUYECKUX METOJI0B OyI€T pACCMOTPEHO HUXKE.

2.3.1. OnbiT npuMeHenus «Cyxol cMa3Ku»
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Komnanneir «bBYPUHTEX» mpennioxen crnoco0 CHMXEHHUS CHJI TPEHUS
MEXXIy CTEHKaMHU CKBaXXHHBI U CIyCKaeMOUW 00caaHOW KOJOHHOU (XBOCTOBHKOM)
B TOPU30HTAJIBHOM YYacTKE CTBOJA CKBa)XXHUHBI, COCTOALIUM B MCIIOJIb30BAHUHU
«cyxoit cMazku» [15].

JlaHHAsg TEXHOJOTrHsd 3aKJIYaeTCs B CIEAYIOIIEM: B TOPU30HTAIBHBINA
y9aCTOK CKBa)XMHBI YCTAaHABIMBACTCS Mayka CBEXKEro OypoBOTO pacTBopa, 0e3
HapaOoTaHHOM  TBepJaoh  (a3pl €  COACPHKAHHMEM  «CYXOH  CMasKu»,
NPEACTABISIONMEH CO60H MHKPOLIAPHKH, B KOHIEeHTparuu 20 — 25 xr/m°. 1o
NO3BOJISIET CHU3UTH CHJIBI TPEHUS U NOPEJOTBPATUTh BO3HUKHOBEHUE

nuddepeHIMalbHOrO MPUXBaTa NP MOCIEYIOIIEM CILycke 00cagHON KOJIOHHBI.

PucyHnok 34 — «Cyxas cma3zka»

IIpn 3KCHEpUMEHTAIBHBIX HCCIENOBAHUIX, TPOU3BEACHHBIX KOMIIAHUEM
«BYPUHTEX», B OypoBoii pacTBOp m00aBIsIIN 25kr/m° MUKpPOLIAPUKOB U
OCYIIECTBJISIIM HM3MEPEHUE BEJIMUYMHBI MOMEHTAa Ha CIBUT TMPH MOMOIIH
MoauduipoBanHoro npubopa «Differential Sticking Tester» mpousBomctsa
komnanuu OFITE (pucynok 34). DkcnepuMeHThl TPOBOAWINCH ¢ TPUMEHEHHUEM
OypOBBIX pacTBOPOB, B3SThIX C TMPOU3BOACTBA U TNPUTrOTOBJIECHHBIX B
nabopartopubix ycaoBusx. Mccnenosancs KCl-nmomumepusiii pactBop «I[lonukapo

B Oy.
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Pucynok 35 — MW3mepeHne MOMEHTa Ha CHBUT IIOCIE IOJIyYECHHUS

muddepeHImanTbHOro NMpUXBaTa JUCKa Mo CTATHIECKOM Harpy3Koi

CyTtb MoubUKaMU TpUOOpa COCTOsIIA B OCYIIECTBICHUHN CTATUYECKOTO
NPIWKUMHOTO YCHIIMS, a TaKkKe B HAJUUYUU BO3MOXHOCTH OJHOBPEMEHHOTO
U3MEPEHUS BEJIMYMHBI MOMEHTA Ha CIIBUT.

MeTtoauka npoBenCHUS 3aMepa:

1) Hccnenyemblii pacTBOp 3aJIMBAIOT B KaMepy JO METKH. B KphIIIKy
BCTAaBJISIIOT JMCK C TUIOCKUM TOPIIOM, CO3AAI0IIUM KpyTsuuii MomeHT. CoOuparoT
amnmapar, yCTaHaBIMBAIOT OJ0K BBICOKOTO JaBJICHHUS HA MITOKE KiIamaHa KPBIIIKHA
(puc. 3). Iloparotr naBiaenue 35 atm. (500 psi) B pabouyro kamepy. OTKpBIBAIOT
HWOKHUNA kianad. B tewenwe 15 MuHyT ocymiecTBisiercs (GuibTparus
ucciaenyeMoro OypoBoro pactsopa st GopMupoBaHus GUIbTPAIIUOHHON KOPKH.

2) 3anuchiBalOT 00beM (GHUILTpPATa 3a 15 MHUHYT, ¢ MOMOINBIO phiuara
NPUBOAAT B COMPUKOCHOBEHUE AUCK C (PUIBTPAMOHHOW KOPKOW U (PUKCUPYIOT
craTuueckui rpy3 (maccoi 10,5 Kr - 35KBUBaJIEHTHO OCEBOMY MPHKATHUIO IITOKA

kianana 40 Kr) Ha KOHIIE phlyara (pucyHok 35).
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3) B TakoM COCTOSSHMM YCTaHOBKY BblIepkHBalOT 10 MHHYT, 3aTeM
youpatoT rpy3. Ecnu mTok aucka ocTasicsi B HUKHEM TOJIOKEHUHU (MPUKATHIM K
(GuIbTpaMOHHON KOPKE), TO IPOU30ILIEII IPUXBAT.

4) Ecnm mocie BBILACPKHUBAHUS IMOJI Harpy3koi B TedeHue 10 MuUHYT
JUCK TMOJHUMAETCSI B BEpPXHEE MOJIOKEHUE, TO MPUXBAT HE oOpa3oBaiics. B atom
cllyyae CTaTUYECKUH I'py3 YCTAHABIMBAIOT O0OpaTHO, MPHKUMAs TUCK K KOPKE, U B
TaKOM COCTOSIHUM H3MEPSIOT MOMEHT Tu (mojJ Harpy3kou, kak Ha pucyHke 35).
[IponsBoaAr nBa 3amepa ¢ uHTEepBAIOM B 10 MuHyT. IlosmyyeHHBIE 3HAYECHHUS
MOMEHTa (UKCHPYIOT B TaOOPATOPHOM KypHAJE.

[lonmydyeHHBIE NaHHBIE NPEACTABJICHbI HAa pucyHke 36. Kak BuaHO wu3
PUCYHKA, IPUMEHEHHUE MUKPOILIAPHUKOB J1aJI0 MOJI0KUTEIbHOM 3¢ dexT. Bennunna
MOMEHTa 0OpHM TOM K€ YAEIbHOM Bece OypoBOTO pacTBOpa B HHTEpBAJIE
motHocTeit 1,05 — 1,45 rp/cM® cHE3MIACh IPAKTHYECKH 10 HyJIs. B mambHeifuem,
HaOII01aeTCsl pOCT MOMEHTA, OJJHAKO 3HAYEHUS OCTAIOTCS HUXKE, YEM B PACTBOPE

oe3 IMPUMCHCHUA «TBGpI[.Oﬁ CMAa3Kn».
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Pucynok 36 — U3Mepenue MOMeHTa Ha CIBUT NpU JUPepeHInATbHOM
npuxsarte ¢ OypusibHbIM pacTBopoM "[lonnkapo BUO" 6e3 3arpsa3HeHnss aK THBHOM
TBEpaoH (pazoit

OcHOBHBIE BBIBO/IbI, C/I€TaHHBIEC aBTOpaMHu|[15]:

1. Ilpu yBenu4eHUU MIOTHOCTH OYypPOBBIX PAaCTBOPOB YBEIMUYMBAETCS U
MOMEHT Ha C/BMI.

2. TonmmuHa KOPKH YBEIHUYUBACTCS TPU YBEIUYECHUH IUIOTHOCTH
pacTBopa.

3. Jo6aBnenue «Cyxoi cMa3Ku» CHI)KaeT MOMEHT Ha CIIBUT.

4. HapaboTka TBepa0# (a3bl npu OypeHUHN YBEIUYMBAET MOMEHT Ha

C/BWT;

5. Joo6asnenue B «Ilonumkap® BMO» «cyxoil cMa3ku» CHHUXKAET 10
MUHUMYMa MOMEHT Ha CABUI NpH yaeiabHoM Bece A0 1,20 r/cm3. Ilpu Gonbiieit
I10THOCTH 3 pekTuBHOCTH «CyXOoi CMa3Ku» CHMKACTCS.

Pazpabotka, ocymectBnénnas komnanueil «bYPMHTEX», ne nHamuia
aHAJIOTOB B OTEYECTBEHHON W 3apyOexHoW mnpakTuke. [losoxuTenbHbIe

MNPAKTUHYCCKHUC PE3YJIbTaTbhl CBHUACTCIBCTBYHOT O IMCPCIICKTUBHOCTU I[aHHOIh/’I
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TexHosoruu. OQHaKko, Kak BUJHO W3 cTarhu [15], nccnenoBarenu BapbUpOBAIH
TOJBKO TAapaMeTp IUIOTHOCTH PacTBOpa U BEJIWUMHY TBEpAOH  (a3bl
EnuncTBeHHAs 3aMepsieMasi BEJIMYMHA — MOMEHT Ha IMHAMOMETPHUYECKOM KITIOUE.
B craree He OCBEIIAIOTCS TaKHE€ BaKHbIE MMapaMeTphl, KAK MaTepual U JUaMeTp
MCII0JIb3YEMBIX MUKPOLIAP OB.

Takum 06pa3om, akTyaabHOU SBJISIETCS 3ajJaya JajdbHEHIIETro MPOBEACHUS
MCCIEIOBAHUMN B JAHHOM HAallpaBJICHUH.

PaccmoTpum mapameTpsl, TpeOyIONIKe JOMOJIHUTEIBHOTO UCCIIE0BaAHUS:

*  MaTepuai MapoB;

*  JMAMETp IIapoB;

*  KOHLEHTpAIHs «CYXOU CMa3KU».

JlaHHas TEXHOJOTHUsS MO3ULIUOHUpPYETCA aBTOpamu [15] TOonBKO B ciydae
ocymecTBieHus najipHeimero MI'PII. Omnako «cyxas cMa3zka» MOXKET ObITb
abppexTuBHa U 0€3 NPUMEHEHHs B NOCIEAYIOIIEM THJIpOopa3pbiBa. [JaBHOE
yCIIOBHE €€ MPUMEHEHHUs — MUHHUMH3alUs yiepda KOJUIEKTOPCKUX CBOWMCTB
miacta. JTOro0 MOXHO JOOMThCS TIPU  HCIOJH30BAaHMM  MaTEpUANIOB,
MOJIBEP)KEHHBIX PAaCTBOPEHUIO B BOJHON cpene. Takue wmapel JOJHKHBI
o0ecreunTh HAaJEKHBIH CIHYCK XBOCTOBHKAa, IPH 3TOM HE MNOTpeOOBaThH
NPOBEACHUS  JOMNOJHUTENBHBIX MEPONPUSATHH 1O OYHMCTKE HMHTEepBaa
NPOAYKTUBHOrO IuiacTa. Taxkke BO3MOXKEH BapHaHT HCIOJb30BaHHMS LIAPOB,
MOJIBEPKECHHBIX Pa3pylICHUI0O TIPHU KUCIOTHOM obOpaboTke. HeoOxoaumbl
JaJIbHEMIIIME UCCIIE0BAaHMs B JAHHOM HaIlpaBJICHUH.

ABTtopamu [15] mpeamonaraercsi MCIOJb30BaAaHUE IIAPOB OYEHb MAJIOTO
nuamerpa (101 MUJIITUMETPOB). bosbioit nHTEpeC NpencTaBiaseT UCCIEOBaHNE
3aBUCMMOCTM JuamMerpa ImapoB OT 3(P(PEeKTUBHOCTH HX UCHOJIb30BAHUS.
[IpennosoxuTeIbHO, Maphl JUAMETPOM, MPEBBIIMIAIIIUM JUAMETP MOp (TPEIIHH)
KOJUJIEKTOPA, HE HAHECYT yiiep0Oa NpOoayKTUBHOCTH CKBa>XMHbBI U HAIIPOTHUB, Oy 1y T
cocoOCcTBOBaTH 00Jiee MPOAOJKUTEIPHON ee JKCIUlyaraluu, paboTas Kak

JOTIOJIHUTENBHBINA QUITHTP.
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TpebyeTcst Takxke pacCMOTPETh Cilydail, KOrja Iapbl HE HAXOJATCA BO
B3BCIIEHHOM COCTOSIHUM, a MOJ JE€HMCTBUEM TPABUTALMUOHHOTO OCaXJICHUS
najaloT Ha JEXAa4yyl CTEeHKY. BBuIy TOro, 4ro MaKCUMAajlbHOE TpPEHUE
HaOJII0/1aeTCsI UMEHHO Ha Jie)kadel CTEeHKE CKBaKMHBI, MOXKHO MUHHUMHU3UPOBATH
KOJIMYECTBO HCIOJB3YEMbIX IIApOB, MPU OSTOM JOOUBIIUCH TpeOyeMoi
3¢ HEeKTUBHOCTH.

[Ipu npoBeneHuu Uccieq0BaHU HEOOX0IUMO pa3padoTaTh KOHCTPYKIUIO
nabopatopHoro crenna. [Ipencrasnennas B crarbe [15] KOHCTPpYKIUS CTEHIA HE
MOJKET CUMTATHCS ONTUMAJBLHON TaK KaK HE MO3BOJISIET OLEHUTH 3P PEKTUBHOCTD
IPUMEHEHHS ApPOB MPH IUIOTHOCTH, HE ONM3KOM K KpHUTHUYecKOil. Bo3moxkHO,
ONTUMAJIbHBIM pelleHneM OyJeT ABISATHCS M3TOTOBIEHHE MacHITaOMPOBAHHOTO

ﬂa.60pa.TopH.0r.0 CTCHAA, ITO3BOJAIOMICTIO YYUTHLIBATD 0OJIbIIIEE YU CIIO (b&KTOpOB.

2.3.2. CoBepuIeHCTBOBaHHE 3JIEMEHTOB TEXHOJOTHY€CKOM OCHACTKH

B cocraB koMmiekca TEXHMYECKMX CpPEACTB sl oOecleydeHus
ONTUMAJBHBIX YCJIOBUM CHycKa U LEMEHTUPOBAHHUS OOCAJHBIX KOJIOHH B
TOPU3OHTAIBHBIC CKBAXXWHBI C OOJBINION HJIMHONW TOPU3OHTAIBHOTO Yy4acTKa
BXOJIAT CIEAYIONIME TEXHUUECKUE CPEICTRA:

*  OamMak KOJIOHHBIN;

*  IIEHTPATOPHI,;

ABTopamu [18] mnpennokeH OamMak KOJOHHBIA C BO3MOXXHOCTBIO
Bpamenus bK-Bp (pucyHnok 17) npeana3zHadeH 11 000pyA0oBaHUs HU3a 00caIHOM
KOJIOHHBI, C II€JIb}0 HAlpaBJICHUS €€ IO CTBOJIy CKBa)XMHBl U MPOXO0XKJICHUS
OCJIOKHEHHBIX 30H (KaBEpHBI M 30HBI CY>XEHHSI CTBoja) 0e3 mocajaok. ITo
OCYIIECTBJIIETCS 3a CUET TOr0, YTO SKCICHTPUYECKHMM HAKOHEYHHUK Oalimaka
MpPEOI0JIeBaeT YCTYIbI M OTubaeT mperpaabl. B TOpU30HTATBbHOM CTBOJIE
CKBa>XHWHBI MOCAJIKa U MOCIEAYyIoIIasi OCTAHOBKA JBUXKEHUS 00CaJIHON KOJIOHHHI,
KaK MpaBUiIO, BCErAa CBSA3AaHBI C TEM, UYTO Mepeja OalmmMakoM HarpebaeTcs Iiam,

KOTOPBIA HAXOJUTCS HAa HUKHENH 00pa3yrolieil CTBOJ CKBaKUHBI.
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Hanpasnsiomas npodka 6ammaka BK-Bp 114 Beinmonnena co ckocom 20 —
30° ¥ PKCUEHTPUYHBIM CMELIEHUEM BEPIIMHBI OKPYIJIOr0 KOHYyCa OTHOCUTEIbHO
ocu OammMaka. banmmaky KOJOHHBIE ¢ BO3MOXHOCThIO BpaimeHus bK-Bp npomiu
HE TOJBKO MIMPOKUE 3aBOJCKUE CTEHJOBBIE HUCIBITAHUSA, HO U IPOMBICIOBOE
pUMEHEHHE.

N3Becten nenrpatop [3] (pucyHok 37), COCTOSIMMMA U3 ABYX CTATBbHBIX
KOJICIl, KOTOPBIE )KECTKO CKPEIUICHBI MEXIAY COOOM MPYKUHHBIMH ap 04 HBIMU
mraHkamu. Mx
¢ukcupoBanne Ha o00cCaJHOW KOJIOHHE JOCTUTAeTCs MyTeM pa3MelleHus

LHEHTpaTOpa 1o 00e CTOPOHBI MyPTHI 00CaTHOMN TPYOHI.

Pucynox 37 — Llenrpupyromuii GoHapb

Henocratok 3TONM KOHCTPYKIMH SIBISAETCS CIHEAYIOIIEE: NPU BBICOKOU
HEHTPUPYIOIIEH CMOCOOHOCTH OTrpaHUYECHHAs MPOXOJUMMOCTh IO CTBOJIY
CKBa)XMHBI U BBICOKHE 3HAYEHUA NMpoTankuBaromero ycunus. [Ipu cnycke Takoro
IIEHTpATOpa B CKBa)XMHY HaOII0JaeTCs HE TpEHHE INIAaHOK II0 BHYTpPECHHEH
MOBEPXHOCTHU MpeabIayiied 00CcaaHON KOJIOHHBI, a pe3aHUE OCTPHIMU KPOMKAMU
IJIAaHOK IICHTpaTopa BHYTPEHHEH IMOBEPXHOCTH 0O0CAIHON OJIOHHBI, YTO
3HAUUTEIBHO 3aTPYAHSAET CIYCK KOJOHHBI C LUEHTPATOPAMH B CKBAXHUHY. ITO
SABJICHHE OOBSICHSETCS TEM, YTO IUIAHKH IIEHTPATOpa MMEIOT MPSIMOYTOJIbHYIO
dbopMy ¢ OCTpHIMH KpPOMKaMH, a TBEPJOCTh MaTepuajia IUIAHOK I[EHTpaTopa
MPAKTUYECKH BCErjia BBIIIE TBEPJAOCTH MaTepuaya 00CaJHON KOJOHHBI U TEeM
0oJiee TBEPJAOCTH TMOPOJ OTKPBHITOTO CTBOJIA CKBaXXWHBI. [IpW ciycke Kakmoro

HNOCHEAYIOIIET0  LEHTPAaTOopa IIEPOXOBATOCTh BHYTPEHHEH  IOBEPXHOCTH
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00caHON KOJIOHHBI BO3PACTAET, & B OTKPHITOM CTBOJIE IPOUCXOIUT Pa3pyIlICHHE
MPUCTEHHOTO CJIOS, YTO COOTBETCTBEHHO, MPHUBOJHUT K HAPACTAIOIIUM TIOCAIKAM
00caHOMN KOJIOHHBI.

KoncTpykuus MPY>KUHHOTO pa30opHOTO LEHTPATOP (LLITP),
MPEICTABJICHHOTO HAa PUCYHKe 38, NuIleHa NMPUBEICHHBIX BBHINIC HEIOCTATKOB.
TexHuueckui pesysibTaT JOCTUTAETCA TEM, YTO B MPYXUHHOM IEHTPATOPE,
COCTOSIINIEM W3 ICHTPUPYIONIMX apOYHBIX TUIAHOK W JBYX IEJIhbHOKPOCHHBIX
obedyaek, apoOYHbIC TMPYXKHHHBIC IUIAHKH [EHTpaTopa HMEIT B CCUYCHUH
nyroodpasnyo Gopmy, U Ha UX HAPYKHYIO MOBEPXHOCTh HAHECEHO MOJIUMEPHOE
MOKpBITHE, oObOjanaroniee aHTUGPUKIMOHHBIMUA CBOMCTBAMU. OTO HUCKIIOYAET
pe3aHue OCTPHIMH KPOMKaMH IUIAaHOK IIEHTpaTopa BHYTPEHHEH IMOBEPXHOCTHU
00caZHON KOJIOHHBI M pa3pylieHHEe MPUCTEHHOTO CIOS B OTKPBHITOM CTBOJIE
CKBAXXMHBI, a Takxke oOecredrBaeT O0oJiee JErkoe MPOXO0XkJIeHue o0ca HOM
KOJIOHHBI TI0 CTBOJY CKBa)XHHBI, OCOOEHHO B TIOJIOTUX M TOPHU30HTAJIBHBIX
ydacTKaX, IIOCKOJIbKY apOdYHbI¢ IUTAaHKU IIEHTpaTopa B3aUMOJEHCTBYIOT C
BHYTPEHHEH TMOBEPXHOCThIO 00CaAHONW KOJOHHBI U CTBOJIA CKBa>XUHBI
MOCPEICTBOM TPEHHUSA CKOJBXKEHHS C MaKCHUMalbHO HHU3KUM KO3 (dUIMEHTOM

TPEHHSL.
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Pucynox 38 — LleHTpaTop npyXKHUHHBINA ¢ paanyCcHbIMU Ii1aHkamu L{ITP

114/148 u nentpatop pupmer Cunrek 114/148

[IpyMeHeHne >KEeCTKOro LeHTpaTopa-TypOyau3aTopa U3 MOJUMEPHOTO
HU3KO(PUKIIMOHHOTO MaTepraia A0JHKHO 00eCceunTh CHMKEHHUE Ko puirenTa
TpeHHUsT M OOJIETYUTH MpoIlecC chycka oOcagHol KoJoHHBL. Kpome ToOTO,
HEHTPATOP-TypOynnu3aTop oOecreunBaeT 3aKpyuyMBAHHUE IMOTOKA >KUJAKOCTH,
yiIydiias pacupeieyieHne TaMIOHAXXHOTro (IIEMEHTHOTO) pacTBOpa B 3aTPYOHOM
MIPOCTPAHCTBE.

Lentpatop TpyO6 Hapyxuwii (LUTH) — menTpaTop, U3rOTOBIECHHBIA U3
NOJMMEPHOTO HU3KOQPHUKIMOHHOIO MaTepuana, He 00JaJarolero spKo
BBIDQ)KCHHBIMU TPY>KUHHBIMU CBOMCTBaMH. YCTaHaBJIMBAeTCd Ha 00cCaJHOU
KOJIOHHE B CTPOTO 33JaHHOM HWHTEpBaie M (UKCHUPYETCS OT OCEBOIO
MepEeMEICHUS CTOMOPHBIMU KOJIbIIAMHU.

LlenTpaTopsl-TypOyIHU3aTOPHI U3  IOJHMEPHOTO

HU3KOQPUKIHOHHOTO MaTepuayia o0JIaJaloT CIEAYIOIMMHA MOJE3HbIMU
CBOMCTBAMHU:

*  Hu3KkuUM Ko3ppunmenTom tpenus (0,04 —0,1);

*  JIETKHM BECOM: JIETKO MEPEHOCATCA U MOHTUPYIOTCS BPYUHYIO;

*  U3TOTOBJIEHBl M3  CHEUHUAJbHOTO  KOMIIO3UTHOIO  ILIACTHKA,
YCTOHYMBOTO K Pa3IMUYHbIM HEOMAronpusaTHbIM (hakTopam;

*  MaTepuajg MHEPTEH NPAKTUUYECKH KO BCEM XMMHYECKHMM BEIIECTBaM,
UCTIOJIB3YIOMUMCS B HEDTSIHON OTpaCiiy;

* MOIyT OJAMHAKOBO  XOpOIIO  MPUMEHATHCS B  Pa3IMYHBIX
TeMieparypHbsix ycaoBusax (ot -40 °C go +145 °C);

*  BBIJEPKHMBAIOT OOJIBIIYIO YAAPHYIO HATPY3KY.
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Pucynok 39 —  LleHrpatop-TtypOynu3zaTop HU3  MOJUMEPHOTO

HU3KO(PUKIIMOHHOTO MaTepualia YyCTAHOBJICHHOM Ha 00CcaqHON KOJIOHHE

Pe3ynbTaThl MPOBENEHHBIX OMBITHO-KOHCTPYKTOPCKHX pPabOT, a Takxke
1a00paTOPHO-CTEH I0BBIX UCHBITAHUM MOKa3au, yTo pazpadboranusie OO0 «HTL]
«39PC» nentparopel-rypoynuzaropsl LITH tunmopasmepos LITH 102/116 MM u
LITH 114/ 138 MM TOJHOCTBIO COOTBETCTBYIOT HMCXOJHBIM TEXHHUYECKUM
TpeOOBaHMAM U TexHuueckomy 3aganuio (T3) Ha wux pa3paborky. breina
n3rotoBiaeHa onsiTHas maptus LHTH 102/ 116 mm u TH 114/ 138 mm mns
NPOBEACHUSA  ONBITHO-MPOMBIIUIEHHBIX pabdOT MO HUX NPUMEHEHHIO Ha
mectopoxeHusx OAO «[azmpomuedTs-HHI».  OnbITHO-IPOMBIIIICHHBIE
paboThl 1O MPUMEHEHHUIO LEeHTpaTopoB TypOynuzaropo LITH u3 nmomumepHoro
HU3KO(QPUKIIMOHHOTO MaTepuana NOpPOBOAMINCH Ha 9 TropU30HTAIBHBIX
ckBaxknHax (3bC) mectu mectopoxaennit OAO «["azmpomuedts-HHI». Ha Bcex
CKBa)XMHAX, TJI€ MPUMEHSIIUCH IEHTPAaTOPBI-TypOynu3aropsl LITH,

[IpuMeHeHne >KEeCTKOro UEHTpaTopa—TypOyiau3aTopa H3 MOJUMEPHOTO
HU3KO(PUKIIMOHHOIO MaTeprana A0JHKHO 00e€CIeunTh CHUKEHHE Ko PuurenTa
TpeHHUsT M OOJIeTYUTH Mpolecc chycka oOcagHoM KoJIoHHBL. Kpome ToroO,
HEHTPATOP—TypOyau3arop oOecrneunBaeT 3aKpyuMBaHUE IMOTOKA >KHIKOCTH,
yiydiasi pacupesesieHue TaMIIOHAXKHOTO (IeMEHTHOI'0) pacTBOpa B 3aTpyOHOM
MPOCTPAHCTBE.

2.4. KpenjieHue CKBaKuH

2.4.1. 3ameayieHne CPOKOB CXBATHIBAHUS TAMIOHAMXHBIX

pacTBOpPOB
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[Ipy meMeHTHpOBAaHMM HEKOTOPBHIX CKBaXMH Ha riayoumue 2500- 3000 m
3aboitHas Temneparypa moxet gocturarh 140 — 160 OC. Takue TemmneparypHbie
YCIOBHUSA CHJIBHO YCKOPSIIOT 3aryCT€BAaHME W COKPAIIAIOT CPOKM CXBaThIBAHUS
TaMIOHAXHBIX PAaCTBOPOB, MOATOMY O€3 CHENHUANbHBIX IUIACTUPUKATOPOB U
3aMEJJINTENIEl CPOKOB CXBaTbIBAHUS HEBO3MOXKHO NPOBECTH NPOKAYKY H
NpOAaBJIMBAaHNE TaMIOHAXXHBIX PAacTBOPOB Ha pacueTHYIO BbIicOTy. OCOOEHHO
CIIO)KHBIM SIBJISIETCA TIPOIECC I[IEMEHTHPOBAHUS CKBaXXUH, NPOOYpPEHHBIX B
CUJIbHOMOPUCTHIX  APEHAXHBIX  IJlacTaX C  OJM3KUM  PACIOJIOKEHHEM
He(Tera3oBOJOHOCHBIX TOPHU30HTOB.

st  peryJupoBaHUS CBOMCTB TAaMIIOHAXXHOIO pacTBOpa U KaMHS
OPUMEHSAIOT pa3iindyHble MOJUGUIMPYIONIUE 100aBKH, BbI3bIBAIOIINE U3MEHEHUE
CEJIMMEHTALIMOHHON YCTOMYMBOCTH pacTBOpPa, €ro pUiIbTpaTOOTIa4u U BI3KOCTH,
a TaKXKe MOPOBOM CTPYKTYphl 00pa3yIolerocs KaMHs, €ro aJre3MOHHbIX CBONCTB
Y KOPPO3UOHHOU YCTOMYMUBOCTH.

HccnenoBanusi yka3aHHBIX BaXKHEHIIMX TOKa3aTeJeld TaMIIOHAXKHOIO
pacTBOpa UM KaMHsI B 3aBUCHMOCTH OT T€PMOOAPUUYECKHX YCIOBUU SBISIOTCS
aKTyaJbHBIMU KaK C HAYYHOM, TAK U C PAKTUUYECKON TOUEK 3pE€HUSA. B 3TOM CcBA3H
aBTopamMu  [35]upoBeAE€HBI  MCCIEAOBAHUS IO  OMNPEIACICHUIO  BIUSHUA
MOHOCaXapuJ0B Ha CPOKHM CXBAaThIBAHUS TaMIOHAXHBIX PacTBOpPOB. B kauecTse
00BEKTOB UCCIIEAOBAHUS HMCIIOJb30BAJMCh TIIOK03a, PpyKTO3a W TrajakTo3a, a B
Ka4eCTBE BSIKYILETO — MOPTIAHIIIEMEHT.

