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3amiaHupoOBaHHBIE Pe3yIbTaThl 00yUeHUs

Kon

Pe3ysabTarnl 00yyeHus

2

CriocoOHOCTh HCITOIL30BaTh CCTCCTBCHHOHAYYHBIC, MAaTEMaTHYCCKHUEC, SKOHOMHNYCCKUC,
HOPUINYICCKHUEC U MHXXCHCPHBIC 3HAHUA B o0Jractu I'€OJIOTHH, p3,3pa6OTKI/I H SKCILTyaTallun

HE(TSAHBIX U Ta30BBIX MECTOPOKICHHIMA

P2

CrocoOHOCTh OmpeeNsaTh, GOPMYIUPOBATh U PEIIATh MEXKIUCIUTUTMHAPHBIC WHXCHEPHBIC
3aJaud B 00JIacTH He(TEerazoBbIX TEXHOJOTHH C HCIOIb30BAaHUEM MPO(hecCHOHATBHBIX

3HAHUU U COBPEMCHHBIX METOAOB UCCIICAOBAHUA

P3

CriocoOHOCTE IUIAaHUPOBATh U IMPOBOAHUTL HCCICOOBAHHA B CJIOKHBIX H HCOHpe,I[eJ'IéHHLIX
YCJI0BUAX C UCIHOJB30BAHUEM COBPEMCHHBIX TCXHOHOFHﬁ, a TaKXKC KPUTHYCCKHN OLCHUBATDH

IMMOJIYYCHHBIC JAHHBIC

P4

CriocoOHOCTE aHaJIM3UPOBATb HCCTAHIAPTHLIC CUTyauuu nu 6BICTpO BBI6I/IpaTL

ONTUMAJIbHBIE PELEHUS NPU Pa3pabOTKEe HEPTIHBIX U Ta30BBIX MECTOPOKICHUIN

P5

CnocoOHOCTh MCIOIb30BaTh TBOp‘IeCKI/Iﬁ noaxona Ajid paspa60TI<I/1 HOBBIX I/I,I[eﬁ n METOJ0B
MMPOCKTUPOBAHHUA 00BHEKTOB He(bTel"aSOBOFO KOMIIJICKCA, a TAaKXKXEC MOACPHU3IUPOBATL U

COBCPHICHCTBOBATH NPUMCHACMBIC TCXHOJIOTUN He(i)TGFaSOBOFO IMPOMU3BOJACTBA

P6

CrrocoOHOCTB pa3pa6aTI)IBaTI) MHOTOBApHUAHTHBIC CXEMBbI JJISI JOCTUIKCHHA ITOCTABJICHHBIX
MMPONU3BOJACTBCHHBIX ueneﬁ, C 3(1)(1)6KTI/IBHHM HCITIOJIb30BAHUEM HUMCHOIIUXCA TCXHHYCCKHX

CpenCTB

P7

CnocoOHOCTh AHAIIM3UPOBATL U CHUCTCMATHU3UPOBATH COBPEMCHHBIC TCXHOJOIMYCCKHUEC U
HAaY4YHBIC JOCTHUKCHUS He(1)Tera30B0171 OTpaciii, a TaKXC BbBIABIATE HX aKTYaJIbHbBIC

POOIIEMBI

P8

CnocobHocTh 3¢ (eKTUBHO padoTaTh WHAMBHIYAJILHO M B KayecTBE WICHAa KOMAaHJBI, a
TaK)XKe pyKOBOJUTH KOMaH/I0M, (OPMUPOBATH 3a/IaHUs, PACIIPEACIIATh O0SI3aHHOCTH U HECTH

OTBETCTBEHHOCTb 32 PE3YJbTaThl pabOThI

P9

CnocoOHOCTh CaMOCTOSITENILHO YYUTHCSI U HEMPEPHIBHO MOBBIIIATH KBATU(DUKAINIO B CBOEH

PO eCCHOHAIBHON e TENHHOCTH

P10

Bnanetrs MHOCTpaHHBIM SI3BIKOM KaK CPEJICTBOM MPOo(hecCHOHATBbHOr0 OOIIeHHs], Ha YPOBHE,

MO3BOJISIONIEM paboTaTh B MHTEPHALIMOHAIBLHOM cpelie
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AI[aHTaI_II/IfI IMPOHUIIACMOCTH II0 KEPHY CKBAXXUH Ha HJAaHHLIC mnactoucneitateed u ['MIC Ha
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Cpok c/1auu CTYJIEHTOM BBIMIOJTHEHHON paOOTHI:

18.08.2017

TEXHUYECKOE 3AJIAHUE:

Hcxoanbie 1aHHbIE K padoTe

(Haumenosane 06veKmMa UCCIeO08aHUS UM NPOEKMUPOBAHUSL,
npou3eo00UmMenbHOCHb Ul pabomvi
(nenpepvlgnblll, NepUOOUHEcKuUll, YUKIUYeCKull u m. 0.); 6uo
CbIDbA UNU MATNEPUAn U30eUs,

HA2py3Ka, — peicum
mpebosanusi K NpooyKmy,
u30enUIo U npoyeccy; ocobvle mpebosanus Kk 0cO6eHHOCMAM
@ynkyuonuposanus (dxcnayamayuu) 06veKxma uiu uz0enus 6
bezonachocmu

cpeoy,

niane oKCcniyamayuu, BIUAHUA Ha

OKpYIHCAIOUYIO 9KOHOMUYECKULL

aHanuz u m. 0.).

OHepeosampamam,

I'eonoruueckoe CTpoeHNE MECTOPOKICHUS
ITerpoduznueckue cBOMCTBA B 3aBUCUIMOCTH

Kepnosas 6a3a, BKito4as onucanue kepHa, ¢pororpaduu n

3aMEphbl HeTpO(l)I/IBI/I"ICCKI/IX CBOICTB
Z[aHHLIG 0 TMAPOANHAMUYCCKUM HCCIIEJOBAHUAM Ha
MECTOPOKACHUU




IlepeueHsb MoaJIesKANINX HCCJIETOBAHUIO,
NMPOEKTHPOBAHUIO pa3padoTke
BOINPOCOB

Hu

(anarumuyeckuii 0030p NO UMEPAMYPHBIM UCMOYHUKAM C
Yenblo BbIACHEHUS. OOCHIUNCEHUTI MUPOBOU HAYKU MEXHUKU 8
paccmampueaemoil obnacmu;
uccneoosanusl,
cooepacanue  npoyedypul

nocmaHoexka 3a0auu

npOeKmupoB8aHus, KOHCIMPYUPOBAHUS,
Uccned08ans, NPOEKMUPOBaHs,
KOHCMPYUpOGanus,; o0cyscoenue pe3ynvmamos GblnoIHeHHOU
pabomul;  HAUMEHOBAHUE OONOTHUMENLHBIX — PA30€I08,

nooxedcawux paspadomke; 3aKmoverue no pabome).

JlutepatypHblii 0030p 10 TEMaTUKe paboThI.

AHanu3 KePHOBBIX JIAHHBIX: MOJIYYEHHE 3aBUCUMOCTH IS
pacyera abCOIOTHON MIPOHUIIAEMOCTH C Y4€TOM 00BEMHO
TJIMHICTOCTH; TIOCTPOCHHUE 3aBHCUMOCTEH (D (HEKTHBHOI
MIPOHHUIIAEMOCTH TI0 He(TH U BOJE OT aOCOMOTHON
MIPOHUIIAEMOCTH TI0 JAaHHBIM CIIEINAIbHbBIX HCCIICIOBAHUH KEPHA;
[IporHo3 npoMbICIOBBIX 3HAYEHUI IPOHULIAEMOCTH € YUYETOM
TeKyIel BofgoHackImeHHoCcTH 1Mo qanHeM [ YIC ¢ momonipo
BBIIBIICHHBIX 3aBHCUMOCTEH.

CpaBHeHHUE MOJTYYEHHBIX 3HAYEHHH TIPOMBICIIOBOI
MIPOHUIIAEMOCTH C AaHHBIMHM TIACTOUCTIBITATENEH. AHAIN3
pe3yabTaTOB U HEONpeAeIeHHOCTEN

Ilepedyensb rpaguueckoro Marepuasia

(c MmoYHBIM YKA3aHUeM 00513amenbHbIX Yepmedicell)

KOHHCHTyaHBHa}I MOJCIIb 00CTaHOBKHU OCaaAKOHAKOIIJIICHMA,
®doto KEpHa € OIIMCaHuCM
ILmanmeTs! ¢ KapOTa>XKHbIMH KPHUBBIMH U KPOCC-TIJIOTBL

KoHcyabTaHThI 10 pa3iesaM BbIIIYCKHOH KBATH(UKANMOHHON padoThl

(c ykasaHuem pazoenos)

Paznen KoncyabTant
OUHAHCOBBI  MEHEIDKMEHT, | 1.T.-M.H, ipodeccop benozepor B.b.
pecypcodhPeKTHBHOCTD u
pecypcocOepexeHue

ConmanpHas OTBETCTBEHHOCTD

K.T.-M.H., JouieHT Mumienko M.B.

HasBanus pa3aejaoB, KOTOPbIC JOJIKHbI ObITh HANMCAHBLI HA PYCCKOM H HHOCTPAHHOM

A3bIKAX:

Literature overview and theoretical background

Jlata  BbIgauM  3agaHMsi  Ha

KBAJIM(PUKALHMOHHON padoThI 110 JMHEHHOMY I'paguKy

BbIIIOJTHCHHUC

BBIIIYCKHOM

3ajaHue Bb11a1 PYKOBOAUTE/Ib:

JokHOCTH DoUo0 YueHnas crenenb, Moanuch JlaTa
3BaHHUE
npocdeccop kadenpst | KopoBkun M.B. 1.¢G-M.H. 26.06.2017
I'PHM
3anaHue NPUHSJ K HCTIOJHEHHIO CTY/IEHT:
I'pynna [d% (0] Hoanucp Jara
2TMS51 MaxkcumoBa Enunzasera Hukurnuna 26.06.2017
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3AJTAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHEUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»
CTyneHry:
'pynna (0] 5 (0]
2TM51 MaxkcumoBa Enn3zaBera Hukurununa
HucruryT IIpupoanbix pecypcos Kadenpa I'PHM

YpoBeHs 00pa3oBanus Marucrpartypa

Hal’lpaBJ’leHﬂe/cneul/laﬂbHOCTL

21.04.01. Hedrerasosoe nejio

Hcxoanbie naHHble K pasgeny «DHHAHCOBBIH MEHEIKMEHT, pecypcodpPekTUBHOCTL U

pecypcocOepekeHue»:

1. Cmoumocms pecypcos nayunozo ucciedosanus (H1):
MaAmMepuaIbHO-MEXHUYECKUX, IHEPLEMULECKUX,

qbuHchoeblx, qubopmaquHHbzx u 4ejoeedecKkux

.HI/ITepaTypHLIe HCTOYHHKHU,

2. Hopmbl u Hopmamuebl pacxo008anus pecypcos MeTtoauueckue yka3aHus 1o
pa3zpaboTke pazzena
3. chozzwyeﬂ/za}z cucmema HCUZOZOO6JZODIC€HM}1, cmaeKku HpOFHO3 COIUAJIBHO-OKOHOMHWYECKOI'O Pa3BUTHUA

Hajloeoe, omuuczlenuﬁ, OUCKOHmup06‘aHu}1 u erdumoeanz

Poccuiickoii ¢henepannu na 2017 rox
W na nnanossIii nepuon 2018 u 2019 rogos

Hepeqeﬂb BOIIPOCOB, NOJIC/KAIMUX HCCIACT0BAHUI0, IPOCKTUPOBAHUIO H pa3pa60TKe:

1. Oyenka kommepuecko2o u UHHOBAYUOHHO20 NOMEHYUALA DUHAHCOBBI MEHEKMEHT, PeCypcod(pPeKTHBHOCTD
HTHU 1 pecypcochepexenne

2. Paspabomka ycmaea Hay4HO-MeXHU4ecKko20 npoeKma Pacuér 3arpar BpeMeHHM W TpyAa MO BHIAM

pabor

3. Inanuposanue npoyecca ynpasnenus HTH: cmpykmypa u HOpMLI pacxo/ia MaTepHUasoB
epagux npogedenust, 6I00icem, pUCKU U OP2AHUZAYUSL
3aKYNOK

4. Onpeodenenue pecypcHoul, PUHAHCOBOTU, IKOHOMUYECKOU OOmwmii pacyéT CMETHOM CTOUMOCTH
aghgpexmusrnocmu

Hepeqeﬂb r pac[)nquKoro MaTEPHUAJIA (c mounvim ykasanuem obazamenshvix uepmedicetr):

Ta6nuia 4.1 — [lnau Bermonuennsix pador, Tabnuna 4.2 — BpemeHnnsle 3atpathl Ha nposeaenne HUP, Tabnuma

4.3 — Marepuaiibubie 3aTpathl, Tabnuia 4.4 — 3apaboTHas riara ucnonaurenein HUP 3a mecsin

JlaTa BbIIa4M 3aaHUA 1JIS pa3/iesia no JUHeHHOMY rpauky

3aganue BbIAAJ KOHCYJBbTAHT:

J0/KHOCTH [%(0] Yuenas creneHs, Moanucey JaTa
3BaHue
[Ipodeccop benozepor B.b. JI.T.-M.H. 26.06.2017
3a11aHue NMPUHAJT K HCITIOJTHEHUIO CTYACHT:
I'pynna DUO Hoamucs Jara
2TMS51 MaxkcumoBa EnuzaBera Hukutnana 26.06.2017




3AJTAHUE JIJISI PA3JIEJIA
«COIHAJIBLHAS OTBETCTBEHHOCTb»

Crygnenry:
I'pynna (0] 4 (0]
2TM51 MaxkcumoBa Enuzasera Hukutuuna
HueruyT IIpupoansix pecypcos Kadenpa I'PHM

YpoBeHns 06pa3oBanus Marucrparypa

HanpasieHue/cnenuajbHOCTD

21.04.01.Hedrerazosoe nesno

Hcxoanble faHHBbIE K pa3geiny «COIII/Ia.TIbHaﬂ OTBETCTBEHHOCTb)».

1. Onucanue pabouezo mecma (padoueti 301w,

MEeXHONI02UYeCKo20 npoyecca, Mexanuieckozo 060py006aHu;1)

Ha npedMem B03HUKHOBEHUA.

—  8PEOHBIX NPOSIGNICHUL (PAKMOPOE NPOU3E0OCMBEHHOU CPedbl
(Memeoycnogusi, 8peoHble Beujecmed, OCBeujeHue, UMb,

6u6pa1¢uu, INIEKMPOMACHUMHbIE  NOJIA,

usLyUenUs)

uUoHUsUpYyIouue

—  ONACHBIX NPOSGIEHUL PAKMOPOE NPOU3EOOCIBEHHOU

cpeobl (MexaHu4ueckou npupoobl, MmepMuiecKo2o

xapaxmepa, 91eKmpuiecKoll, NONCaAPHOLU U 83PbIEHOT

npupoowvt)

—  He2amugHO20 8030€liCMBUS HA OKPYICAIOWYIO NPUPOOHYIO

cpedy (ammocghepy, euopocgepy, rumocgepy)

—  Ype3BbIYAlHbIX CUMYayUll (MEXHOLEHHO20, CIUXUUHO2O,

IKOJI02UHeCK020 U COYUAIbHO20 xapakmepa)

MecTopokaeHHE HAaXOOUTCS B CEBEPHOW 4YacTH
3amagHo-CHOMpCKOA He(pTEera30HOCHOM
NPOBMHIMM  Ha  loro-3amaze [ 'bIIaHCKOTO
MOJIyOCTpOBa M MpUypoyeHO K Meccosxckoi

HU3MEHHOCTH, JoiuHe pekn Meccosixa. B
AIMUHUCTPAaTUBHOM OTHOILIICHUHU
paccMaTpuBaeMBIii  IPOEKT  pacloJIOKeH  Ha
Teppuropuu  TazoBckoro  paiioHa  fImano-

Henenkoro aBTOHOMHOro oOKpyra TIOMEHCKOH
obmacTu.

Bommzu paccmaTpruBaeMou
HaXOIUTCS HaceJICHHBIE IIyHKTBI: 1.
AHTunarota ¥ 1. Ta30BCKUi, pacHojIOKEHHbIE
COOTBETCTBEHHO B 148 kM Ha ceBepo-3aman u 146
KM Ha I OT MecTopoxaeHus. bnmxadmumit
KpYIIHBII HaceJIeHHbIM NyHKT — I. HoBbI YpeHroi
— pacnonoxeH npubauzutenbHo B 300 KM Ha 0T OT
MECTOPOXKIEHUS b. MecropoxaeHue b
MECTOPOXKJEHHS  SIBIISIOTCS OJHUMH u3
KpYHHEUIIUX MECTOPOXKACHUI o 3amnacam
HepTH ¥ Ta30BOTO KOHICHCAaTa  IOIYyOCTPOBa
I'vipan. JdaHHBIA ~ y4acTOK  HeJp  sIBIsiETCS
YYaCTKOM HeJp QeepatbHOTO 3HAYCHUS.

TEpPUTOPUHI

2. 3Hakomemeo u omoop 3aKOHOOAMENbHBIX U HOPMAMUBHBIX

doxymeHmoe no meme

IMepeyeHb BONMPOCOB, MOJIEKANMX UCCTEI0BAHUIO, TPOEKTHPOBAHMUIO U Pa3padoTke:

1. Ananu3 svisignennwvix 6peOHbIX PaKmopos npoekmupyemoll

npou3600CMEEHHO Cpedbl 8 Cledyrouell
nOCIe008AMENbHOCIU:

—  usuKo-xumMuyeckas npupooa 8peOHOCmu, eé C8:a3b C

paspabamuvléaemol memou;
— Oeticmsue (hakmopa Ha Op2aHU3M YeNo8eKd;

—  npuseoenue OONnYCmMUMbIX HOPM ¢ He0OX0OUMO

PA3MEPHOCIBIO (CO CCHLIKOU HA COOMEEMCMEY WUl

HOPMAMUBHO-MEXHUYECKUL OOKYMEHM,);
— mpeonazcaemvie CpeoCcmaea 3auumol
(cnauana KOJUIEKMUBHOT 3auumot,

UHOUBUOYATIbHBIE 3AUUMHbLE CPeOCmEa)

3amem —

OTtpunarenbHOEe BIUSHUE KOMIIBIOTEPA Ha
YEJIOBEKa SABJIIETCS KOMIUIEKCHBIM, BO
BpeMsi paboOThl 3a KOMIIBIOTEPOM Ha
OpraHU3M BJIUSET LEJbIA PsJl HETaTUBHBIX

buznIecknx u TICHXOJIOTHYECKUX
¢dakTopoB. Duznueckumu  (paKTopamu
SIBIISTFOTCSL:

- MOBBIIIIEHHAS nyJabcalus

CBETOBOTO MTOTOKA;
- IIUPOKHHA CIIEKTP W3IYYCHUS OT
JCTLIIes], KOTOPBIi BKJTIOYAET
PEHTTEHOBCKYIO, YIbTpaHOIETOBYI0 U
nH(ppPaKpacHyIo 00JIaCTH;

- MTOBBIIICHHBIN
JIEKTPOMAarHUTHBIX
pa3IUYHBIX  YacTOT

YpOBEHb
W3JTy4YECHHU I
OT MOHHUTOpA U




CHUCTEMHOTO OJIOKa;

— 3arpsi3HEHUE BO3/1yXa MbLIbIO;

— MOBBIIICHHBIA YpOBEHb IIyMa Ha
paboueM MecTe;

- BO3HHMKHOBCHUC Ha 9KpaHC
MOHHTOpAa CTaTUYCCKUX 3apsAa0B,
3aCTaBJIAIOMINX JaCTHU4YKH ObIIN

JIBUTATHCS K ONMKalIIeMy 3a3eMIICHHOMY
IpeAMETy, KOTOPBIM OKa3bIBaeTCs JIULO
N0JIb30BATEIIS;

- ONaCHBI ypOBEHb HANPSIKEHUS B
UIEKTPUUECKON LeTH, 3aMbIKaHHE
KOTOPOM MOYKET INPOU30MTH 4Yepe3 TeJo
YeJIOBEKa;

OITAaCHOCTb BOSHMKHOBCHU: IMOXKapa

2. Ananu3s 6visiGNEHHBIX ONACHBIX YAKMOPOS NPOEKMUPYEMOU
npou36e0EHHOI Cpedbl 6 Credyioujeli nocied08amenbHOCU

MexanuiecKue OnacHoCmu (UCMOYHUKU, CPeOCmed
3auumol,

mepmuiecKue ONacHOCmu (UCMOYHUKU, CPeOCmsa
3awumel);

INEKMPOOE30NACHOCHb (8 M. Y. CIAMUYECKOoe
INEKMPUYECMBO, MOTHUE3AUWUMA — UCHOYHUKU, CPEOCMEa
3awumel);

ROACAPOB3PLIBOHE30NACHOCHb (NPUYUHDL,
npoghunakmuiecKue Meponpusmus, nepeuyHbvle cpeocmed
nocapomyuleHus,)

1) DnexTpobe30macHOCTb

DOneKkTpoOe30nacHOCTh — ATO CHCTeMa
OpraHU3aIMOHHBIX u TEXHUUYECKUX
MEpPOIPUATHN U CPEACTB,
o0ecreunBaIIUX 3alIUTy JIOJeH  OT
BO3JCHCTBUSL ~ DJJIEKTPUYECKOTO  TOKa.
[Tonoxxenuem 0 COOTIOICHUH

anektpobe3omacHoctu  sBasiercss ['OCT
12.1.038-82 CCBT.

3. Oxpana oxpyoicaroweii cpedvl:

sawuma cenumeOHo 30Hbl
aHanu3z 8o3o0elicmeusi 00vekma Ha ammocgepy (8b10pocul);

2) Dxomoruyeckas 6€30macHOCThb

OxpaHa OKpyXaromieil cpeqbl CBOIUTCA K
yCTpaHEHHUIO OTXOAO0B OBITOBOTO Mycopa U
0TXOJIaM KHU3HEICITSILHOCTH YeJoBeKa. B

— aHanu3z eo30elicmaus 0b6vekma Ha euopocgepy (copocwi); coydae Bbixoma wu3 crpos 1IK, onum
— auanuz 6o3oelicmaus 00vekma Ha aumocgepy (omxoowi), CIIHCBIBAIOTCA " OTHPABJIIIOTCI  Ha
— paspabomams peuieHus no obecneyenuio IK0102UYecKoll CENMATbHBIA  CKJIAA, KOTOPBIA  IpH
6eaonac1—tocmzv4 co ccolikamu Ha HT/{ no oxpane HE06XOIUMOCTH PUHAMAEeT Mepbl 10

oKpyoicaroujeti cpeovi. M
YTUJIU3allun CIIMCaHHOU TEXHUKHN u

KOMIIJICKTYIOIINX

Crenenn OTHECTOMKOCTH 37aHU T
OpUHUMACTCA B 3aBUCUMOCTH OT HUX
Ha3Ha4YCHUA, KaTCropuun 10
B3PBIBONIOKAPHOM 51 MOYXKapHOH
4. 3awuma 6 upe38bIYAUHbIX CUMYAYUSIX. OITaCHOCTH, DTAXXHOCTHU, IIJIOMIaAN dTaXKa B
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PE®EPAT

Brimycknas kBamudukanuonsas padora 88 c., 37 puc., 22 tabin., 32 ICTOYHUKOB, 3 TIPHII.

KnroueBble ciioBa: KEpHOBBIC HUCCIIEOBAaHUS, CICIMAIbHBIE MCCIENOBAaHUS KepHa, (a3oBble
POHHIIAEMOCTH, Te0(U3NIECKUE UCCIIeIOBAHNS KEPHA, TNIACTOUCTIBITATENN

OOBeKTOM HccieoBaHus ABIAETCS (FOTCS) IUIACTBl MOKYPCKOM CBUTBI MECTOPOXAEHHUA b,
pAacIIoIOKEHHOT0 B ceBepHOM yacTu 3anagHo-Cubupckoil HeTera3oHOCHON MPOBUHLIMYU Ha FOTO-
3anafge ['pIIaHCKOro IOJIyoCTpOBa M NPUYpPOYEHO K MECCOAXCKOM HU3MEHHOCTH, AOJIMHE DPEKU
Meccosixa

Ilenp paboThl BeIsiBIICHHE 3aKOHOMEPHOCTEH M CO3JIaHUE METOJIUKH, C TIOMOIIBIO KOTOPOH
OyZeT BO3MOYKHO IIPOBEJIEHHME HOPMHUPOBKH aOCOJIIOTHOM MPOHHUIIAEMOCTH, MOJIYy4aeMOW 110
JAHHBIM KepHa U reo(HU3MUecKuX HCCIeOBAaHUN Ha MPOMBICIOBBIE 3HAYEHUS, MOJIy4YaeMble I10
JAHHBIM IIaCTOUCIBITATEIIEH.

B npouecce uccnenoBanus NpOBOAWINCH: aHAIU3 KEPHOBBIX JAHHBIX C LIEJIBIO MTOIYYCHUS
3aBUCUMOCTH JUIsl pacuera aOCOJIOTHOM HPOHMLIAEMOCTH C Y4YE€TOM OOBEMHON TIJIMHHCTOCTH;
HOCTpPOeHHE 3aBHUcUMOCTEHl >(PPEeKTUBHON NPOHMIAEMOCTH MO HEPTU U BOAE OT aOCOIIOTHOM
IIPOHMIIAEMOCTH 11O JAHHBIM CIELUAJIbHBIX HMCCIEIOBAHUNM KEpHA; HOPMHUPOBKA M OCPEIHEHHE
KPUBBIX OTHOCHUTENBHBIX (pa30BBIX IMpoHHLaeMocTel ¢ momoibio ¢yHkiuil Kopu. Tak xe Obu1
IPOBEJEH MPOTHO3 NPOMBICIOBBIX  3HAUYEHUH  IPOHUIIAEMOCTH C  Y4E€TOM  TeKylel
BoloHackllieHHOCTH 10 JaHHbIM ['MIC ¢ momomplo BbIABIEHHBIX 3aBUCHMOCTEd. [lanee
IIPOBOJIMJIOCH CPaBHEHHE TIOJYYECHHBIX 3HAYECHHM IIPOMBICIOBOM MPOHULAEMOCTH C JAHHBIMHU
IIJIACTOUCTIBITATENEH.

B pesynbrare uccnenoBanus BlepBble puMeHUTENbHO K IutactaM [1Ki3 mecropoxnenns b
HOJY4YEeHbl  CJENyIOIMEe pe3ynbTaTbl: pa3paboTaHa KOMIUIEKCHas  METOAMKAa MPOTHO3a
IIPOMBICIIOBBIX 3HAYEHHUH NMPOHUIAEMOCTH MO JaHHBIM HccienoBanus kepHa u ['MC; mposeneHo
CpPaBHEHME TIOJYYCHHBIX 3HAUEHHUHW C JaHHBIMU IUJJACTOUCIBITATENEH, BBISBICHBI MPUYUHBI
CXOJMMOCTU/HECXOIUMOCTH  3HAue€HUH  mpombiciioBo  mponunaemoctd mno [HUC  wu
riactoucnsitTaressiM. [IpoBesen ananu3 GakTopoB, BIUSIONIMX HA IPUMEHEHUS METOIUKH.

CreneHb BHEIPEHHUS: OINBITHAS METOAMKA, KOTOPYIO IUIAHUPYETCS] BHEAPUTH HA TEPPUTOPUU
npennpustus. O6macte npuMmenenus: uarepnpetauus ['UC, ruapoauHaMuyeckoe MOAeIMPOBAHNE

OxoHomMHuueckass 3(PQPEKTUBHOCTH/3HAUMMOCTh PAOOTHI: IMOMOXET YIYyYIIUTh aJlanTaliio
TUAPOINHAMUYECKON MOJIEH

B Oynymem miaHupyercsi_NMPUMEHUTh METOAWKY Ha MECTOPOXKACHHUSAX aHAJIOrax C IEIbIo

MIPOBEPKHU PAOOTOCTIOCOOHOCTH U YIIYUIICHHSI pa3pab0TaHHOTO aJITOPUTMA.
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ABSTRACT

Nowadays, efficient field development cannot be imagined without the integrated
interpretation of field data, obtained from core samples, logging operations and formation testers.
The above mentioned methods allow reservoir permeability definition. During the interpretation of
well logs the absolute value of permeability can be received by means of equation, obtained from
core. This equation characterizes flow properties of dry reservoir towards air or neutral gas, which
appear to be the non-wetting phase in relation to solid reservoir phase. Therefore, the absolute value
of permeability, which can be obtained from log curves, can be used only as the measure of quality
but not the quantity of flow properties.

