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IIJTAHUPYEMBIE PE3YJIBTATBI ObYUEHUS 110 OOII

Pe3yabTaTsl 00yyeHus

2

P1

[IpuMeHATh €CTECTBEHHOHAY4HBIC, MAaTEMaTU4YECKHE, T'yMaHUTapHbIE, JKOHOMHUYECKHUE,
WH)KCHEPHbIE, TEXHWYECKHe U TIIyOoKkue mpodeccuoHambHbIe 3HAaHUSA B 00JacTH
COBPEMEHHBIX HeTEera30BbIX TEXHOJIOTUH JUTS peuieHus MIPUKIIATHBIX
MEXIUCIMIUIMHAPHBIX 337124 W HHXCHEPHBIX NPOOJIeM, COOTBETCTBYIOMIMX MPOGUITIO
IIOJATOTOBKH

P2

[InanupoBaTh ¥ NPOBOJUTH AHAIMTHUYECKUE M SKCIEPUMEHTAIbHBIE MCCIEIOBAaHUSA C
WCIIOJIb30BAHUEM HOBEMIINX JOCTHKEHUM HAYKU U TEXHUKH, YMETh KPUTUYECKH OLICHUBATH
pe3ynbTaThl M JENaTh BBIBOJBI, MOJYYEHHBIE B CIOXKHBIX M HEOINPEACIEHHBIX YCIOBUSAX;
WCIOJIb30BAaTh  MPUHIUINBI  M300peTaTesbcTBa, IMPABOBbIE  OCHOBBI B oOnacTu
MHTEJJIEKTYaJIbHOM COOCTBEHHOCTH

P3

[IposiBnsiTh podeccnoHalIbHYI0 OCBEIOMIIEHHOCTh O MEPEOBbIX 3HAHUSIX U OTKPHITUSAX B
obnmactTu He(dTerasoBbIX TEXHOJOTMH € Yy4eTOM MEpelloBOr0 OTEUECTBEHHOIO U
3apy0eKHOTO ONBITA; UCII0JIb30BATh HHHOBAIIMOHHBIN MMOAX0]T TPHU pa3paboTKe HOBBIX HaeH
U METOJOB TMPOEKTUPOBAHUS OOBEKTOB HEPTEra3oBOro KOMIUIEKCa JMJIsi pelIeHUs
WHXEHEPHbIX  3aJay  pa3BUTUS  HEPTEra3oBbIX TEXHOJOTUH, MOJEPHU3ALUU H
YCOBEpUICHCTBOBaHUS He(pTera3oBoro Mpou3BoJICTBA

P4

Bri6upaTe onTHMalibHbIE PEIIeHHUs] B MHOTO(AKTOPHBIX CUTYallUsX, BIaJeTh METOJaMU U
CpeaAcTBaMu TEXHUYCCKOTO MOACIUPOBAHUA MNPOU3BOJACTBCHHBIX IMNPOLECCOB U 00BEKTOB
HeTEera3oBOM OTpaciy; YIPABIATh TEXHOJOTHYECKUMHU TIPOIIECCaMH, OOCITYy)KUBAThH
00OpyJIOBaHUE, WCIIOJF30BaTh JIFOOOW WMEIOIIMICS apceHal TEXHHYECKHUX CpPEeJCTB,
obecreunBaTh BRICOKYIO 3(pGeKTUBHOCTE NpH pazpaboTke HedTEra3oBbIX 00HEKTOB

P5

CaMOCTOSITeTHHO YYUTHCSI M HENPEPHIBHO MOBBIMIATh KBATHU(PHUKAIMIO B TCUCHHE BCETO
neproa mpo(ecCHOHANTBHON JEATEIIEHOCTH; aKTUBHO BJIAJIETh WHOCTPAHHBIM SI3IKOM Ha
YPOBHE, TMO3BOJIAIONIEM padOTaTh B HWHTEPHAIMOHAIBHON cpele, pa3pabaThIBaTh
JOKYMEHTAIMIO M 3alIHIIATh Pe3yIbTaThl HH)KCHEPHOU JeSITEIbHOCTH

P6

PaGortath 3¢ (ekTHBHO B KauecTBE 4jieHa U PYKOBOIUTEINS KOMaHIbl, YMEHHE (OPMUPOBATH
3a/laHUsl U OTepaTUBHBIC IJIAHBI BCEX BUIOB JESATEIBHOCTH, PACHpENeNiaTh 00sI3aHHOCTU
YJIEHOB KOMAaH[Ibl, HECTH OTBETCTBEHHOCTb 3a pE3yJAbTaThl pPabOTHI; KOOPAWHUPOBATH
paboTy Tpymil MO M3BJICYECHUIO U COBEPIICHCTBOBAHUIO NOOBIUM HE(PTH, raza M ra3oBOro
KOHJICHCATa, epeaBaTh 3HAHUS Yepe3 HACTABHUYECTBO U KOHCYIHTUPOBAHUE

P7

BHe,Z[pHTL, IKCIUTYaTUPOBATh U 06CJ'Iy>KI/IBaTB COBPCMCHHBIC MAIIWHbI U MCXAaHU3MBbI IJIA
peain3alilid TCXHO-JIOTUYCCKUX IIPOLCCCOB He(i)TeFa3OBOI>'I O6J'IaCTI/I, oOecrneynBaTh HX
BBICOKYHO 3(1)(1)CKTI/IBHOCTB, CO6J'II-O,I[3.TB IMpaBujia OXpaHbl 3J0POBbS U 0e30MIacHOCTH Tpyaa,
BBITIOJIHATD Tpe6OBaHI/IH 10 3alIUTC OKp}I)KaIOIHeﬁ CpCabl

P8

HpOSIBJ'IHTL HpO(bCCCI/IOHaJIBHYIO OCBCAOMIICHHOCTL O II€CPCAOBOM OTCYCCTBCHHOM H
SaPY6e)KHOM OIIBITC B MOACIIMPOBAHUU JHUHAMUYCCKHU BA3ZKHX CPCI U HU3KOIIPOHHUIACMBIX
KOJIJICKTOPOB

P9

[Ipemiarate npoueaypsl OLEHKH 3(PGEKTUBHOCTH NMPOMBICIOBBIX pabOT M ONTHUMM3ALUU
paboTbl 00OpyAOBaHUS HpU A0ObIYe He(TH, raza M ra3oBOro KOHJAEHcaTa, o0ecredeHne
9HEProdpPeKTUBHOCTH TEXHOJOTHYECKUX MPOLIECCOB

P10

ObecnieunBaTh BHEIPEHUE HOBBIX METO/I0B, MAaTEPUAJIOB U He(pTerazoBoro 060py/10BaHus B
OCJIOKHEHHBIX YCIIOBHUSX SKCIUTyaTallud HE(PTSHBIX U Ia30BbIX CKBAXKUH, IPOTHO3UPOBATH
pexuMbl  Oe3onmacHoi pa®oThl  HedrerazoBoro o0OOpYyAOBaHMS IO JUHAMHUYECKHM,
JIOKaJIbHBIM M OCPEJHEHHBIM IapamMeTpam

P11

KoHTponupoBaTh BBHINIOTHEHHE TpPeOOBaHMW pETJIAMEHTOB Ui OOecTeueHus: J100bIvn
He(TH, Taza W Ta30BOT0 KOHACHCATa U TOBBINICHUE WHTECHCHU(PHUKAIUU MPUTOKA
CKBKUHHOU MPOTYKIHH




P12 | CoBepuieHcTBOBaTh, pa3pabaThiBaTh MEPONPUATHS W/WIM IOATOTaBIMBAaTH OHW3HEC-
MPEUIOKEHUS M0 TEXHOJOTMYECKOMY MPOIECCY M TEXHOJOTHUECKUM MEPONPHUATHIM TPU
no6brue He(hTH, ra3a U Ta30BOro KOHJIEHCATa Ha OCHOBE IIPOU3BOACTBEHHOIO MEHEPKMEHTA
U TUIAHUPOBaHUs paboT B chepe HedTerazoo0bun

P13 | KoppektupoBaTh mporpammbl pabot mo noOsde HedTH, Ta3a W Tra3oBOTO KOHJEHCATA,

BBHIOMpATh ¥ MPUHUMATH PEIICHUS B HECTAHJAAPTHBIX CUTYalUAX, OMNHUPasICh Ha
roCyJapCTBEHHBIE CTAHIAPTHI B 00J1aCTH HEPTETra30100b191




MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu
denepanbHOE rOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE YUPEKICHHUE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHUM MOJIATEXHUYECKA YHUBEPCUTET»

NnxenepHas 1ikosa mpupoHbIX peCypcoB

Hanpasnenue noaroroku (crenuanbHocTh) 21.04.01 «HedrerazoBoe nemox»

[Ipoduins «Ypasienue pa3pabOTKON U SKCIUTyaTalliell HE(TIHBIX M Ta30BLIX MECTOPOKICHUIN
Kadenpa pazpaboTku u 3KCIuTyaTanuy He(TIHBIX U Ta30BBIX MECTOPOKICHHUH

VTBEPXAIO:

PyxoBoaurens OOII

3atukos I1. H.

(ITonmuce) (Mata) (®.1.0.)

3AJIAHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(PUKATMOHHON padoThI
B dopwme:
‘ Marucrepckoi IuccepTanuu
CryneHnry:
I'pynna [)4(0]
2B6MeI’ Ounpos ['1e6 Oneropud

Tema paboThI:

IlocTpoenne u 0COOEHHOCTH aJANTANMM THAPOAMHAMMYECKON MO/IEJIH C Y4eTOM
HEOTHOPOJTHOCTH KOJLIeKTOpa HedTsasHoro mecropoxaenus "'X'" (Tomckasi 00J1acTh)

YTBepKaeHa TPUKA30M JUPEKTOPA \ 1396/c ot 01.03.2018

\ Cpok criauu CTYJCHTOM BBITIOJTHEHHOHN paOOTHI: \

TEXHUYECKOE 3AJIAHUE:
Hcxonubie qaHHbIC K paboTe W cxoMHBIMU TaHHBIMH JIJ1s1 PAOOTHI SIBJISIOTCS :

PesynbraTel untepnperammu ['C

2. Ctparurpaduyeckue OTOMBKH IJIACTOB

3. Pe3ynbTaTel MHTEPIPETALIMHN CEHCMUYECKIX
HUCCIIEI0BAHNNI

4. Pesynbratsl unrepnpetanuu I'/JUC
5. Pe3ynbraTel ompoOOBaHUS CKBaKUH
6. JlaHHbIe 0 COCTaBe U CBOWMCTBAX IJIACTOBOTO (hirouaa

7. 'eonornueckast MoJieJib

[lepeuens noanexanux N3yuenne MeTOAMKHM MOCTPOEHUS IM(PPOBBIX MoJesei
UCCIIEIOBAHUIO, IPOEKTUPOBAHUIO U MecTopoxkaeHuil. IlocTpoenne ruapoauHAMUYECKON
pa3paboTke BOIPOCOB MOJEIN MECTOPOKIACHUM. AHaIM3 KadecTBa MOJEIH.
HccnenoBanue ocoOEHHOCTEH MOCTPOEHUS U aJanTaluu
MOJEINM B  YCIOBHUSAX BBICOKOM  pacuJI€HEHHOCTH
KOJIJIEKTOPA. 3aKIII0YEHHUE 10 MPOBEICHHOH padoTe
[lepeuens rpaduueckoro Marepuana 1. O630opHas kapTa paiioHa;

2. TexToHMYecKas KapTa pailoHa;

3. Kpocc-mnoT no6s14u BoIbI

4. Kpocc-miot 1o0suu HeTH,

KoHCynpTaHThI 0 pazjesiaM BBITYCKHOM KBaJTM(HUKALIMOHHON paboThI




Pasznen KoHcynbTrant
DUHAHCOBBIN MEHEPKMEHT [Mapd MN.B.
CornuanbHas OTBETCTBEHHOCTD Aobpamenko H.C.
MHOCTpaHHBIN A3bIK bosicynosckas JI.M.

I[aTa BbIJa4H 3aJJaHUs HAa BBIIIOJTHCHUEC BLIHYCKHOﬁ

KBAJTM(UKAIMOHHON pabOTHI 10 IMHEHHOMY rpaduKy

3aganue BbIAAJ PYKOBOIMUTEC/Ib:

JlomkHOCTB dUO Vena CTeneHs, [Toamuce Jlara
3BaHUE
3ATUKOB
[Ipodeccop OH T.H.
pod p A ITaBen HukonaeBuu A
38218]—[1/[6 NMPUHAJ K UCITIOJIHCHUIO CTYJACHT:
I'pynna DUO IToanuce Hata
2BM6I Ounpos I'ne6 Onerosuy




MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu
denepanbHOE FOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKACHHE

BBICIIIETO 00pa30BaHuUs

«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHWA MMOJJUTEXHUYECKWA YHUBEPCUTET»

NnxenepHas 1ikosa mpupoHbIX peCypcoB
Hanpasnenue noaroroku (crenuanbHocTh) 21.04.01 «HedrerazoBoe nemox»
IIpoduns «YpasieHnue pa3paboTKON M dKcIyaTanueil HeTIHBIX U Fa30BBIX MECTOPOKICHUN

Kadenpa pazpaboTku u 3KcIuryaranuy He()TIHBIX U Ta30BBIX MECTOPOKICHUHN

dopma npeacTaBiIeHUsT pabOTHI:

Marucrepckas qucepranus

(bakamaBpckast paboTa, IUIUTOMHBINA TPOEKT/paboTa, MarucTepcKast IICcepTarus)

KAJIEHJIAPHBIN PEUTUHT -TIJIAH

BbINIOJIHEHH S BbIIYCKHON KBATU(PHUKANMOHHOMN padoThl

‘ Cpok cia4yu CTY/IEHTOM BBITIOJIHEHHOM paboThI: ‘

Jara Haspanue pa3snena (Moay.as) / MaxkcumaJbHbIi
KOHTPOJISI BHJI padoThl (McCiIe10BaAHNs) 0aJ1a1 pazaena (MomyJisi)
19.03.2018 | I'eosoro-usnyeckas xapaKTEPUCTHKA MECTOPOKICHUS 20
26.03.2018 | Iloctpoenue ruapoauHaMHIecKo Moenu. Vccnenoranue 20
0COOEHHOCTEHN TOCTPOEHUS THAPOIUHAMUYECKON MO 1N
HEe(PTSIHOTO MECTOPOXKACHUS
09.05.2018 | ®uHAHCOBBI MEHEIKMEHT, pPecypcodPPEeKTUBHOCTh U 20
pecypcocOepekeHne
13.05.2018 | CommanbHas OTBETCTBEHHOCTH 20
21.05.2018 | MHOCTpaHHBIN S3BIK 20
CocTaBuil IPENoOJaBaTellb:
JloJzKHOCTH DdUO Yuenas crenent, Hoanucy Jara
3BaHHUE
3SITHKOB
IIpodeccop OH I.T.H.
pog p A ITaBenn HukomaeBuu
COI''TACOBAHO:
DdUO Yuenas cTeneHb, Moanucey Jara
JloJzKHOCTH
3BaHUe
3ITHKOB
PykoBoaurens OOII O.T.H.
YKOBO ITaBen HukomaeBuu




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBIN MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEKEHUE»
Crynenry:
I'pynna [0
2bMe6I’ Ounpos I'ne6 Onerosuu
M koaa HNHIIIP OTtaenenue mkoabl (HOLD) OTtaenenue HepTerazoBoro
aeJia
Yposenb 00pa3oBaHus Marucrtpartypa Hanpasaenue/cnenmaasnocts | 21.04.01 Hedrerasooe neso

Hcxoaublie nanHblie K pasgeny «PHHAHCOBbIH MEHEIKMEHT, pecypcod(p(peKTHBHOCTH U

pecypcochepeskeHne»:

1. DKoHOMUYeCKUe noKazamenu

Jna  oyenku kommepyeckou  dpghexmusnocmu
paspabomxu mecmopodicoenusi B ucnoavszosams
cucmemy nokasameinet, ompasicarouux
0esAmenbHOCb  NPeOnpUsmusl NPUMEHUMENbHO K
YCI0BUAM PBIHOUHOU IKOHOMUKU, C BKTIOYEHUEM 8
9KOHOMUYECKUe pacyempl Niamedicell U Hauo208.

2. Hopmbl u Hopmamugsl pacxo0oeanusi pecypcos

P 153-39-007-96 Peecnamenm cocmasnenus
APOEKMHBIX ~ MEXHON02UUECKUX OOKVMEHMO8 HA
paspabomky — He@mMAHbIX U 2A30HEPMAHbLIX
MeCmOopoHCOeHULL

3. ”CﬂOJle’yeMaﬂ cucmema H[IJZOZOO6JZO.?¥C€HM}1, cmaesku
HAl0208, Om’-luC/leHulZ, OMCKOHWZLIPOBGHLM u erdumoeamm

Eounvnii  coyuanvuonii  nanoz, cocmaenenuviii 6
306UCUMOCTNU om cmaexu Hanoz2a no
3akono0amenbcmey om ¢onoa oniamel mpyoq,
Hanoz HA 000AGIEHHYI0 CTMOUMOCHb, CHIPAXOGble
83HOCbL, HANO2 HA UMYWECTNB0, HA02 HA NPUOLLID,
Hanoz Ha  000bIYY  NONE3HbIX  UCKONAEMbIX,
9KCHOPMHASL NOWLIUHA U NPOYUE HANLOZ.

IlepeyeHb BOPOCOB, MOMJIEKANMX HCCTEIOBAHNIO, IPOEKTHPOBAHMUIO U pa3padoTKe:

1.  Obocnosanue koappuyuenmos usgnrevenus
y21e6000p0008

TexHuKo-oKOHOMUYECKUll ~ AHATU3 — NPOEKMHbIX
peuienutl npogedeH OmMOeNbHO NO 06vexmy
paspabomxu X. Bcezo paccmompeno 3 eapuanma
paspabomxu obvekma X. Onucanue OCHOBHbIX
onepayuii, NPOBOOUMbIX NO 3ANEACYU, HAKONJIEHHOU
000bIuU Heghmu, KUH, K02 puyuenma
BbIMECHEHUs U NPOEKMHBIX CPOKO8 paspabomxu 8
PAMKAX KAHCO0020 8apuanma.

2. Texnuxo-sxoHoMUYecKoe 060CHO8AHUEe 8b100PA
PEKOMEHOYeMO20 Bapuanma

1. Conocmasnerue 0CHOBHBIX IKOHOMUYECKUX
noxasameietl o 6apUAHMAM Pa3padomxu
00vexma u OanbHeuwull CPAGHUMENbHbIN AHAIU3
aghghexmusHocmu 8apuanmos paspadbomxu
o0bvexma.

2. Bwibop pexomendyemoeco 0151 npakmuyeckou
peanusayuy 8apuanma Ha OCHO8e CONOCMAGIeHUA

3. Ananuz uyecmeumelbHocmu npoexkma

Pacuemvr  uyecmeumenvHocmu  npoekma K
USMEHeHUr0  MmaxKux — (axmopos,  Kaxk:  yeHa
peanusayuu Hepmu, o00vem 00bvbIuU  Hepmu,
IKCNIYAmMayUuoHHsle 3ampamsl HA 000bIYy Hedmu
U KANUMAIbHBLE BIONCEHUSL.

Hepe‘lel—lb rpa(]mquKoro MATEPHAJIA (c mounvim ykazanuem o6a3amensHbix uepmediceil).

3ampamul npu Oypenuu na mecmopoicoenuu;
Pacuem xanumanbnuix e10sicenutl

Nogk~wdE

Maxposxkonomuueckue nokazamenu u pacyem YUcmuix yeH,
Ocnosnvie nanozu Poccutickou @edepayuu 051 Heghme2az0000b618a10Wux npeonpusmuil;
Pacnpedenenue nanozoe 6 ghedepanvhblil, 001ACMHOU U MECIMHBILL OI0OHCEMbL;

Conocmasnenue 0CHOBHbIX MEXHUKO-IKOHOMUYECKUX noKazamenell paspabomku oo6vekma X;
OcHosnbie nokazamenu IKOHOMu4eckol dgpexmusnocmu paspabomru 0b6vexma X,




8. Cmpyxmypa svipyuxu u 3KCniIyamayuoHHbIX 3ampanm no peKOMeHOYeMOMy apuanmy paspabomxu obvekma X,
9. Ananuz uyscmeumenbHOCHU NO PEKOMEHOYEMOMY 8apuanmy paspadbomru oovekma X

JlaTa BbIIa4YM 3aJaHMA IJIs pa3/Jesa 1o JuHeiiHoMy rpaguky

3a)12ume BbIJ1aJ1 KOHCYJbTAHT:

Jlo1KHOCTH DPUO Yuenasi cTenens, Moanucey Jara
3BaHHe
JlotieHT [Mapd MN.B. K.9.H.
3az1a}me NMPUHAJ K HCITIOJIHCHUIO CTYACHT:
I'pynna oUuo Moanucep Jdara
2bMe6I’ Ounpos ['ne6 Onerosuy




3AJAHUE JUISI PA3JIEJIA
«COIIAAJBLHASI OTBETCTBEHHOCTD»

Crynenry:
I'pynna DPUO
2bMeéI’ Ounpos I'ned Onerosuu
Hucturyr niImp Kadenpa Otnenenue Hedrera3oBoro
aeaa
Yposenn o0pasoBanus MarHCTpaTypa Hamnpag/ienne/cnenuaabHoCThb He(l)TGFaSOBOG EJI0

Hcxoanble JaHHbIE K pasaeiny «COIII/Ia.]'lI)Haﬂ OTBETCTBEHHOCTDb)» .

1. XapakrepucTrka 00beKTa HCCIeI0BaHKsI (BEIIECTBO,
Martepuai, mpuoop, aaropuTM, METOJIMKa, paboydas 30Ha) U
00yacTu ero mpuMeHeHMsI

O6vekmom uccied08anus A6Isemcsi 2e0J1020-
MEeXHOIOSUYECKAsl MOOeb HehMAHO2O0
mecmopooicoenus Tomcekoii obnacmu. OcrosHas
paboma npoussooUmcst 8 3aKpblnomM NOMeujeHuu
30 NePCOHANbHBLIM KOMNLIOMEPOM.

IlepeyeHb BONMPOCOB, MONJIEKALINX HCCIETOBAHUIO, IPOEKTHPOBAHUIO U pa3padoTke:

1. ITpou3sBoacTBeHHasI 6€30MaCHOCTH

1.1. AHanu3 BBISIBIICHHBIX BPEHBIX (DAKTOPOB MpH
pa3paboTKe U IKCITyaTallui MPOSKTUPYEMOTO PEIICHHS B
CIEAYIONIEN MOCIe10BATEIbHOCTH:

—  (usuKo-xMMHUECKas MPUPOAa BPEIHOCTH, e€
CBSI3b C pa3pabaTeiBAEMON TEMOMH;

— JeiictBue aKkTOpa Ha OPTraHU3M YEIOBEKa;

— MpHUBeneHHEe JOIMyCTUMBIX HOPM C HEOOXOANMOM
Pa3MepHOCTHIO (CO CCHUTKOM Ha COOTBETCTBYIOITHI
HOPMaTHUBHO-TEXHUYECKUN JOKYMEHT);

— IpeiaraeMble CPEICTBa 3aIlUTHI;

— (cHauana KOJJICKTHBHOM 3aIUTHI, 3aTEM —
WHIUBHUIyalbHbIE 3alIUTHBIE CPECTBA).

1.2. AHanu3 BBISBJICHHBIX OMACHBIX (hPaKTOPOB MPH
pa3paboTKe 1 HKCILUTyaTalluy IPOEKTUPYEMOTO PEIIEHUS B
CIIEIYIOMIEH ITOCTIeA0BATEIEHOCTH

— MEeXaHHYeCKHe OMaCHOCTH (MCTOYHUKH, CPEICTBA
3aIUTHL;

—  TepMHUYECKHE OMACHOCTH (MUCTOYHUKH, CPEICTBA
3aIHTHI);

—  3JIEKTPOOE30MacHOCTh (B T.4. CTATHYECKOE
AIEKTPUYECTBO, MOJTHUE3AINTA — UCTOYHHKH,
CpEeCTBa 3allUTHI);

—  TOXKapoB3pPHIBOOE30IMACHOCTH (IPUYHHEL,
po(hUIaAKTHIECKUE MEPOIIPHUSATHSI, IEPBUYHBIC
CPEJICTBA MOXKAPOTYIIISHHS).

1. Ananu3z epeonvix paxmopos:
1.1 Omxknonenue noxazameneti
MUKPOKIUMAMA 8 NOMEWeHUU
1.2 [losviuennwiii ypogenv wiyma
1.3 [losvlwennwiii ypogers
INEKMPOMACHUMHOO UBTYYEHUs.
1.4 Hedocmamounoe ocsewyenue
2. Ananu3z onacHwix ¢axmopos

2.1 Dnexmpuueckuii mox

2. Dkojgorndyeckasi 60e30MacHOCTh:

—  3aIIMTa CeINTEOHON 30HBI

—  aHanu3 BO3JICHCTBHS 00bEKTa Ha aTMOchepy
(BBIOpOCHI);

—  aHaiw3 BO3JecTBHA 00BbeKTa Ha ruapochepy
(copocsr);

—  aHaJW3 BO3JIEHCTBUA 00BbEKTa Ha TUTOChEPY
(oTx0mpbI1);

— pa3pabotaTh peuieHus o 00ecreyeHnIo

B nacmoswem paszoene npugsedena sxonocuyeckas
OYeHKa 8030elicmelsl Ha KOMNOHEeHMbl NPUPOOHOU
cpeobl peKOMeHOYyeMOo20 8apuarnma paspabomxu
Mmecmopooicoenus. Ilpedycmomperol
Meponpuamus, obecneyugauue 6e30nacHoCmb
HaceneHus, OXpary oKpyscaroueli cpedsl u Heop
O 8O3MOMICHBIX HELAMUBHBIX B030€UCMBUL,
CBA3AHHBIX C PEKOMEHOYeMbIM 8APUAHMOM
PA3PAdbOMKU MATO20 MECTNOPOAHCOCHUS.




9KOJIOTHYECKOI 0€30MaCHOCTH CO CChIJIKAMH Ha
HTJI no oxpaHe oKkpy>Karolien cpepl.

3. be3omacHOCTH B Ype3BbIYANHHBIX CUTY AMAX: —  Boszmodcnvie YC: nooicap.
— mnepeyeHb BO3MOXHBIX UC npu pa3zpaboTke U —  Vempoiicmea onosewenus npu nodicape,
SKCILTyaTallku MPOCKTHUPYEMOTI'0 PEIICHHUS; damuuku Ovima.

—  Cobnrodenus mexuuxu 6e30nacHOCMU.
— Tooicapnas bezonacnocmo
Cnedosanue naamny 36axKyayul, 8b1308 NONCAPHbIX.

— BbIOOp HaubOonee TunuuHON YC;

— pa3paboTka IPEeBEHTUBHBIX MEp 110
npenynpexaenuto YC;

— pa3paboTka AeHCTBUI B pe3yybTaTe BO3HUKIICH
UC u Mep 1Mo TMKBUJAIUH €€ MTOCIIECTBUN.

4. [IpaBoBbIe M OPraHU3aNMOHHbIE BOMPOCHI —  Tpeboeanus k nomewjenuam 0ns pabomol ¢
odecrieyeHns 0€30MACHOCTH: 119BM;
—  crenuanbHble (XapaKTepHbIE PH SKCILTyaTAlluN - Tpebosanus k opeanuzayuu u 060py00sanuIo
00BEKTa UCCIIEIOBaHUSI, TIPOSKTUPYEMOI padoueit paboux mecm noxvsosameneti ITK;
30HBI) TIPABOBBIE HOPMBI TPYJIOBOTO - Cxema nomewenus;
3aKOHOJIATEBCTRA; Peoicum mpyoa u omowvixa npu pabome c I1K.
—  OpraHM3alMOHHBIC MEPOITPUSATHS IIPH KOMIIOHOBKE
paboueii 30HbI.

‘ Jarta BblIa4M 3aJaHUsA VI pa3jena no JUHeHHOMY rpaguxy

3agaHne BbIAAJ KOHCYJIbTAHT:

JloJzKHOCTH DdUO Yuenast cTeneHb, Hoanuce Hara
3BaHHue

AccucTteHT Ab6pamenko H.C.

3ana}me NPUHAJ K UCIIOJTHCHHUIO CTYACHT:

I'pynna ®oUuo Moanucey Jara

2bMe6r Ouupos ['n1e6 Oneropuy
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Pedepar

Breinycknas kBanudukanuonHas pabora 124 c., 12 puc., 17 Tabn., 18
HMCTOYHUKOB, 9 Mpui.

KiroueBbie cioBa: rugpoIMHAMUYECKOE MOJEIMPOBAHUE, ajanTauus IAM,
nHumam3anud I'JIM, ancKeWIMHT re€0JI0OrHYe€CKON MOJECIIH.

OOBEeKTOM HCCIeAOBaHMS ABIAECTCS HePTIHOE MeCTOpOoXaAeHUs ToMmckoi
00JacTH.

Lens paboThl: MOCTpOEHHE TUAPOAMHAMUYECKON MOJETU MECTOPOXKICHUS,
UCCJIeIOBaHNE OCOOEHHOCTEW MOJEIUPOBAHUS U aJaNTAllMA CUMYIISLMKA B YCIOBHSIX
BBICOKOW PacuJIECHEHHOCTH KOJUIEKTOpa, pa30d0op BapHaHTOB pa3pabOTKu

B pesynpraTe wuccineaoBaHHMs TPOBEACHBI HCCIEIOBAaHUS OCOOCHHOCTEH
noctpoerust ['J/IM c yderom TnuHsAHBIX mnporuiactkoB. [IpuBeneHo oOocHOBaHME
BbIOOpA THUIIA MOJIEJIH, BIOPAH ONTUMATBHBIN BapuaHT pa3paboTKH.

