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Pegepar

Beimycknas kBanmdukanmonnas pabdora 108 c., 6 puc., 27 Ttabn., 39
UCTOYHHUKOB, | TIpHIL

KitoueBblie cioBa: HaMOpHBIN HEPTETPOBO/I, IKCIUTyaTallMOHHAS HAJIE)KHOCTb,
pacdeTt, MOJIeNIb HaJIEKHOCTH, MMPOTpaMMa HaJIeKHOCTH, OXpaHa TPy/a.

OOBEKTOM HCCIIeIOBAHUS SBIISETCS HATIOPHBIA HEPTETIPOBOI.

Lens paboTbl — aHamU3 METOJOB TMOBBIIICHUS JKCIUTyaTallMOHHOM
HAJC)KHOCTU HAMOpHbBIX HeTenpoBooB « TomckHedTs» BHK.

B mporecce wuccnenoBaHus TMPOBOIWINCH pacdyeT HA MPOYHOCTH W
YCTOMYMBOCTh, IOCTPOEHHUE MOJEeNe HaAeKHOCTU. PaccMoTpeHbl  BOMPOCH
pa3paboTKu TporpamMM HaJeKHOCTH. [IpuBeIeHbI MEpONPHUATHS 10 OXpaHe TPyaa |
0€30MacHOCTH  CTPOUTENBCTBA, OXpPaHE  OKPYXKAIOMEH  Cpelbl, TEXHHUKO-
SKOHOMHUYECKasl YacCTh.

B pesynprare wuccrmegoBaHus Obula TOCTPOEHA MOJAETh HAJCKHOCTH U
CIIPOTHO3MpPOBaHA HKCIUTyaTallUOHHAs HAJeKHOCTh B Oyaymiem. Ha ocHoBanuwm
MOJTYYCHHBIX PE3YJIHbTAaTOB OBLIO BBISIBICHO, YTO TPEOYETCS COCTaBICHUE MPOTpaMM
HAJC)KHOCTH IS YBEITMUCHUS IKCILTyaTaIlAOHHON HAJIC)KHOCTH.

OcHOBHBIE KOHCTPYKTHUBHBIE, TEXHOJIOTUYECKUE u TEXHUKO-
IKCIUTyaTaIllMOHHBIE XapaKTEPUCTUKHU: OMHMCAHBI METOABl 0OCCIICUCHUS HAJICKHOCTH
He(TEPOBOIOB, MOJIENb HAJCKHOCTU JUIsl HAMIOPHOTO HE(PTEMPOBOJA, BO3MOKHBIC
BapUaAHTHI MOBBIIICHUS HAJECKHOCTH ISl HAIOPHBIX HE(DTETPOBOIOB.

OO6macth mpUMEHEHUs: JUisi HamopHbIX HedrenpoBomax «ToMckHEDTHY
BHK.

DOxoHoMuYecKast 3P(HEeKTUBHOCTH/3HAYUMOCTh PaOOThI MO3BOJIUT TOBBICUTH
IKCIUTyaTallMOHHYI0 HAJEKHOCTb, YTO B CBOIO OuYepelb MPUBEIET K MEHbBIIUM
MOTEPSM MPU TPAHCTIOPTUPOBKHU HE(PTEIIPOIYKTA.

B Oynmymem mmaHuUpyeTCs COCTaBJISTh MPOTPaAaMMbl  HAIEKHOCTH IS
HanopHeiXx  HedrenpoBogoB  «TomckHedTh»  BHK,  yT0oOBI  TOBBICUTH

OKCILTYaTallMOHHYIO HAJAC)KHOCTD.



Omnpenenenusi, 0003HaYCHUs, COKPALLICHUS, HOPMATHBHbIE CCHLIKH

B  nanHoit paboTe mpuBENEHBl TEPMUHBI C  COOTBETCTBYIOIIUMHU
ONPEICIICHUSIMU:

aBapusi: CoObITHE, 3aKIIIOYAIONIEECS B MEPEXOAE CUCTEMBI U3 OJHOTO YPOBHS
s pekTuBHOCTH PYHKIIMU HA APYTrOM, Ooee HU3KUM

HaJEKHOCTh: CBOMCTBO 0OBEKTa COXPaHATh BO BPEMEHH B YCTAHOBJIEHHBIX
npejenax 3HaYeHUs BCEX MapaMeTpoB, XapaKTEPU3YIOIIUX CIOCOOHOCTh BBIMOJIHATH
TpeOyeMble (PYHKIIMH B 33IaHHBIX PEKUMAX U YCIOBHUSIX MPUMEHEHUS, TEXHHUYECKOTO
00CITyKUBaHUS, TPAHCIIOPTUPOBAHUS U XPAHECHMUSI.

0€30TKa3HOCTh: CaoiicTBO o0OBeKTa HETMPEPHIBHO COXPaHATH
paboTOCIIOCOOHOE COCTOSIHUE B TEYEHUE HEKOTOPOT'O BPEMEHHU.

BEPOSITHOCTh 0€30TKa3HOM paboThl: BeposTHOCTH TOro, 4To B TMpenenax
3aIaHHOM HapaOOTKH OTKa3 00bEKTa HE BO3HUKHET.

WHTEHCUBHOCTH OTKA30B: Y CIIOBHAS INIOTHOCTh BEPOSITHOCTU BO3HUKHOBEHHUS
OoTKa3za oOBEeKTa, orpejesseMas Mpu YCIOBHH, YTO IO pacCMaTpUBAEMOTO MOMEHTA
BPEMEHH OTKa3 HE BO3HUK.

CAPEX: Kamuran, UCHONIB3YIOMMACS KOMIAHUEH i MPUOOPETEHUS WIH
MOJIEpHU3AIMN (HU3HUECKUX AaKTUBOB (KWJIOH W TPOMBIIUICHHOW HEJIBUKUMOCTH,
000pyI0BaHUs, TEXHOJIOTUM).

OPEX: [IloBcenHeBHBIC 3aTpaThl KOMITAHWUW JIJIsi BeAcHUS Owu3Heca,

MIPOU3BOJCTBA TOBAPOB U YCIYT.
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BBenenue

HedrenpoBoasl B a3xoHOMEKE Poccuu HaxomsTcs HA OJHOM U3 HEHTPAIbHBIX
no3uniii. Bompockl 0Oe3omacHO M HAJAEKHOM SKCIUTyaTalud He(TEenpOBOIOB
OXBAaThIBAIOT HE TOJIBKO CHUCTEMY HEe(TEnpOBOAHOIO TPAHCIOPTa, HO U MHOTHE
OpYTUe pa3lIMYHbIE OTPACIH, KPOME 3TOT0 3HAYUTEIBbHO BIIHSIOT HAa JOCTHUKEHUE
3a]1ay, COCTaBJIEHHbIX B KOHUENUMU SHEPreTuyeckoro mporpecca Poccum.
CoBpeMeHHOE COCTOsSIHUE He(TENpPOBOJAOB MOYKHO OXapaKTepU30BaTh IMTEIbHBIM
CPOKOM DSKCIUTyaTallud W TpPHU YBEJIWYEHUU OOBEMOB MEPEeKaukd HePTH MO HUM.
ObecnieunBaHUE YKCILTyaTAIIMOHHON HAJEKHOCTH HEPTEIPOBOOB B TAKUX YCIOBHIX
JIeNaeTcsl JOBOJBHO AaKTyallbHBIM. TexHoJlormueckoe oOOpyJaoBaHUE, H3ACIUS U
TpyObl MO pa3IWYHBIM MPUYMHAM HMEIOT AEPEKThI, MPOrPECCUPYIOUIUE B XOJI€
JKCIUTyaTalli HEePTEeNpoBOJia, TEXHUYECKOE IHArHOCTUPOBaHUE HE(TENpOBOAOB U
aHAIM3 HX TEXHUYECKOTO COCTOSHUS SBJISIOTCS TpeOyeMbIMH COCTaBIISIOIIMMHU
oOecrieueHust HaJIeXKHOCTH.

NHuuaeHTsl 1 aBapuu MPOMBICIOBBIX HE(PTEIPOBOOB SIBISIOTCA MPUUYUHON
CYIIECTBEHHBIX NOTEPh. 1[0 KOHCEpPBATMBHOW OLEHKE ATU NOTEPH NOCTUrarT 1,5
MiIpa. pyOneit. BceneacTBue HeOIArompUSATHBIX YCIOBHHM JKCIUTyaTallMd — YHCIIO
aBapuil Ha HePTenpoBOJaxX €XKeroJaHo pacteT. CpeqHue TEMIIbI POCTa aBapUHOCTU
yBeInuuBaroTcsa, gocturas 30 MpOUEHTOB B roj, NMPONOPLUOHAIBHO BO3PACTAIOT U
notepu. PaHHsSS moTepst 1IEIOCTHOCTH TPyOONpPOBOAAMHM M MX MPEKICBPEMEHHas
3aMeHa JeNaroT 3aTpaTbl Ha TPAHCHOPT I0OBIBAEMOW MPOIYKIMU HEOINPaBIAHHO
BBICOKUMU U TpPeOYIOT Mep, HAIpaBJICHHBIX HA CHUKEHUE YPOBHS aBapUHUHOCTH.
CHwxenue aBapuitHoctu A0 ypoBHsA 0,1 mT./KM*ron o3Hadamo Obl COKpallleHUE
exeroHbIx norepb Ha 600 — 1000 mMitH.pyo0.