For quantitative description of reservoir behavior during the process of field development
the value of permeability should be connected with fluid flow dynamics. It is planned to create an
algorithm, which may provide normalization of core and therefore log absolute permeability on its
field values, estimated from formation testing operations. This fact may afford the improvement of
fluid filtration forecast during the simulation modelling and further field development. This fact
may afford the improvement of fluid filtration forecast during the simulation modelling and further
field development. At the first stage it is suggested to perform the comparison of core, log and
formation tester data, which were obtained from similar elevation depth. Based on the results of
comparison it is planned to estimate the specified poro-perm relationship, which will be tuned on
core, log and formation tester data. Besides, possible reasons for insufficient correlation will be
analyzed. Finally, it can be expected that obtained petrophysical trends can provide more exact
forecast of reservoir permeability based on well logging results, core plugs as well as formation

tester data.
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OIIPEJAEJIEHU S, OBO3HAYEHUSA COKPAIIIEHUA

I'MC —TEO®U3NYECKUE UCCIIEJOBAHUA CKBAXWH
O®II — oTHOCHTENBHBIE (ha30BBIE MPOHULIAEMOCTH

MDT/XPT — o603HaueHke THIIA TACTOUCIIBITATEIS

BUKW3 — BBICOKOYaCTOTHOE MHIYKIIMOHHOE KapOTaKHOE U30MapaMeTPUIECKOE 30HANPOBAHNE;
I'K — ramma-kaporax;

I'TU — reoioro-TeXHOJIOTHUECKHUE NCCIICOBAHNS,

WK — MHIyKIMOHHBIN KapOTax;

KC — kapoTtaxx conpoTUBIICHHUS;

HHKT — HeUTpOH-HENTPOHHBIN KapOTaX 10 TEIUIOBBIM HEUTPOHAM;
[1C — camonpou3BoIbHAS TIOJIAPU3AITHS;

COC - caHUTapHO-IMHIEMUOIIOTUYECKAs CITyk0a;

OEC — punpTpalliOHHO-EMKOCTHBIE CBOWCTBA;

Puc. — pucyHok;

CKB. — CKBaXXHHA.
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BBEJIEHUE

AKTYyaJIbHOCTh TeMbl HcciedoBaHuii. B Hacrosimee BpeMs >(dexTuBHas pa3paboTka
MECTOPOXKICHUI HEBO3MOXXKHA 0€3 KOMIUIEKCHOW HHTEPIpETAH MPOMBICIOBO-TEOPUINISCKUX
JAHHBIX, TOJNy4aeMBIX C TIOMOINBIO KepHa, reodmsmueckux wuccienoBanuii ckaxuH ([MC) u
iacToucnbiTaTeNiell. BolenepedncieHHble METOABI MO3BOJISIIOT OXapaKTepU30BaTh BEIUYHHY
MPOHUIIAEMOCTH H3Y4aeMOro Iulacta-koiiekropa. B xome wunrtepnperanuu kpuBbix [UC
a0COJIIOTHOE 3HAYEHUE MPOHUIIAEMOCTH IMOJIYYaloT U3 KEPHOBOW 3aBUCUMOCTH, XapaKTepU3yIolen
(GUIBTPAIMOHHBIE CBOMCTBA IJIACTA-KOJUICKTOPA B CYXOM COCTOSTHUM JUISl BO3/IyXa WJIM WHEPTHOTO
ra3a, KOTOpbIe B CBOIO OUYE€pe/Ib SBISAIOTCA HECMayuBarolieil ¢azoil Mo OTHOLIEHUIO K TBEPIOM (aze
uzydaeMoro miacta. Jlanee nonydaemyto no I'MC Bennunny abCOMIOTHONW MPOHUIIAEMOCTH MOYKHO
MCIIOJIH30BATh MIPU MOJICTUPOBAHUH.

JIisi  KONMYEeCTBEHHOTO OIKUCAaHMs TOBEACHHS KOJUIEKTOPOB B TIpolecCe pa3pabOTKU
MECTOPOXKIACHHUM MpeJiaraeTcsi ONpeaesaTh 3HAUEHUS! MPOHUILIAEMOCTH, KOTOpbIe MOTIJIH Obl OBITh
0oJiee TECHO CBSI3aHBI C JMHAMUKOW TEUEHUS IIACTOBBIX (DIIOMIOB, YTO B CBOIO OYEpEh MOMOTJIIO
ObI O0JIE€ TOYHO MPOBOJIUTH AJIANTALMIO TUAPOJUHAMUYECKON Moenu. [[is pereHust 3Toi 3anaun
HeoOXxoauma pa3paboTka CHENHATBHOTO ajNrOpUTMa HWHTEPNpPETalud NeTPOQU3UYECKUX U
reo(pU3NUEeCKUX HCCIEA0BAaHUM, C TIOMOIIBIO KOTOPOTO OYJIET BOZMOKHO MPOBEACHUE HOPMUPOBKH
abcomroTHON mpoHMIaeMocTH 1o kepHy u ['MIC Ha mpoMbICIOBBIE 3HAYEHHS, MOTy4aeMBbIe IO
JAaHHBIM TUIacToucteiTateneid. Co3anne TakoW METOJIWKH MHTEPIIPETAIlMN BEChbMa aKTyaJlbHO, TaK
KaK 9TO CINOCOOCTBYeT YAy4IEHHWIO KadecTBa TMporHo3a ¢uiabTpanuu ¢Giaouga B - XO0JE
TUAPOIMHAMUYECKOTO  MOJICMPOBAHUS W TOCIHEAyIomed  pa3paboTKU  MECTOPOXKIACHHUS.
[Ipenmonaraercs, 4TO BBIABIEHHBIE 3aKOHOMEPHOCTH MO3BOJIAT 0OOJiee TOYHO MPOTHO3HPOBATH
MPOHMUIIAEMOCTh  TIJIACTOB-KOJUJIEKTOPOB €  Hcmojib3oBaHueM naanHbix [HMC, xepna u
MJIACTOUCTIBITATEIICH.

Heab padoTsl

BrisiBieHre 3aKOHOMEPHOCTEM U CO3JaHHE METOJUKH, C TIOMOIIBI0 KOTOpOH Oyner
BO3MOJKHO TIPOBEJICHHE HOPMUPOBKH aOCOIIOTHON MPOHMUIIAEMOCTH, IOTy4aeMOl IO JaHHBIM
KepHa M TreoU3UYECKUX HCCIEAOBAaHUN Ha MPOMBICIOBBIC 3HAUCHHUS, MOJydaeMbIe MO JaHHBIM
MJIACTOUCTIBITATEIICH.

3agauu padoThI

1. Ananu3 KepHOBBIX MJAHHBIX: TONYyYEHHE 3aBHUCHUMOCTH Ui pacyera abCONIOTHON
MIPOHHUIIAEMOCTH C YYETOM OOBEMHOW TIWHUCTOCTH; IOCTPOCHHE 3aBUCUMOCTEH 3(QeKTUBHON

MIPOHMIIAEMOCTH TI0 He(PTH W BOJAE OT aOCOJIOTHOW MPOHHUIIAEMOCTH MO JAHHBIM CITEIHATbHBIX
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UCCIICIOBAaHW KEpHAa; HOPMHUPOBKA U OCPEJHEHHE KPHUBBIX OTHOCHUTEIBHBIX  (a30BBIX
MIPOHMIIAEMOCTEH ¢ momoInbio GhyHKmi Kopwu.

2. IlporHo3 mNpPOMBICIOBBIX 3HAUYEHUH TMPOHUIIAEMOCTH C  Y4YETOM  TeKyllel
BoJOHAachIeHHOCTH 10 JaHHBIM [ IC ¢ IOMOIIBIO BEISIBIEHHBIX 3aBUCUMOCTEN.

3. CpaBHeHHE TIOJYYCHHBIX 3HAYEHUW MIPOMBICIIOBOM MPOHUIIAEMOCTH C JAaHHBIMHU
IJIaCTOUCTIBITATENECH. AHAJIN3 PE3yIbTaTOB U HEONPEAEIECHHOCTEH.

OcHoOBHBIE 3alIH1IIaeMBbl€ I10JI0KeHUA

1. Metonuka meperMHTEPIPETAMA 3HAYECHUN a0COJIIOTHOM MPOHUIIAEMOCTH IO JAaHHBIM
I'NC ¢ yuerom k03¢ dUIHEHTA TITMHUCTOCTH

2. TlogGop KOpPENSMOHHONW 3aBHUCHUMOCTH MEXIy aOCOmOTHOM u  (a3oBoi
MIPOHULIAEMOCTSIMH.

3. Meronuka pacuera (a3oBsix mpoHuriaemocteit o ganabiM ['MIC. Pe3ynbrarsl cpaBHEHUS
MOJTYYECHHBIX 3HAYEHU C pe3yJIbTaTaMU UCTBITAHUH IJ1ACTA.

Hayynasi HOBM3HA

Bnepsbie npumenutenbHo k 1actam I1Kj3 mecropoxaenus b nomyueHsl crnenyromue
pe3yabTaThI:

1. Pa3paboraHa KOMIUIEKCHasT ~METOAMKA IIPOrHO3a  INPOMBICIOBBIX  3HAuU€HUN
MIPOHMIIAEMOCTH 110 AaHHBIM HccaeaoBaHus kepHa u ['MC.

2. IlpoBeneHo cpaBHEHUE MOJYYEHHBIX 3HAYEHUH C TAHHBIMH IJIACTOUCIIBITATENEH.

3. BpigBAEHB ~ OPUYUHBI  CXOJUMOCTH/HECXOJMMOCTH  3HAYEHUH  MPOMBICIOBOM
nponunaemoctu o I'MC u nnactoucneitatensM. [IpoBeneH aHamu3 (QaxTopoB, BIUSIOLIUMX Ha
MPUMEHEHHUS METOJUKH.

IIpakTHYecKkass 3HAYMMOCTH

B pesynbrare mpoBeNEHHBIX HUCCIEIOBaHMN Oblla pa3paboTaHa METOAMKAa JIOCTOBEPHOU
OLIEHKU MpOMBbICIOBOM TpoHUaeMoct 1o aaHHeiM ['MC mina nnmacroB [1Kj.3 mectopoxaenus b,
pa3paboTaHbl KOMIIBIOTEPHBIE AITOPUTMBI AJIs TTOCTIE0BATENbHON HHTepIpeTanuu. Kak crneacteue,
JMOCTUTHYTa  BBICOKass A(P(PEeKTUBHOCTh MporHo3a A(PQPEKTUBHON  MPOHHUIIAEMOCTH IS
MOCHEAYIOUIET0  TUIPOJUHAMHYECKOIO  MOJEIMPOBAaHUS W yIpaBieHHs  pa3pabOTKOi
MECTOPOKICHUS.

JIMYHBIA BKJIaJ aBTOPA

MeTtoauka HHTEpIpETAlui, HEOOXOAUMBIE IS €€ peann3allii KOMIBIOTEPHBIE aITOPUTMBI,
pe3ynbTaThl aHalu3a M CPABHEHUS IMOJIYYEHHBIX JIaHHBIX, PACCMOTPEHHBIE B MAarucTepCKOi
JUCCepTalii, ObUIM TOJY4YeHBl CaMUM CTYJE€HTOM Ha OCHOBE HCXOIHBIX JAaHHBIX,

npeaocTaBieHHbIX komnanuei-cnoacopom OO0 «I"asnpomuedTh-HTL.
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baarogapaoctu

ABTOp BBIpa)KaeT MPU3HATEIBHOCTh COTPYIHUKaM L[eHTpa mOoAroTOBKM M MEPEnoArOTOBKU
CHEeMaIMCTOB HedTerazoBoro Jena, B OCOOEGHHOCTH JAMpPEKTOpy Kypca «PaszpaboTka u
AKCIUTyaTalysi HEPTSIHBIX U Ta30BBIX MECTOpOoXKaeHMI» JleeBoil TarbsiHe AHATONBEBHE 32 IICHHBIC
3aMeuyaHus U KOHCYJIbTAllUU B X0JI€ paOOThl HaJ| IPOEKTOM.

ABTOp BbIpaxkaeT 0JIaroJJapHOCTh TJABHOMY CHELMATUCTY YTPaBICHHUSI I€OJOTHYECKON
AKCTEepTU3bl U HaydHO-MeToandeckoro pazsutus OO0 «["asnpomuedts HTLy [TapdpenoBy Huxkure

AHJpeeBHUYy 3a LIEHHbIE COBETHI M KOHCYJIbTALMU 10 COACPKAHUIO MaruCTEPCKON AUCCEPTALIUH.
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1 LITERATURE OVERVIEW AND THEORETICAL BACKGROUND

In order to analyze the existing problem of permeability correction it can be necessary to
consider the various sources of permeability estimation, their interrelationships taking the scale and
physical factors into account. These are described below.

1.1 Definitions of permeability

The main purpose of the oil and gas geology is the study of internal structure of target
formation, which can be characterized by different geological and physical parameters. The ability
of reservoir rock to filtrate the fluid is the key parameter, which should be estimated carefully in
order to perform efficient reservoir management plan, which may contain the following procedures:

— Selection of well pattern;

— Choice of the optimum perforation intervals;

— Prediction of production rate;

— Optimization of completion design etc.

Permeability is the ability of rock to transform fluid under the applied pressure differential.
At the beginning of development process only one phase (oil, water or gas) can filtrate through the
pore throats. At a later stage of production two-phase filtration may be observed. Therefore,
permeability values can be described by absolute, effective and relative permeability.

Absolute permeability represents the case when the porous medium is 100 % saturated with
one fluid phase [28]. This value can be estimated in the laboratory by means of fluid filtration,

which is performed on the core plugs under controlled conditions, see Figure 1.1.
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Figure 1.1 — Estimation of the absolute permeability
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The value of absolute permeability can be obtained from Darcy equation for the linear flow

_QuL
s APA’

(1.1)
where Q — flow rate, m%s;

w — fluid viscosity (gas, liquid), cP;

L — length of core sample, m;

AP — pressure differential, atm;

A — filtration area, m?.

If the rock is saturated with a multiple-fluid phase the measured permeability can be
determined as effective permeability to the particular flowing fluid [28]. The value of effective
permeability depends on the physical properties of formation, physico-chemical parameters of
fluids as well as saturation degree for each phase, presented in porous medium. The values of
effective permeability can be measured from core, formation testers or well test investigations. The
values of effective permeabilities (see Figure 1.2), can be obtained from the following equations

(1.2) and (1.3). It should be considered that the value of effective permeability for each phase is

lower than the absolute permeability.

.
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Figure 1.2 — Estimation of effective permeabilities

L
k, = % , (1.2)
K, = el (L3)

where Q,, Quw — flow rate of oil and water respectively, m*/s;
o, L — Viscosity of oil and water respectively, cP;
Sor, Swe — residual oil and connate water saturation respectively, fraction.
Relative permeability represents the ratio of effective to absolute permeability, which can be
calculated as

18



kra =

kabs , (14)
o =

kabs .

(1.5)
where Kaps — the value of absolute permeability (usually measured during gas filtration through the
core plug), mD;
ko and ky, — the value of effective permeability to oil and water respectively, mD.
The values of relative permeabilities can be determined from special core analysis and

represented in the form of curves relative permeability — water saturation, see Figure 1.3.
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Sw (Water Saturation) Sw (Water Saturation)

Figure 1.3 — Relative permeability curves

The principle, which can be described by the relative permeability curves, is the following:

1) when water saturation is below connate water saturation point only oil can flow.

2) if water saturation equals connate water saturation value, water begins to flow.

3) oil flow declines and water flow increases since the water saturation fraction rises. When
water saturation is between connate water saturation one minus residual oil saturation, both oil and
water will flow.

4) if water saturation in rock increases further oil will not flow. Beyond this point oil cannot
move at all but water will continue to flow.

The analysis of the above mentioned plots may help to make important decisions about the
tendency of fluid flow to the wellbore. Therefore, the relative permeability curves can be useful

during the process of oilfield development and waterflooding performance etc.
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1.2 Methods of permeability measurements

Permeability values can be obtained from several sources including:

— laboratory measurements on core samples (routine and special core analysis);

— wireline-Log measurements (standard logging complex and NMR-log);

— application of formation testers (MDT/XPT);

— well test interpretation results (build up and draw down tests).

The above mentioned methods, their principles and the values of permeability, which can be
estimated from them, will be discussed below.

1.2.1 Core laboratory measurements

Careful analysis of obtained core plugs helps to measure the permeability value directly
under the controlled laboratory conditions. Therefore, the permeability values, obtained from core
samples can usually be accepted as the measurement standard. It is necessary to point out that the
permeability value obtained from core plug is an accurate measurement of a certain core column.

Before the measurement starts, it is necessary to clean and dry the core sample. Then the
absolute value of permeability can be obtained from Darcy Law (1.1) after the application of
steady-state or pulse-decay technics [28].

Steady-state technique: During the experiment core plug is located in the chamber, through
which air is pumped, see Figure 1.4. It should be mentioned that flow rate of air (water), which is
measured throughout the experiment, is stable. Pressure differential is also the object of
investigation. At the end of the experiment absolute permeability value can be determined by
equation (1.1). However, the steady-state method cannot be widely applicable for core plugs,
obtained from low-permeability formations since achievement of steady-state regime may require

several weeks of experimental testing.

Core chamber Qo

Gas Flow-meter

Pressure gauges

\P=P,-P,
LA Core plug

Compressor

Figure 1.4 — Steady-state technique for absolute permeability measurements
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In order to avoid the extended permeability measurements the pulse-decay method was
introduced [28]. During the application of this technique the core sample is treated with pressure
pulse, see Figure 1.5. Experiment chambers 1 and 2 are filled with air (water) through the open
valves 1 and 2. Then these valves are closed in order to stabilize he pressure differential. After the
stabilization both valves are opened alternatively providing pulse pressure drops. Then transient

pressure drop is measured in order to estimate the value of absolute permeability.

Fill Valve 2
valve —® ®
Oie
// yd
V GmNl
< N V.
I Valvﬁllz%“i--’"f‘& % :
/ 27
Hydrostatic con-
fining pressure +

Figure 1.5 — Pulse-decay technique (Jones, 1997) [1]

Using the above mentioned methods, three values of absolute permeability can be
estimated. These are maximum horizontal permeability, permeability in the direction perpendicular
to maximum horizontal permeability and vertical permeability. Permeability value, measured by
dint of air injection, is usually higher than the liquid permeability value. Therefore the correction
for Klinkenberg effect should be performed using the equation

kgas
k|iq = 0.61 ’ (16)
1+—

P

m

where kg.s — air permeability, fraction;

Pm — experimental pressure, atm.

Relative permeabilities can be obtained from core samples using steady-state and unsteady-
state techniques [12]

Steady-state technique: During the measurements steady state regime is achieved and,
therefore, it can be useful to apply the Darcy’s law (1.2), (1.3) in order to estimate the effective
permeability for each phase at a given saturation. Two phases are injected simultaneously into the
test core at constant rates and pressures. Once the measured pressure drop across the core remains

relatively constant, the system is assumed to be at steady state [14].
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The measured flow rates and pressures can be used to calculate the relative permeability

values for each phase. The example of test performance is presented in Figure 1.6.
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Figure 1.6 — Core fluid saturation distribution during steady-state test [12]

At the beginning core sample is completely saturated with water. Then only oil is injected in
order to achieve the steady state regime. At this point the connate water saturation is observed. Then
the oil flow rate and the pressure drop are measured in order to use these values in Darcy’s law,
which will provide the estimation of the oil effective permeability at irreducible water
saturation. Then water and oil are pumped through the core simultaneously (point A). After the
achievement of the next steady state level the outlet flow rates for oil and water as well as the
pressure drop are measured. Then the effective permeability values of each fluid at the given
saturation are estimated. In order to develop the relative permeability curves for as many points as
desired the above mentioned steps are repeated. In order to obtain the end point value only water is
pumped through the core plug to reach the irreducible oil saturation (point D) [15].

During the application of the multiple-core method or the Penn State method a core plug is
positioned between two other samples in order to compose the elongated sample. The upstream and
downstream core plugs help to reduce the effect of capillary end effects on the central core plug by
dint of multiple phases flow distribution over the cross section of the sample. Pressure drop is
measured across the central sample under the constant flowrate conditions. Then the effective and
relative permeabilities can be measured.

The main disadvantage of the steady-state tests is the duration of test, which could take days

or weeks to test the single saturation level. Therefore it can be determined that these tests require
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much technical and economic effort during their performance. However, the steady-state technique
can be identified as the most accurate and reliable for estimating of core relative permeability.
Unsteady-state method: During the experiment only one phase is pumped through the core,
but the saturation equilibrium is not reached. The test involves displacement of the inner fluids with
a constant rate/pressure driving fluid. The outlet fluid composition and flow rate is measured and
applied for determination of the relative permeability values [16]. First of all, the core plug is
saturated with 80% oil, therefore connate water saturation equals 20%, see Figure 1.7. Point A
shows the oil relative permeability under the above mentioned conditions. The value of relative
permeability to oil equals unity since this measurement is chosen as the basis. Initial relative
permeability to water is represented by point B. The value is equal to zero since water is immobile,
which corresponds to the connate water saturation point. During the experiment water is pumped
through the core plug from the left part. Then the volumes of oil and water, which appear at the
right part of the core plug, as well as pressure difference, are measured [17]. Then relative

permeability curves can be estimated and plotted.
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Figure 1.7 — Core fluid saturation distribution and obtained relative permeability curves during

unsteady-stat test [15]

However, the unsteady-state method has several considerations. Darcy’s Law is not
applicable for estimation of relative permeability values because steady state flow regime is not
provided. Therefore, the Buckley-Leverett theory for linear fluid displacement, which requires
many simplifying assumptions, will be applied for calculations. Besides, core plugs should have the
similar wetting characteristics compared to the reservoir conditions. Combining all the above
mentioned reasons, relative permeabilities estimated from the unsteady state method should be

considered as qualitative.
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1.2.2 Wireline-Log measurements

Several methods can be used to obtain the value of permeability from performed wireline
logs. During the study two of them will be considered: classic empirical porosity-permeability
correlations and Nuclear Magnetic Resonance log.

Usually empirical porosity-permeability correlation can be obtained from core and then
applied to the estimated continuous value of effective porosity from standard logging complex.
Moreover additional empirical correlations such as Timur, Tixier, Coates-Dumanoir, Wyllie-Rose
can be used if irreducible water saturation is known. However, these empirical equations can be
used only for a particular reservoir type, for which they were derived. Therefore, the classical
porosity-permeability relationship and its variations, which can pay attention to the shaliness
volume or facies distribution, are usually preferred during the petrophysical interpretation.

Besides, Nuclear Magnetic Resonance log can be used in order to determine the value of
effective permeability. This technology develops rapidly and can provide the information about the
pore structure, which is related to the absolute permeability.

The principle of measurement is the following [3]:

— the tool uses the gyromagnetic property of protons, for example hydrogen nuclei, which
can behave as magnets, which can rotate around their axis;

— hydrogen nuclei are usually located in pore spaces, where water or hydrocarbons are
presented;

— the first step, which should be performed in order to provide the correct NMR
measurement, is to place the magnetic nuclei along a static magnetic field, see Figure 1.7;

— then after the magnetic field removal the protons return to the stable alignment;
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Figure 1.7 Changing of the position of the nuclear spins in an external magnetic field

— after the performance of the above mentioned steps the NMR tool obtains longitudinal
relaxation time T, and transverse relaxation time T, which are then used in further interpretation,

during which the porosity as well as pore-size information can be obtained;
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— during the interpretation the values of permeability and the potentially producible porosity
can be estimated. Producible porosity value can be described by the free-fluid index (FFI). The
calculation of the free-fluid index is based on the assumption that the producible fluids are located
in large pores, while the bound fluids are presented in small pores. The limit value Tacutoff
represents the value below which bound fluids are presented and above which free fluids appear,

see Figure 1.8.
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Figure 1.8 — T, distribution for identification of bound and free fluids

In order to estimate the value of permeability from NMR log, empirical models can be used.
It should be assumed that permeability value increases when connected porosity value rises. Two
most popular methods of NMR-permeability estimation are the free fluid model (Coates model) and
SDR model.

On the one hand, the Coates model can be calibrated using core or possibly formation tester
permeability. It should be mentioned that BVI value is not influenced by an additional liquid phase
(oil or oil filtrates). This fact is very important for analysis of hydrocarbon-bearing formations.
Besides, intervals with heavier oil saturation normally have very short T, values, which may be
counted as BVI. In this situation the value of permeability can be probably underestimated.

On the other hand, experiments have shown that the SDR model gives the best results in 100
% water saturated zones. If oil or oil filtrates are presented the mean T, value turns to the bulk-
liquid zone and estimation of permeability becomes uncertain.

It should be mentioned that, both models provide good correlation with permeability from

laboratory data on core samples, saturated with brine.
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1.2.3 Formation testers

During the sampling of reservoir fluids and measurement of formation pressure versus time
through the whole reservoir interval, the effective permeability in the near wellbore area can be
determined.

At the beginning, Repeat Formation Tester was introduced by Schlumberger in order to
provide the above mentioned functions. A principle scheme of the RFT tool is presented in Figure
1.9.
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Figure 1.9 — RFT tool scheme

This tool has the following principle — RFT device is positioned near the mud cake, which
provides flow of mud filtrate and some volume of formation fluids into the first chamber, where
slow rate is presented. Then the second chamber is filled with high low rate. This fluid extraction is
represented by drawdown and approximately spherical flow takes place near the probe tip [19].
Then build-up phase can be observed in the near wellbore area. A high-resolution transducer
measures the pressure in the flow line which is transmitted to the surface and pictured as a log. It
should be mentioned that for drawdown measurements hemispherical flow pattern can be observed.
For subsequent build-up stage spherical flow pattern can be detected. For low-permeability
formations the supercharging effect should be taken into account carefully.

Then, the Modular Dynamic Tester (MDT) tool was presented with a number of innovative
features. It can be applied for [14]:

— formation pressures measurements and detection of fluid contacts;
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— fluid sampling;

— permeability and permeability anisotropy measurement;

— mini-drill stem test as well as productivity estimation (mobility profiles);

— minifrac and stress testing, which can be performed in-situ.

In order to provide the above mentioned functions several modules are incorporated into the
MDT tool. These are:

— electronic power module, which provides power for the tool;

— hydraulic power module, which delivers hydraulic power for setting and taking away the
probe modules;

— single-probe module, see Figure 1.10.
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Figure 1.10 — Single-probe module for MDT-tool [1]

Flowline

This module includes the probe assembly (packer, telescopic pistons), the pressure
indicators, resistivity and temperature sensors as well as pretest chamber with volume, which is
equal to 20 cm®. The values of actual flow rate and flowing pressure can be controlled from the
surface in order to adjust to any test situation.

It is necessary to point out that in water-based mud environments the resistivity
measurements help to distinguish between the flow of mud filtrate and formation fluids. Besides,

the single probe module can be fitted with a number of probe options, which are suitable for
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different sampling conditions such as for example low-permeability values or unconsolidated
formations.

— dual-probe module consists of two probes, which are installed diametrically opposite one
another. If this module is combined with the single-probe installation multiprobe system, which is

capable of horizontal and vertical permeability estimation, can be formed, view Figure 1.11;
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Figure 1.11 — Multiprobe MDT-tool configuration [1]

During the performance of typical test, provided by the dual-probe module, the sink probe
draws the formation fluid at a planned rate while the vertical and horizontal probes measure the
pressure level. These measurements may provide the determination of the near-wellbore
permeability anisotropy.

— flow control module consists of 1-liter pretest chamber, which provides careful
measurement of the fluid flow rate;

— dual-packer module, see Figure 1.12, includes two inflatable packer elements, that can
isolate a borehole interval for testing and sampling, which provides access to the formation over a
wall area. Therefore, the flow area is several thousand times larger comparing to the conventional

probes;
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Figure 1.12 — Dual-packer module scheme [1]

— pump-out module allows pumping of mud filtrate from the formation to the borehole in
order to take the representative samples of formation fluid;

— fluid analyzer module helps to indicate the fluid type by dint of optical analyzer tool,
which consists of spectrometer and gas refractometer;

— multisample module allows collection of high-quality samples for PVT analysis.

