TOMSK “f 8 ToMCKum
POLYTECHNIC II MONMUTEXHUYECKUN
UNIVERSITY BMEIE yHVBEPCUTET

MuHuctepcTso Hayku 1 Bbiciiero obpa3soBaHua Poccuiickon Gegepatm
denepanbHoe rocygapcTseHHoOEe aBTOHOMHOE
obpasoBaTeNbHOe yupexaeHue Bbicliero o6pasopaHuns
«HauunoHasnbHbIi nccneosaTenbCkyn TOMCKUA NONUTEXHUYECKUIA yHBEpCUTeTs (TTTY)

Illkona MHxxeHepHas 1KoJa OPUPOAHBIX PECYPCOB
Hanpasnenue noarorosku (cneuuansHocts) 21.04.01 Hedreraszosoe neno
Otpenenne wxonsl (HOLL) Otnenenuve nedrerasoporo gena

MAT'MCTEPCKAS TUCCEPTAIIUASA

Tema padorsi
KOMHHCKCHPOBHHH& METO0/10B HCCJICJOBAHUA KEpHa CﬂaGOKOHCOﬂHIlH[)OBaHHOFO

KOJUIEKTOpa MeCCOHXCKOFO THIIA B IeJIsIX pa3p360TKn ONITHMAJILHOMH cXeMBbI ero OCBOCHUSI
VIIK _622.143.1 ' '

CryjieHT
I'pynna Ll g(e) I'lonpml. Mara
2TM8I IOpkuH Anekcanp AnekcaHapoBuy | A== |14.08.2020
&
PykoBoauTenb
Jokuocrs U0 Yuenas crenems, 4 Jara
3BAHME "
Ipodeccop OHJT ULLITIP UYepnona O.C. J.T-M.H Wa 14.08.2020
B
PyKOBO,[lV[TCHb OTACACHUA
Jlo/KnocTs dUo Yuenas crenenb, Toanncy Jlara
IBAHNE
Ipopeccop OH UILITTP Menbauk ML.A. J.T.-M.H. 14.08.2020
KOHCYJIbTAHTBI:
Ilo pasneny «DUHAHCOBBI MEHEIDKMEHT, pECYPCOd D(beKTl/lBHOCTb U pecypcoc66pe>i<efme»
Jlo/oknocTs ®dUO VYuenasn crenens, ﬂunnucs Jlara
3BAHME
Jlouent OHJ ULITP | Pykasuwnukos B.C. Ph.D [LL— 17.08.2020
1o pazpeny «CouuanbHasi OTBETCTBEHHOCTEY i
JomKkHocTs dUHO Yuyenas crenenb, Ioanucs dara
3BaAHHE A .
Tpogeccop OHJ ULLITTP Benosepos B.B. JL.T-M.H. VX 17.08.2020
JTOIYCTUTH K 3AIIUTE:
PykoBoaurens OOI] oo VYuenas cTenens, Hopnncey JlaTa
3BAHMC n
21.04.01 Yeprora O.C. J.T-M.H. 18.08.2020
HedrerasoBoe aeno 7

Tomck — 2020 .



TOMSK |

POLYTECHNIC
UNIVERSITY

. TOMCKUM
I NONUTEXHUYECKUN
YHUBEPCUTET

MwuHUCTepCTBO HayKu 1 Bbicllero o6pasoBaHus Poccuiickon Geaepalnm
$epepanbHoe rocyaapcTBEHHOE aBTOHOMHOE
obpa3oBaTenbHOe yupexaeHue Bbicllero o6pazoBaHuna
«HauvoHanbHbIN nccnefosaTenbCkum TOMCKUIA NORUTEXHUUECKUI YHUBEpcUTeTs (TY)

I/IH)KCHCpHaﬂ IIKOJiIa IPUPOAHBIX PECYPCOB

(ULLITTP)

Hanpasnenne noaroroeku (cneumansHocts) 21.04.01 «Hedrerazopoe aenoy

OTtnenenve HedTErasoBoro nenia

VTBEPXIAIO:
uteas OOIT
M.C. YepHoBa

(['foannced (Mara)
3AIAHUE

HA BBINOJ/IHEHHE BbINYCKHONH KBAJIN(PHKALMOHHOH paGoThI

B dopwme:

MarucTepckoil aucceprainm

CryneHTy:

(6axanaBpckoii paboThl, AUMIOMHOTO MPOEKTA/PaboThl, MATHCTEPCKOH AHCCEPTALIM)

I'pynna

®UO

2TM8] IOpkuHy Anexcanapy AnexcaHapoBudy

Tema paGoTsr:

KOMHHCKCHPOBaHMC MCTOIOB MCCJIENOBAHHA KEPHA CJIa6OKOHCOJ'[HIlI/lpOBaHHOFO KOJUIEKTOpa
Meccosxckoro Tvna B nesax paBpaGOTKI/I ONTHUMAJIBHOM CXEMBI €ro OCBOEHUS

VreepaxaeHa npukazom aupexropa ULLITIP Ipukaz Ne 204-9/c ot 22.07.2020
CpoK c1auu CTY/JCHTOM BBITIOJIHEHHOM pabOThI: 14.08.2020
TEXHUYECKOE 3AJIAHHUE:

Ucxonnblie nannbie k pabore

OOBEKTOM  UCCNENOBAHMUS  JAHHOM  IOUIUIOMHOM
paboTBl  SIBASIOTCS  CYLIECTBYIOLIME  METOJUKH,
TEXHOJIOTHH, U TpeOoBaHMs K OTOOPY U MPOBEACHHUIO
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MAMEPUATLHO-MEXHULECKUX, IHEPeMUECKUX,
PUHAHCOBBIX, UHPOPMAYUOHHBIX 11 HENOBEYECKUX

3arpars na HTU:

1. 3arparbl Ha CbIpbe ¥ MaTEpHabi;
2. Haknaztibie pacxomsl;
Yenoseueckue pecypebi:

I. Konnuecrso nepconana HTH;

2. CoBOKYNHAas CTOMMOCTb paboThbi;

2. Hopmbl u Hopmamugsl pacxod06anus pecypcos

16% waxnanubie pacxoasi: 1,3 pailonnniii kosdpduument;
12% najnbaBku.

3. Hcnonv3yemas cucmema nanoe0o010y4Cenust, CMmasku
HAT0206, OMYUCTEHUH, OUCKOHMUPOBAHUS 1 KPeOUMOBAHUSA

OTUHCIEHNS 110 CTPAXOBLIM BbINAATAM B COOTBETCTBUU C
HanorosbsiM xonekcom P® ®3-213 ot 24.07.2009 B
penaxuuu ot 09.03.2016r. Ne 55-03, a rakke Tpyaosbim
koaexcom P® ot 21.12.201 1r. Craska Hanora Ha npuObLLIL
20 %; Crpaxosbie B3HOch 27.1%; Hanor na no6asnennyio
cronmocts 20%
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IPOEKTHPOBAHUIO U pa3paﬁoTKe:

1. Oyenxa koMmepuecko2o U UHHOBAYUOHHOZO NOMEHYUATA
HTH

SWOT ananus, npoBeneHue NpelipOeKTHOTO aHau3a,
OMpENENEHNE LENEBOTO PhIHKA

2. Paspabomka ycmasa HayHHO-MEeXHUECK020 NPoeKma

Onpenenenne 3TanoB paboT; onpeaesieHne TPy 10eMKOCTH
pabor; @opMmHpoBaHME OGIOIPKETa MCCIENOBATENLCKOM
paboTsl. ’

3. Tlanuposanue npoyecca ynpaenenus HTH: cmpyxmypa u
gpapux nposedenus, 6100xcem, PUcku U OpeaHU3aYUs

Onpeueneﬂne PUCKOB U Heonpe,ueueunocmﬁ POCKTa NpU
€ro peajiu3uuum

30aKYNoK
4. Onpeoenenue pecypcHotl, PUHAHCOBOM, FKOHOMUYECKOI Onpeenenye pecypeHoi, (MHAHCOROH M SKOHOMUYECKOH
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2. Oyenxa cmoumocmu @vinonnenus onepayuii
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3AJIAHHUE JUJISI PA3JEJIA
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CrypeHry:
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1. Onucanue pabouezo mecma (paboueir 30msi,
MEXHONOSUYECK020 NPOYECCa, MEXAHUYECK020 060pY006aHUs)

- BypoBas BbilKa ¥ npueralouye K Hell TeppuTOpUL
- JlabopaTopHbIii KOMIIIEKC ¥ MECTO NabopanTa

2. 3HaKoMcmB0 1 0mbOop 3aKOHOOAMENbHBIX U HOPMAMUEHBIX
OOKYMEHMOB nNo meme

I'OCT 12.1.005-88 Cucrema cranmaproB 6e30MacHOCTH |
tpyaa (CCBT). O61me canuTapHO-TUFHEHUYECKUE
TpeboBaHus K BO3AYXY paboueil 30HbI;

-TOCT 12.1.003-83 Cucrema crannapToB 6e30nacHOCTH
tpyna (CCBT). Lllym. O6iuue Tpe6oBanus 6e301acHOCTY;
- ®enepanbHblii 3akoH o1 30.03.1999 N 52-03 «O
CaHUTAPHO-ITUAEMHONOrHYECKOM 61aronoyumu
HaCENICHUSY

-T'OCT P 12.1.019-2009 Cucrema cTaHnapTos
6esonacnoctn Tpyaa (CCBT). DnexrpodesonacHocrb.
O6ure TpeboBaHMS U HOMEHKNATY Pa BUI0B 3aLM1b;
-T'H 2.2.5.1313-03 «IIpenensno nonyctumsie
xonueHTpauun (T1K) Bpebix BemecTs B Bo3ayxe
paboueii 30HbIY;

- CanllnH 2.2.4.548-96. ®usnyeckue dhaktops
NPOU3BO/ICTRBEHHOM cpenpl. [ urnenuyeckue TpeGosanus
K MUKPOKJIUMATY NPOM3BOJCTBEHHDBIX ITOMEILEHMH,
CaHuTapHble NPaBUIa U HOPMbIY;

- CIT52.13330.2016 «EcrecTBeHHOE M UCKyCCrBEHHOE
OCBEIIEHHE;

Hepeqeﬂb BOITPOCOB, MOAJIIKALUX UCCJIEJOBAHUIO, IPOEKTHUPOBAHUIO H paapaﬁoTKe:

1. Ananus evisenenHbIX BpedHbIX hakmopos npoekmupyemoil
nPOU3B00CMEEHHOLI Cpedsbl

- [ToBblLeHHBIH ypoBeub wymMa na pabotenm MecTe;

- Henocrarounas ocBemieHHOCTL paBoyeii 30HbI.

- MoHOTOHHBIH pesxuM paboThl ¥ 3MOLIMOHANILHBIN CTPECC
- OTK/IOHEHWE NoKa3arene MHKPOKIMMATA B NOMELIEHUH

2. AHanU3 6bIAGIEHHBIX ONACHBIX HAKMOPOE NPOEKMUPYeMOl
npoOU3EE0EHHOU Cpeodsl

- Mexanuueckoe TPaBMUPOBAHMUE,

3. Oxpana okpyscaioweii cpeow:

- Bosoeiicmgue na ammocghepy: Buibpoc netyunx VB B
armocdepy.

- Bozoeiicmeue na 2udpocghepy: 3arpsizHeHUE IPYHTOBbIX
BOJ, peK, BOJOEMOB GONbIIOH MIIOLIAAN

- Bozoeiicmeue na numocghepy: 3emasiHbie paboTbi,
00Bbe3/Ibl Ha TKENON TEXHUKE.

4. 3aupuma 6 upe3ge1uaiHbIX Cumyanusx

- Bozmoxcneie YC: B3pbIB U1K BO3ropaHue rasa v napos
HeTenpoIyKTOB, pa3pywenye Tpy6ornposoaa
MEXAHWUYECKUM BO3AEACTBUEM, NPUPOLHBIE pa3py LUEHHs
BCJIEICTBUE CTUXUHHbIX 6EACTBUIA.

- Haubonee pacnpocmpanénnoiil 6uo asapuu: B3pbis,
CONPOBOKAAIOWMNCS NOKRAPOM, BO3TOPaHKUEM,
paspylUeHHEM

5. Ilpasoseie u opzanuzayuonnsie 60npocel obecneyenus
bezonacrHocmu

Cobniofenue TpeboBaHMi HOPMATHBHO-ITPABOBBIX
TpeGoBanuii U TpynoBoro koaekca Poceuiickoii
denepaunn
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PE®EPAT

Brimycknast kBanudukanunonHas padora BkmoudaeT B ceds 110 crtpanun, 25
PUCYHKOB, 31 UCTOYHMK U 5 IPUIOKEHUI.

KmioueBbie ciaoBa: CJIABOKOHCOJIMJUPOBAHHBIM KOJIJIEKTOP,
JIABOPATOPHBIE HCCIIEJOBAHUA KEPHA, METOJUPA PABOTHI C
KEPHOM MECCOAXCKOI'O TUIIA.

Heabo padoThbl SBISETCA COCTABICHUE DPEKOMEHIALMN IS TOBBIIICHUS
KayecTBa pPe3yJbTaTOB JIAOOPATOPHBIX HCCIIENOBaHUI €1a00 KOHCOIUAMPOBAHHOIO
KepHa MecCOsXCKOro THIa.

Pe3ynpTaToM wuccienoBaHMs SBIETCS METOJMKA, BKIIOYAKOMIas B ceOs
PEKOMEH1alluu 110 OTOOPY, U3BJICUEHUIO, TPAHCIIOPTUPOBKE U IPOBEJCHUIO OCHOBHBIX
7a00paTOPHBIX UCCIIEIOBAaHUN KEPHOBOTO MaTepHaia i cl1adOCIEMEHTUPOBAHHOTO
KOJUIEKTOpa Meccosxckoro Tuna. bblIo  ompeneneHo, YTo  CyIIECTBYIOIIME
JNEUCTBYIOLIUE IOKYMEHTBI, perJaMEeHTUPYIOIIe 0TOOP U MPOBEIEHUE JIa0OPATOPHBIX
UCCJIEIOBAaHUM Ui KepHa, HE NPUMEHUMBI g Ci1ad0 KOHCOIUAMPOBAHHBIX
KOJUIGKTOPOB. bbutM  BBISIBIEHBI 00mMe OCOOCHHOCTH OTOOpa KepHa s
c1a00CIEMEHTUPOBAHHBIX KOJUIEKTOPOB M HMCXOJs W3 OLIEHKU METPOPU3HUECKOTO
cocTtaBa MeccosIXCKOro KOJIJIEKTOpa COCTABIIEH Psii PEKOMEHJAUI ISl HETO.

O0s1acThI0 IPUMEHEHM SIBIISIETCS [TPOBEJICHUE JIAOOPATOPHBIX MCCIIET0BaHUMN
KepHa ISl MOJy4YEHUs IEPBUYHOMN T'€00rn4ecKoil HpOpMAaLMK 1715l OLIEHKHA CBOWCTB
KOJUIEKTOpA MECTOPOXKICHHSI M €T0 TaJIbHEHIIET0 MOIEINPOBAHUS.

JKoHOMHUYECKAA IPPEKTUBHOCTH/3HAYMMOCTb PadOThI: MPEIT0KEHHBIE
MHCTPYMEHTHI CIOCOOCTBYIOT OOJbIIEMY BBIHOCY KepHa M 0Oojiee BBICOKOMY €ro
Ka4yeCTBY, YTO TPEOYET MEHBILIET0 YHCIIa PAa3BEIOUYHBIX CKBAKUH JJIs IOJyUYEHUS TOTO
e 00beMa BBIHECEHHOT'0 KEPHA, UTO CHUYKAET 00I1Me 3aTpaThl HA Pa3BEKY U CHUKAET

CBS3aHHBIC C 3TUM PUCKH.



ABSTRACT

Graduate qualification work includes 110 pages, 25 figures, 31 sources and 5
appendices.

Key words: LOW-CONSOLIDATED RESERVOIR, LABORATORY CORE
STUDIES, METHOD OF WORK WITH MESSOYAKHA TYPE CORE.

The aim of the work is to draw up recommendations for improving the quality
of laboratory research results for a weakly consolidated core of the Messoyakha type.

The result of the study is a methodology that includes recommendations for the
selection, extraction, transportation and carrying out of basic laboratory studies of core
material for a poorly cemented reservoir of the Messoyakha type. It was determined
that the existing documents regulating the selection and laboratory studies for core
samples are not applicable for weakly consolidated reservoirs. The general features of
core sampling for poorly cemented reservoirs were identified and, based on the
assessment of the petrophysical composition of the Messoyakha reservoir, a number of
recommendations were made for it.

The area of application is laboratory core studies to obtain primary geological
information for assessing the properties of the reservoir of the field and its further
modeling.

Cost-effectiveness / value of work: the proposed methodology tools contribute
to greater core recovery and higher quality, which requires fewer exploration wells to
obtain the same volume of core been recovered, which reduces overall exploration

costs and reduces associated risks.
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LI — Huszkoe npoHukHoBeHHEe (OypOBOro pacTBOpa B KEPH)
PDC — INonukpuctamindeckuil anmas
AP| — AMepukaHnckuii HeTSIHON UHCTUTYT

I'CM — roproue-cMa304HbIE MaTEPUATIBI
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BBEJAEHUE

B Hacros1ee Bpems MKUPOKO PaCIPOCTPAHEHO TPEXMEPHOE I€0JI0TUYECKOE U
TUAPOAMHAMUYECKOE  MOJEIMPOBAHME  IUIACTOB HA  OCHOBE  MEPBUYHOMU
reoJornyeckoi nHdopmauu. IT0 MO3BOJSET 3HAUUTEILHO CHU3UTh PUCKH B XO/I€
pa3paboTku MECTOPOXKICHUS u MaKCUMHU3UPOBATh SKOHOMHUYECKYIO
3¢ (HEKTUBHOCTH IPOEKTA Pa3pabOTKH.

OpnHako, B CBsSI3W C TMOBBbINIEHHEM TpeOoBaHui K ToyHOCTH 3D-
MOJENUPOBAHUS, KACAIOIINUXCS MPEkKIE BCETO KAYeCTBA UCCIEAOBAHUN KEPHOBOTO
MaTepralia U TPOBEICHUS TeOPU3NUECKHX HCCIICIOBAHUA CKBAXUH, BO3HUKJIIA
HEOOXOJMMOCTh COBEPIICHCTBOBAHUS METOJOB U IMOAXOAOB K HM3YyYECHHIO
IPOIYKTUBHBIX CII0KHOIIOCTPOECHHBIX KOJIJIEKTOPOB, KOTOPbIE€ HE BCErja MOTYT
ObITh JIOCTOBEPHO OILICHEHBI C HCIIOJIb30BAHWEM CYIIECTBYIOIIMX CTaHIAPTHBIX
METO/IUK. [Ipumepamu  MOJOOHBIX  KOJUIGKTOPOB  SIBISAIOTCS  clabo
KOHCOJIMJMPOBAHHbIE TIecuaHo-aneBputoBble 1uiacTel [1Ki3, Haxomsmuecss B
CEHOMAHCKOI 4acTH MOKYPCKOU CBATHI. [ll1acTbl MpepBIBUCTO 3a1€Tat0T HAa MajbIX
NIyOMHAX C HEBBIIECPKAHHBIMHU TOJIIMHAMH U UMEIOT CIOXHOE T'€0JIOTMYECKOE
CTPOCHHE C TEKTOHMYECKUMU HapymeHussMu. [lopoasl minactoB otHocsTes k [1I-1V
kareropuu o 6ypumoctu u I-II rpynmne mo cTpyKTypHO-TEKCTYPHBIM MPU3HAKAM.
OTo ompenenser MNopoabl Kak Cl1a0OCUEMEHTUPOBAHHBIE C MAaKCHUMAJbHO
BO3MOXHBIM BbIHOCOM KepHa He Ooisiee 20-40 %, 4TO 3HAYUTENHHO OCJIOXKHSET
JIOCTOBEPHYIO MHTEPHPETALUIO U AHAJIN3 MIEPBUYHBIX T€0JIOTMUECKUX JaHHBIX.

Ha ocHoBe BbIIIECKa3aHHOTO LETbIO PA0OTHI SIBIISIETCS. KOMILJIEKCUPOBAHUE
7a00paTOPHBIX HUCCIEIOBAHUM KepHa ci1ab0 KOHCOJUIUPOBAHHOTO KOJIIEKTOPA
Meccosixckoro Tuma, Kak OJHOTO W3 HauOosee TPYyAHBIX AJIE TOYHOW OLEHKH
neTpopU3NIEKux CBOMCTB.

OO0s3aTenbHBIM  SBJISIETCSI COCTABJICHHE METOJAMYECKMX PEKOMEHAAIMN K
0TOOpy, TPaHCIOPTY M MOATOTOBKE KEPHOBOTO MaTepHala, KOTOPBIH JOJKEH
COOTBETCTBOBATh ~ MHUHHMAJIBbHBIM  TpPeOOBaHMSIM  KadyecTBa,  3aJaHHBIX
IPUMEHSEMbIMU BHIaMH JIA0OPATOPHBIX HUCCIAEAOBAHUM JUIsl TapaHTUHU KayecTBa

pe3yJbTara.



1 JUTEPATYPHBIN OB30P

1.1 T'eosiornyeckasi XapaKTepUCTHKA MeCTOPOKICHUH

1.1.1 'eorpajmueckoe pacnosioxeHue

I'pynima Meccosixckux MecTopokJieHui Obuta oTkpeiTa B 1980-X romax B
ceBepHOMN 4actu SIMmano-HeHenkoro aBToHOMHOro okpyra. B Hacrosiiee Bpems
MECTOPOXKACHUS SIBISIFOTCSI CaMbIMU CEBEPHBIMU W3 pa3pabaThIBa€MbIX Ha CyIIe

He(pTIHBIX MecTOpOXAeHUN Poccun.

Pucynok 1.1 — PacnionoxeHue paccMaTpuBaeMOro MECTOPOXKACHUS

['eorpaduuecku MecTopokaeHus pacnonoxeHsl B 340 KM K ceBepy OT ropoaa
HoBeiil VYpeHroit B peruoHe ¢ Hepa3BUTOW HHPPACTPYKTYpOH apKTUUECKOMN

KJIMMaTu4eckoi 30ubl (Pucynok 1.1).

1.1.2 T'eosnnorusi u crpaTurpadus
[IpoayxtuBnbiii mnact, [1Ki3 mpencraBieH cinabOKOHCOIUANPOBAHHBIMU

MCJIKO3CPHUCTBIMHU IICCUAHUKAMU U AJICBPUTAMMU. IImact HaxXOAHUTCA B KpOBGJ'IBHOﬁ
14



4aCTU CEHOMAHCKOTIO sipyca MOKypckoi cBUThl. MoHocTs macta [1K1-3 85 meTpos.
CrpykTypa paccMaTpuBaeMOro IUIACTa U €ro paspe3 MpencTaBieHbl HA PucyHkax
1.2, 1.3. Bau3s no pa3pesy 1miacTta pa3Mep 3epeH YBEINYUBACTCS, C YMECHBIIICHUEM
[JIMHUCTOCTH M TpeobsiaJaHueM MPEUMYIIECTBEHHO Cl1ab0CIeMEeHTHPOBAHHBIX

MECYaHbIX aJICBPOJIMTOB C IMPOCIIOAMHA INTMHUCTBIX aJICBPOJIMTOB.

Pucynok 1.2. - 3D-Mo1enb HeTEHACHINIIEHHBIX T1acTOB [27].

B cpenneit um BepxHeW dYacTH 1Iacta HaOMIOMAaeTCA TEpeciianBaHUE
MEJIKO3EPHUCTBIX aJIEBPUTOBBIX TIECYAHUKOB C TJIMHUCTBIMU W TE€CYAHBIMU
aJIEBPOJIUTAMH, a  TaKkkKe  TOHKMMHM  MOpPOCIOSIMH  YIJIS. [Topoibt
c1a00CIIEMEHTUPOBAHBI.

Texkctypa mopoa NPEeUMYIIECTBEHHO KpymHasi Kocasi, BOJHHUCTas U
ropu3oHTaldbHasA. Takke MPUCYTCTBYeT KOMOMHUPOBAaHHAs psiOb TEUYEHUS W
BOJIHCHHMS, TMOpO# Hapymaemas xomamu wuxHo(armii Skolithos u  Cruziana.
[TpuCYTCTBYIOT BKJIIOUEHHS U3 YIIIEPUIIMPOBAHHOIO PACTUTENHLHOTO JIETPUTA U HA
OTJICTBHBIX YYaCTKaxX HaOMI0IaeTCs KOHBOJIOTHAS CIOMCTOCTh C TEKCTypamu

OIIOJI3aHUsA, YTO CBUACTCIIBCTBYCT O IIPOHCCCax KOHCCAMMCHTALIH.
15



B mecuaHo-aneBpHUTOBBIX ~ MOpOAAX  INPUCYTCTBYIOT  BKIIIOYECHUSA
yriaeUIUpPOBaHHBIX KOPHEH W PACTUTENIBHOIO JETPUTA, a TaKKE BCTPEYAIOTCS
OCTaTKH PAKOBHH MPECHOBOJAHBIX menenumnon. HedTeHachlmeHHbIe OTI0KEHUS
CeHOMaHCKOro BO3pacTa CJI0KEHbI MEIKO3EPHUCTHIE IECYAHUKH C aJIEBPOJINTAMHU U
KPYIHO3EPHUCTBIE aJeBpOJUThl. B mopojmax HaOomaeTcss 4acroe H3MEHEHUe

IPaHyJIOMETPUTPUYIECKOTO COCTABA, YTO TOBOPHUT 00 MX HEOAHOPOIAHOCTH [2].
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Pucynok 1.3. — Pa3pe3 mnactoB [1K1.3.[27]

[To opunmansueiM naHHbBIM [27, 28], B HacTOsIIIIeE BpEeMs B pacCMaTpUBaeMon
Ipylnmne MECTOPOXJIEHUN 3amackl HE(TH M Ta30BOro KOHJEHCaTa KaTeropui
ABCi1+B2C; onenunBarorcs B 492,8 miiH TOHH. Kpome TOro, B MECTOPOKIECHHUSIX
OPUCYTCTBYIOT 3amachl MPHUPOJHOTO M TOIMYTHOro raza B ooveme 170,6 mipn
KyOoMeTpoB. 1110111216 IMIEH3MOHHBIX YYaCTKOB cOCTaBseT 7278,46 kM2, rimyOuHa
3aJIETAaHUsI OCHOBHOTO MNpPOAYKTMBHOro miacrta - mnpumepHo 800 m. HMupekc

CJIOHOCTH CKBaKUH MecTopoxaeHus (DDI) oguH n3 caMbIX BEICOKUX B OTPACIH —

7.1
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1.1.3 llerpodusuka

B BOCTOYHOI YacTH MECTOPOXKICHHUS MPe00Ia atoT TIIMHUCTO-aJICBPUTOBBIC
IOpPOJIbI, peXke IecyaHo-aieBpuToBble. CoCTaB TJIMH B BOCTOYHOH YacTH
PEUMYIIECTBEHHO W3 MOHTMOPWJUIOHUTOB, B 3allaJHOM YacTH W3 KAOJTHHHUTOB.
ConeprkaHue TIMHUCTOTO [IEMEHTA B BOCTOUHOM YaCTH MECTOPOIKACHHUS BBIIIIC, YeM
B ero 3amajgHod 4yactu u coctaBisieT nopsaka 10-30%. OcHoBHas TiaWHUCTAs
COCTaBIIstoIIas IeMeHTa - KaoauHHT (53-92%) ¢ TUAPOCTIOTUCTHIMA MHUHEPAIAMU
(30-45%). [20]. Kaonuaut npeobiaamaeT B MOPOAax-KOJUIEKTOPax B CKBaXKHHAX C
OITYIIICHHBIMU OJIOKaMH, a THIPOCTIOANCTHIC MHHEPAIBI — B IPUITOAHATHIX OJIOKaX.

IlemeHT, IPUCYTCTBYIOIIUI B IIECUAHO-AJIEBPUTOBBIX MTOPOAAX-KOJIIEKTOPAX
TJIMHUCTHIN, peke KapOOHATHBIN, MaccoBas A0Js KoToporo coctarisier 10-25%,
pexe 35%. Tum memMeHTa TUIGHOYHO-TIOPOBBIA M TIOPOBBIM, TaKKe BCTPEUYACTCS
Oa3zanbHbIN B aneBpuTax. KapOOHATHBIN IIEMEHT COCTOUT U3 cuaepura (3,5-18,7%)
u kanbiuta (11-40%) [2]. CpennHee copepikaHue TITMHUCTHIX MUHEPAIOB B IIEMEHTE

NopoJI TipeicTaBiieHo Ha Pucynke 1.4.

MesruspuLmuny;

Mo %
oo a3 18 00550 -m;;p:.mnv
ruapocawaa: 1§08 v

swpur; 853

Laopeer; 1470

aomany; 1064 ruapecamaa; 42,30

saeammnT; 65,36

Pucynok 1.4. — Cpegnee coaepkaHue TIIMHUCTBIX MUHEPATIOB B LIEMEHTE
recyaHo-aneBpuToBeIX nopox miacra [1Ki-3 Ha Boctouno-Meccosxckom
MECTOPOXKICHUH [2].

KonuuectBo 06;10MOUHOTO MaTepHalia B IeCYaHO-aJeBPUTOBBIX Mopoaax 60-
95%, cocTaB TOJIEBOIINMATOBO-KBAPIIEBbIN, C KOJIMYECTBOM KBapua 35-65%,
noJieBoro mmata 25-55%, ob6momkoB opos 10-25% u ciarogucteix Mmunepanos 0,5-

10%. TIlpeobmanmaromuii  pasmep 0O0JOMKOB Ha  3amajgHo-MeccosixckoM
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mectopoxkaenuu 0,05 mo 0,20 mm. CopTupoBKa OT CpeHEW 10 IIJIOXOM, pexe
xopomas (S0=1,66+4,29). Ha Pucynke 1.5 npencraBieHbl IrpaHyIOMeTpUUYECKUN
coctaB mopox Meccosaxckoro Tuna npoaykruBHoro Iracra [IKi3 mo
knaccuukanuu @.Illenepna u pacnpeneneHue TIUHUCTBIX MUHEPAJIOB LIEMEHTA
nopoa MeccosxcKoro TUIia Mo JaHHBIM PEHTT€HOCTPYKTYPHOTO aHAJIK3a.
AyTUreHHbIE MMHEpaJIbl MPEJCTaBICHbl EIMHUYHBIMU 3€pHaAMH MHUPUTA,
CTyCTKaMH METUTOMOP(HOrO CHAECPUTA, KpUCTAIJIAMHU KaJbLIUTA, CHUIEPUTA, U

IIPUMAa3KaMH JIEMKOKCEHa.

l'nvmu._1 00% Xnoput, 100%

4 5
50
.
; : * :' %
o ./ 010 . 7“ a5
g 6 ‘ “ / N A n.
Q" * oo )
3 »¢ / ﬁ‘ ;
2 b Y il /
'QQ‘ i - 75 50 25
Mecyanuk, 100% Anesponut, 100%  Kaonuuut, 100% Mapocnioas! +
MoHTMopunnonut, 100%
NereHpa Jlerenpa
& Mnacr MK, Noxypekas cauta (K;$), 3ananqas 4acTs 4 -MnacTt NK,*, Nokypckan ceuTta (K,s), 3anagHas 4acib
< [Mnacr MK, Noxkypcxkan caunTa (K;s), BOCTOMHAA HacTh A NMnact NK,*, Mokypckas ceuta (K,s), BOCTOMHAA MacTb

Pucynok 1.5. — I'panynomerpuueckuii coctaB nopoj (cieBa), U pacrpeaeicHue
TJIMHUCTBIX MHHEPAJIOB IIeMEHTa Iopoy (crpasa) [2].

