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Inanupyemoie pezyniomamol 00yuenHus Macucmpanmos

Pe3ysbTaTnl 00y4enust

TpeooBanus PI'OC,
KpHUTepHeB W/HiIn
3aMHTEPEeCOBAHHBIX CTOPOH

2

3

[IpuMeHsSITh ~ €CTECTBEHHOHAy4YHbIE, MaTeMaTU4ecKue,
TyMaHUTapHbIE, SKOHOMHYECKHUE, UH)KEHEPHBIE,
TEXHUYECKHE U TIyOOKHe TpodecCHOHATbHBIC 3HAHUS B
00JIaCTH COBPEMEHHBIX HE(TEra3oBbIX TEXHOJIOTHH IS
PEIICHUST NPUKIAOHBIX MENCOUCYUNTUHAPHBIX 3a0a4 W
UHDIICEHEPHbIX NpoOTieM, COOTBETCTBYIOIIMX MPO(UITIO
TIOATOTOBKH (B HE(DTETa30BOM CEKTOPE SKOHOMHKH )

OK-1; OK-2; OK-3, OIIK-1; OITK-
2; OTIK-4; OITK-5; OTIK-6; OIIK-7,
OITK-8, TTK-1; TIK-2; TTK-3; TTK-4;
IK-6; TIK-7; TIK-9; IIK-10; TTK-
11; TIK-14; TIK-16; TTIK-17; TIK-19;
TIK-20; TTK-21; [TK-23

P2

HJ'IaHI/IpOBaTB nu IMPOBOAWTDH AHAIIMTHUYCCKUEC u
SKCIICPUMCHTAJIbHBIC uccne008arss ¢ UCIOJIL30BaHUEM
HOBEHIIINX ,I[OCTI/I)KGHI/Iﬁ HAayKhl HW TCXHUKH, YMCTb
KPUTUYCCKHU OLCHUBATL PE3YJIbTAThl U ACIATh BBIBOIBI,
MOJIYUCHHBIC B CJIOJCHbIX U H€0}’lp€aeﬂéHHblx YCIIOBUAX,
HCIIOJIL30BAaTh npuHyuUnsl u306pemamefzbcm6a, npaesoevle
OCHOBbI-6 0b1acmu MHme]ZJZeKmyaJZbHOﬁ cobcmeenrocmu

OK-1; OK-2; OIIK-2; OIIK-4;
OIIK-6; TTIK-1; TIK-2; TIK-3; TIK-4;
IIK-5; TIK-6; TIK-7; TIK-8; IIK-9;
IIK-10; ITK-11; TTK-14; TIK-15; TIK-
17; TIK-18; ITK-19; TTK-20; T1K-22;
I1K-23

P3

[IposiBnATE TNPO(ECCHOHATIBHYIO  0C8e00MIEHHOCHb O
nepedosvix  3HAHUAX U OMKpublmusx B 00JIacTh
HE(TEra3oBbIX TEXHOJIIOTHM C Y4YETOM Neped08ozo
OmeyecmeeHH020 U 3apyOedCHo20 OTbITa; UCIONb30BATh
UHHOBAYUOHHDBLIL NOOX00 TIPU Pa3pabOTKe HOBBIX HJIEH U
METOJIOB  MpoeKmuposarusi OOBEKTOB He(PTEera3oBOro
KOMIUIEKCA JJISl peuleHusl UHMCEHEPHBIX 3a0ay pa3eumus
He(PTEera3oBbIX  TEXHOJOTWM,  MoOepnuzayuu U
ycosepuieHcmeosats HeTera30Boro MponN3BOICTBA.

OK-1; OK-2; OIIK-1; OIK-2;
OITK-3; OIIK-6; OITK-7, OIIK-8,
TIK-1; TK-2; TIK-3; TIK-4; TIK-5;
TIK-6; TIK-7; TIK-8; TTK-9; ITK-11;
TTK-13; TIK-14; TTK-15; TIK-18; TTK-
20;[1K-21; TTK-22; TTIK-23

P4

Buedpsamv,  skcniyamuposamv U 0OCIYHCUBAMD
COBpeMeHHble MAWUHbL U MEXAHU3Mbl TUTS pean3allium
TEXHOJIOTMYECKHX TPOLecCOB HedTerasoBoil obnacty,
o0ecrieunBaTh ~ UX  BbICOKYIO  d¢hghekmusHocmy,
COOMIOaTh MpaBUIIA OXPAHbL 300P06bsL U 6E30NaACHOCU
mpyoa,  BBIIONHATH  TPeOOBaHUSI N0  3awume
OKpYHrcarouyell cpeoul.

OK-2; OIIK-1; OIIK-2; OIIK-7,
OITK-8, TTK-1; TTK-3; [TK-6; TTK-9;
TIK-10; TTK-11; TTK-14; TIK-16; TIK-
17; TIK-18; TIK-19; TIK-21; TTK-22;

PS

BbICTpO OpUEHTHPOBATHCS W BBIOUPATH ONMUMATbHLIE
peutenuss 8 MHO20QAKMOPHLIX CUMyayusx, BIAJETh
METOIaMHA u CpencTBaMU MaAmMemMamuyecko2o
MoOenuposanusi  TEXHOJNOTMYECKUX  TPOIECCOB U
00BEKTOB

OK-2; OK-3; OIIK-1; OITK-2; TIK-
4; TIK-5; TIK-6; TIK-7; TIK-8; TTK-
9; TIK-10; TTK-11; TTK-17; TIK-20;

P6

O¢ddexkTBHO  UCMONB30BaTh  JIOOOW  MIMEIOIITHIACS
apceHall TEXHWYECKUX CPEACTB Ui MaKCHMAIILHOTO
NPUOMKEHUST K  TTOCTaBJICHHBIM TTPOU3BOICTBEHHBIM
LHESIM TIpU  paspabomke U peanusayuu  npoeKmos,
TIPOBOJTUTH IKOHOMUYECKUL amanus 3ampam,
MapkemuH206bie uccne0o8anus, paccuumvleamo
9IKOHOMUUECKYIO IPPHeKmuUsHoCmb.

OK-2; OITK-1; OITK-2; OITK-4;
OIK-7, OITK-8, TTK-1; IK-3; TIK-
4; TIK-5; TIK-6; TIK-8; TIK-9; TIK-
10; TIK-11; TIK-13; TTK-14; TIK-15;
TIK-16; TTK-17; TTK-18; TIK-19; TTK-
20; TIK-21; TIK-22; TIK-23




PesynbTaTnl 00yyenus

Tpeoosanuss ®I'OC,
KpUTepHeB W/ Win
3aMHTEPeCOBAHHBIX CTOPOH

2

3

P7

OddextuBHO paboTaTh UHOUBUOYAILHO, B KadeCTBE
uneHa u pyKogooumeis KOMaHowl, ymenue (hpopMupoBaTh
3aAHUSI W ONepamueHvle  NIaMbl  BCEX  BUJIOB
JEATEIBHOCTH, PACIIPEeNATh  OOS3aHHOCTH — HICHOB
KOMaH/Ibl, TOTOBHOCTb HECTH OMEENCMEEHHOCHb 3d
pe3yibmamul pabomul

OK-1; OK-2; OK-3; OIIK-1; OIIK-
2; OIIK-4; OIIK-5; OIIK-6; IIK-6;
IK-11; TIK-12; TIK-13; TIK-14;
ITK-15; T1IK-23

P8

CaMOCTOATENbHO YUUTHCSI U HEMPEPBIBHO 1OBbILUAMD
Keanugukayuro B TEUYEHHWE  BCErO  Iepuoza
npo(hecCHOHATIbHON  IESTENbHOCTH; AaKTUBHO &1a0emb
UHOCMPAHHLIM ~ SI36IKOM HA YPOBHE, IO3BOJISIOILEM
paboTaTh B MHTEPHAIIMOHAIILHOM cpene, pa3pabaThiBaTh
JOKYMEHTALIMIO W 3aIlMINATh PE3YJIbTaThl MHKEHEPHOI
JIeATETTbHOCTH

OK-1; OK-2; OK-3; OINK-2; OIK-3;
OIIK-4; OIIK-5; OIIK-7, OIIK-8,
IK-1; TTK-8; [IK-23
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3AJJAHHUE
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B dopwme:
Marucrepckoit 1uccepTannu
CrygneHry:
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2BM5b beikoBckoMy Brnagumupy EBrensesnuy
Tema paboThI:

«HccnenoBaHue TEXHOJIOTUH 3aIUThI OT CTAaTUYECKOTIO QJICKTPHUYICCTBA PE3CPBYAPOB BEPTUKAJIBHBIX

CTaJIbHBIX»

VYTBepxeHa NPUKa30M JUpPEKTopa (1ara, HOMep)

Ot 26.04.2016 1. Ne3208/c

CpOK cavyu CTyJCHTOM BBITIOJIHEHHOM pa6OTBIZ

19.05.2017r.

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1aHHbIE K padoTe

(H[IMJIEHOBLZHME 00BeKma ucciedo8anus il NPOEeKmMupoeanusi,

NPoU380OUMENbHOCHIb UL HAZPY3KA, PEHCUM PABOmbL
(HenpepbigHbILL, nepuoouyeckull, yuxkaudeckui u m. /1.); 6uo
CbIPbs UNU MAMEPUAT U30€NUsl; MPeOOBAHUs K RPOOYKNLY,
u30enUIo U npoyeccy; 0cobvle mpebosanus K 0COOeHHOCHAM
@yukyuonuposanus (Skcnayamayuu) 06vekma unu u30enus 6
naane 6e30nacHOCU SKCAYAMayuu, GIUAHU HA
OKPYHCAIOULYIO CPedy, IHEP2O3AMPAMAM, IKOHOMUHECKUT
anamz um. /1.).

O6bekToM HccnenoBanms seisiercs PBC — 5000m°.Onpenenenne

MaKCHMAaIbHBIX ~ O€30MacHBIX CKOpPOCTEHl  TPaHCIOPTHPOBKU

He(dTssHOTO OeH3ona mo TpybompoBoaam auamerpoM 200 MM u
700 w JOmMyCTUMBIE CKOPOCTH HWCTEYEHHS €ro W3 OTHX
TpyOONIPOBOJIOB B BEPTHUKAIBHBIN IWIMHIPHYECKUNA pe3epByap
muametpoM 39,9 M. Temmeparypa 50 °C. Bo3MoXHOCTH
9KCICPUMCHTAILHOTO  OMPE/ICICHUS
orcyrcTByrOT. CoepKaHUe MEXaHHYECKUX

npeBocxoauT 30 /M,

UCXOIHBIX IIapaMeTpPOB
npuMmeceil  He




IMepeyeHb MOAJIEKAIMX HCCIIEIOBAHUIO,
NPOEeKTHPOBAHUIO U pa3padoTKe
BOINPOCOB

(aHarumuyeckuti 0630p NO IUMEPAMYPHBIM UCMOYHUKAM C
Yebio BbIACHEHUs. O0CMUICEHUL MUPOBOLL HAYKU MEXHUKU 8
paccmampugaemotl 0b1acmu, NOCMAaHOBKA 3a0ayu
UCCIe008AHUS, NPOESKMUPOBAHUSL, KOHCIPYUPOBAHUS,
codepaicanue npoyedypul UCCIe008AHUS, NPOESKMUPOBAHUS,
KOHCIMPYUpo8anusi; 06CysicoeHue pe3yibmamos 6blnOIHEHHOU
pabomvl; HAUMEHOBAHUE OONOIHUMETLHBIX PA30EN08,
noonesicawux paspabomre, 3aKuoueHue no pabome).

BrimmoauTh 0030p
HEUTpaIu3aIuu CTaTHYECKOTO

CYIIECTBYIOIUX

METOJIOB

QJICKTPUYCCTBA

B

pe3CpByapax BCPTHUKAJIbHBIX CTAaJIbHBIX. PaCCMOTpeTB nu

MIPOAHAM3UPOBATh CKOPOCTH UCTEUEHUS HEPTETPOIYKTOB

B PBC — 5000Mm™

ITepedyens rpauyeckoro MaTepuajia

(c moyYHBIM YKA3aHUeM 00513amenbHbIX Yepmediceli)

KoHcyabTaHThI 10 pa3iesiaM BbIIIYCKHOH KBATH(UKANMOHHON padoThl

(c ykasaHuem pazoenos)

Pazgen

KoncyabTant

«DUHAHCOBBIN MEHEKMEHT, [apd U.B., k.3.H., TOLIEHT

pecypcorhHEeKTHBHOCTD U
pecypcocOepekeHUE)

«ComuanpHas Mananosa H.B., k.T.H., uHXXeHEp

OTBCTCTBCHHOCTB»

Ha3Banus pa3aeqaoB, KOTOPbIE 10/KHbI ObITh HAIIMCAHBI HA PYCCKOM M HHOCTPAHHOM

A3bIKAX:

1 O630p nUTEpPaTYpHI

JlaTa BbIIa4uM 32/1aHUA HA BBINOJHEHHE BbINYCKHOM 05.09.2016r
KBAJIM(PUKALHMOHHON padoThI 110 JTMHEHHOMY I'paguUKy
3aganue BbI1aJ PYKOBOAUTE/Ib:

JokHOoCTH [25(0] YueHas cTeneHb, IToanucn JlaTa

3BaHHUE
[Tpodeccop Bypkos Ilerp Brnagumuposud | J.1.H., ipod. 05.09.2016
3agaHue NPUHSAJI K HCTIOJTHEHHMIO CTYAEHT:
I'pynna DUO Moanmucs Jara

2BMS5b BeixoBckuiit Bnagumup EBrenseBud 05.09.2016




PEDEPAT
Bremycknast kBanmudukanuonnas pabora 108 c., 13 puc., 12 Tabn., 30
UCTOYHUKOB.

KitoueBbie cioBa: CTaTHYeCKO€ JJIEKTPHYECTBO, METOIbI HEWTpaHM3allny,
HeTh, pe3epByap, HEQTEIPOIYKT

OOBeKTOM HCCICAOBAHUS ABJIACTCA: 3(1)(1)CKT CHUKCHHUA 3apsAJ0B CTATHUYICCKOI'O
QJICKTPUYICCTBA B PE3CPBYyapaXx BCPTHUKAJIBHBIX CTAJIBHBIX.

Llenp Da6OTLI — AHanus COBPCMCHHBIX MCTOJOB HCﬁTpaHHSaHHH CTaTHU4YCCKOI'O
QJICKTPUYICCTBA B PE3CPBYyapaXx BCPTHUKAJIBHBIX CTAJIBHBIX.

B mnpouecce uccnaenoBaHus NPOBOAMIUCH PACYEThl JOIYCTUMBIX CKOPOCTEHN
UCTEYEHUS KUIKOCTEN Vg B pesepByap, IPUBEIEHBI MEPONIPHUATHUS 10 OXpaHE TPyJa
u 0e30maCHOCTM  CTPOUTENBCTBA, OXPAHE OKPYKAOIIEH Ccpeabl, TEXHUKO-
DKOHOMMYECKAs YaCTh.

B pesynbrare wuccieoBaHus ObUIO TMPOMU3BEIECH CPABHUTENBbHBIA aHAIIN3
METOJMK pacyeTa JOIMYCTHMBIX CKOPOCTEH MCTEYEHHs KHUAKOCTEH Vy B pesepByap.
Ha ocHOBaHMUM MOMYYEHHBIX PE3yJbTATOB OBLJIO YCTAHOBIIEHO, YTO €CTh Pa3JIMYHbIC
MaKCUMaJIbHO JIOIMYCTUMBIE CKOPOCTH HE(TENpPOAYKTOB, HO IyTEM BHEAPECHHUS
TOKOCBEMHOI'0 YCTPOMCTBA JAOIYCTUMAask CKOPOCTb UCTEUEHMS BO3PACTET.

O06JiacTh NMPUMEHEHHUsSI. MPOMBICIOBBIC, TEXHOJOTUYECKHE M MarucTpajbHbIC
TpyOOTIPOBO/IBI, TI0 KOTOPHIM TPAHCIIOPTHUPYETCS YTIEBOJAOPOIHOE CHIPHE B KHIKOM
COCTOSIHUM, B TAJIbHEHIIIEM ITOCTYIIAIOLIEE B pE3epByap.

OxoHoMuueckass 3(QPEKTUBHOCTL/3HAYMMOCTh PAbOThI 3aKIIOYAETCS, YTO TPH
BEIOOpE OTpeeCHHBIX (AThTCPHATUBHBIX) METOJIOB HEPA3PYIIAOIIETO KOHTPOJIIS
MOXXHO CYIIECTBEHHO COKpPaTUTh SKOHOMHYECKHME 3aTparbl. Ilo pesyiabTaTam
pacdyera ONTUMajbHAs CTOMMOCTh KOMIUIEKCA pPabOT IO TEXHHYECCKOMY
JTUArHOCTUPOBAHUIO pe3epByapa Uil XpaHeHHS He(TEenpoayKTOB, COCTaBHJIA
206953,7 py6. Ilpm sTOM CpOK OKCIUTyaTallMM pe3epByapa NpOJJIeBacTCs Ha
8 net B cootBercTBuM ¢ 'OCT P 52910-2008 .

B Oynymiem mjiaHWpyeTcs BHEIPUTh TOKOCHEMHOE YCTPOMCTBO, KOTOPOE
CYIIECTBEHHO CHU3HUT YPOBEHb CTATUYECKOTO JICKTPUUECTBA.
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BBEJAEHUE

Pe3epByapbsl npenHazHadeHbl A NPUEMKH, XPaHEHUs, OTIIYCKa, ydeTa
HepTH U HEPTENPOAYKTOB M  SBISIOTCS OTBETCTBEHHBIMH  WH)XCHEPHBIMU
KOHCTPYKIMSAMHU. OJEMEHThl pEe3epBYyapoB B  JKCIUIyaTallMOHHBIX  YCIOBHSX
UCIIBITHIBAIOT ~ 3HAYMUTENBHBIE  M3MEHSIOIIMECS  TEMIEpPAaTypHbIE  PEKHUMBI,
NOBBILIEHHOE /1aBJIEHUE, BUOPALINIO, HEPABHOMEPHBIE OCaIKH, KOPPO3HUIO.

Bakneiimeld Ha CErogHAIIHUM JIEHb OCTaeTcs IMpoodsieMa obOecredeHus
HAJEKHOCTU DKCIUTyaTallM W 0€3aBaApUHMHOCTH padOThI CHCTEM XpAHEHHS HE(TH.
OpHOM W3 OCHOBHBIX IIPUYMH BO3HUKHOBEHHsI B3PBIBOB U  II0XapoB B
HedTexpaHwHIIax (pe3epByapax) ABISIIOTCSA 3apsSAbl CTATUYECKOrO 3JIEKTPUYECTBA,
oOpa3yroiuecs B TpyOOIIpoOBO/IE B MPOLIECCE TPAHCIIOPTUPOBKHU HEPTH. B pesynbrare
BHOCHMBIE BMECTE C HE(PTBHIO B pe3epByap 3JIEKTPOCTATUUYECKHE 3apsibl CO3/aI0T
AIIEKTPUYECKOE I0JIE U COOTBETCTBEHHO YCJIOBHUA JUIsl BO3SHUKHOBEHHSI HCKPOBOIO
po00s Ta30BOT0 MPOCTPAHCTBA HAJI TIOBEPXHOCTHIO HEPTH.

Bompockl  BO3HMKHOBEHHUSI ~ CTaTUYECKOTO  AJIEKTpUYECTBAa  TPeOyrOT
TUIATENbHBIX HMCCIEIOBAaHUNA M OOOCHOBaHUS BHEJIPEHUS HOBBIX KOHCTPYKIUH H
MaTepUasoB MPU TPAHCHIOPTUPOBKE U XpaHEHUH HE(TEIPOYKTOB.

OO0pa3zoBaHue PIEKTPUUECKUX 3apAJI0OB B HEPTENPOAYKTaX MPU UX ABUKECHUU
Ha3bIBAETCS AJIEKTPU3ALUEH. DIEKTPUUECKUE 3apsbl, KOTOPbIE HAXOAATCS B 00bEME
WIM Ha TOBEPXHOCTH HE(PTENpOayKTOB, HA3BIBAIOTCA JJIEKTPOCTATUYECKUMMU.
Haubonee cuibHO dieKTpU3alus MPOSBIAETCS MPU  BBICOKHX  CKOPOCTSIX
TPAHCIIOPTUPOBaHUSA N0  TpyOam.  3HAUYUMOCTh  MPOLECCOB  HAKOIUICHHUS
AIEKTPOCTATUYECKUX 3apAI0OB OCOOEHHO BEJMKa, TaK KakK 3JIEKTPU3YIOIIUMHU
MaTepualiaMi  SBISIIOTCA  JIETKOBOCIIAMEHSAIOIIMECS  JKUJIKOCTU.  Paspsjsl

CTaTHUYCCKOI'0 JJICKTpHUYCCTBA B JICTKOBOCINIAMCHAIOIIHUXCA cpeaax MOTYT

NCCIIEAOBAHUE TEXHOJIOMN SALLUNTBLI OT CTATUHECKOIO

OJIEKTPUYETBA PESEPBYAPOB BEPTUKAJIbHbBIX CTAJIbHbBIX
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CTaHOBUTHCS IPUIMHOM B3PHIBOB U MOXApOB. [1]

OnacHble TIPOSIBJICHUS CTAaTHYECKOTO JJICKTPHUECTBA TMPOUCXOIAT TPHU

CJIEIYIOUIUX YCIOBUSIX:

— B onpenenenHom mecte MPOMCXOIUT HAKOIUJICHHUE 3apsia.

— 3apsaasl cO3aI0T YJIEKTPHUUECKOE TOJIe.

— DHeprus, BblJesieMas B KaHalle pa3psija, OKa3bIBaeTCsl OOJIbIIE, YeEM
4eM MUHUMAaJIbHO HEOOXOUMast SHEPTHUS JIsl BOCINIAMEHEHHUSI CPEIbI.

DneKkTpu3anus SBISICTCS HEKEJIaTeIbHBIM SIBICHUEM, KOTOPOE MPHBOIUT K
psany mnpoOiieM B TPaHCHOPTUPOBKE W XpaHEHWH HeDTHU U HEePTENnpOayKTOB.
[IpuBeneM Bcero JUITbL HECKOIBKO MPUMEPOB.

[IpuunHoii B3ppiBa B mnocenke AMOypr 2 pgexadbps 2002 cran paspsan
CTaTUYECKOTO JJIEKTPUUYECTBA IPHU 3aMepe KOJWYECTBA Ta3oiliisi B pe3epByape Ha
TEPPUTOPHH IIeXa CHAOKECHHS HePTenpoayKToB. [Ipon3oriesn B3phIB, a 3aTeM TOXKap
pesepByapa oobeMoM 5000 kyOuyeckux MeTpoB ¢ 2000 TOHH ra30MJIs.

B 2005 roay B CoBeTckoM paiioHe mpou3olien rnoxap Ha repputopun OAO
HoBocuOupckuit  3aBox  koujeHcatopoB". Iloxkap BO3HHUK U3-3a  paspsna
CTaTUYECKOTO 3JIEKTPUYECTBA, KOTOPHIN MPOU30IIES B TOT MOMEHT, KOT/Ia paboumii
nepesuBas OEH3UH U3 OJTHOW KaHUCTPHI B JPYTYIO.

B 2006 romy moxap Ha TrazomnepepabaThiBalOlleM IPOU3BOACTBE
OxTs0prckoro ympasienus 100b19u HePTH U ra3a ¢unuana "bamuedTs-Yda" uz-3a
pas3psiia CTaTHUeCKOT0 AJIEKTPUIECTBA MTPOU3OIIIEIT XJIOMOK Fa30BO3AYIIIHON CMECH.
Tak, MO MaHHBIM CTATUCTUKH, B POCCHMM MCTOYHWKOM 3a)KUTaHUS W TIOKapOB B
pesepByapax ¢ JIBX u I'’K B 9,5 % caydaeB SIBISUIMCH pa3pslibl CTaTUYECKOTO
anekTpudecTBa. 110 MaHHBIM 3apyOC)KHOW CTaTHCTUKH, OT Pa3psioB CTaTHYECKOTO
IEKTPUUECTBA MPOUCXOIUT 0KOI0 S0 % B3PHIBOB M MOXKAPOB B HEPTEXUMHUIECKOM
POMBIIICHHOCTH. [2]

[IpuBeneHHbIC MPUMEPHI CBUACTEILCTBYIOT O OOJIBIIION OMACHOCTH Pa3psIoB
CTaTHYECKOTO  JJIGKTPUYECTBA W  HAHECEHHWIO ymepba B  HedTsHONW U

He(drenepepabartbiBatoiiel orpacisx. [loaToMy paspaboTka Mep NpeaynpexaeHus u
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YCTPAHEHHsI OMACHBIX NPOSBICHHUI CTATHYECKOTO 3JIEKTPUYECTBA SIBJISIETCS BECbMa
aKTyaJbHOM MPOOIEeMOH.

C yderoM TIOBBILIEHHWA TpeOOBaHMUNA K 3alllUT€ OT CTATUYECKOIO
JJIEKTpUYECTBA B MPOU3BOACTBAX  XUMHUYECKOH,  HEPTEXUMHUYECKOHM  H
He(dTenepepabaThIBAONIECH MPOMBIIIICHHOCTH, a TakKKe C YYE€TOM BO3paCTaHUS
o0beMa TPAHCIOPTUPOBKH U XpaHEHUS HEPTH U HEPTEHPOIYKTOB BO3HHUKAET
HEOOXOJUMOCTh CHCTEMaTHYECKOTO0 HCCIEAOBaHHMA H  pa3pabOTKe METOJOB,
CHIKAIOUIUX UHTEHCUBHOCTD AJIEKTPU3ALNUA HEPTH U HEPTEIPOTYKTOB.

Ha OCHOBAaHHH BBIIIEU3JI0KEHHOTO aKTYaJIbHOCTD padoTbI
oOycCiiaBIMBaeTcs HEOOXOJAMMOCTBIO aHalIM3a HCCIEAOBAHUM IO JI€TaJIbHOMY
U3YYEHHUIO BIMSHUS Pa3jIMYHBIX MMapaMeTpoB He(TU U TpyOONpoOBO/Ia HAa OCHOBHBIE
IIOKA3aTeNIM M XAapaKTEPUCTUKH IPOLECCOB HIIEKTPU3ALUMNA C LENbI0 BBIACHEHUS
XapakTepa 3TUX 3aBUCUMOCTEW. Kak moka3pIBaeT CTaTMCTHMKAa M MHOI'OYMCIICHHBIE
UCCIIEIOBATENbCKUE  PabOThl  BO3MOYKHO  HAKOILJIEHHME  ONACHBIX  KOJUYECTB
AIEKTPOCTATUYECKUX 3apsSA0B B pe3epByapax, 4YTO MHPUBOJUT K BO3HUKHOBEHUIO
HAIPSHDKEHHOCTEW 3JIEKTPUYECKOTO TOJISA, MPEBBIIAOIINE KPUTHUECKYIO BEIUYHUHY 3
kB/MM B pe3ynbTaTe 4Yero CO3JalTCs YCIOBUA IS HMCKpOOOpa3oBaHUSA W
COOTBETCTBEHHO B3phIBa U moskapa. [loaromy pa3paboTka NpUHIMINAIBHO HOBBIX U
oonee 3¢ (hEeKTUBHBIX CMOCOOOB HEUTpANIHM3AlMU DJICKTPOCTATUYECKUX 3aps/ioB B
MOTOKE HEPTH SABISAETCSA BAXKHON HAyYHO-TEXHUUYECKOU 3a/1aueil.

eab0 BBIMYCKHOI KBAJIM(PUKANMOHHONH PadOThI SBISETCS MOBBIIICHUE
0e30MacHOCTH CUCTEM XpaHeHusT HePTu mnyTeM 3(PGEeKTUBHON HeWTpamu3zauuu
CTATUYECKOTO JJIEKTPUYECTBA.

HoBu3HOII BBIMYCKHOII  KBAJU(UKANUOHHOW PadOThl  BHEJIPEHUE
NPUHIMIIUAIBHO HOBOI'O TOKOCHEMHOTO YCTpPOMCTBA JMJid CHIDKEHUS —3apsijia
CTaTUYECKOr0 JJIEKTPUYECTBA C LENbI0 YBEJIWYEHUS MAKCHUMAJIBHO JIOIyCTHUMOW

CKOpPOCTH MCTEYEHUs )KUIKocTel VyB pesepByap.
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1 OnacHOCTH CTATHYECKOT0 3JIEKTPUYECTBA NPH ONePALUAX €
He(TEenpoOAYKTAMM

1.1. O6mas xapaKkTepuCTUKA YCJIOBHI 3JIeKTPU3alui HeTeNnpPoOayKTOB H
ee ONMacHOCTh

HedrenpoaykTsl, kKak TpaBWiIO, SBISIOTCS XOPOIIMMH JUAJIECKTPUKAMH.
VIIenbHOE COMPOTUBICHHE CBETIBIX HE(TEPOIYKTOB HAXOMUTCS B mpeaenax 10™ —
10" Om - M. Hu3kast 9IeKTpOIPOBOJHOCT HE(MTEIPOLYKTOB OOYCIABIMBAIOT KX
3aMETHYI0 CKJIIOHHOCTh K JyekTpusanuu. llpouecc pazneneHus 3apanoB IpU
B3aUMOJECUCTBUU JKHAKOCTEM C TBEPJABIMM BEIIECTBAMHU, IEPEMENIMBAHUUA U
paCTbUICHUN >KUAKOCTEW MPHUCYL] MPAKTHUYECKH BCEM KUJKOCTAM, COAEPKAIIAM
HOCHUTEJNIU 3JIeKTpuueckoro 3apsaa. OgHako Hanbosiaee MHTEHCUBHO AJICKTPHU3YIOTCS
IJI0OXO TMPOBOJAIINE KUAKOCTH, KOTOPBIE CIOCOOHBI OTHOCUTEIBHO JOJITO BpEMs
YAEPKUBATh B CBOEM O0BEME IJIEKTPUUECKHUE 3apsibl. ITO MPUBOIUT K TOMY, UYTO
IPOCTOE YBEIWYEHUE O0BbeMa HAdJIEKTPU30BAHHOW IKHUIKOCTH B pe3epByape
COMPOBOXKJIAETCA M BO3PACTAHHEM OOILIEro KOJMYECTBA 3apA0B CTATHYECKOIrO
JIEKTPUYECTBA B JIAaHHOM €MKOCTH. Takum o0O0pa3oM, BO3MOMKHOCTh 3aMETHOM
ANEKTPU3ALMUA  KUJAKOCTEH  ONpeAensieTcss  JIBYMSl Ha  TMEPBBIA  B3TJISAA
MPOTUBOPEUYMBBIMHA YCIOBUAMU: HHU3KOW HJIEKTPONPOBOJAHOCTHIO W HAJIUYUEM B
KHUJIKOCTH HOCHUTENEH 3JICKTPUISCKHX 3apsaoB. [1,3]

Hekoropyto  KOMWYECTBEHHYID  OLEHKY CKJIOHHOCTH  KHUJIKOCTEH K
DIEKTPU3ALMU JAeT AUaIra3oH IIPOBOAMMOCTEH, B NPEAeiax KOTOPOro SIBICHUE
AJIEKTPHU3AIMA  MOXET OBITh SIPKO BBIPAKEHHBIM M TIPEACTaBIIATH OMACHOCTb
BO3HUKHOBEHHUS JJEKTPUUECKUX Pa3psoB, CIOCOOHBIX BOCIUIAMEHSATH Iapbl
roprounx xkujakocteil. CrenoBaTenbHO, ISl OLICHKA SJEKTPU3YEMON KUIKOCTH, a
TaK)K€ pacuera YpPOBHS JJIEKTpU3alMU, O 4yeM OyAeT CKa3aHO HUXKEe, HEOOXOIUMO

MMPEIKIAC BCCTO 3HAHUC IJICKTPOIIPOBOAUMOCTH KUJIKOCTH.