Application of MDT-tool has several benefits. The tool provides the ability for testing and
sampling in low-permeability, laminated, fractured and heterogeneous formations. Besides, the
speed of measurements has been increased significantly. In addition downhole fluid differentiation
has become possible by installation of the optical fluid analyzer. However, several additional
considerations such as supercharging effect, improper planning of tests or probable economic
benefit should be taken into account.

In order to reduce the costs of measurements but provide the same quality as MDT-tool,
PressureXpress tool (XPT) was introduced by Schlumberger. This tool allows [11]:

— high-quality pressure and mobility measurements;

— pressure profiles, which can be used for combining of petrophysical, seismic and
conventional log data. This may be helpful to develop a static reservoir model;

— detection of depleted zones in a wider mobility range etc.

Besides, XPT tool provides the measurements of reservoir pressure and mobility of reservoir
fluid during the performance of basic logging complex. The tool contains the automatic indicator
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which helps to measure the quality of performed tests based on the results of logging complex,
which was obtained by dint of Platform Express tool.

The XPT tool has the following advantages:

— increased speed of survey;

— reduction of sticking risk (small outer diameter and smooth profile);

— limitation of economic expenditures etc.

The effective permeability estimation from formation testers can be based on the results of
performed drawdown or subsequent build up tests. The process of estimation is presented below.

1. Drawdown permeability [11]

The analysis of the RFT pretest, during which drawdown can be observed, is based on the
theory of spherical flow of a slightly compressible fluid, for example mud filtrate, in an isotropic
homogeneous medium. It should be mentioned, that the highest pressure drop can be observed near
the probe chamber. Besides, steady state conditions can be derived very quickly near the RFT
probe. Effective permeability value can be obtained knowing the value of resulting draw-down
pressure, which can be estimated as

Cou (1.7)
21 K

pe

APpp =

where APpp — steady-state drawdown value, atm;
C — shape factor, fraction;
q — fluid flowrate, m*/s;
p — viscosity of the mud filtrate, cP;
rpe — effective probe radius, m;
kq — spherical drawdown permeability, mD
The shape factor C equals 0.5 for spherical flow and 1 for hemispherical flow.
The drawdown permeability can be calculated as

K, = SO (1.8)

27,

It should be mentioned that the effective permeability corresponds to the mud filtrate.
Additionally, in the near wellbore zone, the formation parameters may have been changed due to
the invasion processes of the drilling mud.

The main limitations of a pretest for permeability determination are [1]:

— the drawdown may be very small in formations with very high permeability with low fluid

viscosity;
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— in very low permeability formations the drawdown can reach very high values that may

cause the saturation pressure to be reached,;

— the radius of investigation is quite small, so the permeability measured is probably from

the invaded zone, which is not a complete representation of the formation permeability;

— the mud cake may block the probe and, in addition, setting the probe may cause further

formation damage.

2. Build-up permeability

Analysis of build up period has shown that the pressure propagation has the spherical

tendency. Therefore, interpretation of build up tests will be based on the assumption, that spherical

flow in an infinite homogeneous medium is presented, see Figure 1.13 [1]. However, this

assumption is valid until the pressure wave reaches the impermeable barriers.
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Figure 1.13 — Mini-DST log-log plot and its interpretation

Permeability from the build up test can be estimated as

= 2] )",

where p — viscosity of the fluid, cP;
¢ — porosity, fraction;
c; — total compressibility, MPa™;

m — derivative factor.
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1.2.4 Well test permeability

Permeability value, which can be obtained from classic well test interpretation, is effective.
The build up test is more preferable than drawdown test since the flow rate is constant while the
well is shut in. During the build up test performance the pressure versus time is measured
continuously from the moment of well shut in. Then the log-log as well as semilog plot is
constructed in order to highlight the time of radial flow (Derivative plateau) and estimate the

permeability value on the observed radius of investigation.

1.3 Relationships among the techniques

In order to perform correct calibration and prediction of permeability values it will be
necessary to compare the various sources of its estimation using the following factors:

— scale of measurements;

— measurement environment;

— physical principles.

The above mentioned factors are considered below.

1. Scale factor

Microscopic scale can be observed for pores and sand grains. Macroscopic scale can be
described by means of core samples. Megascopic scale is represented by grid blocks of simulation
model or wireline-log measurements. Gigascopic scale is presented by well test results. The above
mentioned considerations are represented by Figure 1.14.
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Figure 1.14 — Scale considerations for various permeability measurement techniques

2. Environment and physics
The measurement environment and physical conditions for different permeability

measurement methods are presented in Table 1.1.

32



Table 1.1 — Factors influencing permeability measurements [28]

Technique Scale Environment and Physics
Pressure and Saturation | Method Quantity
Temperature
Core Macroscopic Ambient Absolute Direct Permeability
Absolute Ambient Relative Direct Permeability
Relative
Well-log Megascopic In-situ Absolute Indirect | Permeability
Kk-¢ In-situ Absolute Indirect | Permeability
NMR In-situ
RFT In-situ Absolute Direct Conductivity
Pretest In-situ Relative Direct Conductivity
Superflow
Well-test Gigascopic In-situ Relative Direct Conductivity
Short In-situ Relative Direct Conductivity
Classic In-situ Relative Direct Conductivity

As can be stated from the table the transient well test provides measurement of conductivity
at truly in-situ conditions. Most part of wireline logging provides estimation of absolute value of
permeability using the empirical correlations. Formation testers however can help to estimate the
continuous value of effective permeability along the wellbore interval. Most core analysis are
performed at standard ambient conditions, during which in-situ stress as well as saturation and
temperature values may be simulated correctly.

Consequently, it can be observed that correct comparison and correlation of permeability
values, which can be received from different sources, should be based on both understanding of
measurement physics and the type of estimated permeability.

In order to prepare the solution to the problem of continuous permeability estimation the
various information sources were investigated and the existing Russian and world experience was
analyzed during the careful reading of the available thesis researches and SPE papers.

Firstly, it was indicated that the problem of permeability interrelationships was raised by
Usman Ahmed and Steven Crary in the SPE paper [22] in 1991. Authors have presented the logical
analysis of various permeability estimation techniques. It was obtained that core, log and well-test
permeabilities are influenced by three important factors: measurement scale, environment and
physical principles. It was estimated that correct integration of the available input information using
the three important factors enhances correlation between the various techniques.

Secondly, during the further investigation it was obtained that there are three main groups of
methods, which can be possibly used for the estimation of continuous effective permeability from
well logs, based on the available core and formation tester data. These are:

— calibration of NMR-log on well formation tester;
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— estimation of the hydraulic flow unit permeability, which will combine multiscale facies
and flow units;

— adjustment of log permeability on special core analysis data (SCAL).

The first path was considered by Ahmed Al-Harbi, Alain Gringarten and Ridvan Akkurt in
their SPE paper [21] in 2007. They have investigated the possibility of calibrating the static values
of permeability, obtained from NMR-log, with the dynamic parameters, estimated from the
formation testers.

The authors have presented the following methodology [21]:

1. Core data were converted into the reservoir conditions with application of correction for
Klinkenberg and overburden effects. Then core-log depth matching was performed.

2. Permeability from NMR-log was estimated with help of Coates and SDR models.

3. During the interpretation of formation testers data build up as well as draw down test were
analyzed with help of type curve matching and straight curve technique in order to estimate the
continuous effective permeability value.

4. NMR permeabilities were averaged and upscaled to the vertical scale equivalent to the
formation testers. Then NMR-permeabilities were calibrated with available formation tester data
and compared with drill stem tests.

Scientists have presented a great systematic approach, which may be helpful for calibrating
the NMR-permeability on formation tester data. Besides, it was detected that the obtained
continuous permeabilities match drill stem test data as satisfactory as the NMR-permeabilities,
which were calibrated using core data. In addition, combination of NMR and well formation testers
can provide the determination of reliable permeability values, which can be used in further field
modelling.

However, it should be taken into account that the performance of NMR-logging operations
cannot be done in each well due to the high costs of this type of operations. Moreover, the results,
obtained during the NMR-log interpretation, should be considered carefully. Incorrect definition of
Tocut-off Value or improper core-log calibration may lead to under- or overestimation of permeability
values, which may affect further calibration with formation tester measurements.

The second path was also taken into account by several researches. For example, Fethi
Elarouci and Nabil Mokrani tried to integrate the permeability values from several sources using the
hydraulic flow unit method [25] in 2010. During the study, the authors have determined the
porosity-permeability interrelationships based on the facies distribution. Then they have also
identified the available Hydraulic Flow Units. After that the synthetic permeability curve was

generated, which provided the computation of the effective flowing thickness. Then the received
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permeability values were compared with the drill stem test results, which were received after the
interpretation of the available pressure data.

It can be conducted that researches have presented good and clear algorithm for the
continuous effective permeability definition by linking between Facies Units and Hydraulic Flow
Units. Moreover, these results can be used for the further geological modelling since the connection
between geology and filtration processes have been found.

However, the classic determination of Hydraulic Flow Units may become complex in case
of complicated depositional environment, where it may not be possible to distinguish between two
quite similar facies zones. Besides, the application of wide ranges of equations, which will describe
each Hydraulic Flow Unit, for geological as well as simulation modelling may become quite
difficult to implement comparing to the classical porosity-permeability relationship.

The third path was analyzed by Khabarov Aleksey from Salym Petroleum Development
Company in his Research Thesis [32] in 2010. He had prepared the method of interactive
petrophysical modelling for the undersaturated oil interval, which helped to update the permeability
prediction algorithm in order to receive more exact production parameters such as water cut and
productivity. During the study of the available core data the author has updated the empirical Timur
equation for permeability estimation. He has classified core absolute permeability values based on
the waterholding capacity. Then the equation for calibration of absolute gas permeability to relative
permeability to water is derived from the relative permeability curves. After that the calculation of
of water cut values using the relative permeability curves, approximated by Corey-function, was
performed. Then the results were compared with MDT tests.

Author has shown quite good method for updating the absolute permeability on its field
values. However, the accent was displaced to the water cut and productivity estimation due to the
fact that the target oilfield was referred to the mature field type.

In addition it should be mentioned that some authors have tried to calibrate core and log
permeability with formation tester data by using the non-linear regression and machine learning
[32]. These methods can provide excellent results if the methodology of interpretation is clearly
stated. Otherwise, the obtained results cannot be adequate since the clear interpretation algorithm
have not been developed.

Taking the above mentioned facts into account it can be agreed that the available solutions
to the problem of multiscale permeability calibration have the advantages and disadvantages. It
should be highlighted that the great ideas from the above described solution paths have been

summarized and applied in the current master’s thesis.
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2 TEOJIOTUYECKAS XAPAKTEPUCTUKA OB BEKTA UCCJIEJOBAHUI

2.1 O0urue cBeieHNsi 0 MECTOPOKIAEHUH

Mecropoxxaenue b naxonurcs B ceBepHoi uyactu 3anaaHo-CuOupckoil HedTerazoHOCHON
NPOBUHIMU Ha oro-3amajae ['pIIaHCKOro MOJyOoCTpOBAa M MPUYPOYEHO K Meccosaxckoi
HU3MEHHOCTH, JOJMHE pekn Meccosxa. B agMUHUCTPaTUBHOM OTHOILIEHUHM PACCMATPUBAEMBIN
MPOEKT PACIIOIOKEH HA TEppUTOpUU Ta30BCKOro paiiona Amano-HeHenukoro aBTOHOMHOIO OKpyra
TromeHcko# obnactu [24].

BOnau3u paccMmarpuBaemMoll TEPpUTOPUM  HAXOAMUTCS HACEJICHHBbIE  IYHKTBL: I
AnTunarota u 1. Ta30BCKUi, pacnoyiO;)KEHHbIE COOTBETCTBEHHO B 148 KM Ha ceBepo-3aman u 146
KM Ha IOI' OT MECTOPOXKACHUS. biavkalvii KpyIHbIA HAaceIeHHbIM MyHKT — I. HoBblll Ypenron —
pacnonoxkeH mnpubausutenbHo B 300 kM Ha 1or or MecropoxiaeHus b. Mecropoxaenue b
MECTOPOXKICHHUS SBISAIOTCA OJHUMH M3 KPYMHEHIINX MECTOPOKICHUM MO 3amacam HepTH U
ra3oBOro KOHjAeHcara noiyocTpoBa I'bimaH. JlaHHBII y4acTOK HeIp SBJISETCA  y4aCTKOM

Heap denepanbHOro 3HAYSHUS.

2.2 T'eoJsioru4ecKoe CTpOCHHE MEeCTOPOKICHUS

2.2.1 Crparurpadpus

CornacHo cxeme (panMagbHOrO pailoOHMPOBaHMS MEJOBBIX OTJIOKeHUH 3amaanoit Cubupw,
MeCTOpOXkAcHUE b pacronokeHo B ceBepHOM YacTh Ta30BCKO-YPEHIOMCKOro noapanoHa, pUCyHOK
2.1. Tlo marepmanam ceilicMOpa3BEIKH OTIOXKECHHS ME3030HCKO — KaiHO30MCKOTO O0CaJ0YHOTO
yexJja B Mpefeiax MIoUaad UMEIT MOIIHOCTh 5.8—8.2 KM M MOJCTUIIAIOTCS MOIHOM — mopsaka 8
KM — TOJIIEH IOpOJA NaJE€030MCKOT0 IMPOMEKYTOYHOIO CTPYKTYPHOIO 3TaXka, 3aJeTarolero
HEMOCPEACTBEHHO Ha KPUCTAUIMUECKUX oOpa3oBaHusAX ¢yHaameHTa. [loponel ckiamggaroro
dbyHIaMeHTa Ha paccMaTpuBaeMOM TIIOMAAM CKBaXMHAMU HE BCKPBITHIL. [1yOMHa 3aieranus

CKJIQIYaTOr0 OCHOBAHUS MO JIAHHBIM CEHCMOPa3BEIKU COCTABIISIET 12—18 KM.
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Pucynok 2.1 — Cxema (anmabHOTro paiOHUPOBAHUS C PACIIONIOKEHHEM U3y4aeMOT o

MCCTOPOXKICHUS

[IponyktuBHbIE OTHOXKEHUN H3ydaemoro rmiacta [1Kj.3 Ha MECTOPOXKIECHHHU BBIICIICHBI B
KpPOBEJIbHON YacTH IECYAHbIX OTJIOKEHUH MOKYPCKOW CBUTHI (YBaTCKUHM T'OPU30HT, CEHOMAaHCKUN
apyc). OTINYUTENbHON OCOOEHHOCTBIO OTJIOKEHMH MOKYPCKOM CBHTBI SIBIISETCSI CIOKHOCTh, U
HEOJHO3HAYHOCTh KOPPEISILIUHA OTAEIbHBIX IUIACTOB BBHUJAY OTCYTCTBUS BBIIAECPXKAHHBIX II0
IIPOCTUPAHUIO PENEPHBIX TPaHUIl BHYTPU HMHTEPBAJIa CBUTHI, YTO CBA3AHO C IPEUMYIIECTBEHHO

KOHTHHCHTAJIbHBIMU YCIIOBUSIMU (1)OpMI/IpOBaHI/I$[ cjlararomux CBUTY OTJIOKCHUH.

2.2.2 TekTOoHUKA

B TekTOHHWYECKOM OTHOLIEHUM MECTOpOXKIeHHe b pacmonoxeHo B mpenenax
CyOpernoHaqbHOU CTPYKTYphl MecCOSIXCKOM Tpsijibl, B LIEHTPAIbHOM €€ 4acTH, B CBOJE CTPYKTYPbI
II nopsaxa — CperHEMEcCOSXCKOro Bajla W IPUYPOUEHbl K OJHOMMEHHBIM  IOJHATHSM.
CpenHeMecCOIXCKMI Ball 3aHMMAET IEHTpaJIbHOE MOJIokEeHHEe Ha Meccosxckoil rpsage. Mmeer
MPOTSHKEHHOCTh 0K0J0 140 kM mpu mmwmpune 25-40 kM, ammntyay ot 360 no 1170 m. Mmeer
nyrooOpasHyio ¢GopMmy, OOpalleHHYI0 BBITYKJIOCTBIO Ha IOT, TIJleé OCJIOoXHeH LleHTpaabHO—
MeccoaXCcKkUM CTPYKTYpHBIM HOcOM. COCTOMT U3 JABYX KpPYIHBIX TIOJHSTHI, OCIIO)KHEHHBIX
MHOKECTBOM JIOKQJIbHBIX IUIMKATHUBHBIX W JAU3BbIOHKTUBHBIX CTPYKTYp paziIu4yHON (QOpMBI U
KoHurypauuu. ['pabeHoBBIE CTPYKTYphl OrpaHUYEHbl 30HaMHU JI€3MHTErPallid, COCTOSIIUX U3
cepuil COMMKEHHBIX pa3jIOMOB, KPYTO HAKIOHEHHBIX K LEHTPY CTPYKTypbl. C riryOuHON OHH

COMIKAIOTCST ¢ 00pa30BaHUEM «KOPHEBBIX» Pa3joMOB cOpOcoBOro xapakrepa. Mecropoxaenue b
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HApYyILICHO CepUel KPYIMHBIX M HEOONBIINX Pa3IOMOB, KOTOPBIE KOHTPOJIUPYIOT OOJNBIIMHCTBO €TI0

3asiexkeil. Pacnonoskenue pa3ioMOB MPeACTaBICHO HAa PUCYHKE 2.2.
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Pucynok 2.2 — Kapra KpoBiM IpOAYKTHBHOTI'O IUIACTa U3y4a€MOT0 MECTOPOXKIECHUS C

HAaHCECCHHBIMHU pa3JIOMaMH

2.2.3 Hedrera3oHocHOCTh

B kpoBine CEHOMAaHCKMX OTJIOXEHUW II0J PETMOHAIBHOM TJIMHUCTOM MOKPBIIKON
TYpPOHCKOTO BoO3pacTa (Ky3HELOBCKasi CBHTa), B Tpymme NmpoaykTuBHbIX TiacToB I1Kj 3 oTkpbiTa
razoHedTsHbBIC, HEPTAHBIE U HEPTETa30BBIC 3aJIEKHU, B KOTOPHIX COCPEIOTOUEHBI OCHOBHBIE 3aI1achl
MecTopoxaeHus. 3anexu miacta [1K; 3 sSBastoTcs MacCUBHBIMM, JTUTOJOTUUECKH U TEKTOHUYECKHU
DKPAHUPOBAHHBIMM, 3aJEral0T B  CIOXHO II€PECIAMBAIOLICHCS TOJIIE BBICOKOIIOPHUCTHIX
MEeCYaHUKOB, aJCBPOJUTOB M APTHIUIUTOB MOKYPCKON CBUTHI (ceHOMaH). Dd@eKTuBHAS TOJIIMHA
miacta ot 95 m g0 121 M, addextruBHas HedTEera3oHACHIIIEHHAS TOJIIWHA OT 5 M 10 67 M. 3aiexXp
paszzeneHa pa3pbIBHBIMHU HApYIICHUSMHU JKpaHUpYyIomero Tuna Ha 16 610koB, cM. pucyHOK 2.3.
BHK u I'HK B Gmnokax ompeneneHsl Ha ocHoBaHMM aHaiu3a ['MIC, pe3yiabTaToB UCHBITAHUN U

TCOJIOrMYE€CKOT0O MOACIIUPOBAHUA.
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Pucynok 2.3 — PacnionoxeHnue 010Kk0B Ha MecTOpoxaeHuu b

2.2.4 OcoGeHHOCTH 00CTAHOBKH 0CAT0OHAKOIJICHUA

CoryacHO TPOEKTHOMY JIOKYMEHTY, TMpPEJOCTABICHHOMY KOMIIAHUEH-CIIOHCOPOM, B
nepumetpe 3anexu miacta [1K;.3 mecropoxknenus b 6bu10 poOypeHo ¢ 24 ckBaXHHBI ¢ 0TOOPOM
KEepHa, C TIOMOIIbI0 KOTOPOTO OMPEACNINCh YCIoBHUS (HOPMHUPOBAHHS 1EJIEBOTO0 HHTEpBaia.
CornacHO JaHHBIM KepHa C y4ETOM XapaKTEPHBIX CTPYKTYpPHBIX M TEKCTYpPHBIX OCOOEHHOCTEH,
Pa3IMYHBIX BKIIFOUEHHM, BBIICTICHBI YETHIPHAAIATh OCHOBHBIX JIMTOTUIIOB, KOTOPHIE MPEICTABICHBI

B TaOnuite 2.1.

Tabnuna 2.1 — Jlutotumnsl, BeieneHHbie B uHTepBaie [1K;.3

No Jlutotunsl Ha3zBanue nuroTumnos N3o6paxkenue
n/n
1 II MaccuBHBIN ITECUAHUK
|
[yo] | 8624 }
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[Ipomomxenue Tadmuibl 2.1

2 Tu [lecuanuk ¢ UHTpaKIIaCTaMU

3 IIr I'opu30HTaIBEHO-CIIOUCTBIN ITECUaHUK

4 Ik KococnoucTsiii necyanuk

5 IT m/c [ecuanuk ¢ TeKCTypamu psou
TeYEHHUsI/BOTHEHHS

6 IT n-B/c IlecyaHUK C IMH30BUIHO-BOJIHUCTOM

CIIOMCTOCTBIO
7 Il B/C Ilecuanuk ¢ BOJHUCTOM CIIOUCTOCTHIO
8 Awm MacCHUBHBIH aJCBPOJTHT
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OkoH4aHue Ta0nunebl 2.1

9 Ar/c ["opHu30HTaTBbHO-CIOUCTHIN aJIEBPOIUT

10 A B/c AJIEBpPOJIUT C BOJTHUCTOM CIOMCTOCTHIO

11 A 1/c AJIEeBpOIIUT C TUH30BUTHOMN
CIIOMCTOCTBIO

12 Ar MaccuBHBIN aprujuIuT

13 Ar n/c JIMH30BUIHO-CIIOUCTHINA apTUILTAT

14 Aryr YraucTo-riiMHACTas Iopoja

Tak xe Mo JaHHBIM KepHa OBLIO BBIJIEICHO IIECTh OCHOBHBIX acCOIHMAIuil (haluii, ornucanue

KOTOPBIX TPEJCTABICHO B Ta0nwmIe 2.2.
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Tabnuna 2.2 — Accormanuu Qanwii, Beiiensembie B iacte [1K;.3

Ne i/t Accormanuu daruit Onucanue
1 OTKpBITO MOpCKas Brxurodaer Qamum MeNnKOBOJHO-MOPCKOTO Ieibda, CBs3aHa
MPEUMYILIECTBEHHO c TJTUHUCTBIMHA OTJIOKCHUSAMU,
00pa3yomuMHCs B TUIPOAUHAMUYECKHU CIIOKOMHOM
00CTaHOBKE, SBJISICTCS MOKPBIIKON 1y1st Totacta 11K 3
2 [TpunuBHO-OTIMBHBIX | BKkitowaer B ceOs OTIOXKEHHS CMEIIAaHHOH W TIUHHCTOU
OTMeJIeH OTMEJIM, MAaJOMOIIHBIE OTJOXKEHUS MPUIMBHO-OTIUBHBIX

KaHatoB #  (amuio  npeadpoHTAIBHOW  30HBI  IUISKA.
Xapakrepusyercs Kak IUIOXOM KOJUIEKTOp € IOHHUYKEHHBIM
3HayeHueM koddounmenta necuanucroctu (0.18 — 0.77) u
BBICOKOH JI0JI€H PaCUJICHEHHOCTH 3a CYET YaCTOTr0 YEPEI0BAHMS
TOHKOTO Marepuajia CMEIIAHHOW W TJIMHUCTOM TPUIIUBHO-
OTIUBHBIX oTMeJei. HabmiomaeTcst TeHICHIMS yMEHbILIECHUS
36pHUCTOCTH BBEPX MO pas3pe3y, YacTo C EIUHUYHBIMHU
MaJOMOIIHBIMU MHKAaMU YBEJIMYEHHUS 3€PHUCTOCTH B KPOBIE,
CBSI3aHHBIMU C OTJIOKEHUSMU MpeGPOHTAIBHONU 30HBI TIISKA.
Kpussie allC n 'K xapakTtepus3yroTcsi HAIMUKUEM H3pPE3aHHOMN
OOKOBOI JIMHNH, CBUIETEILCTBYIOIIEH O YacCTOM Yepea0BaHUU
MEeCYaHbIX M T[JUHUCTBIX NPOIJIACTKOB, 3HaueHus ollC
BappupyloT B auanazone 0.11-0.42 ¢ peaxuMu MajJoMOIIHBIMU
mukamMu  olIC OGompmie 0,4, CBSI3aHHBIMH C  OTJIOXKCHHSIMH
MOOOYHBIX MTPUJIMBHO-OTIMBHBIX KaHAJIOB

3 IIprinBHBIX Bkirogaer B ce0s1 OTJIOKEHUS MECYAHBIX OTMENIEH U MOIITHBIX

I'psJl/KaHaJIOB NPWIMBHO-OTJIMBHBIX KaHaioB. Ilo cpaBHeHuto c dauusamu
NPUIMBHO-OTJIMBHOM  OTMENM  XapakTepusyercs  Oosee
OJIHOPOJHBIM pACHpPECIIEHUEM CBOWCTB KOJIJIEKTOpAa BHYTPH
danyy, HU3KUM 3HAYEHUEM pACWIEHEHHOCTH M BBICOKUM
3HaueHueM ko3¢ ¢unmenta mnecyanucroctu (0.51 — 1).
CBoiicTBa MOT'YT JIOKJIbHO YXY/IIATHCS 32 CYET KapOOHATHOTO
[IEMEHTa U aKTUBHON OmoTypOanuu ocagkoB. dopMa KpUBBIX
XapaKTepU3yeTcs KaK TPEYrojabHas WIHM KOJIOKOJIbHAS C POBHOM
OOKOBOIl JMHHMEH W HAKJIOHHBIMH KpOBEJIBHOM  W/win
NONOIIBEHHON JmHUAMU. 3HaueHus ollC moBblIEHHEIE,
BappUpyOT B auamnaszone 0.37-0.65, rme HanbombIee 3HAYCHUE
alIC B mpenenax anexkrpodaluy 3a c4eT OTI0KESHUNH KaHAJIOB

4 BryTpuaenbToBbIx OOpa3oBaHa MPEUMYLIECTBEHHO  OJHOMMEHHOW  (Qarueit
3aJIMBOB /BPEMEHHO BHYTPUJICJIBTOBBIX 3AJIMBOB/BPEMEHHO 3QJIMBAEMBIX YYaCTKOB
3aJIUBaE€MBIX noim, auusamu 6070T, 03€p, MATIOMOILTHBIX KOHYCOB MPOPHIBA.
Y4acCTKOB IIOWM [IpencraBiasier  co0OW  NPEUMYIIECTBEHHO  TJIMHHUCTHIE

OTJIOKEHUS C PEAKUMH pa300LIEHHBIMU JIMH30BHIHBIMU
IIECYaHbIMH TelamH, o01ajaroImuMu IJIOXUMH

KOJUJIEKTOPCKUMH CBOMCTBaMH, KO3()PUIMEHT MEeCUaHUCTOCTU
HU3KUM 1 BapbupyeT B auanasone 0-0.38 (cpenHee 3HadueHME
0.09). Kpussie AIIC u I'K umeror nuioobpasHyio ¢opmy,
3Hauenust ollC nmonmxennsie u BappupyroTcs oT 0.01 mo 0.48
U8 BHYTpUIEIbTOBBIX 3anuBoB W oT 0.02 nmo 0.33 s
BPEMEHHO 3aJIMBAEMBIX YYaCTKOB MOHM
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[Tponomxenue TadbmuIet 2.2