Cpenn axkueccOpHbIX MUHEPAJIOB BCTPEUECHBI: LIUPKOH, TypMaJIMH, amaTuT,
cheH, pyTwi, SMHUAO0T, rpaHar. BO3MOXHO, aJis TPYyIN MHUHEPAJIOB, KOTOPHIC
BCTPEUAIOTCSI HA MECTOPOXKACHUSX, CYIIECTBOBAJIM pa3Hble HCTOYHUKU CHOCA.
MartepuHCKUMH TOpPOJaMU MOTJIM CIY>XUTh MarMaTH4eCKue IMOpPOAbl KHUCIIOTO
(IUpPKOH, TYpMaJIMH, allaTUT) U OCHOBHOTO (CeH, pyTHJI, SMHUI0T) COCTABA, a TAKKE
Metamopduueckue (rpaHar) TMOpoabl. ['paHylIOMETpPUYECKHH COCTaB IOPOJ

npezactasieH B Tabnume 1.1,
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Tabnuna 1.1 — Munepanoruyeckuii coctaB mopoj; MeccosxcKoro THUIia.

MaccoBas J0JIs1 KOMIIOHCHTOB, %

Na,0 | Fe,0, | ALO, | SiO, |K,0 |cCa0 |TiO, | MgO

Munumym | 1,03 1,91 7,19 128,22 | 1,18 [0,24 | 0,24 | 0,58
Cpennss 2,20 | 4,68 13,84 | 66,62 | 2,97 | 1,82 |0,58 | 1,01
Makcumym | 2,69 | 27,52 | 18,84 | 74,20 | 3,42 | 19,7 | 0,94 | 2,79

PaccmarpuBaembie crmabociieMeHTHpOBaHHbIE OTiIOXeHus miacta [1Ki3 Ha
OCHOBE JINTOJIOTMYECKOTO COCTaBa M €ro TEKCTYPHO-CTPYKTYPHBIX MPHU3HAKOB,
MOHO OTHECTU K TMPUOPEKHO-MOPCKOM OOCTAaHOBKE OCaJKOHAKOIUICHUSA. A
UMEHHO (aIuu JIeNbThI, MapIIeBbIX OOJOT W jaryHbl. PaccMarpuBaembie danuu
CBSI3aHbI C YCIOBUAMHU MPUOPEKHOTO OCAAKOHAKOIUICHHSI C PA3JIMYHBIM YIaJICHUEM
oT OeperoBoil JIMHUU.

[IpenMyllleCTBEHHOE PacHpOCTPAHEHUE IOJIOTOBOJIHUCTOM, BOJHUCTOU
CJIIOMCTOCTEN M WX MEJNKUH MacmTad CBUIETEIBCTBYET O PE3KOM IpeoliaaHuu
BOJIHOBOM JIEATEILHOCTH, O CJIa00M 1 4acTO MEHSIOIICHCS JUHAMUKE BOJIHOM CPEJIbI,
a WIUCThIE TECKHM C TJIUHUCTBIMH TNIPOCIOSIMH M TOHKHE MPOIUIACTKU YIJIsS
CBUJETENBCTBYIOT O MPUJIMBHO-OTIMBHOM JIEATEILHOCTH Ha O€pEroBoi moJioce.

WNHorna ydacTku OeperoBOil 30HBI 3aTOIUISIOTCS TOJBKO IPH CHIIBHBIX
IpWINBaX WM OOJBIIMX HAroHax BOJIH, 3/1€Ch TJIMHUCTHIE MOPOJbl YEPEIYIOTCS C
IPOCIIOSIMH YTJIsl, OTMEUYAIOTCSI OCTATKH YIIe(UIIMPOBAHHOM pacTuTesbHocTH [11].
[Topoasl SBISIFOTCS PBIXJIBIMH, CIA0OCIIEMEHTHPOBAHHBIMU, KPYITHO3EPHHUCTHIC
necyaHble MPOIUIACTKH ChIITyYHE U MOABEPKEHBI pa3pyLICHUIO.

CornacHo wmccienoBanusM [6], xkoaddumment otkpeiTori mopucrocta Ky
u3MepeH Ha 4371 obpasue, B TOM 4mcie u3 KoJuiekTopoB Ha 3107 oOpasuax [2].
Cpennes3BenieHHoe 3HaueHue Ky komnektopoB mo kepHy coctaBisgeT 31.0 %,
nauara3oH — oT 19.2 1o 43.6 %. CpenHeB3BelIeHHBIC 3HAYEHUS B HE()TEHACHIIIIEHHON

yacTH paspesa cocrasiset 30.7%, B razoHaceimenHon — 28.0%. [2].
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Pucynok 1.6 — OTkpbITast mopucTocTs [2].

Koaddunuent abcontotnoi nponutiaemoct Kyp n3mepen na 4252 odpasiax,
B TOM 4YHClIe M3 KouIekTopoB Ha 3 057 o6Opasuax. Ilo koimekropam
cpenHeB3BemeHHOe 3HadeHue Krp cocTaBiser 505 M/l mpu nuamazone ot 3.3 M/] 1o
10000 m/l. CpenHeB3BelIeHHBIC 3HAYCHUS B HE(PTCHACHIICHHOW YacTH pa3pes3a

cocrariser 350 m/l, B razonaceimensoi — 290 m/1 [2].

024 HacTocTs

min 3.3 mD
max 10 000 mD
med 505 mD

0.12
0 ‘ !
0.1 1 10 100 1000 1000C
MpoxuyaemocTsb no rasy, mA
2011 2014

Pucynok 1.7 — I[Iponuniaemocts [2]
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Koaddumment ocratounoir BogoHackImeHHOCTH Kio w#3MepeH Ha 533
oOpa3iax KepHa, B TOM 4YHCIE M3 KOJUIEKTOpOB Ha 452 o6Opaszuax. Juanazon
m3MeHeHus: Ki, mensiercs B mpegenax 8.0 — 64.3%, npu cpeaHEB3BELIEHHOM
3HaueHuu 26.9 %. CpenHeB3BellICHHbIC 3HAYEHUS B HE(PTEHACHIIIIEHHONW YacTu

paspesa cocrasiseT 28.9 %, B razoHacsliiennoin — 33.9 % [2].

0.2 YacTocTb
min 8 %
max 64.3 %
med 26.9 %
0.1
0 e
0 15 30 45 60 75

OcTaTouHas BOAOHACHIWEHHOCTb |, %

— 2011 — 2014

Pucynok 1.8 — OcraTouHasi BOJIOHACHIIIICHHOCTH [2]

Ha  ocHoBe  BbIIIECKAa3aHHOrO,  CIIA0OKOHCOJUJIUPOBAHHBIA  KEpH
Meccosixckoro  Ttuna 1otacta  [IKi3, MoxkHO — KiaccuuIMpoBaTh — Kak
cootBercTBytomuid Il u IV kareropusim nmo Oypumoctu u |-l rpynne nopox mo
TPYJIHOCTH Pa3padOTKM M BBIXOAY KEPHOBOIO MaTepHasla, YTO MOATBEPKIAETCS
JAHHBIMM TIO BBIHOCY KEpHa MpH €ro oTrdope Ha paHHUX I3Tamax pa3padoTKu
mectopoxaeuus [2]. Kareropum Oypumoctu mnpejicraBienbl B Tabmuie 1.2,
KJacCU(pUKaLuUs TPYNN MOpPOa MO TPYAHOCTH pPa3pabOTKH TMpeAcTaBieHa B

MPWIOKEHUU b.
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1.2 CymecTBYWOIIHE MOAXO0BI K 0TOOPY KepHAa

1.2.1 OcHoBHBIE NPUHIIMIILI 0TOOPA KepPHA

JU1s1 BO3MOKHOCTH NMPOBEACHUS J1a00OpPaTOPHBIX HUCCIEAOBAHUI C BBICOKOM
CTENEHBIO  PEMpPE3CHTATUBHOCTH  HEOOXOIMMO  OOECHeYUTh KadeCTBEHHBIH
VCXOJIHBI KEPHOBBIM MaTepUall C BBICOKOW CTENICHBIO BBIHOCA Y HE 3arpsi3HEHHBIN
OypOBBIMH pacTBOpaMu. B 3HaUMTENbHON CTENEHM A3TO HANPSIMYIO BIUAET Ha
KaueCTBO PE3yJIbTAaTOB HMCCIEOBAHUNA M YCTAHABIIUBACT BHICOKHE TpeOOBaHUS K
TEXHOJIOTUSIM U IPUHIIUIIAM KEPHOBAHHS.

OcHOBHBIMH (haKTOpaMU, BIHSIONTUMHU Ha (POPMHUPOBAHUE KEPHA SBIISTFOTCSI:

o [eonocuueckue — OIPEACNAIOT (U3MKO-MEXaHUYECKHE CBOMCTBA
FOPHBIX TIOPOJ, KAaK WX  CONPOTHUBISEMOCTH  Pa3pyLICHHUIO.
XapakTepu3yrTcs CTPYKTYPHO-TEKCTYPHBIMHU MpU3HAKaAMH,
NeTporpa@uUeckuM COCTaBOM TOPOJ, CTENEeHbI0 MeTaMopdusMa.
KpomMe TOro, BKIIOYAIOT yroja BCTPEYM CKBAXUH C IUIOCKOCTBIO
HAIJIACTOBAHMS U YCIIOBHS 3aJIETaHUS TOPHBIX MOPO/I.

o Texnuueckue — ONpenenstoT Bce (AKTOPbl, OCHOBAaHHBIE Ha
KOHCTPYKTHUBHBIX OCOOCHHOCTSX, YCIOBUSAX M OCOOEHHOCTAX PEXHMa
paboThl MEXaHU3MOB 0TOOpa KEPHOBOI'O MaTepuaa.

o Texnonoeuueckue - ONPENEISAIOT PEKUM M CIOCOO MPOBEACHHUS
Oypenus miacra. Bkirogaror omnpenesieHre BpeMEeHHU pelica, crocoda
BBIHOCA TMOPOA C 32008 CKBaXXUHBI, HCIIOJIb3YIOIIUECS OypOBYIO
rOJIOBKY W OYpOBOM pacTBOp, a TaKkXe JPYyTrue TEXHOJOTHMYECKHE
0COOEHHOCTH MPOBEJEHUS OYPOBBIX PaboOT.

e Opeanuzayuonnvie — XapaKTEPU3YIOT KOHTPOJb 3a COOJIIOJCHHEM
BbIOpAHHOM TEXHOJIOTUH MPOBECHUSI OYPOBBIX ONEpalluii U €€ MOITHOE
COOTBETCTBHE IIPOEKTY. Bxirouaer KOHTPOJIb HaJIAYUs
U3MEpPUTEIBHBIX TPUOOPOB, KBATU(PHUIIMPOBAHHOTO TIEpCcOHATa H
palMOHANIBHBIX CPEJCTB 0TOOpa KEPHOBOT'O MaTepurara.

Hcxond v3 BBILIEU3IOKEHHOTO, MOXKHO BBIACIUTH CHEAYIOIINE MOMEHTHI,

KOTOPBIC UMCIOT IICPBOCTCIICHHOC 3HAYCHUC B IIPOLCCCC 0T60pa KCpHa: KaTCropus:;d
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TOPHBIX MOPOJ] TIO CJIOKHOCTH O0TOOpa Mpo0 KepHa, quameTp oOpaslia KepHa, THUII
OypoBOTO 10JI0Ta, KOHCTPYKTHBHBIE OCOOGHHOCTH MPHEMHOTO YCTpPOWCTBA-
KEPHOOTOOPHMKA, TEXHOJIOTHH OypeHusl U OpraHu3aluu Tpyaa.

Jlo Havanma orOopa NPENCTaBUTEILHOIO KepHAa M3 I1IeJIEBOro IulacTa
HEOOXOAMMO O00OCHOBAaTh TEXHOJOTHYECKHE METOABI €ro MOJy4YeHHs, U
UCIIOJIb3yeMbIE B X0/i€ pabOT TEXHUYECKUE CPEICTBA, KOTOPHIE MO3BOJAT JOCTUYD
HEOO0XOMMOr0 pe3yJibTaTa.

Ilepen wHawasioMm moabopa o00OpydOBaHMS HEOOXOAMMO BBITIOJIHUTH
KIacCu(UKAIUMI0O OTOMPAEMBIX TOPHBIX TMOPOJ  COTJIACHO  JEHCTBYIOIIEH,
paspaboranHoii B BUTP (Bcecoro3Hblii MHCTUTYT TEXHUKH WM Pa3BEIKH). ITO
HEOOXOIMMO B CBSI3H C TEM, UTO OTEUECTBEHHOE 000py0BaHNE pa3padaThIBAECTCS C
C y4eTOM JaHHOM Kiaccu(UKAIUU, OMPENENIIoONed T'paHUIlbl MPUMEHUMOCTH

obopynoBanus. JlanHas kinaccudukaius npejacrasieHa B Taomure 1.2,

Tabnuna 1.2 — Kateropuu nopoa no 6ypumoct, knaccudukanuss BHUUBT.

Kateropus Coct , , , - _
i OCTOfAHIIE TOPHAIX MOPOJ1 Tun ropHeIx nopo
TPYIHOCTI R B B
I MonomTHele, cradoTpenniHoBaTele. | HenmpoHnmaeMsle netnroMopdueie
HE Pa3MbIBAEMbIE POMBIBOYHOI ITIHICTRIE TOPHBIE [TOPO/Ik! 0001
AILIKOCTBIO 11 HeHa0VXaloIe. He HOPHCTOCTH: TIIHBL, APTIUITHTEL,
pa3pyiIaeMbie BHOPAIIAMII TTHHIICTBIE AT1EBPOIIITHI, CIIAHIIBL,
KePHORBOI'O IIHCTPYMEHTa IUIOTHBIE CLIEMEHTIPOBAHHBIE [TeCHAHIIKII
11 CpeaHe- 11 HI3KONOPIHCTERIE. CpeaHe- 11 HIBKOMPOHIIIAEMBIE
[epeMexaronmecs, TepplreHHble I KapOOHATHEIE
€71a00pa3MbIBAEMBIE IPOMBIBOYHOIT | KPHCTALTIMECKIIE 0CAT0UHBIE TOPHBIE
AKIIKOCTBIO, MaTopa3pyiaeMple MOPOK! (IMECHAHTIKI, aTeBPOIIITHI,
BHOpALIIAMI KEPHOOTOOPHOTO JOTIOMIITEL. [3BECTHAKIL AHTTIAPHTHIL,
IHCTPYMEHTA KAMEHHaA COb). 1I3BEP/KEHHBIE 11
MeTaMopgIryecKie nopoibl,
00/IOMOYHEIE TIOPOIBI C HII3KIIM
| | cosepikaHneM ITIHHICTON (paKin
I11 Becpma TpenniHoBathie, - M3BecTHAKI nepeMAThIE. MeCYaHHKII
IepeMeKAOIIIECs, pa3MbIBaeMble c1ab0CHeMeHTIPOBAHHEIE I
MTPOMBIBOYHOIT ATLIKOCTBIO, TPENIHOBATHIE
pa3pyiaeMbpie BHOPAIIAMII
KEePHOBOIO ITHCTPYMEHTA
AY Peixisle. nepeMAtTsie H IUTRIBYYILE, [Teckir 11 M3BECTHAKI PHIXTLIC. IUTBIBVHEL
HaOVXAKOIIIE. BEICOKONOPIICTEIE.
PACTBOPAIONIIECH B IIPOMBIBOYMHOIT
KILTKOCTII
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[Tocne otGopa mopodg W WX JOCTaBKM B JabOpaTOpHIO, HUCCIIEIOBaHUS
HEKOHCOJIUJIUPOBAHHOTO KEpHAa IPOBOMSITCS KaK Ha CBEXEM KepHe (KEpH He
OUYHUIIICHHBIM OT YTJIEBOJOPOAOB), TaK M HA KEpPHE MPOIICIAIIEM 3Tall OYUCTKH
(okcTpakiuu). Taxke BO3MOXKHO MPOBEICHUE dTana MO «CTapeHHIO» KEpHa, T.e.
CO3JIaHUIO YCJIOBUH JIJIs BOCCTAHOBJICHUS €CTECTBEHHOM cMaunBaeMocTH. M3yueHue
CBEXKETO0 M AKCTPArMpOBAHHOTO KEpHA TpeOyeT pa3IMyHOW OpraHu3anuu padort, a
TaK)Ke U MPUMEHEHUE PA3IMUHBIX 3TAMOB PabOT C KEPHOM.

OO0pa3upl KepHAa Kak MpaBWIO OTOUpAIOTCS JIMOO U3 CTEHKU CKBAXKUHBI
(oTnenbHBIE TIPOOBI) THOO OypeHHEeM HOBOW CKBaXMHBI. B KadecTBE OCHOBHOTO B
JajapHelIeM B padoTe OyJIeT paccMaTpUBaThCsl TOJBKO BTOpoi Metoi. st Hero
nuaMmeTp oToopa 00pasioB coctapiuget 80, 100 wiu 120 mm, a nnuHa 06pasios 6,5,
13 unm 19 metpoB. BaXHO OTMETHUTH, YTO B CBSI3U C OCOOCHHOCTSIMU CTPYKTYPHI U
neTpodr3UKH paccMaTpUBAEMOr0 MECTOPOKICHUSI HEOOXOAUMO TaKXKE YUECTh PsJl
CHEIUANTBHBIX TPEOOBaHUN K OTOOPY MOPOJ M HU3TOTOBJICHHUIO OOpa3IloB KEepHa B
71a00paTOPHBIX YCIOBUSIX.

[Ipu npoBeneHuu J1aOOPAaTOPHBIX MCCIENIOBAaHUNM 3a 0a30BbIA AUAMETP
o0pa3lioB pEeKOMEHAyeTCs MpUHUMaTh auameTp 1,5 pgrolimMa, kak Haunbosee
HOIXOAIIMIA JUTS U3YUYCHHUS HEKOHCOIHMIMpoBaHHOTO KepHa. [7]. Ha Pucynke 1.9
MPUBEJACHBI PEKOMEHIyEeMbIe pa3Mephl KEpHa JUIsl MPOBEIACHUS J1ab0paTOpHBIX
MCCIIEI0BAaHUN

OcHoOBHBIE MOpUUMHBI BBIOOpPAa JAHHOTO pa3Mepa B TOM, YTO 3TO
MEXIYHAPOJHBIA  CTAaHAApT, OOYCIOBJICHHBIA COXPAaHCHHEM TOBBIIIICHHBIX
MPOYHOCTHBIX CBOWCTB Yy oOpasla IO CpaBHEHUIO C oO0pa3llaMu MEHBIIETro
nuameTtpa. Takke BaKHBIM SIBIIIETCS TOT (PAKT, UTO JJISI KOJJIEKTOPOB CO CJIIOKHBIMU
CTPYKTYPHO-TEKCTYPHBIMH HeOHOpOAHOCTsIMHU (KosutekTopa [1K1-3 obnanator kak
paccesiHHOM, TaK W CIOUCTOM TJIMHUCTOCTBIO) TaKOW pazMep oOpaslioB MO3BOJISIET

MOBBICUTH JOCTOBCPHOCTD OIIPCACIICHUA (1)H3H‘-ICCKI/IX CBOMCTB.
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d 1,57 (38,1 mw) d30+ 1 Mm

L L5 £0,1 (38,1 £2 mm) L 30+ 2mm
Laoiser 40-55 sim Laonyer 28-45 mm

Jna noTokeBRX Lasayver 35 - Tlum Jna norokosbx Losmer 30 - 60w

Pucynox 1.9. — CrangaptHbie pa3mepsl 00pa3iioB KepHa JIsl TPOBEICHUS
71a00paTOPHBIX UCCIIeI0oBaHM [24]

COOTBETCTBEHHO, MPE/JIOKEHHBIE B JAIbHEHIIIEM TEXHOJIOTHH 0TOOpa KepHa
B 00s3aT€IbHOM TOPSJKE JOJDKHBI 00€CIeurBaTh BO3MOXKHOCThH IMOJYy4YCHUS

CTaHJAPTHBIX [0 pa3Mepy 00pasIoB.

1.2.2 IokyMeHTbI, perJiaMeHTHPYIOLHe HCCIe0BAHUS KepHA

Ha ocHOBe mpoBeAeHHOTO JIUTEpaTypHOro 0030pa METOAUK MO OTOOpY U
paboTte co ci1abo KOHCOMUANPOBAHHBIM KEPHOBBIM MaTEpHUaIOM OBIJIO OTIPE/IEIICHO,
9TO OOJBIIMHCTBO HCIOJNB3YIOIMUXCS B HacTosmiee BpeMs B Poccum meTomamk
UCCJIeIOBaHMUSI KEpHOBOro wmatepuana ocHoBanbl Ha PJ[ 39-0147716-505-85
«TOPSIIOK ~ 0TOOpa, TPUBA3KU, XpAHEHWS, JBIDKEHUS, M  KOMILUICKCHOTO
UCCIIEIOBAHMSI KEPHA U TPYHTOB HE(PTETA30BbIX CKBAKUHY.

B d4acTtHOCTH, MOXXHO BBIJEIHUTH CJEAYIONIME OCHOBHBIE JIOKYMEHTHI,
perJaMeHTHpYIOIIKUe Mpolecc oTrdopa W J1abopaTOPHOrO aHajiu3a KEPHOBOTO
MaTepuana:

o PJI 39-0147716-505-85 «mopsimok oTOOpa, TMPUBSA3KU, XPAHCHHS,
IBW)KCHHS, W KOMIUIEKCHOTO WCCIEJAOBaHUS KepHAa M TPYHTOB

He(TETa30BhIX CKBAKUHY.

25



e Crangapt xommanuu Ne [11-01 CIL-043 «mopsaok opraHu3aiuu
0TOOpa, TPAHCHOPTUPOBKHU, XPAHEHUS U KOMIUIEKCHOTO MCCIIEIOBAHUS
KEpHOBOTO Marepuajga @pH Te0oJOropa3BEJOYHbIX paldoTax W
pa3paboTke  MECTOPOXKICHHM  yrieBoaopoaoB». Mcmombsyercs
koMranueit PocueTs.

o PJI 153-39.0-069-01 «rexHUueckass WHCTPYKIMS TO MPOBEICHUIO
r€0JIOTO-TEXHOJIOTHYECKUX HCCIEAOBAaHUN HE(PTSIHBIX H Ta30BbIX
CKBaXHH». Vcnionp3yercs koMnanueu 1 as3mnpom.

e P T'aznpom 065-2009 «MeToruecKue peKOMEHJalUU 110 MPOBEICHUIO,
00paboTKe, XpaHEHUI0O W TMPEJCTABICHUIO PE3YyJIbTATOB JIMTOJIOTO-
NeTpPOrpaguUeckoro  HCCIEIOBAaHUS  KEpHay. Ucnone3yercs
komnanuen ['aznpom.

B 3apy0ekHbIX KOMIaHUSAX KaK MPABUJIO UCTIONB3YIOTCS PETIIaMEHTUPYIOIIHE
NOKyMeHTbI, ocHOBaHHbIE Ha APl RP40 «pekomenayemble MPaKTUYECKUE METOIBI

aHaimm3a kepHa», 1998 r [7].

1.2.3 Tlpnunnbl He3GPeKTUBHOTO JIA0OPATOPHOI0 AHAJIN3A KepHa

IIpu pabGore c mnopomamu MeccosIXCKOro THIA, OJHUM W3 Hauboliee
CYIIIECTBEHHBIX HEJAOCTATKOB pyKoBosiero nokymenTa Pl 39-0147716-505-85 u
JIOKYMEHTOB Ha €r0 OCHOBE, SIBJISIETCS OPUEHTHUPOBAHHOCThH OMUCAHHBIX METOIUK
TOJIKO Ha XOPOILO CIIEMEHTHUPOBAaHHBbIE 00pa3lbl KepHOBoro marepuana | u |l
KaTeropuii OypUMOCTH TIPH HCIIOJIb30BAHUM KEPHOOTOOPHBIX CHApPSIOB THIIA
«Henpay. B To xe Bpemst pabota co cimabocriemeHTupoBaHHBIM KepHOoM 11st 1 u IV
Kareropuii OYpUMOCTH U OCOOCHHOCTH WCIIOJIb30BAHUS COOTBETCTBYIOIIUX
TEXHOJIOTUHA OoTOOpa W HCCieNoBaHUs OOpa3lloB Marepualia B JOKYMEHTE HeE
OTPa’KEHBI.

Takum o6pazom, paboTta co ci1abOCIHEMEHTUPOBAHHBIMU KOJUIEKTOpPAMH HE
perjiaMeHTUpPOBaHa OCHOBHBIMU PYKOBOJSIIMMHU JOKYMEHTaMHU. ODTO O3HaudaeT
HU3KOE KAa4eCTBO OTOOPAHHOTO JJIS UCCIEAOBAaHUN KEPHOBOTO MaTepuaia U ero

MaJiblii BBIHOC Ipu HMCIOJIB30BAHHH CYHICCTBYIOIIUX CTAHAAPTHBIX MCTOIUK.
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CornacHo UMEIOIMUMCS JaHHBIM, 3((EKTHUBHBIN BEIHOC KEPHA IO CYIIECTBYIOIINM

METOJUKaM B cpefHeM coctaBisieT 25-28% [2]. B 0OHOBICHHBIX JOKYMEHTaX Ha

ocHoBe PJ] 39-0147716-505-85 [20-22] or6op keproBbIX mpod mis Il u IV

K&TGFOpI/Iﬁ 6ypI/IMOCTI/I TAaKIKC OIMUCBIBACTCA JIMIIb KPATKO U, KaK pE3yJbTaT, HMCCT

pAad CYMICCTBCHHBIX HCAOCTATKOB VI HHUX, YXYAIIAIOMIMX Ka4CCTBO OTO6p3,HHOFO

Marepuajia, B 4aCTHOCTH.

3nauumenvroe erusHUe OYPO8020 pacmeopa npu omobope KepHOBOll
npobsl  VIcrionb30BaHUE CTaHAAPTHBIX KEPHOOTOOPHBIX OYypOBBIX
TOJIOBOK TIPUBOJUT K 3HAYUTEILHOMY TPOHUKAHUIO OypOBOTO
pacTBopa B oOpasell, 4TO NPUBOJUT K HECOOTBETCTBUIO O0OBeMa
¢daron10B B 00pasile M3HAYAIbHOMY 3HAYEHUIO B TJ1aCTE

Paspywenue crabocyemenmupoanno2o KepHogo2o mamepuana npu
eco omoope. Ilpu oTGope 00pa3loB IOKHBI OBITH HCIIOJIH30BAHBI
CTeTMATbHBIE KEPHOOTOOPHBIE CHAPAIBI, YIUTHIBAIONINE CTPYKTYPY U
THUI TIOPOJIbl, KOTOPBIA HEOOXOUMO U3BIICUb.

Paspywenue cnabocyemenmupoganno2o Keproo2o mamepuania npu
e2o aKkcmpakyuu u3 ckeaxcunvl. llpm orbGope o0pasunoB 06e3
KOHCEpBAIlUU, TIPU MX SKCTPAKIIUU MPOUCXOJUT TEpemnaj IaBIICHUS,
KOTOPBIN MOXXET pa3pylINTh KEPH H3-3a MPOIIECCOB JIETa3allu, ecliu
M3BJIEKATh KEPH CIUIIKOM OBICTPO.

Paspywenue cnabocyemenmupoeanno2o KepHogo2o mamepuana npu
e20 mpaHcnopmupogke. Jlo Hayana TpaHCIOPTUPOBKU KEPH JOJHKECH
ObITh 3auKkcHpoBaH B TyOyce (ecnu He Obuio  oTOOpa
KOHCEPBUPOBAHHBIX 00pa3I0B KEPHA) U JOJIKHBI ObITh UCIIOIb30BaHBI
CTeIIaTbHbIC IeMIpUPYIOTIe SATTUKY, PETATCTBYIONTUE
MOBPEX/ICHUIO KEPHA.

Uzmenenue  ceotlicme  crabocyemMeHmMupoBaHHo20  KepHOBO20
mamepuana npu e2o0 no020mogke K nposedenuro uccieoosanuil. Kepu
B 0053aTEIbHOM TMOPSAKE JOKEH MaKCHMajbHO COXPAaHUTh CBOU

CBOMCTBA, @ UMEHHO CTPYKTYPY U (DIIFOMIOHACKHIINIEHHOCTh J0 HaJalia
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NPOBENICHUS HUCCJEJIOBaHMUM, 4YTO Tpedyer o0co00il MOATOTOBKU
00pasIoB, HAITPUMED, OXJIAKIACHHS B KUIAKOM a30Te.

