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CryneHt
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Inanupyemoie pezyniomamol 00yuenHus Macucmpanmos

Pe3ysbTaTnl 00y4enust

TpeooBanuss ®I'OC,
KpHUTepHeB W/Hin
3aMHTEPEeCOBAHHBIX CTOPOH

2

3

HpI/IMeHHTb CCTCCTBCHHOHAYYHBIC, MAaTCMATUYCCKHC,

TYMaHUTapHbIE, HKOHOMHYECKHE, WH)KCHEPHBIC,
TEXHUUYECKUE U TIIyOOKHe TPOPEeCCHOHATBHBIC 3HAHUS B
0071acT COBPEMEHHBIX He(TEera30BbIX TEXHOJOTHHA IS
PEIICHUST NPUKTIAOHBIX MENCOUCYUNTUHAPHBIX 3a0a4 W
UHIICEHEPHBIX NpOoOIeM, COOTBETCTBYIOIINX TPOQUITIO

TIOATOTOBKH (B HE(DTETA30BOM CEKTOPE IKOHOMHKH )

OK-1; OK-2; OK-3,
OIIK-1; OIIK-2; OIIK-4,
OIIK-5; OIIK-6; OIIK-7,
OIIK-8, IIK-1; TIK-2Z;
I1K-3; IIK-4; IIK-6; IIK-
7; TIK-9; T1K-10; I1K-11;
IIK-14; TIK-16; IIK-17,
IIK-19; TIK-20; IIK-21,
I1K-23

P2

HJ'IaHI/IPOBaTL nu IIPOBOAWTDH AHAJIMTUYCCKUC u
OKCIICPUMCHTAJIbHBIC uccneooséarss ¢ UCHOIL30BaHUEM
HOBEHIIINX I[OCTI/I)KGHI/Iﬁ HAayKhl HW TCXHUKH, YMCTb
KPUTUYCCKHU OLCHUBATL PE3YJIbTAThl U ACJIIATh BbLIBOIBI,
MOJIYUYCHHBIC B CJIOMCHbIX U H€0}’lp€a€ﬂéHHblx YCIIOBUAX,
HCIIOJIL30BAaTh npuHyUnsl u306pemamefzbcm6a, npaesoevle

OCHOBbI-6 0bacmu uHme/meKmya/szoﬁ cobcmeenHocmu

OK-1; OK-2; OIIK-2,
OIIK-4; OIIK-6; IIK-1,
[1K-2; IIK-3; IIK-4; TIK-
5; TIK-6; IIK-7; TIK-8;
IIK-9; IIK-10; TIIK-11,
IIK-14; TIK-15; TIK-17,
IK-18; TIK-19; TIK-20;
ITK-22; ITK-23

P3

[TposiBnsATE  PO(ECCUOHATIBHYIO  0C8€00MIEHHOCHb O

nepeoosvlx  3HAHUAX U OMKpulmusX B  00JAcTH
HE(TEra3oBbIX TEXHOJIIOTHM C YYETOM Neped08ozo
OmeyecmeeHHo020 U 3apyoedxCcHo20 ONbITa; UCIONb30BATh
UHHOBAYUOHHBLIL NOOX00 TIPH Pa3pabOTKe HOBBIX HJIEH U
METOJIOB MpoeKmuposarusi OOBEKTOB HE(PTEra30BOro
KOMIUIEKCA ISl peuteHus UHHCEHEPHLIX 3a0ad pa3eumusl
He(PTEera3oBbIX  TEXHOJOTWH,  MoOepnuzayuu U

ycoeepuiencmeosanus HeTera30Boro Mponu3BOICTBA.

OK-1; OK-2; OIIK-1;
OIIK-2; OIIK-3; OIIK-6;
OIIK-7, OIIK-8, TIK-1,
I1K-2; TIK-3; I1K-4; T1IK-
5; TIK-6; TIK-7; IIK-8;
IIK-9; TIK-11; IIK-13;
I1K-14; TIK-15; TIK-18;
IIK-20;I1K-21; TIK-22;
I1K-23

P4

Bueopsimv,  sxcnayamupoeamv U 00CIYHCUBAMD
COBpeMeHHble MAWUHbL U MEXAHU3MbL TUTS peaTn3allum
TEXHOJIOTUIECKUX TIPOIIeCCOB HedTerazoBoil 00acTy,
obecrieunBaTh ~ UX  6bICOKVIO  9pghekmusHocmy,
COOMIOIAaTh TPaBUIIA OXPAHbL 300P06bsL U 6E30NaACHOCIU
mpyoa,  BBIIONHATH  TpeOOBaHHWA MO  3awume

OKpYdfcaroujelt cpeobi.

OK-2; OIIK-1; OIIK-2;
OIIK-7, OIIK-8, IIK-1,
I1K-3; IIK-6; I1K-9; IIK-
10; IIK-11; IIK-14; IIK-
16; IIK-17; IIK-18; IIK-
19; TIK-21; I1IK-22;




TpeooBanust PI'OC,
KpUTepHeB W/ Win

Ne PesynbTaTnl 00yyenus
3aHHTEPECOBAHHBIX CTOPOH
1 2 3
BBICTpO OpUEHTHPOBATBECSI W BBIOMPATh ONMUMATIbHBIE OK-2;  OK-3; OIK-L;
peulenusi 8 MHO2OpAKMOPHBLIX —CUmMyayusx, BIAIETh OIIK-2; IIK-4; IIK-5;
PS5 | meromamu  u  cpenctBamu  mamemamuueckoeo | [IK-6;  TIK-7;  ITIK-8;
MOOeIUpOSaHUs.  TEXHOIOIMMeCKMX  mpoueccos  u | [IK-9; TIK-10; TIK-11;
00BEKTOB TIK-17; TIK-20;




TOMSK TOMCKHWH
POLYTECHNIC NONMNMTEXHNYECKUN
UNIVERSITY ININI yHVBEPCUTET

Munucrepcrso o0pazoBanusi U Hayku Poccuiickoii @enepanun
®denepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEXKICHUE
Bricuiero oopa3zoBanus
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

WMHCTUTYT OpUPOJIHBIX PECYPCOB

Hanpasnenue noarorosku (cnenuanbHocth) 21.04.01 «HedrerazoBoe geno»
[podunb «HanexxHOCTh ra30HEPTENPOBOAOB M XPAHUIIUIID)

Kadenpa Tpancnopra u xpanenust HeTu 1 rasa

YTBEPXIAIO:
N.0.3aB. Kadenpoit
Bbypkos I1.B.
(ITonnuce) (Hara) (®.1.0.)
3AJAHUE
Ha BbIno/iHeHHe BBINYCKHOM KBATH(PUKALNOHHON PadoThI
B dopwme:
Marucrepckoit ruccepTannu
CryzneHry:
I'pynna (04 (0]
2BM5b YpycremoBy Hyptiey Haz6onatosuuy
Tema paboThI:

((MOI[GJ'II/IpOBaHI/Ie TEXHOJIOTUI MEpCKAYKU He(I)TefI, HU3MCHAKOHMINX PCOJIOTHYCCKUC CBOMCTBA
MEpCKaAYNBACMBbIX Heq)TefI))

VYTBepxeHa PUKa30M JUpeKTopa (1ata, HoMep) Ot 26.04.2016 r. Ne3208/c
CpoK ciauu CTyIEHTOM BBIITOJHEHHOM paboThI: 19.05.2017r.
TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1anHbIe K padoTe
MO}_ICJ'H/IpOBaHI/Ie y4acCTKa HaCOCHOﬁ nepeKan/IBaromeﬁ

Haumenosanue 00vbeKma UCCIe006anUs UM NPOEKM 06AHUA, v
( P P craammu (HIIC) ¢ cucremoii monorpesa neru.

NPOU3EOOUMENbHOCHb — UIU  HASPY3KA,  PelCUM  pabomol
(HenpepbigHbILl, Nnepuooudeckull, yukiuveckut u m. /1.); 6uo CI)IpI)el BBICOKOBSI3Kast He(i)TB.

Colpba UnU Mamepuan usleius;  mpeboeanus K NpooyKmy, Bxo/iHbIe JaHHbBIC: Z[I/IaMeTp pr6BI Dy:100 MM., CKOPOCTb
u30enUIo U npoyeccy; ocobvle mpebosanus Kk 0cO6eHHOCMAM
dynyonuposanun (sxcnayamayuu) obvexma wn usdens ¢ | TCICHIA KHIKOCTH 5 M/c, BHEIIIHEE TEMIIEpATyPHOE TI0JIe
naane 6ezonacnocmu SKCHIyamayuu, GNUAHUSA Ha 50000, JJIMHBI O60Fp€Ba€MOF 0 ydacCTKa 3, S5u’ M.,
OKpYJHCaIoWyio  cpedy,  IHepO3aAmMpPamam;  IKOHOMUHECKULl

HavajbHas Temieparypa mnotoka 10°c .
anamz um. J1.).




Ilepevyens moaJieRaAMUX HCCIETOBAHUIO,
MPOEKTHPOBAHUIO u pa3paéoTke
BOINPOCOB

(aHarumuyeckuli 0030p nO AUMEPAMYPHLIM UCOYHUKAM C
Yenbio BbISICHEHUST QOCMUIICEHUN MUPOBOU HAYKU MEXHUKU 6
paccmampugaemotl obracmu; nocmanoska 3a0auu
UCCIe008aHusl, NPOeKMUpPOBaAHs, KOHCMPYUPOBAHUS,
cooepoicanue npoyedypsbl  UCCIe008AHUS, NPOEKMUPOBAHUS,
KOHCIPYUpOSAHUsl;, 00CYdcOeHue pe3yrbmamos GblnOIHEeHHOU
pabomvl;  HauUMeHOBaHUE OONOTHUMENLHBIX — PA30eNos,
noonesicawux paspabomxe, 3aKuoueHue no paéome).

BrimomHUTE 0030p CYIIECTBYIOIIUX CITOCOOOB BO3JICHCTBUS
Ha aHOMAJIBHO BSA3KHEC TeKy‘II/IC CpE€abI. PaCCMOTpeTB )51
NpOoaHAIM3UPOBATH MHAYKIIMOHHYIO HAarpe€BaTCJIbHYIO
CUCTCMY. HCCJ’IGHOB&TL KOMIIBIOTCPHYIO MOJCIIb IMI€peaaun
TEIUTa TIPHU HarpeBe TPyOOIpOoBOAa HHAYKIIHOHHON
HaneBaTeHLHOfI CUCTEMOU B MMpOrpaMMHOM IIaKETC Ansys
Fluent

ITepedyens rpauyeckoro MaTepuasa

(c moyYHBIM YKA3aHUeM 00513amenbHbIX Yepmediceli)

KoncyabTaHThI 110 pa3aeaM BbIIYCKHONH KBAJIM(PUKALUOHHOH PadoThl

(¢ ykazanuem pazoenos)

Pazgen

KoncyabTant

«DuHancoBbli  MeHemxkMeHT, | Lllapd W.B., k.3.H., 1o1eHT

pecypcodhHeKTHBHOCTD u
pecypcocOepekeHUE)

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

OTBCTCTBCHHOCTB»

Ha3Banusi pa3nesioB, KOTOpPble AOJLKHbI ObITH HANMCAHBI HA PYCCKOM M HMHOCTPAHHOM

A3bIKAX:

1 O630p nUTEpPaATYpHI

Jlata  BbIIaYM  3aJaHUsl Ha  BbINoJHeHHe  BbImyckHoii | 05.09.2016r

KBATH(PUKAIMOHHOM PadoThI 10 JUHEHHOMY rpaduky

3aganue BbIAAJ PYKOBOAUTEC/Ib:

JokHocTh [5(0] Yu4eHnas creneHb, Iloanucs Jlata
3BaHHe
[Tpodeccop Bypkos Ilerp Brnagumuposud | 1.1.H., pod. 05.09.2016
3aganue NPUHAJT K HCIOJHCHUI0 CTYAECHT:
I'pynna PUO Hoamucn Jara
2BMS5b Ypycremos Hyptiiey Haz6omatoBuy 05.09.2016




PE®EPAT

Brimycknas kBamudukannonsas padora 95 c., 10 puc., 12 ta6in., 38 ucrounnkos, 1 mpu.

KiroueBble €i10Ba: TpaHCIOPT HE(TH, PEOJIOTH, aHOMAJIbHAA HE(Th, BEICOKOBI3Kass HE(TH,
DIIEKTPOTEPMHUS, MHAVKIIHOHHBIE CHCTEMEL, ITIOJIOIPEB HEDTHU

OOBEKTOM HCCIeNOBaHUs SBISIETCS (FOTCS) TPYOONpPOBOJ JUIs TpaHcmopra HedTu mpu
HOBBILIEHHOUN TEMIIEPATYPE

[{enb paboThl — aHaNM3 BBICOKOAGh(HEKTUBHON WHAYKIIMOHHOW HArpeBaTEIbHONW CUCTEMBI KaK
CIoco0 TEmI0BOr0 BO3JICHCTBUS HA aHOMAJIbHO BSI3KHE TEKYYHE CpPebl MPU MX TPAHCIOPTUPOBKE
1o HedTenpoBogaM

B mponecce HUCCICAOBaHUA IIPOBOJIUINCH O630D CYIICCTBYIOIINX cIoco00B _ TEIJIOBOT'O
BO3JCHCTBUA HA aHOMAaJbHO BSI3KHME TEKYYHE CpEJbl, aHAJIW3 HMHIYKIMOHHOM HarpeBaTelIbHOM
CHUCTCMbI, BbLIIIOJHCHA KOMIIBIOTCpHAA MOACJIb ICpCaadyMr TCILJIa IIPpH HAarpeBe TDV6OHDOBOZ[EI
HHIYKIIMOHHON HarpeBaTeJIbHOM CHCTEMON B POTPAMMHOM ITaKETE AnSVS Fluent.

B PE3YIbTATC UCCICAOBAHMA ObLIa BEIITOJHEHA KOMIIBIOTEpHAA MOJACIIb NIEPCaAadn TCILIa ITpu

HarpeBae TDV6OHDOBOI[a MHIYKIIMOHHON HarpeBaTeJbHOM CHCTEMOM B MPOTrPaMMHOM ITaKETe AnSVS
Fluent, OpeaACTaBJICHbI PACUYCTHBIC 3aBHUCHUMOCTH TCMIICPATYPHI IIOTOKA OT JJIMHBI HAarp€BacmMoro
y4yacTka. Pe3ynbTaThl IOKA3LIBAKOT BBICOKYIO Bd)d)eKTI/IBHOCTB NPUMEHEHUS HMHAYKIIMOHHOM
HarpeBaTeIbHOM CHCTEMBI KaK crocod BO3JCHCTBHUS HA aHOMAJIbLHO BSI3KHE CPEOBI.

OCHOBHBIE KOHCTPYKTHBHBIE, TEXHOJIOTUUYECKUE U TEXHHUKO-IKCIUTyaTal[MOHHbIE
XapaKTePUCTUKHU. YYaCTOK MarucTpalbHOTrO HedTempoBoia ¢ MYHKTOM MojorpeBa HedTu s
TpaHcopTa HedTH C MOBBIIIEHHON TEMIIEPATYPOIl

Oo0acTh MPUMCHCHUA: OPOMBICJIOBBLIC, TEXHOJOTMYCCKHUC W MATUCTPAJIILHBIC TDV6OHDOBOI[I)I,
10 KOTOPBLIM TPAHCIOPTUPYETCS YIIIEBOAOPOIHOE ChIPhE B )KUJIKOM COCTOSHUM
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BBEJAEHUE

B Hacrosmee Bpems, BBHly aKTUBHOI'O pOCTa MOTPEOJIEHUS YTIIEBOJOPOAOB,
BO3HHMKAET HEOOXOIUMOCTh YBEIMYECHHSI 00beMOB A00buU. [loaTOMYy COBpeMeHHbIE
TEXHOJIOTUH JOOBIYM TPAHCHOPTA M XPAaHEHHs IOJDKHBI IMO3BOJATH padOTaTh HE
TOJIBKO C JIETKOM3BIIEKAEMBIMH, HO U TPYIHOU3BIECKAEMbIMU pPECYpCaMH, KOTOpHIE
CYILIIECTBEHHO OTJIMYAIOTCA JIPYT OT JApyra Mo (PU3nKo-XMMUYECKUMU CBOMCTBAMH.

K TpynHousBiekaeMbIM 3amacaM OTHOCST BBICOKOBSI3KHE M TsDKENble HE(DTH,
4TO TpeOyeT MPUMEHEHHUS JOMOTHUTENbHBIX PecypcodHEKTUBHBIX TEXHOJIOTHM IS
KAueCTBEHHOIO0 OOECIEeYeHUsl MpoLecca TPAHCIOPTa M XPAHEHHS C TpeOyeMbIM
00BEMOM NEPEKAYKN TPAHCIIOPTUPYEMOM CPEIBI.

Ha cerogusmuuii neHb TpyOONPOBOAHBIN TpaHCIOPT ObUI U OCTaeTCs
HaumOoJiee pPACHpPOCTPAHEHHBIM BHJIOM TpPAHCIOPTa HEPTH U HEPTENPOAYKTOB.
Haubonee cepbe3Hble W MacITaOHbIE TEXHOJOTHYECKUE OCIOKHEHHUS CBSI3aHBI C
TPAHCIIOPTOM BBICOKOBSI3KMX U 3aCThIBAIOUIMX He(TeH. YIIydullleHHe peoOTHYECKUX
XapaKTEPUCTUK HEPTH MOXKET ObITh JOCTUTHYTO PAa3JIMYHBIMU  CIIOCOOAMH:
IIPUMEHEHUEM [TOBEPXHOCTHO-AKTUBHBIX BEIIECTB, CMEIICHUEM C YIJIEBOJOPOIHBIMH
pa3z0aBUTENSAMU, JOOABICHUEM MOJIMMEPHBIX JT00ABOK, PA3IMUYHBIX JEMpPeccaTopoB U
pacTBopeHHOro rasa. OgHako HauOoJbllIee PACTPOCTPAHEHHE MOITYYHJI TPAHCIOPT
He(TU ¢ TpeaBapUTEIHLHBIM TOIOTPEBOM, BIiepBbie mnpesioxkeHHbiil B.I'. [1lyxoBbim.
JlanbHeilliee  pa3BUTHE  TEOPETUYECKUX  OCHOB  TEXHOJIOTMM  TpaHCIOpTa
BBICOKOBSI3KUX HedTel 1o TpyOonpoBoy ObuIo caenano B paborax B.U. YUepnukuna,
JI.C Jleitbenszona, B.C. SI0nonckoro. HayuHbIMU HCCIEIOBaHUSMHU 1O MpoOiieMam
TpyOONPOBOJHOTO TPAHCHOPTA BBICOKOBS3KUX KUAKOCTEM B pa3HOE BpeMs
3aHMMAJINCh MHOrue wuccienoBarenu. Cpeaw TpynoB, IOCBALIEHHBIX 3TOMY
HaIpaBJICHUIO, clieayeT 0co0o BbiaeauTh padotsl JI.C. AGpam3ona, H.A. I'appuc,

B.M. Arankuna, B.E. 'youna, P.H. bukuenras, A K. l'aisamosa, B.H. Jlertspesa,
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b.JI. KpuBomewuna, A.X. Mup3amxkanzane, B.®. HosocemnoBa, [0.A.
CkoBoponnukoBa, b.A. Tonkomkyposa, I[I.1. TyrynoBa, B.1. Xapnamenko, B.A
KOdwuna u np. [6].

Hear paGorbl —  aHamu3  BBICOKOA(M(EKTUBHON  MHAYKIIMOHHOMN
HarpeBaTeIbHOW CHUCTEMBI KaK CHOCOO TEIUIOBOIO BO3JEHCTBHUS HAa aHOMAlIbHO
BSA3KHE TEKy4YHe CPE/Ibl TP UX TPAHCHOPTHPOBKE MO He(PTEpoBOIaM.

3agaum:

— BrimonHuTe 0030p CyIIECTBYIONIUX CIOCOOOB TEIUIOBOTO BO3ICHCTBHS Ha
AHOMAJIbHO BA3KHUE TEKYYHE CPEMDI;

— Paccmotpers W mpoaHanM3MpOBaTh MHAYKLIMOHHYIO HarpeBaTelIbHYIO
CUCTEMY;

— HccnenoBaTe KOMITBIOTEPHYIO MOJENb NEpPEAauYd TeIUla IIPU Harpese
TpyOOINpoOBOAa MHIAYKIIMOHHOW HAarpeBaTelIbHOW CHUCTEMO B MPOTPAMMHOM TMaKeTe
Ansys Fluent.

Hay4yHasi HOBH3HA: HCIIOJB30BAaHWE WHIYKIMOHHBIX HAarpeBaTEIbHBIX
CUCTEM Ha He(]TernepeKkaunBaIOUIMX CTAHLUAX IMPU TPAHCIOPTE BBICOKOBSI3KUX
He(dTeH.

Bkiiag aBTOpa: Ha OCHOBE MCXOIHBIX JaHHBIX MMOCTPOECHA M MCCIEIOBaHA
KOMIBIOTEpPHAsi MOJENb INepeJaud TeIula MpH HarpeBe TpyOorpoBoja B
nporpaMMHOM Komiuiekce Ansys Fluent; moctpoenbl rpaduky 3aBUCHMOCTH
TEMIIepaTypbl MOTOKA OT JUIMHBI HAarpeBacMoro ydacTka M 3aBUCUMOCTH JJIMHBI
HarpeBaeMoro y4acTka OT MHWHUMAaJIbHOM TeMIEpATypbl IOTOKAa Ha BBIXOJE;
MPOU3BEJEH pacyeT SKOHOMUYECKON 3P(PEKTUBHOCTH UCIOJIb30BAHUS TEXHOJIOTUU
TpaHCIIOPTa C MOJOTPEBOM Ha BBIOPAHHBIX Y4YacTKax; ONpeAeSICHbl MEPONpPUITUS
0 OXpaHe TpyAa M O€30MACHOCTU JKCIUTyaTallMd IYHKTa MOJIOTrpeBa HE(TH,

OXpaHe OKPYKAIOILIEH CPEIbI.
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1 OB30P JIMTEPATYPbI
1.1 IOBBIYA BLICOKOBSI3KUX HE®TEM

Ceroaust paOOTHUKH HE(TSIHOM OTpaCIy BO BCEM MHUPE 03a00UEHBI HCTOIIEHUEM
TPaJAWIIMOHHBIX 3aMacoB YTJIEBOAOPOAOB. VCKIIFOUMTENbHONH Ba)XHOCTHIO OOJamacT
ata TeHaeHuus s Poccun. Dxcnopt HedTH cocrabmsietr 9% BBII cTpansl. 3a 2013
roJi Ha ’KcnopT ynuio 236,6 muH. TonH HedTH, onleHeHHbIe B 173669,6 MiIH J0JI.
CHIA (o ganubiMm @TC Poccuu u Poccrara). CroxuBIiascs CUTyalusl 3aCTaBIseT
oOpaTuTh BHUMaHUE Ha 3amachl aHOMaJIbHBIX He(TEH, B TOM YHCIIe U BHICOKOBSI3KHUX.
BricokoBsizkasi He(pTh CEroJHs paccMaTpuUBaeTCd B KayeCTBE OCHOBHOTO pe3epBa
MUPOBOH JOOBIYH.

K BBICOKOBSI3KMM MPUHATO OTHOCUTHL HedTH ¢ BsI3kocThio 30 mna-c wmm
35 mm?/c u Boiure mpu 20°C [10,15] 3amacs! Takux Hedreil B Poccun oneHHBaOTCS
npuMepHo B 6 MipA. ToHH, YTO SBJISIETCS TPETHUM MOKA3aTEJIEM B MUPE.

MecTopokIeHUsT BEICOKOBSI3KOM HE(PTH paccpeloTOUCHBI MPAKTUUECKHU 10 BCEH
TEPPUTOPUM CTpPaHbl. MecCTOpOXKeHUsI aHOMalbHBIX HedTel mo pernoHam Poccun

MIPUBECHO HA PUCYHKE 1.

B TiomeHcKan obnactb

B Pecny6nuka TaTtapcTaH

B PecnybnvkaYamypTua

B Camapckas obnacTb

B Nepmckas obnactb
Pecny6auKa balwKopTocTaH

Pecny6nunka Komu

ApxaHrenbcKkas obaacTb

Lpyrve pervoHbl

Pucynok 1 — MectopoxaeHus: aHoMallbHbIX HeTel mo pernonam PO [8]

ModenuposaHue mexHonoaull  nepekayku Hegpmed, U3MEHSWUX

peorsiozu4yeckue ceolicmea rnebexkaqyusaembix Hecbmel
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B cpeanem BbICOKOBsI3KHME He(DTH
CEpHHCTBIMH, BBICOKOCMOJIMCTBIMH "
MaJjonapapUHUCTHIMHU.

. . 2
[Teuopckoro OacceiiHa ¢ cpemaHed Bs3kocThio Oosee 1000 mm/c. B tabmune 1

yKa3zaHbl cpeHeOaccefHOBbIE BA3KOCTH HedTel pa3audHbix OacceitHoB Poccuu.

CambiMu  Bsi3kuMu B cpeaHeM 1o Poccum sBistitorcss Hedptu Tumano-

Tabnmuna 1 — Pacnpenenenue

MECTOPOXKIACHHM [5]

BBICOKOBsI3KMX HedTeit Poccuu mo OacceitHam

Poccun

BBICOKOAC(aIbTEHUCTHIMH,

ABJIAIOTCA

TAXCEIIbIMU,

HO

2 .
y)K€ TMpeBblIaeT 3HaueHue 35 mm“/c — s10 Bosro-Ypanscuii, JlHenpoBcko-

[Mpunstuiickuii, Enuceiicko-Anabapckuii, [Ipukacnuiickuii u Tumano-Ileqopckuii

. Konu4aectro
" Komuygectro ., .
HedrerazonocHsIi O6BeM BEIGOPKH MeCTOPOKIeHHH ¢ CpennebacceHHOBad
. o6pasnoe BBH B - ) ;i = 5
Gacceiin uz BJ1 . BEICOKOBA3KHMH BA3KOCTE HedTed, Mm2/c
Gacceiine
He TAMH
Bantuiickui 28 - - 7,30
Boaro-Vpansckui 2661 545 181 47,13
JIHeIIpoBCKO- 662 33 16 37,53
IIpHngarckui
Ennceticko- 65 2 2 84.49
Amnabapckmii
3anagHo-CHOHpCKHE 2645 27 27 23,11
Jlenno-BuaroHcKHH 155 - - 11,42
Jleno-TVHIVCCKHEH 688 52 13 23,39
OXOTCKHH 301 16 8 25,73
TemxuHcKHA 7 - - 2,33
ITpukacnuickui 460 101 33 109.71
Cepepo-Kaekazckui 1518 63 26 29.21
Tumano-ITegopekui 342 13 8 1221.46

Bcerpeuarorest HererazoBbie 0acceiHbl, TIe CpeAHss BSI3KOCTh MO OacceiHy

OacceitHbl. DT OacceitHbl 0003HAYEHBI HA PUCYHKE 2.
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- CPeAHAA BAZKOCTh HedTen MeHee 35 mmic

- CPeAHAA BA3KOCTL HedTew Gonee 35 MmZic

Pucynok 2 — Pacnipenenenue HeTera30HOCHBIX 0aCCEHOB MO BETUYHHE

BSI3KOCTH [3]

N3 Bbime ykazaHHbIx OacceitHOB Ha Ttepputopun CeBepa WM pailloHax
NpUpaBHEHHBIX K HeWl HaxoxsaTcs Tumano-Ilewopckuit u Enuceiicko-Anabapckuid.
Pecypcbl  BbicOKOBsi3KOM HedTu Sperckoro M YCHHCKOTO  MECTOPOXKICHUI
(Pecnybnuka Komu) pazpabateiBaet komnanus Jlykoin. CymmapHas qo0bda HeTu
Ha MECTOPOXJICHUSAX COoCcTaBisieT Oosee 3 MitH T/rox [21].

Enuceiicko-anabapckass ra3oHe(TEHOCHAss TPOBHUHIMUS PACIOJIOKEHA Ha
ceBepe KpacHosipckoro kpas u 3anagnoun Axkyrtuu. [Inomans 390 Teicsau KM ITepBoe
razoHedtaHoe wmectopoxaenue HOxHo-TurmHckoe — oTkpbiTo B 1948 Tomy B
HIDKHEMIEPMCKHUX OTJOXKEHUsX. Brmtouaer EHucelcko-XaTaHICKyl0 Ta30HOCHYIO
obnmacte, JleHo-AHaOapckyto  HedterazoHocHyro  obnacte  (Hopmasurckoe
razoHeTssHoe mMecTtopoxaeHue, HOxxHo-TUrnHCKOE Ta30HEPTIHOE MECTOPOKICHUE)
u  Anabapcko-XaTaHICKyl TMEPCHEKTHBHYIO HedTerazoHocHyro oOnacte. Ha
TEeppUTOpUH OacceliHa B pe/ennax Tak Ha3biBaeMbIx AHaOapckoil 1 OeHeKCKON 30H
OMTYMOHAKOIUUICHUSI, M3BECTEH psAJ TUIEpPreHHbIX ckoruieHuit  (BoctouHo-
Anabapckoe MectopokaeHue B mpexaenax Omenekckoro cBoja. Kyoiikckoe,

Conoonuiickoe U p) U MPOSBICHUM MPUPOIHBIX OMTYMOB C OOLIMMH pecypcaMu
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6onee 5 mupa. T. [5].