NCCIIEAOBAHUE TEXHOJIOMMUN SALLUNTBLI OT CTATUHECKOIO
OJIEKTPUYETBA PESEPBYAPOB BEPTUKAJTIbHbBIX CTAJIbHBIX
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HpyruMm (pakTopoM, OMNpEeAeNsiomnM ypOBEHb JIIEKTPU3ALUU HKHIKOCTH,
SBIISIETCS CKOPOCTh €€ B3aWMOJICUCTBUS C AJIEKTPU3YIONIMM areHToM. [Ipaktudecku
3TO O03HAYAET, YTO YEM BBIIIE CKOPOCTh MPOKAUKU KUAKOCTH MO TPyOOIpoBOJaM H
JPyroMy TEXHOJOIMUECKOMY O0OpYJOBaHUIO, TEM OOJbIle 3aps)i OHa MpUOOpeTaeT.
CrnenoBaTenbHO, YPOBEHb 3JIEKTPU3ALUM KUAKOCTU HETOCPEICTBEHHO 3aBHCHUT OT
CKOPOCTH TEXHOJOTMYECKOTO IMpoliecca, B KOTOPOM 3Ta JKUIKOCTh Yy4YacTBYET.
OTcroma BO3HUKAE€T HEOOXOAMMOCTh BBIACHEHHS OOMIMX 3aKOHOMEpPHOCTEH
HAKOIIJICHUS 3apSA0B CTATHYECKOTO JIEKTPUUECTBA B KHUIKOCTH IPH €€ MPOKayKe Mo
TpyOOIPOBOIAM U IPYTOMY TEXHOJOTHYECKOMY 000pyAOBaHHUIO. [4]

[TomMruMO Ha3BaHHBIX JABYX OCHOBHBIX (DAaKTOPOB, BIMSIOMIMX HA CTETICHb
AIIEKTPU3ALMN  KHUJAKOCTEH, CYLIECTBEHHOE 3HAYCHHUE MMEIOT BSI3KOCTh U
TeMIepaTtypa IKUAKOCTH, XapakTep mpuMmeceil, Hamuume Boabl. OmHAKO
3JIEKTPONPOBOIHOCTD KUJIKOCTH U IMHAMHUKA B3aUMOJICUCTBUS C TBEPJIOM CTEHKOM B
IPOLECCE IIEKTPUZALMHU SIBISIOTCS ONPEICIISIFOIINMU.

HasnektpuszoBanHasi KHIKOCTh, MpOTEKAIOMas MO  METAIMYECKOMY
TpyOOIIpOBOZy, cama MO cebe HUKAKOW ONacHOCTH He co3JaeT. ABapuiiHOE
COCTOSIHME€ MOKET UMETh MECTO MPH HATUYUUA OTKPHITOW MOBEPXHOCTH 3apsKEHHOU
ropro4en >KHJIKOCTH. DTOMY YCJIOBHIO COOTBETCTBYIOT OIEpallMM IO 3alOJHEHUIO
pe3epByapoB HE(TENPOIyKTaMH, KOTOpble Ha IYyTH B pe3epByap IpHoOOpenu
3HAYUTENbHBIM 3apsii CTAaTHYECKOTO OJJIEKTPUYECTBA, NPU OTOM HAJ 3€pKajoM
KHUJKOCTH CYHIECTBYET JIETKOBOCIUIAMEHSIOLIASICS MAapOBO3AYIIHAs CMECh H
ANIEKTPUUYECKOE ToJie 3apsaoB. [Ipy J0CTATOYHO BBICOKOM IUIOTHOCTH 3apsOB
HANPSOKEHHOCTD JJICKTPUYECKOTO TMOJISI MOXKET JAOCTUTATh KPUTHUUYECKUX 3HAYCHHM,
OpU KOTOPHIX B MPOCTPAHCTBE HAaJA 3€pPKAJOM KUAKOCTH BO3MOXKHO pa3BUTHE
AIIEKTPUUYECKUX Pa3ps/iOB, CIIOCOOHBIX BOCIUIAMEHHUTH MAapOBO3IYIIHYIO cMech. Ha
OpaKTHUKE Takue pas3psibl MOTYT pa3BUBATBCA C BBICTYMAIOMUX 3JIEMEHTOB
KOHCTPYKLMU BHYTPHU pe3epByapa WM CO Cpe3a HaJUBHOW TpyObl. AHAJIOrMYHBIC
YCIIOBUSI BO3HUKAIOT B Cllydae MOTPYXKEHHUS B PE3EpByap, TOJBKO YTO 3aIOTHEHHBIN
HA’JIEKTPU30BAHHOW JKUIKOCTBIO, KAaKUX-THMOO MpPEeIMETOB B MLENAX H3MEPEHUS

YPOBHA WK B3ATUA HpO6I>I KHUIKOCTH. B »stom ciIydac OJICKTPHUUYCCKOC II0JIC
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KOHLIEHTPUPYETCS OKOJIO BBOJUMOTO B PE3EPBYAp MPEAMETA U HANPSIKEHHOCTh €r0 B
OIPEJICIICHHBIX YCIOBHSIX MOXET JJaKe JIOCTUTaTh Pa3psAHbIX 3HaUeHUH. [4,5]

JIpyruM WCTOYHUKOM OMNACHOCTH pa3psiOB CTATUYECKOTO SJIEKTPUYECTBA
ABJIAETCS HAJIMYME HE3a3€MJICHHBIX MPOBOJAAIIMX YYaCTKOB TEXHOJOTUYECKON
LEMOYKH, K KOTOPOW MPOKAYMBAETCSA BJIEKTPU3YIOIIAs KUIKOCTb. B 3TOM ciyuae
TaKoOW OTpPE30K TPYyObl MpeACTaBisieT Kak Obl coOOi 0OKIaIKy KOHJEHCaTopa, Ha
KOTOpPOM MOCTENEHHO HAaKaIlUIMBAIOTCS 3aps/ibl, W BO3pacTaeT €€ MMOTeHIUal
OTHOCHUTEJBHO 3EMJIU.

Ha npennpusitusix ¢ NOpaBWIBHO CHPOEKTHPOBAHHBIM M THIATEJIBHO
CMOHTHUPOBAaHHBIM TEXHOJOTMYECKUM OOOPY/IOBAaHUEM B XOJI€ €ro HOPMaJIbHOU
DKCIUTyaTallUM IEPEYMCICHHBIE YCIOBUS HE JOJDKHBI HMMETh MeCTa MU HX

BO3HUKHOBEHHE HOCUT CIIyYalHbIA aBAPUUHBIN XapaKTep.

1.2. llpenynpe:xaenne o6pa3oBaHus 3apsAI0B CTATHYECKOT0

AJNICKTPUYIECTBA

[Ton craTWyecKkuM SICKTPUUECTBOM OOBIUHO TMOHMMAIOT JIIEKTPUUYECKHUE
3apsi/ibl, BOSHUKAIOIINE B PE3YJIbTaTE TPECHHUS.

B ycnoBusx paboThl yCTaHOBOK 3aps]l CTAaTHYECKOTO JJIEKTPUYECTBA
BO3HHMKAIOT B TPyOOIPOBOJIAxX, armapaTax U pe3epByapax B pe3yJbTaTe TPEHHUS O
CTCHKA WX HEPTEHPOIYKTOB, (SIBISIONIUXCS JUAJICKTPUKAMH) TPU TIEPEIMBAHMSIX,
NepeMEIMBaHUM U Tiepekadykax. [6]

W3 mpakThueckux NEWCTBHM W3BECTHO, YTO HauOosiee OJaronpusTHBIMU
YCIOBUSIMU JUIsl 0Opa3oBaHMs 3apsAoB CTaTUYECKOTO JJIEKTPUYECTBA SIBISIOTCS,
HaIpuMep:

— 3akauka JerkuX HepTenpoaykToB (O€H3WH, JHWTPOWH) B  MApPOBOE
MIPOCTPAHCTBO aMIapaToB U PE3EPBYapOB;
— Omnepanuu 1O UUPKYJISIUU JIETKUX HEPTETIPOAYKTOB TMPH MPOBEIACHUU

3alleladuuBaHus U T.J1.
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Jlnst mpenynpexaenuss o0pa3oBaHMs 3apsAI0B CTATHUECKOTO JJICKTPUUECTBA
KaTeTOPUUYECKH 3ampeniaeTcs 1mojiada B pe3epByapbl, MUCTEPHBI U Tapy CBOOOIHO
najalIiel cTpyel JerkoBOCIIAMEHSIIONIUXCS KUIKOCTeH (cbipas HedTh, OCH3UH,
KEPOCHH).

3akaunBaTh TaKkue HEPTEIPOAYKTHI B PE3€pPBYaphl U IUCTEPHBI HEOOXOIUMO
10/l YPOBEHb KUJIKOCTH, UMEIOIICHCS B €MKOCTH, T. €. KOHeI TpyOoIrpoBoaa MM
[UIaHTa, TI0 KOTOPOMY MOJIaeTCsl HEPTEMPOAYKT B €MKOCTb, JOJKEH ObITh OMYIIECH
HIDKE YPOBHSI MEPTBOT'O OCTaTKa MPOJIYKTa B HEM.

[Ipu nmepBOHAYATLHOM 3aIlOJIHEHUH HOBBIX PE3€PBYapPOB WJIM IUCTEPH MOCTE
WX 3a4UCTKH, T. €. B Te€X CIydasX, KOorja HET MEPTBOrO OCTaTKa, TOJKHBI OBITh
OPUHATEL O0COOBIE MEphI TMPEJOCTOPOKHOCTH: MEJUICHHAsl 3aKauka, YCUJICHHOE
HAOJTI0/ICHUE WITH TI0J]a4a TPOAYKTA B CJIOW MPEIBAPUTEIILHO 3aKaYaHHOH BOJIbI. [6]

Ha noBepxHOCTM IKHUIKOCTM B pe3epByape M JIPYrUX EMKOCTAX
HE JIOJDKHO HaXOJMThCA HUKAKUX IIJIABAIOIIMX MPEAMETOB, TaK Kak HA HUX MOTYT
HAKaIJIMBaThCsl 3aps/ibl, U TPU COMPUKOCHOBEHUM IUIABAIOIIETO MpPEIMETa CO
CTEHKOM pe3epByapa MOXET BO3HHUKHYTH HCKpa. Kpome Toro, HeoOXoaummo
CHUCTEMAaTHUYECKU OYMIIATh BCE PE3EpPBYaphl U anmapaThl OT CKAMUIMBAIOIIMXCS B HUX
OTJIOKEHUH U TPS3H.

[ToMmuMo Mep MO TPEeaympexICHUIO O0pa3oBaHUs 3aps/iOB CTATUYECKOTO
AIEKTPUUYECKOTO AJIEKTPUUECTBA, HAJI0 MPUHUMATh MEPHI MO 3alIUTE OT BTOPUUHBIX

MPOSIBJICHUA MOJIHUM U CTaTUYECKOTO JICKTPUYECTBA.

1.3. TexHoI0rN4YeCKHUii MpoIecC TPAHCHOPTUPOBKHU HePTH

Cratudeckas 3apsika TOIUIMB CTaja pe3KO MOSBIATHCS MPUMEPHO ¢ 60-x —
70-x TOHOB, KOrJa Hayajo MPUMEHSTHCS YUCTOE TOIUIMBO I YJIy4YlIEHUs
PKOHOMHUYHOCTH paboTel M pecypca naBurareneii. Ha puc. 1 mnokaszana

TEXHOJIOTMYECKas [eMoYKa TPAaHCIIOPTUPOBKU HE(TH. [6]
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Pucynok 1 — Hapactanue mioTHOCTH 3apsiia B HE(TH MPHU MPOXOKICHUU TI0 TPAKTY

Hapactanue mioTHocTH 3apsia B HEPTH MPOUCXOJUT B TEXHOJIOTMYECKUX
yCTpPOMCTBAX, I OCYIIECTBISIETCS. KOHTAKT HE()TU C MaTeprallaMu, MPUBOASILUM K
ee 3apsalKke, U T YBEIMUMBAETCA CKOpOCTh TeueHuss Hedtu. Cmajn 3apsna
HaOJII0AaeTCs MpU ABUKEHUU HE(PTHU MO 3a3€MJIEHHBIM TPYOOIIPOBOIAM.

[Ipu nBUXKEHUM HEPTH MO TEXHOJOTUYECKOMY TPAaKTy BILIOTH J0 MPUEMHOTO
pe3epByapa ONACHOCTH OT HAKOIUIEHUS 3apsAa CTaTHYECKOTO 3JIEKTPUYECTBa
IPAKTUYECKU HET, TaK KaK BO3AYIIHBIX MPOMEKYTKOB B alllaparax 37ech HET U HET
BO3MOXKHOCTH BO3HMKHOBEHMsSI 3JIEKTPUUYECKOTO MpodOosi B raze. MHas curyauus
CYLIECTBYET B IMPUEMHOM pe3epByape, TI/€ 0053aTeIbHO HaJIU4he Ta30BOro
NPOCTPAHCTBA HaJl TOBEPXHOCTHIO HEDTH. [6]

3apsan, HakaiMBaeMbld B MPUEMHOM pe3epByape, MOXKHO OIPEIECIUTh W3
YCIIOBUSI €r0 YBEJIMYEHHUS 3a CUET BTEKaHHUsI B pe3epByap 3apsyKEHHOU HedTH c
YUETOM pesIakcaluu (CTEeKaHus) 3apsa Ha 3a36MIICHHbIE KOHCTPYKIIMH pe3epByapa:

69 _do| ,dQ 1
dt 001 dt BX dt penalcc’ ( )

31ech penakcaius 3apsajaa MPoOMCXOIUT MO SKCIIOHEHIIMAIBHON 3aBUCUMOCTH:

Qt)=Qpe 2)
e T = £gylyy — MOCTOSHHAS BPEMEHU PENaKCaLlUH,

€ — OTHOCHUTCJIbHASA JUIJICKTPUYICCKAA IPOHUIACMOCTDb

Y — IPOBOAUMOCTH HE(PTH.
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Otcrona:

@ _ Q. Q

dt perakc 4 4 ’ (3)

[Iepenuiiem UCXOTHOE YPABHEHUE, YUUTHIBAS, YTO

Q| _,

d t BX
o @)

r7e lzx — TOK 3apsI0B CTATUYECKOr0 3JIEKTPUYECTBA HA BXOJIE B pE3€pBYyap.

@ _, Q

BX
dt - T

: ()

Pemennem nudpepeHnnanbHOro ypaBHEHHUS SIBISETCS:

Q=1,1—e*) ©)

dQ/dt

0 t

Pucynok 2. 3aBUCHMOCTh CyMMapHOTO OOBEMHOT0 3apsiia HehTH B IPUEMHOM
pe3epByape OT BpEMEHU HAIlOJIHCHUS
Ha pucyHnke 2 mnpuBeneHbl 3aBUCUMOCTH M3MEHEHHs IUIOTHOCTH U
CYMMapHOTo 00ObEMHOT0 3apsi/ia HEYTH B IPUEMHOM PE3EPBYapeE.
N3 3aBucuMocCTEl BUIAHO, YTO CKOPOCTH POCTa 3apsia 3KCIOHEHLHMAIbHO
najaer, a CyMMapHbIii OOBEMHBIA 3apsii, YBEIUYMBASICh, HSKCIIOHEHIIMAIHHO

CTPEMUTCH K IPCACIIBHOMY 3HAYCHUIO, OIPCACIIICMOMY ITPOU3BCACHUCM IBXT'
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[TosToMy g yMeHbUIEHMS 3apsja, HAKAIUIMBAEMOr0 B IIPUEMHOM
pe3epByape, ecTb aBa nyTu. [lepBbId 3aKIO4aeTCd B CHUKEHUM MOCTOSTHHOU
BPEMEHU peJlakcallud MyTeM J00aBieHuss B He(Th CHEIHUAIbHBIX MPHUCAIOK,
YBEIMYMBAIOIIMX €€ MPOBOJMMOCTh. JlaHHOE HampaBlIeHHE BbIOpajia TOJUIAHICKAS
¢upma «Shelly. Hemocratkom MeTona SBISCTCS HEMPEPHIBHBIA KOHTPOJIb 32
KOJIMYECTBOM MPHUCATKU B HE()TU WM TOUHAS €ro JO3MPOBKA, TaK KaK MPHU OYUCTKE
HepTH QUIBTPAMH OTHOBPEMEHHO TIPOUCXONT yIAICHUE MPUCATKU. [6]

BTopoli myTh 3aKiIfo4aeTCs B HEMOCPEACTBEHHOM YMEHBUIEHUH 3apsija,
HaxOJSIIETOcs B MMPUEMHOM pe3epByape. C 3TOM LENBbI0 UCTIOIB3YIOT CIIEIUATIbHBIE
YCTPOWCTBA, HA3bIBAEMBIE HEUTPAIU3ATOPAMH CTATUYECKOrO dJeKTpuuecTBa. Cxema

HeﬁTpannsaTopa CTAaTHYCCKOI'O JJICKTPUYICCTBA IIPUBCACHA HAa PUCYHKC 3.

Pucynok 3. HeilTpann3atop CTaTUYECKOTO 3JIEKTPUUECTBA

Bokpyr »anexkTpoaoB, umMmerommx ¢GopMy HIJ, B pe3ysibTare MNpoLECcCOB

MOHM3alUMKU  00pa3yroTcsi O0OJacTH C  TOBBIIMIEHHBIM  COJEPXKAHUEM HOHOB,

UMEIOIINX 3apsiJl TPOTUBOIOJIOKHOTO 3HAKa U30BITOYHOMY 3apsay HeQTH (B HAIIeM
cllydae TOJIOKHUTEIBHBIX MOHOB). B pesynbrare peKOMOWHAIMHM OTPHUIIATEIBHBIX U
MOJIOKUTEIIbHBIX HOHOB M30BITOYHBIN 3apsii HEPTH YMEHbIIAETCS.

Jlyist perieHust 3aa4M MO MPEAOTBPANICHUIO BO3TOpaHMS MapoB HeDTH H3-3a
pa3psAI0OB CTaTUYECKOTO DJJICKTPUUYECTBA HEOOXOIMMO ONPEICIUTh BEIUYUHY U
pacnpeneneHue 3apsAI0B B NPUEMHOM  pe3epByape B

3aBUCHUMOCTHU oT

MapaMeTPOB CHUCTEMbl TPAHCIOPTUPOBKH, PACCUUTATHh PACIPEICICHUE TMOJis U
ONPEAECTUTh BO3MOXKHOCTh BO3HUKHOBEHHMSI Pa3psA/IOB M BOCILUIAMEHEHUS TapoOB B
3aBUCHMOCTH OT MHHHMMAaJIbHON SHEPTUH, HEOOXOJIMMOM IS BOCIUIaMeHeHHUs. Ecim
BEPOSITHOCTh BOCIUIAMEHEHUS BEJIMKA, TO JOJKHBI UCIIOJIb30BATHCS HEUTPATIU3aTOPhI
WU BBOJUTHCS OTPAHMYCHUS HA PEXKUMBI NEpPEKauku (Hampumep, OTpaHUYCHHS
CKOpocTH Tmepekadku). OnacHOCTb

BOBHUKHOBCHHUS  Pa3psaaOoB CTATHUYCCKOI'O
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AIIEKTPHUYECTBA 3aBUCUT OT pazMepa U POPMBI HCIIONIb3YEMBIX pe3epByapoB. [6]

1.4.BociiiaMeHeHue apoB HepTH

3apsn  HepTH, TOCTyHaromeld B pe3epByap, paclpeiesieH Mo 00beMy
HEPaBHOMEPHO. OJTO CBSA3aHO C peNakcalMlel 3apsja Ha 3a3€MJICHHBIE CTEHKH
KOHCTpyKuuu. [loaTOMy, 4em najibllie paccMaTpuBacMblii 00bEM HEPTH OT CTEHKU
pe3epByapa, TeM Oouibliie 3apsig B o0beMe. KpoMe Toro, Ha moBepXHOCTH He(TH
3apsij pelakcupyeT MeJieHHee (OCOOEHHO NMpHu MPHUOIMKEHWU YPOBHSA K BEpXHEU
CTEHKE pe3epByapa) B CBA3M C BIHUSHUEM OOJIbLIONW BEJIMYMHBI €MKOCTH MEXIY
TIOBEPXHOCTBHIO HEPTH U BEpXHEW CTEHKOH. [5,6]

DTO O3HAuYaeT, 4TO Ha MOBEPXHOCTU He(TH B HauboJiee yNaJCHHOW TOYKE OT
CTEHOK pe3epByapa HaKalUIMBaeTcsl  OOJIbIION  3apsl, KOTOPBIA  CO3/HaeT
AIIEKTPUYECKOE TOJIE€ MEXAY 3TOM TOUKOM MOBEPXHOCTH HE(PTH U 3a3€MJICHHBIMU
CTeHKaMHu pe3epByapa. [lo Mepe HakoIUieHMsI 3apsia pacTeT HanpsKEHHOCTb
ANEKTPUYECKOr0 TMOJs BIUIOTH JO 3HAYEHHS PABHOIO BEIWYMHE, MPU KOTOPOM
HauMHaeTcs paspsa. B pazBuBaromemMcs paspsiie BbLACISETCS SHEPrus, HAaKOIUICHHAs
B Hedtu. Jlnsg Toro, 4YToObl mMmapel HEPTH BOCIUIAMEHUJIUCH, HEOOXO0IMMa
OIpeJeIeHHAasi DHEPrUsl paBHAs MUHUMAJIbHOM HEPTUM BOCIIaMeHEeHUsI. /{7151 pa3HbIxX
BEILECTB OHA PA3JIMYaCTCA:

Tabnuua 1 — MuHUManbpHas SHEPTUs BOCIIAMEHEHHUS MapOBO3YIIHbIX U

KHCIIOPOJHBIX (B CKOOKax) cmeceit (M/[x)

Aueruinex 0,011 (0,0002) | Meran 0,29 (0,0027)

AneTon 0,25 ITenran 0,18

Beunsun b-70 0,15-0,394 Tomyon 0,60

Benzun "Kanoma" | 0,234-0,309 [Mpomnan 0,25 (0,0021)

Bonopoa 0,013 Tommmso T-1 0,202

I'excan 0,23 Cepoyriepon 0,077

I'entan 0,24 Ortan 0,24

Kepocun 0,48 DTHIEH 0,1
Orunossii cupr | 0,14
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2 MeToasbl 1o 60pboe ¢ 00pa3oBaHNeM pa3psiI0B CTATHYECKOT 0

AJICKTPUIECTBA

B naHHOM r71aBe OyyT ONMKUCAHBI METO/IbI, KOTOPBIE UCIIONB3YIOTCS [
00pBrOBI ¢ 00pa30BaHMEM pa3psAIOB CTATUYECKOTO AIeKTpuuecTsa. B pesepByape
OCHOBHBIMU KOHKYPHUPYIOIIUMH MPOLIECCAMU SIBJIIFOTCS OCTYIUIEHHUE 3apsiia C
MOTOKOM >KUJIKOCTH U3 TPYOONpOBOJa U CTEKaHHUE 3apsia B 3eMJII0 YEPE3 MacCy

JKUIKOCTH, CTEHKH, 3a3eMIIIoIIHe ycTpoiicTna. [1,3,4,5,6]

2.1. 3azemJieHHe pe3epByapoB

HaulGonee BakHO#, MpPOCTOW W JOCTYMHOM Mepoil OOpbOBI € paspsaaMu
CTaTUYECKOTO AJIEKTPUYECTBA SIBIISIETCS 3a3eMJICHHE TPyOONpoBOJIa W pe3epByapa B
YaCTHOCTH.

UroO6el  obOecnieunth  A(OPEKTUBHBIA  OTBOJM  WJIM  HEUTpaIH3aIHUIO
00pa30BaHHBIX AIEKTPUUCCKUX 3apsI0B, 3a3eMJICHUE JIOJDKHO OBITH YIOBIETBOPSTH
OTIPEJICTICHHBIM TPEOOBAHUSIM.

Benuunna  mepexogHOr0  COMPOTUBJICHUS  JOJKHA  HE3HAYUTEIHHO
U3MCHATHCSA B T€UCHHE BpeMEHU. V3BECTHO, YTO yIETbHOE CONMPOTHBICHHUE MOYBBI
MEHSAETCS B IIMPOKUX Tmpenenax (MpU  M3MEHEHMSIX €€  BIIAXKHOCTH B
3aBUCUMOCTH OT TPHUPOABI TPYHTA OHO MOXKeT koisiebatscs oT 10 1o 1000 Om - m).
Kpome TOro, Ha yjaenbHOE COMPOTUBICHUE 3HAYUTEIHHOE BIMSHHUE OKa3bIBACT
temriepatypa. OCOOCHHO pe3Kue U3MEHEHHS TNPOUCXOIAT TMPU MPOMEP3aHUH
rpyaTa. B cBs3m ¢ 3TUM it o0OecreyeHUs  MOCTOSSHHOW — BEJIMYUHBI
MIEPEXOTHOTO COMPOTUBIICHUS 3a3€MJICHHUE JOJKHO OBITh YCTAHOBJICHO CIIEAYIOIINM

oOpa3oM (B HauboJsee BIKHBIX MECTaX 3ariayOJieHHe, MOTPyKEHUE 3JIEKTPOIOB B

NCCIIEAOBAHUE TEXHOJIOMN SALLUNTBLI OT CTATUHECKOIO

OJIEKTPUYETBA PESEPBYAPOB BEPTUKAJIbHbBIX CTAJIbHbBIX
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CHelHalbHO 00pabOTaHHBIN FPYHT: CONbIO, IUTAKOM, JPEBECHBIM YIJIEM U JIp.).

OObIYHO  3a3eMJICHHE BBINOJNHSACT (PYHKUMM 3alIUTBl  OT  pa3psaoB
CTaTUYECKOTO AeKTpruyecTBa. KoHEUHO, Takue QyHKIMM 3a3€MJICHUE BBIIIOJIHSIET Ha
OOBEKT C BO3MOXHOW 3MEKTpHU3aueil. J{s 3amuThl OT CTaTUYECKOTO JIEKTPHUECTBA
CUMTAETCS IOCTATOYHBIM, €CJIU COIPOTUBIIEHUE 3a3eMieHUs He npeBbiiaeT 100 kOm.
Takum oOpa3om, Bce 3amoJIHAEMbIE pe3epByapbl M €MKOCTH JOJDKHBI HMMETh
HaJCKHOE 3a3emicHue. [1,3,4,5,6]

PesepByapsl M eMKOCTH 00beMoM 6Gomee 50 M°, 3a  HCKIIOYEHHEM
BEPTHKAIBHBIX PE3epPBYapOB JUAMETPOM A0 2,5 M, JOJHKHBI OBITH MPUCOSIUHEHBI K
3a3eMIIMTENISIM C TOMOIIBI0 HE MEHEE JBYX 3a3eMIIIOIIUX MPOBOAHHKOB B
JUaMETPaIbHO MPOTUBOIIOIOKHBIX TOUKAX.

[Ipu Bcex omepanusx ¢ HeQTENPOIyKTaMU TPYyOONPOBOIBI JTOJKHBI OBITh
AJIEKTPUYECKHU CBSA3aHbl C pe3epByapaMu WM LUCTEpHAMU. DJIEKTPUUECKAs CBSA3b U
3a3eMJICHHE KaX/J0ro OOBEKTa MCKIIYAIOT JIEHCTBUE pa3psAOB CTAaTUYECKOTO
AIIEKTPUUYECTBA MEXKAY COOOI, a TaK’Ke Ha COCETHUE OOBEKTHI.

C He3a3eMIIEHHOM aBTOLMCTEPHBI pa3psia MOXKET MonacTb Ha yesoBeka. [Ipu
HAJIMYUHU B3PHIBOOIMIACHOW Cpebl HE UCKIIOYEH W B3pHIB. Eciam HET anekTpudeckoi
CBSI3M MEXJY HAKOHEUYHWKOM HAJIMBHOIO IUJIAHTAa U aBTOLMCTEPHOM, a Takke
€clii IMCTepHa WM HAKOHEYHMK HE 3a3€MJIEH, TO BO3MOXEH pa3psi BHYTpHU
E€MKOCTH.

CrnenyeT OTMETUTD, YTO JIIOOOE HAJEKHOE 3a3€MIJICHHE BCEX COOPYKEHHUU U
Xopomiasi dJEKTPUYecKas CBS3b MEXKAY HHUMH HE OOCECIeUMBaIOT IOJHOM
Oe3omacHOCTH. OTH MeEpbl HE YCTPAHAIOT TMOSBICHHUS Pa3pAI0B CTATHYECKOTO
AIIEKTPUYECTBA BHYTPHU pe€3€pPBYapoB. bBOJBIIMHCTBO B3pPHIBOB MPOUCXOAUT OT
paspsa0B BHYTPH €MKOCTEH MPH HAAEKHO 3a3eMJICHHOM 000pyAoBaHMU. B CBs3M C
3TUM HAJ0 CUUTATh, YTO 3a3€MJICHUE TOJIbKO YaCTUYHO OOecreurnBaeT 0e30MacHOCThb
omepainii ¢ Hedrempoayktamu. [loaTOMy OJHOBpEMEHHO C 3a3eMJICHHEM
HEOOXOMMO TPUHSATh U JPYTHE CPEACTBA JJIsl YCTPAHEHUS Pa3psiioB CTaTUYECKOTO

SJICKTPUYICCTBA.
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2.2. 3a3emiieHue He(pTENPOTYKTOB

JIns npenoTBpalleHHs JIJIEKTPUYECKHX pa3psIoB BHYTPHU pe3epByapa B
HEKOTOPBIX CIy4yasiXx pEKOMEHIyeTcs 3a3eMisiTh HedTenpoayktel. HWMHorma B
arraparax — CMECUTENIX Uil OTBOJA JJIEKTPUYECKUX 3aps0B, HAXOIALIUXCSA B
HEPTENPOAYKTaX, MPUMEHSIOT METAIUIMYECKHE IPOBOJIOYHBIC CETKU (IKpaHBI),
KOTOpbIE TIOMEIIAIT TOJl ypoBeHb HedTenpoaykToB. CeTka, 3a3eMisisich, B
3aBUCUMOCTH OT IJIOTHOCTH U TJIyOMHBI MOTPY>KEHUSI OTBOJUT B 3EMJIK0 HEKOTOPYIO

yacTh 3apsaa. [lokazano Ha pucyHke 4.

H3mepuTensHoe
YCTPOICTBO

Pucynoxk 4 — CxemMa pa3MeleHns n3MEpUTEIbHBIX CETOK B TPYyOOIIPOBO/Ie

2.3. TokocbeMHOE yCTPOICTBO

B pesepByape HedTEenpoAyKTHI 3a3eMJISIOT MPU TMOMOIIM METATUYECKUX
CTPYH, OPOTAHYTHIX BEPTUKAJIbHO OT KPBIIHK 10 €ro JHuia. CTpyHbI pacmnojiararot
Ha OMNPENEIICHHOM pPAacCTOSSHUM APYr OT Apyra. 3a3eMJIEHHE C TNOMOIIBI0 CTPYH
CHIKAaeT OMNACHOCTh pa3psla CKAIUIMBAIOIIETOCS B PE3EpByape AIIEKTPUUYECKOTO
3apsaa.

[Tonesnass moxaenb «TOKOCHEMHOE YCTPOMCTBO» TMPEICTABISIET U3 ce0s
TOKOCBHEMHBIN TPOBOJ] YCTAHOBJIEHHBIN MO BBICOTE PE3€PBYyapa OJIMH KOHEL KOTOPOIO

3asIKOPEH OKOJIO JTHWINA Pe3epByapa, a APyroil CHaOKeH TMOKUM MEIHBIM KadeneM.
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KpomMe  TOro,  TOKOCHEMHOE  YCTPOHCTBO  CHA0XKEHO  TMOIUIABKOM  C
BO3MOYKHOCTBIO BEPTUKAIBHO-TIOCTYIATEIHHOTO JBIOKeHMs. [lommaBok cHaOXeH
CKpeOKaMH ¢ TOJKATeNIsIMH, KOTOpble OOECIEeYHUBAIOT IIOCTOSSHHYIO OYHCTKY
MTOBEPXHOCTH TOKOCHEMHOTO MTPOBOJIa OT Mapa(UHUCTBIX OTIOXKCHHH. [8]

[Tone3nas MoJiesb OTHOCUTCS K HE(TSIHOM MPOMBINIJIEHHOCTH B YaCTHOCTH K
pe3epByapaM  CcO  CTallMOHAPHBIMU  KpbIIIaMH IS XpaHeHus Heptu U
HEe(DTETPOMYKTOB ISl CHATHS CTATHIECKOTO DJICKTPUUYECTBA.

N3BecTHO, 4TO B HACTOSIIEE BPEMS CTaJIbHBIE PE3€pPBYaApbl JJIsi XpPaHCHUS
HepTH, HEPTENPOIYKTOB W JAPYIHMX MOXKAPOOMACHBIX KUIKOCTEH ISl CTEKaHUS
CTaTHYECKOTO DJICKTPUYECTBA W NPEAOTBPAIICHUS IOSABJICHUS DIICKTPUUECKOTO
HaIpsDKEHUST Ha KOPIIyCE pe3epByapa MpPU HAPYIIEHWU HW30JIALUU TOKOBEIYIIUX
yacTe AJIEKTPOOOOPY/IOBaHUS M HUX 3aMbIKAHUM HA KOPMYC 3allMIICHBI
MOJICOCIMHEHUEM K HUM 3aIUTHOTO 3a3eMiicHus. [8]

N3BectHo TexHuueckoe pemenue (cMm. PI[ 39-22-113-08 «BpemenHsble
MpaBuUJIa 3aIIUTHI OT MOSBJIICHUS CTATUYECKOTO 3JICKTPUYECTBA HA POU3BOICTBEHHBIX
YCTAaHOBKAaX U COOPYXKEHUAX HEPTSHON W Ta30BOM MPOMBIIUICHHOCTH», KOTOPOE
JIOMYyCKaeT MPUMEHEHHWE METAJUIMYECKUX CTPYH, MPOTSHYTHIX BEPTUKAIBLHO BHYTPHU
pe3epByapa U COCAMHEHHBIX CO CTAIMOHAPHOW KPBIIIEH U THUILIEM ).