Bce Bwimenepeunciienapie (pakToOphl, €CIM MX HE YYUTHIBATH MPUBOIAT K
3HAYUTEIILHOMY CHIDKEHUIO O00beMa IoJIe3HOW WH(OpMAaIuu, MOJIydaeMol u3
KEpHOBOT'O MaTepuaia Uil ee HeJJIOCTOBEPHOCTH. B CBOIO ouepep, 3TO MPUBOIUT K
HeoOxoauMocT oTOOpa OoJbIIero 4Yuciaa Mpod JUIsi COXPAHEHHWS BBICOKOMU
PETNPE3CHTaTUBHOCTH JTAHHBIX, KaK CJICJICTBUE, MPU UCIIOIb30BAHUN CTaHIAPTHBIX
METOJIOB 3HAYUTEIHHO TMOBBIMIAIOTCS (PUHAHCOBBIC 3aTpPaThl HA OTOOpP KEPHOBOTO

MaTepuaia.
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2 MIPEJJIATAEMOE PEHIEHUE

2.1 OT00p 00pa310B U3 LEJIEBOI0 IUIACTA U UX TPAHCIIOPTHPOBKA

2.1.1 bypeHue cj1a60cieMeHTHPOBAHHOI0 KePHA

Jist pemieHust mpoOJeMbl PacTPECKMBAHHS KEpHA BO Bpemsi OypeHUs U
CHWKEHUS TJIyOMHBI 30HBI TPOHUKHOBEHUSI OYpOBOTO pacTBopa B 0Opasel] KepHa,
HE00XO0IMMO MPUMEHEHHE CTICIIHAIBHBIX OYpPOBBIX 10JIOT HAa ocHOBe PDC B qu3aiine
LI. (Hampumep, 215,9/101,6 FC3000, Halliburton) CpaBHenue MmeToauK
npencraBieHo Ha Pucynke 2.1. TpamenmuBumHoe cedeHne OypOBOM TOJIOBKH
MO3BOJIUT JOOUTHCS MUHUMAIILHOM TTyOHMHBI TPOHUKHOBEHUSI OYpOBOTO PacTBOpa B
kepH. HepoctaTkoM mog0OHBIX pellIeHU SBIISETCS X 00Jiee BhICOKAasi CTOUMOCTh

OTHOCUTEJIBHO CTaHJIAPTHBIX OYPOBBIX KEPHOOTOOPHBIX TOJIOBOK

Pilot LI

=+ CratMyeckan
rMUHUCTas
Kopka

™~ KepH

T ounstpauus

Pucynox 2.1. — BypoBoe 10710T0O ¢ HU3KMM YPOBHEM POHUKHOBEHUS
OypoBoro pactBopa (LI) mo cpaBHEHHIO CO CTaHIAPTHBIM OYPOBBIM JT0JI0TOM [31]

JIJisi yMeHblIlIeHHs BJIMSHHUS OypOBOTO pacTBOpa Ha KEPHOBYIO MpoOy MpH
BBICOKOW  KaBEPHO3HOCTHM M  TPEIIMHOBATOCTH  KOJUIEKTOpa HEO0OXOIuMO
WCIIOJIb30BAHUE HEUTPAIBHOIO H30JMPYIOLIETO areHra. B kauecTBe MUHUMAIIBHO
JIOMYCTUMOTO BO3MOKHO TPUMEHEHUE HEMNOJISIPHOTO MAIIMHHOIO Macia, He
CMEIIMBAIOIIETOCs C HEPThIO, OHAKO JAJIbHEHIIIEE ero cenapalus oT HeTH MOKeT
SBIIATHCSI JJOBOJILHO MPOOJIEMaTUYHOU. AJIBTEpPHATUBOMN SIBIISIETCS MCIIOB30BAHUE
WHEPTHBIX TeJIe Ha OCHOBE MOJIMAKpUIaMuU/Ia, MokazanHas Ha Pucynke 2.2. Oqnako

9Ta TCXHOJIOIUA UMCCT psAld HCAOCTATKOB — B YaCTHOCTH MOKCT OBITH 3aTpyJIHCHA
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MIOJIHAS Cerapalys rejieil OT KepHOBOM MPoOkI 63 ee YaCTUUHOTO pa3pyLIEeHUs WK
M3MEHEHHs] CBOMCTB o0Opaslia B cilydyae TiTyOOKOro MPOHUKAHUS rejiel B phIXJIble
BBICOKOKABEPHO3HBIE MJIH BHICOKOTPEIIIMHOBATHIE TOPOIBI.

[IpumepamMu MOMOOHBIX TEXHOJOTUH MOTYT SBIAThCS TexHosnorun CK —
178/100«LONG»-01 OOO HIIII «bypuHTEeX» ¢ N30MHpyOMUM areHToM «30K0p»
u KOC YKP 185/100 «TEHI'U3» ¢ arentom ITAAII u texnonorus «GelCoring»

xommanuu Baker Hughes. [30].

PucyHok 2.2. - V3055111 KEPHOBOTO MaTepHalia HHEPTHBIMH T'eJISIMH 10
texnosoruu GelCoring [30]

CpaBHenue (Qurougocoepxkanus B oOpaslle KepHa [0 TEXHOJOTUU
«GelCoring» oTHOCUTENBHO OTOOpPAa KEPHOBOIO Marepuaia IO CTaHIAPTHBIM

TEXHOJIOTUSIM TIpecTaBieHa Ha Pucynke 2.3.
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SATURATION

Pucynox 2.3. — M3onsiust KepHOBOTO MaTepuaia ¢ UCIOJIb30BaHUEM
uHepTHBIX Teneit [30]

AJnbTepHaTUBHBIM METOJOM COXPAHEHUs COJIEP KAHUS MJIACTOBBIX (IIIOUIOB
B OTOOpaHHOU MpoOe KepHa SBIISICTCS 3a/iepKaHue (DIFOUIOB KEPHOBOM 00pasIie C
UCIOJIb30BAaHUEM I'yOUaTON CUCTEMBI Ha MOJIMYPETAHOBOW OCHOBE C ABYXTPYOHBIM
npoboorooparkom (PucyHok 2.4). JlaHHOE pellieHUe MO3BOJISIET CHU3UThH MOTEPH
IUTaCTOBBIX (MIIIOMIOB NIEpe]] KOHCEpBallMeH 1 U3BJICUEHUEM KEPHOBOTO 00pasIia.

JIOTIOTHUTENIBHO BaXKHO OTMETHTh, YTO B XOJI¢ OypeHHs B ITOM Ccllydae
HE0OXO0IMMO MCTIONIE30BaTh OYPOBBIE PACTBOPHI HA TIOJMMEPHON OCHOBE B CBSI3U C
colepKaHUEM MOHTMOPWIJIOHHTOBBIX TJIMH B TOPOJAaX pPacCMaTPUBAEMOTO
MECTOPOXKIACHHUS.

Jannast TexHoyorwsi sBIseTcs MeHee HG(EKTUBHONW 10 CpaBHEHUIO
IJIACTOBBIX (PIIFOMJIOB B KEPHOBOM Marepuaje OTHOCUTEIBHO MPUMEHEHUS
MOJTUMEPHBIX TeNel, OJHAKO MEHee 3aTpaTHa W 3HAYUTENbHO Oojiee mpocTa B
npuMeHeHUH. TaKkKe CylIeCTBEHHBIM MMPEUMYIIECTBO JAHHOW METOJHMKHU SIBIISIETCS
OTCYTCTBHE HEOOXOJMMOCTH B JajbHEHIIEH OYMCTKE KEpHa OT MOJIUMEPHOU

IIJICHKH.
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Polyurethane Sponge

Outer Barrel

Sponge Protective Mesh

Inner Barrel

Piston Assembly

Pucynok 2.4. — [IpumeHeHHE TTOJIMYypeTaHOBOW TyOKoBOM BcTaBkH [30]

2.1.2 Pemienue npodseM npu oroope cj1adocueMeHTUPOBAHHOI0 KePHa

J1J1st OBBINIIEHUS Ka4ECTBA 0TOOpa KEPHA N3 HEKOHCOJIUINPOBAHHBIX TIJIACTOB
Jy4dIle  WCIOJIb30BaTh  IOJIHO3aKPBIBAGMBbIE  KEPHOOTOOPHBIE  CHCTEMBI,
MpPEeIyCMaTpPUBAIONIAE WCIOJB30BAaHUE BHYTPEHHHUX KEPHOMPUEMHBIX TPYyO
(TyOycoB), 000pyAOBaHHBIE CIICIMATBLHON CHCTEMOM 3axBaTa KepHa s oTOopa
CJIOHBIX TTOPO/I, HECYIINUX JBE OCHOBHBIX (DYHKITUHU: 00CCTICUCHHE KauyeCcTBa 0TOOpa
KepHa ImyTeM (PU3UIEeCKOi MOAIeP KK KEPHOBOTO MaTepualia BO BpeMs OypeHus u
€ro TOCIICYIOIICH COXPAaHHOCTH.

PaccmarpuBaemass TEXHOJOTHS TIO3BOJSIET TPHEMHHUKY CKOJB3UTH IIO
MOBEPXHOCTH HEKOHCOJHMIUPOBAHHOTO KEPHA ¢ MUHUMAIbHBIMU TMOBPEKICHUSIMU
poOkI opo 1. PuKcarys ¢ MOCIEeIYIONUM 3alTUPaHEeM OTOOPHHUKA TPOUCXOJINT B
HUKHEH ero 4acTu, 4TO MPEI0TBpAIacT BOZMOKHOCTh 3aKJIMHUBAHUS CEPICTHUKA

B TpyOe€ W/WiIH ero moTepio.
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TpyOsI 17151 KepHA BCTABISAIOTCA B IPUEMHUK U YJIEPKUBAIOTCS MPU TTOMOIIIH

CUJIbI TPCHHUA U O10Ka KCpHO3axBaTa. CTaH)IapTHBIC pr6BI HMCHOT MAaKCHUMAJIbHYIO

JUIMHY OKOJIO 9 MeTpoB, I pEImIeHUS CHEIUANbHBIX 3aJad MOTy OBITh

HCIIOJIL30BaHbI UX 0oJjiee KOPOTKHC OTPC3KHU.

JUIst TOPHBIX MOPOJ C PA3TUYHBIMU (PU3UKO-MEXAHUYECKHUMH CBOMCTBAMHU

WCIIOJIb3YIOTCS PUEMHBIE YCTPONCTBA KepHa cieayromux cepuit: Henpa, KamOpwuid,

Cunyp, Tenrusz, Pud, [lnyronuit u MAI'. XakakTepUCTUKU KEPHONPUEMHBIX

YCTPOKUCTB TIpeacTaBieHbl B Taommie 2.1.

Tabmuma 2.1 - Kepnonpuemnsle ycrpoiictBa coriacHo TY 3664-007-70587573-

2009
. KaTerc
Ne | KeprootGopouHsle O6nac . Juamerp ‘“,‘“_‘*f“"
wn | cuapam (KOC) JOIACTh NPIIMEHEHIA KepHA, MM TPYAHOCTII
otbopa
1. | «Heapa» | Heoc10/KHEHHBIE VCIOBHA OYpeHIs 52,67, 80, (I
‘ 100
2. | «Cuayp» | Ocoiimr, 06Batel. kete6oodpazosanns, | 52, 80 I
| MPIIXBATH
3. | «KenmGpuii» | Prixisle. crabociieMeHTHPOBAHHbIE. 67. 100 11
| TpelIHOBATEIE [10POIk]
4 «Tenrm» | I'azoHehTeROIONPOABTICHIIA, 100 I v
HOIIONICHHA
5 «Pudp» | Pex;Tele, chImTy e, 120 I IV
CITTHHOTPENNTHOBATHIE, piidoreHHBIe
| TOPOIBI
6. | «MAI'» I'Bepasie. KOHCOMIIPOBAHHEIE, 60 I
| aGpa3iBHBIE ITOPO/IkI
7. | «KUM» | Cr1aBoCieMeHTHPORAHHBIE TIOPOIB] 52. 80, 111
100
8 «laitHep» CnaGocueMeHTHPOBAHHBIE, CHITYYIIE 80. 100 IV I
[OPOALI
9. | «CTpyKTYpar | HemrmmmmuipoBanHkle TOHAbBIE 57, 80 IV
OTJI0KEHIA PN Oy PeHI MOPCKIIX
HCCIIeI0BATEIbCKIX CKBAKIIH
10. | «ITryToHmiN | OueHp pHIXTIBIE, PACCHITAIONIIECS 80:100 I -1v
| CHIBHOTPEUIITHOBATRIC ITOPOJIHI

JaHHBIX KaTeFOpI/Iﬁ mopoa TaKiKe

Hapsimy ¢ oredecTBeHHBIMH 00pa3iiaMu KEPHOOTOOPHBIX YCTPOWUCTB IS

HUCIIOJB3YIOTCA  aHaAJIOru

3apy0exKHOTO

Npou3BOJACTBa. B dacTHOCTH, KEpHOOTOOPHBIE CHAPSAIbl KOHTEHHEPHOTO THMA, C
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PE3UHOBBIM PYKaBOM, M C TOJIHOCTBIO 3aKPBITBIM KEPHONPUEMHHKOM CHUCTEMBI
«HYDRO-Lift», npousBoxcta ¢upmbel EC, nub0 uX aHaJIOrW NPOU3BOJCTBA
¢upmsr DBS.

st pemieHust nmpoOieMbl pa3pylleHUsT KEpHA MPU €ro SKCTPAKIUU IOCHe
3aBepIICHUs1 Tporecca OypeHHus, HEOOXOJMMO HCIOJIb30BaHUE CIEeIHAIBHBIX
KEpPHOOTOOPHBIX CcHapsaAoB. JlamHoe TpeOoBaHHE OOYCIIOBIIGHO TEM, YTO
UCTIoNb3yolHecs ctanaaptTHeie cHaps sl (o cxeme KOC tuna KMC 190.5/215.9)
MpU U3BJICUCHUM BKJIAJIBIIIEH JOMYCKAIOT pa3pylICHUE HEKOHCOJIHIAUPOBAHHOTO
KepHa, 4To HegomycTumo [21].

B wyactHOCTH, anbTEpHATUBOW SBISIOTCS KEPHOIPUEMHBIE YCTPOWCTBA C
KEpHOBATEJISIMU YIJIOBOTO M3BjIedYeHus (oTiaoma) mpod Ha ocHoBe KOC PUD YKP-
195-120 (mm6o KOC JlaitHep) ¢  wucnoib3oBaHWeM  (PuOEpriiaccoBbIX

KEPHOIIPUEMHBIX TPYO WJIM aHAJIOTHUYHbIC 3apyO0e)KHbIE PEIICHUS.

__UAHrOBbIN NEPEBOAHHK BAHOHET
KEPHOPBATENb| -UEHTPATOP [ o0 1ua wioBbIN
5 YPIrOMOBKA BTYIKA KEPHOPBATENb

HAKOHEYHHK | [\TORNHIFAT / / kopnyc

HAKOHEYHHK  KEPHOIPHEMHHK nogBF(HAW KOMbUO

/6AHOHETA — / 0NoPA CTOMOPHOE NPOBKA_
NEPEBOAHUK [ ranka

4 UEHTPATOP / PErmuPoanuHA? / %  NEPEBOJHHK

AHAOPATMA

Pucynox 2.5 - cxema kepHooTO60pHOTO CHapsaa «Pud» ¢ uzonsimueit
KepHOBOT0 MaTepuaia [1]

YT00BI IOBBICUTH 3()D(EKTUBHOCTH TOTYUCHHUSI KEPHOBBIX 00PA3I0B BYKHO 3HATH
Te0JIOTMYECKHE OCOOCHHOCTH paspesa M €ro COCTaB MOpPOJ, I BEIOOPA ONTUMAIIBHBIX

THIA U KOHCTPYKIMU KaK OypOBOT0, TaK U KEPHOOTOOPHOTO 00OPYI0BAHMUSI.

2.1.3 Pemienue npo6JieM npu noabemMe cJ1ad0CueMeHTHPOBAHHOTO KePHA
Jiist penienust mpoOIeMbl pa3pyIeHUH KOPHA TIPH €r0 MOIbEME U3 CKBAKUHBI
HEOOXOJMMa KOHCEpBAaIUsl KEPHOBOTO MaTepuaiga C COXpPaHCHHEM YCIOBUH

MaKCUMaJIbHO OJIM3KHUX K HCXOAHBIM B IIIACTC. HOI[O6HO€ BO3MOKXHO IIpH
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WCIIOJIb30BAaHUHU JIBYX CTEHOYHBIX KEPHOMPHUEMHBIX TpyO u3 ¢ubepriacca wiu
ATIOMUHUSL U CIELHMATIBHOIO KepHONpHeMHOro obGopynoBanusi, Hampumep KOC
«Pud».

JIOTIOTHUTENIBHO MOXHO TIOBBICUTH BBIXOJ KepHa IyTeM pacyeTa
MaKCHMaJbHO JOMYyCTUMOH CKOPOCTH TOJbEMa KEPHOOTOOPHOTO CHapsia ¢
00pa3IioM ¢ yU4eTOM TOYKH pa3ra3upoBaHUs U ra30Boro dakropa dirona B 00pasie
KepHa. [laHHbIE OrpaHWYEHUS MPU3BAHBI MPEAOTBPATUTH Pa3pyIICHHE KEPHOBOTO
oOpas1ia B CBS3U C BbIXOJIOM (Puirou10B U3 HETO. B 0COOEHHOCTH A3TO AOJKHO OBITh
YUTEHO MPH OTCYTCTBUU BO3MOKHOCTH MOJIHOM KOHCEPBAIIMK KEPHA C MOMEHTA €ro
otOopa u 70 mpruema oopasios B 1abopatopun. [To nanusiv Colin McPhee, Senergy,
UK, m1s HedTeHaChIIIEHHBIX KOJUIEKTOPOB PEKOMEHJAOBaHA CKOPOCTh MOAbEMA C
32005 ckBaXuHBI 240 METPOB B yHac, IpHu nojabeMe 10 riayounasr 150 merpos - 120
MeTpoB B uac. Haunnas ¢ rmyOunsl 150 meTpoB — 36 MeTpoB B yac.

[Tomumo 3TOTO, BO M30€)KaHUE AepopManu TpyObl ¢ KEPHOM IIPH €€ CITyCKe
CO CTOJIa POTOpa HAa MPUEMHbIE MOCTKH HEOOXOJUMO HCIIOIb30BaHUE JACPEBIHHOM
WIM METAIMYECKON YKIaJ0YHOW paMbl, NpeloTBpallarmme nporud TtpyObl u
nedopmalliio KepHa BO BpeMsi ee ciiycka. [Ipumepbl KepHa MOCie pa3jiudHOro

CIyCKa TpyOBI MPE/ICTaBIICHBI B MPUJIOKEHUU B.

2.1.4 Pemienue npo0.ieM NpHU NMOAr0TOBKE KEPHA K TPAHCIOPTHPOBKeE

CornacHO CTaHJApPTHOW TEXHOJIOTHMH, TPYObl OJHOKPATHOTO MPUMEHEHUs
nocje MoabEMa U3 CKBAXKUHBI Pa3pe3aroTcsl C UCMOJIb30BAHUEM JUCKOBBIX MUJ C
auaMeTpoM aucka 355-360 MM Ha METPOBBIE OTPE3KH, YTO MOKa3aHO Ha Pucynke
2.6. Haubonee >xenaTenbHO HCIIOIB30BAHKUE JICHTOYHOMMIBHBIX CTAaHKOB BMECTO
OTPE3HBIX CTAHKOB, B CBSI3M C MEHbIIEH YJapHOW HATPYy3KOW B IIPOLECCE PE3aHUS
KepHa 1 Ty0yca, a Tak)Ke MEHbIIIEH BUOpAIlMOHHON Harpy3Ke B Ipoliecce pesa.

Koniipl monyuuBIIMXcsi TyOyCOB 3aKpbIBAIOTCA KPBIIIKAMU JUAMETPOM,
COOTBETCTBYIOIIMM JTHAMETPY TPYO, U GUKCUPYIOTCS XOMYTaMH, 4TO 00eCIeunBaeT

3alUTy KEpHa OT BBICBIXaHMS W paspylieHus. [Ipu coOmroneHun TEXHOIOrUU
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orbopa B (ubepriaccoBbix TpyOax c1ad0 KOHCOJMIUPOBAHHBIM, PBIXJIBIH,

TpGH.[PIHOBﬂTBIfI KCPH COXPAHACTCA B HCUSMCHHOM COCTOSAHUU.

Pucynox 2.6 — Pa3pe3anue kepHOBOil TpyObl HA AUCKOBOM MHIIe

Jnist pemieHuss mpoOJieMbl pa3pyllieHUss KEPHOBOTO MaTepuaia B XOJe
TPAaHCHIOPTUPOBKHA HEOOXOAMMO HCIONb30BaTh CErMEHTUPOBAHHBIE TYOyChI, a
TaK)K€ MPOBOJWTH KOHCEPBAIIMIO KEpPHA MyTEM 3alOJHEHHUS TPYO C KEPHOBBIM
MaTepraJioM  CTAOWJIM3UPYIOIIMM  WHEPTHHIM  areHTOM. OJTO  TO3BOJIUT
NpeAOTBPaTUTh MOBpEXKIeHUs U Aedopmaliio odpasia mpu TpaHCIOpPTUpOBKe. B
KauyecTBe (PUKCHUPYIOMIMX COCTAaBOB BO3MOXKHO NPHMEHEHHE TOJNYpPETaHOBOMN
NIEHbI, HEMOJSPHOrO0 Maclia WM TOJUAKPUIAMUIHOM MacThl, THIICOBAas CMECh
(mpumepom sBJIsETCS cocTaB kKommaHwii «Reslab» coBMecTHO ¢ kKoMmaHUsSMU
«Norske Shell», «Norsk Hydro», «Norsk Agip»). JlocToMHCTBa M HEIOCTATKU
Pa3IMYHBIX CIIOCOOOB KOHCEPBALMK KEpHA NIEPE]l €r0 TPAHCIIOPTOM MPECTaBICHbBI
B IpujIoKeHuu I .

I[Ipu mogdope KOHCEPBUPYIOIIMX COCTAaBOB HEOOXOIMMO COONIOIATH
HECKOJIBKO 00s3aTeIbHbIX YCIOBUM: COCTaBBI JOJKHBI OBITH O€30MAaCHBI, JIETKO
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YAAQISATHCA U HE U3MEHSTh COCTaB U CBOKCTBA nopo. Mcxoas u3 coctaBa KEPHOBOTO
Marepuala, ONTUMAJIbHBIM CIIOCOOOM SIBJISIETCSI UCIIOIb30BaHUE TUTICOBOM CMECH,
KaK MHEPTHOTO areHTa, KOTOPBI MOXET OBITh JIETKO yJajeH u3 o0pa3iia mopoIbl,
IIPY 3TOM HE OKa3bIBAIOIIMM HUKAKOTO BO3IEUCTBHS Ha oOpa3zel. Tak:ke BOZMOXKHO

IPUMEHEHUE TIOJINYPETAaHOBOM TIEHBI, 3aKa4YaHHOM IO/ TaBJicHHeM, PucyHok 2.7

Pucynok 2.7 — KoncepBanust KEpHOBBIX TyOyCOB OJUYpPETAaHOBON CMOJIOM.

ANbTEpHATUBOW  sBISCTCS KOMOMHHUPOBaHHas 3aMOpO3Ka KepHa C
UCIIOJIb30BAHUEM KHKOTO a30Ta C MPEABAPUTEILHBIM MPUMEHEHHEM (PHUKCAIIUH
kepHa o texnosioruu «Plastic stripy (PucyHnok 2.8). lenb npuMeHeHuUs MOA00HBIX
TEXHOJOTUH — MUHHMHU3AIMS CMEUICHUS KepHAa OTHOCHTENBHO APYr Jpyra 0e3
UCIIOJIb30BAHUS KOHCEPBUPYIOIINX COCTABOB, & TAKKE CHIKECHHE BIMSIHUS yIAPHBIX
Harpy30K Ipu TPAHCTIOPTUPOBKE KEepHa.

Heo0OxoaumMo y4HTHIBaTH, UYTO MPHU TeMIlepaTypax 3amMOpo3ku Hike -35°C
HAYMHAIOT MPOMCXOJNTh W3MEHEHHUSI CTPYKTYPHI MOPOJI B OTOOPaHHBIX 0Opa3iiax
kepra. CoriacHo wuccienoBanuto kommnanuu IllmomOepke [3], mpenckazanus
U3MCHEHHI CTPYKTYPbl B KEPHOBBIX 00pa3iiax mpu Ttemmeparypax Huxe -50°C
SIBJISICTCSI KpaliHe MPOOJIeMaTUYHBIM. B CBS3U ¢ 3TUM, 3aMOPO3Ka C UCTIOJIb30BAHUEM

XKUAKOTO azora o -197 °C MOXeT mpUBECTH B JajIbHEHIIEM K 3HAYUTCIHBHOMY
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W3MEHEHHUIO Pe3yJbTAaTOB B XOJie JIAOOpaTOPHBIX HccheaoBaHuil. Bo3moxkHOU
aTbTEPHATUBON MOXKET SIBJIATHCS IIIOKOBAS 3aMOPO3Ka KEPHOBBIX 00Pa31I0B, OJTHAKO

10 €€ MPUMEHEHUIO WK alpoOUpPOBaHUIO HE ObUIO HaiieHo HH(OpMAIIHH.

T
o

Pucynok 2.8 — Crabunusarus kepHa mo trexnosioruu Plastic Strip (Baker Hughes)

Kpome Toro, npu gocraBke c1aboClieMEHTUPOBAaHHOI'O KEPHOBOT'O MaTepHaa
HEOOXOJMMO  HUCIOJB30BaTh  CHEIHAJbHbIE  SIIUKA CO  BCTaBKaMu U3
AeMI(UPYONMX MaTepualioB U BbIpe3aMH 1oja TyOycel ¢ KepHOM. Ilpumep

no1I00HOTO sIIKKa npeacTasieH Ha Pucynke 2.9.

Pucynox 2.9 — CneninanbHbIN SUTUK TSI TPAHCTIOPTa KEPHOBBIX TYOYCOB €
JIeMII(UPYIONTUM HATIOJHUTEIEM
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IIpy mcnonp30BaHMM CTaHIAPTHBIX SIIMKOB U3 JEpeBa WIM YIAPOIPOYHOIO
IJIACTHKA,  HEOOXOAMMO  JIONOJHUTEIBHO  NPOJOKUTH  HUX  JHUCTaMH
aMOPTH3UPYIOLIETO MaTepuaia, HapuMep IUIOTHOTO MOposioHa ToimmHon 15-30
MM. B ciyuae ¢ 3aMopo3koii kepHa HEOOXOIMMO TPUMEHSTh TEPMOU30IUPOBAHHBIE
MUK W TEPMOU30JIMPOBAHHBIN TPAHCIOPTHBIA KYHI, KOTOPBIM obecreuut
ONITUMAJIbHBIE YCIIOBUS JIJIsl TPAHCIIOPTUPOBKHU 00pasnos. [5,10].

TpancnoptupoBka KepHa 10 jaboparopuu [Uisl JajbHEMIEro aHanusa
BO3MOYKHA C UCIIOJIb30BAHUEM I'PY30BBIX MAIINH MNPH HATUYUU XOTS Obl TPYHTOBOM
JIOPOTH U HEOOXOAMMOM TPAHCMOPTHON WHEGPACTPYKTYpHI. ANBTEPHATUBOM, MpHU
HEBO3MOYKHOCTHU SIBJIIETCA JOCTaBKa KEPHOBOI'O Marepuana € HUCIOJIb30BAHUEM

BEpTOJIETa A0 ONMKAaUILIEro TPaHCIOPTHOTO MYHKTA.
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2.2 PaGoTta c kepHOM B J1abopaTopuu

2.2.1 llpoBeieHHe NPHUEMKH KepHAa

Ha  Bcex a3ramax  paboT ¢  HEKOHCOJUIUMPOBaHHBIM  (cyabo
CLIEMEHTHPOBAHHBIM) KEPHOM HEOOXOJUMO IOJHOCTHIO HCKIIIOYUTH YJapHbIE
BO3JIeHCTBUSI Ha TyOyChl ¢ KEpPHOM M Ha caMm KepH. [locie mocryruieHus KepHa

HE00X0IMMO TIpoBeCTH ero nmpueMky. [lopsgok padoT onucan B Tabnwuie 2.2

Tabnuma 2.2 — [Mopsinok mpoBeaeHHs MPUEMKHA KEPHOBOTO MaTepuana

Ne BrimonnsemMbie paboThl Ha TAHHOM IIare

1 CpaBHUTH KOJMUYECTBO KEPHA CO CBOAKOM 1O 0TOOPY KepHa (aKTOM MpHeMa-niepeaayn), 1
yOequThCs, 4TO KEPHOBBIM MaTepual He ObUl yTepsiH BO BpeMsl TPaHCIOPTUPOBKHU.
VYkazaTh Bce MOBpPEXICHHUA M JedopMaluy KepHa, MOJyueHHBbIE BO BpeMsi pabOoThHI C
KEpPHOM Ha CKBaXXMHE U BO BPEMs TPAHCIIOPTUPOBKH.

2 IIpoBepuTh Ha MpeAMET COOTBETCTBHS C CyMMAapHOM ITyOMHOM HyMEpaLuio U MOPSA0K
TPAHCIOPTHBIX KOHTEHHEPOB.

3 [IpoBepuTh HaMM4YKEe MapKUPOBKHU TyOYCOB.