Tema HayyHOUW pabOTHI BRIOpaHa COTJIACHO DHEPreTUYECKOW cTpareruu PO

(pacniopsbxenue [IpaBurenbctBa Poccuiickoit @enepanuu ot 13 HosaOps 2009 1. No

UccnedosaHue memodos nosbieHuUs 3KCrilyamayUuoHHOU

Uam. N Tucm Ne dokym. Modnucs | Jama HadexxHocmu HarnopHbix Hegomenposodos OAO « TomckHegpmb» BHK
Paspab. JlanuH A.A.. Jlum. Jlucm Jlucmos
Pykosod. | 3apybuH A.T. [ ] 7 112
KoHcynbm. BgedeHue

1.0.3as.kacp] bypkos 1.B. Ty TXHI ep. 2BM5A




1715-p), B KOTOpPOI CTaBUTHCS LENbIO yBeIHMYEeHHE 3()PEKTUBHOIO HUCIOIH30BAHUS
OPUPOAHBIX JHEPreTU4YeCKux pecypcoB. Llenpro naHHONM palOOTHl  ABISETCS
UCCJIEIOBAHUE METOJIOB TMOBBIIIECHUSI AKCIUTyaTallAOHHOW HAJEKHOCTU HAMOPHBIX
HegrenpoBonoB OAO "Tomckuepts" BHK. 3amaum mnocrtaBiaeHsl B pabote
CleIyIoIIue:

1) [IpoBecTu 0030p JUTEpaTYphl MO JAHHOU TEMATHKE;

2) Caenathb aHajau3 METOAOB OOECIICUeHHS Ha/IeKHOCTH;

3) IIpoBepuTh Ha MPOYHOCTh U YCTOMYMBOCTH HAMOPHBIN HedTenporog OAO
"Tomckuedts" BHK;

4) ITocTpouTh MOJIENTh HAJIEKHOCTH HATIOPHOTO HEPTEITPOBOIA;

5) [Ipennoxuts mporpaMMbl HaJIEKHOCTH;

6) BeisiBuTh Hanboiee mepCreKTUBHYIO MTPOrpaMMy HaJICKHOCTH.

Jlucm

Beenenne ]

U3m.

Jlucm Ne dokym. lModnuck |Jama




O030p JTEpaTypHI

DKCITyaTalldOHHAss HaJEKHOCTh TPYOONPOBOJIOB SIBISETCS €ro CBOHCTBO
BBITIOJTHATh 3aJaHHble (DYHKIIUM B TE€UEHHUE TpeOyeMOoro MpOMEXYTKa BPEMEHHU C
COXpaHEHUEM B YCTAaHOBJICHHBIX TpelesaX BCEX XapaKTEepPHBIX mapameTpoB. [lanHas
CITIOCOOHOCTh PACKPBIBAETCS YEPE3 CUCTEMY OOBEKTUBHBIX KPUTEPHUEB TEXHUYECKOTO
COCTOSIHUS ~ TpyOONpoBOAa, KOTOpPhle  OOYCIaBIMBAIOT €ro  HOPMATUBHYIO
paboTOCIOCOOHOCT, B PEKHMME AaKTHBHOTO BO3JCHCTBHS  AKCILTyaTallMOHHBIX
dakTopoB. Hcxonss W3 3TOro, YpPOBEHb OKCIUTyaTallMOHHOW  HAJEKHOCTH
OMpeeIeTCsl TEXHUYECKUM COCTOsIHUEM TpyOonpoBoja [9].

OcCHOBHBIC  TOHATHS  HAJAEKHOCTH  (O€30TKA3HOCTh,  JOJTOBEYHOCTb,
COXpaHSIEMOCTh,  PEMOHTONPUTOJHOCT U T.J.), napaMeTpbl, KOTOpBIE
XapaKTepU3yIOT HAJIC)KHOCTh (MHTEHCUBHOCTh OTKa3a, CPeHEEe BpeMs HapaOOTKH Ha
oTka3 u T.1.) npeacrasieHsl B [OCT 27.002-89 HanexHocTs B TexHUKe. OCHOBHBIC
nounsATus. Tepmunsl u onpenenenus [17].

SAcun D.M. «HagexxHocTh MaructpaibHbIX TpPyOOIPOBOJOBY» BIIEPBBIC
U3JI0’KEHBI HAYYHBIE OCHOBBI 00€CTICUCHUS HAIC)KHOCTH TPYOOIIPOBOJIOB.

PexoMeHiatinn U BBIBOJIbI, TOKa3aHHBIE B paboTe, CAeIaHbl O pe3yiabTaTaM
aHanu3a OOMIMPHBIX CTAaTUCTHUYECKUX JIAHHBIX 1O (haKTHUYECKOW HaJIeKHOCTH
NEeNUCTBYIOIUX TPyOONpoBOAOB. B KHHUIe AaH aHalW3 HaJIEKHOCTU HE(DTENPOBOIOB,
PacCMOTPEHBI OCHOBHBIC (PAKTOPHI, KOTOPHIE MPUBOAAT K TMOBPEKICHUSIM apMaTyphl
u auHelHoW yactu. [lokazaH cTaTUCTUYECKUN MaTepuall M0 HaJeKHOCTH OCHOBHBIX
COOpPYKEHUU M TEXHOJOTMYECKHX OOBEeKTOB. OmHUCaHbl CHOCOOBI OIEHKH YPOBHS
HAJE)KHOCTH HE(PTENpPOBOAOB, YUYUTHIBAS CIOCOOBI TEXHHYECKOTO OOCTY>KUBAHUS
[12]. Tloka3aHbl OCHOBHBIE pPE3YyJbTAThl OOIIECUCTEMHBIX CIIOCOOOB IOBBIIIECHUS

HAJICKHOCTH IO HanboJiee ONTUMAILHOMY TPOCKTUPOBaHUIO. Takue Kak

UccnedosaHue memodoe rosebilueHUs 3KCI'U'IyamaL4LIOHHOL7
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pe3epBUpOBAaHUE  MEPEXOJOB  4Yepe3 peku U 0oJoTa, arperaroB Ha
CTaHIUIO, MEPEKITIOUEHUS MEXK/Ty MapauieIbHBIMU HE(TEIPOBOIAMHU.
AHanu3UpOBaHbl  XapaKTEPHBIE YEPThl TMOCTPOCHHUSI CHUCTEMBI TEXHHUYECKOTO
o0ciykuBaHUsl HePTEMPOBOIOB KaK OJTHOTO M3 CIIOCOOOB oOecreueHust TpedyeMoro
YpOBHS HaJC)KHOCTH. ABTOpaMHU BIIEpBbIE CHOPMYIUPOBAHO OMpeEeTiCHUE
«HAJIKHOCTh HedTenpoBoAa»: «... HameKHOCTh MarucTpaibHOTO HEePTEnpoBoaa
€CTh CBOMCTBO 3TOM TEXHWYECKOW CHCTEMBI B 33JaHHBIX YCIOBHUAX JKCIUTyaTallMH B
paccMaTpUBaeMbIii  TMPOMEXYTOK BpPEMEHH  oOOecreunBaTh  MEPEeKadyKy 110
TpyOonpoBoay HepTH UK HEPTENPOAYKTAa B YCTAHOBIEHHOM 00bEME U KAUECTBE.

B nanHble yCOBHS 3KCIUTyaTallud BKJIIOYAIOT YAEpXKaHHE OE30MaCHBIX PEXKHMOB,
periaMeHTbl 00CHyKHMBasi, WCIOJIHEHHE TEXHUYECKUX OTPAaHMYEHUN IO OXpaHe
OKpY’KaroIIEH CPEABI U TaK Aajee.

B pabore Uepnsiera B.[l. «OkcrutyaraiimoHHas HaJIe)KHOCTh MaruCTpaJIbHbIX
HE(TENPOBOJIOB» PACCMOTPEHA JIMAarHOCTHKA TEXHUYECKOTO COCTOSHUS TpyO K
00Opy/IOBaHUIO,  ONEPAaTUBHOE  YIPAaBICHHWE HAJEKHOCTHIO  MaruCTpPalbHBIX
TpyOOIIPOBOJIOB. YI€JIEHO BHMMAHHUE BOIPOCAM HAJIEKHOCTU MPH HKCTEHCHUBHBIX
pekUMax SKCIUTyaTallud, MPU PEKOHCTPYKIMU U MOJAEpPHHU3AIMU 000pYI0BaHUS.
[IpuBeeHbl TEXHUKO-3KOHOMHYECKHE TIIOKa3aTeld TIOBBIIMICHUS HAJIE)KHOCTH
Hedrenporoios [10].

