MunucrepcrBo o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
(benepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE yUPEXkKAECHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIA UCCJIEJJOBATEJbCKHUI
TOMCKHWI MOJUTEXHUYECKHI YHUBEPCUTET»

WNucturyr  IIpupoaHsIxX pecypcoB

Hampasnenue noarotrosku  21.04.01 Hedrerazosoe nemno

Kadenpa I'eonoruu u pazpaboTku He(TIHBIX MECTOPOXKICHHIM

MATUCTEPCKASA JTUCCEPTALIUA

Tema padoTsI

IpuMeHeHne AHATUTHYECKUX MOJIeJIel VIS OLEHKH MapaMeTPoOB TPeLIUHbI
THIPABJIHYECKOr0 Pa3pbiBa MJIACTA HA OCHOBE JTAHHBIX IKCILUIYATAIIMU CKBAKHH HA
Ka3anckom HedrerazokonsencatHom MmecropoxieHuu (Tomckas 0061acTh)

VIAK  622.276.66(571.16)

CryneHt
I'pynna DPUO Ioanuch Jara
2TMS51 CrapukoB Makcum AJiekcaHpoBUY
PykoBogurenn
J0/KHOCTH [(%(0] Yuenas cTenens, Moanucey JaTa
3BaHHe
3aB. kadeapoit [PHM UYepuosa O.C. K.I-M.H.
KOHCVYJIbTAHTHI:
ITo pasaciny «®DUHAHCOBBIM MCHCI>)KMCHT, pecprOB(I)(beKTI/IBHOCTB u pecypcoc6epe>I<eHHe>>
JokHocTH [5(0] Yu4eHnas creneHb, Moanuch JlaTa
3BaHHe
npocdeccop benozepos B.b. I.T.-M.H
ITo pasacity «COHI/IaJ'II:HafI OTBETCTBCHHOCTBH»
JokHocTH [5(0] Yu4eHnas creneHb, Moanuch Jlata
3BaHHe
JIOIICHT Mumienko M.B. K.T.-M.H.
JIOIMMYCTUTH K 3AILUTE:
3aB. kadeapoii DdPUO Yuenas creneHb, Ioanucoh Jata
3BaHHeE
I'PHM UYepnona O.C. K.I-M.H.

Tomck — 2017 1.




Munucrepcrso o0pa3oBanusi 1 Hayku Poccuiickoii @enepannn
(benepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE yUPEXkKAECHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIA UCCJIEJJOBATEJbCKHUI
TOMCKHWI MOJUTEXHUYECKHI YHUBEPCUTET»

Nuctutyr  [lpupoanHsix pecypcoB

Hampasnenue noaroroku (cnenuansHocts) 21.04.01 Hedrerasosoe aeno

Kadenpa T'eosnoruu u pa3paboTku HE(DTSIHBIX MECTOPOKIACHHIMA
YTBEPXAIO:
3aB. kadenpoit [PHM
Yepnona O.C.
(IMommuces)  (MHara) (®.1.0.)
3AJAHUE
HA BBINOJIHEHNE BbINYCKHON KBAJIN(PUKAIMOHHOKH padoThI
B dopwme:
MarucTepCKON AUCCEPTALUN
(baxanaBpckoli pabOTHI, AUITIOMHOTO NPOEKTa/paboThl, MAarUCTEPCKOH TUCCEPTALNH)
CryneHry:
I'pynna (0] (0]
2TMS51 CrapukoBy MakcuMy AjlekcaHIpOBUYY
Tema paboThI:
I[IpumeHeHne aHAMUTHYECKMX MoOJesedl s OLEHKH TMapaMeTpPOB  TpPeLIHHbI

THAPABJIHYECKOr0 pa3pbiBa IUJIACTA HA OCHOBE [AaHHBIX JKCIUIyaTAllUM CKBAXKHUH Ha
Kazanckom Hedrerazoxkonaencataom Mmecropoxaennu (Tomckast 06s1acTh)

VYTBepxeHa NPUKa30M JUpPEKTopa (1ara, HOMep)

24.07.2014, 6174/C

CpOK cavyu CTyJ€HTOM BBIIIOJIHEHHOM pa6OTBIZ

15.08.2017

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1anHbIe K padoTe

(HaumeHoBaHUe 0OBbEKMA UCCIeO0BAHUS UNU NPOCKMUPOBAHUSL;
NPoU380OUMENbHOCHIL UL HAZPY3KA, PEHCUM PABOmbL
(Henpepbl8HbILl, NEPUOOUYECKULL, YUKIUYECKUU U M. 0.), 8UO
CbIPbA UNU MAMEPUAT U30€NUsl; MPeOOBAHUS K RPOOYKMY,
u30enUIo U npoyeccy; 0cobvle mpebosanus K 0COOeHHOCHAM
Gyuryuonuposanus (Skcnayamayuu) 06vekma unyu u30enus 6
naane 6e30NacHOCHU SKCAYAMAayuu, BIUAHU HA
OKPYACAIOULYIO CPedy, IHEP203AMPAMAM, IKOHOMUHECKUTL
ananuz u m. 0.).

JlanHpIe TIO  JTOOBIUE
3a00ifHOE JTaBlIeHNUE)
OT4eThl TO TMPOBEACHUIO THUIPABINICCKOTO
pa3pbiBa Iacra

OT4YeTHI TI0 MPOBEICHUIO THAPOIMHAMUYCSCKUX
WCCIIEIOBAaHUH CKBAKUH

CKBaXUH  (1e6wur,




IMepeyeHb MOAJIEKAIMX HCCIIEIOBAHUIO,
NPOEeKTHPOBAHUIO U pa3padoTKe
BOINPOCOB

(aHarumuyeckuti 0630p NO IUMEPAMYPHBIM UCMOYHUKAM C
YeNbio BbIACHEHUs. O0CMUICEHUL MUPOBOLL HAYKU MEXHUKU 6
paccmampugaemotl 0b1acmu, NOCMAaHOBKA 3a0ayu
UCCIe008AHUS, NPOESKMUPOBAHUSL, KOHCIPYUPOBAHUS,
codepaicanue npoyedypul UCCIe008AHUS, NPOESKMUPOBAHUS,
KOHCIMPYUpo8anusi; 06CysicoeHue pe3yibmamos 6blnOIHEHHOU
pabomvl; HAUMEHOBAHUE OONOIHUMETbHBIX PA30€O8,
noonesicawux paspabomxe, 3aKuioyeHue no pabome).

w

Pacuer mapametrpoB tpemmnsl I'PII mo merony
aHaJIM3a JAHHBIX JOOBIYU ISl BEPTHKATBHBIX
ckBaxrH Ka3aHCKOro MecTopoxaeHus
MopenupoBanue TPELIUHBI B
CIeLUaIU3UPOBAaHHOM IPOrpaMMHOM
obecnieueHnu o JaHHbIM oTueToB ['PIT
Ananu3 nposeneHubix I'JIUC

Coznanue CHUHTETUYECKOMN MOJICIIH,
BKJIFOYAIOUIEH TOPU3OHTAJIBHYK) CKBAXKHUHY C
MHorocraguiiabeiM ['PII n npuMmeHenue k Heu
AHAJIMTUYECKUX MOJENei
AHanu3  IOJIyYEHHBIX
HEOIPEJEICHHOCTE!

pe3yabTaToB U

Ilepeyensb rpaguyeckoro marepuajia

(Cc mouHbIM yKazanuem 0653amenvHbIx yepmedicell)

3aBUCUMOCTH PACYETHOIO0 U (PAKTHUECKOro JeOUTOB
CKBA)KUH OT BPEMEHH.

I'eomerpun tpemun I'PlI, momydeHHble 1O JaHHBIM
MOJEIIMPOBAHUS

KOHchIbTaHTbI 1o pasaejgam BbIHyCKHOﬁ KBaJII/I(l)I/IKaIII/IOHHOﬁ paﬁoTbI

(c ykasaHuem pazoenos)

Paznen KoncyabTant
®unaHcoBbIN  MeHeKMeHT, | [Ipodeccop benozepos B.b.
pecypcorhPeKTUBHOCTD u
pecypcocbepexenne
CouumanbHas oTBeTCTBeHHOCTh | [lorienT Mumienko M.B.

Ha3Banus pa3aejaoB, KOTOPbIC JOJIKHbI ObITh HANMCAHBI HA PYCCKOM H HHOCTPAHHOM

A3bIKAX:

I[aTa BbI1Ia4YM 3a/1aHUA HA BbINIOJIHCHUE BI)IIIyCKHOﬁ
KBAJIH(UKAIUOHHOHI padoThI 10 JIMHEHHOMY rpaduky

3aganue Bb11aJ PYKOBOAUTEb:

J0/KHOCTH [%(0] Yuenas creneHs, Moanucey JaTa
3BaHHe
3aB. kadenpoit [PHM UYepnosa O.C. K.[-M.H. 26.06.2017
33}13HI/I€ NPUHAJT K HCIOJHCHUI0 CTYACHT:
I'pynna DPUO Moanuck Jara
2TMS51 CrapukoB Makcum AsiekcaHIpoBUY 26.06.2017




3AJIAHUE JIJISI PA3JIEJIA
«COLIUAJIBHASI OTBETCTBEHHOCTb»

CTyneHry:
'pynna DPUO
2TMS1 CrapukoBy Makcumy AJICKCAaHAPOBUYIY
HueruryT IIpupoaHbIX pecypcos Kadeapa I'PHM
YposeHb 00pa3oBaHus Marmcrparypa Hanpasaenue/cnenuaabnocts | 21.04.01.Hedreraszosoe neio

Hcxoanblie 1aHHble K pa3aeny «CounajabHasi 0TBETCTBEHHOCTb .

1. Onucanue pabouezo mecma (paboueil 30Hbl,
MEXHON02UHECKO20 NPOYeCccd, MEXAHUUECK020 000py008aHUsL)
Ha npeomem 803HUKHOBEHUSL:

—  8PEOHbIX NPOsIGNeHUL PAKMOPO8 NPOU3BOOCMBEHHOU CPedbl
(Memeoycogusi, peoHble Geulecmea, 0C8eUuleHIe, UMb,
subpayuu, INEeKMpoOMAcHUNHbBLE ROJISL, UOHUSUPYIOWUE
usyyens)

—  ONACHBIX NPOSIGIEHUL (PAKMOPOE NPOU3E00CNEEHHO
cpeobl (Mexanueckol npupoobl, MePMUYECKO20
xapaxmepa, d1eKmMpUiecKoll, NONCapHOU U 83PbIGHO
npupoosi)

—  He2amugHo20 B030€liCMEUS HA OKPYICAIOWYIO NPUPOOHYIO
cpedy (ammocghepy, euopocgepy, rumocgepy)

—  UPEe36bIYATIHbIX CUMYAYULL (MEXHO2EHHO20, CIMUXUTIHOZ2O,
9IKOIOSUYECKO20 U COYUATILHOZO0 XAPAKMepa)

Pabouas 30na — obwvexmul Kazanckoeo
MeCmopoA€COeHUs!

Bpeonvie ghaxmopul - memeoycnosus, gpednvle
gewecmed, oceeujerue, I1eKmpoOMacHUMHbLE NOJIA.
Onacnvle pakmopul — noscap, 3puis,
meMnepamypHoe 6030elicmesue, blCoKue 0a8eHUs.
Hezamugnvle 6o30eticmaust Ha OKpY1Caruyro
NPUPOOHYIO Cpedy — 3aepsA3HeHUe ammocgepbl,
eudpocgepul, iumocgepul.

Upessvruaiinvie cumyayuy — nO#Capul, 83puiebl,
Xumuueckue ompasneHus

2. 3naxomemeo u 01’1’[60[) 3AKOHOOAMENbHBIX U HOpMAMUBHbLX
OOKyMEHWZO@ no meme

Hopmamusno-npasoguie axmol
MeANCOYHAPOOHO20 cO0bUecmed, HOpMAMUBHO-
mexnuyeckue 0okymenmsl, «IIpasuia
b6ezonacHocmu 6 HeQhmsHOU U 2a30601
NPOMBIUACHHOCTUY.

Hepeqeﬂb BOIIPOCOB, NOAJICKALUX HCCIACTOBAHUIO, IPOCKTHPOBAHUIO H pa3paﬁoTKe:

1. Ananus svissiiennblx 8peOHbIX (PAKMOPOE NPOCKMUPYEMOU
npou3800CMEeHHO cpedbl 8 Credyrouell
noCc1e008amenbHOCU.

—  usuKo-XUMUYECKAsl NPUPOOa 8PeOHOCMU, €€ C8:3b C
paspabamuleaemol memot;

—  Oelicmsue paxmopa Ha OpP2aHu3M Yeio8exd,

—  npuseoeHue 0OnyCmuUMbLX HOPM ¢ He0OX0OUMOU
PA3MEPHOCIBIO (CO CCHLIKOU HA COOMEEMCMEYI0WULL
HOPMAMUBHO-MEXHUYECKUL OOKYMEHM);

— mpeonazcaemvie cCpeoCcmsea 3auunol
(CHauana KoieKMUGHOU 3auumul, 3amem —
UHOUBUOYATIbHBLE 3aUUMHbIE CPedCmBa)

Ipoyecc negpmeoobviuu sensemces naubonee
MOWHBIM U OIUMENbHO OeUCmBYIOUUM
UCMOYHUKOM 8030€UCMEUsL HA Hedpa, NOCKOIbKY
CONPOBONCOAEMCS UZLAINUEM U3 HUX HA
npomsdICeHun decamuiemuil 8 60IbUWUX 00bemax
NPUPOOHBIX Pecypcos (Heghmu, NAAcmosvix 600 u
NONYMHO20 HePMAHO20 2A3a) U 3aKAYKOU 6 HeOpd
ons cucmemvwt I cmounvix 600 (6 0cHOBHOM,
NONYMHbBIX), d NPU UX HEOOCAMKE — CEIICUX,
cneyuanvbHo 0006v18aeMbIX NOO3EMHBIX 80O.

