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Pe3ysnbTaTrhl 0cBOeHUA 00pa30BaTeIbHOI MPOrpaMMbl

YHnBepcam,Hue KOMIETCHIMH BBINYCKHUKOB U HHIIUKATOPBI UX TOCTHKCHUSA

Kateropusi komnereHuuii

KO}I 1 HAUMCHOBAHHEC KOMIICTCHIMHU

HHZ[HKaTOpLI JOCTHKCHUA KOMIICTCHIUU

CucremMHoe 1 KPUTHUYECKOE MBIIIJICHUE

YK(Y)-1. CiocoOHOCTb OCYLIECTBIATh MOUCK, KPUTHIECKUIH
aHaNu3 MPOOIEMHBIX CUTYallUi Ha OCHOBE CHCTEMHOTO MOJX0/a,
BBIpa0aThIBATh CTPATETHIO JCHCTBHIMA

N.YK(Y)-1.1. AranusupyeT npoOJeMHYIO CUTYallUIO KaK CUCTEMY, BBISBISS €€
COCTABIISIOLINE ¥ CBA3H MEXKIY HUMU

H. YK(V)-1.2. Onpenenset npo6ensl B HHGOpMAIUH, HEOOXOIUMON JIJTSl PEIICHUS
MPOOJIEMHON CHTYAIIHH, W TIPOCKTUPYET MPOIECCHI TI0 X YCTPAHCHHIO

N.YK(Y)-1.3. Pa3pabaTbiBaeT cTpaTeruio pemeHus NpooJeMHON CUTYalluy Ha
OCHOBE CHCTEMHOTO U IPYTUX COBPEMEHHBIX MEKANCIMIUTMHAPHBIX MOAXO0/I0B;
000CHOBBIBaET BBIOOP TEMBI HCCIIEAOBAHUH HAa OCHOBE aHAJIM32 SIBICHUH U
MPOIIECCOB B KOHKPETHOM 007aCTH HAYYHOTO 3HAHUS

N.YK(Y)-1.4. Mcnonp3yeT JTOTUKO-METOIOIOTHYECKUN HHCTPYMEHTapHil ISt
KPUTHYECKOH OLICHKH COBPEMEHHBIX KOHIETIIIUH B CBOCH MPEeAMETHOH 001acTH

Pazpabotka u
peau3anus IpoeKTOB

VK(VY)-2. CriocoOHOCTh yIpaBisTh MPOESKTOM Ha BCEX dTamax
€ro KM3HEHHOTO LUK

N.YK(Y)-2.1. Ompenensiet mpoOiieMy U Criocod ee pelieHus yepes3 peaan3auio
MPOSKTHOTO YIPaBJICHHUS

N.YK(Y)-2.2. Pa3pabaTbiBaeT KOHIICTIIHIO MPOCKTA B paMKax 0003HAYCHHON
MpoOIeMBbL: (OPMYITUPYET IENb, 3a1a41, 00O0OCHOBBIBACT aKTyaIbHOCTh, 3HAUUMOCTD,
OXHIIa€MbIE PE3YJILTATHI U BO3MOKHbIE ChEPBl MX IPHMEHEHHS

N.YK(Y)-2.3. OcymiecTBisieT MOHUTOPHHT 32 XOJOM pPEeaTH3aliH MIPOEKTa,
KOPPEKTHPYET OTKJIOHEHHS, BHOCUT JIOTIOJIHUTEIIbHBIC M3MEHEHHS B TIJIaH
pean3aluy IpoeKTa

Komanzgnas pabora u

YK(Y)-3. CiocoOHOCT OpTaHM30BBIBATh U PYKOBOJHUTE paboTOH

N. YK(V)-3.1. [lnanupyet 1 KOPPEKTUPYET CBOIO COIMANTBHYIO U

JHIEPCTBO KOMaH/Ipl, BbIpa0aThiBasi KOMAHHYIO CTPATETHIO JUIs npo(heCcCHOHANBHYIO ACSTENFHOCT C YIETOM HHTEPECOB, 0COOCHHOCTEH MOBEICHHS
JTOCTIDKCHHUS Y MHEHMH JIOfIeH, C KOTOPBIMU paboTaeT ¥ B3aUMOJCHCTBYET
MOCTaBJICHHON u =
OCTaBIICHHOM LCIT N.YK(Y)-3.2. Opranusyer AUCKYCCHH IO 33JaHHOI TeMe U 00CyXIeHHE
pe3yabpTaTOB pabOThl KOMAaHAb
N.YK(Y)-3.3. [InarupyeTr KOMaHIHYIO paboTy, pactpeaenseT NopydeHus U
JIeTIETUPYET MOTHOMOYHS YICHAM KOMaHIbI
KommyHukanus YK(V)-4. CiocoOHOCTh IPUMEHSTH COBPEMEHHBIE N.YK(Y)-4.1. Pemaer KOHKpETHbIC 337241 IPOPECCHOHATBHOM ACATSILHOCTH Ha

KOMMYHHUKAaTHBHBIE TEXHOJIOTHH, B TOM YHCIIE Ha
MHOCTpaHHOM(BIX) sA3bIKe(ax), IJIs aKaJJeMUYECKOTO U
podecCHOHANEHOTO

B3aMMOJICHCTBHUS

OCHOBE aKaJeMHYECKOT0 U IPOPECCHOHATBHOTO B3aUMOJICHCTBHUS C YUETOM aHAIIN3a
MHEHUH, IPeIoKeHUH, UIeH 0TeUeCTBEHHBIX U 3apyOEKHBIX KOJIJIeT

N.YK(Y)-4.2. CocTaBnsier, IepeBOANT U PEIAKTHPYET Pa3IHIHbIE aKaJeMUIECKHIe
TeKCTHI (pedepaTsl, 3cce, 0030pbl, CTATHU | T.JI.)

N.YK(Y)-4.3. [IpencraBiser pe3ynbTaThl akaJeMHUUECKON U MPOoPecCHOHATBHOM
JICSITCIIbHOCTH Ha Pa3IMyYHbIX HAYYHBIX MEPONPHUSITHSX, BKIIOUYas MEXKIYHApOIHbIC

N.VK(Y)-4.4. [lnanupyer U OpraHn30BbIBACT COBEILAHUS, ACIOBbIC Oecebl,
JIICKYCCHUH I10 33JJaHHOH TeMe;




Kareropusi komnereHuuii

Koa u HanMeHoOBaHHe KOMIIETeHIHT

I/IHZII/IKaTOPLI JAOCTHKCHUA KOMIICTCHIUU

apryMEHTHPOBAHHO M KOHCTPYKTHBHO OTCTaMBAaET CBOIO TOUKY 3PEHUS, TO3ULIUIO,
HZICI0 B aKaJIEMIYECKUX U IPOQECCHOHATBHBIX AUCKYCCHX HA FOCYIapCTBEHHOM H
HHOCTPaHHOM SI3BIKaX

MexKynbTypHOE
B3aUMOJICHCTBHE

YK(VY)-5. CriocoOHOCTE aHAM3UPOBATh U YYUTHIBATH
pazHoOoOpasue KyJIbTyp B IPOLECCE MEKKYIBTYPHOTO
B3aUMOJICHCTBHSA

N.YK(Y)-5.1. OcymiecTBiseT mpopecCHOHATBHYIO U COIHATBHYIO JICATEIFHOCTD C
y4eTOM 0COOCHHOCTEH MTOBEACHNSI M MOTHBALIMH JIFOJCH Pa3IHYHOTO COIUATIBLHOTO U
KYJIBTYPHOTO MIPOUCXOKICHUS, B TOM UYHCIIE 0COOEHHOCTEH 1eI0BOil 1 001Iei
KyJIBTYPBI [IPEICTABUTENEH APYTHX 3THOCOB U KOH(ECCHIA

Camoopranuzanus 1
camopa3BUTHE (B TOM
qucie

3JI0pOBbE cOEpeKEHHUE)

VK(VY)-6. CriocoOHOCTB OpeessiTh U pealn30BbIBaTh
MPUOPHUTETH COOCTBEHHOH NIEATENEHOCTH U CIIOCOOHI ee
COBEpIICHCTBOBAHUS Ha

OCHOBE CAMOOLICHKI

N.YK(Y)-6.1. AHanu3upyeT UCIOIb30BaHNE Pa0OYero BPEMEHH B IIHPOKOM
CIIEKTpE ACSTENbHOCTH: IUIAHUPOBAHHE, Paclpe/ieieHUe, TOCTAaHOBKa LIeIeH,
JIeNerHpOBaHUE TIOJTHOMOYHH, aHAJIM3 BPEMEHHBIX 3aTpaTr, MOHUTOPHHT,
OpraHu3anys, COCTaBJICHHE CIIICKOB M PACCTAHOBKA IPHOPHUTETOB

N.YK(Y)-6.2. CoyeraeT BHINOJIHECHHUE TEKYIUX MPOU3BOICTBCHHBIX 33134 C
MOBBINICHUEM KBaTH(PUKAIIH; KOPPEKTUPYET IUTaHBI B COOTBETCTBHH C
HUMEIOIIIMUCS pecypcaMu

H. YK(V)-6.3. [InanupyeT mpodecCHOHATBHYIO TPAEKTOPHIO C YIETOM
0COOCHHOCTEH KaKk Npo(heCcCHOHANBHOI, TaK U APYTHX BUAOB AEITEIBHOCTH U
TpeOOBaHMH pBIHKA TPyAa

OGmero(l)eccnonaJILHue KOMIIETCHIHUH BbINNYCKHUKOB U MHAUKATOPLI MX JOCTHKCHUSA

Karteropus xomnereHumii

KOJI U HAUMCHOBAHUEC KOMIIETCHIUHA

I/IHI[I/IKZITO[)LI JAOCTHKCHUH KOMIICTCHIIMHA

[MpumeneHne GpyHIaMEHTATBHBIX 3HAHUI

OIIK(Y)-1. CiocoGHOCTb peraTh NpOr3BOICTBEHHBIE U (MIIH)
HCCIIeZIOBATENILCKUE 3a]a4l Ha OCHOBE (hYHIaMEHTaIbHBIX
3HaHWI B He()Tera3oBoii o0IacTu

N.OIIK(Y)-1.1. [leMOHCTpHpYeT HaBbIKH (PM3UYECKOTO U MPOTPAMMHOTO
MOJIETTMPOBAHMS OTJEIBHBIX ()ParMEeHTOB MPOIecca BEIOOPAa ONTHMAIBEHOTO
BapUAaHTA JUIs KOHKPETHBIX YCIOBUH

N.OIIK(Y)-1.2. Ucnonp3yeT pyHIaMEHTAIbHBIE 3HAHUS PO ECCHOHATBEHOM
JEeATeTbHOCTH JUISl pEeIIeHHs] KOHKPETHBIX 3aa4 HeyTera30Boro mponu3BOACTBA
N.OIIK(Y)-1.3. AHanu3upyeT NpUYMHbI CHHKEHUS KauecTBa TeXHOJIOIMYECKUX
HPOLECCOB U npeziaraeT 3G deKTHBHbIE CIIOCOObI MOBBIILICHHUS KauecTBa
NPOU3BOJICTBA PAOOT MPH BHINOJIHEHUH PA3INYHBIX TEXHOJIOTHYECKHUX ONepanuii

TexHuueckoe NpOeKTUPOBaHHE

OIIK(Y)-2. CocoGeH oCyIIeCTBISATh MPOSKTHPOBAHNE OOBEKTOB
He(Tera3oBoro MpoOU3BOJICTBA

N.OIIK(Y)-2.1. Mcnomnp3yeT 3HaHHE aIrOpUTMa OpraHU3alNH BBITOIHEHUS paboT B
rporiecce MPOeKTUPOBaHUS 00BEKTOB He(hTera30Boil oTpacin

N.OTIK(Y)-2.2. ®opmynupyeT HeIr BBIIOIHEHHS PadOT U peaaraeT ImyTH HX
JOCTVIKCHUS

N.OTIK(Y)-2.3. BeiOupaeT COOTBETCTBYIOILIHE TPOrPaMMHbIE IIPOAYKTHI HIIH HX
YaCTH JUIsl PELICHHs] KOHKPETHBIX MPpodeccHoHaIbHBIX 3a1a4

OIIK(Y)-3. CnocoGHOCTH pa3pabaThIBaTh
Hay4YHO-TEXHHYECKYIO, IPOCKTHYIO
CIy)KeOHYIO JOKYMEHTALIHIO,

0(hOpMIIATh HAYYHO-TEXHHYECKHE
OTYeTHI, 0030pHI, MyOIHKALUH,

peLeH3HuH

N.OIK(Y)-3.1. Aranmm3upyeT nHGOPMAIHIO B COCTaBIISIET 0030PHI, OTUETHI
N.OIIK(Y)-3.2. Bnaseer HaBbIKaMH aHATUTHIECKOTO 0030pa IPH IOrOTOBKE
pedepatoB, myOiuKaimii ¥ He MeHee 50 HCTOYHMUKOB HPH ITOATOTOBKE MAaruCTEPCKOil
JIMCCepTaUn
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Pa6ota c OIIK(Y)-4. CnnocoOHOCTh HAXOAUTH U IIepepadaThIBaTh N.OIIK(Y)-4.1. OmnpexenseT OCHOBHbBIC HANIPABICHUS Pa3BUTHS HHHOBAIIOHHBIX
nHpopMaren uHpOpMAaIHIO, TpeOyeMyro AJIs IPUHATHS PELICHHN B HAYYHBIX TEXHOJIOTUil B He(hTera3oBoii 0Tpaciu
UCCIICOBAHMSX U B IPAKTUYECKON TEXHUYECKOH AEATENEHOCTH N.OIIK(Y)-4.2. OGpabaTbIBaeT pe3yabTaThl HAYYHO-HCCIIEA0BATEIbCKOM,
MIPAaKTHIECKOI TEXHUUECKOH e TeIHOCTH, HCIOJIB3Ys HMeIoIieecs 000pyaoBaHHe,
IpuOOpPHI X MaTepUaIbI
Hccnenopanue OIIK(Y)-5. CnocoGHOCTh OLICHUBATH N.OIIK(Y)-5.1. Onpenensier Ha npodeccCHOHATEHOM YPOBHE OCOOCHHOCTH PabOTHI

Ppe3yNbTaThl HAYYHO-TEXHHYECKUX
pa3pabOTOK, HAYYHBIX HCCICAOBAHUN 1
000CHOBBIBaTh COOCTBEHHBIH BHIOOD,
CHCTEMaTU3UPys U 000011ast
JOCTIDKEHHUS B He(hTera3oBoi oTpacin
U CMEXHBIX 00JIacTsIX

Pa3INYHbIX TUIIOB 00OPYIOBAHMS M BBIBICHHE HEJJOCTATKOB B €ro pabore
N.OIIK(Y)-5.3. UaTepnpeTupyet pe3yapTaTsl Ja00paTOpHBIX U TEXHOIOTUIECKUX
HCCIIENOBAHUIT IPUMEHHUTENBHO K

KOHKPETHBIM yCIOBHAM

Wurerpanus HayKu 1
00pa3oBaHus

OIIK(Y)-6. CiocoGHOCTh Y4acTBOBaTh B PECATU3AIIMU OCHOBHBIX
U JIOTIOJIHUTENBHBIX TPO(ECCHOHATBHBIX 00pa30BaTEIbHBIX
pOrpaMM, HCHOJB3Ysl ClIeHHATbHbIC HAYYHbBIC 1
npodeccHoHaIbHbIC 3HAHUS

N.OIIK(Y)-6.1. [leMOHCTpUpYET 3HAHUS OCHOB IEIarOT'MKH U TICUXOJIOTHHI
N.OTIK(Y)-6.2. JleMoHCTpUpPYET YMEHHUE OOIIATHCS C ayTUTOPUEH, 3aHHTEPECOBATh
ciymaTenei

Hpot])eccnona_nbﬂue KOMIETCHIMH BBINNYCKHUKOB U HHIAUKATOPBI HX JOCTHIXKCHUSA

Ooaactb u chepa
npogecCHOHATBHOI 1eATeJIbHOCTH

3agaua npodgeccuoHAIbHOIM OcHoBaHue - NpodeccuOHATbHBIN Koa u HaumeHoBaHue HNHaukaTopbl A0CTHKEHUS
JesiTeJIbHOCTH CTAHJAPT, AHAJIU3 ONBITA, (hopcaiiT KOMIIeTeHIIUH KOMIIeTeHIHH

Tun 3ana4 npoeccCHOHANIBLHOI JeATeJILHOCTH:

eNaroruuecKmii
1 «O6pa3oBanue u Hayka» (B chepe | 1. Pazpabotka metoandeckux | 01.004 Ipodeccuonansusiii cranmapt |I[IK(Y) -1. Ciocoben paspadatsiBare | LIIK(Y) -1. YuacTtByer B pa3zpaboTke
HaYYHBIX HCCIIEZIOBAHUI) MarepuanoB, i obecnedenus | «[lemaror nmpodeccrHoHansHOTO MeToauIecKoe obecrieueHne as METOUIECKHX JJOKyMEHTOB I10
MOATOTOBKH u aTTecTanud | 00ydeHns1, NpohecCHOHAIFHOTO TIEPBUIHON W TIEPUOMIECKOIT BOIIPOCAM IPOBEICHUSI T€0I0T0-
CIEINAINCTOB 00pa3oBaHUs U JONONHUTEIHHOTO TIOJITOTOBKH U aTTECTAIlUH MIPOMBICIIOBBIX paboT,
npodeccnoHaIbHOro 00pa3oBaHus», | CIIENUAIMCTOB B 00JIaCTH JOOBIYH MPOEKTHPOBAHHS, OTYETHOCTH,
YTBEP)KICHHBIN IPHKA30M YTJIEBOIOPOIHOTO CHIPBSI MOATOTOBKH ¥ aTTECTallUK B 001aCTH
MuHHCTEpCTBA TPY/A M COLUATIBHON MIPOMBIIUIEHHON 0€30ITaCHOCTH Ha

ot 8 centsOps 2015 r. Ne 608H

ceHTs10ps 2015 1.,
peructpaunoHHbiil Ne 38993)

3amuThl Poccuiickoit ®enepanun

OMACHBIX POM3BO/ICTBEHHBIX
00BeKTaxX B IMpoIeccax qOOBHYH

(3aperucTpupoBaH MHHHCTEPCTBOM YIIIEBOJIOPOTHOTO CHIPBSI
roctinuu Poccuniickoit denepanym 24




OT® G HayuHo-MeToau4eckoe u
y4eOHO-MeToIUUECcKoe 00ecTieyeHNE
pea3aluy Iporpamm
po¢ecCHOHATTBHOTO 00ydIeHUs

Tun

3aj1a4 npogeccuoHaIbHOI 1esITeJIbHO
TEXHOJOTHICCKUM

CTH:

19 HoOblua,
nepepaboTKa,
TPaHCIIOPTHUPOBKA HeTH U Taza

1.Opraauzanust ¥ pyKOBOACTBO paboT
0 J0OBIYE YIIICBOJOPOJHOTO CHIPHS.

2.00ecrieyeHne  ONEPAaTHBHOTO |

HH)KEHEPHOTO PYKOBOJICTBA
TEXHOJIOTHIECKHM IPOLIECCOM
no0bM  He(TH, Taza M Ta30BOTO
KOHJICHCaTa.

3.KoHTposlb W  CONpPOBOXKICHHE
BBITIOJIHEHHUS PaboT MO TEXHUYECKOMY

00CITY)KUBaHUIO u PEMOHTY,
JTMATHOCTHYECKOMY  00CIIe/[OBaHHIO
000pyn0BaHUs o Jo0bIue

YIJI€BOAOPOIHOTO ChIPhA.

4.0Opranuzanyst 1 KOHTPOJIb 3a
MPOBECHUEM I'€0JIOT0-IIPOMBICIOBBIX
pabot

19.007 IIpodeccuoHanbHbIH CTaHAAPT
«Criermanuct mo 100bde HeTH, raza
1 ra30BOro KoHJeHcaTa» (YTBEpKIeH
npukazoM Muntpyna Poccuu ot
03.09.2018 Ne 574n);

OT® D «Opranuzanus pador 1o
ZOOBIUE YTIIEBOAOPOIHOTO CHIPHS»

OT® E «PyxoBoacTBO padoTamu 1o
J0OBIYE YTIIEBOIOPOJHOTO ChIPhS»

MK(Y) -2. Cnocoben

aHAJIM3UPOBATh U 0000IIaTh JaHHBIE O
padoTe TEXHOIOTHYECKOTO
000pyI0BaHUS, OCYIIECTBIATh
KOHTPOJIb, TEXHHYECKOe
COIIPOBOXK/ICHUE U YIIPABIICHUE
TEXHOJIOTMYECKUMH TIPOIIECCaMH
JOOBIYH YTIIEBOJLOPOJHOTO ChIPhS

N.IIK(Y) -2.1. PykoBoaut
OpraHu3alMOHHO-TEXHHYECKUM
COIIPOBOYXKICHHEM paboT 10
BOCCTAHOBJICHHUIO
paboToCmocoOHOCTH
HedTera3onpomMeICIOBOTO
000pyI0BaHUS IIPU IKCIUTyaTalluH
00BEKTOB 10OBIYM HE()TH U raza

19.021 TIpodeccuoHanbHbIH CTAHAAPT
«Crenuanmcet 1mo mpOMBICIOBOM
reonoruuy» (YTBEpKASH PHUKA30M
Munrpyna Poccun ot 10.03. 2015 Ne
151n);

OT® B «Opranusanus reojaoro-
HPOMBICIIOBBIX paboT»

MK(VY) -3. Criocoben

OLICHUBATh P PEKTHBHOCTH
MHHOBAIIMOHHBIX TEXHOIOTHYECKUX
peLIeHHH B IIPOIECCe BBITOTHEHHS
NPOU3BOJICTBEHHBIX MOKa3aTeel npu
pa3paboTKe U SKCILTyaTaluu
HE(TSHBIX U Fa30BBIX
MECTOPOK/ICHUH YTIIIEBOJIOPOIHOTO
CBIPbs

N.IIK(Y) -3.1. OnenuBaer
noBbIeHNe YGHEKTUBHOCTH JOOBIYH
YTJIEBOIOPOHOTO CHIPBS U
MIPOBE/ICHHUS T€0JIOTO-IIPOMBICTIOBBIX
paboT B mporiecce BHIMOTHEHUS
MIPOM3BOJICTBEHHBIX MTOKa3aTeleH pH
pa3paboTKe U SKCIUTyaTaluu
HEe(TSHBIX U ra30BBIX
MECTOPOKACHUN




TIK(Y)-4. Cnocoben
obecriednBaTh 6€30MaCHYIO H
3¢ PEeKTUBHYIO IKCILTyaTaLHUIO U
paboTy TEXHOIOTUYECKOTO
obopynoBaHus He(hTEra30BOMI
oTpaciu

N.ITIK(Y) -4.1. O6ecnieunBaeT

3¢ GEKTUBHYIO SKCIUTYaTaIHIO
TEXHOJIOTHYECKOr0 000pyI0BaHus,
KOHCTPYKIIUi, 00BbEKTOB, arperarTos,
MEXaHI3MOB B IIporiecce J00bn
YTIIEBOJOPOIHOTO CHIPHS B
COOTBETCTBUH C TPEOOBAHUIMH
HOPMaTHUBHOW JTOKyMEHTaIlUH

[K(Y)-5. CnocobeH yuacTBoBaTh B
YIIPaBICHUH TEXHOJOTHYESCKHMU
KOMIIJIEKCaMH1, IPUHUMATb PELICHNUS B
YCIIOBHSIX HEONPEACICHHOCTH

W.IIK(Y) - 5.1. PykoBoaut
MIEPCOHAIIOM TO/IPa3/IeNICHUI 10
00bIYE YTIeBOJOPOIHOTO ChIPhS M
re0JIOro-IPOMBICIIOBBIX PaboT B
mporiecce pa3paboTKu U
IKCIUTyaTal[MK HEQTSHBIX M TA30BBIX
MECTOPOXKACHUN

Tun

3aj1a4 npogeccuoHaIbHOI 1esITeJIbHO
Hay4YHO-HCCIIEA0BATENbCKUIM

CTH:

19 J1o6bIua,
repepaboTKa,
TPaHCIIOPTHPOBKA HE()THU U raza

1.CocraBnenue TEKYyILIHUX u
MEPCIEKTUBHBIX TUIAHOB o
MPOBEJCHUIO T'€0JIOT0-IPOMBICIIOBBIX
pabot

2.Pazpabotka u
BBITIOJTHEHUS HPOM3BOICTBEHHBIX
IUIAHOB ¥ T[pOrpaMM  HaydHO-
uccieoBatensckux padbor (HUP)

KOHTPOJIb

19.007 TIpodeccuoHanbHbIH CTAHAAPT
«Criermanuct mo 100b9e HeTH, raza
1 Ta30BOTO KOHJEHcaTay (Y TBEpKIeH
npukazom Muntpyna Poccun ot
03.09.2018 Ne 574n);

OT® E «PykoBoacTBO paboTamu 1o
J00BIYE YTIIEBOJIOPOJHOTO ChIPbS»

[K(Y)-6. CriocobeH npuMeHsTh
TIOJTy4eHHbIC 3HAHUS JUTS pa3paboTKu
U peaM3aliy MPOEKTOB U HAYYHO-
HCCIIeTOBATEILCKUX paboT
Pa3IMYHbIX TIPOLIECCOB
NPOU3BOJICTBEHHOM JICSITEIbHOCTH Ha
OCHOBE METOAMKH MPOEKTHPOBAHUS B
He(Tera3oBoi 0Tpaciu, a TakxKe
UHCTPYKTUBHO-HOPMAaTUBHBIX
JOKYMEHTOB

W.IIK(Y) -6.1. Pa3pabarsiBaer
TeKyllee ¥ IePCIEeKTUBHBIE TIaHbI IO
3¢ PEKTUBHOMY TIPOBEICHUIO
re0JIOr0-MPOMBICIIOBBIX PabOT U
J0OBIYE YTIIEBOAOPOIHOTO ChIPhs HA
OCHOBE METOJIMK 1 TpeOOBaHMI
MIPOEKTHPOBAHUS B He(TEra30Boi
OTpaciy, a TAK)KE HHCTPYKTUBHO-
HOPMAaTHUBHBIX JOKYMEHTOB




3.Pa3paboTka Mm1aHOBOW, MPOEKTHOM U
METOAMYECKOH TOKyMEHTalU! JUIs
re0JIOr0-MPOMBICIIOBBIX PabOT

19.021 IIpodeccuonanbHblil cTaHAAPT
«Crenuanmct 1o npoMbICIOBOI
reostorun» (YTBEpIK/IeH IPUKA30M
Muntpyna Poccun ot 10.03. 2015 Ne
151n);

OT® B «Opranusanus reoaoro-
TIPOMBICIIOBBIX PaboT»

OT® C «Pa3paboTka U KOHTPOJIb
BBITIOJIHCHUS TIPOM3BOACTBEHHBIX
IUIAHOB U IIPOTPaMM Hay4HO-
HCCIIEJOBATENBCKUX PaboT»

[K(Y)-7. CnocobeH mpuMeHATh
COBPEMEHHBIE IIPOrPaMMHbIC
KOMIIJIEKCHI JUIsl HAy4HO-
HCCIIeI0BATENBCKUX paboT 1
MIPOEKTHPOBAHMUS TEXHUIECKIX
YCTPOMUCTB, aNmapaToB ¥ MEXaHU3MOB,
TEXHOJIOTHIECKHX IIPOIIECCOB B
COOTBETCTBUH C BEIOpaHHOU cepoit
po(heCCUOHAIBHOM AESTEIBHOCTH

W.IIK(Y)-7.1. Pa3pabaTsiBaeT
[UIAaHOBYIO, IPOCKTHYIO, HAyYHO-
HCCIIEI0BATEIbCKYIO

U METOIHYECKYIO TOKYMEHTAILUIO
JUTSL T€OJIOTO-TIPOMBICIIOBEIX paboT 1
paboT 1o 100bIYe YTIIEeBOIOPOIHOTO
CBIPHS C IPHMEHEHUEM COBPEMEHHBIX
MIPOTPAMMHEIX KOMIUIEKCOB JIJIS
MPOCKTHPOBAHHS TEXHOJIOTHUECKUX
MPOLIECCOB, IEPEBOOPYKEHHUH,
TEXHUYECKHUX YCTPOMHCTB, alaparoB U
MEXaHU3MOB B Ipoliecce pa3paboTKu
Y 3KCIUTyaTaluy HeQTIHBIX U
ra30BbIX MECTOPOKICHHIMA




TOMSK
POLYTECHNIC
UNIVERSITY

TOMCKNW
NOJINTEXHUYECKUN
YHUWBEPCUTET

MnHMCTEpPCTBO HayKM 1 Bbiclero o6pa3zoBaHmA Poccuinckon ®egepaunn
denepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpasoBaTesibHoe yypexkaeHue Bbicliero obpasoBaHmA
«HaumoHanbHbIN ccnefoBaTeNbCcknii TOMCKUIA NONUTEXHNYECK YHMUBEpCUTeT» (TITY)

Ixoma

WnxenepHas MIKoJa MPUPOIHBIX PECYPCOB

HaHpaBHCHI/IC IIOATrOTOBKH

21.04.01. Hedrerazoroe nemno

Otnenenune mxousl (HOLL)

Hedrerazoporo nemna

YTBEPXAIO:
PykoBonurtens OOII

(IToamucs)

(dara) (®.1.0.)

3AJAHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(PUKAMOHHOM PadoThI

B dopwme:

‘ MarHCTepCKOﬁ JUCCCPpTAlINN

(baxanmaBpcKoOi pabOTHI, TUIIIOMHOTO IIPOEKTa/paboThl, MATUCTEPCKOH ANCCEPTALN )

CryneHry:

I'pynna

DPUO

2bMO03

MouceeBy Erenuto I'eHHaabeBUuy

Tema paboThI:

AHanu3 1 oneHka 3¢(HEeKTUBHOCTH IPUMEHEHHSI HHTUOUTOPOB ITpU 60phOe ¢ Koppo3uel u
COJICOTIIOKEHUSIMU

VYTBep:kieHa IPUKa30M AUPEKTOpa (j1aTa, HOMEp)

| Ne63-14/c ot 04.03.2022

| CpoK cllauu CTY/IGHTOM BBIIOTHEHHOM PaGOThI: \

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie JaHHBIE K paﬁoTe

(HaumeHoBanue 00beKMa UCCIeO08AHUS UMY NPOCKMUPOBAHUSL,
npOU3EOOUMENbHOCHb UM HAZPY3KA,  PedCUM — pabomul
(HenpepbiBHbILL, NePUOOUYEeCKUll, YUKIUYecKu u m. 0.); 8uo
Cbipbs UMM Mamepuan usoeius; mpebosanus K NpooyKny,
uzoenuro un npoyeccy; ocobvle mpedosanus K 0cO6eHHOCMAM
@ynkyuonuposanus (dxcnayamayuu) obvekma um uzoeius 6
niaHe 6e30naAcHOCIU SKCRIYAMAYUU, BIUSHUS HA OKPYHCAIOUWLYIO
cpedy, aHep203ampamam,; IKOHOMUUECKUI anaau3 u m. o.).

TekcTpl, TaOIUIBI U TpadUUeCcKre MaTepHaIb
OTYETOB U UCCIIE0BATENbCKUX padoT, (OHIOBAs U
HayyHas JINTepaTypa, TEXHOJIOTMUECKHE PETIIAMEHTHI,
HOPMAaTUBHBIE JOKYMEHTHI.

Ilepedyens moasIekaMUX UCCIACAOBAHMIO,
NPOEKTHPOBAHMIO " pa3padorke
BOIIPOCOB

(aHLUleM‘iECKMIZ 0630p no JaumepamypHbiM  UCMOYHUKAM C
Yeablo 6blACHEeHUs docmudicerutl JVlLtpOGOMH HAyKu mMexHuxku 6

paccmampugaemorl obracmu; Nnocmanoska 3a0auu
ucciedosanusl, NPOEeKmuposanus, KOHCMPYUpOBaHUsl;
cooepoicanue  npoyeoypvl  UCCLe008aHUsl, NPOEKMUPOBAHUSL,

KOHCIMpYUpo8anus,; oodcydcoenue pe3ynvmamos GblnoIHeHHOU
pabomyi; HAUMEHOBAHUEOONOTHUMENbHBIX pasoenos,
noonexcawux paspabomke; 3aKuoyeHue no pabome).

Oco0eHHOCTH IKCIUTYaTallui CKBaXXHH B OCJI0)KHEHHBIX
YCIIOBUSX HA MO3JHUX CTaAUIX Pa3pabOTKH; OCHOBHbBIE
30HBI COJICOTIIOKEHUI U UX BIUSHUE HA DKCILUTyaTallUIo
CKB&KWH; BIUSHUE KOPPO3MM Ha  IOJ3EMHOE
0o0OpyIOBaHHE; METOAbl M TEXHOJOTUH OOpHOBI;
re0JIOTUSl MECTOPOKIEHUS; IPUMEHEHHE HHTUOUTOPOB,
OILICHKA 3¢ (EeKTUBHOCTH u PEKOMEHIALNY;
(UHAHCOBBIN MEHEKMEHT, pecypcor(HEeKTUBHOCT U
pecypcocOepekeHIe; COLaIbHasi OTBETCTBEHHOCTb.




Ilepeuens rpapuyeckoro Mmarepuasa CxeMbl TEXHOJIOTHUH.
(c MOYHBIM YKA3aHUeM 0053aMeNbHbIX Yepmedicell)

KoHcyabTaHTBI 0 pa3aejiaM BbINTYCKHOH KBAJIN(PUKAIMOHHON PadoThI

(c yrazanuem pazoenog)

Paznen KoncysbTanr

@®uHaHCOBbIM ~ MeHekMeHT, | llap¢ U.B., 1. 3. H., npodeccop
pecypcorhPeKTHBHOCTD u

pecypcocOepekeHne

ConuanpHas oTBeTCTBEHHOCTh | CeunH A.A., K. T. H., JOIEHT
HNHoCcTpaHHBIN S3bIK Matseenko U.A., 1.¢.H., npogeccop

Ha3BaHus pa3iesioB, KOTOpblIe T0/LKHbI ObITh HANIMCAHBI HA PYCCKOM M MHOCTPAHHOM fI3bIKAX:

Pasoen na awmenutickom szvike: Ilpobmembl M peUIeHHsT KOPPO3WU B HEPTSIHOH, Ta30BOM,
HedrenepepabarpiBaronieil U HehTeXUMHYECKOI MPOMBIIIIEHHOCTH

Pa3zoenvt na pycckom sazvike: pedepat, BBeieHre, 3aKII0YEHIE, TJIaBH 1-5

Jdara  BblIaYM  32JaHUA  Ha  BBbINOJHEHHE  BBINYCKHOM
KBAJIN(UKAIMOHHOM padoThI 110 JMHEIHOMY IpaguKy

3agaHue BbI1aJ PYKOBOJAUTEb:

JomKHOCTD (1% (0] Yuenasi cTeneHb, Moanuch Jara
3BaHNe

Jlonent Marsees 1.B. K. ¢. M. H.

38}13]—[1/16 NMPHHAJ K UICIIOJTHEHUIO CTYACHT:

I'pynna [g7(0] Hoanuch Jarta

2BMO03 Mouwucees EBrennii I 'ennannesny




3AJTAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHHE»
CryneHry:
I'pynna ouo
2b6MO03 Moucees Esrennii [ ennaanesuu
"
Ixona FOKCHCPHAA LIKOIA OTtaenenne mkoabl (HOLL) Otnenenue He)TEra30BOIo Jeaa
IIPUPOJHBIX PECYPCOB
v Pa3paboTka u SKcIuTyaTanus
o6 E:::::ﬂﬂ Marucrtparypa Hanpasiienne/cnenquajibHOCTh He(TSHBIX ¥ Ta30BBIX
P MECTOPOKAECHUHN

Hcxoanbie 1aHHbIe K pasaeny «PHHAHCOBBIH MEHEIKMEHT, pecypcod(p(PpeKTHBHOCTD U

OMCKOHI’I’IMPOSCZHM}Z u er()umogamm

pecypcocOepeKeHue»:

1. Cmoumocmv pecypcoé uayunozo | OueHKa CTOMMOCTH MaTepHUalIbHO- TEXHUYCCKHUX,
uccredosanus (HH): mamepuansho- | sgepreTudeckux,  (QUHAHCOBBIX,  MHPOPMAIMOHHBIX M
MEXHUUECKUX, OHEPSEMUTECKUX, | yeOBEUECKMX PECYPCOB Ha TMPOBEACHHE OIepaluid ¢
unancosuL, unGopMayUONHLIX U | yyryEuTOpAME CONCOTIOKEHHI Ha HeTTHOM MECTOPOKICHHHT
yejlosedecKkux «X»

2. Hopmuw u nopmamuest | IIpaBuiaa TMOATOTOBKA TEXHHUYECKHX IPOCKTOB pPa3pabOTKH
Pacxo006anus pecypcos MECTOPOXACHUN yrieBomopogHoro ceippa. Ilpukaz MIIP

Ne639 ot 20 cenrsops 2019 roga

3. Hcnonvzyemas cucmema | HanmoroBerii komekc Poccuiickoit @enmeparuu @3 Ne67 ot
Han0200010ICeNU, cmasku | 24.07.2009 B pen. ot 26.03.2022
Hajlocoes, omuucienuu,

IlepeyeHb BONMPOCOB, MOIJIEKALINX HCCIETOBAHNIO, MPOEKTHPOBAHUIO U pa3padoTkKe:

1. Oyenxa KOMMep4ecKo20 u | OOOCHOBaHME TIEPCIIEKTUBHOCTH TPUMEHEHHs] WHTHOUTOpA
unnosayuonnozo nomenyuana HTH | coneotnokeHnii Ha MECTOPOKIECHUH «X» MO MPEITOKEHHBIM
BapHaHTaM 3aKaYKU B CKBAKHHY
2. IInanuposanue npoyecca | Pacuer HOXOMOB M 3aTpaT Ha MPOBEACHUE Omepanuil c
ynpaenenus HTH: cmpykmypa u | qaruGUTOpaMH CONEOTIOKEHUH HAa HEPTIHOM MECTOPOKICHUH
epagur nposedenus,  6100dicem, | Xy [MOCPEACTBOM TEXHOIOTHH TOCTOSHHOTO JO3HPOBAHMS
PUCKU U OpeaHUu3ayus 3aKynokKk CY,HP
3. Onpedenenue pecypcroi, | OlleHKa ~ SKOHOMHUYECKOH  3(QPEKTUBHOCTH  BHEAPEHUS
unancosot, 9KOHOMUHECKOU | TeXHOJIOTUH MOCTOSHHOTO fo3upoBanus CY /1P
agppexmusnocmu
Hepeqenb rpa(l)nlleucoro MaTCPHAJIA (c mounvim yrazanuem 06a3amenvHblx yepmediceil):
1. Onenka pecypcHOl, (UHAHCOBOW U 3KOHOMHYECKOM dddexktnBHOcTH HTU
2. DxoHommyeckas 3pPeKTHBHOCTh HHTHOUTOPOB COJIECOTIOKEHUI
‘ JaTa Bbl1a4u 3a1aHUsA JJISA pa3/esia 1o JUHeHHOMY rpaguky
3anaHune BbIIAJ KOHCYJIbTAHT:
JokHOoCTH [01% (0] Yuenas crenenb, IToanucn Jara
3BaAaHHUE
ITpodeccop OHJI Mlapd M.B. J.3.H.
3ajaHue NPUHSJ K MCIIOJHEHUIO CTY/IEHT:
T'pynna (0] 7 (0] Hoanuch Jara
2BMO03 Moucees Esrenuii I eHnaaresuu




3AJAHME JIJISI PA3JIEJIA
«COLMAJBLHASI OTBETCTBEHHOCTDb»

CryneHry:
I'pynna DPUO
2BbMO03 Moucees Esrenuii I ennannesuu
Ikona WP OTtnenenne
(HOL)
Yposeur Marucrparypa Hanpasarenne/ | 21.04.01 Pa3pabotka u
o0pa3oBaHusi CIIeUAJIBHOCTD
SKCIUTyaTanus He(pTSIHBIX n
ra30BbIX MECTOPOKICHUN
Tema BKP:

AHanu3 1 orieHKa 3G (HEeKTUBHOCTH MTPUMEHEHHUS HHTHOUTOPOB TIpH 00phbe ¢ Kopposueh u
COJICOTJIOKCHHUSIMHU B CKBAXKHHAX

HcexoaHblie JaHHbIE K pasaeay «COIII/Ia.]'lI)Haﬂ OTBETCTBEHHOCTb».

BBeaenne

XapakTepucTiuka 0o0BeKTa
HcciaenoBaHus (BEIIECTBO,
MaTepuan, puodop,
aIrOpuUT™M, METOAMKA) U
001acTH ero NpUMEHEeHHSI.

Onucanue paboueit 30HBI

(pabouero wMecrta) TpHU
pa3paboTKe  TPOEKTHOTO
peLeHHs/IpH
IKCILTyaTallH

O6’BCKTOM HCCIICA0BAHUA ABJIICTCA XUMUUYCCKUC pearcHThI
OO6nacTh MpruMeHeHus Ha He()Te00BIBAIOIIEM TTPOU3BOICTBE
Pabouas 30Ha: MOJICBbIC YCIOBHSI

Paboune mporiecchl, CBsA3aHHBIC C 0OBEKTOM HCCIICIOBaHMS,
OCYIICCTBIISIONINECS B paboyeii 30HE: pa3IUYHbIC CIOCOOBI
MOJIAYM XUMHYECKHX PEareHTOB B CKBAKUHBI

IlepeueHs BOIPOCOB, MOICKALINX UCCICAOBAHNIO, IPOSKTUPOBAHUIO U pa3paboTke:

1. IlpaBoBbIe U OPraHU3aALUOHHbIE
BOIIPOCHI o0ecnieyeHus1 0€30MaACHOCTH
IPH IKCIJIYATANMH

CIelMaNbHbIC
(xapaxTepHbIe npu
IKCIUTyaTallul  OOBEKTa
UCCIIeI0BaHus,

NPOCKTHPYeMOl  paboueit
30HBI) TIPABOBBIC HOPMBI
TPYAOBOTO
3aKOHO/IaTeJIbCTBA;
OpraHU3al[OHHbIC
MEpOTPUATHUS
KOMITIOHOBKE
30HBI.

npu
paboueii

XapakTepHble ISl MPOEKTHPYeMoii pado4eii 30HbI:
Pabouass cmena He Oomee 12 dYacoB, BeIJa4a KaKIOMY
COTPYAHUKY paboTaromeMy Ha MECTOPOXXICHHH II0 O
JIUTPa MOJIOKA B JIEHb.

OprannzanMoHHble MeEpPONPUATHS TNPH KOMIIOHOBKeE
padoueii 30HbI:

Y cuIleHHBIH KOHTPOJIb 32 IaTYMKaMH , TPUOOpamMu U
obopynoBaHreM. PaccTaHOBKA TEXHUKH COTJIACHO
TEXHOJIOTMUYECKOM cxeme. TeXHOoIornueckre nepepoIBel B
paOore. [IpoBenenne nHCTpyKTaXkei 0 Ge30MMacHbIX
METOJax MPOBEJCHUS Pa0OT HETIOCPEACTBEHHO EPe
HayauoM Ipou3BoACcTBa paboT. KoHTpoik 3a TexHomoruen
nojaydeil ”HruOUTOpa B CKBAXXUHY PYKOBOAMUTEINIEM TPYIIIIBI
MIPOM3BOACTBEHHOT0 KOHTpOIIsL. [IpoBeieHre moBTOPHBIX
WHCTPYKTaXKEH 10 TeXHUKE 0€30MacHOCTH

2. IlpousBoacTtBeHHasi 0e30MACHOCTH
NPH DKCIJIYATAIIUN

AHanus BBISIBJICHHBIX
BPEIHBIX U OIACHBIX
IIPOU3BOJICTBEHHBIX
bakTopoB

Pacuer ypoBHsA omacHoOro
WU BpPEIHOTO
IIPOU3BOACTBEHHOTO
¢akxropa

Bpennbie Bemecrna:

Bo3zelicTBue BpenHBIX ra3oB M NMapoB HEPTH, UCTOUHHUKOM
KOTOPBIX SIBJISAIOTCS] HAPYLICHHUS] TePMETUYHOCTH (DIIaHIIEBBIX
COCIMHEHWH, MEXaHHYEeCKOH TPOYHOCTH  (OHTAHHOU
apMartypsl.

IloBbIlIEHHBIH YPOBEHB IIYMa Ha padoyeM MecTe:
LlementupoBounslit arperat (I1A-320),

[lepensmwxnas mapoBast ycranoBka (IIITY), Bypossie
YCTaHOBKU
OTKJIOHeHHEe TMoKa3aTelell KJIUMATa HA OTKPbITOM
BO31yXe:

HOpMI/IpOBaHI/IC napamMeTpoB Ha OTKPBITHIX IUIOMIAAKax HE
MMPOU3BOAUTCA, HO ONIPECACIAOTCA KOHKPECTHBIC MCPOIIPUATUS
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M0 CHWKCHHUIO HEONArompusATHOTO  BO3ACHCTBUS WX
Ha OpraHu3M padbodero.

MexanudyecKue ONACHOCTH:

JlaBneHue 3aTpyOHOTO MPOCTPAaHCTBA HA  KYCTOBBIX
IUIOIIAAKax HaxoauTcs B guamasone ot 0,4 MIla no 2,5 MI1a.
Texnomorus 00pabOTKH MOIpa3yMeBaeT 3aKauKa
uHruouTOpa B  3aTpyOHOE  MPOCTPAHCTBO, MO3TOMY
HE0O0XOMMO CO3/1aBaTh JABJICHUS B HATHETATEIBHON JIMHUN
MIPEBBITIAOIIee 3aTPyOHOE TaBJICHHE.

CraTtuyeckoe 3J1eKTPHYECTBO:

OcMOTp ¥ TEKyIIMA PEMOHT 3a3eMJISIONIMX YCTPOUCTB
3alUTBl  OT TIPOSBICHHWHA CTAaTHYECKOTO JJIEKTPUIECTBa
JIOJDKHBI  TIPOBOJUTHCS OAHOBPEMEHHO C OCMOTPOM H
TEKYIIUM PEMOHTOM TEXHOJIOTHYECKOTO u
ANEKTPOTEXHUYECKOTO 00opymoBaHMs. Wzmepenns
ANEKTPUYECKUX COMPOTUBICHUN 3a3eMJIISIOLIUX YCTPOMCTB
JIOJKHBI TIPOBOJIUTHCS HE pEXe OIHOro pasa B TOf,
COIIPOTHBIICHHE 3a3eMJISIOIIETO TPOBOAHUKA HE JOJDKHO
npeBbiath 4 Om;

3. OkoJsioruyeckasi 6€e30MaCHOCTb IPHU
IKCILTYATAIUH

Bo3neiicrBue Ha autocdepy:

JIMKBU AW BCEX 3aMa3ydCHHbIX Y4aCTKOB, ITPEKIC BCCTO,
B BOJIOOXPAHHBIX 30HAX PEK U 03ep; BEIPYOKa JIECOB; BBIOOD
CIEUHANBHBIX MECT IJIs1 3aXOPOHEHHSI OTXOA0B (Hanpumep,
oTpaboTaHHEBIE Kapbephl);

Bo3saeiicrBue Ha rugpocdepy:

Oco0oe oTpuIaTeTsHOE BO3ACHCTBHE HA XUMHYECKUAN
COCTaB BOJOEMOB IIPH SKCILTyaTallud 00bEKTOB
HePTeJOOBIYN OKA3BIBAIOT PA3NIMBBI HE()TH, XUMUYECKUX
peareHToOB U BOJ C BBICOKOM MuHepanu3auuen. [Tpu
MOTIaAaHUH HETH B BOJOEMBI Ha IOBEPXHOCTH BOJIBI
oOpasyeTcs TIeHKa, IPENsSTCTBYIONIAs BO3AYITHOMY
oOMeHny;

Bo3neiicrBue Ha atmocdepy:

Okcrutyaraius 00beKTOB HepTe100bIuH CBsI3aHa C
BBIJICJIEHUEM 3aTPS3HSIONINX BEIIECTB B aTMOC(EpHBIi
BO3/YX.

4. be3onacHOCTh B Ype3BbIYAHHBIX
CUTYaUMsIX NP IKCIVIYATAUH

Bo3mozknbie UC:

OtkpbiToe HOHTAaHUPOBAHUE HEPTH U3 CKBA’KUH; MOPBIBBI
HeTecOOPHBIX TPYOOTIPOBOIOB 1 TpyOorpoBoaoB ITI1/].
Hau6onee Tunnynas YC:

PaznuB HedtH

IIpuHMMATL MepbI O JIUKBUAALUM €€ MOCIeICTBHIl:
Hcnonb3oBaHHe MEXaHUIECKUX, TEPMUUESCKUX U (PUIUKO-
XUMHAYECKHX METOJIOB JIMKBUIAIIUH PA3JINBOB

HETH.

JlaTa BbIIa4u 3alaHMsA 1JIA pa3jielia 1Mo JHHEeHHOMY rpauKy |

33}13HI/IC BbIJ1AJ KOHCYJbTAHT:

JokHOCTH [25(0] Yu4enas crenenb, MMoanucn Jara
3BaHHUE
Houent CeunH AHnpeit K.T.H
AJIEKCaHIpOBUY
3aiaHue NPUHSJ K MCIIOJTHEHUIO CTYAEeHT:
I'pynna PO Hoamucr JaTa
2BM03 Moucees Esrenunii I ennaanesuu
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PE®EPAT

Brimmycknas kBanupukamonHas padbota coaepkut 125 ctpanwil, 9 pucyHKOB,
47 tabnui, 24 UICTOYHMKA, 4 TIPUIIOKEHUS.

Kiouesnble ciioBa: HedtaHoe MecTopoxkIeHHE, CONEOTIOKEHUE, THTUOUTOP,
TEXHOJIOTHS MMOJaY¥ HHTUOUTOpA, IOTPYKHOE 000pYI0BaHHE.

O0beKTOM HCCIeI0BAHMS SIBIISIETCS WHTHOUTOPBHI  COJICOTIOXKEHUS U
TEXHOJIOTUH MOJa4i UX B CKBAXKHUHY.

Hean pa6oTsl — AHaMHM3 mporecca 00pa3oBaHUs COICOTIIONRECHHUS U KOPPO3HH,
BBIOOP ONTUMAJIBHBIX MHTUOUTOPOB U MOJI00P MOAXOSIIEH JO3UPOBKHA HHTHOUTOPA

B npouecce ucciieoBanus N3y4aauch HETaTUBHBIE BIUSHUS COJICOTIIONKEHUN
Ha paboTy TIIYyOMHHO-HACOCHOTO O0O0OpYy/IOBaHME, pacCMATPUBAIUCHL Haubosee
MPUMEHSIEMbIE TEXHOJOTHM MOJIayd WHTMOUTOpA B CKBAXHHY, a TaKXXe MPOBEAEH
YIIIyOJICHHBINM aHadu3 WHTUOUTOPOB COJCOTIIONKEHHUS, TMOJ00paHbl ONTUMAJIbHbBIC
JIO3UPOBKU ISl KOHKPETHBIX CIy4aeB.

O6nacTh npUMeHeHUsi: pa3padOTaHbl PEKOMEHAAIMHU ISl JTOCTUXKECHHS
HAWJTY4IINX MOKa3aTenei MesxxpeMoHTHoro nepuoaa (MPII) u cpenneit HapaboTku Ha
otka3 (CHO). Jlansl peKkOMEHIalMK 10 TPUMEHEHUI0 HHTHOUTOPOB U CIIOCOOOB HX
noJa4yv Ha MECTOpOXAeHUAX 3anaaHoid CuOupu Uis 3alIUThl OT COJICOTIOXKEHUN U
KOPPO3UHU.

3aauu UCCIEI0BAHMUS:

1. Omnpeaenuth T€OJOTO-(PU3NUECKUE XAPAKTEPUCTUKU HUCCIIECTYEMOTO
00BEKTa;

2. Ilpoamanu3upoBaTh  MEXaHW3M W  TPWYUHBI  BO3HUKHOBCHHSI
COJICOTJIOKEHUH U KOPPO3UHU;

3. YcTaHOBUTH 103UPOBKHU M CPABHUTH dPHEKTUBHOCTH KUJIKHUX, TBEPBIX U
JIETy4YUX UHTUOUTOPOB;

4.  Omnpenenuth dKoHOMHUYECKYIO 3 dexTtuBHOCT, BHenpenuss CY/IP Ha

CKBO)XKHMHY U 3aKa4Ky Y€pe3 HEro MHruonuTopa
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Cnmcok 0003HaYeHNii M COKPALCHUI:

VYOIIH — ycTaHOBKa AJIEKTPOIIEHTPOOSIKHOTO HACOCA;
MPII — MeXpEMOHTHBIN IEPUOT;

CHO — cpennsst HapaOOTKa Ha OTKa3;

['HO — riryOuHHO-HAacOCHOE 000pYI0BaHNE;

HKT — HacocHO-KOMITpEeCCOpHBIE TPYOHI;

[TPC — moa3eMHBII pEMOHT CKBa)KHH,;

TPC — Texkynuii peMOHT CKBa)XHH,;

KPC — kanuTanbHbIii PEMOHT CKBaXWUH;

OK — skcrryaTaninoHHas KOJIOHHA,

NC — uHrubUTOp COJICOTIIONKEHNUS;

[TJK — moCTOAHHO-IEMCTBYIOIAs] KOMUCCHS;
MBPX — MOOMIIbHBIN OJIOK pEareHTHOrO X0351CTBA;
CY]IP — cuctema yCThEBOW TOBUPOBKHU PEATCHTA;

KIIJ] — k03¢ (puLreHT mone3Horo AecTBUs;

3VYMII® — 30Ha yCIOKOCHHSI MEXaHUUECKUX MpuMeced u (irona;

I13]] — morpy>KHOM JIEKTPOJABUTATEND;
3CII — 3ammTa cpsIiBa O1AYH;

[13I1 — mpu3aboiinas 30Ha IJ1acTa,;

CIIO — ciycko-nIOAbEMHBIE OIEPALIHH;
OIIN — onbITHO-IPOMBINIEHHOE UCIIBITAHUE;

[IITY — nepenBuxHas napoBasi yCTaHOBKQ,;
VIIH — ycraHoBKa NOJATOTOBKH HE(TH;

3V — 3amepHas yCTaHOBKA;

HHII — HedTh 1 HEDTENPOIYKTHI;

JIBJK — nerxoBocIniaMeHSIFOIIAECS >KUIKOCTH,
[K — roproyas >KuJIKOCTb;

[ICK — norpy»HoOM CKBaXWHHbBIA KOHTEHHED.
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BBEJIEHUE
BonbummacTBO MectopoxkaeHuit 3anagnoid CuOupu Ha COBPEMEHHOM JTame

HAXOJATCA Ha MOCJIEIHUX CTaausX pa3pabOTKH, YTO XapaKTEePU3YeTCs HU3KUMUM
TEMITaMH J100BIYHU, BHICOKON 0OBOJIHEHHOCTHIO, COKpaIllEHuEM JTI00bIBatoNIero GpoHa.
[IpakTrueckn Bech (hOHA CKBAKUH IKCILTYaTUPYETCS MEXaHU3UPOBAHHBIM CITIOCOOOM,
MPEUMYIIIECTBEHHO TMPU TMOMOIIM YCTAHOBOK 3JEKTPOLIEHTPOOEKHBIX HACOCOB
(YOLH). 3anacel mecTopoxxaeHuid 3amagnoil Cubupu BeIpaOOTaHbl HE MOJHOCTHIO U
nepea HeAPOIOIb30BATESIMU CTOUT 3ajja4ya MaKCUMalbHO YBEJIMYUTH OCHOBHBIC
MoKa3aTesid pa3paboTKH MECTOPOXKICHHUS.

