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He(l)TeFaZ’uOBOFO aciia

Tomck — 2018 .




Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepanun
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHNUE
BBICIIIETO 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

Ixoma ULITIP

Hanpasnenue noarotosku (cnenuanbHocTh) HedrerazoBoe neno
Otnenenne mkonbl (HOLL) Otnenenne HedTera3oBoro Jjiena

YTBEPXAIO:
PyxoBonurens OOII
3stuxos I1.H.
(IMommuce)  (Mara) (®.1.0.)
3AJAHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(QUKAMOHHOM PadoThI
B dbopwme:
‘ Marucrepckoi guccepTainuu
(bakanaBpcKkoii pabOTHI, UIUIOMHOTO MPOEKTa/PabOThI, MATUCTEPCKON AUCCEPTALIHHN)
CryneHry:
I'pynna PHUO

2bM6B

I'opronoBy Kupunny EBrenpeBuuy

Tema paboThI:

YTBepak/ieHa IPUKA30M JAUPEKTOpa (1aTa, HOMep) | 28.04.2018 Ne3073/c
| Cpok cl1aus CTYIEHTOM BBIITOTHEHHOM PaGoTHI: | 06.06.2018
TEXHUYECKOE 3AJIAHHUE:

Hcxoanblie 1aHHbIE K padoTe

[Taker TEXHOJIOTMYECKOU nHpopmanuu o
MECTOPOXKJICHHUIO, TEKCThl U rpaduyecKkre MaTepualbl
OTYETOB I€0JIOTO-TEXHUYECKOro OTAeNa, (POHI0Bas U
IIepuoAnYEeCcKas JINTepaTypa.

IlepevyeHs MoAsIesKAIMX MCCIEIOBAHUIO,
NMPOEKTHPOBAHUIO U pa3padoTKe
BOIIPOCOB

Bsenenue

1.06mue cBenenus o [Ipro6ckom MecTopokIeHun

2 Kputepun  BpIOOpa  WMHTMOMTOPHOM  3alIUTHI
IIPOMBICIIOBOTO 000PYI0BaHUS

3.DOUHAHCOBBII MEHEPKMEHT, pecypco3(h(HeKTHBHOCTh
U pecypcocbOepexeHune

4.CounanpHasi OTBETCTBEHHOCTh

3aKaroueHue

Ilepeyens rpapuueckoro MaTepuajia

KOHch'IbTaHTbI 110 pasaejgam BbIHyCKHOﬁ KBaJIH(l)HKaHHOHHOﬁ paﬁoTbI

Pazgen

KoncyapTant




duHaHCOBLIN MEHEIKMEHT

Pomanrok B.B.

COIII/la.]IbHaﬂ OTBETCTBCHHOCTH

Ab6pamenko H.C.

HNHocTpaHHBIIl A3BIK

Bbosncynosckas JI.M.

Ha3Banus pa3iejioB, KOTOpbIe 10JIKHbI ObITh HANIMCAHBI HA PYCCKOM M MHOCTPAHHOM SI3BIKaX:

1.BBenenue
2.JIutepaTtypHblii 0030p
3.3akitoueHue

JaTa BpIIa4M 3aIaHUs HA BBINIOJIHEHHE BBIITYCKHOM
KBAJIN(UKANMOHHON padoThI M0 JJHHEHHOMY rpaduKy

10.02.2018

33[[3]-[1/[6 BbIJAJ PYKOBOAUTE/Ib:

HoaxHocTh

PUO Yuyenas
CTeneHb, 3BaHue

IHoanuck

Jara

Homent Xowmskos W1.C. K.X.H.

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

I'pynna

PUO

IMopgnucek

JlaTa

2bM6B

I'opronos K.E.




Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepanun
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHNUE
BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

[ITxona UILITP

Hanpasnenue noarotosku (cnenuanbHocTh) HedrerazoBoe neno
YpoBeHb 0Opa3oBaHusi Marucrparypa

Otnenenne mkoisel (HOLL) Otnenenne HedTerazoBoro aena
[Tepuon BeimonHeHMs Becennuii cemectp 2018 yueOHOTO0 roaa

®dopma npecTaBieHus: padoThI:

‘ Maruncrepckoi auccepTainnu

(bakanaBpckas paboTa, AUILIOMHBIN MPOEKT/paboTa, MarUCTepCKas THUCCePTaLIUs)

KAJIEHJIAPHBIN PEUTUHI-ILIAH
BbINIOJIHCHH S BHIIYCKHON KBATH(PUKANNOHHON PadoThI

‘ CpoK cl1auyl CTY/IGHTOM BBITIOJIHEHHOM pabOThI: ‘ 06.06.2018
JlaTa Ha3zBanmue pazgena (monyJisi) / MakcuMaJjbHbIH
KOHTPOJIfA B/ padoOTHI (McCIe10BAHUS) 0aji1 pasjaena
(MoayJin)
18.03.2018 JlurepatypHslii 0030p 25
14.04.2018 DKCIepuMEHTAIbHAS YaCTh 30
07.05.2018 OUHAHCOBBI ~ MEHEDKMEHT,  PecypcodPPeKTUBHOCTh U 20
pecypcocOepexeHne
12.05.2018 ConmanpHas OTBETCTBEHHOCTD 10
14.05.2018 [IpuoxeHue Ha HHOCTPAHHOM SI3bIKE 15
CocTtaBuil IpenoiaBaTellb:
Jo/xHOCTH dOUO Yuenas IMoanucs Jara
CTeNneHb, 3BaHNe
Horuent Xomsikos U.C. K.X.H.

COI'JTIACOBAHO:

PykoBogurtens OOII PNoO Yuenas Iognucek JlaTta

CTECINICHb, 3BAHUC

Otnenenne

3srukos I1.H. J.T.H.
HeTera3oBoro aena




IINIAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 OOII

Ne Pe3yabTaThl 00yUeHust
1 2

Pl | Ilpumensars riayOoOKHe €CTECTBEHHOHAayuYHble, MaTe€MaTHYeCKHe, 3KOHOMUYECKHE M WHXKECHEPHbIE
3HaHUs Ul PELICHUs] HAyYHBIX U NPAKTUYECKUX 33/au B HE(hTEra30BOM CEKTOPE SKOHOMUKHU

P2 | Ilpumensars rirybokue npoecCHoHaIbHbIE 3HAHUN JUIs peIIeH!Us] MEKIUCIUIIINHAPHBIX UHKEHEPHBIX
3aja4 B 00J1aCTU MOJEIMPOBAHUS MECTOPOXKAEHUHM HEPTH U raza

P3 | IlmanupoBatTe U MPOBOIUTH AHATUTUYECKHE U DKCIIEPUMEHTAIbHbIE HCCIIEOBAHUS C UCTIONB30BaHUEM
HOBEHIIMX JOCTWM)KCHUI HAayKM M TEXHUKH, YMETh KPUTHYECKH OLEHHMBATH PE3yJIbTaThl M JENaTh
BBIBOJIbI, IOJIy4YEHHBIE B CJIOKHBIX U HEOMPENEICHHBIX YCIOBHAX

P4 | IIposiBisTh TiIyOOKYI0 OCBEJOMIIEHHOCTh O MEPENOBBIX 3HAHMAX U OTKPBITHAX B 00JacTH
He(TEera3oBbIX TEXHOJIOTHI C y4yeTOM IEpeJOBOr0 OTEYECTBEHHOTO U 3apyOeKHOIO OIbITa, YMETb
HCIOJIb30BaTh HOBBIC 3HAHMS

P5 | Ucnonb30BaTh MHHOBALMOHHBIN MOAXOJ MPU pa3pabOTKe HOBBIX WICH U METOIOB MPOEKTUPOBAHUS
00BEKTOB He(PTEra30Boro KOMILIEKCa

P6 | CobOmromath mpaBuiia OXpaHbl 340pOBbs U 0€30IACHOCTH TPYJla, BBHIIOJIHATH TPeOOBaHMS IO 3aLIUTE
OKpY’Kalollel cpeibl

P7 | BelcTpo OpHEHTHPOBATHCSI M BBIOMPATh ONTHMAJbHBIE DPEIIEHHS B MHOTO(AKTOPHBIX CHUTYaIUsAX,
BIIaJIETh METOJAMH U CPEACTBAMHM MAaTEMATHYECKOIO MOJEIMPOBAHUS TEXHOJIOIMYECKUX MIPOLECCOB U
00BEKTOB

P8 | DddexTBHO UCIIOIB30BATH JIOO0H HUMEIOIIMIACS apceHall TEXHUYECKUX CPEJCTB Ui MAaKCHUMaJIbHOTO
NPUOIMKEHUS K ITOCTABIEHHBIM MPOU3BOJCTBEHHBIM LIEJISM IIPU pa3pabOTKe U pealn3aluy NpOeKTOB,
OPOBOAUTH AKOHOMHUYECKMH aHalU3 3aTpaT, 3KOHOMHYECKOH 3((eKTUBHOCTH, MapKETUHIOBbIE
UCCIIEIOBaHMS

P9 | OddextuBHO paboTaTh MHAMBHAYAIbHO, B KAayeCTBE WIEHA U PYKOBOAUTENS KOMAaHIbl, yMEHHE
(dbopMupoBaTh 3a1aHKS U OIIEPATUBHbIE IUIAHBI BCEX BUIOB AEATEIbHOCTH, PACIPENENIATh 00I3aHHOCTU
YJICHOB KOMaH/1bl, TOTOBHOCTh HECTU OTBETCTBEHHOCTD 3a PE3YJIbTaThl PabOThHI

P10 | CamoCTOSATENBHO YUUTHbCS M HENPEPBHIBHO IOBBIIATh KBANU(UKAIMIO B TEUEHUE BCEro Iepuoja
po(heCcCHOHATTLHON AEeSITENLHOCTH

P11 | AKTHBHO BIIaJIeTh MHOCTPAHHBIM S3BIKOM Ha YPOBHE, MO3BOJIAIONIEM paboTaTh B MHTEPHAIIMOHAILHON

cpeac, p33pa6aTbIBaTb JOKYMCHTAIWIO M 3allIMIIATh PE3YJIbTAThI HHKCHCpHOﬁ ACATCIbHOCTHU




_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXXEHUE)
Crygnenry:
I'pynna DOUO
2bM6B I'opronoBy Kupunny EBrenneBuay
MIxona nIp OTtaenenune mxosasl (HOL) Otnenere
HeTETra30BoTO JIea
Yposenn Maructparypa HanpagJienue/cnenuajabHOCTh 21.04.01
o0pa3oBaHus patyp p b HedTerazoBoe neno

Hcxonnbie nanHble K pa3aeny «OHHAHCOBBIH MEHEIKMEHT, pecypco3(GeKTHBHOCTD H

pecypcocoepe:keHmne):

1. Cmoumocmv  pecypcoe  nayunozo
uccnedosanuss (HHU): mamepuanvho-

OneHka 3aTpaT Ha YCTAHOBKY U 3KCIUTyaTallUIO
BaKyyMHOH KOMIIPECCOPHOM CTaHIMM Ha HEPTIHOM
CoBETCKOM MECTOPOXKICHUH

MeXHUYEeCKUX, 9Hepeemu4ecKux,
QPuHaAHCOBbIX, UHPOPMAYUOHHBIX U
Ye08eYecKUx
2. Hopmwl u nopmamussr pacxodosanus | PA 153-39-007-96
pecypcos
3. Hcnonvsyemasn cucmema | 1. Hanorossiii kogeke Poccuiickoit @enepannn
nano2006n0xcenus, cmaeku nanozoe, | 2- 3 Ne212 or 24.07.2009 B pen. ot 19.12.2016
omuucienull, OUCKOHMUPOBAHUS U
KpeoumoBaHus
Ilepeyenb BONPOCOB, MOJJIEIKAIMX HCCJIEJOBAHNIO, IPOCKTHPOBAHUIO H pa3padoTke:
1. Oyenxa KOMMEepPYEecKo20 u | OGocHOBaHUE HEepPCIEKTUBHOCTU YCTaHOBKHU
unHOBaYUoHHo20 nomenyuana HTHM | BAKyyMHOW KOMIIPECCOPHON CTaHIMM Ha HE(TIHOM
COBETCKOM MECTOPOKIEHUH
2. Paspabomxa yemasa Hayyno- | COoCcTaBIeHHE MEPONPHUSTHNA sl  YCTAaHOBKH U

MexXHU4YeCKo2o npoekma

AKCIUTyaTallMd BAKYYMHON KOMIPECCOPHOM CTaHIMU

3. Inanuposanue npoyecca ynpasieHusl
HTHU: cmpykmypa u epaghux npoeedenus,
0100%1cem, pUCcKU U OP2AHU3AYUS 3AKYNOK

PacueT kanuTanpHBIX U TEKYLIMX 3aTpaT Ha yCTAaHOBKY
BaKyyMHOH KOMIIPECCOPHOM CTaHLIUU

4. Onpeoenenue pecypcHou, GuHaAHCOBOL,
9KOHOMUYECKOU 3¢ hekmusHocmu

TeXHUKO-3KOHOMHUYECKOE 000CHOBaHHE

ncnoiss3oBanus [IHI xa BKC

Ilepeyens rpaduyeckoro marepuaja (c m

OYHbIM YKA3aHUEM 0b53amebHbIX qepmeofceﬁ).'

JlaTta BbIIauM 3aJaHUA /ISl pa3/iena 1o JuHelHoMY rpaduky

33}13HI/IQ BbIJ1AJI KOHCYJbTAHT:

HoaxHocTh dPUO Yuenas crenen, IMoanucey JlaTa
3BaHHE
Horuent Pomaniok B.b. K.3.H.
3anaHne NPUHSJ K MCIIOJIHEHUIO CTY/IEHT:
I'pynna DPUO Hoanuck Hara
26M6B T'opronos K.E.




3AJJAHUE JIJISI PA3JIEJIA
«COLUAJIBHASI OTBETCTBEHHOCTb»

Crygnenry:
I'pynna dUO
2bM6B I"opronoBy Kupunny EBrenneBuuy
IIxoaa HUIIIP Otaenenue mkouabl (HOIL) Otzenenne
HeTEra3oBoro jaena
Yposenn Marwuctparypa HanpagJjienue/cnenuaabHOCTh 21.04.01
o0pa3oBaHus Hedreraszosoe nesno

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

1. Onucanue paboueco mecma (paboueil 30mbl,
MEXHON02UHeCKO20 Npoyeccd, MexXaHuuecko2o
000py006anst) Ha npeomMen 803HUKHOBEHU.!

Obvexmom ucciedo8anus OanHOU pabomol
A6Aemcs Cosemckoe Heghmsanoe
Mmecmopoocoenue(Tomckas obracms)

2. Hepeqeﬂb 3aKOHOOAMENIbHLIX U HoOpmMamueHnbvlx
aOKyMeHWlO@ no meme:.

I'OCT P UCO 26000-2012

Hepeqeﬂb BOIIPOCOB, NOJICKAIIUX HCCIACTO0BAHUI0, IPOCKTHUPOBAHUIO H pa3pa60TKe:

1. Ananus BbLABTICHHBIX 8PEOHbIX @axmopos | 1. [logviwennulii ypogeHv uiyma
NPOeKmMupyemol  npou3eo0CmeeHHol  cpedbl 6 | 2. Heoocmamounas 0C8eWeHHOCHb
cnedyroujeti nocie008amenbHOCU. paboyetl 30Hbl

3. Hoocapnas 6ezonacnocmo

2. Awnanuz 8bIAGNEHHBIX ONACHBIX gaxmopos | 1. Dnexkmpobdezonacnocms
npoexmupyemou npouU36e0EHHOL cpeoul 6 | 2. Mexanuueckue onacnocmu
caedyroweti noCIe008amelbHOCIU. 3. Annapamwl noo daenrenuem

3. Oxpana oxpyosicaioweti cpeobi: - ananuz  6o30elicmeus  00veKma Ha

—  aHaJM3 CEMTEOHOM 30HBI ammocghepy:

aHaJN3 BO3JIEHCTBUS 00BEKTa Ha aTMOChepy
(BBIOpOCHI);

aHaJu3 BO3/JIEHCTBUS 00BEKTA Ha THIPOChEpY
(cOpocwr);

aHaJM3 BO3/IEHCTBHS 00BEKTa Ha TUTOCHEPY (OTXOIBI);
paszpaboTath pEemIeHHs IO 00ECIICUYCHUIO
9KOJIOTHYECKOM 6e30macHoCcT co cebutkamu Ha HT /]
M0 OXpaHe OKpPY>Karolel cpebl

Cmpoumenscmeo u dKcniyamayus 00beKmos
Hepmedobbivu  C6A3aHbI ¢ GblOCACHUEM
3ACPAHAIOWUX  Geujecms 8 ammocgepHulil

8030YX;

- amanusz eo3odelicmeusn  00vekma Ha
zuopocegepy:

Ocoboe ompuyamenvHoe 6o30elicmaue Ha
XUMUYeCKUll ~ COCMA8  8000EMO8 npu
IKCHIAyamayuy  00veKmos  Heghmedobwviuu

OKA3bI8AIOM PA3IUEbI Hedhmu U 800 C BbICOKOIL
munepanuzayueu. Ilpu nonadanuu Hegpmu 6
8000eMbl HA NOBEPXHOCMU 800 0OpA3yemcs

NJIEeHKd, — NPensimcmeyiouass — 6030YUIHOMY
0bMeny.

- aumanuz eo3delicmeuss o0vekma Ha
aumoceghepy:

JUKBUOAYUS BCEX 3AMA3VUEHHBIX YUACTIKOS,
npesicoe 8ce2o, 8 60000XPAHHBIX 30HAX PEK U
o3ep; 8bipyOKa 1eco8; 8blOOP CNeYuaIbHbIX
Mecm 015l 3aXOPOHeHUs. OMX0008 (Hanpumep,
ompabomarHble Kapvepwvl);




4. 3awuma 6 upe3sblualIHbIX CUMYAYUSX: - nepeuens 8o3moxucnovix YC na oovexme:
— mepedenb BosMOkHBIX UC mpu  paspabotke u | Omkpwimoe  ponmanuposanue negpmu  u3

JKCIUTYaTaluu IPOEKTUPYEMOTO PELICHUS; CK6AdICUH, NOpblebl HeghmecOOpHol cemu U
—  BBLIGOp Hanbosee THIHYHON UC; cemu II]]. Tunuunoti YC sersemcs

HABOOHEHUs. 80 8peMsA NABOOKA, MAK Kax
— pa3paboTKa PEBEHTUBHBIX MEP IO MPETyTPEXISHUIO P
yc- mecmHocmb  6onomucmas. Iloozcomoska «
b

5 . . 5 UC Ce30Hy NAoOKa, MNpoGepKa U YKpenieHue
— pa3paboTka ,Z[GI/ICTBI/II/I"B pesynLTaTe“ BO3HUKIIEH W\ snewnux  coopyocenuii, Hezamednumensioe
Mep I10 JTUKBHUIAINH €€ TIOCIEICTBHIM.

cooowenue o YC nauanbHuKy yuacmea, 6bi306

CReyuaIu3UpPOBaAHHOU bpueadwvl ons
yempanenus 4C.

5. [Ilpasosvie u OpeaHU3AYUOHHbBIE 60MpOCHL | - XapakmepHvle  O1A  NPOEKMUPYemoil
obecneuenus bezonacHocmu: paboueil 30HbL:

—  ChenUanbHbIE (XapaKTepHbIE IIPH SKCILTyaTALII Pabouas cmena me bonee 12 uacos, evidaua
00BbEeKTa UCCIICIOBAHUS, IPOCKTUPYEMOH padoueit KajcooMy COmpYOHUKY, pabomaiowemy Ha
30HBI) MIPABOBBIE HOPMBI TPY0BOTO J(l;ecmopoofcdenuu no non aumpa MoIOKd 8

€eHb.

3aKOHO/IATEIbCTBA;
—  OpraHU3alMOHHBIC MEPONPHATHS IPH KOMIIOHOBKE
paboueii 30HbI.

- Op2AHU3AUUOHHbBIE MEPONPUAMUA  NpU
KOMNOHOBKe padoueil 30Hbl:

Cooepoicanue paboueco Mmecma 6 nopsoxe,
nposepKa 3azemieHull, NpoeepKa COCMOAHUSA
0060py006anUs U c80e8peMeHHoe YCmpaneHue
Oeghexkmos; npumeHeHue UCNpagHo2o
971eKMpooOOpy008anUs U IKCHILYamayus e2o 6
coomeemcmeuu c mpe6oeanuaMu
MEeXHUYeCKUxX nacnopmos, npasun
YCmpoucmea 21eKmpoyCcmano8oK.

Ilepeyens rpaduyeckoro marepuasa:

Ilpu  HeobXxoOoumocmu  npeocmasums — ICKU3HbIE
epaghuueckue mamepuanivl K pacuémHOMYy 3A0AHUIO
(00s13amenvHO 01 CReyuanucmos u Ma2ucmpos)

\ JlaTa BbIIa4M 3aaHUsA JJIA pa3/ienia o JHHEHHOMY rpaguky \

3agaHue BbI/1aJ KOHCYJIbTAHT:

Jo/xHOCTH dOUO Yuenas IMoanucs Jara
cTelleHb, 3BAHHE
AccucTeHt Ab6pamenko H.C.
3agaHue NPUHAJ K MCNIOJHEHUIO CTYIeHT:
I'pynna PUO Hopnuce Jara
2b6M6B I'opronos K.E.




PE®EPAT

Jumnomuast padota 100 crpanuna, 13 pucynkos, 8 Tabmuipl, 21 HCTOUYHUK.

KitoueBbie cnoBa: MeCTOpOXACHHE, KOppo3us, He(Thb, ras3, HHTUOUTOP,

IIPOMBICIIOBOE 000PYI0BaHKE, METOABI OOPHOBI, KUCIOTHAsE 00padoTKa.

OOBEKTOM  HWCCHAEAOBAHUS  SBISICTCS  MPOMBICIOBOE  000OpyIOBaHUE

MOJIBEP’KEHHOE BHYTPEHHEW KOPPO3UH, BCIEICTBUE KUCIOTHON 00OpabOTKH.

llenpto JaHHOW BBIMYCKHOW KBaIM(DPHUKAIMOHHON paOOTHI  BBHISBICHHE
3 ()EKTUBHBIX METOJOB OOpHOBI C BHYTPEHHEW KOPpPO3HEH Ha MPOMBICIOBOM

obopynoBanuu [Ipro6ekoro mecropoxaeHust (XMAO).

B PE3yJIbTaTC pa6OTI>I IIPOBCACH aHAJIN3 3(1)(1)GKTI/IBHOCTI/I MCTOAOB 3alllUTHI

MIPOMBICIIOBOTO 000PYI0BaHUS OT BHYTPEHHEW KOPPO3UH.



O00o3Ha4yeHNs U COKPaALLICHUS

B nannoit paboTe MpUMEHEHbI CJIEIYIONINE COKPALIEHUSI COOTBETCTBYIOIIMMU
ONpEICIICHUSIMU:

HI'O — medrerazonocHsie 00acTu;

HI'K — HedTerazoHOCHBIE KOMILJIEKCHI

¥YB — yriaeBogoposi;

I'"’KC — ra30XuIKOCTHEIE CMECH,

HI'KM — HedTerazokoH1eHCaTHOE MECTOPOKICHHUE;

[TPC — noa3eMHbIN pEMOHT CKBaXHH;

KPC — kanuranbHbIli pEMOHT CKBaXWH;

JIDII — nuHus 35eKTporepenay;

HCB — HedTenpoMbICIIOBbIE CTOYHBIE BOJIBL;
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Beenenue

B mnponecce skcmtyataliii IPOMBICIOBOE 00OpYJIOBaHHE TMOJBEPraroTCs
Koppo3uu. Koppo3uss HaHOCUT 3HAuUTEIbHBIM yiiepd. OHa TPUBOIUT K
MPEXKIEBPEMEHHOMY HM3HOCY arperaTtoB, YCTAHOBOK, COKpAIla€T MEXPEMOHTHBIC
CPOKHM  JKCIUTyaTaliiei  OOOPYJOBaHUS, BBI3BIBACT JIOMOJHHUTEIBHBIE IOTEPU
n00BIBAEMOTO M TpaHCHOPTHUpPYeMOro mpoaykTa. CpoK JKCILTyaTaliid OOBEKTOB
o0opyaoBaHue sl JOOBIMM M TPAHCHOPTUPOBKM HePTH U Taza BO MHOIOM
OMPENIENACTCS CTENEeHbI0 MX MPOTUBOKOPPO3UOHHOW 3alIUTHI. DKOHOMHUYECKHE
norepy B HedTH W Tra3a IO TMPUYMHE KOPPO3UU MPOJOJDKAIOT OCTaBaThCA
HEeJIoMmyCcTUMO OoJbiiuMu. bopbba ¢ Koppo3uel MeTayuioB SIBISICTCS BaKHEHIIeH
3a/layeii, peIICHWEe KOTOPOW IMO3BOJUT cOEpedb METAIUIMYECKUE PECYPChl H
00€eCIeYUT IKOJIOTHYECKYI0 O€30MaCHOCTh IKCILTyaTallid OOBEKTOB JOOBIBAIOIIETO
obopynoBanusi He)TU M raza. BHYTpeHHsIi KOppo3usi MPOUCXOJUT, BCIIEICTBUE
IPUCYTCTBHS BJIard, CEPOBOJOPOAA U COJIEH, COIEpKAIIMXCA B TPAHCIIOPTUPYEMOM

YTJIEBOJIOPOIHOM CBIPBE.

enpto paHHOW paboOTHI SBISIETCS: BBISIBICHUE OS(PPEKTUBHBIX METOIOB

WHTUOUTOPHOM 3aIUTHI IPOMBICIIOBOTO 000PYI0BaHUS ITPU KUCIOTHON 00paboTKe.

OOBEKTOM JTaHHOTO HCCIICIOBAHUS SIBJISICTCS IPOMBICIIOBOE OOOPYIOBaHHUE

[TpuoOckoro mecropoxaenust (XMAO).

B npomecce wuccrnenoBaHus ObUIM M3Y4Y€HBl TUIBI U BHUIBl KOPPO3HH,
NpUBEACHBI (PAKTOPHI, BIUAIONIME HA KOPPO3HOHHBIE IMPOLIECCHI, MPUBEIECH pacyeT
KHUCJIOTHOTO COCTaBa, pacyeT CKOPOCTU KOPPO3UH MAaTepHaJIOB U MPUMEHEH Hanboiee

3¢ (HEKTUBHBIN METO]T 3aIIUTHI OT KOPPO3HH MPU KUCIOTHOU 00paboTKe.
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1 JUTEPATYPHBIN OB30P
1.1 O6mue cBeaenusi o [IpuodckoM MeCTOPOKIAEHUMN

[IpuoOckoe — ruraHTcKoe HeTAHOE MecTopoxieHue B Poccun.
Pacnonoxkeno B XaHThI-MaHCUWCKOM aBTOHOMHOM  OKpyre, BOJu3u XaHTbI-
Masncwuiicka, oTkpbiTo B 1982 roay. Pa3neneno pexoit O0b Ha JBe 4acTu — JIEBO- U

npaBobOepexHoe. OcBoeHue JieBoro Oepera Havaimoch B 1988 romy, mpaBoro — B
1999 rony.

L
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Pucynox 1.1 — O630pHas kapta HedTe100bIBAIOIIETO palioHa

[IpnobGckoe HEPTIHOE MECTOPOXKIACHUE B AIMUHUCTPATHBHOM OTHOIICHUHU
pacnoyio’)keHo B XaHTbl-MaHcHiickoM paiioHe XaHThI-MaHCUHCKOTO aBTOHOMHOTO
okpyra TromeHckoi obmactu. Paiion pabor ymanéH Ha 65 KM K BOCTOKY OT Topoja
Xantei-Mancuticka, Ha 100 kM k 3amanay oT ropojaa Hedrerorancka. B HacTosiee

BpeMsl pailoH OTHOCUTCS K YUCIIy HauboJjee SKOHOMUYECKH OBICTPO pa3BUBAIOLINXCS
14



B ABTOHOMHOM OKpyre, 4YTO CTajJ0 BO3MOXHBIM B CBA3M C POCTOM OO0BEMOB

r'€0JIOropa3BeIOYHBIX Pad0T 1 HeDTETOOBIUH.

HaubGonee xpymHbele paspabaTbiBacMble ONHM3JIEKAIIME MECTOPOKICHUS:
CanbiMckoe, pacniosioskeHHoe B 20 kM Ha BOCTOK, [IpupasznomHoe, pacronoxkeHHOe B

HeTocpeACTBeHHOM Onr3ocTH, [IpaBauHckoe - B 57 KM Ha I0T0-BOCTOK.
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1.2 Cocrosinue pazpadorku IIpnodckoro mecropoxaeHus

1.2.1 CBeaenusi 0 HAYAJIbHBIX H TEKYLIUX 3aMIacax He(pTH

OtnuuurensHoil yepToit [IproOckoro siBIsSETCS OCIOKHEHHOE T'€OJOTUYECKOE
CTPOEHHE, XapaKTEpHU3YIOIIEECs MHOIOIUIACTOBOCTBIO W HHU3KOM  CTENEHBIO
MPOAYKTUBHOCTU. KOJIJIEKTOPBI OCHOBHBIX NPOJYKTHBHBIX IUIACTOB OTIMYAIOTCS
HEBBICOKOW IMPOHUIAEMOCTBIO, HE3HAYUTEIbHOW TMECYAHUCTOCTHIO, BBICOKHM
YPOBHEM TIMHUCTOCTH U BBHICOKOW PACUICHEHHOCTHIO. DTH (DAKTOPHI MPEaNOoIaraoT
B Ipoliecce pa3padoTku npuMmeHeHnue texnosnoruid I'PI1. Pacnonoxkenue 3anexeit He
riyoxke 2,6 km. [lokasarenu mimorHoct Hedtu paBHbl 0,86—0,87 ToHH Ha M.
KonnuectBo mapaduHoB ymepeHHO U He TmpeBblmaer 2,6 %, KOJUYECTBO CEpbl

cocrasiser nopsaaka 1,35 %.