2. AHanus3 6bIAGIEHHBIX ONACHLIX PAKMOPO8 NPOEKMuUpyemou
npou36e0EHHOI Cpedbl 8 Cledyioujell Nocied08amenlbHOCU
— MexaHuueckue onacHocmu (UCMOYHUKU, CPeOCmBad

3auumel,

— mepmuiecKue ONACHOCMU (UCMOYHUKU, CPEeOCTEd
3awumsol);

—  9]1eKmpo6e30nacHocmy (8 m.u. CmamuiecKoe
INEKMPUUECMBO, MOTHUE3AWUMA — UCIOYHUKU, CPeOCmEd
3awumol),;

—  n0oCcapos3pbieobe3onacHocms (RpuiLUnbL,
npoghunakmuuecKue Meponpuamus, nepeuyHsie cpeocmsa
nOACapoOmyuieHus)

Toocapoonacrocmo, 83pbl600NACHOCHb,
ONACHOCMb NOPAJICEHUs MOTHUEH, NOPAICEHUE
INEKMPUYECKUM MOKOM (3auumuoe 3a3emieHue u
3aHynenue), paboma ¢ XuMu4ecKuUMy peazenmami,
MexaHuuecKue mpagmol.

3. Oxpana oxpyosicaioweii cpeowl.
—  3aqwuma ceaumeOHoOU 30Hbl

— aHanuz 6030elicmeusi 06vekma Ha ammocghepy (8vlbpocwl);

Oyenka 8030elcmeuss MecmopoNcOeHUs. Ha
COCMOsIHUE 3eMENbHBIX PECYPCO8, amMMOChHepHblll
6030yX, COCMOSIHUE NOBEPXHOCMHBIX BOO.




— auanuz 8osodelicmausi 06vekma Ha 2uopocghepy (copocwt), Xapaxmepucmuka Mecmopodicoenus Kax

— auanuz 6o3oelicmaus 00vekma Ha aumocgepy (omxoowi), UCMOYHUKA 00PA308AHUSL OMX0008 NPOU3600CMEA
— paspabomams peuieHus no obecneyenuio IK0102U4ecKoll u nompebnenus. Komnuexc mep no oxpane
bezonacrocmu co ccoiikamu Ha HT/] no oxpane OKpydHcaioujeti cpeobi.

oKpyrcaroujel cpeowi.

4. 3auuma 6 upe3suIuatinbIX CUMYaYUsIX:
— nepeuend 603modcHvix YC na obvexme;
— gvlbop Haubonee munuunot 4YC,;

—  paspaboma npeeeHmugHbLx Mep no npedynpescoeHiio Bosmoowcnvie UC: nosicapol, 63pblébl, Ompasienus
4yc;

—  paspabomka mep no nOGbIUEHUIO YCMOUYUBOCmuY 00beKma
K oannoii YC;

— pazpabomxa devicmeuil 8 pezyromame ¢o3nuxueu 4C u
Mep o TUKBUOayuu eé nocieocmeuil

epedezmu eewecmeamu.

5.Hpa606bl€ u  Opecanu3ayUuoOHHble  B0NPOCHL obecneuenus

bezonacnocmi:

— cneyuanvuvie (xapakmephule 05 npoekmupyemoti paboueti | Mepuvl 6e3onachocmu npu SKCnIyamayuu
30HbL) NPABOGLLE HOPMbBL MPYO0BO20 3AKOHOOAMENbCMEA; NPOU3BOOCMEEHHBIX 0OBEKMOB.

—  OpeaHU3AYUOHHbIE MEePONPUSIMUsL NPU KOMROHO8Ke pabouell
30MHbl

Ilepeyens rpaduyeckoro marepuasa:

Ilpu neobxooumocmu npedcmasums 3CKU3HblE pagpuueckue Cxema Oevicmeuii npu 6o3nuxnogenuu 4C.
mMamepuanvl K pacyémHomy 3a0anuio  (00s3amenvHo 0
CReYUanucmos u Mazucmpos)

‘ JlaTa BbIIa4M 321aHUA 1JI5 pa3/iesia no JuHeiHHoMY rpaduky ‘

3agaHue Bb1/1aJ KOHCYJIbTAHT:

J0KHOCTH [(%(0] Yuenas cTeneHs, Moanucey JaTa
3BaHHe
Jouent Mumenko M.B. K.I[.-M.H. 26.06.2017
3az[a1me NPUHAJT K HCIOJHCHUI0 CTYAECHT:
I'pynna DPUO Hoanucek Jara
2TMS51 CrapukoB Makcum AJleKkcaHIpOBHY 26.06.2017




_ 3AIAHME JJISI PA3JIEJIA
«@UHAHCOBBIII MEHEJUKMEHT, PECYPCOD®®EKTUBHOCTH U

PECYPCOCBEPEXEHUE)
Crygnenry:
I'pynna DPUO
2TMS51 CrapukoBy MakcuMy AjleKkcaHpoBUYY
HucturyT IIpupoaHbIX pecypcoB Kadenpa I'PHM

YpoBenb o6pazoBanust MarucTpartypa

Hal’lpaBJ’leHﬂe/cneul/laﬂbHOCTL

21.04.01. HedrerazoBoe jaej10

Hcxonnbie nanHble K pasaeny «OHHAHCOBBIH MeHEIKMEHT, pecypco3(pGeKTHBHOCTD U

pecypcocoepeskeHne:

1. Cmoumocms pecypcog nayunozo ucciedoganus (HH):
MAMepUATbHO-MEXHUYECKUX, IHEPeMUYEeCKUX,
PUHAHCOBBIX, UHPOPMAYUOHHBIX U YETOBEUECKUX

Cmoumocms  pecypcos 011 npogedenus 1Pl
8bINIAMBL NOOPAOUUKY 30 NPOOCTAHHYIO ONePayuIo

2. Hopmvl u Hopmamugsl pacxo008aHus pecypcos Kanumanvnvle 3ampamol na nposedenue onepayuu
T'PII, onepayuonuvle 3ampamol npu 000viye negpmu
3. Hcnonvsyemasn cucmema HAN0200010H4CeHUSA, CIABKU lpunsamas nanozoeasn cmaexa 45%

HAJl02086, OI’)’lI{MC]leHuI/?, Oucm)HmupoeaHuﬂ u erdumosayuﬂ

Hepeqeﬂb BOIIPOCOB, NOAJICKALIIUX UCCJICT0BAHUIO,

NMPOEeKTHPOBAHHUIO M pa3padoTke:

1. Oyenxa kommepuecko2o u UHHOBAYUOHHO20 NOMEHYUANA
HTH

Pacuem skonoMmuueckoil 6612006l oM NPUMEHEHUs
aHaIUMuU4ecKux mooenetl Ojs OYeHKUu napamempoe
mpewunsl

2. Paspabomxa ycmasa HayuHO-mexHUUECKO20 NPOeKmd Paspabomrxa  pexomendayuii  no  npumenenuro
AHATUMUYECKUX —MemoOo8 OYeHKU Napamempos
mpewunvl I'PI1

3. IInanuposanue npoyecca ynpasnenus HTH: cmpykmypa u Inanuposanue npogedenus onepayuii I'PII, T/TUC.

epagux npogedenust, 6I00icem, pUCKU U OP2AHUZAYUSL Pacuem  ynywennoti  0obwviuu @  pesyavmame
3aKYNOK nposeodenus I JJUC

4. Onpedenenue pecypcHoul, PUHAHCOBOU, IKOHOMUYECKOU Onpedenenue KOHOMUUECKOU IPpekmuenocmu ¢

aghpexmusrnocmu nomMouybio 0epesa peueHull

Hepeqeﬂb r pac[)nquKoro MaATEPUAJIA (c mounvim ykasanuem obazamenvhvix uepmedicetl):

1. Jlepeso pewenuii onsa svibopa onmumanvrozo eapuanma paspabomxu cxeaxcurnamu ¢ I'PIT

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

33}13HI/I€ BbIJ1AJ KOHCYJbTAHT:

JokHocTH [5(0] Yu4eHnas creneHb, Moanuch Jlata
3BaHUE
[Tpodeccop benozepos B.b. JI.T.-M.H. 26.06.2017
3anaHne NPUHSJ K MCIIOJHEHUIO CTY/IEHT:
T'pynna (07 (0] Honnuch Hara
21IM51 CrapukoB Makcum AJleKkcaHIpOBUY 26.06.2017




Pe3ynbrarel 00ydeHus

Kon PesyabTaTsl 00yyeHus
1 2

P1 |CnocoGHOCTh NCIIONIB30BAaTh €CTECTBEHHOHAYYHbIE, MATEMAaTUYECKUE, SKOHOMHUECKUE,
IOPUAMYECKHE U MH)KEHEPHBIE 3HAHUS B 00JIACTU T€0JIOTUH, Pa3pabOTKHU U IKCILITyaTaluu
HE(TAHBIX U Ta30BbIX MECTOPOXKICHHIMA

P2 |CnocoGHocTh onpenensarts, GopMyIupOBaTh U PelIaTh MEKIUCIUILIMHAPHBIE HHKEHEPHbBIE
3a1a4u B 00JIaCTH HE(PTETa30BBIX TEXHOJOTHI C UCTIOIb30BaHUEM MTPO(PECCHOHATBHBIX
3HaHUU U COBPEMEHHBIX METO/I0B UCCIICOBAHUS

P3 |CnocoGHOCTD MIIaHUPOBATH U MTPOBOAMUTH UCCIIEIOBAHUS B CIIOKHBIX U HEONPEACTEHHBIX
YCIIOBUSIX C UCIIOJIb30BAHUEM COBPEMEHHBIX TEXHOJIOTUH, a TAK)KE KPUTHUECKU OLICHUBATh
MOJTy4YEHHBIC JTaHHBIE

P4 |CnocoOHOCTh aHANMU3UPOBATh HECTAHAAPTHBIE CUTYAllU U OBICTPO BHIOMPATH
ONTHMAJIFHBIC PEIICHUS TIPU Pa3pabOTKe HE(PTIHBIX U Ta30BBIX MECTOPOXKICHUN

P5 | CnocoOHOCTB MCTIONIB30BaTh TBOPYECKHUNA MOIXO/ AJIst pa3pabOTKH HOBBIX WACH U METOJIOB
MPOEKTUPOBAHUS 0OBEKTOB HE(TEra30BOro KOMIUIEKCa, a TAKKE MOJCPHU3HPOBATH U
COBEpPILIEHCTBOBATH MPUMEHSIEMbIE TEXHOJIOTHH HEPTETra30BOTO MPOU3BO/ICTBA

P6 |CrocoOHOCTh pa3pabaThiBaTh MHOTOBAPUAHTHBIC CXEMBI JIUISl IOCTHXKEHUS TIOCTABIICHHBIX
MIPOU3BOJICTBEHHBIX 11eTieH, ¢ 3¢ (HEeKTUBHBIM UCTIOIH30BAHUEM UMEIOIIUXCS TEXHUIECKUX
CPEICTB

P7 |CnocoOHOCTh aHAMU3UPOBATh U CUCTEMATH3UPOBATH COBPEMEHHBIE TEXHOIOTHUECKUE U
Hay4YHbIE JOCTIKEHUS HEPTETra30BOM OTPaCiii, a TAKIKE BBISBIIATH UX aKTyaJbHbIE
poOIeMbI

P8 |CnocoGHocTh 3¢ (hekTUBHO padoTaTh MHANBUAYAIBHO U B KAUeCTBE WieHA KOMaH/bI, a
TaKk)Ke pyKOBOJUTH KOMaH/10M, JOPMUPOBATH 3aJaHUsI, pacTIpeAesaTh 00I3aHHOCTH U HECTH
OTBETCTBEHHOCTb 32 Pe3yIbTaThl paOOTHI

P9 |CriocoGHOCTh caMOCTOSITENBHO YUYUTHCS U HEMTPEPHIBHO MOBBIIIATH KBATH(PHUKAIIUIO B CBOCH
poeCCHOHAIBHON e TEHHOCTH

P10 |BiameTs HHOCTpaHHBIM SI3BIKOM KaK CPEJICTBOM MPOQPECCHOHAILHOTO OOIIEHMSI, HA YPOBHE,

IMO3BOJIAOIIEM pa6OTaTB B HHTepHaHHOHaHBHOﬁ cpeae




CHnuCOK NPUHATBIX COKPALLEHUM
I'PII — rugpaBanyeckuii pa3phIB Mjiacta
I'’TAC — ruagpoarHaMHUYECKUE UCCIIEIOBAHUS CKBAKUH
KB/l — xpriBasi BOCCTAHOBJIEHHUS 1aBJIECHUSA
KBY — kpuBasi BOCCTaHOBJICHUS YPOBHS
BHK — BooHeTsIHOM KOHTAKT
YII — ynuCThIi ASHEKHBIN ITOTOK

EVM (Expected monetary value) — oxxugaemas qeHeXHast CTOUMOCTh



PE®EPAT

KirroueBsle ClI0Ba: TMAPABIMYECKAN PA3PbIB IJIACTa, THAPOJAUHAMUYECKUE HUCCIEIOBaHUSA
CKBa)XMH, OLICHKa mnapaMeTpoB TpewwuHsl [ P11, anHanutuueckue Moaenu, pexuMbl TE€YEHUS,
MOJICTTUPOBAHUE TPEIIUHBI, CHHTETHYECKAsi MOJIEb, MHOTOCTaAuHHbIN ['PII1.