5

KpaeBoit yactu
JEIbTOBBIX KaHAJIOB /
KpaeBoil yacTH nosica
MEaHAPUPOBAHUS

Bxirouaer B ce0s OTJIOXKEHUS BHYTPUICIBTOBBIX 3aJHBOB,
MOWM, KOHYCOB TPOPBIBA, O0JIOT, 03€p M OTIOKEHHS JeTbTOBBIX
KAaHAJIOB WJIM AKKPELIMOHHOTO KOMIUIEKCAa MEaHJIPUPOBAHMS.
[TpunnunuanbHOe OTIMYKME OT (auuid IEHTPaIbHOM YacTh
JI€IbTOBOTO KaHaJa/IieHTpaibHON 4acTH nosica
MEaHJIPUPOBAaHUS - TpeoONajaHue TIMHUCTBIX OTIOXKCHUN
3QJIMBOB M TIOWM HaJ IECYaHbIMU OTJIOkKeHUsMU. [lecuanbie
danyy eTbTOBBIX KAaHAJIOB W AKKPELMOHHBIX KOMIUIEKCOB
ABJISIFOTCSA KOJUIEKTOPAMU XOPOILEro U CPEJHEro KayecTBa, HO
MOTYT TIPEACTaBIATh COOOW OTHENbHBIE JWH3BI Ha (oHE
[NIMHUCTOrO0 MaTepHalla WIHA COJEpKaTh JOKAIbHbIE TJIMHUCTHIE
NIEPEMBIUKH, Ppa3JEsIoONIe IecYaHble IPOIIACTKH MEXIY
coboil. Jlnms KpaeBoll wYacTu JAEIbTOBBIX KaHajoOB/ Tosica
MEaHJAPUPOBAHUS  XapaKTepHbl KaKk  HU3KHE, TaKk U
OTHOCHUTEJILHO BBICOKHUE 3HAYEHUS koxddunmenTa
necuanucroctu 0.28-0,85 m 0.21 — 0.87 (cpenHee 3HaueHUE
0.57 m 0.61) m pa3nu4Has CTENEHb PACWICHEHHOCTH,
YBEIUYHMBAIOIIAACS C TPeo0ialaHieM OTIOXKCHUH ToWM U
3anuBoB. ®opma kpuBbix [IC u I'K wumeer wuspesanHblil
XapakTep 3a CYeT pa3JeleHHus pa3IMyHbIX aHOMAJIH,
COOTBETCTBYIOIIMX  [E€CUAHbIM  Tejawm, nepeMblUKaMu
Hekoiiektopa. [lecyanble Tena oTOOpakarOTCsl Pa3IUYHBIMU
cmocobaMu:  aHOMaJMH  KOJOKOJBbHOM, TpPEYyroJbHOW U
IPSIMOYTOJIBHOM (hopMBI

IenTpanbHON YacTu
JENbTOBBIX
KaHaJIOB/IIEHTPaJIbHO
1 4acTH mosica
MEaHIpUPOBAHNS

OO0pa3oBaHa NPEUMYIIECTBEHHO OTJIOXEHUSAMHU JEIbTOBBIX
KaHaJIOB/aKKPEIMOHHBIX KOMILJIEKCOB U BPEMEHHO 3aJINBAEMBIX
Y4acTKOB TOWM WJIM BHYTPHUIEIBTOBBIX  3aJMBOB, HO
oTiinyaeTcss oT (anuii KpaeBOW YacTU JCJIBTOBBIX KaHAJIOB/
nosica MeaHJPHPOBAHUS CYIIECTBEHHO Oosiee IecuaHbIM
paspe3om (nuamazon necyanuctoctu 0.46 — 1 u 0.62 — 1 nns
LEHTPaJbHOW  4YacTH  JEJIbTOBBIX  KaHAJIOB UM  IofAca
MeaHpUPOBAHUS COOTBETCTBEHHO). KonekTopckue cBoiicTBa
CPEHETO M XOpOIIEro KayecTBa 3a CUET BEPTHKAIBHO
COCTBIKOBaHHBIX  OTJIO)KEHUH  MECHYaHOTO  3alOJIHEHHUSA
JENbTOBBIX KAaHAJIOB WM  aKKPEIMOHHBIX  KOMILIEKCOB.
[lecuanble OTJIOKEHHUS JEIbTOBBIX KAaHAJOB/aKKPEIIMOHHBIX
KOMIUIEKCOB HAaCTOJIBKO IEPEMBITHI U CIUBAIOTCA B €IUHBIC
MecyaHble Teda, YTO TJIUHUCTbIE MPOIUIACTKA BHYTPU HHX
IIPAKTUYECKH  OTCYTCTBYIOT. Danmuum  BHYTPUIEIBTOBBIX
3aJIMBOB/MIOMM, KOHYCOB MPOPbIBa (KOHYCOB BBIHOCA TPOMOMH),
00JIOT W MPUPYCIOBBIX BaJIOB MOTYT BCTPEYATHCS, HO YXKE B
nonunHeHHoM 3HaueHuu. Kpusele IIC um I'K umeer, kak
MpaBWJIO, MPSMOYTrOJbHYIO (QOpMYy, PEIKO BCTpedaercs
KOJIOKOJIbHAsT (hopMa KPHUBBIX C XapaKTEpHBIM YMEHbIICHHEM
36pHHUCTOCTH BBEPX MO pa3pe3y. 3HaueHus AIIC BappupyroT oT
0.43 o 0.86 i LHEHTpaIbHOM YaCTH JI€TBTOBOTO KaHajia U OT
0.52 1o 0.90 g5 nEeHTpadIbHOW YacTH MOsACa MEaHAPUPOBAHUS.
B  menom, (¢daumumm  UEHTpambHOW  YacTH  JI€IBTOBBIX
KaHAJIOB/TIOSICA ~ MEAHAPUPOBAHUSA  MPEJCTABIEHBI  Oojee
MOIIHBIMU TT€CYAHBIMU TEIAMU
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Jlnsi  TOHMMaHUS — paclpenesieHus (QUIBTPAllMOHHBIX IOTOKOB B CIOXKHOW 110
re0JIOTHYECKOMY CTPOEHHIO CTPYKTYpE IUIacTa Ha OCHOBE KOMIUIEKCHOTO aHAJINM3a PErnOHaIbHbBIX
JAHHBIX, JAHHBIX KEpHa, KapoTaxa, CEHCMHUKH, [PUBJICYEHUS AHAJIOIOB  IOCTPOEHA
KOHLENTyalbHasi cequMeHTodoruueckass mozaens Iutacra IIK1-3. Omnpeneneno, urto 1mact
NPEJCTaBIseT COOOW CUCTEMY PEUHBIX KaHAJIOB, B Pa3HOM CTEMEHU MPOTSHKEHHBIX, H30JIMPOBAHHBIX
au00 CBSI3aHHBIX IO IUIOIIAAM M paspe3y. JIs OLEeHKM BIMSHHUS IOCTCEAMMEHTAlMOHHBIX
IPOLIECCOB HAa XapaKTEPUCTUKHU IJIaCTa HA OCHOBE aHAJIM3a JIMTOJIOr0-MUHEPAIOTHYECKOI0 COCTaBa
KEPHOBBIX O0pa3LOB JIETATU3UPOBAHBl OCHOBHBIE CEAMMEHTAIIMOHHBIE MPOLECCH (OPMHUPOBAHUS
0CaJIKOB, OTHOCSIIMECS OONBIICH YacTH K TUAPOJANHAMHUKE PEUHBIX CHCTEM.

B nenom s mnTepBana I[1Kj3 xapakrepeH TpeHI yMEHBIIECHHs 3€PHUCTOCTH BBEpX IIO
paspe3y U yBEIMYEHHE BIMSHHUSA MODs K KpoBje nHTepBaia. B unrepsane miacra I1K1.3 BelgeneHo
Tpu wactu: mukiutel A, B, C (pucynok 2.4, 2.5). IlpeamnoyioxuTensHO OTIOXKEHHUS Hadald
(dbopMHpOBATHCS 3a CYET NEATETLHOCTH MOIIHON CHCTEMBI MEaHIPUPYIOLIEH peku, HabIroaeMoi B
uHTepBasie uKkiaura C. 3aTeM MeaHApUpYIOIlas CUCTEMa CMEHSETCs Ha OOCTaHOBKY J€NIbTOBOM
pPaBHMHBI, YTO JUATrHOCTHpYyeTCcs B MHTepBale nukinta B. KpoBenbHas uyacTh 1uiacta (MHTEpBal
muKIMTa A) mpencraBisier coboil GppoHTanbHYIO YacTh NenbThl. [Ipu 3TOM, eciau B MHTEpBaje
muKMTa B B nenpre nmpeBanupyroT (IroBHANBHBIC MPOLIECCH (BIMSHUE KOHTUHEHTA), TO MOMEHTY
00pa30BaHUs OTJIOKEHUH IUKINTA A JOMHHUPYIOIIAs pPOJb MEPEXOAUT K MPHIMBHO-OTIUBHBIM

nporeccaM — BIUSHUE MOpsi (PUCYHOK 2.6).

MonosTaarase pycra «lls w oCo Kasrtaatine ppess e o oCo Mesnetautrone wprae s o oo Ovegrotmengpees oo

it e OINUsss s

Pycnonus ornosesets (yscur C) .
[NOMMS wienutd C, stheweses Lvriees Aw B)

TLAnuTONME OIomtA (PyCna wenuTa B) MIPHAMANO-0TNMEHME OTNOMENAS LWMATa A

e - ™ — U SONEXEAAIE (DANALLLY LIMETMTOR SNV\’\ TPRHALR FPOIMCHHDITD BREIEHIA [yCNORY
e OTPCURHHA LUMIMTA 4Ba § OTHONEHMS

wpmnnca «Cw

seandom

"""" PMTONOr MBOGER TR WeosYy
unanutanm «Be w +Co

Pucynok 2.4 — Cxemarnunas xkoppensauus i miacra [1K.3
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Pucynok 2.5 — Cxemarnunsiii pa3pe3 miacta [1K;-3

Pucynok 2.6 — KonnenryanbsHas cxema ¢popmupoBanus miacta [1K;.3
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2.3 OcHoBHBIE cBeleHusI 0 neTpopuzndeckoi Mmoaenu miaacra K3

CTOUT OTMETHTb, YTO IIACTAMHU KOJUIEKTOpPaMU Ha MECTOpOXxaAeHUU b sBisioTCS mecyaHo-
aneBponuToBble pasHocTu macta 11Kj3. Pacnpenenenue mopucToCTH M NMPOHULIAEMOCTH MUMEET
oumonanbHO (pucyHOK 2.7). Hanboiee BeposiTHbIC 3HaYeHHS KOA(D(PUIIMEHTA TTOPUCTOCTH JIEKAT B

unrepBaie 31-37% u 25-28%. 1o nponunaemoctu 100-500 m/{ u 10-50 m/1.

Pachipaganedse K o kepHy Pacnpegenerne Knp no kepsy
L] 1200
il 1000
Z50 P
= E
200
E g (o]
F 144 T
=
108
20
50
I I o |
2 i Ba R I B Y
R TR 5 M 2T 83 9007 52 30 3435 38 3T 38 W 40 41 42 3 } 4 1 - "
} . &
Kn, % Knp, wi
a) 0)

Pucynok 2.7 — Pacnipeaenenue GuibTpaliioHHO-eMKOCTHBIX cBOMCTB macta [1K; 3

Ha ocHOBe peHTreHOCTpYKTYpHOrO aHajiu3a KepHa MO CKBa)KMHAM BBIJIEJICHBI pa3JInyHbIC
TUnbl MMH (pucyHOK 2.8). B cocTaBe IiMH M3y4yaeMoOro MeECTOPOXKJIEHHsS BXOJSAT KaOJUHMT,
XJIOPUT, TUAPOCIIOAA, MOHTMOPWJUIOHUT M CMelIaHHble TiauHUCTBIe MuHepanbl (CCO)
IPUCYTCTBYIOT IIPUMEPHO B paBHOM oObeme. HemanoBaxusiit ¢pakt, uro CCO nmpenMyIiecTBeHHO

UMEIOT 00BhEM Habyxatomei haswl 6osee 20%.

PacnpeneneHue coctaea rnuMH no PCA

0.2
5
k015
m
=
0.1
- ‘ | I‘"
III |I||||||_|.|...
15 20 2% 30 25 40 45 50 55 60O &5 7O T35
Copepxanue, %
B KaonWHuT Xnopat = ugpocnoos CCO = MoHTMOpHUNNGHUT

Pucynok 2.8 — PacnpenesieHue coctaBa IiIMH M0 PEHTIEHO-CTPYKTYPHOTO aHAJIN3a
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B nenom m3yudaemblil IIACT KOJUIEKTOP MMEET CIIEAYIOIIHME MeTpOopHU3UIEeCKUue CBOWCTBA,

cmoTpu Tabmuiy 2.3.

Tabmuua 2.3 — OcHOBHBIE ETPOPHU3MUECKUE CBOMCTBA U3y4aeMOTI0 MECTOPOKACHUS

[Tapamerp 3HaueHue
Jluronorus [TecuaHo-aeBpUTOBBIC PA3HOCTH
Cpennsis riryOuHa 3ajieraHusi KpOBJIU TUTacTa, M 789
Cpennsist 3ppexTuBHAS TOIIIUHA, M 62.8
Cpenusis HeTeHACBIIICHHAS TONIIWHA, M 16.4
Cpenssisi ra30HAChIIIEHHAs TOJIIIMHA, M 13.2
KoadpunmenT necuanucroctu, % 60 (I'panruHOE 3HaUeHHE=33)
Koaddunuent nopucroctu, % 25-37 (I'pannunoe 3HaueHne=23.1)
Koaddurnuent nponunaemoctu, M/ 10-2000 (I'pannunoe 3HaueHne=3.3)
Koaddunuent nepreHacoineHHOCTH. Yo 55-80 (~65)
KoadduimeHt razoHacsieHHocT, % 60-80 (~62)

2.4 Ceenenns o PVT-cBoiicTBax miacra

CornacHo IIPEIOCTABIEHHBIM JAaHHBIM, MECTOPOKICHHE b SBJIAETCSA
He(TerasokoHieHcaTHbIM. CKBa)KMHBI BCKPBHIBAIOT KaK 4YMCTO He(TsHbIE, TaKk U HedTerazoBble U
razoHeTsHble 3aieku. HauanbHOe IJIaCTOBOE JaBJIEHUWE pABHO JIABJICHUIO HACHIIICHUS U
BapbupyeTcs B npenenax ot 7.58-8.45 Mlla. Temneparypa miuacta pasHa 16 rpagycam. YpoBeHb
BHK pasnuuen aiist pa3Hbix 6J0K0B U BapbupyeTcs B npenenax ot 803.3-862.1 meTpos.

Hedtr mmacta IIKj3 sBhusercs wmaiocepHUCTOW, MayonapadUHUCTONW, CMOJMCTOM.
OcpenHeHHass BeJNMYMHA JUHAMUYECKOW BS3KOCTHM IUIACTOBOW He(dTH, MO pe3ynbTraram
71a00paTOPHBIX UCCIIEIOBAaHUN NPEACTaBUTENBHBIX P00, mpuHsaTa 104 mIla-c.

Hedts mmacra I1K;3 Meccoaxckoro MECTOPOXKIEHHS — COTJIACHO MEXIyHapOIHON
KJIaCCU(UKALMU OTHOCUTCA K TsDKeNoW (OMTYMHUHO3HOMU - COTJIACHO KiacCHU(PHUKAIUU MPUHSATON B
P®) u BbICOKOBsA3KOH. OCHOBHBIE CBOWCTBA IUIACTOBBIX (DIIFOMIOB M3y4aeMOI'O0 MECTOPOKICHUS

MpeJICTaBICHbI B Ta0wuIe 2.4.
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Tabnuua 2.4 — CBoiicTBa MIACTOBBIX (DIFOMIOB H3y4aeMOT0 MECTOPOKICHHUS

[Tapamerp 3HaueHue
Tun daronna Hedts
[LI0THOCTB, KI/M° [TnacToBbIe yCIOBHS 920-923
CranmapTHbIE YCIOBUS 945
BsizkocTs, cll [1nacToBbie ycinoBHs 103.2-113.99
CranmapTHbIE YCIOBUS 249.7
CKUMaeMOCTb, MITa-10™ 5.44-555
T'azoconepkanue, cT. M/ CT. M° 26.69-29.69
O6beMHbIIT K0I(hGHUIHIEHT, 1. M/ CT. M° 1.045-1.047
Tun daronna Bona
T110THOCTE, KT/M° IInacToBsle yCioBHs 1011
CranpapTHble yCI0BUS 1011
BsizkocTs, cll [TnactroBbie ycoBuUs 1.11
CranmapTHbIe YCIOBUS 1.13
[Tponomxenue Tabnuiel 2.4
CXUMaeMOoCTb, MITa-10™ 51
Tun ¢uronna I'a3
[L10THOCTD, KI/M® 674

3 METOJIUKA M PE3YJIBTATHI UCCJIEJOBAHUN

3.1 AHaIM3 MCXOAHBIX JAHHBIX

Jia  pemeHust 3agaud  MCClEAOBaHHA ObUIM MCIOJNB30BaHbl HMCXOJHBIE JAaHHBIE IIO
UCCIIEIyEMOMY MECTOPOXKJIEHUIO, KOTOpble OBUIM IPEeIOCTaBICHbl KOMIIAHHEH-CIIOHCOPOM, a
UMEHHO:

— TreoJjoruyeckas HMHpopManus IO MECTOPOXKIACHHIO, B TOM YHCIE CBEACHHUS O
re0JIOTHYECKOM U TEKTOHUYECKOM CTPOEHHUH, ONUCaHue U poTorpapuu KepHa;

— mnerpodu3MUecKue JaHHBbIE, KOTOpbIE BKJIIOYAIXM 0a3y JaHHBIX 110 OCHOBHBIM

(GWIBTPAIMOHHO-EMKOCTHBIM CBOMCTBAaM IUIACTa, HAOOpP KPUBBIX IeO(U3NYECKUX HCCIIECIOBAHHUMA

CKBA>XMH, OCHOBHBLIC aJITOPUTMBI UHTCPIPECTALIUN, IPUMCHACMBIC HA MECTOPOXKIACHUN B,
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— wuH(popMamMs O CBOWCTBaX IUIACTOBBIX (IIIOWUJOB, PE3YJIbTaThl  CIEHUAIBHBIX
UCCIICIOBAaHUIH KepHa (KpUBBIE OTHOCHTEIbHBIX (Da30BbIX IPOHULAEMOCTEH, JaHHBIE O
CMauyMBaeMOCTH 00pa3LOB U T.J.), CBEACHUS O NMPOBEACHHBIX MCIBITAHUAX IIacTa (UCCIEIOBAHUS
MDT/XPT).

B xoxe pab®oTbl Hag TPOEKTOM OBUIO MPOAHATU3UPOBAHO YETHIPHAALATH CKBAXHH, B
KOTOPBIX MMEJUCh JAaHHBIE 110 CIELUAIbHBIM UCCIIEAOBAaHUAM KepHa. Tak ke ObLIO paccMOTPEHO
HopsiIka JBaJATH CKBAXXHH, B KOTOPBIX OBUIM IPOBEACHBI ONMPOOOBAHMSA H3y4aeMOro Ijacra.
Crnenyer OoTMeTUTb, 4YTO cTaHmapTHeIA Komiulekc ['MC Obul mpoBeZeH BO BCEX H3y4aeMbIX
CKBaOXHMHaX. B 1emoM Ha0Op MCXOMHBIX JaHHBIX MOXHO Ha3BaThb JOCTaTOYHBIM U

PENPC3CHTATHBHLIM.

3.2 Pa3paboTka MeTOAMKH MCCIIeTI0BAHMIT

B xoze coBMECTHOrO aHajlM3a NPEAOCTaBICHHBIX UCXOIHBIX JAHHBIX U MEPENOBOTO OIBITA
[0 PELIEHUIO0 3aJauu ajanTtauuu npoHunaemoctd 1no kepny u  [MC nHa nanHble
IlacToucHbITaTeNel, ObUT pa3paboTaH Cieyollasi METOAMKAa UHTEPIPETaLH:

1. Unrepnperanus kpuBbix [MC. Pacyer 3HaueHuii aOCOMIOTHOW MPOHHUIIAEMOCTH,
nosyyaeMoil mo naHHeM ['MIC, ¢ moMonipr0 yTOUHEHHOH 3aBUCHUMOCTH C YY4E€TOM IIOPUCTOCTH U
00BEMHOM INIMHUCTOCTH.

2. YTouHeHHWE CBs3ed MeXIy aOCONIOTHOW NPOHHMIIAEMOCTHIO 1O ra3zy U (pa3oBbIMHU
MPOHUIAEMOCTSAMHU MO HE(TU NPU OCTATOUYHOM BOJOHACBHIIIEHHOCTH U MO BOJE IPHU OCTATOYHOMN
HE(TEHACBIIIEHHOCTH 10 IaHHBIM KPUBBIX OTHOCUTENIBHBIX (pa30BbIX TPOHULIAEMOCTEM.

3. Amnmpokcumanus KpUBBIX OTHOCHTENbHBIX (Da30BBIX MPOHHUIIAEMOCTEH C MOMOILBIO
¢yukuii Kopu ¢ yueTom reosiornyeckoro CTpoeHUs U3y4aeMoro IiacTa-KouieKTopa.

4. Pacyer 3HaueHuil (a30BBIX MpoOHHIIaEMOCTed 1O HeTH U BOAE NpPHU TEKyIIeH
BozpoHacsinieHHocTy 1o ['MC. Onpenenenne 3HauYeHUI MOJBUKHOCTH C MCIIOIb30BAaHUEM JAHHBIX
PVT-uccnenoanuii.

5. CpaBHeHHE NOJIYYEHHBIX 3HAYEHHWU MPOHUIAEMOCTH WM MOJBHKHOCTH C PE3YJIbTATAMH,
MOJIyYUEHHBIMH B XOJ€ ONpPOOOBaHMS MCCIEAYEMOTrO IUIacTa-KOJUIEKTOopa. BhIsBIeHHE NPUYMUH
HECOBITIAJICHUS PE3YIIbTATOB.

6. KoppekTupoBka METOAUKN UHTEPIIPETALUN. BBIBOIBI.

PaccMoTpuM Kakplii U3 BBIIETIEPEUHCICHHBIX TYHKTOB 00Jiee MoIpoOHO.
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3.3 UHTepnpeTanus KPUBbIX re0(pu3nuecKNX HCCIeI0BAHNIN CKBAKUH

Wurepnperanyss  kpusbix [MC mpoBogwiace 1O yTBEPKACHHBIM B KOMIIAHHMH
3aBUCUMOCTSIM, Xapakrepusyromum 1iactsl [1K1.3 uccinenyemoro Mmecropoxxaenus. Marepnperanys
Obuta TIpoBeZicHA B mporpaMMHOM Komiuiekce TechLog 2012 kommanum Schlumberger s
LIECTHAJATH CKBAXHUH CO craHgapTHbiM KomiuiekcoM [MC, BoceMb U3 KOTOpBIX SBISUIMCH
KEpHOBbIMU. Tak ’k€ BO BCEX IE€PEUYMCICHHBIX CKBa)XMHAX ObUI IPOBEJEH KOMIUIEKC I10

orpoboBaHuIo miacra-koiuiekropa MDT/XPT.

3.3.1 Onenka ko3¢ punreHTa 00beMHOMH IIIMHUCTOCTH

Ilepen moctpoenuem cszeit “kepH-IIC” maccoBas TIMHUCTOCTh ObUIa IEpeBE/EHA B

00BéMHY10 ¢ yuérom notepu HCL
Vshzcsh'(l_¢)'(l_KHCL)’ (31)

rae Vsh — K0P PUITUEHT 00bEMHOM TITMHUCTOCTH, O CITUHUIL;

Csh — k03 GUIIMEHT MacCOBOM MTMHUCTOCTH, JOJIH SIUHUII;

¢ — OTKpBITast IOPUCTOCTH 110 KEPHY, TOJIN EAMHHII;

KhcL — ko3 punmeHTt notepu 3a cueT NPUMEHEHUs COISTHOW KUCIIOThI, JOJIU €IUHUILL.

OreHka MIMHUCTOCTH Oa3upoBaliach Ha pacuéTe Kod(PpuIMeHTa IIUHUCTOCTH Yepe3 ooIee
Bopoponocoaepxkanne (W) u mmorHocts (RHOB), koTopble MMeNUCh B HATUYMH BO BCEX

MMpOaHAIIN3UPOBAHHBIX CKBAXKUHAX. ﬂJ’IH OICHKHU ObllIa KCIIOJIb30BaHa cJIceayromasn (bopMyJIa

X, =X
Vg =00, (3.2)
X 2 X 0
TAC MapaMETpPhI XO, X]_ nu X2 BBIUUCJIAIINCH COTJIACHO BBIPAXKCHUAM
XO =Wma ’ (33)
X, =W+M - (o,, —0), (3.4)
X2 :Wsh +M - (O-ma - O-sh) ) (35)
Wﬂ _Wma
M=t m (3.6)
Of = Opma

rne  Wma — Bomopoaoconepxanue B Matpuiie, pasaoe W, =0%;
W;p — Bo1opo10coiepikaHie B YUCTHIX riMHax, pasHoe W, = 40% ;

Wi — Booponocozep:kanue B puiabTpare 6ypoBoro pacrsopa, pasHoe W, =100%;
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Oma — IUIOTHOCTh MaTPHIIbI, paBHas O,, = 2.55 F/CM3;

3.
Osh — TUIOTHOCTD TJIMH, paBHas O, = 2.7 T/cM’,

3
Gfl — ILIOTHOCTH (uIIbTpaTa OypoBOro pactsopa, o, =1.05 r/ecm™.

[Ipumep comocTaBieHus 3HAYEHUN NIMHUCTOCTHU MO KEPHY M KapoTaxky MPHUBEICH Ha Kpocc-

wiote a1 ckBakuHbl Bl, cm. pucynok 3.1. Takke pe3ynpTarbl pacueTa NpEACTaBICHBI Ha

rpaduueckoMm ranmere, cM. [punoxenue 1.

[ TMHUCTOCTH 10 KapOTAXKY, AOJH CIMHHUIL
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Pucynok 3.1- ConocraBieHne IIIMHACTOCTH M0 KEPHY C pacyeTHOM rmuHuCTOoCThio 1o I'C

Cornacao JaHHBIM KPOCC-IIJIOTA, CXOAUMOCTb PACYCTHBIX JAHHBIX CO 3HAYCHUSAMH KEpHa

A0CTATOYHO BBICOKAs, YTO MMO3BOJIACT NPUHATH PE3YJIbTAThI pacucTa 1o BBIIICONHCAHHOM METOIUKE

JJIS JalbHeHIei HUHTCpIpCTAllUuN. I[aHHLIC MO0 CXOAUMOCTH PACUYCTHBIX IMApaMCTPOB INTIMHHUCTOCTH C

KEPHOBBIMHU JAaHHBIMU 110 OCTAJIBHBIM CKBa)XWHAM IIPEACTABIICHBI B Ta6J'II/IHe 3.1.