3amexku  OTHOCSTCS K JIMTOJIOTMYECKH JKPAaHUPOBAHHBIM U 001a/ar0T
YVOPYrOCTbIO W 3aMKHYTOCTBIO E€CTECTBEHHOro pexuma. [lokazaTenu TOJIIUHBI
m1acTtoB coctaBisiroT oT 0,02 mo 0,04 kM. JlaBlieHHE IIJIaCTOB HMMEET HayallbHbIC
nokazarenu 23,5--25 MIla. TemnepaTypHblii peXUM IUIACTOB COXPAHSAETCS B
nuanaszone 88—90°C. IlnacToBelidi Tl HePTH 00MaTaET CTAOMIBHBIMU MapaMeTpamMu
BSA3KOCTH W uUMeeT auHamuueckuii koshdumment 1,6 wmllaec, a Takxke sddekr
He(TaHOrOo HacblmeHUss npu pgaBienun B 11 MIla. XapakTtepHbl Hanuuue
napauHUCTOCTH U MaJOCMOJHUCTOCTH HadTEHOBOTO psiga. VMCXOmHbIM CyTOYHBIN
00BEM (YHKIMOHUPYIOMMX HEPTAHBIX CKBAXUH BapbupyeTcs oT 35 g0 180 TOHH.
Buag CckBaXXMH OCHOBaH Ha KYCTOBOM pAacHOJIOKEHUM, a MAaKCUMaJIbHBIN
u3Bnekaromui kodpdunment pasen 0,35 exn. [Ipuodbeckoe HM Bbimaér chipyro HedTh
CO 3HAYUTEIbHBIM KOJIMYECTBOM JIETKUX YTJIEBOJAOPOAOB, UTO BICYET HEOOXOIUMOCTh

crabwm3anmu iy BeLaeineaus [THI.

ITo coctosuuto Ha 01.01.14 r na Ganance BI'® 3amacel HeTH uMciATCS B

ooweme, kareropus Cl GamancoBbie 1991281 Thic.T., u3Bnekaembie 613380 ThIC.T.,
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KHMH 0.308. Kateropus C2 6anancossie 571506 TbICc.T., u3Bnekaembie 63718 ThiC.T.,
KHMH 0.111. Karteropuss C1+C2 6anancoBsle 256287 TbIC.T., u3BIeKkaemble 677098
teic.T., KUH 0.264

Tabmuua 1.1 — 3anacet HedptH mno I[IpuoOGckoMy MECTOPOXKIACHUIO Ha

01.01.2014r.

banancoBbie 3amachl N3BnexaeMbl 3anachol KHWH,

Mectopoxae

HedTH, THIC. T He(TH, THIC. T T0JH 1.
HHE

C1 C2 C1 C2 C1/C2

Ymeepacoennvie 'K3

[Ipuobekoe 1991281 571506 613380 63718 0.308/0.111

Hauanvnvle 3anacvl negomu, wucnsiwuecs na 6anravce BI'®

[Ipnobckoe 2000864 684312 716548 54688 0.308/0.111

Ocmamounvle 3anacel Heghmu, uucrawuecs Ha bararce BI' @

[Ipnobckoe 312254 12354 63214 4059 \

Hepa3sbypeHH
ble Pa3bypeHHble n
pa3BefaHHble passefaHHble
3anachbl 3anachbl
19% 19%
(KWH-0,419)

HepasbypeHHble
npeasapuTesibHO
OUEHEeHHble
3anacs!

15%
(KNH-0,210)

I

[o6biTas HedpTb
47%

Pucynok 1.2 — CrpykTypa 3amacoB pacmpeaciieHHoro QoHaa Heap
[TpuoGckoro mectopoxkaenus 2014r.
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1.2.2 OcHOBHBIE IPOEKTHBbIE MOKA3aTeIU

OcHoBuble 3amacel HePTH Ha [IpHOOCKOM MECTOPOKICHUH COCPEIOTOUYCHBI B
OTJIOXKEHUSI HEOKOMCKOro Bo3pacTa. OCOOEHHOCTBIO T'€OJIOTHYECKOTO CTPOCHHUS
3aJIe)KEH, CBSI3AHHBIX C HEOKOMCKHMMH MOPOJAMH SIBISIETCS TO, YTO OHU HMEIOT
METaKOCOCIIOUCTOE CTPOEHHE, OOYCIIOBICHHOEC (OPMUPOBAHMEM HX B YCJIOBHUAX
OOKOBOTO 3aIOJIHEHUS JIOCTaTOYHO TITyOOKOBOAHOTO MOpckoro 6acceitna (300-400m)
3a c4€T BBIHOCA OOJIOMOYHOTO TEPPUTCHHOTO MaTepualia ¢ BOCTOKA U FOr0-BOCTOKA.
DopMHUPOBAHUE HEOKOMCKOI'O METaKOMILIEKCAa OCaI0YHBIX MOPOJI MPOUCXOIUIIO B
enoi cepuun najeoreorpaduuecKux YCIOBUU: KOTHUHEHTaJIbHOTO
OCa/IKOHAKOIUICHHS, MPUOPEKHO-MOPCKOr0, IMIEIb(POBOTO U OUYEHb 3aMEIJICHHOTO
OCAXKJICHUSI OCAJIKOB B OTKPBITOM TITyOOKOM MOpE.

[To mepe mnpoaBukKEHHS C BOCTOKAa Ha 3amaj MPOUCXOAUT HAKIOH (IO
OTHOIIEHUIO K Oa’KEHOBCKOW CBUTE, SBJISIONICHCS PETHMOHAJIBHBIM PENEPOM) Kak
TVIMHUCTBIX BBIJICPKAHHBIX MMadeK (30HAJIBLHOTO perepa), TaKk WU COACPKAIIMXCS
MEK]ly HUMHU T€CUYaHO-aJIEBPOJIUTHBIX MMOPOI.

CornacHo ompeaeNIeHHsIM, BhIMOJHEHHBIM crienranuctamu 3anCuoHUI'HU no
dayHe U CHOpOMbUIbIIE, OTOOpPAHHBIM M3 TJIMH B HMHTEpPBajie 3ajeraHus MUMCKOU
Mayky, BO3pACT OATUX OTJIOKEHHI OKa3ajicsi TOTEpUBCKMM. Bce miacTel, 4YTO
HaXOJATCS Bblllle MMMCKOM nauku. [IpounaexkcupoBanbl kak rpynmna AC, mosroMy u
Ha [Ipuo6ckom mecTopoxaenuu miactol bCi 5 6buTH nepennaekcupoBanbl Ha AC7.1;.

ITpu noacuére 3amacoB B COCTaBE METAKOMILIEKCA MPOAYKTUBHBIX HEOKOMCKUX
otyioxkeHu BbijeneHo 11 mpoayktuBHbix miaactoB : AC12/3, AC12/1-2, AC12/0,
ACI11/2-4, AC11/1, AC11/0,AC10/2-3, AC10/1, AC10/0, AC9, ACT.

[Tauka npoaykTuBHBIX MIacTOB AC;, 3ajleraeT B OCHOBAHUM METaKOMIUIEKCA U
ABJISIETCA HauOosiee, ¢ TOYKU 3peHusi popMupoBaHus, rTyOOKOBOJHOW yacThio. B
coctase BblzesieHO Tpu macta ACiy3, ACi21-2, AC12/0, KOTOPBIE pa3IETSIOTCS MEXKITY
co00l OTHOCHUTEIHLHO BBIJCPKAHHBIMU Ha OOJIBIICH 4YacTH IUIOMAAN TJIHMHAMH,

MOIITHOCTh KOTOPBIX KoJieoneTcs oT 4 10 10 M.
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3anexkn tmmacta ACjy; NOpUYpOUYEHBI K MOHOKIMHAIBHOMY 3JIEMEHTY
(CTpYKTypHOMY HOCY), B MpejAeiax KOTOPOr0 OTMEUYAITCA MallOaMILTUTYAHBIC
MOJHSTHS ¥ BIAJAWHBI C 30HAMU TMIepexoia MeX1y HUMHU.

OcnoBnas 3anexb AC12/3 BckpbiTa Ha Tiyounax 2620-2755M u saBnsercs
JUTOJIOTUYECKH JKPAaHUPOBAHHOM €O Bcex CTOpoH . [lo miomaau oHa 3aHUMAaET
HEHTPAIbHYIO TEPACCOBUIHYIO, HANOOJIee MPUIOHATYIO YaCTh CTPYKTYPHOTO HOCA U
OpPUEHTHpPOBaHA C IOro-3amaja Ha ceBepo-BOCTOK. HedTeHachllieHHbIE TOIIIMHBI
u3mensoTes ot 12,8m g0 1,4m. Jebuthl HedTu coctapisior oT 1,02 M?’/cyT,
Hn=1239m mo 7.5 MS/CYT npu Hp=1327m. Pa3mepbl  JIUTOJOTHYECKU
DKPaHMPOBAHHOM 3aJIEKHU COCTABILAIOT 25,5kM Ha 7,5 kM, BbIcoTa 126 M.

3anexb ACip3 BCkphiTa Ha mryouHax 2640-2707 M u mpuypoueHa K XaHThI-
MaHcuiickoMy JTOKaJIbHOMY MOJIHSTHIO ¥ 30HE €r0 BOCTOYHOTO MOTPYKEeHUs. 3alexb
KOHTPOJIUPYETCA CO BCEX CTOPOH 30HAMU 3aMEIEHUs KOJJIEKTOpoB. [lebutsl HedTH
HEBEIMKH M COCTABISIOT IIPU PA3IHYHBIX JMHAMHYECKHX YpoBHsx 0,4-8,5 Mm%/cyr.
Haubonee BbICOKass OTMETKa B CBOAOBOM 4acTh (ukcupyercs Ha -2640 M, a
HauOosiee Hu3Kas B (-2716 m). Pasmepsn! 3anexu 18 Ha 8,5 kM, BeicoTa 76M. Tum
JUTOJIOTUYECKH YKPAHUPOBAHHBIH.

OcnoBuas 3anexp AC12/1-2 sBasieTcss caMoil KPYITHOW Ha MECTOPOXKICHUU.
Bcekpeita Ha rioyOunax 2536-2728 m. IlpuypoueHa kK MOHOKJIMHAIU, OCIOXHEHHON
HEOOJIBIIIMMU 0 AMIUIUTY/IC JIOKAIHHBIMU MOAHSATHUSIMHU C 30HAMH NEPEX0jia MEXITy
HUMH.C TpEX CTOPOH CTPYKTypa OrpaHUYEHa JINTOJIOTHUYECKUMHU IKPAHAMH U JIMIIb
Ha tore (k BocTouHo-®posiOBCKOHN IUIONIAAM) KOJJIEKTOpa MMEIOT TEHICHIMIO K
pa3BuThi0. HedTeHachieHHbie TOMIMIMHBI U3MEHSIOTCS B IIMPOKOM JHUAMa3oHE OT
0,8 mo 40,6m , Ipu 3TOM 30HAa MAaKCHMAJIBHBIX TONIIHUH (Ooysee 12 M) oxBaThIBaeT
IEHTPAJbHYI0O YacTh 3ajieKd, a TakKKe BOCTOUHYI0. Pa3Mepbl JIUTOJIOTrHYECKH
SKPaHUPOBAHHOM 3anexu 45 kM Ha 25 kM, BbicoTa 176 M.

B minacte ACiy1., BCKPBITHI 3a1exu 7,5 HAa 7 kM, BeicoTor 7 M u 11 Ha 4,5 kM,

BbICOTOM 9 M. O0e€ 3a1e’u JTUTOJIOTUYECKH SIKPAHUPOBAHHOTO THIIA.
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[MTnact ACjyp HMMeeT MEHBIIYIO IO pa3MepaM 30HY pa3BuTua. OCHOBHas
3aniexkb ACjyo MpeCTaBiIsieT COO0M TMH3000pa3HOE TEI0, OPUEHTUPOBAHHOE C IOTO-
3amnaja Ha ceBepo-BOCTOK. Pa3mepsl ee 41 Ha 14 kM, BbicoTa 187 M. JleOuthl HedTH
M3MEHSIOTCS OT MEPBBIX SAMHAI M /CYT IPH AHHAMUYECKUX YPOBHSX 10 48 M°/CyT.

[Tokpeimka ropuzonta AC;, oOpazoBana woumHOW (10 60 M) ToIIEH
TJIMHUCTBIX MOPOJI.

Beime mo pazpesy 3ajieraeT nayka NpoAyKTHBHBIX miactoB AC;j;, B cOCTaB
kotopoi BXogat ACiyo, ACi11, ACi12, ACyry/3, ACyyy4. Tpu mOCHEIHUX COCTUHEHBI B
€UHBIN MOJICUECTHBIA 00BEKT, UMEIOIIUN OUYECHB CJIOXKHOE CTPOCHHUE KakK MO paspesy,
TaKk U MO TUiomaau. B 30Hax pa3BUTHS KOJUIEKTOPOB, TATOTEIONMIUX K MPUCBOIHBIM
ydyacTkaM, HaOJojaloTcs Haumbojee 3HAUUTENbHbIE TIIMIMHBI TOPU30HTA C
TEHJICHIIMEH YBEJIIMUYECHHUS] Ha CEeBEpO-BOCTOK (1m0 78,6 M). Ha roro-Boctoke 3TOT
TOPU30HT TpeacTaBieH Jaulb miaactoM ACij,, B UEHTPAIbHOM YacTU - ILIACTOM
ACyy3, Ha ceBepe - 1actoM ACiy/p.4.

OcnoBHast 3anmexxb ACI11/1 sBnsieTcs BTOpOW TO 3HAYCHUIO B Ipeeiax
[IpuobGckoro mecropoxkaenusi. Ilmact AC11/1 pa3BuT B TPHUCBOJHOM YacTu
BAJIOOOPA3HOTO TOAHATUS CYOMEpPUIUOHATIBLHOIO MPOCTUPAHUS, OCJIOKHSIOIIETO
MOHOKJIMHANIb. C TPEX CTOPOH 3ajeXb OrpaHWYEHA 30HAMM TJIMHU3ALUU, a Ha IOTe
rpaHula NpOBeAeHa YCI0BHO. Pazmepsl ocHOBHOM 3anexu 48 Ha 15 kM, BbicoTa 112
M. Jle6uTtel HeTH M3MEHSIOTCS OT 2,46 M°/CYT IpH AMHAMHUYECKOM ypoBHE 1195 M
mo 11,8 M*/cyT.

[Tmact ACi10 BBISIBIIEH B BUJE M30JMPOBAHHBIX JTMH30BUIHBIX TEJI HA CEBEPO-
BOCTOKE U Ha tore . TommuHa ero ot 8,6 m 10 22,8 M. [lepBas 3amexp UMeET pa3Mepbl
10,8 Ha 5,5 k™, BrOpas 4,7 Ha 4,1 kM. Obe 3a1eKH TUTOJIOTHIECCKHA SKPAHUPOBAHHOTO
TUMa. XapakTepusyroTcs nputokamu Hedtu ot 4 no 14 M3/cyT P TMHAMUYECKOM
ypoBHE. ['opu3oHT AC;y BCKPBIT MOYTH BCEMH CKBaXXMHAMH M COCTOUT U3 TpEX
J1aCTOB AC10/2_3, AClO/la AClO/O-

OcHoBHas 3anexb ACjigpp-3 BCKphITa Ha TIyOuHax 2427-2721 M 1 pacnosioxkeHa
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B KOKHOM YaCTH MECTOPOKICHMs. THIl 3a1€XKHU - JINTOJOTHYECKH dKPAHUPOBAHHBIN,
pasmepsl 31 Ha 11 kM, BeicoTa 10 292 M. HedTeHachIeHHBIC TOMIIUHBI KOJICOTOTCS
oT 15,6 M 10 0,8 M.

OcnoBnas 3anexb AC10/1 BckppiTa Ha TmyOmHax 2374-2492 m . Pasmepsl
3anexu 38 Ha 13 kM, BbicoTa 10 120 M. KOxHasg rpaHuiia NpoBOJUTCS YCIOBHO .
Hedrenacoimennpie Tommuabl u3MeHs0Tcs ot 0,4 no 11,8 M. be3BoaHble MPUTOKH
He(TH COCTABHIHM OT 2,9 M°/CYT NP MHAMUIECKOM ypoBHe 1064 M 110 6,4M°/CyT |

3aBepmaer paspe3 mauku miactoB ACjyy mpoxyktuBHBIM 1acT ACigp, B
npejenax KOTOPOTO BBISIBJICHO TPU 3aJiekKH, PACIOJI0XKEHHBIE B BHUJE LEMOYKH
CyOMepUANaTbLHOTO TPOCTUPAHUSL.

l'opuzont ACy UMEET OTPAaHUYEHHOE PACIIPOCTPAHEHUE U TIPEACTABIIECH B BUIE
OTHENbHBIX (haCHHAIBHBIX 30H, PACMHOJOTAIONIUXCA Ha CEBEPO-BOCTOYHOM U
BOCTOYHOM y4YacCTKax CTPYKTYpPBHI, a TAK)KE B pallOHE FOr0-3aIa{HOro MOrPYKEHHUS.

3aBepliaeT HEOKOMCKHE NPOAYKTHBHBIE OTJIOXKeHHsS InacT AC;, KOTOpPBIi
MMEET MO3auyHYIO0 KapTUHY B pa3MeIIeHUU He(PTEHOCHBIX U BOJJOHOCHBIX IMOJIEH.

HauGonbmas no miomanu Bocrounas 3anexb BCKpbITa Ha TiiyomHax 2291-
2382 m. OpueHTHpOBaHA C IOro-3amaja Ha ceBepo-BOCTOK. IIputoku Hedtn 4,9-6,7
M3/CYT Ipy TUHAMUYECKHX YpoBHAX 1359-875 M. HedreHachllieHHbIE TOJIIUHBI
n3MenstoTcsa ot 0,8 1o 67,8 M. Pazmepsl 3anexu 46 Ha 8,5 kM, BeicoTa 91 Mm.

Bcero B mpenenax MecTOpOXAEHUS OTKPHITO 42 3anexu. MakCUMallbHYIO
TLIOIIA(b UMEEeT OCHOBHAs 3aexb B miacte ACiyq., (1018 km® ), MunuManbayio (10

2
KM* )- 3a51ekb B macte ACqy.
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1.3 BHyTpeHHsIs1 KOpPO3Us

Koppo3ueit MeTannoB Ha3bIBa€TCsl pa3pyllICHUE UX MOBEPXHOCTU B PE3ysbTaTe
OKHCJISIFOIIETO BO3JICUCTBUSL OKpY’KAroLIen cpeapl. B mporecce skcmuryaranuu
METAJUIMYECKUX MarucTpajibHbIX M  MPOMBICIOBBIX  TPyOONpPOBOJOB  BCErja
MIPOUCXOIUT KOPPO3Us ¢ 00pa30BaHWEM M Pa3BUTHEM NIE(PEKTOB IOJ BO3/ICHCTBHEM
BHEIIHUX M BHYTPEHHUX (akTopoB (BO3JAEHCTBUE KOPPO3HMOHHOM  CpEIbI,
CTaTUYECKUX U JUHAMUYECKUX HAIPSKEHUH, TEMIIEpaTyphl U T.J.) U, KaK CIIEJICTBUE,
ux pazpyuieue. Kopposnonnoe coctosiHre TpyOOmnpoBOIOB OMPENESETCS CTEIEHBIO
KOPPO3MOHHOTO BIIMSHUSL HA HUX OKPYXAIOIIEH Cpellbl U YPOBHEM 3aLUTHI OT 3TOTO

BusHUA [3].

BHyTpeHHsiz x&e Koppo3usi oOOyCIIOBJIEHa KOHTakTOM TpyOoOIlpoBoaa ¢
XKUJKOCTBIO, MpOTeKaroleld B HeM. [limactoBbie BOABI copep aT XJIOPHUIBI HaTpPHS,
MarHusi ¥ KajbI[Usl, @ B HEKOTOPBIX CIy4asiX CyJbQuabl, OpoMuUibl, HOAUABI U
oopatel. Hapsany ¢ O, u CO;, B BoJie MOTYT OBITh PaCTBOPEHBI AJIEMEHTapHAs cepa,
H,S, Mmepkanrtansl 1 1pyrue cepoopraHMuecKue COeIMHEHUs. DIeMeHTapHas cepa 1o
OTHOUIEHUIO K YEpPHBIM MeETaljlaM MPAaKTHUYECKH HearpecCMBHa IMpU TeMIlepaType
Hwke 120° u comepxkanuu 10 3%. MepkanTansl ke oOpasyroT H,S mume npu
HarpeBaHuu. M3 BceX CEpHUCTBIX COEIUHEHHUM MO OTHOLIEHUIO K CTaJIsAM HauOoiee
arpeccMBeH CEpPOBOJOPOA. ATrPECCHUBHOCTh OCTAJbHBIX CEPHUCTBIX COEIMHEHUN
oOycCIiOBJIeHa, TJIaBHBIM 00pa3oM, MX CIOCOOHOCThIO oOpa3zoBath H, B pesynbrarte
pacnaga. Ha mporecc cepoBOIOPOJHOM KOPPO3MM Kejle3a W CTAIA B BOJHBIX
ANEKTPOJIUTAX CTUMYJIUPYIOIEE IeUCTBUE OKA3bIBAIOT HE TOJIbKO Hy, HO M IPOIYKTHI
Koppo3un - cynbduasl xeneza (FeS). Cynbdua xenesza mo OTHOMICHHUIO K Kee3y U
ctanu siBnsgerca 3(Q(EKTUBHBIM KaTOAOM. /[pyruM HMCTOYHHMKOM CEpPOBOJOpOAA B
IIJIACTOBBIX BOJAX MOXKET OBITh (YHKIMOHUPOBaHUE MUKPO(DIIOpHI

(cynpdarBoccTaHaBIMBarONIMe  OakTepun). ATPECCHBHOCTH  IJIACTOBBIX  BOJ
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yBenuuuBaetcs npu Hannuuu CO,. DTo CBA3aHO ¢ MOHMKeHUEM pH miacToBoii BObI
OpU PACTBOPEHUHM B HEW yriekucioro raza. Ocobo 3HAYMTENbHBIC DPAa3pPYIICHUS
BO3ZHMKAIOT TMPHU COJIEP>KaHUM B TUIACTOBBIX BOJAaX 000MX arpeccuBHbIX razoB H,S u
CO,. PactBopennsie H,S u CO, kak ¢akTopbl KOpPpO3UH JAOMUHHUPYIOT HaJ
KOHIIEHTpalMell XJOpUIOB B IUIACTOBBIX BOAaxXx. B CBA3M ¢ 3TUM oOTMedaercs
MOBBIIIEHUE  arpecCUBHOCTA  pabouMx cpel B pesyibTaTe  pa30aBlieHUA
BBICOKOMUHEPAJIN30BAHHBIX ~ IJJACTOBBIX  BOJ:  CKa3bIBAETCS  IOBBILICHHE
pactBopumoctd H,S u CO, ¢ yMmeHbllleHHEeM KOHIEHTpauu cojieil. [IpucyrcTeue B
IUIACTOBBIX BOJAX KHCIOpoAa (PacTBOPUMOCTH KOTOPOIO YMEHBIIAETCS C POCTOM
MUHEpaIu3aluyu BOJA) oOOJerdaer AENnojspU3alyi0 KOPPO3MOHHOTro Impoiecca. B
orcyrctBu H,S n CO, nociie 00ecKUCIOpOXKUBaHUS IJIACTOBAsI BOJA MPAKTHUECKU
nepecraeT ObITh arpeccuBHOU. B mpucyrcTBum H,S xucmoposa pacxomyeTcs Ha €ro
OKHCJIEHHE ¢ 00pa30BaHMEM B3BELICHHON HehTpanbHOU cepbl. B mpucyrcteun CO,
(6e3 H,S) kucnopon anuTUBHO yCUIIUBAET KOPPO3UOHHYIO arpeCCUBHOCTh pabOUYMX

cpen Tpy0omnpoBoioB [4].
1.3.1 Buabl KOpPO3MOHHBIX Pa3pylIeHuit

Kopposuto TpydonpoBosa MOKHO pa3/IeNuTh Ha J1BA BH/A:

o CmuoHast Koppo3ust
° MecTHas koppo3ust
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1.3.1.1 CnjiomiHas Koppo3ust

Cnnownas xoppo3uns

PaBHOMepHas

HepaBHomepHas

Pucynok 1.3. — Crutominas Koppo3usi.

PaBHOMepHas Koppo3ust

PaBHOMEpHass KOppo3Ws METaIOB HAOMIOAAeTCd B TeX Clydasdx, Korzaa
arpeccuBHbIE Cpellbl HE 00pa3ylOT 3alIUTHBIX IUIEHOK Ha METajule WM KOrja CILUIaB
COCTOUT M3 PAaBHOMEPHO PACIIPEIEICHHBIX MEJIKO3EPHUCTBIX AHOJIHBIX M KaTOJHBIX
y4acTKoB. VIHTEHCUBHAs paBHOMEpHAas KOppO3us HAOIIOJAETCs PU KOPPO3UU MEIH
B a30THOM KHCJIOTE, JKEJIe3a B COJITHON KUCIIOTE, AIFOMUHHUS B €KHUX IEJI04YaX, [INHKA
B cepHoil kucnote. [lpu paBHOMEpPHOW KOPPO3UHM MPOAYKTHl KOPPO3UU OOBIYHO HE

OoTJIararOTCAa Ha IMOBCPXHOCTH MCTAJLJIA.

HepaBromepHas koppo3us

HepaBHOMepHast koppo3usi 3HaYMTENbHO OoJiee OmacHa, 4YeM paBHOMEpHasl.
HepaBHomepHast  Koppo3usi, TMpU  CpPAaBHUTEIbHO  HEOONBLIOM  KOJUYECTBE
OKHCJICHHOTO METajlla, BBI3bIBACT OOJBIIOE YMEHBIICHHE CEUCHHUS B OTICIBHBIX

MECTax
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1.3.1.2 MecTHasi Koppo3ust

MecTHas xoppos3us

d3BeHHas ToyeyHas MNarHamu

Pucynok 1.4 — MecTHast Koppo3ust

SI3BeHHas Koppo3us

S3BeHHasi Koppo3usi, Kak MPaBWJIO, MPOTEKAET Ha TMOBEPXHOCTU AKTHUBHO
pacTBOPAIOUIMXCS METAUIOB M MO XapaKTepy CBOEro pa3BUTHUS HANIOMUHAET IUT-
TUHTOBYIO KOPpPO3HIO, BCIEJACTBUE YEr0 YeTKas KBalu(UKalMsa JIOKaJIbHOTO
KOPPO3HOHHOTO Tpoliecca 4acTto ObiBaeT 3aTpyAHeHa. CKIOHHOCTBIO K SI3BEHHOU
KOPpO3HH o0NagaroT  yraepOJUCThIC U HU3KOJIETUPOBAHHbBIC CTau,
AKCIUTYaTUPYIOIIUECS B BOJIHBIX XJIOPUJICOAEPKAIIMX CpeaaxX, HalpUMep, BOJOBO/IbI,

BOJIONIPOBO/IbI, TEINIOHEPTETUUECKOE 000PYI0BaHMUE.
Toueynas koppo3us

Bua koppo3noHHOTO pa3pylieHusi, KOTOPOMY MOABEPraroTCsl UCKIOYUTEIBHO

MMaCCUBHBIC METaJbl M CIJIaBbhl. ToueuyHas KOPPO3Hid Ha6J'IIO)IaCTC$I Y HHKCIICBLIX,
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UPKOHUEBBIX, XPOMOHUKENEBBIX, XPOMHUCTBIX, ATFOMUHUEBBIX CIUlaBax u np. [lpwu
TOYECYHOW KOPPO3UU PA3PYLICHUIO MOABEPratOTCA TOJBKO OTHEIBHBIE YYaCTKH

MTOBEPXHOCTH, HA KOTOPBIX 00Pa3yIOTCs TTyOOKHE MOPAKESHUS — TOUCUHBIC S3BHI.
Koppo3us nsaTHamu

Koppo3uss mnsTHamu, Xxapaktepuszyercss oOpa3oBaHMEM Ha IOBEPXHOCTHU
MeTaJljla MOBPEXKJICHUI B BUJIEC OTACJIBHBIX MSATEH, MIIOMIAAb KOTOPHIX 3HAYUTEIHHO
MpEBBINIAECT TIyOUHY MPOHUKHOBEHMSI KOppo3uu. [nyOuHa moBpexkaeHuil 0OBIYHO
cocraBisier 0,5-1,0 MM, MO3TOMY HaHHBIA BUJA KOPPO3UHM, XOTS U OTHOCUTCS K

JIOKAJIbHOM, SIBJICTCSI MEHEE ONAacHOM, YeM Apyrue ee Buabl [5].

1.4. OcobennocTn koppo3uu B ycjaoBusix [Ipnodckoro MectopoxaeHus

B 3anagnoit Cubupu 1151 HeTecOOpHBIX TPYyOOIPOBOOB OOIBIIOTO JUaMETpa
XapaKTepHbl KOPPO3HOHHBIE pa3pylIeHus B (GopMe MPOTHKEHHBIX KaHABOK,
pPacHoJIOKEHHBIX CTPOro MO HIDKHEW oOpasyromed TpyO. B HauvanbHOU cTaauu
paspylieHue mpeacTaBiasieT coOoil cienyromue Apyr 3a JIpYroM SI3BEHHBIE
yIIyOJNeHnus, KOTOpble B TIOCTEAYIOIIEM CIMBAIOTCS B HEMPEPHIBHYIO KaHABKY

mmpuHoit 20-60 MM u aynHOM 5-20 M.