Campble KpymHBIE 3amachl BRICOKOBSI3KMX He(PTEe HAXOAATCS HA TEPPUTOPHH
3anaanoit Cubupu. 3ananno-Cubupckuii HedTera3oHOCHbIN OaccelH pacrosaraer
okono 37,3% Bcex 3amacoB BeicOKOBs3kuX HedTeil Poccun. B Tumano-Ilevopckom
He(Tera3oHOCHOM OacceiiHe JOJsi OT 3almacoB BBICOKOBA3KUX HedTel Poccun
COCTaBJISICT 14,4%. BricokoBszkue HedTH 3ananno-Cubupckoro
He()TEera30HOCHOTO OacceliHa B CpeHEM SBIIIOTCS MaonapaguHuCcThIME (< 5%),
masioacanbTeHucTeiMU (< 3%), cpennecmonuctbiMu (13%), cepuuctbivu (1-3%)
U TsoKeTbIMH (TUTOTHOCTH OoJiee 0,88 r/cm ). Bricokossizkue HedTn comepkar 32
MecTopoxaeHus 3amannoil Cubupu. Hanbomnee BRICOKOBSI3KUMU SIBISIOTCS HEPTH
Pycckoro, ®wumnosckoro, BoctouHo-MowuceeBckoro U MHUHYMMKHUHCKOIO
MecTopoxacHwmii [1,8].

Ha ¢oHe nmocTeneHHOro UCTOMICHUS 3aI1acOB JIETKON HEPTH BHICOKOBSA3KAS
He(DTh, BBHJY 3HAYUTENIBHBIX 3aMACOB, MPEACTABISETCS MEPCIEKTUBHBIM
pecypcoMm. Bpbicokas BS3KOCTh TakodW He(PTH HaKIAIbIBa€T OTIEYATOK Ha

TCXHOJIOTHIO €C TPAHCIIOPTA.

1.2 TPAHCIIOPT BBICOKOBSI3KUX HE®TEN

3HauuTeNbHASA 4acThb MECTOPOKICHU N BBICOKOBSI3KOM HedtH
pacnoJyiaratorcs B HEOOXKUTBIX, TPYIHOAOCTYIHBIX paloHaX, COOpYXaTb Tam
YCTaHOBKM [UIsl TepepaboTku HedTH, a 3aTeM TPaHCHOPTHPOBATH OTTYyAA
HECKOJIBKO TPOAYKTOB 4pe3BbIYalHO Joporo. IlosTomy mpuBIEeKaTEeIbHON
BBITJIAJIUT TEPCIEKTHBA TPAHCHOPTUPOBKU BBICOKOBSI3KMX HepTEH €O BCEMHU
KOMIIOHEHTaMH K MECTaM €€ MepepadoTKH.

Tumano-Iledopckuit 1 Enuceiicko-AHabapckuii HeTerazoBble OacceiHbI
WHTEPECHBI TEM, YTO OHM HAXOJATCA HAa YHOAJIEHUUM OT OCHOBHOM MacChbl
TpyOOIIPOBOJHBIX KOMMYHHUKAllMd M, TpU 3TOM, HMEIOT CpeIHeOacCeHHOBYIO
BSI3KOCTB BBIIIE 35 Mm?/c. DTO 3HAYUT 9UTO TpaHCHIOPT HedTel >TUX palioHOB B
cMmecH ¢ OoJiee IErKUMHU HePTSIMH, CKOpee BCEro, He BO3MOXKEH, IOTOMY YTO B 3TUX

paiioHax Jerkux HedTe Majgo. A BBUIY 3HAYUTEIBHBIX 3allacOB Ha HJTHX
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TEPPUTOPHUSIX UMEET CMBICI HCIIOIB30BATh TPYOOIIPOBOJHBINA TPAHCIIOPT.

TpyOonpoBoaHbI TpaHCTIOPT HEPTH — HamOOJEe BBHITOJHBIA W YACTO
UCIIONIB3YEMBIN BUJ TpaHCIOpTa it 60abmux 00beMoB HehTH. [IpoTskeHHOCTH
MarucTpajbHbIX He(dTEenpoBOAOB Ha TeppuTopun Poccum cocraBisger Oolee
70 ThIC.KM, 110 KOTOPBIM TpaHcropTupyercs okojio 90% nobsiBaemoit Hedtu [10].
[lepekauka BBICOKOBSI3KMX HE(TEH BBUIY UX OOJIBIION BA3KOCTH, U KaK CIEACTBUE,
OONBIIMX TMOTEPh HAa TpeHUe O0e3 TMPUMEHEHUs CIEUUATbHBIX METOJOB
PKOHOMHMYECKM HewenecooOpasHa. Ko Bcemy, DouTH TMOJIOBHHA —3amacoB
BBICOKOBSI3KUX He()TEl HaXOTUTCS HAa CEBEPHBIX TEPPUTOPUSX, TJI€ TEMIIEpaTypa B
3uMHee BpeMs MoxkeT gocturath -30°C, a B ceBepHbIX pailoHax g0 -60°C.
TemnepaTypHbIii pEXKHUM TakK€ BbI3BIBAET CIOXHOCTH, T.K. OTpaxaercs Ha
CBOMCTBAaX HE(PTH, U HAKIIAJBIBACT ONpEACICHHbIE OTPAHUYEHUS HA TEXHOJIOTHIO
NEPEKAYKH.

[lepexauka HE(TU C BBICOKOU BA3KOCTHIO (IIpHU OOBIYHBIX TEMIIEpATypax) WK
c OonpImIMM KOJMYECTBOM MHapaduHa 1Mo TpyOONpoBOJaM OOBIYHBIM METOIOM
ABJIAETCS 3aTpyAHEHHBIM. JlJIS WX TPaHCHOPTUPOBKU MCHOJB3YIOTCS CIEAYIOIIHNE
CIoCcOOBI TOBBIMICHUS TEKy4eCTH HE(TEil: Nepekayka 3apaHee HarpeTbix HedTei,
no0aBJIeHNE MPUCATO0K-IENPECCATOPOB B HEPTH, CMEIIEHUE BA3KUX C MAJIOBSI3KUMH U
COBMECTHasi WX IepeKadka, CMEIICHHE M TepeKadyka ¢ BOJOH, TepMooOpaboTKa
BA3KUX HeTel U creayromas ux nepekauka.

B Hacrosimee Bpems mnepekauka Takux HedTed 1o TpyOompoBogam
OCYUIECTBJISIETCS BCEMH NEpeurciIeHHbIMU criocobamu. Ho BbIOOp criocoOa nepeaaun

JOJKEH OIPENEIATHCS TEXHUKO-ODKOHOMUYECKUM PaCuETOM.
1.2.1 Ilepexauka cMemieHueM HedTeH

OmuH W3 CHnocoOOB YIYYIIMTh PEOJOTUYECKHE TapameTphbl (BS3KOCTH,
TeMIlepaTypa 3aCThIBaHUS, HAMPSHKECHUE CABUTA) BHICOKOBSI3KUX He(dTEel — cMemaTh
ux ¢ pasbaButensmu. Paz0aButensmMu MOTYT OBITh OCH3WHBI, KEPOCHHBI,

KOHACHCAThI, Macjia C HU3KOH BSI3KOCTBIO.
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[IpaBunbHOE KOJIMYECTBO pa3z0aBUTENS, NPONMOPIUA U BBHIOOP CaMOTO
pPacCTBOPUTENSL  OMPEICIAIOTCS JUISl  KaXJAOro copra Macia J1abopaTopHBIMH
UCIIBITAaHUSIMU. B HeKoTOphIX ciydasx wucnoyb3dyercs g0 70% pazOaButesns.
Pazb6aBnenne KOHIEHCATOB, KEPOCHHA M OCH3MHA HA TEPPUTOPUU HAIIeH 00JIaCTH HE
OCYHICCTBISACTCS (MCHOJB3yeTcs Ha HedrenpoBoae JInoWaMuHUCTP-XapaAuCTH B
Kanane).

1.2.2 Tlepexauka HedTH ¢ BOAOI

Ha ceronusmnuii 7eHs ecTh 2 crioco0a TpaHCIOPTUPOBKU HEPTU ¢ BOIOM:

1) TpyOompoBoa mepekaunBaeTcsi HeThIO U BOJOW. TpyObl Ha BHYTpEHHEH
MOBEPXHOCTH HMEIOT BUHTOOOPAa3HYI0 BBIEMKY, [AIOIIyI0 BpalIEHUE MOTOKY
xKuakocTu. LleHTpoOexkHast cuiia BbIOpachiBaeT BOAY Ha CTEHKHU TPYyObl, U HedTb
nepeMeniaeTcs BHyTpU BOJHOTO Kojbla. Pasnenenue HedTh HA KOHEYHOW CTaauu
OCYUIECTBIISIETCS JTIFOOBIM YA0OHBIM CIIOCOOOM — IIJIaM, XUMHYECKUI METOJ U T. [I.

OCHOBHOI NPUYMHON C1a0Or0 PACHPOCTPAHEHHS] STOTO METOJA SIBISIETCS
TPYJIHOCTH U3TOTOBJICHUSI BUHTOBBIX PE30B JIJIsl BHYTPEHHEH MOBEPXHOCTU TPYOHI.

2) OOpazoBanue cMmecu Thna «He@Th B Boje». IIpu 3TOM HE MPOUCXOIUT
KOHTaKTa He(TH ¢ BHYTPEHHEW MOBEPXHOCTHIO TPYOBI, TaK KaK 4YacTUYKU HedTH
OKPY’KEHbI BOJAHOM IUICeHKOW. [losiBisieTcss BOISIHOE KOJIBIIO, BHYTPH KOTOPOIO
CKOJIB3UT BOAOHE(PTSIHAS CMECh, TOHM>KAIOTCS 3aTPaThl HA TPEHUE TIPH MEPEKAUKE.

IIpy pe3koM CHMKEHUH CKOPOCTH MPOKAYKH M TEMIIEpaTypbl CMECh MOYKET
NepexoauTh B TUI «BojJa B HepTu». Takas cmech OyAeT UMETh BA3KOCTh HAMHOIO
OOJIBIIYI0, YeM BS3KOCTh caMoro HepTu. CTaOMIBHOCTD 3MYJIbCUU «HE(DTH B BOIEH
3aBUCUT OT MHOTUX (hakTopoB. B pesynbTaTe mMpoBENEHHBIX HCCIENOBAHUN OBLIO
YCTAHOBJIEHO, YTO MHUHHUMAJIBHOE KOJWYECTBO BOJBI JAOJLKHO cocTaBisiTh 30% ot
OOIIEr0 KOJMYECTBAa TPAHCHIOPTHPYEMON KUIKOCTH. DTOT METOJ HCIONb3yeTCs B

Hunones3un.
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1.2.3 [lepekauka ¢ TepM0O0OPaOOTKOI

TepmooOpaboTka — HarpeB HeDTH IJIT U3MEHEHUS PEOJOTUICCKUX CBOMCTB.
CyTbh TaHHOTO METOJa 3aKJII0YaeTCs B TOM, YTO BBICOKOBSI3Kasi HE(Th MOABEpraeTcs
HarpeBy N0 HEKOTOPOM TEMIIEPATyphl, 3aTEM €€ OXJIAXKIAIT C OIPEIeICHHON
cKOpocThi0. CKOPOCTh OCTBIBaHUS U TEMIIEpATypa HarpeBa MoAOUpaIOT IJIsl KaXkI0Tro
copra HepTH OTIETbHO. B pe3ynpTaTe 3TOro pe3KO0 CHUXKAIOTCS BA3KOCTh U
TeMIlepaTypa  3acThiBaHUsA. Eciou  TpeOyemble  mapaMeTphl — COXPaHSIOTCS
CYIIIECTBEHHOE BpeMsl (0JJHU He(TU COXpaHSIOT cBOMCTBA 3 1Hs, Apyrue — 20 cyToK),
TO MOYKHO MHPOU3BOJMUTH MEPEKAUKY, MCIOJb3ys NaHHbIA MeTod. Ha ceromnsmnuii

JI€Hb TEPMOOOPaOOTKA UCIIOJIB3YETCSl HA MAarucTpaibHOM HedTenpoBoae B Muauu.

1.2.4 Tlepexauka 3apaHee HArpeThIX HedTEH

Jlanublii MeToja sBIsieTCS HamOoisiee yHuUBepcalbHbIM. [Ipu 3TOM HedTh
MOJIOTPEBACTCS Ha TOJOBHOW HE(PTENEpPeKauyMBAIOIMICH CTAHIIMH, 3aTeM 110 BCEH
Tpacce yepe3 Kaxnaple 25-100 xm ycTaHaBIMBAIOTCS MPOMEXKYTOUYHBIC CTAHIIMU
noporpea. B mupe skcmtyatupyercs cBbiiiie 60 MaructpaibHbBIX TPyOOIPOBOJIOB,
0 KOTOPBIM MTepeKaunBacTCs HarpeTas He()Th.

HarpeB (TO ecThb TMOBBIIIIEHUE TEMIEpPaTypbl) TPYyOOINPOBOJIa BBI3BIBAET
OBICTPOE CHWKEHHUE BS3KOCTH, YTOOBI CHU3WUTH COMPOTHUBIICHWE Macja JJis MOTOKa.
Takum oOpa3oM, HarpeBaHUE SIBISCTCS aTbTEPHATHUBHBIM CPEACTBOM YIIyUIICHUS
CBOMCTB TEKYYECTH TSKENOW Chipoii HedTu W OMTyMa. ITO OOBSACHAETCS TE€M, YTO
BS3KOCTh TSDKEIBIX HepTed W OWTyMa CHIKAeTCsd Ha HECKOJIbKO TOPSIKOB C
MOBBIIMICHUEM TEMIIEpaTypbl. DTO BKJIIOYAeT B ce0s MpeABapUTENbHBIN Harpes
TSDKEJION ChIPOM HE(TH ¢ MOCIEAYIOMUM HarpeBoM TPyOOMpoBOa ISl yIyUIICHUS
ero moroka. OmHaKO HArpeB IS TIOBBINICHUS TEMIEPATYPhI >KUIKOCTH TaKKe
TpeOyeT 3HAYUTENBHBIX 3aTpaT dHEPTHH W 3arpaT. [pyrue mpoOiembl BKIIOYAIOT
Oojiee  cepbe3HbIe MPOOJIEMbI BHYTPEHHEH  KOPpPO3WU  M3-3a  IOBBIIICHUS
temriepaTypbl. OpHaKo HarpeB TpyOOMpoBOAa MOXKET, BO3MOXKHO, BBHI3BATh
U3MEHEHHUSI PEOJIOTUYECKUX CBOMCTB CBHIpOM HEPTH, UYTO MOXKET MPUBECTU K

HECTAOMJILHOCTH ITOTOKa. B AOIMOJIHECHNEC K IMOTCPpsAM TCIIJId, BOSHUKAIOIIUM BJO0JIb
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TpyOOIIpoBOJa B pe3yjbTaT€ HU3KOTO pacxofa maciia, TpeOyeTcs YBETUYCHHE
KOJIMYECTBA TEIJIOBBIX NMYHKTOB. OAHAKO B OOJIBIIMHCTBE CIIy4yaeB TPYOOINpPOBOA
W30JIMPOBAH ISl TTOJEPKaHUS TTOBBIICHHONW TEMIIEPAaTyphl U YMEHBIIIEHUS MTOTEPh
TeIUIa B OKpyKarolyro cpeay. Kpome Toro, BHE3allHOE pacIlUpPEHHE M CKATHE
TpyOOmpoBOJa MOTYT BbI3BaTh IMpoOjembl. CreqoBaTeNbHO, 3aTpaThl  Ha
OKCIUTyaTaI[MI0 CHUCTEMBI OTOIUICHHS, a TaKK€ HACOCHBIX CHCTEM Ha OOJBIIOM
pPacCTOSIHUM OT HE(MTSIHOTO MECTOPOXKICHHUSI 10 KOHEYHOTO XPaHWJIUINA WIH
HedTenepepabaThIBAIOIIETO 3aBOIa HAXOATCS Ha BHICOKOW CTOpOHE. METoa MOXKET
OKa3aThCsl HEKMU3HECTIOCOOHBIM TSI TPAHCTIOPTUPOBKU CHIpOW HedTH, KOrma pedb
UJIET 0 OABOHBIX TpyOomnpoBoaax. Hakonen, oxnaxaaronuii 3ppekT okpykaromniei

BOJBI, 4 TAKXKC 3C€MJIM CHNKACT 3(1)(1)€KTI/IBHOCTB TCXHUKMU.

1.2.5 Ilepekauka HeTell ¢ mpUcagKAMU

Hcnonbs3oBanne HePTEpacTBOPUMBIX MPUCAAOK SABISETCA PACIPOCTPAaHEHHBIM
METOJIOM B Hallled CTpaHe. AJAUTUBHBIE MOJIEKYJIbI aJICOPOUPYIOTCS Ha IOBEPXHOCTU
KpUCTAJLJIOB MapaduHa, npeaoTspaias ux poct. CyliecTByer cycrneHns3us napadusa ¢
OTPOMHBIM KOJIMYECTBOM MEJKUX KPUCTAUIOB M BBICOKOW CTENEHBI) IHCHEPCHUH.
Korna noGapnsitoT npucaaku, HeTh CHavajga HarpeBaroT JI0 MOJHOTO PacTBOPEHUs
napaduHa, 1Mocjae 4ero HeT HeOOXOAMMOCTH HarpeBaTh HEPTh HA MPOMEKYTOUHBIX
CTaHLHUSIX.

Kpome toro, B Hactosiiee Bpemsi BEAyTCs OOJBbIIOE KOJIMYECTBO HAYUHBIX
paboT M SKCIIEPUMEHTOB IO PEIICHUIO TPOOJIEM TPAHCIIOPTA BHICOKOBSI3KOW HEPTH, U
HOSIBJISIFOTCS] HOBbIE MEeTObl. OIHUM U3 HUX ABIIAETCS 00paboTKa HEYTH C MOMOUIBLIO
YJIBTPA3BYKOBBIX KOJIEOAHUI BRICOKOW MHTEHCHBHOCTH.

[upokuii Kjacc KHUIKOCTEW OOHAPYKUBAIOT CBOMCTBO MEHSTh CBOKO
BS3KOCTb IO/ ICHCTBUEM BHEIIHEW HArpy3Kku, 0OHApYKUBask IPU STOM BSI3KOYTIPYTHE
CBOMCTBA, TaK HA3bIBAEMbIE HEHBIOTOHOBCKHE JKMIKOCTH. B Takumx >KMAKOCTAX, Kak
MIPABUJIO, BSAI3KOCTh CPENIbl YMEHBIIAETCSA C POCTOM IMPUKIAABIBAEMbIX HANPSKEHUN —
cpelia CKOJIb3UT BIOJb TBEPI0H MOBEPXHOCTU. DTOT 3PPEKT OKA3BIBACTCS MOJIE3HBIM

JUIS CHWDKEHUST BSI3KOCTH HE(TH MpHU €€ Nepekadke 1no tpyodonpoBoay. Jeno B Tom,
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4YTO B YCJOBHUSX ceBepa He(Th OBICTPO 3acCThIBAET U MPUOOPETAET KeIe00pa3HyIo
cTpykTypy. Ilpu sTomM HedTh BemeT cebs Kak ympyroe Teno — nehopMupyercs
IPONOPLMOHATIBHO IPUJIOKEHHOMY HampsbkeHuto. [lepenan naBieHus, co3naBaeMbli
HepeKayrBaroIlMM HACOCOM PacXoJyeTcsi Ha CTaTUYECKYIO Jie(hopMalMIo 3acCThIBIIEH
He(pTu. B Takux yclOBHSX CTAaHOBUTCS HEBO3MOXHBIM HCIOJIb30BAaHUE CTAHAAPTHOU
IEepeKaykyl — HAcOChbl HE MOTYT CIPAaBUTbCA C 3arycTeBUIEH HE(PTHIO, MOCKOJIBKY
CWJIBHO BO3pAacTalOT BA3KUE IIOTEPU MPU BIKEHUM KeJIeoOpa3HOM Macchl o Tpyoe.
OTOT cnocol, B OTVIMYKME OT MPUMEHSIEMbIX B HACTOSLIEE BPEMsl, pa3IMUHbIX BUIOB
pasorpeBa TpyOONpoBOAa, HAMHOI'O 53KOHOMHUYHEE U CYIIECTBEHHO MEHee
TpyaoeMok. B camoMm niene, apdext akycTuueckux KojaedaHuii Ha TpyOOnmpoBoOJE B
OJTHOM TOYKE C HE3HAYMTEJIBHOW MOIIHOCTBIO ITO3BOJISET CYLIECTBEHHO CHM3UTH
BA3KOCTb B TOHKOM CJIOE€ JKEJIE00pa3HOro Macjia Ha JECATKA U COTHH METPOB €ro
JUIMHBI U3-3a BBICOKOM CKOPOCTH PaclpOCTPaHEHUs aKyCTHUECKUX KojeOaHui Yepes
TpyOompoBoj. Ilo cymiecTBy, TOHKHI CJIOM CTEHKH MOJABEPraeTcs UCTOHUEHUIO MO
JNEWCTBUEM YIbTpa3ByKa. B pesyibrare BsA3Kas yCTOMYMBOCTH K JBM)KEHUIO Macia
YMEHBIIAETCS B HECKOJIBKO Pa3, 4TO, B CBOKO OYEPE]Ib, CHIKAET ITyCKOBOE JIaBJIICHHUE

U YBEJIUYUBACT CKOPOCTh OTKAYKH HEPTEIPOTYKTOB.
1.2.6 Ilepexauka HeTell KeT€3HOTOPOKHBIM TPAHCIIOPTOM

OCHOBHBIMH IPEUMYLIECTBAMH KEJIE3HOJLOPOKHOTO TPAHCIIOPTA SIBISIOTCS:

1. Bricokas mpoBO3Has CIOCOOHOCTb, MO3BOJIAIOIIAs OCBAaMBAaTh MAacCCOBBIE
I'PY30II0TOKH U IACCAXKUPOIIOTOKH;

2. PerynspHOCTh JABWKEHHS HE3aBUCUMO OT TOTOIHO-KIMMATHYECKUX
YCJIOBU;

3. KonkypeHTocnocoOHasi CTOMMOCTb TPaHCTIOPTUPOBKHY;

4. JlocTaTo4YHO BBICOKAsI CKOPOCTh TIEPEBO3KU I'PY30B;

5. OTHOCHUTENBHO pa3BUTAsl CETh JKEJIE3HOJOPOKHBIX ITyTEH U BO3MOKHOCTh
IPOKJIAJAKU KEJIE3HOJOPOKHBIX IMyTeH COOOILIEHUS MOYTH B JII0OOOM CyXOIyTHBIN

PETHOH CTPaHbI, IJIe UMEETCS BHICOKAst MOTPEOHOCTH B YIJIEBOJAOPOIHOM ChIPhHE.
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OpxHako UMEIOTCA U OTpeieNIeHHbIE TPOOJIEMbI, TPEOYIOIINE CBOETO PELICHHS.
Oco0eHHO 3TO aKTyaldbHO B 3MMHHX YCJIOBHUAX IPH TEPEBO3KE BBICOKOBSI3KHX
KHUJKOCTEH, A1 KOTOPBIX BBIIOJHEHHE OTAEIBHBIX TEXHOJIOIMUYECKUX OIepaluid,
CBSA3aHHBIX HAJIMBOM WA CIMBOM TpeOyeT oOecnedeHusl 3aJaHHOM TeMIepaTyphl
KUJAKOCTH B €MKOCTH. OTO  BbI3bIBAET  HEOOXOIUMOCTb  OCHAIICHHUSA
COOTBETCTBYIOIIMX ITyHKTOB W TPAHCHOPTHBIX €MKOCTEH O00OpyJOBaHHEM U
CUCTEMaMHU MOJOTPEBA XKHUJIKUX TIPy30B, UYTO MPUBOAUT K POCTY 3aTpaT TEIIOBOU
HHEPrUM HA MOJIOTPEB.

[Ipu sTOM, 3aTpaThl Ha TPAHCIOPTUPOBKY HEPTH U HEDTEMPOTYKTOB
COCTaBJISIIOT 3HAUYMTENIBbHYIO YacTh U MHOTJA JocturatoT a0 50% oT cedbectoumMocTu
IPOIYKIHUU.

Takum 00pa3oM, CHWXKEHUE 3aTpaT Ha TPAHCIOPTHPOBKY HepTH U

HG(I)TCHpO,Z[YKTOB Pa3INYHbIMU BUAAMH TPAHCIIOPTA OAHA U3 aKTYAJIbHBIX 3a/1a4.

Jlucm

0O0630p nuTEPATYpHI 19

UNam. | Jlucm Ne dokym. lModnuck | Jama




1.3 TPAHCHIOPT BBICOKOBS3KUX HE®TEM C ITPEJABAPUTEJbHBIM
HOAOI'PEBOM

OCHOBHBIM METOJIOM TPYOOTPOBOAHOTO TPAHCIIOPTA BHICOKOBSI3KMX HEe(TEH B
Poccun — Tpancnopt ¢ momorpeBoM. TpyOompoBO/bI, MO KOTOPHIM MEPEKAYUBAIOT
MOJIOTPETYI0 HEPTh, HA3BIBAIOT «TOpstuuME». [logorpeB MOXKET OCYIIECTBISATHCSA HA
TEIUIOBBIX CTAHLHMAX B MApPOBBIX W OTHEBBIX MOJIOTPEBATENAX. TEIOBbIE CTAHIIMH
OOBIYHO CTPEMSTCSl pacrojaratb BMECTE C HACOCHBIMH IYHKTaMH, Jis yA0OCTBa
oOciyxuBanus. [IpeanodyrurenpHee CTaBUTh MOJOTPEBATENH Mepea HacocoM. Takoe
pacrnionoxxenue nmomoraer yBenmuuTh KIIJ[ Hacoca. B moporpesarene mpoucxomst
3HAUUTENbHBIE TMOTEPU JABJICHHS, MOATOMY HAloOpa B KOHIIE Y4acTKa MOXKET HE
XBaTUTh ISl MOAOOHOMN cxembl. TexHOoIorus nepeKkaykd NpeaBapuUTeIbHO HArpeToi
He(THU SBIISETCS OYEHb HEPrOEMKOH, OCOOEHHO B CeBEpHbIX paiioHax Poccum, rue
IIPOUCXOIUT OBICTPOE OCTHIBAHWE TPAHCHOPTUPYEMOU IKUIAKOCTU M3-32 HU3KOU
TEMIIEpaTypbl OKPYXarollleld cpeibl, B CBA3M C YE€M, MPUXOJUTCS YCTAaHABIIUBATbH
Oonbllle MyHKTOB MOAOrpeBa 1Mo JuiMHe TpyOompoBona. Ilpum ycraHoBke
JOTOJHUTENbHBIX ~ TEIJIOBBIX ~ CTAaHLUMWA  yBEJIMYMBAIOTCA  KalUTalbHbIE U
AKCIUTYaTallMOHHBIE 3aTPATHI.

Taxxke obOneruntsh Tpancnopr BBH crocoOHO wucmonb3oBaHue MpUCagok
CIIEHUAIBHOTO cocTaBa. K TaknuM OTHOCATCS pa3jIMYHbIE KOMIIO3ULIMH TOBEPXHOCTHO-
aktuBHBIX BemecTBa ([TAB). I[TAB ciocoOHBI aicopOupoBaThCsl HAa TPaHUIIE TBEPIOE
TEJIO0-KUIKOCTh, U3MEHSSI YCIIOBUS CMAuMBaHUS U 00pa3ys CIOW OPUEHTHUPOBAHHBIX
onpeiesieHHbIM 00pa3oM Mouiekyil. [IAB criocoOHBI periath 1enblid psija 3a1a4, TaKuxX
KakK:

1. 3amuTa cTeHOK TPyObl OT KOPPO3UM MyTEM CO3AaHUSl Ha HUX 3alIMTHOTO
CJ1041;

2. Pazpyiienue cTpyKTypHOro Kapkaca HE(TSHOW TUCIEPCHOU CHUCTEMBI W,
TE€M CaMbIM, CHI)KEHHE CIIBUTOBOM MPOYHOCTH;

3. Monudukanuss MOBEPXHOCTH TPYObl MYJIBTHMOJIEKYJISIPHBIMUA CJIOSIMHU

ITAB, crnaxxuBaHue €€ epoX0BaATOCTH;
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4. YBenMUEHUE NPOXOAHOTO CEYEHHsS] 3a CYET CO3[JaHUsl COJIbBATHOM
00O0JIOUKM Ha IOBEPXHOCTH acdabrocMosionapapuHoBeX otriaoxkenuit (ACIIO),
MPENSATCTBYIONIETO MX OTJIOXKEHHI0 M CIOCOOCTBYIOIIETO MX OTMBIBY OT CTEHKH
TPYOBL.

