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Pe3yabTaThl 0CBOCHUA 00pa30BaTEJIbHON IPOrPaMMBbI

YHnBepca.m,Hl,le KOMIETCHIMH BBINNYCKHUKOB U HHIAUKATOPBI UX TOCTUKCHUSA

Kareropust komnereHumii

KO}I 1 HAUMCHOBAHHUE¢ KOMIICTCHIIMHA

I/IH)II/lKaTOPBI JOCTHKCHHUS KOMIICTCHIMU

CucreMHOe 1 KPUTHYECKOE MBIIIJIEHUE

VK(Y)-1. CriocoGHOCTb OCYIIECTBISITh TOWCK, KPHUTHYECKUH
aHaJIM3 MPOOJIIEMHBIX CUTYallMii Ha OCHOBE CHCTEMHOT'O HOJIX0/1a,
BBIPabaThIBATH CTPATETHIO TCHCTBHI

N.YK(Y)-1.1. Arammupyer npoOJIeMHYIO CHTyallMI0 KaKk CHCTEMY, BBIABILIL ee
COCTaBIISIIOIINE M CBS3H MEXIY HIMHU

N. YK(Y)-1.2. Onpenenser npoOensl B HHPOPMAIHH, HEOOXOIUMON IS PEIICHUS
poOJIEMHON CHUTYAIMH, ¥ TPOEKTHPYET MPOIECCHI 110 UX YCTPAHEHHIO

MN.YK(VY)-1.3. Pa3pabaTsIBaeT CTpaTeruio pemeHus mpooJieMHOH CHTyalliy Ha OCHOBE
CHCTEMHOT0O W  JPYrMX  COBPEMEHHBIX  MEKAHUCHMIUIMHAPHBIX  MOAXOJIOB;
000CHOBBIBAET BHIOOP TEMBI UCCIICIOBAaHHUI Ha OCHOBE aHAIN3a SIBJICHUI 1 TIPOLIECCOB
B KOHKPETHOH 00JIaCTH HAyYHOTO 3HAHHS

N.YK(Y)-1.4. Hcnonb3yer JIOTMUKO-METOMONOINYECKUH HMHCTPYMEHTApUH U
KPUTHYECKOH OIIEHKH COBPEMEHHBIX KOHIIEHIINI B CBOEH MpeaAMETHOH 00IacTH

Pa3pabotka u peanusanus NpoeKkToB

VYK(V¥)-2. CriocoOGHOCTB YIPaBIATh HPOSKTOM Ha BCEX JTamax ero
JKU3HEHHOTO LIMKJIa

N.YK(Y)-2.1. Onpenenser npobiaeMy H crocod ee pelleHHsl 4epe3 peann3aluio
HPOEKTHOrO yIIPABICHUS

N.YK(Y)-2.2. Pa3pabaTbiBaeT KOHLEMIHMIO IPOSKTa B paMKax 0003HAuYECHHOU
npoGIIeMbl: (GOPMYIHPYET Leib, 331a4H, 0O0CHOBBIBACT aKTyaIbHOCTh, 3HAUHMMOCTb,
OXHJIAaeMbIe PE3YJITAThl K BO3MOXKHBIE Chepbl UX TIPUMECHEHHSI

N.YK(Y)-2.3. OcylecTBisieT MOHUTOPHHT 332 XOJOM pealu3alidd pPOEKTa,
KOPPEKTHPYET OTKJIOHEHHS, BHOCHT JIOTIOJIHUTE IbHbIC I3MEHEHHS B IUIaH pealli3aluu
HpoeKTa

KomanaHas paboTa u JInepCcTBO

VK(VY)-3. CiocoGHOCTh OpraHu30BbIBATh U PYKOBOJHUTH PabOTOi
KOMaH/1bl, BEIPa0AThIBasi KOMAH/IHYIO CTPATET IO JUIS JOCTHIKESHUS
MIOCTABJICHHON LIENU

. VYK(V)-3.1. IImanupyer ¥  KOpPpEeKTHpPYeT CBOIO COLMAIBHYIO U
1npo(heCCHOHAIBHYIO AEATENBHOCTh C YYETOM HHTEPECOB, 0COOCHHOCTEH MOBEACHHUS 1
MHEHUH JII0feH, ¢ KOTOPIMH pa0oTaeT U B3aUMOJICHCTBYET

MN.YK(VY)-3.2. Opranu3syeT AUCKYCCHH I10 33J[aHHOM TeMe U 00CYK/ICHUE Pe3yJIbTaTOB
paboThl KOMAHIBI

N.YK(Y)-3.3. [lnanupyer KOMaHAHYIO pabory,
JeerupyeT MOJTHOMOYHS WIeHaM KOMaH bl

pacnpezessier MOpy4YeHHs |

KommyHnukanus

YK(V)-4. CriocoOHOCTh TIPUMEHATH COBpEMEHHBIE
KOMMYHHUKATHBHBIC ~ TEXHOJIOTMHM, B TOM  4HCIe  Ha
WHOCTPAaHHOM(BIX)  si3bIKe(ax), M1  aKaJeMH4YecKoro U

po(heCcCHOHANBHOTO B3aUMO/ICHCTBYS

N.YK(Y)-4.1. Pemaer KOHKpeTHbIe 3a1a4u MPO(PECCHOHATBHON AEATEIBHOCTH HA
OCHOBE aKaJIeMUYECKOro U Mpoh)eCCHOHAIBHOTO B3aUMOJICHCTBHUS C YUETOM aHaIH3a
MHEHHH, MPEeIJIOKCHUI, HIeH OTeUYSCTBEHHBIX U 3apyO0eKHBIX KOJJIET

N.YK(Y)-4.2. CocraBiseT, IEpeBOAUT U PEAAKTHPYET PA3IMIHBIC aKaJeMUYCCKHE
TeKcThl (pedeparsl, 3cce, 0030pbl, CTaThU | T.J1.)

MN.YK(Y)-4.3. IlpencraBmsier pe3yabTaThl aKaJeMHUECKOH M TNpodeccCHOHATBHON
JICATENEHOCTH Ha PA3JIMYHBIX HAYYHBIX MEPOIPHSTUSIX, BKIOYAs MEXIyHapOIHbIC

N.YK(Y)-4.4. Ilnanupyer M OpraHH3OBBIBACT COBEIIAHUS, JCJIOBBIE Oecespl,
JIMCKYCCHH 10 33JJaHHON TeMe;




Kareropust komnereHumii

KO}I 1 HAUMCHOBAHHUE¢ KOMIICTCHIIMHA

I/IH)II/lKaTOPBI JOCTHKCHHUS KOMIICTCHIMU

APTYMCHTUPOBAHHO W KOHCTPYKTHBHO OTCTauWBaCcT CBOKO TOYKY 3pPCHU,
MO3UlK, HWACKO B aKaIeMHUYCCKHUX U HpO(i)eCCI/IOHaHI)HI)IX JUCKYCCHAX Ha
T'OCYZApCTBEHHOM U MHOCTPAHHOM A3BIKax

YK(V)-5. CmocobHocth  aHamm3upoBarh W yuutbiBath | ML.YK(VY)-5.1. OcymecTBiseT npopecCHOHATBHYIO H COIMATBHYIO AEATEIHLHOCTD C

pa3HOOOpaswe  KyIbTyp B MpOIECcCe  MEXKKYJIBTYPHOTO | y4eTOM OCOOCHHOCTEH MOBEICHHS M MOTHBAIMH JIFOJCH Pa3INnYyHOrO COLHANBHOIO

MexKyIbTypHOE B3aNMOJIEHCTBHE B3aMMOJICHCTBUS KYJIBTYpHOTO TIPOMCXOXJICHUS, B TOM YHCIE OCOOEHHOCTEH HeNoBOM M oOmieit
KyJBTYPBI IIPEJICTABUTENEH IPYTHX 3THOCOB U KOH(ecCHi

VK(Y)-6. CnocobHocts ompenmenmsite U peanm3oBbBaTh | M.YK(V)-6.1. AHamms3upyer HCTIOIB30BaHUE Pab0vero BpeMEHH B IIMPOKOM CIIEKTpe

MPUOPHUTETH  COOCTBEHHOW JICATENBHOCTH H  CHOCOOBI €€ | JEATENBHOCTH: IIAHMPOBAHHUE, pacrpe/ieieHne, TOCTAaHOBKA IIeNeH, JeerHpOBaHNe

CamoopraHu3anys ¥ caMopas3BUTHE (B TOM
YHCIIE 3I0POBbE COEpPEIKEHIE)

COBEPIICHCTBOBAHM Ha OCHOBE CaMOOLICHKH

HOHHOMO‘-{I/Iﬁ, aHaJIn3 BPEMEHHBIX 3aTpaT, MOHUTOPHUHI', OpraHu3anus, COCTaBICHNUE
CITMCKOB M pacCTaHOBKAa NPUOPUTETOB

N.YK(Y)-6.2. Codveraer BHINOJIHEHHE TEKYIIMX MPOW3BOJCTBEHHBIX 3a/1ad C
MOBBIIICHHEM KBATH(HUKAIMN; KOPPEKTUPYET IUTaHbI B COOTBETCTBUN C HMEIOIINMHUCS
pecypcamu

. YK(V)-6.3. [Inanupyer npodeccHOHaTbHYIO TPASKTOPHIO C y4ETOM 0COOEHHOCTEH
Kak Npo()eCCHOHANBHON, TaK U JPYTUX BHUJOB JACATEIBHOCTH M TPeOOBaHMII pPhIHKA
TpyJa

Oﬁmenpoq)eccnonanbnble KOMIIETEHIMH BBIITYCKHUKOB M HHAUKATOPbI UX JOCTHKEHUSA

Kareropus xomnerenumii

Koa u HauMeHOBaHMe KOMIIETEHIIUH

I/IHZII/IKaTOPLI JAOCTHKCHHSI KOMIIETCHIMHA

[pumenenue GpyHIaMEHTATbHBIX 3HAHUI

OIIK(Y)-1. CriocoOHOCTh peliaTh MPOH3BOJCTBEHHbIE M (WITH)
HCCIIeZIOBATENbCKUE 33a4d Ha OCHOBE (DyHIaMEHTaTbHBIX
3HaHMI B He(TerazoBoii odnactu

N.OMK(Y)-1.1. [emoHCTpupyeT HaBbIKM (U3MYECKOr0 M  HPOrPaMMHOIO
MO/ICJTMPOBAHNUS OTJENBHBIX (PParMeHTOB Ipoliecca BbIOOpa ONTHMAIBHOTO BapHaHTA
JUISL KOHKPETHBIX YCIIOBHI

N.OMK(Y)-1.2. HUcnomnedyer ¢QyHIaMeHTadbHblE 3HAHUS MPOQECCHOHATHHON
JeATENbHOCTH JUI PeIeHUS] KOHKPETHBIX 3a]a4 HeyTera3oBoro Npou3BOACTBA
N.OIIK(Y)-1.3. AHamu3upyeT NpPHYMHBI CHI)KEHHS KadecTBa TEXHOJOTMYECKHUX
npolieccoB M mpemiaraet 3G QEKTUBHbIE CHOCOObI  MOBBILICHHS KadecTBa
HPOM3BOJICTBA PaOOT IPH BBIIIOJIHEHUH PA3IMYHBIX TEXHOJIOTHYECKUX OIeparui

TexHuueckoe MpOeKTUPOBaHUE

OIIK(Y)-2. CriocoGeH OCyIeCTBISTh IPOSKTUPOBaHHE 00BEKTOB
He(hTera3zoBoro MpOU3BOACTBA

N.OMK(Y)-2.1. Hcnonk3yer 3HaHUE aaropuT™Ma OPraHU3alUK BHINOJIHEHUST PaboT B
npoliecce MPOEKTHPOBAHUS 00BEKTOB He(hTera3oBoii oTpacin

N.OIIK(Y)-2.2. ®opMmynupyeT LeTu BHIOJHEHUS paboT W mpeajaraet MyTH WX
JOCTIKEHHUS

N.OIMK(Y)-2.3. Boibupaer COOTBETCTBYIOIIHE MPOTPaMMHBIC MPOAYKTHI KU HUX
YaCTH JUIs pelleHUs] KOHKPETHBIX MPOd)eCCHOHATIBHBIX 3314

OIIK(Y)-3. Crioco6HOCTh pa3pabaThiBaTh HAYYHO-TEXHUYECKYIO,
MPOEKTHYIO U CIY)XEOHYIO JJOKYMEHTALHIO, 0OOPMIIATh HAY4HO-
TEXHUYECKHE OTYETHI, 0030Pbl, MyOIMKALINH, PELICH3UH

N.OMK(Y)-3.1. AHanu3upyer HHPOPMALIUIO U COCTABISET 0030PbI, OTUETHI
MN.OIIK(Y)-3.2. Bmameer HaBBIKAMH AaHAJTUTHYIECKOro 0030pa IpH IOITOTOBKE
pedeparos, nybnukanuii U He Meree 50 HCTOYHUKOB MPH MOATOTOBKE MarucTePCKOit
JICCepTaIu

Pabora ¢ ua(popmanueit

OIIK(Y)-4. CrocoGHOCTh HaxXxogWThb H  TepepabaTeBaTh
uHpopMaLHio, TpeOyeMyIo Ul NPUHATHS PEIICHUI B Hay4HBIX
HCCIIEJIOBAHUSAX U B IPAKTUUECKOH TEXHIMIECCKON IeITeIbHOCTH

N.OIIK(Y)-4.1. Onpenenser OCHOBHBIE HANpPABICHWS Pa3BUTHS WHHOBAIIMOHHBIX
TEXHOIOruii B He()Tera3oBoii oTpaciu




N.OIIK(Y)-4.2. O0pabarbiBaeT pe3yibTaThl HAy4YHO-HCCIICOBATEIbCKOM,
MPAKTHIECKON TEXHUUYECKOM JIEATEIbHOCTH, UCIIONB3Ysl MMEIoIeecs 000pyI0BaHue,
npuOOpPBI U MATEPUAJIBI

UccnenoBanne

OIIK(Y)-5. CnocoOHOCTh OIIEHMBAaTh pe3yJbTaThl HAydHO-
TEXHHYECKMX  pa3pabdOTOK, HAYYHBIX  HCCIENOBAaHUH W
000CHOBEIBAaTH COOCTBEHHBII BEIOOD, CHCTEMATH3HMPYsI H 0000m1as
JIOCTIKEHHSI B He(hTera30BOH OTpaciy M CMEXKHBIX 00IacTsIX

N.OIIK(Y)-5.1. Omnpenenser Ha podecCHOHATPHOM YPOBHE OCOOCHHOCTH pabOThI
Pa3IMYHbIX THUIOB 000PYIOBAaHKs U BEISIBICHHE HEIOCTATKOB B €ro pabore
N.OIIK(Y)-5.3. UnTepnperupyeT pe3yiabTaThl J1adOpaTOPHBIX M TEXHOIOTMYECKHX
MCCIIEIOBAHMIA PUMEHUTENILHO K KOHKPETHBIM YCIIOBHSAM

Wnrerparst HayKu ¥ 00pa3oBaHUs

OIIK(Y)-6. CriocoGHOCTh y9acTBOBATh B PEATM3al OCHOBHBIX
U JIOTOJHUTENIBHBIX  TPO(ecCHOHATBHBIX — 00pa30BaTEbHBIX

N.OIK(Y)-6.1. [leMoHCTpHpYeET 3HAHHSI OCHOB IE€AArOTMKH M TICUXOJIOTUH
N.OIK(Y)-6.2. [leMoHCTpUpYeT YMEHHE OOIIAThCS ¢ ayAUTOpHEH, 3aMHTEPECcCOBaTh

Mporpamm, HCTIONB3YSI
poheCCHOHATBHBIC 3HAHUS

CIICOHUaJIbHBIC Hay4HbIC n

cilymaTenen

l'lpodwccnonanbm)le KOMIIETCHIIUY BBIMMYCKHUKOB U MHANKATOPHI UX TOCTHKCHUSA

ObaacTb U chepa

3anaua npodeccuoHaIbLHON

OcHoBaHue - mnpodeccHoOHANbHBII

Koa n HanMeHOBaHHeE

HNHauKaTopbl 10CTHKEHUSA

npodeccHoHAIBHOI KeSITeJIbHOCTH JesITeIbHOCTH CTaHJAPT, aHAJIN3 ONbITa, dopcaiiT KOMIIETEHIHH KOMIIETEHIHH
Tun 3axa4 npogeccHOHAILHOI 1esITeJILHOCTH:
THeAarorHIecKHit

1 «O6pa3oBanue u Hayka» (B cdepe | 1. Pazpaborka meromdeckux | 01.004 Ipodeccuonansheiit crannapt | [IK(Y) -1. Crnocoben paspabarsiBars | M.IIK(Y) -1. VuactByer B pazpaborke
Hay4HBIX HCCIIeOBAHMUIA) MaTepuanoB, 11 obecnevenus | «Ilegaror po(heCCHOHATBEHOTO | METOAMYECKOE  OOeCreyeHne Ul | METOAMYECKHX  JOKYMEHTOB IO
HOJTOTOBKH u aTTecTaluy | o0ydeHus, poheCCHOHATBHOTO | IEPBUYHOM U HEPHOANYECKOH | BOPOCaM  HPOBENCHHS  I€0JI0ro-
CIIELHAIIICTOB 00pa3oBaHuss U  JOHOJHHUTEIBHOIO | HOATOTOBKH u aTTeCTALUH | IPOMBICIIOBBIX pabor,
npodecCHOHaIbHOrO  00pa30BaHUs», | CIIELMAIUCTOB B  00NAacTH JOOBIYH | IPOCKTUPOBAHUS, OTYETHOCTH,
YTBEPIKACHHBII MPHKA30M | YTIIEBOJAOPOIHOIO ChIPbS MOJATrOTOBKH M aTTECTAallMH B 00OIaCTH

MunucTtepcTBa Tpyla U COLHATBHOU
3auuthl Poccuiickoit deneparyu ot 8
ceHrsiops 2015 r. Ne  608n
(3apeructpupoBaH  MUHHCTEPCTBOM
octutuu Poccuiickoit denepanun 24
ceHtsa6ps 2015 r., perucTpalOHHBIN
Ne 38993)

OPOMBILIICHHOH —0e30macHOCTH  Ha
OIACHBIX HPOU3BOICTBEHHBIX
o0bekTax B Tporeccax J00bIYH
YTIIEBOAOPOAHOTO CHIPBSI




OT® G HayyHo-MeTOaMYeCKOE U
yueOHO-MeToIIecKoe — obecrieueHne
peanuzanumn MpOrpaMm
podeCcCHOHATILHOT0 00yYeHHs

Tun 3apa4 npogeccnoHATbHOM 1eATEIbHOCTH:

TEXHOJIOT MUECKUN

19 Mo06sbrva, nepepaboTka,
TPaHCIIOPTHUPOBKA HedTH U Ta3a

1.0Opranu3anust 1 pyKoBOJCTBO paboT
I10 100BIYE YIIIEBOJOPOIHOTO ChIPHA.

2.00ecrieueHue  ONMEPAaTUBHOTO U

HH)XEHEPHOT 0 PYKOBOJCTBa
TEXHOJIOr MYECKUM MPOLIECCOM
no0buM  HedTH, raza H ra3oBOro
KOHZICHCAaTa.

3.KoHtponp ¥ cOmpoOBOXAEHHE
BBIIIOJTHEHUS pa0OT [0 TEXHUYECKOMY

00CITyKUBAHUIO u peMoHTY,
JIMarHOCTHYECKOMY  00CIJIe/I0BaHHIO
00opynoBaHus o no0bIue

YTJIEBOJOPOIHOTO CHIPBSI.

4.0Opranm3auust ¥ KOHTPOJb  3a
MPOBEJICHUEM T'€0JI0r0-IPOMBICIIOBBIX
pabot

19.007 IpodeccuoHanbHbli cTaHIApT
«Crienmanuct no 1o0bue HeTH, rasza
U Ta30BOro KoHJeHcaray (YTBepiKIeH
npukazoM MunHtpyna Poccum ot
03.09.2018 Ne 574n);

OT® D «Opranmzamusa paboT 10
J0OBIYE YIIIEBOZOPOIHOIO ChIPhSD)

OT® E «PykoBoactBo paboramu Mo
J00BIYE YIIIEBOZOPOIHOIO ChIPhSD)

19.021 IpodeccuoHanbHbIi cTaHIAPT
«Cnenyanucr 1O HPOMBICIOBOI
reojgorun»  (YTBepXKAeH IPUKAa30M
Muntpyaa Poccun ot 10.03. 2015 Ne
151n);

OT® B «Opranusamus
TIPOMBICJIOBBIX paboT»

T€oJI0oro-

TIK(VY) -2. CriocobeH aHamu3upoBaTth 1
0o060o0uiate  maHHele O  paboTe
TEXHOJIOTMYECKOro  000pyAOBaHMS,
OCYLIECTBIATh KOHTPOJIb,
TEXHHYECKOE  CONPOBOXICHUE U
yIpaBJeHHe TEXHOJIOTHISCKUMHU
npoleccamu JOOBIYH

YTJIE€BOJIOPOJHOTO CBHIPbS

N.ITIK(Y) -2.1. PykoBoaut
OpraHM3aLHOHHO-TEXHUIECKUM
COIPOBOXKICHUEM pabot o

BOCCTAHOBJICHHIO pPa00TOCIIOCOOHOCTH
HedTera3onpoMbICIIOBOrO
000pynoBaHUs INPU  IKCIUTyaTaluH
00BEKTOB 100bIYH He(TH U ra3a

TIK(Y) -3. CoocobeH OLEHUBATH
3¢ GEeKTUBHOCTH HMHHOBAI[HOHHBIX
TEXHOJIOTHIECKUX pereHuit B
nporecce BBIMOJTHEHHS
TPOM3BOJICTBEHHBIX MOKa3aTeNnell npu
pa3paboTke u IKCILUTyaTalum

HEe(TSHBIX ¥ Fa30BbIX MECTOPOXKICHHUIT
YTIEBOJOPOIHOTO CBHIPbS

N.ITK(Y) -3.1 OreHrBaeT
noBbIteHre 3PHEKTUBHOCTH T0OBIYU
YTIIEBOAOPOIHOTO CBIPBS "
TPOBEICHHS  T€0JIOTO-MPOMBICIOBBIX
paboT B TpoIlecce  BBHIMOTHEHHUS
MPOM3BOJICTBEHHBIX TTOKA3aTeNel MpH
pa3zpaboTke u IKCILTyaTaluK
HE(TIHBIX M Ta30BBIX MECTOPOKICHHUI




TIK(Y)-4. Cnocoben

obecrieunBaTh 0€30MacHyI0
U SQQPEKTHBHYIO 3KCIUTyaTalliio M
paboty TEXHOJIOTHYECKOTO
obopynoBaHns HeTera3oBoi oTpacin

N.IIK(Y) -4.1. ObecrieunBaer
3pPEKTHBHYIO SKCIUTyaTaluio
TEXHOJIOTHIECKOr0  000pyHOBaHMS,

KOHCTPYKIIHI, OOBEKTOB, arperaros,
MEXaHU3MOB B TMpolecce JJTOOBIYH
YIJIEBOAOPOIHOIO CBIPbS B
COOTBETCTBHH €  TpeOOBaHUSIMH
HOPMaTHBHOH JOKyMEHTaIN

TIK(Y)-5. CnocobeHn y4acTBOBaTh B
YIpaBJICHHN TEXHOJIOTMYECKUMHU
KOMIUIEKCaMH, IPUHAMATh PELICHHUS B
YCIIOBHSIX HEOTPEICTICHHOCTH

N.ITIK(Y) - 5.1. PyxoBoaut
MEPCOHAIOM  TOApPA3IeNeHHH 110
JOOBbIUE YTIIEBOJOPOIHOTO CHIPbS WU
reoJIOro-MPOMBICTIOBEIX ~ paboT B
nporecce pa3paboTKu "
IKCIUTyaTallud HE(TIHBIX W Ta30BBIX
MECTOPOKIACHUN

Tun 3apa4 npogeccnoHATbHOM 1eATEIbHOCTH:

Hay4YHO-HCCJIeI0BATEIbCKUMA

19 do06biva, nepepaboTka,
TPaHCHIOPTHPOBKa HedTH 1 rasa

1.CocraBnenue TEKYLUX u
NIePCIEKTHBHBIX IUIAHOB o
MIPOBEJICHUIO T'€0JI0r0-IIPOMBICIIOBBIX
pabot

2.Pa3pabotka u KOHTPOJIb
BBITIOJTHEHUS IIPOM3BO/ICTBEHHBIX
IUIAHOB W HpOrpaMM  HAay4HO-
uccnenoBarensckux pador (HAP)

19.007 IlpodeccroHanbHblil cTaHAAPT
«Crnienmanuct no 1o0bue HeTH, rasza
U Ta30BOro KoHJeHcaray (YTBepiKIeH
npukazoM Muntpyga Poccum ot
03.09.2018 Ne 574n);

OT® E «PykoBoactBo paboramu Mo
J00BIYE YIIIEBOZOPOIHOIO ChIPhSD)
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MPOIIECCOB MPOU3BOJICTBEHHON
JEeATENbHOCTH HA OCHOBE METOIHMKH
NPOEKTHPOBAHKMS B  He)TerazoBoi
OTpaciy, a TaKKe HHCTPYKTHBHO-
HOPMAaTHBHBIX JIOKYMECHTOB
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METOJIUK u TpeboBaHuit
NPOEKTHpPOBaHUs B  HedTera3oBoit
OTpaciy, a TaKKe HHCTPYKTHBHO-
HOPMaTHBHBIX JOKYMEHTOB




3.Pa3paboTka niIaHoBOM, IPOEKTHON U
METOJIMYECKON JOKYMEHTAlUH ISt
Ie0JIOr0-IPOMBICIIOBBIX PaboT

19.021 IIpodeccroHaNbHBIH CTaHAAPT
«CHequanicr 10 MPOMBICIIOBOIT
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Muntpyzna Poccnu ot 10.03. 2015 Ne
151n);
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KOMILIEKCBI VTSt Hay4YHO-
HCCIIeIOBATEIBCKHX pabor u
MPOEKTHPOBAHUS TEXHUIECKHX

YCTPOWCTB, anmapaToB ¥ MEXaHU3MOB,
TEXHOJIOTHYECKUX  TIPOIECCOB B
COOTBETCTBHHU C BBIOpaHHOW cepoit
npo¢ecCHOHAIBHON AeSITeIBHOCTH
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IUIAHOBYIO,  TNPOEKTHYIO,  HAy4HO-
UCCIIE/IOBATEIBCKYI0 1 METOJUYECKYIO
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MPOMBICIIOBBIX  paboT W pabor 1o
J00BIYE  YTII€BOAOPOJHOTO CHIPbS C

PUMECHEHHEM COBPEMEHHBIX
OPOrPaMMHBIX ~ KOMIUIGKCOB  JUISt
NPOCKTUPOBAHKS  TEXHOJOIMYECKUX
HPOLIECCOB, HEepPeBOOPYKEHNUI,

TEXHUYECKUX YCTPOWCTB, alnapaToB U
MEXaHHU3MOB B IIPOLiecce pa3paboTKH U
IKCIUTyaTallud HE(TSHBIX W Ta30BBIX
MECTOPOXKIACHUN




TOMSK TOMCKUIN
POLYTECHNIC I I NONUTEXHUYECKUN
UNIVERSITY IR YHVBEPCUTET

MuHUCTepCTBO HayKM 1 Bbicliero o6pasosaHna Poccuiickon ®epepaummn
bepepanbHoe rocygapcTBEHHOE aBTOHOMHOE
obpasoBsaTe/ibHOe yupexaeHue Bbicluero obpasoBaHna
«HaumoHanbHbIN nccnegoBaTenbCKNn TOMCKUI MOANTEXHNYECKNI yHUBEepcuTeT» (TMY)

lkona WmxeHepHas 1KoJIa IPUPOIHBIX PECYPCOB
Hanpasienue nogrorosku 21.04.01 Hedrerazopoe neno
OtnesieHne MKOJIbI HedTerazoBoro aena
YTBEPX/IAIO:
PykoBoaurens OOIT
(ITonmuce) (Mara) (®.1.0.)
3AJIAHUE

HA BbINOJIHEHHE BBINYCKHON KBAJIN(QUKALMOHHON padoThl
B dopme:

\ MAarucTepCcKoOn auccepTalumu

(6akamaBpcKoit pabOTHI, TUTIIIOMHOTO MPOEKTa/Pab0ThI, MAaTUCTEPCKOM TUCCEPTALIIH )
CryneHry:

I'pynna 1027 (0]

2bM94 Ksunt mutpuio BanoBuuay

Tema paboThI:

HEOAHOPOJHOCTH, 0OBOJTHEHHOCTH Ha MECTOPOKIeHUsIX 3anagHoi Cubupu
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O0603HaueHus, onpeeIeHUs] M COKPALICHUS

ACPII — agantuBHas cucTEMa PETyJIUPOBAHUS IIPUTOKA;
BHK — BojioHepTSIHOI KOHTAKT;

I'’KC — ra3oXuKkocTHas CMECh;

I'HB3 — razonedteBoisiHas 30Ha;

I'H3 — razonedrsHas 30Ha;

I'HK — razonedtsiHON KOHTaKT;

I'C — ropuzoHTanbpHas CKBaKHUHA;

KHH — ko3¢ punienT HepTen3BieueHus;

KII — xycToBas miomanaka;

M®OH — mynbTHda3HbIN 0CEBOI HACOC;

IIT'N — npoMbIcI0BO-Te0(PU3NYECKUE UCCTETOBAHMS;
II3I1 — npuzaboitHas 30HA MJIACTA;

ITHI" — nonyTHBIN HePTAHOM Ta3;

IIII — npoAYyKTUBHBIN TLIACT;

I — nognepkaHue miacToBOTO JAaBIICHUS;

YH3 — yucrto HehTAHAS 30HA;

®II3 — poHTaHMpPOBAHUE 110 3aTPYOHOMY IMPOCTPAHCTBY CKBAKUHBI;

IIH — snexTporeHTpoOeKHBIN HacoC.



PE®EPAT
Maructepckas gucceptanus coaepkut 118 crpanun, B ToM uncie 36 pucyHKOB,
19 tabGnun u 28 nurepaTypHBIX UCTOYHUKOB. PaboTa COepKUT 2 MpUI0KEHUS.
KitoueBble  cnmoBa:  MecTOpoXkieHue, HedTb, ra3, TMpopbIB  rasa,
KOHycooOpa3oBaHWe, Ta3oBbli (akTop, Tra30coAep)KaHHe, MPEABKIIOUYCHHBIC
yCTpoiicTBa, rpaduk YeHa.
OOBEKTOM HCCIEOBaHUS SBISIOTCS MECTOPOXKIEHHUSI C BBHICOKMM 3HAYE€HUEM
ra3oBoro ¢akropa.
Lenps paboThl — ONTUMU3ALINS TPOLECCOB A0OBIUM HEPTH HA MECTOPOXKICHUSAX,
00yCJIOBJIEHHBIX BHICOKUMHU 3HAYEHUSIMH ra30BOro (pakTopa.
3amaun:
1. PaccMOoTpeTh BIUSIHUE TEOJOTHYECKUX OCOOEHHOCTEM Ha Mpollecc
pa3pabOTKH MECTOPOKICHUN
2. IlpoBecTn aHanM3 CYUIECTBYIOIIMX TEXHOJIOTHM, HaANpaBIICHHBIX Ha
CHW)KEHHE 3HAYeHHS Ta30BOro akropa
3. ChopmupoBaTh peKOMEHJAIUU 110 TMOBBIIIEHUIO 3P ()EKTUBHOCTH
pa3pabOTKH MECTOPOKIECHUN CO CXOKUMH T'€0JIOTHIECKUMHU YCIOBHUIMU
B pesynbrare wHccieqoBaHUS PACCMOTPEHBI T€OJIOTHYECKHE — YCIIOBHS,
BIMSIONIME HA Tpolecc pa3paboTku HedTera3oBbIX MECTOPOKICHHM, BBISBICHA
3HAYMMOCTH JIMHAMHUKH HW3MEHEHUS Ta30BOr0 (hakTopa Mpu JKCIUTyaTallid OOBEKTa.
[IpousBeneHa omeHka pocTa ra3oBOro (hakTopa B YCIOBHSIX HEOTHOPOIHOCTH HA
MECTOPOXKJICHUU «X», CPOPMUPOBAHBI PEIICHUS O TOBBIMIECHUIO 3P(HEKTUBHOCTU
pa3pabOTKH  MECTOPOXKACHHM C BBICOKMM Ta30BbIM (AaKTOPOM C  YYETOM
TE€OJIOTHYECKUX YCIIOBHH, MO NMPUYUHE KOTOPBIX MPOUCXOAUT pocT ['D - 3amexsb C
PacTBOPEHHBIM Ta30M B IUIACTOBOW He(PTH M 3a1€Xb, UMEIOMIAs Ta30BYIO IIMAINKY
(KOHTaKTHAas 3aJI€Kb).
Co3nannass OJOK-cX€Ma MPHUHATUS PEIICHUH SIBIAETCS  KOMIUIEKCHBIM
pelieHrneM, MO3BOJSIONIMM PAacCMaTPUBATh BCE BBINICNIEPEUHUCICHHBIE (aKTOphI B

COBOKYITHOCTH M TOJ00paTh HEOOXOIUMBIN METOJ OorpaHudeHus/cHKeHus ['d s
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MECTOPOXKACHHUS CO CXOXHUMH Te0JOoro-(pU3NIECKUMH YCIOBUSMHU MPOIYKTUBHBIX
wractoB. JIaHHBINA MOAXON TOMOXKET KOHTPOJIHMPOBATh W YHPABIATH MPOIECCAMU
pa3pabOTKU MECTOPOKAEHUs ¢ BbICOKUM ['D.

OO6nacTh MPUMEHEHHS: TIPEICTABICHHBIE PEIICHUS e1eCO00pa3HO MPUMEHSTh

Ha MCCTOPOKACHUAX C BBICOKMM 3HAYCHHUEM Ira30BOTI'O q)aKTopa.
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BBEJIEHUE

B Hacrosimiee BpeMst OOJNBIIMHCTBO MeCTOpOokaAeHu Poccun HaxonsaTcs, 1mubo
BCTYNAIOT HA 3aBEPILIAIOILIYIO CTAJIUI0 Pa3pabOTKHU, KOTOpas 00ycloBI€Ha BHICOKUMHU
3HaUEHUAMH OOBOJHEHHOCTU. [IpM 3TOM HMEIOTCS OCIOXHSIOMIME (QaKTOpbl, MpH
KOTOpBIX 3aTpydHsieTcss [00blya He(TH, OJAHMMH U3 KOTOPBIX SBISIOTCS
HEOJIHOPOJHOCTh MPOAYKTHUBHOTO TJIACTa, BEICOKUE 3HAYEHUS ra30BOro (akropa.

Bce nmponyKTUBHBIE MJIACTBI UMEIOT T'€0JIOTMYECKY0 HEOTHOPOAHOCTh. Hu3kuit
OXBaT MPOAYKTUBHOTO IJJaCTa HarHETaeMOU BOJIOHN MpHU pa3paboTKe MECTOPOKACHUIN
C MoJJIep>KaHUEM ITUIACTOBOTO JaBJEHHS, OTCTaBaHHE BHIPAOOTKHU 3amacoB HEPTH OT
3aIUIAHUPOBAHHBIX MPOUCXOAUT MO MPUUYMHE PA3IUYUs 3HAYCHHI MPOHULIAEMOCTH
YYAaCTKOB IIPOJYKTUBHBIX IJ1ACTOB. [10 3TOM IpUYMHE MPOUCXOIUT NPEKIEBPEMEHHOE
00BOJIHEHUE JT0OBIBAEMON MPOAYKIIMHU M3-3a TOTO, YTO 3aKayMBaeMas BOJla B MEPBYIO
ouepe/ib MPOHUKAET B BHICOKOIPOHUIIAEMbIE MPOIIIACTKH, @ HEPTh, collepKaIascs B
HU3KOIPOHUIAEMbBIX YYACTKaX, BBITECHSECTCS B MEHBIIIEH CTEIICHHU.