OOnacTh TNPUMEHEHMs: TPOEKTUPOBAHHE pa3pabOTKU MECTOPOXKACHHUS
Tomckoit obnactu

DKOHOMHYECKass 3HAYUMOCTh PAOOTHI: NMPOBENEH TEXHUKO-3KOHOMHYECKHI

AdHAJIN3 BAPHUAHTOB pa3pa60TI<H MCCTOPOKICHHA.
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Onpenesienus

B nannoit pabote mpuUMEHEHbI CIEIYIONIUEe TEPMUHBI C COOTBETCTBYIOIIUMHU
ONPEAECICHUSIMU:

AJanTanys: Npouecc M3MEHEHUE napaMeTpoB T'UIPOJUMHAMUYECKON MOJIEIHU C
LEJIbI0 BBIXOJ]a HA UICTOPUYECKHUE NTOKA3aTeNn pa3paboTKy;

ATICKEUITMHT: TiepexoJl K Oojiee KPymHOM CETKH MOJENIU ISl COKpalleHUs
BPEMEHHM PacCueTa,;

Nuunmanuzanuss — mporecc 3arpy3kd B MOJAENb JaHHBIX 00 MCXOJTHOM
PaBHOBECHH;

[Toctnporieccop — OCYIIECTBICHUE BU3YAIM3allMU PE3YJbTATOB PAacyeTOB,
MOCTPOSHUE KapT, TabJyuil, rpad)uKoB;

[Ipenpoueccop — cTaaust BBOAA HAYAJIBHBIX JTAHHBIX O CTPOCHUHU U CBOMCTBAX

TIacTa M TJIACTOBBIX KUJKOCTEH, OIM(PPOBKA CETKHA MOJIEIH, 3a/IaHNE CKBAYKHH;
O0603HaYeHHsT M COKPALLEHHS

B nannoit paboTe mpuMEHEHBI CIICIYIONINE COKPAIEHUsI COOTBETCTBYIOITUMH
ONpeACICHUSIMU:

I[TJII'TM — mOCTOSIHHO AEWCTBYIOIIAS T'€0JIOr0-TEXHOJIOTHYECKas MOJEIIb;

I'TM — reonoro-rexHojgornueckas MOJI€EIb,

I'M — reosornueckast MOJI€ib,

I'IM — ruapoauHamMuydeckast MOAENb;

PUT'C — pe3ynbraThl HMHTEPOPETANMH TeOPU3NYECKUX HCCIETOBAHUI
CKBaXXHH,

I'’INC — ruapoauHaMUYECKUE UCCISIOBAHUS CKBAYKUH;

OEC — pmbTpallmiOHHO-EMKOCTHBIC CBOMCTBA,

I'PII — rugpopa3pelB miacra;

I1O — mporpamMmmHOe obecrieueHue;

[IK — mporpamMMHBIi KOMILIEKC;

O®II — otHOCUTEBHBIC (pa30BBIC TPOHUIIAEMOCTH;
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BBenenue

'mppoamHamMu4eckoe MOAEIUPOBAHUE — MOIIHBIA HHCTPYMEHT IS
IUIAHUPOBAHUS W YIpaBIEHUS pa3pabOTKON HEePTIHBIX MECTOpOXAeHuM. Poib
MOJICJIMPOBAHUSA TMOCTOSIHHO pPacTeT MO MEpPE YBEIWYEHUS BBIYHUCIUTEIHLHON
MOIITHOCTH ¥ paCIIMPEeHUs 00JIaCTU MPUMEHEHHUS BBIUUCIUTEIbHBIX MAIIUH.

Ha cerognsimnuii JeHb B CBSI3M C HAJIMYUEM OrPOMHOTO KOJIMYECTBA
COBPEMEHHBIX MPOTPAMMHBIX KOMILIEKCOB, OCHOBAHHBIX HA YHCICHHOM PEUICHUU
nuddepeHInanbHbIX YPaBHEHUN, OMUCHIBAIOIIMX MPOIece (PMiIbTpaiuu, BO3MOXKEH
pacyeT JECATKOB, a MOPOM M HECKOJBKUX COTEH Pa3JIMYHBIX CIICHAPUEB Pa3pabOTKH
MECTOPOKIECHUM YTriIeBOAOPOAOB. biarogapss MOAEIMPOBAHUIO CTAJIO BO3MOKHBIM
MOJIydECHUE HAWIy4dIIUX DKOHOMHUYECKHE TIOKa3aTelie, a Takke HauOOIbIINX
KOA()(PUIIMEHTOB  W3BJCUYCHUS YTJEBOJIOPOJOB B KaXXJOM KOHKPETHOM Clydae.
Onnako HeMajao BaXHBIM (PAKTOPOM SIBJISIETCS KOHTPOJb KAayecTBa MOJCIH, OT
BXOJHBIX JI@HHBIX M JI0 TPOTHO3HBIX BAPUAHTOB, BO U30€KAHUE HEMPHUATHBIX
MOCJICJICTBUMN, TAKMX KaK HEKOPPEKTHBIC IPOrHO3HBIC JaHHbIE [1].

YuursiBass TPOU3BOACTBO ITOJHOM aJalTalid UCTOPUU MOJEIIN, a TaAKXKE €€
IPOTrHO3, MH)KEHEepaM yAaeTcsl HauboJsee ONTUMAabHO U PeHTa0eTbHO pa3padaThiBaTh
MECTOPOXKIACHHS YIJIEBOAOPOAOB. K OCHOBHBIM 3TanmaM MOATOTOBUTENIBHBIX U
AKCILTYyaTallMOHHBIX Pa00T OTHOCSTCS:

—  CeUCMHYECKHUM aHaIu3;

—  OypeHHe 2KCIUTyaTalluOHHOE M Pa3BEeI0YHOE;

—  reodmsuyeckoe nzydenue ckBaxut (I'NC),

—  mabopaTopHOe UCCIEAOBaHUE KEPHA U (DIIIOUIOB,

—  aHaJIU3 ¥ BBISIBIICHHE NETPOPU3NUECKUX 3aBUCUMOCTEN,

—  TOCTPOECHHE TPEXMEPHOU I'T™M (reosoru4eckou 151
TUJIPOAMHAMHUYECKOMN ),

—  NPOTHO3UPOBAHUE MOKa3aTesield BApHaHTOB pa3pabOTKH.

B HacTtosmiee BpeMsi TEXHOJIOTHM MOJICIIMPOBAHUS LIATHYJIM JAJIEKO BOEPET,
MO3BOJISASI  y4E€CTh MHOXECTBO PA3JUYHBIX (PAKTOPOB, MPUCYIIUX KaXKIOMY

KOHKPETHOMY MECTOPOKICHUIO.
15



Hcnonp3oBanue nmporHo3a MoBEJEHUS IIacTa MO3BOJISIET peliaTh MPOOIEMBI
CBSI3aHHBIC C TJIAHUPOBAHUEM, DKCIUTyaTallued W JUArHOCTUKOM Ha 000 cTaguu
pa3pabOTKU  MECTOPOXKJICHHUS. CoBpeMeHHBIE  METOIBl  MOJEIUPOBAHUA
MPEOCTABISAIOT BO3MOXKHOCTh TUIAHUPOBAHUS Pa3paOOTKU U TPUHATHUS TEKYIIUX
pCIICHUH Ha MECTOPOXKICHUSIX JTI000r0 YPOBHS, pa3Mepa U CIOKHOCTH. [2].

B nannoli pabote 3amiaHUPOBAHO MOCTPOCHHUE THIPOAMHAMUYECKON MOJEIN
MecTOpokaeHusT TOMCKOM 00J1acTH C BBICOKOW pacwiIeHEHHOCTHIO KOJUIEKTOpA.
AKTyallbHOCTh PaOOTHI CBsI3aHAa C TEM, YTO B HACTOSAIIEEC BPEMs CYIIECTBEHHO
MOBBINMIAIOTCS TPeOOBaHMUS K KauecTBY HHUQPPOBBIX TI'€OJIOTO-TEXHOJOTHUYECKUX
Mozenel MmectopoxaeHui . Kak mokaspiBaeT MpakTHKa, HauOoJiee MEepPCIEeKTUBHBIN
MyTh B ’TOM HANpPaBJICHUU — MOUCK ONTUMAJIbHON MPOCTPAHCTBEHHOM JETaTIbHOCTH U
yBeIu4YeHUE (PU3MUECKON COMEPKATEIbHOCTH TUIPOJAMHAMUYECKUX Mojenehd . B
JIUCCEpTallMd  TPOJOJDKEHO PAacCMOTPEHUE peaM3allMid  TAakKOM MACOJIOTUM Ha
npuMepax TUAPOAMHAMHYECKON Mojienu miacta X Mectopoxaenuss N. B vactHocTy,
IIPOJIOJKEHO 00CYXEHHE BOTIPOCa O BIUSHUU (QUIBTPAIIMOHHO-EMKOCTHBIX CBOMCTB
(PEC) u mnpoCTpaHCTBEHHBIX XapaKTePUCTHK TJIMHUCTBIX TEJI Ha MPOIEece
pa3pabOTKU MECTOPOKICHUH.

I'maBHO# 11€7BI0 PAOOTHI SABISICTCS MOCTPOCHUE (PUIBTPAITMOHHON MOICIH
MECTOPOXKICHUS, MCCIECIOBAHUE OCHOBHBIX ITPUHIUIOB MOCTPOCHUS W aJanTaluu
MOJICJIM  MECTOPOKICHUSA Tomckoli 0051acTH C BBICOKOM PACUJICHEHHOCTHIO
KOJUICKTOpPA, PEIICHUE COMYTCTBYIONTUX IIPOOJIEM M MCIIOJIb30BAaHUE X HA IMPAKTUKE.

UccnenoBancs mmact X mectopoxaeHuss N Tomckoit ob6nactu. [laHHBIM
I1acT ObUT BEIOPAH, TaK KaK UMEET SBHYIO PACWICHEHHOCTh KOJICKTOpa, HEOOIbIION
(dboH CKBaXKMH M HAXOJIUTCS B pa3paboTKe.

Taxke ObUIM ompejielieHbl OCHOBHBIC 3aJlaud JUIS YCICITHOTO JTOCTHIKEHUS
MOCTaBJICHHOW 1EJIU

— HM3ydeHume OCHOBHBIX MpaBW IOCTPOCHUS  TEOJOTUYECKHX U
TUJIPOJIMHAMUYECKUX MOJETICH MECTOPOXKICHUH;

—  TlomydeHue HaABBIKOB PabOTHI B BEAYIIUX MPOTPAMMHBIX MakeTax s

noctpoenus [ 'TM;
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—  TlocTpoenne ruipoIMHAMUYECKON MOJIETN U aJlaliTallysl €€ UCTOPUH,

—  3axnrodyeHue 00 OCOOCHHOCTSAX MOJEIMPOBAHUSA W aJalTallMd JaHHOU
MOJIEJIM Ha Pa3INYHbIX dTanax padoThl;

—  Bp10op onTuManbHOro BapuaHT pa3pabOTKH MECTOPOKICHUS;

—  BreimonHeHue o011ero BbIBOJIA 10 NPOEIaHHON padoTe.
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1 O630p JuTepaTypsbl
1.1 T'eostornyeckast MoaeJb

['eonornyeckas Mojenb BKIOYaeT B ce0d HMHPOpMALMIO O TE€OMETPUH,
CTPOEHUH, JUTO(DAIMATIBHOM COCTaBE, XapaKTepe HACHIIIEHHOCTH F€0JIOTMYECKUMU U
(pu3MUECKUMU CBOMCTBaMHU.

['eonornyeckas mMojienab B HU(PPOBOM BHJIE€ MPEACTABISETCS B BUAE HAOOPOB
0JIOKOB CBOMCTB WM KyOOB. Bpinenstor 6a3oBble M JOMOJHUTENbHbIE KyObl. K
0a30BbIM OTHOCATCA: KYO KO3(D(PUIIMEHTOB OTKPHITOM MOPUCTOCTH, HAa4yaIbHOW Ta3o-
HE(TEHACBIIICHHOCTH, TPOHUIIAEMOCTH, CBS3aHHBIX W KPUTHYCCKHUX BOJO- H
HedreHachienHocteit [3]. Bee ocTanbHbie KyObl OTHOCSTCS K JOMOJTHUTEIBHBIM.

Jist TOoCTpoeHHs] TPEXMEpPHOH TeOJOTHMYECKOM MOJENH HCHOJIb3YIOTCS
CJIEIYIOIINE HCXOAHbIC JaHHBIC:

1. Ceilicmuyeckas chbeMKa TEPPUTOPUU

2. Jlanubie o CKBOKMHAM (KOOpIUHATHI, UHKIIMHOMETPHSI,
cTpaturpauueckue OTOMBKH IIACTOB)

3. Ilerpodusuyeckue uccienopanus OEC.

4.  Jlannsle o reodpusnueckum uccienoBanusim ckaxut (I'MC)

Kapkac mecTtopokienust mpeicTaBisieT co00il COBOKYIHOCTD sIY€EK, KOTOPbIE
BIIOCJIC/ICTBUM  OyAyT 3amojHeHbl cBoWicTBamu. [Ipu mocTpoeHun obiIacTu
MOJICIUPOBAHUSI B TOPU3OHTAIBLHOM ITUIOCKOCTH pa3Mep sA4YeeK BBIOMpacTcs B
3aBUCUMOCTH OT pa3Mepa 3ajexu U e€ Turna. B BepTUKaIbHOW IMJIOCKOCTH pa3Mep
s4eeK BBIOMpACTCS TaKWUM, 4YTOOBl MAaKCUMAaJIbHO OTPa3UTh BEPTUKAIHHYIO
HEOJTHOPOJIHOCTH IUIACTA.

BerxoguT Tak, yto Ooyiee Mal€HBKHI pa3Mep S4YeeK IMOMOTaeT JIydIlTuM
0o0pa3oM OTpa3UTh CTPYKTYPY MECTOPOXKIEHHUS, HO, B TOXE BpEeMs, CHUIBHO
YBEJIMYMUBACT BpeMsl pacdeTa Mojelnd. B 3ToM 1 3akiirodaeTcs OTHO M3 TEXHUYECKHUX
MPOTUBOPEUHI MOJIETHUPOBAHUS.

Ha cnenyromem »3rtane MNOCTPOEHHUS MOJENIHA CTPOUTCS JIMTOJIOTMYECKast

moaenb, u pacupeneisitorcas GEC. Jlanasie 1o aurosiorun 1 @EC un3z PUT'UC
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MIPOCIUPYIOTCA HA SYEMKH CETKH M PACHPOCTPAHSAIOTCA B MEXKCKBAKUHHOM
IIPOCTPAHCTBE.

3aKIIOYNTENBHBIA JTall IMOCTPOCHUS TEOJIOTMYECKOW MOJEIM — OLECHKA
noctoBepHocTH. [lo OosbIel YacTu JaHHBIM ATam 3aKIIOYAETCS B COMOCTAaBICHUU
3HAUEHUN XapaKTepUCTUK OO0BbEKTa pa3pabOTKHU, TMOJYYEHHBIX B pe3yJbTare
MOJIEIUPOBaHUS U (pakTUUEeCKUX 3HayeHu. OLeHKa IPOU3BOIUTCSA 1O KPOCC-TIJI0TaM
KO3 (ULIMEHTa OTKPHITOM TOPUCTOCTH, A(P(PEKTUBHBIX TOJIIMH, a TaKXKe [0

COOTHOIIICHHIO 0aJIaHCOBBIX 3armacoB [4].
1.2 T'mapoanHaMmnyecKkasi MoJeb

Jlnst co3anus TUAPOJMHAMUYECKON MOJIETM HEOOXOUMO CHauaja MpoOBECTH
pemacmiTabupoBaHUE WM  ANCKEWJIMHT  TeOoJIOTMYEeCKOW  Mojaenu.  3ajadei
aliCKEWJIMHTA SIBJIIETCS YMEHBIICHHE KOJUYECTBA AKTHUBHBIX SYEEK M COXPAHEHUE
JETAIbHOW I'€0JIOTMYECKON LEJIOCTHOCTH. B mosryuuBiiencs MoAenu B IOJHOW Mepe
JOJKEH COXPAHHUTBCS XapakTep paclpeneseHusi OCHOBHBIX (PHIBTpaIMOHHO-
€MKOCTHBIX, TEOMETPUUECKUX U (PU3NYECKUX CBONCTB.

[Tocne mpoBeeHus arcKeInara ruApoJMHAMUYECKYIO0 MOJIeNTb HEOOX0IMMO
MHULHUAM3UpoBaTh. [Iporiecc MHULIMANM3aMK 3aKIF0YAETCS BO BHECEHUU B MOJIEIIb
JAHHBIX 00 MCXOJHOM PaBHOBECHOM COCTOSIHUU. CI0J]a OTHOCATCS JaHHBIE O COCTaBe
(bron10B, MOJI0KEHUN BOJIOHE(PTIHOTO KOHTAKTa, OTIOPHOM riryouHe u T. 1. Ha atom
JTare IMPOU3BOAUTCS MEPBBIM THAPOAUHAMUYECKUN PACUYET MOJIEIIH, BBIYUCIISIOTCS
HaYaJIbHBIE TEOJIOTUYECKHE 3armachl HepTH, BOMBI U ra3a. 3aTeM pacuéTHbIC 3HAYCHUS
CPaBHUBAIOTCS C MTOJYYEHHBIMHU pe3ynbTaramu ['M u 3KCIepTHBIMU OLIEHKAMM.

CrenyromuM 3TanoM CO3JaHus MOJIENU SBJISIETCS €€ ajanTaius. Agantanus
I'’IM npencrapisieT co0oil nmpoueAaypy NPOBEPKH JOCTOBEPHOCTH MOJIENH, KOTOpas
3aKJIFOYAETCs] B MOJICIIMPOBAHUM MOBEJICHUS MPOAYKTUBHOIO IJIACTa B MPOUUIOM U
CpaBHEHUH C pealbHBIMHU HcTopryeckuMu ganabiME (History Matching).

CormocraBiieHle pacdyeTHOM ¢ (aKTUUYECKOM JUHAMHUKU IOKa3aTelei

pa3paboOTKU MaTeMaTH4YeCKH sBJseTcs oOpaTHoM 3amauei. CyThb ajanTauu

19



3aKJIIOYAETCS. B CONOCTAaBJICHUM KOHEYHBIX pE3YyJbTaTbl, IPU HUX SIBHOM
HECOOTBETCTBUU MEHSEM BXOJIHBIE JaHHBIE, & 3aTEM IIOBTOPSAEM pPacueT.

Apantanug SBISIETCS OJHHUM W3 CaMbIX OTBETCTBECHHBIX DTAllOB CO3JaHHUSI
IIJI'TM. OauH u3 caMbIX BaXXHBIX AaCHEKTOB ajanTalii — HEOJHO3HAYHOCTh
pe3ynbTaTtoB. TO €CTh HECKOJNBKO IIOCTPOCHHBIX MOJEIEeM MOryT J1aTh
yIOBJICTBOPUTEIIBHYIO aJanTaldio, NIpU TOM, YTO HM OJIHA U3 HUX HE OyAeT
BOCITPOM3BOJIUTh B HYXXHOH Mepe peajbHOE COCTOSHHE IuIacTa. JTO OOBSICHSETCS
TEM, YTO MOJECIUPYEMOM CHUCTEME Mbl 3HAEM TOJIBKO OYEHb OIPAHUYEHHOE
KOJMYECTBO TMEPEMEHHBIX, NPUXOJAIIUXCA HA OYEHb OOJBIIOE KOJUYECTBO
HEU3BECTHBIX.

B pamkax ganHo#t paGoThl OyneT paccMOTpeHa TOJILKO py4yHas ajamnTarfus.
[Ipu py4uHOU amanTanuu BCs MOCIEA0BATEIBHOCTh AeUCTBUH 1O agantauuu 1A' TM
MpOBOAMUTCS 4esioBekoM. Ilociie mepBoW HWUTEpallMM  WHXKEHED AHAIU3UPYET
pe3ybTaThl, KOPPEKTUPYET 3HAUYCHUS TAPAMETPOB, 3aTEM CHOBA 3aIIyCKAeT pacueT u
TaKk Jajee J0 TOro MOMEHTa KaK OTKJIOHCHHS MeXIy (PaKTHUeCKUMU W
pacCUMTaHHBIMM 3HAYEHUSIMU HE CTAaHET MEHEE 3aJaHHOW MOTPEIIHOCTH. AHAIN3
PEe3yIbTATOB MPU PYYHOM ajanTaiiid B OCHOBHOM MPEJICTABISIET COOON CpaBHEHHE
rpadMKOB TMHAMHUKH TTapaMeTPOB IO IMPOMBICIIOBBIM JaHHBIM U 110 MOJICIIH.

B xope amanranuu DPOUCXOIUT KOPPEKTUPOBKA MCXOAHBIX JaHHBIX. B
OCHOBHOM H3MEHSIOTCS KyObl TPOHHUIIAEMOCTH, KPUTHYECKOM U CBA3aHHOU
BOJIOHACBIILICHHOCTH.

AJanTanys BKJIIOYaeT B ce0sl CISAYIOIIHE dTAIlbI.

1. Apanranus gaBlICHUS

[lepBpIM W3 mapaMeTpoB sIBIsETCS 3a00HHOE MaBJICHHE. DTOT TapamMeTp
SIBIISIETCA OJHAM W3 CaMbIX MPOCTBIX JJISI U3MEPEHUS, TAKUE U3MEPEHUS TOCTYITHBI
JUIS KaKJAoW CKBaKHHBL. CpaBHEHHS (DAKTHUYSCKUX TPOMBICIOBBIX JaHHBIX H
pacUeTHBIX 3HAUYCHUN Ba)KHO B CMBICJIE UCCIICIOBAHUS OOIINX TEHACHITUN TTOBEICHUS
JIaBJICHUS.

2. Apanranms 1eOUTOB (JIIOHUIOB
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[Ipy amanTtauuu y4YUTHIBA€TCSI HE TOJIBKO COBIAJEHUE OOBEMOB J100BIYU
He(TH, BaXKHO, YTOOBI COBOKYIHAsl NOObIYA COTJIacOBBIBaJIach MO (pazaM, TO ecThb
COBMAJaeT 0OBOTHEHHOCTD, T'a30BBINA (PakTop.

Her kakoro-to KOHKpETHOro perenta JUisi HPOBEIEHUS, HO BO3MOXKHO
BBIJICJIUTh HECKOJIBKO BaXKHBIX COBETOB. Tak, Hampumep, M. Kapncon mpennaraer
CJIEIYIOIINE OCHOBHBIE MPEOCTEPEKEHNUSA

1. BriOupaiiTe caMyro MpoCTyO MOJETh

2. Crapaiitech U3MEHSTH T€ MapaMeTPbl, KOTOPbIE OKa3bIBAIOT HAaMOOJIbIIIECE
BJIIMSTHUE Ha pe3yJbTaT

3. Crapaiitech U3MEHATH MapaMeTPhl ¢ HAUOOJIbIIIEH HEONPEETECHHOCTBIO.

[locne oxoHYaHMsI dTana HACTPOWKH, MOJENb COJIEPKHUT BCE HCXOJHBIE
JaHHbIe, AJanTUPOBaHa W TOTOBAa K MPOJIOJDKEHHUIO Ipollecca MOJSIUPOBAHMUS.
Tenepp HaumHaeTcs dTanm COCTABJICHMS U pacuera pa3judHbIX MPOTHO3HBIX
BapUaHTOB pa3paboTKu. M3 oTaena pa3pabOTKu WM OT 3aKa3uMKa MPUCHUIAETCS P
TpebOBaHMH M pPEKOMEHJalMil mo pa3paboTke MecTopoxiaeHus. [ns gaHHOrO
MECTOPOXK/ICHUSI YKa3blBAIOTCA KIIIOUEBbIE IUIAHHPYEMBIE IIOKa3aTeld, a TaKxkKe
HEKOTOpPbIE TOHKOCTH Ha3eMHOW MH(PACTPYKTYpbl MM OCOOEHHOCTH pa3paboTKH,
4yTOOBl YBEJIMYWUTH IIAHC HA YCIEX pa3padaTbiBacTCsl HECKOIBKO MPOrHO3HBIX
BapUaHTOB, KaXIbIi M3 KOTOPBIX MMEET HECKOJIBKO OTJIMYAIOIIYIOCS KOHLEHINIO
pa3zpabotku. Ilo wuroram paboT [HaHHOTO JTama CpPaBHUBAIOTCS IOKa3aTeNU
pa3pabOTKM BCeX BApUAHTOB, a 3aTeM BbIOMpaeTcss onTtuMaibHbd. [lo 3TOMY
BapHAHTy CTpPOSTCS TpeOyemble KapThl, TpaUKHd 3aBUCUMOCTEH, M TOTOBUTCS

npe3eHranus [5].
1.3 OcHOoBHbIE ypaBHeHHs1 QUIBLTPALMH KUAKOCTH H raza

[Ipu noObrve HedTH W Taza mnpoucxoauT QuubTpanus ¢aouga Yepes
MOPUCTYIO cpeny. JlaHHBIN MpoIecC OMMUCHIBACTCS MATEMATHUYECKUMHU YpaBHEHUSIMU
M 3aKOHAMH, TAaKUMH KaK 3aKOH COXPAHEHHUS MAacChl, 3aKOH COXPAHCHUS SHEPTHH,
3akoH Jlapcu, HaYaIbHBIMU M TPAHUYHBIMU YCIIOBUSIMHU, 3aBUCHMOCTSIMHU Pa3JIMIHBIX

CBOWCTB (DITIOMIa ¥ KOJUIEKTOPA OT JIaBJICHUS M TeMIiepatypsl [6].
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3aK0H cOXpaHeHHMS MACCHI
OauH M3 OCHOBOIOJNAralIUX (U3HUYECKUX 3aKOHOB. EIMHWYHBIA 00beM
npyUMeEM B BUJIC IPSIMOYTOJIBHOTO Mapasuienenuneaa co croponamu dx, dy, dz. [Totok

MacCChl UY€PEC3 KaAXKXAYIO I'paHb BBCJAEM B CICAYIOIIEM BHUAC!

_(9(pvy) | 9(pvy) | B(pvy)\ _ 9(mp)
(ax = T o )_ e T (1)
d(m
—div(pv)=%+q

rae p — IVIOTHOCTb, Kr/Mm°;

V,— CKOpOCTb (hassl X, M/c;

t — Bpewms, c;

(| — MHTEHCUBHOCTbH UCTOYHUKA, M/C.

B cnysae ¢unbrpaniunm  MHOro)azHOW MHOTOKOMIIOHEHTHOHW CMeECH,
cocrosimied W3 N ¢a3 W N  KOMIIOHEHTOB, MOXHO OOOOIIMTH YypaBHEHHE

HENPEPHIBHOCTH CIETYIOMINM 00pa3oMm.

- Y div(pie ) = % (Mt sicp) + 20k @ auj (2)
e §; - 'HTEHCUBHOCTH UCTOYHMKA |-01i (hassr;
0yj — MaccoBasi J10J1s1 KOMIIOHeHTa | B ase I
Cjj — MaccoBas KOHIIEHTPaLHUs J-r0 KOMIOHeHTa B dase |;

S; — HACBIIIIEHHOCTH (ha3oi.

—div (Z—Z) = %(m ;—Z) + Q,,

—div (%2 L B\ _ 9 Sg | SoR
aiv (G245 )‘6t<m(3 ¥ Bo)>+0fg+RQo. 3)

g o g
. (Yw\ _ 6( Sw)
div (BW)_at mp )t Qw-

rae Qp, Qw, Qg — 00bEMBI, COOTBETCTBYOIIKX (has.

3akon lapcu
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3akoH Jlapcu TOBOPUT O TOM, YTO CKOPOCTh (DPUIABTPALIMM JUHEHHO 3aBUCUT
OT rpaaueHTta JnaBieHus Ve. Jlnsg cioydas mHorodasHoll ¢GuibTpanuu 3aKoH

CIIPaBEUINB I KaX10M (asbl B OTAEIBHOCTH
k;
U = - p (Vo — 11gVz), 4)

rae U - ckopocTh puiibTpanuu (assl

L - BSI3KOCTH JKUIKOCTU

g - YCKOpeHue CBOOOHOTO MaIeHHs

VZ — rpaiveHT TUAPOCTATUYECKOTO JIaBJICHHS

k; — Ten3op (azoBoii MpoHUITAEMOCTU

ki, 0 0
k=10 k;y Of
0 0 ky

TeHzop MNPOHUIIAEMOCTH WMEET BHUJ, TMPEJICTABICHHBIM BBEPXY, €CIIH
HaIpaBJICHUE TJABHBIX OCEHW TEH30pa COBNAJAET C HAIpaBJICHHEM OCEl KOOpJWHAT.
Ecnu Bce KOMIIOHEHTHI TEH30pa PaBHBI, TO Cpeja SBISETCS U30TPOMHON. B peanbHoU
KU3HM Yalle BCTPEYaeTcs ciydaid, xoraa k; < ky,. OT0 OOBACHIETCS XapakKTepoM
HarutactoBanust cinoeB. OTHOCUTENbHBIE (DA30BbIe MPOHUIIAEMOCTH 3aBHCIT OT
XapaKTEePUCTHUK HACBHIIIEHHOCTH U T'paJleHTa AaBieHui [6].

Mopeas puabTpanumn

Kak yxe ynomMuHanacb, OJHOW W3 CaMbIX PACHPOCTPAHECHHBIX MOJEIIEHN
TpexdasHas Mojenb Henetyded Hedtu Mackera — Mepeca (Black oil model). ds
nanbpHeWe paboThl MOJCTAaBUM IMONTYYEeHHOE BhIpakeHHe 3akoHa [lapcu (4) B

CUCTEMY YpaBHCHHI HENpephIBHOCTH (3).

o[ ke (e
div 1oBy (vpo - pogVZ) =~ a3t (m Bo) + Q,, (5)
o2 (v — Ry g 0 (g R
div| = (Vpg = pggVz) + == (Vpo — pogV¥z) | = o m(Bg + Bo) + QrgRQ,,
, Ky a w
div B, (Vow — pwgVz) | = 3t (m ;_W) + Qw-
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Jliist perieHust cucTeMbl ypaBHeHHM (5) TpeOyeTcs 3a1aTh OMOJHUTEIIbHBIC
ycnoBus. OnpenensroTcs 3HAaYeHUs KaWLUTAPHOTO TaBJICHUS HA TPAHULE Pa3/IeIOB
¢da3 HedTb-BOJIa U Tra3-HEPTh, a TAKXKE BBOJUTCS YCIOBUE TOTO, YTO CyMMa

HaCBIH.IeHHOCTeﬁ KOMIIOHCHTOB paBHa CAWMHUIIC.
Po — Pw = Pow (Swr So» Sg)' (6)
Pg —Po = pgo(swr So» Sg);
Swt S +s5=1.
HpI/I AABJIICHUAX OOJIBIINX AaBJICHUS HACBIIICHHUA HUCIIOJIB3YCTCA I[BYX(ba?)Ha}I

MOACIIb q)HHBTpaLII/II/I pu CUMYJIIUA IIPOUCCCOB 3aMCIICHUA He(i)TI/I BOHOﬁ. I[aHHBIe

ypaBHeHus nony4arotes u3 (5), (6) npu Sy = 0:

) k, 0 o 7
div (ﬂOBO (Voo — pogVZ)> = (m ;—) + Qo (7)
. Ky 9 w
div By, (Vo — pwgVZ)> = 5 (m ;_W) + Qu,

Po — Pw = pOW(SWl So Sg);

Swt+ S, = 1.