AHanu3 (HakToOpoB, BIUSAIONIMX HA BHYTPEHHIO KOPPO3UI0 TPyOONPOBOIOB

IMoKa3all, 4To:

° JIOKaJIbHbIE KOPPO3UWOHHBIE pPa3pyIICHUS HWXHEH YacTu TpyOo M
aBapuiiHBIC  TIOPBIBBI ~ HE(PTEIPOBOJOB  CTadd  NPOSBIATHCH,  KOTJA
00BOHEHHOCTh HedTu Bo3pocia A0 50%, HEPTIHBIE SMYJIBCHH CTald
HEYCTOMYMBBIMU U U3 HUX Havasia BBIICIATHCS BOJA B BUJE OTIEIbLHON (Da3bl;

° TJIACTOBAs BOJA C1a00KOPPO3HUBHA: MUHEpaI3aIs
XJIOpKaNBIIMEBBIX BOJ HeBelnka u coctaBiasier 20-40 1/m, pH Bomw

HeWTpanbHbId, Temneparypa 40C;
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o B BOJIHOU (haze HeDTAHOU >MyIbCUHU coaepxurca a0 250 mr/n
JIBYOKHCH yTJepo/ia U OMOT€HHBII cepoBOOPO.I B KomnuecTBe 2-10 Mr/i;

o B MOMYTHBIX HE(QTAHBIX Tazax cojepxkurcs a0 6% macc. CO; u
ceposozopona 1,5 mr/m>;

o He(pTu 3anagHoit Cubupu napaduHUCTHIE, TETKUE U MaJlOBSI3KHE,
XapaKTePU3YIOTCSI HEBBICOKOW YCTONYMBOCTHIO HEPTSIHBIX dMylbcuid Takum
o0pa3oM, U cO CTOPOHBI HEPTHU U Tra3a 0co0OM pa3pyILIMTEIbHON KOPPO3UU HE

OXXHNAacTCA.

BonpmmHCTBO MccaenoBarenel, 3aHUMaBIINXCSl U3YYEHUEM KOPPO3UU CTAJIA B
NOJIOOHBIX YCJIOBUSAX, CUMTAIOT, YTO KOPPO3UOHHBIM MpOIECC pa3pylIeHUs MeTasula

NPOTEKAeT MO YIIIEKHCIOTHOMY MexaHu3My [5].

Hnst 3amannoit CuOupu XapakTepHO BBITIAJICHUE COJIEW W3 BOJHOM (pa3bl
NPOAYKIIMU CKBAXXWH, 4YTO, B TMPHUHIUIIE, BO3MOXHO BCIECICTBUE JCHUCTBUS

CIeAYIOMMNX (PaKTOPOB:

o YMEHBIIEHUE OOUIET0 AABICHHS B CUCTEME;
o WU3MEHEHHUSI TEMIIEPATYPBIL;
o WU3MEHEHHs] XUMUYECKOIO COCTaBa BOABI, YTO BO3ZMOXKHO WU IPH

CMCHICHHUHU BOJ PA3JIMYHOI'O COCTAaBa, MK B PC3YyJIbTATC KOPPO3KUH, KOI'Jd BOJa

060FaﬂlaeTCﬂ HOHaMH KCJIC3a.

B 3Tux ycnoBusix mporuecc yriieKUcIOTHON KOPPO3UU MPOTEKAET CICAYIOIINM
obpasom. Ha BHyTpeHHEHl NOBEPXHOCTH TPYOOIPOBOJA MPOUCXOIUT OTIOKCHHUE
apoonara xanpnus CaCQOz. B HekoTopeix Mecrtax 3ammuTHas ruieHka ocagka CaCOj
MOXET OTCIOUTHCI. DTO MPOUCXOAUT IMOJ JCUCTBUEM MEXaHMUYECKUX (PaKTOpOB,
TaKMX Kak a0pa3uBHOE JIEWCTBHE B3BEIICHHBIX YACTHUII, TUAPABIMYECKHUE YAaApHI,
BUOpanuu TpyOOIpoOBOa, BHI3BAHHBIC MTPOXOKICHUEM T'a30BbIX MPOOOK U JIp., UJIU B
pe3yJibTaTe MEXaHO-XMMHUYECKOTO PACTBOPEHHUS IUICHKM B MECTaX HaIpsKEHHOTO
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coctosiHuS  TpyOompoBogoB. OOHAXKEHHBIA yYaCTOK MeTayla H  OCTajbHas
MOBEPXHOCTh TPYOBI, MOKPHITAsT OCAJAKOM, O0pa3yroT TaIbBAHUYECKYIO MakKkpoIrapy,
rIe METaJT SBJSETCS aHOAOM, a TOBEPXHOCTh TPyObl - KaTomoMm. HaumHaercs
WHTEHCUBHBIA TPOIECC KOPPO3UHU, €r0 CKOPOCTh MOXET IOCTHTaTh 5-8 MM/TOSI.
TIpHA/IeKTPOHBIA CT0H 0boramaercs HOHAMH JKelesa Fe’" U cosmaroTcst ycioBus
JUTsl ocaxkaieHus kapooHnata xene3a FeCOs, KOTOphIi OJIOKUPYET KOPPO3HUI0. YUaACTKU
a3B, rae npousonner orcnoeHue FeCOs, BHOBb MpeBpamiatoTcsl B aKTUBHBIE aHOJBI.
OpnHako, nepeuncaeHHbIE BO3ACHCTBUS: THAPABINYECKHUE Yaphl, BUOpAIlMU, MEXaHO-
XUMUYECKOE PACTBOPEHHUE, HOCSAT HEMPEICKA3yeMbId XapakTep W HE OOBICHSIOT
JIOKalM3aliid KOPPO3MOHHOIO pa3pylleHuss B HIbKHEH dactu Tpyo. DeHomen
JIOKAIU3allid KOPPO3UOHHOTO Pa3pylICHUs M0 HUKHEH 00pasyromiei TpyObl MOKET
ObITh OOYCIIOBIIEH OCOOCHHOCTSMH THAPOJAWHAMHKHA TEUYCHHS Ta30KHUIKOCTHBIX
MOTOKOB IO TpyOOmpoBoaM. B yCcnoBHsIX HEAOCTaTOYHO BBICOKOW CKOPOCTH MOTOKA
(0,1-0,9 m/c) popmupyetcs paccioeHHas cTpykTypa Tedenus [DKC, to ects Boma
BEIICIISIETCS B OT/AENbHYIO (ba3y. [loBepx Boabl OyaeT ABUTATHCS HE(DTIHAS IMYILCHS
u ra3. Ha rpanune pazgena xuakux ¢a3 BOSHUKHYT BOJIHBI, B YaCTHOCTH H3-3a
pa3HUIIBI B BA3KOCTH compukacaromuxcs $as. [Ipu mepeMenieHnu 3TUX BOJH BIOJIb
TEUYEHUSI TPAHCIIOPTUPYEMOM CMECH Ha TpaHUIle pasfena KUAKUX (a3 HaOIoaat0TCs
BTOPUYHBIC SIBJICHHS: OTPHIB Kamelb BOJABI M WX BpallleHUE, YTO MPHUBOJUT K
BO3HMKHOBEHHIO BUXPEBBIX JOPOKEK M3 MHOXKECTBA Kallellb BOIBI CTPOTO BIOJIb

HIDKHEH oOpasyroteit TpyOs! (pucyHok.3.3) [6].

L Fn ,Fn

— ,._’\(1)
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Pucynox 1.5. — Cxema 06pa3oBaHusi BUXPEH Ha BOJHOBOU MOBEPXHOCTU

pasnena (a3 HeQTh-BOJA.
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YacTp mNpUCYTCTBYIOHNIMX B BOAHOM (aze MEXaHHYEeCKHX MpUMecel
(kapboHaToB U Cynb(UIIOB Keje3a, MeCKa W TIWHBI) MOMaJaeT BO Bpallarolluecs
KalUId BOJBl M YYacTBYET B IIOCTOSSHHOM THJIPO3PO3MOHHOM BO3JCHCTBUU HA
3alIUTHYIO TJICHKY M3 KapOOHATOB B HIDKHEW 4acTu TpyObl. [losTomMy mo HmkHEH
oOpasyromeid  TpyObl  MPOUCXOAUT  TMOCTOSIHHOE  MEXAHWYECKOE  YIaJICHUE
KeJe30KapOOHAaTHOM IIeHKU. TakuM 00pa3oM 00ecreuyuBaeTcsi IMOCTOSHHOE
(GYHKIIMOHUPOBAHUE TalbBAHUYECKOM Makpomapbl MeTall - TpyOa, TMOKpHITas
OCagKoOM coyiel. AHOMAaJbHO-BBICOKME CKOPOCTH Koppo3uu (5-8 mm/rox)
OOBSICHSIIOTCSI COOTHOIICHUEM ILIOIIAACH IEKTPOAO0B: HEOOBIIIOHN MO IO aHO/
B HIDKHEHW 4acTH TpyObl B BUJI€ JOPOKKH U KaTOJl, B IECSTKU pa3 MPEBBIILIAIOIINNA 110
IUIOIIAAN AHOJHBIM 3J€KTpoA. MeToabl NpelOoTBpalleHHs] 3TOr0 BUAA JIOKAJIbHOU
KOPPO3HH TaK)K€ TOJKHBI ObITh HETPAJAULIMOHHBIMU M UCXOJUTh U3 PACCMOTPEHHOIO
MexaHu3ma. IlpuMeHeHne MHTUOUTOPOB KOPPO3UM 37eCh Majod3()PEeKTUBHO,
IIOCKOJIBKY 3alllUTHAasl TUIEHKa MHTMOUTOpa Oy/eT HENPEPhIBHO YAAIATHCA C METAJIA.
3amMeHa MaJOCTOMKHMX B YCIOBHUAX YIJIEKHCIOTHOM KOppO3uWM cTajed Ha Ooiee
CTOMKHME HEempHemiieMa MO0 TEXHHUKO-dKOHOMUYECKHUM COOOpaKEHUSIM, IMOCKOJBKY

MPOTSKEHHOCTh ceTH HeTenpoBo10B B 3anaaHon Cubupu orpomHa.

3amaua mpenynpexaeHrus KOPPO3UH MO HUXKHEH oOpasyromiei TpyObl MOXKET
OBITh pelieHa TOJBKO TIPU YYE€Te THAPABINYCCKUX OCOOCHHOCTEH TEUeHUs
TpexdaszHbiX TOTOKOB. [Ipexme Bcero yxe Ha CTaAud MPOCKTUPOBAHUS
OoOyCTpOWCTBa TaKWX MECTOPOXIACHUM HEOOXOAMMO  3aJ0KUTh  PacyeTHO-
YMEHBIIICHHBIC JUAMETPBI HE(PTEIPOBOIHBIX TPYO, B KOTOPHIX CKOPOCTH JIBHKCHHUS
He(TEeBOJOTa30BOT0 MOTOKA MOJIJIEPKUBAIACH ObI HA ONTUMAIBHOM YPOBHE, TO €CTh
9TOOBI U3 HEPTAHBIX IMYJIbCHUN HE BBIACISIIACH BOJA B KAUECTBE OTACIBbHON (pa3bl.
Ecmn »Toro w30exarh HENmb3sl, HAMpUMEp, H3-32 BBICOKOW OOBOJHEHHOCTH
noObiBaeMoit HedTH, TO HEOOXOIUMO TMPETYCMOTPETh B MPOEKTE pa3paboOTKu

MCCTOPOXKIACHWA, IIPpU  HACTYIIJICHUH MOBBIIIICHHOM 06B0)1HCHHOCTI/I HC(l)TI/I,
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MOCTOSTHHBIA COpOC BBINABIIEH Ha OTIENBHBIX y4YacTKax He(TEenpoBOJa BOIBI.
MOXXHO TEpUOIUYECKH YAAISATh CKAaILIMBAIOMIYIOCS B IOHWKEHHBIX ydacTKax
He(dTenpoBoa BOAY C MOMOIIBIO Pa3eIUTENbHBIX MPOOOK U CKpeOKOB. OnacHbIMH,
C TOYKH 3PEHHUSI KOPPO3HMOHHOM arpeccuu, SIBISIOTCS MPOOKOBBIM U PaCCIOCHHBIM
peXuMbl TedyeHHs. B  MoMeHT mpoxokaceHus '"mpoOKu" raza IO y4acTKy
TpyOOnpoBOojja Ha HEM BO3HMKaeT cuibHas BuOpanus. [lepuoauyHoCTb
POXOXJICHUSA Ta30BbIX "MPoOOK" MoxkeT konedarbecs or 1-2 3a wac go 15-25 3a
MUHYTY. B pesynbraTte 3TOro0 HeTecOOpHBIH KOJIJIEKTOP MOXET HCIBITHIBATD
LHUKJINYECKHE Harpy3KH. [Ipy  UMKIMYECKOM  HarpyKeHHH MeTauia
yOpyromjiacTuyeckue  aepopManuy,  JOKaJIM30BaHHbIE B KOHUEHTPATOPE
HaIPSDKEHUH, IPUBOJIAT K MHTEHCUBHOM JIOKAJIBHONW MEXaHOXMMHUYECKOW KOPPO3UHU U
Pa3BUTHIO KOPPO3MOHHO-YCTAJIOCTHOW TpeIMHbL. KOppO3UMOHHBIE NOBPEXACHUS
BHYTpEHHEH  MOBEPXHOCTH  TpyOompoBojga  BHaudajge  oOpasylorcs IO
IEKTPOXUMUYECKOMY MEXAHU3MY, B JAJbHEHIIEM OHU TAaK)KE€ MOTYT BBICTYIATh
KOHLIEHTpaTOpaMy HaIpsOKEHUH OTHM M OOBSACHSAIOTCS AHOMAJIbHO BBICOKHE
CKOpOCTH Koppo3uu (9 Mm/ron), HaOIr0AaeMble HA MHOTMX MECTOpOXKAeHUsIX. Eciu
npoOsiemMa 3alllUThl BHYTPUIPOMBICIOBBIX TPYOONpPOBOAOB OT KOPPO3UOHHO-
MEXaHUYECKOTO PACTPECKUBAaHUS MOSBWIACH BIEPBBIE, TO JUISI MaruCTPaJbHBIX
He(TENPOBOJIOB B 3TOM HANpPaBJICHUM HAKOIUIEH OOJBIION OMBIT, TAK KaK I HUX -

ITO XapaKTEePHBIN Bl KOPPO3UOHHOTO pa3pyiieHus [7].

K Haubonee pacnpocTpaHeHHBIM cHoco0aM 3aluThl TPyOONpPOBOAOB OT

KOPPO3HMOHHO-MCXAaHUYCCKOI'0 PaCTPpECKUBAHUSA OTHOCATCH:

o UHTMOUTOPHAS 3alUTa;

o IPUMEHEHHE TaTbBAaHUYECKUX U JIAKOKPACOUYHBIX TTOKPBITHIA;,
o JerupoBaHue TPyOHOU cTanu;

o 3aIuTa ¢ TOMOIIBIO OKCHIHBIX U (PochaTHBIX TOKPHITHH.
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OddeKkTuBHBIM METOAOM 3alllUTHI  SBJISETCS WHTUOMPOBAHME, TaK Kak
UHTUOUTOPBl TOPMO3SAT TPOIECC KOPPO3HMOHHOTO 3apOKACHUS TpEHIMH Ha
MOBEPXHOCTH MeTauia. KpoMe Toro, MHOTHE MHTHOUTOPBI CIIOCOOHBI MPOHUKATH B
BEPILMHY 3apOAMBILIEHCS TPEIIMHBI U CACPXKHUBATh ee pa3BuTHe. [loaTomy BaxHO
paBUIbHO MOoA0OpaTh UHTUOUTOP. OH JOHKEH HE TOJIBKO CYIIECTBEHHO 3aMEJIATh
PaBHOMEPHYIO U JIOKAJTBHYIO KOPPO3HI0, HO U 3(h(HEKTHBHO MOAABIIATEH 3apOKICHUE U
pa3BUTHE KOPPO3UOHHO-YCTAIIOCTHBIX TPEIIKH. 13 Apyrux MeToA0B 3aluThl peasbHO
OCYIIECTBUMBIM SIBJIIETCS TepMOOOpadboTka TpyO. OaHAKO pEeKUMBI TEPMOOOPAOOTKU
JUIS KOHKPETHBIX BHJIOB TpPYyO JIOJDKHBI BBIOMPATHCA C YYETOM OCOOCHHOCTEH
KOPPO3MOHHON Cpefpl M MEXaHU3Ma KOPpPO3WH, XapaKTEPHBIX I KOHKPETHOTO

MECTOPOXKICHHS. A 3T0 TpeOyeT MPOBEICHUS TOMOIHUTEIILHBIX HccieaoBanuii. [10].
1.5 UHrnouropHas 3ammra

OCHOBHBIM Npe/IHA3HAYCHUE UHTUOUTOPOB KOPPO3UU CUUTACTCS TOHUKEHUE
ra3oBbIX M DJJIEKTPOJIUTHYECKUX CpEl, a €HI€ MNPEJOTBpPALIEHUE HHTEHCUBHOTO
KOHTAKTa KEJIE3HOW MJIOCKOCTH C HAXOIAIICHCS BOKPYT CPENOi. DTO JNOCTUTAETCA
METOJIOM BCTYIUICHUSI UHTUOMTOpPAa B KOPPO3UOHHYIO CPEAYy B UTOTE 4ero OBICTPO
MUHHATIO3UPYTECS COJbBATULIMOHHASI SHEPTUYHOCTh €€ MOHOB, aTOMa U MOJIEKYIL.
He cuurtas takoro, magaer U HUX JEECIOCOOHOCTh K ACCUMWISIMU DJEKTPOHOB,
MOKUJAKIIMX IJIOCKOCTh MeTajyla B XOJle €ro mnoJjsgpuzauuud. Ha wetamie
MOSIBJISIETCS. MOHO WJIM TOJMATOMHAs aJcOpOIMOHHAs TUICHKAa, KOTOpas 3HAYMMO
OTpaHUYMBAET IUIOMIAb KOHTAKTA TJIOCKOCTH C KOPPO3HUOHHOM cpeoil U paboTaeT
OYEHb JOCTOBEPHBIM IMPEMSITCTBUEM IPOTEKAHUIO MPOIIECCOB CaMOPACTBOPECHUSI.
[Ipy naHHOM MeTOAE€ NPUHIUNHAIBHO, YTOOBI WHTHOUTOP BiIaAE] HEIMJIOXOU
pacTBOPUMOCTBbIO B KOPPO3MOHHOM cpele M BbIcOuUaliied aacopOLUOHHON
BO3MO>XHOCTBIO KaK Ha IOBEHUJIBHOM IMJIOCKOCTH METAJIIa, TAaK U Ha BO3HHUKAIOIINX

Ha HEM IUIEHKaxX Pa3HOW MPUPOJIBL.
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Jlns BBOJAa HMHTMOMTOpPAa B OCHOBHOM MPUMEHSIOT: OE3HACOCHYIO CXEMY
10JIaYll UHTUOUTOPa U HACOCHYIO CXeMY MOJauu HHTUOUTOpA.

be3nacocHas cxeMa Mmojadyu HMCIOJIB3YeTCs TJIABHBIM 0Opa3oM il Booja
noTok uHruouropa. [locnenuuii U3 emkoctu 1 mocTymaeT B ra3onmpoBoj 7 MOJ
JEUCTBUEM THIPOCTATHUYECKOTO HAIropa, KOTOPBIN co3/aeTcs 0Jaro1opsi yCTaHOBKE
€MKOCTH Ha BbicoTe | — 2 M., Hax razomnpoBogoMm. I'7KC mpocTpaHCTBO €MKOCTH
COEIUHSCIOTCS C Ta30MpoBOOM. UHIHOUTOP B €eMKOCTh 3aKaUMBAIOT MPU 3aKPHITHIX
BEHTWJIAX 3, 5, 8 U OTKPHITHIX 4, 6 HACOCOM 2 M3 EMKOCTH 9 J10 MepesrBa ero 4yepes
crenuabHbld BeHTWIb 4. Ha HEKOTOpBIX MpPOMBICIAX HWHTUOUTOP BBOIST B
TpyOONpOBOJ MOJ H30BITOYHBIM JIABICHHEM, KOTOPOE CO3/1a€TC B EMKOCTHU

HOI[&‘-IGﬁ B HCC ra3a u3 BBICOKOHaHOpHOﬁ CKBa’>XUHBI.

Pucynok 1.6. be3nacocHas cxema nmojgaun uHruouropal7].

bonee sxoHOMHYHA U yA00HA HACOCHAs cXxeMa Mojaauu uHruountopa (Pucynok
1.7). Ilonauy HacocoB 5, 10 peryaupyroT OT MaKCUMAJIBHOM /10 HYJS HPHA MTOMOIIN
pEeryJIupyomux TaeKk, U3MEeHssl XOoJ IUIyHXepa Hacoca. MHrubutop moctymaer K
HacocaM M3 OJIHOM pAacXOJHOM E€MKOCTHM 2, KOTOpas COEIMHEHAa C PE3EpPBHOM
emkocThio 1. Ha 3a00pHOM KOHIIE MOBOIALIETO TPyOONMpPOBOAA YCTaHABIMBAIOT
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¢unbTp 3. [l mpenoxpaHeHus AeTajeil Hacoca OT MOBPEXKIECHUHN MPH JaBIICHUH,
MPEBBIIAIONIMM NACHOPTHBIE JAaHHbIE, HAIPUMEP, MPU 3aKPHITOM BEHTWJIE 6, Ha
HarHeTaTelIbHOM TPYOOIIPOBOJE HACOC MMEET INMpeNoXpaHUTENbHBIM KiamaH. llpu
yBelIM4ueHuH  jaBieHns Ha  30%  BhIIE = MakCUMaJIbHOrO  padoyero
pEeIOXPaHUTEIbHBIA KJIallaH OTKPBIBAETCS MOJHOCTHIO M PacTBOP 4epe3 KianaH U
IPUCOEINHEHUIO K HEMY PE3MHOBYIO TPYOKY OTBOAMTCS B PACXOJHYIO €MKOCTbH 2.
Jlyisg mepeKpbITUs UHTHOUTOPOIIPOBOJOB CiykaT BeHTwiH 4, 6, 7. Ilpu  pabote
Hacoca BO3HUKAIOT MyJbCallMM pacxofa HHruouropa. i uX criaxuBaHUs Ha
BBIKUHON JIMHUM YCTaHABJIMBAIOT MHEBMATHUECKUE TaJipoakkymyssTop 8. Padory

HAcoca KOHTPOJIMPYIOT IO JIaBJICHUIO JIMHUHA MaHoMmeTpoMm 9 [8].

=

. p— B -
8808 vreufumano

Pucynok 1.7 — HacocHas cxema mogauu naruouropa [8].

Ha TlpuoGckom mecropoxaennu npuMeHsroTcss mHruoutoper «NORUST 760»

«AMJIOP-UK-5».
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HNurudutop NORUST 760 siBnsiercs BOJOPACTBOPUMBIM
IUIEHKOOOPa3yIOUIMM HHTHOUTOPOM KOPPO3UH, CIEHHUAIbHO pa3paboTaHHBIM Jis
NpUMEHEHHUS B HEPTSIHON NMPOMBIIIICHHOCTH ISl CHCTeM cOopa HeTH, Ha3eMHOTO
000pyZI0BaHUs, CUCTEM MOJIEPKAHUSA IJIACTOBOIO JABJIEHUS, C 1IEJIbI0 00ecIIeYeHUs

3alIUTHI OT KOPPO3HH.
ObnacTh MpUMEHEHUS:
. 3amuTta He()TEMPOMBICTIOBOTO O00OPYIOBAaHUS OT KOPPO3UH.
[TpenmyriecTBa MPUMCHCHHS .

« Bricokas ckopocTh 00pa30BaHus 3aUTHON TUIEHKH.

o OrtcyrcTBUE 00pa30BaHUS SMYIbCUU.

o CrabuibHOCT, HMHIHOMTOpPAa KOPPO3UM IMIPU BBICOKUX TEMIeEparypax H
JABJICHUSX.

o Bpricokas 3p(pexkTUBHOCT, MHTUOMTOpA, MO3BOJSIONIAS CHHXKATh JIO3HMPOBKH
IIPU IPUMEHEHHH.

o CoBMECTUMOCTh UHTUOUTOPA C APYTUMHU XUMHUUYECKUMHU TIPOTYKTAMHU.

o Huskas remneparypa 3amep3anus HHTHOUTOPA.

[IpuMeHeHre WHTHOUTOPOB KOPPO3MM IMO3BOJSET: HAAEKHO 3alIUTUTH OT
CEpOBOJIOPOAHONM M KHUCJIOTHOM KOppo3uu oOOpynoBaHWE M TPyOONpOBOIBI MpHU
He(dTeno0bIYe U TPAHCIOPTUPOBKE ChIpO HedTH, 000pYyAOBaHUE U TPYOONPOBOABI
YCTaHOBOK 110 KOMIIPUMHUPOBAHUIO M MepepaboTKe HEPTIHOro rasza. 3alluTUTh
METaul OT CHEeUU(PUUYECKUX BUIOB KOPPO3UH — CYJIb(PUIHOTO KOPPO3UOHHOTO
pacTpecKMBaHMsl, HABOJOPOXKMUBAHMS, OXpynmuuBaHus. [[0JaBUTh aKTUBHOCTH POCTa

OaxkTepHil.
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Wuruburtoper kopposun «AMJIOP-UK» oTHocsTCS K HEPTEpacTBOPUMBIM,
BOJOJUCIIEPTUPYEMBbIM ~ areHTaM. OQdeKkTuBHAsS  3amuTa JOCTUTACTCS  TIPH
KOHIIEHTpaIuu UHruOuTopoB oT 20 10 30 r/mM3 aiis XUAKUX 1MOTOKOB U 2 - 50 /1000

HM3 i1 Ta30BbIX TOTOKOB B 3aBUCHMOCTH OT arpeCCUBHOCTH cpen [9].

NHrnbutopaMu Ha3bpIBalOT XUMUYECKHE COEIUHEHNUS, KOTOPbIE, IPUCYTCTBYS B
KOPPO3UOHHOM CHUCTEME B JOCTATOYHOM KOHLEHTPALUH, YMEHBIIAIOT CKOPOCTH
KOppo3uu 0€3 3HAUUTENBHOIO W3MEHEHMs KOHILIEHTpAIMM JII000T0 KOPPO3MOHHOIO
pearenta. WHrmburopamMmu KOppO3UHM MOTYT OBITh U KOMIO3UIIMH XUMHUYECKUX

COGI[I/IHGHI/II\/'I. Coz[epxcaHHe HUHI PI6I/ITOpOB B KOppOBI/IOHHOﬁ cpeac OOJIZKHO OBITH

HEOOJIBIITUM.
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Pucynok 1.8. — 3aBucumMocTh cCkopocTH Koppo3uu oT coaepkanust HCI.

XUMHAYECKAM METOJ 3alllUThl OT KOPPO3MU IIyTEM BBEICHUS B Cpeay
WHTUOUTOPOB, 3alUTHOE JICMCTBUE KOTOPHIX OCHOBAaHO Ha CIIOCOOHOCTH
ajcopoupoBaTbcsi U 00pa30BBHIBATH HAa TMOBEPXHOCTH METaJIa 3allUTHYIO TUICHKY.
NuruburopHast 3ammra sSBISETCS OAHUM U3 HaubOojee yAOOHBIX M SKOHOMHYHBIX

CpeacTB OOpbOBI C KOPPO3UEH B ITUX YCIOBUSIX.

B nacrosiee BpeMs HeQTenpoOMBbICIIOBBIE TPYOOIPOBOIbI U3TOTABIMBAIOTCS U3
CTaJld, YTO OOBSICHIET UX JOCTYIMHOCTHIO U BBICOKOW CKOPOCTHIO MOHTaxka. OHaKo

aBapUIHOCTH JAHHBIX TPYOONPOBOJOB B 2 pasza BHINIE, YeM KOHCTPYKIIUH B
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KOPPO3HOHHO-CTOMKOM HCIIOTHEHWH. B CBOI0O odepenr MPUMEHEHHE IMOCIECIHUX B
OOJBIIMHCTBE CIIy4aeB HE JAET AIKOHOMHUYECKOTo 3¢ dekTa. ITO CBA3aHO C TEM, UTO
IPUMEHEHNE aHTHKOPPO3HOHHBIX TIOKPHITUH MTPUBOIUT K POCTY MPOJAODKUTEITLHOCTH
CTPOUTENILCTBA U yAOpoxkaHUio padbor Ha 5 %. Tak ke mnpoucxoasume npu
MOHT@XHBIX padoTax TMOBPEXKICHUS MOTYT CTaTh MPUYMHOW BO3HUKHOBEHHUS

Imponecca BJIGKTPOXPIMPI"ICCKOP'I KOPPO3HHU ITOKPBITHCM U MCTAJIJIOM KOPITyCa.

Hcnonbp30BaHME KOMIO3UTHBIX TPY6 OKOHOMHUYCCKH IIGJIGCOO6p33HO IIpu
JJIUTCIBHOM CpOKC OKCILTyaTanun MCCTOPOXKICHUWA, OJHAaKoO cpeanssa

MMPOAOJIKUTCIBbHOCTD OKCINTyaTalluh MCCTOPOKIACHUA B Poccun IMPCBBIIIACT 30 mer.

VYuuteiBas HCOAOCTATKU IIPUBCACHHBIX MCTOIOB H MHOTOJICTHUH  OIIBIT
IMIPUMCHCHUA XUMHYECKOU I/IHFI/I6I/ITOpHOﬁ 3alIUTBI, MOKHO CIIPpaBCAJIMBO I10JIaraThb,
qTo IIaHHBIP'I BUA aHTI/IKOppO?:I/IOHHOﬁ 3allUTBI ABJIICTCA OJHHMM U3 HaunoOoee
3C1)C1)CKTI/IBHBIX, 3KOHOMHWYCCKHU uenecoo6pa3HLIx N TCXHOJOIMYCCKH JOCTYITHBIX

METO0/10B 0OpbOBI C KOPPO3UEH TPOMBICIIOBOIO 000PYI0BAHHUS.
[Tpermy1iecTBa OT MPUMEHEHNE HHTHOMTOPHOM 3aIUTHI IIPUBEICHBI HUXKE:

® HCIIOJIB30BaHNE HAan0oJIee JOCTYITHBIX KOHCTPYKITMOHHBIX MaTepPHAIIOB

® VIOPABISIEMOCTh MPOIIECCa CHUKEHHUS CKOPOCTH KOPPO3UU U BO3MOXKHOCTH
TMOKOTO pearnpoBaHus Ha K3MEHEHUE KOPPO3MOHHON CUTYaIHH

e crabunu3anus npoiiecca AKCILTyaTaluu He(TEPOMBICIIOBOTO
o0opynoBaHus

® BO3MOXHOCTh OJHOBPEMCHHOW 3allUThl TMPAKTHYECKH BCEX THIIOB
IIPOMBICIIOBOTO O0OPYIOBaHHS: TPYOOIIPOBOJAOB, 000PYI0BaHHS OOBEKTOB
MOJITOTOBKU HE(TH U BOBI

® COKpaIeHHE TIPOCTOCB, CBA3AHHBIX C PEMOHTOM O0OpPYAOBaHUS

® BO3MOXHOCTh 3aMEUISITh KOPPO3HMOHHOE pa3pylieHHe TPyOOmpoBOIOB

OBIBIIMX B 9KCILTyaTallun
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® TPEIyNpeXICHUE DSKOJIOTMUECKUX OeICTBUH B palloOHE »SKCIUTyaTalluu

000pynoBaHus U TPyOOIIPOBOJHON CUCTEMBI.