Bricokoe 3HaueHue ra3oBoro ¢akTopa Takke NPUBOJUT K HEraTUBHBIM
MOCJIEJICTBUSIM TPU  pa3paboTke MecTopoxkaeHus. I[Ipu CHUKEHUH IJIaCTOBOTO
JABJICHUS HWXKE JABJICHUS HACBILICHUS MPOUCXOIUT pa3rasupoBaHUE IUIACTOBOU
Heptu. B 3amexax, colepKamUX KOHTAKTHBIE 3amachl, MOXET MPOU30NTH
MOJTATUBAHME KOHYCa Ta3a K 320010 J0ObIBarolel CKBaKUHBI. HeoTHOPOJHOCTH 1O
IPOHUIIAEMOCTH CIOCOOHA MPHUBECTH K MPOPBIBY ra3a 4epe3 BBICOKOIPOHMIIAEMBIE
yuacTku. OTpunatenbHbIM 3()PEKTOM OT BO3AEHCTBHS TaHHBIX MPOSBICHUM SABIAETCS
YXYALICHUE IKCIUTyaTallud MECTOPOKJEHHUS: MEPErpeB MOTPYKHOT0 000pYI0BaHUA,
o0ecneunBaOIero  A0ObMY  Ta30KUJKOCTHOM  CMECM  Ha  I[MOBEPXHOCTH,
HEBO3MOXKHOCTh BBIPA0OOTKM OCTATOYHBIX 3amacoB, TuapaTooOpazoBaHue u ap. B
caMOM KpaiiHeM CiTydae MOXET MPOU30MTH MOTHOE PEeKpalleHNe MOCTYIICHUS HepTH
BBHUJy IPOpbIBA Ta3a.

[Tpu yBennmyeHuu razoBoro (pakropa CyiecTByeT MHOKECTBO PELICHUN JaHHOU
npoOsieMbl:  3a0JaroBpeMeHHble (HampaBiE€Hbl Ha CO3JaHUE U COXPaHECHHUE

HpOI/I3BOI[I/ITeJ'IBHOﬁ CIIOCOOHOCTH CKBa)KMHBI C HU3KMMHM MOKa3aHUSIMHU rasa), TCKYLIHC
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(B mporecce SKCIUTyaTallud CBSI3aHbI C M3MEHEHUEM W THIATEJIbHBIM KOHTPOJIEM
PEXKUMOB, NaBiICHUU, 0€3 HEOOXOAMMOCTH OCTAHOBKM CKBA)KUHBI), ONEPAI[MOHHBIC
(TpeOytolue OCTaHOBKY CKBaXKMHBI, BMemiaTesnbcTBa Opuransl KPC, mpoBeneHus
IPOMBICIIOBBIX T€OPUZNMUECKUX UCCIEIOBAHUM, U TPOUYUX MEPOINPHUATHUI CBSI3aHHBIC C
paboTol B CKBaXKMHE, KOT/Ia OCTAJIbHBIE METOIbI HE TAI0OT JOJDKHOTO d(PdexTa).
AKTyanpHOCTh JaHHOW pPa0OThl OOYyCIIOBJIEHA HEOOXOJUMOCTBIO MPUHATHS
NPaBUJIBHBIX PENICHUM MPU JaHHBIX OCJIOKHEHHSX, BIHUSIONIUX Ha pa3paboTKy
MecTopokaeHusi. YToObl HAWTH OMNpeNeNeHHbIH MOAXOIAIIUNA METOJI HEOOXOJIUMO
paccMaTpuBaTh KaXIbld cliydail B oTaenbHOCTU. Ho niis ynpoluieHus moOHUMaHus U
MOMCKAa TEXHOJIOTUHU OOpbOBI C Ta30BBIM (DAKTOPOM, OMUPAsCh Ha MPUPOIY €ro
MOSIBJICHUSI C YYETOM KOHKPETHBIX TEOJOTMUECKUX YCIOBUM MECTOPOKIACHUS
npejyiaraeTcsi  UCIOJIb30BaTh ~ MHTETPUPOBAHHBIM — MOAX0A K pa3paboTke
MECTOPOXKICHUM C BEICOKMM 3HAYCHHEM Ta30Boro ¢akropa. [Ipu nmpoBeaennn anainza
JaHHBIX OblLIa CcOCTaBlieHa OJIOK-CXeMa NPHUHSITHS pEIICHUM, NpUHHMaeMmasi Kak
MOJIeNIb U pPEKOMEHJyemasi K HCIOJIb30BAHHI0 HAa MECTOPOXKICHUSX CO CXOKHUMU

I‘GOJ’IOFO-(l)I/IBI/I‘{GCKI/IMI/I YCIOBUAMU.
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1. BJUSHUE TEOJOI'HMYECKHUX OCOBEHHOCTEM HA
IMPOIIECC PA3PABOTKH MECTOPOXIEHHUH B OCJIOXKHEHHBIX
YCJOBHUSX

1.1Biusinue HEOJHOPOAHOCTH HA Pa3padoTKY HeTAHBIX MeCTOPOKIEHHU

Hedrenocubie  mopoasl  XapakTepu3ylOTCS  M3MEHEHHUEM  JIMTOJIOrO-
(danuaibHOr0 ¥ MUHEPAJILHOTO cOCTaBa. Takxe, B CBOIO O4Yepe/lb, B MPOAYKTUBHBIX
TOPU30HTAX MMEETCS HEMOCTOSHCTBO (PUILTPAIIMOHHO-eMKOCTHBIX cBOMCTB (DEC):
POHUIIAEMOCTh, MOPHUCTOCTh, HayalbHAas HEPTEHACBHIIIEHHOCTb, CXUMAEMOCTb. B
JIOBOJIHO IIMPOKOM Juana3oHe 3HaueHUM MeHsieTcss U 3(@PeKTHBHas MOIIHOCTb
riacta. M3-3a maHHBIX OCOOEHHOCTEH, JUIsl XapakTepucTuku m3meHunBoctu PEC,
XapakTepa pacnpoCTpaHEHUs] TOPU30HTa B 00bEME HEPTSIHOU 3a1€KU HCIONB3YIOT
MOHSATHE HEOJHOPOAHOCTH [1].

B wneomHopomubix mnpoxyktuBHbIX Twiactax (IIII) mpomecc BweITecHEHHS
IUIACTOBOM He(TH HArHETaeMou BOoi OyaeT HepaBHOMEPEH. CBSA3aHO 3TO C TEM, YTO
U3-32 pazNuyusl 3HAYCHUN MPOHUIIAEMOCTEH B MEPBYIO o4epeb OyJIeT MPOUCXOIUTh
BBITECHEHHE [0  BBICOKONpPOHHUIIAEMbIM  mporuiactkam.  Kak  cienctsue,
HuskonpoHuiaemeie ydactku [1I1 comepxat 60mbiioe 3HaueHNE OCTATOYHBIX 3aMIACOB
HedTu. [laHHbBIe TPOIJIACTKUA MOTYT OBITH HE OXBaU€HBI MPOIIECCOM 3aBOHEHUS Ha 20-
50% wu Oozee. 3a cUeT TAKOTO MaJIOTO OXBaTa MPOAYKTHBHOIO IIacTa 3aBOJHCHUEM
IIPOIIEHT U3BJICYCHUSI HE(DTHU SBISETCS HU3KUM. TPaTUIIMOHHO YCTOSIBIITECS CUCTEMBI
pa3pabOTKH MECTOPOXKJICHUN MPHU JaHHBIX YCIOBUSAX SIBISIOTCS B HACTOSIIEE BpEMSs
Manod()PEKTUBHBIMA U aKTyaJbHO TpUMEHEHHE 3(PGEKTUBHBIX TeXHONOTWH. Tak,
M.JI. Cypry4eBsiM B KoHIle 1950-x To0B OBLIIO BIIEpBBIEC BHICKA3aHO MPEATIOI0KEHNE
00 3¢ (heKTHBHOCTH HECTAIMOHAPHOTO BO3JICHCTBHUS 3aBOJHECHUEM HA MPOTyKTHBHBIC
iacTsl [7].

MHorue  ydeHble  3aHUMAaJUCh  HCCIENOBAHUSIMH  HEOJHOPOJHOCTU
MPOAYKTUBHBIX IJIACTOB, CPEIN KOTOPBIX clieiyeT oTMeTUTh padbotsl P.b. Xucamosa,
M.A. XKnanoBa, P.H. lusmesa, M.11. MakcumoBa, M.A. Tokapesa, B.C, Menuk-

[Namaesa, M.JI. CypryueBa u ap. HeB3upas Ha ycriexu B U3y4eHUU JaHHOU NPOOIEMBI,
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HET €IWHOW TOYKM 3pEHUs IO KIacCUPUKALMU, TEPMHUHOJIOTUHU, OICHKU
HEOJTHOPOJHOCTH CTPOCHUS HEPTIHBIX 3anexeit [2].

Bo wMHOrmX HayyHBIX TpyAax TIOHATHE HEOJHOPOJHOCTH OTHOCAT K
reojoruueckoii. CBsS3aHO 3TO C TeM, YTO HEOJHOPOTHOCTH BhI3BaHA T€OJIOTUYECKUMHU
nporieccaM, H3-3a  KOTOPHIX  MPOHUCXOIUT  W3MEHEHHE  JIMTOJOTHYECKHX,
neTpodu3nvecKkux, Quanyeckux cBOMCTB HepTeHocHbIX mopon. E.M. Cemun mon
re0JOrMYecKOil  HEOAHOPOAHOCTBIO  IMOJAPAa3yMeBaeT M3MEHUYMBOCTh JIUTOJIOTO-
(¢usnyeckux cBoMcTB nopo. PacimmpenHoe onpezaeneHue npuBeneHo B padore JI.O.
JleMeHTbeBa, TJ€ IO TEO0JIOTMYECKOM HEOJHOPOJHOCTBIO CIEIYET IIOHUMATh
HETIOCTOSTHCTBO JIMTOJIOTUYECKOW XapaKTePUCTHKH, (PU3UYECKHX CBOWMCTB KaK I10

TUTOIIA/IH, TaK | MO pa3pe3y mopo, kotopeie ciararot [111 [2].

1.1.1 Buabl HEOTHOPOIHOCTH CTPOeHHS HePTAHBIX 3ajexKei

B ucrounuke [2] B pe3ynbrare 0000IIEHNS BBHITOJHECHHBIX HUCCIICIOBAHHUM 110
U3YUYCHUIO HEOJHOPOAHOCTH MPOAYKTHUBHBIX IIJJACTOB TMPEIJIOKEHA JaHHAs
kiaccudukarus Heognopoauoctu I11:

1. HEOAHOPOIHOCTH MO KOJJIEKTOPCKUM CBOMCTBAM MPOAYKTUBHOIO IJIACTa;

2. nuronioro-ganuaibHas — HEOJAHOPOJHOCTh  MPOAYKTUBHOTO  TOPH30HTA

(rutacta).

JIBa TpeAcTaBICHHBIX THUIA HEOJHOPOJHOCTH BBIJCJICHBI Ha OCHOBE
ICOJIOTHYECKOTO W (DU3UKO-TUAPOJUHAMUYCCKHX TMpU3HAKOB. B Ttabmume 1
IPEACTABJICHBI CIICIYIONINE PA3HOBUAHOCTH JINTOJIOTO-(aIHaTbHON HEOTHOPOTHOCTH
Y HEOTHOPOJHOCTH IO KOJUIEKTOPCKUM CBOMCTBaM.

Tabmuma 1 — PasHoBugHOCTH nHTOJNIOTO-(palaaIbHOM  HEOJMHOPOAHOCTH H

HCOAHOPOAHOCTH 110 KOJIJICKTOPCKHUM CBOMCTBaM.

THIl HEOTHOPOIHOCTH Pa3HOBHIHOCTH HEOTHOPOJTHOCTH IO
JAHHOMY THITY
JIutonoro-darmanpHas ® MUHEPAIOTHYECKass HEOJTHOPOIHOCTb;
HEOTHOPOAHOCTD ® IpaHyJOMETpUYECKasi (arperaTuBHasi)
HEOJTHOPOTHOCTb;
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® HEOJHOPOAHOCTH 10 TOJILIUHE
TOPU30HTA;

® HEOJHOPOAHOCTb 110 TOJIIIUHE IIJIaCTOB
(B cocTaBe MPOYKTUBHOIO TOPU30HTA)

HeogHopoaHOCTH 1O KOMIEKTOPCKUM ® HEOIHOPOIHOCTH 10 MIOPUCTOCTH;

CBOHCTBaM ® HCOJHOPOJAHOCTH IO MPOHUIIACMOCTH;

® HEOJHOPOJHOCTh IO PaCIpPEICIICHUIO
OCTaTOYHOM BOJIOHACBIIIEHHOCTH;

® MUKPOHEOAHOPOJHOCTh

Jlutonoro-danuanbHas HEOAHOPOIHOCTh — U3MEHEHUE IPAHYIIOMETPUUECKOTO,
MUHEPAJIOTMYECKOro, JHUTOJOro-ganuaibHoro cocrasa mnopoxn IIII.  annas
HEOJIHOPOJHOCTh OO0YCJIOBJIEHA YepeAOBaHUEM IOPOJ Kak MO IUIomiaau HedTIHON
3alleu, TaK U MO pa3pe3y MPOJYKTUBHOTO TOPU30HTA, M3MEHEHUEM TOJIIUHBI
ClaralpiMx TOpoJa, HMX 3aMelleHHeM, BBbIKIIMHHBaHWeM U T.4. Ha pucynke 1
NpPEJICTAaBIIEH  Te0JIOrO-TUTOJOTMYECKH  mpoduiab  OJHOTO M3  HEPTIHBIX
MecTopoknenuid  Poccun, Ha  KOTOpOM  OTOOpakeHa JIUTOJIOTO-(hanuaibHas

HCOAHOPOIHOCTD IIPOAYKTUBHBIX I1IJIACTOB.

1 O I ] ‘

[
BRI
A

ey

Pucynok 1 — I'eonoro-nutosorudeckuii mpouib MO MPOTyKTUBHBIM IJIACTaM
MyXaHOBCKOTO MeCTOpOKaeHUS [1]

B cBs3u ¢ TeM, 4TO BCE€ NPOAYKTHBHBIE IUIACTHI O00JIANAIOT JIUTOJIOrO-

dannanbHOW HEOJHOPOIHOCTHIO, MJII KOJMYECTBEHHOM OIIEHKM JIaHHOTO BHUJA

HEOJHOPOJHOCTU MIPUMEHSIOT CleayIolue K03 OUITUEHTHI:
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e KO3()PUIMEHT pacuIeHEHHOCTH — OTHOIIEHHE CYMMApHOTO 4YHCIa
MIPOHULIAEMBIX CJIOEB, CYMMHUPOBAHHBIX MO BCEM CKBA)KMHAM, BCKPBITBHIX
MPOJYKTUBHBIN IJIACT, K YACTY 3TUX CKBaYKHH.

e KO3(DPUIMEHT CBSI3aHHOCTU — OTHOLIEHHUE TUIOUIAJAN YYaCTKOB, I€ MIIACTHI
CIMBAIOTCS, K 0O0mell HedTeHachlleHHOW Iulomanu 3anexu. JlaHHbIH
KO3 (QULMEHT MOKA3bIBAET CTENEHb THAPOIUHAMUYECKON CBS3H.

e KOA(DPUIMEHT MEeCYAaHUCTOCTH (TEPPUTCHHBIA KOJUIEKTOP) — OTHOIICHHE
s dexTuBHOM MomHOCTH K 001el momHocTH [1I1 B pa3pese onpeaenennoin
CKBQ)KHUHBI.

Cnegyer ywecTb, 4YTO JUIsl KOJMYECTBEHHOH OIIEHKM HEOJHOPOJHOCTH

CYWIECTBYIOT M Jpyrue Kod(DPUIMEHTh, HO MIMPOKOE TMPUMEHEHHE HAIllJIu

BBIIIICOITMCAHHBIC.

1.1.2 AHanu3  BJMSHUSL TNPOHMIAEMOCTHOW  HEOJHOPOJHOCTH  HA

K03 puuueHT HepTEeU3BICUYCHUS

[IpoHumnaeMocTh SBISETCS OIHOW W3 BAXKHEHIINX THAPOJIAHAMHUYECCKHIX
XapaKTEPUCTHK, TaK KaK OHA BIMSAET HA MPOIYCKHYIO CIIOCOOHOCTH MIOPHCTOM CPEIIbI,
JTOOBIBHBIE BO3MOXXHOCTH CKBRKHHBI, €€ TIPOJYKTUBHOCTh, Ha II0OKa3aTelb
Hedreornaun. IlyTéM nabopaTOpHBIX M TEOPETUYECKUX MCCICAOBaHUN Oblia
yCTaHOBJICHA MIPsIMasi 3aBUCUMOCTh KOA(DPHUIIMEHTA MPOHHUIIAEMOCTH OT HEPTEOTAAYH:
yem OoJble cpeaHee 3Ha4YeHHE KOd(PUIMEHTa NTPOHUIIAEMOCTH, TeM OOJbIe
HedTeoTnaya.

HeoaHopoIHOCTH 1O MPOHUIIAEMOCTH U3y4yeHa OoJjiee 1eTanbHO, YeM JIUTOJIOTO-
damuanpbHas ~ HEOTHOPOAHOCTh  W3-3a  OONbBIIEH  3HAYUMOCTH  JTAHHOTO
TUAPOJAMHAMHYECKOTO TapaMmeTpa. Pa3nuvaroT aBa BuAa HEOTHOPOIHOCTH IO
IPOHUIIAEMOCTH:

e 30HaJgbHAs HEOMHOPOJHOCTh — CpPEOHUE 3HAYCHHUS MPOHHUIIAEMOCTH

HU3MCHSAIOTCA 110 ITIOIaaun HG(bT?IHOfI 3aJICIKHU.

20



® CIIOMCTas HEOJHOPOJIHOCTH (HeogHOopoAHOCTh mTo Ttommuue I[IIT) — Bun
HEOJHOPOJAHOCTH, IPU KOTOPOM IIACT PA3JAEIIEH HA HEKOTOPOE KOJIUYECTBO
CIIOEB, TI€ B OJHOM CJIOE€ CPEOHHUE 3HAYEHHS IPOHULAEMOCTU SBJISIOTCSH
ITIOCTOSIHHOW BEJIMYMHOM, HO OTJIMYAIOIIMECS OT 3HAYEHUW NMPOHULIAEMOCTH
JIPYroro Ciosl.

B 3aBucuMoOCTH OT Xapakrtepa U3MEHEHHS CIIOMCTOM CTPYKTYpPbI JaHHBIU BU
HEOJHOPOJHOCTA MOAPA3AEIACTCA Ha JBE TPYNNbL: YIOPALOYEHHO-CIOUCTYIO
HEOJHOPOJAHOCTh (CBOMCTBEHHA XOpOIasi BBIICPKAHHOCTH IPOCIOECB B OJIHOM
HallpaBJIEHUM M 4YacTO€ WX YepelOBaHHE B TMEPHNEHIUKYJISIPHOM) U XaOTHUYHO-
CJIOUCTYIO) HEOJHOPOJHOCTh (OTCYTCTBHE BBIIEPKAHHOCTH TPOCIOEB B JIOOOM W3

HanpasiieHuit) [3].

Pucynok 2 — YnopsimoueHHO-cioucTas (a) 1 XaOTHIHO-ciioucTas (0)
HEOJIHOPOJHOCTh

Bypenne  HOBBIX  JOOBIBAIOIIUX  CKBAXHH  SIBISIETCS  OJHUM U3
pacupocTpaHeHHBIX W A()QPEKTUBHBIX  CIMOCOOOB WHTEHCU(MUKAIUU  JOOBIYH
yraeBoaopoioB. [IpuMeHeHne JaHHOTO MeEToJa TaKKe CIIOCOOCTBYET pOCTY
kod(urneHTa HeTen3BICUCHHUS.

WBanoBoit M.M. [8] 3a cyer mpojaenaHHOTO aHaJIHM3a MPOMBICIIOBBIX JTaHHBIX
MHOXECTBA MECTOPOXKJICHHIM OMMCaHbl CIEAYIOUME PEKOMEHAAIUMU 1O BBIOOPY
IJIOTHOCTH CETKH CKBaXHMH. B HEQTAHBIX 3almexax, XapaKTepU3YIOIIHUXCS
BBIJICPKAHHBIM CTPOCHHEM IUIACTOB, COOTHOIIEHUEM BSI3KOCTEH TIACTOBOW HE(DTH U
BOJIBI OKOJIO €AMHUIIGI, BIMSHUE MIOTHOCTH CETKH CKBKHUH Oy/IeT HE3HAYNTEIIHHBIM

— JTAaHHBIC 3aJIC)KH MOTYT IKCIUTyaTHPOBATHCSA C PENKOW ceTkoi ckBaxkuH (mo 40-50
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ra/ckB). Takke BO3MOXHO OypeHHE HEKOTOPOro KOJIMYECTBA CKBAXKUH, B IOMOJIHEHUE
K OCHOBHOW CETKE CKBaXHH, C IIEJBI0 CTATHBAHUS KOHTYpa HEPTEHOCHOCTH. B
3anexax, ¢ 0onpmoi HeogHopoAaHOCThIO III1 U cooTHOEHNEM Bsi3KOCTEM HEDTH U
BOJBI B Tipefienax 3-4 miI0THOCTh CeTKU ckBaxuH (20-30 ra/ckB) CriocOOCTBYET POCTY
KMH. Pa30OypuBaHue IJOTHOCTH CETKM CKBaXxHH (6-12 ra/ckB) cmocoOCTByeT
npubIKeHnto koddpunrenta HeQTen3BICUCHHUS K TPOSKTHOMY CPEIHEOTPACICBOMY
JUIsT He(PTSIHBIX BBICOKOBSI3KMX 3aJICKECH TPH 3HAYCHWU COOTHOIICHHS BS3KOCTEH
HedTH 1 Boabl oT 4 10 50 [2].

Ha ocHOBaHWYM JaHHBIX PEKOMEHIAIMA MOYKHO CJIe]aTh BEIBOJI O TOM, UTO TIPH
BBIOOpPE  IUIOTHOCTH  CETKM  CKB@KHMH  TJIABHBIMH  ()aKTOpamMHu  SIBJISTIOTCS
HEOJIHOPOHOCTh MPOAYKTHBHBIX IJIACTOB U COOTHOIICHHE BA3KOCTECH HE(TH U BOJIBI.
[TpepeiBructocTs I111 sBIIsSICTCS TIIaBHBIM (PaKTOPOM HEOTHOPOIHOCTH, OTPE ICIISIONIAs
CTCTICHb TUJPOJNHAMUYCCKON CBS3U B 00BbEME HEPTSHOHN 3aJCKH U THI CTPOCHHS
IPOIYKTUBHOTO IUIacTa.

BcenenctBue MpoBEeIEHHOTO aMEPUKAHCKUMM — MCCIEOBATENIIMH  aHAlIM3a
IIPOMBICJIOBBIX JIaHHBIX M PE3yJbTaTOB MaTeMaTHUYE€CKOrO0 MOJEIMpPOBaHUS ObLIO
BBISIBICHA 3aKOHOMEPHOCTh J(G(PEKTUBHOCTH OypeHUs TOMOJHHUTEIHHOTO YHCIIA
CKBOXUH OT HEOJHOPOAHOCTH (CIOMCTAas U 30HAJbHAs) H MPEPHIBUCTOCTU
IPOJIYKTUBHOTO IJIaCTa — YeM BBINIEC 3HAaueHUs MaHHBIX ocoOeHHocTel IIII, Tem
ahdexrrBHee B nensx noseimienus KMH Oyner OypeHue qOMOTHUTEILHBIX CKBAKHUH.

BaxHbIM SBIIsSIETCS 3HAHKE pacTpe/IeiICHIs 3HAUCHN I POHUIIAEMOCTH B 00bEMeE
NIPOJYKTUBHOTO TIACTa, KAKOBA J0Js1 00BhEMA MECUaHUKOB (IO MPOHHUIIAEMOCTH) JIJIst
OlleHKH KoddduimenTa KoHeuHOTO HedTemsBiaeueHus. Pacmnpenenenune moneit
NECYaHWKOB C Pa3IUYHBIMH  KOX(PPUIIMEHTAMHU TPOHHUIIAEMOCTH B 00BEME
NPOAYKTUBHOTO TutacTa OyJeT 3aBUCETh OT XapakTepa MPOCTPAHCTBEHHOMN
HEOITHOPOJHOCTH 10 TTpoHHUIIaeMocTu. bepesnnbiM B.M. Obli1a BbIsSIBJIEHA 3aBUCUMOCTD
He(TEU3BICUEHNUS OT TMPOHUIIAEMOCTH — €CIU 3HAYCHHE THIPOJIUHAMHUYECKOTO

napamMeTpa Bbllie, To 00ibiIe KOAQPUIUEHT HePTEU3BICUECHUS.

22



1.2 AHaTu3 NPUYHUH BBICOKO 00BOJHEHHOCTH J00BIBAIONIUX CKBAKUH MIPH

IKCILTyaTallumn MeCTOpO)KIleHl/Iﬁ

Ha cerogusiminuii neHp Oosbliasi yacTh MecTOpoXkJaeHuid Poccun HaxoauTcs,
aM00 BCTYMAaeT B MO3JHIOK CTaJuI0 pa3pabOTKH, OTIUYUTEIHLHON YepTOH KOTOPOM
ABJIAETCS OOJIbIIOE 3HaYE€HUE OOBOAHEHHOCTH B 100bIBaeMor npoAykuuu. [lpu aTom
OPUCYTCTBYET OoJblIasi J0Ji1 OCTAaTOYHBIX 3amacoB HedTu. IlpexneBpemMeHHOE
ooBogHenue IIII co3maér orpunarenbHbll 3QPexkT Ha T00BIYY YIJIEBOJOPOOB:
CHIWKeHHe ko3pduuuenta HedTeusBiedyeHus, Tekymend po0bun Hedtu. Kak
CJIE/ICTBHE, TMPOUCXOJIUT YyBEIMYEHUE HIKOHOMHUYECKHX 3aTpaT, HalpaBJICHHbIX Ha
MOJIFOTOBKY U 0OpaTHYIO 3aKauKy B MPOAYKTHUBHBIE TUIACTHI OOJIBIINX 00bEMOB BOJIBI.
N3-3a npoucxoasimmx He1000pOB MPOAYKIIUH MIPUXOAUTCS MPOU3BOAUTH YCKOPEHHBIN
BBOJ B KCILTyaTallli0 HOBBIX CKBAKUH WJIM MECTOPOXKJICHUN C LIETBI0 KOMIICHCAIIUU
norepb 1o a00buu HedgTH. I[IpoGirema 0OBOAHEHHOCTH HSKCIUTyaTHPYHOIIUXCS
00BEKTOB pa3pabOTKH ABIsETCS BCE OoJiee aKTyaJIbHOM.

[TonyTHast Boga, KoTopasi 1oObIBaeTCsS COBMECTHO ¢ HEQTHIO MOAPa3/eIeHa Ha 2
THUIA: BOJY, aKTUBHO ITOCTYIAIOUIYI0 U3 aKTUBHBIX BOJOHOCHBIX TOPU30HTOB JINOO U3
HarHeTaTeIbHbIX CKBaXKWMH, W IJACTOBYIO BOJYy, HE YYacTBYIOLIYI0 B IIpoLEcce

BBITECHEHHS HEe(DTH.

1.2.1 Mexaunu3Mbl 00BOIHEHHS J00BIBAIOIIAX CKBAKHUH IJIACTOBOH BOJOM

IIpopbiB K CKBa:XMHe ILIACTOBOM KOHTYPHOHM BOAbI. B HampasieHuw,
NapajuIeJIbHOM  HAIUIaCTOBAHWIO, IIPOMCXOAUT JBH)KEHUE KOHTYPHOM  BOJIBI,
OCYUIECTBIISIEMOE H3-3a yHpyrux cui 3akoHTypHOU oOmactu [II1. Takum obpaszom,
pOCT OOBOAHEHUS CKBAKHMH, HAXOSIIUXCS B MPUKOHTYPHOUN 30HE HEPTIHOM 3alexKH,
TakKke OOYCIIOBJICH SHEPreTUYECKOW AaKTUBHOCTHIO 3akoHTypHOu oOmactu [II1,
omnpenensemMass  (PUIBTPAIMOHHO-€MKOCTHBIMH ~ CBOMCTBaMH,  JIMTOJIOTHYECKOM
BBIJICPKAHHOCTHIO U 00BEMOM TaHHOM 00aCTH.

IloBbIIEeHHASs HAYAJIbHAA BOAOHACBIIICHHOCTH NNPOAYKTHBHOI'O ILIaCTA.

23



[IpyunHoii  OOBOAHEHMSI JOOBIBAIOLIEH CKBaXXMHBI C MEPBbIX JHEH
AKCIUTyaTalluu SBJSETCS TOBBIIIEHHAs BojaoHAckimeHHOCTh [III. CBg3aHo 31O C
HU3KUM 3Hauy€HHEeM HE(PTEHACHIIEHHOCTU MPOAYKTUBHOTO IUIACTA WJIM MPOU3OLILIO0
BCKPBITUE TMEPEXOAHOM 30HBI HACHIIIEHHOCTH CKBAXXMHOW Ha 3aJIEKH HEPTU C
noActunamoneid Boaol. COOTHOLICHWE TPAaBUTAMOHHBIX M KAMWUISAPHBIX CHII
OTIpeNIeIIICT CTPOCHHE JAHHOM 30HBI. | paBUTAIIMOHHBIEC CUIIBI TPEAONPEACTSIOT 00111ee
noJioXKeHrue HepTu 1 BoJIbI B pazpese HeTAHOM 3anexu. KanumisipHbie CUITbI 3aBUCST
OT CBOWCTB M cocTaBa mopoja u (iounga, Haxonsmuxcs B Hux. [lo pesynapTaTtam
aHaju3a HayaJlbHBIX 3HAYCHUM OOBOJHEHHOCTH J0OBIBAEMOM MPOMYKIIMU CKBaKUH
3aJIeKH ¢ MNOACTWIArolEern BogoW BocrtouHo-IIpaBIMHCKOrO MECTOPOXKAECHUS U
o0bekTa pa3paboTKu MaMOHTOBCKOTO MECTOPOXKICHHUS OBLJIO TMOJYyYEeHO, YTO
TOOBIBAIOIINE CKBAKUHBI C BHICOKUMH OTMeTKaMu KpoBiH 111 uMeroT 0THOCUTENHHO
HU3KOE 3HAUYCHHUE.

Takxe oTMeuaeTcs, 4TO MOABUKHBIE PEIIMKTOBBIE BOJbI HHOT A BCTPEYAIOTCS B
nonomBe [II1 yucto HedTaHOM 3anexu. Takas 3anexp, MO Xapakrepy OOBOIHEHUS
100BIBAEMOM TPOTYKIIMU CKBAaXHH, OJTU3Ka K 3aJIC)KHU C MMOACTUIIAIONICH Bo1oM [4].

KonycooopazoBanue. CornacHo teopuu M.M. I'maroBckoro — M.A. HapHoro
IIPA HEIMOJHOM BCKPBITUM CKBaXWHOM pa3pe3a 3aJI€KHU C MOJCTUIIAONIECH BOJOU B
npusaboiinoi 30He miacta (I1311) Bo3HuKaeT BepTUKaIbHAs COCTABIISIIONIAS CKOPOCTH
— BogoHedTssHor koHTakT (BHK) mpuoGperaer dhopmy konyca. Jlannas mpoOiema
BO3HUKAECT B BEPTUKAIIBHBIX CKBAXXKMHAX. B TOPU30HTAIBHBIX CKBAaXXUHAX 3TO SIBJICHUE
HA3bIBAIOT S3LIKOOOPA30BAHUEM.

Ioasém BHK k wuntepBany mnepdopaunun. [lannas npobiema 3aMeTHO
MPOSIBIIAETCS B CKBAXKHHAX, KCILTYATUPYIOLIMXCS B 3aJ1€KaX C MMOACTUIIAIOIIEN BOJIOK.
IIpu moawéme nmogomBeHHbIX Boag BHK 3aneraer ropu3oHTaabHO WM ¢ HEOOJIBIINM
YKJIOHOM. J[BYDKYIIEH CHITOH MpH Mo IbEME BOTIOHE(TSHOTO KOHTAKTA SBIISICTCS HATIOP
KpaeBbIX BOJ. B pa3paboTke 3amexelt ¢ moACcTUIaIoNel BOAOW U BOJOHEPTIHBIX 30H,
o mHeHuto M.JI. Cypryuesa, xapakTepHbl KOPOTKHE MEPUOAbl O€3BOTHON MPOTYKIIUU

I[O6BIB3IOIHI/IX CKBaXXHUH, CJIOKXHOC IIPOCTPAHCTBCHHOC TCUYCHUC HC(l)TI/I H BOAbI, HU3KHC
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TEMIIbI ~ BBIPAOOTKM  3amacoB  HePTM U  HEOOXOAMMOCTh  MPOBEICHUS

BOJIOM30JIAIMOHHBIX padOT B TOOBIBAIOIINX CKBAXKHHAX [4].
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Pucynok 3 — Mexanu3m 0OBOTHEHUS TIJIACTOBOM BOJION: a) —
KOHYcooOpa3zoBaHue; 0) — si3pikooOpa3zoBanue; B) — noabéM BHK k unTeppamy

nepdopanuu [5]

1.2.2 MexaHU3MBI 00BOIHEHHUSA J00BLIBAIOIIUX CKBaKUH u3-3a

TEXHUYCCKHUX U TEXHOJOTHYIECCKHUX l'IpOﬁJ'IeM

IIpopbiB 3akaunMBaeMOM BOJbI MO NPOAYKTHBHOMY Iuiacty. B uucro
He(TSIHOW 3ajexu JaHHas mpooOsiema oOpasyeTcss B pesyibrare Imojaxonaa (poHTta
BBITECHSIEMOU BOJIBI MO MPOAYKTHBHOMY ILIACTy K JOOBIBAIOIIMM CKBakuHaMm. Bona
MOCTYMAeT OT KYCTOBOW HACOCHOW CTaHIMU 4Yepe3 pacHpelesIUTENbHbII OJIOK B
HarHeTaTeJbHbIE CKBAKUHBI.