Tabnuua 3.1 — [NokazaTenu cXoJUMOCTH 10 KOAPPHUIMEHTY TIIMHUCTOCTH [T KEPHOBBIX CKBAXXUH

CkBaxuHa

Bl

B2

B3

B4

B5

B6

B7

B8

IMapamerp R

0.710

0.725

0.753

0.809

0.744

0.712

0.748

0.719
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3.3.2 Ouenka kod3(ppuunenTa od1Ieil MOPUCTOCTH
Pacuer koaddurmenta o0IIel TOPUCTOCTH MPOBOIUIICS C TOMOIIBIO KPUBO# raMMa-raMMa
TUIOTHOCTHOTO KapoTaxa Mo CJIEAYIONIeH 3aBUCUMOCTH

_ (2.6838—RHOB)
1.8098

rae ¢ —koadduimeHT oOmiel MTOPUCTOCTH, IO CIUHHII,

¢ 3.7)

RHOB — noka3zanus ramma-raMma TIOTHOCTHOTO KapoTaxka, JOJIU SANHUIIL.
[Tpumep comocTaBieHUs: 3HAUCHUH OOIIEH MOPUCTOCTH MO KEPHY M KapOTaxy MPUBEICH Ha
KpOCC-TUIOTe JUisi CKBaXWHBI Bl, cm. pucynok 3.2. Pe3ynbrarhl pacuera mNpenCTaBICHBI Ha

rpaduueckom muanmere, cMm. [Ipunoxenue 1.
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KosdduiineHT moprcTOCTH M0 KEPHY, A0MH EIMHHUIL

Pucynok 3.2 — ComocTaBiieHHe TTIOPUCTOCTH 10 KEPHY € pacueTHOU mopucTocThio mo ['MC

[Ipoananu3upoBaB pe3yibTaTbl COIMOCTABICHUSA, MOXKHO CKa3aTb, YTO CXOAUMOCTH
pacyeTHbIX JaHHBIX CO 3HAYEHHUSIMHU KEpHA JIOCTAaTOYHO BBICOKAs, YTO IMO3BOJSET MPHUHSATH
pe3yJabTaThl pacyeTa IO BBIIICONUCAHHOW METOAUKE Il JaJIbHEHIIEH HWHTEpPIpETallUH.
WNudopmaiivs mo CXOJUMOCTH PaCUETHBIX MapaMeTpOB MOPUCTOCTH C KEPHOBBIMU JAHHBIMU II0

OCTAJIbHBIM CKBaXXWHAaM IIPEACTABJICHA B Ta6J'II/II_Ie 3.2.
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Tabnuua 3.2 - [TokazaTenu cX0IUMOCTH 10 KOA(PPHUIIMEHTY TOPUCTOCTH ISl KEPHOBBIX CKBAXHH

CkBaxuHa Bl B2 B3 B4 BS B6 B7 B8

Tapamerp R? | 0.770 | 0.736 | 0.735 | 0.757 | 0.721 | 0.724 | 0.758 | 0.740

3.3.3 Ouenka 3¢¢peKTUBHONH MOPUCTOCTH M A0COTIOTHON MPOHUIIAEMOCTH

B xoxe mouncka 3aBUCUMOCTH IS pacuc€ra NpOHULIACMOCTHU ObLI IIpOaHaJIU3UPOBAH KPOCC-

IUIOT COIOCTAaBJICHHUS 3HAYCHUHN MOPUCTOCTU U TPOHUIACMOCTH 110 KEPHY, CM. PUCYHOK 3.3.

MK1-3

Knpnap=10(12.797*LG(Kn)-16.524) MBCT e
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PI/ICYHOK 3.3 — Kiraccuueckast 3aBUCHMOCTD MOPUCTOCTH-TPOHUIACMOCTD 110 KEPHY

B xone anammza oGnaka MaHHBIX OBUIO BBISBJICHO, YTO Pa30poc 3HAYEHHUI JTOCTATOYHO
60J'II)I.[IOI>1, qTO ABJICTCA OJOCTATOYHO THUIIMYHBIM JISL CJ'Ia6OCHeMeHTI/IpOBaHHI)IX I1J1IaCTOB-
KOJJIEKTOPOB MECTOpOXKIeHHs b, 3ameratomux Ha AocTaToyHO HeOonbiioi rmyouHe. [losTomy
OBLJI0O TPHUHATO pEIIeHHe MO0 TOHMCKY HOBOW YTOYHEHHOW 3aBHUCHUMOCTH I Kod(dduimenta
MIPOHUIIAEMOCTH.

Kak m3BecTHO, KO3 (HUITUEHT TPOHUIIAEMOCTH 3aBUCUT HE TOJBKO OT EMKOCTH KOJUIEKTOPA,
HO W OT CTPYKTYPBI MOPOBOTO MPOCTPAHCTBA, KOTOpas B OOJBIIMHCTBE CBOEM XapaKTEpHU3yeTCs
TJIMHUACTOCTBIO. B CBsI3M ¢ 9TUM, 3aBUCHMOCTH [UIsl OLIEHKH Kod((HIIMEeHTa MPOHUIIAEMOCTH

JIOJDKHA UMETH BUJ kperm = f(¢,V,) - 3aBUCHMOCTb 1111 OLIEHKU KO3 PUIIEHTa TPOHULIAEMOCTH C

Y4eTOM TJIMHUCTOCTU ObUIa IMOJydeHa IO pe3yibTaTaM aHajh3a JaHHBIX KepHa. BHauane ObLIO

MIPOBEICHO COIOCTaBJIEHWE 3HAa4YeHUH oO0meil W 3PQPEeKTUBHON MOPUCTOCTH TO KEpPHY TNpH
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Pa3IMYHBIX 3HAYCHUSAX TIIMHUCTOCTH, PUCYHOK 3.4a, IS HAXOXKACHHS 3aBUCHMOCTH IS pacdera
s dexTuBHON mopuctoctu. [anee 3HayeHust 3HPEKTUBHON MOPUCTOCTH OBLIM COMOCTABJICHBI CO

3HAYEHUAMHU a0COJIOTHOM IMPOHUIACMOCTH I10 KCPHY IAJId IMOJIYUYCHUA YTOHHCHHOﬁ 3aBUCHUMOCTH,

pucyHok 3.40.
Knahd, % Knp. ui
40
10000 Kem, %
o <5
A =10
¢ <15
20 1000 o <20
o <25
100
20
10
10
’
0 . 01 KI'I3¢|¢|. %%
20 25 30 35 40 45 0 10 20 30 40

a) 0)
Pucynok 3.4 — ConocraBiienue 3HaueHHH a) o0mier 1 3hdekTnBHOM MOPHCTOCTH U 0)
3¢ (HeKTUBHON NOPUCTOCTH U MPOHULIAEMOCTH I10 KEPHY JIJIsl IOUCKA YTOYHEHHON 3aBUCUMOCTH ISt

pacueTa KOS(I)(I)I/II_II/ICHTEI MPOHUITACMOCTH

Buauane Obuin paccuuTaHbl 3HadeHHs KoddduuueHta >3pdexktuBHON mnopuctoctu. Ilo

CJIEIyIOIIEN 3aBUCUMOCTH C Y4€TOM K03(pPUIMeHTa TTTMHUCTOCTU
ds =88.92-1g(¢) —0.29- (V) —106.29, (3.8)

e Peff — KO3QPUIKEHT F3PPEKTUBHOMN MOPUCTOCTH, JOIH €TUHULL;

¢ — k03 UIMEHT 0011eil TOPUCTOCTH, AOJIU EAUHULI,

Vsh — K03 UIMEHT 00beMHOMN TIIMHUCTOCTH, 0T €AUHUILL.

[Ipumep comocrtaBieHusi 3Ha4eHUH 3(PPEKTUBHOW MOPUCTOCTH MO KEPHY M KapoTaxy
NpUBEICH Ha Kpocc-TuioTe s ckBaxwHbl Bl, cm. pucynok 3.5. PesympTarthl pacuera

MMPEACTaBJICHBI HA Fpa(i)I/I‘-ICCKOM IJIaHIICTE, CM. HpI/IJ'IO)KCHI/IC 1.
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Pucynok 3.5 — Comnocrasienue 3¢ ¢GeKTHBHON MOPUCTOCTH 110 KEPHY C paCUETHOM

a¢dextuBHON TopucTocThio o 'MC

Ilocme ananmm3a pe3ynbTaTOB COIOCTABICHMS, MOXHO OTMETHTb, 4YTO CXOJUMOCTH
pacyeTHBIX JAHHBIX CO 3HAYECHHUSAMH KEpHAa JOCTATOYHO BBICOKAs, 4YTO II03BOJIAECT IIPUHATH
pe3ynbTaThl pacyera 0 BBINICONMCAHHOW METONUKE Ul JAAJIbHEWIIEeH MHTepnpeTanuu. JlaHHbIE O
CXOJMMOCTH pPacyeTHBIX NapaMeTpoB 3((HEKTHUBHONW MOPUCTOCTH C KEPHOBBIMHM JIaHHBIMH I10

OCTaJIbHBIM CKBa)KMHaM IIPEJCTaBJIeHbI B Ta0nuie 3.3.

Tabmuma 3.3 — I[okazatenu cXoAUMOCTH 10 KO3PPUIMEHTY 3PHEKTUBHON TOPUCTOCTH

CkBaxuHa Bl B2 B3 B4 BS B6 B7 B8

IMapamerp R® | 0.820 | 0.788 0.756 0.769 0.733 0.742 0.815 0.798

Jlanee Obutn paccuuTaHbl 3HAYeHUS KodddummenTa abcomoTHol mponuaemoctu mo ['MC
COTJIACHO CIIeyrolel dhopmyre

Koperm = 0.5-€x0(0.26- ¢, ), (3.9

rue Kperm — Ko3ddurmenT adcomotHoit nporntaemoct o I'MC, m/;

Pett — K0P GUIHEHT 2P PEKTUBHOM MOPUCTOCTH, JOJIU €IUHHII.

[Tpumep comocTaBneHus 3HaUCHUH KOA(PPHUIIMEHTa TPOHUIIAEMOCTH MO KEPHY U KapoTaxy
NpUBEICH Ha Kpocc-TuioTe s ckBaxwHbl Bl, cm. pucynox 3.6. Pesymprartel pacdera

MIpeICTaBICHBI Ha TpaduueckoM mianmete, cM. [Ipunoxenwne 1.
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Cormacuo JaHHBIM KPOCC-IUIOTA, CXOAUMOCTb PACUCTHBLIX HAHHBIX CO 3HAUCHUAMU KCPHaA
J0CTAaTOYHO BBICOKAs, YTO IMO3BOJIACT IIPHUHATE PE3YIbTATEI pacycTa 1o BBINIICONTMCAaHHOMN METOJHUKE

JUISL TaTbHEUIIe HHTEepIpeTalH.

0.01 0.1 1 10 100 1000

1000 1000

100 | 100

Abcomornas nponuuaemocts 1o 'MC, m/1
)

0.1} 0.1

0.01
0.01 0.1 1 10 100 1000

0.01

ADGCONIOTHAS MPOHULIAEMOCTD 110 KEpHY, M/]

Pucynok 3.6 — ConocraBienne ko3 GuilMeHTa MPOHUIIAEMOCTH 10 KEPHY ¢ PacueTHOM

npoHunaemoctsro o I'MC

JlaHHBIE O CXOJIMMOCTH PACUETHBIX MAPaMETPOB aOCOTIOTHON MMPOHUIIAEMOCTH ¢ KEPHOBBIMU

JIAHHBIMU TI0 OCTaJIbHBIM CKBaKWHAM IpPEJCTaBICHBI B TabmuIle 3.4.

Tabmuua 3.4 — [TokazaTenu cX0IUMOCTH 110 KOAPPHUIHUEHTY a0COMOTHON MPOHUIIAEMOCTH

CkBaxnHa Bl B2 B3 B4 BS B6 B7 B8

IMapamerp R® | 0.720 | 0.601 0.595 0.633 0.646 0.751 0.710 0.639

3.3.4 Onenka ko3¢ puuneHTa HeTeHACHIIEHHOCTH U KO3I(P(PUIIHEHTA 0CTATOYHOI

BOJOHACBINCHHOCTH

Kosddunment HedTeHacbimenHoctTn uisi  miactoB-kouiektopoB [IKj3  u3yuaemoro
MECTOPOXKACHUS OBLITN OMPEIEICHBI C YIeTOM 00bEMHOMN BIIAXXHOCTH IO Cleayromei hopmye

S, _1- M (3.10)

¢

rae ¢ — kodhduEeHT 00Ie MOPUCTOCTH, TOJIA STUHUIL;
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W,y — 0ObeMHas BIaKHOCTh B JIOJISIX €IUHUII, paCCUUTaHHAS KaK

W — 10—0.53Ig(R‘ /R,)+1.8

. , (3.11)
rae  Ri— McTHHHOE CONPOTHBICHUS IUIacTa-KoJLIeKTopa, OM ' M;

Rw — CONPOTHBICHUE IIACTOBOM BOJBI, ONpPEICICHHOE MpPU Temiieparype 16 rpaaycoB u
MuHepanuzanuu 16 /i1 u papaoe 0.45 OM M.

Pe3ynbraThl pacyera npeacraBieHsl Ha rpaduyeckom miaHmere, cM. [Ipunoxenue 1.

KoadduumeHnt ocrarouyHON BOJOHACBHIIIEHHOCTH OBLI OMpPEIENeH UCXOAS U3 MOTYYEHHBIX

3HAYCHHI IMPOHUIACMOCTH COI'JIACHO BBIPAKCHUIO

S, =0.925-k 2 (3.12)

perm
rue Kperm — Koo durment adcomotHoit nponumaemoctu o 'MC, m/1.

[Ipumep comocTaBienusi 3Ha4eHUN Kod(dUIIEeHTa TPOHUIIAEMOCTH MO0 KEPHY M KapOTaxy
NpHUBEICH Ha Kpocc-TuioTe Juisi ckBakuHbl Bl, cm. pucynok 3.7. Pesynprarel pacuera
MpeICTaBJICHBI Ha rpaduueckom mianmere, cMm. [Ipunoxenue 1.

JlaHHBIE O CXOAUMOCTH pACYCTHBIX IIapaMETPOB OCTATOYHOH BOJOHACHIIICHHOCTH C

KCPHOBLIMHA JaHHBIMU I10 OCTAJIbHBIM CKBAXKMHAM IIPCICTABJICHLI B Ta6J'II/II_Ie 35.

Tabnuna 3.5 — I[lokazaTenu cXoAUMOCTH MO KO3PPHUIIMEHTY a0COIIOTHON MPOHUIIAEMOCTH

CkBaxuHa Bl B2 B3 B4 B5 B6 B7 B8

Tapametp R? | 0.790 | 0.700 | 0.734 | 0711 | 0.718 | 0721 | 0.771 | 0.761

“ 1 R*=0.79

0.8

0.7

0.6 /
0.5 ' :

04 .

03

0.2 -,

QOcraroynas BOAOHACKILEHHOCTE 110 ['UC, 1011 eqHHHIL

0.1

0 0.1 02 03 04 0.5 0.6 0.7 0.8 0.9 1

OcrarouHast BOJOHACBILIEHHOCTS 110 KEPHY, A0JIH €AHHHLY

Pucynox 3.7 — ConoctaBiieHre pacyeTHBIX 3HAUCHUI OCTATOYHON BOJOHACHIIIIEHHOCTH T10

I'IC co 3HaueHUsAMH 10 KEPHY
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Ilo AAaHHBIM COIIOCTABJICHUA CXOAUMOCTb PACUCTHBIX HOAHHBIX CO 3HAUCHHUAIMU KCEpHaA

A0CTAaTOYHO BBICOKAs, YTO IMO3BOJIACT IIPHUHATE PE3YIbTAThI pacdycTa 110 BBIIIICONMCAaHHOMN METOJAUKE

JUISL TaTbHEUIIe HHTEepIpeTalH.

3.4 Ilouck KoppesiMOHHON 3aBUCHUMOCTH MeKIYy a0coII0THOM U (pa3oBoi

IMPOHUIACMOCTHAMU

Jlns mocnemyonero mnoiaydeHus 3HaueHuid s¢dextuBHON nponMunaemoctu mo [UC
HEOO0XO/IMMO HCHOJb30BaHUE 3aBUCHMOCTH, C TIOMOIIBIO KOTOPOH MOXXHO OBLJIO OBl TOIXYYHUTH
3HaYeHMs (Ha30BbIX MPOHHUIIAEMOCTEH MO HEPTH MPU OCTATOYHOW BOJOHACHIIIEHHOCTH W MO BOJE
OpU  OCTAaTOYHOM HEPTEHACHIIICHHOCTH, HWCIHONB3Yysl pacyeTHble 3Ha4YeHHs aOCONIOTHOM
npoHunaemMoctu no raszy. C Lenplo pelieHus MOCTaBIEHHOW 3a/lauu ObUIO IpOaHAIN3HPOBAHO
YETBIPHAIATh KEPHOBBIX CKBAXXUH, B KOTOPBIX OBUIM MPOBEAEHBI CIELUATIbHbIE HCCIEI0BAHUS
KEepHa, B XOJ€ KOTOPBIX OBLIM TOJY4YEHBbI KPUBBIE OTHOCHUTEIHHBIX (ha30BBIX MPOHHUIIAEMOCTEH
(ODII).

J171st moCcTpOEeHMS 3aBUCUMOCTEM ObLIT UCIIOIB30BaH CIACAYIOMUMA alTOPUTM JCH CTBHIA:

1. Tlo nmanubiM kpuBbiX O®Il ObUIM BBHIOpPaHBI KOHIIEBBIE TOYKH, XapaKTEPU3YIOIIHE
3Ha4YeHHs (a30BbIX MPOHULAEMOCTENW MO He()TH M BOJE NPU CBI3AHHOHN (DIFOMIOHACKHIIEHHOCTH,

CM. pUCYHOK 3.8.

2. Jlanee ObuM BHIOpAaHbI COOTBETCTBYIOLIME UM 3HAUEHUSI a0COIIOTHOM MPOHUIIAEMOCTH 110

ra3y, CM. pucyHok 3.8.
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Pucynox 3.8 — IIporecc BeIOOpa Touek st aHaiau3a Ha mpumepe KpuBbix ODIT mist ckBakunabl B3

(11BETOM OTMEUEHBI BEIOpAHHBIE 3HAYCHUS )
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3. Ilyrem comocrtaBieHuss 3HaueHU (Da30BBIX M aOCOIOTHBIX IMPOHHUIIAEMOCTEH OBLIH
il t
nosydennl 3apucuMoctd Buaa Ky (S,.) = F(K o) m Kg™ (S,) = F(K o) mma medTr u BoOmBI

COOTBETCTBEHHO. [lepBUUHbIE pe3ysIbTaThl CONOCTABIEHMSI IPEACTABIEHB] HA pUCYHKE 3.9.
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Pucynox 3.9 — IlepBuunbie pe3ynbTaThl COMOCTABJICHHS 3HAYECHUN aOCOMIOTHON U (ha30BBIX

MIPOHULIAEMOCTEN

B xonme anammza rpaduka, MpeACTaBICHHOTO Ha pucyHke 3.9, ObUIO OTMEYEHO, 4YTO
KOPPEISIUs MEXAy aOCONOTHOW MPOHHWIIAEMOCTBIO MO ra3y W (Ha30BOM MPOHHUIAEMOCTHIO IO
He()TU TIpU CBS3aHHOW BOJAE JIOCTATOYHO TECHAs, YEro HeNb3s CKazaTh O KOPPENALUU MEXIy
a0CONIOTHOW TPOHMIIAEMOCTHIO TO Tazy U (ha30BOM MPOHMIIAEMOCTHIO TO Boje. [loaTomy Oblia
MpCAIprHATA MOIBITKA ITOMCKA IMTPUYIUH HeYﬂOBHeTBOpHTeHBHOﬁ CXOOAUMOCTH JAaHHBIX.

B X0O€ IIOHUCKa OBLIH MMpoaHaAJIN3UPOBAHBI TOYKH II0 Ka)K}IOﬁ CKBAXXHNHE OTHOCIIBHO.

Bo3moxHbIe BBUTETHI OBLITH OTMEYEHBI Ha KPOCC-TIJIOTe, CM. PUCYHOK 3.10.
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Pucynok 3.10 — Pe3ynbTarhl conocTaBieHUs 3HAYCHUI a0COTIOTHON U ()a30BBIX

HpOHI/IIIaCMOCTef/'I C HAaHCCCHHBIMHU BBUICTAIOINMMH 3HAYCHUSIMHA

BE110 BBISIBICHO TPU BO3SMOJXHBIX ITPUYHUHBI ITOSABJICHUS BBIJICTOB:

1. HecoorBerctBue ycaoBuii dkcnepumenTta PVT — cpolictBaMm macra. Takoe sIBJIEHHE

Habmromanoce ast kpuBbix O®II, momyueHHBIX Ha oOpas3max kepHa ckBaxuH B55 m B65, rme
IIOPOBOE JIaBJIEHUE COCTaBIsUIo nopsaaka 7 MIla B To BpeMs Kak IIaCTOBOE JaBJIEHUE JUIsl IIacTa-

KOJUIEKTOPA COTJIACHO JIAHHBIM HUCCIeA0BaHUM cocTaBisieT oT 7.58-8.45 MIla.

2. Uzmenenne tuna cmaumBaeMocTH. [laHHBIA 3¢dekT Obl1 BBIABICH B XOAE aHANIM3a
pPe3yNbTaTOB 3KCHEPUMEHTOB IO OMNPEJCIICHHUI0O WHTErpajbHOro IMOKa3aTeis cMauuBaeMocTH M
[cCBIIKA Ha CMa4yMBaeMoOCTh| mo Meroay Amorra. J[aHHBI METOJ NPEeNyCMaTpUBAcT pPaCUYET
napaMeTpa, BBIPaKAIOIIEr0 MHTETPATIbHYI0 XAPAaKTEPUCTHKY CMAYMBAEMOCTH MOPOJ MO JaHHBIM
KalMWUISIPHOTO BIMTHIBaHUS B oOpa3el] KepHa BOJbI U KEPOCHHA MPU aTMOC(EpPHBIX YCIOBUSIX U B
1ojie UEHTPOOEKHBIX CWJI TNpuU  LeHTpudyrupoBaHud. KoJIWYECTBEHHO CMayMBaeMOCTh
XapaKTEepU3yeTCs MOKa3aTeNsIMU, KOTOPbIE BBIPAXKAIOTCS YEPE3 COOTBETCTBYIOIIMM BEC HAa Pa3HbIX
cragusx omblta. HaxoauTcss o0beM camMONpPOM3BOJIBHO BBITECHEHHOW KEPOCHMHOM BOJIbI, OOIIMI
00beM BBITECHEHHOW KEPOCHHOM BOJIbI, 00EM CaMOIIPOU3BOJBHO BBITECHEHHOTO BOJIOW KEPOCHUHA,
o0muii 00bEeM BBITECHEHHOTO BOJOM KepocuHa. OTHOIIEHHE O00BeMa CaMOIIPOU3BOJIBHO
BBITECHEHHOTO BOJIOM KepocuHa K 00mieMy o0beMy BBITECHEHHOT'O BOJOW KEPOCHHA OIpPEeIisieT
nokasarenb M. ITo mokaszarento M mpuHsTa cienyromas rpajamus THIIa CMauMBaeMOCTH [cCbUIKa

Ha CMa4MBaeMoCTh |, CM. Tabmuiry 3.6.
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Tabnuua 3.6 — Kinaccudukanus THIIOB CMa4lBaeMOCTH COTJIACHO mokasateito M [5]

[Tapamerp cmauuBaemoctu, M

Twum cMaunBaeMOCTH

0-0.2 I'uapodoOHbIit
0.2-0.4 [IpeumymiecTBeHHO THIPOGOOHBIN
0.4-0.6 [Tepexoaubrit
0.6-0.8 [IpenmymiecTBeHHO THIPOPUILHBIN
0.8-1 I'uapodunbHbIi

B xoxe aHanu3a JaHHBIX 110 CMauuBacMOCTH, IMOJIYYCHHBIX 11O PE3YyJIbTaTaM HCCJICAOBAHUS

00pa3LoB KEpHAa B HCCIEAYEMbIX CKBa)KMHAX, ObUIa COCTaBlieHAa TallMIla CPEeIHUX 3HAUCHUH

CMAYMBACMOCTH 110 KXKIOH CKBaXUHE, M. Tabmuiy 3.7.

Ta6n1z1ua 3.7 — Tunbl cMauMBaEMOCTH IJI1IaCTAa-KOJIJICKTOPA IO CKBA)KHHAM

CkBaxxuHa Cpennuii mokaszaTenb Tun cmaunBaeMocT Tun 3anexu
cMmayuBaemMocTd, M
B1 0.71 [IpenmyriecTBeHHO TUAPODUIBHBIN Hedrsanas
B2 0.76 [IpenmyiecTBeHHO THAPODUIBHBIN Hedranas
B3 0.73 [IpeumymecTBenHo ruipodunbHblii | ['a3onedTaHas
B42 0.86 I'uapodubHbIi Hedtanas
B46 0.72 [IpenmyriecTBeHHO THIPODUITBHBIN Hedranas
B50 0.99 I'uapodmnbHbIA Hedrsanas
B57 0.73 [IpenmymiecTBeHHO T'HIPOGUILHBIN Hedtsanas
B58 0.63 [IpenmymiecTBeHHO THIPOPMITEHBIN Hedrsanas
B4 0.56 [Tepexonnblit lazonedrsnas
BS5 0.61 [IpenmymiecTBeHHO THIPOGUIBHBIN Hedtsanas
B6 0.70 [IpeumymectBenHo runpodunbHelii | ['a3onedTanas
B7 0.69 [MpenmymiecTBenHo TuapodMIbHEI | ["a30HEDTIHAS

B nenom B xoze coBmecTHOro ananusa kpusbix O®II (o kputepusm Kpoiira) [Manyan] u

napamMeTpa CMauuBacMOCTHU OBLIO BBIABJICHO, YTO ILIACT-KOJUJICKTOP MECTOPOXKIACHHA b sBmsercs

MPEUMYIIECTBEHHO T'HAPO(PUIBbHBIM, B KOTOPOM 3HA4Y€HHUS CBS3aHHOW BOJBI B LE€JIOM OOJIble

ABaAlaTH NPOUCHTOB; 3HAYCHUC BOAOHACLINICHHOCTH, IMPU KOTOPOM Ha6monaeTcs1 NEpECCUCHUC

kpuBbIXx O®II, Gombile MATHAECATH MPOLIEHTOB; OTHOCUTENbHAs (ha30Basi MPOHULAEMOCTH MO BOJE

IIPU CBSI3aHHOW HE(TH B 1IEJIOM MEHbIIE TPUALIATH MPOLEHTOB.
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CornacHo Tabmume 3.7, ObUIO BBISIBJIGHO, YTO B CKBaXWHEe B4 TuUnm cMadmBaeMoOCTH
OTJIMYAETCS OT OCTAJbHBIX CKBKHH U SIBISIETCA MEpPeXOoAHbIM. B TakoM ciyyae mpu COBMECTHOMU
bunbTpanuu HePTH U BOJBI Yepe3 MOpPHI IJIacTa-KOJUIEKTOpa (a3zoBas MPOHUIIAEMOCTh MO BOJIE

OyzeT MeHbllle, YeM B ciiyyae (pUiIbTpaliy Ipy yCIOBUU TUAPOPUILHOCTH ILIACTA.

3. KonmnuectBo Menkux nop. Komm4yecTBo MEIKUX IMOp MOXKET UTPaTh CYIIECTBEHHYIO POJIb
npu onpeaeneHud (a3oBOM MPOHUIAEMOCTH 10 BOJE, B CIIydae €ClIU IUIaCT-KOJUIEKTOP
OPUHAMISKUT K TUAPOQUIBHOMY THIy, TaK Kak (uibTpalus BOJbl B TakoM ciydae OyneT
IPOUCXOJUTHh IMPEUMYILECTBEHHO 110 MIOpaM MEJKOIo pa3Mepa. Y MEHBbIIEHHE KOJIMYECTBA MajbIX
MOp MO>KET MPUBECTH K YMEHBIICHHUIO 3HAa4eHUH (pa30BOi MPOHUIIAEMOCTH T10 BOJIE.

Beieonucanssiil agdext Habmogancs B ckBaxuHax Bl, B2 u B3, B KOTOpbIX 10 1aHHBIM
HOPOMETPUH YUCIIO 1Op ¢ pazmepoM MeHee (.12 MUKpOMETpOB OBLIIO 3aMETHO MEHbLIE, YeM IS

OCTAJIbHBIX CKBaKHUH. Pe3ynbTaThl cpaBHEHUS IIPEACTABICHBI HA pucyHKe 3.11.
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Pucynok 3.11 — Pe3ynpraTel aHanu3a JaHHBIX TOPOMETPUHI

TakuM 00pa3oM, TOUKH MO BBIIICONHCAHHBIM CKBa)KMHAM OBLIM HCKIIIOUEHBI U3 Ipoliecca
nonbopa 3aBucuMOCTH. DUHANBHBIE KOPPEISLUOHHBIE YPAaBHEHMs MPEACTABIECHbl HUXKE M Ha

pucyske 3.12.
kS (S,,.) =0.3582- k1093 (3.13)

perm 1
waer 0.7807
*"(S,,) =0.2007 - k272, (3.14)

rae keffOII (Swe) — hazoBast MPOHUIIAEMOCTH 110 He()TH MPH CBI3aHHOM Boje, M/];

t
Kett ' (Sro) — (pa30Bas MPOHUIIAEMOCTH O BOJE HPU OCTaTOUHON HedTH, M/I;

Kperm — aOCOIIOTHAS TPOHUIIAEMOCTS 110 Ta3y, M/1.
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Pucynok 3.12 — ®uHanbHbIE 3aBUCUMOCTH JUTS TIEPEBO/Ia 3HAYEHUI a0COTIOTHOM

MMPOHUIACMOCTH 110 I'a3y Ha COOTBCTCTBYIOIIHE (I)aSOBbIC 3Ha4YCHUA

CornacHo pucysHky 3.12, cXOauMOCTh MapamMeTpOB JOCTATOYHO BBICOKAs, YTO TO3BOJSET

HCII0JIB30BATh MMOJYYCHHBIC 3aBUCUMOCTH B ZIaJII)Hef/'IHH/IX pacucrax.

