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TEXHUYECKOE 3AJIAHME:
Hcxonnbie nanHblie K padore OObeKkTOM  HCClIeOBaHMs — SBISETCS  HEHTpanmu3aTop
(Haumenoeanue 00beKma UCCIed06ans Ul npoekmuposanus; | cTaTUHUECKOTO D, JIEKTPUYECTBA PACTIONIOKEHHBIN BHYTpPHU
NPOU3BOOUMENLHOCMb UTU HASPY3KA, PEHCUM pabombl 6 HIIC
(nenpepuwignuiil, nepuodudeckuil, yurkauveckui u m. /1.); 6uo TpyOoIpoBoa Ha )
CIPbS UTU MAMEPUAT U30enUs;, Mpebo8anusi K npooyKmy, Hcxoannie JAHHBIC ydacTka MarucCTpajaibHOTO

usoenuio un npoyeccy, 0cobvle mpebosaHus K 0CO6eHHOCMAM
@ynryuonuposanus (IKCnayamayuu) 06veKma unu u30eus 6
nnane 6e30nacHoCmu AKCHIYAMayuu, 6AUsHUs Ha
OKPYIHCATOWYIO CPEOY, IHEP2O3AMPAMAM, IKOHOMUUECKUTL
anamz u m. /1.).

HeTenpoBoJa: HapyKHBIA nuamerp 720 MM; pacyeTHOe
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NMPOEKTHPOBAHMIO M Pa3padoTKe

BOIIPOCOB

(ananumuyeckuii 0630p no IUMEPAMYPHLIM UCTOUHUKAM C
Yenbio GbIACHEHUsI OOCMUICEH UL MUPOBOTL HAYKU MEXHUKU 8
pacemampusaemoti 061acmu, NOCMAaHO6KaA 3a0a4u
UCcned08anus, NPOEKMUPOBAHUSl, KOHCIMPYUPOBANUSL,
codepoicanie npoyedypsl UCCIO08AHUSL, NPOCKMUPOBAHUS,
KOHCMPYUposanus; 00cysicoenue pesynbmamos GolnOIHEHHOU
pabomol, Haumenosanue OONOIHUMENLHBIX PA30EL08,
noonedcawux paspabomke; 3aKmouenue no pabome).

Beinonsuts 0030p CYIIECTBYIOLIUX croco0oB
HEHTpaJu3allii  CTaTUYEeCKOTO  DIIEKTPUYECTBA TP
TOBapHO-TPAHCIOPTHBIX ~ omepanusx. PaccMoTpers u
MIPOaHAIN3UPOBATh HelTpanu3arop CTaTHUUYEKOTO
3JEKTPUUECTBA u Ipyrue METO/bI 60pBOBL, C
BO3HHKHOBEHHEM  CTaTHYECKOTO JJEKTpHUYeCTBa MpHU
TOBapPHO-TPAHCIIOPTHBIX ONEPaLUsIX HEPTENPOLYKTOB.
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2BMS5b I"aBpmisik ViBan VMiBaHoBUY 05.09.2016




PEDOEPAT
BrimyckHas kBanudukannonsas padora 101 c., 8 puc., 6 Tabn., 41 ucToyHuk, 3 MpwuiL.

KnroueBrlie cnoBa: Hed)TB, CTaTUYECKOE IICKTPHUUECCTBO, TPAHCIIOPT, HEHTpaAIM3aTOp CTATH-
YCECKOI'o 3JICKTPpUYCCTBA, MEPHI 3aIIIUThI, Hed)TeHDOI[VKT.

OOBEKTOM UCCIIeI0BaHMs ABJsETCS (F0TCs) HeTenmpoBoa, pe3epByap.

L[CJ'IB pa6OTBI — aHaJIM3 _ coco0oB HEHUTpaIU3alUKA _ CTATHYECKOTO DJIEKTPUYECTBA IIPH
TPaHCIIOPTUPOBKEC N XPaHCHUHU Hed)TeHDOZ[VKTOB.

B nmponecce HUCCICAOBAHUA NPOBOJUINCH_ PaCUCThl NPCACIBbHO JOMYCTHUMOI'O 3HAYCHUA
IUIOTHOCTH 3apsja; pacyeT MaKCHMAaJILHOM 0e3omacHOM CKOPOCTH TPAHCIIOPTHPOBKH YKMAKOCTEH I10
TDV6OHDOBOZ[V; pacyeT AJIMHEI M JUaMeTpa pellaKCallMOHHOrO ydyacTka. IIpuBeAeHb MEPOIPUSTHS
IO OXpaHC Tpyaa H 0€30IaCHOCTHU CTPOUTENLCTBA, OXPaHE OKPYKAIOIEH cpelibl, TEXHUKO-
9KOHOMMUYECCKAA 4YacCThb.

B pesynbrate uccienoBaHus ObUI INPOM3BEAECH CPABHUTENBHBIN aHAIU3 CPEAM CHoco0OB
HeHTpaau3anuy CcTaTUYeCKOro sJjekrpuyectBa. Ha OCHOBaHMM HOJYYEHHBIX PE3YJIbTaTOB ObLIO
BBISIBICHO, 4YTO NOPUMEHEHHE HEHUTpalu3aropa CTAaTUYECKOrO JJIEKTPUYECTBA HUMEET PAJl
OPEUMYIIECTB, OJTHUM U3 KOTODPbIX SBJSAETCS YBEIMUYEHHE CPOKA SKCIITyaTalUH.

OCHOBHBIE KOHCTPYKTHBHBIC, TCEXHOJIOTHYCCKUC u TEXHUKO-OKCILNTYyaTalUOHHBIC
XAPAKTCPUCTHUKU, TCXHOJIOTHA KW OpraHyU3alvs BbBITIOJHCHUA Da6OT, NOATrOTOBHUTCIBHBIC Da6OTI>I,
MOHTAaX.

CreneHb BHCAPCHUA: HaCTUYHAA

OO6nacTs NpUMEHEHUs: B IPOU3BOJICTBAX XUMHYECKON, HEPTEXUMUYECKOW U
HedTenepepadaThIBAIOIIEN IIPOMBIIIICHHOCTH.

OxoHomuueckass 3()PEKTUBHOCTH/3HAUMMOCTh pabOThl: IOKa3ajd, 4YTO TMpU  BbIOOpE
OlpesiesIeHHbIX (aJbTEePHATUBHBIX) METO/0B HEPa3pyMIAIOUIET0 KOHTPOJS MOYKHO CYHIECTBEHHO
COKpaTUTb JKOHOMHYEcKue 3arparbl. [lo pesyapTaTraM pacyeTa onTHUMasbHas CTOMMOCTb
KOMIUIeKca DPabOT 1O TEXHHYECKOMY JMarHOCTMPOBAHMIO MarucTpalbHOro HedrempoBoja,
cocraBuia 3559135.5 py6. Ilpu 3ToM Cpok 3KcITyaTanuu HedTenpoBo/ia NPoIeBaeTcs Ha S JIeT.

B Oyaymem 1utaHupyercs: 3aMEHUTb BCE CYIIECTBYIOIIHME HEWTpalnU3aToOpbl CTaTHYECKOrO
AJIEKTPUYECTBA CTAPOM KOHCTPYKIMU HA HEWTPAIU3aTOPbl CTATUYECKOTO AJIEKTPUYECTBA HOBOW
KOHCT 15058
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BBEJAEHUE

[IpoOnema oOecrieyeHuss HAAEKHOW  JKCIUTyaTalldd W BpP3bIBO- U
noxkapoobe3onacHoii paboThl TPyOONPOBOJOB W CHUCTEM XpaHeHUs HehTH u
He(TETIPOMYKTOB SBIISICTCS BaKHEHINEHW 3amadeid Ha ceromHs. B HacTosimee BpeMms
MPOUCXOJUT HMHTEHCUBHOE YBEIMYEHHE MPOU3BOJMTEIBHOCTH IEPEKAYNBAOIINX
CUCTEM U TPYOOINPOBOJOB, a TaK:Ke 00BbEMOB HEPTEIPOYKTOB, MEPEKAUMBAEMBIX 110
aTUM TpyOompoBogam (cucteMam). C KaXIbIM TOJIOM O0BEM IKCIIOPTHPYEMOU W3
Hamieil crpanbl HeTH ¥ HEPTENPOAYKTOB YBEIMYMBAECTCS, CTPOSITCS HOBBIE JIMHUU
TpyOOIIPOBOJIOB, YBEIMUUBAIOTCS 00BEMBI HE(PTEPOTYKTOB, IEPEKAYNBAEMBIX YEpeE3
CYILIECTBYIOILIHE TPYOOIIPOBOIHI.

Jis obecriedeHMsl HaJJIeKallero KadyecTBa He(TENpOAYKTOB B CHUCTEMax
TpyOONPOBOJOB UCHIOIB3YIOTCS Pa3InYHbIE PUIBTPBI U CHCTEMBI OUHCTKH KOHEYHOTO
NPOJIYKTa — HEPTEMPOIYKTOB, HCIOIB3YIOTCS TAaKXK€ pas3IMyHble MPUCAAKU U
copOeHThl. Bee 3To BMecTe ¢ yBeIMUEeHUEM NPOU3BOIUTENBHOCTH CUCTEM IEPEKAUKU
BBIBOJUT Ha MEPBOE MECTO MPOOJIEMY BOZHHUKHOBEHHUSI CTATUYECKOTO JIEKTPUYECTBA
B TpyOONpPOBOaX U CUCTEMax XpaHeHus: HepTH U HePTEePOTYKTOB.

CraTudeckoe 3JEKTPUYECTBO MOPOXKIAET B TPYOONPOBOAHOM TPAHCHOPTE U
cCUCTEMaxX XpaHeHUd HePTH U HEPTEHPOIYKTOB psAA MpoOJIeM, Cpeld KOTOPBIX
IJIABHBIMHU SIBJISIFOTCS 3aIATA OT I10XKAPOB U B3PBIBOB.

OgHuM U3 crnocoOOB 3alUTHI OT CTATUYECKOTO 3JIEKTPUYECTBA, HAKAILIU-
BAa€MOI'0 B PE3EpByape, ABIISAECTCS YIAJEHUE IEKTPOCTATUYECKUX 3apSA0B B IMOTOKE
HepTH TOpU  TOMOLIM  HEHTPaJU3aTOPOB  CTAaTMUECKOTO  DJIEKTPUYECTBA,
yCTaHaBIMBAEMbIX B TPYyOONpPOBOJAX HEMOCPEACTBEHHO TMepe]] BXOIHBIMU Ta-
TpyOKaMu pe3epByapa. AHaJM3 CYLIECTBYIOIIUX KOHCTPYKIUN HEUTpanIu3aTopoB
MOKAa3bIBAET, YTO 3HAYUTEIBHOE KOJMYECTBO AJIEKTPOCTATUYECKUX 3apSA0B HE

yCHEBAET B HUX HEUTPaIn30BaThCs U MOCTYNAET B HePTexpanuiuiie. [losTomy

H3yyenue xonmponss oOveMHOU NAMHOCMU 3apA0d Npu MOBAPHO-MPAHCNOPINHBIX
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pa3paboTKa TMPUHIWIHAAILHO HOBBIX U Oonee  3PPEKTHBHBIX  CHOCOOOB
HEHUTpaIM3aIuH JIEKTPOCTATHUCCKUX 3apsA0B B MMOTOKE HEPTH U METOIUKH pacueTa
VX BEJIMYUHBI ABJIAECTCH AKTYAJIbHOU HAYYHO-HCCJIEA0BATEILCKOM 3a1a4ei.

HoBu3Ha padoThl: UCIIOIB30BaHUE MPHUHITMITHAIBHO HOBOTO HEHTpamu3aTopa
CTaTUYECKOT0 JIEKTpUUYECTBA Ha MpruoOckoM Mectopoxkaenuu PH FOranckuedreras.

Heabio padoThbl fIBJIASIETCHA: TOBBINICEHWE O€30MACHOCTU CUCTEM XpaHEHUSs
HedTH myTeM 3P HEeKTUBHON HEUTpATH3allUd CTATUYECKOTO JICKTPUIECTBA.

3agauM: BBINOJHUTH 0030p CYHIECTBYIOUIUX CIOCOOOB HEHTpalu3aluu
CTaTUYECKOTO AJICKTPUIECTBA MTPH TOBAPHO-TPAHCIIOPTHBIX OIEPAITUIX; PACCMOTPETh
¥ MPOAHATM3UPOBATh HEUTPAIU3ATOP CTATUUYEKOTO AJICKTPUUECTBA M JPYTHUE METOIBI
OOprOBI, C  BOBHMKHOBEHHMEM  CTaTHYECKOTO  JJEKTPUYECTBA IPU  TOBAPHO-
TPAHCTIOPTHBIX ONEPANHSIX He(DTETPOTYKTOB.

JInuHblii BKJIQJ aBTOpPA: Ha OCHOBE MCXOJIHBIX JIAaHHBIX OBLIM MPOU3BEICHBI
pacyeThl  MPENeNbHO  JIOMYCTUMOTO  3HA4Y€HUs  IUIOTHOCTH  3apsija; pacuer
MaKCUMaJbHOW  O€30MacHOM  CKOPOCTH  TPAHCHOPTHUPOBKU  KHUAKOCTEH  TIO
TpyOONPOBO/Y; pacyeT JJIMHBI U AUAMETpa PEIaKkCallMOHHOTO Y4YacTKa; MpOU3BeCH
pacdyer 3KOHOMHYECKOW 3(PQPEKTUBHOCTH KOTOPBIM IOKa3ajl, 4YTO MpHU BBIOOpPE
OTIpEeNIeNIEHHBIX (AJIbTEPHATUBHBIX) METOJ0B HEPa3pyIIAIONMIEr0 KOHTPOJS MOYKHO
CYIIECTBEHHO COKPAaTUTh YKOHOMHUYECKHUE 3aTpaThl; OMPEICICHBl MEPOIPUSITHS TI0
oXpaHe Tpyaa W Oe30MacHOCTH JKCILTyaTallMH IyHKTa TMOoJorpeBa HeTH, oxpaHe

OKPY’KAIOIIEH CPEBI.
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1. AHAJIN3 COBPEMEHHOI'O COCTOSIHUSI UCCJIEJOBAHUM
HPOLHECCOB JIEKTPU3AILIUMU B HEOTEINNPOAYKTAX

1.1 CoBpemeHHBbI€e NIPeCTABICHHUS 0 FJIEKTPU3ALHUN CJIA00NPOBOASIIINX

JKHAKOCTEH

['enepanust 06bEMHOTO 3apsifa MPU ABUKEHUU JKUIKOCTUA WM AJICKTPHU3AINN
AKCTIIEpUMEHTaIbHO OOHapyxkeHa B pabore Dolezalex B 1913 romy. ABTOp
UCCIICIOBANI DJICKTPU3AMI0 OCH3MHA W JPYTHX JKUAKOCTEH MPH MX TECYCHHH B
MeTaummdecknx Tpyoax. C Tex mop M3y4eHHE SJCKTPU3ANNH OBLIO MPOJOHKCHO B
padotax: Kusalg (1313),Bruninghaus (1930),Kltka (1930), Keller (1342),Harrpel
(1947). Ernsberger (1956). tongera (1957) . Bcuaians(1957) [1,2,3,5,6].

N3 stux paboT cienyer:

KunakocTs npu MPOBOAUMOCTH, OJU3KOM K HYJIIO, HE 3JIeKTpusyercs. Hamnuune
IpUMecei, KOTOPBIE YBEIHMYUBACT MTPOBOIUMOCTD KUIKOCTH, IPUBOJINAT K TCHEPAITHH
3apsga. TakuMm 00pa3oM, JJIEKTpU3aAIUs JKUJIKOCTH BO3PACTAET C YBEJIMUYCHHUEM
npoBoauMocTH. [Ipu 3TOM, OJHAKO, AIEKTPU3ALMS TOCTUTAET MaKCUMyMa U 3aTeM
YMEHBITIACTCS. Y MCHBIIICHHUE DJICKTPU3AIMKA HACTYNACT MPU OTHOCUTEIHLHO OOJIBIION
IIPOBOAMMOCTH, ITOPSIIKA MPOBOAUMOCTH BoabI [1 ,9].

B T1pybOax BenumumHa 3apsyia 3aBUCHUT OT CKOPOCTH IOTOKA, B HEKOTOPBIX
paboTrax mpUOIUZUTENHEHO MTPOMOPIIMOHATIEHO TIEPBOM CTETIEHN CKOPOCTH, B APYTHX B
CTEIICHH Y2, a B HEKOTOPBIX paboTax 3aBUCHUMOCTS elile Oosee cioxHas [2 ,3].

Benmnuuna snekTpu3anuyd 3aBUCUT OT Marepuanga CTEHOK. MeTauibl JaroT
OOJBINYI0 CTETNEHb AJIEKTPHU3AIMU, TPU ITOM pa3Iinuue MEXAy MeTalylaMu Majo
BJIMSICT Ha BEJIMYMHY TOKa dJIeKTpu3anuu [5].

Bennunna 3apsaaa NnpornopuruoHajlbHa AJIHMHC pr6BI, IIpu 3TOM HMECT MECCTO

2Qexr Hacpierud, C ypeadeHueM JUIMHEL TPYORI 3aBUCUMOCTE 3aPANA OT JUIMHEL

onenauusx
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TpyOBbl CTAHOBUTCA Ca0OW W IS JOCTAaTOYHO JIMHHBIX TPYyO 3apsii TepecTaer
3aBUCETh OT JUTHHBI TPYOHI [5].

B skcnepuMeHTax TOK 3JIEKTpU3aIlMi, BBIHOCUMBIN U3 TPpyObl, UMEET MOPSAIOK
10°-10% ,a KOHIICHTpAIUsl NOHOB Ha BBIXOJIC MEHSIETCS B AUAINA30HE 10%-10"% em,
[Ipu sToM auameTp TpyObl MEHSUICS OT MWJTUMETpa Ja HECKOJbKUX JIONMOB, a
JUTMHA OT HECKOJIbKMX CAaHTUMETPOB 110 20 ¢pyToB 1 Oosbiie [6].

BrepBrie 00BICHEHHE SJICKTPU3AMK MPU TECUCHUH B TpyOax dAaHO B padbore
Cooper B 1953 romy. OmnHako aBTOp HE yd4esl BaxHBbIM 3((PEKT yMeHbIIECHUS
IPOBOAMMOCTH H3-3a AudPy3un, KOTopas mepepacrlperenseT 3apsi B JIBOHHOM
AJIEKTpUUEeCKOM cioe. Ero Teopusi mpuMeHMMa IS JKHIKOCTEH C TPOBOIUMOCTHY
OOJIBIICH, YeM TIPOBOIUMOCTh YIJICBOI0pOI0B [5].

B pabore Boumans (1957) paccmaTtpuBaicst mpolecc IeKTpUu3aluy BHE CBSA3U
C CYIIECTBOBAHMEM JIBOMHOTO JJIEKTPUYECKOTO CJIOS Ha TPaHUIE KUIKOCTH CO
cTeHKo#. OIHaKO ATH MOMBITKA OKa3aJIuCh Oe3ycrenmHbiMu. [1]

CornacHO COBPEMEHHBIM TMPEACTABICHUSIM B CIA0OMPOBOIAIICH >KUIKOCTH
BCeraa PacTBOPEHO HE3HAYUTEIHHOE KOJIMYECTBO IPUMECHOTO
AIIEKTPOJINTA, MOJIEKYJIBI KOTOPOTO B TaKOM pa30aBJICHHOM pPacTBOPE YaCTUYHO
JTUCCOIIMUPYIOT Ha TOJIOKHUTEIBHO U OTPUIATEIBHO 3apsoKeHHbIE MOHBL. Ha cTenkax
MPOTEKAIOT OKUCIUTENbHBIC (BOCCTAHOBUTENBHBIC) PEAKIIMU, B PE3YJIHTATE KOTOPBIX
OoTpuUllaTeNIbHbIE (MOJIOKUTENIbHBIC) MOHBI OTAAIOT CTEHKE (3a0UparOT CO CTEHKH)
aunire (HeIO0CTaloIIre) dJIEKTPOHbI. TakuM 00pa3oM, B KHIAKOCTH HaKarUITUBACTCs
MOJIOKUTENbHBIN (OTpULATENbHEN) CyMMapHBIA AJIEKTPUUECKUI 3apsi/i, BBIHOCUMBIMA
OTOKOM  ciabonpoBosmeii  xuakoctu. [1,3,6]. Takum  oOpa3zom, NpHYUHOU
oOpa3oBaHUSI  DJIEKTPUUECKOTO 3apsAla W TOKa 3JICKTPHU3AlUU  SIBJISIOTCS

HIIEKTPOXUMHUYCCKUE peaKIliy, TeKyInue Ha cTeHke Tpyosr [1,2,3,4,5,9].
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1.2 Ilponecc HaKOMIEHUS FJIEKTPOCTATHYECKHX 3aPsi/I0B B

TpyOOmpoBoOae

[losiBIEeHME B MOTOKE KUJAKOCTU M30BITKA 3apsia OJHOrO 3HAKa, T.€. dJIEKTPH-
3alMsl IOTOKA CBA3aHO C CYLIECTBOBAHUEM JIBOMHOTO 3JIEKTPUYECKOrO CJIOs Ha rpa-
Hule pasznena ¢a3. ConpuKoCHOBEHHE HE(TENpOayKTa CO CTEHKOM TpyOompoBoja
IPUBOJUT K 0OPa30BaHUIO 3TOTO JIBOMHOTO 3JIEKTPUYECKOTO ciosl. [lpu 3ToM cTeHKa
TpyOBl OKa3bIBAETCS 3APSIKEHHON 3IEKTPUUYECKUM 3apsOM OJHOIO 3HaKa, a Hedre-
IPOJIYKT, HEMOCPEACTBEHHO MPUJIEralomie K TpyOe, paBHbIM 3apsiioM IMPOTHUBOIIO-
JIOKHOTO 3HaKa [14].

VYuuThIBass METOJIbI KAaTOJHOW 3aIIUThl TPyOONPOBOJIOB, KaK CaMblil pacrpo-
CTPAaHEHHBI METOJI aHTUKOPPO3UIHOM 3allMThl TPyOONPOBOAOB, MEXAHU3M 3JIEK-
TPU3ALUM NPU JABMXKEHUU KHUJIKOCTH B 3a3€MJICHHOM TpyOOIpPOBOJE MOXKHO Mpe.-
CTaBUTh Tak . IpaHcriopTupyeMas He(Th BCErJa COJEPKUT KAaKOE-TO KOJIUYECTBO
BOJIBI, COJIM, MEXIIPUMECEH, My3bIphKH BO3yXa WJIM WHOTO ra3a u T.1. (Tabmuma 1.1),
MOJIEKYJIBI KOTOPBIX B TaKOM pPACTBOPE IHCCOLMUPYIOT B HEKOTOPOW CTENEHU Ha
TIOJIOXKHUTEIBHBIC M OTPHIIATEIIBHBIC 3apshDKeHHBIC HOHBI [14].