IHoaTrsiruBaHue MOJOIIBEHHBIX BOJ BCJIEICTBHE 3aKOJOHHBIX NEPETOKOB B
noObIBaoIel ckBaxknue. [ 3anexei ¢ MoACTUIAIOEH BOIOU, II€ IPUCYTCTBYET
TJIMHUCTAas TIEPEMbIUKa, aHHas MpoOjeMa OOBOJHEHHOCTH JOOBIBAIOIINX CKBAYKUH
ABIIETCS HamOoJee pacnpocTpaHeHHOW. [IposiBisieTcss 9TO M3-3a HEKAYE€CTBEHHOTO
LIEMEHTUPOBAHUS HKCIUTyaTallHOHHOM KOJIOHHBI CKBaXWHbl. Eme oaHumM u3
MPOSIBIICHUA MOKHO OTHECTH HapYyLIEHUE T€PMETUYHOCTH LIEMEHTHOT'O KOJIbLA B XOJI€
skcrutyatauu. Hammuue oOpa3oBaBIIMXCSl KaHAJOB MO3BOJISIET BOJIE MEPETEKATh U3

3aKOJIOHHOT'O MPOCTPAHCTBA B 3aTPyOHOE ITPOCTPAHCTBO.
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JpyruM nposiBlieHHEM 00pa30BaHMs 3aKOJIOHHBIX MEPETOKOB (MU 3aKOJIOHHOM
LHUPKYJISLNUN) SABJISIETCSA TOJIIMHA TJIMHUCTON MEPEMBIYKUA MEXKy BOJAOHACHIIICHHBIM
U TPOAYKTHUBHBIM IIJJaCTaMH. 3HAYEHHUE HSTOW TOJIIHUHBI ONpENEseT BEIUYUHY
rpaJiieHTa JIaBJICHUS] MEXIY IUIACTOBBIM JaBJICHUEM B BOJOHACHIIICHHOM ILJIaCTEe U
3a00MHBIM JIaBJICHUEM JIOOBIBAIOIICH CKBaXXHHBI [4].

Herepmeruynocrsb IKCINIYaTALUOHHOM KOJIOHHBI A00bIBAIOLEH
CKBa:KMHBbI. BcreactBue »Toil mpoOJieMbl MPOUCXOIUT TOMAJaHUE BOJABI U3
BOJOHOCHBIX TOPU30HTOB B  JOOBIBAIONIYyI0 CKBaXuHy. HerepMeTH4HOCTH
AKCIUTyaTallUOHHOW KOJIOHHBI 4YacTO OOHapy>KHMBAaeTCs Ha TIIyOMHE CITycKa
anekTporeHTpoOexkHoro Hacoca (DI[H), mpuunHON MOSBICHUS KOTOPOU SIBISETCS
Koppo3usi MeTayuia. Eiie oJHOW W3 MPUYUH HETEePMETUYHOCTH HKCIUTyaTallMOHHOM
KOJIOHHBI ~ SIBJIICTCSl TOBBIIICHHAS MEXaHWYeCKass Harpy3ka, OCOOCHHO JTO

IMPOABIACTCS B HAKIIOHHO-HAIIPABJICHHBIX CKBAKHMHAX.
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Pucynok 4 — Mexanu3m 00BOJIHEHHUS B pe3yJIbTaTe TEXHUUECKHUX MPOOIIEeM:

a) — 3aKOJIOHHBIN MEPEeTOK; 0) — HErepPMETUYHOCTD IKCIUTYaTAlMOHHOMN

KOJIOHHBI [5]
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1.2.3 Bausinue reoJioro-pusnyeckux (PpaxkropoB Ha TemMn OOBOJAHEHUS

MO00OBIBAIOIINX CKBAKUH

OcHoBHbIMU (haKTOpaMH, BIUSIONIMMHA Ha POCT OOBOJHEHHOCTH J10OBIBAaEMOM
IPOJYKIINH, SBISIOTCS Teosioro-pusndeckue. BnusiHue 3Tux (akTOpoB Ha TeMil
00BO/IHEHUSI HE(MTSIHBIX CKBaXXMH U, KaK CIIEJICTBUE, MOJAUYUHEHHAsT 3TUM (aKTopam
pOJIb TEXHUYECKHX NPoOJeM, OOOCHOBAHO pe3yJbTaTaMU aHaldu3a MPOMBICIOBBIX
JaHHBIX, TpoBeacHHBIX M.M. BaHoBoii [4].

HeonHopoaHocTh 1O NPOHMIIAEMOCTH NPOAYKTHBHOrO Imiacra. H3-3a
HaJIU4UsS JTaHHOM HEOJHOPOJHOCTH TMPOUCXOJUT HWHTEHCHUBHOE OOBOJHEHHUE
JOOBIBAIOITUX CKBAXXHUH JIByMS THUIIAMH BOJI. 3akayrMBaeMasi B MPOJAYKTUBHBIM ILIACT
Boja ObIcTpee godupaercs 10 3a00s1 HEPTIHON CKBXKMHBI 110 BHICOKOTIPOHHUIIAEMBIM
y4acTKaM, TOT/Ia KaK B MEHBIIECH CTENEHU MPOIECCY BBITECHEHMS IOJBEPTaroTCs
HU3KOIMPOHUIaeMble yuacTkH. J[aHHast mpoOjaemMa NPUBOANUT K CHIKEHUIO KOHEYHOTO
kod(dduimenta  HeTEW3BICUCHHS U YBEJIMYCHHIO  CPOKOB  pa3pabOTKu
mecTopoxkenus. g 3¢ dhekTUBHOCTH Mpoliecca 3aBOAHEHUS MPOYKTUBHOIO TUIACTA,
0OyCJIOBJIEHHOTO JaHHOW HEOIHOPOIHOCTHIO, Hambosiee MPOOJIEMHBIM BapUAHTOM
OyIeT SBISATHCS CIOUCTas HEOAHOPOJHOCTH C POCTOM MPOHUIIAEMOCTH MO pa3pesy
CBEpXY BHHU3 H3-3a MPOLIECCOB OCAJKOHAKOIIEHUS B YCIOBUAX TPAHCTPECCUU MOPSL.
IIpu pocte mpoHHMITaeMOCTH CHU3Y BBepX mporecc 3aBoaHeHus: III1 Oynmer mMenee
npoOseMHbIM. Takoil BapraHT CBA3aH C MPOIECCAMH OCATKOHAKOIIJICHUS B YCIOBUIX
perpeccun Mops [6].

MHorue aBTOpBI, HW3Yy4YaBIIUME MJaHHYIO NpoOIeMy, MOMAYEPKUBAIOT, YTO
MUKPOHEOTHOPOAHOCTh TPETSITCTBYET MPOILECCY IOJHOTO BBITECHEHHS HeDTH H3
3aBOJIHEHHBIX YYacTKOB, a HEpPAaBHOMEPHOCTb IMpOIECCa 3aBOJAHEHHUS CBs3aHa C
MaKpOHEOTHOPOAHOCTHIO. [10 3TO# MpUYHMHE pa3INvaroT JBa THIIA OCTATOYHOU HEPTH:
nepBbid THI — (opMHpyeTCcs B 3acTOoWHBIX 30Hax [II1, BTopoii TMnm — mpencraBiieH
OCTaTOYHOM He(PTEHACHIIIEHHOCThIO MPOMBITHIX BOJI0M mporuiacTkoB I111.

Kanwinsipable cWibl, yCWIHBAaKOIIUE BO3JAeiicCTBHE HEOTHOPOIHOCTH MO

NPpOHUIIAEMOCTH Ha IIpoHeccC OﬁBOIlHeHI/Iﬂ I[OﬁbIBalOHII/IX CKBa;KMH. MHeHUs
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ABTOPOB MO BIMSHUIO KANWUIAPHBIX CWJI HAa MPOHULUAEMOCTHYIO HEOJHOPOIHOCTH
paznuusbl. [lo ®. Kpeiiry B ruapouiabHBIX KOJUIEKTOpax 3a CYET JEWCTBHS
KaIWUIAPHBIX CHJI IPOUCXOAUT NPOHWKHOBEHHUE BOJbBI U3 3aBOJHEHHBIX YYaCTKOB
OPOJAYKTUBHOTO IJIacTa B He()TEHACHIIEHHbIE MPOIUIACTKHU, 00JaAat0II1e MEHBIIUM
3HAYEHHUEM NPOHULAEMOCTU. [103TOMY, C TEOPETHUYECKOW TOYKHU 3pPEHUs JIEUCTBUE
ATUX CWJI BIMSIET HA YBETMYEHUE KOHEUHOro kodpunmenta Hedrenssneuenus (KMH)
U CHUXXEHUI0O HMHTEHCUBHOCTH OOBOJHEHHUS JOOBIBAIOIIMX CKBaXXHH. B pabote
CypryueBa M.JI. moka3aHo, 4TO MOCIOHHOE OOBOJIHEHHE NMPOAYKTUBHBIX IJIACTOB HE
MOET OBITh 3aMEMJICHHO JEHCTBUEM KamWUIApHbIX clil. CKOpPOCTb BBITECHEHMS
He(TH 3aKaYMBaEMON BOJIOM JTOJKHA OBITH B 2-4 pa3a HIKE CKOPOCTU KalWUISIPHON
IPOMUTKH JJI1 HAMOOIBIIETO MOJIOKUTEIHBHOTO BIAUSHUS KAWJUIAPHBIX CHII. Takum
o0pa3oMm, 3a cUeT JACUCTBUS IaHHBIX CUJI B PEAJIbHBIX YCIOBUAX MPOIECCA BHITECHEHUS
Hedtu Bomoii u3 111 noseimenne KMH neBo3moxHo [4].

[Ipn aHanM3e MPOMBICIOBBIX JAHHBIX CO MHOTMX MECTOpOXAcHUW MBaHOBOI
M.M. [8] ObUIM OTMEYEHBI OTKJIIOUCHHS HauMEHee MpoHHIaeMbIX ydacTkoB [1I1 B
pouecce 3aBOAHEHMs. [[aHHbIe SBJICHUS CBSA3aHBI 3a CUET MPOSIBICHUS KallWJUISPHBIX
cwi. B rugpoduiibHON mopoje 3HaUY€HHME KaNWULIPHOTO JaBJICHUS CTaHOBHUTCS
HAauOOJBIINM B YCIIOBUAX HAyajJbHOW BOJIOHACHIIIEHHOCTH. B yCIIOBHAX HHU3KOTO
3HAYEHHUsI BOJOHACHILIEHHOCTU IOPUCTOM CpeAbl MPU CMEIIAaHHOW CMA4YMBAa€MOCTH
IIOPOJABl 3HAYCHUE KAlWUIAPHOIO JABJICHUS CTAHOBUTCS IIOJIOKUTEIBHBIM, HO
CTAHOBUTCS OTPULIATEIIBHBIM IIPU YCIIOBUM YBEIMYECHUS BOJOHACBHIIEHHOCTH. [JaHHOE
ABJICHUE CO31AET JIOIOJHUTEIBHOE THAPOCOIPOTUBIICHUE IIPOLECCY BBITECHEHUSA U
CTUMYJIMPYET ABHKEHUE 3aKaUYMBAE€MOM BOJIBI MO YK€ MPOMBIThIM KaHanaMm [1I1.

KonmneBo#t  kamwmasipHbld 3 QexT Takke SABIAETCS  OTPUILIATEIHHBIM
BO3/ICHCTBUEM KaNMWLISAPHBIX chil. JlaHHBIH 3¢ (deKT ocHOBaH Ha 00pa30BaHUU BOKPYT
npu3a00MHON 30HBI CKBAXXWHBI OOJACTH TOBBINICHHOW BOJOHACHIIIICHHOCTH. JTOT
addekr cHmkaer 3(QPEKTHBHOCTH MPOIECCa BHITCCHEHHS 3aKaunBaeMOM BOJIBI B
Hu3KonpoHunaeMbeix ywactkax [III, Onmarogapst d4emy HpPOUCXOOUT YCHIIEHHE

OTPHIIATEILHOTO BIUSHUS HEOJHOPOIHOCTH IIJIACTA 110 POHHUIIAeMOCTH [4].

28



AHM30TPONHUS TNPOAYKTHUBHOIO ILUIaCTa MO0 mnpoHunaemoctu. Ilox
AHU30TPONUEH TOHMMAETCS pPA3JIWYHbIE W3MEHEHHUS CBOWCTB IO OTHAEIbHBIM
HarnpabiieHusiM. COIOCTaBlIeHHE 3HAYEHUU OOBOAHEHHOCTH JOOBIBAIONIMX CKBaXKUH
(3a cuer KOHyca BOJbI) M 3HAUEHH, paccCuuTaHHbIX 0 popmysae M.M. ['narosckoro —
M.A. YapHoro mnokasajgo, 4YTO pPacyeTHOE 3HAaYeHUE OOBOJHEHHOCTH OoJbllIe
(dhakTH4YEeCKON 1O MPUYUHE TOTO, YTO (POpMyJia HE YUUTHIBAET NAHHYIO aHU30TPOIHIO
[4]. Hannas xapakrepuctuka III1 oTHocHTCSs K OAHOMY U3 (aKTOPOB, KOTOPHIC
ONMpEJENSIIOT  CKOPOCTh  OOBOAHEHMSI  JOOBIBAIOUIMX  CKBAXKWH  3alieked ¢
MOJICTHJIAIOIIECH BOJOM.

TpemmnoBarocts IIIl. B mporecce 3aBojgHeHUsT T0OBIBAIONIUX CKBaKUH
TPEUIMHOBATO-TIOPUCTBIX HWJIM TPEIIMHOBATHIX MPOAYKTHUBHBIX IIJIACTOB MOXKET
IPOU30NTH OBICTPBIN MPOPHIB 3aKAYMBAEMOM BOJIBI K TOOBIBAIOIINM CKBaKMHaM. [Ipu
HAJIUYUHU Pa3BETBICHHON CUCTEMBI TPEIIMH MPOPBIB BOJBI MPOUCXOIUT OCOOCHHO
yacto. B rmuacte, umeroleM B Haudajie mpolecca pa3paboTKu ciadble MpU3HAKU
TPEIIMHOBATOCTH, MPU 3aKayke BOJbI MOTYT oOpa3oBaThCs TpeniuHbl. B mporecce
AKCIUIyaTallUM MECTOPOXKIEHUS HAa PpEXKUME HCTOLICHUS 3aJ€KU MPOUCXOAUT
CHW)KCHHE IIJJaCTOBOTO JaBJCHUS M TMpPHU TMEpPeBOJE TO0OBIBAIONICH CKBOXKHHBI B
HarHeTaTeIbHYI0, 3a CUET PE3KOro OXJaXIACHUsS NpH3a00NHON 30HBI M JCHCTBUS
cToJi0a 3aKaunBaeMOM KMIKOCTH Ha ATy 30HY, BO3HHKaeT aBTo-I PII.

K npuunnam texHorenHoi tpemmuHoBaTocTH [13I1 HarHeTaTeabHBIX CKBaXUH
OTHOCUTCSI HEKaYECTBEHHAs IOJATOTOBKA BOJBI ISl 3aKAYKU B IJIACT — IIPUCYTCTBUE
MEXIIPUMECEN U HECOBMECTUMOCTh HATHETAEMOW U IIJIACTOBBIX BOJ, BCIEACTBUE YETO
IIPOUCXOIUT BBINAZCHUE COJIe. V3-3a BO3HMKAIOMICH KOJIBMATAIllUU IMPHU3a00MHON
30HBI IIJJACTa HArHETATEJIbHOM CKBAXXWHBI MPOUCXOAUT YBEJIWYEHHUE JABIICHUS
HarHETaHWSI C I1EJbI0 COXpaHeHWs OOBEMOB 3akauku BOJbL. JlaHHOE 1elcTBHe
croco0CTBYeT NanbHememMy pa3sututo TpemuH B [1311 [4].

Pazinume 3HAYEHUH BA3KOCTH IUIACTOBOM HeTH M 3aKAYUBaeMOil B IIACT
BoAbIL. [IpeBbillieHHE BS3KOCTU IJIACTOBOM HE(PTH HAJ BA3KOCTHIO 3aKauyMBaeMOMl B
MPOAYKTUBHBIA IJIACT BOJbI TAKXKE CIIOCOOCTBYET OMepekarounieMy OOBOJIHEHUIO

NOOBIBAIOIINX CKBAXKUH. Bsizkoe si3pik000pazoBaHue (GpOHTA BHITECHEHHUS — MPOIIECC
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00pa3oBaHUs OINEPEKAIOUIET0 MOTOKA BBITECHSIONICH BOJbI B HE(TEHACHIIIEHHOU
nopuctoit cpene. JlaHHOE A3bIKOOOpA30BaHUE CBSI3aHO C TMPEBBIIICHUEM 3HAYEHUS
BA3KOCTH IUIACTOBOM He(TH (BBITECHAEMOrO areHTa) HaJ HarHeTaeMol BOJIOH
(BBITECHSIOIIETO areHTa) U yCUIIUBAETCS C €r0 pocTOM. B X0/1€ aHanu3a npoMbICIOBBIX
JaHHBIX ¢ MecTopokiacHuit MBanoBa M.M. [8] BbIsiBHMIA 3aKOHOMEPHOCTH TEMIIa
0OBOJIHEHUST JTOOBIBAIOIINX CKBAXUH U BEIUYMHBI COOTHOIIEHUS BSI3KOCTEH — C
POCTOM COOTHOIIEHHS] BA3KOCTH MEKIY BBITECHSIEMBIM M BBITECHSIOIIMM areHTamu
BO3pAcCTaeT TeMIT CKOPOCTh 0OBOJTHEHHOCTH HEDTSIHBIX CKBaXKUH. [10 MHEHIIO MHOTHX
uccnegoBateneit (Cabupo M.X., CarrapoB M.M u 1p.) maHHOE COOTHOIIEHUE
BA3KOCTEH BJIMSET Ha CKOPOCTh OOBOJHEHHUS CKBaXKWUH CHJIbHEE, YeM IPUCYTCTBHE
MOACTUJIAIOIIUX BOJ U HEOJHOPOJAHOCTh MPOAYKTUBHOIO IIACTa MO MPOHUIIAEMOCTH
[4].

Takum 06pa3om, reosioro-puzndeckrue GakTopbl HAMPSIMYIO CBSI3aHBI C POCTOM
00BOHEHHOCTH J00BIBaeMOi mpoaykiuu. Haubosnee cuibHOE BIMSHHE HA TEMII

O6BOIIH€HI/I}I O6YCJIOBJI€HO HCOAHOPOAHOCTBHIO ITPOAYKTHUBHLIX ITIOPO.

1.3 Y4er razoBoro ¢axkropa npu pa3padorke He(pTSIHbIX MeCTOPOKAeHU I

N3mepenne Benmuunbl razoBoro dakrtopa (I'd) Bxoaut B 00sS3aTeNIbHBIN
KOMIUIEKC MCCIEOBAaHUN MO KOHTPOJIO 32 IMPOIECCOM pa3pabOTKU He(]TerasoBbIX
MECTOPOKIECHUM. DHEPreTUYECKOE COCTOSIHUE 3aJIEKU XAPaKTEPU3YETCSs HMEHHO
U3MEHEHHEM BEJIMYMHBI TAHHOTO (PaKTopa, MOXKET CUTHAIM3UPOBATH O MPOSBICHUU
HETaTUBHBIX SIBIICHUW B TMporecce pa3paboTku: mpopbiB Taza u3z [l k 3a6oro
NOOBIBAIOIINX CKBAXUH, BHYTPUIUIACTOBOE pa3ra3upoOBaHUE, MPOUCXOJSIIEE TI0
NPUYMHE CHIDKEHUS IUIACTOBOTO  JIaBJIEHUS HMXKE JABICHUS  HACBHILLCHUS.
OtpumarensHbiM  3G(PEKTOM OT BO3ACUCTBUS JAaHHBIX MPOSIBICHUN SBISETCS
yXyJUIEHUE JKCIUTyaTallud MECTOPOXKICHHUS: MEPErpeB MOTrpyKHOTr0 000py10BaHMUs,
o0OecreunBaromero  J00bMy  Ta30KHUIKOCTHOM  CMECH  Ha  MOBEPXHOCTH,
HEBO3MOXHOCTh BBIPAOOTKHM OCTATOYHBIX 3aMacoB, THApPATooOpa3zoBaHue u 1p. B
CaMOM KpaifHeM clly4ae MOXET MPOU30UTH MOJTHOE MPEeKpalleHre MOCTYIIeHUs HeTH

BBHUJy IPOpbIBA ra3a.

30



Ha ceromssmuui AeHb CyLIECTBYET MHOXKECTBO PELICHHUM, NPUMEHIEMBIX Ha
MECTOPOKICHUAX C BBICOKUMU 3HaUCHUSIMU [' D

3a07aroBpEMEHHbIE -  HampaBlI€Hbl HA  CO3JlaHWE€ U  COXpaHEHUe
IPOU3BOJIUTEIBHON CIIOCOOHOCTH CKBaXMHBI C HU3KUMU MTOKa3aHUSIMU Ta3a;

TEKyILHUE - B IIPOLECCE IKCIUIYaTAllUH CBA3AHBI C U3SMEHEHUEM U TILATEIbHBIM
KOHTPOJIEM PEKHUMOB, JaBJICHUHN, 0€3 HEOOXOIMMOCTH OCTAHOBKU CKBa)KUHBI,

OlepalMoOHHbIE - TPEOYIOT OCTAHOBKY CKBA)KHMHBI, BMEIIATENbCTBA OpHUrajbl
KPC, npoBeneHuss mnoA3eMHbIX TeO(QU3MUYECKUMX HCCIENOBAaHUM, U MPOUYMX
MEPOIPUSTUH CBA3aHHbIE C PA0OTON B CKBaXKMHE, KOTJ]Ja OCTAJIbHbIE METOJIbI HE JAI0T
TOJDKHOTO 3P dexTa.

JUiss  mpUMEHEeHHs ONpEeNEeJCHHOrO MOAXOMASIIero MeToJa HeoOXO0IUMO
paccmaTpuBaTh KaXKIblH CIydyaill B OTAEJIBHOCTH. HO 11 ynpouieHus: IOHUMaHUs U
MOMCKA TEXHOJIOTMH OOpbObI C Tra3oBbIM (AKTOPOM, OMHPAACh Ha MPUPOAY €ro
IOSIBJICHUSL C YYE€TOM KOHKPETHBIX TE€OJIOTUYECKUX YCIOBUM MECTOPOKIACHUS
npenjaraercsi — MCMOJb30BaTh  MHTETPUPOBAHHBIM  MOAXOA K pa3paboTke

MGCTOpO)K,IIGHI/Iﬁ C BBICOKHMM 3HAQYCHUCM I'a30BOT"O @aKTopa.

1.3.1 T'azoBbIii (pakTOp, razocoaep:kanvme — crnenudpuka MNpPUMeHsIeMOii

TEXHOJIOTHH

B PJI 39-0147035-225-88 «MHCTpyKIUs IO ONMpEICTISHUIO Ta30BbIX (DAKTOPOB
U KOJIMYECTBA PaCTBOPEHHOIO rasa, U3BJIEKaeMOro BMecTe ¢ HeThio U3 Heap» [9] mox
onpesieieHueM Ira30Boro (pakTopa OTHOCHTCS KOJMYECTBO ra3a (B CTaHIAPTHHIX MY),
W3BJIICUCHHOTO BMeCTe C OaHOM ToHHOW HedTw. Ilomg maHHBIM oOmpeneaeHueM
CKpBIBaeTCA psAaA MPoOJEM, CBS3AHHBIX C PA3HOUYTEHHMEM B TEPMHHOJOTHUM M B
MeTtoaosiornu omnpeneneHus ['D. Pa3Hornacuss B MpOYTEHUH CBS3aHBI C TEM, YTO B
Hay4YHBIX TpyJax (B HEKOTOPBIX MyOJUKAIUAX Ja)Xe ITH ONPEACIICHUS TPaKTYIOTCS
OJIMHAKOBO), PErJIaMEHTUPYIONIUX JOKYMEHTaX €CTh JBa CXOXHX II0 CBOEMY
3HAYEHUIO OMPEACIICHUS: Ta30BbIi (PakTop W razocoaepxkanue. Ho B cBolo ouepenn

AaHHBIC ITIOHATHA MMCIOT IIPUHIOUIINAIBHBIC OTIINYMA.
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K omnpenenennio «ra3ocoiep:kaHue» OTHOCUTCA OOBEM Tas3a, KOTOPHIH
pacTBOpEH B IIAacTOBOM HeTu. EqMHMIA M3MEPEHUsS NaHHOTO HMapaMerpa — M/M°,
3HaueHue Tra3ocoAep’KaHus OOJBIIMHCTBA COPTOB IUIACTOBOM HEPTHU MOXKET
BappupoBaThes oT 30 1o 100 M%/M3, HO MOXKeET mocTUraTh M GoNbIIKX 3HaYeHui (300-
500 m3/m® u BBILIE).

[lon maacToBBIM Ta30BbIM (PAKTOPOM MOHUMAIOT KOJIMYECTBO HEPTAHOIO rasza
(MpUBEAEHHOTO K CTAHJAPTHBIM YCIOBUSAM — 20°C u pmasnennu B 0,101 Mma)
OTHECEHHOE K OJIHOM TOHHE He(PTH, KOTOPYIO JOOBUIM B IJIACTOBBIX YCJIOBHSX U B
NOCJIEYIOIEM pa3ra3upoBaid MPHU OJHOKPATHOM CHUKEHUH IJIACTOBOTO JIABJICHUS
1o arMocgepHoro. Jauusiit ['® pakTuuecku orpaxaeT coaep:kaHue raza B HeTH.

PaGounii razoBbiii pakTOp — KOJIMYECTBO HE(PTAHOrO raza (MPUBENEHHOTO K
CTaHJAPTHBIM YCJIOBHUIM — 20°C u naBnenun B 0,101 Mra) oTHECEHHOE K OJTHON TOHHE
N00bITON HE(PTH, KOTOPYIO pa3ra3upoBalid MO CTYNEHSIM Cenapaiuu, MPUHSATOrO JJIs
JAHHOTO MECTOPOXKACHHUS — C Y4Y€TOM Trasa, BhIIEJSIomerocs u3 HedTu mnpu eé
noarotoBke. Ha pucyHke 5 BU3yajbHO MPEACTABIECHO Pa3Inyue MEXKYy IJIACTOBBIM U

pabouum ['O.

Pa6oounii I' @

IImacroBrri I' @ I'a3 Ta30BOlf MANKH
[TomyTHBII
He(TAHOII ra3 I'a3 Bo3Bpara

Pucynok 5 — Paznuuue Mexay miacToBbIM U pabOYUM Ta30BbIM (aKTOPOM
Ha ocHOBE BBIIIEONTUCAHHBIX ONPENEICHUN MOYKHO CII€JIaTh BBIBOJ O TOM, YTO
BEJIMYMHA ra30BOro (akTopa, paccCMaTpUBAETCS KaK MapameTp, KOTOPBIM 3aBUCUT OT
pexuMa dKCIUTyaTaluu HePTSIHON 3alie’)kd U TepMOOAPUUYECKUX YCIOBUN cemapaiuu

Ha 0OBEeKTe cOopa M TOATOTOBKM JOOBIBAEMOM MPOAYKIMK CKBaxuH. OOIee
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KOJMYECTBO ra3000pa3HbIX KOMIIOHEHTOB B  COCTaB€ IUIACTOBOM  HepTH
XapakTEepU3yeTCsl TOHATHUEM «TAa30COAEPKAHME». OTOT IAPAMETP HE CBs3aH
HampsIMyl0 C TPOEKTHbIMH pEUICHUSIMH, TPUMEHAEMbIMU Ha He(TerasoBomM

MECTOPOXKJIEHUU U 00YCTPONCTBA Ha3eMHON MH(PACTPYKTYPBHI.

1.3.2 AHaau3 NPUYHH POCTAa ra3oBoro (akTopa Ha MO3AHUX CTATUAX

pa3padoTk HePTAHBIX MECTOPOKACHUM

OcHoBHBIM perruoHoM 1o HedTenoowsiue B Poccuiickoit denepanuu siBasieTcs
3anagHo-Cubupckass HedTerazoBas MNPOBUHIMSA. MHOTME MECTOPOXKIACHUS HTOU
MPOBUHIIMUA BCTYNWIM B TO3JHIOK CTaIUI0 pa3pabOTKH, KOTOpas XapaKTepHU3yeTcs
HU3KUMH TeMIaMu pa3pad0TKH ¥ BBICOKUM 3HAYCHHEM 00BOJTHEHHOCTH JOOBIBAIOIICH
npoaykuuu. 1o 1aHHBIM MECTOPOXKJICHUSIM HAKOIUIEH JOCTATOYHBIM MaTepuan s
aHaJau3a U3MEHEHUs (PU3UKO-XUMHYECKUX CBOMCTB (hiItona.

Ha 3aBepmaromeit craauu pazpaboTKu MECTOPOXKJIEHUN BBISIBUIIACH MpoOiieMa
YBSI3KM IPOMBICTIOBOTO Ia30BOT0 (pakTOpa € ero MpoeKTHbIM 3HaueHueM. [IpeBbiiienne
HAKOIUIEHHOTOo 00bEéMa mnomyTtHoro HedtsHoro raza (I[IHI) nwam wHavyanbHBIMU
U3BJIEKAEMbIMH 3aI1aCaMU MPOUCXOJUT B PE3YyJIbTATE MPEBBILICHNS 3HAYEHUI TaHHOTO
I'® nHang npoekTHHIM. BONBIIMHCTBO TAKUX MECTOPOXIACHHH SKCIUIYaTHPYIOT B
BOJOHAIIOPHOM pPEXHUME, TJ€ YCIOBUEM CYIIECTBOBAHUA KOTOPOTO SBISIETCS
IPEBBIIICHUE TIIACTOBOTO JABJICHUS HaJ TaBICHUEM HACBILICHUS.

B pesynbrare OOJBIIMHCTBA MPOBEACHHBIX MPOMBICIOBBIX U J1A00PATOPHBIX
VICCIIEIOBAaHNI OTMEUYEHBI TEHICHIIMN HEMTPOIIOPLUMOHAIBHOTO pocTa BeM4uuHbl ['D B
3aBUCUMOCTH OT POCTa OOBOJIHEHHOCTH JOOBIBAEMOM MPOTYKIIMY Ha TO3IHEN CTauu
pa3paboTkm MecTopoxaeHuid 3amagHoid Cubupu. Ilpm KOHTakTe 3aKadynBacMoOil B
NPOYKTUBHBIN TJIACT BOJABI M He(TH, a TaKKe C HEU3BIEKAEMOW YacThIO 3aIacos,
OPOUCXOAUT  HACHIIEHWE  HArHeTaeMoW  BOJABl  JIETKMMHU  ra3000pa3HbIMU
KOMITIOHEHTaMu (MeTaH, yTIASKUCIBIA Ta3, a30T, dTaH U Jp.) Bcienctsue nuddysuu.
Asropamu [11] Obur pa3spaboTaH TOJXOJ, OCHOBAHHBIM HAa MaTeMaTHYECKOM
MOJICJIMPOBAHUU T'a3a B MOMYTHO 100bIBAEMOM BObI, O1aroiapsi KOTOPOMY BO3MOXKHO

IIPOrHO3UpPOBAHUC HU3MCHCHHA  BCIMYHMHLI TI'a30BOI'0 (I)aKTopa OT 3HA4YCHUA
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O0OBOIHEHHOCTH JOOBIBAEMON MPOAYKIHUHU. bBBIIO yCTAaHOBIEHO, YTO C POCTOM
3HAQYCHUS] MUHEpaJIU3allMi IUJIaCTOBOM BOJBI PACTBOPUMOCTH B HEH JIETKHUX
YTJIEBOJOPOIHBIX KOMIIOHEHTOB YMEHBIIAETCS B 2-3 pasa.

C ydeToM JaHHOTO OOCTOSITENBCTBA, HA MPUMEPE OJHOTO W3 JTOOBIBAIOIIUX
npeanpustuii 3anaanoit Cubupu, ObUIO MOKA3aHO, YTO BCIICICTBUE AKCTPArUPOBAHUS
JIETKUX KOMIIOHEHTOB HE(TSHOro ra3a B TIOMYTHO J00BIBAEMYI0 BOJYy MpH
WHTEHCUBHOM Tmiporiecce 3aBojgHeHus [II1 3HaueHue ra3zoBoro ¢akTopa MOXKET
MOBBICUTLCA B 2 pa3a OT MPOeKTHOro. Ha ocHOBaHWU ATOTO aBTOPHI pabOTHI JAeiaroT
BBIBOJ] O TOM, YTO JJIsl MECTOPOXKICHUHN cO cpeaHel 00BoJHEHHOCTRIO 90 % u BbIIIE
BIUsHUE (haKTOpa TEpexoja YIJIEBOJOPOJHBIX KOMIOHEHTOB B BOJY MOXET CTaTh
JTOMUHHUPYIONTUM TPH MPOTHO3UPOBAHUU OOBEMOB JOOBIYM TOMYyTHOTO HEPTSIHOTO

ra3a.
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Pucynok 6 — OTkiioHeHHE 3HAaYSHUH Ta30BOT0 (haKTopa OT MPOCKTHHIX B
3aBHCHMOCTH OT CTEIIEHH OOBOJHEHHOCTH OJTHOTO M3 He(DTeJ00BIBAOIINX
npennpustuii 3amagHon Cubupm [11]

B pa6ore [12] omucanbl TeHACHIMHM u3MeHeHHs ['® 1o omnpeaeeHHOR
ckBaxxuHe. Jlo MpoBeneHWs WCCICAOBAaHUNW M B IEPHOJ HX IPOBEICHUS JaHHAS
CKBaXMHA HE OJKCIUTyaTHPOBAJIACh C 3a00HHBIM JaBJICHUEM HIDKE JIaBJICHUS

HaCbhIIICHUA. OCHOBHBIC TCHACHIINH.
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® [IPEBBIIICHHE MPOMBICIIOBOIO Ta3oBOro (hakTopa HaJ MPOEKTHHIM (TI0
pe3ynbTaTaM OTIEIbHBIX H3MEPEHHM 3HayeHue mnpombicaoBoro ['d
otnryanock B 20 pa3 OT MPOEKTHOIO);

e yBeJIMYEHHE OOBOJHEHHOCTH MPHUBOAMIIO K POCTY BEJIMYMHBI JOOBIUM rasza

(razoBoro (hakTopa COOTBETCTBEHHO).

Ha ocHoBe 3TuX TeHAEHLMI aBTOpaMH ObLIM CIENAaHbl BHIBOABI O MOSBICHUU
CcBOOOJIHOM Ta30BOW (a3bl B pe3yjbTaTe pPOCTa HAarHETaHUs B IUIACT MOATOBAPHOMN
BOJIBI.

B pesynbTare CHUXKEHUS TJIACTOBOrO JIABJICHUS HUXKE JABJICHUS HACHIIICHUS
IPOUCXOJIUT TaKoe SIBJIEHWE, KaK BHYTPHUILIACTOBOE pasrazupoBanue Hedtu. [Ipu
3HauUE€HWU 3a00WHOTO JaBJICHHUS HIWXKE JABJICHUS HACBIIICHUS MPOUCXOJUT
aHAJIOTMYHOE pa3ra3upoBaHUE ILJJACTOBOM HedTH € TOW JHIIb pa3HUIEH, 4YTO
neraszanus npossisiercs: B orpannueHHol 30He 111 Bokpyr 3a00s HedTeq0ObIBatONICH
ckBaxuupl. Ha mnpumepe OO0 «JIVKOMJI — 3Bamagnas Cubups» 6ymper
IPOaHAJIM3UPOBAHO BIMSHUE AaHHOTO (akTopa Ha SKCIUTyaTalyio JOOBIBAIOIIUX
CKBa)KMH.

