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Pe3ynbpratel 00ydeHus

Kon Pe3yabTaThl 00yueHus
1 2
CriocoOHOCTh HMCMOJIB30BaTh €CTECTBEHHOHAYYHBIC, MaTeMaTHYeCKHe, JKOHOMUYECKHE,
Pl |ropuandeckue W HMHXCHEpHbIE 3HaHUS B 00JAaCTH TeOJOTMH, Pa3pabOTKM W IKCILTyaTaluu
HE(PTSHBIX ¥ Ta30BBIX MECTOPOKIACHUI
CriocoOHOCTE ompenensiTs, GOpMYIUPOBaTh U PelllaTh MEKAUCIHUILIMHAPHBIC HHKCHEPHBIC
P2 |3amaum B oOmacTu HepTErazoBBIX TEXHOJIOTUH C MCIONB30BaHHEM MPO(ECCHOHATIBHBIX 3HAHUN U
COBPEMEHHBIX METO/IOB HCCIICIOBAHHS
CrnocoOHOCTh TUIAHWPOBATh W TPOBOJHUTH HCCICIOBAHUS B CIIOXKHBIX W HEOIPEACTEHHBIX
P3 |ycmoBHSX C HCHONB30BaHHEM COBPEMEHHBIX TEXHOJIOTHH, a TaK)Ke KPHTHYECKH OICHUBATH
MIOJTyYCHHBIC JTAHHBIC
- Croco0HOCTh  aHANM3UPOBATh HECTAHNAPTHBIE CHUTyalluk W OBICTPO  BHIOMPATH
ONITHMAJIbHbIE PEIICHNUS MTPU pa3paboTke HEPTSIHBIX U Fa30BBIX MECTOPOKACHUN
CriocoOHOCTh HCTONB30BATh TBOPUECKUH MOIXOJ /IS Pa3paOboTKH HOBBIX HJICH U METOJI0B
P5 |mpoextupoBaHusi OO0BEKTOB He(TErazoBoro KOMIUIEKCA, a TaKKe MOJCPHU3UPOBATh U
COBEPILIEHCTBOBATH MPUMEHSIEMbIC TEXHOJIOTHH He(TEra30BOro MpOU3BOICTBA
CnocoOHOCTh pa3padaThiBaTh MHOTOBapHAHTHBIE CXEMBI JUIS JIOCTIIKEHUS MOCTABICHHBIX
P6 |mpow3BoiCTBeHHBIX 1edel, ¢ 3((EKTUBHBIM HCIOJIb30BAHUEM HWMEIOIIUXCS TEXHUYECKHX
CpeACTB
p7 CrnocoOHOCTh aHATM3MPOBATh M CHCTEMATU3MPOBATH COBPEMEHHBIC TEXHOJOTHYECKHE M
Hay4YHbIe JJOCT)KEHHSI He(DTEra30BOM OTPACIIH, @ TAK)KE BBISABIATH X aKTyaJIbHbIE IPOOJICMBI
CnocobHocTh 3¢ (deKTHBHO paboTaTh WHANBHUAYATHLHO W B KaueCTBE WIEHA KOMAaHIBI, a
P8 |takke pyKOBOIUTH KOMaHNOW, (HOPMHUpPOBATH 3aJaHUs, PACIPENENIATh OOS3aHHOCTH W HECTH
OTBETCTBEHHOCTb 32 PE3yJIbTaThl padOTHI
Po CriocoOHOCTh CAaMOCTOSITEIEHO YYUTHCSI M HEMTPEPHIBHO MOBHIIATH KBATU(PHUKAIIAIO B CBOCH
podecCHoHaIbHOMN eI TEeIbHOCTH
P10 Brnagers MHOCTpaHHBIM SI3BIKOM KaK CPEJICTBOM MPO(eCCHOHATBFHOTO O0IIEHHS, HA YPOBHE,

TIO3BOJIAIOIIEM pa6OTaTB B HHTCpHaHHOHaJ’IBHOﬁ cpeac




MunucrepcrBo o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
(benepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJbCKHUI
TOMCKHWI MOJJUTEXHUYECKWIA YHUBEPCUTET»

Nuctutyr  [lpupoansix pecypcoB

Hampasnenue noaroroBku 21.04.01 Hedrerazooe neino
(cenanbHOCTD )

Kadenpa T'eonorum u pa3paboTKu HEPTSHBIX MECTOPOIKICHUI

VYTBEPX/IAIO:
3aB. xagpenpoii [ PHM

Yepuosa O.C.
(IMommuce)  (Mara) (®.11.0.)

3AJJAHUE
HA BBINOJIHEHNE BbINYCKHON KBAJIN(QUKAIMOHHOM PadoThI
B dopwme:

MarucTepCKON AUCCEPTALUN

(bakanaBpcKoil pabOTHI, TUIMTIOMHOTO MPOEKTa/PabOTHI, MATUCTEPCKOM AUCCEPTALINH)

CryneHry:

I'pynna (0]5 (0]

2TM51 lNataymmnaoit Anuce PycianoBHe

Tema paboThI:

Ontumuzanus Npokcu-mofenu ropusoHra [O-1 ¢  npuMeHeHHMeM 3amuceil  JaT4MKOB
TEPMOMAHOMETPUUYECKOW CHCTEMBl JJIsl 1MOA0Opa TeoJIOrO-TEXHUYECKHX MEpOIpHUITUH B
npenenax ueHTpaidbHoW wacth  KpamumBuHckoro HedTsHoro wmectopoxiaeHus  (Tomckas

o0nacTp)

VYTBepKaeHa TPUKA30M JTUPEKTOpa (11aTa, HOMep) 24.07.2017, 6174/C

Cpok cauul CTyIEHTOM BBIIIOJITHEHHOM paOoThI: 14.08.2017

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie nanHbIe K padore Marepuansl o KpanuMBHHCKOMY MECTOPOXKICHHIO,

MOJTlyYeHHbIE B paMKax pa0OThl HaJ MarucTepcKou
mucceprarueit B OAO «TomckHUITHEDTHY.




IlepeyeHb MOAJIEKAIMX HCCIEI0BAHMIO,
NPOEeKTHPOBAHUIO U pa3padoTKe
BOINPOCOB

AHaIUTUYECKUI 0030p o JINTEPATYPHBIM
WUCTOYHMKAM, aHaJu3 pa3pabOTKH ydyacTKa, aHAIU3
s dexruBHOCTH TIpoBeaeHHBIX ['TM, aHanmu3 g0OBYH
C UEJbI0  OMNpEACNICHUS  ONTUMAIBHOM  CXEMBI
YTOYHEHHUS IUUIACTOBBIX JIAHHBIX JUISl JaibHEHIIen
ajantauMd  [OpoKcH-Mojaenu  ropuzonra  HO-1
LEHTPAIBLHOM 3aJekHu MECTOPOXKICHUS u
maanupoBanuss ['TM. OOcyxkaeHue pe3ysibTaToB
BBITIOJTHEHHON paOOTHI.

Ilepedyensb rpaguyeckoro Marepuasia

OO630pHBIE KapThl, KapThl pacrnpeiesieHus AaBlICHUH,

3
KapThbl OPUCTOCTH U IPOBOAUMOCTH Koiuiekropa 0
paiioHa UCCIIEI0OBaHUM.

KoHcyabTaHThI 10 pa3iesaM BbIIIYCKHOH KBATH(UKANMOHHON padoThl

Pa3znen KoncyabTant
DUHAHCOBBIA  MEHEIKMEHT, benosepos B.b.
pecypcodhheKTHBHOCTD u
pecypcocOepexeHue
CoruanabHast OTBETCTBEHHOCTH Mumenko M.B.

Ha3zpanus pa3aesjioB, KOTOPbIE€ JTOJ/IZKHBI ObITh HANMCAHBI Ha PYCCKOM M HHOCTPAHHOM

A3bIKAX:

JlutepatypHslii 0030p

JlaTa BbI1a4M 32JaHHUA HA BBINOJTHEHHE BBINTYCKHOM 26.06.2017

KBAJIH(HUKAIUOHHOHI padoThI 10 JIMHEHHOMY rpaduky

3aganue BbIIAT PYKOBOAUTE/Ib:

J0KHOCTH [%(0] ‘Yuenasi cTeneHs, Ioanucey JaTa
3BaHue
JIOIIEHT JleeBa B.C. K.T.H. 26.06.2017
33}13HI/IC NPUHAJT K HCIOJHCHUI0 CTYAECHT:
I'pynna PUO Moamuce Jara
2TM51 I'araynnuna Anuca PycianoBHa 26.06.2017




_ 3AIAHME JJISl PA3JIEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTH U

PECYPCOCBEPEXEHMUE»
Crygnenry:
I'pynna DPUO
2TM51 ["araymmunoii Annce PycnanoBue
HucTuryT IIpupoanbIx pecypcos Kadenpa I'PHM
YpoBeHb 00pa3oBaHusi Marmcrparypa HanpagJjienune/cnenuanabHocts | 21.04.01. nedprerazonoe jes1o

Hcxoanble nanHble K pa3jeny « PHHAHCOBBI MeHeI:KMEHT, pecypcod(pGpeKTHBHOCTH U
pecypcocOepeskeHHne»:

1. CTOMMOCTb PECYpCOB HAYIHOT'O UCCIICIOBAHUS JluTepaTypHbIe UCTOYHUKU
(HN1): maTepuaibHO-TEXHUYECKHUX,
OHEPreTHUECKUX, (PMHAHCOBBIX,
WH(POPMAIMOHHBIX M YEJIOBEYCCKUX

2. HopMmbl 1 HOpMaTuBBI pacX0J0BaHUS PECYPCOB Metoauueckue yYKa3aHus OAO
«TomckHUIINHepTH» 1O pacxoJa0BaHUIO
pecypcoB

3. Hcnonb3yemasi cuctemMa HajJoroo0JI0KeHNUS, Cucrema Hanoroo6noxenus PO

CTaBKH HAJIOI'OB, OTqHCHeHHﬁ, JUCKOHTUPOBAHUSA
N KPpCAUTOBAHUSA

Hepeqeﬂb BOIIPOCOB, NOJICKAIIMUX UCCTCA0BAHUIO, IPOCKTUPOBAHUIO U pa3paﬁoTKe:

1. OneHka KOMMEPYECKOT0 M MHHOBAIIMOHHOTO Pacuer YJI/I mnpoBOAMMBIX OIEpaIlvid,
noreHana HU (bMHAHCOBBI MEHEKMEHT
2. OmpeneneHue pecypcHou, GPHHAHCOBOH, [IpuMeHeHne MeTOAMKH DKOHOMUAECA

HKOHOMHUYECKOH 3 pekTHBHOCTH

3. ®opmMupoBaHus MaHa u rpaduka paspadbotku 1 | IlpeanoxkeHre METOAMK MO IUIAHUPOBAHMIO

BHepenuss HU I'TM Ha ygacTke

4. PexoMeHaluu 10 METOAUKE INIAHUPOBAHUSA 3akimoueHre 1Mo pecypcodPpPeKTUBHOCTH
pacxoioBaHUsI OIO/KETa B paMKax MPUMEHEHUS MpoeKTa U MPEJIOKEHHBIX B pamkax HU
pesynbratroB HU METOJIMUK

Hepeqeﬂb r pac[)nqeacoro MaATEPHUAJIA (c mounvim ykasanuem obazamenshivix uepmediceii):

1. Ornenka KOHKYPEHTOCIIOCOOHOCTH TEXHUYECKUX PELIeHUI
2. Onenka pecypcHoil, prHAHCOBOM U IKOHOMUYECKOH (D (peKTHBHOCTH

‘ JlaTa BbI1a4M 3a1aHUsA JJISA Pa3/iesia no JUHeHHOMY rpaduky

33}13HI/IQ BbIJAJI KOHCYJbTAHT.

JoskHOCTH [27(0] YuyeHas cTeneHb, Moanuch JlaTa
3BaAaHHUE
ITpodeccop benozepor B.b. JI.T.-M.H. 26.06.2017
3anaHne NPUHSJ K MCIIOJHEHUIO CTY/IEHT:
T'pynna (07 (0] Hoanuch Hara
2TMS51 I'araynnuna Anuca PyciianoBHa 26.06.2017




3AJJAHUE JIJISI PA3JIEJIA
«COLIUAJIBHASI OTBETCTBEHHOCTb»

Crygnenry:
I'pynna DPUO
2TM51 ["araymunoii Anuce PycnanoBue
HucturyT IIpupoanbIx pecypcos Kadenpa I'PHM

YpoBenb o6pazoBanust MarucTpartypa

Hal’lpaBJ’leHﬂe/cneul/laﬂbHOCTL

21.04.01.Hedreraszonoe aesno

Hcxoanblie 1aHHbIe K pa3aeny «CounajabHasi 0TBETCTBEHHOCTb .

XapakTepHucTuka 00beKTa HcCieIoBaHus (BpEIHbIC
(bhakTOphl, MEXaHUYECKHE CPEACTBA pabOThI, paboyast

30Ha) ¥ 00JIaCTh €ro MPUMEHEHUSI.

Pabouee  mecto  wmmxenepa  OAO
«TomckHUITNHEDTH», pacmogoKeHHOE
Ha Tepputopuu  Tomckoil  obiactu,
r.Tomck, MPEICTABICHHOE

HHAUBUAYAJIbHBIM pa60‘II/IM CTOJIOM H

IEpCOHAJIbHBIM KOMIIBXOTCPOM.

3HaAKOMCTBO u OT60p 3aKOHOJaTCIbHBIX u

HOPMATHUBHBIX JOKYMCHTOB IIO TEMC be3onmacHOCTH

Tpyna, [losxxapHas 6e301macHOCTh

Caullun, 'OCT

IlepeyeHb BONPOCOB, MOIJIEKAUINX HCCIETOBAHNIO, IPOEKTHPOBAHUIO M pa3padoTkKe:

[IpousBoacTBEeHHAsE OE30MACHOCTD
1. AHanu3 BBISBIEHHBIX BPEAHBIX (PaKTOPOB MPH
pa3paboTKe MPOEKTUPYEMOTO PEIICHUS B CIIEAYIOIIEH
IIOCJIEI0BATEIbHOCTH:
(GU3NKO-XMMHYECKasi TPUPOAAa BPEIHOCTH, €€
CBS3b C pa3pabaThIBa€MON TEMOM;

nelicTBue (PaKTopa Ha OPraHU3M YeJIOBEKa;

MNPpUBCACHUEC NOIMYCTHUMBIX HOPM C HCOGXOI[HMOﬁ

Pa3MepHOCTHIO (co CCBUTKON Ha
COOTBETCTBYIOLIMM  HOPMAaTHBHO-TEXHUUYECKHM
JTOKYMEHT);

npeajaracMbI€ CpeACTBA 3alIUThI

(CHa‘{aJ'Ia KOJUIGKTUBHOM 3alluThI, 3aTCM

WHIMBUIyaJIbHBIC 3aIIUTHHIE CPEJICTBA)

I[Io TOCT 12.0.003-74 onpeneneHsl
BpE/HbIE MPON3BOACTBEHHBIE (PAKTOPHI:
MOBBILLIEHHAS yJIbCalus
CBETOBOI'O MTOTOKA;

CIICKTPBI U3JIYYCHHUA OT AUCILICCB:

yIBTPaPHUOIETOBEIC, PEHTTEHOBCKHE,
nH(]ppaKpacHbie 00J1aCTH;

- MTOBBIIICHHBIN YPOBEHB
AMEKTPOMArHUTHBIX W3ITy4eHU I
pPa3MUYHBIX YAaCTOT OT MOHHTOpA H

CHUCTEMHOTO OJIOKa;
3arpsi3HEHUE BO3/1yXa MBLIBIO;
MOBBIIICHHBI YpOBEHb IIyMa Ha

pabouem mecre;

2. Ananu3 BBIIBJICHHBIX OITACHBIX (PaKTOpOB

MPOEKTUPYEMOW MPOU3BEAEHHOMN CpeAbl B CIEAYIONIEH

BEJIMYMHA HaNpspKeHUs (omacHast)

B DJIGKTPUYECKOW CEeTH, B pe3yibTare
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IIOCJICA0BATCIBHOCTU

- 2JeKTpoOe30nmacHoCTh (B T.4.  CTaTUYECKOe
QJIEKTPUYECTBO,  MOJIHME3AIIUTA —  HUCTOYHUKH,
Cpe/ICTBa 3aIlIUTHI);

- M0KapOB3PHIBOOE30MACHOCTh (IpUYUHBL,
npoHIaKTHIECKUE MEpOIPUATHSA, [IEpPBUYHBIC

CPEJCTBA MOXKAPOTYLIEHUS)

3aMBIKaHHAS KOTOPOH BO3MOXKHBI TPaBMBI
YEJIOBEKA;
- OIIACHOCTH BO3HUKHOBEHHMS

noxkapa.

3. Oxpana OKpy>Karomiei cpepl:
— ycTpaHEHHE OBITOBBIX OTXO/IOB;
— aHanW3 BO3JCHCTBHA OOBEKTA Ha atmochepy
(BBIOpOCHI);

— aHaNM3 BO3JCHCTBUS O0BEKTa Ha THUApOCchepy

(copochl);

— aHaNM3 BO3JCHCTBUS 00BeKkTa Ha JuTochepy
(oTx0/B1);

- pa3paboTarh  pemicHWs 1O  OOCCIICYCHHIO

DKOJIOTHUYECKON 0OE30IacCHOCTH CO CCHUIKAMH Ha

HT/I no oxpane okpyarowen cpespl.

3ajaya B ClIly4ae OXpPaHbl OKPYKaKOIIEH
cpeabl TpencTaBisieT co0oil ycTpaHeHHe
OBITOBBIX OTXOJIOB, TAKMX KaK BBILIEAIINE
u3 ctpost OBM U pTyTHBIX 3arps3HUTENEH
nalnbpHeNIen

— HCIIPUT'OAHBIX I

OKCILTyaTaluu JIIOMHUHCCICHTHBIC JIaMIIbI.

4. 3amuTa B 4Ype3BbIUANHBIX CUTYAIHIX:
- nepeueHb Bo3MOKHbIX YC Ha 00beKTe;
- BbIOOp Hanbomnee TunuyHoi YC;

- pa3paboTka IIPEBEHTUBHBIX Mep 1o
npenynpexaenuto YC;

- pa3paboTka Mep MO MOBBIIIEHUIO YCTOWYUBOCTH
o0bekTa Kk ganuon YC;

- pa3paboTKa JeicTBuid B pedynbTate Bo3HUKIIEH HC

" MCP 1O JIMKBHUJAITUU e€ moceACTBUM

BosmoxHasa qC Ha 00BEKTE —

BO3HMKHOBEHHME  IOXKapa. @DakTopsl,

MIPUBOIAIINE K TMOXKapaMm: MEeperpy3ku Ha
JUHHSIX

JJICKTPOCCTH, 3aMBIKaHHA,

ACU30JIIIUS TPpOBOAHHKA.

5. ITlpaBoBele W  OpraHW3alMIOHHBIE  BOIPOCHI
o0OecrieueHnst 0€30MaCHOCTH:

- CHelnualibHble (XapakTepHbIE I MPOEKTUPYEMOM

paboueil 30HBI) MPaBOBBIE HOPMBI  TPYAOBOTO

3aKOHOJIaTEIbCTBA;

- OpPTraHU3AIMOHHBIC MEPONPHUATHS NMPU KOMIIOHOBKE

paboueii 30HBI

Bricokasi mpoW3BOAUTEIHHOCTD TPY/IA TIPU
MHHUMAaJIbHBIX (bu3nIeCKUX u
TICHXWYECKUX HANpPSDKEHUSAX, a Takke
MaKCUMaJIbHOM yn00CcTBE o0ecreunBaeTcs
B ClIy4ae TNPaBHIBLHO OPTaHW30BAaHHOTO
pabouero mecta. [Ipu BeimoaHEeHUH padboT

paboune T0JKHBI ClIeI0BaTh TpeOOBaHUEM




[0 OXpaHe Tpyda U MPOU3BOJCTBEHHOU

0€30I1aCHOCTH.

Hepeqenb rpaqueclcoro mMarTtepuaJjia:

Ilpu Heobxooumocmu npedcmagums ICKU3Hble 2paguyeckue
mamepuanel K pac4émHoMy 3a0aHuio  (06s3amenvHo O
CHeyuanucmos u Ma2ucmpos)

| laTa BbIIaum 3a1anust [UIs pas/ieia 10 JTHHeHOMY rpaduKy |

33)131-[1/[6 BbI1AJ1 KOHCYJbTAHT:

J0KHOCTD [(5(0] Yuenas creneHb, Moanucey Jata
3BaHHe
JloueHT Muimenko M.B. K.I.-M.H. 26.06.2017
3aua}me NPUHAJT K HCIIOJHCHUI0 CTYAECHT:
I'pynna DPUO Hoanuch Jara
2TMS51 I"ataynnuna Anuca PycnanoBHa 26.06.2017




PEDEPAT

Breimycknast kBanudukanuonnas padora 120 c., 48 pwuc., 18 tabn., 41 ucrounwk, 5
MIpUII.

KimtoueBbie  crmoBa:  pa3paboTka  MecTopokneHus, KpanuBuHCkoe — HETSHOE
MECTOPOXKACHUE, TEPPUTCHHBIC KOJUIEKTOPHI, TutanupoBanue I ' TM, ananus qo6srau, I'PI1.

OO6bekToM uccienoBanusl sBisieTcs pa3zpaboTka ropuzonta HO-1 meHTpanbHO#N 3anexu
KpanuBruHCKOTO HEPTIHOTO MECTOPOKICHUS

Lens paboTbl — ompeaeneHue ONTHUMAJIbHOW METOJUKH aJalTallud MPOKCH-MOJIETH
ropuzoHTa FO-1 nentpanpHoii 3a5exu KpanuBuHCKOro HEPTSIHOTO MECTOPOXKIECHUS C MTOMOIIBIO
JUHAMHUYECKUX JaHHbIX naTunkoB TMC nis ganbHeiiiero mianupoBanus ['TM Ha yuactke.

B npouecce nccnenoBanus npoBOJIWIMCH AaHAIN3 TEKYIIETO SHEPTE€THUYECKOTO COCTOSTHUS
00beKTa, aHaIU3 pa3pabOTKU ydacTKa C BBOAA B JKCIUIyaTallMio, aHAIU3 JOOBIUM, afanTaius
MIPOKCU-MOJIETIH.

B pesynbrare uccienoBanus ObUTH IMOJIyYEHBI alaliTUPOBAHHAS MPOKCH-MOJEINb IJIacTa
10,3 LHEHTPATBHOM 3aJIeKW MECTOPOKICHHMSI Ha OCHOBAaHUU HMHTEPIIPETAIMU BBIIICYKa3aHHBIX
JIAHHBIX, ONTUMajbHasg MeToAuka mmianupoBaHus ['TM Ha 00beKTe, OLIEHKAa SKOHOMHUYECKOTO
saddekra mpengaraeMoro moaxoaa.

OCHOBHBIE ~ KOHCTPYKTHBHBIE, TEXHOJOTMYECKHE M  TEXHHUKO-3KCIUTyaTallhOHHBIE
XapaKTEPUCTUKU: TTPOKCU-MOJIETh (OHOCTIOMHAs) TOCTpOoeHa Ha 6a3e AByX(a3HOTO CUMYJISTOpA
B coctaBe I[IK «PH-KWH», sBisAromerocs OCHOBHBIM HMHCTPYMEHTOM IIPH IUIAHUPOBAaHUU W
aHanM3e pa3paboTKH, a Takke 0a30d JUIsl BCEX MPOMBICIOBBIX JaHHBIX, YTO CIOCOOCTBYET
[EHTpaIN30BaHHOU paboTe HaJ 00beKTOM. AHanu3 JO0OBIYM BBIMONHEH ¢ momompblo [10
«Topazey, Mo3BOJAIONIETO HHTEPIPETUPOBATH OOJBIITNE MACCHUBBI JAHHBIX JUTUTENBHBIX 3aMuCceit
natunkoB TMC. Bxoanbsie nanuble npokcu-monenu I1IK «PH-KWH» Obuin oTperynupoBaHsl
COTJIACHO MPOBEJICHHOMY aHAJIN3Y JOOBIYH.

CremneHb BHEApPEHUS: Ha MOJYYCHHON MPOKCHU-MOJENH OBLIM PACCUUTAHBI MOTCHIIMAIBI
CKBaKMH-KaHIuAaToB Ha Oynymue ['PII.

OO6macTh MPUMEHEHHUS: mwianupoBanue ['TM, aHanu3 TEKYyIIEro COCTOSTHUS
00BbeKTa, OIIEHKA apaMeTPOB Pa3pabOTKH MECTOPOXKICHUSI, PaKTOPHBIN aHATH3.

DOxoHomuueckast 3(HEeKTUBHOCTH/3HAYUMOCTD Pa0OTHI: alalTUPOBAHHAS POKCU-MOIENb
MO3BOJISIET TPOBOJUTH OLIEHKY CTOMMOCTH IuianupyemMbix ['TM Ha OCHOBaHMHM peajbHBIX
JTAHHBIX, TEM CaMbIM MUHUMHU3UPYS 3aTPaThl HA MPOBEACHUE He3HAUNMBbIX [ TM.

B Oyaymem 1utaHupyeTcss ajanTanMs HarHeTaTeNlbHBIX CKBaXMH ydacTKa C

IIPUMEHEHHUEM METOJUKH PYYHOH 3aa4u napaMeTpoB TpeiuH asto ['PIL.



ABSTRACT

The object of the study is the development of the U-1 formation of the central part of the
Krapivinskoye oil field. The aim of the work is to determine the optimal methodology for
adapting the proxy-model of the U-1 formation in the central part of the Krapivinskoye oil field
using dynamic data from the TMS sensors for further stimulation planning.

During the research, the current energy state of the object, the analysis of the
development of the object from commissioning stage, analysis of production, adaptation of the
proxy model were performed.

As a result of the study, an adapted proxy model of the U4 reservoir of the central part of
the field was obtained on the basis of interpretation of the above data; the optimal technique for
planning stimulations at the object, and assessing the economic effect of the proposed approach
were obtained.

The main design, technological and technical and operational characteristics: the proxy-
model (single layer) is built on the basis of a two-phase simulator as part of the “RN-KIN” PC,
which is the main tool for planning and analysis of development, as well as a base for all field
data, which contributes to the centralized work on the object. Analysis of production was carried
out with the help of the software "Topaze", which allows to interpret large data sets of long-term
records of TMS sensors. Input data of the proxy model of PC "RN-KIN" were adjusted
according to the analysis of production.

Degree of implementation: potentials of candidate wells for future fracturing were
calculated on the obtained proxy-model.

Scope: stimulation planning, analysis of the current state of the object, estimation of the
field development parameters, factor analysis.

Economic efficiency / significance of the work: an adapted proxy model allows
estimating the cost of the planned stimulations on the basis of real data, thereby minimizing the
costs of carrying out insignificant operations.

In the future, it is planned to adapt the injection wells of the object with the application of

the manual method of fracture parameters of the automatic fracturing assignment.
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COKPAILIEHUA

PA Production analysis
SDG Stationary depth gauges
WTA Well test analysis

Qi Initial production rate

Di Decline coefficient

b Type of the rate decline
Pres Reservoir pressure

k Permeability

p Density

u Viscosity

) Porosity

Q Cumulative production

Qbq Dimensionless cumulative production

Jbd Dimensionless rate

tpd Dimensionless time

t Time

Npi Ultimate oil output

Re Drainage radius

tep Time constant pressure

ter Time constant flow rate

Pi Initial reservoir pressure

Py Bubble point pressure

te Equivalent time

PC Personal computer
IARF Infinite acting radial flow
PSS Pseudo-steady state

u(x, y,t) Filtration velocity

g Acceleration of gravity

n Surface normal to boundary
BHP Bottomhole pressure

u.f. Unit fraction

Rw Wellbore radius

S Skin

H Thickness
n(B") Total mobility
K}, Productivity index

S Water saturation
K,,(S) Relative permeability of water and oil

B, B, Water and oil formation volume factors
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BBEJAEHUE

Tekyiee cocTosiHUE MOAXO0/Aa K ONTHUMH3AIUH Pa3pabOTKU HE(TSIHBIX MECTOPOKICHUI
Ha TeppuTopun Poccuiickoit @enepanuu 3aKIr04aeTcss B IPUMEHEHUH HEPTSIHBIMU KOMIaAHUSIMU
KOMMEPUYECKUX MPOrPaMMHBIX KOMILIEKCOB, IPECTABIAIOMINX COOON HEHTpaIN30BaHHYIO 0a3y
JAHHBIX ¢ (PYHKIIMOHAIIOM MPOBEACHUS BCEBO3ZMOKHBIX PACUETOB U MPOTHO3UPOBAHUSI.

OAO «TomcxkHUITMHedTH» sBrsiercs nouepueit kommnanueit [TAO «HK «POCHE®Tby,
MPOrPaMMHBIN KOMILJIEKC KOoTopo# mnpencrasieH npoaykrom «PH-KHMH». B pamkax manHoro
MPOJAYKTa MOHUTOPUHI DPa3pabOTKH MECTOPOXKIACHHM OCYLIECTBIAIOT IyTeM IOCTPOCHUSA U
aJlanTalyy IPOKCU-MOJIETIEH C YIETOM aKTyaJIbHBIX IPOMBICIIOBBIX JIAHHBIX.

3a mocmegue 4 TOAa HAa LEHTPAIbHOM YydacTke KpanmBHHCKOrO HeTSIHOTO
MecTopokaeHus Obu1 mpoBeneH psa ['TM ¢ nensio yBenmueHus: kodhdunuenta HepTeoTnaum,
KOTOpBIE HE IIPUBEIHU K KeJlaeMbIM pe3ynbTaTaM. [IpuunHoil mocoyxuina HempaBUiIbHas OI[CHKA
BXOJIHBIX JaHHBIX NpU IUTAHUPOBAaHMU omepainuil. JlaHHBIH y4acTOK XapakTepu3yercs Oolee
MO3/ITHMM BBOJOM B JKCIUTyaTaIlMI0 M, COOTBETCTBEHHO, MEHBIIUM KOJHUYECTBOM IMPOBEACHHBIX
UCCIJIEIOBAaHUM € 1eNbI0 OLeHKHU I1acToBbIX Xapakrepuctuk: I'/JIUC, III'NU, TU u T.101.

Opnako Bce CKBaXHHBI 000pyaoBaHbl TiayOMHHBIMH JaTunkamu TMC, KoTOpbIe
SBIIIOTCS HMCTOYHMKAMH IIEHHEHIIeH MpOMBICIOBOM HMHQOpPMAIMK BBUAY HEMPEPHIBHOCTH
3amucei U OTCYTCTBUS HEOOXOUMOCTH B OCTAHOBKE CKBaKHUHBI.

CoBpeMeHHbIe 3apyOexHas U OTEYECTBEHHAsI MPAKTUKU MPEANOJararoT UCIOIb30BaHHE
TUHAMHYECKHUX JaHHBIX C TITYOMHHBIX MAHOMETPOB C IEIbI0 YTOUHEHHUS MJIACTOBBIX MapaMeTPOB
W JaJdbHEHIIEro WX NPUMEHEHUs MpU aJanTaluu MPOKCU-, TUAPOAMHAMUYECKHUX MOJENeH
MECTOPOXKIACHUM.

['maBHBIM TIPEUMYINIECTBOM JaHHBIX NPAKTUK SIBISAETCS MUHUMH3ALUS (DUHAHCOBBIX
3aTpar Ha He3HaunMble [ TM BBUY ONTUMAIBHOTO TUIAHUPOBAHUS IPOBOAUMBIX ONEPALIAM.

B nannHoii pabGoTe OyayT MpoaHaIM3UPOBAHBI COBPEMEHHBIE METOAMKH IO aHAIHU3Y
JOOBIYM C MCTONB30BaHUEM 3amnuceid qatynkoB TMC (IuHaMMKa JTaBJICHHS W 1e0UTa), a TaKKe
JanpbHEHIee WX TMPUMEHEHHE C y4eTOM CHeNM(PUKH yCTPOMCTBA NBYX(a3HOTO CHUMYIISATOpA
npokcu-monenu B [IK «PH-KWH».

B pamkax pabotel OyayT cOpMyTUpOBaHBI PEKOMEHIAIMU M0 JallbHEHIIeMy
mmanupoBanuio ['TM Ha yyacTke, OCYIIECTBICHUIO HACTPOUKHU MOJIETH C IEIbI0 MAKCUMH3ALINHI
COTIOCTAaBUMOCTH TIPOMBICTIOBBIX M MOJCIBHBIX JAHHBIX, a TaKXe MPEII0KEHBl CKBAKHHBI-

KaHJUJAaThl HA DKOHOMHYECKHU BhIrOAHBIE I TM Mo COCTOAHUIO HA TEKYIIUHA MOMEHT.
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1. LITERATURE REVIEW
1.1. PRODUCTION ANALYSIS

1.1.1. Introduction

The production analysis (PA) is a natural addition to the Analysis of data on an unsteady
filtering regimes, when pressure and discharge data are known, and certain analysis and
interpretation must be performed. In this case, the results of measurements of stationary depth
gauges (SDG) that include suitable data for both methods of analysis are used. PA and PTA
share a large technical core, and both types of analysis are often conducted by the same
engineers [4].

PA began to be used in the 1920s on a purely empirical basis as a financial instrument. In
this direction, there was no technical experience, and the goal was to determine the correct
function of the fall, which corresponded to the past development dynamics and contributed to the
assessment of future profits in dollars.

In the 1940's the formulation of the exponential of constant pressure, the same as
hyperbolic and frequency characteristics of the production rate decline were published (Arps,
1945). So far, this has been partially done empirically, but some parameters could be quantified
using special analysis.

In the 1960s the first rows of pallet curves appeared, still with the assumption of constant
dynamic pressure. Fetkovich's palette has united two families of curves: one for the unsteady
state, and one for the response caused by the boundaries at a later stage in time. Ten years later,
Carter expanded this method to the gas mode. Later, other pallet curves dealing with additional
complex configurations, including layered and fractured reservoirs, were published. This was
done in parallel with the theoretical work on the PTA [4].

At this stage, the methodology was somewhat equivalent to the standard PTA procedure
in the late 1970s. The Arps plot became a substitute for Horner's plot, and constant pressure
pallets - a substitute for the pressure drop in WTA.