OpnHako, HECMOTPS Ha 3TO, BPEMsI OT BPEMEHH TIPOUCXOJIAT «HEOOBSICHUMBIC)
B3PBIBBI M BO3TOPAHUS MPOAYKTOB B pe3epByapax. OJHONU U3 MPUUYMH ITOTO SIBIISIETCA
N (14%0)11 SIH

B npouecce skcriyaTaliii Ha CTEHKaX pPe3epBYapoB U TPYyOONPOBOIOB U
MOBEPXHOCTH METAJUTMYECKUX CTPYH MPOUCXOJUT OTIIOKEHHWE NapadUHUCTBIX U
JPYTUX HETOKOIPOBOJALIMX COCIUHEHUM, TO €CTh CJIOU ATUX OTJIOKECHUU SIBIISIETCA
M30JIITOPOM M CTEKAHUS CTATUYECKOIO 3JJICKTPUUECTBA 4YEpe3 KOPIYyC B MecTax
OTJIOKECHHUI HE MPOUCXOIuT. [8]

B npomnecce cnrBa-HanuMBa MpoAyKTa MPOUCXOAUT HAKOTUIEHUE CTATUYECKOTO
AJIEKTpUYecTBa M MpoOoi Ha kopmyc. [Ipu onpeneneHHbIX yCIOBUSX KOHIICHTPALIUS

MMapoB IPOAYKTA N BO3AYyXa MOXKET OKA3aTbCA B IPCACIIdaX BO3SHHUKHOBCHHA B3pPbIBA C
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JNalbHENIIMM BO3ropanueM. HenocTaTok - 3HAUWTEIbHOE HAKOIUIEHUE CTaTUYECKOrO
AJIEKTPUYECTBA BCIEACTBHE OTJIOKECHHUSA MaparHa Ha TOKOCKEMHOM YCTPOMCTBE.

[lenp mone3HOW MoOAENW - TapaHTUPOBAHHBIM CBEM CTATHYECKOIO
AJIEKTPUYECTBA MYTEM IPEAOTBPAILLCHUS HAKOIUICHUA MapadUHOBBIX OTJIOKEHHM Ha
TOKOChEMHOM YCTPOMCTBE.

[locraBneHHass UEAb JOCTUTAaeTCsl TEM, YTO TOKOCHEMHOE YCTPOMCTBO
BBITIOJTHEHO B BHUJIE MEIHOIO MpoBoja auamerpoMm - 10+12 MM, yCTaHOBJIEHHOTO
4yepe3 JIIOK B KpBIIIKE pe3epByapa OO AHA pe3epByapa, NPUYEM HIKHHUI KOHEI]
IIPOBOJIa KPEMUTCS C MOMOIIBIO METAUIMYECKOro SKOps, a BEPXHUU KOHEI 4epes
U30JISTOP KPEMUTCS K JIFOKY KPBIIIM pe3epByapa, MPU 3TOM K BEPXHEMY KOHILY
MPOBOJIa KPEMUTCS MHOTOKUJIBHBI THOKMUA MEIHBbIA Kabenb, a Jpyrol KoHeIl
KOTOPOT'0 KPENUTCA K KOPITYCYy pe3epByapa.

TokocheMHOE yCTPOMCTBO CHA0KEHO MOIUIABKOM C MPUKUMHBIMU CKpeOKaMu
C BO3MOYKHOCTBIO BEPTUKAJIbHO-TIOCTYNATENbHOTO JBUKEHUS, @ TOCTOSIHHBIN KOHTaKT
CKpPEOKOB C TOKOChEMHBIM ITPOBOJIOM 00ECIIEYMBAETCS TOJIKATEIIAMH.

KonnuecTBo ycTaHaBIMBAEMbIX TOKOCHEMHUKOB - 3 IT. OHU MOHTUPYIOTCS
yepe3 120° mo OKpyKHOCTH KpBILIKK pe3epByapa Ha PacCTOSHHUU 2-3 M OT CTEHKHU
pe3epByapa.

YcrpolicTBo paboTaeT cienyonmmM 00pa3oMm:

[Ipn cinuBe-HaMMBE TMPOJIYKTa YPOBEHb MXKHUIKOCTH B pe3epByape H3MEHsETCH,
COOTBETCTBEHHO IPOUCXOAUT JABHKEHUE BBEPX-BHU3 MOILIaBKa 13, Haxoasauierocs Ha
MOBEPXHOCTHU KUJIKOCTH, IO TOKOCheMHOMY TpoBoay 5. Ilpu ABMXKeHUHM MOIIaBKa
OCYUIECTBJISIETCSl MOCTOSIHHAS 3aYMCTKAa MOBEPXHOCTH TOKOCHEMHOTO IMPOBOJAA OT
napaMHUCTBIX OTJOXKEHUM CKpeOkamu 11, CKONB3ANIUMU 110 HAMPABIISIONIAM
ckpeOka 10. KoHTakT CKkpeOKOB ¢ MpPOBOJOM OO€CIeUMBACTCS TOJKATESIMU 8.
Ycunue, HeoOXoIuMoOe AJIsi OUUCTKHU MOBEPXHOCTH TOKOCHEMHHKA, 00ECIEeUnBACTCS

0100pPOM PETYITHPOBOYHBIX TPY3UKOB 9.

Jlucm

Memodki no bopbbe ¢ obpaszosaHuem pasps008

N3m.

24
cmamu4ecKoe0o aJiekmpu4decmsa
Jlucm Ne dokym. lModnuck | Jama p




R A LA LRI LR I LRI

RLARIRRA

Pucynok 5 — OOmuii BU TOKOCh€MHOTO YCTPOMCTBA
1 — 3a3emnurens , 2 — CTONMOPHOE KOJBIO, 3 — KOXKYX U30JsTOpa, 4 —
U30JIITOP, 5 — TOKOCHEMHBIN MPOBOJI, 6 — KpbIlIa pe3epByapa, 7 — THOKHI METHBIN
Kabelb, 8 — ToJKaTeNb, 9 — peryIupoBOUHbIN Ipy3uK, 10 — HanpaBstomas cCKkpeoka,

11 — ckpebok, 12 — ocHOBaHUE ToNKaTels, 13 — momnaBok, 14 — SKopb.

2.4. Meto paccenBaHusl 3apsiioB

DNEeKTpUYEeCKUd 3apsif, TMOSBHUBIIMIICS B HEPTENPOAYKTE, CTPEMUTCS

Q,

OTHOCHUTEIIbHON JIUAJIEKTPUUECKON TMOCTOSSHHOM € W MPOBOJMMOCTH TOIUIMBA §Y U

pacCceATbCA. Tok YTCUKM 3aBUCUT OT BCJIIMYMHBI HA4YaJbHOI'0 3apsaa

MOXET OBITh BRIYUCIICH 1O (popMyIie:

E&o

(7)

rac &g — SJICKTPHUUCCKAA ITOCTOSHHAA,

T — BpeMsl.
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[IpuBeneHHOE BBIPAKEHHE TOKAa3bIBa€T, 4YTO 3aps], NOCTYNAOIIAA B
TpyOOIIPOBOJI, MOCTETIEHHO YMEHBIIIAETCS B PE3yIbTaTe PacCeMBaHUA. JTO CBONCTBO
UCIIOJIb3YETCSI B PACCEUBAIOIIMXCS EMKOCTSX, IMPUMEHSIEMBIX IPU HEKOTOPBIX
TEXHOJIOTHUECKHX onepanusx. [1,3,4,5]

KOHCTpyKTUBHO pacceuBarolas €MKOCTb IPEJICTaBIsIET COOOM OTPE30K
TpyObl Oonbmioro auamerpa. [lpum 3agaHHOM JuaMeTpe AJIMHA OTpe3ka TPyObl
ONPEIENSIETCS PAaCYETHBIM IIyTEM U3 YCIOBHS JOMYCTHUMOIO OCTAaTOYHOTO 3apsja.
PacceunBaroliyto eMKOCTh yCTaHaBIMBAIOT HETIOCPEICTBEHHO MEpE] PE3EpByapoM, B
KOTOPBIA HAaJUBaIOT HE(QTENPONYyKT. YCTaHOBKA pPAacCEMBAIOIIECH EMKOCTH IOCIE

(GuIbTpa 3HAUUTENLHO CHU)KAET BEJIMYMHY 3apsija.

2.5. [IpuMeHeHne paINOAKTUBHBIX BelllECTB

PannoakTrBHBIC U3Ty4eHUS! OB UCTIBITAHBI JIJI1 CHH)KEHUS HANPSHKEHHOCTH
AIEKTPUYECKOTO TOJII B TA30BOM IIPOCTPAHCTBE PE3EPBYAPOB.

B kadecTBe paaMoOaKTHBHOTO BEIIECTBA TMPUMEHSIIM HMCTOYHUK  [f —
u3iydeHus — ctpoHui-90. McnplTanus MpoBOAWIMCH HA PE3EPBYyape JUaMeTpoM 9 m
u BbicOTOM 6 M. PesepByap Obul 3amojiHEH Ha BBICOTY 3,3 M KHUIKOCTHIO,
3J€KTPONPOBOTHOCTL KOTOpoil cocraBiusina 5- 10713 Om™1-m~1. Dnexrpuzanus
CO3[IaBAJIACH C MOMOIIBIO JIONACHOM MEIIAJIKH, IPUBOAUMON OT DJIEKTPOABUTATENS
MOITHOCTBIO 6,5 kKBT. BBelleHHe pali0aKTUBHOTO BEILIECTBA B ra30BOE MPOCTPAHCTBO
pe3epByapa CHIIKAJIO0 HapsHKEHHOCTD AJIEKTpUYecKoro mous B 2-3 pasa. [1,3,4,5]

[IpumeHeHne pagMOAKTUBHBIX M3IAYYEHHM [UIsi TOIUIMB C  OOJBILIOM
MPOBOJUMOCTH  cuuTaeTrcs  Malod(ddEeKTUBHbIM.  J[7s  BBISICHEHUS  ATOTO
IPEANONOKEHNS UCKAJIN KUIKOCTh C AJIEKTponpoBoanocTeio 1,2- 10711 Om~1 - M1,

OK&S&HOCB, 4qTO BBCACHHC PAJHOAKTHBHOI'O H30TOIIAa B TAa30BOC IIPOCTPAHCTBO

pe3epByapa B 3TOM CIy4yae HE CHUKAET HAMPSX)KEHHOCTh AJIEKTPUUECKOTO MOJIS.
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2.6. [IpumMeHeHNe MPUCATOK MPOTHUB CTATHYECKOT0 JIEKTPUYeCTBA

CKOpOCTh HAKOIICHUS M YTCYKH DJICKTPUUYCCKHUX 3apsJioB B pe3epByapax
3aBHCHT OT XapaKTepa W MHTCHCHUBHOCTH IPOBEICHHUS TEXHOJOTHYCCKHX OITeparii
Ha HedTebazax.

I[Ipu BBeacHMM B HEMTEMPOIYKTHl MPHUCAAOK IPOTHB CTATHYCCKOTO
DJICKTPUYECTBA M3BECTHBIM  SIBJSICTCS  HEOOXOJUMOE  CHIDKEHUE  YJICIBHOTO
DIIEKTPUYECKOTO COMPOTHBJICHUSA KUAKOCTH. OJHAKO KaK HM3MEHHUTCS IPH STOM
CKOPOCTh ~ OOpa30BaHHs JJICKTPUYCCKUX 3apsA0B B  TMPOIECCe  Pa3IMUHBIX
TEXHOJIOTHUCCKHUX OIepaIiii, ONPEIeIUTh PaCUYCTHBIM ITyTeM HeBO3MOXKHO. [ToaTomy
Ui obecrieueHns] 0€30MacHOCTH OTepaIii CleyeT HCXOAWTh W3 ONpPEIeICHHUS
HAuOOJBIIETO  DJIGKTPUYECKOrO  3apsiaa, KOTOPBIM MOXKET 00pa3oBaThCcs B
Tpyoomposoze. [1,3,4,5]

OnpenenuB HauOOJBIIYIO BEIMUUHY AJIEKTPUICCKOTO 3apsaa IO W3BECTHOU

SJICKTPOIPOBOTHOCTH, MOKHO BBIYHCIIMTH IUIOTHOCTH 3apsiaa Iepel BXOIOM
XKUJIKOCTH B pE3epPBYyap, 3aT€M PACCUUTATh U3MEHEHHUE IJIOTHOCTH DJICKTPUICCKOTO
3apsjia B pe3epByape B MPOIECCe 3aKaYKH B HETO HAAJICKTPHU30BAHHOM KUIKOCTH.
B 3aBUCHMOCTH OT TUIOTHOCTH JJICKTPHUYECKOTO 3apsja B pe3epByape W YpPOBHS
He(TENPOAYKTa B HEM OIPEICISIOT HAMPSHKCHHOCTH JIEKTPUICCKOTO TIOJIs, KOTOpast
HE JIOJDKHA TMPEBBIINIATh JOMYCTUMOW BEJIMYUHBI, a DSHEPrus BO3MOXKHOTO
DJIGKTPUYECKOTO 3apsifa HE JIOJDKHA OBITh BBINIE MHHUMAJIBHOW DHEPTHH
BOCIUIAMEHEHUS TTAPOBO3AYIIIHON CMECH.

DT YCIOBUS MOXKHO OOCCIICUUTh IYyTEM BBEICHHS COOTBETCTBYIOIIETO
KOJIMYECTBA NPHMCANOK. IIpu 31eKTponpoBogHOCTH HedTenpoaykros Gomee 1077
Om~! - M~ 3ameTHOIl 2nexTpU3aLuK He HAOIIOJAETCS.

[To 3apyOcKHBIM  JaHHBIM  JUIS ~ YBEJIMUYCHHUS  DJICKTPOIPOBOJIHOCTH
HedTenponykToB A0 Oe3omacHoro ypoBHsa pgoctarouno BBectu (,0005-0,001%

MPUCATIOK.
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Tabmuua 2 — Y aenpHOe 00bEMHOE AIIEKTPHUYECKOE COMTPOTHBIIEHUE YTIIEBOJOPOIOB

u HeTenpoaykToB npu 25° C u konuenTpauuu npucaaku 0,01%

YaenpHOe 00beMHOE IEKTPUIECKOE COTIPOTUBIICHUE, OM*M
IIpucanka 6en3uH b- | 6ensun A- | roruso TC- KEpOCUH
O€H30JI | IIMKJIIOTEKCAaH | M300KTaH o
70 66 1 OCBETHUTEIIbHBIMN

Be3 npucanku 0,2:10% | 028107 | 1,0-10% | 0,45-10% | 0,17-10% | 0,17-10% 0,48-10™
Oueat xpoma 0,24-102 | 1,2-10° 0,4-10° | 0,59-10® | 0,32:10° | 0,56-10° 0,9-10°
Ouear KoGanbTa - - - 0,12:10° | 0,11-10° | 0,67-10° 0,71-10°
Hadrenat kobanbTa - - 0,18-10" - - - -
Hadrenat meau 0,14 10%° - - - - - -
Comb xpoma CXKK ¢p. - - - 0,23-10° - 0,25-10° -
Ci—Cy
Coxb xpoma CXKK ¢p. - - - 0,18-10° - 0,25-10° -
Cl4_Cl6
OneaTaucaauuiaT - - - 0,77 108 - 0,12- 108 -
Xpoma
Huoneat xpoma - - - 0,63- 108 - 0,13- 10° -
IUKeTOHa (hepporeHa
Huoneat xpoma - - - 0,14- 10° - 0,22- 10° -
nuketoHa [[TM
Hagrenat xpoma 1,1-10° - 0,83-10° | 0,45-10° | 0,19-10° - -
Onear Meau - - - 0,38:10° | 0,4-10° - -

2.6. BoIaBHIKHOE 3a3eMUIsiIOlIee YCTPOICTBO

B nauane teicauenetus komnanus Lightning Eliminators & Consultants, Inc
(CIIA) pazpaboTana yHUKaIbHOE YCTPOWCTBO JUIA 3alllUTBI  PE3epPBYapoOB
He(DTEXpAHWINII C TUIABAIOIICH KPBIIIEH OT MCKPOBBIX M CTATHUYECKHUX Pa3psoB.
D10 ycrpoiictBo — Retractable Grounding Assembly (RGA®), koTopoe MOXHO
MIEPEBECTH HA PYCCKUM S3bIK KaK '"BBIABUIKHOE 3a3€MIISIFOIIEE YCTPONCTBO' MOITYUYHIIO
OOJIBIIYIO MOMYJISIPHOCTD U 10 CUX MOP UCHOJb3YETCS M0 BCEMY MUDY.

Retractable Grounding Assembly (RGA) mnpencraBiser u3 celsi KaTylIKy,
BHYTPH KOTOPOW HAXOJUTCA IUIOCKUHM 3azemusromuii kabemb. Cama KaTymika
KpEIUTCS K CTEHKE pe3epByapa (CM. Ha pUCYHKe 6), a kaOesab U3 He€ MPUCOEINHAETCS
K IUIaBaloIIed Kpbllle pe3epByapa. Takum o0pa3oM, co3Ma€TCsi KOHTAKT MEXKITY
CTEHKaMH W KpBIIIEH, YTO CHI)KAET BEPOSTHOCTh BOSHUKHOBEHMS PAa3PSI0B MEXKIY

HUMH. [8]
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Flll. Brddod Tmnod CopprlMO

111

Floating Roof
The Number of RES per tank depends on
tank dimensions,stored product,etc.

Pucynok 6 — BeIABI)KHOE 3a3€MIISIIOIIEE YCTPOMCTBO

B pe3cpByapax ¢ nHaBa}omeﬁ KpBIHIGﬁ CyICCTBYCT HpO6J'IeMa HN30JIAA0UN

KpbelllK OT CHCTCMbI 3a3CMIJICHHA. B orimuume oT CTEHOK pPe3CpByapa, KOTOPEIC

HaxoasATCsad B CTATHUYHOM IIOJIOKCHHMHU M 3a3€MJICHBI CHApPYXXM, KpPbIIla HC HMMCECT

coeMHEeHMs ¢ 3a3eMimTeNaMu. [lpu ucnons3oBanuu yctpoilctB RGA, 310 nmpobiema

ycrpansiercs. [8]

Takxe TOTOBUTCS YCOBCPIICHCTBOBAHHOC O60pYI[OBaHI/Ie OT KOMIIaHHMH

Lightning Eliminators & Consultants.

Xapakrepuctuku u ocooennoctu Retractable Grounding Assembly 750:

YHUBEPCAIBHBINA pa3Mep, MOAXOISIINNA JIJIs TF0OBIX PE3ePBYapOB C IIABAIOIICH
KPBILLIEH;

HOBBIE YCOBEPILIEHCTBOBAHHBIE MPY>KUHBI JJI BTSTUBAHUS KaOes;

colepXxaT aJlOMUHUEBBIA Kabellb, MEepBOHAYAIBHO pa3pabOTaHHbBIN Jis
UCIIOJIb30BaHUsI B MOPCKOW Cpelie M TMO3BOJIAIONIUN 3HAYUTEIBHO YIYUYIIUTh
YCTOMUYHUBOCTh K KOPPO3HUU U BO3JACUCTBUIO CEPOBOIOPOAA,;

IIpEABAPUTEIIbHAS 3aBOJICKAsl 3aTSKKA, CHIKAIOLIAS BPEMEHHBIE U CHIIOBBIC
3aTpaThl PU YCTAHOBKE;

YMEHBIIEHHBIN pa3Mep 3a CUeT UCI0JIb30BaHUS ATFOMUHUEBOIO KaOeJs.
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3 IIpumeHeHue HEHTPAIU3ATOPOB

3.1. UuayKuMoHHbIN (MaCCUBHBIN) HEHTPaIU3aTOP

NHOyKIIMOHHBIE HEUTPAIU3aTOPBI COCTOSAT M3 HECYLIUMX CTEP)KHEHW, Ha
KOTOPBIX YKPEIJIEHBI 3a3€MJICHHbBIE METAITMYECKNE OCTPHUSL, TOHKAE IMPOBOJIOYKHU WIIH
donbra u3 cranuons. CTepKHU yCTaHABIMBAIOT BOJIM3M 3apsHKEHHOTO Tella Tak,
YTOOBI OCTpHUA UX OBUTH OOpAIeHbl K TOBEPXHOCTH Tea. 3aps/ Ha TeJIe UHIYKTUBHO
o0Opa3yeT Ha OCTPHUSX 3apsj MPOTHUBOMOJOKHOTO 3HAKA, B PE3YJIbTaTE€ YETO MEXKIY
KOHYMKAMH OCTPHUEB M 3apsDKCHHBIM TEJIOM TOSBIIETCS 3JEKTPUYECKOE I10JIE
BBICOKOM HANpPSYKEHHOCTH, KOTOPOE CO3[Ja€T HMOHM3ALUI0 BO3AYIIHOW CpEbl.
OOpazoBaBlIMeCs HOHBL, 3HAaK KOTOPBIX IPOTUBOIOJOXKEH 3apsjy Tena,
IPUTATUBAIOTCA K IOBEPXHOCTH Te€la M HEUTPAIM3YIOT Ha HEM I€pBOHAYaIbHBIN
3aps. [9]

[TaccuBHBIE HENTpanM3aTOPhl ¢ UrIamMu padoTaroT 3(P(HEKTUBHO TOJIBKO IMPH
OOJBIIMX IJIOTHOCTAX 3aps70B B MOTOKaxX. [Ipy OTHOCUTENBHO HU3KOM MIOTHOCTH
3apsi0B (0xo10 30 - 50 MKi/M®) HefiTpanusatopsl ¢ HriiaMu He 3(BhEKTHBHEL.

MHIyKIMOHHBIE HEUTPAIU3aTOPBI IPOCTHI U JELIEBBI, HO IPUMEHUMBI TOJIBKO
B TEX Ciy4asiX, KOTJa WIJIbl PACMOJIOKEHbl Ha paccTosHuu He Ooznee 20 MM OT
HAa3JICKTPU30BAHHOM ITOBEPXHOCTH. B BBICOKOBOJIBTHBIX HEUTPAIN3aTOPaX KOPOHHBIN
pa3psin  oOpaszyercs TMOJ JACHCTBUEM BBICOKOTO HAMPSKEHHUS, CO3/1aBaeéMOro
CHelUalbHbIM HCTOYHUKOM BBICOKOTO HampsbkeHusa. HampspkeHue MoxeT ObITh
IOCTOSIHHBIM, TIEPEMEHHBIM U BBICOKOM YaCTOTHI.

HenoctatkoM MHAYKIIMOHHBIX ~HEHUTPATM3aTOPOB SBISETCA TO, YTO OHH
HAa4YMHAIOT JI€WCTBOBATH IOCJIE JOCTUKEHUS HANPSLDKEHHOCTH 3JIEKTPUYECKOTO IOJIS
Ha ocTpusix He MeHee 30 KB / cM. DTo 03HavaeT, 4To /10 TE€X MOp, MOKa HANPSHKCHHE

HA3JICKTPU30BAaHHOTO Teda (Mpu JaHHOM PacCIlOJIOKEHUH HEHTpanin3aTtopa) He

NCCIIEAOBAHUE TEXHOJIOMN SALLUNTBLI OT CTATUHECKOIO

OJIEKTPUYETBA PESEPBYAPOB BEPTUKAJIbHbBIX CTAJIbHbBIX

U3am. | Jllucm Ne dokym. lModnuck I.,ﬂama
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JIOCTUTHET HECKOJIBKUX KHJIOBOJIBT, HOHU3AIIMS BO3yXa He HauHeTCs. [9]
JIOCTOMHCTBOM MHIYKIIMOHHBIX HEUTPAIN3ATOPOB SIBIISIETCA IPOCTOTA
KOHCTPYKIIMM, HHU3Kas  CTOMMOCTb, MaJble  OKCIUIyaTallMOHHBIE  3aTPaThl
M OTCYTCTBHE HCTOYHUKOB mUTaHus. [lo3ToMy mNpUMEHATH MHAYKIHOHHBIE
HEUTPAIU3ATOPBI CIEAYET TOTJA, KOrJa JJId MPEJOTBPAlICHUS HCKPOBOIO paspsjia
TpeOyeTCs CHHM3UTh BBICOKMM IO BEJIWYWMHE 3aps] 10 ONPEACIICHHOTO, HO eIle

JO0CTAaTOYHO BBICOKOI'O 3HAYCHUA.

Pucynok 7 — Cxema HEMTpaIM3alNH 3aPSA0B UHAYKIHNOHHBIM HEUTPAIN3aTOPOM

3.2 BbICOKOBOJIbTHBIN HEHTPAIU3ATOP

BBICOKOBOJIBTHBI HEUTPAIU3aTOP COCTOUT W3 MIOJIBYATOTO Pa3psiAHUKA U
MCTOYHUKA BBICOKOIO HampsbkeHus. HeWTpanu3aTopbl BBICOKOTO —HaIPSKEHHS
OTJIMYAIOTCSI OOBIYHO KOHCTPYKIIUEH UTOJIbYATHIX Pa3psAHUKOB. UTbl B pa3psiaHUKe
pacnionaratorcs Ha paccrosiuur 10 - 30 MM JIpyr OoT Jipyra B psii Ha MPOBOJIHUKE,
HaxXOJISIIEMCS TI0JI BRICOKUM HarpspbkeHueM. [[poBOAHUK ¢ UrjlaMU, YKPEIICHHBIMU
Ha HEM, TTOMENIAI0T B METAJUTMYECKHUM KOXKYX TaK, YTOOBI 3a30p MEXKY €r0 CTCHKaMHU

U IpoBoaHuKaM cocTaBista 10 mm. [9]
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Pucynoxk 8 — CxeMa BbICOKOBOJIbTHOT'O HEUTpaIN3aTopa

BBICOKOBOIBTHBIE HEHUTPANIU3ATOPBI IPUMEHSIOT C 3a3€MJIEHHBIM 3alUTHBIM
KoxkyxoM. [Ipu 3tom i yBennyeHust 3p(HEKTUBHOCTH pa3psSAHUKOB C MEPEMEHHBIM
HaIpPsHKEHUEM LETIECO00PA3HO OCTPUE UIJIBI U Kpasl 3aIUTHOTO KOXKyXa pacrojiararhb
B OJJHOM IUIOCKOCTH.

HeliTpanu3aTopsl BKIIOYAIOT TpU THMA: paboTarolive Ha MEPEMEHHOM TOKE,
IIOCTOSTHHOM M TOKE€ BBICOKOM 4YacTOTBL. B HeWTpamu3aTop HAa NOCTOSIHHOM TOKE
BXOJIUT U BBICOKOBOJIBTHBIN BBIIPSIMUTENb. [IpUHIMN NEMCTBUS BCEX TPEX THIIOB,
OCHOBAHHBIM T4 MOHU3AIMM BO3AYyXa BBICOKMM HANpsXKEHUEM, OIMHAKOB, HO
3¢ (PeKTUBHOCTh pasznuyHa. MakCUMalbHOE PACCTOSHHE MEXAYy pa3psaIHbIM
JIEKTPOJOM W HEUTPAIM3YEMBIM MaTEPHUAIIOM, MPU KOTOPOM HEWUTPaJIM3aTOp €Ile
s dextuBeH, MoxeT gocturath 600 MM. OObIUHO paboyee pacCTOSHUE MPUHUMAETCS
paBHbIM 200 - 300 MMm.

BBICOKOBOIBTHBIE HEUTPATU3ATOPHI PA3TUYAIOTCA OOBIYHO M KOHCTPYKLHEU
UTOJIbYATHIX pa3psaHuKoB. Haubonbliee pacnpocTpaHeHHE MNOMYy4YUId TpyOyaThie
pa3psAIHUKH, TaK KaK OHU 00J1aIaf0T HAaUBBICIICH (D PEKTUBHOCTHIO.

JlocTonHCcTBOM BBICOKOBOJIbTHBIX HEUTpaIU3aTOPOB SBIIAETCA
VOHU3MPYIOIIEEe ACHCTBUE W MPU HHU3KHUX IOTEHUMANaX Ha Ha3JIEKTPU30BAaHHOU
MOBEPXHOCTH, a UX HEIOCTATOK - HEOOXOAUMOCTh UCIOJIb30BaHUSI HCTOUYHUKA TOKA U
OoJpIIast SHEPrUs BO3HUKAIOIIMX MCKpP, CIOCOOHBIX BOCIIJIAMEHUTH B3PBIBOOIIACHBIE
cMmecH. BricokokauecTBEeHHbIE HEHTpanu3aTopbl Hambosee Oe30MacHbl, OJHAKO OHU

CJIOXHBI O YCTPOMCTBY W €Ill€ CEpUHHO HE BbIMycKaloTcs. OOUUM U JIOBOJIBHO
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CYmECCTBCHHBIM HCJIOCTATKOM ABJIACTCA TO, YTO HUX pa60Ta B BO3AYXC NPUBOJIHUT K

00pa30BaHUIO 030HA U OKCHJOB 030HA, KOTOPBIE BBI3BIBAIOT PA3/IpAKEHHUE AbIXAHUS.

3.3 PaqnoakTUBHBIH HEHTPAIU3ATOP

PannoakTuBHBIE  HENUTPANIM3aTOPBI JOCTATOYHO  HAAECKHBI, MPOCTHl B
yCcTpoiicTBe, ycToWuMBBI B paborte. OO0s3aTenbHO CJEIyeT MpeaycMaTpUBaTh
HAJCKHYIO 3alIUTY JI0JeH, 000pyAOBaHUs, TPOAYKIHMH OT BPEIHOTO BO3AEHUCTBUS
pPaAMOaKTUBHOTO U3NydeHud. /st oTBoAa 3apsSA0B OT JIF0AE HEOOXOMMO: TIOJIbI, TAE
paboTaroT JIOAM, JeNaTh TOKONPOBOMALIMMHU WM JeNaTh 3a3€MJICHHBIE 30HBI,
MOMOCTBHI, IUIOIIAJKHA; PYYKHM NpUOOpPOB, MAIIMH, allapaTtoB M ABEPE 3a3eMIISTh.
Pexomennyercss HaaeBaTh OOyBb C  KOXKAHOM MOJONIBOM WM  MOpOOUTOM
HEHUCKPSALIMMH 3aKJICTIKAMH.

PannoakTuBHBIE HEUTPAIM3ATOPBI OYEHD IPOCTHI IO YCTPOMCTBY, JOCTATOYHO
3¢ ()EKTUBHBI, TTOJHOCTHIO B3PHIBOOE30MACHBI, BBIITYCKAIOTCS CEPUITHO U TPEOYIOTCS
UCTOYHUKHU TTUTaHusA. [9]

Nx ¢dopma u pa3mepbl MOryT ObITH JiIeTKO M3MeHeHbl. MM He TpeOyercs
BHEIITHUX MCTOYHUKOB DHEPTUHU, HO OHU JOJDKHBI PETYJISIPHO OOHOBIATHCS, TaK Kak
PaJAMOAaKTUBHOCTH CO BpEMEHEM yMeHblaercs. [Ipyu ux ucnoiab30BaHUM HEOOXOIUMO
ydyecTb TpeOOBaHUS paAUAlMOHHOM 3amuThl. lIprMeHeHue paaroaKTHBHBIX
HEUTpAIN3aTOPOB MMEET MNPEHMYLIECTBA B ONACHBIX YCIOBUSAX M TaMm, T
ANEKTPU3ALUS HE CIIUIIKOM UHTEHCHUBHAS.

PannoakTuBHBIE HEHTpaIU3aTOpPbl OOBIYHO JAIOT MPUMEPHO PAaBHOE YHCIIO
MOJIOKUTENBHBIX M OTPULIATENBHBIX HOCUTEIEH 3apsI0B.

Helitpanu3aTopbl OOBIYHO MOMEIIAIOTCS B 3a3€MJICHHBIM MeETaNIMYECKUM
kopryc. C oAHOW CTOPOHBI, METAUIMYECKUN KOPIYC 3alllUIIAEeT HEUTpamm3aTop OT
MEXaHUYECKUX MOBPEKICHUM, a ¢ IPYrod TMOrjomaer @ u  U3IydeHHe Tak, YTo
W3JIy4YEHUE  HANPABIEHO TOJIBKO B  CTOPOHY HEUTPAIU3yE€MBIX  3apsJIOB.