Jnst mpexncraBienus (GUIBTpAIlMM Ta3a W BOJbBI HCIOJNB3YIOTCA TE Ke
ypaBHEHHUs, 4T0 Hu Juia Hedtm W Boabl. [lns oObsicHeHuss pesynbraTtoB ['JIU

IpUMEHSEeTCS MOJETL GUILTPAIIMHA O THOPOTHOM KUIKOCTH:

. k d (m
div " (Vp — ngz)) == (B—o) + Q. (8)
JIByMepHBIE TOCTAHOBKKM 0€3 yueTa IpaBUTALMKd pPACCMATPMBAIOTCA IIPU

pENIeHUH MpooJIeM HCCIEOBAHUS CKBAKHH:
k 0 (m
div (-=Vp) = —(3) + Q. 9
5VP) =5 Q (9)
HayvajbHble yciaoBust
Cratndeckoe paBHOBecHME HauboJee 4YacTo BbIOMpAeTCs KaK HaudalbHOE

YCJI0BHUC OJIA INIaCTa, KOrga OTCYTCTBYIOT IIOKA3aTCIM CKOPOCTH INMPUCYTCTBYIOHIHNX

¢da3. Ucxona u3 3akoHa Jlapcu mpu HaATUYUU MEPEMBIYEK Y KOTOPBIX KOA(DPUIUEHT
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MIPOHUIIAEMOCTU PAaBEH HYJIO, JABJICHHE B KaxJ0W (ha3e 3aBUCUT OT BEPTHKAIbHOU
COCTAaBIIAIOIIECH «Z» T.€. paclpeleneHre M0 TMAPOCTaTHUYECKOMY 3aKOHY, JU00 OHU

HCIIOABUKHEI.

apy
25, = P9 (10)
JlpyruMu clI0BaMH, (Gasbl pasaelsSroTcs 10 BO3ACHCTBUEM IPaBUTAIIMOHHBIX

N KallWUIAPHBIX CWJI, INpHUYCM Ha TI'paHUllaX HACBIIICHHOCTL OIPECACISACTCA N3

YC0BHA KaMWJIIAPHO-TPABUTALIMOHHOTO paBHOBECHA

d(o—pw) _ Op
"az — = aozw = (po —Pw)g Ha rpanune nedtn-Boaa

(11)

(Pg—Po) _ 9Pgo _
== (pg —Po)g Ha rpanuie HeTb-ras

[Inactam npucyiie CI0MCTOE CTPOEHUE U B HEKOTOPBIX CIydasiX JaHHbBIEC CJIOU
UMEIOT TUJIPOJAMHAMUYECKYIO CBSI3aHHOCTh. [IpW MaHHOM BapuUaHTE MOTYT OBIThH
pPa3pbIBHBIMU (QYHKIHS a0COJFOTHOM TPOHUIIAEMOCTH U (PYHKIHUSI TOpUCTOCTH. B
MOCJIEICTBUM  BO3MOXKHO OOpa3OBaHME TAK HA3BIBAEMBIX «BHCSYUX» CKAYKOB
HACHIIIEHHOCTH HA pa3pbhIBE€ MPOHUIAEMOCTH W MOPUCTOCTH, KOTOPHIE BO3MOKHBI
JaKe B YCIOBUAX PABHOBECHS B EPEXOAHBIX 30HAX.

Bo-miepBpix, HEoOXOAMMO 3aJaHME JBYX 3HAYEHUM HACBIIMIEHHOCTH, IS
KaXJ0M MMePex0qHOM 30HbI IO OJHOMY, @ TAKXKE 33JIaHUE IABJIEHUSA NPU HEKOTOPOU
(UKCUPOBAHHON TYOWHE, NJIsi OJMHO3HAYHOrO 337aHUS HAYATHLHOTO PaBHOBECHOIO
COCTOsTHUSI. DTH 3HAYEHHUS JOKHBI COOTBETCTBOBATH MOJBIMKHBIM (a3zaM U OOBIYHO
OTPEenensroTCs HA YCIOBHO TIPHUHATBHIX OTMETKAX BOJOHEDTIHOrO0 H Ta30-
HE(DTAHOTO KOHTAKTOB.

Nuanmumanu3anusa- 3To mporecc (popMHUpOBaHHMS HAYaJbHOT'O PABHOBECHOTO
COCTOSIHUSI, TIPU KOMIBIOTEPHOM MOJEIWPOBAHUU IUIACTOB. JIaHHBIN MPOLIECC UMEET
MECTO OBIThb HEMOCPEJCTBEHHO TEpeJ]] pacueToM JIWHAMHUYECKHX ITOKa3aTeyei
Mmoen. [6].

I'pann4nble yciaoBust

['panvunble  yclOBHST HEOOXOAMMBI i1 ONpPEACICHUS  IapaMeTpOB

B3aUMOJICMCTBUSL UCCIEAYEMOTO IUIACTA C OKPYKAIOIWIUM IMPOCTPAHCTBOM. Y CIIOBUS
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3a/1al0TCA Ha BHelIHeW rpanuie I momenupyemoit obnactu. Yarmie Bcero 3amarorcs

CJICYIOIIUE YCIOBHS:
1. JlaBneHue Ha rpaHulle 00JacTu:

— 0 :

pllr - pl (Fr t);

2.  YcnoBue HENPOTEKAHMS:

kky
Hy

(Vp, — pigVz) n|r = 0;

3. Pacxon onnoi u3 ¢a3:

kkrl

U

(Vpr — p1gVz) - n|pr = q,(T, t);

NN

Ja(y,Ody = qir(®);

4. Pacxon )KHUIKOCTH.

qo(T, ) + g (T, t) = qoyu (T, 1)

njin
T2, t) + g, D1dy = qoin(t)
IJIc N — BEKTOp HOpMaJIu K rpanuiie oonactu [
q1 — pacxoJ (a3sl WM HOpMaJIbHAS COCTABJISIONIAs CKOPOCTH;

q;7 (t)— monHeIii TOTOK (as3sl yepe3 rpanuiry [6].

(12)

(13)

(14)

(15)

(16)

17)

26



2 O0BbEeKT U MEeTOAbI HCCJICI0BAHUA
2.1 O0mme cBegeHUsSI 0 MECTOPOKICHUHU

Jlannoe mecropoxkaeHue N Obuto OTKpHITO B 1965 1. U yke B cieayromiem
rony ObUIO BBeAeHO B  pa3paboTky. Pacmomaraercs MeCTOpPOXKICHHH B
HuxueBaproBckom paitone XMAO Henanexko oT r. HuxkHeBapTOBCcKa (BOCTOYHEE,
113km) u 1. CrpexeBoro (80 kM), HaxoauTCs Ha 3eMJsIX rociechoHIa
N3nyuunckoro necunyectBa HuskHEBapTOBCKOTO JIeCX03a.

OT npoMBINIUICHHBIX [EHTpoB — ropoaoB HoBocubupcka u Tomcka — 10
ropoaa CrpexeBoro paccrosaue coorBeTcTBeHHO 700 u 931 kM, no Tromenu — 750
KM, OT KeJIE€3HOJJOPOKHOM cTaHMK HukHEeBapTOBCKa - HA paccTOSTHUM 70 KM.

['eorpadudeckne KOOpAWHATHI TpaHUIl ydyacTKa MPUBEACHBI HA OCHOBAHUU
JUIEH3UM Ha HEAPONOJIb30BaHME. YUacTOK Iulomaablo Oomee 760 km2
pacnionaraercs mexay pek Bax u Tpairopoackas.

B nannHoit MecTHOCTH HAOIIOJAETCS KOHTHHEHTAJBHBIN KIMMAT C XOJOJIHOMN
3UMOU ¥ HEMPOIOIKUTEIIBHBIM JIETOM.

B wone wHabmopaercs Temmeparypa +17,5°C, B  ¢espane -21,5°C.
be3amopo3HbIil ieprol B JaHHOW MecTHOCTH nopsiaka 100 qHei.

Cpenne romoBasi HOpMa OCaAKOB B JaHHOM MecTHOocTH 500 MM, KpaiiHe
3aBUCUT OT MECTHBIX YCIOBUH, 0COOCHHO OT penbeda. Pacrpenenenue ocaakos
KpaiilHe HEpaBHOMEPHO, 3aBHCUT OT MECTHBIX YCIIOBUN, 0COOEHHO OT penbeda. B
cpeaHeM 3a roj BeinaaaeT 500 MM OCaJKoB.

Menkue U KpyIlHbIE BOAOTOKH, SBIISIIOIIMECS MOBEPXHOCTHBIMU OOBEKTAMU,
COCTABJISIIOT KPYIHYIO PEUYHYIO CETb.

JlaHHast TEppUTOPUA OTHOCUTCS K JIECHOM 30HE PABHUHHOI'O palilOHA UCXOAS U
yCIIOBUI 00pa30BaHMs TOJOBOTO CTOKA, pelbe(HBIX 0COOCHHOCTEH, BOJHOTO PEKUMAa
U T.J.

C Touku 3peHHUs XapakTepa BOJAHOTO pekrma HaOJt0/1aeTCsl BECEHHEE-JIETHEE
MOJIOBOJIbE M TABOJKH B Temioe Bpems roja. CeBepHas 4acTb MECTOPOXKICHUS

3aHsATa Irpaa0BO-MOYaKMHHBIMH u Irpsaa0BO-03CPHBIMHA KOMIIJICKCaMH,
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PACIIOJIO)KEHHBIMM Ha BBINIOJIOKEHHONM HAANOMMEHHOM M O3€pHO-MHIPECCUOHHOU

Teppace p.Bax ¢ ormeTrkamu BbIcOT 55-60 M.

YcrnoBHble 0603Ha4YeHus

I:I Paiion pa6oT MecTopoxaenus

- Heq)TﬂHble rasokoHAeHcaTHble
Kowmnbcknii n ‘ &
BocTouHo-Kowmnbckuin ysactkm
3[0-ceicMmopa3sBefoqHbIX paGor

Pucynok 2.1 — O0630pHas kapTa MecTopoxxacHus N.

B 10oxHOM yacTu TEppUTOPUM, MPUIIETAIONIEH K JoNuHE p. Tpalropoackas, B
OCHOBAaHHMU BOJIOPA3ACIBbHON TPSABl pacHoNiaraloTcs TMepexojHbie 0onoTa co
c(harHoBO-0COKOBO-0EPE30BbIMU u c(harHoBO-0COKOBO-COCHOBO-0€pe30BbIMU
MUKpoOIaHamadTamm.

Tepputopuss OTHOCHUTCS K CPEIHETAC)KHOM TI0J30HE OOJIOTHBIX TIOYB,
MO/I30JIMCTHIX TIOYB, a TAKXKE OOJOTHO-TIOA30MCTHIX TIOYB.

XapakrepusyeTcs JaHHas TePPUTOPHUS PABHUHHBIM pelibe(oM.

Taxke Ha  MECTOPOXKIECHUU HUMEIOTCS PpPa3IUYHbIE BUJbl HCTOYHUKOB
CTPOUTENbHBIX MaTEPUATIOB TaKUX KaK CTPOUTENIbHBIN Jiec, TMuHa U T.4. [log3emHubie

HCTOYHHKH ABIAIOTCA BOI[OCHa6)KeHI/IeM AJI1 JaHHOT'O MCCTOPOKIACHUA.

28



2.3 CBelleHus1 0 cOCTaBe U cBoOlicTBax HepTH

IIpu onepaTuBHOM MOACYETE 3a11aCOB HEPTH U ras3a 1uiacta X ObLJIO OTMEYEHO,
YTO HCCleNOBaHHasg Mpo0a W3 3TOro miacra w3 ckBaxuHbl 297K umeer Ooiee
00JIEr4eHHbII COCTaB OTHOCUTENIBHO MPOOBI U3 BhIIIEIEKANIET0 00beKTa bg 3a cuer
OonblIEro coaepkaHWs B HEH JIETKUX YIJIEBOAOpoAOB. BceieacTtBue 3Toro B Hel
CYIIECTBEHHO YMEHBIIWINCH BA3KOCTb, MOJEKYJISIPHAs Macca, COJAEpPKAHUE CEPBI U
1.1. COIJIacHO aKTy UCHBITaHMs CKBaxuHbI 297K Hawano wmcmeTaHus miacta X© -
21.12.14 1., orbop mpoObl HepTH HA yCThe CKBaXKuHbl mpoBeneH 29.12.14 r,
BO3MOXKHO, IIpoba oToOpaHa Ha HeycTaHoBMBIIEMcs pexume. Ha cocegHux
mectopoxaeHusax (CesepHoe u [Ipurpanndnoe) HeQTh U3 ITOrO MJIACTa UMEET OoJiee
YTSKEIEHHBI COCTaB. BbUIO PEKOMEHIOBAHO MPUHATH MapaMeTpPhl IJIACTOBOM H
pasrasupoBaHHOM He(pTH MO aHaJoruM ¢ HePThio MiuactTa X COCEJHETO
mectopoxaeHus I1. Ilpunsareie B OII3 u pexkomeHayemble MJid TaHHOTO IMPOEKTHOTO
JOKYMEHTa [apaMeTpbl IJJaCTOBOM, pasra3upoBaHHON HE(PTH MpPHUBEACHBI B

npuiioxkeHuu E.

2.4 CaogHasi reosioro-guznyecKkasi XapaKTePUCTHKA NPOAYKTHBHBIX

IJ1aCToOB

3asie’)kb MPOAYKTUBHOIO Miacta X mectopoxkiaeHus N Mo Tumy miacToBO-
CBOJIOBas, TUTOJIOTUUECKH OTpaHUYEHHAsA. TUI KOJJIEKTOpa MOPOBBIA.
bonee  mompoOHO  cBomHas — reonoro-gu3Myeckas ~— XapaKTEpPUCTHKA

MPOAYKTUBHBIX IJIIACTOB MeCcTOpoxkAeHUsI M npencrasiena B [Ipuinoxenun /.
2.5 Onenka ucxoaHoi uHpopManuu 1Jis NPOEeKTUPOBAHMS

bonpmmHCTBO  CKBaXXUH MECTOPOXICHU M  OXapakTepH30BaHbI
CTaHJAAPTHBIM KOMIUJIEKCOM KapoTa)ka, I10 HEKOTOPhIM W3 HHX IPOBEICH
pacCIIMPEHHBINA KOMILIEKC.

B 1nienom, npoBeieHHBIN KOMIUIEKC Te0(U3NIECKUX UCCICIOBAHUHN MO3BOJISICT

IIPOBOAUTH JIMTOJIOITMYCCKOC PACHIICHCHHUC pa3p€3ia CKBAXXHWH, BBIACIIATH IIIIACTBI -
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KOJUIEKTOPBI, OINpPENEIATh HMX XapaKTep HAcChIIIEHUSA, KOJUIEKTOPCKHE CBOMCTBA,
HaYyaJIbHY0 HE(PTEHACBHILIEHHOCTD.

HcnblTanuss W TUAPOAWHAMHYECKHE HWCCIENOBAaHUSA, IPOBEIACHHBIE B
pPa3BEJOYHBIX CKBAXKHMHAX MECTOPOXKICHMS, TMO3BOJMIA OLEHUTHh  XapakTep
HaChIIIEHUS W NPOAYKTUBHOCTh CKBAXKMH 10 BEpPTUKAIbHOMY paspe3y. B
JaJdbHEHWIIEM OTH JIaHHBIE HCIOJb30BAIMCh MPHU aJaNTalUd W  HACTPOUKE
TUAPOJNHAMUYECKON MOJEIH.

Ha 6aze umerouuxcs AaHHBIX BO3MOXHO IOCTOPEHHHE T€0JOTHYECKON U
TUAPOJMHAMUYECKON MOJENEN ISl IUIAaHUPOBAaHUS MEPOINPUATHI Ha MEpUOJ
npoOHOM dKCIUTyaTaluu U GOpPMHUPOBAHUS IPOTPAMMBbI HCCIIEIOBATEILCKUX PadoT.

B tabnuie 2.7 npuBeieHbl OCHOBHBIE JaHHBIE ISl TOCTPOCHUS MOJIEIH.

Tabmuia 2.7- VicxoiHbIe TaHHbBIE IS MOACIUPOBAHUS

Hcxomubie | JlaHHBIC ITO CKBaXKHHAM KoopauHaThl yCThEB CKBaKUH
JTAHHBIE I

HOCTPOEHHS JlaHHbBIE HUHKIIMHOMETPUH
MOJEIN

JlanHble cericMopasBeaku | IloBepXHOCTH OTpaXkaroIero ropu3oHTa
bo.

[Tonuronsl Pa3jioMOB

Janusie PUTUC T auTonorum 1 HachIEHUS

allC, @, K, Rt, Sw

JlaHHbIC JlaHHBIE T€0JIOTUYECKON KOPPEIISIINU

KOHLIETITYaJIbHOTO

MOJIETHPOBAHHS YpoBHM QIIOUAATBHBIX KOHTAKTOB

[IpoMbICIIOBBIE TaHHBIE HuTepBansl nepdopanuu, 00beMbl
TOOBIYH, PE3YIbTATHI OMIPOOOBAHMS

JlaGopartopHsie Pe3ynbTaThl HccaemoBaHUN

VCCIIEIOBaHUs KEpHA KOJIJIEKTOPCKUX CBOMCTB U PE3YJIBTATHI

KamJUTSIPOMETPHUH TI0 00pasiam KepHa

2.6 IlporpaMMHBbIe KOMILJIEKCHI

B nanHoil uyactu paboOThl OMMCaHbI MPOTPAMMHBIE KOMIUIEKCHI, KOTOpPbBIE
HCMOJIB30BAIKCH JJISI IOCTPOCHUS TE€0JI0T0-TEXHOIOTHYECKON MOJETIH.
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PabGora ¢ TpexmepHOU T€OJIOrM4YeCKOM MOJEIU MPOBOAWIACH C MOMOIIBIO
nporpaMmmHoro kommuiekca PH KHUM ot komnanuum PocHedtb. JlaHHBIM
MIPOrPAMMHBIN MAKET MPEICTABISAET COO0M cpeay [Uisl MpOBeAEHUs 00JIBIIOro o0beMa
paboT: OT MHTEpIpPETAlMU CEHCMUYECKUN M reo(U3MUecKUX JAaHHBIX 0 MOJcYeTa
3aMacoB M XapaKTepUCTUK pa3paboTku mectopoxaeHui. [Iporpammusiii nmaker PH
KM  sBnsercs yaoOHBIM CpPEACTBOM Il  TpaUyecKOro Mpe/CTaBIEHUs
uHpOpMaIIMK, TO3BOJSET OTOOpaXaTh OCOOEHHOCTH TE€O0JOTHYECKOTO CTPOCHUS
MECTOpPOXKJIEHUS B OOBEMHOM M JBYXMEPHOM BHUJE, CTPOUTH KapThl Pa3IMYHBIX

FGO(I)I/ISI/I‘IGCKI/IX mapamMmecTpoOB, 0T06pa}KaTB KapOTaxu.
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3 Pacuernl 1 aHAJIUTHKA

3.1 IocTpoeHue ruIPOAMHAMUYECKOI MOIeTH

[loctpoennass umM@poBas ceToYHas HWHTEPHOJSALMOHHAS TIeoJoruuecKas
MOJI€TIb MCIIOJIB30BAJIaCh B KAayeCTBE HCXOAHOM MH(pOpMALUM [JIs IOCIEAYIOLINX
TUAPOAMHAMUYECKUX PAacyeToB B mporpaMMHoM komiuiekce "PH-KUM".

Pacuersl mpoBoamnuce B nmporpaMMHOM koMmiuiekce PH-KHUM. [ns
MOJIETMPOBAHMS TPOLIECCOB BBITECHEHHUS] He(TU BOJOH TMpHU JaBICHUSIX BBIIIE
JABJICHUSl HACBILIEHUS B OCHOBE CHUMYJIATOpA JIEXKHUT HauboJiee pacnpocTpaHEHHas

Mozenb AByxda3Hoi GpunbTpanun Mackera-Mepeca:

k a s
- o _ — 0 . 1
div | -=- (VDo — PogV2) | = (m Bo) + Qy; (18)
. Ky d w
div B, (Vow — pwgV2) | = 7t (m ;_W) + Quw;

Po — Pw = pOW(SWl So» Sg);
Swt+ S, = 1.

rae Vp - rpagueHT AaBJieHHUs,

I — BA3KOCTh; K — MpOHUITaeMOCTB,

B - 00bemubIi KOA D PuIHeHT,

M — MOPHUCTOCTH,

So — HepTEHACHITIIECHHOCTH,

Sw — BOJOHACBIIIEHHOCTD,

Q - MaccoBBIf pacxo,

p — IJIOTHOCTb.

KomnrerotepHoe moaenupoBanue miacta X mectopoxaeHus N mpoucxoaunsio
nosTanHo. Ha mnepBoM »srame ObUIM BBINOJHEHBI IMOJATOTOBUTENbHBIE pPAaOOTHI,
KOTOpbIe BKIIOYANU cOOp, aHamM3 W 00OOIIEHHE HMCXOIAHBIX MaHHBIX. VcXomHbIe
JaHHbIE I GUIBTPAMOHHOTO MOJACIMPOBAHUS MO UX MPOUCXOKICHUIO ICNATCS Ha
Tpu TUNA: 1) nepenaBaeMble U3 T€OJOT0 - MAaTEMATUYECKOW MOJENH; 2) HOJyYEHHbIE

B pe3yjibTaTe MPOMBICIOBBIX HCCJIEAOBAaHUNW W HUCHBITAHUW; 3) ompenensieMble B
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a00paTOPHBIX UCCIIEIOBAHUSIX.

IMuaponuuamudeckas mojnens rmiacta X mectopoxiaeHuss N moctpoeHa Ha
OCHOBE I'pUJa U CBOWCTB I'€OJIOTMYECKON MOJEIU B NpOrpaMMHOM Komiuiekce PH-
KWM. Ucxonnoit undopmarment nis coznanus I'JIM sBisuivch gaHHbIE TPEXMEPHOR
Ie0JIOTUYECKON MOJIEIIN:

1) mpoCTpaHCTBEHHOE IMOJOXKEHHE B 00BbeME pe3epByapa KOJUIEKTOPOB H
pa3AeSIoNIMX UX HEMMPOHUIIAEMBIX TTPOCIIOEB;

2) MpPOCTPAaHCTBEHHOE MOJIOKEHUE CTpaTUrpadUuecKux TPaHUI] IIACTOB U
JIUTOJOTUYECKUX TPAHUI] B UX MPEIEIIax;

3) cpennue 3HaueHust PEC B aueiikax ceTKH;

4) MpOoCTPaHCTBEHHOE TOJIOKEHNE HaYaIbHBIX (DIIFOUIHBIX KOHTAKTOB,;

5) NpoCTpaHCTBEHHBIE KOOPAMHATHI CKBAXHH.

Bces mepeuncinienHas uwHopMamus O TeOJOTHYECKHX MOJEAX IJIAaCTOB
COIEPKUTCA B BHUJE CTPYKTYPHBIX KapT IO KpOBJIE KOJUIEKTOpA IPOAYKTUBHBIX
IUIaCTOB, KapT A(G(EKTUBHBIX TOJIIUH KOJJIEKTOPOB, KapT dS(PPEeKTUBHBIX
He(TEHACHIIIEHHBIX TOJIIWH, KapT KO3 (UIIMEHTa OTKPHITOM MOPUCTOCTH, KapT
IPOHUIIAEMOCTH (0011Iei) 7151 BceX 0OBEKTOB IKCILTyaTallHH.

Ha nauanpHOM 3Tamne noctpoeHus GUIbTPAIIMOHHON MOJEIH OCYIIECTBISIICS
cOop M aHaNMM3 HCXOAHBIX JaHHBIX. OcHOBoW s moctpoeHus ['JIM sBisieTcs
CTPYKTYPHBIH KapKac U KyObl CBOMCTB I'€OJJOTMUYECKOM MOJICNIH, a TaKKe JaHHBIEC 1O
CTPOEHUIO U UCTOpHUH PabOTHI CKBXXHUH. B TepBy1o ouepeanr B MOJEIb 3arpysKaercs
TpUll, KOTOPBI B JaJbHEHWIIEM HACHIMAECTCI Ky0aMu CBOWCTB (IMOPUCTOCTb,
MIPOHUIIAEMOCTh, HEPTEHACHIIEHHOCTh W T.J.). 3aTe€M 3arpy’KarTcsi KOOPIUHATHI
CKBQ)KUH, UX TPAEKTOPUH U UCTOPHS PaOOTHI.

B cuity TOro, 4to reosorndeckoe CTpoeHuE MECTOPOXKACHUS MPEICTABIAETCS
MPOCTBIM, B IIPOEKTE HE MCIOIB3YKOTCS MOJEIA JBOMHOM TOPUCTOCTH U
npoHuaeMoctu. JlJis pacdyeToB UCHONB30BAIM HU30TEPMUUYECKYIO JIBYX(Da3HYIO
MO/IETb.

Jlanmee ObLT CO3/1aH aKTUBHBIN CETOYHBIN OJIOK. J[aHHBIN 3JIEMEHT HYKEH s

TOT0, YTOOBI BBIAEIUTH O0JACTh (SUEMKH), KOTOpble OYJIyT y4acTBOBATh B pacyeTe.
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Tak kak B reoJIOTMYECKOM MOJENH MPUCYTCTBYET 00JIaCTU, HAC HE MHTEPECYIOIIUe
(3aKOHTYpHas BOJa), Mbl MOXKEM 00pe3aTh TaHHbIE U MEPEONPECTUTh YacTh IYEEK B
3aKOHTYpHOU OOJIAaCTM MOJIeNIM KaK HeakTHBHbIC. J[aHHas mpoueaypa HeoOXxoauma
JUISl yMEHBIIEHUsI BpeMeHH pacueTa Mojaenu. Co3naHue akTUBHOTO CETOYHOT0 OJI0Ka,
COKpAaTUJIO 00Illee KOJIMYECTBO AKTUBHBIX SYEEK IUIACTOB X C UCXOAHBbIX 1345545
SYEEK B F€0JIOTHYECKON MOJIETH 10 576622 siueek — B TUAPOAMHAMUYECKON MOJICIIH.

CrnenyronmuM sTanoM uAeT aaantauus monenu. Llenbro 3Tama aganranuu
SBJISIETCS. TIOBTOPEHHE HCTOPUU Pa3pabOTKH MECTOPOXKACHUS U  TOJyUYCHHE
KAQUeCTBEHHOM OCHOBBI IS TPOTHO3a TEXHOJOTUYECKHX MOKa3aTeled 1Mo
MECTOPOXKICHHUIO B IIEJIOM, a TaKXe IO CKBaXXUHAM. MECTOPOXKJIEHUE BBEJICHO B
pa3paboTKy, (OHJ COCTOUT U3 15 CKBaKHH.

Takke HeMano BaXXHbIM JTAallOM aJanTallid MOJENIM SBIACTCA 3aJaHue
IJIACTOBOrO JaBiieHUA. JlaHHasg mpoleaypa BBIMOJHIETCA C TMOMOIIBIO CO3aHUS
akBudepa (aquifer)- BomompoHuilaeMas moJa3eMHasi TMPOCIOHKA TOPHBIX TMOPOJ,
y4acTBYyIOIasg B MOJEIM B KayeCTBE WHCTPYMEHTAa NOAJEPKAHUS IJJACTOBOTO
naeneHus. OQHAKO B Cilydyae MOJEIUPOBAHMS IJIACTa C BBICOKOW PAaCUJIECHEHHOCTBIO
KOJUIEKTOpa, JaHHas MpoIeAypa HEBO3MOXHA. B cBsizu ¢ 4eM ObUIO MPHUHSTO
pelieHre MpoOU3BECTU MOAEIUPOBAHUE TIIMHUCTBIX MPOIIACTKOB.

[TockobKy, Kak MpaBUJIO, B T€OJIOTUYECKUX MOJIEIISIX OTCYTCTBYIOT JAHHBIE O
@®EC wuHTEpBaNOB, OTHOCAIIMXCS K HEKOJUIEKTOpaM W TJIMHAM, MOJENb TJUH B
MEPBOM TMPUOMIDKEHUH MOXXHO OXapaKTepU30BaTh YCPEIHCHHBIMU 3HAYCHUSIMHU
MapamMeTpoB U CUWTATh TJIMHHUCTBIE IMPOCJIOU CIAO0OMPOHUIIAEMBIMA MEMOpaHaAMH,
MPOMYCKAIOIIMMU BOAY M HE MPOMyCKAamKUMHU yriaeBogopoasl. C ydyeTom
tpeboBanuii cumynsatopa PH KM cBoiicTBa siaeek, MOJACTUPYIONTUX TIIMHBI, OBLIN
OTIPEICIICHBI CIICIYIOMUM 00pa3oM: BojoHACKIIEHHOCTh — 100%; mopucrocts — 2%;
MEeCYaHUCTOCTh- 5% .

Jlanee co3gaBajach HEMpEpbIBHAsT MOJENb, BCE HEAKTUBHbIC SYEHKH B
aKTUBHOM CETOYHOM Osioke (actnum) koTopoil TMepeBOJMINCH B aKTHBHBIC, B HHUX

3aJaBaJIMCh YCPCOAHCHHBIC ITIapaMCTPhI 1JIA I'IMH.
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N3 comnocraBnenuss mojenel 0e3 TIUHAHBIX MPOIJIACTKOB M MPU HATUYUU
TaKOBBIX CIIEIyeT, YTO B IMEPBOM cllydae IJIaCTOBOE JaBJICHUE HU3MEHSETCS B
HIUPOKUX TpeiesiaX, UMEIOTCs 00JIaCTU KaK ¢ OYEHb BHICOKUM, TaK U C 0YEHb HU3KUM
naBieHueM. Bo BTOpoM ciydae naBiieHHE pacrpeeieHo 0ojiee paBHOMEPHO, UTO
Jydille COOTBETCTBYET PEAJTbHOCTH M TOATBEPXKAACTCS JaHHBIMH IPOMBICIOBBIX
uccnenopanul. Tak, nng Hamero miaacra X CpegHee IUIACTOBOE JaBJICHUE B
He(TeHACHIIIEHHOW 30HE B MOJIENM 0€3 TIIMHSHBIX MPOIIACTKOB cocTaBisier 26,08
MIla (B oTmenbHBIX 30HaX Iiacta udMmensercs ot 20,8 no 29,4 MIla), B Mmoaenu ¢
MIMHSAHBIMU niporutacTkamu — 21,05 MIla (pa36poc 3Hauenuit — ot 16 g0 24 MIla),
YTO SABJISICTCS MOYTH HMJICHTHYHBIM C 3aJJaHHBIM INIACTOBBIM AaBicHueM B 21 MIla.
CpaBHeHHE UCIOJIB30BAaHUE MOJIENIe ¢ y4eToM TJuH M 0€3 MpEeICTaBIeHO Ha

pucyHke 3.1.