OOBEeKTOM HCCIaeAOBaHUS SIBISAETCA (FOTCSI) BEPTUKAIBHBIE CKBAXKHUHBI C IMPOBEACHHBIM
THIPABIIMYECKUM Pa3phIBOM IUIACTA, BEAyIIUE 100Uy 13 o6bekta F02°  Kasanckoro
He(TEra30KOHIEHCATHOTO MECTOPOKACHUS

Llenb paboOThl — NPUMEHEHHE METOJMKH TI0 OIeHKe mapaMeTpoB Tpemmubl [PIT mo
JAHHBIM OJKCIUTyaTallud CKBRXHWH (IMHAMUKA MeECSYHOro jeburta, 3a00iHOE [aBICHHC).
[IpoBeneHne CpaBHUTEIBLHOTO aHAIM3a MOJIYYeHHBIX napameTpoB TpewmuHsl ['PI1 ¢ otuetamu no
I'PII, manneimu I'IVC u pe3ynbTaTamMu MOJEIMPOBAHUS TPEIIMHBI B CIELUATU3HMPOBAHHOM
POrPaMMHOM O0ECIICUYCHUH.

B pesynbrare uccnenoBanus  ObLIM NPUMEHEHBI AaHAIUTUYECKUE MOJEIIN IS OLICHKH
napameTpoB TperuHbl ['PI1 mo jaHHbIM 3KCIUTyaTaluu CKBaXXKUH, MTPOBEICH aHAJIU3 PE3YJIbTaTOB
I'’INC, npoBeaeHa npoBepka KOPPEKTHOCTU JIaHHBIX '€OMETpPUHU TpeuuHbl B oryetax no ['PIT
IyTEM MOJEJMPOBAHUs TpewMHbl M0 JaHHbIM oTueToB ['PII, co3mana cuHTEeTMUYECKass MOJEINb,
BKJIIOYAIOIAsi TOPU3OHTAIbHYIO CKBaXXUHY ¢ MHOrocTtaauitHeiM [P, k koTOpo#i 61 MprMeHeH
AQHAJTUTUYECKUNA METOJl ONpEeNeJCHUsl MMapaMeTpOB TPEIIMHBI IO JAHHBIM SKCIUTyaTaluuu
CKB@XHHBI, IPOAHAIM3UPOBAHbl JOCTOMHCTBA, HENOCTATKA WU HEONPEIEICHHOCTH KaxKJI0Ir0
METO/Ia U JaHbl PEKOMEHAAINH.

OO6nacTe NpUMEHEHUsA: O0NAacThI0O  JTaHHOM  paboThl  SIBISETCS  JUArHOCTUPOBAHUE
napameTpoB TperuH ['PII 15 BepTUKANBbHBIX U TOPU30HTAIIBHBIX CKBAYKUH.

DOxoHomuueckast 3 PeKTHUBHOCTH/3HAUUMOCTh PaOdOThI 3aKII0YAETCS B TOM, YTO  METOJ]
omnpeneneHus mapameTpoB TpemwuHbl [PII ¢ momompo aHaTUTHYECKUX MOeNed He Tpedyer
KaKuX-IM0O 3aTpar, OJHAKO MOXET OBITh YCHEIIHO NMPUMEHEH TOJIbKO TPH OMpEeIeICHHBIX

YCIIOBHSIX.



ABSTRACT

Key words: hydraulic fracturing treatment, well-testing, fracture parameters estimation,
analytical models, flow regime, fracture modeling, synthetic model, multistage hydraulic
fracturing.

The target of research is vertical wells with hydraulic fracturing treatment, producing
from U2P member of Kazanskoe oil-gascondensate field.

The object of the paper is application of analytical models for hydraulic fracture
parameters estimation based on production data (monthly liquid flowrate, bottomhole pressure).
Comparative analysis of obtained parameters with hydraulic fracturing reports, well-testing
results and modeling results in special software.

As the result of the investigation analytical models for hydraulic fracture parameters
estimation were applied, the analysis of well-testing results was performed, the accuracy of data
from hydraulic fracturing report was studied by means of fracture modeling in special software,
the synthetic model comprising horizontal multifractured well was created. The same analytical
approach was applied to the synthetic model. The results, advantages, disadvantages and
uncertainties of every method were discussed.

Applicability of this work lies in the area of hydraulic fracture parameters diagnostics of
vertical and horizontal wells.

Economical efficiency of the project centers around the fact application of analytical
models does not require additional expenditures. However, the method can be successfully

applied under specified conditions.
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BBEJAEHUE

I'mapaBnuueckuii pa3pblB  IJJacTa B BEPTUKAIBHBIX CKBaXHHAX ObLUT TMpU3HAH
3¢ exTUBHON TeXHONOrHel pa3paboTKKM HU3KOIPOHULEMBIX KOJIEKTOpoB. B TO ke Bpewms,
HECMOTpsSI Ha IIMPOKOE IMPUMEHEHHUE I10 BCEMY MHUPY, OIPEICICHUE NapamMeTpOB TPEUIUHBI,
MOJYYECHHOM  MOCJIE IPOBEIACHUS OIECpalMM TUAPABIMYECKOrO pas3pbiBa IUIACTA, SIBISAETCS
00JaCThI0 ¢ MHOTOYHCIICHHBIMU HEOIPEACICHHOCTIMU, TPEOYIONIYI0 KOMILJICKCHOTO IMOAX0/IA.
Metoasl auarHoctupoBanust napamerpos TpewuHsl ['PI1 ncnonb3yrores, 4ToObl YCTpaHUTh 3TY
ONPEIETCHHOCTh U HANPSAMYIO HJIM KOCBEHHO OIPENENIUTh MapaMeTpsl TpelluHbl. llapameTpsl
TPEHIMHBI ~ MOTYT  OBITh  ONpPEACIICHBl  HANPAMYIO C  TOMOIIBIO  HAaKJIOHOMEPOB,
MHUKPOCEHCMHYECKOTO0 KAPTUPOBAHUS, PAJMOAKTUBHBIX TPACCEPOB, TEMIIEPATYPHOrO KapOTaKa U
T.1. OHAKO JNaHHBIE TEXHOJOTUU HE UMEIOT BO3MOXHOCTH OIPEICIICHHS BCE KOJIMYECTBEHHBIX
napamerpoB TpewmuHbl ['PII. Meronbl He crnocoOHBI omnpeaenuTh dPPEKTUBHYIO MONYUIUHY
TPEIINHBI, 3aKPEIUICHHYIO MPOTITAHTOM, a TAK)KE €€ TPOBOJAUMOCTb, J1aBasi MHPOPMAITHIO TOJIEKO
1o 00IIeMy pacipOCTPaHEHUIO TPeIUHBL. KOCBEHHBIE METOJBI 0OJiee MHUPOKO UCIOIB3YIOTCS,
MOCKOJIbKY UX CTOMMOCTb MEHbIIE W JaHHbIe, HEOOXOIUMbIE IS aHadN3a JIETKOJOIMYCTITHBI.
Jannas rpynma METOZOB BKJIIOYAaeT B ceOs: aHANW3 YUCTOrO JABJICHUS MpPH TMPOBEACHUH
onepaunu ['PII, amamu3 pesynpratoB ['JIUC u ananu3 maHHbix g00brau.  DddexTuBHasA
MOJIYJJIMHA TPEIIMHBI U TMPOBOJIUMOCTh MOXKET OBITh MOJYYEHBI C MOMOIIBIO JAHHOW TPYIIIBI
METOJIOB.

Yactb Kazanckoro He(Tera3oKoHIEHCATHOTO MECTOPOXKACHUS SIBJISIETCS
HU3KOIPOHUIIAEMBIM KOJUIEKTOPOM, T/ie J0ObIYa BEAETCS BEPTUKAIBHBIMU CKBakuHamu ¢ ['PII.
KiroueBbiM  (pakTOpOoM ISl JTaHHOTO THUIA KOJUIEKTOPOB SIBIISIETCS TPABWIBHBIN JIH3alH
oneparuit I'PI1 nns onTumuzanumu mporecca pa3paboTku UM oOecredeHHus SKOHOMHYECKOH
s dexktuBHOCTH. ObecreyeHne ONTUMAIBHOTO Ju3aifHa BO3MOYHO TOJBKO TIPH YCJIOBUU
HAJIC’)KHOTO OMPENCNICHUSI MapaMeTpPOB TPEUIMHBI mocie yxe npoBeneHHbIX ['PII. Pesynbrars
aHalli3a YUCTOTO JABJICHUS BCerja IOCTYyNHbI mocie mnposeneHus omnepanuu [PII, omgnako
JMaHHas METOJIMKa XapaKTepu3yercs HaOOpoM HEONpPEIeICHHOCTeH W OrpaHUYeHU, Tpelys
JIOTIOJIHUTEIBHOM TNpoBepku. B TO ke BpeMs, MaTeMaTHyeCKHe€ MOJENH, BBIBEJICHHBIE s
cirydast pabOThl CKBaXUHBI C TTOCTOSTHHBIM 3a00MHBIM JIaBICHUEM, JINOO C TOCTOSTHHBIM JI€0UTOM
MOTYT OBITh HCIIOJIb30BAHbI Ul OLIEHKH PaOOThl CKBa)XUHBI ¢ BepTUKaidbHOU TpeuruHon ['PII.
[TpenmMyIiecTBOM JaHHBIX MOJENEH SIBISIETCA TO, YTO JAaHHBIE MO J00BIYe BCET/a JOCTYITHBI BO
BpeMs JKH3HM MECTOpOXIeHus. Takum o0pa3oM, TOIYyYUB CXOJUMOCTh PACCUYUTAHHBIX I10

MaTeMaTUYECKHUM MOJICTISIM JeOMTOB, JTMOO 3a00MHBIX JABJICHHH C MUCTOPHYECKUMH, oOpaTHas
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3ajava ompezeneHus napamerpoB TpeuiuHbl ['PII Ha ocHOBe NaHHBIX J0OBIYM MOXKET OBITh
pernieHa.

JlanHast paboTa HampaBieHa Ha ompejelieHue mapamerpoB TpemuHbsl ['PIT Ha ocHOBe
JAaHHBIX JTOOBIYM (3a00iHOE naBiieHWe, AeOUTHI). Pe3ynbTaToM mpoBeaeHHON padOThI TOJDKHA
CTaThb METOJUKA OIpENeTICHUs] XapaKTepPUCTUK TPELIMHbl Ha OCHOBE NaHHBIX OObYU. YacTh
paboTbl OyAeT MOCBAIIEHA OIEHKE HAJEKHOCTU MOJIYYCHHBIX PE3yJbTAaTOB MO CPaBHEHUIO C
METO/IOM aHaJiM3a YMUCTOrO naBiieHus. HaleKHOCTh MOTYyYEHHBIX PE3yJbTaTOB MOXKET ObITh
MOJATBEPXKJIEHA C MOMOIIbIO 00Jiee JOPOroCTOSIIEro U TPeOyIoIero OOJBIIOro KOJMYeCcTBa
Bpemenu meroaa ['JIUC. Ananu3 B cnenuain3dpoBaHHOM IMPOTPAMMHOM oOecrieueHun OyneT

HCIIOJIB30BaH KakK I[OHOJIHHTCJIBHBIﬁ HNCTOYHHK HAACKHOCTH ITOJTYUYCHHBIX PC3YJIbTATOB.
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2 LITERATURE REVIEW

2.1 Current state of problem

Some analytical were developed in the literature for constant pressure case applying the
principle of superposition for constant rate case either in real-time or in Laplace-space.

Locke and Sawyer created constant pressure type curves from semi-analytic solution for
infinite conductivity hydraulic fractures. The superposition principle was applied to the constant-
rate equation of Gringarten in order to obtain the solution.

Finite-conductivity fractures were firstly analyzed by Agarwal et al. who developed
declining-rate type curves. However, constant-pressure and constant-rate type curves generated
by means of finite-difference simulator were only for dimensionless of less than 1.0 and
therefore they are not able to provide the late-time effects of pseudoradial flow or boundaries.

Semi-analytic and finite-difference solution methods were used by Guppy in order to
developed constant pressure and constant-rate type curves for finite-conductivity case. He used
dimensionless conductivities of a range 1-500 for both constant-pressure and constant-rate cases
but only for bilinear flow time range. It was proposed the bilinear flow does not occur for high
fracture conductivities or for very low conductivities. Therefore, the application of developed
type curves is confined to mid-range fracture conductivities.