B npucyTcTBUM BOJBI MPOLECC JIEKTPU3ALMHN JOIMOJIHUTEIBHO OCIOXKHIETCS
TEM, YTO MHOTHE UMEIOLIUecs B HEPTH U HEPTENpPOAYyKTaX PaCTBOPUMBIE MPUMECU
«BBIMBIBAIOTCS» BOJIOM, TaK KaK PaCTBOPUMOCTh MX B BOJE BbILIE. DJIEKTPUUECKOE
CONPOTHUBJIEHUE >KUJIKOCTH IPU 3TOM YyBennuuaercs. [losTomy asnexTpuzanus mo-
TOKa OPraHUYeCKOM KUAKOCTH CUIIBHO 3aBUCUT OT KOJMYECTBA M COCTaBa pacTBOPU-
MBIX MPUMECEH B dJICKTpU3YIOIIeics xuakoctu [15,16].

Tabmuna 1.1 — ®U3MKO-XUMHUECKHI COCTAaB U CBOMCTBA HEPTH

OU3NKO-XUMUYECKHE HaumenoBanue kiacca [[Ipenensl n3MeHeHUs KiIaccU(PUKAIIMOHHBIX
ITOKa3aTeNN HedTel MHTEPBAJIOB

dusnueckue nokazaTein

Bsi3kocTh (MM2/C) ManoBsizkas <20
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MJIOTHOCTBIO

Bsizkas 20...50
BricokoBsi3Kast >50
[TnotHOCTB (T/CM3) OueHb jerkas HedTh <0,8
Ulerkas HepTh 0,8...0,84
HedTs co cpenneit 0,84...0,92

Iloka3zaTenu XUMUYECKOI0 COCTaBa

bpaxun

Coneprxanue cepsbl,% MasnoccpHucTHas <0,5
CpennecepHHCTHAs 0,5...!1
CepHucras 1.
BricokocepHuCTas >3

Coneprkanue cMoi1,% ManocMoaucTas <8
Cmonucras 8...13
BricokocMouHcTast >13

Coneprkanne acpanbTeHOB, ManoacdanbTeHOBas <3

%
AcdanbTeHoBas 3...10
BricoacdanbreHoBast >10

Coneprxanue napapuHos,%|Manonapadgumicras <5
[Tapa¢ nHMCTas 5...10
BricokonapagHHUCTas >10

Conepxanue ppaknmii,% [C BEICOKHM coaepxanneMm (<20

Co cpelHUM coiepKaHUEM
bpaxun

20...30

C BBICOKMM COJEPKAHUEM
bpaxun

>30
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Ha ctenkax TpyOonpoBoaa NpoTEeKarOT OKUCIUTENbHbIE (MU BOCCTAHOBUTEIb-
HBIE) PEAKLIMH, B PE3YJIbTaTe KOTOPBIX OTPULATEIbHBIE (ITOJIOKUTENbHBIE) HOHBI OT-
JAlOT CTEHKE (3a0HparoT OT CTEHKH) JUIIHKE (HEeIOCTAOIINe) 3JeKTPOHbI [15].

Tak kak Mpu KCIOJB30BAHWUU KATOJHOW 3aIUTHI Ha TPYOOIPOBOJ MOMAETCS
OTpHULIATEIbHBIA MOTEHIIMAJ, TO METAUI Y MOBEPXHOCTH TPYOBI 3apsKaeTcs OTpHIla-
TeJIbHO. BeneacTBue 3TOro Ha CTEHKE aJcOpOMPYIOTCS MOJNOXKUTEIbHbIE HOHBI. [1o-
CTYIAOIIAsl B TPyOOIPOBO HE3aPsKEHHAS )KUIKOCTh BBITECHSIET OTTY1a )KUJKOCTh C
M30bITKOM OTPUIATEIBHBIX HOHOB, YTO BBI3BIBAET pa3pssl aJACOPOMPOBAHHBIX Ha
CTEHKax MOJIOXKUTEJIbHBIX HOHOB. [0 Mepe nmpoaBMKEeHUs KUIAKOCTH 1O TpyOe KOH-
LEHTpalus U30bITOYHBIX OTPULIATEILHBIX HOHOB B LICHTPAJIbHON YacTH TpyObl OyaeT
HapacTaTtb, a CKOPOCTh 3aps/ia MUMEBIIMXCS pPAHEE HA CTEHKE HMOHOB - TMaJaTh.
TypOyneHTHBII XapakTep MOTOKa XKUIAKOCTH B TPyOONPOBOJE CIOCOOCTBYET AMCCO-
A MOJIEKYJT TIPUMECEHN U MOABOAY K MOBEPXHOCTU TPYOBI HOBBIX MOJIOKHUTEIb-
HBIX MOHOB. Ha KakoM-TO pacCTOSTHUU OT BX0J1a B TPyOYy KOHIICHTpAIIUS OTPUIIATEb-
HBIX 3aps/IOB B IOTOKE JOCTUTHET PAaBHOBECHOTO 3HAYEHUS, a pa3ps MOJIOKHUTENb-
HBIX HOHOB Ha CTEHKY MPAKTHYECKH Mpekpatutcs [16].

Takum 00pazoM, B KUJIKOCTU MOCTENEHHO HAKAIUIMBAETCS PE3yJbTUPYIOIIMIA
CYMMAapHBIN JJIEKTPUYECKHUM 3apsiji, BHOCUMBIM 3aTe€M MOTOKOM HEPTEMpPOayKTa B
eMKOoCTh HerexpaHumuina [15].

CymiecTByeT U Aapyras IpUuMHa jekTpu3auuu HedTtu B TpyOomposoge. M3-
BECTHO, YTO CJIOU XHUAKOCTHU, ABMXKYIIHECS OJMKe K OCH TpyObl, UMEIOT TeM Ooiee
BBICOKYIO CKOPOCTb, UEM JAJIbLIE OT TOBEPXHOCTH TPYyObl OHU MpOTEKaroT. B pe3yiib-
TaTe AIEMEHTAPHOIO TPEHUS CJIOS O CJIOM, YaCTHULIA O YACTHILY, TPOUCXOAUT MOTEPS
(mpuoOpeTeHue) 3eKTPOHOB aTOMAMH U, COOTBETCTBEHHO, dJIEKTPHU3AIUs HEPTIHOTO
notoka. [Ipu 3ToM HaOIIOMaETCA HAKOMICHUE 3apsiia OJJHOTO 3HaKa, YTO CBS3AHO C
TEM, YTO KaXIbIH CJIOM, JIeKAIIHid OJMKe K OCH TPYOBI, 0 OKPY>KHOCTH KOpOoUe TIPH-

Jexalero BuerHero cios [19].
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1.3 UcciienoBanusi NpUYMH BOCINIAMEHEHUS Ia30BO31YIIHOM cMecH

He(l)TerOIIYKTOB IPpH 3a110JTHCHUHU pe3€pByapoB NU3€JIbHbBIM TOIIJINBOM

M3BecTHO Hemallo ciydyaeB BOCIUIAMEHEHHS U B3phIBa MPHU  OIEparmsx
3allOIHCHUST W ClIMBa HE(PTENpPOIyKTOB B pe3epByapbl M aBTOIUCTCPHBI, B
OCOOCHHOCTH JHU3€JIhHOTO TOIUIMBA W OeH3MHOB. Yamie BCero, BOCIIAMCHEHHE
He(PTENPOAYKTOB IPOUCXOAUT M3-3a pa3psa CTATUYECKOTO IEKTPUUECTBA JaXKe IPU
UCTIPAaBHON CUCTEME 3a3eMJICHHS TEXHOJIOTHYECKOTO O0OpPYIOBaHUS U PE3EPBYapOB.
B pabote Oblm mpoBeneHbl XpomaTorpaduueckue M CIEeKTPAIbHBIE HCCIEIOBAaHUS
JUTS oTipenieieHust (GpaKIMOHHOTO COCTaBa HE(TEMPOIYKTOB, UCCIEIOBAHO HAIWYHE
pa3HOro BHJA 100ABOK K JMU3EJIbHOMY TOIUIMBY, MPOAHAIU3UPOBAHBI JIETKOJIETYUHE
PUMECH K TOTUIMBY M €70 OCHOBHBIE KOMITOHEHTHI. Y CTAHOBJICHO, UTO HAJMUKE JaXKe
HEOOJIBIIOT0 KOJIMYECTBA JIETYUnX (Qpakuil B UCCIEyEMbIX pe3epByapax MOBIIIAET
BEPOATHOCTh MX BOCIUIAMEHEHHUS U TpeOyeT OmpeleieHHs KOHLEHTPAlUU JIETKO-
ageryunx HedTenpoaykToB. [lomydeHa 3aBHCHMOCTh CTENEHH DIEKTPHU3AIUN U
BEPOATHOCTH BOCIUIAMEHEHHUSI OT CKOPOCTH 3alOJHEHHUS IpU  Pa3IMyYHBIX
Temreparypax HedrenpoaykTos [33].

B Hacrosimee Bpemsi cyumiecTByeT IMpoOjema oOecrneueHus: HaAeKHOCTU
JKCIUTyaTalluM U 0e3aBapUIHOCTH pPadOThl CHUCTEM XpaHEHUS U pacHpelesieHus
YIIIEBOJIOPOAHBIX TOIIUB Pa3UYHOrO HasHadeHus. OIHOW W3 OCHOBHBIX MPUYHH
BO3HMKHOBEHHUSI B3pbIBOB U IIOKapOB B pe3epByapax M aBTOLUCTEpPHAX MAJis
MEPEBO3KU  SIBISIETCS ~ AKKYMYJIALMS ~ 3apsA0B  CTATHYECKOTO  DJIEKTPUYECTBA,
00pa3yomuxcsi B TPyOOIIPOBOAE W pe3epByapax B MPOIECCE TPAHCIOPTHPOBKH.
BHocumble BMeCTe ¢ TOIUIMBOM B pe3epByap AJIEKTPOCTATUYECKUE 3apsiibl CO3AI0OT
DIIEKTPUYECKOE TOJIE M, COOTBETCTBEHHO, YCIIOBHUS JII BOZHUKHOBEHHUS HMCKPOBOTO
po0os ra30BOr0 MPOCTPAHCTBA HaJl TOBEPXHOCTHIO IpoaykTa [33].

CrnoXuBIIMECS HA CETOMHSIIHAN EHb MPEACTABICHHUS O MPUYNHAX B3PHIBOB U
1o- ’Kapax MpH OTepalusx HajuBa TOIUIMBA B IMCTEPHBI TPEOYIOT CYIIECTBEHHBIX

I[OHOJIHCHHI;'I u YTOQHCHHﬁ, B TOM 4YHCIIC KOJHNMYCCTBCHHBIX OLCHOK OCHOBHBIX
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(U3UYECKUX MPOIIECCOB, MPOTEKAIOMINUX TPU ITUX OMEPaIusaX, 0COOCHHO MPOIIECCOB
HAKOIUICHHUS CTaTHYECKOTO iekTpuiectBa [33].

Hampumep, ¢ moMmompi0 MeTo/la CIEKTPAIbHOTO aHanW3a B HH(pPaKpacHOU
00JIaCTH CTEKTpa MOXKHO HAJIC)KHO HIACHTH(PHUIIMPOBATH OTIMYHUE PA3HBIX BHJIOB
JN3eJHHOTO TOIIMBA, YCTAHABIWBATh (aKkT JMOOABKH K JHU3CIBHOMY TOILIUBY
Pa3TUYHBIX KOMIIOHEHTOB U YCTaHABJIMBATH MPOIICHTHBIN COCTAaB MOTYYCHHONU CMECH.
[To HanMUMIO CHIEKTPATBHBIX JIMHUA OTIAEIBHBIX KOMIIOHCHTOB MOJYKHO CYIHUTH O
NPUCYTCTBUM B JTU3EIBHOM TOIUIMBE (pakiuii OCH3WHa, YTO MOXET CIIO-
coOCTBOBAaTh 0OPA30BAHMIO B3PHIBOOIIACHON KOHIICHTPAIIMH MAPOBO3AYITHOW CMecH
WM IPUMECEH, CIIOCOOCTBYIONIUX AJICKTPU3aIMK ToIuuBa [34].

CreneHb AIEKTPU3ALUHU KUJKUX TUDIEKTPUUYECKUX MATEPUAJIOB OMPEIEIseTCs
BETUUMHAMHU  JTUDJICKTPUYCCKONH  MPOHUIIAEMOCTH M TIOBEPXHOCTHBIM OMHYECKUM
CONPOTUBJICHUEM, TMPU ITOM JUDICKTpUUYECKAas TMPOHUIIAEMOCTh OIpeeIsieT
pacmoyioKeHUe maTepuaja K TOMY WM JIpyroMy 3HaKy TMOTEHIHala, a
MMOBEPXHOCTHOE COMPOTHBJICHUE XapaKTepHU3yeT CKOPOCTh CTEKaHWS 3apsaa ¢
JMRJICKTPUKA Yepe3 BO3IyX WK 3a3emiieHue [32].

Takum 00pa3om, MpU CONMPUKOCHOBEHHH HE(PTENPOAYKTOB CTEHKA HAJIMBHOM
(cnmuBHOM) TPYOBI OKa3bIBACTCS 3apPsHKCHHOM AJICKTPUUYSCKUM 3apsIoM OHOTO 3HAaKa,
a TPOAYKT, HEMOCPEJICTBEHHO TNpWIEralonii K TpyOe, paBHBIM 3apsiioM
MIPOTHUBOITIOJIOKHOTO 3HAKA. B KauecTBe MCXOMHBIX MAaHHBIX JJIS pacdyeTa MpeaeabHO
JOMYCTUMOTO  3HAQYEHMs]  TUIOTHOCTH  3apsiia  MCIOJB3YIOTCS  CIEIYIOIIHe
BenunHbl [33] :

W hin— MEHUMAaTbHAS DSHEPTHUS 38KATAHUS CPEIbl HaJl OBEPXHOCTHIO kuakocta, JK;
€ — IUANIEKTPUYECKasi TPOHUIIAEMOCTb KHUIAKOCTH;

0 — IOBEPXHOCTHOE HATSHKEHUE KHUIKOCTH, KT/CM2;

T = £,&,K— Bpems penakcanuu 3apsjia B )KHJIKOCTH,C;

€o— DIIEKTPUUECKast TOCTOSIHHAs paBHast 8,854-10™ d/um;

Ry, — ynenpHOE 00BEMHOE IEKTPUIECKOE COMTPOTUBIICHHUE KUIKOCTH, OM"M.
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[Tpu pacueTe MOKHO HCHOJB30BAaThCsA 3HaYeHHE Wigin UIS MapoB JaHHON
KUJIKOCTH TIPU TEMIIepaType, pealn3yeMoil B pe3epByape, B KOTOPBIA MOCTYIACT
JKUIKOCTD U3 TpyOomposoa [33].

Eciu  oTCyTCTBYIOT HEOOXOJMMBIC JaHHBIE O MHHHUMAJIBHOW  SHEPTUH
3QKWTaHUs, TO HMX HEOOXOJUMO OINPENEINUTh DKCIEPUMEHTAIBHO. [IpeaenbHo
JONYCTHMOE 3HAYCHHWE IUIOTHOCTH 3apsga B Ki/m3 PacCUMUTBIBACTCSA 110

dbopmymnam:

qng=9-10_10W1:1/;1 -ex'p(%) (1)

& =—-45.01+ lne\/g (2)

VYKa3aHHbIE COOTHOLIECHHsI MO3BOJISIIOT ITPOBECTH OLICHKY IUIOTHOCTH 3apsifa,
npu4éM ¢ Y4ETOM TOTO, YTO BCE HEOOXOMMOE 000PY/I0BaHUE HANIEHKHO 3a3EMIICHO.
Cnegyer OQHAKO OTMETUTh, YTO NIPH HU3KUX TEMIEparypax CIEIyeT O0XKHIaTb
3aMETHOI'O YBEJIMYEHUS BPEMEHU PEJIAKCALMU 3aps/ia U3-3a MOBBIIIEHUS YIEIBHOTO
COIPOTHBIICHUS KUIKOCTH [33].

Bo3MoxHOCTB WHTECHCUBHOMN JIEKTPU3aALUU KUIKOCTEN npu
TPAHCIIOPTUPOBAHUU HMX TO TPyOONpOBOAAM OMNpeAensercs TIaBHbIM 00pa3oM
CKOPOCTBIO U YACTBHBIM 00BEMHBIM DICKTPHUYECKUM COTIPOTUBIICHHEM [32].

B cBa3u ¢ Tem, 4TO yJenbHOE OOBEMHOE 3JIEKTPUUECKOE CONPOTUBIICHHE
JKUJIKOCTH CHIBHO 3aBUCUT OT COAEPKAaHHWA M COCTaBa PACTBOPEHHBIX B HHUX
npumecei (T.e. OT TEXHOJOTMU UX MOJYYEHUs, Clloco0a M CTENEHU OYMCTKH), TPH
OLIEHKE BO3MOXKHOCTH 3JIEKTPHU3aI[MM UX B KaKOM-JIMOO MPOU3BOJICTBE KEIATEIHHO
OPUEHTUPOBATHCS HA 3HAUEHHUE ATOTO MapaMeTpa, MOJYyYEHHOE NpHU H3MEPEHUSX,
IPOBEJCHHBIX C MpoOamMu, OTOOpaHHBIMH M3 anmaparoB W MarucTpajieil 3Toro
npousBojacTBa. [Ipu HMCNONB30BaHUM JAHHBIX, 3AMMCTBOBAaHHBIX U3 JIMTEPATYPHBIX
UCTOYHHUKOB, CJICIYET MOJIb30BAThCs HAMOOJBIIIMM U3 IPUBOIUMBIX 3HaueHUH [33].

Kuakoctu ¢ yaenbHbBIM OOBbEMHBIM 3JIEKTPUUECKUM CONPOTHUBIICHUEM MEHEE
10° OM'M NpPAaKTHYECKH HE SIEKTPU3YIOTCA, M UX TPAHCIIOPTHPOBKA C CKOPOCTAMH JI0

10 m/c 3aBeomo Oe3omacHa [35].
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DnekTpusanus, CliocoOHas MPUBECTH K BOSHUKHOBEHUIO MCKPOBBIX Pa3psIOB,
JUISL JKUAKOCTEH ¢ VIEIbHBIM OOBEMHBIM HICKTPHUCCKHM COMpOTHBICHHEM 10 10°
OM'M UCKIIIOYEHA MPU TPAHCIIOPTUPOBKE UX IO TPYOOIPOBOAAM CO CKOPOCTSIMU 0 5
m/c [41].

Jist )KuIKOCTEN, UMEIOIUX YIEIbHOE 00BEMHOE JIEKTPUUECKOE COMTPOTH-
Brerne 6oxee 10° OM'M, MaKcHMalbHBIC GE30MACHBIE CKOPOCTH TPAHCIIOPTHPOBKH
no TpyOONpoBOJaM ¥ JOMYCTUMBIE CKOPOCTH  WCTCUCHHUS B ammapartbl |
pe3epByapbl paznu4HbBIX (OPM U pa3MEepPOB U3 PA3JIMYHBIX 3arPy30YHBIX MaTPYOKOB
JOJDKHBI PACCYUTHIBATHCS B KAKIOM OTICIBHOM CITy4ae W MOTYT OBITH OIPEICIICHBI
Mo TpUBEAEHHOW HIKe MeTomuke. I[Ilpm  3TOM  OrpaHWYeHHE CKOPOCTH
TPAaHCIIOPTUPOBKA  MAaKCHUMaJIbHBIM  O€30MAacHBIM  3HAYEHUEM  HMCKIIOYaeT
BO3HUKHOBEHHUE OIMACHBIX Pa3psiioB B JIFOOOM 3amoJIHIEMOM armapare (pe3epByape)
npu  J1I0OOM  crmocobe Mojayu  SKUJIKOCTH, MCKIIYAlomeM pa30pbI3rUBaHUe.
OrpaHuyeHue 3Ha4YeHUs CKOPOCTH MOTOKA B TPYOOIIPOBOJIEC AOMYCTUMOM CKOPOCTHIO
WCTEUYCHHUS HCKITFOYACT OIMACHBIC Pa3psIbl TOJBKO TPH JAaHHOM CIIOCOOE TMOJadH
KHUJIKOCTH B amnmapat (pe3epByap) JaHHbIX ¢popM u pazmepos [33].

MakcumanbHas Oe30omacHasi CKOPOCTh TPAHCIOPTUPOBKU JKUIKOCTH TI0
TpyOOTIIPOBOYy OMPENENAETCSs UCXOJs U3 HEOOXOAMMOCTU OTPAHUYUTH MPEEIbHO
JOTYCTUMBIM 3HAY€HHEM IUJIOTHOCTH 3aps/ia B MOTOKE, ABUXKYIIEMCS 1O JTaHHOMY
TpyOomnposoay [33].

B kadecTBe MCXOMHBIX JAaHHBIX JJISI pacuyeTra MaKCHMallbHOW Oe30racHon
CKOPOCTH TPAHCIOPTUPOBKH KHAKOCTEH IO TPYOOMPOBOAY  HCIIOIB3YIOTCS
CJICTYIOITUE BETUIHHBI:

I, — paanyc TpyOOmpoBoaa, M;

N — KHHEMaTH4YeCcKas BA3KOCTh KHJIKOCTH, M2/C;

€ — IUDJICKTPUYECKasT TMPOHHUIIAEMOCTH KHIKOCTH;

T — Temniepatypa XHIKOCTH B TpyOompoBoe, K;

a — K03 (UIUEHT, YYUTHIBAIOIINNA BIUSHUE MEIKOIUCTIEPCHBIX TIPUMECEH;

(ng — IPEIENIBHO AOIyCTUMOE 3HAUYEHHE TUIOTHOCTH 3apsija B xKuakoct, Kin/m3.
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Pagmyc T1pyOBI 19 oOmpenensercs Kak IIOJIOBHHA YCIOBHOTO IPOXOJA.
Kunemarudeckast BSI3KOCTh JKUAKOCTH M JHUAJICKTPUYECKAsi MPOHUIIAEMOCTh € MOTYT
3aMMCTBOBATHCS M3 CIIPABOYHOM JIUTEPATYPHI I HEMOCPEACTBEHHO H3MEPSITHCS TIPH
TEMIIepaType, paBHOM TeMIepaType KUIKOCTH B TpyOe [33].

3HaueHne KodpQUIUMEHTa & — COJEp)KaHHE MEXaHHYECKUX MPUMECei,
3aBEJIOMO HEBEJHMKO, MPUHUMAT @ = 1,1 IS KUAKHX YTIEBOJAOPOMOB M JUIS
CBEeTIIBIX HehTenpoaykToB [33].

MakcumanpHast Oe30macHasi CKOPOCTh TPAHCIOPTUPOBKH JKUAKOCTH IO

TpyOOIpOBOIY (M/C) MOXKET OBITH pacCuMTaHa AaHATTUTHYECKH 1O popMyIIe:
_ 589

L‘F — q”_.-'g "V ' ]'[)

5 05510 oeer | 3)

/8

JlonmycTumass CKOpPOCTh WCTEUYEHHS JKUJIKOCTHU B DPE3EPByap OIPEIEIACTCSA
UCXOJI1 ©3 HEOOXOJUMOCTH OTPAHUYUTH MPENETbHO JOMYCTUMBIM 3HAUYCHHUEM
MaKCHUMaJIbHO BO3MOKHYIO TIJIOTHOCTH 3apsiia B MPUIIOBEPXHOCTHOM CJIO€ KUAKOCTH,
HaAXOJIAIICHCS B 3aMOJHACMON EMKOCTH, ITPH JaHHOM citocode 3arpy3ku [33].