3.5 Onpenenenue 3HaYeHuii pazobix npounnaemocteil no 'MC npu Texkyuei

BOAOHACBIINICHHOCTH

3.5.1 Meroauka pacuera

Cornacho 1. 1.1 Hacrosielt paboThl 3HaYeHUs (Ha30BON MPOHUIIAEMOCTH MOKHO IMOJIYYUTh

3Has 3HAYEHUsT AOCOIOTHONW U OTHOCHUTEILHOM MPOHUIIAeMOCTEN

rac

k =k, -k

(3.15)

abs?

Ky, =K - Kaps- (3.16)
Ko 1 Ky — 3HaueHus (pa30BbIX MPOHUIIAEMOCTEH 0 HeTH U Bojae, M/I.
Kaps — 3HAUCHHUE a0COIOTHOM MTPOHHIIaEMOCTH, M/1;
Kro 11 Kry — 3HAYCHHSI OTHOCHUTENBHBIX (ha30BBIX MPOHHUIIAEMOCTEH 10 He(TH U Boe, M/1.

Jlnst pacyeta KpUBBIX (Da30BBIX MPOHUIIAEMOCTEH TPH TEKYIeH BOJOHACHIIICHHOCTH IO

['MC HeoOx0omuMo MpUMEHEHHE KaKOH-T00 SMIUPUYECKON Moenu. st pemeHus ToCTaBICHHOM

3aaun ObUTH MCIIOJIb30BaHbI Koppessinuu Kopu.
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Ko = Kpo(Sue) - {—1_ St } : (3.17)

1_ch_sro
‘ s _s mw
k.. =k (S5, )| —~ - | | 3.18
= ko(S00) L_SWC_SJ (3.18)

rae K — OTHOCHTeIbHas (pa30Bast IPOHMIIAEMOCTH 1o HedTH o Kopu byrkimm, M]T;

Kw — OTHOCHTeIbHAs (ha3oBasi IPOHMLIAEMOCTB 10 Boze 1o Kopn dyskmmn, m/l;

Kro (Swc) — oTHOCHTENBHAs (Da30Bask MPOHUIIAEMOCTH 110 HE()TH MPH CB3aHHOM Boje, M/1;
Krw (Sro) — oTHOCHTENBHAS (ha30Bast MPOHHUIIAEMOCTh 110 BOJIC ITPHU OCTATOYHOM HedTH, M/I;
Sw — TeKyIee 3HaYeHUE BOIOHACBIIICHHOCTH, JIOJIN CINHHII,

Swe — JIOJIS CBSI3aHHOM BOJIBI, TOJH €/IMHHIL;

Sto — IOJIL OCTATOYHOM HEPTH, JOTH CITUHUIL;

MO — crenenHoi koapdunment Gynkun Kopu ms vedru;

MW — creneHHOM ko3 dunmeHT ¢pynkunu Kopu 171s BOIBL.

CosmectuB popmyisi (3.15)-(3.16) u (3.17)-(3.18) monyduum

1-S,-S, T"

k3'(S,,) = Kape Ko = Kupe Ko (Sye) -
eff( w) abs ro abs ro( wc) |:1_SWC_SrO

kngater(SW) = kabs ) krw = kabs ) krw(sro) . {ﬂ} !

1- ch - Sro
NI
. . 1-S,-S, |
kK3 (S,) = K3 (S,0) | ———ro | 3.19
(8,0 =51 (S,0) L—sm—sm} (319)
S _§ mw
kwater S — kwater S __Sw  “ro ] 320
eff ( W) eff ( ro) |:1—SWC—SI,O:| ( )

B nanHbIX opmynax:

— 3HaueHWs (a30BBIX MPOHUIAEMOCTeH 1O HePTH U BOJAE TMpPH OCTATOYHOMH
(b1ION0HACBHIIIEHHOCTH MOT'YT OBITh paccUMTaHbl 1o 3aBucuMocTsiM (3.13) u (3.14);

— 3HAYEHUE TEKYIIEeH BOJOHACKHIIIEHHOCTH TpUuHUMaeTcs 1o qanusiM [T UC;

— OCTaTOYHas BOJOHAChIEeHHOCTh Oepercs no kpuBoii 'C cornacuo 1. 3.3.4,

— 3Ha4YeHHE OCTATOYHOU He()TEHACHIIIEHHOCTH MPUHUMAETCS M0 JaHHBIM KCIIEPUMEHTA 110
HCCJIEIOBAaHUIO KO3(PUIMEHTa BHITECHEHUS;

— 3HayeHus1 crteneHed QyHkmuii Kopw moaOuparoTcs MO MaHHBIM KEpHA MPU aHAIHM3e
MaccHBa JaHHBIX 110 KpuBbIM ODII.

Paccmotpum nporiece mogdopa nmapameTpoB 0oliee moapoOHO.
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3.5.2 Iloa6op creneneii pynkuuii Kopn

ITon6op creneneit ¢pynkuuit Kopu npoBoausics B Xoze aHalu3a MacCUBa JaHHBIX KPUBBIX
O®II o cienyronieMy ajJropuTMy:
1. HopmupoBka kpuBbsix O®II 1o ko3 uimenty BoJIOHACHIIIEHHOCTH U OTHOCHTEIBHOM

(1)33OBOI>'I IIPOHUIAEMOCTH I10 BOAC ITPOBOANIIACH IO CICAYIOIIUM 3aBUCUMOCTAM

Sy = w5 , (3.21)
1- ch - Sro
k
om__Sw (3.22)
kw (Sro)

HopmupoBka oTHOCHTENBHOM (a30BOi MPOHUIIAEMOCTH 10 He(TH He TpeOoBantack, Tak Kak
3Ta npoueaypa Obliia MpoBeeHa B Xoae noctpoeHust Kpusbix ODIT.

2. Jlanee, corimacHO INIyOMHHBIM OTMETKaM OTOOpa KEepHOBBIX 00pa3uoB, kpusble ODII
ObUIM pa3liesieHbl Ha TPYIIBI ¢ TOYKH 3PEHHS T€OJIOTUYECKOTO CTPOCHHS H3y4aeMOoro IJIacTa-
KOJIJIGKTOPA, @ UMEHHO 10 nukiautaM A, B u C, oTinoxeHuss KOTOphIX (POPMHPOBATMCH B Pa3HBIX
(danuanbHBIX 30HaX 00CTAHOBKHU OCAJIKOHAKOTUICHUS (CM. 11. 2.2.4).

3. Kaxxnas rpynmna touek Oblia anmnpokcuMupoBaHa QpyHKIuei Kopu ¢ cooTBeTCTBYOIMMHU
3HAYCHUSIMU CTEIICHEH.

Pe3ynbTarhl mpuMeHEHUs METOJUKH MOXXKHO YBHUJETh Ha pucyHke 3.13. Ilapamerpsl

creneHeil pynkuuit Kopu npencrasnens! B Tabnuie 3.8.

=
o

=
|

=
-

=
@™

& Lpmonur_A
# Lpmcnut_B
W Lpmnur_C
==Kopu_Lmnur_A
0 p_LsnnT_B
—Kopd_Lwnnr_C

= =4 =4
b Lo I

OTHOCHTENEHEIR PA30BEE NPOHALASMOCTH, QOAW BOWTHHL
=]
m

=
-

Q 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0. 0.4 1
Boaonac WeHHOCT s, AONW EANHAL

Pucynok 3.13 — ®@ynkuuu Kopu nns nuxnuros A, Bu C
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Tabmuua 3.8 — Crenenu ¢pynkumii Kopu no nuximram

Huxmur A B
[Tapametp mo mw mo mw mo mw
3HavCHHE 2.1 55 3 5 2.5 6

3.5.3 Bb10op 3HavYeHus K0I(PPUIHEHTA 0CTATOUHOI HeTeHACHIIEHHOCTH

3HaueHus: kod(p(dUIMEeHTa OCTATOYHOM HE(PTEHACHIIIEHHOCTH ObUIM PACCMOTPEHBI B XOJI€

HU3YUCHUA PE3YJIbTATOB JKCIICPUMCEHTOB I10 OHNPCACICHUIO KOS(l)(l)HI_II/ICHTa BBITCCHCHUS. BBI/II[y

OTCYTCTBHUSl KOPPEISIIMOHHON 3aBHCHMOCTH MEXAYy 3HAueHWsIMH Kod(duumeHTa ocTaTOYHOMH

HE(PTEHACBIIICHHOCTH W TOPUCTOCTHIO JHOO TPOHMUIAEMOCTHIO OBUIO MPHUHATO pEIICHHUE

MIPOAHANIM3UPOBATh paclpeaeseHue 3Ha4YeHU KO3(PPHUIIMEHTOB OCTaTOYHON He(TEHACHIIIICHHOCTH

C LOCJIBIO BBI60pa MOCTOAHHOI'O 3HAYCHUA JJIA TOCICAYIOIUX pacyCTOB, CM. pUCYHOK 3.14.

Yacrora

20
10

5
0

smsmmn
gun® "y
.

"o
.
Yant

Ocratounan HedTeHachIMERHOCTh, 10JH e1HHHIL

*
*
o *
‘0 *
., "
T"aagg amns®

0.3-031 0.31-0.32 0.32-0.33 0.33-0.34 0.34-0.35 0.35-0.36 0.36-0.37 0.37-0.38 0.38-0.39 0.39-04

Pucynok 3.14 — Pacnipenenenue 3HaueHUI 0CTaTOYHON HE(TEHACHIIIIEHHOCTH 110 KEPHY

CornacHo

rpaduKy pacrpenesieHusi, Hauboyiee 4YacTo BCTpEYaroIIuecs

3HA4YCHUA

Kod(¢uimeHTa O0cTaTouyHON HedTeHachlleHHOCTH Jexar B npeaenax ot 0.35-0.36. s

JATFHEHITNX PacyeToB MPUHUMaeM 3HaueHue, pasHoe 0.355.
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3.5.4 Pacyer u cpaBHeHHe 3HaYeHNH ¢a3oBbIx npoHunaemocreii no I'NMC ¢ taHHbIMHU

IJIAaCTOUCHBITATE el

Pacuer 3nHauenuii kpuBbIX (a3oBbix nponuraemocredt mo I'MC mns nmedtu m Boabl ObLI
nposeneH o ¢opmynam (3.19) u (3.20). PesynpTaThl pacdera mpeacTaBlIeHbl HA rpauueckoM
wianmiere, [Ipunoxkenue 1. Creayer OTMETHTH, YTO COIOCTABJICHUE 3HAYCHUN IMPOHHUIIAEMOCTH
BO3MOXXHO TOJILKO B TOM CIly4dae, €CJIM B XOJI€ HCIBITAaHUI ObUI TOJYYEeH YUCTHIN IUIaCTOBBIH
dmroun (HedTh WM muacroBas Boja). B cioyuae ¢ nByX(asHbIM MPUTOKOM HEOOXOIMM pacyeT
noasmxHocTd 1o ['MIC cornmacHo HMKEN3IOKEHHON METOTUKE, [T MTOCIIEIYIONIEr0 COMOCTABICHUS
C pe3yibTaTaMu HCIbITaHWH Tuiacta. [Ipumep comocraBieHus 3PPEKTHBHON MPOHUIIAEMOCTH IO
HE(TH TIPU TEKYIIEH BOJOHACHIIICHHOCTH CO 3HAYCHHUSMHU TPOHHUIIAEMOCTH, MOJYYCHHBIMHA B XOJI€
MIPOBEICHUS MPOIOIDKUATENLHBIX THAPOJMHAMUYECKUX HCCIIEJOBaHUH B ckBakuHe B1, mpencraBien
Ha pucyHke 3.15. Pe3ynabprarel COMOCTaBICHHS 3HAUCHHWHA MPOHHUIIAEMOCTH TI0 OCTAbHBIM

CKBa)XMHAM TIPEJICTaBJICHBI B Tadyuiie 3.9.

10000

1000

100

®dasosas nponuuaemocts no 'MC, mJ1

0.1

0.01
0.01 0.1 1 10 100 1000 10000

KO')(DQ)HLIHCHT NPOHHULIEACMOCTH MO JaHHBIM [JIACTOUCTIBITATENEH, Mﬂ

Pucynoxk 3.15 — ComnocraBieHue 3HaueHui pacueTHO# (pa30Boii MPOHUIIAEMOCTH 110 HE(PTH C

JIaHHBIMH IIJIACTOMCIBITaTeIeH B YMCTOM HC(I)TSIHOﬁ 30HC Ij1acTta
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Tabnuua 3.9.1 — Pe3ynbraThl cCOnocTaBieHus 3HAaUEHUI IPOHUIIAEMOCTH TI0 KEPHOBBIM CKBaKHHAM

CkBaxknHa Bl B2 B3 B4 B5 B6 B7 B8
IMapamerp R* | 0.890 | 0.851 | Her mammmixo | 0.709 | 0.674 | 0.689 | 0.673 | 0.644
IIPOHUIIAEMOCTHU
Tabnua 3.9.2 — Pe3ynbraThl CONOCTaBICHUS 3HAUEHUN MPOHUIIAEMOCTH 110 OCTATbHBIM
CKBOKUHAM
CkBaxxuHa B9 B10 B11 B12 B13 B14 B15
Iapamerp R’ Her Her Her Her 0.625 Her 0.635
JMaHHBIX | JAHHBIX | JaHHBIX | JaHHBIX JTAaHHBIX

Hcxons w3 aHanmmsa pe3ynbTaToOB COMOCTAaBJICHHS, ObUIO BBIIBJICHO, YTO HE BO BCEX
CKBO)KMHAX OBLIM MPEACTaBICHbl 3HAYECHUS MPOHUIIAEMOCTH IO JIaHHBIM IUIACTOHCIBITATENEH.
[ToaTOMY OBLIIO MPUHATO PEIICHUE O COTMOCTABICHUN 3HAYEHHUM MO IBUKHOCTH.

Jlst comocTaBiieHus paccuuTaHbl 3HaueHus: nojasuwxkHocTedt mo ['MC mis mocnemyromiero
CpPaBHEHMSI C JAHHBIMU TOJBHXKHOCTH, IOJYYEHHBIM M0 ompobOoBaHusM 1acta. CpaBHEHHe
0a3upoBaIOCh Ha CIEAYIOIMUX MPUHITUIAX:

1. B Toukax, rae Obuia mogydeHa TOJIBKO TUIacTOBast He(Th, MOJABHKHOCTh PACCUNTHIBATACH
ucxons w3 Gopmynsl i pacdera jgebuta s omaHou (Qaspl. Ilpu 3TOM Tpu cpaBHEHUH
MPUHUMAJIOCH YCJIOBHE, YTO BCE MapaMeTpbl ypaBHEHHUs (TONIIMHA IJIacTa, Mepemnaj JaBleHus,
IeOUT U T.]1I.) KpOME BSI3KOCTHU M POHUIIAEMOCTH OBLITH TTOCTOSTHHBIMH.

LK) TS,
ILIO ILlW

(3.21)

2. B Toukax c¢ I[ByX(l)aSHI)IM IMPUTOKOM pacyCT IMOABHIKXHOCTHU ITPOBOJMUJIICA COTJIACHO
YPaBHCHHUIO IJId MPUTOKA IBYX (1)8.3 B CKBAXXUHY 110 cneny}omeﬁ (I)OpMyJ'IC
oil water
i _ keff (Sw) n eff (Sw) ’
ﬂo :uw

(3.22)

rae A — 3HadyeHHe MOBHKHOCTH IIACTOBOTO (DIIFOMA, OTH €IHHHUIL;

Keit™ (Swc) — ha30Bas IPOHULIAEMOCTH 110 He(TH [IPH CBA3aHHOI Boje, ML

K" (So) — (ha3oBasi IPOHHUIIAEMOCTB 110 BOJE MPH OCTATOUHOMN He(TH, ML

Mo — BsI3KOCTh HeTH, CP;

Mw — BSI3KOCTB BOJIBI, CP.

3. Tak e ObUIM OIpedeNeHbl TEKyllde 3HAauyeHHs (PAKIHMOHAILHOTO MOTOKA IO

CJIEIYIOIIEMY BBIPAKEHUIO
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;Ifater (SW )

fo all .
"k (S,) ke (S,)
+
H, Hy

(3.23)

4. B X04€ MOArOTOBKH OAHHBIX K CPABHCHHUIO OBLIIO BBISIBJICHO, YTO KOJIMYCCTBO TOYCK, B
KOTOPBIX OBUIM MPOBEICHBI JUIMTEIbHBIC THAPOJMHAMIYECKHE rccieaoBanus (Mini-DST) u or6op
npo0 IMIacTOBBIX (PIFOUIOB, TOCTATOYHO HEOOJIBIIOE. B TO ke Bpems B Kax/10il CKBaXKWHE MMEIIOCh
nopsiaka 20-30 mpeaBapuTelbHBIX 3aMepoB 1uiactoBoro nasieHus (XPT), rae Ttakxke Obun
paccunTanbl 3HAYCHUA HOI[BI/I)KHOCTGP'I.

[TpuHuMas BO BHUMaHHE TOT (akT, YTO BO BpPeMs MPEIBAPUTEIBHBIX 3aMEpPOB Yallle BCETrO
oIpeneNseTcss 3HaueHWe MOJBMKHOCTU 1O (QHIbTpaTy OypOBOrO pacTBOpa BCICICTBHE MAaJIOTO
BPEMEHU HCITBITAHUS, MOKHO CKa3aTh, YTO 3HAYCHUE MOIBIYKHOCTH OYJIET 3aBBIIICHO.

C npyroii CTOPOHBI, 3TH JaHHBIC BCE K€ MOXKHO HCIIOJIb30BaTh, TaK KaK (UIbTPAIUsS KaK
OypOBOM JKMIKOCTH TaK M IUIACTOBOTrO (irowaa WAET MO OJHUM M TEM JKe€ IopaMm IulacTa-
KoiuiekTopa. Jlyis cpaBHEeHUsT ObLI TOAOOpaH COOTBETCTBYIOLIME KO3 UIMEHT MepeBoja,
3aBUCAIIMKA OT BSA3KOCTH (QWiIbTpyemMoro (irouaa, KOTOPBIA IMOMOT HACTPOUTh JaHHBIC
npeaBapuUTCIIbHBIX 3aMCpOB Ha PE3YJIbTAThI IPpOAOJIKUTCIIbHBIX TUAPOAVMHAMHUYCCKUX
uccienoBanuii. Benumunna nannoro koddduimenTta B cpeiHeM cocTaBmiia 6.5-7.

Pe3ynbTarhl comocTaBieHUs YTOYHEHHBIX 3HAYEHHWH TMOABMKHOCTH IO TPEIBAPUTEIHLHBIM
TeCTaM C JaHHBIMU TMPOJOJDKUTENBHBIX TUAPOAMHAMUUYECKUX HCCIEIOBAaHUM A CKBaXHHBI Bl
npuBeJeHBl Ha pucyHKe 3.16. PesympTarthl comocTaBiieHHs] 3HAYSHWH MPOHHUIIAEMOCTH II0

OCTaJIbHBIM CKBa)KMHaM MpecTaBieHbl B Tabnuie 3.10.

10000

R?=0.617

1000

100

[MomsmxnocTs o 'MC, m/l/cIl
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0.1
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0.01 0.1 1 10 100 1000 10000

IMToaABHAKHOCTD 10 MpeABapUTENbHBIM HenbITaHuaM, MJ1/cIT

Pucynok 3.16 — Pe3ynbTaThl conoctaBieHus 3HadeHuil noasukHoctu no ['MC u

IIPEJBAPUTEIIbHBIM UCTIBITAHUAM
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Ta6muua 3.10.1 — Pe3ynbTaThl CONOCTaBICHHS 3HAYCHNUHN TIOJBI)KHOCTH 110 KEPHOBBIM CKBaKHHAM

CkBaxuHa Bl B2 B3 B4 B5 B6 B7 B8
[Tapamerp R’ | 0.617 | 0.583 0.622 0.618 0.664 0.619 0.557 0.552
(TTo maHHBIM
IIIyOMHHBIX
UCCJICIOBAHHIA)

Ta6mmma 3.10.2 — Pe3ynbTarhl CONMOCTaBICHUS 3HAYCHUH MPOHUIIAEMOCTH TI0 OCTaTbHBIM

CKBa)XMHAM
CkBaxnHa B9 B10 B11 B12 B13 | B14 | B15
[Tapamerp 0.565 0.524 0.590 0.540 0.597 | 0.573 | 0.602
R2 (ITo nanHBIM (ITo nanHBIM (ITo manHBIM
TIIyOMHHBIX rITyOMHHBIX [ITyOMHHBIX
MCCIIEI0BAHMHN ) VICCIIEIOBAHUH) | MCCen0BaHMiA)

PaccunTanHbsle BEIUYHHBI (bpaKHHOHaHbHOFO IIOTOKa B ILCJIIOM COBIIAJIM CO 3HAYCHHAMHU

O6BO,I[H€HHOCTI/I, HOJ'Iy‘IGHHOfI 110 AJaHHBIM HCIIBITAaHHH. HpHMep CpaBHCHUA IPCACTABIICH JIA

ckBaxuubl B1 B Tabmure 3.11.

Tabnuma 3.11 — CpaBHeHUE TaHHBIX IO 0OBOJHEHHOCTH ISl CKBaXHHBI Bl

PpakiMOHaIbHbBIN OOBOIHEHHOCTH 110
notok o I'"C, MDT, Tun gmronna 'NC Tun gmronna MDT
JIOJIY €INHULL JIOJIV €IMHNLL
0.00 0.00 HedTs Heds
0.00 0.00 Hedtp Heds
0.03 0.00 Hedtp HedTs
0.00 0.00 Heds Heds
0.00 0.00 Heds HedTs
1.00 1.00 HB3 Bona (Bo3MokHO ¢
¢buIbTpaTom)

CormacHo MOJIYYCHHBIM PE3YyJIbTaTaM, KOPPCIOUI0 MCKAY MOJYUCHHBIMU IMapaMCTpaMH

MOXHO Ha3BaTh JOCTAaTOYHO HEIJIOXOM, YTO TIOATBEPXIACT MPUMEHUMOCTh pa3pabOoTaHHOU

METOJIUKHU TOJy4eHHs] 3HaueHUH S((EeKTUBHONW NPOHHUIIAEMOCTH MO JAHHBIM Teo(U3NUYEeCKUX

HUCCJIENOBAHNI CKBAKWH.
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3.6 ®akTopkbl, BJAMAOIINE HA Pe3yJbTAaThl IPUMEHEHUsS MeTOIMKHU

B xozae npuMeHeHusI MeTOAMKH OB BBISBJIEHBI CIIEAYIOLINE BIAUSIOMUE (GaKTOPHI:

1. KosmgectBO mneTpopu3NUECKUX [TaHHBIX B BOCBMH KEPHOBBIX CKBKMHAX OBLIO
noctatoyHbiM. Ho Takke MMenHuch CKBaXHHBI 0e3 KepHa B KOJIMYECTBE CEMHU INTYK. B Takmx
CKBaXMHaxX OBUIO HEBO3MOXHO IIPOBECTM CpPaBHEHME IIOJYYEHHBIX 3HAuYe€HUIl aOCOIIOTHOM
nponunaemoctd 1o I'MC ¢ KepHOBBIMM [JaHHBIMH, 4YTO BBUAY CJIOXKHOI'O TI€0JIOIMYECKOro M
TEKTOHUYECKOTO CTPOEHHUS MECTOPOKICHUS MOKET MPUBECTH K OIPENEICHHOW [0jie OMIMOKU B
XO0JIe pacyeToB 1o onpeeneHuto dddextuBHol mponuraemoctu o ['MC.

Jlnis peleHus JaHHOM Mpo0OJieMbl IpeylaraeTcsi MpoBeIeHHEe A1epPHO-MAarHUTHOTO KapoTaxa
C ero mociuenyroleil KaauOpoBKOM Ha JaHHble KepHa. JlaHHas Mmpoueaypa MOMOXKET IMOJyYUTh
HETpepbIBHBIE 3HA4YEHUS a0CONIOTHOW mpoHUIaeMoctu. HemanoBaxen TtoT ¢akr, uto SAMP-
KapoTa)X MO3BOJISIET TOYHO OTIEJIUTH CBA3aHHYIO BOJAY, KOTOpas B OCHOBHOM KOHTPOJUPYETCS
[JIMHUACTOCTBIO IUIACTa-KOJUIEKTOpa. B cilydae monydeHus aJeKBaTHBIX 3HAUYEHUN IIPOHULAEMOCTH
no SIMP, ee Mo>xHO OyJeT yCHELIHO CpaBHUBATh C PacyETHOM aOCOIIOTHOM NMPOHUIIAEMOCTBIO I10
I'"IC ¢ yueTom riIMHHUCTOCTH.

2. KonmuecTBO M KauecTBO JAHHBIX IO MPOHHUIIAEMOCTH W TMOJIBWKHOCTH IO JaHHBIM
WCIBITAHUM IUIACTAa TaK K€ MOXET CYIIECTBEHHO BIMITH Ha pPE3yJbTaThl pacueTa Ha dTame
comnocrtapieHus 3HaueHui ['MC-mactoucneiTarenu. B xoze or6opa mpo0 B 3aBUCHUMOCTH OT
neTpou3NYECKUX CBONWCTB IIacTa-KOJIEKTOpa (OPUCTOCTh, MPOHUIIAEMOCTh, IITMHUCTOCTD U T.1.)
U TMapaMeTpoB IUiacToBOro (Quirouaa (Hampumep, THN (QIIIOMAa, €ro BS3KOCTh) 3HAUYCHUN
NPOHMIIAEMOCTH U MOJBMKHOCTH MOXKET BapbHpoBaThes. Tak, HampuMep, Mpu 0TOOpE BOJBI MU
ra3a B CKBOXMHAX MECTOpOXJeHHs b Habmojanoch yBelnudeHHe MOJBHKHOCTH IO CPABHEHUIO C
TOYKaMH, rjie Oblsia 0ToOpaHa ractoBas HeTh. JlaHHBIN 3P PeKT MokeT ObITh O0OBSCHEH B IEPBOM
Cllydae HM3KOM BS3KOCTBIO Ta3a, KOTOPBIM OyAeT QUIbTpoBaThCsl Tropa3io ObICTpee YeM
BBICOKOBSI3Kasi HETh; BO BTOPOM CITy4yae MOBBIIICHHbIE 3HAYCHHUS TIOJIBHXKHOCTH MOXHO OOBSICHUTD
rUIPOUIBHOCTBIO MJIacTa KOJJIEKTOPA, B KOTOPOM 3€pHa MOPO/IbI JIerye CMaylBarOTCs BOAOH, UeM
MJIaCTOBOM HE(PTHIO.