The emergence of the derivative of Bourdais and personal computers seriously changed
the PTA in the 1980s and 1990s. According to the mining analysis, progress was slower, the
work was for the most part still carried out using the methods of Arps and Fetkovich, usually as
applications related to production databases. In contrast to the PTA, in the extraction analysis,
the withdrawal of the classical methodology was not progressively phased out. In many formed
reservoirs, the use of stationary manometers does not find an economic justification, and the PA

methods remain old, since there is usually no data to justify more complicated approaches.
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The theory, however, developed according to a similar scenario with the PTA.
Blasingame and others introduced a pallete curve of variable production rates and variable
pressure in the form of a log-log plot of the dependence of the productivity coefficient on the
time of material balance, supplemented by the equivalent of the Bourdais derivative. An adapted
version of the plot was also published in a log-log scale, where the pressure applied to the
production rate replaces the productivity index. Additional solutions took into account different
well configurations and reservoir shapes. Thus, by the end of the 1980s, in theory, affordable
modern tools have become available, but only recently they have found commercial application,
in particular, in the program ©Topaze [4].

The forward movement in the field of Production Analysis accelerated at the turn of the
1990s and 2000s through the development of stationary manometers. When engineers began to
receive pressure indices over a long period of time and in continuous mode, the first action was
loading these data into the PTA program. However, the methodology of the PTA was not
designed for this type of data, and engineers sometimes misinterpreted, missing specific
assumptions that were no longer valid in the time scale of measurements by stationary
instruments. Among the most common mistakes were and there are errors in the method of
material balance and excessive simplification in the use of the Perrin approach to evaluate the

rheological properties of a multiphase flow.

1.1.2. Old materials
1.1.2.1. Arps

Methods for analyzing the fall curves formulated by Arps in 1945 for many years served
as a traditional technique for analyzing and predicting data on well flow rates. Falling palette
curves emanate from the empirical relationship of the rate-time and the conjugate equation of

cumulative time, which can be expressed in a general way as follows[4]:

b
q; | q; Ik
" e 2 -gap @ 107)

where: gi is the initial production rate, Di is the decline coefficient, and b is the parameter
in the range from 0 to 1, which determines the type of the rate decline. Three types are usually
considered: hyperbolic, exponential and harmonic.

Exponential drop, b =0

The general equation of incidence tends to an exponential type decline, when b tends to
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Harmonic drop, b = 1:

4 g [ 4
qm_[l—D,.r] o) = il[q(r)]

Hyperbolic drop, b €]o,1[:

It’s equation is shown above.

Equations of the decline curves can be applied only after unsteady part of the response
stops, i.e. during the flow under the influence of boundaries. General approach includes direct
determination of three parameters by the nonlinear regression. However, generally accepted
practice focuses on the use of some concrete representations, where linearity is sought after
fixing the value of b.

Practically the following scales / linearities can be used:

Log (q) vs t: A linear graph if the decline rate is exponential, inverted concavity up.

Q vs Q: A linear graph if the decline rate is exponential, inverted concavity up.

Log (g) vs Q: A linear graph if the decline rate is harmonic, inverted concavity down.

Most Production Analysis programs allow adjusting the scale at a higher level and wider.
The decline regression is nonlinear, i.e. it is possible to get the value of b, rather determined by
regression than by the assumption of the value of b in connection with the private scale [4].

As soon as the parameters of the fall are obtained, and since the analytical expression of
the rate and the cumulative production is known, it is possible - for a given liquidation rate - to
calculate the time for liquidation (termination of development) and, accordingly, the restoration
at liquidation.

Exponential drop is widely used in connection with the simplicity of conjugated graphical
methods. It leads to a cautious assessment of reserves. In addition, it can be demonstrated that
the exponential fall is the later production behavior with constant pressure in a closed reservoir,
with the initial assumption of a low-compressible fluid.

It is important to note that the curves of the fall have many limitations:

* The bottomhole pressure must be virtually constant.

» The well behavior is assumed to be constant, i.e. there is no change in the skin factor
over time.

* The drainage zone of the examined well is constant, i.e. the performance characteristics

of nearby wells should also be stable (in steady state).
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1.1.2.2. Fetkovich

In 1980, Fetkovich proposed a pallet curve that combines the theoretical response of a
well in a closed reservoir and standard curves of the fall of the Arps. The driving force behind
this work was the task of creating a method of log-log matching, which would be applicable both
for unsteady parts of the data and for the flow period under the influence of boundaries.
Representing both periods, the pallet curve not allows incorrect matching of the unsteady state
data to the decline curves [4].

The decisive preliminary step was that the exponential fall can be represented as a long-
term solution to the problem of constant pressure. The Fetkovich palette curve is produced with
the assumption of a low-compressible fluid and a constant dynamic pressure. The palette curve
presented by Fetkovich initially displayed only the rate. Later a composite representation was
introduced, including the cumulative production, in order to bring a greater degree of confidence
in the reconciliation process and reduce the effect of noise.

ich type curve plot

Figure 1.1 - Fetkovich palette curve

In Fig. 1.1 the left region of the curves (green and blue) corresponds to the unsteady part
of the response. And on the right side there are Arps decline curves (red and yellow). Note the
designations on the left: the red Arps curve is given for the exponential fall rate (b = 0), and the
last yellow curve for harmonic fall (b = 1).

The Fetkovitch palette curve displays the dimensionless values of gpg, Qpg With respect to
tpg, as specified below. Dimensionless variables can be expressed as parameters of the drop
curves of Arps or in the form of unsteady response parameters. The duality condition is obtained

as a result of the complexity of the character of the pallet curve, which again shows the
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unification of the theoretical response of the closed reservoir and the empirical ramifications of
Arps [4].

Dimensionless time of decline curve:

thg =Dt
0.00634kt
Dimensionless time: Ip = duic,r’
'rD
t = S
Connected by formula: bd ) () 1
E £T] -1 IIIL\ZJ_E
. . qlt)
Dimensionless rate: Gps ==
q;
. . ) _1412¢(1) uB
Dimensionless oil rate: gp oil=——
kh(.pr - Pn')
ryo1
od and qq are connected by formula: dpg =qp| In ;J -=
. . . . ol1)
Dimensionless cumulative production: Ops = Npi

where Ny; specify the ultimate oil output.

The matching will result in the values of Re and kh, Di and qi. The type of fall b is not
associated with any matching coefficients obtained from the sample of the correct pallet curve
[4]. From distance to external boundaries, it is possible to calculate the volume of reservoir pore
space. From the parameters of Arps future production rates can be can predicted; Ny and N, for

any specified liquidation rate (termination of development) can be calculated.

1.1.3. New materials
1.1.3.1. The blasingame plot

In the previous paragraphs, traditional methods for analyzing the decline curves and their
generalization with the help of Fetkovich's palette curves were considered. The latter were
obtained by combining the theoretical response of the model and the empirical ramifications of
the fall from Arps [4].

In a broad sense, it can be said that the emergence of methods for matching pallet curves
in mining analysis has opened the way to the application of methods developed for interpretation
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of WTA to the analysis of production data. The main limitation in Fetkovich's palette curve is the
premise of constant dynamic pressure. Blasingame and McCrae note that this problem is not
eliminated by using the flow rate reduced to pressure when there are significant fluctuations in
bottomhole pressure. They have sought out functions that transform the decision about variable
pressures and variable production rates into a solution of equivalent constant pressure or constant
production rate. They introduced special time functions, t, for the analogy of the time constant
flow rate, and t, for constant pressure [4]. The time function defined as the analogy of constant
time is given as the ratio between cumulative production and rate:

o0

for = glt)

o

When a graph of the dependence of the normalized production rate (by pressure) on this
function is plotted in a log-log scale, the flow period under the influence of the boundaries
follows a line with a negative single slope.

Based on this result Palatio and Blasingame [4] introduced pallet curves that can be used
for variable dynamic pressure modes. In order to improve the quality of the interpretation of the
pallet curves, the Bourdais derivative was also considered. However, due to the inherent noise
production data, the derivative was applied not to the most reduced flowrate, but to its integral.

More precisely, Palatio-Blasingame's palette curves show the following:

. 1)
Normalized rate: PI(r) = _al)
p;—p,(1)
Li o 1t ql7)
: . PIInt.=— | PI(r)dr =— —d
Integral of normalized rate: "=t ! T =1 £ o ()"
: L é(P1
Integral of normalized rate derivative: PI Int.Derivative = a(pr,)

dln(r.)
Typically, this representation is used in conjunction with the pallet curves for a private
hydraulic well model. This graph is used as a diagnostic tool, where the data and the model
response are compared. The model can be either analytical or numerical, for one or several wells,
and so on. It can be either displayed the "reliable” response of the model, i.e. response to the full

dynamics of pressure changes, or response to a separate pressure change [4].
1.1.3.2. Graph in a log-log scale

If replace the time with the equivalent time specified as the ratio of cumulative
production to production, the measurement of the variable dynamic pressure can be conderted to
the equivalent of a constant production, at least for the case of a liquid. A parallel with the
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decision of a constant rate can be taken one step further, if instead of using the rate of pressure

reduced to pressure, we work with the pressure reduced to the production rate [4].

In other words, for the case of liquid filtration, if trace the dependence %‘g(t) from

te = % in a log-log scale then the flow under the influence of the boundaries will be

characterized by a line with a single slope, similar to the pseudo-steady state in the Data Analysis
on unsteady regimes [4]. Moreover, if take the derivative of the reduced pressure along the
logarithm of t,, then the unsteady regime will be characterized by stabilization at the level

associated with the hydroconductivity.

Loglog plot

Figure 1.2 - Plot in a log-log scale for hydroconductivity determination

The application of the integral preserves the signature of the flow regimes, while at the
same time significantly reduces the noise level. Hence, such definitions provide a diagnostic
tool, where most of the usual methods of exploring the well can be used. In particular, it is
clearly possible to obtain an approximate estimate of the reservoir kh parameter by the level of
stabilization of the derivative. Knowing the value of kh, the first estimation of Re by the trend at
a later time with a single slope can be made. These calculations are an integral part of the graph
in a log-log scale. It is possible either to display the "reliable™ response of the model, i.e.
response to the full dynamics of pressure changes, or response to a separate pressure stage

(pressure surge) [4].
1.1.3.3. Dynamics plot

For complex cases and noisy data, when no specific behavior is seen on these diagnostics

plots, the main tool is a linear graph of pressure and flow rate versus time. This is not a real
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diagnosis, but simply an optimization process. Under these conditions, it is realistic to expect
only a preliminary assessment of such parameters as the coefficient of productivity,
hydroconductivity [4] and drainage area, and no more. In the absence of any other information,
the simplest analytical solution, a homogeneous circular collector, is usually suitable for
simulating the well drainage zone. The use of more complex models can be acceptable if
additional information is available from other sources, and the number of parameters that can be

changed during optimization is minimized.

1.1.4. Modern methodology of PA

Modern Production Analysis is based on the use of software products of the PA based on
PC. The key to any modern software is the combination of user-friendliness and a powerful
technical core with analytical and numerical capabilities. As for the methodology, the central
tools for the diagnosis are Blasingame plot and log-log scale plot, which are used whenever such
a diagnosis is possible. However, due to the nature of the scattered production data, the final tool
for the diagnosis will often be plot of changes over time (dynamics), where the latest diagnostic
tool for the engineer of the interpretation will be the convergence between model and data in the
context of the simulated pressures, flow rates and cumulative production.

When the interpretation begins and the production data is downloaded, the first task will
be to allocate the time interval over which the analysis will be performed. If there is no data on
pressures, then only "old™ means can be used. If both flow rates and pressures are available, the
interpretation is performed with four basic tools for diagnosis. The interpreting engineer can
select one or more analytical and (or) numerical candidate models, set their parameters and
generate these models for comparison with the actual data. For acceptable candidate models,
engineers can refine the parameters, either manually or using the non-linear regression method.

When this is done, the engineer can use a model or models to predict future production by
determining the scenario of pressure changes in the operating wells. Then, the user can run a
sensitivity analysis on a sample of model parameters.

The described path is set by default, when everything goes well. In reality, when there are
complex problems you may have to go through trial and error, when the engineer on the
interpretation must take the decision to return back with poor segment of the process, and then

move forward [4].
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1.1.5. Preparing the project and uploading the data

The procedure for setting the initial conditions (initialization) is basically similar to the
procedure used for the PTA. The engineer interprets the PVT (pressure, volume and temperature)
data, as well as the geometric parameters of the well and the reservoir.

The boot option imports flat ASCII files, allows you to enter data manually and perform
copy-paste from spreadsheets; and most of the information is entered through links to databases
or intermediate repositories with the use of advanced filtering tools.

After loading, cumulative production is automatically determined by integrating
historical production data and displayed on the time change graph along with the production rate.

Further on the graph of changes in time, loads are displayed [4].

1.1.6. Editing the data

Uploaded data can be the result of a careful post-processing after the collection of
information, and this case requires little or no editing. But very often the interpreter has to collect
data of heterogeneous quality from different sources. Pressures are often detected in the well in
real time or with the help of autonomous digital manometers, or come from stationary
manometers (SDM), while the flow rates in their mass are measured on the surface, or,
sometimes, come from stationary deep-sea flow meters.

Beyond the standard sorting of nonessential information and eliminating boot errors, the
main task is to come out with a logically linked synchronized set of data on production rates and
pressures. To achieve the goal, the engineer has to perform the following tasks:

» Synchronize all data received in electronic form to a single point of time [4].

« If the flow rate has not yet been loaded from the file, graphically display the dynamics
of production rates by detecting pressure drops and obtain the flow rates from the printout of the
study report.

* Grind the production dynamics if the temporary sampling of production rates is t00
hard.

* On the reverse side, if production dynamics go into unnecessary details, simplify the

dynamics of production to reduce the machine processing time required to run the models.

1.1.7. Determination and diagnosis

As soon as the data is synchronized and checked for correctness, the analysis begins
immediately. Specifies the time interval over which the data is selected; and using the software

(in addition to the timeline for changes in time), the following graphs are constructed [4]:
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* Graph of Arps

* Graph of the Fetkovich Palette Curves

* Fetkovich's plot

* Blasingame plot

* Graph in a log-log scale

* The given production - cumulative production

In the selection phase, the option to call the specified lift curve or flux correlation to bring
the pressure profile from the depth of the measurement to the bottomhole can be selected.

The log-log plot is used for diagnostic purposes to identify the two main flow regimes
that are expected to exist in the production data: an infinitely acting radial flow (IARF) and a
pseudo-steady state (PSS). The combination of pressure data is tied to the trim to stabilize the
derivative of the reduced pressure integral, and time alignment is tied to a line with a single slope
of the PSS mode at a later time. A log-log plot is associated with the Blasingame and Fetkovich
diagrams in such a way that any changes in the first coincidence curve are mirrored on the
others. In the case of high data quality and a sufficiently high sampling frequency, there is a
possibility of developing unstable IARF regime, thereby increasing the diagnostic capabilities
before reaching the PTA level; and the results of the studies can identify models and wells, and
the reservoir. But such a situation arises rarely, and as a rule, low-frequency data are used in the
analysis of production.

1.1.8. Model construction

After diagnostics candidate models are chosen - analytical or numerical, and an attempt is
made to link (model) the models to real data on all important graphs, including the timeline for
the changes. To get the alignment, the interpreter starts in the first approximation the model
parameters usually obtained by constructing the default model or the automatic model based on
the primary linkage produced on the logarithmic graph. By default, a homogeneous model is
adopted with constant skin-factor in a closed circle. During the construction the software
automatically produces the first approximate estimate of the permanent skin factor.

By comparing the model with the data, it is possible to make appropriate changes to the
model parameters, and any known downhole configuration, such as the knowledge that the well
has been opened horizontally or not completed in the degree of opening, can be applied. In the
event that PTA was performed on a part of the pressure data, the model used could be transferred
to a production analysis. And, finally, the task is to vary the model parameters to obtain an
acceptable pattern matching with the data on all important graphs, including a timeline for

changes [4].
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1.1.9. Refinement of the model

Before taking the non-linear regression calculation subroutine to optimize model
parameters and alignment, the engineer must manually sort out the gross errors in the parameters
and make changes to the values until the model and data converge. Experienced analysts, with a
good understanding of the sensitivity to different model parameters, should be able to very
quickly obtain agreement between the model and the data by manually changing the parameters.

The principle of non-linear regression is to use numerical optimization to refine estimates
of parameter values by minimizing the error probability integral, usually the standard deviation
between simulated and real values at matched intervals. The most common optimization
algorithm is the Levenberg-Marquardt algorithm, but there are many options. The engineer has
the ability to drive some or all of the leading parameters of the model, and also to fix the upper
and lower limits of the permissible deviations of the parameters. The user can also adjust the
private data values on which the error probability integral is determined [4].

1.2. FIELD DEVELOPMENT WITH PROXY-MODEL APPLICATION

1.2.1. Introduction

In accordance with over known facts all filtration models are based on two equations:
material balance and Darcy's Law.

The material balance equation is:
_div(pu) = %(@o) +q. (1)

where p — density, u(x,y,t) - filtration velocity, ¢(x,y) - porosity, q(t) - mass intensity
of outer source.

Darcy's Law:
K
u=-—(VP-pgVz), (2)
Y7,

where K(x,y) — absolute permeability of the rock; x« — viscosity; P(x,y,t) — pressure; g —
acceleration of gravity.

The use of these equations assumes application of initial and boundary conditions,
choice of which are based on the locality of flow type. If the flow through boundary is known
and is changing through time, then [8]:

oo,

If there is no flow through boundary:
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where n — surface normal to boundary, f(t) — known time function (in some cases —
constant).

Also, the pressure on the boundary can be specified as constant.

The most common technique for solving (1) and (2) — approximation of input
discriminative equations by the use of finite differences correlations. According to this technique
grid model should be constructed for each layer [8].

The largest uncertainty is for layer permeability value determination. The scope of
production data while field development is great. These data is presented with dynamic data that
do not require well shutoff, there is an ability of regular updating of well liquid rates, dynamic
level, well-head pressure.

LLC «RN-UfaNIPIneft» provided technique that takes into account all mentioned above

data and minimizes difficulties that can be met while simulation [39].

1.2.2. Objective setting

The objective is in determination of 2 parameter. permeability K(x,y) and reservoir
pressure P(X,y,t) that are correlated with production data. While modelling there will be an

assumption: ¢(x,y) =const and gravity effect will be equal to zero [8].
1.2.3. Permeability calculation

For each well at time t the flow rate (m®day), the BHP (atm), skin, water cut

(u.f.), and the value of the effective thickness of the formation (m) are given. A plane pseudo-
steady flow of incompressible fluid is considered and it is assumed that in the vicinity of the
well, the flow is close to radial. Then the calculation of permeability at the iteration is carried out

according to the Dupuis formula for radial inflow in the case of a pseudo-steady well operation

[8]:

TR ,
tn| 2= |-7+5'
PRI =1841. K, 2 .(3)
Hn(B")

where 7(B') —total mobility (cP™), R, - wellbore radius (m), R, - drainage radius (m),

K,, - productivity index.
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To account for the degassing of the fluid when the bottomhole pressure is lower than the
bubble point pressure, VVogel's correction is used. The total fluid mobility is calculated by water
cut. Water cut and total mobility are related through the relative phase permeabilities of water
and oil. The total mobility is expressed by the formula:

k K
u(9) , KulS)

S) =
77( ) lueBe /’luBn

(4)

where S — water saturation:; k%,(S), kOH(S) — relative permeabilities of water and oil

respectively; A, i, —water and oil viscosity; B,, B, —water and oil formation volume factors.

Water saturation:

Koo (5)

Qs B u 1
B S = = 6L 6 = . 5
O o O, ® LOBL
BHﬂH B@ﬂg koe(s) BH#H

The equations (5) and (6) are used for mobility calculation through relative permebilities.

Determination of the permeability of the formation K at the iteration n in the vicinity
of the well occurs over the area of normal exploitation. The period of normal exploitation of the
well is the time interval after reaching the steady (or pseudo-steady) regime with a stable
production coefficient, when the change in the fluid flow rate is consistent with the change in the
BHP and the general mobility of the fluid in the formation [39].

1.2.3.1. Permeability fixation

Permeability fixation is based on some techniques. One of them — choose a stable
area.

For all sample E and O are calculated:

K 2w?
o = JE[ (x~E(x))* ] =E() - (E(0)* = ZZV'VZV' —E? (6)

If Ki>E+0 or K, <E-0, then K;is excluded.
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Figure 1.3 - Example of permeability changing in accordance with well production data

Stability criteria is variation coefficientC,, minimum value of which (&) is stated
empirically due to the quality of input data [8]:
C, =%< g .(7)

£=0,1 - default value.

At chosen region for some 1=1,,..,1y permeability K at iteration N in vicinity of the

well is calculated as arithmetic average between K, i=i,,..,iy:

iZN: (n)Ki

WK="2_—— (8
v ®

1.2.3.2. Map of permeability construction

Permeability is determined only for those producing wells where there are measurements
of BHP (reference well grid). To interpolate the permeability to the remaining wells the
following approach will be used.

For each other well (without fixed permeability), a set of points (¢) are located in a given
radius.

Further, a local petrophysical dependence is constructed:

Ln(K) =agp+b, (9)
where ¢ - porosity from log data, K - fixed permeability from the reference grid of the

wells. The coefficients are determined by the method of least squares.
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The source area is divided with some given step into cells. The permeability map from

the point values at the wells is restored, for example, using the kriging method. The resulting

map (”)Kij Is taken as a permeability map of the formation [39].

Based on the constructed permeability map (”’Kij ,

pressure maps are constructed, from
which a new time series of reservoir pressures are obtained. Then, again using formulas (3) - (4),
a number of values are calculated, the permeability value of the formation in the vicinity of the

well is given by formula (8). The iterations are continued until for each well and some
preassigned small value y and some iteration number j condition Z‘”)K ' UK <y will not

be executed.

1.2.4. Pressure calculation

The pressure calculation is based on the solution of the piezo conductivity equation
obtained from equations (1) and (2):

o(KoP) o(KaoP oP
22 s 2 2 eBg=co—, (10
SEZ )25 ma-eo T 0

where C, is the compressibility coefficient, B, is the volume coefficient.

Equation (9) is solved numerically according to the implicit scheme, which, as is known,
is unconditionally stable, and it makes it possible to choose a time step large enough and make
high-speed calculations.

While modeling in production wells, a fixed total fluid withdrawal is established, and at
injection wells a fixed wellhead pressure is established. When modeling wells, it is proposed to
use a technique based on the Pisman approach [8]. The well equation according to equation (3)
can be rewritten as:

0f = TV(BLy — PLp), (1D)

where

Tow _ 27KH 1 12)

#H In(r"j+s
RW

and ro— distance at which pressure in cell is equal to pressure in equation (3).

In Pisman work it is shown that ry equas to:
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I, = AX exp(—EJ 0.208Ax

Taking into account formulas (11) and (12) while calculating the permeability according
to formula (3), it is necessary to take the value of the drainage radius R, correspondingly to the
Pisman radius, and the reservoir pressure equal to the pressure in the well block

Note that after the hydraulic fracturing drainage radius exceeds the radius of the Pisman (

I <r, exp(-s) ), then the application of equation (11) becomes unphysical [8]

1.2.5. Design scheme of the two-phase simulator

Furthermore, a two-phase immiscible flow of a weakly compressible liquid will be
considered. The equation of material balance for each phase can be represented in the form
o, U o ¢S
—— (A, 2 AX =V, — (v
ox (A=Y 2 (5 -

w

-(13)

_2 ux,o _ ¢So
XAV (T -a

Taking into account the equation of motion (Darcy equation) the above equations will be
rewritten (13) in the form:

8(kkg/x Py ax V—(¢SW) Q"
g(kkro 0) _V _(¢SO)

1.2.5.1. Pressure solution

In the approximation of a weakly compressible fluid, volume factors are represented as
Bio
1+ Cw,o( pw,o - pr)

w,0

. (15)

Then it is easy to show that the volume coefficients in the left-hand sides of (14) can be
regarded as constant:

1 0 kk, P, 0 ¢S,
B_&( A& )AX \A ( ) g, 6
1 0 kk P ¢S
e > A, 22)x =6

0

Derivatives on the right-hand side (16) will be considered:
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Similarly:

o(¢s,) ¢ [os P,
(8 ) B psipaen sl B ]} 09

w rw

If exclude the capillary forces, then S, +S,, =1 and w —0.

Adding the equations (16) taking into account (17), (19) and, omitting the indices r for
simplicity, we obtain [39]:

0 oP oP
— —)Ax=C¢V, — —q.'B, —q°B, (20
8X (/l[kA< aX) X t¢r b at qs w qs o( )

p) {&J_m} Cc,=C,S,+C,S, +C (21)

My Hy

The spatial discretization (20) is based on the following principle:

—(5 Dyax=a,0m,), £ (22

Generalizing (20) to the two-dimensional case, we obtain:

A (TAP)+A,(T,A P)=CaV, 2 g
AKA AKA, 2
é:x :Tx = F ‘/:gy =T, = A—y

After expanding the central differences in (22) for the block-centered lattice [8]:

_(é: ) AX _Ax(foxﬂx)i,,- =
égi+£j(77i+1,j _77i,j) _é:i_lvj(ﬂi,j _ﬂi—l,j) = (24)

é:i_lj(ni—l,j _77i,j) +§i+£j(77i+l,j _77i,j)
2' 2'

_(é: )| JAyI i =A (éyAyny)”
éi’j+l(77i,j+l _77i,j) _é'j_l(ﬂi,j _ni,j—l) = (25)

é:ij_l(ni,j—l_ni,j)""fi j+1(77i,j+l_77i,j)
2 2
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Expanding (23) taking into account (24), (25):

T P +T Pil,j—(T__1+T_ -+T1-+T--1jp'+Ti+ljR+l~J+Ti Pin=
: >

o100 .1 1 . i,j .1
|,J—E |—§,J i 1—5 |—§,j I+§j i j+= = ,j+E
Cu iV -
(R, RY) - (20

Assign inter block transmissibility:

Tl :G.l.ﬁ“l.(27)

[E| it=,] it5,]

_ kx_A< _ 20y (kh)i,j(kh)iﬂ,j
o (5L 5 (), + (@),

X

1
it
2]

=, i+, ]
2] J

According to literature averaging of conductivity by the scheme:
/I(Sw)iﬂ,j Piil,j > PIJ
iii N - A, B> PH;J_ (29)
=

N[

is proposed.
1.2.5.2. Saturation solution

Grid saturation equations can be obtained by explicit discriminating by time of the right-
hand side (14):

4T 'F’mj_[Tv;,jlpivil"'Tn P+ T P T, P JRJ-‘_TWHLHP‘*”-"TH .
2 2

wi,j+s wi-=,j wisd,j L Wi, j+
2 2' 2' 2

(30)
Here inter block transmissibility for water is assigned as:
k(SW)rWi+1 .
T, =—2T, (31)
WIiE,J Hy, liE,J

The scheme of averaging by saturation is similar to (29). Stability of explicit solution

scheme (by saturation) is defined by Currant number (CFL number):
At [F(S )]
Cfl =— ) 0n, max| =——== |<1 (32
Py L 5] )

Adding is conducted by edges of cells where the flow is directed into the block.
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At practice, application of condition (32) frequently causes significant decomposing of

time steps and decreases calculation speed [39].

1.2.6. Calculation of saturation by fluid path

The fluid path method is based on conversion from physical spatial coordinate
system to that one coordinate system which is associated with particle motion in flow trajectory

whose meaning is transit time across this trajectory [39]:
[ ¢
7= |=ds
! ] (33)

The fluid path is defined as curve which is tangential to velocity field in every point. The

velocity field is assigned by path functions:
U=V xVy(34)
In accordance with vector equality V-(V!//XV)()EO introduction of (34) implicitly

assumes incompressibility of the flow Vu=0. Effects of compressibility are assumed with the
help of introduction of dimensionless scaling multiplier in equation (34):
pi=ViyxVy (35)
Here parameter o is an effective density (scaling multiplier), which assumes changing

of total liquid rate across flow tube by means of collapse or burst.
Mass conservation law as part of this formal description (for flow tube) may be written
as:

V(pt) =0 (36)

Using operator identity uv = ¢ai obtain:
T

3P 4 pvii =0 (37)
or

This equation allows considering the effective density changing across flow path if attach
any chosen density value at the beginning of flow path [39].

The above equation can be easily integrated:
T
P = Poexp(-C 5) (38)

Where C parameter within simulator cell is constant value and is defined from condition:

VU, ; =Cc=const (39)
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In accordance with finite differences pressure calculations the equation (39) is integrated

in every cell. By the flow path tracing scheme velocity model is written as:

Uy =Uy + CX(X - Xl)

, (40)
uyl = uyl + Cy(y - yl)

where initial conditions and gradients are defined at the cell boundaries:

¢, =(Uu,—u,)/AXx
X ( X2 xl) (41)
Cy = (uy2 - l"lyl) / Ay

Respectively for track element passing through the block i, j
VU ;=€ +C, =C,, (42)
The equation (42) is easily integrated within the array and similarly across all track. For

practical calculations it is comfortable to assume p, =1at the beginning of track where flow paths
are characterized by rate (. Thus volume rate across flow path will change in the way:

4=0,/p (43)

Volume rate in some track node may be calculated as:

A A A
d, = d, exp(C, _¢Tl.) exp(C,., f), _.exp(c,. —n) =
2

1 ¢n

n AT
0,=Q eXp[ZCAri _TIJ
T ¢

In differential form conservation equation for water phase is written as:

oS F F
—| =X |+2V0,+0V| =2 |=0 (45
valerarvaro(g-oe

w

(44)

Going over time passage coordinates atv=¢§ and considering VU, =C,, +C,, =C
obtain:

2[&}&(&} _ SR (4g)
ot{ B or\ B, ¢ B

w w

It is obvious that compressibility effects lead to additional sources across the flow path.
Parameter ¢ which considers these effects can be easily calculated in accordance with flow path
tracing algorithm as described above [8].

Finite differences solution scheme (46) is written as:
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The main difficulty of this scheme application is in coordinate A7; heterogeneity. That is

n 1 FW n
+_ —=
At| B,

1
ji—=
2

Wi+

why there is a need in additional heuristics while passage to homogeneous coordinates.
The authors propose next modification for usage of this algorithm for solving not uniform

hyperbolic equation:

ou 0
E-F&F(u) = H(U) (48)

Solution is divided into 2 stages. Firstly, partially constant distribution of U; should be

calculated solving usual differential equation:
GV @y =H) @9)
dt

If use Euler scheme:
u = AtH (u) (50)
This solution appears as the initial condition for solving uniform equation by front
tracking.

ou o
Z 4+ 2 F@(u=0 (51
= 2 (u) (51)

Respectively, common scheme for calculations can be presented as

__I
' ,

Calculate (50) for step At

— ¥ | Calculate (51) by front tracking for step At

t=t+At

End

Figure 1.4 - Non uniform equation calculation scheme
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Final averaging of saturation on the grid by combination of lines that intersect this block

of grid is performed with the help of certain solutions volume weighting [39].

2.(S.), A7,

T (52)

ZinTi

»|

w

1.2.7. Algorithm for liquid mobility and system compressibility consideration
1.2.7.1. Calculation scheme

Considering all the above mentioned techniques description, algorithm for liquid mobility

and system compressibility may be presented in such sequence [39]:

i. Flow paths calculation on the basis of pressure map
ii.  Shift saturation front on the basis of flow paths
iii.  New saturation map construction according to (52)
iv. Update the transmissibility (31) and compressibility (21) for pressure
calculation

v. Calculate new pressure distribution map solving grid equation (30)

Alternatively, saturation calculation can be performed in accordance with equation (30).
Obviously, solution of equation (30) for pressure defining assumes ability for production data

(rates) correction with some multipliers.

1.2.8. Consideration of wells with HF

Local task of BHP and rates distribution within fracture in uniform infinite layer
(considering fracture conductivity) should be solved half analytically. Parameters for this task
should be chosen: initial pressure, KH and mobility value = average current pressure, KH and
mobility in vicinity of well from block simulator [39].

For a certain sample of well segments this solution provides with BHP pf and influx qu

values. Further, index jis for theoretical meaning of respective value for a segment, index I is for
its block value in simulator. After that this local task (with similar boundary conditions and
sizes) is solving in block simulator with necessary grid parameters for pressure values in blocks
definition.

Segments’ passages through grid blocks should be previously specified. Each block is

assigned with 0" accordingly to relation:
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qu:ZIijq\;V (53)
j
The value I;; defines relative segment j length in i block.

Using block pressures P’ obtained from finite differences simulator with rate control (at

defined ;") unknown well indices are obtained:

Wi =3 E (54
Pi— B
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2. TEOJIOT O-®PU3BUYECKASA XAPAKTEPUCTUKA
KPAIIUBUHCKOI'O MECTOPOKJIEHUA

2.1. OBIIME CBEJEHHUSA O MECTOPOXJIEHUN

OcHoBHast yacTh KpanmmBHHCKOTO MECTOPOXKJICHHUS pacroioxeHa B ToMckoi oOmacrtu,
ero HeOOJbIIas MO TUIOIIAJM FOTO-3amagHas 4yacTh (paiion ckBaxuH NeNe 220P, 222P, 223P)

BXOIHT B coctaB OMcKoit obmactu (pucyHok 2.1) [36].

YCNOBHBLIE OBO3HAYEHUA

MPAHWUUbI
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Pucynoxk 2.1 - Kapra paiiona KpanuBuHckoro HeTSHOr0 MECTOPOKICHUS

Mecropoxaenne BXOAUT B MroiabCckyro rpyniy MECTOPOXIAEHUM, CPEAr KOTOPBIX
HanOoJiee KPYIMHBIMU SIBIIAIOTCS pa3padareiBaeMble KpamuBunckoe, Mromscko-TanoBoe (50 km
Ha FOro-BOCTOK) U JIBypeueHckoe (oO0benunsitoniee /[BypedueHckyro, JlecMypoBckyro u 3amnaaHo-

MouceeBcKyl0 MioHmagd - B 7 KM Ha ceBep) He(TAHbIE MECTOPOXKACHHUs. bmmxkaifmme
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pa3BeIaHHBIC U MOJATOTOBJICHHBIC K pPa3padOTKe MEJIKUE MECTOpOoXaeHus — MouceeBckoe (17 km
Ha CeBepo-BocTok), Taraiickoe (17 kM Ha BocTok), Kapaiickoe (25 kM Ha I0r0-BOCTOK),
3anaano-Kapaiickoe (10 km Ha tor).