ITopsinka 43% oskcmutyaTaiuoHHOro (oHma paboTaeT B OCIOKHEHHBIX
YCIJIOBUSIX, UTO MPUBOJUT K MOTEPSIM A0OBIUM HE(DTH, YBETUUYEHUIO €€ cCe0ECTOMMOCTH,
yMEHbIIEHUI0 MexkpeMoHTHoro mepuoaa (MPII) u cpenneit mapabGoTku Ha OTKa3
(CHO) rnybunno-nacocHoro obopynosanus (I'HO).

[Iporiecc MexaHU3UPOBAHHOW AOOBIYM HEPTH OCIOKHACTCS PATHUUYHBIMU
dbakTopaMu 10 TPUYMHE HAIMYHAS TEX WIM HHBIX €CTECTBEHHBIX IPHUPOIHBIX
KOMITOHEHTOB B COCTaBe HE(TH, TIACTOBOM BOJIE, TTOMYTHO JOOBIBAEMOM Ta3e M MX
B3aMMOJICUCTBHE MEXy COOOM MPU CMEIICHUH, a TAK)KE€ UX HETaTHBHBIM BIMSHUEM
Ha skcrutyaranuto ['HO, ucnonb3yemoro B npoiecce 10064 HEPTH.

K ocHOBHBIM BUIaM OCIIOXHSIONTUX (PAKTOPOB OTHOCSITCS:

e  (ConeoTioXeHud,

®  KOpPPO3WOHHAS arpeCCHBHOCTH MOOBIBAEMOM TIPOTYKITHH;

®  BBIHOC MEXaHHUYECKUX MPHUMECECH;

®  BBICOKas IUIACTOBAs TEMIIEpaTypa.

HeratuBHoe mposiBIeHUE  OCHOXKHAKOMMX  (AKTOPOB  MPUBOAUT K
MPSKICBPEMCHHOMY M HE 3ariaHupoBaHHOMY otkasy ['HO, morepsm Hedtn u
JOTIOJTHUTEIHHBIM PACX0JIaM Ha KalUTAIBHBIN U MOJ36MHBIA PEMOHT CKBAXKHH.

CymiecTByeT TpU  OCHOBHBIX  HAlpaBJICHUS  METOJOB  OOpBOBI  C
OCITOXKHSIONUMHU  (haKTOpaMH: TPEAYNPEKTAONINE METOIbI, METOABl 3allUThl U

MCTO/JbI YIAJICHNA.
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J1J11 MECTOPOXKACHUI Ha MOCIEIHUX CTaIusAX pa3pabOTKU palliOHaIbHO OyAeT
MCMOJIb30BaTh METOJABI 3alllUThl OT KOPPO3WH M COJICOTNIOKECHMH. Yame Bcero
OPUMEHSAEMBIM METOJOM Uil OOpbOBl €  OCIOKHEHUSIMH B  CKBaKHHax,
skciutyatupyembimu Y OLH, siBiisieTcst HHTUOMpOBaHUeE.

OpnHako U1 pa3HBIX MECTOPOXACHUM XapaKTEPHBI Pa3IMYHbIE OTJIOKCHUS
COJIEH, 4TO, B CBOIO OYepe/b, YKa3blBa€T Ha HEOOXOAMMOCTH LIEJIEHANPABIECHHOIO
no/100pa HHTHOUTOpA JIJIsl MECTOPOKICHHH, @ B HEKOTOPBIX CIIy4asiX U JJIsi OTAEIbHBIX
TPy CKBa)KUH WHJMBUIYAJIBHO.

JUiss  Oojee  nETanpHOTO  M3y4eHHUd  OpoOJeMbl B BBIIYCKHOM
KBAIM(PUKALMOHHOMN paboTe ObUIO paccMOTpeHO X HEPTAHOE MECTOPOXKICHHUE.

[enb: AHanu3 mporecca oOpa3oBaHUs COJIEOTVIOKEHHUS U KOppo3uu Ha X
MECTOPOXKJICHUH, BBIOOp ONTUMAIBHBIX MHTHUOUTOPOB W MOJA0Op MOIXOJSIICH
JO3UPOBKHU HHTHOUTOpA.

JUis JAOCTMXKEHHs TOCTaBJIEHHOW 1€l HEOOXOAMMO PEUIUTh CIEIyIOIIHe
3aJlauu:

e  Omnpenenuth Treojaoro-GU3NUECKUe XapaKTEPUCTUKU HUCCIETyEMOIO
00BEKTa;

e Ilpoananu3upoBaTh  MEXaHM3M U  TPUYMHBI  BO3HUKHOBEHHS
COJICOTJIOKEHUI U KOPPO3HH;

e  VYCTaHOBUTH I03UPOBKH U CPAaBHUTH 3P (HEKTUBHOCTH KUAKUX, TBEPABIX U
JETYYUX UHTHOUTOPOB;

e  OmnpenenuTh 3KOHOMHYECKYIO 3(dexktuBHOCTh BHeApenus CYJIP nHa

CKBO)KHMHY W 3aKa4Ky 4epe3 HEero MHruouTopa.
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1 OCOBEHHOCTH IKCIIVIYATALIUHN CKBAXKXHNH B
OCJIOKHEHHBIX YCJIIOBHUSAX HA ITO3THUX CTAAUAX PASPABOTKHA

OTnoxeHust CoJIe MPOUCXOIUT B PE3YIbTATE XUMUYECKUX B3aUMOJICHCTBUH,
B MpOLIECCE KOTOPBIX, Ha CTEHKaX CKBAXUH WU MOJBEMHBIX TpPyO, B HACOCHOM
000OpyZIOBaHUY W HA3EMHBIX KOMMYHHUKAIMSIX CHUCTEMBI cOOpa W MOJATOTOBKH HEPTH
XUMHUYECKHE BEIIeCTBa (COJM) BBINAJAIOT B OCAJOK W3 PacTBOpoB. B pesynbrare
n00bIYHM HE()TH MPOUCXOIUT HACIOCHHUE TBEPABIX OCAJKOB, KOTOPHIC HAKATIIMBAIOTCS
Ha CTEHKaX CKBAKMH U KOMIIPECCOPHBIX TPYO, a Takke B HACOCHOM 000PYI0OBaHUU U
HAa3eMHOM OOOpPYJOBaHUU, TIJ€ MPOUCXOAUT COOP U TOJATOTOBKA CKBAXKUHHOM
NpOAYKIUMU. [ J1aBHAs MpUYMHA TOSBICHUS HEOPTaHUYECKUX COJIEH 3TO — 3aKauka
MOJATOTOBJIIGHHON BOJBI B IUIACT M TOCHEAyoIIas JA00bua He(pTH MOMyTHO C
MHHEPAJIU30BAHHON BOAOM, KOTOpasi HAXOAUTCS B IJIACTE, U MTOATOTOBIECHHOW BOJBIL,
KOTOpYIO 3aKavainu. [lomyTHas Bo/ia COAEPKUT pa3HOE KOJUYECTBO COJIEH, KOTOPHIC B
HEl pacTBOPEHBI. DTOT MapaMeTp XapakTepusyercs: oOleld MUHepaIu3aluen BOJIbI,
KOTOPBIN MOKa3bIBAET COJICPKaHNE PACTBOPEHHBIX COJICH B BOJIE.

Heoprannueckue coneoTaoKeHuss MOTYT 00pa3oBBIBATHCS B Tpex (opmax:
TOHKasi HAaKUIb, pacCclOeHHasl, KpucTajummueckas. [lepBblii TUIT B BUJI€ TOHKOW HAKUIIH
WJTU PBIXJIBIX XJIOMBEB — UMEIOT PBIXJIYIO CTPYKTYPY, TPOHUIIAEMBI U JIETKO YAAISIOTCS.
Bropoii Tun B cnouctoii ¢popme, Takue Kak THIIC, TPEICTaBISAIOT OO0 HECKOJIBKO
CJIO€B KPHUCTAJJIOB, MHOTJIA B BUJIEC MTyYKa JIYYHH, 3aMOJIHSIOIIUX BCE CEUCHUE TPYOHI.
Tpetuii Tun B Kpuctauimueckoi popme, Takue Kak OapuT M aHTUIAPUT, 00pa3yroT
OYEHb TBEPAbIC, INIOTHBIE U HEMPOHUIIAEMBIE OTJIOKEHHUS. BapuT HACTONBKO MJIOTEH U
HEMPOHUIIAEM, YTO C TMOMOIIBI0 XUMHYECKUX OOpabOTOK YyIalluTh €ro CO CTEHOK
000pyI0BaHUS HE TPEICTABIISETCS BO3MOKHBIM.

Bapuarnuu coneit, KoTopble MOTYT BOBHHUKHYTb IPU UCIIOJIH30BAHUU TTyOUHHO-
HacocHoe obopynoBanue ([THO): kapOonatr kameius (CaCOs), cynbdar xaiabims
(CaS0Q,), xapoonar maruust (MgCOs3), xmopucteiii Hatpuii (NaCl), cynabdar Gapus
(BaS0O,), cynasdat crponnms (SrSOy), cynbdun sxenesa (FeS).
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W3 Bcero BBIIENEPEUUCIEHHOTO MOXHO OTMETUTh Cylb(darbl Oapus u
CTPOHIIUS, IOTOMY YTO UX OTJIOKEHUSI CUUTAIOTCA OUYCHb IJIOTHBIMU U TBEPABIMU (pHC.
1.1). Tak xe OHM IUIOXO PACTBOPSIOTCS B pacTBOpUTENsAX. VIMEHHO MOATOMY OHU
BECbMa HEXENATeJbHbl W3 BCEX OPraHMYECKUX W HEOPraHMYECKUX OTJIOKEHHM,
KOTOPbIE MOTYT OBITh OOHAPY>KEHBI ITPU IKCILTyaTallui HEPTAHBIX CKBaXKUH C BHICOKOM

00BOHEHHOCTHIO JOOBIBaEMOi mpoayKiuu [1].

Pucynox 1.1 — Otnoxxeane BaSO4 8 HKT

IIpu noGbrue HepTH HaMOOIBIITYIO OMACHOCTH MPEACTABISIIOT OTIOXKEHUS,
KOTOpbIE BO3HUKAIOT HA PabOYMX YacTsIX M METALTMYECKUX moBepxHocTsIx YII[H.
OOpa3yeMblii Ha CTEHKaxX TBEPAbIA OCAJIOK, TOJIIMHA KOTOPOro 1 MM., MOXKET
HapylaTh TEIJI0OOMEH, 3aKJIMHUBATH SJEKTPOJBHUIaTeNb, Pa3pylIUTh OCh, JTUOO
BBIBECTH HACOC U3 CTPOSI.

B 3anagnoiit CuOupu Ha HEPTIHBIX MECTOPOXKICHUSIX pUMEPHO OKoJio 70%
OTKa30B HACOCHOTO 00OpYyAOBaHHUs MPUXOAUTCS Ha 00pa30BaHUE COJIEOTIIOKEHUN U
3aCOPEHUE MEXAaHWYECKUMH TNPHUMECSIMHU, KOTOpPbIE, B CBOI OYEpEe.lb, SBISIIOTCS
TBEPABIMH OCaJKaMH HEOPraHMYECKHX COJIeH, KOTOpble HE OCEIM Ha CTeHKax
ckBaxuHHOTO 0obOopynoBanusa. B YOIIH cone ornaraercs B ciemyromux padoymx
MecTax: Ha nepBbIX (45%) u nocnenHux cTyneHsx Hacoca (21%), Ha xopmyce [19/1,
ruapo3aniure, B razocenaparope u HKT [2].

['naBHBIC MPUYKHBI OTIOXKEHHS coieit [5]:

1. [lnacToBas BoAa U 3aKkayMBaeMasl BOJia pa3IM4HbI IO COCTaBY.

2. Ilepenackinienue BO/I.
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B nepBomM cityyae npoucxoauT NePEMENIMBAHUE BOJ C PA3JIUYHBIM COCTAaBOM,
B PE3YJBTATE YErO 3TH BOJBI PEArUPYIOT APYT C APYTOM, C TOPHOM MOPOJIOM U MOTYT
00pa3oBBIBaThCS Ocajkd. Bo BTOpoM ciydae MpOMCXOAUT W3MEHEHUE NaBJICHUS U
TemnepaTypsl B oonactu 119/ mo cpaBHEHUIO C MIIACTOBBIMU YCIIOBUSIMU, U B CBSI3U C
ATUMHU U3MEHEHUSMHU TMPOUCXOJUT HCIIAPEHHE BOJIbI, BBIJICJICHUE Ta30B B 00JIACTH
paboTtel morpyxkHoro snektpoasuratens (I19]1), Hambosiee YacTo BBIMAAAOT
KapOOHATHBIE COJIM, KaK MPUMEP MOKHO MPUBECTH KapOOHAT KaJIbIIMSI.

[Tpornecc ycunuBaeTcs a1 KapOoHaTa KaJlblMs IPH CHUKEHUN JABJICHUS HUKE
JIABJICHUS] HACBHIIIEHUS HE(PTH, a TaKK€ NPU TOBBIINICHUU TEMIEPATyphl MOTOKA
n00bIBa€MOM MPOAYKLHMH, BBI3BAHHOM TEIUIOOTAAYEd pabOTaIOMIEro IMOrpyKHOro
o0opy1oBaHUs

1.1 OcHOBHBIE 30HBI COJICOTJIOKCHUN M UX BJHUAHHE HA IKCILIyaTALUIO

CKBaKMH

1.1.1 Ilpu3a6oiinasi 30Ha CKBA:KMHBI M 30HA Nepdopanuu

[Tpu 06pazoBaHNM HEOPTAaHUYECKUX COJICOTIOKEHUH B IPU3aO0MHOM U B 30HE
nepdopalii CHUKAETCs MPUTOK U3 TJIACTa, MOBBIMIAETCS PUCK OTKIIOYEHUSI Hacoca
no 3CII (3amura cpeiBa Mojaauu), NMEperpeBa M OTKa3za JBUTATENs H3-3a CIa00ro
npuToKa. B nmpr3aboitHOM 30HE CKBaXKMHBI JaBJICHHE, BO3ACHCTBYIOINIECE HA )KUJIKOCTD,
UCIIBITHIBACT HamOoJbINe W3MeHeHus. [Ipu sKcrutyaTalid CKBaXKUH C HU3KUM
3a00MHBIM JaBlieHHEeM (HUXKE MABJICHUS HACBIIICHUS) CYHIECTBYET MOTEHIIUAJIbHAS
BO3MOYKHOCTh Hauasa COJICBBIJICJICHUS B IPU3a00ITHOM 30HE €l11e Ha MOXO0E K CTBOJY
CKBQXHHBI, TaM, IJI€ HAYMHAETCS MPOLECC BbIACICHHS Tra3a. OTIOXKEHUE COJIEN B
npu3aboiHONM 30HE MPOOJEMAaTUYHO H3-32 BBICOKOM CKOpocTH MoToka. OpHako,
craTucTuka mocienHux Jjer mo kommannun AQO «TomckHedTh» mOKa3bIBaeT
JIOCTATOYHO OBICTPBIA TEMIT CHM>KEHHS] MMPOHMUIIAEMOCTH MPU3a00HHOM 30HBI TUIacTa
(IT3IT) B xome SKCIUTyaTalldd CKBAXWHBI C HHU3KUM 3a00MHBIM JIaBICHHEM U €€
BOCCTAaHOBJICHUE MPU MPUMEHEHUH COJISHOKUCIOTHBIX 00pabOTOK. DTO B HEKOTOPOIl

CTENEHU TMOATBEPKIAET OTJIOXKEHHE KapOOHATHBIX cCOJied B MNpU3a00HHON 30HE
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CKBaKUHBI. CTOUT OTMETHUTB, YTO B JIFOOOM ClTydae, ”HTEHCUBHOCTH OTNI0XkeHui B [1311

3HAYUTEIILHO HIDKE, YeM B CTBOJIC CKBAKUHBI [5].
1.1.2 OkennyaTanuonHas KojaoHHa (IK)

Camxkaercs BHyTpeHHM nuamerp OK, puck npuxBaTa, MEXaHUYECKHE
MOBPEXACHUA O0OpYIOBaHUS TPU TMPOBEACHUU CITYCKO-TIOJBEMHBIX OIEpaluii
(CIIO). N3menenue naBiieHUs BIMAET HA PACTBOPUMOCTH KapOOHATa KaJbLIMs Yepes
U3MEHEHHE COJIepaHUsl PACTBOPEHHOTO JIUOKCHJA yriepojla B BOJHON (a3e.
CHmwKeHue  JaBlEHUS TMpPU  TNOABEME  CKBAXUHHOM  NPOIYKIMU  BIOJIb
AKCIUTYaTallMOHHOM KOJIOHHBI yMeHbIIaeT cogepxxanue CO2 B BoA€ U paCTBOPUMOCTD
KapOOHaTa KaJIbLIUsl, YTO MPUBOJIUT K €r0 BBINAJEHUIO B 0CaJ0K. Brinenstomuecs u3
YKUJKOCTH Iy3bIPHKU T'a3a B IEPBYIO OUEPEIb BOSHUKAIOT HE B 00bEME KHUIKOCTH, a Ha
MOBEPXHOCTU O00OPYAOBaHUS, YTO MPUBOIUT K CO3AAHHUIO HA MOBEPXHOCTU KOJOHHBI
0JIarONPUATHBIX YCIIOBUN AJI 3aPOKICHUS MUKPOKPUCTAIIIOB cojieil. OOpa3yronmecs
MUKPOKPHUCTAJUIBI  007a1at0T TUAPO(POOHON MOBEPXHOCThIO M Onarogapsi 3TOMY
WHTCHCUBHO NPWIMNAIOT JPYyr K JAPYry M K IIOBEPXHOCTHM KOJIOHHBI. B 30HE
paboTaroIIEero MOrpyKHOTo 3JIEKTPOABUTATENS U3-3a 3aTPYIHEHHOTO TEIJIONEPEHOcCa,
MPOUCXOMUT HArpeB IMOTOKa CKBaxXuHHOTO (mronma. Kak moka3biBaeT pacuer,
MOBBIIIEHUE TEMIIEPATYPhl OTOKA B 3aBUCUMOCTH OT J1I€0UTa CKBAXKUHBI IPOUCXOAUT
Ha 4-15 °C. Tak Kak ¢ POCTOM TeMIIEPaTyphl CHIYKAETCS PACTBOPHMOCThL KapOoHaTa
KJIbIUS, TO A3TO NPUBOAUT K OTIOKEHUIO BBINABIICH COJMM HAa TOBEPXHOCTH
norpyxHoro snektpoasuratens (I19/]). Ha MHOrumx cCkBakMHaX COJICOTIIONKEHUS
BbI3bIBalOT npuxBaT YOIIH B pailoHe snekTpoaBUraTensi, B pe3yibTaTe 4YEro

BO3HHKAET PHCK MOBPEKICHUS U MMOJIET 000pyA0BaHUs Ha 3a00H [5].
1.1.3 IToBepxHocTH padounx opranos 'HO

Camwxaercsa kodpduruent nonesnoro neicteus (KIIJI) nacoca, mpoucxoaut
Jierpajialys HAamoOPHO-PACXO0IHBIX XapakTepucTuk Y DIH, 3akimruHMBaHuUE U CIIOM Basia.
[IpyurHAMM WMHTEHCHMBHOIO OTJIOKEHMsSI KapOoHaTa Kaiblus Ha Kojecax YOIH,

ABJAICTCA MOBBIIICHUC TCMIICPATYPHBI ITOTOKA I[06BIBaeMOﬁ IIPpOAYKIIMN H3-3a
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TEIUIOOTA4YH OT PabOTAIOIIEr0 MOTPYKHOTO IEKTPOABUTaTENS U BbIJCIIEHUE Ta3a Ha
HKHUX cTyneHsx YOIIH. OTioxeHust B 3TOl 30HE MOTYT HNPUBECTU K BBIXOJY U3

CTPOsI IOPOTOCTOSIIETO HacocHOTo 00opymoBanus (puc. 1.2) [5].

PI/ICYHOK 1.2 — OTnosxkeHue cojiek Ha CTYIICHAX 3JI€KTpOHCHTpO6e)KHBIX HaCcoCOB

1.1.4 HKT, nazeMHble KOMMYHUKALIMHU

[Tobimarorcst norepu Hanopa YOI[H Ha TpeHuwe npu nmoabemMe CKBaXKMHHOU
KUJKOCTH, YBEIUYUBAIOTCA MPOTUBOAABIEHUS Ha ycThe. CHuxkaercs kna YOIH u
pacTyT yJAeNbHbIC 3aTpaThl Ha MOBEM OJIHY TOHHY He(dTU. COJeoTIOXKEHHE KpailHe
HETaTUBHO BIIMSIET Ha 0€30MacHOCTh KCITyaTallid Ha3eMHBIX TPyOornpoBooB. OHO
BBI3BIBACT YCWJICHHE JIOKAJbHOW KOPPO3WM MeTajuia TpyO, YTO TPHBOAUT K HX
YCKOPEHHOMY pPa3pyIICHHIO, COMIPOBOXKIAOIIEMYCS pa3IuBaMu HEPTH, U aBapUHHOMY

OCTAHOBKH CKBaXHH. [5]
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1.2 Koppo3usi kak pe3yJbTaT Bo3aeiicTBusl coJieil. Ee BiusiHue Ha

MnoA3€MHOC 1 HA3CMHOC OﬁopyszaHne

Koppo3us Merasuia — CIIOHTaHHOE pa3pyLIEHUE METAJUIOB M3-3a XUMHUYECKOIO
WJIU DJIEKTPOXMMHUYECKOTIO B3aMOJEHUCTBUS UX C BHEIIHEN cpenou. [Ipu nossieHnn
p’KaBUMHBI Ha CIUIaBaxX TPyO, MOTPYKEHHBIX B CKBAKMHBI, COBEPILAETCS HE TOJIBKO
IIOTEPS. MX MAacChl, HO TAaKXE W HEMOCPEACTBEHHO COKpPAIlICHHE MEXaHUYECKOU
IIPOYHOCTH, INIACTHYHOCTH U MHBIX CBOWCTB [5].

MO>XHO OTMETHUTH 3 MOKA3aTENsl, XapaKTEPU3YIOLUX KOPPO3HUIO:

e  OKHMCIUTEIBbHO-BOCCTAHOBUTEIBHBIN IPOLIECC;

e CaMOnpOM3BOJIBHBIN IPOLIECC, KOTOPBI BOZHUKAET HEMOCPEICTBEHHO 10
IIPUYMHE HEYCTOMYMBOCTH TEPMOJNHAMUYECKON CUCTEMBI;

e IIponecc, pazBuBaronuicsa Ha IOBEPXHOCTU METAILIA.

B ckBakMHEe KOHTAKT BOJIOTa30HEPTIHON CMECH U MOJ3EMHOI0 000PYI0BaHUS
MOKET XapaKTepU30BaThCs 00IIEH WK JTOKaJIbHOU Koppo3ueil. [Ipu oOiel koppo3uu,
KOppO3Usl pearupyer CO BCEH MOBEPXHOCTBIO METaula WIM II0 yacTh. Bo BTOpOM
ClIy4yae, KOTOpasi BO3HUKAET Yallle BCEro, MPOUCXOIUT MOPAKEHUE METAJIa TOUECUHO.
[Tpu TakoM BuAEe MNPUCYTCTBYIOT CKBO3HBIE nedekThl. Bo Bpems skcmiyarauuu
rIyOMHHOTO O00OPYAOBAaHHS OTJIMYAIOT CIEAYIOIIME Pa3HOBUAHOCTH MECTHOU
KOpPPO3UH:

e CruioniHas paBHOMEpHasl KOppo3us;

e [loBepXHOCTHAsI HEpABHOMEPHAasA KOPPO3Hs;

e Koppo3sus nsatHamu;

e SI3BeHHas KOppo3us,;

Toueuynas koppo3us;

XUMHUYECKasT KOPPO3HUSL.

Koppo3uiiHas arpecCMBHOCTh IIJIACTOBOM  KHUJIKOCTA HEMOCPEICTBEHHO
XapakTepU3yeTCcsl MNPUCYTCTBHEM, a TaKXKE CTENEHBIO OCJIOXKHSIOINX YCIOBUU.
YpOBEHb BO3AEUCTBUS JAHHBIX YCIOBUM 3aBUCUT OT TEMIIEpATypbl, IaBJICHUS,
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CKOpPOCTH  TIepeMenieHus  (Quirouga, MHHEpPAIu3allid  BOJABI,  PHUCYTCTBHUS
MEXaHUYECKUX MpruMeceid. MOKHO BBIIETUTH MPUCYTCTBUE arpECCUBHBIX Ta30B TAKUX
KaK: TUOKCHU]I YIJIepoa, KUCIOpO, cepoBoopo. [Ipu yBenuueHun ux coaepkaHus
OyZeT yBeTuIMBaThCSI CKOPOCTh KOPPO3HH COOTBETCTBEHHO. [IpucyrcTBue OakTepuid
B IJTACTOBOM KHUJKOCTH COJIEHCTBYET YBEIIMUECHUIO CKOPOCTH KOPPO3HUHU.

Koppo3uss mnoapaszpensercs corjiacHO YPOBHIO BO3ACHCTBUS Ha HHUX
KOPPO3HOHHO-arPECCUBHBIX Ta30B, HEMTOCPEICTBEHHO TAKUX KaK:

e VYTIIEKUCIIOTHAs KOPPO3HUS — BBICOKOE COJIEp)KaHUE B Ta305KUJIKOCTHOMN
CMECH YTJIIEKHUCIIOTO Ta3a,;

e CepoBomOpOIHAS KOPPO3US — BBICOKOE COACpP)KAHWE B Ta30’KHIKOCTHOMN
CMECH CEpOBOJIOPOAA,;

o KucnopoaHasi KOppo3usi — BHICOKOE COJIepKaHUE B Ta305KUIKOCTHOM CMECH

KHUCJIOpOoaa.

1.2.1 OO06aacTd KOpPPO3UOHHBLIX [Je(PpeKTOB M HUX BO3JACHCTBHE HA

IKCIUTyaTaluuro

[Ipy BO3HUKHOBEHUHM KOPPO3UH Ha KOPITYCE MOrPY>KHOTO 3JIEKTPOABUTATES
(I 1) (puc. 1.3, a), rugposammre (puc. 1.3, 6), kabenpHoM nuHMK (puc. 1.3, B)
OPOUCXOAUT pasrepMeTU3alys M OTKa3 IMOTPYKHOTO BJIEKTPOABUTATENS U3-3a

HapylmCcHUA U30JIANN.

Pucynok 1.3 — Otka3 [I31: a — xoppo3sus [I9/]; 6 — pazrepmeTr3anus TupO3aluThl;

B — KOppo3usi OpoHU Kabes
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[Ipn BO3HMKHOBEHHH KOPPO3UMHM Ha pabOUYUX Kojecax MPOUCXOAUT H3HOC
pabounx Kozec, 61aronaps KOpPO3UOHHBIM MPOIECCaM, BO3MOXHO UX pa3pyIICHHUE.