Ha pucynke 40 mnoka3zaHa 3aBUCUMOCTh  YCJIOBHOW  BSI3KOCTH
TaMIIOHAXHOTO PacTBOpa OT MPOLEHTHOrO COJIEPKAHUS UCCIEAyEeMbIX J100aBOK
npu B/L] = 0,5. Kak BugHO U3 pucyHka 39, TaMIOHaXXHbIE PACTBOPHI, COACPIKAIIHE
OJIMHAKOBBIE MACCOBBIE JOJHM HCCIENYEeMBIX I00aBOK, 00JaJaloT pa3IudHOMN
yCIIOBHOM Bsi3kocThio. HawuOonpmei mmactTu@uuupyromeil CcrnocoOHOCTHIO
obmamaer ¢pykrosza. IlpoBeneHHbie uccieqOBaHUS TOKa3alu, 4To (PpykKTO3a
o0JlajaeT HE TOJBKO CHJIBHBIM pa3zkmxkamomuM 3)deKToM, HO U ABISETCS

3¢ heKTUBHEMIINM 3aMeJIUTENEM Mpollecca TBepACHU S IEMEHTHOTO TECTA.
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Pucynok 40 — I3MeHeHHE YCIOBHOM BA3KOCTH 1) TAMIIOHAKHOTI'O PacTBOpaA

OT COJIEpP>KaHUsI MOHOCAXapUJa0B ®, :
1 — ¢pyxrTo3a; 2 — ranakrosa; 3 — rirOK03a

Tako#t »¢dext, Ha B3rIsIA aBTOpoB [35], 0O0yCIIOBIEH TPUPOIOU
MOJIEKYJISIPHOTO CTpOeHHus (PYKTO3bl, KOTOpas B OTJMYHUE OT TrajaKkToO3bl U
TJIIOKO3bl SIBJISIETCS HE albJAETHJIOCIUPTOM, a KETOHOCHUPTOM. B Mozekyne
GpyKTO3bl JJIEKTPOHHOE O00JAaKO CHJIBHO CMEIIEHO K aToOMy KHCIOpoja, B
pe3yapTaTe Y€ro BO3PACTAET MOJABUKHOCTH MPOTOHOB THAPOKCUTPYII, KOTOPbIE
CIIOCOOHBI B3aMMOJICHCTBOBATh C MOHAMU KaJlblIUs TaMIIOHXXHOTO pacTBOpa.
Takoe B3auMoJeMCTBME MPUBOAUT K 00pPa30BAHUIO  JOTOJHUTEIBHOTO
KOJIMYECTBA MOJEKYJ BOJbBI, B pE3yJbTATE YEIr0 CYIIECTBEHHO CHMXAETCS
BSI3KOCTh TAMIOHAXXHOTO pactBopa. Kpome TOro, 3a cyeT CBA3BIBAHUA
MoJIeKy1aMi (BPYKTO3bI CBOOOJHBIX HOHOB Kambius Ca’’, MX KOHI[CHTpAIHS B
TAMIOHAXHOM pACTBOPE CYIIECTBEHHO YMEHBIIAETCSA, YTO MNPUBOIUT K

SHAYUTCIBbHOMY 3aMCJICHUIO ITPOIECCa TBECPACHM .
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[IpencraBieHa MUKPOCTPYKTypa OOpa3loB LIEMEHTHOTO KaMHS U3
nopTiaHAleMeHTa 6e3 100aBoK (pUCyHOK 41, a), IEMEHTHOTO KaMHS ¢ J00aBKOM
rajgakTo3bl (pucyHok 41, 0) u ¢ppykTo3sl (pucyHok 41, B). B Mukpoctpykrype
0e3100aBOYHOr0 IIEMEHTHOTO KaMHS OTYETIIMBO BHUJIHBI T'YCTO PaCIOJIOXKCHHbIE
UTJ000pa3Hbie HOBOOOPA30BaHUS THAPOKcH A Kanbius pazmepom 0,3...0,5 MKkM C
OTJAEIbHBIMA  KPYIMHBIMH  BKJIIOYCHUSMH  0OajloyHOro THIa 2...5 MKM,

apMHUPYIOIIHE BCIO CTPYKTYPY KaMHS.

Pucynox 41— MukpocTpykTypa IEMEHTHOTO KaMHS, MOJYYE€HHOTO W3
NOPTJIAHIIICMEHTA:
a — 0e3 106aBoK; 0 — ¢ 100aBKOI raJaKTO3bl; B — C T00aBKamMu (HPyKTO3bI

B MUKpOCTpYKType LEMEHTHOrO KaMHsA ¢ J00aBKOW TalaKTO3bI
Uria000pa3Hble HOBOOOpPA30BAHUS M3BECTH TNPAKTHUYECKH OTCYTCTBYIOT, HO
00pa3yroTcs ACHAPUTHBIC HOBOOOPA30BaHUSI CIIYTaHHO-BOJIOKHUCTOW CTPYKTYPHI
pa3mMepom mopsaakKa 1 MKM, pacroioKeHHbIE MEHEe XaOTHYHO, 10 CPABHEHUIO C
IIEMEHTHBIM KaMHEM, IMOJIY4eHHBIM W3 0€3700aBOYHOTO MOPTIaHAIIEMEHTa. B
CTPYKTYype XK€ LIEMEHTHOTO KaMH$ C J00aBKOW (PpyKTO3bl BOOOIIE OTCYTCTBYIOT
urioo0pa3Hble HOBOOOpa3oBaHMS, a 00pa30BaHUA CILyTAHHO-BOJOKHHUCTOM
CTPYKTYpBHl HUMeEIT pa3mep a0 0,5 MKM ¥ paclnoiOXEeHBl OTACIbHBIMH
BKJIIOYEHUSIMHU B CTPYKTYpE. DTOT (HAKT SIBIAAETCS MPUUUHON OTCYTCTBHS MIPOUHOM

CTPYKTYphl KaMHsI TpH HCIOJb30BaHUU (PPYKTO3Bl B KadyecTBe JOOABKH K

71



TaMIIOHAXKHOMY pacTBOPY, KOoTopas, eciu u popmupyercs, To Ha O6oJyiee mo3aHei
(uepe3 3 — 5 cyTOK) CTaAuM TUApATAIUH.

TakuMm 06pa3om, MpOBEACHHBIE UCCIEIOBAHMS MMOKA3aH, YTO U3YICHHBIC
N00aBKH MOHOCAXapuJOB SBIAIOTCS 3G PEKTUBHBIMU 3aMEIIUTEISIMHU CPOKOB
CXBaThIBAHUS TAMIIOHAKHBIX PACTBOPOB, a UX 3aMeISIONNHA 3 HEeKT 3aBUCUT OT

MOJIEKYJIIPHOT'O CTPOEHHUS.

2.4.2. O BO3MOXKHOCTH 3aMeHBLI IEeMEHTAa IJA H3O0JAINHNH
3aKOJOHHOI0 NPOCTPAHCTBA CKBAKHHbI

VYnyumarth CBOWCTBA IEMEHTA JJIs NPUAAHUS €T0 PACTBOPY MOBBINICHHBIX
BBITCCHSIOIIMX CBOMCTB CBEpPX TOI0, YTO MMEEM celuac, HE MPECTaBIACTCA
paunoHanbHbIM [12]. Peonormueckue, a 3HAYUT BBITECHSIOIIME CBOMCTBA
TaMIIOHAKHOTO IIEMEHTHOIO pacTBOpA, YAAECTCS PEryJMpoBaTh H3MEHEHUEM
BOJIOIICMEHTHOIO OTHOIICHUS W/WJIM BBOJOM B pacTBOp J00aBOK W/WIH
peareHTOB. Takoe peryJiMpoBaHHE MPOBOJMTCS JETKO M B IIMPOKUX MpeEjenax.
Tem He MeHee Kak Obl HE YJIydlllaJd PEOJIOTUYECKUE CBONCTBA TaMIIOHAXKHOTO
pacTBOpa C IMEJbI0 TMOBBIIICHUS] CTENEHU BBITECHEHHUS WM U3 3aTPyOHOTO
MpOCTpPaHCTBA OypOBOTO pacTBOpa, MOJHOCTHIO BBITCCHUTH OypOBOM pPacTBOp U
ero (UILTPAMOHHYIO KOPKY M3 CKBa)XMHbI HE yJaeTcs. TaMIMOHaXHBIH pacTBOP
10 CBOEM MPHUPOJIE U CBOMCTBAM IUIOXON «BBITECHUTEIIbY.

[lemeHTHI, MPOU3BEJCHHbIE TpPU COONIOAECHUU Irocrt
1581-96,

cnenupurkanmm AHM 10A, a Taxke ¢ yueTOM peKOMEHAAUMI CIEeNUaTuCTOB MO
LHEMEHTUPOBAHUIO CKBa)XWMH, IO3BOJSIOT IPUTOTABINBATh TAMIIOHAXHbBIE
pacTBOpPHI ¢ TpeOyeMOM U30IUPYIOIIEH CHOCOOHOCTHIO - HEIPOHHUIIAEMOCTBIO JJIS
1acTOBBIX (uron0B. Ho mpoekTupoBIIMKN U OypOBbIE MOJAPAIUYUKA JAJEKO HE
BCErjJla OKa3bIBalOT TpeOyeMoe BHUMAaHME pElENnType, KauyeCTBY TaMIIOHaXXHOIO
pacTBOpa, TOYHOCTH €T0 IPUrOTOBJIECHMSA Ha MecTe. Pe3ynbraTr - 3aKOJIOHHBIE

NEPETOKH.
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TaMmoHaxHbIH KaMEHb TOJDKEH OBITH Oe3ycaaouHbIM. B HacTosmee Bpems
NPUMEHSIOT pPacIIUpSOIIUEcs TaMIOHaXHbe cMecd. OmHako, Bompoc 00
3} PEKTUBHOCTH  PACHIMPSIOIIUXCS  TAMIOHAXHBIX  LIEMEHTOB  OCTaeTcA
OTKpBHITHIM. Ha npakTike HEBO3MOXKHO yU4ECTh U CKOPPEKTUPOBATH BCE (PAKTOPHI,
BIMSIOIIME HA KHHETUKY PACIIMPEHUS TAMIIOHAKHOTO KaMHS, 4YTOOBI 00ECNeYnTh
oxkunaeMblit 3¢ pexT oT ero npuMeHenus. [loaromy pe3ynabTaT cliydaiHbIH.

Jliis obecrieueHUss FepMETUYHOCTH 30H KOHTAKTa MeTaJul-KaME€Hb, KAMEHb
OpOoJa [EMEHTHBI KaMEHb JI0JDKEH UMETh aT€3UI0 C OrPaHMYUBAIOIIMMHU €r0
MOBEPXHOCTSIMU KOJIOHHBI M CTEHOK CKBaXMH. HO MOBEpXHOCTH KOJOHHBI H
CTEHOK CKBa)XMHbl BCErJJa OCTAOTCS TMOKPBITBIMH OKAJMHOH, OCTaTKaMH
yraeBojgoposoB, ITAB w3 OypoBoro pacTBopa, IUIEHKOH - KOPKOW camoro
OypoBOIo pacTBOpa U MOATOMY IPSAMOT0 KOHTAKTA KAMHS C METAJUIOM U MOPOJI0M
B OOJILIIMHCTBE CIy4aeB HET, a 3HAYMUT, HE MOXKET ObIThb U anare3uu. Ilo 3Toif
OpUYMHE KaK-IMOO COBEPIIEHCTBOBATH CAM LIEMEHT C LEJbI0 «IIOBBIIIEHUS €ro
aare3un» oecrnone3Ho. CTpeMUTHCS CleAyeT K MOJyUYEHUIO HEIPOHUIIAEMOM 30HBI
KOHTAaKTa.

[Ipoucxopasure 6ecnpepblBHO B KaMHE (PU3MKO-XUMHUUECKHE IPOIIECCHI,
CKOpPOCTh M HAIlpaBJEHUE KOTOPHIX 3aBUCIAT OT TEeMIEpaTypbl, BeAyT K
«CTapeHUIO» KAMHS - MOTEPE UM NPOYHOCTH, IEPEPOKIACHUIO», PA3PYLICHHUIO.
B03MO0XHO, 3THM NpPOLECCHl CTAHOBATCA IPUYUHOU IOTEPU KPENBI CBOUX
W30JIMPYIOIIMX CBOMCTB. B HacTosmee BpemMs U3BECTHBI U IMIMPOKO MPUMEHSIFOTCS
CroCcOOBI MOBBIIIEHUS TEPMOCTONKOCTHA U JOJITOBEYHOCTH TAMIIOHAXKHOTO KaMHS
OyTeM BBOJA CHJIMKATHBIX N00aBOK B MOPTIAHILEMEHTHl WIM HCIIOJIb30BaHUS
JOMEHHBIX LUIAKOB B KAa4eCTBE BSIKYyIIMX. TeM HE MeHee YBEPEHHOCTH B
JOJITOBEYHOCTHU KaMHS U3 YKa3aHHBIX BSOKYIIMX B CKBa)KMHAX HET.

[Io cBoum (bU3UKO-MEXaHNYECKUM, nepopMalioHHbIM
CBOMCTBAM TaMIOH&)XHbIM KaMEHb OTHOCHUTCS K Te€JlaM XPYIKHM, a 3HAYMT, MO
MNOHSITHBIM MPUYMHAM - MAJOIPUTOJTHBIM ISl TEPMETU3AIMU KaK TAKOBOM.

Takum oOpa3oM, Oeryiblii 0030p CBOWCTB IIEMEHTA W HMX BJIHMSHHUS Ha

BBIIIOJIHCHHC 3aJa4, pCIIaCMbIX IIPpH IICPBHUYHOM LICMCHTHPOBAHHWHW CKBAJXHH,
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MIOKAa3bIBAET, YTO LIEMEHT UMEET CBOWCTBA, KAYECTBA, JAIOLIUE TOJIbKO HAJEKAY,
HO HE YBEPEHHOCTb, YTO JakKe MNpPH CTPOKAWIIEM BBINMOJHEHUU H3BECTHBIX
TEXHUKO-TEXHOJIOTMYECKUX IPHEMOB YAAacTCA CO37aTh KpENb CKBAXXHUHBI,
BBIIOJIHSIIOIYI0O CBOIO OCHOBHYIO (YHKLHIO - F€PMETHUYHO PA3JENATh IUIACThI
Ipyr OT Jpyra WM OT JAHEBHOM NOBEPXHOCTH, HOJTOE€ BPEMS NPOTHUBOCTOSTH
pPa3IMYHBIM pa3pyHIAIOIINM (HaKTOPaM.

K  HemocrtaTtkam LEMEHTA, MPUMEHSIEMOro [ MEPBUYHOTO
LHEMEHTUPOBAHMS 00CATHBIX KOJIOHH B CKBa)KMHAX, OTHOCSATCS:

*  OCTaBISIIOIIME JKEJIaTh JIYUYLIETO PEOJOrMYECKUE - BBITECHSAIOLIUE
CBOICTBa TAMIIOHAXXHOT'O pacTBOPA;

*  HECINOCOOHOCTh TaMIIOHAXHOIO pAacTBOpa COXpaHATh B TIOKOE
TUJIPOCTATUYECKOE AABIICHHUE;

*  KOHTpaKIUs B TAMIIOH@XXHOM KaMHE;

*  HEOoOXOJUMOCTh TIIATENIbHO, C y4€TOM KOHKPETHBIX
re0JIOTOTEXHUYECKHUX YCJIOBUM COCTaBJIATh M COONIONATH CIOXKHYIO PELENTypy
TaMIOHAXHOTO pacTBoOpa His MNOpUAaHus eMy TpeOyeMol H30IupyoLEe
CIIOCOOHOCTH

*  TaKXe XpYNKOCTh KaMHS;

*  HECIOCOOHOCTh K JOCTATOYHBIM 00paTUMBIM yIIPYTUM
nedpopmanusaM; U noaBepKEeHHOCTh KOPPO3UU K OBICTPOMY CTapEHHUIO.

EcTh 1 npyrue MHUHYCHI Y LIEMEHTa C TOUKHU 3pEHHUS HYXKJ CTPOUTEIbCTBA
CKBa)KWHBI, HATIPUMEP, MIPHUIAHNE €, KaK WHKEHEPHOMY COOPY>KEHHUIO, BEICOKOU
MaTepHaT0eMKOCTU

[losTOMy npM KpemjeHUH CKBaXKMHBI C MCIIOJb30BAHUEM LIEMEHTA
JOCTM)KEHUE HY)KHOT'O KayecTBa KpENU CKBaXXHHBI, B TIEPBYID OYEpEAb €€
F€pMETUYHOCTH, BCETJa HOCUT BEPOATHOCTHBIM XapakTep - Heab3s co 100%-i
YBEPEHHOCTBIO OKMJ1aTh, UTO CTOJIb HEXKEJIATEIbHBIX MEPETOKOB 32 KOJIOHHON HE
oyner. M1 sto, B mepBylo ouepelb, MOTOMY, YTO TaMIIOHAXXHBIM KaMEHb Kak

MHUHCPAJIbHOC BAXYIICE HE ABJIACTCA COBCPIUICHHBIM U30JIUPYIOIIUM MAaTCPUAIIOM.
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PaccmMoTpuM  BO3MOXHOCTH 3aMEHbl LEMEHTA NEHOIOJUYPETAHOM.
[IpencraBnsiercs, 4To, B NEPBYIO OYEpPEAb, KIIEHOMOJINYPETAHOBAS TEXHOIOT U
W3 0JISILUU 3aKOJIOHHOTO MPOCTPAHCTBA CKBa)KMHBI IIPOIIE OCYLIECTBUMA U CKOpEE
TpeOyeTcs Ui U3OJSIHUU KOJOHH - KOHIYKTOPOB B 30HE MHOTOJETHEMEP3JIBIX
OPOJ.

[locme 3akayku NOJIMYypeTaHa B 3aKOJOHHOE IPOCTPAHCTBO IOJ
NEPEMEHHBIM BO3pAacTalOllMM BO BpPEMEHH [aBICHHUEM, COCTAB, BCTYIIAET B
peaKkIUIO C BIArol B CKBAa)XKMHE, pACHIUPSETCA U NMPOHUKAS B CaMBIE «IJIyXHE»
YrOJIKU 3aKOJIOHHOTO MPOCTPAaHCTBAa,MaKCHUMaJIbHO BBITECHAET OypOBOM pacTBOp.
B 3aKOJIOHHOM MPOCTPAHCTBE OCTAHETCS XMMHUUYECKU CTOMKOE BBICOKOIOPHUCTOE
yIPYTO3JacTUUHOE HEPUIBTPYIOIIEECs, HE pa3pbIBAIOIIEE TOPHBIE MOPOJBI U
HENPOHUIIAEMOE TEJO0, CHJIOW BHYTPHUIIOPOBOTO JABIEHHS, IPEBBIIIAIOIIETO
IJIaCTOBBIE, BAABJIECHHOE B KOJIBLIEBOM 3a30P U «HABCET/1a» UCKIIOYAIOLIEE BCIKOE

CaMOIIPOU3BOJIbHOE MEPEMEIICHUE (PIIIOUI0B.

3. CoBeplieHCTBOBaHHE KOHCTPYKIHMH 0almMaKoB 00CaJHBIX
KOJIOHH

HaubGonee akTyaJibHBIM TIyTEM CHIDKEHHS CHJI TPCHHS TIPU CITyCKe
o0cagHONW KOJOHHBI, HA CETOJHSIIHUYN JICHb, SBJISCTCA Pa3BUTHE TEXHHUYCCKHUX
cpenctB[9]. B yacTHOCTH, 2JIeMEHTOB OCHACTKHM 00CagHOM KOJIOHHBL. B Tom
YU CIie, KOJOHHBIX OAaIlIMaKOB C YCOBEPIIICHCTBOBAHHBIMH XapPaKTEPHUCTUKAMMU.

B pamkax pgaHHOW paboTHl CcTaBMJach 3ajada IPOaHaIM3UPOBATH
WU3BECTHBIE KOHCTPYKIIMHM KOJIOHHBIX OalliMakoB, TUHAMHKY HMX IMaTEHTOBAHWS,
pacCMOTpEeTh KOHCTPYKIIMM W TPHUHIUMI JeHCTBHS  OalMakoB, IEJIbIO
M300pETeHUST KOTOPHIX SIBISETCSA CHIDKEHUE CHJI CONMPOTHUBIICHUS MpH cimycke. Ha
OCHOBaHHMHM TPOM3BEIACHHOIO aHalIW3a MPEIJIOKCHBI JIBE HOBBIE KOHCTPYKIIUH

KOJIOHHBIX OallIMaKoOB.

3.1. AHaJaM3 THHAMUKY MATEHTOBAHMUA
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PaccmoTpuM cymiecTByromue Ha CErOAHSIIHUM JIEHb 3aMATEHTOBAHHBIC

OamMaky KOJIOHHBIE U npeacraBuM HCKOTOPBLIC SJICMCHTbI IATCHTHOIO

nagamadra
[20_31].
AVHamMmunKa nateHTOBaHUA
2015
2010
2005
2000
1995
0 1 2 3 4 5 6 7 8 9 10 11

Pucynok 42— JlunamMrka u3bupartesibCKoi ak THBHOCTH

JluHamMuka wW300peTaTeNbCKOM aKTUBHOCTH C YKa3aHWEM KOJIMYEeCTBa
NOJAHHBIX 3asBOK 3a OINpEIEJICHHBIA TOJ MpeJICTaBjleHa Ha pucyHke 42, Ha
KOTOPOM BUJEH PE3KUI CKAaYOK oaauu 3asBok ¢ 1996 o 2001 rona, 3arem ¢ 2001
no 2004 crabwipHblid pocT U ¢ 2004 nmo 2012 HaGnromaeTcs yBEpEHHBIM POCT
naTeHToBaHusA. Jlanee BBISBUM KJIIOUEBBIE KOMIIAHUHM, HMEKOIINE pa3padoTKH

MMaTEHTOB OaIllIMaKOB KOJOHHBIX.
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Fasnpom
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50%

Pucynok43 — HauGonee kpynHble MaTeHT0001a1aTelH

KpyroBas nuarpamMmma Ha pucyHke 43 pa30uTa Ha CEKTOpa pa3HOTro I[BETa B
3aBHCHMOCTH OT 3asBHUTENs/MaTeHToo00manarens. Pasmep cexkropa onpeaesseTcs
KOJIMUYECTBOM 3asSBOK Ha TIOJyUeHHE IMATCEHTOB M TMATEHTOB, B KOTOPHIX
NPHUCYTCTBYIOT yKa3aHHBIC 3asBUTEIH/TMaTeHTOOOManaTenu. JlaHHas amarpamma
MO3BOJISIET CHElIaTh BBIBOJ O TOM, KaKHe KOMITAHWW WM OpTaHU3aIUuH
WHTEPECYIOTCS W  Haumbojee MHTEHCHMBHO pPa3BUBAIOT  aAHAIU3UPYEMYIO
TexHojoruto. Jlugepom B mateHTooOnanaHuu sBJserca kommnanus I[IAO
«Taruedth», dYTO TOBOPUT 00 3HAYMMOM WHHOBAIMOHHOM IIOTCHIIMAJIE
KOMITAHHH.

TakuM 00pa3zoM, W3 NMPUBEAEHHOTO MAaTEHTHOTO JaHAImadTa OamMakoB
00caHOM KOJIOHHBI CIEIYET, YTO MPoOJIeMa KAaUeCTBEHHOT O KPEMJICHUS CKBaXKUH
SABISICTCA AaKTyaJlbHOW W MHOTHE KOMITAaHMM WHTCHCHUBHO pabOTaroT B
HANpaBJICHUU PA3BUTHUS TEXHUYECKUX CPEACTB IS YIYULICHHUS JIOXOXKICHMUS
o0cagHON KOJOHHBI JI0 3aJaHHOM JUIMHBI CTBOJa. TakuMm oOpa3om, u3
NPpUBEAEHHOTO MaTeHTHOIO JlaHAImadTa 6anMakoB 00calHON KOJOHHBI CIENYeT,
YTO TpoOJieMa KadeCTBEHHOTO KPEMJICHUS CKBAaXXUH SBIISETCS aKTyalbHOU U
MHOTHE KOMMAHMM HMHTEHCHBHO pabOTal0OT B HaNpaBJCHUM  PA3BUTHS
TeXHUYECKUX CPEACTB IS YIAYUYIICHHUS JOXOXKICHHUS 00CaTHOM KOJOHHBI 0

3aJJTaHHOW JUIMHEI CTBOJIA.
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3.2. AHaJIM3 KOHCTPYKIHMH 0AIIMAaKOB

KoncTpykunun 0anmmakoB 00CaaHbBIX KOJIOHH, [EJIbI0 pa3padoTKH KOTOPBIX
SIBJISLJIOCH CHIDKCHHUE CUJIbI TPEHUS IPH CIIyCKe onmucanbl B marenTax[20-23,27, 28].
Hanee OynyT paccMOTpeHbl HauOoJjiee THUIIOBBIE KOHCTPYKLHHM KaXXIO0ro W3
pa3nenoB KiaccuPpuKaIum.

Ha pucynke 44 npencrasien nateHt RU 105346 Ul E21B29/10. bammak.
OTanuuTenbHOW OCOOEHHOCTHIO JIAHHOM KOHCTPYKLMM SBJISETCS TO, YTO
MaKCUMAJIbHBIA JHAMETP HAKOHEYHHMKA 5 MpEBbIIAET IUaMETp Kopmyca 1, u
o0caJHOM KOJIOHHBI, C KOTOpPOH OH coenunsiercs. [Ipenmnonaraercs, uro obcaaHas
KOJIOHHA, 000pyJOBaHHas OalIMakoOM TaKOM KOHCTpYKIUH, OyJeT UMeTh Oojiee
BBICOKYIO IPOXOAUMOCTb, IO CPABHEHHIO € OaIMakoM [21], 4TO MO3BOIUT KOJIOHH

MPOXOJIUTH OTHOCUTEbHO 00JIbINNE U3rU0bI 0€3 3aKIIMHUBAHUS KOPITycCa.

s 2.4

BTTEY,

Pucynox 44 — bammak:
1 — xopnyc; 2 — KOHYCHBIM HAKOHEUYHUK; 3 — OOKOBbIE KaHaJbl; 4 — CTOMOPHBIM

BUHT;
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9 — MAKCHMAJIbHBIN IMaMeTp HAKOHEYHUKA

OnHako, CTOMT OTMETUTb, YTO YBEIMYEHHUE AUAMETPA KOHCTPYKIUHU
OamMaka HEeW30€KHO TNPHUBEAET K CHWIKEHHUIO MPOXOJMMOCTH KOJIOHHBI B
CIIO)KHBIX MHTEpBajax, rae (pakTUYeCKUl AUaMeTp CKBa)KWHBI MPUOJMXKEH WUIIH
MEHbIIIE AMaMeTpa HaKOHEYHHKA (B TMOPOJAaX, MOJBEPKEHHBIX HaOyXaHUIO, B
NopoJax, CKOJIOHHBIX K TekydecTH). KpoMe TOro, CHMXEHHE 3a30pa MEXKIYy
KOpILycOM OalliMaka ¥ CTEHKOM CKBaXXMHBI MPHUBENET K yBEeNHUEHUIO 3 deKTa
MOPIIHEBAs,, YTO MOXKET HEraTUBHO CKa3aTbCs HA YCTOWYMBOCTH CTBOJIA
CKBa)XUHBI.

Takum oOpa3oM, AaHHONW KOHCTPYKLHMM KOJOHHOrO OaliMaka MOXKET
MPUBECTH K BO3HMKHOBEHUIO OCJIOKHEHUU M aBapuil ¢ 0OJbIIeH BEPOATHOCTHIO,
YEM B CJ1y4ae UCMOJIb30BaHUS CTAHIAPTHBIX PEIICHUM.

ANBTEpHATUBHBIA CIMOCOOOM IIEHTPUPOBAaHUS OalliMaka B CKBa)XHHE
onucan B mateHTe [20] (pucyHok 45). OTIMUYUTENBHON €ro 4epToi SIBISETCS
HCIIOJIb30BAHUE YETHIPEX LEHTPUPYIOMIUX TUIAHOK, PACIOJOKEHHBIX Ha PaBHOM

yIaJeHUU APYT OT JIpyTa.
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PucyHox 45 — bammMak 06cafHON KOJOHHBI:
1 — xopnyc; 2— npucoeIMHUTEIbHBIE Pe3bObI; 3 — HANpAaBJIAIOIIAsl HACAIKA;
4 — 1IeHTpaJIbHOE OTBEPCTHE; 5 — OOKOBBIE OTBEPCTHS; 6 — MEPEBOTHUK;
[/ — neHTpa bHBIN KaHal; 8 — Hacanka; 9 — BxogHoe oTBepcTue; 10 — kamepa;

11 — muddy3opsr; 12 — npuwxuMHbIE Taiiky; 13 — KOHyCHAs BBITOUKA; 14 — KOJIbIIA;

79



15 — neHTpupyOIIKE IAHKH.