MoJtekyia HHTHOHTOpPA Henonapuas rpynna
' - yraesoaopoaustii "xsocr"

[

[Monsipwas rpynna -
akTueHas "'rosoea’

"'yriesoaopoautii xsocr'!

\

/’

MeTtananveckas noBepxuocThH
akTusnas "rogaopa"

Pucynok 1.9. — Mexanusm JeHCTBUS HHTHOUTOPOB KOPPO3HUHU.

K usHruburopam mnpeabsBIAIOTCS  ONpENEICHHbIE  TpeOOBaHMUS IO
TEXHOJOTHYECKUM M 3aIIUTHBIM CBOWCTBaM. MHTHOUTOPHI JOHKHBI UMETh BBICOKHE
3allIUTHBIE CBOMCTBAa: B CEPOBOJOPOJICOACPKAIIMX, BOJHOW U mapoBoil ¢azax He
MeHee 86% oT oOmieit koppo3un He mMeHee 70% OT BOJOPOAHOTO OXPYITUYHUBAHUS.
OHM HE JOHKHBI OKa3blBaTh OTPHUIATEIILHOTO BIMSHHUS Ha TEXHOJIOTUYECKUE

TPOIIECCHI.

1.5 KucaorHast o6padoTka

JleOuT CKBa)XMHBI BO MHOTOM 3aBHUCUT OT MPOHUIIAEMOCTH MPOAYKTHUBHOTO
miacta (TyiaBHBIM oOpazoM ero mpwuszadoitHon 30Hbl — [I3II), koTopas Bcerma
MEHSETCS B TIPOIlecce 3aKaHUYMBAHMS M JKCIUIyaTallMd CKBaKWHBI. KoiumekTopckue
CBOMCTBA HEM30EKHO YXY/IIAIOTCA BCIIEACTBUE HaOyXaHUs TJIMH, BBITIAJCHUS COJICH
U3 IJIACTOBBIX BOJ, 00pa30BaHUS CTOMKUX dMYJIBCHH, OTIOKEHHUS CMOJI, MapaduHOB
U TPOAYKTOB KOpPpPO3WU B (UIBTPOBOH YAaCTH CTBOJA, THAPATAIMHA IOPOJI,
pPa3MHOXEHUS CyTb()aTBOCCTAHABIMBAIONMIUX OaKkTepuil. MeTOIbI BOCCTAHOBIICHUS, a

nopo M ynydmieHus QUIbTPALMOHHBIX XapaKTepucTuk Kojuiektopa B [I3I1
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npuoOpeTaroT ocoboe 3HadeHHe. Kpome TOro, mociie CHMKEHHUS KOJbMaTalluu
(mporecc €CTeCTBEHHOT0 M HMCKYCCTBEHHOT'O IPOHWKHOBEHHUS MEJKHX, TJIaBHBIM
00pa3oM TJIMHHUCTBIX M KOJUIOMJHBIX YaCTHUI[ B TOPBI U TPEIIMHBI TOPHBIX TOPOJ)
COJISIMU  JKECTKOCTH  (MMPUBHOCHMBIMH  3aKauyMBAaeMOW  BOJIOW)  TOBBIIIACTCS

INPUEMHUCTOCTDb HAHCTATCIIbHBIX CKBAKUH B TCPPUT'CHHBIX KOJIJICKTOpAX.

DENRRRNNNY EFF I ETLIPILIN N B
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Pucynox 1.10. — CxeMa KUCIOTHOM 00pabOTKHU CKBAKUHBI.

Harneratb KHUCIIOTY B ILIACT H€06XOI[I/IMO C MAaKCHMaJbHO BO3MOXHBIMH
CKOpPOCTAMH, YTOOBI KHCJIOTa IIPpOHHKAJIda Ha OoJbIIINE pacCTodHusA OT CTBOJIA
ckBaxxunbl. Ilocie npoJaBJIMBAaHUA KHCJIOTHOIO pPaCTBOpPa B INIACT CKBAXHUHY
OCTAaBJIAIOT Ha HEKOTOPOC BPEMA B IMOKOC JIsA pCarupoOBaHUA KHUCIIOTBI C HOpOHOﬁ,

MMOCJIC YCT'0 ITYCKAOT CKBAXXUHY B SKCINTyaTallHuIo.

CyliecTByeT  MHOXECTBO  TE€XHOJIOTUYECKHX  BAapUAHTOB  IPOBEIICHUS
KUCJIOTHOW 0OpaOOTKM: HauMHasi OT HEOONBIINX KUCIOTHBIX BaHH U JO OOBEMHBIX

KHCJIOTHBIX O6pa6OTOK C HCIIOJIB30BaHUEM ITOTOKOOTKJIOHAIOIIIHNX TEXHOJIOTUH.
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COBpeMeHHbIe KHCJIOTHBIC KOMIIO3MIIUH, KPOMC COOCTBEHHO COJISHOM HJIM TJIMHO-

KHUCJIOTBI, COJIep»KaT OoJIbllIoe Pa3HOOOpa3ue KOMIOHEHTOB  (BBIMOIHSIOMINX
pas3nuYHbIe (YHKIMH), B TOM YHCIE JOO0ABKHA IMOBEPXHOCTHO-AaKTHUBHBIX BEIIECTB
(ITAB), oGecneumBaronux ©Oojee TOJHOE yAAJeHWE W3 IIacTa OTpaOOTaHHOU

KHCJIOTBI U IPOAYKTOB PCAKIINU.

Kucnotaeie 00pabOTKH MIACTOB OCYIIECTBIISIOTCS KakK ISl yBEIWYCHHUS, TaK U
JUTSI BOCCTAHOBJICHHSI TIPOHUITAEMOCTH KOJUIEKTOpa MPU3ab0HHON 30HBI CKBa)KHUHBI.
BoapmuHCTBO 3THX PabOT MPOBEAEHO TPH MEPEBOJAEC CKBAXWMH B HAarHETaHUE W
MOCJIETYIOIIETO YBEIMUECHUS UX IPUEMHUCTOCTH.

CranpaptHas KucioTHas o00paboTka Ha [IpuoObCkoMy MeCTOpPOXICHUU
3aKJII0YaeTCsl B IPUTOTOBIICHUH pacTBopa B coctaBe 14% HCIl u 5% HF, o6bemom u3
pacuera 1,2-1,7 M° Ha 1 MeTp mepdOpHPOBAHHO} TOJIIMHBI IUIACTA W 3aKAYKH €T0 B
uHTepBan nepdopannu. Bpems pearnpoBaHus COCTaBISIET OKOJIO § YaCOB.

[Ipu paccmorpenun 3()PEKTUBHOCTH BO3JACUCTBUS HEOPTaHUYECKUX KHUCIIOT
NPUHUMAINCh BO BHMMAaHWE HarHETATENbHBIC CKBAKWHBI C JIUTENBHOU (Ooiee
OJIHOTO TOJ]a) 3aKauykKol BOAbl 10 00paboTku.. Kucnornas o6padotka I13C B
HArHETATEJIbHBIX CKBAXXMHAX OKa3bIBAETCS JOBOJHHO OA(PPEKTUBHBIM METOJOM
BOCCTAHOBJICHMS WX TPHEMHCTOCTH. B kadecTBe mnpumepa, B Tabiuie 2

MMpCaACTAaBJICHBI PC3YJIbTAThI O6pa6OTOK I10 pAAY HAarHCTAaTCJIbHBIX CKBAXKHWH.

Ta6nuna 1.2. — Pe3ynbTarhl KUCIOTHONU 00pabOTKH.

CkBaxknHa Jara IIpuemucroc | Ilpuemucrocr | Jlasnen | Tun
00paboTKH | Th A0 b TIOCJIe ue KHUCJIOTBI
o0paboTku | 00paboOTKU 3aKauKu
(M*/cyTKH) (M*/cyTRH) (atm)
103 10.2014 30 220 185 HCI
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91 06.2015 140 480 155 HCI
1127 12.2014 0 360 175 HCI
1765 11.2014 30 280 180 HCI
2770 04.2014 0 335 175 HCI
1792 01.2016 30 288 170 HCI
2712 08.2016 0 410 170 HCI
2734 07.2016 30 410 170 HCI
2730 08.2016 0 340 170 HCI
AHanmu3 TpoBeNEeHHBIX O00pa0OTOK TOKAa3bIBA€T, YTO KOMIIO3HMLIUA

COJISIHOM W TUIABUKOBOM KHUCIOTHI yiydimiaer nponunaeMocts 113C Ilpuemucrocts

CKBaXUH yBequuuBaiachk oT 1,5 no 10 pa3, apdekT mpociexuBaercs oT 3 MecsleB

a0 | roaa. Takum O6p2130M, Ha OCHOBAHHUHU aHAJIN3 IIPOBCACHHBIX HAd MCCTOPOKIACHUU

KHUCJIOTHBIX 00pa00TOK, MOXHO C/AEJIAaTh BBIBOJ O IIEJI€COO00PA3HOCTH OCYIIECTBICHUS

KHCJIOTHBIX OOpabOTOK NpPU3a00MHBIX 30H HATHETATEIbHBIX CKBOXHUH C LEJBIO

BOCCTAHOBJICHHUA UX ITPUCMHUCTOCTH.
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2 JKCIIEPUMEHTAJIBHASA YACTb

2.1 MeTOIll/IKa pacdeTra KUCJI0THOTO CoCTaBa

Onpenenuth HEOOXOAMMOE KOJHMYECTBO COJITHOM KHCIOTBI W JIPYTUX
XUMPEAreHToB Juisi 00paOOTKM HEPTIHOM CKBAKUHBI, HMMEIOLIEH CIEAYIONIYIO
XapakTepucTuky: rinyouna 2403 M; miacT NpeCcTaBIeH NECYaHUKOM C KOHTAKTHBIM U
TJIMHUCTBIM LIEMEHTOM; 3P deKTHBHAs TONIIMHA 11acta 20 M; MPOHUIIAEMOCTh TOPOJ
0,06X10-12M2; rmactoBoe napineHue 10 Mlla; Huke BCKPBITOM 4YacTH IJlacTa B
OKCIUTYaTaIl[MOHHOM KOJIOHHE WMeeTcs 3yMIdp — OTCTOMHUK TIyOumHOU 15M;
BHYTPEHHHUI JHaMETp AKCIUTyaTallMOHHOM KOJOHHBI 0,15M; BHYTpEeHHUN AuameTp

HKT 0,062m.

JIsist 3a1aHHBIX YCIIOBUM KOHIEHTPAIMIO KUCIOTHI JUIsl TIEPBUYHBIX 00pabOTOK
npuHuMaroT 8 — 10%. Ilpumem 10 %. KommuecTBO KHCIIOTHI, pacxomnyeMon Ha 1w
TOJIIIMHEI IJIacTa, IS MecdyaHukoB cocTapisgeT 0,4 — O,6M3 , IPpUHUMAEM O,SM3 . B
TOM CiTy4ae 06t 06beM pabouero KUCIOTHOrO pactBopa coctaBuT 0,520 = 10M° .
Ha npurotosnenne 10 m> 10% paGodero COISHOKHCIOTHOTO PACTBOPA, COTIACHO

naHHbIM Ta61. 1 TpeGyercs 3890 kr. 27,5% HC1 u 6,6 M° BobL.

Tabnuua 2.1. — KonruecTBO KUCIOTHI U BOJIBI, MOTPEOHBIX JIJISl TPUTOTOBJICHHUS

COJIIHOKHCJIOTHOI'O paCcTBOpaA.

O6bem KonnenTpanus pa3BeieHHON KUCIOTHI, %o

pa3BesieHHONW | 8 10 12 14
KHUCJIOTBI, M3

6 1840/4,38 2330/3,96 2830/3,52 3320/3,4
8 2460/5,84 3110/5,28 3770/4,64 4400/4,16
10 3080/7,3 3890/6,6 4720/5,87 5560/5,14
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KonnyectBO  KOHUEHTPUPOBAHHOW TOBAapHOM  COJSIHOW  KUCJOTBI IS

npurotoBieHuss 10 % paboyero COJSIHO-KMCIOTHOTO pacTBOpa MOKHO HAWTH IO
bopmyie:

_AxxxWx(B—-2)
K™ Bxzx(4d—x)

rae A u B — yucnoBbie kKoaDPUITMEHTHI, 3HAUEHHS] KOTOPBIX MPUBEICHBI HUXKE;
X U Z — KOHIIGHTpAIlM! COOTBETCTBEHHO PabOYero COJSHO-KUCIOTHOTO PAacTBOpa H
TOBAapHOM COJSTHOM KuCTIOThl; W — 00beM pabodero KUCIOTHOTO pacTBOpa, PaBHBIN

10 m3.

Ta6numa 2.2. — YucnoBbie KO3 PUITUSHTHI.

AB 214 218 2215 226 227.5 229
X 5.15 13.19 19.06 27.75 29.95 32.1
y 12.19 18.11 24.78 29.57 31.52 334

B namem cmywyae misi IECATHUOPOLIEHTHOW COJITHOM KHCIIOTBI YHUCIOBOM

ko3 dunmenT A = 214, a 11 ABaAIIATA CUMH IIPOIICHTHOM KodddunueHT B = 226;
X — JIECATHIPOLICHTHAS KOHIICHTPAITUS COJSTHOKUCIOTHOT'O PacTBOPA;
Z — JIBAJIIIaTH CUMU TIPOIIEHTHON KOHIIEHTPAINS TOBAPHON KUCIIOTHI;
W =10 M° — 06beM paboUuero KHCIOTHOTO PaCTBOPA.

CrnenoBatenbHo, o popmynie (1) umeem:

21410 % 10 = (226 — 27.5)

— 3
We=—esa75r2ta—10) o337
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[locne mpurotoBieHus pabodyero pacTBOpa COJSHOM KHUCIOTHI MPOBEPSIOT
NOJMYYCHHYIO KoOHIeHTparuio pactBopa HCIl, m ecim oma He cooTBeTcTBYeET
BBIOpAHHOM, NTOOABISIIOT K PacTBOPY BOAY WJIM KOHIIEHTPUPOBAHHYIO KHCIOTY.

KommuectBo mobasnsiemoii Boas! mpu koHIeHTparuu HC1>10%

=(p2_P1)*W
B p_l

KonudecTtBo mo6aBisieMoii costHOM KUCIOTHI, eciu KoHIeHTpamms HCI < 10%

_ —p)xW
Pe — P

X

T7Ie (y U Jx — 00BeMBI J0OABISIEMON BOJABI M KOHIICHTPUPOBAHHOW KHCJIOTHI,
M3;

P — IVIOTHOCTh PAacTBOpa BbIOPAHHOIN KOHIIEHTPALIHH;

pl U p2 — TNJIOTHOCTH NPUTOTOBICHHOTO pPAaCTBOpPa COOTBETCTBEHHO
MMOHM>KEHHOW U MOBBIIIEHHOW KOHLIEHTPAIUH;

p3 — IJIOTHOCTh KOHUEHTPUPOBAHHOW COJISTHON KHUCIIOTHI;
W — 00BbeM COJITHOKHUCIOTHOTO PacTBOPa ACCATUIIPOIIEHTHON KOHIIEHTPAIIHH.

YTOUHsSIeM KOJMYECTBO BOJBI, HGO6XO,Z[HMOI>'I HJI IIPUT'OTOBJICHUC IIPUHATOIO

o0beMa pabodero CONSTHOKUCIOTHOTO PaCTBOpa C yU€TOM BCEX 100ABOK:

V=Ww-w, — z Q
rae W — o0beM paboydero CoISTHOKUCIOTHOTO pacTBopa, paBHbIi 10M3 ;
Wy — 00beM KOHIIEHTPUPOBAHHOMW TOBAPHOM KUCIIOTHI, paBHbIH 3,333 Mm3;
>Q — cymmapHbIii 00eM BceX J00aBOK K COJITHOKUCIOTHOMY PAacTBOPY.
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z Q =163+ 500 + 100 = 763 am> = 0,763m3

CrnenosarenbHo, 110 hopmyiie (6):

V =10-3.333-0.763 = 5.904 m3
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2.2 OueHka KOPPO3HOHHOH arpecCMBHOCTH CpeAbl ¢ TOMOUILIO
KOPPO3HOHHBIX 30H/10B

Koppo3uoHHble HCOBITAaHUST MaTEpPUATIOB B TEXHOJOTUYECKUX IOTOKAX
BBITIOJHSIOTCS C TOMOIIBI0O KOPPO3HOHHOTO 30H/A, KOTOPBIM MpECTaBiIsieT cO0oi
IUTI030BYI0  Kamepy, OTHAEJNEHHYI0 OT paldodero NpoCTpaHCTBA amnmapara WId
TpyOOTIpOBOZa MPSIMOXOIOBOM 3aBMKKOW. 30HJ IIO3BOJIIET YCTAHABIMBATH M
CHUMaTh 00pa3ilbl MaTepuajoB B Ipoliecce padOThl YCTAHOBKU 0€3 OTKIIOYEHUS
anmapatoB. [lepea HauaaoOM HCHBITAHUHM B ILUTIO30BYI0 KaMepy MOMEIIAeTCsl KacceTa
c oOpasumamu, 10O JATUYMKH PE3UCTOMETPHUUECKOTO WM MOJISPU3AMOHHOTO THIIA,
KOTOPBIE 3aKpEIUISIOTCS Ha MOJABWKHOM INTOKE. I[IpW OTKpBITUM 3aJBHKKU C

MTOMOIIIBIO MOJIBM>KHOTO IITOKA 00pa3Ibl WM IATYUKU BBOJSITCS B pabouyio cpeny.

2

f’//,‘

WA PR G S
T .

Pucynok 2.11 — wnomo3oBasg kaMepa C 30HAOM JUIsi TPaBUMETPHUUYECKUX

KOPPO3UOHHBIX UCIIBITAHUH.
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Pucynok 2.2. — JlaTyMku I ONpenenceHuss KOPPO3MOHHOM arpecCHUBHOCTH

cpenbl (A - moJIIpU3alMOHHbIHN, b - pe3ucToMeTpudeckuii)

['paBuMeTprueckue KOPPO3MOHHBIE UCTIBITAHUSI MATEPUAJIOB BBITIOJHSIOTCS Ha
MPSIMOYTOJIBHBIX O0Opa3liax MUHUMalbHBIM pazMepoMm 50x10xC, roe C - TonmmHa
oOpasua, Kkotopast MokeT cocTaBiiATh 0,5 - 3 mM. st KperieHus B KacceTe 00pasiibl
MMEIOT 2 OTBEpPCTUS AUaMEeTpoM 2 - 3 MM. B KkadecTBe 2JIEKTPOJOB B JaTYMKAX
PE3UCTOMETPUYECKOTO THUIA MCIOJIB3YETCS MPOBOJIOKA 1 - 2 MM M3 Marepuasnos, y

KOTOPBIX HEOOXOJUMO MPOBEPUTH KOPPOZUOHHYIO CTOMKOCTb.

B xadecTBe 37€KTpOAOB B AaTYMKAX MOJAPHU3ALMOHHOIO THUMA UCIOJIb3YIOTCS
MUIHHAPUYECKHE 00pa3ipl @ 3 - 5 MM | JTHHOM 10 50 MM, a TaKKe IUIaCTUHYAThIC
oOpasiibl, cOOpaHHbIE B TMAaKeT TakUM OOpa3oM, 4YTOOBI MOJIOCA DJIEKTPOJOB B
MJJACTUHKAX TOMapHO YepeloBAIMCh, a O0OIIas IUIOMaAb MOJOKUTEIbHBIX

QJICKTPOAOB paBHAIACH INIOIIAAX OTPHULIATCIIBHBIX 3JICKTPOJO0B.

JIns monydeHHs] CPaBHHMBIX Pe3yJIbTaTOB CKOPOCTHM KOPPO3WH METauia Ha

JEHUCTBYIOEM 000PYOBAaHUU M Ha 00pa3IaXx UX MOBEPXHOCTh JODKHA UMETh OIHY
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U Ty ke mepoxoBaTocTh. [llepoxoBaToCcTh, XapakTepHasi I CTAIBHOTO IMPOKAaTa,
MOXXET OBITh TPHUOJM3UTEIBHO o0ecreueHa apobecTpyitHol oOpaTHO. OcTphie

KPOMKH Ha 00pa3liax JI0JKHBI OBITh CJIETKa IPUTYIICHBI.
2.2.1 TexHuka padoThbl ¢ KOPPO3UOHHBIM 30H/I0OM.

Koppo3uoHHbI# 30H7 TpenHa3Ha4YeH Il PabOThI B JKHIKOCTHBIX M Ta30BBIX
MOTOKax ¢ pabouum jaamieHueM Jio 10 aTM. U gaBiIeHHEM MOTOKa Ha KacceTy a0 10

KT

Pasmep xkaccer ¢ oOpasnamMu W JaTYUKOB PE3UCTOMETPUUYECKOTO HUITU
NOJISIPU3AIIMOHHOTO THNA OO0YCIaBIMBAaeT NPUMEHEHHE KOPPO3HMOHHOIO 30HAA B
pabodeM mpocTpaHCTBE ¢ ycioBHBIM mpoxoaoM 50, 75 u 100 mMm. PabGotel mo
YCTaHOBKE M CHSTHIO KaCCET BBIMOJHSET ONepaTop, OTBETCTBEHHBIN 3a JAHHBIN OJIOK

YCTaHOBKH.

[Ipu pabGoTte ¢ KOpPPO3MOHHBIM 30HJIOM PaOOTHI BBIMOJIHSIOTCS B CIEIYIOLIEH

IIOCJICA0BATCIIbHOCTH .

e yOeIUThCS B TOM, YTO 3a/IBHXKKA HAJIEKHO NIEPEKPHITA;

® OCTOPOKHO OTBEPHYTH KPBILIKY 30H/A U CHATH €€ BMECTE CO IITOKOM;

® YCTAHOBUTH Ha IITOK JATYMK WM KacCeTy C 00pa3lamMHu, 3aBEpPHYB €€ 110
ynopa ¢ HararoM. CHATb C KacceTbl M30JIMPYIOIIUNA 4YeX0d C
KOHTPOJIbHOM KapTOUYKOM, B KOTOPOW YKa3aHO MECTO YCTaHOBKH, HOMED
KAacCeTbl, ITyOMHa MOrpYyXEeHUsl, © OTMETUTh BPEMsI YCTAHOBKU 30HJA.
Ha mToke yCTaHOBUTH METKY, YKa3bIBAalOLIyl0 Ha pPAacCIOJIOKEHHE
IUIOCKOCTH 00pa3lioB B KAacCETe.

® BHECTHU KacCeTy B IIUTIO30BYIO KaMEPY, a KaMepy 3aKpbITh KPBIIIKO;
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OCTOPO’KHO MPUOTKPHITH 33JIBUKKY W MEJJICHHO 3aIOJIHUThH ILTI030BYIO
Kamepy paboueit cpemodi. YOeauThCs B OTCYTCTBHH Tedell B
YIUIOTHEHUSAX KPBIIIKK U CAJIbHUKA;

BBECTH 30HJ B pabouee MPOCTPAHCTBO ammapara, OpPHUEHTHPYS
IJIOCKOCTh OOpAa3IoB B KacceTe BIOJb MOTOKA M 3aKPENHUCh ITOK B
HEO0OXO0IUMOM TOJIOKEHUH;

B TIpollecce BBIICPKKH O0Opas3loB MPOU3BOJAUTCS TMEPUOAUUECCKUN
KOHTPOJIb 30HJIOB HAa OTCYTCTBHE TEUeH B YIUIOTHCHHHM KpBIIIKA U
CaJlbHUKA, COXPAHHOCTh OpPUEHTAUU OOpa3LOB  OTHOCHUTEIHHO
paboyero mMoToKa;

10 OKOHYAHWH 3aJJaHHOTO BPEMEHH BBIICPKKH OOpa3IloB KacceTa C
oOpaslamMu TMEepeBOAUTCS B NUIIO30BYIO0 Kamepy. llepeBom mToka B
UCXOJHOE TOJIO)KEHHE TMPOU3BOAUTH IUIABHO, MPOTHUBOJCHCTBYS
TABJICHUIO CPEJIbI, OTITYCTUTh INTOK JIUIIL YOSAUBIINCH, YTO OH CTOUT
Ha ymope. [lpu sToM, omepaTop MOJDKEH HAXOJIUThCA HECKOJIbKO B
CTOpPOHE OT HaIpaBJICHUS ABHKCHUS IITOKA;

MEePEKPBITh 3aABWKKY. [IpoaykTel, pabodas Temmeparypa KOTOPBIX
MPEICTABIIET OMACHOCTh OKOTa JIJIsi ONepaTopa, He0OX0IUMO OCTYIUTh
B 11J11030BO#M kKamepe 10 30 - 40 °C;

octopoxkHo Ha 0,5 - 1,5 o0opoTa OTBEpHYTh KpBILIIKY HUIFO30BOI
KaMepbl 1 COPOCHUTH JIaBIICHUE;

CJIMTHh MPOAYKT U3 MUTFO30BOM KaMephl B CIICUATIbHYIO KAaHUCTPY, CHATh
KacceTy ¢ o0pa3iiaMu U ynakoBaTh.

cAenatb OTMETKY B KOHTPOJIBHOW KapTOYKE O BPEMEHU BBIEMKHU
KacceThl U3 pabouyero MpOCTPAHCTBA. Y CTAHOBUTH KPBIIIKY Ha KOPITYC

IT034;
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e  00pasibl B KacceTax HeMeUIs MepenaTh B 1aOopaTopHio Ha

00paboTKy.
Koppo3uoHHble H3MEpeHUs ¢ JaTYMKaMH PE3UCTOMETPHYECKOTO  HIIH
NOJSIPU3AIMOHHOTO  THIMA  MPOU3BOIATCS  C  TOMOIIBIO  CHEIHANBHBIX
AIIEKTPOU3MEPUTENBHBIX TPUOOPOB - KOPPO3UMETPOB 1O MNPUJIATAEMBIM K ITHM

npubopaM METOAMKAM.
2.2.2 O6pabdoTka 00pa310B NOCJe UCTIBITAHUA.

Cpa3y Mo OKOHYAaHWU KOPPO3UMOHHBIX HMCHBITAHUN HEOOXOJMMO MPOU3BECTH
pa300pKy KacceThl U MPEABAPUTEIBLHYIO TPOMBIBKY 3JIEMEHTOB KAacCEThl U 00pa3IloB

OT CMOJIMCTBIX U YBJIAJKHCHHBIX PLIXJIBIX KOPPO3HMOHHBIX OTJIOKCHUH.

Cnoco0 ynaneHus: MpoyKTOB KOPPO3UH C IMOBEPXHOCTH 00pa3IOB 3aBUCUT OT

UX COCTaBa U CBOMCTB:

> DBIXJIBIC TNPOAYKTHI KOPPO3UH C IUIOXOM aire3sueii CHUMAroTCS
BOJIOCSTHOM IIETKOM, IEPEBSIHHBIM ILIATEIEM WIIH MATKOU pE3UHKOM;

» IUIOTHBIE OTJIOKEHHS C IUIOXOM aiare3sveil CHUMAKOTCS C IIOMOIIBIO
OTHYIIEHHOTO JIe3BUS (TBEPJOCTh JIE3BUS JIOJDKHA OBITh HIKE
TBEPOCTU 00pa3la);

» XpyNKHE IUICHKH TIPOAYKTOB KOPPO3UHM CHUMAIOTCS CKaJIbIBAHHUEM
MOCPEACTBOM JIETKOTO TOCTYKHMBaHUs oOpaslia O TBEPAbIM IpeaMmeT ¢
nocieayomiei 00padboTKONU MITKON PE3UHKOM;

» XpyNKHE IUICHKH TIPOAYKTOB KOPPO3UHM C XOPOIICH aare3weu
CHUMAIOTCSI C TOMOIIBIO XUMHUYECKUX WU JJICKTPOXUMHUYECKUX
METOJIOB TPaBJICHUS

[Ipu Hamu4YuKM B IPOIYKTaX KOPPO3HH CMOJIUCTHIX OTJIOKEHHH 11eTIeco00pa3Ho

qyepeaoBaTb MCXAHHUUYCCKYIO 3a4YUMCTKYy HWIKM XHMHYCCKOC TPaBJICHHC 06p33HOB C
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IPOMBIBKOM HMX B pactBoputreine. llpm HeoOXOOAUMOCTH MPOIYKTHI KOPPO3HUU

cOOUPAOTCS TSI IPOBEICHUS AHAJIM30B B CTEKJISTHHBIE IPOOUPKH € TTPOOKOIA.

[To oKkOHYaHWM CHATHS C TOBEPXHOCTH OOpAa3IOB MPOIYKTOB KOPPO3UHU

00pasiibl 00€3:KUPUBAIOTCS U MPOCYIITHUBAIOTCSI.

S - SR 4 3F K_
7

a) ForTaEonxa racccru B IUIDS

XIETEC 3SABMEKY I BEelesie
Ot 3 M0OyD 30HY

Pucynok 2.3. — IlocieqoBaTeabHOCTh BBIMOJHEHUS Omeparuil mpu padoTe ¢

KOPPO3HOHHBIM 30HI0M (1 — pabGoumii TpybompoBom; 2 — Bpe3HOW marpyook; 3 —
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3aJIBWKKA; 4 — LUIK030Basi Kamepa; 5 — KpbIlIKa Kamepbl; 6 — IITOK; 7 — Kaccera C

oOpasiamu. )

2.2.3. Ouenka pe3yJibTaTOB UCIIBITAHMIA.

[Tocne oumctku 0Opa3ibl MOJABEPTaeT BHU3YyaTbHOMY OCMOTPY C IOMOIIBIO
aynbl (KpaTHOCTh yBenuueHus & - 12) s yCTaHOBIIEHUS XapaKTepa KOpPpO3UH:
oO11iei (paBHOMEPHOW UM HEPABHOMEPHOM ), TOUCUHOM, SI3BEHHOM H T.]I.