Metannuueckuii KOPIyC JOJDKEH OBITh 3a3€MJICH, MOCKOJIbKY Ha He3a3eMJICHHOM
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KOPITyCE€ MOJKET MOSBUTHCS OMACHBIN MoTeHnHal. JI1000i MeTalTHYecKuii mpeamer,
pPacHoJIOKEHHBI B 30HE PAJMOAKTHUBHOTO HEWUTPAIM3aTOpa, MOXKET CHU3HUTH €ro
abdextuBHOCT,. OnHako d3TOT A(DPEKT paaMOaKTUBHBIX  HEHUTPaIMU3aTOPOB
MPOSIBIISICTCS] B MEHbILIEH Mepe, TOCKOJIbKY OHU HOHU3UPYIOT OOJIBIINE 0ObEMBI.

PannoakTuBHBIM HENUTpaNM3aTOpP OTJIMYACTCS OT AKTUBHBIX M MACCHUBHBIX
HEUTpaIU3aTOPOB TOJIBKO CIIOCOOOM MOdMy4deHUs: MOHOB. [IOJSpHOCTD M3ITyYaeMbIX
YacTUL] HE KMEET 3HAYEHHUsA, TaK KaK HEUTpadu3aluus OCYIIECTBIIETCS HOHAMH,
BO3HUKAIOIIMMH TPU CTOJKHOBEHMHU. DTO O3HAYAET, UTO JIaK€ HEUTPAIM3aTOPhI C
VUCTOYHUKOM (@ — YacTUL MOTYT HEUTPAIM30BaTh IOJOKUTEIBHO 3apsSKEHHBIC
noBepxHocty. [9]

Haubonee BaxHyl0 poJib HEHUTpalu3allUd 3apsHKEHHBIX IOBEPXHOCTEH
UTPAIOT MOHBI, 00Pa30BaBUIMECS B HENOCPEJACTBEHHOM OJM30CTH OT MOBEPXHOCTH.
[ToaToMy HamboJiee 4acTO WCHONB3YIOTCSA ISl 3TOW LEIM UCTOYHUKH (& — YacCTHll,
NOKa3aHHble Ha pucyHke 9. HXx pacnonaraioT Ha TakOM pPACCTOSHUHU OT
MOBEPXHOCTH, YTOOBI MOXKHO OBUIO TMOJYyYUTh HWHTEHCUBHYIO HOHU3ALHUIO
(MakCMMaJIbHOE YHMCJIO MOHOB) Mepel 3apshKeHHOM MOBEPXHOCThIO. ONTUMAaNIbHOE
pPAacCTOSIHME MOKHO OINpeAenuTh u3 rpadukoB bparra.

Wownsl, mopoxmaeMble [§ — U3Ty4eHHEM, paclpeesieHbl B TOpa3ao OobIeM
o0beMe, NO3TOMY HMX TOpa3o CIOXHEE CKOHUEHTPUPOBATh Iiepen pabdodeit
noBepxHocThio. [Ipober [ — wacTuil AJTUHHEE, CIeA0BaTENbHO, UCTOYHHUK JOJDKEH
pacrmoiaraThCs Aabllie OT MOBEPXHOCTH. ECM HCTOUHUK [ — 4acTHIl pacmoiaraeTcs
MOJ yrjoM Kak MOKa3aHO Ha PUCYHKE 9, TO MOHBI OynyT pOKAaTbcsl BOJIU3H OT
MMOBEPXHOCTH M OyAyT pacmpeiesieHbl B OOJIbIIIEH 30HE.

HNoHHBIN TOK y PaaMOaKTUBHBIX HEUTPAIM3ATOPOB HUKE, YEM Y AKTHUBHBIX
WJIM TMTACCUBHBIX YCTPOUCTB. VX NpHMEHEHHEe OrpaHUyYEHO HEUTpaau3auved MajbixX
MIOBEPXHOCTHBIX  IUIOTHOCTEW  3apsAnoB.  IIpeMMyniecTBOM  paguoOaKTUBHBIX
HEUTPaAIN3aTOPOB SIBISIETCS OTCYTCTBUE DJIEKTPUUYECKOIrO pa3psiaa, Onaroaaps yemy
OHU SIBJISIIOTCS OYEHb YJOOHBIMU YCTPOMCTBAMHU ISl pabOThI BO B3PBIBOOIMACHBIX

YCIIOBHUSIX.
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PucyHok 9 — uCTOUHUK @ U [ U3ITydeHUS

3.4. KoMOuHUpOBaHHbIE HEHTPAIU3ATOPBI

KoMOuHupoBaHHBIE HEUTPAIN3aTOPHI MPEACTABISIIOT COO0N KOMOWHAIUIO
JIBYX WJIM HECKOJbKUX Pa3JIMYHBIX HEUTPAIN3ATOPOB, COBOKYITHOE JIEMCTBHUE
KOTOPBIX YBEJIMYMBACT HWOHM3AIMIO BO3Jayxa. Hampumep: oOAHM TACCUBHBIC
HEUTPAIU3aTOPbl HEUTPAIU3YIOT CTATUYECKUU 3apsi[ JIMIIb TOJBKO IOCIE
MPEBBIIIEHUS UM ONPEACICHHOTO YpOBHS. PaguoakTUBHBIE HEUTpaIM3aTOPbI
HEJ0CTaTOYHO J(PGEKTHUBHBI B CWJIy HHM3KMX 3HAYCHUN TOKa HEWUTpalu3allud B

ClIy4dasax, Koraa IJIOTHOCTD 3apAaaa UM CKOPOCTh ABMKCHHA MaTCpHalia BCIUKA.

.G, K.ﬂ / M
5y
2 Heodxodum
7075 KOMIUHUDEBaKHbIL
5 nedmpanmu3samop
107614 arma,mt/e
54 ;,a UCEKMUBHBIL
21 HEUMPANIL3IAmOp
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Pucynok 10 — Bribop Tuma HelTpanu3aTtopa B 3aBUCUMOCTH OT 3HAUYEHUS

IUIOTHOCTH ITOBCPXHOCTHOI'O 3apsiaaa Owu CKOPOCTH ABHXKCHHA V.

Ha pucynke 11 mokazan koMOMHUpPOBaHHBIN HeWTpanu3aTop. OH COCTOUT U3
PalMOaKTUBHOTO M MTACCUBHOTO HEUTPAIM3aTOPOB U MOKET HEUTPAIN30BaTh 3apsbl,
JaKe eCIM MX 3HAaYeHHE U CKOPOCTh JBMKCHMS MOBEPXHOCTU BeNUKH. [laccuBHBIC
HEHTpaau3aTOphl CHUMAIOT OCHOBHYIO JIONIO 3apsiia, a paguoOaKTUBHBIE —

OCTaBILIMHUCS 3apAan. O06a HeﬁTpaJmsaTopa JOJIXKHBI OBITH HaACXKHO 3a3CMJICHEI.

H3CA54uoHHbIL
3Kpan

Pucynox 11 — KomOuHUpOBaHHBIN HEUTpaAIU3ATOP

B 3aKJIIOYEHUE  OTMETUM, 4TO NpUMEHEHNE KOMOMHUPOBAHHBIX
HENUTpaJIN3aTOPOB ONPABJBIBAECTCA BCEr/la B TEX CIIydasX, KOrja TpeOyeTcs yAaluTh

IMIOYTHU BCC CTATUYCCKHUC 3aps bl C AUDJICKTPHKA.
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4 MoJiHMe3aIUTA U MEeXaHU3M JIeKTPHU3allui pe3epByapoB

PesepByapb! 11 JIErKOBOCIIIIAMEHSIOLIENCS M TOPIOYEH )KUIKOCTH OTHOCSITCS
10 YCTPOMCTBY MOJIHAE3ALUTHI:

— ko |l kareropun (pezepByapsl, oTHocsmuecs no ITYD k 3oHam kiacca B-

Ir.);
— k |ll kareropun (pesepByapsbl, oTHOcsmueca no I[1YD k 3onam knacca |-

[1).
Pe3epByapHble Mapku WM OTAEIBHO CTOSIIME pe3epByapbl AJi TOBapHOM
HE(TH TOJDKHBI OBITH 3AIIMIIEHBI OT MPSIMBIX YAAPOB MOJIHHH, dJIEKTPOCTATUIECKON
U DJIEKTPOMAarHUTHOM MHIYKLUHU, 3aHOCAa BBICOKMX IOTEHIMAJIOB YCTpOlCTBaAaMU

MOJIHHUEC3aIllNuThl, BBIIIOJTHCHHBIMHU B COOTBCTCTBHHU C Tpe6OBaHI/I$[MI/I ﬂeﬁCTBYIOHleﬁ

HT/L. [15]

4.1. YcTpoucTBa MOJTHUE3AIMUTHI

VYcTpoiicTBa  MOJHUE3aUIUThl  JOJDKHBI  OBITh MPHUHSTHI W BBEJIEHBI B
HKCIUTyaTalMIo O HaJyaJla 3aloJIHEeHNs pe3epByapa He(Thro. [Ipu 3ToM opopmisercs
U IIepeaeTcs 3aKa34uKy UCIIOJHUTENIbHAS JOKYMEHTALMS.

Jliis pe3epByapHbIX MAapKOB MpU 00IIEeH BMECTUMOCTH TPYMIbl PE3EPBYapoOB
Gomee 100 Thic. M® 3amMTY OT MPSMBIX YAAPOB MONHHH CIEAYeT, KaK IPaBHIIO,
BBITIOJIHSTH OT/ACIBHO CTOSIIMMHU MOJTHHEOTBOIaMU. [16]

B kauectBe 3azemidrenied 3allMThl PE3EPBYApPOB OT IPSAMBIX yAAPOB MOJIHUU
HEOOXOMMO TPUMEHSATh UCKYCCTBEHHbBIEC 3a3€MIIMTEINIM, MPOJOKEHHBIE B 3€MJIE U
pa3MelleHHbIE He pexe dyeM uepe3 50 M o mepuMeTpy OCHOBaHHS pe3epByapa, K
KOTOPBIM JIOJKEH OBITh MPUCOEANMHEH KOPIYC pe3epByapa (YUCI0 MPUCOECTUHEHUN —

HE MEHee JIByX B IMaMETPAIbHO MPOTHUBOIOJIOKHBIX TOUKax). [23]

NCCIIEAOBAHUE TEXHOJIOMN SALLUNTBLI OT CTATUHECKOIO
OJIEKTPUYETBA PESEPBYAPOB BEPTUKAJIbHbBIX CTAJIbHbBIX
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Ha pesepByapax PBCII u PBCIIK nans 3amurtbl OT 3JIEKTPOCTATUYECKON
WHIYKIIUA HEOOXOIMMO YCTaHaBIIMBaTh HE MEHEe [JBYX THOKHX CTaJIbHBIX
MEPEMBIYEK MEXKY IIJIaBAIOIIEH KPBIIIEH MM IOHTOHOM M KOPITYCOM pe3epByapa.

3ammTa OT 3aHOCAa BBICOKOTO MMOTEHIMAJA MO TOA3E€MHBIM M HA3eMHBIM
METAJUIMYECKUM KOMMYHUKALUSM OCYIIECTBIIAECTCS IPUCOCANHEHNEM HX Ha BBOJE B
pe3epByap K 3a3eMJIMTENIM. BBOA JMHUIN 3JIEKTPOINEpEIadn, CETEH CUTHAIW3ALNN
JIOJKEH OCYIIECTBIIATHLCS TOJIBKO KabelsiMu JJIMHOM He MeHee 50 M ¢ MeTaJTMYecKon
OpoHel niau 000J0YKON WM KaOeJsIMU, TIPOJIOKEHHBIMU B METANIMYECKUX TPpyOax u
KopooOax.

CrepxHEBbIE MOJIHUETIPUEMHUKHU JOJKHBI OBITh H3TOTOBJEHBI W3 CTalu
mo0oi Mapku cedeHrneM He meHee 100 MM 1 JutnHON He MeHee 200 MM U 3allUIeHbI
OT  KOpPpO3UU  OIMHKOBAaHMEM, JY>KCHHEM WU  OKpackod.  TpocoBsbie
MOJIHUETIPUEMHUKHU JIOJKHBI OBITh BBIMOJHEHBI M3 CTATBHBIX MHOTOIMPOBOJIOYHBIX
KAHATOB CEYCHHEM He MeHee 35 Mm’. [18]

CoenMHEHUST MOJHUEIIPUEMHUKOB C TOKOOTBOJIAMHM M TOKOOTBOJOB C
3a3eMJIMTENISIMU JIOJDKHBI BBITIOTHSATHCS CBAPKOW MM OOJITOBBIMU COCIMHEHUSIMH C
NePEXOHBIM conpoTuBicHneM He 6oiee 0,05 Om. [23]

[Ipy HaMU4MKM CTEPKHEBBIX U TPOCOBBIX MOJTHUEOTBOAOB KaXblil TOKOOTBOI
MPUCOCIUHACTCS K MCKYCCTBEHHOMY 3a3€MIIMTENI0, COCTOsIeMy u3 3-X u Oosee
BEPTUKAJTIBHBIX 3JIEKTPOAOB JIJTMHON HE MEHEe 3 M, 00BbEAMHEHHBIX TOPU30HTATBLHBIM
AIEKTPOAOM, MPU PACCTOSIHUU MEKIY BEPTUKAIBHBIMU AJIEKTPOJAAMU HE MEHEE 5 M.
ToKOOTBOABI W 3a3eMJIUTENIM BBIOMPAIOTCSI B COOTBETCTBUM C TPEOOBAHUSIMU
neucrytromen HT/I.

[Ipu skcrtyaTaluid yCTPOWCTB MOJHUE3AIIUTHI JOJKEH OCYIIECTBIATHCS
CUCTEMATHUYECKUM KOHTPOJIb 32 UX TEXHUYECKUM cocTosiHueM. B rpaduk mimanoBo —
MpEeAyNpPEeAUTENbHBIX Pab0T JOHKHO BXOJUTh TEXHUYECKOE OOCITYKHUBAHUE DITUX
YCTPOMCTB. B ciydae BBISBIECHUS] MEXAHUUYECKHUX MOBPEXKACHUN U U3HOCA YCTPOMCTB
MOJIHUE3AIIUTBl CIIEYET TMPOU3BOJUTH TEKYIIUH WM KalmUTaJbHBIA PEMOHT.
[IpoBepka COCTOSIHUSI YCTPOMCTB MOJIHUE3ALIUTHI JOKHA MPOBOAUTHCA 1 pa3 B 1o

nepea HadaloM TIpoO30BOro CE30HaA. HpOBCpKe noajacxar IEJIOCTHOCThD U
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3aIMIIEHHOCTh OT KOPPO3UM JOCTYIHBIX 0030py YacTeld MOJHUEIPUEMHUKOB H
TOKOOTBOJIOB M KOHTAaKTOB MEXJIy HUMH, a TAKXKE 3HAYEHUE CONPOTUBIIECHUS TOKY
MPOMBIIIUICHHON YacCTOThI 3a3€MJIMTENICH OTIEIBHO CTOSIIUX MOJHHUEOTBOAOB. DTO
3HAUYEHHWE HE€ JOJDKHO IMPEBBINIATh PE3yJbTaThl COOTBETCTBYIOIIMX 3aMEPOB Ha
CTaAuM TPUEMKH Oojee 4eM B TATh pa3. [lpu TIpeBBbINIEHHH COMPOTUBICHUS
3a3eMJICHUI 0oJiee yeM B MATh pa3 MO CPaBHEHHUIO C 3aMEpPaMH B MEPUOJ MPUEMKHU
3a3eMJICHHUE TIOIC)KUT PEBU3HH (M PEMOHTY, IPU HEOOX0AMMOCTH). [19]

Lenps peBU3UU 3aKITIOYACTCS B CIEAYIOLIEM:

—  BBISIBUTH D3JIEMEHTHI, TpeOYIOIIHE 3aMEHbl WM YCWICHHS H3-3a
MEXaHUYECKUX MOBPEKICHUM;

—  TPOBEPUTH HAJEKHOCTH IEKTPUUECKOW CBSI3H MEXIY TOKOBEAYLIUMU
3JIEMEHTaMU (MECT CBApKU U OOJITOBBIX COEAMHEHUN );

- ONPENEIUTh CTENEHb Pa3pyLIEHUsS KOPPO3HEH OTAENbHBIX AJIEMEHTOB
MOJIHME3AIIUThl U MPUHATH MEPbI IO BOCCTAHOBJIEHUIO aHTUKOPPO3UOHHOM 3aIUTHI
Y YCHJICHUIO 3JIEMEHTOB, MMOBPEXKICHHBIX Koppo3sueii. [20]

Ha ocHoBanum peBu3ui ompenensercss HEOOXOAUMBIM 00BEM PEMOHTHBIX
paboT MO CUCTEME MOJHHE3AIIMUThI, KOTOPbIE JOJKHBI ObITh 3aKOHYEHBI K Hadaly
IpO30BOrO mnepuoaa rojga. Menkue TEKylIIMe PEMOHTBI YCTPOWCTB MOJIHHME3ALUTHI
MO>KHO MPOBOAMTH BO BpEMs IpO30BOr0 MEpPHOJa Ioja, KanuTalbHbIE PEMOHTHI —
TOJILKO B HErp0o30Boii mepuo. [23]

Pe3ynbraThl  peBU3MI  MOJIHME3AIUTHBIX  YCTPOMCTB, IPOBEPOYHBIX
UCTIBITAHUM  3a3€MJISIOIIMX YCTPOMCTB, TMPOBEAEHHBIX PEMOHTOB HEOOXOAMMO
3aHOCUTh B KypHal OJKCIUTyaTallud MOJIHME3aUIUThl M YCTPOWCTB 3alUTHI OT
CTaTUYECKOTO JIEKTPUYECTBA.

JIuna, NpoBOASIIKME PEBU3HI0 MOJHHUE3AIINUTHI, JOJDKHBI COCTaBISATH aKT
OCMOTpa U MPOBEPKU C YKa3aHUEM OOHAPYKEHHBIX JePeKToB. OTBETCTBEHHOCTh 32

HUCIIPAaBHOC COCTOSHHUEC MOJIHUEC3AIUTEI HCCCT cny>1<6a IJIaBHOI'O DOHCPICTHUKA.
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4.2 MexaHu3M 3J1eKTPU3aliu He)TH B pe3epByapax-XpaHUIUIIAX

DnexTpuzanus HEPTENPOAYKTOB IIPOUCXO/IUT 0pu  Pa3IUYHBIX
TEXHOJIOTMUYECKUX MPOIIeCcCax:

—  IIporekanue HeGTENPOIYKTA IO TPYOOIIPOBOIAM

—  IIpoxoxnenue HepTenmpoayKTa Yepe3 TEXHOJIOTHIEeCKoe 000pyI0BaHHE,
Takoe Kak (GPUIbTPBI, 3aIBHXKKH, HACOCHI, KJIAMIaHbI U JIp.

—  COop u nepeMelInBaHue HEPTENPOAYKTa B pe3epByapax-XpaHWINLIAX.

[Ipyu nporekannn HePTENPOAYKTOB MO TpPyOONpPOBOJAM MPOUCXOJUT
AIEKTPU3ALMS 3a CUET Pa3[esICHHs 3apsi0B HA IpaHMIle paszena (a3 — KUIKOCTH U
TBEP/Or0 Tella, ONKChIBaeMasi TEOpUE AIIEKTPU3ALIUH )KUJIKOCTH B TPyOOIIPOBOIAX.
[Ipu npoxoxneHun HedTenpoaykra dYepe3 (QUIBTPbI, HACOCBI U JIPYroe
TEXHOJOTMYECKOe O00O0pYyJOBaHME MPOUCXOAUT JIOTOJHUTEIbHAS 3JIEKTpU3ALMS
KHUJAKOTO He(TEenpoAyKTa 3a CYET MECTHOTO PE3KOr0 YMEHBIIEHHUS IUIOIAAH
MONEPEYHOr0 CeUeHUsl TpyOONpoOBOJAa M YBEIMYEHHS] CKOPOCTH TE€UYEHUS >KHJIKOTO
HeTENPoayKTa Ha JaHHOM y4acTke Tpyodompososa. [10,11]

[Ipu 3amosiHEHUHM pE3EPBYAPOB — XPAHWIUL] MPOUCXOAUT MOCTOSIHHBINA
NEPEHOC 3apPSHKEHHOTO HePTenpoaykTa M3 TpyOolmpoBoja B pe3epByap H
MHTEHCUBHOE NIEpeMELINBaHUE HEPTENPOIyKTa BHYTPH pe3epByapa — XpaHUIIHUIIA.

[Ipouecc pazneneHust 3aps0B U HAaKOIUIEHWE B 00BbEME >KUIKOCTH 3apsioB
OJTHOTO 3HaKa TMPOTEKAaeT B OCHOBHOM B TpPyOONpoBOAE, TOCIE 3arpy3Ku
He(TENpoaAyKTa B pe3epByap — XPaHWIMILE ITOT MPOLECC HACTOIBKO 3aMeEIsIeTcs,
YTO MPAKTUYECKH OOJbIIE HE MPUBOAUT K YBEIUYEHHUIO IUIOTHOCTH 3apsiia B
HedTenpoaykre. [14]

BonpImIMHCTBO €MKOCTeM Jisi TpaHCIoOpTa W XpaHEHUs He(TernpoayKTOB
ABJIAIOTCSA LMJIMHApUYEeCKUMU. K HUM OTHOCATCA pe3epByaphl, KEJIE3HOIOPOKHBIE
LUCTEPHBI, aBTOIICTEPHBI, KOHTEHHEPHI U OOUKH.

B Hacrosimiee BpeMs 3((EKTUBHO SKCIUTyaTHUPYIOTCS JUIsl XpaHEHUS U

NMepeKayku  HEPTENPOAYKTOB  HA3EMHBIC  BEPTUKAIbHBIC  IUJIUHAPUUCCKHE
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pe3epByaphl, KOTOPbIE B 3aBUCMMOCTH OT MX HA3HAYEHUS W YCJIOBHUU JKIUTyaTalllH
MOJKHO Pa3JeINUTh Ha CICAYIOIIUE THIIbI:
— TumnoBble cBapHbIC BEPTUKAIbHBIC IIUIMHAPUYECKUE pe3epBYyapbl 00bEMOM OT

100 m® 10 20000 m*;

— TumoBble cBapHBIC BEPTUKATBHBIC IIMHIAPUYCCKUE pE3epBYyaphl s

AKCIUTyaTallii B YCJIOBUAX HU3KOW Temmepartypsl (10 ~ 65°C) oO0beMoM OT

100 m® 10 20000 m*;

— CBapHble BepPTHUKAIBHBIC IWIMHAPUICCKHE PE3EPBYaphl C ONTHMAIBHBIMU
pazmepamu 700 M° 0 100000 m°,

B mporiecce HamoiHEHUs MPOUCXOIUT MepeMenInBanne HedTernpoIyKTa 1o/
NEUCTBUEM  MOCTYMAOUIEH CTpyHM  HEPTENPOAYyKTOB, €CIW  IMOCTYMAIOIIHMA
He(TENPOAYKT HECeT B cebe 3JIEKTPUUECKUN 3apsi, TO OH OyneT pacrpeaeseH Mo
BCeMy 00beMy pesepByapa. [21,22]

3apsg B oObeMme He(TENpPOIyKTa CO3/1aeT JJIEKTPUUECKOE TMOJiIe BHYTPHU
pesepByapa — XxpaHwiMia. HamnpsokeHHOCTh — DJIEKTPUUECKOTO  TOJsi  HaJ
MOBEPXHOCTHI0O HE(PTSIHOTO 3epKajla MOXET OBITh OYeHb BBICOKOH W JOCTUTaTh
NpoOMBHBIX 3HaueHuit. [12,13]

OCHOBHBIM YpaBHEHHUEM, MPHUHATHIM B pacueTax U XapaKTEPHU3YIOIIUM

AIIEKTPOCTATUYECKOE TIOCIIC BHYTPH pe3epByapa sBisieTcs: ypaBHeHue [lyaccona:

VZU — _ p(T,Z)' (8)

E&o

rae V2 — oneparop Jlannaca;
U — nmoTennma;
p(r, z) — MIOTHOCTH OOBEMHOTO 3apsiia B TOUKE pe3epByapa;
€ — OTHOCHTEJNIbHAS IUIJIEKTPHUECKAs IIPOHUIIAEMOCTb;
£y — DIEKTPUYECKas TOCTOSHHAS.
B uununapuyeckoi cucteMe KoopauHat ypaBHeHue Ilyaccona (8) Oyner

BBITJIAJIETH CIEAYIOIUM 00pa3oM:
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19 U 0’U _ p(r.z)
s (ra) taE = ®)

or 022 £gg

rze I — nepeMeHHbIN paanyc, Z — OpJIMHaTa IPOU3BOJILHON TOUKH.

K nHactosieMy MOMEHTY Ha OCHOBaHUM aHAIM3a MO DJIEKTpU3aluu HedTU U
HE(PTENPOAYKTOB MOKHO BBIJICIUTD CIEIYIOIINE OCHOBHBIE MOJIOXKEHUS:

— Yuctele KUAKOCTU C MPOBOJAMMOCTBIO, OJIM3KOM K HYJIEBOW, HE
ANEKTPU3YIOTCSA. BBeneHune mnpuMeceld, KOTOpPbIE YBEIWYUBAIOT MPOBOJAUMOCTD
KUIKOCTEH, BBI3BIBAET 00pa30BaHUE 3aps/ia, TAK YTO CKOPOCTh 00pa30BaHUs 3apsaa
YBEJIMYHUBAETCS C YBEJIIMYEHUEM ITPOBOJIUMOCTH.

— IIpu HekoTOpOW BETUYMHE MPOBOJUMOCTH CKOPOCTH 0Opa3oBaHMs 3apsjia
JOCTHraeT MaKCMMyMa, a 3aTeM YyMeHblunaercs. U coBceM He 3amedaercs
ANEKTPU3ALUU KUJIKOCTEH C MPOBOAMMOCTBIO, COOTBETCTBYIOUIEH MPOBOAMMOCTU
BOJbl. XUMHUYECKasi MPHUPOJa PacTBOpa MOXKET OKa3biBaTh BIMUSHHE HA CKOPOCTh
o0Opa30oBaHusl 3apsi10B, HO HE 3HAYUTEIILHO.

— Jlnst anekTpuzanu HeoOXOAMM TMOTOK >KUJIKOCTH OTHOCUTEIBHO CTEHKHU.
[Ipyn naMuHApHOM TEUYEHUM CKOPOCTH OOpa30BaHUsSI 3apsI0B CPaBHUTEIBHO Maja.
st TypOyneHTHOro MOTOKA OHA OOJIbIIIE.

— CocTosiHME W MaTepHall MOBEPXHOCTH BIIMSIOT Ha 0OOpa3oBaHHE 3apsia.
MeTtanbl gat0T HaUOOJBIIIYI0 CKOPOCTh AJIEKTPU3AIUU, KOTOpasi Majio pa3indaeTcs
JUTSL pa3JIMYHbIX METAJIOB.

— DnexTpu3auus HaOMIOJAeTCs U B HEMETANIMYECKUX TpyOax, KOTOpbIE B
OTHOIIICHUU MAaJIbIX TOKOB SIBJISIFOTCS TPOBOAHMKAMH. 3HAK 3apsiia MOXKET ObITh
MOJIOKUTENIbHBIM WJIM OTPUIIATEIBHBIM B 3aBUCUMOCTH OT MPUMECEH B KHUIKOCTU U
COCTOSIHUS MOBEPXHOCTH.

— CkopocTh 00pa3oBaHMs 3aps0B B KOPOTKHX TPyOax 3aBUCUT OT JTHHBI
TPYOBI.

— DIIeKTpUYECKUM 3apsia B TpyOax oOpa3yeTcs HEMPEepPhIBHO CO CKOPOCTHIO,
HE 3aBUCSIIEH OT BpEMEHU MEPEKAUYKHU [IPU YCTAHOBUBIIEMCS MOTOKE.

— Tok QJICKTPpU3alMK  KUJIKOCTH B OoNIBIIICH CTEIIEHH 3aBUCUT OT
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KOHIICHTpAI[MX NOHOB B MMOTOKE HE(TEIPOTYKTA.

OnexTpuzansi HePTH TPU €€ JBIKEHUH B TPyOONMpOBOAAX SBISETCS

HpH‘IHHOi’I momnmagaHuA 3apsaa0B CTATHYCCKOTO JJICKTPHYCCTBA B PC3CPBYAPBI U

XpaHWIHIA He(TempoayKTOB. ODTO CIOCOOCTBYET BO3HHUKHOBEHHIO HCKPOBOTO

pa3piaaa B napora3030171 aTMOC(i)CpC XpaHWJIMIIA MW, B KOHCYHOM CUCTC, MOXKCT

IMPpUBECTHU K TSDKEJICHIIeH aBapuun. OTCI-OI[a BBITCKACT BAKHOCTb IIPOTHO3HUPOBAHUS

BO3HMKHOBEHUS OIMACHBIX CHUTYyallMil B pe3epByapax - XpaHWIUIIAX U 00eCredeHHs

HYKHOT'O YPOBHA 0€301acCHOCTH U HAaJAC)KHOCTHU IKCILIyaTalluH ITOCICIHUX. B cBs3m ¢

9THUM BCCbMa AKTyaJIbHBIMH ABJIAIOTCA pa6OTBI IO COBCPIICHCTBOBAHUIO MCTOI0B

pacyera MpPOLECCOB 3JNEKTpU3aUUd HEPTH B TpyOONpoBOJaX U, B YACTHOCTH,

HOBBIIIICHUIO TOYHOCTH pacyera. [12,13]
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2. Paspabomxa ycmasa HayuHO-mexXHUUECKO20 NPOEKmd \HTH 8bINOJIHEHO 8 PamMKax 8bINYCKHOU
Keanupurayuonrou pabomol
3. IInanuposanue npoyecca ynpasnenus HTH: cmpykmypa u  |Pacuem cebecmoumocmu:
epagux npogedenust, 6I00icem, pUCKU U OP2AHU3AYUSL 1. nposedenus anaruza Ooxymenmayuu;
3aKYNOK 2. BU3VATBHO20 UBMEPUMENLHO20 KOHMPOIL,
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6.  Ha npounocmo;
7.  ocmamouHo20 pecypca;
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6 ®PUHAHCOBBIII MEHEJKMEHT,
PECYPCO2®®EKTUBHOCTDb U PECYPCOCBEPEXEHHUE

B cBs3u ¢ tem, uto cpok skcryaranuu PBC — 5000m°, YCTaHOBJICHHBIN Ha
ydyacTke «AJiekcaHpoBckoe - Amnxkepo-CymxkeHck» wucrekaer B 2018 romy,
BO3HUKAET HEO0OX0IUMOCTh MIPOBEIACHUS DKCHEPTU3BI MIPOMBIIICHHOU
0e30MacHOCTH, KOTOpas B CBOK OYEPENb COMNPOBOXKAAECTCS SKOHOMUYECKUMU
3aTparamu Uil IpeAnpUSITUS.

[IpoBeneHrEe TEXHUYECKOTO JIUATHOCTUPOBAHMS SIBISECTCS HEOThEMJIEMOMN
YaCTbI0  JKCIEPTU3bl  MPOMBINLICHHOW  O€30MacHOCTH, KOTOpas  MO3BOJISET
ONPENIECIIUTh TEXHUYECKOE COCTOSTHUE pe3epByapa, a TakK K€ OLIEHUTh BO3MOXXHOCTH,
YCJIOBUSL U CPOKH IS TIPOJIOJDKEHUSI €ro JSKCIuTyaTalnuu. Tak Kak CTPOUTEIBCTBO
HOBBIX PE€3E€pPBYapHBIX MAPKOB SABISETCS JJIMTEIBHBIM M (UHAHCOBO 3aTpPaTHBIM
MPOIIECCOM, TO BO3MOXHOCTh IPOMJICHHS CPOKa 3KCIUTyaTallud COOPYKECHHS
(pe3epByapa) sABISAETCS AIbTEPHATUBHBIM PELICHUEM JaHHOUW MPOOIEMBI.

JIns onpeneneHus ONTUMAIbHBIX AKOHOMHYECKHX 3aTpaT Ha IPOBEICHUE
TEXHUYECKOTO JTUAarHOCTUPOBAHUSI, MPOBEAEM aHalii3 BCEX BHUAOB PabOT C yuyeToM
HOPM BPEMEHM U CEOECTOMMOCTU Ha WX BBIMOJHEHHUE, a TaK K€ MPOU3BEIIEM pacyueT

CTOMMOCTH BCCTO KOMIIJICKCA pa60T.

6.1 Pacyer HOpM BpeMeHH HA BBINOJHEHHE PadOT NMPH TEXHUYECKOM

AUATHOCTHPOBAHMH 000PY10BAHMS, COOPYKEHNH U TPYOONPOBO/I0B.