B oporugporpaduyeckom 1iane KpanuBHHCKOE MECTOpPOKIEHUE pPACIOJIOXKEHO B
Mexaypeube pek KpanuBaas u Areui-fSIX - mpaBbix npuToKOB p. Bacroran, Bmajaroiieil B
KpynHyto apteputo 3anagHoir Cubupu - pexy O0b. bonee menkue peku paiiona - bomibiioi u
Mausnii FOHKyIB - IepecekaroT MECTOPOKIACHUE B €ro ceBepHOM yacTu. ['uaporpadudeckas cetb
pationa (pexkm Arein-fAx, KpanuBnas, bonemoit m Maneii FOHKynb) HE mnpencraBiseT
MPAKTUYECKOr0 MHTEpeca s CYAOXOJCTBAa H3-3a HEOOJBIION IIMPUHBI W TIIYOHHBI pEK.
HaunbGonee kpynHas u3 nepeyuClIEHHBIX peK B pailoHe - SArpui-fIx - nocturaer mupuHsl 14
METpPOB, e¢ NIyOnuHa He npeBbiiaeT 2 MeTpoB [36].

Penved paiiona TUOMYHO paBHUHHBINA, CIAOOBCXOJIMIICHHBIM. AOCOIIOTHBIE OTMETKU
U3MEHAIOTCS OoT 93 mo 125 M, 3aKOHOMEPHO YBENWYHMBAsCh C CEBEpa Ha IOT. XapaKTEpHbI
BBICOKAsi 3a00JI0UEHHOCTh MONUM peK U Tepputopuu B mesoMm (1o 50-60 %), a takxke OoJbiioe
KOJIMYECTBO O3€pP, PA3BUTHIX B IOKHOM YaCTU MECTOPOXKIEHHUSA, K BOCTOKY OT JIMHUHU
npoOypeHHbIx ckBaxuH 200-197. BocTouHas U 105kHas 4aCTU MECTOPOKIEHUS TTOKPBITHI PEIKUM
aecom (Oepes3a, ocuHa, cocHa, enb). CTpPOMTENbHBIH JIeC U IECOK, HEOOXOIUMBbIE JUIs
00ycTpoiicTBa MECTOPOKIEHUS, UMEIOTCSI Ha MECTE.

Jljig TEXHUYECKOTO0 BOJOCHA0KEHUSI CKBaKMH U MOJJIEP KaHUS MJIaCTOBOTO JaBJIEHMS Ha
MECTOPOXKIACHUM MOXXHO HCHOJb30BaTh MOA3EMHBIE BOJBl PETMOHAIBHO BBIAEPKAHHOIO
CEHOMAHCKOTO BOJIOHOCHOTO KOMIIJIEKCA OTIOXKeHU# (mokypckas cBuTa). s MNHUTHEBOTO
BOJIOCHAOKEHUSI TMPHUTOAHBI TOJI3EMHBIE BOJABI U3 OTJIOKEHHI HOBOMHXaWJIOBCKOW CBHTHI
naneoreHa. l[locme canuTapHOi 00paOOTKM HJisi 3THX K€ HYXJ MOXHO HCIOJIb30BaTh U
MOBEPXHOCTHBIE BOJIbI MECTHBIX pek [36].

B skoHOMHYECKOM OTHOIICHUU paiioH pa3BUT ciabo. biwkaiiime HaceIeHHbIE MyHKTHI
pacnionoxeHsl - B 70 KM Ha ceBEpO-BOCTOK OT KpanmMBHHCKOIO MECTOPOXKIEHUS: IOCEIIOK
Hoggrit Bacroran, B 50 kM Ha F0r0-BOCTOK - BaXTOBBIN mocenok Mroir.

MecTopoxaeHHE pacloioKEeHO B paiOHE C XOpOIIO Pa3BHUTOM WHEGPACTPYKTYPOM:
UMEIOTCS dHepreTudeckue cetd u mnoxacranimu (BJI 110, BJI6, TIC110/35/6 xB), cetsb
MIPOMBICIIOBBIX JOPOT.

Ha MecTopoxieHrH OCTPOSHBI U KCILTYaTUPYIOTCS Ceayromne 00bekTh [36]:

—  YCTaHOBKH Ipe/IBapUTeIbHOT0 cOpoca mnactoBoil Bozsl (YIICB);
— ycraHoBka noarotoBku Hedtu (YIIH);

—  Omounsie kycToBble HacocHbie cTaHu (BKHC-36, BKHC-40, BKHC);
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— 40 oOycrpoeHHBIX KycTOBBIX Iom@aaok (32 B Tomckoit oGmactu, 8 B
OmMckoii obmacTn);

—  o0bekTsI anekTpocHabxkenus — [1C 110/35/6 kB, I1C 35/6 kB, BJI 110, BJI
35, BJI 6kB.

JlopokHasi CeTh pa3BHBAETCS B paMKax OOYCTPOICTBa MECTOPOXKACHHUS C BBIXOJOM Ha
OETOHHYIO JI0pOrYy, COEIMHSAIONIYI0 Bacioranckyro rpynmy MecTopokiaeHuil ¢ Mroisbcko-
TanoBbiM MecTopoxkaeHuem, noc. Hoseiit Bactoran u r. CtpexeBoil.

B 50 kM Ha BOCTOK OT MECTOPOXXICHHS MPOXOAUT OETOHHAs A0pOora, COEIUHSIOIIAs
Hronbscko-TanoBoe wmectopoxaeHue ¢ noc. Hoseii Bacroran, KalMBICOBCKOM TIpymmon
He(TsaHbIX MecTopoxaeHuil (IlepBomaiickoe, Katbuibrunckoe, 3amn.-Katbuibruackoe u ip.) u T.
CrpexxeBoil. ba3oBbIM  TEXHOJIIOTMYECKUMH OOBEKTaMM 1O TOJATOTOBKE HEPTH Ha
MecropoxaeHuu spisercs YIIH KpanuBunckas B Tomckom yuyactke n YIICB KpanuBunckas B
OMckoM ydacTke oOecrneuuBarolue TOBAapHOE KadecTBO HeDTH Ui CJa4d  BHEUTHUM

notpebutesnsm [36].

2.2. JUTOJIOTO-CTPATUTPA®UYECKHUI PA3PE3

B reonornyeckoM CTpOEHUHM ONKCHIBAEMOIO paiiOHA MPUHUMAIOT y4acTHE TEPPUTEHHBIE
OTJIOKEHUS  Pa3IMYHOIO  JIUTOJIOTO-(PalMaIbHOTO  COCTaBa  ME3030MCKO-KalHO30MCKOIro
1aTOPMEHHOTO YeXjla U B Pa3jIMYHOM CTEeNeHH MeTaMop(U30BaHHbBIE M JAMCIOLHUPOBAHHbBIE
HOPOJBl JIOIOPCKOTO CKiIaguaroro ¢yHaameHnTta. OTIOXEHHs 4YexJia, MMEIoIlue B TMpeaenax
paccmaTtpuBaeMoro paiiona oo6myr wmomHocTh 2800-3000 M u  Ooree, 3aneraloT Ha
JNEHYIUPOBAaHHOM W BBIBETPENIOM  MOBEPXHOCTH  (yHIAMEHTa  HECOIVIaCHO,  CO
crparurpadudeckum nepepbiBom [36].

Crparurpadguueckoe pacwieHEHHE pa3pe3a MpPOBEACHO [0 MaTepHajaM IOHCKOBO-
pas3BeiouHoro OypeHus Ha KparnuBHHCKOM M0 M ¢ yU€TOM YTOUYHEHHOM cTpaTurpapuueckoi
CXeMbl ~ ME3030MCKMX  oTjioxkeHul  3amagHoil  CuOupu, TpPUHITOH HAa  HIECTOM
MexBenoMcTBeHHOM cTpaTurpaduueckom cosenianuu B 2003 r. (r. HoBocubupck).

Ilanmeo3olickasg rpynna - PZ

Jloropckue o0pa3zoBaHus

Jloropckue oOpa3oBaHus BCKPBITHI ckBakuHaMu Ne 195P u 200P B maTepBanax 2950-3030
M (3a00i1 ckBaxkuHbl) U 2810-2917 M (3a00¥ ckBakMHBI) COOTBETCTBEHHO. [1o kepHy oOpa3oBaHUs
NPECTaBICHbl 3€JCHOKAMEHHbBIMM HM3MEHEHHBIMU MHUHIAJICBUIHBIMUA CIWIMTAMH, BBEPX IIO
pa3pe3y MHTEHCUBHO BBIBETPEJIBIMH, EPEXOSAIIUMHI B KOPY BHIBETPUBAHUSI.

Bcexkpeiras tommmaa — 80-107 M.
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Meso3soiickas rpynna - MZ

IOpckas cucrema —J

IOpckue oTnOXkeHUs B ONUCHIBAEMOM paliOHE TPEICTaBICHB pa3HO(AIMATEHBIMU
ocaJlkaMd cpeaHed U BepxHeW ropel o0mied MomHocThio 200-310 M u OGonee. OHu
MOAPAa3ACIAIOTCS Ha TPU CBUTHI — TFOMEHCKYIO, BACIOTAHCKYIO U 0aKEHOBCKYIO.

HixHe-cpe1HEIOPCKUN OTJIEN

Bailoc-6arckuii sspyc

TroMeHcKas cBUTA

OTiI0KEHHsI TIOMEHCKOM CBMTBHI 3aJIEral0T HECOITIACHO Ha PAa3MBITOM M BBIBETPEIION
MIOBEPXHOCTHU JOIOPCKUX 00pa30BaHUN U BCKPBITHI HA MOJIHYIO TONIUHY cKkBaxxuHamu NeNe 195P
u 200P, rme ona cocraBuma 116 M u 92 M coorBeTcTBeHHO. B (anmanbHOM OTHOUICHUU
OTJIOXKEHUS CBUTHI CIOXKEHbl KOHTHMHEHTAJIbHBIMH OCAJKaMHM — aJUIIOBHAJIBHO-OOJIOTHBIMU H
O3€PHBIMHU: HEPABHOMEPHO nepecaanBaroLIMIMUCs aprujuIMTamH, aJIEBPOJINTAMU,
Pa3HO3EPHUCTHIMHU [€CYAHUKAMH, YIJIMCTBIMU apriiIMTaMM U YIJSIMH C IIpeoOsiaJaHuEM B
paspe3e IIMHHUCTO-aJIEeBPOJIUTOBBIX MOpoJ. BepxHsisi yacTh cBUTHI OoJiee MECYaHUCTas, 3/1€Ch
BIJIessA0TCs necyanble miactel M0y, 03 m FO4, u3 KoTOphIX Hanbosiee MOIIHBIM SIBISIETCS
nocneauuil. Ilecuanele 1IacTel, B CHIYy WX KOHTHHEHTAJIBHOTO  IIPOMCXOXACHUSA,
XapaKTEepU3yIOTCs Pe3Kol (hanuanbHO-IUTOIOIMYECKON N3MEHYMBOCTBHIO, HEBBLIEPKAHHOCTHIO
110 IPOCTHPAHHUIO U TI0 paspe3y [34].

CpeHe-BEpXHEIOPCKUH OTAEN

Bar-keiutoBeli-okchopacKuil apyc

BacroraHnckas cButa

OTnoxeHHsI BAaCIOTAHCKOM CBHUTHI BCKPBITHI BCEMH CKBRXWHAMH OIHCHIBAEMOHW 30HHBI.
Omna 3aseraer Ha riyOnHax 2644-2751 M, 4eTKO BBIAENSETCS B pa3pe3ax CKBAXHH U XOPOIIO
IPOCIEKHUBACTCS TO MpocTHpaHuio. CBUTA ClOXKEHa pa3HO(alLUATbHBIMU OTJIOKEHUSIMH OT
MOPCKHUX JI0 KOHTUHEHTAJbHBIX, U MMOJIpa3AessieTcss Ha JBE MOACBUTHI — HIDKHEBACIOTAHCKYIO U
BEPXHEBACIOTAHCKYIO,  KOTOpbIE  OTIMYAIOTCS  (anuanbHOM  NPHHAIISKHOCTBIO U
JIMTOJIOTHYECKUAM cocTaBoM [25].

HwuwxHeBacioranckass TOJCBHTa CIIOXKE€HAa, B OCHOBHOM, MEJIKOBOJHOMOPCKUMHU
[JIMHUCTBIMU TIOPOJIaMH  — aprUJUIMTAaMM TEMHO-CEpbIMU, OYypOBaTO-CepbIMH, C DPEIKUMH,
TOHKHMH TIPOCTIOWKaMHU CBETJIO-CEPHIX aNeBPOJIUTOB. [loICBUTA XOPOIIO BBIICPKUBACTCS IO
MIPOCTUPAHUIO, MOIITHOCTH €€ 33-36 M.

BepxHneBacroranckasi MoACBUTa MPEUMYIIECTBEHHO NIECYaHHUCTAs! M MPEJCTaBIsAeT cOO0i
pPETHOHANBHO HE(PTEra30HOCHBIH TOpU30HT FOi, SBISAIOMIMICS OCHOBHBIM IPOIYKTHBHBIM

00BEKTOM KaK B ONMHUCHIBAEMOW 30HE, TaK M MPAKTUYECKH Ha BCEX MECTOPOXIACHHUSAX TOMCKOH
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obnactu. I'opuzont FO; ¢opmupoBasics B TpaHCTPECCUBHO-PETPECCUBHYIO CTAIHI0 Pa3BUTHUS
0CaJIOYHOro OacceifHa, YTo MO3BOJISIET BBIACIHUTE B €r0 COCTaBE TPU OCaJOYHbBIX Hauku [29]:

- IOAYTOJIBHYIO, TIECYAHYIO, MEIKOBOJHO-MOPCKYIO, PETPECCUBHYIO;

- MEXYTOJIbHYIO, IPUOPEKHO-KOHTUHEHTAIIbHYIO;

- HaJ[yrOJIbHYI0, IPEUMYIIECTBEHHO MECUYaHyI0, MEIIKOBOAHO-MOPCKYIO

B oGbeMe rOPH30HTA B ONHCHIBACMOI 30HE BBIACISIOTCS wiactsl FO1° (HamyromnbHas
tomma), FO;™ (MexyrompHas Tomma) u 10,° (monyronpHas Ttonma). [IpoAyKTUBHBIMU U3
KOTOPBIX SIBJISIFOTCS TJIACThI IOl2 u 1013. MoHocTh CBUTHI cocTaBirsieT 55-70 M.

KuMeprmkckuit apyc

T'eopruesckas cBuTa

[Topoasl BacrOraHCKOW CBHUTBI TEPEKPBIBAIOTCSA TIYOOKOBOJHO-MOPCKUMH TJIIMHAMHU
T€OPTUEBCKOM CBHUTHL. B mpepenax onmMchiBaeMOW 30HBI MOIIHOCTh CBUTHI HE3HAYMTENIbHA W
coctapisaeT 4,0-8,0 M.

Bomxckuit apyc

baxxeHoBckas cBUTa

Ilopoasl  reoprueBckoi CBUTBI  TIEPEKpPHIBAIOTCA  INIyOOKOBOAHO-MOPCKHUMHU
OMTYMHUHO3HBIMH  aprWJJIMTaMH  TEMHO-OYpbIMM, IUIOTHBIMH, KpENKUMH, Y4aCTKaMHU
IUIMTYATBIMU, MHOT/Ia KapOOHATU3UPOBAHHBIMH, C BKJIIOUEHUSMHU MUPUTA U 0OJOMKOB PaKOBUH
OeneMHUTOB, Opaxuonojn M mnenenunol. Ilopoabl CBUTBI BXOIAT B COCTaB PErMOHAIBHOMN
BEPXHEIOPCKO-MEJIOBOM MOKPHIIIKH IOPCKOI0 HEPTEra30HOCHOTO KOMILIEKCA.

Mopckue  ocaaku — OaXXEHOBCKOM  CBUTBI  XapaKTEpU3YIOTCA  BbLIEP)KaHHOCTHIO
JUTOJIOTUYECKOTO COCTaBa M IUIOIIAJHOIO PpaclpOCTPaHEHUs, YETKOH cTpaTurpaduueckon
NpUBSI3KOH. OTH (AKTOPhI, @ TAK)KE YETKUN OOJIMK Ha KapOTAXKHBIX Marpammax, JeJatoT CBUTY
peruoHanbHbIM periepoM. TommuHa cBuTh 20-28 M.

Bermenexariiue MenoBble OTIOXKEHUs (KyJIOM3MHCKasl, TapcKas, KHsJIMHCKas, ajJbIMCKas,
MOKYpCKasi, Ky3HELIOBCKasl, UIIaTOBCKasl, CIIaBrOPOJACKasi, TAaHbKUHCKAsl CBUTHI), NTAJIEOT€HOBBIE U
YETBEPTUYHBIE OTJIOXKEHHSI IPEJICTaBICHbl TEPPUTEHHBIM IECYAHO-TIIMHUCTBIM  Pa3pe3oM,

COTJIACHO TIEPEKPHIBAIOIIMM IOPCKHE mopo ibl. OOIIast TomuHa oTIoKeHui —2623-2730 m [36].
2.3. TEKTOHHUKA
2.3.1. O6mas CTPYKTYPHO-TEKTOHMYECKAsl XapaKTePUCTHKA paiioHa

CormacHo TeKTOHUYECKOH KapTe pyHaamenTa 3amaaHo-CuOupCcKon TUIMTH paiioH padoT
OTHOCHUTCSl K OOJIACTH TIO3THETEPIUHCKOW CKJIATUaTOCTH, a B CTPYKTYPHOM OTHOIICHHH — K

BerHeBaCIOFaHCKOMy AHTHUKJIIMHOPUIO, K CT'O FOr0-BOCTOYHOM YacTH.
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XapakTtepHoil 0c0O0eHHOCThIO KalMBICOBCKOTO CBOAa SBISIETCS CyOMEpHAHAIbHAS
COCTaBJIAIOLIAsl CTPYKTYPHOIO IUIAHA €0 LIEHTPAJbHOM YacTM W HalW4Me JABYX OCHOBHBIX
CUCTEM TEKTOHMYECKHX HapyLIEHUN CEBEPO-3alaJHOIO M CEBEPO-BOCTOYHOI'O MPOCTHUPAHMUS, B
PErMOHANILHOM IJIaHE TEeHETHYECKH CBsI3aHHBIX ¢ KoaToropcko-YpeHroickuM Merarnporuoom.

[To orpaxaromeMy celficMuyeckomy ropusonty |I°, mpuypoueHHOMY K MOJOLIBE
Oa)xeHOBCKOM cBUTHI, KaliMbICOBCKUI CBOJ OKOHTYypHBaeTcs u3orurncoil -2650 M. B mpenenax
3TON M30THUIICHI pa3Mephl CBOJA COCTaBIAIOT: JuIMHA 215 kM, mmpuHa 60+120 kM, ammiuTtyna
noaHATHs 350 M. AOCOIOTHBIE OTMETKH CBOJOBBIX YacTe HAa CTPYKTypax BTOPOIO IMOPSIKa
coctaBisitoT -2300+-2400 M, BHYTpeHHHUE NMPOTUOBI M BIIAJUHBI UMEIOT OTMETKH, COTIOCTAaBUMbIC
¢ OKOHTYypuBaroIei nzorurncou (-2600+-2650 m).

KaiiMbICOBCKUIT CBOJI OCJIOKHEH PSAOM IOJIOKUTEIbHBIX CTPYKTYpP BTOPOTO M TPETHErO
MOpsAZKA, pa3elIieHHBIX MPOrudaMu, ceUIOBUHAMU, HEOOJbIIMMU BHaauHaMu. K cTpykTypam
BTOpOro nopsiaka orHocarcs Kareubrunckoe, Kapangamosckoe u KpanuBuncko-MouceeBckoe
KYIHOJOBUIHbIE MOAHATHS (K.1.), Jlapmomxunckuit u HoBoBactoranckuii Baibl. CTpYyKTypbl
TPETbETO MOPSAJIKA, WIM JIOKAJbHBIE IOJHATHUS, PACIOJOKEHbl KaK B IpeAesaX BajoOB U
KYIHOJIOBU/IHBIX MTOJHATUMN, TaK U B IOHM)KEHHBIX (IETIPECCHOHHBIX ) 30HAX.

CornacHo «TekTOHMUYECKON KapTe HOPCKOr0 CTPYKTYPHOIO spyca OCaJ04HOro Yexya
3anaaHbIx paiioHoB Tomckon obGmactu» moa penakuuert KontopoBuua A.D. (pucyHok 2.2).
KpanuBuHCckoe MecTOpOXIE€HHE NPUYPOUYEHO K IOro-3amajHoMy CKJIoHY KpanuBuHCKO-
MouceeBckoro K. 1. — cTpykTypsl |l mopsaka. KpanuBuHckoe MeCcTOpOXJI€HHE MPUYPOUEHO K
OJIHOMMEHHOMY JIOKQJIbHOMY IOJHATHIO, PACIOJIOKEHHOMY B FOKHOM 4YacTtu KaliMBICOBCKOTrO
cBOJA.

B rnyOuHHOM cCTpoeHMM paiioHa NPUHHUMAIOT YYacTHE JiBa CTPYKTYPHBIX JTaxa,
pa3JeNIeHHbIX MEXJy COOOM MOBEPXHOCTHIO YIJIOBOTO M CTPATUIPa(UUYECKOr0 HECOTrIacHs:
HIDKHUHM T€TepOTreHHBIN CKJIa4aTo-0JIOKOBBIN Maneo30UcKuil (pyHIaMeHT, CI0KEHHBIH CUIBHO
MeTaMOp(U30BAaHHBIMH, JUCIOIMPOBAHHBIMU TOPHBIMU TOPOJAMH  Pa3IMYHOTO COCTaBa,
IPOPBAaHHBIMU ~ MHTPY3USIMU UM OCJIO)KHEHHBIMM ~ MHOTOYHCJICHHBIMU  TEKTOHUYECKUMU
HapyILICHUAMH, U BEPXHUHM IUIaTGOPMEHHBI YeXoJ, MPEJICTaBICHHBIN MPEUMYILECTBEHHO

TeppUTreHHBIMH TTopoaamu [36].
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Pucynok 2.2 - ®parMeHT TEKTOHUYECKON KapThl FOPCKOTO CTPYKTYPHOTO sipyca

0CaJIOYHOTO YeXJia 3anmagHbix pailonoB Tomckoi obmactu, 2001 r. (pen. A.3. Kontoposuu)

[To orpaxaromemy ropuzonty II* (momomBa OaxeHOBCKOM cBUTHI) KpamuBumckoe
MECTOPOX/ICHHE MPUYPOUEHO K CIIOKHOMOCTPOEHHOH TpyIIe MPOCTPAHCTBEHHO-COMMKEHHBIX
JOKAJIbHBIX MHOJHATHH (J. 1.), OTAEIEHHBIX Jpyr OT Jpyra Yy3KUMH JIMHEHHBIMU
MYJbI000pa3HbIME porubaMu ammiutyaon 15-20 m [36].

MHorouuciaeHHble  JIOKaJlbHble  MOAHATHS ~ KpamuBHHCKOW  CTPYKTYpBl IO
MOP(OIOTHIECKOMY NPU3HAKY OOBETUHSIOTCS B ABE CTPYKTYPHI TPETHEro MopsaKa — 3araaHo-
Kpanusunckyio u KpanuBunckyto rpynny nogusatuil (r. m.). Ha morpyXeHHBIX CKJIOHAX 3THX
CTPYKTYp HMMEETCs €Ile PsAJ MEJIKHUX JIOKAJbHBIX MOAHATHH, KOTOPbIE XapaKTEPU3YIOTCS Kak

MaJIOAaMIUIMTYAHBIC, MAJIOPA3MCPHBIC CTPYKTYPBI-CITYTHUKH MCCTOPOXKIACHUA.
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EqvHOM OKOHTYpHMBAIOIIEH CEHCMOU3OTHIICH IO Topu30HTY II° JIOKaNbHBIE ITOXHATHS
KpanuBunckoit um 3anaano- KpanuBuHCKOW rpymnmbl HE HMEOT. B To ke camoe Bpems
OoTMEeYaeTcsi MX o0mas MopdoreHeTHyecKass XapaKTepUCTUKAa C TOHIKEHHEM OOIei
TUIICOMETPHUM C BOCTOKA Ha 3amaji U C CEeBEPO-BOCTOKA Ha roro-3amaj ot -2520 go -2640 m. B
IUIaHE OTU JIOKAJbHbIE TMOAHATHS (GOPMUPYIOT 000COOJEHHYIO CTPYKTYpHYIO 30HY,
00BEAMHSIIONIYIO PA3HOAMILIUTYAHBIE CTPYKTYPBl U30METPUYHOIO U ACUMMETPUYHOTO TUIIA.

KpanuBuHCKas T. 1. UMEET aCHMMETPHYHYIO (HOPMY, BOCTOUYHOE KPBIJIO IO OTHOIIEHHUIO K
3aragHoMy OoJiee KpyToe U KOpoTkoe. B cBsizu ¢ 3TuM cBojoBas yacTh KparnuBUHCKON TPYIIIBI
noaHsaTHi (paiioH ckBaxuHbl Nel91P) mpubmmkeHa K BOCTOYHOMY KpbLTy. AOCOJIOTHBIC
OTMETKH 10 OTpaxkaromiemy ropuszonty II° B cBome momastus pocturaror -2515-2520 wm.
CrpyKTypa npencTaBiIseTcsl Kak MHOTOKYITOJIbHAS CO CJIOKHOMOCTPOSCHHON MOp(dotorueii.

3anmagHo-KpanuBuHckas r. . (paiion ckBaxkun Ne 200P, 220P, 223P) Bwigensiercsa Ha
FOr0-3aaJHOM NOrpyKeHHH KpanuBUHCKON CTPYKTYpPBI U OTIEISAETCS OT HEE MEKCTPYKTYPHBIM
MOHUKEHUEM, COCTOSIIIUM U3 JIMHEWHOro Tmporuba W Mynpael ammumtygon 15-20 m. B
CTPYKTYPHOM Iutane mo ceficMoropusonty II* B npenenax 3amanHo-KpanuBHHCKOM CTPYKTYpbI
MOKHO BBIJICJINTH JBa HauOoliee KPYMHBIX JIOKATbHBIX MOJHSATHS KYHOJOBHIHON (OPMBI C
OKOHTypHBaromumMu un3oruncamu —2590 M (paiion ckBaxkunsl Ne 200P) u -2610 m (Mexny

ckBaxkuaamMu Ne 220P u 223P) [36].

2.4. HEOTEHOCHOCTbD

Paiion pabot npuypouen k KaiimbicoBckomy HedTerazoHocHOMY paiioHy KaiimblcOBCKOM
He(Tera3oHOCHON 00JacTH U OTHOCHUTCS K MEPCIEKTUBHBIM 3eMIISIM | KaTeropuu.

Ha KpanuBuHCKOM MeECTOpPOXKIEHUM NPOMBIIUIEHHAs He(TEera3oHOCHOCTh paspesa
CBSI3BIBAETCS C JIByMS TMEeCYaHBIMH IJIaCTaMU Topu3oHTa K01 BaclOraHCKOUM CBUTHI - 1012 n I013 ,
pasJieseHHbIX YIIMCTO-TIIMHUCTON TiepeMbrukoi FO1™ tommuuoi ot 2 10 10 M, YTO HAIJISIHO
oToOpakeHO Ha reonorudeckom paspese ([Ipunoxenue A) [37].

[Inactel HEOAHOPOJHBIE, HE BBIAEPXKAHBl IO MOIIHOCTH, JUTOJOTHM M (auusam,
KOJUJIEKTOPCKMM CBOMCTBaM, MNPOAYKTUBHOCTH. B miaHe 3aiexu 1o IjacTaM HE HUMEIOT
3aMKHYTOT'O KOHTYpa HE(TEHOCHOCTM Ha OJHY JIOBYLIKY, NPOCTPAHCTBEHHO U CTPYKTYPHO
000COOJIAIOTCST B BUJI€ CAMOCTOSATENBHBIX JOKAIbHBIX YYAaCTKOB CO CIIOKHBIM, CMEIIaHHBIM
TUIIOM SKPaHUPOBAaHUS, B T. Y. CTPYKTYPHBIM, JIUTOJOTUYECKUM, CTPATUTPaPUUECKUM.
MecTopoxaeHne OTHOCUTCS K MHOTOTUTACTOBBIM, HE(TSHBIM.

OcHoBHBbIe ~ OanaHcOoBbIe  (TMpPOMBINUICHHBIE)  3amackl  Heptu  (Gosaee 80%)
CKOHLICHTPUPOBaHbl B ILIACTE 10,°, KOTOpBIM XapaKTEepHU3yeTCsl PpPacHpOCTPAHEHHEM B €ro

COCTaBE paBHO'I[e6I/ITHI>IX, BBICOKO-, CPEAHE- U HU3KO-IIPOHNIAEMBIX THIIOB KOJIJICKTOPOB. IInact
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I012 MIPEACTABISIETCSl KaK HHU3KO-ICOUTHBIA, HU3KO-TIPOHUIIAEMBbIN, MaJIOMOIIHBIA W HHU3KO-
IIPOYKTHUBHBIN.

OcoOeHHOCTBI0O  HE(PTEHOCHOTO pe3epByapa SIBISETCA «CKAuKOOOpa3HOe» IOBEIECHUE
BogoHedTssHOTO KOoHTakTa (BHK) ¢ pasHurieit abcomoTHBIX 0TMETOK 110 70 M.

Huxe mnpuBoIuTCS XapakTepUCTUKAa MECTOPOXKACHUS pPa3AeNbHO [0 ILEHTPAIBHOMY
y4acTKy IJ1acTa 10,°.

LlenTpanpHplii y4yaCTOK C CceBepa, BOCTOKA U IOra OrpaHMYEH CUCTEMOM
WIMTOJIOTMYECKUX» IKPAHOB, MPOBEACHHBIX MeXK1y ckBaxkuHamu NeNe 209P, 442, 195P, 193P,
226P, 210P ¢ onnoii ctoponsl U 1301, 196P, 1323, 472 ¢ npyroi. Ha I{enTpanbHOM ydacTke
npoOypeHo 68 ckBaxkuH. DpdexkTuBHAs He]TeHACHIIIEHHAas TOJIIMHA IUIacTa KojeOiercs B
IIMPOKOM JAuamna3zoHe, nocturas 18 m, B cpennem coctaniser 9,8 m. PaznensHas nepdoparus
IiacTa MpoBeleHa B OOJBIIMHCTBE CKBaXHH. VICTIBITAaHUE BBIMOIHEHO TOJIBKO B CKBKMHAX
Ne 196P u 204P, B xoTOpOii MOJY4YeH MaKCHMAJIbHBI MPUTOK Oe3BOJHON HedTH AeOUTOM
15,8 M3/CyT Ha mTyuepe auametrpoM 8§ mMMm. OcTayibHbIE CKBaXMHBI ObUIM Cpa3y BBEICHBI B
paspabotky. Ilo manaeM [MIC mmact HedTeHACHIIEH 10 MOAOIMBEI mpuMepHo B 50 % donma
ckBakuH. B ckBaxxunax Ne 457, 1309, 445, 454, 455, 458, 1302, 1303, 1307, 1310, 1313, 518,
520, 446, 521, 1325, 1326 u 196P BHK BckpbIT B IMPOKOM Juana3oHe. MUHUMalIbHAsE OTMETKA
KpOBJM BOJOHOCHOTO TulacTa MHHYC 2598 M oTmedaercs B ckBaxkuHe 457. MakcumanbHas
OTMETKa HedTeHachleHus 3apukcupoBana B ckBakuHe 1309 —2601 m. CkxBaxuna Ne 519 no
naHHbeIM ['MIC nMeeT BOZOHOCHYIO XapaKTEPUCTUKY Ha a. 0. MuHyc 2591 M. BHK npunumaercs
Ha oTMeTKe MuHyc 2587-2600 M. XapakTepucTHKa TOJIIMH U HEOJHOPOIHOCTH MPOAYKTUBHOTO

macra FO;° npuseneHa B [Ipunoxenuu b [36].

2.5. CBOMCTBA U COCTAB ILTIACTOBBIX ®JIIOU]IOB

OcHOBHBIE MNPOMBIILIEHHBIE 3anackl Ha KpanmuBHHCKOM MECTOPOXKIEHUU CBSI3aHBI C
mracrom 10:°. B mapte 2010 romy co CKBaKMH MECTOPOXKICHHS MO BCEH IUIOMIATU OBLIH
OTOOpaHBl W HUCCIENOBaHbl 156 moBepXHOCTHBIX MpoO HedtH. [IpoObl OoTOMpaNUCh ¢ TENBIO
NpPOCJICIUTh M3MEHEHHE MTapaMeTPOB pa3ra3upoBaHHOM HedTH 1o miomaau [36].

IInact IO;3

IleHTpaJbHBIA Y4aCTOK

PasrasupoBanHnas HedTh I1acTa 10,3 [{eHTpanbHOrO ydacTKa OXapaKTepHU30BaHa TPEMs
MOBEPXHOCTHBIMU MpoOaMu U3 ABYX ckBakuH. OniHa mpoba u3 ckBaxuHbl Ne 204P 3a0pakoBaHa
13-3a 3aBBILICHHON IUNIOTHOCTH.

dusnko-xuMuueckue cBoiicTBa Hedtu LleHTpambHOro y4yacTka XapaKTepU3YHOTCS

CIEAYIOUMMH 3HAYEHUSAMM: IUIOTHOCTh NPH CTAHIAPTHBIX YCJIOBUAX cocTaBuil 841,1 kr/m>;
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Bs3kocTh nipu 20 °C — 5,21 mIla*c, mpu 50 °C — 2,14 mITa*c. Conepxanue cepsl pasuo — 0,75 %
macc., napaguaos — 1,85 % macc., cmon cuimkareneBsix — 6,71 % macc., achanprenos — 2,09 %
macc. Beixon nerkux dpaxuuit 10 300 °C cocraBun 47,0 % 06. Hedrb xapakTepusyercst Kak
JeTKas, MalioBsizKas, cepHucras, mnapaduaucrtas. Cormacao ['OCT P 51858-2002 nedTh
otHocuTcs K 1 Trmy u 2 kiaccy [36].