B yuebnom mnocobun C.B. JleitHeko OnucheiBaloTCS OCHOBBI TEOPUU
HA/IeKHOCTU CHCTEM TPYOONPOBOIHOTO TPAHCIIOPTA raza U HEPTH U UX IPUMEHEHUE
HA TpPaKTUKE JUIsl pelIeHUusT WHXEHEpHbIX M HaydyHblx 3amgad. [lokazana
KJIacCHU(UKAIUSI U aHAJIM3 0TKa30B HE()TEMPOBOAOB, U MepepadOTKa CTATUCTUIECKUX
JAHHBIX 1O OTKa3aM. Pa30uparoTcsi MeTObI OLIEHKH HAJEKHOCTH HEDTEPOBOIOB HA
CTaJAMM DKCIUTyaTallud W OOEeCredyeHUs HAJeKHOCTU HA CTAJUU TMPOEKTUPOBAHUS.
Hccnenyercs Teopwusi, oKa3aTelld HAIEKHOCTH U KPUTEPHUH BOCCTAHABIMBAEMBIX U
HEBOCCTaHABIMBaeMbIX cucTteM. OmucaHa METOAOJOTHS HCCIIEIOBAHUS U OIEHKH
AKCIUTYaTaIMOHHON HAJAEKHOCTH TPYyOONPOBOAHBIX CHCTEM; METOAHMKA CO3IaHHsI
MoOJIeIe HaIeXKHOCTH OOBEKTOB HE(TEMPOBOAOB; METOJMKA CO3JaHUS CTPYKTYPHBIX

CXCM HaACKHOCTH He(i)Tel'IpOBO,IIOB; CITOCOOBI OOCHKHN OTOCTOBCPHOCTHU ITOCTPOCHHBIX
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MoOJIeJIe HaJeKHOCTH; METOJMKAa KOMIIBIOTEpHOro MojenupoBanus B Excel s
pelieHus 3a1a4 HaIeKHOCTU He(TEpPOBOIOB.

B yuebnoM mocobuu A.B. PymgadueHko paccCMOTpEHBI BOMPOCHI, CBSI3aHHBIC C
MOBBIIICEHUEM SKCIUTyaTallMOHHOW HAJIEKHOCTH TPYOOIPOBOJHBIX CHUCTEM IS
TPAHCTIOPTUPOBKHU KUJKUX YTJIECBOJOPOAOB; TEOPETHUUYECKUE OCHOBBI HAJICKHOCTHU
PEMOHTHUPYEMBIX OOBEKTOB, MPHUHIUI TOCTPOEHHUS BEPOSTHOCTHBIX MOJENen
HAJIEKHOCTU TPYOONMPOBOAHBIX CHCTEM, KilacCU(UKAIUs BapUAHTOB OTKA30B,
PUBEACHBI pacueTHbIC (HOPMYJIIBI TSI OTIPEIETICHUST HAIC)KHOCTH JTUHEHHOW YacTH.
[Ipoananu3upoBaHbl NPUYMHBI CHIKEHUS HAJIEKHOCTH TPYOONPOBOIHBIX CUCTEM H
BO3MO>KHBIE BAPUAHThI UX YCTPaHEHHUS. [6].

B pabGore aBtopa Kopmaka A.A. «OOecnieueHne  HaJEKHOCTH
MarucTpajbHbIX TPYOOIPOBOJIOB» M3JI0KEHBI OCHOBHBIE PEIICHUsI IO 00ECIEYEHUIO
HAJIEKHON pabOThl MAaruCTpaIbHBIX TPYOONPOBOOB HA ATANAX UX NPOCKTUPOBAHUS U
MOCHEAyIoIen JKcrutyatauuu. [IpuBomATcs CcBeneHUs O COBPEMEHHOM YPOBHE
HaJIEKHOCTH HedTenpoBo0B. PaccMaTpuBalOTCsS METOAbl JTUATHOCTUKH JIMHEHHOM
yactu. PaccmarpuBaercs cucrtema IiaHOBO-IPEAYIPEAUTEIBHBIX PEMOHTOB, a TAKKE
KalMTaJIbHOTO PEMOHTA JIMHEHOM yactu [11].

B nucceprauuu ['acnapsini P.C. [3] npoBeaeH aHaiu3 METOJI0B 0OecCTIeUeHUS
IKCIUTyaTallMOHHOW  HaJeXHOCTH  HedTernpoBomoB.  [IpeacTaBiaeHbl  METOIBI
oOecrieueHus: 0€30MAaCHOCTM M HAJAEKHOCTH  HE(PTENpOBOJIOB HA  CTaAHUH
npoektupoBanus. [lokazaH MeTOA  BEPOSTHOCTHOTO aHaidu3a 0e30MacHOCTH
MPOEKTHBIX PENICHUH. AHAJIN3 COBPEMEHHBIX METOJOB M CPEACTB TEXHHYECKOMN
JTMArHOCTUKH HEe(PTEnpOBOJIOB,  U3JIOKEHBI  OCHOBHBIE  MOJXOJBI MO
YCOBEPIICHCTBOBAHUIO  JTMATHOCTUKM W  OLEHKH TEXHUYECKOIO0  COCTOSIHHS.
[IpeacraBinen meTon pacyeta TpyOONpPOBOJAOB Ha JOJATOBEYHOCTh W IMPOYHOCTH,
y4YUThIBasE (DAKTUUECKUN YpOBEHb NePEKTHOCTHU. [[pUHIIMIIBI OLIEHKH TEXHUYECKOTO
cocTosiHUS HETEMPOBO/IA, JAET BOZMOXXHOCTh MPEKIEBPEMEHHO MPHUHATH MEPHI 110
o0ecreueHn0 HaAeKHOM HKcIimyaranuu HedTenpooja. (OcBelleHbl BOMPOCHI
MPOBEJICHUS, U OPraHU3alHMU OLECHKH TEXHUYECKOrO0 COCTOSHUS JIMHEMHOW 4YacTh

HedrenpoBosa [14].
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B tpynax Mazypa U.N. «KoHCTpyKTHBHAs HaAEKHOCTb M DKOJOTHYECKas
0€301acCHOCTh TPYOOIPOBOIOB

[Ipoananu3upoBaHbl KJIIOYEBBIE BOMPOCH O€30MAaCHOCTH U HAJACKHOCTH
TpyOONPOBOJOB, B TOM YHCIIE€ MOKA3aTeM KOHCTPYKTUBHON HAIEKHOCTH M OOIIas
XapaKTepUCTUKa TpyOOINpPOBOIOB, WHXKEHEPHBIN aHaIu3 HaJIEKHOCTHU
TpyOOTPOBOJIOB, YUUTHIBAsI TPEOOBAHUS MX DKOJIOTHUECKoi Oe3omacHoCcTU. CriocoObI
OIIEHKM M pacuera HaJEKHOCTH TPYOONPOBOAHBIX KOHCTPYKIIMU, HCIBITAaHUS
TpyOOTIPOBOZIOB KaK METOJ TIOBBIIICHUS WX HAJACKHOCTH U OIKOJIOTHIECKOMN
0e3omacHOCTH, Je(eKThl TPYOOIPOBOIHBIX KOHCTPYKIIUMA, TEXHUYECKAsl TUarHOCTHKA
TpyOONPOBOJOB BO BpPEMS IKCIUIyaTallMH, HAyYHO-METOJIMYECKHUE aCIEKThl aHalln3a
HKOJIOTHUECKOM 0e30macHOCTH TpyOonmpoBo 0B [13].

B nmaboparopuom mnpaktukyme Jlaitneko C.B. «IlocTtpoenue wmopeneit
HAJIEKHOCTH  HE(TENpPOBOJIOB  METOJOM  KOMIIBIOTEPHOTO  MOJEIUPOBAHUSD)
ONUCBHIBAIOTCS MOJIEIM  pacyeTa HaJeKHOCTU TEXHOJOTHYECKUX DIIEMEHTOB
He(renpoBoioB. [IpeacTaBieHbl OCHOBHBIE ATanbl MOCTPOCHHS MOJEIEH W ITalbl
KOMIIBIOTEPHOTO MOJEJIHUPOBAHUSL [JI1 PEIICHUS 3a7ad4 OIEHKU HaJIeKHOCTH.
[IpuBonATCS TpUMEPBHI UCMHOJB30BAHUS METOJOB KOMIIBIOTEPHOTO MOIEIUPOBAHUS
JUTSl pellieHns MHXXEHEPHBIX 3aJa4 HaJeskHOCTH B cpenie Excel. [loctpoenne moaeneit
00BEKTOB MPOBOJUTCS HA OCHOBE PEATbHBIX CTATHCTHYECKUX JMaHHBIX [15].

ABtop A.B. Pynadenko « JlaGopaTOpHBIi MNpPaKTUKYM I10 HAJEKHOCTH
ra3oHe()TEpPOBOJIOB» M3JaraeT B pabOTE OCHOBHBIE MOHATHS U ONPEIECICHHS IO
HAJEKHOCTH 000pYy/IOBaHUS HEPTENPOBOJOB, PACCMOTPEHBI HaWOOJIEE YaCTO
UCIIOIb3YEeMble MOJIEIM HAJISKHOCTH KaK OTACJIBbHBIX OOBEKTOB, TaK M CHCTEM
He(TEpoBOIOB B IieioM. [IpuBOaUTCS MaTtepuai Mo MPaKTUIECKOMY MPUMEHEHUIO
METOJOB KOMIIBIOTEPHOI'O MOJIECIMPOBAHUS IS pELICHUS 3a]ad HaJEHKHOCTHU
HerenpoBosioB B cpeae Excel. IloctpoeHue Mojeneit 0ObEKTOB MPOBOJIUTCS Ha
peaIbHBIX CTaTUCTUYECKUX JaHHBIX [16].

B nucceprauun Hazapora /I.B. «CoBepiieHCTBOBAaHME MPOEKTHBIX HOPM

HAJC)KHOCTH MaruCTPajbHBIX TPYOOIPOBOJOB» MPENCTABICHBI TPEOOBaHUS K
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AKCIUTyaTaluu TPyOOIPOBOJOB MO KPUTEPHUIO HAJIEKHOCTU U OIeHKa JeHEeKTHOCTH
TpyO 1O 3aJ]aHHOM BEPOSATHOCTH O€30TKA3HOCTH.