CkopocTh KOppO3UU MaTepuasa MpU MCHBITAHUSAX OMpEAENseTcs U3 pacueTa
Ha PAaBHOMEPHYIO 0010 KOPPO3UIO MO (popMyIie:

_ 8,76 % 10°(my —m;)
B S*xtxp

[Ir

rae IIr - ckopocTh KOppo3uu MaTepuana, MM/TO;

my, M, - Macca oOpa3ua 10 Hayaja MCIBITAHUM M TOCJIE OYUCTKU 0Opaslia OT
OTJIOKEHUS U MPOyKTOB KOPPO3HUH, T;

S - epBOHAYAIbHAS TOBEPXHOCTH 00pa3La, MM’

t - IPOIOIKUTENBHOCTh KOPPO3UOHHBIX UCIIBITAHUM, Yac.

p - INIOTHOCT MATEPHAINa, I/CM°.

Tabnuua 2.3. — Pe3ynbTarsl Ipy UCTIBITAHUU KOPPO3HOHHBIM 30HAOM.

m; mo S T P

40 T 3991 r 37 MM° 168 4 7,85 r/em®

Paccunraem CKOPOCTb KOPpPO3HMHU MaTcpualia IIpUu MCIBbITAHUAX W IMOJYYCHHBIX

JTAHHBIX:

8,76%10°%(40—39,91)
= =16,15 mMm/Ton
37%168+7,85

[Ir
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2.3 O030p npuMeHsieMbIX MHTHOMTOPOB /Jisl 3alUTHI MPOMBICJIOBOIO

o0opynoBanusi [IpnoGCcKoro MmecTopoKIeHus

Omaum w3 Haumbosiee S(DPEKTUBHBIX METOJOB CHWKCHHUS aBaPUHHOCTH
MIPOMBICIIOBOTO  000pYIOBaHUsSI  sIBIseTCA WHTHOWTOpHas 3ammrta. OmHAKO,
3¢(GEeKTUBHOCT,  TpuUMEHseMbIX B  «PocHedTb»  WHTHOMTOPOB  KOPPO3HUH
HEJI0OCTaTOYHO BBICOKA. DTO CBSI3aHO C OTCYTCTBUEM MEPOTPHUSITHI MO0 SKOHOMUYECKU
U HaydYHO OOOCHOBAaHHOMY BBIOOpY pEareHTOB C Y4€TOM HMX CBOMCTB, COCTaBa U

TUAPOIMHAMUYECKHUX [TAPAMETPOB TPAHCIIOPTUPOBAHHUSI IPOMBICIIOBBIX CPEI.

JUis CHW)XEHHS OTpPULATEIIBHOIO BO3ACUCTBHUS IPOMBICIOBBIX Cpel U
TEXHOJIOTHUECKUX  JKMIKOCTEH  pEeKOMEHJOBaHAa  WHTHOWTOpHAs  3alluTa
o0opynoBaHusi 0€3 NIPOTUBOKOPPO3HMOHHOTO TOKPBITUS © € BHYTPEHHUM
IPOTUBOKOPPO3HUOHHBIM TOKPBITHEM. I[IpM OTCYTCTBUM BHYTPEHHEIO IOKPBITHS
HEOOXO0AMM OOOCHOBAaHHBIM MOJ0OpP HWHTUOMTOPOB KOPPO3UM C YYETOM HX
a7IcOpOLIMOHHON YCTOMYMBOCTU Ha TIOBEPXHOCTH MeTaia i 3allluThl €€ OT

IUIp0a0Pa3sUBHO-KOPPO3NOHHO MEXAHUYECKOTO Pa3pyLLIEHUs.

Hampumep, ¢ ucnosib3oBaHuEM TeieBbIX MPOOOK U OakTepuinIHas 00paboTka
MPUMEHSAEMBIX JKUAKOCTEH TaymeHus. [Ipu Hanwmuuu TOKPBITHS, ISl CHIDKCHHSI
HEIEJICBOTO Pacxo0/ia, UHTUOUTOP JOJDKEH MPEUMYIECTBEHHO aJCcOopOMpOBATHCS Ha
BHYTPEHHEH TMOBEPXHOCTU CTHIKOBOTO CBapHOTO COEAMHEHHS C MHHHUMAaJIbHOU

azcopOIei Ha MOBEPXHOCTU MOKPBITHUS.

JInst OLlEHKH aJCOPOIMOHHBIX CBOWCTB MHTHOUTOPOB KOPPO3UU HCMOJIB3yeM
aJanTUPOBAHHBIA K MCCJICIOBAHUIO MPOIECCOB aJCOPOIIMU OpPraHUYECKUX BEIIECTB
Ha MIOCKUX MOBEPXHOCTSIX TBEPJBIX TEJNT METOJ AJNEKTPOKUHETUUECKOTO OTEHIMANA.
Meton oCHOBaH Ha MpeacTaBiIeHUU O (OPMUPOBAHUM HA TOBEPXHOCTH JIFOOOM
MPUPOJIBI, TP KOHTAKTE C AJIEKTPOJUTOM, MOJIEKYJISIPHOTO KOMILJIEKCA, COCTOSIIETO
u3 uonHo-ruapatHoro cuos (MI'C). B mpormecce aacopOumm Ha MOBEPXHOCTH
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MOBEPXHOCTHO-AKTUBHBIX MOJIEKYJI HHTUOUTOpPA MPOUCXOAUT MOJTHOE WM YaCTUYHOE
paspymienue UI'C u BbITEeCHEHHE, MOHHO-TUIAPATHBIX KOMIUIEKCOB MOJEKyJIaMu

peareHTa B pacTBOp.

Kputepuem cpaBHeHHs acCOPOIIMOHHON YCTOWYMBOCTH MHTUOUTOPOB SBJIACTCS
KOJIMYECTBO J1€COPOMPOBABLIETOCS MOJ JEHCTBHEM MOTOKA AJIEKTPOJIUTA PEareHTa,

KOTOPOE MPOIMOPIIMOHATBHO YBEIMUCHUIO MOJIeKysipHoi emkoctr UT'C.

MonekynspHas €MKOCTh urc MPOTOPIIMOHANIbHA 3HAYEHUIO
AIEKTPOKMHETUYECKOTO  TOTCHIMAJA, OMPEACISIEMOT0  pPAacUeTHBIM TYTEM ¢
UCIIOJIb30BAaHUEM 3aMEPEHHBIX 3HAYEHUW TMOTEHI[Mala TEUeHUs B IIpolecce
aacopOuMu U JecopOlMH  HMCCIEAOBAaHHBIX  PEAareHTOB Ha  CIEHHAIBHO

CKOHCTPYUPOBAHHOW IIPOTOUYHOU STYEHKE.
2.3.1 Bui0op o0opynoBaHus IS IPUMeHEeHNsI HHTHOMTOPHOM 321U THI

TexHuyeckas peanmsanus JAHHOIO METOJA OCYLIECTBIIAETCS C IOMOLIBIO
CIEHHAIBHBIX MOJYJICH, YCTAaHABIMBAEMBIX, KaK IMPABUJIO, B PANOHE CKBAXWH.
Kaxxnp1ii Takoit MOIyJib BKITFOUAET B ¢€0 €eMKOCTh C MHTHOUTOPOM, JO3UPOBOYHBIM
HAacoC, CHUCTEMYy TpyOONpOBOAOB C COOTBETCTBYIOUIEH apMaTypod H MYJbT
yhpasienus. 13-3a 0OTJaneHHOCTH CKBaXXUH €ro 00CIYKUBAaHUE U PEMOHT BBI3bIBAIOT
CEpbE3HbIC 3aTpyAHCHUS. B 3uMHUI mepuoa IpU HEPEAKOW ISl JAHHBIX PaliOHOB
Temmieparype Bo3ayxa —40°C u HIKe, IPAKTHYECKH BCE HUCIIOIB3YEMbIE HHTHOUTOPBI
3aCTHIBAIOT, 4YTO TMPUBOAUT K OTKa3aM B pabore wmoxayins. Kpome »storo,
UCIIOJB3YEMBIE B €0 COCTaBe IUIYHXEPHBIE HACOCHI-I03aTOPBl  OTJIMYAKOTCS
HEBBICOKOM  HAJEKHOCTBIO, CJOKHOCTBIO OOCIY)KMBaHUS W  OrPaHUYCHHBIM

AUAIIa30HOM PEryJIMpOBaHUA pacxoaa.

B TITI HUTU um. A.Il. Anekcanaposa 1o 3aka3zy FOranckhHedteraza ObLI
BBITIOJIHEH  [HUKJI  pabOT MO  HCCIEJOBAaHUI0  MEXaHHW3MOB  KOPpPO3UU

He(TEenpoMBICIOBOTO  O0OpyAoBaHusi,  BbIOOPY  Haubosee  3(h(PEKTUBHBIX
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WHTHOUTOPOB TSI KOHKPETHBIX MECTOPOKICHHA W ONTUMAJbHBIX PEXKHUMOB UX
JIO3APOBAHMS, & TAKKE NPEJIOKEHA TEXHOJOTHUECKAs CXEMa pealln3aliy CUCTEMBI
WHTUOUTOPHOM 3aliuThl OO0OpYAOBaHUS OT BHYTpPEHHEH Koppo3uu. B ocHOBy
MpeaiaracMo CHCTEMBI JIO3UPOBAHUS WHTHOWTOPOB TIOJIOKEHO HCIIOIh30BaHUE
pazpabdorannbix B I'TI HUTHU uMm. A.Il. AnekcanapoBa OpUTHHATIBHBIX MEMOpaHHBIX

HAcOCOB-/103aTOPOB (nmaTeHT PD Ne2160383).

Hacocel mpocThl, HaAeXKHBI, HE COAEPKAT BpaAUIAIOIUXCA  YacTeH
(3JIeKTpOIBUTATENEH, PEYKTOPOB U T.II.) U CAJbHUKOBBIX YIUIOTHEeHUU. [Ipu 3TOM
MATaHUE HACOCOB MOXET OCYIIECTBIATHLCS Kak OT ceTH nepeMenHoro (220 B, 50 I'n),
TaK U TIOCTOSHHOTO TOKa. YTpaBlieHWe padoToil Hacoca (M3MEHEHHE BEIMYWHBI
pacxoja) MPOU3BOJUTCA C BBIHOCHOTO IYJIbTa, YIAJE€HHOTO OT MECTa YCTaHOBKH
Hacoca J0 HECKOJIBKUX KUJIOMETPOB, IPUYEM PETYIUPOBKA pacX0/1a OCYILECTBIISIETCA

HCIIOCPCACTBCHHO B IIPOLICCCC pa6OTI>I.

VYuuThiBass HE3HAUMTEIbHbIE TabapUThl HACOCOB, BCS CHUCTEMa JIO3MPOBAHUS
UHTUOUTOPOB HE TpeOyeT NPUMEHEHHUsS CHEUUaIbHBIX MOAYJIEH U MOXKET ObITh
CMOHTHPOBAHA, HAIPUMEP, HEMOCPEACTBEHHO B cocTaBe umerommxcs AI3Y, uro
CYIIECTBEHHO YZCUIEBISAECT CTOMMOCTb CHUCTEMbl JIO3UPOBAHMSA, YIPOILAECT €€

00Cy’KMBaHUE U UCKIIFOYAET 3aCThIBAHME UHTUOUTOPA B 3SMMHUIN NIEPHUO/I.

OKCHEpUMEHTHl  NPOBOAWINCH, HA IOBEPXHOCTH CTalM Uil psaa
IPOMBIIIUIEHHO BBIITYCKAa€MbIX HHTHOUTOPOB KOppo3uu. CpaBHEHUE a1COPOLIMOHHBIX
CBOMCTB MHIMOUTOPOB MO3BOJWIO OMPENEIUTh HHIMOUTOPHI, HAanboJee YCTOWYNBBIE
B YCJIOBHSX THIp0aOpa3vBHO-KOPPO3MOHHO MEXAHMYECKOIO H3HOCA M, HA00OpOT,
MUHUMAJIBHO ~ aICOPOMPYIOIIMECS HA TOBEPXHOCTH MOKPBITUS. Pe3ynbTaTh
NPOBEJCHHBIX HCCIIEOBAHUNA TMPEACTABICHBl TaK: AJCOpPOLMOHHAS YCTONYMBOCTH
UCCJIEIOBAHHBIX PEAareHTOB Ha IMOBEPXHOCTH MeETauia pacteT B psany (mpu

temneparype 20 C): CHIIX-1004p < U-21IM < A3zon CI-130 < Corwo3 2000 <
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Conkop-9701, a Ha moBepxHOCTH MOKPHITUS YObIBaeT B psxy: Coro3 2000 > Conkop-
9701 > Aszon CI-130 > CHIIX-1004p > U-21/IM. Pearentsl ¢ HaumOOJbIICH
aJICOpOIIMIOHHON  YCTOMYMBOCTHIO HAa METAJUIMYECKOM TMOBEPXHOCTH  CIIEAYET
MPUMEHSATh JJIS 3allUThl YY4aCTKOB IPOMBICIIOBOTO 00OPYIOBaHUS O€3 3alUTHOTO
MOKPBITUS, TPAHCHOPTUPYIOIMIUX MPOAYKIIMIO CO 3HAYUTEIbHBIMU CKOPOCTSMU
MOTOKa W BBICOKHM COJIEpKAHUEM MEXaHMYECKUX TMpHUMecei, T.e. B YCJIOBUSX,
CIIOCOOCTBYIOITUX PA3PYIICHUIO «IIJICHKW» WHTHOMTOPOB HA MOBEPXHOCTH METaJlia.
Pearentet Azon CI-130, CHIIX-1004p, HW-21IM wu Servo-497 MOXHO
PEKOMEHJIOBATh JUIsI 3alUThI TPYOOIPOBOJOB C TOBPEKICHHBIM BHYTPCHHHUM
AHTUKOPPO3HOHHBIM MOKPBITHEM, U VIS 3AIIUTHl BHYTPEHHUX CBAPHBIX COCTUHCHHM.
brina cnenana nonbITKa BBIOOpa MHTUOUTOPA OJIMHAKOBO 3(D(PEKTUBHOTO ISl 3aLTUTHI
MeTauila TpyOOmpoBOJOB 03 3alIMTHOTO TMOKPHITHS W MeETajula CBapHOTO

COCIMHCHUA TPY6OHpOBOI[0B C 3allTUTHBIM IIOKPBITUCM.

W3 nccrienoBaHHBIX peareHTOB MOCTaBIEHHOM 3a/jaue HauboJIee COOTBETCTBYET
Azon  CI-130, oOnamarommii BBICOKOM  aaCOpOIMOHHOW YCTOMYMBOCTBHIO Ha
METaJUIMYECKOW TOBEPXHOCTH M HU3KOM Ha MOBEPXHOCTM AHTUKOPPO3UOHHOIO
NOKpbITUA. [IOCKONBKY OCHOBHOM NPUYMHOM CHWXKEHUS pPECypca MNPOMBICIOBBIX
TpyOOIIPOBOJIOB SIBJISIETCS BHYTPEHHSISI KOPPO3HUs, CHUKEHHUE CKOPOCTU Pa3BUTHS
KOPPO3HOHHBIX 1e()EeKTOB MpU 0OOCHOBAHHOM IMPUMEHEHUU MHTHOUTOPOB MPHUBENIET
K MOBBIIIEHUIO CpOKa Oe3aBapuiHOM 3KCIUTyaTalluy MPONOPLHUOHAIBHO 3HAYEHHUIO X

3amuTHOTO 3 dexTa.

Ha ocHoBe pe3ynbTaTOB MpPOBEAEHHBIX JAaOOPATOPHBIX HCCIIEIOBAHUN
HanOosee 3P(HEeKTUBHBIE UHTHOUTOPHI KOPPO3UU U3 MPEACTABICHHBIX BBILIE PSIIOB
OBLIIM UCTIBITaHbI B TpOMbIcHax. CKOPOCTh KOPPO3HUH OMPEAeIsach MO MOTEPE MACChI
0o0pa3loB M3 CTAJIM B HMHTHOMPYEeMOW U KOHTPOJIBHOM cCpeJax B CHELHUAIbHBIX
NPOTOYHBIX siyeiikax. [Ipu 3Tom 3amuTHEIN 3P (dEeKT BCceX HCClieJOBAaHHBIX PEareHTOB,

kpome U-21]IM, Servo 497 u Coroza 2000, B IPOMBICTOBBIX YCIOBUSIX MPEBBIIIACT
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snauenue 80%, mpu go3upoBkax oT 25 go 30 r/r. Kpome TOro, momosHUTEIHHO
UCCIIEIOBAJICS PAJl IPYTUX UHTHUOUTOPOB, U3 KOTOPbIX AsumyT-14b, MHK-1, MHK-2

u CHIIX 6301 noka3anu aHaJIOTUYHBIE PE3YJIbTATHI.

JUIsi CHWKEHUS OTPHULATEIbHOIO BIMSHUS Ha KOPPO3UOHHYIO CTOMKOCTh
HE(PTEIPOMBICIOBOIO 00OPYIOBaHUS >KUJIKOCTEHM TIIyIIEHHUs OIpeneseHbl Hanboiee
3¢ deKTUBHBIE A 3TUX CpPEel MHTHOUTOpPHI KOppo3uu. Ha ocHoBe mpoBeaeHHBIX
UCCIENOBAHUM, €  y4eTOM  3HAQYMUTEJIBHOIO  OTPULATEIBHOIO  BIIASHMS
MUKpPOOHOJIOTUYECKOTO (DaKTOopa, B O3THUX LENIIX, PEKOMEHJIOBAHbl pPEareHThI
KOMILJIEKCHOTO JIEUCTBHS (MHTUOUTOPBI KOppo3un-0akTepuun sl ), Hanpumep CHITX-
1004p, B posupoBke 100 r Ha TOHHY XKUIKOCTH TDJIYHIEHHUS, IOJTHOCTBIO
NOJABJISIIONINI IIAHKTOHHBIE KylnbTypbl CBDB u obecneunBaromuii  3alUTHBIN
IPOTUBOKOPPO3HOHHBIN 3pdext 82%. PaccmarpuBaroTcss BOIPOCH ONTUMHU3ALNU
3aTpaT Ha MEPONPHUATHS IO CHUXKEHHMIO aBapUMHOCTH HE(TEPOMBICIOBBIX
TpyOOnpoBOJOB. B COBpeMEHHBIX 3KOHOMHUYECKHMX YCIOBUAX (DMHAHCOBBIE H
MaTepUaJIbHBIE CPEICTBA MNPEANPUATHI OrPaHUYEHBI, YTO MPEAOINPEACISIET
00OCHOBaHHOCTb  pacCHpeNesieHus CPEACTB, PACXOAyEeMbIX JUIA  CHUKEHUS

aBAPUINHOCTH, B TIEPBYIO OUYEPEb, HA YHACTKAX C MAKCUMAJIbHBIMU PUCKAMU aBAPHUIl.

B cBia3u ¢ nOpuOAMKEHHOCTBIO MPOMBICIOBBIX 00bekTOB IIproOckoro
MECTOPOXKACHUS OT HACEJIEHHBIX ITyHKTOB U, KaK CIIEICTBUE, HU3KOU BEPOSTHOCTHIO
KaTacTpO(UUYECKUX HKOJIOTMUYECKUX MOCIEACTBUI MpH aBapusiX TpyOOIPOBOAOB,
BO3MOYKHA KOJIMYECTBEHHAs] OLIEHKA PUCKOB aBapuil TPyOOINpPOBOIOB B JACHEKHOM
BBIDOKEHUM  KakK  IPOM3BEJIECHHUE  BEPOSTHOCTH  aBapul U 0XHMJIAEMOIO
HKOHOMHYECKOTO yiiepoa. B cBA3u ¢ 3TM ObuIM pa3paboTaHbl METOAMKH OLIEHKU
HPKOHOMHYECKOro yuiepOa oOT aBapuil HEPTEHPOMBICIOBBIX TPYyOONpPOBOAOB U
SKOHOMHYECKON A(h(PEKTHBHOCTH MHTHOWTOPHOM 3aIIMTHI. Y CTaHOBJICHA OOJIbIIAS

JI0JI1 KOCBEHHOT0 yiep0a oT HeAo00b1Yu HeTH, 3aTpaT Ha cOOp pa3auTol HEPTH U
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PEKYJIbTUBALIUIO 3aTI'PASHCHHBIX 3C€CMCJIb, COUSMCpPpUMAA C 3aTpaTaMi Ha KallUTAJIbHBIC

PEMOHTBI TPYOOIIPOBOOB.

Jlnia pacyeTa SKOHOMUYECKON 3((HEKTUBHOCTH MHTHOUTOPHOM 3alUThl ObLIH
BBeZieHbI 1Ba Koad¢unmenta: KPEM — xoadduument, yuuTeiBaromumii yBeandeHue,
u ko3ppunueHT KO®, yunTsiBaomuil CHIKEHUE KOJIMUYECTBA IOPHIBOB HA y4acTKe
TpyOOIPOBOJa MPHU UCIIOIH30BAHUM MHTHMOUTOPHON 3alTUTHI (MTOKa3bIBAET PEaIbHYIO
3(p(EeKTUBHOCT, HHIMOUTOPHOM 3alUTHl). 3aBUCUMOCTb 4YacTOThl IOPBIBOB U
3¢ (HEeKTUBHOCTH MHTUOMTOPHOM 3alUTBl OT CPOKa AKCIUTyaTaluu HepTecOOPHBIX
KOJUIEKTOPOB CpPOKa MEXPEMOHTHOIO Iepuojia TpyOOonmpoBOAa, NpHU BHEAPEHUU

WHTUOUTOPHOM 3aIUTHI.
2.3.2 PacyeTr nmogaum MHruOUTOPA B CKBAXKUHY
3aBUCUMOCTH yiiepOa oT 00bEMOB MepeKayku He()TU BhIpaXkaeTcst GOpMyJIO:
Y =0,35* Qu=0,35 * Qx *(1 —n),

rie n — OOBOJAHEHHOCTb, JOJU €AUHUI], S)KOHOMUYECKHE PUCKH OT aBapuil
MPOMBICJIOBBIX  HE(TEIPOBOJIOB, MOKa3bIBaeT  00JacTu AKOHOMHUYECKOMN
1e71eco000pa3HOCTH MPUMEHEHUS UHTHOMTOPOB KOPPO3UHU B 3aBUCUMOCTH OT pacxoja

HeTH, 0OBOJTHEHHOCTH U IUAMETpa TPyOOIpOBO/IA.

[Ipu paccMOTpeHUM pa3IMYHBIX OOBEMOB BHEAPEHUS CPEACTB CHUKCHUS
ABAPUMHOCTH I10 MPUYHUHE KOPPO3UM IOJYYEHO 3HAYEHHUE ONTUMAJIbHBIX 3aTpaTr Ha

MPOTUBOKOPPO3UOHHBIE MeponpuaTus 11 «Pocuedts» — ~200 mMiH. p./rox
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3.COHl/IaJIbHaﬂ OTBETCTBCHHOCTDb

BBenenue

B mpomecce skcmiyaranud TpyOONpOBOABI MOJABEPraioTCs KOPPO3UHU.
Koppo3usi HaHocUT 3HaunTeNnbHBIM yiiep0. OHa MPUBOAMT K MPEKIACBPEMEHHOMY
U3HOCY arperaTtoB, YCTAaHOBOK, JIMHEHHOM YacTU TpyOOIPOBOJOB, COKpAIIaeT
MEXPEMOHTHBIE CPOKH JKCIUTyaTallud OOOPYIOBaHUS, BBI3BIBAET JOTOIHUTEIbHBIC
NOTepH  TpaHCHOpTHpyemoro  mpoaykra. Cpok — dKCIUTyaTalliM  OOBEKTOB
TpYOOIIPOBOJHOTO TPAHCTIOPTa HEPTHU U raza BO MHOTOM OTNPEAEISAETCS CTENEHBIO UX
NPOTUBOKOPPO3UOHHOW 3alIUTHl. DKOHOMHUYECKHE IOTEPU B TPYyOOIPOBOJIHOM
TpaHcropTe He(TH M raza IO MPUYMHE KOPPO3UHM MPOJOJDKAIOT OCTaBATHCA
HeJomycTuMo OosbuuMu. bopeba ¢ Koppo3uel METaIoB SIBISETCA BaKHEHIIEH
3aJauyei, pelIeHUe KOTOPOM TO3BOJUT cOepeub METaNIMYECKUE pecypchl U
obecneuur HKOJIOTUYECKYIO 0€301acHOCTb JKCIUTyaTaluu 00BEKTOB
TpyOONPOBOJHOrO TpaHCHOpTa HePTH U raza. BHyTpeHHsSsT KOpPpO3Hsl NPOUCXOJINUT,
BCIICICTBUE IIPUCYTCTBUs BJarv, CEpPOBOJAOPOJA U COJECH, CONEpKALIUXCSA B
TPAHCIIOPTUPYEMOM  YIJIEBOAOPOAHOM ChIpbe. Ha wmecropoxaeHusx 3aragHou
Cubupu Koppo3us MPOTEKAET MO YTIEKUCIOTHOMY MEXaHU3MY.

3amura TPyOONPOBOAOB MOXKET OBITH YCIEIIHO peaM30BaHa Ha JTare
MPOTHO3UPOBAHUS U CBOEBPEMEHHOIO OOHAPYKEHUSI KOPPO3UOHHBIX pa3pyIlICHH, B

OTIPEJICICHUH UX XapaKTepa U B BIOOPE 3aIUTHBIX MEPOTIPUSITHM.
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3.1 AHau3 BpeIHbIX NPOU3BOACTBEHHBIX (PAKTOPOB.

OxpaHa TpyJa W TEeXHUKAa O€30MacHOCTH B HE(MTSHOW MPOMBIIUICHHOCTH
UMeeT  psAA CHeUM(PHUUECKUX  OCOOEHHOCTEH. OT0  MOXapoonacHOCTb
IPOU3BOJCTBEHHBIX OOBEKTOB, CBA3aHHAs C HAJIMYMEM YIJIEBOAOPOJOB, KOTOPBIE
JIETKO BOCIUJIAMEHSIOTCS, IMPOHUKAIOT Ye€pe3 HEIMJIOTHOCTH U 3a30PbI, YTO BBI3BIBACT
HEOOXOJUMOCTh Pa3pabOTKHU CIELUAIbHBIX MEpP MO 0€30IaCHOCTH B TECHOM CBS3H C
IPOTUBOMOXKAPHON TpoduiaakTuKoil. bompinoe 3HaueHue st 0€30MacHOCTU
pabOTHHUKOB HMMEET TepMeTh3alusl 00OpyHOBAHMS, WCKIIOYAIOIIAs 3arpsA3HEHHOCTb
paboyeit atMocdepbl, BO3MOKHOCTh B3pBIBOB, [T0’KAPOB U OTPABICHUIA.

s He(TEPOMBICTIOBBIX pEAIPUATAN XapakTepHa CJIOKHAs
IIPOM3BOJICTBEHHAs Cpela, BO3ACHUCTBYIOLAs HAa MAallWMHBI U IIEpCOHAN. BiusHue
IPOU3BOJCTBEHHOW CpeIbl Ha MAIIMHBl HECOMHEHHO: BHOpalUu MPUBOAAT K
pa3pyLUCHUIO Yy3J0B U JE€Talled MAIlWH, I[OBBIIICHHAsA BJIAXKHOCTb, IEpenaibl
TEMIIEPATYpPbl, HAJIUYME B BO3AYXE PA3JIMYHBIX [PUMECEH YMEHBIIAOT HUX
JIOJITOBEYHOCTH U T.1. IIpon3BoaACTBEHHAs cpeia MOXKET U KOCBEHHO, Yepe3 UYEJIOBEKa,
BJIMATH HA MAIMHBI: HEAOCTATOYHAsI OCBEIICHHOCTD, ITOBBIIEHHBIN YPOBEHb 3BYKa U
npoure (HakTopbl MOTYT MPUBECTH K HENPABWIbHBIM, NPUBOIAIIMM K aBapHsM,
JEUCTBUSM YEJIOBEKa B CBSI3U C €ro (PU3MYECKUM WJIM MCUXUYECKHM YTOMIICHHEM.
MaiuHssl, B CBOIO 04€pelb, MOTYT BIUATH Ha COCTOSIHUE IIPOU3BOICTBEHHON CPEJbI,
Hachll[asi ee IIyMOM, BUOpainueil, TOKCUYHBIMU BbIOpOCAMHU, BBIIEJICHHEM TeEIa,
BJIArd, DJIEKTPUYECTBA U T.[I.

bonpmmHCTBO IIPOU3BOICTBEHHBIX IIPOLIECCOB B HePTIHOU
MPOMBIIUICHHOCTH HWAYT Ha OTKPBITOM BO3JAYyXE, YacTO MpU HEeOJAaronpusTHBIX
METEOPOJIOTHYECKUX YCIIOBUSIX. HedrenpomeicnoBoe AKCIUTYaTallMOHHOE
00OpylOBaHUE TMOJBEPKEHO BHEIIHUM BO3JCWUCTBUSAM, KOPPO3UHM, HHU3KUM
TEeMIEpaTypaM U T.J., YTO NMPUBOJIUT K HAPYIIEHUIO MPOYHOCTHBIX XapAKTEPUCTUK U

UX IPEXKIEBPEMEHHOMY Pa3pyIICHUIO.
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3.1.2 OTkJI0HeHHe MOKa3aTeell KIUMAaTa OTKPBHITOM BO3/yXe

Kmumar paiioHa, B KOTOPOM PpAaCIOJOKEHBI OOBEKTHI pa3paboTKu W
DKCIUTyaTall, PE3KO KOHTUHEHTaNbHbIN. Ilepexon OT 3UMBI K JIETy IOJITHH, C
HEYCTOWYUBBIMU aTMoc(epHbIMU ocaakaMu. CaMbIM XOJIOTHBIM MECSIEM SIBIISCTCS
SHBapb, UMEIOMNN MUHUMAIBHYIO Temrepatypy 1o -30°C. Ilepexon k €Ty B KOHIIE
anpens - Hayaie Masg. CpefHsisi TeMreparypa caMoro >kapkoro mecsia utois +27°C.
MakcumanbHble TemmnepaTypsl MoryT pgocturaTh Bbime +40°C. Cpeaneroponas
CKOPOCTb BETpa paBHa 6 M/C, MakCUMajbHasi CKOPOCTb BeTpa AOXOoAuT 10 15...25
M/cC.