5. M'mapodunuzanms u oneododu3anmss CTCHKU TPYyObl, I yMEHBIICHUS
TpEeHUs Ha TpaHulle TpyOa-HedTsHAS CUCTEMA.

Jlpyroii BHI TpPUCAZAOK 3TO ACTPECCOPHBbIC MPUCATKU, TAKXKE CIOCOOHBIE
YMEHBIIUTh BS3KOCTh HepTH. [lelicTBUE JeNpecCOpHBIX MPUCATOK HOCHUT
JTBOMCTBEHHBIX XapakTep. YacTUIbl MPHUCAAKH, C OIHOHW CTOPOHBI, OOpa3yloT C
napaguHaMu  CMENIAaHHBIE KPUCTAUIBI, T.6. V3MEHSIOT WX CTpOCHHE W
IpeIoTBpaliatoT 00pa30BaHUE CIUIOMIHON CTPYKTYypHOH ceTku. C Ipyroil CTOpPOHBI,
OHU JK€ BBICTYMAIOT B KaueCTBE IIEHTPOB KpHUCTAJUIM3AIMK TapaduHOB, 00pa3ys HE
CBSI3aHHbIE MEXJAy CO000HM arperaTbl. Takue MPUCAAKU MOXXHO BBOJUTH Ha NpPUEM
Hacoca, 4YTO OOYCIIAaBJIMBAET MPOCTOTY TEXHUYECKOIO OCYIIECTBICHUS METOAA.
Cy1iecTBeHHBIM HEIOCTATKOM SIBIISIETCS] 3aBUCUMOCTH d()DPEKTUBHOCTH MPHUCATOK OT
coJiep>kaHus mapapuHa B HepTH, a TakKe BBICOKAsi CTOMMOCTb UMIIOPTHBIX IIPUCAIOK
¥ HU3KOE Ka4eCTBO OTCYECTBEHHBIX.

Eme onun nepcniektuBHAs TeXHOJOTHUA Wi TpaHcnopra BBH - ynyumienue
pPEOJIOTHYECKMX  CBOMCTB  MOCPEACTBOM  (DU3MUECKMX TMOJIEH: TEpPMHUYECKHUX,
THJIPOITHAMUYECKHX, KABUTAIMOHHBIX, DJIEKTPOMArHUTHBIX.

OnuH M3 TakuX CocoOOB 3aKiIo4aeTcs B ee TepmMooOpadoTke. TexHomorus
OCHOBBIBAaeTCAd Ha mojorpeBe Hedptu no temmneparypsl Ha 10 wnm 15°C Bbime
TEMIEPaTypbl TOTHOW PACTBOPHUMOCTH TBEPIBIX YIIEBOJOPOAHBIX KOMIIOHEHTOB U
NOCIEAYIOUIEM OXJAXKICHUH CO CKOPOCTBbIO, KOTOpass OOECHeYHUT IMOSBICHHE
MUHUMAJIBHOTO  KOJHMYECTBA IIEHTPOB KPHUCTAUIM3AlMMA, YTO TPHUBEACT K
0o0pa30BaHUIO KPYMHBIX TMapad@UHOBBIX KpUCTAIOB. KpymHble KpucTauibl He
crocoOHbI 00pa30oBaTh NPOYHYIO peHieTKy B oObeMe He(dTH, No3ToMy Oyner
HaOMIOaThCSl YMEHBIICHUE HANpsDKEHUS caBura s AaHHOW HedTtr. CMOIMCThIC
He(TU C MaJbIM KOJIMYECTBOM MapaduHa HE TOMJAI0TCS TepMOoOpaboTKe. DTOT

METOJI XapaKTepU3yeTcss MPOCTOTOM TEXHOJIOTMUM U OOOpYydOBaHUs, HO Tpedyer
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BBICOKHX 3HEpPro3aTpar.

Ha cragumu pa3paboTku HaxXoAsTCS HOBBIE KOMIUIEKCHI OOpabOTKH HEDTH
KaBUTALIMOHHBIM Bo3nelicTBueM. [lon kaBuTanuenr B KHUIKOCTH MOAPA3yMEBAETCS
oOpa3oBaHME TMOJOCTEH WM MYy3bIPHKOB 3alOJHEHHBIX IMAapoM M Ta3oM Tpu
JIOKaJIbHOM TOHWKEHUM JABJIEHUS B JKUJKOCTH /10 JABJICHUS HACBIIICHHBIX MapoB.
BeIIEnsAIOT ruIpOAMHAMUYECKYIO KAaBUTALIMIO, KOTOpPasi BO3HUKAET 33 CUET MECTHOTO
MOHMKEHUSI JIaBJICHUSI B TMOTOKE KUIAKOCTU NpPU OOTEKAaHUM TBEPAOrO Tela, U
aKyCTUYECKYI0 KaBUTALIMIO, KOTOPasi BOSHUKAET MPU MPOXOKICHUH YEPE3 KUIKOCTh
aKyCTUUYECKUX KOJCOaHUH.

Cpenu reHepaTOpOB KaBUTALUM MOKHO BBIJICNIUTh TUJIPOJAMHAMUYECKUE,
ANEKTPOANHAMUYECKHUE, MTbE30JICKTPUUECKUE U MAarHUTOCTPUKIUOHHBIE. CoueTanue
KaBUTAIIMOHHBIX TEHEPATOPOB PA3IMUYHOIO THUIIA MOXKET YCHIUTh 3Q()EKT KaBUTALIUH.

O6paboTka HePTH SIEKTPUYECCKUMH U MATHUTHBIMU TIOJISIMH MOJKET JaTh
3HAUUTEJIBPHOE YJIY4IIEHUE €€ CBOMCTB. YCTaHOBKA JJIi OOpaOOTKM MarHUTHBIM
NOJIEM TMPEACTABISIET COOOM TIpymmy  3JIEKTPOMAarHUTOB, MOCIJIEIOBATEIBHO
YCTaHOBJICHHBIX Ha TpyOorpoBoje. [lon nelicTBeM MarHUTHOTO TMOJS MPOUCXOAST
MPOLIECCHl PEKOMOMHALIMY, CBSI3AHHBIE C AMCCOLMALMEN U acCOMaluen ¢ yyacTueM
BBICOKOMOJICKYJISIPHBIX ()parMEHTOB CMOJIMCTBHIX KOMIOHEHTOB. DIIEKTPUUECKOE T0JIe
nercTByeT Ha mapadunbl U achanbTeHbl, KOTOPbIE O0BEAMHEHBI B MUKPOPa3MEPHbIE
YaCTUIIBL..

MHuoroo6pasue TeXHOJIOTUH JIJIsi TPAHCTIOPTa BHICOKOBSI3KMX HE(PTEH TOBOPUT
0 MOTPEOHOCTHU B CHEIHUATBHBIX METOJaX MEPEKAuYKUu W aKTYyaJIbHOCTH YIIYUIIEHUS
TEXHOJIOTUHA TPyOONPOBOJHOIO TpaHCHOpPTa. AHAIM3 JUHAMUKA TaTEHTOBAHUS
METOJIOB U YCTPOWCTB PETYJIUPOBAHUSA PEOJIOTUYECKUX CBOMCTB BBICOKOBSI3KOM
HedTH poBeeHHBIN B paboTe [19] moaTBepkIaeT JaHHOE YTBEPIKICHUE.

Pe3ynbTaThl aHanv3a JIEMOHCTPUPYIOT AKTUBHBIA pPOCT MNATEHTOBAaHMS 3a
nocienuue 10 ner.

CornacHo [20] HedTsHBIE KOMIIAHUM TOXKE MPHU3HAIOT MEPCHEKTUBHOCTD
BBICOKOBSI3KOM HE(TH M aKTUBHO PaOOTAIOT HAJ TEXHOJIOTHSIMHU €€ TpaHCIopTa.

Tak Bo BTOpoil monoBuHe 2015 roma Ha 6a3ze YXTHHCKOrO TOPHO-HE(PTSHOTO
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koemka YI'TY Obuia otkpeita jgaboparopusi komnanuu «TpancHedTh-CeBepy,
JOCTYIl K KOTOPOM NOJIydaT CTYyJEHThl U aCMpPaHThl YHUBepcutera. Jlaboparopus
co3fgaHa W oO0opyJoBaHa g H3y4YEHUS aHOMaJdbHOM HedTH, oOIamarouIei
BBICOKOM BSI3KOCTBIO M TMOBBIIIEHHBIM cofepxaHueMm mnapaduna. CoszmaHue 3Toi
7abopaTopuu CBSI3aHO C TeM, 4YTo Mo HedrenpoBogaMm «Yca-YxTa»y U «YXTa-
Apocnaney  mepekaunBaercss  HegTh  Tumano-Ilewopckodt — HedTerasoBoi
NPOBUHIIMY, OO0Najaronias aHOMajdbHBIMU CBOMCTBaMH. OHHM HMEIOT BBICOKYIO
temmnepatypy 3actbiBanus (+14°C), Bs3kocTh (10 150 ccm B 3UMHMN MEpUOJ) U
JIpYrue 0COOEHHOCTH, 3aTPYAHSIOIIME UX TPAHCIIOPTUPOBKY.

JIONIOJIHUTENBHBI HWHTEPEC K PA3BUTHIO J3THUX PAWOHOB BBI3BIBACT
BHUMaHHE K BOMpoOcaM JO0OBIUM, TpaHCIOpPTa U MepepabOTKU BBICOKOBI3KUX
He(Tel cO CTOPOHBI MPABUTENBCTBA CTpaHbl. ['0CyapCcTBEHHOE CTUMYJIUPOBAHUE
MOJKET ChIrpaTh OOJBIIYIO POJb B OCBOGHMU JTAHHOTO BUAa pecypca. Ha maHHbIi
MOMEHT MPUMEHEHA JIbFOTa B COOTBETCTBUU C pacniopsikeHueM lIpaBurenscrBa PO
Ne 700 ot 03.05.2012, Ha ocHOBaHMM KOTOPOM MpoeKT pazpadotkn BBH monagaer
B YETBEPTYIO0 KaTErOpHIO C 3amacaMM TpyAaHousBiekaemon Hedptu. Ilo manHo#
KaTeropum Ccpokom Ha 10 Jer BBOJAWUTCS TMOHMKEHHAs CTaBKa BBIBO3HOU
TaMOKeHHOU nouutnuHel B pazmepe 10%. Taxxe c 1 ssuBapsa 2007r. B cooTBeTcTBUM
¢ noanyHkroM 9 myHkra 1 crateu 342 Hamorosoro Komekca ocBoOokmaroTCst OT
yIUIaThl HAJIOTa Ha J0OBIYY MOJIE3HBIX MCKOMAEMbIX AOOBIBAIOIIUE MPEAPHUSATHS,
pa3pabaThIBAIONINE MECTOPOXKICHHUS ¢ HePThIO BA3KOCThIO Oonee 200 mna-c wnm
230 mm’/c [21]. JlomomHHTENBHBIE Mephl MOIACPKKM H JAblie aKTHBHO
00CyXIar0TCsl.

Cucrema TpyOOIIPOBOJHOTO TpaHCMOpTa HEeTHU HYXKJIAeTCs B pa3paboTke
TEXHOJIOTUA TE€pPeKayKh BBICOKOBSI3KMX He(dTeil, B CBA3M C HapacTaroUMMHU

TEMIIAMU U IICPCIICKTUBHOCTHIO OCBOCHUA JAHHOTO pECypcCa.
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2 OBBEKT U METOAbI NCCJIEAJOBAHUA
2.1 QJJIEKTPOTEPMHUYECKHUE HAI'PEBATEJIBHBIE CUCTEMBbI
HE®TEITPOBO/J10B
@opMHUpPOBAaHUE TEIUIOBOTO MOJII C IIOMOLIBIO JJIEKTPUYECKOW DHEPruu
peanusyercs B Pa3IMYHBIX OTPACIAX HPOMBILIIEHHOCTH, HAPOJHOM XO35MCTBE. B
Ka4yeCTBE IPUMEPOB MOXKHO BBIJICJIUTh TAaKUE CHUCTEMBl KaK JJIEKTPOIUIUTHI,
AIIEKTPOHATPEBATENU, PE3UCTUBHBIE KaOEIH, SICKTPUYECKUE TIHBI, WHIYKIIHOHHBIC
HarpeBaTelbHbIE CUCTEMBI. JIOCTOMHCTBAMHM HCHOJIB30BaHUs JAHHBIX CHUCTEM
SBIAIOTCA  YAOOHOCTh B TNPUMEHEHUH, OTCYTCTBHE BBIOPOCOB B aTMocdepy
IIPOJYKTOB CTOPAaHUs M MPOCTOTA SKCILTyaTalun. BBUAY pa3BUTOCTH dJIEKTPUUECKUX
cucreM B Poccuu, a Takke MCTOYHHUKOB JJIEKTPUYECKOM DHEPIUU, DIEKTPOTEPMHUS
3aHMMAeT CBOI0 HHUINY B IPOMBIIUIEHHOCTH, TOM YHCII€ U B TPyOOIPOBOJIHOM

TpaHCIIOPTE BA3KOM U BHICOKOBSI3KOM HEPTH.
2.1.1 MeToa npsiMmoro HarpeBa

[IpsAMoOl SJIEKTPUYECKH HArpeB OCHOBAaH HA TOM, 4YTO HMCTOYHHK
MEPEMEHHOr0 TOKa MAaJloro HampsbkeHus, He Oonee 50 B, mnoakimodyeH K
M30JMPOBAHHOMY y4acTKy TpyObl. Korga snekTpudeckuil TOK TEYeT Yepe3 CEKIUIO
TpyObl, B COOTBETCTBHM € 3PdekToM J[KOyis, TEmIo paBHOMEPHO BBIACISIETCS B
TpyOe, U TEeIIo MepelaeTcs HarpeToMy npoaykTy [13].

OTOT cnoco0 HarpeBa OIrpaHWYEH B MNPUMEHEHHM JI MarucTpaibHBIX
TpyOOTIPOBOIOB M3-32 KOPOTKOM NJWHBI Harperoi cexkiuu (okono 1200 metpos), a
TaK)X€ BBICOKOM NPOMBIIIJICHHOW M TOKapHOW OINACHOCTH H3-3a BO3MOYKHOCTHU
HUCKPOBOTO TMPOMEXKYTKa U HCKpbl. OrtamiuBaemas IUIOIIAAb JODKHA OBITh
MIOJIHOCTBIO HM30JIMPOBAaHA OT 3€MJIM, YTO 3aTPYAHSET pPEATU3ALMI0 3TOr0 METOJa

Harpesa Ha TpyOONpOBOIHOM TPAHCIIOPTE.

ModenuposaHue mexHonoaut rnepeka4ku Hegpmed, U3MEHSWUX

peorsiozu4yeckue ceolicmea rnebexkaqyusaembix Hecbmel
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2.1.2 HarpeBareJ/ibHble 3J1eKTPUYECKHE TIHBI

OgHuM U3 MepBBIX HArpeBaTelbHBIX MPUOOPOB, paldoTalOMMX Ha
AIEKTPUUECKOM TOKE, CTalli HarpeBaTeJbHbIC AJIEKTPUUYECKUMU TIHAMH. CyIIHOCTD
HarpeBa TaKUMHU CHCTEMaMHM 3aKJIIOYAeTCs B CIIECAYIOIIEM: M30JIHPOBAHHBIA KaOenb
OITyCKaeTCsl HEMOCPEACTBEHHO B HEPTEIPOIYKTHI U Yepe3 MOTOK MEPEMEHHOI0 TOKa
HarpeBaeT BHENIHUH KOXYX YyryHa M OKPYXKaIOIIyl cpedy. DTOT METOJ Harpena
paHee MCIOJb30BaJICS TOJBKO JIJIsl HarpeBa HE(PTH B IUCTEpHAX U LIUCTEPHAX U HE
OpUMEHUM IS CHCTeM HarpeBa HedTtu B TpyOoInpoBogHOM TpaHcmnopTe. M3-3a
HEOONBIION TUIOMIAAM yaapa O3TH HarpeBaTelbHbIE CHUCTEMBI HMEIOT HH3KYIO
3¢ dEeKTUBHOCTh Teronepenayu. M3-3a MOBBIIIEHHON B3PBIBOOMACHOCTH, KOTOpas
MOKET OBITh PE3yJIbTaTOM HApyIIEHUs LEJIOCTHOCTU 3arapa, UCKpEHHUs, IIOXOro
KOHTaKTa Kabels BO B3pBIBOOMACHOW aTmocdepe, STOT METOA MPaKTHYECKH He
npumeHsercs [9].

2.1.3 JnekTpuyecKue pe3ucTUBHbIE HATPeBATeIbHbIEe Ka0eu U JIeHThI

NMOCTOSIHHOM MOIIHOCTH

TennoBoe nosze ans noaaep:KaHus TEMIIEPATyphl U HarpeBa MepeKauynBacMon
KHUAKOCTA 3a CYET OHHEPrHH AIIEKTPUYECKOTO TOKAa PEau3yeTcss C IMOMOIIBIO
PE3UCTUBHBIX HarpeBaTeNbHBIX KalOened. OHUM MPOCTHI B AKCIUTyaTallMd U OYCHD
HSKOHOMUYHBI, ¥ JIs1 yBEJIMYEHHS] MOLUTHOCTH TEIUIOBOTO MOJIS UX MOXKHO OOBEIUHUTH
B oauH Onok. KaGenb MOXeT ObITh pacroJIoKEH HE Ha MOBEPXHOCTH TPYOBbI, a
BHYTPH, YTOOBI yIydmuTh TeruioBod »ddext. [IpousBoacTBO HarpeBaTeIbHBIX
Ka0enell 0XBaThIBA€T MHOTHE KOMIIAHMW IO BCEMY MHpY, B ToM uwmcie B Poccum.
Hamnpumep, Takue, kak Nelson Heat Trace (CLLIA), UNICHEM (Kopest), Nelson Easy
Heat (CIIIA-Kanana), DEVI (lanus), Ensto (Ounnsaanus), Calorique (CILIA), FTA
uTt. J. [25].

[lo mpunmuny dopMupoBaHus Terula Kabenn MOXKHO pa3leiuTh Ha
PE3UCTUBHBIC JIMHEHHBIC, PE3UCTUBHBIC 30HAJbHBIC, NHIYKTUBHBIC HArpeBaTEILHBIC
U camoperymupyromuecs kabemu. Ilo gmamazony pabouux — Temmeparyp

HarpeBaTelbHbIE Kabenw JemaTcs Ha  Huskoremmneparypusie (1o 100°¢),
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cpennereMmeparypusie (10 250 °c) u BeicokoTeMmeparyphsie (1o 1000 °c).

B pe3uCTUBHBIX JUHEHHBIX KAOESAX NPU MPOXOKIACHUH dJIEKTPUUECKOTO TOKa
[0 TOKONPOBOJSIIECH >KWJIE BBIICICHUE TEIUIOTHI MPOUCXOIUT IO 3aKOHY JKOyiis-
Jlenma. KabGenb CKOHCTpYMpOBaH TakMM OOpa3oM, YTO B HarpeBaTEIHbHOWU KHIIC
MIPOUCXOIUT TMOJTHOE NaJIeHUE HANpsbKeHUsI 0e3 meperpena Kaoes.

Pe3uctuBHbIe Kabenu BBIAETSAIOT MOCTOSHHYIO TEIUJIOBYIO MOIIHOCTb, YTO
NPUBOJUT K MEPEPACXOAy BJIEKTPUUYECKON M TEIUIOBOM 3HEPrUU U B PsJIE CIy4yacB
CrOpaHuIo KalOess NEINKOM WIH CEKIIUU (PEe3UCTUBHBIN 30HAIbHBIN Ka0eh).

HarpeBaTenbHble CHCTEMBI C PE3UCTUBHBIMU KaOEISIMHM HMEIOT HU3KUUI
KO3 (D (PUIIMEHT TeIUTONEepeiauu, a TAKKE HU3KYIO PETYIMPOBOYHYIO CLIOCOOHOCTb.

st hopmMupoBaHus TEIJIOBOTO TMOJIS TaK K€ MPUMEHSIOTCS HarpeBaTe/IbHbIC
JEHTBI WHPUHON OT 25 1o 80 MM, mmHON OT 3 10 40 M u TommmHOM 1,5 MM. OHM
yI0OHO pacrnojiaraloTcs Ha TOBEPXHOCTH, JIeTKO mnpuHumas (opmy TpyOsl. s
YMEHBILIEHUSI TEIUIOBBIX IOTEPh B OKPYXKAIOUIYIO CpEy IOBEPXHOCTh TPYOBI C
HarpeBaTeIbHOW  JIGHTOM  NOKpbIBalOT — Temuiomsoisuuerd  [17]. CrnoxHOCTb
NPUMEHEHUSI 3aKI0YaeTcsi B TOM, YTO JJIMHBI JIEHThl HEJOCTATOYHO JJIst
(dbopMHpOBaHUS TEIJIOBOrO MOJIsi OOAbIION MOUTHOCTH. ECiaM yBenInyuBaTh Miomaab
BO3JICUCTBUSI 3a CUET CpallMBaHUs JIEHT, TO MOTYT OOpa30BLIBATHCA YYACTKU
JIOKaJIbHOTO HAarpeBa B MECTE KPEIUICHUS U, KaK CJIEACTBUE, IEPErPEB U HAPYILICHUE

peKruMa TCIIonCpCaaiu.

2.1.4 JnexkTpryecKue caMoperyJIMpyroiuecs HarpeBaTejbHble Kadeau u

JICHTBI

B oriamume oT HarpeBaTeNbHBIX KaOenell IMOCTOSHHOW  MOITHOCTH,
caMOpeTyJMpYIoIIHecss Kabeln CHOCOOHBI PETyJUpPOBATh BBIICISEMYIO TEIUIOBYIO
MOIITHOCT.

Termo Qopmupyercs BHyTpu Kabens Onarogaps TOJYyIPOBOIHUKOBOM
MaTpulle, PACHOJIOKEHHON MEXAY ABYX MEIHBIX MHOTOXHWJIBHBIX IPOBOJHUKOB
(pucyHok 3). MaTpuiia orpaHUYMBaeT CO3/]aBaeMyl0 TeMIlepaTypy BHYTpH Kalels

CaMOPETYJUPOBAHUEM  IOCPEACTBOM  pacClIMpEHUss TMOoJUMEpa ©  pa3pbiBa

Jlucm

OOBEKT U METOBI UCCIIETOBAHUSA 26

N3m.

Jlucm Ne dokym. lModnuck | Jama




JIOTIOJTHUTEBHBIX ITyTeH MpoTeKaHus Toka [16].

[Torpebisiemas MOLTHOCTh CAaMOPETYJIMPYIOIIMMCS KaOeneM JTMHEHHO 3aBUCUT
OT TeMIepaTypbl HarpeBaeMoro o0bekTa. Uem OHa BbIlIEe, TEM HIDKE MOIIHOCTD,
notpeodisiemast kabenem.

Camoperynupytomuecss  Kabenu  Mpou3BOAATCS € (DUKCHPOBAaHHOMN
TEIJIOOTAAYe Ha MeTp, TMO3TOMY ISl CO3/[aHUSl IIUPOKOro  JHMarazoHa
TEMIIEpaTypHbIX TOJEH HEOOXOAUMO HCIOJIb30BaTh HECKOJBKO Kadene. ITo
3HAQUUTEIBHO  YBEJIMYUT  CTOMMOCTh  CHCT€MBbl  OTOIUIeHHs. Termgoornaua
MOJyIPOBOJTHUKOBOM  MAaTpHUIl CaMOPETyJIHpYIOIIerocss Kabens 3aBHUCUT  OT
TEMIEPATYPhl, a B XOJOIHBINA MEPHOJ HEOOXOAUMO MOKPHITh Kabenb 3HAYUTEIbHBIM

CJIOCM HU30JIs10HUH, YTOOBI YMCHBIINTB BCPOATHOCTD IICPCTPCBA.
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Pucynok 3 — Camoperymupyrommuiics kabeiar OCY

1 — MeHBIC TY)KEHBIE KHITBI; 2 — MOTYIIPOBOISAIIAS CAMOPETYIHPYIOIas MaTpuIa; 3
— u30Js1MA U3 PTopronuMepa; 4 — SKpaHUPYIOIIas OTUIETKA; O — HapyKHast

o0oJi0uKa u3 Gproporuiacta

OnHuM U3 BOXHEUIUX YCIOBUN NMPUMEHEHHS SBISETCS TO, YTO K MOHTaXY
CaMOPETYJIUPYIOIUX Kaleneld Ha HarpeBaeMoM OOBEKTE MPEABABISIIOTCS BBICOKHE
TpeboBanusi. Kabenbr HEOOXOAUMO IIJIOTHO MPHUJIETaTh K MOBEPXHOCTH, MOCKOJBKY
IIPY TIPUCYTCTBUH BO3IYIIHBIX MPOMEKYTKOB KaOelb MOTpeOsseT HaMHOTO OOJIbIIe
DHEPTUM W TIEPETPEBACTCS, YTO MPHUBOJAUT K BO3HUKHOBEHHIO TaKUX TEMIEPATyp,
KOTOpbIE HAMHOTO TPEBBIMIAIOT TEMIEPATypy BCHOBIMIKKH HEPTH, U TpH

pasrepMeTH3aiuy TpyOooIrpoBoga MOXKET MPUBECTH K JaTbHEHUIIIEMY BOCTIAMEHEHUIO
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Y TEXHOT€HHOU aBapHH.
[IpousBeneM oreHky >(h(PEKTUBHON Tepeaadd Terjia B CHCTEMax Harpena

BSI3KOM HE(TU ¢ HarpeBaTeIbHBIM KabesaeM (PUCYHOK 4).

Pucynok 4 - [Ipouecc nepegaun Tersa HarpeBaeMoMy NpOAYKTY PE3UCTUBHBIM
1 — pe3ucTuBHBINA Kabemb; 2 — TpyOa TEIIOOOMEHHUKA; 3 — HArpeBaeMbIi MPOIYKT

(HedTh); 4 — pacpocTpaHEHHUE Teria

B BHGKTquCCKOﬁ CUCTCMC C HAI'pCBATCJIbHBIM KabeJIeM TEII0 nepeaacTcsa OoT

HArpeToro kabemns BHENTHEH CTEHKU TPYObl TETNIO0OOMEHHHKA TETUIOMPOBOIHOCTHIO.

2.2 THAYKINOHHBIE HAI'PEBATEJIBHBIE CUCTEMBI
HE®TEIIPOBOAOB

Hcnonb3oBaHne  CUCTEM  MHAYKIMOHHOIO  HarpeBa Uil Harpesa
HedTenpoBo10B 3BeCTHO ¢ 60-X rogoB XX Beka. Ho akTHBHBIN HHTEpEC K HUM CTal
MPOSIBIISITHCS TOJIBKO Yepe3 MOJIBEKa, KOrga CTajio BO3MOXKHBIM CO3/1aBaTh HAJEKHbIC
WCTOYHUKHU DHEPTUHU, CIIOCOOCTBYIOIIME TMOBBIMIEHUIO d(P(HEKTUBHOCTH YMPABICHUS
IIPOLIECCOM Harpesa.

Ha cerognsiminuii  neHb  He(TsAHAs  MPOMBIIUICHHOCTh  MCIOJIB3YET
WHYKTUBHO-PE3UCTUBHBIE CUCTEMbI (CKUH-CUCTEMBI), WHIYKIIHMOHHBIC CUCTEMBI
MPOMBIILJICHHOTO OTOIUJICHUS] M WHIYKIIMOHHBIE CHUCTEMBI CpedHEH U BBICOKOM
4acTOThI, KOTOpPbIE 00JIaJal0T BEICOKOW dHEPreTH4eckoil 3(h(peKTUBHOCTHIO, BHICOKOM

CTEIEHbIO KOJOTMYECKOW COBMECTUMOCTH U JJTUTEIILHBIM CPOKOM CITyKOBI [32].