LenTpupyronye miaHKu UMEIOT MOJYKPYIJI0€ CEYEHUE C 3aKPYTJIEHHBIMH
koHamu. [Ipu cnycke o6caaHON KOJOHHBI INTAHKU 00eCIeYynBatOT HEOOXOAMMbIH
3a30p MEXKy OalIMakoM U CTeHKaMU CKBaKUHBI.

Hcnonb30BaHME JaHHOTO KOHCTPYKTOPCKOTO pelleHuss He OyJer
CIOCOOCTBOBaTh CYILIECTBEHHOMY pOCTY 3(p@ekTa mnopiiHeBas U 0OO0ecrnedyuT
JYUIIY0 OPOXOAWMOCTb II0 CPAaBHEHUIO C pEIIEHHWEM, NPEACTABJICHHBIM B
NaHTEHTENaTeHTOM, OITMCAHHBIM BHIIIIE.

OpnHako, npeacTaBiieHHAas BbIIIE KOHCTPYKIHUS TOKE UMEET HeJOCTaTKu. B
YaCTHOCTH, PUCK BO3HUKHOBEHHUS MOCAJ0K U3-3a 3aCTPAMBAHUS LEHTPUPYIOMIUX
IUIAHOK B CTEHKax o0caJHOW KOJOHHBIX TakK e cyiiecTByer. Kpome Toro,
UCIOJb30BAHNE JAHHOM KOHCTPYKLIMHM HE TMpENyCMaTpUBAET PpPEalnu3alHUIo
BpaleHuss o0cagHol KOJOHHBI. OMOpHBIE 3JIEMEHTHI OyIyT 3aTPyIHATH TOBOPOT
KOJIOHHBI, & BO3HHMKHOBEHHE pPEAKTHBHOIO MOMEHTA MOXET IPHUBECTH K
oc1a0JIEeHHUI0 pe3b00OBBIX COCTMHEHUN C TOTEPEN UX T€PMETUUHOCTH.

OTnnuuTeIbHON 4epTOil maTeHTa [28], NpeAcTaBIEHHOr0 Ha pUCyHKe 46.

ABJIICTCA HAJIMYNEC ITOABMXKHBIX OTKJIOHAIOIIHUX 3JICMCHTAX.
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Pucynox 46 — bammak 06cagHOil KOJIOHHBI:

1 — Kopnyc; 2 — nHanpasisironias npo0ka; 3 — OCHOBaHUS pblYaros; 4 —

OIIOPHBIC IIJIMTEI, 5-— HaJbIibl
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OTKIOHAIOIMNE 3JIEMEHTHl BBINMOJIHEHBl B BHUJE HM30THYTHIX ABYMJIECUYUX
pergyaroB T-oOpaszHoro ceueHus. Kaknbslii M3 HHX COCTOMT W3 OCHOBaHUS U
ONOpPHOM MINTH. HapyxkHas NOBEPXHOCTh OMOPHOM IUIUTHl B MOIEPEYHOM
CEYCHUM UMEET BHUJ CEeKTopa TpyOHOH 3arotoBku. OCHOBaHUS pPbHIYATOB
YCTaHOBIIEHBI B CKBO3HBIX OCEBBIX Ila3aX Hampapiswoned npoOKu, a B
HampapJsiomed nMpoOKe M B OCHOBAHUSX pPHIYArOB BBINOJHEHBI pajiialbHbIC
KaHAaJbl JUIS pa3MELleHHUs B HUX NajbleB. Phluaru paBHOMEPHO YCTaHOBJICHBI Ha
HapY>KHOM OOKOBOM MOBEPXHOCTHU HAIPABJISAIONIEH TPOOKHU MPU TOMOIIHU MaJIbIIEB
C BO3MOHOCTBIO IOBOPOTA BOKPYT HUX. boJIbIIME TU1€YHN PBIYAarOB HANIPABJICHBI B
CTOPOHY HM)KHETO KOHIa HAIIPABJISAION e MpOoOKH, a MaJIbl — B CTOPOHY KOpITyCa.

HuxHuit koHery oOcaJHOW KOJOHHBI TEpeJl €€ CIYCKOM, a B CTBOJI
CKBa)XXHHBI 000pyAyloT OammMakoMm. [lpu NpoOXO0XJIEHHUU OCJIOXHEHHOW YacCTH
CTBOJIa, B KOTOPOH MOy MMETh MECTO pPE3KHE MeperuObl, KaBEepHbI, YCTYIIbI,
xejmoba U T.JA., OTKIOHSIOIIKME D3JIEMEHThl O00ECIeUYnBalOT BO3MOXKHOCTD
CaMOOpPHUEHTHUPOBAHMS OalMaka, 3a CU€T Yero MOBBIIIAETCA BEPOATHOCTH CILYCKa
o0caJHON KOJIOHHBI 0€3 OCJoXXHEHMH W aBapui. BzammoneicTBue O60JBIIOTO
IJie4a OJHOTO M3 PbhIYaroB CO CTEHKOM CTBOJA CKBAXXWHBI NPHUBOAUT K
BO3HMKHOBEHHIO HAa HEM ONPEAECIIEHHOT0O MOMEHTAa BpAaIllEHUS 3a CYET YEro
o0ecrneynBaeTcs MOBOPOT phluara BOKpyr manbna 5. [Ipm 3ToM Manoe miedo
pplyara ¢ yCHJIMEM, KpaTHO MPEBOCXOJSAIIMM CHUJTy, JEMCTBYIONIIYIO0 Ha OOJIbIIOE
IJIEYO pblyara, ynupaercs B CTEHKY CTBOJIa CKBaXXWHBI, OTTAJKUBas OT HEeE
OoammMak. Tem cambiM oOecrieunBaeTcsl caMOOpHeHTalug Oammaka oOcaIHoM
KOJIOHHBI OTHOCUTEJIbHO CTBOJIA CKBAKUHBI.

HenmocratrkoM 3TOro  ycrpouicTBa  SIBJIAETCA  MOBBILICHUE  PUCKA
BO3HMKHOBEHHS OCJIOKHEHHW, BOIIPEKHU CBOEMY M3HAYAJIbHOMY IIPEIHAa3HAYEHUIO
ycTpoiicTBa. B HaklIOHHO-HANPABJIEHHBIX CKBaXXMHAX, OCOOCHHO B CKBa)KMHaX C
MHTEHCUBHBIM HaOOpOM KPHMBHU3HBI, Nepe]l OaliMakoM HENpPEMEHHO oOpasyeTcs

CaJlbHUK, KOTOPBIN C OOJIBIION BEPOSTHOCTHIO HAJIUITHET HA OMOPHBIE TUIUTHI, UTO
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MOJKET TPHUBECTH K OJIOKMPOBKE pabOThl MEXaHM3Ma W JaXKe IOJHOMY WIH
YaCTUIHOMY 320U THIO BEIXOTHOTO OTBEPCTHA.
KoncTpykuus, wHoro mnpuHnumna paboThl omHMcaHa B maTeHTe [22],

M300paXEHHOTO Ha pUcCyHKe 47.
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Pucynox 47 — KosioHHBII Oammak:

1 — kopmyc; 2 — my¢roBas pe3bda; 3 — BTyJlKa; 4 — HalpaBJsAIoOIIas HacaaKa;
S - IEHTpaJIbHBIN KaHa; 6 — CKOC; 7 — OOKOBBIE OTBEPCTHS; 8 U 9 — KOJIbIIEBbIE
npotouku; 10 u 11 — Hapy K HBIE KOJIBLIEBBIE MPOTOYKH; 12 — BHyTpEHHHUE
KOJIbIIEBbIE TPOTOUKY; 13 - mpyXKUHHBIN Pukcarop; 14 — anTHHpUKITMOHHOE

KOJbIIO

B mnpormecce cmycka o0caJHON KOJIOHHBI C KOJOHHBIM OalllMakoM B
CKBAXXHHY, B Cllydae BO3HUKHOBEHUS MPEMIATCTBUM, BTYyJIKa 3, MPpOBOPAYHUBASCH,
o0ecreurnBaeT BO3MOXHOCTh MEXaHHUYECKOW MPOpPaOOTKU CTBOJA CKBaXMHBI 3a
C4eT NIpoBOpoTa OalIMaka «BCYXylO» M JaJbHEHIIMHA CIYCK KOJOHHBI Ha
HE00X0IMMYIO TIIyOUHY.

B kadecTBe AOMOTHUTEIBHON MEpHI MO 00ECTICUYSHUIO HAJIE)KHOTO CIIyCKa
00caJIHON KOJIOHHBI IPEYCMOTPEHA BO3MOXKHOCTh MPUHYIUTEIBHOTO BpallCHUS

BTYJKH OTHOCUTEJIBHO KOpIlyca. ITO 00ecneyeHo 3a cueT 0co0O0ro BBHINOJHEHHUS
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OoxoBbIX oOTBepcTHil. I[lpm TakomM BBHINOTHEHMH OOKOBBIX OTBEpCTHH (1O
KacaTeJbHOM) BpalleHHE BTYJIKH 00ECIEYEHO PEaKTHUBHBIM ACHCTBUEM CTPYH
KHUJIKOCTU, UCTEKAIOIMUX U3 OOKOBBIX OTBEPCTUH BTYJIKH BO BPEMS NPOMBIBKU
CKBAKUHBI.

JlaHHas KOHCTPYKUHUS HalUla U POKOE MPAKTUYECKOE MPUMEHEHUE.

4. TleHOLIEMEHT

[leHomeMeHT — CMeCh IEMEHTHOTO pacTBOpa, MEHOOOpa3oBaTesisI W Ta3a
(00buHO a30T) (pucCyHOK49). DTO 37aCTUYHBIA IIEMEHT ¢ HU3KOW IJIOTHOCTHIO,
MaJIOM MPOHHUIIAEMOCTHI0O U OTHOCHTEJIHPHO BBICOKOW MPOYHOCTHIO, BHEIIHE OH
HaIlOMHUHAET cepylo NneHy ( pucyHok 48) mis Opuths. [L1oTHOCTH OTHOPOAHA TIO
BCEMYy WMHTEpBally Oarojgaps aBTOMaTHYECKOW paboTe O0O0OpYyIOBaHHS U

MOJICJIMPOBAHUIO B IporpaMmMHoM obecnieuernu 1Cem,

PucyHoxk 48 — Bu1 meHOLIEMEHTA
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Nitrogen (N,)

Base Cement Slurry

N, atomized

PI/I.CYHOK 49 — TeXHONOT U MMOJIYYCHHA IICHOLICMCHTA

Ta.6Jmu.a- 2 HpCI/IMy.HICCTBa TCXHOJIOI'MH IICHHOI'O HEMCHTHUPOBAHUA.

Hanpas.uienue IIpenmyiecTBa TEXHOJIOT MU IEHHOT 0
HEeMEeHTHUPOBAHUA
[TornmomeHus O HH3Kas WIOTHOCTH 10 0.5 r/cm’

O BBICOKAs BSI3KOCTh — MEHbIIIAS TEKYyUY€CTh, MEHbIIIAs
r1yOuHa MPOHUKHOBEHUS B KaHAJIbI, pPABHOMEPHOE
3aMO0JIHEHUE My CTOT

O pacuIupsieMOCTh — 3aIl0JTHEHUE TPEIIMH, KABEPH

Kpennenue B o Hwu3kas TemionpoBoIHOCTD
WHTEpBaIax O HM3Kas BOJOOTAaya — 3alllUTa YyBCTBUTEIBHBIX K
MMII u coneu BO/JIE [UIACTOB
Bricoknit O TUAPOCTATUYECKOE ABJIECHUE IO IECPKUBAETCSA BO
ra3oBbIi PakTop BpEM S CXBaThIBaHUS
O HM3Kas BOJOOTJAaya — OTCYTCTBHE MOTEPU 00beMa
Kpennenne O OTCYTCTBHUE CBOOOJHOM BOJbI — OTCYTCTBHE KaHaja
TOPU30HTAIBHBIX B BEpXHEM 4YaCTH CTBOJA
CKBaXUH O BBICOKAas BSI3KOCTh — YJIIYUIIIEHHOE 3aMEIIICHUE
OypoBOIo pacTBOpa — OTCYTCTBHE KaHaJla B HUXKHEU
4aCcTH CTBOJIA
KauectBeHHOE O BBICOKAS A1aCTUYHOCTh — YCTOMUYHUBOCTH K
KpEeIJIeHU e JTUHAMUYECKUM U TUKIMYHBIM Harpy3kam
KOJIOHH (naBnenue, Temneparypa, nepdopanus, CI10O)
O HHU3Kas NPOHULAEMOCTh
O yIydll€HHAas aAre3us K NOpoJe U KOJOHHE 3a CUET
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OHCPIUM CKATOI'0 ra3a

Coxkparenue O OTCYTCTBHE HEOOXOJAMMOCTH B OOJBIIOM
3aTpar KOJIMYECTBE XMMUUECKUX J100aBOK

o cokpauienue cpokoB O3L] — BpemeHu
CTPOUTENHCTBA CKBAKHHBI

[MeHoueMeHT nocne yukna OBbIYHbIM LLeMEHT nocne
onpeccoBokHa 610 atm. onpeccoBku Ha 305 aTm

PucyHox 50 — cocTOSHHME IEMEHTHOTO KaMHS MOCJIE MTPOBEACHMS TUAPABINYECKHUX
UCIIBITAHUU
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MeHoueMeHT _0|5 ; ] 1,92
LlemeHT ¢ mukpoccpepamn | 0.96 EEEEEEEEE 1,56
LieMeHT ¢ 6EeHTOHUTOM | 1.44 EEEE 118
LiemeHT ¢ 30mon 1.56 I 1,8
LlemeHT knacca C 1.68 B 1,8
LlemeHT knacca Gunm H | 1.8 B4 1,92
LieMeHT ¢ combio 1.8 2,04
YTAXKENEHHbIA LEMEHT | 1.92 E2,04
LieMeHT ¢ yTsxenuTenem 1.92 —ﬂ 2,52
0.4 0.9 14 1.9 2.4

PucyHoxk 51 — amana3oHbl IIIOTHOCTEN IEMEHTHBIX CUCTEM, r/em’

OaHUM U3 BaKHBIX CBOWCTB NIeHOLIEMEHTA SABJISIeTCHA NPeI0TBpallleHne
ra3oBOM MUIPAIUH 32 CYET:

- TUAPOCTATUYECKOE JABJIICHUE TOJJICPKUBACTCS BO BPEMSI CXBAThIBAHUS
IIEMEHTa

- CHIDKEHHE TIomaan GUIbTpaIllMi YMEHBIIAIOT BOJ0OTAAYY

- meHoo0pa3oBaTesb JEHCTBYET KaK MOHU3UTEb BOIOOTJaUH

- YAy4IIIEeHHAs 3aMeIaroIias CiocoOHOCTh

- OTCYTCTBHE CBOOOTHOM BOJIbI

- OTCYTCTBHE YCaJKHU MIPHU CXBAThIBAHUU

- BBICOKas POYHOCTh

- BBICOKAs 3JJaCTUYHOCTh — HE MPOUCXOJUT 00pa30BaHUS MUKPO3a30pOB

IpuHumMn gelicTBYUS NeHOLEMEHTHBIX MOCTOB!

- BBICOKas BA3KOCTh — BBICOKOE HANPSHKEHUE CABUTA

3
- yIbTpaHU3Kas MI0THOCTH 10 0.5 r/cm

- He «1mpocenaeT» Bo Bpems O3L]
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- BBICOKasi NPOYHOCTh, BBICOKAs aAre3usi, HAJAEKHO 3aKpEieT
oca0IeHHBIN HHTEPBAJ, B TOCIEACTBUH HE BhIMbIBaETCS B oTinunu ot LCM

- BO3MOYXKHOCTb CyHIECTBEHHOT'O CHM)KEHUS THAPOCTATUKY 32 CUET 3aKauKU
oydepa mnorHOCTHIO 110 0.5 I/cMm3

- B OTJINYUHU OT OOBIYHOTO LEMEHTHOTO MOCTA, IEHHBIM MOCT YCTONYUB K
pa3MbIBaHHUIO BOJIOM, T.K. COAEPKUT MOBEPXHOCTHO aKTUBHOE BEILECTBO

- CHOCOOHOCTb pPACIHIMPATHCS, 3aIOJHSA TPEIIMHBI, KaBEpPHBI B CTBOJIC

CKBa>XNHbI
CxemMa neHHOI 0 HEMEHTHPOBAHUSA
"N)ﬁe.lﬂ'ﬂ) n_enﬁ)é!)_aznatem
V 1
c!paammarouuu'l KpaH HacocC
( ( 1 I - s 5 mmm @

pacxogomep _—OOpaTHbI KNanaH

DATYMK
/naBneHns

el
g O

UEMEHTHPOBOYHBIN
arperar

| OOpaTHbIN
KnanaH

UeMeHT

NEHOreHepaTop l / S w
/ CTPABAMBAOLWII UEeMEeHTHbIM pacxoaomep

KDaH
? KpaH
J\mmml ana
BCTpPEYHOro
. . UEeMEeHTHPOBaHNA
0
A TPOMHHK
% —3r 3

CTPABANBAIOWIIN
KpaH

oGpaTHbIt Knanan [ Hacoc

L
A30THBIN |
L
[

1

A30THBIN
pacxogonep
BATYHK BATYNK (
TeMneparypbi naBneHna

Pucynok 52
o0opynoBaHue:

CxX€Ma IICHHOro M»OEMCHTHUPOBAHUA HW  AOIOJHUTCIBHOC

1 — uHxekTOp MeHooOpa3zoBaTes, 2 — IeHOreHepaTop, 3 — a30THBIM arperar
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Pucynok 53 — PaccTaHOBKA TEXHUKHU JIJISI IEMEHTUPOBAHUS,COCTAB:
1 — cranaapTHBIN IEMEHTUPOBOYHBIH arperar, 2 — a30THbIH arperat, 3 — CKI[ +
WHXKEKTOp MeH000pa3oBaTestsi, 4 — eMKOCTH C CyXOM IIEMEHTHOM CMECHIO,
5 — meHoTreHepaTop, 6 — IeMeHTHAs JINHUS, 7 — a30THAs JINHUS, 8§ — TMHUS 1101aY1
neHooopaszoBateis, 9 — BOAsIHAS TUHUS.
[[10THOCTHh IIEMEHTHOTO pPacTBOpa, KOHIIEHTpAIUs MEeHO0Opa30oBaTeNsd H
a30Ta MOJIEPKUBAETCA B ABTOMATUYECKOM PEKUME C BO3MOXKHOCTHIO MEPEX0a

Ha PYYHOC YIIPABJIICHHUC.
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Pucynok 54 — Cxema apoccenrpoBaHus

1. [Hupkynsnus yepes xkeno0

2. Ilpm mepBBIX MpH3HAKaX BBIXOJAa XHUMHUYECKOTO Oydepa (CHMKEHHE
IUIOTHOCTH  OypOBOTO  pacTBOpa) IMEpPEeBECTH LUPKYIALUS Ha  JIMHUIO
npoccearupoBaHus (pUCyHOK 54):

e T'mapo3anBuiKKa HA JIMHUM APOCCEIUPOBAHUS OTKPHITA

o [IVI' unm mnnameuHsli mpeBeHTOp 3akpbiT. [IpoumsBectu coOpoc
Oy pepHOl )KUIKOCTH B aMbap, peryiaupys AaBileHUE APOCCETIEM.

3. Tlocae moment «CTOII» 3akadaTh B 3aTpyGHOE MPOCTPAHCTBO 5 M°
LIEMEHTHOI'0 pacTBOpa C YCKOPUTEJIEM, IPOTABUTH LIEMEHT TEX. BOJOM.

4. O31 uementa c yckoputejeM 4 — 5 yacoB (COIIacHO Jab0paTOPHOro

tecta). Kontposs Bpemenu O31] o mpobam.
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BoiBOabI

B npencraBieHHoit paboTe OCBEIIAETCA COBPEMEHHOE COCTOSIHHUE
TEXHOJIOTHHU U TEXHUKH KPEIJICHUS HEPTAHBIX M Ta30BBIX CKBaXUH. PaccMOTpeHBI
NpUMEHSIEMbIE Ha CErOJHAIIHUN JI€Hb CHOCOOBI IEMEHTHPOBAHUS, Ha3eMHas
[IEMEHTUPOBOYHAS TEXHUKA U TEXHOJIOTMUeCcKass OCHACTKa 00CaTHBIX KOJOHH.

Bo BTOpOM pazzaene npou3BeeH aHAIN3 IEPUOAUYECKUX U3 JaHU .

PaccMoTpensl Haubonee MNEPCHNEKTUBHBIE HA CETOJHSIIHUNA  JI€Hb
HaIlpaBJICHUS.

B TperbeM pasznene mnpous3BeNEH aHaIW3 U3BECTHBIX KOHCTPYKIIHUHU
KOJIOHHBIX OaliMaKkoB, JMHAMUKN WX NMATEHTOBAHUS, PACCMOTPEHBI KOHCTPYKIIUU
U TPHUHIMII JeHCTBUS OallIMaKoB, IEJIbI0 H300pETeHUS KOTOPBIX SBJISIETCS
CHW)KCHHUE CHJI CONMPOTHMBIICHUS MpU cnycke. Ha OCHOBaHMHM MpOU3BEIECHHOIO

aHalIn3a MpCAJTOKCHBI ABC HOBBIC KOHCTPYKITUH KOJTOHHBIX 0allIMaKoB.
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5. MduHAHCOBBII MEHEe/I)KMEHT, pecypcodpdeKkTHBHOCTD "
pecypcocOepexeHue

[enpr0 MarucTepckoul AuccCepTalluu SBJIIETCA COBEPLIECHCTBOBAHUE
TEXHOJOTMU W TEXHHUKH KpEIJICHUs HEMTIHBIX M Ta30BbIX CKBaXHH. TaKuM
o0pa3oM, B JaHHOM pa3leie BbIMYCKHOM KBaJU(PUKAIUOHHOW pabOTHI
HEOOXOJUMO OLEHHUTh NEPCHEKTUBHOCTh M AKOHOMHUYECKYIO 3 (PEKTUBHOCTD
UCIOJb30BAHUS COBPEMEHHOIO OTEYECTBEHHOIO OOOpPYNOBAHHUS JJISI YCTaHOBKH
XBOCTOBHUKOB, B YaCTHOCTH — MOJBECHBIE YCTPONCTBA XBOCTOBUKOB.

[loTeHIIMAaIbHBIMU TOTPEOUTENSIMU PE3yIbTaTOB JaHHOW paboOTHl OyIayT
ABJSATHCSI OypOBBIE HEPTECEPBUCHBIE KOMIIAHHUU.

C 31011 11e1b10 HE00XO0 IUMO:

—  cocraButb SWOT-ananus;

—  COCTaBUTH Ipad MK NPOBEIEHUA HAYYHOIO UCCIIEA0BaHUs

—  OLICHUTH 3aTpaThl HA KPENJIECHUE HHTEPBAJA I10J] XBOCTOBHK;

—  CpPaBHHUTbH 3aTpaThl HA NPUOOpPETEHUE 00OPYAOBAHUS OTEUECTBEHHOIO
U 3apyOeKHOTO IPOU3BOJCTBA;

—  CpPaBHUTbh 3aTpaThl Ha MNPHOOPETEHHE YCIYTI [0 HHKEHEPHOMY
COITPOBOXACHUIO;

—  OIIGHUTh  DKOHOMHYECKYI0O 3G (PEeKTUBHOCTH  HCIIOJb30BAHUS
000pyIOBaHUs OTE€YECTBEHHBIX MPOU3BOIUTENEH
5.1. SWOT anaamu3s

[TepBrim sTannom SWOT ananu3za sBJISETCS BBISIBJICHUE CUJIBHBIX U CI1a0bIX
CTOPOH HAY4YHO-HCCIEI0BATENbCKON pabOThl U MOMCK MOTEHUHUAIBHBIX YIPO3 JUIs
peanu3aiuy NpoeKTa.

Pesynbtatel mepBoro srana SWOT ananuza, npeacTaBiieHbl B Tabnuie 4.

91



Tabnuna 4 - PesyasTatel nepBoro srana SWOT ananu3za.

CunbHbele cTtopoHsl: Cl.
DrHaHCHpPOBAHUE
010 KeTA;

nus3

Cnabsie cropons: Cul.
HeB03MOKHOCTH
MCIIOJIb30BaHUA

C2. He Tpebyercs 3aKyInka
MaTepUAIOB U
000pyIOBaHHS;

C3. Illmpoxas 6a3a maHHBIX
B OOILIECTBEHHOM JOCTYIIE;
C4. TlepcoHam ¢ BBICOKOH
KBaTH() UK AITACH.

KOH( I MaThHBIX JaHHBIX
BaKa34HKOB;

Cn2. CHoXHOCTH B IIOHUCKE
ITAHHBIX C 2-MS U ECHTHYHBIMHU

YCIOBUSIMHU (reonorus,

BEPTHKAID U T.1.);

Cn3. Bo3MOXHBIE HETOYHOCTH
BCJIEICTBUC HEYYTCHHOCTH
TPETHUX ($hakTOopoB,
HEYKa3aHHBIX B JIOCTYIHBIX

[parmopTax u CBOAKaX.

Bo3moxxnaocTHu: B1.
Mcrionbp30BaHuC
MHHOBAIIMOHHO M
MH(pacTpYKTYphI

TILY;

B2. CoTpyaHUYECTBO C
MPEANPUITUIMU -
CEPBUCHBIMU Oy POBBIMU
opranuszanuamu; B3.
IBO3HHMKHOBEHHE
ITOMOJHUTENBHOT O CIIPOCa HA
HCCIIeI0BAHNE,

B4. I[TonyuyeHue rpanTta Jis
PO OTKEHUS
ncciaemonpanmii; BS.

'Y nopoxkaHue CXOXKHX
KOHKYPESHTHBIX
HCCIeq0BaH Ui,

YT po3bi:

V1. HerocTpeOoBaHHOCTH
[pPe3yIbTaTOB UCCICIOBAHMS; Y2.
IPazBuTHE KOHKYpEHIIMH
(KOHCYIBTAIIMOHHBIE KOMITAHHH,
MPEIOCTABIOSIONIHE YCIYTH B
BUJI€ PEKOMEH AT M IO

CHIK CHUTO

'YBH)

V3. CHmxenue 0r0KeTa Ha
HMCCIEN0BaAHMNE;

'Y4. HeTodHOCTB TIOJTy4aeMBIX
IMaHHBIX.

Ha Bropom srane SWOT ananuza HeoOXOAMMO BBISIBUTH COOTBETCTBHUE

CHJIBHBIX M CJIa0BIX CTOPOH HAYYHO-HCCICAOBATCIILCKOIO IMPOCKTAa BHCIIHHUM

YCJIOBUSAM OKpYyXKaromied cpelsl. J[aHHOe MeponpuATHE IMOKaXET €CIU €CTh
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HEOOXOIMMOCTh B TMPOBEIEHHM KOPEHHBIX H3MeHeHuH. [lo pesynpratam

BTOPOr0 ATama ObUIM COCTAaBJIEHbl HWHTEPAKTHUBHBICE MATPUIbI, KOTOPHIC
MpeacTaBjICHBI B Tabaumax 5 — 8.
Tabnuua 5 - HHTepakTHBHAas MaTpula «BO3MOXKHOCTH - CHJIbBHBIE
CTOPOHBI»
CunbHbIE CTOPOHbI HAY4YHO- a
NCCneaoBaTenbCcKoro NpoeKT
Cun1 Cun?2 Cun 3 Cund

Boam 1 - - - -

Boam 2 - - + +
BoamoxHoctu [Boam 3 - - - -

Boawm 4 - - + +

Bo3m 5 + + - -

ITo pe3ynbTaTtam aHanu3a TaOJUIIBI

BBIJICJITIOTCS

B5CI1C2.

CIEAYIOLIUME KOPPEIUPYIOLIUE MO3UINH:

«BO3MOKXHOCTHU-CHUJIBHBIC CTOPOHLD»

B2C3C4, B4C3(C4,

Tabnuua 6 - UHTepakTUBHASI MATPUIA KBO3MOKHOCTH - cl1a0ble CTOPOHBI

Cnabble CTOPOHbI HAay4HO-UCCINEenoBaTENbCKOro NpoeKTa
Cna6 1 Cnab 2 Cnab 3
Boam 1 - -
Boam 2 - - -
BoamoxHocTn [Boam 3 + + -
Boam 4 - + -
Boam 5 - - -

ITo pe3yJjibTaTaM aHaln3a Ta.6J'II/II_IbI «BO3MOKHOCTH - Cl1a0bIe CTOPOHBI»

MO>KHO BBIACJIUTh CIEAYIOIINE KOoppenupyrolme no3uiuu mnpoekra: B3Cn2,

B4Cn2.