Ha pucynke 7 mpencraBieHa AWHAMUKAa KOJWYECTBA OOBEKTOB pa3pabOTKU
mectopoknenuin 3amagHoit Cubupu (peruon IlluporHoe Ilpuobre) B ycioBusix

3HaYE€HUI 3a00MHOI0 JTaBJICHUS MEHBIIE JaBICHUS HACKHIIIEHUS Ta30M.
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Pucynok 7 — JlunaMuka KOJIu4ecTBa 00BEKTOB pa3pabOTKU MECTOPOKICHHI

3amagHoit CuOupH B YCIOBUSX Pias < Puac [10]
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AHanu3upysl JaHHYI JIWHAaMHUKY BHJHO, YTO B Hayajle paccMaTpUBAEMOIO
MepHoJa B JAHHBIX YCIOBUAX IKCILUTyaTUPOBAIOCH 2 He(PTEe100bIBAIOIINE CKBAKUHBI,
Torja Kak yxe B 2014 roxy komuecTBO CKBaXHUH cocTaBisieT 42. B o0uieit cia0KHOCTH
B YCJIOBUSX CHMKEHUS Pia6 MeHbIIE Pyac 0OTMEUEHa 3KcIuTyaTanus 63-X 100bIBalOLINX
CKBaXUH U3 149 00bekTOB pa3paboTku. CTOUT OTMETUTH, YTO U3 JAHHOTO KOJIWYECTBA
CKBOXMH B MNPOAODKUTENIBHONW OJKCIUTyaTaluu Haxoawiochk 33 oObekta. Y 30
He(TeJ0ObIBAIOINX CKBAXKUH CHIDKEHUE 3a00WHOTO JaBieHUS HWXKE J1aBJICHUSA
HACBIIIICHUS UMEJI0 KOpoTKuii amm30. (ot 1 g0 2 net) [10].

[IpogomkuTenbHOE BpeMsl SKCIUTyaTalldd CKBAXKUH MPU TAKOM YCJIOBHH
naBieHui (0osiee IBYX JieT) oTMeuaeTcst ToJibko Ha 20 % o0bekToB pazpadbotkun OO0
«JIYKOWJI — Banagnas Cubupby B llluporaom IIprobse. Beneacteue atoro, nanHoe
SBJICHHE HOCUT HE MACCOBBIH, a CKOpEe YaCTHBII XapakTep, HO HE CTOUT UCKIIOYATh
BJIMSIHUE JaHHOTO (PakTopa Kak MPUYMHY M3MEHEHHS Ta30BOro (akropa B Mpolecce
AKCIUTyaTallkl MECTOPOKICHUN «JIYKOMII — 3anagHas Cudbupb.

AHAJIOTHYHO ITPOBEICHHBIM HCCIeq0BaHmIM B pabote [11] B 000 «JIYKOMII
— 3anagnas CuOuppy» 3akaurMBaemasi Boja BiuseT Ha pocT 3HadeHuss ['®. Ilo
pe3ynbTataM OOJIBIIOTO KOJUYECTBA HCCIEIOBAaHUN OBbUIO TMOATBEPXKICHO, YTO
3HAQYEHUE Ta30COJEpPKaHUSI TMOJITOBAPHOM BOABI B YCIOBUAX MECTOPOKICHHI
3anaguoii Cubupu moxkeT cocTaBisaTh oT 1 10 1,5 m3/m3 (Moxer nocturats 3 m3/m3).
Ha pucynke 8 u 9 npeacraBiieHbl JuHaMUKa 0OBOJHEHHOCTH JTOOBIBAIOIINX CKBAKUH
B [lIupotHom [IpnoObe u 1oObYM moaToBapHOi BoAb 3a nepuoa 2004 —2014 rr. OO0
«JIYKOWJI — 3anagnas Cubups» (IlInporroe Iprobse).
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Pucynok 8 — Jlunamuka 06BoJHEHHOCTH A0OBIBatOIINX CKBakuH OO0

«JTYKOWIJI — 3anmannas Cubups» 3a nepuox 2004 — 2014rr. [10]
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Pucynok 9 — Jlunamuka 1006194 TTOATOBAPHOM BOJIBI 110 0OBbEKTaM pa3padOTKH
000 «JIYKOMJI — 3anansas Cubups» 3a nepros 2004 — 2014rr. [10]
AHanu3upysl JaHHBIE TUArpaMMbl BUIHO, YTO OOBOJAHEHHOCTH MPOMYKIIUH IO
o0BekTaM pa3paboTku npeBbicuiia 3HaueHue 90%, MpUCYTCTBYIOT OOJbIIHE 00bEMBI
100bIYH TOITOBapHOH BOBI. OOBEM JOOBIYM PACTBOPEHHOTO Ta3a B TOOBIBAEMOI BOJIC
BECbMa CyIIeCTBEHEH. MOXHO cjelaTh BBIBOJA O TOM, YTO MO JIaHHOW TpyTIe
nobpBarommx ckpaxna 000 «JIYKOMJI — 3Bamannas CHOUpE» aKTyaibHBIM
CTaHOBUTCA IPOBEICHUE MCCIEAOBAHUMN MO onpeaeneHuto 3HaueHus ' B monyTHO
n00BIBAEMOM BOJIE, TaK KakK, B IIEJIOM, OHA CIIOCOOHA CYIIECTBEHHO BIUATH Ha OanaHC

I[O6BI‘-II/I IIOIIYTHOTI'O He(l)THHOFO rasa 110 MCCTOPOKIACHUAM.
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VYBenuuenne OOBOAHEHHOCTH J1OOBIBAEMOW MPOMYKUHUUA HE(PTSIHBIX CKBaKHH
TaK)Ke CIOCOOCTBYET U U3MEHEHUIO TEPMOJMHAMUYECKUX YCIOBUM MOATOTOBKY HE(YTH
Ha TOBEPXHOCTH. B xome anHanmM3a NOPOMBICIOBBIX JaHHBIX OOJBIIMHCTBA
MECTOPOXKJICHUM 3aBeplIaloiel cTaguu pa3paboTKu ObLIO BBHISIBICHO W3MEHEHUE
AKCIUTyaTalluk JO0OBIBAIONIMX CKBaXUH 3a mnociuegnue 10-15 mer. Ananuzupys
IPOMBICIIOBBIE JITaHHblE He(TAHBIX MecTopokiaeHuid 3anagHoi Culupu, KOTOpbIE
HAXOJSTCA Ha 3aBepllalolled cTaauu pa3paboTKH, ObLJIO YCTAHOBJIEHO, 4YTO 3a
nocnenquue 10-15 yer 3HAYMTENBHO U3MEHWIMCH  YCJIOBHSI  OKCIUIyaTallUuu
NOOBIBAIOIINX CKBaXXUH: PE3KUH pOCT AeOUTa AOOBIBAEMOM MKUAKOCTH, YBEIMUYEHUE
[IIyOMHBI CITyCKa MOTPYKHOTO 000pYy/I0BaHMS, CHI)KEHUE AMHAMUYEeCKoro ypoBHs. Ha
pucynke 10 mpeacraBiieHbl M3MEHEHHUS BO BpeMeHHM jae0urta, OOBOJHEHHOCTH H
TEMIIEpaTypbl Ha YCThe JOOBIBAIONIEH CKBAXKUHBI OJHOTO U3 MECTOPOXKIECHUN

3anagnoit Cubupwu.
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Pucynok 10 — XapakTepHble "3BMEHEHHSI BO BpeMEHH J1e0nTa, 00BOAHEHHOCTH
¥ TEMIIEPATypPhl HA YCThE IOOBIBAIOIICH CKBAXKUHBI OJHOTO M3 MECTOPOKICHHIMA
3amagHoi Cubupu [11]

Poct o0Bnéma m00BIBaeMOW IKHAKOCTH CIIOCOOCTBYET TOBBIMIEHUIO €€
TEMIIEPaTyphbl HA 00BEKTaX MOATOTOBKU HE(PTH, MPOU3BOIAIINX CEMapalyio ra3a ot
MOCTyMawIe mnpoaykiuu. Kak crieacTtsue, NPOUCXOTUT YBeIWdeHHE o0BhEMa
CEeNmapupoOBAaHHOTO raza, 00bEM TOBApHOW HE(MTHU CTAHOBHUTCS MCHBINE. Y BEIIMYCHUE
pabouero ra3zoBoro Qakropa u3-3a mnosbllieHus Temnepatypbl [OKC Ha ycTbe

HE3HAUMUTEIIBLHO U cocTaBigeT Bcero 5-10%.
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Ha oTknoHeHus B 3Ha4Y€HHSX Tra3oBOro (pakTtopa OT MPOEKTHOW BEIMYUHBI
BIMSIOT (DAKTOPBI, OCHOBAaHHBIE HA U3MEHEHUSX CBOMCTB M KOMIIOHEHTHOI'O COCTaBa

¢Garouaa U TMHaAMHUKE TapaMeTPOB Cenaparuu.

1.3.3 OueHka reo1oru4ecKuX ycJOBHH MeCTOPOKAEHUI ¢ MOBBIINIEHHBIM

3HaYeHHMeM ra3oBoro ¢gaxkropa

B Tekymem coctosHuM pa3paboTku HedTerazoBbIX MeCTOpoxaeHuil Poccuu
OBLIO BBIJICJICHO JIBa THMA JOOBIBAEMOTr0 MOMYTHOIO rasa.

I'a3 ¢ ra3oBoid mAanKM - ra3 C Ta30BOM IIANKU MPOHUKAET B CTBOJ
He(dTeo0bIBAIOIIE CKBAXUHBI MPU  HECOOMIOJEHHMH KOHTPOJS  CIETYIOMIMX
IOKa3aTeseu:

a) HECOOTBETCTBYIOIIAs OOJbIIAs ACMPECCHs, BO3HUKAMONIAS B pPE3yjIbTaTe
PE3KOTO CHIDKCHMSI 3a00HHOTO JaBJICHHWSI HUXKE IUIacToBOro. B cBs3u ¢ 3TuUM
IPOUCXOJUT TPOPBIB OoJiee MOABMKHOTO KOMIOHEHTa (uronna (Taza) Kk 3a00r0
noObIBaroleil CKBaKMHBL. OOBIYHO 3TO OCHOBAaHO HA HEMPABWIBHBIX IOJICYETAX
JAaBJICHUH TOW WJIM HMHOM KOHTAaKTHOHW 30HBI 3ajexu (razonedrsnas 3oHa (['H3),
razoHedreBoasiHas 30Ha (['HB3)), ecnm pailon pa3dypuBaemMoro oOBEKTa
HEJOCTATOYHO U3YyYEH.

0) HEIOCTaTOYHOE  TEePMETU3UPOBAHHE  3aKOJOHHOTO  MPOCTPAHCTBA,
NpOsIBIISAIONIEE Cce0si B MPOpPHIBE Tra3a Yepe3 3aKOJIOHHOE IPOCTPAHCTBO MEXKIY
IIOJBECKOM XBOCTOBHKAa M JKCIUIyaTallMOHHOM KOJIOHHOM, MpPOpBIBE Trasza IpHU
HEIMPAaBUJIBHOM PACIOJIOKEHUH TaKepa, MJIOXUM KAayeCTBOM IIEMEHTa)ka U IMPOUYUX
JIPYTUX TEXHUYECKUX YITYIICHUH.

B) OJIM3KOE PACIIOIOKEHUE TOPU30HTAIBHOIO (OOKOBOT0) CTBOJIA CKBa)KMHBI K
razoHedTssHomy kKoHTakTy (I'HK). Ha paznuunbix o0bekTax pazpaboTku HEOOXOAMMO
cobirronaTh onpeaeneHHoe paccrossare oT 'HK s cHmkeHns prucka MmoaTAriBaHus
rasa).

XapakTepucTuka 00bEeKTOB pa3pabOTKH, COAECPKAIINX Ia30BYIO MIANKY, MOXKET
MMETb pa3nuyuus Kak oT pa3nuunbix Tunos 30H (I'H3 u 'HB3), Tak u 10 coctaBa camoit

ra3oHeTSHON CMecH OmpeAessieMble IO PEe3yJbTaTy ONpPEACNICHUS ONpOObIBAaHUS
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macta kosutekTopa (OIK) nubo B mpoiiecce sKCITyaTaliuy Npu aHaiuse npoo (MeHee
TOYHBINA METO).

[InacTsl SIKOBIIEBCKOI CBUTHI BBIPA0ATHIBAIOTCS HA ONPEIEIEHHBIX JIEPECCUsIX,
IIO3BOJIIIOIIMX OIPAHUYUTh MOATAIMBAHHUE Ta3a C Ta30BOM IUANKU, C LEJIbIO
NPaBWIbHON BHIPAOOTKH 3a11aCOB M CHYXKEHMSI PUCKOB MPOPHIBA ra3a.

OOBIYHO MOIIHOCTH Ta30BOM IIANKK B KOHTAKTHBIX 3amacax SKOBJIEBCKUX
actoB Bapeupyercs oT 1 1o 3. Jlyig KauecTBEeHHOM BbIpaOOTKM HE(THU B TaKUX
3ajexax HEoOXOAMMO OCO3HABaTh Kakue OOBEMBI raza cojepiKarcs B IIAlKe U
NOHMMATh OINACHOCTh MPOpbIBA Ta3za B JaHHOM paiioHe. HyXHO 3HaTh, B KakoM
UHTEpBaJie OYpUTh TOPU3OHTAIBHBIN y4yacTok cTBoja oTHocuTenbHo ['HK, kakyro
KOMIIOHOBKY 3aKaHYMBaHUs MCIIOJb30BaTh, KAKYIO CO3/1aBaTh JCIPECCUIO HA ILJIACT U
MHOECTBO IPYruX (PaKkTopoB.

PacTBOpPEéHHBIM B NPOAYKTHBHOM ILIACTE ra3 - ra3 pacTBOPEH IO BCEMY
o0beMy He(Tera3zoBoW 3aleKM U BBUAY CHIKEHHUS IJJACTOBOTO JaBJICHUS HIKE
JaBJICHUS] HACBIIICHNUS a3 HAUYMHAET BbIAEIATHCS U3 HepTu. CHIKEeHue 3a00HHOro
JaBJICHUS HMJKE 1aBJICHUS HACBIILIEHUS TaK)Ke IPUBOIUT K BBIJIEJICHUIO ra3a U3 He(Tu.

Bonbimiyto mpobOsieMy BBI3BIBAIOT KOHTAKTHBIE 3aMachl, KOTOPHIE HUMEIOT

pa3IMYHOE BIUsHHUE HA 3HayeHue ['O.
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2. OBOCHOBAHHE NPUMEHEHUSA TEXHOJIOT'UI
OlITUMM3AIIMKA  TTPOLECCOB JObbIYU HE®THU B
YCJIOBUAX MECTOPOXKIEHHUSA «X»

K npuunnam n3aMeHeHus BeIMYMHBI Ta30BOTO (pakTopa BHYTPHU MPOTYKTUBHOTO
miactTa B MPOIECCE OKCIUTyaTallMu 3aJeXKH OTHOCSTCS CHIDKEHHE 3a00MHOr0o U
IJIACTOBOTO JIABJICHUM U SIBJICHUS, CBSI3aHHBIC C PACTBOPEHHUEM JIETKUX Ta3000pa3HbIX
KOMIIOHCHTOB B HarHeraemou Boje. Takxke, K yBenuueHutro ['®@ crmocoOcTByeT
CJI0’KHO€ T€0JIOTUYECKOE CTPOEHUE 3aJI€KH, @ UMEHHO HAJIMYKE Ta30BOM IIAIKH.

Jlo mporecca AOOBIYM Ta30KUIAKOCTHOM CMECH KOMIIOHEHTHI IIJIACTOBOTO
¢dron1a HaXOAATCS B CTATUHYECKOM PaBHOBECHUHM, TO €CTh PACIIPEACIICHBI O TNIOTHOCTH
B YCJIOBUAX 3aJIekH. [Ipu skcutyataiuy, 3TO paBHOBECUE HAPYIIAETCA BCJIECACTBHUE
IPaJIMCHTOB JIaBJICHUS, BBICOKME 3HAYCHHUS KOTOPOT'O PACIIOJOKEHBI BOIU3H
pu3a00HHON 30HBI TOOBIBAIOIINX CKBXXHH. Kak ciecTBre, HaTM4Kre 3TUX BHICOKUX
3HAYEHHUH CIIOCOOCTBYET U3MEHEHHIO ()OPMBI TPAHUIl KOHTAKTOB (B pacCMaTpUBaeMOM
npobneme — I'HK), 3acraBmsisi u3rubarbcss B cTOopoHy HMHTepBaia Bckpwitus [
PesynpTaTomM 0OpazoBaHUs Ta30BOro KOHYCOOOpa3oBaHUS SBISETCS IPOPHIB Trasa,
BBHJIy €ro OOJIbIICH IOABMI)KHOCTH OTHOCHUTEILHO HE(PTH H BOJBI, K 320010
N0OBIBarOIEl CKBaXXWHBI. BBICOKMI Ta30BBIM (PaKkTOp, HU3KUE TOKA3aTEIH JTOOBIYH
He(TH — UTOT TaHHOMW MPOOIIEMBI.

AHanu3 u3MeHeHus BelnurH ['D B yCIIOBUSAX HaMYMsl KOHTAKTHBIX 3alacoB

OyZIeT pacCMOTPEHO Ha IPUMEPE MECTOPOKIACHUS «X».

2.1Te0/10r0-TEXHOJIOTHYECKHE 0COOEHHOCTH Pa3padoTKH MeCTOPOKIEHUs

«X»

JlaHHBIN pa3ei CKPBIT, TAK KaK COAEPKUT KOMMEPUYECKYIO TallHY
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2.201eHKa pocTa razoBoro (axkropa B yCJ0BHSX HEOJHOPOJAHOCTH Ha

MeCTOPOKACHUH «X)»

[Ipy ycnoBuM CHMXKEHMsI NaBlieHUs B Iiacte, JAuO0 y 3a00s AoObIBaroiei
CKB2XUHBI, HIDKE JABIICHUS HACHIIICHUS MPOUCXOAWT YaCTHUYHOE pa3ra3sMpOBaHUE
iacToBo HeTH, Onmarogaps 4eMy MPOUCXOIUT yBEIWYCHHE 3HAYCHHS Ta30BOTO
¢dakTopa 10OBIBaeMOi KHUIAKOCTH. Tak Kak OOJbIIasi 4acTh MJIACTOB MECTOPOXKICHUS
«X» XapakTepu3yeTcsl HaTMYMEM Ta30BOH MIANKHY JIaBJICHUE HACKHIIIEHUS HEPTH PaBHO
HadaJbHOMY TJIACTOBOMY JaBJICHUIO Ha Ta30HE(TSIHOM KOHTakTe. B mpuzaboitHoi
YacTW IJlacTa JOOBIBAIOIIMX CKBaXXHH, pACIOJIOKeHHbIX B paiioHe ['HK, u3-3a
CYIIECTBYIOIIEH JENpeccur MPOUCXOIUT pPa3ra3upoBaHUE IUIACTOBON HepTH H
orMmedaercs poct ['®D. JlanHble OCOOCHHOCTH YUYWTHIBAIOTCS TIpU pa3paboTKe
MECTOPOXKICHUS U IPOTHO3UPOBAHNUH TIJIAHOBBIX MTOKA3aTENCH.

BBuay npoHHIIaeMOCTHON HEOIHOPOTHOCTH, TEXHOJIOTHYECKUX OCOOEHHOCTEH
pa3paboTKy, MPH IKCIUTyaTallul 0OBEKTOB C HATMYMEM Ta30BOM MIAMKUA HMPOUCXOIST
TaKUe OCJIOKHEHMS, KaK KOHycooOpa3oBaHHME Ta3a M HpPOpPHIB €ro K 3a0oro
HedTenoObIBatoIIel CKBaXMHBI. [l0sSBICHHE TakUX OCIOXHEHUH COMPOBOXKIAAETCS

pe3kuM poctoMm I'D, crmrocoOHBIM TPUBECTH K HEPEHTAOCTHHOM JOOBIYE PO TyKIIHH.

2.2.1 BausiHme mapaMeTpoB IUIacTa M JKHJAKOCTH Ha  TIpoliecc

KOHYC000pa30BaHMs ra3a B FOPH30HTAIBHBIX CKBAKMHAX

[lo mnpuynHE HEOTHOPOMHOCTH MPOdUIEH NPUTOKA B TOPUIOHTAIBHBIX
CKBa)XMHAX, MPHUCYTCTBYIOUIMX B HUX CTBOJIE MEPENajoB AABICHUS MPOUCXOAUT
NPEKIEBPEMEHHBIN TPOPBIB Ta3a (wim Bojabl). Takke, MMeeT MeCTO OBITh Tak
Ha3eiBacMoMy dddekry «heel-toe», o0ycioBicHHOMY 3HAYUTEIHLHOW pa3HUIE B
JEMPECCUU Ha IUIacT B 00JAacTH BXOJa FOPU30HTAIBHOTO CTBOJA B MPOAYKTHUBHBIM
miacT («IsITKa») U 320051 TOPU3OHTAIBHON CKBaXUHbBI («HOCOK»). BBHmy Hamuuus
naHHoro 3(d@ekra MPOUCXOAUT pPa3IUyYUe B YAEIbHOW CKOPOCTH MOTOKA MEXKIY

IISITKOMY» M «3a00€M» CKBa)KUHBI.
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SIBneHre KOHycOOOpa3oBaHUSI HETAaTHMBHO BIMSET Ha MpoIEcC pa3paboTKu
MECTOPOXKJICHHUSI MO0 MPUYMHE TOr0, YTO MOXET MPOU30NUTHU COKpaIllleHUE JOO0bIYU
HeTH 3a CYET paHHMX MPOPHIBOB KOHYyca Ta3a (WIM BOJbI) K HepPopariMiOHHBIM
OTBEPCTHUSIM JTOOBIBAIOIIUX CKBaXXUH. [[s TpedoTBpallleHUs paHHUX IPOPHIBOB
UHTEpBall nepdopanvu B BEPTUKAIbHBIX CKBAKMHAX PACIOJaraeTcsl BBIIIE YPOBHS
BHK (151 mpenoTBpaiiieHusi mpOphIBOB BOJIbI) U, COOTBETCTBEHHO, HIke 30HBI ['HK
JUISL IPEIOTBpAIlleHUsI MPOPBIBOB raza. HemoctaTkoM M1aHHOTO METO/Ia SIBISIETCS POCT
CKOPOCTH MPUTOKA U TPAJIMEHTa JABJICHUS, MPUBOISIINX K YBEIIMUCHHUIO BEPOSTHOCTU
KOHYCOOOpa30BaHUS.

MakcuManbHO JOMyCTUMBIM 1I6OUTOM, KOTOPBIM MO3BOJIAET N30€KATh SBJICHUS
KOHYCOOOpa3oBaHHUs, HA3bIBACTCS KPUTHUYECKUM JeOuToM. Pacyer mapameTpoB
0e3ra3zoBoro u 0E€3BOJHOrO JcOMTa OKa3bIBACTCS MaJbIM, 10 MPUYHHE YEero He
OCYILIECTBIISIETCSl peHTabenbHass BbIpaboTka 3amacoB HedTH. M3-3a HATUYUS TaKOTro
HEraTUBHOTO SKOHOMHYECKOTO 3(deKra sKciuTyaTanus J0ObIBAIOIIUX CKBaKUH
pa3pabaTbhiBA€MOr0 MECTOPOKACHHSI, COJAEpXkAIIero B MPOAYKTUBHBIX IUIacTax
MOJIOIIBEHHYIO BOAY WJIM Ta30BYIO IIANKY, OCYIIECTBIAECTCA CO 3HAYCHUSIMH J1eOuTa
BBIIIIE KPUTHYECKUX. OTO MPHUBOAUT K HHTEHCUBHOMY poOCTy 3HaueHus ['d wu
00BOHEHHOCTH OOBIBaeMOM mpoayKiuu. [IpuMeHeHne TOpU30HTAIBHBIX CKBaXKUH
(I'C) umeer npeuMymIECTBO MEpei BEPTUKAJIbHBIMU CKBAKMHAMH B BBICOKHX
3HAYCHUSAX KPUTHYECKOTO 0e3ra3oBOro M 0€3BOJHOrO JEOMTOB TIPU pa3pabOTKe
3aJIeKeN € ra30BOM MIANKOM U AKTUBHOM ITOJIOIIBEHHOM BOJOM.

Ha mnporecc xoHycooOpa3oBaHHS B TOPU3OHTAIBHBIX CKBAXUHAX BIUSIOT
TOPU3OHTANIBHAS U BEPTHKAJIbHAS MPOHUIIAEMOCTh, MMOPUCTOCTh, HEPTEHACHIIIIEHHAS
MOIIHOCTh TMPOJYKTHBHOTO TIJIaCTa, BSI3KOCTh HEPTH, JJIMHA TOPU3OHTAIHLHOTO
y4acTKa CKBaXXUHBI, 3HaAUeHUE aeOuTa HePTU. BbulM yCTaHOBJIEHBI 3aBUCHUMOCTH
npolecca KOHycooOpa30BaHUs Ta3a JU00 BOJIBI OT M3MEHEHHSI BBIIICTICPEUUCTICHHBIX
napamerpoB. OAHUM U3 OCHOBHBIX [apaMETPOB, BIUAIONIMX HA MPOLECC
KOHYCOOOpa30BaHUsl, SIBJSIETCA 3HAYEHUE TOPU3OHTAIBHON MPOHUIIAEMOCTH. BbL10o
YCTAHOBJIEHO, YTO C POCTOM JAHHOTO MapamMeTpa MPOUCXOAUT YBEIUYCHUE

0e3razoBoro U 0e3BOAHOrO Jnebuta HETH, BpEMEHU MPOpPbIBA ra3za (BOJbl) K 32000
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NOOBIBAIOIIEH CKBa)XUHBI, ONTHUMAJIBHOTO Pa3MEIIEHHUS TOPU3OHTAIBHOIO YYacTKa
ckBaxkunbl Hag ['HK nu6o BHK.

3HaueHnEe BEPTUKAIBHON MPOHUIIAEMOCTH UMEET MEHbIIIE BIUSHUS HA MPOIIECC
koHycooOpa3zoBanusi B I'C. Bbl1o BBISBIEHO, YTO MNpU 3HAYEHUHM BEPTUKAIBHOU
npoHunaeMoctu 15-80 M/l mpoucxonuT MeasIeHHOE YMEHbIIEHUE BPEMEHH MPOpPhIBa
raza (BoAbl) NpPH YBEJIWYEHUH BEPTUKAIBHOM mpoHHUIaeMocTu. llpu 3HaueHuu
BepTUKAIIbHOU nTpoHuniaeMoctu 80-400 M/] mpoucXoauT pocT BpEMEHU MPOphIBa ras3a
anbo Bozabl. be3ra3zoBbiii 1 0e3BOAHBIN JEOUTH HEPTU YBETUUMBAIOTCA MPU POCTE
napameTrpa nopuctoctd. OJHAKO, YBETMYEHUE JAHHOTO MapaMmeTpa HE BIMSET Ha
BpeMsi TPOphIBa rasza (BOJbI).

3HaueHrne HEePTEHACHIIICHHON TOJIIMHBI TaKKE MMEET BIMSHUE Ha IMPOIIeCC
KOHycooOpa3zoBaHusi. C yBEJIMYEHMEM [AHHOTO IapaMerpa MPOMCXOAUT POCT
6e3ra3oBoro U 0€3BOJAHBIX 1€OUTOB AOOBIBAEMOMN MPOAYKIIMH, YBEIUYCHUE BPEMEHHU
IpOpBIBA Ta3a WX BOJbI U Pa3MEIICHHs] TOPU30HTAIBHOTO YYacTKa CKBaXKUHBI HaJ
noBepxHocThIo pazaena (I'HK unu BHK).

YBenuueHue BA3KOCTH IIACTOBOM HEPTH MPUBOUT K CHUKEHUIO KPUTHUECKOTO
nebuta HePTH M BPEeMEHHU NPOpHIBAa raza (BOAbI). Takke, CHUKAETCS pa3MelleHue
ropu30HTANILHOTO y4yacTka ckBakuHbl HaJ1 ['HK (BHK).

K pocty 6e3razoBoro u 6€3B0gHOTO 1e0MTOB, BpEMEHH MPOPHIBA raza (BOABI) K
320010 JnoOmBaromiel ckBaxkuHbl W pasmenienus ['C wang T'HK mmu6o BHK
CIIOCOOCTBYET YBEIMYCHUE JJIMHA TOPU30HTAIBLHOTO YYaCTKa CKBAKUHBI.

bonbmioe BiausHME Ha Tpolecc KOHycooOpa3oBaHMsI HMEET 3HaueHue
CyMMapHOro oTO0Opa J00bIBaeMOM JKUIKOCTU. POCT JaHHOTO MapamMeTpa MpUBOJIUT K
PE3KOMY CHMKEHHUIO BpPEMEHH MpopbiBa raza (Boabl). OgHAKO, U3MEHEHUE JTAHHOTO
napaMeTpa He BIMSICT Ha BEIUYHMHY Oe3ra3oBoro (0e3BOJHOTO) neduTa CKBaKHHBI

(pucyHok 16).

44



70 4 T 90

60 \\ T 80

50 4
+ 60

40 4

30 4

20

=
=
Bpemsl HPOPHE(‘I BOABL CYVT

10 1

Kpurmaeckin geomr nedprn, 1.dapp./cyr

0 T T + T T : T 0
0 00 1000 1500 2000 2500 3000 3500

CymmapHBis AedirT, H.6app./cyT

*Kpurmsecknii et nedan *Bpeas npopLIsa B/

Pucynok 16 — Bausare cymmapHoOro jebuTa Ha Mpoiecc KOHycooOpa3oBaHus

rasa
[Tepetins k BbIBOJIaM, OBLIIO BBISIBJICHO, YTO MPOHUIIAEMOCTHAS HEOTHOPOIHOCTh
MPOJIYKTUBHOTO IIJIACTa, TMOPUCTOCTh, PA3JIMUUe B 3HAUYCHUSAX HE(TEHACHIIICHHBIX
TOJIIINH, BSI3KOCTU HE(TH, MPEBBIIICHUE JEOMTOB BBIIIE KPUTHUUYECKUX BBHUIY IIEJIU
ObICTpOl TOOBIYM HEDTEMPOIYKIUU JOOBIBAIOIIMMU KOMITAHUSIMU — BCE ATO BIIUSET
Ha YCKOPEHHBIM IpollecCc KOHycoOoOpa3oBaHUs Ta3a (BOIbI) B TOPU30OHTAIBHBIX

CKBa’>XMHax.

2.2.2 Ob0ocHOBaHMe /JHHAMHKH TMOBBILIEHUsI Tra3oBoro ¢axkropa B

YCJI0BHUSIX HEOTHOPOJHOCTH HA MECTOPOXKAEHUN «X»

JlaHHBIN OAPA3IEIT CKPBIT, TAK KAK COAEPKUT KOMMEPUYECKYIO TallHY

2.3TexHosoruyeckue MeponpusTus no 0opnde ¢ BBICOKUM Ta30BbIM

¢paxropom

B cayuae BbimeneHuss cBOOOAHOTO raza U3 A00bIBAEMOM NPOIYKIHMH, B
pe3yabTate pasrazupoBaHus e€ B mpuzadoiHoW 30He [, BbIIIE pexomMeHyeMoro
3HAUYEHUS JJISl AJIEKTPOILEHTPOOEKHBIX HACOCOB (10 25% comepkaHusi CBOOOJHOTO
raza y BXOJHOTO MOAYJsl) 00Opa3yroTCsl HETaTUBHbBIE MOCIEICTBUS JIJIsl SKCILTyaTalluu
MOrpyHOT0 000pyaoBaHusA. K OCHOBHBIM OCIIOKHEHUSM OTHOCSTCSI:

® TJICPCTpPeB HACOCA — BBUAY HU3KOI'O 3HAYCHUA TEIIOEMKOCTHU rasa,
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® YacTO MNPUBOJAILIME CPBIBBI MOJAYU, B PE3YJIbTATE KOTOPBIX MPOUCXOIUT

oO11ee CHUKEHUE 100bIYU HEPTH.

JlaHHBI TUI HACOCOB MPHUMEHSETCS YK€ MOBCEMECTHO, W Ui IOBBIIICHUS
3¢ (PEKTUBHOCTH ITOrO MOTrPY>KHOTO OOOpPYAOBAHMS MPUMEHSIOT —CJIEAYIOIINE
TEXHOJIOTUU:

1) wucnonb3oBaHWE  NPEIBKIIOYEHHBIX  YCTPOMCTB  (JIMCIEPraTopoB,
ra3ocTabuiIn3aTopoB, CENapaTopoB, MyJIbTU(A3HBIX HACOCOB);

2) UCIONb30BaHUE MYJIbTH(A3HBIX HACOCOB;

3) npUMeHEeHHE HACOCOB, BKIIOYAIOUINX B c€0sl CTYNEHHM Pa3iIu4yHON MOoJayu —
«KOHMYECKHE» HACOCHI,

4) BHeEOpEeHHWE B CEKIMU DJEKTPOLECHTPOOESKHBIX HACOCOB CTyIEHEH
CHEIHUATbHBIX KOHCTPYKIIH.

WNuTepecHol TEXHOJNOTWM B TUIaHE MOBBIMICHUS O001Iero koldgduimenTa
none3Horo nedctBus (KIIA) 3a cuer razmudr-addexra sBisgercs HUCHOIb30BAHUE

HAaCOCHO-2KCKTOPHBIX YCTAaHOBOK.

2.3.1 Ucnoab3oBaHue TNPeIBKJIKYEHHBIX YCTPOMCTB W MYJbTH(AZHOTO

Hacoca

Paznenenue razoxuakoctHoi cmecu (IKC) Ha HepTh 1 ra3 B razocenaparopax
POUCXOIUT B pe3yinbTaTe IeHTpoOexkHbix cui. [Ilnekom I[KC mnonmaércs B
CeMnapalMoOHHYI0 KamMepy M MoJ JEHUCTBHEM JaHHBIX CHUJ OTCEMApUPOBAHHBIA OT
KUJAKOCTH Ta3 BBIIENSAETCS B 3aTpyOHOE MPOCTPAHCTBO, a OTCEMapUpOBaHHAs
IPOYKIUS UAET HABEPX B CEKIMU IIEHTPOOEKHOTO Hacoca.

N3MmenbueHne ra30BbIX BKIFOYEHHN B Ta305KUIKOCTHOW CMECH IS MOJTYyUYEHUS
OJIHOPOJHOM CMECH — Ha TaKOM MpHUHIMIE padOThl OCHOBaH aucrneprarop. Beumay
CIIOKUBIITUXCS TPYTHOCTEH MPpH 100bIYe He(DTH C BBICOKUM COJIEPKAaHHUEM CBOOOTHOTO
raza (3Ha4YCHHE Ta30COACpP)KAaHUS TUIACTOBOM HE(TH HACTOIBKO BBICOKO, YTO
cenapaTopbl He 00ecreynBaroT MONHYI0 cenapanuio raza ot [12KC) Obl1 U3roToBiIeH
razocemnaparop-aucneprarop. [IpuHuun paOoThl TaHHOTO YCTPOMCTBA OCHOBAaH Ha

o0beMHEeHUU O0COOEHHOCTEM paboT razocemaparopa U JHUCHEPraropa: MPOUCXOIUT
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cenapanus ra3oXHJIKOCTHOW CMECH ¢ BBIOpOCOM ras3a B 3aTpyOHOE MPOCTPAHCTBO
CKBaXXHUHBI, Jajee OTCEMapUpPOBAHHAS MHUJKOCTh IMOCTYMAeT B AUCIEPTUPYIOIINE
CTyHeHU JJsi o0pa3oBaHusi Oojiee OAHOPOJIHON MpoAYKIUU. CTOUT OTMETUTH, UYTO
NOJIyYEHUE OJHOPOJHOM CMECHM B JUCIEpraTopax WiIM Ta3ocenaparopax-
JUCIIepraTopax CrocoOCTBYET CHUKEHUIO BUOPAIIMOHHBIX BO3/IEUCTBUM U MyJIbCAlIUM
OIIH.