[IpenenbHO AOMYCTMMOE 3HAYEHUE TUIOTHOCTH 3apsiia OMNPENeNsieTCd Kak
IJIOTHOCTH 3apsjia B 00beMe KUIKOCTH, MIPU KOTOPOM BEPOATHOCTh BOBHUKHOBEHUS
paspsijaa ¢ sHeprueit, paBHou 0,25 MUHUMAJIbHOM SHEPTUU 3a)KUTAHUSI CMECH I1apoB
TOH JKHUIKOCTH ¢ BO3LYXOM, He mpeBocxoxut 107 [33].

Ecnmu Hag moBEpXHOCTBIO JKUAKOCTH B 3aIlOJHSEMOM pe3€pByape BO3MOXKHO
MPUCYTCTBUE IPYTUX TOPIOYMX MApOB M ra30B, B KAYECTBE MPEACIBbHO JIOMYCTUMOTO
MPUHUMAETCS TAaKO€ 3HAYEHHUE IUIOTHOCTH 3apsifa, MNPU KOTOPOM BEPOSITHOCTH
BO3HUKHOBEHHUS pa3psaa ¢ 3Hepruend, paBHoil 0,25 HanMmeHbLIEH U3 MUHUMAJIbHBIX
DHEPIUU 3a)KUTaHMUsI CMECEU 3TUX I1apOB U I'a30B C BO3AYXOM, HE IPEBBIIIACT 10°. B
KQ4eCTBE JIOMOJHUTENBHBIX HMCXOIHBIX JAHHBIX JJIS pacdyeTa JOIMyCTUMOM CKOPOCTH
UCTEUYCHHS JKUJIKOCTH W3 TpyOOmpoBoja B pe3epByap (3arpy304HbId MmaTtpyOoK
BEPTUKAJIBHBIN, PACCTOSIHUE OT €ro KOHIIAa /10 AHa He 6ojiee 200 MM) MCHOJIB3YIOTCS

CIEAYIONINE BEJIMYMHBL: AUMAMETP LMJIMHAPUYECKOro ammapara (pesepByapa), M;
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paccTosiHME OT CTEHKH ammapara (pe3epByapa) A0 3arpy304HOTo marpyoka (B JOJsIX K
nuametpy) [33].

KunemaTtuueckass BSI3KOCTb JKHUJKOCTH, AMDJIEKTPUYECKAs MPOHUIIAEMOCTh
KUJKOCTH M TPEEIbHO JOMYCTUMOE 3HAa4YeHHE IJIOTHOCTH 3apsiia B JKUIKOCTH
OTIPEEIISIIOTCSA, KaK YKa3aHO paHee.

VYaenbHOoe 00BEMHOE DJIEKTPUYECKOE COMPOTUBJICHUE >KUIKOCTU JIOKHO
ONPENENAThCA MYTEM HENocpencTBeHHbIX n3MepeHui cornacHo ['OCT 6581-75 ¢
npobamu, OTOOpaHHBIMH M3 JaHHOTO  ammapara  (pe3epByapa). B caydae
HEBO3MOXKHOCTH  OCYIIECTBJICHHMSI TaKUX HM3MEPEHUN A pacueTra MOXKET OBITh
UCTIOJIB30BaHO HAaUOOJIBIIIEE U3 IPUBOAUMBIX B CIIPAaBOYHHUKAX 3HaYeHHN [34].

Pacyer pomycTUMONl CKOpPOCTHM HCTEUYEHHS >KMJIKOCTH U3 TpPyOOIPOBOAOB,
UMEIKX ycaoBHbIM mpoxoa or 40 go 200 MM, B €MKOCTh CO C(EepUyYECKUM,
IUTMOTUYECKUM WJIM KOHMYECKMM JHMIIEM (IIPpH YCIOBUHM, 4YTO 3arpy304HbBIH
naTpyOOK BEPTUKAJIEH, pACCTOSHHUE OT €ro KOHIA JI0 JHA He mpeBocxoauT 200 mMm)
OCyIIECTBIsIETCS TpadOaHATUTHUECKUM METOJIOM C MIOMOIIBI0  aMPOKCUMAITHIH .

g obecrnieueHust Mmo>kapHoW O€30MacHOCTH Tpoliecca HajduBa B OEH30BO3
JN3eJHHOTO TOIUIMBA pEIaollee 3HAYeHWE MMEET MpPEeJOTBpAIICHHE OO0pa30BaHUS
roproueu MMapOBO3AYIITHOM KOHIICHTpAI1H. Heo6xoaumpim YCIIOBUEM
BOCIUIAMEHEHUSI TOpIOYel cMecu sIBIsieTcs oOpa3oBaHHE TOprOYei KOHIICHTpAIUH.
[Tpr HEMOABMKHOM YPOBHE >KMIKOCTH KOHIIEHTpAIMS B TApOBO3AYITHOM 00BhEMe Cg
. DJTa KOHLEHTpalus OIpeeseTcss IaBJI€HUEM HachlllleHHoro napa P u oOumum
(atMocepHbIM  OAPOMETPUUECKHUM) JABJICHUEM PyB cBOOOgHOM 00BEME
pe3epByapa:

Cs =P/ Py (4)

Takum 00pa3oM, oOmacHOCTH O0Opa30BaHMS TOPIOYEH KOHIICHTPAIMU TIPH
XpaHEHUH HEPTH B pe3epByapax MOXKET ObITh OIICHEHA BBHIPAKCHUEM:

C:HI_IBS CSSCBHB (5)

rae Cs — paboyas (dakTudeckas) KOHIIEHTpAIMS MapoB XUIAKOCTH B pe3epByape;
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Cuns 1 Cgpp — COOTBETCTBEHHO HIKHHUI M BEPXHHMM KOHLEHTPALMOHHBIE TPEIEIIbI
BOCIIAMEHEHUS (pacrpocTpaneHus miamMenn) [33].

KoHuenTpanuonusie npeaensbl BOCIUIAMEHEHUS JUIsl KUAKOCTEH MpPUBEACHBI B
cupaBoyHUKax. OHH MOTYT OBITb TaKXE OINPEAENICHbl AKCIEPUMEHTAIbHO WU
pacyeTHbIM ITyTeM. KoHIIeHTpalus napoB ®KUAKOCTH B pe3epByape 3aBUCUT OT Ty ,
T.e. OT €€ KOMIOHEHTHOrO0 COCTaBa, U OT T — TeMrepaTypbl >KUIKOCTU. Y CIOBUE
OMmacHOCTH (4) MOXXET OBITh MPUMEHHMO JIsSi OIICHKH BO3MOKHOCTH OOpa30BaHUS
roproyeil KOHIIEHTPAIlUK B Pe3epByapax ¢ HEMOABMKHBIM YPOBHEM >KUJKOCTH, KOTAa
B HHUX O0Opa3yeTcs HacChIIICHHAass KOHIICHTpAIMsl MapoB. OJTO YCIOBUE OCTAETCsA
CIPaBEJIMBBIM MIPU HANIOJIHEHUH, €CIIU MOIBEM YPOBHS >KHJIKOCTH B pe3€pByapax C
JBIXaTEJIbHBIMU YCTPOWCTBAMM IPOUCXOAUT TOCTATOYHO MEIJIEHHO W HE U3MEHSET
HACBIIICHHYI0 KOHUEHTPAIMI0 MapOBO3IYIIHOW CMECH HEMOCPEACTBEHHO Haj
3epKaJIOM KUAKOCTH. [Ipyr 0OpOKHEHUH TaKUX PE3EPBYAPOB COCTOSIHUE HACBIILCHUS
ra3o0BOT0 MPOCTPAHCTBA IMAPAMU >KMJIKOCTH HApYIIAETCs 3a CYET MOCTYIUIEHUS Yepes
JBIXaTEIbHYI0 apMarypy JONOJIHUTEIBHOTO KOJIMYeCTBa Bo3ayxa. KoHueHTpamms
IIPY 3TOM YMEHBIIAETCS, U B MPOLECCE WINA IPHU 3aBEPIICHUH OTKAYKA OHA MOXKET
OBITH B3pBIBOOMACHOM [7] .

Takum oOpa3zom, HeoOXOoAMMA JIOCTOBEpPHAas MOJEIb pAacIpeieseHUs] HapoB
TOIUIMBA BO BPEMEHM U NPOCTPAHCTBE B TEUEHUE BCETO BPEMEHM JUIUTEIBHOCTH
omnepauuu civBa—HanuBa. OJIHAKO MPOLECC MOXKHO PacCMOTPETh MO3TAIHO:
UCIIApEeHUE M HAaKOIUIEHHE MapoB TOILIMBA B IMCTepHE, nud¢y3us mapoB U3 OT-
KpBITO HAJIMBHOM TOPJIOBUHBI M BBITECHEHHE MAPOBO3AYIIHOM CMECHU IIpH
3aITOJIHCHUH ITUCTepHBI [12].

B 3akpbeITOM pe3epByape NMpU COCTOSTHUM TEPMOJIMHAMHUYECKOIO PABHOBECHS
KOHLIEHTpaIKs TapOB XapaKTepU3yeTCs JaBICHUEM HACBHIIIEHHBIX MAPOB.

MoxHO TNpUOIMKEHHO ONPEAETUTh BpPEeMs YCTAaHOBJIEHHUS pPaBHOBECHOU
KOHLIEHTPALMX Ha PacCTOSHUU T:

t=r’/D (6)
Eciur =2 m, D= 0,008 m%/c (Oen3un), momyyaem t = 250 c.
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IIprBen€nHas OLlEHKA MOKA3bIBAET, YTO BPEMsI BBIPABHUBAHUs KOHLIEHTPALIMHI
Ha PAcCCTOSHMM 2 M pPAaBHO NpPUMEpPHO 4 MHH. DTO TakK€ O3HAYaeT, 4TO IpH
OTKPBITOM HaJMBHOM OTBEPCTHM BCErJa HalyTCs 00JIACTH NMPOCTPAHCTBA LIUCTEPHBI
B €€ BEpXHEU YaCTH, IJIe KOHUEHTpALMs MapoB OyAEeT B3pbIBOONACHOM, HECMOTPS Ha
TO, 4YTO KOHIEHTpalMs B COCTOSHUM HACBIIICHUSA 3HAYUTEIBHO IIPEBBIIIAECT
B3pbIBOONACHYI0. KpoMe TOro, BBINIOJHEHHAs OLIGHKA SBJIETCS  CYIIECTBEHHO
3aHIKEHHOW, TaK KakK MpU HHU3KUX TeMIepaTypax CKOpPOCTh AU(PPY3HOHHBIX
IIPOLIECCOB, OMNPEIEIAIOIIUX IPOLECC BBIPABHUBAHUS KOHLEHTPALUKA, 3aMETHO

cHkaercs [33].

1.4 MexaHu3M 3j1eKTpu3anuu HepTH B pe3epByapax-XpaHUJINIIAX

DnexTpuzanus He(PTENPOAYKTOB IPOUCXOAUT npu Pa3ITUYHBIX
TEXHOJIOTMUECKUX MPOIIeccax:
1)IIporekanue HeTENPOAYKTA IO TPYOOIIPOBOIAM
2)IIpoxoxeHre HeTepoyKTa Yepe3 TEXHOJIOTHIECKOe 000pyI0BaHuE,
Takoe KakK (PUIbTPBI, 3aIBIKKH, HACOCHI, KJIAMIaHbI U JIP.
3)Co6op u nepemelnMBanue HehTEIPOIYKTa B pe3epByapax-XpaHHIUIIAX.

[Tpu npoTekannu HEPTETPOIYKTOB MO TPYOOIIPOBOIAM TIPOUCXOIUAT
AIIEKTpHU3ALIMSA 32 CUET pa3/eNCHHs 3apsfoB Ha TpaHUIle pasdena (as3- KUAKOCTU U
TBEP/Oro Tella, ONKChIBaeMasi TEOpUel NIEKTPU3ALINU )KUJIKOCTH B TPyOOIIPOBOIE.
[Ipu npoxoxaenun HedTenpoaykra depe3 (QUIBTPB, HACOCBI M APYroe
TEXHOJOTHUECKOe O00O0pyAOBaHHWE TPOUCXOIUT JOMOJHUTENbHAS —JIIEKTPU3ALNS
KHUAKOTO He(TenpoAyKTa 3a CYET MECTHOTO PE3KOro YMEHBIICHMs IUJIOLaan
MOTIEPEYHOTO CEUCHHS TPYOONpOBOJA W YBETUYCHHUS CKOPOCTH TEUYCHHUS >KUIAKOTO
He(TEeNnpoayKTa Ha JaHHOM y4acTke Tpyobomposoza [33].

[Ipu 3anoMHEHNH pe3epBYyapOB-XPAHMINIL IPOUCXOAUT MOCTOSHHBIN MEepeHoC
3apsHKEHHOTO He(TempoayKTa W3 TpyOOINpoBOJa B pe3epByap W WHTECHCHUBHOE

nepeMenrBanue He)TerpoIyKTa BHYTPH pe3epByapa-XpaHUiIuIa.
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[Ipoueccel anexkTpu3anuu HeQTENpOayKTa IpU 3arpy3Ke pe3epByapa U BHYTpU
Hero onucanbl 3axapueHko B.B. u booposckumu C.A. [Ipouecc pa3aeneHus 3apsiaos
Y HaKOIUIEHHE B 00bEME KMJIKOCTH 3apsI0B OJHOTO 3HaKa MPOTEKAET B OCHOBHOM B
TpyOOIIpOBOJIE, MOCHE 3arpy3ku He(TEmpoIayKTa B pe3epByap-XpaHWIUIIE 3TOT
IPOLECC HACTOJBKO 3aMEUIAETCA, YTO IPaKTUYECKH OoJsbllieé HE MPHUBOIUT K
YBEJIMUYCHHIO TUIOTHOCTH 3apsizia B HedTenpoaykre [14].

BonbmMHCTBO €MKOCTEel Ui TpaHCIopTa M XpaHEHHs HePTEenpoayKTOB
SBISIOTCA LWIMHAPUYECKUMU. K HUM OTHOCSATCS pe3epByapbl, KEJIE€3HOAOPOKHBIE
IIUCTEPHBI, aBTOIIMCTEPHBI, KOHTCHHEPHI 1 004KH [21].

B nactosimee Bpems S()QPEKTUBHO 3KCIUTyaTUPYIOTCS [UIsl XPaHEHHUS U
nepekayku  He(PTENpOAYKTOB  HA3€MHbIE  BEPTUKAJIbHBIE  LUJIMHIPUYECKHE
pe3epByapbl KOTOPhIE B 3aBUCHMOCTH OT MX Ha3HAUEHUS W YCIOBHM IKCIUTyaTaIlHH
MO’KHO pa3JeUTh Ha CIECAYIOIINE THIIbL:

1) TumOBBIC CBapHBIC BEPTHKAJIBbHBIC IMIMHIPUYCCKUE PE3epBYapbl 00BEMOM OT
100 M° 110 20000 M;

2)TUNIOBBIE  CBapHbIE  BEPTUKAJIbHBIE LWIMHIPUYECKUE  pe3epByapbl  JJs
SKCILTyaTalllH B YCIOBHAX HU3KOI TemmepaTypsl (10 ~65°C) o6bemom ot 100 M° 10
20000 m’;

3) cBapHbIC BEPTUKAIBHBIC IHJIMHIPUYECKUAE pE3epBYyapbl C ONTHUMAIbHBIMU
pasmepamu 700 M 1o 100000 n.

Ha teppuropun TromeHckol o6yiacTu. B yacTHOCTH Ha npeanpustusx AOOT

“CubnedtenpoBoa” , HAMOOJIbIIIEE PACIPOCTPAHCHHUE MOTYyUUIIU: pe3epByapbl PBC-

5000, PBC-10000 , PBC-20000.
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Pucynok 1.2 — O6mu Bup pesepByapa-xpanunuina PBC-10000

EUCTBUEM

IIOCTYHAOIIEH
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& 34200

He(TEeNpOayKTa,

B nporiecce HamogHeHUs] TPOUCXOJUT TEepeMelInBaHue HEPTENpPOAYKTa IO

€CIM  INOCTYHAOIINN

Ne ooxym.
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HeTEnpOIyKT HeceT B ceOe 3JICKTPUUYCSCKH 3apsij, TO OH OyAeT pacrpelesieH Io
BCceMy 00beMy pesepByapa [25].

3apsn B oObeMe He(TEHnpOayKTa CO3JaeT JJICKTPUYECKOE I0Jie BHYTPH
pe3epByapa-xpaHwiuina. HanpsokeHHOCTD 3JeKTPHYSCKOTo MOl HaJl MOBEPXHOCTHIO
HeTAHOrO 3epKajga MOXeT OBbITh OYEeHb BBICOKOM MW JIOCTHUraTh MPOOHUBHBIX
snaucHuit [20].

OCHOBHBIM yYpaBHEHHEM, NPUHATHIM B pacyeTax M XapaKTePH3YIOIIUM

AIIEKTPOCTATUYECKOE TI0JIe BHYTPU pe3epByapa siBisieTcsi ypaBHenue [lyaccona :

v2y = — &2 (7)

£gg
I'ne V — oneparop Jlamnaca;
U — noTeHmuai;
p(r,z) — MIOTHOCTh 0OBEMHOTO 3apsiia B TOUKE pe3epByapa;
& — OTHOCUTEJIbHAS AUAJICKTPUUYECKasi TPOHUIIAEMOCTb;
£ — DJIEKTPUYECKas MOCTOSIHHASL.
B nmmuHmpuueckoir cucrteMe KoopaumHaT ypaBHenuwe Ilyaccona (7) Oymer
BBITJIAJIETH CIEAYIOIUM 00pa3oM:

1 a( 6U)+62_U=_p(r,z)

—_— — r_
or 072 £gg

. (8)
rae I — IepeMEHHbIN painycC;
Z — opauHATa MPOU3BOJILHON TOUKH.

B pabGorax BoOposckoro C.A. mnpuBeneHO pelieHue ypaBHenus (8) B
0e3pa3MepHOM BHUC M B OTHOCUTEIIBHBIX equHUIaX. [10 JaHHBIM pacyeToB MOCTPOCH
rpadMKk 3aBUCHMOCTH OTHOCHUTEIBHOTO IMOTEHIMAJNa OT OTHOCHTEIBHOTO pajnyca

(pucynok 1.3) u TabnWil 3HAYECHUH OTHOCHUTEIILHOrO TMOTCHIMana (Tabmuia 1.2)

[12,14].
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Pucynox 1.3 — I'paduik 3aBUCUMOCTH OTHOCUTEJIBHOTO MOTEHIANA OT

OTHOCHUTENBHOTO paauyca no booposckomy C.A.

I'me b — pannyc pesepByapa; H — BeicoTa pesepByapa.
1-2=052-2-=07,3-2=09;4—=-=1 (9)
h H H H

[IpuBeneHHBIC TaHHBIC B TAOJNHIC U KPUBBIC HAa TpauKe MCTOJIb30BAIUCH IS
BBEIYKCIICHUS ~ BEJIMYMH  TOTCHIMAJOB B  pe3epByapax-xpaHwmmmax. I[lpwm
onpeaencHHoM 3HaueHuu z/H BBIOMpAIOT COOTBETCTBYIOIIYIO KPHUBYIO Ha PHCYHKE
1.3 3aTeM i1 JaHHOHM BEIMYMHBI OTHOCHTEILHOrO paaunyca /b HaXOomuau 3HaUYEHUE
OTHOCHTENbHOrO nmoTeHmmana Uy [14].

AOGCOTIOTHYIO BEJIMYMHY NOTEHLIMAA BBIYUCISUIIN 110 opMyJIe:

U= Uoﬂ (10)

0]

rjae p — 00BEMHBIN 3apsi.
Bennunny 06beMHOT0 3apsija onpeesisyii Ha OCHOBAaHUH dKCIIEPUMEHTATbHBIX

JaHHBIX WJIKM Ha OCHOBAHHH PaCUCTOB.
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Tabnuna 1.2 — 3HaueHus: OTHOCUTENHFHOTO MOTEHIIMAJIA B pe3epByape MpH HATHIUU

o0veMHOTO 3apsiaa B pabotax booposckoro C.JI.

z/IH r/b

0 0.2 0.4 0,6 0.8 1.0
0,5 0.125 0.119 0.105 0.079 0.045 0
0,7 0.120 0.114 0.104 0.076 0.044 0
0,9 0.024 0.022 0.018 0.013 0.006 0
1.0 0 0 0 0 0 0

1.5 Mexauuszm JNEKTPU3AlIMA IMTPHA ABUKCHUU ) KUAKOCTHA B 3a3eMJIEHHOM prﬁe

MexaHu3M 3eKTpU3alMd NOpU ABMKEHUU JKUJIKOCTH B 3a3€MJICHHOM TpyOe
MOXHO ONUCAaTh CIEAYIHUM o0pa3oM. BHauane npu NOCTYyIUIEGHMM HEPTH B
TpyOOIIPOBOJ] OHA MPUHUMAETCS JJIEKTPUUYECKH HeWUTpaipHOM. Tak Kak mpH
UCIIOJIb30BaHUU KAaTOJHOW 3allUThl HAa TPYyOONpPOBOJA IMOJAETCS OTPHUILATENIbHBIM
NOTEHLMA], TO METall y IMOBEPXHOCTH TpyObl 3apspkaeTcs OTPHULATEIBHO.
BcenenctBue 3TOro  Ha  CTEHKE  aCOpPOUPYIOTCS  TOJIOXKHUTENbHBIE  MOHBI.
[loctynaromass B TpyOONpOBOJ HE3apsHKEHHAs JKUJKOCTh BBITECHSET OTTyAa
KUIAKOCTh € M30BITKOM OTPULATENBHBIX HOHOB, YTO BBI3BIBAET  pa3psl
a7IcopOMpPOBAaHHBIX Ha CTEHKAX MOJIOKUTEIbHBIX HOHOB. OHAKO TOJOXKHUTEIbHBIC
WOHBI U3 3THX MOPLUMHA KUIKOCTU TUDPYHIUPYIOT K CTEHKAM U aicOpOUpYIOTCS Ha
HUX, cO37aBasi M30BITOK OTPUIATENIbHBIX MOHOB B LIEHTpalIbHOHN uyacTu TpyObl. Ilo
Mepe TPOABMKEHMS IKUAKOCTHU 1O TpyOe  KOHUEHTpauus  H30BITOUYHBIX
OTPULIATEIBHBIX MOHOB LEHTPAJIbHOM 4YacTH TPyObl OylneT HapacTarb, a CKOPOCTh
paspsiia MMEBLIMXCSI paHEE Ha CTEHKE MOHOB - Majarh. Ha KakoM-TO pacCTOSIHUU OT
BX0/la B TpyOy KOHUEHTpALMs OTPULATEIbHBIX HOHOB B TOTOKE JIOCTUTHET

PAaBHOBCCHOI'O 3HAUCHUA, U pa3pAd IMOJOKUTCIbHBIX HOHOB HAa CTCHKY IIPCKPATUTCA.
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Ecmu nnuna tpybGompoBosa OONbIlle 3TOTO PacCTOSHUS, B MPUEMHYI0 €MKOCTh W3
HEero OyJIeT OCTYIaTh OTPUIIATEILHO 3apsDKCHHAS JKUIKOCTh, KOHIICHTPAIUs HOHOB
B KOTOPOHM OyZeT MakCUMalbHOM. DIeKTpU3aius >KUIKOCTH, BRITEKAIONIEH 13 Ooiee
KOpPOTKOTO TpyOOmpoBoja, OyAeT MEHbINE, TaK-KaK KOHIICHTPAIHMs OTPHIIATECIIBHBIX
WOHOB HE yCIIEeT IOCTUTHYTh PaBHOBECHOTO 3HadYeHus [31].