Jlucm

OOBEKT U METOBI UCCIIETOBAHUSA 28

UNam. | Jlucm Ne dokym. lModnuck | Jama




2.2.1 Cuctema HarpeBa CKHMH-I(peKT

CkuH-cHCTeMa WM WHIYKIIMOHHO-PE3UCTUBHAs cucTteMa HarpeBa [29]

ABJACTCA CHUCTEMA ITOBCPXHOCTHOI'O 3JICKTpOO6OFp€Ba. BI/I,HBI HUCIIOJTHCHHUS CKHH-

CUCTEM I Pa3IMYHBIX TPYOONMPOBOJOB IMOKAa3aHbI HA CXeMe, M300pPaKCHHOW Ha

PUCYHKE 3.
CKHH-cuerema
\ : |
TemnepaTypHbiii Koucrpyxrusnoe Tun nanoxenns MoumocTs
pekum HCNOJIHEeHHe H30ISAUHHA TEIIOBOTO MOJIA
Huskoremnepa-
ii -
;yp:tlc Bapaaui Tpeasopurenbaan 1-Tpyduas
il H30AAUMA TPYDbI
Cpenneremnepa- 2-Tpybnble
TYPHBII HMopszemubiii
a0 60 °C
¥Yrnaaka
ll30.|'lll.[lll£ 3 yﬁlﬂﬂe
BoicokoTemme- Moaroaubii cxepyses B
parypHbIii
1o 200 °C
Pucynoxk 5 — CTpykTypHasi cxema UCIOTHEHHUSI CKUH-CUCTEM
PaGora CKHUH-CUCTCMBI OCHOBAHAa Ha ABJICHUU

HCPAaBHOMCPHOTO

pacipcaciacHusa IICPpEMCHHOIO TOKa IIO0 CCUCHHUIO IIPOBOJHHKA, 06J1azxa101uer0

(beppoOMarHuTHBIMU CBOMCTBaAMH (PUCYHOK 0).

Tennosbkle NOTOKK

Pucynox 6 — Pacnipenenenus temia B cucteMe CKUH-3GQexT

Jlucm

OOBEKT U METOBI UCCIIETOBAHUSA

N3m.

29

Jlucm Ne dokym. lModnuck | Jama




HarpeBarenbHbiit DJIEMEHT MIPEICTaBIAECT co0oit TpyOy U3
HU3KOYTJIEPOAUCTON cTalid 2 ¢ HApYKHbIM AuaMeTpoM ot 20 10 60 MM U TOIIIUHOMN
CTEHKA 2 MM, KOTOpasi COEIMHEHA CBsI3b C HAarpeBaeMbIM OOBEKTOM IPHU MOMOIIU
cBapku. BHyTpu TpyObl pacnosiaraercsi pOBOJHUK U3 HEMarHUTHOTO Marepuana 1.

[Ipu mpoTekaHUU MEPEMEHHOT0 TOKA [0 HEMAarHUTHOMY MPOBOJAHUKY B TpyOe
MO/ ACMCTBMEM MAarHUTHOTO TOJIE 00pa3yloTCs BUXPEBBIE TOKU, KOTOPHIE BHI3BIBAIOT
HarpeB. Terio nepegaeTcs 3a cyeT TEIIONPOBOIHOCTH OT HarpeTor TpyOKH K CTEHKE
TpybonpoBoga ¢ HepThio (dpdekT Oau30ocTH) W 3a CYET HaBEJICHHS B
dbeppoMarHuTHOM MaTepuaje BHUXPEBBIX TOKOB (CkuH-d(h(dekT). Cucrema CKUH-
adpdexTt  mo3BOJAET  MOAJEPKUBATH  TEIUIOBOM  pEeXKUM  TpyOOImpoBojaa
npoTsokeHHOCThI0 10 30 kM. YToO cdopmupoBaTh TErioBoe IMojie TpeOyeMoro
3HAQYCHUS! MOKHO MPHUMEHUTh HE OJIHY HArpeBaTelibHYI0 TPYOKy, a HECKOJIbKO,
PaCIOJIOKUB UX TaKUM 00pa3oM, 4TOOBI repeada Teria Oblja ONTUMAaIbHOM.

K Hemoctatkam JMaHHOW CHCTEMBI MOXHO OTHECTH CJIOKHOCTh MOHTaXa U
JeMOHTaxa, mnoTepu wmomHoctu 120 B1/M, uyTo TpeOyeT uepe3 ompeneeHHoe
paccTosTHUE YCTaHABIMBATh WCTOYHMKU TOKAa JUIsl TOJJEp>KaHUA 3aJlaHHOMN
MOMIHOCTH. CKHH-CHCTEMBI B OCHOBHOM TPHMEHSIOT IS TOJJACPKaHUS
TEeMIIepaTyphl MepeKaunBaeMoil HeTH. DIEKTPONUTAHUE CUCTEMBI OCYIIIECTBIISETCS
OT CETHU MEPEMEHHOTO TOKa MPOMBIIIICHHOW YaCTOThI, YTO OTPAaHUYUBACT JUAIA30H
peryJMpoBaHUsl MOIIHOCTH CHUCTeMbl. WM jdake HCHOJMb30BAHUE PETYJISITOPOB
HAMpSDKEHUST  CHIDKAET JIMama3oH  PEryIupyeMod  MOUTHOCTH, KO3 UIIMEHT

MOIIIHOCTH M OKa3bIBACTCA HETaTHBHOC BIIMAHUC HaA CCTh.

2.2.2 UHQYyKIIMOHHBIH MOA0TrpeBaTe/Ib ¢ MPOMEKYTOUHBIM

TECIMJIOHOCUTECJ/IEM

OnucaHHas BBIILIE CHCTEMa HarpeBa ¢ MpUMeHeHueM CKUH-3(ddekTa coueraer
B ceOe JIBa THIA TEIUIOTepeIau, PE3UCTUBHBIN U WHIAYKIIMOHHBINA. B HedTerasoBoii
OTpaciu UCHOJIb3YeTCS CHUCTeMa — CKOPOCTHOW MojorpeBaTenb HedTH, s Harpena
KHUJKOCTU B TEXHOJIOTMUYECKUX TPYyOONpoBOIax. ITa CUCTEMA 110 CBOEH KOHCTPYKLIUU

Omke Bcero K TpaHchopMmaTopy, Y KOTOPOro B KadyeCTBE BTOPUYHON OOMOTKH
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UCIOJIB3YETCSI METAJUIMYECKUH TETNIOOOMEHHHUK.

[Mpunmmn paboTel  ycTpoiicTBa 3akimiouaerca B cieaytomiem. [lox
BO3JICHCTBHEM IIEPEMEHHOIO MAarHUTHOIO TMOJfA, CO34aBa€MOI0  MarHUTHOU
CUCTEMOM, B METaJUIE TEIJIOOOMEHHUKA 00pa3yroTCs BUXPEBBIE TOKH, BBI3bIBAOIINE
ero HarpeB. B ckopocTHOM moporpeBarene HeTH, KOTOpbIA pabOTaeT Ha TOKAxX
IIPOMBILUIEHHON YaCTOTHI, HArPEBY MOJABEPIaeTCsl METAUINYECKOE TEJI0, 3aTEM TEILIO0
nepeaaeTcs TEMIOHOCUTENIO (Macio, Boja U T.4.) M ye oT Hero HarpeBaercs cpefa.
Cpok cmyx0Obl anmapara OIpPEAEsSeTCs] CPOKOM CIYXKObl 3JIEKTPOMArHUTHOU
CHCTEMBI, YTO JICJIACT YCTAHOBKY HAJCKHOU M TONTOBEYHOM [21].

K Hegocrarkam JaHHOM YCTaHOBKM MOXHO OTHECTH CpPaBHUTEIIBHO
HeBbicOKUM KIIZI, u3-3a mpHMeHEHHs NPOMEKYTOUYHOTO TEIJIOHOCUTENS, MaJjble
MOIIIHOCTH (POPMHUPYEMOTO TEIUIOBOIO MOJsI, YTO MO3BOJISET MPUMEHHUTH JTaHHYIO
CUCTEMY JIMIIb Ha TpPyOOIpPOBOAAX MaJOr0 JAWaMeTpa W MPOU3BOAUTEIHHOCTH.
PaboTa MHAYKIIMOHHOW CUCTEMBl Ha TOKaX MPOMBIILJIEHHOW YacTOThl OIPaHUYKBAET
JIAAIIa30H PETYIUPYEMOU MOIITHOCTH.

Takke CyIecTBYIOT CHCTEMBI HMHIYKIMOHHOIO HAarpeBa TEKy4YUX cpel B
KOTOPBIX OTCYTCTBYET IMPOMEKYTOUHBIA TEIUIOHOCHUTEND, a 1 mnoBbieHus KII/]
CUCTEMbI MCIIOJIb3YETCs JOIOJIHUTENbHA MAarHUTHas CUCTEMa, CIOCOOCTBYIOIIAsS

YCUJICHHIO MTEPEMEHHOI0 MarHUTHOTO 1ot [ 14].
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_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXXEHUE)
Crygnenry:
I'pynna DPUO
2bM5b YpycremoBy Hyptiey Haz6omaroBuuy
Hucruryr IIpupoansix pecypcos Kadenpa Tpancnopra u XxpaHeHust

HeTH M raza

Yposennb 00pa3oBanus

Maructparypa

HanpasieHue/cnenuajbHOCTD

21.04.01 «Hedrerazoroe meno»
pohITH «HanexHocTh
ra3oHe(TePOBOIOB u
XPaHWIHID)

pecypcocOepekeHue»:

Hcxoanbie nanHble K pa3aeny «DMHAHCOBbIH MEHEIKMEHT, pecypcod(PeKTUBHOCTD U

1. Cmoumocms pecypcos nayunoeo ucciedosanus (HU):
MaAMepUuaIbHO-MEXHUYECKUX, IHEPLeMUYEeCKUX, (PUHAHCOBDIX,
UHPOPMAYUOHHBIX U UEL0BEHUECKUX

Cmoumocmo MamepuanbHO-mexHu4eckux,
SHepeemu4ecKux, QUHAHCOBLIX U  UYeI06eYeCKUx
pecypcos HAYYHO20 uccnedo8aHusl npu

MPAHCHOPMUPOGKe Hepmu ¢ NpedsapumenrbHbiM
nooozpesom

2. Hopmbl u HOpmamussl pacxo008anus pecypcos

Ipuxasz Dedepanvroti aHMUMOHONONLHOU CLYHCOb
Poccuu om 23 oOexabps 2016 2. Nel825/16 "O6
yemanosnenuu  mapugos  Ha  yceayeu 1140
"Tpancnepmov” no mpancnopmupoeke negpmu no
cucmeme Ma2uCmpaibHolx mpyoonpoeooos”

3. chozzwyema;z cucmema HaﬂOZOO6]ZOJiC€Hu}Z, cmaeku
Hajloeoes, Omlll/tC/ZEHulj, OMCKOHWZMPOSCIHM}Z u erdumoeanz

Hanozosuliil kooexc PD
@3-213 om 24.07.2009 6 pedaxyuu om 09.03.2016 .

Ne55-D3

IlepeyeHnb BONPOCOB, MO/JIEKANIMX HCCIET0BAHNIO, TPOEKTHPOBAHUIO U Pa3padoTKe:

1. OMEHKQ KoMmepieCcKo2co U UHHOBAYUOHHO20 nomernyuala

Ouel-ma nepcnekmueHocmu peaiuzayut mexHoaiocuu

3aKYnoK

epagux npogederus, 0100HCEM, PUCKU U OP2AHUZAYUS

HTH npeosapumenbHo2o nooozpesa Heghmu npu
MPancnopmuposKe no MA2UCTIPATTLHBIM
mpyoonpoooam.

2. IInanuposanue npoyecca ynpasnenuss HTH: cmpykmypa u Pacuem sampam wnma mpancnopm Hepmu ¢

npeosapumenbHblM H0002PeBOM;

Pacuem cruscenus snepeonompebnenus,

Pacuem sxonomuueckoeo agpgpexma om npumenenus
MEXHOA02UU MPAHCHOPMA C HOOO2PEBOM.

3. Onpedenenue pecypcHoil, GUHAHCOBOLL, IKOHOMUYECKOU Pacuem 9KOHOMUYECKOU aghgexmugnocmu
agpexmusnocmu npuMeHeHus MexHon02uu npeosapumenbHo20
nodoepesa Hegmii.
Hepeqenb rpa(l)nlleucoro MAaTEePUAJIA (c mounbim yrazanuem 06s3amenvHbIX yepmedicell).
Dopmynvi: 6
Tabnuyer:2
‘ JlaTta BbI1auM 3a1aHMA /ISl pa3fesia no JuHeliHoMy rpadguky ‘ 25.04.2017
33}13HI/IC BbIJ1AJI KOHCYJILTAHT:
Jo/KHOCTH [%(0] ‘Y4enasi cTeneHs, TMoanuch JlaTa
3BaHHUC
Houent kadenpsr DI1P app W.B. K.3.H, IOLIEHT
33[[3Hl/le NPUHAJT K UCIIOJTHEHUIO CTYACHT:
I'pynna DO Moanuce Jara
2BM5b VYpycremos Hyptiey Haz0onatoBuy




4 ®PUHAHCOBBI MEHEJKMEHT, PECYPCO3®®EKTUBHOCTH "
PECYPCOCBEPE/KEHUE

I[To '"ropsuuMm" TpyOOmpoBOJaM IEPEKAYMBAIOTCS BBICOKOBSI3KHME U
BBICOKO3aCThIBAIOIE HEPTH TIPU BBICOKHUX TeMmIeparypax. ITO 0COObIC
TpyOonpoBoabsl. OT TemmnepaTypbl 3aBUCUT BSA3KOCTh IepeKaurMBaeMoil He(TH,
TUIPABIMYECKOE COIMPOTHUBICHHE TpyOompoBoda, mnomada Q wu gaBneHue P
nenTpooexHeix HacocoB (L[BH). CnemoBarenbHO, c€OECTOMMOCTh W BBHITOAA OT
NepeKayKy TaKKe 3aBUCUT OT TEMIIEPATYPHOIO pexXrma TpyOoIpoBo/ia.

[IpuMeHeHre TEXHOJIOTHH TPEIBAPUTEIHLHOTO MOAOTpeBa HEPTH IO3BOJISET
YBEIMYHUTh TPOMYCKHYIO CIIOCOOHOCTH TPYOONpPOBOAA, YTO IO3BOJSET IOJYYaTh
OoJpIle BBIPYYKHM OT TpaHCIOPTa JOMOJHUTEIBHBIX 00beMOoB HedTu. Takke
MOJIOTPEB HE(PTH TO3BOJSICT CHHU3UTH MOTpPeOJIeHUE 3JeKTpodHepruu. CHIDKCHHE
NOTPEOICHUS AIEKTPOIHEPTUN YMEHBIIIAET BPEIHOE BO3JIEUCTBHE HA OKPYKAIOIIYIO
cpeny. B cnydae, eciM HUCTOYHMKOM BJEKTPOIHEPTHM  SABISICTCS aTOMHas
AJIEKTPOCTAHIINSA, MPOOJIeMa 3aKII0YAETCS B TEX PAJAMOAKTHBHBIX OTXOJaX, KOTOPHIC
elie HE HAyYWJIHMCh IepepadaThiBaTh TaK, YTOOBI clelaTh HX aOCOJIOTHO
Oe3omacHBIMH JJISI OKpyXaromieid cpenbl. Jlake THAPOIIEKTPOCTAHIIUU, KOTOPHIC
MOJIYYArOT AJIEKTPUYECTBO 3a CUET DHEPIHH MAJAIOIICH BOJBI, BPEAST DKOJOTHH: HX
CTPOUTEIHCTBO MPUBOJUT K 3aTOIUICHHIO IEHHBIX CEIbCKOXO3IMCTBEHHBIX 3€MEIlb,
pa3pyIICHUIO CYIIECTBYIONIUX 3KOCUCTEM, N3MEHEHHUIO KIIMMATA.

B nmanHoit wactu paboThl OymeT paccyuTaH 3IKOHOMHUYECKHH 3¢p(deKT or
MPUMEHEHUST TEXHOJIOTHU TIPEIBAPUTEIBHOTO TMOJ0TpeBa HEPTH, TaKke Oyaer

paccUuTaHO YMEHBILIEHUE KOJIMYECTBA MOTPEOIISIEMON DIIEKTPOIHEPTUH.

ModenuposaHue mexHonoaut rnepeka4ku Hegpmed, U3MEHSWUX

peorsiozu4yeckue ceolicmea rnebexkaqyusaembix Hecbmel
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4.1 ICXOIHBIE JAHHBIE JJIAA PACYHETA DKOHOMHNYECKOI'O
IODEKTA OT HEPEKAYKHU HE®THU C IOJOT'PEBOM

Tapud Ha mepekauxky npunsat 31,6171 py6/(100 xkm-T) cormacHo Ilpukazy

denepanbHOI AHTUMOHOIIONBHOM ¢y k0l Poccun ot 23 nekabpst 2016 r. Nel825/16

"OO0 ycranoBieHuu tapudos Ha yciayru [TAO "TpancHedTs" Mo TpaHCHOPTUPOBKE

He(TH 1O CUCTEME MarkucTpaibHBIX TpyOompoBooB" [1].

KanuraibHble 3aTpaThl Ha NPUOOPETEHHE TEIJIOBOM MeYr cocTaBAT 550 MIIH.

Py6neit. CTouMOCTh KalUTaJIbHBIX BJIOKEHHH Ha ycTaHoBKY I1ITH Obuta mpuHsaTa 1o

iany 3akynok kommanuu [TAO "Tpancaedth-Cudups" Ha 2015 1.[2].

JlaHHBIE TIO pacxoay M MOTEPSIM HANopa IPUHATHL C YCIOBHEM, 4YTO

TPaHCIIOPT BCACTCA B OAHOM OIITHMAJIBHOM AJIA HACOCHBIX YCTAHOBOK PCKUMC. Bce

HCXO/IHBIC JTaHHbIC MPUBEACHBI B Tabmile 4.1

Tab6mumna 4.1 — Ucxonueie nannbie [3]

[loka3zareinp 3HayeHue
Tapud Ha nepekauky 2 rapudy Py6/(100 km-T) 31,6171
HopmaTuBHbIit K03 pUIIEHT E — 0,12
s dexTuBHOCTH KalUTaJIbHbIX
BJIOYKCHUU
HopmatuBHOE  3HaueHUE  TOJOBBIX o — 0,085
OTYMUCJICHUM HA aMOPTU3ALINIO
CTOoMMOCTh €IMHHUIBI DJIEKTPUYECKON P Py6 (kBT 1) 4%
DHEPTUU
CrouMoCTh €IUHHUILIBI TETJIOBOM hIn Py6/1x 15-10°®
DHEPTUU
KIIJ] macoca Nu — 0,8
KIIJI TermoBoro arperara Na — 0,7
Bpewms paboTsI B o] Toss Ty q 8544
Kanuransublie 3atpatsl Ha [TTTH 3nmu MiH.py6 550
Pasauiia temmeparyp B Hauajie W B AT K 9
KOHIIE yJacTKa

Jlist TpancniopTa 6e3 nmogorpena
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[Iponomxenue Tadnuusl 4.1

Pacxon TpaHcropTupyemoi  cpenabl Q M’/c 0,64
IpU ONTUMATBHOM PEXKHME PabOTHI

HACOCOB

[loTrepn Hamopa Ha paccMaTpUBaEMOM H M 477

Y4acTKE MPU ONTHUMAIBHOM PEKUME
paboThl HACOCOB
JIns TpaHCcniopTa ¢ mogorpeBoM

Pacxon TpancropTupyemoi  cpenapl Q M%/c 0,79
IpU ONTUMATBHOM PEXKHME PabOTHI

HACOCOB

[ToTepu Hamopa Ha paccMaTpUBAEMOM H M 426

y4acTKe MpU ONTHUMAIBHOM PEXHUME
paboThI HACOCOB

JlnuHa yyacTtka HedTenpoBoaa L M 74200
[TnotHOCTH HEhTH 0 Kr/m® 863
VY nenpHas TEMIIOEMKOCTh He(pTH Cp Jx/(xr-K) 2100

* CTOMMOCTb €JIMHUIIBI MICKTPHUECKON YHEPTHUU IO JaHHBIM [5].

Bpewmst paboTbl mpunsiTo 356 pabounx ane [4].

4.2 PACYET DKOHOMMWYECKOH Y®P®EKTUBHOCTHU NPUMEHEHUA
IMPEABAPUTEJIBHOI'O IIOAOI'PEBA HE®TH IIPU
TPYBOITPOBOAHOM TPAHCIIOPTE

[IpumeHeHHe TEXHOJIOTUM TepeKauku HepTH C  MpelBapUTEbHBIM
MOJIOPEBOM Ha KOHKPETHOM TPYOONMPOBOJAE AOKHO OBITh TEXHUKO-3KOHOMHUYECKH
00OCHOBAHO I KOHKPETHOHN TPaHCIIOPTUPYEMOI Cpeibl, JOKHBI ObITh MPOBEACHbI
pacyeTsl yUHUTHIBAOIIEE MTEPEKIFOUEHNE TEXHOJOTHYECKUX PEKUMOB ITEPEKAYKH.

DKoHOMHYECKHH 3(P(EKT — Pa3sHOCTh MEXIY pe3yJbTaTaMH JesATeIbHOCTH
XO3SUCTBYIOLIETO CYObEKTa UM MPOU3ZBEACHHBIMU JIJIl UX MOJY4YEHHUs 3aTpaTaMH Ha
WU3MEHEHUS YCIOBHUM AeATEIbHOCTH. DKOHOMUYECKUN 3P (deKT oT moaorpeBa Hedtu
OyZAeT onpenensThCsl yBETMUEHUEM MAcChl epeKauyeHHOW He(DTH 3a CUeT W3MEHEHUs

pexrMa paboThl HACOCHOTO 000PYI0BAHUS TTPU U3MEHEHUU BSI3KOCTU CPEIbI.

Jlucm
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4.2.1 CEBECTOUMOCTbDB IEPEKAYKH C IOJOT'PEBOM

3a cebecTOMMOCTh TIEPEKaYKH MPUMEM IKCILTyaTAIIMOHHBIE 3aTPaThl. 3aTPaTh
Ha IICPCKAYKY HG(I)TI/I C IpPCABAPUTCIBHBIM IIOJOTPCBOM CKIAABIBAIOTCA M3 3aTpar
MEXaHUYECKON SHEpPrHMHM Ha IEpEeKauyKy M 3aTpaT TEIUIOBOM 3HEPrMM Ha MOJOTPEB
cpensl. O0MmMe 3aTpaThl HAXOAATCS 10 opmyIie:
S :p°g'O-M'Q'H +IO'CP'AT'O-T'Q;
v r

(4.1)

PaccunTaem sKcCIUTyaTallMOHHBIC 3aTPaThl IS TPAHCIIOPTa C MOJOTPEBOM 10
dopmyie (4.1):
~ 863-9,81-4-0,79-*426 +15-1O‘8 -2100-9-0,266-863-3600
o0 0,8-10° 0,7
= 06,2837 man.py6.l c;

4.2.2 CEBECTOUMOCTD IIEPEKAYKH! ITPU TEMIIEPATYPE
OKPYKAIOIIEN CPEJIbI
Jns mepekauku Ipu TEMIIEpAType OKPYKAIOIIEH Cpelbl 3aTpaTbl COCTOSIT
TOJIBKO U3 TPAT MEXaHUYECKOW SHEPTUM:
v

(4.2)

PaccunthiBaeM 3KCIUTyaTallMOHHBIC 3aTpaThl JIJIS TpaHCHopTa 0e3 mojaorpesa
o popmye (4.3):

_ 863-9,81-4.0,64-477
0,8-10°

S, = 3,9034 mnn.py6./ c.

4.2.3 SKOHOMMYECKHA YPDEKT

OxoHomuyeckuii  d>pdexr 3., pyO./ron, OyAeT onpemenAaTbes —Kak
TOTIOJTHUTENbHAS TaprQHas BBIpPyYKa 3a MEePEKadKy TOTOJHUTEIBHOW MacChl HePTH

3a BBIYCTOM JOIIOJTHUTCIBHBIX 3aTpar.

3 =AB—-A3=B

eop. cnod.

B6eano<). _A3’ (43)

I'me AB — nononuurensHas TapudHas BEIpydKa, pyo.

Jlucm
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Briroga ot TpaHCcmopra npH yCTAaHOBHBIIEMCS pPAacXoJ€ HAXOAUTCA Kak

BBIPpYYKa 34 BBIYCTOM 3KCILTYAaTAIITMOHHBIX 3aTpar:

B=0,y L-Q-p—5 (4.4)

Paccuntaem BBITOAY OT TpaHCIIOpTa C IMOAOTPEBOM IIPHU YCTAHOBHUBIIEMCS
pacxoje 1o popmysie (4.4):
_ 31,6171

108

B -74200-0,79-863—6,2837 =8,2060 (man.py6./ c)-8544 ¢ =

= 70112 man.py6.,

JlonoHHUTEIbHBIE 3aTPaThl OyIyT ONPENeNsIThes o hopMyIie:
A= -3y +E- 3y, (4.5)
PaccunTaem JOMOTHUTEBHBIE 3aTPATHI:
A3 =0,085-550+0,12-550 =112, 75 mun. pyo6.,
Paccunrtaem skonomuueckuit agpdext npumenenus [1ITH o dpopmyse (3.3):

2, =10112—-67552—-112,75 = 2447, 25 man.pyo./ 2oo.

2op
3apmuiata  0OCHY)KMBAIOIIETO TEpcoHalia, 3aTpaThl Ha 0OCIyXUBaHUE,
MOHUTOPHUHT TPACC U APYTHE 3aTPATHI HE 3aBUCST OT 00BEMA NEPEKAUYKHU.
[Ipy nmpruMeHEeHUM TEXHOJIOTMM TPaHCHOPTa HE(PTU B yKa3aHHBIX YCIOBUSX
sKOHOMHUYECKUH 3P ekt mMoxer gocturath 2447,25 mnd. Py6./ron npu BeaeHUH

TpaHCIIOPTa B ONTUMAIBHOM peXUME pabOThl HACOCHOTO 000PYA0BaAHMUS.

4.3 PACYUET CHUXKXEHUS NOTPEBJIEHUSA JIEKTPOOHEPT U

[IpumMeHeHre TEXHOJOTUU TMepeKauyku He(pTH C MOJOTPEeBOM  IO3BOJISET
CHU3UTH KOJMYECTBO MOTPEOIIIEMON ANEKTPOIHEPTUH.

PaccunthiBaeM moTpeOsieHHE AJIEKTPOSHEPTHUM TIpU  TpaHcmopre 0Oe3

moaorpena.
F_P9-QH.
Mu
Jlucm
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_ 863-9,81-0,64-477

e3 nod. = 3301 KBm / C,
0,8

E6

PaccunthiBaeM mOTpeOJieHHE  BJIEKTPOIHEPTHMH  TPU  TPAHCIIOPTE
MOJIOIPEBOM:

863-9,81-0,79-426
Enod. = O 8

=2849 kBm/ c;

YMeHblIeHrEe TOTPEOTIEHUS JIEKTPOIHEPTUU COCTABUIIO:

AE =3301-2849 =452 kBm / c;
AE =452 kBm /[ ¢-8544 ¢ =3861888 xBm | 200.

BoiBog: Ilpu mpuMeHEeHUM TEXHOJIOTMHM TpaHCHOpTa HEPTH B yKa3aHHBIX

YCIIOBUSIX 3KOHOMHMYECKHil 3¢ddext nocturaer 2447,25 wmuH. Py0./ron,

T.C.

VYBenuunBaercs Ha 3%, IpU BEJECHUU TPAHCIOPTA B ONTHUMAIBHOM PEXUME paOOThI

HaCOCHOI'O 060py,ZIOBaHI/IH, a 3(1)(1)€KT 9KOHOMHHU IJICKTPOSHCPIHHU MOXKCT JOCTUI'ATbh

3861 mBT B roj (Tadi. 4.2).