HopmMy  Bpemenun Ha  BbIIOJIHEHHWE  PabOTBl  MpPU  TEXHUYECKOM
JTUArHOCTUPOBAHUU OOOPYJOBaHUA, COOpPYXKEHUH H TpyOONpoBOJOB B Hauboiee
pacnpocTpaHeHHbIX ycnoBusax (H), uen.-u, onpenenstoT mo hopmysre:

H=T A+K, +Kp), (12)

UCCJIEAOBAHUE TEXHOJIOMN SALUNTBLI OT CTATUHYECKOIMO
OJIEKTPUHETBA PESEPBYAPOB BEPTUKAJIbHbBIX CTAJIbHbBIX
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rae T,, — onmepaTuBHOE BpeMs, YeII.-U;
K. — K03 purmeHT, yauThIBaronmii BpemMsi Ha TOIT0TOBUTEILHO-3aKITFOYATEIIHHEBIE
paboThl U 00CTY)KUBaHUE paboyero Mecra (MpUHUMAETCS 10 (POTOXPOHOMETPAKHBIM
Habmoaenusam), K, = 0,07;

Hopmy BpemeHu Ha BbINIOJIHEHHE pabOThI MPU TUarHOCTUPOBAHUU B OCOOBIX
ycnoBusx (Hoc.yc.), yen.-u, onpenenstoT no ¢popmysie:

I—Ioc.yc. = H- Kyc. ) KTp. ) (13)
rae — K. — monpaBo4Hblii K03()(OUIMEHT, YYUTHIBAIOMNA 0COOBIE YCIOBHSA PaOOTHI.
Bennunner Ky, npusenens! B Tadbmune 4.

K;p. — momnpaBouHblii KO3(QQUIUEHT, YYUTHIBAIOUIMN TPAHCIIOPTHBIE 3aTPaThI.
Benmnunne K, npuBeens! B TabauLe O.

Tabmuua 4 — 3HaueHHWE MONMPABOYHOTO KOA(P(UIHMEHTA € Y4YEeTOM YIAJIeHHOCTU

O00BEKTOB
Yc0Bus BbINOJTHEHUS] padoT Besu4nHa NONpaBo4YHOro
k03¢ punuenra
1. BeimosniHeHue paboT ¢ MPUMEHEHUEM MOHTAXHOTO 1osica 1,25
2. BemmonHeHe paboT B 3aKPBITHIX COCY/AX, alnapaTax, 2,00
pe3epByapax
3. BemmonHenue paboT Ha JEHCTBYIONMUX MPOU3BOICTBAX C 1,25

BPCAHBIMU YCJIOBUSMU Tpyda

4. BpimonHeHHe paboOT B 3MMHEE BpeMs Ha OTKPBITOM BO3IyXe€.
Temnepatypa Bo3ayxa Ha paboueM MecTe oTpunareiabHas, °C :

ot 0 1o munyc 10 1,10

ot Munyc 10 1o munyc 20 1,15

ot munyc 20 1o munyc 30 1,20

ot Munyc 30 1o munyc 40 1,25

HIKe Munyc 40 1,30
5. BeinonHeHune paboT B CTECHEHHOM T0JI0KEHHUH (Ha BBICOTE, B 1,10
yIITyOJICHUSIX )
6. TexHu4ecKoe TMarHOCTUPOBAHKUE 0OOPYIOBAHMS, HMEIOIIETO 1,20
HaJIeT (MOBBIIEHHYIO KOPPO3HIO, TPsI3b) CBHIIIE 3 MM
7. BeimonnHeHue paboT B CHIEIUATBHOM OJICK 1€, C BEHTUIISAIIUCH UITH 1,30
IpPUMEHEHHEM XUMHYECKUX PeareHTOB, B IINIAHTOBOM IPOTHUBOra3e
8. BrimonHeHne paboT Ha IPy30I10IbEMHBIX MallIHHAX C IIPOJIETOM 1,05
Ooistee 25 M, 3a KaXKIbIle 5 M
9. BrinmonHeHne paboT Ha cTpesie OalleHHOro KpaHa ¢ penieT4aTon 1,10
KOHCTPYKIMEH
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Tabnuna 5 — 3HaueHWe MNOMPaBOYHOTO KO3(PPHUIMEHTa € y4EeTOM YAAIEHHOCTU

00BEKTOB
YnajeHHOCTbh 00bEeKTOB OT HEHTPAJbHbIX 0a3 BeanunHa monpaBoYHOro
NPOM3BOJACTBEHHOT0 00CTY:KMBAHUS, KM ko3¢ Ppunuenrta
0-50 1,10
50-100 1.15
100-150 1,20
150-200 u 6onee 1,40

6.2. Pacuer crommMocTH paﬁoT npn TEXHHYECKOM TUHAHOCTHPOBAaHMM

000pyI0BaHMS, COOPYKEHH U TPYOONIPOBOI0B

Kommuieke paboT npu nMoaIHOM TEXHUYECKOM JUArHOCTUPOBAHUU BKIIOYAET:
AHann3 10KyMEHTalNH;
BusyanbHbI 1 N3MEPUTENBHBIN KOHTPOJIb;

KonTpoiib HEpa3pymamnmMu METOAAMU;

H W o

KOHTpOJIb TONMIIMHBI CTEHOK OCHOBHBIX 3JIEMEHTOB HEpPa3pyLIatOLUIIM
MeTO/I0M (YIBTPa3BYKOBasi TOJIIIMHOMETPHS);
5. M3MepeHue TBEpIOCTH OCHOBHBIX 3JIEMEHTOB;
6. Pacder Ha mpOYHOCT®;
7. T'mapaBnuyeckre UCTIBITAHUS HA IPOYHOCTh U TEPMETHYHOCTH;
8. Pacuer octaTo4HOTO pecypca;
9. AnHanu3 pe3yabTaTOB KOHTPOJS U PacueTOB;
10. CocTaBiieHrEe TEXHUYECKOTO 3aKJIIOUEHHS O BOSMOXXHOCTH JlajbHEH e
IKCILTyaTaluy pe3epByapa.
CroumocTh pabOTHl TPH TEXHUYECKOM JAHATHOCTUPOBAHWHM OOOPYIOBAHMS,
coopykeHuii u TpyoomnpoBoaos L1, py0., onpeaenstot o popmyie:

0 =C-Ky'Kpp Kpe + 11, (14)
rne C — cebecToMMOCTh paboOThl TMPU TEXHUYECKOM JIMATHOCTHUPOBAHUU
000pyIOBaHUSs, COOPYKEHUH U TPyOOTIPOBOIOB;

Ky — monpaBouHbli KO3((ULMEHT, 3aBUCALIMNA OT PallOHHOrO KOd(pQULUEHTA K

3apaboTHOI mnare. Bennuunel K,  npuBenens! B Tabnuue 6.
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[T — mmanoBas mpuoOBLIL, pyo.

Tabnuna 6 — 3HavueHre MONMpPaBOYHOTO KO3 (PUlleHTa B 3aBUCUMOCTH OT pailOHHOTO

ko3 dunreHTa K 3apadbOTHOM TJ1aTe

Paiionnblii ko3ppuumeHT BenunHa monpaBo4YHOro
K 3apa0oTHOI miare ko3ppuumnenrta
1,1 1,07
1,12 1,09
1,15 1,10
1,2 1.15
1,3 1,20
1,4 1,30
15 1,35
1,6 1,40
1,7 1,50
1,8 1,55
2,0 1,70

CebecTonMOCTh pabOTHI TPU TEXHUYECKOM JUATHOCTUPOBAHUU 000PYI0OBaHUS,

COOPY’KE€HUI U TPyOONPOBOAOB BKIIIOYAET:

CTOMMOCTb OCHOBHBIX U BCIIOMOTATEIbHBIX MaTEPUAJIOB;
OCHOBHYIO0 (0e3 yuera paioHHOro kKodhduIMeHTa) W JAOMOJTHHUTEIbHYIO
3apa0OTHYIO TIIaTy CIEIUAIUCTOB, MPOBOIAIINX TUATHOCTHPOBAHUE, B TOM
YHUCJIC BRIIUIATEI U3 (POHJIa MaTEPUATHHOTO CTUMYJIUPOBAaHMS (KpOME BBITLIAT
OCYIIECTBIISIEMBIX U3 MPUOBLIN);

oTymclieHus u3 (HoHaa 3apaboTHOM TIJIaTH;

CTOMMOCTH TOTUTMBA W SHEPTHH,

HaKJIaJHbIE pacxoibpl (HAa COJEp)KaHME U DKCIUTyaTaluio OO0OpYyJIOBaHMS,
IIEXOBBIC PACXOJIbI, 00IIE3aBOJICKUE PACXOIBI U T.11.) O€3 ydeTa TPAaHCIIOPTHBIX
3aTpar;

POYHNE PACXOBI.

HpI/I pacdeTC CTOMMOCTH OCHOBHBIX H BCIIOMOI'aTCJIBbHBIX MATCPHUAJIOB,

TOIINIMBA, SHCPIrUM 3aKJIaAbIBACTCA HX 000oCcHOBaHHAs HOTp€6HOCTB Ha BBIIIOJTHCHUEC

pa60TBI npu TCXHUYCCKOM [THAI'HOCTHPOBAHHUHU H HeﬁCTBYIOIHHe OCHbBI Ha

npuoOpeTeHue.
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@doHnm 3apabOTHOM TUTATBHI PACCYMTHIBAIOT TI0 HOPMAaTHBaM BPEMEHH,
YCTAHOBJICHHbIMM B EJMHBIX HOpMax BpPEMEHM B 3aBUCUMOCTH OT TMEpEUHs
IJIAHUPYEMBIX JIJI BBITIOJIHEHHUS PadOT M 4acOBOM Tapu(HON CTaBKH CICIIMAIUCTOB
0 TEXHUYECKOMY AUArHOCTUPOBAHUIO.

Jlono HaKJIaJAHBIX PACXOJIOB YCTAaHABJIMBAIOT OTHOCUTEIBHO 3aTpar Ha
COOTBETCTBYIOIIMK BHJ pabOT MpU JAUATHOCTUPOBAHHMH, O€3 yuyeTa CTOMMOCTH
pacxo/lyeMbIX MaTEepUaoB.

CrouMocTh KOMIUIEKCA pPabOT TMpU TEXHUYECKOM JHArHOCTHPOBAHUHU
o0opyioBaHus1, TPyOOIIPOBOJAOB U COOPYKEHUHN OMPEACISIOT 1o hopmyIie:

[TocTossHHBIMM ~ BEJIMYMHAMHU TPU  OMNPEIEICHUM CTOMMOCTH paboT Mo
TEXHUYECKOMY JIMArHOCTUPOBAHUIO OOOpPYAOBaHUS, COOPYKEHUN U TPyOOMpPOBOIOB
ABJISIIOTCSL  HOPMBI BPEMEHM Ha BBINIOJIHEHHWE KOHKPETHBIX BHUIOB paboT,
MPEACTABICHHBIX B HacTosmux EnuHbix HOpmax BpemeHu Ha 2014 ron, KoTopsie
CJIy’KaT OCHOBAHHUEM JJIsl YCTAHOBJICHUSI JOTOBOPHOM IIEHBI.

HUcxonupie faHHBIC:

PesepByap emkocthio 5000 M® HMeer HWIMHIPUYECKYI0 KOHCTPYKIIMIO C
MJIOCKUM JTHUILEM W TpelHa3HayeH JJig TpueMa, XpaHEHWs, BbIJAYU
HEe(TETPONYKTOB B PA3JIMYHBIX KIMMATHYECKUX YCIOBUSIX. Y CTAHOBIIEH B OTKPHITOM
pe3epByapHOM IapKe.

— BHyTtpennuit nuametp cteHku — 22800 mMwm;
— Bricota crenku — 12000 mwMm;

— ITnotHOCTH TIPOYKTA — 0,9 /M

KommuecTBO nmosicoB — 8 miT;
— TommurHa BEpXHEro nosica — 7 MM;

— Tommunua amxkaero nosgca — 10 mm;

KonunuectBo okpaek guuima — 10 mr;

KoanuectBo Oanoxk — 32 miT;
— Tonmmuaa HacTUiIa — 5 1IT;

— Macca koHcTpykumii — 123428 kr;
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I1011ab HAPYKHOI MOBEPXHOCTH — 860 M°;

JInvHa cBapHbBIX WBOB 259,2 M;

Paiionnsrii ko3 uimeHT k 3apadotHoi miare — 1,3;

[Tnanosas mpudsLIs (I1) - 25% oT cebecTroumocTu padoT.

Texuuueckoe

OCBHUACTCIILCTBOBAHHUC pe3CpByapa IMPONU3BOAUTCA

Ha

pacctostaur 10 KM OT LEHTpaidbHOW 0a3bl MPOU3BOJCTBEHHOTO OOCTYXHBAHUS B

JICTHCC BPCM1I.

CroumocTh pabOT COrjacHO MEpPEeYHI0 Ha CTpaHuile 52 B COOTBETCTBUU

HOPMATHUBHOMY JIOKYMEHTY [..] IpeICTaBICHBI HIKE:

1. Ananu3 JOKyMEHTaIlUH:

CaA = z Ci* =1707,13 + 1138,09 + 260,91 + 521,86 + 227,6 + 326,1

— O3HaKOMIIEHHE ¥ aHAIIN3 TIPOEKTHOM nokymenTanmu C;*=1707,13 py6.;

— Os3HakoOMJICHHE U aHAINU3 UCIIOJHUTEIHLHOMN JOKYMCHTAaIlUH

C3*=1138,09 py6.;

— Amnanus HOpMaTHBHOﬁ AOKYMCHTAIIMU U YCTAHOBJICHHC HOPM OLICHKH

TexHndeckoro cocrosuus C3"=260,91 py6.;

— AHaiu3 yCI0BUHM IKCIUTyaTallud U TEXHOJOTUYECKHUX PEXKUMOB PaOOThI

C3*=521,86 py6.;

— Amnanu3 paHee NMPOBEACHHBIX JUATHOCTHYECKUX padOT U YCTAaHOBJICHHE

xapakTepHbIx ydactkoB Ct*=227,6 py0.;

— AHa/M3 MIaHOBO-NIPOQUIAKTHUECKUX MEPOTPUIATHIA U PEMOHTHBIX

pa6or C;"=326,14 py0.;

— Awnanus aBapuii u otkaszos C;""=512,15 py6.

CebecTonMOCTh pabOT MIPHU aHATIU3€E TOKYMEHTAIIUU:

+ 512,15 = 4693,88 py0.

2. BusyanbHblil U U3MEPUTENBHBIN KOHTPOJIb:

— BHU3yaJIbHBIM OCMOTp CBapHbIX MBOB cHapyxu (100 % ocmorp) u

HN3MCPECHUEC PAa3MEPOB BBIABJICHHBIX I[G(I)CKTOB, ce0eCcTONMOCTb:

N3m.
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JInnHa HapyKHBIX IIBOB:
L=22810-9+ 1500 -4 -9 =259,29 w;
Ci- = C}- L =12,90"-259,29 = 3344,82 py6.

rae C{ — cebecronmocts 1 M 1mBa;
BU3YaJIbHBI OCMOTp cBapHbIX MBOB M3HYTpu (100 % ocmotp) wu
U3MEpEHHE BBISIBICHHBIX  J1€(PEKTOB, CE€O0ECTOMMOCTB:
JlliHa BHYTPEHHUX IIBOB IIBOB:

L=22800-9 + 1500 - 4 - 9 = 259,2 m;

Ci =CH-L- Ky =12,90-259,2-2 = 6687,36 pyo0.;
BU3YQJIbHBIE OCMOTP OCHOBHOTO MeETajUla CHapyXd MU H3MEPEHUE
BBISIBJICHHBIX JI€(PEKTOB, CE0ECTOUMOCTD:

Ci% =C8-F =12,90-860 = 11094 py6.
rie C5 — ceGecTonmocTs ocMOTpa 1 M” OCHOBHOTO METaiIa pe3epByapa;
BU3YaJlIbHBII OCMOTpP OCHOBHOIO MeTajlla HM3HYTPU U H3MEpPEHHE
BBISIBJICHHBIX JI€()EKTOB, CE0ECTOUMOCTH:

Ci™ =Ch-F Ky =12,90-860"2 = 22188 pyb.

CebectoumMoCTh pabOT PHU BU3YATLHOM U U3MEPUTEIILHOM KOHTPOJIE CBAPHBIX

IIBOB 1 OCHOBHOI'O METaJljia.

CPH = Z Cp" =3344,82 + 6687,36 + 11094 + 22188 = 10062 pyo6.;

3. KoHTposb Hepa3pymarImmMu METOJaMHU.

AKYCTUKO-3MHCCUOHHBIN KOHTPOJIb

CiM = (32 . = 40904,32 py6.

rae Ci”> — cebecTOMMOCTh pabOT MPH aKyCTHKO-3IMHUCCHOHHOM KOHTPOJIC
(Pe3epByapsl s XxpaneHust Heptu 1 HepTenpoaykros,V = 5000 M;

N — KOJIMYCCTBO COCYOB.

KOHTpOJ'IB CIUIOIMHOCTH CBAPHBIX COC)II/IHCHI/Iﬁ U 30H OCHOBHOIO

Marcpuaia QJICMCHTOB IMPONU3BOANUTCA METOOOM yanpaBBYKOBOﬁ u

MarHUTOMOPOIIKOBOM 1€()EeKTOCKOIHH.
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VY 1bpTpa3ByKoOBOH A€PEKTOCKONNHU MOJIBEPratoTCsl CBapHbIE BBl IUHON 50%
OT 001IIeH JUTMHBI CBAPHBIX MIBOB, Ly = 129,6 M.
B coctaB paboT BXOJUT:
— 3aUMCTKa MOBEPXHOCTH MOJl KOHTPOJb N0 IepoxoBaTocTd R, 40 30HEI
mmmpuHOi 50 MM, ce0eCTOUMOCTH:
Ci" =Cj-L=234,38-129,6 = 30375,64 pyo.
rae C] — cebecToMMOCTh 1 M 3a4MCTKH MTOBEPXHOCTH;
— yJIbTpa3ByKOBas  A€(PEKTOCKOINHUS  TPOJOJbHBIX  CBapHBIX  IIBOB,
ce0eCTOMMOCTB:
CiM =)™ - L =128,9-129,6 = 16705,4 py6.
rae C{'A' — ce0ecTOUMOCTh | M KOHTPOJISI CBAPHBIX COECTMHEHU;
KoHTponbs MeTo0M yIbTpa3ByKOBOU Je(EKTOCKOMUH BBIOpaH Mo
HIKOHOMUYECKUM COOOpaXEHUsIM, TaK Kak ce0ecTOMMOCTb paboT mpu
peHTreHorpauueckoM KOHTpoJie (aJIbTepHAaTUBHOM) 32 1 M KOHTpOJIS
cBapHOTO coenuHeHus coctaisier CP* = 325,81 pyo.
— MAarHUTOIOPOIIKOBAsE JE(PEKTOCKONUSI TMEPEeCeUeHUs] KOJBLEBBIX U
MPOJO0JIBHBIX CBAPHBIX MIBOB (110 250 MM B KaXyl0 CTOPOHY):
Ci™ = C{™ - F = 402,09 - 3,56 = 1432,44 py®.
rae Ci* — cebectoumocts 1 M* paGor;
F — motmaap 1S BRITOTHEHUS paboT (57 mepecedeHnid CBapHBIX IITBOB).
KoHTposib  METOAOM  MarHUTOMOPOIIKOBOW  JMe(EeKTOCKOIHH
BBIOpAaH MO SKOHOMUYECKUM COOOpa)KeHHUsIM, TaK KaK ce0eCTOMMOCTb
paboT TpH KOHTPOJIE METOAOM IBETHOH medekrockormmu 3a 1 M
KOHTPOJIS CBapHOTO coenuHenus cocrapiser C** = 1031,03 pyo.

CebecToMMOCTb IPU KOHTPOJIE HEPA3PYIIAIOIIUMH METOAAMMU:
ciM = z Cy™ = 40904,32 + 30375,64 + 16705,4 + 1432,44

= 89417,8 pyo.
4. KoHTpOoJIb TOJIIMHBI CTEHOK OCHOBHBIX 3JIEMEHTOB  HEpa3pylIaOIINM

MeTOA0M (YJIbTpa3ByKOBasi TOJIIMHOMETpHS). B cocTtaB paboT BXOIUT:
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— 3auUMCTKa MOBEPXHOCTH MOJ| KOHTPOJIb 10 IepoxoBaTtocTd Rz40 30HBI
50 MM x 50 MM (12 30H Ha GOKOBOI TOBEPXHOCTH, 3 30HBI HA JHUIIE, 9
30H Ha KphIIlIe, 1Mo 9 30H Ha MaTpyOKax MTYLEPOB), CEOECTOMMOCTD:

C;" = C* - Ny, =16,73-(12+9-2+3 4 9) = 702,66 py6.
rae: C*P — cebecToMMOCTh 3a4UCTKH 1 30HBI TOBEPXHOCTH;
N,y — KOJIMYECTBO 30H.
— yJIBTPa3BYKOBas  TOJIIUHOMETpUS  (TPAJAULMOHHBIM  METOJOM C
nomoIbo mpudopa tumna Y T-9311), cebecTonMocTs:
Cy" =C™ N, = 51,5642 = 2165,52 py6.
rne: C""- cebecroumocTh 1 3amepa TpaJAMIIMOHHBIM METOJOM
(YIpTpa3ByKOBOM TOJIUHOMETPUH );
N, — KOIMYeCTBO 3aMEPOB.

CebecTouMOCTh pa60T IIpX KOHTPOJIC TOJIIUHBI CTCHOK OCHOBHLIX 3JICMCHTOB!

y.T.
T = Z C =1702,66+2165,52 = 2868,18 py0.
n

5. N3Mepenue TBEpAOCTH OCHOBHBIX 3JIEMEHTOB (IIPU HEOOXOAMMOCTH):
c™M =CM"-N, =77,18- (48 + 18 + 8) = 5711,32 py®6.
rae: C!' — ceGecTouMOCTh OnpeienieHus TBEPAOCTH 0 Tpubopy «ITombauy;
N, — KOJIMYECTBO MPOBEICHHBIX HccienoBanmii (12 obedaek 1mo 4 30HBI 115
WCCIICIOBAHMSI; TIEPE/IHEE U 3a/IHEE THHIIE MO 9 30H Ha KAXKJI0€; HA KPBIIIC 8 30H).

6. CebecTonmocTs pacuera Ha mpoyHOCTh: CP™ = 590,49 pyo.

7. I'mnpaBiuyecKue UCTIBITAHUS HAa MPOYHOCTh U TEPMETHYHOCTD, IIPOU3BOIATCS
COOCTBEHHBIMU CHJIAMU OPTaHU3AINH (B TPUCYTCTBUU WICHOB KOMUCCHH),
MIOCKOJIBKY UMEETCsI IOCTAaTOYHOE TEXHUYECKOE OCHAIIEHNE U KBTI (PUKAIIUS
pabouero nepcoHarna.

8. CebecTonMOCTh pacuera ocTaToYHOTo pecypca CP* = 1338,94 pyo.

9. CebectouMOCTh pabOT MpH aHAIHM3E PE3YJIBTATOB KOHTPOJIS U PACUETOB:

C2P = 7674,19 py6.
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10. CebecTouMocTh pabOT MpU COCTABICHUN TEXHUYECKOTO 3aKIIOYCHUS O
BO3MOKHOCTH JaJbHEHUIIIECH IKCIUTyaTalluh pe3epByapa:
C™* = 3069,69 py6.
CrtouMoCTh KOMIUIEKCa pabOT TMpH TEXHUYECKOM JIMAarHOCTUPOBAHUU
pe3epByapa Al XpaHeHus! He(pTenpoayKTOB:

Il = (4693,88 + 10062 + 89417,8 + 2868,18 + 5711,32 + 590,49 + 1338,94

25
+7674,19 + 3069,69)-1,1-1,2 - (1 + m) = 206953,7 py6.

BbiBoa: AHanu3 BceX BHIOB pabOT IMOKa3ad, 4TO MPH BHEIOOpPE OMpeeICHHBIX
(aIbTepHATUBHBIX) METOJOB HEPa3pyIIAIOIIET0 KOHTPOJS MOXHO CYIISCTBEHHO
COKpAaTHTh JKOHOMHYECKHEe 3aTparbl. [lo pesynpTaTam pacdera ONTHMAaJbHAS
CTOMMOCTh KOMIUIEKCa paldOT MO TEXHUYCCKOMY IHArHOCTUPOBAHHIO pe3epByapa
s xpaHeHus HedTenmpoaykTtoB, coctaBmia 206953,7 py6. Ilpm 3toM cpok
OKCIUTyaTallMk pe3epByapa mpomsieBaercss Ha 8 sner B coorBerctBuu ¢ ['OCT P

52910-2008.
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3AJIAHUE JIJISI PA3JIEJIA
«COILIUAJIBHASI OTBETCTBEHHOCTb»

CTyneHry:

I'pynna

DPUO

2bMShb

brikoBckomy Brnagumupy EBrenbeBuuy

HHcTHTYT

HIIP

Kadenpa

TXHI'

YpoBeHs 00pa3oBanus

Marucrparypa

Hal’lpaBJ’leHﬂe/Cl'le].[l/laJ'l])HOCTb

21.04.01 «HedrerazoBoe nemox»
npoduns «HanexxHoCTh
ra3oHe(TEPOBOIOB U
XPaHHIHI

Hcxoanblie 1aHHbIe K pa3aeny «CounajabHasi 0TBETCTBEHHOCTb) .

1. XapakTepucTika 00bEKTa HCCIIeAOBaHUS (BEIECTBO, MaTEpHAL,
npudop, aNropuUT™M, METOANKA, padodas 30Ha) U 00JIaCTH €ro
HPUMEHEHHS

AKXTYanbHOCTh PACCMOTPEHUS CYIIECTBYIOIINX METOIOB
HEUTpaiu3aluu CTaTHYecKoro aiektpudectBa B PBC
SIBJISIETCS] BXKHOM 3aJjauell peoTBpalleH s aBapUHBIX
CHTyallmii ¥ pacyera Cpoka CIyXOBl  JaHHBIX
pe3epByapoB.

PaGouee MecTo pacmosoKEeHO Ha OTKPHITOM BO3IyXe Ha
TEPPUTOPHH TPEATIPUATHS.

[Ipu TexHWYECKOM AMATHOCTUPOBAHUH pe3epByapa
BO3MOYXHO BO3HHMKHOBEHHE BpEIHBIX W OINACHBIX JUJIs
YeNoBeKa MpPOSBICHUNA (AKTOPOB MPOU3BOJICTBCHHON
Cpelbl.

B03MOXHO BO3HHMKHOBEHHE YPE3BBIYAHHBIX CHUTYaIUH
TEXHOTEHHOI'O,  CTUXUHHOrO,  HKOJOTHYECKOro H
COLIMANIBHOTO XapaKTepa.

Hepeqeﬂb BOIIPOCOB, NOJICKALUX HCCIACTO0BAHUI0, IPOCKTHPOBAHUIO H pa3paﬁoTKe:

1. TIlpom3BoacTBeHHasi 6e30MACHOCTH

1.1. AHanm3 BBIBICHHBIX BPEIHBIX (PAKTOPOB MPU TEXHUIECKOM

JIHarHOCTHPOBAHHUH pe3epByapa

(M3UKO-XUMHYECKasl IPUPOJIa BPEAHOCTH, €€ CBSI3b C
pa3pabaTsIBaeMOii TEMOIA;

neiicTBUe (pakTopa Ha OPraHU3M HEJIOBEKa,

MIPUBEICHHE IOMYCTUMBIX HOPM C HEOOXOIMMOI paZMepHOCTHIO
(co CCBIIKOI Ha COOTBETCTBYIOIINI HOPMATHBHO-TEXHHYECKHUH
JOKYMEHT);

Ipe/yIaraeMble CpeICTBa 3alUThI

(cHayana KOJUIEKTUBHOI 3alUThI, 3aTEM — HHAUBUIyallbHbIC
3alIUTHBIE CPEACTBA)

Bpenusre pakTops:

1. Meteoponorudeckue ycIoBus;

2. DIeKTpuYeCcKuil TOK;

3. [1oBBIICHHBIH YPOBEHb CTATHYECKOTO
JNIEKTPUIECTBA,;

4.BpenHble XUMHYECKHE BEIIECTBA B BO3yXe padboueit
30HBI.

1.2. Auanus BBISBIEHHEIX OIACHBIX (baKTOpOB IpHU TEXHUYECKOM

JIMarHOCTHPOBAHUHU pe3epByapa
MEXaHMYEeCKHe OMacHOCTH (MCTOYHHKH, CPE/ICTBA 3aIUTHI);
TEPMHUYECKHE OMIACHOCTH (MCTOYHUKH, CPEJICTBA 3aI[UTHI);
3IIEKTPOOE30MACHOCTH (B T.4. CTATHYECKOE
DJIEKTPUYECTBO, MOJHUE3ANINTA — UCTOYHUKH, CPEICTBA 3aLIUTHI).

OmnacHsble haKToOpBI:

1. DiexTpo6Ee30MacHOCTh;

2. BeimosiHeHne paboT Ha BBICOTE;

3. B3pBIBOOMACHOCTD M MOKAPOOIIACHOCTb;
4. MoiHue3amura.




2. DkoJiornyeckasi 60€30MacHOCTh:

—  3aIIuTa CeMUTECOHOM 30HBI [Ipennpusrtue, Ha koTopoM Haxoautest PBC okaspiBaeT
—  aHauM3 BO3JeHcTBHA 00beKTa Ha aTMochepy (BBIOPOCHI); BO3/ICHCTBHE HA OKPYXKAIOLIYIO CPEAy:

—  aHanM3 Bo3JeHCTBHA 00BEKTa Ha ruapocdepy (cOpockr); - atMocdepy (BBIOPOCHI IPE/EbHBIX YIICBOAOPOLOB U
— aHamu3 BO3JeHCTBUS 00beKTa Ha IUTOChepy (OTXOMIbI); ap.);

- runpocdepy (pa3nuB HEPTEHPOTYKTOB);

—  paspaboTaTh pelIeHus o0 00eCIICUECHHIO IKOJIOTUIECKON
- mutocdepy (3aXOpOHEHUS OTXOOB).

6e3onacHocTH co cebutkamu Ha HT/I mo oxpaHe okpy»karomiei
cpebl

(8]

. Be3onacHOCTh B Ype3BbIYAHHBIX CUTYALUAX:

— mepedeHb Bo3MOXHBIX UC mpu pa3paboTKe U IKCIUTyaTaluu
MPOEKTUPYEMOTO PELICHUS;

— BBIOOp Hambonee TunnuHoi YC;

— pa3paboTka MPEeBEeHTHBHBIX Mep 10 npexynpexaenuto YC;
pa3paboTka AeicTBUi B pe3ynbTare Bo3HuKIeit YC u Mep mo
JIMKBUJALMNU €€ TTOCNIeACTBUN

Hanbonee Bo3MOKHBIE Ype3BbIYaifHbIC CUTYAIHHN:
B3PBIBBI, TIOJKaphl, TPO3bI, HHIUACHTHI Ha IPOU3BOJICTBE.

4. [IpaBoBbIe H OPraHU3ALUOHHBIE BONPOCHI o0ecneyeHust

0e3onmacHoOCTH:
@3 ot 28.12.13 Ne 426-D3 «O cnennansHOH OIICHKE
— crmenuanbHble (XapaKTepHBIC MIPH SKCILTyaTallid 00bEKTa ycnoBuit Tpynay, ct.147 TK PO u ct.117 TK PO
WCCIICIOBaHMS, TIPOCKTUPYEeMOU paboueii 30HbI) mpaBoBbiec HOpMBI | D3 ot 28.12.2013 Ne 421-03 «O paboyeM BpeMEHUY,
TPYZOBOTO 3aKOHOJATENIbCTBA; c1.94 TK PO

— OpTraHU3alHOHHBIC MEPONPHATHS IPU KOMIIOHOBKE paboyeil 30HbI

\ JlaTta BbI1auM 3aJaHu4 1JIs1 pa3/iena no JuHeiiHoMy rpaduky \ 06.04.2017

3agaHue Bb1/1aJ KOHCYJIbTAHT:

J0KHOCTH [(%(0] Yuenas cTenens, Moanucey JaTa
3BaHHE

WHKEHEP Mananosa H.B. K.T.H.

3azlalme NMPUHAJ K UCITIOJTHEHUIO CTYAECHT:

I'pynna ()% (8) Hoanucs Jara

2B6M5b brixosckuii B.E.




7 COOUUAJBHASA OTBETCTBEHHOCTD

IMIPONU3BOACTBCHHBIM 00BEKTaM.

CornacHo ®@enepanbHoMy 3akoHY «O MpPOMBINIIEHHOW ©Oe30macHOCTH
OMACHBIX MPOM3BOACTBEHHBIX OOBEKTOB» pPE3EpPBYyapbl M PpPE3EPBYAPHBIE MAPKH,

Bxozsmme B coctaB HIIC (HedTenepekaunBaromieil CTaHIIMK ), OTHOCSITCS K ONTAaCHBIM

Tabnuua 7 — OCHOBHBIE 3JIEMEHTHI IPOU3BOJICTBEHHOTO MpoIlecca,
dbopmupyronme onacHble U BpeaHble (PaKTOPhI MIPU BHITTOJTHEHUN PadO0T 3aKauKu

HE(TENPOAYKTOB B p€3€pBYyaphl BEPTUKAIBHBIE CTAIbHBIE.