BcenenctBue 3TOro npoucxoauT NoTepst HAIOPHO-PACXOHBIX Xapakrepuctuk Y OI[H

(puc. 1.4).

Pucynok 1.4 — Koppo3sus paboueil crynenu

HpI/I BO3HUKHOBCHHUHU KOPPO3HUHU HAa MCTAJNIMYCCKHUX CTCHKaX HKT IIPOUCXOIUT

noteps noaauu, u3-3a Herepmernunoctd HKT, tak ke Bo3moxeH oopsiB HKT (puc.

1.5).

Pucynok 1.5 — Kopposus HKT
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IIpy BO3HMKHOBEHNH KOPPO3MM HA BHYTPEHHUX CTEHKAaX JKCIUIyaTalMOHHOMN
KOJIOHHBI TPOUCXOJUT OOBOJHEHHE CKBAKMHHOM MPOAYKIIHH, TaK K€ BO3MOXKHA

Pa3rcpmMeTU3aud BKCHHyaTaHHOHHOﬁ KOJIOHHBEI.

1.3 MeToabl ¥ TeXHOJIOTHH GOPHLOBI € COJIEOTIOKEHUSIMHI

B Hacrosimiee Bpemsi HMCHOJB3YIOT CIEAYIOIIME METOAbl 1Mo Ooprde ¢
COJICOTIIOKEHUSAMH [5]:

* Texuonornueckue (IPUMEHEHUE BOJl, COBMECTUMBIX C ILJIACTOBBIMH,
OrpaHUYEeHHE IPUTOKA BOJABI B JOOBIBAIOIIMX CKBAaXUHAX, Pa3/ieabHbIi 0TOOp U cOOp
KUJIKOCTH U T.]I.).

*  dusuyeckue (MPUMEHEHUE MAarHUTHBIX, JIEKTPUUECKUX U aKyCTHUYECKUX
noJsieit 1Jist 00paboTKu JOOBIBAEMOM KUAKOCTH).

» Xwumudeckue (pa3nuyHbIe BapHAHTHl HMHTUOMPOBAHUS, KHCIIOTHBIC
00paboTKH 1 00pabOTKU PACTBOPUTEIISIMU).

* lcnonp30BaHHE 3alIMTHOTO TOKPBITUS TMOBEPXHOCTH OOOPYIOBaHUSA
MaTepuajgaMy C HU3KOW aAre3ueu K COJIsIM.

Tak »xe Meroabl HENATCS Ha NPEeaylnpekIarollye, 3alllUTHBIE U METOJbI
YAAJIEHUS OTJIOKECHUMU.

Huke paccMOTpEHBI paclpOCTpaHEHHbIE TEXHOJOTHH, UX NPEUMYILECTBA U
HEJIOCTATKHU.

o Jlocmoannoe Oo3uposanue UHCUOUMOPA  COJICOMIIONCEHUN 8
3ampyonoe NpPOCMPAHCMEO  CKBAXNCUHBL Uepe3  CKBANCUHHYIO  YCHIAHOGKY
003Upo6anus peazenma.

['maBHasi 0COOEHHOCTH, UTO PEAareHT MOCTOSHHO MOCTYNAET B CKBAXUHY Yepe3
MIOBEPXHOCTHYIO YCTaHOBKY. M3-3a pa3HOCTH IUIOTHOCTEW W CHIIBI TSYKECTU PEAreHT
MOCTYIaeT Ha npueM Hacoca. Ho TexHonorus He cnumkom 3 ¢GeKTuBHA MPU BHICOKUX
nedurax Gomee 300 M%/cyT, Tak Kak IPOMCXOAUT OBICTPHIA BHIHOC pearcHTa. JTa
TEXHOJIOTHUSI CYUTAETCSl BHICOKOI(PPEKTUBHBIM TpU 100bIue HedTH. Ho HemocTaTkoM

ABJIIETCS TO, YTO MPH 3aKaUKe peareHTa, OH He 3aluiiaeT npru3aboiHyo 30HY, 3200
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ckBaxunbl U [ID]]. [Ipon3BoauTh 3aKayKy peareHTa CieayeT B TOM Ciydae, €Clid
OTJIOJKEHUS COJIEW MPOUCXOINUT HE CIUILIKOM MHTEHCHUBHO.

e Ilocmoannoe O0o3upoéanue UHCUOUMOPA  CONEOMIIONCEHUIL 6
3ampyOHoe HPOCMPAHCMEO  CKGANCUHbBL Yepe3  CKEANCUHHYI0O  YCHAHOGKY
003UPOBAHUA PeazeHma NO UMNYJIbCHOU mpyoKe.

Ota TexHojorus cuutaercs d3pPexkTuBHEN mpeabyero Meroaa. binaronaps
UMITYJIbCHOW TPYOKe, KOTOopas MmojgaéT WHTHOMTOp Ha TpHEM HAacoca M HHTEpPBAI
nepdopanuu, TaHHBINH croco0 OOphOBI 3amMUIAeT MPU3a00NHYI0 30HY CKBAKUHBI,
YMEHBIIasi PUCK YMEHBIIICHUS! PUIbTPALIMOHHO-EMKOCTHBIX CBOMCTB. 3amuinaet [13]]
U, KaK CJICICTBUE, PUCK ITPUXBATa MPU CITyCKO-TIOABEMHBIX Oeparusix. A Takxke 0osee
s dexTrBHO Bo3AcHCTBYeT Ha paboune opranbl Y IIH. EquHcTBEeHHBIM HETOCTAaTKOM
JTAHHOM TEXHOJOTHM SIBJISIETCS YBEJIWYCHUS KAIUTAIOBJIOXKEHUUA IPU PEMOHTE HU
MOHTa)X€ MMIYJbCHOW TpyOKH. TeXHOJIOTHS MOJayu MPOUCXOJUT CIIECIYIOIIUM
obopazom (puc. 1.6): [lo CKBaXXMHHOMY KamWUIApHOMY TpyoOomposoay (5),
3aKperieHHOMY Ha BHemHer noBepxHocTd HKT, xumudecknil peareHT nocTynaeT B
KJIanaH-pacusuiuTeNb (7), mepes KOTOPhIM YCTaHOBIIEH MpOTEKTONai3ep (6) ms
3alllMTHl TUTAIONIEro Kabens M KamwuisapHOro TpyoOompoBoaa. [Ipu BeiOpaHHOM
croco0e JO3UPOBAHMS XMMUYECKUIN PeareHT NnocTynaeT Ha npuemMHyto cetky Y OI[H.
Pacxon pearenta MokeT ObITh 3HAUUTEIBLHO CHUYKEH, 10 CPABHEHUIO C TPATUITMOHHON
nojayeid B 3aTpyOHOE MPOCTPAHCTBO CKBaXKMHBI. HazemHoe o00opynoBaHue
MPEACTaBICHO JO03UPOBOYHOM ycTaHOBKOHM (1), HazeMHBIM TpyOompoBoaoM (2), u

YCTPOMCTBOM BBOJIa KaMMJIIIPHOTO TPYOOIIPOBO/IA B YCThEBYIO apmatypy (3 wiu 4)

[12]
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Pucynox 1.6 — Ilomaya XxumMuueckoro peareHTa B MpUEMHYIO CETKY MTyOMHHOTO
ANEKTPOLIEHTPOOEIKHOTO Hacoca

e  Texnonozus nepuoouuecKkozo 003UpPO6anUs uHZUOUmMOpa
COJ1eOMII0HCEHUIL 8 3amPYOHOe NPOCMPAHCHBO CKEAMCUHDL

B nacTosimiee BpeMs 3Ta TEXHOJIOTHS TMOJy4YWsia OOMIMPHOE MPUMEHEHHE 3a
CYET TOTO, YTO MPOUCXOJIUT MPOUCXOAAT OJHOPA3ZOBbIE 3aKAUKH MMaueK UHTHMOUTOpa B
3aTpyOHOE MPOCTPAHCTBO C PA3IMYHON MEPUOAUYHOCTHIO, caMma K€ MEPUOJUIHOCTD
3aBUCUT OT MPOU3BOAUTEILHOCTH CKBAXKHUHBI. J[aHHYIO TEXHOJOTHUIO MPUMEHSIOT Ha
CKB&XHMHAX C HEBBICOKOW TMPOU3BOJUTEIBHOCTBIO, O3TOT (AaKTOp HE JaeT
MOMEHTAJIBHOTO BBIHOCA BCETO 3aKauMBaeMoro peareHTa. OCHOBHBIE JIOCTOMHCTBA
TEXHOJIOTHM: 3alllTa OCHOBHBIX 30H COJIEOTJIOKEHHA Takux kak OK, HacocHoe
ooopynoanue, HKT, mnHapyxkHoe o0opynoBaHue; HET HEOOXOAUMOCTH B
JIOTIOJITHUTEILHOM O0OpYJOBAaHMM B €ro MOHTaxke M oOciyxuBaHuu. Hemocratku
JTAHHOM TEXHOJIOTMH: HETIOCTOSHHBIN PacXoj] MHTHOMTOPA U MOBBIICHHBIH pacxo [8].

e  3aodaska unzubumopa coneomiaoMHceHull ¢ naacm noo 0ae1eHuem

JlaHHast TEXHOJIOTHS MTPEANOaraeT 3aJJaBKy peareHTa B Ty 30HY IJ1acTa, IJie OH
yaepxkuBaercs. M modToMy B 30HE TJie OH YACPKHUBACTCS, TaM IPOUCXOIUT

bunbTpanys KUJIKOCTA W U3-3a 3TOr0 WHTHOWTOP HAUYMHAET JEHCTBOBATh, TO €CTh
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IpenoTBpallaTh OTI0KeHUs coneld. He a3pekTHBHO MPUMEHSTh JaHHYIO TEXHOJIOTHIO
IIPU HCHOJB30BAHUHM HACOCOB BBICOKON MOIIHOCTH, TaK KaK MPOU30MIET OBICTPBIN
BBIHOC 33JIaBJICHHOTO peareHTa. JIoCTOMHCTBAa JAHHOM TEXHOJOTHH: MPEIOCTABIISIET
samuty OK, HacocHomy, HazemMHOoMY oOopynoBanuto, HKT. Henocrarkamu nanHoit
TEXHOJIOTUH SIBJISIIOTCS: 0053aTeIbHOCTD 33JJaBIMBAHUS PeareHTa B yJaJIeHHBIC 30HBI
IUIacTa, TPYAHOCTHU C IMOCJICAYIOIIMM BBIBOJIOM CKBaXKMHBI Ha pexuM [8].

o Ilozpyscnoi CKGAMCUHHDBL KOHmeitnep c UHSUOUMOPOM
CON1eOMI0MHCEHUT

CyTp [aHHOM TEXHOJOTHM 3aKJII04aeTcs B TOM, 4YTO MPUCYTCTBYIOT
cnenuanbHble nepopUpOBaHHBIE TPYOKH, KOTOPHIE B CBOIO OYEpPEb HAIOJIHEHBI
peareHToOM U JO3UPOBKA IPOUCXOAUT C 3aJJaHHOW CKOPOCTBIO, 32 CUET YEro pearcHT
nocTynaer B J0ObIBaeMblii  (urous oOecrieurBasi HYXKHYIO KOHIEHTPAIUIO.
[lorpy>KHOM CKBa)XMHHBIM KOHTEMHEP NPUCOEAMHACTCS K HWKHEHW YacTH Hacoca.
OrpaHnuyeHue Ha €ro yCTaHOBKY BO3MOYKHO TOJIBKO IIPM TOM, YTO MAaKCHUMAaJbHas
Harpy3ka Ha KOJIOHHY HE BblaepkuBaeT. [IpenmyiiecTBa NaHHOW TEXHOJIOTHMU: HE
HY>KHO OOCITY»KMBaTh pa3IU4HbIC JO3UPYIOIINE YCTAHOBKU; IPUCYTCTBUE pearcHTa B
noObiBaeMOM  (uIIOMJIe B TEYEHMU JIUTENIbHOTO BpeMeHu. HenmocraTtku naHHOM
TEXHOJIOTUH: CJOKHOCTh BBIOOpa TOYHOM JO3MPOBKH pEareHtra; HeoO0XOAUMO
3HAYNTEIBPHOE KOJIMYECTBO BPEMEHM HA 3alpaBKy IOIPY>KHOTO CKBaKMHHOIO
KOHTEHHEpa; €cTh pHUCK OBICTPOrOo BBIHOCA peareHTa, 3a CYeT BBICOKOM

IMPOU3BOAUTCIBHOCTH HACOCa.

e  Kancynupoeannviit uncubumop coneommnodiceHull, pasmeuieHHbvlil 6
3YMAG) CKEANHCUHDL

OcHoOBHas cyThb pabOThI COCTOUT B TOM, YTO PEareHT pacroyiaraeTcs B BUJE
Karicyn B 3ymrnde. brnarogaps 3Tomy nmpoucXOIUT MOCTOSHHBIA BBIHOC pearenta. Ho
BO3MOXXHBl TMOTEPU KalCyld, M3-32 TOrO, 4YTO KamCyJbl MOTLYT HOKPBIThCS
MexaHndeckuMu npumecsmu [10].

e  AKycmuuecKuii uziyuameisp

YcTaHOBKAa  CHENUAIBHOIO  M3Jydaresis C  LEIbl0  NPEAOTBPALLICHUS

KpUCTaJUIM3alK coJiek. JlaHHasi TEXHOJOTHUSI UMEET CHOKHYI0 KOHCTPYKIMIO U HE
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HEUTpaM3yeT 0O0pa3oBaHUsS COJICH, a BCEro JUIIh NMEPEHOCUT BpeMs OOpa30BaHMS
[10].

e  Maznummnosie uHOyKmopbol

JlaHHasi TEXHOJIOTMSI OCHOBaHAa Ha BO3JCHCTBUM MAarHUTHOTO  TIOJIA,
CJIEIOBATEIBLHO, Y COJICH MEHSIOTCSI CTPYKTYPhI, 1 OHU HE OCAKIAIOTCS, & BRIHOCSTCS
KaK MEJIKOJIUCTIEPCHBIE YaCTUIIBI BMECTE C PIIIOMAOM. Y TaHHOW TEXHOJOTUHU IIPOCTast
KOHCTPYKITUS, HO TIPH 3TOM J0OBIBAEMYIO MPOAYKIIMIO HEOOXOAMMO 00pabaThiBaTh,
TaK KaK TEXHOJOTHS HE NPEIOTBpalIaeT oO0pa3oBaHWE COJIEH, CIIEIOBAaTEIhHO €€
3bexTUBHOCT, CcHUXkaeTcs. To ecTh TPOUCXONAT OTJIOKEHHUS COJied B
TpyOOIpOBOJAX.

B cnydae BBICOKON HMHTEHCUBHOCTH COJICOTJIOKEHHM U HEBO3MOKHOCTHU
pelieHus mpoOJieMbl OJIHUM U3 METOJIOB MCIOJb3yeTcsl KoMmIuiekcHas 3ammurta ['HO
i ycwtenus s¢dexra [10].

1.4 O0630p MeTO10B MPEIOTBPALLIEHUS OTJI0KEHUI coJleil 1 KOPPO3UH
CKBAKMHHOT0 000PY/10BAHMS

[Ipeaymnpexaaroniye METo bl MOJHOCTHIO UCKITIOYAIOT WM CBOAST K MUHUMYM
OCIIOXKHSIIOIME (PaKTOPhI, OJHAKO 3TU METOJbI HEOOXOIUMO MPUMEHATHh Ha CTaJUU
peanu3ai CUCTEMBbl pa3pabOTKA MeCTOpOokaeHus. [ 3Toro HeoOX0IUMO HMETh
MOJIHYI0O MH(POPMAIIMIO O TEOJOTUHM MECTOPOXKIeHHUs (cocTaB mopon u ¢iarouaa),
pa3pabOTKH MECTOPOXKIACHHS, BHITIOJHUTh aHAIN3 MPUYUH BO3MOXKHBIX ITPOSIBICHHM
OCITOKHSIONUX (PAaKTOPOB M WX XapaKTep, JaTh MPOTHO3HYIO OIEHKY HEraTHBHOTO
BIIUSIHUS OCJIOKHSIOMIMX (PAKTOPOB HA JKCIUTyaTallMI0 MEXaHU3WpOBaHHOTO (oHA
CKB)KHH.

MeToapl TpenynpekIeHUs CONCOTIOKEHNS:

[ToaroToBka u UCIIOJIb30BaHUE TUTST 3aKavYKu B 1acT
BBICOKOMUHEPAJIM30BAHHBIX BOJI, COBMECTHMBIX C IUTACTOBBIMU. [lpm 3TOM
MPENOTBPAIICHUE COJICOTJIOKEHUSI TMPOWCXOAUT 3a CUET HUCKIIOYCHHUS WM
OTpaHUYCHHS BO3MOXKHOCTH CMEIIICHUS XMMHYECKH HECOBMECTHMBIX BOJ. PerieHne
npoOiaemMbl OOBOJTHEHUS MPOIYKIIMUA CKBOXXHHBI 3aKJIIIOYACTCSI B HCIOIH30BaHUU

KOMILICKCA CpCACTB U MCTOAOB IJIA p3306IHeHI/I$I IUIACTOB B IIPOLICCCC CTPOUTCIILCTBA
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CKBOXKUH W OTKJIIOYEHHs] OOBOJHMBILIKXCS MPOIUIACTKOB, OTPAaHUYECHUS IPUTOKA
IUTACTOBBIX BOJ K JOOBIBAIOIIMM CKBOXWHAM W WX JBWKCHHS B TIPOMBITHIX
JIPEHUPYEMBIX ~ 30HAaX  NOPOAYKTUBHOro  1iacta.  CeleKTUBHAas — M30JIALIUS
OOBOJHUBILIMXCSI  MPOCJOEB  JAeT 3HAYUTENbHBIM A((PEeKT 1Mo  CHIKEHUIO
WHTEHCUBHOCTU  COJICOTJIOKeHUs. Ha  celekTuBHON  OCHOBE  pa3paboTaHO
3HAYUTEIHbHOE KOJIMYECTBO BOJIOM3OISIIMOHHBIX MaTepruaoB. OTHAKO HE CYIIECTBYET
OOIIETIPU3HAHHBIX KPUTEPUEB MO UX MOJ00PY U OLIEHKE 00JacTH UX 3PPEKTUBHOTO
MPUMEHEHUSI C YYETOM OCOOEHHOCTEH 3KCIUTyaTallud OObEeKTa M CBOMCTB HE(TH B
3anexxn. He yuuThIBaeTcs HECOBMECTHUMOCTh MPHUMEHSEMBIX  HM30JUPYIOIINX
MaTEepUajoB C PA3IUYHBIMU BUAAMH XUMUYECKOTO BO3JICHCTBUS HA IJIacT (HampuMmep,
C UEJBI0 TOBBIIEHUS HEPTEOTNAYM W HMHTCHCU(PUKAIUKU JOO0BIYM HEPTH U JIp.).
Henocratku »53TOro cmoco0a CONpsDKEHBI CO  3HAYUTENBHBIMH 3aTpaTaMu U
CJIO)KHOCTBIO €r0 peaju3aluu. JTO UCKIIOYAeT WM B 3HAYUTENILHOM Mepe CHHKAeT
MHTEHCUBHOCTh OOPAa30BaHMsI OTJIO)KEHUI HEOPTraHUYECKUX COJIEH.

M3MeHeHre MOHHOTO COCTaBa 3aKauMBaeMOM BOJIBI MO3BOJIMIO MHOTOKPATHO
YMEHBIINTh KAalHUTaJOBJIOKEHUE Ha peanu3auuto TtexHojoruu. CyTb Merona
3aKJII0OYAeTCs B YHAJICHWW Cylb(aT HMOHOB W3 3aKauyMBaeMOW B TUIACT BOJIBI,
UCIIOJIb30BaHUE BOJI U3 BOJIOHOCHOTO TOPU30HTA, 3aKayKa MOJITOBAPHOI BOJIBI.

[TonGop pexuma pabOT CKBaXHWH B JMarna3oHe 3a00HMHOTO JaBICHUS U
TeMrnepaTrypbl BechbMa dPQPEKTUBHBIN METO MPH OOJBIINX TUIACTOBBIX JABICHUSIX U
HEBBICOKHX IIJIACTOBBIX TeMIlepaTypax. DTOT MeTol 3(PPEeKTUBEH ISl «MOJOIBIX»
MECTOPOXKICHHUIA U CIIOKEH peali3aliy JJIsl MECTOPOXKACHUN Ha MOCIECIHIX CTAIMIX
pa3paboTku. J{Jist 5TUX MECTOPOKIEHUH XapaKTePHBI HEBBICOKHE IIACTOBBIE JABJICHUS
U JIepKaTh 3a00MHbIC JaBJICHUS BBIIIE aBJICHUS HACBIIIEHUE HELEeIecO00pa3Ho, TakK
KaK yYMEHBIIaeTcs JENpecchs Ha IUTacT W, Kak CIEACTBHE, NMPUTOK K CKBAKHHE.
Cutyanusi MOXET OCJOXKHSATBCS BBICOKOW IUIACTOBOM — Temmeparypoil. s
HEJIOMYIICHUS TIPEBhIICHHEe Temmeparypbl [13]] Bbie KpUTHYECKOH HEOOXOAMMO
NEPEBOIUT CKBAXKUHY B YCIOBHO-MOCTOSHHBIN pexkum (YIIP), uto B cBOIO oyepenb
BJI€YeT 3a coboi morepu A00bYM HepTH. Takke MOTYT BO3HUKHYTH MPOOJIEMBI C

BBIBOJIOM CKBaXMH Ha pexuM (BHP) mocime pemonta. BbiBom Takux CKBa)KUH
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HE0OXOAMMO TIPOM3BOANUTH B pekume YIIP, B CBSI3W ¢ 3THM 3aIlyCK CKBaKHHBI TI0
dboHay mepeHocuTcs Ha 0oJjiee TO3AHUE CPOKH, UYTO TAKXKE BICYET MOTEPU JAOOBIUN
HeTH.

3amura 'HO MeTonoM 3akauku MHTHOUTOpA COJIEOTIIONKEHUN YEepe3 CUCTEMY
MOJAJIEP)KKM TIJIACTOBOIO  JIaBJIEHUs. 3aKayka HWHTUOMTOpa B HArHETAaTENbHYIO
CKBOKHMHY MPOJOJIKACTCS B TEUECHUE MECsIa €KEIHEBHO WIM Yepe3 JIeHb MayKaMu
pactBopa 00beMoM B 6 M3, TlnacT paGoTaeT Kak OCPEeIHUTEIbHAS EMKOCTh OOJIBIIMX
pa3MepoB, MOITOMY KOHIIEHTpallMs WHTHOUTOpPA, MOCTYIMAIOMIETO B JIOOBIBAIOIIYIO
CKBXMHY, HE3aBUCHMO OT 3aJllIOBOTO PEKMMa 3aKauku OoJiee-MEHee MOCTOSHHA.
3akauynMBaeMbIii B TUIACT MHTUOWUTOP YaCTUYHO aacOpOMpyeTcs Ha IMOBEPXHOCTH
MOpPOJbl, YAaCTHYHO YHOCUTCS ITOTOKOM IUIACTOBBIX (DIIIOMIOB B 30HBI ILIACTA,
HECKJIOHHBIE K COJICOTI0KeHUI0. C y4eTOM 001X MOTEPh MHTUOUTOPA Ha aICOPOIIHIO
¥ YHOC B yJIaJICHHBIE 30HbI, 00beM HHTHUOUTOPA JUIsl 3aKauyKu OepeTcst B JIBa — MATh pa3
BBIIIE TPeOyeMoro JiIsi TOJICPKaHUs YCIOBUN MHTMOMPOBAHUS B COJICOTIIATAIONINX
CKB)KHHAX.

AncopOupoBaHHBIN Ha MOPO/IE TIACTa HHTUOUTOP MOCTENEHHO JIecopOupyeTcs
C TIOBEPXHOCTH TOPO/IbI M TIOCTYTIAET B IOOBIBAIOIIYIO CKBOKHHY.

3akaunmBaeMas B TUIACT BOJa MOXXET JIOCTHTATh JIOOBIBAIOIIEH CKBAKUHBI IO
HanOoJiee MPOHUIIAEMBIM TPOIIACTKAM B TE€UEHHE MPUOIM3UTEIBHO MEPBBIX JIECATU
JHEH ToCIe 3aKavKHu (711 KaKIO0TO M3 YJ4aCTKOB CKOPOCTh MPOJABUKCHUS JKHIKOCTH
WHIUBUyallbHA). PeabHyI0 CKOPOCTh MPOABUKEHUS KUJIKOCTH OMPENCIISIOT B X0/
3aKa4K{d TPACCUPYIONMINX BEIMIECTB (MHAMKATOPHBIC 3aKavku). Bciem 3a mepBbIM
MOCTYIIJICHUEM WHTHOWTOpAa K CKBXMHE MOIXOIUT OCHOBHOW (DPOHT 3aKaunBacMOU
BOJIBI C JIeCOPOMPOBaHHBIM UHTHOUTOpPOM. [locTymieHrne HruouTOpa MPOI0JKASTCS
B TeueHue 4—6 MecsieB ¢ MOMEHTa Havayia padoT. JIOCTOMHCTBOM JaHHOTO METojAa
SIBJISTFOTCSI 3aIllMTa BCEX YETHIPEX 30H COJICOTIOKEHUS, HU3KUE DKCILTyaTallMOHHBIC
pacxojpl, 3allWTa IIeJI0N TPYMIBl COJEOTIararonmx CkBaxxuH. Hemgocrtatkamu xe
OOJBINION PacxoJl WHTHOWTOpPA, HEBO3MOXXHOCTH IPOBEACHHS TOATOTOBHTEIIBLHBIX
paboT cpa3dy Ha BCeX CKBOXKHMHAX YYacTKa, YTO CHIKaeT 3(PhEeKTUBHOCTD

I/IHFI/I6I/Ip0BaHI/I${, OI'paHUYCHHEIC YCIIOBUA IMPUMCHCHUSA — 3KOHOMHYECCKas
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1EJIeCO00Pa3HOCTh TOJBKO B 30HAaX TPYMIOBOTO pPa3MEHICHUS COJIEOTIararolux
CKBQ)KHH.

Cucrembl OJHOBPEMEHHO-pa3eibHON 3KcIuTyaTanuu (OPD) u on1HOBpeMeHHO-
pasnenpHoU 3akauku (OP3) BcTpedaroTcsi TOBOJIBHO PEIKO, CBA3aHO ATO C OOJIBIION
METANIOEMKOCTBIO M 3HAYWTENBHBIMU KalUTAIOBIOXKEHUSAMHU. [lepBoHavambHOE
Ha3HAYCHHE JAHHBIX CUCTEM SIBJIICTCS 00ECIIeUeHNEe PEeTyITUPOBaCHUs pabOThI O THOTO
macta 0e3 HapymieHus pexxkuma apyroro. ITostomy umcmons3oBanme OPD u OP3
SBIISIIOTCS KOCBEHHBIM METOJIOM OOpBOBI C OTJIOXKEHHEM COJeH B CKBOKWHHOM
000py1I0BaHUM.