Tabmuma 4.2 — Pe3ynbraTsl aHam3a

IToka3arenn ITepexauka [lepexauka HedTH npu
He(TH C TeMIIepaType Hroro
MI0JIOTPEBOM OKpY’KaroIien cpebl

CebecTouMocCTh, MITH.pY0./C 6,2837 3,9034 D.0p=2441,25

Beiroga npu ycraHoBuBIIEMCS 70112 67552 MJIH.pyO/TO]
pacxoze, MiH. Pyo0.
JlonomHUTENBHBIC 3aTPATHI, 112,75 -
MIH. PyO.
[Torpebnenue 2849 3301 AE=3861,9
AIIEKTPOIHEPTUH, KBT/C MBT/TO/T

Tak kak pacxoll MarucTpajibHOro TpPyOONpPOBOAA 3aBUCHUT €IIE U

oT

KOJIMYecTBa HEePTH caaBaeMoil He(TeAOObIBAIONIMMU KOMITAHUSMH, OTKJIOHEHUS

napamMeTpoB pekuMa pabOThl OT MPUBEIACHHBIX NJIsi pacueTa Hen30exkHbI. [loaTomy

YKa3aHHBIE 3HAYCHUS SBJISIFOTCS ONTUMUCTUYHOW OLCHKOW. JlanbHenIee yrToOuHeHNE

AOJDKHO IIPOBOAUTCA C HCITIOJIB30BAHUCM INNIAHOBBIX 00BEMOB IICPCKAYKH.

duHaHCOBBIN MEHE)KMEHT
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3AJAHME JIJISI PA3JIEJIA
«COLMAJILHASI OTBETCTBEHHOCTDb»

Crynenry:
'pynna (0] 5 (0]
2BMS5b YpycremoBy Hyptney Haz6omnatoBuuy
HucruryT HuIrp Kadenpa TXHI'
Yposenb odpa3oBanusi | Marucrparypa Hanpagsienne/cnemnansnocts | 21.04.01 «Hedrerazosoe aemo»
po b «HanexHocTh
ra3oHe(TePOBOIOB u
XPaHHIUII

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

1. Xapaxmepucmuka o6vexma ucciedosanus (eewecmso,
mamepuai, npubop, ar2opumm, Memooukd, pabouas 30Ha) u
obracmu e2o npumeHeHus.

Mecma npogedenuss pabom — Cesep Tomckoti
obracmu,  meppumopusi  HIIC  (omkpwimas
MecmHOCmb) U pabouull Kabumem OCHAUEHHbIU
IIK nnowaosro 20m2. Ha HIIC gedymca pabomul
no ooécayacusanuto IIIIH, cnamue nokasanuii
KOHMPOAbHO-UIMEPUMNENLHBIX npubopos,
BU3VANILHDIL KOHMPOb 0bopydosanus,
nepexniouenue 3anopHot apmamypul 8
COOMBEMCMBUYU C MEXHOIOSULECKUMU PEeNCUMAMUL.
Pabomut 8 nomeuwjeHuu: npoeedenue
mennozudpagiuyeckux pacuemos, avaiusz HT/ u
Mmemoouueckux nocoduu. Pabomwvr eedymcs 6
menioe U X0J100Hoe 8pemsi 200d.

IlepeyeHb BONMPOCOB, MO/JIEKANMX UCCTEIOBAHUIO, TPOEKTHPOBAHMUIO U Pa3padoTke:

1. Ilpouzsoocmeennasn bezonacrocmo

1.1. Ananu3z 8bis8IEHHbIX 6DEOHBIX YAKMOPO8 NPU CMPOUMENbCEe
Nn00B800H020 MPYOONPOB0OA MPAHUETHbIM U BECMPAHULEIHbIM

Memooamu.

1.2. Ananu3s 8blA61EHHbIX ONACHBIX YAKMOPOE NPU CIPOUMENbCIEE
Nn00B800H020 MPYOONPOB0OA MPAHUETHbIM U OECMPAHULEIHbIM

Memooamu.

Bpeounvie paxmopul :npesviuenue yposus uyma,
nosbllenHas 3a20306aAHHOCHb 6030yxa,
He0OCMamoyHds —OC8EWeHHOCMb, MOHOMOHHbIU
pedcum  pabomvl,  OMKIOHEHUe  NnoKasameneu
MUKDOKIUMAMA 8 NOMEUeHUU.

Onacnvie @axmopul: nopaoicenue
INEKMPULECKUM MOKOM, noBblenHAs
memnepamypa  noeepxHocmu  060py008aHus,
N0JICapOB3pPbIBOONACHOCHIb.

2. Dxonoz2uueckas 6€30nacHoCms.

Bozoeiicmeuss  na  oxpyscaowyo  cpeoy:
ammocgepy (npupoouwviti 2a3, OKCUObl yenepood,
cepuucmole coeounenus, €epo8ooopoo,
MepKanmauvl, OUOKCUO  cepvl, OKCUO dazoma
NO2),euopocgpepy (cmounvie 600w1), aumocgepy
(paznue  mypOUHHO2O — MONIUSA,  MEmAaHOd,

3. Bezonacnocms 6 4pe36biiaiiHblX CUMYAYUAX:

Op2aHUYecKux Kucaom, 1IAB, CMA30YHbBIX
KOMAPECCOPHbIX MAcer).

Ilepeuenv  so3moorcnvix  YC:  cmuxuiinozo
Xxapakmepa  (lecHble  ROJCAPLI,  HABOOHEHUS,
ypacauHvle Gempul);,  COYUAILHO2O Xapakmepda
(meppopucmuyeckuii akm),; MeXHO2eHH020

xapaxmepa (npousgo0CmEeHHAs A8apusl).

4. IIpasosvie u opeanuzayuortvle 60npocyl obecneyenus

be3onacnocmiu:

MP 2.2.7.2129-06 « Pesicum mpyoa u omowvixa
pabomaiowux 6 X0n00HOe 6peMs HA OMKPLIMOU
meppumopuu unu 8 Heomaniueaemuix
NOMEUeHUSIX»

P 09-364-00 «Tunosas uncmpykyus no
opeanuzayuu  6e30NaACHO20 NPOBEOCHUsL OZHEBbIX
pabom Ha 63PbIEOONACHBIX
63PbIBONOANCAPOONACHBIX 0OLEKMAX )

PJ] 39-132— 94: «lIpasuna no sxcniyamayuu,




pesusuu, DEMOHIMY u ombpakoske
HedmMenpoMvLCI08bIX MPYOONPOBOO0E8)

CHun 23-05 -95  «Ecmecmegennoe  u
UCKYCCMBEHHOE 0CEeUeHUe)

TOCT 12.1.005-88 «Obwue  canumapmo-
2ucueHuyeckue mpebosanus K 6030yXy pabouyel
30HbLY

rocr 12.1.010-76
«B3pwisobeszonacnocms. Obuue mpebosanusiy

@3 om 28.12.13 Ne 426-D3 «O cneyuanvroli
oyenxke ycnosuti mpyoay, cm.147 TK P® u cm.117
TK P®

@3 om 28.12.2013 Ne 421-®@3 «O pabouem
spemenuy, cm.94 TK PD

‘ JlaTta BbI1auM 3aJaHUA /IS pa3jena 1o JuHelHoMYy rpadguky 20.04.17

3agaHue BbI1aJ KOHCYJIbTAHT:

J02KHOCTH [ %(0] Yuenas cTeneHs, Moanucey JaTa
3BaHHe
HNnxenep MananoBa  Haranes K.t.H
BukropoBHa
3aganue NPUHAJT K HCIOJJHCHUIO CTYACHT:
I'pynna (07 (0] Honnuch Jara

2BM5b YpycremoBy Hyptiey Haz6onatoBuuy




5 COIMAJIBHASI OTBETCTBEHHOCTD

HedrenepekaunBaromas CTaHIMs — ONACHBIA MPOU3BOJACTBEHHBIN 00BEKTOM,
IIPOLECC IKCIUTyaTallMM KOTOPOM CONPSIKEH C PSJAOM OMACHOCTEM i MECTHOTO
HACEJIEHUs, OKpYy’Kawllel cpelpl, pabouero mnepcoHana. HecoOmropenus mnpasBui
IIPOU3BOJCTBEHHOM U 3KOJOTMYECKOW O€30MaCHOCTH MNpU NPOEKTHPOBAHUU H
skcruryaranu  HIIC  MokeT mnpuBeCTM K HENONPABUMBIM  IIOCHEACTBUSAM U
Ype3BbIYAHBIM CUTYaLUSIM.

OCHOBHBIMU ONAaCHBIMU U BPEIHBIMH MPOU3BOICTBEHHBIMU (PAKTOpaAMH IMpPH
skcruryaTaiuu HIIC sBnstoTcs: naBneHue HepTH B AEWCTBYIOUIMX KOMMYHMKAIUSX;
BO3MOXKHOCTb pa3pyllI€HUs TpyOONmpoBOJa, €ro 3JIEMEHTOB W 000pyIOBaHUS,
IIPOUCXOAAIIET0 COBMECTHO C Pa3jIeTOM OCKOJIKOB METajula U IPyHTa; BO3MOYKHOCTb
BO3rOpaHus MPOJAYyKTa MpH pa3pylIeHUH TPyOONpoBOJa, a TAaKXKE BEPOATHOCTD
BOCIUIAMEHEHUS TApOB TOPIOYMX JKHUJKOCTEW, OOOpYJOBaHUS; BO3MOMXHOCTb
NOSIBJIEHUSI B pabouell 30HE OTKPHITOTO OTHS U TEPMHUECKOE BO3JCHCTBHE MOXKapa;
BO3MOYKHOCTBh B3pbIBa IApOB T'OPIOYMX BEIIECTB; MOBBILIEHHBIM YpPOBEHb ILIymMa H
BUOpaIMii, BEpOSTHOCTh NoNajaHus HepTH, HEPTENPOAYKTOB B MOUYBY M BOJBI, a
TaKk)K€ BO3MOXKHOCTb BbIOpOCa TapoB YIJIEBOAOPOJIHBIX JKUIKOCTEH B BO3AYX

paboueit 30HbI U aTMOC(hEPY B LIETIOM.

5.1 MPOU3BOJACTBEHHAS BE3OITACHOCTbD
4.1.1 AHAJIM3 OITACHBIX U BPE/IHBIX ®AKTOPOB, KOTOPBIE
MOXET CO3JATb OBBEKT NCCJIEAOBAHUA

Bpenubie GpakTopbl, KOTOpbIE MOKET CO3AaTh OOBEKT UCCIETOBAHMS:
— IlpeBblienre ypoBHS IIyMa;

— IloBbIlIeHHAs 3ara30BaHHOCTh BO3ayXa.

ModenuposaHue mexHonoaut rnepeka4ku Hegpmed, U3MEHSWUX

peorsiozu4yeckue ceolicmea rnebexkaqyusaembix Hecbmel
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[IpeBrbilieHHE ypOBHS IITyMa

[IpeBpillieHHEe ypOBHS IIyMa MpU TOJATOTOBKE MECTa MPOBEIEHUs padorT,
BO3HUKAET B Pe3yJIbTaTe pabOThl CENMAIbHON TEXHUKH (OyJib03€pa, SKCKaBaTopa),
a TakkKe IMpU Pa3IUYHbIX yJapax, KoJIEOAHUSAX OTHEIbHBIX JIeTajlell WiIH
00OpyI0BaHUs MIPU 3TOM IIIYM COXPAHSETCS] HA BCEM MPOTSHKEHUU UX JEATEIBHOCTH.
lym siBsieTcst 0011e0MOIOTHYECKUM Pa3ApAKUTENIEM, OKa3bIBasi BIMSHUE HE TOJIBKO
Ha CIIyX, HO, B IIEPBYIO OYEPE/b, HA CTPYKTYPY FOJIOBHOTO MO3Tr'a, BhI3bIBAsl CBUTH B
pa3IMYHbIX (PYHKIMOHAIBHBIX CUCTEMAX OPraHU3Ma.

[loneBoit »atam pabOTBl CBSI3aH C MOCTOSIHHBIMH  IE€PEABUKEHUSMH,
NEPEMEIICHUEM U TEPEHOCKOM 3HAYUTENIbHBIX TSKECTEd U TpeOyeT OOJbIINX
¢u3nyecKux yCWIMH, TOATOMY OTHOCUTCS K TSDKEIOW KaTeropuu pador.
CrnenoBatenbHo, B Tabnuie 5.1 mo 'OCT 30691-2001 nomycTUMBIN ypOBEHB IITyMa B

paboueii 30He He JI0HKEeH MPeBbIaTh 65-75 00.

Tabnuna 5.1 — Jlonyctrumbie ypoBHH 1iTymMa, 06, Ha paboueM MecTe

VYpoBHHU 11yMa, 00, 1Ji CTENIEHH HANPSKEHHOCTH TPYyIa
Kareropus
paboT 1o 1 creneHn 2 CTEeIeHb
TkecTH Tpyga | Jierkat | Cpennsi HANPsHKEH HaIPSKEH
HOCTH HOCTH
Jlerkas 80 80 60 50
Tsoxenas 65 75 - -

[IpeBpilieHHE YpOBHS IIyMa TMpU TOJATOTOBKE MeECTa IMPOBEIEHUs padorT,
BO3HHMKAET B pe3ysbTaTe pabOThl ClieNMaIbHON TeXHUKH (Oynbao3epa, IKCKaBaTopa),
a TakKe TMpH pa3IUYHbIX YyAapax, KoJeOaHUAX OTHENbHBIX JeTajled WiIu
00OpyIOBaHUS MPHU STOM IIIyM COXpaHSIETCS] HA BCEM MPOTSHKEHUN MX JESATEIBHOCTH.
lywm siBasieTcst 00111e0MOIOTHYECKUM pa3ApaxUTeNIeM, OKa3biBask BIAUSHUE HE TOJIBKO
Ha CJIyX, HO, B MIEPBYIO O4Yepeilb, HAa CTPYKTYPY TOJOBHOTO MO3ra, BHI3bIBAsl CABUTHU B
pa3TMYHBIX (QYHKIIMOHAIBHBIX CUCTEMaX OpTaHU3Ma.

[loneBoit 3Tam paboThl CBSI3aH C MOCTOSHHBIMHM  TE€PEIBHKEHUSMH,
nepeMenieHNeM W TEPEHOCKON 3HAYMTENbHBIX TsKECTe U TpeOyeT OobIIuX

bU3MYEeCKUX YCWIMM, TMOATOMY OTHOCHUTCS K TSDKEJIOM KaTeropuum padoT.
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CrnenoBatenbHo, B Tabnuie 5.2 no 'OCT 30691-2001 nomycTuMBIi ypOBEHb IITyMa B
paboueii 30He He JOJKEH MPeBhIaTh 65-75 06.

Haunbonee rhpekTuBHBIM CpeacTBOM OOpPHOBI C IMIYMOM SIBJISIETCS Oophba ¢
UCTOYHUKOM €r0 BO3HUKHOBEHHUA. J[ns yMeHbIIeHHs IIymMa HEoOX0IuMO
CBOEBPEMEHHO MPOBOJUTH PEMOHT 000pYIOBaHHs, 3aMEHATH YJIapHBIE MPOIECCHl Ha
Oe3ymapHble, IIHpPE HWCIONB30BaTh MNPUHYAUTEILHOEC CMa3bIBaHUE TPYIIUXCS
MOBEPXHOCTEH, MPUMEHSITh OATaHCHPOBKY BpAIAIOIIMXCS YacTe, a TakKe BECTH

paboThI C NPUMEHEHHEM CPEJICTB UHIMBUTyJIbHOW 3aIIUThI (HAYITHUKH U JIp.).

Tabmuma 5.2 — JlomycTrMbie ypOBHH ITyMa, 00, Ha pabodeM MecTe

Kateropus YpoBHHU myma, A0, I CTETICHU HAIIPSHKEHHOCTH Tpyaa
pabor Jlerkas | Cpennss 1 crenens 2 cTeneHp
Io Hampsixennoctu Hanpsixennoctu
TSKECTH
Tpyaa
Jlerkas u 80 80 60 50
CPeITHSS
Tsoxenas 65 75 - -

[ToBrbIIEHHAS 3ara30BaHHOCTH BO3/1yXa

BemectBa, pasnuuyHble  TEXHOJIOTMYECKHWE  OMNEpallMM € KOTOPBIMHU
npousBoaarcs Ha Tepputopun HIIC, gBasitoTcs BpeOHBIMU, U BCE OHHU OKa3bIBAIOT
HEOJIaronpusITHOE BO3ACHCTBME HA YEIOBEYECKUU OPraHu3M, XOTS W B pPa3HOU
creneHu. K Takum BemiecTBaM OTHOCSTCS, B TIEPBYIO o4epelb, HEPTh, a TouHEee e
Iapel, CEPOBOJOPOAOCOJAEPKAIIME  COCIMHEHUs, NPUCAIAKM WU UX  Taphl,
YIJIEBOAOPOIbI, YIJIEKUCIBIN Ta3, CEPOBOJIOPOJ, CUHWIIbHASA KucioTa. VX npenenbHo
JTONyCTUMBIE KOHIICHTpAIlMd M KJacchl omacHocTH, corjacHo I'H 2.2.5686-98,
MIPUBEICHBI B TabUIIE 5.3.

OCHOBHBIMM UCTOYHUKAMHU BBIJCIICHUSI BPEIHBIX BEUIECTB SIBISIOTCS:

1. IIpegoxpaHuTENbHBIE YCTPOMCTBA COCYAOB MOl JABICHUEM.

2. Cocyapl ¢ HENOCTaTOYHOM TEPMETHUYHOCTHIO BCIIEJICTBUE KOPPO3UH,

HapymCcHUA CINIOIMIHOCTHU U30JIIIUOHHOI'O MaTcpualia, FPY6BIX OIINOOK IIepcoHala.

Jlucm

COI_II/IaJ'IBHa}I OTBCTCTBCHHOCTbH 47

N3m.

Jlucm Ne dokym. lModnuck | Jama




3. COpoc nmaBneHusi B TpyOONpPOBOJAEC M OOOPYIOBAHWU MPU TPOBEICHUU

PEMOHTHBIX padoT.

Tabmuma 5.3 — IlpenenpbHO JOMYyCTHMBIE KOHIICHTPAIIMHM BPEIHBIX BEIIECTB,
MOSIBJIEHUE KOTOPBIX BO3MOKHO B padoueii 3o0e HIIC
Bemiecrso TR B Bosayxe 3 onI:éIIj((;(C:TH
Paboueii 30HbI, MI/M

VYraekucnslii ra3 9000 v
YrineBomopoasr C;— Cyp 300 v
CepoBoaopon 10 v
CepoBopopon B cmecu ¢ YB 3 Il
Mepxkanransl 1 I
CHUHUIIBbHAS KUCIIOTA 0,3 |

Bce BblenepedncieHHbIE BEIMIECTBA MOTYT MHPEACTABIATh 3HAYUTEILHYIO
onacHOCTh Tipu npesbiieHnn [1JIK kak B KpaTKOCPOYHOM, TaK M B JOJTOCPOYHOI
MEePCIIEKTUBE. OTan4yuTeabHbIE O0COOCHHOCTH OTpPABJICHUSL: TOIITHOTA,
TOJIOBOKPY)KEHHE, MOTEPsi CO3HAHMS, JI€30pPUCHTAIUMs B MPOCTPAHCTBE U BPEMEHHU,
CJIENOTA U TITyXOTa, MOBBIIIEHNE apTEPUATILHOIO JIaBICHUS U IIPOYEeE.

OmnacHbie GpaKkTOPbI, KOTOPHIE MOKET CO3/IaTh 0OBEKT UCCIICIOBAHUS:

—  DJEeKTpUYECKUH TOK;

— IloBbiienHas Temmneparypa noBepxXHOCTEH 000pyI0BaHMUS;

— IloxapoB3pBIBOOIACHOCT.

DIIEKTPUYECKHI TOK

ATMochepHOe dIEKTPUIECTBO SABJISETCS OMAaCHBIM (PaKTOPOM BBHUIY TOTO, UTO
MonHuss umeetr temmneparypy 10000°C, mnanpsokenne 220 MB u cuiny TOKa 10
1200 xa.

OnacHbIMU BO3JICHCTBUAMH aTMOC(EPHOTO AIIEKTPUUECTBA SBIISTFOTCS:

— VYnapHas BojHa, cOpMUpPOBaHHAs TIPU DIIEKTPUUYECKOM pas3psje,
criocoOHa BhI3BaTh MEXaHUUYECKHUE TTOBPEKICHUS;

— IlpsmMoe momagaHme MOJHHH CIHOCOOHO  BBI3BaTh  IOPAXKEHUE

QJICKTPUICCKUM TOKOM O6CJ'Iy)KI/IBaIOIlIeFO IICpCoOHAJa, a TAKKC IIPUBCCTU K ITOKAPY,
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— DIleKTpocTaTU4ecKas U AJEKTPOMAarHuTHAsI WHIYKITAS,
SBJISIONINECS BTOPUYHBIM TPOSIBIICHHEM aTMOC(HEPHOTO 3JIEKTPUYECTBA, CIOCOOHBI
BbI3BaTh HCKPEHHE B MECTaX C IUIOXUM KOHTAKTOM, CJEJCTBHEM 4YEro MOMKET
CILY’KMTh B3pbIB B CIIy4a€ UMEIOIINXCS B3PbIBOOMACHBIX BEIIECTB.

JUist 3alUThl OT MOPAMBIX YAApOB MOJHUM MPUMEHSIOTCS MOJIHUEOTBOIbI,
KOTOpbIE NPUHUMAIOT yJIap MOJHHMM Ha ce0dsfi W OTBOIAT ero B 3emmto. Jlms
MostHre3anuTsl Tepputopun HIIC, coopyskenns 060py1yt0T MOJTHHEOTBOJAMHU.

[Tockonbky Ha Tepputopun HIIC Haxondarcs sHeproeMkue OOBEKTHI,
HallpuMep, HACOCHOE OOOpYJAOBaHUE, TO BO3HUKAET ONACHOCTh MOPAXKEHUS
IEKTPUYECKUM TOKOM, HAIPSIKEHHUE KOTOPOro Jocturaer 10 KB, a Takke ONacHOCTb
BO3HMKHOBEHHUSI MOXKapa W/Wiau B3pbiBa. [IpOM30HTH 3TO MOXKET MO CIAEAYIOIIHMM
IPUYIHHAM

— Ciry4aiiHO€ IPUKOCHOBEHUE K TOKOBEIYIIIUM JJIEMEHTaM;

— OmubouHbIE JEHCTBUS TIEPCOHANA;

— Hapymenne u3onauun npoBoioB;

— ABsapus.

[Topaxatromymu (pakTopaMu IMEKTPUUYECKOTO TOKA SIBISIFOTCS: 3JIEKTPOOIKOT,
AIEKTPOYAAP M BJIEKTPOCYAOPOra. DIEKTPOCYIOPOrH XapaKTEPHbI JIJISl HAMPSKEHUS
1o 1000 B, snexkrpoynapsl — cBbimie 1000 B, anexktpooxoru — 10 u ceie 1000 B.

ITopor omnryrumocTtu Toka paBeH 0,5-1,5 ma. Ilpu Bo3necTBUM Ha YeJIOBEKa
Toka cuiiort B 10-15 ma HaumHaroTCs Oosle3HEHHBIC cyAopord. Tok cuioit B 20-25 ma
OKa3bIBaeT 3aTpyIHEHUS JbixaHusl. Tok cuioil B 100 ma sBIsSIETCS CMEPTENIbHBIM IS
yeJioBeKa Mpu Bo3eicTBUM Oosee 2 c.

[ToBbIIEHHAS TEMIIEpaTypa MOBEPXHOCTEW 000PYI0BAHMS

K onacHOCTM TEpMHUYECKOrO XapakTepa OTHOCATCS  IOBBILIEHHAs
TeMIlepaTypa MOBEPXHOCTU 000PYJOBaHUS U TEIIOBOE U3ITyUEHHUE.

TernoBbIM M3MyYE€HHWEM Ha3bIBA€TCAd TMpoOLIECC, NpPHU KOTOPOM TeIioTa
U3TyYEHUS] paclpOCTPAHIETCS B OCHOBHOM B (popME HMH(PPAKPACHOTO U3IYUEHHUS C

)IHHHOﬁ BOJHBI 0K0JIO 10 mm. VMIcTOuHMKAMU TEIJIOBBIX I/I3J'Iy‘ICHI/II71 SABJIAIOTCA BCEC

TCJIA, H&FDCTI_)IC O TCMIICPATYPHI BBLIIIC TeMHepaTVDBI OK[)!)KaIOlllefI cneg!LI. B
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YCIOBUSIX TPOM3BOACTBA MCTOYHUKAMH TEIJIOBBIX M3IYYEHHH MOTYT OBITh
Hapy)XHbIE CTEHKH TOPSIYUX TPYOONMpPOBOJOB, TEXHOJOTHYECKOE O00OpyAOBaHUE,
IpOBOJA U KaOemu 3JIEKTPOCETEH, 3JIEKTPUYECKHE MAalllMHbl M ammapaTsl U Ap.
TakKe KOHTAKT C HarpeTbIMH MOBEPXHOCTSIMU MOKET BBI3BAThb OKOT'M PA3JIMYHBIX
TKaHE oOpraHM3mMa 4esnoBeKa. l3MeHeHMs, MNpOMCXOASAIMEe B KIETKAX IpHU
HarpeBaHUM, ONPENCISIOTCS COOTHOIUIEHHWEM MEXAY YPOBHEM IIOBBIIICHUS
TEMIEPATypbl M MPOJOJDKUTENBHOCTBIO  TuUmepTepMuu.  Tak,  rubenb
SMUICPMAITBHBIX KJIETOK KOKH HACTYyMAaeT MpPU HarpeBaHuu 10 44°c B TeUeHUH HE
Mmenee 6 u. [loBbilieHue Temmepatypbl Ha 1°c cokpaiaer 3TOT CpOK BJABOE, a MPH
temriepatype 51°C U Bblllle CKOPOCTh PAa3BUTHUSI HEOOPATHMBIX W3MEHEHUH eIl
oonee Bospactaer. Ilpu HarpeBanun 10 Ttemneparypbl /0°C rubenb KIETOK
HACTYITaeT MPAKTUYECKU MTHOBEHHO.

TemnepaTypa HarpeTbIX MOBEPXHOCTEN MPOU3BOJACTBEHHOIO 00OPYI0BaHUS
U OrpaKIAEHHUI Ha pabounx MecTax He JOJbKHA npeBbiaTh 45 °C.

[ToxapoB3pBIBOOIIACHOCTH

OcHoBHBIM TOpaxaromuM (axtopom npu aBapun Ha HIIC sBasercs
TEIUIOBOE U3JIyYEHUE NIPU CTPYMHOM TOPEHHUM WJIM TOPEHHH B KOTJIOBAHE, aBAPUU CO
B3PBIBOM Ta30BO3AYLIHOW CMECH, CaMOIIPOU3BOJILHOE 3aropaHue MUpO(OPHBIX
COeMHEHUN. JIpyruMH NCTOYHUKAMU BO3TOpPaHUs MOT'YT ITOCIYKUTh HEOCTOPOKHOE
oOpalleHue ¢ OrHEM WIH 3JIEKTPOOOOPYI0BAHUEM, KOPOTKOE 3aMbIKAHHE.

OCHOBHBIMH UCTOYHUKAaMH BBIIEJICHUS BPEHBIX BEIIECTB SABJISIFOTCS:

1. ITpenoxpaHuTenbHbIe YCTPOMCTBA COCYA0B MO/ 1ABICHHUEM.

2. Cocynpl € HENOCTAaTOYHOM TEPMETHYHOCTHIO BCIICJICTBHE KOPPO3HH,
HapyIICHUs CIUIOIIHOCTH M3OJSIMOHHOTO Marepuaia, rpyobIX OHmIMOOK IMepcoHaia
U T.J.

3. Copoc maBneHusi B TpyOOmpoBOAE€ M OOOPYAOBAaHWHM TPU MPOBEIACHUHU

PEMOHTHBIX padoT.
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Tabmuna 5.4 — XapakrepucTHKa B3pbIBOIIOKAPOOTIACHBIX BemecTB [1]

T o IIpenen B3pbIBAEMOCTH,
HaumenoBanwue CMIEPATIPA, me/n
Bcenpimku CamoBocCIITIaMEHEHU S HwxnHuit Bepxuuit
Mertan — 537 29 113
OtaH — 515 31 194
[Tpomnan — 470 31 200
Byran — 372 33 225
CepoBogopon - 246 57 650

5.1.2 AHAJIM3 OITACHBIX U BPE/IHBIX ®AKTOPOB, KOTOPBIE MOI'YT
BO3HUKHYTb HA PABOYEM MECTE IIPU ITPOBEJEHUN
HCJIEJOBAHUN

Bpennsie (akTopbl, KOTOpble MOTYyT BO3HHKHYTH Ha pabodyeM MecTe IpH
IIPOBEICHUH UCCIIEAOBAHMIA:

— HenocraTouHas ocBEeMIEHHOCTh pabOyeid 30HBI;

— MOHOTOHHBIN PEKUM PAOOTHI;

— OTKJIOHEHHE MT0KA3aTeNe MUKPOKIMMATa B IOMEILEHUH.