Ecnu mpuHsATh, 4TO SJIEKTPUYECKUN 3apsiji, PaAaBHOMEPHO paCHpelesieH I10
CEUEHUIO TPYOHI, a TMHEHHAsI CKOPOCTh Ha JIIOOOM PaCcCTOSIHUM OT OCH TPYOBI
paBHa cpelHe CKopocTH, TO aAuddepeHInanbHOe ypaBHEHUE 00pa3oBaHus 3apsja

MPEACTABISACTCS B BUJIE:

2. d aDF(Co—Cs) , a? _

av—pt—/——+ ED—O, (11)
re a — paanyc Tpyosl, M;
V — CKOPOCTb MOTOKA KUJIKOCTH, M/C;
d — apdexruBHas TonmmHa TUPHY3NOHHOTO CIIOS, M;
X — TeKyIlasi 0ceBasi KOOpAUHaTa TpyObl, M;
P — INIOTHOCTb SIEKTPHUECKOro 3apsiaa. Ki/m® ;
D — xosppunuent nuddy3uu noHOB, M/c;
F — aucno dapanest, papHoe 96500 K/moub;
C, — KOHIIEHTpAIMs HOHOB B 00bEME JKUIKOCTH, MOJ'IB/M3;
C,— KOHLECHTPALHS, PAa3PsDKAIOLINXCS HA CTCHKE HOHOB, MOJIB/M';
N — 4KCIIO IEPEHOCOB UOHOB;
T — BpeMsl peJlakcallid )KUJKOCTH, CEK.
[Tocne pemrenus ypaBuenms (11) k. JDxeiiBucom m M. Kosmanom Obuia

IMoJIydcHa (bopMyna, OIIMChIBAIOMIAA U3MCHCHHUC IIJIOTHOCTHU JJICKTPUUCCKOI'O 3apsaa

CTAIlMOHAPHO TEKYILEH HKUIKOCTH:

_ r -
a 2
lo| 5 I, (_anr) exp | —x (i +& T2 ;l_ D)
zF5(Co — Cs) a 2a a vt asv
= - — > (12)
dn ) 2 _ 2%\,
1 n=0 az =37 ) lo(@n)
I, 5
L \g ]
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31€Ch Z — BAJICHTHOCTh HOHOB;
I — TeKyluas paaualibHasi KOOpAUHATa B TpyOe, M;
X — TeKyIllasi 0ceBasi KOOpAUHATA TPYObI,M;
0 — TOJIIIMHA JBOMHOTO 3JIEKTPUUYECKOTO CIIOA,M;
d — s pexTrBHas ToNmUHA TU(DPY3HOHHOTO CIIOSI,M;
I, — pynkuus beccens;
a, — Hynu ¢pyHkuuu beccens nepBoro nopsjaka.
B paborax bBboOposckoro C.A. um 3axapuenko B B. mpuBegeHo penieHue

ypaBHeHus (12),K0Topoe UMeeT CIIeTYFOIIUIA BH/T:

p =) gy (1) w

v

riae L — qmna TpyOonpoBoia, M.

C yuerom (12) ObUIO 3amKMCaHO BBIPAKEHHE IS KOJIMYECTBA 3apsia
BBIHOCUMOTO M3 TPyObl IMOTOKOM JKMJIKOCTH B €JAUHUIY BpPEMEHH, T.€ TOKa

ANEKTPU3ALUHU KUAKOCTH B QYHKUIUU JJTHHBI TPYOBI:

__ 2mavDTFz(Co-Cs) _ _ L
I = ™ (1 exp( w)) (14)

BeauuuHbl IUIOTHOCTH 3JEKTPUYECKOrO 3apsiia M TOKa DJIEKTPU3AIUH
KHUJIKOCTH MPEICTABIISIOT pealbHbIA MPAKTHUSCKUI HHTEPEC IS pacdyeTa OMacHOCTH
CTaTHYECKOH 3JIeKTpu3aiiuu HedrenpoaykToB [36].

CorjacHO COBPEMEHHBIM IMPEACTABICHUSM CHJa TOKa JJEKTPU3AIUH MOKET
ObITh HalJeHa KaK KOJMYECTBO 3apsjia, MPOHU3BIBAIOIIETO IMOMEPEUYHOE CEUYCHUE
TpyObl B €IMHUIYY BpeMeHH. KoIudecTBO ke 3apsga B 00beMe €IUHHIIBI JUIHHBI

TpyObl Ha KOOPAWHATE JITTUHBI X OMPEEIUTCS B BUJE HHTETpaia

q(x)=2m foap (r,x)-r-dr (15)
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KonnuecTBo 3neKkTpuyecTBa, MPOHU3BIBAIOIIETO MONEPEYHOE CEYCHHE TPYOBI
Ha HEKOTOPOU KOOPJMHATE X B €IMHUIY BPEMEHH, TO €CTh CHIIy TOKA AJIEKTPU3alUn

Ha TeKylleil KoopuHaTe X, MOKHO HAWTU U3 COOTHOILEHHUS
IX)=2z [v(r)-p(r,x)-r- dr (16)
rze |(X) — cuna Toka SNeKTpU3aluy Ha TeKyllel KoopuHaTe X.

Kak BugHo u3 ¢opmyn (13-16) mIOTHOCTH 3JACKTPHUUECKOrO 3apsia M TOK
AIIEKTPU3ALINHU KHUJIKOCTH HAMPSAMYIO 3aBUCAT OT CICIYIOIINX apaMeTPOB:

1)/Inuubl TPpyOOTIPOBOIA

2)CpeHelt CKOpOCTH MTOTOKA JKUAKOCTH

3)Aunamerpa TpyOOTIPOBOIA

4)KoHIIEHTpallii HOHOB B MOTOKE He(DTENPOAYKTa U Ha CTEHKE TPyOOIpOBOIa
5)BpeMenu perakcaiuu KUIKOCTH

6)Inddy3un HOHOB KHUIKOCTH.

[TockonpKy guHA TPYOOMpPOBOAA, CPEIHSISI CKOPOCTh IMOTOKA W JIUAMETP
TpyOOTIPOBOa SBIISIOTCS TMOCTOSHHBIMUA BEIIMYMHAMHU JIJIST KaKIOTO KOHKPETHOTO
cllydas; BpeMsl pellakCcallid O>KUAKOCTH OyAeT TMOCTOSHHBIM JUIS  KaJI0To
KOHKPETHOTO HedTenpoaykra, a kodhdumueHtsl nuddys3uu s BCeX YaCTHI[ B
OGBIYHBIX JKIUIKOCTSIX IPHMEPHO OAMHAKOBBI M HMEIOT BEIMUHHY ropsiaka , To 107
M°/C TIIOTHOCTB SIEKTPHYECKOTO 3apsiia M TOK SICKTPH3ALHH KHIAKOCTH OYIyT B
OobIIel CTENEHN 3aBUCETh OT KOHIICHTPAIIMN MOHOB B TIoTOKEe HedTenpoaykra C, u
Ha cTeHke Tpyoomnporoja Cs [13].

CoryiacHO TEOpUHU AJIEKTPHU3AIMU HE(DTENPOAYKTOB HAa KAKOM-TO PACCTOSTHUHU
OT BXOAa B TPyOy KOHIICHTpAIUsS OTPHIATCIBHBIX HOHOB B TOTOKE JOCTHTHET
PaBHOBECHOTO 3HAYEHUS, M Pa3psi/l MOJOKUTEILHBIX HOHOB Ha CTEHKY MPEKPATUTCS.
Ecnmu nnuna tpyGorpoBosia O0bIlle 3TOTO PACcCTOSHUS, B MPUEMHYI0 €MKOCTh W3
Hero Oy/ieT oCTynaTh OTPUIATENILHO 3apsHKEHHAS KUAKOCTh. T.e. 00BeMHBIN 3apsi
B MIPUEMHOM pe3epByape-XpaHuwiuiie OyaeT hopMHPOBATHCA U 3aBUCETh HAMPSMYIO

TOJILKO OT KOHIICHTpAIIMK UOHOB B MOTOKe Hedrenpoaykra C, [12].

Jlucm

AHnanus cogpemenno2o cocmostHus UCCied08anuil NPOYeCCco8INEKMPU3AYUL &
Hedmenpodvkmax 32

sz

Jucm Ne dokym. Ioonuce | Jama




DNEKTPUYECKUN TOK MIPEACTABISIET COOOM BIKEHUE 3apsHKEHHBIX 4acTull. Tok
ANIEKTPU3AIMN  JKUJIKOCTA BJOJIb TPyOOmpoBoga OyIeT CO31aBaThCsl HOHAMU
KUJKOCTH, YHOCUMBIMU TIOTOKOM BJIOJIb TPYOOIpPOBOJA, T.€. TOK BJIEKTPU3ALMHU
XKUJKOCTH, MPEJICTABISIONMINN MPAKTUYECKUN WHTEpec, OyIeT TakXKe 3aBUCETh B

OOJIBIICH CTEIIEHN OT KOHIICHTPAIIMK HOHOB B MOTOKe HedTenpoaykra C, [31].
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3AJTAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXXEHUE)

Crynenry:

I'pynna D®UO

2BbM5b I'aBpwiisik liBany BaHOBU4y
HueruyT HII1P Kadgenpa Tpancnopra u Xxpanenus HedTu U raza
YpoBennb o6pazoBanust Maructp Hanpasienune/ | 21.04.01 «Hedrerasosoe neno»

cnequaabHocTh | mpodib «HaaexHoCTh ra3oHehTEnpoBOIOB U
XpaHUJIUuID

Hcxonnble 1anHble K pasneny «©PHHAHCOBBIH MeHeIKMEHT, pecypco3dGpeKTUHBHOCTD H

pecypcocoepexeHner:

1. Cmoumocmbv pecypcog HayyHO20 UCCAEO08aAHUs
(HH): mamepuanbHO-mexHU4ecKux, sHepeemuyeckux,
DUHAHCOBLIX, UHPOPMAYUOHHBIX U YeL08eYECKUX

Cmoumocms mamepuaibHO-mexHU4ecKux,
@unancosvix 3ampam npunpogedenue pabom mexHuuecKo2o
OUASHOCMUPOBANUS MASUCMPATLHO20 Hedhmenposooa

2. Hopmbl u HOpMamuebl pacxo008anus pecypcos

Eounvie nopmbl 6peMeHU U PACYEHKU HA MEXHUYeCKoe
JuaeHocmuposanue 000pYy008aHUsL, COOPYIHCEHULL u
mpybonposooda (0ama axmyanuzayuu 01.02.020172)

3. Hcnoavsyemas cucmema HAI020001094CeHUS,
CMABKU HAL0208, OMYUCIEHUL, OUCKOHMUPOBAHUS U
KpeoOumosanus

Hanozoswiii kooexc PO
D3-213 om 24.07.2009 6 pedaxyuu om 19.12.2016 Ne 444-
D3

IlepedyeHb BONMPOCOB, MOIEKALIUX HCCIEIOBAHUIO, IPOEKTHPOBAHUIO U pa3padoTke:

1. Oyenxa xommepuecko2o u UHHOBAYUOHHOZO
nomenyuana HTH

Oyenka nepcneKmugHOCMU peanu3ayuu CO8PeMeHHbIX
MemooOuK mexHu4ecko2o OUAeHOCMUPOBAHUs]
MA2UCPATILHOZ0 Hepmenpogooa, 0becneuusauux
HauMenbUUe bIYUCTUMENbHbIE 3amPANbl

2. [Tnanuposanue npoyecca ynpasnrenusi HTH:
CmMpYKmypa u epagux npogederust, 6100dcem, pucku u
opaanu3ayus 3aKynox

Cebecmoumocmov nposedenus aHamu3a OOKyMenmayuu;
Cebecmoumocms U3YANIbHO20 USMEPUMENbHO20 KOHMPOTIS;
Cebecmoumocns KOHMPOJisL HePAPYUAIOWUMU MEMOOAMU;

Cebecmoumocmo KOHmpoJjaem moaujuHbl CmeHoK OCHOBHbIX
21EMEHMOB Hepa3pyuarouum Mem0()0/l/l;

Cebecmoumocmo usmepenus msepc)ocmu OCHOBHblLX
J/1eMeHmos,

Cebecmoumocms paciema Ha NPOYHOCMb;,
Cebecmoumocmsb paciema ocmamoyHo2o pecypeda,
Cebecmoumocmov pabom npu ananuze pesyibmamos KOHmMpO.s
u pacuemos;
Cebecmoumocmsv pabom npu cocmagienuu
MEXHUUECKO020 3AKTIOUEHUS. O 80ZMONCHOCIU
IKCHILYamayuiu.

oanvrenwen

3. Onpeoenenue pecypcHoll, punancoso,
9KOHOMUYECKOU dhhexmusHocmu

Pacuem sxonomuueckoil 3¢pghekmusHoCmu KOMILEKCO8
pabom npu  NOIHOM  MEXHUYECKOM OUACHOCMUPOBAHUU
MAZUCMPATILHO2O Hehmenpogood.

Ilepedens rpadgmueckoro MmaTepuaja

Dopmynvi:14
Tabnuywi:3
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3anaﬂne BbI/IaJI KOHCYJIbTAHT:

J0KHOCTD [5(0] YueHasi cTeneHs, Moanuch Jara
3BaHHe
Houent kadenpsr DI1P Hlap¢ U.B. K.3.H., TOUEHT
33II3HI/I€ NPUHSAJI K UICIIOJTHCHHUIO CTYACHT:
I'pynna [07(0] Hoanuch Jara
2BbM5b I'aspwisik MBan MBanoBuY




3. PAHAHCOBBI MEHE[)KMEHT, PECYPCO3®®EKTUBHOCTH U
PECYPCOCBEPE/KEHUE

B cBsa3u ¢ TeM, YTO CpPOK JKCIUTyaTalldd MarvucTpadbHOTO HETErmpoBOa
YCTaHOBJICHHBIM Ha ydacTke «Jlyrunemnkoe — I'epacumoBckoe» ucrekaetr B 2017
rojly, BO3HHUKAET HEOOXOAMMOCTb TIPOBEICHUS HKCIEPTU3bl MPOMBIIIICHHON
0€30MMacHOCTH, KOTOpass B CBOIO OYEPEAb COMPOBOXKIAACTCA HSKOHOMHUYECKUMHU
3aTpaTaMu Uil PEIIPUSITHS.

[IpoBeneHre TEXHUYECKOTO JMAarHOCTUPOBAHUS SBISACTCS HEOTHEMIIEMOMN
YaCTbI0  JKCIIEPTU3Bl  MPOMBIIUICHHOW  O€30MacCHOCTH, KOTOpas  MO3BOJISET
ONPENIECIIUTh TEXHUUYECKOE COCTOSTHUE pe3epByapa, a TakK K€ OLIEHUTh BO3MOXXHOCTH,
YCJIOBUSL U CPOKH JUJISl MPOJOJDKEHHUSI €ro JKCIUTyaTaluu. Tak Kak CTPOUTEIbCTBO
HOBBIX HUTOK HE(TEHPOBOJA UM 3aMEHA CYIECTBYIOIIETO SBJISACTCS JIUTEIbHBIM U
(UHAHCOBO 3aTpaTHBIM  MPOIECCOM, TO BO3MOXHOCTh TMPOJJICHUS  CpOKa
AKCIUTyaTalli HEePTENpoBOAA SABJISETCA aJlbTEPHATUBHBIM pEIICHUEM JaHHOMN
POOJIEMBI.

Jlns ompeneneHus ONTUMAIbHBIX JKOHOMUYECKUX 3aTpaT Ha MPOBEIACHUE
TEXHUYECKOTO AUArHOCTUPOBAHMS, MPOBEJIEM aHAU3 BCEX BUIOB paldOT C y4ETOM
HOPM BPEMEHM U CE0ECTOMMOCTU Ha WX BBIMOJHEHHUE, a TaK K€ MPOU3BEAEM pacyeT
CTOMMOCTH BCEro KoMIuIekca pador [23].

Kommiekc paboT mnpu  TOJHOM  TEXHHMYECKOM  JIMAarHOCTUPOBAHUH
BKIIIOUaeT [23] :

1. AHanu3 JOKyMEHTallUH;

2. BusyanbHbIN 1 ©3MEPUTEIbHBI KOHTPOJIb;

3. KoHTposib HEpa3pyamIuMi METOAaAMU;

4. KOHTpOJIb TOJIIUHBI CTEHOK OCHOBHBIX 3JIEMEHTOB HEpa3pyIIalonuM

MEeTOJIOM (yJIbTPa3BYKOBASITOJIIUHOMETPUSA);

H3zyyenue xonmponss o0veMHOU NAMHOCMU 3apA0d Npu MOBAPHO-MPAHCNOPINHBIX

onenauusiax
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5. U3mepeHue TBEpJOCTH OCHOBHBIX 3JIEMEHTOB;

6. Pacuer Ha mpOYHOCTB;

7. I'uapaBiaryecKue UCIIBITAaHKS HA TIPOYHOCTh M TEPMETHYHOCTD;

8. Pacuer ocTtaTo4HOTO pecypca;

9. AHanmu3 pe3yibTaToOB KOHTPOJIS ¥ PaCUETOB;

10.CocraBneHre TEXHUYECKOTO 3aKIIOYEHHS O BO3MOXKHOCTH JalibHEHIIeH

HKCIUTyaTallMi MarucTpajabHOI0 HEPTENPOBOA.

CebecTouMOoCTh pabOTHI ITPU TEXHUUECKOM AMArHOCTUPOBAHUM 000PYAOBAHNUSA,
COOpYKEHHH U TPyOOIpOBOIOB BKItOUaeT [23] :

1. CToMMOCTh OCHOBHBIX M BCIIOMOTATEIbHBIX MaTEPHAJIOB,;

2. OcHoBHyIO0 (0e3 yuera pallOHHOTO KOd(DPUIMEHTa) U JOMOJHUTEIHHYIO
3apabOTHYIO TUIATy CIENUATINCTOB, MPOBOMAAIIUX AUATHOCTUPOBAHHE, B TOM
quclie BBIIIAThl U3 (OH/Ia MAaTEPUaIbHOIO CTUMYJIUPOBAaHUS (KpOME BBIIIAT
OCYIIECTBIISIEMBIX U3 MPUOBLIN);

3. Otuncnenus u3 ¢ponHma 3apabOTHON TUIATHI,

4. CTOoMMOCTb TOIJIMBA U SHEPTUU;

5. Haknannele pacxonsl (Ha colepKaHHME W SKCIUIyaTaluio 00OpyAOBaHMS,
LIEXOBbIE PACXO/]Ibl, OOIIE3aBOICKHE PACXObI U T.J.) 0€3 yueTa TPaHCIOPTHBIX
3arpar;

6. IIpoune pacxomsl.

[Ipu pacuere CTOMMOCTH OCHOBHBIX M BCIIOMOTATEJIbHBIX MaTEpHUAaJIOB,
TOTUTMBA, SHEPTUU 3aKJIaJBIBACTCS MX O0OOCHOBaHHAsI MOTPEOHOCTh Ha BBHIMOJIHEHUE
paboThl TPH TEXHUYECKOM JIUATHOCTHPOBAHUM W JICHCTBYIOIIME IIEHHI Ha
npuodperenue [23].

@oH 3apabOTHOM TUIATBI  PACCUMTHIBAIOT 10O HOpPMaTHBaM BPEMEHH,
yCTaHOBJCHHbIMU B EJMHBIX HOpMax BpeMEHH B 3aBUCHUMOCTH OT IEPEYHs
IUTAHUPYEMBIX ISl BBIIIOJIHEHUSI pabOT M 4acoBOW TapH(PHON CTaBKU CIIECHUATHCTOB

110 TEXHHYECKOMY JUArHOCTHUpOBaHuIo [23].
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I[OJ'IIO HAKJIAAHBbIX PaCXOdO0B YCTAaHABJIMBAIOT OTHOCHUTCIIBHO 3arpaTr Ha

COOTBETCTBYIOIIUNA BHUA paOOT TpH IUAarHOCTHPOBAHWU, 0€3 ydeTa CTOUMOCTH

pacxoayeMbIx MaTepuaioB [23].

[TocToSsHHBIMU BEIUYHMHAMU IIpH OMpCACIICHNN CTOMMOCTH pa60T 10 TCXHUYCCKOMY

JUArHOCTUPOBAHUIO O0OPYIOBAaHUS, COOPYKEHUH U TPYOONpPOBOAOB SBISIOTCS

HOPMbI BpPCMCHH Ha BbLIIIOJIHCHHUC KOHKPCTHBIX BHIOB pa60T, MMpCaACTAaBJICHHBIX B

HacTosiMX EnuHbIX HOpMax BpemeHH Ha 2014 rox, KOTOphIE Ciy)KaT OCHOBaHUEM

JUIs yCTAHOBJICHHS JOTOBOPHOM TIeHbI [23].

Jannawie ¢ Tabmumer 3.1, Tabmumner 3.2, Tabmwier 3.3, HEOOXOIUMBI IS JaTLHEHIITNX

pacydcToB. Ta6JII/II_[BI, JaHHBIC U PACUYCTBI B3ATHI C CIMHBIX HOPM BPEMCHHU U PACHCHKHU

Ha TCXHHUYCCKOC THUAIrHOCTUPOBAHHUC 060py,Z[OBaHI/I51, COOpY)KCHI/Iﬁ u TPY6OHpOBOI[OB.