280

270 \
IE- v L ——
©
g 250
g
a 240 == MogeNb C y4eTom
0 TIMHAHBIX NPONAACTKOB
o
§ 230 = Mogenb 6e3 yyeTa
3 TIMHAHBIX NPONAACTKOB
S
220 r_,—
210 4
200

27/12/2014 22/09/2017 18/06/2020 15/03/2023
[ara 3amepa

Pucynoxk 3.1- CpaBHenue rpadikoB TIaCTOBOTO JABICHUS MOJIENN O€3 U C ydacTHEM

TJIMHAHBIX IIPOILIACTKOB

CootHomienue a3 B 700bIBaeMOM (PIIIOM/IE MOXKET OTJIMYATHCS OT PeaIbHBIX

3HaueHuil. Jyisg nomydenus: TpeOyeMbIX AEOUTOB MO HEPTU U BOAE OBLIO MPOBEACHO
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M3MEHEHHUE KPUBBIX OTHOCUTEIBLHON (ha30BOM MPOHUIIAEMOCTH CUCTEMBbI BOJa-HEPTH
(SWL, SWCR). BcaencrBue HemocTaTKa HayalbHBIX JAaHHBIX, IS BBIYHCIICHHS
3HAYCHHI KpUTHYECKOMN BOJIOHACHIIIEHHOCTH OBLIH HCITOJIb30BaHBI
neTpopu3NYeCcKre 3aBUCUMOCTH MeCcTOpoxaeHus [1.
SWCR=0,231- PHIE®*?

rae SWCR — 3HaueHue KpuTH4ECKOM BOJOHACKIILIEHHOCTH

IIpoBoass uw3amenenuss SWCR u SWL, Obuin monydeHbl HEOOXOIUMBIE
3Ha4YCeHUS Je0uTa HePTH U BOJBL.

Pe3ynbTaThl amantanuu A00BIYM MO CKBaKMHAM TPEACTaBICHBI Ha PUCYHKaX

3.2, a Tak)Ke MO HAKOTUICHHOM JT00bI4e KUAKOCTH U HeTu Ha pucyHkax 3.3 u 3.4.

HakonneHasi foBbiua XuakocT, M3

60 000

55000

50 000

45000

40000

35000

%
30000 5 %

Pacuet
o

25000
20000

15000 /
10000 /

5000

0 5000 10 000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60 000
WcTopust

Pucynok 3.2 — Kpocc-mnot mo Hakoruienno Hedtu. [Tnact X mectopoknenus N
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HakonneHHast [oBblya XuakocTu, M3
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| = WcTopus B9 — Pacuer B9 .

Pucynok 3.3- Pe3ynbTarhsl agantaiuu Mo HaKOIJICHHOM J00bIYe KUIKOCTH

HakonneHHas fobbiva HedTu, M3
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100 000
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Oata,

|— WcTopua B9 — Pacuet B9 .

Pucynok 3.4- Pe3ynbTaThl aganTaiiy Mo HaKOIJICHHOUW T00bIYe HE(TH.
[IpencraBneHHble  pe3ysnbTaThl  IMO3BOJAKOT  CAENATh  3AaKIIOUYEHUE O
BO3MOKHOCTH HMCTOJIb30BaHUS (UIBTPAIMOHHON MOJEIH Iutacta X MECTOPOKACHUS

N 1715 pacuera MpOrHO3HBIX BAPUAHTOB pa3pabOTKH.
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3.2 O030p BapuaHTOB pa3padoTKH.

OwibTpallMOHHAs  MOJEIb  IMO3BOJSET  METOAOM  BBIYUCIUTEIBHOIO
HKCIIEPUMEHTA J1aTh aHAJIMW3 CIOXHUBLICHCS CUTyallu HA MECTOPOXKIEHUHU, a TAKKE
MPOUTPATh TOCHEACTBUS MPUHATHS TOTO WM MHOTO TEXHOJOIMYECKOTO pelIeHUs
MPOU3BOACTBEHHOM 3a1aun. Co3qaHue THAPOJIMHAMUYECKON MO MPOAYKTUBHBIX
00BEKTOB MecTOpOkIeHUs N CTaBUIIO CBOEH LIENBIO PEIICHUE CIIEYIOIMINX 3a0a4:

1) u3yunTtsh npoiecchbl GUIABTpALMK (DIIFOUAO0B MPHU PA3TUYHBIX BO3AEHCTBUSAX
Ha NPOAYKTHUBHBIE OOBEKTHI;

2) obecrieunTh HaUOOJIBIIINE TEKYIIUE 1EOUTHI;

3) wuccienoBaTb BO3MOYKHOCTh MHTEHCHU(UKALMK pa3pabOTKU 3aleku C
MIOMOIIBI0 U3MEHEHUSI CUCTEMbI PACCTAHOBKH CKBAXKUH;

Pemenne mnocTaBleHHBIX 3a/lad  MO3BOJIMJIO BbIPAOOTaTh ONTUMAIBHBIN
BapHaHT pa3paboOTKu 3ajexu. Becero Obuio paccumTaHo 3 BapHaHTa C pa3iIMYHBIMU

CUCTCMAaMHU PpACCTAaHOBKH CKBAKHH..

Bapuanr 1

Uccnenyemas HedTeHOCHas 3alie)kb MMeeT HeOoblmue pasMepbl (2,9x1,2,
2,9x1,7 KM) U HU3KYIO TPOHHUIIAEMOCTb, B TOXKE BpEMs IUIACTHI MMEET BBICOKYIO
CTENEHb PACWICHEHHOCTH W HU3KYI0 THAPOAWHAMHYECKYIO CBSA3b, 4YTO JIEJIAET
HEBO3MOKHBIM HCIOJIb30BAHHE MPUKOHTYPHOIO 3aBOJHEHHUSI MO BCEW IUIOIIAAH
3a5ie’u. BbIIO MPUHATO pelieHne 0 OypeHUU S5 BEPTUKAIBHBIX U | TOPU30HTATBHOM
TOOBIBAIONIUX CKBOXKHH BHYTPH KOHTypa HE(PTEHOCHOCTH. Takke B Ipoliecce
AKCIUTyaTalluy IJIAHUPYETCS NEPEBEICHUE BYX NOOBIBAIOIINX CKBaXUH (Ne621,627)
B HarHeTaTeJbHbIE.

B nepuon skcrumyatanuu 3anexu IUIaHUPYETCsl NPOBEAEHHUE 6 omepauui Io
oypenuto 5 (P1, P2, P3, P4, P5) noOpBatomux BepTukanbHbix u 1(P3)
TOPU30HTAIBHOW CKBAKWH, W 2 OTEpaIiii 1Mo MepeBoy ABYX JTOOBIBAIOIINX CKBAKUH
(621, 627) B HarHetatenbHble. Takke M1 YBEJIUYEHHS] MPOHUIIAEMOCTHU

npu3a00MHOM 30HbI IJ1acTa, IaHupyeTcs nposeaeHue ['PIL

54



Hakomnnennas no0bda HeTH 3a pacyeTHBIA NMEPUOJ pa3pabOTKU COCTABIISIET
315008,6 ™3, nocturaemsrii KUH - 0,393 momu exn. IIpoeKTHBIH Iepros pa3paboTKu
— 52 rona 11 mecsues.

BapuanTt 2

B pesynapraTe aHanM3za NOpeNbIAYHIEr0o BapuaHTa pa3paboTKu  ObLIO
YCTAHOBJIEHO, YTO THAPOJAMHAMHUYECKAs CBSI3aHHOCThH IUIACTOB KpailHe Mana W s
NOBBIIEHUSI KOAP(DUIIMEHTA U3BJIeUEHUsI HePTH OBLIO MPUHATO pelIeHre 0 OypeHuu
4 TropU3OHTAJbHBIX CKBaXMH, a Takke | HarHeTaTelbHOW  CKBaXKUHbI,
pacrionararouieiicas B paloHe 335 CKBaXXMHbl MEXAY BHYTPEHHUM W BHEIIHUM
KOHTYpOM He(TEeHOCHOCTU. MexaHu3M BbITeCHEHUS! HE(TH B ATOM ciyyae OJIM30K K
IPUPOJTHOMY BOJIOHATIOPHOM PEXHUMY.

B nepuoj skcmtyaTalu 3ajie)u IJIaHupyeTcs MPOBEJIeHUEe S5 onepanui 1mo
Oypenuto 4 ropusonTanbHbiXx ckBaxkud (P1, P2, P3, P4) u 1 naraerarensuoit (11).
Taxoke mmanupyercs nepeBos 1 poObIBaroIel CkBaXUHBI (621) B HarHETaTEIBHYIO.
Taxxe s yBeTWUYeHHUs] MPOHUIIAEMOCTH NMPU3a00HHOM 30HBI IJ1aCTa, TJIAaHUPYETCs
nposeaenue ['PII.

Hakomnnennas 1o0bda HeTH 3a pacyeTHBIA MEpPHOJ pa3pabOTKU COCTABIISIET
313075,5 ™3, nocturaemsrit KUH - 0,3906 momu en. [TpoexTHbII TIeproa pa3paboTKu
— 33 roga 11 mecsues.

Bapuanr 3 ( PekomeHnayemblii)

B pesynbraTe aHanmza 2 BapuaHTa pa3pabOTKH, OBLIO YCTAaHOBJIEHO, YTO
HPKOHOMHYECKU HE pPEHTa0eIbHO OypeHue 4 TOPH3OHTAIBHBIX CKBAKHH, yUWUTHIBAs
ToT ¢akr, uto ¢akrnuecku KWH He yBenmuuumics, omaHaKo CpoK pa3paboTKu
yMeHbIIWICS Ha 19 neT. YuutTeiBas BbIIIECKAa3aHHOE, OBUIO MPUHATO PEHICHUE O
OypeHMU 2 BEPTUKAIBHBIX H 2 TOPU3OHTAIBHBIX CKBAXWH, a Takke S
HarHeTaTeIbHbIX CKBAXXHMH C NPUMEHEHHEM 4-X TOYEYHOro 3aBOJHEHHs. B
MOCJEACTBUM IUIAHUPYETCS TEPEeBOJ OJHOM HArHeTaTeJbHOM CKBaXMHBI B
JOOBIBAOIITYIO.

B nepuon skcruryatauuu 3aiexu IUIAHUPYETCS MPOBEICHUE 9 omepauuil 1mo

OypeHuto 2 ropusoHTalnbHbIX ckBaxuH (P4, P5), 2 Beprukanbueix (P1, P3) u 5
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HarHeTarenbHbIX ckBaxkuH (11, 12, 13, 14, 15). B mociencTtBum, maHUPYyeETCS
nepeBecTd 1 HarHerarenbHylo (12) ckBakuHy B 100BIBaroIIy10. Takke MiIaHUPyeTCs
nepeBosy 1 goObiBaromiedt ckBaxuHbl (621) B Har"eTtatenbHyro.Takxke s
YBEJIMYEHHs] MPOHUIIAEMOCTH MPU3a00HHON 30HbBI IJIacTa, MJIAHUPYETCS MPOBEJICHUE
I'PIL

Hakomnnennas no0bua HepTH 3a pacyeTHBIA MEpPUOJ pa3pabOTKU COCTaBISIET
307375,5 w3, nocturaemeiii KUH - 0,3835 momu ex. [IpoeKkTHBIH nepros pa3paboTKu

— 9 ner 5 mecsues.
Ha pucynke 3.5 npuBeneH rpaduk, Ha KOTOPOM IIOKa3aHbl HAKOIICHHBIC
n00bdM HepTH Mo BceM TpeMm BapuaHTaMm. [lo naHHOMY rpaduky MOXKHO CHelaTh
BBIBOJI, YTO HauOoJiee MPEeANOUYTUTEIbHBIM SBISETCS BapUaHT 3, TaK KaK HaKOIUJICHHAs

no0b4a HeTH ONMM3Ka K MAaKCUMAaJIbHOM, a TIPOEKTHBIN Mepuoj pa3paboTKu SBIsSETCS

MMPUCMIICMBbIM.
60 320
50 - 310
300
40 +
290
30 +
280
20 A
270
10 - 260
0 A 250
BapuaHTt 1 BapuaHT 2 BapuaHt 3
B HakonneHHas fobblya HedTH 315.0086 313.0755 307.3755
M Bpems pa3paboTku 52.9 33.9 9.4

Pucynok 3.5 — Hakomiennas 1o6sr4a HedTH U Bpems pa3paboTKH.

56



4 Pe3yJbTaThl NPOBEAEHHOT0 UCCIEA0BAHUS

OcHOBHOW 11eAbI0  pabOThl  SIBJISVIOCH TOCTPOEGHUE U UCCIIEIOBAHHE
0COOEHHOCTEW ajanTaluy TUAPOAUHAMUYECKON Monaenu MecTtopoxacHus Tomckoin
00J1acTH ¢ BBICOKOM pacujIeHEHHOCThIO KOJIJIEKTOPA.

ITo MECTOPOXKICHUIO-aHAJIOT'Y OBLIH B3SITHI pe3yIabTaThI T10
KanwuispuMmeTpud, , 3aBucumoctb ODII nss Boabl 1 HEPTU OT BOJIOHACHIIIIEHHOCTH
KOJUIEKTOPOB, CBEJICHUS O CBOMCTBAX HE(MTH I MOCTPOEHUS Tpexda3sHON MOICIIH.

B nanwueliniem B pabore ucciaeqoBaIMCh OCOOCHHOCTH aJanTalldd MOJEIH.
Ananranus ['/IM Obuta mpoBeneHa Mo cTaHAapTHOM Mmeroauke. s coBmaaeHus
cooTHotieHus ¢a3 B JoObIBaeMoM (iironie ObUIO TPOBEACHO U3MEHEHUE TOJIOKEHUS
KOHIIEBBIX TOUCK T'padpuka CBI3aHHOW BOJOHACHIIICHHOCTH. M3-3a HEXBAaTKU JaHHBIX
OblJIa KMCIOJIb30BaHAa TEeTpodu3nuecKas 3aBUCHMOCTh MECTOPOXKIeHus-aHajora I1.
[TpoBoass m3menenuss SWCR u SWL, Obimu monydeHsl HEOOXOAUMBIE 3HAYCHUS
nebuta HeTH U BOJIBI.

Taxke OblTa MCcieAOBaHA 3aBUCUMOCTh MOJICTUPOBAHUS TJIMH B IUTACTE B
YCJIOBUAX BBICOKOM PaCUJICHEHHOCTH KOJIJIEKTOpa Ha KOPPEKTHOCTD
CIIPOCKTUPOBAHHON MOJIeNI. bBbUIO BBISIBIECHO, YTO B YCIOBHUSIX MPUCYTCTBUS
[VIMHSHBIX ~ TPOIJIACTKOB, HEOOXOAWMO  MOJICTUPOBAaHWE  JIAHHBIX TIIHH C
onpeaeineHHbiIMM OEC, B 4acTHOCTH 111 aJ€KBAaTHOTO MOJCIMPOBAHUS IJIACTOBOIO
JTaBJICHUS.

B pamkax paboTel OblIa HCCIEIOBaHAa BO3MOXKHOCTh HWHTEHCH(DUKAIIUN
pa3pabOTKH 3QJICKH C TIOMOIIBIO M3MEHEHHUS CUCTEMBl pacCTAaHOBKH CKBaXHMH. Bcero
OBUIO paccUWTaHO 3 BapHaHTa C pa3IWIHBIMH cucTeMamMu. [IoMHMO CHCTEMBI
pacCTaHOBKH, TakKXe MOAOMPaAIoCh ONTUMAJIbHOE KOJIWMYECTBO CKBAXUH U
WHTEHCHBHOCTb 3aBOJHEHMs. PelieHne nmocTaBiaeHHbBIX 3a/1a4 MO3BOJIMIIO BRIPAOOTATh
ONTUMAaJIbHBIN BApUAHT Pa3paOdOTKU 3aJI€KHU. AHATU3UPYS PUCYHOK 3.5 HAKOIIIEHHOM
no0bran HeTH W BpeMEHH pa3paboTku, OBLT cae’naH BBIBOA, YTO Hambosee
MPEANOYTHTEIIFHBIM SABISCTCS BapuaHT 3. JlaHHBIM BapHaHT XapaKTEePU3YeTCs
OMM3KOW K HAaMOOJIbIlIeH HAKOIJIEHHOM N0ObIYEH 3a BCce BpeMsl pa3pabOTKH, a TakkKe

HaMMCHBIIUM PAaCYCTHBIM IICPHOJOM p33pa6OTKI/I.
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5 TeXxHUKO0-IKOHOMHYECKHI AHAJIN3 BAPHAHTOB pPa3padoTKu

DOKOHOMHMYECKasl OlLIEHKa pa3padoTku o0bekra X wmectopoxaeHus N
MpOBEJICHA C IIEJIbIO TIpeCcTaBiIeHus] Hanbosee 3G (PEKTUBHOM CUCTEMBI Pa3padOTKHU.
Huxe mokazaHbl pacyeThl SJKOHOMHUYECKHX TOKa3aTene pa3paboTku, 000CHOBAHHBI
KO3 (PUIMEHTHI W3BJICUCHUS YTJICBOJAOPOAOB, a TAaKXKE MPEACTABICHO TEXHHKO-
PKOHOMUYECKOEe 000CHOBaHME BHIOOpa BapruaHTa pa3pabOTKH.

Ilenu mpoBeaeHUS TEXHUKO-YKOHOMHYECKOTO aHAIn3a pa3padOTKu:

1. Ouenurp HaumbOosiee >PGHEKTUBHYIO CUCTEMY pa3pabOTKu oO0BeKkTa X
mectopoxaenus N;

2. PaccumtaTh S5KOHOMHUYECKHEC BBITOJIBI;

3. OleHUTh YKOHOMUYECKYI0 YCTOMYMBOCTh TPOCKTA.
5.1 DKoOHOMHWYECKHE MOKA3ATeJIN

Kommepueckas 3h@exkTuBHOCT pa3paboTKu MCKOro MeCTOPOXKICHUS
OILICHMBAJIACh C UCTIOIB30BAHUEM CUCTEMBI MTOKa3aTeNel, OTPAXKAIOIIUX IeITeIbHOCTh
NPENNPUSATUS TPUMEHHUTENBHO K YCIOBUSM PHIHOYHON KOHOMHKH, C BKIFOUEHHUEM B
HSKOHOMHYECKHUE PAacUeThl TUIATEKEH W HAJIOrOB, MPETyCMOTPEHHBIX IEHCTBYIOUIUM
3aKOHOJATEILCTBOM B 00JIACTM  HAJIOTOOOJIOKEHHSI COTJIACHO — JICWCTBYIOIIUM
«MeToan4eckuM pEeKOMEHIAIUSIM 10 OIeHKEe 3(P(GEKTUBHOCTH HWHBECTUIIMOHHBIX
OpPOEKTOB»  (M3maTtenbcTBO  «ODKoHOMHKa», 2000 r.), «Meroguueckum
PEKOMEHJAIUSAM TI0 TMPOCKTUPOBAHHUIO Pa3pabOTKu HEMTAHBIX U Ta30HEPTIHBIX
MeCTOpOoXIeHH» (MUHUCTEPCTBO NpUPOAHBIX pecypcoB Poccuiickoit denepanuu. —
M. 2007 r.), «Hammmonansubim ctaggaprom PO 'OCT 32359-2013 «MecTtopokaeHus
He(dTaabie U TazoHedTsHbIE [IpaBuina mpoekTupoBaHus pa3padOTKu» (U3JATEIHCTBO
«Crangaptuadopm» 2014 1.)

K ocHOBHBIM mOKa3aTeIsIM 9KOHOMHYECKON d()PEKTUBHOCTH OTHOCSTCS

—BHYTpeHHsAsI HopMa peHTabenbHOCTH (IRR) mpeacraBisier coboii 3HaueHUE
JMCKOHTA, MPU KOTOPOM BEJIMYMHA CYMMAapHOr0 MOTOKA HAJTUYHOCTH 34 PACUETHBIM

nepuoa paBHa Hyt0. IRR He MoxeT ObITh BBIUKCIIEHA B CIACIYIOUIUX CUTYaLUsIX: BCE
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3HAQYEHUsI TOJOBOTO IMOTOKA HAIIMYHOCTH OTPULATENIBHBI, BCE 3HAYEHHUS T'OJIOBOrO
MOTOKA HATUYHOCTH MOJIOKUTEIIbHBI;

—IMCKOHTUPOBAHHBIA CPOK OKYIAeMOCTH KalUTaIbHBIX BiiokeHuit (DPP)
ompeAensiercss  KOJWYECTBOM  JIET, MO  MCTEYEHUM  KOTOPBIX  HadaJIbHbIE
OTPUIATEJIbHBIE 3HAYEHHS] HAKOIJICHHON TUCKOHTHUPOBAHHOW JEHEKHOW HAIMYHOCTHU
MOJHOCTBIO KOMIIEHCUPYIOTCS MOCIEAYIOMIUMHU €€ TOJOKUTEIbHBIMYA 3HAYCHUSIMU;

—WHJIEKC JIOXOJHOCTH JUCKOHTHUpOBaHHBIX WHBecTHIMU (PI) — oTHomeHue
CyMMBbl JUCKOHTUPOBAHHBIX 3JIEMEHTOB JEHEKHOI0 IOTOKa OT ONEpPallMOHHOMN
NEATeIbHOCTH K aOCOJIFOTHOM BEJIWYMHE JIUCKOHTUPOBAHHOW CYMMBI JI€HEKHOTO
MOTOKAa OT MHBECTUIMOHHOW AesATEeNbHOCTU. Pl paBeH yBeIMUYEHHOMY Ha €IUHUILY
otHomeHuio NPV Kk HaKOTIEHHOMY TUCKOHTUPOBAHHOMY 00BhEMY MHBECTHUITUH;

—WHJIEKC JIOXOJHOCTH nuckoHTUpoBaHHBIX 3arpar (PIE) — onpenensercs kak
OTHOIIIEHWE CYMMBbI JTMCKOHTUPOBAHHOW BBIPYUKH OT peanm3anuu YBC k cymme
JUCKOHTHUPOBAHHBIX TEKYIIUX 3aTpaT, HAJIOrOB, MOUUIMH U MPOYUX OTYHCICHUHN B
OromkeTsl PO pa3nuuHbIX YPOBHEH, a TAK)Ke KalUTAIbHBIX 3aTPaT;

—YUCTBIA JUCKOHTUPOBAHHBIN J10X04 Toib3oBatensa Heap (NPV) - cymma
npuObUIM  OT pealu3aliy  YIJIEBOJOPOAOB M aMOPTHU3ALMOHHBIX OTYHCIICHUH,
YMEHBIICHHAS Ha BEJIMYMHY KalWTaJOBJIOXEHUH, HampaBiIsieMylo Ha ocBoeHue 0
(3amexu, MECTOPOKACHUS), IPUBEJAECHHAs K HayaJbHOMY IOAY IO CTaBKE JUCKOHTA
15 %j;

—IUCKOHTUPOBAaHHBIM moxoj rocyaapctBa (JII)) — HakomuieHHass cymma
TOJIOBBIX HAJIOTOBBIX OTYMCIEHWUN, TaMOXCHHBIX COOpPOB, TONUIMH M TPOYUX
OTYUCIICHUI B OrOKeThl PO pa3nuuHbIX YpOBHEH, PACCUMTAHHBIX C YUYETOM CTaBKU
nrucKoHTHpoBaHuA 15%.

—peHTa0eIbHBIM CPOK Pa3padOTKU — YacTh MPOEKTHOTO CpoKa (HAYWHAS C
MIEPBOI0 MPOEKTHOro roaa) paspadotku 0 (3alie’ku, MECTOPOXKJICHHS), B TEUCHHE
KOTOPOTO  JOCTUTaeTcsi MaKCUMaJbHOE  IOJIOKHUTENbHOE  3HaueHue NPV
MOJIb30BAaTEIIS HEAP.

DKOHOMHYECKHE TMApAMETPhl  3aJ0KEHBl B  pacdeT 3KOHOMHYECKHX

MokazaTejaed Il OUEHKHM PEHTA0EIbHOCTH  PacCMAaTPUBAEMbIX  BapUAHTOB
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pa3paOOTKU U BHIOOpA HAWUJIYYILIETO MO KPUTEPUIO ONMTUMATLHOCTU TOMNT, KOTOPHIM
paccuuThIBAaETCS MO CeaAyromen Gopmye:
Tonr(i) = HKHH(i) + HNPV(i) + HIAT (i);
HKWH(i) = KKUH(i) / makc (KKWH(1)...KKHWH(n));
HNPV(i) = NPV(i) / makc (NPV1...NPVn);

HIAC (1) = AA0(®0) / maxe (JA... JJN);

rae Tonr(i) — WHTErpaJibHBIM IMOKa3aTellb ONTUMAJIBHOCTH 1-TO BapHaHTa
paszpadotku J0;

HKWH(i) — nHopMupoBaHHBI Ko3(ppuuueHT u3BiIedYeHus HepTH 1-TO
BapuaHTa pazpadotku J0 nis kaTeropuit 3anacoB A+B1+Bo;

HNPV(i) — nopmupoBannbii YJIJ] monp3oBatens Heap 1-TO BapHaHTa
paspadotku D0 s kareropuii 3amacoB A+B1+By;

HAJAT'(1)) — HOpMHpOBaHHBI HAKOIJICHHBIM JHCKOHTUPOBAHHBIN 10XO]
rocyaapcTBa [ i1-ro BapuanTa paspadotku D0 s kareropuid 3anmacoB A+B1+Bp;

KKWH() — xoaddumueHt wusBnedeHuss HePTH 3a pPEHTAOENIBHBIA CPOK
pa3paboTKH 715l 1-TO BapuaHTa pa3padotku D0 ains kareropuii 3anacoB A+B1+Bp;

KKHH(1)... KKNUH(n) - ko3¢dumuentsl  u3BieueHus  Hehtm  3a
peHTa0eNbHbI CPOK i BapuaHTOB pa3pabotku DO 1 KaTeropuil 3amacos
A+B1+By;

NPV(i) — YJI/I nonp3oBaTens Heap A i-ro BapuaHTa pa3paboTku D0 s
KaTeropuii 3anacoB A+B1+B;

NPVI1...NPVn — YJI/] momp30Batesss HeAp Ui BapuaHTOB paszpaboTku D0
JU1s1 KaTeropuit 3anacoB A+B1+Bo;

JI'(1) — HaKOIUICHHBIM JUCKOHTHUPOBAHHBIM JIOXOJ TOCYJapcTBa IS i-TO
BapuaHTa pazpaborku D0 s kateropuii 3anacoB A+B1+Bo;

JAT. .. Jl'n — HakomIEHHBIE JUCKOHTHPOBAHHBIE JOXObI TOCYyAapCcTBa IS
BapuaHTOB pa3padbotku D0 misa kareropuii 3anacos A+B1+By;

| — HOMep BapuaHTa pa3paboTku D0;

N — KOJIMYECTBO BapuaHTOB pa3padoTku 0.

[Tokazatenn YA wu I paccuuthiBalOTCs 3a pPEHTAOCIBbHBIM CpPOK
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pa3paboTKH.
PekoMeHnyembIii  BapwaHT pa3paOOTKH  ONpeAeNsieTcs, KaK BapUaHT

pa3pabOTKH ¢ MaKCUMaIbHBIM 3HaU€HHEeM TMokazaTteis Tont(i).
5.2 MakpoIKOHOMHUYECKHE NOKA3aTeJI M U pacyeTbl YUCTHIX HeH YBC

[Tomoxenussmu «BpeMEHHBIX METOAMYECKUX PEKOMEHIALMMN IO MOATOTOBKE
TEXHUYECKUX TMPOEKTOB pPa3pabOTKM MECTOPOXKISCHUM YIJIEBOJAOPOJTHOTO CHIPHSI»
PEKOMEHIyeTCsl UCIOJb30BaTh CpeAHUE 3HaueHus 11eH Ha YBC Ha 3KCHOPTHBIX
pPBIHKAaX U COOTBETCTBYIOIIME UM 3HAYEHUSI OOMEHHOTO Kypca POCCHICKOro py0O:as 3a
12 xanmenmapHbIX MecslEB, npeamecTByromux jgare noaroroBku I[IT[. Takum
obpasom, Ha 2018 r. mporaosupyercs neHa HepTu Ha BHemHeM phiHKe 461,5 $/T u
Kypc aojuapa 64,7 pyo.

BryTtpeHnHsis 1ieHa HepTH pacCUUTHIBACTCS Ha y3Jie ydeTa He(pTH 1Mo METOJIUKE,
UCIIOJIb3yeMOM BO BCEX BEIYIIMX HEPTIHBIX KOMIAHUAX, paboTalolmux Ha
tepputopun P®. B cooTBeTCTBMM € 3TOM METOAMKOM, yuctas LeHa Ha KYVY
Hexnponoib3oBarens (Netback) paccuntbiBaeTcs M3 1IEHBI HA BHEITHEM PBIHKE ITyTEM
BBIYMTAHUS BEJIMYUHBI OKCIIOPTHOW IIOLUIMHBI M TPAHCIIOPTHBIX PacXOIOB.

MaKpOBKOHOMquCKHC IMOKa3aTClin M pacCuCT YUCTBIX ICH IIPCACTABJICHLI B Ta6J'II/IH€

5.1.