HenocTtarounast ocBemeHHOCTh paboueii 30HbI

EcTtecTBeHHOE M HCKYCCTBEHHOE€  OCBELIEHUE  PErJaMEHTUPYETCA
HOPMATUBHBIMHM JOKyMeHTamMu cHun 23-05-95* B 3aBucumocTH CHCTEMBI W BHUIA
OCBEIIEHUSI, OT XapakTepa 3PUTENIbHON padoThl, (hOHA, KOHTpacTa 00bEKTa C (POHOM.
XapaKkTepuCTUKH 3PUTENIBHOM PAOOTHI ONMPENEAIOTCS HAUMEHBUIMMHU pa3MepamMu
OOBEKTOB pa3iMueHusi (HampuMep, MpU UYEPTEKHBIX paboTax — TONIIMHOW camoi
TOHKOM JIMHUM NIpU paboTe, ¢ MpuOOpaMu — TOJILIUHON JIMHUU TPATyUPOBKHU HIKAJIbI).
B 3aBucuUMOCTH OT pa3MepoB O0BEKTa pazIUUYECHHUS BCE BUIBI pabOT, CBSI3aHHBIE CO
3pUTEIBHBIMU  HAIPSOKEHUSIMH,  JIEJISATCA HAa BOCEMb pa3psoB, KOTOPBIE, B CBOIO
ouepe/ib, B 3aBUCHMOCTH OT (DOHA U KOHTPACTHOCTU 00BEKTa ¢ (POHOM AenATcs Ha

YyeThIpe Mojipa3psia.
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OcCBemIeHHOCTH pabOYuX TMOBEPXHOCTEH MECT, B KOTOPBIX BBIMOJHSIOTCS
paboThl, PacHoJIOKEHHBIX BHE 3[JaHUM, HA 3Ta)XEpKaxX BHE 3JaHMM U MOJ HABECOM,

JOJDKHA MPUHUMATHCS 110 TabJI. 5.5.

Tabnumna 5.5 — OcBeneHHOCTh Pabounx MoBepXHOCTEH [2]

Paspsiy 3putenbpHOil paboThI OTHOIIIEHHE MUHUMATIBHOTO pa3Mepa 00beKTa MuHuManbHas OCBELEHHOCTD B
pas3UUueHNUs K PACCTOSHHIO OT 3TOr0 00BEKTa 110 TOPU3OHTAJIBHOM MIOCKOCTH, JIK
713 paboTaroIero

IX Memnee 0,005 50

X Ot 0,005 no 0,01 30

Xl Cs. 0,01 mo 0,02 20

Xl Cs. 0,02 mo 0,05 10

X1 Cs. 0,05 mo 01 5

X1V Cs 0,1 2

I[JUI IMPONU3BOACTBCHHBIX HOMGIHGHI/Iﬁ JOIIYCKACTCA  HOPMHPOBAHHBIC

3nauenusa KEO npunumats B cOOTBETCTBUM C Ta0. 4.6:

Tabmuna 5.6 — Hopmuposanusie 3aaueHus KEO [2]

Hammensmree HopmupoBauHoe 3HaueHne KEO, e, , % npu coBMemeHHOM
p 6 OCBEICHUHT
A3pAA SPUTCIIBHLIX pAOOT ITpn BepxHEM MM KOMOMHUPOBAHHOM [Tpn 6oxoBOM OCBELICHUH
OCBEILICHUHI

I 3 1,2

I 2,5 1
Il 2 0,7
v 1,5 0,5
VuVll 1 0,3
VI 0,7 0,2

MOHOTOHHBIN pexuM pabOThI

B 3aBucHMOCTH OT KaTeropuu TPyJOBOM JIEATEIBHOCTH U YPOBHSI Harpy3Ku
3a pabouyl0o CMeHy T@pu padoTe YCTAHABJIMBAETCS CyMMapHOE BpeMms
perJaMeHTUPOBAHHBIX NEPEPHIBOB.

JIns mpenynpekaeHusl MPekICBPEMEHHON YTOMIIIEMOCTH MOJIb30BATENIEH
[I9BM pexomeHAyeTCs OpraHU30BBIBATH PabOUYyld CMEHY IyTeM YepeaoBaHUs
pabot ¢ ucnonp3oBanuem [I19BM u 6e3 Hero. [Ipu BOSHUKHOBEHUHN Y PaOOTAIOIINX
¢ I[I9BM 3putensHoro auckompopta U Ipyrux HEOJAronpUATHBIX CYyOBEKTUBHBIX
OLIYIIEHUI, HECMOTpsi Ha  COONIOJIGHHE  CAaHUTApPHO-TUTMEHUYECKHX U
HPrOHOMHUYECKHX TpeOOBaHUM, PEKOMEHIYETCS MPUMEHSATh WHIUBUIYaIbHBIN

MOAXO0/] C OTpaHUYCHUEM BpeMeHH padoThl ¢ IIDBM.
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Tabnuna 5.7 — CymmapHOe BpeMsl perIaMeHTUPOBAHHBIX MEPEPHIBOB B 3aBUCUMOCTHU

OT MNPOAOJIZKUTCIBbHOCTH pa6OTBI, BHUJa W KaTCropuu pr,Z[OBOﬁ OCATCIIBHOCTU C
[19BM [3]

C
VYpoBeHb Harpy3ku 3a pabouyo YMMapHO€ BpeMs

P
Cwmeny nipu Bugax pa6ot ¢ [I9BM CAVICHTIPORAHHEDRI
Kareropus [TepepsiBOB, MUH
Pabotsl ¢ r A I 5
[15BM pymma A, PYHIa B, I'pynmna B, | IIpu 8-uacoBoii ITpu 12-
KomnuectBo | KomnuectBo .
g Cwmene YacoBol cMeHe
3HaKoOB 3HaKoOB
| o 20 000 o 15 000 o 2 50 80
| J1o 40 000 J1o 30 000 o 4 70 110
11 J1o 60 000 J1o 40 000 o 6 90 140

OTKJI0HEHWE TIoKa3aTeNnel MUKPOKINMATa B TOMEIIEHUN

Takue yciaoBus, KaKk OTHOCUTENIbHAS BIAXKHOCTh, MHTEHCUBHOCTh TEILIOBOTO
U3ITy4YeHUs] OT HArpeThiX IOBEPXHOCTEH, OapoOMETpUYECKOe JaBJIEHHWE, CKOPOCTb
JBUKCHHSI M1 TEMIIEpaTypa BO3/ayXa Takke MEIOT HeMaJOBa)KHOE 3HaUeHue. Bee oHM
BIUSIOT Kak Ha 3JI0DOBbE M CAMOYYBCTBHME YeEJIOBEKa, TaK M Ha €ro
paborocriocoOHOCTb. i co3nanust OJaronpusTHBIX ISl paboThl YelOBeKa YCIOBUI
HEO0OX0IMMO JOOUTHCA ONTUMAIBHOTO COYETaHUsS ATHX (DAKTOPOB, a HEBEPHBIH HX
moA00p CIocOOEH MPUYMHUTD BPE]l 3JI0POBBIO.

Jis mopaepkanus Mukpoknumarta B nomemenusx Ha HIIC (cormacHo
cannuH 2.2.4.548 — 96) na paboueM MecTe JA0JDKHA MOAIEPKUBATHCS TEMIIEpaTypa OT
+21 no +23 °C B XomoaHOE BpeMs Tojia v oT +22 1o +24 — B Temnoe. OTHOCUTEIbHAS
BJIQYKHOCTH JIOJDKHA HaxoauThes B mpezenax oT 40 no 60%, a ckopoCTh BHKEHUS

BO3/1yXa He JoJDKHA npeBsimath 0,2 w/c.
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Tabnuna 5.8 — JlomycTuMble 3Ha4Y€HHs BEIMYMH TOKa3aTelled MHUKPOKJIMMaTa Ha
pabounx MecTax NPOM3BOJCTBEHHBIX IOMEIICHUN

[lepuon | Kateropus Temnepatypa Bozayxa, °C OTtHOCUTENBHA CkopocThb
roja pabot no O sl BIQ)KHOCTD JIBUKEHUS
YPOBHIO = BO3IYyXa, %0 BO3/yXa, M/C
JHEpro3arp Honycrumas 05
ar, Bm Bepxuss HuxHss %
. rpaHuna rpaHuLa § . - . -
s S = s = g
= =] o = o =
= - = = = =
s S s E < E
E ] = O e ~ é Q>)~. E &
E|f |E |E |E |2 E |§E |E |
= S = 3 ) = =
© 53| & 55| & s | © ©
A | 3 g | 3 =
g | 52|88 |E&|&
= o A~ = oA~ | B
T g T g
XononH 1i6 (233 - 17- 21 23 15 12 14 40- 75 0,2 <0,4
Bl 290) 19 -23 60
Tenmnblit 1i6 (233 - 20- 27 29 16 15 15 40- 70 0,3 0,2-
290) 22 -28 60 0,5

OmnacHele Q)aKTOpBI, KOTOPBIC MOI'YT BO3HHKHYTH Ha pa6oqu MCCTC IIpH

MPOBEICHUU UCCIENOBAHUIN — SJIEKTPUUECKUN TOK.

5.1.3 OBFOCHOBAHUE MEPOIIPUATHUM IO 3AIIIATE
UCCJIEJOBATEJISI OT JEMCTBUS ONMACHBIX U BPEJHBIX
DPAKTOPOB

[IpeBbilIeHHE yPOBHS IIyMa

Haunbonee rppekTuBHBIM CpeaCTBOM OOpPHOBI C IIYMOM SIBJISIETCS Oopnbda ¢
UCTOYHUKOM €ro BO3HUKHOBEHHUsA. J[ns yMeHbIIeHHs 1IymMa HeoOX0IuMOo
CBOEBPEMEHHO MPOBOJUTH PEMOHT O0OpPYAOBAaHMS, 3aMEHATh yAApHbIE MPOLECCHl HA
Oe3ynapHble, LIUPE HWCIOJIb30BaTh MNPUHYJIUTEIBHOE CMAa3blBAaHUE TPYLIUXCS
MOBEPXHOCTEH, MPUMEHATh OAJaHCHPOBKY BpAIllAlOIIMXCS YacTei, a TakKe BECTH
paboThl C NPUMEHEHHEM CPEJICTB UHMBUIyaJIbHOW 3aIUThI (HAYITHUKH U JIp.).

[ToBpIlIEHHAs 3aTa30BaHHOCTH BO3/1yXa

Meponpustius TO CHIKEHHMIO 3ara3oBaHHOCTH M 3alllUThl OpraHu3Ma

YCIIOBCKaA:
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1. UcknroueHne MCTOYHUKOB TMOSBICHUS BPEIHBIX BEIIECTB (COOMIONEHUE
npaBWi 3KCIUTyaTallid, MPOTUBOKOPPO3UMOHHAS 3alllUTa, CBOEBPEMEHHAs 3aMeHa
YIULIOTHEHUI 000PYAOBAaHUS U 3alIOPHOM apMaTyphl).

2. IIpuMeHeHne Tra30aHaIn3aToOPOB JJIsi KOHTPOJIS 3ara30BaHHOCTH.

3. BeHTunnpoBaHue NOMEIEHUH, B KOTOPbIX BO3MOYKHO MOSIBJIEHUE BPEAHbIX
BELIECTB, JUIsl CHUKEHHS UX KOHIICHTPAIMK B BO3/1yXe paboyueli 30HBI.

4. cnonp30BaHHE CPEICTB HMHAMBUAYAJIbHOW 3alUThl  (MPOTHUBOras3bl,
peCIMpaToOpsl, CIEHOIEHK 1A, U30JIUPYIOLINE KOCTIOMBI, PYKaBHIIbI, [IEPUYATKH).

5. UckmioueHne HEOOXOAMMO TMPHUCYTCTBUS YEIOBEKAa WM CHUIKCHHE
BpEMEHU €ero padoThl MYTEM AaBTOMAaTH3alMU MPOIECCOB W JIUCTAHIUOHHOIO
YIPABJICHMUS.

3amura OpraHOB 3pEHMS OCYLIECTBIAETCS C IIOMOIIBIO  PA3IMYHBIX
OpEIOXPAaHUTEIbHBIX  OYKOB. 3allMTa OpraHoB JbIXaHHUs  oOecneduBaeTcs
IPUMEHEHUEM PA3JIMYHOTO poJa PECHUPATOpOB M IIPOTHUBOraszoB. PecnmpaTopsl
CIy’KaT I 3alluThl JIETKUX YEJOBEKa OT BO3JACHCTBUS B3BEIICHHONM B BO3IyXe
IIBUIN, TPOTUBOTa3bl — JUIS 3aLUTHI OT I'a30B U BPEIHBIX I1APOB.

HenocTtarounast oCBEIEHHOCTh paboyeil 30HbI

MeponpusTys 0 yMEHBIIEHUIO CIETSIIET0 JEUCTBUS OCBEIICHMS:

~ YBenMuyeHue BBICOTHI YCTAHOBKU CBETUJILHUKOB;

~ YMeHbIlIeHHE SIPKOCTU CBETHJIBHUKOB IMYTEM 3aKPBITHSI HCTOYHUKOB CBETa
CBETOPACCEUBAIOILUM CTEKIIOM;

- Hcnonp3oBaHWe CBETUJIBHUKOB C  OTpaXKaTelsiMHU, pEHIeTKaMU B
IPOAOIBHON IJIOCKOCTH U MONEPEYHOMN TUIOCKOCTH;

~ OrpaHuyeHue CWJIbl CBe€Ta B HalpaBICHUH, KOTOpble 0Opa3yioT
3HAUUTEIbHBIE YIJbl C BEPTUKAIbIO MyTEM MPUMEHEHUS CBETUJIBHUKOB C
JOCTATOYHBIM 3aLUTHBIM YTJIOM;

~ YMEHBIIEHHE MOIIHOCTH Ka)[AOro0 OTIEIbHOIO CBETHUJIIBHUKA 3a CUET
COOTBETCTBYIOILIETO YBEJIMYEHUS UX YHUCIA, YTO, OAHAKO, MPUBOJIUT K YBEIUYECHUIO

ce0eCTOMMOCTH YCTaHOBKU;
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- VYBenuueHune  KO3PPUIMEHTOB  OTPaKEHUS  BCEX  IMOBEPXHOCTEH
MOMEIIECHHS], KOTOPBIE HAXOAATCS B MOJIE 3PEHUS;

~ YcTpaHeHHe ~ HEpaAlMOHAJIbHOIO  PAa3MEIEHUsT  CBETWJIBHUKOB, B
O0COOCHHOCTH B T€X CITydasix, KOTJa OHU HE UCIOJIb3YIOTCS IO CBOEMY Ha3HAUCHHUIO.

MeponpusTus 1o yiIyqIlIeHUIO YCIOBUN pabOThl HA MOHUTOpPAX:

~ Pabouue cTosbl TOMKHBEI pa3Menarbesi TaKUM 00pa3oM, YTOObI MOHUTOPBI
OB OPUEHTUPOBAHBI OOKOBOI CTOPOHOM K CBETOBBIM IpOEMaM, a €CTECTBEHHBII
CBET MaJiajl MIPEUMYILIECTBEHHO CJIEBA;

- Ilpu cucreme KOMOWHHUPOBAHHOTO OCBEIICHUS JIOJDKHBI TMPUMEHSITHCS
CBETWJIBHUKM MECTHOIO OCBEIICHHS, KOTOpble OOOPYIYIOTCA HENpO3payHbIM
OTpa)kaTeJIeM C 3alUTHBIM yrioM He MeHee 40 rpaaycos;

- OOmee OCBElIEHWE JODKHO  BBINOJHATBCS C  HCIOJIb30BAaHUEM
CBETWJIBHUKOB C JIIOMUHECUEHTHBIMU JIaMIIaMH C 3alIMTHBIM yrjioM He MeHee 40
IpagycoB, PacIOJIOKEHHBIX COOKY OT paOOouMx MECT, MapajlieIbHO JUHUU 3PEHUS
M0JIb30BATENIEN MpU PSAHOM PACIONIONKEHUU BHUJICOAUCIUIEUHBIX TEPMUHAJIOB WM
JIOKaJIM30BaHO HaJl pado4MUM CTOJIOM OJIMKE K €ro mepeHEMY Kpato, 00paIieHHOMY K
M0JIb30BATEIIO,

~ Ilpu pacnosioxkeHUH KOMIIBIOTEPOB NEPUMETPAIIBHO;

MeponpusitTus 1Mo OTrpaHUYEHHUIO MYJIbCAIUM OCBEHIEHHOCTH MOXET ObITh
BBITNIOJIHEHO PAa3HBIMU CIIOCOOAMMU:

~ JIoJDKHBI BKJIIOYATBCS JIAMIIBI B CBETUJIBHUKAX C JIIOMHHECLIEHTHBIMU
JamMIaMyd MO TaKMM CXeMaM, KOTOpble OO0eCrneyMBalOT MHUTAHME YacTU JamIl
OTCTAOIINM, & YACTH JIAMIT ONIEPEKAIOIIM TOKOM;

~ IlpucoeanHsATh cOCeHNE CBETUIIBHUKHU B PSJl TOOYEPETHO (PEXKE COCETHUX
PSAIOB) K pa3HbIM (pazaM CETH;

~ YcraHaBiMBaTh B OAHOW TOYKE JBYX WJIA TPEX CBETUJIBHUKOB C Pa3HBIMU
dazamu (;tammel Tunos JPJI u JIPN);

~ Ilutarp pa3nuyHble JaMIbl B MHOTOJAMIIOBBIX JIFOMHHECLEHTHBIX
CBETWJIbHUKAX OT pa3HbIX ¢a3;

- BBICOKOYAaCTOTHBIM NUTAHHMEM MCTOYHUKOB CBETA.
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MOHOTOHHBIH pexxuM padboTHI

B ciydasx, koraa xapakrep paboTsl TpeOyeT NOCTOSHHOIO B3aUMOAECHCTBUS C
BT (HaGop TexkcToB WM BBOJA JaHHBIX W T.n.) C HampspkeHUEM BHUMAHUS U
COCPEJOTOYEHHOCTH,  NpPU  MCKIOYEHUHM  BO3MOXKHOCTH  MEPUOJIUYECKOIO
MEPEKITIOYEHUsT Ha JIpyryue BUABI TPYJIOBOM JEsATENBHOCTU, HE cBsizaHHbIe ¢ [IDBM,
peKoMeHyeTCsl opraHu3aius nepepbiBoB Ha 10-15 muwn vepe3 xaxnapie 45-60 mun
pabotel.  IIpoaoiKUTENBHOCTD HenpepblBHOM  pabotel ¢ BJT  0e3
pEeriiaMeHTUPOBAaHHOTO TMepephiBa HE JODKHA TmpeBblmate 1y, Bo Bpems
PErJIaAMEHTHPOBAHHBIX IEPEPHIBOB C LEIbI0 CHMXKEHHS HEPBHO-3MOLIMOHAIBHOTO
HalpsDKEHUsl, YTOMIICEHUSI 3pUTEIBHOTO aHajlu3aTropa, YCTPAHEHHS  BIIMSHHS
TMIIOAMHAMUU U TUIIOKUHE3UH, IPEIOTBPALICHUS Pa3BUTHUS IIO30TOHUYECKOIO
YTOMJICHUS LIETIECO00PAa3HO BBIMOIHATH KOMILIEKCHI YIIPAaXKHEHUH.

OTkII0HEHHE TIOKa3aTeae MUKPOKIMMATa B IOMEIICHUU

[Ipu pabote B yciOBUSX, KOTOPbIE HE COOTBETCTBYIOT CAaHUTAPHBIM HOpMam
MPUMEHSETCS Pa3IM4Has CHEOoJeXkAa U CIel00yBb, OTIMYAIOMIASICS B 3aBUCUMOCTH
OT BUJa paboT W BpemMeHM roja. [ns mopnepkaHus ONTHUMAJBHBIX IOKa3aTesen
MUKpPOKJIMMaTa B paboyeill 30HE, B MOMEIIEHUH PabOTal0T CUCTEMBI OTOIUIEHUS U
BEHTUWJISLIUU.

DJIEKTPUUECKUM TOK

bezonacHocth mpu paboTe ¢ yCTaHOBKaMHM OOECIEUMBAETCS MPUMEHEHUEM
pa3IMYHBIX TEXHUYECKUX U OPTaHU3aUOHHBIX Mep. TeXHUYECKHe CpeCTBa 3alUThI
OT TOPAXKEHUS  JJIEKTPUUYECKUM TOKOM  JIENIATCA Ha  KOJUIGKTUBHBIE H
WHIUBUyaJIbHBIE.

CpencTBa KOJUIEKTUBHOM 3alUThI OT HOPAXKEHUS JIEKTPUYECKUM TOKOM:

1. 3ammTHOE 3a3eMIICHHUE;

2. 3aHyIneHue;

3. 3ammTHOE OTKIIOUECHHE;

4. IlpuMeHeHne HU3KUX HAIPSKEHUN;

5. JIBoliHas 30U,

6. OrpaauTenbHOE YCTPOUCTBO;
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7. Curnanu3zanusi, 0JJOKUPOBKA, 3HAKH 0€30MMaCHOCTH, TUTAKATHI.

K CpelcTBaM WHJVBUTyJIbHON 3aIUTHI, MPUMEHSIEMbIM B
AIEKTPOYCTAHOBKAX, OTHOCSTCS: CPENICTBA 3alllUTHI TOJIOBBI (KacKW); TJia3 U JHIa
(OYKH, LIMTKH); OPraHOB JAbIXaHUS (pecnHpaTopbl); pyK (PyKaBHLBI, MEPYATKH);
CpelICTBa, CTpaxylolllye OT majieHus (1osica, KaHaThl).

[ToBbIIeHHAS TEMIIEpaTypa MOBEPXHOCTEH 000Py10BAHUS

JIns 3aUThl JIIOAEW OT BPEAHOTO BO3JACHCTBHUS TEIUIOBOTO M3JIYyYECHHUS H
BBICOKUX TEMIEpaTyp MPUMEHSAIOT TEIUIOM3OJSIUI0 TOPSYUX IMOBEPXHOCTEH,
HanpUMep, MyTeM 00Ma3Kh HapYKHBIX TMOBEPXHOCTEH KaKUM-THOO CTPOUTEIHHBIM
PacTBOPOM C HAIOJHUTENIEM B BUJI€ CTEKJIOBAThI WM acOecta. OOIIel 3amuTon oT
U3ITyYEHHUS] MOTYT CIYXKUTh SKpaHbl U3 MAJOTEIJIONPOBOAHBIX MaTepuanoB (acoecr,
mudep), a B KaA4eCTBE CPEACTB HWHIAUMBUIYAIbHOM 3allUThl MPUMEHSIOTCA
crenoAexa (Ope3eHTOBbIE UM CYKOHHBIE KOCTIOMBI).

[ToxapoB3pBIBOONIACHOCTH

MeToabl CHUKEHUS B3PBIBOIIOKAPOOIIACHOCTH:

1. UckntoueHrne TMOSBIEHUS MCTOYHHMKOB YTEUKHM BPEIHBIX BEIIECTB
(cobnrogeHne  mpaBWUl  AKCIUIyaTaluH, OPOTUBOKOPPO3UOHHASL  3allUTA,
CBOEBpPEMEHHAs 3aM€Ha YIJIOTHEHUH 000pyI0BaHUs U 3alIOPHOM apMaTyphl);

2. BeHTunupoBaHue TMOMEUICHWH, B KOTOPBIX BO3MOXHO IOSIBJICHHE
B3PBIBOMOKAPOOIACHBIX BELIECTB, JUISI CHW)KEHHS WX KOHUEHTPAalMU B BO3AyXe
paboueii 30HbI;

3. [IpenoTBpamieHue oOpa3oBaHus nUpOPOPHBIX OTJIOKEHUI B
KOMMYHHUKaIusAX u pesepByapax HIIC;

4. IlpuMeHeHre ra30aHaaIn3aTopoB Il KOHTPOJIS 3ara30BaHHOCTH;

5. Hcnonb3oBanue AIEKTPOOOOPYy0BaHUS BO B3PBIBOOE30MaCHOM
UCIIOJTHEHUH;

6. cnonp3oBaHue HHCTPYMEHTA B UCKPOOE30IIaCHOM HCIIOJIHEHUU;

7. OnTuManpHOE  PaCIoOJIOKCHHE 3JaHMM M COOPY)XEHUM  COIJIacHO
renepanbHomMy miany HIIC, koropoe HampaBieHO Ha COKpalleHus yuiepba ot

BO3MOKHOTI'O ITOXKapa /U B3PbIBA,
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8. CobmoneHne mpaBWi TMOXKAPHOUW OE30MacCHOCTH W MPOU3BOJCTBEHHOTO
Tpyda TpU DKCIUTyaTallid, peMOHTEe U coopyxeHun o0bekToB HIIC: 61okos,
pe3epByapoB H T.J.

Ha cny4aii BO3HUKHOBEHHS CHUTYallH, KOTJa IPEIOTBPATHTh MOSBICHHE
noxapa Bc€ ke He yhanoch, Ha Tepputropuu HIIC momkHBI HaXOAUTHCS TEPBUYHBIC
CpeACTBa MOKAPOTYIICHHs: EMKOCTh C MECKOM, BEIpo, jomaTa, 0arop, acOecToBbie
NOKpBIBaJla, PY4YHBIE OTHETYymuTeNd.  JIOMKHBI OBITH yCTAHOBIICHBI IUIAHBI

9BAKyalluu IICpCoHalIa.

5.2 DKOJOTMYECKAS BE3ONNACHOCTD
5.2.1 AHAJIN3 BO3MOKHOTO BJVSIHUSA OBBbEKTA UCCJIETOBAHUSA
HA OKPYKAIOIIYIO CPEJY

3arps3HsOIMe BEIIecTBa MOTYT MONaaaTh B arMocdepy MpU HApYIICHUSIX B
paboTe 00opya0BaHUS, U3HOCE YIUIOTHEHHH, TTOBHIIIICHUS AaBJICHUS B TPyOOIIPOBO/IC
1 000pYyJOBaHUU BBIIIEC JOMYCTUMBIX MPEIETIOB, BCIEICTBUE 4YEro 4YacTh IapoB
YKUJKOCTEH JIMOO HEMOCPECTBEHHO ra3 copachiBaeTCsl B arMocdepy.

I[ToMruMO COOCTBEHHBIX MPUPOJHBIX YIJIEBOAOPOJOB, HUX CIyTHUKOB,
MPOJYKTOB TNEepepabOTKH, B COCTaBE 3arps3HUTENICH COJEpKaTCs MHOTOYMCIICHHBIC
peareHThl, KataimzaTopbl, [IAB, wHrHOWTOpHI, mmemoun. KuciaoTel, BerecTsa,
oOpasyroniuecs NMpu CXKUTaHUM, XUMUYECKOM TMpEeBpalleHud U T.J., OCHOBHBIC U3
HUX: YTJIEBOJIOPOJIbI, OCH3WH, KEPOCHH, IIPEACIbHBIC YTIIECBOIOPOIbI, PUPOIHBIN Ta3,
OKCHUJIbI YTJIEPOJia, CEPHUCTHIC COEIUHEHHUS, CEPOBOJIOPOJ, MEpPKANTaHbI, JHUOKCHU]]
cepsl, okcua azota NO, muokceun azota NO,, 6en3(a)mupeH.

XoTs O0O0BEKThI He(TEera3oBOro KOMIUIEKCA HE SBJSIOTCS MOIIHBIMU
HMCTOYHUKAMU 3arps3HEHUs] BOAHOM Cpe/ibl, TEM HE MEHee, HaXxOJsCh MOYTH BO BCEX
palioHax CTpaHbl, OHM MpPSIMO WJIM KOCBEHHO MOTYT OKa3blBaThb BO3JCHCTBUE Ha
MMOBEPXHOCTHBIE Y MOJI3EMHBIE BOIBI.

Crounble BOJbI (CTOKHM) MpPeanpHUSATHH He(TEerazoBoro KOMIUIEKCA — 3TO

KHUIKHNC OTXOJbI, 06pa3y101u1x1ec;1 B IIPOLECCCC HpOI/ISBOI[CTBeHHOﬁ ACATCIIBHOCTH H
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XO3SIICTBEHHO-OBITOBOTO  (DYHKIIMOHUPOBAHUS TPEANPUATHI. 3amaya mepcoHasa
COCTOWT B CBEJICHUN K MUHUMYMY BO3MO>KHBIX TIOCTICICTBHUIA 3TOTO BO3/ICHCTBUSI.
OcHOBHBIE TIOTOKM, OOpa3ylolMe IPOU3BOACTBEHHBIC 3arpsS3HEHHBIC
CTOYHBIE BOJIbI, IPEJCTABIISIOT COOOM:
— KoHneHcanlMOHHO-TIIaCTOBBIE  CTOYHBIE  BOJBI,  BBIACHSIONIMECS B

NEPBUYHBIX cenaparopax NpeAnpusITHil 100bIYU U TpaHCIIOPTa HEPTH U rasa,

[ToaToBapHbIe (IUIACTOBBIE) BOABI U3 PE3EPBYAPHBIX MTAPKOB;

TexHruYecKue BOIbI OCIE TPOMBIBKH 000pYA0BaHMUS;

CrouHbIe BOJBI C YCTAHOBOK BOJOIIOJATOTOBKH,

CrouHbIe BOJBI ITPOTYBOK KOTJIOB M CUCTEM 00OOPOTHOTO BOJIOCHAOKEHHS,

— Boapl OT IPSAMOTOYHBIX CXEM OXJIAXKICHUS PA3IMYHOTO 000PYIOBAHUS;

— Bogap! ot BcnoMorarenbHbix npou3BoacTB (PML, rapaxmn).