3. U3MmeHeHHne BENWYMHBI OCTaTOYHOM He(TEeHACHIIEHHOCTH U creneHeidl ¢yHkimil Kopu
TaKk K€ MOKET BIHUATh Ha MOJy4YeHHbIe pe3ynabTaThl 3ddexTuBHONM nponunaemoctu no ['MC. B
JAHHOM Cllyyae HEeoO0XOJMMO TPOBOAMTH AHAINW3 YYBCTBUTENBHOCTH JUIs 0Oojiee TOYHOTO

orpeneneHus 3HaueHui > pextuBHoi nponunaemoctu no ['MC.
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4 ®PUHAHCOBBIA MEHEI)KMEHT, PECYPCOY®®EKTUBHOCTH U
PECYPCOCBEPEXEHHUE

4.1 O01mme cBeaeHus

IIpumeHeHue pa3pabOTaHHOM B MPOEKTE METOAMKH IOJYyYEHHsS KPUBBIX HENPEPBIBHOM
IPOHHUIIAEMOCTH IO JAHHBIM TeO(PHU3UYECKUX MCCIEJOBAHUN CcHOcOOCTBYeT 0osee TOYHOMY
MOCJEAYIOMEMY TPOTHO3Y (HUIBTpAMM IUIACTOBBIX (MIIOMIOB, TaK Kak pa3paboTaHHBbIE
3aBHCUMOCTH M aJITOPUTMBI OYAYT HCIIOJIB30BaThCS B XOJI€ TOCIEAYIOUIETO THIPOANHAMHYECKOTO
MojenupoBaHus.  JlaHHas ~ MeToAMKAa  TO3BOJIUT  IMPOBOAUTH  IpoLEecC  aJanTaluu
THJIPOAMHAMUYECKON MOJIEJIN MECTOPOXK/ICHUS Ha JIaHHBIE UCIBITAHUM JINOO UCTOPUIO pa3pabOTKU
Oonee koppekTHO. B pesynbrare Oyner moiydeH yTOYHEHHBIH IPOrHO3 OCHOBHBIX I[1apaMETPOB
JOOBIYH IO MECTOPOXKJICHHUIO TAKUX KaK:

— NeOUT KUIKOCTH U HEPTH;

— HaKOIUIEHHAas A00bIYa;

— JIMHAMUKa U3MEHEHUs IIACTOBOrO JIaBJICHMUS;

— 0OBOJIHEHHOCTbD U T.JI.

Tak ’xe HCIOJIb30BaHUE MMOJYYEHHBIX 3aBUCUMOCTEH B MOJENM IMO3BOJIUT 00jiee TOYHO
CIPOTHO3MPOBATH PACIIOIIOKEHUE JO0OBIBAIOIINX M HAarHeTaTelIbHBIX CKBa)XHWH, BO3MOXKHO OyjeT
YTOYHUTh HEOOXOJIMMOCTh YIJIOTHSIOIIErO0 OYpeHMs, TaKKe BO3MOXEH 0oJjiee TOYHBINA MPOTHO3
3¢ (HEeKTUBHOCTH 3aBOIHEHUS U MPOPHIBA BOJIbI B CKBAKHUHBI.

Ha ceronnsmHuii 1eHb BO3MOXKHOCTh peaIn3aluu J000H METOTUKU 3aBUCUT HE TOJIBKO OT
€ro TEXHUUYECKON COCTaBIISAIONIEH, HO M OT 9KOHOMUYECKOH 3(ppeKTUBHOCTH U MPUBJIEKATEIBHOCTH,
KOTOpBIE MOTYT OBIThH ITOJIYYEHBI B X0/I€ €r0 peaan3aluy Ha MPEeANPUSTHH.

L]env dannoii 2nasvl — oueHKa pa3paboTaHHOMN IS MECTOPOXKJIeHUSI b MeToauKu noyyeHus
KPHUBBIX 3()(h)EeKTUBHBIX MPOHUIIAEMOCTEN C SIKOHOMUYECKOH U pecypco3((PeKTUBHOM TOUKU 3pEHHUS.
OreHKa SKOHOMHYECKOTO acleKTa pa3paboTaHHONH METOAMKH MTO3BOJUT ONTUMAIbHO PaclpeIeInTh

PECYPCHI M TPY/I03aTPaThl, HEOOXOIMMBIE /IS €€ BHEIPEHHUS Ha TEPPUTOPUH KOMIIAHUH 3aKa3urKa.

4.2 TInanupoBaHHe dTANOB U PadOT MO BHINOJHEHHI0 MATHCTEPCKOM IMccepTaliNu

JUnist BHITIOJTHEHUST HAyYHBIX MCcieloBaHui Oblia copMupoBaHa paboyas rpymma, B COCTaB
KOTOPOH BXOAST HayuyHbIH PYKOBOJHUTEIb M CTYACHT-MAarucTpaHt. [I1aH BBINOJHEHHBIX PabOT

npeacTaBieH B Tabmuie 4.1.
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Tabnuna 4.1 — [1naH BEIMOTHEHHBIX PaboT

OTtan Jlata 3agaun HeobOxoaumeie JlomKHOCTD
WHPOPMALUOHHBIE U WCTIONTHUTENS
KOMITBIOTEPHBIE PECYPCHI
1 27.06.2017 | BeiOop HamparieHus SPE cratbw, PykoBonuTens,
HCCIIEA0BAHMS Kypnanst BAK, CTYJICHT
bubnumoreka u ceth
HHTEpPHET
2 27.06- AHanu3 BEIOpaHHOM TEMBI, SPE craTbn, CryneHt
03.07.2017 | nmouck unpopMaIu, Kypuanst BAK,
TEOPETUYCCKUN 0030D Jocryn B OMOAMOTEKY U
CEeTh MHTEPHET
3 3.07.2017 | Cocrasnenue u yrBepxaeane | MS Office PykoBoauTesb
TEXHUYECKOTO 3aJaHusl.
4 03.07 - Hamnucanue nurepaTypHOTO SPE crathbw, Crynent
10.07.2017 | o630pa u TeOpEeTHYECKOH Kypnamnst BAK,
YaCTH MarucTepCKon Hocrymn B O0OIHOTEKY 1
JccepTaliu CEeTh UHTEPHET
MS Office
5 10.07- AHanu3 reoIoTHIeCcKOTro Wudopmarus oT koMmanun CryneHt
17.07.2017 | crpoenus mectopoxkaeHust b u | cnoHcopa
WCXOJIHBIX JaHHBIX IO
CKBaKMHAM
6 17.07- AHaIN3 UCXOIHBIX JaHHBIX: Wudopmarnus ot koMmanun Cryaent
19.07.2017 | KepHoBas 6a3a, CIIOHCOpAa
Crannaptasiii komiieke ['TIC
aHHbIE 11O
IUIACTOUCTIBITATEISIM
Hanncanue reosornyeckoi
YacTH JIMCCEPTAILIUH
7 19.07- Ilepennrepnperanus ganHbix | Madopmanus ot koMnanun CryneHt
01.08.2017 | TUC, pa3paboTka METOAUK CIIOHCOpA.
pacuera 3HAUYCHHH TechLog 2012.1
addekrusnoii mponunaemoct | Schlumberger, MS Office
no ['MC, armpoGartust
METO/MKH.
8 02.08.2017 | IlepBas npea3amiura. MS Office PykoBoautens
O06cykaeHue pe3yIbTaToB CryneHt
9 03.08- CpaBHEHHE pacueTHBIX Wndopmanus oT KOMIaHUU
13.08.2017 | naHHBIX ¢ pe3yabTaTaMH CIIOHCOpA.
WHTEPIPETAlNU TaHHBIX TechLog 2012.1
WCIIBITAHUH TUIACTA. Schlumberger, MS Office
10 14.08- Hanucanue otuera Wndopmanus oT KOMIaHUU
18.08.2017 CITOHCOpA.
TechLog 2012.1
Schlumberger, MS Office
11 19.08- O06cy>xaeHne MoMyYeHHBIX MS Office PykoBoautens,
22.08.2017 | pesynbraToB Hamucanue CTYIEHT

OTYEeTa, MOATOTOBKA
MPE3CHTALMHU K 3aIllUTe
JIACCePTAITIH
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4.3 PacyeT TPy/10€MKOCTH BBINOJIHEHUSI MATHCTEPCKOI THcCePTALHT

TpynoBbie 3aTpaThl NPEACTaBISAIOT COOOM 3aTpaThl, KOTOPbIE HEMOCPEICTBEHHO CBSI3aHBI C
BBIIIOJIHEHUEM HCIIONHHUTENEeM paboT. [[ns pacdera TpyHOBBIX 3aTpaT HEOOXOAWMA OIICHKa
BPEMEHHU, KOTOPOE KaXK/IbIil UICIIOJIHUTEIb TPATUT HA BHITTOJIHEHUE TTOCTABJICHHBIX 337124

Tpynoemkocts Beinonnenus HUP onennBaercs skcriepTHHIM yTeM B 4eJIOBEKO-AHIX (4edl.-
TH.) W 3aBUCUT OT MHOXecTBa ¢akTtopoB. OxugaemMoe 3Ha4YeHHE TPYJOEMKOCTH padoT

PacCUUThIBACTCA COTJIACHO

3tmini + 2tmaxi
{y = =P (4.1)
rac toalci — 0K gacMast TpyAOCMKOCTb BBIITOJIHCHUA 1-0i pa6OTBI, 4qCJl.-1H.,

tmini — MEHIMAJTbHO BO3MOYKHASI TPYJOEMKOCTh BBITIOJTHEHHSI 33/ IaHHOH 1-0i pa0oTHI,

qeJl.-JH.;

tmaxik — MAaKCHMaJbHO BO3MOXKHAs TPYJOEMKOCTb BBIIOJHEHHS 3aJaHHOU i-0i pPabOTHI
(meccuMHCTUYECKass OIICHKA: B TPEANOJIOKEHHH HauOojee HEONaronpusITHOTO CTEYCHHUS
00CTOSITENILCTB), YEJI.~/IH.

Ucxonst w3 oxugaeMoil TpPyIOEMKOCTH pabOT, PacCUUTHIBACTCS MPOJAOHKUTEIBHOCTD

BBITIOJTHCHHU A KaXXKa0I'0 3aJaHus B pa60‘II/IX JHAX Tp KaK

tomci
T, = (4.2)
pi ’ .
9;
rje Tpi — IPOIOIKUTENBHOCT OJHON paboThI, pad. IH.;

tooci — OKH@aEMas TPYIOEMKOCTh BBITIOTHEHUS OJTHOM paboThI, Yem.-1H.;

Y; — YUCIIEHHOCTh UCTIOMHUTENEH, BHIOTHSIONINX OJHOBPEMEHHO OJIHY U TY K€ paboTy Ha
JIAaHHOM JTare, 4ell.

OreHka BpEeMEHHW BBIMIOJHEHUS pabdoT HeoOXoauma JJisi OOOCHOBAaHHOTO —pacyeTa
3apaboTHOM TuIaThl. Pe3ynbTaThl pacdyeToB TPYMOEMKOCTH U MPOAOIKUTEIHLHOCTH pPaboThI

MpUBEICHHI B Ta0nuie 4.2.

Tabmuna 4.2 — BpemenHble 3aTpatsl Ha npoBenerne HIP

T,, Tk,
Sran tmin;[;'eﬂ.- tmax::I Izen.- to,,,c,ﬂ Ijeﬂ.- Wcnonaurenn pa6. aH. S
(P./11.) B
1 1 3 1.8 P, C. 0.9 1
2 7 14 9.8 C. 9.8 10
3 1 2 1.4 P. 14 2
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[Tponomxenue TadbmUIb! 4.2

4 7 9 7.8 C. 7.8 8
5 7 1.4 C. 7.4 8
6 2 4 2.8 C. 2.8 3
7 14 22 17.2 C. 17.2 18
8 1 2 1.4 C. 14 2
9 10 15 12 C. 12 12
10 4 5.2 P., C. 2.6
11 3 4 24 C. 24

CyMmapHo: 69.2 2.3/65.7 70

4.4 IlnanoBas cedbecroumocTu nposeaenuss HUP

Pacuer 3arpar nHa BeImonHenue HUP mnpowmsBomurcs myrem omnpeneneHus 3arpar Io
OTJICJIHBIM CTAThsIM BCEX BUI0B HEOOXOIUMBIX PECYPCOB. DTO OCHOBHOW JOKYMEHT, HA OCHOBaHUHU
KOTOPOTr'0 OCYLIECTBIIAECTCS IUIAHUPOBAHKE U yUET 3aTpaT Ha HAYYHBIE UCCIIETOBaHUS.

belny npoaHanu3upoBaHbl CIEAYIOLIUE CTaThU 3aTparT:

— 3aTpaThl Ha PacXo/IHble MaTepHalbl (Oymara, CKpenku u T.11.);

— orulaTa TpyAa pabOoTHUKOB, yuacTBytouux B HUP;

— chenuanbHas TEXHUKa Ui Hay4HbIX M HCCIIEIOBaTENbCKUX paboT, B TOM YHUCIE
CTOUMOCTb NPUOOPETEHNS JTULIEH3UI Ha IPOTrpaMMHOE 00EeCIIeueHue;

— HAKJIAJ{HbIE PACXO/IbI.

CroumMocTh MaTepuasioB (pOpPMUPYETCS MCXOJS M3 IIEHbl MX NMPUOOPETEHHE U CTOUMOCTH
TPaHCIIOPTUPOBKH, OCYILECTBIIIEMYIO CTOPOHHUMH OpraHU3alUsIMHU.

Pacuer MaTepuanbHBIX 3aTpaT OCYIIECTBISETCS 1O cienyomen Gopmye

CM = (1 + kT) ) Zﬁl ]-li ) Npacxii (43)
rre M — KOJMYECTBO BHJIOB MaTEepHAlbHBIX PECYpCOB, MOTPEOJIIEMBIX MpPU BBITOJHEHUU
Hay4HOI'O UCCIIEA0BAHUS;

Npacxi — KOTHYECTBO MAaTEPHANIBHBIX PECYPCOB 1-TO BUJA, MTIAHUPYEMBIX K HCIOJIB30BAHUIO
TIPH BBITIONTHEHNH HAyqHOTO HCCIIENOBAHMS (IIT., KT, M, M° 1 T.1L.);

Il — ueHa mpuoOpeTeHHs EAWHUIIBI 1-TO BUAA MOTPEOJIIEMBIX MaTepHAbHBIX PECYPCOB
(py6./1rt., py6./KT, py6./™M, py6./M* 1 T.11.);

kt— k03 pUIHEHT, yIUTHIBAIOIINI TPAHCIIOPTHO-3arOTOBUTEIILHBIC PACXOJIbI.
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TpancnopTHbIE pacxosl IpUHUMAarOTCs B npeaenax 15-25% ot croumoctu matepuanos. B
paMKax BBINOJHEHUs] MarucTepckoi muccepranuu npumeM K=0.15. Kanpkymsnus pacxogoB Ha

MaTepHuabl IpuBeaeHa B Tadsmie 4.3.

Tabmuua 4.3 — MaTepuaibHbIe 3aTpaThl

HaumenoBanue Mapka, pazmep Konnuectno, Ilena 3a CymmMma, pyo.
IIT./yTaK. eAUHULLY, pYO.
JInnensus va I10 | TechLog 2012.1 SLB 1 0 (YucOnas) 0
Kanuensipckue | bymara mis npunrepa, 1 1000 1000
TOBapbI ¢dopmat A4, 500 .,

CKpernky KaHLEIsIpCKue
50 wrT., pyyku 2 mWrT.,
KapaHjamu 2 IiT.,
JacTUK lIIT., HOX

KaHLEIApCKUi 11T,

KoppekTop 11iT.

Hroro o craree Cy 1000

Omnutara Tpyzaa paOOTHUKOB, 3aHATHIX BeinonHeHneM HUP BkirouaeT ocHOBHYIO 3apabOTHYIO

IUIaTy U JOTOJIHUTENIbHYIO 3apa0oTHYIO TuIaty. Tak

C3n = 3ocn + 3()0}1' (44)
rae 3 ocn — OCHOBHas 3apaboTHas IJIaTa;
30n — JAOTIOTHUTENIbHAS 3apab0THAas TJ1aTa.
OcHoBHast 3apaboTHas 11aTa pabOTHHKA OLIEHUBAETCS KaK
3OCH = 3()11 ’ Tpa6v (45)

rae  3ocy — OCHOBHAS 3apabOTHAs IJiaTa OJTHOTO PaOOTHHUKA,;

Tpas — TPOOIDKUTENBHOCTE PAaOOT, BBIIOIHAEMBIX HAYYHO-TEXHHUYECKUM PaOOTHUKOM,
pab. mH. cornacHo Tadmuie 4.2;

3m— CpeAaHeqHeBHas 3apaboTHas miaTa pabOTHUKA, PYO.

CpennenneBHas 3apaboTHas IU1aTa paBHa
3o =", (4.6)

rae 3y — MECSYHBIN JOKHOCTHOM OKJIaj] pabOTHHKA, PYO.;
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M — KOJHMYECTBO MecsLEeB pabOThl 6€3 OTITyCKa B TE€YECHHUE roJia
F, — meficTBUTENBHBIN roJ0BOM (oHI pabodyero BpeMEeHH HayYHO-TEXHUYECKOTO MepCoHaIa
(B paboumx THSX).

MecsA4HbIN TOKHOCTHON OKIJIaJ PyKOBOJUTEIS

3 pye. = 3me X Kp, 4.7)

rie 3, —3apaboTHas 1uiata o tapudHoi craBke, pyo.;
CoriacHO OTpacieBOil CUCTEME OIUIaThl TPyJa OCHOBHAs 3apabOTHas IUiaTta pPyKOBOJUTEIS

cocrasisiet 40000,00 py6 B mecs.
3 = (40000,00) x 1.3 =52000,00 (py6.)

M pYK.
B xozme o0ydeHHs CTyAEHT-MarucTp MojiydaeT eXeMeCSuHyI CTHIEeHAUI0 B pazmepe 1760
pyo0. ¢ ydeTom paitoHHOTr0o K03 punnenTa, mpuHATOrO st TOMCKO# 0011acTH.
CpenHenHeBHas 3apIuiaTa pyKOBOJIUTEINS U CTYI€HTa COOTBETCTBEHHO PaBHBI:

52000,00 x 10.4
30pr1<. = 251

~ 2154.6 (py®6.),

3 _ 1760,00 x 10.4
OH Oun. — 251

~ 72,92(py6.).

3apaboTHas mjaaTa pyKOBOJAUTENS U CTYJEHTa 3a BpeMsl paboThl HajJ AUILUIOMHON paboToi
COCTaBJISIET COOTBETCTBEHHO:

Zpenpye. = 1615,9 X 6,4 ~ 10341,76 (py6.),
30 oun. = 269,3 X 90 ~ 24237,00 (py6.).

Benuunna otuncneHuit Bo BHEOIOKETHBIE (DOHIBI OMpPEAENAeTCS UCXOMAS U3 CIEIYIOIIeH

bopMybL:
3ones = 3oen X Kpieos (4.8)
I€ K gues — KOI(DUIMEHT oTUMCICHMH Ha ymiaary Bo BHeOwJkeTHble ¢onasl (Ha 2017 r.
paBHbIid 30%).
Tabnuma 4.4 — 3apabotnas nnara ucnonuuteneid HUP 3a mecsin
3apaboTHas 11arta, pyo. PykoBoauTens Craxep
OcHoBHas 3apruiaTa 52000,00 1760
BHeOHOKETHBIE OTYHUCIIEHUS 15600,00 528,00
Hroro 1o cratee Cy7 (BImoUast Cyep) 16128,00
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CTouT OTMETUTH, YTO OCHOBHBIE PAaOOTHI NMPH HANMHUCAHUM MarucCTepPCKOW IuccepTaluu
IIPOBOAMIIMCH 32 IEPCOHAILHBIM KOMIIbIOTEpOM. Bpemsi, mpoBenenHoe 3a paboueit cranuueii: 1000
yacoB. MoutHocTh paboueii crannuu paBaa 0.270 kBT.
3arpathl Ha 3JEKTPOIHEPTHIO PACCUUTHIBAIOTCS 110 (popmyie

C,, =1L, X Fyx P=45x1000 X 0.270 = 1215,00 (py6.), (4.9)
rae [, —Ttapud Ha NPOMBINIEHHYIO 3IEKTPOSHEPIHUio (4,5py0. 3a 1 kBT v);

F s — Bpems ucnonb3oBaHus 000pyJ0BaHMUS, U.;

P — moutHOCTh 000OpyAOBaHUs, KBT.

5 COHUAJIBHASA OTBETCTBEHHOCTD

B Xxone HamucaHus MarucTepcKo JuccepTalud  MCIOJb30BAIMCh IE€PCOHANIBHBIE U
MOPTaTUBHBIE KOMITbIOTEpHl. PaboTa BBIMONHANACH CHAS, TpU  HEOOIBIIOM (HU3NIECKOM
HanpsbkeHnu. Pabodee MeCTO MpencTaBisil COOOW KOMIBIOTEPHBIH CTOJ C MEPCOHAIBHBIM
KOMITBIOTEPOM, CJIeI0BATEIbHO, MOKHO BBIICIUTh CIEAYIOIUX (hruznyeckue (HakTopsbl, BIUAIOLIMX
Ha 3/J0pPOBBE YEJIOBEKA: JJINTEIBHOE HEU3MEHHOE MTOJIOKEHHE TeJa, HAIIPSDKEHUE TU1a3, BO3/IEHCTBUE
AJIEKTPOMAarHUTHBIX MOJIEH.

[lepen HauanoMm pa®oT ObUT MPOBENEH BBOJHBIM MHCTPYKTaX MO IpaBHJIaM IOJb30BaHUS
anmnaparypoii, moBeIeH!s B Ype3BbIYAHBIX CUTYalUAX, MHCTPYKTaXX Ha pabouem mecte. OnacHbIM
IPOM3BOJICTBEHHBIM (akTopoM coryacHo cT. 209 TpynoBoro Kogekca P® HazbiBaercs
IIPOU3BOJICTBEHHBIN (PAKTOP, BO3AEHCTBUE KOTOPOTO HAa pabOTHHKA MOXKET MIPUBECTH K €r0 TpaBMe.
BpennsiM — Ipon3BOICTBEHHBIN (akTOp, BO3AEHCTBIE KOTOPOTO Ha paOOTHUKA MOYKET MPUBECTH K
ero 3aboneBaHuio. OmacHele M BpeJHbIE NPOU3BOJCTBEHHBIE (AKTOPHI KJIACCH(PHUIHUPOBAHBI B
I'OCT 12.0.003-74.

YpOBHU BO3JEMCTBHS OMACHBIX U BPEIHBIX MPOU3BOACTBEHHBIX ()aKTOPOB Ha pabOTaroIINX
HOPMHUPOBAHbI MPEAENIbHO-TOMYCTUMBIMA  YPOBHSIMH, 3HAYE€HHUS KOTOPBIX YCTAHOBJIEHBI B
COOTBETCTBYIOIIIMX CTaHAapTax O€30MacHOCTH TpyAa M CAHUTAPHO-TUTMEHWYECKUX IpaBHIIaX.
3ammTa OT HHUX 00eCHeunMBaeTcs CHIDKEHHMEM HUX YPOBHS B MCTOYHUKE M NPUMEHEHHEM
NpoUIAKTHYECKMX U TMPEAOXPaHUTENbHBIX Mep. Bo3MoxkHBIE omacHble W BpeaHbIe (HaKTOPHI

npeJicTaBiIeHbl B Tadnuie 5.1
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Tabmuua 5.1 — OnacHble U BpeHble (GaKTOPHI MPU BHIIOJHEHUN HCCIEIOBAHUS

Hcrounnk dakropsl (mo 'OCT 12.0.003-74)
dbakropa,
HopMaTtuBHBIE TOKyMEHTHI
HAaUMEHOBAHHE Bpennbie OnacHble
BHJIOB paboT

Pabora 3a 1. Henocrarounas Onekrpuueckuit | 1. CI152.13330.2011
IIEPCOHAIBHBIM OCBEIIEHHOCTH pabouell | TOK Cson nipaBui. EctectBeHHOE U
KOMIIBIOTEPOM. 30HBI: OTCYTCTBUE WU HCKYCCTBEHHOE OCBEIIICHUE.

HEIOCTATOK
€CTECTBEHHOI'O CBETA;

2. I1oBBIIEHHBIN
YPOBEHB IIIyMa;

3. I1oBBIIIEHHBIH
YpOBEHB
AEKTPOMArHUTHBIX
M3JIy4CHU;

4. IloBbllieHHAS UITA
MMOHMKEHHAs BIaKHOCTH

BO3/yXa

2. CanlluH 2.2.2/2.4.1340
— 03. CanurapHo-
AIUAEMUOJIOTMYECKHE TIPaBUIIa
1 HopMaTHBBI «I UrneHnyeckue
TpeOOBaHUS K MEPCOHAIBHBIM
3JIEKTPOHHO-BBIYMCIUTEIbHBIM
MalIMHAM U OpraHU3alUH
paboThHI».

3. CH 2.2.4/2.1.8.562 —
96. lllym Ha pabouux mMecTax, B
MTOMEILEHUAX JKUIIBIX,
OOLIECTBEHHBIX 3/1aHUI U Ha
TEPPUTOPUU 3aCTPOUKHU.

4. I'OCT 12.1.038-82
CCBT. DnekTpobe301acHOCTb.
[IpenenbHO 1OMYyCTUMBIE
YPOBHHM HANPSKEHUN
IIPUKOCHOBEHUS U TOKOB.

5. CanlluH 2.2.4.548 —
96. I'urnennueckue
TpeOOBaHUS K MUKPOKIIUMATY
IIPOU3BOJICTBEHHBIX

HOMEIIEHUN.
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1. Bpenusie GpakTopbl

OtpunarenbHoe BIMSHUE KOMIIBIOTEpAa Ha UEJIOBEKa SBISETCA KOMILJIEKCHBIM, BO BpeMs
paboThl 3a KOMIIBIOTEPOM Ha OpraHU3M BIIMSAET LENbIM psJi HEraTMBHBIX (U3UYECKUX U
MICHXOJIOTHYECKUX (hakTOpoB. PU3NUECKUMH (PAKTOpaMH SBIISIOTCS:

- HOBBIIIEHHAS ITyJIbCALUs CBETOBOI'O MTOTOKA;

- HIMPOKUHA CIEKTP W3IY4YEHHs OT JUCIUIes,, KOTOPbIM BKIIOYAET PEHTTCHOBCKYIO,
yIBTPapUOIETOBYIO U HHPPAKPACHYIO 00JIACTH;

- HOBBIIIEHHBI YPOBEHb AJIEKTPOMArHUTHBIX HW3JIYYEHUH PA3JIMYHBIX YacTOT OT
MOHMTOPA U CUCTEMHOTI'O OJIOKA;

- 3arpsi3HEHUE BO3/yXa IMbUIBIO;

- HOBBIIIEHHBIN YPOBEHb LIIyMa Ha paboyeM MecCTe;

- BO3HMKHOBEHHE Ha OHKpaHE MOHHUTOpA CTAaTHYECKUX 3apsiOB, 3acCTaBIISAIOIINX
YaCTUYKHU MbUIM JBUTAThCS K ONMpKalIeMy 3a3eMJIIEHHOMY IPEAMETY, KOTOPBIM OKa3bIBAETCS JIULO
TI0JIb30BATEIIS;

- OIaCHBIN YPOBEHb HAPSKEHUS B 3JICKTPUUYECKOHN LIEMH, 3aMbIKaHHE KOTOPOH MOKET
IIPOU30MTH YEPE3 TEJIO YEIOBEKA;

- ONacHOCTh BO3HMKHOBEHUS TOapa [2].

Takum oOpazom, BiMsIOmIME Ha pabOTOCIOCOOHOCTH BpeAHbIE (DAKTOPHI JOKHBI OBITH
ofpesielieHbl HOPMATUBHBIMU TIPABOBBIMHU aKTaMH B O0JIACTH CAHUTAPHO-3IHIEMHOJIOIMYECKOTO
KOHTPOJISI 1 CKOMIIEHCUPOBaHbI PallMOHATIBbHOM opranu3anueit pabodero Mecta. s 3TOro 10JIKHbI
OBITh PACCMOTPEHBI TOHSATHS MHKPOKJIMMAaTa, OCBEIIEHHOCTH pabdo4yero Mecra, ypOBHS IIyMa,
0COOEHHOCTEH IMEKTPUIECKOTO HANIPSHKEHHS B CETH, YPOBHS HANIPSHKEHHOCTH BBITIOHAEMBIX padoT
U UX HOPMAaTHBOB.

1) Ocgemenne paboyero mecra

OT cTemneHU OCBEUICHHOCTH HAIPSMYIO 3aBHCUT pabOTOCIOCOOHOCTh YeNIOBEKa, €ro
¢u3nveckoe M ICUXOAIMOIMOHAIBHOE COCTOsIHUE. [loMerieHus: pa3imyHOTO HAa3HAYCHHS HMEIOT
crienuanbHble TpeOOBaHMS MO OCBEIMIEHHOCTH. [Ipm pacyere OCBEIIEHHOCTH YYHUTBHIBAIOTCS
XapakTEepUCTHKH pabouero mpoiecca, OCYIIECTBIIEMOr0 4YelOBEKOM, €ro IMepUOAWYHOCTh U
JUINTENbHOCTh. PaboTa, BHINONHAEMAs ¢ UCIOIb30BAHUEM BBIYUCIUTENEHOW TEXHUKH OTHOCUTCS K
TPEThEMY pa3psiay 3pUTEIBHON paboThl, UMEET CIIEAYIONINE HETOCTATKH:

- OJIMKU 2KpaHa;

- crabast KOHTPACTHOCTh MEXY H300paskeHneM u poHoM [33].