3.I1oxkapoB3psIBOOE30MTaCHOCTD

HanmenoBanue daxTopsl
BHJIOB (I'OCT 12.0.003-74 CCBT c u3men. 1999 r.) HopmaTuBHbie
pabot BpEIIHBIC OTIacHbIE TOKYMEHTBI
1 2 3 4
1.mpuem 1.Meteoponoruueckue | 1. DnekTpoOe30nacHOCTb. I'OCT 12.0.004-
He(TEenpOaYKTOB | ycioBus paboueli 30HbI. | 2. BeimoaHeHue padboT Ha 91
B pe3epByap. 2. BpenHble BemecTBa | BBICOTE.

I'OCT 12.1.019-
79

I1b 03-576-03

7.1. IlpousBoacTBeHHasA 0€30MACHOCTD

1. Mereoposiornyeckue yciaoBHs pabodei 30HbI.

7.1.1 AHau3 BpeHbIX IPOU3BOJICTBEHHBIX (JAKTOPOB ¥ 000CHOBaHUE
MEpONPUATHH 110 UX YCTPAHEHUIO
Bpennbie npon3BoACTBEHHbIE (PAKTOPHI:

B yciioBusAxX BO3E€UCTBHS HU3KUX TEMIIEPATYP MOXKET IMTPOUCXOIUTD

UCCJIEAOBAHUE TEXHOJIOMN SALUNTBLI OT CTATUHYECKOIMO
OJIEKTPUHETBA PESEPBYAPOB BEPTUKAJIbHbBIX CTAJIbHbBIX

3as. Kag. Bypkos I1.B.
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NIEPEOXJIAKICHUE OPraHM3Ma 3a CUeT yBeIu4yeHus Terooraadu. [Ipu auzkon
TEMIIEPATYPE OKPYKAIOIIETO BO31yXa PE3KO YBEIUUYHUBAIOTCS IIOTEPH TEILIA IIyTEM
KOHBEKIWH, U3ITy4YEHHUS.

Oco00eHHO OITacHO COYETaHUE HU3KOW TEMIEPATYPBI C BBICOKON BIIAKHOCTBIO
U BBICOKOM CKOPOCTBIO JBH)KCHMS BO3[yXa, TaK KaKk IPHU OTOM 3HAYNUTEIBHO
BO3pACTAIOT IIOTEPH TEILJIa KOHBEKIIUEN U UCTIAPEHUEM.

[Ipy  BO3meHCTBUM  XOJIOAA  W3MEHEHUs  BO3HUKAOT HE  TOJIBKO
HEIOCPEACTBEHHO B 00JIACTH, BO3JCHCTBUS, HO TAaKK€ M HAa OTJAJICHHBIX Y4YacTKax
Tena. DTO OOYCIOBIEHO MECTHBIMHM M OOIIMMH PEQPIIEKTOPHBIMU pEaKIUsIMU Ha
oxjaxnaeHue. Hampumep, npH OXJAKIEHUU HOT, HAOMIOJAETCd CHHKEHUE
TEMIEPATYpPbl CIU3UCTOM O00OJOYKM HOCA, IVIOTKHU, YTO TNPUBOAUT K CHHXKEHHUIO
MECTHOTO HMMMYHHUTETa W BO3HMKHOBEHHMIO HAacMoOpKa, Kamuwisi v T.jA. Jpyrum
OpUMepoM pe(]IeKTOpHON peakiuu SBISETCS Cla3M COCYIOB IOYEK IpH
OXJI@KJICHUHM OpraHu3Ma. /[[nuresnbHOE OXJIaXIAEHUE BENET K PacCTpONCTBAM
KpOBOOOpAIlICHHS, CHWKEHUIO HMMYHHTETa. [IpyM CHIBHOM BO3IEWCTBHM XOJIOAA
MOJKET IPOUCXOANUTH 001IIee MEePeoXIaKICHIE OpraHu3Ma.

Temnepartypbl OKpyXarolel cpeapl, NpyU KOTOPBIX 3alpeliaeTcs BeIeHUe
Kakux-1M00 paboT YCTAaHABIMBAIOTCS JIOKAJbHBIMM TPaBOBBIMU aKTaMHU B

COOTBETCTBHH C KJIMIMATOM pailoHa MPOU3BOJICTBA PabOT.

Tabnuia 8 — PaboThl HA OTKPHITOM BO3yXEe MPUOCTAHABIUBAIOTCS TIPU

noroaHsix ycnoBusix (Ilocranosnenue ot 11.02.2011 r. Ne29a)

CkopocTh BeTpa, M/c TeMreparypa Bo3ayxa 'C
[Tpu Ge3BeTpeHHOI TTOTo/Ie -36
He 6omnee 5,0 -35
5,1-10,0 -34
10,0-15 -32

Taxk e npu temneparype 10 °C u Hmxke nuiaM, paboTaronM Ha OTKPHITOM

BO3AYXC U B 3aKPBITBIX HeO60FpeBaeMLIX MMOMCIICHUAX, JOJIZKHBI ITPCAO0CTABIIATHCA
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MEepephIBEl 1T 00OTpEeBaHUST B  CICNHMAIBLHO OTBEICHHBIX  MOMEIICHUSX,
000pyZIOBaHHBIX B COOTBETCTBUH C CAHUTAPHBIMU HOPMaMH U TIpaBUJIaMHU.

KonuyecTBO W MOpOAOIKHUTENBHOCTh  NEPEPHIBOB  YCTAHABIMBAIOTCS
MpaBWJIaMl BHYTPEHHETO TPYAOBOTo pacnopsnka. I[lepepbiBbl s oOorpeBaHuUs
BKJIIOUAIOTCSE B pabouee Bpems. [Ipekpamienue padboT odopmisiercs JI0KaIbHBIM
HOPMATHUBHBIM aKTOM paboTOAaTeNs.

PaGoTHMKM MOJDKHBI OBITH OOECTICUEHBI CHEIOACKION, CHEIO0YBBIO W
JIPYTUMHU  CpPEACTBAMHU  3alllUTHI, COIJIAaCHO THIIOBBIM  OTpAcieBBIM HOpMaMm
OecruiaTHOM BBIIAYM OJICKIbI, CHENOOYBU M JPYTUX CPEICTB WHIAUBUIYATBHOU
3amuThl. [TOpsAI0K BBIIAYM U MOJB30BAHUS CPEICTBAMU WHAMBUIYAIHHOM 3alllUTHI
onpenensiercs [lpaBuinamu obecrniedeHuss pPaOOTHUKOB CIEIHAIBHOM  OJIEKIOM,
cnernuanbHoi 00yBbIo U Apyrumu CU3 B coorBeTcBum ¢ 'OCT 29335-92.

[Ipumensiemble crnemnonexaa, crneno0yBs u apyrue CU3, 10mxHBI UMETb
cepTU(PUKATH COOTBETCTBHUS.

PaGoTHUKM HE [OJDKHBI JIONMyCKAaThCsid K padoTre O€3 TMOJOKEHHOW Mo
HopMmatuBam crenoAexapl u CU3, Bo Bpems pabOThl TOJDKHBI WX MPaBUIBHO
MPUMEHSTh.

[Ipu 3akauke HePTH B pe3epByapbl B OE3BETPEHHYIO TIOTOAY TIpH
TeMreparype Ookpyxaromero Bo3ayxa Bbeime 20 °C HEoOXOJAMMO OCYIIECTBIATH
KOHTPOJIb 3ara30BaHHOCTH pe3epByapHoro mnapka. [Ipu poctmxennun 1K gosmkHbI
MPUHUMATHLCS MEPHI 10 U3MEHEHUIO peKrUMa paboThl pe3epByapoB.

Kax m3BecTHO, 4eJIOBEK 110 OOIBIICH YaCTH COCTOHUT U3 KUAKOCTH. CIHIIIKOM
CyXOM BO3JyX MOXET BBICYIIMBATh KOXY U ObIcTpee 00€3BOKMBaATh opraHu3Mm. B
MEPBYIO0 OYEpeb CTPANAIOT CIU3UCTBIC OOOJOYKH, KOHTAKTUPYIOIIHE C OTKPBITHIM
BO3/IyXOM, OHU MOKPBIBAIOTCS MUKPOTPEIIMHAMU U MEPECHIXaIOT, OTKPHIBAs MPSAMYIO
JIOPOTY B OpPTaHU3M BPEIOHOCHBIM OaKTEpPHUSIM U BUPyCaM.

BrnaxxHoCTh BNMSET Ha TMOTOOT/ACIICHHE W TEIUIOBOM OOMEH, a Takke Ha
IJIOTHOCTh Kuciiopoja B atmocdepe. IIpu oTHOocuTenbHOM BiaxxHocTu MeHee 10%
Jla)ke 370pPOBbIE JIFOJIM UCIBITHIBAIOT OIIYIIEHWE CYXOCTH B HOCOTJIOTKE, «PE3b» B

riiasax, MOXET JaX€ HAYaTbCs HOCOBOC KPOBOTCUCHHC.
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[Ipu temneparype +25 °C u Bblllle ¥ OAHOBPEMEHHOM BJIQXXHOM BO3JlyXe€
HapylIaeTcsl OTJaya Temia ¢ MOBEPXHOCTU KOXKHU, U OPraHU3M MOKET MEPErpeThCs.
[lepBble mpu3HAKK W30BITOYHOTO TEJA: OUIYIIEHUE IYXOThl U TSKECTH, YXYIIICHUE
CaMOYYBCTBHsI, TOHWXEHHas pabotocmocobHocTh. I[locTossHHOE TIpeObIBaHME
YEeJIOBEKA Ha BO3AYXE C BBICOKOW BIAXHOCTBIO NPUBOAUT K CHUKEHUIO
COMPOTHUBJISIEMOCTH OpraHu3Ma K MH(GEKIIMOHHBIM M MPOCTYAHBIM 3a00JIEBaHUSM, a
Takke K OoJiee Cephe3HBIM TMOCIEACTBUAM: 3a00JCBAaHUIO TOYCK, TyOepKynesy,
peBMaTu3My.

2. Bpennbie BelecTBa.

[Ipy cxuranum pa3iIUyHBIX BUJOB TOIUIMBA, padoTe JABUTaTesiel
TPAHCIIOPTHBIX CPEJICTB, TAJIbBAHUYECKUX IIPOIIECCAX, BO BpPEMS OKPACOYHBIX,
CBApOYHBIX U TEPMHUYECKUX paldOT, a TaKkKe MPHU JPYyrux mpolieccax Ha TPaHCIOPTE
BBIICIISIETCST  OOJIBIIOE  KOJIMYECTBO  BPEIHBIX  ra3o00pa3HbIX  BemiecTB. B
OOJIBIIMHCTBE CJIy4aeB OSTHU BEIIECTBA SBJISIIOTCS SIIOBUTHIMH, OKa3bIBAIOIIUMHU
CUJIBHOE TOKCHYECKOE JICCTBUE HA OpraHr3M 4yesioBeKa. CBOMCTBA UX ONPEACISIOTCS
XAMHUYECKON CTPYKTYPOM U arperaTHbIM COCTOSIHUEM.

B uuncne opraHnueckux BEHIECTB, OTHOCSIIMXCS K sijaM, Ha TPaHCIOPTE
HanOoJIee YacTO BCTPEYAIOTCS YIJICBOJAOPOILI apOMAaTHYECKOro psjga (OeH301,
TOJIyOJI, KCUJIOJ), UX MPOU3BOAHBIC (XJIOPOEH30J, HUTPOOCH30J, aHWIIMH), CIHUPTHI,
anpACTUAbl. SImaMu HEOPraHWMYECKOrOo MPOUCXOXKIEHUS SBIISIIOTCS  COSTUHEHMS
yraepojia, cepbl (CepoOBOIOPOJ, CEPHUCTHIN Ta3), a3oTa (aMMHaK, OKCHIBI a30Ta),
TSDKEJIbIE M PEeAKUEe METaJIbl (CBHHEIN, PTYTh, LIMHK, MapraHel, KOOaJIbT, XpOM,
BaHajuii) [6,8].

SAnoBuThIE BellleCTBAa MPOHUKAIOT B OPTaHU3M UYEJIOBEKA Yepe3 JbIXaTebHbIC
MyTH, SKEIYJOYHO-KUIIEYHBI TpakKT, KOXHBIA TMOKpoB. Ilpu napIxaHuu sbl,
CMEIIaHHBIC C BO3IYXOM, IMOCTYMAIOT B Jierkue. Bo Bpems npuema muim, 0CoOOeHHO ¢
3arps3HEHHBIX PYK, & TAKKE KYPEHHS s]IbI TTOMAAI0T B JKEIYIOK U JaJIee Pa3HOCATCS
no opranu3my. Ha ydacTku KOXM siibl MOTYT OKa3bIBaTh JIOKaJIbHOE OOJIE3HEHHOE
BO3/CHUCTBUE.

Ilo creneHm BO3JECHCTBUS Ha OpraHuM3M 4YCJIOBCKa BpPCAHLIC BCIICCTBA
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noApazaensatorTcs Ha 4 knacca: 1-il — ype3BhIUaitHO OnacHkIE, 2-i — BBICOKOOIACHBIE,
3-if — yMEpEeHHO OmnacHbIe, 4-ii — MajoonacHsie. /{711 OTHeCeHUs BPEAHBIX BEIIECTB K
OTIPEJICTICHHOMY KJIACCy OMAcCHOCTH (Tabi. 9) MCHoNIb3yIOTCS CIEeAYIOIUe OCHOBHBIC
ITOKA3aTeJIN.

[Ipeaenbuo nomyctumele koHuentpanuu (ITJ1K) BpeaHbIX BelecTB B BO3IyXe
paboueit 30HbI - KOHIEHTPAIMH, KOTOPbIE MIPU €KETHEBHON (KpOME BBIXOJHBIX THEH)
paboTe B TEUYCHHE 8 4. WJIA MPU APYroil MPOJ0DKATEILHOCTH, HO He Oojee 41 4 B
HEJICNI0, B T€YEHUE BCEro pabodero craxka He MOTYT BbI3BaTh 3a00JE€BAHUN WM
OTKJIOHEHUH B COCTOSIHUU 310POBbsl, OOHAPYKUBAEMBIX COBPEMEHHBIMU METOJIaMU
HCCIIEIOBAaHUM B Tpoliecce pabOThl WM B OT/ACIbHBIE CPOKU KU3HU HACTOSIIETO U

MOCJIEAYIOIIETO TTOKOJICHUM.

Ta6J'II/IHa - HapaMeprl pasaciaCcHud BpCAHBIX BCIICCTB Ha KJIIACCHI OIIACHOCTH

B coorBeTcBuu ¢ ['OCT 12.1.007

ITokazarens Knacc ommacaoctu
1-i 2-" 3-i 4-i1

[IpenensHO HOmycTUMAs
koHueHtpauus (I1IJIK) Bpennbix
BEIIIECTB B BO3/lyxe paboueil 30HbI,
Mr/m3

Cpenusisi cMepTenbHas 103a IpU
BBEJICHUU B JKEJIYJIOK, MI/KT

Cpenusisi cMepTenbHas 103a IpU
HAaHECEHUH Ha KOXY, MI/KT

Cpenssisi cMepTelibHas KOHLIEHTpaLus
B BO3/1yXe, MI/M3

Koodurment BosmorkHoCTH bonee 300 300-30 29-3 Menee 3
MHTISIIIMOHHOTO OTPABJICHUS

30HAa OCTPOTO JCHCTBUS Mesnee 6,0 6,0-18,0 | 18,1-54,0 | Bonee 54,0

Memnee 0,1 0,1-1,0 1,1-10,0 bonee 10,0

Memnee 15 15-150 151-5000 | Bomnee 5000

Memnee 100 100-500 | 501-2500 | Bonee 2500

Mesnee 500 | 500-5000 [5001-50000| Bomee 50000

7.1.2. AHAJIN3 ONACHBIX MPOU3BOJACTBEHHBIX ()AKTOPOB M 000CHOBAHUE
MEPONPUSITHIA MO UX YCTPAHEHU IO

1. DnexTpo6e30macHOCTb.
Cratuueckoe DJIEKTPUYECTBO TPEJCTABISCT HACTOSIIYIO yrpo3y IS

opraHmima YCJIOBCKA. HpI/I JIUTECIBHOM Hp€6I>IBaHI/II/I YCIO0BCKaA B
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AJIEKTPOCTATUYECKOM TI0JIE BO3HUKAIOT TOJIOBHBIC OOJIM, CHUXCHHUE AamIeTUTa,
HapyImaeTcs COH, HaOmomaroTcs 0o B oOmacTh  cepima, Opaaukapaus W
apTepuaibHasi TUIOTOHMS, MOXET HaOIIOJaThCAd apTepuaibHas TUIIEPTEH3US,
BO3MOXXHO MOTEMHEHHE B IJla3ax M TOJIOBOKpYxeHHe. CTaTUYECKOe 3IEKTPUUYECTBO
NPUBOAUT K POCTY 3a00JIEBaHUI CEpIAEYHO-COCYIUCTON CHUCTEMBI, YBEIUYEHUIO
YHClia MCUXUYECKUX 3a00JIeBaHUM, MPUHOCUT Bpell paboTe HEPBHOW CHUCTEMBI. Y
YEJIOBEKa Pa3BUBACTCS ICTIPECCHS, OH CTAHOBHUTCS HEPBHBIM U KOH(MIUKTHBIM. Kpome
TOr0, CTAaTUYECKUH DIEKTPUYECKUM pa3psAl Ha MOBEPXHOCTH OACKIbl M TeJe
YyeJI0oBeKa MOXKET BBI3bIBATh HEXKeEIATeIbHbIE OOJIEBBIC U HEPBHBIC OIIYIIEHUS U ObITh
MPUYMHON HETPOU3BOJILHOTO PE3KOI0 JBUKEHUS YEJIOBEKA, B PE3YyJbTAaTe KOTOPOTO
OH MOXET JOMOJHUTEIBHO MOJYYUTh MEXAaHUYECKYIO0 TpaBMy (YIIUOBI, paHEHUs).
N30BITOK CTAaTUYECKOTO DJIEKTPUUECTBA MPOBOIUPYET HCKPY TMPU Mayieliiem
KOHTaKT€ C JPYTUMH OOBEKTaMU. ITO MPEJCTaBISET CEPhE3HYI0 Yrpo3y s
0e3omacHOCTH pabOT Ha B3PHIBOOIACHOM IMPOU3BOJICTBE, T.K. B PE3YJIbTaT€ HCKPHI
BO3HUKAET B3PHIB U MOXKap.

Korma y denoBeka mioxoe caMO4yBCTBHE Ha paboueM MecTe, MOBBIIMIACTCS
BEPOSTHOCTh TOTO, YTO OH COBEPIIUT OLIMOKY, KOTOpas MPUBEACT K TpaBME WM
aBapuu. [loaTOMYy, AJI 3alIUTHI YEIOBEKA U YMEHBIIEHUS PUCKA JJISl €r0 3J0POBbS U
JKW3HU HA MPOU3BOJICTBE B YCIOBHUAX XOJIOJIa U BBICOKOM BEPOSTHOCTH HAKOIUICHUS
CTATUYECKOTO JJIEKTPUYECTBA, Mbl pa3pabaThiBaeM 3alIUTHYIO OACXKIY, KOTOopas
MO3BOJIUT yMEHBIIUTh TEMIIEPATypHBIN JucOallaHCc, YBEIUYUTh KOMQOPTHOE
(hU3HOIOTUYECKOE COCTOSIHUE U YMEHBIIIUTh YPOBEHB AJIEKTPU3AIMN Ha TTIOBEPXHOCTH
OJICKIBI.

[Ipu npoBenennn npueMa HeYTEPOAYKTOB B pe3epByap, paOOTHUKUA UMEIOT
JIeJI0 C DJICKTPUYECKUM O00OpyJOBaHUMEM, UTO TpeOyeT coOJIoAeHUE MpaBWiI IO
anekTpobezonacHocTH. [log smekTpoTpaBMON TOHHMAIOT TPaBMY, BBI3BAHHYIO
JIEUCTBUEM BJIEKTPUYECKOTO TOKA UJIU 3JIEKTPUUECKON AYTH.

DJIeKTPOTpaBMaTU3M  XapaKTepU3yIOT TaKue OCOOCHHOCTH:  3allluTHAas
peakiusi OopraHu3Ma TMOSIBIIIETCS TOJIbKO IOCT€ TMOMaJaHusl 4YeJIOBeKa MO

HaIpsHKCHUE, T. €. Koraa BJICKTpI/I‘IeCKI/Iﬁ TOK YK€ IMPOTCKACT YCPE3 €ro OpraHu3M;

Jlucm

CouyuaribHasi omeemcmeeHHOCMb 68

U3m.

Jlucm Ne dokym. lModnuck | dama




AIEKTPUUYECKUIN TOK JEUCTBYET HE TOJBKO B MECTAaX KOHTAKTOB C TEJIOM Y€JIOBEKa U
Ha TYTH TPOXOXKIEHHUS Yepe3 OpraHu3M, HO M BBI3BIBACT PeIICKTOPHOE JIECUCTBHE,
MPOSIBIIAIONICECS B HAPYIICHUHU HOPMAJIbHON JEATEIBHOCTU CEPACYHO-COCYIUCTON U
HEPBHOU CHCTEMBI, IBIXaHUSA U T. JI. DJIEKTPOTPABMY YEIIOBEK MOKET MOJYUYHUTh KaK
IIPU HETIOCPEJICTBEHHOM KOHTAKTE C TOKOBEIYIIIUMMHU YaCTsIMH, TaK U MPU TOPAKCHUH
HaIpsDKEHUEM TPUKOCHOBEHUS WJIH I11ara, yepes3 dJISKTPUIECKYIO JIYTY.

besonmacHocth Tpu  paboTe C  AIEKTPOYCTAaHOBKAMH OOECIICUHUBACTCS
MIPUMCHEHUEM Pa3IMYHBIX TEXHUUYECKUX W OpPraHU3aIllMOHHBIX Mep. TexHudeckue
CpE/ACTBa 3alUThl OT MOPAKEHUS PIEKTPUUECKUM TOKOM JIENATCS Ha KOJUICKTUBHBIC
u uHAUBUAyanbHbIe B cooTBeTcTBUM ¢ ['OCT 12.1.019-79.

OCHOBHBIE KOJIJIEKTUBHBIE CITOCOOBI U CPEICTBA DIICKTPO3AIUTHI:

— M30JISIUSI TOKOMPOBOJAIIUX 4YacTe (MPOBOJIOB) M €€ HENpPEephIBHBIN

KOHTPOJIb;

— YCTAHOBKA OTPAJIUTEIIBHBIX YCTPOMCTB;

— 3aIIUTHOE 3a3€MJICHHE;

— 3aHYJICHUE;

- V¥Y30.

NuauBuayaibHbIE OCHOBHBIE H30JIMPYIOIIUE DJICKTPO3AIIUTHBIC CpEJICTBA
CIIOCOOHBI JUIMTENIBHO BBIAEPKUBATh pabouee HaMpsHKEHUE DIIEKTPOYCTaHOBOK
(HanpuMep, AUDIEKTPUUYECKUE NTEPUATKH ).

OmnacHOCTh TOPaKEHUS DJICKTPUUECKUM TOKOM CYIIECTBYET IPU CBAPOUYHBIX
paboTax.

3HaUYeHUE HAINPSHKCHUS B DJICKTPUUECKOM IENMU JIOJDKHO YAOBJIETBOPSTH
I'OCT 12.1.038-82.

Ta6nuna 10 — HanpsbkeHus TpUKOCHOBEHUS U TOKU, MMPOTEKAIOIINE Yepes

TCJIO YCJIOBCKA ITPpHU HOPMAJIIbHOM PCIKUME SJICKTPOYCTAaHOBKU.

Pop Toka U,B ‘ I, MA
He OoJiee
[lepemennsiit, 50 I'u 2,0 0,3
[Tepemennsrii, 400 B 3,0 0,4
IMocTosHHBIH 8,0 1,0
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Tabnuna 11 — IpenenbHo TOMYCTUMBIE 3HAYEHUS HAPSHKECHUIMA
NPUKOCHOBEHUS M TOKOB IIPU aBapUHHOM PEKHME OBITOBBIX AJIEKTPOYCTAHOBOK

HanpspkenueM 10 1000 B u vacroToit 50 I'y

[IpoaoKUTENBHOCTh H(;I::/IIEEI}E:M [IponoIKUTENBHOCTh Hc;iﬁﬁgﬁ?;aﬂ
BO3JelcTBU &, C UB I MA BO3AeMcTBUS t, C U B I MA
Ot 0,01 g0 0,08 220 220 0,6 40 40

0,1 200 200 0,7 35 35
0,2 100 100 0,8 30 30
0,3 70 70 0,9 27 27
0,4 55 55 1,0 25 25
0,5 50 50 Cs.1,0 12 2

2. BoinoniHeHue paboT Ha BBICOTE.

AnmuHucTpanus oOs3aHa 10 Hadajga padOT O3HAKOMUTh C HACTOALICH
MHCTPYKIMEN pabouyux, CBA3aHHBIX C pabOTaMu Ha BBICOTE, NMPOBEPUTH 3HAHUS U
OCYILIECTBIISAITh MOCTOSIHHBIM KOHTPOJIb 3a COOJIIOJIGHHEM €€ TpeOOBaHUM, a TaKxKe
o0ecreyuTh padourx CHEeHoAK 10, ClIe00YBbIO U UHANBUIYAJIBHBIMU CPEJICTBAMU
3aIIMUTHI B COOTBETCTBUU C JECUCTBYIOIIMMH HOPMaMU M XapaKT€pOM BBINOJHIEMON
paboTHI.

PaGoTamu Ha BhICOTE CUMTAIOTCS paOOThI, BBINOJHAEMbIE HA BbicOoTe 1,3M OT
NOBEPXHOCTU TPYHTa, MEPEKphITUS WM padodero HaACTWIA, HaJX KOTOPBIM
IPOU3BOAATCS PAOOTHl ¢ MOHTAXKHBIX MPHUCHOCOOJIEHUM WM HEMOCPEACTBEHHO C
AJIIEMEHTOB KOHCTPYKIIMM, 000pyA0BaHMs, MAIIMH U MEXaHU3MOB, ITPH UX YCTAHOBKE,
DKCIUTyaTall, PEMOHTE.

PaboTHuUK, 1OMyIIeHHbIN K padoTe Ha BHICOTE, 00sI3aH:

—  BbINONHATH TOJABKO Ty pabOTy, KOTOpas ompeaeneHa padodei wiu
JIOJKHOCTHOW MHCTPYKLIUEH.

—  BrimonHATE NpaBuia BHYTPEHHETO TPYAOBOTO PACHIOPSIAKA.

—  IIpaBWIbHO NPUMEHATH CpPEICTBA WMHIMBUIYAJIbHOW U KOJUIEKTHUBHOM

3aIIUTHEI.
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—  CoOmromath TpeOOBaHUS OXpaHBI TPY/IA.

3. [ToxapoB3pHIBOOE30MIACHOCTD.

[Ipu npueme HedTENpPOAYKTOB B  pe3epByap, pabouume HUMEIOT JeN0 C
B3pPBIBOOMACHBIMHU [TapaMH, COJICPIKAIMMHUCS B BO3IYXE.

3ara3oBaHHOCTh - HAJIWYKWE B BO3IyXE BPEIHBIX WJIH B3PHIBOONACHBIX
BEII[ECTB KOHIIEHTpaIeH, OJIM3KOM WK BbIIIE MPEEIbHO JOMYCTUMBIX HOPM.

OnacHble CHUTyallii TIpU  JKCIUTyaTalud  He(PTeCOOpHBIX  IMYHKTOB,
BO3ZHMKAIOIINE MPU 3ara30BaHHOCTH BO3IYITHOW CPEIbI, YPEBATHl OYCHB TKEITBIMH
MOCJIE/ICTBUSIMH.

K mpuunHaMm 3ara3oBaHHOCTH TPOMBICIOBBIX HE(PTEra3oCOOPHBIX ITYHKTOB
OTHOCATCA: HEJAOCTATOYHAS MPOITYCKHAsl CIIOCOOHOCTh CUCTEMBbI cOOpa U MOATOTOBKU
He(TH, Ta3a, KOHJCHCATA, HECOBEPIICHCTBO W HEUCIPABHOCTH OOOPYIOBAHWSI,
KOTOPBIM KOMITJIEKTYIOT pe3epBYaphl; OTCYTCTBHE I((HEKTUBHONW CHCTEMBI 3alUTHI
pe3epByapoB OT KOPPO3HH.

Takum oOpazoM, st TOro 4ToObl 00€30macuTh PaOOTHHUKOB OT (hakTOpa
3ara3oBaHHOCTH, HEOOXOIUMO COOJIIO/IATh PsiJl MPABHLIL:

— npeObiBaHMe pabouMx BHYTPU pe3epByapa MJis  BBINOJHEHUS
JIOBOJIOYHBIX Pa0OT OMYCKAETCS TOJBKO TMPH JOCTHKCHUU YCIOBUW OOWTAaHHS B
COOTBETCTBHUM C TpeOOBaHUSIMH OE€30MAaCHOCTH M TMPU HAIUYUU  BBITSHKHOU
BeHTwsinuu. [IpenenbHo-gomyctumas kounentpamus (ITIJK) mapoB B Bo3myxe
paboueil 30HbI HE JOJKHA MPEBBIIATh: yriieBogopoas! - 0,3 v/m3, 6en3un - 0,1 /M3,
B cootrBeTcTBUU ¢ ['OCT 12.1.005;

—  3ampemiaeTcs npeObIBaHMe pabouyux BHYTPUM  pe3epByapa Ipu
Temrneparype ero armocdeps Boilie 3 °C, OTHOCUTETLHON BJIaXKHOCTH BO3/yXa BBIIIE
70 %;

—  Iepel BXO0J0M pabouyux B pe3epByap U B Mpoliecce padoThl TPOBOJAUTCS
OTpE/ICNICHNE  KOHIIGHTpPAIMid  KOHTPOJUPYEMBIX  3arpsi3HSIIONIAX ~ BEIIECTB.
Pe3ynbpTaThl aHaNMM30B BO3MYIIHOW CpEbl 3aHOCSATCS B JKYpPHAJI U JIOBOASTCS IO

CBEJICHUSI PYKOBOJIUTENS padoT;
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—  KOHTPOJb COAEpXNKAaHHUS TMapoB HEPTEHPOAYKTOB OCYIIECTBISETCS
ra30aHAIN3aTOPAMMU.

4. MoaHue3amnmra.

VYcTpoiicTBa  MOJHUE3aUIUThl  JOJDKHBI  OBITh MPHUHATHL W BBEJIEHBI B
AKCIUTyaTaIMIO JI0 Havalla 3alodHeHus pesepByapa HedThio. [Ipu aTom opopmisercs
U IIepeaeTcs 3aKa3uuKy UCIIOJHUTENbHAS TOKYMEHTALHS.

JUist pe3epByapHbIX MAapKOB MpHU OOLIEH BMECTUMOCTH TPYIIIbI PE3EPBYapOB
Gomee 100 Thic. M® 3aIMTY OT NPSMBIX YAAPOB MONHHH CIEAYeT, KaK IPABHIIO,
BBIIIOJIHATH OTAEIIBHO CTOSIIIIMMHU MOJIHUEOTBOJIAMH.

B kauecTBe 3azemuuTenen 3alIUTHl PE3EPBYAPOB OT NPSIMBIX yIAPOB MOJIHUHU
HEOOXOJMMO NPHUMEHATh UCKYCCTBEHHBIE 3a3€MJIUTENH, MPOJIOKEHHBIE B 3€MIIE U
pa3MenIeHHbIE He pexke dyeMm depe3 S0 M Mo ImepuMeTpy OCHOBAHHUs pe3epByapa, K
KOTOPBIM JIOJKEH OBITh MPUCOEANHEH KOPIYC pe3epByapa (YUCI0 MPUCOECTUHEHUNA —
HE MEHee JBYX B IMaMETPAJIIbHO ITPOTUBOIIOIOKHBIX TOUKAX).