Tabnuua 3.1 — 3HayeHue nonpaBoYHOro K03PQPuUUeHTa ¢ y4eToM yIaleHHOCTH

00BEKTOB

Yci10BuUS BbINIOJTHEHUS] padoT

BesnunHA MONPABOYHOTO

ko3 Ppuunenra
1. Beinmonnenue paboT ¢ IPUMEHEHUEM MOHTAXKHOTO I10sica 1,25
2. BemmonHeHe paboT B 3aKPBITHIX COCY/AX, alnapaTax, 2,00
pe3epByapax
3. BrinmonHeHune paboT Ha JeHCTBYIOIUX TPOU3BOJICTBAX C 1,25
BPEIHBIMHU YCIIOBUSIMH TPYAA
4. BeinmonHeHue pa®OT B 3MMHEE BpeMs Ha OTKPHITOM BO3IyXe€.
TemmnepaTypa Bo3iyxa Ha paboueM Mecte oTpuriarenbHasi, °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 munHyc 30 10 munyc 40 1,25
HIKe MuHyc 40 1,30
5. BeinonHeHue paboT B CTECHEHHOM I0JIOKEHHUH (Ha BBICOTE, B 1,10
YIITYOJICHUSIX )
6. TexHnueckoe AMarHOCTUPOBAaHUE 000PYIOBAHHUS, HMEIOIIETO 1,20
HaJsleT (OBBIIEHHYIO KOPPO3UIO, TPSA3b) CBBIIIE 3 MM
7. BeimonHeHue paboT B CieUaIbHON OJIeXkKAE, C BEHTHIIALUEH WIn 1,30
NPUMEHEHHEM XUMHUYECKUX PEareHTOB, B IINITAHTOBOM IPOTHBOTA3e
8. BrimonHeHue paboT Ha TPY30IO0JbEMHBIX MALIHHAX C TIPOJIETOM 1,05
Ooitee 25 M, 3a KaXKIble 5 M
9. BrinmonHeHne paboT Ha cTpesie GallleHHOro KpaHa ¢ penieT4aTon 1,10
KOHCTpYKIMEN
10.BeinonHeHne paboT ¢ MpUBJICUYEHUEM CHIIMATbHON TEXHUKU 1,30
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Tabnuna 3.2 — 3HaueHne NoNnpaBoOYHOro K03(hPUIIMEHTa C YIETOM yJaTeHHOCTH
O00BEKTOB

YajieHHOCTh 00bEeKTOB OT IEHTPAJIBHBIX 0a3 BeauunHa monpaBo4YHOro
MPOU3BOICTBEHHOT0 00CIYKMBAHUS, KM k03¢ puiuenTa
0-50 1,10
50-100 1.15
100-150 1,20
150-200 u 6oinee 1,40

Tabnuua 3.3 — 3HayeHue nonpaBoYHOro ko3P GuIrueHTa B 3aBUCUMOCTH OT

paifonHoro ko3 duirenta kK 3apaboTHOM 1IaTe

Paiionnblii ko3¢ puumeHT BesnunHa monpaBo4YHOro
K 3apa0oTHOI miare ko3ppuumnenrTa
11 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

3.1 Pacyer cTOoMMOCTH PaGoT NPU TEXHUYECKOM JAUATHOCTHPOBAHUH

MarucTpajbHOro Herenponoaa

HcxonmHable maHHBIE U1 pacyeTa CTOMMOCTH paboOT TpH  TEXHHUYECKOM
JMarHOCTUPOBAHUN MarucTpaibHoro Hedrenpososa [23] :

MaructpanbHblii  HEQTENpOBOAC  HApyXHBIM  auameTrpoM 720 MM,
MpEeIHA3HAYCHHBIA I TPAHCIOPTHUPOBKH HE(TEMpPOAYKTOB, yCTAaHOBIICHHBIH Ha
yuactke «Jlyrunenkoe — ['epaciMOBCKOe» MPOTSIKEHHOCTHIO MO Oojotam 60,5
kM(pacueTHoe naBieHue 7,5 Mlla);

1) BHyTpeHHHUI auameTp Tpyodomposoza - 700 mwm;

2) TONIIMHA CTEHKH - 10MM;

3) mauHa JuarHocTUpyemoro Tpyoorposoia - 1000 wm;
4) naBienue Tpybomnposoaa - 7,5 MIla;

5) kmacc mpouHocty - K52;
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6) mapka cranu- ctaib 9 CD;

7) miomas HapyKHOM TToBepXHOCTH TpyGomposoaa F = 2261,95 m?;
8) o6mas qmHa cBapHBIX MBOB L = 60 M;

9) manoas mpuosLIh (I1) - 25% oT cebecTonMoCcTH padoT;

10) paitonnbIi K03 GUIMEHT K 3apaboTHO miate — 1,5.

TexHuueckoe  OCBUACTEIHCTBOBAHHE  MAarucTpalbHOTO  HedTempoBoja
MPOM3BOIUTCS Ha paccTossHuu S50 KM OT IEHTpadbHON 0a3bl MPOU3BOJCTBEHHOTO
oOciykuBaHHsl B JieTHee Bpems. Komriuiekc paboT mpH MOJTHOM TEXHUYECKOM
JTUArHOCTHPOBAHUHU MarucTpajabHOTO HEPTEIpoBoAa BKitodaet [23] :

1. B cebecTouMOCTh MPOBEJCHUS aHAIN3A IOKYMEHTAIIUW BXOJIUT '

1) CebecToMMOCTh O3HAKOMJICHHUS U aHAIHM3a MPOCKTHOW JOKYMECHTAIUH
C17=3213,39 py6.;

2) CebOecTOMMOCTh 03HAKOMJICHHSI M aHAJIM3a UCIIOJTHUTEIbHOU
JIOKYMEHTAIUU CE'A':2142,26 pyo.;

3) CebecToMMOCTh aHAJIM3a HOPMATUBHOM JJOKYMCHTAIIMU M YCTAHOBIICHHS
HOPM OLIEHKH TeXHHUYeCKoro coctosinust C37"=491,15 py6.;

4) CebOecTOMMOCTh aHAIM3a YCIOBHI AKCILUTyaTallii U TEXHOJOTHUCCKUX
pexumos pabotsr C,”"=982,29 py6.;

5) CebecToMMOCTh aHAIM3a PaHee MPOBEACHHBIX TUATHOCTHYECCKUX paboT U
YCTAHOBJIEHHs XapakTepHbix yuacTkoB Ci”'=428,44 py0.;

6) CebecToMMOCTDb aHAIN3a TIAHOBO-MPO(PHUIAKTHUSCKUX MEPOTIPUATHH 1
pemonTHbIX pador C;*"=613,95 pyo6.;

7) CebecronMocTh aHanu3a aBapuii u otkazos C5=966,04 pyo6.

JlaHHBIC B3ATHI C CIMHBIX HOPM BPEMEHHU U PACIICHKH Ha TEXHUUYECKOE
JTMAarHOCTUPOBaHUE 000PYAOBaHUS, COOPYKEHUN U TPyOOIIPOBOIOB.

CebecTonMOCTh paboOT MPHU aHAIHM3E JOKYMEHTAIIMHA PACCUYUTHIBACTCS TI0

cienyrlieit hopmyie:
CaA = Z CiA =3213,39 + 2142,26 + 491,15 + 982,29 + 428,44 + 613,95

+ 966,04 = 8837,52 py0.
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raeY, Co% — cymma cebecTonMOCTH paboT IpH aHAIM3€ JOKYMEHTALUH.
CebecToUMOCTh BU3YAJILHOTO M U3MEPUTEIIBHOTO KOHTPOJIS BKJIIOYAET B ceOsl:
ce0ECTOMMOCTh BHU3YaJbHOTO OCMOTpa CBapHBIX IMBOB cHapyxu (100%
OCMOTp) M H3MEpPEHHE DPa3MEpPOB BBISBICHHBIX IE(PEKTOB; CEOECTOMMOCTH
BU3YaJIbHOTO OCMOTpa cBapHbIX mBOB U3HYTpH (100 % ocMoTp) U U3MepeHue
BBISIBJICHHBIX Je(DEKTOB; BU3YAIbHBIM OCMOTP OCHOBHOTO METaJlIa CHAPYXH H
U3MEPEHUE BBISBICHHBIX J1€(DEKTOB; BU3yalIbHbIH OCMOTP OCHOBHOI'O MeTasljia
W3HYTPH U U3MEPEHUE BBISBICHHBIX J1e(hekToB [23].
1) CeOecTOMMOCTh BU3yaJbHOTO OCMOTPA CBAPHBIX IIIBOB CHAPYKU
(100 % ocmoTp) W H3MEpEeHUE pPa3MEpPOB BBISBICHHBIX Je(EKTOB,
paccuuThIBaeTCs MO cieayrolen popmyie:
Ct4 =C{-L =51,56-60=3093,6 py6. (29)
rje Cf — cebecTouMOoCTh 1 CThIKa;
L — oOmias qjuHa CBapHbBIX IIBOB.
2) CebecTOMMOCTh BU3YaJIbHOI'O OCMOTp CBapHbBIX MBOB U3HyTpH (100 %
OCMOTpP) H HW3MEPCHHE BBISIBICHHBIX JC(HEKTOB, PACCUMTHIBACTCS 10
cienymouei popmyie:
Cit- =Ch-L- Ky =51,56-60-1,2 = 3712,32 py®. (30)
rae C; — ceGectomMocTs | CTBIKa;
L — oOmias 1jauHa CBapHBIX ITBOB;
K¢ — morpaBounsIii K0O3(QGUIMEHT, YYUTHIBAIONIANA OCOOBIE YCIOBHS
pabotel. Benmnuuns! Ky, npusenens! B Tabaune 3.1.
3) BusyanbHblii OCMOTpP OCHOBHOTO METaJUla CHApYXXU H HW3MEPCHHUE
BBISIBJICHHBIX J1€(DEKTOB, pACCUMTHIBACTCS MO cieayrolel popmyie:
Ci% =C4-F =1290-2261,95 = 29179,15 py6. (31)
rie C, —cebecromMocTh  OCMOTpa 1 M OCHOBHOrO  MeTaiia
HedTenpoBoa

F — mmomaas Hapy>KHOM MOBEPXHOCTH TPYyOONPOBO/IA.
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4) BusyanpHBId OCMOTpP OCHOBHOTO MeTalla HW3HYTPH € H3MEPCHHE
BBISIBJICHHBIX JIe(hEKTOB, pACCUMTHIBACTCS MO Ceayromen hopmyre:

Ci" =Ch-F- Ky =12,90-2261,95- 1,2 = 35014,98 py®. (32)
rme C3 —cebectomMocTh  OCMOTpa 1 M° OCHOBHOrO  MeTaiia
HedTenporoa ;

F — miomaas Hapy ) KHOM MOBEPXHOCTH TPYyOOIIPOBO/IA.
Kyc. — monpaBo4HbI KO3()(UIMEHT, YYUTHIBAIOUIMNA OCOOBIE YCIOBUS
pabotsl. Bemunnsl Ky, npusenens! B Tabnune 3.1.
CebecronmMocTh pabOT MPHU BU3YaJIbHOM U U3MEPUTEIILHOM KOHTPOJIE CBAPHBIX
IIIBOB ¥ OCHOBHOT'O METaJlIa paCCYUTHIBACTCS MO cieayromen hopmyre:
CP* =Y C3" =3093,6 +3712,32 4+ 29179,15 + 35014,98 = 71000,05 py®6. (33)
rae — ), C3% cymma ce6eCTOMMOCTH BH3YaabHOTO U U3MEPHUTEIHLHOTO
KOHTPOJIS
3. CebecToMMOCTh KOHTPOJIA HEPa3pyMIAOIIUMH METOJaMH BKITIOYAET B CeOs:
cebecTOMMOCTh AKYCTHKO-DMUCCHOHHOTO KOHTpPOJIsi MpuOopoM «IKCIepT —
2010»; cebecTOMMOCTh  3aYMCTKM  MOBEPXHOCTH  MOJA  KOHTPOJb  JIO
mepoxoBatoctu Rz 40 3oHpl  mmpuHOM 50  MM; ce0eCTOMMOCTD
yIBTPa3BYKOBOM Ne(HEKTOCKOUU TIPOJIOJIBHBIX CBapHBIX ITBOB;
ce0eCTOMMOCTh IIBETHOM Je(PEKTOCKONMHU TIepeCceUeHUsl KOJBIEBBIX U
IPOJIOJIBHBIX CBapHBIX MIBOB(10 250 MM B Kakayto cTopony) [23].
1)CebecTtoumMocTh ~ AKYCTUKO-DMUCCHOHHOTO  KOHTPOJSL  TPOBOJHUTCS
npubopom «xcrnepT — 2010», paccunThIBaeTCS MO CIEAYIONIeH popMyIie:
Ci" =C3*-n=291990-10-1 = 29199 py6. (34)
rae C§¥ — cebecromMocTh PabOT TpPU aKyCTUKO-DMUCCHOHHOM KOHTPOJIE
(TpyOonpoBo, 3oHHas sokarus 100 m);
N — KOJMYECTBO TUJIETEN.
KOHTpOdb CIJIOMIHOCTA CBapHBIX COEAMHEHUM U 30H OCHOBHOTO
MaTepuaia JJIEMEHTOB TMPOW3BOJUTCA  METOJIOM  YIBTPAa3BYKOBOH U

MarHUTOIOPOIIKOBOH Jeekrockonuu [23].
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KoHTpost0 moaBepraroTcsi MpoI0JibHbIE CBAPHBIE IIBBI M 30HBI I€PECECUEHUS
KOJIBIIEBBIX IIIBOB C MOTIEPEYHBIMU IIBaMu. B coctaB padot Bxoaut [23] :
2) CebecTOMMOCTh ~ 3aUUCTKH ~ TMOBEPXHOCTH  IMOJ  KOHTPONIb  JIO
mepoxoBatoctd Rz 40 3o0Hbl mmpuHoi 50 MM, paccUMTBIBAaeTCs IO
cienymwouei popmyie:
Ci" =Cj-L=234,38-60 = 14062,8 py6. (35)
rae C3 — cebecTtonMocTh 1 M 3a4HCTKU TOBEPXHOCTH;
L — oOmias ajuHa CBapHBIX IITBOB.
3) CebecToMMOCTh yIBTPa3BYKOBOU JE(PEKTOCKOIHHU MPOIOIBHBIX CBAPHBIX
IIBOB, PACCUUTHIBAETCS IO CIAEAYIOLIEH popmyIe:
CiM =Y - L = 386,69 - 60 = 23201,4 py6. (36)
rae C}l"ﬂ' — ce0ecTOMMOCTh 1 M KOHTPOJISL CBAPHBIX COEAMHEHUI;
L — o6mrast 1muHA CBapHBIX IIBOB.

KoHTpoisib METOAOM yNbTPa3ByKOBON JAE(PEKTOCKOIUU BBIOPAH IO
HKOHOMUYECKUM COOOpaXKEHMSIM, TaK Kak ce0ecTOMMOCTh paboT mpu
PEHTreHorpa)u4ecKoM KOHTpOJE (aJbTEpHATUBHOM) 3a 1 M KOHTpOJIsS
CBapHOTO coenuHeHwus coctaisier CP* = 2661,02 pyo.

4) CebecTOMMOCTh IIBETHOW Je()EKTOCKONUU TEePECEUCHUs] KOJBIEBBIX U
IIPOAOJIBHBIX CBApHBIX IBOB(TIO 250 MM B KaXIy10
CTOPOHY ),pacCUMThIBAETCA MO CIAeAyIoLEel Gpopmyie:

Ci™ = C{™ - F = 386,69 - 26,92 = 10409,69 pyo. (37)
rae Ci*— cebectrommocts 1 M” pabor;

F — mutommanb 1715 BeIMOHEHUS paboT (84 mepecedeHnii CBapHbIX MITBOB).

Kontpons meTomoM 1BeTHOM Ae(EKTOCKOMUU BBIOpaH IO
HYKOHOMHYECKUM COOOpaKeHHUSIM, TaK Kak ce0eCTOMMOCTh padoT mpu
KOHTPOJIE METOIOM MArHHTOIOPOIIKOBOi aedekTockomnu 3a 1 M’
KOHTPOJIS CBapHOTO coenuHeHus coctapnsieTC"* = 402,09 py6.

CebecTonMoCThb npu KOHTpOJIE Hepa3pyLIaroMH METO/IaMU
paccuuThIBaeTCs Mo GpopmyJie:

ChiM =3 Ca™ = 29199 4 140628 4+ 23201.4 + 10409,69 = 76872.89 pvo, (38)
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rae — ), Ci™ cymma ceOecTOMMOCTH TIPU KOHTPOJIC HEPa3pyIIaoIuMH
METOJIaMHU.

4. CebecTOMMOCTh KOHTPOJIEM TOJIIMHBI CTEHOK OCHOBHBIX JJIEMEHTOB
Hepa3pylIaloluM METOAOM (YJIbTpa3ByKOBas ToJIMHOMETpUs). B cocTaB
paboT BXOIUT: CEOECTOMMOCTh 3aYUCTKU IMOBEPXHOCTU MO KOHTPOJIb [0
mepoxoBaroctd Rz40 3onbl 50 MM x 50 MM (4 30H Ha OJHO CEYEHHUE
oOeuaiiku, 10 9 30H Ha TEPETHEM M 3aJHEM JIHHUINE, 9 30H Ha KPBIIIKE JIIOKa,
no 9 30H Ha mnarpyOKax IITYIEPOB); C€OECTOMMOCTh YIIBTPa3BYKOBOM
TONIIMHOMETPUH (TPAIUIIMOHHBIM METOJIOM C MOMOIbI0 ipudopa Y T-9311).

1) CebecToMMOCT  3aYMCTKH ~ IIOBEPXHOCTH  IOJ  KOHTPOJb  JIO
mepoxoBaroctd Rz40 30ubl 50 MM x 50 MM (4 30H Ha OAHO CEYEHHUE
oOeuaiiku, Mo 9 30H Ha NEpPEAHEM M 3aJHEM JHUIE, 9 30H Ha KPBIIIKE
JIOKa, 10 9 30H Ha MaTpyOKax IITYIEPOB),paCCUUTHIBACTCS O CIEAYIOIIEH
dbopmyie:
C;" = C®P - N, = 16,73+ 166 = 2777,18 py6. (39)

rae: C*P' — cebecToMMOCTh 3a4MCTKH 1 30HBI TOBEPXHOCTH;

N,y — KOJIMYECTBO 30H.
2) CebecTOMMOCTh  YIBTPa3BYKOBOW  TOJIIIUHOMETPUH  (TPaIUIIMOHHBIM
METOJI0OM ¢ roMoIbio nmpubdopa YT-9311), paccunThIBacTCs MO CIICIYIOMICH
bopmye:

C)" =C" - N, =51,56- 166 = 8558,96 py6. (40)
rae: C'" - cebectoumocts 1 3amMepa TpaguIIMOHHBIM METOIOM
(YIBTpa3ByKOBOUTOIIIUHOMETPUH );

N, — KOIMYEeCTBO 3aMEPOB.
CebecTonmMoOCTh MpH KOHTpOJIE TOJIIIUHBI CTEHOK OCHOBHBIX
AJIEMEHTOB, PACCUUTHIBACTCS IO Cleayromei hopmyre:
crr =3 Cfl'T' = 2777,18 + 8558,96 = 11336,14 py©. (41)
rae — ), Cfl'm' CyMMa ce0eCTOMMOCTH TIPH KOHTPOJIC TOJIIUHBI CTEHOK

OCHOBHBIX 3JICMCHTOB
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5.CebecTonMOCTh U3MEPEHUsI TBEPJOCTH OCHOBHBIX JIEMEHTOB
(Ipy HEOOXOAMMOCTH ), PACCUUTHIBAETCS 10 Cleayoiieil opmyie:
c™ =C- N, = 66,38 166 = 11019,08 py6. (42)
rae: C!' — cebecTouMocTh onpeseneHus TBepAOCTH 1o Ipubopy «Poksemay;
N, — KOTMIE€CTBO TIPOBEACHHBIX UCCIICIOBAHHI.
6.CebecronMocTh pacueta Ha mpouHocTh: CP™ = 590,49 py6.[1].
7.I'mapaBnudeckre UCTIBITAHKS HA MPOYHOCTh U TEPMETUIHOCTD, TPOU3BOAATCS
COOCTBEHHBIMU CHJIAMU OPTAHU3ALMH (B IPUCYTCTBUU YWICHOB KOMHUCCHH),
MIOCKOJIBKY UMEETCSI IOCTAaTOYHOE TEXHUYECKOE OCHAIICHNE U KBATH(PUKAIUS
pabouero nepcoHarna.
8.CebecTonMOCTh pacuera octaTouHoro pecypca CP° = 1338,94 py6.[1].
9.CebecTouMOCTb pabOT MPHU aHAIKM3E PE3YJIHTATOB KOHTPOJIS U PACUE€TOB
C*P- = 7674,19 py6.[1].
10. CebecTouMOCTh pabOT MpU COCTABICHUH TEXHUYECKOTO 3aKIFOUEHUS O
BO3MOXXHOCTH JIaTbHEHIICH SKCIUTyaTal[id MarucTpaJIbHOTO
HedTenporonaC™* = 3069,69 py6.[1].
CroumocTh KOMILIEKCa pabOT TMpH TEXHUYECKOM JIMarHOCTUPOBAHUU
MarucTpaabHOro HeTernpoBoaa:
[[ = C3 4 CBH 4 CHM 4 CFT 4 C™ 4 CPI 4 CPO 4 (3P 4 C™ 4 Ky + Ky +
+I1 = (8837,52 + 71000,05 + 76872,89 + 11336,14 + 11019,08 + 590,49 +
+1338,94 + 7674,19 + 3069,69) - 1,1- 1,35 - (1 + 1%) = 355915,5 py6. (43)

rae — C** cebecToMMOCTh pabOT IpH aHATIN3E JOKYMEHTAITUH;

CP* — cebecToMMOCTh pabOT MPU BU3YaTHLHOM U U3MEPHUTEIILHOM KOHTPOJIE CBAPHBIX
[IIBOB ¥ OCHOBHOT'O METALIA,;

C"™ — cebecTOMMOCTD MPU KOHTPOJIE HEPA3PYIIAIOITUMU METOIAMH,

CY'™ — cebecTOMMOCTD TIPH KOHTPOJIE TOJIIIUHBI CTECHOK OCHOBHBIX 3JICMEHTOB,

C™™ — cebecTOMMOCTh U3MEPEHHS TBEPIOCTH OCHOBHBIX 3JIEMEHTOB;

CP™ — cebecTomMOCTh pacuera Ha MMPOYHOCTb,

CP% — cebecToMMOCTh pacdyeTa OCTaTOYHOTO pecypca,;
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C?*P- — cebecTonMoCTh pabOT IIpH aHATIM3€E PE3YIHTATOB KOHTPOJIS U PACUETOB;
C™ — cebecToMMOCTh pPabOT MPH COCTABICHWH TEXHUYECKOTO 3aKIIOUCHUS O
BO3MOKHOCTHU JIaJIbHEUIIIECH SKCIITyaTalluu pe3epByapa;

K,, —mompaBouHblii KO3((PUIMEHT, YUYUTHIBAIOIIUN TPAHCHIOPTHBIE 3aTPATHI.

D
Bennunne K, npusenens! B Tadbaune 3.2.

K, — mompaBouHbIii KOA(PGUIUEHT, 3aBUCALINN OT palloHHOTO KO3 QuUIUMEeHTa K

p

3apaboTHO mare. Bennuunel K,  npuBenensl B Tabnuue 3.3.
[T — mmanoBast MPUOBLIE.

BoiBoa: AHanu3 Bcex BUAOB padOT MOKa3ai, 4YTO IPHU BHIOOPE OINpeIeICHHBIX
(anpTEepHATHBHBIX) METOJIOB HEPA3PyIIAIOMIETO KOHTPOJIS MOXKHO CYIIECTBEHHO
COKpaTUTh HKOHOMHUYEcKkHe 3arpaThl. [lo pe3ympTaTaM pacdeTa ONTHMAJIbHAS
CTOMMOCTh  KOMIUIEKCa  pabOT 1O  TEXHUYECKOMY  JIMAarHOCTUPOBAHMIO
MarucTpaibHOTO HedTenpoBoaa, cocrtaBuiaa 355915,5 py6. [Ipm sToM  cpok

DKCILTyaTallud He(PTENnpoBOAa MPOIIEBAETCSA Ha S JIET.
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3AJJAHUE JJIS1 PA3JIEJTA
«COIAJIBHASA OTBETCTBEHHOCTDb»

Crygenry:
I'pynna (0] 4 (0]
2BMS5b lNaBpwisixk MiBany MBanoBuuy
HucruryT HuIrp Kadenpa TXHI'
YpoBeHb 00pa3oBaHusl | MarucTpaTypa Hanpagsienne/cnemnansnocts | 21.04.01 «Hedrerazosoe aemo»

npo¢mts «Hane:KHOCTh
razoHedTenpoBoioB U

XPpaHUJIHUIIL)

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

1. Xapakxmepucmuxa ob6vekma uccie008anus (8ewecmeo,
mamepuarn, npudop, ar2opumm, Memoouxa, pabouas 30Ha) u
obracmu e2o npuUMeHeHus.