4 OueHuTh repMETUYHOCTh TYOYyCOB.

5 ITo okoHYaHHK OCMOTpa KEpHA COCTAaBUTh aKT OCMOTpa KEpHA B JIBYX SK3EMIUIIpaX.

2.2.2 TloaroToBKa KepHA K HCCJIeI0OBAHUAM

Ha nauansHOM 3Tamne paboT mocie 3aBepiieHus mpoliecca MPUeMKH KepHa U
perucTpanuy MOJYyYEHHbIX 00pa3loB B 0a3ze AaHHBIX HEOOXOAMMO MPOBECTU
MOJITOTOBUTENbHBIE MeponpusTHs. Llenbio npoduIbHBIX TOATOTOBUTEIBHBIX pabOT
ABIIAETCS TOJlydeHre MHPOpMalMK O KayecTBe KepHa, o ero mpussizke k [MC,
BBINIOJIHEHHWE TOATOTOBUTENBHBIX PabOT JUIsl TPOBEIEHUS HCCIIEIOBAaHUM,
yTOuHEHHE MecT otOopa o00pa3noB. OCHOBHBbIE pPabOTHI, KOTOPHIE JOJKHBI

o0ecrneunTh TpeOYEeMbIi pe3ybTaT [0 UX 3aBEPIICHUIO ITpeCTaBlIeHHbIC B Tabmule

2.3:
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Tabnuna 2.3 — [Topsii0k TOArOTOBKM KEPHOBOTO MaTepuala K UCCIEIOBAHUSIM

Brinmonasemsie pa6OTBI Ha JaHHOM HIare

Tomorpadus kepHa, sKkcrpecc 00paboTKa pe3yIbTaToB;

[TpodunpHBII raMMa-KapoTaxK;

VBsa3ka kepHa k pezynbraraM [ MIC, otnpaBka pe3ynbTaToB 3aKa3duKy;

YTOouHEHNE OPUEHTUPOBKYU KEPHA 110 HAIJIACTOBAHMUIO;

gl B W N

YTounenune MmecT oTO60opa 006pasIoB Ha:
e OmnpenencHue HePTEBOJOHACKHIIIIEHHOCTH (€CIIM 3TO HE CIIEIAHO B TIOJIE);
¢ OnpezneneHre reoMeXaHMYECKUX UCCIIEIOBAaHUNA Ha MOJTHOPa3MEPHBIX 00pa3iax;
e UsroTtoBneHue 0Opa3ioB METOIOM B/IaBIMBaHUs (BRIOYpUBAaHUE HA «CYXYIO»);
e 3roroBieHHE CTAaHIAPTHBIX 0OPA3IOB C 3aMOPO3KOI;
e 3roroBneHue 00Opas3IoB Ha MOTOKOBBIE SKCIICPUMEHTHI;
e ll3roroBneHue cTaHIAPTHBIX 0OPA3IOB JIsI TEOMEXAHUYECKUX MCCIEIOBAHUN (C

pa3Mepamu B COOTHOILICHUHU AUaMeTpa K aiauHe 1:2);

B cootBercTBUM ¢ TpeOOBaHUSMHU MPOTPAMMBbl MEPBBIMH H3TOTABIMBAIOTCS OOpa3LIbI
METOJIOM BJABJIMBAHUS HAa HE3aMOPOXEHHOM KepHe (a Takke oOpaslibl MO TEXHOJIOTUHU

BBIOYPHBAHUS HAa «CYXYIO»);

Ilocne 3aMOPO3KH KCPHA U3IrOTaBJIIMBAKOTCA 06pa3I_U>I JJI TIOTOKOBBIX SKCIICPUMCHTOB,

[IpoBoaHTCS pacuiIOBKa KEPHA,

®dororpadupyercs KepH B 6€JI0M U yIbTpaduoIeTOBOM CBETE;

10

H3roraBnuBaroTcs CTaHJapTHBIC o6pa3u},1, a TaKXcC 06pa3I_ILI JJId TCOMCXaHUYCCKUX

HUCCIIENOBAHUN

11

Boinonusiercs nocioiiHoe (Ipy He0OXOIMMOCTH CEAMMEHTOIOTMUECKOE) ONTMCAHMUE;

12

OTpa60TaHHBII>i KCPpH IMOMCHIACTCA Ha JOJIOBPEMCHHOC XPAaHCHUEC B 3aMOPOKCHHOM

COCTOSIHUM KPUOKYHT (Ha repuoa Ao 6 Mecsues, TeMieparypa -25 °C).

2.2.2.1 Tlonyuyenue nepBu4IHO MHGOPMAIIUM 0 KEPHOBBIX 00pa3max

Tomorpapuss  pexomeHgOoBaHa K  OOSI3aTEIBHOMY  HCIIOJIB30BAHMIO

skcniepramu BP, CoreLab, Weatherford, Shell. B kauectBe obopynoBanus ams ee

MPOBEJICHUS MOXXET OBITh HCIIOJIb30BaH peHTreHOBCckui Tomorpad HD360-16

koMmmanuu «Universal Systemsy wiu ero aHaor.

Tomorpadusi HEKOHCOIUIUPOBAHHOTO KEPHA JOJDKHA PEIIUTH CIEAYIOIINE

3aJadu:
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e KoHTpoib KauecTBa OTOMPAEMOro KEpHa
e VYrouHenue npuBs3ku kepHa K [UMC (ciioxHble HWHTEpBAIBI, C
HEOJHO3HAuYHOH yBs3KoM no npoduibHoMy 'K)
e OpueHTUPOBKA KepHa MO HAMIACTOBAHUIO
e BriOop wuHTEpBaJIOB i M3rOTOBJIEHUA OOpas3lioB  METOJIOM
BJIaBJIUBAHMUSI
e BriOop nHTEpBaIOB JJIs1 U3TOTOBIICHUS MTOJTHOPA3MEPHBIX 00pa3IoB
e Bribop Mect oTO0pa 00pa3oB AJis MOTOKOBBIX IKCIIEPUMEHTOB
e Bribop MecT oTOOpa cTaHAAPTHBIX OOpPAa3[OB HA I€OMEXaHUYECKHE
UCCJIeIOBaHUS
e Bribop mecT orOopa CTaHAAPTHBIX OOPa3IoB JJisg NMETPOPU3UICCKUX
HCCIIEIOBAaHUM
B kauecTBe craHmapTHON (QOpMBI OTUeTa B KOHIE PabOT TOJIKHBI OBITH
npeaocTaBieHbl poTorpaduu Mo KaxxaoMy TyOyCy BJIOJIb OCH KepHa (B MJIOCKOCTAX
XZ v YZ) n nepneHuKyIsipHbIE CPe3bl B HaN00JIee MHTEPECHBIX yUacTKax (0T 2 10
10 cpe3oB Ha 1 metp). TekcToBas yacTh OTUETa JAOKHA COJIEPKATH OMpeIeTICHUE
PEHTT€HOBCKOM IJIOTHOCTU BJOJb KEpPHA, KAYECTBEHHYI0 M KOJUYECTBEHHYIO
OLIEHKY TpenmH, uHopMamus o HaruiactoBaHuu. [21]. Tlpumep pesynbTaToB
ToMOrpaduyeCcKor CheMKHU MPEACTABICH B MPUIIOKEHUH [
[Toctpoenue cTpykrypHbix 3J[-mMojnenelt kepHa Ha ocHOBe (ororpaduid,
MOJIYYCHHBIX B X0JI€ TOMOTpaduu TEOPETHUYECKH BO3MOXKHO, OJHAKO HE OBLIO
oOHapy>keHO 000PYI0BaHUS WM MPOTPAMMHOTO 00€CTeueHUsl, KOTOPOE MOIJIO Obl

pcain30BaTh JaHHYIO 3aaa9y AJI I[EIJ'IBHC?IHICFO HCII0JB30BaHUA B MOACIIMPOBAHNN

2.2.2.2 llpuss3zka kepHa k n1anabiM I'MC

s mpoBenenust mpuBsizkd kepHa K gaHHeIM [MIC um rimybmae otbopa,
HEO0OXOMMO TMPOBECTH M3MEPEHUE E€CTECTBEHHOW pPaJMOAaKTHUBHOCTH KepHa. J[is
BBITIOJTHEHUS JaHHOM 3a]]Ja4i MOKET OBITh UCTOJIb30BaHO 00opynoBanue SPGL-300

komitanuu «Core Laboratories Instruments» wiu ero anaor.

42



CkopocTh JABUXKEHUSI KEpHA OTHOCHUTENIBHO JIETEKTOpa IpPU H3MEPEHUSX

pEeKOMEHJ0BaHO  ycTaHaBiuBaTh B  jauanazone  0.1-0.15 wm/Mun  gnd

CHa6OKOHCOHI/II[I/IpOBaHHOFO KCpPpHa C HCJIbKO IOBBIMICHUA KadCCTBA PC3YJIbTATOB

HCCIICAOBAHU:.

HccaenoBanus MeTO10M raMmma-KapoTaxa peuiacT CJICAYIOMUC 3aJa4n:

Onpenenenue obmieH (cymmapHoi) pagnoaktuBHocTH (API),
OnpeneneHue colepKaHUsl paJuOaKTUBHBIX 3JeMEHTOB Kanus (%),
ypasa (ppm), topust (ppm)

OnpeneneHrue IUIOTHOCTH —HCCIEIyeMOro KepHa (ramMMma-ramMma
KapoTax)

CpaBHeHUE U BBINIOJIHEHUE YBSI3KU KPUBBIX 10 KepHY ¢ KpuBoi 'K no
I'cC.

[IpoBeneHne KOPPEKTUPOBKHU MOTYUECHHBIX PE3YyJIbTATOB I10 TIIYOUHE, C
LUETbI0  MCKIIOYEHHUSI  MOTPEIIHOCTEM  BBI3BAHHBIX  HAIUMYHEM
TPAHCIIOPTHBIX 3arjiymiek Ha TyOycax (OIpUBOAUT K (PUKTUBHOMY
YAJIMHEHUIO KOJIOHKHU KEpHA) U MPUBA3KA KepHa K ri1yOuHe OypeHus u
I'cC

Co3nanve CBOJHOTO JIUTOJIOTO-NETPOPU3UYECKOTO IIJIAHIIETa C

OIMMCAaHUCM PE3YJIbTATOB UCCICAOBAHNA.

B kauectBe cranmapTHON (OpMBI OTYETa CO3/AETCs TAOJIMIIA U3MEPEHHBIX

napamMeTpoB KepHa C MPUBA3KOW K OIMpEAENICHHON TIyOMHE, a TaKKe JIMTOJIOro-

neTpou3ndecKnii TUTAaHIIET C MPUBSI3KOM KEPHOBOTO MaTepralia K TiTyonHe oToopa

u I'nC.

2.2.2.3 TloaroroBka cJa00KOHCOJIHIMPOBAHHOI0 KepPHA K NMPOBEAECHHIO

HcCJeI0BaHNH

B xaxnoil HedTsHONW KOMIAHUU U 1a00PaTOPHBIX LEHTPAaX MUMEIOTCS CBOU

YCTOABIIUCCA ITPAKTUKHU pa60T C HCKOHCOJIMAUPOBAHHBIM KCPHOM, OJJHAKO B CBA3H

C OTCYTCTBHUCM B OTCUCCTBCHHLIX PCIIIAMCHTUPYIOININX JOKYMCHTAX peKOMeHI[aHI/Iﬁ
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10 TMPOBEACHUIO HCCIIEIOBAHUNA HEKOHCOJHMIUPOBAHHOTO KEpHA, OBLIO MPUHSITO
pemienre B3ATh 3a ocHOBY APl PR40, kak JgokymeHT, HauOoJjiee IOIHO
OTHMCHIBAIOIINIA PEKOMEHTyeMbI€ TPAKTUKHU Pa0OT.

BaxxHO OTMETHTB, YTO YCTOSBIIMXCS PEKOMEHJAIMA B OTEUYECTBEHHOMU
MPaKTUKE IO TMOATOTOBKE KEpHA K M3TOTOBJIEHUIO 00pas3IoB U3 3aMOPOKEHHOTO
kepHa HeT. CTeTneHb BIMSHUS 3aMOPO3KH Ha (PHIIHTPAIIMOHHO-EMKOCTHBIC CBOHCTBA
o0pa3IoB TOPHBIX MOPOJ B TIOJHOW Mepe He H3y4deHa, HO B IyOJIUKAIUAX
OTMEYaeTCsl, YTO 3aMOPaKMBAHNE U3MEHSIET BHYTPEHHIOIO CTPYKTYPY 3€pEH, BIIUSIS
HAa TIPOHUIIAEMOCTh M TMOPHUCTOCTh HEMpeACKa3yeMbIM crocobom. bricTpas
3aMOpO3Ka BEJET K BBICOKOM pa3HUIIE TEMIIEPATYp MEXKIY IMOBEPXHOCTHIO U
BHYTPEHHEW 4acThi0 0Opa3IoB, MOBbIIIAS JABICHUE B Mpeaenax oOpas3loB U, B
UTOre, MPUBOJIS K BOSHUKHOBeHHUIO TpemmuH [9, 10].

3apyOexHbie uccieaoBaTenu PEKOMEHIYIOT CJICIYIOIIY IO
MOCJIEIOBATEILHOCTh: CHadala KepH 3amMopakuBaeTcs 10 TemmepaTypsl -250C,
3areM g0 Temmepatypel -570C wmmum pmaxe go -80 [7, 9, 10]. CormachHo
pexkomenaarusam komnanuu LlnromGepxe, 3aMOpo3ka KEPHOBBIX 00PA3I0B JOJIKHA
OpOXOAUTh  TMpU  TEMIepaTypax  He  HuWxe  -35  TpagycoB s
C1abOCIIEMEHTUPOBAHHBIX  KOJUIEKTOPOB. OJTO  CBA3aHO CO  3HAYUTEIBHO
YBEIMYHUBAIONIMMCS BJIMSTHUEM HHU3KHX TEMIIEpaTyp Ha TOPOBYIO CTPYKTYpPY
00pa3oB MpH MepeceUeHU! JaHHOM TeMIepaTypHoit oTMeTkH [3].

B TOo e Bpems, afis TPOBEACHUS DKCIPECC-UCCICIOBAHUN 3a4acTylo
MPUXOIAUTCS MCIIOIB30BaTh JKUAKAM a30T. [JIaBHBIM MHHYC 3Tana 3aMOpPO3KH B
YKUJIKOM a30Te — 3TO pa3pylIeHUue MPOYHOCTH 3€PEH CKeJIeTa U TJIUMHUCTBIX YaCTHI]

XpaHeHue 3aMOpOKEHHOTO KEepHa Ha JJIMTEIbHBIM CpPOK (TOpsAlKa IIECTH
MECAIIEB) TMPEANOJaraercss BECTH B  CICHHAIU3UPOBAHHOM  TEPMOKYHTE,
XOJIOAWIbHAS YCTAaHOBKA KOTOPOTO IMO3BOJIMT MOAACPKUBATh TemmepaTtypy -35°C

KPYIJIBII TOJT
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2.2.2.4 PacninjioBKa KEPHOBOI0 MaTepuasia

Jlns u3rotoBiieHUsT OOpaslloB KepHa [JIs MPOBEACHUS HCCIEA0BaHUMN
HEOOXOJIMMO MPOBECTH PACIMIIOBKY KEPHOBBIX LWJIMHAPOB MOCJE 3aBEPIICHUS
nporiecca 3aMopo3Ku. Mcrnonap30BaTh AJIsl paCHIIOBKYA PEKOMEHA0BAHO JICHTOYHYIO
MUY B CBSI3U C YUCTHIM PE30M, BO3MOKHOCTBIO pachuia OONBIIMX JUAMETPOB
00pa31oB, BEICOKOM CKOPOCTBHIO ¥ MaJO yJapHOIl HAarpy3KOM Ha KEpH.

PacniunoBka TyOycoB ¢ KEpHOM NpOBOAMUTCS B cooTHomeHun 1:3. Cxema
pacnwioBKM mpenctaBieHa Ha Pucynke 2.10. Ilpm HEoOX0auMOCTH, TOCIHE
BBIOYpHUBaHUS 00Pa31l0B MOXKHO C/eNaTh BTOpo# crui. [lomyduBiiascs yacTh crimia
tonmuHon 1 mroiiM (2,54 cMm) momeniaeTrcs Ha IUIOCKHM JOTOK M 3aJUBacTCA
MPO3PAYHON SMOKCUIHON CMOJION. [1omydeHHbIN cpe3 KepHA MPEHAa3HAYACTCS IS
JOJITOBPEMEHHOT'0 XpaHEeHUs. XpaHEHHE TOHKUX CPE30B SBIISIETCS 00Jiee BBITOAHBIM
C TOYKHM 3pEHHUs IO YacTH 3aTpaT Ha 3aHMMAaeMble IUIONIaJU, HO UMEET Ooiee

BBICOKHC 3aTPAThl Ha €€ BBIIIOJIHCHUC.

. ) ( ‘
i5:

Pucynok 2.10 — CrangapTtHas (10 IIEHTPY) U CHeHaibHas (CrpaBa) CXEMBbI
pacuiIOBKH KEPHOBBIX TyOycoB [21]

OO6pa3er (2/4) 06epTHIBAIOTCS MOIUITUICHOBOH TJICHKON BMECTE C TyOycOoM,
c obs3arenbHON (puKcanyedt U momMeniaeTcss o0paTHO B MOPO3UIIBLHYIO YCTaHOBKY.
Tpetbs 1/4 ToscTas 4acTh sApa BXOAUT B 001acTh (poTorpadupoBaHusi, MOCIE YETo
OHa MOMEIIAETCS B MOPO3UJIbHYIO KaMEpy aHaJOTMYHO nepBoi yactu. OcraBiasics

9aCTb UCIIOJIB3YCTCA JIA 0T60pa o6pa3u013 HJIN PYTUHHBIX I/ICCJICI[OBaHI/II\/JI.
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2.2.2.5 BopinojiHeHHe 0TOOpa 00pPa310B /1JIsl HCCJIeI0BAHU M

O6nactu OypeHusi 00pa3loB ONPEIESIOTCS C MOMOIIBIO aHalu3a JIaHHBIX
KOMIBIOTEPHON TOMOTpaduu U aHaiu3a KepHa ¢ npusszkoi kepH-I'IC no nanHbIM
ramMma-kapotaka. OcoOeHHO Ba)XHO Ha JaHHOM dTalle YTOYHUTH HAIMpaBlieHUE
HartacToBaHusa. HeoOX0uMo BBIJICIMTh OCHOBHBIC JIMTOTHUIIBI, BCTPEUYAIONIUECS B
KepHe. B kaxaoM nuToTune HEOOXOAMMO BBIIOJHUTH OTOOpP OOpas3OB METOJIOM
BJIABJIUBAHMUS. Ecnu KauecTBO OTOOpaHHBIX o0pasIioB SIBIISIETCSI
HEY/IOBJICTBOPUTEILHBIM, TaKWE€ WHTEPBAIBI OTMEUAIOTCS Kak IICJICBBIC IS
BBIOYpUBaHUS 00pa3Il0B aJIMa3HBIMA KOPOHKAMU CTAHJIAPTHBIX JUAMETPOB TOCIE
3aMOpaKUBaHUs KEpHa JKUJKUM a30ToM. TumuyHas cxema orOopa mpod KepHa

nokasana Ha Pucynke 2.11.

R K1-A K1:2 K1.8
% O OO0 PLOOO OO
/= g $ ;5 N
/.r/ / | I‘\ = N\
f/ 3 | 3 \ N\

“/,,I « ”"? ; Il‘ ;3 \ \ 2 3 N
Fopu3oHTanbHel  OBpasibl Obpasus Ans OT60p 06pasLoe BLIbypuBaHem O6pasust Ana
W BepTHKanbHbin otbupaembie obuux recros nocne 3aMoposku Ansi onpeaenenus  ObLLKMX TecToB
obpa3ubi BbiA@BNUBAHNEM MOPUCTOCTH W NPOHULIAEMOCTH

Pucynok 2.11 — cxema or6opa 00pa3IioB KepHa C OAHOT0 MeTpa mopo sl [21]

B nmpakTeke paboT MO HCCICIOBAHHUIO HEKOHCOJIMIUPOBAHHOTO KepHa
NPUMCHSIOTCS JIBE OCHOBHBIC TEXHOJOTHMH HW3TOTOBJICHUS O0OpasmoB IS
JaJIbHEHIINX HCCIICIOBAaHUI - METOJ BJaBIMBAaHUS U BBHIOYpHUBaHHEC OOPA3IOB C
OXJTAKICHUEM KUIKUM a30ToM [7].

MeTon BHaBIWBaHWS TIPUMEHSETCS TPU HM3TOTOBICHUU O0OpasloB U3
HE3aMOPOXEHHOTO KepHa. CraHaapTHas MpoleAypa H3TOTOBJIICHUS 00pa3IioB
METOJIOM BJIaBJIUBAHUS OCYIICCTBIISICTCS CICAYIOIUM 00pa3oM:

e [lepdopanus TyOyca Ha TOJIUHY €r0 CTCHKH
e QOumncTKa KepHA OT TJIMHUCTOW KOPKHU

e [lorpyxeHue TOHKOCTEHHOTO TUTYHXKEpa B KEpH A0 yropa
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e [lnyHXkep ¢ KEpHOM U3BIICKAETCS U MOTPYKAETCS B KUJIKUN a30T

e [locne Harpesa IIyHXepa Ha ra3oBOM ropeske oOpaser u3BJeKaics u
MOMEIIAJICA B  PE3UHOBYIO Mamxkery ((oabery), mno Topuam
3aKPETUISIOTCS. CETOYKH, BBIMOJHSIONME 3amuTHy0 QyHknuo [30].

[Ipumep peanuzanuu npeactasieH Ha Pucynke 2.12.

Thermoresistant paper

250-micron 250-micron

metal net metal net

100-micron 100-micron
metal net metal net

Pucynok 2.12 — YmakoBka KepHOBBIX 00pa3ioB [7]

B nacrosimmee Bpemsi OgHMM M3 HauOoJee COBEPIIEHHBIX YCTPOWUCTB LIS
BBIIIOJIHEHHSI TakuX paboT, sBusercs obopynoBanue ¢upmer  “ErgoTech”
(Benukobpuranus).

Meton BaaBiAMBaHUS MMEET OrPAaHWYCHHs TI0 TMPUMEHUMOCTH Ha
HEOJHOPOJHBIX, CJIOUCTBIX Y4YacCTKaX KEpHa, KpOME TOro, MpH H3TOTOBICHUU
HEM30€XKHO NMPOUCXOAMUT YIUIOTHEHHE IMOPOJbI B TOPLEBBIX ydacTKax 00pa3ioB
(cTemeHp YIJIOTHEHUS cIab0 TOJAeTCsl KOHTPOJI0). BakHO OTMETHTH, UYTO
HEKOHCOJIMIUPOBAHHBIN KEPH, B CBOIO OUYEPE/Ib, Pa3yIIOTHIETCS MPU NPOBEIECHUU
paboT o oTOOpy KepHa, U CTENEHb €ro Pa3yIUIOTHEHUS HE MOIAETCsl KOHTPOJIIO.

[Ipy HEBO3MOXXHOCTH H3TOTOBJICHUS OOpPAa3IOB METOJOM BJABIMBAHUSA
HEOOXOJMMO  OCYIIECTBUTH  HM3rOTOBJEHHME  00pa3loB C  NPUMEHEHHEM

KPHUOTEXHOJIOTUIA:
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OOpa3ipl KepHa BBIOYPUBAIOTCS C MOMOIIBIO TOJIaYU KHUAKOTO a30Ta Kak
NpaBWIO TMOJ JaBiICHHEM 2 aTM., Ha (PEe3epHbIX CTAHKaX MPOMBIILICHHON
KaTeropuu, 00JaJAFONINX MOTOpPaMU OOJBIION MOIIHOCTH, HU3KOW BUOpamuer u
WCTUHHOM OChI0 BpalieHus. J{s 6ojee KauecTBEHHOr0 BHIOypUBaHUS HEOOXOIUMO
00eCreYnTh LUPKYJSIHUI0 KUJIKOTO a30Ta 4yepe3 KOPOHKY, C LENbl0 yAaJeHUS
YacTHUIl KepHa M o0ecreueHusT OBICTPOro M Ka4eCTBEHHOTO BEIOypHBaHUS 0Opasia.

B cBsizu ¢ Tem, 4TO 3KCTpyIUpOBaHHBIE 00pa3lbl MOXKHO OTOUpATh 0€3
3aMOpaXMBaHUs, HAWIYYIIUM BapUaHTOM OyJeT MCIOJb30BaHUE OOOMX METOJ0B
oT0opa mpoo AJis MoTyueHuss HanOoIbIero 00beMa HHPOPMaIIUU U KOPPEKTUPOBKH
IIPOBEICHHBIX U3MEPEHUM.

After core samples been taken, the following technical solutions are used to
preserve them:

e (OOcaaka 00pa3IoB pa3IMYHBIMU BUAMU TEPMOYCATOUYHBIX MIIICHOK
e (OOcaaka 00pa3loB METAIIIMYECKON (HUKeNeBOi) (poaproi

Kaxxnas 3 TeXHOJIOTHII UMEeT CBOM TUTFOCHI 1 MUHYCHI - TIPU U3TOTOBJICHUH
0o0pa3lioB C TOMOIIBIO TEPMOYCAZOYHON IJIEHKHM HEOOXOJAMMO OO0ECHeUHTh
MJIOTHBIM KOHTAKT MEXJTy OOKOBOM CTEHKOM oOpaslia M IJICHKOM, IJIOTHYIO
buKcaluo TOpUEBbIX PUIBTPOB, TUIEHKA JODKHA OBITh HHEPTHA K UCIIOIH30BAHUIO
arpeCCUBHBIX KUIKOCTEH, MPUMEHSICMBIX B TAIbHCUIITNX UCCIICTOBAHUIX KEPHOBBIX
00pa3IIoB.

[Ipu uCnoNb30BaHUK METAUTMYECKON (HOJBIY HEBO3MOXXHO TPOBOJUTH
3amepbl YOC, caMm cnoco0 M3roTOBJIEHUS 00pa3noB 0osiee TPYAOEMKUH M UMEET
0oJiee BBICOKHE PUCKH TMOJYyYEHHS HEKAYeCTBEHHBIX 0Opa3IlloB, OJHAKO BIIUSHHEC
METATMYECKUX CETOK Ha 3aMephl MOPUCTOCTA W TPOHUIIAEMOCTH 3HAYUTEIHHO
HIDKE, 9eM (hTOPOTUIaCTOBBIE CETKH, UCIIOJIb3YyEeMbIe COBMECTHO C TEPMOYCaIKaMu
[7].

[Ipumepsl M3roTOBIEHHBIX OOPa3llOB C HCIOJb30BAHUEM KaXIOW UX

OIMCAaHHBIX BBIIIE TEXHOJOTUN TpeacTaBieHbl Ha Pucynke 2.13.
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Pucynok 2.13 —o0pas3iibl KepHa, IOAroTOBIICHHBIC K HccaeaoBanusam [20]

2.2.3 IIpoBeneHue ucciaea0BaHui CJ1a00KOHCOTMIUPOBAHHOIO KEPHA

2.2.3.1 U3mepeHne HACHIIIIEHHOCTH ()IIOMIAMU

OmnpeneneHre HACHIIIEHHOCTH KEepHA IIACTOBBIMU (DIIIOUIAMH COTJIACHO
nokymenty APl RP40 Oputo BeiOpano mo meroay Distillation extraction (plug).
Bo3moxHBIMU alibTepHATHBaMHU sBJSIOTCS Pressure-retained core method, Solvent
flushing/Karl Fischer [7].

BreimonHeHnne aHanm3a BO3MOXKHO Ha oOcHOBe anmapata Cokciera wWid
IPOTOYHOM IKCTpAKIMH. Pexum paboTsl ObUT BEIOpaH Kak MPOMBIBKA B TeueHUE 15-
30 gHeW ¢ WCIONB30BAaHMEM OPraHUYECKUX pPAcTBOpPHUTENECH (aleToH u
TeTparuapoPypaH).

W3Bneyenne Quron10oB U3 00pa3loB KEpHA PEKOMEHAYIOTCS MPOBOAMTH B
anmapatax Cokciera, Kak HanboJee JOCTYIMHBIX I pyTHHHBIX paboT. 3BineueHmne
B OKCTPAKTOpAax, HCIOJB3YIOUIMX VYIICKUCIBIA Tra3, HE PEKOMEHIYeTCS H3-3a
HAJIMYUS TTOBBIMIEHHBIX HArpy30K Ha 00pa3ibl (MHOTOYUCIICHHBIC ITUKIIBI BIPHICKA
M W3MEHeHus  jgaBieHuss  paboTel). OOpa3mpsl  KepHa, B3ATBIC  JJIs

KalmJUIAPOMCTPHUICCKUX n CIICOuaJIbHBIX IIOTOKOBBIX 9KCIICPUMCHTOB,
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PCKOMCHAYCTCA HCIIOJBb30BaTb B IIPOTOYHOM OJKCTPAKTOPEC C MCIIOJIIB30BAHHCM

WHIMBUIYaIbHBIX JepKaTeneit kepHa. [7].

[Tpouenypa w3Bnedyenus ¢(aougoB u3 oOpa3noB B ammapare Coxciera

PCKOMCHIAOBAHO IMIPOBOJAUTH CICAYIOIIUM O6p&30M:

3anpaBuTh amnmapar OJHUM M3 pPacTBOpPUTENEH (TONMyOJ, CIUPTO-
OeH30JbHAsI CMECh, XJI0podOpM U Ap.)

Bri6pannbsie 00pasiubl 3arpy3uth B annapat Cokcnera. [lpu 3arpyske
o0ecIreyuTh aKKypaTHOE BEpPTHKAJIbHOE pacCIMoOKeHHe O00pasIloB.
OntuManbHBIM KOJMYECTBOM JJISI 3arpy3KH SIBJISIETCS. KOJIMYECTBO
obopazmoB mo 30 mr guamerpom 30 MM m 20 mT I8 00pa3loB
nuameTpom 1.5 mrorima.

OO6ecrieunTh MOJIaYy BOJBI B IUPKYJISIITUOHHON CUCTEME.

Bxarounth anmapaT Ha HarpeB 0 TeMIEpaTypbl  KUICHUS
pacTBOpUTENS

OKCTpakIUIO MPOBOAUTH KPYIJIOCYTOYHO B TEUEHHUE 5 JHEH C
00s13aTeIbHOI BBICTOMKON B T€UEHHUE 2 THEM.

[IpoBecT KOHTPOJIbL OYHMCTKA IO OILIEHKE CTENEHU OKPaCKH
pacTBopuTeNs (OTCYTCTBHE OKPACKH SKCTPAKTa TOBOPUT 00 OKOHUYAHUHT
npoiiecca).

[Ipu HamMuuM OKPACKU PACTBOPUTEIS IIUKII TIOBTOPSETCS.

[Ipn HEOOXOAMMOCTH MPOBECTH MOBTOPHYIO 3KCTPAKIHUIO B APYroM

pacTBOpHUTETE.

2.2.3.2 ObeccotuBanmne 00pa3uoB c1a00CHeMEHTHPOBAHHOIO KePHA

Cornacio pokymenty APl RP40 obGecconmuBanue KepHOBBIX 00pa3lioB

PEKOMEHTyeTCsI, €CJIM B IIacToBOr Boje coaepxkutcs 6osee 10 r/m NaCl. B stom

cilydae ucrosb3yeTcs BojsgHas 6ans. [Iponecc obecconuBanus npoxoaut rpu 50°C

1 3aMeHo# o0bema Boabl 5-10 pa3. PaccMoTpuM mpoiiecc onpecHEHUs BOIbI HUXKE:

JIist ouncTKM 00pa3IoB TOPHBIX TOPOA OT COJIeH, BBIACISIONIUXCS U3
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IJIACTOBBIX (DIIFOMIOB, CIEIYET MCIOJb30BaTh JUCTUUIMPOBAHHYIO BOJY. 3aMeHa
BOJIbI HEOOXOJIUMO MPOBOJUTH Yepe3 Kaxjble 2-3 yaca, mo (paKTy MpeBBIIMICHUIO
o0beMa pacTBOpeHHbIX. KOHTPOJIb pacTBOPEHHBIX XJIOPUAOB COJIEH PEKOMEHTYETCS
MPOBOJAUTh C MCIIOJIb30BAaHUEM a30THOKHCJIOTO cepedpa 10 XapaKTepPHOMY
MOMYTHEHUIO TPOOBI pacTBopa. JlOMONMHUTEIBLHO MOXKET OBITh IPOBECHA
JIEMOHU3AIUA JUCTUIUIMPOBAHHOU BOJIBI C UCIIOJIBb30BAHUEM PA3IMYHBIX YCTPONCTB.