[MnacroBas HedTh IleHTpasbHOTO Yy4YacTKa HAa MOMEHT IIOJICYETa 3amacoB Oblia
OXapakTepu30BaHa TINyOMHHBIMH MpoOamMH, OTOOpaHHBIMH u3 CKBaXuHBI Ne 204P (nBa
poO0OTOOPHMKA), KOMIUIEKC HCCIEAOBAHUNA MO HUM OBLI BHIIOJHEH HE B MOJHOM OOBEME.
[ToaTomMy ObUIT BBINOJIHEH pacyeT CTYNEHYATOH cemnapanuy Ha TEKyIIMe Ha TOT MOMEHT YCIOBHS
cenapanuu. B 2009 romy u3 ckBaxkuHbl Ne 196P Obutn oTOOpaHBl TpH KOHTEHHEpa C
IyOMHHBIMHU MPO0OaMu, JIBa U3 KOTOPBIX IO PE3yJIbTaTaM HCCICIOBAHHUN OBLIM 3a0paKOBaHBI,
OUYEBUJHO, MPH OTOOpEe ObUT YACTHMYHO MOTEPSH Ta3, O YeM CBUACTEIhCTBOBAJIA 3aBBIIICHHOE
3HaYeHHE IUIOTHOCTH Taza B 3TUX Mpobax mocie OAHOKpaTHOW cemapauuu. [IpuHATHIE U
pEeKOMEHAyeMbIe TapaMeTphl IUIacTOBOM HedTH mpenacraBineHsl B Tabmume 2.42. IlmacroBas
HEe()Th ICHTPAIBHON 3QJICKU MMEET CIICIYIOIINE XapaKTePUCTHKU: ra3oBbiid (akTop —39 M/,
nasieHue Haceimenus 4,9 Mlla, mioTHOCT T1acToBoi HeGTH 778 KF/MS, BSI3KOCTh IJIACTOBOM
Heptn — 1,27 wmllac, miotHocTh cemapupoBaHHoW Heptn — 8380 kr/m®,  0GBeMHBI
k03¢ durment — 1,129 [36].

KoMmoHeHTHBIN cOCTaB IJIACTOBOM W pa3ra3MpOBaHHOW HE(PTH W raza MpPEJICTaBIICH B

Tabiuue 2.2.

Tabnuua 2.1 - CoiicTBa niactoBoi HeTH IacTa 10, IlenTpanpHOrO yyactka

Hunamna3on Cpennee
[Tapamerpsl
U3MEHEHUs 3HaYCHHE
CoiicTBa rutacToBoil HeTH
IInacroBoe naBnenue, Mlla 274
[TnacroBas Temmeparypa, °C 94
JlaBnenne HacwimeHus Hedtu razom, MIla 4.0-5,6 49
Ta3oconepxanue HedTH (CTAHIAPTHAS CeMaparys), M°/T 36,4-44,5 40,5
l"azoBerit dhaktop npu qudPepeHnrnaIbHOM pa3ra3upoBaHNN B
pabouunx yCIOBUSIX, M/t 390
[TnoTHOCTH HE()TH B YCIOBHSIX TIACTA, Kr/M° 779,2-792,8 778,0
Bsizkocth HEdTH B ycnmoBusx 1acta, mlla*c 1,06-1,48 1,27
Ko5(hGHIHEEHT CKIMAEMOCTH I1acToBoit Hedri, 1/MITa-10™ 12,2-14,8 13,6
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3
IInoTHOCTH PaCTBOPCHHOI'O Ir'a3a B CTAHAAPTHLIX YCIIOBUAX, KI/M

— IIPY OJTHOKPATHOM (CTaHIAPTHOM) pa3ra3upOBaHUH 1,322
— muddepeHnraabHOM (CTYIIEHYaTOM) pa3ra3upOBaHUH 1,262-1,365 1,235
[TnoTHOCTH Jera3upoBaHHON HE()TH B CTAHIAPTHBIX YCIOBUSX,
Kkr/m°® 837,1-846,4 840,7
— TIpH OJHOKPATHOM (CTaHAAPTHOM) pa3ra3upoBaHUU 838,0
[Tepecuernsiii kKO uIUEHT 0,886
KomnmdaecTBo ucciae1oBaHHBIX CKBaXKUH / P00 2/3

. . . 3
Tabnuma 2.2 - KoMnoHeHTHBIN COCTaB IIaCTOBOM, pa3rasupoBanHoi HedTH U rasa racta FOq

I_[CHTpaJ'IBHOFO ydacTka

KomMmmnoneHTHbIN cocTaB,% MOJIBLH.

HeDTH TIpH rasa npu
HedTH npu rasza fnpu oJIHO-
muddepen- nuddepen-
KommoneHT OJTHOKPATHOM KpaTHOM MJ1aCTOBOM
UATbHOM UAIEHOM
pasrazupo- pasrazupo- HeTH
pasrasupo- pasrasupo-
BaHUU BaHUU
BaHUU BaHUU
CO; 0,00 0,02 3,57 3,53 0,88
No+penkue 0,00 0,00 3,19 3,20 0,79
Mertan 0,08 0,04 47,99 53,75 11,91
Otan 0,25 0,45 8,93 9,57 2,39
[Tpomnan 2,20 3,21 17,39 15,61 5,95
i-byran 1,03 1,56 3,45 1,87 1,62
n-byran 4,15 4,53 8,70 7,90 5,27
i-ITenTan 2,29 2,63 2,16 0,92 2,26
n-Ilentan 3,90 4,00 2,34 1,82 3,52
I'ekcaH+BbICIINE 86,11 83,65 2,29 1,81 65,41
MoigsipHast Mmacca 178,0 173,3 32,83 29,72 141,6
MounsipHast macca
201,0

OCTaTKa
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3. HIPAKTUYECKASA YACTDb
3.1. AHAJIM3 PABPABOTKHU MECTOPOXJIEHUSA

3.1.1. O630p uccjienyeMoro cekTopa

LleHTpanbHBIN PErHMOH MECTOPOXKIICHHS SABIIETCS HanOoJIee MHTEPECHBIM C TOYKH 3PEHHUS
npoBeaeHus Oyaymmux ['TM ¢ nenpio maTeHCHUKau 100bun HedTH. PazpaboTka maHHOTO
yuacTka Obuta Hadata B 2000 r. Pa3paboTka Kak CEKTOpa, TaKk U MECTOPOXKICHHS B IEJIOM,
npeacTaBisier co00il  HECKONBKO ONIMKA: COBMECTHasl OKCIUTyaTalus O0OuX —IUIACTOB
MECTOPOIKICHHS MM J0CTpe miacta F01° B cllydae CHHKEHHS [UIAHMPYEMOTO YPOBHS JOGBIUH
no ckBaxune [31]. C uenbio mojepkaHus IACTOBOTO JABJICHHUS UCIIOIb3YETCs 3aKauKa BOJIbI
BBHUJy HU3KOTO Ta30BOro (pakTopa u KodpPHIMeHTa MOABHKHOCTH TOBCEMECTHO PaBHOTO OoJiee
0,5 u menee 1. Ha Texymuit MOMEHT (DOHJT CKBRKHH TPEACTABIICH CIEAYIOIIMM KOJIHYeCTBOM: 51
NoOBIBaKOIIAsl CKBaKMHA, 23 HarHeTaTeJbHBIX CKBAXKUHBI U 9 CKBaXKUH B Oe3aelcTBUM. 3arachl
y4dacTka ObUIM OIICHEHBI ITPH ITOMOIIY HAKOIUIEHHOTO BOJOHE(PTAHOTO (pakTopa M HAKOIUICHHOH

0GBIYN ¢ HAYIa Pa3paboOTKH PErHOHA U COCTABISIOT 6,7 MiH M° (puc.3.1).
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Pucynok 3.1 - Oenka 3anacoB LIEHTPAJIbHOIO pernoHa MECTOpoXKaeHus B

3.1.2. Tekymme napamMmeTpsl pa3padoTKH MeCTOPOKIEHHS

Ha Texymmii MOMEHT UEHTpPaJIbHBIA YyYaCTOK MECTOPOXKICHHS  IpPEACTaBIECH
CICMYIONMMH KIFOYEBBIMH TMapaMeTpamMu pa3paboTku: oObeMHass 00BogaHeHHOCTH 81 %,
cpennuii 1ebut no Hedth 27 TOHH/IEHb, TeKymas KomneHcanus 73%, cpenHss MPHEMHUCTOCTh
cocramsier 122 m%/nens, cpenHuil nebut KUgKocTH 53 M/ TIeHb (puc.3.2a). B cmydae

HaKOIUICHHBIX TapaMeTpoOB pPa3pabOTKH: HAKOIUICHHas 10o0bda HepTH — 2,75 MIH TOHH,
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HAaKOIUIEHHAs 10O0bIYa >KUIKOCTH — 6,46 MIH M3, HaKoIUIeHHAas kommneHcauusa — 108 9%,

HAKOILICHHAsI 3aKadka Bogbl — 6,1 MiH M (puc.3.26).
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Pucynoxk 3.2 - [TapameTpbl pa3paboTKH HEHTPAILHOTO y4acTKa MECTOPOXKICHHS: a —

TEKYIIHUEC, 0 — HaKOILJICHHEIE

52



HavanpHoe miactoBoe maBieHue (cM. riiaBy 2) cocraBisier 275 atm. CorilacHO KapTe
pacnpenenenus aaienuid Ha 2014 rom (puc.3) MOXHO caenath BBIBOJ 00 3ddexTuBHOCTH

Tekymiei cucremsl IITTJI BBUAY OTCYTCTBHSI 30H JIOKAJBHBIX IPOCAJOK IIACTOBOTO JIABJICHHS
(puc.3.3).

Pucynoxk 3.3 - Kapra pacnpenenenus nasiaenus, 2014 r.

CornacHo kKapTe TeKynux oT0opoB (puc.3.4) CKBaXKHHBI MOXHO TPYIITHPOBATh HA HU3KO-

U BBICOKOJICOMTHBIC, YTO HAMPSIMYIO KOJUIEPHYETCS C 30HAJBHOCTHIO 3HaueHWi mapamerpa kh
(puc.3.5).
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Pucynok 3.4 - KapTa Texymux oTOOPOB IIEHTPATBLHOTO y4acTKa MECTOPOKIeHUs B
HuskoneOnTHBIE CKBaKUHBI PACTIONAraloTCs B OCHOBHOM B FO)KHOW U CEBEPOBOCTOYHOMN

YaCTsAX 3aJICKU MIOBCEMECTHO ¢ pacrpoctpaneHueM yxymaieHHsix EC (puc.3.5).
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Pucynok 3.5 - ConocraBienue 1e0MTOB M0 KUIKOCTH ¢ mapamerpom Kh

BcenencrtBue  BBICOKOM — Ie€OJIOTMYECKOM  HEOAHOPOAHOCTH  IUIACTOB  IPOMCXOAUT
3aKOHOMEPHBIN IPOPHIB 3aKauMBAaE€MOM BOJIbI OT HArHETATENIbHBIX CKBa)KWH, IO ITATMBAHUE
KpaeBbIX BOJ K 3a005M CKB@KUH 110 BBICOKOINPOHHMIIAEMBIM MpOIJacTKaM M TpelluHaM,
NPUBOJAIINE K ONEpeXkaroeMy OOBOJHEHUIO MPOAYKLIUHU JOOBIBAIOIINX CKBAXXHUH. YUHUTHIBAs,
YyTO Ha OOJBIIMHCTBE CKBaKMH BbIMoyHsICA ['PII, To, Henb3s HCKIIOUMTH, YTO BOAA B
JOOBIBAIOIIME CKBAXXUHBI MTOCTYIAET MO MCKYCCTBEHHBIM TPEIIMHAM, CO3JaHHBIM B pEe3yJIbTaTe
THPAaBIMYECKOTro pa3phiBa miacra [27].

BosIbIIMHCTBO CKBaXHMH BBOJWJIOCH B A00b14y u3 Oypenus ¢ I'PII ¢ moBblmieHHOM
HA4yaJbHOM OOBOJHEHHOCTHIO. TeM He MeHee, 3TH MEpONPHUATHS TMO3BOJWIM OCTaHOBUTHh
CpPEeIHHI pOCT OOBOTHEHHOCTH.

JloObIBatoImye  CKBOKMHBI  OKCIUTYaTHPYIOTCS € OOBOJHEHHOCTBIO  MPOJYKIIMH,
BappUpyIOLIeiics B IMHUpokoM juana3oHe BenuwuuH. Ha 1.07.2014 r. MuHuUManbHas

00BOJHEHHOCTH MPOAYKINH 3adukcupoBaHa Ha ckBakuHe Ne 13405 u cocrasiser 34 %.

3.1.3. AHaH3 NPOBeAeHHBIX Ie0JI0r0-TEXHUYECKHX MepPOnpUsiTHii

3a mepuoxa ¢ 2004 mo 2014 rr. Ha ydacTke B OOIICH CIIOKHOCTH OBbUIO MpoBeaeHo 93
onepauuu, B uncie kotopbix 13 I'PII, 10 moctpenoB Ha BbIlIeNeKalui miact 10,7, 4 OII3 Ha

Har"eTarCibHBIX U O[[HOI>'I ,Z[O6BIB&IOH.[€I>1 CKBakmHax. B 06mee KOJIMYCCTBO TAKXKC BXOJHUT BBOJ
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HOBBIX ckBakuH ¢ ['PII B konmuecTBe 62 oneparuii (puc.3.6). [IporeHT ycrentHo mpoBeIeHHbBIX

I'TM cornacuo 1utany paspabotku yuactka — 90%.
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Pucynok 3.6 - Cratucruka npoBeneHHbIX [ TM Ha EHTpaJIbHOM y4acTKe 3a BECh MEPUO/T

pa3paboTKu

55



3.1.3.1. AHaju3 nNpoBeJAeHHbIX ONePaIHii 0 MPUOOIIEHUIO MJIACTA 1012

3a mepuox ¢ 2006 mo 2011 rr. Ha ywactke Obulo mpoBeneHo 11 goctpenoB Ha

BBILIEJICKAIMI TOPU3OHT C 1IEJIbI0 MHTeHCHpuKalu 100brau HedTH (puc.3.7).
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Pucynok 3.7 - CtaTrcTHKa MPOBEICHHBIX OMEpaIfii 10 MPHUOOIIEHUIO TUTacTa: a —

MOCKBaXUHHBIN MpUPOCT Ae0uTa no HedTH; O — ro0BOM NpUpOCT neduTa o Hedru

Beuny nHuskux @EC neHTpanbHOW 3aleXd MECTOPOXICHHS OCHOBHBIM CIIOCOOOM
pa3paboOTKKU  SBISIETCS COBMECTHAs OKCIUlyaTallMsi O0OMX TIJIacTOB U O0ObeAMHEHHE
BBIILIEYTIOMSAHYTBIX B OJMH 00BEKT pa3zpaboTku. Ko Bcemy mpouemy, Ooibliasi 4acTb CKBaXKUH
Obuta BBezieHa B paboty ¢ I'PII, Ha ckBakMHAX B 30HE 3HAUUTENBHBIX OCTATOYHBIX 3aI1acOB ObLTH
nposeneHsl nosropueie ['PI1. Takum 00pa3oM, OCHOBHON MPUYMHON HEAOMOIYUYEHHUS TUIAHOBOTO

npupocTa 1o HedTH B CiIydae JOCTpeia BBILIENEkKAIIEr0 FOpU30HTa SBJIsETCs Ooyiee paHHee
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Hayajlo JPEHHUPOBAHUS [AHHOIO IUIACTa BBHUJY POCTa TPELIMHBI BBEPX MO paspe3y. SIBHbIM
IPUMEPOM MOJXKET CIY)XUTh CKBakuHa 4695, na kortopoirr Obu1 mposexen I'PIT B 2005 r. u

MOCJIEIYIOLIUI JOCTpe IiacTa 10282012 T. (puc.3.8).

Kearypa mpaond
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JleOuT sxunkocTH Jebur nepn OO0BOTHEHHOCTH I'PII === JlocTpen

0
Pucynoxk 8 - a — nu3aiin Tpemunsl ['PIT (01.01.2005 r.), 6 — mapameTpsl CKBaXXHHBI 4695

3.1.3.2. Anaqm3 npoBenennbix I'PII

3a mepuon ¢ 2004 mo 2014 rr. Ha yuyactke Obuio mpoBeneHo 13 kpymHbix ['TM —
THPABIMYECKUE Pa3pbIBbl 00OUX TUIACTOB C LENbI0 HHTeHCH(UKanuu 100b4u HedtH (prc.3.9)

M0 UICKYCCTBCHHBIM KaHaJIaM TPCIIWH.
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Pucynok 3.9 - Cratuctuka npoBeneHHbIx oneparmii [ PIT: a — MOCKBaKMHHBIHN TPUPOCT

neburta no HeTH; 6 — rOA0BOI MPUPOCT AeOUTA 110 HEPTH

HeKOTOpHe H3 MPOBCIACHHBIX onepaunﬁ MOKHO XapaKTCPHU30BATH KAK HCYCIICHIHBIC

BBUJIy HECOOTBETCTBHSI IUTAHUPYEMbIX U (PAaKTUUECKHUX IeOMTOB CKBaXKHH (Tadmuia 3.1).

Tabmuma 3.1 - [TapameTps! ckBaxkuH-kanauaaToB Ha ['PIT mo u mocme I'TM, 2010 — 2014 rr.

Tun KH, | O6Boguennocts, | Ckuu- | P, | P3a0, Qm, Qx,
CkBaxnHa
napamerpa | M/[*m % ¢dakTop | atM | aTM | TOHH/AEHb | M3/IeHb

4965 [Tnan 11 50 -4.7 240 | 46 17 40
dakTt 10 35 -5 150 | 50 10.8 20

13405 [Tnan 17 65 -4.7 275 | 54 17.3 59
dakt 24 63 -5.2 186 | 70 18.6 59

4975 [Tnan 19 40 -4.7 245 | 50 27.9 55
dakt 19 38 -5.3 191 | 50 26 50

Z[J'IH OIMPCACIICHUA BCCOBOI'0O BJIMAHUA BCCX  BbINICYKA3dHHBIX IMApaMCTPOB Ha

daxTrueckuit npupoct nocie nposeneHus ' TM ucnonb3oBancs GakTOpHBINA aHATH3.

Ha pucynke 3.10 npencraBieHsl nmapaMeTpsl 1o ckBaxune 4965, a takxke pa3OuMBKa Ha

(dakTopbl OTKJIOHEHHS OT IIJIAHOBOrO mpupocta. Takke OBLT MpoaHATIU3UPOBAH OTYET O
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npoBeaeHHoM B 2013 r. I'PIT Ha 06a macTa: TeXHOJIOTHYECKUX TIPOOIEM BO BpEMsI TPOBEACHUS
omepanuu HE BO3HUKIIO, IJIAHUPYEMBIH OOBEM TMpOMIMaHTa ObUT 3aKayaH B IOJIHOM Mepe.
OnHako, hakTHuecKoe OTKJIOHEHHE JAe0HTa OT IUIAHOBOTO cocTaBisieT -6,2 T/nenb. Kak mokasan
(bakTOpHBIIl aHaU3, OCHOBHOM BKJaJ B JaHHOE OTKJIOHEHHE BHOCUT MapaMeTp OTKJIOHEHHUS IO
JABJICHUIO — B JaHHOM cCiyd4ae, mjacTtoBomy (T1a0:.3.1). OueBHUIHO, YTO MpHU TUIAHUPOBAHHUH
I'TM pacuer mnoreHnuana CKBaXMHbI BEJICA C IEPEOLUECHEHHBIM IUIACTOBBIM JIABJIEHUSAM,

BO3MOXXHO, BBULY OTCYTCTBHUA AUHAMUWYCCKUX JAaHHBIX I1O 9TOI CKBa)KMHE WU COCCIHHM.
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Pucynok 3.10 - a — mapameTpsl ckBaXuHbI 4965; 6 — hakTOpHBINA aHAN3 110 CKBaXKUHE 4

965

B cnyuae ckBaxunsl 4975, I'PII Ha xoTopoii O6bu1 npoBeaeH B 2012 r. Ha oba miacra,
OTKJIOHEHHE OT IIAHOBOTO IPH POCTa cocTaBwio He Oosiee 2 T/ neHb. [lnaHoBBIA neOUT 1O
He(TH NP pacueTe MoTeHnuana ckBaxuHbl Ha ['TM cocrasisn 27,9 1/menn. [IpoBencHHBIM
I'TM moxHO cuuTaTh ycnemHbM. OgHaKo, coriacHo (akTopHOMy aHanuzy (puc.110), Takue
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(dakTHUeCKue MapaMeTpbl Kak JaBJICHHE W CKUH-(DaKTOp B 3HAYMTENBHOW Mepe pasHsTCSA C
TUTAHOBBIMH BeTMYMHAMHU. MaTeMaTudecku JaHHbIe (PaKTOPhl HUBEIUPYIOT BIUSHUE IPYT Apyra
Ha (GUHATBHBIN (QakTudyeckuii mpupoct (tadm.3.1), ogHaKO, OdYEBHAHA HEOOXOIUMOCTH
YTOYHEHUS IAHHBIX TUIACTOBBIX MAPAMETPOB C IENBI0 00ECTICUCHHSI MAKCUMAIBHO MPHOIMKEHHST

K (pu3mKe macta npu JaibHeHIeM IIaHUPOBAHUU KaKUX-TMOO orepanuii B OKpy>KeHUU JaHHOU

CKBa)KHUHBI.
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Pucynok 3.11 - a — mapameTpsl CKkBaKUHBI 4975; 0 — GakTOPHBIA aHAIH3 110 CKBAKUHE

4975

CkBaxnna 13405 Owvuia BBemeHa ¢ ['PII, manee, B 2012 r., Ha Hel ObLT MpOBEIEH
noBTopHbIN ['PII, pe3yapTaToM KOTOPOTO CTajIo MpeBBILICHHE [IIaHa 110 MPUPOCTy aeduta HedTH
Ha 1,2 t/nenp. PaccMoTpenue (pakTOpHOro aHanmM3a M0 CKBaKHWHE MO3BOJIIET CIIENATh BBIBOJ O

HCCOBIMIAACHUC PCAJILHBIX W 3aKJIaAbIBACMBIX IPHU PACUCTAX JAHHBIX: AHAJIOTHMYHO CKBAXXHUHC
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4975 nabmomaeTcsi MepeoIeHeHHOEe TUTACTOBOE JAaBJICHHUE, a TAKXKE HEIOOICHEHHOE 3HAYCHUE

napametpa kh (puc.3.120).
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Pucynok 3.12 - a — mapametpsl ckBakuHbI 1338; 0 — hakTOpHBIN aHATN3 110 CKBAKUHE

13405

3.1.3.3. Anaiu3 onepauuii mo BBoAy HOBbIX ckBaxkuH ¢ ['PII

3a mepuon ¢ 2006 mo 2012 rr. Ha yyacTke Ob110 BBeneHO 62 ckBakuHbl ¢ ['PII. JlanubIi
I'TM, odeBuaHO, sABIsETCS HaOOIee YACTO MPUMEHSIEMBIM BBUY I€OJOTUU U (DU3HUKH IJIACTOB
3aJeXKH IIEHTPAILHOTO pernoHa (cMm. rmaBy 2). Ha pwuc.13 npuBeneHa craTHCTHKA II0
MPOBEJICHHBIM OIEpPAIMSIM: TOI0OBOI CPeTHECYTOUHBIN MPUPOCT cocTarsieT He MeHee 11 T/neHs.
3a mepuon ¢ 2010 mo 2014 rr. 66110 BBeneHo 3 HOBBIX ckBaKuHBI ¢ ['PIT: 13445, 13385, 5345 —
pa30ypuBaHUE FO)KHOTO W CEBEPHOTO YYAaCTKOB 3alieku BOMm3u KoHTypa BHK (1261.3.2).
CkBaxxuna 13385 mo3gnee Oblna mepeBeneHa B HarHeTaTeNbHBIA (DOHI U YIUIOTHEHUS
cuctemsl [111/] v BBUY HU3KON TOHHAXKHOCTH.
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Tabnuua 3.2. PacueTHble 1 (akTHUeCKUe mapameTpsl ckBaxkuH, 2010 — 2014 rr.

CKBaXuH Tun KH, Oo6Boauennoct | Ckus- Prn | P3ab Qu, Qx,
napamerp | MJ* o , , TOHH/HEH | M3/neH
a a M B, % (axrop aT™M | aT™ b b
5345 IInaun 13 45 -4.5 255 | 60 22.8 49
®daxr 13 23 -4.5 255 | 64 30.5 47
13405 IInau 6.2 15 -4.5 270 | 60 15.1 21
®daxr 5.3 18 -4.5 270 | 47 13.2 19
13445 IInau 145 15 -4.5 270 | 60 37.3 52
®daxr 135 18 -4.5 270 | 56 374 54
13385 ITnan 31 65 -4.7 285 | 65 435 147
®daxr 27.4 78 -3.7 275 | 53 15.8 85
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Pucynok 3.13 - Craructuka npoBeeHHBIX onepanuid [ PI1: a — mOCKBaKMHHBIA IPUPOCT

nebuta o HeTH; 6 — TOJOBOM CpeaHUN TPUPOCT 10 1eOUTY HEPTH

CkBaxnna 13385, B mocnencreuu nepesenennas B [111]], 6sima BBenena ¢ ['PI1I B 2011 r.

C 3aCIyCKHBIM ne0uToM 15,8 T/1eHb, B TO BpeMs Kak 3alUIaHUPOBAHHBIN NEOUT cocTaBisii 43,5
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T/meHb. JIns JaHHOM CKBaXWHBI OBLJIO PAacCMOTPEHO BIMSHUE KaXIoro w3 (akTopos,

MEPEYUCIICHHBIX B Ta011.3.2, Ha OTKJIIOHEHHE OT IUIAHOBOT'O MIPUPOCTA.
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Pucynok 3.13 - a — nmapamertps! ckBaxkuHbl 13385; 6 — (akTOpHBIN aHaIM3 MO CKBAaXXUHE

13385

CkBakuHa HaxoauTcsi BOMM3M BHemrHero koHTypa BHK, aktuBHOCTH KOTOpOro mMoria
HOCITYXUTh Ha Oosiee paHHee OOBOJHEHHE MPOJIYKIMU — BKIAA (akTopa 0OBOAHEHHOCTH. B
clydae C IDIAaCTOBBIMH TIapaMeTpaMH TaKKe BHJHA HECOTJIACOBAHHOCTh IUIAHOBBIX U
MIPOMBICIIOBBIX NaHHBIX. CyMMapHOe OTKJIOHEHHE OT ILIAaHOBOTO IMPHPOCTa MO ACOUTY HedTh
cocraBuiio -27 T1/menb. Ilo3nnee ckBaxkuHa Oblna mepeBeaeHa B IIIIJ] BBuay umerommxcs
9KOHOMHYECKUX JJMMUTOB IO SKCIUTYaTalluu CKBa)KUHBI.

CkBaxxnHa 13445 pacrnonoxeHa BOMM3M CKBaXUHBI 13385 — OKO0JIO BHEIIHETO KOHTYpa
BHK. CkBaxuna 6su1a BBezieHa ¢ ['PIT B 2011 r. ¢ 3amyckasiM nedutom 37,4 1/1eHb, uto Ha 0,1
T/AeHb OoJbllle TIAHOBOM BenuuuHbl (Tabn.3.2). M3 ¢dakropHOro aHamm3a HArIsIHO BUJCH
BKJIa napamerpa Kh (Bo3amoxxna HekoppekTHas nHTepnpeTanus qanHbix [MC) — nepeorieHka B

1 M/l B cimydae 3anexu ¢ yxyameHHbiMu @EC sBiietcst Becomoit (puc.3.140).
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Cnenyromas ckBakuHa — 5345 — HaxoIUTCSA HEMOCPEACTBEHHO Ha BHEIIHEM KOHTYpE
BHK u sBisiercst au3koaeOuTHoi. CkBakuHa Oblia BBeaeHa B 2011 1. 1715 YIUIOTHEHHSI CETKU U
BBHJly TUIAHUPYEMOTO JallbHEUIIEro pa30ypHBaHHUS ydacTKa COTJACHO IMPOEKTY pa3paboTKu
MecTtopoxaeHus. B pesynprare nmposenenHoro ['TM oTkiioHeHue oT 1aHa cocraBuio +7,7
T/menb. OCHOBHOHM (haKTOp, OKa3aBIIMK BIMSHUE HAa JaHHOE OTKJIOHEHHE — OoJjiee HHU3KOE

3Ha4YeHHe 0OBOJHEHHOCTH TOIY4eHHOM npoaykuun (puc.3.15).
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13445
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Pucynoxk 3.15 - a — mapameTpsl ckBakuHbI 5345; 0 — (hakTOpHBINA aHATIN3 110 CKBaKUHE

5345

s onpeneneHus (pakTUUECKMX IUIACTOBBIX MApaMeTpoB, KOTOpble Haubosiee sSBHO
BJIMSIIOT HAa YPOBEHb MIPUPOCTA MPHU pacyeTe NMoTeHnana ckBaxxunsl Ha ['TM, OyaeT ucnonb3oBaH
aHamu3 JO0O0BIYM MO TUHAMUYECKUM JIAaHHBIM IMOCJEIHEro 3amycka CKBakKuH ¢ garynkoB TMC,

NpaKTHYECKast 4aCTh KOTOPOTro ObLiIa BRITOJHEHA B TPOrPaMMHOM IpoaykTe Topaze, Kappa [4].

3.2. AHAJIM3 JOBbIYH ITPOMBICJIOBBIX JIAHHBIX

3.2.1. CkBaxuna 4965

CkBaxmHa 4965 HaxomuTcs B CEBEPOBOCTOYHOM YACTH IIEHTPATBHOTO ydacTKa
MecTopoxkaeHuss B. Ha maHHbBII MOMEHT OOBOJHEHHOCTh MO CKBaKuHe coctaBisieT 39 %
(Becomas). JlaHHas CKBa)KMHA PACTIONOKEHA BOJIM3U TPEX TOOBIBAIOIINX U TPEX HArHETATCIIbHBIX
CKBa)XXMH, a TaKke BHyTpeHHero koHtypa BHK, 3a cuetr kOTOpbIX BO3MOKHA KaK 3HAYMTEIIbHAS

MNOAIMNTKA, TaK 1 I/IHTCp(bCpCHI_II/IH.
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Ha nmanHO# ckBakuHe OBLT MPOBEACH THAPABIWYECKUN pas3phiB miiacta B KoHie 2013
rojia, KOTOPBIA HE Jal IJIAHUPYEMOro mpupocta 1o aeouty Hedtu (cM. riaBy 3.1). Bo Bpems
npoBenenust ['PII TexHonmormueckux mpoOieM He BO3HHUKIIO, IJIAMHYPEMBIH 00BEM IMpONIaHTa
ObLT 3aKkavaH B mojiHOM Mepe. [ PI1 Ob11 mpoBeieH Ha 00a rm1acta MECTOPOXKICHHUS.

Jnst ckBakuHbl 4965 ObUT  BHIOpAaH CICAYIOMUNA MPOMEXKYTOK HCCICIOBAHHS
JTUHAMHUYECKUX JAHHBIX COTJIACHO 3aluCAM O ToclieqHeM 3amycke ckBakuubl: 11.04.2012 —
27.12.2012 r. [na aHamu3a MCHOJIb30BAINCH JIaHHBIE C JAaTYUKOB TEPMOMAHOMETPUUYECKOU
cucTeMbl, (DMKCHPYIOIIMX JaBJCHHE Ha MpHEME Ha Hacoca, a TaKKe MO0YacoBbIE JEOUTHI MO
xKuakocTd. KoppekTupoBKa BeIMYMH 3a00MHOTO JaBlEHUS OCYIIECTBISUIACh C  Y4ETOM
MECTOIOJIOKCHHS BEPXHHX JBIp niepdoparuu (~ 10 atm).

CrnenyommM maroM crajia WACHTHU(DHUKAIMS BEIWYUMHBI aOCONIOTHONH TPOHUIIACMOCTH
IIpU TIOMOIIY 3aBUCUMOCTH MHTETpalia HOPMaJIU30BAaHHOTO JaBJIEHUS W MPOU3BOJIHON JTaHHOTO
UHTErpaja OT SKBUBAJICHTHOTO BpeMeHH (fe — OTHOIIEHHE HAKOIUICHHOW M00BIYM K JeOHMTY) B
ouorapudmuueckom Macmraoe [7]:

pi=p()
q(t)

JIaBJICHUE B ONpEJACICHHBIH MOMEHT BpemeHu, atM; ((f) — neOuT 1Mo IKHIKOCTH B

HopMasirzoBaHHOe JlaBieHHEe = , TIe Pi — HadaibHOE aaBieHue, at™; P(t) —

COOTBCTCTBYIOHII/Iﬁ MOMCHT BpEMCHH, M3/I[€HI>.

1 rtepi=p@®)
- —_— T — JKBUB HTH
- Jy e dt, tae te — SKBUBAIEHTHOE

WHTerpas HopMaJIM30BaHHOIO 1aBJIe€HUA =
BpEMsL.