Obvexmom uccnedosanus A61Aemcs
Helumpanu3amop Cmamuyeckozo d1eKmpuiecmea
pacnonoicennvil 6Hympu mpybonposoda na HIIC.
Obnacme npumeneHus 8 2430601, HepMAHOU U
KaHanu3ayuoHuvlx ompacaax. Pabouee mecmo
PACNONIONHCEHO HA OMKPLINMOM 8030YXe.

IlepeyeHs BONPOCOB, MOAJIEKAMIMX HCCIAETOBAHHIO, IPOEKTHPO

BaHUIO U pa3padoTke:

1. Ilpoussoocmaeennas bezonacnocmo

1.1. Ananu3s 6vis61eHHBIX BPEOHBIX (PAKMOPOS NPU YCNAHOBKE
HeUmpanu3amopa Cmamuiecko2o dJ1eKmpuyecmed.

1.2. Ananu3s 6vis6neHHbIX ONACHBIX (YAKMOPOB NPU YCMAHOBKE
HeUmpanu3amopa Cmamuiecko2o J1eKmpuyecmad.

Bpeonvie chaxmopul :muxpoxiumam na pabovem
Mecme, HeOOCMAMOUHAA OCEEUeHHOCHIb, UIYM U
subpayus, NOLIUEHHAA 3A2A308AHHOCMb 8030YXA
pabouetl cpeoul.

Onacnvle paxmopbl: 08uUICYWUEC MAUWIUHBL U
MEXaHU3Mbl,; NOOBUICHBIE YACU
npoU3800CMBEHHO20 000PYO08AHUSL; NOPANCEHUS
INEKMPUUECKUM

MOKOM; NONCAPOB3PLIBOONACHOCTIb.

2. Dkonoauueckas 6e30nacHocmny.:

Ilpu pabome HIIC 6030eticmgus oKasvigaiom

Kakx npous@odcm@eHHble npoyeccsl, maxk u
0b6vekmol nOCMOAHHO20 u 6PEMEHHO20
HA3HAY€HUA..

3a2zpszHenue ammocgheprHo2o 6030yXa;
HapyweHuem 2UOPo2eoi02ULecKo20
pescuma,

3a2psI3HEHUEM NOBEPXHOCHIHBLX 60OHbIX
UCMOYHUKOB U NOO3EMHBIX 600,
nogpesicoenue NOU8EeHHO-PACTNUMENbHO20
NOKpO8Q;

uszvsmue 3emeilb,

3. Bezonacrhocmo 6 llp€36bl'-ldleblx cumyayusix.

Upessviuatinvie cumyayuu na HIIC moeym
B03HUKHYMb 8 pe3ybmame padomvl HeUCNPABHO20
0bopyodosanus.

4. Ilpasosvie u Opeanu3ayuoOHHbIE 60NPOCHL 06ECneUeHUs.
bezonacHocmu:

MP 2.2.7.2129-06 « Peacum mpyoda u omovixa
pabomarowux 8 X0N0OHOEe 8peMsi HA OMKPLIMOLL
mMeppumopul Ui 8 HeOManIUeaeMulx




NOMEUeHUSIX»

PII 09-364-00 « Tunosast uncmpyxyus no
opeanuzayuu 6e30nacH020 NPOBEOEHUsL OZHEBIX
pabom na 83pblEOONACHBIX
63DbIBONOCAPOONACHBIX 0OBEKMAX)

PJ] 39-132— 94: «Ilpasura no sxcniyamayuu,
pesusuu, peMoHmy u 0mopakoske
HeghmenpoMbici06bIX MPYOONPOEOO0E6Y»

CHull 23-05 -95 «Ecmecmeennoe u
UCKYCCMBEHHOE 0C8elyeHue)

T'OCT 12.1.005-88 «Obwue canumapHo-
2ueueHuyecKue mpebosanus K 6030yxy paboyeli
30HbLY

I'OCT 12.1.010-76

«B3pwisobesonacnocms. Obwue mpebosanusy

‘ JlaTta BbI/IauM 3aJaHUA 1JIs1 pa3/iena 1o JuHeiiHoMY rpaduky 13.04.2016

3agaHue BbI/1aJ KOHCYJIbTAHT:

J02KHOCTH [ %(0] Yuenas cTeneHs, Moanucey JaTa
3BaHHUE
HHXEHED MananoBa Hatanbs K.T.H
BukropoBHa
3anaHue NPUHSAJ K HCIIOJHEHUIO CTY/IEHT:
I'pynna (07 (0] Honnuch Jara
2bM5b l'aBpunsik UBan MBanoBu4




4 COIMAJIBHAA OTBETCTBEHHOCTbD

4.1 O0BbEKT uccjae10BaHus

OObeKTOM  HCCIEAOBAaHUA  SIBIISICTCS ~ HEUTpaM3aTop  CTaTHUYECKOTO
AJIEKTPUYECTBA PACIIONIOKEHHBIM BHYTpH TpyOompoBoga Ha HIIC. Oo6macts
NPUMEHEHHUsI B Ta30BOW, HE(TSAHON M KaHAIM3AIMOHHBIX OTpacisix. PabGouyee mecto

PpacCIIOJIOKCHO HAa OTKPLITOM BO3YyXCE.

4.2 Ilpou3BoacTBeHHAsI 0€30IACHOCTH
4.2.1 AHa1u3 BPEIHBIX U ONMACHBIX (PAKTOPOB, KOTOPbIE MOKET CO31aTh 00bEKT

HCCJIeJ0BaHHUA.

[ToBpIlIEHHBIN ypOBEHb BUOpanuu. Mimeer Mecto npu 3a4nieHUH Hapy>KHOU U
BHYTPEHHEH IMOBEPXHOCTHU CBapUBAEMbIX TPYO OT pP)KaBUMHBI M 3arpsi3HEHUil. OTy
paboTy BBINOJHAIOT AMEKTPOUUTU(POBATBHOM OYMCTHON MammHoM. [Ipu pabote co
M (OBATHLHON MAIIMHOM Yepe3 pyKH desioBeKa nepeaaetes Buoparwst [11].

[ToBbImeHHas IPKOCTH cBeTa. FIMeeT MecTo IpH cBapouHBIX padortax [39].

[loBbIIEHHBI YPOBEHb YIbTpapuoJIeTOBON panuauuud. MMeer mecto mnpu
CBapouHbIX padoTax [11].

[ToBbIIEHHBIN YPOBEHb HH(PPAKPACHON pailallii MPU CBAPOUYHBIX padOTax.

[ToBpIllIEeHHasT 3albUIEHHOCTh M 3ara30BaHHOCTh BO3AyXa paboueill 30HBI.
HmeroT MecTo npu cBapouHbIX padoTax [39].

JIBIOKyIIrecss MaIlllMHbBI U MEXaHU3MBI: CTPOUTENbHAS TEXHWKA, IMOJBIKHBIC
4acTH IMPOU3BOJCTBEHHOro o00OopyaoBaHusa. Imeer MecTto mpH MOHTaKHO-
CTPOUTENBHBIX padoTax [39].

[ToBbIIIeHHAS WM TTIOHMKEHHAST TEMIIEpATypa MOBEPXHOCTEH 000pyI0BaHMS,

H3zyuenue xonmpoass o0veMHOU HNAMHOCMU 3apsadd NpU MOBAPHO-MPAHCHOPINHBIX

onenauusx
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matepuanioB. FimeeT MecTo npu cBapouyHbIX padorax [39].

[ToBblllIeHHAS WU MIOHMKEHHAS TeMIepaTrypa Bo3ayxa padoueit 3oHbl. Mmeer
MECTO KaK NpHU CTPOMUTENbCTBE Tak W mpu skcryarauuu HIIC, T.x. HekoTopbie
OOBEKTBI PACIIOIOKEHBI Ha OTKPBITHIX ILTOIIaakax [39].

[ToBbIlIECHHOE 3HAYEHHE HAMNPSHKEHUS B DIIEKTPUUECKOW LIEMH, 3aMbIKaHUE
KOTOPOM MOXET MPOU30MTH yepe3 Teno 4YesnoBeka. MMeer MecTo mpu CBAapOUYHBIX

paboTax W MpH IKCILUTyaTallH IeKTpoodopymoBanus [11].

4.2.2 AHaju3 BPeAHbIX U ONACHBIX (PAKTOPOB, KOTOPbIE MOT'YT BOBHUKHYTH Ha

paboyem MecTe NMPHU MPOBeJIeHUN UCCIeI0BAHUI

HepBHo-TiIcuXuueckue neperpy3Ku, noapa3iesomuecs Ha:
TIepeHAIPSHKCHNE, MOHOTOHHOCTB Tpyaa [39].

['uruennueckre HOpMATHBBI Ha MapaMeTpbl MHUKpOKJIMMara B pabouei
30HE. [ToCTOAHHBIM pabOYUM MECTOM CUHMTAETCS TaKoe, Iie padOTaIOMMK HaAXOIUTCA
0oJiee MOJOBHUHBI CBOETO paboyero BpeMeHH win Oojiee 2 4 HempepbiBHO. Eciu ke
a0 paboTaloT B pa3IMYHBIX  MecTax  pabodedl  30HB, TO  OHa
BCS CUMTAETE MOCTOSIHHBIM pabounm mMectoM [39].

Henocrarounas ocBemieHHOCTh paboyeii 30HbI [39].

4.2.3 O60ocHOBaHMEe MEPOTNIPUSITHIA 10 3aIMTE UCCAeA0BATEA OT JAelCTBHS

ONACHBIX M BPEeAHBIX (PAKTOPOB

[ToBbIieHHbIN ypoBeHHb BUOpanuu. [Ipu padore co num@oBabHON MAIIUHON
clielyeT NPUMEHSITh HWHAMBUAYaJIbHbIE CPEICTBA 3aIIUTHI PYK OT BO3ACUCTBUS
BuOparuu. K HUM oOTHOCcsATCA u3fenus Tuma pykaBul] wiu mepyatok mo ['OCT
12.4.002-97* (c wm3m. 2010), a Taxke BHOpPO3AMUTHBIE MPOKIANKH, KOTOPHIMHU
CHA0KEHBI KPETUICHUSI K pyUKe IIIH(OBaTbHON MAIlIMHbI U KperieHus HacocoB [11].

[ToBbIieHHast sIpKoCTh cBeTa. MIMeeT MecTo mpu CBapodYHbBIX padorax. [lms

NpCAOTBPAICHUA TMOPAXKCHUA TIJia3 HCO6XOI[I/IMO IMPUMCHATH 3allUTHBIC CTCKIJIA.
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CBeTOQWIBTPHI BCTABIAIOTCS B IMUTKH W Mackd. [l[uTkm wusroraBiamBarwT u3
U30JSIIIMOHHOTO Matepuana — (ubpbl, Qanepsl, U mo ¢opMe U pa3MepaM OHHU
JIOJKHBI 3allUIIATh JIMIIO U TOJIOBY cBapiiuka, coorBercrBytomue ['OCT 12.4.023.-
84*(c m3m 2010) [39].

[ToBbIIEHHBI YpOBEHb YIbTpaduosieToBOM pamuauuu. MMeer mecto mnpu
CBAapOUYHbIX pabotax. [l mpeaoTBpalieHUs MOPAKEHUsS TJa3 HeoOXO0IUMO
MPUMEHATh 3alUTHBIC CTeKiIa. CBETOPWIBTPHI BCTABISIOTCS B IIUTKA M MAaCKH,
CHapy MU 3aKpbhIBAIOT MPOCTHIM CTEKJIOM JUIsl MPEAOXPAHEHHS HUX OT OpbI3T
pacruiaBieHHOro Meraiia. lIIuTku W3roTaBauMBarOT U3 M30JISLMOHHOIO MaTepuaia —
buobpsl, danepsl, U 10 GopMe U pazMepaM OHU JIOJHKHBI 3alIUIIATH JIUIO U TOJIOBY
cBapmiuka, cootBerctByromue ['OCT 12.4.023-84*(c uzm 2010) [11].

[loBbIIEHHBI YPOBEHb MH(PAKPACHON pajMallMM IPH CBAPOUYHBIX padOTax.
Jl1st mpenoTBpallieHus MOpakeHHsl T1a3 HeOOXOAUMO MPUMEHATH 3alllUTHBIE CTEKJIA.
CBeToQUIbTPHI BCTABJISIOTCS B UIUTKU M MAacKd, CHapYy>KU 3aKPBIBAIOT MPOCTHIM
CTEKJIOM JUIsl TpPEeNOXpaHEeHHsT UX OT OpbI3r paciuiaBieHHoro mertamwia. Illutku
W3TOTABIMBAIOT U3 M3OJSIIIMOHHOTO Marepuaia — (GuoOpbl, daHepsl, U 1Mo Gopme U
pa3MepaM OHHU JIOJDKHBI 3alIMINATh JIMLO U TOJOBY CBapllMKa, COOTBETCTBYIOIINE
I'OCT 12.4.023-84*(c u3m 2010) [39].

[ToBbIlIeHHAsT 3amMbUICHHOCTh M 3ara3oBaHHOCTh BO37yXa pabouell 30HBI.
NmMeroTr MecTo mnpu  CBapoyHBIX paborax. [l 3amuThl OpPraHoOB JIbIXaHUS
ANEKTPOCBAPUIMKOB  IMPUMEHSIOTCS  3alIUTHbIE HAa  TOJOBHbIE  IIUTKH, B
MPSIMOYTOJIbHBIE CMOTPOBBIE OTBEPCTHUSI KOTOPHIX MOMEIIAIOT CTEKJISIHHBIC CBETOBBIC
bunbtpel. [IUTKKM W3rOTaBIMBAIOT W3 HU3OJSALMOHHOTO MaTepuaia, mo Qopme u
pasMepaM OHM JOJKHBI 3alUIIATh JUIO W OpPraHbl JIbIXaHUs OT MOMaJaHusl MbUIH
I'OCT P 12.4.245-2007 (c u3m.2010) [39].

JIBIKylIMecs: MalllMHbl U MEXaHU3MBI: CTPOUTEIbHAS TEXHUKA; MOJBUKHBIC
YacTH TIPOM3BOJICTBEHHOrO0 o0OopymoBanus. Mmeer MecTo TIpHM MOHTaXXHO-
CTPOUTENIbHBIX paboTax. B meponpusitus mo mpeaynpexaeHuio (akTopa BXOJSAT:
orpaxkieHue  pabouedl  30HBI, YCTAaHOBKa  3HAaKOB  0O€30MacHOCTH, B

cootBercTBHH ¢ OCT P 12.4.026-2001 «IIBeta curnanbpHble, 3HAKU OE30MACHOCTH U
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pa3MeTKa curHanbHas. Ha3HaueHne W mnpaBuia NMPUMEHEHUS», HAa TPAHMIAX 30H
MOCTOSTHHO JICUCTBYIOIIMX OMACHBIX MPOU3BOJCTBEHHBIX (DAKTOPOB HEOOXOAMMO
YCTaHOBUTh 3allUTHBIE orpaxiaeHus, B cooTBerctBuu ¢ ['OCT 23407-78*(c u3m.
2010) «OrpaxaeHusi WHBEHTAapHbIE CTPOUTENBHBIX IUIOMAJOK M  YYacTKOB
MPOU3BOJICTBA CTPOMUTEIILHO-MOHTQXHBIX paboT». TexHudeckue yciaoBusi». B
cootBercTBUM ¢ ['OCT 12.3.009-76* (c u3m. 2010) nmepcoHasn 10KEH HOCUTh KacKu
['OCT P 12.4.245-2007. 3emiissHble paOOThI JOKHBI BBIIOJIHSAIOTCS ¢ COOJIIOIEHUEM
6e3onacHoctu paboT B coorBercTBUM ¢ 1. 5 CHull 12-04-2002 u CIT 12-135-2003
«be3zonacHOCTh TpyAa B CTpouTenabcTBE. OTpaciieBble TUIIOBbIE HHCTPYKLIHH I10
oxpane Tpyaa» [39].

[ToBbIIeHHAS WJIM TOHWKEHHAs TeMIlepaTypa MOBEPXHOCTEH 00OpyaoBaHUS,
MarepuasioB. MMeer mecTto mpu cBapouHbIX paboTax. s 3aIlUThl UCHOIB3YIOT
crieniaiabHyo onexay. Koctiom mysxckoit mia capuukoB o 'OCT 12.4.016-83 (¢
u3M. 2010) s pabGouymx cBapouyHbBIX Mpodeccuii B MOHTXKHBIX U IOJIEBBIX
ycioBUsX. [ 3amMTBl pyK NPUMEHSIOT pykKaBuIlbl OpezeHtoBble mo ['OCT
12.4.010-75*(c u3m. 2010) yumuennsie (kparu) tuna E [39].

[ToBblillIeHHAsT WM TTOHMKEHHAs] TeMIeparypa Bo3ayxa padoueit 3oHb1. MmeeT
MECTO Kak MpH CTPOUTENbCTBE Tak W mnpu skcruryaranuu HIIC, T.k. HEKoTophie
OOBEKTHl PACIONOKEHbl Ha OTKPBITBIX IUlomanakax. [l 3ammTel  paboumx
IIPUMEHSIIOTCSI KOCTIOMBI 3UMHHME Ha yTeruieHHOM ocHoBe no ['OCT 12.4.084-80. B
JIETHUW TIepUOoJ CBapIIMKaM IMpeIaratoTcs MOJIycarnord Ha NPOTHBOCKOJIB3SIIIECH
pesunoBoii mnogomBe 1o ['OCT 28507-90 ¢ nronenbHO-KIECEBBIM KpPEIJICHUEM
MOAOIIBBL. [[71s1 3amMTBl pyK MOPUMEHSIOT PYKaBUIbI OpE3EHTOBBIC YAJIUHEHHBIC
(xparn) Tuna E. TOCT 12.4.010-75*(c uam. 2010). st 3a1uThl OT IEPEOXITKICHUS
00BEKT 00ycTpanBaeTcs moMeleHusIMu it odorpesa [39].

[ToBblllIEHHOE 3HAYEHHWE HANPSKEHUS B AJIEKTPUUECKON IENU, 3aMbIKAHUE
KOTOPOM MOXET MPOU30MTH Yepe3 Teno 4YesloBeka. VIMeeT MEeCTo NpH CBAapOYHBIX
paboTax W TpHU OKCIUTyaTallMu »JIEKTpooOopynoBanus. s 3ammuTel paboyero
nepcoHasia npuMeHsitorest nepuatku audekrpudeckue no 'OCT 12.4.183-91 (¢ uzm.

2010). Hdnst 3amiuThl OT CONPUKOCHOBEHHUS C BIIAXXHOW MOBEPXHOCTHIO CBAPIIUKU
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JOJDKHBI 00ECTIeYMBATHCS TUAICKTPUICCKUMH MTOJCTHUIKAMHU, MaTaMU, KOBPUKaMH TI0
['OCT 4997-75*(c uzm. 2010). [ist 3amuThl OT MOpaXKEHHsI OIy>KIaIOIIUMU TOKAMU
MIPUMEHSIETCS 3aIUTHOE 3a3eMIIeHHE, 3aHyseHue B cootBerctBuu ¢ ['OCT 12.1.030-
81*(c m3m. 2010) «DaekTpoOe30MmacHOCTh. 3aMTHOE 3a3eMiiecHue. 3anyeHue. CucTeM
CTaHIapTOB Oe30macHOCTH Tpyaa» [39].

HepBHo-nicuxuueckue neperpy3ku, noapasiesomuecs Ha:
nepeHanpsHKeHNe, MOHOTOHHOCTh  Tpyaa. JIJist 3amuThl OT HEPBHO-TICUXHUYECKUX
neperpy3ok B TIpa@uk pabOThl JOJDKHBI OBbITh BKJIIOYEHBI TEXHOJOTHYECKHE
nepepbiBel [39].

['urneHnyeckrie HOPMATUBBI Ha MapaMeTphl MUKPOKJIMMAaTa B paboueil 30HE.
MukpokinuMar B pabouell 30HE oOmpenenseTcs ACUCTBYIONIMMU Ha OpraHu3M
YeJIOBEKa COUETaHUSIMHU TEMIIEPATYPhI, BIXKHOCTA U CKOPOCTHU JBUKCHHS BO3AyXa, a
TaK)Ke€ TEMIEpaTypoll OKpY>KaloIMX MoBepxHOCcTe. [loBbillIeHHAsT BIAXHOCTh
3aTpyAHSIET TEIUIOOTIayy OpraHu3Ma IyTeM HCIApeHUi TP BBICOKOW TeMIlepaType
BO3[yXa M CIIOCOOCTBYET IMEperpeBy, a IpH HHU3KOW TeMIeparype, HaoOOopoT,
YCWJIMBAET TEIJIOOTayy, CIOCOOCTBYs TMepeoxiaxaeHuo. OnTuMmanbHbl TaKHe
nmapamMeTpbl MHKPOKIMMATa, KOTOpbIe TMPH JUIUTEIBHOM U CHCTEMaTHYECKOM
BO3JICUCTBUM  HA  YeJIOBEKa  OOECIEYMBAIOT  COXPAHEHHE  HOPMAIBHOTO
(GYHKIIMOHATIBFHOTO M TEIJIOBOTO COCTOSIHHSI OpraHu3Ma 0e3 HampsoKeHHs peakiui
TEPMOPETYJISALMN, YTO CO3AAeT OIIyIIEHHE TEeIIOBOTO KOoMpOpTa H  CIYXKHT
MPEANOCHUIKON Il BBICOKOM pabdoTocmocoOHocTH. IlommepkaHne ONTHMAIBHOTO
MUKPOKJIMMAaTa BO3MOXXHO TOJBKO B TOM Ciy4ae, €Cli MPEANPHUSTHE OCHAIIECHO
YCTaHOBKAM KOHJWIITMOHUPOBAHHS MHUKPOKIMMAaTa. B OCTambHBIX CiIydasx Cilexyer
o0OecreuynBaTh JOMYCTUMBIE MHUKPOKIMMATHYECKUE YCIOBUA, T.€. TaKue, TMpu
KOTOPBIX XOTSI © MOTYT BO3HUKATh HAIMPSHKEHUS TEPMOPETYJISAIMN OpraHU3Ma, HO He
BBIXOJISIT 3a MPENebl ero (U3HOJOTUYECKUX MPUCTOCOOUTENHHBIX BO3MOMXKHOCTEH.
[Ipu 5TOM HE BO3HHMKAIOT HAPYIIECHUS COCTOSHUS 3/I0POBbs, HO MOXKET HAOJIOIaThCs
yXYIIICHUE CAMOYYBCTBHSI M TIOHWKEHUE paboTocrnocodnoctu [39].