Yrto ke KacaeTcsi METOJIOB MPEIyNpPEKICHNUS KOPPO3ZHOHHON aKTUBHOCTH, TO
OHHM BO MHOT'OM CXOKH C METOJaMH MPETyHPEKICHUS BITIAICHUS COJICH:

- TMPaBWIBHBIN BBIOOP MCTOYHMKA M OpTaHU3AIMs MOATOTOBKH BOJIOCHAOKCHHUS
JUISL CHUCTEMBbI TOJIEp)KaHUsl TUIACTOBOTO JaBJICHMs (3aKauyka BOJBI U3
BOJIOHOCHOTO TOPU30HTA, 3aKauKa IMOJTOBAPHOU BOIbI, 00€CKUCIOPOKUBAHUE);

- MpeaynpexacHHUE CMEITUBAHUS Pa3IMIHBIX THTIOB BOJI —
CEpOBOJIOPOAOCOIEPKALIUX C HE COJEPKAILIIMH CEPOBOIOPO B CBOEM COCTABE;

- CO3J1aHH€ CTA0MJIbHBIX TEPMOJUHAMUYECKHUX YCIOBUN pabOThl 000PYI0OBAHMS;

- OPD, OP3
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2TEOJIOT'USA MECTOPOXKIAEHUSA

I[aHHBIﬁ pasaci UCKIIOYCH, TaK KaK COACPIKUT KOMMCPUCCKYIO TalH
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3 OBOCHOBAHHE IHPUMEHEHUA HUHI'MBUTOPOB
COJIEOTIO’)KEHUHN U KOPPO3UMU, OLHEHKA 2®®EKTUBHOCTHU M
PEKOMEHJIAIUU 11O TIPUMEHEHUWIO

JIaHHBIN pa3/es UCKIII0YEH, TaK KaK COJAEPKUT KOMMEPUYECKYIO TalHY
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4 ®UHAHCOBBIA MEHE/)KMEHT, PECYPCOY®®EKTUBHOCTH
N PECYPCOCBEPEXEHUE
B npenpiaynmx rmaBax padoTel 000CHOBaHA TEXHOJOTrHYecKast 3PHEeKTUBHOCTD

npumenenus: uaruoutopa « MHI'COJI» Ha ckBakMHaxX MECTOPOXKACHUS «X», TaK KaK B
pe3yJibTare BhINAJACHUS COJIEN B CTBOJIE CKBAKUHBI YMEHBIIIAETCS AUAMETP IPOXOAHOTO
ceueHHe. DTUM OOBSACHSETCS IITYIUPOBAHUE TOTOKA U OTKIOHEHHUE (HaKTHUYECKOTrO
neduTa OT IPOEKTHOTO.

Takum o0Opa3om, 1ENbI0 JAHHOTO pas3fiena SIBISETCS OIEHKA dKOHOMHYECKOU
s dextuBHOCTH NMpuMeHenus naruoutopa « MHI'COJI» Ha CKBaKMHAX MECTOPOKICHUS
X. J17s1 BBINOTHEHU JaHHOU 1eNy ObLI OCTaBJICH Psij 3a/1ay:

1. paccuuTaTh 3aKymo4YHbI 00beM MHTHOWTOpa, CTOMMOCTh Y JIX, OIEHUTH
KAUTAJIbHBIN BJIOKEHUS B TEXHOJIOTHIO;

2. TPOU3BECTU pacueT 3KCIUTyaTallMOHHBIX 3aTpPaT;

3. paccuutats HAIIN nns vHedtH, momyueHHOW B pe3yiabTaTe MPUMEHEHUS
TE€XHOJIOTHH;

4.  OLICHUTHh YKOHOMHUYECKYIO 3(PPEKTUBHOCTD.

4.1 OmnpenesieHue pa3Mepa KANMTAJIbHBIX BJIOKEHUH B TEXHOJIOTHIO

JlaHHasi TEXHOJOTUSl peanu3yercss Ojarojapss CKBaKUHHBIM YCTaHOBKam
no3upoBaHus xumudeckux peareHtoB. CYIP obecnieunBaeT OecniepeOoiiHyr0 moaady
XUMHUYECKON MPOAYKIMH B Pa3IMYHbIe YUaCTKU CKBaKHHBI / TpyOompoBoaa. B nannom
pacdere 3aKayka HMHTHOMTOpa OYyIeT MNPOU3BOAUTHCA B 3aTPyOHOE MPOCTPAHCTBO
CKBakMHBI. J[03MpoBKa MHTHOUTOpA NpeAcTaBieHa B Tabauue 4.1

Tabmuma 4.1. — DddextuBnocts narunéutropa MHI'COJI mpoTuB BeIMaaeHUs cofiei
KapOOHAaTa KaJBIHS TPU PA3TUIHBIX KOHIIEHTPAIIHIX

Jo3upoBka, Mr/ia JddexTBHOCTL HHTNOMPOBaHUs, %o
30,0 96,6
«MHI'COJI» 25,0 96,6
20,0 96,6
15,0 89,7
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N3 tabnuupl 4.1 BugHO, YTO TIpU J103UpOBKE CBBIIE 20 Mr/i 3 ¢GHeKTUBHOCTH

WHTUOMpPOBAaHUSA HE U3MEHSETCS, TM[OdTOMY IMpUHUMATh B pacuetax Oyjaer
UCIIONIb30BaThCSl MMEHHO 3Ta no3upoBka. Muruburop «MHI'COJI» BeimyckaeTcss u
npojaercs komnanuen OO0 «Peaktus» no nene 190 py6./m1.
O0BeM 3aKyNKH UHTHOUTOPA OMPENEIISAETCS 10 MPOSKTHOMY TEOUTY CKBaKHHBI
— 180 m*/cyt. Takum o6pazoMm, B Toj] HoTpedyeTcs nopsaaka 1320 nMTpoB HHIHOUTOPA.
«APEOITAI'» - 3aBojx J03WpOBOYHON TeXHUKH. 3akynouHas neHa CY/IP
BapbUPYyeTCs OT 3 10 4 MJTH. py0. B 3aBUCUMOCTH OT HCITOJIHEHUS. (Ta0u. 4.2)

Tabnuua 4.2 — 3akyno4noe o00pyI0BaHUE U MaTEPUAIIBI

HaunmenoBanme 3akyno4Hblii 00bEéM CroumMocTsb, pyo.

HNuruburtop Koppo3uu

«IHTCOJT» 1320 1.

249 660

cyap 1 en. 4 000 000

B pacuért kanuTanbHbIX BIOKEHH TOMUMO OCHOBHBIX BHOCUTCSI HH(POPMAIIHS O
MPOYUX KAlUTAIBHBIX BIOKEHUSX U 3aTpaTax Ha MpUpoAooxpaHHbie Meponpusatus (10
% 1 5 % OT Bcex KalMTaJIbHBIX BIOXKCHUH COOTBETCTBEHHO) (Tabi. 4.3).

Ta6muna 4.3 — Pacuér kanuTanoBiaoxeHui 3a 2022 roj1, MIH pyoO.

O0ycTpoiicTBO MpoMbICIa
: n
o B T.4Y.: Tpo- pupo
& = Bcero -110-
5 3 une
- v g @ = | KamuTa OXpaH-
é 5 = g g KanmuTa
= o 3) 5 © | JbHBIX upre | Cymma
_ = Bcero ,E ?,; 2 JbHbBbIE
) g al S E BJIOKE Mepo-
= 3) < g 5 amii | 0 pms-
S 2 =& T
) £ = TUSA
=
2022 0,00 4,25 4,25 0,00 0,00 4,25 0,43 0,21 4,89
2023 0,00 0,25 0,25 0,00 0,00 0,25 0,03 0,01 0,29
2024 0,00 0,25 0,25 0,00 0,00 0,25 0,03 0,01 0,29
2025 0,00 0,25 0,25 0,00 0,00 0,25 0,03 0,01 0,29

Takum oOpa3om 3a 4 roj1a HEOOXOIUMO 3aTpaT Ha CYyMMY 5,76 MIIH pyo.
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4.2 Pacuer 3KCIUTyaTaAlMOHHBIX 3aTpaT

Hnst >pPexTuBHOW U KOPPEKTHOM OILIEHKH OSKCIUTyaTallMOHHBIX 3aTpaT
HEOOXOJMMO 3HATh ILIEHBl Ha HEPTh, Kypc IOJIapa U MPUPOCT J0ObIUM B pe3ybTaTe
BHEJIpEHUSI TeXHOJIOTMU. B cpeaHemM B pe3ylbTrare IITYUUPOBAHUS CKBAKUHBI
COJICOTJIOKEHUSIMU, €€ AEOUT MOXKET yMEHbIIaTbcs A0 6-7% B cyTku. BHenpenue
JAHHOM TEXHOJOTMU TO3BOJUT 3HAYUTEIBHO YMEHBIIUTh BIUSHHUE JIAaHHOTO
OCJIO)KHEHHSI Ha JeOUT CKBaXMHBL. TakuM oOpa3oM yJacTcsi TOOMTHhCS COXpaHEHHE
IPOEKTHBIX TIOKa3aTenel neéura Ha 11-13 M3 B cytku. (Tadmn. 4.4)

Tabnuna 4.4 — MakpoIKOHOMUYECKHE MTOKA3aTENH

Iena IIpupoct 100b1YH
Lena nedgru OO0MeHHBIIH HedyTH He(TH OT
Tombt KOpauc Kypc¢ IOpae NpUMeHsieMOoi
TeXHOJIOTH
noJut/6app py0./momn py0./6app T/CcyT T/TOJ
2022 46,6 73,8 3439,08 11,8 4307
2023 47,5 74,1 3519,75 12 4380
2024 95,7 74,3 4138,51 12,4 4526
2025 95,7 74,3 4138,51 12,1 4416

[Ton sxcrTyaTallMOHHBIMU 3aTpaTaMHy MOJPA3yMEBAIOTCS PACXO/Ibl, CBSI3AHHBIE C
GyHKIMOHUPOBAHUE TPEANPUATUS, DKCIUTyaTaluend ycrpoiictBa. B gaHHOM ciydae
OyJIyT YYUTBHIBAThCS 3aTpaThl, CBSI3aHHBIE C COJACPKAHMEM U OKCIUTyaTalruen
00opy0BaHUs, 00IIEX03IMCTBEHHBIE PACXO/IbI M TTpoune 3aTpaThl. Kaxaplii 13 MyHKTOB
pPacCUHMTHIBACTCS B pyOJIAX 32 TOHHY JOOBITOM MPOMTYKIIHH.

B pacuér skcrryaTallMOHHBIX 3aTpaT TAK K€ BXOIST yIJIAYMBAEMbIE HAJIOTH.
OcHOBHOW ¥ caMblii OOJBINONW HAJOT, YIUIAYUBAEMBIM pPeCcypco00bIBAIOIIMMHU
KOMMaHusMHu TocyaapcTtBy, - HJIIN — Hamor Ha mOOBIYY MOJE3HBIX HCKOMAEMBbIX.
IToMuMO Hasiora pacCUUTHIBAIOTCSA CTPAXOBBIE B3HOCKHI U ITPOYUE PACXOBI.

Jlist o6cimy>)XKuBaHrEe TAaHHBIX YCTAHOBOK HEOOXOAMMBI 2 Oomeparopa Mo J100brde
HedTtu u raza. Cpeansia 3/m oneparopa — 80 000 py6./mec. [lomyuuBimecs: pacuérbl
yKas3aHbl B Ipuiiokenuu b u B.

Takum 00pa3zom 00BEM IKCILTyaTallMOHHBIX 3aTpaT 3a 4 roja paBeH 229,03

MJIH. pYO0., u3 KOTOphiX 193,43 MiH. py0. NpUXOATCS HA HAJIOTH.
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4.3 Pacuer HAIIU

OJHUM U3 OCHOBHBIX JI0OXOJIOB TOCY/JIapCTBa SIBJISIIOTCS HAJIOTU. Bece koMnaHuu,
OCYIICCTBIISIONINE JEATCILHOCTh B OOJACTH JOOBIYM TIOJIC3HBIX HMCKOTACMBIX,
YIUTQYMBAIOT HAJIOT Ha J00BIYYy TMOJe3HBIX HcKomaembix — H/IIW, onmpenenstomummcs
cratbeit 342 HK P®. B crarbe 337 ykazaHo, 4TO 00€3BOXKEHHAs, 0OECCOJICHHAS H
CTaOMIM3UpOBaHHAs HEPTh OTHOCHTCS K YIVIEBOJAOPOAHOMY CBIPBIO, SBJISIOIICECS
00BEKTOM HaJIoroo0ioxkeHus: coriacHo cT. 336. Ucuucnenne H/IIM ompenensiercs
cratbell 342 HK PO.
Ta6nuna 4.5 — Koaddunuents! mis pacuéra HITTN

HaumenoBanue ®opmy.a 3Hauenue
K03 punuenra
Hanorosas craBka Onpenensercs ct. 342 1.9 HK PO 919
Ky K. = (u_15)xi 8,94
t 261
I[M AM = KHZ[HI/I X KH X (1 — K3 X Kﬂ X KZ[B X KKAH) - KK _702,2
— Kagar — Kman

Huxe npeacraBnena ¢popmyna, mo KOTOPOH UCUUCISETCS HAJIOT:
HAIN =919 x Ky, — Hu (4.1)

HAIIN =919 x 8,94 — (-702,2) = 8913,6 py0./TOHHY
B tabnure 4.6 paccuntaeM yruiau€HHBIN HAJIOT 3a 4 MOCJIEAYIONUX To/1a.

Tabmumna 4.6 — Pacuér H/IIIU 3a 4 rona

HAIINA, IIpupoct 100b14YM OT HAIIA B roa,
Ton NpUMeHsIeMOii
pyo./1 TEXHOJI0ruM (TOHH) MUIH pyo.
2022 8913,6 4307 37,66
2023 9264,89 4380 39,43
2024 12189,93 4526 53,63
2025 12189,93 4416 52,33

4.4 Ouenka 3xk0HOMHUYeCKOH 3P PeKTUBHOCTH
[TonBeaEHHBIM HWTOTOM IIEJIECOOOPA3HOCTH BHEIPEHUS JAHHOTO IPOEKTa
spisercsi aHanu3 3¢GGEeKTUBHOCTH, B KoTtopoM ompenemstorcs Y, BHJ, cpoxk

OKYIIaCMOCTHU U MHJCKC JOXOJAHOCTH KallMTAJIbHBIX BIIOKCHUU. Hepen Ha4dYaJIoM pacqéTa
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HCO6XO,III/IMO COCTaBUTL CBOJHYIO Ta6JII/IIIy C paHCC paCCUUTAHHBIMU IIapaMCTpaMu, a
34TCM OLCHUTH OIICPALNMOHHYIO ACATCIIBHOCTD IO IIPOCKTY, YKA3aB B Ta6J'II/IH€ 00BEMBI

YIUTAYE€HHBIX HAJIOTOB, BEIPYUKY U YUCTYIO TPUOBLIb.

Ta6nuna 4.7 — JlanHble 1714 pacyera SKOHOMHUECKON 3 (PEKTUBHOCTH

Ton
2022 2023 2024 2025

T 4407,38 4307 | 4380 | 4526 | 4417

IToxa3zarenun Enx. n3m. X

1. CpenHeronoBoi mpupocT
n00bI9a HEPTH

2. HakoruieHHbIi
CPEIHET00BOM MPUPOCT T 13213,00 0,00 4307 8687 | 13213
JN00BIYH HEDTH

3. DKCITyaTallMOHHbIE
3arpatsl (¢ HAITW u mamorom MJTH pYyO. 229,03 48,72 | 50,76 | 65,53 | 64,03
Ha UMYIIECTBO), B T.4.:

Ha 100619y HEPTH,
MOJITOTOBKY He(PTH, MJTH pYyO. 222,96 48,11 | 49,54 | 63,71 | 61,60
YTHIIN3AIHIO BOJIBI

AMOPTU3alMOHHBIC

MJITH pyO. 6,07 0,61 1,21 1,82 2,43
OTYHCIICHUSI
4. KaHI/ITUaJII)HBIe BJIOJKCHHUS B MITH pYG. 5.75 4,89 0,29 0,29 0,29
00yCTpOICTBO
6. CebecTonMOCTh TOOBIYH py6./r 17333,89 i i i i
HeTH
ZI';CGHE‘ peammsamun Hepri 6es | i 25037 | 25624 | 30128 | 30128

Jlanee onpenenuM BBIPYUKY, HAJIOT HA UMYILECTBO, HAJIOT Ha MPUOBLIb, YUCTYIO
npuOBLTH — 3aHECEM JaHHbIE TTapaMeTphl B Ta0uIy 4.8.

Tabnuna 4.8 — OnepanrioHHas 1eATeIbHOCTD 1O MTPOCKTY

T'on

IMoxa3arenn En. u3m. X 5022 5023 004 2075
1. Beipyuka MJIH py0. | 489,49 107,83 112,23 136,36 133,06
2. Texyiue 3atpatbl MJIH pYyO. 229,03 48,72 50,76 65,53 64,09
3. HAIIN MiH py0. | 183,05 37,66 39,43 53,63 52,33
4. BanoBas npuObLIb MJIH pYyO. 260,45 59,12 61,48 70,83 69,09
5. Haytor Ha UMyIIeCTBO | MJIH pyoO. 0,66 0,09 0,09 0,09 0,09
6. Hamor Ha mpu0Os11H MJTH PYyO. 52,09 11,82 12,30 14,17 13,81
7. Utoro Hanoru MJIH pYyO. 52,76 11,92 12,49 14,36 14,00
8. Hucras npuObLIL MJIH pYyO. 208,36 47,29 49,18 56,66 55,23
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Bripyuka 3a 4 rona skcrutyatauuu CYJIP coctaBut 489,49 muH. pyO, a uncras
MPUOBLIb C YIETOM YIUIaThl BCEX HAJIOTOB M MPOYHKX 3aTrpat coctaBuT 208,36 MitH. pyoO.

Tabnuna 4.9 — GunaHcoBBIE TOKA3aTEIN MTPOEKTA

T'on
2022 2023 2024 2025

JleHeXHBIN ITOTOK MJIH pYyoO. 208,69 43,01 50,11 58,20 57,37
HaxomieHHbIil NeHeXKHBIN

IToka3zaTenu Enx. n3m. X

winpy6. | 49614 | 4301 | 9312 | 151,32 | 208,69

IIOTOK

HucThli JUCKOHTUPO-
BaHHBINA JOXO0J MJTH pYyO. 544,65 80,41 118,30 156,57 189,37
(HAR) (i = 15%)
YucThIil JUCKOHTH-
POBaHHBIH J10X0/T MJIH pYyO. 354,93 68,24 85,47 97,21 104,00
"Aamx G =170,506%)
Buyrpennssa Hopma

% 9%

noxoxnoctu (BH/I, BHP)
CpOK OKyIIaeMOCTH

p EIH TFOJIBI 0,10
(mpocToit) CraBKa TUCKOHTUPOBAHUS COTJIACHO
CpOK OKyIIaeMOoCTH ekomennanuu Mundunaa — 15%

p yn . TFOJIBI 0,06 p ¢
(TMCKOHTUPOBAHHBIN )
Wnanexc noxoxHoctu

IIOJIA €]1. 21,19

KaITUTaIbHBIX BIOKECHUH

[IpoBeneHHble pacueTbl 1O OLIEHKE JKOHOMHUYECKOW 3ddexkTuBHOCTH
npumeHenus: uaruouropa «MHI'COJI» Ha ckBakMHAX MECTOPOKACHUS «X» MOKa3aIu
PEHTAa0EeNbHOCTh MPOEKTA COTJIACHO CIEAYIOUIUM pe3yibTaTaM:

1. xanuTaNoBIIOXKEHUA 3a 4 TO7]a COCTABAT 5,76 MIIH pyo0;

2. 3a 4 roja OSKCIUTyaTallid TEXHOJOTHUH HAKOIUICHHBIM NPUPOCT HEDTH
coctaBut 13213 ToHH;

3. BbIpydyka M uucrtas npuObulb cocTaBiaT 489,49 um 208,36 MaH. pyo.
COOTBECTBEHHO;

4.  4YUCTHIA AUCKOHTUPOBAHHBIN 10X0/ cOCTaBUT 354,93 MiH pyo;

5.  JUMCKOHTHPOBAHHBIN CPOK OKymaeMocTu cocTaBuT 0,06 roma uiam npuMepHO

1 mecsir.
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5 COOHUAJIBHAA OTBETCTBEHHOCTbD
ConmasibHasi OTBETCTBEHHOCTh HPEANPUITHS — 3TO YPOBEHb JOOPOBOJIBHOIO

OTKJIMKA Ha COIMAJIbHbIE MOTPEOHOCTH PaOOTHHUKOB, JieXKAlllMe BHE OMPEICIISIEMbIX
3aKOHOM WU  PETYJUPYIOIIMMH  OpraHamMu  TpeOOBaHWM, O3TO  JACHCTBUA,
peanpuHUMaeMble BO 6J1aro 001iecTBa 100pOBOJIBHO.

CymHOCTh palboT 3aKII0YAETCS B BBINOJHEHUU CIEIYIOMIMX TEXHOJIOTHUYECKUX
olepaluii: OCyIIECTBICHUE padOT MO 3alaHHOMY PEXUMY CKBaKMHBI, KOHTPOJb 3a
CUCTEMaMHU NOJIaYM pPEareéHTa B CKBaXHHY, OOCIY)KMBaHUE, MOHTaX M JIEMOHTaX
o0opy1oBaHUs, UCHOJIB3yeMOro npu Ao0brde HedTU U Ta3a. PabOThl BBIMOJHSAIOTCS
KpPYIJIOTOJIMYHO.

Bpenueim  mpousBoAcTBeHHBIM  (hakTopom  (BII®) HaszbiBaeTca  Takoi
IIPOU3BOJCTBEHHBIN (PaKTOpP, BO3IEHCTBUE KOTOPOTO Ha pa0OTAIOILETrO B OIPEIEICHHBIX
YCIOBUSIX MPUBOJUT K 3a00JIEBAHUIO UM CHUKEHUIO TPYAOCIOCOOHOCTH.

K BpenHbIM pOU3BOACTBEHHBIM (DAKTOPAM OTHOCSITCS: HEOJIaronpusTHbIE
METEOPOJIOTUYECKHE YCIOBHS; 3allbUICHHOCTh W 3ara30BAHHOCTD BO3AYILIHOM CPEbI;
BO3JICMCTBHE IIyMa, uH(ppa- 151 yJIbTPa3ByKa, BUOpanuy;
HaJIMYHE 3JIEKTPOMArHUTHBIX MOJIEH, JIa3epHBIX U MIOHU3UPYIOIINX U3ITYyYEHUH U JIp.

K omacHbIM pon3BOICTBEHHBIM (PAKTOPAM CJIETYET OTHECTH, HarpuMep:
BO3MOYKHOCTb MAJICHUS C BBICOTBI camMoro paboraromiero, 1160
PA3IMYHBIX JETAJICU U IPEAMETOB;  JJICKTPUYECKUW  TOK  ONPEHECICHHOW  CHIIBL;
packalieHHbIe Tesa; 000pya0BaHKe, padoTaroIIee MO JaBICHUEM BBIIIE aTMOC(PEPHOTO,

" T.J.

5.1 OpranuzanuoHHbIe MePONPUATHS o0ecniedeHns 6€30MACHOCTH

Jliist obecnieyeHust 6€30MacHOCTH HEOOXOANUMO YUECTh CIEAYIONINE (PaKTOPbI:

- YCuJIeHHBIN KOHTPOJIb 3a JaTYMKaMu, IpUOOpaMu U 000pyIOBaHUEM;

- PaccranoBka TeXHHKE COIIACHO TEXHOJIOIMYECKON CXEME;

- TexHosOrn4eckue nepepoIBbI;

- IlpoBenenue MHCTpyKTa)xeil o Oe30MacHBIX METOAAaX MPOBEACHUS padoT

HCTIOCPCACTBCHHO IICPCI HAYAJIOM IIPOU3BOACTBA pa60T;
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- Kontponp 3a TexHojorued momayed UHrUOUTOpPa B  CKBAKHUHY
PYKOBOJAMTEIIEM IPyIIbI MPOon3BoAcTBeHHOTO KOoHTpodis (PI'TIK);

- IIpoBenenue MOBTOPHBIX HHCTPYKTAXKEH MO TEXHUKE OE30MACHOCTH.

Jist  obecnieyeHust JMODKHOM — O€30MACHOCTH  HEOOXOJuMMa  OpraHU3alMs
IIPOBEICHUSI HHCTPYKTAXEH Mepe]l IpUeMOoM Ha paldoTy, a TAKXKe Mepe HadyaaoM padorT.

HenocpencreenHoe oOydeHHE COTPYIHUKOB Ha paboOyux IUIOMIAJKAaX JacT
MOJIO’KUTENbHBIE PE3yIbTATHI.

5.2 AHaJIH3 BpeIHbIX NPOU3BOJACTBEHHBIX ()aKTOPOB

Bpeonvie sengecmea

B mpouiecce BbINOJHEHUS ONEpaLMii O 3aKaYKe MHTMOUTOPOB COJICOTIIONKEHUIN
¥ KOPPO3HUH B CKBRXXMHY Ha pabO4YMX MOTYT BO3JIEHCTBOBATH Maphl YIIEBOJOPOIOB.

[IpenenbHO TOMYCTUMBIE KOHIICHTPAIIMH BEIIECTBA COTJIACHO: JUOKCH]T a30Ta —
2 mr/m3, 6enson — 10 mr/m3, okena yriepoaa — 20 mr/m?, yriesomopoast — 300 mr/m?
[23].

KonnekTuBHbIE CpeCTBA 3AIUTHI — YCTPOMCTBA, MPETSITCTBYIOINE MOSBICHUIO
YeJI0BEKa B OMACHOW 30HE: CO3JJaHUE CHELMATIbHBIX OTPakI€HUI BOJIM3H OMACHBIX 30H,
BBIBECKa TPEAYNPEAUTEIbHBIX 3HAKOB, JOMYCK K OMAacHbIM OOBEKTaM TOJBKO
OTIpeIeTICHHBIM TPYyTIaM JUI, COOII0IeHNE TIPAaBUI TEXHUKH O€30MacHOCTH COTJIACHO
[IpaBunam Oe3zonmacHOCTH B HeTsHOW u TazoBoil mpomeiiuieHHoctd (116 HITI).
CpenctBa WHAMBHIYalbHOM 3allMTBI: OYKH, 3allUTHBIE MAacCKH, MPOTHBOTA3HI,

peCnupaTophl, CrieluaibHbIe MPOPEe3NHEHHBIE (PApTYKHU.

Ilosviuennutii yposens uiyma na pabouem mecme

st 0oOpabOTKM CKBaXXMH HEOOXOJUMO MPUMEHEHUE LIEMEHTUPOBOYHOTO
arperara (L]A-320), momumo 3Toro paboThl OyAyT MPOBOIUTCS Ha OYpPSILIUXCS KYCTOBBIX
Ionaakax. B 3uMHee BpeMs roja, B CBS3U €CTh BEPOSATHOCTH 3aMEp3aHHs BHEIITHE
3aTpyOHON 3aJABM)KKM W HAarHeTaTeIbHOW JIMHUU, B CBSI3U C OTUM TMOSBISETCS
HEO0OXOMMOCTh B UCIIOJIH30BAHUM TIEpeIBIKHOMN mapoBoit ycranosku (I1ITY). Ucxons
U3 BBIMICTICPEYUCIICHHOTO Ha pPa0OTHHUKOB OYIyT BO3JCHCTBOBATH TIOBHIIICHHEIC

MCTOYHUKH IiyMa, co3aaBaembie [[A-320, ITITY, GypoBoii ycTaHOBKOM.
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JlonmycTuMble YPOBHU ILIyMa JUIsl MIPOM3BOACTBEHHBIX OOBEKTOB NPUBEICHBI B
Tabiuie. 3aTeM OLIEHHWBAETCS IPEBBILICHHME HOPM YpPOBHEH IIyMa, HalpuMep, MpH
pabore IIIIY u mnpum HEOOXOOUMOCTH pa3padaThIBAIOTCA KOJUIEKTUBHBIE WJIU

WHIMBHUIyaJIbHBIC MEPBI 10 MX CHIDKEHHUIO (Tabmuia 5.1).