Bennett showed the constant-pressure and constant-rate type curves for finite-
conductivity fractures developed with the help of finite-difference simulator. He generated the
results for a constant-pressure production case for a great range of dimensionless conductivities
and times.

Soliman generated type curves for finite-conductivity fracture case under constant
pressure in bounded and infinite reservoirs by means of finite-difference simulator. He also
considered decline in fracture conductivity.

Analytic trilinear model was firstly introduced by Lee and Brockenbrough for modeling
constant pressure cases in bounded reservoirs. Fraim et al. used this trilinear model in order to
generate type curves for fracture conductivities above 0.2 . Also, they implemented a method
similar to Fetkovich on the purpose of transforming dimensionless rate and time in the way that
all the type curves coincide during pseudosteady-state flow.

Cumulative production type curves for wells with finite conductivity fractures for
reservoir with different boundaries conditions were produced by Elbet and Sookprasong by

means of finite-difference simulator.
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Type curves accounting for influence of fracture conductivity, fracture storage and liner
skin on the constant-pressure declining rates were provided by Azari at al. In addition, he
presented cumulative production type curves for a range of fracture dimensionless
conductivities.

Therefore, an analytic solution for constant pressure declining rate case of finite-
conductivity hydraulic fractures suitable for all possible flow regimes is not available in the
literature.

There are three types of techniques which can be applied for postfracturing analysis of
hydraulically fractured wells: numeric, semi-analytic and asymptotic.

According to literature, the superposition principle is usually applied in order to obtain solutions
for constant pressure case. It can be done either in real-time or in Laplace-space.

2.2 Direct Far-Field Fracture Diagnostic Techniques
2.2.1 Surface Tilt Fracture Mapping

The principle of tiltmeter fracture mapping based on the characteristic deformation
pattern of the rock around the created hydraulic fracture. The fracture orientation and geometry
can be obtained by measuring the tilt of the Earth induced by hydraulic fracture at several
locations. These vertical deformations are very small being in the range from 0.003 to 0.13 sm.
Modern tiltmeters are characterized by sensitivity about one nanoradian, this allows detection of
the surface by two mm from the distance of 225 m [1].

Surface tiltmeters are set in shallow holes radially around wells with hydraulic fracturing.
The distance can be as close as a few hundred feet to as far as 1 mile depending on the expected
fracture dimensions. As the result, the gradient of surface displacements is measured by the array
of surface tiltmeters. Then, the map of the surface deformation above the fracture can be
generated. Analysis of this map is used for estimation of fracture dip, azimuth, volume and depth
to fracture center. However, fracture length and height cannot be precisely measured since

surface tiltmeters are located very far from the fracture.

2.2.2 Downhole Tilt Fracture Mapping

Downhole tiltmeter mapping is different from surface tiltmeter mapping in that tiltmeters
instead of being at surface are positioned by wireline in offset wells at the depth of the hydraulic
fracture. Therefore, this technology provides a map of the Earth deformation adjacent to the

hydraulic fracture. Downhole tiltmeters are supposed to be more sensitive to fracture
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dimensions than surface tiltmeters since in most cases they can be placed much closer to the
fracture. Fracture length, height and width can be estimated by measured tilt in the adjacent

wellbores.

2.2.3 Microseismic fracture mapping

Microseismic fracture mapping is relatively new geophysical technology for
determination fracture extent, size and geometrics of a fractured zone. The principle of
microseismic monitoring is based on recording of microseisms or microearthquakes,
accompanying fractured zone creation during hydraulic fracturing treatment [2]. This
microseisms are caused by shear slippage on bedding planes adjacent to the hydraulic fracture
Standard three-component multiple-point digital wands are employed for recording of these
microseismic events. Digital wands represent downhole receiver array of accelerometers or
geophones which are located at the depth of the hydraulic fracture. The arrays may be located in
one or more offset wellbores. Surface data acquisition system is used to process the recorded
data. With the help of special processing techniques based on compressional and shear wave
arrivals to microseismic events may be located to provide the process of fracture growth and its

geometry.

Technological risks

In is necessary to note that microsesmic monitoring is characterized by a number of
problems. When making design, it is necessary to consider the following factors [3]:

e Large distance between hydraulic fracturing zone and recording interval in observation
wells. Short distances between wellheads of observation and treated wells may also
adversely affect mircoseismic monitoring procedure.

e High level of casing vibration. This may lead to distortion of azimuths of microseismic
events for weak signals and as the result the estimation of horizontal dimensions of the
fracture can be inaccurate. In some cases, the use of several observation wells is required
due to this adverse fact. This lead to increase in the cost of work.

o Employment of old well stock for observation. Conditions of recording of seismic events

are usually unfavorable in these wells.
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e Presence of currently producing intervals in the observation well. In these cases it is
necessary to isolate producing intervals in observation well by means of packer
equipment.

¢ Noise signals from neighboring wells. These signals may arise due to drilling and other
operations making noise in the location of the well where hydraulic fracturing treatment
was performed. Therefore, these operations should be temporarily stopped. Breach of this
condition may lead to the difficulty in interpretation of recorded microseisms due to the

fact that the recorded signals may be masked by noise.
Conclusion

Microseismic fracturing mapping is higher-cost technology in comparison with tilt fracture
mapping. However, this technique is particularly useful in the case of deep target layers when
fracture propagation in height is control parameter with the highest priority in order to be able to
predict fracture breakthrough in the water-bearing underlying beds. The main constraint is the
selection of appropriate candidate observation wells. For pilot projects it is recommended to
locate the downhole receiver array simultaneously in two or more wells as for the case of well
stock with long operation history. The employment of coil-tubing and modern equipment may
reduce technological risks, ensure reliable control of hydraulic fracturing treatment quality and

save money.

2.3 Direct Near-Wellbore Fracture Diagnostic Techniques

These techniques are run inside the treatment wellbore after the hydraulic fracture
treatment. A physical property such as temperature or radioactivity is measured in the wellbore
region.

These measurements can only detect what happens to the fracture at the wellbore. They
are not able to provide the estimation of fracture parameters some distance from the wellbore.
Lower bound for fracture height is provided in the case when the fracture and the wellbore are
not aligned. Near-wellbore fracture diagnostic technique is mainly used for identification of

fluid/proppant entry or production in multizone completions [3].
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2.3.1 Radioactive tracers

Radioactive tracers can be added to the proppant and fracturing fluid. Then, the
radioactivity is measured by gamma ray logging in the range of 1 to 2 ft of the wellbore.
Radioactive tracers are able to provide only a lower bound for the fracture height due to fracture
and wellbore misalignment, tracer settling, jet effects and fracture height growth away from the
wellbore [3].

2.3.2 Temperature logging

Fluid injection during hydraulic fracturing treatment causes cooling which is measured by
temperature logs. A series of runs is performed during a short time after treatment which is then
compared to a base profile before fracturing. The intervals consuming the most fracturing fluid

shows the slowest hit up [3].

2.3.3 Production logging

Production logging comprises noise logging which based on the sound generated by fluid
entering the wellbore. This is used to identify fluid entry intervals. Spinner surveys can be used
to detect type of fluid entering the wellbore and measure its amount. Such a survey combines
flow meter, pressure, temperature, fluid density, capacitance sensors. However, these methods
can only be used in openhole in order to provide the measurement of fracture height at the
wellbore [3].

2.3.4 Borehole Image Logging

This log can detect both artificially induced fractures and natural fractures along the
circumference of the wellbore. Analysis of orientation of these fractures may provide the
approximate magnitude and direction of the three principal stresses from which fracture azimuth
can be estimated. This log can only be run in the open hole. In addition, a lower bound of the

fracture height can be estimated if the log is performed after hydraulic fracturing treatment [3].
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2.3.5 Downhole video

The main area of application of this technique is cased holes in order to provide
information about zones involved in production.

Downhole video if used in open hole completion can provide the image of both induced
and natural fractures along the wellbore from which the stress orientation and lower bound for

fracture height can be estimated [3].

2.3.6 Caliper logging

Caliper logging is performed in the open hole before hydraulic fracturing treatment in
order to estimate the direction of maximum principal stress by orientation of boreholes cavities

and borehole ellipticity [3].

2.4 Indirect Fracture-Diagnostic Techniques

These techniques are the most widely used because the data required for the analyses are
more readily available. Pressure response during hydraulic fracturing treatment or pressure and
flow rate during production can provide estimates of fracture dimensions such as effective
fracture length and fracture conductivity. This group of diagnostic methods include fracture
modeling (net pressure analysis), pressure transient testing (well testing) and production data

analysis.

2.4.1 Net pressure fracture analysis

Fracture modeling may be used in order to estimate fracture dimensions and conductivity.
According to this method, the observed net-pressure during hydraulic fracturing implementation
is matched with modeled net pressure by adjusting some models parameters [4]. Net pressure
may be calculated using the following equation presented by Nolte (1979):

Pnet = Psurface * Phydrostatic — DPfriction — Oclosure

As can be seen, the observed net pressure is calculated from downhole or surface pressure
subtracting the fractional component and fracture pressure and applying for hydrostatic pressure.
In order to achieve matching to observed net pressure, model net pressure may be changed using

several assumptions.
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For reliable hydraulic-fracture growth modeling, two key components are required: an
accurate Earth model and a proper knowledge of the process and physics of fracture propagation.
Although the accuracy of developed Earth model depends on the amount of gathered data, in
many cases main parameters such stress profiles above and below the reservoir and rock
properties are not well known. In many cases the nature of fracture growth is also not well
understood and characterized by uncertainties. Therefore, the discussed above uncertainties in
the Earth model and the physics of fracture growth do not allow for reliable fracture geometry
estimation. Moreover, it is common practice that obtained geometry from fracture modeling does
not coincide with the fracture geometry obtained from microseismic and tiltmeter mapping. The
main limitation of net pressure analysis is that the solution is nonunique. In the case of Overton
field, two net pressure matches are displayed in Fig. 2.1 and Fig 2.2. The match was is equally
good, however it was obtained using different assumptions about fracture propagation. The
match in Fig. 1 assumes complex fracture growth with simultaneous multiple fractures
propagation. This results in short fracture with extensive height growth. The match in Fig. 2 was
obtained with the fracture model calibrated to microseismic survey data. This calibrated model

results in a ling fracture.
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Figure 2.1 — Net pressure match (calibrated model)
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Figure 2.2 — Net pressure match (uncalibrated)

Therefore, differences in fracture geometry may arise in the case when the physics of
fracture propagation is uncertain. In the discussed above example assumption of complex
fracture growth model gave the fracture length of 525 ft, while the actual length is 1500 ft.

The reliability of net pressure analysis method increases when the results are integrated
with other direct and indirect diagnostic methods such as production analysis, pressure transient

analysis, microseismic and tiltmeter surveys in order to confirm the fracture model.

2.4.2 Well testing

Quality control of hydraulic fracturing treatment is essential at every step of performing
the procedure from the process of selecting candidate wells to efficiency evaluation. Well testing
is one of the methods which allows for independent estimation of quality of performed hydraulic
fracturing treatment [5]. Well testing provides the opportunity to estimate the main parameters of
hydraulic fracture (halflength and conductivity) as well as the characteristics of the target
reservoir (permeability, reservoir pressure). Comparison of hydraulic fracture parameters
obtained by well testing with reported results after hydraulic fracturing implementation allows
for estimation of quality of contractor’s work and planning the actions of increasing of

improving treatment efficiency.

2.4.2.1 Hydraulic fracturing efficiency evaluation using well testing

The build-up survey is preferred for estimation of reservoir flow properties, fracture

geometry and conductivity after implementation of hydraulic fracturing treatment. Well testing
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with sufficient accuracy can be performed with preliminary lowering of subsurface pressure
gauge below ESP. Well testing survey comprises recording of drawdown after bringing the into
production, well flowrate measurements with the following built-up recording. This survey may
require from 1.5 to 2 months depending on reservoir permeability with subsequent equipment
retrival.

Most accurate data characterizing the target reservoir and fracture can be obtained from
build-up survey. The data obtained from drawdown survey are supposed to comprise inaccuracy
due to the fact that after onset of well exploitation, the well killing fluid flows first and only then
reservoir fluid.

The reservoir parameters can be obtained from level build up curve in order to select
appropriate candidate wells for hydraulic fracturing.

Prefracture well testing and well testing performed after hydraulic fracturing treatment

allows for most accurate estimation of this production enhancement operation.

2.4.2.2 Estimation of fracture parameters

Hydraulic fracture parameters estimation by means of build-up is based on identification
and analysis of reservoir fluid flow regimes in the well due to pressure redistribution in the
reservoir with hydraulic fracture after fracture closure.

Log-log diagnostic plots for the well with hydraulic fracture allow for determination of
different flow regimes which can be identified by straight lines with characteristic slope. The
following flow regimes may be identified: bilinear (the combination of two linear flows: linear
flow in the reservoir and linear flow in the fracture); linear (linear flow in the reservoir after end
of bilinear flow); pseudoradial (can be identified in the case when the radius of investigation
significantly exceeds the fracture dimensions and lines of fluid flow coverage to the well
radially).