[IpoGnema HameKHOCTH HEPTENpPOBOAOB TMosiBHIAach ¢ 1960 romos..
HanexHocTh HEQTENpPOBOJOB MOJHOCTHIO HIAECHTU(UIHUPYETCS CO CIIOCOOHOCTBHIO
obecnieunBath Oecniepedborinoe pyHKIMOHUpoBaHue [16].

PaccMoTpuM OCHOBHBIC TOHSATHS HANEKHOCTH, KOTOpbIE HaM MOTPeOyrOTCS
JUTSI OTIMCaHus HePTENpPOBOIa, KOTOPBIE MpecTaBieHbl B Taduie 1 [17].

Ta6muma 1 — OcHOBHBIC MMOHATHS HAJEKHOCTH ISl HE(TEPOBOIa

Tepmun teopuu | Onpenenenus

HaJIeKHOCTH

HcnpasHoe CocrosHue 00beKTa, MPU KOTOPOM OH COOTBETCTBYET BCEM TPeOOBAHUSIM
COCTOSIHUE HOPMAaTHUBHO-TEXHUYECKON JJOKYMEHTAUU

Heucnpasnoe CocrosHne 00beKTa, P KOTOPOM OH HE COOTBETCTBYET XOTS ObI OJHOMY

U3 TpeOOBaHUI HOPMATUBHO-TEXHUYECKON JTOKyMEHTAIIUN

PaGoTocmnocobnoe CocrossHue  00BEKTa, TNpU  KOTOPOM  3HAYCHHS BCEX MapaMeTpPOB,
COCTOSIHUE XapaKTEPU3YIOIIUX CIIOCOOHOCTD BBIMOJIHATH 3a/IaHHbIC (PYHKIIUU, COOTBET

CTBYIOT Tpe6OBaHI/I$IM HOpMaTI/IBHO-TGXHH‘{eCKOfI JOKYMCHTalluU

Hepa6otocriocooHoe | CocrosiHue 00BEKTa, MPU KOTOPOM 3HAYCHHE XOTS OBl  OIHOTO
COCTOSIHUE napameTpa, XapakTepU3yIOIIEero ClIOCOOHOCTh BBITIOIHSTh
3aJjaHHbIe (DYHKIMH, HE COOTBETCTBYET TPEOOBAHUSIM HOPMATHBHO-

TEXHUYECKOH JTOKYMEHTAIINH

ITpenensHOE CocrosiHue 00OBEKTa, MPU KOTOPOM €ro JalbHEHIIas SKCILTyaTalus
COCTOSIHHE HEJO0MyCTUMa WM HelenecooOpa3Ha
[loBpexnenue Co0pbITHE, 3aKITI0YAOIIEecs B HAPYIIICHUH UCIIPABHOTO COCTOSIHUSA 00BEKTa

MIPU COXPaHEHUHU pabOTOCTIOCOOHOTO COCTOSHUS

Orxkas CoObITHe, 3aKITI0YaoNIeecs B HAPYIIEHHH PaOOTOCIIOCOOHOTO COCTOSHUS
o0BeKTa
Hapa6otka [Tpo10KUTETEHOCTD WK 00BheM pabOThI 00BEKTA

Hapa6otka 10 otkaza | Hapa®oTka oObeKTa OT Havyasia SKCIUTyaTalliy 10 BO3SHUKHOBEHHS TIEPBOTO

OTKa3a

Cpoxk city>x0bl KanengapHas mnpoJo/KUTENBHOCTh SKCILTyaTallud O Iepexoda B

npeaCIbHOC COCTOSIHUC
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Onupasice Ha O3TU TOHATUA TEOPUU HAJEKHOCTH, MPOWILIIOCTPUPYEM

COCTOsTHME HEe(PTETPOBOJa C TEUCHHEM BpeMEeHH. Pe3ynbTaT npecTaBlieH Ha pUCyHKE

L.

Pucynok 1 — I3menenue coctosiHus He(TENMPOBO/Ia BO BpEMEHU

W3 pucyHka oAavH BUIHO, YTO TOBpEXACHHE HAa HePTENpoBOAE HE BCeria
03HAYaeT ero otka3. PaccMoTpum, Kakue BUABI OTKA30B MOTYT OBITh.

OTka3el 00BEKTA EATCS HA YaCTHUYHBIC, PU KOTOPBIX €CTh BO3MOXXHOCTB C
OTpaHUYCHHEM HCIIOJIb30BAaHNE OOBEKTA U HA TOJIHBIE, KOTOPHIE CIY’KaT MPUYUHOMN K
notepe pabotocnocoOHocTH [4]. IlomHbIM OTKa3oM Jyisi JIMHEWMHOW 4YacTu
He(TepoBoIa, K MpUMeEpy, OyJeT ero pa3pylieHue, B KaueCTBE YaCTHYHBIX OTKA30B
MOXKET OBbITh YMEHBIIECHUE cedeHus: TpyOompoBoaa u3 napaguHoB. [Tpu yacTuuHbIX
OTKa3aX BO3MOXKHO HCIOJb30BaTh HE(MTEIPOBOI C OTPAHUUYCHUSMHU TIO JIaBJICHUIO
WIN IO pacxomy.

[ToMuMO 3TOTO, OTKa3bl MOXHO Pa3leliuTh Ha TaKWUE TPYIIIBI: IO BPEMEHH
HACTYIUICHHUsI — TIOCTETICHHBIA OTKAa3 WJIM BHE3AITHBIN, MO0 B3aUMOCBSI3HM C JIPYTUMU

OTKa3aMH — HE3aBUCHUMBbIN WU BaBHCHMBIﬁ, KpOMC 3TOro 110 IIpHYrMHaM
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BO3HHUKHOBCHHUSA — KOHCTPYKTHBHBIﬁ, HpOHSBOI[CTBeHHBIf/’I 501041 BKCHHyaTaI_[I/IOHHBII\/'I, a

TAaK¥KC I10 ITOCICACTBUA — KPUTHYCCKHUC UJIN HC KPUTHUUCCKHC (CYH_[GCTBeHHBIe HUJIn HE

cymectBeHHble). Ha pucyHke 2 npuBeaéM CTPYKTYpPHYIO TPYIIIBI OTKA30B U UX

OTIPE/ICTICHHUS.

Hes3nauureanHoe

Pa3psiB HETenpoBoaa

YMCHBIICHHUEC IIPOXOAHOT'O

Kpurnueckuii

—_ 7

CEUEHHMSI TPYOBI

Hexpurnueckun

Bunsr oTkazos \\
BHue3anHbli IMocTene b 3aBHCHMBII HezaBucumebin
L \Y
Casi3aH ¢ OTKazaMu
Xapaktepu3syercs Xapakrepusyercs
P pHsy P PHZY JIPYTUX OOBEKTOB
CKa4uK00Opa3HbIM ITOCTEIICHHBIM
M3MEHEHHEM MU3MEHEHHEM OCHOBHBI Otka3 aneMenTa, KOTOphIH
OCHOBHBIX mapaMeTpoB 00BEKTa HE CBA3AH C OTKA3aMH
TUX 00BEKTOB
napameTpoB 0ObEKTa ApYrHuX 0OBEKTO

[Ipou3BOACTBEHHBIN

KoHCTpYKTHBHBIM

DKCITyaTalMOHHbBIN

Ommbku npu

Hapymenue npasui

5 TEXHUYECKOUN SKCIUTyaTaluu U
CTpouTebHO-MOHTAKHBIH

IIPOEKTUPOBAHUHU HETaTHBHBIC BHEIITHHUE
bpaic
BO31CUCTBUA
Pucynok 2 — Knaccugukarus oTkazoB
Jlucm
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Jlns Toro 4TOOBI ONpENeauTh COCTOSHHE HedTEenpoBOJa MPOBOIUTCS
TEXHUYECKasi JUArHoCTHKa, KOTOpash UCIOJb3yeT METOJIbl,  ONpPEACIISIOIne
COCTOSIHME O0BEKTa pa3pabaThiBaeT CTPATErHIO MPEAyNpPeXICHUS U JEUCTBUM mpu
ABApUMHBIX CUTYyaIUSIX.

YpoBeHb HaIEKHOCTH HEPTENMPOBOAA MPHU IKCIUTyaTaAlUU 3aBUCUT HE TOJIBKO
MCIIOIb30BaHHBIX MEp JIJIsl MOBBIIICHUS HAJIE)KHOCTU B JIAaHHBIM MOMEHT BPEMEHU, HO
U OT JTara MPOEKTUPOBAHUS U dTara COOpyKeHHs TpyOornpoBoaa. CoOOTBETCTBEHHO
3a71aui U TpeOOBaHMS HAJCKHOCTH U UX BBIMOJHEHHE OCYIIECTBIISIETCS B TEUCHHE
BCEro >KM3HEHHOTO MHKIa HedTenpoBoaa. PaccMoTpuM, Kakue 3aqaqu CTOSIT TIEpe.
JIOObMU 711 o0ecriedeHus TpeOyeMoro ypoBHS HAJEKHOCTHM HAa Pa3HBIX H3Tamax
KU3HU HedTenpoBoIa.