IIpu stom OGosbiryto yacte Ha HIIC cocTaBisioT X034HCTBEHHO-OBITOBBIC
CTOYHBIEC BOJIBI.

OcCHOBHBIC 3arps3HSIONINE BEIIECTBA B CTOYHBIX BOJAaX HE(PTEIPOMBICIIOB:
HeDTh, comm (XJOPHUABI, >JKEJIe30), B3BEIICHHBIC BEIIECTBA, JEAIMYJIbraTOPHI,
CEPOBOJOPOA.

OCHOBHBIE  3arpsiI3HUTENN  COpachlBAa€MbIX  OBITOBBIX  CTOYHBIX  BOJI:
B3BEIIICHHBIC BEIECTBA, CYXOM OCTATOK (COJIM), aMMOHUN-UOH, HUTPUTHI, HUTPATHI,
xiopua [lo mnpuynHEe MEXaHWYECKUX HApPYIMIEHWH W YaCTEHbKO XMMHYECKHUX
3arps3HCHUH MPOUCXOIUT TIOCTEIICHHAS JAeTPpaJanusl T0oYB, KOTOpasi cTajla OMHOU U3
OCHOBHBIX AIKOJIOTHYECKUX TpoOsiem HedrerazoBod otpaciu. Haunbonbmmii yiepo
MPUHOCAT aBapyWy Ha MaruCTPaIbHBIX HEPTENMPOBOJAX M Ta30mMpoBoAax. Tak mpw
OJIHOM TIOphIBE He(TEPOBOIa BRIOpACKIBaeTCS Ha TUTOChEpy B cpearem 2 m Hedtu,

Yro BeBomuT u3 crpos 10004° 3emmm, a B pesymbTare aBapud Ha
ra30KOHJICHCATONPOBOJIE Ha 3eMJII0 B CPEJAHEM IIOMajgaeT HE MeHee 2 MiaH m/200
He(TETPOTYKTOB.

Jlerpamamuss TOYB  TpUHUMAET (GOPMBI  XUMHUYECKOTO  3arps3HCHUS,

OITyCTbIHUBAHUS, 3a00JI1aYMBaHus U T.HO.
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MexaHnyeckue HapyleHUs MOYBEHHOIO IMOKpOBa HAOMIONAIOTCA Ha BCEX
o0BbeKTax He(TAHOM U ra30BOM OTPACITH U CBA3AHO CO:

— CrpoutenbHbIMH paboTamMu (BO3BEACHHE OYpOBBIX YCTAaHOBOK, YCTHEBOI'O
o0OpyZ0BaHUs, NPOKIAAKa TpPyOOIPOBOJIOB, CTPOUTEIHCTBO MPOMBIIIIEHHBIX
KOPITyCOB, HUJIBIX TIOCEITKOB M KOMMYHUKAITUH);

— PexynbTuBaniuoHHbIMU paboTamMu (CHSTHE IJIOJOPOJHOTO CJOSI, 3aChIKa
TpaHIIeH, IJIaHHPOBKa aMOapoB u Jp.).

OcCHOBHBIE TIPUYMHBI XUMHUYECKOTO 3arps3HeHHE ToYB Ha HedTe- u
ra3oTPAaHCIIOPTHBIX  NPENNPUSATUSAX:  Pa3jIUB  YIJIEBOJAOPOJHOTO  KOHJEHCATa,
UHTHUOUTOPOB KOPPO3UH, THAPATOOOpa30BaHUe BO BpeMsl POAYBOK U MOPITHEBAHUH
MarucTpaJbHbIX  Ta30MpPOBOJIOB, pa3lWB TypOMHHOrO  TOIUIMBA, MeETaHOIA,
opranndeckux kucior, [IAB, cma304HBIX KOMIIPECCOPHBIX Macel, BBIOPOCHI
IPOAYKTOB CTOPAHMSI OT TOIUTMBOUCIIONB3YIOMIETO 000PYI0BaHUS;

XapakTepHble 3arpsA3HSIONINE BEIIEeCTBA:

— XKunkue (HedTAHBIE YTIEBOJAOPOJAbI, MHUHEPAIM30BAHHBIC IJIACTOBBIC
BOJIbI, XIMPEAreHThI, OypOBBIE PACTBOPHI | JIP.);

— T'az000pa3nbie (MOMYTHBIN U MPUPOIHBIN Ta3 U MPOAYKTHI €T0 CTOPAHUS );

— TBepapie (LU1aMbl, cepHasi MbUIHL B palloHaX MNPEANPUITHI MepepadoTKu

CEPHMCTOIO YTJIEBOJOPOIHOIO CHIPHS).

5.2.2 OBOCHOBAHUE MEPOITPUSITUM MO 3AIUTE OKPYKAIOIIE
CPEJIBI

OnacHble TTPOU3BOJICTBEHHBIE OOBEKTHI, B YUCIO KOTOpbIX BXoauT u HIIC
JOJDKHBI ~ pacrojiaraTbCsl Ha JOCTATOYHOM JUIsi  oOecredeHus 0e30ImacHOCTH

HaCCJICHHUA M HCBO3MOXHOCTHU IIPOHMKHOBCHHA Ha 00BEKT PACCTOAHHUU OT JKHIIBIX

30H.
JI71s1 3TOT0 IPUMEHSIOT CIEAYIOLINE MEPBI:
1. HIIC pacnionaraercs Ha yialleHUX OT HACEJIEHHBIX MyHKTOB;
2. Bokpyr HIIC opranusyercsi caHuTapHO-3alllUTHASI 30HA;
3. [Ipou3BoauTCs OrpaxaeHue TEPPUTOPUH 110 IEPUMETPY;
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4. YcTaHaBiIMBaeTCA KPYrioCyTOYHOE BUICOHAOIIOICHHUE;

5. CoopykaroT OXpaHHYIO CUTHAJIM3AIHUIO TI0 IEPUMETPY;

6. YcranaBiauBaroTCs I/IH(i)OpMaHHOHHIﬂe " 3alIpCIaronne 3HaKH.

MeponpusiTus 1o 3ammre aTMoc(epsl:

1. ITpoBepka 06opyAOBaHUS HA MPOYHOCTh U TEPMETHUUHOCTD;

2. HCYKOCHI/ITCJILHoe CO6J'II-0I[€HI/IC COTJIaCOBAaHHBIX TCXHOJIOTHYCCKHUX

PEXKUMOB PabOTHI 000PYIOBAHUS;

3. CBoeBpeMeHHas

apMarypsl;

3aMeHa YIUIOTHEHUH O00OpyIOBaHMS W  3allOPHOU

4. Ucnnonp30BaHUE CUCTEMBI KOHTPOJISI 3ara30BaHHOCTH.

5. Ucnons3oBanue CPCACTB OUYHUCTKH BO3yXa U CHUCTEMAaTUYCCKUI PECMOHT

Meps! 1o 3amnure ruapocdepsl:

1. O6opoTHOE BOJOCHAOKEHUE,;

2. O4ncTKa CTOYHBIX BOJ,

3. 3akauka CTOYHBIX BOJ B TJIYOOKHE BOJOHOCHBIC TOPU3O0HTHI (ITOI3EMHOE

3aXOpPOHECHUE),

4. OuncTka u 066338.pa)KI/IBaHI/IC IMOBCPXHOCTHBIX BOJ, HWCIIOJIb3YCMbIX IJIA

BOJIOCHA0KEHUS U JPYTHX ETIEeH.

Tabmuma 5.9 — [1JIK et B Boje BOAHBIX OOBEKTOB XO3SMCTBEHHO-MIMTHEBOTO H

KYJIbTYPHO-OBITOBOTO BOOMOJIb30BaHUS [4]

HaumenoBanue Bemmumna 1K, Mr/n Knacc onacnoctu
Hedtb 0,3 4
Hed1p MHOTOCEpHUCTAS 0,1 4

MepOHpI/IﬂTI/IH 10 YMCHBIICHUIO HCTATHBHOI'O BJIMAHWA HA J'IHTOC(I)pr:

1. Bce oTx0nbl OMJIEKAT CEIEKTUBHOMY COOpPY, BpEMEHHOMY XPaHEHHUIO Ha

CIICIUAJIbHO OTBCACHHBIX INIOIIAAKAX B COOTBCTCTBHHM C IIPOCKTOM HOPMATHBOB

06paBOBaHI/IH U JIMMHUTOB PpasMCHICHUA OTXOJO0B U TIICPCAauc Ha YTUWIN3AlUIO

CricOnaIn3npOBaAHHBIM

JIOTOBOPaMU;

OopraHu3anusM B COOTBCTCTBUU C 3aKJIIFOYCHHBIMHA

2. I[IpoBepka 000py10BaHMsI HA MPOYHOCTHh M T€PMETHYHOCTb;

N3m.
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3. HeykocHutenpbHOe  COOMIOJEHHE  COTJIACOBAHHBIX  TEXHOJIOTUYECKUX
PEXKUMOB PabOTHI 000PYIOBAHUS;
4. CBoeBpeMEHHass 3aMEHa YIUIOTHEHUM 00OpyJIoBaHUS M  3aloOpHOU

apMaTypBl.

5.3 BE3OITACHOCTH B UPE3BBIYAMHBIX CUTYALIUAX
5.3.1 AHAJIN3 BEPOSITHBIX UC, KOTOPBIE MOKET UHUIIUUPOBATH
B OBBEKT UCCJIEJOBAHUM

[lepeuens Bo3MOxkHBIX YC:

— CTuxuitHOro XxapakTtepa (JIECHbIE TMOXapbl, HAaBOJHEHUs, YyparaHHbIE
BETPHI);

— CouunanbHOro xapakrepa (TeppOpUCTUUECKHM aKT);

— TexHoreHHoro xapakrepa (IpOU3BOJICTBCHHAS aBapHsl).

Haubonee tTunnunoi u onacHoit siisieTcss YC TEXHOTEHHOTO XapakTepa.

OpauMu n3 HanboJiee BEPOSITHBIX M HETaTUBHO cKa3biBatouuxcs Buaos YC
SBJIAETCS ABapUIHBINA pa3iIuB HEPTH.

[IpakThKa sKCIUTyaTali MarucTpajgbHbIX HEPTEIPOBOIOB MOKA3bIBAET, YTO
yCIIOBHUSI BO3HMKHOBEHMS aBapuil OBIBAIOT CaMbIMH pa3JIMYHBIMH, HO B
OOJBIIMHCTBE CIIy4aeB OHHU CBA3aHbl C pa3repMeTusanuedl TpyoOorpoBoga M
BBIXOJIOM He(TH WIM HEePTENpoaAyKTa HapyXy. 3aKOH O MPOMBIIUICHHON
0e3onacHocTH TpedyeT, yToObl ObUTM pa3padOTaH IMJIaHbl JUKBUJALWNA ABAPHIHBIX
pa3nuBOB HE()TU Ha MArUCTPATILHBIX HEPTEPOBOAAX.

OpHoil U3 HamboJee 4YacThlX aBapuil mpu padoTe ¢ TOPIOYMMHU Tra3aMH U
JIETKOBOCIJIAMEHSIIOIIUMUCS SKUJIKOCTSIMH  ABJISIFOTCS B3pbIBBI. Jjisi oOecrnieueHust
noxxkapoB3pbeiBoOe3onacHocT pou3BoicTB B 'OCT 12.1.004-91 Obu1 BBeIEH HOBBIM
kputepuii — IIJIBK (mpeaenbHo nomyctumasi B3pbIBOO€30MacHasi KOHIEHTpAIus),

00eCIeuynBaONINA Ha KaXI0M pabodyeM MecTe 0€30MMacHOCTb:

Cut

M/IBK = (5.1)
Krrg,
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Ine Kg, — xoddduimenT 6e30MacHOCTH K HIDKHEMY KOHIIEHTPAIHOHHOMY

npecacily BOCIINIaMCHCHU .
Cut = Cu(1,020 — 0,000799¢) (5.2)

I'me CH — HWKHUI KOHLIEHTPALMOHHBIM Mpeaesl BOCIUIAMEHEHHS raza WM
napa B BO3ayXe Ipu arMmochepHOM AaBieHun u Temneparype 25°C, % o6; t —
TeMIiepaTypa napa wiu rasa, °C.

[Ipu BeneHUU B3pBIBHBIX padOT KOJI€OaHUS TPYHTAa MOTYT OBITH ONACHBIMU
JUISL 3JaHAK U COOPY’KEHHM, a B3phIBHAS BOJIHA — OIIACHOM I YEJIOBEKA U OKOHHOTO
octekienus 3aanuil. [loaTomMy, Bce pabOThI, CBSI3aHHBIE C B3PBIBOOIIACHBIMU H
B3PBIBOIIOKAPOOINIACHBIMU OOBEKTaAaMH HPOBOJAATCA B JHEBHOE BpPEMs, MCKIIOUCHHE

COCTaBJISIFOT aBAPUMHBIEC CUTYallUH.

5.3.2 OGOCHOBAHME MEPONIPUSATHUH IO NPEJOTBPAILIEHUIO UC U
PA3PABOTKA MOPSAJIKA JJEUCTBUS B CJIYYAE BOSHUKHOBEHUSA
4cC

JInss cHukeHusT pucka BO3HUKHOBEHMsT YC mpoBOASTCA CIIEAyIONIUe
MEpOTPUATHS:

— Opranusyercsi TEXHUYECKasi TUarHOCTUKa 00OpYyJIOBaHMs, a TaK ke €ro
TEXHUYECKOE OOCITYKUBAHUE U PEMOHT;

— OcymecTBisieTcs MPUOOPETEHNE COBPEMEHHBIX MPUOOPOB KOHTPOJIS U
CUTHAJIM3A[M1 HA 3aMEHY (PU3NYECKU U MOPAJIbHO YCTapEBIINX;

— IlpoBogsiTcss mepuoAMYECKHME UM BHEOUEPEAHBIE HMHCTPYKTAXU C
00CITy>KMBAIOIITUM MEPCOHATIOM.

PykoBogutenem POBEICHHUS pabot ONPEIEIAI0OTCA CpelcTBa
WHAMBUIYAJIbHON 3allUTBl JUIsl KaXJO0ro W3 YJIEHOB paboyero mnepcoHana
(mpoTuBOTaskbl, criacareiabHble Mosca u T.4.). Ha Hero Bo3znaraeTcsi OTBETCTBEHHOCTb

[To oOecnieueHnIo CpeICTBAMU MOKAPOTYIICHUS (OTHETYIIUTEIEM, SIIIMKOM C
NEeCKOM WU JIONAaToM, BEAPOM C BOJAOW) MecTa padOT, a TaKKe IO HA3HAYEHUIO

OTBETCTBEHHOTO 32 HEMPEPBIBHBIA KOHTPOJIb NAPAMETPOB ra30BO3IYLIHON CPEIbI,
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Yrto oTpaxkaeTcsi B BUE MOANKUCH PYKOBOAUTENS 0O0BEKTa B HapsiAe-I0IyCKe.

Taxkke B 4YMCIO BO3MOKHBIX YPE3BBIYAWHBIX CUTYAallMHd BXOIAT CUTyalUU
MPUPOIHOTO, PKOJIOTMUECKOT0, COLMAIBHOTO U BOCHHOIO Xapakrepa. JTo — Oypw,
yparaHbl, CUJIbHbIE MOPO3bl, TEPPOPHU3M, UH(EKIIMOHHBIE 3a00JIEBaHUS, pa3pyIICHUE
030HOBOrO ciosi u T.1. [ns ycroiiuuBoro ¢ynkuumonuposanuss HIIC neobxomnmo
3apaHee pa3paboTaTh OpPraHU3aIMOHHO-TEXHUUECKHE MEPOIPUSITHS.

OpraHu3anmoHHBIC MEPOTIPUATHS 10 YCTOWYUBOMY (PYHKITHOHUPOBAHUIO:

1. HeoOxonuMo miaaHUpOBaTh 3alIUTy HaceleHus u Tepputopuit ot YC Ha
YPOBHE NPEANPUATHS;

2. BBITh TOTOBBIMU K 3BaKyally padOTAOMKX (TUTaH);

3. [loaroToBUTH M MOAJIEPKUBATH B MOCTOSTHHON TOTOBHOCTH CHJI U CPEJCTB
st mukBuganuu YC;

4. Co3aBath 3amachl CpeJICTB UHIMBUIYAIIbHON 3aIIUTHI U MOJICPIKAHUE UX
B TOTOBHOCTH;

5. IloaroraBnuBaTh paboTarnux K AeHcTBUAM B yciaoBusax YC;

6. JloKHBI OBITH B HAJMYUU U B TIOCTOSIHHOM TOTOBHOCTH CHUCTEMBI OOIIETO
OMEpPAaTUBHOIO U JIOKAIBHOTO onoBenieHus: u uapopmarmu o YC.

NHXeHEepHO-TEXHUYECKUE MEPBI:

1. IlpoexkTupoBaHue, CTPOUTEIHCTBO M OKCIUTyaTallusi UHPPACTPYKTYPHI, B
TOM YHCJIE U TOTEHIIMAIBHO OIMACHBIX;

2. UnxenepHoe oOecrieueHUE 3allUThl HACEJIIEHUS] — CTPOUTEIHCTBO
3aIIUTHBIX COOPYKEHUHM (CPEJCTB KOJUICKTUBHOM 3alllUThl), MOIACPKAHUE HX B
TOTOBHOCTH;

3. IolDKHO  COOpYKaTbCsl WHXKEHEPHOE O0OpyAOBaHHE Ha TEPPUTOPUU
pErrMoHa ¢ y4€TOM XapaKTepa BO3AEHCTBUS MPOTHO3UpYyeMbIX UC;

4. JIomKHBI CO3/1aBaThCd CAHUTAPHO-3AIIUTHBIE 30HBI BOKPYT MOTEHIUAIBLHO

OMNACHBIX OOBEKTOB.
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5.4 ITPABOBBIE U OPTAHU3ALIMOHHBIE BOITPOCHI OBECIIEYEHUSA
BE30OITACHOCTH
5.4.1 CHHEIIUAJBHBIE (XAPAKTEPHBIE JIJIS1 PABOUYEHA 30HBI
HNCCIEAOBATEJIA) ITIPABOBBIE HOPMbBI TPYJ1OBOI'O
3AKOHAJJATEJIBCTBA

B ciywyae npuunHeHus Bpeaa >KM3HU WIIM 3JI0POBBIO B pe3yJibTaTe aBapuu
WM WHIUJEHTa Ha OMAacHOM MPOU3BOACTBEHHOM OOBEKTE HKCILUTyaTUPYIOIIast
OpraHu3alusi OINAaCHOTO MPOM3BOACTBEHHOTO OOBEKTa, OTBETCTBEHHas 3a
NPUYUHEHHBIA Bpejd, 00s3aHbl 00ECHEYUTh BBIIUIATY KOMIICHCAIIMU B CYET
BO3MEINIEHUS MPUUYUHEHHOTO Bpea:

— I'paxnanam, UMEIOINIMM B COOTBETCTBUM  C  TPaXKJAHCKUM
3aKOHOJATEIbCTBOM Ha BO3MEIIEHUE BpeEla, I[OHECEHHOIO B CIydae CMEpPTH
MOTEPIEBILETO (KOPMIIIbIIA), B CyMME JIBa MIJJIMOHA PYOJIeH;

— I'paxnganaM, UMEOIMM B COOTBETCTBUM  C  TPaXXIaHCKUM
3aKOHOAATEIBCTBOM HAa BO3MENICHUE Bpela, MPUUYMHEHHOTO 3I0POBBIO, B CyMME,
OMpeeNIIeMON UCXO/Is U3 XapaKTepa U CTEMEeHU MOBPEKICHUS 3J0POBbsI 1o
HOpMartuBaM, YycTaHaBiauBaeMbIM [IpaBurensctBoM Poccuiickoin dPenepanumu.
Pa3Mep kommeHcauu B 3TOM Cliydae He MOXKET IPEBBINIATh JBa MUJIJIMOHA PYOJIeH.

[TpoaoIKUTENBHOCTh CMEHBI B HOYHOE BpEMsI COKpAlIAeTCs Ha OJHMH 4ac
0e3 nmocnenyroiiei oTpadotku. Hounoe BpeMst — Bpemsi ¢ 22 yacoB 10 6 yacoB [5].

He cokpamaercs mNpogoJKATEIBHOCTh CMEHBI B HOYHOE BpeMs s
pabOTHUKOB, TPUHATHIX  CHENHAIBHO Uil  pabOThl B HOYHOE  BpeMsl.
[IpogomxuTEeNbHOCT ~ pabOTBI B~ HOYHOE  BpEeMsl  ypaBHUBAETCS  C
MPOJIOJDKATEIFHOCTRIO PAa0OTHI B JIHEBHOE BpeMsl B TeX ClydasX, KOrja 3TO
HEO0OXOIMMO IO YCIOBUSM TPYJIa, a TAK)K€ HA CMEHHBIX pa0oTaxX IMpH IECTUIHEBHOMN
paboueii Hemene C OAHUM BBIXOAHBIM AHEM. CHUCOK YKa3aHHBIX pPabdOT MOXKET
OTPENICNATHCS KOJJICKTUBHBIM JOTOBOPOM, JIOKAIIbHBIM HOPMATUBHBIM aKTOM.

[IpogomkuTenbHOCTh pabouero JHS WJIM CMEHBI, HEMOCPEICTBEHHO

NpCAIMCCTBYOIINX Hepa60quy Mpa3IHUIHOMY OHIO, YMCHBIIACTCA HA OJIUH YacC.
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B HempepbIBHO AEHCTBYIONINX OPraHU3aLUAX U Ha OTAETbHBIX BUAAX padoT,
I7I€ HEBO3MOYKHO YMEHBIIEHHE MPOJOJKUTEILHOCTH CMEHBI B IPEANpPa3IHUYHBIN
JICHb, nepepadoTKa KOMIIEHCUPYETCS MIPENOCTABICHUEM pabOTHUKY
JOTIOJTHUTENIBHOTO BPEMEHH OTJIbIXa WM, C COIVIACHs PAa0OTHHKA, OIUIATOM IO

HOpPMaM, YCTaHOBJICHHBIM ISl CBEPXYPOUYHOU PabOTHI.

5.4.2 OPTAHU3AIIMOHHBIE MEPOIIPUATHUSA ITPU KOMITOHOBKE
PABOYEH 30HBI UCCJIEJTOBATEJIS

besomacHple W 370pOBBIC  YCIOBHS TpyJa JOMKHBI 0OECIEeUHUBATHCS
MJIAHOMEPHBIM W CHCTEMAaTHYECKHM IIPOBEICHUEM KOMIUICKCA OPTaHHU3aI[MOHHBIX,
COIMAJIBHBIX, TEXHUYECKUX W (PUHAHCOBO-dPKOHOMHUYECKUX MEPONPHUATHHA, B TOM
17 (o) (<

— UeTtkuMm pacnpenencareM (QyHKINHN, 3a/1a4 1 OTBETCTBEHHOCTH Pa3TMYHBIX
CTPYKTY], KaK 10 BEPTHKAJIH, TaK ¥ TI0O TOPU30HTAJIH;

— OO0s3aTeNbHBIM PErIAMEHTUPOBAHUEM BCEX BUJIOB PabOT;

— OO0s3aTeNBHOCTHIO MIEPBOOUYEPETHOTO (PUHAHCUPOBAHUSI MEPONPUSTHI IO
oXpaHe Tpyda OTACJIBHOM CTPOKOH, oOpraHuzanue OyXTaJITepCKOTO ydeTa
PacxoJ0BaHUs BBIJICIICHHBIX CPEJICTB;

— OO0s3aTeNbHOCTBIO  COOTBETCTBUS  IPOU3BOJICTBEHHBIX IPOIECCOB U
MPOBOJIUMBIX PA3JIMYHBIX MEPONPUITHH HOPMATUBHBIM TPEOOBAHMSIM, TPUHSITHEM
KPUTEPHUEB IS KOJTMISCTBEHHOM OIIEHKHU PE3yJbTaTOB B 00JIACTH OXPaHBI TPY/IA;

— Opranuzanueir  oOy4eHHST U CHUCTEMAaTHYECKUM  TOBBIIIEHUEM
KBAIM(PUKALUHA PAOOTHUKOB,;

— Co31aHueM CaHUTAPHO-OBITOBBIX W CAHUTAPHO-TUTUEHWYCCKUX YCIIOBHMA
Tpyaa uisi pabOTHUKOB, 3(G(EKTUBHON CHUCTEMBI MEIMIIMHCKOTO OOCITY>KMBaHUS,
obecricueHUEM pPaOOTHUKOB CIEHHUAIBHOM OJICKION, CIHEloO0yBbIO, a TaKXKe
CpeIICTBAaMH WHIWBUIYaJIbHON M KOJUICKTUBHOM 3alllMTHl B COOTBETCTBHUU C HOPMaMHU
1 TIpaBHIAMU;

— Opranuzanueit padbot no odecrneueHro 0€30MacHbIX U 3J0POBbIX yCIOBUN

TpyAaa,
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— Opranuzanueii 3¢p(HeKTUBHON CUCTEMBbI KOHTPOJIS;

— Pacnpenenennem 00s3aHHOCTEH W OTBETCTBEHHOCTH JIOJDKHOCTHBIX JIHI,
UCTIOJNIHUTENIEH 10  o0ecrnedeHHto  0e30MacHOCTH  Tpyda IpPU  BEICHHUHU
IPOM3BOJICTBEHHO-TEXHOJIOTMYECKIX TPOLIECCOB M JPYruX ACUCTBUII B MHTEpecax
IPOM3BOJICTBA.

Opranuzanus pabotr mo obecredeHUIo OE30MacHBIX U 30POBBIX YCIOBHMA
TpyZAa JIOJDKHA COAEp)KaTh B CBOEM COCTaBE U IMPEAyCMAaTPHUBATH IJIAHOMEPHOE U
CHCTEMaTHYECKOEe MIPOBEACHUE PeAYIPEAUTEIbHO-TIPOPUIaAKTHUECKUX padoT, paboT
1o o0ecreyeHno 6e30MaCHOCTH TPYyAa MPH IKCIUTyaTalluu 000pyA0BaHUS, 3aHUN U

COOPYKECHUH.
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1 Literature review

1.1 Introduction

The US Department of Energy, the International Energy Agency (IEA) and
World Energy Council have projected that energy demand would increase year in
year out as the world population is ever-growing. The world demand for crude oil has
increased from 60 million barrels per day to 84 million barrels per day, in the past 20
years (Hasan et al. 2010). With this mindset, it therefore necessary to exploit other
hydrocarbon sources as well as alternative energy resources to meet the ever-growing
energy needs globally. In the past, heavy crude oil and bitumen production was
considered to be uneconomic, because of the intensive cost of recovery,
transportation, refining and low market value. Additionally, the decline of
conventional middle and light crude oil as well as the ever-growing world energy
demand drives the exploitation of this hydrocarbon resource. In Canada, about
700,000 barrels per day of synthetic crude oil is obtained from heavy crude oil and
bitumen/tar sands and transported via pipelines to refineries in Canada and the USA
(Hsu and Robinson 2006).

It is hard to recover and process heavy crude oil and bitumen, owing to their
high viscosity (i.e. Resistance to flow) at reservoir conditions (making their mobility
extremely low) and high carbon-to-hydrogen atomic ratios. Hitherto, with the rising
price of crude oil, declining reserves of medium and light crude oil and the
abundance of unconventional crude oil (i.e. Heavy oil and bitumen/tar sands), their
exploitation is therefore favoured. However, heavy crude oil and bitumen
exploitation is faced with technical challenges at all stages from recovery/production
from the reservoir to transportation and refining. Transporting heavy crude oil and
bitumen via pipeline is usually challenging due to their high density and viscosity

(>1,000 cp) and very low mobility at reservoir temperature. Asphaltene deposition,
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Heavy metals, sulphur and brine or salt content make it difficult to be transported and
refined using conventional refinery methods without firstly upgrading them to meet
conventional light crude oil properties (Zhang et al. 2010; Hart 2012). Also, the
presence of brine or salt in the heavy crude stimulates corrosion problems in the
pipeline (Martinez-Palou et al. 2011). In some cases, the formation of emulsion such
as the oil-water mixture produced from the reservoir poses transportation difficulty.