Tabmmma 5.1- MakposKOHOMHYECKHE TTOKA3aTelId U PACUET YHCTHIX IIeH
Tpancnopt ot | Tamoxenn | Koaddumue DKCHopTHBL
Llena KYVH o | ag HT
OOMeHHBI | HETOIK
HepTH nopra MOWIHHA | MEPeBOMa M3 | .- 2 He(Th
Foner FOpanc (TpyOomnpoBoaH | Ha HEDTH | TOHH B P
BIi1) CBIPYIO OGappenu CRIPYIO
noiu./6app. | pyo./T pyo./T Gapp./T pyo0./monn. | pyo./T
1 63,22 2 855 8600,08 7,3 61,93 17126
i - 63,22 2 855 8600,08 7,3 61,93 17126

BennunHa TpaHCIOPTHBIX PacXOJ0B MPU SKCIOPTHOW pealn3aluy Ha y4acTKe
«HIIC Packuno — nopt Ko3smuno (IIpumopck)» paccuuTbiBaeTcsi B COOTBETCTBUH C

[Mpukazom DenepanbHON aHTUMOHOIONBHOM ci1yx)0b1 (DAC Poccun) Ne 1825/16 ot
23.12.2016 r.
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[loka3zarenu skoHOMUYecKOH 3 dexkTuBHOCTH pa3zpaboTku N MecTopoxAeHUS
onpeneneHsl npu ycinosuu coeita 50 % noObIBaeMOil IMPOAYKLMU HAa BHYTPEHHEM
peiHKe U 50 % Ha BHEIIHEM PBIHKE B YCIOBUAX AEHCTBYIOIIEH HAJTOTOBOM CUCTEMBI.

PacueTsl BBITIOJIHEHBI B pEAJIbHBIX LIEHAX 0€3 yueTa HHOIALNH.

OuUHAHCUPOBAHKME MPOEKTA MPEIIOJIaraeTcs 3a CYET COOCTBEHHBIX CPEJICTB

HCIAPOIIOJIb30BATCIIA.

5.3 HaJjiorosasi cucrema

Henpononb3oBaTenb — BBIJIAYMBAIOT  BCE  HAJIOTH, MPEAYCMOTpPEHHbIE
JEHUCTBYIOIIUM 3aKOHOJATENHCTBOM P®D, ¢ yyeToM MOmpaBOK, BCTYMUBIIUM B CHITY
Ha MOMEHT pacueToB. B Tabnuie 5.2 mpencraBiieH nepedeHb HAJIOTOB U IJIATEXKEH,
BKJIFOUEHHBIX B 9KOHOMHUYECKYIO OLICHKY BapHaHTOB pa3palOTKH, U MOKa3aH MOPSIIO0K
ux pacyerta. B tabnuie 5.3 mpuBeneHO pacmpeeieHrue HaloroB B (eaepabHbI,

00JIACTHOU U MECTHBIA OFOKETHI.

TaoOmuna 5.2 - OCHOBHBIE HaJIOT! Poccuiickoit denepannun TS
He(dTera30100bIBAIOIINX MPEITTPUSTHIA
Bua Hajora CraBKa Hajiora u 6a3a HaYHCJIEHHUs
1 2

Hanozu, omnocumole na cebecmoumocmn

1. Hanor Ha no0ObI4y MoJje3HbIX PacuerHnas craBka:

HCKOTAaeMBIX 2018 1. — 6 635 py0. 3a TOHHY;
¢ y4eToM KOd((dHUIMeHTa, XapaKTEPU3YIOIIEro ANHAMHKY MHPOBBIX IICH
Ha Hehptp — Kiu u koddduumenra, XapaKkTepu3yOLIEro CTENeHb

BBIPaOOTaHHOCTH 3amacoB — KB)
Ku = (II-15)*P/261, roe

Il — cpemHumii 3a HaOTOBBI TEPHOA YPOBEHb IIEH HEPTH
«IOpanc» B mommapax CIIA 3a 6appens;

P — cpennee 3HaueHue 3a HAJIOTOBBIA MEPHUOZ Kypca Aoiiapa
CIIIA x pyOumro, ycranaBimuBaemoro LlenTpansabiM 6ankoM PO

Ks = 3,8-3,5*N/V, rue

N — cymMMa HakomUIeHHOHW IOObBIYM He(pTH Ha KOHKPETHOM
ygacTke Hemp (BKIOWas T[OTepd MNpH  A0ObME) 1O  JaHHBIM
TOCYIapCTBEHHOro 0OajlaHca 3amacoB  MOJIE3HBIX — MCKOMAeMbIX  3a
KaJICHOAPHBIN rof;

V — HavaJibHBIE M3BJICKAaEMBbIE 3arackl HE()TH, YTBEPKICHHBIC B
YCTaHOBJICHHOM IIOPSJKE B COOTBETCTBHH C JAHHBIMH T'OCYJapCTBEHHOTO
GanaHca 3a1acoB MOJIE3HBIX NCKOMAEMBbIX.

B cmyuae, ecnum cremeHb BBIPAOOTAHHOCTH 3allacoB  He
mpepbrmaer 0,8, To kodddumment KB mpuHMMaercs paBHBIM 1, ecim
CTETIeHh BHIPAOOTAaHHOCTH 3amacoB mpeBbimaeT | kodgpdumuent Ks
npuHuMaercs pasHeIM 0,8.

2. CtpaxoBsle B3HOCHI BO BHeOomKeTHbIe | 2018r. — 30 % ot Hauncnennoi cymmer @OT, B TOM umcre:
¢ oH B!

- TICHCHOHHBINA (HOHTT 22% ot HaYUCIICHHOW CyMMBI (pOHIA OTIaThl Tpyaa (HO He Oonee
876 ThIC. py0./4en. B Tox)
- (hoHA conmaNbHOTrO CTPaXOBAHUS 2,9% ot HauKcneHHoW cyMMbI (hoHIa omIaThl Tpyaa (Ho He Ooree
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[Iponoskenue Tabauupl 5.2

755 ThIC. pYy0./den. B TON)

- (I)OHZ[ MCINIHUHCKOI'O CTPaAXOBAHUA

5,1% oT HaunCIIeHHONH CyMMBI (DOH/IA OITJIATHI ma
bl

3. CTpaxoBaHH€ OT HECUYACTHOIO CiIyyas

0,5% oT HauncIIeHHOM CyMMBI (DOHZIA OILIATHI TPyAa
bl

4. Ipoune Hanoru

B3siter o dakriuecknm nanabiM OAO «Tomckuedts» BHK 3a 2017 rox
o MecropoxaeHuio N u cocrapistor 560 ThIC. pyo.

Ha.rwzu, OMHOCUMBIE HA 8bIPYUKY Om peajiuzayuu u ¢uHaHCOBblﬁ pe3yiomam

1. Hanor Ha n00aBJIEHHYIO CTOMMOCTD

18% ot nobaBIIEeHHOW CTOMMOCTH, ONPENENIeMO KaK PasHULA MEXK LY
CTOMMOCTBIO PEATH30BAHHON MPOIYKI[HUA U CTOUMOCTBI0 MAaTePUATBHBIX
3aTpaT, OTHECEHHBIX Ha M3JIEPXKKU. B ciyuae ncmons3oBaHus B pacuere
3arpat 6e3 HJIC, 6a3oii Hauncnenuns Hanora Oy/ieT BEIpyYKa OT
peanu3alyy IPOAYKIHH.

2. Hajor Ha UMYIIECTBO NPENPHUSITHH

2,2 % OT CTOMMOCTH OCHOBHBIX (DOHJIOB.

3. DKcnopTHas MONLTUHA

9 249 py6. Ha TOHHY

4. Hanor Ha npu0bU1h

20% ot 6amaHCcOBOM MPHUOBLIHN, OCTAIOIICHCS OT BRIPYYKHU TIOCIIC
KOMITCHCAIIMHU 3KCILTyaTAIIMOHHBIX 3aTPAT M BBIIJIATHI BCEX HAJIOTOB.

Tabnuia 5.3 - Pacnipenenenue Hamoros B deiepaabHblil, 00JJACTHONH U MECTHBIN

OIOKETHI
Craska Hasora Pacrpesienenne CyMMBI Hajiora 1o GromKeTam,
HaumeHoBaHue Hajora %
dhenepanbHbII 00JIaCTHOM MECTHBIN
1 2 3 4 5
Hasor Ha 100bIYy MOJIE3HBIX 2018 1. - 6635 pyd./T 95 5 -
HCKOMAEMbIX
EnunbIi conmanbHbIA HAJI0T 30% 91,2 8,8 -
CrpaxoBaHHE OT HECYACTHOI'O 0,5% 91,2 8,8 -
CcIIydas
Hanor Ha 100aBJieHHYIO CTOUMOCTh 18% 100 - -
HAOC)
DKCHopTHAs TONUIUHA 9 249 py6. 3a TOHHY. 100 - -
Hastor Ha UMyIIIECTBO MPEANIPUATHI 2,2% - 100 -
ITnara 3a 3emito - - - 100
HaJtor Ha npu6sLIH 20% 10 (2/20) 90 (18/20) -

5.4 O6ocHoBaHMEe KO3I(PPULMEHTOB U3BJIeYEHNs YTJI€BOA0PO/10B

DOKOHOMHUYECKas OIeHKa pa3paboTku o0bekTta X MecTopoxacHus M

MPOBEJICHA C LIETIBIO TIpeicTaBleHus Harbonee 3 heKTUBHON CUCTEMBI pa3padOTKH.

TeXHUKO-I)KOHOMUYECKUN aHaJn3 MPOEKTHBIX PELICHUM MPOBEAEH OTIEIBHO

mo o0BeKTy pazpaborku X. Beero paccmoTrpeno 3 BapuaHnTta pa3paboTku 00bekTa X:

Bapuant 1 (pekomeHayeMblii)

O0bekT X

B nepuon skcrumyatanuu 3anexu IUIAaHUPYETCsl NpOBEAEHHUE 6 omepauui 1o

OypeHuio 5 A00BIBAIOIIMX BEPTUKAJIbHBIX U | TOPU3OHTAIIBHOW CKBaXXUH, U 2

onepaunﬁ 10 IICPCBOAY ABYX I[O6BIBaIOI_HI/IX CKBa)XHUH B HarHeTaTelbHbIC. Takxke I
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YBEJIMYEHHs] MPOHUIIAEMOCTH NMPU3a00MHON 30HBI IJIacTa, MJIAHUPYETCS MPOBEJICHUE
I'PIL

Hakomnnennas 1o0b4a HepTH 3a pacyeTHBIA MEPUOl pa3pabOTKU COCTaBISAET
315008,6 w3, mocturaemsrii KMH - 0,393 gomm exn., Keeir- 0,449, Koxs-0,875
[IpoexTHbIi nepuoa pa3padboTku — 52 roga 11 mecsues. JoObua BeIETCS MOITHOCTHIO
MEXaHU3UPOBAHHBIM CIIOCOOOM.

BapuanTt 2

Oo0bekT X

B nepuoj skcmutyaTalu 3ajie’Ku IUIAHUPYETCsl MPOBEACHUE 5 omepanuid 1o
OypeHHuI0 4 TOpU3OHTAJBHBIX CKBaXXWMH W | HarHeraTenbHOW. Takke IuIaHUpyeTcs
nepeBosl 1 goObIBarolell CKBaKMHBI B HarHetateiabHyro. Takke s yBETWUYEHUS
IPOHUIIAEMOCTH NPpU3a00WHOM 30HBI IJ1ACTa, TIaHupyeTcs npoBeaeHue ['PII.

Hakomnnennas 1o0bua HeTH 32 pacueTHBIN Mepuol pa3pabOTKU COCTaBISET
313075,5 w3, nocturaemsriit KUH - 0,3906 nomm ex, Koit - 0,449, Koxs - 0,869 .
[IpoexTHbI epuoa pa3padoTku — 33 roga 11 mecsies. JoObua BeETCS MOITHOCTHIO
MEXaHU3UPOBAHHBIM CIIOCOOOM.

Bapuant 3

O6bexT X

B nepuoa skcrutyatanmu 3aiexxu IJIaHUPYETCS MpoBeAcHUE 9 omepanuil mno
OypeHnro 2 TOpU3OHTANBHBIX ckBaxuH (P4, P5), 2 Beprukampubix (P1, P3) u 5
HarHetarenbHbIX ckBaxuH (11, 12, 13, 14, 15). B mocnenctBum, mnimaHupyercs
nepeBectd 1 HarHetarenbHylo (12) ckBakuHY B HOOBIBaroNIyr0. Takke MiIaHUPyeTCs
nepeBoq | goObiBaromiedt ckBaxuHbl (621) B Har"ertatenbHyro.Takxke s
YBEJIMYCHHs TIPOHUIIAEMOCTH MPU3a00HON 30HBI IJIacTa, MIIAHUPYETCS MPOBEICHUE
I'PIL

Hakonuiennast 1oOsiya HepTH 32 pacyETHBIN MepHoJ pa3pabOTKU COCTaBIIAET
307375,5 ™%, nocturaemsiii KUH - 0,3835 nomm en, Kseit - 0,449, Koxs — 0,8541.
[IpoexTHbiii mepuos pa3padboTku — 9 net 5 mecsaueB. JoObua BeaETCA MOJIHOCTHIO

MEXaHU3UPOBAHHBIM CIIOCOOOM.
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5.5 OmneHka KanMTAJbHBIX, TeKYIIHX, JKCILUIyaTAIMOHHBIX M
BHEpPeEaTM3alHOHHBIX PACX0/10B

OuneHKa KanUTAJBHBIX BJIOKEHHH

KanuraneHble BiOXeHHA Ha pa3paboTky Baxckoro MectopoxkiaeHus
BKJIIOYAIOT B ce0s 3aTpaThl Ha CTPOUTENBCTBO CKBAXKMH U HUX 00YCTpPOMCTBO,
paccuMTaHHble B IulaHupyeMbix Ha 2018 r. nenax 0e3 yuera HJIC.

PacueTr CTOMMOCTHM CTpOUTENbCTBA CKBAXKMH MPOM3BOAWICS MCXOAS U3
3amianupoBaHHoi Ha 2018 r. ctoumoctu 1 MeTpa MPOXOAKU U CpelHEd TITyOUHBI
CKBa)KHUHBI. 3aTpaThl HA CTPOUTEIHCTBO CKBAXKUH MPEACTABICHBI B Ta0HIE 5.4.

Tabnuua 5.4- 3atpaTsl pu OypeHUU Ha MECTOPOKeHuH, Thic. py0. (6e3 HJIC)

BypeHnue CKBaXXHH/COMYTCTBYIOIINE PAOOTHI: Cromvocts 1 M., | Cpenms UTOoro,
pyo. IyOWHA, M. THIC. pyO.

- BepTHKAaJIbHON/HAKIIOHHO-HANIPABJICHHOM 11773 1830 21544

- TOPU30HTAJILHOU 22 480 1830 41138

- I'PII Ha HaKJIOHHO-HAIIPABJIEHHBIX CKB. 2 563

- MI'PII Ha ropu30HTaJIBHBIX CKB. (5 CT.) 9944

- BeImko-mMoHTaKHBIE paOOTHI (Ha KYCT) 24 930

KanuraneHble 3aTpaThl OMPEAENSIOTCS MO CIEAYIONIMM HAIpaBICHUSIM:
OypeHHe CKBaKMH; OOYCTPONCTBO CKBXMH M KYCTOBOMW IUIOIIAJIKH; 000PYIOBaHUE,
HE BXOHfIIEe B CMETHl CTPOEK; IPOMBICIOBOE OOYCTPOMCTBO; MOACpKaHUE
00BEKTOB OCHOBHBIX CPEJICTB.

[Ipoune KamuTanbHBIE BIOXKEHUS  PACCUUTHIBAIOTCS B  IPOILEHTHOM
otHomennu 10% k cymme 3aTpat Ha HE(QTEIIPOMBICTIOBOE CTPOUTEIHCTBO.

3arpaThl Ha OOOpYJOBaHME HE BXOJSIIEE B CMETHI CTPOEK PACCUUTAHBI
UCXOJsl W3 CpEIHeW CTOMMOCTH oOopyaoBaHusi 2 776 Teic. pyd. Ha 1 HOBYIO

ckBakuny W 103 Teic. py0O Ha | CKBaXHMHY JEHCTBYIOIIETO MEXaHU3UPOBAHHOTO

donna.

Tabnuia 5.4- Pacuer kKanuTaabHBIX BIOKEHHI
[TokazaTens 3atparel,

MITH.pYO

Bapuanr 1
1. DkcrutyataiiioHHOe OypeHue
1.1 Beprukansasie/HH 107,720
1.2 T'opu3oHTaIbHBIC 41,138
1.3TPIT 12,815
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[Iponomkenue Tabnuusl 5.4

1.4 MI'PI1 9,944

2. ITpOMBIILICHHOE CTPOUTEIBCTBO

2.1 O0yCTpPONCTBO CKBaKHH 27

2.2 CTpOUTENbCTBO KyCTOB 36,4

3. OHCC 13,656
NTOI'O CAPEX 248,817

Bapuant 2

1. DkcruyarairioHHoe OypeHue

1.1 Beprukansasie/HH 21,544

1.2 Topu3oHTaIBHBIC 164,552

1.3 TPIT 2,563

1.4 MI'PI1 39,776

2. TIpOMBIIUICHHOE CTPOUTEIHCTBO

2.1 OOyCTpPONCTBO CKBaKHH 22,5

2.2 CTpOuTENbCTBO KYCTOB 36,4

3. OHCC 13,8
NTOI'O CAPEX 301,135

Bapwuanr 3

1. DkcmTyaTaimonHoe OypeHue

1.1 BepTukanbHble 150,8

1.2 Topu3oHTaIbHBIC 82,3

1.3 TPIT 7,7

1.4 MI'PIT 19,9

2. [TpOMBIIIIEHHOE CTPOHUTENLCTBO

2.1 O0yCTpOHCTBO CKBaKMH 40,5

2.2 CTpOUTEILCTBO KYCTOB 36,4

3. OHCC 25,087
HNTOI'O CAPEX 362,687

5.6 TexHHKO-IKOHOMHYECKOe O000CHOBaHHE BBIOOPAa PEKOMEHIyeMOro

BapHaHTAa

Br16op pexomMeHayeMoro sl MPakTUYECKON peanu3alui BapruaHTa OCHOBaH
Ha COMOCTABJICHUH TEXHHKO-DKOHOMUYECKHX IOKa3aTesiel BapHaHTOB pa3pabOTKH.
ComnocTaBiieHHEe OCHOBHBIX SKOHOMHUYECKHUX TOKa3aTeseil o BapuaHTaM pa3padoTKu

oowrekta X mectopoxaeHuss N mpencraBineHo B Tabnuie 5.5 u Ha pucynke 5.1.
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Tabnmuma 5.5 - CormocraBieHne OCHOBHBIX TEXHUKO-DKOHOMHUYECKHX MMOKa3aTeIEn

a3paboTku 00bekTa X

Bapuanr 1 Bapuanr 2 Bapuanr 3
[Toxa3zaTenu
IInacr X IInact M IInact X
[IpoekTHBIH CpoK pa3paboTKu, JIeT 52,9 33,9 9,4
PenTabenbHBIN CPOK pa3pabOTKH, JIET 17 11 7
[IpoexTHas noObr4a HEMTH, THIC.T.
- 32 peHTa0eNbHBIN CPOK pa3padOTKU 222616,9 213658,2 198083
- 332 PacUYCTHBIN CPOK Pa3pabOTKU 272,481 272,539 265,879
Koappuument uzneuenus HeTH, T0IH €11
- 32 peHTa0eNIbHBIN CPOK pa3padOTKU 0,32 0,306 0,286
- 332 PacUYETHBIN CPOK Pa3pabOTKU 0,393 0,3906 0,3835
KanuranbHble BIOXKEHHUS, MIH.PYO. 248,817 301,135 362,687
DKCIUTyaTallMOHHBIE 3aTPaThl, MITH. PYO. 4433,03 3557,97 2695,5
B TOM YHUCIJIC:
-TEKYIIUE 3aTPAThI 2245,03 1389,97 500,1
-OTYHUCIICHHS U HAJIOTH B CE0ECTOMMOCTH 1807 1808 1764
-aMOpTU3aLHs 371 353 422.4
BHepeanu3annoHHbIe PacXobl 10 7 9
BrIpyuxka oT peanu3anuy IpoLyKIHU, MIIH.PYO.
- 3a peHTa0eNbHbIN CPOK Pa3pabOTKH 4769 4578 4244
- 33 pacyeTHbII CPOK pa3pabOTKu 5838 5839 5697
JMCcKOHTHPOBAaHHBIN MOTOK HANUIHOCTH (15%) 492 847,2 1129
YuCThIii 10X0/] MOIB30BATENs HEAp, MIH.pyOo 448 771,44 1028,76
Jloxoj rocynapcTBa, MIIH.pyo0. 3210,9 3211,45 3133,35
JIMCKOHTHPOBAHHBIN TOXOJ1 TOCYIAPCTBAa, MITH.pYO 2276 2305 2195
Wurerpanbheiii nokazatens (Tomnt) 2,4228 2,7437 2,9278
Hopmupoansslii Hakornennsiit JJIT (HIIJT) 0,9874 1,000 0,952
Hopmupoannsiit Y1 /] nons3oBatens venp (HNPV) 0,4354 0,7498 1,000
HopmupoBanusiii k03(hGUIMEHT u3BIeUeHUs HedTH 1,000 0,9939 0,9758

(HKIH)
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1.2 3

I HopMMpPOBaHHbIN
- 2.5 KOabdULMEHT
nsenedyeHus HedTn

0.8 - - 2 I HopMWMPOBaHHbIN
HakonsieHHobI 447
0.6 - - 1.5
[ HopmupoBsaHHbIi Y44
04 - 1 noab3oBaTens Heap
' (HNPV)
0.2 - . g5 —@—Tont

Pucynok 5.1 — OcHoBHBIE TTOKa3aTEIN IKOHOMUYECKOU 3(P(HEKTUBHOCTH
pa3paboTku o0bekTa M

CpaBHuTenbHBIN aHaNU3 3G(HEKTUBHOCTH BapUAHTOB pa3pabOTKu 00bekTa X
Mectopoxkaenuss N mokaszan, uro 1 BapuaHT siBisieTcs HaumOoJee >KOHOMHUYECKH
3¢ ()EeKTUBHBIM, a TaK)K€ MPUHOCUT OTHOCUTEIHHO BBICOKYIO MPUOBLIb MTO3TOMY OH U
PEKOMEHYeTCs K peau3aliii.

[Ipu peanuzanuu pEeKOMEHAYEMOIo BapuaHTa pa3paboTku o0bekTa X
MectopoxkaeHusi N, KanuTalbHbIE BIOXKEHHS B pa3pabOTKy 3a pacueTHBIA MEepUOJ
coctaBiT 362 MiH. py6. PenraGenbHbIll cpok pa3paboTku coctaBUT 7 neT. JloObrua
HedTH 3a pacueTHbIi mepuoy coctaBut 265,879 teic. T., KUH - 0,3835 m.en. Uncteiid
noxon monb3oBarens Heap- 1028,7 wmuH. py0, AMCKOHTHPOBAHHBINA J0OXO.
rocyaapctBa- 2195 muH. pyo.

PacueTsl 9KCIUTyaTallMOHHBIX 3aTpaT W BBIPYYKH 10 00BekTy X

MpeICTaBICHbI HA pUCYHKax 5.2 — 5.3.
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0% 59, B KanuTanbHble BAOXKEHNA
H TeKkylme 3aTpaThl
= Joxopn,

Heaponosab3oBaTtenAa

H Hanoru

W BHepeannsaumnoOHHble

Pucynok 5.2 - CTpyKTypa BBIpYYKH IO PEKOMEHIyeMOMY BapUaHTY pa3padOTKu

o0bekTa X

0, (]

0% _ 3%

B TekyLwue 3aTpaTbl

B Hanorun

B AMOpPTM3aLMOHHbIe
OoTYMCNEHNA

B TpaHCNOpPTHble pacxoapl

M 3aTpatbl HA MYH

Pucynok 5.3 - CTpyKTypa 3KCIUTyaTallMOHHBIX 3aTPaT MO0 PEKOMEHTyEMOMY

BapUaHTy pa3pab0TKu 00bekTa X

5.7 AHAIHU3 YYBCTBUTEJIbHOCTH MPOEKTA

JIJst OTleHKH BIUSTHUS HETOYHOCTHU MPOTHO3UPOBAHUS OCHOBHBIX IMApaMETPOB
MpOeKTa Ha Tmokazatenu dS(PQPeKkTuBHOCTH, ObUIA paccuWTaHA YYBCTBUTEIBHOCTH

NpOoeKTa K W3MEHEHHIO TakuX (aKTOpOB, Kak: IIeHa peanu3aluu HePTH, 00BeM
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N00bIMM HE(TH, SKCIUTyaTallMOHHBIE 3aTpaTbl Ha A0ObIYY HE(PTH M KamUTaJIbHbIE
BJIO’KEHUS.

HccnenoBanne  CTENMEHM  yCTOWYMBOCTHM — IPOEKTa K M3MEHEHUIO
BO3MYHIIAIOUIMX (AKTOPOB MPOBEJEHO Ha 0a3e pPEKOMEHIyeMOro BapHaHTa
pa3paboTkn o00bekTa X MecTopokaeHuss N, CBOJIHbBIE pe3ynbTaTbl, KOTOPBIX

MIpe/ICTaBIICHbI HA pUCYHKE 5.4.

MAH. pybneit
500

400

300

200

100

-100

-200

—300 T T T T T T T T T 1
-50% -40%  -30% -20% -10% 0% 10% 20% 30% 40% 50%

== LleHa peasnn3aumm == KanuTa/IbHble B/IOMEHNA

JKCNANYTALMOHHbIe 3aTpaTbl —@=—[06b14a HedTH

PucyHok 5.4 — AHanu3 4yBCTBUTEIBHOCTH IO PEKOMEHYEMOMY BapUAHTY

Onenka pucka majeHus IIeHbl Ha HEPTh MPOBOAMIACH JUISI BO3MOKHBIX
KoJjieOaHui 3HavueHWi B auamnazoHe oT +40%. Tak mpu cHKEHHH 0O0beMa JOOBIYH
Hedptu Ha 21 %, OO npu maxeHWM LEeHBI Oosiee yeM Ha 18,7%, win yBenMYeHUU
OKCIUTyaTallMOHHBIX 3aTpaT Ha 15,3%, paspaborka wmecropoxaeauss N 1o
PEKOMEHIyeMOMY BapUaHTy CTAHOBUTHCS HEPEHTAOCTHHOW. YBEIHMUCHNUE BEITUYUHBI
KalMUTATbHBIX BIOKEHUI B YKa3aHHOM JHMAMa30HE HE TOBIUAET Ha YKOHOMUYECKYIO

3(pheKTUBHOCTH MPOCKTA.
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Pazpabotka oObexkta X MectopoxaeHus N oOmamaer mnpuemiieMoin
YCTOWYUBOCTHIO K WM3MEHCHHUSM BHEMIHUX (AKTOPOB, MPOCKT XapaKTePHU3yeTCs

HKOHOMHYECKOU 3(PPEKTUBHOCTHIO pa3pabOTKu

BoIBOaBI

1. DxoHOMMUecKas olleHKa HaubOosee 3(P(PEeKTHUBHOM cHCTEMbl pa3pabOTKH
o0wvekta X Mecropoxaenuss N mpoBojauiack Mo TpeM BapuaHTaM pa3pabdOTKH, IO
COBOKYIHOCTH TEXHHUKO-3KOHOMUYECKHUX TOKa3areieil BapuaHT 3 MpEJCTaBiIeH B
KayecTBE PEKOMEHAYEMOTO.

2. Ilpoekt pa3paborku oObekTa X MectopoxaeHuss N XapakTepusyercs
MOJIOXKUTENIbHON 3KOHOMHYECKOU 3¢ PeKkTuBHOCTHIO. Peanu3aiust mpoekra mo3BojuT
TO0OBITh 3a TMPOEKTHBIM mepuon 9 ner m 5 mecsaueB 265879 Tteic.T. HedTH,
oOecreyuTh HeAponoib3oBaTento npuoeuib 1028,7 MaH. py0., MOMONMHUTH OHOIKET
rocyJapcTBa 3a MPOEKTHBIA MEPHOJ AUCKOHTUPOBAHHBIMU HAJOTOBBIMHU ILIATEXKAMU
¥ OTUHCIICHUSIMU B pazmepe 2195 muH. pyo.

3. AHanu3 4yBCTBUTEIBHOCTH MOKa3aja MPUEMIIMMYIO YCTOMUHNBOCTh MIPOEKTA

K U3MEHEHUIO BHEITHUX (haKTOPOB.
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6 ConuajbHasi OTBETCTBEHHOCTh

CoumanpHass ~ OTBETCTBEHHOCTh  WJIM  KOPIIOPATHBHAS  COLHAJIbHAA
OTBETCTBEHHOCTh — 3TO OTBETCTBEHHOCTb TEPE] JIIOAbBMU W JaHHBIMU UM
oOeIaHusIMU, KOTJla OpraHu3alus YYUTHIBAET MHTEPECHhl KOJJIEKTUBA M OOIIECTBa,
BO3Jlarasg Ha ce0sl OTBETCTBEHHOCTh 3a BJIIMSHUE WX JCSATEILHOCTH Ha 3aKa3uMKOB,
MOCTABIUKOB, PAOOTHUKOB, aKITMOHEPOB.

[enbro HacTOAIIEH PaOOTHI ABJISIETCS CO3/JaHUE THAPOIUHAMUYECKON MOJIETU
miacTa MaJioro MeCcTopoXaeHus ToMCKoM 00J1acTH, YUYUTHIBAIOIIEH HEOTHOPOIHOCTh
KOJUIEKTOpPA C UCIOJIb30BAHUEM MUHUMAJIBHOTO 00BheMa UCXOJIHBIX JIAHHBIX, a TAKKE
COTIOCTABUTEIbHBIM pacueT BapUAHTOB pa3pabOTKXM Ha HEOJHOPOJIHON MOJeIu
IJ1aCTa MECTOPOXKICHUA.

[Tpu anamuze sddextuBnoctu IIJII'TM npoBomusics 0030p JIUTEpaTypHBIX
UCTOYHUKOB, B XOjie¢ pabOThl ObUIM TMPOBEJAEHbI OOIIUPHBIE HCCIETOBAHUS
aIrOPUTMOB COBPEMEHHBIX IOCTOSHHO JAEHCTBYIOIIMX TI'€0JOTO-TEXHOJIOTHUYECKUX
MOJIEJIEN.

[Ipy wu3yyeHum mpolecca aaanTaluyd MOPUMEHSJIUCh AHAJIUTUYECKHE W
CTaTHYECKUE METOAbl HCCIEIOBAHUSI TMPOMBICIOBOTO U  Te0JIOro-(QpU3nYecKoro
matepuana. Mojenn He(TAHBIX MECTOPOXKACHHM, CO3JaHHbIE B MPOrPAMMHOM
nponykre I[IK PH-KHMM, B kxortopom Hambojee TMOJHO pealn30BaHbl (PYyHKIIUH
MOJICTUPOBAHMS  CIIOKHBIX TPOIECCOB  pa3pabOTKM H  CO3/[aH  (PyHKIIMOHAJ
MOCTPOCHUS TUAPOAUHAMUYECKON MOJEIHN 3aJICKEH.