Linear flow from the reservoir to the fracture may exist in the presence of the fracture
with infinite as well as finite conductivity. For the finite conductivity fractures (Cr;<300),
pressure drop in the fracture can be identified which allows diagnosis the bilinear flow as well as
the linear flow. For the infinite conductivity (Cr;>300), the pressure drop is not accounted for,
therefore only linear flow can be identified.

Pseudoradial flow follows linear flow from the reservoir to the fracture. The pseudoradial
flow can by identified by observation of horizontal line of logarithmic pressure derivative versus
logarithmic time. In order to achieve presudoradial flow, it is necessary that the survey will be

long enough in order to achieve complete build-up of pressure in the well.

53



For the hydraulically fractured well, the onset of pseudoradial flow is dictated by
permeability of the reservoir as well as the fracture parameters such as length and dimensionless
conductivity.

Typical build-up models are employed in order to estimate the required duration of the
survey in well testing design for the well with hydraulic fracture. Duration of the build-up survey
is defined in each specific case on the basis of reservoir characteristics. Operational period of the
well before shut-in for build-up is recommended to be not less than four to five cycles of onset of

the pseudoradial flow.

2.4.2.3 Well testing technology

The well testing procedure comprises: drawdown recording accompanied with flowrate
measurements at stable flow with constant flowrate and then build-up recording; equipment
inspection and installation in the well is conducted at preparation step. The subsurface pressure
gauge can be placed in special container which is attached below pump intake in order to protect
the gauge.

Drawdown is registered after starting of ESP operation and bringing the well on to stable
production. The duration of well production period on stable flow regime is determined by
engineering calculations for each particular investigation. Before the well is shut-in for build-up,
well flowrate is measured and wellhead liquid is sampled in order to estimate watercut value.
Leakproofness of wellhead assembly and tubing is essential component for this survey and
requires strict control. Well testing should be conducted until complete pressure build-up is
reached in the well. After implementation of the survey, the equipment is lifted and the recorded

data are read for further analytical investigations.
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2.4.2.3 Results of analytical investigations

Derivative log-log diagnostic
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Figure 2.3 — Derivative log-log diagnostic for fractured well

As the result of built-up analysis in the well with hydraulic fracture the following
parameters allowing for estimation of hydraulic fracturing treatment quality, can be obtained:
e Dimensionless fracture conductivity (Cr4), characterizing true proppant pack
conductivity in the fracture from the bilinear flow with %4 slope;
o Effective fracture half-length from the linear flow with % slope;
e Actual skin factor (pseudoradial skin)

e k- fluid mobility in horizontal plain;

2.4.3 Analytical models for hydraulic fracture parameters estimation of vertical wells

Methods, used in this work are based on pressure transient testing of finite-conductivity,
vertically fractured wells. Analytical bilinear model was developed by Cinco-Ley et al.[6] in
order to describe pressure behavior of finite-conductivity vertical fractures. The following

assumptions were used by Cinco-Ley et al. in order to develop analytic bilinear flow model:

e An isotropic, homogeneous, horizontal, infinite reservoir which is characterized by
uniform properties such as thickness, permeability and porosity. The reservoir is bounded

by upper and lower seal.
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e The fluid is slightly compressible with constant compressibility and viscosity

e Finite conductivity fracture with constant characteristics: half-length x;, with w,
permeability k¢

e The flow across the edge of the fracture is assumed to be negligible due to small fracture

width compared with the fracture length

wellbore

_/

——

impermeable
boundaries

fracture h

Figure 2.4 — Fracture model

In general, the bilinear flow model developed by Cinco-Ley assumes that fluid in the
fracture flows linearly toward the wellbore and formation fluid flows perpendicularly to the
fracture wing.

The disadvantage of this model is that due to simplistic representation of the flow
geometry it is applicable only for early-time pressure behavior when the pressure transients are
not felt at the tip of the fracture.

Lee and Brockenbrough [7] first introduced trilinear fracture geometry having additional
x-component flow in the formation. Bilinear and trilinear fracture flow models are characterized
by identical early-time behavior for high fracture conductivities when fluid flow in the formation
along the fracture face is negligible. In the case of low conductivity fractures the additional x-
component is able to more accurately represent fluid flow. For this type of fractures the fluid
flows both inside in the fracture and in the formation.

Trilinear model has advantage over bilinear model in that it is able to produce solutions

for the time when the tip of the fracture has been reached by pressure transient response (onset of
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formation linear flow) which is possible by incorporating additional x-component of formation
flow.

The bilinear model is mainly used in order to describe pressure transient responses for the
fractures with mid dimensionless conductivities dominated by bilinear flow. Main disadvantage
of the bilinear flow model in this particular case is that it is unable to produce the transition to
formation linear or pseudoradial flow.

Azari et al. evolved (updated) [8] the model derived by Lee and Brockenbrough. They
model in addition to the trilinear fracture flow transform is able to asymptotically shift the flow
to pseudoradial when excessive pressure drops are encountered. In addition, the model
developed by Azari et al is not limited to the high conductivity fractures in which flow through
the fracture is the only fluid flow to the wellbore. It is applicable to low conductivity fractures

and can represent the flow through the least resistant path inside the formation.
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Figure 2.5 — Trilinear fracture model.

Azari, Soliman and Wooden (1991) [9] fully exploit solutions for constant pressure well
testing which has not been fully analyzed. They developed a direct analytic solution for constant
pressure analysis of finite conductivity hydraulic fractures describing all flow regimes. In
addition, they presented analytically derived declining rate type curves, Moreover, type curves
identifying the influence of fracture conductivity, storage and linear skin were presented.

2.4.3.1 Formation flow regimes

Four flow regimes may be identified describing the performance of finite conductivity
vertical fracture in infinite reservoir: linear flow in the fracture, bilinear flow, linear flow in the

reservoir and pseudoradial [10].
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Linear fracture flow is developed by means one dimensional fluid flow from hydraulic
fracture to the wellbore. This flow regime is short and can be identified at very early time of well
performance. Usually, this flow regime is masked by wellbore storage effect. The end of the

fracture linear flow occurs at such early times that analysis of this flow period impractical [13].
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Figure 2.6. Fracture linear flow.

The fracture flow is accompanied by plane-parallel formation flow during bilinear flow
regime. This flow regime is developing until the flow disturbance from the fracture tip will affect
the flow in the fracture. The duration of bilinear flow regime the longer the lower the fracture
conductivity. According to Azari at al. (1990) [8], as conductivity increases above m/2, the
transients will move faster in the fracture than in the formation and the disturbance from the

fracture tip is felt at the wellbore sooner.

PN

|—> — — |

1T

Figure 2.7. Bilinear flow.
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The onset of linear formation flow depends on the time when fracture tip effects become
felt at the wellbore. This flow regime is identified on the condition that fracture conductivity is
high and will not prevail when fracture conductivity is below 80. In this case the formation flow

prevails and flow prom the fracture tip is negligible.

RENEER
PIT 11

Figure 2.6. Formation linear flow

As the pressure disturbance front moves away from the hydraulically fractured well, the

flow to the fracture becomes pseudoradial.
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8 ®UHAHCOBBII MEHE[)KMEHT

Onenka ¢uHaHCOBON 3(PPEeKTUBHOCTU OYAET MPOBOIUTHCS METOAOM JEpEeBa PELICHHIA.
JepeBo pemieHuid 3T0 Tpaduyeckas MNPE3CHTAIUs 3aJa4d MOCIEAOBATEIHHOTO TPUHSATHUS
pelIeHMid, BKJIIOYAroIiee B ce0sl AJIIEMEHTHI JIOTMKH, CTOMMOCTH M BeposTHOCTH. Co3naHue
JnepeBa TpeOyeT opraHu3aluu MpoOJieMbl B JIOTUYECKYIO IENOYKy cOopa uHbOpManuu H
npuHsATUA pemieHnid. C  NOMOLIBIO JIepeBa pEIIEHUH MOXKHO OLIEHUTh ONTUMAJIbHYIO
IIOCJIEIOBATEIbHOCTh PEUICHUH M ILEHHOCTh IEPBOrO pemeHus. JlaHHas LEHHOCTb MOXKET
BbIpaxarbcsi B EMV unu mo6om pyrom noaxoasiieM napaMmerpe. AHaau3 JiepeBa MOXKET ObITh
HEOOXOUM Ui OLEHKU LIEHHOCTH MH(OpMAIHMH, KOTOpas MOXKET ObITh IOJydyeHa BO BpeMs
peanu3alnuy NpoeKTa.

B cnywae nmanHoro mnpoekrta, Takod uH(OpMainuend MOTryT OBITh JTONOJIHUTEIbHBIC
WCCIIEIOBAHUS IO ompeAesieHut0 napameTpoB TpeuuHbl ['PII. B nmaHsblid BHA uccaenoBaHHit
BXxoauT npexiae Bcero BeinmosiHeHue ['JIMC no u mocne nposenenusi onepauuu ['PIL. I'INC
ABJISIETCSI IOBOJIBHO JOPOTOCTOSIIIEH MPOUEAYpOil B cllydae HU3KOIMPOHMUIIAEMOr0 KOJUIEKTOpA,
MIOCKOJIBKY OIpEeNIeJIeHue IapaMeTpoB IulacTa M TpemuHbl 1o gaHHbiM KBJI TpeGyer
JUTUTENIbHOTO BpeMeHu. [lanubiii gakt ocobeHHo cmpaBemiuB it nipoBeaenuss KBJI mocre
I'PI1, rne BBIXO/A CKBAKMHBI Ha MCEBAOPAAUAIIBHBINA PEXKUM TEUEHUS, U3 KOTOPOTO ONpPEEsieTCs
MJIaCTOBAsl MMPOHUIIAEMOCTh, TPEOYeT JUIMTEIHLHOTO MPOCTOS CKBAXHUHBI. J[TUTENbHBIN MPOCTON
03HAYaeT MOTEPI0 JOOBIUU, YTO MOXKET ObITh OTPAXKEHO B JiepeBe pelieHnil. PaccmarpuBaeMslil B
JaHHOW paboTe aHAIMTHUYECKHI METOJl ompeneneHus napamerpoB tpentunbl ['PIT He TpeOyer
MPOCTOSI CKBAXUHBI U KAKWX JTMOO APYTUX CHENHaIbHBIX 3aTpaT, TAKUM 00pa3oM MOTEHIUATBHO
yBenmuuuBass EMV nanHoro pemenus. OnHaKo BEpOSTHOCTh MONYyUEHUS HAEKHBIX JTaHHBIX
OyneT HecKoIbKO HIke 1o cpaBHeHHIO ¢ ['JIMC, mockonbKy JJIsl JTaHHOTO METOa HEOOXO0IUMO
KOPPEKTHOE OIpeieJieHre apaMeTpoB IJIacTa U IJIacTOBOrO (oM.

JlepeBo pelieHuii BRITIISAIUT Cleayonmm oopasom (puc. 8.1)
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Brlipy4ka

p=02
HAERH B PE3YIETATE
74,84
p=04
AYNETATE CReOHER HAREMHOCT H
c pen d 78,74
p=0.4
HEHADEHH bIE PayNeTaTel 7874
ramc p=0.1
HAEMH B PE3YTIETAT b 82.6
=0
AHANAI DoBsM p=04
pasyMNETaTE CHAAHBA HAEMHOCTH 826
b |— B o
p=05
HEHAJAWH b PaXyNETATH 826
L)
p=0.5
OLUMBES B HAHANEHOA CUBHKE NAPAMETROR TPEWHHE! 76.6
L)
Baa noapepsieHis /
p=0.5
\'lapammpu TRELLMAHE BbinK OLEHEHE BapHD 82,6
nofbiva Gaa FPN
31.76

Pucynok 8.1. JlepeBo pemennit

OnuiieM mpouecc NOCTPOEHUs AepEBA PELICHUM.

JlepeBo HauMHaeTcs C y3/a NPUHATUSA pelieHus noa OykBoil A. B nmanHoM y3ie
IIPOMCXOAUT IIPOLECC MPUHSITHS PEIICHMS: BBITOIHAThH JU TMAPABINYECKUN Pa3pblB IUIACTA HA
npoOypeHHol ckBaxkuHe. Eciu rupaBinyueckuil pa3pbiB He BBIOJIHACTCS, IEPEXOUM 110 BETKE
«no0brya 6e3 I'PII». [lns sToro ciydast mpou3BeAeM pacyeT YUCTOTO JIEHEKHOTO MOTOKa OJIMH

roj. icxomHbIe TaHHBIC TpUBEIeHBI B Ta0ymie 8.1. Pe3ynbTaTel pacuera npuBeacHbBI B Ta0m. 8.2.
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Tabmuma 8.1 — McxonHble naHHbBIE

IlnaTexu u HasTOTH 3HaveHue

Haiorosble oTuncienusi, % OT BEIPYYKH 45
IKCILTyaTAIIMOHHbIE 3aTPAThI

TEXHOJIOTUYECKasi IOATrOTOBKA HE(PTH, THIC. 0.085

cOop u TpaHCOpT He(TH U Ta3a, THIC.pyoO./T. 0.050

pacxo/Ipl Ha SHEPTHUIO MO U3BJICUCHUIO HEPTH, 0.03

TPAaHCIIOPTUPOBKA HEPTH HA IKCIOPT, 1.98

3aKa4yKa BOJIbI, THIC.py0./M3 0.017
JlonmoJIHUTeIbHbIE TaHHBIE [JIs1 pacyera
['PIL, muH. pyo. 10
CrouMoCTh TOHHBI IPOMIIAHTA, T.p 40
PemonTtHO-n301s11M0HHBIEC paboTh! (PUP), MiH. 2.5
CraBKa JUCKOHTUPOBaHUA, Yo 15
[lena peanuzaruu HeTH HA BHYTPEHHEM PBIHKE, 145

Tabmuua 8.2 — Pacuer mwis ckBaxuus! 6e3 ['PI1

Jlebwur, I'omosoii Omnepail. pacx. Bripyuka, Hanorn, YII,
m3/c nebur, M3 MJIH.p MJIH. P MJIH. P MJIH.P
17,58 5467 11,83 79,27 35,67 31,76

HpOBCI[eM pacueT AJjid CKBAXHUHBI IIOCJIC IIPOBCACHUA OIICpalun I'PII Ha omunH ron.