CornacHo nosiyueHHOMY I'paduKy cTaOUIM3aIMsl TPOU3BOAHOM COOTBETCTBYET BEIHMUUHE
npoHunaemMoct pasHoi 1,75 M/l (pucynok 3.16). Ilo manpHeieMy TOBECHHIO TPOM3BOIHON

TaK)K€ BO3MOKHO OLIEHUTH MpEANoIaraéMblii painyc IpeHUPOBAaHUS CKBaXUHBI, Re.
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vV Integral of normalized pressure
vV  Integral of normalized pressure Derivative f
v
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Loglog plot: Int[(pi-p)*q_ref/q)/te and d[Int[(pi-p)*q_ref/q]/te]/din(te) [atm] vs te/2 [hr]

Pucynok 3.16 - I'paduk 3aBUCUMOCTH UHTETpalia HOPMATU30BAHHOTO JaBJICHUS U

HpOHSBOHHOﬁ JaHHOI'O HHTCTpajia OT 9KBUBAJICHTHOI'O BPECMCHHA

JUia nanpHEiel HHTepIpeTanui JUHAMUYECKUX JaHHBIX HEOOXO0JUMO OIPENEIUTHCS C
OPUMEHSEeMON THIPAaBIMYECKON MOJENIBIO CKBaKUHBI. J[J1s1 JaHHOW IeNIM NPUMEHSIACh OLIEHKa
NOBEJICHUS MPOM3BOJHON AaBlieHHsI Ha rpaduke B OuiorapupmMuueckoM Maciutade (pUCYHOK

3.16) u rpadux bmdiicunreiima (pucynok 3.17) [4].
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3 ++ Pl Int. Derivative 7
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Blasingame plot: g/qg_ref/(pi-p), Int[g/q_ref/(pi-p)l/te and d[Int[g/q_ref/(pi-p)]/te]/dInte [[atm]-1] vs te [hr]

Pucynok 3.17 - I'paduk bisiicuareiiMa: KpacHbIe TLTIOCH — Mpou3BoaHas Knpoy mo

aorapudmy te; 3enensie TpeyroabHUKN — Knpo; 3enenble miockl — uaTerpan Kmpos.
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ITo Buny rpapuka deTkoBUYa BO3MOXKHO OLIEHUTh MEXAHU3M BBITECHEHUS: XapaKTepHas
«T0JI0UKa» Ha rpaduke (3a UCKIIOUYEHHEM IIyMOB BBUAY HU3KOH JUCPKETHOCTH JaHHBIX)
TOBOPHT O TPAaBUTAIIMOHHOM XapaKTepe BHITECHEHUs (pUCYHOK 3.18).

Vcxons u3 BbllIeyKa3aHHBIX IpauKOB MCIIOJIb30BAJIACh MOJIENb C TPEIIMHOW KOHEYHOMH
IPOBOJUOMCTBIO U, TAKUM 00pa30M, IPaHULCH TOCTOSIHHOTO J1aBJIECHUS.

B kayecTBe BXOAHBIX MapaMeTpPoOB Ui aHaATW3a NpPU YTOYHEHWH KOHCTUTYIMH IIacTa
UCTIOJIb30BATMCH JTAHHBIE C Ie0JIOro-(pU3NIECKON XapaKTepUCTUKU MECTOpOXKIeHHs B, manHbie
I'C, a takke oTueTsl 0 ipoBeaeHusix ['PIT [4].

B uncno ¢uxcupyromuxcs mnapamerpoB MIpU CO3JAaHUM MOJEIH BXOIAT IOJIyUIMHA
TPELUHbI, Xf, U OIpEJEJIICHHas paHee NPOHULIAEMOCTh. B uucie mapameTpoB, KOTOpbIE
UTEPATHBHO NOJOMPAIOTCS MTPH MOJACTMPOBAHUH I MAKCUMAIILHOTO COBMAICHHS (PaKTHUECKUX

n MOACIBHBIX JaHHBIX — CKI/IH-(baKTOp, paauyCc OPCHUPOBAHUA, HAYaJIbHOC [JaBJICHUC,

MMPOBOANMOCTD TPCIIHUHEI.
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Fetkovich plot: g [m3/D], Q [m3] vs dt [hr] Fetkovich type curve plot: gDd and QDd vs tDd

a 0
Pucynoxk 3.18 - a — rpadux deTkoBHYa: 3aBUCUMOCTH 1€0MTa U HAKOIUIEHHOT'O 00beMa
N0OBIYM OT BpeMEHH, O — najnerouHas KpuBas QeTKkoBUYA: 3aBUCUMOCTh O€3pa3MepHBIX AeOuTa

U HaKOIJIEHHOT0 00beMa JOOBIYU OT 6€3pa3MepHOro BpeMeH!

[Ipy momomM HMHCTpYMEHTapHs MPOrpaMMHOTO mNpoaykra Topaze Obuia MOCYMTaHA
aHAJTMTUYECKast MOJIENTh CKBOXKHHBI 4965 mpeacTaBisitonias coo0i 4acCTHYIO MOJIENb C TPEIIUHON
KOHEYHOM NMPOBOIUMOCTHU. {151 HACTPONKH MOJENN U TOCTOBEPHOCTH OTKJIMKA HAa (aKTUYECKUE
JTAHHBIE WTEPATHBHO TOAOUPAINCH BBHINICYIOMSIHYThIe TmapaMeTpsl [4]. OTkIMK Monenu
IPOBEPSJICS MYTEM CONOCTABJICHUS KPUBBIX Ha JUArHOCTUYECKUX rpapukax (pucyHok 3.17 —

3.19) u Ha rpaduke AMHAMHUKH J100bIUbI (pucyHOK 3.20).
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Pucynok 3.19 - ConocraBnenue pakTHISCKUX U MOJICIBHBIX TAHHBIX 110 JTHHAMHKE

JaBJICHHUA U IIO6I>I‘-II/I CKBa’KHMHBbI

AHanu3 Temma maaeHHs OCYHIECTBIUICA C momoinsio rpadukoB Apmca (b=0). U3

rpajpuka (pucyHok 3.20) BuaHa JHMHEHHOCTb (YepHas KpuBas), KOTOpas TOBOPUT 00

OKCIIOHCHIIMAJIBHOM TEMIIC ITaJICHUA.

log(q) [m3/D], Liquid volume [m3] vst [hr]

P
1000
1%}
E
o
IS
>
©
s
°
(<} 3
: g
- Ab. rate (ga) 100 ~
- Ab. time (ta) =
|"l"'l""l"'I""l"'I""l""l""l" 'I""l"'l""l" 10
-20000 -19000 -18000 -17000 -16000 -15000 -14000
Time [hr]

log(q) [m3/D], Liquid volume [m3] vs t [hr]
Pucynok 3.20 - I'padux Apmca, log(q) vs t
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Hcxonst w3 mpoOBENEHHOTO aHaiau3a JO0ObIYM CKBaXUHBI 4965 OBUIM MOTydeHBI
cieayionme mnapameTpsl  (mocie (HOPMUPOBAHHMS W YTOUYHCHHMS AHAIMTHYCCKOW MOJICIH)
CKBa)KHHBI:

Tabnuma 3.3 - Pe3ynbTaThl aHATMTUYECKOTO MOICIIMPOBAHUS 110 JMHAMUYCCKUM JTaHHBIM

CKBaXUHBI 4965

[TapameTp 3HayeHue PazmepHocTh
k, cpennee 0.97 m/]
kh 9.73 mJl.m
P; 173.01 aT™M
Re 374.00 M
Ckun-daxrop (3arpszuenue [1311) 0
['eomeTpuueckuii CKUH-(PaKTOP -6.59
CymmapHbIit CKuH-(haKTop -6.59

3.2.2. CkBaxuuna 5345

CkBakMHa HaXOJUTCA B IOr03aIlaJHOM YacTH LEHTPAJIbHOI0 yyacTKa MECTOPOKIeHUs B.
JlaHHYI0 CKBaXMHY MOXKHO XapaKTepu30BaTh KaK HHU3KOJEOUTHYIO C TEKYLIUM 3Ha4eHHEM
obBomHeHHOCTH 55 % (BecoBas). CkBakMHa pacmojiokeHa Ha BHemHeM KoHType BHK,
pocTpesieHa Ha 00a 11acTa MECTOPOXKACHHUSL.

CkBaxuHa Obla BBesieHa B 2011 roay ¢ I'PIT B pe3ynbraTe KOTOpOro ObLIO MOJIy4EHO Ha
7,7 ToHH/meHb He(TH OOINbIIE MPEANOIaraeMoro odbhbeMa BBHAY IMEPEOLCHHOTO ILIAHOBOTO
3HaueHus1 00BOJAHEHHOCTH Oyaylel MpoayKIUH.

Jna  ckBaxkuHbl 5345 Obul  BbIOpaH CHEAYIOUIMM MPOMEXKYTOK HCCIIEJOBAHUS
JUHAMHYECKHMX JaHHBIX COIVIACHO 3alMCsIM O TMOCJIeIHeM 3amycke ckBaxussl: 23.05.2014 —
25.07.2014 r.  JIMCKpPETHOCTb JAHHBIX [0 BEIWYMHAM JaBICHUS Ha IMpUEME Hacoca
yIOBJETBOpPUTENbHAs, B CilIy4ae Je0uTa 1O KUJAKOCTH BBIOOpKa  MpeicTaBiieHa
CpemHeCyTOYHBIMH 3aMepamu. Ha pucynkax 3.21 - 3.23 mnpejacraBieHBI IOJYYCHHBIE B
pe3yibTaTe aHAIMTUYECKOT0 MOJAEIHPOBAHUS AMArHOCTHUYECKHE IpaduKu, a Takke JUHAMHUKa
JaBieHUsT M jaebuta 1mo >KuAKOocTH. COIOCTaBiICHHE MOJCIBHBIX M (aKTHUECKUX JaHHbBIX
MOKA3bIBAET YBEPEHHYIO CXOAMMOCTh, OTKJIMK MOJIEIM MOXXHO CUUTaTh JOCTOBEpHBIM. C
rpaduka B OunorapudmuueckomM Mmaciirabe Obla cHATa aOCOIIOTHAs MPOHUIIAEMOCTh, paBHas
3,66 M/1. HauanbHoe naBnenue, onpezaeneHHoe 1no 3aMmepaMm TMC B MOMEHT 3amycka CKBa)KHMHBI,

cocraBiisieT 172 aTm.
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YacTtHast Mozenb CKBaKHUHBI TMPEJICTABICHA MOJCIBI0 C TPEIIMHONM KOHEYHOH
MPOBOAMMOCTH M TPAHWIICH TIMOCTOSHHOTO JaBlieHWs. Takum oOpa3oM, IO XapakTepy

NPOM3BOIHON AAaBICHHS OBUT OTPEIEIICH PAINyC IPSHUPOBAHUS CKBAXKUHBI, paBHBINA 504 M.

w Pl ] L |99 Integral of nomalized pressure ]

—J++ Plnt 1 " | Y9 Integral of nomalized pressure Derivative 7

- |** Plint. Derivative ] i E’f 7
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Blasingame plot: q/q_refl(pi-p), Intfa/q_ref/(pi-p)Jfte and dlintq/q_refl(pi-p)Jtel/dinte [fatm-1] vs te [hr] Loglog plot: Int[(pi-p)*q_ref/q)/te and d[Int[(pi-p)*q_ref/ql/tel/din(te) [atm] vs te/2 [hr]
a 0

Pucynok 3.21 - a - rpadux bidiicunreiima; 6 - rpaduk 3aBHCHMOCTH HHTETpasia

HOPMAJIN30BAHHOI'O JABJICHUA U HpOH?:BOIlHOfI JAHHOT'O MHTCIrpajia OT 9KBUBAJICHTHOI'O BPEMCHU
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Fetkovich type curve plot: gDd and QDd vs tDd Fetkovich plot: g [m3/D], Q [STB] vs dt [hr]
a 0

Pucynok 3.22 - a — nanerounas kpupas OeTKoBHYA: 3aBUCUMOCTH Oe3pa3MepHBIX JeduTa
Y HaKOIJIEHHOT0 00beMa J0OBIYH OT 6e3pa3MepHOro BpeMeHu; 6 — rpapuk deTkoBuya:

3aBUCUMOCTH JeOUTa U HAKOIIEHHOTO 00beMa TOOBIYM OT BPEMEHHU;
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Pucynox 3.23 - a - conocrapiienne paKTUYECKUX U MOJIECTBHBIX TAHHBIX 110 JUHAMUKE

JIABJICHUS U J0OBIYM CKBaXHHBI, O - rpaduk Aprca, log(q) vs t

Tabnuma 3.4 - Pe3ynbTaThl aHATUTUYECKOTO MOJCIIMPOBAHUS 110 JUHAMUYCCKUM JaHHBIM
CKBa)XHUHEI 5345

[Tapamerp 3HaueHue PasmepHOCTB
k, cpennee 3.66 M/l
kh 22.20 MM
Pi 172.00 aTt™
Re 504.00 M
CxuH-(paKkTOp 0
I'comeTpuyeckuii CKUH -6.4
CyMMapHbIN CKHH-(DaKTOp -6.4
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3.2.3. CkBaxuua 13445

CKBa)XMHA HAaxOJUTCS B CEBEPHOM YacTH IIEHTPAJIBHOTO y4dacTKa MECTOpOXKIeHus B.
CornacHo KapTe TEKyIIUX OTOOPOB BecOBas OOBOJHEHHOCTh MO CKBRKMHE HA JAHHBIH MOMEHT
cocraBisieT 78 %. CkBakuHa pacroyio’keHa BOim3u BHemHero kourypa BHK.

CkBaxxnna Obiia BBeaeHa B 2011 romy c¢ I'PII. Pesynmpratom mannoro I'TM crano
MPaKTUYECKH TIOJTHOE COBMAJICHHUE TUIAHUPYEMBIX U (paKTUUECKHX NeOMTOB 1o HedTu. OaHAKO,
IaHoBbI mapameTp Kh Obl1 mepeorieHeH. BiusHue maHHOrO Tmapamerpa Ha MPHPOCT
HUBEJIHMPYETCS MOMPABKOM 32 HEYCTAaHOBUBIIUICS pekuM. Llens mpoBeneHus aHamusa 100bau —
YTOYHEHHE 3HAYECHHUS MPOHHUIIAEMOCTH Ha TEKYIIUA MOMEHT Ui JajbHeWIied ajgantanuu
MPOKCHU-MOJIETH B OKPY>KEHUU JaHHON CKBaKUHBI.

Jnsa ckBaxuubl 13445 Obul  BbIOpaH CIEAYIOMIMHA TPOMEXYTOK HCCIEIOBaHUS
JTUHAMHUYECKUX JaHHBIX COTJACHO 3amucsiM O mocieaHeM 3amycke ckBaxkuubl: (01.01.2014 —
19.05.2014 r. Ha pucynkax 3.24 - 3.26 mpeacTaBlIeHBl IONyYE€HHBIE B pe3yJbTare
AQHAJTUTHYCCKOTO MOJICTUPOBAHMS JTMarHOCTHYECKUE IrpaduKH, a TaKXKe JTUHAMHUKA JIaBIICHUS U
neouta 1o >kuakocTH. CoOMOCTaBlIEHHE MOJEIBHBIX W IPOMBICIOBBIX JAHHBIX ITOKa3bIBACT
YIOBIIETBOPUTENIBHYIO  CXOAUMOCTb, OTKIUK MOJCIU MOXHO CYUTaTh JIOCTOBEPHBIM.
AOcoroTHasE TTPOHUIIAEMOCTh OblJIa OMNpEJeNieHa MO CTadau3aluKu MPOU3BOJHOM HHTErpasa
NpUBEIEHHOTO aaBieHuss u coctaBiser 1,1 mJ[. HawanbHoe naBineHMe B MOMEHT 3amycka
CKBaKMHBI cocTaBisgeT 130 aTM.

YacTtHass MoOJeNb CKBaXKHUHBI TMPEICTABICHA MOJEIBbI0 C TPEIIMHOWM KOHEYHOMU
MPOBOJIMMOCTA M TPaHHUIEH TMMOCTOSHHOTO JaBiieHust (puUCyHOK 3.24), TakuMm 00pazowm,
BBITECHEHUE OCYIIECTBIISIETCS 3a CUET M3MEHEHHMs JaBlieHHs Ha KOHType apeHupoBanus. [lo
XapakTepy MPOU3BOJHON JaBJIECHUS OBLI ONMpPEENICH palnyc JPEHUPOBAHUS CKBAKUHBI, PABHBIN

122 M.
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Blasingame plot: q/q_ref/(pi-p), Int{q/q_ref/(pi-p))/te and d[Int[q/q_ref/(pi-p)}ite}/dinte [[atm]-1] vs te [hr] Loglog plot: Int[(pi-p)*q_refig]/te and d[Int[(pi-p)*q_ref/g)/te]/dIn(te) [atm] vs te/2 [hr]
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a 0
Pucynok 3.24 - a - rpadux bidiicunreiima; 6 - rpaduk 3aBHCHMOCTH HHTETpasia
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log(q) [m3/D], Liquid volume [STB] vst [hr]
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Pucynok 3.26 - a - conocraBieHune (paKTUIECKUX ¥ MOACIBHBIX JAHHBIX MO0 TUHAMUKE

JaBIICHHS U J00bIUM CKBakuHbI 13445; 6 - rpaduk Apica, log(q) vs t

Tabnuna 3.5 - Pe3ynpTaThl aHAIUTUYECKOTO MOJEIIMPOBAHUS 110 TUHAMUYECKUM JIAHHBIM

CKBaXMHBI 13345

[Tapametp 3HavyeHne Pa3mepHOCTH
k, cpennee 1.10 M/l
kh 9.54 MM
Pi 130.00 aT™
Re 122.00 M
Ckun-daxTop (3arpsizHeHHE
I1311) 0.01
['eomeTpuyeckuii CKUH-
dakrop -5.41
CymmapHbIil CKuH-(haKTop -5.40

3.2.4. CkBaxuna 4975

CkBa)kMHAa  HAaXOAUTCA B  CEBEPOBOCTOYHOM  4YacTH  LEHTPAIIBHOTO  ydacTKa
MmecTtopoxkaeaust B. CornacHo kapTe TeKyIuX OTOOPOB BecoBas OOBOJHEHHOCTH MO CKBAKUHE
Ha JaHHBIM MOMeHT cocTaBisieT 50 %. CkBaxuHa pacroioKeHa BOJIM3H BHYTPEHHETO KOHTYypa
BHK, cornachno I[1I'M cocencTByronme HarHeTaTeIbHbIE CKBAXKUHBI OTCYTCTBYIOT.

B 2012 rony Ha ckBakuHe ObLT mpoBeneH KpymHbid ['TM — ruapaBiudeckuii pa3pbiB

o0oux miaacToB MecTopoxiaeHus. Omepanus ObUla MPOBEJACHA YCHEIHO 0€3 BO3HUKHOBEHUS
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texHosiornaeckux npobaem. [omynnuna Tpennbl coctaBuia 60 M. Ilepen nposeaenuem ['TM
ObUT paCCUUTAH MOTCHIIMAT CKBAKUHBL: 1eOUT 110 HeTH - 27.9 TOHH/IEHb B Cily4ae YCIEUIHOTO
I'TM. OtkiioHeHHE OT IJIaHa COCTaBWiIO -1,9 TOHH/IEHb B pe3ysbTaTe HEMIOOIEHKH CKUH-
dakTopa U MEPEoLICHKH IACTOBOTO JIABJICHUS MPHU IUIAHUPOBAHUU - OYEBHIHA HEOOXOAMMOCTh
YTOUHEHHS BBILIENIEPEUHUCIICHHBIX IAPaMETPOB.

Hnst  ckBaxuHbl 4975 Ob1  BbIOpaH CIHEAYIOIIMNA TMPOMEXKYTOK HCCIEIOBAHUS
JTUHAMHUYECKUX JAHHBIX COTJIACHO 3alUCsAM O TMOcieaHeM 3amycke ckBaxuubl: 02.12.2012 —
25.07.2014 r. Ha pucynkax 3.27 — 3.29 mnpencrtaBieHbl IOJIy4YEHHBIE B pe3yJbTare
AQHAIUTUYECKOTO MOJIEIUPOBAHUS TUATHOCTHYECKHE TpaduKH, a TaKKe TUHAMHKA JIaBJICHUS U
nebura 1mo xuaKocTu. CoriacHoO PUCYHKY 14 OTKIIMK MOJICIH Ha TIPOMBICTIOBBIC JAHHBIC MOXKHO
CUMTATh JIOCTOBEPHBIM. AOCONIOTHAsh IMPOHUIAEMOCTh ObLIa OIpeleNeHa IO CTa0M3alnuu
MPOU3BOJHON MHTErpaja NPUBEACHHOTO JABJIEHUS IOCJIE OMNEPALMH M3BICUEHUS JaHHBIX U
cocranusieT 1,5 M/l (puc.3.276). HauanbHoe naBneHue B MOMEHT 3allyCKa CKBaKHHBI COCTABIISET
165 arm.

YactHass Mojeidb CKBakWHbI [4] mpeacTaBieHa MOMACTIBIO C TPEIIMHOW KOHCUHOMU
MPOBOAMMOCTH M TIOTOKOM TIOJl BIUsSHUEM TpaHuil (puc.3.27), Takum oOpa3oM, XapakTep
BBITECHEHUS MOXHO CYUTATh TPaBUTAIIMOHHBIM, YTO MOXXET OBITh CBSI3aHO C JAEATEIbHOCTBHIO
akBu(epa unu BHyTpeHHero koHTypa BHK. Ilo xapakrepy mnpou3BOAHOW MaBJICHHS OBLI
OTIpeJIeTIEH PaInyC NAPEHUPOBAHUS CKBAXUHBI, paBHbIN 439 M.

PC3YJ'ILTaTBI NIOCTPOCHUSA U HaCTPOﬁKH aHAJUTUYECKON MOJEIIN NIpCACTABJICHBI B Ta6J'II/II_Ie

vV Pl ] r . ]
++ Pl Int 1 r VvV Integral of normalized pressure ]

) i ati 1 I v¥  Integral of nomalized pressure Derivative 1
++ Pl Int. Derivative ] |

v v v| vv

001 E 100

v v v‘tfw
1E3f . 10} f{/

0.1 1 10 100 1000 0.1 1 10 100 1000
Time [hr] Time [hr]

Blasingame plot: q/q_ref/(pi-p), Int[q/q_ref/(pi-p)]/te and d[Int[g/q_ref/(pi-p))/te]/dInte [[atm]-1] vs te [hr] Loglog plot: Int[(pi-p)*q_ref/g)/te and d[Int[(pi-p)*q_ref/q]/te]/dIn(te) [atm] vs te/2 [hr]

a 0
Pucynok 3.27 - a - rpadux badiicunreiima; 0 - rpaguk 3aBUCUMOCTH MUHTErpajia

HOPMAJIM30BAHHOI'O JABJICHUA U HpOHSBO}IHOfI JAaHHOI'O MHTETpajia OT SKBUBAJICHTHOTO BPEMCHHA
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Fetkovich type curve plot: qDd and QDd vs tDd Fetkovich plot: g [m3/D], Q [STB] vs dt [hr]

a §)
Pucynok 3.28 - a — nmanerounas kpusas derkoBuya; 6 — rpapuk PeTkoBrUUa
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Pucynok 3.29 - a - conocraBnenne pakTHIECKUX U MOACIBHBIX JAHHBIX M0 TUHAMUKE
JaBIICHUS 1 100bIYM CKBaXHHbI 13445; 6 - rpaduk Aprca, log(q) vst
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Tabmuia 3.6 - Pe3ynpTaThl aHATUTHYECKOTO MOCITMPOBAHUS 11O TUHAMUYCCKHM JTAHHBIM
CKBaXUHBI 4975

[Tapametp 3HavyeHue PazmepHoCTD
k, cpennee 1.50 M/
kh 18.3 M/.m
Pi 165.01 aT™
Re 439.00 M
CkuH-¢akTop (3arpsa3HeHne 0.42
I1311)
I'eomeTpuyeckuii CKuH-haKTOp -5.75
CymmapHbIil cKUH-(paKkTop -5.33

B pesynbTare mpoBeAeHHOTO aHaM3a JOOBIYU OBLIH MOJIYYCeHBI XapaKTePUCTHKH IIIacTa
no ckBaxuHaMm 13445, 5345, 4965, 4975, pacnoysioeHHBIM MOBCEMECTHO MO IEHTPATHHOMY

Y4aCTKY MECTOPOKACHUA B.
OO0s3aTenbHBIE K YTOUHCHHUIO ITapaMETPhI ITPEACTABIICHBL a0COJIFOTHOM IMPpOHNIACMOCTbIO,

CKHH-q)ElKTOpOM U I1J1IaCTOBBIM J1aBJICHHEM Ha TeKyHII/II‘/JI MOMCHT.

Tabnuma 3.7 - Pe3ynpTaThl MOCTPOCHUS aHATUTUYECKUX Mojenel o qaHHbM 3anuceit TMC

CkBaxxuHa k, M1 kh, mJI.m Prau, aTM Re, m CymMapHbIil cKUH-(aKTop
4975 1.5 18.3 165.01 439 -5.33
13445 11 9.54 130 122 -5.4
5345 3.66 22.2 172 504 -6.4
4965 0.97 9.73 173.01 374 -6.59

JlanHble mapaMeTpsl OyAyT B JalbHEHIIEM HCIOJIb30BAThCA MPU ajanTalluyd UMEoIencs

MPOKCHU-MOACITIN LHECHTPAJIBHOI'0 YU4aCTKa MCCTOPOXKIACHUSA B.

3.3. HIOCTPOEHHUE MPOKCHU-MO/JEJIA IIJIACTA 10,

OcHOBHBIM OOBEKTOM pa3pabOTKH BBUAY TaKUX MapaMeTpoOB, KaK HaudaidbHas
He(TEeHACBIIIEHHOCTh, MoIHOCTh, ®EC miacTa, ABiseTcs miact 10,%. OcHoBHBIE kpynuHeie ['TM
C IIeTIbI0 yBEIMUYEHHsI He(hTEOTAauN Ha yyacTKe NMPOBOAATCS MMEHHO Ha JaHHBINA ruiact. [anee
OyZeT IMoIaroBO pacCMOTpEHa cXeMa MOCTPOCHUS M aJalTalud MPOKCH-MOJEIH ITIacTa 10,°
LHEHTPAIBHON 3aJIEKN MECTOPOKICHUS.

Iloozomoska danmbvix

[ar 1. IToaroToBUTH KOHTYpHI IJIaCTa 10,° : BHEmHMIA koHTyp BHK (3aMKHYTBI).
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[ITar 2. IToaroToBUTH KapThl IjacTa 1013 W3 TEOJIOTHYECKON momenu: d()PeKTuBHOM
MOITHOCTH KOJUIEKTOPa, 3PPEKTUBHOMN MMOPUCTOCTH, HAYaIbHON He()TEHACHIIIIECHHOCTH TUIACTA.

[Iar 3. [MogroroButh BxoaHbIe AaHHbIC: P.; u3 manabix I'ITUC (s xoppensiuu ¢
pacueTHBIMU JAHHBIMU).

ar 4. IToaroToBUTH JaHHBIE IO JUHAMHUKE U3MEHEHUS CKUH-(paKTopa.

[ar 5. KpuBble 0THOCUTENBHBIX (Da30BBIX MPOHHUIIAEMOCTEH M0 Boxe U HePTH, PU3HKO-
XUMHUYECKHE XapaKTePUCTHKH (DIFOMIOB.

[Tocne BbllIeTIEpEUNCICHHBIX MPUTOTOBICHUN BCE JTAHHBIE TOJDKHBI OBITH 3arpy>KE€HbI B
nporpamMusbiii poaykt © «PH-KUH» Pocuedrts [39]. M3HauanbHO ClieAyeT YTOYHHUTH BCE
IUTACTOBBIE CBOMCTBA, a TAK)KE CBOMCTBA (DIFOMIOB: HayaJbHOE IJIACTOBOE JIaBJICHHE, JTABICHUE
HachleHus, abcomotHas rmyonaa BHK, mioTHocTH BoAb! 1 He(hTH, BSI3KOCTH BOJBI U HE(TH,
o0beMHBIC (hakTOphI I 00eux ¢a3, HadaibHasd HEPTEHACHIIICHHOCTh (KapTa), C)KUMaeMOCTH
(mopoza, Boja, HeTh) U OTHOCUTENIbHBIE (Pa30BbIC MPOHUIIAEMOCTH. Bee BhilienepeynciieHHbIe
JTAHHBIC OBUTH B3SITHI U3 FE0JIOT0-(PU3HUECKON XapaKTEPUCTHKH MECTOpOKacH s (Tabnuma 3.8).

TaGura 3.8 - Xapakrepucrnku miacra 10,°

B. 1,12
B 1
Po, Tlem® 0,85
o, clI3 1,39
Piac, aTM 51
pw, Tlem® 1,02
Kw, clI3 0,36
Koad¢unmenT BeiTecHeHUS 0,57
0, 1.€. 0,16
Soi, a.c. 0,55
Piax 275
Cw, 1/atm 0,00004
Co, 1/atm 0,00011
Cr, 1/atm 0,00004

Hanee, xpusle O®DII 6b11M annpoxcumupoBansl o Kopu (55) ¢ mensio yBenuueHus
JUCKPETHOCTH JAHHBIX TEM CaMbIM YBEJIMYMBasg TOYHOCTh MpHU JalbHEHIIMX pacueTax
NPOJBWKEHHS M JIMHAMHUKHA (POHTAa BOJBI, YTOUHEHHsS MexaHu3Ma BbITecHeHHs (puc. 3.30).
JlaHHbIe KpHUBBIE NMPSIMO BIUAIOT Ha KO3 UIMeHT u3BiIeueHns HeQTH (MPOrpaMMHBII MPOAYKT

HE MpeaycMaTpuBaeT npuMeHenne Heckoiabkux OPII mo pernonam) [8].
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(55)

EXO

Sor = 0,27 u.f.
Swi = 0,37 u.f.
Exp medts = 2,00
Exp Boma = 0,50
kK’w=0,12
k’ =1,00
lar = 0,01

Pucynok 3.30 - O®II nnacra 0,® mocre anmnpokcuManuu no Kopu

o[ Nnacr
»-[ Nocrpoerne KH
4| Camynarop

| ®pax nuer

Pernont 00T
| Pacuer tpewun
o[ NMonezosarenscrne gartsie
£ Broanbie ganribe
»-E3 Mporrios
£ Hauano pacuera
>3 Pesyneratel moaenuposarn

01E |

Pu3. cBOMCTEA

HauanbHOE NNACTOBOE A3BNEHMUE, aTM
ABc. rayfura B, m

MAoTHecTs HebTh CTa e, F/cm3
MAoTHOCTS Boas! cTa. ye., F/c3
BazkocTs Hedw, <2

BrzkocTs Boas, 13

Obuent-biit koadp-T HedTi

Ofient-bit koad-T s0asl

J13ENEHIE HACBILLIEHIA, aTh
MopucTocTs, 4. ea.

HauankHan HEGTEHACKILLIEHHOCTS, 4,61,
MiH, MDOHALIEENOCTS, HIL

MaKe, MPOHHLAENOCTS, Ml
CHUMGEMOCTE HediTH, 1/aTh
CRUMEEMOCT BOAbI, 1/aTH
CimMaemocTL nopoasi, tfath
CHRUMBENOCTE FVH, 1faTH

Kosdh. seirecHeris

—m-
—m- Wobiity

b HedTH —— = B0As
0 0BB0AHERHOCTS

Pucynok 3.31 - Unarepdeiic nporpammuoro mpoaykra © «PH-KIH»

Jlanee, OCHOBHBIE MTapaMeTpPbl IOCTPOEHUS MOAEITH OBbLIH ONPEIEIICHbI:

KonuuecTBo urepauuii mpu pacuere NpoHULIAEMOCTH — 4,
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) 3akpernenue nponurnaemoctu yepe3 E,o, ecituK >E+N-o mmu K<E-N.o,

rae N — orpanndenue no aucrnepcuu, Toraa K passo E;

. [TonpaBka Ha HEYCTAaHOBUBILUICS pexkuM TeueHus (3/4 B ypaBHeHuu J{omon);

J WuaTepnomnsiuys MOPUCTOCTH Yepe3 JUHEHHYI0 NeTpo(U3MYecKyl0 3aBUCHMOCTD
@=AInk+B;

. Panunyc BausiHus HarneratenbHbIX CKBaXUH — 2000 m;

OcHOBHbIE HACTPOMKH CUMYJISITOPA 3a/1aBAJTUCh CIIEAYIOIIUMHU:

J JByxda3Hblii cCUMYyISTOD;

. Tum — neperok Ha KOHTYPE;

o Pamuyc akBudepa — 1000 m;

o KouTponb HarHeTanuss — MUHUMaJbHOE 3HAYEHHE MPUEMHUCTOCTH MEXIY

JIaHHbIMU ¢ TP 1 paccuuTaHHBIMU YEPE3 YCTHEBOE JIABJICHNUE;

° Bpemennoii mar — 15 nuei;
° Tounocts — 1E-7;
. Pazmep cetku - 100x100 m.

Cremyromum maromM Heo0X0auMo OBIJIO YTOUHUTH HapameTpsl it ckBaxuH ¢ ['PIT. Jls
ATOr0 Ciy4yas MPOrpaMMHBIM HPOAYKTOM HPEeAyCMOTpeH pasfen «Dpak-IucT», KOTOPBIU
N03BOJISIET 3a/1aTh napameTpsl i ckBakuH ¢ I'PIT u aBro I'PII nyis HarnerarensHoro ¢onna. B
cilyyae JaHHOM INPOKCHU-MOJIENM HarHeTaTelbHbIM CKBa)KMHAM 30HAJBHO ObUIM 3a/1aHbl aBTO
I'PIT nns BhIpaBHUMBaHUA IUJIACTOBOrO JaBiieHWs. Ha ydacTke cymiecTByer cieayromas
npobsieMa: B OKPYXEHHUH HEKOTOPBIX HAarHETaTENbHBIX CKBAKMH HAOIIOJAETCsl 3HAUYUTEIBHO
CHIDKEHHOE TUIaCTOBOE JIaBJICHHE BBU/Y ITOCTOSIHHBIX OTOOPOB M HEJOCTATOYHOM MPUEMHCTOCTH
JIAHHBIX HarHeTaTEeNIbHBIX CKBAXKMH. BO3MOXKHO, 3TO CBSI3aHO C YXOJOM BOJbl B 3aKOHTYPHYIO
obnacte. [Tapamerps! ms aBro I'PII, Takue kak NMPOHUIIAEMOCTh U MOJYUIMHA TPEIIUHBI, ObUIH
3aaanbl Ha ocHoBaHMK AaHHBIX [ JIVC 1o atum ckBakuHam [39].

Hcxons w3 MMEIONMIUXCS TPacCepHBIX HCCIENOBAaHUM, IMPOMBICIOBO-TEOPU3NYECKUX
UCCIIIOBAaHUN M BBUAY Pa3jInyMs MEXAY JaHHBIMHM MO JeOUTaM U MPUEMHUCTOCTH CKBaKUH
nanHbix TP u MOP, B paznene «Ynpasiaenune MOP» Obutn 3amaHbl K03()(GUIUEHTHI 3aKauKu
oTpezieIeHHOMY Ha0Opy HarHeTaTeNbHbIX CKBa)XUH - /Il PaCU€TOB UCIOJIb30BAIMChH JaHHbIE 110
nebuTam U mpueMucToctu u3z MOP.