OcHoBHast paboTa TMPOU3ZBOAMTCS B 3aKPBHITOM IOMENICHUU (KamepalbHas
o0paboTKa JaHHBIX) 3a KOMIBIOTEPOM, T09TOMYy B paszaene «CorumanbHas
OTBETCTBEHHOCTH» PACCMATPHUBAETCSI OE30MaCHOCTh pabOThI 3a PabOYMM MECTOM B

KOMIIBIOTCPHOM KJIACCC.
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6.1 Ilpou3BoaAcTBeHHAsI 0€30MIACHOCTD
6.1.1 Anaaun3 Bpeanbix pakTopoB

VYcnoBust paboueit cpeipl 00yCIIOBIEHBI (PU3NYECKUMHU, XUMUYECKUMH U
ouonormueckumu (akTopamMu Ha pabodeM wmecte. Eciaum OHHM COOTBETCTBYIOT
HOpMaTHBaM, TO OHM HE TOJIbKO HE OKa3bIBAIOT BPEAHOTO BO3JECHUCTBUS HA JIIOJCH, HO
U CIIOCOOCTBYIOT COXPAaHEHHUIO HX 3J0pOBbs, OOYCIIOBIMBAIOT TMPOSBICHUE
CIOCOOHOCTEH M CTUMYITUPYIOT KeJaHue BBIMOJHATE paboune 3agaun. KomdpopTHEIM
HA3bIBACTCSl COCTOSTHUE BHENTHEN cpe/ibl, 00€CTICUNBAIOIIEE ONTUMATBHYIO TUHAMUKY
paboTOCIOCOOHOCTH, XOPOIllee CaMOYyBCTBUE U COXPAHEHHE 3710POBBS pabOTAIOLIEr0
YeJioBeKa.

PaGouunii mpouecc mnpoxoausi B KaOWHETE CaMOCTOATEIbHON paboTh
MarucTpoB HWHCTUTYTa TNPUPOAHBIX PECYpCOB, KOTOPHIM pacnonoxkedn B 309
aynutopuu 20 xoprmyca HU TITY. B kabunete npeaycmoTpeHo 10 MHAUBUIYaTbHBIX
pabouux mect. Kaxkoe mecto mpejacrasisger coO0H KOMIBIOTEPHBIN CTON ¢ TyMOOM
U TOJIKaMU JJIsI KHUT, OCHAIEHHBIA CTAallMOHAPHBIM KOMIBIOTEPOM (TIpoLieccop:
Intel(R) Core(TM) i5-3230M CPU 2,60 GHz) ¢ mouuTopom Samsung Sync Master
715N ¢ guaronansto 19 nroitmoB (sipkocth 75 %, koHTpacTHOCTH 50 %, ¢ yacToTOM
obnoBnenus 60 Hz u paspemenunem 1920x1080).

Taxk sxe kaOuHET O0O0OpYAOBaH KPYIJIBIM CTOJOM, pAacCYMTAaHHBIM Ha 6
yesioBeK. KaOuHeT umeeT ecCTECTBEHHOE M MICKYCCTBEHHOE OCBellleHHE. EcTecTBeHHOE
OCBEILIEHHE OCYLIECTBISETCS Yepe3 CBETOBbIE IpPOEMbl (OKHA), HCKYCCTBEHHOE
OCBEILEHUE OCYLIECTBISETCS CUCTEMON OOIIEro PaBHOMEPHOTO OCBELICHHUS.

PaGouee Mecto Haxomutcs B odrcHOM momenieHuu. [Inomans momemeHus
cocrasiseT 24 M2, a 06beM cocTasisier 60 M3,

Cornmacao CanlluH 2.2.2/2.4.1340-03 momane Ha ogHO pabodee MeCTo
none3oBarenei I1K cocrasusger 6,5 M? u 20 Mm300bema Ha oxHOTO YenoBeka [9]. B
MOMEIIEHUH pPadOTAIOT TPHU 4YEJIOBEKa, CJIE0OBATEIbHO, HOPMbI MO IUIOMIAAU H

00bEMY BBITTOJTHSAIOTCS.
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IIpu pabore c [IK MOXHO CTOJKHYTbCA C PSAJIOM BpPEIHBIX (PAKTOPOB U

OMAaCHOCTEH, K YUCTY KOTOPBIX OTHOCSTCS (DAKTOPHI, yKa3aHHbIE B MpuioxeHuu XK.
6.1.1.1 OTk/I0OHeHHe MoKAa3aTeseii MUKPOKJIMMATA B IIOMellleHne

3HAUUTENbHBIM (PU3NYECKUM (PAKTOPOM SIBJISETCS MUKpPOKIMMAT pabodeit
30HBI.

MukpoxiMMaT IMOMEIEHUN — KJIUMaT BHYTPEHHEH Cpelbl dTUX MOMELICHUH,
KOTOpBIM ompenensieTcss JeWCTBYIOIMMUA Ha OpPraHU3M YeJOBEKa COYETaHUSIMU
TEMIIEpPaTyphl, BIAKHOCTU M CKOPOCTH JBM)KEHUS Bo3nyxa. [lpu ompeneneHHbIX
3HAUEHUAX MHUKPOKIIMMATA, YEJIOBEK MCIBITHIBAET COCTOSHHE TEIUIOBOI0 KoMdopTa,
YTO CHOCOOCTBYET MOBBIIIEHUIO MPOU3BOAUTEILHOCTH TPYIa, MNPEIyNpPExKACHUIO
OpOCTYIHBIX 3aboneBaHui. HeOnarompusTHble 3HAYEHUS MUKPOKIUMATHYECKUX
nokasarejieil MOTYT CTaTh MPUYUHOM CHUKEHHS MPOU3BOJACTBEHHBIX MOKa3aTesei B
paboTre, MPUBECTH K TaKUM 3a00J€BaHUSM pabOTAIOIIUX KaK pa3inyHble (HOPMBI
POCTYIbl, PAUKYIUT, XPOHUUYECKUI OPOHXUT U T.J.

[Ipu pabGore B mMOMENIEHUSX, KOTOpas CBsi3aHAa C  JUIMTEIbHBIM
ucrnonb3zoBanreM [IK, BO3MOXHBI HEpPBHO-3MOIIMOHAIbHBIE HANpsKEHUsA. B Takux
MOMEIIECHUSIX JOJKHBI 00ECIeunBaThCS ONTHMANIbHBIE TMapaMeTpbl MUKpPOKIMMATa
(cMm. mpumoskenue 3).

Ecmm mnomemenuss o6GopymoBansl IIK, TO HeoOXomumo exeHeIeTbHO
IIPOBOJUTH BIAXHYK YOOpKY M CHCTEMAaTHYECKOE NPOBETPUBAHUE IOCIE KaKJIOTO
yaca paootsl Ha [1K.

B mnomemeHnn OCyIIECTBISETCS €CTECTBEHHAs BEHTWISALMS IOCPEICTBOM
HaJIM4usg OKOHHOTO mpoema (dopToUku), a Takke aBepHOro mpoema. [lo 30He
NEUCTBUS Takas BEHTWIALMS ABIIsIETC 00meoOMeHHOH. OCHOBHOI HENOCTATOK -
NPUTOYHBIM BO3AyX MOCTYHNaeT B IMOMEIICHHE Oe3 MpeaBapUTEIbHONW OYHCTKH U
HarpeBanusi. Cormacao ©Hopmam CanlluH 2.2.2/2.4.1340-03 o0bem Bo3myxa
HEO0OXOIMMBIM Ha OJTHOTO YEJIOBEKA B MOMEUIEHUH 0€3 JOMOIHUTEIbHON BEHTWIALMU

nomxkeH 6bITh 60ee 40M3[9]. B Hamem criyuae 06beM BO3AyXa HA OJHOTO YeTOBEKA
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coctaBnsieT 20 M3, U3 ITOrO CleAyeT, YTO B MOMEIIEHHH HEOOXOAMMO OOECTIEUNTh

AOIMOJIHUTCIIbHYIO BEHTUIIAHIO.

6.1.1.2 IloBbIlIEHHBbI YPOBEHb IIyMAa

Opnum U3 HauboJiee OMACHBIX B MPOU3BOACTBE BPEIHBIX (DAKTOPOB SIBISETCS
myMm. Illym — 95TO COBOKYMHOCTH anepuUOAUYECKUX 3BYKOB  Pa3IUYHOM
WHTEHCUBHOCTHU W YacTOTHI (IIeJieCT, Ipede3KaHue, CKPUI, BU3T U T.I1.), CIIOCOOHBIX
OKa3bIBaTh HEOJIATONPHUATHOE BO3JCHCTBHE HA OPraHU3M.

[IIym ¢ ypoBHeM 3BykoBOro aaBieHus 10 30-35 nb nmpuBblueH 111 yenoBeka
u He Oecriokout ero. I[loBeimenue storo ypoBHs 10 40-70 n1b B yclnoBUAX Cpefbl
oOWTaHUS TPUBOJUT K HEOJArONPUATHBIM JUISI OpraHU3Ma  IOCJICACTBUSM.
[TocnenacTBus myma — royiopHasi 00Jb, ObICTpas yTOMJISIEMOCTh, OCCCOHHUIIA WIIH
COHJIMBOCTh, OCJIa0JIEHUE MaMSTH, CHIDKCHUE PEAKIIUK U T.]I.

OCHOBHBIM HCTOYHUKOM IIIyMa Ha paboueM MecTe SIBJISIOTCS BEHTHIISTOPHI
oxnaxaenus D9BM. Yporenb nyma kosebnercs ot 35 mo 40abA. IIpu BeImonHEeHUN
ocHoBHOM paboThl Ha [IK ypoBeHb 3Byka Ha pabodyeM MeCTe He JOJDKEH IMPEBBINIATH
50aBA [9]. CnemnoBaTenbHO, MOKHO YTBEPIKIAATh, 4TO pabOUYee MECTO COOTBETCTBYET

BBINICYKA3aHHBIM HOPMaAM.

6.1.1.3 IToBbIlIEHHBIH YPOBEHDb 3JIEKTPOMATHUTHBIX M3J1y4eHHUit

HNCTOUHMKOM 3JIEKTPOMArHUTHBIX H3JY4YEHUM B HAIEM CIIydae SBISIOTCA
nuctien [IK. MoHUTOp KOMIBIOTEPA BKIKOYAET B C€0sl U3IyUYE€HUSI PEHTT€HOBCKOM,
ynbpTpaduoneToBoi U HUH(PpakpacHOW 0O0JacTH, a TaKXKe IIMPOKUN HAINa3oH
ANEKTPOMArHUTHBIX BOJH Apyrux yactoT. CoriacHo CaunlluH nHampsixeHHOCTD
AJIEKTPOMArHUTHOTO TMOJA Ha pacctodsHud S0CM BOKPYr JHCIUIES HE JOJDKHA
npeBsimath 25 B/m B quanazone ot 5 't go 2 k[’ u 2,5 B/m - B quanasone ot 2 110
400 xI'u. II1OTHOCTP MArHUTHOTO MOTOKA HE JOJKHA MPEBBINIATH B JUANa30HE OT 5

I'm mo 2 xI'q 250 v#Tn u 25 vTn - B ananazone ot 2 no 400 k['1. [loBepxHOCTHBIN
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ANEKTPOCTATUYECKUI MOTEHIMAN He JoJbKeH mpeBbimath S00 B [9]. Paboune mecta
ob0opyznoBansl [IK Thna Acer, UMEIOIUMH XapaKTEPUCTHKU:

- HaIlIpsKEHHOCTh 3JIEKTPOMArHUTHOIO MOJIsS cocTaBisier 2,5 B/m;

- IOBEPXHOCTHBIN oTeHMan coctapiser 420 B.

Cornacuo CanlluH 2.2.2/2.4.1340-03 xouctpykius [IK u nucruies moymkHa
o0OecreynBaTh MOIIHOCTh HKCIO3UIIMOHHOM [03bl PEHTT€HOBCKOIO H3JIy4YeHHUs B
mo0oi Touke Ha paccrosiHuu 0,05 M ot kopmyca He Gosee 0,1 M63p/u (100MKP/1).

[Ipenen no3wl 00yyeHus aJisg paboTHUKOB coctarisieT 0,5 63p/ro.

6.1.1.4 HexgocTtaTouHasi OCBEIIEHHOCTh padoyeil 30HbI

OcBemieHue paboyero mMecrta - BaXHEUIUM (GaKTOp CO37aHUS HOPMAJbHBIX
ycioBuil Tpyna. JlelicTBMe Ha uejoBeKa HEJOCTATOYHOW OCBEIICHHOCTH pabouei
30HBI U MIOHWKEHHOW KOHTPAcTHOCTH. Hey1oBiIeTBOpUTEIbHOE OCBEIIIEHUE YTOMIISET
HE TOJIbKO 3pEHHE, HO U BbI3BIBACT YTOMJICHME BCETO OpraHu3Ma B IIEJIOM.
HenpaBuibHOE OCBEIIEHUE YAaCTO SBISIETCA MPUYMHOW TpaBMaTu3Ma (TJI0XO
OCBCIIICHHBIC OIIACHBIC 30HBI, CICIAINME JaMIbl M OJMUKH OT HUX). Pe3kue TeHH
YXYAIIAI0T WX BBI3BIBAIOT TMOJHYIO IMOTEPI0 OPUEHTAIIMM PA0OTAOIINX, a TaKXKe
BBI3BIBAIOT MOTEPIO UYBCTBUTEIHHOCTU TJIa3HBIX HEPBOB, YTO MPUBOIUT K PE3KOMY
YXY/LICHUIO 3PEHUS.

OcBemeHHocts pabouero wmecra, cormacHo CanlluH 2.2.2/2.4.1340-03,
noipkHa ObITh He MeHee 300-500 JIK, 9TO MOXKET JOCTHTaThCs YCTAHOBKOM MECTHOTO
ocsernieHus [9]. HopMel ocBemenns npeacTasieHbl B Taomwuie 6.1.

Tabawma 6.1 — HopMbI ecTecTBEHHOTO M MCKYCCTBEHHOTO ocBetmieHus [11]

XapakTepucTuka Haumenpmmii  o6wvem | MckyccTBeHHOE OCBelIeHUE, JIK
3pUTEIHHON pabOTHI pa3IuyueHus, MM KomOuHupoBaHHoe OOmee
BrIcokas TOUHOCTH 0,3-0,5 750 300

MecTHOE OCBelIeHHE HE JOJDKHO CO3/1aBaTh OJWMKOB Ha JKpaHe. 3a CYeT
MPABWJILHOTO BBHIOOpPA M PACTIONOKEHHSI CBETHJIBHUKOB, SPKOCTh OJMKOB Ha JKpaHE
He nomkHa mpeBbimath 40 ka/M?. CBETHIBHUKM MECTHOTO OCBEIEHMS JOJIKHBI

HUMCTb HC HpOCBC‘-II/IBaIOHII/Iﬁ OTpPa>XarTcliib.
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HopMmanbHasg OCBEIIEHHOCT, [OCTUIAeTCAd B [JHEBHOE BpeMs 3a CUET
€CTECTBEHHOTO CBETa, IPOHUKAIOIIETO YEPE3 OKOHHbIE MPOEMBI, B YTPEHHUE U
BEUEPHUE YACHI 32 CYET UCKYCCTBEHHOI'O OCBEIICHUS JIAMIIAMH.

B  kauectB€  HMCTOYHHMKOB  MCKYCCTBEHHOI'O  CBETAa  HUCIOJB3YETCA
JIOMUHECIIEHTHAs] JlaMIla, TaK KakK IO CIEKTpaJbHOMY COCTaBy OHa OJiM3Ka K
JTHEBHOMY CBeTy, a Takxe oOnamaer Oosee BbicokuM KIIJ[ u moBbiieHHOM
CBETOOTJAaucH.

Mepsl 3alUTBl OT OMACHBIX U BPEIHBIX (PAKTOPOB MPOU3BOJICTBA JEIATCS HA
TEXHUYECKHE W OpraHu3ainuoHHbie. K HUM OTHOCHUTCS 3amura OT BPEIHOIO
BO3JIeUCTBUA 00yueHus. [Ipu 3amure oT BHENTHEr0 00JyUeHMsI, BOSHUKAIOIIETO MPHU
paboTe ¢ AuCIUIeeM, IPOBOATCS CJICAYIOIINE MEPOTIPUSTHSL:

- g oOecrnedyeHus ONTUMAJIbHOW pPaboTOCIIOCOOHOCTH M COXpaHEHUU
3I0POBbSI HAa  TPOTSDKEHUH  pabodeil  CMEHbl  JOJDKHBI — YCTaHABIIMBATHCS
perIaMEeHTUPOBAHHBIE  TIEPEPBIBBI  IPU  BOCBMHUYAcOBOM  paboueM  JHE
IPOJIOJKUTENIFHOCTRIO 15 MUHYT Uepe3 KaKIblii yac paboThI;

- TUCIUICH yCTaHABIMBAETCS TaKUM 00pa30oM, 4TOOBI OT dKpaHa JI0 onepaTopa
ob110 HEe MeHee 60-70 cM;

- JIOJDKHBI HCIIOJIB30BaThCSA JHUCIUIEM CO BCTPOCHHBIMHU  3alUTHBIMHU

HKpaHaMHU.

6.1.2 AmHaau3 BBIAIBJIEHHBIX ONACHBIX (PAKTOPOB MNPOEKTHPYEMOM

NPOU3BOACTBEHHOM Cpe/bl
6.1.2.1 DuekTpU4ecKuii TOK

K onacHbiM (akTopaM MOXXHO OTHECTH HAJIMYKME B MOMEIICHUU OOJBIIOrO
KOJIMYECTBA alllapaTyphl, UCIOJIb3YIOUIEH 3JIEKTPUYECKUN TOK HamnpsbkeHuem 220 B
n yactoroi 50I'u. Pabouyro KOMHATy MOKHO OTHECTM K IOMEIICHHSIM 0e3
MOBBIIICHHOM OIMACHOCTU. Tak Kak BIAXXHOCTb B HOPME, OTCYTCTBYET BBICOKAs
TeMIeparypa, TOKOIPOBOASIIIAS [bLIb.

Bo Bpems HopmanbHOrO  pexuma pabotet ¢ IIK  omacHocTh

AJIEKTPOIOpAXKEHUS KpariHe Mana. Ho BO3MOKHBI aBapuiiHbIE CUTYaLINH.
77



Tabauua 6.2- IlpuunHbl 1 MEPONTPUSITHS IO MPEJOTBPALIEHUIO MOPAXKEHHSI TOKOM

[IpyumnHEl NOpa’keHUS TOKOM

MeponpusTHs 10 3HEProOe30MacHOCTH

- IIPY IPUKOCHOBEHUU K TOKOBEAYIIIUM 4acTsIM
BO BpeMs peMoHTa 11K

- IIpU TPUKOCHOBEHHMM K HETOKOBEAYLIUM
4acTAM, HaxXOJALIUMCS MOJ HANPSKEHUEM, TO
€CTh B ClIy4ae HapyLICHUS U30JIALINY;

- IPU BO3MOXHOM KOPOTKOM 3aMBIKaHUU B

BBICOKOBOJIBTHBIX OJI0Kax: OJIOKE IHUTaHuA,

- W30JIMpOBaHHUE (Orpa)KIEHHE) TOKOBEAYIIHMX

qacrel, HCKIJIIOYAlOIIee BO3MOKHOCTb
CIIy4aliHOTO ITPUKOCHOBEHUS K HUM;

- YCTaHOBKH 3aIlUTHOTO 3a3€MJICHMUS;

- Haju4ue oO1iero pyounbHUKa;

TEXHUYECKOTO

- CBOEBPEMEHHBIH OCMOTp

000py10BaHUS, U30JISAIIUH.

0JI0Ke pa3BEepPTKH MOHUTOPA.

BHeKT‘pI/I‘IeCKI/Iﬁ TOK, TPOXOoOsd 4YCPE3 TCJIO 4YCIIOBCKA, OKA3bIBACT HaA HECTO

CJIIOXKHOC BOSHCﬁCTBHC, SABJIIAIOIICCCA COBOKYITHOCTBIO TCPMHUUCCKOTO,

ANEKTPOJIUTHYECKOTO, OHOJOTMYECKOTO M MEXaHUYeCKOrO BO3JCHCTBHM, 4YTO

OPUBOJUT K Pa3IMYHBIM HApPYUICHHSIM B OpPraHuU3MeE, BbI3bIBAs KaK MECTHBIC
MOBPEXKICHUS TKAHEH W OPraHoB, TaKk M 00Iee ero MOpaKeHHE.

TepMuueckoe [€MCTBUE TOKAa MPOSIBISIETCS B OXKOrax Tela, HarpeBe u
NOBPEXKIECHUU OPraHOB, YTO BBI3BIBAET MX CEpbe3HbIe  (PYHKIIMOHAIBHbBIE
paccTpomcTBa.

DIEKTPOIUTUYECKOE JEUCTBUE TOKA MPOSIBISAETCS B Pa30KEHUU KPOBU H
JIPYTUX KUAKOCTEH B OpraHM3ME, BHI3BIBACT 3HAYUTEIIbHBIC HAPYIICHUS UX (PU3UKO-
XUMHUYECKOTO COCTABA, & TAK)XKE TKAHH B LIEJIOM.

MexaHnueckoe AEHCTBUE TOKA MPOSIBISETCS B pa3pbiBax KOXKHU, KPOBEHOCHBIX
COCYJIOB, HEpBHOM TKaHH, a TaK)K€ BBIBUXAaX CYCTaBOB W Ja)€ IEpeIoMax KOCTen
BCJICJICTBUE PE3KUX HEMNPOU3BOJBHBIX CYJOPOXHBIX COKPAllCHUH MBI I10]
JNEUCTBUEM TOKA, MPOXOASAIIETO YEPE3 TEJIO YEIOBEKA.

buonoruyeckoe AeiicTBIE TOKa BhIpaXKaeTcs TJIABHBIM 00pa3oM B HapyIICHUU
OMONOTUYECKUX  MPOIECCOB, MPOTEKAIIIMX B  JKUBOM  OpraHWU3MeE, 4TO
COTIPOBO’KIACTCS pa3pylIeHUEM U BO30YKICHHEM TKaHEH, M COKPAIIEHUEM MBIIIIII.

JIro6oe u3 yKa3aHHBIX BO3JCUCTBHI MOXXET TPHUBECTH K DJJICKTPUUECKOU
TpaBME, TO €CTb K IIOBPEKJICHUIO OpraHu3Ma, BbI3BAHHOMY BO3JEHCTBUEM
AIEKTPUYECKOTO TOKA.

[lepBasgs mnomomb MpHU TMOPAKEHUU DICKTPUUECKMM TOKOM YKa3aHa B

npuoxennu M.
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6.2 Dkojornuyeckas 0€30MaACHOCTH

B HactosimieM pasnene mpuBeleHA 3KOJIOTHMYECKAs OLIEHKA BO3JACUCTBUSA Ha
KOMIIOHEHThl ~ MPUPOJHOM  Cpeabl PEKOMEHJyEMOTO BapuaHTa pa3pabOTKH
MecTopoxieHus. [IpenycMoTpeHbl MepornpusaTus, oOecreurBaronme 0e30MacHOCTh
HACEJICHUS, OXpaHy OKpYKalIIEd Cpeapl M HEAp OT BO3MOXKHBIX HETaTHMBHBIX
BO3JICHCTBUI, CBSI3aHHBIX C PEKOMEHAYEMbIM BapHaHTOM pPa3padOTKH Majoro
MECTOPOKICHHUS.

Oxpana atMocepHOro Bo3ayxa

OcHOBHasi JIESITENBHOCTh, IUIAHHpPYEMasi Ha MECTOPOXKJACHUU — J00bYa U
TPaHCIIOPTUPOBKA HEPTH.

OCHOBHBIMH HMCTOYHHKAaMH BBIOpPOCOB 3arpsi3Hstomux BemecTB (3B) B
atMochepy OT IUIAHUPYEMBIX OOBEKTOB MPOOHOW  AKCILTyaTalldd  MaJjioro
MECTOPOXKJICHUS SABJISIOTCS:

- TpaHcrnoprtaOenbHas korenbHas ¢ kornamu [IKH-2C, pabGoraromas B
nepuoj; OypeHus: HOBBIX CKBaXKHH;

- ausenbHBIM ToabeMHBINM arperar «Cardwelly (pabGoraer B mepuon
OCBOCHHUS, OypeHHs, MOHTaXa U IEMOHTaXKa MPHU 3ape3Ku OOKOBOTO CTBOJIA);

- JIBUraTejld BHYTPEHHErO0 CTOpaHUs aBTOMOOWIBHOW W CTPOUTEIHHOM
TEXHUKH.

OcHoBHBbIMH 3B, BBIOpachiBaeMbIMH B TPH3EMHBIA CJIOH aTtMocdepsl, OT
IJIAHUPYEMBIX UCTOYHUKOB SIBIIAIOTCS: YIIIEBOAOPOJIBI, OKCUJ a30Ta, JUOKCUJ a30Ta,
OKCHUJ yTriepoaa, OKCHJI Cephl, caxa, (QopMaibIeTHull, CEPHUCTHIM aHTHIPUI,
B3BEILIEHHBIC BENIECTBA, aKPOJICHH.

B nmpouecce  ONbITHO-IPOMBINUIEHHON — pa3pabOTKH  MECTOPOXKICHUS
MpeIyCMaTPUBACTCSl TEPMETU3UPOBAHHAS CHUCTEMa JIOOBIYM, cOOpa W TpaHCIOpTa
npoaykiuu ckBaxkudH g0 MBCHY rane mianwpyercs OpPOBOJIUTH MEPBHUHYIO
MOATOTOBKY He(TH (COPOC BOJIBI).

OkoHuatenbHasi NMOAroToBKa HedTH mnpoBoautcs Ha AedctByromeit YITH
«Hronbscko-TanoBoro» MecTOpOKIEHUS, KOTOpas OOECIeUMBAET COOTBETCTBHE €€

Ka4eCTBEHHBIX MMOKasarese mepsoit rpymme mo 'OCT P 51858-2002 [12].
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Oxpana 3emeib, (pJ10pbI U PayHbI

BypeHnue skcrtyaTalimOHHBIX CKBaKUH C KYCTOBBIX OCHOBAaHMM M MPOKJIAJKa
WH)XEHEPHbIX ~ KOMMYHHUKAllud K HUM B  OJHOM  KOPUJOpE  IO3BOJIUT
CKOHIICHTPUPOBAaTh  HEraTUBHOE  BO3JEHCTBHE  IUIAHUPYEMOM  pa3paboOTKu
MECTOPOXKJICHHUSI HAa 3€MJIM, PACTUTEIbHOCTh M >KUBOTHBIM MUP Ha OTPaHUYCHHBIX
wiomansax. [louB  CEIBCKOXO3SMCTBEHHOrO  HMCIOJB30BAaHUA  HA  IUIOLIAAU
MECTOPOXKICHUSI HE UMEETCS. 3€MJIU UCTIONB3YIOTCS B JIECHOM XO3SMCTBE.

HeratuBHoe  Bo3melicTBuE  OOBEKTOB  IUIAHHPYEMOW  pa3paOOTKH
MECTOPOXK/ICHUS Ha PACTUTEIILHOCTh OKA3bIBACTCS

- BBIpYOKOIi Jieca Ha U3bIMAEMBbIX T0JI CTPOUTEIBCTBO 3EMJISIX;

- BO3MOKHBIMH aBapUHHBIMU pas3iuBaMu HE(PTH.

JIns parmoHaIBbHOTO WCIOJIB30BAHUS PACTUTEIBHBIX PECYPCOB M CHUKCHUS
OTPHUIIATEILBHOTO BO3JACHCTBUS TIJIAHUPYEMON pa3pabOTKH MECTOPOXKJICHMS Ha
PaCTUTENbHOCTh PEKOMEHIYETCS:

- HCIMOJb30BaTh APEBECHHY, BBIpYOAeMyr0 Ha OTBOJUMOI TEPPUTOPHH,
JUTSL HY ]I CTPOUTEIIbCTBA;

- BBINOJIHATH CTPOUTENBHBIE PAOOTHI CTPOTO B MOJIOCE OTBOJIA;

- coOsronaTh mMpaBuia MOKApHOW OE30MAacCHOCTH TpH paboTe B JIECHBIX
MacCCHUBax.

Peanuzanus  mepedyMCICHHBIX  MEPONPHUSATHI  MO3BOJUT  OTPAHUYHTH
HETaTUBHOE BO3JCUCTBUE IUIAHUPYEMOU pa3pabOTKU MECTOPOXKACHUS HA >KMBOTHBIM
MHUp TIpefelaMu TUIOMIAJHBIX O0OBEKTOB. becrOKOMCTBO KUBOTHBIX MPOU3BOJICTBOM
paboT MpHU OTCYTCTBUU OpaKOHBEPCTBA OYAET CKa3bIBATHCA B MpEleTaX HECKOIbKUX
COTEH METPOB OT IJIAHUPYEMBIX 00BEKTOB B TIEPHUO]] X CTPOUTEIILCTBA.

OoOpamenue ¢ orxoaamMmu

Oo6pazyrommecs Tpu  pa3pabOTKE MECTOPOXKACHHSI OTXOIBI TOMJIEKAT
nepepadboTKe, 00€3BPESIKUBAHUIO UJIU 3aXOPOHEHUIO B COOTBETCTBUHU C TPEOOBAHUSIMH
HOPMAaTUBHBIX JOKYMEHTOB U MPHUPOJIOOXPAHHBIX OPraHOB TOCYAapCTBEHHOIO

KOHTPOJIA.
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O6paszyromuecss mnpu  pa3paboOTKe MECTOPOXKICHUS OTXOJbl MOJIEKAT
nepepaboTke, 00e3BpeKMBAHUIO WIH 3aXOPOHEHHUIO B COOTBETCTBUHU C TPEOOBAHUSIMU
HOPMATHUBHBIX JOKYMEHTOB H TPUPOJOOXPAHHBIX OPraHOB TOCYIapCTBEHHOTO

KOHTPOJISL.
6.3 be3onacHOCTb B Ype3BbIYANHBIX CUTYAUAX

B nanHOM pasznerne paccmaTpuBaeTcs 4Ype3BblUaliHAsl CUTYalMsl — MOXKaphl B
3MaHUSX, COOPYXKEHUAX IKWIOr0, COLMAIBHOIO U KYJITYPHOTO Ha3HAuYCHUS,
oTHOcsascs K kiaaccy UC TEXHOTEHHOT0 XapakTepa.