Tabnuna 5.1 — IIpeaensHo TOMYCTUMBIE YPOBHU 3BYKOBOTO JIABJICHHUS.

Bua Tpynosoii YpoBHH 3BYKOBOIO 1aBJIeHHUS, 1D, B OKTaBHBIX 110J10CaX CO YpoBHu
NAeATEeJIbHOCTH, CpeiHereoOMeTpHYeCKMMH YacToTamu, I'n 3ByKa U
paGouee mecTo 315 63 125 250 500 1000 | 2000 | 4000 | 8000 |’xBHBajeH
THBIE
YPOBHH
3ByKa
(B 1BA)
Brimosinenue
BCEX BUJIOB
pabor Ha
MTOCTOSIHHBIX
pabounx mecrax
B
IPOU3BOJACTBCH 107 95 87 82 78 75 73 71 69 80
HBIX
IIOMEILEHUAX M
Ha TEpPPUTOPUHU
MpEANPUATHI

OmkKknonenue nokasamenei Kiumama Ha OMKPbIMOM 6030yXe

B XMAO-KOrpa, ITprnoOckuii HedTerazoHocHbIN paiioH. KimmMar paiioHa pe3ko
KOHTHUHEHTAJIBHBIN, C MPOJOJIKATEIIBHOW CYPOBOM 3UMOM U KOPOTKUM TEIUIBIM JIETOM.
Temneparypa Bo3myxa konednercs ot munyc 45 °C (3umoit) no mmoc 30 °C (neTom). Io
KOJIMYECTBY BBIMAAAIONIUX CPEIHETOAO0BBIX atrMocdepHbIX ocaakoB (500 mMM) paiioH
OTHOCHTCS K 30HE N30BITOYHOTO YBIIAXKHEHHUS.

[Ipu npoBeaeHuu pabOT MO  XUMH3AUUMU  (POHIA CKBAKHUH  HEDTAHBIX
MecTopoxkaeHuit 3anagHort CuOupu yKa3bIBatOTCS:

- TIepHOJ BPEMEHU roJia BHIIOJHAEMBIX paboT;

- METEOpOJIOTMYECKHE  MapaMeTpbl  BO3AyXa  TEPPUTOPUM  pailoHa
(MMHUMAaIbHBIE U MAKCHUMAJIBHBIE TEMIIEPATYPhl, CKOPOCTh IBUKEHUSI, OTHOCUTEIIbHAS

BJIAJKHOCTb, JIABJICHHE).
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HOpMI/IpOBaHI/IC napamMecTpoOB Ha OTKPBITBIX IIomaaxKax HC
IMPOU3BOAUTC:A, HO OIIPCACIIAIOTCA KOHKPCTHBIC MCPOIIPHUATUSA I10 CHMKCHUIO

HEOJIAronpHUsITHOTO BO3JCHCTBHS UX HA OPraHU3M PabOUero.

5.3 AHaJu3 ONACHBIX NPOU3BOJACTBEHHBbIX (paKTOPOB

Mexanuueckue onacnocmu

JlaBieHue 3aTpyOHOro MpPOCTPAHCTBA Ha KYCTOBBIX ILIOLIA/JIKaX HaXOIUTCS B
nuanasone ot 0,4 MIla no 2,5 MIla. TexHosorust 00pabOTKM MOIpa3yMeBaeT 3aKayka
MHTUOUTOpa B 3aTpyOHOE MPOCTPAHCTBO, IOITOMY HEOOXOJIMMO CO3/1aBaTh JIaBJICHUS B
HarHeTaTelbHOM JIMHUU MPEBbIIIAOIIEe 3aTPYyOHOE AaBIICHUE.

Cmamuueckoe 31eKmpuuecmeo

['maBHBIM  MCTOYHMKOM  (OPMHUpPOBAaHUS JAHHOTO  (pakTopa  SIBISETCS
BO3MOYKHOCTBIO BO3HHMKHOBEHHMS 3apsiia CTaTUYECKOIO JIIEKTPUYECTBA BCIEACTBUE
TPEHUsI CJI0€B HE(PTU U XMMHUUYECKUX PEAreHTOB APYT O JIpyra WM CO CTEHKOH TpyObI
(oO6opynoBaHUs). DAEKTPUUECKUE 3apsiibl TP NTEPEKAYKe MHTUOUTOPOB BO3HUKAIOT KaK
B CaMOM MHTHMOMTOpE, TaK M Ha CTEHKaxX COCYAOB, TPyOONPOBOJOB, B KOTOPBIX OHHU
HaxoauTcs. BenmnumHa BO3HMKAIOLIEro 3aps/ia CTaTUYECKOIO JJIEKTpUYecTBa B
HEKOTOPBIX CllydyasgX JOCTaTO4YHa JJisi BO3HUKHOBEHHUS MOIIHOIO 3JIEKTPUYECKOTO
paspsiia, KOTOPBIM MOXET MOCITYKUTh HMCTOYHMKOM 3a)KUTaHUSI U BO3HUKHOBEHUS
nokapa.

TexHonornyeckue ornepanuu ¢ XUMUYECKMMHU BEIIECTBAMH, SBISIOIIUMHUCS
XOPOILIUMU AUIJIEKTPUKAMH, COITPOBOXKIAIOTCS 00pa30BaHUEM DIIEKTPUUECKUX 3apsI0B
— CTaTUYECKOIo 3JeKTpudecTBa. Il yCTpaHEHUsI OMACHOCTH Pa3psiioB CTATUYECKOIO
AIIEKTPUYECTBA MPHU TEXHOJIOTMYECKUX ONepalusXx HEoOXOIMMO MpeaycMaTpUBaTh
CJIEAYIOIIUE MEPBI:

- 3azemiuienne MBPX Ha KOHIYKTOp COCEIHEN CKBa)XMHBI BO BpEMsl 3aKaUKH
WHTHOUTODA;

- 3azemnenue CY/IP Ha oOmiuii KOHTYp 3a3eMJICHUS.

OcMOTp ¥ TEKYLIMI PEMOHT 3a3€MJIIFOIIUX YCTPOKCTB 3aIUThI OT IPOSIBJICHUN
CTaTUYECKOr0 3JIEKTPUYECTBA JOJLKHBI IIPOBOJAUTHCS OJAHOBPEMEHHO C OCMOTPOM M

TCKYIIUM PEMOHTOM TEXHOJIOTHYCCKOIO H JJICKTPOTCXHHUYCCKOI'O O60py,Z[OBaHI/I}I.
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W3mepeHuss DSIEKTPUYECKUX CONPOTHBICHUN 3a3€MIISIOIIUX YCTPOWCTB JOJIKHBI
IIPOBOUTHCS HE PEKE OJTHOTO pasa B rojl, COMPOTUBIICHUE 3a3€MJISIOLIETO IIPOBOIHUKA
HE JIOJDKHO TMpeBbIath 4 OM.

Bce omacHble W BpeaHblE NPOU3BOACTBEHHbIE (akTOppl Ipu 0O0paboTKe
CKBa)KUHBI MHTHOUTOpAMU OTOOpakKeHbI B Ta0HIIE 5.2:

Tabnuna 5.2 — OCHOBHBIE 3JI€MEHTHI POU3BOJICTBEHHOTO Ipoliecca, GOpMHUPYIOLIUE
OITaCHBIC U BPEIHBIC (DaKTOPHI

®akTtopsl ('OCT 12.0.003-74 CCBT ¢
HaunmenoBanmue m3men. 1999 r.) HopmaTusHbie
BH/IOB padoT AOKYMEHTBbI
Bpennbie OmnacHble
3akauka peareHTa | YTEUYKHM TOKCUYHBIX H I'OCT 12.1.005-88,
Craruueckoe
nocpeacteoM  MBPX, | BpeqHBIX  BEIIECTB B I'OCT 12.1.038-82,
cyzp atmochepy SICKIPIACUIRO IIb HI'TI
OrnpeccoBka
HarHeraTenbHON JHUM | [[OBBIIIEHHBIH yPOBEHb obaic o
MBPX, 3aKayka | myma Ha  pabodeMm I'OCT 12.1.007-76
JaBJICHUE
XUMHUYECKOTO pearcHra | Mecre
MOJ1 JIaBJICHUEM
OO6pabotka ckBaxuH U | [loBblIeHHas - I'OCT 12.1.007-76
obcyxuBanne CYJIP B | 3anbUIeHHOCTD u
TEIJIOe BpeMs rojia 3ara3oBaHHOCTD
paboueit 30HBI;
O6paboTka ckBaXuH U | OTKIIOHEHUS - CanlluH 2.2.4.548-96
obcyxuBanue CYJIP B | mokazarenei
XOJIOAHOE BpeMs rojia | MUKpPOKJIMMAara Ha
OTKPBITOM BO3]1yX€
PaGotsl B  MecTax | - [ToBpexnenus B | [OCT 12.1.008-76
BO3MOXXHOTO OOHWTaHUSA pe3yiabTaTe
MenBeAeH, Kiaemen KOHTaKTa c
KUBOTHBIMH,
HAaCEKOMBIMH,
MIPECMBIKAIOTIIUMHUCS

Pacuem oceewennocmu pa60qed 30Hbl

OnHolt M3 OCHOBHBIX O00SI3aHHOCTEH oreparopa Mo J100bue HedTH U Taza

ABJIAACTCA KOHTPOJIb 3a HAAJCKAIIUM COCTOAIHHUCM U pa60T0y”1 ITPOMBICJIOBOTO
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obopynoBanus. boppba ¢  OCIOXKHEHHSMH, BBI3BIBAEMBIC  COJICOTIIOKEHHSIMH,
IPOEKTHPYETCS €Ille Ha 3Talne KaluTaIbHOTO CTPOUTENBLCTBA KyCTOBOM miomanku. s
OOprOBI € COJICOTIOKEHUSMU Ha KYCTOBOWM IUIOHIAIKE OOOpyAyroTcs OJoKU
JI03UPOBAHUSl XMMHUYECKUX peareHToB. BHyTpH 3Toro 6j0Ka MPUCYTCTBYIOT HACOCHI
HE00XO0IMMOI MMPOU3BOAUTEIHHOCTH, UMITYJILCHBIE TPYOKH, MAHOMETPBI, TEePMOMETPHI 1
EMKOCTh U1 XMMUYECKHX BellecTB. Hamxynime ycinoBusi ocBelleHus: paboueil 30HbI
CO3JAIOTCSl MIPU CyMEpKax, a HaMMEHBIIUK pa3Mep 00beKTa, KOTOPbIi HE0O0XOIUMO
pasrisgerh — 1 MM (IIKana JelieHus MaHOMETpa, OCMOTP HMMITYJIbCHBIX TPYyOOK Ha
npeaMeT Koppo3uu win cBumiel). Takum oOpas3om, paboTa omepaTopa OTHOCUTCS K
KaTeTOPHHM MaJlodl TOYHOCTH, a OCBEIICHHOCTh MOJDKHA OBbITh He MeHee 200 Jk.

(npunosxenue 1)

Pucynok 5.1 — biiok 103upoBaHus peareHToB

Pacuér xordduirierTa cBETOBOT0 MOTOKA OMpeesieTcs o Gopmyre:

O = BXXKXT  421,6 1 (5.1)
N;Xn

I ' ne:
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E. — HOpMaTuBHAas OCBEIIEHHOCTh, 200 JIK;

S — mmomaae momenienus bJIP, 12 M2

K, — koa¢pdunmenT 3amaca, yuduTHIBAIOIINNA 3arpsi3HEHHE CBETWIbHUKA. (s
MTOMEIIEHUM CO CPETHUM BBIJICJICHUEM b K03 dUIIMEHT OepeTcs paBHbIH 1,8);

Z — ko3 purmeHT HepaBHOMEPHOCTH OCBEIIEHUS (I TIOMHUHHUCIICHTHBIX JIAMIT
11);

N, — KOJIMYECTBO JIaMII B IOMEIICHNH, 1

1N — K03(pPUIMEHT UCTIOIB30BAHUS CBETOBOTO TIOTOKA, 37%.

I[J'ISI Hadajia HGO6XOI[I/IMO OIIPpCACIINTD KOB(l)(bI/IIII/IeHTBI OTPaAXCHU: IIOTOJIKA U

CTeH 110 Tadume 5.3

Tabnuna 5.3 — 3Hauenus KodHPUIIMEHTOB OTPAKEHUS TIOTOJIKA U CTEH

CocTosHHE NOTONIKA pn,% CocTtosHne cTeH per, %o

CrexenobeleHHEI 70 CeexenoOeneHHRIC ¢ OKHAMH,

[Tobenennbli, B CHIPBIX 3aKPBITEIMH LITOPaMH 70
MIOMEILECHUAX 50 CaexenobeneHHbIe ¢ OKHaMH 0e3

UscThlii OeTOHHBIH 50 LITop 50
CBeTnblH IepeBsHHBIH betonunie ¢ okHamMu 30
(OKpamIeHHbBIH) 50 OxJIeeHHBIE CBETIBIME 000SMH 30
berounrlii rpazubii 30 ['psznbie 10
HepeBaHHBIIT HEOKPALIICHHEIH 30 Kupnu4neie HeolITYKaTypeHHBIE 10
I'psazubiil (Ky3HUIBL, CKIIAIbI) 10 C témupIME 000AMH 10

Kapkac 6510ka 7031poBaHMs peareHTOB COCTOUT U3 MPOQIINCTA, OKPAILIEHHOTO B
OeJblil IBET, MOATOMY NpUMEM KO3((PUIIMEHTHI MOTOJKA U cTeHbl paBHbIMU 70 1 50 %
COOTBETCTBEHHO.

KoadduimeHT cBeTOBOr0 OTOKA | pACCYUTHIBACTCS UCXO/IS U3 Ta0apUTOB

IIOMCIICHUA:

S 12
b hare) T 2864 0,61 (5.2)

I'ne:
S — mIomaab NOMEIICHHUS
h — BbicoTa Ha paboyei MOBEPXHOCTHIO;

A u B — nnvHa v miMprHa noMenieHus.
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[TapameTp h paccuuTthiBaeTcs ciieayronmmM o0pa3oMm:

H — BricoTa momemenus, 3,8 M;

he— paccTosiHuEe CBETUIIBHUKOB OT TIEpeKphITHS (cBec), 0,5 M;

h,= H — h, — BeIcoTa cBeTHIBHNMKA HAJ IIOJIOM — 3,3 M;

hpn — BeICOTa paboueii moBepxHocTH — 0,5 M;

h = hy — h,n pacuéTHas BeicoTa CBETHIIBHHUKA HAJl pabodeil MTOBEPXHOCTEHIO, 2,8 M.

Takum oOpazoMm, KO3 PUITMEHT UCTOIB30BaHUs CBETHIbHUKA aiist Tuma Ol u

OJ1JI no tabnune 5.4 pasen 37 %.

Tabnuna 5.4 — KoadduineHTsl UCIO0JIb30BaHUSI CBETOBOTO MTOTOKA
JIOMUHECIICHTHBIMU JIaMIIaMU

Tun ceetunsauka | OJ[ u OJJ1 OJIP 010 OJ10P JI71603
Pn, %0 30507030 |50 |70 (3050|7030 (50|70 (305070
Pe, % 10} 30(50 |10 |30 (50| 10|30|50|10]|30|50]|10]|30]50

i KoadduumeHTs ucnonb3oBanus, %o
0,5 2312631 |21 |24 |28 (21| 25|30 (18|21 |26 14|16 19
0.6 3013337 (27|30 (342731362327 |32 |18|20| 22
0.7 3513842 32|35 |38 (3236|4127 |31 |35|21 23|25
0.8 39141 (453537 |41 (36| 39| 44|30 (33|38 (232527
0.9 42 144 |48 |38 |40 |43 (39| 42| 46|32 |36 |40 (25|27 |29
1.0 44 1 4649 |40 |42 |45 |41 | 44| 48|34 |38 |42 26| 28| 30
1.1 46 | 48 | 51 |41 |43 |46 | 42| 46| 50| 36|39 |43 |27 |29 31
1,25 483 | 50| 53 |43 |45 |48 | 44| 48| 52|38 41 |45 (29|30 32
L5 50| 5256|4548 |51 (46| 50| 55|40 (43|47 (30|31 | 34
1,75 52| 55|58 |47 |50 |53 (49| 52| 58|42 (45|50 (313335
2,0 5557160 |50 |52 |54 |51 |55|60(43 47|52 (33|34 36
2,25 5T159(62 |52 |54 |56 |53|57|62(45|49 |54 34|35 37
2.5 59161 |64 |53 |55 |58 |55|58| 64|47 |50 |56 (35|36 39
3.0 60| 62|66 |54 |56 |60 |56|60| 66|48 |52 |58 36|37 40
3.5 61| 64|67 |56 |57 |61 5862|6749 53|59 37|38 40
4,0 63| 65|68 |57 |58 |62 |59|63|68|50|54|60|38 39|41
5.0 64| 66|70 |58 |60 6360|064 70|51 |56/|62|38|40| 42

[To Tabmuize 5.5 BeIOEPEM MOAXOISIIUYO TIO THITY JIAMITY CO CBETOBBIM TIOTOKOM.

Ero sBisieTcs nammna XoJ0JHO-0€0T0 1BeTa U MOIIHOCThIO 125 BT, paboTtatomas ot

ceTu ¢ Hanpsbkennem 220 B.
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Ta6numa 5.5 — OcHOBHBIEC XapaKTEPUCTUKU JTIOMUHECIICHTHBIX JIaMII

Mommnocte, | Hanpawenne CreToRoil noTok, M

Br cetH, B

JLI JIXhb /b IITb
13 127 TO0 B20 B33 850
20 127 BED 1020 1060 1 (el
30 220 1650 1440 2020 2020
40 220 2300 2700 2800 2850
63 220 3750 4300 4600 4600
80 220 4250 S000 3200 5200
125 220 - BOOO - 8150

Takum 00pa3zom, 00111asi MOIITHOCTh OCBETUTEIHLHOM CUCTEMBI COCTAaBUT 125 BT.

Paccrosinue Mexy cBetrwiibHUKaMu L onpesensiercs o gpopmyie 7.3
L=Axh=1,1%28=3,08m. (5.3)

I'ne:
A — HaWBBITOJHEHIIIEE PACIIOIOKECHUE CBETUIILHUKOB. /{11 CBETHIIBHUKOB THIIA

OJZ1P ko3¢ dunment pasen 1,1.

3areM oIpeAeseTcss MUHUMAIbHOE PACCTOSIHUE OT CBETHJIBHHKA 10 KpalHEro
psina cTensl kak L/3 u momy4aercs paBHbIM 1 M.

KonuuecTBo psAIoB CBETUIILHUKOB C JIaMIIaMHU oripesensiercs no Gpopmysne 5.4

2

_ (B3

I +1 = 1,40

Q

n 1 (7.4)

KonudecTBo CBETHIIBHUKOB B PsiAy ompenensiercs mo Gopmyne 7.5

=23°-1,08 ~ 1 (5.5)

[MTonmyuuBIIascs cxema OCBEIICHUS BBITIAIUT CIICAYIOMMM 00pa3oM (puc.5.2)
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Pucynok 5.2 — Cxema ocBemenust bJ[P

5.4 OxpaHna okpyxxkawuiei cpeabl

OCHOBHBIMM TUIIAMU aHTPOIIOTEHHBIX BO3ACHCTBHUI HA IPUPOLY, SIBISIOTCS:

- Hedtsanoe u xuMuueckoe 3arpsi3HEHUE OKPYXKAIOIICH Cpellbl BCIIECACTBUE
HECOBEPIIICHCTBA  TEXHOJOTWH,  aABApUUHBIX  Pa3IMBOB U HECOOIIOJCHUE
MPUPOJOOXPAHHBIX TPEOOBAHUM;

- 3arps3HeHue aTMochepsl OT UCTIApSHU HEPTEPOTYKTOB MPU X HArpeBe
JUIS1 TPOBEJCHUS UCCIIEIOBAHUM;

- 3arpsi3HEHUE TIPUPOJHOU Cpelbl MPOMBIIUICHHBIMU, OBITOBBIMH U
7a00paTOPHBIMU OTXOJIAMH.

W kak cieIcTBUE OT BBIIIEOTMEUECHHBIX BO3/ICVCTBUN HA IPUPOAY:

- COKpAIIIEHUE apeajioB pEIKWX BHUIAOB PACTEHUM, IUIOMIAACH, 3aHSTHIX
SITOHUKAMHU, JICKAPCTBEHHBIMU PACTCHUSIMHU U IPYTUMHU [IEHHBIMU BUJIaMU (DIIOPHI;

- HaApyLIIEHWE JIECOB W HEPALMOHAIBHBIM pacxXol APEBECHHBI IpHU
00yCTpONCTBE MEPEABUKHBIX MTOCEIKOB, BPEMEHHBIX J0POT, IPOMILIOIIAIOK U JIp.;

- COKpallleHHue PBHIOHBIX 3aIaCcOB BCJICJICTBUE 3arpsi3HEHUSI MOBEPXHOCTHBIX
BOJ, HApPYIIEHUS THUIPOJOTMYECKOTO PEXMUMA MPU CTPOUTEIIBCTBE M DKCIUTyaTallMU
MECTOPOXKICHUM.

OO01muMu MepaMu o 0XpaHe OKpY>Karolleil cpebl ABISIOTCS:
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- COKpallleHu€ TMOoTeph HEePTH W ras3a; TMOBBIIIEHUE TI'E€PMETHYHOCTH U
HAJIS)KHOCTU HE(PTEPOMBICIIOBOTO 000PY/I0BAHUS;

- ONTUMHU3AIUs MPOLECCOB CHXKUTAHUSA TOIUIMBA MPU OJHOBPEMEHHOM
CHUKEHUH 00pa30BaHUs TOKCUYHBIX TPOYKTOB CTOpPaHUsI.

3awguma ammocgepoi

OCHOBHBIMYM IPUYUHAMU ABAPUN SIBIISFOTCS:

- HEKA4YeCTBEHHOE CTPOUTENBCTBO, PEMOHT  HE(TENPOMBICIOBOTO
000pyIOBaHUS;

- MEXaHUYECKUE MOBPEKICHUS,

- HecoOJIIOJIeHNE TEXHUKHU OE30MaCHOCTH.

OCHOBHBIE MEPOIIPUATHS IO OXpaHe aTMOC(EPHOro BO3/TyXa OT 3arpsi3HCHUI:

- 3ammTa 000pyI0BaHUS OT KOPPO3HH;

- IpUMEHEHHE 000PYI0BAHMS 3aBOJICKOTO M3TOTOBJICHHUS;

- pa3paboTaHHBIN IJIaH ACUCTBUI MPU aBapUWHON CUTYAIINH;

- JUKBUJAIMS aBapUil TOHKHA OCYIIECTBIATHCS aBapUIHON CITy>KOOM.

Uuctota armochepHOro Bo3ayxa oO€CHeUYMBACTCS IMYTEM COKpAIICHUS
aOCOJIIOTHBIX BBIOPOCOB T'a30B U 00E€3BPEKUBAHUEM BBHIOPOCOB, COJACPKAIIMX BPEIHBIC
BemiecTBa (Taomuna 5.6).

Tabmuia 5.6 — Bpennsie BemecTBa

Ne | HaumenoB | II/IK m.p. | Knace ITapameTpsl BHIOpOCOB
aHue B BO3JyXe | OMACHOCTH
3arpsi3HAI0 | HACEJIEHH
111170, bIX MeCT,
BELIECTB | MI/M°
r/cek T/TO
1 | JAByoKuCH 0.085 2 0.078 1.230
azoTa
2 | Okuch 5.000 4 0.220 4.88
yriiepoja
3 | YraeBomop 300 4 9.140 298.8
OJIbI
4 | Caxa 0.15 3 0 2
5 | MetaHon 1 3 0.041 1.290
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3awguma zuopocegepui

Ocoboe oTpuLaTebHOE BO3ACUCTBUE Ha XMMUYECKHH COCTaB BOJOEMOB IpHU
IKCIUTyaTallil OOBEKTOB HEe(TEAOOBIYM OKAa3bIBAIOT Pa3IUBBI HE(DTH, XUMUYECKUX
peareHTOB M BOJ C BBICOKOW MMHEpajdM3alMel, a TaKkKe YTHIU3alUs OCTAaTKOB
XUMHYECKUX peareHToB. [Ipu monmaganuu He(TH B BOJOEMBI HAa MOBEPXHOCTH BOJBI
oOpasyeTcs IUIeHKa, IPEnsSTCTBYIOIAs BO3AYIIIHOMY OOMEHY.

[TyTn monafaHusi TOKCUYHBIX 3arPSA3HEHUI B IPUPOTHBIE BOJBL:

- 3arpsi3HEHUE  TPYHTOBBIX BOA B pe3yabTaTe  OTCYTCTBUSA
TUJIPOU30JISILIUHN TEXHOJIOTHYECKHX TUIOMIAI0K;

- MOCTYIUIEHHE HEDTH U XMMHUECKHUX PEareHTOB B MOA3EMHBIC BOJIBI B
pe3ynbTaTe IMEPEeTOKOB MO 3aTpyOHOMY MPOCTPAHCTBY NPH HEKAYECTBEHHOM
[IEMEHTUPOBAHUH CKBa)XMHBI U €€ HE T€PMETUYHOCTH.

MeponpusiTus Mo parroHaIbHOMY UCTIOIB30BAHUIO U OXPaHE BOAHBIX PECYpPCOB:
1. VYcranoBneHue u noaJepKaHUE BOJOOXPAHHBIX 30H;
2. BbiHeceHHe 00bEKTOB U3 HKOJIOTMUYECKU YSI3BUMBIX 30H;

3. FCpMCTI/ISI/IpOBaHHaH CUCTCMBI 3aKa9YKU XUMHUUYCCKOI'0O pearcHra,

4.  OrtchInKa KyCTOBBIX TUIOMIAIOK C Y4ETOM TOBEPXHOCTHOM CHCTEMBI CTOKA,
5. COop paznuBmuxcs HEPTENPOAYKTOB B aBapUlHYI0 E€MKOCTh C
MOCJIEYIONIEH TepeKayKoil Ha ycTaHOBKY noarotoBku Hedtu (YIIH);

6. OcCymecTBIATh OMOJOTHUECKYI0 OYUCTKY X0O3SIHCTBEHHO-OBITOBBIX CTOKOB.
Sawguma 1umocghepol

3arpsi3HeHHE TOYB HE(PTHhIO M XUMHUYECKUMHU peareHTaMu TPUBOJIUT K
3HAYUTEIIPHOMY  JKOJOTHYECKOMY M JKOHOMHUYECKOMY yIIepOy: MOHMXKaeTCs
MPOJAYKTUBHOCTb JIECHBIX PECYPCOB, YXYAIIAETCA CAHUTAPHOE COCTOSIHUE OKPYKAIOIIEH
Cpellbl.

[Ipu BBIOOpE IIIOMIAIOK W TPACC TMOJ CTPOUTEIHCTBO OOBEKTOB OCHOBHBIM
KpUTEPUEM SIBISIETCS MUHUMAaJIbHOE Hcnolib3oBanue jecoB | u Il rpynn, noliMmenHoit

JaCTH PEK U 03€P, a TAKKE O6XO,Z[ KCIAPOBHUKOB, HYTCﬁ MUT'pAO A KUBOTHBIX W IITHUII.