['uruennyeckrie HOPMbI 3aBUCIT OT KATETOPUHU PaOOTHI MO CTETIEHU (PU3UUECKON

Harpy3ku, a Takke OT TEIUIOr0 WJIM XOJIOJHOTO MEepuojaa roja U OT U30BITKOB SBHOM
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TEIUIOTHI, TIOCTYMAalIIed B TMOMEUIEHHEe O0OpYAOBaHUSA, HArpeThIX MaTepHalioB,
OTONUTENBHBIX NPHOOPOB, JIOJAEH M COJIHEYHOIO CBETA, T.€. OT PA3HOCTU MEXKIY
SABHOM TEIUJIOTOM M TEIUIONOTEPSIMU MPU PacyeTe NmapaMeTpoB HAPYKHOTO BO3AyXa
y4eTe BCEX MEPONPUATHA 1O YMEHBIICHUIO TEIonoTrepb. W30BITKH TEMIOTHI
CUNTAIOT HE3HAYMTEIBHBIME, SCITH OHH COCTABISIIOT He Gomee 23 Jx/(MPc), a ecin
OoJIbIIIe, TO TIOMEIICHUE OTHOCUTCS K ropsiaeMy 1exy [39].

Hampumep, miga nerkux paboT B TEIUIBIA M[EpUOJA ToAa ONTHUMalbHas
TemrepaTrypa paBHa oT 22 o 25°C, a pomyctumasi (IpH 3HAYUTEIBHBIX M30BITKAX
ABHOM TeroThl) Ha 5 °C BhIIIE CpeAHEN TeMIepaTyphbl HApY>KHOrO Bo3ayxa B 13 u
CaMOro XapKoro Mecsua, Ho He Bollie 28 °C. OTHOCHUTENbHASA BIAXKHOCTH P STOM
10 55 %. Ckopocth aBuxeHus: Bozayxa ot 0,2 go 0,5 M/c (onTumanbHasi CKOPOCTh
0,2 M/c). B xomoaHsbIil mepro roja Ha TeX K€ padoTax onTHUMalbHas TeMIepaTypa
coctaBisier oT 20 mo 23 °C, momyctumas — ot 19 go 25 °C. B psge ciydaes
JIOTIYCKAlOT OIpENEJCHHbIE OTKJIOHEHUs OT HOpM. Peructpupyrommm mnpubopom-
tepmorpadpom THna M-1B u3Mepstor TemmepaTypy BO3[yXa, a INCUXPOMETPOM —
BJIaKHOCTH [39].

OrtormieHre peaycMaTpUBAIOT B OBITOBBIX U MPOU3BOJICTBEHHBIX MOMEIICHUSX, T
JIOM HAXOAATCS MOCTOSTHHO. CHCTeMY OTOIUJICHUS BBIOMPAIOT B 3aBUCUMOCTH OT
BHU/Ia TIOMENIEHUS W OT HAJIM4YMS B HEM BOCIUIAMEHSIOIIMXCS Ta30B, MAPOB, IbLIU.
Hanpumep, mnpu uUX OTCYTCTBUM PEKOMEHAYIOTCS TapoBas, BO3AYylIHAs
(xamopudepHast) MM BOASHAS CHCTEMBbI oToIUTeHus. [Ipy mromany moia 10 500 m*
JOITyCKaeTCs euHoe oToruieHue [39].

Henocrarounass ocBenieHHOCTh padoueid 30HBL. Meponpusitus MO YMEHBUIEHUIO
CJIETISIILIETO NENUCTBUS OCBEILECHUS: YBEIUYEHUE BBICOTHI YCTaHOBKHU
CBETWJIbHUKOB; YMEHBIIICHUE SIPKOCTU CBETHJIBHUKOB MYTEM 3aKPBITUS WCTOYHUKOB
CBE€Ta  CBETOPACCEHUBAIOUIMM  CTEKJIOM; MCIOJIb30BAHME  CBETHJIBHUKOB  C
OTpaXaTeJIIMU, pEUIETKAMU B  NPOJOJBHOM  IUIOCKOCTH W MHONEPEYHOU
IJIOCKOCTH; OTPAaHUYEHUE CHUJIbI CBE€Ta B HANpaBJICHUH, KOTOpble 00pa3yroT
3HAQUUTENIbHBIE VYIJIBl C BEPTUKAJIbIO IyTEM NPUMEHEHHUS CBETUJIBHUKOB C

A0CTAaTOYHBIM 3alllUTHBIM YTJIOM; YMCHBIICHUEC MOIIHOCTHU KaXXJI0I'0 OTACILHOI'O
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CBETWJIPHHKA 334 CYET COOTBETCTBYIOLIETO YBEJIMYEHHUS KX YHCIA, YTO, OJHAKO,
MPUBOJNUT K YBEITUYCHHUIO CEOCCTOMMOCTH yYCTAHOBKH; YBEeIU4YCHHE KOA(DPHUITEHTOB
OTPaXXEHUsI BCEX I[IOBEPXHOCTEHM IIOMEILIECHUS, KOTOPBIE HAXOIATCA B IIOJIE
3pEHMUS; YCTPAHEHUE HEPALIMOHAIBHOTO Pa3MEIeHHs] CBETHIIBHUKOB, B OCOOCHHOCTH

B TEX CIIy4asiX, KOTJa OHHM HE MCIIOJIb3YIOTCS 110 CBOeMy Ha3HadeHuto [11].

4.3 DKojJorudeckas 0e30macHoOCTb

4.3.1 AHaJIU3 BO3MOKHOT0 BJIMSIHUS 00bEKTAa MUCCJIEI0BAHNS HA OKPYKAIOLILY IO

cpeay

HeratuBHoe Bo3aeicTBHE Ha aTMOC(EpHBI BO3AYyX Ha MEPUOJ COOPYKEHUS
HEUTpaIn3aTOpa CTATUYECKOrO AJIEKTPUUECTBA OyIyT OKa3bIBaTh JOPOXKHAS TEXHUKA
U aBTOTPAHCIOPT, CCHIIAHWE TPYHTA, IMPOBEJIECHUE CBApOYHBIX  paloT,
THAPOUZOJSIIMOHHBIX M TOKpPaco4yHbIX paboT. K OCHOBHBIMH 3arps3HSIONINM
BELIECTBAM OTHOCSTCS: JK€JIe€3a OKCUJ, MapraHel U ero coenuHenus, a3ot (IV) okcun
(azora muokcum), azot (II) oxcunm (a3ora OKCUA), YriaepoJ 4YepHBIN (caxa), cepa
JTUOKCH]I, YTIepoa OKCHJ, (GTopuibl razoo0pasHbie, (GTOPUIBI IIJIOXO PACTBOPUMBIE,
KepocuH, yrieBogopoasl npeaenbabie C12-C19; meute Heoprannyeckas — 20-70 %
Si02. Ileue Heopranumueckas — 10 20 % SiO2, mappl OEH3WHOB, AW3EIBLHOTO
ToruiBa. X Bo3nelcTBYE SIBISETCS BPEMEHHBIM U TI0CTIE OKOHYaHUSI CTPOUTEIHCTBA
Oyznet uckioueHo. Mx Bo3aeiicTBUE HA OpraHu3M YENIOBEKa, a Takxke Quopy U gayHy
OyzieT pacpoCTpaHsTCs B Ipeeiax CTPOUTENbHOM miormaaku [11].

HeratuBHoe Bo3zaeilicTBUe OT 00pa30BaHUS CTPOMUTEIBHBIX  OTXOJOB

00yCIIOBJICHO 00pa30BaHUEM CBaJIOK, 3arpsI3HEHUEM TTO0YB M IPYHTOBBIX BOJ [11].
4.3.2 O0ocHOBaHME MEPONIPUATHI 110 3ALUUTE OKPYKaOLIEH Cpeabl
MeponpusTusMHu MO CHUKEHUI0 MHTEHCUBHOCTHU 3arpsi3HEHUs aTMOC(HEPHOro

BO3/1yXa CO3/IaHUE MPEMATCTBUNA HA IIyTH PACIIPOCTPAHEHUS U UX OUYUCTKON Pa3HBIMU

MCTOOJaMM.
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OU3NKO-XUMUYECKUMHA — TIPUMEHEHUE YCTPOWCTB MJII OYUCTKU BBIXJIOTHBIX
ra3oB JIOPOXKHO-CTPOUTENBHBIX MAIIUH, JJII CBAapOYHBIX pabdOT TPUMECHECHHE
YCTPOMCTB [jIst cOOpa M OYMCTKH ra3oB (MECTHBIX 0TCOCOB) [39].
buonornueckuMu — coxpaHeHHe U CO3JaHUE TOJIOC 03ETICHEHUSI BOKPYT O0BEKTA.

B kadectBe MeEpONpHATHA 1O yTUIM3allMd BCEX BHJIOB  OTXOJIOB
npeIycMaTpUBaeTCs WX BBIBO3 Ha IUlom@aakud xpaHenus TbO, moBTopHas
nepepadotka ['CM, metammmonoma. Ha HIIC momkHO OBITH MOCTPOSHO OYHCTHOE
coopysxenue [39].

JUiss  TipenoTBpamieHusi  3arpsA3HEHUS  TOYBBI W PACTHTEIBHOCTH
MIPEeIyCMaTPUBACTCS YCTAaHOBKA OCTOHHBIX IIIOMIA0K C OOPAIOPHBIM OTPAKICHUEM 1
MPUSMKAMH Y TEXHOJIOTMYECKOTO 000pyI0BaHMs JjIsi cOOpa pa3auToro mnpu padboTax
npoaykTa. Jlms MakCMMajapbHOTO YMEHBINEHHS TOTEeph OT pas3immBa HedTH
MpeaycMaTpUBAETCs CEKIIMOHUPOBAHUE TIMHEHHOM YacTh HEPTENPOBOIa HA y4yacTKax

20-30 KM 3JIEKTPONIPUBOIHBIMH JUCTAHIIMOHHO YIIpaBJIIeMbIMHU 33 BMKKamu [39].

4.4 be30nacHOCTDH B YPe3BbIYANHBIX CUTYAIUSAX
4.4.1 Ananu3 BeposaTHbix YC, KkoTOpble MOXKET HHHUUMUPOBATH OOBEKT

HCCJIeJ0OBAHUM.

[IpyurHbBl  Ype3BbIYAMHBIX CUTyallMd Ha HepTenepeKauuBarolleld CTaHUUU:
aBapuiiHBI  paznmuB  HedTH; moxkap. JlaHHbIe  UYpe3BbIYAiHBIE CIIy4al  MOTYT
IIPOU30MTH B PE3YJIbTATE BBILIEAIIETO U3 CTPOsi 000PYIOBaHUs, TaK U B PE3YJbTATE

YeJI0BEUECKOro (pakTopa, TAKOro Kak HeCOOJII0IeHHE MPaBUIT OE30MaCHOCTH.

4.4.2 O6ocHoBanue Meponpusituii mo npeaorspamenno YC u paspadorka

MOPAIKA IeficTBUA B ciy4yae BO3HMKHOBeHus1 UYC

[IpyumHOW TMMOXapoB Ha HEPTEHNEPEKAYMBAIOIINX CTAHIUAX  SBIISTIOTCS:
HEUCITPAaBHOCTh 3JIEKTPOOOOPYAOBaHUS, yTeUKa HETH, aBapUUHBIA PEKUM PaOOTHI

AJIEKTPUYECTBA, HEOCTOpOkHOE oOpamenue ¢ orneM. Ha HIIC npenycmaTtpuBatorcs
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CJIEIYIOLIME CUCTEMBI MTOKAPOTYILIEHU: 111 MarucTpaibHbiX HacocHbX HIIC, y3inoB
yuyeTa KOJIM4YecTBa HEPTH aBTOMATUYECKHUE CHUCTEMbl TYLICHHS IOXKapoB
BBICOKOKPAaTHOM TE€HOM; i1  OTKPBITBIX  TEXHOJIOTMYECKMX  IUIOMAAO0K —
aBTOMATUYECKUE CUCTEMBI TYLIEHUS 0KAPOB HU3KOKPATHOW MTEHOM.

B kauecTBe mEeHOOOpPA3yIOMIETO CPEACTBA HCIOJIB3YETCS (PTOPCUHTETUUYECKUN
IIeHKOOOpa3yloluii  eHooOpa3oBaTeNib TUMa «MynbTUIIEHA», OTHOCSIIUKCA K
KJIacCy OHOJIOTUYECKH «MSTKHX», HE 3arps3HSIONIUX OKPYXKAIOIIYI0 Cpeiy
neHooOpasoBaresei [11].

Ha HIIC npenycmaTpuBaeTcss aJpecHO-aHAJIOroBas CUCTEMa IOKAPHOU
CUTHAJIM3AIIMM C BBIBOJOM CHTHaja O MOXKAape B IMOMEIIEHHE C KPYrJIOoCYyTOYHBIM
npeObIBAHUEM JISKYpHOTO Mepconana [11].

JIns uener onoBeleHns nepcoHana o noxape, Ha HIIC npenycmarpuBaroTcs
MHOTO30HHBIE CHCTEMBI OIIOBELIECHUS M YHOPABJICHMS SBaKyallMel JIOJIed ¢
UCIIOJIb30BAHUEM CITCITHATIbHBIX 3BYKOBBIX CHTHAJIOB M PEUYCBBIX MHCTPYKIHid [11].

Cucrema moxapoTyIIeHUs] BBICOKOKpPAaTHOW IMeHOHM (kpaTHocTh Oosee 200) —
3TO COBOKYIHOCTb OOOpYJIOBaHMs Uil OOBEMHOrO TYHIECHHUS IOKapa B 3aKpBITHIX
MOMEIICHUSAX (HACOCHBIX CTAaHIMSAX IO Mepekauke HePTH U HeTenpoayKToB,
CKJIQJICKMX  TOMEILEHUSAX, aHrapax) 3a CuYeT [O0Ja4yd  BBICOKOKPATHOM
JIBIMOYCTOMYHUBOW TMOJUAUCIIEPCHON MEHBI, MOJYYa€MOM C MOMOIIBIO CHEIHATbHBIX
neHoreHeparopoB. CucTema TyIIICHHUs TToKapa, n300pakeHHas Ha pucynke 4.1 [11].

BpICOKOKpaTHON IEHOM BKIIFOYAET: MEHOIEHEPATOPBl BBICOKOKPATHOW IEHBI;
CUHTETHYECKUN MeHOooOpa3oBaTeb, Kak MpPaBWIO, YII€BOAOPOIHBIN; 0ak-103aTop
JUIsl XpaHEHHs] KOHIIEHTpaTa MEeHOOoOpa3oBaTelis W MPUTOTOBIEHUS €ro padoyero
pacTBOpa C 3aJaHHOW KOHLIEHTPAUMEH; 3allOpHYI0 apMarypy; MarucCTpajbHbIN
BOJOTIPOBOJI M PACTBOPOMNPOBOJ; IMOXKApHbIE WM3BEUIATENH, MPUOOPHI U YCTPOMCTBA

KOHTPOJIS M yIIPaBJICHUS CHCTEMOM ToxapoTtymeHus [11].
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Pucynok 4.1 — Cxema cuCTEMBI OKAPOTYIICHHS BBICOKOKPATHON NEHOM

HpI/I pa3IuBC He(bTH BBIC3KACT 6p1/1ra,ua HHHGﬁMHKOB CO CHGHH&J’IBHOﬁ
TEXHUKOM JJIA JIMKBU AN, CyH_ICCTBYIOIHI/Ie MCTO/JbI JIMKBUAALIUKU PA3JIMBOB He(i)TI/I:

TEPMUYECKHUI; (PU3NKO-XUMHUUCCKUH; MEXaHHMUYECKUiT; Onomormueckuit [11].

4.5 IIpaBoBbIe M OPraHM3alMOHHBIE BONPOCHI 0O0ecneYeHusi 0€30MACHOCTH.
4.5.1 CneunanbHble (XapaKkTepHbIe 1JI pado4eil 30HbI HCCIe0BATEIS)

NpaBoOBble HOPMbI TPY/IOBOI0 3aKOHO/AATE/IbCTBA

Paboronarens obecnieunBaeT pabOTHUKAM 30POBbIE M O€30MacCHBIE YCIIOBHS
Tpyaa. TpeOyeTcst MoCieoBaTeTbHO CHW)XKATh MOKAa3aTeld MPOU3BOJCTBEHHOTO
TpaBMaTu3Ma, NpodecCHOHATbHBIX 3a00JeBaHUN, aBAPUWHOCTH U 3arpsi3HCHHUS
OKpYXKaroIel cpebl B Pe3yJIbTaTe MPOU3BOJICTBECHHOMN JEATEILHOCTH; 00SCIIeYNBaTh
MOCTOSTHHOE TTOBBIIICHHE 3HAHWN, KOMIIETEHTHOCTH U OCBEJOMJIEHHOCTH PaOOTHUKOB
M0 BOIIPOCAM MPOMBIITUICHHON 0€30MacHOCTH, OXPaHbI TPY/Ia U OKPYXKAIOIICH cpebl
MIOCPEJICTBOM Pa3IMYHBIX (HOPM MOTHBAIMU, OOYYCHHUS W HAacTaBHUYECTBA. Bpems
paboThl BaxXTOBBIM METOJIOM HE JOJDKHO TIPEBBIMIaTh 12 4YacoB B CYTKH, a

NpOAOJIKUTCIBHOCTE OTAbIXa MCKIAY CMCHAMM C YYCTOM IICPCPLIBA Ha 066,)1 HE
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MoOkeT ObITh MeHee 12 yacoB. Hambomnee pacmpocTpaHEHHBIH TpynoBOM rpaduk —

«15 Ha 15», mpu koTOpOM paboTHHK 15 aHEl padortaeT, a 15 qHeit otapixaet [39].

4.5.2 OpranuzaniioHHbIe MEPONIPUATHS IPU KOMIIOHOBKe padoyeii 30HbI

uccjaeaoBaresis.

KoMnonoBka B 1eJOoM J0DKHA OOecrednBaTh MUHUMYM TEPEIBHUKCHUN
yelioBeka B pabouell 30He MPU MaKCUMaJIbHOW BO3MOXKHOCTHM BHM3yaJIbHOTO W
CIIyXOBOTO KOHTpoJIs [39].

KomnonoBka  momkHa  oOecreynBaTh  MaKCHMAaJIbHYIO  BO3MOXKHOCTD
CUHXPOHHOTO KOHTPOJIS MIPOIECCa U BHITIOJHEHUS TPYIOBBIX ONEpalfii- 0coOEHHO Ha
ypoBHe 30H TE wu TK. Heo6xomumo, 4ToOBl MOXHO ObLIO, HaOmomas 3a
unaukaropamu KUIICA, ynpaBisTs apMaTypoii, 3arpykaTh ChIpbE, OTOMPATh MPOOBI
u 1.1. [39].

HeoOxoaumo panuoHaIbHO COYeTaTh IMOCTynarelbHble ((DpOHTAIBHBIE) U
MOCTYIAaTeIbHO-BpalllaTeIbHbIe (10 Iyre WIK JOMAHOW JIMHUM) MEepPEMEIICHUs, YTO
3HAYHUTENBHO coKpamaet Bpems nevicteus BJI [39].

Hopwmanbhblii peskxuM paboThl HY>KHO CTPOUTH 10 cpeaHel nHHOPMAIIMOHHON U
dbusudeckoit Harpyske B nipeaenax (ot 20 g0 50)% ot Mmakcumyma.

To ecTh, 1151 KaXXI0TO pabovyero mMecra:

1. CxopocTts Bocnipusatus uadopmanuu (ot 8 g0 20) 6ut/c [(oT 1 10 2,5) 6/c];

2. ®uznueckas Harpyska a0 400 kJx/4.

MakcumainbHas uHdopmanronnas Harpyska — (ot 30 no 40) 6ut/c
[(oT 4 mo 5) O/c]; mocKOIbKY H30BITOUHYIO HHGOPMAIMIO YEIOBEK MPOCTO HE
BocripumeT. Munukatopsr  KMIICA  kak 1npu  pydHoM, Tak U IpH
aBTOMATU3UPOBAHHOM VIPABJICHUH TPOILIECCOM HYXHO pa3MelniaTh B CEKTOpE
HOpPMAaJbHOTO 0030pa ¢ y4€TOM TOT0, YTO HAOIIOCHUE MPOU3BOAUTCS C PACCTOSHUS
(ot 1 10 4) M ot ipudopos [39].

[Ipu sTOM Hambosiee Ba)kKHbIE MPUOOPHI PA3MENMIAIOTCS B IIEHTPAIBHOM, a

OCTaJIbHbIE B Nepu(epuitHOM CEKTOpE 3pEHUsI — PUCYHOK 4. 2.
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YemoBek

1500...1600

Mt

Wupukatopsr KUTICA

Pucynox 4.2 — KomnoHnoBka paboueii 30HbI

Opranbl py4HOTO yYIpaBJICHUS MPOIIECCOM (apMaTypa, pbluaru, MeXaHU4eCKue

MCPCKIIIOYIATCIIN, ITYCKOBAsA

AJIEKTpoarapaTypa)

clIeryeT

pa3sMeCIaTb

B

COOTBETCTBHUM C YAOOHBIM MOJIOKEHUEM PYK (PUCYHOK 4.2): Ha ypoBHE mosica — (OT

1000 mo 1200) mm; min Ha ypoBHe rojioBbl — (o1 1600 10 1900) mm [39].

CKJIaJIpIBaeTCs U3 BpeMeHu peakuuu BP u Bpemenn nericreus B/l, B npenenax:

T=BP+B/I<IMuH.

CUTyalusx. HY)I(HO OTMCTHUTD,

OO011ast KOMITIOHOBKA JIOJKHA 00eCrieYrBaTh HEOOXOAMMOE BpEMs yIIpaBJIeHUs,

9TO0 MOM00HBIE TpeOOoBaHMUS,

DOTO BBITEKAET W3 YCIOBUM ONEPATUBHOCTH JEUCTBUUA B aBapUUHBIX

X0Td MW HCIBHO

chopMyaupoBaHHbIE, coaepxkaTcs B “KOHBEHIIMM MO BaIUAALMHA YCTAHOBOK  MPaBUII
GMP [39].
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STATIC ELECTRICITY AS APOTENTIAL IGNITION SOURCE AT
FUELING FACILITIES

Introduction

The Petroleum Equipment Institute (PEI) has initiated an effort to educate the
public regarding the potential ignition hazards associated with static electrical
discharges during fueling operations.

This article will include the following topics:
1. Potential hazards due to flammable vapor generation during gasoline refueling.
Potential static electric ignition hazards for petroleum service workers.
What is static electricity.
How static electricity can act as an ignition source.
Minimizing the potential for ignitions due to static electricity.
Handling fuel safely.

The emergence of static electricity in road tankers.

©© N o O Bk~ W N

The impact of road tires on the occurrence of static electricity.

1.Potential Hazards Due to Flammable VVapor Generation during Gasoline

Refueling

Most of us are aware that gasoline is a flammable liquid that generates vapors
that are easily ignited when exposed to an ignition source. But, because we are
routinely exposed to gasoline, we don’t think about the flammable nature of gasoline
as much as we should or take the ignition risks of gasoline as seriously as we
should. Also, most of us do not consider the fact that the same static charge that

caused us discomfort as we reached for a door knob or light switch after crossing a
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carpeted room can be a source of ignition. The way that static electricity accumulates
and discharges and how that discharge can act as a potential source of ignition for a
flammable atmosphere is not only important for the petroleum service worker to
understand, it is important for everyone who refuels their own vehicle to understand.

When we put fuel into the tank of a vehicle or gas can, the vapors within that
tank or gas can are displaced by the fuel that is pumped into the tank. In this way, the
air space immediately surrounding the nozzle through which the fuel is dispensed
into the tank can be within the flammable range for gasoline. Additionally, many
motorists “top off” their fuel tanks when refueling. Topping off fuel tanks can lead to
retention of a small amount of fuel in the dispensing nozzle and to overfilling of the
vehicle fuel tank. A source of ignition in close proximity to gasoline vapors present
for these and other reasons at gasoline fueling facilities can result in a fire.