Otan mnpoektupoBaHus. Ha »Tol cTagum 3agar0Tcs IepBOHAYaIbHbBIC
MOKa3aTeld HAJEeKHOCTH HE(PTENpPOBOJOB TMpU YyYeTe JHMHEHHBIX Y4YacTKOB,
KOHCTPYKTUBHBIX CXEM OTJEIbHBIX AJIEMEHTOB M TEXHOJIOTUYECKUX OCOOEHHOCTEH
[4]. Takxke NPUHUMAIOTCS BO BHHUMAaHHUE MaTe€pHUayibl, KOTOPHIE HCIOJIb3YIOTCH,
HaXOJISITCSl CIIOCOOBI TOBBIIICHUS IOJITOBEYHOCTH M 0€30TKAa3HOCTH HEe(PTEPOBOI0B
B INPUCYIIMX YCIOBHSIX OKpyXatomed cpeasl. Ha »srame mnpoexkTupoBaHus
pa3pabaThIBalOT HOPMATHBHI.

Otan coopykenusi. Ha 3Toil cTaiuu BBIMOTHSAIOTCS 3a/lauyd, OTHOCSIIHUECS K
HAaXOXJICHHUI0 METOJIOB IPOBEACHUSA IPEAIYCKOBBIX HCIIBITAHUN JIMHEWHOW YacCTH
MOBBIIICHHBIM JIaBJICHUEM JJII HAXOXICHUS TMPOU3BOJCTBEHHBIX JE(PEKTOB U K
pa3paboTKe CHOCOOOB TEXHOJOTMYECKOTO KOHTPOJS  CTPOUTEIbHO-MOHTAXHBIX
pabor.

Oran skcrutyaranuu. Ha aTom sTamne uiryTest OTBETH Ha TPOOJIEeMbI, KOTOPBIE
CBSI3aHHBI C Pa3pabOTKOM cOCOOOB M METOJIOB MOJA/IEpKaHUs CBOMCTB HAJIS)KHOCTH U
OTpeeIeHUs] TEXHUYECKOTO COCTOSHUS HePTErnpoBOJOB, CHOPMYIUPOBAHHBIX Ha
JTane NpOEKTHPOBaHUA, C pa3padaTbIBAaHUEM CIIOCOOOB OOECHEUEeHHs] HAJIEKHOCTH.
DTamn JKCIUTyaTallii COJIEPKUT COOMpaHne W OOpaOOTKY MaHHBIX CTATHUCTUKU 00
yliepOax U 0TKaszax, 0 HaJIeXKHOCTH pabOThl OTAETbHBIX 3JIEMEHTOB TPYOOIPOBOIHBIX

CUCTEM, CO3/IaHHE MOJEJIE HAJEKHOCTU TPYyOONPOBOJHBIX CHUCTEM, CIOCOOOB
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pacuera mokaszaTesiel HaJeKHOCTH CUCTEMBI, HCCJIeI0OBaHUE METOJO0B O0ECIeUeHUS
HAJC)KHOCTH, BBISBICHUE JUIMTEILHOCTH BOCCTAHOBJICHUS W 3aKOHOB OTKa30B,
pa3paboTKy OCHOBHBIX KPUTEPUEB U IIPOTHO3 [4].

PaccmoTpum Gosee moapoOHO ATal IKCIUTyaTalui HeTenpoBOI0B.

HavanbHbIM 3Tanom npoiiecca 3KCIUTyaTanue HeTenpoBOI0OB MO KPUTEPHUIO
HAJCKHOCTH SIBIIIETCS OTall MCCICIOBAHWN, KOTOPBIM COAEPKUT (DYHKIIHH
MIPOTHO3UPOBAHUS U aHAIH3A.

B utore ananuza HaaeKHOCTU HAXOISATCS NMPUUYUHBI HEYJlay U YCIEXOB MPHU
YIPaBJICHUH JKCIUTyaTalluedl TpyOOIPOBOIOB B MIPOIIIOM W HACTOSIIEM, (PaKTOPhI U
3aKOHOMEPHOCTH OyIyIIeTro pa3BUTHS YUUTHIBAas TEXHOJOTUYECKHE, (PMHAHCOBBIC U
TEXHUYECKUE BO3MOYKHOCTH.

[Iporno3upoBanue HaJIEKHOCTH, Oasupyrommecs Ha UTOTax
MPEAIIECTBYIONIET0 aHaIN3a, MPEJCTABISAETCS TOCICTHUM KOMIIOHEHTOM JTama
yccienoBaHnl. B kadecTBe KOHIIA MMPOrHO3a MOXKHO HA3BaTh COCTABIIEHUE LIEJTEU U
BEPOSITHBIX CPOKOB HMX JIOCTHKEHHUS (MIOMCKOBOE MPOTHO3UPOBAHHE), KPOME ITOTO
BEPOSITHOCTHYIO ~ OLICHKY  TEXHOJIOTMUECKHX, TEXHHYECKHX, ¢  (PUHAHCOBBIX
BO3MOXHOCTEH, TpEeOYEeMBIX IS JTOCTHKCHHS TIOCTABJIICHHBIX IIEJICH pa3InYHBIMU
MyTSIMU WK criocobamu (HOpMaTHBHOE MpOrHo3upoBanue) [19].

[TouckoBBIli TIPOTHO3 OOYCIIABIMBACT BEPOSTHOCTH JOCTIIKCHHUS LU WIIH
COCTOSIHUS O00bEKTa, T.6. Kak Obl TMpeACKa3blBaeT Oynyliee, OMNUpasch Ha

CYIIECTBYIOIINN YPOBEHB MCCIIETyEMOTO O0OBEKTA MPOTHO3UPOBAHUS.

ConepxanueM MTOVICKOBOTO MIPOTHO3WPOBAHUS HAJICKHOCTH
HEPTEIPOBOIOB ~ SIBIISIETCS  MPOTHO3MPOBAHWE  OCTATOYHOTO  pecypca
HedTenpoBoia

WIN €ro Y4acTKOB, OMUPAsCh Ha CYIIECTBYIONINE PEXKUMBI 3arpy3kd M YpPOBCHD
0€30MacHOCTU 00BEKTA MPOTHO3UPOBAHMUS.

HopmatuBHBIN TIpOrHO3 cTapTyeT ¢ (POPMYJIUPOBKH TIABHOH IETH, KOTOpAs
OOBIYHO OIpeieJieHa Ha dTare MOMCKOBOTO MPOTHO3a, Jajiee B COOTBETCTBHE C HEIO
MOCJICIOBATEIbHO TUIAHUPYIOTCSI ATallbl, BBHIOJIHEHHE WX JIOJDKHO M3 HACTOSIIETO
COCTOSIHHSI O0OBEKTa MPHUBECTH €ro K HaMEUeHHOHW Ienu B OyaymeM. Kpome 3toro

OoHpCACTIAIOTCA BCC TCXHOJOIMYCCKHC, TCXHUYCCKUC, OPraHUM3allMOHHBLIC U
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(UHAHCOBBIE pecypchl U PabOTHI, KOTOPBIE HYXHBI ISl IOCTUXKEHUS TJIABHOM 1IeJU
OyIylIero pa3BUTHUSI HCCIEAYEMOro OOBEKTa, C MOMOIIbI Pa3IUYHBIX NyTeil. B
COOTBETCTBUM C OSTUM HOPMATUBHBIA MPOTHO3 TOKAa3bIBa€T HEOOXOIUMBIE
noTpeOHOCTH (pecypehl, MEpbl M T.II.) U UMEET HaIpPaBJICHHE W3 HACTOSIIETO K
oynymemy [19].

ConepxaHueM HOPMATHBHOTO TMPOTHO3a HAJEKHOCTH He(TEenpoBOAOB
SIBJISIETCA ~ OMpENIETIEHUE CPEeACTB W MyTe, TpeOyeMbix Juisi obOecredeHus
0€30MacHOCTH, HAJEKHOCTH PEKHMMOB 3arpy3ku OOBEKTa NPOTHO3UPOBAHUS IS
JOCTHXKEHUS Ha3HAYEHHOT'0 pecypca, ONpeIe]IeHHOro B KayecTBe uenu. ['papudeckas
UHTEepIpeTanus nouckoBoro (1) u HopMaTuBHOrO (2) MPOrHO3WPOBAHUS MTOKA3aHA Ha

pHUCYHKE 3.

e —— '}
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HaCTOsALEE \_’~/ OviIvIicS

9

tocr — OCTATOYHBIN pecypc, t, — HA3HAYEHHBINA pecypc
Pucynox 3 — I'padmuueckast uaTepripeTarus mouckoBoro (1)

Y HOPMATUBHOTO (2) MPOTrHO3UPOBAHUS

OOpaTum BHUMaHHE, YTO PA3pPbIB MEXTy tOCT U tH 00YCIIOBJICH CIEAYIOIUMHI
IPUYUHAMH:

1) ocraTouHBIil pecypc OLEHUBAETCs NPUOIM3UTENBHO, TaK Kak pecypc B
00111eM SIBIIETCS CIIy4alHOW BETMYMHOM;

2) nns HeQTENpOBOJOB, Y KOTOPBIX JOCTHIKEHHE IPENEIBHOIO COCTOSHUS
MO>KET CONYTCTBOBATHCS TSHKEIBIMU MOCIEACTBUSAMU (OMACHOCTBIO HAPYIICHUS
HKOJIOTUYECKOTO PABHOBECHS, HEBOCIOJHUMBIM MaTE€pHabHBIM yIIEpOOM U T.IL.),
KpOME 3TOT0 MPU HEAOCTATOUHOCTH METOJOB U CPEICTB KOHTPOJS TEXHUYECKOIO

COCTOSIHUSI HE(TEPOBOIOB U MPOTHO3MPOBAHHS MX OCTATOYHOTO pecypca 3aJaroT
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II0Ka3aTeb J0JIrOBEYHOCTU — Ha3HAYEHHBIW pecypc. Ha3zHaueHHbIN pecypce sBIseTCS
4acThI0 OCTATOYHOI'O pecypca.