BrlleykazaHHple  METEOpOJIOTUYECKHE  YCIOBUS ~ OKa3bIBAlOT  HA
paboTocnocoOHOCTh pabouero nepconana (omeparopsl, opuransl [IPC, KPC). s
CHW)KCHHS BPETHOTO BIIMSIHUS TIPUPOIHBIX (DAKTOPOB pabOTArOIINE 00SCTICUNBAIOTCS
cneroexaout B coorBerctBun ¢ ['OCT 12.1.005-76 “Bo3ayx pabouyeii 30Hb1".

3.1.3 HegocraTouHasi 0CBEIIEHHOCTb.

Cset — ycioBue A paboThl I1a3a. Yepes HEHTpaIbHYI0 HEPBHYIO CHCTEMY
CBET OKa3bIBACT BIIMSHHE HA OOIIEe HEPBHO-TICHXMYECKOE COCTOSHHUE, TPUBOIUT K
W3MCHCHHUIO YacTOTHl IyJIbca M WHTCHCUBHOCTH HEKOTOPBIX IPOIECCOB OOMEHa
BemecTB. HegocTatok cBeTa CHUXKAET pabOTOCIIOCOOHOCTh YeNIOBEKa, YXYIIIAET €ro
OPHUEHTHUPOBKY B IMPOCTPAHCTBE, CHIKAET Pa3IMYUMOCTh MPEIMETOB, CITIOCOOCTBYS
aBapUUHOCTH W TpaBMaTtu3My. D(PQPeKTUBHBIE MEpbl MJisi TOBBIIIEHUS KOHTpACTa
OOBEKTOB paziauueHuss ¢ (OHOM: TMoJAepKaHue OoOOpyAOBaHUS B UHUCTOTE,
MPaBUJILHOE IIBETOBOE PEIICHHE 3JIEMEHTOB 00OpYyJI0oBaHUsS. BIEKIOCTh BemeT K
opicTpoMy yromiieHHIO. CHU3UTH OJICKIOCTh MOYKHO TIPABUIIBHBIM BEIOOPOM BBICOTHI
MOJIBECA BBICOTHI CBETUJILHUKOB, WCIIOJIb30BAHUEM 3alllUTHOTO YIJIa CBETUJIHLHUKA,
MPUMEHEHUEM PACCEUBAIOIINX CBET CTEKOJ. JIJIsl yydIieHus: SpKOCTH B TIOJIE 3pEHUS
paboTarIMMX B MPOMU3BOJCTBECHHBIX MOMENICHUSAX HEMAJIOBAXHOE 3HAYCHUE WMEET

oTpaxaromasa CITOCOOHOCTh moja, CTCH, IIOTOJIKOB H O60py,HOBaHI/I$I, KOTOPOC
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JOCTUTAeTC  MX  COOTBETCTBYIOWIEH  okpackoil. Ilpu  HeobOxoammocTH
pa3palaThIBAIOTCS MHXKEHEPHBIE  MEPOIPHUSATHS MO PEKOHCTPYKIIMU CUCTEMBI O-

cBerieHus [16].

3.1.4 TloBbIlIeHHBIIT YPOBEHDb IIYyMa HA pado4yeM MecTe.
bonpioe 3Hauenwe wuMeeT MpodlieMa MPOU3BOJACTBEHHOro Imyma. Ha
duznyeckoe COCTOSHUE  4YEJIOBEKAa IIIyM BIUSET  CIEAYIOUUM  00paszom:
MIPOBOLIUPYIOTCSL CEPJCYHO-COCYIUCThIE 3a00JI€BaHUsI U SI3Ba KENyIKa, HAPYIIAECTCS
0OMEH BEIIEeCTB, 0CIA0IAETCS BHUMAHUE U YEIOBEK ObICTPO YTOMIISIETCS.

[Ipn TekymieM M KaluTaJbHOM PpEMOHTE, a TakkKe NpH OOCITyKHMBAaHUU
HacocoB  padouue  MOJBEPKEHbl  MHTEHCUBHOMY  BO3JCMCTBHIO  IIIYyMOB.
OOcnyxxkuBaromuii ~ mepcoHan,  paboTalmMii B HACOCHOM,  cHabxkaercs
WHUBUYyAIbHBIMUA CPEJCTBAMHU 3alllUThl (HAYIIHUKH). Takke s yIydIIeHUs
YCIOBUM TpyAa PEKOMEHAYETCS COOpYXaTh 3BYKOM3OJUPOBAHHbIE KaOWHBI,
yCTaHaBJIMBATh HKPaH.

Ecnu BBl 1OKHBI MOBBICUTH TOJIOC, YTOOBI Bac YCHBIIIAIHA, 9TO 3HAYUT, YTO
Bbl HAaXOJUTECh B TOM MECTE€, Iie HEOOXOJIMMO MPUMEHEHUE MPEeIOXPAHUTEITbHBIX
CIIyXOBBIX cpeACTB. IIOCTOSIHHOE BO3JAEHCTBHE BBICOKOIO YPOBHS IIIyMa MOKET
MPUBECTH K TIOCTOSIHHOM ToTepe ciyxa. Mecto paboThl, HaxopsImieecs IO
COMHEHHMEM JIOJDKHO OBITh 00cieoBaHO Ha yM. MexaHndeckue KojieOaHusl 4acTull
1000 ynpyroil cpefpl nepenarorcs 1no Bo3ayxy. Eciu 3Ty konebaHus JOCTaTOYHO
CWJIbHBI, HE YCIEBAIOT MOTACHYTh B BO3AYXE M MMEIOT ONPENEICHHYIO YacTOTY, TO
OHM, BO3JIEUCTBYS Ha OpraH CiIyXa 4YeJ0OBEKa, BHI3BIBAIOT OLIYIIIEHUE 3BYKa.

[lo BO3AEHCTBUIO IlIymMa Ha OpraHbl Ciyxa pa3inyaloT TpU (HOPMBI:

yTOMJICHHUE, IITyMOBasi TpaBMa U MpoQeCcCHOHANIbHAS TYTOYXOCTb.

TpeboBanus 0€30MACHOCTH MPEIYCMATPUBAIOT HECKOJIBKO MEPONPUITUN IS

CHI)KCHUS IIIyMa: TEXHUYECKUE CPEJCTBa OOPHOBI ¢ IIyMOM (YMEHBIIIEHHE IITyMa
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MAalllUH B KMCTOYHUKE, NPUMEHEHHE TEXHOJIOTMYECKHX MPOLECCOB, MPHU KOTOPBIX
YPOBEHb 3BYKOBOT'O JIABJCHUS HAa pabOYMX MECTaX HE MPEBBIIIACT JOMYCTUMbIC, U
Jp.);  CTPOUTENIbHO-aKyCTUYECKHE; JUCTAHIIMOHHOE  YINPABJICHUE  LIyMHBIMU
MAIlIMHAMH; UCIIOJb30BAHUE CPEICTB WHIWBUIYATbHOW 3alIUTHI;, OPTaHU3ALOHHbBIC
(BBIOOp pamMOHAIBLHOTO PpEXHMa TpyAa M OTIAbIXa, COKpaIlleHHE BpEMEHU
HAaXOXXJEHUSI B IIYMHBIX YCJIOBHSX, JI€4EOHO-IPOPHUIAKTUUECKUE U Jpyrue
Meponpusatus). llpu HEOOXOIUMOCTH pa3padaThIBAIOTCA KOJUICKTHBHBIC WM

WHIMBUYaIbHbBIC MEPHI 110 UX CHIKCHHIO (Tabwuma 6.1).

Tabnuna 3.1 — [IpenenbHO TOMyCTUMBIE YPOBHH 3BYKOBOTO JaByieHus [18].

Bun tpynosoi YpOBHHU 3BYKOBOTO JIaBJieHUs, 1D, B OKTaBHBIX | Y POBHM 3BYKa U
NesITeNIbHOCTH, pabouee I10JIOCAX CO CPEIHETeOMETPUYECKUMU SKBUBAJICHTHbIE
MECTO yactoramy, ['1q YpPOBHU

31,5|63(125(250(500(1000|2000|4000(8000| 3Byka (B 1BA)

BrinosiHEeHME BCceX BUIOB 10719587 (82|78 75 | 73 | 71 | 69 80
paboT Ha MOCTOSHHBIX
pabo4mx MecTax B
MIPOU3BOJICTBEHHBIX
MTOMEILEHUAX U Ha
TEPPUTOPUH TPEATPUITHIN

3.1.5 Bpeanble BeliecTBa

B He(dTAHON MNPOMBINIJIEHHOCTH NPUMEHSIOT BEIIECTBA, KOTOpPHIE IpHU
BO3/ICICTBUM HAa pabOTAIOUIMX MOTYT BbI3BaTh KPAaTKOBPEMEHHOE WJIM JUIUTEIbHOE
HapyleHus: QyHKIMI opranu3mMa, ociaduTh 3alIUTHbIE CUITbI OPraHu3Ma.

Bblaenstor TEeXHOJOTHYeCKHe, TEXHUYECKHEe U 00bEeMHO-IUJIaHUPOBOYHBIC
CpeICTBa HOpMalM3allMM BO31yXa pabouell 30HBI U WHIUBUAYaJIbHBIE CPEICTBA
3aIIMUTHI OT BPEAHBIX IPUMECEH.

TexHonornyeckre METOAbl HOPMaIU3allud BO3yXa pabodeil 30HBI TOJKHBI
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MCKJIIOYATh WJIM PE3KO OrpaHUYMBATh MPOLIECCHl U OMEpPALH, COMPOBOKIAIOIINECS
BBEIOPOCOM B pab04yI0 30HY BPEAHBIX Ta30B, TAPOB, a3PO30JICH.

TexHrueckre METOAbl MPEATNOAral0T MEXaHU3AIUIO BPEIHBIX U TPYJOEMKUX
IIPOLIECCOB.

OOBbEeMHO-TIJIAHUPOBOYHBIE  CPEACTBA MPENyCMATPUBAIOT  PACIOJIOKECHUS
OypoBOM TUIOMIAJIKK U KUJIBIX BaroHOB-JIOMOB C HAaBETPEHHOW CTOPOHBI TIO
OTHOILICHUIO K CKJIaJy NBUISIIIIUX MaTepuajoB, CUCTEME MPUTOTOBJICHUS PACTBOPOB,

BbixJonamu JIBC.

Tabnuma 3.2 — Hopmbl mpeneiapbHO JOMYyCTUMBIX KOHIIEHTPAIUKA BPEIHBIX

Beriects [19].

BpenHoe IAK, K,
BEILIECTBO Max.pa3oBasi, MI/m3 CpelHeCyTOYHas1, MI/mM3

Jlnokcuy cepbl 0,5 0,05
Jlnokcuy a3oTa 0,085 0,085
Oxkcun yrieponaa 3,0 11
CepoBomopo 0,08 0,008
bensun 5,0 15
Benzon 15 0,8
Tonyon 0,6 0,6
Kcunon 0,2 0,2
Caxa 0,15 0,05
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3.2. AHaJIN3 ONACHBIX MPOU3BOACTBEHHBIX GAKTOPOB.
3.2.1. daexTpobe3onacHocThb. [lopaxkeHnne 31eKTPUYECKUM TOKOM

OnekTpoOe30MacHOCTh - CUCTEMa OPTraHU3alMOHHBIX W TEXHUYECKUX
MEPOMPHUITHIA U CPEJICTB, 00ECIICUNBAIOIINX 3AIIUTY JIIOJIEH OT BPETHOTO U OMACHOTO
BO3JICMCTBUS JIEKTPUUECKOTO TOKA, SJIEKTPUUECKON TyTH, AIEKTPOMArHUTHOTO OIS
Y CTaTHYECKOTO MOoJs. [[elicTBUE 3IEKTPUUECKOTO TOKA HA OPTaHU3M 4YeJIOBEKa HOCUT
pa3HOCTOpOHHUM Xapakrep. Ilpu moOpak€eHMM SIIEKTPUYECKHMM TOKOM MOTYT
BO3HHUKHYTh: JJIEKTPUYECKHE TPAaBMbI, MOPAXKEHUE OTIEIBHOIO y4yacTKa Tejla WIH
opraHa 4ejoBeka (OKOTM, MeETaUIM3auusl KOXH, DOJIEKTPUUYECKUE METKH,
MEXaHUUYECKUE TOBPEKICHUS) U AJIEKTPUUECKUE YIaphl (IIOKH), JEHCTBYIOIINE Ha
opranuzM B 1einoM. [Ipoxons uepe3 opraHu3M 3JIEKTPUUECKHI TOK MPOU3BOJUT
TEPMHUUECKOE, AJIEKTPOJIUTHUECKOE MU Ouosornueckoe BozaeicTBue. Tepmuueckoe
BO3JICHICTBHE TPOSBIIAETCS B HAarpeBe TKaHEW BIUIOTH JI0 O0KOTOB OT/AEJIbHBIX
YYacTKOB Teja, NeperpeBa KPOBEHOCHBIX COCYAOB M KPOBH, YTO BBI3BIBAET B HUX
cepbe3Hble  (DYHKUMOHAJIBHBIE PACCTPONCTBA. DJIEKTPOIUTUYECKOE JACUCTBHE
BBI3BIBAET PA3JIOKEHHE KPOBU M IUIa3Mbl. bHojormyeckoe AEHCTBUE BbIpakaeTcs
pa3NoKeHHWeM U BO30YKICHHEM JKMBBIX TKaHEH OpraHu3ma, 4YTO MOXKET
COIPOBOK/JIATHCS CYJIOPOKHBIM COKPAILIEHUEM MBIIIL], B TOM YKCJI€ MBILII CEpALA U
nerkux. Ilpyw 3TOM MOryT BO3HUKHYTH pa3JM4YHbIE HApYILIEHUS B OpPraHu3Me,
BKJIIOYAs HAPYILIECHUS U JIaKe MOJHOE MPEKpalIEHUE AESITEIbHOCTH Cep/lia U JIETKHUX,
a TakKe MeXaHW4Yeckue TNoBpexJeHud. Jlrodoe u3 3TUX MOXKET MNPUBECTU K
DIEKTPUYECKON TpaBME.

Ha oObexkrax HedTemoObuM  CYIIECTBYET  OMACHOCTb  MOPAXEHUS
NEKTPUYECKUM TOKOM. IIpHBOJHBIE [ABUTATEeNM CTAHKOB—KA4aJlOK, JU3€Jb—
re"eparopsl, JuHuM dMekrponepenay (JIDI), tpanchopmaropsr, TOHEI (TpyOuatsie
AIIEKTPOHArpEeBaATENH) — BOT BO3MOKHBIE UCTOUHUKH MOPAKEHUS JIEKTPOTOKOM.

Hanpspkenue nipomeiciioBoit cetu 380 B. Hamnpspbkenue TpancdopmaropoB

TMIT u TMIIH (mpumeHsieMbIX Ijisi TOBbIMIEHUs Hanpspbkenus mis YOLH) mo
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6000 B.

3alUTHBIE MEPBI

TexHHUueCKUMU METOAaMU U CPEICTBAMM 3allUThl IS  OOECleYeHUs
anekrpobe3onacHoctd B cooTBeTcTBUH ¢ ['OCT “CCBT 3nexTpo6e30macHOCTb.
OO1ue TpeOoBaHUA" ABJIAIOTCS 3aIUTHOE 3a3€MJICHUE U 3aHYJICHHE, BBIPABHUBAHUE
NOTEHIIMAJIOB, MaJoe HAIpPsDKEHUE, SJIEKTPUUECKOe pasfefieHHe Leneil, H30JSIus
TOKOBEAYIIMX  YacTel,  OrpakJaloulfe  YCTPONCTBa,  MpeAyIlpeauTeabHas

CUTHaJIM3alu:A, CpCaACTBA 3allIUThI U ITPCIOXPAHUTCIBHBIC YCTPOIZCTB&.

3.2.2. IloxkapHas 6e30MaCHOCTH

OObekThl 1O  A00bIME HEPTH OTHOCATCA K  B3PBIBOONACHBIM U
[I0’)KAPOOIACHBIM. BemiecTBa, NpUMEHSEMBbIE IPU TYLIEHUM I10KAPOB, JOJIKHBI
o0ecnieunBaTh BBICOKHUM 3()(PEKT TylIeHUs, HE OKa3bIBaTh BPEIHOIO BO3ACHCTBUS Ha
OpraHu3M, ObITh JOCTYITHBIMU U JICIIEBBIMHU.

Bona B HacTosiee Bpemsl IOKa OCTaeTcsi HauOoJjee paclpOCTPAHEHHBIM U
HamOoJiee JOCTYNHBIM CpEICTBOM MOXKapoTymieHus. [ TymeHus mnoxapa
IpeyCMOTPEHA CUCTEMA MOXKAPHOTO BOJAOCHA0XKEHHUS, YKa3aHHsI IO KOTOPOMY JaHbl
CHull 11-58-75 (“Daekrtpocraniuu TterioBsie”) u B CHull 11-34-74
(“BomocHabkenne. Hapyxksble ceTm U coopyxeHus’). B Mepax moxapHOU
Oe3omacHOCTH oOmepaTopbl 1Mo J00brde HedTu B Tmporecce padoOThl  AOHKHBI
MOJIEP>KUBATH MOPSIIOK M YUCTOTY Ha TUIOIIA/IKE BOKPYT CKBaXXUH. BOKpyT CKBa)KUH
HeJb3s pa30dpachlBaTh BETOWIb, JOMYCKaTh pas3ivBa HedTHu. B ciyyasx paznuBa Hago
OYHUCTHUTH IJIOLIAAKY OT He(DTH, a 3aTEM 3aChINAaTh IIECKOM.

Ha 3aMepHBIX ycTaHOBKax JAOJKHBI ObITh pa3MEMICHBI SIIIUKU C IECKOM, IIUAT
C JjomnaTtamu, JioMamu, BepamMu u orHetymmrensimu OXII-10, OY-2, OY-5. Kypenue
pa3pelieHo B CIIEHUAIBHO OTBEICHHBIX MECTAX.

I[J'ISI TYIICHUS I10XKapa B KAa4YC€CTBC OIHCTACHUTCIIbHBIX CPCACTB HCIIOJIB3YIOT
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BOAY B BHJE Ilapa WIM B paclbUIEHHOM Buae, nHepTHbIE Ta3el (CO,, N,), neHsl,
nopomiky. JInsg  TymeHus HaxXOASAIIMXCA MOJ  HalpsSOKEHUEM  3JIEKTPOCeTen
WCIIOJB3YIOT YTJEKUCIOTY. B HACOCHBIX CTAHIMAX HPUMEHSIOT aBTOMAaTHYECKHE
CUTHAJIN3ATOPBl TOPIOYMX Ta30B M D3JIEKTPUYECKYIO MMOKAPHYIO CUTHAIM3ALUI0 C
TEIUIOBBIMU, TEPMOAJIEKTPUYECKUMU JaTYNKAMMU.

JI1s1 KOHTPOJIA 32 COCTOSIHUEM MOKAPHBIX CPEICTB U CUTHAJIU3ALNK, A TAKXKE
Ui oOecrieueHus] MX HOPMajdbHOW paboThl PYKOBOAUTENh OOBEKTAa Ha3HAYaeT
OTBETCTBEHHOE JIUIIO U3 YUCJIA UHKEHEPHO-TEXHUYECKOT O MepCoHala 00bEKTa.

Meponpusitust 1O MNPOTHUBOIMONKAPHOM  OE30MACHOCTH  MPOBOASATCA B
COOTBETCTBHHM C YKa3aHUSIMH, IPUBEACHHBIMU B CHullI I1-A.5-70.

Ha Hedrenpomsicie nuMeercss KOMIUIEKT IPOTUBOIOKAPHOTO MHBEHTAPSL:

- mokapHsbIe 1eHTpoodexkHbie Hacochl [TH-30K;

- 0arpel noxkapubie I1BT ¢ metamnmuueckum ctepkaem u [1BH ¢ Hacankoit u
OO0JBIINM KPIOKOM;

- Tonopsl noxapuseie: [111- moxapHbIi NOSCHOM;

- kptoku noxkapusie [TKJL, IIKT- tsokensie;

- ctBOJIbI Toskapubie KP-b, CA, T1C-50-70;

- pyKaBa MoKapHbI€;

- CTBOJIBI MTOkapHbIe pyuHbie CITP-2;

- (ponapu noxxapusie ®II1-1 — uHaUBUYATIBHBIE;

- JIECTHULIBI ITOXKapHBIE.

Kontpons 3a coOmrofeHneM TMpaBuil MOXapHOW O€30MacHOCTH BEOyT
COTPYIHHUKM TOCYAApPCTBEHHOTO TOKapHOro HaA30pa. Tum, KOJIMYECTBO U

pa3sMEIICHUE CPEICTB TYLICHUS MTOKAPOB ONPEAECISAIOT 10 HOPMaM, NPUBEICHHBIM B

CIT 5.13130.2009 [20].
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3.2.3. MexaHnnueckue OnacHOCTH
JIro60# 00BEKT, KOTOPHIA MOXKET MPUYMHHUTH YEJIOBEKY TPaBMYy B pe3yJbTaTe
KOHTAaKTa caMoro oObekTa (WM €ro vacTtei) C ueJoBEKOM, HeceT B cebe
MEXaHUYECKYI0 OIMAaCHOCTh, HANPHUMEpP: CTaHKU-KAYaJKH IITAHTOBBIX TIyOWHHBIX
HacocoB, OYypOBbIE YCTAaHOBKHM, MAIIMHBI W OOOPYyAOBaHUS ISl KalUTAJIBHOTO
pemonTa ckBaxkuH (KPC). OmnacHas 30Ha - 3TO MPOCTPAHCTBO, B KOTOPOM BO3MOKHO

JeiicTBHE Ha PabOTAIOIETO OMTACHOTO WIJIH BPETHOTO MPOU3BOJICTBEHHOTO (aKTOpa.

MexaHu4yeckue  OMAaCHOCTH Ha  NPEANPHUITHSIX  IPEACTaBISIOT  COOOM
JNBIKYIIECS MEXaHW3Mbl WM MAIIVHBI, HE3AIIUIIECHHBIC TOJBHKHBIE DJIEMEHTHI
IPOU3BOJCTBEHHOIO O0OpYJIOBaHMUS; 3aroTOBKH, MaTepualbl, pa3pyllaroliuecs
KOHCTPYKIIMM, OCTpblE KpPOMKH, CTPYXKKa, 3ayCeHIbl M IIEPOXOBATOCTH Ha
IOBEPXHOCTU 3aroTOBOK, WHCTPYMEHTOB U OOOpYAOBaHHUSA, a TakXe IMaJeHHe

MIPEJIMETOB C BBICOTHI [16].

3.2.4. AnlnapaTrsl Moj JaBJIEeHHEM.

[IpeBbIIeHre MAKCUMAIBLHOTO JOITYCTUMOTO JTaBJICHHSI, OTKa3bl MU BBIXOAA
U3 CTPOSI PETYJIUPYIOIIHMX U MIPEIOXPAHUTEIBHBIX KJIAITaHOB. BRICOKHIA YPOBEHb
JTABJICHUS B TEXHOJIOTUYECKOM U 000PY/I0BAaHUU U TPYOONPOBOAAX MOTYT MPUBECTH K
pa3pymIeHuIo 000pYAOBaHUS M KaK CIICACTBHE HAHECTH TPaBMbI pAOOTHUKAM B TOM
YHCJIE HE COBMECTUMBIE C JKU3HBIO0. ISl MpejoTBpallieHrs BOSHUKHOBEHUS
WHIHJICHTOB Ha IPOU3BOJICTBE MPUMEHSIOT cpencTBa uzmepeHus: KUIuA u
PEIOXPAHUTEIBHYIO apMaTypy, a TAKXKe COOI0/IEHUE TEXHUKN O€30MMacHOCTH MPH
pabote ¢ 00BeKTaMH, HaXOASIIUMHUCS 110 OOBIIINM JTaBJICHUEM, HallpuMep: 0JIoT

BoJIopacnpenenurenbHon reoenku (bBI).
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3.3 Oxpana okpy:kawIei cpeabl

[IpobGnema oxpaHbI OKpY)KArOIIEH Cpenbl M 00eCIeYeHUE IKOJIOTHICCKOM
0e30MacHOCTH OXBaThIBAET BCE CQepbl >KU3HEACATEIBHOCTH 4YesloBeka. B Hare
BpeMsl CJIOKWJIACh TPEBOXKHAS DKOJOTMYecKas oOcTaHOBKa. PacTtyT o0Bembl
MIPOMBITIUICHHBIX OTXOJ0B; Oo0JbIlie 2/3 MCTOYHUKOB 3arpsA3HEHBI, MPOUCXOIUT
OMAaCHOE 3arpsA3HEHHE IMOA3EMHBIX BOJA. YacTh MNPOAYKTOB MHUTAHUSA OMACHO
UCIIOJIb30BaTh B nuuly.  Pacter  3a001€BaeMOCTh  ajuIEprUYECKUMU,
OHKOJIOTUYECKUMU U JPYTUMH 3200JICBAHUSMU.

HedrsiHass w razoBasi mpOMBIIIUIEHHOCTh SIBJISIETCS OJAHUM U3 HauboJee
OMNACHBIX OTPACJIEH IO 3arPSI3HEHUIO OKPYKAIOIIEH CPEbI.

[Ipu pa3paboTke HEPTAHBIX U Ta30BBIX MECTOPOXKIACHUN MPOBOASAT
CJICAYIONINE TPUPOIOOXPAHUTEIIBHBIE MEPOTIPUSITHSL:

- TIpeAOTBpalCHUE 000pY0BaHUS OTKPHITHIX (DOHTAHOB, @ TAKXKE MOTEPb
HepTH u Taza B Tpouecce I00bIYM (YCTaHOBKA Ha YCThIX CKBa)UH,
o6opynoBanHbiX IIII'H calbHUKOB BBHICOKOTO JABJICHUS;

- TepMeTHu3alus HacOCHOro oOopyaoBaHUs, (OHTAHHOW apmaTyphl,
TpyOOTIIPOBOIOB, PE3€PBYAPOB U JIPYTUX HEPTEIPOMBICIOBBIX COOPYKEHUMH;

- C LENbI0 TepMETHU3alMu BOJOBOJOB M TPYyOONPOBOJOB HCIOIb30BAThH
UHTUOUTOPHI KOPPO3HUH U MMPOBOJUTH UX CBOEBPEMEHHBIN PEMOHT);

- COXpaHEHUE YHCTOTHl aTMOcC(ephbl, IOYBHI, BOJOEMOB (PEryJspHO
MPOBOAUTH JIMKBUAAIMIO BOJOHE(PTSHBIX MPOSIBICHUNA HAa MOBEPXHOCTU IOYBHI,
MPOBOJIUTh PEKYJIbTUBALIMIO 3€MENlb, a Takke O0ecrneynBaTh TePMETHYHOCTH
HEe(PTENTPOMBICIIOBOTO 000PYIOBAHUS).

- OYUCTKA ¥ YTWINW3AIUS CTOYHBIX BOJ, YHUUTOXEHUE OTXO/I0OB;

- KOMIUIEKCHOE PallMOHAIBHOE UCIIOJIh30BaHUE MPUPOIHOTO M MOMYTHOTO
raza U He(TH; TOBBIIIEHHE HEPTEOTAAUM IUIacTa 3a CUET BHEAPECHHUS HOBBIX
METO/I0B UHTCHCU(PUKAIIUN JOOBIYH.

XapakTep ¥ BO3MOXKHbIE HCTOYHUKH 3arpsi3HEHUS

[Ipu Oypenun, mno0br4e, cOOpe U TpaHCIOPTE HEPTH HMEET MECTO

3arpA3HCHHUA IIOYB M T'PYHTOB. Ero moxno YCJIIOBHO pasgCiIMTb Ha TpHU THUIIA:



He(TAHOE 3arps3HEHHE, 3arpsi3HEHHEe He(TENPOMBICIOBBIMA CTOYHBIMU BOJAMHU
(HCB) u cmemannoe (redTrio 1 HCB).
3arpsA3HEHHE TI0YB MPOUCXOAUT TMPHU HAPYUIEHUHU TIE€PMETHYHOCTU
He(TENPOBOIOB, BOJOBOIOB CO CTOYHOM BOJAOH, Mpu yTeukax xuakoctu ¢ JJHC,
['3HY, KHC, npu npoBeA€cHUM PEMOHTOB CKBaXXUH U T.1.
3.4 3amuTa B Ype3BbIYANHBIX CUTYAUAX
Hanbosnee  TunmMuHas  4pe3BblYaliHAs  CHUTyaluss  pa3repMeTU3aLHs

o0opynoBaHusi. Pe3ynbTaT — paznuB HeQTENPOAYKTA.

OCHOBHBIMM ~ MEPONPUATHAMU, o0ecrieunBaOIIMMUA  0€30I1aCHYIO

9KCILIyaTalluro TCpMOXHMH‘-IGCKOﬁ YCTAaHOBKH U PC3CPBYAPHOTIO IIapKa, ABJIAIOTCAL

- BCACHHUC TCXHOJIOTHYCCKOI'O pPCKUMa CTpPOro B IIPCACiIax, 3aJaHHBIX

TEXHOJIOTUYECKOW KapTOil mapameTpoB;

COONIO/ICHHE TpaBMWJI TEXHUYECKOM HSKCIUIyaTallud YCTaHOBOK MU
0o0OpyZOBaHUSI B CTPOTOM COOTBETCTBUU C JEHUCTBYIOLIMMHU HWHCTPYKLHSIMU,

HOpMaMH U IIpaBHUJIAMM;

- BBIIIOJIHCHUC IIPpaBUJI 0e30IMacHOCTH BCACHUA OIHEBBIX U Ia300ITIaCHBIX

paborT;

- obecrnieyeHre HOPMAJIBbHOW pPaOOThl KOHTPOJBHO- HM3MEPHUTEIIbHBIX,

CUTHAJIM3UPYIOIUX TPUOOPOB U OJIOKHPOBOK;

- CBOEBPEMEHHOE OOHApY)XCHHE M YCTpPaHEHHE TMPOIMYCKOB, YTEYEK

He(TENpPOAYKTOB, HEMONIAJIOK B paboTe 000py10BaHUS;

- coOmogeHue rpauKoB IUIAHOBO-NIPEAYNPEAUTENbHBIX PEMOHTOB
o0opyZoBaHUs, OpraHu3alus NPOGUIAKTHUECKOTO OOCTY)KWBAHUS, PEBU3UU H

KOHTPOJIS 32 paboTOM 000pyI0BaHKS U TPYOOIIPOBOIOB;

- CHCTEMAaTH4YeCKO€ TIOBBIIICHUE KBATU(PHUKAIIUKA OOCITYKHBAIOIIETO

InepcoHaia, CBOCBPCMCHHOC IIPOBCACHUC HHCprKTEl)KGfI.