Tabnuua 7 - UnTepakTUBHASI MATPHIlA «YyTPO3bI-CUIIbHBIE CTOPOHBD)

CunbHble CTOPOHbI HAaYy4YHO- Ta
nccnenoBaTenbCKOro Npoek
Cun1 Cun 2 Cun3 Cun4
Yrp1 - - - -
Yrpoa3bl Yrp 2 - - - -
Yrp 3 - + - -
Yrp 4 - - T
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[lo Tabnuue «yrpo3bl-CUIbHBIE CTOPOHBDY BBIJICNAIOTCS CIEAYIOIINE

KOPPEIUPYIOIINE YTPO3bl U CUIIbHBIE CTOPOH: Y3C2, V4C(C3.

Tabnuna 8 - UnTepakTUBHASI MAaTpUIlA «YyTPO3bI-C1a0bIe CTOPOHBD)

Cnabble CTOPOHbI Hay4YHO-UCCNeaoBaTeNbCKOro NpoekKkTa
Cna6 1 Cnab6 2 Cnab6 3
Yrp 1 + + -
Yrpos3bl Yrp 2 + + _
Yrp 3 - - -
Yrp 4 - - +

AHanu3upysd HMHTEPAKTUBHYIO MAaTpPHUIly MO TaOJHIlEe «YyTpO3bI-cliadble
CTOPOHBI» MOJXHO BBLACIUTH chaeayromme no3umuu: Y1CnlCn2, YV2CnlCn2,
Y4Cn3.

Ha tpersem srtane SWOT anHanmu3a COCTaBJISIETCS UTOrOBas MAaTpUIIA,
BKJIFOUaromas B ceOsl OlMMCaHHe CUJIbHBIX, CIA0BIX CTOPOH M Yrpo3, JaHHAas
uHdopMaIus npeacTapiieHa B Tadbnuie 6.

Tabnuna 9 - Urorosas tadbnuma SWOT ananuza

CuJIbHbIE CTOPOHBI: Ciabble CTOPOHBI:
Cl1. duHaHCUPOBAaHUE u3 [Cnl. HeBO3MOXHOCTH HMCIOJb30BaHUS

Gromwkera; C2. He tpebyercs KOH(HACIHATBHBIX JAHHBIX 3aKa34HKOB
; Cin2. Ci10)KHOCTH B IIOMCKE MaHHBIX C

BaKyIka MaTEpPHAIOB u

5 Y ‘ Cp3 - 2-Ms W EHTUYHbIMHU YCIOBHAMMY|
COOPY10BaHUA, ) Hpoxas (Treonorus, BEpTUKAIG U T.1.);

0a3a NaHHBIX B OOIIECTBEHHOM |3, Bo3moxHbIE HETOYHOCTHU

pocryne;  C4. IlepcoHan € gopepcTBHe HEYUTCHHOCTH —TPETHAX

BBICOKO#H KBATH(HKAHCIH. (hakTOpPOB, HEYKA3aHHBIX B JOCTYITHBIX

[pamopTax U CBOJKAX.
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Bo3moxkHOCTH:

Bl. Hcnons3oBanue
WHHOBAallMOHHOM
uHdpacTpykTypsl TILY;
B2. CorpyaHudecTBo
P EANPUITHAMHI
CEpBUCHBIMH  OypPOBBIMHU
OpTaHU3alUAMY;

C

B3.Bo3HUKHOBEHHE
ITOMOJTHUTEABHOTO CIIPOCa
Ha UCCIEI0BAHUE;

B4. Iloyuenne rpanTa s
[P O OKEHU S
KCCJIe0BaHMI;

BoIsIBICHHBIE COOTBETCTBHS U3
WHTEPAKTUBHOM MaTpHUIIB]
«BO3MOJKHOCTH-CUJIbHBIE
ctopons»: B2C3C4 UPOKas
0a3a [JaHHBIX, MMEIOIIAsiCcsI B
OTKPBITOM JOCTYIE MOJKET OBIThH
ImonoTHeHa JAHHBIM U
MpeanpUITUH, 4TO
MOJTHOCTBHIO
MOTPEOHOCTH

MOJKET
MIOKPBITH,
B HCXOIHBIX
A HHBIX; KOMIIETEHTHBIN
[epcoHall NpEeANPUATUN
COTPpYIHUKOB paboTaeT B mape ¢
BBHICOKO  KBaJH()HUIIMPOBAHHBIMU
COTpYIHUKAMU YHUBEPCUTETA.

OTBpIJTaHHBIC

BE1sBIIC HHBIC COOTBCTCTBHUA
I/IHTepaKTI/IBHOﬁ MaTpHUIbI

«BO3MOKHOCTH-CITA0bIE CTOPOHBI:
B3Cnl1Cn2 BO3MOXHO TIOSIBJICHHE
ITOITOJTHUTEIBLHOT 0 crpoca Ha
nccnenopanne YBH B ciydae ecatu
pexoMeHmanuu  OyayT
CII0COOCTBOBATE

CHMXXCHHUIO HCIIPOU3BOAMUTEIBHOI'O

3

BpPEMEHH;
B4Cn2
0ojiee MeTalbHOTO HCCIEIOBAHHSA C
MpruoOpeTeHneM

B cCilyda€ BO3MOXHOCTH

[Ipononxenue TadbIMLBI 9

B5. YoopoxaHue cX0XHUX
KOHKYPEHTHBIX
MCCIEOBAHUM.

B4C3C4C5 — nonyyeHue rpanra
penraeMoii mp.o0JIeMbl pH.

y4acTHH KBATU(PHULIUPOBAHHOTO
[epcoHalla, HalluYueM

000pyIOBaHMA U MATEPHAIOB

st paOOTHI

B5C1C2 — Tak Kak JaHHEBIE
CCIIEIOBAH s

(bUHAHCUPYIOTCS u3
Or0UKETA, 49TO Jaer
[P EUMYITIECTBO nepen

KOMITAHHUAMH KOHKYPCHTaAMMU.

CIeINAIN U3 UPOBHHOTO
000py I OBAHHS;
Bo3MoxHO

MMOJIYyUYCHUEC IrpanTa IJisd

manbHEHIIEro pa3BUTUA

[P OEKTA.
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Yrpo3br: BeIsiBlIeHHBIE  COOTBETCTBMS  [BhISABIICHHBIE COOTBETCTBHS 3
V1. HeBocTpeGoBaHHOCTHA3 HHTCPAKTMBHONW MaTpHUbl  [MHTEPaKTUBHOI MaTPHIIBI

pe3yJIbTaTOB «YTpO3bI-CUJIBHBIC CTOPOHBDY.  |(yrpoO3bI-ciabnie CTOpPOHBI»:
UCCIE0BAHUS; Y3C2 - npu  cHmKeHMH  |[VICnlCn2 — BO3MOXHO OTCYTCTBHE
V2. PasButue KOHK,yp,eHHHH@OH)KCTa HauCCICNOBAHUE  cipoca HAa JaHHOE HCCIEIOBAaHHU
(KOHCYJIBTAIll MO HHBIE BO3MOXHO BPCMEHH,  BCieICTBUU He3 () PeKTUBHOCTH
KOMITAHUH, YACIAEMOIO BBI1aBAEMBIX PEKOMEH AN

TP €10CTaBIOSIONIIE PYKOBOIUTEIEM MarucTpanry,y2CnlCn2 — BO3MOXHO pa3BUTHE

6y,Z[C.T MCHIIBC YTO B KOHCYHOM
MTOTC CKaXCTCAd Ha TOYHOCTHU

yciayru BUJIC IKOHKYPCHTHBIX HUCCJSI0BaH UM B

[PEKOMEHA AL NN 1o S oOmact n3ydenns YBH u moBsimenus
h : : 9
crmkenmo YBH) VAC3 — BosMOKHE omuGkn prEIccTBa BBI1aBaEMbIX UMH
¥3. Cmkenue bro/ukera Ha koHcynbsTanuii; Y4Cn3 — BO3MOXKHO
YICCIICIOBAHE, ClIeaHHbBIX BBIBOJIAX,
MOJTy YeHH S HETOYHBIX JTaHHBIX
V4. HeTo4HOCTD COOTBETCBEHHO B BBIJIaBAEMBIX
BCJICICTBMU HCIIOJb30BaHHUS JaHHBIX
MOJIy4Ya€MBbIX JaHHBIX. PCKOMCHIAIUAX.
MOJIydeHHBIX HE Tpu  abCOJIOTHO
MICHTHYHBIX YCIOBHSIX.
5.2. Cocmaenenue cpaguka npoeeoenus HAY4YHO20
uccnedo6anusn

JlaHHas AuarpamMma npeacTaBiigeT coooi rpaduk, rae padoThl KaK0ro JTamna
NpECTABJIEHbI NMPOTS)KEHHBIMU BO BpEMEHHU OTPE3KaMHU, KOTOPbIE XapaKTEPU3YIOTCs
JaTaMy HayaJla ¥ OKOHYaHMS BBINOJIHEHHUS NaHHBIX paloT. JIUTEIbHOCTH 3TAmoB

paccUUThIBAETCA KaK:
Tki = Tpi kxam

rae Ty — IpOJAOIKUTEIbHOCTD BBIITOJHEHHMS I-ii paOOTHl B KaJCHIAPHBIX JTHSIX;
Tpi— IPOJOIKNUTENLHOCTH BBINIOJIHEHHS I-i pabOTHI B pabounx mHAX; K, — Koadd.

KaJCHOApHOCTH.

Kos¢d punuenT kaneH1apHOCTH HAXOAUTCS COINIACHO (popmyie:

Txan
TKM e (Tm.lx +Ty p)’

k Kan —

rae Tkan = 365 — KOJIMYECTBO KaJICHAApHBIX IHEW B roay; TBeix + Thop =

118 — KoM YeCTBO BBIXOAHBIX U MPAa3THUYHBIX qHEH B 2018 romy.
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k}caﬂ

365
365-118

=——-=1,48.

[TonydeHHBIe O pe3yJibTaTaM PAacuCTOB 3HAUCHHS B KaJCHIAPHBIX THSIX
10 KaXk1o pabote
3HAYEHMS MMPEaCTaBIeHbI B Tabauie 10.

Tki okpyrisiem

a0

neaoro. Bcee

IMOJIYUYCHHBIC

Tabnuua 10 — BpemeHnHble MOKa3aTeau NpOBEIECHUS HAYYHOTO

HCCIIEIOBAHUA
TpynoeMKoCTh
paboTt
tmax Ipomomxu | IIpomomxun
Bu g pabot tmin, |0Vt Memommurenn | im0 P TEIBHOCTR
Hen el |yer- pabor B paboT B
3 ) pab. IHSX, |[KaJeHM. THSX,
ITH 1
TH  |mH Tpi Ty
u | u
Onpenenenue
TEMBbI 8 [12 9.6 [PykoBoaurenb 9.6 14.21
UCCIICOBAHHS
[TonGop u
HU3y4eHHUe 13 20 [15.8 | MarucrpaHnt 15.8 23.38
JUTEPATYPHBIX
UCTOYHHUKOB
[ImanupoBanue
pabor 2 5 3.2 |PykoBoautenb 1.6 2.37
MarucrtpaHTt
Odopmienue
JUTEPATyPHOTO 8 12 9.6 MaructpaHT 9.6 14.21
0030pa
[Tox6op 6a3br
JTAHHBIX,
COOTBETCBYIOIINX
3aJaHHBIM 27 34 29.8 | MarucrtpaHt 29.8 44.10
KpUTEPHUSL, IS
POBEICHUS
aHATUTHUY €CCKUX
HCCIIeNOBaHUN
Ananuz
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pe3yabTaTOB
UCCIIEOBAHMSI,
opopmieHue
BEIBOJIOB

27

34

29.8

PyxoBoaurenn
MarucTpaHT

14.9

22.05

Hanucanue

MarucTepCcKoun

JAMCCEPTALUH

12

11

MaructpaHT

11

14.21

Ha ocHOBaHMHM TaOmuUIBl 4 CTPOUTCA KaJeHAAPHBIA TulaH rpaduk TpOBEICHUS
HAY4YHO-UCCIIEA0BATEILCKUX paboT (Tabmuia 11)
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Tabnuna 11. KanengapHubiii mian-rpadux

Ne pabor

Bua pabot

Tu,

TE0h

UenoAHK

OHW

MNpoaon#UTENBHOCTE BhINONHEHWA DG6OT

Kan.

AHBapbL

despans

mapT

anpens

Onpepenenne
TEMBI
MCCNEeA0BAHKA
(9.01.18 -
22.01.18)

14

PyroBoguTb

NogBop 1
HIyYeHME
NUTEPaTYPHBIX
HCTOYHHMKOB
(23.02.18 -
14.02.18)

23

MarucTpaur

Nnanuposanue
pabor (15.02.18
-16.02.18)

PykoBsoauren
)

Odopmnerne
NUTEPATYPHOTD
obaopa
(17.02.18 -
2.03.18)

14

MamcTpaur

NogGop Gazwl
AAHHBIX,
COOTBETCBYIOLLMA
X 320aMHBIM
KPMTEPHA, ANA
NPoBeaAeHHA
AHANUTHUECOHMX
ncchHe aoBaHMA
(3.03.18 -
15.04.18)

a4

Marucrpaur

AHanni
pesynbTaTtos
WCCNeQoBaHnA,
odopmnermne
BLIBOAOE
(16.04.18 -
7.05.18)

22

PyKOBOAMTEND,

Odopmnenne
ANCCepTaumMm
(8.05.18 -
21.05.18)

=

o 14

Maruerp

— DVHO.WTQIW;I I = MArvMCTpRamMT.
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5.3 KanuranabHble 3aTPaThI

Pacuer ctoumocTH pador

HopMa BpCMCHHU MJId BBIIIOJIHCHUA pa.60T 10 KpPCIIJICHUIO CKBAXKHWHBI

npezcTaBiieH B Tabnuie 12.

Ta6nunal2 — Hopma BpeMenu pabot

HaumenoBanue padot Bpems Ha BBINOJIHEHHE
paodoThl, U

II3P x KpenjaeHno CKBa KU HbI 16

[ToaroroBuTenbHBIE paOOTH K 72

KpPEIJICHUIO CKBaYKMHbI

Cnyck uycTaHOBKA 24

XBOCTOBHKA

3aKJIIOYHUTENbHBIE Pa0OTHI 12

Bcero 124

Croumoctp 1 cyrox paborbl OypoBOMl YCTaHOBKM CKJIAJbIBAETCS

CTOMMOCTH paboThl OypoBOM Opuraiabl, CTOMMOCTH pabOTBl arperartos,
noApsAAHBIX opraHu3anuii u coctarysier or 500000 pyoneit 1o 1000000 pyOneit B
CpPEIHEM.

Jliist pacyera mpuMeM CTOMMOCTH | yaca paboThl Ha OypOBOM MCXOI U3
croumoct 1 cyrox B 750000 pyo6nei. Torma croumocTs pabOT MOKHO

paccunTaTh Tak: 750000/24*124=3875000 pyOeii.

HUtoro crouMocTh paboThl OypoBOW yCTaHOBKM 0e3 ydeTa 3apabOTHOMU

matkl coctaBut: 3875000-775620=3099380 pyOneii.

HUtoro croumocth paboThl OypoBOW yCTaHOBKM 0e3 ydeTa 3apabOTHOM

matkl coctaBut: 3875000-775620=3099380 pyOneii.

3aTparshl Ha 3aKyNIKY 000pYy10BaHUsl

Jlnst pacuera Bo3bMeM noaBecky xBoctoBuka [IXH oreuecTtBeHHOTO
npousBoautenss OAQO «Tspknpeccmarnny u nakep-nmoasecky BlackCat-HU
3apyOerxHoro nmpouspoautens Weatherford.
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CTOMMOCTH pacCMaTpMBAEMOT0 O0OPYIOBAHUS U COMYTCTBYIOIIUX yCIyT
npuBeaeHa B Tabnuie 13.

Tabauma 13 — CroumMocTh 00OpYIOBaHUS U  COIYTCTBYIOIIETO
WH)KEHEPHOT'O CONIPOBOXKACHUS

Buj ycayru\croumMocTh, OAO «TIIM» Weatherford
ThIC. PYyO.
IToaBecka XBOCTOBUKA 423.5 2167
KoMIIJIEKT TeXH 00T M4 eCKO 242 577.,8
OCHACTKH
UHske HEPHOE COTP OB O IC HUE 121 250
pabort

3aTpaThl Ha  OpuUOOpeTeHHMe  O0OpYNOBaHUS U  HHIKEHEPHOIO
COITPOBOXKJEHUS SIBJIIOTCS PA30BBIMU JJIS1 OJTHOM CKBAXKUHBI.

OO6cannas TpyOa siBIsETCS JaBaJibUeCKUM MaTEPHUATIOM.

EnunoBpeMeHHbIC KanMTaJbHBIE 3aTPAThl HA 3aKYIIKY 000pY/1OBaHUS:

CTouMOCTh KOMILIEKTAa OOOpYJOBAaHHUS OTE€YECTBEHHOI'O MPOU3BOAUTEINS
IUTIOC CEPBUCHOE COMPOBOXAeHHE padoT ¢ yuerom HIC.

Pacuer: (423500 + 242000 + 121000) * 1,18 = 928070 py6. 3a oauH
XBOCTOBHK.

CTOMMOCTh KOMIIJIEKTa OOOpYJIOBaHUS 3apyOeKHOTO TPOU3BOIUTEIS
IUTIOC CEPBUCHOE CONPOBOXAeHHE padot ¢ yuerom HIC.

Pacuert: (2167000 + 577800 + 250000) * 1,18 = 3533864 py0. 3a onuH
XBOCTOBHK.

Hroro kanurajbHbIe 3aTPATHI COCTABAT 0€3 yueTa aMOpPTH3aLUHU
COCTABHAT:

e Jlns otedecTtBeHHOro obopynoBanus: 3099380+928070=4027450
pyoueit

*  Jlnsg umnoptHOTO 060pymoBanus: 3099380+3533864=6633244 pybneit
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5.4 ®opmupoBanme 010AxKeTHOTO PoHIA

Pacuer amopTH3anum

Hopma amopTu3aiimoHHBIX OTUYKMCICHUN 1151 OypoBbIX ycTaHOBOK — 14,3%.
AMopTuzamus I8 OTEUECTBEHHOTO 00OpyAOBaHUSA
=0,143*kamn.3aTpaTsi=0,143*4027450=575925 pyOneii.
AMopTtuzamus s uMmnopTHoro obopyaoBanusa =0,143* xam.3arparer =0,143*

6633244=948554 py6iieii.

Pacuer 3apa0doTHOI MJ1aTHI

Cpennsas crtaBka pabouero 3a yac pabotsl 417 pyoOnei. PaboTsl BegyTcs
NOoCMEHHO 1o 12 yacoB. 3apaboTHas miara 0AHOro pabOTHUKA 3a BECh IIPOILECC
KpEIJIeHUsI XBOCTOBHMKa cocTaBuT: 417*%62=25854 pyb6neiri. B mnpoiecce
KpEIUIEHHsT XBOCTOBHKA 3aJerlcTBOBaHO mnopsaka 40 yenosek. HMroro Ha

3apabO0THYIO TUIATy BCEM COTpyHUKA ToTpeOyeTcs 25854%40=775620 pyoiei.

OTunciieHHsi B rocy1apcTBeHHbIE BHe0I01Ke THbIE (DO H/IbI

JlaHHasg cTaThsd pPacxXxoJOB OTpPaXaeT 00s3aTeIbHbIE OTYHCICHHUS IO
YCTAaHOBJIICHHBIM 3aKOHOJATeJIbCcTBOM P® HopMam B @POHI COLMATIBHOTO
ctpaxoBanus (ODCC), [lencuonnsiit poun Poccuu (IIOP) u Genepanvubiii PoH
00s13aTeNpHOr0 MeauIUHCKOro crpaxoBanus (POOMC) oT 3aTpar Ha OIJIaTy

TpyAa paOOTHHKOB.

Ha ocHoBanmm nmynkra 1.1. cr. 284 HanoroBoro kxoaekca P® craBka —

30%.
CymMma OTYHCJICHUU = 0,30 * 3apaborHas tata = 0,30 * 775620 =
232686 pyouneii.

IIpoume 3aTparTsl

BennunHa HaknagHbBIX 3aTpar 00yCIaBIMBAETCS pacXxoJaMM, HE

MONABIIMMHU B IPEABIAYIINE CTATHU PACXOOB:
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[I3 nmnsa oredecTBEHHOro OOOpyAOBaHUSA = CyMMa pacxomoB *
0,15 =5611681 * 0,15 = 841752 pybuneii
I[13 1nda uWMIOPTHOIO o0opyaoBaHus = CyMMa
pacxonoB®0,15=8590104*0,15=1288515 pyobmeii

Tabnuma 14 — Utorosas Tabnuma 610 pkeTHOTO hoHAA

Crarps pacxo0B OteuecTBeH. UmnopTHOE
1L HOE 000pyIOBaHHE o0opynoBanue

AmopTu3anus 575925p. 948554p.

3apa0orHas rara 775620p. 775620p.

OTuKCIIEH S B 232686p. 232686p.

roCyaapCTBEHHbIE BHEOIOJKETHBIC
hoHIBI

KanuranbHble 3aTpaThl 4027450p. 6633244p.

[Ipoune 3aTparsl 841752p. 1288515p.
Hroro 6453433p. 9878620p.

5.5 Onenka 3koHOMHUYECKOTO0 3 peKkTa

JIJist O1eHKH YKOHOMHUYECKOT0 3P PeKkTa HE0OX0IUMO CPABHUTH CTOMMOCTD
KPEIJICHNUS CKBa)KMHBI XBOCTOBHKOM IpU  HCIOJIb30BAaHUU OTEUECCTBEHHOTO
000pyIOBaHUs U 3apyOEKHOTO.

JIJIst HaTTISTHOTO CpPaBHCHHUSI CTOMMOCTH KPETJICHHUS CKBaXXHUHBI C
UCIIOJIb30BaHUEM O0OPYIOBaHHUS POCCUHCKOrO M 3apyOeKHOTro MPOM3BOJICTBA
MOYKHO TIOCYUTATH CTOUMOCTH Pa0OT C Y4€TOM BEPOSTHOCTH 0€30TKAa3HOM pabOThI
000pya0BaHUA.

Jlns oredecTBEHHBIX KoMmanui — 95%.

Jist 3apyOesxHbIx KoMmnanuii — 99%.

[Tonydaercsa, 4TO Mpu pa3HHUIE B BEPOSTHOCTU 0O€30TKA3HON pPabOTHI
0k0110 4%, CTOMMOCTH O0OPYIOBAHUS M COMYTCTBYIOIIUX YCIYT 3apyOeskHOi

KOMITAaHWH BhlIIe Ha 75%.
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OOmiasi CTOMMOCTH WCIIOJB30BAHUHM OTEYECTBEHHOIO OO0OPYIOBAHUS:
6453433 pyoOunei.

OO1rasi CcTOMMOCTH UCIIOJIb30BAHUM 3apyOC)KHOTO0 00OPYyIOBAHUS:
9878620 pyoueii.

Tornaa, Ha 100 omeparuii Mo KpEIJICHUIO CKBAXXMHBI XBOCTOBHKOM C
UCITOJIb30BAHUEM OTEYECTBCHHOTO 000PYyI0BaHHUs Oy ICT MPUXOTUTHCS 5

aBapI/II‘/IIHBIX CJIydacB U KaK CIICACTBUC, IOBTOPCHUA OIICPpALIH.

C1 = 6453433 * 105 = 677 610 465 pyO:eii.
C2=9878620 * 101 =997 740 620pyOneii.

rae Cl u C2 — croumocth pador 3a 100 onepanuii ¢ yaeTom BEpOSTHOCTH
OTKa3a 00OpyIOBaHUS  OTEYECTBEHHOIO U 3apyOeKHOT O

IMPpOU3BOINUTCIIA COOTBECTCTBCHHO.

2=(1-C1/C2)* 100% = 32%.

rae O — SKOHOMUYECKHN 3P PeKT OT  NPUMEHEHHS
000pyIOBaHHS OTEUECTBEHHOTO MPOM3BO/ICTBA.

DKOHOMHUYECKUM pacueT Mmokasaj, YTO MPUMEHEHHE O00OpYIOBaHUS H
CONTyTCTBYIOIIUX CEPBHCHBIX YyCIYyI OTEUYECTBEHHBIX TMPOU3BOJUTEIICH
MO3BOJIUT CHU3UTH 3aTpaThl Ha MPOBEIEHHE PabOT MO KPEMJICHHIO CKBaXXUH
XBOCTOBUKOM Ha 32%. CnenoBareibHO, NPUMEHEHHUE TOJABECHBIX YCTPOWUCTB
XBOCTOBHUKOB POCCHMCKOTO TPOM3BOJACTBA IS KPEMJICHUS HAKIOHHO-
HAmpaBJICHHBIX CKBa)XXHH  SBJSIETCS OKOHOMUYECKHM JS(DGDEKTUBHBIM U
11eJIeCO00pa3HBIM.

OTeYeCTBEHHBIMM TPOU3BOAMUTEISIMHA W TIOCTABIMUKAMH I10JI3EMHOTO
o0OpynoBaHus IS  YCTAaHOBKM  XBOCTOBHKOB  SBJIAIOTCS  KpPYIHBIC
MPOMBINIJICHHBIC 3aBOJIBI, HMCIOIIHE CBOM HAYYHO-HCCICIOBATEIbCKAE U
WH)KCHEPHOKOHCTPYKTOPHBIE TIOIpa3IeICHU .

CopTraMeHT npeaiaraeMoro 060pya0BaHUs POCCUNUCKOrO MPOU3BOJCTBA
UMEeT OOIMPHOE KOJMUYECCTBO HAMMCHOBAHUWH, OJHAKO, BCE K€, 3HAUYUTEIBHO

ycTynaeT 3apyOe KHbIM aHAJIOraM KaK B KOJIMUECTBE, TaK U B Ka4eCTBE.
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OCHOBHOM NPUUYMHON TaKOro SBJCHUS SBISETCA ciadas MOJAepikKKa
rocyJgapcTtBa B IUiaHE (UHAHCUPOBAHUS U HAJOTOBOM MOJUTHUKH, a TaKXkKe
HEJOCTATOYHOE (uHaHCHpOBaAHUE Hay4YHO-UCCIIEOBATEIBCKUX U

ONBITHOKOHCTPYKTOPCKUX pabOT CAMUMHU KOMIIAHUAMU-TTPOU3BOTUTEIISIMHU.
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ConunanbHasi OTBETCTBEHHOCTD

[lonsiTHe «couuanbHasi OTBETCTBEHHOCTH» HA JAHHOM 3Tale pPa3BUTHSA
o0I1ecTBa MOJYyYUJIO MIMPOKOE PacCIpoCTpaHEHHE BO Bcex chepax AeATelbHOCTU
yejgoBeka. OOBIYHO COIlMANIbHAsl OTBETCTBEHHOCTh pacCMaTpUBAECTCS KaK OJTHO U3
BBIPa)KEHUM OTBETCTBEHHOCTH B o00mecTBe. OTBETCTBEHHOCTh KaK CIIOCO0
B3aUMOJICUCTBUSl PA3IMYHBIX CHUJI B oOmecTBe (OTAeNbHBIE WHIUBH/IBI,
OpTaHu3alluM, OpTaHbl YIpPaBIEHHUS) CBsA3aHA C BBIMOJHEHUEM KAaKUX-IHOO
00sI3aHHOCTEH,  MpenbsIBICHMEM Ha  O3TOW  OCHOBEe  TpeOOBaHUU K
COOTBETCTBYIOILEMY JIUIy WJIM OpraHU3alMH, & TAKKE NPUMEHEHHEM CAHKLHUHN B
CJIy4ae HEBBIIIOJHECHHUS.

Takum o0pazom, conualibHas OTBETCTBEHHOCTh — 3TO 0c000€ MOPajIbHO
IIPaBOBOE€ U COLMAIBHOE OTHOIIEHHE KOHKPETHOrO JHIA (B HAIIEM clly4yae
PaGoronarens) k obmectBy (PabGouemy Kkiaccy), XapakKTepHU3YIOIIHECs
BBIMIOJITHEHHEM HPABCTBEHHOTO JO0J'a M TMPaBOBBIX HOPM M  aCIEKTOB
NEeSATENbHOCTH.