Jlns  oOpasmoB TOPHBIX TMOPOJ, COACPXKAIMMUX OOJIBIIOE KOJUYECTBO
Ha0yXarolMX YacTUIl TJUHBI, HAaMpPUMEP MOHTMOPHWLIOHUTOB, PEKOMEHIYETCS
MCIIOJIb30BaTh METaHOJ BMECTO JUCTWLIMpoBaHHOM Boabl [7/]. B Poccunm
MCIIO0JIb30BaHUE METaHOJIA B TA0OPATOPHUAX OIPAHUYEHO, TOITOMY BMECTO METaHOJIa

CJICAYCT UCIIOJIBb30BATH AllCTOH.

2.2.3.3 Cynika KepHOBBIX 00pa3LoB

JIJisi BBITIONTHEHHS CYIIKH KEPHOBBIX OOpAa3IOB COMIACHO TpPeOOBaHUSIM
nokyMeHta APl RP40 pexoMenmyercss HCIOJB30BaTh BaKyyMHYIO T€Yb WM
tepmomikad. Mcxons u3 CBOWCTB C€nab0 KOHCOMUAMPOBAHHOTO KEpHA, PEKUM
paboOThI CTOUT BBICTAaBUTH Kak 12-24 yaca padotsl ipu 70°C.

Cymiky o00pa3lioB TOMEIICHHBIX B WHAWUBUAYAJIbHBIC KEPHOJCPKATEIIN
PEKOMEH/yeTCsl POBOJIUTD, TPOITyCKas 4Yepe3 KEPHOJAEPKaTeIh ra3 — a30T, BpeMs
CYIIKH OIpPEAENAeTCS OMBITHBIM MyTeM Ha o0Opasilax M3 HEKOHCOJIWIUPOBAHHBIX
nopox ¢ ONM3KUMHU  (QUIBTPAIIMOHHO-EMKOCTHBIMH ~ CBOWcTBamMH. KOHTpOIb

Mpollecca CyIIKA HEOOXOIUMO OCYIIECTBISATh IyTEM B3BEIIMBAHUS 00pa3oB

2.2.3.4 OnpeneneHue OTKPHITOI NOPUCTOCTH

OnpeneneHre OTKPHITOM TOPUCTOCTH OOpaA3IOB CTAaHAAPTHBIM METOOM
cornacHo TpeboBanusiM ['OCT-26450.0-85, T'OCT-26450.2-85 nmomycTumo st
c1ab0 KOHCOJUJIUMPOBAHHOTO KEpPHAa, B CBA3M C 4eM ObljIa BbIOpaHa HCXOJs W3

IIPOCTOTHI U ACHICBU3HbI IIPUMCHCHMA.
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OnpeneneHne NOPUCTOCTH METOJOM KUIKOCTEHACHIILIEHNS B OTEYECTBEHHON
npaktuke pabotr permamentupoBano ['OCT 26450.0-85, I'OCT-26450.2-85
[Topoxs! ropHbIE. MeToaBI ONpeAeIEHUs KOJIJIEKTOPCKUX CBOMCTB.

CymniHocTh METO/a 3aKJII0YaeTcsl B ONpeNelIeHUH o00beMa IyCTOTHOTO
IPOCTPAaHCTBA 00pa3lia MO Pa3sHOCTU MACC CYXOTO M HACBIIIEHHOTO >KUJKOCTBHIO
obpasna. Ero BHemHero o0bemMa MO Pa3HOCTH MacC HACBIIIEHHOTO >KUIKOCTHIO
oOpaslia B BO3/IyXEe W B HACBIIIAIOMIEH KUIKOCTH W BBIYUCICHUU KOd(pduimenra
MOPUCTOCTH IIyTEM JIeJIEHUA NIEPBOro 00bemMa Ha BTOpOM. JIOMOTHUTENBHO K Macce
oOpa3na 100aBIsA0TCA MAacChl TOPLUEBBIX CETOK, a TAKKE TEPMOYCaJOYHOM IJIEHKH
WM HUKeNeBOU Qoibru, eHTel DYM. B pacyeTax 370 HyKHO YUUTHIBATD.

PacueTsl o JaHHOMY METOY IPOBOJSATCS CIEAYIOIIKUM 00pa3oM:

Koaddunment orkpeitori mopuctoctu (Km) B mpolieHTaX BBIYUCISIOT IO
dbopmyiie:

Kn= Vr[/ V06p (11)

I 'ne:

My — Macca AByX nepoprUpoBaHHBIX (PTOPOMIIACTOBBIX JUCKOB

M. — Macca METaJUIMYECKUX CETOK

My — Macca TEPMOYCaI0YHOMN THIEHKU

M1 — Macca cyxoro oopasia B yIakoBKe

M2 — Macca HaCBIIIEHHOT0 00pasiia B YIIAKOBKE B BO3AYXE

M3 — Macca HaChIILIEHHOr0 00pasiia B YIIaKOBKE B BOJIE

Meyx — Macca cyxoro obpasia 0e3 ynakoBKu

P> Pas Pcs Prin — IVIOTHOCTH SKUJIKOCTH, JUCKOB, CETOK, MNIEHKU

V, - 00béM nop obpasna

Vo6p — BHEIIHUM 00bEM 00pasiia

V1, Ve, Vi — 00BEMBI TUCKOB, CETOK, TUIEHKH, YCTAHOBJICHHBIX Ha 0OpasIie.

mi = mcyx + My + Me + Myy

mz = mcyx + VHp)K + My + Me + Muy

M3 = Mcyx + Vnpm + My + Me + Mpy - Vo6pp>1< — Vnpm - chm - Vnnpn(

HUTaK:
52



M2 - M1 = Vipx, OTCIO/Ia MOTy4aeM:

Vi = (M - M1)/ px

M2 — M3 = Vooppx + Viupx + Vepr + Viupx, OTCIOJIa TTOTyYaeM:

Voop = (M2 — M3)/ px - Vi - Ve - Vi = (M2 — M3)/px - My/pa - Me/Pe = Mua/Pun
[Ipu ompeneneHUy TOPUCTOCTH KUAKOHACBHIIIEHUEM CIICTYyCT BBIYHCIIATH

00BEMHYIO ILIOTHOCTE 06pasua (3n), r/em®, o Gopmyie

&= M 0o (1.2)

m; —m,
rae §, - IUIOTHOCTh pabodeil KUIKOCTH, U KaKYIIYI0 MUHEPATOTUYECKYTO
IJIOTHOCTB, MO (hopmyIie:

= MO (1.3)

m, —m,

6K.M.l’[

>

Pucynok 2.14 — Cxema yCTaHOBKH ISl HACKIIIIEHUSI 00PA3I0B MO
BaKyyMOM
1- eMKOCTB J11 BaKyyMUPOBaHUsI KepHa (dKcukarop), 2,3,4,8,9—
BaKyyMHBIE BEHTUJIM, 5—€MKOCTb JIJIsl HACBIIAIOIIEH KUJKOCTH, 6—
BaKyMeTp,7—ioBy1ika, 10—HnHacoc

2.2.3.5 Onpenenenue 3pPeKTUBHOI MOPUCTOCTH KEPHA

Cornacao noxkymenty APl RP40, s¢pdexktuBHOE onpeneneHne MOPUCTOCTH
JUISI  HEKOHCOJUJAMPOBAHHBIX  KOJUICKTOPOB MOXKET OBITH OCHOBaHO Ha
JBYX3JIEMEHTHOM METOJ/Ie M3MEpEHHUs 00bheMa 3epHa 0 3aKOHY boilyis ¢ renmeBbpM
noposumeTpoMm. IIpumep ncmonb3yemoro odopyaosanus - DHP-100 (Weatherford).

AHBTCpHaTHBOﬁ ABJIAACTCS UCITIOJIB30BaHUC MCTOJ0B, OCHOBAHHBIX HA METOAC O)IHOﬁ
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SYCHKH 10 3aKOHY boiins, s npsMoro m3Mmepenus oobema mop (mycrtor) [16].
[lepBblli M3 METO/OB, OMHCAHHBIX BHIIIE, OyAET UCIOIB30BAH JUIS JadbHEUIINUX
pacueTos.

Onpenenenrue MOPUCTOCTH HAa OCHOBE rasa JJig 00paslloB HEYIUIOTHEHHBIX
TOPHBIX MOPOJI BHIOPAHO HAa OCHOBE T'E€IMEBOr0 MOPO3UMETPAa B COOTBETCTBUU C
JIBYX3JIEMEHTHBIM METOJIOM. B 4YacTHOCTH, MOXHO HCIIOIh30BaTh IMOPO3UMETP
DHP-100 npoussoactea Weatherford (Pucynox 2.15) wiu ero aHaior, KOTOpBIit
MO3BOJIAET TPOBOAUTH U3MepeHus Ha oOpasiax 30 MM u 1,5 qroiima, MOCKOJIbKY MPU
3aMepax Ha JJAaHHBIX YCTaHOBKaX HE MPOUCXOAUT Jedopmaluii o0pasiioB KepHa.

PacueTsl o JaHHOMY METOY IPOBOJSATCS CIEAYIOIIUM 00pa3oM:

YrcrieHHOEe 3HAYCHUE OTKPBITOW MTOPUCTOCTH OTPEISIIACTCS KaK OTHOIICHHE
obbema nop B oopasiie (Vn) k odmiemy oobeMy mopoibl (Vosp.):

Kn= VH/V06p- (21)

OO0mmii o0beM paccUUThIBaeTCs MO TabapuTaM KEpPHOBOTO oOpaslia mpu
YCJIIOBUH, YTO 3TO T€OMETPUUECKH MPaBWIbHBIA HUIUHAP. O0BEM MOp HAXOIUTCS

KaK pa3HOCTh 001ero oobema oopasia u oobema TBEpI0i hassl (Vm):

VH = V06p - VTB (22)

LatusxTaNiey

Pucynok 2.15 — I'enuessiit mopo3zumerp DHP-100
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DHP-100 wucnons3yer 3akoH boitng-Mapuorra mns u3MepeHus: oobema
TBep10H (ha3bl 00pasiia Mo pacCHIMPEHUI0 3aJJaHHON MacChl TS B KaJIMOPOBAHHOM
AYEUKE.

3akon boins-Mapuorra: (P1V1) = (P2V2)

rae P1 — HauanmpHOe naBnenue, MIla;

\/1 — HaYaIbHBIH 00bEM, CMS;

P> — xoneunoe naBnenue Mlla;

\/2 — KOHEYHBIH 00BeM cM®;

VYpaBHenue, npuMeHseMoe I pacueta o0bemMa TBEpAoH (a3bl, BEIBOJAUTCS

U3 OCHOBHOTO 3akoHa boiins-Mapuorra ciaeayromum o6pa3om:

PV« = P2.(V« + Vi) (2.3)
V1B = ((P1— P2)/P2) Vi (2.4)

Vk = Vit Vo (2.5)
rie Vi, Vi — eMKOCTH KalIuOpOBaHHOTO o0ObeMa, BXOJSIINEC B

U3MEpPUTETBHYIO CXeMy Mpuodopa.

C moMompl0 KamuOpOBKM OTHOCHTEIHHO HM3BECTHBIX STAJIOHOB OOBeMa
MO’KHO ONPEJENIUTh 3aBUCUMOCTh MEX]y 00BEMOM 3epHa U cOOoTHOuIeHueM (Pi-
P2)/P2. TlpoBoaum uzmepenue Ha ycranoBke DHP-100, monyyaem 3nauenue oobema
TBepAOH (Pa3bl Vyuu.

[Topuctocth onpezenseM no popmysie:

Ka = Viop/Vosp, (2.6)

Vo6p — TEOMETPHUUECKHI 00BeM 00pasiia

Viop — 00BEM TIOP

Jlns onpenenenus od0beMa 00paszia HeOOXOIUMO HMCIOIb30BaTh UCTUHHbBIC
3HAYEHUS TUaMeTpa U JJINHBI:

T d%m ) lI/ICT
Vo6p = 4

dyer = d — 2 * (ToONIIMHA TVIEHKH);
lyer = 1 — 2 * (TonmuHa TedioHOBOrO AUCKa) — 2 * (TOJIIMHA CETKH)
OOBbeM op PacCUUTHIBACTCS 110 CICAYIOLICH popMmyJie:

55



VHOp:V06p-VI/ICTs (2 . 7)

I'ne Vuer — UICTUHHBIN 00bEM ompeiesnisieMblii o Gpopmyrie

VHCT = VMI/IH - VCOCTaBnmome (28)

. m m m
Veocrapnsionyx = i/ =, {Tepmoycagka} + > {Tedon} + > {ceTka}

Munepaoruueckasi IIIOTHOCTh ONPEIENSIETCS MO CleaAyolen popmyie:

Puun = mHCT/V (29)

HUCT

UctunHbii Bec o00pas3na My ONpenensercs Kak pa3HOCTh MacChl
yIaKOBAaHHOTO 00pa3lla W MacChl BCEX €ro COCTaBISIOMMUX (TEpMOycagouyHas

IIJICHKA, TG(l)JIOHOBBIﬁ JUCK, MCTAINIMYCCKas1 CGTKa).

2.2.3.6 Onpejesienne NPOHUIIAEMOCTH

OnpeneneHre MPOHUIIAEMOCTH ¢1a00 KOHCOIUAMPOBAHHBIX KOJIJIEKTOPOB Ha
ocHoBe pexkoMeHanuii jokymenta APl RP40 nomxHO OCHOBBIBATHCS Ha ra30BOM
nepMeamMeTpe CO CTAllMOHAPHBIM PEKMMOM HM3MEpeHHs mpoHuiiaemoctu. [Ipumep
obopyoBaHusi, KOTOpoe MokeT wucnojib3oBaTbess DGP-300 (Weatherford).
ATnBTEpHATHBBI  3TOMY  METONy, KOTOpPhIE MOXXHO  HCIOJB30BaTh IS
CJ1a00IIEMEHTUPOBAHHOTO KEpHAa, MPEeJCTaBsAoT coOoi ypaBHeHue J[lapcu c
MOMPABKOW, OCHOBAaHHOE HAa WCHBITAHUM TOTOKA JKUJKOCTH M HM3BECTHOU
nopuctocTu mopoa [7]. B kadecTBe OCHOBHOTO OBUIO PACCMOTPEHO MPHUMEHEHHE
NEPBOro U3 ITUX METOOB.

Takum o06pas3oM, ompeaeneHHEe NPOHUIIAEMOCTH O00pa3lloB MO Ta3y Ha
nepMeamMeTpe CO CTAIMOHAPHOM PEXUMOM H3MEPEHUM JIOHKHO MPOBOJIUTHCS HA
obopazuax 30 mm um 1,5 moiima Ilpu mnpoBeneHHHM 3aMEpOB PEKOMEHYETCS

HCITOJIb30BaTh AaBjeHue 00koBoro ooxknma B 400 psi.
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Pucynox 2.16 — I'azoBsiit nepmeamerp DGP-300

PacueTsl 1o pe3yibTaraM NPOBEIECHHBIX 3aMEPOB JIOJKHBI MPOBOJUTHCS
cienyromuM oopazom: B ocHOBY M3MepeHus ra3onpoHUIIAEMOCTH MOJI0KEH METOT
cTtanmoHapHod QuubTpanuu. ['a3 (Bo3AyX, a30T WM rejuil) MpoIycKaeTcs 4epes
oOpazer ¢ U3BECTHBIMU pa3MepaMH C MOCTOSHHBIM NEPEenajoM JaBJICHUS MEXIY
BXOJIOM M BBIXOJIOM 00pa3lia, UK C MOCTOSIHHBIM PACX0JIOM MPU YCTAHOBUBIIEMCS
nepenaae AasineHus. [IpoHHMIIaeMOCTh MpU yCTaHOBUBILIEWCS (UIBTpALMU Ta3a

paccuuThIBaeTCs mo hopmyre:

1000QuLp,,,

- 3.1
v (pl_pZ)pcp'F ( )

e

Kup —TIPOHMIIAEMOCTS 110 Ta3y, 1073 Mxm?;

Q — oOwbeMHBIN pacxona Ta3a, MPUBEACHHBIA K CPEAHEMY IaBJICHUIO B
00paslie, IpH JaHHOM 6apOMETPHYECKOM JABIEHHH, CM>/C;

P11 P2 - abcomoTHBIC JaBiIeHUs HAa BXOJTHOM M BBIXOJIHOM CEUEHUAX 00paslia,
0,1 MITa (6ap); Psap — OapomeTpuueckoe nasnenue, 0,1 Mlla (6ap);

Pe;=(P1+P2)/2 — cpennee naBienue B obpasie, 0,1 MIla (6ap);

L — BA3KOCTh Ta3a MpH YCIOBUSIX (PMIbTpalluu ra3a yepe3 oodpasei, mlla-c;

L — nnuna obpasia, cm;

F — momazp MOImepeYHoro ceuenus obpasua, cM2,
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3 METOAMYECKHME PEKOMEHJIAIIMMU IIO PABOTE CO
CJIABOCHEMEHTHUPOBAHHBIM KEPHOM

[Tony4yeHHsbI anroput™M padOThl CO CJIA0OCIIEMEHTUPOBAHHBIM KEPHOM

MECCOXCKOT0 THuIa Obl1 0000IIeH M KpaTko mpeacTaBieH B Tabmune 3.1 B

CpPaBHCHHUH C U3BECTHBIMH CTAaHAAPTHBIMHU MCTOAHMKAMH C JOIIOJHCHUAMMU.

Tabnuma 3.1 — npeanaraemast METOIMKa B CPAaBHEHUH CO CTaHIAPTHOM

No CranaapTHas METOAMKA [Ipennaraemas MeTouKa
(P11 39-0147716-505-85)

1. bypenne no BepxHel TpaHuLbl LeseBOro | bypeHue n0 BepxHEN IpaHULBI LEIEBOTO
wiacta (800-1000 meTpoB) wiacta (800-1000 meTpoB)

2. OT160p KEpHOBOTO MaTepuaia c | Otéop  kepHOBOro  Marepuaiga ¢
ucnonb3oBanueM OypoBoit rosioBku PDC B | ucnonp3oBanueM  OypoBOH  TOJIOBKH
CTaHAapTHOM  Ju3aiitHe u  OypoBbiM | “215,9/101,6 FC 3000” B nuzaitne LI u
pPacTBOPOM Ha BOJHOU OCHOBE. OypOBBIM pPAacTBOPOM Ha IOJUMEPHOMN

OCHOBE.

3. CucrteMa HeM30IMPOBAaHHOTO 0TOOpa KepHa | CucTema M30JIMPOBAaHHOTO OTOOPA KEpHA -
- npUeMHast MHOTOpa30oBas WIK | TIpueMHasi OJHopa3oBasi TpyOa c IByms
OJIHOpa3oBas  aJlOMUHHMEBass Tpybda C | CTeHKaMH u3 ¢ubepriacca B
OJIMHApPHOW CTEHKOM B KEpPHOOTOOpPHOM | KepHOOTOOpHOM  cHapsge  Pud ¢
cHapsane Henpa UCIIOJIb30BAaHUEM  T'y04aToOl  CHCTEMBI

cbopa macToBoro Quronaa.

4, PbIuakKOBBIN MJIM TAHTOBBINA KEPHOBATEIb JlenecTKOBBI KEpPHOBATENIb C CHUCTEMOM

MIOJTHOT'O MEPEKPHITHSI KEPHOBOTO 00pasia.

5. W3BreyeHne kepHa ¢ IByMs CKOpPOCTHbIMH | M3BredeHne  KepHa  C  YETHIpbMS
pesxxumami: 1) ¢ 32605 ckBaxuHbI 10 300 M | CKOPOCTHBIMH pexumamu: 1) ¢ 3abos
— 360 m/gac, 2) ¢ 300 m 10 45m — 120 M/g9ac | ckBaxkwabI 10 600M — 180 M/gac, 2) ¢ 600m

10 300m — 90 m/gac, 3) ¢ 300m 10 50Mm — 60
M/4ac, 4) ¢ 50m 10 OM — 15 m/gac

0. Crryck TpyOBI ¢ KepHOM ¢ OypoBoro crosia. | Cryck TpyObI ¢ KepHOM ¢ OypOBOTO CTOJIA,
npenBapuTeNbHO  3aUKCUPOBAHHON B
YKIJIQIOYHOM pame

7. OTtMeTka ceBepHOro HampaBieHus Ha TpyOe | OTMeTKa CEeBEpHOro HaIpaBlICHHUS Ha
C KEPHOM TpyOe ¢ KepHOM

8. Hapeska TpyObl ¢ kepHom Ha MeTpoBble | Hapeska TpyObl ¢ KepHOM Ha METpOBBIC
CEeTMEHThl C WCMOJIb30BAHUEM JUCKOBOM | CETMEHTHI C HCIIOJIb30BAHUEM JIHCKOBOM
IIWJIBI WK Ta30BOW TOPENIKH WIH JIEHTOYHOMN IHJIBI.

0. [TonroroBka Hape3aHHBIX CErMEHTOB TpyOb! | [loaroroBka  Hape3aHHBIX  CETMEHTOB
C KEPHOM K CTaOMIM3auu TpyOBI C KEPHOM K CTAOMITU3AIIH
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10. | Crabwmmsamus kepHa ¢ ucnoib3oBaHueM | CraOwim3anusi KepHA C HCIOJIb30BAHUEM

MOJINYPETAHOBBIX MEH MO/ JaBICHUEM 3aKauKH TUTICOBOW cMecH MO0 3aMOpO3Ka
10 -50°C ¢ ucnonb3oBaHHEM (PUKCATOPOB

11. | KepuoBeiii marepuan mnomemiaercs B | KepHoBblli Marepwan momernaercs B

JIEPEBSIHHBIC KOHTCHHEPHI yaapornpounbie (WM U30JUPOBAHHBIC)
KOHTEHHEPBI

12. | HocraBka kepHa a0 akkpeauToBaHHo#M | JlocTaBka KepHa 10 aKKpeIUTOBaHHOU
nabopaTopud  TPy30BBIM JIMOO  aBuWa | jabopaTopuu Tpy30BBIM JHOO  aBua
TPAHCIIOPTOM B 3aBUCUMOCTHU OT JOCTYIHOM | TPaHCIOPTOM B 3aBUCHUMOCTH  OT
TPAHCHOPTHOH MH(PACTPYKTYPHI) JIOCTYITHOU TPaHCIIOPTHOMN

HH(DPACTPYKTYPHI)

13. | llpuemka xepna B gjabopatopuu — | Ilpuemka kepHa B mabopaTtopumt —
NepBUYHAs  [POBEpKa  TIEPMETUYHOCTH | MEpPBUYHAs NPOBEpPKAa TIePMETHYHOCTHU
TyOycoB M uX HOMepoB. Peructpamus | TyOycoB W uX HOMEpoB. Perucrtpamms
00pas1os.. 00pasIoB.

14. | llomemenne kepHa B Mopo3wibHyl | I[lomenieHne kepHa B MOPO3UJIBHYIO
Kamepy, oxiaxaenue -192 °C ¢ | kamepy, oxJaxaeHue B 1Ba 3Tamna 10 -35°C
MCIIOJIb30BaHUEM JKHJIKOT'O a30Ta u 10 -50°C ¢ MCHoNb30BaHUEM JKHIIKOTO

azoTa nmubo pedpuxepaTopoB

15. | 'amma-kaporax KepHa, nepsuuHoe | Tomorpaduss u ramMma-kapoTax KepHa,
dororpadupoBanue 0o0pa3OB KepHa B | mepBuYHOE (oTorpadupoBaHue 00pa3IOB
BUAUMOM U YD-criekTpax. KEepHA B BUJIUMOM U YD-CIIeKTpax.

16. | CocraBnenne mnepBuyHoro otdera 1o | CocTaBieHHE MEPBUYHOIO OTYETa IO
pe3ynbrataM  OO30pHBIX  HCCIEAOBAHUN | pe3ynbTaraM OO030pHBIX HCCIETOBAHHIMA
KepHa C YyKa3aHMEM MWHTEpPBAJIOB OTOOpa | KepHA C yKa3aHHMEM MHTEpBAJIOB OTOOpa
00pa31oB Ui UCCIEOBAHUN U MPUBS3KON | 00pa3IoB s UCCIeT0BaHUMN U MTPUBSI3KON
BCEro KepHa 1o riayoune u nanasiM ['MC. BCEro KepHa 1o riayoune u nanasiM ['MC.

17. | OGHoBnenne omucanus kepHa ¢ yudeToM | OOHOBIEHHE OIMUCAHUS KEPHA C y4eTOM
KOppemnsiiuu  o0paslioB MO  [IyOMHAM | KOppemnsiuu o0pas3loB MO [IyOWHam
3aneranus U gaHHeM I YUC 3aneranus u gauaeiM I IC

18. | PactmmnoBka OWJINH]IPOB Baonb | PacmmmoBka OWJINHIPOB B/0JIb
HaTpaBIeHUS 0TOOpa KEpHA B COOTHOIIICHUHU | HANpaBICHUS orbopa KepHa B
1:2 ¢ mocimeayrmmM OTOOPOM OOpasloB | COOTHOmIEHMH 1:3 ¢ MOCIEAyIOIUM
cormacHo ['OCT 26450.0-85 (d=1,5") mnst | orbopom obOpasnoB cormacho ['OCT
WCCIIETOBAaHMI METOJIOM oypenust | 26450.0-85 u API RP 40 (d=1,5") nmns
KOPOHKAMH C KHUJIKUM a30TOM WCCJIEIOBAHUN METOJIaMU BBIIaBIUBAHUS U

OypeHHsI KOPOHKAMU C )KHJIKUM a30TOM

19. | OkcTparupoBaHHe MIACTOBBIX (DIFOMIOB M3 | DKCTparupoBaHUE IJIACTOBBIX (DIIOHIOB

00pa310oB KepHa AUCTUILISIIUEH. u3 00pasloB KepHa AUCTWUIALMEH B
anmapare Cokciiera cornmacHo API RP 40
20. | ObecconuBanne kepHOBBIX 00pa3uoB mpu | ObeccomuBaHME KEPHOBBIX 00pa3LOB MPHU

IIOMOIIA OaHH C BOJOH MIIM allETOHOM

[IOMOIIM OaHHU C al[€TOHOM HJIM METAHOJIOM
comtacuo API RP 40
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[Tponomxkenne Tabmumsr 3.1

21. | BeicymmBanue kepHa Ipu  [OMOIIM | BeICymmBaHWe KepHa NOpH  IOMOIIH
Tepmorikada auM00 BaKyyMHOH Meud mpu | Tepmorikada ITud0 BaKyyMHOH Me4u mpu
105+2°C 70+£2°C cornacHo API RP 40

22. | AHanu3 TEeKCTypbl U CTPYKTYPBl KEPHOBBIX | AHalU3 TEKCTYphl U CTPYKTYphl KEPHOBBIX
o0pa3loB M HUX TpaHyJOMETPUYECKUI | 00pa3loB MU UX TpaHyJIOMETPUUYECKUN
aHaJ3, aHaJIM3 3epeH, LIEMEHTa U MaTpUKCa | aHalu3, aHalu3 3€peH, LEeMEeHTa H
kepHa contacHo 'OCT-26450.2-85 Matpukca kepHa cormacao 'OCT-26450.2-

85

23. | Onpenenenue  OTKpbITOM  mopucTOCTH | OmpeneneHue  OTKPBITOM  MOPUCTOCTH
COIIaCHO Irocrt 26450.1-85 (ue | cormacho API RP 40 meromom Boyle’s
MIPUMEHUMO JIJIS PBIXJIBIX TTOPOJ) Law one-cell

24. - Onpenenenne 3h(HEeKTUBHON MOPUCTOCTH

cornmacio API RP 40 meromom Boyle’s
Law double-cell

25. | Onpenenenne  mponunaemoctu  kepHa | Ompenenenue CKOPPEKTHUPOBAHHOU
COIJIACHO 'OCT-26450.2-85 C | MPOHMIITAEMOCTH KEpHA TI0 ra3y COIIACHO
UCTOJIb30BaHKEeM mnepmeamerpa mo ra3y. [ API  RP 40 ¢ wucnomp3oBaHuem
Meron wmccnenoBaHUs - pacdeT 1O | mepMeamerpa. MeTOx HCCIeNOBaHUS -
ypaBHeHut0o  Jlapcu M3 ypaBHEHHs | CKOPPEKTHUpOBaHHOE ypaBHeHue Jlapcu mo
CTalMOHAapHO#M  QuibTpanuu ra3a (He | ypaBHeHHUIo (uibTpaimu rasa
IPUMEHHUMO /7Sl PHIXJIBIX TTOPOJ)

26. | [IpoBenenue wuccnenoBanuii muactoBbix | [IpoBenmeHue wuccieqoBaHM TIIACTOBBIX
¢dmronyioB meronmom  Jlura-Crapka u | ¢umrommoB  MerogoM  Juna-Crapka U
npyrumu ctanaapTHeiMu Metogamu o OCT | apyrumu CTaHIApPTHBIMH METOJaMH IO
153-39.2-048-2003 APIRP 40 u OCT 153-39.2-048-2003

27. | ®ororpadupoBanue kepHa B BugumMoM u YO | dortorpadupoBanue KepHa B BHAUMOM H
CIIEKTpax rnociue 3aBepuieHus | YO  cmekrpax — 1ocie  3aBEpIUCHMS
71ab0paTOPHBIX UCCIIEAOBaHUN 71ab0paTOPHBIX HCCIEA0BAHUMN

28. | Odpopmnenue MIOJTHOTO oTyeTa o | Odopmienue  mONIHOrO  oTYeTa O
pe3ynbTaTax UCClIe0BaHHs KepHa pe3yJbTaTax UCClIeIOBaHUs KepHa

B BelmeonucanHoOil MeETOAWKE OBLUIM JOIOJHEHBI

CYLLECTBYIOIIUE U

n00aBIIEHb HOBBIE PEKOMEHJIAIMK 0 OTOOPY, TPAHCIIOPTUPOBKE U MPOBEICHUIO

nabopaTopHbIX HucchenoBanuii kepHa. [Ipu uUx cocTaBiaeHUU OBLUT YUYTEH COCTaB

MOpPOJ  paccMaTPMBAEMOr0 MECTOPOXKIACHUS, HX

CBOWCTBA W WU3BECTHBIE

OCO6CHHOCTI/I, KOTOPLBIC H€O6XOI[I/IMO IMPpUHATL BO BHHUMAHHC BO n30exKaHue

HETOYHBIX U/UJIN HEPCIIPE3CHTATUBHBIX PE3YJILTATOB.