93



[IpuHuMaeTcs mpoKIIaKa JMHEHHBIX COOPYKEHHM (aBTOL0POT, TPYOOPOBOAOB, TUHUMN
AJIEKTpoIiepeaady) B OJHOM KOPUAOPE, 4YTO OOECHEUYMBACT CHUKEHUE IUJIOIIATU
3aHMaeMbIx 3emelb Ha 30-40%.

CornacHo TpeOOBaHUSIM JIECHOTO XO3SMCTBAa OpraHU3alliM, BBITOJIHSIOIINE
CTPOUTENIbHBIE pa0OThI O0S3aHBI:

- obecne4uTh MUHUMAJIBLHOE MOBPEXK/ICHUE MOYB, TPABIHUCTON U MOXOBOMU
PaCTUTENIBHOCTH;

- NPOU3BECTH OYUCTKY JIECOCEK U JUKBUIUPOBATH NOPYOOUHBIE OCTATKH;

- HE JOIIyCKaTh IOBPEXKICHUsS KOPHEBBIX CUCTEM M CTBOJIOB ONYLICYHBIX
JIEPEBLEB;

- HE OCTaBJATh NHU Bblme 1/3 nuamerpa cpes3a, a mpu pyOKe IEpeBHEB
6ombiie 30 cm - Boite 10 cM, cunuTas BHICOTY HIEHKHU KOPHSI.

PexynbpTuBalMs HApYLIEHHBIX 3€MENb MO TpaccaM JIMHEWHBIX TPyOOIpPOBOAOB
HOCHUT IPUPOJIOOXPAHHOE HAIIPABIICHUE U BBIMNOJIHAETCS B JIBa dTAlla:

1. TexHuyeckui 3Tanm PeKyJIbTUBAIMU COCTOMT U3 cOOpa MpoJauTOor HedTH,
CPE3KH MOYBEHHO-PACTUTENBHOIO cJiog ToiamuHon 0.2-0.4 M ¥ mepeMenieHus: ero Bo
BpPEMEHHBIE OTBAJIBI 10 Ha4ajla CTPOUTEIBHBIX PaboT;

2. buomormueckuwii STam peKyJbTUBAIMM BKJIIOYACT JTUCKOBAHHWE ITOYBBI
OOpOHAMH B OAMH CJieH, TOBEPXHOCTHOE BHECEHUE MUHEPAIbHBIX yIOOPEHHUI 1 MOCEB
MHOTOJIETHUX TPaB MEXaHUYECKUM CITIOCOOOM.

[IpenoTBpalnieHue aBapUHBIX PA3IUBOB HEPTH M XHUMHUYECKUX PEAreHTOB
o0ecrieunBaeTcs:

- KOHTpOJIEM JaBjeHUs B OOIIEM KOJUIEKTOpE M 3aMEpPHOM Cemaparope ¢
CUTHAJIM3AIMeN NpeebHbIX 3HAUEHUI Ha 3aMEepHBIX ycTaHOBKax (3Y);

- B ciyyae aBapuu Ha YIIH aBromMaTndyeckuM nepexitoueHueM NoToka Hedtu B
aBapUKHBIE EMKOCTH;

- aBapUUHBIM OTKIKOYEHHEM HAacOCHBIX arperatoB Ha YIIH wu y3max
JIO3UPOBAHUSI UHTHOUTOPOB;

- 3aKperieHHueM TpyOOINpOBOJOB Ha TMPOEKTHBIX OTMETKaX Trpy3aMu U
aHKEpaMH, NPENATCTBYIOIIMMH BCIUIBITHIO U MIOPHIBY;
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- TPOKJIAJIKOW TpyOOIPOBOJOB B KOXKYXaX Uepe3 aBTOMOOMIIbHbBIE JOPOTH;
KOHTPOJIEM KayeCTBa CBApHBIX IIBOB TPYOOIPOBOJOB METOAOM paauorpadupoBaHus U

MaFHI/ITOFpa(l)I/IpOBaHI/I}I U THAPaBJIIMYCCKOC UCIIBITAHNC HA ITPOYHOCTD U ICPMCTUIHOCTD.

5.5 3ammura B Ype3BbIYAHBIX CUTYALMAX

B ocHoBe aBapuii MOryT JeXaTb KaK TEXHUYECKHE MPUYUHBI, TaK M
4eJI0BEYECKUM (paKkTop, OHU MOTYT ObITh OOBEKTUBHBIMU U CYOBEKTHBHBIMH, a TaKXKe
OBITH CJIEACTBUEM 3KOJOTHYECKHX U CTUXMUUHBIX (PAKTOPOB. [ JTaBHYIO ONACHOCTH IS
9KOJIOTUH MPEACTABIISAIOT aBaAPUH, B PE3yJIbTaTE KOTOPHIX MPOUCXOAUT HEPTSIHON pa3iuB
(Tabmuma 5.7)

Tabnuua 5.7 — Knaccugukanus upe3BblYaliHbIX CUTYALH, 00YCIOBICHHBIX pa3InBaMu
He(TU U He(DTENPOTYKTOB, B 3aBUCUMOCTH OT 00bEMOB U IUJIOIIAAN pa3inuBa

Macmrad . I'pannubt
N O0bembl pa3auToi
Yype3BbIYaIHOI pacnpocTpaHeHust
He(dTH, TOHH oo
CUTyaluu Ype3BbIYAIHON cUTyauun
JlokanbHOTO 100 ToHH paznuBLIKECS [Tnomanp paznusa
3HAa4YeHUs HedTH / HEPTENPOIYKTOB OXBaTBIBAET TEPPUTOPUIO OOBEKTA
[Tmomaae pasznuBa
MectHoro 500 TOHH pa3IMUBLIMXCS OXBaTBIBACT TEPPUTOPHUIO
3HAYCHUS HePTH U HEPTETTPOAYKTOB HACEJICHHOTO ITYHKTa, B KOTOPOM
pacroiokeH 0OBbeKT
IInomane paznusa
TeppuropuabHOTO 1000 TOHH pa3nMUBIIKXCS Hazb p
OXBaTBIBAET TEPPUTOPUU CYOBEKTa
3HAUEHUs HePTH U HEPTEPOAYKTOB N
Poccniickoit ®enepanuun
[Tnomans pa3nuBa
PernonansHoro 5000 ToHH pa3MMBIIMXCS OXBAaTBhIBAE€T TEPPUTOPUH ABYX
3HA4YeHUs HePTH U HEPTEPOAYKTOB cyobexToB Poccuiickoit
®denepanun
IInomane paznusa
6osee 5000 ToHH taab p
denepanbHOTO OXBaTBIBAET TEPPUTOPUHU OoJiee
pa3IUBIIMXCS HEPTH U . .
3HAYCHUS IByX cyOBekToB Poccuiickoii
HEPTENPOIYKTOB
®enepaunn

Cy1iecTByeT HECKOJIBKO METOAO0B JIUKBUAAIIMN pa3inBa HEPTU: MEXaHUYECKUM,

TEPMUYECKUN U (HU3UKO-XUMHUECKHI.
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Mexanuueckuii memoo nuKeuoauuu

OnHuM W3 THaBHBIX METONOB JukBuiammu pa3nmuBa HHII  sBusercs
MexaHnndeckuit coop HedTu. Hanbombimas 3peKTUBHOCTh €0 JOCTUTAETCS B MEPBbIC
Yachl IOCJE pasiuBa. JTO CBA3aHO C TEM, YTO TOJIIMHA €O HEPTH OCTaeTCs
noctaTouHo 00ibmoi. [Ipu Manoit Tonmmae HEPTIHOTO CII0s, OOJBIION MIIOMIAIN €ro
pacnpocTpaHeHHs ¥ MOCTOSHHOM JBI)KEHUH TTOBEPXHOCTHOTO CJIOS MOJ BO3ACHCTBUEM

BCTpa U TCUCHUA MEXaHMYECKUM C60p AO0CTATOYHO 3aTPYyAHCH.

Tepmuueckuiit memoo aukeuoayuu
OcHoOBaH Ha BBDKUTAHUM CJI051 He(PTH, MPUMEHSIETCS MPU JOCTATOYHOM TOJIIIUHE
CJIOSI 1 HEMOCPEICTBEHHO MOCIIE 3arpsi3HEHUS, 10 00pa30BaHUs SMYJIbCUM ¢ BOJOU. DTOT

MCTOA IIPUMCHACTCA B COYCTAHHUHN C APYTUMHU MCTOJaMM JIMKBU ALK pa3JjivBa.

Du3uKo-XxumuuecKuil Memoo JTuKeuoauuu
OU3NKO-XUMUYECKUA METOJ] C HCIIOJIb30BAHUEM JIMCIIEPTEHTOB M COpPOCHTOB
s (dexTuBeH B TeX ciayyasx, korna Mexanndeckuid coop HHII neBo3mosken, Hanpumep,
IPY MaJIOM TOJIIIUHE IUICHKH Wi Korga pasnusiuvecs HHII npeacrasnsatoT peanbHyro

yrpo3y HauboJjee d3KOJIOrMYECKH YsI3BUMbBIM paliOHaM.

5.6 Iloxkapnasi 6e30MacHOCTD

Hacrosmuit cBo mpaBWi1 MPUMEHSETCS PU MPOSKTUPOBAHUH M CTPOUTEITHCTBE
BHOBb CTPOAIIUXCS M PEKOHCTPYUPYEMBIX OOBEKTOB OOYCTpOMCTBA HEPTSHBIX U
ra30BbIX MECTOPOKIECHUHN U COACPKUT crieludruuecKue A TaHHbIX 00BEKTOB 3aIUThI

TpeOOBaHMSI TOKAPHOU OE30MACHOCTH.

K o0bektam 00ycTpoiicTBa HEPTSHBIX U Ta30BbIX MECTOPOKIACHUNU OTHOCSTCS
Ha3eMHBIC OOBEKTHI TEXHOJOTMUYECKOTO0 KOMILIEKca J00buM, cOOpa, TpaHCIOpTa U
MOJATOTOBKM HEPTH M Ta3a, WIACHTU(PHIMPYEMbIE B COOTBETCTBHU CO CIICTYIOITUM

NEPEUHEM:

- KyCTOBas ILI0IIaAKa,
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- OJIMHOYHAS JJOOBIBAIOIIAS CKBAKHHA;
- He(pTera3ocOOpHBIN TPYOOTIPOBOT;

- Y4YaCTOK KOMIUIEKCHOM TIOATOTOBKM HE(TH, a TaKXKe TEXHOJOTUYECKH
CBSA3aHHBIE C HUM OOBEKTBHI: LEX IO MOATNOTOBKE M NEpeKauke He(TH, YCTaHOBKa
NOJTOTOBKA He(TH, HEHTpaJbHBIA MYyHKT cOOpa, KOMIUIEKCHBIN COOPHBIA ITyHKT,
NOKUMHAasi HAacOCHas CTaHLMs, JOXMMHAas HAcOoCHas CTaHOUs C YCTaHOBKOM

MMpcaABaApUTCIIBHOTO C6p008, BOJABI U T.II.,

- YYAaCTOK 3aKa4KH pa60qer0 arcHTa i rnoaacpiKaHusA 1mjiactoBoro JaBJICHHA, B

TOM YHCJIC KyCTOBAasA HACOCHAsA CTaHI M,

- Y4aCTOK, YCTAaHOBKaA KOMILICKCHOM WJIH HpCIIBapHTGHLHOﬁ IIOATOTOBKH I'a3a 1
KOHACHCAaTa, a TaKKC TCXHOJOIMYCCKHU CBiA3aHHBIEC C HHMMH OOBEKTHI: JOXHNMHas

KOMIIPpECCOPpHAaA CTAaHIINA, YCTAHOBKA JUOTAHU3AlIUH KOHACHCATA U T.II.;

- MPOMBICJIOBBIM TPyOONPOBOJ TpaHCIOpTa HedTH, raza WM KOHAEHcaTa OT
IJIOINIA/IOK JI0 BPE30K B MarucTpajibHbIe TPYOONpPOBOABI (WX O APYTHX IUIOMIAIOK

MOJTOTOBKH);

- BCIIOMOTaTeIbHbIE OOBEKTHI, TEXHOJOTUYECKU CBSI3AHHBIE C MEPEUUCICHHBIMU
BBIILIE: 3aMEpHbIE YCTAHOBKH, PACTBOPHBIE Y3IIbl, He()TEIIaMOHAKOUTEIN, OOBEKTHI
CUCTEM  MOXApOTYIIEHHWs, BOJOCHAOKEHHWS W  BOJOOTBEACHUS W  Jpyrue
TEXHOJIOTUYECKHE COOPYKEHUS, HEOOXOoAuMble s (PYHKIUMOHUPOBAHUS OOBEKTOB

oOycTpoiicTBa.

C yderoM GyHKIMOHATHHOTO Ha3HAYCHHS W YPOBHSI MMOXKApOB3PHIBOOTIACHOCTHU
TEPPUTOPUI0 OOBEKTOB OOYCTpPOMCTBA HEPTAHBIX U Ta30BBIX MECTOPOXKICHUIA

PEKOMEHTyeTCsl pa3ieiATh Ha CIAEAYIOIINE OCHOBHBIEC 30HBI:

[ 30Ha (MPOM3BOACTBEHHOTO HA3HAYEHMSI) - OCHOBHBIE TEXHOJIOTHYECKHE

YCTaHOBKH CHCTCMbI c60pa, IMOATOTOBKHU M TPAHCIIOPTA HG(I)TI/I, ra3a, KOHIA€HCara "
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HerenpoaykroB, pacxoansie emkoctu ¢ JIBX, 17K oOmeit npuBeneHHOU
BMecTuMOocThiO 710 200 M3 JIBXK wim 1000 M2 'K ¥ e IMHMYHOM BMECTUMOCTBIO 710 50
M2 JIBXK wim 100 m®T)K €O CIMBOHANMBHBEIMU YCTPOMCTBAMM IO TPEX CTOSKOB;
KaHAJIM3AI[MOHHbIE HACOCHBIE TMPOU3BOJICTBEHHBIX CTOYHBIX BOJA (C HEPThIO U
He(DTENPOAYKTaMH), YCTAaHOBKH [JI1 OYHCTKA OJTHX BOJ, BKIIOYas pe3epByaphl-

OTCTOMHUKU;

Il 30Ha (1O0COOHO-BCIIOMOTATENbHOIO HAa3HAYEHUS) - 3[AHUS U COOPYKEHUS
I10JICOOHO-TIPOU3BOJICTBEHHOTO Ha3HAYEHUs (;1aboparopuu, OIIEPaTOPHBIE;
KaHAJIM3al[MOHHbIE HACOCHBbIE MPOM3BOJICTBEHHBIX CTOYHBIX BOJ; HACOCHBIE CTaHIUU
TYLICHHs] TOXKapa C pe3epByapaMu 3araca BOJABL, COOPYKEHHs TeIUIO-, BOAO- H
YHEProCHA0KEHHUSI, KAHAJIU3ALUH; Y3JIbl CBSI3U, MEXaHUYECKHE MacCTEPCKUE, OBITOBBIE U
N0/ICOOHBIE TTOMEILIECHHUS, TIOKApHBIE JENO (IIOCThI), OOBEKTHI TPAHCIIOPTA, YCTAHOBKHU
BCIIOMOT'ATEJIbHOTO TEXHOJIOTMYECKOT0 M HETEXHOJIOTMYECKOTO0 Ha3HAYEHUs, ONOPHBIE

MYHKTHI Opuraj, onopHbie 0a3bl IPOMBICIA U UM MOJOOHBIE);

[IT 30Ha - coopykeHHsI pe3epByapHOro XpaHeHUs He(PTH, HEPTEIpPOIYKTOB,
KOHJIeHCaTa OOLIeH NpHBEIEHHOM BMeCTUMOCTBIO Oomee 4000 M3 MM eIMHUYHOM

BMECTHMOCTBIO pe3epByapoB 6osee 400 M3, CIMBOHAIMBHBIE JCTaKa b,

[T (a) 30Ha - cOOpyX’EHUSI PE3EPBYAPHOr0 XPaHEHUS CHIPOM U TOBApHOW HEPTH,
He(TEeNnpoayKTOB, KOHJeHcaTa oOuel npuBegeHHoi BMectumocTbio ot 1000 1o 4000
M IpY  €IMHUYHOM BMECTUMOCTH pe3epByapoB He Oomee 400 M3, pesepByapsl

(aBapuitnbie) JTHC o6mieit BMecTuMocThio 10 10000 M2,

OCHOBHBIM Ha3HAYEHUEM CHUCTEMbl OOHAPYKEHHUS YTEYEeK TOPIOYMX Tra3oB U
[IapOB  SIBISETCS  HENPEPBIBHBIM  aBTOMATHYECKUMM  KOHTPOJIb 32  yPOBHEM
B3PBIBOOIIACHOCTH BO3AYIIHOW CpeAbl B NPOU3BOACTBEHHBIX TMOMENIEHUAX M Ha
HapY>KHBIX YCTAaHOBKax C IEJbIO0 OMNOBEIICHHUs MepcoHana 00bEKTa 00yCTpoiicTBa
HE(PTSIHBIX U Ta30BbIX MECTOPOXKICHUN O BOSHUKHOBEHHUH MOKAPOOMACHBIX aBaApUHHBIX
CUTyalluil U 0OecreueHrs BKIIOUEHUS YCTPOMCTB, MPUMEHSEMBIX JJI X JIOKAJTU3ALNH

Y JTUKBUJALNH.
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Cucrema opKHa 00€CTIEUNBATH BBITOTHEHUE CIICTYIONTNX (DYHKITHI:

- HCIIPCPBIBHOT'O MOHUTOPHUHI'A MCCT BO3MOKHOI'O CKOIINICHHUA I'OPIOYUX I'a30B U

Napos;
- CUTHAJIM3AIMH O HAJIMYUH, MECTE PACTIOJIOKEHUSI U XapaKTepe 3ara30BaHHOCTH;

- OIIOBEIICHUS IMIepCOHAJa O BO3HUKIIEH ONACHOCTM N0 BHYTPEHHEU

TPAHCIISIHUOHHON CUCTEME WU [0 CUCTEME AaBAPUMHON CUTHAIU3ALINY.

HpI/IHHI/IHBI pa6OTI>I, MCCTA YCTAHOBKH U KOJIHMYCCTBO JATUYHMKOB CTALIMOHAPHBIX
ABTOMATHYCCKHX I'a30aHAJIN3aTOPOB OIIPCACIAIOTCA IIPOCKTOM O6YCTpOI>'ICTBa He(i)TiIHLIX
N Ta30BbIX M€CTOpO)KI[CHHI>i B COOTBCTCTBHUHN C Tpe6OBaHI/I$IMI/I HOPMAaTUBHBIX

JIOKYMEHTOB B 00JIACTH NPOMBIIIEHHON 0€30MacHOCTH.

HO)KapOTYIHeHI/Ie U BOAAHOC OPOHICHUC Ha 00BeKTax O6YCTp0ﬁCTBa He(bTHHBIX

Y Ta30BBIX MECTOPOKACHUH TOKHBI 00€CIIeUYnBATD:
- ABTOMaTH4Y€CKUE YCTAHOBKHU MOXKAPOTYIIEHUS,
- CTALlHOHAPHBIE YCTAHOBKH MOKAPOTYLIECHUS U BOJSIHOTO OPOLIEHUS;
- MOOWJIBHBIE CPEICTBA MOKAPOTYIICHHUS;
- IEPBUYHBIE CPEACTBA MOKAPOTYILLICHUS.

K opraHu3anmoHHO-TEXHUYECKHUM MEPOIPHUATHSIM MO 00SCIICUCHUI0 MOKapHOH
0€30MacHOCTH, KOTOPbIE JOJDKHBI OBITh BBIMOJIHEHB Ha O0BEKTaX OOyCTpoicTBa

HEe(TSIHBIX ¥ TA30BBIX MECTOPOXKICHUN, OTHOCSATCS:

- Opra”u3aIys NoaApa3AeICHUN MOXKapHOU OXpaHbl sl 00ECTICUeHUS TTOKapHOU
6e3omacHOCTH O0BEKTOB 00YCTpONCTBA HE(MTAHBIX W Ta30BBIX MECTOPOXKICHUM, U UX
B3aMMOJICUCTBUS C TO/Apa3eleHusMu [ 0Cy1apCTBEHHONW MPOTHUBOIOKAPHON CITY>KObI

IIPY TYLIEHUU T0XKAPOB;
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- Oprammsanusa OKCIlyaTaluu MW = HAJJICKAIICro COoACpPKaHuA CHUCTEM

IIPOTUBOIIOKAPHOW 3aUTHI;
- opraHu3anus o0yueHus epcoHalia IpaBuUiIaM MOXKapHO 0€30M1aCHOCTH;

- OpraHu3anus HaJa30pa 3a COONMI0JEHHEM HOPM U MpaBWI IOXKAPHOU

0€30IIaCHOCTH;

- pa3paboTKa UHCTPYKIIMMA 110 00ECIIEYEHUIO MOKapHOH 0€30MacHOCTU U APYTHUX
JOKYMEHTOB O TOpsiiKe pPadOThl € IOYKapOB3pPHIBOONACHBIMU BEIIECTBAMU U
MaTepualaMH, O COOJIIOJEHUN MPOTUBOMOKAPHOTO peXUMa U JEUCTBUSAX JIOACH MpHU

BO3HHMKHOBCHHH I10Kapa,

- OIpCACICHHUC IIOpAdKa 3JBAKyalluU JII-O,ZIGﬁ, TPaHCIIOPTA, CIICHTCXHUKH C
KYCTOBOﬁ IUIOMAAKKW IIPpHU BO3HUKHOBCHHH KPYIIHBIX I10KapOOITaCHBIX aBapHﬁHBIX

cuTyanui (razoHedTernposiBICHUS, OTKPBIThIE (POHTAHBI).

Jlist kaxaoro o0bekTa oOyCTpoWCTBa HEPTSIHBIX M Ta30BBIX MECTOPOKICHHI

JOJDKEH OBITh pa3paboTaH IJIaH TYHISHUS ToXKapa.

5.7 BbIBoJ Mo pazjaeny

B nanHOil TnaBe pa3oOpaHbl TpeOOBaHUS MPOMBIILIEHHON 0€30MacHOCTH
OCBEIICHHOCTU paboueill 30HbI B OJIOKE O3UPOBAHUS XMMUYECKHX PEareHToB. biok
JO3UPOBAHUSl peareHTa He MMEET €CTECTBEHHOI'O OCBEILIeHHs, U paboTa omepaTopa
OTHOCUTCA K KaTeropud MaJloil TOYHOCTH, MO3TOMY OCBEIIEHHOCTh JOJDKHA

COOTBETCTBOBATh HEOOX0anMOH, He MeHee 200 k.

B 0Onoke no3upoBaHMS XWMHUYECKMX pPEAareéHTOB TMPHUCYTCTBYIOT HACOCHI,
UMITYJIbCHBIC TPYOKM TION JIaBJIEHWEM, E€MKOCTH C XWMHUYECKHMMH BEIIECTBAMHU.
Hamonnenue Ojoka MPOUCXOIUT KPYIMHOTaOApUTHOM TEXHUKOHW. DTO BCE MOXKET
HAHECTH Bpea 4enoBeKy. JJist Toro 4To0sl U30€KaTh pa3IuYHBIX CHUTYaIlUN BBIJACICHbI

OCHOBHBIC OITIaCHBIC W BPCIHLBIC (baKTOpBI, C YUYCTOM PEriiaMCHTHBIX AOKYMCHTOB,
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YKa3aHbl AOIIYCTUMBIC OTKIOHCHHUA IIapaMCTpPOB, IPHBEACHA IIO0CIICAOBATCIbHOCTD

nevicreuit ipu YC.
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3AKJIIOYEHUE
CeromHss mnpakTHYECKHM Bce MecTopoxkaeHuss B Pocculickoin dDenepanud,

IKCIUTyaTUPYEMbIE MEXaHHU3MPOBAHHBIM CMOCOOOM JOOBIYM, @ UMEHHO YCTaHOBKaMH
AIIEKTPOLICHTPOOECKHBIX HACOCOB, XapaKTEPU3YIOTCA CHIKEHHEM TeMIa OoTOopa
KUIKOCTH, TAJICHUEM IIJIACTOBOTO JaBJICHUS, YBEIMUYEHHEM 00BOJHEHHOCTH MPOIYKIIUU
n00bIBa€MOM M3 CKBAXXUH, YTO 3aKOHOMEPHO YXYALINUJIO YCIOBUS pabOThl NOTPYKHOTO
000OpyZ0BaHUs, BOMPOCHl MOAJEPKAHUS SKCIUTyaTallMOHHOTO (POHIA CKBOXXHHBI B
paboTOCIIOCOOHOM COCTOSTHUM HMMEIOT OuY€Hb BakHOEe 3HaueHue. OnHON W3 Mep Mo
MOBBIIICHUIO PA0OTOCIOCOOHOCTH CKBAXMH U YBEJIMYEHHUE MEXKPEMOHTHOTO Mepuoia
paboOThl YCTAHOBOK - SBJSETCS Oopbba € COJICOTIIOKEHUSMU M KOPPO3MOHHOU
arpeCCUBHOCTBHIO.

IlepceKTUBHBIM METOJIOM 3alllUTHl SIBJIETCS MCIOJB30BaHUE IOTPY’KHBIX
KOHTEIHEPOB, KOTOPBIE 00J1aat0T PSIIOM IPEUMYIIECTB: UCIIOJIb30BaHUE B KOMIIOHOBKY
VYOIlH+nakep, OTCYyTCTBHE 3aTpaT Ha OOCIy)XMBaHUE, TapaHTUPOBAaHHAs 3allUTa B
TeueHue 365 cyrtok. OnHako, JEHCTBHE €ro OrpaHuYeHO O0BEMOM HHTHOMTOpa B
KOHTEHHEpE U, B TOCJEICTBUE, HEOOXOIMMO OyIeT MpeycMaTpUBaTh JOMOJHUTEIbHYIO
3aIIHUTY CKBAKHUHBI.

Ucnons3zoBanne ycranoBku CYJ/IP coBMecTHO ¢ UMITyJIbCHOW TpPYOKO,
HECOMHEHHO, JacT nonoxkuteiabHbiid 3¢pdexkr. MPII 1 CHO ckBaxuH yBeaun4uBaeTcs,
OJIHaKO HeoOxoaumo mpeaBaputenbHo npoectu OIIM nns pacuera SKOHOMHUYECKOM
3¢ (HEKTUBHOCTH TaHHOTO BHEJIPEHUS, TaK KaK BbI pacTyT kanutanosioxenus Ha TKPC.

Nuruburoper  coneotrnoxenuit Concon 20016, MHI'COJI Aszon 3010A,
unruoutopsl  kopposuu HUmnpomen K-1 mapka A, MUDXAH-90 »sddextuBHBI Ha
MECTOPOXKACHUAX TIPU JO3UPOBKE MO TEXHOJOTUH MOCTOSHHOTO WM NEPUOIANYECKOTO
UHTUOMPOBAHUS CO CXOKUMH XapaKTEPUCTUKAMHU MOMTYTHO JOObIBA€MOM BOJIbI, KOTOPbHIE
IIpeACTaBIICHBI B TaOauIIe 2.5.