Pabota razoctabunuzaropa OCHOBaHa Ha FOMOT€HU3UPOBAHUU
ra3okKMJIKOCTHOM cMmecH, Onarojaps 4eMy CHUXKAeTCsl BEPOSITHOCTh 0OOpa30BaHUs
HETMOJBMIKHBIX Ta30BBIX MPOOOK B CEKIUAX IEHTpoOexkHOro Hacoca. IIporecc
U3MENbYCHHSI Ta30BbIX BKIIOYEHHH OCYIIECTBISIETCA C TIOMOIIBIO HAIMOPHO-
JTUCTIEPTUPYIONIUX U JUCTIEPTUPYIOIIUX CTYIIECHEH.

Y CcoBepIIEHCTBOBAHUE MPEJIBKIIOYEHHBIX YCTPONUCTB HE CTOUT Ha MecTe, Tak,
eciu paHbliIe ra3ocernaparop oOecrieunBal CTaOWIIbHY IO paboty
ANEKTPOILEHTPOOEKHOTO Hacoca MpHU COAEpKaHUU CBOOOIHOrO rasa a0 55%, To Ha
CETOJHSIIHUN JIeHb YCOBEPIIEHCTBOBAHHBIE TIa30CenapaTopbl, pa3pabOTaHHbIE
komnanuit OOO «HoBomeTr» obecneynBaloT yCTOWYMBYIO pabOTy Hacoca Ipu
conepxkanuu cBoOomHoro raza no 85%. TpeThbe MOKOJIEHHE Ta30CenapaTopoB C
TeJIMKOUIAJIbHBIM ITHEKOM YCTOMYMBO K TUAPOAOpa3vBHOMY H3HOCY, KOTOPBIA MOT
NPUBECTH K IPOPE3aHUIO KOPIIyca razocenapaTopa paHHUX BEpCHI.

[Tpunun padotsl MynbTHdazHoro Hacoca (M®OH) ocHOBaH Ha MOBBIIIICHUU
JaBJICHUS Y BXOJAHOTO MOMYJS IEHTPOOEKHOTO Hacoca, Ojarojaps dYemy
OCYUIECTBIISIETCSl CcTaOWiabHAasE paboTa Hacoca NYTEM CHUKEHHBIX BO3ICHCTBUM
BUOpanmu ¥ TyJibcanuu. JlaHHOE YCTPOWCTBO JUCHEPTUPYET M TPOKAYMBACT
no0bIBaeMyto Tipoaykiuto uepes DIIH, 6maromaps yemy pa3pbiB CIUIONTHOCTH MTOTOKA
He Hapywaercs. B tabnuue 7 mpeAcTaBieHbl BBIIIETIEPEUHCICHHBIE YCTPOUCTBA CO
3HAYEHUEM COJIepKaHUsI CBOOOJHOTO ra3a, Mpyu KOTOPOM 00ECIIEeYnBaeTCs yCTOMYMBas
paboTa morpy>KHOTO 000PYIOBAHUS.

Tabnuna 7 — O0opynoBaHusi, NpUMEHsIEMbIE PY BLICOKOM 3HAYEHUU ra30CoIepKaHuUs

100BIBaEMOM TPOTYKIIMHU
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Hcnoan3yemoe obopynoBanmue OcobenHocTH padoThI

1. T'omorenusupoBanue [KC 10
["azocTabunuzarop OJTHOPOJHOM KUJKOCTH;
2. 3HaveHue cBOOOAHOrO rasza — 10 50%
1. O6benunenue MPUHIIUIIOB pabot
razocenaparopa MW JAucnepratopa —
I'azocenaparop-aucreprarop cemapauua [KC w  nanpHelmee
JTUCTICPTHPOBAHHE;

2. 3Hadenue cBOOOIHOTO raza — a0 75%

1. JucneprupoBanue u npokaunBanue [KC
. . yepe3 YOIIH, noBelieHue 1aBiaeHus s
MynbTuda3zHblii oceBoi Hacoc .

CcTaOMIBLHOM pabOThI HACOCA;

2. 3Haudenue cBOOOIHOTO raza — a0 75%

1. Boicokuii ruipoabpa3uBHBIN H3HOC;

. 2. Hwuzkoe 3HaueHHE IEKTPONOTPEOICHUS B
DOHeprod¢pHEeKTUBHBIH
CpaBHEHHH C razocenaparopamu
razocenaparop ¢ .
MPOIILJIBIX MOKOJIEHUH;
TeJIMKOUJIATIbHBIM IIIHEKOM 3
3. YnyumeHHas cenaparroHHas
MOKOJICHUS
XapaKTepUCTHUKA;

4. 3nadeHue cBo0OOIHOTO raza — 10 85%

B tabnune 8 mpuBeneHO COMOCTaBIEHUE JIBYX YCTPOWCTB, UCIOIB3YEMBIX B
koMroHoBke YOIIH mnpu BBICOKOM 3HAUYCHHHM COJACpPKAHHS CBOOOJHOTO Taza —
razocenaparopa u MyjibTH(a3HOro Hacoca. [IpeumyiiecTBo MynbTH(HA3HOTO OCEBOTO
Hacoca cocTouT B TOoM, 4yTo M®POH MOXHO HPUMEHATh B TOPU3OHTAIBHBIX
CKBa)XMHAX, TOT/la KaK pacrnoyioxkeHnue razocenaparopa B I'C 3aTpynnutensHo. Takxke,
razocenaparop He MOXKET OBITh YCTaHOBJEH B TOJIMAKEPHOM MPOCTPAHCTBE BBUIY
cOpoca oTcemaprupoBaHHOTO ra3a B 3aTPyOHOE MPOCTPAHCTBO, YTO MOKET MPUBECTH K
OTTECHEHUIO JUHAMHYECKOTO YpoBHs 10 npuéma DI[H. B ckBaxkuHax ¢ makepom

MyIbTH(A3HBIN HACOC UMEET MPEUMYIIECTBO.
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Tabnuna 8 — ConocrasiieHue razocenaparopa ¢ MyJbTH(Pa3HBIM HACOCOM

I'azocenaparop

MyabTugasHbii oceBoi
Hacoc

Conepxanue cBOOOTHOTO
rasa

Ho 85%

Tlo 75%

HomunuanbHas nojauva,
M3/cyT

100 — 1000 m%/cyT

125 — 1600 m/cyT

[TpuHIMn padoTsl

PazneneHue
ra30KUJKOCTHOM CMECH B
pe3yabpTaTe NeUCTBUS
HEHTPOOEIKHBIX CUJI CO
cOpocoM rasa B
3aTpyOHOE TPOCTPAHCTBO

HucneprupoBanue u
npokauyuBanue [ 7KC
yepe3 YOIIH,
MOBBILLIEHUE JaBICHUS
JUTsl CTAOUITBHOM pabOoThI
Hacoca

1. TTakep
OrpanudeHue npu
2. T'opuzonTanbHbIC -

UCITOJTb30BaHU U
CKBQ)KHUHBI
1. Beicokas HaIEKHOCTD
. YOIIH
JlomoTHUTENbHbBIE Bricokas HaiéKHOCTD
2. IloBemmenne KIIJ u
pEUMYIIEeCTBA YOIH

Hamopa  3a
raznudr-3dpdexra

CUucT

2.3.2 IlpuMeHeHHEe «KKOHMYECKHUX)» HACOCOB

B ycioBHsX BBICOKOrO ra3oCOAECp:KaHUSI TAKKE MPUMEHSAIOTCS «KOHUYECKHE
Hacochl». OcHoBHOE oTimune ux oT YOIIH coctoutr B Hanu4uu makeTa CTyIEHEH,
oOecreunBaomux pa3inudnbie nogadn. CHU3Y, y BXOJHOTO Y4acTKa «KOHHMYECKOT0Y
HAcoca PacrojararoTcsi CTYNEHU ¢ OOJBIIION HOMUHAIBHOW T0/1aueH, BBIIIE — CTYTICHH
C MEHbIIIEl HOMUHAIBHOU nojaveil (pucyHok 31). OcoOeHHOCTh TaKOW KOHCTPYKIUH
y «KOHHYECKOT0» Hacoca 1mo3BojsieT eMy q00bBaTh [JKC ¢ HanboapmmM 3HaYeHuEM
ra3ocofiep>kaHusi BBUAY HaJIW4YMs B HIDKHEM YacTH CTylneHed OoJiblieit
npou3BouTeNbHOCTU. «KOoHMUecKuit» Hacoc paboTaeT yCTOWUHMBO U CTAaOUIIBHO TIPU

JOITyCTHMOM 3HAYE€HUHU ra30CcoepKaHus Ha Bxoqe Hacoca 10 40%.
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[IpenmyiecTBa MPUMEHEHHs TAHHOTO HAacoca B CPABHEHHMH CO CTaHIApTHOM
KoMnoHOBKoM Y OIIH:

1) menpmas mnorpediiieMass MOIIHOCTb, @ BCJIEACTBHE 3STOT0 CHHKEHUE
TeMIEepaTyphl MOTPY>KHOTO JEKTPOABUTATENS M KaOETbHOW JTHHUM;

2) UCIOJIL30BaHUE TOJIE3HON pabOThI 32 CUET pacHIUPEHus ra3a B J0ObBIBAEMOM

I"KC B cpaBuenun ¢ YIIIH, 060py1oBaHHBIM razocenapaTopom;

NSNS

Pucynok 31 — CxeMa «KOHMYECKOT0» Hacoca

2.3.3 Ucnoab3zoBanue YILH, 060pynoBaHHBIX yCOBEPIIEHCTBOBAHHBIMH

CTYNEHSAMMU JJIs1 100bIYU HepTH

Pa3paboTanpl 1Ba THUMa CTYINEHEW, MO3BOJSIOMIUE TOOBIBATH MPOAYKIIHIO C
BBICOKMM 3HAYEHHEM Ta30COJCP)KaHMs: IEHTPOOEIKHO-OCEBbIE M IEHTPOOEIKHO-
BUXPEBBIE. Y COBEPILICHCTBOBAHHBIE KOHCTPYKIMU UMIIEJUIEPOB JAHHBIX CTYNEHEH IO
CPaBHEHUIO C IIEHTPOOEKHBIM HMIEIUIEPOM  TO3BOJSIOT  JKCIUTyaTHPOBAThH
IEHTPOOSXKHBIM Hacoc 0e3 TMPEeABKIIOYEHHBIX YCTPOMCTB TpHU  3HAYCHUU

razocojiep>kaHusi Ha Bxoje Hacoca 10 35%.
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a) 6)
Pucynok 32 — Umniennepst cryneneit D1[H: a) nenTpobexHo-BUXpeBoi; 0) -
HEHTPOOCIKHBIN
Ha pucynke 33 mnpeacTaBieHbl KOMIIOHOBKM IIEHTPOOEKHBIX HACOCOB,
BKJIIOUAIOIIMX BBIIIECNIEPEUNCICHHBIE YCTPOIMCTBA, JUIsl yCTOWYMBOM pabOThl B

YCIOBHAX BBICOKOI'O COACPIKAHUA CBO60,Z[H01"O rasa.

ER A
P E o {,ﬂ,,

TO|

Pucynok 33 — Komrmuiektanuu ycTaHOBOK 7151 paOOThI ¢ BRICOKUM Ta30BBIM

dbakropom

2.3.4 3akaHuynBaHMe CKBAKUH YCTPOHCTBAMM KOHTPOJISI IPUTOKA

Nmxenepamu kommanun «BOPMXOJIC» Owuto pa3paboTaHO yCTPOWMCTBO,
MpeTHA3HAYCHHOE JIJIs1 BRIPAaBHUBAHUS PO TPUTOKA WM 3aKAYKU — YCTPOMCTBO
KOHTpOJIS TpUTOKa (PUCYHOK 34), mpencTaBisioniee coOOH MPOTHBOIECUYAHBIN
npoBOJIOUHBIN (uabTp u Kamepy. Kamepa ycrtpoiictBa konTpons npuroka (YKII)

COJICP)KUT CETh KaHAJIOB ISl IPOTOKA JIOOBIBAEMOM YKUIKOCTH.
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PucyHok 34 — YCcTpOoiCTBO KOHTPOJIS PUTOKA

MHorokpaTHOE U3MEHEHNE HAMPABIICHUS KUAKOCTHU (YCKOPEHUE, TOPMOKEHUE,
clusiHUe, paszlenieHue), ocyimectBisiemoe B kamepe YKII, mo3BossieT yBenuuuTh
TUAPABINYECKOE COMPOTUBIICHUE JOOBIBAEMOMY MOTOKY.

Hactpoiika ycTpoMCTB KOHTPOJISI MPUTOKAa 0O0sI3aTENbHO OCYIIECTBISECTCS B
3aBUCUMOCTHU OT (PUIIBTPAIIMOHHBIX CBOMCTB, KOTOPHIE ONPEIEISIOTCS MyTEM Ie0JIoro-
TUAPOJMHAMUYECKOTO  MOJICTUPOBAHUS, OJIHAKO OTO MOXET TPUBECTH K
OTpeNIeIEHHBIM pUCKaM BBUJIY 4esoBedeckoro dakrtopa (HEBEepHash MHTEPIpETaIus
nanubix ['MIC, Bo3MOKHBIE OIITMOKHU B Teosiorudeckoi mojaenn). C TedeHneM BpeMEHH,
npu pa3paboTke 3alieked, HMMEIONIMX KOHTAaKTHbIE 3alachl, K HETaTUBHBIM
MIOCJICJICTBUSIM MOJKET MPUBECTH M3MEHEHHUE XapaKTepa MPUTOKa, U, KaK CIEJICTBUE,
paHHUE MPOpbIBa ra3a 100 BOJBI K 320010 CKBaKMHBI. ONBIT BHEIPEHUS YCTPOUCTB
KOHTPOJISI PUTOKA MOKA3BIBAET, YTO JJAHHBIE YCTPONCTBA JIUIIb YBEITUUUBAIOT BPEMs
710 TIPOPHIBA Ta3a Ha HEONPECICHHBIN IEPHOI.

Jlns pelieHHWs TMOCTABJICHHOW MpoOiemMbl Obuta paspaboraHa AjganThBHas
Cucrema Perynuposanus [Ipuroka (ACPII). Oco6eHHOCTh CUCTEMBI COCTOUT B TOM,
YTO OHA CIIOCOOHO CAMOHACTPAMBATHCS B 3aBUCUMOCTH OT (ha30BOT0 cocTaBa (uiroua,
€ro CKOpOCTHU U JaBJICHUS.

ACPII cocTonT 13 Habopa APOCCEIBHBIX KOJICI] U IBYXITO3HITMOHHBIX KJIAIIaHOB,
PaCIOIOKEHHBIX MEXKIY HUMH. JIpoccenbHbIe KOJbIIa MPEIHAa3HAUYCHBI JIsl CO3/JaHus
COTPOTHUBICHUS MOTOKY. [IpyHITMI paOOThl CHCTEMBI 3aKTIOYACTCS B CJICIYIONIEM: B
ClTydae MPEeBBIMICHUS 3aJJaHHOTO PACX0/1a MEPBbIH KIIallaH CEKIUU 3aKPhIBAETCS, IIOTOK
darouaa MPoXoanuT Yepe3 Habop APOCCENBHBIX KOJEI, YTO CITOCOOCTBYET CHUKEHUIO
paboueit mernpeccuu Ha MPOAYKTHUBHBIM WHTEPBAT MO MPUYMHE YBEIHUYCHUS MOTEPH

JaBJICHUSA B 3TOM CCKIIMH. B clydac, €ClIM INPUTOK AJOCTATOYHO HHTCHCHUBCH, TO
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3aKpBIBAETCA BTOPOM MO IMOCHEAOBATENBHOCTH KJIANlaH U MPOUCXOIUT YMEHBIICHHE
JETPECCUN 10 HEOOXOAUMOIO YPOBHSIL.

Bue 3aBucuMocTM OT Tmepemnana [JaBlICHHUs MPEACTABICHHAs CHUCTEMA
pEryJIMpOBaHUsI NPUTOKA IO3BOJISIET OTPAHUUYMBATHh MAaKCUMAJIBHBIA Pacxo] 4epes
Kbl QUIIBTP Ha ONpPEACIIEHHOM YPOBHE.

Takas cuctema peKOMEHAYETCS MPU 3aKaHYMBAHUHU T'OPU30HTAIBHBIX CKBAXKUH
B 3ajeXaX, HUMEIOIIMX KOHTAKTHBIE 3amachl, Tak Kak oOecreuuBaercs OoJiee
cTabuiibHasg paboTa CKBa)XXKMHBI B CIIy4yae MpPOpbIBA raza MyTEM €ro orpaHudeHus 0e3

CYIIECTBEHHOI'O YBEJIIMUCHHUSI 3HAUCHUsI Ta30BOTO (pakTopa.

2.3.5 N30as1llUOHHBbIE TEXHOJOTHM OrPAHWYEHUS] Ta30NMPUTOKOB B

He(PTAHBIX CKBAKMHAX

Ha ceromssiiHmiA I€Hb, TPU 3KCIUTyaTalldU 3aJICKEH, UMCIONTUX KOHTAKTHBIC
3amachl (Ta30BYyI0 IIANKy JIMOO TMOJOIIBEHHYIO BOAY) HCIIOJIB3YIOTCS JBa METO/Aa
paspabotku. IlepBplii MeTon pa3pabOTKM OCHOBaH Ha Jo0Obide HedTH 03
JIOTIOTHUTENIBHON cUCTEMBI cO0pa, TOJTOTOBKH U TPAHCIIOPTUPOBKH raza. [Ipu BTopom
METOJIe HMMEETCsl JaHHas cucrtema, Onarogaps KOTOpPOM, COOTBETCTBEHHO, IpHU
JKCIUTyaTanuu Jo0bBatoT HedTh M Ta3. Ilpm Takoil pa3paboTke MNPOUCXOIUT
COBMeECTHas pa3paboTka HeTIHONW OTOPOUKH M Ta30BOM IIAMKH.

B ycnoBusx paccmarpuBaeMoil mpoOJieMbl, aKTyaJdbHBIM SBJSCTCS TEPBBIN
METOJT pa3pabOTKH, B KOTOPOM PE3KHI MPOPHIB Ta3a MPUBOJUT K HEOIATOMPUATHBIM
MOCTEACTBUSAM g 100k HedTH. [Ipu Takmx OCIOXHEHHBIX YCIOBHSIX OOBIYHO
NPUMEHSIOT TEXHOJIOTHH, HAMIPaBJICHHBIC HA OIrpaHUYEHUE KOHYCOOOpa30BaHUA Ta3a:
UCTIOJIb30BAaHUE YCTPOMCTB KOHTPOJIA TPUTOKA, Olaromapss KOTOPHIM MOXKHO
KOHTPOJMPOBATH JIEMIPECCUIO B IMPOIIECCE IKCIUTyaTalldd U METOJbI, TOBBIMIAIONINE
(GUABTPAIIMOHHOE COMTPOTUBIICHHUE MTPOTYKTUBHOTO TJIACTA.

[ToBbienue ¢ubTpanrionHoro conpotuienus III1 ocymecTusieTcs myTém
dbopMHupOBaHUS HA TPAHUIIE «Ta3-HEDTH» U30IHPYIONTUX SKPAHOB.

MeTo1b1 H30JIAIAN Ta30TPUTOKA, KIACCUPUITUPYEMBIC TIO THUITY UCITOJIH3YEMOTO

M30JIALIMOHHOTO MaTepuaia npeacTaBieHbl B Tabaune 9.
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Tabnuma 9 — MeTobl U30JISIIIUK TPUTOKA ra3a K T0OBIBAIOIIUM CKBAXKHMHAM

Ne i/ I/Icno.ﬂbz):eMLm Oco0enHOCTH MeTOAA
U30JISIIIUOHHBII MaTepua
1. 3akauka BOJABI B HEOOXOAUMOM
o0béMe (He MeHee 2-X 00BEMOB
OG6pazyembie
AKpaHa)
1 KPUCTAJIOTUIPATHI B Ta30BOM .
. IlyTéM co3maHus Jenpeccud Ha
miacTe
miacT oOpa3ytorcs
KPUCTAJIJIOTUIPATHI
. 3aKkayka JaHHOT'O pacTBOpa
PactBOD C conepxxkanuem . CHmxeHue JIaBJICHUS B
2 XJIOPUIOB ra30HACHIIIIEHHON 30HE 710 JIaBJICHUS
IEJIOYHBIX/IEI0YHO3EMEJIbHBIX UCIapeHus  BOJAHOW  (da3pl  —
METaJIJIOB BBHITIQJICHUE COJie ¢ 00pa3oBaHUEM
9KpaHa
. 3akauka B ra3oByto yacth [1I1 nedptu
(KOoHJIeHCaTa) M BOJHOTO pacTBOpa C
coJiep>KaHreM OBEPXHOCTHO-
aKTUBHBIX BEILIECTB.
3 VYT1I1eBoOpOAHBIN KOHJEHCAT U | 2. 3aKayKy MPOU3BOMAST MEPUOANYECKU
BOAHBIN pacTBOp [IAB yepe3  ClelnualbHble  OTBEPCTHS,
KOTOpBIE pacrnpeneneHsbl C
YBEJIMUECHHUEM IIJIOTHOCTH OTBEPCTHI
nepdopalud Mpu NPUOIMHKESHUN K
['HK
. 3aKauky PEKOMEHAYEeTCS
MPOU3BOJUTH HECKOJIBKO Pas.
. I'myOuHa MpOHUKHOBEHUS TTEHBI — OT
4 ITenooOpa3yromuii areHT 7,5 no 30M oT mpu3aboHON 30HBI
ckBaxuHbl. O0BEM pacTBOpa — 1/3-
1/4 o0béma TmOp, 3amOJHEHHBIX
MIEHOU
. 3akauka B BepxHio uacTh [III
PactBopumoe B HedTH OEH30JIpPaCTBOPUMOTO
5 KPEMHUICOIEpIKAILIEE KPEMHUUOPraHUYECKOTrO
COETMHEHUE comoyimmepa (0,5-3% 00.

KOHLICHTpALNK B HE(DTH)
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2. Harneranue B BepxHioto yacth [II1
rasa Iocie 3aKayku. B HIKHIO
yacTh — 3akauka Heptu (0e3
CMOJIMCTBIX BEIIECTRB)

1. 3akauka ac(haabTOCMOIUCTBIX
BenecTB (23% KoHLeHTpanus).

6 [Ipumenenue
2. PactBopuTenu: apOMaTUYECKUE

ac(aJbTOCMOJIUCTBIX BEIIECTB
yTJIEBOJOPOMBI, TUIACTOBast HE(PTh,

TETPaxJOpMETaH

[Ipumenenne mnepBoro Merojga ManodPekTuBHO, Tak Kak 3PdekT ot
NPUMEHEHMS] 3aKauykul BOJbI COCTAaBIseT mopsjaka 1-2 wMecaleB U UMeeTcs
BO3MOKHOCTb MIPOPBIBA Ta3a cpas3y ke MPU OCBOCHHUM JOOBIBAIOIIEH CKBaXUHBI. U3
JIOCTOMHCTB: JIeNIeBU3HA METO/Ia, TPOCTOTA.

[Ipu ucnonp30BaHUM METOJIa ¢ TIEHOOOPA3YIOIIMMHU areHTaMH M HarHeTaHUEeM
raza mpuHUMaTh 00bEM 3aKauku raza B 3 pa3a 6oJibiie 00bEMa JaHHOTO areHTa. Takxke
CYILIECTBYET METOJ 3aKayKd B Ta30BYI0 YacTh MPOJYKTUBHOI'O IUIACTa pPacTBOpa
NEHOOOPA3yIOIIero COeANHEeHHs, Ta3a (BO3/lyXa) M MUHEPAIbHOW BOJBI C LEJBIO
co3JaHus Mperpajsl s MpophiBa ra3a. B mocneHiown ouepenb Mpou3BOIAT 3aKauKy
[IEMEHTHOTO pacTBopa. Jl[aHHBIH METOJ] OCHOBaH Ha CMEIIMBAHUHM areHTa C
ra3zoM/Bo37yXoM, Ojaromaps 4emMy co3naércs Imperpaja g IMOoToKa raza K 3a0o0ro
ckBaXKUHBI. OCOOEHHOCTHh TMSATOTO METOJa COCTOMT B TOM, 4YTO He oOpasyercs
YCTOMYMBBIX 3MYJIBCHM MTPU 3aKAYKE KPEMHUHOPTAHUYECKOTO CONOIMMEPA, KOTOPBII
NP OCBOCHUU CKBa)XKMHBI JIETKO BhIMbIBaeTcs u3 [1I1 [15].

[Ipumenenne ACB OTHOCHUTCA K CEJIEKTUBHBIM METOJaM W3OJAINH, T.€.
BO3JICHCTBYIOT TOJIBKO Ha OINPEACICHHOM YYacTKe MPOJyKTUBHOTO ILIACTA.
[Ipumenenne  achanbTOCMOIHUCTBHIX  BEMIECTB  JUIsl  M3OJSIUAUA  Ta30MPUTOKA
pazHooOpa3zHo. Bo3aMoxkHa 3aKkauka CKUKEHHBIX YTJIEBOJIOPOIHBIX Ta30B (TIyOnHA —
710 6M) ¢ TIOCTEAYIOMUM HarHeTaHueM iactoBoid HedTH (¢ comepxanuem 0,01 — 0,5
% MOJMMATUIIEHA) HA JaHHYIO TITyOUHHYIO0 OTMETKY. [Ipr 0CBOEHMHU CKBaKUHBI, TTOCIIE
MPOBEJEHUS JTaHHOTO METOJIa, C LENbI0 MPEeaynpexaeHus: o0pa3oBaHUsS KOHYca,

MIPOU3BOJIAT 3aKAUKY BSI3KOW HeTH B BepxHIOt0 yacTh [111.
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Nmeetcs nonoxutenbHblit 3G (PEKT Mpu NPOBEACHUN PEMOHTHO-U30ISIIUOHHBIX
pabot Ha JIsHTopckoM HedTerazoBoM mMectopoxaeHun. Caeiie 50% 3ara30BaHHOTO
dboHIa CKBaXXMH OOYCIIOBIIEHO MPUYMHOW KOHYcooOpa3zoBaHus rasza. Ilpu ombITHO-
IMPOMBIIIJICHHBIX HCTBITAHUSIX TPUMEHSUINCh: BSA3KOYIIPYTHE U Telleo0pasyrolue
COCTaBbI (BRICOKOMOJICKYJISIPHBIE BOJOPACTBOPUMBIE MOJIUMEPHI); BOAOPACTBOPUMBIC
TaMIIOHQKHBIE COCTaBbl, B COCTaB KOTOPBIX BXOJAT TJIMKOJIEBBIE A(UPHI
KPEMHHHOPraHUYeCKUX COCTMHEHUH; TUAPO(POOU3UPYIOIITUE KUIKOCTH.

[IpruMmeHeHne BOAOPACTBOPUMBIX TaMIIOHAKHBIX PACTBOPOB B 75% oOKa3aioch
YCHENTHBIM Ha JOOBIBAIOIINX CKBAKUHAX, HAXOASIIUXCS B KOHCEPBAIIUU 110 MPUYUHE
BbIcOKOTO 3HaueHus [ 'D. [TonoxxkurenbHblii 3 PeKT cocTaBUil OT 7 THEH 10 3 MECSIIEeB,
OJIHAKO B HEKOTOPBIX CKBAXKMHAX JIOJPKHOTO pe3yJibTara HE OBbUIO IOJIYYEHO.
Pemienriem  gaHHOM  mpoOJieMBl  OKa3ajaoCch yBENIMYEHHE 0O0bEMa  3aKayKH
BOJIOPACTBOPUMOTO COCTaBa C LIEJBIO CO37aHus OOJIBIIETO paguyca IKpaHa.

Ha mectopoxaenun «X» Ha OOJBIIMHCTBE CKBaXXWH J0OBIBaromiero Qoxma
YCTaHOBJICHBI Ta3o0cemapaTopbl, oOecrneunBarone 0oJjiee YCTONYMBYIO paboTy
AIEKTPOIICHTPOOCIKHOTO Hacoca. YCTpOWCTBa KOHTPOJIS NMPUTOKA YCTAaHOBJIECHBI HA
HEKOTOPBIX CKBAKMHAX M CIIOCOOCTBYIOT OIpaHUYCHHIO MPOPHIBA raza. Ha HEKOTOphIX
PACCMOTPEHHBIX BBINIE CKBAXMHAX C BBICOKUM Ta30BBIM (HaKTOPOM ITPOM3BEIIH
CHIDKEHHE jaenpeccud. [[aHHOe pelreHne CrnocoOCTBOBANIO CHHKEHUIO 3HAYCHUS
razoBoro ¢akTopa, HO MPH ATOM CHHM3WJIACh J00ObYa 1Mo HepTH. PexomeHmyeTcs
IPOBEJCHUE OIBITHO-MIPOMBINIICHHBIX pabOT ¢ NPUMEHEHHEM H3OJISIMOHHBIX

TeXHOHOFHﬁ, YTOOBI BHISIBUTH YCIICITHOCTb JaHHOI'O METOAA.
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3. ®OPMUPOBAHUE MPUHATHUA PEIIEHUN IO MOBBIIIEHUIO
IODEKTUBHOCTU PA3PABOTKHM MECTOPOXIEHUHA C
BBICOKHUM 3HAYEHHUEM I'A30BOI'O ®AKTOPA

[Ipu paccMoTpeHun npoOIeMaTUKU pa3padOTKH MECTOPOKIEHUN C BBICOKUM
3HAUEHHWEM Ta30BOro (Qakropa OBUIM YCTAaHOBJIEHBI YCIOBHS, NpPH KOTOPBIX
npoucxoautr poct I'P.

B zanexax, coxmepkamux 3amnackl HedTH O0€3 HaIMUMsI Ta30BOM IIANKH, B
iactoBoi HedTu pactBopeH ra3. llpu pa3zpaboTke MECTOPOXKACHUI MPOUCXOIUT
CHW)KEHHME IIJJAaCTOBOIO JAaBJICHUS M MOXET IMPOU30MTU Cilydail, Korja 3HaueHHe
IUTACTOBOTO JIaBJICHUS CTAHET HW)KE 3HAUCHHUS JABJICHHS HACBHIIIEHUS HEPTH ra3oMm.
[Ipy Takux yCHOBUSIX MPOUCXOJUT pa3ra3upoBaHHe IIACTOBOM HepTH B
OPOJAYKTUBHOM IUIacTe, JIMOO B MpHU3a0OMHON 30HE MOOBIBAIOMIMX CKBaKMH. Ha
MECTOPOXKJICHUAX, pa3pabdaThiBa€MBIX C TIOMOIIBI0 BOJIOHANIOPHOTO PEXKUMA,
N0OMBAIOTCS TOBBIIICHUS TJIACTOBOIO JABJICHMs BBIIIE JaBieHUs HachbimieHus. Ha
3aBepliaroei cTaguu pa3paboTku 0OBOJIHEHHOCTh JOOBIBAEMOMN MPOIYKIIMU UMEET
BBICOKHE 3Hauy€HHs. DBbIIO BBISBICHBI TEHACHIMW HW3MEHEHHUS 3HAYEHUS Ta30BOrO
dakTopa B 3aBUCMMOCTH OT pocTa 3HaueHus oOBOAHEHHOCTH. Ilpu KOHTaKTE
3aKauyMBaeMOUW B TMPOJYKTHUBHBIN IIJIACT BOJBI M HEe(TH, a TaKKe C HEHU3BJICKAEMOU
YacThIO 3allacoB, MPOUCXOAUT HACHIIIEHHE HAarHeTaeMol BOAbl  JIETKUMH
ra3oo0pa3HbIMH KOMIIOHEHTaMU (METaH, YIJIEKHCIBIA Ta3, a3oT, 3TaH U Jp.)
BenenctBue nupdysun. Kak criencrBue, MPOUCXOAUT POCT 3HAUYEHHUS Ta30BOTO
dakropa.

MecTopoxkIeHHs C 3ajeXaMd, HUMEIOLMMU «KOHTAaKTHBIE» 3aIlachl, TaKkKe
00yCIIOBJIEHBI POCTOM 3HAYEHHs Ta30oBOro (axkTopa MpU IKCIUTyaTallud OOBEKTOB
pa3paboTku. [{o nmpouecca 70OBIUN Ta30KUIKOCTHON CMECH KOMIIOHEHTHI TJIACTOBOTO
(ron1a HAXOAATCS B CTATHUYECKOM PaBHOBECHH, TO €CTh pAaCIPE/IEICHBI MO IIIOTHOCTH
B ycioBusX 3anexu. [Ipu skcruryaTanuu, 3T0 paBHOBECUE HApYyIIAETCS BCIEIACTBUE
IPaJUEHTOB [JaBJEHUSA, BBICOKME 3HAYEHHUS KOTOPOIO pACIOJIOKEHBl BOJIU3U

Mpr3a00HHOM 30HBI TOOBIBAIOIINX CKBaXHMH. Kak cliencTBUE, HATUYHE 3TUX BBICOKUX
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3HAYEHU CIOCOOCTBYET U3MEHEHUIO (DOPMBI IPAHMI] KOHTAKTOB (B paccMaTpuBaeMon
npobneme — ['HK), 3actaBnsss u3rubatbcsi B CTOPOHY HHTEpBaia BCKPBITUS
MPOAYKTUBHOIO Ijacta. Pe3ynbTaToM 00pa3oBaHUsl Ta30BOTO KOHYCOOOpa30BaHUS
SIBJISIETCS. TIPOPBIB ras3a, BBUIY €ro OOoJbIIed MOJABUKHOCTH OTHOCHUTEIBHO HEDTH U
BOJBI, K 320010 JOOBIBaIoIel CKBaXHHBI. [IpophIB rasza MoxeT ObITh 00YCIIOBJIICH
HEOJHOPOJAHOCTBIO IO MPOHHUIIAEMOCTH: Ta3 MPOXOAUT MO BBICOKONPOHUIIAEMBIM
y4acTKaM MPOAYKTUBHOTO TJIaCTa U MPOPHIBAETCS K JOOBIBAIONIEH CKBAXKUHE.

Pesknit poct I'd nOpuBOAUT K HETATUBHBIM MOCJHEACTBUSIM B IPOLECCE
pa3paboTku MecTopoxAeHuUs. B mepByto ouepenib, MPOUCXOIUT HEyCTONYNBas paboTa
AIEKTPOIICHTPOOCIKHBIX HACOCOB TPHU COJICP>KaHUK CBOOOJIHOTO ra3a Ha BXOJE CBBIIIIE
25%: BO3MOXKHBI TMEpPErpeBbl HACOCOB W YAaCThIE CPBIBBI MOJAYU IO Ta3y, KOTOpPHIC
NPUBOASAT K HHM3KUM 3HAaueHUAM J00buu HedTu. Jlinst obecniedeHus CTaOMIBHOM
paborel YOIIH mpemaraercss npuMEHEHHE B KOMIIOHOBKE MPEIBKIIOYEHHBIX
YCTPOMCTB, OAHUM U3 KOTOPBIX SIBISIETCS raszocenapatop. DPGHEeKTUBHOCTh OT
BHEJIPEHUSI TAHHOTO 000PYI0BaHUS YK€ JaBHO U3BECTHA U MPUMEHSETCS B HACTOSIIIEE
BpeMsi TTOBCEMECTHO — JJEKTPOLIEHTPOOESKHbIE HACOChl C  YCTAaHOBJIEHHBIM
ra3ocenaparopoM Mo3BOJIAIOT JOOBIBATh MPOAYKIIMHU MIPU 3HAYEHUH CBOOOIHOTO Ta3a
1o 85%. B nHacrosiee BpeMs pa3paboTaHbl HACOCHI, 00ECIIEYUBAIOIINE CTAOMIBHYIO
paboTy — «KKOHUYECKHE» HACOCHI (JIOMyCTUMOE 3HAYeHHE CBOOOHOIO ra3a Ha BXOJIE -
40%), IeHTpOOE)KHO-BUXPEBBIE HACOCHI, UMEIOIIUE B CTYMNEHSIX HAcOCa IEHTPOOEKHO-
BUXpPEBBIC KoJieca (JOIMyCTHMOE 3HAaYeHHE CBOOOHOTO ra3a Ha BXxojae — 35%).