B pazgene «llonmp3oBaTenbckue JaHHBIC» OBbLIM YTOYHEHbBI 3HAUEHUS CKUH-(paKTOpa U
IPOHUIIAEMOCTU [0 CKB&)XMHAM OIIOPHOM CETKU (IIPOHHULAEMOCTh B O3TOM CIIy4ae He
paccuMThIBaeTCsl, a PUKCUPYETCs), B TOM YHCIIE, 3HaYECHUs, [T0JIyYCHHBIE B PE3Y/IbTaTe aHAIN3a

n00br4yM (CM. TaBy 3.2).
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Jlanee OyayT pacCMOTpPEHBI Pe3yIbTaThl PA0OOTHI HAJ afanTaei MPOKCH-MOICITH TIacTa
10,® ueHTpambHOro permoHa KpamMBHHCKOrO MECTOPOXICHHS. TEXHHYECKOE OIMCAHHUE
CUMYJISITOpA M XOJI PEIICHUs 33a]]a4i OMPEICNICHHUs TUTACTOBOTO JABJICHHS OMUCAHBI B riiaBe 1.2
[39]. MocTroBepHOCTh OTKIIMKA MPOKCH-MOJCIU MPOBEPSETCS MyTEM CXOIUMOCTH PACUYETHBIX U
(dakTHYEeCKUX ToKa3areel pa3paboTku: 3a00iHOE JaBieHue, ACOUTHI, TPHUEMHUCTOCTh, 100bIYA,
3akauka. Ha puc. 3.31 mpencrtaBieHO COMOCTaBIEHHE PAacUyeTHOTO U (PaKTUYECKOro 3a00iHOTOo
JIABJICHUS, a TaK)Ke CpeHEe pacueTHOE JaBJICHHE U JIaBjeHUE B OJOKe (II1acTOBOE JABIICHHE B

Clly4yae paBeHCTBa 3HAUCHUs KOHTYypa NMUTaHus U paguyca [lucmana).
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Pucynok 3.32 - ComnocraBieHue pacueéTHBIX U PaKTHICCKUX MapaMeTpoB: P,

Pacxoxnenne B pacueTHbIX M (aKTUYECKUX TapameTpax He mpesbimaeT 10%;
MePUOJT U1 CONIOCTABJICHUS BBIOpAH MCXOJs M3 JATHPOBAHUS TOUYEK 3aKPEIJICHUS — B KaYECTBE
BXOJHBIX JaHHBIX JUISl 3aKPETUICHUs] Ha JOOBIBAIOIINX CKBAKMHAX HMCIOIB30BAINCH 3HAYEHUS
ckuH-(pakropa (manneie ['JIUC BeicOkOro KadectBa). Takke, OBUIM 3aKperieHbl 3HAUYCHUS
MIPOHUIIAEMOCTH VISl CKBXKMH C UMEIOIIUMUCS JUHAMUYECKUMHU JTaHHbIMU ¢ AaTuukoB TMC.

Ha pucynke 3.33 npeacraBieHO CpaBHEHUE PACUCTHBIX U (DAKTUYECKUX 3HAUCHUN
JIEOUTOB TI0 KUIKOCTH U HEPTH, TPUEMHUCTOCTH, 3aKa4uKu 1 A00ban. M3 puc.3.330 BugeH TpeHs
MaJeHNUs 3aKadyku, 0CO00 SPKO BBIpaKeHHBINM ¢ Havdana 2013 r., 4To COCOOCTBYIOT MPOCAAKE

IJIaCTOBOI'O AABJICHUS.
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Pucynoxk 3.33 - ComnocraBneHne pac4éTHBIX B (DAKTUIECKHUX ITapaMeTPOB
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OCHOBHOU MHIAMKATOP PENPE3EHTATUBHOCTHU MOJYYEHHON MPOKCU-MOJIEIN — CXOJUMOCTh
3aMepoOB IJIACTOBOTO JABJIEHMS C paccuuTaHHbIM. CXOOUMOCTh JIBYX HapaMeTpoOB CUHUTAETCS
YBEpEHHOH B Cllydae MOMAJaHMs PAaCUYETHBIX JaHHbIX B uHTepBaI + 20% oT (akTuyeckoro

3amepa. Ha pucynke 3.34 npeactaBieHO COMOCTaBICHHUE BHIIICYKAa3aHHBIX [1aPaMETPOB.

400 +

350 T ““---....h
300 -
250 -

200 -

[ERN

a1

o
I

100 -

Pacuer, atm

gl
o
I

O T T T T
0 50 100 150 200 250 300 350 400

3amep, aT™M
@ N/A mocroBepHOCT, ommmmm(0) oom—]00) —I100) --oo20)) e ee?20%

Pucynok 3.34 - 3amep — pacueT Ha paJnyc 3amepa, aT™M

Bri6opka 3amepoB npeacrasineHa 110 3nauenussmu. B uHTepecyromuil nHTEpBaN nonaiu
91 3amep. Otkionenue ot kopumopa B = 20% mnpencraBineno 17,3 % 3amepoB. Bepxuue
«BBUIETAIOIINE» TOUKU MPECTABJIECHbI JOOBIBAIOIIMMH CKBaXKUHAMH. DTH CKBa)KMHbBI HAXOJSATCS
Ha BHEUIHeM U BHyTpeHHeM koHType BHK. OnHako B okpy)keHUHM OOJBIIMHCTBA OTCYTCTBYIOT
HarHeTaTelbHble CKBaXHMHBI, a NPUCYTCTBYIOLIME HE MOTYT 00eCHeuuTh MOoIepKaHue
IJIaCTOBOrO JAaBieHUs. HukHue «BbUIETAIOIIME)» TOYKH IPEICTABICHbl HArHETATEIbHBIMU
CKBa)XMHAMM, 3aMepbl 10 KOTOPBIM IIOKa3bIBAKOT 3HAYEHUsS, IPEBBIIIANIINAE pPaCUETHHIE.
PacxoxieHre B JaHHBIX MOXKET OBITh CBS3aHO CO CJIOXKHOCTBIO YIPABJICHUS HarHETaTeIbHBIMU
CKBaXMHAMHU — B paMKax JTaHHOH pa0OThl HAa CKBA)XMHAX 3a/laBaluch TpemmHbl aBro I'PIT s
BbIpaBHUBAaHUS (POHA IUIACTOBOTO JABJEHMS, W3 3aKpEIUIIEeMbIX IapaMeTpOB COIJIACHO
¢yuknuonany IIK — gebut xuakoctu wnu 3a0oitHoe AaBinenue. IlpenqnpuHsThie Mephl JTUIIb
JOKaJbHO pelmuiau mpobneMy — B 30Hax, [II'M1 mo KOTOphIM $IBHO TOKAa3bIBAIOT HH3KYIO
IPUEMHUCTOCTh M OTCYTCTBUE Kak TakoBoil cuctemsl [II1/]. VBenuuenue 3akaukoil (3amaua

kod(dduimenTa) B 3TOM CiIydyae HE pacCMaTPUBAIIOCH JJISI COXPAHEHHS OTKJIMKAa MOJEITH Ha
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MoBeJieHHE TOOBIBAIOIINX CKBaXWH. PaccMmarpuBaemas mpoOjemMaThka TaHHOH pabOThl He
MpeaycMaTpuBaeT OOCYXKICHHE BBINICYKAa3aHHOW mpoOieMbl. B manmpHeleM IutaHupyercs
IIPOBECTU JIOIIOJHUTEIBHOE UCCIEAOBAHNUE C 1I€JIbIO CO3JAAaHUS MEXaHM3Ma aJalTaluu IIPOKCH-
MOJEJIN C Y4YE€TOM HEOJHOPOAHOCTH Iuiacta, JiokanpHocTu IIIIJ[ um oTTOKOM BOABI B

3aKOHTYPHYIO 00JIaCTb.

Pucynoxk 3.35 - KapTsl pacnipenesieHust miacTOBOro AaBICHHS: a — JI0 aIalTalluy TPOKCH-
MOJIENH, O — IOCJE aJanTallii.
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Pucynok 3.36 - KapTa eibThl TUTACTOBBIX JIABJICHUI: JIO ¥ ITOCJIC aIaNTallun

Ucnone3ys nannsle nopucroctd u3 'MC u naHHbIe NPOHUIIAEMOCTH, MOJYyYEHHBIE IO
OTIOPHOW CETKE CKBaXXUH, OBUIM TOCTPOEHBI JIOKAIbHBIE METPO(U3MUECKHUE 3aBUCUMOCTH
MOPUCTOCTh-TIPOHUIIAEMOCT, M TI0 HUM paCHpOCTpaHsIach MPOHUIIAEMOCTh HAa «OCTalbHBIC
CKBOKWHBIY. Jlajiee WHTEPIIONSIINECH CTPOWTCS KapTa MPOHHUIIAEMOCTH, Ha OCHOBE KOTOPOW B
crenuanusupoBanHoM Mmoxayie [IK "PH-KMH" paccuuteiBaercss nuHammka kapt u300ap ¢
Hayvasa pa3pabdoTKU MECTOPOKICHUSI.

PaccmoTpum KapThl pacrmipeneieHus AaBI€HUN M0 W TOcJe ajantaiuu Moaenu (puc.9).
OueBugHa 3HAYWTENbHAS TIEPEOlICHKAa (PAKTHUECKOTO IUIACTOBOTO JaBieHus. Puc.90
MPEACTABISIET OO0 B OONBINEH CTENEHH COOTBETCTBYIONIYIO JACHCTBUTEIBHOCTH KapTy
pacmipeneleHus JaBlICHUS MO0 y4acTKy BBHUJAY paHee MPHUBEACHHON CXOAMMOCTH PAaCUYETHBIX U
(baKkTUYECKUX MMapamMeTpoB.

Ha pwuc.3.36 mpencraBinena kapta JAeNbThl TUIACTOBBIX JTABJICHUM O U TIOCIIE afanTalluH.
MOXHO BBIIENUTh HECKOJIBKO 30H, 3HAYUTENIbHO OTJIMYAIOUIMecs IO IOKa3aTelsiM — Ioro-
BOCTOYHAs YaCTh y4acTKa, a TAaK)Ke MepelIieek yJdacTka, pa30ypuBaHUe U BBOJ B IKCILTYyaTAIHIO

KOTOPOro Ha4aJIOCh B IMOCJICIHUC 5-7 net pa3p360TKI/I MCCTOPOKACHUA. He CMOTpPA Ha TO, 4YTO
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JOOBIBAIOIINE CKBXKHHBI pacIosiokeHbl Omm3ko k koHTypy BHK, cucrema momnmepxkanus
IUTACTOBOTO JIABJICHUSI HYXXJIAeTCd B MOJU(HUKAIMH — YIUIOTHEHHWE CETKH HarHeTaTelIbHBIMU
CKBOXMHAMHU WJIM CHW)XEHHE TEMIIOB OTOOpa JOOBIBAIOIIMMH CKBR)XMHAMU — ONTHMAaJbHbIE B
JaHHOM ciy4yae Mmeponpusitus. [lo jeBoil M mpaBoil CTOpOHAM OT YYacTKOB C IMPOCEBIIUM
IUTACTOBBIM  JIaBJIGHUEM pPAcCMOJIOXKEHbl HAarHeTaTeNbHblE CKBaXUHBL. [HUmore3a oOTTOKa
3aKauMBaeMOH BOJIbI B 3aKOHTYPHYIO 00J1acThb SIBIISIETCSI €IMHCTBEHHBIM BECOMBIM OOBSCHEHHEM
npo6aemsl HedppextuBHOCTH TITT/I.

CkBaxxunbl 4965, 4975, Ha KOTOpBIX ObUTH MpoBeAeHBI HeycnenHbie ['TM (cM. rinaBy
3.1) pacnonararoTcsi Ha y4acTke, IOMEYEHHOro Kpyrom Ha puc.3.36. PazHuna B JaBieHMsIX Ha
3TOM y4YacTKe JOXOJUT /10 3HaueHus B 90 aTm.

Hcxons u3 Bcero mpHUBENEHHOTO BBINIE, CAEIAEM BBIBOJ O JOCTOBEPHOCTH OTKJIMKA
MOJIYYEHHOW MOJENIM C MONPAaBKOM HAa HEBO3MOXHOCTh aJalTHPOBATh IIEHTPAIbHBIA y4aCTOK
LEIUKOM (HarHeTareabHble CKBKUHBI, puc.3.36) BBUAY OTPaHUYEHHOCTH BXOJHBIX JAHHBIX AJIS
aHaJIM3a JUHAMUYECKUX JAHHBIX M JAJbHEHIIEr0 MX 3aKPEIUICHUs B IMPOKCHU-MOJEIH, a TaKKe

JIOCTYIIHBIX JIJI1 HACTPOMKH ITapaMeTPOB 0 MEPE aJanTaluy JaHHON MOJIEIH.

3.3.1. ITon6op kanauaaroB Ha I'PII

OcHoBHbIM MeponpusatueM u3 uuciaa ['TM, npakTHKyeMbIX Ha LEHTPAIbHON 3alIeku
BBHJly HU3KOH NMPOHMIIAEMOCTH M NPOJYKTUBHOCTH KOJUIEKTOPOB, siBisercs ['PII. Cinepyronmm
[IaroM JaHHOW pPaboThl CTaHET pPAacCMOTpEHHE CKBaKMH-KaHauaatoB Ha [PII ¢ yuerom
IIPOBEICHHON aJaliTalliy ITPOKCU-MOJIEIIN.

OcnoBHble KaHauaaTel Ha ['PI1 MOXXHO OnIpenenuTh CIeAyIOMUM 00pa3oM: 3HAUYNTEIBHOE
najieHue Je0uTa KHUJIKOCTH C MOMEHTa 3allycKa CKBaXMHBI M HHU3KOE 3HAaYeHHE TeKyIleH
O0OBOJIHEHHOCTH HPOAYKIMM — B 3TOM Ciydae JOMOJHUTENbHAS CTUMYJSAIMS HeoOxoauma ¢

eNbIo yBenrueHus Kodpunmenta vedhreornauu [25, 16].
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= i £ 600 :
N | = > .
5100 § 8, %
éﬁ - 50 £ é" 40.0 - 50 2
2 50 - = 2 2
~ ) ~
r% g r% 20.0 N~ Loo
g 0 . 0 8 00 : ; 0
2005 2010 2010 2011 2013
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Pucynok 3.37 - CkBaxkunbI-KaHauAaThl Ha ['PT1

Ha puc.10 MPEACTABIICHBI CKBaOKWHBI-KaHIUIAThI, COOTBETCTBYIOIIUE
BBHIIIETIEPEUNCIIEHHBIM TapameTrpaM. C MOMEHTa 3amyCcKa CKBaKHUHBI JEOUT >KUIKOCTH I10
KaKIO0U U3 MpecTaBiIeHHbIX yMeHbIumcs Ha 30-80%.

Jlanee HEoOXOAMMO paccuuTaTh MOTEHIMAN CKBaKWH-KaHnuaatoB Ha ['PII. Yacroii
MPAKTUKOW ABJISETCA pPacy€T TMOTEHIMajda C TMOMOIIbI ypaBHeHUa Jlomon ¢ yderoM
a0COJIIOTHOW MPOHUIIAEMOCTH, OTIPEICTICHHON UCXO s U3 ITapaMeTPOB Ha 3aITyCKE CKBAKUHBI !

Q= (56)

2mwkhAP
Re
Byu (In—-0.75+S5)
Tw

B tabmure 3.9 npencraBiieHbl pacCUNTaHHBIE TTApAMETPhl CKBAKHH.
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Tabmuua 3.9 - [ToreHumnan ckBaxxuH-kauaunaros Ha ['PI1

Crpasia k. w1 . IToTenmuai CKBaKHMHEBI
’ Q., M°/1eHB Q., TOHH/JICHb
13165 0.76 25.560 21.65
13405 0.95 6.564 5.56
4965 3.17 43.036 36.45
4975 5.42 49.266 41.73
4855 3.94 58.173 49.27
4665 2.48 77.567 65.70

— 10.00000
— 9.00000
— 8.00000
— 7.00000
— 6.00000
— §.00000
— 4.00000
= 3.00000
— 2.00000
— 1.00000
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Pucynox 3.38 - a - kapTa ocTaTOYHBIX He()TEHACHIIIICHHBIX TOJIIUH TUTacTa 03,6 -

3amnacel Ha CKBaXXUHY 110 BopoHOMY

Ha pansbix kaprax (puc.3.38) mpencTaBieHbl — paclpefesieHHe  OCTaTOYHBIX
HE(PTEHACBIIICHHBIX TOJIIIMH IEHTPATHHOTO ydacTka KpamnmuBHHCKOTO MECTOPOXKICHHUS, a TAKKe
3armachl Ha CKBaXHHY, PaCCUMTAHHBIE TI0 METOIKe BopoHOTO. AHANMN3 JaHHBIX KapT MO3BOJISET
paccTaBUTh CleAyronmii npuoputeT nposeneHuio ['PII Ha BrlIenepevynciIeHHBIX T0OBIBAIOIINX
CKBaXXMHAX: CKBaXHHbI 4665, 13165, 4855 — nepBriit npuopureT, ckBakuHbl 13405, 4965, 4975
— BTopoil. lna dopmupoBanust pekomeHaauuit o npumeHuMocTd ['PI1 Ha maHHBIX CKBa)KMHaX

OyZeT pacCMOTPEH SKOHOMUYECKHU#T 3P PEKT JaHHBIX MEPONIPUATHIA (CM. I1aBy 4).

3.3.2. Pexomenaauuu no njanuposanuio I'TM

2+3 o
O6bexT K01 nienTpanbHOi 3aexu KpanmuBHHCKOTO MECTOPOKICHUS XapaKTEPU3YETC:

® HU3KUMHU ISl FOPCKUX OTJIOKECHUM 3HAUYCHUSIMU MMPOHUIACMOCTH MOPOA-KOJIJICKTOPOB

(0,005-0,056 MxMm?);
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® [TOBBINIICHHOM HaYaJbHOM TIAaCTOBOM TeMiiepaTypoit (94-95 °C);
® HAIINYHUEM BOI[OHC(bTSIHBIX 30H,

®pa3paboTKoil ¢ MaccoBbIM puMmenenueM [ P11,

OTH 0COOEHHOCTH OOBEKTa M €ro COCTOSIHHE Pa3pabOTKU SIBISIOTCSA ONpPeleNsIOIUMU
(dakTopamMu Ipu BEIOOpPE METOJIOB U TEXHOJIOTMHA BO3/AEHCTBHSL.

I'mapopaspeiB miacta sBIsSETCS OJHUM M3 HambOosiee 3(P(GEKTUBHBIX MEPONPHUATHHA II0
MOBBIIICHUIO HE(PTEOTAAUM IJIaCTa U MHTEHCH(PHUKAIMU TOOBIYM. XapaKTepHOE Ie0JIOrHYecKoe
CTpoeHue (C1a0oNpPOHUIIAEMBIHA U pacuIeHEHHbIH KouleKTop) KpanuBHHCKOrO MECTOPOXKAEHUS
u ananu3 3¢ dexruBHoctr onpenenunu ['PIT ocHoBHBIM criocobom paspaborku. Onepanuu ['PIT
TPON3BOMINCH Kak Ha obbekte H04°, Tak u ¢ nprobienuem obbekra 012 IIOCKOJIBKY BBICOTA
Oapbepa pa3zeNsIoNIero MiIacTel He3HauuTenbHa (4 - 6 MeTpoB). [laHHOE yTBEp)KIIEHHE MOXKET
OBITH MOJITBEPKJIEHO NMPUBOAUMBIM paHee npumMepoM auzaiiHa I'PII (cm.rmaBy ). Ilpaktuuecku
Bce InpoBesieHHble Ha ydactke ['PIT xapakrepusyrorcs cxoxumu napamerpamu. [ujapopaspsis
IUIaCTa Ha HOBBIX CKBAXXUHAX SIBISETCA BBICOKOA(P(PEKTHUBHBIM CHOCOOOM HHTEHCH(UKALUU
no6b1un [16]. bes nposenenus I'PIT Ha TakoMm pa3pe3e CKBaXKHHBI pabOTAIOT ¢ MUHHUMAILHBIMU
neoutramu (5-30 t/cyt). Ilocnme rumpopaspeiBa neOUT HeTH Ha CKBOKWHAX YBEIHMYHBACTCS
KpaTHO B 3-12 pas.

BBuay 3HaunTEeNBbHONW MPOCAAKH IIACTOBOTO JaBiIeHUS (DaKTHYECKHH OTOOp >KUIAKOCTH
3HAUUTENBHO HWKE 3aIUIaHHPOBAHHOTO, TeM caMmbiM HeoOxoaumbii KMH He oGecneunBaercs,
Kak U coOnoeHne GruHaHcoBoro miana. OueBHIHO, 4TO noaoop kanaunaroB Ha ['PIT seisercs
nepBoOYepeIHON 3aqauell B paMkax pa3paOOTKM JAHHOTO y4yacTKa (IIOMHUMO BBIpDABHMBAHUS
npoduis IPUTOKA C LIEIbI0 00ecIeueHus MOA/IepKaHNs IUIAaCTOBOTO JIaBJICHUS ).

Panee Obuia moka3aHa cxema MOCTPOEHUS U aJalTalud MPOKCH-MOJAEIM Y4acTKa —
OCHOBHOTO HCTOYHMKA IaHHBIX JUIS pacyeToB MOTeHuMana ckBakuH Ha ['TM. Anpanranus
OCHOBaHa Ha IpeABapUTEIbHOM aHAJIN3€ UMEIOIUXCS TMHAMUYECKUX JaHHbIX ¢ JaTyukoB TMC,
KOTOpbIE SABISIOTCS. MCTOYHMKOM IICHHEHIIMX MPOMBICIOBBIX JaHHBIX, HE TpeOyromux
OCTaHOBKM CKBa)XMHBI JIJIS1 OCYILIECTBIICHUS 3aMepoB. TakuMm o0Opa3oM, 04€BUIHO MPEBOCXO/ICTBO
IpeBapUTENbHON MHTEpIpeTaluy JaHHBIX MO A0O0bIBaroImeMy (OHAY C LETbI0 YTOYHEHHS
IUIACTOBBIX MapameTpoB — K, S, T.K. MMEHHO MO 53TUM [JaHHBIM (OPMHUPYIOTCS TOYKH
3aKperIeHUs IS JajJbHENIIEN OLleHKH IJIaCTOBOTO AABJICHUS.

OyHKIMOHAT TPOKCU-MOJIETN TakKe I103BOJSET IPOU3BOJUTH OIEHKY TEKYIIEro
MoTEHIMada CKBakWH Ha pasnuuabie ['TM [39]. Meroanka mpemycMaTpuBaeT IMOCTPOCHHE

KapThl CKWH, HA OCHOBAaHWU KOTOPOW M OCHOBaH moadop. Jlanee OyaeT momaroBo paccMOTpeHa
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CXeMa IIOCTPOCHHUs JAHHOM KapThl M NPEUMYLIECTBA €€ MCIOIb30BaHUS IPU IJIAaHUPOBAHUU
I'TM.

Llar 1. IIpeaBaputenbHO HEOOXOAMMO YYECTh MEPUOJA HOPMAJIBHOM HKCILTyaTalluu
CKBAXUH. B ciyyae eciau CpoK IKCIUTyaTallud CKBaXUHBI MEHEE IBYX JIET, UM HAa CKBAXUHE
npoBogwinck I'TM, To MHTepBan aHanu3a BbIOMpAeTCsl OT JaThl BBOJA WM JaThl IPOBEICHUS
nocienqHero I'TM COOTBETCTBEHHO /0 TEKyHIeH JIaThl, B NMPOTHBHOM Ciydae BbIOMpaeTcs
BPEMEHHON HMHTEpBal JUIMHOM B 24 Mecsua. M3 aHaim3a HCKIIOYAIOTCS MECSLbl MPOCTOS
CKBaXXMHBI U (€CIM HE yKa3aHO MHadye B HAcTpoMkax Ha Bkiaake «OO0mmue») Bpems paboThl B
HAaKOIJICHUH M BpeMs, KOrja CKBa)XMHA SKCIUTyaTHpoBalach (OHTaHHBIM MeETOMOM. Takke
nepBble Tpu Mecsna nocine nposeaeHus [PII, BeiBoma w3 b/l He yuurThIBarorcs wu3-3a
HEYCTAaHOBMBIIIETOCS peXUMa pabOThl CKBAKUHBI.

[Ilar 2. MaTEepBa 1€IUTCS TOMOJIaM.

AHanmsmpyelv:bM nepuog TO* T

S2 ‘

A

[
|t

S1

Pucynoxk 3.39 - Jluckperunzaius HHTEpBajga HOPMaJIbHOM SKCIUTyaTal[ii CKBAKHHbI

Llar 3. Pacuer ckuH-¢akTOpa A KaKI0ro Mecsia Si OCYIIECTBIIACTCA 10 (hopmyIie
Mrorrou [7]:

kh(Pi — P,
o P Re) By 0,75 6
18,41 44 - 5 -G M

Hlar 4. CnenyromuM 1aroM pacCUUThIBACTCSI CPEAHUN CKMH-(DaKTOp M0 000MM OTpe3KaM
S, US,:

>
S =it;5 =12 (58
S S )

Ecmm AS=(S,—-S,)>0 u S, >—2, TO CKBOXHMHA PAacCMAaTPMBACTCA KaK KaHIMAAT Ha

nposenenne ['TM. Kak pesynsrar, BenmmunHa AS o0TOOpakaeTcsi Ha ITy3BIPHKOBOW KapTe
(puc.3.40).
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Pucynoxk 3.40 - [Ipumep nmy3bIpbKOBO# KapThl AS

JlaHHast KapTa MOKET BBICTYIIUTh B KQU€CTBE MHCTPYMEHTA IIpH mianupoBanuu ['TM.

B cayuyae paGoTel uckiIrOuUMTENBHO € AoObBatomuM (ouaoM u omeparueit ['PIT
HEOOXOIUM pacueT IMOTEHIMalla CKBAXXUH, COOTBETCTBYIOLIETO pEalbHBIM IPOMBICIOBBIM
naHHbM. B riaBe 3.2 Oblna mMoOKazaHa MOIIAroBas MHTEPIIPETANUS AMHAMHYECKUX JaHHBIX C
natunkoB TMC. JlaHHBI HMHCTPYMEHT SIBJISeTCSs HEOOXOAMMBIM JUIsl PENpe3eHTaTMBHOCTU
NOJy4aeMoil KapTbl CKUH, K mnpumepy. [lotomy HeoOxoauma mpeaBapUTeNIbHas OLIEHKa
MMEIOUINXCS TaHHBIX U peryisipHoe OOHOBJIEHHE MPOKCU-MOJENN He pexe 1 paza B mecsn. s
Oyoylmux KpYHOHBIX ONEpalui MO CTUMYISIIMM TakXe HEOO0XOAMMO OCYIIECTBUTH IPOTOH
MPOKCH-MOJIEIH Ha MPOTHO3 C LEJIBI0 YTOYHEHHS OYIYIIMX TapaMeTpoB cKkBakuH [39].

OmneHka mapaMeTpoB, OKa3bIBAIOIMX HAWOOJIbIIEe BIMSHHUE Ha IMPOTHO3HBIE JEOUTHI,
ABJISIETCA TaKKe HEoO0XOAMMOW dYacThl0 mporpaMMmel mo mmiaHupoBanuto ['TM. Heobxonumo
IIPOBE/ICHUE aHAIN3a YYBCTBUTEIBHOCTH MTPOKCHU-MOJEIIH K BXOJHBIM JaHHBIM C LEJIbIO 3aJaHUs
NPUOPHUTETa MO YTOYHEHHWIO JaHHbIX. Kak moka3an ¢akTopHblii aHamu3 (cM. rnaBy 3.1)
HauOOJIbIIass HEOTPEICIIEHHOCTh COCTOHUT B 3HAYEHUSX MapaMeTpoB K, S, Pp;.

Hanee OyneT HpeANpUHATA IMOMNBITKA MO (OPMUPOBAHUIO ONTHUMAIBHOIO IMOAXOJa K
wianupoBanuio ['TM ¢ ydyeToM naHHBIX MO J00BIBaIONIEMY M HarHeTaTeJbHOMY (OHIaM W3
«'u[l». baza mamabix «['m/l» mpencraBieHa OOJBIIUM KOJWYECTBOM IMPOMBICIOBBIX JTaHHBIX,
KOTOPBIE PEryJIIipHO OOHOBIISIOTCS: TEXHOJIOIMYECKHE PEKUMBI, JMHAMUYECKUE HCCIIeI0BaHUA,
nmaunbsle 'MC u T.10.

Wrtak, HazoBeM mpoOJEMHYIO 30HY OJIEMEHTOM 3aBOJHCHMs. JIaHHBIA DJIEMEHT
3aBOJIHCHHSI TIPEJICTABIICH HEKOTOPHIM HAOOpPOM XapaKTEPUCTUK M HEKOTOPOH Orkaiiein

CKBaXHHOH. B ciydae paboThl ¢ MPOKCHU-MOJENIBI0 BO3MOXKHO BBIICTICHUS DJIEMEHTA Pa3MEepOM
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100x100 M. Micrionb30BaHu€e YCIOBHBIX (DYHKIIUNA ITO3BOJIUT MIPOU3BECTH MTPUCBOEHUE TPeOyeMOit
OTepalry B 3aBUCUMOCTH OT MECTOIOJIOXKEHHUS JAHHOTO 3JIEMEHTa M ero KoopauHar. B tabmuie
NPUBEJEHBl TPUMEPHl KPUTEPUEB MNPUMEHUMOCTU ompeaeneHusix ['TM (B ToM uducre,
FPAaHUYHbIE 3HAYEHHUs, KOTOPBIE ONPEAEISIOTCS JKCIEPTHO JJs KaXKIOTO KOHKPETHOI'O
MECTOPOXKACHHS]) B 3aBHCHUMOCTH OT TEXHOJOTMYECKOrO0 COCTOSHUS N sjemenrta. Jlns
ompeneneHus npuopurera nposeneHus ['TM kakaoMmy 3JIeMEHTY IIPUCBAMBACTCS pPaHr B
MacCUBE BCEX JJIEMEHTOB 3aBOJAHEHHUA — uYeM Oosiee MpOOJIEMHBI 3JEMEHT (COIJIacHO
TPaHUYHBIM YCJOBHSIM KpUTEpHs), TeM Bbllle paHr. [[ns ymoOcTBa nanbHEWIEro aHammsa
MaccuBa 3JIEMEHTOB 3aBOJHEHHUs MPEJIaraeTcs BBIBOAUTH JIONOJHUTENbHBIE MapaMeTpbl s
KaXJIOTO W3 3JIEMEHTOB B 3aBUCHMOCTH OT THIA IUIAHOBOW ormepanuu (B TOM YHUCIE, HOMEpa
ckBakuH aemenTa). B [Ipunoxxennn B npuseneno onucanue Bo3MoxHbix ['TM B 3aBUCHMOCTH
OT KPUTEPHUsL, KOTOPOMY COOTBETCTBYET aKTYyaJbHbIN TEXHOJOTUUECKHUM PEXKUM CKBAXKHH.

Jlannas cxema npucBoeHus I1aHoBbIX ['TM syneMeHTaM 3aBOJHEHHS BHYTPU Y4YacTKa
SBJISICTCSI IPUMEHUMOM B CTydae peryasipHOro OOHOBIICHUS PEKUMOB SKCIUTyaTalliy CKBAXUH, a
TaK)Ke IJIACTOBBIX XapaKTEPHUCTHUK, KOTOPbIE MOTYT OBITh YTOYHEHBI IIyTEM aHaImu3a
JUHAMHUYECKUX JTAHHBIX.

JlaHHBII MOAXOJ OCHOBaH MCKJIIOYUTEIBHO HA MPOMBICIOBBIX JaHHBIX, TEM CaMbIM
rapaHTHPYsl aKTyalbHOCTh mpesiaraeMbix ['TM nist KaJoro KOHKPETHOTO AJIEMEHTa CETKH.
Taxxke, mMeTonuMka pa3OMEHHMS CETKHM Ha JJIEMEHTHl 3aBOJHEHMS YAOOHA C TOYKH 3pEHUs
MOJIy4Ya€MOr0 MacCHBa — UTOTOM CTAHET KapTHHA YHEPTreTUYECKOIO COCTOSIHUS BCETO Y4acTKa B

OCJIIOM M KaXXI0T0 3JICMCHTA 110 OTACIBbHOCTH.

3.3.3. Pexomenaauuu no aajnbHelineii pa3padorke yyacTka

OcobeHHOCTH O0BEKTa U €ro COCTOSIHME pPa3pabOTKU SBISIIOTCS  ONpPeeNsoIUMU
dakTopaMu pH BEIOOPE METO/I0B U TEXHOJIOTUN BO3JCHCTBHSL.

Kak Opuio moxazano panee, cucrema I[II1J] neHTpasbHOro y4actka MECTOPOXKICHHS HE
SBJISIETCS B JIOCTATOYHOM cTemeHu >p¢ekTuBHON. Panee Oblia BBIIBUHYTA THIOTE3a 00 OTTOKE
3aKauyMBaeMOM BOJIbI B 3aKOHTYPHYIO O0JIaCTb, TEM CaMbIM CHIDKAsh HEOOXOAUMYIO JIETIPECCHIO
Ha Onm3nexamux JnoObIBaronIMX ckBaxuHax. Ko Bcemy mpoueMy, BO3MO)KHA KOJIbMaTalus
Hu3KomnpoHuaemeix wuHTepBan B I[I3I1 HarHerarenbHbIX CcKkBakuH. OpHako, Kak ObUIO
paccmoTpeno panee, mpooaumbie OII3 Obun BeimonHeHb! ¢ 100% 3 PEeKTUBHOCTHIO COTTaCHO
IIPOEKTHOMY JOKyMEHTy. Tem He MeHee, OXBaT IulacTa 3aBOJHEHUEM JOCTATOYHO HU3KHH,
oueBHIeH He000p HeTH 1O pearupyromeMy GoHIy ckBakuH [16].