[Ipn sKcmulyaTanuu yCTPOWCTB MOJIHME3AIIUTHl JIOJDKEH OCYLIECTBIATHCS
CUCTEMAaTUYECKUN KOHTPOJIb 3a UX TEXHUYECKUM COCTOSAHHEM. B rpaduk niaHoBo —
OpeayNnpeaUTENbHBIX pa0dOT OJKHO BXOJIUTh TEXHHUYECKOE OOCIY)XMBaHHE 3ITHX
YCTPOWCTB. B ciydae BBIABICHUS MEXaHUYECKUX MOBPEKICHUN U U3HOCA YCTPOUCTB
MOJIHME3AUIUThl CIEAYET NPOU3BOANUTH TEKYIUMH WIM KalnuTalbHBIA PEMOHT.
[IpoBepka COCTOSIHUSI YCTPOMCTB MOJIHUE3AUIUTHI O KHA MPOBOAUTHCA 1 pa3 B roj
Iepesl HayajioM TIpo30BOro ce3oHa. IIpoBepke mopnexar UIEIOCTHOCTh U
3alIUIIEHHOCTh OT KOPPO3UM JOCTYMHBIX 0030py 4YacTed MOJIHHUETIPUEMHHUKOB H
TOKOOTBOJIOB U KOHTAaKTOB MEXJy HUMH, a TAKXKE 3HAYEHUE COMPOTUBIIECHUS TOKY
IPOMBIIUIEHHON YacTOTHI 3a3€MJIMTENEH OTIENBHO CTOSLIMX MOJHUEOTBOJIOB. DTO
3HAQYEHUE HE JOJDKHO IMPEBBIIATH pPE3YyJbTAaThl COOTBETCTBYIOLIMX 3aMEPOB Ha
CTaAuM TpUEMKH Oojee YeM B TATh pa3. [lpu MpeBbIIEHUH COMPOTHUBICHUS
3a3eMJIeHui OoJiee 4eM B MATh pa3 MO0 CPaBHEHHUIO C 3aMepaMu B MEPUOJ MPUEMKHU
3a3eMJICHUE MOJIJICKUT PEBU3UU (M PEMOHTY, TPU HEOOXOJIMMOCTH).

I{enp peBU3NN 3aKIIFOYAETCS B CICAYIOLIEM:

- BbIAIBUTH JJICMCHTHI, Tpe6YIOH_II/Ie 3aMCHbI HWJIM YCWJICHUS HN3-34
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MEXaHUYECKUX MOBPEKICHUM;

—  IPOBEPUTH HAJEKHOCTb IEKTPUUECKOW CBSI3H MEXIY TOKOBEAYLIMMU
3JIEMEHTaMU (MECT CBApKU U OOJITOBBIX COEAMHEHUN );

—  ONPEIENIUTh CTENEHb Pa3pylICHUs KOPPO3UEN OTIENbHBIX JIEMEHTOB
MOJIHME3alIUThl U MPUHATH MEPbI IO BOCCTAHOBIIEHUIO aHTUKOPPO3UOHHOM 3alUThI
Y YCUJICHHIO 3JIEMEHTOB, OBPEXACHHBIX KOPPO3UEH.

Ha ocHoBaHuu peBu3Mii omnpenensieTcsi HeoOXOOUMBIH O00bEM PEMOHTHBIX
paboT MO CHUCTEME MOJHHUE3AIIUTHI, KOTOPHIE JOKHBI ObITh 3aKOHUEHBI K Hadaly
IpO30BOrO mnepuoga rojga. Mejkue TEeKylnIMe PEMOHTBI YCTPOMCTB MOJIHHME3ALIUThI
MO>KHO MPOBOJAMTH BO BpEMs IPO30BOr0 MEPHOJAa I0ja, KalmUTaldbHbIE PEMOHTHI —
TOJBKO B HETPO30BOU MEPUO.

Pe3ynpraTel  peBH3MI  MOJHUE3AIIUTHBIX  YCTPOMCTB, IPOBEPOYHBIX
UCIIBITAHUM  3a3€MJISIOIUX YCTPOMCTB, MPOBEAEHHBIX PEMOHTOB HEOOXOAMMO
3aHOCHUTh B JKypHal OJKCIUTyaTallMd MOJIHME3AIMThl W YCTPOWCTB 3aIUTHI OT
CTaTUYECKOT'O 3JIEKTPUYECTBA.

JIuna, NpoBOASILIME PEBU3HI0 MOJHHUE3AIIUTHI, JOJDKHBI COCTaBIATH aKT
OCMOTpa U MPOBEPKH C yKazaHUEM OOHapyX eHHbIX AePekToB. OTBETCTBEHHOCTh 3a

HCIIPaBHOC COCTOSAHNEC MOJITHUC3AIUTEI HCCCT cny>1<6a TJIaBHOI'O SOHCPIreTUKaA.

7.2 DKoJOorn4ecKas 0e30MacHOCTh

PaboTs! mo nmpueMy HeTENPOAYKTOB B Pe3epPByapbl BEPTUKAIBHBIC CTATbHBIC
BKJIFOYAIOT B Cce0sl OMOPOKHEHHME pe3epByapa OT HeDTH U HEeDTENpPOMYKTOB, UYTO
MOJKET ITOBJICYh 3a COOO0H 3arps3HeHNe MOYBBI MTPOTYKTAMH XPAaHCHHS pe3epByapa H
HAHECTH HETOINpPaBUMBIN yIIepO OKpyxkaromiei cpexe. s mpenoTBpamieHus |
MUHAMM3AIMK  TAaryOHOTO BO3JCUCTBHS TIPU TPOBEIEHWU padboT Tpedyercs
MIPETYCMOTPETh HEKOTOPBIC 3AIIUTHBIC MEPOTIPUSTHSI.

Jnist  mpemoTBpamieHuss nonagaHus  Heptm W HePTENMPOAYKTOB B
OKPYXAIOIIyI0 Cpeay NPEeIyCMOTPEHBI JPEHAKHBIC EMKOCTH, HCITOIB3YEMbI IS

CJIMBHO-HAIIOJIHHUTCIBHBIX OHGpaHI/Iﬁ Ha pe3CpByapc. I[peHaxcHa;I €MKOCTh U CHCTEMa
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TpyOONIPOBOZIOB ~ JJIT  OMOPOXHEHUS  JOJDKHBI ~ OBITh  T€PMETHYHBI,  YTO
KOHTPOJIMPYETCSI ~ MAHOMETpaMH UM TPOBEPSIETCA  UCHBITAHUSIMUA  JIAaHHOTO
00OpyZ0BaHUsl HA TEPMETHUYHOCTh MPU BBOJE B AKCILIyaTallMI0 U MPU NPOBEICHUU
MJIAHOBO-TIPEAYNIPEIUTEIbHBIX PEMOHTOB.

Taxxke mng mnpeAoTBpalieHUsT pPa3iauBOB HehTH U HEPTENPOTYKTOB
UCIIOJIB3YETCSI COOPYKEHHE OOBaJIOBaHUS pe3epByapoB. Bokpyr oTaenbHbIX (Wid
TPYINbl) HAa3€MHBIX WM  TOJYNOJ3EMHBIX  PE3EpBYyapoB ISl  XPaHECHUS
JIETKOBOCTUIAMEHSIIOIIUXCST JKUJIKOCTEH M CXKWKEHHBIX Ta30B B Ppsijie  CIydaeB
YCTPauBaIOT 3€MJIIHYIO OOBAJIOBKY WJIM YCTAaHaBIIMBAIOT CIUIOUIHBIE HECTOpaeMble
cteHbl. OOBaJOBaHHME PE3EPBYAPOB NPEIYNPEKIAET PACTEKAHHE OTHEONACHBIX
KUJKOCTEH TpHU aBapuM M TMOXkape. DTH Mperpaabl JOHKHBI ObITh pacCUUTaHBbl Ha
MPOYHOCTh MPU TUIPOCTATUYECKOM JIABIICHUHU PA3IUBIICHCS >XUAKOCTU. BwicoTy
nperpaj (oOBaJIOBaHMS) YCTAHABIMBAIOT PAacYETHBIM MyTeM (00BEM MPOCTpaHCTBA
BHYTpH OOBAJIOBKHU JOJKEH ObITh HE MEHEEe 00beMa MPOaYyKTa B pe3epByape), HO HE
MeHee 1 M; paccTOSHHE OT CTEHOK PE3EPBYapOB JI0 OTPAXkKAAOMIMX CTEH JOJIKHO
ObITh HE MEHEE TMOJIOBUHBI JuameTpa OMuxkalIiero pe3epByapa M BO-BCEX CIIydasix
He meHee 0,5 M; pacCTOSAHUE OT YPOBHS PA3MBUICHCS KUIKOCTH 1O BEPXHErO Kpas

orpaxjeHus - He meHee 0,2 M.

7.2.1. AHaJmn3 Bo3jAelcTBHs 00beKTa HA aTMOchepy

3arps3HSIONME BEIIECTBA MOTYT IMOMAaAaTh B aTMoc(epy MpH HAPYIICHUSX B
paboTe 000pya0BaHUsI, U3HOCE YIUIOTHEHUH, MOBBIIIIEHUS JaBJICHUs B TPYOOIIPOBOIE
1 000PYZIOBAaHUU BBIIIIE JOMYCTUMBIX MPEJEIOB, BCICACTBUAEC YETO MTPOUCXOIUT B3PHIB
pesepByapa. Takum oOpazom, B aTMochepy MOTYT MOINACTh TaKWe BEIIECTBA, Kak
okcunl (CO) u nuokcup yraepoaa (CO;), cepuuctoiii anruspun (SO,), yriaeBoaopo/
(CnHm), okcup azora, caxka, CEpOBOAOPOJ OTHOCAIIUWCS KO BTOPOMY Kiaccy
onacHoctu o 'OCT 12.1.005 — 88

Meponpusarus 1o 3anmre aTMoCchepshl:

—  IIpoBepka 060pyaoBaHHs HA MPOYHOCTH U TE€PMETUYHOCTb.
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—  HeykocHutenpHOe  COONIOZIGHME  COTJIACOBAHHBIX — TEXHOJIOTMYECKUX
PEXUMOB pabOThl 000PYIOBaHUS.

- Hcnonp30BaHnE CUCTEMBI KOHTPOJIA 3ara30BaHHOCTHU.

7.2.2. Anaau3 Bo3aeiicTBusl 00beKTa HA ruaApochepy

He¢tp, nponuTas U3 NoBpeXAEHHOIO TaHKEPA MPHU TPAHCIIOPTUPOBKE, IyOUT
BCE KMBOE K UeMy «mpukacaetcs». HedTh pazHocHTCS MO MOBEPXHOCTH BOJBI HA
MHOTHE KUJIOMETPBI, U KOI'Jla JOCTUTraeT OeperoBoil TMHUM, TO HAMEPTBO LEIUIIETCS
3a KaX/Jbli KaMEHb W MECUMHKY Ha IUske. M3-3a 3arpsi3HeHns HeQThIO THOHET BCA
pacTuTeNnbHOCTh. [lopaxeHHas TeppUTOpUs CTAHOBUTCS HETIPUTOTHOM Il OOMTaHUS
JIUKUX )KUBOTHBIX.

Hedtp KOBapHa HE TOJNBKO TEM, YTO MOXKET PAaCTATMBATHCS YEPHOU IIICHKOU
110 TIOBEPXHOCTH BOJIbI, HO TaKXXe€ HEKOTOPBIE €€ YACTHIIbl CIIOCOOHBI CMEILINBATHCS C
BOJIOM M oOceiaTb Ha JIHO, TE€M CcaMblM, YOUBas UYyBCTBUTEIbHYIO MOPCKYIO
KOCUCTEMY. MHOTrMe MOpPCKHE OpraHWU3Mbl U PbHIObI MOTMOAIOT WM OKa3bIBAIOTCS

3apaKEHHBIMH.

Tabmuma 12 — TIJAK HedTH B BOJe BOAHBIX OOBEKTOB XO3SMCTBEHHO-

IIUTBCBOI'O " KYJ'H)TypHO-6I>ITOBOFO BOAOIIOJIb30BaHUA

HaumenoBanue Benwunna ITK, mr/n Knacc omacHocTn
HedTn 0,3 4
HedTs MHOTOCEpHUCTAS 0,1 4

JIist 3ammThl ruapocdepsl cieayeT coOio1aTh ONpeeieHHbIe TPeOOBaHUS U
npuberaTh K MPEBEHTUBHBIM MEpaM:

—  HckmroueHne TOSBJICHUST MCTOYHMKOB YTEUKM BPEIHBIX BEIIECTB
(coburoieHue MpaBmIT AKCILTyaTaI|H ).

—  CBoeBpeMeHHasi yOOpKa OTXOJOB B CHEIHAIbHO OTBEACHHBIE MECTa C

JaJbHEHIIeH TPaHCTIOPTUPOBKOM J10 MECT MepepadOTKHU.
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7.2.3. AHaJn3 Bo3/1elicTBHS 00bEeKTa HA JJUTOCPepy

[Ipu ocyiiecTBiICHNH 000N MPOU3BOACTBEHHOM NIESATEIBHOCTH Ha JUTOChHEpY
Cpedy OKa3bIBaeTCsl HETAaTHBHOE BO3JIEICTBUE, CBSI3aHHOE C 00pa30BaHUEM OOJIBILIOTO
KOJINYECTBA OTXOAOB IIPOM3BOACTBA. 3ajadya IIEpCOHAIa COCTOUT B CBEACHUU K
MUHUMYMY BO3MOKHBIX ITOCJIEICTBUI 3TOT0 BO3ACHCTBHSL.

MeponpusaTys 1o yMEHbIIEHUIO HETaTUBHOTO BIUSHUS Ha JIUTOC(hEpy:

—  Bce oTxoapl moanexar CeleKTUBHOMY COOPY, BPEMEHHOMY XPaHEHUIO
Ha CIEHMAIIBHO OTBEJIEHHBIX IUIOMIAJKAaX B COOTBETCTBUM C MPOEKTOM HOPMAaTHUBOB
oOpa3oBaHMsl M JHMMHUTOB pa3MELICHUs OTXOJOB WU IMepelaye Ha yTUIIU3aLUIo
CHEUAIN3UPOBAHHBIM  OpraHU3alusM B  COOTBETCTBUU C  3aKIIOUYEHHBIMU
JIOTOBOPAMH.

—  IIpoBepka 060pya0BaHMs HA TPOYHOCTh U T€PMETUYHOCTb.

—  HeykocHutenmpHOE  COOMIOAEHUE  COITIACOBAHHBIX — TEXHOJIOTMYECKHMX

pPEKUMOB pabOThI 000PYI0BAHHUS.

7.2.4. AHaJIN3 BO3/1eliCTBHS HA CEJTUTEOHYIO 30HY

OnacHble TTPOU3BOJCTBEHHBIE OOBEKTHI, B YUCIO KOTOPHIX BXoauT u HIIC
JIOJDKHBL ~ pacroJiaraTbCsi Ha JOCTATOYHOM JjIsi  oOecreueHus: 0e30MacHOCTH
HAceJICHWs] U HEeBO3MOXXHOCTH INMPOHUKHOBEHHS HAa OOBEKT PACCTOSHUU OT KHJIBIX
30H.

JI71s1 TOTO IPUMEHSIIOT CIEAYIOIIUE MEPHI:

—  HedrenepekaunBaromass cTaHIMS pacrojaracTcs Ha MaKCHMaJbHO
BO3MO>KHOM PAIIMOHAIIBHOM YJIaJIEHUH OT HACEJICHHBIX TyHKTOB WJIN YKUJIBIX 30H.

—  Boxkpyr nHedrenepexaunBaroiieii CTaHIMH OPTAaHU3YETCS CaHUTAPHO-
3aluTHAs 30Ha mupuHoi 100Mm.

—  Tepputopus oropaxuBaercsi o MEPUMETPY.

—  YcranaBnuBaeTCsl BHJICOHAONIONCHUE M TEpUMETpaibHas OXpaHHas

CHUI'HaJIM3alysl.
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—  YcraHaBiaMBAIOTCS CHElMaNbHbIE WH()OPMALMOHHBIE U 3alpelaroniie

3HAaKH.

7.3. be30nacHoCTh B Ype3BbIYANHBIX CUTYALMSIX

7.3.1. Anaan3 BeposiTHbIX UC, KOTOpbIe MOKET HHUIIUMPOBATH 00bEKT
HCCJIe0BaHuM

Upe3BblualiHble CUTyalld, MTPOUCXOAIINE HA OMACHBIX MPOU3BOICTBEHHBIX
00bEKTaX MOXHO pazfaenuTh Ha ciaeaywomme: YC CTUXHITHOTO, COLMAIBHOTO,
HKOJIOTHYECKOTO M TEXHOTC€HHOI'O XapakTepa.

Haunbonee yactoii siBisiercss YC TeXHOreHHOro xapakrepa. B ocHoBe aBapwii
MOTYT JIe)KaTh KaK TEXHUYECKHE MPUYMUHBI (M3HOC 000PYIO0BaHUs, €r0 pa3pylIeHHE,
HapyILIEHUE TEXHOJOTHYECKOro IMPOLECCa, OTKA3 JJIEKTPOHUKH M MEXAHMYECKHUX
CPEIICTB MPENOTBPALLECHUS TOSBICHUS OMACHBIX (PAKTOPOB, TAKMX KaK IMOBBIIICHHUE
JTABJICHUS), TAK U YeJIOBEYECKU (pakTop.

Jns npenotBpaiienuss YC connanbHOTO Xapakrepa (TEppOPUCTUUYECKUI aKT)
TEPPUTOPUST PE3EPBYAPHOro Mapka OOOPYIYEeTCS CUCTEMaMHU BHJICOHAONIOACHUS, a
TaKKe Oropaxkupaercs mo nepumerpy. l[lepcoHanm NOPOXOAUT HHCTPYKTAXKH IO
crnoco0aM MPOTUBOAECUCTBUS MPECTYMHUKAM M TpaBWjaM IOBEJIECHUS B MOJOOHBIX
CUTyalusX.

Mununmuzanus nocieactsuii YC 3K0JIOrMYeCKOro U CTUXUHHOTO XapaKTEPOB
oOecrieynBaeTcs €Ille Ha CTauu MPOECKTUPOBAHMS HE(TENEPEKaUYNBAIOIIECH CTAHIIMH.
MecTo pacrnoyiokeHus U IUITAHUPOBKA OOBEKTa OINPEAENSAIOTCS B 3aBUCUMOCTH OT
TEKTOHUYECKOM aKTUBHOCTH, (opmbl penbeda, CBOWCTB TIpyHTa, HAIUYUS
noOJM30CTH PA3HOr0 POJA PACTUTENBHOCTH M OJIM30CTH K HACEJIIEHHBIM ITYHKTaM.
JIst 3ammThl OT TOMAMaHWUs MOJHUM Ha TEPPUTOPUU OOBEKTAa YCTAHABIMBACTCS
MOJIHMEOTBO/, a JJIsl IPEIOTBPAILICHUs paclipoCTpaHeHust orHs Ha Tepputoputo HIIC
BOKpPYI' HEE€ II0 BCEMY IEPUMETPY BCIIAXMBAETCSA MOJIOCA 3€MIIM, YAAISIETCS CyXas

pPAaCTUTCIIbHOCTD U BBIKAIIINBACTCS TPaBaA.
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[Ipu mpoBegeHnn npueMa He(PTENPOIYKTOB B pe3epByap BEPTHKAIbHBIN

CTaJIbHOM MOXET MPOU30MTU BO3rOpaHUE MapoB.

7.3.2. O6ocHOBaHHE MepONPUATHIi 0 npeaoTBpamerHuro YC

[ToxkapHast 0€30MAacCHOCTh pE3epBYapoB M  pPE3EPBYapHBIX MApKOB B
cootBeTcTBUM ¢ TpeOoBanusiMu 'OCT 12.1.004 nomxHa 0OecrieYuBaTHCS 3a CUET:

—  TpeIoTBpallleHHs pas3liuBa U pacTEKaHUs HEPTH;

—  TpenoTBpalleHHs 00pa3oBaHUs HAa TEPPUTOPHUH pPE3EpPBYaApPHBIX MAPKOB
roproyeii MapoBO3AYyLIHON Cpebl U MIPeAOTBpaIlleHue 00pa30BaHus B TOpIOYE cpelie
HMCTOYHUKOB 3a)KUTAHUS,

—  TIPOTHMBOABAPUHHON 3alUTHI, CIIOCOOHON MPENOTBPATUTH aBAPHUIHBIN
BBIXOJ1 HE()THU U3 pe3epByapoB, 000PYI0BaHUS, TPYOOIPOBOIOB;

—  OpraHM3allMOHHBIX  MEpPOINPHUATHI 1O  MOATOTOBKE  IEpCOHala,
OOCITY>KMBAIOIIETO pPE3EPBYapHbIA TapK, K MPEAYNPEeKICHUIO, JOKaIU3alluu U
JUKBUJALUN aBapUl, aBapUUHBIX YTEUEK, a TAKXKE MOKAPOB U 3aTOpPaHUM.

OTBETCTBEHHOCTh 3a O0ecreyeHne MokapHoM Oe30MacHOCTH pe3epByapoB U
pE3epBYapHBIX MAapKOB HECYT TEPBbIM  PYKOBOAUTENb  SKCILTyaTUPYIOLIEH
OpraHu3allid W JIMIla, Ha KOTOPBIX BO3JIO’KEHA OTBETCTBEHHOCTh 3a TMOXKAPHYIO
0e30macHOCTh Ha pabOYMX MECTaX B COOTBETCTBHUH C JIOJBKHOCTHOM MHCTPYKITUECH.

Pe3epByapHblie Napku U OTAEIBHO CTOSIIIUE PE3EPBYAPHI JOJKHBI OCHAIIATHCS
CHUCTEMaMH TIEHHOTO TMOXKapOTYIICHUSI U BOJSHOIO oxjaxiaeHus coriacHo CHwull
2.11.03. CucreMbl MOXKapoOTYLIEHHUS, CUTHAJIU3ALUN, CBSI3U U MEPBUYHBIE CPEICTBA
MOKapOTYIIEHUS JOJKHBI ObITh B UCIIPABHOM COCTOSIHUM W MOCTOSIHHOW TOTOBHOCTH
K gevctBusM. [ oOecrieueHust MmokapHOW 0€30MacHOCTH JIOJKHA OBITh CO3/aHa
noxkapHas oxpana corjmacHo BHIIB-01-03-01-2000 , xoTopeie OINpEeACHsIOT
YUCJIIEHHOCTD MOKAPHOU OXPAHBI U €€ OCHAILICHUE TTOKAPHON TEXHUKOM.

Jlist kaxxgoro pesepByapHoro napka B cocraBe HIIC, cormacuo III6 01-93,
JOJDKHBI OBITH pa3pabOTaHbl 1eXOBasg W OOIMICOOBEKTOBAas MHCTPYKIMS O Mepax

MOKapHOU 0€30MaCHOCTH.
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Taxxe nns 60psObI ¢ moxapamu HedTeOa3bl MOKHBI OBITH OCHAILIEHBI
NEPBUYHBIMH CPEICTBAMH TMOKapoTyiieHus B coorBercTBuu ¢ CHull 2.11.03-93:

—  OrHeTyIlIalue BellecTBa (BoJa, MECOK, 3eMJIs);

—  OTHeTyIIalue MaTepuasl (TpyOoolIepCcTHbIE KyCKH MaTepUU — KOLIMBI,
acOeCcTOBbIE MIOJIOTHA, METAIUIMYECKUE CETKU C MAJIbIMH SIYEUKaMH U T. I1.);

—  HEMEXaHW3UPOBAHHBIM PY4YHOH MOKAapHBIAH UHCTPYMEHT (Oarpbl, KpIOKH,
JIOMBI, JIOTIATHI U T. I1.);

—  TIOKapHbBI HMHBEHTapb (OOYKM M YaHbl C BOJOW, IMOXKApHBIE BEAPA,
AIIUKHA U TIECOYHULIBI C TIECKOM);

—  TIOKapHbIE€ KpaHbl Ha BHYTPEHHEM BOJONPOBOJE IPOTHBOIIOKAPHOIO
BOJIOCHA0KEHUS B COOpE € MOKapHBIM CTBOJIOM U MOKAPHBIM PYKaBOM;

—  OTHETYLIMTENIU

Hcnonb3yroTcss OTHETYIIUTENN NEHHOTO U YIJIEKUCIOTHOTO TUIIOB, KOTOPHIE
IPUTOJIHBI [l TYIIEHHUS [T0KapoB MPH BO3TOPAHUU HEPTEIPOAYKTOB.

3naHuss M coopykeHus HedTebda3 [OJKHBI HMMETh MOJHHUE3AIIUTY B
COOTBETCTBUM C KaTETOPUSMU YCTPOMCTB M THUIIOM 30HBI 3alIUThI. TpeOoBaHMs K
MOJIHUE3AIIUTHBIM YCTPOMCTBAM, KAaTErOPUM YCTPOMCTB MOJIHUE3AIIUTHI, 30HBI
3aIATHl MOJTHUEOTBOJIOB YCTaHABIUBAIOTCS B cooTBeTcTBUM ¢ P/ 34.21.122-87.

PesepByapsl, OTHECEHHBIE 110 YCTPOMCTBY MOJHHE3aUThl KO II xareropuu,
JOJKHBI OBITh 3aLIUIIEHBI OT MPSMBIX YAAPOB MOJHUU CIEIYIOUIUM 00pa3oM:

—  KOpIyca pe3epByapoB NIpH TOJIIMHE METala KpbIIIM MeHee 4 MM -
MOJIHHEOTBOJaMH, YCTAHOBJIEHHBIMH OTAEJIBHO WM HAa CAMOM PE3EpPBYape;

—  KOpIyca pe3epByapoB IpH TOJIIMHE MeTaia Kpbliu 4 MM U Ooliee, a
TAKXK€ OTHEJIbHBIE pPe3epByapbl BMECTUMOCThIO MeHee 200 M° He3aBHCHMO OT

TOJIIWHBI MCTAJlJIa KPBIIIH, - IPUCOCANHCHHUCM K 3a3CMIIMTCILAM.

7.3.3. ObocHoBaHMe MeponpusATHii 10 npenorspamenuio YC u
pa3padoTKa nopsiaAka AelcTBUA B ciiyuae BO3HUKHOBeHus:t UHC
AJNTOPUTM JIMKBUJIAIIMK BO3MOKHOM aBapuy WM aBapUHHON YTEUKHU JOJKEH

COICPIKATH:
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1.  omnepaTWBHYIO YaCTh;

2.  TEXHUYECKYIO YacCTh;

3. NOpSAOK  B3aWMMOJEHUCTBHUS C  JPYTMMH  TNPEANPUITHAMU U
OpraHU3alMsIMHU 10 JIMKBUIALNU aBapUid U UX MOCIIEIACTBHIA.

AJTOPUTM JOJKEH NMPEAyCMaTPUBATD:

1. pacnpenenenue OO0s3aHHOCTEW MEXAY OTICIBHBIMU JUIAMU U
clTy>k0aMu, yJacTBYIOIIMMH B JTUKBUIAIINHN aBapHil M aBapUIHBIX YTEUEK, U MOPSIOK
WX B3aUMOJICHCTBUS,

2.  CHOHCKH, anpeca, TenedOHBI IOJDKHOCTHBIX JIHIl, KOTOPBIX CIEIyeT
U3BEIIATh 00 aBapuy M aBapUHHBIX yTEUKaX;

3.  TEHIUIaH U TEXHOJIOTMYECKYIO CXeMy He(TenepeKkauynBarouiel CTaHIMH,
HAJIMBHOTO NTyHKTa, HeTeOa3bI;

4.  HeoOXOIUMOCTb U MOCIEAOBATEIBHOCTh BBIKIIOUYEHUS JIEKTPOIHEPTHU
U OTKJIIOUEHUS 3JIEKTPOCETEN, OCTAaHOBKM OOOpPYAOBaHUS, NPEKpPALICHUS TEeX WIU
MHBIX BUJIOB PabOT B 30HE pa3inBa HE()TU U pACTIPOCTPAHEHHUS €€ MapOB;

5. ABaKyaIus pabOTHUKOB,

TexHnuyeckas 4acTh TUIaHa JOKHA BKIIIOYATh:

1. MeponpusATHs MO NPEIOTBPALLIECHUIO JaTbHEHUILEro pa3jinBa U 3aropaHust
He(TH;

2.  MepompuATHSA MO OYHCTKE 3arpsS3HEHHON TEPPUTOPUHU OT Pa3TUTOU
He(TU B 30HE MPOU3BOJCTBA PEMOHTHBIX PadoT;

3. MepompusTus 1Mo cOoOpy U yTUIU3aIuu HeTH, a TAaKXKe MO JUKBUIAAIIUN

MOCJIEACTBUN pas3iuBa HeDTH.

[Topsnok B3aMMOJIEUCTBUS C IPYTUMU NPEANPUATHUSIMUA U OPTaHU3ALUSIMHA T10
JMKBHUAAIMA BO3MOXHBIX aBapUii, aBapUUHBIX YTEUEK M HUX MOCJIEACTBUN IOJKEH

OTPaXKaTh:

1. nepedeHb NpeANPUITHN U OpraHU3ALMU, IPUBIICKAEMBIX K JIUKBUIAAIUN

BO3MOYKHBIX aBapuid, aBapUHUHBIX YTEUYEK M MX IOCJIEACTBUI, HOMEpa TelaepOHOB
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JOJKHOCTHBIX JIML, KOTOPbIE JOJKHBI ObITh M3BEUICHBI 00 aBapHsIX U aBapHIHBIX
YTEUKaX;
2. Bugpl pabOT M MX OJTambl, KOTOPbIE HAMJIEKUT BBIIOJIHATH

IMPHUBJICKACMBIM HPCAIIPUATUAM U OPraHU3AIHAM.

7.4. IlpaBoBble U OPraHU3aANMOHHbIE BONPOCHI 00ecnevyeHust

0€301MaCHOCTH

7.4.1.CiennajibHble (XapaKTepHbIe /sl IPOEKTHPYeMOoil padoueil 30HbI)

NpaBoOBble HOPMbI TPY/IOBOI0 3AKOHO/AATE/IbCTBA

B cooTrBercTBUM ¢ HOPMAaTHBHBIMM JIOKYMEHTaMH, K paboTre Ha
He(TenepeKaunBaoell CTaHUMU JOMYyCKalOTCs TOJBKO JIMIA, JocTurimue 18-
JIETHETO BO3PACTa, KOTOpPBIE MPOLUIM MEIULIUHCKUI OCMOTp M HE HMEKOT
MPOTUBONOKA3aHU, OOy4YeHHbIe Oe30macHbIM  METOJaM  BeJEHUs  PaboThI,
Opoule/iIiNe HWHCTPYKTaX Ha paboyeM MecTe U MOJNyYMBIIHME JIOMYCK K
caMocTosiTeIbHOM pabore. Bce paboTHUKM 00s3aHBI MCMOJIB30BATh CIEIOJICKIY,
cnenoOyBb, UHBIE CPEJCTBA MHANBUYATIHON 3aIUTHl B COOTBETCTBUU C HOPMAMH.

Pabounii mepcoHan, B COOTBETCTBHH C (eAepanbHbIM 3aKOHOM oOT 28.12.13
Ne 426-®3_«O cnenmanbHON OUEHKE ycnoBud tpyaa», cT.147 TK P® u cr.117 TK
P®, nomydaer HanbaBKy K 3apabOTHOM iaTe B pa3Mepe He MeHee 4% OT okjaaa u
JOTIOJIHUTENBHBIN OIJIAYMBAEMBIM OTIYCK B pa3Mepe 7 KAJICHAAPHBIX THEW, Kak
pabOTHHKH, 3aHATHIE Ha pabOTax C BPEAHBIMU WIIM OMACHBIMHU YCIOBUSMHU TpPYJa.
PaGoTHHKM WMEIOT TpaBO Ha JOCPOUYHYIO TMEHCHIO, a padorojaTesb o00s3aH

NCPECUNCIIATE TOBBIILICHHBIC B3HOCHI B TICHCUOHHBIN (1)OH,Z[.

7.4.2. Opranu3anoHHbIe MEPONIPUSITUS NIPH KOMIIOHOBKE pado4eii 30HbI

Cormacuao PJ] 08-95-95 «Opranuzamusi mpoBefieHUsI padOT MO TEXHUYECKOMY

AWNArHoCTUPOBAHUTO» BI1aacCJICL PE3CPBYapOB 00s13aH npcacTaBuTh BCIO
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https://normativ.kontur.ru/document?moduleId=1&documentId=223677&open=1&promocode=0957
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HEOOXOJAMMYI0 TEXHUYECKYI0 M TEXHOJIOTMYECKYI0 JOKYMEHTALWIO OpraHU3aluu,
BBIIOJIHSFONIEN TEXHUYECKOE AUArHOCTUPOBAHHME .