B coBpemennbix DBM oudeHb BBICOKA IJIOTHOCTh Pa3MEIICHUS AJIEMEHTOB
AIIEKTPOHHBIX cXeM. B HemocpeaCcTBeHHOUW OJIM30CTH APYT OT JIpyra pacrojararoTcs
COCIMHUTEIIbHBIE TPOBOJIA, KOMMYyTallMOHHBbIC KaOenu. [Ipu mpoTekaHuu 1o HUM
ANEKTPUUYECKOTO0 TOKA BBIICIISICTCS 3HAYUTEIbHOE KOJIMYECTBO TEIJIOTHI, UTO MOXKET
IMPUBECTH K TIOBBIIICHUIO TEMIIEPATyphl OTAEAbHBIX y370B 10 80-100°C. Ilpwm
NOBBIIICHUU TEMIEPaTypbl OTAEIBHBIX Y3J0B BO3MOXXHO OIUIABICHUE H3OJISIUU
COCIMHUTENBHBIX IPOBOJAOB, KOTOPOE€ BEAET K KOPOTKOMY 3aMBIKAHHIO,
CONPOBOKJAIOIIIEECS, B CBOKO OUEPEb, UCKPEHHUEM.

«TexHuueckuid periaMeHT O TpeOOBaHMAX TOKApHOW Oe30MacHOCTH
yTBep K aeH (heaepanbHbiM 3aKoHoM oT 22 uronst 2008 r [13].

[IpenorBpalnieHue pacrnpoCTpaHEHUsI MOXKapa JTOCTUTAETCS MEPONPUSITUSIMU,
OrpaHUYUBAIOUIMMHU TUIOLIA]b, THTEHCUBHOCTh U MPOAOJDKUTENBHOCTh TopeHusa. K
HUM OTHOCSITCS:

®  KOHCTPYKTHUBHBIE u 00BEMHO-TIIIAHUPOBOYHEIE peuieHus,
MPETNSATCTBYIONINE PACTIPOCTPAHECHUIO OMACHBIX (PaKTOPOB MOXKapa MO0 TOMEIICHHUIO;

®  OrpaHUYEHHUsS TOXKAPHOW OMACHOCTHU CTPOUTENBHBIX MAaTEpUATIOB
UCIIOJb3YEMbIX B ITOBEPXHOCTHBIX CJIOAX KOHCTPYKIMH 3[aHHsl, B TOM YHCIIE
KpPOBEJb, OTACIOK U 00JIUIIOBOK (pacamoB, MOMEIICHHIA U MTyTeH dBaKyaluy;

®  CHW)XEHHE TEXHOJOTMYECKON B3PBIBOMOKAPHOW U MOKAPHOM OMACHOCTH
MOMEIICHUN 1 3JaHHUH;

®  CUTHAJIM3alMs U OMOBEIICHUE O MOXKape.
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° «ITnan 3Bakyanuu Jr01€M IpU IOXKape»;

®  yCTaHOBJIECHA cucTeMa aBTOMAaTUYECKON IIPOTUBOIIOKAPHON

CUTHAIM3alMK (aTYuKu-curHanu3atopel Tuna JITII).
B nmanHom momenieHun He OOHAPYXEHO MPEINOCHUIOK K TMOXKapOoOTacHOM

cuTyauud. OJTo o0ecrneunBaercs COONIOCHHMEM HOPM IMPU  MOHTHUPOBAHUU

AIEKTPONPOBOJKH, OTCYTCTBUEM 3JIEKTPOOOOrpeBaTeIbHBIX NPUOOPOB U 1€PEKTOB B

PO3CTKAaX U BBIKITFOYATCIIAX.

6.3.1 Ilo:xkapHasi 0e301aCHOCTH HA pado4yeM MecTe

B nomemenunn wumeercss INEKTponpoBoAKa HampsbkeHuem 220 B,

npcaHasHa4YCHHAaA I ITHTAaHWA BBIUMCIIUTEILHON TEXHUKU U OCBCIICHMUA. HpI/I

HeﬂpaBHHBHOﬁ OKCILTyaTallun 060py)1013aHH51 )51 KOPOTKOM 3aMBbIKaHHUH

C-)JIGKTpI/I‘{CCKOﬁ e MOXKECT HpOI/IBOI;'ITH BO3IropaHuc, KOTOpOC I'poO3UT

YHUYTOXKCHUCM TCXHUKH, JOKYMCHTOB U APYIroro UMCIOIICTOCA 060py,Z[0BaHI/I}I.

Tabnuna 6.3- Karteropuss momMenieHuss U COOTBETCTBYIOIIME MPOTHUBOIOXKAPHbBIE

MEPOIPUSATUS
Kareropus [ToxxapHo- OpraHu3anoOHHbIE OKCIUTyaTallHOHHBIE
MOMEIIEHUS MpOoQUIAKTUYECKUE MEpPOTIPHUATHS MEpPOTIPUATHS
MEPOTIPHUITHS
[Tomemienue - OpraHU3alIOHHBIE | - TMPOTHUBOMOKAPHBIN | - coOnroeHue
kareropuu J[ | MeponpusTus, UHCTPYKTaX HKCIUTYaTaIllHOHHBIX
Kacaroluecs 00CTyKUBAIOLIETO HOpM 00OpYyIOBaHUS;
TEXHUYECKOTO Mpolecca ¢ | MepcoHana; - obecrieueHue
y4eToM MOKapHOH | - oOydeHue | cBOOOHOTO TMOAX0Aa K
0€30MacHOCTH 00BEKTa; nepcoHana mnpaBujaM | 000pyI0BaHUIO;
- JKCIUTyaTallHOHHBIE | TEXHUKHU - coJiepiKaHue B
MEPOTIPUSITHS, 0€30MacHOCTH; UCIPAaBHOM  COCTOSIHUU
paccMaTpHuBaroLIne - U3JaHKE | U30JISALUNA TOKOBEIYIINX
JKCIUTyaTaIUI0 UHCTPYKIUH, MIPOBOJHUKOB.
UMEIOIIETOCs ITAKaTOB, IUTAHOB
000pyIOBaHUS; 9BaKyaluu.
- TEXHUYECKUE u
KOHCTPYKTHBHBIE,
CBSI3aHHBIE C MPABUIIBHBIM
pa3MelIeHuEM u
MOHTaXOM
ANIEKTPOOOOPYIOBaHUSA U
OTONMTENIbHBIX PUOOPOB.
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K TexHuueckum MeponpusiTUSIM OTHOCUTCSI COOJIIOJICHUE MPOTUBOMOKAPHBIX
TpeOOBaHUMN MPU YCTPOMCTBE AIEKTPOMPOBOJIOK, OOOPYAOBAHHUS, CUCTEM OTOILICHMUS,
BEHTWISILIMU U OCBELIEHUs. B Kopumope uMeeTcs: MOPOIIKOBBIA OTHETYIIUTEND TUIA
OII-5, pyOunbHUK, HA JBEpU MPUBEACH IIJIAH SBAaKyalldd B cCiydyae Ioxapa, u, Ha
JOCSATAaEMOM PACCTOSIHUU, HAXOAUTCS TTOXKAPHBIN LIUT.

Ecnu BO3ropanue mnpousonuio B 3JIEKTPOYCTAaHOBKE, Uil €r0 YCTPAHEHUS
JOJDKHBI ~ MCIOJIb30BAaThCA  OTHETYIIMTENW YIIIEKUCIOTHbIe THna OVY-2  win
nopomkoBble Tuna OII-5. KpoMe ycTpaHeHuss camMoro ouara I[oxapa HYXHO

CBOCBPCMCHHO OPTaHMU30BATH 3BAKYAIIUTO HIOHGﬁ.

6.4 IlpaBoBble W OpPraHU3allMOHHBbIE BOMPOCHI  oOOecreYeHus!

0€30MaCHOCTH

IIpu pa3paboTke JaHHOTO pasjiefia YUYUTHIBAIOTCS HEOOXOJMMBbIE HOPMBI U
TpeOoBaHusa 3akoHOB Poccuiickoit ®eneparnuu mnpu padoTre 3a KOMIIBIOTEPOM.
[TpoaoKUTETLHOCTh pabOYero JHS COCTABISET 8 YaCOB.

B coorBerctBUM ¢ mnpukazoM MwuHHUCTEpPCTBa 31paBOOXPAHEHUA U
conuanbHoro pasButusi Poccuiickoit ®enepauun ot 12 anpens 2011 r. N 302n
paboThl MpodecCHOHANIBHO CBs3aHHBIE ¢ HKciuryaranuei [IDBM He Bxomsar B
HepeUYCHb BPEAHBIX U (MIIM) OMACHBIX MPOU3BOACTBEHHBIX (DaKTOPOB U pabot [14].

B coorBerctBuM ¢ myHkTtom 13.1 crareu 13 IloctanoBienus I'maBHOTO
roCyJIapCTBEHHOTO caHUTapHOro Bpada Poccuiickoit @enepamuu ot 03.06.2003 Ne
118 "O BBeaeHMH B JEUCTBUE CAHUTAPHO-IMUIAEMHOJOTHYECKHUX MpaBWI U
HopmatuoB CanlluH 2.2.2/2.4.1340-03" nuua, pa6otaromme ¢ [I9BM 6omnee 50%
pabodero BpemMeHH (TpodeCCHOHAIBLHO CBS3aHHBIE ¢ JKcIuryaranuein [19BM),
JIOJKHBI TIPOXOJIUTH 0053aTeNbHBIC MPEIBAPUTEIbHBIC MPU TOCTYIICHUU Ha paldoTy
U MIEPUOANYECKHIE MEAUIIMHCKIE OCMOTPBI B YCTAHOBIIEHHOM MOPSIJIKE.

HopmanbHas npoaoKUTEIbHOCTh pabouero BpEMEHH COINIacHO cratbe 91
Tpynosoro kojekca P® He MmoxeT npeBbimath 40 yacoB B Henenmo [15].

B cootBercTBUM ¢ THUMOBOM MHCTPYKLUMEH MO OXpaHe Tpyla mnpu paboTe Ha

nepconanbHoM KommbioTepe TOU P-45-084-01 mpomomKUTETbHOCTh HETPEPHIBHOM
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paboThl C KOMIIBIOTEpPOM 0€3 pEerIaMeHTHUPOBAaHHOIO IE€pepbiBa HE JIOJHKHA
npeBbIIaTh IBYX 4acoB [16]. [IpogomKUTeIbHOCT U YaCTOTa IEPEPHIBOB 3aBUCUT OT
KaTeropuu paboThl ¢ KOMIIBIOTEPOM U ypOBHs Harpy3ku (Tabnuua 6.4).

Cornacio  cratbe 92  TpymoBoro  komekca P®  cokpaiieHHas
MPOJOJKUTENBHOCTh pa00YEro BpEMEHU MPH MPOBEIEHUU paboT MNpodhecCrOHAIbHO
CBA3aHHBIX C 3KcIutyaTauueii [I9BM He npenycmoTtpeHa.

B cootBercTBUu co cTaTtheil 108 Tpynosoro konekca PO B reuenue padboyero
nHs (cMeHbI) pabOTHUKY JAODKEH OBbITh NPEOCTaBICH IMEpephiB ISl OTHbIXa U
OUTaHUS TPOJOJDKUTEIBHOCThIO HE Oojiee ABYX 4acoB MU He MeHee 30 MUHYT,

KOTOpBIﬁ B pa6oqee BpCMs HC BKJIHOYACTCA.

Ta6nuna 6.4 — Kareropun pabot ¢ kommbroTepoM [17]

VYpoBeHb Harpy3Ku 3a CMEHY IPH pa3HbIX BUIaX paboT
Kareropuu pabotsl ¢
KOMITBIOTEPOM A b B
KOJI-BO 3HAKOB KOJI-BO 3HAKOB Yyachl
I 10 20000 10 15000 J0 2
1 10 40000 70 30000 1o 4
Il 10 60000 10 40000 10 6

IIpu  8-yacomoit paboueit cMeHe W paboTe Ha  KOMIIbIOTEpE
pErIaMEHTUPOBAHHBIE MIEPEPBIBBI CIIENYET YCTAHABINBATH:

e s | xareropum paboT — yepe3 JBa yaca OT Hauyaja pabodeil CMEHBI U
yepe3 JiBa yaca IMocje OOEJICHHOrO IMepepbhiBa MPOIO0JDKUTEIBHOCThIO 15 MUHYT
KaXKJIbIN;

e s Il kateropun paboT — depe3 aBa yaca OT Hadajga pabodeil CMEHBI U
gyepe3 1,5-2 waca mocie 00€IeHHOro mepephiBa MPOAOKUTEIBHOCTHIO 15 MHUHYT
KaXIbI{ WU TIPOJIOJKUTENBHOCTHIO 10 MUHYT yepe3 Kaxablid yac padoThl;

o s Il kareropum pabot — uepe3 1,5-2 gaca oT Havana pabodeil CMEHBI U
yepe3 1,5-2 vaca mociie 00eA€HHOTO MEepepblBa MPOAOIKUTENbHOCThI0 20 MHUHYT

KaXXIbI{ WU TIPOJIOKUTENBHOCTBIO 15 MUHYT Yepe3 KaxKIblii yac paboThI.
6.4.1 Jpronomuyeckue yciaoBusi pa6orsl Ha [I9BM

TpeOoBaHus k nomemeHusim st padorsi ¢ III9BM
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HeratuBHoe Bo3zaeciicTBue Ha dejoBeka IIDBM 3akmrodyaeTcs B TOM, 4YTO K
KOHILy pabo4ero JIHs OnepaTophl OLIYIIAIOT FOJIOBHYIO 00Jb, PE3b B I1a3ax, TAHYLIUE
00JIM B MBIIIIAX €U, PYK, COUHBI, 3y KOxHU juna. Co BpeMEHEM 3TO MPUBOJIUT K
MUTPEHSIM, YaCTUYHOW MOTEPU 3PEHUS, CKOJIHUO3Yy, KOKHBIM BOCHAJICHUSM U T.A.
Pe3ynpTaThl mokazaiad, 4TO HaubOOJee «PUCKYIOIHUMH» Monb3oBareasimu [19BM
ABIIAIOTCS AeTH U OepemenHble keHiuHbl CanlluH 2.2.2/2.4.1340-03.

CanuTapHO-TUTHEHUYECKUE TPEOOBaHUS K MOMEIICHUSAM JJIs dKCIUTyaTalluu
[19BM cornacHo CaulluH 2.2.2/2.4.1340-03 cnenyromue: paboune mecta ¢ [I9BM
TpeOyeTcsi pacmojiaraTb BO BCEX IOMEIICHHUSIX, KPOME TMOABAJIbHBIX, C OKHAMH,
BBIXO/ISIIIMMU Ha CEBEP U CEBEPO-BOCTOK.

Otnenka MOMENICHUST TTOJIMMEPHBIMU MaTepUajiaMH MPOU3BOJUTCS TOJBKO C
paspemienus ['occansnuaHaazopa. B oOpa3zoBaTenbHBIX MOMEHICHUSX 3alpeliaeTcs
npuMeHaTh noauMepHble matepuanbl (JCII, cIoucThlii TIACTUK, CUHTETHYECKUE
KOBPOBBIE TIOKPBITUS H T.J.), BBIICISAIONIME B BO3AYX BpEAHBIE XHMHYECKHE
BEILECTBA.

OKOHHBIE TIPOEMBI JOJKHBI UMETh PETYJIUPYIOUIME YCTPOMCTBA (PKaJIIO3H,
3aHaBecku). KoMmnbioTep HY)KHO yCTaHOBUTD Tak, YTOOBI HAa IKpaH HE Majall MpIMOn
cBeT (MHaye HKpaH OyAeT OTCBEYHMBATh, YTO SBISETCS BPEIHBIM [JIsl SKpaHa).
OnTuMalibHOE MOJI0KEHHE Ha paboTe - O0KOM K OKHY, JKEJIaTEJIHHO JIEBBIM.

O6mme TpeGoBaHMS K OPraHU3AIUN U 000PYI0BAHMIO PA00YMX MeCT
noan3osareneil [I9BM

BricoTa pabodeil MOBEpXHOCTU CTOJNA COCTaBisieT 725 mMMm. MoaynbHBIMU
pasmepamu paboueit moBepxHocTH ctoyia st [I9BM, Ha OCHOBaHMHM KOTOPBIX
JOJKHBI PAaCCUMTHIBATHCS KOHCTPYKTHMBHBIE PAa3MEPBI, CIEAYET CUMTATh: IIUPUHY
800, 1000, 1200 u 1400 mm, rnyouny 800 u 1000 MM mpu HeEperyaupyemou ero
BbICOTE. Pabounii cTON 1OMKEH UMETh IPOCTPAHCTBO JJIs1 HOT BBICOTOM HE MeHee 600
MM, IHpUHOU — He MeHee 500 MM, ri1yOMHON Ha YpOBHE KOJIEH — HEe MeHee 450 MM u
Ha ypOBHE BBHITSHYThIX HOI — He MeHee 650 mm. KoHcTpykuusi pabodero croia
MOJJICPKMBACT PallMOHAIBHYIO padodyio mo3y mnpu padore ¢ IIDBM, mo3posser

HU3MCHHUTD II03Y C LCJIbIO CHMIXCHHUS CTATUCTUYCCKOI'O HAIIPABJICHHUA MBIIII] IIEHHO-
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IJIe4eBOM O00JACTM W CHOUHBI I OpeaynpexkaeHus yrtomiieHus. KoHcrpykuus
pabouero cTyja J0JKHA 00eCleunBaTh:

e LIMPUHY U NIYOMHY MMOBEPXHOCTU cUAeHbs HEe MeHee 400 mM;

®PETYJIMPOBKY BBICOTHI MOBEPXHOCTH cUIeHbs B mpeaenax 400-550 mM wu
yrJjlaM HakJIoOHa Briepea a0 15° u Hazazg 1o 5°;

®BBLICOTY OIIOPHOM NMOBEPXHOCTH cUHKK 30+20 MM, mupuny — He MeHee 380
MM U PaInyC KPUBU3HBI TOPU3OHTAIBHON MITOCKOCTH — 400 MM;

®YI0JI HAKJIOHA CIIMHKH B BEPTUKAIBHOMN IJIIOCKOCTH B npeaenax +30°;

®PETYJIMPOBKY MOJIOKOTHUKOB IO BBICOTE HaJl CUAEHbEM B mipeaenax 230+30
MM U BHYTPEHHETO PACCTOSIHUS MEXKY MOAJIOKOTHUKaMH B ipeaenax 350-500 mm.

KnaBuarypy crenyer pacrnosiaraTh Ha MOBEPXHOCTH CTOJIa Ha PACCTOSTHUU
100-300 MM ot kpasi, oOpam€HHOro K IIOJIb30BaTeNi0, WJIM Ha CIEIUaTbHOMH,
peryinupyeMoil mo BbICOT€ pabouyell MOBEPXHOCTH, OTACIEHHOM OT OCHOBHOMU
CTOJICIITHUIIBI.

Pe:xkum Tpyaa u orabixa npu padore ¢ IIBM

Hnst  obecrnieueHHus ONTUMAJIBHOM PpabOTOCIIOCOOHOCTH U COXPaHEHHS
3MI0POBbSI  MPO(PECCUOHAIBHBIX  MOJIL30BATENEH  JMOJDKHBI  YCTaHABIMBATHCS
perjiaMeHTUpPOBaHHBIE TEpPEphIBBI B TeueHHe padoueld cMeHbl. OOyueHue u
MHCTPYKTQX TIEpcoHaia, pa3padoTka MHCTPYKIUNA MO OXpaHe TpyAa OJDKHBI

COOTBE€TCTBOBATH Tpe60BaHI/I$[M.
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3akirouenue

OcHoBHOM LEJIBIO JaHHOM paboThI SIBIISIIOCH IIOCTPOECHUE
TUAPOJMHAMUYECKON MOJAEIH HEPTAHOTO MECTOpOXxAeHUs ToMcCKoM oOnactu B
YCJIOBUAX BBICOKOM PACUJICHEHHOCTH KOJUIEKTOPa, a TaKXXE H3YyUYEHUE OCHOBHBIX
O0COOCHHOCTEHW M TPoOJeM MpoLEeaAyphl afanTallid JAHHBIX THUIIOB MECTOPOXKIICHH.
beutn pemieHsl cieAyrolMe 3aJadyd: OCBOCHUE MPUHIUIIOB MOACIUPOBAHUS
HEDTSHBIX ~ MECTOPOXKJEHMsI B  YCIOBUSX  Hadu4yusg TJIMH U HU3KOU
TUAPOJAMHAMUYECKON CBSI3M KOJUIEKTOPOB, M3YYEHHUE OCHOBHBIX MPOrPaMMHBIX
KOMIUIEKCOB MOJICJIMPOBAHUSI W HEMOCPEJACTBEHHOE TOCTPOCHUE KOPPEKTHOM
TUIPOAMHAMUYECKOU MOJIENH.

Bce mocraBneHHbie 1€ U 3a7a4d ObUIM JIOCTUTHYTHI B XOJI€ BBITTOJTHEHUS
TaHHOW paboTbl. Bo-mepBbIX, ObUIa MpoaHATU3UPOBAHA HAYYHO-TEXHUYECKAS
auTeparypa M HM3ydy€Ha  IOCJIENOBATEIbHOCTh W METOJUMKA  IMOCTPOCHUS
TUAPOJMHAMUYECKON Mojaenu. Bo-BTOpbIX, Omupasch Ha U3YYEHHYI) METOJHKY
obuta cmonenupoBaHa ['J/IM HedTsHOro MectopoxiaeHus Tomckod o0macTu u
UCCEe0oBaHa 3aBUCUMOCTh BiussHUS Hamuuuss u @PEC T1IMH Ha KOPPEKTHOCTH
TUAPOJMHAMUYECKON MOJENHW, B YAaCTHOCTH KOPPEKTHOTO  MOJEIUPOBAHUS
miacToBoro pAapieHusd. lloaydeHHass CMOAENMPOBAHHAS CUMYJSIUSA — [POILIA
IPOBEPKY U HE3aBUCUMYIO 3KCIIEPTU3Y, B PE3YJbTATE€ YEr0 MOKHO OTHECTU JAHHYIO
MOJIeNIb K KOPPEKTHOHM, OTOOpaxaromied mporecchl (GUuibTpalud B IJIACTE M Ha
OCHOBE JIaHHOM MOJIENIA BO3MOKHO IIOCTPOECHUE IMPOTrHO3HBIX BAPUAHTOB.

Ha ©0a3e cmopoekTtupoBaHHOW MoAend CPOPMUPOBAINCH TMPOTHO3HBIC
BapuaHThl. (OCHOBBIBasICh Ha aHaU3 DJKOHOMHUYECKOHW d(PEeKTUBHOCTH OBLI
MOTOTOBJICH PEKOMEHIYEMbIN CIIeHapuil pa3paboTKH.

[Ipu peanmzanuu pPEKOMEHAYEMOTO BapuaHTa pa3pabOoTKu o0bekTa X
MecTopokieHus: N, KanuTalbHbIE BIOKEHUS B pa3pabOTKy 3a pacyUETHBIN Mepuon
coctaBiaT 362 MiH. py0. PeHtaGenpHbIN CpoK pa3paboTku coctaBUT 7 neT. JloObrda
HedTH 3a pacueTHbId mepuoy coctaBut 265,879 thic. T., KUH - 0,3835 m.en. Uncteli
noxon mosb3oBarens Henap- 1028,7 wmuH. pyO, JUCKOHTHUPOBAHHBIM  JOXOJ

rocynapctsa- 2195 miH. pyo.
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puioxenus

[Tpunoxenne A

Pucynok A.1 — TexToHudeckass KapTa IOPCKOTO CTPYKTYpPHOTO spyca ToMCKOi

obnactu oA penakuuenn A.9D.Konrtoposuya (2001 r.)
- = \ 4

CtpykTypb! | nopsigka Crpykrypsil lll nopsiaka
V - AnekcaHapoBCKuiA cBOA
24 - OxTeypckoe Kn

Crpykrypsl Il nopsigka 25 - Baxckoe kn )
1l - KapaMuHckas MesoceanosunHa 26 - Kpusonyukui san .
VIII - Tpaitropoackuii Mezosan 27 - 3anapgHo-AnekcaHapoBCkui Ban

28 - MonyaeHHbI BbICTYN

29 - OkyHEBCKMI Ban
MpaHuua Baxckoro 47 - HeroTckas BnaguHa
NUUEH3NOHHOIO y4acTka 50 - CaHrunbckas BnagvHa

51 - MypacoBckui BbICTYN
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[Ipunoxenue B

[Tpunoxenune B.1- YcinoBHble 0003HAUEHUS K TEKTOHUYECKOW KapTe (yHIameHTa

3anaano-Cubupckoit mtel nox peaakuueid B.C.Cypkosa (1981 r.)

Bospact crabanuzauum

OBnacTu canavpckoi
cKNag4aTocTu

S

K/B

OBnacTv nosgHerepUMHCKO
CKnagyarocTu

Obnactu OKa ENLCKON U1
Kapensc aayaTocTy,
nepepaﬁoTaHHble
DauKanbCKUM TEeKTOreHe30M

ObnacTu bankanbCckoi
cmaﬂqamcm neﬁepaﬁo-
TaHHbIe TepLUMHCKIM
TEKTOreHe3oM

B/H,

OBnacTu canaupckoil
ckrnagqarocTu, nepepabo-
TaHHbIE repLWHCKAM
TEKTOreHe3oM

SiH,

CTpyKTyphl
reOCHHKIWHANBHOTO 3Tana paseuTUs

flopa aHTWKNMHOpWES,
CNOXEHHbIe HaMKanbCKUMM
CcKNaguaTbIMK KOMMNNeKcamu

Anpa aHTVKNMHOPHEE,
CNOXEHHBIE CanaupcKiMmn 1
KanegoHCKMMU CKnag4aTbiMu
KOMririekcamm

OcHOBaHWSA MEXTOPHbIX
nporu6os

AHTMKﬂMHOprIE 3J0HbI
yHacnegoBaHHOro Tuna
passntua (I'IOJ'IMLIMI{J'IH‘-IGCKME

AHTMKﬂMHOBHbIE 3J0HbI
MHBepCMOH Oro Tuna

CVHKIMHOPHBIE 30HbI
YHaCNenosaHHoro Tuna
pa3BUTUS

CrpykTypsl
MPOTOOPOrEHHOIO 3Tana pPasenTys

MexropHble npornbel u
BHYTPEHHUE BNaayHb

I(paeable nogHATKA

YCJIOBHbIE OBO3HAYEHWA

5 CTpyKTyphl
AENTEPOOPOreHHOro 3Tana pasemnTia

yHaCJ'IEﬂ,OBaHHO-HaJ'IO}KEHHbIe
BMaguHbl U I'IpOrHﬁbI

Hano €HHbIE BNa VIHI:I n
OWI bl B NpEAE.
MHHbIX M yCTOVILIMBbIX
ac MBOB

PBHH%M9303OMCKME BriaguHbl
1 rpadeHsl B npefenax

KaedOHCKOM m repLUMUHCKON
cmaﬂqam p”

BblC'gl'lbl [OPCThI

}J}C()J_I'I(a ENbCKMX 1 KapernbCKux
CKnag4arblX KOMNnexKcos

BbICTYMbI-TOPCThI
DamKanbCKWX CKlagvaTbix
KOMMIIEKCOB

BbICT MbI-FOPCThI
cana CKMX W KanegOHCKNX
CcKnag4atbiX KOMNNeKCcoB

Paznombl

[nyBuHHbIe pa3nomsl, pasrpa-
HWUMBAIOLLME CKNAaYaThle
CUCTEMBI (NMYHKTUPOM- He
BbIXOASILLME Ha NOBEPXHOCTb

(hyHOoameHTa

é)a.’j'lrpaHM‘-iHBaIO
OPMaLNOHHbI

Pasnombl,
CprKTypH

]
y ]

PaHHemezosoﬁcme rpaben-
pUPTHI
lNpoune paznoms!

passuTusa MOHOLIMKJ'IVI"IE.‘CKI.«'IE)

Npoune obo3HaveHus

30naxmTbl OTNOXEHNA
0Can04HbIX GaCCENHOB B KM

PaHULbI CTPYKTYPHO-
(hOPMaLMOHHbIX 30H

[Naneosockui nnaTg)oapMEHHblﬁ
4exon B npefenax obnacten
p,oxemﬁpwwcxow CKNaa4aTocTu
MNokpoBbl 3chchy3nBOB pa3Horo

cocTasa

panvua pacnpocTpaHeHs Meao-
30MCKO-K8MHOSOI§ Karo nnarcop-
MEHHOro Yexna 3anagHo-
Cwnbupckoi nnnTsI

PaioH pabot

MHprBMBHbIE KOMMNeKCbl

paHuToUab

- BasuTbl

ne SI YnetpabasnTol

¢0pmaumw reOCMHKNUHaneHble

erMHHCTO-CJ'IaHLI,eBaH
rJ'II.’IHMCTO-CJ'IaHLI,EBaH

Kap6oHaTHo-rnuHucTo-

cnaHuesas
AcnuaHas

dopMaLMK NPOTOOPOTeHHbIE U NEpexoaHbIe

t TeppureHHas

YrneHocHas
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[Ipunoxenue I

Tabnuua I'.1 — I'1yOuHBL, OTMETKM U TOJIIMHBI IPOIYKTUBHOTO IJIACTA MO CKBAXHMHAM
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BHOE

gooeles
sudoiorey|

MOLOBh A

23

11

34

62

62

62

364

179

543

0,84

0,84

0,84

0,780

0,780

0,780

0,60

0,60

0,60

0,14

0,14

0,14

6620

3252

9872

4,0

2,0

3,0

1655

1626
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347P
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[Ipunoxenue ]

Tabnuua/l.1- Ucxoaublie reonoro-pu3sniyeckue XapakTepUCTUKN NPOAYKTUBHOTO

miaacTta X
Ne Pa3mep-
[TapaMeTpsI p O6bexT Bol
/o HOCTh
Cpennss riyOnHa 3ajIeTaHusa KPOBIU
1 pedl Y p M 2039
(abcomoTHAst OTMETKA)
2 Aobcomrotaas otmerka BHK M -1827
3 Aocomrotaas otmetka [ HK M
4 Aocomrotaas otmetrka [ BK M
[JIACTOBO-
CBOJOBas
5 Tun 3anexu A ’
JINTOJIOTHYECKHU
OrpaHUYCHHAS
TePPUTCHHBIN
6 | Tum xoymekTopa pp .
MTOPOBBIN
7 [Tnomanp HedTE/Ta30HOCHOCTH TBIC.M? 2388
8 Cpennsist 0011ast TOIIIMHA M 10,2
9 Cpennss rddextuBHas HeQTeHACHIIIICHHAS " 18
TOJIIIIAHA ’
10 Cpennss addexTuBHas Ta30HACHIIICHHAS "
TOJIIIIAHA
11 Cpennss >ddexTrBHAs BOJOHACKHIIICHHAS v 53
TOJIIIMHA ’
12 | KoapdunmeHT nopuctoctu JIOJIH €. 0,209
13 | Koapdunment vedrenacoimennoctu YH3 JIOJIH €. 0,481
14 | Koappumment nedrenacwsimennoctn BH3 JIOJIH €]1. 0,508
15 | KoapdunmenT HedTEeHACHIIIEHHOCTH IIacTa JIOJIH €]1. 0,490
16 | KoaddumnmeHT ra30HaCHIIEHHOCTH TIACTa JIOJIH €]1.
17 | IlponumiaeMocTh MKM? 0,0300
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[Ipononxenue tadmuue! 1.1

18 | KoaduuueHt necyaHuCTOCTH JIOJIN €]1. 0,22
19 | PacuieneHHoCTh exl. 3,3

20 | HauanpHas miactoBasi TeMiieparypa °C 72

21 | HauanpHOE IJ1aCTOBOE 1aBJICHUE MIla 21,0
22 | BsA3KoCTh HETHU B MJIACTOBBIX YCIOBUSAX mlla*c 1,14
23 | InoTHOCTH HEPTH B MIACTOBBIX YCIOBHUSIX r/cm® 0,752
24 | IInoTHOCTH HEPTH B TOBEPXHOCTHBIX YCIOBUSAX r/cm® 0,839
25 | O6bemubIl KO3 PUIMEHT HEPTH JIOJIN €]1. 1,165
26 | Conepxanue cepbl B He(TU % 0,56
27 | Conepxxanue napaduHa B HehTU % 2,43
28 | JlaBneHue HACHIMICHUS HEPTH Ta3oM MlIla 7,2

29 | l'azoconepkanue M3/T 47,7

*- yTBEp>KJICHHbIE Ha TOC. OanaHce; **- mapameTpsbl, MPUHATHIE MO aHAJIOTUU
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[Ipunoxenue E

Tabmuua E.1 — PexomeHayemble NapaMeTpbl IUIACTOBBIX M pa3ra3upoOBaHHBIX
¢dmronnoB miacta X mectopoxaenus N
HaMeHOBAHIE Pexomennyemele
3HAYEHUS
IInacroBoe nasnenune, Mlla 21,0
[InacroBas temneparypa, °C 72
JlaBnenue Hacwienus Hedtu razom, Mlla 7,2
Ta30Bblit pakTop, M3/T 47,7
OO6BEMHBIN KO IULIMEHT, 10U e]1. 1,165
I110THOCTB HE(THU B IIACTOBBIX YCIOBUSAX, KI/M° 752,2
BsizkocTh HedTH B T1aCTOBBIX yeinoBusix, mlla*c 1,14
[110THOCTH pa3rasupoBaHHOi HedTH, KI/M> 838,9
I110THOCTB Ta3a NOCJIe Pa3sra3upOBAHUS, KI/M° 0,955
BsskocTh KuHEMaTuueckas, Mm2/c, ipu 20 °C 6,06
BsskocTh KuHEMaTuueckas, Mm2/c, ipu 50 °C 3,43
MomnsipHast Mmacca, I/MoJib 185
Temnepatypa 3acteiBanus, °C -7
MaccoBoe conepxanue, %
Cephl 0,56
ac(abTCHOB 2,47
CMOJI CHJIMKATEJIEBBIX 8,15
napapuHOB 2,43
Hauamno xkunenus, °C 52
Brixon dpakuuit, % 06
1o 100°C 6,0
1o 150°C 16,0
10 200 °C 29,0
1o 250 °C 39,0
10 300 °C 49,0
Kimaccudpukanus mo 'OCT P 51858-2002 1 knace, 1 Tin
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Construction and features of adaptation of the hydrodynamic model

of the oil field N (Tomsk region) with high reservoir partitioning

CryneHr
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Introduction

Hydrodynamic simulation is a powerful tool for planning and managing the
development of oil fields. The role of simulation is constantly growing as the
computers power increases and the field of application of computers is expanded.