B nanHoMm paznene 6ojee moApOOHO PacCMOTPHUM pPOJIb COLUAIBHOMN
OTBETCTBEHHOCTH B He(TEra3oBOl OTpaciu B YACTHOCTH B cdepe OypeHus
HE(PTSIHBIX U Ta30BbIX CKBa’KWH. A UMEHHO, PACCMOTPEHHE MTyHKTOB CBSI3aHHBIX C
UCKJIIOUEHUEM HECUACTHBIX CllyyaeB; 3allUTOM 370pOBbi pabOTHHKOB;
CHI)KCHMEM BpPEIAHBIX BO3JCHCTBUM Ha OKPYXKAIOMIYI0 Cpeay; SKOHOMHBIM
pacxo/l0BaHMEM HEBO300HOBHMMBIX NPUPOJHBIX pecypcoB. B kauecTBe o0bekTa
UCCIIEOBAHUS PACCMATPHUBAETCS TEXHOJIOTMYECKUM MPOLECC MO UCIIOJIb30BAHUIO
BUHTOBBIX 3a00MHBIX JBUTATENEed AJsl CTPOUTENBCTBA CKBAXXHMH B PA3IHYHBIX
re0JIOTMUECKUX YCJIOBHUSX, pPa3JIMYHBIX MO cBOoeH cneuupuke, npopuirn Hu
Ha3Ha4EHMUIO.

Takum o0pa3zoMmM, B poiau OO0BEKTAa BBICTYNAE€T BECh KOMIIJIEKC
IPOU3BOJACTBEHHO-TEXHUUECKUX MEPONPUATUH, HEOOXOAUMBIH st OypeHus

HC (I)TﬂHbIX K Ira30BbIX CKBAa’KHH.
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IIpousBoacTBeHHAst 0€30MaCHOCTH

KonnuectBo paboTaromux Ha OMAacHOM TEXHHYECKOM MPOHU3BOJICTBE B
Poccuiickoit @enepanuu COCTABJISAET IOYTH IMOJOBHUHY OT BCEX 3aHATHIX
¢usnueckum Tpyaom gun. OxpaHa Tpyaa paboyux sIBISETCS OJHUM U3
OCHOBOITIOJIAralomux (PakTOPOB IS MOCTPOCHUS JTUCIUILIMHUPOBAHHOTO, a
riaBHoe 0€30MacHOro MPOU3BOACTBEHHOrO mpoiecca. B Hacrosiee Bpewms
IPaBUTEIbCTBO CTPAHBI paboTaeT HAJl yIy4yllIeHUEM YCIOBUH Tpyaa paboUnXx, ero
HAay4YHOM OpraHu3alMy O COKpAIICHUHU, a B 1aJbHEMUIIEM U O MOJHOM BbITECHEHUU
TSOKEJNOro (U3MYECKOro TpyJda Ha OCHOBE KOMIJIEKCHOW MEXaHHU3alluu H
aBTOMAaTH3allud MPOU3BOJACTBEHHBIX NPOLECCOB B OOJBIIMHCTBE OTpaCiel
IIPOU3BOJICTBEHHO-TEXHUYECKOTO X034MCTBA.

Otpacnp He(TSAHOW MU Tra30BOM NPOMBIIJIEHHOCTH SBJSIETCS Hauboiee
OMACHON MPOU3BOJACTBEHHON IUIOIMIAAKOM, CJIE€NOBATEIbHO, [Js CO30aHHs
yCJOBUH TpyJa ynansercs 0co60oe BHUMaHHUE.

B chepe Oypenuss HePTSAHBIX M Ta30BbIX CKBaXXWH, BXOJAAIIECH B COCTaB
HEe(TEera3oBoro KOMILIEKCA, MpPH HENPABWIBHOW OpraHU3alluu Tpylda U
MPOU3BOJICTBA, HECOOIIOICHUH MEPONPUATUNA MO MPOBOJAKE CKBAXKUH BO3MOKHBI

CIEYIOIINE OMMAaCHOCTH, IPEACTABICHHBIC B TA0IHIIC 2:
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Tabmnua 2

- CB.OI[HaH Ta.6J'II/IH.a OIlaCHbIX HW BpPCIAHBIX (l)aKTOp.OB Ha

MMpOU3BOACTBCHHOM 00BEKTE He.(i)Tel“a?)OBOFO IMpOMBICJIa

HNcTouHuK
daxropa,

HAMMEHOBAHHE
BHU/I0B padoT

®axkrtopsl no 'OCT 12.0.003-74

Bpennsbie

Onacueie

HopmaruBHbI€
AOKYMEHTBI

PaGors! Ha
OypoBO#
YCTaHOBKE, B
0J10KaX OYHMCTKH
OypoBOI0 pacTBOpa
OT BEIOYpEHH O
OPOJIbI, B
HaCOCHOM OJIOKE,
Ha CTOJIE pOTOpA:

CILYyCKOIIOIbEMHBIC
oreparnuu, paboTsl

Ha CTOJIE POTOPA C
JIBHXK YIIUMHC ST
JJIEeMEHTaMH,
CBapOYHbIC
paboThI,
o0CIIy’)KuBaHHE
IEKTPUIECKUX
COCTAaBJISIOLIUX
YCTaHOBKH,
paboTHl HA
OTKPBITOM BO3J1yXe€
KPYTJIOTOJUYHO.

1. IToBBINIEHHAS UITH
MMOHUIKEHHast
TeMIeparypa
BO3/yxa paboueit
30HBI;

2.JloBBINIEe HHBIHI
YpOBEHB IlIyMa Ha
pabouem mecre; 3.
IToBBIIIEHHBIN
YpOBEHb
BUOpanumy; 4.
OtcyTcTBHE WU
HEJOCTATOK
€CTECTBEHHOI'O
CBETA;
HeJ0CTATOYHAas
OCBEIIEHHOCTD
paboyeii 30HBI.

1. ABmxynuecss MalmHbI
U MEXaHHU3MBI;
MOJIBM)KHBIE YaCTU
MPOU3BOJICTBEHHOT O
obopynoBaHus; 2.
[ToBblIIeHHAS UITH
MOHUKEHHAas
Temreparypa
MOBEPXHOCTEN
000pyaoBaHus,
MaTepHaIoB;

3. IloBBlIIEHHOE 3HAYEHUE
HaIpsDKEHUS B
ANEKTPUIECKOM 1eTH,
3aMBIKaHUE KOTOPOM
MOJKET IIPOU30MTH Uepe3
TEJIO YeJI0BEKa.

1. "CanlluH 2.2.4.548-
96.2.2.4. [38]

2.TOCT 12.1.003-83[39]
3.'OCT 12.1.012-2004
[40]

4.CIT 52.13330.2011
AKTyanu3upoBaHHas
penaknus CHull 23-
0595* [41]
5.116-08-624-03 (15) [42]
6.I10T P M-016-2001,
PJ1 153-34.0-03.150-00;
My >-7[43]

7. P 2.2.2006-05[60]

PaccMoTpuM KaXblii U3 BBIIIE MPEACTABICHHBIX ()aKTOPOB JIeTalIbHO.

OnacHbie paKTOpBI:

1. I[B‘I/I)Ky]_u.l/lec,l MAaIlIHHBI U MEXAaHU3MbI; MOABMUKHbBIC YaCTH

NPOU3BOACTBEHHOT0 000PYA0BaHMSI.

1.1. Anaaus

aBAPMIIHYIO CUTY AL HIO.

OImaCHoOIo

(paxrTopa,

KOTOPBbIH

MOXKET cCo31aThb

BypoBasi ycTaHOBKAa MPEACTABIAET CIOXHBIM U MAaCCHUBHBIA paboUmii

O00BEKT, COCTOAIIMN U3 MHOXXECTBA MEXAaHM3MOB U PA3JIUYHBIX TEXHHYECKUX
y310B. Ilonyuyenume tpaBM Bo3MOxkHBI BoBpeMsi CIIO, mageHHs ¢ BBICOTHI

pa3IUYHBIX MPEAMETOB, a TakXKe JeTajieil OypoBOM YCTAHOBKH U €€ OTJIeJIbHbBIX
108



3IIEMEHTOB, HEJJOCTATKU B COJIEPKAHUU pabOUeTo MeCTa, OTCYTCTBHUE OT PaXKAEHHit
JOBWKYIIUXCS yacTeld OypoBoro o0OpyIOBaHUA, NPUMEHEHUE OMACHBIX MPHUEMOB
TpyAda u T.4. Hanuume MHOXeCTBa MOJBMKHBIX D3JIEMEHTOB B KOHCTPYKIUH
yCTaHOBKM (OypoBble HACOCHI, MPHUBOAA, JeOEAKH, POTOp U [Ip.), SIBISIOTCS
Ype3BbIUaliHO OMACHBIMHM JJIsl 3[0pOBbS paboumMx, B cCllydyae HECOOIOICHHUS
TEXHUKHU 0€30IM1aCHOCTH Ha O0BEKTE.

1.2. Bo3MoOKHbIe NOCJHEACTBUSl OT AeiicTBHA (PpaKTOpa HA OPraHU3M
YyeJi0BeKaA.

JlaHHBIE MEXaHWYECKHE BO3JACHCTBUS MOTYT IOBJICYb 3HAYUTEIbHBIN
yiep0 340pOBbIO0 MepcoHana OypoBOM YCTAHOBKH, HEPEJKHU CIy4YaH JIETAJIbHOIO
UCX0/J1a B pe3yJIbTaTe HAPYIIEHUs HOPM U TpeOoBaHUIl 0€30MaCHOCTH.

1.3. O6ocHOBaHUS MepoIpUusi THH 1o 3aluTe nepcoHajia
NpeANpPUsATUS, OCHOBAHHBIE HA JeiCTBUSA HOPMATUBHOM JOKYMEHT AL UM.

OCHOBHBIM HOPMATHUBHBIM JOKYMEHTOB UIsi oOecrieueHus Oe30IacHOM
pa0oThl B HepTEra3oBOW oTpaciu ABJIsIOTCS DenepaabHble HOPMBI U MPaBUia B
obmactu mnpombineHHon Oe3onmacHoctu [1b-08-624-03 (15). B nmanHoMm
JOKYMEHTE JIeTaJlbHO TNPONKMCAaHbl BCE€ TpeOOBaHUS, HEOOXOJAMMBIE IS
oOecrnieyeHns 0€30MaCHOCTH Ha paboyeil miomaake. PaccMOTpyUM HEKOTOpBIE U3
HUX JUJI UCKJIIOYEHUS MaJeHUs MOCTOPOHHUX MPEIMETOB Ha pabOYEro C BbICOTHI,
MIPUMEH SIEMBIE KpEIICHUS BCEX NPUCIIOCOOICH U 151 YCTPOMCTB,
yCTaHABIMBAEMbIX Ha BBIIIKAX, JOJDKHBI HMCKIIOYATh HMX CaMOIPOU3BOJIBHOE
packpemienue u mnajaeHue. llpucnocoOneHuss W yCTpONCTBA JMOJDKHBI OBITh
3aCTpaxoBaHbl OT MajeHusA. g uCKiIroueHHs najieHus cBeueld OypUIIbHBIX TPYO
OypOBBIE€ YCTAaHOBKH JOJKHBI OBITH OCHAIEHBI MPHUCIOCOOIEHUEM (TTOSICOM) IS
pa3HBIX MauT M BBIIIEK C OTKPBITOM MEpPEeIHEH TIPaHbO, IPEAOTBPALLAOIINX
NaJICHUE YCTAaHABIMBAEMbIX (YCTAHOBIIEHHBIX) 3a MMAJEL] CBEYEH.

JUis  ycTpaHE€HUs TPUYMH BO3HUKHOBEHHMS MEXAaHHMYECKHX TPABM
HE00X0IMMO BCe pabOThl MPOBOJAUTH COIJIACHO IpaBuiaM O€30MaCHOCTH, Ha
MPOM3BOJICTBEHHOM OO BEKTE.

Kpome Toro, Heo6xoa1uMo:
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e  OrpaJuTh BPALIAIOIIUECS YACTH MEXaHU3MOB;

e o0ecrnmeynTh MAITMHHBIC KIIOYHA CTPAXOBOYHBIMH KaHATAMU;

®  MPOBOJUTH CBOCBPEMEHHO HHCTPYKTAXKH M0 TEXHUKE O€30TaCHOCTH.

® I[pU PEMOHTE [IOJDKHBl BBIBEUIMBATHCA 3HAKH, OIOBEIIAIOIINE O
MPOBEJECHUU PEMOHTHBIX PadoT;

e BeCh paboumii TepcoHAN JOJDKEH OBITh 00€CIeYeH CpeacTBaMU
WH/IUBH Y aJbHOM 321U THI (KACKaMH, CIIENOEXK 0N, pyKaBUI[AMH U T. 11.);

®  TPOBEJACHHUE MNPOBEPKU COCTOSIHUS pPEMHEH, Iieneid, TpOCOB U UX
HATSKEHUS;

® TMpOBEJCHHE IUIAHOBHIX M HEIUIAHOBBIX MPOBEPOK MYCKOBBIX U
TOPMO3HBIX YCTPOUCTB;

e 1pu paboTe Ha BEICOTE pabOYUil T0JKEH OBITH 00ECTIeUeH CTPAaXOBbIM
MOSCOM.

BypoBas BblIKa [0JDKHA ObITH OOecreyeHa MapIIeBBIMU JIECTHUIIAMH
(yron magenusi ux He Ooyiee 60°,mmpuna 0,7 m). Mexay Mapiiamu JI€CTHUII
cleflyeT YCTPOUTh NEePEeXOJHbIE TUIOIMIAAKU. PaccToAHE MEXy CTYyIEHbKAMU 10
BBICOTE HE 0oJiee 25 ¢M, OHM JIOJDKHBI UMETh YKJIOH BHYTpPh 2+5°. C 00eux cTOpoH
CTYNEHHU JOJDKHBI UMETh IMIAHKUA UM OOpTOBYIO OOIIMBKY, BbicOTOM 15 cm. Ilon
NOJOKEH OBbITh clelaH W3 pUQIEHOro MeTajula, MCKIIOYAaKIero BO3MOXKHOCTh
CKOJIBKCHUSL.

Bce rpy3onoabeMHble MEXaHU3MBI TPY30IMOIBEMHOCTHIO CBBILIIE 1 TOHHBI
JOJKHBI ObITh MOCTABJIEHBI Ha yueT B POCTeXHaA30p U UCHIBITAHbI B IPUCYTCTBUU
HETIOCPEICTBEHHOT0 HaYaJlbHUKA U TIpeacTaBuTens Pocrexnanzopa.

HcnpiTaHne BKJIIOYAIOT B ceOsI:

® BHELIHUU OCMOTD;

® CTaTUYECKOE UCIBITAHUE;

® JTHUHAMHNYCCKOC UCIIBITAHHUC.
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B KOHCTpyKIMHM Tpy30MOABEMHBIX MEXaHHU3MOB O0053aTE€NBHO JOJDKHBI
OBITh MPENYCMOTPEHBI CHUCTEMBI 3allUTHl (OJIOKMPOBKA, TyOIHpOBAHUE U T.N),

KOTOPBIC TAKIKEC IMOAJICIKAT UCIIBITAHUIO.

1. IloBblmeHHOE 3HAYEeHHE HANPSIKEHHUS B IJIEKTPHYECKOI
HenM, 3aMbIKAHHE KOTOPOM MOKeT NPOU30MTH Yepes3 TeJIO YeJI0BeKa.

1.1. AHanu3 omacHOro (pakropa, KOTOPBIM MOXET CO3/aTh aBapUHHYIO
CUTYAIHIO.

JlaHHBII (aKTOp ONACEH MPAKTUYECKH BO BCEX cpepax MpOU3BOCTBEHHOU
JeATENbHOCTH. B HacToAIME THU IPUMEHEHHUE 3JIEKTPUUECKOTO TOKa Ha OypOBBIX
YCTaHOBKAX, SIBJSETCA OJHUM U3 OCHOBHBIX KpUTEPUEM €€ pabOTOCIOCOOHOCTH,
CJI€IOBATEIILHO, MOJyYEHUE TPABM TAKOTO POJa BO3MOXHO MPAKTUYECKH B JIFO00M
cuTyanuu. B kadecTBE€ MCTOYHHMKOB ONACHOCTH MOTYT BBICTYIAaTh —OTKPBITHIE
TOKOIPOBOASAILIME 3IEMEHTbl OypOBOM yCTAaHOBKHM, NPUKOCHOBEHUS K KOTOPBIM
MOTYT IOBJI€Yb KaK CEPbE3HBIE OKOTY U MOBPEKACHHSA, TAK U JIETAIbHBIA UCXO;
OTCYTCTBMS 3aIUTHOTO 3a3€MJICHHUS; OTCYTCTBUE CHEIMATbHOM 3aIUTHOW 00yBH
Y NIepYaTOK NpH 00CIYKUBAHUU MOJyJIell OypOBOM yCTaHOBKH, OJKJIIOYEHHBIX K
TOKOBEIYIIUM JINHUSIM.

1.2. Bo3MoxkHbIe MOCHEACTBUSA OT AelicTBHA (PaKTOpa HA OPraHM3M
YyeJI0BeKa.

BozneiictBue 3JIEKTPUYECKOTO TOKA Ha 4YeJOBEKa Iojapaszjaeisercd Ha 4
KATETOPUH:

1. Tepmuueckoe BO3JACHCTBUE — TMPOSBIEHHUE OXKOTOB OTAEIbHBIX
YY4aCTKOB Te€JIa YeJIOBEKa, HAarpeBOM OpPTaHOB IO BBICOKMX IOKa3aTesiei
TeMIepaTyphl, KaK CIeICTBHE UX (YHKIIMOHAIBHOE PACCTPOMCTBO.

2. DICKTPOIUTHUECKOES BO3JICHCTBHE — PaA3JI0KCHHUE KHUIAKOCTEH Teja
(kpoBb, BOja, JuM(a) Ha OTJEJbHbIE HOHBI, KaK CIEJACTBUE HApYyIICHUE HX

CBOMCTB ¥ (U3UKO-XUMUYECKOI'O COCTaBA.
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3. buonormueckoe — MpoOSIBASETCS B BHUAY pPa3IpaXeHUs] OTJEIbHBIX
yacTed Tena, CyJOpPOrM MBI, HAPYIIEHHE BHYTPEHHUX OHOJIOTMYECKHX
MPOIECCOB.

4. MexaHu4eCKOE — OTJEJICHUE U pa3pblB TKAHEH OpTaHU3MA.

1.3. OGocHoBaHMsI MepoNpuUSTHIi 1O 3alUTe TEPCOHAJIA
NpeANpPHUsATHS, OCHOBAHHBIE HA JeiCTBUSA HOPMATUBHOM TOKYMEHT ALl UM.

[Ipenynpexaenue BIEKTpOTpaBMaTh3Ma Ha OOBEKTaX JOCTUrAETCS
BBINOJIHEHUEM CIIEAYIOMNX MEPONPUSTHIA:

®  [POECKTHPOBAHHWE, MOHTAX, HajlaJKa, HCIBITAHUE M HKCILIyaTalus
NMEKTPOooOOpyIOBaHUsI  OypOBBIX YCTAHOBOK JOJDKHBI — NPOBOJIMUTHCA B
coorBeTcTBHH ¢ TpeboBanusmu [IOT P M-016-2001, P/l 153-34.0-03.150-00, a
taxke [TYD-7.

e o0ecreyeHHE HEJOCTYNMHOCTHM TPUKOCHOBEHUS K OTOJIEHHBIM
TOKOBEAYIIMM 4YacTsIM, HaXOJSAIIMMCSA IMOJ HampsbkeHueM; [ mnpumeHeHue
OJIOKMPOBOYHBIX YCTPOMCTB;

®  [IPUMEHEHHE 3aLIUTHOrO 3a3eMJIEHUs OypOBOIl yCTaHOBKHU;

® [PUMEHEHHME M3O0JUPYIOIIMX, 3allUTHBIX CPEACTB (pPE3MHOBBIE
nepyaTku, 0OThl, THCTPYMEHT C U30JIMPOBAHHBIMU py4YKaMu)

npu OOCIY>KMBAHUH 3JIEKTPOYCTAHOBOK;

®  JIOMMyCKaTh K paboTe CrenuaibHO O0YUYCHHBIX JIUI], UMEIOIIHUX TPYIIITY
o snekrtpode3zonacHoctu He HUXke [V. Ilomumo, «[IpaBun mo oxpane Tpyna u
IKCIJIyaTallMe 3IEeKTPOyCTAaHOBOK», AeWCTBUS OypoBoi Opuraiabl Ha OypoBOM
yCcTaHOBKE periameHTHupoBaHbl «[IpaBumamu Oe3omacHOCTH B HEPTIHOH U
ra3oBOi IPOMBILLJIEHHOCTH, yTBEPKICHHBIMHU OCTaHOBJIEHUEM
I'ocroprexnanzopa Poccuu ot 05.06.2003 (¢ u3m. B 2013r1.).

[IpousBoacTBeHHAs MIIOL[AKa OypPOBON YCTAHOBKHM OTHOCUTCS K KJIAcCy C
MOBBIIIEHHON OMAaCHOCThIO MOPAXKEHUS DJIEKTPUUECKUM TOKOM, IO CIEAYIOIIUM

KPUTEPHUSIM:
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1. nomemeHus c TOKOIIPOBOISAIINMHA noJjamMu (Hamuyme
XKeJIe300€ TOHHBIX, METAJIMYECKUX, KUPIIUYHBIX U UHBIX TUIIOB TOKOIPOBOSIINX
HAMOJbHBIX MOKPBITUH), OypoBasi yCTaHOBKA MPEACTABISAET METAJUIMUECKYIO
KOHCTPYKIHIO C METAJIMYECKUMU NOJAMH U IEPEKPBITUSIMU;

2. yCIIOBHUS, KOTJa YEJIOBEK MOXXET OJHOBPEMEHHO NPUKOCHYTHhCA K
METAJUIMYECKUM  KOpIlycaM  JJIEKTpOOoOOpyJlIOBaHMA M K  3a3€MJICHHBIM
METAJUIOKOHCTPYKIMAM  37aHuid. Ha  OypoBOil  yCTaHOBKE  MHOXECTBO
METAJUIMYECKUX KOHCTPYKIIMH, B TOM 4HclIe U OypoBOro o06o0pyaoBaHus,
MO JIKJTIOYEHHBIX K 3JIEKTPUUYECTBY.

2. TloBbllleHHAsT WM TOHUJKEHHAsi  TeMIilepatrypa
NMOBEPXHOCTeH 000pPYyA0BAHUA, MATEPHATOB.

2.1 AHanu3 onacHoOro akTopa, KOTOPbIA MOKET CO31aTh AaBAPHITHYI0
CUTY AL MO,

Paborsl Ha OypoBOHl BeIyTCs €O MHOXECTBOM BpAaIIAIOIIUXCA U
JBWKYIIUXCS MEXaHU3MOB, KOTOPbIE B pe3yJibTaTe ACUCTBUS HArpeBaOTCsA M
CIOCOOHBI  TOBBICUTH  TEMIEpaTypy B TMOMEIIEHUH, T[OMHMO 3TOTO,
COIIPMKOCHOBEHHE IME€PCOHAIA C HArPEBATEIBHBIMU 3JIEMEHTaMH, HanpuMeED,
N 3EJIbHBIX ABUTaTENeil, MOTYT BbI3BATh 0KOT'H.

2.2. Bo3MoOxkHbIE MOCHEICTBUS OT JAeicTBUS (akTOopa Ha OPraHU3M
YyeJIoBeKa.

Ha OypoBoil ycTaHOBKE B pe3ybTaTe HAPYIICHUNH TEXHUKU 0€30TTaCHOCTH
BO3MOXHO MOJydeHHE J000ro TUMa 0KOra, HO K JaHHOMY (aKTOpy OTHOCATCS
hi:¥:]

HEPTSIHOW W Ta30BOM TPOMBIIIJIEHHOCTH, TEMIIeparypa HapPy>KHBIX
MOBEPXHOCTEH TEXHUYECKUX YCTPOUCTB M KOXKYXOB TEIUIOU30JSLIMOHHBIX
NOKPBHITUNA HE NOJKHA MPEBBINIATh TEMIIEPATYPY CaMOBOCILIAMEHEHHUS Haubolee
B3pPBIBOMOXKAPOONACHOTO  MPOAYKTa, a B  MeCTaX, JOCTYNHBIX s
00CIIy’KMBAIOIIET0 NEPCOHANA, JOJHKHA UCKII0YATh BU/1a 0K OTOB:

1. Tepmuueckuii oxor. Takwe TpaBMbI B 30HE JEHCTBUS OYypOBOIO

000pyA0BaHUS BO3MOXHO MOJYYUTh OT MPSIMOT'0 KOHTAKTA C:
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a) orHeMm, Hampumep, B ciaydae YC Ha OypoBOi, C MOCIEAYIOIIUM
BO3ropanueM. JlaHHBII BHJ 0KOra ONAce€H B BUJY BEPOSTHOCTH MOBPEXKICHUS
AKU3HEHOBAXXHBIX OPraHOB (JIpIXaTEJIbHBIX MyTeH, nuna u ap.). OxkazaHue nepBoi
NOMOIIM MPH 0XKOrax TpeOyeT yCTpaHEHHE MaTepPUAIOB ONEXKIbl, YTO B CBOIO
ouepelb MOKET MOBJIEYb PACTPOCTPAHEHUIO UHPEKIIUY;

0) ropsuMM mNapoM; B 3UMMHEE BpEeMs TroJa HCIIOJIb30BaHUE Mapa Ha
OypOBOIi YCTAHOBKE SIBJISIETCS 00s3aTENbHBIM apaMETPOM, TAK KaK MIPAKTHYECKH
Bce OypoBoe 000pyAOBaHHE HAXOJUTCA HAa OTKPHITOM MPOCTPAHCTBE W
MOJIBEPKEHO 3aMEP3aHMIO, Map HCIOJIb3YETCA i1 OTOrpeBa Y3JIOB M arperaTos
OypoBo#i ycTaHOBKH. OKOrM MapoM KakK IpaBUIIO JUArHOCTUPYIOTCS HETTyOOKHUM
MOBPEXKICHUEM KOJKHBIX TKAHEM, BOBMOKHO NOBPEXICHUE IbIXaTeIbHbBIX Iy TEH;

B) TOpSAYMMH TMpeIMEeTaMH; B TMPOILECCe HIKCIUIyaTauuu OypoBOiM
YCTaHOBKH, B YaCTHOCTH: TU3€JIbHBIX IBUTATEIEH, TPUBOJHBIX MEXaHU3MOB U Jp.,
3TU 3JIEMEHTHl MOJBEP>KEHBl HAarpeBy [0 OOJBIIMX TEMIIEPATyp, B pe3yJbTaTe
KOHTAKTa C TAKOM MOBEPXHOCTHIO BO3MOKHO MOJYYEHUE 0KOTOB, KaK MPaBuUIIo,
COITPOBOXJAIOIINUXCS B3y THEM KOKHBIX IOKPOBOB.

2. Xumuyeckuil oxor. [loBpexaeHne CBA3aHO C MPSMBIM MOMaJaeM Ha
TEJIO YeJIOBEKa arpeCCUBHBIX XUMUUECKHUX BEILECTB, HA OYpOBOM 3TO YaIle BCEro
XUMHYECKHE BEUIECTBA (KUCIOTHI, IIEJIOYH, COJM TSAKEJIbIX METAaJUIOB),
HEOOXOAUMBbIE I IPUTOTOBJIEHUS] OYpOBOIO pacTBOpA.

2.3. O0ocHOBaHHUSI MepONPHUSITHH 1O  3alUTe  TMepcoHAa
NpeANpPHUsTUS, OCHOBAHHBIE HA JeCTBMA HOPMATHUBHOM JOKYMEHT AL UM.

CornacHo IlpaBun 6€30MacHOCTH BO3MOXXHOCTh OXKOT'OB, HUMEHHO STUM
HOPMATHUBHBIM JOKYMEHTOB peTJIaMeHTUpYeTCs obecrneueHne Oe30MacHOCTH
OTHOCHUTEJIbHO JIaHHOrO (hakTopa, TaK Kak oOeclneyeHHue HCIPABHOIO H
3aIMIIEHHOr0 padoyero Mecra He MPEeACTaBIIAET OMACHOCTH U1 MepCcoHala, Mpu
coOoeHe TEXHUKHU 0€30MacCHOCTH.

3alMTHBIE MEPONPUATHUS: B pe3yJbTaTe IMOJYyUYEeHHUS 0XKO0ra, TpedyeTcs
OXJIAZUTh OKOTOBOE MECTO TMOJI ClIa0oW CTpyed MpOTOYHOM BOJBI (3amperieHo

WCTIOJIb30BaHUE CHETA, JIbJA U Jp.); UCTIOJIh30BATh MpenapaThl i MpoOUIaK TUKH
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OKOT'OB Ha BOJHOI OCHOBE (Ma3u, CHPEM); €CJIH 0XKOI MPEICTABIAET ONACHOCTH
JUIS. JKM3HM YeJOBEKa, HEOOXOJMMO B CPOYHOM TMOPSJIKE JOCTAaBUTh €ro B
OO0JILHUILY.