JlanHble ¢ mapaMeTrpamMu TpEIIMHBI IpejacTaBieHbl B Tabmuue 8.3. PesynabTarsl pacuera B

Tabnuie 8.4.

Tabnuna 8.3 — ITapametpsr I'PII

Macca nponn, T | I[IpoBogumocts, M/{ [Topucroctb V xupkocTu, M3
35 187000 0,35 147
Ta6nuua 8.4 — Pacuer nis ckBakunsl ¢ I'PIT
He6ut, | ['ogoBoii | 3arparel Ha | Marepuansl, | Onep. 3atp, | Beipyuka, | Hamorm, | Y/II,
m3/c nebut, M3 | MaTepuansl, | MIH.p MJIH.p MJIH. . MJIH.]. MJIH.p
MJIH. .
52 18980 14 11,4 35 234,5 105,5 82,6
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CJ'IC,I[YI-OI_HI/IM maroM paccuuracMm IIOTEPSAHHYIO I[O6I>I"Iy IIprU OCTAHOBKE CKBAaXXWMHBI Ha

KBJI (a6 8.4).

Tabnuua 8.4 — Pacuer norepu 1o66un npu KB/

Jt. KB/, | Cpennuit | Yoymennsiii | Onepail. Beipyuka, | Hamorwu, YII,

CyT neOuT. nebut, M3 pacx, MJIH.p MIIH.p MJIH.p
M3/n MJIH.p

15 52 780 1,44 9,63 4,33 3,86

30 52 1560 2,88 19,26 8,66 7,72

Paccuntaem mnociencTtsus HENpaBWIBHOW OLEHKM IapamerpoB Tpemunsl ['PII. Bo
IIEPBbIX, HENpPaBWIbHAs OLEHKAa mnapaMmeTpoB TpeumuHel ['PII mpuBener k npoBeneHHro
Hea(ppeKTUBHBIX onepauuii B Oyaymem. [ npumepa, HEKOTOpoe 3HaUSHHUE MOy UIMHBI MOKET
JOCTUraThCsl U IpU MeHbIuX oObemax skuakoctd ['PII m mpu npyroit ee peanoruu, eciu
CBOWCTBA NOPOJBl OJIATONPUATCTBYIOT PACHPOCTPAHEHUIO TPELIMHBI B BHICOTY. BO BTOpBIX,
omunOKa B OINpeAeIeHUH NapaMeTpOoB TPEIIMHBI MOKET IMPUBECTH K OmMOKe mpu mnoadope
HAacoca, CKBa)KMHHOTO U MTOBEPXHOCTHOTO 000pynoBaHus. [l nmpumepa, CMEHY Hacoca MOYKHO

OIIEHUTH B 6 MIIH. P.

Hanee paccuntaem EMV nns xaxaoro y3na:
EMV(C)=74,84*0,2+78,74*0,4+72,74*0,4=75,56 MiH.p
EMV(D)=82,6*0,1+82,6*0,4+76,6*0,5=79,6 muH.p

EMV/(E)=76,6*0,5+82,6%0,5=79,5 MH.p
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9 COMAJIBHASA OTBETCTBEHHOCTb

JlanHbIN paznen AUIUIOMHOM paboThl MOCBSIIEH aHalu3y U pa3paboTke Mep I
o0ecreyeHnt0 ONMaronpusATHBIX YCIOBUH JUIs pabOThl TEepCOHaNa Ha MPOM3BOJICTBEHHBIX

o0bekrax ApunHckoro HI'KM.

9.1 AHanu3 BHISIBJIEHHBIX BPEAHBIX M ONACHBIX (JaKTOPOB NPOU3BOACTBEHHOM
cpenbl

BeIsiBIIeHBI ciieyIonye ornacHble MPOU3BOJCTBEHHBIE (PaKTOPHI:

- TSDKEIIbIE METEOYCIIOBUS;

- BO3/ICHCTBHE HA YEIOBEYECKUH OPraHW3M BPEIHBIX BEMIECTB (PaCTBOPHUTEIH, ChIpas
He(Th);

- IOBBIILICHHASI 3aTa30BaHHOCTH (yriieBoopoaubie rassl, CO»);

- TpaBMBI B IIpoIIecCce paboThI;

- 0OJIbIIAsT B3PBIBOIIOXKAPOMIACHOCTH MTPOU3BO/ICTBA.

MeTteoycaoBus

OCOOEHHOCTBIO YCIIOBHI TpyJa onepaTtopoB Mo J00buM HedTH sBisercs paborta, B
OCHOBHOM Ha OTKPBITOM BO3JyX€, a TaK >KENepeMEeIIeHHE M0 TEPPUTOPUU OOBEKTa U MEKIY
00BEKTaMH, YacThle TOJBbEMBbl Ha CHEIHAaJbHBIC IUIOMANKH, HAXOJIIMECs Ha BBICOTE.
Merteoponoruueckue ycioBHs OKa3bIBAIOT OOJBIIOE BIMSHUE Ha 3/10pPOBbE, CAaMOYYBCTBHE U
paboTocnocoOHOCTh yenoBeka. [1oaToMy BakHBIM (DaKTOpPOM B YCIOBUSAX CYpPOBOIO KJIMMaTa
3anmagHoit Cubupu memeoponocuueckuti ¢paxmop. Ilpm HU3KOH TeMIlepaType OKpysKarouen
CpeZpl TEIJIOBOM OaraHC HapyIIaeTcs, YTO BHI3BIBACT MEPEOXIIAXKIACHUE OpraHu3Ma, BeIyliee K
3a007IeBaHNI0. YMEHBIIACTCA TOABMKHOCTh KOHEYHOCTEH B  CIIEACTBUM WHTEHCHBHOU
TEIUIOOTAaYH OpPraHMW3Ma, YTO CKOBBIBAET JBM)KEHHE. DTO CIYKUT HPUYMHOM HECUACTHBIX
CIIy4aeB U aBapuil.

HopmupoBanne mereoposorndeckux napameTpos ycranasiusaetr [OCT 12.1.005 — 88

OcHoBHBIE BHIBI pabOT B IMpolecce HKCIUTyaTalldd CKBaXHH BBIIOJIHIIOTCA Ha
OTKPBITOM BO3/IyXe€, a IoObIBaeMasi HeTh, €€ KOMIIOHEHTHI ¥ IPUMEHsEMBIE B TIpoliecce 100bIuU
pa3IMYHbIe XUMHUYECKHE PEareHThl SBISIOTCS TOKCHYHBIMH M B3PBIBOOTIACHBIMU BEIIECTBAMH.
[TosToMy pabouemy Ba)KHO OOECIIEUHTH 3aIIUTy OT arpPeCCUBHBIX CPEJ, a TaK K€ KOM(POPTHYIO
OKCIUTyaTallii0 B CYPOBBIX IOTOJHBIX YyCIOBHAX. PalOoume [OMKHBI 00ecCreYnBaTHCS

CIELIOAEHKI0I COOTBETCTBYIOILEH BPEMEHH rOJa.
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Bpezmble radbl H XUMHYE€CKHE PEAr¢HThI

B mporecce mpon3BOICTBEHHBIX ONepanuii padoyre MOTYT MOIBEPraThCs BO3ACHCTBUIO
8DEOHBIX 2308 U NAPO8 Hedhmu, NCTOYHUKOM KOTOPBIX SIBIISIIOTCS HApYIICHUS T€PMETHYHOCTH
¢b1aHLEeBBIX COEAMHEHUH, MEXaHWYECKOW MPOYHOCTH (OHTAHHOM apMmarypbl, BCIEACTBHE
KOPpO3UU WM M3HOCA, MPEBBIIIEHHE MaKCHUMAaJbHOTO JOMYCTUMOIO JaBJICHUS, OTKA3bl WU
BBIXO/Ia M3 CTPOS PETYIHPYIOIMIUX U MPEeIOXpPaHUTENbHBIX KianaHoB. [lapel HedTH U rasza mnpu
OTIpPENIeJICHHOM COJIEp)KaHUM HMX B BO3AYyXE€ MOTYT BBI3BaTh OTpABJICHUS M 3a00JCBaHMUA.
MukpokiuMar paboyux MecT JobkeH oTBeuaTh TpeboBanmsam ['OCT 12.1005-88 CCBT
"Bo3nyx paboueii 30Hb1. OOIIME CAHUTAPHO-TUTUEHUYECKUE TPeOOBaHM'".

HcTtounnkaMu HETATUBHBIX XUMUYECKUX (DAKTOPOB SIBJISIFOTCS PA3IMYHBIC BPEIHBIC
BElIECTBAa, NPHUMEHSEMbIE HAa IPOMBICIAX - 3TO JEIMYJbraTopbl, Pa3IU4HbIE XUMpPEAreHTbI
(MHTUOUTOPBI U IEIMYIBIaTOPbl), PA3IUTHIE HA ONPEIEICHHON TEPPUTOPUN WU BPEIHBIC Ta3bl,
BbIOpaceiBaeMble B aTMoc(epy Mpu MPOBEIECHUU PEMOHTHBIX pabdoOT Ha TPyOOIpPOBOIAX.
Otpasienne He(TIHBIMU ra3aMH U Pa3IMYHOTO POJIa MHTHOUTOPAMHU CIIy4aeTcsl BCIEICTBUE HE
TEPMETUIHOCTH OOBSI3KU CKBAXHHBI, TPYO, EMKOCTEH ISl XPAHCHHUS STOBUTHIX BEIIECTB.

Bo Bpemsi paGoThl B 3aKpBITHIX MOMEIICHUAX, a TaK K€ MPU IJIAHOBBIX PEMOHTaX H
JUKBUJIAIIUU aBapHii, HEOOXOAMMO KOHTPOJIUPOBATh 3ara3oBaHHOCTh BO3AYIIHOW CpEIbI
CTallMOHAPHBIMU JAaTYMKaMU JINOO MEpPEeHOCHBIMU Tra3zoaHanu3aTtopamu. Conep:kaHue HEPTIHBIX
apoB U ra3oB B BO3/AyXxe paboueil 30HBI He A0KHO npeBbimath [IJIK — 300 m?/m®, TOCT
12.1.005-88.

Bo Bpemsi peMOHTa CKBa)KUHBI PU HAIUYUH B BO3AyXe pabouel 30HbI HE(PTAHBIX MapoOB
u ras3os, npesbimaronmx [1JIK, HeoOxoauMo 3armyliuTh CKBaKUHY JKUIKOCTHIO HEOOXOJUMBIX

napamMeTpoOB U KA4YCCTB. PaboTEI B 3ara3oBaHHOM 30HE AOJDKHBI ITPOBOJUTCA B IPOTUBOTa3ax.

9.2 llo:xkapHas 0e30NMACHOCTH

ObecnieyeHne MOXKapOB3PHIBOOE30MACHOCTA OCYIIIECTBISIETCS HA BCEX CKBaKHWHAX
BKJItouas ckBakuasl TITT]1.

[Tepen BxogoMm B moOMeINIeHHE TPYIIOBOM 3aMepHOi ycTtaHOBKH (AI'3Y) HeoOxoammo
OTKPBITh CHAPYXKU JKaNF03H, BKIIOUUTH BEHTWIATOP W MPOBETPHUTH MOMelleHue B TeueHue 20
MUHYT J0 Havaja pador.

l'azoomacHbie paboOTHI, B T.4. pabOThI, CBA3aHHBIC C MPeObIBAHWEM JIFOACH BHYTPH
anmnaparoB, EMKOCTEH U JIp. 000pyI0BaHUs, JOJKHBI IPOBOJUTHCS B TEX CIy4asiX, KOTJa OHU HE

MOT'YT OBITE MCXAaHU3HUPOBAHBI, dABTOMATU3WPOBAHBI HJIM MPOBCIACHBLI 0e3 HETIOCPCACTBCHHOT O
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y4acTus JII0IeH; TOJKHBI OCYIIECTBIIATH MEPHI IO COKPAIIEHUN KOJIMYECTBA Ia300MacHbIX padboT
U TIOBBIIICHHUIO YPOBHA HX 0€30IacCHOCTH IMyTEM YCOBCPHICHCTBOBAHHA TCXHOJIOTHMYCCKUX
nmponeccoB, BHCAPCHHA COBPCMCHHBIX MCETOAOB JUArHOCTHKU CPCACTB FHI[pElBJIH‘-IGCKOfI,
MEXaHUYECKOM, XUMUYECKOW OYHUCTKH TEXHOJOTHYECKOro O0OPYAOBAaHHUS U KOMMYHHKAIUN U
Ap.