K orpunarensHbiM mocneactBusiM u3-3a pocta ' OTHOCHUTCS CHUKEHHE
KauecTBa TOATOTOBKH JIOOBIBAGMOW MPOAYKIIMHM, HEepeHTabelbHas a00br4a HeTH,
«TOTEPS» AOOBIBAIOIEH CKBaKWHBI BBUIY TIOJHOTO MPOPHIBA Ta3a 0e3 1o0bran HedTH.

JIist CHYOKEHUSI HETaTWBHOTO BIHWSHUS Ta30BOTO (akTopa mpw pa3padboTke
MECTOPOXKJECHUM, OBUIM MNPOAHAIU3UPOBAHBI TEXHOJOTMYECKHE PEUICHUS B
3aBUCUMOCTH OT T€0JIOTHIECKUX OCOOCHHOCTEH.

PaiioH ¢ pacTBOPEHHBIM ra3oM B INIACTOBON He(TH — YUCTO HePTAHAS 30HA

3aonazoepemennvie pewienun. J|anHbie pelieHUs HAMpaBlICHbl HA CO3JaHUE U

COXpaHEHHE MPOM3BOAUTEIHLHON CIIOCOOHOCTH JOOBIBAIOIICH CKBAXHWHBI C HU3KUMHU
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3HaYEHUSAMHU Ta30Boro (aktopa. K Takum Metogam oTHOCHTCA 1TOAOOD ONpeaeIEHHOrO
TUIIAa Hacoca C YCTAHOBJEHHBIM NPEIBKIIOYEHHBIM YCTPOWCTBOM M 3a00HHOM
TeJIeMeTpUe, MpeHA3HAYEHHOM JJIsl KOHTPOJIs 3a 3a00MHbBIM JaBieHueM. Pabora Ha
aAsIen AeNpecCuH SBISETCA TakKe 3a01aroBpeMEHHbIM PEIICHHU, OCHOBAaHHBIM Ha
ONTUMAJIbHOM 3HAYEHUHU JENPECCUU, IPU KOTOPOM CHHUXKAETCA BEPOSTHOCTH
pasrazupoBaHusi B mpu3a0oiiHON 30He. Bo u30exaHuMe CHUXKEHHUS IIJIAaCTOBOTO
JABJICHUS] HIJKE JABJICHHSI HACHIIICHUS MpEJIaraeTcsi CBOEBPEMEHHBIM BBOJ JIMOO
yinyumieHue cucteMbl [IITJ[. JIns ropu3oHTanbHBIX CKBa)XXWH, UMEIOIIMX 3HAYCHHE
0e3razoBoro nebuta OoJibllle, YEM B BEPTUKAJIBHBIX CKBaXMHAX, PEKOMEHIYETCS
IPUMEHEHHE YCTPONUCTB KOHTPOJISI IPUTOKA, UCIIOJIb30BAaHUE MaKEPOB-3J1aCTOMEPOB B
KOMIIOHOBKE yCTaHABJIMBAEMOT'O XBOCTOBHKA.

PaiioH ¢ KOHTAKTHOM 32JIeKbI0 — ra3oHe(pTAHAA 30HA, ra3oHePTEBOAAHAA
30Ha

[Tpuuunel, npuBoasume K pocty ['@: HEONTUMAIBHOE PACHOIOKEHUE CTBOJIA
ckBaxkuubl oT 'HK, poct mubo cHm)eHue Ienpeccuu.

3abnazoepemennvie pewienuna. B NaHHBIX YCIOBHUSX K 3a0JIarOBpeMEHHBIM
PEIICHUSIM OTHOCHUTCS palboTa MOOBIBAIOMIMX CKBAXKUH HA MIAASINEH IEMpeccud -
non0op ONTHUMAJIBHOTO 3HAYEHHUs, KOTOpOE HE BIMAET He o0Opa3oBaHUE
KOHycooOpa3oBaHus ras3a. Emie onHuM pemieHueM OyIeT onTUMajbHash MPOBOAKA
CTBOJIa CKB&XXHMHBI HAa MAaKCHMaJIbHO JaJIEKOM PACCTOSHUM OT Ta30HEPTSIHOTO
KOHTakTa nuOo Ha ontuMmanbHoM (30oHa ['HB3). Takke, kak u B paiioHe C
pPacTBOPEHHBIM ra3oM B He(TH, MpeUIaraeTcs MCIOJIb30BaHUE YCTPOMCTB KOHTPOJIS
IPUTOKA B TOPU30HTAIBHBIX CKBA)XKMHAX M MCIOJIb30BAHHE NAKEPOB B KOMIIOHOBKE
XBOCTOBHKA.

K TekymmMm pemeHussM s yCIOBHM € 2 TUIDAMH PalOHOB OTHOCHUTCSA
MOHUTOPUHI 3a00MHOrO0 M IJJACTOBOrO JAaBJIEHUM C LEIbI0 HEJOMYILUEHUS
KPUTUYECKOTO M3MEHEHHsI 3HA4YE€HHUs JENpPEecCHH, H3-32 KOTOPOro CHOCOOHO
MPOU30MTH KOHYCOOOpa30BaHHUE JTUOO0 IIPOPHIB Ta3a.

PesynpTupyromue perieHus HamnpaBi€Hbl HENOCPEACTBEHHO HA CHW)KEHHE

3HaueHust '@, koTopoe BHIPOCIIO B pe3yJibTaTe KOHYCOOOpa30oBaHUsI ra3a, €ro NpophiBa
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K 320010 JTOOBIBAIOIIEH CKBa)XMH, HErePMETUYHOCTH Yy4YacTKa AKCILTyaTallMOHHOU

KOJIOHHBI, INOO 3aKOJIOHHBIX NIepeTokoB. K maHHOMY THUIy peleHnid OTHOCSTCS:

o IIPUMEHEHHE IBYXITAKEPHBIX KOMIIOHOBOK JUJISI OTCEYEHUSI NHTEPBAJIOB;
o ra300rpaHUYMBAIOIINE TEXHOJIOTUN, XUMHS,
o FEPMETU3AMUSA YYACTKOB OKCIUIyaTaMOHHOW KoJIoHHBI npu HOK u

YYaCTKOB 3aKOJIOHHOT'O IPOCTPAHCTBA MPHU 3aKOJIOHHBIX MEPETOKAX.

B camomMm kpaiiHeM ciyyae, IpHU «IO0Tepe» CKBaXKMHBI U3-3a MOJHOTO MPOphIBa
rasa K 3a0010 npeayiaraeTcs poBeeHUE 3ape3Ku OOKOBOTO CTBOJIA.

JUist HarJIHOCTH, TpeljaraeMble peIIeHHs] MpeacTaBleHbl B OJOK-CXxeme
(ITlpunoxxenue A). Co3maHHas OJOK-CXemMa TMPUHATUS PEIICHUN  SBISETCS
KOMIUIEKCHBIM pEIIeHHEM, MO3BOJISIONIMM PacCMaTPUBATh BCE BBILICIIEPEUYHCIICHHbBIE
dakTopbl B COBOKYITHOCTH U no100pathb HEOOXO0IUMBIHT METO]T
orpaHuyeHust/cHKeHusT ['® g MeCTOpOXKIEHHUS CO CXOXHMH  TIe0JIoro-
(U3NYEeCKUMHU YCIOBUSAMH MPOAYKTHBHBIX IUIACTOB. JlaHHBIH NOAXOZ MOMOKET
KOHTPOJIUPOBATh U YHPABIATH MPOLIECCAMU Pa3padOTKU MECTOPOXKACHUS C BBICOKUM
['d, Oomee TOHKO MOAOWTHM K BONpPOCAM pELIEHUS MNPOOJIEMBbl, YUYHUTHIBAs
HSKOHOMHUYECKYI0  COCTaBISIOLIYI0. OTO  00ECNeYuT  NPOAJIEHUE  KU3HU
MECTOPOXKICHHUS, U3BJI€UECHUE OOJBIIEro KOJUYecTBa HEPTH U MOJyuYeHHUe

MaKCHUMAaJIbHOM PUOBUTH KOMITAHHUH.
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3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBIII MEHEJUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»
Crygenry:
I'pynna DOUO
2bM9%4 KBunt Imutpuro MiBanoBuuy

HnxxenepHas mkoJia

IIpupoanbIX pecypcos

Otaenenne

Hedrerasosoro nena

Yposenn o0pazoBaHus

Maructp

Hanpasienune/cnenuajabHOCTh

21.04.01 «Hedrerazoroe sierio»

pecypcocoepexeHne»:

Hcxonnblie naHHbIe K pa3geny «PHHAHCOBBIH MEHEIKMEHT, pecypcod((PpeKTUBHOCTD U

CroumocTb pecypcoB HayuHoro uccienosanus (HU):
MaTepualibHO-TeXHUUECKHX, SJHEPTeTHUECKNX, (PMHAHCOBBIX,
MH(POPMALIMOHHBIX 1 YEIOBEUECKUX

Pacuér

9KOHOMHYECKOH
BHEJIPEHUS] YCTPOICTBA KOHTPOJIA MPUTOKA Ha
MECTOPOXKIIEHUH «X)»

3pPEKTUBHOCTH  OT

HopMBb1 1 HOpMaTHBBI pacX0/10BaHUS PECYPCOB

Hopmer  pacxona

MaTepuaios, HOPMAaTHBbI

OMEpallMOHHBIX 3aTpaT Ha TIe0JIOro-TeXHUYeCKue
MEPOIPHUSTHS 10 MECTOPOIKACHUIO «X»

Hcnonp3yemMasi CHCTEMa HAJIOTO00I0KEHHU I, CTABKH HAJIOTOB,
OTYHUCJICHHUH, TMCKOHTUPOBAHHUS U KPEAUTOBAHUS

bazosas craka H/IIIU na nedtb — 919 py6./T.
Esxxeromnas ctaBka quckoHTHpoBanus 20%

Hepeqeﬂb BOIIPOCOB, MOAJICKAIUX UCCIECT0OBAHUIO,

MPOCKTHPOBAHUIO U pa3padoTke:

SKOHOMHUYECKON TOUKH 3pEHUsL

O0ocHOBaHNE BHEAPCHHSI TAHHOW TEXHOJOTHHU C

s deKkTuBHOCTH

[MpoBeneHo o0OCHOBaHME BHEIPEHUs YCTPOMCTBA
KOHTPOJISA MPUTOKA C TOYKU 3PEHUS SKOHOMHYECKOH

Pacuet sxoHOMUUECKO# 3(HEKTUBHOCTH

BrimonHeHbI

IPUTOKA

pacyeTsl
3(pPEKTUBHOCTH BHEAPEHHs YCTPOMCTBA KOHTPOJIS

3KOHOMHUYECKOM

Hepeqeﬂb Fpa(l)lrl‘leCKOI‘O MaTEPHUAJIA (c mounvim yxazanuem obsa3amenvHolx yepmedicei) .

‘ JaTa BbIIauM 3aaHus U1 pa3jiesia 1o JuHeiitHoMy rpaguky 07.04.2021
3ananue BbIAJ KOHCYJIbTAHT:
JloJzKHOCTH D®UO Y4eHas cTeneHb, Hoanucy Hara
3BaHHUe
JlomeHT Pomanrok B.b. K.3.H, JIOLICHT 07.04.2021
3ajaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna (01700} Moanuck Harta
2bM9%4 Ksunr JImutpuii Banosuu 07.04.2021
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4. PAUHAHCOBBIA MEHEJXKMEHT, PECYPCO2®®EKTUBHOCTH
N PECYPCOCBEPEKXEHHUE

PaccmoTrpena sxoHomuueckass 3()@PEKTUBHOCTh IO BHEIPEHUIO YCTpOMCTBa
koHTpouist mputoka (YKII) B ckBaxkuHe Ne9 mectopoxkaeHust «X». JlaHHOE yCTpOHCTBO
obuT0 ycTtaHoBieHO B 2020 roay U K KOHIY rojfia ¢ MOMOIIbI0 JaHHOTO BHEIPEHUS
yAQJIOCh HapacTuTh J00bi4y 1o HepTu 1o 38,1 Thic. ToHH B roA. B tabmnume 10
npe/iCTaBleHbl MoKa3aTenu 100buu HedTr ckBakuHbl Ne9 ¢ mpumenenuem YKII 3a
2020 roa 1 MpOTrHO3HbIE OKA3aTENH, OKUaeMble HeTe00bIBaOIIeH KOMIIaHUEH, Ha
4 rona ¢ npUMEHEHUEM JTaHHOM TEXHOJIOTHH U Pe3ybTaThl O J0ObIYe 0€3 BHEIPEHUs
YCTPOMCTBA.

Ta6muma 10 — [NokazaTenu mo rogoBou 100b4e HeTH CKBaXXUHBI Ne9

Fox | 2020 | 2021(mp.) | 2022(mp.) | 2023(mp.) | 2024(mp.) | 2025(mp.)
Jloobrua be3
nedrrn, VKI 25,3 20,6 20 19,7 19,5 19,2
thic. Tonn | C VKIT | 38,1 34,7 34,4 34,1 33,5 32,6

B Tabnune 11 npuenena rnena 3a 1 ToHHY AOOBITOW HEPTH, YCTAHOBICHHAS B
TaHHOH He(Tea00BIBaOIIeH KOMITAHUY C TPOTrHO30M Ha 5 neT. CpenHuii Kype noiapa
3a 2020 rox cocrtaBun 71,94 py6mns, ¢ 2021 mo 2025 ObLIM B3SATHI IIPOTHO3HBIC

3Ha4YEeHMS Kypca qoiuiapa. Beipydka oT 100bu HETH paccUuThIBaeTCA 1Mo popmysie:

B = ]—l * Qro,q (5)

rae B — Boipyuka oT mo0brun HedTH, THIC.pyO.; 1 — 11eHa crommoctu HedTH,

py6./TorHa; Qroy — TomoBast go0bYa HedTH, ThIC. TOHH. [lepeBeAéHHAs CTOMMOCTH

He(TH W3 JTOJUIAPOB B PyOJIM M pacdeT BHIPYYKH OT JOOBIYU HEPTHU MPEICTaBICHBI
HUKE.

Tabmuma 11

— Tlokazarenu s pacueta BBIPYYKH OT m00bau Hedtu 0Oe3

ncnoyp3oBanug YKII

Iloka3zaresn 2020 2021 2022 2023 2024 2025

Hena e, 310 401,03 | 412,76 413,49 405,42 413,49
$/Tonna

CTOH:)’I;;TL 18, 71,94 73,8 74,7 75,5 75,9 76,3
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ena nedru,

22301,4 29595,75 | 30832,92 31218,48 30771,77 31549,27
pyO0./ToHHA

Beipyuka ot
noobrum HedrTu, | 56422542 | 609672,4 | 616658,36 | 615003,96 600049,60 605745,92
ThIC.pPYO.

CAPEX («capital expenditure» — kanutaibHbIE PacX0Jibl) — B paCCMaTPUBAEMOM
nepBoM BapuaHTe (0€3 MCIOJIb30BAHMS YCTPOWCTBA KOHTPOJIS MPUTOKA) OTHOCSTCS
3aTpaThl HA CTPOUTEIBCTBO TOPU3OHTAIIBHON CKBAXXHHBI M €€ OCBOCHHWE. 3aTpaThl Ha
JTaHHYIO0 CKBaXKMHY cocTaBuiid 203673 Thic.pyoO.

ITon OPEX (cokpari. ot anri. «operational expenditure»), onepanroHHbIMK
3aTpaTraMi, IIOHUMAIOTCSl BCE T€ PACXOJIbl, KOTOPbIE KOMITAHUS HE MOKET HE HECTH B
pexkuMe cBOeil 0OOBIYHOM JesATEeNBHOCTH Ha €€ TeKylleM ypoBHE. B paccmarpruBaemom
cilydae, K OINEpalMOHHBIM 3aTpaTaM OTHOCSTCS 3aTpaThl Ha MOOBIUYy M TIEPEeKauKy
KUIKOCTH U 00CITy)KMBaHUE CKBaKWHBI. VI3 HOPMATUBOB ONEPAIIMOHHBIX 3aTpaT JJIs
reoJIOrO-TeXHUYECKUX MEPOIPUSTUN B JaHHOW KOMIIAHUU TPHUHATHL CIEAYIOIINE
HOpMATHUBBI: 3aTpaThl Ha JOOBIYMY M TEpeKayky >Kuakoctu — 15,7 py06./T.,
obcnyxuBaHue CKBaXUHBI — 5509,8 ThIC.pyO./TO/I.

C 1 sauBaps 2017 roma 3a 1 ToHHY m0OBITOM HEPTH OOECCOIICHHOM,
00e3BoKeHHOM U cTabmm3upoBanHoi 0a3zoBast craBka H/{ITU coctaBnseT 919 pyo0. 3a
ToHHY (cTaThs 342 HK P®). B Tabmune 12 npencraned paccuntannsii H/IIU B
naHHOW HedTe 00bIBaOIICH KOMITAHNHU B 3aBUCUMOCTH OT T'OJIOBOH JTOOBIUH.

Tadbmuna 12 — Pacxomusie mmoka3arein

IToka3zareab 2020 2021 2022 2023 2024 2025
CAPEX

Cmoumocmu
cmpoumenvcmea I'C u 203673,00
oceoenue, mvic.pyo.

OPEX

3ampamul na 000bIuY

 nepexauxy 397,21 | 32342 | 31400 | 309,29 | 306,15 | 30144

AHCUOKOCIU, MBLC.PYO.

Obcnyacusanue
CKBANCUHDI, 5509,77
moic.py0./200

63



Cymmaproie OPEX —

5906,98 5833,19 5823,77 | 5819,06 | 5815,92 | 581121

3ampamuwl, muic.pyo.

HIIINA, ThIC.pYo.

14142,70 | 11515,40 | 11180,00 | 11012,30 | 10900,50 | 10732,80

3HaueHUE MOTOKAa HAIMYHOCTU TMOTYYaeTCA IMyTEM Pa3HUIBI MEXKY BBIPYUYKON
OT 10ObIYM HEPTH U 3aTPaTaAMHU.

JIMCKOHTUPOBAHUE JIEHEKHBIX IOTOKOB — 3TO MPUBEJACHUE CTOUMOCTU OYTYIITUX
(0KHMTaEMBIX) TJ1aTeXKEeH

JACHCKHBIX K

TEeKylIeMy  MOMEHTY  BpPEMEHH.
JINCKOHTUPOBAHUE JCHEKHBIX MOTOKOB OCHOBBIBAETCS HA Ba)KHOM 3KOHOMHUYECKOM
3aKOHE YOBIBAIOIIEH CTOMMOCTH JeHer. JIpyrumu cioBamMu, CO BPEMEHEM JI€HbI'H
TEPSAIOT CBOIO CTOMMOCTb I10 CPAaBHEHUIO C TEKYILIEH, IOATOMY HEOOXOAMMO 3a TOUKY
oTcyeTa B3ATh TEKYIIMH MOMEHT OLEHKH M BCE OyayIIHe NEeHEXHBbIC MOCTYIUICHUS
(mpuOBLTN/yOBITKH ) MPUBECTU K HACTOSAIIEMY BpeMeHHU. {7151 ATUX 1enel ncroyib3yroT

K03 PUIMEeHT TUCKOHTUpOBaHUs. [IpuHsATas cCTaBKa TUCKOHTUPOBAHUS B KOMIIAHUU —

20%.

KoadurmenT 1uckoHTUpOBaHUS PACCUUTAH T10 Cleaytouie hopmysie:

K, = (147/100)"*05

(6)

rae I — cTaBka JUCKOHTHUPOBAHMUS, %; i — paCCManI/IBaeMIﬂﬁ nepuoa BpCMCHU.

JIuCKOHTHPOBaHHBIH MOTOK HamuaHOCTH (NPV):

NPV =

IOTOK HAJIMYHOCTH

Ky

(7)

B Tabmume 13 mpencraBieHbl pacdyeThl HAKOIUICHHOTO JTHCKOHTHPOBAHHOTO

MOTOKA HAJTMYHOCTH JIJIsl BapraHTa 0e3 BHEAPECHUS YCTPOHUCTBAa KOHTPOJIS MPUTOKA.

Tabmuma 13 — PacuérHple 3HaYeHUsS HAKOILICHHOT'O JUCKOHTHPOBAHHOTO ITOTOKA

HaJIN4YHOCTH

IToxka3zarenan

2020

2021

2022

2023

2024

2025

Ilomox
HATUYHOCMU,
muwic.pyo.

340502,74

592323,82

599654,59

598172,60

583333,18

589201,92

Kosgppuyuenm
OUCKOHMUPOBAHUSA

1,1

1,3

1,6

1,9

2,3

2,7

Luckoumupoeanmwiti

nomoK HajaiudHocmu

(NPV), moic.py6.

310835,06

450596,00

380143,92

316003,69

256803,58

216156,00

Haxonnennvi NPV,
muic.pyo.

310835,06

761431,05

1141574,97

1457578,67

1714382,25

1930538,25
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[lo pmaHHBIM DJTamaM paccuWTaH BTOPOW BapHaHT C YCTaHOBJIEHHBIM

ycTporicTBoM KoHTpoisi mputoka. B CAPEX momMuMo 3aTpaT Ha CTpOUTENBCTBO

TOPU30HTAIIBHOM CKBAKMHBI BHECEHBI 3aTpaTbl Ha NOKYyNKy M ycTaHOBKY YKII —

9745,76

TBIC.pYyO.

OO0cnyxuBaHue

CKBa’XHWHBI

C

VYKII

COCTaBJIACT

5665,741eic.py6./Toa. B Tabnune 14 npeacrarieHa cBoaHas Tabiuila pe3yJbTaToB 2

BapuaHTOB 100b1uM HeTU: 1 BapuaHT — 6e3 yctpoiictBa YKII, 2 Bapuant — ¢ YKII.

Tabmuma 14 — CpojgHas Tabnuila pacCUMTaHHBIX TIOKazaTeslel 2 BapUaHTOB

OKCILTyaTallu CKBAKUHBI

Ikeniyaranusa ckBaxunbl 6e3 YKII (Bapuant 1)

SKAIKOCTH

IToka3arennb En.mzm. Hroro: 2020 2021 2022 2023 2024 2025
Beipyuka ot
ThIC.py0. | 3611355,66 | 564225,42 | 609672,40 | 616658,36 | 615003,96 | 600049,60 | 605745,92
J00br4u HehTH
CAPEX
CroumocTh
crpoutensctBa [Cu | ThIC.py0. | 203673,00 | 203673,00
OCBOEHHE
OPEX
3arparsl Ha J00BIYY
U TIEPEKauKy TBIC.pYO. 397,21 323,42 314,00 309,29 306,15 301,44
KUIKOCTH
Ob6cyxuBaHue
TBIC.pYO. 5509,77
CKBa)KUHBI
Cyle?;’;’;:TgPEX Thicpy6. | 35010,10 | 590698 | 583319 | 582377 | 581906 | 581592 | 581121
HAIA ThIC.pYD. | 69483,70 14142,70 | 11515,40 | 11180,00 | 11012,30 | 10900,50 | 10732,80
IMorok HanmmyHocTd | Thic.py6. | 3303188,86 | 340502,74 | 592323,82 | 599654,59 | 598172,60 | 583333,18 | 589201,92
Ko punacar 1,1 1,3 1,6 1,9 2,3 2,7
JUCKOHTHUPOBaHUA
JIMCKOHTHPOBaHHBIN
[OTOK HaJMyHOCTH | ThIC.pyO. | 1930538,25 | 310835,06 | 450596,00 | 380143,92 | 316003,69 | 256803,58 | 216156,00
(NPV)
Haxomnennsiit NPV | TbIC.py0. 310835,06 761431,05 1141574,97 | 1457578,67 | 1714382,25 | 1930538,25
Ikcmuryaranus ckpaxunbl ¢ YKII (Bapuanr 2)
IMoka3arenn En.m3m. Hroro: 2020 2021 2022 2023 2024 2025
Beipy:iia ot Thic.pyG. | 606121870 | 84968334 | 102697245 | 106065238 | 1064550 | 103085444 | 1028506,10
JN00bIuM He(TH
CAPEX
CTouMOCTh
crpoutensctBa [Cu | Thic.py6. | 203673,00 | 203673,00
OCBOCHHE
O01ast cTouMoCTh
ABTOHOMHOI'O
yCTpOWCTBa TBIC.pYO. 9745,76 9745,76
KOHTPOJISI TPUTOKA
1 €ro yCTaHOBKa
OPEX
3arpaThl Ha KOOBITY
U TIEPEKaUKy TBIC.pYO. 598,17 544,79 540,08 535,37 525,95 511,82
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O0cnyXrBaHUE

THIC.pYO. 5665,74
CKBa’XUHBI
Cymvaprbie OPEX | 6. | 3725060 | 626391 | 621053 | 620582 | 620111 | 619169 | 6177,56
— 3aTpaThbl
H/IN Thic.py6. | 115936,60 | 21297,90 | 19397,30 | 19229,60 | 19061,00 | 18726,50 | 18223,40
TloTok HammanocTn | Toic.pyG. | 569461274 | 60870277 | 1001364,62 | 1035216,96 | 1039286,99 | 1005936,25 | 100410514
Ko puert 1,1 1,3 1,6 1,9 23 2,7
JAUCKOHTUPOBAHUA
JIMCKOHTHPOBAHHBIN
NoToK HammaHoeTH | Thic.py6. | 3333947,39 | 555667,06 | 761763,88 | 65626352 | 549036,39 | 442848,17 | 368368,38
(NPV)
Haxoruiermsiii NPV | Thic.pyo. 555667,06 | 131743004 | 197369446 | 2522730,85 | 2065579,02 | 3333947,39

NPV (OxkoHoMHYecKHi 3PeKT), MIH.PYO.

Bapmanr 1
NPV Tlo
MOIepHH3AIHH
1930,5 MIE.pYO.

BapnuanT 2
NPV Ilocne
MOJepPHH3AIHH
3333,958
MIH.py0.

IKOHOMHYECKHH
apdert
1403,458man.pyo
(NPV)

Pucynok 35 — Dxonomuueckuit 3p(HEeKT OT BHEIPEHUS YCTPOHCTBA KOHTPOJIS

PUTOKA

OxoHomuyeckuid AG(HEKT OT BHEAPEHHsS] YCTPOWCTBA KOHTPOJS TPUTOKA B

noObIBatoie ckBaknHe Ne9 mpesbiaeT 0a30BbIN BapuaHT B 1,7 paza u cocTaBisieT

3333,958 muiH.pyo.
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3AJIAHUE JIJISI PA3JIEJIA

«COIUAJIBHASA OTBETCTBEHHOCTDb»

Crynenry:
I'pynma OdOUO
2bM9%4 KBunt IMutpuro MBaHoBuuy
I koaa UIITIP OTtaenenne (HOLL) OHJ1
YpoBeHnn Hedrerazosoe nemno
oGpazoBaHEs Marucrparypa Hanpagiienue/cnenuajibHOCTH (21.04.01)

Tema BKP: OINTUMM3ALUA INPOUHECCOB AOBbIYM HE®THU B YCJIOBHUAX
BBICOKHUX 3HAYEHHMI TA30BOIO ®AKTOPA, HEOJHOPOJHOCTH,
OBBOJJHEHHOCTH HA MECTOPOXJIEHUSIX 3ATIAJTHONH CUBUPH

HCXO}IHbIe AAaHHBbIC K pa3jiery ((COIII/la.]'leaﬂ OTBECTCTBCHHOCTDb)»:

IIpaBoBbIe " opraHu3auMoHHble | — TpynoBoii Komekc P® — TmaBa 47.
BOIIPOCHI 00ecneyeHus: 0€30IaCHOCTH: OcoOeHHOCTH peryiupoBaHus Tpyla JIUIL,
—  CHenuanbHbIE (XapaKTepHBIE ITPU paboTaOIMKUX BAXTOBBIM METOJIOM.
OKCILTyaTalun 00beKTa 5 — denepasibHBIE HOPMBI W TIpaBWJIa B 00MacTH
HCCIICI0BaHNA, IPOCKTUPYEMOU npoMblnieHHOH — 6e3omacHoctu  «[IpaBuna
paboyeii 30HbI) MPABOBbIC HOPMBI OesomacHOCTH B He(TSIHOW W ra3o0BOM
TPYAOBOTO 3aKOHOJIaTEIbCTBA; NPOMBIIITEHHOCTH,
~ OPTaHHM3alMOHHBIC ~ MCPONPWATHA | _ Gopyroanme mpomsBoacTBeHHoe.  Obmme
MY KOMIOHOBKE paboueti 30HbL. tpeboBanus 6e3zomacuoctu: ['OCT 12.2.003-91
CCBT;

— EcrecTBEHHOE M HCKYCCTBEHHOE OCBELICHHUE!
CII 52.13330.2011;

— TpeOoBanusi 0€30MaCHOCTH K YPOBHIO IIyMa:
I'OCT 12.1.003-83;

— TpeboBanus 0€30MacHOCTH K  ypPOBHIO
BuOparuu: ['OCT 12.1.012-2004;
— 3amuTHoe 3azemsieHue, 3anyinenue: ['OCT

12.1.030-81;
- O60py,I[OBaHI/Ie IMPOU3BOJACTBCHHOC.
Orpaxnenus 3amutHeie: ['OCT 12.2.062-81
CCBT
Hepeqeﬂb BOIIPOCOB, MOJICKAINX UCCICTOBAHHIO, IPOCKTUPOBAHUIO U pa3pa60TKe:
1. Hpomnoncn&em{aﬂ 0€e30IacHOCTh: BpeI[HBIC MIpOU3BOJICTBCHHBIC (l)aKTOPBIZ

— OTKIOHEHME  TOKa3aTelned  KiIuMara  Ha
OTKPBITOM BO3/yXE€;

— IlpeBbllieHue ypoBHEH IrymMa U BUOpaIIH;

— HenocraTouHas OCBELIEHHOCTS;

— 3ara3oBaHHOCTb BO3/yXa pabodell 30HbI.

OmnacHble TPOU3BOJICTBEHHbIE (DAKTOPHI:

— OJIEKTPUYECKHUM TOK;
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— IMoxapoonacuslii pakrop;

— JIBWKymigecs ~ MallMHbl W MEXaHHU3MBI
IPOM3BOJICTBEHHOTO 000PY/I0BaHHUS;
— JlaBnenue (pa3pyienue ammapara,

paboTaloIEro MO/ IaBJICHUEM).

2. Jkojoruyeckas 0e30MacCHOCTD:

~ OCHOBHBIC THUIIBI AHTPOIIOTCHHBIX BO3JICHCTBHMA
Ha MPUPOAY IPHU SKCILTyaTallUH MECTOPOKIACHUIM
C Ta30BBIM (aKTOPOM

- KoMIuiekc Mep 1o oxpaHe OKpysKarolen Cpepl.

BOIPOCHI o0ecrieyeHusi 0€30NaACHOCTH:
crelaibHble (XapakTepHble IpU
IKCIUTyaTaIuu 00beKTa
HCCIEA0BAHUS, TPOCKTUPYEMOMN
paboueii 30HbI) IPaBOBbIE HOPMBI
TPYZOBOI'0 3aKOHOAATEIbCTBA;
OpraHHu3allMOHHBIC MEPOIIPUATUSA

3. BesonmacHocTh B Ype3BbIYAHBIX — OCHOBHBIE THIIBI aHTPOIIOTEHHBIX BO3/ICHCTBHIMA

CUTYyalHAX: Ha IPUPOIY pu IKCILTyaTauu
MECTOPOKIEHUH € ra30BbIM (PaKTOPOM

— KoMuieke Mep 1o oxpaHe OKPYKAKLIEH CPebl.

4. TIlpasoBble u opranusanuonnnie — llepeders HT/I, wucmonp3yembix B naHHOM

paszzene;
— CmMexa 3Bakyaluu Mpu mosxape.

IIpY KOMIIOHOBKE paboyeil 30HBbI.

\ JlaTa BbI1auM 3aaHus VIS pa3jiesia no JuHeiiHoMy rpaguky \ 07.04.2021 \
3aganue BbIIaJ KOHCYJIbTAHT:
Yuyenasn
JomxkHocTh DdPHUO cTeneHb, IMoanucek Jara
3BaHUe
Tpodecco Ceunn Asexcanp H 07.04.2021
P p HBanoBu4 AT T
3ajaHue NMPUHSAJI K UCIIOJTHEHHUIO CTY/IeHT:
I'pynna PUO ITognucey JlaTa
2bM94 Ksunt Imutpuit IBaHOBHY 07.04.2021

68




5. COHMAJIBHASA OTBETCTBEHHOCTD

[enbro faHHOM BBIMYCKHOM pabOTHI ABJISETCA ONMTUMU3AIMS JOOBIYM HEPTU Ha
MECTOPOXKICHUSIX, XapaKTePU3YyIOIIUXCS BHICOKUMH 3HAYEHUSIMU Ta30BOr0 (hakTopa,
HEOJHOPOAHOCTH U OOBOJHEHHOCTH. BhiCOkme 3HaueHusi razoBoro (akropa Ha
MECTOPOXKJICHUH MOTYT CIIOCOOCTBOBATH TOSIBJICHUIO Ta30HE(TEBOIOMPOSIBICHUIM,
MPUCYTCTBYET 3ara30BaHHOCTh HA TEPPUTOPUHU.

Bricokoe 3HaueHuwe razoBoro (aktopa TakkKe TMPUBOJUT K HETaTUBHBIM
MOCJICAICTBUSIM TpU  pa3paboTKe MecTopoxkieHus. [Ipu CHUXEHHWU TIJIaCTOBOTO
JABJICHUS HUXE JIaBJICHUSI HACBIIICHUS MPOUCXOJUT pa3rasupoBAHUE ILIACTOBOM
HeT. HEeoqHOPOTHOCTh TIO MPOHUIIAEMOCTH CTIOCOOHA MPUBECTH K MPOPHIBY Taza
4yepe3 BBICOKOIPOHUIIaeMble y4acTKu. OTpuniatelbHbIM 3()PEKTOM OT BO3JICUCTBUSA
JAHHBIX TIPOSIBIICHUH SIBJISIETCS YXYAIIEHUE SKCITyaTallul MECTOPOXKACHUS: IEPETPEB
HOTPY>KHOTO 000pPYAOBaHMsI, 00ECIIEUNBAIOIIETO T00BIYY Ta30’KHIKOCTHON CMECH Ha
IIOBEPXHOCTb, HEBO3MOKHOCTh BBIPaOOTKH OCTaTOYHBIX 3a1acos,
rujapaTooOpa3zoBanue u Jp. B camom kpaitHeM ciydae MOXKET IMPOU30UTH TOJIHOE
IpeKpalleHre MNoCcTyIieHus: HeTu BBUAY MPOPHIBA rasa.