Brimenepeuncienusle  (akTopbl  MO3BOJISAIOT — MPENONPENCIUTh  HE0OXOIUMOCTh

IIPOBEJCHUS  JIONOJHUTENbHBIX BHeIUIaHOBbIX OII3 Ha yuacTkax, XapakTepuU3yeMbIX
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3HAYUTENIbHOM pa3HHUIle B 3aMmepax M pacueTax (MPOKCHU-MOJENb), TaK Kak HMMEHHO B
OKPYXCHHH MMEHHO JAaHHOTO HarHeTaTeahbHOro (poHaa HAOII0JACTCs] 3HAYUTEIHLHOE CHIDKEHUE
IUIACTOBOT'O JIaBJICHHs 110 o0ObIBaromiemMy Gouay [12].

Jns  onpeneneHus CKBaxuH-KaHaunatoB Ha OII3  BO3MOXKHO  HMCHOJB30BaHUE
GbyHKIIMOHAa TPOKCU-MOENH (pacyeT KapThl CKUH) WIM MIPUMEHEHUE METOJAUKH pa30reHus Ha
AIIEMEHTHI 3aBOJHEHUS C yueTOM (yHKIHOHAJa nporpaMmmMHoro komruiekca «PH-KH».

[Ipu nanpHENIEM IIJIAHUPOBAHUY UCCIEIOBAHUI HA MECTOPOXKICHUN PEKOMEHYETCS:

»  IlpomomkuTh TPOBEIECHHE MOHUTOPHHIOBBIX THIPOJAWHAMHYECKUX U
npombiciioBo-TexHoorudeckux uccienaoBanuii (I'IUC-TU) Ha psae cCKBaXWH, Kak
HarHeTaTeNbHBIX, TaK M JOOBIBAIOIIMX - YTO TO3BOJIUT MPOCIEAUTH MPOIECC
M3MEHEHUS MapaMeTPOB IUIACTOB U UX SHEPTETUKU BO BPEMEHHU.

»  Cosmectuth nposenenue I'J/IUC-TU u III'M, 4TO MO3BOJMT MPOBOIUTH
KOMIUIEKCHBIM aHAJIU3 COCTOSIHUSA CKBaXWH W MOBBICUTb TOYHOCTb OIPEICICHUS
MapaMeTpoB IIacTa, TMPHBJICKAas JIaHHbIE 00 W3MEHEHWH S(P(EKTHBHON TOJIIUHBI,
HAJIMYUU TIEPETOKOB, COCTOSIHHSI TIPHU3a00MHON 30HBI U COCTaBe (IIOWIa B MHTEPBAJIC
nepdoparuu.

» HanaauTe cHUCTEeMy MOHHTOPUHTA TEXHOJIOTMYECKHX I1apaMeTpoOB Ha
OCHOBE CTallMOHApHBIX MaHOMETpoB Ha mnpueme OIIH, a Takke aBTOHOMHBIX H
JUCTAHIIMOHHBIX TIYOWHHBIX JaTYMKOB, YCTAaHOBJICHHBIX Ha 3a00€ CKBaXUH B
WHTEpBaJie TMPOAYKTUBHOM TONIIM C IENbI0 YTOYHEHHS] (DUIBTPAlMOHHBIX U
JUHAMHYECKUX TapaMeTpPOB IIJIACTOB, CKHUH-(DakTOpa, a Takke M HW3YYCHUS
TUAPOANHAMUYECKOM CBSA3U MEXIY CKBaXKHMHAMMU.

» Ilpm  wccnemoBaHWM ~— HATrHETATCNBHBIX ~ CKBAXKWH  HCIOJIB30BaTh
MHOTOIIMKJIMYHBIE MCCIIEIOBAHMS TIPU PA3IMYHBIX PEMPECCHSIX Ha IUIACT B IMPOIECCE
3aKadk¥ (C IEeNbI0 JUAarHOCTUKH HECTaOWIBHBIX TPEIIMH pa3pbiBa Iuiacta). JlaHHBIE
HCCIIeIOBaHMS 0053aTeIbHO TPOBOANTE B KoMIuiekce ¢ [TI'H.

» llpu npoBeneHnu pabOT B CKBaXMHAX, IKCIUTyaTUPYIOIIUX J1Ba M Oojee
MJacTa, YBEJIWYUTh KOJUYECTBO WCCICIOBAHUNA C TPUMEHEHHEM CHEIHATbHBIX

MHOT'OCCKIIMOHHBIX YCTAHOBOK C pCPHCTpaHHCﬁ JaBJICHUS, TCMIICPATYPhI U pacxoaa.
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4. DPUHAHCOBBIA MEHE I’ KMEHT, PECYPCO3®®EKTUBHOCTbH 1
PECYPCOCBEPE/KEHUE

Onenka 3¢ dextuBHOCTH TIpoBeneHHBIX paHee ['PII, a Takke BBOJA HOBBIX CKBAXHH C
['PI1 B nmeHe)xHOM SKBUBAJICHTE Oblia MPOBECHA 10 Clieayrolel MeTtoauke meroauke [33, 17,
18]:

o Jebutr 10 mpoBeneHUs omnepanuu ObUT B3SAT M3 JAaHHBIX TEXHOJIOTHYECKUX
PEKUMOB CKBaXHH, neb6ut mnocie mnpoBeaeHus ['TM Obul B3ST ¢ ydeToM MOMNpPaBKH Ha

HEYCTaHOBUBIIHIACS pexkuM (mpuMepHo 3 mec. ocie nposeaenus [ TM) — dakr.

° Jebut n0 mnpoBeAcHUs ONEpalru ObLT B3ST W3 JIAHHBIX TEXHOJIOTHYECKUX
PEKUMOB CKBaKHH, JAeOUT 1mocie nmpoeacHUs ' TM ObL1 B34T U3 I1aHa Ha npoBeaeHue ['TM —

I1J1aH.

] Bxoanble mapameTpsl 1 pacuera ObUIH CIETYIOLUIUMHU:

Tabnuna 4.1 - Bxognsie napamerpsl A pacuera YJ1 /1

Crarbs 3aTpar CymmMa 3atpar
Croumocts paboT, MJIH pyo 5.835
CTOoMMOCTh TOHHBI IPOMNIAHTA, PyO 105510.000
Ilena HedTH Ha BHENITHEM PBIHKE, pyO/TOHHA 24090.000
Ilena HeTH HA BHYTpEHHEM pbIHKE, pyO/TOHHA 14500.000
Hanorosas craBka 0.450
CroumMocTh OypeHusi, MIH pyo 23.370

Tabnuua 4.2 - [TapameTpsl npornmnaHra

D 0.35
P, ToHH/M® 3.27
k, M/l 75000
o Hons axcnopra et — 30 %, mmropra — 70%.

CroumocTh IponmnaHTa = Macca MpONNaHTa XCTOMMOCTb TOHHBI IIPOMIIAHTA;
KanuranbsHble 3aTpaThl = CTOUMOCTH pabOT + CTOMMOCTh IIPOMNIAHTA;

Jloxon B 1eHb = poJa)ka Ha BHYTPEHHEM PBIHKE + MMPO/Iaka Ha BHEIIHEM PBIHKE;
Hanor B 1eHp = 10X0/ B I€Hb — OIIEpallMOHHBIE 3aTPaThI;

[TpuGbLIb B I6Hb = AOXO/ B JACHBb — ONIEPAIIMOHHBIE 3aTPaThl (JI€Hb) — HAJIOT B JCHB;

NpUOBLIb B [IeHb

[lepuon caMOOKyInaeMoCTH =
KallMTaJIbHbIe 3aTPaThl
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YJI/] = mpulObLIE B IeHb X 365 — KanuTadbHbIE 3aTPATHI.

Tabnuua 4.3 - DKCIuTyaTaluOHHBIC 3aTPAThI

[1naTexxu u HasoTH 3HaueHue

TexHoOMOrMYECKast MOATOTOBKA HE(TH, THIC. pyO./T. 0.085
KUJIK.
COop u TpancnopT HeTH U Ta3a, THIC.pYO./T. KUIK. 0.050
Pacxobl Ha SHEPruto MO U3BJICUCHHUIO HEPTH, 0.03
TBIC.pYO./T. KHUJK.

TpancopTupoBka HEPTH HA IKCIIOPT, THIC.pyD./TOHHA 1.98
3akadka BOJBI, THIC.pY0./M3 0.017

Pacuerst YJI/] ot mpoBenenus I'PII cornacuo mnany u ¢akty npeactaBieHsl B Ta0n.4.

70 -
59
o 4848
50 -
o 40 - 34 . -4
2 30 - B
= 20 P RN
= 10 - )~ 1 . 15 1
? 0 N T | | T T T T T 1
10 __l65 13405 4975 5345 13405 13445 13385
2013 2
s Pakr [Inan
=@ Qu nocne (dakr), T/1eHb =&- QH noce (11aH), T/ACHb

Pucynok 4.1 - YJI/] npoBeaennsix ['TM ¢ 2010 no 2014 rr.: I'PIT 1 BBoA HOBBIX

ckBaxuH ¢ [ PIT

N3 puc.4.1 u ITpunoxenus B Bunen orpunarensusiii YJ1/1 no ckBaxxnnam 4965 u 13405,
Ha KoTopsIx OblH npoBezeHsl [ PI1. BBuy HEKOPPEKTHO OIIEHEHHBIX MJIACTOBBIX MTAPAMETPOB H,
COOTBETCTBEHHO, PACCUMTAHHBIX MOTEHIMAI0B CKBaXHUH Ha ['PII, komnanus nmoHecna yObITKH B
pa3mepe 15 mutH py0 Ha IpoBeIeHHE HEYCIIENTHBIX ornepaluii. [loiHOe coBmaeHne miIaHOBOTO U
daktryeckoro YJIJ{ xapakTepHo TOJIBKO AJis cKBaXHHbI 13445, xoTopas 6buta BBeaena ¢ I'PII ¢
3amyckHbIM nebutom 37,4 1/nenb. CkBakuna 13385 Obuia taxoke BBegena ¢ ['PIT ¢ 3amyckHbIM
neourom 15,8 T/menp npu ruraHoBoM 3HaueHuu 43,5 1/neHb. CyMMapHO 1O BCEM MPOBEACHHBIM
Ha BBIIICYKa3aHHBIX CKBAXMHAX OINEpalMsIM KOMIIAHMA IIaHUpoBana nonyduts YJI/1 paBHOE

156 muH py06. I1To uroram pacueroB daxtuueckux Y/l co ckBaxxun cymmaproe YJ1J1 coctaBuio
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93 mutH py6. [1o uToram npoBeACHHBIX OIepaIuii KOMIaHUs MOJydusia Ha 63 MITH pyO. MEHbIIIe
IUIAHUPYEMOT 0.

Jlamee paccMOTpUM 4YHCTYIO TNPUOBUTH B ciiydae mpoBeneHus omepanuii ['PIT Ha
CKBaO)XMHAX-KaHIMWIAaTaX, MO KOTOPbIM paHee ObUT paccyMTaH moreHmuan (cM. riasy 3.1).
PacueTsl o JaHHBIM CKBa)kMHaM npenacrasiieHbl B [Ipunoxenun Jl. BuzyansHoe npencrasieHue

npeanonaraemeix Y11 npencrasneno Ha puc.4.2.
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Pucynox 4.2 - YJI/1 ckBaxkun-kanaunaToB Ha ['PII ¢ npumMeHeHnem miacToBoro

AaBJICHUSA U3 IIPOKCU-MOACIIN IMOCJIC adalTaliun

U3 puc. 4.2 oueBuaHo, uto nposenenue onepaunn ['PIT Ha ckBaxkunax 13445 u 13405
9KOHOMMUECKH He BBITOAHO. CkBaxkuHa 13165 Taxke sABISETCS COMHUTEIbHBIM KaHIAMIATOM Ha
nposenenue I'TM Beuny Hebomsioro YJIJ1 nocne nposenenus I'PII. PestoMupys npoBeneHHbIE
pacyeThbl, MOKHO MPEJI0KUTh CIEAYIONINE CKBaXXUHbI-KaHAUAATHI 11sl mpoeaeHus [ PI1: 4665,
4965, 4975, 4855, 13165.

B kauecTBe pexoMmeHIanMi Ui JajibHEiIIero BeieHUs (UHAHCOBOIO MEHEKMEHTA
OpoeKTa pa3pabOTKM LEHTpalbHOM 3ajeku KpamuBHHCKOIO MECTOPOXKIACHUS MOXHO
MIPEIOKUTH CIIETYIOLIEe:

. [IpoBeneHne npenBapUTEIBHOIO aHAIW3a IPOMBICIOBBIX JAHHBIX —

JUTMTENBHBIA  3amucu ¢ jpatyukoB TMC — naiud yTOYHEHHsS MapaMeTpoB IIacTa,

3aKJIaJbIBAEMBIX B pacueTsl npH manupoBanuu [ ' TM Ha ydactke.

° [InanupoBanne I'TM ¢ nomompl0 NOPEAJIOKEHHBIX paHEE METOIUK:

MOCTPOCHUE KapThl U3MEHEHHs] CKHH-(AKTOpa MOCKBAXXUHHO C YYETOM IPOMBICIOBBIX
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JaHHBIX Ha TeKYHII/Iﬁ nepuoa; MPUMCHCHHUE MCETOAUKHU JOJIEMCHTOB 3aBOJHCHUA C

BHE/IPEHHEM YCIIOBHBIX (DYHKIU I EHTPATM30BaHHOTO npolecca moaoopa ['TM .
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5. COHUAJIBHAA OTBETCTBEHHOCTbD

[lenbro HACTOSIETO MCCIEIOBAHMS SIBIACTCS aJanTalys MPOKCH-MOJENH IIacTa I013 c
NpPUMEHEHUEM JUTUTENbHBIX 3amucedl garuukoB TMC. Apanrtanus MOJENIH TO3BOJUT B
JanbHeWmeM 1miaHupoBaTh nogoop I'TM g uenTpanpHOM 3anexu  KpamnumBruHCKOro
MecTopoxacHus. [I[puMeHeHne IuTenbHBIX 3anucei ¢ gaTankoB TMC sBisieTcss HE00X0AMMBIM
C LENbI0 YTOYHEHMS IIJIACTOBBIX IMApaMETPOB, MPUMEHSEMBIX BO BpEeMsl aJalTaluyd MPOKCH-

MOACIIHN.

5.1. MIPO®ECCHUOHAJIBHAS COLUUAJIBHAS BE3OITACHOCTbD

PaGora Hax apganranueil  NPOKCH-MOJENM  OCYIIECTBISLIaCh C  IMPUMEHEHHEM
IIEPCOHAIBHOIO KoMIbloTepa. Pabouee MecTo ObLIO MPEACTAaBICHO KOMIIBIOTEPHBIM CTOJIOM C
[IK, Bce MaHMOYISIIMM HPOU3BOIWINCH IPEUMYIIECTBEHHO B CHAAYEM IOJIOKEHHUU.
Crnenyromue ¢usndeckue (HakTopbl MOKHO BBIIEIUTh BBUIY CHEHM(PUKH pabOThI: ATUTEIbHOE
HaXOXXJEHHUs B CTarHallud B OJHOM IIOJOXEHUHM, HaNpsHKeHHE Ha IJa3a, BO3JelcTBUe
AJIEKTPOMAarHUTHBIX MOJIEH.

Jo nawanma paborel Hag moxaensio B OAO «TomckHUIIMuedTh» OBUT mpocTymal
BBOJIHBIM HMHCTPYKTaX O IpaBWIax MOBEACHUs Ha paboueM mecre, noBeneHue B ciaydae YIL
OnacHbIM TOPOM3BOJCTBEHHbIM (pakTopoM cormacHo cT. 209 TpynoBoro Kopexca PO
Ha3bIBACTCSI IPOU3BOJICTBEHHBIN (DAKTOP, BIMSIHME KOTOPOrO Ha COTPYAHUKA MOXET CKa3aThCs B
BUJIC JAIBHEHIIETO €ro mojaABep>keHUsl TpaBMme. Bpemnsiii pakTop — ¢dakTop, KOTOPHI MOXKET
oCrnocoOCTBOBATh 3a00JIEBAHUIO COTpPYAHMKA. OmacHble W BpPEIHBIE TPOU3BOICTBEHHBIE
dakTopsl knaccupunupoBansl B ['OCT 12.0.003-74. 3ammra 0T HHUX oOecleduBaeTcs
CHIDKEHHEM WX ypPOBHA B HCTOYHHKE W MPHUMEHEHHEM MPOQWIAKTUYECKHX U

MNpECaOXpPaHUTCIbHBIX MEP.
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5.2. IPOU3BOJACTBEHHAS BE3OITACHOCTD

Tabmuua 5.1 - OkasbIBarolIye BpeIHOE BIUSIHNAE (PaKTOPHI IPH BHITIOJHEHUH HCCIIEIOBAHUS

MOHICEEHHAA BTAKHOCTE

BO3OYXA

Heroumme FarTopsl (mo FOCT 12.0.003-74)
tarTopa,
HopuatHesEle ZoEVMEHTE
HaMMeHOEQHHe Bpegmeie CmacHee
EHMJOE padoT
CIT32.133302011Ceox
npaent. EcTecTEeHHDE H
HCEYCCTESHHOS OCEEITEHHE.
CanlluH 2.2 2/24.1340-03.
Camprrapmo-
SIIET S0 TOTHEECEHE PR
H HOpPMATHEE
Hepocraroumas o MrHeHMgecERe Tped oBamm
OCESNIEHEHO CTE pabowed K MepCoHaIEHEM 3 IeKTPOHHO
SO0HEL: OTCYTCTEHE HIH EBRITHCTHTeTBHEINM Ma TTHEHAM H]
HEZOCTATOK OPTAHMIAITHH P a0 oTEL:
_ eCTECTESHHOTO CEETA;] CH224/218362-96.HIyu
PadoTa =a
[oEEMUeHHEN Vp OESHE | Hapabowmm MecTax.E
TIEPCOHA TEHEM 3 IeKTpHYe CEIEH
mrymMa; TOMEITEHHAK BB,
EOMIIBEOTED OM. TOE
IToEEMISHHEI VP OESHE 0O0IIeCTEEHHBIN 3IAHHH 1 Ha
SAEKTPOMATHHTHELX TEPPHTOPHE 33 CTPOEEH.
HTY I e, rocT12.1.038-82 CCET.
IoERmIeHHA A FTH JrexTpoDesONACHOCTE.

Ipegeasso ToMy CTEMELS

VP OEHH HA TP D# e HIE

MPHEC CHOBEHHA H TOKOE.
CanllmH2.2.4.348-06.
Imrpemmeckme TpeGoBAHNT K
MFFp OETHMATY

TP OHSECACTESHEBI

TIOMETITEHEFE.

5.2.1. Anaju3 BpeaHbIX (paKTOPOB NMPH BHINOJTHEHUH HACTOsIIEH padoThI

Bmmsguane I1K #a gemoBeka sBaseTcs CYMMApPHBIM ITPOABJICHUEM HECKOJIBKHUX HCTATHBHBIX

" IICUXOJIOTHYCCKHUX (I)aKTOpOB. B CJIydac ICpBbIX:

CHEKTPBI

nH(ppakpacHbie 00JaCTH;

N3JIYUCHUA

OT JHCILIEEB:

IMOBBIIICHHAA ITYyJIbCAlld CBETOBOI'O ITOTOKA,
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— MOBBIIICHHBIA YPOBEHb AJIEKTPOMATHUTHBIX HM3TYyYEHUN pa3IMYHBIX YaCTOT OT
MOHHMTOpPA U CUCTEMHOT'0 OJIOKa;

— 3arpsi3HEHUE BO3/1yXa MbLIBIO;

— MIOBBIIIICHHBI YPOBEHB IITyMa HA paboueM MecCTe;

— BEJIMYMHA HamNpsyKeHUs (omacHas) B DJEKTPUYECKOW CETH, B pe3yjbTaTe
3aMBIKaHUsI KOTOPOU BO3MO>KHBI TPABMbI YEJIOBEKA;

— OIIACHOCTbh BO3HUKHOBEHMSI 110Kapa.

Jlannble (akTOpbI ClieyeT ONpeesIuTh HOPMAaTUBHBIMU MPABOBBIMU aKTaMU B 00JIaCTH
CaHUTAPHO-3MUJIEMUOJIOTUYECKOTO  KOHTPOJSI M CKOMIIGHCHPOBAaHbl  pallMOHAIbHOU
opranm3anueii padbodero mecta. BBHUIy BBIIICYKa3aHHOTO, TAKHE MOHATHS, KaK MUKPOKJIAMAT,
OCBEIICHHOCTh 32 pPabOYMM MECTOM, YPOBEHb IIyMa W OCOOCHHOCTH DJIEKTPUYECKOTO

HANpSOKEHUS B CETH JOJDKHBI OBITH paccMOTpeHsI [35].
5.2.1.1. OcBemieHue padovero Mmecta

OT cTemeHu OCBEIIEHHOCTH HANpsAMYIO 3aBHCUT pabOTOCIOCOOHOCTh YeNOBEKa, €ro
¢du3nueckoe U ICUXO03MOLMOHAIbHOE cOCTOsIHUE. [loMeleHus pa3IMyHOro Ha3HAuYeHHUsI HUMEIOT
crienuanbHble TpeOOBaHMSA IO OCBEIIEHHOCTH. [Ipu pacuere OCBEHIEHHOCTH YUUTBIBAIOTCS
XapaKTepUCTUKU paboyero mpoiiecca, OCYIIECTBISEMOr0 4YEJIOBEKOM, €ro MEepUOAUYHOCTh U
JUIMTENbHOCTh. PaboTel, BeimonHsemas ¢ nomoulpio IIK, moxkno otHectn k Il paspsny
(3putenbHas padota). OHa UMeEET CIeaYIOLINe HEOCTATKU:

- OJINKM DKpaHa;

- HE3HAYUTEJIbHAs! KOHTPACTHOCTh (M300paskeHne/poH).

Ha paGouem mecTe cienyeT NpuMeEHSITh HCKYCCTBEHHOE OCBELICHHUE.

Jns pacuéra oOLIEro pPaBHOMEPHOI'O MCKYCCTBEHHOT'O OCBEIIEHUS TI'OPU30HTAIBHON
paboueil MOBEpXHOCTH HCIIONIBb3YeTCs METO/1 Ko3(puimeHTa CBETOBOr0 MOTOKA, YUUTHIBAIOIINN
CBETOBOM MOTOK, OTPaXEHHBIN OT MOTOJIKA U cTeH. JmmHa noMenieHus pasHa 7 M (A), wmupuHa
— 6 M (B), Beicota — 4,5 M (H). Beicota paboueit nosepxaoctn Hax moioM — 0,8 m (hp).
OcHoBHblE TpeOOBaHHA W 3HAYEHHUS HOPMUPYEMOH OCBEIIEHHOCTH pabo4ynX MOBEPXHOCTEH
uznoxensl B CII 52.13330.2011. B cooTBeTcTBUU pa3psaoM 3puUTeNbHONH pabOThl HEOOXOIMMO

€03aTh OCBEIeHHOCTEL He Hinke 200 K.
5.2.1.2. Bo3aeiicTBue myma

Cna0bl1it myMm ABJIACTCA HCTOYHUKOM HCIOOIIOHUMAHUA peur, a TaKXC BbI3bIBACT

pa3apaxkeHue. YCWIEHHE IIyMa MOXKET SIBISATHCS NMPUUYMHON NajdbHEHIINX (PU3HMOJOTHUYECKUX
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OTKJIOHCHHH. BBICOKHI ypOBEHBH IITyMa MOKET IMPUBECTH K OOJIBbIICH HEBHUMATECIBHOCTU H
OIMOKaM TIPH BBITIOJHEHUE PA3IUYHBIX BHJIOB padoT. J[aHHBIN (QakTop yXyaIIaeT peakiuio Ha
CUTHAJIBI TEXHUYECKUX YCTPUOCTB, MEHSET CKOPOCTH JBIXaHHUS W MyJbCa, HAPYIIAET OOMEH
Berrects [35].

JlaGoparopHasi aynuTopus, SKCIUTyaTHpyemass B paMKaX HacCTOAIIEH MarucTepcKoi
JUCCEepTaIy, 00JIalaeT HU3KUM YPOBHEM CyMMapHoOro mryma. Pecypcamu sl ITyMOBBIX TTOMEX
MOTYT BBICTYIIUTh BEHTWISIIHOHHBIC YCTAHOBKH, KOHAUIIHOHEPHI, DBM.

OKBUBAJICHTHBI YpPOBE€Hb 3ByKa HE JOKEH npeBbimath S50 ab  coriacHo
CH 2.2.4/2.1.8.562-96 [6]. llymouzosmuio cieayet BeimoaHsaTh corimacaol OCT 12.1.003-76, a
3Bykomzossuio - CanlluH 11-12-77.

JI1st M3NI0KEHHBIX 1EJIeN MPUMEHSIETCSl 3BYKOMOIJIOIAIOIIee MOKPBITHE CTEH U MOTOJKA
3BYKOMOTJIOUIAIOIIMM MaTepuajoM, OpPraHU3yeTCs palloHalbHas TJIAaHUPOBKA MOMEIICHUS, B
KOTOPOM KOMIIEHCUPYETCS BO3JICHCTBUE NCTOYHHUKOB IlIyMa 1o nepudepun. Ha ucnonszyemom B
KOMITBIOTEPHBIX MOMEIICHUSAX 000PYIOBAaHUU MO BO3MOXXHOCTU BBICTABIISIETCSI MUHUMAJIbHBIN

YPOBEHB IIIYM.

5.2.1.3. YBeanvenHnblii ypoBenb IMII; noBbIIeHHAS HANPSKEHHOCTD YJIEKTPHYECKOT0

moJis

OMII, xapakTepu3yronmecss HampsHKEHHOCTSIMU DJIEKTPUUECKUX UM MAarHUTHBIX TIOJIEH,
OKa3bIBAIOT 3HAYUTEIIBHOE BJIMSAHHUE Ha 3]I0POBBE YEJIOBEKAa. B KauecTBE OCHOBHOIO MCTOYHMKA
po0JeM BBICTYNAIOT AUCIUIEH (MOHUTOPBI).

Kputnueckue 3nauenus uznydenuit or 9BM B coorserctBum ¢ CanlluH 2.2.2/2.4.1340-

03 ykazansl B TabnuIe 5.2.

Tabnuua 5.2 - Bpemennslie nonycrumslie ypoBHu OMII, co3naBaembix 9BM

HamveHoBaHHE ODApAMETIPOR BOY SMII
Hanmps#eHH0CTE 3AMeETPHYECKOTO | B AHATAZ0He 9acToT 5 Tn— 2 sl 25 BM
mons E gHanazoHe 3acToT 2 Bl o — 400 £l 25Bwu

E JHamazoHe 9acToT S Tom—2 Kl o 250 5Tn
IImoTHOCTE MATHHETHOTO NOTOKA

E gHamazoHe 9acToT 2 Kl o — 400 5T o 25 50
DIeKTpOCTAaTHIECKHE NOTEeHIHAT 3KPaHa EHIE0MOHHTIOPA 5008

C menpro obecriedeHus: OE30MACHOCTH BCE AWUCIUICH CIIEAYET HUCIBITHIBATH HA MPEAMET
COOTBETCTBUSI TpeOOBaHUSAM K O(UCHON TexHuKe. i1 MUHMMH3AIUH BPEIHBIX BO3IEHCTBUI
paboTaroniero MOHUTOpa Ha OpPraHU3M YelIOBEKa HEOOXOMMO CIIeIOBATh TaHHBIM TPEOOBAHUSIM:

- yaaneHue ot 3kpana He MeHee 600-700 mMm;
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- mpumeneHue GuiabTpoB «Total safetyy;

- yepeI0BaHNE YMEPEHHOM TPYIOBOU AEATEIBHOCTH U OT/bIXA B T€UCHUE paOOTHI.
5.2.1.4. OTK/I0HeHU e XapaAKTePUCTHK MUKPOKJIMMATa HA padoyeM MecTe

MukpokiumaTr padodero Mecrta — KJIMMAT BHYTPEHHEW Cpeibl MOMEIIEHHUsS, KOTOPBIH
IpENCTaBIseT U3 ce0st KOMIUIEKC (haKTOPOB, BIMAIOIIMX HA 37J0POBbE YENIOBEKA: TEMIIEparypa,
BJII&XHOCTh, CKOpocTh adpontoka. Oduc OAO «TomckHUIIUHepTs» [35] sBusiercs
IOMEIICHHEM JUISl BBINOJHEHHS JIETKHX (U3MYECKUX padoT M JO0JDKEH COOTBETCTBOBATH

napamerpam, npuBeAeHHbIM B Ta0:1.5.3. (CanlluH 2.2.2/2.4.1340-03).

Tabmuna 5.3 - OnTuMansHbIC TOKA3aTeI MUKPOKIMMAaTa Ha pabounx mecrax (kareropus [.a)

HamnieHOEAaHHE mapanMeTpa
CropocTs
Ilepson roga | Temmepatypa Temmepatvpa OTHOCHTEIRHAR
. OBIEEHHT
Bo3gvxa, C° noeepxHOCcTeH, C° | BIAEHOCTE BO3OVXA, %o
BO3OVEA, M/C.
XonogHemd 22-24 21-25 40-60 0.1
TeTUIRIH 23-25 22-26 40-60 0.1

Jlns obecriedeHns: ONTUMAbHBIX 3HAYEHHMH BBILICYKAa3aHHBIX MapaMeTpoB Ha pabouem
MecTe B pa3HOe BpeMs ToJla MCIOJIB3YIOTCS OTOIUIEHHE (XOJIOAHOE BpeMs roja) |
KOHAUIMOHUpOBaHUE (Temioe BpeMs ronaa). @OYHKIHMOHAI KOHJIUIMOHEpA IO3BOJISET

caMoIIoiIepKaHNe 3a/IaHHbBIX YCIOBUN peXuMa paboTHI.
5.2.1.5. HanpsizkeHHOCTH TpyAa

HamnpsixeHHOCTS Tpyna — oTpakeHue HenocpeAcTBeHHON Harpy3ku Ha [THC uenoBeka u
€ro AMOLMOHANIbHYIO cepy. DaKTOpbl, ABISAIONINECS COCTABJIAIOMIMMU HANPSHKEHHOCTH TpyJa:
MHTEJUIEKTYaJIbHbIC Harpy3KH, MOHOTOHHOCTB paboThl, rpaduk paboThI.

IIpyurHaMu NOSIBIIEHUS SABJISAIOTCS CIELYIOIINE TIPOLECCHI:

- MOHOTOHHOCTb PaOOTBHI;

- YMCTBEHHOE NIE€peHaIpsHKeHNe BBUTY CJI0KHOCTH 33]1aY;

- pabota ¢ GonpIIMMH 00beMaMH JaHHBIX;

- HEPBHO-3MOIIMOHAJIbHBIE M HEPBHO-TICUXMYECKHE TIEperpy3ku, B OCOOEHHOCTH Y
HAUMHAIOIIUX [10JIb30BaTENEH; CTpecC MpH NMoTepe nH(pOpMalLHu;

- YTOMJICHHE IJ1a3, TOBBIILIEHHAs! HAarpy3Ka Ha 3peHue;
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- TIOBBIIICHHAs Harpy3ka Ha OIIOPHO-ABHUTaTENbHBIA ammapar, B OCOOEHHOCTH Ha
MTO3BOHOYHHUK U CYCTaBbl BEPXHUX KOHEUHOCTEH.

UepenoBaHue TPyAOBOM JNESATEIBHOCTA M OTAbIXa MPEAYCMATPUBAKOTCS PETJIaMEHTOM B
3aBUCUMOCTH OT BHJIa TPYJAOBOMH ESITEIBHOCTH.

K BuzmaMm TpyaoBoit AeSTeTbHOCTH MOKHO OTHECTH cliefyrolue 3 kareropuu: A — pabora
0 WACHTU(UIIUPOBAHUIO HWH(POPMAIINH, MMOKa3bIBaeMO Ha 3kpaHe; b — BBoa nmaHHBIX; B —
pabota B pexxume TeT-a-TeT ¢ DBM, TBOpuecTBo. Eciu nosibp3oBaresnss MOKHO OTHECTH KO BCEM
TpeM KaTeropusiM (B TeueHHe pabouero AHs), TO IpeBalupylouieil OyAer Ta, Ha KOTOPYIO

Tparurcs 6omaee 50 % BpemeHH.

Tabmuna 5.4 - Kateropuu TpyaoBoi aktuBHOCTH ¢ O9BM

YV pOBEHE HATPV3EH 33 pa009VED CMEHY IIPH BEHIAX padoTa Ha 3BM

Kateropes padoTH IO
I'pymma A

TEEECTH H T'pymma b Tpvoma B
KonmgecTeo

HANMPEEEHHOCTH Konu4aecTEO 2HAKDE Bpems paboTer, 1
3HAKOE

I o 20000 o 15000 o 2.0

I o 40000 o 30000 o 4.0

III o 60000 o 40000 o 6.0

B mporuecce BBINOJIHEHUS HACTOSALIEH MarucTepcKoil Juccepranuu, J1adopaTOpHBIM
paboTaM OTBOJAMJIOCH TOpsJIKa 3 4acoB B JIeHb, O(OpPMIIEHHE MAarucTepcKoW auccepTanuu
3aHUMaNo OOJNIBIIYI0 4YacTh pabodel HeAenu M 3aBUCHIO OT Tuma omepauuu ¢ ODPM.

HenpepriBHas paboTa 6e3 nepepbiBa anuiach He 6ozee 1,5 yacos.

5.2.2. AHaau3 onacHbIX (paKTOPOB
5.2.2.1. DaeKTpo6E30MaCHOCTH

DneKkTpoOe30nacHOCTh — ATO KOMIUIEKC MEPOTNPHUATHMA, 00ecTieunBarOnuii 0€301MacHOCTh
JTIONIed  BBUAY TPHUCYTCTBHS dJeKTpuueckux mpuodbopoB. IlomoxkeHnem o coOM0aeHUN
anektpobezonacHoctu sipnsieTcss [OCT 12.1.038-82 CCBT.