Cpenu unruoutopos coneorioxenus, UHI'COJI, nopourkooOpa3Hblii, moka3ai
cxoxyro dpdexruBHocTh ¢ A30JI, COHCOJI, HO, pH UX UCTIOJIH30BAaHUHN OBLITH OTKA3bI
ob0opynoBanusi, B oranure ot MTHI'COJI. Koraa TpancnopTrpoBKa 0CcliOKHEHA, TBEPAbIT

UHTUOUTOP y00HEEe JOCTABISATh U XPAHUTD.
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NDXAH no cpaBaenuto ¢ UTTPOJAEHOM wuHruOUTOpOM KOPpO3WH, 3a CUET
CBOETO CBOMCTBa JIETy4yeCTH, OOECIEeUMBACT HAWIYUIIYIO 3alUTy OOOpYIOBaHUS OT
KOPpPO3HH, MO3TOMY €ro CJieAyeT NMPUMEHSTh B CKBaXMHAX C BBICOKO-KOPPO3MOHHO
arpeccuBHOM cpenoi, nis yBenuuenus MPII u CHO

OnTuManbHbIE 00BEMBI JO3UPOBKA HHTHOUTOPOB COJICOTIIOKEHUN H KOPPO3HUHU:

e COHCOJI 20015 — 20 r/m®

e UHI'COJI-251/M°

e Azon3010A — 30 r/m®

e Unponen JI-1 Mapka A — 30 /M3
UDXAH-90 — 25 r/m®
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Corrosion problems and solutions in oil, gas, refining
and petrochemical industry
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Introduction

Oil, gas and oil refineries are equipped with equipment that is in daily contact
with oil, gas, and water. This contact occurs at high (+1400°C) and low temperatures
(-196°C), as well as pressures vary from vacuum to 1000 bar. This equipment is
dangerous to humans, as the working environment of the equipment is flammable,
explosive and toxic. Due to the different compositions of the working environment,

corrosion is possible, as a result of which an emergency situation may occur.

The oil industry has existed for a sufficient amount of time, and during this
period a large amount of experience has been accumulated, but still the development
of new wells with hard-to-extract hydrocarbons requires the introduction of new
technologies, innovative materials, compliance with fuel quality standards, and
prevention of complications, as well as to reduce environmental pollution create new
problems for the safe operation of equipment and structures. In order to understand
and solve corrosion problems, a corrosion and materials specialist must study the
various physico-chemical processes that underlie the processing of oil and gas and
the production of fuels and other chemicals. People in this industry are responsible
for 65-85% of corrosion cases. With proper corrosion management, they can be
reduced. There are many ways to avoid or control the risk of corrosion: the choice
of corrosion-resistant or suitable materials, the correct design, the use of
anticorrosive chemicals, coatings and cathodic protection, control of technological
parameters and, most importantly, verification and control at all stages of the

application of these actions.

New generations of engineers come and face problems that have been solved
and documented in books, standards, specifications, documents, materials and
reports. Most of the new information is scattered in the literature or is present in the

minds of specialists as implicit knowledge.

Technological installations at oil, gas, oil refineries and petrochemical

plants
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Like the evolution of our planet, life and technology, the oil, gas and oil
refining industries have developed with increasing complexity since their foundation
in 1859. There are related facilities, such as water cooling systems, power plants
(with water purification and steam supply), as well as installations related to the
protection of the environment and people (disposal of hydrocarbon waste,
wastewater treatment and gases released and deodorization). Any gas plant and oil
refinery is a very complex living “organism". Each oil company has an individual
processing scheme, which is determined by the available technological equipment,
characteristics of crude oil and natural gas, operating costs and demand for products.
There are no gas plants and oil refineries that are absolutely identical in their work,

but most corrosion problems and their solutions can be similar.

Physico-chemical properties and corrosion resistance of crude oil and

natural gas

To understand the problems of corrosion and their solutions in the oil, gas
and oil refining industry, we will describe the physicochemical characteristics of
crude oil, natural gas, fuel and their corrosion resistance. Other media, such as water
(cooling water, boiler feed water, fire extinguishing water, sea water), steam, various
gases and chemicals, can also participate in the corrosion of equipment in oil, gas

and oil refining plants.

Intermediate or connecting water is always present in crude oil. These water
droplets range from almost fresh to saturated aqueous solutions of salts and are the
main cause of corrosion of crude oil. Crude oil, in addition to hydrocarbons, may
also include compounds containing sulfur, nitrogen, oxygen and metals. All these
pollutants can be present in crude oil in the form of dissolved gases, liquids and
solids or individual phases. Microorganisms can also be present in crude oil, water
and fuel in an active or dormant state. Each raw material contains approximately the
same types of compounds, but in different proportions. As a result, crude oil is

distinguished by its corrosive activity.

109



Gas wells produce gas mainly of the following composition: a mixture of
carbohydrates, N,, CO,, H,S, H,O and small concentrations of mercury, organic
acids. Of the above components, CO,, H,S, H,O, mercury, organic acids, which can
cause corrosion of the pipeline, are corrosive at any stage of production, separation,
processing, transportation, processing and storage of natural gas. While the water in
crude oil wells may contain salts, the water in natural gas wells is clean. The CO,
and H,S gases contained in natural gas dissolve well in this pure water, which
becomes acidic and aggressive. When CO, causes corrosion, it is called sweet
corrosion. If the cause of corrosion is H,S, then this is called acid corrosion. When
the cause of corrosion is Oy, it is called oxygen corrosion. The rate and intensity of
corrosion depend on the type and concentration (pressure) of aggressive

components, temperature, flow mode and speed.
Corrosion resistance of crude ol

The chemical composition of crude oils is so complex, and there are so many
factors affecting the corrosion activity of crude oil, that it is difficult and even in
most cases impossible to predict their corrosion activity in accordance with the
physico-chemical composition. Typically, the corrosion activity of crude oil is
determined by the total acid number (TAN), total sulfur content, water and salt
content, as well as microorganisms. The combination of these parameters and
components affects corrosion in different ways and in different ways at the stages of
extraction, preparation, transportation, storage and processing of crude oil at
refineries. Both the TAN value and the total sulfur content do not always determine
the corrosion resistance of crude oil. For example, H,S and alkantiols cause
corrosion of carbon steel, while thiophenes do not cause corrosion. This problem
becomes even more serious due to the fact that H,S react with iron, resulting in the
formation of iron sulfide scale. In special cases, crude oil that is highly watered can
reduce the rate of corrosion, and conversely, crude oil can cause corrosion at
relatively low water concentrations. Only an experiment can answer the question
about the corrosive activity of crude oil.
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Corrosion resistance of natural gas and other problems
Interaction and influence of various components of natural gas on corrosion.

Hydrogen sulfide (H,S). The presence of sulfur compounds (mainly H,S)
determines which gas should be acidic. Sweet gas contains less than 4 ppmv H,S
[1]. This value is the maximum allowable for the quality of natural gas during
transportation through pipelines. H,S can cause general and spot corrosion, as well
as hydrogen attack (due to acid corrosion). The latter may manifest as cracks or
blisters. H,S can be released through cracks into the environment and cause loss of
life and environmental damage. Standards have been developed and are widely used
defining the conditions and requirements for the use of corrosion-resistant alloys in
the production and handling of natural gas containing H,S [2-4]. The following
methods are used to prevent acid corrosion: pH control by introducing caustic
caustic; introduction of H,S absorbers and corrosion inhibitors; organic and cement
coatings; selection of alloys in accordance with the standard [2] to prevent SSC

(sulfide stress cracking).

Carbon dioxide (CO,). When CO; is dry in natural gas, it does not cause
corrosion. When CO; is dissolved in water, carbon dioxide (H,COs3) is formed. It

causes corrosion of carbon steel:
Fe(s) + COz(g) + H20O(1) — FeCOs(s) + Hz(g) (1)

The passive black film FeCO; is formed under certain conditions on the
surface of carbon steel and low-alloy steels (up to 9% Cr) and can protect against
corrosion. The protective layer of iron carbonate is often destroyed due to high flow
rates and stresses. In this case, carbon dioxide leads to localized corrosion called
“mesa” corrosion, since the shape of the damage to the steel surface is similar to the
shape of the mountains “Mesa”, California, USA [5]. The following methods are
used to prevent sweet corrosion: the introduction of corrosion inhibitors (they are
ineffective at high temperatures); the use of martensitic stainless steels (>12% Cr);

and pH control by the introduction of caustic injection.
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Oxygen (Oy). This is the only impurity that is missing from natural gas
reserves. Oxygen corrosion is most often spot corrosion. Oxygen can also oxidize
amines and glycols, have a significant effect on the effectiveness of the inhibitor,
react with hydrocarbons, negatively affect the resistance of stainless steels to
chloride SCC (stress corrosion cracking), also provokes galvanic corrosion. But on
the other hand, oxygen is needed to maintain protective oxide films on stainless
steels. The philosophy of preventing an oxygen attack is to ensure that there is no
gaseous oxygen in the systems. There are the following ways to prevent oxygen from
entering natural gas systems, removing it and preventing oxygen exposure:
maintenance of gaskets, rings, valves, pumps, compressors and other equipment and
areas into which air can penetrate; maintaining positive pressure (above
atmospheric); coating with inert gas (for example, nitrogen) above the surface of
liquids in tanks; the use of oxygen absorbers at low oxygen concentrations or a

catalytic reaction at high amounts; deaeration; and the use of coatings.

Natural gas contains mercury in small concentrations, which can cause the
following problems. It is toxic to humans and the environment and it is corrosive to
aluminum heat exchangers at low temperatures in liquefied natural gas (LNG)
installations. Third, mercury can contaminate the catalyst. The mechanism of
mercury corrosion is unique and is called embrittlement of liquid metal (a type of
SCC). Mercury can be removed from the aluminum surface with nitric acid or with
steam or hot air. Mercury can also affect copper, nickel, zinc, iron, chromium,
titanium and zirconium. The only way to prevent mercury corrosion is to remove it

from natural gas to a concentration below 0.01 mg/Nm? [1].

Deposits in natural gas systems consist of sand, silicates, corrosion products
(iron sulfides, oxides, hydroxides and carbonates), sulfates, microorganisms and
products of their metabolism. These solid particles can appear in two ways: they can
be transported together with the flow of natural gas or formed as a result of physico-
chemical processes (for example, corrosion). Deposits can damage pipes, tanks,
pumps, compressors, filters, steam lines, boilers, reactors and other equipment.
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Deposits can cause the following problems: corrosion under deposits; clogging of
pipes, pumps, filters, compressors and heat exchangers; increase in pressure drop
and, as a result, decrease in flow; erosion; reduction of heat exchange; unplanned
stops for cleaning equipment from deposits; pollution of natural gas and other
products; safety threats and environmental problems. Solutions consist in
maintaining the correct technological conditions and proper maintenance with

periodic cleaning of equipment from deposits.

First-class corrosion. During the transportation of natural gas through
pipelines, water vapor condenses as the gas cools. CO, dissolves in water, and the
pH decreases to 4. Sometimes liquid water in the form of a thin layer remains on the
inner surface of the upper part of the pipeline, and severe local corrosion occurs.
Typically, this type of corrosion occurs with a wave-layered flow at a speed of less
than 3 m/s, and there are two phases: liquid and gas containing water vapor and CO.,
and there are no materials (for example, an inhibitor) that could protect the upper
inner surface of the pipeline. Shallow pits with sharp areas of the surface are formed
and accumulate. The corrosion rate of surface corrosion can reach 5 mm/year. This
IS because heat exchange occurs between the pipe and the cold environment (river
water, seawater or cold air) when the pipe has no thermal insulation. This type of
corrosion occurs when water condenses, and concentrations of aggressive
substances contained in the gas naturally can create an acidic environment on the
inner surface of the upper part of the pipe. The mechanism of corrosion is corrosion
under the action of CO,, and the main factor is the rate of condensation, but the pH
value and flow mode also affect the rate of corrosion and its duration. There is such
a parameter as the critical rate of condensation of water vapor in pipes (from 0.15 to
0.25 ml m-2 s-1) for the occurrence of through corrosion. Various models have been
developed to predict the corrosion rate of carbon steel, knowing the rate of

condensation of water vapor and other parameters.

Ultrasound with flexible sensors is used to control the depth of corrosion on
metal. To prevent this type of corrosion, the following measures are used:
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a) Increasing the wall thickness of the pipe during design

b) Gas drying

¢) Creating thermal insulation on pipes

d) Application of organic coatings

e) The use of volatile inhibitors

) Using pigs and feeding the corrosion inhibitor directly into the well

It is necessary to monitor the corrosion of the internal surfaces of pipelines.
Methods of corrosion prevention in natural gas systems

Corrosion is influenced by three main factors: the type of metal, the
characteristics and environmental conditions, as well as the environment of the
boundary metal [6]. Thus, we take into account the above three factors to prevent
corrosion in natural gas systems. We classify all methods into three groups: metal
treatment (material selection), environmental treatment (neutralization, removal of
water, CO,, H,S, O, and salts) and the metal-environment boundary (introduction of
inhibitors, use of coatings and cathodic protection). We can add technological
methods, which means maintaining process conditions (temperature, pressure,

flow). We will start with engineering design.
Engineering design
The engineering project includes:

a) Use of standards, specifications, procedures, reports and any new

information.

b) the use of knowledge about the principles, processes and possible
phenomena of corrosion in natural gas systems. It is necessary to take into account
the geometry of the equipment, make fewer gaps, control the flow rate, prevent air

penetration, avoid “dead zones” (places of accumulation and stagnation of water).
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c) Selection of suitable structural materials, methods of protection, control
and corrosion control during the design life. The selection of suitable coatings,
corrosion inhibitors, biocides, descaling agents, cathodic protection and removal of

aggressive impurities (H,S, H,O, O,) belong to this group.

d) Selection of corrosion monitoring methods: monitoring the behavior of
building materials, the corrosive environment and the effectiveness of corrosion

protection methods.

Inhibitors are an important part in preventing and reducing the rate of
corrosion in gas wells. One of the first inhibitors that were used are amines, which
were used in the 1940-1980 years. But since 1980, in connection with the exploration
of deep wells with high temperatures and pressures, inhibitors proved ineffective,
and special alloys began to be used in these conditions. There is no single

classification of inhibitors. We will describe some of them.

a) Classification according to the effect on corrosion reactions. For example,
anode inhibitors slow down anode reactions on the metal surface. Cathode inhibitors
slow down cathode reactions. There are mixed inhibitors that suppress both the

anode and cathode reactions simultaneously.

b) Classification according to the type of metal to be protected. For example,

corrosion inhibitors that protect carbon steel, copper, aluminum and their alloys.

¢) Environmental classification: water and aqueous solutions of electrolytes;

acids; alkaline solutions; gaseous phases; oil and fuel; coatings; concrete.
d) Organic and inorganic inhibitors.

The essence of the work of inhibitors is adsorption on the surface of the
pipeline and isolation of the surface from the ingress of corrosive media.
Consequently, with an increase in the dosage of the inhibitor, the contact area of the
aggressive medium with the surface decreases. A lot of inhibitors that are used in

gas fields are “film amine”, which forms a protective film on the metal surface. Most
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of the corrosion inhibitors introduced into natural gas pipelines are organic nitrogen
substances. Inhibitors are not always able to prevent corrosion in the upper part of
pipelines. In these cases, volatile corrosion inhibitors and inhibitors that are injected
into the foam matrix are recommended. Inhibitors form a thin layer of molecules on
the metal surface. An intensive flow of gas, liquid or liquid-gas mixture is able to
remove this layer. The effectiveness of inhibitors decreases in the presence of
suspended solids and sand, as they attract inhibitor molecules. Inhibitors are
attracted to the products of scale formation and corrosion, which reduces their
effectiveness. It is recommended to carry out chemical cleaning before starting the
injection of the corrosion inhibitor. From time to time, pipelines are cleaned using
"pigs”. When using inhibitors on gas wells, they must meet the requirements

specified in the standards [5].

The use of methanol or ethylene glycol prevents the formation of hydrates in
wells, as well as reduces the rate of corrosion. In addition, corrosion inhibitors must
be compatible with other substances in the well. We can start or replace inhibitors
without stopping and disrupting the production, transportation and production
process. This is a great advantage compared to other methods of corrosion control.
In addition, it is possible to continuously monitor the effectiveness of inhibitors and
change their concentrations in accordance with changes in the corrosive activity of

natural gas.

Water cooling systems. To combat corrosion, microbiological growth and
scale formation, three chemicals are introduced into these systems: corrosion
inhibitors, biocides and anti-scale agents. We can use inorganic inhibitors (NaNO»,
Na,SiO3) in closed water cooling systems to cool pumps and compressors. Sodium
nitrite protects carbon steel in fuel-water mixtures. They should be assessed in terms
of health, safety and environmental damage. It is important to evaluate the
effectiveness of corrosion inhibitors in laboratory and field conditions in order to
select the appropriate inhibitor for a particular natural gas well. We can calculate the
efficiency (E%) inhibitors in accordance with the following formula:
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E:(CRO'Ci)/CO *100% (2)

where Cg, and Cgj are the rate of metal corrosion without an inhibitor and in

the presence of an inhibitor, respectively.

Any change in dosage can dramatically affect the effectiveness. Inhibitors
are administered continuously or periodically in portions. The first dose should
always be large enough to protect the entire pipe surface. After that, it is necessary
to reduce the dosage to the desired minimum so that this concentration is enough to
create a protective layer. Corrosion monitoring using sensors or electrical resistance
sensors (ER probes) is used to check the effectiveness of inhibitors and change their
concentration, if necessary. It is important to install sensors and sensors inside the
pipeline in places that may be susceptible to corrosion and scale formation, and
monitor the entire internal space of the pipe. We must take into account that a natural
gas field can age, and the chemical composition, temperature and pressure can

change over time. As a result, the corrosion activity of natural gas may also change.
Corrosion monitoring in natural gas systems

It is important to monitor corrosion in natural gas systems, as there is a high
risk to people and the environment in the event of holes and leaks of toxic and
explosive gases. preventive anticorrosive methods are aimed at their development
and increasing their effectiveness. the main task of monitoring is observation the
state of corrosion of metal equipment and structures, the aggressiveness of the
environment and the effectiveness of anti-corrosion measures. There are several
ways to classify corrosion control methods. For example, direct and indirect
methods. Direct measurement methods refer to parameters that directly depend on
corrosion. For example, the thickness of the pipe wall or the mass of the metal
coupon. Indirect measurement methods refer to parameters that affect indirectly or
are affected (dissolved metal ions due to corrosion and detection of gas or liquid
leaks due to holes caused by corrosion). Direct methods are divided into intrusive

methods and non-intrusive methods. Indirect methods can be online and offline.
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Real-time measurements are performed without removing the sensor from the
process. The autonomous method means extracting a metal sample from the process
flow for testing. monitoring makes it possible to observe corrosion in real or near
real time. The inspection has a time delay between the incident and the investigation.
The Inspection collects data about an event that has already occurred. We classify
corrosion control methods into physical methods, environmental testing methods

(chemical-analytical) and metal-environment boundary measurements.
Physical methods of control of metal properties

The weight loss (WL) method is based on the introduction of a metal sample
of a known mass and area into the flow process, immersion for a certain period,
removal, cleaning of corrosion products and other deposits and weighing. The loss
of metal mass per unit area over a period of time is the rate of metal corrosion in a
particular environment. The weight reduction method is considered the most correct

among all existing corrosion control methods.
Monitoring of the environment and technological parameters

On the other hand, physicochemical analytical methods (Atomic optical
emission spectroscopy with inductively coupled plasma and rotating disk electrode)
are used to determine the concentration of metals that have been corroded in liquids
with a sensitivity of ~ 1 ppm or less. what is the critical concentration of chemicals,
which in turn affect the rate of corrosion (high or low) in the system? Acceptable

values depend on the specific system and the type of corrosion phenomenon.

Monitoring of technological parameters includes measurement of flow,

temperature, pressure and dew point temperature.

The advantage of physico-chemical analytical methods is their high

sensitivity.

Exploring the metal-environment boundary
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These methods are based on the physicochemical features of the metal-
environment boundary and include electrochemical methods, analysis of corrosive
materials and other complications on the metal surface, as well as the morphology
of the surface of the corroded metal. Electrochemical methods can be used only in
electrolyte solutions. These methods are used to monitor the effectiveness of
cathodic protection of underground and underwater pipelines, reservoirs and other

structures.
Online corrosion monitoring in real time

Real-time information is obtained immediately, usually within a few
minutes. Basically, continuous monitoring of pipeline corrosion in real time is being
developed. It is necessary to integrate it with the process control system, which
means tracking technological parameters with data on the state of corrosion. Here

are some pipeline corrosion control systems:

a) Corrosion Resistance Monitoring (RCM) — continuous measurements of

pipe wall thickness using the "electrical resistance" method.

b) The Field Signature Method (FSM) is an electrical resistance method for
determining the wall thickness of pipes: uniform corrosion, corrosion pits, erosion

and cracks.

c) Advanced electronic corrosion sensors ER with fiber-optic
communication channels — Monitoring the effectiveness of injections of

anticorrosive chemicals.

d) In-Line Inspection (ILI) — Inspection to assess pipe corrosion and damage.
The combination of physical methods, chemical-analytical and physico-chemical

methods provides extensive information about the corrosive environment in pipes.

Monitoring the effectiveness of cathodic protection
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The standards define the necessary values to verify the effectiveness of
cathodic protection. In the fields, two criteria are used to determine the effectiveness
and integrity of cathodic protection. The first criterion is that the electrical potential
of the protected buried pipeline in the ground should be less than -0.85 V with
respect to the reference electrode with saturated copper/copper sulfate (see page
105). The second criterion is a minimum of 0.1 V cathodic polarization between the
surface of the structure and a stable reference electrode in contact with the

electrolyte.

The study of the potential with a close interval (CIPS) and the DC Voltage
Gradient (DCVG) are widely used to evaluate the effectiveness of cathodic
protection of underground pipelines. The DCVG method is based on measuring the
potential difference at a distance of about one meter above an underground pipe
protected by cathodic protection. The larger the size of the defect in the coating, the
greater the difference in potentials. This method allows you to detect defects of ~ 1

cm in the coatings on pipes buried in the ground to a depth of 1-2 meters.
Legislation

Important documents have recently been published outlining significant
changes in Pipeline Safety Regulations aimed at improving the safety of onshore
pipelines for the transportation and collection of natural gas throughout the United
States [7]. It complements the security sphere, including additional characteristics
for evaluation and repair for gas transmission pipelines that are located in the areas
with an average population density where an incident may pose a danger to people's
lives. The first step is the validation of materials [7]. To do this, a calculation formula
is used that takes into account the specified minimum yield strength of the pipeline,
wall thickness and diameter multiplied by the class location coefficient, which is
based on population density and the number of residents living in the immediate
vicinity of the pipeline. In the second stage, hydrostatic tests or other approved
methods should be used to verify the length of the pipe in which there is no

information.
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Conclusion

Non-destructive testing and corrosion monitoring are important measures for
detecting, predicting and preventing corrosion in natural gas systems. We must
distinguish between corrosion monitoring, inspection and inspection. Inspection and
survey work is performed as planned. corrosion monitoring is carried out daily
without interruptions real-time information. Non-destructive testing and corrosion
monitoring are interdisciplinary issues covering a wide range of fields, including
various methods, sensors, instruments, data analysis and the use of standards. You
can get the most realistic picture of the situation if you use various methods and
tools. The choice of corrosion control methods need information about the type of
equipment as they depend on it directly or design, conditions and tasks. Therefore,
there is no absolute and ready-made offer for all systems and all cases. Corrosion
control methods should be used as often as possible. The use of non-destructive
testing and corrosion control can reduce the risk of failures to almost zero.
Sometimes a visual inspection does not give any warnings about a significant
breakdown, which requires a high cost of repair in a short time. It is necessary to
develop and implement methods of non-destructive testing and corrosion control at
the design stage of the project. The rate of corrosion changes at different distances
and locations of equipment and structures. The more places are covered by corrosion
sensors, the better we will determine and find out the current situation at the field

with corrosion.

It is pointless to talk about the cost of corrosion control. These costs account
for approximately 0.05% of the total losses from corrosion damage. The cost of
corrosion control is much lower than the elimination of the consequences of
corrosion destruction. The data of the methods of non-destructive testing and
corrosion control (thickness and corrosion rate) are entered and displayed on the

computer screen.
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IHPUJIIOXKXEHUE b

OneHka pacxo/10B Jisl yCTOMYMBOTO (DYHKIITMOHUPOBAHUS BHEIPSEMON TEXHOIOTHU

B pacxona Eppreremia Crommocts 2022 2023 2024 2025

U3MEpEHUS 332 TOHHY
Pacxoppl Ha conepkanue U 9KCILTyaTaluio 000pyI0BaHUS pyo./T 611,62 2,63 2,68 2,77 2,70
OO0111eX03sIICTBEHHBIE PACXO0/IblI pyo./T 27,12 1,17 1,19 1,23 1,20
OO01IenpPOn3BOICTBEHHBIC PACXOIBI pyo./T 80,78 0,35 0,35 0,37 0,36
[Ipouue 3atpatel pyo./T 482,24 2,08 2,11 2,18 2,13
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Orenka pacxo/I0B I yCTOWYHUBOTO (DYHKITMOHUPOBAHHUS BHEIPSAEMON TEXHOIOTHI

NPUJIOKEHUE B

Tekyiue 3aTpaThl Hanorwu, BKIIFOYaeMbie B c€0ECTOMMOCTD
B T.4.. B T.4.:
=
g = 5 Z < o b § Hroro
5 o = o o 3 S = JKCILTyarTa-
T = = o T ST S & g 5 9 Yy
OAR! Bcero 3 = g § ’E § 2 5 § g © E Bcero CTpaxoBbI LIMOHHBIX
o 2 > = Z 8 Eax £EE o) HAIA npouue ——
g a5 = 4 2 ETS 2 o & Q, € B3HOCHI Tp
OB & =
© H S O S° e Fe S &
= S 38 = © A S
8 = 3
£
2022 8,75 1,92 2,63 0,00 1,52 0,61 2,08 39,96 37,66 0,595 1,71 48,72
2023 8,86 1,92 2,68 0,00 1,54 0,61 2,11 41,90 39,43 0,595 1,87 50,76
2024 9,07 1,92 2,77 0,00 1,59 0,61 2,18 56,46 53,63 0,595 2,24 65,53
2025 8,91 1,92 2,70 0,00 1,55 0,61 2,13 55,11 52,33 0,595 2,19 64,03
Hroro: 35,60 7,68 10,78 0,00 6,21 2,43 8,50 193,43 183,05 2,38 8,01 229,03
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HNPUJIOKEHUE I

OneHka pacxo/10B JIsl yCTOMYMBOTO (DYHKIITMOHUPOBAHUS BHEIPSEMON TEXHOIOTHU

XapakTepWcTuxa HammeHbwmi PaspRa Mog- KoHTpact | XapakTte- WckyccTBeHHOR OCEELEHME EcTecTeeHHoe CoBEmeLlLeHHoE
3PUTENLHOM M 3puUTENs- | paspag oBLexTa pUCTMEa OCBELEHUE OCEELEHUE
paboTel 3KEMEANEHTHEIA HOW IpuUTENL- | € choHoM thoHa
pazmMep paboTel HOR
obkexTa paboTel
paznuYeHnA,
MM
OceeleHHOCTB, MK Coueranmne KEOQ &, %
HOPMUPYEMEIX
BENUUNH
oTLeAUHEHHOMD
noxasarens
AnckomdiopTa
UGR n
kosdrpuumeHTa
nynbCaLuu
npu cucTeme npu UGR, | £;.%, npu npu npu npu
komBUHNpO- cucTeme He He eBepxHem | Doko- | eepxHem | Boko-
BaHHOMO obuwero | bonee | Gonee WM BOM ] BOM
OCEELEeHUA ocee- KOMBM- ocee- KOMBK- ocee-
Ly EeHUA HUpO- LEHNI HWpo- LeHnK
BaHHOM BaHHOM
ocae- ocee-
LL{EHMM LLEHUM
Becero | B Tom
CpenaHeli TOUuHOCTH Ce. 050010 v a Maneii TemHLIi 750 200 400 25 20 40 1.5 24 09
6 Maneiit CpegHuit 500 200 300 25 20
CpegHuil TemHIi
B Mankei CeeTneii 400 200 200 25 20
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