B cBsi3um ¢ Tem, 4YTO €CTECTBEHHOE OCBelleHHEe cinaboe, Ha paboueM MecTe IOHKHO

IMPUMCHATHCA TAKKE HCKYCCTBCHHOC OCBCIICHUC.
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Pacuér o0mero paBHOMEPHOIO HMCKYCCTBEHHOTO OCBEILEHHUS TOPU30HTAIBHOM padoueit
MOBEPXHOCTHU BBIMIOJIHACTCS METO/I0M KO3 (UIIMEeHTa CBETOBOIO MOTOKA, YYUTHIBAIOIIUM CBETOBOI
MOTOK, OTPaKEHHBIN OT MOTOJKAa M CTeH. JlimHa momenienus paBHa 7 M (A), mmpuna — 6 m (B),
BeicoTa — 4,5 M (H). Boicota paboueil mosepxHoctu Hajx moiom — 0,8 M (hp). OcHoBHBIE
TpeOOBaHUSI W 3HAYECHHS] HOPMUPYEMOM OCBEIIEHHOCTH pabOYMX MOBEPXHOCTEH H3JIOKEHBI B
CI152.13330.2011. B cooTBeTcTBUM Pa3psaOM 3pUTEIBHOM pPabOThI HEOOXOAMMO CO3/aTh
ocBelIeHHOCTh He Hike 200 k.

2) BozneiicTBre nryma

Bo3zaeiicTBue mryma Ha yegoBeKa MOXKET UMETh Pa3IudHbIC MOCIEICTBUS B 3aBUCUMOCTH OT
ypoBHs 1miyma. CnaOblii 1mIyM MPEUMMYIIECTBEHHO MEIIAeT IOHMUMATh peYb WM BBI3BIBAET
paszapaxenue. [lo mepe ycunenus myma 3ToT 3PGEKT yCUIMBAECTCS, U, B JOMOJHEHHUE, MOTYT
BO3HUKATh (DM3HOJIOTHYECKHE TIOCICACTBHS BIUSHUS IIyMa Ha CIyX. BBICOKHI ypOBEeHb IIyma
MOXET MPUBECTU K CHIKEHUIO BHUMAHUS U YBEIWYCHUIO OIMIMOOK MPHU BBINOJIHEHUE PA3IMUHBIX
BUJOB paboT. OH 3aMelIsieT PeaklMio YeIOBeKa Ha MOCTYMAloIIMe OT TEXHUYECKUX YCTPOHCTB
CUTHAJIBI, YTHETAET LEHTPAIbHYI0O HEPBHYIO CHCTEMY, BBI3bIBAET U3MEHEHUSI CKOPOCTH JIBIXaHUS U
MyJIbCa, CIIOCOOCTBYET HAPYIICHHIO OOMEHAa BEmecTB [5].

JlaGoparopHasi aynuTopus, OSKCIUIyaTUpyeMmass B paMKax HacTOsLIe Maructepckoin
JUCCepTaIuy, 00MalaeT HU3KUM ypOBHEM 00IIero Iryma. McToYHuKaMu ITyMOBBIX IMOMEX MOTYT
SBIISIOTCS BEHTUJISIIMOHHBIE YCTAaHOBKH, KOHAUIMOHEPH, OBM u ero nepudepuiiabie ycTpoicTBa.

OKBUBaJIECHTHBIII YpOBEHb 3Byka He JojokeH mpesbimate 50 ab  cormacHo
CH 2.2.4/2.1.8.562-96 [33]. 3ammry OT myma cieayeT BbIMOIHATH B cooTBercTBHH ¢ ['OCT
12.1.003-76, a 3BYKOM3OJAIMS OTPaKIAIONINX KOHCTPYKUMN TOJKHA OTBEYAaTh TPEOOBAHHIM
rnaebl CanlTuH 11-12-77 [34].

JIsi M3705KEHHBIX 1IeJiel TPUMEHSETCS 3BYKOIIOTJIOMIAIONIEE MOKPBITHE CTEH M IOTOJIKA
3BYKOIIOTJIOMIAIONIAM MAaTepHajoM, OpPTraHU3yeTCs pallMoHalIbHAas TUTAHHUPOBKA TIOMEIICHUS, B
KOTOpPO KOMIIEHCHpPYETCS BO3JCHCTBIE MCTOYHUKOB Iyma Mo nepudepuu. Ha ucnoms3yemom B
KOMIBIOTEPHBIX TOMEIIEHUSIX OO0OpYJOBaHHM TIO BO3MOKHOCTH BBICTABISETCS MUHUMAIBHBIN
YpOBEHB IIIyMa.

3) TloBBIIIEHHBIH YPOBEHB 3JEKTPOMATHUTHBIX H3IYYEHHH; MMOBBIIICHHAS HANPHKEHHOCTD
AIIEKTPUYECKOTO TMOJIS

DNEeKTPOMarHUTHBIE TOJIsA, XapPaKTEPU3YIOIIHUECS HANPSHKEHHOCTAMH JIIEKTPUUYECKUX U
MarHUTHBIX TOJieH, HauOoliee BpPEOHBI Jig OpraHu3Ma 4YeaoBeK. OCHOBHBIM HCTOYHHUKOM ITHUX
nmpoOJjieM, CBSI3aHHBIX C OXPaHOM 3/0pPOBBSl JIIOJICH, WCIOJB3YIOMKUX B CBOEH padote

ABTOMAaTU3HWPOBAHHBIC I/IH(l)OpMaHI/IOHHBIe CUCTEMBbI Ha OCHOBC IICPCOHAJIBHBIX KOMIIBIOTCPOB,
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SBIISIOTCSL AMCIIEM (MOHMTOPBI), OHM TPEACTABISAIOT COOOM HMCTOYHMKM Hamboiee BPEIHBIX
W3JIY9CHHH, HEOJAronpusTHO BIUSIOMIMX Ha 370pOBbe paboTHUKa [8].

Jia npenynpexaeHus BHEAPEHHUS ONACHOM TEXHUKU BCE MUCIUICH JOKHBI MPOXOAUTH
UCTIBITAHNS HAa COOTBETCTBHE TpeOOBaHUAM Oe3omacHOCTH. s 3amuThl OT BPEIHBIX BIMSHUN
BKJIIOYEHHOTO BUICOMOHUTOpPA Ha OpraHu3M mnonb3oBaresns OBM  HeoOxoaummo coOironaTh
cienyomuye TpeOoBaHus:

- Ha paboyeM MecTe pacroyiaratbcsi OT SKpaHa /0 IJla3 Ha paccTosHuu He MeHee 600-700
MM;

- UCTOJIB30BATh IKpaHHbIE PUIBTPhI THNA «IloMHas 3ammTa;

- cOoOmIOaTh palMOHANBHBIM PEXUM TpyAa M OTAbIXa B TeuyeHHE padouero AHS B
3aBUCHMOCTH OT BHJIa M KATETOPHUHU TPYAOBO# nesitesbHoCTH [33].

4) OTKJIOHCHHUE MTOKa3aTeNieli MUKPOKIMMaTa Ha pabodeM MecTe

MukpokiIMMar NpOU3BOACTBEHHBIX IMOMEIIEHUI — 3TO KJIMMAaT BHYTPEHHEH cpenbl 3TUX
MOMEILEHUHN, KOTOpBI ompenensiercs NCHCTBYIOIIMMUA Ha OpraHu3M 4YellOBEKa COYeTaHUSIMHU
TEMIEPATYphl, BIAXXHOCTU U CKOPOCTH JIBUXKEHHs Bo3ayxa. JlabopaTopus sSBISETCS MOMEIICHUEM,
OTHOCSIIMMCS K KaTerOpUH IMOMELICHUH TJe BBIMOIHSIOTCS JIETKHE (PU3NUECKHUE padOThI, IIOATOMY
JIOJDKHBI COOJTFOIaThCS TPEOOBAHMUS B COOTBETCTBHH C [34].

s co3maHus U aBTOMATHUYECKOTO MOJJEP>KaHUS B ayAUTOPUM ONTHUMAIbHBIX 3HAUYECHUN
TEMIIepaTyphbl, BIAXHOCTH, YACTOTHl U CKOPOCTH ABMKEHHs BO3/1yXa, HE3aBUCHUMO OT HapY>KHBIX
yCIIOBUHM, B XOJIOJHOE BpeMsl Tojla HCIOJb3YyeTCsl BOJSHOE OTOIUIEHHE, B TEIJIOE BpeMs roja
IpUMEHSIETCd  KOHIUIMOHMpOBaHME  Bo3ayxa. KonaunuoHep ¢  momouiplo  mpuOOpoB
aBTOMATHYECKOTO PETyIUPOBAaHNUs MTOAIEPKUBAET B IOMEIIECHNN 3a/laHHbIE ITapaMeTPhl BO3LYIIHON
CpeJBl.

5) HanpsokeHHOCTD Tpyaa

HanpspkeHHOCTh Tpyaa — XapakTepHCTHKa TPYIOBOTO Ipoliecca, OTpakarolas HarpyskKy
IPEUMYIIECTBEHHO Ha IIEHTPAJIbHYI0 HEPBHYIO CUCTEMY, OpPraHbl 4yBCTB, SMOLIMOHAIBHYIO cepy
pabotHuka. K  dakTopaM,  XapakTepuU3yIOIIMM  HAalpsDKEHHOCTb  TPyJda,  OTHOCATCS:
MHTEJJIEKTyaJIbHbIe, CEHCOPHbIE, SMOIMOHAJIbHbIE HArpy3KH, CTElIeHb MOHOTOHHOCTH Harpysok,
pexxuM padoThl. [IpuunHamMy MosSBICHUS SIBISIFOTCS CIEAYIOIINE TPOLIECCHI:

- JJUTeNbHOE NpeObIBaHHE B OJHOM U TOM K€ (CHASYEM) IOJIOKEHHH M TOBTOPEHHUE
OJTHOTUITHBIX JIBM)KEHUI, MOHOTOHHOCTH TPYAR;

- YMCTBEHHOE TepeHanpsbkeHue, 00yCIOBICHHOE XapaKTepOM pellaeMbIX 3a1a4;

- OonbIION 00BbEM MepepabaTrpiBaeMol HHPOpPMAIUH;
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- HEPBHO-OMOLIMOHAJbHBIE W HEPBHO-TICUXWYECKHUE TEpPerpy3kd, B OCOOCHHOCTH Y
HAUMHAIOIIKX 10JIb30BaTENeH; CTpecC MpH 1oTepe nH(pOpMaLUH;

- YTOMJICHHE IJ1a3, IOBBIIIEHHAs HAarpy3Ka Ha 3pCHHUE;

- TIOBBIIIEHHAs HAarpy3ka Ha ONOPHO-JABHUTraTeJbHBIN ammapaT, B OCOOCHHOCTH Ha
IIO3BOHOYHMK M CYCTaBbl BEDXHUX KOHEUHOCTEH.

PexxuMm Tpyna u oTnpIXa IpegycMaTpUBaeT COOJNIIOJCHHME ONPENEeNCHHON UIMTEIbHOCTH
HenpepblBHOM  pabotel Ha OBM UM mepepblBOB, pPErNIAaMEHTHPOBAHHBIX € Y4€TOM
IPOIOJDKUTEIBLHOCTH paboyeil CMEHBI, BUJIOB U KATETOPUH TPYAOBOM S TEIHHOCTH.

Buner TpynoBoit gesrensHocTd ¢ DBM pasnensrorcst Ha 3 rpynmbl: Tpynmna A — paboTa 1o
CUMTBIBAHUIO HH(OPMAIMU C SKpaHa C MPEABAPUTEIBHBIM 3allpocoM; rpynna b — pabora no BBoay
uHpopmauuy; rpynna B — tBopueckast pabora B pexume auaiora ¢ OBM.

Ecnu B Teuenue paboueil cMeHbI MOJIb30BATENb BBINOJIHAET pa3HbIE BUABI padOT, TO €ro
NeSITEIbHOCTh OTHOCSAT K TOHM Trpymre paboT, Ha BBIIOJIHEHHWE KOTOpoW TpaTtutcs HE Menee 50%
BpeMEeHU pabouei CMEHBI.

B mporecce BbINONHEHUS HACTOSIILEH MarucTepCKOM AUccepTalui, J1adopaTopHbIM paboTram
OTBOJAMJIOCH TIOPsIIKA 5 4ac B eHb, HO HEMOCPEICTBEHHOE O(POPMIICHHE MOSICHUTEIILHON 3aITUCKU
3aHMMAJIO JI0 TIOJIOBUHBI MOJHON paboueil cMeHbl U BapbHUpoOBajlach MO BUAY omnepauuii ¢ 9BM.
[TpomomkUTENLHOCTh HENpepbIBHOM paboThl Ha OBM 06e3 perinaMeHTHpOBaHHOTO IepepbiBa He
IIPEBBILIAIIO 2 Yaca.

2. OnacHele (hakTopsbl

1) DnexTpo6e30MacHOCTh

OneKTpoOe30MacHOCTh — ATO CUCTEMa OPTaHM3ALMOHHBIX U TEXHUYECKUX MEPONPUATHH U
CpeACTB, 00ECIEeUNBAIOIINX 3aIUTY JIIOJeH OT BO3AEUCTBUS dIEKTpUYecKoro Toka. IlonoxeHnuem o
cobmonennn sekrpodesonacHoctu spisiercss OCT 12.1.038-82 CCBT.

OnacHblif MPOM3BOACTBEHHBIN (DAKTOP B MOMELIEHUU — MOPAKEHUE JIEKTPUUECKUM TOKOM.
OCHOBHBIMU TIPUYMHAMU 3TOTO MOTYT TIOCIYXHUTh IPUKOCHOBEHHE K TOKOBEIYILUM WIIU
KOHCTPYKTMBHBIM 4acTsAM, OKa3aBLIMMCS IOJ HapspKeHHEM. AyIUTOpPUS OTHOCUTCSI K KaT€ropuu
noMenieHuil 0e3 TMOBBIIIEHHOW OMacHOCTH M XapaKTepU3yeTcsl CIEAYIOUUMHU MpU3HAKaAMHU:
TeMIepaTypa BO3yXa U BIAKHOCTh B HOPME, OTCYTCTBUE CHIPOCTH, XUMUYECKH aKTUBHOW CPEJIBI,
TOKOMPOBOJSAIIMX MbUIN U MOJIOB.

JlelicTBUE 2IEKTPUYECKOTO TOKA HA KUBYIO TKaHb HOCUT Pa3HOCTOPOHHUI M CBOCOOPA3HBIii
xapakrep. IIpoxonss depe3 opraHusM 4elnOBEKa, DSJIEKTPOTOK IPOU3BOIUT TEPMHUYECKOE,
JIEKTPOJIUTUYECKOE, MEXaHHYeCKOe, OMOJIOTMYECKOe, CBETOBOE Bo3jaelcTBHE. Tepmuueckoe

BO3/ICIICTBUE TOKA XapaKTEpU3yeTCsl HarpeBOM KOXHM M TKaHEW 0 BBICOKOM TeMIlepaTypbl BIUIOTh
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JI0 OXOTOB. OJEKTPOJUTUYECKOE BO3JIECUCTBHE 3aKIIOYAECTCS B PA3J0KEHUH OpPraHUYeCcKOu
JKUJKOCTH, B TOM YHCJIE KPOBH, U HAPYIICHHH €€ (PU3UKO-XMMHUYECKOT0 cOocTaBa. MexaHHYecKoe
JICUCTBME TOKa MPUBOAUT K PACCIOEHUIO, pa3pblBy TKaHEW oOpraHu3mMa B pPeE3yjbTare
ANIEKTpOoAMHAMUYEeCKOro 3 (eKTa, a Takke MTHOBEHHOTO B3PBIBOIIOJ00HOTO 00pa3oBaHMs mapa u3
TKAHEBOM JKUJIKOCTU U KPOBU. MeXxaHNYECKOe JEHCTBUE CBSI3aHO C CUIIbHBIM COKPAIIEHUEM MBbIIIIL
BIUIOTh JI0 MX pa3pbiBa. buosioruveckoe neidCTBHE MPOSIBISAETCS B pa3IpakKCHUU W BO30YKICHHH
J)KUBBIX TKAHEW M COMPOBOXKIACTCS CYJIOPOKHBIMU COKpallCeHHsIMU Mbiiiil. CBETOBOE JI€MCTBUE
TPUBOJINT K MOPAXKEHHIO CIIM3UCTBIX 000s10uek ria3 [33].

C uenbi0 WCKIIOYCHUS OMACHOCTH TMOPAKEHUS DSIEKTPUYCCKHM TOKOM HEOOXOJUMO
coOroAaTh ClaeayIoIIKe MpaBuiIa AMEKTPUIECKON 0€30MacHOCTH:

- mepex BkiIoueHneM OBM B cerb [0MKHA OBITh BU3yallbHO TIPOBEpEHa €€
AJIEKTPONPOBOIKA HA OTCYTCTBHE BO3MOXKHBIX BHIMMBIX HApYIICHUW H3O0JSALHMH, a TAaKXKEe Ha
OTCYTCTBHE 3aMBbIKaHUS TOKOIIPOBOSIIIUX YaCTEH Ha KOPITYC KOMIIBIOTEPA;

- TIPU TIOSBJICHHHM IIPU3HAKOB 3aMbIKaHUA HEOOXOJAMMO HEMEICHHO OTKIIYUTh OT
3JeKTpudecKoi cetd OBM u ycTpaHUTh HEUCIIPABHOCT;

- 3ampeuiaercd Ipu BKIOYeHHOH OBM oIHOBpeMEHHO IpuKacaTtbCcs K Ipudopam,
MMEIOIIUM €CTECTBEHHOE 3a3eMJICHHUE.

2) Dkomoruyeckas 0€30macHOCTb

OxpaHa OKpyKarolei cpeabl CBOAUTCA K YCTPAHEHHIO OTXOJOB OBITOBOTO Mycopa U
OTXOJIaM KU3HEAEATEIIbHOCTH 4enoBeka. B ciydae Bbixona u3 crposi IIK, oHu cnuceiBaroTcs u
OTMPABIISIIOTCS HA CHEIUAIBHBIN CKJIAJl, KOTOPBIM MPU HEOOXOAUMOCTH NPHUHUMAET MEPHI IO
YTHJIN3AIMK CIIUCAHHOW TEXHUKU M KOMIUTeKTyonmx [33].

OgHuM U3 caMbIX paclpOCTPAHEHHBIX MCTOYHUKOB PTYTHOTO 3arpsi3HEHUS SIBISIOTCS
BBINIE/IINE U3 AKCIUTyaTalliy JIOMUHECIIEHTHBIE Jlamnbl. Kaknasi Takas jammia, KpomMe CTeKa U
AITIOMHHHUS, COAEPKUT 0KO0I0 60 Mr pryTu. 1103TOMY OTCIYKMBIIME CBOM CPOK JTIOMHHECIICHTHBIE
JaMIibl, a TakKe JAPyrue MpuOOpkl, COIEpKaIIie PTYTh, MPEACTABIAIOT COOON OMACHBIM HCTOYHUK
TOKCHYHBIX BelecTs [34].

VYTunuzamusi JaMI TpeanosiaraeT Tepenady HCIOIb30BAHHBIX JIAMIT TMPEANPHITHIM —
nepepadoTINKaM, KOTOPhIE C TTOMOIIBIO CIEIUATLHOTO 000PYyI0BaHUS MepepadbaThIBAIOT BPEAHBIC
JamIibl B O€3BpPEHOE CBhIPhe — COPOEHT, KOTOpOE B TMOCIEAYIOIIEM HCIOIB3YIOT B KaueCTBe
Martepuana Jijisl Iporu3BOACTBA, HAIPUMEDP, TPOTYapPHOU IIITUTKHU.

[log xpaHeHHeM OTXO/JOB TOHHMMAETCS BPEMEHHOE pa3MEUIEHWE HUX B CIEHHAIBHO
OTBEACHHBIX JUISI JITOTO MeCTaX WM O0O0BekTax g0 ux yrunuszanuu [34]. OtpaboTaHHBIC

JIOMHHECIICHTHBIE JaMmIibl, cornacHo Kiaccudukaropy orxomoB K 005-96, yrBepkmeHHOMY
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npukazoMm ['occranmapra Ne 89 ot 29.02.96 r., OTHOCSTCS K OTXOJaM, KOTOpPbIE COPTHUPYIOTCS U
coOuparoTcsl OTIENBbHO, MO3TOMY YTWUJIM3alUsl JIOMUHECICHTHBIX JIaMI M MX XPaHEHUE JOJKHBI
OTBEUaTh OIpeIeTICHHbIE TPEOOBAHUSIM.

3. bezomnacHOCTh B UYpe3BBIYAITHBIX CUTYAIIHSIX.

CreneHb OTHECTOMKOCTH 3JaHUM MPUHUMAETCS B 3aBUCHUMOCTH OT UX Ha3HAYCHUA,
KaTeropuu Mo B3PHIBOMOKAPHON U MOKAPHOM OMACHOCTH, STAXKHOCTH, IUIOMIAAH 3TaXKa B Mpeenax
nokapHoro orceka. /ls ycrpaHeHusi IpUYMH BO3HUKHOBEHHUS MOXapa B ayJUTOPUU MPOBOIUTCS
KOMIUIEKC MPOPUIAKTHUECKUX MPOTHBOIIOKAPHBIX MEPOTIPUSTHH:

- UCTIOJIb30BaHMUE TOJIBKO UCIIPABHOI'O 000PY/I0BAHUS;

- IPOBEICHUE TIEPUONYECKUX UHCTPYKTAXKEH 10 OKApHOH 06€30MacHOCTH;

- Ha3HaUEHUE OTBETCTBEHHOTO 32 MOKApHYI0 0€30MacHOCTh MOMEIECHU;

- U3JJaHUE TIPUKA30B 10 BOIIPOCAM YCUIJICHHS TTOKapHOI 6€30MacHOCTH

- OTKJIIOYCHHE JICKTPOOOOPYIOBAHUS, OCBEIICHUS M YJICKTPOITUTAHHS 10 OKOHYaHUH PadoT;

- KypeHHe B CTPOr'O OTBEICHHOM MECTE;

- cojiep KaHMe MyTel U MPOXOJIOB sl 9BAKYyaIUH JIto/Iei B CBOOOHOM COCTOSTHHH.

Bo3mokHbIE TNpUYUHBI TIOKapa: TMeperpy3ka B AJIEKTPOCETH, KOPOTKOE 3aMbIKaHUE,
pa3pylieHre U30JSIIIUU TIPOBOTHUKOB.

Jlns jokanu3anuu WM JIMKBHJIALMM 3aropaHusi Ha HA4yalbHOM CTaJMM HCHOJb3YHOTCS
MEPBUYHBIE CPEACTBA MOKAPOTYLICHUS:

— OTHETYIIAIKE BellecTBa (Boja, MeCoK, 3eMJIs);

— OTHETYIIAIMe MaTepuaibl (TpyOOIIepCTHBIE KYCKH MAaT€pUu — KOIIMBI, acOECTOBBIC
MOJIOTHA, METAIIMYECKHUE CETKU C MAIBIMU STYEHKaMU UT. I1.);

— HEMEXaHU3UPOBAHHBIN PYUYHOI MOKApHBIAH MHCTPYMEHT (Oarpbl, KPIOKH, JIOMBI, JIOTATHl U
T. 11.);

— MOXaPHBIA HHBEHTAPh (OOYKHM M YaHBI C BOJOM, MOYKAPHBIC BEPA, SIIIMKHA W TIECOUHUIIBI C
MECKOM);

— MOKapHbIE KPaHBI HA BHYTPEHHEM BOJIOTPOBOJIC MPOTHBOIOKAPHOTO BOJAOCHAOKEHUS B
cOope ¢ TTO’KapHBIM CTBOJIOM U TIO’KapHBIM PYKaBOM;

— OTHETYIIUTEIH.

[lepBuuHble cpencTBa MOXKAPOTYIICHUS OOBIYHO MPUMEHSIOT 0 TPHUOBITHS TOXapHOU
KOMaH/bl. 37aHHe JOHKHO COOTBETCTBOBATH TPEOOBAHMS IMOXKAPHOW OE30MacHOCTH, a UMEHHO,
HaJM4Khe OXPAHHO-MOKapHOM CUTHAIM3AIMH, TUIAaHA SBAaKyallMd, MOPOIIKOBBIX OTHETYIIMTENEH C
MOBEPEHHBIM KJIEHMOM, TaOJIMYeK C YKa3aHHEM HaIlpaBJIEHUs K 3alacHoOMYy (PBaKyallMOHHOMY)

BBIXOZly. B 00IIeCTBEHHBIX 3IaHUSX U COOPYKEHHUAX Ha KaXIOM ATa)Ke JOHKHO pa3MelaThCs He
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MEHEe JBYX MEPEHOCHBIX OrHerymurtened. OTrHEeTyIIUTeNn CleayeT pacrnojarartb Ha BHIHBIX
MecTax BOJIM3M OT BBIXOJIOB M3 MTOMEIICHUH Ha BbicoTe He Oosee 1,35 M. Pa3menienue nmepBuUHbIX
CPE/ICTB TOXKApPOTYIIEHUS B KOPUIOpPAX, MEpexoiax HE IOJDKHO MPEMsITCTBOBAThH OE30MacHOM

ABAKYyallUH JIFOAEH.
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3AKVIIOYEHUE

B xoze BbINONIHEHUS MarucTEepCKOi TuccepTalnu, Ol IPOBECH:

1. AHanu3 KEpHOBBIX JaHHBIX, B X0J1€ KOTOPOro ObUIN MOJyYEHbl 3aBUCHUMOCTH JUIsl pacdyera
abCOJIIOTHOW TPOHUIIAEMOCTH C YYETOM OOBEMHOH TIMHHCTOCTH; MOCTPOSHBI 3aBUCUMOCTH
3¢ (}eKTUBHON MPOHUIIAEMOCTH 10 HE(PTH M BOAE OT aOCOJNIOTHOW NMPOHHUIAEMOCTU IO JAHHBIM
CIEIIMAJIBHBIX UCCIIEJOBAHUN KEpHa.

2. IlporHo3 1pPOMBICIOBBIX 3HAUEHHUH IPOHULAEMOCTH C  Y4YETOM  TEKyIIeH
BoJoHackIeHHOCTH 10 JaHHBIM [ MC ¢ IOMOIIBIO BEISIBIEHHBIX 3aBUCUMOCTEN.

3. CpaBHeHHE TIIOJIYYEHHBIX 3HAYCHUM IIPOMBICIOBOM IIPOHUIAEMOCTH C JaHHBIMU
wiactToucnsiTarene. Tak e ObUIM IpOaHAIM3UPOBaHbI (DAKTOPHI, BIMSIOIIME HA METOAUKY
pacueTa u MeTo/1bl OOPHOBI C HUMH.

B pesynbrare mpoBeneHHBIX HCCIIENOBaHUI Oblla pazpaboTaHa METOAWKA JOCTOBEPHOMN
OLICHKHU ITPOMBICIOBON mpoHunaeMoctd 1o aaHHbiM ['MIC g mmacros I1K13 Mectopoxxnenus b,
pa3paboTaHbl KOMIIBIOTEPHBIE AITOPUTMBI JUI [IOCIEe0BaTeNbHOM nHTepnperanuu. Kak ciencraue,
JOCTUTHYTAa  BBICOKas  A(PQPEeKTHBHOCTh TporHo3a APPEKTHBHON  NPOHHUIAEMOCTH IS
NOCHEAYIOUIET0  THIPOJUHAMHYECKOIO  MOJEIMPOBAaHUS W yIpaBieHHUs  pa3pabOTKOI

MECTOPOKACHUA.
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IMPUJIOXKEHUE

[Tpunoxenue 1.1 I'padudeckuii mnanmeT 11 CKBaKUHBI Bl
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[Tpunoxenue 1.2 I'paduueckuii muanmer i CKBaXuHsl B7
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[Tpunoxenue 1.3 I'paduueckuii muanmer i CKBaXunsl B2
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