Konkpetnoe o6opynoBanue njsi TpOBEACHUS OTOOpa KepHa U €ro

Ha60paT0pHBIX I/ICCJ'IG,Z[OBaHI/Iﬁ MOJKET OBIThH nono6paH0 HHAUBUYAJIBHO UCXOOA U3
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TpeOOBaHUI perIaMeHTHPYIOIUX JOKYMEHTOB B MeToAuKe. O011re peKoMeHAaluu
U IPUMEPbI BO3MOKHOTO 000pyAOBaHUs ObUIH MPUBEIECHBI BhIIIE B padoTe.
Heo0xoaumMo OTMETHTD, YTO HA JAHHBIH MOMEHT B 00s3aTEIILHOM MOPSIKE
TpeOyeTcs anpoOMpOBaHUE METOAMKHI HA IPAKTHUKE /711 €€ IPOBEPKU U YCTPAHEHUS
BO3MOYHBIX HEYUTCHHBIX U OCIIOKHSIOMUX (PAKTOPOB, a TAKKE CHUKEHUS PUCKOB.
[Ipexxae Bcero AaHHble (aKTOPbl MOTEHIIMATIBHOTO PUCKA U HEONPEIEICHHOCTH B
pe3yibraTax paboThl MOTYT BO3HUKHYTh H3-3a OTPaHHMYEHHOCTU JIOCTYITHOM
aKTyaJbHOW HMH(OpMaMU O KEpHE pPacCMaTpPUBAEMOI0 THUIA, HW3BECTHBIX
JOCTYIHBIX BO3MOXHOCTEH IJi1 ero oTOOpa y KOHKPETHBIX KOMIIAHHUI, a Takxke
OTPaHMYEHHOCTU MH(POPMALIUU IO UMEIOIIEMYCS JIa0OpaTOPHOMY 000PYIOBaHHUIO,
Ha KOTOPOM JOJIKHO OyZeT B AaJbHEHIIEM. IPOBOAUTHCS UCCIIEI0OBAaHUE KEPHA.
Takum o0Opa3zom, B 3HAUMUTEIBHOW CTENEHU euie TpeOyercs aaanTanus

npennaraeMoﬁ MCTOJUKH IO KOHKPECTHOI'O UCITIOJIHHUTEIIA U €TO 06OPYI[OB8,HI/IC.
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4 ®PUHAHCOBBI MEHEJJ)KMEHT

4.1 CerMeHTHpPOBaHNE PHIHKA M OCHOBHOM NMOTpeduTE b

Hcxond u3 HalpaBiIE€HHOCTH NPOEKTa M IPOOJIEMbI, KOTOPYIO OH JIOJDKEH
PELINTh — OCHOBHBIM IOTPEOUTENIEM SIBISIFOTCS He()TeA00bIBAIOIINE KOMIIAHUU U
naboparopu, MPOBOJALIME aAHAIM3  CIA0OCUEMEHTHUPOBAHHOIO  KEPHOBOI'O

matepuaina. [Ipeamonaraemas monenu peanusanuu npoekra B2B.

4.2 SWOT-anaau3
Jlsisl OLIEHKHU PUCKOB B XOJI€ peaju3allid pacCMaTpUBAEMOM METOIUKU Kak
npoekTa Heoboxoaumo mpoecTd SWOT-aHanu3, mo3BosIOIIMI rpy0O OIEHUTH

CHJIbHBIC U cJIa0bIe CTOPOHBI KakK CaMOro IIpOCKTa, TaK H BHEIIIHEHM ero Cpeanbl

(Tabmuma 4.1)

Ta6muma 4.1 — matpunia SWOT-ananuza

CunpHbIE CTOPOHBI TPOEKTA Cnabble CTOpOHBI MPOEKTA
1. Bonbimii BBIHOC KEPHOBOTO 1. Hcnons3oBaHre HECTaHAAPTHBIX
MaTtepuasa MpUroHOro JJis METOJIUK, OTHOCUTEILHO
UCCJIEOBAaHUN CYIIECTBYIOIIUX OTE€YECTBEHHBIX
2. Bonee BricOKOE KauecTBO PYKOBOJISIIIUX TOKYMEHTOB
BBIHECEHHOT'O KEPHOBOTO 2. HenocraTounslii 00beM JaHHBIX
MaTepuaa JUTSI TIOJTHOM OIIEHKH SKOHOMUKH
3. Bo3mokHOCTE pabOThI ¢ KEpHOM U peanu3aiy TEXHUYECKOn
III u IV karteropuii OyprumMoCTH. CTOPOHBI IpoeKkTa B Poccum Ha
4, CHKeHue HeonpeaeIeHHOCTEN JAHHBIA IPOEKT
JUTSL MOJICTTUPOBAHHUS (Heonpe1eIEHHOCTH )
Buenrnue BO3MOXXHOCTH Y MPOEKTa Buenraue yrpossl it npoekTa
1. [TpunsTHe KoMIanusMu 6osee 1. OrpanudeHHas JOCTyIHOCTh
COBEPILICHHBIX METOJI0B 0TOOpa HE0OXOMMOT0 000PYTOBAHHUS
U UCcCclieIoBaHus c1abo JUTSL pealiu3alliy mpejjiaracMoi
KOHCOJIUJIMPOBAHHOTO KEPHA METOJMKH Y OT€YECTBEHHOTO
2. OTCyTCTBHE B OTKPBITHIX MIPOU3BOJIUTEIIA.
HMCTOYHUKAX OT€YECTBEHHBIX 2. [ToTpebHOCTH B OoJIEe
METOJIUK Mo padboTe co cinabo KBAJIU(PUIIMIPOBAHHOM TIEPCOHAJIE
KOHCOJIUJIMPOBAHHBIM KEPHOM OTHOCUTEIBHO CTaHJAPTHBIX
METOJIUK BCUITY OOJIbIIIEH
TEXHOJIOTUYHOCTHU
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4.3 broa:keT BbINOJHEHHsI padoT

IIpu pacuere npeamnonaraeMoro OrwJKeTa Ha BBINOJIHEHUE PaboT 1Mo 0TOOpY

KCPHA, MOKHO BBIACIIUTL TPX OCHOBHBIC CTATbH PACXO0/J0B, 4 MUMCHHO: MaTCPHAJIbHO-

TCXHHUYCCKUC PECYPCHI, HCO6XOI[I/IMI>IC JJIA BBIITOJIHCHU A pa60T, Sapa60THail IjiaTra

COTpYAHUKAM KOMITAHWH, 4 TAKXKC HAKIIAAHBIC PACXO0/bl, KOTOPLIC HE ITOAXOIAT IIOJ

TpeboBanusi apyrux KpurepueB. OCHOBHBIE CTaThU PACXOJIOB W 3aTPaThl MpHU

MIPOBEICHUH BBILIETIEPEUUCIEHHBIX pa0oT npeacTasiieHsl B Tabnuie 4.2.

Tabnuna 4.2 — OrieHKa CTOMMOCTH 0TOOpa KepHA C OJTHON CKBaYKUHBI

OnepauHH 110 HpennaraeMoﬁ MCTOJUKE

Ilena, ThIC. pyo.

Bypenue no BepxHeii rpaHHIIBI IIEJIEBOTO TUIACTA 2 500
OTb60p KEpHOBOTO MaTepHala 750
W3BieueHune kepHa 150
Cryck TpyOBI ¢ KepHOM ¢ OypOBOTO CTOIA 25
Hape3ska TpyObI ¢ KEpHOM Ha METPOBBIE CEIMEHTHI C HCITOJIb30BaHHEM 50
JMCKOBOM MJIM JIEHTOYHOU ITHJIBL.

[ToaroroBka Hape3aHHBIX CETMEHTOB TPYOBI C KEPHOM K CTAOMIIM3AIIUN 50
Crabunn3anus KepHa ¢ UCIOJIb30BAaHUEM 3aKauKH TUIICOBON CMECH 367
VYnakoBka TyOycOB ¢ KEpHOM B KOHTEHHEPHI 75
JlocTaBka KepHa /10 aKKpeIMTOBAaHHOM J1abopaTopuu 150
[Tpuemka kepHa B 1abopaTopuu 35
[TomernieHre kepHa B MOPO3WIIBHYIO KaMepy 25
[lepBuyHbIE HCCIENOBAHMS KEPHA 48
CocTaBiieHre IEPBUYHOTO OTYETA MO Pe3yJIbTaTaM 0030PHBIX o5
UCCIIeIOBaHUM KepHa

OOHOBIIEHHE OMUCAaHUS KEPHA C YUETOM KOPPEISIIUU 00pa3IloB 1O 60
rnyOuHam 3aneranus u fanabivM ['YC

PacninnoBka HMIMHAPOB KEpHA U 0TOOP 00pa3LioB 48
DKCTparupoBaHHE MIACTOBBIX (DIIOUIOB U3 00Pa3IOB 88
ObecconmBaHne KEPHOBBIX 00pa3IioB 60
BricymmBanue kepHa 60
I'panynoMeTpuyueckuil aHamu3 KepHa 184
Onpenenenne OTKPBITON TOPUCTOCTH 48
Onpenenenne 3pPEeKTUBHON MOPUCTOCTH 56
Onpenenenne CKOPPEKTUPOBAHHON POHUIIAEMOCTH 76
[IpoBenenue nccaenoBaHM MIACTOBBIX (MIIOMI0B 96
dororpadupoBanue KepHa 56
OdopmiieHre TIOTHOTO OTYETa O Pe3yNIbTaTaxX UCCIICAOBAaHHS KEpHA 65
Haknagnasie pacxossl 30
Cymma 5447
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st paccMarpuBaeMoro pacdera OBUIM B3SIThl JAHHBIE 1O CTOUMOCTH
oreparyii M3 OTKPBITBIX HCTOYHUKOB [26, 29]. HeoOxomumMo OTMETHTBH, 4YTO
CTOMMOCTH OTIepanuii OyneT HECKOJIbKO CHWXKAThCS TPHU TOBBIINICHHHM YHCIA
CKBQKHH, U3 KOTOPBIX OTOMPAETCS KEPHOBBIN MaTepuall 0 CPABHEHHIO C TEM K€

00beMOM pabOT Ha HECKOJIBKUX OTJIEJbHBIX CKBaKHUHAX.

4.4 Ouenka pecypcHoii, GuHAHCOBOI M SIKOHOMUYECKOi 3P PeKTUBHOCTH

DOKOHOMUYECKUI aHanmu3 S(PPEKTUBHOCTU MpEeAIaraeMol METOIUKH ObLI
OCHOBAaH Ha MPENINOJOKEHUHU, YTO BCE HEOOXOJIMMOE HJisi POBEICHUsS 0TOOpa U
UCCIIeIOBaHMSI 000pPYAOBaHUS Y KOMITAHUU YK€ €CTh, JTUOO MPH €ro OTCYTCTBUU
OyIeT 3aKiII04YeH TeHJEP Ha BBIMOIHEHHE PaboT Mo 0TOOpY KEpHA, €r0 JOCTaBKE U
aHanu3y B Jlaboparopuu. B Tabnuue 4.3 npencraBiieHbl pacyeThl IS TOJTy4YESHHUS
pe3ynbTatoB aHanu3a 250 00pa3oB KEPHOBBIX MPOO.

[Ipu mpoBeAeHUH pacyeToB OBLI JOMOJHUTEIBHO CHENAH Psii YyCIOBUU U
JOMYIIECHNM, @ UMEHHO:

e KepH HeoOXoaumo oToOpaTh A pa3BEAKHM HOBOTO JIMIIEH3MOHHOTO
ydacTKa, CKBOKMHBI Ha HEM OTCYTCTBYIOT, OJIHAKO MPHUCYTCTBYET
OCHOBHasi THPPACTPYKTYpPa, PACX0Ibl Ha KOTOPYIO HE YUUTHIBAIOTCSI.

e (OObEeM KEpHOBBIX 00pa3IOB JJisi CO3/IaHMS IEPBUYHOMN T'€OJOTHUECKOMN
MOJIETTH M Pa3BEJAKH HOBOTO JIMIIEH3MOHHOTO y4YacTKa IO YCIOBHUIO
cocramsieT 250 eAMHUIT IO BHYTPEHHUM TPEOOBAaHUSAM KOMITAHHH.

e VY KOMIaHUM €CTh COOCTBEHHBIE OypOBBIE OPUTajibl U BCE HEOOXOUMOE
o0opynoBaHue, Ui peamu3alud TPeOyeMbIX TEXHOJOTHHA OypeHus,
oT0opa, AKCTPaKIUH, MOATOTOBKH W TpaHCIOpPTa KepHa, JuO0 ObuI
3aKJIIOYEH  JIOTOBOp € TMOAPATYMKOM,  HUMEIONIMM  BCE
BBIIIECTICPEYNCIICHHOE B HAJTUYHH.

e UYenoBeueckuii pakTop U BOZMOXKHBIE OIIMOKU U/WIIH IOTIOJIHUTETIbHBIE
pacxo/pl, CBS3aHHBIE C HUM, OTCYTCTBYIOT. [Ipu mpoBeaenun padot
TpeOyemMass  o0€MMH  METOJMKAMH  TEXHOJIOTHS  TOJIHOCTBHIO

CO6J'IIOI[&J'I&CL Ha BCCX OTallax.
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e Ilpu Mcnoab30BaHUU UMIIOPTHOT'O 0OOPYAOBAHUA KypC AoJIIapa U, Kak

CJIICACTBUC, CTOMMOCTDB 060py,Z[OBaHI/I$I Ha pOCCHﬁCKOM PBIHKC HEC

MCHAIOTCA.

e BriHoc kepHa He ObLJI YMEHBIIIEH B CBSI3U C TPAHCIIOPTUPOBKON /WU

norepeit TyOycoB ¢ kepHOM. TyOychbl ObUTH T€pPMETUYHO 3areyaTaHbl 1

He OBbUIU MOBPEXK/ICHBI B X0JI€ IOCTaBKU 00Pa31IoB /10 J1abopaToOpu.

e B naGoparopusx yxe IpUCyTCTBYET BCE HEOOXOAMMOE 000pyA0BaHHE

AJIA IIPOBCACHUA aHAJINM3a KCPHOBOI'O MaTCpHaia, KOTOPOC HE TpeGyeT

JOTIOJIHUTENIBHBIX 3aTpaT Ha €ro HACTPOMKY, & TAKXKE MPUCYTCTBYET

MEPCOHAJ, KOTOPBIA MOXKET KBAIU(DHUIIMPOBAHHO padOTaTh C ITUM

000pyTI0BaHUEM.

Tabmuna 4.3 — Pacuer sxoHOMHYECKOW S(PPEKTUBHOCTH [JII PABHOTO YHCIIA

00pasioB
PJ1 39-0147716-505-85 Hpermaracuas

HeobOxoaumoe uncio o0pas3ion 250 250
Ywuciio oOpa3ioB Ha METp KepHa 13 13
BriHoc kepHa, % 25 65
JlnmmHa 0TOOpaHHOTO KEpHA 77 30
[TpoGypeHnHbIe CKBaKHHBI JUTS
HEOOXO0AMMOT0 Yuciia 00pasIoB. 13 >
Croumocts ot60pa 6M kepHa, $ 37 500 57 500
CymmapHasi CTOUMOCTh 0TOOpa, $ 450 000 287 500
CTOMMOCTh KOHCEpPBAIMK KepHa, $ 2500 8 500
CronMoCTh TpaHcopTa KepHa, $ 1500 1500
[TomyueHnsie 0Opa3Ipl KepHa, IIT. 253 253
J(f;gf;(;g;; HI’A;CHeLLOBaHHﬁ KEepHa B 54500 94 500
OGimast cTouMocThb, $ 508 000 392 000
Kypc momnapa (25.07.2020) 71,6 71,6
OO01mas CTouMoCTh, pyo. 36 372 800 28 067 200
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B cBA3M ¢ HENOCTATOYHBIM KOJUYECTBOM HH(OpPMALMU IO CTOMMOCTH
KOHKPETHBIX ONepanuil sl pacdyeToB ObUIM B3ATHl NMPUOIMKCHHbIC 3HAUCHUS
CTOMMOCTEH AaHAJOTMYHBIX OINEepaluidl M3 OTKPHITBIX HCTOYHUKOB 110 LIE€HAM
TEHJEPHBIX PaboT Ha OypeHue ¢ oTOOpOM KepHa M JalibHeilliee MPOBEIECHUE €ro

naboparopHoro ananusa [26, 29].

4.5 IloTeHHAIbHBIE PUCKHU

HeoOxoqumMo OTMETHUTH, YTO CYIIECTBYET OOJbIlas HEONPEAEICHHOCTD,
CBA3aHHAsi CO 3HAYMTEJIbHBIM KoJIe0aHMEM Kypca BaJllOT M CJIOXKHBIM
[IEHOOOpa30BaHUEM B TEKYIIEM SKOHOMHUYECKON cHUTyaluu. B cBs3u ¢ 3TuUM
TpeOyeTcsi BHECEHUE psijia MOMPABOK MPH pacdyeTe SIKOHOMUYECKOH d3(ppeKkTuBHOCTH

npeararacMoro pCcHuA NpuMEHNMO K KOHerTHOﬁ KOMIIaHHUH.
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5 COIIUAJIBHASA OTBETCTBEHHOCTD

[Ipu mpoBesieHNHU OIIEHKE BJIMSHUS BPEIHBIX (PAKTOPOB HA YEJIOBEKA B XOJI€
paboT HEOOXOAUMO Pa3/IETUTh UX HA TPU OCHOBHBIX IPYMIIBI IO CTENECHU BIUSHUS,
a Tak)Ke MPUYMHAM BO3HHUKHOBEHMUS:

[lepBas rpynma BKJIIOYaeT BpelHbIe (DaKTOpBI, XapaKTepHbIE A padoT,
MIPOBOJIMMBIX HEMOCPEJICTBEHHO Ha OypoBoil 1iomanake. K HUM OTHOCSTCS
MOHWKEHHASI ¥ MOBBIIIEHHAsA TEMIEpaTypa BO3yXa, MOBBIIICHHAS KOHLIEHTpAIUs
BpPEAHBIX BEIIECTB IMpPU pabOTe€ HUCHOJIb3YIOMIErocs OO0OpYyAOBaHUS M TEXHHKH,
HEJI0CTaTOYHAs OCBEIICHHOCTh paboyeil 30HbI, BHICOKUN YPOBEHD IITyMa.

Bropas rpymnmna BkitouyaeT BpeaHble (aKTOphI, XapakTepHbIe A pador,
IPOBOJMMBIX MPU TPAHCIIOPTE KE€pHA HEMOCPEICTBEHHO N0 JabopaTopuu. K HuM
OTHOCSITCSL BO3JICHICTBHE MOBBIIICHHBIX U MOHMKEHHBIX TEMIIEpaTyp Ha YEJIOBEKA,
paboTa NMpeuMyIIeCTBEHHO B MOJIOKEHUHM CHUsl, BO3JEHCTBUE CUIIBHBIX BUOpauui
Ha YEJIOBEKA.

Tpetbst Tpymnma BKIIOYaeT BpeaHbIE (DAKTOpBI, XapaKTepHbIE s padoT,
NPOBOAUMBIX B Jaboparopuud. K HHM OTHOCSTCS BO3JIEUCTBHE XUMHYECKUX
PEaKTUBOB Ha OPraHU3M COTPYIHHUKOB.

JIOTIOTHUTENIBHO Ba)KHO OTMETHUTbh, YTO HA KaXJOM W3 3TANOB pabOT MOTYT
MIPOU30UTH YPE3BBIYANHBIE CUTYaIlU, O0YCIIOBJICHHBIC YEIIOBEUECKUM (DaKTOpOM
WIM OTKAa30M HCIOJB3YIOMIErocsi 000pYyIOBaHUSI TMPHU MPOBEACHUM Pa3TUYHBIX
onepanuii. B 4acTHOCTH, BO3MOKEH B3PbIB WM BO3TOpPAaHHUE YIJIEBOLOPOIOB,
pa3pylIeHHE HCIHOJIb3YIOMIErocss OOOpYAOBaHUS C MMOPAKEHUEM OKPYIKAFOIIHUX
Jt0Jed, MmaJeHue COTPYAHUKOB C OOJBIIONW BBICOTHI, aBapUU TPAHCIOPTA, OTKa3
BBITSDKHOTO O00OpYIOBaHHUSI, MOPAKEHUE ANEKTPUUYECKUM TOKOM, BBIOPOCHI Ta3oB,

HaAIMpUMeED, MOMYTHOTO HEPTIHOTO.

5.1 IIlpaBoBbIe HOPMBI O0ecneYeHUs 0€30MACHOCTH NMPOEKTA
Opranuzanusi ¥ NpoBeACHUE PadOT JOHKHBI OCYIIECTBISATHCS B CTPOTOM

COOTBETCTBMM C TPEOOBAHUSIMHU JIEUCTBYIOIIUX PYKOBOJSAUIUX JOKYMEHTOB H
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periiaMeHToB. B "yacTHOCTH, 3ampemaercss MpoOBOAUTh JT00bIe paboThl Ha OypOoBOW
0e3 oopmIIeHUs BCEX HEOOXOIUMBIX JIOKYMEHTOB, pa3pelIatoluX UX BbINOJHEHHUE.

CoTpyAHUKM KOMMAHUU JOJDKHBI PETYJSIPHO MPOBOAUTH HHCTPYKTAKHU
KOMITaHUU TI0 TEXHUKE O€30MaCHOCTH, UMETh CIIELOAEXK Y, CIIEII00YBb U CPECTBA
JIMYHOM 3allUThI, PEAOCTABICHHBIE KOMIIaHUEW. Bee cpencTBa 3a1uThl JOIKHBI
UMETh CEpTUPUKATHI COOTBETCTBUSA [23].

OpraHu3aluOHHO-TEXHUYECKUE MEpONpPUITHS Ha TpoBeleHHe padoT Ha
B3PBIBOMOXKAPOOTACHBIX ~ OOBEKTaX  JOJDKHBI B 00S3aTEIbBHOM  TMOPSAKE
COOTBETCTBOBATh TPEOOBaHMSIM 0€30MIaCHOCTH KOMIIAaHUHU U TPeOOBaHUSIM Hapsija-
nonycka. [Ipu mpoBeneHuu paboT B Ja0OpaTOpHUSAX, COTPYAHUKAM HEOOXOIUMO
CJieIoBaTh BHYTPEHHUM TpeOOBaHUSAM O€30MacHOCTH MpOBeACHUS paboT u
PEryJIIPHO TPOXOAUTh MHCTPYKTaXH [0 TEXHOJOTMYECKOM M  MOXKapHOU
0€30MacHOCTH.

[Ipu npoBeaeHN padboT B palioHaX KpalHETO ceBepa, COTPYIHUKH KOMITAHHUHA
MMEIOT JOTOJIHUTENIbHBIEC JIbIOThI, 3aKPEIJIEHHBIE B 3aKOHE «(O rocy/1apCTBEHHBIX
rapaHTUsAX U KOMIIEHCAIMAX JJISl JIUI, pa0OTaIoMNX U MPOXKUBAIOIIUX B pailoHaxX
Kpaiinero CeBepa v NpUpPaBHEHHBIX K HUM MECTHOCTSIX», YTO CIPABEIJIMBO IS
paccMaTpUBaEMOr0 MECTOPOXKIACHHUS, KaK OJHOTO0 U3 HamOoJiee CeBEPHBIX, CPEIU

BceX pa3pabarbiBaembix B Poccum.

5.2 Ilpou3BoacTBeHHasi 0€30MACHOCTH NMPOEKTA

Ha ocHOBEe ONMCaHHOTO BBIILIE, BCE OMACHBIE U BPEIHBIE TPOU3BOACTBEHHBIE
(bakTopbl, KOTOpPble MOTYT BO3HUKHYTh B XOJ€ NpPOBEICHUS paboT, a TaKxke
JOKYMEHTBI, PErIaMEHTUPYIOUIME CHUKEHUE WX BO3JCHCTBUS Ha YeJIOBEKa
npeacTasiieHsl B Tabmuie 5.1

Memeoycnosus

3HaynTeNnbHas YacThb BBIMOJMHSAEMBIX PabOT B X0A€ OTOOpPA, SKCTPAKIHHU H
HOJIFOTOBKM KEPHOBOIO MaTepuaia Ha OypoBOM YCTaHOBKE HPOBOJUTCS Ha

OTKPBITOM BO3AYXEC B CJIOKHBIX KIIMMATUYCCKUX YCIIOBUAX KpaﬁHCFO CCBCpa.
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Tabnuna 5.1 — onacHbie U BpeaHbie (aKTOPHI

OnacHsble 1 BpeHbIe (PaKTOpbI
(T'OCT 12.0.003-2015)

HOpMaTI/IBHbIG JOKYMCHTBI

1. MeteoycnoBus

PJ1 102-011-89 Oxpana Tpyna.
Opranu3aiimoOHHO—METOIMYECKHUE IOKYMEHTHI.

2. IIpeBplieHNE ypOBHS IIyMa

CH 2.2.4/2.1.8.562-96 I1lym Ha pabouux
MECTAaX, B IOMEIIECHUAX KUIBIX,
OOILIECTBEHHBIX 31aHUI 1 HA TEPPUTOPUU
YKUJION 3aCTPOMKMU.

3. HegocraTounasa
OCBEIIEHHOCTb paboyeii 30HBI

['OCT P 55710-2013 Ocgemienue padounx
MECT BHYTpH 31aHui. HOpMBI 1 MeTOBI
M3MEPEHUMN

['OCT P 50571.3-2009 TpeGoBanwus mo
obecrieueHUI0 0€30ITaCHOCTH. 3alInuTa OT
MOPKCHUS AICKTPUUSCKIM TOKOM

4. IToBBIlIEHHOE COJIEPKAHUE
BpEIHBIX BELIECTB B pabouei
30HE

['OCT 12.1.005 OG1ue caHuTapHO-
TUTUCHUYECKHE TPEOOBAHUS K BO3IYXY
paboueii 30HbI

I'OCT 17.2.3.02—78 Oxpana npupoabl.
Atmocdepa. [IpaBuna ycTaHOBIEHUS
JOTTYCTUMBIX BBIOPOCOB BPEIHBIX BEIECTB
IIPOMBITIUICHHBIMU TTPEANPUSTHSIMH

5. OnacHele GakTopbl
TEXHOJOTUYECKOTO XapaKTepa
pu OypoBBIX paboTax

I'OCT 12.2.232-2012 Cucrema cTaHIapTOB
6e3onacHoctu Tpyna (CChT). Ob6opynoBanue
OypoBoe HazemHoe. TpeboBaHus
oe3omacHoctu (Ilepensaanue)

PJ1 08-435-02 UucTpykmwus mo 6€301MacHOCTH
OJTHOBPEMEHHOTO TIPOU3BOJICTBA OYPOBBIX
paboT, OCBOCHHMSI M SKCIUTyaTaIlii CKBAKUH HA
KyCTe

6. OnacHble pakTopbl
ANEKTPUUECKOU MPUPOIBI

I'OCT 12.1.038-82* [IpenenbHO AOMYCTUMBIE
3HAUEHUS HAMPSKEHUN TPUKOCHOBEHUS U
TOKOB.

7. Bo3nelicTBUe XUMHYECKHUX
PEaKTUBOB IPHU MPOBEICHUH
MCCJICIOBAHMN B JIA0OPATOPHH

ITH/{ ® 12.13.1-03 MeToauueckue
pexkoMeHanuu. Texnuka 6€30macHOCTH TIPU
paboTe B aHATUTUYECKUX JIa0OpaTOPUSIX
(oOmIHE MOTOKEHNS)

I'OCT 12.1.007-76 Cucrtema cTaH1apTOB
6e3onacHoctu Tpyaa (CCBT). Bpenubie
BelecTBa. Knaccudukarus u ooiiue
TpeboBaHus O0e3onacHocTH (¢ 3menenusimu N

1,2)
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[Tonq xIMMAaTOM TIOHMMAETCS COBOKYMHOCTh (DU3MYECKUX IapaMeTpoB
BO3/1yXa, BKJIIOYAIOIIAs CKOPOCTh JBUXKEHUS, TEMIIEPATYPY, BIXKHOCTh BO3/IYyXa,
WHTEHCUBHOCTB COJTHEYHOT'O U3TyUCHHUS, aTMOC(EpHOE TaBIIeHNE, KOTOPHIC BITHSIIOT
Ha TEIJIOBOE COCTOSIHUE OpPraHU3Ma YeJI0BEKa.

JInst  cHWKEeHHMsT BO3JCUCTBUS JaHHOTO (akTopa Ha COTPYIHHUKOB,
HEOOXOJMMO BBIJIATh CHEIOACKIY, HUMEIONYI0 CepTU(PHUKAT COOTBETCTBUS U
MO3BOJISIONIYI0 paboTarh mpu temmeparypax oT muHyc 60°C mo turoc 20°C, B
3aBUCUMOCTH  OT  BpeMeHH  roja. Kommuiekt  JomkKeH — BKJIIOYATh
TEPMOM3OJIUPYIONIYIO OJNCKIYy M 00YyBb, CpEICTBA 3alUThI a3, clyxa, JHUIIA,
TOJIOBBI, PYK, IEPMATOJIOTHYECKUE CPEICTBRA.

[IpodunakTuka mneperpeBa U NEPEOXTAKIACHUS COTPYJIHUKOB B XOJI€
MPOBEICHUs] padOT JOJKHA BBIMOJIHATHCS IyTEM COCTAaBJICHUS HOPMUPOBAHHOTO
rpadguka padboT, mpeayCcMaTPUBAIOIIETO IEPUOAbl paOOTHI U OT/AbIXA, OTBEYAIOIINE
TpeOOBaHMSIM  pallMOHATILHOTO  pexuMma Tpyna. OOsi3aTenbHO  HaIM4YWE
BO3MOXHOCTH MPOBEJCHUSI COTPYAHUKAMU CBOETO CBOOOJHOIO BPEMEHH B 30HE C
HOPMAaJIbHBIM MUKPOKIMMATOM.