To date, due to the existence of a huge number of modern software systems
based on the numerical solution of differential equations describing the filtration
process, it is possible to calculate tens, and sometimes even several hundred, different
scenarios for the development of hydrocarbon fields. In each specific case, modeling
the process of extracting hydrocarbons from the interior, engineers have the ability to
achieve the highest recovery rate and the best economic performance. However, in
order to prevent unpleasant consequences, it is necessary to monitor the quality of the
model throughout the work, starting from the initial data and ending with the forecast
options [2].

Adaptation of the history of development and its forecast, allow optimal, and,
with the least cost, develop hydrocarbon fields. All stages of preparatory and
operational work can be divided into several key stages: seismic exploration of the
work area, exploration and production drilling (with and without core sampling,
formation testing, etc.), geophysical well studies (GIS), laboratory core and fluid
analysis, analysis and the identification of petrophysical dependencies, the
construction of a three-dimensional geological and technological model (geological
and hydrodynamic), calculation of forecast development indicators.

At present, simulation technologies have moved far ahead, allowing to take
into account many different factors inherent in each particular field.

The use of the formation behavior forecast allows solving the problems
associated with planning, operation and diagnostics at any stage of field development.
Modern simulation methods provide the ability to plan development and make
current decisions on oil fields of any level, size and complexity. [1].

In this paper, the construction of a hydrodynamic model of the Tomsk region
field with a high reservoir partition is planned. The relevance of the work is due to

the fact that at present the requirements to the quality of digital geological and
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technological models of oil fields are significantly increased. As practice shows, the
most promising way in this direction is to search for optimal spatial detail and
increase the physical content of hydrodynamic models. In the thesis, consideration of
the realization of such an ideology on the examples of the hydrodynamic model of
the X-field of the N reservoir is continued. In particular, the discussion of the issue of
the influence of the filtration-capacitive properties (FES) and spatial characteristics of
clay bodies on the development of oil fields continued.

The main goal of the work is to build a filtration model of the field, as well as
conduct studies on the principles of building and adapting the model of the field from
the Tomsk region with high reservoir separation, finding solutions to the problems
that arise and applying them in practice.

The subject of the study - X-layer of the N reservoir in the Tomsk Region.
This reservoir has been chosen because it has an obvious dismemberment of the
reservoir, a small well stock and is under development.

—  To achieve the goal of the work, the following tasks were defined:

—  To study the main principles of geological and hydrodynamic modeling
of oil fields;

— Get the skills to work in the leading software packages for the
construction of geological and technical measures;

—  Construct the hydrodynamic model and its adaptation;

— To draw a conclusion about the features from the construction and
adaptation of this model at various stages of work;

—  Choose the optimal development option for the field;

—  Make a general conclusion on the work.
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1 Review of literature
1.1 Geological model

The geological model includes information about geometry, structure,
lithofacies composition, nature of saturation with geological and physical properties.

Geological model in digital form is represented in the form of sets of blocks
of properties or cubes. Allocate basic and additional cubes. The basic ones are: a cube
of coefficients of open porosity, initial gas-oil saturation, permeability, bound and
critical water and oil saturation. All other cubes are additional.

To build a three-dimensional geological model, the following initial data is
used:

— Seismic survey of the territory
— Well data (coordinates, inclinometry, stratigraphic seam surveys)
— Petrophysical researches of the FES.

The frame of the reservoir is a complex of cells that will subsequently be
filled with properties. When constructing the modeling area in a horizontal plane, the
size of the cells is selected depending on the size of the reservoir and its type. In the
vertical plane, the size of the cells is chosen to reflect the vertical heterogeneity of the
formation as much as possible.

It turns out that the smaller size of the cells helps to better reflect the structure
of the oil field, but at the same time, greatly increases the calculation time of the
model. This is one of the technical contradictions of modeling.

At the next stage of constructing the model, a lithological model is built, and
the FES is allocated. Data on lithology and FCP from RIGIS are projected onto grid
cells and propagate in the inter-well space.

The final stage of the construction of the geological model - estimation of
reliability. For the most part, this stage consists in comparing the values of the
characteristics of the development object, obtained as a result of modeling and actual
values. The evaluation is performed on cross-rafts of the coefficient of open porosity,
effective thicknesses, and also by the ratio of balance reserves
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The hydrodynamic model

To create a hydrodynamic model, firstly you have to make a scaling or
upscaling of the geological model. The main task of upscaling is to reduce the
number of active cells and preserve the detailed geological integrity. In the resulting
model, the nature of the distribution of the main filtration-capacitive, geometric and
physical properties should be fully preserved.

After the upscaling, the hydrodynamic model must be initialized. The
initialization process consists in entering data on the initial equilibrium state into the
model. This includes data on the composition of fluids, the position of the water-oil
contact, the reference depth, etc. At this stage, the first hydrodynamic calculation of
the model is made, the initial geological reserves of oil, water and gas are calculated.
Then the calculated values are compared with the results of the GM and expert
estimates.

The next step in creating a model is an adaptation. Adaptation of GDM is a
procedure for validating a model, which consists in modeling the behavior of a
reservoir in the past and comparing it with actual historical data (History Matching).

Comparison of the calculated and actual dynamics of development indicators
Is mathematically an inverse problem. The essence of adaptation is to compare the
final results, with their apparent discrepancy we change the input data, and then
repeat the calculation.

Adaptation is one of the most important steps in the creation of the CAGTM
(constantly active GTM). One of the most important aspects of adaptation -
ambiguity of the results. That is, several models constructed can give a satisfactory
adaptation, although none of them will reproduce the real state of the formation to the
desired extent. This is because the modeled system we know only a very limited
number of variables per a very large number of unknowns.

In this paper, only manual adaptation will be considered. With manual
adaptation, the whole sequence of actions for adaptation of CAGTM is carried out by
a person. After the first iteration, the engineer analyzes the results, corrects the

parameter values, then starts the calculation again, and so on, until the deviations
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between the actual and calculated values become less than the specified error. The
analysis of the results for manual adaptation is basically a comparison of the graphs
of the dynamics of the parameters on the field data and on the model.

During the adaptation, the initial data is adjusted. Basically, the cubes of
permeability, critical and bound water saturation change.

Adaptation includes the following steps.

1. Pressure adaptation

Bottom pressure - first parameter. This parameter is one of the easiest for
measuring, such measurements are available for each well. Comparison of actual
fishing data and calculated values is important in the sense of studying general trends
in the behavior of pressure.

2. Adaptation of fluid flow rates

When adapting not only the coincidence of the volumes of oil production, it is
important that the cumulative production is coordinated in phases, that is, the water
cut, the gas factor.

There is no specific recipe for holding, but it is possible to identify several
important tips. So, for example, M. Carlson offers the following main caveats:

1. Choose the simplest model

2. Try to change those parameters that have the greatest impact on the result

3. Try to change the parameters with the greatest uncertainty.

After the end of the configuration phase, the model contains all the raw data,
adapted and ready to continue the modeling process. Now begins the stage of
compiling and calculating various forecasting development options. A number of
requirements and recommendations for field development are sent from the
development department or from the customer. For this field, key planned indicators,
as well as some subtleties of the ground infrastructure or design features are
indicated, to increase the chance of success, several forecast options are developed,
each of which has a slightly different development concept. Based on the results of

this stage, the development indicators of all options are compared, and then the
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optimal one is selected. This option builds the required maps, graphs of

dependencies, and a presentation is prepared.
1.3 Basic equations of fluid and gas filtration

When oil and gas are being extracted, fluid is filtered through a pore volume.
This process is described by mathematical equations and laws, such as the law of
conservation of mass, the law of conservation of energy, the Darcy law, the initial
and boundary conditions, the dependencies of various properties of fluid and
reservoir on pressure and temperature.

The law of conservation of mass

One of the fundamental physical laws. For its explanation, consider a three-
dimensional filtration of a homogeneous fluid through a unit volume of a porous
medium. We take the unit volume in the form of a rectangular parallelepiped with

sides dx, dy, dz. We introduce the mass flow through each face in the following form:

_ (9 | 3pvy) | 0(py)) _ (mp)
( ox T oy T )_ e T4 1)
—div(pv) = % +4q,

where p - density, kg / m?;

v,- Speed of phase x, m/s;

t - time, s;

q - intensity of the source, m®/s.

In the case of filtering a multiphase multicomponent mixture consisting of n;

phases and n. components, we can generalize the continuity equation as follows.

- Z?:ll div(PlCljuz) = % (m Z;L SlClel) + Z?:H q; @i, (2)
Where g - intensity of the source of the I-th phase;

oy; —mass fraction of the component j in the phase I;

cj; —mass concentration of the j-th component in the phase I;

S; — phase saturation.

. (vo) _ 0 So
—div (B_o) = a(mB—o) + QO,
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. Rv,\ @ Sy . SoR
—div <Z—g + Bi ) = (m (é + )) t Qfg + RQ, @)

div (4 Fre) = 2 (1 Sz 4 SR
dw(B + Bg) = at(m(Bg + B, )) + Qrg + RQ,,

where Q,, Qy, Qgare the volumes corresponding to the phases.

Law of Darcy
Darcy's law says that the filtration rate depends linearly on the pressure
gradient. For the case of multiphase filtration, the law is valid for each phase

separately
ki
= — - (Vp, — p1gV2),
U o, VP~ pigvz) (4)
where u - phase filtration rate
u - viscosity of the liquid
g - acceleration of gravity

Vz - hydrostatic pressure gradient

k; - phase permeability tensor

ki, 0 0
k=10 k;y O0f
0 0 ki

The permeability tensor has the form shown above if the direction of the
principal axes of the tensor coincides with the direction of the coordinate axes. If all
the components of the tensor are equal, then the medium is isotropic. In real life, the
case when k; < k, ,,is more common. This is due to the nature of the bedding layers.
The relative phase permeabilities depend on the saturation and pressure gradient
characteristics.

Filter model

As it has already mentioned, the most common - three-phase model of non-
volatile oil, Masket (Black oil model). For further work, we substitute the resulting

expression for the Darcy law (4) into the system of continuity equations (3).

. ko 2 0
div <u030 (Vp, — posz)) =— (m ;—O) + Q,, 5)
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i k
div | —Z
kgBg

pogVZ)> ~ (m (;—Z + f)) + QrgRQ,
(7

_ k., d Sw
div (HWBW (Vp,, — prVZ)> m (m E) + Qu-

To solve the system of equations (5), additional conditions must be specified.

The values of the capillary pressure at the boundary of the oil-water and gas-oil
sections are determined, and the condition that the sum of the saturations of the
components is equal to unity is introduced.
Po = Pw = Pow(Sw: S0, Sg), (6)
Pg — Po = Pgo(SwsS0rSg),
Swt S +s4=1.

To simulate the processes of oil displacement by water at pressures above the

saturation pressure of oil, it is sufficient to use a two-phase filtration model. The

corresponding equations can be obtained from (5), (6) for Sq = O:

. k 5]
div (MOB pogVZ)> at( ) + Qo,

. k Sw
div <uwB ,OWQVZ)> at( ) + Qu,

Po — Pw = pOW(SW' So» Sg):

Swt+So = 1.

The similar equations are used to describe the two-phase filtration of gas and
water in gas layers.
To interpret the results of hydrodynamic studies of wells, a homogeneous

liquid filtration model is used:

div( (Vp - ngz)) at(ﬂ)+Q- )

The problems of well investigation are most often considered in a two-

dimensional setting without taking gravity into account:
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div (“13 Vp) = %(ﬂ) + 0. (9)

B,
Initial conditions

Most often the initial condition for the formation is adopted the state of static
equilibrium at which the velocities of all phases are equal to zero. According to the
generalized Darcy law this condition means that in the absence of impermeable
bridges in the formation, on which k = 0, each phase is either stationary, or The
pressure in it is distributed according to hydrostatic law and depends only from the

vertical coordinate z:

0

Thus, under the action of capillary and gravitational forces, the fluids are
separated, and in the transition zones, where both phases are mobile, the distribution

of saturations is determined from the condition of capillary-gravitational equilibrium:

a(p%;pw) _ BZOZW = (p, — Pu)g At the oil-water border

(11)

9(pg—Po) _ 9pgo :
- =—2=(p; ~ )9 At the oil-gas border

Natural reservoirs are often characterized by a layered structure, where the

layers can communicate with one another. In this case, the porosity and absolute
permeability functions can be discontinuous. From the condition of continuity of
pressure in each phase, and consequently of capillary pressure, on the rupture of
permeability or porosity, there are so-called "hanging" jumps of saturation that occur
In the transition zones even under equilibrium conditions.

To uniquely specify the initial equilibrium state, in accordance with (10),
(11), it is necessary to specify a single pressure value at some fixed depth and two
saturation values, one in each transition zone. These values should correspond to
mobile phases and are usually determined on conditionally accepted marks of water-

oil and gas-oil contacts.
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In computer modeling of seams, the formation of an initial equilibrium state

calculation of the dynamic characteristics of the model begins.

Border conditions

on a model is called initialization. The initialization task is solved before the

Boundary conditions are necessary for determining the interaction parameters

the outer boundary I' of the modeled region. The most common conditions are:

1. Pressure at the boundary of the region:

P; r = p;l(r,?)

2. The condition of non-flow:
kk

J("-uf’];rsr_, - p!g?z]- n
Ky

=0-
-

3. Consumption of one of the phases:

ke,

"l"f

{?Pi —pfg?z}-r; _q.l(l "r}

[

or

_[ q: (vt )y = q,, (1)

4. Flow rate:

qlf,l {r*'f}_'_ 'G'I1 “'_\ 'F} = {}0-1-.' “_. 'r}

or

[la,(.0)+a, (1.0 = 4,00 0):

where n - normal vector to the boundary of the domain T;
q, - phase flow rate or the normal velocity component;

q;7 (t) — he total phase flow across the boundary

of the investigated formation with the surrounding space. The conditions are given on

109



2 Calculations and analytics
2.1 Construction of the hydrodynamic model

The constructed digital grid interpolation geological model was used as the
initial information for subsequent hydrodynamic calculations in the RN-KIM
software complex.

Calculations were carried out in the RN-KIM software package. To simulate
the processes of oil displacement by water at pressures above the saturation pressure,
the simulator is based on the most common two-phase filtration model of Muscat-

Meres:

| K, 3 (s
div (Ho 5. (VPo — pogVZ)> = (m ;—) + Q,; (12)

. kw _ i Sw ]
div (M (Vp,, — pwsz)> = (m ) + Qu;

Po — Pw = Pow (Sw» S0, Sg);
Swt+ S, = 1.

where Vp - pressure gradient,

u - viscosity; K - permeability,

B - volume coefficient,

m - porosity,

So - oil saturation,

Sw - water saturation,

Q - mass flow,

p - density.

Computer modeling of reservoir X of oil field N occurred in stages. At the
first stage, preparatory work was carried out, which included collecting, analyzing
and summarizing the initial data. The initial data for the filtration modeling by their
origin are divided into three types: 1) transferred from the geological-mathematical
model; 2) obtained as a result of field research and testing; 3) determined in

laboratory studies.
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The hydrodynamic model of the reservoir X of the N oil field is constructed
on the basis of the grid and the properties of the geological model in the software
package of the RN-KIM. The initial information for the creation of the GDM was the
data of a three-dimensional geological model:

1) the spatial position in the reservoir volume of the reservoirs and the
impermeable interlayers separating them;

2) the spatial position of the stratigraphic boundaries of strata and lithological
boundaries within their boundaries;

3) average values of the FEC in the grid cells;

4) the spatial position of the initial fluid contacts;

5) spatial coordinates of the wells.

All of the above information on geological models of reservoirs is contained
in the form of structural maps of the top of the reservoir, maps of effective
thicknesses of reservoirs, maps of effective oil-saturated thicknesses, open porosity
coefficient maps, permeability maps (general) for all objects of operation.

At the initial stage of the construction of the filtration model, the collection
and analysis of the initial data was carried out. The basis for constructing the GDM is
the structural skeleton and cubes of the properties of the geological model, as well as
data on the structure and history of well operation. First of all, a grid is loaded into
the model, which in the future is saturated with cubes of properties (porosity,
permeability, oil saturation, etc.). Then coordinates of wells, their trajectories and
work history are loaded.

Due to the fact that the geological structure of the oil field is simple, the
project does not use models of double porosity and permeability. An isothermal two-
phase model was used for the calculations.

Next step was creation of an active grid block. This element is necessary in
order to select the area (cells) that will participate in the calculation. Since there are
areas in the geological model that are not of interest to us (contour water), we can
trim the data and redefine some of the cells in the model area as inactive. This

procedure is necessary to reduce the calculation time of the model. The creation of an
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active grid block reduced the total number of active cells of layers X from the
original 1345545 cells in the geological model to 576,622 cells in the hydrodynamic
model.

The next step is the adaptation of the model. The goal of the adaptation phase
IS to repeat the history of the field development and to obtain a qualitative basis for
forecasting the technological indicators for the field as a whole, as well as for the
wells. The field was put into development, the fund consists of 15 wells.

Also, an important step in adapting the simulation is to set reservoir pressure.
This procedure is carried out by creating an aquifer (aquifer) - a permeable
underground layer of rocks that participates in the model as a tool to maintain
reservoir pressure. However, in the case of reservoir modeling with high reservoir
separation, this procedure is impossible. In connection with this, it was decided to
produce a simulation of argilla interlayers.

Since, as a rule, there are no data in the geological models on the FES
intervals related to non-clusters and clays, the clay model can be characterized in the
first approximation by the averaged values of the parameters and counting the argilla
interlayers as permeable membranes passing water and not passing hydrocarbons.
Taking into account the requirements of the RN KIM simulator, the properties of
cells modeling argillas were determined as follows: water saturation - 100%; porosity
- 2%; sandiness - 5%.

Further, a continuous model was created, all inactive cells in the active grid
block (actnum) of which were transferred to active ones, the average parameters for
clays were set in them.

From the comparison of models without argilla interlayers and in the presence
of such, it follows that in the first case the reservoir pressure varies widely, there are
regions with both very high and very low pressures. In the second case, the pressure
Is distributed more evenly, which better corresponds to reality and is confirmed by
data from field research. Thus, for our reservoir X, the average reservoir pressure in
the oil-saturated zone in the model without clay interlayers is 26.08 MPa (in some

zones of the formation varies from 20.8 to 29.4 MPa), in the model with clay
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interlayers - 21.05 MPa the spread of the values is from 16 to 24 MPa), which is
almost identical with a given reservoir pressure of 21 MPa. Comparison of models

using clays and without is presented in Figure 3.1.
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Figure 3.1- Comparison of plots of pressure model without and with the
participation of argilla interlayers

The ratio of the phases in the produced fluid can differ from the actual values.
To obtain the required oil and water flow rates, the curves of the relative phase
permeability of the water-oil system (SWL, SWCR) were changed. Due to the lack of
initial data, the petrophysical dependencies of the field of oil were used to calculate

the critical water saturation values.
SWCR =0.231 PHIEOQ.42 (13)
where SWCR is the critical water saturation value

By making changes to SWCR and SWL, the necessary oil and water

production rates were obtained.
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The results of well production adaptation are presented in Figures 3.2, and
also on the accumulated production of liquid and oil in Figures 3.3 and 3.4.

Figure 3.2 - Cross-raft on the accumulated oil. Plast X of the N oil field
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Figure 3.2 - Cross-plot of the accumulated oil. Plast X of the N oil field

HakonneHHas poGblya xuakocTy, M3

280 000

260 000
240 000 ]

220000
—
200 000 ]

180000
160 000 ///
140000

120000
100 000 »

80000 -
60 000 %
40000 —
20000

0

-20 000
-40 000
-60 000
-80 000
-100 000

-120 000
-140 000

\

M3

21.01.2016 20.04.2016 19.07.2016 17.10.2016 15.01.2017 15.04.2017 14.07.2017 12.10.2017 10.01.2018 10.04.2018 09.07.2018 07.10.2018
[ara,

| = WcTopus B9 — Pacyet B9 .

Figure 3.3- Results of adaptation for accumulated fluid production
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Figure 3.4- Results of adaptation for accumulated oil production.
The presented results allow to draw a conclusion about the possibility of using a
filtration model of the X-field of the N oil field to calculate the forecasted

development options.
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2.2 Overview of development options.

The filtration model allows to give an analysis of the existing situation in the
field by the method of a computational experiment, and also to reproduce the
consequences of adopting a particular technological solution of the production task.
The creation of the hydrodynamic model of the productive objects of the N oil field
was aimed at solving the following problems:

1) to study the processes of fluid filtration under various effects on productive
objects;

2) to ensure the greatest current production rates;

3) investigate the possibility of intensifying the development of the oil field
by changing the well placement system;

The solution of the set tasks allowed us to work out the optimal version of the
oil field development. In total, 3 variants with the different well placement systems
were calculated ..

Variant 1

The investigated oil reservoir has small dimensions (2.9x1.2, 2.9x1.7 km) and
low permeability, while the seams have a high degree of dissection and low
hydrodynamic coupling, which makes it impossible to use an in-situ water flooding
over the entire area of the oil field. It was decided to drill 5 vertical and 1 horizontal
production wells within the oil-bearing contour. Also in the process of operation, two
production wells (No. 621,627) are to be transferred to injection wells.

During the operation of the oil field, 6 drilling operations 5 (P1, P2, P3, P4,
P5) are planned for producing vertical and 1 (P3) horizontal wells, and 2 operations
for transferring two producing wells (621, 627) into injection wells. Also, to increase
the permeability of the bottomhole formation zone, a fracturing is planned.

Accumulated oil production for the estimated development period is 315008.6
m3, achieved by ORI (oil recovery index) - 0.393 share units. The design

development period is 52 years 11 months.
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Variant 2

As a result of the analysis of the previous version of the development, it was
found that the hydrodynamic bonding of the seams is extremely small, and to
increase the oil recovery factor, it was decided to drill 4 horizontal wells and 1
injection well located in the 335 well between the inner and outer oil contour. The
mechanism of oil displacement in this case is close to the natural water-pressure
regime.

During the operation of the oil field, 5 drilling operations are planned for 4
horizontal wells (P1, P2, P3, P4) and 1 injection well (I1). It is also planned to
transfer 1 producing well (621) to the injection well. Also, to increase the
permeability of the bottomhole formation zone, a fracturing is planned.

Accumulated oil production for the estimated development period is 313075.5
m3, achieved by ORI - 0.3906 share units. The design development period is 33 years
11 months.

Variant 3 (Recommended)

As a result of the analysis of the 2 development options, it was found that
drilling 4 horizontal wells economically is not profitable, given the fact that in fact
the ORI has not increased, but the development period has decreased by 19 years.
Considering the above, it was decided to drill 2 vertical and 2 horizontal wells, as
well as 5 injection wells using 4-point water flooding. Subsequently, it is planned to
transfer one injection well into the production well.

During the operation of the oil field, 9 drilling operations are planned for 2
horizontal wells (P4, P5), 2 vertical wells (P1, P3) and 5 injection wells (11, 12, 13, 14,
I5). Later, it is planned to transfer 1 injection (12) well into the production well. It is
also planned to transfer 1 producing well (621) to the injection well. Also, to increase
the permeability of the bottomhole formation zone, a fracturing is planned.

Accumulated oil production for the estimated development period is 307375.5
m3, achieved by ORI - 0.3835 share units. The design development period is 9 years

5 months.
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Figure 3.5 shows a graph showing accumulated oil production for all three

options. According to this schedule, we can conclude that the most preferable option

Is 3, since the accumulated oil production is close to the maximum, and the design

development period is acceptable.
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Figure 3.5 — Accumulated oil production and development time.
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Results of the investigation

The main goal of the work was to construct and study the adaptation features
of the hydrodynamic model of the Tomsk Oblast field with a high reservoir partition.

Analyzing the results of capillarimetry, the dependence of the SPF for water
and oil on the water saturation of the reservoirs, and the properties of oil for the
construction of a three-phase model were taken.

Later on, the features of adaptation of the model were investigated.
Adaptation of GDM was carried out according to a standard procedure. To coincide
the phase relationship in the produced fluid, the position of the end points of the
bound water saturation graph was changed. Due to the lack of data, the petrophysical
dependence of the analogue field was used. By carrying out the SWCR and SWL
changes, the necessary oil and water production rates were obtained.

Also, the dependence of argilla modeling in the reservoir under conditions of
high reservoir separation on the correctness of the designed model was investigated.
It was found that in the presence of argilla interlayers, it is necessary to simulate
argilla data with certain reservoir properties, in particular for adequate modeling of
reservoir pressure.

Within the framework of the work, the possibility of intensification of
reservoir development by means of a change in the well placement system was
investigated. In total, 3 variants with different systems were calculated. In addition to
the system of arrangement, the optimal number of wells and waterflood intensity
were also selected. The solution of the set tasks allowed us to work out the optimal
version of the deposit development. Analyzing Figure 3.5 of accumulated oil
production and development time, it was concluded that the most preferable option is
3. This option is characterized by close to the highest cumulative production for the

entire development time, as well as the smallest estimated development period.
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Conclusion

In this paper, the main goal was to create an adequate hydrodynamic model of
the Tomsk Oblast field, to study the specifics of the implementation of adaptation in
such fields. A number of intermediate tasks were carried out. These include:
developing the principles of reservoir simulation, acquiring work skills in the main
modeling software complexes, building a hydrodynamic model.

As a result of this work, we can say that all the goals were achieved and all
the tasks were accomplished. First, the analysis of scientific and technical literature
was carried out, the methodology and sequence of construction of the GDM were
mastered. Secondly, based on the above methodology, a hydrodynamic model of the
Tomsk region field was constructed. The developed model has undergone an
independent examination and verification, thus, this model can be considered
adequate and reflects the filtration process in the formation, suitable for constructing
predictive options.

Also features of construction and adaptation of the model were revealed. In
the course of the work, it was confirmed the expediency of using data on analogical
fields in conditions of a deficit of initial information.

The forecast variants were created on the basis of the projected geological and
technological model. The recommended development scenario based on the
economic efficiency analysis, which is the basis for the trial exploitation project, was
developed. When implementing the recommended development option for the X
reservoir of the N oil field, the capital investments in the development over the
settlement period will amount to 362 million rubles. A profitable development period
Is 7 years. Oil production for the billing period will be 265.879 thousand tons, ORI -
0.3835 units. The net income of the user of subsurface resources is 1028.7 million

rubles, the discounted income of the government is 2195 million rubles.
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