[Ipu yBenmuyeHnM ra3oBoro (pakTopa CymecTByeT MHOXKECTBO PEUICHUN TaHHOM
npoOseMbl:  3a0jlarOBpeMEHHblE  (HAampaBlI€Hbl Ha CO3JaHME M COXpaHEHHUE
IPOU3BOJUTENBHON CIOCOOHOCTH CKBaXXMHBI C HU3KUMHU [TOKA3aHUSIMU Ta3a), TeKyIue (B
IpoLEecce SKCIUTyaTalluu CBSA3aHbl C U3MEHEHUEM M TILATEIbHBIM KOHTPOJIEM PEXUMOB,
naBlieHu, 6€3 He0OXOAMMOCTH OCTAHOBKU CKBAXKHHBI), ONEpalMOHHBIE (Tpedyromue
OCTAaHOBKY CKBaXMHBI, BMematenbcTBa Opuragasl KPC, mpoBeneHusi mpombICIOBBIX
reopU3sM4ecKux HUCCIENOBaHUNW, M TPOYMX MEPONPHUATHH CBsI3aHHbIE C paboTON B
CKBa)XMHE, KOT/Ia OCTAJIbHBIE METOIbI HE TAIOT JOJKHOTO Y deKTa).

TexHonoruu, HanmpapieHHbIE HA CTAOWIBHYIO paboTy IMEHTPOOEIKHOTO Hacoca,
B OCHOBHOM CBSI3aHbI C YCTAHOBKOMW MPEIBKJIFOYEHHBIX YCTPOMCTB HA TAHHBIE HACOCHL.
CrnenoBarenbHO, padOTHI TPOBOJASITCS HA OTKPBITHIX KYCTOBBIX IJIOIIAIKAX.

Knumar paiioHa pe3kO0 KOHTMHEHTAJIbHBIM C MPOJOKUTEIBHOW 3UMOU H

KOPOTKHUM TCILJIBIM JICTOM.
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5.1 IlpaBoBbIe U OPraHU3aLMOHHBIE BONPOCHI 00ecnedeHusi 0€30MaACHOCTH

OO6cnyxuBaHue OOBIBAIOIINX CKBAKUH MPOU3BOJIUT OINEpPATOp MO J00BIYE
Hedtu u raza (JIHI). Ero paGouee MecTo COCTOUT M3 CKBaKUH, KyCTOBOM TUIOIIAKHU,
0JIOKOB aBTOMAaTHUKH.

K paboram no skcrutyatanuu He(TSHBIX MECTOPOKACHUHN JTOMYCKAIOTCS JIMIA
HE MoJoXe 18 jeT, umerolue COOTBETCTBYIOIIEE MPO(hecCHOHATbHO-TEXHUUECKOE
oOpa3oBaHue, MPOIIEIIINE METUIIMHCKOE OCBUIETENHCTBOBAHUE U MPOU3BOJCTBEHHOE
oOyueHure, a TaKKe UHCTPYKTAXKU M MIPOBEPKY (ATTECTAIMIO) 3HAHUN TIPABUI OXPaHbI
TpyJa ¥ IPOMBIILJIEHHON 0€30MacHOCTH.

BaxtoBelii mMeton pabot perymupyercs TpynoBeim Komekcom PD [16].
BaxTtoBsiit MmeToq — ocobast popMa OCyIEeCTBICHUS TPYJOBOrO MpoIlecca BHE MecTa
MOCTOSIHHOTO TPOXKMBaHUSI PaOOTHUKOB, KOTJIa HE MOXET OBITh 00eCIeUYeHO
€XKEIHEBHOE UX BO3BPAIIEHUE K MECTY MOCTOSHHOT'O MPOKUBAHUS.

Baxroii cuurtaeTcst o0l nepuo, BKIIOYAIOIINA BpeMs BBITIOJTHEHUS paboT
Ha OOBEKTE W BpEeMS MEXIYCMEHHOTro OTAbIXa. [IpOAOmKUTENbHOCTh BaxThl HE
J0JKHA TIPEBBINIATh OJHOTO MecdAla. Pabouee Bpems U BpeMs OTIbIXa B Ipejeax
YY4ETHOTO TIEpHOJa PErIaMeHTHpPYIOTCS rpadukoM pabOThl Ha BaxTe, KOTOPBIU
yTBEpKIaeTcsi paboTomaresem.

PaGoTHHKaM, BBITIOTHSAIOMINM paOOThl BAXTOBBIM METOJIOM, MPEOCTABIISIOTCS
Haa0aBKU M KOX((PUIIMEHTH K 3apa00THOM IUIaTe, a TaKKe COIHalIbHBIC TaKEThI
(meHCcUOHHBIN (HOHJI, METUITMHCKASI CTPAXOBKA, OIJIaTa CAHATOPHOTO JICUEHUS, OTIJIaTa
MyTEBOK B JICTCKHE JIareps u 1p.).

KommonoBka paboueil 30HBI JOTKHA OBITH CIIPOCKTUPOBAHA I YAOOHOTO
BBINIOJIHEHUSI TPYAOBBIX 00s13aHHOCTEN onepaTopa, cornacHo [17]. Tak kak ocHOBHas
pabouast 30Ha omepaTopa — ATO KyCTOBas IUIOIMIAKA, TO PACIIOIOKEHNE OOBEKTOB Ha
HEW  JIOJDKHO  COOTBETCTBOBATH  YTBEPKIAEHHOM  NPUHUMIMAIBHOU  CXEME,
pa3paboTaHHOM ¢ Yy4€TOM OCOOEHHOCTEW MPOU3BOACTBEHHBIX YCIOBUH M yJa00CTBa

paboThl ¢ 000pYOBAHUEM, BXOSAIIUM B HEE.
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5.2 IlpousBoacTBeHHAs1 0€30MIACHOCTH

Okcmyatanusi HEPTSHBIX MECTOPOXKIEHUH C TOBBIIICHHBIM Ta30BbIM
(dakTopoM HeceT B ceOe psiJi OmacHOCTEN IS )KU3HU U 310pOBbsl pab0vero nepcoHania,
MECTHOTO HACelIeHUS W TPEThbUX JIMI, TaK W JJIA OKPYXAroIIed Cpenbl, a TaKkKe
BO3MOKHOCTh BOSHUKHOBEHHUS YPE3BBIYAHBIX cuTyanmid. B Tabnuie 15 mpencrasien
NepeyeHb OMACHBIX M BPEAHBIX IMPOU3BOJCTBEHHBIX (PAKTOPOB, XapaKTEPHBIX IS
npoektupyemoii cpensl, B coorserctBuu ¢ ['OCT 12.0.003-2015 CCBT.

Tabnuma 15 — OmacHble U BpeIHbIE MPOU3BOJCTBCHHBIE (PAKTOPHI P BBHITTOJTHEHUU
paboT Mo TMOJACpNKAHUIO pekuMa paboThl CKBaXMH B ['3Y Ha MECTOPOXIACHHU C

HOBBIMIEHHBIM [ 'D.

Jrtansl padoT
®axropsl (TOCT & S 'E g > =
12.0.003-2015) 2 5 = = = HopmaTuBHbBIE TOKYMEHTBI
g8 |52 |EE
=2 | &K
OTKIIOHEeHHE TToKa3aTenei I'oCT 12.1.005-88 CCBT.  OOmmme
KIIIMAaTa Ha OTKPBITOM + + CAaHUTAPHO-TUTHEHUYECKHE TpPEOOBaHHS K
BO3JIyXE BO3yXy paboueii 30051 [18].
I'OCT 12.1.003-2014 CCBT. llym. O6mue
TpeboBaHMS 0e30TIacHOCTH.
. Cranmaprurdopm, 2015. — 24 ¢ [19];
HpeBﬁfIi‘;‘;%yz"f:f“ ¥ * | TOCT 12.1.012-90 CCBT. Bubpamnossas
1y patl 0e30macHOCTb. OO6mmme TpeOOBaHUS.
Cramgapruadopm, 1990. — 20 ¢ [20].
Henocrarounas + + CIT  52.13330.2011 EcrectBenHoe wu
OCBEIIICHHOCTh HCKYCCTBEHHOE ocBereHue [21].
TloBrieHHAsS I'oCT 12.1.007-76 ~CCBT Bpeansie
3ara30BaHHOCTH pabodei + + BemiectBa. Kmaccudukarmus wu  oOmwe
30HBI TpeboBanust 6e3omacHocTH [26].
IroCT P 12.1.019-2009. Cucrema
. CTaHJIApPTOB 0e30macHOCTH Tpyaa.
DICKTpHHCCKHI TOK * * OnexTpobdezonacHoCcTh. O0mue TpeOoBaHUS
Y HOMEHKJIaTypa BUJIOB 3aIIUThI [22].
JIBHOKYUIMECH MAIHHbL H T'OCT 12.2.062-81 CCBT. O6opyoBanue
MEXaHU3MBI
+ + MPOU3BOJACTBECHHOE. OFpa)K,E[eHI/ISI
MPOU3BOJICTBEHHOTO
sanmrHeIE [23].
o0opymoBaHUs
Jasnenue (pa3pylieHue I'OCT 12.2.003-91 CCBT. ObopynoBanue
anmapara, paboTaromero + + npou3BojcTBeHHOoe. OOmme TpedoBaHus
TI0/T TABJICHUEM ) 6e3onacHoctH [24].
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CIT  231.1311500.2015  OOGyctpoiicTBoO
[MoxapoonacHslit hakTop + + He(TAHBIX W Ta30BBIX MECTOPOXKICHHUM.
TpeboBanus moxxapHoit 6e3omacuoctu [25].

5.2.1. AHanu3 BpeIHbIX NPOU3BOJACTBEHHBIX (PAKTOPOB U 00OCHOBaHHUE

MEPONPHUATHI 10 UX YCTPAHEHUIO

Muxkpoxnumam na pabouem mecme. OHa U3 TTABHBIX 0COOEHHOCTEH yCIOBUI
TpyJa orepaTopoB 1Mo Jo0brde HepTHm — 3TO paboTa, B OCHOBHOM, Ha OTKPHITOM
BO3ayXe (Ha KyCcTax CKBaXHMH), a Takxke paboTa, CBSI3aHHAs C IMEpPEMEIICHUSIMHU Ha
TEPpUTOpUH OOBEKTAa W MEXIYy OO0BEKTaMU (KyCTaMM), YaCThIMH IOJbEMaMH Ha
CHieIUaTbHbBIC TUIOMIAIKN, HAXOIAIUECS Ha BBICOTE.

Huskass Ttemmeparypa ¥ OOJbIIIME CKOPOCTH JBWKCHHUS BO3JyXa IIPH
JUIMTETLHOM ~ BO3JCHCTBUM  TNPUBOAAT K  PACCTPOMCTBY  KPOBOOOpAICHHUS,
CIIOCOOCTBYIOT 3a00JIEBAaHUIO PEBMATHU3MOM, TPUIIIIOM M OOJIE3HSIMH JBIXaTEIbHBIX
nyteii. [Ipu BBICOKOW TeMIiepaType CHIDKAIOTCS BHHUMAaHHE U CKOPOCTh PEaKIHU
paboTaroIiero, 4To MOXKeT MOCTYKUTh PUIUHON HECYaCTHOTO ciydast v aBapuu. [Ipu
paboTe B JeTHee BpeMs IPHU BBICOKOW TeMIlepaType BO3MOXKHBI TIeperpeBaHUs
OpraHM3Ma, COJIHEYHBIC M TEIUIOBBIC ymapbl. Ha mMecTopokaeHuu «X» MPUMEHSIOT
XJIOIMTYATOOYMaKHYIO CIICIIOJICKTY, HMEIOIIYI0 YIOOHBIM KpoW s paboThl B
AKCTPEMaJbHBIX YCIOBHUSAX (HampuMep, Mpu Tmoxape). s 3aiuThl TOJIOBBI OT
TEIUIOBOTO OOJIydeHHS] MPUMEHSIOT aFOMHHHUEBBIC, (UOPOBBIE KACKH, BOWJIOYHBIC U
IUIATIBL; TJ1a3 - OYKU (TEMHBIC WM C TPO3PAaYHBIM CIIOEM METajula) JIUIA - MacKu C
OTKUJHBIM TPO3pAayHBIM JKpPaHOM. 3amuTa OT BO3JCWUCTBHUS TOHMKEHHOU
TEMIIEPATyphl JOCTUTAETCS UCIIOIB30BAHUEM TEIUION CIIEIOCK b, a IPU OCaTKaxX —
amei [18].

KomnekTuBHas 3ammura MOXKET OBITh oOecredeHa MyTEM pParOHaILHOTO
pa3MeIIeHNs TEXHOJIOTHYECKOTO 000PYyI0BaHUS, PAIIMOHATN3AINN PEKUMOB TPy
OTIbIXa, TPUMCHEHHUS TEIUIOM3OJAINH  OOOpYJOBaHWS, aBTOMATH3allUd |

AUCTAHOWMOHHOI'O YIIPAaBJICHHUA TCXHOJOIHYCCKUMU IIPOLHCCCaAMMU.
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IIpu ompexneneHHOIl TemmepaType BO3AyXa U CKOPOCTH BETpa B XOJOJHOE
BpeMs pabOThI MPUOCTaHABIUBAIOTCA (Tabnuua 16).

Tabmuua 16 — [lorogHeie ycnoBusi, MpU KOTOPBIX pabOThl HA OTKPHITOM BO3IyXe

IPUOCTAHABIUBAIOTCS
CkopocTb BeTpa, M/c Temneparypa Bo3ayxa, °C
Oe3BeTpeHHas Morojia -40
Menee 5,0 -35
5,1-10,0 -25
10,1-15,0 -15
15,1-20,0 -5
6omee 20 0

Ananuz nokazameneii wiyma. B HenocpenCcTBEHHON OJM30CTH OT paboyero
Mecta omneparopa JHHI" moryr nHaxomuthca mamuuabl KPC (kanuTanbHbI peMOHT
CKBa)XHMH), KOTOPBIE CO3/Ia€T YPOBEHb 3BYyKa, HE MPEBBIMIAIOMIMN JOMYCTUMBII
corsacHo I'OCT 12.1.003-2014. Hopma Ha oTKpbITOM MeCTHOCTH cocTaBisieT 80nBA,
a 3HayeHWe YpOBHS 3ByKa Ha pabouem mecte cocrtapisier 40-45 nbA. JloctaBka
pabouux Ha MECTOPOXKIIEHUS OCYIIECTBIISIETCS MyTeM IIepefieTa Ha BepToJieTax,
KOTOpBIM co3aaioT ypoBeHb Inyma 95-100 nbA, mnpeBblmaromuii JOMYCTUMBIH.
Meponpusitusi sl yCTpaHEHUs YPOBHS IIyMa: HAYIIHUKA W TMPOTHUBOLIYMHBIE
BKJIAIBIIIN.

Ilpesviuenue yposusa euobpauuu. Bo3neiictBue BHOpalii Ha OpPraHU3M
YelioBeKa Ha HEPTENpPOMBICIC TPOUCXOIUT TMPH OCYIIECTBICHUH padOT Ha
CIEITEXHUKE, TIPH CIYCKe U ToabeMe TpyO M peryJupoBaHUU pacxoia BOJBI,
3akayrBaeMoi B miact. U3 — 3a nmelicTBusa BHOpalyi Ha OpraHU3M YeJIOBEKa, MOTYT
OBITh HApYIIEHBI €r0 (PU3NOIOTHYECKHE (PYHKIIMH, YTO MOXET MPOSBUTHCS U BHIIC
TOJIOBHBIX OO0JeH, TMJIOXOT0 CHAa, CHWXEHHS pabOTOCIOCOOHOCTH, HapYIIECHUS

cepreuHoi nestenpbHocTH. B Tabmmie 17 mpuBeaeHbl HOPMBI YPOBHEH BHOpAIuu 10

T'OCT 12.1.012-90 [20].
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Tabnuna 17 — I'uruenndeckne HOpMbI ypoBHe BuOparuu [20]

Bun N .
BHGpanuH JomycTuMblii ypOBeHb K0J1e0aTeJIbHBIX CKOpocTeil, 1b
Oobmas - 108 | 99 93 92 92 92 - - - -
JlokanpHast | - - - 115 | 109 | 109 | 109 | 109 | 109 | 109 | 109

K meromam 3amuthl oT BUOpAIIMK OTHOCATCS: YCOBEPIICHCTBOBAHUE TEXHUKU U
o00opy/nOBaHUs, BHOPOM3OJSAIMS MAIIMH MW TIOMCK HAWIY4YIIUX MAaTEepUaJiOB,
MOTJIONIAIONIMX BUOpalMOHHOE BoO3jAeMcTBUE. [ WHIMBUAYaTbHOW 3allUThI
pabOTHMKAa OT BO3JCHCTBUS BHOpAIlMU MPEIYCMOTPEHBI AHTUBUOPAIMOHHBIE
PYKaBHI[BI U CAIlOTH C TOJCTON PE3MHOBOM MO 101IBO# [27].

Heoocmamounasa oceeuyénnocmo paooueii 30nul. Ilpu pabote B TEeMHOE BpeMs
CYyTOK KyCTOBas IUIOIIQJKa OCBEIleHa, BO H30eXaHWe TpaBMaru3Ma. B kadecTBe
OCBETUTENILHBIX MPUOOPOB TpUMEHsIOTCS (QoHapu U mpoxekTopa. Hopma
ocsenieHHoctd He Hmwke 10 mrokcoB (CIT 52.13330.2011) [21]. Mepomnpusitus 1o
YIJIYYIIIEHUIO OCBEIIEHHOCTH HE TPeOyIOTCSI.

Ilosvimennan 3azazosannocmsv 6030yxa pabdoueni cpeodvli. KycT CKBaXuH
XapaKTepU3yeTcsl HAIMYHUEM MOKapo - B3PHIBOOMACHBIX BEIIECTB U SIJOBUTHIX Ia30B:
MPUPOJIHBIN a3, METaHOJ, ra30BbIM KOHAEHCAT. B mporecce Nnpou3BOACTBEHHBIX
omnepanuil onepaTop MOXKET MOJIBEPraThCsl BO3JCUCTBUIO 3TUX I'a30B, a TAKXE MapoB
HEe(TH, UCTOYHUKOM KOTOPBIX SBIIAIOTCS HAPYIIECHUS Te€PMETUYHOCTH (DIIaHIIEBBIX
COCIMHECHUN, MEXaHWYECKONM MPOYHOCTH (HOHTAHHOW apMaTyphl, BCIEICTBUE
KOPPO3HUH WM U3HOCA PETYIUPYIOLUINUX U MPEIOXPAHUTEIBHBIX KIIAIIAHOB.

K paboram Ha mpoOM3BOACTBEHHBIX OOBEKTAX, IJI€ BOZMOXHA 3ara30BaHHOCTD
Bo3ayxa Boimie [IJIK (comepskanue HeTsSHOTO raza B BO3ayXxe paboueld 30HBI -
300mr/M%), momyckaloTcs nuIa He MoyoXkKe 18 JeT, He MMelolHe MeTHITMHCKUX
IPOTUBOMNOKA3aHUMN N1 pabOThl B U30JUPYIONIUX MPOTUBOra3ax WM JIbIXaTEIbHbIX
amnmapaTtax M MpOIIEANINEe COOTBETCTBYIOIIEE OOy4YeHUE, MHCTPYKTaX U MPOBEPKY
3HaHUM MO0 0€30MaCHOMY BEJIEHHUIO PadoT.

[Tpu noBbIlIEHHOM 3ara30BaHHOCTH BO3/lyXa paboyeil 30HbI CeAYET TPUMEHATD

ra3o3allUuTHbIe CPEACTBA (M30IUPYIONIUE PECIUPATOPHI, IIJIAHTOBbIE U (DUIIBTPYIOIINE
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nportuBorasbl). Jlo Hayana paboT He0OXO0AUMO MPOBEPUTH UCIIPABHOCTH IPOTHUBOra3a
Y LUTAHTOB. AHalu3 BO3AYILIHOHN cpenbl paboyeil 30HbI MPOU3BOAUTCA C MOMOIIBIO
razoaHanaM3aTopa Mepel BXOJOM Ha KyCTOBYIO IUIOIIAJKY UM MPOBEICHUEM
ra3o0mnacHbIX padoT.

[IpenensHO nomycTtuMble KOHUEHTpauuu BemecTB coraacHo 'OCT 12.1.007-

76: azora auokcum — 2 Mr/m>, 6enson — 10 mr/m3, yrnepona oxeun — 20 mr/m® [26].

5.2.2 AHaIM3 ONACHBIX NMPOU3BOACTBEHHBIX (AKTOPOB U 000CHOBAHUE

MEpONPHUATHI 10 UX YCTPAHEHUIO

Inekmpuueckuit mok. DKcinyaTauus ckBaxuH ¢ YOILIH xapakrepusyercs c
HAJIMYMEM BBICOKOT'O HAIpsiKEHUsS B CUJIoBOM Kalene. [Ipudem cTaHius yrpaBieHUs
U ckBaxuHa oOopyaoBanus OIIH oObIMHO He HAaXOASATCS B HEMOCPEACTBEHHOU
0JIM30CTHU IPYT OT ApYra U 4acTh KaOess MPOXOAUT IO TOBEPXHOCTH, YTO YBEJIMYUBAET
30HY MOPaXEHUsl SJIEKTPOTOKOM, a, CJIEIOBATENIBHO, U BEPOATHOCTh HECYACTHOI'O
CIIyyasl.

K MoHTaxy (memoHTaxy) norpykHoro arperara YOIIH u ero o6ciyxuBaHUIO
JOMYCKAeTCs AIEKTPOTEXHUUYECKU MEepCOHaN, 3HAIOUUNA CXEMbl, IPUMEHSEMBbIC
CTaHIIUH yNpaBJIeHUs, TpaHCPOPMATOPOB, MOICTAHIINH MOTrpyKHBIX HacocoB (KTITH),
KOHCTPYKIIMHM IO MX JKCIUTyaTallid, MPOIIEANIUNA MPOU3BOJICTBEHHOE OOyYEeHHE U
CTOXHPOBKY Ha paboyeM MeCTo, a Takke MPOBEPKY 3HAHWHA C MPUCBOCHUEM
KBAJTM(DUKATTMOHHOM TPYIIIIBI IO AIEKTPOOE30MaCHOCTH.

JIns mpenoTBpalleHusT HETaTUBHOTO BO3JIEMCTBUS DJIEKTPUYECKOTO TOKa Ha
pabouyuX UCTIONIB3YIOTCS CPEICTBA KOJUIEKTUBHOM 1 MHANBUYanbHOM 3amuTel (["OCT
P 12.1.019-2009).

KonnexkTuBHbIE cpeacTBa 3JIEKTPO3ALIUTHI: H30JALUS  TOKOMPOBOISAIIUX
yacTted (IPOBOJIOB) U €€ HENPEPHIBHBIA KOHTPOJIb, YCTAHOBKA OrpPagUTEIbHBIX
YCTPOWCTB, MpeaynpeauTeabHas CHUTHaIU3aluus W OJOKUPOBKA, HCIOJIb30BAHHE
3HAKOB 0€30MacHOCTH U MPEAYNPEKIAONINX IUJIAKaTOB, MPUMEHEHHE MaJbIX

HaHpH)KeHHﬁ, 3aMUTHOC 3a3CMJICHUC, 3aHYJICHUC, 3allIUTHOC OTKIIIOUCHUC.
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NunuBuayanbHble  cpelcTBa  3alllUTHI:  JTUAJIEKTPUUECKUE  TEpYaATKH,
WHCTPYMEHTBI C  M30JUPOBAHHBIMU  PYKOSTKaMHU, JHUAJIEKTpUUECKHUE  OOTHI,
W30JIUPYIOIIKE TOJICTaBKH [22].

IostcapoonacHutii gaxmop. OmnacHpIMU dbaxkTopamu noxkapa,
BO3JICUCTBYIONIMMHM Ha JIIOAEH W MaTepualibHble IEHHOCTH, MOMHMO OTKPBITOTO
IJIaMEHU, TIOBBIIICHHOW TEMIIEpaTyphl, SBISIOTCS TaKKe TOKCHUYECKHUE MPOIYKTHI
TOPEHUs] U TEPMUUYECKOTO PA3JOKEHUs] M UX BTOPUYHBIC TPOSIBICHUS: OCKOJKH,
JBIDKYIIUECS 4YacTH Pa3pyIIMBIIMXCS alapaTtoB, SJIEKTPUUYECKUM TOK, B3PHIB.
[ToxapHass mnpoduiakTUKa Ha  TPOU3BOJCTBE  JOCTHTaeTCsl  MPaBUIbHBIM
MIPOCKTUPOBAHUE, IKCIUTyaTalluu U 00€CTICYeHUEM CPEICTBAMH TOKAPOTYIIICHUS.

B 3aBucumMocCTH OT KoOJHMYECTBA W TI0KAPOOIACHBIX CBOWCTB BEIICCTB U
MaTepuasoB, HaXOIAMMXCA (OOpalIaronIuXcsi) B 3JaHUSAX, TOMEIICHUSX W Ha
HapY>XHBIX YCTAaHOBKAaX, C YyYE€TOM OCOOEHHOCTEH TEXHOJIOTHYECKHX IMPOIECCOB
MIPOU3BOJICTBEHHBIC W CKJIQJCKUE TOMEIICHHUS IO B3PBIBONOXKAPHOW WM TOKApHOU
OmacHOCTH Jenarcsi Ha kareropuu A, b, B1-B4, I' u /I, 3nanus - Ha kareropuu A, b,
B, I' u J1, a napy»xHble ycTaHOBKH - Ha Kateropun AH, BH, BH, I'H u JTH [25].

Bcest TeppuTopus Bo3ie CKBaKHMHBI M IOMEIICHHH Ha KYCTOBBIX ILIOIIAJIKAX
MECTOPOXKICHUS «X» COMEPIKUTCS B UNCTOTE U MOPSIKE.

He nomnyckaercs:

® 3aMa3y4eHHOCTh TEPPUTOPUHM, 3arPOMOXKJICHHE: JOPOT, Mpoe3d K CKBaKHHE,
CpeJICTBaM IMOXKaApOTYIIEHUS, BOJOEMAM;

® IpUMEHEHHUE IS TIOJIOrpeBa 000PYI0BaHUS, TPYOOIIPOBOIOB U JISl OCBEIIICHUS
¢akenoB, CrUYeK, MasIbHBIX JIaMII, KEPOCHHOBBIX (pOHApEH, a TakKe APYTUX

HUCTOYHUKOB OTKPBITOTO OTHSI;

® [IPOM3BOJMTH CAMOBOJBHO MEPEOOOPYOBAHUE DICKTPOCETEH, YCTpauBaTh
BPEMEHHYIO 3JIEKTPONPOBOAKY, YCTAaHABIMBATH KyCTapHbIC MPEAOXPAHUTETN U
MOJIL30BATHCS AJICKTPOHATPEBATEIHLHBIMU MMPUOOPAMU;

® HCIIOJB30BaTh CPEACTBA MOXKAPOTYIICHHUS HE TIO HAa3HAYCHHUIO;

® JTIPOU3BOACTBO OIHCBEBIX pa60T Ha CKBa)kKMHE 0e3 HapAaAga-A0I1yCKa.
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Kypenue paspemniaercs TOJIbKO B CHEUAIBHO OTBEAEHHOM MECTE.

OcaelieHne Ha CKBaXXUHE Pa3pelIaeTcs TOJIbKO AIEKTPUUECKOE, TPUMEHUTENIBHO K
0Cc000 CBHIPHIM MOMEIIEHHUSIM B3PBIBO3AITUIIIEHHOTO UCTIOTHEHUS.

CpenctBa TEpPBUYHOTO TMOXKAPOTYIICHUS TMpeIHAa3HAYEHBI ISl  JIMKBUJAIINHU
HAYMHAIOIINX 0YaroB 3aropanusi COOCTBEHHBIMU CHJIAMH.

KyctoBble miomanku MeCTOPOXKICHHUS «X» YKOMIUIEKTOBAHBI CJICAYIOIIUMU
CpeACTBAMHU MOXKAPOTYIICHHUS:

1. YTJICKUCIOTHBIMHA OTHCTYIIUTCIIAIMUA, ITOPOIIKOBBIMA OTHCTYIIUTCIISIMU.

2. TeckoM B simukax émkocteio 0,5; 1,0; 3,0 a X

3. BoilIOK (KomMa) 2 X 1,5 Mm;

4. Béapamw, JonaTamu, Jiomamu, Oarpamu [25].

[ToxapHble HUTHI YKOMIUIEKTOBAHBI MOXKAPHBIM WHBEHTApEM B CIETYIONIEM
KOJIMYECTBE: JIONATHI - 2 HIT., AMIUK ¢ MECKOM — > 1M2, Boiinok (komma) 2 X 1,5 wm.

[ToxapHblii MHBEHTaph M AMIMK C MECKOM OKpAIIMBAIOT B KPAaCHBIM IBET.
[ToxapHbIi IKUT B KpacHBIM WM O€NBIH C KPAacHOM OKAaHTOBKOW IO IMEPUMETPY,
muprHO 10cM. Ha moapHbIX MIHMTaX UMEETCA NEPEUYECHb MOKAPHOTO WHBEHTApS C
yKa3aHUEM €ro KOJMYECTBA W YKa3aH OTBETCTBEHHBI 3a MPOTHUBOIIOXKAPHOE
cocrosiHie oOBekTa. OTHETYHNIMTENH HaXOASITCs B HCIPABHOM COCTOSSHUU U
MOJIBEIIMBAIOTCS HE BhIIIE 1,5 M 710 BEpXHEH pydKH, HA BUIHOM MECTE CO CBOOOTHBIM
JIOCTYTIOM K HUM U B OTJIaJICHUU OT OTOMUTENBHBIX TPUOOPOB.

Heusicymgueca Mamunvl U MEXAHU3IMbL RPOUIEOOCMEEHHO20 000PYOOEAHUSL .
MexaHnueckue TpaBMbl MOTYT BO3HUKATh MPU MOHTAaXE, IEMOHTaXe 000py10BaHHUs,
OpyU CHOYCKONOABEMHBIX omnepauusx. [Ipu HempaBWIBHOW 3KCIUTyaTallud WU
UCIIOJIb30BAHUSI HEUCTIPABHOTO 000PYA0BaHUs, HHCTPYMEHTOB, MEXaHU3MOB.

JIJst 3aIMTHI OT JTAHHBIX OMACHBIX (PAKTOPOB MCTOIB3YIOTCS KOJUICKTUBHBIC
CpE/CTBA 3allMUThI, — YCTPOMCTBA, MPEMSATCTBYIOIINE MOSIBJICHUIO Y€JIOBEKA B OMACHOM
3oHe. Cormacao ['OCT 12.2.062-81 [23], orpakacHHs BBIOJHSIIOTCS B BHJIC
pPa3IUYHBIX CETOK, PEHIETOK, AKPAaHOB M KOXKYyXOB. OrpaxaeHus Ha O0OBEKTax

MECTOPOXKJICHUS «X» UMEIOT TaKUE pa3MepPbl U YCTAHOBIICHBI TAKUM 00pa3oM, YTOOBI
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B JIIOOOM Clly4yae UCKIIIOUHTH JIOCTYI YEJIOBEKa B OMACHYIO 30HY. 3ampeiaercs paboTa
CO CHATBIM WJIM HEHCIIPABHBIM OTPAKICHUEM.

[IpodunakTryeckue Mepbl: CHCTEMATUYECKU TPOU3BOIUTH TPOBEPKY HATUYUHUS
3alIUTHBIX 3arpaXKJICHUM HA JBMXKYUIMXCS W BpAIIAIOLMIUXCS YacTAX MAIIUH U
MEXaHU3MOB; IIJJAHOBYI0O W HEIUIAHOBYIO MPOBEPKY MYCKOBBIX M TOPMO3HBIX
YCTPOUCTB; MPOBEPKY COCTOSIHUSI OOOpPYJOBAaHMUSI U CBOECBPEMEHHOE YCTpaHCHUE
ne(dEeKTOoB.

[Ipu npoBeneHun pabOT HAa CKBaXXMHE HEOOXOIWMO COOJO/IAaTh TEXHUKY
6e3omnacHoctu. OCHOBHAsI OMACHOCTD 3aKJIOYAETCS B TOM, YTO, 3allCMUBIIUCH TEJIOM
WM OJICKI0N 3a CBOOOJHBIN KOHEIl JBIDKYIIETOCsS MEXaHU3Ma MOXXHO TIOJIYYUTh
TpaBMy BIUIOTH JI0 CMEPTEIBHOTO MCX0/1a. OCHOBHBIMU MEpPaMU MPEIO0CTOPOKHOCTH
SIBJISIIOTCSI: COOJTIO/IEHNE BCEX TPEOOBAaHMM MPaBUII TEXHUKH O€30MIaCHOCTH TIPH padboTe
C HUHCTpyMEHTaMH; coOofeHrue (GOpMbI OJICKIbI (BCE MYTrOBUIIBI Ha OJACKIIEC
3aCTETHYTHI, MOJIBI OJIEXKBI HE OONTAIOTCS); IEPUOINYECcKas MPOBEPKa TEXHUUECKOTO
COCTOSIHUS HCTOJb3YEMbIX MHCTPYMEHTOB, TOBBIIIEHHOE BHUMaHHWE Ha paboueM
MecCTe.

Jlaenenue (paspywienue o000pyoosanusn, padomarouiezo noo O0asneHuem).
Cnemuduueckass 0COOEHHOCTh YCJIOBHUM OKCIUTyaTallud HEPTAHBIX CKBOKUH —
BBICOKOE JIaBJICHUE Ha yCThe, KoTopoe AoxoauT a0 30 MIla. B cBs3u ¢ atum nmobdoe
OIIMOOYHOE IEWCTBHUE OTIEPATOPA MPH BBHIMOIHEHUH PA0OT HA YCThE CKBAXKUHBI MOYKET
NPUBECTH K omacHoi aBapuu. s u3mepenus OypepHOro MaBICHUS W JIaBICHUS B
3aTpyOHOM TIPOCTPAHCTBE HA CKBaXXMHAX, o0opymoBaHHBIX YDIIH mecropoxneHus
«X» YCTaHOBJIEHBI CTallMOHAPHBIE MAHOMETPBI C TPEXXOMOBBIMU KpaHamu. s
NPEAOTBPAILICHUSI BO3HUKHOBECHMS WHUWJICHTOB HAa NPOU3BOACTBE IPUMEHSIOT
cpeactBa u3Mmepenuss KUIIMA w npenoxpanurensHyto apMmarypy. KoHcTpykius
YCTBEBOIO O00OpYJOBaHUS OOECIEYMBAET BO3MOXKHOCTh CHUXKEHHUS JaBIICHUS B
3aTpyOHOM MPOCTPAHCTBE, a TAKXKE 3aKAYKY KUIAKOCTH JIJIS TIYIICHUS CKBAXUHBI. Ha
Cy4ail MNpPEeBBILICHHS JAaBJICHHUS CBEPX NPEAYCMOTPEHHOTO TEXHOJIOTHUYECKUM
pPEXKUMOM O0OpYJIOBAaHHME OCHAILEHO MPEJOXpPAHUTEIbHBIMU KilanmaHamu. Bces

MpUHATasE ~ 3alopHasl  apMmaTypa,  yCTaHaBlMBaeMass Ha  TPyOONpoBOjax,
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TPAHCHOPTUPYIOIIMX Ta3, KOHJEHCAT, METaHOJ COOTBETCTBYeT |  Kkiaccy
TepMETHYHOCTH 3aTBOpPa, a MpeIoXpaHUTeIbHAas ammaparypa o 1 kinaccy [24].

Yoap monnuu. Ynapel MOTHUI SBISIIOTCA OAHUM M3 BO3MOMKHBIX (DAKTOPOB,
MPUBOJAIIMX K YPE3BbIYAWHBIM CUTYyallMsAM Ha KyCTOBOM Itomiagake. MoyiHue3ammura
NPUMEHSIETCS C LEIbI0 3alIUThl COOPYKEHUH, COXPAHHOCTA H CTOMKOCTH OT
BO3MO>KHBIX BO3TOPAHUH, 3aIIUTHI OT THOEIN U TPABMHUPOBAHUS JTHOJICH.