Since flammable vapors are likely to be present during refueling activities, it is
important to eliminate sources of ignition from areas where these flammable vapors
can accumulate. Potential sources of ignition that can be commonly observed around
gasoline fueling facilities include: idling engines, cellular phones and other

unprotected electronic equipment, smoking and static electricity.

2.Potential Static Electric Ignition Hazards for Petroleum Service Workers

Two of the most common static electric ignition hazards that occur during
petroleum service work are due to product transfer and ventilation. The accumulation
of static charges on personnel is also a potential problem.

When gasoline travels through pipes and hoses, a static charge may be
formed. Static electricity results from the separation of like and unlike bodies. When
liquid flows, charging occurs because absorbed ions are separated from free ions that
are carried into the body of the liquid by turbulence. Metallic and fiberglass piping
(those materials common in the petroleum industry) that is in contact with the soil
will allow any charge to dissipate into the ground before an amount of energy

significant enough to act as an ignition source is formed. The primary containment
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piping (inner pipe) of secondary containment piping systems can be grounded by
wrapping copper wire around the primary pipe and leading the wire through designed
orifices in the secondary piping to grounding rods. Transfer of product from one tank
to another or to a container can cause a static charge due to the flow of the product
through the transfer lines, impingement of the product on the walls of the container to
which the product is being transferred and the settling of sludge and rust particles
within the receiving tank. These transfer lines are often connected to tank openings
that are dielectrically separate from the storage tank. Therefore, even if the tank is
well grounded (and some are not), the transfer lines and pump may be subject to the
accumulation of a static charge. All transfer lines, pumps and the receiving container
must be bonded to a common ground to eliminate the potential for static
accumulation and discharge.

One accepted method for making a container safe to work on or in is
ventilating the container (i.e. a tank) with air to remove the flammable vapors from
within that container. Air traveling through the ventilation device will not itself
cause the accumulation of a static charge, but the vapors and particulates in the air
will. These vapors and particulates can include dust, dirt, water vapor (humidity) and
the petroleum vapors. Therefore, it is safe to assume that static accumulation will
result if the air ventilation system in use is not bonded to an appropriate ground.

Petroleum service personnel may act as accumulators of static charges. In the
same way that one can accumulate a static charge that is discharged to a door knob or
another person, one can accumulate a static charge that will discharge to an
oppositely charged conductor on a work site. If that discharge occurs in an
atmosphere that is within the flammable limits for the product stored on site and has
sufficient ignition energy, a fire or explosion can occur. Work uniforms made from
cotton that is treated to reduce its ability to accumulate a static charge and gloves and
footwear made from static dissipating materials are common safeguards employed by
petroleum workers. In more sensitive environments, special static suits and wrist or

boot stats are available.
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3.What Is Static Electricity

Electricity can move freely over the surface of a conductor such as copper, but
can flow through or over the surface of non-conductors (insulators) only with great
difficulty or not at all. Examples of insulators are air, rubber and glass. When
electricity is present on the surface of an insulator and it is prevented from flowing
onto another surface (isolated by another non-conductor) or when electricity is
present on a conductor that is in contact only with non-conducting materials, it is
called static electricity and that material or body is “charged”. This charge can be
either negative or positive.

All materials are comprised of atoms. These atoms are composed of electrons,
protons and neutrons. The electron is a negatively charged particle and the proton is
a positively charged particle (neutrons have no charge). In a neutral or unchanged
material, electrons are present in equal numbers and their charges cancel one
another. When an event separates some of the electrons from one surface and they
are transferred to another surface, the surface from which the electrons were removed
has a positive charge and the surface to which the electrons were transferred is
negatively charged. An excess or deficiency of as few as 10 electrons for every
million atoms will cause a surface to be considered very strongly charged.

Perhaps you remember this phrase from school, “For every force, there is an
equal and opposite force.” This is exactly true for static charges as well. Static
electricity is not generated it is made free. Somewhere, there is an exact opposite
charge. Like charges will repel one another as do the like poles of a magnet and
opposite charges will attract one another.

When two conductors are isolated from each other by a dielectric union or
dielectric bushing, the ability of the conductor to accumulate a charge is
increased. Unlike a spark from an insulating material that will only release a charge
from a small area, all of the static energy accumulated on a conducting material can

release in a single spark. Thus, releases of static charges from conducting materials
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can be significant as the ability of a spark to produce ignition is largely governed by

its energy, which will be some fraction of the total energy that is stored.

4.Static Electricity as an Ignition Source

In order for the release of static electricity to pose an ignition hazard, four
elements need to be present:

1. Some mechanism must be in place that is effectively causing the accumulation
of static electricity,

2. The material(s) or place(s) where the static is accumulating need to be
effectively insulated from any ground or bond to a grounded system allowing
the charged body(s) to maintain a difference in electrical potential,

3. The discharged electrical spark must be of adequate ignition energy, and

4. The spark must occur in an atmosphere containing a fuel source within that
materials flammable range.

Some mechanisms that can effectively generate static electricity include:

1) Mixing, agitating, pouring, filtering, pumping or simply the flow of a
flammable or combustible liquid through a pipe,

2) Spray finishing with paints, lacquers and varnishes,

3) Steam cleaning,

4) Abrasive blasting operations,

5) Ventilating equipment (moisture and particulates in the air),

6) Removal of outer garments, and

7) Wearing non-conductive footwear while walking on floor coverings

An example of effective isolation would be an above ground storage tank set
on a concrete pad. The concrete pad insulates the tank from the ground allowing the

tank to accumulate static charges while being ventilated or filled.
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Adequate ignition energy simply means that the spark that is produced has to
provide enough energy to ignite the fuel in the atmosphere. For example, a match
may have enough energy to ignite small twigs, but the ignition energy from a single
match will be insufficient to start a large log on fire. Acetylene and hydrogen require
very little energy to ignite. The necessary ignition energy fro propane or methane is
somewhat higher. Combustible dusts and ignitable fibers require significantly more
energy to ignite than do vapors and gases.

The spark must also occur in an atmosphere that is within the flammable range
of the fuel present and that contains enough oxygen to support combustion. For
example, the flammable range for gasoline is generally accepted to be between 1.4%
and 7.8% in air. When oxygen levels are less than 10% (normal oxygen in air is
about 20.9%), even gasoline vapor concentrations within the above flammable range
cannot be ignited. Therefore, in an atmosphere containing gasoline vapors, the
electrical spark can only result in ignition in atmospheres containing more than 10%
oxygen and where the concentration of gasoline vapors in the atmosphere is between
1.4% and 7.8% (not taking into account oxygen enriched atmospheres where smaller
or greater gasoline vapor concentrations may be ignited).

When all of the above conditions are met, and the differential in electrical
energy becomes great enough or an electrically charged body is brought close to a
grounded or oppositely charged conductor (creating a spark gap), an arcing occurs

and the (once) static charge becomes a source of ignition.

5.Minimizing the Potential for Ignitions Due to Static Electricity

Bonding/grounding is an effective method for reducing the potential for
accumulation of electrostatic charges and, thus, the potential for the discharge of
static charges that could result in a fire or explosion.

Bonding is the use of a conductive link (such as a wire) to connect one
conductor to another. This equalizes the electrical charge between the two

conductors by providing a conductive pathway. Since the charge between the two
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conductors is equal, any additional charge applied to the bonded components will
distribute over the entire bonded system. Since the electrical charge will follow the
path of least resistance (the conductive link), there is little likelihood of a static
discharge across an insulated pathway (spark) that could result in ignition.

Grounding is a specific type of bond that provides a conductive link from a
conductive object to the ground. Because a bonded system can eventually build a
significant charge that can be passed to a transient conductor (i.e. tools and
personnel) or which will eventually be capable of bridging larger gaps between the
bonded system and conductors outside the bonded system, bonded systems should
always include a ground. In this way, rather than accumulate on the bonded system,
charges dissipate by flowing to the ground.

Other methods for controlling static discharges include the use of static suits,
static guard treatments for work uniforms, and boots and gloves made from static

dissipating materials.

6.Handling Fuel Safely

The following are some basic safety procedures when refueling:
1) Never use matches or lighters or smoke while refueling
2) Do not leave your vehicle running during refueling
3) Do not “top off” your fuel tank
4) Do not get back in your vehicle while refueling
5) Keep electrical equipment away from areas where flammable vapors are likely
to be present.
6) Never place fuel into unapproved containers
7) Always place gas cans in contact with the ground and assure that the dispenser

nozzle is in contact with the container

Matches, lighters and smoking are potential sources of ignition that should

never be allowed around a flammable fuel source. The law requires that smoking not
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be permitted within 25 feet of a no smoking sign. Idling vehicles can also be a source
of ignition.

“Topping off” your tank is a potential hazard due to the possibility of causing a
small fuel spill. Even a very small amount of spilled gasoline presents a very real fire
hazard. When fueling from locations equipped with stage Il vapor recovery, even
larger spills may occur when the nozzle is removed. “Topping off” of fuel tanks can
lead to retention of small amounts of fuel within the nozzle (the nozzle will drip fuel
upon removal from the dispenser). The retained fuel can vaporize, creating a
potentially flammable atmosphere at the dispenser. In such instances, an electrostatic
discharge when reaching for the nozzle could result in ignition of the vapors present
at the dispenser.

It is never a good idea to reenter one’s vehicle while refueling. The rubbing of
clothing against the vehicle seat is a potential source of electrostatic
accumulation. Flammable vapors displaced from the vehicle fuel tank during
refueling can cause the atmosphere immediately adjacent to the nozzle to be within
the flammable range. Under such circumstances, a person wearing non-conductive
footwear could cause an electrostatic discharge when reaching for the nozzle. This
electrostatic discharge could result in ignition. Because the car and the nozzle are a
bonded system due to the contact of the nozzle to the stem of the gas tank, it is
important to equalize the electrostatic charge of one’s body to that of the bonded
system prior to touching the nozzle. In other words, if you cannot avoid getting back
in your vehicle during refueling, touch a metal component of the vehicle prior to
reaching for the nozzle.

Not all containers are made from materials that are static dissipating (materials
that will allow an electrical charge to flow off of them). Approved gas cans are made
from static dissipating materials. The electrostatic energy that can be available due to
the flow of the gasoline through the dispensing hose and the impingement of the
gasoline on the walls of the container is a potential source of ignition. By keeping the
nozzle in contact with an approved container, an electrical bond is created between

the nozzle and the container. By placing the container on the ground, the bonded
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system is also bonded to the ground. Thus, any electrostatic energy flows off the
bonded system to the ground rather than accumulating and forming a potential source

of ignition for the vapors displaced from the container during filling.

7. The emergence of static electricity in road tankers

Road tankers have volumes less than 50m3. A typical volume is 7,000 gallons
(26 m3), corresponding to a cylinder roughly 5.4 ft. diameter by 42 ft. long. Single
compartment tanks have a typical L/D ratio of about 7.8, although
multicompartmented tanks have much smaller individual L/D ratios. More than 60
static ignition incidents were cited in a 1967 API survey, of which roughly 90%
involved a static discharge within the truck compartment as a result of charge carried
by the oil during loading. The analysis is based on a model that assumes that liquids
are sufficiently well-stirred to give uniform bulk charge density inside the tank and
that a surface potential of at least 60 kV is needed for ignition in the presence of an
ideal electrode. Brush discharges are produced above 20-25 KkV. Unless such
discharges are seen as a tolerable risk the charge density thresholds should be 2-3
times smaller than those adopted in the analysis. The tanker should be inspected for
ungrounded components or foreign objects, and bonding components such as clips
should be periodically examined. Bonding and grounding should be in place prior to
starting operations; for example bonding of a dip pipe to the tank shell should be
done before inserting the dip pipe in the tank. The use of alarmed or interlocked
ground indicators can be used to ensure bonding is in place. Hatches should be closed
on tank compartments except those that need to be open, and operators should be kept
off trucks during loading. However, even with proper bonding and grounding in
place, excessive charge densities entering the truck may cause brush discharges from
the liquid surface.

Microfilters should be grounded and placed a minimum distance upstream
corresponding to three relaxation times of the liquid at maximum loading rate (Figure

1). This typically requires at least 30 s residence time in the line between filter and
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tanker for nonconductive liquids although the required residence time is negligible
for conductive liquids in conductive pipe or hose. For semiconductive liquids having
conductivities in the range 1000-5000 pS/m, static problems have been experienced
in cases where nonconductive hoses or end-of-line polishing filters have been used,;
such problems are easily corrected since only about 0.3 s residence time in
conductive pipe or hose is required to provide three relaxation times. For
semiconductive liquids of lower conductivity (100-1000 pS/m) the required
residence time for filter placement may need to be increased to 3 s. Avoidance of
excessive flow rates should be ensured either procedurally or, preferably, by system
design. For two-phase systems such as a hydrocarbon containing undissolved water.
For road tankers with nonconductive coatings or linings the possibility of static
accumulation on the inner surface causing pinhole damage or even a PBD should be

considered. However, no case history of a PBD is available for lined liquid tanks.

o= charge to tanker
5‘ depends on type
£ and diameter of
m .
f;f” pipe or hose
=
(3] ..

safe ' . o

>

relaxation volume to tanker
in metal pipe or
tank

- storage
_—————

pump

Figure 1.— Schematic charge density variation in tanker loading circuit
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1. Top Filling. Splash filling with attendant production of charged mist and
foam should be avoided using a dip pipe. To minimize splashing a slow start (less
than 1 m/s) should be employed for nonconductive liquids until the fill pipe outlet is
covered to a depth of either two pipe diameters or 6 in. of liquid, whichever is larger.
A slow start should be considered for semiconductive liquids where partial insertion
of the fill pipe cannot be ruled out, especially where a tee or thrust neutralizer is used.
Transition from slow start to normal pumping rate might be achieved automatically
using a special loading regulator tip, which shifts rate when submerged to a
prescribed depth. The product of flow velocity and inside diameter of the filling pipe
may then be increased to vd £ 0.38m2/s for pure liquids such as toluene, whose vapor
will normally be in the flammable range throughout filling. In within a factor of about
+3, a vd product of 0.38m2/s yields a charging current of 1.4 mA in long pipe. This
same velocity—diameter product should be used for switch loading operations except
where the liquid being loaded has an unusually large relaxation time such as some
viscous nonconductive liquids. Unless antistatic additives can be used to decrease the
relaxation times of these liquids, switch loading should be done only under inerted
conditions. In no case should the flow velocity exceed 23 ft./s (7 m/s). A wait period
of at least 5 min should be observed before removing the dip pipe and no sampling or
gauging should be performed for at least 10 min after cessation of flow. However,
sampling via a sample well or “gauge well” can be done at any time.

Note 1. When loading volatile products such as gasoline, whose vapor
concentration can be shown to rapidly exceed the upper flammable limit during tank
filling, the velocity—diameter product may be increased to 0.50 m2/s. This is
consistent with API RP2003. Similarly, shorter wait periods of 1-2 min can be used.

Note 2. A fixed dip pipe avoids possible hazards of partial dip pipe insertion.

Note 3. Concerning the adequacy of recommended vd products, there have
been no realistic studies using pure liquids at temperatures producing their most

easily ignitable vapor concentrations, for example toluene at 26°C. As discussed in
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5-4 and elsewhere, recommended tank filling criteria combine theoretical modeling
with limited experimental studies, augmented by loss statistics available to those
formulating the criteria. Static discharges are most likely to occur when tanks are
30-50% full, at which point vapor from petroleum distillates such as gasoline will
normally be too rich to burn. When considering the statistics of tank truck fires, pure
liquids should always be considered separately because switch loading is always less
hazardous than loading a pure liquid at a temperature corresponding to the most
easily ignitable vapor concentration.

2. Bottom Connection Filling. The bottom loading inlet “footvalve” should be
designed with appropriate deflectors such as caps to direct incoming liquid sideways
toward the tank walls rather than upward, which will create spraying and mist
production. The practical effect of an upward-directed jet may be to increase the
charge density at the liquid surface by directing unrelaxed liquid there and possibly
encouraging static discharges. The recommended maximum velocity diameter
product is 0.38 m2/s and, owing to the absence of the grounded dip pipe, the value
adopted should theoretically be about 25% smaller than would be used for top filling
the same container through a centrally located dip pipe.

3. Combustible Liquids. Bonding and grounding should be considered for
Class Il and Class I11 liquids loaded at racks even where no Class | flammable liquids
are handled. If switch loading is a possibility the vapor space of a tanker and
connected tank may be flammable even if the liquid transferred has a high flash point.
Also, unless measures are taken to prevent splashing and attendant production of
foam and mist, a flammable atmosphere may be produced irrespective of flash point.

4. Closed Connection Transfers. A closed connection is where a hose is
connected before start of flow and valved off before connection is broken. Hence
there is normally no flammable atmosphere created external to the tanker or hose.
Where vehicles are loaded or unloaded through closed connections a static hazard
may exist if the tanker is drained of a nonconductive liquid, since as air is sucked in,
a flammable vapor—air mixture may be created in a hose previously charged by liquid

flow. Also, the potential for leaks and spills always exists for hose transfers. It is
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therefore recommended that the tanker be grounded and that nonconductive hose not
be used for Class I liquids.

5. Highway Transport. As noted in APl RP2003, road tankers normally create
no static hazard during transport provided they are either full, compartmented or
contain baffles. This minimizes sloshing of the liquid in the tanker due to changes in
acceleration, which might result in charge accumulation. Nonconductive liquid fires
in partly filled, unbaffled tankers have been reported, although instances are very
rare. Unbaffled, single compartment tankers used for nonconductive liquids capable
of generating flammable atmospheres should preferably employ tanks that are full or
have small outage. While API RP2003 limits this restriction to intermediate vapor
pressure products, consideration should be given to possible mist ignition and other
factors that might reduce the assumed flash point of combustible liquids such as

kerosene.

8.The impact of road tires on the occurrence of static electricity

Large potentials up to about 100 kV can accumulate on moving trucks due to
contact-separation of tires with the pavement. On stopping, charge drains rapidly
through the tires to ground and potentials typically decrease to a nonhazardous level
in about 10 s. There is negligible practical hazard from charging via carbon-loaded
road tires and for this reason the requirement for drag chains was deleted from NFPA
385 in 1953. This concern is entirely separate from charging during liquid transfer,

which requires bonding and grounding.
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[MTPMJIOXKEHUE b

VY nenpHoe 00beMHOE JIEKTPUYECKOE COMPOTUBIIEHUE PL (B OM'M) PE3UH Ha OCHOBE

Pa3IMYHbIX KaYYYKOB IIpHY HAIIOJJHCHHUH HUX aHCTHHeHOBOﬁ caxen

Coneprkanue caxxu B pe3nHoBoM cMmecu (Bec. 4. Ha 100 Bec. 4. kayuyka)

T aytyka 0 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Kayuyk HaTypaabHbII 4-10* 16,1 3,2 /091,040 0,21| 0,16 | 0,21 | 0,07 | 0,04
Byramuenossiit CKJl 1-10% | 11,2 | 20 061|032 0,22| 0,13 0,10 | 0,07 | 0,04
byragueH-HUTpUIBHBIN
CKH-18 7,5-10% | 1,8-10° | 107,21 32,0 | 3,35 | 0,44 | 0,29 | 0,17 | 0,10 | 0,05
CKH-26 2,3-10° | 1,5-10° | 92,4 | 44 /0,82 0,32/ 0,24 | 0,14 0,10 | 0,06
CKH-26M 1,0-10° | 7,8-10* | 10,2 | 1,8 | 0,51 /0,28 | 0,18 | 0,10 | 0,07 | 0,05
CKH-40 1,5-10" | 5,1-10° | 59,7 | 2,9 | 0,61 |0,25| 0,12 0,10 | 0,07 | 0,05
ByTHIIKaydyK 2,010 | 980 | 35 |0,87|0,39 0,21 0,13 | 0,10 | 0,07 | 0,04
Wsonpenossiii CKU-3 3-10% | 59 | 1,1 054|025 0,20 0,11 |0,09 0,06 0,03
KomOunanus
CKH-3+CKJ1(50:50) 1,5-10%| 35 | 095 048 0,21 0,18 0,09 0,08 0,05 0,03
®roprayayk CK®D-26 6,410 | 1,86 | 0,40 | 0,16 | 0,06 |0,03| 0,02 0,02 - -
Xroponperossiii  mamput, 3,9-10° | 4,5-10* | 10,4 | 1,5 | 0,50 0,23 | 0,16 | 0,10 | 0,06 | 0,04
A

[Tpumeuanus: 1. DnexTpuyeckoe COMpOTHBICHHWE (B OM'M) pe3uH ¢ puv > 104

m3mepsiocs no ['OCT  6433-65;

mpu pv < 104 wu3MepeHue MNPOBOJUIOCH

noTeHoMerpudeckum crnocodbom (meronuka MUTXT um. M.B. Jlomonocosa).

2. YaenpbHO€ OOBEMHOE IJIEKTPUYECKOE COMpOTHUBIICHHE pe3uH ¢ caxeit [IM-100

uMeeT BeauduHy B 5-10 pa3 Oo/bIIyI0 TTO CPAaBHEHUIO ¢ pPe3MHAMU, HAMOJHEHHBIMU

alleTUJICHOBOM Ca)Keil.

H3yyenue xonmponss oOveMHOU NAMHOCMU 3apA0a NpU MOBAPHO-MPAHCNOPINHBIX
onevauusx
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[TPMJIOKEHHME B

Hpez[eano AOITYCTUMBIC ITOBCPXHOCTHBIC ITOTCHIIHAJIBI AJISI HCKOTOPBIX

JAUIJICKTPUICCKUX X(HHKOCTeﬁ

[TpenensHO AOMYCTUMBIH MOTEHIIUAI (KB) MIPH HAIWYHH HAJT

MOBEPXHOCTHIO KUIAKOCTH
HaumeHnoBanue xukocTen

BOJIOPO/1A, alleTOHA MJIM NApOB | IPYTUX FOPIOYHX MapOB U

cepoyriepoja ra3oB
bensun A-76 35 6,2
bensun b-95 45 8,1
Benson 4,9 8,8
ByTmi6en3on 2,5 5,0
N3onponumnbdenson 3,9 7,0
Kcwon 4.6 8,3
MesutuieH 34 6,0
o-MeTHICTHPOI 3,7 6,6
Crupon 3,3 59
Tonyon 4.7 8,4
Tommuso T-1 2,4 4.4
Tomnuso TC-1 3,4 6,0
Vaiir-ciuput 4,0 7,1
[{ukmorexcan 55 9,8
YeThIpeXXJIOPUCTHIH yIiIepoy 3,6 6,4
OTUIOEH30T 5,2 9,3

[Ipumeuanue. JlaHHble, MPUBEICHHBIE B TPEThEM CTOJIOIE TaOJIMIIbI, COOTBETCTBYIOT

MUHUMAaJIbHOM OHCPIUKU BOCINIAMCHCHHUA CPCAbl HaAd ITOBCPXHOCTBIO KHMAKOCTH HC

amxke 0,1 Mmk.

H3zyuenue xonmpoass o0veMHOU HNAMHOCMU 3apsA0d HpU MOBAPHO-MPAHCHOPINHBIX
onepauusax
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