Bpeanbie paxkrTopsbi:

1. TIloBblmIeHHAsi WJM TOHHKEeHHas TeMmeparypa BO3AyXxa
pado4eii 30 HbI

1.1.AHaqu3 BpeAHOro (pakTOpa, KOTOPbIi MOXKET €C031aTh aBAPUHHY IO
CUTyalHIO.

[Ipou3BoacTBeHHAs NIEATEIBLHOCTh HA OypOBOM BEAETCS KPYTJIOCYTOUYHO U
KpYTJIOTOJIUYHO, CJENOBATEIbHO, BIHUSHUE KaK BBICOKMX, TaK W HHU3KHUX
TeMIepaTyp Ha OopraHU3M pabodero nepconana HeumsOexeH. [lomumo 3toro, Kak
paBuiia OCHOBHAs Macca OypoBbIX pabOT BeJeTCs B YCJIOBUIX KpaitHero Cesepa.

1.2. Bo3moxkHBIE MOCJHEACTBUA OT AeMCTBUSA (PaKTOpa HA OPraHHU3M
YyeJi0BeKa.

JlaHHBII (akT crmocoOCTBYET YacTOMY 3a00JI€BaHUIO pad0OYero nepcoHana:
NOBBIILIEHUE TEMIIEPATYphl TEJa; MPOCTYAa; O0JIE3HHU AbIXaTEIbHBIX IyTE€H U JIp.
besonacHoCTh U 3I0pOBBS MEpcoOHaATa Ha pabodyeM MeCTe€ O4YeHb BaKHBIM
nokaszarteib Ui KOMIAHUHU, JUId 3TOr0 HE00XO0JAUMO coOir0AaTh TpeOOBaHUSA U
HOPMAaTHUBHI pabOYEro mpoiecca Ha OTKPHITOM BO3JIyX€.

O0ocHOBaHUSI MePONPHUATHH MO 3aINMTE MEPCOHAJA TPEINPUSTHS,
OCHOBAHHbIE HA IeiiCTBUSA HOPMATHBHOM JOKYMEHT Al MH.

Tpyn Bcex paboTaromux B ycioBusix kpaiiHero Cesepa mno mpodeccusim,
CBSI3aHHBIX ¢  OypeHueM  He(TSHBIX W  Ta30BBIX  CKBaXHH, IO
MUKPOKJIUMATUYECKOMY TPH3HAKY pEriaMeHTUPYETCS B COOTBETCTBUU C P
2.2.2006-05.

CornacHo TaHHOTO JAOKyMEHTA, Hanboiee MOAXOISIIIUM KINMATHIECKUM
pernoHoM  (MOSACOM), XapaKTEPU3YIOUIUMCS  CICAYIOIIMMHU [OKa3aTeasiMu
TeMIepaTypbl BO3AyXxa (CpelHssl 3MMHUX MECALIEB) U CKOPOCTH BeTpa (CpeaHss U3
HauOoJiee BEPOSTHBIX BEJIMYMH B 3MMHHUE MECSIbI), SBJISETCS KIMMATUYECKUM

nosic 16 (TV) -41°Cwu 1,3 m/c.
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Takum o00pa3zoMm, K JAONMYyCTHUMBIM KIMMATUYECKUM YCIIOBUSIM Tpynaa
orHocutcs -15,1 °C (6e3 mepepriBoB Ha 06orpeB) u -18,1 °C (c mepepsiBamn); K
BPEIHBIM YCJOBUSIM TPpy/Aa OTHOCUTCS TeMIepaTypHblil untepsan -23,5 °C (6e3
nepepsiBOB Ha oborpeB) u — 29,8 °C (c mepepriBaMH); K OMAaCHBIM OTHOCHUTCS -
27,5 °C (6e3 nepepblBOB Ha o0orpeB) u -35,5 °C (¢ nepepsiBaMu Ha 060rpeB) [75].

Tak xak OOJBUIMHCTBO MPOM3BOJCTBEHHBIX TOMEIICHUN OypoBoOM
YCTaHOBKH HE 3alTUINCHBI OT OKPYKAIOIMIEH CPEIbI, PACCMOTPHUM TeMIIEPATypPHBIE
WHTEPBAIbI 1J151 TOMEIICHUM:

OnTuManbHBIE TEMIIEPATYPHBIC TPAHUILBI 115 KaTteropuu 1 6:

- XoJioiHOE BpeMs Troja, Temneparypa Bo3ayxa — 17-19 °C; temneparypa
noBepxHocTte — 16-20 °C; oTHocuTeNbHAs BIAKHOCTH Bo3ayxa — 60-40%;
CKOPOCTh ABMXKEHUS Bo3ayxa — 0,2 m/c.

- Termoe Bpems roja, temmeparypa Bosayxa — 19-21 °C; temmeparypa
noBepxHocTte — 18-22 °C; oTHOocuTeNbHAs BIAKHOCTH Bo3ayxa — 60-40%;
CKOPOCTh ABMXKEHUS Bo3ayxa — 0,2 m/c.

- JlomycTuMble TpaHUIBl BEJIMYMH TOKa3aTeled MHUKpPOKIMMAaTa Ha
pabouem mecte s kareropuu I O:

- XoJsogHOE BpeMs Trojla, TeMmIeparypa BO3[yxa, IWANa30H HUKE
ONTUMAJIbHBIX 3HaueHul — 15-16.9 °C, quama3oH BBIIIE ONTHUMAJbHBIX BEJIMYNH —
19.1-22 °C; temmnepatypa nmoBepxHocTeit — 14-23 °C; oTHOCHTENIbHAS BIAXKHOCTH
Bo3ayxa — 15-75%; ckopoCTh NBMXKEHHS BO31yXa, IJsl Juara3zoHa TeMmIeparyp
HUOKE ONTHMaJIbHBIX BEJIMYUH, HEe Oosee — 0,2 M/c, Ajis AMana3zoHa TeMIeparyp
BBIIIIC ONITUMAJILHBIX BEJIMYNH, He OoJiee — 0,4 m/c.

- Temmoe Bpems rona, Temmeparypa BO3[Ayxa, [IWANA30H HHUKE
ONTUMAJIbHBIX 3HaueHuH — 16-18.9 °C, quarma3oH BBIIIEC ONTUMAJIbHBIX BEJIMUNH —
21.1-27 °C; temneparypa noBepxHocteir — 15-28 °C; oTHOCUTEIbHAS BIAXKHOCTD
Bo3anyxa — 15-75%; ckopoCTh OBMXKEHUS BO3AyXa, HJISl AMana3oHa TeMrepaTryp
HUOKE ONTHUMaJIbHBIX BEJIMYUH, HEe Oosee — 0,2 M/c, Ayl AMana3zoHa TeMIeparyp

BBIIIIE ONITUMAJIbHBIX BeJUYHUH, He Oostee — 0,5 m/c. (CanlluH 2.2.4.548-96. 2.2.4.).
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Jns  npegynpexaeHuss 3a00JieBaHMNA HEOOXOJUMO TPEAYyCMOTPETh
YKPBITUST pabO4YMX MECT, MHIUBHUIyalbHBIE CPEICTBAa 3alIUTHI (CIEIOAENKIa),
HEOOXOJMMbIE TMepephiBbl B paboTe. 3a BPEIHOCTh  BBIILJIAYMBAIOTCS
KOMIIEHCallH.

2. TloBbllIeHHBIH YPOBEHDb IIYMa HA padouyeM MecTe.

2.1. Anaau3 BpeaHoro ¢akTopa, KOTOPbIii MOKeT C€O031aTh
aBapMiiHYI0 CUTYallHIO.

[Iym Ha paboueil miomanke OypoBOl yCTaHOBKHU HEU30€xKEeH.
HcTOYHMKOM BOSHMKHOBEHUS SIBJISIETCS pab0Ta BUHTOBOIO 3a00MHOTO JTBUT AT
B CKBa)XMHE, NEpEeNaroniero IMmyM H BHOpalui0 MO BCcel uMHE OypHIbHOMN
KOJIOHHBI Ha poTOpHbIN cToi. [lomuMo 3TOoro, pabora AM3ENbHBIX JBUTATENEH
SBJISIETCSI OCHOBHBIM HCTOYHUKOM IITyMa Ha OypOBOi yCTaHOBKE.

2.2. Bo3dMoOxkHbIE MOCHAEACTBUS OT JelcTBHS (PpakTOpa HA OPraHW3M
YyeJI0BeKa.

[lym, BO3HHMKAOIMK B pe3yiabTaTe padOThl MPOU3BOACTBEHHOrO
000pyAOBaHUS, MPEBHIMIAIOIINI JOMYCTUMbIE HOPMATUBHBIEC 3HAYCHUS, NMaryOHO
BO3/IEHCTBYET Ha LIEHTPAJbHYI0 HEPBHYIO U BEreTaTUBHYIO CHUCTEMY YE€JIOBEK U
oprassl ciyxa. [nmutensHoe BO3AEHCTBUE IIyMa, IPEBBIIIAOIIETO HOPMAaTUBHbIE
noKas3aTejau, MOTYT MOBJ€uYb 3a00JI€BaHHMS 4YEJIOBEKa IIYMOBON OO0JIE3HBIO —
HEMpPOCEHCOpHAst TYTroyxocTb. Takum o0Opa3oM, MOXKHO BbIJEJIUTb OCHOBHBIE
HEraTUBHBIE MOCIEACTBHUS HA YeJOBeKa MOJ JeicTBUEM M30bITKA LIyMa: MOTEPU
Cllyxa, HEKOTOPBIX HEPBHBIX 3a00JIeBaHNH, CHIDKEHHUS MPOJYKTUBHOCTH B paboTe
Y HEKOTOPBIX CIIydasX MOTEPH KU3HH.

2.3. ObocHOBaHNA MepoIp usi THH no 3aluTe NnepcoHajia
NpeInpUuATHS, OCHOBAHHBIE HA IeHCTBUSA HOPMATHUBHOI TI0KyMEHTAIlMH.

PaccmoTpum nannsiit paxrop ¢ Touku 3penus [OCT 12.1.003-83.

[IIym Ha pabodeM MecTe He T0JDKeH npeBhimaTth 80 ab. 3ampemaercs gaxe
KpPaTKOBPEMEHHOE TMpeObIBaHME B 30HAX C OKTAaBHBIMH YPOBHSIMH 3BYKa,

MpEeBBIIAOIMMHU naBienue B 135 nb.
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3ammTHHIE MEPOIPHUITUS:  TPH TNPOSKTHPOBAHHH,

pa3paboTke
TEXHOJIOTHYECKUX TMPOIECCOB, U3TOTOBICHUM U SKCIUIyaTallud MAIIWH, CICIyeT
NPUHUMATh HEOOXOJMMBIC MEpPBI 10 CHIDKEHHIO IIyMa, BO3JICHCTBYIOMIETO Ha
NIEPCOHAT BO BpeMs pabOThI, 10 3HAUECHHUE HE MPEBBIMAKIINX JTOMyCTUMbIC. J{is
YMEHBIICHMSI IIyMa Ha OO0BEKTE HCIOJIb3YIOTCS KaK HWHJIWBUIYaTbHBIC
(HayIHWKY, BKJIAJBIIIN, NMUIEMBI), TaK W KOJUICKTHBHBIC CpeacTBa 3amuThl. K
KOJUICKTHBHBIM CpeicTBam 3aIIU ThI OTHOCSITCS: THEBMOY/IapHUKH,
3BYKOM30JIIM (MUHEpajdbHAasl BaTa, BOWIOK) M 3BYKOIOIJIOIICHUE, a TaKkKe

MPEAYyCMAaTPUBAETCS YCTAHOBKA KOKYXOB U IULyIIUTEIEH.

3. IloBblIeHHBIH YPOBEHb BUOP ALl UH.

3.1 Ananu3z BpeaHoro ¢axrTopa, KOTOPbIii MO:KeT €031aTh
aBAPMIIHYI0 CUTY AL HIO.

HUcrounnkamu BUOpauuu Ha OYpOBOM YCTAaHOBKE SBJISIIOTCA TE€ JKe
MEXaHU3Mbl U 000pyJOBaHHE, YTO U MCTOYHMKAMH IIIyMa: BUHTOBBIE 3a00ilHbIE
JBUTATEN s, AU3EIbHBIEC TBUTATEIN, KOMIIPECCOPHI U JIp.

3.2 Bo3moikHbIe MOCaeICTBUS OT JeiicTBHUSI (aKTOpa HA OPraHU3M
YyeJI0BeKa.

Ob6ecneyeHne BHOpPAaMOHHOW 0O€30MacHOCTH Ha OypoBO#l TIUIOHIAKE
noJjpa3yMeBaeT CO3/aHHE YCIOBHS, IPU KOTOPBIX BO3AEUCTBUE JAaHHOTO (hakTopa
He OyJeT MpealecTBOBaTh YXYAIIEHUIO COCTOSHUS paboyero nepcoHana, B TOM
qucie K npodeccuoHanbHBIM 3200JIeBAHUAM, CHIDKEHUIO KOM(GOPTHOCTH TPYA.

[ToMrMO HEraTHBHOIO BIMSHUS Ha Y€JIOBEKA, BUOPALIMN MOXKET BIUATH Ha
HapylieHne B paboTe MeXaHM3MPOBAHHBIX HWHCTPYMEHTOB, MalllUH W
o0opynoBaHus OypoBOH YCTAHOBKH, a TAKXKE CTPOUTEIBHBIX KOHCTPYKIIMHA. ITO
MOJKET TIOBJIEYb 32 CO00M BOSHUKHOBEHUE aBAPUUHBIX CUTyalluid ¥, B KOHEYHOM

cueTe, HeOIaronpusATHBIX BO3IEHCTBUN HA YEJIOBEKA, MMOJTyUeHUE UM TPABM.
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3.3 Ob6ocHoBaHuSA MeponpuATUI no 3aluTe nepcoHajna
NpeANpPUsTUS, OCHOBAHHBIE HA eCTBUSA HOPMATUBHOM TOKYMEHT AL UM,

Cobnronenne TpeOoBaHUN TEXHUKH 0€30MaCHOCTH 1O JaHHOMY (aKTopy
pernamentupyercsa 'OCT 12.1.012-2004.

Ha pabGouem wmecte Oypuiabimmka BO BpeMs JOJIOJCHUS HaWOOJIbIIAS
BUOpaIMsi OTMEYeHa Ha YCTAaHOBKE pOTOpHOTO OypeHusi — 10 123 nb B okTaBHOM
nonoce 31,5 T'm. Ha ycraHoBkax, ocyllecTBISAIOMUX OypeHHE TypOoOypoMm,
napaMeTpbl CPEIHEKBAAPATUUHON KOJIeOAaTEIbHOM CKOPOCTH HUXKE JTOIYCTUMOTO
YPOBHS M 3a4acTyl0 HE MPEBBINIAIOT €ro. B 1enom Haubosee BHICOKHE YPOBHU
Bubpanuu, a0 90— 123 b, oTmeuensl B mnojocax wyactor &8—63 IT.
MaxkcumalipHble 3HAUEHUsI CPEAHEKBAAPATUYHON KojeOaTeIbHONW CKOPOCTH B
nenubesiax M3MEHSJIUCh B Pa3IMYHBIX IM0JIOCAX YaCTOT: IPU POTOPHOM OypEeHUU
or 111 mo 120 nb, npu TypOounHoM — ot 85 no 112 ab. OnpeneneHue BeJIMYUH
BUOpanuy Ha pabodyeM MecTe OypuJIbIMKA W IUIONIagKe OypoBOil YCTAaHOBKHU B
NEepUOJl CIYCKONOJAbEMHBIX OINEpaluil IMOoKa3ajlo, YTO Ha BceX OypOBBIX
YCTAaHOBKAaX CpEJHUE BEJIMUYMHBI BHOpanuu B JauamnazoHe 4actor 8—63 rl]
MpEeBHIIIAOT Aonyctumbie ypoBHH. [Ipu pabore AKB-3 (aBTOMaTHueCKuil K04
OypoBO#i) BO3HHMKaIM BHOpalMU TMoJja OypoBOM IUIOMIAKUA, MPEBBIIIAIOIIUE
JOMYCTUMBbIE YPOBHHU, B JIMAMA30HAX CPEAHET€OMETPUUYECKHUX 4acTOT OT 8 A0 63
['m va 6—14 nb, cpaBHUTENHLHO OJNM3KHE MO CBOMM 3HAYEHUSM K BHOpAIUAM,
CO3/1aBAEMbIM Ia PA3JIMYHBIX THUIIAX YCTAHOBOK. 3HAUUTEIBHOE MPEBBIIICHUE
BUOpaAIllMM HaJ JONMYyCTUMBIMH BEJIMYMHAMHU HMEETCS B MPOXOJaX Yy CHIIOBBIX
arperaToB pa3IMYHbIX TUIIOB OYPOBBIX YCTAHOBOK.

YpoBHU 00mIeil BUOpauuu Ha OypOBBIX YCTaHOBKAaX MOCIE€ MOHTaXa HE
noJbkHBI TipeBhimath aonyctumbie o ['OCT "Bubpanusa. O6mue TpeOoBaHUs
O0e3onmacHOCTH" W PErUCTPUPYIOTCS B aKTe NpuUeMOYHOW Komuccuu. I[lpu
TUTUCHUYECKON OICHKE BUOpalii HOPMHUPYEMBIMH TapaMeTpaM# SBISIFOTCS
CpeHHE KBaJpaTUUHbIE 3HAUYEHHUS BUOPOCKOPOCTH V (M UX Jlorapudmuyeckue
ypoBHU Lv) unm BUOpPOYCKOpEHHUs s JIOKaJbHbIX BUOpaluii B OKTaBHBIX

MoJjiocax 4YacToT, a JJIs o0med BUOpanuu — B OKTaBHBIX WJIM TPETHOKTABHBIX
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nojocax. Takum oOpazom, cormacHo 'OCT HOpMupyeMblii AMana3zoH 4YacToT
BUOpALlMM YCTAaHABIMBAECTCS:

- U1 JIOKaJIbHOU BUOpanuu B BUJIE OKTAaBHBIX TI0JIOC co
cpelHereoMeTpruyeckuMu yactoramu: 8; 16; 31,5; 63; 125; 250; 500; 1000 T'w;

- st o01e BUOpaluu B BUJE OKTaBHBIX WM 1/3 OKTaBHBIX MOJIOCAX CO
cpeanereomerpuueckumu vacroramu: 0,8; 1; 1,25; 1,6; 2,0; 2,5; 3,15; 4,0;
5,0;6,3;8,0; 10,0; 12,5; 16,0; 20,0; 25,0; 31,5; 40,0; 50,0; 63,0; 80,0 I'm.

Jlns OGopbObl ¢ BHOpanueid Ha 00BEKTE NPOU3ZBOMASAT OaJlaHCUPOBKY,
YCTaHOBKY aMOPTHU3aTOPOB, BUOpOPYyHIaMEHT, YBEIHIUBAIOT MaCCy OCHOBAaHUSI.
[Ipy KOJIIEKTUBHBIX CpPEACTBAX 3alIUThl HCIOJB3YIOT aMOpPTU3aIMOHHbBIE
NOJNYyIIKM B COCIMHEHMUSIX OJIOKOB, OCHOBAaHUM, »SJIACTUYHBIC MPOKJIAIKH,
BUOPOU30JMPYIONIME XOMYThl Ha HAINOPHBIX JIMHUSAX OYypoBBIX HacocoB. B
Ka4eCTBE WHJUBUAYAIBHBIX CPEACTB 3allUThl TNPUMEHSIOTCS: CIEIMaJIbHbIC
BUOpoOTacsniMe KOBPHUKH T1OJ HOTH Yy TMYJbTOB YIPABIEHUS Pa3IUYHBIMU
MEXaHU3MaMH, BUOpoOOyBb U BUOpOpyKaBulbl. [IoMUMO 3TOro, BUOpauus Mnpu
yactoTe 16 ['11 He momKHA npeBhImaTh aMIUTyAy 028 mm.

4. OTcyTcTBHEe MJM HeJIOCTATOK €CTECTBEHHOr0 CBeTa;
HEeJ0CTATOYHASI OCBENIEHHOCTh padoyeii 30 HbI.

4.1 Ananu3 BpeaHoro ¢akKkropa, KOTOpPbIH MOKeT CO31aTh
aBAPMIHYI0 CUTY AL HIO.

PaGoTei Ha OypoBO#l BeIgyTCS KpPYrJIOCYyTOYHO, KaK Ha OTKPBITOM
MPOCTPAHCTBE (CTOJ pOTOPA, MOCTKH), TAK U B 3aKPBITHIX MOMEIICHUSIX (HACOCHBIN
0JIOK, ULEeHTpajibHasi cucremMa TpyoOod ouucTku). Kak mnpaBuino Heg0CTaTOK
OCBEIIICHUS KaCcaeTCsl IBYX MPEACTABICHHBIX CIIydaes.

4.2 Bo3MoOkHBIe MOCHEACTBUS OT AeiicTBUS (aKTOpa Ha OPraHu3M
yeJI0BeKa.

Henocrarouno xopoiiee ocBelmeHHe B paboueil 30HE CKa3bIBAeTCS Ha
yCTaJOCTh MEPCOHANA, YEJIOBEK B TAKUX YCIOBUSIX paboTaeT MeHee NPOAyKTUBHO,
MOBBINIAETCS MOTEHIIMAbHAS OMTACHOCTH BO3HUKHOBEHUS aBAPHIHOM CUTyaIlUU U

HCCYACTHBIX CJIy4YacB. ITomumo 9TOTI'0, HCAOCTATOK OCBCIICHHA MOKCT IIOBJICYD
120



npodeccuoHanbHble 3a00JI€BaHNsA, HAIPUMEP, TAKUE KaK Clla3M aKKOMOJAIUH U
0nm30pykocTh. EcTeCTBEHHOE OCBEIlIeHNE UMEET 00JIbIIOE 3HAaUEHHE IpU padoTe.
OOpa3zyemoe B pe3yJbTaTe B3aUMOJECHCTBUSA MNPSIMOTO U OTPAKEHHOTO CBETa
muddy3Hoe ocBelIeHHE MOMENICHUH co3maeT OnaronpusiTHOE pacipeaesieHue
SPKOCTH, UYTO OKA3bIBACT MOJIOKUTEIbHOE AEHCTBUE HA 3pEHHUE.

4.3 OO6ocHOBaHUS MepoIpusi THH 1no 3aIuTe nepcoHajia
npeInpUuATHS], OCHOBAHHBIE HA IeHCTBHA HOPMATHUBHOI T0KYMEHTAllMU.

OcBenieHne paboYMX MECT JOJDKHO OTBEYaTh TPEOOBAHUAM, U3JI0KEHHBIM
B CII52.13330.2011 (CHuII 23-05-95%).

OcBemieHue JOJDKHO PaBHOMEPHO  paclpenessiTb  SPKOCThb, OBITh
MOCTOSIHHBIM BO BpPEMEHHM, 03 IMyJbCcallid, HMETh CHEKTp ONu3KUi K
ectecTBeHHOMY. Ha OypoBOH HCHOJIb3YETCS €CTECTBEHHOE U HMCKYCCTBEHHOE
OCBEUICHHE, a TAKXKE IPELYCMOTPEHO U aBApUHHOE.

Hopmbl ocBemieHHOCTH Ha pabouuX MecTax JOJDKHBI UMETh CIEAYIOIIne
3HAYCHUA:
ctoJ potopa — 40 JiK; Hacocnoe nomemenue:
naJjiata BepxoBoro paboyero — 10 1x;  myckoBble AmUKU — 50 JIK;

OypoBBIE HACOCHI — 25 JIK.
MpUEMHBIA MOCT — 30 JIK.
IKOJOru4ecKas 0e30MacHOCTh

YuuTsiBas, 4TO HEePTAHAS NMPOMBILIJIEHHOCTh B CUJIy CBOEH cnenuduku
ABJISIETCA OTPACIBIO 3aTPS3ZHUTENIEM, 1€ BCE TEXHOJIOTUUECKHE MPOLECCH MOTYT
BbI3bIBATh HapyIIEHUE HKOJOTMYECKON OOCTAaHOBKHU, HEOOXOJUMO YIENTh
00JIbIII0€ BHUMAaHHE OXPaHE OKPY KAIOILIEH CpeIbl.

Bpennbie BO3AEHCTBUS Ha OKPYXKAIOUIYIO CpeAy U NPHUPOTOOXpPaHHbIE

MEpOIPHUSITUS IPEICTABICHbI B TabnuIle 3.

Tabnuma 3 - Bpenanele BO37CHCTBUS Ha OKPYXKAWIIYIO Cpeay U
MIPHUPOIO0XPAHHBIC MEPOIIP HSI THS
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IIpupoaubie
pecypchl,

KOMIIOH €H ThI

OKpY:KaloleH cpeabl

Bpennsie
BO3J el CcTBHUA

IIpuponooxpaHHsbie
MeponpuATH S

3eMIsl U 3€MEJbHbIE YHUYTOXEHUE U l.PanuoHanpHOEe  IUIAHUPOBAHUE
pecypchl MOBPEKICHUE MECT ¥ CPOKOB IIPOBEICHUS PadoT.
NO4YBCHHOI'O 2.CobnroneHne HOpMaTHUBOB
CJIoA O0TBOJa 3eMeJIb.
CCJIbXO3YT0 AN 3.PexynpTuBaLNs 3€MEIIb.
U IpYTUX 3eMeJb
(YHHYTOXEHHUE B
pe3yJibraTe
paboTHI criell.
TEXHHUKH U JIp.)
3arpsi3HEeHUE MOYBBI 1.Coopyxenue IO 0HOB,
He(TEIPO JyKTaMH, OTCBIIKA IUIOIIAI0K I TEXHUKH.
XMMpEareHTaMH U 2.BriB03, YHUUYTOXKEHUE 5
He(TEnpoayKTOB, XUMPEAaTreHTOB.
3acopeHue MOYBBI 1.Bb1BO3 u 3aXOpPOHEHHE
OTXOJAMHU H MyCOPOM. (MeTal01I0M, IJIaM) U Mycopa.
Co3nanue BBIeMOK B | 1.3acCBIIIKa BBIEMOK.
HEPOBHOCTEM.
YHUYTOXKEHHE 1.Onnara noTpas.
CEJIbCKOX 03 CTBEHHOMN
PaCTHUTEIBHOCTH.
Jlec m JIECHBIE [Mopy6Oxa npeBecHas npu | 1.Y6opka U
pecypchl. YHUUTOKEHUE, COOPY)KEHHH MIOIIAI0K, YHUYTOXKECHUE
MOBPEXJICHUE u KOMM.YHI/IK.aI_[I/II\/’I, SKHITBIX HOpy.6OHHLIX OCTAaTKOB.

3arps3HEHUE OYBEHHOTO
IIOKpOBA.

JlecHble moKapsl.
OcraBnenue He10pyOOB,
3aXJIaMJIEHUE JIECOCEK.

2.060pynoBaHue

MOCEJKOB
M0KapoOMacHBIX
00BEKTOB, co3JaHue
MUHEPAIN30BaHHBIX TIOJIOC
3 Mcnons30BaHue
BBIPYOJI€HHOMN APEBECHUHBI.
Meponpustus no| 1.IloneHnas onnara.

OXpaHe MOYB
(cm.rpady "3emis u
3eMeJIbHbIE pecypchl”).

2.CobnroieHne HOpMaTUBOB
OTBO/JIa 3€MeJIb B 3aJIECEHHBIX
TEPPHUTOPHUSX.

[Ipomomxkenue TabauIs! 3
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Bona u
pecypcehl.
3arpsi3HeHue
MPON3BOJCTBEHHBIMHU

BOJHELIE

BoJaMHu (OypoBOH

MexaHnM4YeCKOe U

XUMHUYECKOE 3arPs3HCHIUE

BOJIOOTBOJIOB B pe3yJibTaTe
CTassHUBAaHHUSA OTBAJIOB.

3arpsi3HeHUE NOJ3EMHBIX BOJI

1. CoopyxeHue BOJJ0OTBOJIOB,
HaKOIIMTEeJIeH M OTCTOMHUKOB.

2. OunCTHBIE COOPYKEHUS IS
OYpOBBIX CTOKOB U OBITOBBIX CTOKOB
(kaHaIM3allMOHHbBIE YCTPONCTBA,

pacTBop, TPH CMCIICHMH BOJIOHOCHBIX | (o rrrperr)
HepTEnpo JyKTH, TOPU30HTOB.
MHHEPAJIBHELC OrBox, ckmagupoBanue u| 1. PanuMonanbHoe  pasMelleHHue
BOJBI). 3arpASHEHHE | oGesppexuBaHue  CTOUHBIX| OTBAJIOB, COOPYIKEHHE CIIELUAbHBIX
OBITOBBIMH CTOKAMM. | oy 5cTakaj, 3achllka BBIPaOOTOK B
pycie.
Henpa. Hapymenne ecrectBeHHbIX| 1. JIMKBHAAIIMOHHBIA  TaMITIOHaX
CBOMCTB re0JOruu€eCKOi| OyPOBBIX CKBAKHH.
CpEIbL.
He xommniekcHoe 1.TemaTtnueckue " Hay4HO-
U3ydeHue HeJIp. HCCIENOBATENbCKME  PabOTHI 1O
IIOBBILIEHAIO KOMILJIEKCHOCTH

U3y4CHUsSI HeJIp.
2.000pynoBaHue U aHATUTHICCKHE
paboThI Ha COIlyTCTBYIOIIUE
KOMIIOHCHTBI, IMOPOAbI BCKPLITHUA H

OTXO/bl Oy 1yILIETO P OU3BO/CTBA.