[IoHATHO, YTO OTTAJKUBAsACh OT HAYYHO OOOCHOBAHHOTO KOMILIEKCHOTO
IIPOTHO3a, KOTOPBIM BKJIKOYACT HOPMATUBHBIM M IIOMCKOBBIM 3Talbl, BO3MOXHA
CTBIKOBKA MOTPEOHOCTEN M BO3MOXXHOCTEW. B ciayyae koH(paukra norpeOHOCTEN B
JOCTUKEHUH LEJIH U BO3MOKHOCTU €€ OCYILIECTBICHUS, TPEOYEMbIM COCTABIISIOIIUM
IIPOTHO3HBIX UCCIIEN0BAHUN SABJISIETCS 000CHOBaHUE 3aIMTHBIX 17|
OpeaynpeaUTEeIbHBIX Mep, KOTOpbIe TMPEACTaBISAIOT COOOW TEXHOJOTHYECKHE,
(pMHAHCOBBIE, TEXHUYECKUE U OPraHU3aLMOHHBIE IPOrPaMMBbl, KOTOPHIE CIOCOOHBI
3all0JIHUTh BO3HUKILINNA Pa3pbIB.

Ha BbIOOp MeTona HpOrHO3MPOBAHMS KIIOUYEBOE BO3JCHCTBHE OKa3bIBAET
CPOK, Ha KOTOpPBIA pa3pabaTbIBae€TCs MPOrHO3. DTOT OTPE30K BPEMEHH, KOTOPBIN
HAa3bIBAETCS MEPHUOJOM YIIPEKIACHUS NPOrHO3a, HY)KHO CBSA3BIBATh C HA3HAYCHHBIM
pecypcoMm, 4TO AACT BO3MOXKHOCTh B3aHMHO YBA3aTh TEXHUYECKUE U IKOJIOTHUYECKUE
pemieHns. B 3aBUCUMOCTH OT MEPUOIA YIPEKACHUS MPOTHO3bI MOKHO Pa3JeauTh Ha
MecsuHbI (10 1 Mecsima), rogoBoi (Mo 1 roma), cpemHecpouHslt (Mo 3 JeT),
noJirocpouHbli (6omee net) [19].

[IporHo3el NpeamEeCTBYIOT JTally NPUHATHS YIPABICHYECKUX PELICHUU,
BKJIIOYAIONINE B ceOsl MIIAaHUPOBAHUE U Pa3pabOTKy IPOrpPaAMM.

[IporpaMma COHEPKUT CUCTEMY LENE€H, PANUOHAIBHBIX IYTEH  HX
JOCTHXKEHMUSI U TpeOyeMbIX pecypcoB. KolndyecTBEeHHbIE XapaKTEPUCTUKH U CPOKU
UCIIOJIHEHHSI HAMEUYEHHOM LENN OOBIYHO HOCST MPOTHO3HBINA XapaKTep.

Hcnonuureny, IUIaHOBBIE 3aJaHUs, KOHKPETHBIE CPOKM M OTPAaHUYCHHBIC
pPECYPCHI ONPEACIIAOTCS Ha MOJAITAIe IUIAHUPOBAHUS, 3aMBIKAIOLIUI 3TAIl IPUHATUS
pemieHuid. IlnmaH HOCHT JUPEKTHUBHBIM XapakTep W HE CONEPKUT HUKAKHUX
BEPOSITHOCTHBIX ~ oleHOK. Crnexyrommm — 3TarioM  Ipouecca  yHpaBlICHUS
JKCIUTyaTaleil He)TenpoBo/ia SBISETCA UCIIOJIHEHHE, KOTOPOE COAECPKUT PYyHKUIUU
OIIEPATUBHOIO YNPABJIECHUSA U PYKOBOJCTBA B LIEJIOM.

Peanuzamuss QyHkuum oOHIET0 pPYKOBOJACTBA COCTOUT B OCHOBHOM B

yOpPaBJICHUH PabOT MO BBINOJHEHUIO MPUHATOro mjiaHa. OnepaTuBHOE yIpaBJICHHE
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M0/IPa3yMEBAET BBHINOJHEHUE TAKUX JIEUCTBHI KaK: KOHTPOJIb;, YYeT, ONpeleiaeHUs
BIUSHUS TEKYIIUX OTKJIOHEHWH, KOTOPHIC BBIABICHBI NPHU KOHTPOJIE W ydYeTe, Ha
KOHEYHBIE pe3yibTaThl MO CpokaMm, 3(DPEKTUBHOCTH U 3arpaTaMm; pa3padboTke
KOMILJIEKCa padoT MO JIMKBUJAIUU OTKIOHEHHUM.

KoHuenuusi opraHuzanuu ynpaBieHHUs S3KCIUTyaTanued TpyOompoBoja Ha

HA3HAYEHHBIN pecypc OCHOBaHA Ha CIAEAYIOIIMX MOJIOKEHUAX:

— BBITIOJTHEHU S KOMIUIEKCHOTO aHAJIN3a Ha/IeKHOCTH;

— NIPOBEJICHHE HOPMAaTHUBHOI'O IPOTHO3UPOBAHUS U OIPEICIICHHE
TEXHUYECKUX CTPATEruil 115l JOCTUKEHUSI Ha3HAYEHHOI'O PECYpCa;

— TIPOrpaMMHO-LEIEBOE IJIAHUPOBAHUE IMYyTEM OLEHOYHBIX MPOLETYP
KOHTpPOJIsS TToKazaTeneit 3 ()EeKTUBHOCTH U O€3011aCHOCTH;

— KOOpJWHAIUS CUCTEMHBIX U JIOKATBHBIX PEIICHUN Ha YPOBHE
YOPABJISIIONIEH CUCTEMBbl M YHPABISIEMOW CUCTEMBI IO MPUHIHUITY OOpaTHOMN
cBs3u [19].

Oran pa3BUTHS U PeKOHCTpYKIMK. Ha qaHHOM cTaguu 0COOEHHO BajKE€H y4eT
HAJEKHOCTU C HaumOOJbIIeH SKOHOMUYECKON 3(()EKTUBHOCTHIO. DTanm pa3BUTHUS U
PEKOHCTPYKLIMM YacCTUYHO COBMEILAET IE€pBbIE TPU JTana KU3HEHHOrO IUKJa
HedTenpoBo10B. Ha aToM 3Tare penaroTcst caeayomnue OCHOBHBIC 3aa4:

* OIIpe/iesIEHNE HEOOXOAMMOTr0 YPOBHS HaJEKHOCTH HE()TEIPOBOIHBIX CHCTEM;
* obecrieueHue 3a1aHHOTO YPOBHSI HaJIS)KHOCTH HE(PTETIPOBOTHBIX CHCTEM;
* ONTUMU3AIUS YPOBHS HAJIEKHOCTH HEPTETIPOBOAHBIX CUCTEM [4].

371eCh 4acTO MPUMEHSETCS] 3KOHOMHUKO-MAaTEMATHYECKHE MOJIEIN HAa/IEKHOCTH
He(TEnpPOBOIOB.

Bormpeku ycnexam B o0ecrieueHnr HaJeKHOCTH, MO Pa3IMYHbIM IPUYMHAM Ha
HedTENPOBOIaX MPOUCXOIAT aBapHH C pa3repMeTH3anueii Tpyo U BHIXOAOM HEPTH B
OKpY’Kalollylo cpeny. PasznuBbel HeTH Tpu aBapusX OKa3bIBAIOT maryOHoOe
BO3JICCTBUE HA KUBOTHBIM M pPAaCTUTEIBHBI MHp, Ha TMOYBY, MOBEPXHOCTHBIE U
rpyHTOBbIe Bonbl. Mcxons wu3 3TOro HedTEmpoBOABI OTHOCAT K OOBEKTaM
MOBBIIIEHHON SKOJOTHYecKoM omnacHocTH. Kaknas aBapusi MpUKOBBHIBAET BHUMAaHUE

rOCYJIapCTBEHHBIX OPraHOB, CPEJCTB MacCOBOM HMHQOpMAIUHU, OOLIECTBEHHOCTH.
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CTOMMOCTh JTUKBUAALMH TOCAEACTBUN U MITpadHbIE CAHKIIMY HA CETOJIHAIIHUN JIEHb
BEChbMa BEJMKU M, BEpOsiTHEE BCero, OyayT MOBbIMAThCA B Oyaymiem. [loatomy
HEOOXOAMMO CBECTM K MHUHUMYMY BEpOSTHOCTh BO3HUKHOBEHHUS aBapHUMHBIX
CUTYyallll U UX MOCIEACTBHUSI.

[ToBpexxaeHus: He(PTENPOBOJOB 3apOKIAIOTCA M3-3a JEHCTBUS JBYX TIpyII
¢akropoB. IlepBas rpynma cBs3aHa CO CHW)KEHHMEM HECYIIEW CIIOCOOHOCTH
He(TerpoBo/ia, BTOPasi - C POCTOM BO3JICUCTBHI M HATPY30K.