[To kaxmomy 1iexy JOJDKEH ObITh pa3paboTaH MEpevyeHb Ia300MacHbIX pabor. B Hem
JIOJDKHBI OBITH pa3ieibHO yKa3aHbl Ta300MacHbIe PA0OTHI MPOBOAUMBIE ¢ OPOPMIICHHEM HapsIa-
JoIycKa M paboThl MpoBOAMMBIE 0e3 odopmiieHUs HapsAa-IOMycKa, HO € 00s3aTeiabHOU
peructpanuel Takux paboT mIepe] MX HadajaoM B KypHaie. [lepeueHp ra3oomacHbIXx padboT
JIOJDKEH TMEPUOIMYECKU HE PEXKe OJIHOTO pa3a B I'0Jl IEpecMaTpUBaThCs U IEpe YTBEPKAATHCA,
TCXHUYCCKHUM PYKOBOJUTCIICM MMPCAIIPUATHA.

[Ipu moaroroBke o00BEKTa K MPOBEIEHUIO Ta300MacHONM pPabOT, OTBETCTBEHHBIM
HA3Ha4YaeTcs MH)KEHEPHO-TEXHUYECKUH paOOTHUK - MacTep, B BEACHHHM KOTOPOIO HAaXOAUTCS
JKCILTyaTallMOHHBINA [IEPCOHAIL.

IIpy HenmocpeACTBEHHOM IPOBEJCHUM TIa300HacHOW  paboThl  OTBETCTBEHHBIM
HazHayaercs paboTtHuk - WTP He 3aHaThIi Ha mnepuoa MpoBeACHUS pabOThl BEACHUEM
TEXHOJIOTHYECKOT0 Mpoliecca M 3HAIIIUNA CIOCOOBl 0€30MacHOro MPOBENEHHUS Ta300MAaCHBIX
pabor.

I[J'ISI IIOATOTOBKH 00BEKTAa K Ta300MacHBIM pa60TaM BBIINIOJIHACTCA BECHh KOMIIJICKC
HOJrOTOBUTENILHBIX pabOT MPEIyCMOTPEHHBIX B COOTBETCTBUH C IPaBHIIAMH.

IIpy 3TOM IPUMEHSIOTCSI MEPHI IO MAKCUMAJIBHOMY CHMKEHUIO CTEIEHU OIACHOCTH
nyTeM c6poca JaBJICHUSA, YAAJICHUA BPCAHBIX W B3PBIBOOIACHBIX MPOAYKTOB, HMCKIIIOYCHUC HUX
MOCTYINUICHHUA U3 CMCKHBIX TCXHOJIOTMYECKUX CUCTEM, a TAKKE IO HCKIIOYCHHIO BO3MOKHBIX
UCTOYHHUKOB HCKpooOpa3zoBaHMs. MecTo MNpoBeIeHHs TIa300MacHOW paboThl, CBS3aHHOW C
BO3MOXKHOCTBIO BBIOpOCa B3PBIBOOIIACHBIX M BPEIHBIX TMPOJIYKTOB, OTpa)xaaeTcs, a IpHu
HeO6XOJII/IMOCTI/I BBICTABJIAOTCSA IMMOCTHI C HEJIBIO HEAOMYIICHU A Hpe6BIBaHI/I${ IMOCTOPOHHUX JIUIT B
OMacCHOM 30HE.

ITpu aBapuiiHOi 00CTaHOBKE HEOOXOAMMO 3aKPBITh 33JBMKKUA M CHU3UTH JaBJIECHUE 0

aTMOC(I)CpHOF 0. CTpaBJ]I/IBaTB ras ucpes (pHaHI_ICBBIC COCAMHCHUA 3aIpCUIaCTCA.

9.3 Oxpana okpy:karoleii cpeabl

Jlis TIOBBILLIEHUS! CTETEHU SKOJIOIMYEcKO Oe30MacHOCTH M MUHUMH3AIUHU yiiepoa,

HAaHOCHMOI'O OKpYXKAalOLIEH MPUPOAHONM CpeAe CYLIECTBYIOIUMMU M  IMPOEKTUPYEMBIMHU
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obbvekTamu Kazanckoro Hedrerazokonaencarnoro mecropoxxaenus (KHI'KM), mpexycMoTpeHsl
CJICAYIOIINE MEPOTIPUATHS: Y THIIU3AIHS OIMYTHOTO HE(PTSIHOTO U IPUPOIHOTO Ta3a.

BBoJ B 3KCIUlyaTanyio KaHaIM3aMOHHBIX OYMCTHBIX COOPYKEHUI BaXTOBOI'O MOCEIKA.
KoHueHTpanuy 3arps3HSOIMX BEIHIECTB, MOCTynaromux B p. KazaHka ¢ oudMIllEHHBIMU
crounbiMU Bogamu oT KOC BaxTOBOro mocénka rno KaxaoMy M3 JIUMUTHPYIOIIUX MOKa3aTesen
BpenHocTH He Oynet npesbimath [1JIK. IIpoekTupyemass cxema OYUCTKA CTOYHBIX BOJ
obecnieunBaet TpeOyembie mokazarenu [1/IK mis cOpoca OUMIEHHBIX CTOYHBIX BOJI B BOJAOEMBI 2
IPYHIbI PHIOOXO03SHCTBEHHOTO 3HAYEHUSI.

PasmenieHue OTXOAOB BaxTOBOrO IOCENKA, CTPOUTEIBHOIO MYCOpPa, OCTaTKOB
M30JUpyOmuX MatepuasioB Ha cobctBeHHoM mnonurone THO. Koucrpykiuus nomurona ThO
BBIIIOJIHEHA B COOTBETCTBUU C TpeOOBAaHUSAMH OXpaHbl HEAp, IOYB, IMOBEPXHOCTHBIX U
MOA3EMHBIX BOJI, AUKUX KMBOTHBIX.

Jis  pa3MmelieHuss TOKCHUYHBIX  IPOU3BOACTBEHHBIX  OTXOJ0B  (He(TelLIaMbl)
IIPEAYCMOTPEHO CTPOUTENBCTBO NUIAMOHAKOIMUTEIIS, YTO IO3BOJIAT CHU3UTH 3arpsi3HEHHE I10YB,
PaCTUTEIBLHOCTH U BOJIOTOKOB HE(PTENPOIYKTAMHU.

IIpu pacmmpenun oOycrpoiictBa KHI'KM mpenycmarpuBatotcs — cieayromiue
MEpPOIIPUATHS, HAIPABJICHHBIE HA OXPaHy OKPYKAIOIIEH Cpe/bl:

* pa3MelIeHNe UHKEHEPHBIX CeTell B €IMHOM KOPUAOPE C MUHUMAJIbHO JOCTYIHBIMH 1O
CTPOUTENILHBIM HOPMaM PacCTOSHUSIMU, YTO COKpAIIaeT IUIOMIA/ b U3bIMaeMbIX yroauit 1o 30%;

* PEKYJIbTUBALIMS HAPYIIEHHBIX 3€MEJIb, U3bIMAEMBIX B KPATKOCPOUHOE MOJIb30BAHUE;

* paccTaHOBKa HCKYCCTBEHHBIX COOpYXEHHMH, oOecreuuBaromas COXpaHEHHE
MOBEPXHOCTHOT'O CTOKAa, BHYTPHOOJIOTHOIO CTOKA;

* YCTPOMCTBO r€PMETU3NPOBAHHON JOKAEBOM KaHAIW3allMd HA KyCTOBBIX IUIOMIAIKAX C
OTBOJIOM CTOKOB B JPEHaXHO-KaHAJIN3aLUOHHbBIE EMKOCTH U MOCIEAYIOLUIEN OUUCTKOM CTOKOB Ha
OYMUCTHBIX coopyxkeHusax YIIH mecropoxaenus;

* cOpoc BOABI HA IPOMBIBKE TPYOOIIPOBOJIOB B JAPEHAKHO-KAHAIN3aLMOHHbIE EMKOCTH
Ha KYCTOBBIX IUIOIIAJIKAX.

TexHonornueckue peneHust, 00ecreyrBaroIne SKOIOTHYECKYI0 0€30IaCHOCTb:

* aBTOMATHU3alMs TEXHOJIOTMYECKUX MPOIECCOB, YTO IO3BOJSIET BeCTH paboTy Oe3
MOCTOSTHHOTO MPUCYTCTBUS 00CITYKHBAIOIIETO IepCoHaa,

* HCKJIIOUEHHUE MOCTOSIHHBIX BHIOPOCOB Ha (hakes Mpu HOPMAIbHOM PEXUME padOThI,

* TOJIHAS TepPMETU3allUs CHCTEMBbl cOOpa M TpaHCHOpTa HEeTH U rasza, MOJ3EMHAas
YKJIaJIKa TEXHOJIOTUYECKUX TPYOOIIPOBOIOB;

* CTOMPOIICHTHBIN KOHTPOJIb IIIBOB CBAPHBIX COESAMHEHUN TPYOOIIPOBOJIOB;

* 3a11UTa 000PYAOBaHUS U TPYOOIIPOBOIOB OT KOPPO3HH;
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* HCTIBITAaHUE 000PYIOBAaHUS U TPYOOIPOBOJOB HA MPOYHOCTh M TE€PMETUIHOCTD TOCIIE
MOHTAaXa;

* YCTaHOBKAa aBApUMWHON CHUTHaIU3allMM Ha OOOPYJOBAaHMU KYCTOBBIX IUIOMIAJIOK M
TpyOOIIPOBOIOB;

* YCTPOMCTBO 3€MJISTHOTO BaJia IO MEPUMETPY KYCTOBBIX IIIOMIAIOK U TEXHOJIOTHUECKHX
TUTONIAJIOK C TIEITBIO JIOKAIM3AIMHA BO3MOKHBIX aBaApPUIHBIX Pa3IMBOB HEPTH, METAaHOJIA;

* MPOBEIEHUE KOMIUIEKCA TIOJArOTOBUTENBHBIX paboT (pyOka Jeca, KyCTapHUKA,
MJIaHUPOBKA TUIOMIA0K) B 3MMHEE BpeMs r0/1a;

* pyOKka Jjieca BOKPYr KYCTOBBIX M TEXHOJOTHYCCKHX IUIOIIAIOK HAa PACCTOSHHH,
00ecIeunBaroIeM MOKapHYI0 0€30MaCHOCTh;

e opranuzamms oOpamieHHss C€ OTXOJaMHU B  paMKaX, perjiaMeHTHPYEMBIX
3aKOHOJATEIHCTBOM B 00JIACTH OXPaHbl OKPYXKAIOUICH Cpebl.

B umensix yMmeHbIIEHUS HETaTUBHOTO BO3JEHCTBUS pPa3pabOTKH MECTOPOXKICHHUS Ha
HEeJpa MpeycMaTpUBAETCs CIECAYIONIUE MEPOIIPUSITHUS:

* HCIIOJIH30BAHKE MPU OYPCHUH CKBAKHH MAJIOTOKCHYHBIX XUMPEAreHTOB 3 U 4 KJIacCOB
OITaCHOCTH;

* U30JISIIMS BOJAOHOCHBIX U HE(DTETra30HOCHBIX IJIACTOB [IEMEHTHPOBAHUEM 3aKOJIOHHOTO
MIPOCTPAHCTBA;

* 3aKauka B MPOJYKTHUBHbIE HEQTSHBIE TUIACTHI BHICOKOMHHEPAIN30BAHHOW BOJIBI
B3aMEH M3bIMAaeMOM U3 macTa HeTu;

* U3BSITHE MOA3EMHBIX BOJ B KOIMYECTBAX, 00ECTIEUNBAIONINX COXPAHHOCTh OCHOBHBIX
CBOMCTB HCIIOJIb3YEMBIX BOJJOHOCHBIX IJIACTOB;

* cOOp 1 00€3BPEIKMBAHKE OTXOJIOB OypEHUsI, UX 3aXOPOHEHUE;

* OCYILECTBJICHHE KOHCEpPBALIMM WJIA JUKBUAALMHN CKBAXKUH M0 HHAUBUAYATbHOMY
IJIaHy, COTJaCOBaHHOMY C MECTHBIMM opraHamu ['ocroprexHaazopa W BOEHU3MPOBAHHBIM
OTPSIOM TIO MPETYTPEKICHUIO U TUKBUIAMNH OTKPHITHIX (DOHTAHOB.