Henonnoe HCIIOJIB30BaHHUEC
HU3BJIICYCHHBIX u3

HE AP MOJIC3HBIX
KOMIIOHCHTOB.

3acTpoiiKa MECTOPOXK ICHUH,

1.Benenne paboT, MO3BONSIONINX
U3BJIE€Yb U3 HEJP KaK MOKHO OOJIbIIe
HOJIE3HBIX KOMIIOHEHTOB.

2.I'eonoruueckue pabOTHl C IEJbIO
npoBepku"”

CTepMWIBHOCTH"  30H

3aCTPOMKHM M OpTaHM3alMs PYIHBIX

HX 3aTOIICHHC. OTBAaJIOB MW CKJIAaJg0B, XpaHEHUE
00pa311oB 1 Mpoo.
Bo3nymnelii 6acceiiH.| BeiOpocs! nblIg U 1. Meponpustus
TOKCUYHBIX Ia30B. pe1ycMaTpHUBAOTCS B

CI1y4ae HEIOCPEACTBEHHOT O
BPEHOI'O BO3/1EH CTBHU L.

JKuBOTHBIN MHUD.

PacnyruBanue, HapylieHue
MeCT OOMTaHUS )KUBOTHBIX,
ppiO U IpYrux
IPEACTABUTEIEH )KUBOTHOTO
MHpa, CILy4anHOE
YHUYTOKECHHUE.
BbpakonsepcTBO.

1. [TpoBenenne KOMIIEKCHBIX
MPUPOLOO0XPAHHBIX MEPOIIPHUATHH,
IJIaHUPOBaHUE PabOT C y41€TOM
OXpaHbI )KUBOTHBIX.

2. [IpodunakTuueckas pabora.
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Pa3pa0oTka MeponpusTHI 10 OXPaHe OKPYKAIOLIEH Cpeabl

Jlnisi o0ecriedeHus] MPEAOTBPAILCHUS 3arpsi3HEHHUS OKpPY’Kalomield cpebl
HEOOXOMMO 00€CIeYuTh CTPOroe coOIroAeHUE AEUCTBYIOIIMX HOPM, MPaBUI U
uHcTpykiuid ['ockomnpupoasl, MunBoaxo3a, MunpsiOxo3a, Munsapasa Poccun,
a TAK)K€ MECTHBIX JUPEKTUBHBIX U KOHTPOJHMPYIOIMMUX OPTraHOB.

OxpaHa OKpy:Kalolleil cpeabl NpU CTPOUTEINBHO-MOHTAXHBIX paboTax. C
LEJIBIO IPENOTBPALLIEHUS 3aTPA3HEHUS ITIOYBbI, IOBEPXHOCTHBIX U NIOI3EMHBIX BO I
HEO0XO0JMMO 00€CIIEUNTh BBIIIOJHEHHE CAEAYIOIMX MEPOTIPUA THI:

- Tmpou3BecTH O(OpMICHHE 3€MEIbHOI0 y4acTKa sl CTPOMTEIHCTBA
OypOBOM YCTAHOBKH M >KHJIOTO MOCEIKA;

- HAa OCHOBaHMH HOPM OTBOJIA 3€MEJIbHBIX YYACTKOB U PYKOBOJCTBYSCh
CXEMOM pacroyioKeHHus 00OpYyJOBaHUS, YCTAHOBUTHh MO MEPUMETPY TI'PAHUIBI
y4acTKa U 0 HUM 000py10BaTh 0OBAIOBKY.

C nenpro cOopa oTpaboTaHHOTO OYpOBOIO PACTBOPA, CTOUHBIX BoJ, I'CM,
XUMHYECKMX PpPEareHTOB B Impouecce OypeHUus CKBa)XWHbI, CHIXKEHHUS [0
MUHMMyMa UX (UIbTPALHUHU B MOYBY, a TAKXKE MOBBIIIECHUS MPOTHBOMOXKAPHOM
0€30IIaCHOCTH W TNPOMCAHMTApUHM, HEOOXOJUMO OOECNEeYUTh BBIIOJHEHHE
CIEAYIOLINX MEPOTIPUATUM:

- pa3Mephl 3eMeJIbHbIX aM0apoB JTOJIKHBI OBITh CTPOro COOMIOAEHBI, TAK
KaK 3T €eMKOCTH JOJIKHBI 00€creduTh cOOp 0oTpaboTaHHOTO OYpPOBOIO PacTBOPA,
CTOYHBIX BOJ U BbIOypeHHOW MOpojsl (IIJJaMa) Ha BECh MEPUOJA CTPOMTEILCTBA
CKBa)XXMHBI; - XpaHeHHe 3amacoB OypoBoro pactBopa, 'CM u HedTenpoyKToOB
JOJDKHO OCYIIECTBIATHCS TOJIBKO B METAJUIUYECKAX EMKOCTSIX.

OxpaHa OKpy Karomiei cpeapl mpu OypeHUH W KPEIJICHUN CKBaXMHBI. Ha
JAHHOM OJTAall€ CTPOMTEIBCTBA CKBAXKWHBI JOJOKHBI BBIMOJHATHCS CIEAYIOIINE
MEPONPHUATHUSL:

- C UEeJbI MNPENOTBPALICHHUS B aBAPHUIHBIX CUTYallUSIX, OTKPBITOTO
(GOHTAaHUPOBAHUS M 3arps3HEHHA HE(THIO MPWIEKAINUX TEPPUTOPHUH, YCThE

CKBa)XMHBI 000pYyeTCs MPOTUBOBHIOPOCOBBIM 000pynoBanueM coriacHo ['OCT

13862-90;
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- TPaHCIOPTUPOBKY HEYIAKOBAHHBIX CBIIYYUX MaTEPUAIIOB
OCYIIECTBJIATh CIIEHUAIBHBIM TPAHCHOPTOM (LIEMEHTOBO3bI, CMECHUTEIBHBIC
MAaIlMHbI);

- TPAHCHOPTHUPOBKY XHUJKUX BeuecTB (He(pTh, xumpeareHTbl, [CM u
Jp) OCYILECTBJIATH TOJbKO B UCTEPHAX WM CIELUAIBHBIX EMKOCTSIX;

- oOpazyromuecss Bo Bpems CIIO nepenuBbl OypoBOro pacrBopa H
CTOYHBIE BOJIbI, TOCJIE MBIThS 10JIa OypOBO# WIN 000PYAOBaHUS, TOJIKHBI CTEKATh
B IINIAaMOBBIN amOap.

Oxpana Heap. [lns HagexHONW OXpaHBl HEOp B TMpolecce OypeHUs
CKBa)XMHBI JOJKHBI BBIOJHATHCS CAEYIOIINE MEPOTPUATHUS:

- CTporo coOnrojarh pa3padOTaHHYI0 KOHCTPYKIMIO CKBa>XMHBI,
KOTOpasg OOECINeYMBaET H3OJSIIHMI0 BOJOHOCHBIX TOPU30HTOB U MNEPEKPHITHE
MHTEPBAJIOB NOTIJIOLEHUS OYpOBOTO PacTBOPA;

- co3xaTh MO Bced JuiMHEe 00CaJHOM KOJIOHHBI MPOYHOE LEMEHTHOE
KOJIBIIO C UEJIbI0 MCKIIOUEHHS] NEPETOKOB IJIACTOBBIX BOJ W3 OJHOIO IUIacTa B
OpYyro; - Npu JUKBUJALUU CKBaXXUHBl YCTAHOBUTH NOJ MOCIEIHUM OOBEKTOM
LIEMEHTHBIA MOCT BbICOTOM 50 METPOB.

PexynbTUBaIus HapylIeHHBIX 3eMeNb nocie OypeHus ckBakuHbl. [locine
OypeHus CKBa)XMHBI W JIEMOHTaXXa OOOpYIOBaHUS, HEOOXOJIMMO BBINIOJTHHUTH
CIEYIOUIME MEPONIPUATHSA:

- pa30uTh Bce (PyHIAMEHTHbIE OCHOBAHUS, OUUCTUTH BCIO TEPPUTOPHUIO
OT METaJIJI0JI0Ma U JIPYroro Mycopa;

- 3acelmaTh Bce amOapbl, TpaHIIEHW, pa3poBHATH OOBAaJOBKY U
CIJIAHUPOBATH IJIOMIAIKY;

- NPOU3BECTU BOCCTAHOBIEHUE IIIOJOPOJTHOTO CI0S 3EMJIIH.

Bce paboTel Mo oxpaHe OKpyKalouiel cpeabl U peKyJbTHUBALUHU 3eMEIb
OpOBOAATCS B COOTBETCTBMM C HOPMAaTHBHBIMU JOKYMEHTAMHU CTaHJapTa
cucreMbl oxpanbel npupoast (I'OCT 17.2.3.01-86; I'OCT 17.1.1.01-77; T'OCT
17.2.1.04-77; TOCT 17.4.2.01-81; TOCT 27593-88.
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Be3onacHoCTh B Upe3BbIYAMHBIX CUTY ALMSAX

UpesBbiyaitnas cutyanus (UC) — 3To 0oOCTaHOBKAa Ha OIpeaeJICHHOU
TEpPPUTOPUHU, CIOKHUBIIASICS B pe3yJibTaTe aBapHUH, OMACHOI0 MPHUPOJAHOIO
SBJICHUS, KaTacTpo(dbl, CTUXMHHOTO WJIM HHOTO OEICTBUSA, KOTOpas MOXKET
MOBJICYbh WJIM TOBJIEKJa 3a COOON dYeloBEeYECKHE KEPTBBI, yHIepO 370pPOBBIO
ToAed  WIM  OKpy)Kawlled NpUpPOJHOM cpene, a Takke 3HAYUTEIbHBIE
MaTepUalibHbIC MOTEPU U HAPYILICHUE YCIOBUM KUBHEIEATEIbHOCTH.

HUcxonss w3 mnpupoabl BO3HUKHOBEHHUS 4PE3BBIYAMHON  CHUTyaluu,

CYIIECTBYET KJIACCU(PUKATIHS:

1. reonoruueckue 4. NpUPOJHBIE MOKAPHI
2. METeOpOJIOTUYECKUE 5. MaccoBbIe
3. THAPOIOTUICCKHE 3a00JI€BaHUS

K nanbonee BeposATHBIM NPOU3BOACTBEHHBIM UYPE3BbIUANHBIM CUTYAIUIM
B HE()TEra30BOM KOMILJIEKCE OTHOCSATCS:

- IOXapsl;

- OTKpBIThIE (DOHTAHBHI;

PaccMoTpuM OAMH U3 cCaMbIX ONACHBIX U BEPOSITHBIM CIIy4aes.

IHoxkapel. OnacHOCTH MOXApPOB W B3PBIBOB HAa NPOU3BOJCTBEHHBIX
00beKTax He(dTerazono0bIBalONIE MPOMBIIIIEHHOCTH XapaKTepHa [ BCeX
TE€XHOJOrMYECKUX MPOIECCOB HaUMHAasI OT 100bIuM HE(PTH, Ta3a WiIK KOHAEHcaTa U
3aKaHYMBas UX NepepaboTKoi. BeposATHOCTH BO3HMKHOBEHHUS STHUX SBJICHUM,
BO3MOKHbI€ MACHITa0bl U MOCHEACTBUS UX BO3JAEHCTBUS HA 310pPOBBE U KHU3Hb
paboTarImuX 3aBUCAT OT 00BEMOB U CBOMCTB TOPIOYUX MaTepPHAIOB U BEIIECTB,
YCIIOBUM MOCTYMIJIEHUS, pACIPOCTPAHEHU S U HAKOIUICHUS UX B BO3/IyXeE.

[To B3pBIBOOMACHOCTH U MOKAPOOMACHOCTU 00 BEKTHI HEDTAHON U Ta30BOM
NPOMBIIIJIEHHOCTH OTHOCATCS K Kateropuun «A».Cormacuo HBIT 105-03 k
B3PBIBOOMACHOCTH KaTeropuu «A» OTHOCITCS TPOM3BOJCTBA HAa KOTOPBIX

NPUMEHSIFOTCS:
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1) BemecTBa, CHOCOOHBIE B3PHIBATHCS U TOPETh MPU B3AUMOJECHCTBUU C
BOJIOM, BO3AYXOM H JPYT C APYroM (XMMHUUYECKHE PEeareHThl ISl MPUTOTOBICHUS
OypoBOIo pacTBOpa: KaJui, HATpUH U 1Ip.);

2) TOplOYME rasbl, HIKHUH Mpees BOCIIaMeHeHUsI KOTOPbIX paBeH 10%
¥ MEHBIIIE TI0 OTHOIIICHUIO K 00 beMy BO31yXa (METaH);

3) OKHMAKOCTH, C TEMIIEpaTypod BCHBIIIKKM mapoB g0 28 °C,
UCKJIIOYHUTENBHO TpPU YCJIOBUM, YTO YKa3aHHBbIE Ta3bl U JKUJKOCTH MOTYT
00pa30BbIBaTh B3PBIBOOMACHBIE CMECH B OOBEME, MPEBBIMIAIIEM O00BEM
noMeuieHus Ha 5 % (CUPT METUIIOBBIN, ITUIIOBBIN, P OMUIIOBBIN).

IIpu4MHBI B3PbIBOB U MOKAPOB MOTYT ObITh Pa3JIMYHBI:

1) nmnpomycku AM3EJbHOTO TOIUIMBA, pAa3jiuBbl HEPTENPOIYKTOB U
TOPIOYUX BEIECTB;

2) HapylIeHHE TePMETHUYHOCTH BBIXJIOMHBIX KOJUICKTOPOB JBHMIATEICH,
HEHUCIPABHOCTh UCKPOTACUTEIEH;

3) TpUMEHEHHUE OTKPHITOTO OTHS, KypeHHe, MPOBEICHUE CBAPOYHBIX
pabor BOJM3M MeCT XpaHeHHMs He(TH, TroproYe-CMa30YHbIX MaTEepHasoB,
CrOpaeMbIX KOHCTPYKIIUH ¥ TOPIOYNX BEIIECTB;

4) HEWCHpPaBHOCTH 3JEKTPOOOOPYJOBAaHMS, BbBI3BIBAIOIINE HCKPCHHE,
KOPOTKOE€ 3aMbIKaHHE, HATPEB MPOBOI0B;

5) nmpokiajKka CHJIOBOM OCBETUTCIBHOM CETH C HapylICHUSAMH, O)
neperpy3Ka JEeKTPUIECKUX MprudopoB, 000pya0BaAHUS.

Bo wuzbexaHrne BO3HMKHOBEHHUS B3PHIBOB M TMOXXapoB HEOOXOIMMO
BBITIOJIHSATH CIEAYIOINe TpeOOBaHUS:

1) Tepputopust BOKpyr 0ypoBoii B paauyce 50 M 10JpKHA OBITH OUHIIEHA OT
TpaBBbI, BaJIC)KHUKA, JINCTHEB;

2) niaoniagKu BOKPYT Ha3€ MHBIX COOPYKEHUM TOKHBI ObITh BHIPOBHEHBI U
HE UMETh NMPENATCTBUHN AJIsI IepeIBIKEHHUS JIH01eH U MOKapHOTO TPaHCIOPTa;

3) TOMJIMBHAS €MKOCTH IS IBUTATENe BHYTPEHHETO CTrOpaHMs, a TaKKe

CMa304YHbIE MAaTePHUAIIBI JOJKHBI pacoyiaraThCcs He Omke 15 M ot OypoBoOii;
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4) 3ampemiaeTca TMOJB30BaThCsI Ha OypoBOoW (hakenamu, CIHMYKAMHU,
cBeUaMH, KepoCHHOBBHIMHU (akenamu. Ha Teppuropum OypoBOi 3amperiaeTcs
pa3BelieHMe KOCTPOB, CXXHrFaHHE Mycopa, BbDKUranue TpaBbl. KypeHue
paspemiaeTcsi TOJbKO B CHEUMAJIbHO OTBEJACHHBIX [JJs 3TOr0 MecTax,
000pyIOBAaHHBIX EMKOCTBIO C BOJOM U HaANMUCHIO: "MecTo st KypeHus'";

5) snekTpuYecKue MalluHbl, 000pyI0BaHUE, MPUOOPHI, MPUMEHSIEMbIE BO
B3pPBIBOOMACHBIX  Me€CTaX, [JOJDKHbI  oTBeyaTh  TpeOoBanusim  "lIpaBun
M3TOTOBIIEHMS B3PBHIBO3AIIUIIIEHHOTO U Py THUYHOTO 3JIEKTPO0OOPYA0BAHUS;

6) BO n30exxaHue pa3pylI€HH, 3ar0OpaHuil U B3PHIBOB MIPH MPSAMBIX yaapax
MOJIHUM JOJIKHAa YCTaHABJIMBATHCA MOJIHHE3AIUTa B COOTBETCTBUH C PJ|
34.21.122-87. 3ampemaercsi BO BpeMs IpO3bl MPOU3BOIUTH pabOThl HA OYypOBOM
BBIIIIKE, & TAaKX€ HAaXOJUThCSA Ha paccTossHMM Onmxke 10 M OT 3a3eMIISIOIIMX
YCTPOWCTB MOJTHHUE3AIUTHI;

7) mis 60pbOBI ¢ TMPOSBICHUSAMU BTOPUYHBIX BO3JIEHCTBHN MOJHHH, a
TakK€ CTAaTHMYECKOTO DJJIEKTpUUECTBA TEXHOJIOTMUYECKash amnmaparypa u
TpyOONPOBOJIBI, COJAEpKAIMEe TOPIOYUE Mapbl M Tasbl, JOJDKHBI 3a3€MIISITHCS.
ConpoTHBIEHUE 3a3eMIISIIOIIUX YCTpOMCTB nomnyckaercs a0 100 Om. Kpome toro,
U1 TPEAYNPEKACHUS BO3MOXKHOCTH BO3HMKHOBEHHS MOXapa INPHU YCTaHOBKE
He(PTSHBIX BaHH TMPOBOAAT TIIATENbHYIO pabOTy 1O TOJITOTOBKE BCETO
obopynoBaHus s Oe3omacHbIX paboT, oOpamas oco0oe BHUMaHHUE Ha
yCTpaHEHHE O4aroB IMoxkapa IMoJi MojoM OypoBOM, B 30HE CTBOJA CKBa)KUHBI U B
nebenke. [Toa Beayieit TpyOoit 00s3aTenbHO T0JKEH ObITh YCTAHOBJIEH IIAPOBOM
uau oOpaTHBIA KJlamaH, MpU 3TOM KaTErOpUYECKHU 3ampeniacTcs OTBHHUYUBATH
BEeAYIIyI0 TPYyOy C KiamaHoMm. bypuibHas KOJOHHA JOJDKHA OBITH pa3beIMHEHA
BblIIe KianaHa. [Ipu ucmoiap30BaHUM HE(PTSHBIX BaHH JOJDKHBI COOJIIOIATHCS
MEpBbI, UCKIIOYAIOIINE BO3MOXHOCTh BbIOOpa u pasznuBa HedTu. Eciiu HedTsIHas
BHINIIKA YCTAHABIMBACTCS B HOYHOE BPEMS, TO MECTO MPOBEACHUS paboT
OCBeIllaeTcs MpoxkeKTopaMu. TpyOsl, MO KOTOPHIM HE(PTH HATTUBAETCS B EMKOCTD U
NMEePEeKaYMBACTCSd B CKBAXWHY, HAJECKHO 3a3eMIISAIOTCS, TMpoOJIUTas HEePTh

3acplnaercs neckoM. OKolo MOabE3HbIX MyTed K OypOoBOM YCTAaHOBKE M OKOJIO
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HEEC YCTAHABIMBAIOTCS IIUTHl C HAANUCIMH O HEOOXOJAMMOCTH CTPOrOro
coOmoeHnsT TpaBWi TOXapHOW OeszomacHocTH. Jlu3enbHOE TOIUIMBO W
HEePTENPOIYKTHl Uil MPUTOTOBJIEHUSI pacTBopa XpaHsaTcs He Onmxke 40 m ot
OypoBOil.

MMoxapuas mnpodunakTuka. J[Id1 HENMOCPEACTBEHHOTO HAA30pa 3a
MPOTHUBOIOKAPHBIM COCTOSSHUEM Ha OypoBOM mepes HayalloM OypeHus N0JDKHA
OBITH cO3/laHa MOXKapHas APYXKHMHA U3 WIEHOB OypoBoit Opuransl. O0opynoBaHue
noJpkHo coorBercTBoBaTh 'OCT 12.2.003-91.

Bce mnpon3BoACTBEHHBIE, MOJCOOHBIE W KHUJIBIE IMOMEIIEHUS JOJIKHBI
UMETh MOJbE3JHBIE MYyTH W HE JOJDKHBI pacnojararbcsi B OJM3M €MKOCTEH C
TOPOYUMU MaTEPUAIIAMHU U CKJIAJ0B JIECOMATEPUAIIOB.

Tepputopusi OypoBoil AOKHA OBITH OYMIIEHA OT MyCOpa M HE CIEAyeT
JOMYCKAaTh 3aMa3y4YWBAHUS TEPPUTOpHUU. B mensax mpenoTBpallleHUs MoxKapa Ha
OypoBOI 3amperiaeTcs:

- pacmoziararb 3J€KTPOIMPOBOJKY Ha OypoBOM BBIIIKE B MECTax e€e
BO3MO>KHOTI'O MOBPEKACHUS OYPOBBIM HHCTPYMEHTOM;

- xpanenue I'CM B MeTalsIM4eCKUX €MKOCTIX Onmxe 20 MeTpoB OT
OypoBO# yCTaHOBKH.

bypoBass  yctaHoBka  nmoJpkHa ~— ObITh  o0OecrmeueHa  CpEICTBaAMH
noxkaporyiieHus. [IpoTHBOMOXKapHbIE MUTHl PACIONaraloTCs: B HACOCHOM — y
BXOJla Ha OypoBYI0, B KOTEJIbHOW, B poTOpHOM capae u Ha ckiane ['CM. B
NBAALIATH METpaxX OT KyJbTOYAKH JOJKEH ObITh OOOpYIOBAaH WHBEHTAPHBIN
MOKAPHBIN IIUT.

Kaxxnp1it moskapHBIN AT YKOMIUTEKTOBAH CIEAYIOINIMM 00pa30oM:

orHerymuTesr OBII(4) - 2 Wr.
jjonara - 2 mT.
o6arop - 2 .
TOIIOP - 2 IIT.
BEJIPO - 2 T.
SIIUK C IECKOM - 1 .
KalmMa 2X2 M - 1 m.
O0ouka ¢ Bojoi 200 i - 1 .
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JIiss MCKITIOUEHHS BO3TOpAHUS IO MPUYMHE KOPOTKOTO 3aMBIKAHUS B
EKTPOMEX AHU3MAaX JI0JDKHBI HCTIOJIE30BATHCS MPEIOX PAHUTEIIH.

B oanekTpocersx He0OXOJAMMO HCIIOJIb30BaTh MPOBOAA C JIOCTATOYHO
O0JIBIITUM CEYEHHEM, YTOOBI UCKIIOUYUTH BO3MOXXHOCTh BO3TOPAHHUsI OT IIEpeTpeBa.

JIJist KypeHUs U pa3BeIeHUs OTHS OTBOJIATCS CIEIMaIbHbIE MECTA.

Jliss mpoBeAeHUsT CBapOYHBIX paboOT 00OpydyeTcs CBAapOYHBIM TMOCT.
CBapouHble PaOOTHI TPOBOISATCS COIVIACHO TPEOOBAHMSIM TMPEACTABICHHBIX B
'OCT 12.3.003-86.

JIis  WUCKIIOYEHHS  BO3MOXHOTO  BO3TOPAaHHMA OT  CTaTUYECKOTO
AIEKTPHUUYECTBA MMPOU3BOAUTCS YCTAHOBKA 3aIIUTHOTO 3a3¢MJICHHUS.

bypoBass ycrtaHoBka JoypkHa ObITh  00OpynOBaHA  CIEAYIOIIMMHU
CpeICTBaMU MOKAPOTYIIICHHUS:

1) nByMsI MOKapHBIMHU CTOSIKAaMU TuaMeTpoM 50-60 MM, yCTaHOBJICHHBIMU
B 1520M OT moMeImeHnii HAaCOCHOM U CO CTOPOHBI MOCTKOB OypoBoii B 75-100m ot
BOJIOIIPOBO/IA;

2) TpeMsl TIOKapHBIMH PyKaBaMH U IByMs MEPEBOJAHUKAMHU TuaMeTpom 50
- 60 MM (myMHA OAHOTO pykaBa He MeHee 20 Mm);

3) ornerymmTeasmu OBII(8) B kosmuuecTBe 6OmIT, SIIMKAMH C TECKOM
emMkocThio 0,5M3 (4mT), MoKapHBIMU IMUTAMH, O00OPYTOBAHHBIMHU JIOMATAMH,
JOMaMu TOITIOpaMu, 6arpamMu, BeJIpaMHu.

IlpaBoBble ¥  OpraHu3alUOHHbIE  BONPOCHI o0ecrneyeHUs
0e30macHOCTH

PaGoTHuk B chepe OypeHns HeQTSHBIX U Ta30BBIX CKBAXKHH UMEET MPaBO
Ha!

1. nmpenocrtaBienue paboThl, 00YCIOBIEHHON TPYIOBBIM JOTOBOPOM, a
TaKke pabodyero MecTa, COOTBETCTBYIOIIEI0 roCyJapCTBEHHBIM HOPMATHUBHBIM
TpeOOBaHUSIM OXpaHbI TPY/A;

2. obecmeueHne pabouero Mecta OO0OpYJOBAaHHUEM, HHCTPYMEHTAMH,
TEXHUYECKON JOKYMEHTAalMeld W TPOYMMH CPEICTBAMHU, HEOOXOTUMBIMHU IS

UCTIOJTHEHUS TPYAOBBIX 00A3aHHOCTEN;
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3. CBOEBPEMEHHYI0O UM B NOJHOM OOBEeME BBHIIUIATY OMJAThl TpyJda B
COOTBETCTBHH CO CBOEH KBalu(uKanuen, CI0XKHOCTHIO TPyAa, KOJMYECTBOM U
Ka4eCTBOM BBIIIOJIHEHHOM pabOThI;

4. OTIOBIX, TO €CTb COONIOJICHHE EXKEAHEBHON MPOJOIKUTEIbHOCTH
paboyero BpeMeHH, NMPENOCTABIECHUE NIEPEPHIBOB s OTAbIXa U nuTaHusA (12-tu
4aCcoBOM pabounii I€Hb ¢ EPEPHIBOM Ha 00€]1 1 yac), orniaunBaeMbIX €XKeroaHbIX
OTITYCKOB B COOTBETCTBHH C TPYAOBBIM 3aKOHOAATENbCTBOM PD (28 KasieHAapHBIX
JHEW) U JOMOJIHUTENIbHBIN OTIYCK NPOJOJKUTEIbHOCTHIO 16 KaleHAapHbIX IHEH
3a pab0OTy B MECTHOCTSIX, IPUPaBHEHHBIX K pailoHam Kpaitnero Cesepa;

5. TrapaHTUU M KOMIIEHCAllMU, NPEIYCMOTPEHHbIE 3aKOHOJATEbCTBOM
P® u nokanbHBIMM HOPMATHBHBIMM aKTaMu paboronatens (KOMIIEHCAIUU
npoe3aa U NpOoXMUBAHUA NPHU YCTPOMCTBE HA pabOTy B MOJHOM pa3Mmepe, o GakTy
NPEIOCTABICHUS MOJATBEPKAAIOIMIMUX JOKYMEHTOB; pPAaOOTHHUKY 3a KaXIbIi
KaJICHAApPHbIN 1eHb NpeObIBaHUS B MECTAX MPOU3BOJCTBA pabOT B MEPUO] BaXThI,
a TakKkKe 3a (aKTUYEeCKHE JHU HAaXOXKIECHUS B MyTH OT MECTa HaXOXXICHUs
npennpuaTus (MyHKTa cOopa) K MeCTy pabdoThl MU OOpaTHO BBHIIIAYMBAETCS
Haj0aBKa 3a BaxTOBBIM MeTon paboThl B pa3Mepe YCTAHOBJICHHBIM
paboToaTeyeM);

6. oOs3aTenbHOE TOCYJAapCTBEHHOE COIMANIbHOE CTpaXxOBaHUE B
NOPSAJKE M Ha YCJOBHUSX, YCTAHOBIEHHBIX NEHCTBYIOIIMM 3aKOHOJATEIbCTBOM
PO.