Haunbounee onacHble MecTa Ha TEPPUTOPHH LI€Xa:
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- pesepByapnsie mapku: PBC-1-8, PBC-9-11, PBC-16-19.

- ceipbeBasi HacocHass TXYVY-1, ceippeBas HacocHas TXVY-2, toBapHad

HaCoCHasl, He(i)THHaSI

- HAaCoOCHasd O4YHNCTHBLIX COOpy)KeHHﬁ, KaHaJIn3allMOHHasA HaCOCHa:d,

HACOCHAas MOJITOBAPHOM BO/IbI, ~-HACOCHAsI PEareHTHOTO XO35HCTBA.
- mmomaaku neued Harpesa [1Th-10, Bkiatouas ['PY.
- TJIOMIAKA y3JI0B y4ueTa HeTH.
- CKJIaJl XpaHEHUS J1I€OIMYJIbIaTOPOB.
- apounuk TIIVY-1600.
- 3armyonenHsiit pezepyap JXKbP-400.
- IIJIJAMOHAKOITUTEb.
- KaHaJIM3aIMOHHas CUCTEMa.

CDaKTopr OTKa3a 3JIEMEHTOB Ha 00BbEKTax He(i)TGFaSOBOFO KOMIIIICKCA.

- pa3pblB TpyOONpOBOJOB, IMOJAIOIIMX peareHThl W BOAY B
HarHeTaTeJIbHbIE CKBAKUHBL

- pa3pbIB JIOOBIX COEAMHEHHN MeXay OJIOKaMH B TEXHOJOTHYECKOM
00Opy/IOBaHUU HArHETATENbHBIX M 3KCIUTyaTallMOHHBIX CKBAXMH, a TaKXe IpH
TPaHCIOPTUPOBKE JOOBITOM MPOIYKIIHH;

- CEphe3HOE HApYLICHHE TEPMETUYHOCTH WIM PAa3pyLICHUE KOpIlyca
100010 371eMEeHTa, Yepe3 KOTOPbIN MOAA0TCs KUAKUE, Fa3000pa3Hble BEIECTBA U
BOJIA;

- CKAUKM  HaOpsDKEHUs  WIM  IIOJHOE  OTKIIIOYEHWE  [0Jadu
AIEKTPOIHEPTHUH B DIIEKTPOCETH;

- BOCIUIAaMEHEHHE BEIlECTB U 000PYI0BAHNUS;

- CTUXMIHBIC 66I[CTBI/I$I " T.II.
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OcHOBHbIE ~ MEpOIpHUATHs, oOecneunBaImue Oe30macHoe  BeIEHHE

TCXHOJOIHYCCKOIO IIpomecca:

- KOHTpPOJIb 3a TMPOLECCOM IPOU3BOJACTBA  OCYIIECTBISETCS B
OMepaToOpHbIX, Trae  pacnonoxensl npubopsl  KUIIMA, curnammzamnuu.
HeobOxoaumbie mapameTpbl BEJAEHUS Npoliecca KOHTPOJIUPYIOTCS U PEryIUpPYIOTCS

C 3aIlIMCbIO OTACJIBHBIX ITapaMCTPOB B PexxumHusbie JINCTHI,

- Ha ammaparax, rje 3TO HEeoO0XOIWMO, IpeIyCMOTpeHa YCTaHOBKA

cooTBeTcTBYIOMMX NMpudopo KUITuA;

- mneun HarpeBa IITB-10 cHaOxeHbl OJOKMPOBKOW, OTKIIIOYAOIIEH

1o/1auy rasa npy MpeBbIILICHUH TApaMETPOB padOTHI NIEYH;

- HaCOCHBIC aIpCraThl CHA0>KEHBI 6J'IOKHpOBKOﬁ, OTKJII-O‘-I&I-OHIGﬁ arperar

IIPY HAPYIIEHUH MTapaMeTpPoB pabOThI HACOCA;

- I OCBOOOXICHUST 000PY/I0BAaHUS B CiIydae aBapuu IMPEIyCMOTpEeHa

aBapuifHas eMkocTh EI1-10;

- BENETCS KOHTPOJIb 3ara30BaHHOCTH Ha BCEU TEPPUTOPUH OOBEKTOB
nepeHocHbiMU TazoaHanuzatopamu CIT-4M, CIT-20 cornacHO yTBEp>KIECHHBIM

['pacduxy oT60pa npob u Ilnan-kapre Touek ordopa npoo.

I'azocurnamuzatoper  CTM-10  ofecrneunBarOT  IPEaYNPEkKIAIONIYIO
CBETOBYIO M 3BYKOBYIO CUTHAJIM3ALIMIO IIPU KOHIEHTpalUu roprounx razos 20% u
40% OT HWXHEro KOHUEHTpalMOHHOTO npenena BocmuiameHeHus (HKBII).

Curnaisl IOAAI0TCS B ONIEPATOPHYIO.

JI1s1 HACOCHBIX MPEAYCMOTPEHO BKJIIOUCHUE NPUHYAUTEIBHON BEHTUWISIIIUN
npu koHreHTpauuu napoB 20% HKBII u oTkiroueHre HAaCOCOB M BEHTWISIIUU

npu KoHueHTpauu napos 40% HKBII.
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3.5, Opranu3anHOHHbIEe MEPONPUSITUS U 0COOEHHOCTH

3aKOHOAATEJIbHOI'O PEry/JIMPOBaAHUSA MMPOCKTHBIX pemennﬁ

3.5.1 Oprann3zaumoHHbIe MEePONPUATHSA

[TonroroBka pabouero wmectra U JOMyCK Opurambl K  paboTte
OCYILIECTBISICTCS TOJBKO TMOCJIE TOMYYEHHUS pa3pelieHusi OT OMNepaTUBHOTO
NepCcoHaNIa, B YIPABJICHUW W BEACHUM KOTOPOTO HaxoAuTcs obopymoBanue. He
JOTYCKAeTCs M3MEHSATh TPEIyCMOTPEHHBIE HAPSAIOM MEpPhl IO IOATOTOBKE
paboYnx MecT.

[TogrotoBka pabGoyero wmecta — BBHINOJHEHHWE JO Havana padoT
TEXHUYECKUX MEPONPHUATHN I TPEIOTBPAIICHAS BO3ICHCTBUAS Ha PaOOTAFOIINX

OITIaACHBIX ITPOU3BOACTBCHHBIX (baKTOpOB Ha pa60qu MCCTC.

Jlonmyckaromuii nepen  AOMYCKOM K paboTe [OKeH yOeauThes B
BBITIOJIHEHUHU TEXHUYECKUX MEPOIPHUSATUN MO TMOJArOTOBKE paboyero mecra —
JUYHBIM OCMOTPOM, T10 3aIIUCAM B ONIEPATUBHOM KypHaJe, 10 ONEPaTUBHON CXeMe
U 1O COOOUIEHUSAM TepCcoHajIa ONMEPaTUBHOTO U OMEPATUBHO-PEMOHTHOTO JAPYTHX
3a1€CTBOBAHHBIX OpraHu3anuu. OTBETCTBEHHBI PYKOBOJIUTEID "
MPOU3BOJIUTENIb PabOT (HAOMIOAAIONMIM) Tepea AOMYCKOM K paboTe JOJDKHBI
BBISICHUTh Y JIOMYCKAIOIIETO, Kakue Mephl O€30MacCHOCTH MPHUHATHL TPHU
MOJATOTOBKE paboyero Mecra, U COBMECTHO C JIONMYCKAIOIIUM TMPOBEPUTH

MOATOTOBKY paboyero Mecta JUYHbIM OCMOTPOM B Ipezesiax padbouero Mecra.

Jlonyck k paboTe MO HapsgaM W PaCHOpPsHKEHUSM TOCJE MOATOTOBKHU
pabouero MecTa JI0OJKEH MPOBOAUTHCS HEMOCPEACTBEHHO Ha pabouem Mecte. [lpu

3TOM JIOITYCKAOIIUN JOJKEH:

- TPOBEPUTh COOTBETCTBHE COCTaBa OpWUrajbl yKa3aHUSM Hapsaa
(pacnopskeHUs1) — 0 UMEHHBIM yJI0CTOBEPEHHUSIM;
- JoKa3zaThb Opuraae, 4YTO HaNpsDKEHUE OTCYTCTBYET, IIOKa30M

YCTaHOBJICHHBIX 3a3¢MJICHUM WK HpOBepKOﬁ OTCYTCTBUA HAIIPSKCHUA, CCIIN
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3a3eMJICHHSI HE BUJIHBI ¢ pabouero mecrta (B ai.ycraHoBkax 35 kB u Hmke —
NOCJIETYIOUIUM TPUKOCHOBEHUEM PYKOW K TOKOBEIYIIIMM YaCTSM).

Havanmy pabotr mo Hapsny (pacHnopsKEHHIO) JOJDKEH IpealiecTBOBAThH
[eNeBOM MHCTPYKTaX. LlenmeBoil WHCTpyKTaX — yKa3aHus 1O O€30MacHOMY
BBIMIOJJHEHUIO KOHKPETHOW pabOThl B  AJIEKTPOYCTAHOBKE, OXBaTHIBAIOLIUE
KaTeropui0 pabOTHUKOB, ONPEIECICHHBIX HApAAOM WIM pacnopsikeHuem (OoT
BBIJIABILIETO Haps — 110 4ieHa Opurajsl). be3 mpoBeneHus 11e1eBOro MHCTPYKTaXkKa

JIOMYCK K paboTe He pa3peraeTcs.

[lenmeBoilt WHCTpYKTaX mnpu paboTax MO HapAxy (pacnopspKEHUIO)
MPOBOJISAT:

1. BBIarOMNA HApsAl — OTBETCTBEHHOMY PYKOBOJUTENIO (€Clid OH HE
Ha3HAYaeTCs MPOU3BOAUTEINIO padOT UM HAOIIIOIAIOIIEMY );

2. JIONMyCKAaIOIMA —  OTBETCTBEHHOMY  pPYKOBOJUTENIO  padoT,
MPOU3BOJIUTEIIIO pabOT (HAOIOAIOIIEMY) U YUJIeHaM OpUTabl;

3. OTBETCTBEHHBIM PYKOBOJIUTEIh pabOT — MPOU3BOJIUTENIO PpabOT
(HabusrogaroieMy) 1 4ieHaM Opuraibl;

4. mpousBoaUTENH PaOOT (HAOIIOMAONINI) — YJIeHAM OpUTabl.

[Ipu BKJIIOYEHHH B COCTaB OpUTrajbl HOBOTO ujieHa OpUraJbl HHCTPYKTAK,
KaK MPaBWJIO, TPOBOJUT MPOU3BOAUTENHL PaOOT (HAOIIOJAFOIIIHIN)

Brigaromuii Hapsia (pacniopskeHHe), OTBETCTBEHHBIN pyKOBOAUTENb padoT,
MPOU3BOJIUTENIb PA0OT B MPOBOAMMBIX WJIM LEJIEBBIX HHCTPYKTa)Kax, MOMUMO
BOIIPOCOB AJIEKTPOOE30MACHOCTH, JOJDKHBI JaTh YETKUE yYKa3aHUS MO TEXHOJIOTUU
0e30macHOro MPOBEIeHUs padoT, 6€30MaACHOMY HCIIOIH30BAHUIO TPY30TI0ITbEMHBIX

MalIuH U MEXaHU3MOB, HHCTPYMEHTA U IPUCTIOCOOJICHUM.

HaGnroparomuii  mHCTpyKTHpYyeT Opuramy o Mepax 1o 0e30macHomMy
BEJICHUIO paboOT W O TIOPSJKE TMepeMelIeHUus OpHuraasl 10 TEPPUTOPUHU
AIEKTPOYCTAHOBKH, HCKIIOUYAIOIIUX BO3MOXXHOCTh TOPAXKEHUS AICKTPUICCKUM

TOKOM.
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Jlomyckarouii - B IIeIeBOM  HMHCTPYKTa)K€ 3HAKOMUT Opuraay ¢
coJiep>)KaHUEM Hapsiaa, (pacmopsiKeHHs) YKa3blBaeT TpaHUIBl paboyero Mecra,
HaJIMYUE HABEJICHHOTO HANpsDKEHUs, MOKa3bIBaeT OMmkailline Kk paboueMy MecTy
TOKOBEAYIINE YaCTH U 000pyA0BaHUE, K KOTOPBIM HE JIOMYyCKAETCs MPHUOIMKAThCS

HC3aBHUCHUMO OT TOI'O HAXOIATCA OHHU IO HAIIPAKCHHUCM HUJIN HCT.

Homyck k paboTte odopmiisieTcss B 000MX dK3EMITIIpax HaApsIa, U3 KOTOPHIX
OJIMH OCTaeTcs y TMPOU3BOAMTENS padboT (HAOIIOJAIOIIET0), a BTOPOM — Y

JIOITy CKAFOIIIETO.

[locne  momHOro  OKOHYaHUS  pabOTBl  NPOU3BOAUTENL  padboT
(HaOmromaromuii) JTOJDKEH yJIanuTh Opuragy ¢ pabodero Mecta, CHSTh
YCTaHOBJICHHbIE OpUTaJoN BpPEMEHHBIC OTPaXKICHHUS, TUIAKaThl W 3a3€MJICHUS,
3aKpbITh JBEPH DJIEKTPOYCTAHOBKM Ha 3aMOK M O(GOPMHTH B Hapsle TMOJHOE
okoH4YaHHe paboT. OTBETCTBEHHBIM PYKOBOJUTENb MOCIE MPOBEPKH paboOvero
MecTa TaKke 0pOpMIIIET B Hapsi/ie OJHOE OKOHYaHUE padorT.

ITocne odopmnenus mnpousBoguTeIeM pabOT U OTBETCTBEHHBIM
pYKOBOIUTENEM pabdOT B HapsA[E IOJIHOTO OKOHYAHMS pabOT HapsAl claercs
JIOTIyCKaIoILEMy, KOTOPBIH IMOCJIE OCMOTpa pabouyux MECT COOOIIAeT O MOJIHOM
OKOHYaHMHM palOT BBIMIECTOSALIEMY OINEPATUBHOMY TmepcoHanly. OkoHYaHUE
paboThl 1O Hapsamy (pacHmopsHKEHHUI0) Takke OQOpMIISIETCS —ONepaTUBHBIM
nepconanom B «OKypHane yudera pabOT MO HapsAlaM M PACHOPSIKEHUSM» U B

OTIEPATUBHOM KypHaJIe.

[lepen BKIIIOUEHHEM AJIEKTPOYCTAHOBKHU IMOCIHE MOJTHOIO OKOHYaHUS padoT
OTIEpPaTUBHBIA TIepCcOHAN YOeXJaeTcs B TOTOBHOCTU JJIEKTPOYCTAHOBKH K
BKJTFOUCHHIO (IIPOBEPSAETCS YUCTOTa pabovyero Mecra, OTCYTCTBUE MHCTPYMEHTA U
T.Il.), CHUIMAaeT BPEMEHHbBIC OTPaKICHUS, NMEPEHOCHBIC TJIaKaThl 0€30MacHOCTH U
3a3€MJIEHHUS], BOCCTAHABIIMBAET MOCTOSTHHBIE OTPAXKICHHUS.

B aBapuiiHbIX clydasx 0 TIOJHOTO OKOHYaHUS paboOT OInepaTUBHBIN
MepcoHasl WU JIOMYCKAIOUIUNA MOTYT BKJIOUHUTH B PabOTy BBIBEJAECHHOE B PEMOHT

AJIEKTPOOOOPYIOBaHNE WM DJIEKTPOYCTAHOBKY B OTCYTCTBHE Opuraapl TMIpH
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YCIIOBUH, YTO J0 MPUOBITUS MPOU3BOAUTENS pabOT U BO3BpAIICHU UM Hapsa Ha
pabounx MecTax pacCcTaBleHbl paOOTHUKH, OOs3aHHBIE  NPEIYNPEAUTH
IPOM3BOJIUTEIIS PA0OT M BCEX YJICHOB OpUrajibl O BKIFOYCHHUHU AIIEKTPOYCTAHOBKH U

3ampeTe BO30OHOBICHUS padoT.

3.5.2 Oco0eHHOCTH 3aKOHOJATEIBLHOI0 PEryJIMPOBAHNS MPOEKTHBIX

pelieHun i

3akoHoAATENHCTBOM P®D peryaupyroTcs OTHOLICHUS MEXAY OpraHu3alnuei
U pabOTHUKAaMHM, KacalollMecs OIulaTel TpyAa, TPYJOBOTO  paclopsika,
COLIMAJIBHBIX OTHOUIEHUI, OCOOEHHOCTH PETyJIMpPOBaHUs TPYyJAa JKEHILUWH, JETEH,

JHOI[Gﬁ C OI'paHU4YCHHBIMH CITOCOOHOCTSIMH U Ap.

[TpopomxuTenbHOCTh paboyero AHS HE JOKHA npeBbimath 40 4acoB B
Henemo. Jliis paGoTHUKOB, pabOTalOMMX HAa MECTaX, OTHECEHHBIX K BPEIHBIM

ycioBusiM Tpyaa 3 u 4 crenenu — He Oosiee 36 4acos.

B03MOXXHO yCTaHOBJIEHHE HEMOJIHBIX pPabo4uil JeHb sl OepeMeHHOM
YKEHILUHBI; OJTHOTO U3 POAUTENICH (ONEeKyHa, MONMEYUTENs1), UMEIOIIEro pedeHka B
BO3pacTe JI0 YEThIpHAAIATH JIeT (peOeHKa-uHBAIKNIA B BO3PACTE 10 BOCEMHAIIIATH
aet). Omnara TpyJa npu 3TOM MPOU3BOJUTCS MPONOPIUOHAIBHO OTPaOOTAHHOMY
BpeMeHU.  OrpaHu4yeHUld  MOPOJOJDKUTEIIBHOCTH  €XKEroJIHOr0  OCHOBHOTO
OIIAYUBAEMOTI0 OTITYCKa, UCYUCIIEHUS TPYAOBOTO CTa)ka U IPYTUX TPYAOBBIX MPaB

IIpHU 3TOM HC NMCCTCA.

[Ipu paGote B HOUHOE BpeMsi MPOJOJDKUTEIHHOCTh pabouell CMEHbI Ha
onuH 4yac. K paboTe B HOUHBICE CMEHBI HE JIOMYCKAIOTCS OCPEMEHHBIC JKCHIIUHBI,
pabOTHUKHM, HE IOCTHTIIHE BO3pacTa 18 JeT; >KeHIIWHBI, WMEIOIINE JeTeld B
BO3pacTe J0 TPEX JIET, WHBAJIUIbI, PAOOTHUKH, WUMCIONINE JeTeH-WHBAIUIOB, a
TaK)kKe PaOOTHUKH, OCYIICCTBIISIFOIINE yXOJa 3a OOJHHBIMH UYJICHAMH WX CeMell B
COOTBETCTBUH C MEIUITMHCKUM 3aKIFOUCHUEM, MAaTEPH U OTIIHl — OJJUHOYKH JIeTeH
0 TISITH JIET.
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Opranuszanus o0s13aHa MPEIOCTABIATh €XKETrOJHbIE OTITyCKa
MPOJIOIKUTEILHOCTBIO 28 KalleHIapHbIX JOHEW. [[ns paOOTHHMKOB, 3aHSATHIX Ha
paboTax ¢ ONacHbBIMM WM BPEAHBIMU YCJIOBHUSIMH, MpeaycMaTpUBaeTcs

HOHOHHHTCHBHBIﬁ OTITYCK.

PaboTHuKy B TeueHHe pabodero IHS JOJDKEH MPEIOCTaBIAThCS, EPEPHIB
He Oosee nByX 4acoB W He MeHee 30 MHUHYT, KOTOpBIM B pabodee Bpems HE
BKIITOYaeTcsi. Bcem paGOTHMKAM MpeNOCTaBISIOTCS BBIXOJAHBIE JHH, paboTa B

BBIXOJIHBIC JTHU ITPOU3BOAUTCS TOJIBKO C IIOCMCHHOTI'O COTJIaCus pa6OTHI/IKa.

Opranu3zanusi BbIIUTAYMBAET 3apabOTHYIO ATy paboTHUKaM. BO3MOXkHO
ylepaHue 3apad0THOM IIIaThl, B ciydasx, npeaycmorpenubix TK PO cr. 137. B
cllydae 3aJepXKKU 3apa0oTHOM 1uiatel Oosnee yeM Ha 15 nHeill paOOTHHK MMeeT

IIpaBO IIPUOCTAHOBHUTDH pa60Ty, IMIMCBMCHHO YBCIOMHB pa60Toz[aTeJm.

3aKOHOIIaTCJII)CTBOM P® 3allpCICHbl  JUCKPUMHHAIOUA 110 JTFOOBIM

IIPpU3HAKaM, a TAK¥XKC HpI/IHy,I[I/ITeJII)HHﬁ TpyAd.
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4. JxoHomu4eckasi 3G(PeKTHBHOCTH NPUMEHEHUSI MHHTUOMTOPOB

Exxeromnbie yOBITKH B pe3yJbTaTe KOPPO3UU METAJUIOB, JJAXKE MO CKPOMHBIM
MoJicueTaM,  COCTAaBJISIIOT ~ CYIIECTBEHHYIO  4acTh  OmO/pKeTa  pa3BUTHIX
IPOMBIIIICHHBIX cTpaH. Ha 6oprOy ¢ Koppo3ued MeTauioB BO MHOTHX CTpaHax
3aTpayMBalOT 3HAYUTEIBHBIE CYMMBI CpEJIICTB, IMpPEIHA3HAYCHHBIX Ha pa3BUTEE
METaJUypru4eCcKOl MPOMBIIUIEHHOCTH. OpUEHTUPOBOYHAS CyMMa MHPOBBIX
yOBITKOB OT Koppo3uu coctaBiser 60-80 mupa. aomi. B Poccum yOBITKHM OT
Koppo3uu pocturator 16-18 mumH. T cranm m uyryHa B roi. CoBpeMeHHas
UHIYCTpHUsl pacrojliaraeT pa3HOOOpa3HbIMH CpPEACTBAMU OOpPbOBI C KOPPO3UEH.
OnHAaKO MOJIHOCTBIO M30€XKaThb KOPPO3UIO MPHU JHOOBI YCIOBHUSX NPUMEHEHMS
METaJUIOB M MX CIUIABOB HEBO3MO>KHO, HO 33 CUET HCIIOJIb30BaHUA psAJla METOOB

34U TBbI MOXKHO CBECTH K MUHHMYMY.

Onuum u3 Hambosiee A(PGEKTUBHBIX, IKOHOMUYECKH II€JECOO0pa3HbIX U
YHUBEPCAIBHBIX  METOJIOB  OOpHOBI C  KOppO3Wed  METaUIOB  SIBISIETCS
WCITIOJIb30BAHUSI UHTUOUTOPOB KOPPO3UH. HTMOUTOPHI 1O 3alIUTHBIM CBOWCTBAM

JACIATCA Ha KMCJIOTHBIC, OCHOBHBIC 1 HeﬁTpaanme.

OKOHOMUYECKHH A(PPEeKT OT NPUMEHEHHUS HWHTUOMTOPOB MOXKET ObITh

IMOJIYYCH 3a CUCT:

1. CHMXEHUS CTOMMOCTA UHTUOUTOPHOM 3alllUThI
2. CHWKEHUS KOJIMYECTBA U CTOMMOCTH TEKYIIUX M KalMUTaIbHBIX

PEMOHTOB YBEIMYECHHSI MEKPEMOHTHBIX CPOKOB CIIY>KOBI 3allMIIaeMOro

00BeKTa

3. YBenudeHwus cpoka CIy>KObI 3alUIIaeMOT0 00ObEKTa

4. CoxpaHeHust MaTepUaIbHBIX PECYPCOB

5. BricBoOokeHUs Oosee AeUIUTHBIX U 00Jiee TOPOTrOCTOSIIINX
MaTepraioB

6. VYayurieHus: kKauecTBa MPOIyKIINH
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DOxoHOMUYECKHH IPGHEKT OT MCTIOIB30BAHMS WHTHOUTOPOB IS 3AIUTHI OT
KOppo3u# 000pynoBaHUS HE(MTSIHBIX CKBXWH CKIAABIBACTCS W3 TIOBBIICHUS
JIOJITOBEYHOCTH OOOPYIOBAHUS, COKpAIlEHWs 4YHCIa PEMOHTOB CKBAXUH U
KalMTAJIHBIX PEeMOHTOB 000pymoBanus. [oBITIIEHNE HOITOBEYHOCTH, CHUKCHHE
popbiBa TPyOONPOBOJIA YIIydIIaeT SKOJOTHYECKYI0O OOCTaHOBKY B MeECTax

HedTen00bIYM.

OcHoBol Al pacd€Ta 3KOHOMHYCCKOI'O B(l)(l)CKTa OT HCIIOJb30BaHUA
I/IHFI/I6I/ITOpOB ABJISICTCSL COIIOCTABJICHUC IIPUBCIACHHBIX 3aTparT HIPOU3BOJACTBA U

MPUMEHEHUSI MHTMOUTOPA IO HOBOMY 00pa3ily U BapUaHTY.

1. [IpuBeneHHbIe 3aTparbl SBIAIOTCS CyMMOW Cce0€CTOMMOCTH H

HOPMATUBHOW MPUOBLIN:
3=C+ EH - K

I'me C — cebecToMMOCTh €IUMHHUIIBI MPOAYKIIMU, BKJIIOUYAOIIAs 3aTpaThl Ha
MPOTUBOKOPPO3UOHHYIO 3aIlNTY, Ey  —HOpMaTuBHBII Kod(hpuireHT
apexTrBHOCTH KanmuTalbHbIX BiokeHuil (Ey=0,15), K — ynenpHbIe kanuTaabHbIe

BJIOKCHHSA B IIPONU3BOJACTBCHHLIC (1)OHI[BI.

2. NHrubuTop npuMeHsIeTCS B3aMEH YCTapEBIIETO
Ve o (My=M)—Ey(Ky—Ky)
:—)=(33-—3+ M) B la) 3 Y. 4
Vi Vi
I'me, 34, 3, — mnOpuBeAcHHBIC 3aTpaThl HA MPOM3BOACTBO HOBOTO U
3aMEHAEeMOro uHruburtopa, pyo/t; VY,VY, — yIOenbHbIH pacxoJ HOBOIO U

3aMeHsieMOoro uHruouropa Ha 1 T nporpasnenoit cranu; Uy, U, — Texymue 3aTpaTsl
Ha 1T Merajuia BBIIYCKAaEMOIO C HCIIOIb30BAHHUEM HOBOTO M 3aMEHSEMOTO

MHTHOUTOPA, pyO/T; A — rOJI0BOM 00BEM MOTpeOIeHNEe HHIMOUTOPA, T.

3. NHrunbutop npuMeHsTCs BIIEpBLIE:
3 — ((HB_HH)_EH'(KH_Ks) _ 3) . A
Yy

I'me 3 — mpou3BOACTBEHHBIE 3aTPaThl HA TIPOU3BOJICTBO MHTHOUTOPA

pyo/T
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4.  Pacder roJjoBOro 3KOHOMHUYECKOTO 3(PQeKTa OT MPUMEHEHHUS

WHTHOUTOPOB JIJIS 3aITUTHI 000PYIOBAHUS OT KOPPO3HH:

3=((]—ll'P1—]—l2'P2)+(31+32)—EH'(K2_K1))'A

I'me Il L, — OamancoBasi cTtoMMocTh oOopynoBanus; P;P, — nonu
OTYHUCJIEHNS OT OaJaHCOBOM CTOMMOCTH Ha IIOJIHOE BOCCTAHOBJIEHHE, 31,3, —
r'OJIOBBIC 3aTpaThl U U3JEPKKU MPH AKCIUTyaTallikl 000pyA0BaHUS IO 0a30BOMY
u HOBoMYy Bapuanty; Kj;, K, — xanutanpHble 3aTpaThl Ha IOMOIHUTEILHYIO
MPOTUBOKOPPO3UOHHYIO 3alIUTYy; A — KOJIMYECTBO CKBAXUH, /1€ MPUMEHSICTCS

HHI I/I6I/ITOpHa}I 3aliuTa.

Tabnuna 4.1 — Jlanaeie uaruOuTOpa [21].