B 1mensix pammoHampHOTO WCIOJIB30BaHMS HEApP MPETyCMaTPUBACTCS COKpAICHUE
noTpeOieHusT BOJBI JUISI MPOU3BOJCTBEHHBIX HYXI U OypeHHUS C HCIOJB30BAHHEM CHUCTEM
00opoTHOrO BOAOCHAOXEeHUS. [[7s HCKItOUeHUS MOTeph HE(YTH W CHUKEHHS IJIACTOBOTO
JABJICHUS TPUMEHSETCS CIMoco0 MOOBIYM CBIPpSA C HCHoib3oBaHueM cuctembl [ITT]1,
MCKITFOYAFOIICH HAPYIICHHS PAaBHOBECHS T€OJIOTHYECKOM Cpebl B AKCIUTYyaTUPYEMbIX HEe(PTIHBIX
mactax. s moaaep:kanusi BHyTPUILIIACTOBOTO JIaBJIEHUS HCTIOJB3YETCs CEHOMAHCKas BOJIA.

s obecreueHus: OXpaHbl TMOA3EMHBIX BOJ OT 3arps3HCHHS TPETyCMaTPHBAIOTCS

CJIEIYIOIINE MEPOTIPHUATHS:
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* ImpUMEHEHHE aisi OypeHHs CKBaKMH MaJIOTOKCHUYHBIX XuUMpeareHToB 3-4 Kiacca
OIIACHOCTH;

* HAKOIJICHHE OTXOJI0B OypeHUs B THIPOU30IMPOBAHHBIX [IUIAMOBBIX aM0apax;

* I[IEMEHTUPOBAHME KOHJYKTOpa M OJKCIUTyaTAl[MOHHON KOJIOHHBI, OETOHHpOBaHUE
MPUYCTHEBOM YaCTH CKBa)XXMHBI M 000PYIOBAHUE YCThsI TEPMETU3UPYIOIIUM OTOJIOBKOM;

* IOJIEpKAHKE JIOJDKHOTO CAHUTAPHOI'O COCTOSIHUS 30HBl CAHUTApHOW OXpaHsbl 1 mosica
B0/103a00pa BaXTOBOT'O MOCENKA.

Meponpusitie o pallOHAIFHOMY UCIIOJIb30BAHUIO U OXPaHEe 3€Mellb, PACTUTEIbHOCTH
Y )KMBOTHOTO MHpA!

C uenpl0 OXpaHbl W pPAIMOHAJIBHOIO MCIOJIB30BAHUS 3E€MEIb IPU PACIIUPEHUU
o0ycTporicTBa KHI'KM MPEyCMOTPEHO coOJroIcHHe CHEAYIOIIUX OCHOBHBIX
MPUPOJTOOXPAHHBIX TPUHIIUIIOB:

* pellieHUE T'eHEepalIbHOrO IUIaHA C YYETOM TEXHOJIOTMYECKOW B3aMMOCBSA3M OOBEKTa
CTPOUTEINILCTBA C CYHIECTBYIOIIMMU UHKEHEPHBIMU KOMMYHHMKAIUSAMU (aBTOAOPOraMH, IUHUSMU
BJI-6kB, HEPTECOOpHBIME 1 Ta30COOPHBIME KOJUIEKTOpPaMH, BOoBoaMu cuctemsl TIT1]T);

* coOyo/ieHne HOPMAaTHUBOB IUIOTHOCTH 3aCTPOMKU TEXHOJOTMYECKUX IUIOIIAIOK;
MPOKJIAJKa MHXKEHEPHBIX KOMMYHUKAIMI B OJHOM KOPHUAOpPE, YTO COKpalllaeT MOTpeOHOCTH B
3emyrsix Ha 30%);

* IPOEKT YCTAHABIIMBAET TBEP/IbIE IPAHULIBI OTBO/IA 3€METIb;

* K OTBOJY MWCIPOIIEHBl 3E€MJIM, HE MHCIOJIb3YEMBIE B CEIBCKOXO3SICTBEHHOM
MIPOU3BO/JICTBE, 3aHATHIC, TTIABHBIM 00pa3oM, 00JI0TaMH U JiecaMu 3-i TPYIIIBI, PeIKO JecaMu 2-i
rpyninsl (Jieca BOJIOOXPAHHBIX 30H U BOJIOTOKOB);

* cTporoe coOII0AeHNE TEXHOJIOTHH ITPOBEICHUS 3eMIISTHBIX padoT;

* WCIONIb30BaHHWE TEXHOJIOTMYECKUX CHUCTEM TMPOM3BOACTBA pabOT, MallMH U
MEXaHHU3MOB, HAHOCSIIIMX HAUMEHBIINH yIepd MOBEPXHOCTH MOYBHI  PACTUTENILHOM cpejie;

* CIMB OTpaOOTAaHHBIX TOPIOYE-CMA30YHBIX MAaTepHUajoB B MecTax Oa3upoBaHUs
CTPOUTENIbHOM TEXHUKHU B IIPeIHA3HAYCHHbIE JIJISl 3TOr0 EMKOCTH;

* HEYKOCHHUTEIbHOE COOIO/IEHUE MPAaBUJII MOKApHOI 0€301MacHOCTH MPH MPOU3BO/ICTBE
CTPOUTENBHBIX PabOT B IECHBIX MACCHUBAX, B OBITOBBIX U aIMHUHUCTPATUBHBIX TTOMEIICHHSIX;

* BBINOJHEHHE PEKYyJIbTUBALMM 3€Mellb B XOJ€ M Cpa3y TMociae OKOHYaHUs
CTPOUTEINBCTBA.

B nepuwon skcmyatanuu A NpeJOTBPAILICHUS XUMHUYECKOTO 3arps3HEHUs 3eMeib
METAaHOJOM EMKOCTH €ro XpaHEHUs M HACOCHbIe OO0OpYyIOBaHHS YCTAaHABIMBAIOTCS Ha
KeJIe300€TOHHBIX IJIOMIAAKaX, UMEIOIIHUX 000PTOBKY, CBA3aHHYIO C APEHAXKHON eMKOCThIO. J{is

JIOKQJIM3allud YTe4YeK MeETaHojJa C CaJbHUKOB HACOCOB M YIIOTHEHUW 3amoOpHOW apMmaTypbl
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MpelycCMaTpUBAETCsl CHUCTEMa JIPEHAKHBIX JIOTKOB, MMEIOIIUX BBIXOJ B COOPHYIO €MKOCTh,
OTKYy/Jla METaHOJ OTKAauMBAETCsA OJAHMM M3 JO3aTOPHBIX HAacoCOB. boukorapa U3 MO METaHOIIa,
1ocjie MpeABapUTENbHON MMPOMBIBKH, CKJIAJUPYETCs Ha IUIOLIAJKE XPAHEHHUs AJs JanbHeHen
OTHPABKA HA MPEANpPUATHE, MOCTABJIAIOLIEe OSTOT XHUMpeareHT. Boay oOT mNpoMbIBKH
npelycMaTpuBaeTcsl COOMpaTh CEeTSIMH IMPOMKAHAIM3AlMA B JPEHAXHYID E€MKOCTb CTOKOB
KOHJIEHCATa C MOCJIEAYIOIUM BbIBO30M HA OUYHUCTHBIE COOPYKEHUS IIPOU3BOJICTBEHHBIX CTOKOB C
MOCHEeAYoLEN 3akaukoi B miact cucremsl I/,

Jis cbopa wmycopa, MeEJIKOW Tapbl M OOEpTOYHBIX MAaTepuajoB Ha BCeX
MPOU3BOJCTBEHHBIX IUIOLIAJKAX MPELyCMaTpPUBAaETCi YCTAHOBKA YPH U  CHEUUAIbHBIX
KOHTeitHepoB. Mycop BbiBo3uTCA Ha oaurod ThO.

JUIs  WCKJIFOYEHWs aBapUUHBIX PA3IMBOB HE(PTEIPOMYKTOB HA TEXHOJIOTHUECKUX
IIOMIa/IKaX MpeaycMaTpuBaeTcsl OOBaJOBKA M TUAPOM3ONALMSA IUIOMIAJIOK YIUIOTHEHHBIM
HEAPEHUPYIOUIUM TPYHTOM, Ha CKJIaJie METaHOJa-OeTOHHBIM MOKpHITHEM. BHYTpeHHHIT 00beM
00BaJIOBAHHOM TUIOMIAJIKU MPEIYyCMATPUBAET MOJHBIN cOOp XpaHSAIIErocs TOIIMBA (METaHOa) B
CJIy4ae ero yTeuku.

OTBOI TMPOU3BOJACTBEHHO-/IOKEBbIX CTOKOB M3 OOBAaOBAaHHBIX TEXHOJIOTUYECKUX
IUIOIIAJOK MPEAyCMAaTPUBAETCS OCYHIECTBIATh IO CUCTEME JIOKIEBOM KaHalu3aluu B
JIpEHAKHBIE EMKOCTH C TIOCTIEAYIOIIMM BBIBO3OM Ha OYHCTHBIE COOPYKEHHUS TTPOU3BOJACTBEHHBIX
CTOKOB M 3aKa4KOMW B IIACT.

[TocTOsSIHHBIN KOHTPOJIb 32 COONIOCHUEM YCTAHOBJICHHBIX MPOEKTOM TPaHUIl MOJIOCHI
OTBOJIa 3€Mellb  00eCleYrBalOT COXPAaHEHHWE TMOYBEHHO-PACTUTEIHHOTO TOKpPOBAa  Ha

MPWIEraloIuX K 00bEKTaM TEPPUTOPHUSIX .
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3AKVIIOYEHUE

AHanu3 4ucToro JamieHuss mnpu npoBeaeHur [PII mokeT BbIpaxkatbCcsi BO
MHO>KECTBEHHOW WHTEPIPETAllMd TEOMETPUU TPEIIUHBI, eciau (U3MKa pacIpOCTPaHCHUS
TpeIIrHe He 10 KOoHIa sicHa. OaHaKo, MOJIeTh TPEIIMHBI MOKET OBITh KaTuOpOBaHa MPU TOMOIIN
JIPYTUX JTUATHOCTUYECKHX METOJOB (MPSMBIX W KOCBEHHBIX), CYIICCTBEHHO CHIDKAIOIINX

HEOMMPECACIICHHOCTD B npezmonaraeMoﬁ réoMETprUU TPCUIUHBI.

Merton aHanu3a JaHHBIX OHKCIUTyaTallMd CKBaXKMH MOXET JaBaTh HEOJHO3HAYHBIN
pe3yJibTaT B OTCYTCTBMM TOYHOTO H3MEPEHHS IUJIACTOBOM MMPOHUIIAEMOCTH W IUIACTOBOrO
nasienus. Komounamms KBJI, mposenennoro no I'PIT um mocnme I'PII mMoxeT nmate BaxHYIO
uHpopmanuo g OuUeHKW pasButusa TpemuHbl. IlpoBemenme KBJI mo TPIT B
HU3KOIMPOHUIIAEMBIX  KOJUIEKTOpaxX TIO3BOJIIET IMONY4YUTh HMHGPOPMAIUI0O O IUIACTOBOM
MPOHUIIAEMOCTH W JABJICHHHM, YTO 3HAYUTEIbHO CHH)KAET HEONPEACICHHOCTh B OLICHKE

3¢ (eKTHBHON TOTY/UTMHBI TPEIIMHBI U3 TIocieaytonero ucenemaosanus KB/,

JlaHHbIE MUKPOCENCMUKHU U HAKJIIOHOMEPOB MOT'YT OO€CHEYUTh MPSMBIMU U3MEPEHUSIMU
CO3JaHHOM [UIMHBI TPELIMHBl M €€ T€OMEeTPUH, OJAHAKO HE MOTryT JAaTh NpEeJCTaBlI€HHE 00
3ppeKTUBHBIX MapaMmeTpax. JlaHHBIA (akT sBISETCS KIIOYEBBIM OTPAaHUYEHHUEM JaHHBIX
METO0B U TOAYEPKHBAET HEOOXOJUMOCTb IMPUMEHEHHs  KOCBEHHBIX  METO/0B

JIMarHOCTUPOBaHHUs ImapaMeTpoB TpemuHsl [ P11

KOM6I/IHI/IpOBaHI/Ie HECKOJBKHUX JHArHOCTUYCCKUX MCTOAOB W HCIIOJB30BAaHHMC HMCHHO
TEX MCTOAO0B, NOAXOAAIIUX B JAHHOM KOHKPECTHOM ClIy4dac, 1a€T OCHOBAHUEC K Ooinee Haﬂeﬁ(HOﬁ
OLICHKE IMapaMCTPOB TPCIIUHLBI, UCKIIIOYaA HCOHpeI[eJ'IéHHOCTI/I, CBA3aHHBIC C HCOOJHO3HAYHOCTBIO

pemiCHus 11 AAHHOTO KOHKPETHOTO METOZ1A.

B orcyrcTBUM HaleKHOW OIEHKU CO3JaHHOW U 3(PPEKTUBHON MOTY/UIMHBI TPEUTUHBI, a
TaKXKe €€ IMPOBOAMMOCTH, ONTUMM3auMs mnociaenyromux onepaud ['PIT  saBusercs
HEBBIMOJHUMOMN 3a7adyel W u3MeHeHus B ausaiHe ['PII moryr oTpumatenbHO MOBIUATH Ha

IIPOJTYKTUBHOCTb.

BBI60p IoaAXOOAIIECTO Ha6opa JUAarHOCTHYCCKHUX MCTOA0OB U UX COBMECTHOEC ITOCTOSIHHOC
MPUMCHCHUC MOXKET OKAa3aTb KPUTUYCCKOC BJIMAHUC HA OINTUMHU3ALUIO I[HSaﬁHa I'PII u Bcero

npoiiecca pa3pabOTKH B LEJIOM.
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