Buvicokuti yposens wiyma

B xome pabor mo o0TOOpY, W3BICUEHHWIO U TIOATOTOBKHM KEpHA K
TPAHCIIOPTUPOBKE  MCHOJIB3yeTCA  OOJBIIOE  KOJIUMYECTBO  CIELTEXHUKH,
000pyZI0BaHUSI 1 MEXaHU3MOB, KOTOPBIE MPHU CBOEH paboTe M31al0T TPOMKHUH IITyM,
noxomsmuii 1o 100-120 dB, xOTOpBIM HEraTUBHO CKa3bIBACTCS Ha CIYXOBOM
amnmnapare 4eJaoBeKa.

[Ipu BbeITIONHEHUH PabOT, CBSI3aHHBIX C BBICOKOW TOYHOCTBIO WJIU
OTBETCTBEHHOCThIO, OKa3bIBAIOIIEH TOMOJHUTEIBHOE MCUXOJIOTUYECKOE JTaBJICHUE
Ha COTPYJHHUKA, 3BYKH, TPOMKOCTh KOTOphix Hike 80 dB oka3piBaeT nuIib
HE3HAYUTEIbHOE BIIMSHUE Ha oOpraHbl ciyxa. OJHaKO, B COOTBETCTBUHU C
HOPMATUBHBIMH JIOKyMeHTaMu [25] mpu UIMTEIHPHOM BO3JICHCTBUHU IIyMa
I'POMKOCTBIO Oojice 850B MpOHMCXOIUT MOCTOSHHOE IMOBBIIICHUE MOPOTa CIyXa,
naryOHO CKa3bIBAIOIICECs Ha YeJIOBEKE U 00YCIaBIMBaIOIIEe MOCTENEHHYIO MTOTEPIO

ClIlyXa YeJIOBEKOM.
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JUisi CHWDKEHHSI BIUSHUA YPOBHS IIIyMa Ha COTPYJAHHUKOB BO3MOYKHO
WCIIOJIb30BAaHUE CPEACTB HMHIWBHAYATbHOW 3alIUTHI COTPYAHHKAMHU, HAIPUMED,
MOTYT MCTIOJIb30BAaThCS OCPYIIH U MPOTHBOITYMHBIC HAYIITHUKH.

Heoocmamounas oceewjennocmuv paboueti 30Hbl

B cnyuae npoBeneHuss paboT B TEMHOE BpeMs CYTOK JOJKHA OBITh
oOecrieyeHa OCBEIIEHHOCTh B 00beMe 150 M miist 661TOBBIX moMetieHuit u 300 1M
JUI TIPOM3BOJICTBCHHBIX W paboumx momemieHuit [18]. B mpoTuBHOM ciyuae
3HAYUTENIFHO TMOBBIIIACTCS BEPOATHOCTh MPOUCIIECTBUA H  yTOMIISIEMOCTH
COTPYIHHUKOB, & TAKKE YMEHBIIIACTCSI NX BHUMATEIHHOCTbD, B CBSI3H C TIOBBIIIIEHHOMN
Harpy3KOi Ha 3pUTENBHBIN ammapaT B YCIOBHUAX HETOCTATOYHON OCBEIIEHHOCTH.

Jlannas mpoOrnemMa MOXKET OBITh pelieHa OOeCIedYeHHeM pPaBHOMEPHOU
JIOCTaTOYHOM OCBEIIEHHOCTHU B y4acTKaxX MPOBEICHUs padOT B TEMHOE BPEMSI CYTOK.
OO0s13aTeTbHBIM YCIIOBUEM SIBIISICTCSI POCKTUPOBAHUS CUCTEMBI OCBEIIICHUS TAKHM
oOpa3oM, uyTOObI OHA HE HMeENa OCJCIUIAIOIIErO JIEUCTBUS HA COTPYIHUKOB.
[TpumenuMo K 1a60paTOPUSM U UHBIM MTPOU3BOACTBEHHBIM CTPOSHUSIM OCBEIICHUE
JOJIKHO OBITh 00ECIIEYEHO COIIACHO OOLIUM HOPMAaM.

Tlosvluennoe cooeporcarnue 8peoHbIX ewecms 8 pabouell 30He

[Ipn mpoBeneHMH KOMIUIEKCa paboT, B arMocdepy TOMagaloT Mapbl
IPUPOJIHOTO Ta3a, CIOCOOCTBYIONIUE MAPHUKOBOMY 3((PEeKTYy 1 CHOCOOHBIE BBI3BATH
KHUCIIOPOJHOE TOJIOZAaHUE Y COTPYJIHMKA, OKAa3aBIIErocsl B 30HE BHIOpOCA JaHHOTO
raza B armocdepy. CornacHo periameHTupyronmm gokymentam [1JIK ocHoBHOTO
KoMITOHeHTa mpuponaHoro raza CHs B Bo3myxe paboueli 30HBI HE JOJKHA
npesbimars 0,3 r/m® [12].

Jlis mpenynpexaeHrs HEraTUBHOTO BIMSIHHS IapoB YIJIEBOJAOPOIOB Ha
COTPYIHHUKOB, B 00SI3aTEIHLHOM TMOPSIKE MOJDKHBI BBIIABATHCS Ta30aHATN3aTOPbI
BO3/yXa, a TAKXKE CPEACTBA TUIHOMN 3aIIHUTHI.

[Tpu mpoBeneHNN 1a60PATOPHOTO aHATN3a KEPHOBOTO MaTepuasia B CBSI3U C
IMPOKHUM HUCTIOIH30BAHUEM OPTaHUYECKUX PACTBOPUTENCH U JETYUUX XUMUYECKHUX

p€arcHToB, COTPYJIHUKHU B 00s3aTeIIbHOM NnopsAAKE MJOJDKHBI ITPOBOJUTL BCE

71



oreparuy, IMOAPa3yMEBAIOIINE OTKPHITYI0 PabOTy C peareHTamH, B BBITSDKHBIX
mikadax 100 UCIOIb30BaTh CPEACTBA TUYHOM 3alUTHI.

OnacHvle (hakmopvl mexHoI02u4ecko2o xapaxkmepa npu 6yposvlx pabomax

B cBs13u ¢ BeINOTHEHHEM OOJIBIIIOTO KOJIMUECTBA TEXHOJIOTHICCKUX OTICPAITHid
Ha 3HAYUTEIHHOM BO3BBIINICHHH OTHOCHTEIIBHO MOBEPXHOCTH 3E€MJIM CYIIECTBYET
OMAacCHOCTh MaJACHUS COTPYIHHUKA C BBICOTHI O0jiee 3 METPOB B CiIydae HaJudus HE
Orpa’kJICHHOH TUTOIIAIKH.

Jlist mpenoTBpameHuss MOJO0OHBIX CHTyalluid B 00S3aTETLHOM TOPSJIIKE
JIOJDKHBI ~ TIPUCYTCTBOBATh OTPaXKJISHUS BCEX OOBEKTOB, HAXOAAIIUXCS Ha
3HAYNTEILHOM BO3BBIIICHUH OTHOCHUTEIBLHO YPOBHS 36MJIM TIEPHJIAMH BBICOTON HE
meHee 1.1 Merpa oT ypoBHS IUIOmMAAKA. JlOTOTHUTENBHO IJIsi COTPYIHHUKOB,
MPOBOJANIMX  padOTBl  HA  3HAYHMTEILHOM  BO3BBINICHUH,  00s3aTCIIBHO
WCITIOJIb30BAaHUE CTPAXOBOYHBIX KOMILIEKTOB ¢ OMPKaMHU, TJIe TOHKHA ObITh YKa3aHa
JaTa MoCISAHETO UX TECTUPOBAHMS.

OnacHule ghakmopul 31eKMpuUdecKol npupoosl

B xoxe mpoBenenus paboT BO3MOXKHBI CUTyaIluu TOPAKEHUS COTPYIHUKOB
AIEKTPUYECKUM TOKOM, PE3yJbTaTOM KOTOPBIX OyIyT okoru 1-3 crerneHw,
npeObIBaHWE B IIIOKOBOM COCTOSIHMHM, HEPBHOE PACCTPOMCTBO W B OTICIBHBIX
CJIy4asiX BO3MOXKEH CMEPTEIHHBIX UCXO].

Jlns mpenoTBpalieHus: MoJ0OHBIX CUTyaIluid BCE YCTAaHOBKH, HHCTPYMEHT U
0o0OpyZ0BaHUE, KOTOPBIC HCIOJB3YIOTCS B TIPOIECCE BBIMIOJHEHUS pPabOT B
00s13aTeTbHOM TIOPSJIKE JOJDKHBI OBITH 3a3€MJICHBI OTACIBHBIM JJICKTPUUYSCKHU
kabejeM ¢ ceueHueM KUibl He MeHee 2 MMZ [17]. JlomoJaHUTENBbHO 10 Hayana
MPOBEICHUS Pa0OT COTPYAHUKAM HEOOXOMMO MTPOBEPSITH KAYECTBO BBHIKITFOUATEIIS,
HaJu4yue 3a3eMJICHUS, OTCYTCTBHUE TIOBPEKJICHUM Yy TIMTAIOIIEro Kales,
UCIIPaBHOCTH BUJIKU TTOJKITFOYCHHUS 000PYI0BaHUS.

OnacHule ghakmopul npu 2py30n00beMHbIX pAOOMAx

IIporieccamMu TIOBBIIIICHHON OIMACHOCTH B XOJE T'PY30MOJAbEMHBIX paboT

SBJISIETCSI MOHTaX OYpPOBOM KOJIOHHBI, NPUEM KEPHOOTOOPHOTO YCTPOMCTBA C
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po0oil KepHa, CIyCK KepHa ¢ OypoBoii mIaThOpMbl U TOTPY3Ka/BBITPy3Ka SIIUKOB
c oOpasiaMu KepHa B TPY30BbI€ aBTOMOOWIIH.

JIiis mpenynpekaeHusT TpaBMaTu3Ma M HECYACTHBIX CIIy4aeB B X0J€ pador,
BCE TPY30INOJABEMHBIC OTEpaIllii JIOJDKHBI TPOBOAMTHCS IO PYKOBOJCTBOM
MacTepOB, HECYIIUX OTBETCTBEHHOCTh 3a 0€30MacHOe MepeMelleHHEe TPy30B U
UMEIOIIUX COOTBETCTBEHHBIN arTtectar. Kpome TOro, o0s3aTeNbHO COOIIOJCHUE

TEXHUKHN 0€30IMaCHOCTH BCEM HHXCHCPHO-TCXHUYCCKUM IICPCOHATIOM.

5.3 JkoJiornueckasi 0€30MaACHOCTh NMPOEKTA

[IpoBenenune padboT mo oTOOpPy KEpHA M €ro HMCCISTOBAHMUSIM JIOJDKHO B
00sI3aT€TbHOM  TIOPSJIKE BBIMOJHATHCS B COOTBETCTBUM C TPEOOBAHUSIMU
PYKOBOJSIIUX JTOKYMEHTOB M 3aKOHOB, HANPABJICHHBIX HA OXpaHy OKpY>Karolen
Cpe/pbl.

Bozoeiicmsue na ammocgepy

Jiist cHUOKeHUsT 00beMa MCTIapeHUl YTIIeBOJOPOJIOB M XUMUYECKUX BEIIECTB
B aTMOc(hepy HEOOXO0IUMO TTPOBEPATH TEPMETUUHOCTD UCTIONB3YIOIINXCS 3aKPBITHIX
emkoctet. [lpumenumMo k mporeccy OypeHHsT PEKOMEHIYETCS HCIOJIb30BaTh
MPOTUBOBBIOPOCOBOE 00OPYI0OBAHUE.

OOmmii BRIXO BEHTHUISIMOHHBIX TTOTOKOB U3 JJA0OpaTOpUH B 00S3aTEIHHOM
MOPSJIKE TIOJDKEH MPOXOAUTH GUIBTPALIUIO TIPU MOMOIIM OYUCTHBIX YCTAHOBOK JIJIS
MUHUMU3AIUU BO3JCUCTBUS Ha aTMocdepy MapoB HCIOIB3YIONIUXCS JIETYyUHUX
peareHToB, HampuMmep, pacTBopuTeneil. B kadectBe (QuIbTpaniMOHHOTO areHTa
MOXKET UCTIOIb30BAThCSI aKTUBUPOBAHHBIN YTOJIb UM UHBIE 00JIee TEXHOJOTUYHbIC
ancopOenTsl [14].

Bozoeiicmesue na rumocgpepy

[Ipy BBIIOJIHEHUM KOMIUIEKCA TEXHUYECKUX PabOT BO3MOXKHO TOMAJaHUE
YIJIEBOJIOPOJIOB M MHBIX 3arpsI3HSIIONIMX BEHIECTB B JUTOC(hEpy ¢ paboTaronIuero
oOopynoBaHusl WK B ciydae Bo3HMKHOBeHHS UIl. B cBs3m 3TMM Ha Bcex dramax

MpOBEJICHUS Pa0OT HEOOXOJAMMO BBIMOJHATH MEPONPUATHUS, TPEAOTBPAIIAOLINE
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3arps3HEHHE TEPPUTOPUU OTXOJAMH, MOSBICHUE HEOIArONPHUATHBIX 3PO3UOHHBIX
MIPOIIECCOB, a TAK)KE BO3MOXHBIE BO3TOPaHHUS.

Jlis mpoBenennsi paboT Mo oTOOpy 00pas3loB KepHA, BCe PabOTHI JOJIKHBI
NIPOBOJMUTHCS B Tpe/eiax OTBEICHHON TUIOIMIAIKU ISl YMEHBIICHUS BO3MOXKHOTO
Bpena okpykammei cpeae. Ilo okoHYaHHWIO BBIMTOJHEHUS PAaOOT HEOOXOAUMO
MOJTHOCTBIO BBIBE3TU BECTh MPOU3BOJCTBEHHBI MYyCOp, BKIIIOUYasi H30JSALUOHHbBIE
MaTepuaibl, METAJUIOIOM, TUIACTMACCHI U T.1I.

Bo3zoeiicmeue na cuopocghepy

[Ipu npoBegeHun orOOpa KEPHOBOI'O MaTepHalla U €ro MOATOTOBKHU K
TPAHCIIOPTUPOBKE BO3MOXKHO TOMAJaHHE XUMHUYECKUX PEaKTHBOB, TOpPIOYE
CMa30YHBIX MaTEPHUAJIOB U YTJIEBOOPO/IOB MO €CTECTBEHHBIM BOJIOCTOKAM B BOJIHBIC
O0O0BEKTHI TOBEPXHOCTHOTO M MIYOMHHOTO XapaKTepa.

Jlnis ipeoTBpaleHusT OJOOHBIX CUTyalnii HEOOXOIUMO HCKITIOUYUTH CITUB
oTpabOTaHHOTO Macja, pa3liiB TOpIYe-CMa30YHBbIX MAaTepHalioB, MOMHKY
MEXaHW3MOB M aBTOTPAHCIIOpPTa B HEYCTAHOBJICHHBIX [UISI 3TOTO MECTax,
OCHAIICHHBIX EMKOCTSIMH aiisi cOopa orpaboTanHbix ['CM W WHBEHTapHBIMU
KOHTeHHepaMu JUIsl cTpouTenbHoro mycopa. [13]. Creayer mpemycMmarpuBarth
3apaHee CUCTEMY cOOpa 1 TIOCTIEAYIONTYI0 YTHIIN3AIHNIO OyPOBBIX (DIIFOMIOB M MHBIX
0TpabOTaHHBIX TEXHUYECKHX COCTaBOB. HemomycTtumo momagaHue HEOUMIEHHBIX
CTOKOB B BOJIOE€MBI.

JU1st XuMu4ecKux 1abopaTopuii B 00s13aTEIBHOM MOPSIAKE HEOOXOIUM COOp U
YTUIU3aLKs TOTYYEHHBIX TEXHUYECKUX KHUAKOCTEH U CMecei ¢ OTpabOTaHHBIMU

PCAKTHBAMHU.

5.4 be3onacHOCTD B ciy4yae Ype3BbIYallHbIX CUTYaIUil

[Ipu npoBeaeHun paboT npu J00bIYE M OIKCTPAKIUM 0Opas3la KepHa
BO3MO>KHbBI YpE3BbIYAHbBIEC CUTYAIIMH, B CBSI3U C Y€M HEOOXOJIMMO MPEeayCMOTPETh
psan Mep, MPEeAyNpeKIaINX HX BO3HUKHOBEHHE, JIMOO MUHHUMU3UPYIOIINE

noOOYHBIN ylIepO B XO/€ TaHHOTO COOBITHS.
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B xome pabor mo moiiydeHHIO KEpHA HEOOXOIWMO CTPOro COOJIIOAaTh
TpeOOBaHUS TEXHUKH O€30MAaCHOCTU, UCXOIsl U3 MEePEUHs YTBEPKICHHOTO MepeyHs
HOPMAaTUBHBIX JOKYMEHTOB, a TaKX€ OCOOCHHOCTEH MPOBEJEHHUS TOTO WJIM MHOTO
THIAa padoT.

JIns ucKIIrOYeHUsT BO3HMKHOBEHHS BBIOPOCOB W MPOPHIBA KUIKOCTEH B
TUAPABINYCCKOM CHCTEME B CHCTEME B 00S3aTCIIBHOM IOPSIKE JTOJHKHO
MPUCYTCTBOBATh IPOTHUBOBBHIOPOCOBOM 00OpYyIOBaHUE U TMPEJAOXpPaHUTEILHBIC
KJIallaHbl C JPEHAXHBIMU €MKOCTSIMU. Bokpyr paboyeill miomaaku AOJKHA
MIPUCYTCTBOBATh 00BAJIOBKA IPYHTOM.

JI MUKBUALMY TIOCIIEICTBUN TEOPETUYECKU BO3MOYKHOM aBApUU JNOJDKEH
ObITh pa3paloTaH IUIaH JIMKBUJAIMU €€ MOCIEACTBUN U Mep, HEOOXOAUMBIX s
MUHHAMU3ALMKA €€ BIHUSHUS Ha OKPYXKAIOWIyl0 cpeny U mnepcoHan. [lmanbl
JUKBUIAIMA JIOJKHBI COCTaBJISITHCS C YYETOM HaJM4Wsl aBAPUIHOM TEXHUKH, €€

COCTOSAHHA U KOJIMYCCTBA KaAPOB.
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SAKIIIOYEHUE

Kepn Meccosaxckoro THUIIA TJI1acra I1K1-3 OTHOCHUTCS K
cnabocrementupoBanHbiM, umeet |1/ 1V rpynmy o 6ypumoctu u | / 1l rpynmy o
CTPYKTYpPHO-TEKCTYpHBIM ITpu3Hakam. Mimeet cpeanuit BbiHoc 40-80%, U3 KOTOPBIX
B CPEHEM TOJIBKO 27% MPUTOHO 7Sl TPOBEICHUS TA0OPATOPHBIX HCCIECTOBAHUM.

Texkymye AeCTBYONIME PErJaAMEHTUPYIOIIKME pad0OTy C KEPHOM JOKYMEHTHI
B Poccuu He ciocoOHBI 00ecrneunTh BHICOKOE KauecTBO OIepanuid mpu paboTe co
C1a00CIIEMEHTUPOBAHHBIM ~ KEpHOBBIM  martepuaniom. Kak  pesymbrar —
HEYJIOBJIETBOPUTEIHLHOE KaueCTBO OTOOPAaHHBIX 00pa3LOB U BHICOKHE (PMHAHCOBHIE
3aTpaThl [Jsl MOJYYEHHUS JOCTOBEPHOM pENpe3eHTaTUBHOW HHGPOpMALMKU MOCIe
IPOBEICHUS TAOOPATOPHBIX HCCIEIOBAaHUI KEpHA.

B pabote Obutn paccMoTpeH kepH MeccosXCKOTO THIIa U ONPEAesICHbI 00IIIHe
METOIMYECKHE PEKOMEHAALMH JJI MOJHOrO IUKIA pabOThl C HUM, HayuMHas OT
yCHENIHOTO OoTOOpa mpod ¥ 3akaHYMBash MPOBEACHUEM  J1abOpaTOPHBIX
uccienoBanuii. [lpeamnonaraempiii  cpeHUN BBIHOC KEPHOBOTO MaTepuara,
OPUTOAHBINA 17151 MPOBEAECHUS TaOOPATOPHBIX UCCIEIOBAHUMN JIOJKEH COCTaBUTh HE
MeHee 65%.

bolna oneHeHa 3KOHOMHMYECKasi COCTaBIstoNIas paboOThl, OJTHAKO B CBSA3U C
HEJIOCTATOYHBIM KOJIMYECTBOM JIAHHBIX B OTKPBITHIX UCTOYHUKAX U HECTAOUIILHOU
PKOHOMHYECKOW CHUTyalluel, KakK CIEJICTBUE CJOXKHOMY KypCcy BajlOT U
LEHOOOPa30BaHUIO B HACTOSILEE BpeMs, B JaJbHEHIIEeM HEOOXOAMMO MPOBECTU
YTOUYHEHUE JaHHBIX.

bbn o1leHeHBI OCHOBHBIE PUCKH M HEONPEJEICHHOCTH B paboTe, KOTOphIE
TpeOyIOT pelieHus AJid MOBBIIICHUS] KayecTBa PE3yJIbTATOB MPU UCIOIb30BAHUU
MpeyiaraéMo METOJIMKYU Ha MPaKTUKE. Y Ka3aHbl IPUUMHBI U BO3MOKHBIE PEIICHUS
JUTSl pACCMOTPEHHBIX PUCKOB JIJIsI CHUYKEHHUS HEOIPEIeIEHHOCTH Pe3yJIbTaTOB.

Pe3ynbTaThl paboOThl MOTYT B 3HAUUTENIbHOW CTENEHU IMOBBICUTH Kay€CTBO
MOJIeIe, MCIONb3YIOIUXCS B Mpolecce pa3pabOTKH MECTOPOXKACHUHA CO
CJ1a00CIIEMEHTUPOBAHHBIM KEPHOM, SIBISIOIIMMCS HanOosiee MpoOJeMaTHUYHbIM B

0TOOpE U TOIYYSCHUH JTOCTOBEPHOU TeOJIOTHIECKON WH(OpMAIny.
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s ITOATBEPKIACHUS pPEKOMEH AL, IIOBBIICHUS KadecTBa
METO/IOJIOTUYECKUX ONEpaluii U YBEJIUYEHUs SKOHOMUYECKOH 3((PEeKTUBHOCTH,
npearaeMasi MeToauka TpeOyeT ampoOanuyd Ha MPAaKTHKE C IOCIETYyHoIen

aHaHTaHHGﬁ IO UCITIOJIb3yCMOC O60py,Z[OBaHI/I€ B KOHKPCTHBIX KOMIIAHHAX.
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Ipuiaoxkenue A

The data fusion of poorly consolidated Messoyakhsky type reservoir core with

the view to develop an optimal design for reservoir development
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2 PROPOSED SOLUTION

2.1 Solution for existing problems in coring

2.1.1 Solution for problems in drilling

The problem of core cracking during drilling of unconsolidated rocks and
significant invasion zone depth of the drilling mud can be solved with usage of
special PDC-based drill bits in the low invasion (LI) design. For example, 215.9 /
101.6 FC3000, Halliburton. A comparison of the drill bits is shown in Figure 2.1. A
triangle section of the LI bit allows to achieve a minimum depth of invasion zone in
the core. Especially it should be useful with high cavernous Mesoyakha type

reservoir.

“~Core

= Zone —
of invasion

Fig. 2.1. — Low invasion (LI) drilling bit in comparasing with standard
drilling bit [31]

In order to reduce the influence of drilling mud on the core sample with high
cavernousness and fracture of the reservoir, the use of a neutral insulating agent is
necessary. The most simple solution is the usage of non-polar oils which are not
miscible with reservoir oil.

An alternative is the usage of inert gels based on polyacrylamide, shown in
Figure 2.2. However, this technology has several drawbacks. In particular, it may be
difficult to completely separate the gels from the cavernous core sample without
partially destroying it or changing the properties of the sample if the gel penetrates
deep into loose highly cavernous or highly fractured rocks. Examples of such
technologies are SK-178/100 LONG -01 LLC NPP Burintekh with Isocor isolating
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agent and KOS UKR 185/100 TENGIZ with PAA agent and GelCoring technology
from Baker Hughes [30].

Fig. 2.2. — Core isolation with inert gels GelCoring technology [30]

A comparison of the fluid content in the core sample using the GelCoring

technology in comparison with the standard core sampling is shown in Figure 2.3.

SATURATION

Fig. 2.3. — Core isolation with inert gels [30]
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An alternative method of preserving the content of reservoir fluids in the core
sample is to retain the fluids of the core sample using a sponge system based on
polyurethane with a two-pipe sampler, figure 2.4. This solution allows to reduce the
loss of reservoir fluids before the conservation and extraction of the core sample. In
the course of drilling, in this case, it is assumed to use polymer drilling fluids based

on montmorillonite clay content in the Mesoyakha core type.

Polyurethane Sponge

QOuter Barrel

Sponge Protective Mesh

Inner Barrel

Piston Assembly

Fig. 2.4. — Usage of polyulethane sponge [30]

This technology is less effective in preserving formation fluids in core
material relative to the use of polymer gels. However, it is less costly and much
simpler to use. A significant advantage of this technique is the lack of need for

further core cleaning from the polymer film.

2.1.2 Solution for problems in coring
To improve the quality of core sampling from unconsolidated formations, it
is better to use fully-closed coring systems that use internal coring pipes (tubes)

equipped with a special coring system for coring complex rocks that have two main
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functions: ensuring coring quality by physically supporting coring material during
drilling and its subsequent preservation.

This technology allows the core receiver to slide on the surface of the loose
core with minimal damage to the core, sealing the core from below, inside the core
receiver, preventing the possibility of core sticking in the pipe and its loss.

Core receiver tubes are inserted inside a traditional core receiver and held by
a core grabber and friction force. Standard tubes have a maximum length of about 9
meters, for special purposes shorter segments are used.

For the rocks with different physical and mechanical properties and drilling
conditions, core receiving devices of the following series are used: Nedra, Cambrii,
Silur, Tengiz, Reef, Plutonium, and MAG (table 2.1).

Table 2.1 - Core receiving devices according to TU 3664-007-70587573-2009

: Core Category
Ne (((::0é|8r1)g shells Core diameter, of
mm difficulty

1. | «Nedra» Uncomplicated drilling 52,67,80, ||
conditions 100

2. | «Silury Scree, landslides, guttering, 52, 80 i
tacking

3. | «Cambrii» Loose, poorly cemented, 67, 100 Il
fractured rocks

4. | «Tengiz» gas and oil manifestations, 100 l; 1v
absorption

5. | «Reef» Friable, loose, highly 120 l; 1v
fractured, reefogenic rocks

6. | «kMAG» Hard, consolidated, abrasive | 60 I

7. | «KIMy» Weakly cemented rocks 52,80,100 | Il

8. | «Lainer» Weakly cemented, loose rocks | 80, 100 IV; 1l

9. | «Structura» Unlit bottom sediments during | 57, 80 vV
offshore exploration drilling

10. | «Plutoniumy Very loose, crumbling 80;100 - 1v
strongly fractured rocks

Along with domestic samples for these rock categories, foreign production

sampling techniques are used in rock drilling practice (container-type coring shells,
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shells with a rubber sleeve, shells with a fully closed core receiver of the EU
HYDRO-Lift system and similar DBS systems).

To solve the problem of core destruction during its extraction after completion
of the drilling process, it is necessary to use special core sampling shells. This
requirement is based on the fact that the standard shells used (according to the CBS
scheme type KIM 190.5 / 215.9) after removing the inserts allow the destruction of
unconsolidated core, what is unacceptable [21].

Therefore it should be used the core-receiving devices with angle breaking-
off units based on CBS Reef UKR-195-120 (or CBS Lainer) with fiberglass core-

receiving pipes or any analogs of foreign solutions.

Fig. 2.5 - A special core-receiving device of the "Reef" type [1]

To increase the efficiency of core drilling, it is important to know the geological
features of the section and take them into account when selecting the type and design of a

core sampling tool.

2.1.3 Solution for problems in core extraction

To solve the problem of root destruction when it is raised from the well,
conservation of core material is required while maintaining conditions as close as
possible to the initial ones in the formation. This is possible with the use of two wall
core-receiving pipes made of fiberglass or aluminum and special core-receiving
equipment, for example, CBS “Reef™.

An alternative, without the possibility of preservation of the core sample
during its collection, is a change in the rate of rise of the coring shell. In this case, it
IS necessary to take into account the degassing point and the gas fluid factor in the

core sample. For oil-saturated reservoirs, the ascent rate from the bottom of the well
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Is recommended at 240 meters per hour, and when rising to a depth of 150 meters -
120 meters per hour. Starting from a depth of 150 meters - 36 meters per hour.

In addition, in order to avoid deformation of the core pipe during its descent
from the rotor table to the receiving bridges, it is necessary to use a wooden or metal
laying frame, which prevents pipe bending and core deformation during its descent.

Examples of core after various descent of the pipe are presented in Appendix 4.

2.1.4 Solution for problems in the preparation of core for transportation

According to standard technology, single-use pipes after lifting from the well
are cut using circular saws with a disk diameter of 355-360 mm into meter sections,
as shown in Figure 2.6. It is most desirable to use band saws instead of cutting
machines, due to the lower impact load on the core during the cutting process, as
well as less vibration load.

The ends of the resulting tubes are closed with caps with a diameter
corresponding to the diameter of the pipes and fixed with clamps, which protects the
core from drying and destruction. Subject to the technology of selection in fiberglass

pipes, the weakly consolidated, friable, fractured core remains unchanged.

o - Y N _ - i ,n v
Pt s~ 3 gl L e WS

Fig. 2.6 - Segmentation of a core pipe
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To solve the problem of the destruction of core material during transportation,
it is necessary to use segmented tubes, as well as to preserve the core by filling core
pipes with with a stabilizing inert agent. This will prevent damage and deformation
of the rock sample during transportation. As fixing compositions it is possible to use
polyurethane foam, non-polar oil, polyacrylamide paste or a gypsum mixture (an
example is the composition of Reslab together with Norske Shell, Norsk Hydro,
Norsk Agip). Advantages and disadvantages of various methods are presented in
Appendix 5.

When selecting preservative compounds, several mandatory conditions must
be observed: the compositions must be safe, easy to remove and do not change both
the composition and properties of the rocks. Based on the components of the core
material, the best way is to use a gypsum mixture as an inert agent that can be easily
removed from the rock sample. It is also possible to use polyurethane foam injected

under pressure, Figure 2.7.