CHmxeHue Hecyllell CcrnocoOHOCTHM He(dTernpoBoja MOSBISIETCS U3-32
cTapeHust Metaiia U JaedeKkToB B cTeHke TpyO. JledexTsl TpyOd OObIMHO JensT Ha
YEeThIpE TPYNIBL: CTPOUTENBbHBIE, OKCIUIyaTallMOHHBIE, METAJUIyPIMYECKHE U
TexHoJoruueckue. JleeKkTbl MeTamIyprudeckoro MpoUCXO0XKICHUS BO3ZHUKAIOT MPHU
BBIIJIABKE METallia, CBapke TpyO W mpokaTte JucTa u TpyoornpoBoaoB. K atum
nepexrtaM, B OCHOBHOM, OTHOCSTCS HEMETaNIMYECKUE BKIIOYCHHS (HUTPHIIBI,
Cylbpuabl, OKCHIBI H T.IL.), paccioeHus, TPOXKOTH, HENpPOBApPBI, M Jp.
Texnonorndyeckue nePexTsl 00pa3yrOTCs B MPOIECCE W3TOTOBJICHUS TPyO U
AuCcTOBOro marepuana, K aTum nedekraM oTHOCSTCS BMSITUHBI, PAKOBHUHBI, 3aKaThl,
CMEIIECHHUSI KPOMOK CBAapHOIO COEAMHEHUS, MPOXKOTH, TPEIIWHBI B IIBE U
OKOJIOILIOBHOW 30HE, J1e(heKThI CBapHBIX IIBOB, OTKIOHEHHUE I€OMETPUUECKUX
pa3MEPOB CBApPHOTO IIBA, KPOME 3TOrO MPOJOJIbHBIE PUCKH, 3ayCEHUIIbI, KAHABKH Ha
Hapy>KHOU IOBEPXHOCTH, Lapanuusl. [Ipu cTponTenscTBe 1 peMOHTE 4acTO
o0pa3yroTcst 1e(heKTbl MEXaHUYECKOTO MOBPEXKACHUS, a IPU IKCITyaTalluu -
ne(deKTbl KOPPO3UOHHOTO TUIA (KOPPO3UOHHBIE S3BBI, CIUIOLIHAS KOPPO3US,
MEXKPUCTAJUIUTHAS U MUTTUHIOBass KOppo3us). MexaHnuecKue NOBpPEKIACHUS
CTEHKH TPYyO - 3TO pUCKH, TO(pbl, BMATHUHBI, LIapanuHbl U 1p. [3].

@akTOpbl BTOPOM TPyNIbl MPOSABIAIOTCA IMPHU JKCIUTyaTalluy JIEWCTBYIOLIETO
HedrenpoBona. B mporiecce skcrutyataniuu Ha HE(QTEMPOBOI IEUCTBYET LIETBIA P
cuIOBbIX (akTopoB. K MX yuciay OTHOCSTCS BHYTpEHHEE NABJICHUE, HANPSKEHUS OT
BO3/ICHCTBHI OKpY:Karoliero TpyOy IpyHTa U TEMIEpaTyp MepeKkaynBacMoil He(TH,
pazIu4HbIE TOJBMIKHBIE M CTATHYECKUE HArpy3Kd, JABJIEHUE CJIOS TPyHTa Haj

TpyOoOil, ceicMuuecKkre BO3AeUCTBUS U AedopMaliis 3eMHOM MOBEPXHOCTU. DTU
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dakTopbl 00pa3yroT B TpyOax MpPOJOJbHBIE U KOJIBIIEBBIE HAMPSIKEHUS, KOTOPBIC
CIIOCOOCTBYIOT OTKJIOHEHHSIM TPYyOOIIPOBO/IA OT MPOEKTHOTO MOJI0KEHUS.

JIto6oe OTKIOHEHHE KOHTPOJIMPYEMOTO MapaMeTpa KadecTBa U3JEIUN |
MaTepHaJIOB, KOTOPbIE PETJIAMEHTUPYIOTCS HOPMAMH MOKHO MTPUHUMATh Kak Je(eKT.
Heobxoaumocts obOecrnieueHusi O€30MACHOCTH M HAAEKHOCTH  HEPTEIPOBOIOB
TpeOyeT MpekIeBPEMEHHOTO ycTpaHeHus nedextos [3].

[TonzemubIe cTayibHBIE TPYOONPOBOLI BCEr/Ia MOJABEPIKEHBI KOppo3uu. OHuU
MOTYT TIOJIBEPraThCsl KOPPO3HUH IO BO3IACHCTBHEM Oy IAIOIINX TOKOB, MOYBBI U
NEPEeMEHHOr0  TOKa  d3JeKTpuduimpoBaHHoro  TpaHcnopra. Kopposus  Ha
TpyOONPOBOJHOM  TPAHCIOPTE CO3/A€T CIOXKHYK TpobiieMy obOecredeHus
0€30IacHOCTH U HaJIeKHOCTH.

Wrorn ananmmza OTKa30B FOBOPUT O TOM, YTO OJAHOW M3 KIIFOUEBBIX MPUYMH
MOBPEXKIACHUN TOJ3EMHBIX TPyOONPOBOJOB SBISETCS BO3JCUCTBHE BHEUIHUX CHI,
KOTOpOE MPUBOJUT K OOpa30BaHUIO MOBEPXHOCTHBIX TPEIIMH, BMSTHH, TPEUIUH BO
BMSATHHAX, Pa3pbIBOB I10 TEIy TPyObI M B CBAPHBIX MBax. K BHENTHUM BO3ACHCTBUSAM
Ha TOJ3€MHbIE TPYOOIPOBOJBI OTHOCST BO3MOXKHBIE HArpy3Kd MPHU MPOU3BOJICTBE
paznUYHBIX paboOT OKOJIO HePTenpoBOAa, 3EMIIETPSICEHUS, HAE3Mbl TIKEIOrOo
TpaHCIIOpPTa, B3PBIBBI, OMOJ3HU U Jp. Haumbonee pacmpocTpaHeHbl MOBPEKIACHUS,
KOTOpbIE BO3HUKAIOT B pe3yjbTaTe MPOBEJACHUS CTPOUTEIBHBIX HIIA PEMOHTHBIX
paboT B HEMOCPEACTBEHHOM OJIM30CTH OT JEHCTBYIOLIETO TPYOOIPOBO/IA; UX OTHOCST
K YUCJy MOTEHIMaIbHO Hanbomee onacHbIX [3]. BenencTBue BHEMIHUX BO3ACHCTBUIM
Ha OTEYECTBEHHBIX HEPTEMPOBOJAX MPOUCXOIUT Oosiee 5 % aBapuii OT OOIIETO MX
4yucia, a 10 HAHOCUMOMY YIiepOy OHM 3aHUMAIOT OJHO U3 MEPBBIX MECT.

AHanu3 MpUYUH 0TKA30B HEPTETIPOBOIOB MOKA3hIBAET, YTO HA JIOJIFO OTKA30B,
KOTOpbIE TMPOUCXOASAT W3-32 HApYIICHUS TMpPaBUI TEXHUYECKOM HKCILTyaTaluu
HerenpoBosioB, mpuxoautcss oT 2 g0 7 %. Croma BXOIAT OTKa3bl MO BUHE
HKCIUTYaTallMOHHOTO TE€pPCOHalla B CBS3W C HAapYLIEHHEM CPOKOB TEXHHUYECKOTO
o0CIy’)KMBaHUSI M PEMOHTA, HECOONIOACHUEM MpaBUil OOCTYKMBaHUS M PEMOHTA
HeprenpoBoioB U T.A. K JOMOJHUTENBHBIM BHEIIHUM Harpy3kam OTHOCSITCS

rujipaBnnyeckue yaapel. ['uapaBnnyeckue yaapbl 0ObIYHO MPOUCXOMST M3-3a
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HapylIEHUsT MpaBWJl DKCIUTyaTallud W SABISIIOTCA OOJIBIION OMAacCHOCTBIO IS
He(TenpoBOIOB.

VYiiep6 0T OTKa30B MO 3KCIUIyaTallUOHHBIM TNpPUYMHAM BapbHUpyeTcs B
MIMPOKUX JMana3oHax. YpPOH OONbIIMX pa3MepoB CBSI3aH C  pa3pbIBaAMHU
He(TENpoBOla M3-32 HENPABWIBHOIO NEPEKIIOYEHUS 3aJABMKEK M IMOBBIIICHUS
JABJICHUs CBEPX, KOTOPBIM YKa3aH B TEXHOJOIMYECKOM KapTe, a TAaKKE Hae3/10B
TSOKEJIOro TpAHCIOpTa Ha HePTEnpoBOJ, NPOUCXOMAAIIME B OCHOBHOM H3-3a
OTCYTCTBHUS NPEAYNPEIUTENBHBIX 3HAKOB [3].

OCHOBHBIMM 3KCIUTYaTallMOHHBIMU BO3AECHCTBHUSIMU U Harpy3kKamu SBISIOTCS
BHYTPEHHEE JIaBJIEHWE IMpPOJyKTa B TpyOONpOBOJAE M TEMIEPATypHBIA Iepenaj
(pa3HOCTH MEXIy TeMIlepaTypaMHd MeTajula TpyO IpH YKJIagke M B Ipoliecce
JKCIUTyaTalluu). BHyTpeHHee JaBieHHe, TpU  HOPMAJbHOM  AKCILTyaTaluu
HE(TENPOBOIOB IMPOMUCXOMSIIEE B COOTBETCTBUM C MpaBUJIAMU TEXHUYECKOU
SKCIUTyaTallMM CYIIECTBEHHO HE MeHseTcs. JJoCTaTOuHO MOJMHO OTpabOoTaHbl METOMAbI
BbIOOpa 000pYyNOBaHUS, MaTEPUATIOB M KOHCTPYKUMN HEPTEHPOBOJOB, YUHUTHIBAS
BHYTPEHHEE JaBjieHUE. TpyJHEe ydecTb TEMIIEpATYypHBIM mepemnan. BausHue 3Toro
napaMeTpa Ha HanpsbkeHHO-aegopmupoBanHoe coctostHue (HC) tpyGompoBona
3aBUCHUT OT Pa3IUYHbIX (PAaKTOPOB.