Wuruburop | Crommocunruduropa | Ilpowssox. | Y uenbHEIH T'onosoii | [Ipousson. Tekymue
pyo/T 3aTpaTsl pacxon ObBem 3arpatbt 3aTpaTsl
Hos. | 3amen. Hos. | 3amen.
u-1-B 420 350 50 27 35 300 125 | 95
C-5 90 70 53 18 40 64 60 35
KH-1 860 800 60 50 30 750 173 | 160
Pacuer:
1. [lepBbIM OEHWCTBHEM MBI PACCUMTAEM IIPUBEICHHBIE 3aTPATHI

JUTSL KaXXA0ro uHruoutopa mo gpopmyse (7.1)

K=1,2

H-1-B:
3=420+0,15-1,2=420,18
C-5:

K=1,285

3=90+0,15 1,285=90,19
KU-1:

K= 1,075

3=2860+0,15-1,075 = 860,16
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2.  CrenyromuM JeHCTBHEM MBI  paccuyuTacM IPHUMCHCHUS
WHTHOWTOpPA B3aMEH CTaporo 1o Gopmyiie
N-1-B:

3 = (300_ 27 | (125-95)-015(35-25)

- 350) .35 = 6,559 py6,/T

[To Toit xe Qopmysie MBI pacCUUThIBAEM NPUMEHCHHS WHTHOMTOpA
B3ameH ctaporo s C-5 on Oynmer paBeH 1949 py6/t, a nns KU-1 cocraBnser:

6256 pyo/T

3. Pacuer ecnu MHrHOUTOP HPUMEHSIETCS BIIEPBBIE BBIYUCIISIETCS

o gopmyiie :

53— ((125—95)—0,15-(3,5—2,5)

= —350) - 35 =12270 py6/1

Taxoke miis C-5 = 14018 py6/t, u qiia KU-1 = 22506 py6/T

4.  Bpluucaum rofoBoM IKOHOMHUYECKUH HPGHEKT NpUMEHEHUS
WHTUOUTOPOB:

Hus U-1-B: 1= 45, 1,=40, P,=37, P,=32, 3,=34, 3,=47, K;=3,5,
K,=2,8

A=8

9 =((45-37-40-32)+(34+47)—0,15-(35-28))-8

6
= 372722
T

C-5: 1;=38, I[,=34, P;=30, P, = 28, 3,=29, 3,=44
D = ((38-30-34-28)+(29+44)-0,15(3,1-2,2))-8= 4326 py6/t

KU-1: 11,=56, [[,=50, P;=49, P,=44, 3,=38, 3,=42

D = ((56-49-50-44)+(38+42)-0,15(4,8-3,9))-8= 4265 py6/t

W3 pacyeToB MOXKHO CHEJIATh BBIBOJA, 4YTO JIYYIIE€ BCEr0 IPUMEHATH
unruourop M-1-B, Tak kak y Hero HamOoJsee Jydinas [eHa OTHOCUTENBHO JAPYTUX
UHTUOUTOPOB, a TAKXK€ JOBOJIHHO XOPOIIMMHU KauecTBamMH, He Takumu kak KI-1,

Ha M Ha MHOTO Jy4ine, yem C-5 [21].
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3akJIroueHue

B mporecce BbIMONHEHUST pabOTHl OBUTM JaHBI OOIIME TIOHATHSA O
NPOTEKaHUU KOPPO3MOHHBIX TPOILIECCOB, a TaKXkKe MpOBeIeH 0030p (aKkTopoB,
BIMSIONINX Ha KOPPO3UIO MPOMEICIOBOTO obOopynoBanus. Ocoboe BHUMaHHE
ylaemnsieTcsi O0COOCHHOCTSIM BHYTPEHHEW KOppo3uu B ycioBusax I[Ipuobckoro
MECTOpPOXKACHHsI. PaccMOTpeHBI PEXUMBI TEUEHHS KUAKOCTH B MPOMBICIOBOM
TPpyOOIIPOBOJIE MX BIMSHHUE HA XapaKTep MPOTEKaHUS KOPPO3UOHHBIX MPOIIECCOB.

Ha mpumepe kucnotHoit o00pabOTKM CKBaXMH TPOCUUTAINA CKOPOCTb
IPOTEKaHUsI KOPPO3UM. XapaKTep MPOTEKaHHUsS KOPPO3UH OYyIEeT CIENyIOIIMH: B
HEKOTOPBIX MECTax 3allUTHas IUIEHKAa OcajJKa MOXET OTCIOUThCSA. OITO
MPOUCXOANT IO JEHCTBHUEM MM MEXaHUYECKUX (DAKTOPOB, TAKUX KaK abpa3rBHOE
JeicTBUE  B3BEIICHHBIX  YaCTHUI, TUAPABIMYECKUE  ylapbl, BUOpanuu
TpyOOIIpOBOJia, BBI3BAaHHBIC MPOXOXKACHUEM Ta30BBIX MNPOOOK H JIp., WU B
pe3ynbTaTe MEXaHOXMMHUYECKOTO PACTBOPEHHSI MJICHKHM B MECTAaX HAMPSKEHHOTO
COCTOSIHUSI TPYyOOIPOBOJIOB.

OOHa)XeHHBIN YJaCTOK MeTallla M OCTajJbHasi MOBEPXHOCTh 000PYIOBaHHUS,
MOKPBITast 0CAIKOM, 00Pa3yIOT TaJIbBaHHUYECKYIO MAKpOIIapy, TJe METaJLI SBISIETCS
aHOJIOM, a TMOBEPXHOCTh — KaToJoM. HaunWHaeTcsi WMHTEHCUBHBIM mpoIEece
KOPpO3HH.

[Tocne 0630pa MeTo/10B OOPHOBI C BHYTPEHHEH KOPPO3UEH Ha MTPOMBICIOBOM
00Opy/IOBaHUU OBUIM OMUCAHBl JOCTOMHCTBA M HENOCTATKH W TPEIJIOKEHBI
WHTUOUTOPBI, KOTOpHIE YCIICIIHO 3apekoMeHaoBanu ceds Ha [Iprobckom

MECTOPOKICHUHU.
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Introduction

In the process of exploitation, fishing equipment is corroded. Corrosion
causes significant damage. It leads to premature deterioration of aggregates,
installations, reduces the overhauls of the equipment, causes additional losses of
the produced and transported product. The lifetime of facilities for the extraction
and transportation of oil and gas is largely determined by the degree of their
anticorrosion protection. Economic losses in oil and gas due to corrosion continue
to be unacceptably high. The struggle against corrosion of metals is the most
important task, the solution of which allows to save resources and resources of
ecological safety. Internal corrosion occurs due to the presence of moisture,

hydrogen sulphide and salts contained in the transported hydrocarbon feedstock.

The purpose of this work is: to identify effective methods of inhibitory

protection of fishing equipment in acid treatment.

The object of this study is the field equipment of the Priobskoye field
(KhMAO).

In the process of investigation, the types and types of corrosion, the factors
that affect corrosion processes, the acid composition, the calculation of the rate of
corrosion of materials, and the most effective method of corrosion protection in

acid treatment were considered.
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General information about Priobskoye field

Priobskoye is a giant oil field in Russia. Located in the Khanty-Mansi
Autonomous Area, near Khanty-Mansiysk, was opened in 1982. The river Ob is
divided into two parts - left and right bank. The development of the left bank began
in 1988, the right bank in 1999.

The Priobskoye oil field is administratively located in the Khanty-Mansiysk
District of the Khanty-Mansiysk Autonomous District of the Tyumen Region. The
work area is 65 km east of the city of Khanty-Mansiysk, 100 km west of the city of
Nefteyugansk. Currently, the district is among the most economically rapidly
developing in the Autonomous Okrug, which became possible due to the increase

in the volume of exploration and production.

The largest nearby deposits being developed: Salym, located 20 km to the
east, Prirazlomnoye, located in the immediate vicinity, Pravdinskoye - 57 km to the

southeast.
Development status of the Priobskoye field
Information on initial and current oil reserves

A distinctive feature of Priobsky is a complicated geological structure,
characterized by a multifaceted and low degree of productivity. The reservoirs of
the main reservoirs are characterized by low permeability, low sand content, high
clay content and high dissection. These factors suggest the use of fracturing
technologies in the development process. Location of the deposits is not deeper
than 2.6 km. The oil density is 0.86-0.87 tons per m>. The amount of paraffins is

moderate and does not exceed 2.6%, the amount of sulfur is about 1.35%.

The deposits are lithologically screened and have the elasticity and closed
nature of the natural regime. The thickness of the seams is from 0.02 to 0.04 km.
Reservoir pressure has initial values of 23.5-25 MPa. The temperature regime of

the seams is kept in the range of 88-90 ° C. The reservoir type of oil has stable
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viscosity parameters and has a dynamic coefficient of 1.6 mPa.s, as well as an oil
saturation effect at a pressure of 11 MPa. Characteristic are the presence of
paraffinity and low-resilience of the naphthenic series. The initial daily volume of
functioning oil wells varies from 35 to 180 tons. The type of wells is based on the
bush arrangement, and the maximum extraction factor is 0.35 units. Priobskoye
NM produces crude oil with a significant amount of light hydrocarbons, which

implies the need to stabilize or release APG.

As of 01.01.14, on the balance sheet of the VGF, oil reserves are listed in the
volume, category C1, balance sheet 1991281 thousand tons, recoverable 613380
thousand tons, KIN 0.308. Category C2 balance sheet 571506 thousand tons,
recoverable 63718 thousand tons, KIN 0.111. Category C1 + C2 balance 256287
thousand tons, recoverable 677098 thousand tons, KIN 0.264

Main design indicators

The main oil reserves in the Priobskoye field are concentrated in deposits of
the Neocomian age. A feature of the geological structure of the deposits associated
with the Neocomian rocks is that they have a megacosyllous structure due to their
formation in the conditions of lateral filling of a fairly deep sea basin (300-400 m)
due to the removal of clastic terrigenous material from the east and southeast.
Formation of the Neocomian megacomplex of sedimentary rocks occurred in a
series of paleogeographic conditions: cotental sedimentation, coastal-marine, shelf

and very slow precipitation precipitation in the open deep sea.

As we move from east to west, there is a slope (with respect to the Bazhenov
suite, which is a regional reference) as clay soaked packs (zonal reference) and

sand-siltstone sandwiches contained between them.

According to the definitions carried out by ZapSibNIGNI specialists on
fauna and sporefoot, selected from clays in the interval of occurrence of the Pim

pack, the age of these deposits turned out to be Hauterivian. All the layers that are
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above the Pim pack. Indexed as an AS group, therefore, in the Priobskoye field, the
BS1-5 layers were re-indexed to AC7-12.

In calculating the reserves, 11 productive strata were identified as part of the
megacomplex of productive Neocomian deposits: AC12 / 3, AC12/1-2, AC12 /0,
AC11/2-4,AC11/1, AC11/0,AC10/2-3, AC10/1, AC10/0, AC9, ACT.

The pack of productive layers AC12 lies at the base of the megacomplex and
is the most, from the viewpoint of formation, deep-water part. Three AS12 / 3,
AS12 / 1-2, AS12 / O layers are distinguished in the composition, which are
separated among themselves by clays that are stable in most of the area and whose

thickness varies from 4 to 10 m.

The deposits of the AS12 / 3 layer are confined to the monocline element
(structural nose), within which small-amplitude uplifts and depressions with

transition zones between them are noted.

The main reservoir of the AS12 / 3 is exposed at a depth of 2620-2755 m
and is lithologically shielded from all directions. In terms of area it occupies the
central terrace-like, most elevated part of the structural nose and is oriented from
the south-west to the northeast. Oil-saturated thicknesses vary from 12.8 mto 1.4
m. The oil flow rates range from 1.02 m3 / day, Nd = 1239 mto 7.5 m3 / day at Hx
= 1327 m. The lithologically shielded deposit is 25.5 km by 7.5 km in size and 126
m in height.

The deposit of AS12 / 3 is opened at depths of 2640-2707 m and is confined
to the Khanty-Mansiysk local elevation and the zone of its eastern dive. The
deposit is controlled from all directions by reservoir replacement zones. The oil
rates are small and at different dynamic levels 0.4-8.5 m3 / day. The highest mark
in the arch is fixed at -2640 m, and the lowest in (-2716 m). The size of the deposit
Is 18 by 8.5 km, the height is 76 m. Type lithologically shielded.
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The main deposit of AC12 / 1-2 is the largest in the field. It is discovered at
depths of 2536-2728 m. It is confined to a monocline, complicated by localized
small uplifts with transition zones between them. On three sides, the structure is
limited to lithological screens and only in the south (to the East Frolovskaya area)
the collectors tend to develop. The oil-saturated thicknesses vary over a wide range
from 0.8 to 40.6 m, while the maximum thickness zone (more than 12 m) covers
the central part of the deposit, as well as the eastern one. The lithologic screened

deposit is 45 km by 25 km in size and 176 m in height.

In the AC12 / 1-2 formation, deposits of 7.5 to 7 km, a height of 7 m and 11
to 4.5 km, a height of 9 m were opened. Both deposits are lithologically shielded.

The AS12 / 0 reservoir has a smaller development zone. The main reservoir
of AC12 /0 is a lens-shaped body oriented from the south-west to the northeast. Its
dimensions are 41 by 14 km, height is 187 m. Qil rates vary from the first units m3

/ day at dynamic levels up to 48 m3 / day.

The cover of the horizon AC12 is formed by a thick (up to 60 m) thick clay

rocks.

Above the cut lies a bundle of productive strata AC11, which includes AC11
/0, AC11/1, AC11/ 2, AC11/ 3, AC11/ 4. The last three are united in a single
counting object, which has a very complex structure, both in the section and in the
area. In the development zones of the reservoirs that gravitate toward the landing
areas, the most significant horizons of the horizon are observed with a tendency to
increase to the north-east (up to 78.6 m). In the southeast this horizon is
represented only by the AS11 /2 layer, in the central part by the AS11 / 3 layer, in
the north by the AS11 / 2-4 formation.

The main reservoir of AC11 /1 is the second largest in the Priobskoye field.
The AS11 / 1 reservoir is developed in the pryvodnoy part of the fissure elevation
of the submeridional strike, which complicates the monoclinal. On three sides the

deposit is limited by clay zones, and in the south the boundary is conditional. The
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size of the main deposit is 48 by 15 km, height is 112 m. QOil rates vary from 2.46
m3 / day at a dynamic level of 1195 mto 11.8 m3/ day.

The AS11/ 0 layer is revealed in the form of isolated lenticular bodies in the
northeast and in the south. Its thickness is from 8.6 m to 22.8 m. The first deposit
has dimensions of 10.8 by 5.5 km, the second by 4.7 by 4.1 km. Both deposits are
lithologically shielded type. Characterized by oil inflows from 4 to 14 m3 / day at a
dynamic level. The horizon AC10 is opened with almost all wells and consists of
three layers AC10/ 2-3, AC10/1, AC10/0.

The main reservoir of AS10/ 2-3 is opened at depths of 2,427-2721 m and is
located in the southern part of the field. The deposit type is lithologically screened,
the sizes are 31 by 11 km, and the height is up to 292 m. The oil-saturated

thicknesses range from 15.6 m to 0.8 m.

The main reservoir of the AC10 / 1 is opened at a depth of 2374-2492 m.
The size of the deposit is 38 by 13 km, the height is up to 120 m. The southern
boundary is conditional. Oil-saturated thicknesses vary from 0.4 to 11.8 m.
Anhydrous oil inflows were from 2.9 m3 / day at a dynamic level of 1064 m to 6.4

m3 / day.

The productive layer AC10 / 0 completes the cut of the AS10 layer pack,
within which three deposits are identified, located in the form of a chain of

submeridial strike.

The AS9 horizon has a limited distribution and is represented as separate
fascial zones located in the northeastern and eastern sections of the structure, as

well as in the area of the southwestern dive.

The ASY reservoir completes the Neocomian productive deposits, which has

a mosaic pattern in the distribution of oil-bearing and aquiferous fields.

The largest area in the East is discovered at a depth of 2291-2382 m. It is

oriented from the southwest to the northeast. Oil inflows are 4.9-6.7 m3 / day at
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dynamic levels of 1359-875 m. Oil-saturated thicknesses vary from 0.8 to 67.8 m.
The deposit size is 46 by 8.5 km, the height is 91 m.

In total, 42 deposits were discovered within the deposit. The maximum area
IS the main reservoir in the AS12 / 1-2 formation (1018 kmz2), the minimum (10

km2) is the reservoir in the AS10/ 1 reservoir.
Features of corrosion in the Priobskoye field

In Western Siberia, large-diameter oil-gathering pipelines are characterized
by corrosive fractures in the form of long grooves located strictly along the lower
generatrix of the pipes. In the initial stage, the destruction is the successive
ulcerous indentations, which subsequently merge into a continuous groove with a
width of 20-60 mm and a length of 5-20 m.

Analysis of the factors that affect the internal corrosion of pipelines showed
that:

* local corrosion damage to the lower part of the pipes and emergency
outbursts of oil pipelines began to appear when the watercut of oil increased to
50%, oil emulsions became unstable and water began to be evolved as a separate

phase;

* the formation water is slightly corrosive: the mineralization of the
chloralkalcium waters is small and amounts to 20-40 g / I, the pH of the water is

neutral, the temperature is 40 ° C;

* in the aqueous phase of the oil emulsion contains up to 250 mg / | of

carbon dioxide and biogenic hydrogen sulphide in the amount of 2-10 mg / I,

 associated petroleum gases contain up to 6% of the mass. CO2 and

hydrogen sulphide 1.5 mg / m3;
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» West Siberian oil is paraffinic, light and low-viscosity, characterized by
low stability of oil emulsions. Thus, no significant destructive corrosion is

expected from oil and gas.

Most researchers who studied the corrosion of steel under similar conditions,
believe that the corrosion process of metal destruction proceeds through the carbon

dioxide mechanism.

For Western Siberia, precipitation of salts from the water phase of
production of wells is characteristic, which, in principle, is possible due to the

following factors:
» reduction of the total pressure in the system;
* temperature changes;

* changes in the chemical composition of water, which is possible either by
mixing water of different composition, or as a result of corrosion, when water is

enriched with iron ions.

Under these conditions, the process of carbon dioxide corrosion proceeds as
follows. On the inner surface of the pipeline there is deposition of calcium arsenate
CaCO0a3. In some places, the protective film of the precipitate CaCO3 can peel off.
This occurs under the influence of mechanical factors such as abrasive action of
suspended particles, hydraulic shocks, pipeline vibrations caused by the passage of
gas plugs, etc., or as a result of mechano-chemical dissolution of the film in places
of stressed state of pipelines. The exposed section of the metal and the rest of the
surface of the tube, covered with sediment, form a galvanic macropara, where the
metal is an anode, and the surface of the tube is a cathode. An intensive corrosion
process begins, its speed can reach 5-8 mm / year. The near-electrode layer is
enriched with Fe2 + iron ions and conditions are created for the precipitation of
iron carbonate FeCO3, which blocks corrosion. Plots of ulcers, where the

exfoliation of FeCO3 will occur, again turn into active anodes. However, the listed
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effects: hydraulic shocks, vibrations, mechanical-chemical dissolution, are
unpredictable and do not explain the localization of corrosion damage in the lower
part of the pipes. The phenomenon of localization of corrosion damage along the
lower pipe generatrix can be caused by the peculiarities of hydrodynamics of the
flow of gas-liquid flows through pipelines. In conditions of insufficiently high flow
velocity (0.1-0.9 m / s), the stratified structure of the flow of the liquid crystal is
formed, that is, the water is released into a separate phase. Above the water will
move the oil emulsion and gas. At the interface of the liquid phases, waves will
arise, in particular because of the difference in the viscosity of the contacting
phases. When these waves move along the flow of the transported mixture,
secondary phenomena are observed at the interface between the liquid phases: the
separation of water droplets and their rotation, which leads to the appearance of
vortex paths from a number of water drops strictly along the lower generatrix of
the tube (Fig.3.3) [6].

Part of the mechanical impurities (carbonates and sulphides of iron, sand and
clay) present in the agueous phase falls into rotating water droplets and participates
in a permanent hydroerosion effect on the protective carbonate film in the lower
part of the pipe. Therefore, a permanent mechanical removal of the iron-carbonate
film takes place along the lower pipe generatrix. Thus, a permanent functioning of
the galvanic metal-tube macro-tube, covered with sediment salts, is ensured.
Anomalously high corrosion rates (5-8 mm / year) are explained by the ratio of the
areas of the electrodes: a small anode in the lower part of the pipe in the form of a
path and a cathode that is tens of times larger than the area of the anode electrode.
Methods to prevent this type of local corrosion should also be non-traditional and
proceed from the mechanism considered. The use of corrosion inhibitors is
ineffective here, since the protective film of the inhibitor will be continuously
removed from the metal. Replacement of low-stable steels in conditions of carbon

dioxide corrosion to more resistant steels is unacceptable for technical and
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economic reasons, since the length of the network of oil pipelines in Western

Siberia is enormous.

The problem of preventing corrosion along the lower pipe generatrix can be
solved only when the hydraulic characteristics of the flow of three-phase flows are
taken into account. First of all, even at the design stage of the development of such
deposits, it is necessary to lay down the calculated and reduced diameters of oil
pipelines, in which the flow rate of the oil and gas stream would be maintained at
the optimal level, that is, water would not be released from oil emulsions as a
separate phase. If this can not be avoided, for example, because of the high water
cut in the oil produced, it is necessary to provide for the development of the field in
the project of the development of the field, with the onset of increased water cut in
oil, a constant discharge of water that has fallen out in some sections of the oil
pipeline. It is possible to periodically remove water accumulating in the lower
sections of the pipeline by means of separating plugs and scrapers. Dangerous, in
terms of corrosive aggression, are cork and stratified flow regimes. At the time of
passage of the "plug" of gas through the pipeline, a strong vibration occurs on it.
The frequency of passage of gas "plugs"” can vary from 1-2 per hour to 15-25 per
minute. As a result, the oil collection manifold may experience cyclic loads. Under
cyclic loading of the metal, elastoplastic deformations localized in the stress
concentrator lead to intense local mechanochemical corrosion and the development
of a corrosion-fatigue crack. Corrosion damage to the inner surface of the pipeline
is first formed by an electrochemical mechanism, in the future they can also act as
stress concentrators. This explains the abnormally high corrosion rates (9 mm /
year) observed in many fields. If the problem of protecting infield pipelines from
corrosion-mechanical cracking appeared for the first time, then for the main oil
pipelines in this direction, a lot of experience is accumulated, since for them this is

a characteristic form of corrosion destruction [7].

The most common ways to protect pipelines from corrosion-mechanical
cracking include:
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« inhibitory protection;

* application of galvanic and paint coatings;

» alloying of tubular steel;

» protection with oxide and phosphate coatings.

An effective method of protection is inhibition, since inhibitors inhibit the
process of corrosion cracking on the metal surface. In addition, many inhibitors are
able to penetrate the apex of the incipient fissure and inhibit its development.
Therefore, it is important to choose the right inhibitor. It should not only
substantially slow down uniform and local corrosion, but also effectively suppress
the nucleation and development of corrosion-fatigue cracks. Of the other methods
of protection, heat treatment of pipes is feasible. However, the heat treatment
regimes for specific types of pipes should be selected taking into account the
peculiarities of the corrosive environment and the mechanism of corrosion

characteristic of a particular field. And this requires additional research. [10].
Inhibitory protection

The main purpose of corrosion inhibitors is the reduction of gas and
electrolytic media, and also the prevention of intensive contact of the iron plane
with the surrounding medium. This is achieved by the entry of an inhibitor into the
corrosive medium, resulting in a quick miniaturization of the solvation energy of
its ions, atoms and molecules. Apart from this, their ability to assimilate electrons
leaving the metal plane during its polarization also decreases. A metal or
polyatomic adsorption film appears on the metal, which significantly limits the
area of contact of the plane with the corrosive medium and works as a very reliable
obstacle to the course of self-dissolution processes. With this method, in principle,
the inhibitor possessed good solubility in the corrosive medium and with the
highest adsorption potential both on the juvenile plane of the metal and on the
films of different nature that appear on it.
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For the input of the inhibitor, the following is mainly used: a non-pump

inhibitor supply circuit and an inhibitor pump pump circuit.

Pumpless feeder circuit (Figure 5.1) Used mainly for the flow of an inhibitor
stream. The last one from the tank 1 enters the gas pipeline 7 under the action of
the hydrostatic head, which is created thanks to the installation of the tank at a
height of 1 to 2 m above the gas pipeline. GZHS space capacity connect to the gas
pipeline. The inhibitor is pumped into the vessel with closed valves 3, 5, 8 and
open 4, 6 with pump 2 from tank 9 to overflow it through special valve 4. In some
industries, the inhibitor is introduced into the pipeline under excessive pressure,

which is created in the tank by feeding gas into it from high-pressure well.
Selection of equipment for the use of inhibitor protection

Technical implementation of this method is carried out with the help of
special modules, installed, as a rule, in the area of wells. Each such module
includes a container with an inhibitor, a metering pump, a piping system with an
appropriate armature and a control panel. Due to the remoteness of the wells,
maintenance and repairs cause serious difficulties. In winter, when the air
temperature is often -40 ° C and lower for these regions, practically all the
inhibitors used are frozen, which leads to module failures. In addition, the plunger
pumps used in its composition are characterized by low reliability, difficult

maintenance and a limited range of flow control.

In the GP NITI im. A.P. Alexandrova performed a series of studies on the
mechanisms of corrosion of oilfield equipment, the selection of the most effective
inhibitors for specific deposits and the optimal regimes for their dosing [1, 2], and
a technological scheme for implementing the system of inhibitor protection of oil
pipelines against internal corrosion was proposed. The basis of the proposed
system of dosing inhibitors is the use of the methods developed by GP NITI. A.P.
Aleksandrov's original membrane pump-dosers (RF patent No. 2160383).
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Pumps are simple, reliable, do not contain rotating parts (electric motors,
reducers, etc.) and stuffing box seals. At the same time, the pumps can be powered
either from the alternating current (220 V, 50 Hz) or from the permanent (12 or 24
V) current. Controlling the pump (changing the flow rate) is carried out from a
remote control remote from the installation site of the pump to several kilometers,

with the flow adjustment being carried out directly on the go.

Taking into account the small dimensions of the pumps, the whole system of
dosing of inhibitors does not require the use of special modules and can be
installed, for example, directly in the existing AGCH "Sputnik", which
significantly reduces the cost of the dosing system, simplifies maintenance and

excludes the inhibition of the inhibitor in winter.

The experiments were performed on the steel surface for a number of
commercially available corrosion inhibitors. Comparison of the adsorption
properties of inhibitors has made it possible to determine the inhibitors that are
most stable under hydroabrasive-corrosion wear and, on the contrary, are
minimally adsorbed on the surface of the coating. The results of the conducted
studies are presented as follows: The adsorption stability of the investigated
reagents on the metal surface increases in a series (at a temperature of 20 ° C):
SNPCH-1004p <I-21DM <Azol CI-130 <Soyuz 2000 <Sonkor-9701, and
decreases on the surface of the coating : Union 2000> Sonkor-9701> Azole ClI-
130> SNPH-1004p> I-21DM. Reagents with the greatest adsorption resistance on
the metal surface should be used to protect pipeline sections without protective
coating transporting products with significant flow rates and high content of
mechanical impurities, i.e. in conditions that contribute to the destruction of the
"film" of inhibitors on the metal surface. Reagents Azol CI1-130, SNPCH-1004p, I-
21DM and Servo-497 can be recommended for the protection of pipelines with
damaged internal corrosion-resistant coating, and for the protection of internal

welded joints. An attempt has been made to select an inhibitor of equally effective
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for the protection of metal pipelines without a protective coating and welded metal

of pipelines with a protective coating.

Of the investigated reagents, Azol CI-130, which has a high adsorption
stability on the metal surface and a low anticorrosion coating on the surface, is
most consistent with the task in hand. Since the main reason for the decrease in the
resource of field pipelines is internal corrosion, the decrease in the rate of
development of corrosion defects with justified application of inhibitors will lead
to an increase in the period of accident-free operation in proportion to the value of

their protective effect.

Based on the results of the laboratory tests, the most effective corrosion
inhibitors from the above series were tested in fisheries. The rate of corrosion was
determined by the loss of the mass of samples from steel in the inhibited and
control media in special flow cells. At the same time, the protective effect of all
investigated reagents, except 1-21DM, Servo 497 and Union 2000, exceeds 80% in
commercial conditions, at dosages of 25 to 30 g / t. In addition, a number of other
inhibitors were additionally studied, of which Azimuth-14B, INC-1, INC-2 and
SNPCH 6301 showed similar results.

To reduce the negative effect on the corrosion resistance of oilfield
equipment of the jamming fluids, corrosion inhibitors most effective for these
media are determined. Based on the conducted studies, taking into account the
significant negative effect of the microbiological factor, reagents of complex action
(corrosion inhibitors-bactericides), for example SNPCH-1004p, in a dosage of 100
g per ton of the jamming liquid, completely suppressing the planktonic cultures of
CBF and providing a protective anticorrosive effect of 82%. The problems of
optimization of costs for measures to reduce the accident rate of oilfield pipelines
are considered. In modern economic conditions, the financial and material
resources of enterprises are limited, which predetermines the validity of the
distribution of funds spent to reduce accidents, primarily in areas with maximum

accident risks.
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Due to the proximity of the commercial objects of Bashkiria from populated
areas and, as a consequence, the low probability of catastrophic environmental
consequences in case of pipeline accidents, a quantitative assessment of the risks of
pipeline accidents in monetary terms is possible as a product of the probability of
an accident and the expected economic damage. In this connection, methods for
assessing economic damage from oil pipeline pipeline accidents and the economic
effectiveness of inhibitor protection have been developed. A large proportion of
indirect damage from non-oil extraction, the cost of collecting spilled oil and
reclamation of contaminated land, commensurate with the cost of overhauling

pipelines.

To calculate the economic effectiveness of the inhibitor protection, two
factors were introduced: CREM - coefficient taking into account the increase, and
the coefficient of the KEF, taking into account the reduction in the number of gusts
in the pipeline section using inhibitor protection (shows the real effectiveness of
inhibitor protection). Dependence of the frequency of gusts and the effectiveness
of inhibitory protection on the lifetime of oil collection collectors of the period
between the repair of the pipeline, with the introduction of inhibitor protection.
The values of the coefficients were obtained on the basis of the analysis of data on
the accident rate of the oil-field pipelines of OAO Bashneft and are: CREAM
0.018-0.022 (an average of 0.02), the value of the KEF depends on the service life

of the pipeline section and ranges from 0.4 t0 0.8 .
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Conclusion

In the course of the work, general concepts were given on the occurrence of
corrosion processes, and an overview of the factors affecting the corrosion of the
field equipment was given. Particular attention is paid to the peculiarities of
internal corrosion in the Priobskoye field. Regimes of fluid flow in the field
pipeline are considered, their influence on the nature of the course of corrosion

processes.

On the example of acid treatment of holes, the rate of corrosion was
calculated. The nature of the corrosion will be the following: in some places the
protective film of the sediment can peel off. This occurs under the influence of
either mechanical factors such as abrasive action of suspended particles, hydraulic
shocks, pipeline vibrations caused by the passage of gas plugs, etc., or as a result of

mechanochemical dissolution of the film in places of stressed state of pipelines.

The exposed section of the metal and the rest of the surface of the equipment
covered with sediment form a galvanic macro-macro, where the metal is the anode

and the surface is the cathode. An intensive process of corrosion begins.

After reviewing the methods of fighting internal corrosion on the field
equipment, advantages and disadvantages were described and inhibitors were

proposed that successfully proved themselves in the Priobskoye field.
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