Ko BceM  KOHCTPYKTMBHBIM  DJJIEMEHTaM  pe3epByapa, IOJIeKAIIUM
TEXHUYECKOMY AMArHOCTUPOBAHMIO, JOJDKEH OBITH 0OecreueH CBOOOHBIN JOCTYII.
VYTopHBIA y3en pe3epByapa (YIJIOBOE CBapHOE COECIUHEHHE JHHUINA CO CTEHKOM)
JOJDKEH OBITh OYMILIEH C Hapy)KHOH CTOPOHBI OT TpyHTa, CHEra M JpYyIrHx

3arpsi3HEHUN.
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1 Literature review

1.1 Introduction

Every six months or so i read in either a newspaper clipping or trade journal
about a petroleum product storage tank fire occurring in the United States or
internationally. These fires have occurred on the West Coast, the East Coast, and
cities in between. The most spectacular fire occurring in past years was the 2005
Hertfordshire Oil Storage Terminal Fire (Buncefield Oil Depot) in England. Most of
the fires | have read about that involve petroleum product storage tanks contain a
common element that municipal firefighters generally overlook: Municipal or
volunteer firefighters either fought the fire or supported the firefight. Although we
train daily on our bread-and-butter operations and terrorist incident response
techniques, we generally neglect training on industrial hazards within our districts.
Many departments have storage tanks in their districts that firefighters have never
closely examined, yet they carefully inspect buildings under construction to examine
the construction features and preplan their response in case of a fire. Too often, we
take for granted the industrial sites in our districts as just part of the landscape.

In the early days of the petroleum industry, tank fires were common. As the
industry matured, it demanded better design, construction, fire protection, and
improvements to the various codes and standards maintained by the American
Petroleum Institute (API) and the National Fire Protection Association (NFPA),
resulting in far fewer tank fires today than in the past. But they do happen!

It is interesting to note that although the frequency of tank fires has decreased,
the size of the tanks have increased, presenting a more severe hazard in the event of a
fire. As a result of the increase in size, fires involving large aboveground storage
tanks can be extremely costly in terms of property damage, business interruption,
environmental damage, and public opinion. Additionally, the control and
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extinguishment of full surface tank fires require a large amount of commit-
ment in human logistics and equipment resources. Because of the potential of a loss,
the fire protection industry has improved its techniques to effectively control and
extinguish fires in large-diameter storage tanks. These methods are continually
updated. This course examines atmospheric storage tank types, types of fires that you

may encounter, preplanning, and suggested tactics.

1.2 General description

Flammable and combustible liquid storage tanks are found in industrial
facilities such as refineries, petrochemical facilities, bulk storage plants, and marine
terminals. Power plants, airports, local fuel companies, and large manufacturing
facilities such as automotive and steel plants may also have bulk storage of
flammable and combustible liquids.

Atmospheric storage tanks are used to store or mix flammable and
combustible liquids in various ways, depending on the facilities. These tanks can
range from 10 feet to more than 350 feet in diameter and have an average height of
about 45 feet. Such tanks can hold more than 1.5 million barrels (6 million gallons;
for crude oil and other petroleum products, one barrel equals 42 gallons) of
flammable or combustible liquids. Larger facilities may have more than 100 tanks of
varying sizes and quantities, containing various products, which may be near each
other and have several other tanks within a common dike.

Dikes are physical barriers used to prevent the spread of tank contents if the
tank overflows or the tank fails structurally. Dikes are also used to segregate and
group tanks according to their contents classification.

They may be made of compacted dirt (earthen dike) or concrete and similar
type materials. the dike’s height and perimeter are functions of the volume of the
tanks enclosed within a particular dike. Many dikes are designed to contain the total
contents of the tank plus a certain percentage above this as a safety margin. This

margin typically anticipates the accumulation of firefighting water during
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emergencies. If more than one tank is enclosed within a common dike, the dike

should be able to contain at least the volume of the largest tank, plus a safety margin.

1.3 Storage tank types

Tanks are described by their roof type: fixed-roof; internal (covered) floating
roof; open-top (external) floating roof; and domed external floating roof. The storage
tank type used to store flammable and combustible liquids depends on the physical
characteristics of the product stored and the tank’s location (e.g., a tank farm or a
gasoline service station). Combustible liquids are typically stored in large cone-roof
tanks, smaller low-pressure vertical or horizontal tanks, or underground tanks.
Flammable liquids are usually stored in open-top or internal floating roof tanks in
bulk quantities, in small low-pressure vertical or horizontal tanks, or in underground
tanks.

Fixed-roof tanks. Fixed-roof tanks are vertical steel cylinders with a
permanently attached roof. In the petroleum and petrochemical industries, these
permanent roofs are usually cone shaped and are sometimes referred to as “fixed-
cone roof” tanks. Such roofs are flat or slightly domed to prevent water accumulation
and to permit a vapor space between the liquid’s surface and the roof’s underside.
These tanks are constructed according to API standards and have a weak roof-to-
shell seam. In an incident such as internal overpressure from an explosion or a similar
situation, this design allows the roof to separate from the vertical shell to prevent
failure of the bottom seams and the tank’s “rocketing” or propelling upward.

These tanks may be insulated and used to store liquids such as asphalt; bunker
fuels; and other heavy, viscous liquids. Fixed-cone roof tanks include some form of
venting capability to allow the tank to “breathe” during loading, unloading, and
extreme temperature changes. Vents may be open or pressure- vacuum vents.
Pressure-vacuum vents allow the pressure within the tank to remain equal to the
external atmospheric pressure. Depending on the location of these tanks with respect
to the community, these vents can be equipped with environmental controls and

flame arrester/diverters to capture fugitive emissions.
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Internal (covered) floating roof tanks. Internal (covered) floating roof tanks
have a permanent fixed roof with a floating roof inside. Internal floating roof tanks
usually have vertical supports within the tank for the fixed roof or have a self-sup-
porting fixed roof. The internal roof, also known as a “pan,” floats on the surface of
the liquid and rises and falls with the changing level. The pan either floats on
pontoons or has a double deck for flotation on the liquid surface.

The fixed roof above has open-air vents to permit the space above the internal
roof to breathe. Fixed roofs are allowed to vent in this manner because their vapor
space is considered below the flammable limits. seals are provided in the rim- seal
space to prevent fugitive emissions from escaping. The rim-seal space is the area
between the tank shell wall and the internal floating roof (the difference in the tank
shell diameter and the internal roof diameter). This rim seal area is usually one to
four feet and may be the origin of some fires. These tanks are typically used to store
highly flammable finished products such as gasoline.

Open-top (external) floating roof tanks. Open-top (external) floating
roof tanks are vertical steel cylinders with a roof that floats on the surface of the
liquid in the tank, but it is open to the atmosphere above—i.e., there is no fixed roof
above. The only main difference between internal (covered) floating roof tanks and
open-top (external) floating roof tanks is the presence of the fixed roof above to
protect it from the atmosphere. As with internal floating roofs, these tanks have pans
that float on pontoons or have a double deck for flotation on the liquid surface. This
roof also rises and falls with the changing of the liquid level. These tanks also have
rim seals to prevent the vapors from escaping.

Domed external floating roof tanks. Domed external floating roof tanks
function similarly to internal floating roof tanks and are created by retrofitting a
domed covering over an existing external floating roof tank. These domed roof tanks
are often referred to as geodesic dome tanks." the dome’s main purpose is to provide
protection from the elements, but it also provides environmental control for fugitive
emissions. During the early stages of firefighting operations at these tanks, the panels

should melt away, and the supporting framework should be the only obstruction. As
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the fire continues to burn, the supporting framework will most likely fold in and
collapse onto the burning fuel surface. The Large Atmospheric Storage Tank Fire
(LASTFIRE) project recommends that for any anticipated obstruction of full-surface
fire foam application, a higher application rate is required and preincident response

plans should allow for these higher application rates.

1.4 Common response scenarios

There are certain related fire hazards common to the various types of tanks.
These hazards vary in severity from a simple vent fire to a full liquid surface tank
fire. The most common of these incidents include an overfill ground fire, a vent fire,
a rim-seal fire, an obstructed full liquid surface fire, and an unobstructed full liquid
surface fire.

Overfill ground fires. Overfill ground fires, or dike fires, result from piping
or tank leakage. Many times, they are the result of another cause, such as operator
error or equipment malfunction, and are considered the least severe type of incident.
If a leak occurs without ignition, exercise caution and isolate all ignition sources. If
ignition does occur, then simply treat such a fire as a large pool fire. overfill ground
fires are common to fixed-cone roof, internal floating roof, external floating roof, and
domed roof tanks.

Vent fires. Vent fires are typically associated with fixed roof tanks such as
cone and internal floating roof tanks. The main cause is a lightning strike that ignites
fugitive vapors which may be present at the vent. This is a less severe type of fire and
can usually be extinguished with a dry chemical fire extinguisher or by reducing the
pressure in the tank.

Rim-seal fires. Rim-seal fires comprise the large majority of fires in external
floating roof tanks but can occur in internal floating roof tanks or domed roof tanks.
As with many tank fires, lightning is the primary cause of ignition, although with
floating roof tanks, an induced electrical charge without a direct lightning hit may
occur. Because these fires are the most common, there is usually a high rate of

successful extinguishment, assuming that there is no collateral damage such as a
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pontoon failure (explosion) or the floating roof’s sinking as a result of fire
suppression efforts. Successful rim-seal fire extinguishment can be mostly attributed
to the installation of rim-seal fire protection systems, such as foam chambers. These
semi- or fully fixed rim-seal fire protection systems have a good history of
extinguishment, assuming proper design, installation, and maintenance.

Rim-seal fires for internal floating roof tanks are slightly more challenging,
especially if semi- or fully fixed systems are not provided. This means that the only
access to the fire area for the application of fire extinguishing media is through the
vents or access COVers.

Obstructed full liquid surface fires. Obstructed full liquid surface fires can
occur in fixed-cone roof, internal floating roof, or external floating roof tanks. They
tend to be challenging because the roof or pan blocks access to the burning surface.
The roof or pan can sink for various reasons, such as an increase in vapor pressure
under an internal floating roof, which can cause the pan to tilt. Pontoon failure of
external floating roofs is commonly caused by closed drain valves during rains or
mechanical seal failure, causing the pan to sink.

Unobstructed full liquid surface fires. Unobstructed full liquid surface fires
are relatively easy to extinguish where the tank diameter is relatively small (less than
150 feet) and sufficient resources and trained personnel are available. The most
challenging fires will involve larger tanks (greater than 150 feet in diameter) because
of the surface area of the fire and the amount of resources needed to control and
extinguish the fire. Unobstructed full surface fires can occur in fixed-roof tanks
without internal roofs, where the frangible weak seam at the roof-shell joint separates
as a result of an explosion or other overpressure event, leaving a full surface tank.
External floating roof tanks are also prone to unobstructed full surface fires during
heavy rain conditions. With closed roof drains, the roof can quickly sink, leaving the
exposed liquid surface vulnerable to a lightning strike.
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1.5 Preincident response planning

As with all types of firefighting operations, a well-planned and tested
preincident response plan is needed. Carry out preincident response planning in bulk
storage facilities to identify the hazards, a fire’s potential to develop into a major
incident, and the required and available resources. If a fire occurs at this type of
facility, having information on the tank and product, fire safety provisions, the
location of access roads and staging areas, and the location of water sources is
advantageous.

Tank fires are complex events. Fighting them necessitates implementation of

plans, preparation, and proper use of resources coordinated by an effective
emergency management organization. However, even with a plan in place, success is
not guaranteed. If the plan is not achieving the desired result during a fire, change the
strategy and tactics to achieve safety and success.
In preincident planning, using the 15-point size-up acronym “COAL TWAS
WEALTHS” is one way to cover all the bases; each letter represents a size-up and a
preincident response planning consideration. By gathering as much of this infor-
mation as possible during site visits and preincident response planning, the incident
commander (IC) can format an incident action plan much more easily. Developing a
checklist that highlights the 15 points will greatly reduce the chance of missing
crucial information during the preincident response planning.

As with any incident, construction features can affect the structure involved as
well as firefighting tactics used. You are dealing with tanks usually constructed of
steel. Exposed tanks will also usually be made of steel, which when heated, softens
and fails. Tanks may be constructed using bolting or welding. Although bolted tanks
are generally found in crude oil production fields, some are found in other types of
service.

My district in vermont had such tanks in an oil storage company’s depot in
the downtown area. Bolted tanks may fail sooner than welded tanks when exposed to

fire. In a ground fire in the dike area, you would want to know if there is any piping

Jlucm

lNpunoxeHue A o

U3m.

Jlucm Ne dokym. lModnuck |ama




in the area, what it is made of, and how a fire will affect it.

In the case of tanks exposed during fire, they will possibly have to be cooled.
It is now an accepted theory that you should not cool the tank on fire unless you can
cool it evenly all around for 360°. Uneven cooling will allow the tank shell to fail in
the area where the uneven cooling was applied.

Is the occupancy just a storage facility with a limited number of tanks? Or are
the tanks part of a larger industrial operation that may be affected by a spreading fire?
Perhaps the overall operation is a greater hazard than the tank on fire—should you
concentrate on protecting other aspects of the industrial operation?

Is your fire apparatus equipped to perform firefighting on a storage tank?
How much foam do you carry? What size and type monitors are available, and are
they apparatus-mounted or portable? How many persons respond from your
department? Tank fires will usually require large volumes of water and many gallons
of foam concentrate. Even if you have the equipment and foam, do you have the
staffing to deploy these resources?

Life hazard. This is your number-one priority. Consider not only the facility
employees but also the surrounding community as well as your firefighting
personnel. ICs must account for facility employees and contractors who may have
been working in the area. How does the facility account for the workers and
contractors on site? Whom should the IC contact on arrival to determine if everyone
at the facility has been accounted for? How many employees are normally on duty in
the facility, and what are their primary, usual work areas?

Terrain. Terrain issues may be of concern during industrial incidents.
Apparatus and portable ground monitor positioning can be seriously affected. A
recent major tank fire occurred during a severe rainstorm. Flooding of surrounding
areas and access routes to the tank’s location delayed response and dictated apparatus
positioning in less than ideal conditions. Terrain will also affect containment and
control of water runoff and other by-products of the tanks. Firefighters walking
through deep water or foam solution may trip and fall. Tank fires may require large

volumes of water, which may overflow the containment areas. How and where will
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this overflow travel once it becomes uncontained? Does it contain flammable by-
products that can then ignite and spread the fire?

Water supply. Water is critical at most fires. Industrial fires require large
volumes of water for extinguishment, cooling, and vapor suppression. Can the area or
plant fire water system supply the volume of water necessary to sustain an effective
attack on a fuel storage tank? If not, where and how can you obtain the additional
water?

Even with an adequate water supply, departments must look at the delivery
methods. Do you have enough large-diameter hose (LDH) to supply and deliver the
water to the point of attack? If your plan is to call surrounding departments to assist
with LDH requirements, are your hoses and theirs compatible? If they respond with
four-inch LDH and your department uses five-inch LDH, are there enough fittings
(four-inch to five-inch) to make connections where required?

If needed, can you conduct drafting operations to deliver the required
quantities of water? Or are large-capacity pumps required for drafting and supply?
Recent advances in technology allow for positive intake to pumps when the pumps
are located a distance from the open water supply. Hydraulically driven pumps can be
lowered into the water, and then these smaller pumps can supply water to the larger
pumps at positive intake pressures. This eliminates the need for placing large-volume
pumps or pumpers close to the open water supply for drafting purposes.

Auxiliary appliances and aids. Auxiliary appliances and aids are the systems
and equipment that may be on the premises or in an industrial facility complex.
Storage tanks may have foam systems installed to assist with firefighting efforts,
most particularly with rim-seal fires. When preincident response planning, identify
and evaluate these systems. Who will activate the system, and who will supply the
necessary water and foam to the system? If your department is tasked with supplying
such a system, are you prepared? Develop a standard operating procedure and
conduct annual drills on supplying such systems.

On arrival at an industrial facility, plant personnel can provide valuable

assistance and advice. The IC should identify these persons in preincident response
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plans and include their contact telephone numbers and hours of availability.

Street conditions. General accessibility must be included under street
conditions. Many industrial complexes or storage tank facilities may be located in
areas away from residential centers. Roads may be narrow and winding. Inside
facilities, access roads may also be narrow. Depending on the size of your apparatus,
this may affect response and placement. If your strategy includes using large-caliber
streams from an aerial platform, does the street width support such operations?
Apparatus placement may block streets, preventing the passage of other vehicles
needed for foam resupply or hose placement. Where drainage swales (deep
depressions in roadways to facilitate drainage) are present, apparatus may not be able
to cross them because of the length of the apparatus and wheelbase distance.
Apparatus may bottom out as they attempt to cross the depression. This must be
determined during preincident response planning.

At a recent drill, the original apparatus positioning did not allow proper
outrigger placement and thus had to be changed, effectively blocking the road for
placement of other apparatus. In addition to overall width and length of apparatus,
evaluate turning radius to ensure apparatus can be positioned where needed.

Weather conditions can affect normal fire department operations, especially at
large tank fires. Winds may carry the large volumes of smoke produced long
distances. The absence of wind or the presence of heavy fog can create conditions
where the smoke lies low in the area of operations. Heavy rains may cause flooding,
affecting response and apparatus placement. Extreme cold and heat conditions require
more frequent rehabilitation. Heavy rains may also break down protective foam
blankets and cause dike areas to overflow. How can this water be removed from the
dike areas when necessary, and where will it be directed? Plant systems or portable
pumps may be necessary. Anticipate these needs prior to the incident.

What exposures must be protected at a storage tank fire? Normally, exposures
downwind are the first priority and those to the left and right of the downwind tank
will also need some measure of cooling. One point to highlight is that excessive

cooling water may overtax plant systems designed to remove storm water. A loss of
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power to the facility’s wastewater pumps may cause runoff water
to back up into the fire area and overflow dikes or other containment measures.

Cooling streams on exposures should be applied only as long as the cooling
effect of the stream on the exposed tank shell produces steam. once steam is no
longer generated, stop cooling measures. Restart when the tank shell begins to heat
up again. This conserves water for firefighting use and reduces runoff water. Cooling
water for exposed tanks can be calculated in the following manner:

— Atmospheric storage tanks up to 100 feet in diameter require 500 gallons per
minute (gpm).

— Atmospheric storage tanks between 100 feet and 150 feet in diameter require
1,000 gpm.

— Atmospheric storage tanks exceeding the diameters listed above require 2,000
gpm.

When we think of fire area, we normally think of length times width. In this
instance, we will use area to highlight the size of the tanks that may be on fire as well
as exposed tanks. A quick calculation that can be used for the square footage of a
circular tank is the formula 0.8 x tank diameter. Dike areas must also be calculated by
using length times width minus the square footage of the tank inside the dike.

Location and extent. During preincident response planning, identify areas of
likely fire scenarios (location) and worst-case scenarios (extent) to further assist with
identifying the resources that may be needed.

As with any fire or emergency, the time of day may affect response. During
certain times of the day, plant personnel who can assist may not be present. During
other times of the day, operations that take place at the facility may be more haz-
ardous, increasing the risk of fire. These fires will be extended operations and, in
some cases, of campaign length (multiple days). Is the facility adequately lighted, or
does your preincident response plan have to include high-intensity scene lighting? If
you bring in portable scene lighting after an operation has started, access routes may
be blocked by apparatus and hose. The time to identify this need is early in the

operation so you can ensure its placement before access routes are blocked.
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The time of day may also affect the evacuation of surrounding communities if
this becomes necessary. Residential areas will contain more people needing
evacuation during the evening hours. Working at night can also slow down
firefighters’ actions and can affect safety if hazardous areas are not lighted
effectively.

A storage tank’s height will affect operations. Does your department have
portable monitors that can deliver streams to great heights? The stream’s trajectory is
important in over-the-top application of firefighting streams. Too far from the tank,
and the stream will not reach over the top; too close, and you place yourself in a
hazardous operating position and the stream will not land on the fuel surface in a
desired position.

Special conditions. ldentify anything else not previously mentioned in this
section. Hazardous materials present, specialized extinguishing techniques, process
control operations, contingency or facility emergency response plans that may be in
place, and external resources such as specialized contractors that may be required are
some of the items covered here.

Remember, the more information you can gather prior to the incident, the

easier it is to develop the incident action plan.

1.6 Response considerations

On notification of a storage tank emergency, the fire department should
immediately begin gathering information and assessing the incident. Although it has
been said that size-up begins with the notification of the alarm and continues until the
last unit has left the scene, size-up really begins with the preincident response
planning. The information gathered at this stage is the foundation for all size-up,
strategy, and tactics used at these incidents. After using the preincident response plan
and the initial alarm information, gather additional information quickly while en
route to and after arriving at the scene to develop an effective strategy to fight the

fire. Consider the following:
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Rescue of personnel in the immediate areas.
Life safety hazard to site personnel.
Extension.

Confinement.

Extinguishment.

Environmental impact.

N o g bk WD Ee

Community impact.

After addressing the immediate issues, determine the type of fire: vent, rim-
seal, piping/connection, full involvement, overfill, tank and dike, multiple tank, or
exposure.

Determining the type of fire will determine the resources required and dictate
the necessary incident action plan to fight the fire. There are several types of fires that
an emergency organization could face and different ways of attacking them.

You can treat ground or dike fires resulting from tank overfilling or pipe
failures as simple spill or pool fires. Trying to calculate the area of the oddly shaped
spill can be challenging, but the best tactic is to establish an adequate water and foam
supply and begin to suppress the fire after adequate resources are on the scene. A
common mistake is to try to extinguish such a fire with inadequate resources. If the
fire is not extinguished with the on-scene resources, it will continue to burn and
destroy the foam blanket already in place, negating any positive impact you may have
had.

You can protect exposures such as the tank and associated piping and pumps
with water using ground monitors or those installed on hydrants.

Firefighters should not attempt to enter the dike area unless it is safe to do so.
this can be verified by atmospheric testing and ensuring that any spill potential does
not fill the dike floor. this is especially true for small spills, with or without ignition.
For larger spills, where ignition has occurred and foam operations are ongoing, entry
in the dike should be forbidden. Disturbing the foam blanket can have disastrous
effects, and firefighters should never enter into spilled product.

You can usually extinguish fires involving the rim-seal area with the semi or
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fully fixed water/foam system. Response to this type of fire is similar to that of fires
in sprinklered buildings in that you support the fixed systems on arrival. the main
difference is that you should not attempt to extinguish the fire until you have
confirmed the reliability of the water and the foam supply and that sufficient
quantities of both will be available for the duration of the firefight. Remember, during
preincident response planning, you must identify and evaluate these systems. You
must also identify whom to contact to activate them. You must test the use of these
systems before, not during, an incident. work with the plant personnel during the
preincident response planning, and hold annual drills and exercises to practice
supplying and activating the systems.

If semi or fully fixed systems are not installed, you can use portable
equipment to extinguish these fires. You can use hoselines and monitors to fill the
rim-seal areca with water/ foam solution. some tools, such as the Daspit™ tool, are
specifically designed for rim-seal fires. This monitor device has a brace/clamp
attachment designed to secure it to the tank shell at the top lip of the tank. You can
also use it for other applications. For other firefighting service applications, you can
attach the Daspit Tool to a ground stand or a stand mounted in the back of a pickup
truck or other vehicle. The foam/water solution flow rate for rim-seal fires using
portable equipment ranges from 250 gpm for small size tanks (up to 90 feet in
diameter) to 550 gpm for medium size tanks (90 to 175 feet in diameter) and 950
gpm for larger size tanks (175 to 300 feet in diameter) with an application time of 20
minutes.

The method of extinguishing tanks fires in manual operations, using portable
or mobile monitors, is commonly referred to as type III application or “over-the-top.”
Consider the following when using the over-the-top method: minimum application
rates, application densities, minimum foam solution application durations, and
supplemental foam application rate in dike area.

These considerations vary based on fuel flash point, water immiscibility, type
of foam, and application device. For fires involving hydrocarbons such as gasoline or

diesel, a three- percent concentration is the industry standard. Foams are now being
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used at one-percent concentrations. these have proven very effective in tests. For fires
involving polar solvents such as alcohols or methyl-tertiary butyl ether (MTBE),
proportion three percent/six percent alcohol-resistant concentrate (ARC) at six-
percent concentration. "there are, however, ARC foam concentrates designed to be
used at three-percent concentration on polar solvents.

Proportion concentration means the percentage of foam that is proportioned
into the water. For example, a three-percent foam proportioning means that three
percent of the total foam/ water solution is foam concentrate and the remaining 97
percent is water. the foam solution application rate is a function of the liquid surface
area. As with the rim-seal fires, do not attempt to extinguish the fire until it is
confirmed that both the water and foam supply reliability and quantity can be
supplied for the time needed to extinguish the fire.

The application rate (0.26 gpm per square foot) and time frame (60 or 120
minutes) used above are the latest figures used by the LASTFIRE project and British
Petroleum (BP). When using portable/mobile foam monitors, BP recommends
planning for a foam rate production of 0.26 gpm per square foot, which is an increase
by 60 percent of minimum NFPA rates. This allows for the loss of foam that fails to
reach the tank interior or breaks down because of heat and thermal currents. Recent
major fires and the resulting consensus of leading industry experts have confirmed
that higher application rates are required. It is generally accepted that application

rates will vary depending on the tank diameter (surface area).

1.7 Slopover, frothover and boilover

Certain phenomena need to be defined: slopover, frothover, and boilover. A
slopover results when a water stream is applied to the hot surface of burning oil,
causing the burning oil to slop over the tank sides. A frothover is the overflowing of a
container not on fire when water boils under the surface of viscous hot oil. An
example is hot asphalt loaded into a tank containing some water. The water may

become heated and start to boil, causing the asphalt to overflow the tank.
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Compare these events with the definition of a boilover: a sudden and violent
ejection of crude oil (or other liquids) from the tank resulting from a reaction of the
hot layer and the accumulation of water at the bottom of the tank. A boilover occurs
when the residues (heavier particles remaining after combustion) from the burning
surface become more dense than the surrounding, less dense oil, and the residues sink
down below the surface level toward the bottom of the tank. As the hot layer of more
dense, burned oil moves downward, and this “heat-wave” will eventually reach the
water that normally accumulates at the bottom of a tank. When the two meet, the
water is superheated and subsequently boils and expands explosively, causing a
violent ejection of the tank contents. Although the normal water-to-steam expansion
ratio is 1,700:1, this is at 212°F. At higher temperatures, the water- to-steam
expansion ratio can be as much as 2,300:1 at 500°F.

If a boilover occurs, a rule-of-thumb says that the expelled crude oil may
travel up to 10 times the tank diameter around the tank perimeter. As an example, in a
crude oil tank that is 250 feet in diameter, expect crude oil to cover an area of 2,500
feet from the tank. These figures have never been tested for very large atmospheric
storage tanks of 300 feet or greater, so in tanks of this size, the distance of 10 times
the tank diameter may have to be increased. Therefore, carefully consider the location
of the incident command post, staging, equipment placement, medical triage, and a
safe zone.

Identify and use additional firefighting resources. Local plant fire brigade
members can provide the much-needed support and technical advice. Many of the
hardware resources may be available at the facility or through industrial and mu-
nicipal mutual-aid agreements. Some facilities have contracts with private third-party

companies that specialize in extinguishing large hydrocarbon fires.

1.8 Firefighting strategies

Firefighting strategies and tactics are also important. Evaluate the objectives

or goals vs. the risk. Strategies include the following:
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1. Nonintervention. This is essentially a nonaction mode when the risks
associated with intervening are unacceptable. All personnel are withdrawn
to a safe area.

2. Defensive. In this tactic, certain areas may be conceded to the incident, and
actions are limited to protecting exposures and limiting the spread of the
incident.

3. Offensive. Aggressive and direct tactics used to control an incident.

As with most fires, the benefits must outweigh the risk. If a small-diameter
tank is burning with no threat to exposures, should you extinguish the fire? If the tank
has already lost its contents, is exposure protection more appropriate? These
considerations are identified and developed as part of the preincident response
planning, development of emergency action plans, and the identification of the
credible incident scenarios.

Environmental conditions such as wind and rain could create problems with
distance/range of the water/foam solution streams. Changes in wind direction might
cause corrections to incident action plans with respect to changes in staging locations.
An increase in temperature or humidity could force a quicker rotation of firefighters

to prevent heat stresses.

1.9 Additional considerations

Consider the following additional response and operational conditions when
preparing preincident response plans and incident action plans:

1. Interoperability. Identify these issues during preincident response planning.
Ensure interoperability of the plant facility’s fire water and extinguishing systems,
the mutual- or automatic-aid departments, and the third-party emergency response
contractors that may be on retainer to respond to a plant facility to assist with storage
tank fires or emergencies.

2. Foam supplies. Consider regional foam cooperatives to establish sufficient

foam concentrate supplies for large-scale storage tank fires or emergencies.
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Remember, sufficient foam concentrate supplies are not enough; there must also be
large - volume monitors and large-volume hose to supply the water and foam
solutions required to address the emergency.

3. Industrial emergency task forces. Consider preestablishing industrial
emergency task forces to respond to such incidents. They would be predetermined
and activated to supply staffing, equipment, foam concentrate, and apparatus to
mitigate emergency scenarios at storage tank locations. ICs can then call a task force
or multiple task forces, knowing that the personnel, equipment, and apparatus
required will respond. These task forces would be identified in the preincident
response plans.

4. Third-party contractors specializing in these types of incidents should be
identified and communicated with; you need them to respond. These companies can
provide foam supplies, subject matter experts, and equipment not otherwise available
on a day-to-day basis in a city or town.

5. Specialized industrial fire training. Fire departments should consider sending
personnel to specialized industrial fire training programs so they can learn more
about storage tank firefighting and emergency incidents. National Pro-Board
certification in storage tank emergencies is now available at some training centers. If
you have storage tanks in your area, send personnel to specialized training, or bring
in subject matter experts to deliver training in-house. Although your training focuses
on the bread-and-butter operations in your district, you must also train on low-fre-
quency/high-risk scenarios.

6. Jet ratio controllers. As part of the equipment necessary to deliver foam
solutions to the point of operations, seriously consider jet ratio controllers. Normally,
foam concentrate must be placed within a specified distance from the nozzle, usually
150 feet. Using a jet ratio controller with a matched foam nozzle, the source of foam
can now be placed as far away as 2,500 feet from the nozzle. Jet ratio controllers are
venturi- type devices that move the concentrate from a remote storage location to the
matched foam nozzle.

7. Foam quantities. Large quantities of foam concentrate will be required. For
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large incidents, using 55-gallon drums is not recommended; 275-gallon totes and
large tanker trucks are the preferred foam concentrate delivery methods. During
preincident response planning as well as during the incident, evaluate the logistics of
moving the foam concentrate to the point of foam injection. If the access routes are
blocked with vehicles and hose, how can you get the concentrate to where it needs to
be? Additionally, how will the foam be transferred from the containers to the water
stream? This can be the weakest link in the chain. Although you have the largest
containers with the best foam on-scene and in position, if you are missing the $4
wrench that opens the containers, you just have very large coat racks, because that is
all you can use the containers for. What is your weakest link? Remember, the little
things are what will prevent you from succeeding!

8. “Teasing” the fire. Before attacking a tank fire fully, practice “teasing” the fire.
When first applying water to a storage tank fire, the cold water striking the burning
fuel surface will react, increasing the intensity of the fire. To prevent a more violent
reaction, pass the extinguishing streams over the top of the tank until the fire settles
back down. At this point, a full attack should begin with a foam solution. The term
“teasing” the fire is generally credited to Dwight Williams of Williams Fire & Hazard
Control, which specializes
in fighting storage tank fires. Williams Fire & Hazard Control has extinguished the
largest storage tank fire (270 feet in diameter) to date.

9. Foam application. Do not position extinguishing streams around the tank for
multiple points of application. Position foam monitors at one location; the foam
streams should enter the tank at the same point and impinge on the surface in the
same area. This will help achieve a stable foam blanket more quickly. This foam
blanket will then spread out from this central point on the surface. Do not be tempted
to move the streams to other positions. If no appreciable lessening of the fire intensity
occurs within the first 20 to 30 minutes, instead of moving the stream position,
review the rate of application.

10. LCES. When developing an incident action plan, consider the acronym LCES

(lookouts, communications, escape routes, and safety zones).
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Lookouts must be experienced and be able to see the fire and firefighters,

and they must be able to recognize risks to firefighters. They must be the IC’s

additional eyes and ears. Post them in strategic areas so they can notify the IC of

any relevant information or change in conditions.

Maintain communications with all personnel operating on the scene, plant

operations personnel, and subject matter experts. You must keep personnel operating

in remote locations informed of any change to operational tactics. Lookouts must

maintain communications with operating personnel also.

Establish escape routes and inform all personnel of them during safety

briefings. Two escape routes must be identified and lead to safety zones where

accountability can be verified.

Establish safety zones upwind and uphill of the incident. Verify personnel

accountability at these locations. In addition, designate a clear evacuation route from

this safe area so that personnel can be further evacuated from the safety zone if

conditions deteriorate to a level that makes this area unsafe.
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CONCLUSION

Fires involving large aboveground storage tanks can be extremely costly in

terms of property damage, environmental concerns, and public impact. Additionally,

the control and extinguishment of full-surface tank fires require a large amount of

commitment in human logistics and equipment resources. Tank fires are complex

events. Fighting them requires implementation of plans, preparation, and proper use

of resources coordinated by an effective emergency management organization. Only

with training and drills will your department become proficient in the strategies and

tactics needed to successfully fight a storage tank fire.
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