PabdoTHuK 00s13aH:

1. 10O6pOCOBECTHO BBINOJIHATH CBOM JIOJDKHOCTHBIE OOSI3aHHOCTH,
YCTaHOBIICHHBIE HOPMBI Tpyna, NOJJAEpXUBaTh pabodyee MECTO, TEeXHHUKY,
000py0BaHUE B UCTIPABHOM COCTOSIHUM, YUCTOTE U MOPSJIKE;

2. cobmogare TpaBuUia BHYTPEHHErO  TPYAOBOrO  paclopsijika,
WHCTPYKIWH U T.1.;

3. co0n0AaTh TPYIOBYIO TUCHMIIIUMHY, HE MOKUIAATh pabouee mecTto 0e3
YBENOMJIEHUSI  PYKOBOJMTENS  MOJApPAa3ACICHHs WIH  HENOCPEICTBEHHOIO

PYKOBOJIUTEJISA HA OO BEKTE;
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4. BBIIOJIHATH NPaBUIIA IPOKMBAHUS B BAXTOBOM MOCEJIKE.

PaboTHuMKYy 3ampeniaercs:

® [OKMJAThb CAaMOCTOSTEJbHO THPOU3BOACTBEHHBIH OOBEKT IpH
LEHTPaJIN30BaHHON CMEHE BaXThI;

e KypuTb B Me€CTaX, € B COOTBETCTBHUHM C INpPABHJIAMH TEXHUKHU
0€30MacHOCTH U IPOU3BOACTBEHHON CAaHUTApUH YCTAHOBIIECH 3aIIPET;

e BBIHOCHUTh C MecTa palbOThl HMMYIIECTBO, MPHUHAIJIEKAIIEE
OpeAnpusITuioO, 0e3  MOJy4YeHHUS  COOTBETCTBYIOIIEIO  pa3pelIieHUs |
IO ITBEPKAAIOIUX TOKYMEHTOB;

®  HAXOJUTHCA Ha TEPPUTOPHUU NPEANPHUATHS U IPOU3BOACTBEHHOIO
00BEKTa B COCTOSIHUM AJIKOTOJbHOIO, HAPKOTUYECKOTO HIM TOKCHYECKOTO
ONbSIHEHUS.

5. CobawoaaTh TpeOOBaHMS MO OXPaHe TPYAa, TeXHUKeE 0€30MaCHOCTH,
M0KAPHOM 0€301IaCHOCTH U NIPOU3BOACTBCHH O CAHUTAPUM.

[Ipy BO3HHMKHOBEHUM CHUTYyallMH, MPEIOCTABIAIOIIEH Yrpo3y XU3HH H
3IOPOBBIO JIIOJIEH, COXPAHHOCTM HUMYIIECTBA, HE3aMEJIUTEIbHO COOOIIUTH O
CILYYMBILIEMCS HEITOCPEICTBEHHOMY PYKOBOJUTEIIO.

[lonoxenuss o mpaBax pabouyero TmnepcoHana, OCYUIECTBJISIONIUX
JNEATENBHOCTh BAXTOBBIM METOJOM NPONUCaHbI B TpyaoBoM koiekce Poccuiickon
®eneparuu” ot 30.12.2001 N 197-®3 (pen. ot 05.02.2018) Crarbs 297. Obuue

MOJIOJKEHH S 0 paboTe BaXTOBBIM MeTOI0M, a Takxke B 'OCTe P 12.0.001-2013.
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Overview of the advances in casing drilling technology
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The conventional method of drilling a well has been affected by several
challenges such as of purchasing cost, inspecting and handling cost as well as
the transportation of drill string. Whenever need arises for the replacement of
the Bottom Hole Assembly (BHA) or when total depth is reached, a common
problem is tripping in-and-out of the drill string. The tripping of the drill string
contributes to both non productive time (NPT) and well control difficulties such
as lost circulation and wellbore instability. The Trouble Time of wells
constitute the NPT of such wells and comprises stuck pipe, lost circulation, well
control, mud, cement, directional, mechanical and laydown of the casing. An
alternative drilling technique known as Casing Drilling however, addresses
these problems. Casing drilling has been employed as an effective technique for
minimizing the total drilling costs by reducing drilling time and drillstring
problems encountered during conventional drilling process in many countries.
In addition to loss of productive drilling time during tripping, unscheduled
events encountered in the cause of tripping can make the drilling process even
more inefficient and can lead to loss of well. While the potential savings from
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reducing drillstring tripping and handling times are primarily important, the
savings from reducing wellbore problems may be more significant.

Casing drilling did not find a wide application due to the technological
difficulties experienced in the late 19th century and a major part of the 20th
century. The first patent of casing drilling dates back to 1890, which involved a
rotary drilling process for drilling the well with the casing and afterwards
retrieving the hydraulically expandable bit. Another patent was introduced in
1926, which included a retrievable and re-runnable casing bit. The advantages
of this patent were the elimination of drill pipe, reductions in overall drilling
time, stuck pipe, crew and drilling costs. Other benefits included application of
few casing string, decrease in accident occurrence on the rig and the ability to
drill every foot in the well. However, the first extensive work on casing drilling
was accomplished by Brown Oil Tools Company in the 1960s. This patent
developed a casing drive system which comprised down hole and surface tools
which were used to drill with the casing and retrievable bits.These components
included casing centralisers, wire line retrievable drilling assembly, under
reamer, casing drive tool and top drive. This patent, like the works that
preceded it, was not successful due to the unavailability of the required
technology. Interestingly, the patent encouraged the development and
commercialization of the top drive. Tesco Corporation Ltd. eventually
developed a casing drive system in the late 1990s, which was approved by the
drilling industry. This system has been successful in reducing well costs and
eliminating NPT. Cost savings result through the elimination of purchasing,
handling, inspecting, transporting, and tripping the drillstring while reducing
hole problems that are associated with tripping. In addition, signify cant savings
can be gained through a reduction of rig equipment needs and operating costs.
Although modest savings may be achieved by reducing drillstring tripping and
handling times in trouble-free wells, savings incurred through a reduction of
hole problems can become far more substantial. The casing drilling system can
reduce these incidents by eliminating tripping operations and providing a

drillstring that is less prone to vibrations. Casing drilling involves the
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simultaneous drilling and casing of well with a casing string.The casing string
replaces the drill pipe and other drill string components used in conventional
well drilling. The casing is usually put into rotary motion and cemented in the
well at the total depth (TD). It is imperative to note that the grade, size and
weight of the casing string used in this process is not different from the casing
set in place after drilling a ell traditionally.

Casing drilling systems

The casing drilling process eliminates the conventional drillstring by
using the casing itself as the hydraulic conduit and means of transmitting
mechanical energy to the bit. Casing drilling can be employed in a number of
ways but can be categorized into two main groups namely, retrievable and non
retrievable systems. Figurel shows the BHAs for the two systems as well as the
conventional drilling method.

Retrievable drilling with casing system

The retrievable system is made up of a BHA connected to the base of the
casing string and stretching beneath with a pilot bit and an under reamer. It also
consists of a wire line winch, which is used to retrieve the drilling assembly. This
enables the pilot bit to be replaced or kept outside the hole before cementing
operation is done. This retrievable system, which could be used in vertical
drilling, is the only practicable option for directional wells. The size of casing
used while drilling directionally determines the achievable build up rates. Table 1
shows the higher limits of the normal build rates attained with varying sizes of
casing strings based on their fatigue limitations.

Table 1 — Curvature for drilling with casing

Casi Casi Casi Max.
ng Size (in) | ng Weight | ng Grade Curvature
(ppf)
5,5 17 P110 13
7 23 L.80 8
9,625 36 J55 4,5
13,37 54,5 J55 3
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5
Casing drilling is carried out with the aid of surface and downhole tools

in which the standard oilfield casing is simultaneously used in drilling and
casing of the well. The descriptions of the tools are found below as written.

Conventional Nonretrievable Drilling Retrievable Drilling
Drilling BHA for Casing BHA for Casing

Drillpipe I
Surface —
casing

Intermediate —-
casing

A |
PDC bit

Figurel _Conventional drilling and casing drilling BHAS

Casing drive systems

The requirements for turning the casing are identical to those for
conventional drilling. The hoisting equipment must hold the weight, apply
rotational torque and contain pressure. Rotary drilling with casing requires a
method of connecting the top drive to the casing, to drive the casing string. The
casing drive system (CDS) connects the casing string to a top drive without
screwing into the top coupling. The use of casing drive system accelerates the
casing handling process and also removes one make/break cycle, thus avoiding
damage to the casing threads. Tesco Corporation Limited casing drive system
(CDS), also known as casing quick-connect is a casing running and drilling
system illustrated in Figure 2. It contains an internal spear assembly, which acts
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as a fluid seal to the casing, and a slip assembly to grasp either the external part
of the small casing or the internal part of the large casing.

Figure 2 — Casing drive System

The casing connections used in casing drilling are different from that
used in conventional drilling process. Casing drilling connections are subjected
to severe well conditions. A suitable casing drilling connection is primarily
required to withstand the torsional, axial, and bending loads experienced while
drilling and at the same time allow uninterrupted passage of wire line running
tools. In addition, satisfactory operational characteristics including ease of rig
handling, repeat make up, and the maintenance of adequate pressure integrity
after drilling need to be exhibited by the connection. Casing drilling
connections are provided by Grant Prideco, Hydril, Hunting Energy Services,
Vam, and GB Tubulars. A casing connection is shown in Figure 3.
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Figure 3 — Grant Prideco DwC connection

The top drive connects the casing to the overdrive system and to the
casing drive system in non- retrievable casing drilling and retrievable casing
drilling respectively. It is located at the surface. The torque necssary to make-up
the casing connections is made available by the top drive which also puts the
casing in rotary motion. In tight holes, the top drive is screwed in, by touching a
nob which causes simultaneous rotation, reciprocation, and circulation of the
drill-string, all at the same time through the full working height of the derrick.
This surface tool makes-up the casing in a single smooth motion through its
high horsepower.

The retrievable bottom hole assembly (BHA) generally consists of a
pilot bit and underreamer, but may include other tools needed to perform
almost any operation that can be conducted with a conventional drill string. The
pilot bit and underreamer pass through the drillcasing and drill a hole that
provides adequate clearance for the drill-casing and subsequent cementing.
Conventional directional tools (bent housing positive displacement motors,
MWD tool, and isolation monels) and LWD tools can be suspended below the
drill casing shoe for directional drilling. A conventional core barrel can be run
for coring. The BHA is attached to a drill lock that fits into a full bore landing
sub on the bottom of the casing in such a way that it can be retrieved with a
wireline unit without needing to trip pipe out of the well. The wireline
retrievable drill lock assembly is the heart of the casing drilling system. It lands
in a lower section of casing consisting of a casing shoe, torque lock profi le and
axial no-
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go and lock profile located in a specially machined collar section (Figure 4).

Internal BHA External BHA pr—_—t
== External BHA
DLA [d LA
Centrdizer ’ I} Stab " )
ab, Non- Stabilizer Underreame
3 Mag Motor
Stabilizer
A)adli;uu Spacer —
Collar rl m
3 Spacer
Collar Stabilizer
MWD Under-
Stab. reamer PDC Bit
Ceirgshoe — (— PDC Bit
-
Figurd _ Figure 5Retrievable BHA for (a) dirgciltingl and (b)
Exterior Casing vertical drilling components

In vertical drilling, stabilizers are added to the BHA to provide vertical
control while directional drilling includes a nonmagnetic collar, steerable
motor and a measurement while drilling (MWD) tool. Figure 5 shows the BHA
used in drilling directional and vertical well.

Non-Retrievable drilling with casing system

Non-retrievable drilling-with-casing (DwC) system (non-retrievable
casing drilling system) milling, and cleanout based on recent developments in
drillable bit technology. The enhanced performance is achieved with a new bit
series that uses PDC cutting elements mounted on aluminum nose and blade
supports. The design provides a premium cutting structure comparable with
conventional PDC bits while reducing steel in the drill path by 80%. This steel
reduction allows the DwC bit to be drilled out of the set casing without
significant damage to the conventional PDC bit. The result is a long-sought
balance between durability and drillability. In drilling operations from
Asia/Pacific to the US Gulf of Mexico, the technology is enhancing
performance in harder formations and over longer runs while reducing costs
typically incurred when drilling out DwC bits. When using non-retrievable
casing while drilling (CwD) or simply drilling-with-casing (DwC) technology,
the casing is drilled in using a drillable or sacrificial non-drillable bit that is left

in hole, through which cement is pumped. The non-retrievable casing drilling is
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a non-steerable system with a simpler and less expensive system than the
retrievable casing drilling system. It involves drilling vertical wells with a drill
shoe connected to the end of the casing string which could be left in the ground
or drilled out once the depth for setting the casing is reached.

The tools peculiar to the non-retrievable system are overdrive system,
casing drill shoe and float collar. The non-retrievable drilling-with-casing
system uses the same casing connections and top drive as the retrievable
drilling with casing system.

The first three are briefly described below:

Casing drill shoe

The world's first convertible casing drill shoe job is performed onshore
Brunei in September 2003 during a 0.2445 m (9 5/8") surface casing job on S-
816 well in the Seria field. Conventional drill bits are capable of drilling long
intervals but are composed of non-drillable materials. The convertible drill
shoe has a novel feature that allows the cutting structure and blades to be
extruded outwards once section true depth (TD) is reached. By this process, the
drill shoe converts to a cementing shoe, allowing the casing to be cemented in
place. The cementing shoe and next hole section can then be drilled without
interference from the casing drill shoe cutting structure and blades. Application
of the extrusion process allows a more aggresive and durable cutting structure
on the casing drill shoe and hence allows deeper, more resistant formations to
be drilled. The casing drill shoe, used in drilling formation, is a drillable casing
drill bit attached to the end of the casing string. Three kinds drill shoe are
employed by Weatherford, namely- drill shoe I, drill shoe Il (5 blade, 4 blade
and 3 blade models) and drill shoe IlIl. The standard DrillShoeTMI and
DrilIShoeTMII are composed of drillable materials. The major improvement in
DS2 over DS1 is the use of Thermally Stabled Diamond (TSD) pellets
impregnated in the aluminum blades to enhance bit durability. In addition,
beyond the drift diameter of the casing and on the gage of the DS2, non-drillable
PDC cutters are used instead of tungsten carbide to maximize gage protection
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and durability. The drill shoe Il1I was developed from the drill shoes I and II.
DrillShoeTMIII (DS 111) has attributes of a conventional PDC bit. The three
drill shoes are shown in Figure 6. A common feature with all the drill shoes is

their ability to optimize hydraulic performance with the aid of their

interchangeable nozzles. The table 2 below illustrates the various performances

in different formations drilled by these drill shoes, their sizes, compressive

strengths, cutting structures, number of blades and the casing strings

attached to them.

Drill shoe |

Drill shoe Il

Drill shoe 111

Figure 6 — Drill shoes I, Il and I11. The size of each is 9%" x 121/4"

Drill Shoe Drill Shoe Drill shoe Drill shoe Drill Shoe
I 11 II II II1
(3 Blade) (4 Blade) (5 Blade)

Formation Very soft and soft Soft to medium  Soft to Soft to Medium to
unconsolidated soft formations  medium medium soft  medium- hard
formations soft formations formations

formations

Compressive Cutting Structure 2000 7000 7000 15000

strength (psi) (On Casing Body)

Cutting Structure  Carbide Thermally stable TSP TSP diamond Carbide

(On Casing Body) Polycrystalline diamond

(TSP) diamond
Cutting structure Dense, thin layer of Polycrystalline PDC PDC PDC on steel
(drillable core) tungsten carbide Diamond blades
Compact (PDC)
No. of Blades 3 3 4 5 5 through 9°/gx
2'/4 could also
have 6
Sizes (Inc) 9°/s to 20 4'/, to 30 4/, to 30 13%/sx 17, 7x8'/2,9%/sx12%/4
18% x 21
Casing String Conductor and Surface or Surface or Surface or Surface or

Attached

surface

intermediate

intermediate

intermediate

intermediate
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Table 2 — Features of the different types of drill shoe

Overdrive system

A major boost to the safety, efficiency and performance of well drilling
operations is represented by the OverDrive system. Integrated with any top
drive, the technology combines conventional power tongs, bails, elevators,
weight compensator, torque-turn/monitoring, and fill-up and circulating tools
into one system. Safety is improved by remote-control capabilities and reduced
personnel and equipment requirements. The OverDrive technology extends the
functionality of the rig's topdrive from drillpipe to casing, enabling
simultaneous rotation; reciprocation/push-down; and circulation of the casing
string. This capability provides a significant advantage in reaching total depth
in high-angle, extended-reach and problematic wellbores. The heart of the
overdrive system is the TorkDrive tool. With the aid of the rotational power
provided by the top drive, the TorkDrive tool makes up or breaks out the casing
thereby performing the duties, which would have required equipment,
scaffolding and personnel on the rig floor. The TorkDrive tool is capable of
circulating, reciprocating and rotating the casing, thereby decreasing any
potential of Differential sticking and other issues resulting to NPT. Figure 7
shows the overdrive system.

Float collar
A component installed near the bottom of the casing string on which

cement plugs land during the primary cementing operation. The float collar
(Figure 8) and the drill shoe are usually made up to a casing joint before
transporting to the drilling location. After drilling to the total depth (TD), the
cementing operation can commence at once since the float collar is already
installed within the drill string throughout the drilling operation. This approach
attains a single-trip procedure, which significantly reduces operational costs

and time.
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| Thread for connection
to casing or liner string

Internal components
made from cement or
similar drillable material

Ball and seat

| Profiled end with
circulation port

Figure 7 — Overdrive system Figure 8 — Float collar
Casing drilling rig

Casing drilling can be implemented either with a specially developed
drilling rig or by a conventional rig modified for casing drilling. To date, the
system has been used only with a rig designed specifically to improve the entire
system and to maximize the efficiencies of casing drilling. One of the key
components of a rig is the casing drive system (CDS) which provides safe, non-
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threaded connection between top-drive and casing string. Compatibility
between the rig and the casing-driving tool is of great importance to ensure the
casing is firmly held and can be picked up, rotated, slacked off and packed off to
maintain circulation. The conventional rig is principally modified to
incorporate an additional mud pump and enhancement on the gas-handling and
well- control equipment. These improvements are necessary for safe handling
of large influx of gas by the rig in natural fractures when high-pressure gases
are encountered. A casing clamp is also incorporated in the rig for its capability
enhancement to effectively and efficiently drill with casing.

Figure 9 — Casing drilling rig

On the conventional rig, the top drive is screwed to each casing joint
with a casing thread crossover. It needs the making up and subsequent breaking
out of the casing thread before the final make up. The thread is thus exposed to
increased risk of damage. Figure 9 below shows a rig designed by Tesco
Corporation Ltd. The rig has topdrive and wireline incorporated in it for
running and retrieving the downhole tools as well as a drive system for constant

rotation of the casing.
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Designing a well for casing drilling

In many ways designing a well for casing drilling is similar to designing
a conventional well. One significant difference is that the casing is subjected to
additional stresses while casing drilling. The integrity of a casing is affected by
a number of factors which can be addressed by the conventional drilling
technique.

Fatigue, hydraulics, buckling, torque and drag demand a lot of attention.
Figure 10 shows some of interactions that affect the integrity of casing used for
casing drilling.
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Figure 10 — Interactions affecting casing integrity for casing drilling
applications

Fatigue

Cyclical loading at stress levels is the main cause of Fatigue failures.

They are much lower than the elastic limit. Whenever, there is uninterrupted
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loading, a little crack starts to show at the zone of localized high stress and it
spreads all y over the whole body until the left cross sectional area is no more
adequate to carry the static load. Fatigue failures are usually susceptible to local
conditions and are normally statistical. Drill string failures arise from
oscillatory bending loads. They are mainly located at the bottom of the drill
string and not at the upper segment where the static tensile stresses are greatest.
Sometimes, a fatigue crack is preceded by the final rapture. Generally, these
failures are situated either in the slip region of the drill pipe or within the
threaded portion of the connection.
Buckling

A significant difference between drilling with a conventional drill-string
and casing drilling is that drill collars are not used to provide weight-on-bit. The
bottom of the casing is capable of accommodating restricted compressive load
prior to buckling. Buckling occurs when the compressive load and casing/hole
geometry create a sufficient bending moment so that the casing becomes
unstable. After it buckles (becomes unstable), it is incapable of supporting the
compressive load without lateral support, but this does not mean that there is a
structural failure. The borehole wall surrounding the casing provides lateral
support to limit the lateral deflection for any given set of parameters. There is
nothing inherently destructive in the fact that the casing buckles, but the
buckling causes two effects that may be detrimental. First, the lateral contact
forces between the drill-casing and borehole wall can cause wear on the casing
and will increase the torque that is required to rotate the casing. Secondly, the
buckling causes the casing to assume a curved geometry within the borehole
that increases the stress in the pipe and may increase the tendency toward
lateral vibrations. For casing drilling applications it is important to determine
whether or not the casing is buckled and if so whether or not the buckling is
sufficient to cause a problem (wear, high torque, or high stress).

Hydraulics
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Another noteworthy difference between the conventional drilling and
casing drilling lies in the geometry provided by the fluid flow path. This path
down the internal diameter of the casing is excessive and unrestricted resulting
in a very small pressure loss within the internal diameter of the casing. The
casing while drilling annulus usually provides a bigger restricted flow path
causing increased pressure losses. The large diameter of the casing allows for a
smaller annular path for fluid to travel up the annulus. This causes an increased
pressure loss and a higher ECD (Equivalent Circulating Density) at an
equivalent flow rate. Casing drilling hydraulics are designed to use a reduced
flow rate to produce an ECD that is only slightly higher than seen in a
conventionally drilled interval. Historically, this higher ECD is considered as a
negative aspect of hydraulic design due to higher susceptibility of fracturing the
formation and lost circulation. However, the process of casing drilling utilizes
the higher ECD to act against borehole collapse and improves wellbore
stability.

Torque and drag

Torque and drag problems are very common during the drilling of highly
deviated wellbores. The friction between drill string and the wellbore which is
known as torque and drag is one of the critical limitations which do not allow
the drilling industry to go beyond a certain measured depth. In deviated well
construction, it is vital to monitor torque and drag to make sure they are in
normal "acceptable” range. For this reason, the torque and drag modelling is
regarded as an invaluable process to mitigate drilling problems in different
stages of directional drilling. When running casing strings, the torque created is
as a result of the frictional forces acting between the casing and the wellbore. In
casing drilling, the torque and drag is always higher than that of conventional
drilling since the casing encounters some wellbore issues such as sloughing
shale, differential sticking, tight-hole conditions and sliding during drilling
operation. The drill pipe size and weight is less than that of the casing. To
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determining the suitability of a well (mostly directional well) for casing
drilling, consideration for torque and drag is very important.

Cementing operation during casing drilling

Casing while drilling (CWD) cementing differs from conventional
cementing practices in several ways. It involves the use of casing attachments,
such as centralizers, to provide good pipe standoff. During CWD operations,
centralizers are required to be robust enough to drill the entire openhole section
while withstanding the pipe rotation when drilling for extended periods of time.
This casing hardware must keep its standoff capability while staying in place
and in one piece. The float equipment is different from that used in
conventional cementing operations. Where the possibility exists for more than
one bit to reach the next casing point, CWD must allow full-bore casing access.
To pull and run BHAs with wireline instead of pulling out the complete casing
string by single joints, this full-bore access is required. In such cases, the float
equipment is installed once the casing reaches the casing setting depth. When
installing the floating equipment with casing on bottom, the float equipment
will be exposed to high circulation rates for considerable time while drilling the
entire hole section. In the retrievable system, where the bit has to be replaced
before drilling to the next casing point, the CWD process requires full-bore
access to enable the retrieving and running of the BHA through the ID of the
casing. This makes it unsuitable to use floating equipment. The initial solution
to this challenge was to pump a wiper plug ahead of the cement and then a latch
down cement plug behind the cement, which lands in the DLA locking profile.
The problem with this procedure was the risk of the cement plug landing
improperly. With advance in technology, a pump down float valve was
launched and landed in the same profile nipple used by the DLA. The valve
serves as a conventional float collar to retain the back pressure from the cement
job after bumping the cement plugs. However with the non-retrievable system,
the drill shoe is drillable and a float collar is already run on the casing string.
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This enables the cementing operation to commence immediately the total depth
of the well is reached.

Limitations of casing drilling

In fields where casing drilling has been applied, the technology has
proved effective and efficient as a drilling technique. However, the method is
plagued with some difficulties. These challenges are addressed below.

There three key requirements for casing drilling connections namely,
the connection must economical, be fatigue resistant and be able to withstand
high torques. Lu wrote casing connections proved ineffective in withstanding
high torque, fatigue and combined loads during bucking in casing drilling.
Tessari and Madell averred that a possible solution to this problem is to reduce
the buckling to as low as practicable with decreased hole sizes while drilling the
well with a torque reasonably low as well as low bit weight. Finite Element
Analysis (FEA) can be used to evaluate the performance of connection before
casing drilling. Finite Element Analysis (FEA) by means of numerical
techniques to determine stress profiles in connection designs is a shared
resource between both drill pipe and casing connection designers. Stress
distributions in connections can be determined by applying simulated loads in
FEA.

Well plan torque and drag module using landmark software can be
employed to analyze torque and drag.

In casing drilling, a section is drilled before the actual casing of the
wellbore. This enables the open hole not to be logged with the traditional
logging tools except the casing string is winch up above the logging zone of
interest. This problem can be solved by having constant logging while drilling
in place i.e. logging while drilling (LWD). The nature of zone to be logged is of
paramount importance and would determine if open logs are to be run outside
the casing bottom or the zones of interest are logged with cased hole logs inside
the casing. Core barrels and testing equipment can be used after being secured

on the casing. They are also suitable for the wireline retrieving tools.
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BHA retrieval as been somewhat challenging with an overall success
rate of about 70%. The casing bore was confined in some cases, making it
difficult for the tool to get to the top of the drill lock. This problem can be
solved changing the operation or through tool modification.

Improvements on the technology

McKay et al. wrote the design and development work of Displaceable
DrillShoe Tool, DS 3, carried out to date has yielded enormous success in
producing a casing drilling tool with a "hard" cutting structure similar to that
applied to standard drill bits, this allows nondrillable material to be "displaced"
into the annulus to achieve drill out and continuation of well drilling and
construction. As the tool is at an early stage of development it is planned that
constant improvement of the tool, in conjunction with field trials and
applications, will further increase its capabilities and push the frontiers of
casing drilling applications. Mohammed et al. explained that future
improvement should be focused on retrievable casing drilling with emphasis on
liner systems, which could be called "Retrievable Liner Drilling" (RLD). The
RLD can be seen as a development in the liner drilling technology. It is like the
retrievable casing drilling, which uses BHA, and can be retrieved through the
casing. The retrievable liner can be applied in directional wells since it has the
capability of providing directional control.

The Displaceable DrillShoe Tool, DS 3 development, enhances the
existing DS 1 & DS 2 product line by providing a more capable cutting
structure offering a solution to casing drilling applications where the existing
solutions do not fit. There are no limitations on the size of tool that can be
produced with the design, although certain features such as the number of
blades may be altered to suit diverse anticipated conditions. Several wellbore
instability issues are arrested by drillingwith-liner, including minimizing lost
circulation. These challenges often lead to costly non-productive time (NPT)
and increased operational risk. To reach the desired objectives, operators must
make decisions "outside the box" to mitigate these risks. The RLD can as well
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drill and case the wellbore simultaneously. This technology has its origin from
the casing drilling method. Surface tools similar to those employed in
retrievable casing drilling are used in RLD. Generally, the downhole tools
comprise a BHA, which could be retrieved with the aid of a drill pipe after
disconnecting the liner or with a wireline. The BHA is made up a rotary
steerable system to give directional control for directional wells applications,
positive displacement motor (PDM), assembly locking mechanism,
measurement while drilling (MWD) tool, extendible bit, pilot bit and stabilizer.
The BHA possess also the capability to run core while liner drilling and core bit
with barrels. Figure 11 shows a well schematic for the retrievable liner drilling
(RLD).
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Figure 11 — Well schematic for a Retrievable Liner Drilling System
Conclusion

From the study, the application of casing drilling technology has been
discussed with its key benefits highlighted. Areas where casing drilling
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application has been plagued with challenge, Displaceable DrillShoe, DS 3,
which provides a step change in the drilling capabilities of “cement in place"
casing drilling tools was suggested for continued development, in conjunction
with field trials and applications, to further increase its competence and push
the frontier of casing drilling applications. The retrievable liner drilling has
been identified as an alternative to the casing drilling technique. The
application of this technology will result in enormous cost reduction by the well
operator as well as improvement in drilling performances.
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