Though the issue of the environment remains a concern, petroleum is still the
dominant source of energy worldwide for our transportation fuels. The global
demand for energy to meet our daily industrial and transportation needs is ever
growing at an average annual growth rate of 1.6% (OECD/ IEA 2005). The estimated
heavy crude oil reserve globally by the IEA is about 6 trillion barrels (OECD/IEA
2005). Despite this global magnitude of heavy crude oil and tar sand reserves, their
production is still low (Saniere et al. 2004; Hart et al. 2013). However, it has attracted
a growing interest presently by the petroleum industry. This current trend in heavy
crude oil and bitumen exploitation is because of the decline of conventional middle
and light crude oil reserves and the limited supply and rising price of crude oil.
Consequently, Canada and Venezuela are the major countries presently exploiting
heavy crude oil reserves. Pipelines are used to transport about 95 % of the heavy
crude oil produced in Canada and Venezuela, respectively. This is because pipelines
are the least expensive, environmentally convenient and the most effective means to
transport crude oil from the field to the refinery.

The fundamental recovery technique like the primary recovery method, which
depends on the natural energy within the reservoir to push the crude oil through the
production well, is inadequate for heavy crude oil and bitumen recovery. This is
because of their extremely high viscosity (i.e. Resistance to flow). Therefore,
enhanced oil recovery (EOR) techniques aim at producing the remaining oil left after
primary and secondary recovery methods by introducing heat energy or injecting a
fluid (Greaves et al. 2000; Hart 2012). The EOR methods are broadly classified into
thermal, solvent displacement (i.e. Light hydrocarbons, flue gas, carbon dioxide,

nitrogen, etc.), chemical (i.e. Surfactant flooding, alkaline flooding, polymer
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flooding, micellar flooding, alkaline-surfactant-polymer flooding, etc.) And microbial
methods. Nonetheless, the most widely used EOR technologies are the thermal
techniques. This is because they reduce the viscosity of heavy crude oil and bitumen
by several orders of magnitude rapidly, in contrast to non-thermal methods in which
the mode of viscosity reduction is quite slow as they depend on diffusion and
dispersion to spread the fluids. Therefore, the commonly used thermal EOR methods
by the petroleum industry are steam flooding, cyclic steam stimulation (CSS), steam-
assisted gravity drainage (SAGD), in situ combustion (ISC), toe-to-heel air injection
(THAL), etc. The objective of the techniques is to increase oil mobility of the heavy
crude oil and bitumen by reducing their viscosity to improve recovery or production
as well as transportation via pipelines. Subsequently, this drive of the petroleum
industry to exploit heavy crude oil and bitumen resources has led to the development
of several transportation techniques.

This increased heavy crude oil and bitumen production requires an adequate
means of transporting them for storage or to the refinery. In view of this, pipelines
remain the most convenient means for continuous and economic transportation of
crude oils and its products. However, heavy crude oil and bitumen contain a high
proportion of high molecular weight hydrocarbons such as saturates, resins, aromatics
and asphaltenes. The asphaltenes portion of the heavy oils is known to be insoluble in
straight-chain hydrocarbons such as pentane and heptanes. Therefore, problems due
to asphaltenes instability such as precipitation due to depressurisation below
asphaltene precipitation onset pressure may occur when transporting heavy crude oil
(Eskin et al. 2011). Subsequently, a high-pressure drop along the pipeline is
experienced due to high viscosity of the heavy oil making it cost and energy intensive
(i.e. Higher pump powder) to transport via pipeline. Additionally, clogging of the
pipe walls due to asphaltenes deposition, which decreases the accessible cross-
sectional area for oil flow that causes reduction in flow rate and rise in pressure drop
and multiphase flow, may occur (Martinez-Palou et al. 2011; Eskin et al. 2011).

Improved heavy crude and bitumen transportation using pipelines can be

achieved through preheating of the heavy crude alongside heating of the pipeline,
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blending or dilution with light hydrocarbon fluids as well as heavy oil-inwater
emulsification, partial upgrading and core-annular flow (Al-Roomi et al. 2004,
Saniere et al. 2004). Each of these techniques is aimed at reducing viscosity as well
as the energy required for pumping, to enhance flowability of the oil via pipelines.
The objective of this review is to assess the various technologies available for
transporting heavy crude oil and bitumen and explore their individual advantages as
well as disadvantages, with the aim that the findings would help direct further
experiments and research towards providing a practical solution to improve the

transportation of heavy oils economically.
1.2 Transportation technologies for heavy crude oil and bitumen

To transport heavy oils economically, the pressure drop in the pipeline must
be lowered to minimise the pump power required to push the oil over a long distance.
However, because of their high viscosity at reservoir conditions compared to
conventional light crude oils, conventional pipelining is not adequate for transporting
heavy crude oil and bitumen to refineries without reducing their viscosity (Ahmed et
al. 1999). The methods used for transporting heavy oil and bitumen through pipelines
are generally grouped into three as shown in Fig. 1: (a) viscosity reduction [e.g.
Preheating of the heavy crude oil and bitumen and subsequent heating of the pipeline,
blending and dilution with light hydrocarbons or solvent, emulsification through the
formation of an oil-in-water emulsion and lowering the oil’s pour point by using pour
point depressant (PPD)]; (b) drag/friction reduction (e.g. Pipeline lubrication through
the use of core-annular flow, drag- reducing additive); and (c) in situ partial
upgrading of the heavy crude to produce a syncrude with improved viscosity,
American Petroleum Institute (API) gravity, and minimised asphaltenes, sulphur and
heavy metal content. In Fig. 2, the pressure drop versus the flow rate for the several

methods of transporting heavy crude oil and bitumen is presented.
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Means of aiding heavy crude oil
and bitumen transportation via

pipeline
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Fig.1 — Diagrammatic display of methods of improving heavy crude oil and bitumen

flow via pipelines
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Fig.2 — Pressure drop against flow rate for the different heavy crude transport

mechanism Guevara et al. (1998)

1.3 Dilution

High viscosity at reservoir conditions is a major setback to heavy crude oil

and bitumen recovery and transportation via pipelines. Thus, blending or dilution of
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heavy crude oil and bitumen to reduce viscosity is one of the several means to
improve transportation via pipelines that is a most commonly used technique in the
petroleum industry since the 1930s. The blending fluid or diluents is always less
viscous than the heavy crude and bitumen. Generally, it well know that the lower the
viscosity of the diluents, the lower is the viscosity of the blended mixture of heavy
crude and bitumen (Gateau et al. 2004). The widely used diluents include condensate
from natural gas production, naphtha, kerosene, lighter crude oils, etc. However, the
use of organic solvents such as alcohol, methyl tert-butyl ether, tert-amyl methyl
ether has been investigated (Anhorn and Badakhshan 1994). The use of these solvents
is prompted based on their use in improving the octane number of gasoline.
Subsequently, a mixture of hydrocarbons and organic solvents with polar group in
their molecular structure has shown some effectiveness in viscosity reduction of
heavy crude oil at constant dilution rate (Gateau et al. 2004). The use of diluents
allows the transportation of large quantity or volume of heavy crude oil and bitumen.

Furthermore, the viscosity of the blended mixture is determined by the
dilution rate as well as the viscosities and densities of the heavy crude oil and
bitumen and the used diluents. The resulting blend of heavy crude oil and diluents has
lower viscosity and therefore it is easier to pump at reduced cost. The dilution of
heavy crude oil and bitumen to enhance transportation by pipelines requires two
pipelines, one for the oil and another for the diluents. The use of diluents to enhance
the transportability of heavy crude oil and bitumen in pipelines would be cost-
effective, if the diluents are relatively cheap and readily available. The amount of
diluents required for heavy crude oil, i.e. The ratio of diluents in the blended mixture,
ranges from 0 to 20 %, while for bitumen it is in the range of 25-50 %.

Light natural gas condensate (pentane plus or C5 +) is a low-density and less
viscous mixture of hydrocarbon liquids, which is a by-product of natural gas
processing. This condensate recovered from natural gas has been used to dilute heavy
crude oil and bitumen in Canadian and Venezuelan oil fields in order to enhance their
transport using pipeline. Though the viscosity of heavy crude oil and bitumen is

reduced significantly on blending with the condensate, asphaltenes precipitation,
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segregation and aggregation cause instability during transportation and storage (Shi-
gemoto et al. 2006). This is because asphaltenes present in the heavy crude oil are
insoluble in alkanes such as n-pentane and heptanes, as the condensates are known to
be paraffin- rich light oil. Additionally, asphaltenes have the tendency to interact and
aggregate. The viscosity of the oil-condensate blended mixture depends on the
properties of the heavy crude oil or bitumen, condensate, the dilution rate, heavy oil-
condensate ratio and also the operating temperature. The limitations to the use of
condensates includes: its availability depends on natural gas demand (Guevara et al.
1998); due to the growing production of heavy crude oil and bitumen, the production
of condensate is not sufficient to sustain the demand for thinner; most of its
components are not good solvents for asphaltenes and precipitation may arise;
instability during storage.

Nevertheless, the use of light crude oil has also been considered, but it is less
efficient in lowering the viscosity of heavy crude oil or bitumen in contrast to the
condensate (Urqubart 1986). Consequently, light oil compatibility as well as
availability in the face of declining reserves of conventional light crude oil has
limited its use as diluents for heavy crude oil. In addition, light hydrocarbon such as
kerosene has been found to be effective in enhancing heavy crude oil and bitumen
transport via pipelines. Lederer (1933) developed a modified correlation similar to
the classic Arrhenius expression for estimating the resulting viscosity of the blended

mixture of heavy crude oil and diluents. The resulting mixture viscosity is as follows:

log 1= _ Mo log x4, + 1—0[—\/0 log 1
S VARV et R VARIVAS et (1)

Where V, and V4, are the volume fraction of the heavy crude oil and diluents,
10 and id are the viscosity of the heavy crude oil or bitumen and the diluents,
respectively, and o is an empirical constant ranging from 0 to 1.

Thus, Shu (1984) proposed an empirical formula for determining the constant
a for the blend or mixture of heavy crude oil or bitumen diluted with light
hydrocarbon diluents. The relation depends on the viscosity ratio of oil to diluents

(i.e. Light hydrocarbons) and their densities, respectively.
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Consequently, the mostly used light hydrocarbons for dilution of heavy crude

oil and bitumen are expensive and are not readily available in large quantities.
Therefore, recycling of diluents for re-use is essential. However, separating the
diluents from the oil requires the installation of additional pipelines which
subsequently add to the operating cost. In addition, to conveniently transport heavy
crude oil and bitumen via pipeline, the diluted or blended oil viscosity must be less
than for the classical maximum pipeline, that is, <200 mpa-s (Kessick 1982).
However, to achieve this pipeline viscosity specification requires the use of large
volume of diluents, knowing that heavy crude oil and bitumen can have a viscosity of
more than 105 mpa-s.

Another common diluent used is naphtha, a petroleum fraction. Naphtha has
high API gravity and shows good compatibility with asphaltenes. Gateau et al. (2004)
pro-posed that a blend of naphtha and organic solvent would reduce the amount of
diluents needed to lower the viscosity of heavy oil-to-pipeline transportation
specifications. It was found that the relative viscosity of the blend of heavy oil diluted
with mixtures of naphtha and organic solvent is reduced, as shown in Fig. 3. This is
attributed to the increasing polarity or hydrogen bonding of the solvents and the
ability of the polar solvent to act on the asphaltenes components of the heavy crude
oil (Gateau et al. 2004). In that case, a higher polarity solvent causes a larger
reduction in viscosity of the diluted heavy crude oil, thereby enhancing dilution
efficiency. However, the viscosity of the solvent must approximate that of the

hydrocarbon as well as the boiling point for easy recycling.

Jlucm

ITpunoxenne A -

UNam. | Jlucm Ne dokym. lModnuck | Jama




2IIFIIIIIIIII'I
15 H f | .- -
-‘?—h o —
E P
= ]
8
S g:‘ _;he’j::gﬁga
o= 1| 81§ o o o 1 4
il (B | B 2

B ] (] (B (B 12 (81 (o181 & (3121 |8
UElglglgl;@lélfllﬁlElglélglﬁli

Solvent (volume fraction in naphtha)

Fig.3 — The effect of organic solvent absolute viscosity of diluted heavy oil

1.4 Heating

Another method commonly used method to reduce the high viscosity of heavy
crude oil and bitumen and improve the flowability is the effect of temperature.
Heating (i.e. Increasing temperature) the pipeline causes a rapid reduction in viscosity
to lower the resistance of the oil to flow. The response of viscosity to changes in
temperature for some heavy oil and bitumen is illustrated in Fig. 4. Therefore, heating
is an alternative means of enhancing the flow properties of heavy crude oil and
bitumen. This is because the viscosity of the heavy oils and bitumen is reduced by
several orders of magnitude with increasing temperature. This involves preheating the
heavy crude oil followed by subsequent heating of the pipeline to improve its flow.

However, heating to increase the temperature of the fluid involves a
considerable amount of energy and cost as well. Other issues include greater internal
corrosion problems, due to the increase in temperature. However, heating the pipeline
may possibly induce changes in the rheological properties of the crude oil which may
result in instability in flow. Many number of heating stations are required adding to
the cost, in addition to heat losses occurring along the pipeline as a result of the low

flow of the oil. However, most of the times the pipeline is insulated to maintain an
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elevated temperature and reduce the heat losses to the surroundings. Additionally,
sudden expansion and contraction long the pipeline may induce challenging
problems. Consequently, the cost of operating the heating as well as the pumping
systems over a long distance from the oil field to the final storage or refinery is on the
high side (Chang et al. 1999). The method might not be viable for transporting crude
oil when it comes to subsea pipelines. Finally, the cooling effect of the surrounding

water as well as the earth lowers the efficiency of the technique.
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Fig.4 — Response of viscosity to increase in temperature (Raicar and Procter 1984)

1.5 Emulsification of the heavy crude in water

The emulsion of crude oil and water exists in the hydro-carbon reservoir, well
bore, during drilling as well as transportation. This technology is one of the newest
means of transporting heavy crude oil via pipeline in oil-in-water (O/W), water-in-oil
(W/QO) emulsion or in a double emulsion like oil-in-water-in-oil (O/W/O) and water-
in-oil-inwater (W/O/W), with the drop sizes in micron range. The formation of oil-in-
water emulsion has been an alternative technique of enhancing heavy crude oil
flowability through pipelines. In this technology, the heavy crude oil is emulsified in
water and stabilised with the aid of surfactants. The oil become dispersed in water in

the form of droplets with the aid of surfactants and a stable oil-in-water emulsion
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with reduced viscosity is produced (Saniere et al. 2004; Al-Roomi et al. 2004). The
methods used to generate the oil droplets to create the emulsions includes use of
devices such as dispersing machines, mixing with rotor- stator, colloid mills, high-
pressure homogenisers applying high shearing stresses, emulsification by membrane
and ultrasonic waves (Hasan et al. 2010; Ashrafizadeh and Kamran 2010; Lin and

Chen 2006). The different possible emulsions are illustration in Fig. 5.

Oil
l i Water

(a) Oil-in-water (O/W) (b) Water-in-oil (W/O) (¢) Double emulsion (W/O/W)

Fig.5 — The several emulsions that are used to transport heavy crude oil

The surfactant monolayer sits at the oil-water interface (see Fig. 6), to prevent
drop growth and phase separation into single oil and water phases in the cause of
transportation. The monolayer at the interface of the oil-in-water emulsion, the polar
region (i.e. Hydrophilic head) of the surfactant is in contact with the water and non-
polar tail (i.e. Hydrophobic region) in contact with the oil, as shown in Fig. 5. It is the
properties of this adsorbed layer of surfactants that stabilise the oil-water surface and

control the behaviour of the emulsion (Langevin et al. 2004).

Oil drop

Surfactant

<+—— Water drop

Fig.6 — Surfactant-stabilised emulsion

Jlucm

ITpunoxenne A 87

N3m.

Jlucm Ne dokym. lModnuck | Jama




Nevertheless, heavy crude oil is a complex mixture of hundreds of thousands
of compounds. The asphaltenes act as natural emulsifiers. Other active surface
components of crude oil include naphthenic acids, resins, porphyrins, etc. (Langevin
et al. 2004). The presence of these component increases the complexity of crude oil
emulsion, as the molecules can interact and reorganise at the oil-water interface. In
that case, to transport heavy crude using emulsion technology involves three stages
such as producing the O/W emulsion, transporting the formed emulsion and
separating the oil phase from the water phase. However, recovering the crude oil
entails breaking the oil- in-water emulsion. To achieve the separation stage the
following techniques have been developed which include thermal demulsification,
electro-demulsification, chemical demulsification, freeze-thaw method, ph
modification, addition of solvent and demulsification by membranes (Ashrafizadeh
and Kamran 2010; Yan and Masliyah 1998). The use of surfactants and water to
create a stable oil-in-water emulsion with heavy crude oil to improve its trans-
portability by pipeline has been a topic of several investigations with a series of
patents. The potential of this technology to enhance pipeline transportation of heavy
crude oil has been demonstrated in Indonesia in 1963, as well as in a 13-mile distance
using 8 in. Diameter pipeline in California (Ahmed et al. 1999).

In addition, the rheology of the formed emulsions is an important criterion for
enhanced pipeline transportation. The rheology of the emulsion depends mainly on
the volume of the dispersed oil and drop size distribution (Khan 1996). The drop size
distribution depends on surfactant type, energy of mixing and pressure. The
surfactants commonly used are non-ionic such as Triton X-114 based on their ability
to withstand the salinity of the produced water, they are also cheap, their emulsion is
easy to separate, and they do not form undesirable organic residues that affect the oil
properties (Sun and Shook 1996). However, heavy crude oil emulsion exhibits either
Newtonian behaviour at high shear rate or a shear thinning rheological behaviour at
low shear rate (mckibben et al. 2000; Al- Roomi et al. 2004). The flow properties of
the produced emulsion depend on the properties of the polar hydrophilic head and the

non-polar hydrophobic tail of the used surfactants.
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The principal challenges associated with the technology of transporting heavy
crude oil are cost and selection of the surfactant, the ability of the surfactant to
maintain the stability of the emulsion during pipeline transportation, the ease of
separating the surfactant from the crude oil at the final destination since the density of
heavy oil is close to that of water, the properties of the emulsion such as rheological
characteristics and stability that depend on many parameters such as drop size
distribution, temperature, salinity and the ph of the water, the components of the
heavy crude oil, mixing energy and oil/water volume ratio (Hasan et al. 2010).
Additionally, the presence of natural hydrophilic particles such as clay and silica in
the crude oil may cause instability in the emulsion (Langevin et al. 2004). The
different mechanisms by which destabilisation may arise in oil-in-water emulsion
includes: Ostwald ripening, sedimentation or creaming due to density difference and
coalescence of the drops. But the essence of the surfactant is to stabilise the emulsion
against shear and decrease the interfacial tensions. At times, the oil-in-water emulsion
system may contain solids and gas, which increases the complexity of the process.
Generally, the smaller the drop size, that is, 10 im or less, the better is the stability of
the emulsion (Langevin et al. 2004). In general, the behaviour of heavy crude oil-in-
water emulsion is complex due to the interaction of several components within the
system and many other factors mentioned above. This method of transporting heavy
crude oil has been used in the ORIMULSION® process developed by PDVSA
(Petroleos de Venezeula) in the 1980s (Martinez-Palou et al. 2011). However, details

of the process can be found in Salager et al. (2001) and Langevin et al. (2004).
1.6 Pour point reduction

Heavy crude oils have been described as a colloidal suspension consisting of
solute asphaltenes and a liquid phase maltenes, that is, saturates, aromatics and resins
(Saniere et al. 2004). The precipitation and aggregation of the asphaltenes
macromolecules in the oil contribute greatly to its high viscosity and density,
resulting in its high resistance to flow in pipelines. Therefore, suppressing this effect

through the use of pour point depressants will help improve the oil flow properties.
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The pour of the oil is the lowest temperature at which it ceases to flow and loses its
flow properties. For instance, it is extremely difficult to transport via pipeline waxy
crude oil in cold weather. This is because decreasing temperature causes crystal
growth which prevents the molecules of the oil from flowing. The crystallisation
depends on climate, oil composition, temperature and pressure during transportation.
There are several methods to minimise the cause of wax and asphaltenes deposition,
and the use of polymeric inhibitor is considered an attractive alternative. The addition
of copolymers such as polyacrylates, polymethacrylate, poly (ethylene-co-vinyl
acetate), methacrylate, etc. Inhibits the deposition phenomenon and stabilises
transportation (Machado et al. 2001; Soldi et al. 2007). Machado et al. (2001) found
from the viscosity measurements that only below the temperature at which wax
crystals starts forming did the copolymer exhibit a strong influence in the reduction
of viscosity.

The complex nature of heavy crude oil creates many challenges during its
transportation through long distance, especially when using pipelines. To overcome
such problem of wax crystal formation as an interlocking network of fine sheets that
block pipelines, pour point depressants (PPD), which contains oil-soluble long-chain
alkyl group and a polar moiety in the molecular structure, is used. The long-chain
alkyl group is inserted into the wax crystal and the polar moiety exists on the wax
surface and reduces wax crystal size (Deshmukh and Bharambe 2008). The PPD in

most cases possesses highly polar functional groups.
1.7 Friction reduction

As the dominant transport fluid property, high crude oil viscosity poses great
challenges to oil production, refining and transportation through wells and pipeline.
The viscous drag, wall friction and pressure drop in the pipeline are much higher in
heavy oil compared to conventional light oils. The drag is the result of stresses at the
wall due to fluid shearing causing a drop in fluid pressure (Martinez-Palou et al.
2011). This makes it challenging to pump the oil through a long distance. Therefore,

drag reduction is a lubrication technique based on core-annular flow to reduce
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pressure in the transport of heavy oil via pipelines. The commonly used techniques to
lower the friction to enhance pipeline transportation of heavy crude oil include drag-
reducing additives and core-annular flow. Both technologies reduce flow drag by
varying the velocity field such as dampening the turbulent fluctuation in the near wall
region of the pipeline, while the flow in the heavy oil pipeline is laminar or slightly
turbulent with minimum flow resistance based on viscosity influence on flow drag
(Chen et al. 2009). However, most studies on flow drag reduction pay attention
mainly to reducing the viscosity by physical or chemical methods, but according to

Newton’s viscosity law flow drag depends upon fluid viscosity and velocity profile.
1.8 Drag-reducing additives

The pressure drop encountered in heavy crude oil transportation via pipelines
IS more acute when it is to be transported over a long distances; therefore drag
reduction by incorporating an additive becomes an option. The transportation of
crude oil via pipelines is mostly in the turbulent flow regime. Additionally, high
frictional loss as a result of high viscosity causes much of the energy applied to
transport the crude oil to be wasted. High drag in turbulent flow is caused by radial
transport of flow momentum by fluid eddies. Polymer drag reduction was discovered
decades ago by Toms (1948), who observed about 30-40 % drag reduction upon the
addition of polymer (methyl methacrylate) to turbulent monochlorobenzene flowing
via pipeline. In this respect, drag-reducing additives help to reduce friction near the
pipeline walls and within the turbulent fluid core of moving fluid. Therefore, for
energy conservation and high efficiency of bitumen and heavy crude oil transfer, drag
reduction is vital.

Over the years, technology has developed. Drag-reducing additives are
classified into three categories: polymers, fibers and surfactants. The key role of these
additives is to suppress the growth of turbulent eddies through the absorption of the
energy released by the breakdown of the lamellar layer (Martinez-Palou et al. 2011).
Furthermore, drag additive helps reduce friction near the pipeline walls and within

the turbulent fluid core during transportation, which results in high flow rate at a
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constant pumping pressure. However, details of the different categories of drag-
reducing additives can be found in a review by Martinez-Palou et al. 2011.
Consequently, solubility of the drag-reducing additives in the heavy crude oil is a key
requirement. In addition, there should be degradation resistance and stability against
heat and chemical agent.

The common difficulties encountered in the use of drag- reducing additives
includes the tendency of the additive to separate when stored, difficulty in dissolving
the additives in the heavy crude oil and the problem of shear degradation when
dissolved in heavy crude oil. In addition, determining the dosage required to maintain

constant pressure drop is challenging.
1.9 Core-annular flow

The high viscosity of bitumen and heavy oil causes large pressure drop during
transport through pipelines, which makes it impossible to simply pump the crude oil
in a single-phase flow. Another method of reducing pressure drop in pipelines caused
by friction in order to transport bitumen and heavy crude oil is developing core-
annular flow. The main idea of this technique is to surround the core of the heavy
crude oil as it flows through the pipeline with a film layer of water or solvent near the
pipe wall, which acts as a lubricant, maintaining the pump pressure similar to that
needed to pump the water or solvent. In this regard, the water or solvent flow as the
annulus while the heavy crude oil is the core in the flow via pipeline, as illustrated in
Fig. 7. The required water or solvent is in the range of 10-30 % (Saniere et al. 2004;
Wylde et al. 2012). This implies that the pressure drop along the pipeline depends
weakly on the viscosity of the heavy oil, but very closely to that of water.
Furthermore, Bensakhria et al. (2004) found that with the heavy oil as the centre of
the pipe and water flowing near the pipe wall surface, the pressure drop reduction
was over 90 % compared with that without water lubrication. This technique was first
reported by Isaacs and Speeds (1904) for the possibility of pipelining viscous fluids

through the lubrication of pipe walls with water.
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Additionally, core-annular flow is one of the flow regimes observed in two-
phase flow via pipelines. In this flow regime, the solvent is at the pipe wall surface
and lubricates the heavy oil at the core. In view of this, the heavy oil core is
approximately in a plug flow. However, during the water and oil two-phase flow in
the pipeline, several flow regimes are possible depending on the properties of the oil
such as density, surface tension, shear rate of the flow and fluid injection flow rate.

Nevertheless, the technique is capable of reducing the pressure drop close to
that of transporting water. However, some of the limitations include achieving perfect
core-annular flow appears to be very rare and may only exist for density-matched
fluid (Bensakhria et al. 2004). Bai et al. (1992) found that waves are created at the
water and oil interface leading to wavy core-annular flow. Furthermore, when the
density difference between the oil and water is large, a buoyancy force will produce a
radial movement of the oil core. This effect, therefore, will push the core to the upper

wall of the pipeline, as illustrated in Fig. 8.
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Fig.8 — Radial position of the oil core: a perfect core-annular flow and b with density

difference. C is the contact perimeter between the oil phase (core) and the pipe wall

Additionally, the stability of the flow system is still under investigation (Bai
et al. 1992; Joseph et al. 1999). The flow velocity and capillary instability arising
from surface tension break the core. But, increasing the velocity enhances the core
stability.

If the core-annular flow is assumed to be perfect and well centred, then the
pressure drop can be calculated from the following equation:

AP Q

: ”R4+Rf[1—1j ©)
8| u, Ho My,

Where AP/L is the pressure drop of the centred core-annular flow (Pa/m), Q is

the total flow rate (m3/s), R is the radius of the pipe (m), Rs is the core radius (m),

and p,, and p, are the dynamic viscosity of water and oil, respectively (Pa-s).
1.10 In situ upgrading

The increasing exploitation of vast heavy oil and bitumen resources to meet
global energy demand and the concern for the environment have led to the
incorporation of in situ upgrading with enhanced oil recovery. In situ upgrading is
achievable during thermal recovery methods such as ISC, SAGD, CSS and

subsequently the novel THAI and its addon catalytic upgrading process in situ
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(CAPRI), collectively called THAI-CAPRI™ (Greaves and Xia 2004; Hart 2012;
Hart et al. 2013). These processes rely on the reduction of heavy crude oil viscosity
by heat to improve its flow from the oil reservoir to the production well. The
upgrading is due to the heavy molecules splitting into smaller molecules thermally.
This thermal cracking reactions in situ reduces the viscosity of the heavy oil and
bitumen to a high order of magnitude, thereby improving flow and production.
However, of all these processes, the THAI-CAPRI process integrates a catalytic
upgrading process into the recovery. Details of the above-mentioned technologies for
in situ upgrading during heavy oil recovery can be found in a review paper on novel

techniques for heavy oil and bitumen extraction and upgrading by Shah et al. (2010).

The high viscosity of bitumen and heavy oil causes large pressure drop during
transport through pipelines, which makes it impossible to simply pump the crude oil
in a single-phase flow. Another method of reducing pressure drop in pipelines caused
by friction in order to transport bitumen and heavy crude oil is developing core-
annular flow. The main idea of this technique is to surround the core of the heavy
crude oil as it flows through the pipeline with a film layer of water or solvent near the
pipe wall, which acts as a lubricant, maintaining the pump pressure similar to that
needed to pump the water or solvent. In this regard, the water or solvent flow as the
annulus while the heavy crude oil is the core in the flow via pipeline. The required
water or solvent is in the range of 10-30 % (Saniere et al. 2004; Wylde et al. 2012).
This implies that the pressure drop along the pipeline depends weakly on the
viscosity of the heavy oil, but very closely to that of water. Furthermore, Bensakhria
et al. (2004) found that with the heavy oil as the centre of the pipe and water flowing
near the pipe wall surface, the pressure drop reduction was over 90 % compared with
that without water lubrication. This technique was first reported by Isaacs and Speeds
(1904) for the possibility of pipelining viscous fluids through the lubrication of pipe

walls with water.
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