OnacHblif TPOU3BOACTBEHHBIN (PAKTOp B TMOMEIICHHH — MOPAKEHUE DIEKTPHUESCKUM
TOKOM. OCHOBHBIMH ITPUYHHBI: TMPUKOCHOBCHHE K TOKOBEAYIINM HJIM KOHCTPYKTUBHBIM YaCTsIM,

OKa3aBIINMCA OO HAITPSXKCHHUEM.
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DJIEKTPUYECKUI TOK B Pa3HOCTOPOHHEM MOPAJIKE IEUCTBYET HA KUBYIO TKaHb YEJIOBEKA.
Bo3znelicTBusi OBIBAIOT CICAYIOIIUMU: TEPMUYCCKUMH, SICKTPOIUTUYECKUMU, OUOIOTHYSCKUMU
U T.II.

[TocneacTBust mpu TEPMUYECKOM BO3ACHCTBUM OBIBAIOT CIEAYIOIIMMU: OKOTU (BBUAY
HarpeBa Koxku). B ciydae 3JeKTpPOIMTHYECKOTO BO3JEUCTBUS — W3MEHEHHE (PU3UKO-XUMUU
OpPraHUYECKUX KUIAKOCTEM.

Mexanuyeckoe BO3JCHCTBHE MOXXHO JETEPMHUHUPOBATH Kak pa3pyliaroliee TKaHU
opranusma (paccioeHue, pa3pbiB) BBUAY MBIIIEUHOTO COKpalleHus. Takke BO3MOXKHO CBETOBOE
BO3/ICIICTBHUE, KOTOPOE MOPAKAET CIUZUCTHIE 000IOUKH TJIa3.

Jlanee mpuBEOCHBI TpaBWiIa OE30MACHOCTH PETJIAMEHTHPOBAHHBIC —JIIEKTPUYECKON
0€30MacCHOCTbIO:

- IPOBEPKa INEKTPONPOBOAKH Mepes HayaioM paboTel ¢ OBM;

- B Clly4ae 3aMbIKaHus — OTKIroueHue 9BM or cery;

- MPUOOPHI C €CTECTBEHHBIM 3a3eMIICHHEM TIpu pabdoTaromieir DBM tporaTh 3anpemiaercs;

5.3. 9KOJIOI'NMYECKAS BE3OITACHOCTb

3amaua B ciy4yae OXpaHbl OKpYXKalolled cpeabl MpeicTaBiseT co0Oil ycTpaHEeHUe
ObITOBBIX OTX0J0B. [Ipu BbIXOAE u3 cTpost OBM, naHHbBIE amnmaparbl CHIHUCHIBAIOTCH,
CKJIQJIUPYIOTCS U B JAJIbHEUIIEM YTHIIN3UPYIOTCS.

OavH W3 TJIaBHBIX 3arps3HUTENed (PTYTHBIX) — HEMPUTOAHBIC s JAajmbHeHIIen
DKCIUTyaTallMy JIIOMUHECLIEHTHBIE JIaMIIbl, COJIEPKaHUE PTYTH B KOTOPOH COCTABIIIET OKOJIO 55
mr. TakuM oOpa3oMm, JaHHBIE JIAMITbI MOXKHO OTHECTH K MCTOYHHUKY OIACHBIX BEILIECTB.

JHanpHelimass paboTta ¢ JaMraMy JOJDKHA BBITTISJAETH CIEAYIOLIMM o0Opa3oM: mepeaua
JAHHBIX MCTOYHUKOB OIACHBIX BEUIECTB CIEUUAIU3UPOBAHHBIM MPENNPUITHIM, KOTOpBIE
3aHUMAIOTCS MepepabOTKOM JUIsl BTOPUYHOTO UCIIOIb30BAHUS BBIIICYTTOMSHYTHIX.

XpaHeHue MPOU3BOACTBEHHBIX OTXOJOB B paMKax JaHHOW KOMMAHUM MPEACTaBISET U3
ce0sl CKIIaAMpOBaHUE B CHENUAIM3UPOBAHHBIX MOMeENIeHUsX. HempurogHsle K SKCIUTyaTaluu
nammbel  cornmacHo Kmaccudukaropy orxomoB K 005-96, yTBepKIEHHOMY MPHKa30M
['occranmapta Ne 89 ot 29.02.96 r., sBASIOTCSA OTXOAaMH, 0053aTE€IBHBIMU K OTIEIBHOMY cOOpY

U COPTHPOBKE.
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5.4. BE3OITACHOCTD B UPE3BBIYAMHBIX CUTYAILIUAX.

5.4.1. Ilo:xkapHas 0e30MaCHOCTD

Hasnauenue 37maHusS SBISETCS TIABHBIM (AaKTOPOM TpHU 3aJaHUU 3AaHUIO CTEICHU
OTHeCTOMKOCTH. [[sl ycTpaHeHUs MPUYMH BO3HUKHOBEHHUS IMOXapa B ayJUTOPHH IPOBOIUTCS
KOMILIEKC MPOPUIAKTHYECKUX TTPOTHBOIIOXKAPHBIX MEPOIIPUATHM

- pabOTBI C UCTIPABHBIM 000PYIOBAHUEM;

- pEryJsIpHbIC MHCTPYKTAXH 10 TEXHUKE 0€30MacCHOCTH;

- onpejesieHre oTBeTcTBeHHOro 3a [1b nomeniennii;

- U3/1aHKe PUKa30B 1o Bomnpocam ycuiienus [1b;

- OTKJIFOUEHHE 000pYIOBAHMS OT MUTAHUS 110 3aBEPILICHUIO paboydeil CMEHBI;

- HAJIMYME CXEMBI JJISI 3BAaKyalluu COTPYIHHUKOB B ciydae UIl.

K B0o3MOXHBIM (pakTOpam, IPUBOIAIIMM K TOXKapaM, OTHOCATCS: TICPErpy3KH Ha JTHHHSIX
3JICKTPOCETH, 3aMbIKAHUs, JEU30JISAIUS TPOBOTHUKA.

Jlokanu3oBaTh WM JIMKBUAUPOBATH 3arOPAHUE MOXKHO HCIIONB3Ys CIEIYIONINe CPelICTBA
MOKAPOTYIICHUS :

— BemecTBa (Boja, MecokK, 3eMiIs);

— MaTepHualbl (KOIIMbI, acOECTOBBIC MTOJIOTHA);

— TMOYKapHBII HHBEHTaph (OOUKH U YaHbBI C BOJOM, TTOKapHBIE BEAPA, SIIIUKH U TECOYHUIIBI
C TIECKOM);

— TIOYapHBIE KPAHBI C MMOKAPHBIMU CTBOJIAMH M PyKaBaMU;

— OTHETYIIUTETH.

JlaHHBIE cpeAcTBa MPUMEHSIOT J0 TIpUe3/ia MOKapHOU OpUTaibl.

Cornacio Th B 3manum o00s3aTenbHO J0mKHaA coOmomathbes 11b: mamnuwme mmaHa
9BaKyalllH, CPEACTB OT BO3TOPAHUS M HAIIPABJIIIONINX K IBAKYallMOHHOMY BBIXOJ1y 0053aTENbHO.

KonndecTBo HEOOXOIMMBIX TEPEHOCHBIX CPENICTB OT BO3TOpaHUS — HE MEHEe JBYX Ha
dTake, HAXOMASAIIUXCS B IOJIE 3pEHUS, OCTYMHBIE K OBICTPOMY H3BIATHIO, HE MEIIAIONIUue B

CJIydac 5BaKyalluu.

5.5. BOITPOCHI OBECIIEYEHUS BE3OITACHOCTH

5.5.1. TpeGoBaHusi kK pabounM MecTaM

Pabouee MecTo COTpyaHMKAa — HPOCTPAHCTBO, Ha TEPPUTOPUU KOTOPOTO COTPYIHUK
IPOM3BOIUT TPYJOBYI0 aKTUBHOCTh. BBICOKasi MPOU3BOAUTENBHOCT TPYAA NP MUHUMAJIBHBIX
(GU3NYECKUX U NCUXUYECKUX HaNpsDKEHUSX, a TAKKE MaKCUMAJIbHOM YA00CTBE 00ecreunBaeTcs

B Clly4yae MpaBUJILHO OPraHU30BaHHOTO paboyuero Mecra.
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Cormacao 'OCT 12.2.032-78 , B 3aBUCHUMOCTH OT aHTPOIIOMETPUYECCKUX, (PU3NUECKUX U
MICUXOJIOTHYECKUX TpeOOBaHUH, KOHCTpyHpyeTcss padouee MeCcTO COTpyAHHMKAa. B Tom dmcre,
CJIeyeT Y4YUTBHIBAaThb THUIl OCYILIECTBIISIEMOM IEATEIBHOCTU. B cilydae ¢ MHKEHEPOM YCIIOBMS
clenyoIue:

- ONTUMH3AIUS pa3MellleHus: padounX YCTaHOBOK;

- HECTECHEHHOE MPOCTPAHCTBO AJISi CBOOOJHOTO TIEPEMEIICHHUS;

- JIOCTAaTOYHAasl OCBEIIEHHOCTh MTOMEIICHHS: KaK UICKYCCTBEHHAsI, TaK U €CTECTBECHHAS;

- IIyMHOCTH JI0JDKHA COOTBETCTBOBATH BBIIICIIEPEUNCICHHBIM TPEOOBAHUSIM.

CornacHo ycioBUsSM TpyAa, paboyee MPOCTPAHCTBO UHKEHEPA COOTBETCTBYET paboueMy
MECTY IS CHJISTYCH MHIUBHIYabHON paboTel. [lapaMeTpbl MecTa ciieayromue: miomaip — 5-6

M, BBICOTA — 4 M, 00bEM — JIBa/IIIaTh KYOOMETPOB Ha COTPYIHHKA.
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3AKJIIOYEHUE

B pamkax npojesnanHON pabOThI ObLIO UCCIIEAOBAHO BIUSHUE IPEABAPUTEIBHON OLIEHKU
IUIACTOBBIX CBOWCTB IO JMHAMUYECKUM JaHHbIM c pgaryukoB TMC Ha mnocnenyouiee u
npeaplayllee IUIAHUpOBaHWE M 1Moa0op KaHmuaatoB Ha ['TM Ha HEHTpaIbHOM YdacTKe
KpanuBruHCKOro MECTOPOKACHHUS.

IIpoBeneHHbIe pacdyeTbl W aHAIU3 MOKA3AJIMA CTEHEHb BIIMAHUA HEKOPPEKTHOM OLEHKU
IUTACTOBBIX IapaMeTpPOB Ha pPa3pabOTKy ydacTKa, a Takke OSKOHOMHYECKH d]dexr,
OKa3bIBaeMbIl mpu riaHupoBanuu ['TM B aTom citydae. CormacHo MpoBeieHHOMY (pakToOpHOMY
aHaJM3y OCHOBHOM IpoOsemMol npu IuianupoBaHuu I'TM Ha yyacTke OKaszalMcCh IUIACTOBOE
JaBJICHUE U TNPOHMIIAEMOCTb, YTO CKAa3aJOCh Ha HEIONOJIYYEHHM IUIAHOBBIX IPUPOCTOB IIpU
npoBeseHuu poporocrodamux Kpynsusix I'TM. Ilpu nnanuposannu I'TM ¢ 1aHHBIME HCXOIHOU
MIPOKCH MOJIEIIH SKOHOMHIUYECKuH 3 ekt meponpusituii oneHuBaics B 156 miH pyo.

ITocne npoBeneHust aHanau3a JA0ObIYM U YTOUHEHHS BBILIEYKAa3aHHBIX IapaMeTpoB Oblia
aJlalTUPOBaHA MPOKCU-MOZEIb y4acTKa IO ILIACTy 10,° na TEKyILHUE ITPOMBICIOBBIE JaHHble. C
Y4E€TOM IPOBEACHHOM aJalTallMd IPOSICHUIACH JIOKAIBHOCTH 30H IIPOCEBILEr0 IUIACTOBOIO
nasieHust BBuAy HeapdexkruBHoctu Il u yxoma Boael B 3aKOHTypHYIO obsacth. Pacuer
NOTEHIMaja CKBAXMH C aJJalTUPOBAHHBIMU JAHHBIMM, Ha KOTOPBIX paHee ObUIM NPOBEJCHBI
I'TM, noka3an nepeonenky Y/IJ[ B 63 muH py6. IlpoBeneHHbIN aHanu3 mokasajl BakKHOCTh
MIPOBEJCHUS IPEIBAPUTENILHOTO aHalKu3a JOOBIUM M IIEHHOCTh MPOMBICIOBBIX JTUHAMHUYECKUX
JAHHBIX, COOp KOTOPBIX HE TPEOYIOT OCTAHOBKH CKBAaXXUHBI, UYTO TAKXKE SIBJISIETCS KOHKYPEHTHBIM
[IPEUMYILECTBOM TaKOBBIX.

B pamkax ajgantanuu NpOKCHU-MOJIENH Y4acTKa ObUIM BBISBIEHBI MPOOJIEMHBIC 30HBI,
YTOYHEHHE KOTOPBIX MpHU JaibHeWmeld padoTe ¢ MPOKCH-MOJAENIbI0 HEOOXOJUMO, a WMEHHO,
OKpY)KE€HHE HarHETAaTeIbHBIX CKBAKHH C MpeanonaraeMbiMu KosbMaTanueit [1311/yxomom BosI
B 30. CxoauMocTh (haKTUYECKUX U MOJENBHBIX JaHHBIX COTJIACHO MOJYYEHHOMH MPOKCH-MOAETH
SBIISICTCS YBEPEHHOM, YTO TO3BOJISIET MCIOJIB30BaTh JAHHBIE TEKYIEH MOAETH MpH OyTylIux
manupoBanusax ['TM. OpHako, aKTyaJlbHOCTh IOJYYEHHOM MOJEIU KOppEIupyercs ¢
PEryJsIpHOCTHIO OOHOBIJIEHHUS MPOMBICIOBBIX JaHHBIX 0a3bl «I'u/l». [l ontumusanuu npoiecca
rianupoBanust ['TM Ha ygacTke ObUIH IPEIOKEHBI CIISAYIONINE METOAUKH: pa30MeHue ydacTKa
Ha DJEMEHTHl 3aBOJHEHHMS C IPHUCBOCHHEM IIOCPEICTBOM YCIOBHBIX (YHKUUH KaxIOMYy
aneMeHTy cootBercTBytoniero ['TM u BecoBoro kosdduuueHTa omnepanuu; peryiaspHoe
HOCTPOCHHUE KAPThl U3MEHEHUSI CKUH-(AKTOPa y4acTKa JUIsl BBIBICHUS CKBaKUH-KaHIUAATOB HA

I'TM.
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H. H. AnnpeeBa IIpoGnembl MpoeKTHUpPOBaHUS, pa3pabOTKH U OSKCILTyaTallid MEIKHX
He(TAHBIX MecTopoxaeHuit.- M., OAO BHUMOOSHI - 2003 r-196 c. —c. 70
H.N.Xucamyraunos, II.®.TaxayrnuunoB, A.l.Temuna wu np. IlpobGrembr u3BiedeHUs
ocTaTouHO HepTH PuzuKo-xuMHYecKuMH MeToaamu.- M.: BHUMOOSHI. - 2001.-184 c.
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OCT 39-225-88; Bona st 3aBoiHeHHSI He(TAHBIX TUIacTOB. TpeOoBaHUS K Ka4eCTBY.
[TpaBuna 6e3omacHOCTH B HEe(TAHON M ra3oBoil npomsinuieHHOCTH. [16 08-624-03. VTB.
[TocranoBnenuem @enepaibHOTO TOPHOTO U MPOMBIILIEHHOTO Haa30pa Poccun 5.06.2003
L.

[Tpoekt mpobHO¥ »skcruryaranuu KpamuBuHckoro wmectopoxaeHus. Ortuer mo HUP,
TomckHUITUHedTH, ToMck, 1994 1.

Pa3paboTka pekomeHanui, mporpaMmbsl padoT U COMPOBOXKACHUE YCIYT IO IPUMEHEHHUIO
MVYH (metomsl yBenuueHHs HEPTEOTIAaud) C IEJbK0 CHIDKCHHsT OOBOJHEHHOCTHU
no6siBaeMoi mpoaykiun Ha MectopoxaeHusx OAO «TomckuedTs» BHK nHa 2009 T
Otuer OO0 «PH-YpaHUIINHEDTHY, Y ha-CtpexeBoii, 2009 1.

P/l 153-39,0-047-00. PermameHT MO CO3JaHHUIO MOCTOSSHHO JEWUCTBYIOLIUX T'€O0JIOro-
TEXHOJIOTUYECKUX MOJeNIed HePTIHBIX U Ta30BbIX MecTOpoxacHU. — M., 2000 1.
PykoBoacTtBo momb3oBarensa. Iloctpoenme mnpokcu-momenu 1iacta, OO0  «PH-
YoaHUITNHeDTHY, Yda 2009

X. Mykepmxu. [IponsBoautenbHOCTh CKBakUH. PykoBozacTso. - M.:FOKOC, 2001-90 c.
YepuoBa, O.C., 2010, Ouocrparurpapuueckass xapakrepuctuka Iuacta Ol

KpanuBuHCcKOro MectopoxaeHus, TOMCKUI OJINTEXHUYECKUA YHUBEPCUTET, TOMCK.
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IMTPUJIOKEHUE A

(cnpaBouHOE)
['eonornueckuit pazpe3 KpanmBUHCKOTO MECTOPOKICHUS
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HPUJIOKEHUE b

(cipaBOYHOE)

3
XapakTepucTrKa TOJILIMH U HEOJHOPOAHOCTH MPOIYKTUBHOTO 1u1acta 0

IInact I013
ITapameTtp ITokazarenu
H3 BH3 [To 3anexu
cpenHee 3HauCHUE 15,8 15,3 14,8
KO3 pUIUEHT
OO01as ToumHa 0,16 0,67 0,23
BapUaIu
(B mpegenax
POHMULIAEMONU
YaCTH TIACTa), M HHTEpBAa oT 4,4 54 4,4
U3MEHEHUS bi o) 32,1 38 38
cpelHee 3HauUCHHUE 147 8,6 11,8
Koo puumeHT 027 | 044 0,31
OddexTrpHas BapHaIuu
He(TCHACHIIIICHHAS
TOHIHA, M WHTEpBAT ot 0,9 0,9 0,9
W3MEHEHUS bifo) 24,7 27,2 27,2
cpeliHee 3HaueHUe - 5,8 58
K03 UITHEHT ) 0,53 0,53
OddexTrBHas BapHaIuu
BOJIOHACKIIIICHHAS
TOIIIHERd, M HHTEPBAJ oT - 0,5 0,5
U3MEHEHUS bi o) - 30,5 30,5
71
Koomuent cpeliHee 3HauUCHHUE 0,66 0, 0,68
MECYaHUCTOCTH
JL0JIX €N, K03 UITHEHT 0,18 017 0.18
BapUaIiu
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HUHTEpBaI oT 0,17 0,26 0,17
W3MEHEHUS bi (o) 1 1 1

cpenHee 3HauCHUE 19 19 19

KodpuimeHT 034 | 036 0,36

Koaddumment Bapualuu
pPaC4JICHECHHOCTH,

AOMI HUHTEpBa oT 1 1 1
A3MEHEHUS bi o) 9 5 9
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IMPUJIOKEHUE B

(oGs3aTenbHOR)

Bre16op ['TM 1y1st 51€MEHTOB 3aBOTHEHUS

or6opamu ot HA3

IIpUTOKA BOIbI

20-40% - cpeaHU TPUOPUTET
(xenTeiii cBeTodop), bosee 40%
BBICOKHM I MPUOPUTET (KPACHBIH

cserodop)].

CyMMapHBIH peHTHHI JIEMEHTOB 3aBOJHEHU S
Kpurepuii Oneparus I'paHuUI1IbI Becosoii Panr JlonoJHUTENBHBIE
% Kom-Bo KO3 (PPUITNEHT napaMeTpbl
IIpouenT nanenus Pr ot TToTrepu HedTH OT CHMIKEHUST
IIepPBOHAYAIBHOIO. Pt Ha xoHelw roaa.
TIprOopHUTETHOCTH 3a1aCTCsI B TIprOopUTETHOCTH 3a1aCTCsI B
3aBMCHMOCTH OT HPOICHTA 3aBUCHMOCTH OT HPOIECHTA
nageHus [cHM>keHue Pt meHee nmajaceHus [CHU>KEeHHE MeHee 5
IlpouenT nmanenus | OnTumMusanus 60% - HU3KUH IPUOPUTET T/CYT - HU3KUH IPUOPUTET
P ot Prir.nau cucremsl T (Benensriii ceetodop), 60-80% - | (3erensiit cBerodop), 5-10 T/cyT |
CpenHUN NpUOPUTET (GKEIITHIA CpeaHHH NMPpUOPUTET (GKEITHIN
cBeTodop), 6osiee 80% - cBeTodop), 6osiee 10 T/CcyT -
BBICOKHMH NPUOPUTET (KPACHBIH | BBICOKAM ITPHOPUTET (KPACHBIH
ceerodop)] ceerodop)] Becosoii
Kod(hdUIHEeHT
IIpouenT or6opa ot HI3. npugaer
ITpuopuTEeTHOCTE 3a/1a€TCs B 3HAYMMOCTD Mecro snemenra
3aBUCHUMOCTH OT ITPOILICHTA KPUTEPHUIO B 3aBOIHCHUS B
nageHus [Beipaborka 100-110% A CyMMapHOM MacCHBE JaHHEIX 33.
Vccnenopanue, HU3KAH NPHOPUTET (3€JICHBIN 5 peiiTunre o C6aMbIM
OT160p oTr HU3 cBeTtodop), 110-150% - cpenumii - 3JIEMEHTOB POOJIEMHBIM
ou3 . 3JIEMEHTaM
npuopuTeT (OKeNThIi cBeTodop), 3aBOJIHEHUS .
6omee 150% - BBICOKMIL (BO3MOXHO “pHCBoePf‘ CaMBIn
npuopuTeT (KpacHbI 3a71aTh BBLICOKMU DaHI.
cserodop)]. 3KCcTIepTHO OT O
no 10).
TIpeBbIICHHE OOBOTHEHHOCTH
Hax or6opamu ot HM3 o D3.
ITpuopuTEeTHOCTE 3a/1a€TCs B KomudaecTBO CKBaXkuH ¢ %
3aBMCHUMOCTH OT NPEBBIICHUS %0 BOJBI > 80% 1 Qu < 0.5
ITpeBbilIeHuEe [ 6onpme 20% - HU3KUH T/CYT; HEepCeUCHb
OOBOJIHEHHOCTHU Orpanuyenue IIPpUOPHUTET (3eJIeHbIH cBeTOdOD), - xaHaunaros Ha PUP;

CpeaHUIH TPUPOCT OT
nposeaeHHbIX PUP 3a
XXXX-XXXX IT, T/CyT
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OnTuMu3anuu
CHUCTEMBI
pa3paboTKu

OnTumMusanus
CHCTEMBI
paspa6orku (BHC,
3BbC, noctpei)

Cpenssis ototaib O3 Ha 1 ckB.
IIpuopuTeTHOCTH 3a1aeTCs B
3aBHUCUMOCTH OT CpegHen
mromaau Ha 1 ckB. [ Mmernee 100
ra/CKB - HU3KHI IIPUOPUTET
(Benensrit ceerodop), 100-500
ra/CKB - CpeaqHUN TPUOPUTET
(>kenThil cBeTOdOp), Oostee
500% - BBICOKHI IPUOPUTET
(xpacHbIi cBeTodOp)].

ITorennuan mo

IIpeBbimmenue P3ad nan PHac.
ITpuopuTeTHOCTH 3aMa€TCs B
3aBUCHMOCTH OT OTHOIICHUS
P3a6/Puac [MeHee 2 - HU3KA M
npuopuTeT (3eJIeHbIl cBeTodop),

WJIH g -
P3a6 2-4 - cpenHuii npuopuTeT
(kenTeiii cBeTodop), 6omee 4 -
BBICOKU U NpuopUTET (KPaCHBIN
ceetodop)].
Hwuszkuii temn
MHTeHcupukaus
BBIPAOOTKH -
HOpUTOKA
3aracoB
CyMmMmapHasi HEBCKpPbITast
TOJIIIMHA [10 CKBAYKHUHAM.
IIpuopuUTETHOCTH 3271a€TCSI B
3aBUCHUMOCTH OT TOJIILIMHBI
[<20M - HuU3KKI IpUOPUTET
CHuxeHue .
TIBJIT (3enensrit ceetodop), 20-100m - -
OPOAYKTUBHOCTH

CpenHUuM NpUOpUTET (GKEIJITHIH
cBetodop), >100m - BEICOKH I
NPUOPUTET (KPACHBIH

ceetodop)].

Becosoit
KO3 (ppunmeHT
npuaer
3HAYUMOCTbH
KPUTEPHUIO B
CyMMapHOM
pelTuHre
3JIEMEHTOB
3aBOJTHECHUSI
(BO3MO>KHO
3a7aTh
3KkcnepTHO oT 0
o 10).

MecTo snemeHTa
3aBOIHECHUSI B
MAacCHBE JJaHHBIX D3.
CamMbIM
npoOIEeMHBIM
3JIEMEHTaM
IPUCBOEH CaMBbIi
BBICOKAW paHT.

KoJin4yecBO CKBaKHH C
IMOTEHIIHAIBHBIM
npupocTom 6oJiee 2 T/CyT;
CyMMapHBIH ITPUPOCT 1O
CKBa)KHHAaM C
moTeHnaaom no P3ao;
CKBaKHHBI-KaHINIaThl Ha
nposenenue MJIH

OcraTo4yHbIe
U3BJICKACMBIC 3aachl
npuxojsmyecs Ha 1
CKBKUHY

CKBa)KHU HbI-KaH U ATkl
Ha [IBJII', cpenamnit
OPUPOCT U CKBAXKHUHBI C
paHee NpOBEICHHBIMU
TIBJIT" no npobyieMHOMY
23
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CHmKeHue
MPOAYKTUBHOCTHU

CHsTHE CKAH-

(haxropa

Cuuxenue Knpog.
IIpuopuTeTHOCTH 3a1a€TCs B
3aBHCHUMOCTH OT CHH)KEHHS

Knpon [menee 33% - Hu3Kui
MIPUOPHUTET (3eTCHBIH cBeTOdOD),
33-67 - cpenHuil TpUOPUTET
(kenTeiit cBeTodop), Oorree 67 -
BBICOKUM MPUOPUTET (KpacHBIi

cBeTodop)].

Ilorennuan Ha
T'PIT

I'PIT

CyMMapHbIil IpUPOCT 11O
CKBaKMHAM C MOTEHLIMAJIOM Ha
I'PIT

Becosoii
ko3 (urneHT
NpUaaer
3HAYNMOCTb
KPUTEPUIO B
CyMMapHOM
peWTuHre
3JIEMEHTOB
3aBOJTHEHUS
(BO3MOXXHO
3a1aTh
9KcIepTHO OT 0
1o 10).

MecTo a5ieMeHTa
3aBOJIHCHHUS B
MacCHBe JaHHBIX D3.
CambIiM
MPOOJIEMHBIM
3JIEeMEHTaM
MPUCBOEH CaMbIi
BBICOKU paHr.

CyMMapHBIH IpUPOCT IO
CKBa)KHHaM C
norenuuaioMm Ha OII3,
KOJINYECBO CKBAKUH C
MTOTEHLIUAJIBHBIM
npupocrom ot OII3 Goiee
2,5 1/cyr

CyMMapHBIH IPHUPOCT MO
CKBaXXMHaM C
motentuaimom Ha ['PI1,
KOJIMYECBO CKBAKUH C
MTOTEHI[UATbHBIM
npupocrom ot I'PIT Goree
8 T/cyT, CKBa)KUHBI-
KaHIUAATHl Ha
nposenenue ['PII,
CpEeIHUH NIPUPOCT U
CKBa)XHHBI C paHee
nposeneHubiMu ['PI1 3a
XXXX-XXXX IT.
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IMPUJIOXKEHUE T’

(o0s3aTeNbHOR)

Pacuer YJI/1 ot npoBenenus I'PII: mnan u paxt

4965 13405 |13405] 4975 5345 | 5345 13405 | 1340513445 | 1344513385 | 13385
ITapameTp 4965 11aH 4975 mwiaH
¢akT ¢axT | aH | pakT ¢akT | aH | pakr | waH | pakr | wiaH | pakT | man
Hodd, m 10 10 15 | 1.5 | 193 19.3 74 | 74 | 224 | 224 49 | 49 | 171 | 171
Hodb, M 10 10 15 | 15 | 103 10.3 74 | 74 | 64 | 64 | 49 | 49 | 171 | 171
M, ToHH 100.0 | 100.0 95 | 10.0 | 1000 1000 | 95 | 100][ 60.0 | 600| 95 | 100[ 305 | 31.0
b, TOHR/M3 2.13 2.13 213 | 213 | 213 213 | 213|213 213 [213| 213 [ 213 | 213 | 2.13
V npormanTa, M3 47.05 | 47.05 | 4.47 | 470 | 25.11 | 2511 | 4.47 | 470 | 807 | 807 | 4.47 | 4.70 | 14.35 | 14.58
Qu s10, T/neHE 7.8 7.8 00 | 00 | 135 135 00 |00 | 42 | 42| 00 |00 | 00 | 00
Qu noc e, T/7eHD 10.0 17.0 132 | 151 | 26.0 279 | 305|228 184 | 175| 373 | 37.4 | 158 | 435
CTOWOCT};’y‘ga%T’ M 1 5835 | 5.835 |5835|5835]5835 | 5835 |5835|5.835]5.835 |5.835| 5.835 |5.835] 5.835 |5.835
CTOWO;i;gi’,‘G’““ama’ 10.551| 10.551 | 1.002 |1.055|10.551| 10.551 |1.002|1.055]| 6.331 |6.331| 1.002 | 1.055| 3.218 |3.271
Kamai”ifyzamam’ 16.39 | 16.39 | 30.21 |30.26]16.39 | 16.39 |30.21|30.26| 12.17 |12.17| 30.21 | 30.26| 32.42 | 32.48
yBe““;;?: £e6ma’ 1.45 709 | 1064 [12.17| 9.52 | 11.05 |24.58|18.37| 11.27 | 10.55| 30.06 |30.14| 12.73 | 35.06
Hponaxa wa BHyTpeHHeM | ) 015 | 0061 | 0.091 [0.105] 0.082 | 0.095 |0.211|0.158| 0.097 |0.091] 0.258 | 0.259| 0.109 |0.301
PBbIHKE, MJIH pyO
Tlponaxa ma BrewmeM | o oag | 9043 | 0.065 [0.074] 0.058 | 0.068 |0.150|0.112| 0.069 |0.065| 0.184 |0.185| 0.078 |0.215
pBIHKE, MJIH PyO
Jloxon B neHs, mum py6 | 0.021 | 0.104 | 0.157 |0.179] 0.140 | 0.163 |0.362|0.270| 0.166 |0.155| 0.442 |0.444| 0.187 | 0.516
Hasior B sienn, mum pyG | 0.008 | 0.041 | 0.062 |0.071]| 0.056 | 0.065 |0.144|0.107] 0.066 |0.062| 0.176 |0.176] 0.074 | 0.205
Onepatwiontibie 3aTPaTE Bl ( hya | 015 | 0.018 |0.021] 0.016 | 0.019 |0.042|0.032] 0.019 |0.018] 0.052 |0.052| 0.022 | 0.061
JICHb, MJIH pyO
Hp”&"m’p‘;g‘em” M 1 0.010| 0.051 | o0.076|0.087|0.068| 0079 |0.176|0.131] 0.081 |0.075] 0.215 |0.215] 0.091 | 0.250
Hepuon | 1579 323 397 | 348 | 241 208 172 | 231 | 151 | 161 | 141 | 141 | 356 | 130
CaMOOKyHaeMOCTI/I, JHCHU
YT, man py6 i 2 2 1 8 12 34 | 18 | 17 | 15 | 48 | 4s 1 59
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HPUJIOKEHHUE /]

(oGs3aTenbHOR)

Pacuer Y1 /I ans ckBaxkuH-KanauaatoB Ha ['PIT

INapameTp 4665 13165 13445 13405 4965 4975 4855
Had, m 17.6 13.12 3.89 4.9 9.2 7.49 9.58
Had, m 17.6 13.12 3.89 4.9 9.2 7.49 9.58
M, TOHH 101.6 75.8 22.5 28.3 53.1 43.3 55.3
p, TOHH/M® 2.13 2.13 2.13 2.13 2.13 2.13 2.13
V nponnanta, M 47.82 35.65 10.57 13.31 25.00 20.35 26.03
QH j10, T/nCHD 18.0 3.3 2.3 5.1 6.1 6.7 10.0
QH nocsie, T/1eHb 65.7 21.6 3.4 5.6 36.5 41.7 49.3
Croumocts paboT, MIIH pyd 5.835 5.835 5.835 5.835 5.835 5.835 5.835
CrouMOCTb ITPOINNAHTA, MIH
pyo 10.724 7.994 2.370 2.986 5.606 4.564 5.837
KamnunrtansHble 3aTpaThl, MIIH
pyo 16.56 13.83 8.21 8.82 11.44 10.40 11.67
VBenuuenune nedura,
v>/nens 10.75 5.79 -0.60 -2.15 9.25 10.84 11.05
Iponaxka Ha BHYTPEHHEM
PBIHKE, MITH py0 0.092 0.050 -0.005 -0.018 0.080 0.093 0.095
IIponaxka Ha BHEIHEM
pBIHKE, MJIH py0 0.066 0.035 -0.004 -0.013 0.057 0.066 0.068
Jloxon B ieHb, MITH py0 0.158 0.085 -0.009 -0.032 0.136 0.160 0.163
Hasior B ieHb, MITH pyo 0.063 0.034 -0.003 -0.013 0.054 0.063 0.065
OmnepanilioOHHBIE 3aTPaThl B
JIeHb, MJIH pYO 0.019 0.010 -0.001 -0.004 0.016 0.019 0.019
IIpuOBLTE B IeHB, MITH py0 0.077 0.041 -0.004 -0.015 0.066 0.077 0.079
Ilepron caMOOKyIIaeMOCTH,
JHEH 216 334 -1926 -574 173 134 148
Y0, miaH pyo 11 1 -10 -14 13 18 17
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