[lo Tumy wMonHHME3amUTa MOXET OBbITh: 1) OgHOCTEpKHEBOW; 2)
JIBYXCTEPKHEBOW OIWHAKOBOW WJIM PA3HOM BBICOTHI, MHOTOKPATHOM CTEPKHEBOW;
OAVWHOYHOU TPOCOBOM; MHOTOKPATHOM TpOCOBOU. 10 cTernenn Haa€KXHOCTU 3allUThI
pa3IMyaroT JBa TUNA 30H: A — CTENEHb HAJIEKHOCTH 3aUThl > 99,5%; b — creneHb
HaaékHOCTH 3anuThl 95-99,5% [28].

Crep>KHEBOW MOJHUECTIPUEMHUK MPEJICTABISAET COOOM META/NIMUECKUHN MITHIPD,
BO3BBIIIAOIIUNCA HAJ, OOBEKTOM 3alluThl. MOJIHMETIpUEMHAs CeTKa MPEeCTaBIIsCT
co00l METAUTMYECKYI0 CETKy, B SYEeMKax KOTOpPOW YCTaHOBJIEHBI HEOOJbIINE
MOJIHUETIPUEMHUKHU. TPOCOBBIM MOJIHUECTIPUEMHUK — 3TO TPOC, HATAHYTHIA MEXKIY
JBYX BEPTUKAIBHBIX O1op. OCHOBHOM BUJ MACCUBHON MOJIHUE3AIIUTHI, MPUMEHSIEMBbIN
Ha KYCTOBBIX IUIOIIAJKaX 3TO — CTEPKHEBOM MOJHHENPUEMHUK ¢ ceueHueM 50-100
MMZ. Takoii THIT MOJTHMETIPUEMHHUKA UCTIONIB3YETCA HA MECTOPOKICHUH «X)».

Ha paccmarpuBaeMoM npeanpusTUU MECTOPOKACHUS «X» MPOU3BOJACTBEHHBIE
3manus uMmeroT |l kateropuro MosHUe3anuThl. B Tabauie 18 npeacraBieHbl HCXOIHBIC
JIAHHBIC KYCTOBOW IUIOIIAJIKM MECTOPOXKICHUS «X», NMPHUMEHSEMBbIE I pacueTa
MOJIHME3AIUTHI.

Ta6muma 18 — MicxomHple JaHHBIE IS pacdeTa

HcxonHbie 1aHHBbIE Beanunna
[IIupuHa KyCTOBOM MIOMAIKH (S), M. 30
JnuHa kycroBo# momanku (L), m. 80
BricoTa aBTOMaTHU3UpOBaHHON 2,5
IpyMIIOBO 3aMepHO#t ycTaHOBKH (Ny), M.
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PaccunTtaeM ropu3oHTaqIbHOE C€YEHUE 30HBI 3aIUTHl Ha BHICOTE 3AIMIIAEMOTO
o0wekra (AI'3Y) — kpyr paguyca Iy

Tx=§=32—0=15M. (8)

BricoTa cTepKHEBOTO MOJIHUEOTBOAA OIpeAesieTcs no Gopmyie:

r,+1,630 15+4,075
h=2E = 2 = 12,72 (9)

30Ha 3a1UThl MOJTHUEOTBO/IA:
ro=1,5*h =19,08m. (10)
Takum oOpa3zoM, Ha paccMaTpUBAEMOW KyCTOBOW IUIOUIAJKE MECTOPOXKICHUS
«X» paauyc 30HBI 3alIUTHl HAa 3e€MJI€ OT CTEP>KHEBOI'O MOJHHUEOTBOJIa COCTABJISET
19,08m. [l pacueta BBICOTHI BEpIIMHBI KOHYyCa (3alUTBI) CTEPKHEBOTO
MOJIHUEOTBO/1a puMeHsieM dopmyary (11):
ho=0,92h =11,7m. (11)
Taxum o0pa3zom, AJis 3aIIUTHI OT YAAPOB MOJIHUU aBTOMAaTHYECKON IpyNIOBOM
3aMEPHOM YCTaHOBKH, CTAHLIUN yIIPABIICHU, HAXOAIINXCS HA TEPPUTOPUU KYCTOBOU

mwiomanku (L = 80M.) HEoOXOAUMO YCTAaHOBUTH 3 OJMHOYHBIX CTEP)KHEBBIX

MOJIHHCOTBO/A.

CTepxHeB0l MOIHHENPHEMHEK

d=33, 16 A A

A/

30Ha MOJHHEIAMATE]

KycToBaa miomaaka

Pucynok 36 — Cxema paccTaHOBKH MOJHHUEOTBOJAOB Ha KyCTOBOM IUIOIIAIKE

MECTOPOKIACHUS «X»
5.3 Dkosoruyeckas 0€30MacCHOCTD

OCHOBHBIMH THUIIAMH AHTPONOTE€HHBIX BO3JACHUCTBUUA Ha MPUPOAY MpH

AKCIUTyaTallui MECTOPOKIECHUN C Ta30BbIM (PaKTOPOM SBIISIFOTCSL:
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e 3arpsisHEHUE aTMoc(ephl 3arps3HIIONIMMH BEUIECTBAMU TPU CTOPAHUU
NOIYTHOTO Ta3a B (hakenax;

e HedTsIHBIC 3arps3HEHUs OKpY>Karomien Cpenbl  BCIEICTBUE
ra3oHe(TeBOAONPOSIBICHUH, HECOOJII0ICHUS PUPOIOOXPAHHBIX
TpeOOBaHU.

3acpaznenue ammocgpepol. OIHUM U3 OCHOBHBIX HCTOYHUKOB BBIOPOCOB
3arpsA3HSIONIMX BEIIECTB SBISIIOTCS (haKeIbHOE XO3SUCTBO, MpEAHA3HAYCHHOE IS
CXKUTaHUsl Taza mnpu padbore oOopynoBanus. Takke BIUSHUE Ha 3arps3HEHUE
aTMoc(epbl OKa3bIBaIOT BBIXJIOMHBIE Ta3bl JIBUTATENIe BHYTPEHHETO CropaHus
aBTOMOOWJICH MpOMBICTA, U PA3TUYHBIX TEXHOJOTMUECKHUX YCTAaHOBOK, OypOBBIC
YCTAaHOBKH, Ta30MPOSBICHUE M BBIOPOCHI TOMYTHOrO HEQPTSIHOTO ras3a, MPOPBIBBI
BBIKMJIHBIX JIMHUM W TPOYUE aBapuH, NPUYUHAMH KOTOPBIX OOBIYHO SIBIISFOTCS
HEKAUYECTBEHHOE  CTPOUTEILCTBO;  MEXAHWYECKHE  TOBPEXKIACHUS,  KOPPO3HUS
TpyOONPOBOIOB; U3MEHEHHE MTPOCKTHBIX PEIICHUI B MPOIIECCE CTPOUTENbCTBA.

Jlist mpeaoTBpaIieHus HEKOHTPOIUPYEMBIX BHIOPOCOB B aTMOc(epy MpoOBOAST
MOJIHYIO TepMETU3aIUI0 000pYI0BaHUA JIJIsl cOOpa U TPAHCTIOPTUPOBKU He(PTH U raza,
OCYUIECTBIISIIOT KOHTPOJIb IIBOB CBAPHBIX COCAMHEHUH TPyOONPOBOJOB, MPOBOIST
3alUTy O0OpYAOBaHMS OT KOPPO3WH, YTUIM3ZUPYIOT MOMYyTHBIM Ta3. Yucrtora
aTMoc(epHOTo BO3yXa 00ECIIEYnBaETCS IyTEM COKpaIlleHHs aOCOTIOTHBIX BEIOPOCOB
ra3oB U 00€3BpEKUBAHUEM BHIOPOCOB, COJIEPKAIIMX BPEIHbIE BEIIECTBA MPH TOMOIIN
buIbTPOB U paccemBaHueM B BbICOKUX TpyOax. [I/IK HEKOTOpBIX BpeHBIX BEIIECTB B
BO3JIyXxe paboueii 30HbBI IIpeACcTaBIeHbI B TabauIe 19.

Ta6muma 19 — [TJIK BpenHBIX BelecTB B paboueii 30He

HaumeHnoBaHue II/IK B BO31YXE,
3 Knacc onmacHoctu
3arpsi3HSIIONIUX BeleCcTB Mr/M
YraeBogopoasl 5 4
Oxkucs yriepoaa 5

Caxa 0,15 3
JIByOKHCH a30Ta 0,085 2
MertaHon 1 3
bensun 100 4
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Jnokcun cepbl 10 3

3acpaznenue 2udpocghepul. Iopsaka 20% Bcex yrieBoJOPOIHBIX BELIOPOCOB Ha
He(Tera3oBbIX MPOMbICIAX MPUXOIATCA Ha ruapocdepy. [lomumo yrieBogopoaos B
pa3nuYHbIE BOJHBIE HCTOYHMKM TaK >K€ IMONaJaroT COEJAMHEHMs Cepbl, a30Ta,
KHACJIOPO/Ia, KOTOpbIE TaKK€ HEraTUBHO BIHMAIOT Ha BOAHBIE pecypchl. [l
Ipea0TBpaIlleHus] BHIOPOCOB HEePTH U HEDTENPOAYKTOB B BOJOEMBI HEOOXOIUMO
IPOBEJICHNUE 1IEJIOT0 PsAJia Pa3IMUHbIX MEPOIPUATHI. B nepByto ouepenb 3anpemniaercs
cOpOC CTOYHBIX BOJI B BOJHbIE 00BEKTHl. HeoOxoaumMo BbiHECEHHME OOBEKTOB M3
AKOJIOTHYECKH YSI3BUMbIX 30H. Cuctema coopa U TpaHCIOpTa MPOAYKIIMHA CKBAXKUH Ha
MECTOPOXKJICHUHU «X» HAIEKHO repMmeTu3npoBaHa. OTCHINMKA KYCTOBBIX IJIOIIAIOK
OCYUIECTBIISIETCSI C YYETOM IOBEPXHOCTHOM cucTeMbl cToka. COOp pa3iMBIIMXCS
HE(PTENPOYKTOB HEOOXOIUMO MPOBOAUTH B aBAPUIHYIO €MKOCTh C IMOCJEIYIOLIeH
nepekaukoi Ha VYIIH. HeoOxomumo ocCymiecTBIATh OHOJOTUYECKYIO OYHUCTKY
X035IHCTBEHHO-OBITOBBIX CTOKOB, IPU PEMOHTaX CKBaXUH cOOp HE(PTSIHOU IMYIIbCUU

OCYHICCTBIIATH B KOJIJICKTOP.

3azpasnenue  aumocghepvl. B mepuom  dKcIUTyaTtalul  HEQTSHOTO
MECTOPOXKJICHUS MOXET OCYIISCTBIATHCS HETaTUBHOE BIMSHUE Ha JHUTOCQEPY,
HUCTOYHHKOM KOTOPOTO MOTYT SIBJISITHCSI OTXOBI IIPH MTPOU3BOJICTBE U MTPH OKOHYAHUHT
CpoOKa 3KCIUTyaTaruu odopyaoBanus. Bo n3bexxanue 3Toro Bce 0TX01bI HEOOXOMMO
MOJIBepraTh CEJICKTUBHOMY CcOOpy, BpPEMEHHOMY XpaHCHHUIO Ha CICIHAIBHO
OTBEJICHHBIX IUIOMIAJKAX U Tepelade Ha YTUIU3AIUI0 CIEIHUATU3UPOBAHHBIM
opraHuzanusM. MecTa BpPEMEHHOTO XpaHCHHs ¥ HAKOIUICHHWs OTXOJIOB Ha
paccMaTprBaEMOM  MECTOPOKJICHHH COOTBETCTBYIOT TpPEOOBAaHUSM  TEXHUKH

0e301acHOCTH U CaAHUTAPHO-TUTHCHUYCCKUM HOpMaAM.

5.4 be30MacHOCTDh B Ype3BbIYAMHBIX CUTYANUAX

B ciywyae HapyiieHusi TEXHOJIOIMYECKOro Mpoliecca 100bUM HEPTH U Trasza
BO3HMKAE€T  OMACHOCTb  HEKOHTPOJUPYEMBIX  BBIOPOCOB  MPOAYKTOB W3

TCXHOJIOTMYCCKHUX CHCTCM H, KaK CICACTBUC, IIOABJLICTCA pPCajlbHasaA YIpo3a
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BO3HMKHOBEHUSI 4Ype3BbIYAiHOM cuTyanuu Ha oObekre. Hanbonee omacHbIM
ncroyHukoM YUC siBisieTcss eMKOCTHOE 000pYA0BaHUE U JOOBIBAIOIIE CKBAYKUHBI.

K omuum u3 ocHOBHBIX HCTOUYHUKOB YUC oTHOCATCH:

e apapun B pesyiabTate ['HBII Ha KycToBOHM Imiomaake 10OBIBAIOIIMX
CKBa)KUH;

e apapuM B pe3yJibTaTe pasrepMeru3anuu (MOpbIB/TpoKoi) HedTecOOPHBIX
TPyOOIPOBOIOB, BBIKUIHBIX JIMHUM U MarucTpaJibHOTO He(TEpoBO/Ia.

[lo omacHOCTHM BO3HMKHOBEHHS Ta30HE(PTEBOJONPOSBICHUN Yy HEDTIHOM
CKBQ)XUHBI Pa3IMuyarOT KaTerOpUU MEPBOM, BTOPOU W TPEThEH CTEMEHU, B KOTOPBIX
yKa3aHbl CJICAYIOIINE 3HaUCHUsI Ta30BOTO (pakTopa:

® [iepBas KATETOPHs OMACHOCTH — He(PTSIHBIE CKBAYXKUHBI, XapaKTePU3YIOIITUECS
3HAuEHHEM ra30Boro (akropa csbire 200 m%/m3;

® BTOpas KaTeropus OMacHOCTU — He(DTSIHBIE CKBAXKUHBI, XapaKTePU3Y IOITHECS
3HaueHueM ra3oBoro ¢axropa Menee 200 m3/m3;

® TPEThs KATETOpHsi ONACHOCTU — He(PTIHBIE CKBAXKUHBI, XapaKTePU3YIOIIHECS
3HaueHueM ra3oBoro ¢axropa Menee 100 m3/m°.

JUist  MCKIIIOYEHMST  pasrepMeTH3alud  O0OpYIOBaHUA, MPEAYIPEKICHUS
aBapUITHBIX BHIOPOCOB M PA3IMBOB OIMACHBIX BEIIECTB, 00ECTICUCHUS MAKCUMaIbHBIX
yCJIOBUM 0€30MaCHOCTH MPOU3BOJACTBA M OOCITY)KMBAIOIIETO IMEPCOHANA, CHUKEHUS
BPEOHOCTH IPOU3BOJCTBA B IMPOEKTE MPEIYCMOTPEHBI CIEAYIOIINE TEXHUYECKUE
peleHus:

® TEXHOJIOTHYECKOE obopymoBaHuE OCHAIIIEHO HEOOXOIUMBIMHA
NPEeIOXPAaHUTEIBbHBIMA  KJIAMIAHAMU IS 3aIIUTHl  00OPY/OBaHUS OT
MPEBBIIICHUS JaBJICHHUS;

® TEXHOJIOTMYECKHE TMPOLECChl  BEAYTCS B  3aKpbITBIX  amnmaparax,
UCKITIOYAIOLIMX BO3MOKHOCTh 00pa30BaHUs B3PHIBOOIIACHON CMECH;

® [IOJHAs TepMEeTHU3allUsl TEXHOJOTMYECKOro mpoliecca Mojauu U Mepekayku

He(TenpoyKTOB;
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® EMKOCTHAs amnmaparypa ¢ He(TempoIyKTaMH OCHAIEHA TbIXaTEIbHBIMUA H
MPEIOXPAaHUTEILHBIMU  KJIAllaHAMH,  apMaTypod ¢  pyYHBIM W
JTUCTAHITMOHHBIM TIPUBOJIOM W CHTHAJIU3aTOPaMH MPEACIBHOTO BEPXHETO
YPOBHS.

[Ipu »skcrutyatanii TEXHOJOTMYECKOTO O0OpYJ0BaHUs, TpyOONpPOBOJIOB H
3aIMOpPHOM apMaTyphI IPETyCMaTPUBACTCS MTOCTOSTHHBIA KOHTPOJIb U PEBU3US COTJIACHO

COCTaBJIEHHBIM TpaduKam.

5.5 BeiBoBI 110 pa3aeny

Takum o0Opazom, paccCMOTPEHBI MEphbl MPOU3BOJICTBEHHON OE30MAaCHOCTU MPHU
BBITIOJIHCHUU Pa0OT Ha CKBOXKHHAX, XapaKTEPU3YIOUIUXCS BBICOKHUM 3HAYCHUEM
razoBoro (hakTopa, ¥ B paMKax JTaHHOTO BOIPOCAa MPOAHAIM3UPOBAHBI BPEIHBIC U
OTIaCHBbIC TIPOU3BOJICTBEHHBIC (DAKTOPBI, PEKOMEHJIOBAHBI MEPOIPHUSATHUS TI0 HX
ycTpaHeHuto. Hanbomnee BeposTHON Upe3BhIYAMHON CUTyallMel Mpu3HaHBl aBapvu B
pesynbratre ['HBII, pasrepmeruzanuu HepTeCOOPHBIX KOJUIEKTOPOB, BBIKHUIHBIX

JUHUH, pa300paHbl peleHus o MpeayNpPEeKISHUI0 JaHHON Ype3BbIYalHONM CUTYAIIHH.
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SAKVIIOYEHUE

B BhIMycKHON KBaNM(PUKALMOHHON paboTe OBLIIM PACCMOTPEHBI T€0JI0THYECKUE
OCOOCHHOCTHU, BIUSIOIIME Ha Pa3padOTKy MECTOPOXKICHHUH, BBISIBIEHA 3HAUYUMOCTD
JUHAMUKM  U3MEHEHHMs Ta3oBOro  (akropa NpH IKCIUIyaTalud  OOBEKTa.
[IpoaHanu3upoBaHbl CYLIECTBYIOUIME METOAbBI OOpPHOBI € BBHICOKMM 3HAYEHUEM
razoBoro ¢akropa

[lo mpoM3BOACTBEHHBIM JAHHBIM MECTOPOXACHUS «X» ObUla MpoU3BEeACHA
OLICHKa pOCTa ra3oBOro (axktopa C BbBISBICHUEM OCHOBHBIX HPUUYUH — SIBICHHE
ra3oBOro KOHycooOpa30BaHUS W MPOPHIB raza K 3a0010 J0OBIBAIONICH CKBaKUHHBI.
CdopmupoBaHbl peKOMEHJAIMU 10 CHIM)KEHHMIO 3HA4Y€HHUs ra3oBOro (axkrtopa Ha
MECTOPOXKICHUH «X).

[Tomumo 3T0T0, CHOPMUPOBAHBI PEIlICHUS, HAallpaBJIeHHbIE HA YMeHbllIeHue ['D
HAa MECTOPOXKIECHHUSAX CO CXOKHMH T€0JOTMYECKUMHU YCIOBUSAMH. POCT Tra3zoBoro
¢dakTopa 00yCIOBIIEH MPU ABYX I'€OJIOTMYECKUX YCIOBUIX — 3aJI€Kb C PACTBOPUMBIM
ra3oM B IUIaCTOBOM He(TH U 3aJeXb, UMeIoIas ra3oByto manky. CopMupoBaHHbIE
pemieHus: npencrapieHsl B 0nok-cxeme ([Ipunoxkenune A). /laHHble pexoMeHAAINH
BO3MOXXHO TPUMEHSTh Ha HEPTETa30BBIX MECTOPOXKACHHUSIX CO CXOXHUMHU Te0JIOro-
TE€XHOJIOTUYECKUMHU YCIIOBHUSIMU.

Taxxe mpousBeAEH pacueT IKOHOMHUYECKOW S()PEKTUBHOCTH OT BHEAPEHUS
YCTPOMCTBA KOHTPOJIA NPUTOKA HAa  MECTOpoxAeHMH «X». llomydeHHbIN
MOJIOKUTENbHBIN SKOHOMUYECKHH 2G(DEKT yKa3pIBaeT Ha aKTyaIbHOCTh IPUMEHEHHS
JTAaHHOU TE€XHOJIOTHH.

[IpousBenén aHanmm3 OMACHBIX M BPEAHBIX MPOU3BOACTBEHHBIX (HaKTOPOB,
BO3JICHCTBYIONIMX Ha pabOTHMKA HAa KYCTOBOW IUJIOMIAJAKE W YKa3aHbl MEphl H

MEpONpUITHS, 00eCTIEYMBAIOIINE TPOU3BOJICTBEHHYIO 0€30MaCHOCTb.
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IIpunoxenue A

| Paifon ¢ paCTEOPEHHEIM [220M B BediTH - . I
VCIOBHA I (Gez razorof ) qH3 Paifon ¢ KoHTakTHOH 3ane:xsio (3ous TH3, THB3) !
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= = IIpocagxa Pon . = dP=const/| 4Pt . s dP =const /T /]
IIPHYHHEL | = CHH#eHHE l| =Paccroamme o = PaccTOSHHE OT 1 =Paccrosame or ||
- P2ab = Paac - THE = onTan. THK = omTHd. . THE = omTem. "
P e
l'[OC.TIIﬂCTBHSI! [ Ocnozsernd paboTEl HACOCOE (MEpeTpeE) ] [ CrHTxenne KadeCTEa IOATOTOEKH ] [ «IloTepa» CHEEHHED ] I
....... e R e e e T T e |
i Onpenenerne KL | | IIpoeegenne IITHC (ounerka HOK u MecTa npuTokaraza e ['C) ||
PEKOMEHTAITHH - - ’ N - .
| | BypeHne IHIOTHOTO CTEOIA/ PABE].CKE. | I
R L L BT TSR ST L N EE T T T ST R N ST R R LSRR R e e
. -; . . [Ipoeoaka cTEOMA
1 I 1 = PaboTa Ha magAmel JeNpeccHH; 1 | H3 MAKCHMATEHO
. ; = ViydImeHHE/co3JaHHE CBOEEPEMEHHEL BEOT EsTrm S — - JAmeKoM
I o 1 crcrems! ITTTIT; ] (o, omuamor{fa]l:gqem) I paccTogHEH ot [ HK
N g " = Tlogbop onpedensHHOT? THIA HACOCA; . ! I (I'H3) mudo HA
P ! E 1 = 3a00HHAT TENEMETPHA J14 KOHTPOIA J3BIeHER 1 . ONTHMATEHOM
Ei1 = 1 I (THB3)
I | g - = Hcnomszoramae VEIT (AVEIL); |
E - ‘EI I = HCnonp30BaHHE DAaKEPOE-3TACTOMEPOE B KOMIOHOEKE XEOCTOEHKA
H l -! = MoHHTOPHHAT 3a00HHOIO H IIACTOROTO JABICHHEH; :
| TEKYTLHE] = OTEmOUeHHE YHACTEOE (IpH Henodkzorassa AVEIL); 1]
H. . = HcnonssoBaHHE aHATHTHIECKEX METOJOE OIEHKH OPHPOIE! NPHTOKA raza (I paders Yena, MeToqrka Meneeqesckoro H op.) I
5[|_._..| ....... = = = s = v = e s e e s e s e e e s e s e s e e = == == s == 3 == 3 == 2 o= s owm o owm s
- 3 - = TIpHMeHeHHE JEVXIIAKEPHEIX KOMIIOHOEOK J19 OTCEIEHHA HHTEPEAIOE, -
!PE“ JILTH] = Ta300rpaHMHHEBANINHE TEXHOIOTHHA ((opMHEpoEaHHe Ha rpasmne I HK pasiIHIHEIX HI0MHPYIOMEK 3KPAHOE ¢ IOMOIIBH IEH, IOMHMEPOE, I
PYIOIIHE ; EOJHEIX PACTEOPOE XIOPHIOE MIEMOIHEX H IMIET0IHOIEMETEHEX METAIIOE KPHCTALIOTHAPATOE, KPeMHHHOPTAEHYECKHK COCTABOE); I
. . = TepuetHzEpoBarHe yeacTroE JK npe H3K H y9acTroR 33aK0I0HHOTO IPOCTPAHCTEA IPH 33KOIOHHEL MepeTOKAX; .
1 I = TIporegermne 3BC 1
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THE REASONS FOR INCREASE IN THE VALUE OF THE GAS-OIL RATIO IN

THE CONDITIONS OF HETEROGENEITY AT THE "X" FIELD
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Introduction

If the pressure in the productive formation or at the bottom of the exploitation
well is lower than the bubble point pressure, the formation oil is partially degassed, due
to which the gas-oil ratio of the produced fluid increases. Since most of the productive
formations of the "X" field are characterized by the presence of a gas cap, the oil
saturation pressure is equal to the initial reservoir pressure at the gas-oil contact. In the
bottomhole zone of exploitation wells, which are located near the gas-oil contact, due
to the existing drawdown, the formation oil degassing and an increase in the value of
the gas factor noted. These features are taken into account when developing a field and
predicting development parameters.

Due to the permeable heterogeneity, technological features of field development,
operations of productive formations with a gas cap, such complications as gas coning
and breakthrough of gas to the bottomhole of an exploitation well. The occurrence of
such complications is accompanied by a sharp increase in the value of the gas-oil ratio
(GOR), which can lead to subeconomic oil production.

The reasons for the increase in the value of the gas-oil ratio in the conditions of
heterogeneity at the " X" field

To analyze the reasons for the increase in the value of the gas-oil ratio, the
development parameters for the "X" field were used. Well pads No. 9 and No. 12 were
selected for analysis in different saturation zones. Comparisons of the initial and
current parameters for different saturation zones are shown in Table 1.

Table 1 - Comparative table of initial and current parameters by saturation zones

Well Zone of Well Lift Well Initial parameters
saturation objective method pad
number Current parameters
Liquid Qil- Water Well flow Gas Gas-oil BHP, Formation
production production cut, index, production ratio, atm pressure,
rate, tons rate, tons % mé/day/atm rate, atm
per day per day mé/day mton
89 87 2 4.2 1572 18 142 166
1 G?IS and Injection ESP 12
ont pay well 55 54 | 14 | 11 7249 | 134 | 113 | 167
zone
94 88 6 5.1 6595 75 146 166
2 Exploitation ESP 12
well 63 62 1.3 1.9 4517 73 126 163
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255 235 7 14.7 9535 41 147 166

3 Exploitation ESP 12
well 68 67 1.3 4.6 84844 | 1257 | 147 164
48 48 1 1.3 3577 75 126 167

4 Injection ESP 12
well 42 38 10.2 3.1 107877 | 2867 | 155 170
218 209 4 10.3 15673 75 146 170

5 Injection ESP 12
well 68 68 1.3 2 64879 | 961 | 119 158
45 45 1 2.3 2204 49 150 170

6 Exploitation | Flowing 12
well well 138 136 1.4 5 89236 | 654 | 135 166
105 104 1 4.9 6141 59 149 170

7 Injection Flowing 12
well well 64 63 1.4 15 215493 | 3415 | 118 165
123 107 11 6.1 6362 59 | 150 170

) Injection Flowing 12
well well 206 204 1.3 18.6 61369 | 302 | 153 165
112 110 1 2.9 9923 90 132 170

9 Injection Flowing 12
well well 57 57 1.3 9.5 46075 | 814 | 158 165
110 96 12 2.7 5739 60 | 129 170

10 Injection Flowing 12
well well 84 83 1.3 2.4 99764 | 1209 | 131 170
146 143 3 2.8 10552 74 | 114 166

11 Exploitation ESP 9
well 131 126 4.1 5.3 9298 74 | 114 166
140 135 5 5.7 7719 57 | 143 168

12 Exploitation ESP 9
well 124 118 4.3 2.4 7113 60 | 143 168
124 117 5 5 7133 61 | 140 168
Average index for the saturation zone 2 90 3 5 66476 985 | 132 166
152 150 1 11.7 9597 64 157 170

13 Injection Flowing 9
well well 92 90 1.9 15 21955 | 243 | 96 166
139 115 7 0 19757 172 | 120 170

14 Exploitation ESP 12
well 48 47 2.4 0.6 5559 119 82 165

Pure oil

zone 497 421 5 4 39965 95 132 170

15 Injection ESP 9
well 203 197 2.7 2.9 46793 | 237 | 86 166
134 123 8 3.6 5902 48 | 129 170

16 Injection ESP 9
well 86 85 1 2 5567 65 105 167
231 202 5 5 18805 95 | 135 170
Average index for the saturation zone 07 105 > > 19969 166 2 166
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226 221 2 5.1 12813 58 | 120 170

17 | Oil-water Injection ESP 12
zone well 77 76 1.3 2.6 10276 135 | 137 170
Gas-oil- o 195 193 1 8.3 6028 31 | 139 166

18 water Injection ESP 12
Zone well 125 123 1.3 3.6 46609 | 379 | 120 159
157 146 4 5 9981 67 | 137 169
Average index for the saturation zone % o2 5 7 51915 725 1 124 166

18 wells were put into operation at well pads No. 9 and No. 12. Injection wells
are currently exploitation wells. When comparing the results of the initial and current
development parameters, an increase in the gas-oil ratio is noted in all saturation zones,
the maximum growth occurs in the gas and oil pay zone. The formation pressure values
confirm a good energy state of the reservoir and indirectly means that liberation of gas
in the reservoir should not occur.

The dynamics of changes in the oil, liquid and gas production rate of these well
pads are shown in Figure 1. Analyzing the dynamics of changes in the flow rate, it is
clear that there is a decrease in oil production values due to a sharp increase in the gas-
oil ratio (GOR). The actual GOR is twice the planned GOR.
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Figure 1 — Qil, liquid and gas production rate dynamics

To find out the reasons for the increase in the GOR, an analysis of certain

production wells was performed using the Chan method. Using the Chan method, you

can determine what caused the growth of the gas-oil ratio (gas coning or breakthrough

of gas) when log-log plotting the curves of the accumulated gas-oil ratio vs time
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cumGOR,, and the derivative of the accumulated gas-oil ratio vs time cumGOR’. This
method doesn’t allow to detect behind-the-casing circulation.
Accumulated gas-oil ratio:

cumGOR = %ent%n1 1)

QontQon-1

where cumGOR - accumulated gas-oil ratio, m®/ton; Qg — gas production rate, m3/day;
Qo. — 0il production rate, m¥/day.

Oil production rate:

Qo. = Quig. — 22 (2)
where Q,. — oil production rate, m¥day; Qiiq. — liquid production rate, m*day; WC —
water cut, %.

By inserting formula (2) into formula (1), we obtain the formula for calculating
the accumulated gas-oil ratio for the produced liquid:

_ QgntQgn-1
cumGOR = @iy WO (CIPRLED) (3)

. — . ————in=—1 0 &
(Quig.p, 100 )+(Quigp_q 100

Derivative of the accumulated gas-oil ratio:
cumGOR' = cumGOR,, — cumGOR,,_, 4)
To apply the Chan method, calculations were made in accordance with the above
formulas for the parameters of the operation of wells with various situations. The
results obtained will be presented and explained below in each specific case.
Well No. 3 is located at well pad No. 12 in the gas-oil zone. The well is characterized
by a constant drawdown and an increase in the value of the gas-oil ratio. There are
three supposed reasons (Figure 3):
1. gas coning - it is proposed to conduct a field geophysical survey to determine
the interval of gas inflow;
2. behind-the-casing circulation - it is proposed to conduct thermal logging to
determine the gas flow interval;
3. production casing leak - it is proposed to conduct a field geophysical survey to

determine the interval of a leak.
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Figure 2 — Well column No. 3 and the Chan’s plot

Chan's plot for this well indicates the gas coning (Figure 2).

Well performance The graph of the dependence of the gas-oil
ratio and drawdown of time
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Figure 3 — Operating parameters graphs of the well No. 3
The GOR value increased in well No. 7. Because of this problem, the method of
well operation was changed to flowing through the casing annulus. The Chan curve
(Figure 4) is diagnosed as gas coning. It is recommended to conduct the field

geophysical survey to determine the interval of gas inflow.
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Figure 4 — Well column No. 7 and the Chan’s plot
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Figure 5 — Operating parameters graphs of the well No. 7
For well No. 5, which is located on well pad No. 12 (Figures 6, 7), there is an
increase in the drawdown on the productive formation, which leads to an increase in
the value of the gas-oil ratio. It is recommended to increase the bottomhole pressure
and continuously monitor the change in the GOR value. Chan's plot for this well

indicates the gas coning.
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Figure 6 — Well column No. 5 and the Chan’s plot
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Figure 7 — Operating parameters graphs of the well No. 5

Well No. 9 — the GOR value increases with drawdown decrease. The second part
of the horizontal wellbore of the production well is located near the gas-oil contact
(Figure 8). The thickness of the gas saturation zone is twice the thickness of the oil
saturation zone. It is proposed to conduct field geophysical survey to determine the
interval of gas inflow, as well as to cut off the toe of the horizontal wellbore, which is
located near the gas-oil contact. This decision must be performed by analyzing the
economic efficiency of oil production in the remaining development interval. Chan's

plot for this well is more like gas breakthrough curves.
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Figure 8 — Well column No. 9 and the Chan’s plot
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Figure 9 — Operating parameters graphs of the well No. 9

Well No. 10 is a flow well. The graph of the GOR vs time (Figure 10) shows
that there is an increase in the GOR value. The horizontal part of this well is located
more than 9 meters from the gas-oil contact, while the thickness of the gas cap is small
(about 2.2 meters). The gas-saturated portion of the reservoir is mostly composed of
tight rocks, which suggests that even in such a productive formation there are highly
permeable channels through which gas breakthrough is possible, which is confirmed
by a sharp increase in the value of the gas factor. There is also the potential for

production casing leaks. It is recommended to conduct a field geophysical survey to
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determine the interval of gas inflow. According to Chan's plot, it is difficult to

determine the reason for the increase in the GOR value in this well.
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Figure 10 — Well column No. 9 and the Chan’s plot
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Figure 11 — Operating parameters graphs of the well No. 10

Well No. 4 was drilled in the gas and oil pay zone. An increase in the value of
the gas-oil ratio and a decrease in oil production rate are noted. The reason is the close
location of the horizontal part of the wellbore to the gas-oil contact (about 1 meter).
This location is unsafe (Figure 12). According to Chan's plot, it is difficult to determine
the reason for the increase in the gas-oil ratio, but due to the presence of these
geological features, the more likely reason for the increase in the gas-oil ratio is the gas
coning due to the proximity of the toe of the horizontal wellbore to the gas-oil contact.
In this case, it is proposed to sidetracking into this zone of the productive formation
and install the inflow control device. Another solution is to drill the wellbore at the

lower elevations of the oil-saturated reservoir.
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Figure 13 — Operating parameters graphs of the well No. 4
Conclusion

According to the Chan plots of the exploitation wells, it was revealed that the
reason for the sharp increase in the GOR value is the breakthrough of gas through the
highly permeable interlayers of the productive formation due to the close location of
the horizontal wellbore to the gas-oil contact and the formation of gas coning.

To avoid the occurrence of such situations, it is necessary to monitor reservoir
and bottomhole pressures. An early decision includes work at the optimal drawdown,
that is, the selection of such a value, due to which the likelihood of pulling the gas-oil
contact boundary to the bottomhole. In the case of a sharp increase in the value of the
gas factor, the drawdown is reduced by increasing the value of the bottomhole pressure.
This action is performed by changing the head-capacity curve of electric submersible
pumps (ESP). This leads to a decrease in the oil production rate, but from economic
feasibility, the presented solution will be more effective than allowing the ESP to stop
due to pump overheating, or a complete gas breakthrough without the possibility of the

oil production.
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