Fig. 2.7 - Preservation of core tubes with polyurethane resin

An alternative is the combined core freezing using liquid nitrogen with
preliminary application of core fixation using the «Plastic strip» technology (Figure
2.8). The purpose of using such technologies is to minimize core displacement
relative to each other without the use of preserving compounds, as well as to reduce

the impact of impact loads during core transportation.
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It must be taken into account that at freezing temperatures below -35 ° C,
changes the rock structure. According to a Schlumberger study [3], predicting
structural changes in core samples at temperatures below -50 ° C is extremely
problematic. In this regard, freezing using liquid nitrogen to -197 ° C can lead to a

significant change in the results during laboratory studies.

Fig. 2.8 - Core stabilization using Plastic Strip (Baker Hughes) technology

In addition, for the delivery of core material, it is necessary to use special
boxes with spacers from damping materials and cutouts for tubes with core. An

example of such a box is shown in Figure 2.9.

Fig. 2.9 - A special box for the transport of core tubes
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Using standard boxes made of wood or impact-resistant plastic, it is necessary
to additionally lay them with thin sheets of shock-absorbing material, for example,
foam rubber with a thickness of 5-10 mm. In the case of using freezing technologies
for core preservation, for transportation it is necessary to use thermally insulated
trailers, which allows maintaining optimal storage conditions for the material [5, 10].

Core transportation to the laboratory for further analysis is possible by trucks
with at least a dirt road and the necessary transport infrastructure. An alternative, it

is delivering core using a helicopter to the nearest transport point.

2.2 Solution for problems with laboratory core analysis

2.2.1 Core acceptance

At all stages of work with unconsolidated (weakly cemented) core, it is
necessary to completely exclude shock effects on the tubes with the core and on the
core itself. After receipt of the core, it is necessary to accept it. The procedure is
described in table 2.2

Table 2.2 - The procedure of core material acceptance

Ne | Work in progress at this step

1 | Compare the core quantity with the core sampling report, and make sure that
the core material was not lost during transportation. Indicate all damage and
deformations of the core that occurred during work with the core in the well
and during transportation.

2 | Check for compliance with the total depth the numbering and order of
transport containers.

3 | Check for tube markings.

4 | Assess the tightness of the tubes.

5 | Atthe end of the core survey, draw up a core inspection report in duplicate.
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2.2.2 Preparation of the core for research

At the initial stage of work, after completion of the core acceptance process

and registration of the obtained samples in the database, it is necessary to carry out

primary measures. The purpose of specialized preparatory work is to obtain

information about the quality of the core, about its binding to the logs and depth, to

carry out preparatory work for research, to clarify the places of sampling. The main

objectives that should provide the required result upon their completion are

presented in table 2.3:

Table 2.3 - The order of core material preparation for research

Work in progress at this step

Core tomography, express processing of results;

Profile gamma-ray logging;

Linking the core to the log results, sending the results to the Customer;

Clarification of core orientation by bedding;

R WIN|F-

Clarification of sampling locations at:

* Determination of oil saturation (if this is not done in the field);

* Definition of geomechanical studies on full-size samples;

* Production of samples by indentation (drilling on "dry");

* Production of standard samples with freezing;

* Production of samples for stream experiments;

* Production of standard samples for geomechanical studies (with dimensions
in the ratio of diameter to length 1:3);

In accordance with the requirements of the program, the first to produce
samples are the indentation method on unfrozen core (as well as samples
using the “dry” drilling technology);

After core freezing, samples are made for stream experiments;

Core sawing;

The core is photographed in white and ultraviolet light;

Standard samples are produced, as well as samples for geomechanical studies

A layered (if necessary, sedimentological) description is performed;

The spent core is placed for long-term storage in the frozen state of the
cryokung (for a period of up to 6 months, temperature -25 ° C).
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2.2.2.1 Obtaining primary information about core samples

Tomography is recommended for mandatory use by experts from BP,
CoreLab, Weatherford, Shell. As equipment for its implementation, an X-ray
tomograph HD360-16 from Universal Systems or its analogue can be used.

Unconsolidated core tomography should solve the following problems:

Quiality control of selected core

Refinement of core binding to log data (complex intervals, with ambiguous
alignment according to the gamma ray log)

Core orientation by bedding

The choice of intervals for the manufacture of samples by indentation

The choice of intervals for the manufacture of full-sized samples

Selection of sampling locations for streaming experiments

Selection of sampling sites for geomechanical studies

Selection of sampling sites for petrophysical studies

At the end of the work, photographs for each tube along the core axis (in the
XZ and YZ planes) and perpendicular sections in the most interesting areas (from 2
to 10 sections per 1 meter) should be provided as a standard report form. The text
part of the report should contain a determination of the x-ray density along the core,
a qualitative and quantitative assessment of the cracks, and information about the
bedding [21]. An example of the results of tomographic imaging is presented in
Appendix 6.

The construction of structural 3D core models based on photographs obtained
during tomography is theoretically possible, however, no equipment or software was

found that could realize this task for further use in modeling.

2.2.2.2 Linking the core data to well log data and depth

It is necessary to measure the natural radioactivity of the core to complete
depth positioning of core to the log data. To accomplish this task, it can be used
SPGL-300 equipment which is designed by Core Laboratories Instruments or its

equivalent.
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The core speed relative to the detector during measurements is recommended
to be set in the range of 0.1-0.15 m / min for weakly consolidated core in order to
improve the quality of research results.

Gamma-ray research solves the following problems:

Determination of total radioactivity (API),

Determination of the content of radioactive elements of potassium (%),
uranium (ppm), thorium (ppm)

Determination of density of the studied core (gamma-gamma-ray logging)

Comparison and alignment of core curves with the GR curve from the log
data.

Correction of the obtained results in depth, in order to eliminate errors caused
by the presence of transport plugs on the tubes (leading to a fictitious lengthening of
the core column) and the core to the depth of drilling and well logging

Creation of a combined lithologic-and-petrographic plot with a description of
the results of the study.

As a standard report form, a table of measured core parameters is created with
reference to a certain depth, as well as a lithologic-and-petrographic plot with

reference to core material to the depth of sampling and well logging.

2.2.2.3 Core preparing for laboratory tests

Each oil company and laboratory center have their own established practices
for working with unconsolidated core. However, due to the lack of recommendations
in the domestic regulatory documents for conducting studies of unconsolidated core,
it was decided to take API PR40 as the basis that best describes the recommended
work practices.

It is important to note that there are no established recommendations in
domestic practice for the preparation of the core for the samples gaining. The degree
of influence of freezing on the reservoir properties of rock samples has not been fully
explored, but the publications note that freezing changes the internal structure of

grains, affecting permeability and porosity in an unpredictable way. Quick freezing
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leads to a high temperature difference between the surface and the inner part of the
samples, increasing the pressure within the samples and, as a result, leading to
cracking [9, 10].

Foreign researchers recommend the following sequence: first, the core is
frozen to a temperature of -25°C, then to a temperature of -57°C or even -80 [7, 9,
10]. According to Schlumberger recommendations, core samples should be frozen
at temperatures not lower than -35 degrees for weakly cemented reservoirs. This is
due to the significantly increasing effect of low temperatures on the pore structure
of images at the intersection of a given temperature mark [3].

At the same time, for conducting rapid studies it is often necessary to use
liquid nitrogen. The main disadvantage of the freezing stage in liquid nitrogen is the
destruction of the strength of the skeleton grains and clay particles.

It is supposed to store frozen core for a long period of time (about six months)
in a specialized thermo-container, the refrigeration unit of which will allow

maintaining the temperature of -35°C all year round.

2.2.2.4 Core sawing

It is necessary to cut cylinder core samples after completion of the freezing
process for tests. The sawing process should be done with a band saw due to a clean
cut, the possibility of cutting large diameters of samples, high speed and low impact
load on the core.

Sawing tubes with core is carried out in a ratio of 1:3. The sawing scheme is
shown in Figure 2.10. After samples taking, may be done a second saw cut. The first
core cut 1-inch (2.54 cm) thick is placed on a flat tray and poured with epoxy. This
part is intended for long-term storage. Storage of thin sections is more advantageous

in terms of costs for occupied space, but the costs for implementation are higher.
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Standard sawing Special sawing

Fig. 2.10 — Laboratory core sawing scheme [21]

The second part of 2/4 of the core thick is wrapped with plastic along, with a
mandatory fixation and placed back in the freezer. The third 1/4 thick part of the
core enters the photographing area, after which it is placed in the freezer similarly

to the first part.

2.2.2.5 Sampling from core material for research

Samples drilling areas are identified by computed tomography and core-log
analysis. It is especially important to clarify the direction of bedding. It is necessary
to highlight the main lithotypes found in the core. In each lithotype, it should be
performed a extrusion of samples by the pressing-in method. If the quality of the
samples is unsatisfactory, such intervals are marked as the target for the sampling
with drilling equipment after core freezing with liquid nitrogen. Typical core

sampling scheme is shown in Figure 2.11.
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Fig. 2.11 - Core-samping scheme [21]

In the practice of studies on unconsolidated core samples, two main
technologies for producing samples for further research are used - the method of
indentation and drilling of samples with cooling with liquid nitrogen [7].

The pressing-in method is used for samples gaining from unfrozen core. This
method is carried out as follows:

Perforation of the tube to the thickness of its wall

Core cleaning from the mud cake

Immersion of the thin-walled plunger in the core until it stops

The core plunger is removed and immersed in liquid nitrogen.

After heating the plunger on a gas burner, the core sample removed and placed

in a rubber cuff (foil). A protective metal grids are fixed at the sides of sample [30].

An example of method implementation is shown in Figure 2.12.

Thermoresistant paper

250-micron
metal net

250-micron
metal net

100-micron 100-micron
metal net metal net

Fig. 2.12 - Core-samples stabilizing [7]
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Currently, one of the most advanced devices for performing such work is the
equipment of the ErgoTech company (Great Britain).

The pressing-in method has limitations on its applicability in heterogeneous,
layered core sections. In addition, during compaction, rock compaction inevitably
occurs in the end sections of the samples (the degree of compaction is poorly
controlled). It is important to note that the unconsolidated core, in turn, is
decompressed during core sampling, and the degree of decompression cannot be
controlled.

If it is impossible to manufacture samples by the pressing-in method, it is
necessary to produce samples using cryotechnologies:

Core samples are drilled using a supply of liquid nitrogen, usually under a
pressure of 2 atmospheres. For better drilling, it is necessary to circulate liquid
nitrogen through the crown, in order to remove core particles and ensure quick and
high-quality drilling of the sample.

Due to the fact that extruded samples can be taken without using freezing, the
best option would be to use both methods of sampling to obtain the greatest amount
of information and make adjustments to the measurements taken.

After core samples been taken, the following technical solutions are used to
preserve them:

Casing of samples with various types of shrink films

Casing of samples with metal (nickel) foil

Each technology has advantages and disadvantages — samples preserving
using shrink film, requires: tight contact between the side wall of the sample and the
film, tight fixation of the end filters, the film must be inert to the use of aggressive
fluids used in further research of core samples.

Using metal foil, it is impossible to measure resistivity and the method of
preserving samples is more laborious and has higher risks of obtaining low-quality
samples, however, the influence of metal grids on porosity and permeability
measurements is much lower than fluoroplastic plates used in conjunction with heat

shrinkage [7].
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Examples of manufactured samples using each of the technologies described

above are presented in Figure 2.13.

Fig. 2.13 — Core-samples for tests [20]

2.2.3 Unconsolidated core tests

2.2.3.1 Fluid saturation test

The measurements of fluid saturation according to APl RP40 was selected
using the Distillation extraction (plug) method. Possible alternatives are Pressure-
retained core method, Solvent flushing / Karl Fischer method [7].

The analysis is based on the Soxhlet apparatus or flow extractor. The operating
mode for washing with organic solvents (acetone) was selected 15-30 days samples
flushing with dissolvent (acetone, tetrahydrofuran).

The extraction of fluids from core samples is recommended to be carried out
in Soxhlet apparatuses, as the most affordable for routine work. Extraction in CO>
extractors is not recommended due to the presence of increased loads on the samples
(numerous injection and pressure relief cycles). Core samples taken for
capillarometric and special flow experiments are recommended to be carried out in

a flow extractor using individual core holders [7].
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The procedure of the fluids extraction from samples goes in the Soxhlet
apparatus as follows:

Fill the apparatus with one of the solvents (toluene, alcohol-benzene mixture,
chloroform, etc.)

Put the selected samples to the Soxhlet apparatus. When loading, ensure
accurate vertical arrangement of samples. The optimal amount for loading is the
number of samples up to 30 pcs with a diameter of 30 mm and 20 pcs for samples
with a diameter of 1.5 inches.

Provide water to the circulation system.

Turn on the device to heat to the boiling point of the solvent

Extraction should be carried out round-the-clock for 5 days with obligatory
storage for 2 days.

Carry out a cleaning control to assess the degree of color of the solvent (lack
of color of the extract indicates the end of the process).

If solvent is colored, the cycle repeats.

If necessary, re-extract fluids with another solvent.

2.2.3.2 Core desalting

According to the API RP40 document core desalting is recommended if it is
more than 10 g / | of salt in formation water. Water bath with distillated water @
50°C, 5-10 changes of water. Consider the desalination process below:

Distilled water is usually used to clean rock samples from salts precipitated
from reservoir fluids. Additionally it can be carried out the deionization of distilled
water using various devices. For rock samples containing a large number of swelling
clay particles, it is recommended to use methanol instead of distilled water [7]. In
Russia, the use of methanol in the laboratories is restricted, therefore, it should be
used acetone instead of methanol/

The desalination of cylindrical samples using distilled water is usually carried

out using water baths. The temperature of the water is maintained within 40-50 ° C.
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Every two hours, it is necessary to change the water. The control of the content of
chlorine ions in water is carried out using a silver nitrate solution.

When carrying out desalination of samples with a high content of clay
material, especially swelling, it is recommended to use Soxhlet apparatuses filled
with acetone. To control the content of chlorine ions, it is recommended to take a
sample of acetone when the extractor is completely filled. The presence of chlorine
ions is recorded by the turbidity of the test fluid [7].

2.2.3.3 Core drying

Core drying according to APl RP40 document is recommended based on
vacuum oven or humidity oven. Based on the properties of core samples, the furnace
operating mode was selected as 12-24 hours @ 75°C, control should be carried out
by weighing of the sample.

Drying of unconsolidated samples placed in individual core holders is
recommended to be carried out by passing nitrogen through the core holder. Drying
time is determined empirically on samples from consolidated rocks with similar

porosity and permeability properties.

2.2.3.4 Open porosity test

The definition of Open porosity by the method of liquid saturation in domestic
practice is regulated by GOST 26450.0-85, GOST-26450.2-85 documents are
acceptable for slightly consolidated core [4, 27], therefore it was chosen because of
the simplicity and low cost of use.

The essence of the method is to determine the volume of the void space of the
sample by the mass difference between the dry and liquid-saturated samples. Its
external volume by the mass difference of the liquid-saturated sample in air and in
a saturating liquid and calculating the porosity coefficient by dividing the first
volume by the second. In addition to the mass of the sample, the masses of the end
grids, as well as the shrink film or nickel foil, FUM tape, are added. In the

calculations, this must be taken into account.
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Calculations by this method are carried out as follows:

The coefficient of open porosity (KP) in percent is calculated by the formula:

Ku= Vi Vosp (1.1)

Where:

m, — mass of two perforated fluoroplastic discs

m. — the mass of metal grids

My — mass of shrink film

m — dry sample weight per package

m2 — mass of saturated sample in a package in air

m3 — mass of saturated sample in a package in water

Meyx — dry sample mass without packaging

Px, Py Pe, pun — density of liquid, disks, nets, films

V=, - sample pore volume

Vosp — external volume of the sample

V1, Ve, Vi — volumes of disks, nets, film installed on the sample.

M1 = Meyx + My + Me + My

M2 = Meyx + Vips + My + Me + Miy

M3 = Meyx + Vipx + My + Me + Mux - Vooppx — Vapx — Vepx — VP

Therefore:

m2 - M1 = Vupx, Which leads to:

Vi = (M2 - my)/ px

M2 — M3 = Vooppx + Vapx + Vepx + Vinpsx, Which leads to:

Voop = (M2 — M3)/ pxc - Vi - Ve = Vi = (M2 — M3)/psc - Malpa - Me/pe - Musd prus

When determining porosity by liquid saturation, the bulk density of the sample
(8n), g / sm?, should be calculated by the formula:

5= T O (1.2)

m; —m,

Where 5, - the density of the working fluid, and apparent mineralogical

aAC

density, according to the formula:
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= M-J, (1.3)

57(‘./[/!.11 -

(1

Fig. 2.14 — Scheme of the unit for vacuum samples saturation measurement [16]

1 - capacity for core evacuation (desiccator), 2,3,4,8,9 — vacuum valves, 5 —

capacity for saturating liquid, 6 — vacuum gauge, 7 — trap, 10 — pump

2.2.3.5 Effective porosity test

According to the APl RP40 document, effective porosity determination for
unconsolidated reservoirs can be based on the Boyle’s Law double-cell method of
grain volume measurement with helium porosimeter. Example of equipment used -
DHP-100 (Weatherford). An alternative is to use techniques based on Boyle’s Law
single cell method for direct pore (void) volume measurement [16]. The first of the
methods described above will be used for further calculations.

The gas-based porosity determination for samples of unconsolidated rocks is
chosen to be carried out on a helium porosimeter according to the two-cell method.
It can be used use a DHP-100 porosimeter manufactured by Weatherford (Figure

24) or its analog, which allows measurements on 30 mm and 1.5 inch samples.
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Fig. 2.15 - Helium Porosimeter DHP-100

Calculations by this method are carried out as follows:

The numerical value of open porosity is defined as the ratio of the pore volume
in the sample (Vu) to the total rock volume (Vosp.):

Kn = VuVoop. (2.1)

The total sample volume is calculated according to the dimensions of the core
sample, provided that it is a geometrically regular cylinder. The pore volume is
found as the difference between the total volume of the sample and the volume of
the solid phase (Vs):

Vi = Voop - Vs (2.2)

DHP-100 uses the Boyle-Mariotte law to measure the volume of the solid
phase of a sample by expanding a given mass of helium in a calibrated cell.

Boyle-Mariotte law: (P1V1) = (P2V2)

Where:

P1 — initial pressure, MPa;

V1 — initial volume, cm?;

P> — final pressure MPa;

V> — final volume cm?;
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The equation used to calculate the volume of the solid phase is derived from

the basic Boyle-Mariotte law as follows:

PlVK = PZ(VK + VTB.) (23)
VTB = ((Pl - PZ)/PZ) VK (24)
VK = VK1+ VKZ (25)

Where Vi1 , Vi — calibrated volume containers included in the measuring
circuit of the device.

Using calibration with respect to the known volume standards, it is possible
to determine the relationship between grain volume and the ratio (P1-P2)/P.. Taking
measurements on a DHP-100 device, it can be obtained the value of the volume of
the solid phase V.

The porosity is determined by the formula:

Ku = Viop! Vosp, (2.6)

Vosp - geometric volume of the sample

Vuop - pOre volume

To determine the volume of the sample, it is necessary to use the true values
of diameter and length:

[ d%m ’ lI/ICT
4

Vo6p =

dyer = d — 2 = (film thickness);
L, =1 — 2= (teflon disc thickness) — 2 = (net thickness)

Pore volume is calculated by the following formula:

Vnop:Vo6p'VHCT, (2 . 7)
Where V.. — true volume, determined by the formula:
Vier = Vinin — Veonstituents (2.8)

. m m m
Veonstituents = ml/pl- = ; {shrink film} + ; {teflon disc} + ; {metal net}

Mineralogical density is determined by the following formula:

mI/ICT/V (2.9)

HUCT

pMI/IH
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The true weight of the sample, m.., is defined as the difference between the
mass of the packed sample and the mass of all its components (shrink film, teflon

disk, metal mesh).

2.2.3.6 Permeability determination

Permeability determination based on APl RP40 document should be based on
gas permeameter with a stationary mode of measuring permeability. Example of
equipment used DGP-300 (Weatherford). The alternatives to this method that can be
used for weakly cemented core are the Slip-Corrected Darcy Equation based on fluid
flow test and porosity [7]. As the main one, it was considered the application of the
first of these methods.

The determination of gas permeability for samples of unconsolidated rocks
should be carried out on a gas permeameter with a stationary mode of measuring

permeability with a side crimp pressure of 400 psi.

Fig. 2.16 - Gas permeameter DGP-300

Calculations based on the results of measurements should be carried out as
follows: The method of stationary filtration is the basis for measuring gas
permeability. Gas (air, nitrogen or helium) is passed through a sample with known

dimensions with a constant pressure drop between the inlet and outlet of the sample,
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or at a constant flow rate with a steady pressure drop. Permeability with steady gas

filtration is calculated by the formula:

_ 1000QIULp6ap (3 ) 1)

(P —P)p, - F
Where:
Kup — gas permeability, 10 um?;

np

Q — gas volumetric flow rate reduced to the average pressure in the sample at
a given barometric pressure, cmd/s;

P1 u P2 - absolute pressure at the inlet and outlet sections of the sample, 0.1
MPa (bar);

Psap — barometric pressure, 0.1 MPa (bar);

P.,=(P1+P2)/2 — average pressure in the sample, 0.1 MPa (bar);

1 — gas viscosity under gas filtration conditions through a sample, MPa*s;

L — sample length, cm;

F — cross-sectional area of the sample, cm?.
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Hpuaoxenue b

Knaccuduxkanus mopoa no BbIHOCY KepHa

Brxon XapaKTepHCTHEA OPOJ, 10
['pymma IToms THIHYHBIE TpeIcTABHTRIH
- KepHa, CTPVKTY PHOTEKCTYPHBIM
mopoza o CXEMBI - TOPHEIX Iopol
%o [OpH3HAKAM
A-1 1o Hecpa3Hble, pEOUIBIE, Tleckn, CYTTHHEH, TaTeTHHKH, COTH, CTa0bIe
A-9 pa3sMBIBaEMBIe OXPEL, CHIBHOTPeITHHOBATEIR
TPy 000DIOMOYHEIe IEeCTAHAKH HA TJIHHACTOM
LeMeHTe, CHIBHOTPEINHHOBATEIE APTHILTHTEI
CEBa3HEBIe, HEOOHOPOIHbBIE H
H ATeBpOIHTEL, PRIXIEIe, HeCBA3HEIE TOPOIEL,
OIHOPOIHBIE 110 CTPOEHHID, o
B-8 B OCHOBHOM clleMeHTHpPOBAHHEIE TbJ0M; KOHTTOMePAaTh
I 0-20 b9 ’ HA c/1aboM DeMeHTe, CHIFHOTPellIHHOBAThIe
MepeMexalonHec o
B-9 H3BeCTHAKH, Meprelld, J0IOMHTEL
TBepIOCTH, - - )
r-9 pasnpoOIeHHEle clIabble KAMeHHbIe YVIIIH,
CHIBHOTPelTHHOBATEIE, _ -
-9 . MeTaMop(H30BaHHBIE pa3apolIeHHbIe
MATOH, KaK HCKIHUeHHS P -
- APTHILIHTEL, [PaBeIHTEL, OPeKUHH, DOKCHTEHL,
cpegHeH, IpOYHOCTH
CIIAHITEI KBapI-CepHIIHT-H3BeCTKOBbIe
CHIBEHOTPeIMHHOBATEIE
CBA3HEIE, HEO, OJIHEIE H
’ AHOP CpeIHeTpelllHHOBATHIe KOHITIOMEPATEL,
OIHOPOIHBIE 110 CTPOSHHID, | _
56 ORHOPOJHEE 1 OpeKHHH, CHASPHTO-TIHHHCTBIE IOPOIEL,
TIeCUAHHKH CIa0Bble, KpellkHe VITIH CIIOJKHOIO
B-7 HeoIHOPOIHEIE 0
cTpoeHHI, KOPEI BEIBeTPHBAHHA HHKelIeBBIX,
r-7 TBEPAOCTIL, MAapraHIOeBhIX H KeIe3HCTRIX
I 20-40 -8 CHIBHOTPEINHHOBATEIE, Mapra L
. - MecTOpOsRIeHHH, CKAPHEI KAaBePHO3HEIS,
B-7 CPCAHEU 1 BBICOKOH CHIBHOTPEIMHHOBATEIE PYIHEBIS 30HEI
B-8 [IPOTIHOCTH, KaK THI, OTZP MATBHBIX MEC'}?JI-) O IeHHIL
-8 HCKTIOUeHHe E ,,p © PO ’
TpytoodIoMOoUHEIe TY(HEL, TYQQHTEI, 30HEI
cpeJHeTpelTHHOBaThHIe, -
. TlepecIdHBAHHA [eCYAHHKOE H APTHILIHTOB
MAaJIoH OPOYHOCTH
CBA3HEBI®, HEOJHOPOIHEIE H
BE-3 ’ P . | CpemHeTpelIHHOBATHIE APTHIUIHTEL H
OIHOPOJHEIE 110 CTPOSHHIO,
b-4 o OTHEE 1 ATEBPOIHTEL, IUIOTHBIE TIHHBL, IIeCUAHHKH,
B-5 AHOP KpeImk#e YI7H, QHIUTHTH, KOHITOMEPaTh,
He0IHOPOIHBIE II0
B4 i TpeITHHOBATEIe KpeMHHCTEIE IOPOIEL,
TBEPIOCTH, MOHOIHTHBIE H
I 40- 60 B-5 POTOBHKH, MPaMOPEL, H3BECTHAKH, TOIOMHTEL
cpeJHeTpeITHHOBAThIE
B-6 . Ty pGHTEL, CHIPHOTPeIHHOBATEIe KBAPIHTH,
pa3sIHIHOH DPoYHOCTH, KaK 2
I-5 11aba30BEe NOPhHPHTEL, TPAHHTEL
HCKIHOUeHHE
-6 TPaHOJHOPHTHL, CHeHHTEI, ITeTMATHTEL,
CHIBHOTPEINHHOBATEIE, -
-7 - 0a3aIbThL, CEPIeHTHHHTEI
BBICOKOH MIPOUHOCTH
CBA3HBIe, HEOIHOPOIHEIE H
B-1B-2 | o OJHEBIE 110 CTPOSHHIO,
AEHOP P " | TImoTHBIe MecYaHHKH, TIHHBL, MeprelH,
B-1 B-2 | B OCHOBHOM, OJHOPO/HBIE i
H3BeCTHAKH, JOJOMHTEL CIa00TpelTHHOBATHIE
B-3 [0 TBEPIOCTH, CePHeHTHHHTEL, (PH/ITHTEI, POTOBHEH
IV 60- 80 | I-2T-3 | MOHONHTHEIE Pa3IHIHOH P ' P ’
MHTMATHTEL, THeHCHL, CKapHBI, THPOKCeHHTEL
I'4 MIPOYHOCTH, KaK a AHOTHO I, mopé
II-4 0-5 | BcKmoueHHe TPe - TP? PHTEL TOPQHPHIEL
JIHIIAPHTEL, 0A3AIBTH H IHADA3E
-6 CpeIHeTPeITHHOBATHIE,
BBICOKOH IPOYHOCTH
MoHOIHTHEI® 0THOPOIHELE TOJIITH
CBA3HEIS, B OCHOBHOM, TIeCcYaHHKOB, APTHILIHTOB, JOIOMHTOB,
1 OIHOpPOIHEIE IO H3BECTHAKOB. MOHOIHTHBIE TEeCTIHIIHTH,
v 30-100 o1 CTPOEHHID, OMHOPOIHEIE [I0 | KBAPLHTHL, POTOBHKH, THEHCBL, SIIIMBL,
12 TBEPIOOCTH, Mpamopsl. HeHsMeHHBIe TPAHHTEL, JHA0A3EL

MOHOIHTHBIZ pﬂS.‘II‘l"]HDﬁ
IpOYHOCTH

TIOpHPHTEL, aHIe3HTEL, [PAHOCHEHHTEL,
TAHHUTEL, Oa3ATBTEL, IePHIOTHTEL, THIAPHTEL,
theTh3HTH
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Hpuaoxenue B

Cnyck kepHOBOii TPyObI ¢ 0ypoBOro croJia

Cryck TpyObI o1 COOCTBEHHBIM BECOM

i

Cryck TpyObI B yKJIaI0YHOM pame.
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Hpuaoxenue I'

MeToabl cTaduIM3alUM KePHA 1JIM ero 0e30macHoro TpaHCcnopTra

Nermmn | TexHOIOTHA [ToT0KHTEILHEIE OTpHIIaTeIbHEIE MOMEHTEI
CcTaOHIH3aLHH MOMEHTBI
1 lumc KauecTrenHas UyBCTBHTEIEH K XHM. CBOHCTBAM
CTa0HIH3aIIHuA BOJEL XPYIIKHII, TpeGoBaTelIeH K
co0MI0IeHHIO TeXHOIOTHIL.
OrpaHHYEHHA I10 TeMIeparype
BO3/yXa
2 DIOKCHIHA] CMOIIa KauecTBeHHas Enxue BemecTBa. 5K30TepMHUecKas
CTaOHIH3aIHA peaxIii. BO3MOKHO IPOHHKHOBEHHE
B KepH H H3MEHeHHe
CMaYHBaeMOCTH. TPY/IHO YVIAIAeTCA C
[IOBEPXHOCTH K€PHA. OTPDAaHHYSHNT
10 TeMIlepaType BO3ayXa
3 [TomuypeTaHoBas KauectBenHas Enxume XuMHYecKHe BellleCTBa
IIeHa CTaOHITH3aIA,
IIPOYHAL. MOXKET OBITh
3aKauaHa 1101
JlaBICHHEM,
yaanieTcs ¢ KepHa
4 3aMopo3Ka KauecteeHHan 3aTpaTHEII IPH HCIIOIB30BAHHH
CTaOMITH3aIA, Cyxoro apaa. IIpHBOIHT K
JeIIeBEIil CI10cod B [OBPEKICHIAM XPYIKHUX
MOJH(HKATHH [IECUAHHKOB H ITTHHHCTBIX
€CTeCTBEHHOH MHHEePAaIoB. IIPH JIHTEIEHOM
3aMOPO3KH XpaHEeHHH 3aTPaTHRIA. OrpaHHYeHHI
10 TeMIIepaType BO3ayXa
5 CHIHKOHOBEIII Tellb JemeBEIil TexHonorng He orpadoTaHa, HeT
[IOJIHOM KOHCepBallHH KepHa
6 Plastic Strip [Tozpomder 3axkpenutsd | [IprMeHseTca TOIBKO B ClIyuae

KepH BHYTpPH TyGyca
Ge3 3aTHBKH areHTOM

KOHCOIHIHPOBAHHBIX IMTOPOI
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Ipusoxenue /|

IIpumep oTyeTa MO KepHy nocjae Tomorpaguu
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