H3meHeHne teMmmeparypbl MepekaunBaeMoll He(pTH Wik HePTenpoayKTa
OKa3bIBAE€T 3HAUYMTENBLHOE BJIMSHUE HA MPOYHOCTH TpyoOompoBoaa. K mpumepy npu
NOHW>KEHUH TeMIepaTypbl MeTamia TpyOsl Ha 1 °C, pacTaruparoliue MnpoaoibHbIE
HampsDKeHUs B MeTayuie TpyO yBenumuuBatotrcs Ha 2,5 MIla. [lpu BO3HUKHOBEHUU B
TpyOonpoBoe (M3-32 TOJOXKHUTEIBHOIO TEMIEPaTypHOro mepemnana) OoNbIIMX
OPOAOIBHBIX ~CKUMAIOMIMX YCWIMM HW3MEHSAIOTCS yCIOBUS  J1e(hOpMHUPOBAHHUS
MaTepualia TpyO, yCHJIMBAIOTCS MPOJOJIbHO-TIONEPEYHbIe U3TMOBI TPyOONpoOBOAA B
ITPYHTE, a MHOTJIa pa3pyLIAETCS 3aChIIKa U IMTPOUCXOIUT MOJHAS MOTEPs MPOAOIBHON
YCTOMYMBOCTH TpyOONpOBOJa, KOTOpas COMPOBOXKIAETCS PE3KUM HapacTaHUEM
pOorudoB U CMATUEM TPYO.

[IpoonbHBIE YCUIUS MEHSAIOT YCJIOBUSA pabOThl Marepuana TpyObl, KOTOPbIE

HaxoOATCA B CIIOXKHOM HAIIPS’KCHHOM COCTOSHUH, BbISBIBAIOT 06pa30BaHI/IC HOBBIX U
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pOCT CTapblX TpEUIMH, IMO3TOMY OXHJAEMO, YTO HEeCyllas CIOCOOHOCTb
TpyOorpoBoga cHM3UTCs. McciaemoBaHusi MPOYHOCTH TPYyOOMPOBOAOB B YCIOBHUAX
CKUMAIOIIUX YCWJINNA TIOKA3bIBAIOT, YTO MPOJOJIBHBIC YCUIIUS BIMSIOT Ha HECYIIYIO
CHOCOOHOCTh TpPyOONpPOBOJA HAa BCEX CTAAUAX pa3pylIeHHs: 00pa3oBaHUS WU
YBEIIMYEHHUSI TPEUIUH, PACIpPOCTPAHEHUs] TPEUMH (IpH XPYNKOM pa3pylICHHH) U
Pa3BUTHS TUIACTUYECKUX Jedopmaliiil (Mpu BSI3KOM pa3pyIICHHUH).

OT xapakrepa M YpOBHS M3MEHEHMH HaNpsHKEeHHO-1e()OpMUPOBAHHOTO
COCTOSIHUSI B OOJBIIOW CTENEHU 3aBUCUT Oe€30macHas W HaJeXHas HKCILTyaTalus
HePTenpoBOIOB. UYpe3MepHO BBICOKME HAINpPsDKEHUS B TPyOOINpOBOAE, Kak MU
CHIDKEHHME HECyIIell CHOCOOHOCTH KOHCTPYKIIUM, JIOBOJSAT 10 TMOBPEKACHUN U
aBapuii. OT HaNpPsHKEHHOTO COCTOSHUSA MeTaia TpyO 3aBUCAT (NMPU HAIUYUH
nedeKToB Ha CTeHKe TpyO) MmapaMeTphl TPEIIMHOCTOMKOCTH craneid Tpyo. C
YBEIMYECHUEM HANPSOKEHUH Ha CTEHKax TpPyO YMEHBIIAETCS COMPOTUBISEMOCTh
Metaiuia Tpyo paspymenuto[3]. Poct HampsokeHus B MeTayuie TpyO HPHUBOIUT K
nedOopMallIOHHOMY YIPOYHEHHUIO TPYOHBIX CTalleld. YBETWYEHUE HANpsHKEHUH [0
npenensa TEKy4eCcTH M CBEpX NPHUBOJIUT K CYIIECTBEHHBIM JepopmanusM MeTaslia,
0COOEHHO B 00JACTH KOHIEHTPATOPOB HAMpPsDKEHHM. DTH 001IacTu o0pa3yroT coOoi
NOTEHIMAIbHBIE 30HBI O00pa30BaHMsI TPELIMH, MPUBOASAIIETO K CHHXKEHHUIO
HAJICKHOCTHU TPYOOIpOBOA.

Psin aBTOpOB MpoOBENH UCCIIEI0OBAHUS, KOTOPBIE MOKA3bIBAIOT, UTO B MPOIECCE
marensHol (20 nmer u  Oosee) SKcmulyaTauuud HE(TENpPOBOIOB  MOSBISIOTCS
M3MEHEHUS (B CTOPOHY YXY/IICHHS) XapaKTEPUCTUK MeTasia TpyO. MexaHnuecKuMHu
UCIBITAHUSIMU 00pa3IoB, KOTOpbIE BBIPE3aHbl U3 JIEMOHTHPOBAHHBIX TPYO, OBLIO
YCTAHOBJIEHO, YTO B Ipouecce anuTenbHo skcryarauuu cranet 171C, 14XI°C,
19I" OyaeT UMEeTh MECTO 3HAYUTEILHOE CHIKCHHE TUTACTUICCKUX CBOMCTB cTanu [3].
Meramn B mporecce JUIMTEIbHOW  OKCIUIyaTallMM  OXPYHYMBACTCS,  TaKKE
CYILIECTBEHHO CHIKAETCS yaapHas BA3KOCTh (y ctanu 191" mapameTrp ymeHsbIaercs B
nBa paza). [lo mepe pocra pabodero [aBiieHUs, YBEJIMYEHHUS IUamMeTpa Tpyo,
BO3pacTaHus CIy>KObl HEPTENPOBOAa MOBBINIAETCS CKJIOHHOCTh METala K XPyNKUM

paspyuieHusam. Takue pa3pylmieHHs] MOTYT IPOUCXOIUTH Ja)Ke IPU HOPMAJIbHBIX
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3HAQYEHUSAX OKPYKHBIX HampspkeHud, cocrtaBisironmx 30..50 % ot mnpenena
TEKY4ECTH, T.€. B 00JIaCTH 3aBEOMO YNpyTroi paboThl MeTall1a TPyOOIpoBoIa.

Taxke wu3MeHEHHE TeMIepaTypbl MeTamia TpyOompoBoJa NIPUBOIUT K
cieayrouieMy siBJieHHI0. [Ipy H3MEHEHUAX TEMIIEPATYPHOTO PEXUMA B 3aILEMIIEHHOM
ITPYHTOM TOJ3EMHOM TpYyOONpOBOAE BO3HHUKAIOT HANPSIKEHUS CABUIa B MECTax
KOHTaKTa MOBEPXHOCTH TpyOompoBoAa ¢ rpyHToM. Kak cienctBue K MOBpEXKIECHUIO
u30Jsuu TpyOonpoBoaa. B urore HapymeHus: eIOCTHOCTH 3alIMTHOTO TOKPBITUS
Y OTOJICHHE YYaCTKOB TPyOOIPOBOAA HAUMHAETCA UX UHTEHCUBHAs KOPPO3HSL.

K cunbHO HarpyXeHHbIM 3JIEMEHTaM JIMHEWHOW YacTh HEePTEnpOoBOIOB
OTHOCATCA YIJIbl MOBOPOTOB, Y3JIbl MOAKIIOYEHUS K TPyOONpOBOAY, PE3EpPBHBIX
HUTOK, JYIIMHIOB, OTBOJOB, ITOJOIPEBATENIbHBIX YCTPOMCTB M HACOCHBIX CTAHIIMIA,
OeperoBbie y37bl HePTENPOBOAOB U 1p. [3]. AHanu3 aBapuii, KOTOPBIA MPOUCXOAUT
Ha He(pTenpoBOAax, IOKAa3bIBAET, YTO B PAAE CIYyYacB OHU BO3HHUKAIU H3-3a
HEJI0CTaTOYHOM HaJEeKHOCTU Y3JI0B MOAKIIOUEHHUS KaMmep Iycka M mpuema ckpeOka.
[IpruurHON TOBPEXKICHUN 4Yallle BCErO SBIACTCS COBOKYIIHOCTh HEIOCTAaTOYHOU
NPOYHOCTU TPONMHUKOBBIX COEJUHEHHM © 4pe3MepHbIX (u3-3a KoJeOaHui
TEMIIEPATYPbl 1 HEPABHOMEPHOM OCaJKU IPyHTA) HAIPSIKEHUI B HA3€MHBIX y3JIax.

TpyOompoBoAHBIE CETH B HACTOAIEE BpeMsi yke oxBaThiBaloT 35 %
TEPPUTOPHUM HAIIEW CTpPaHbl, HA KOTOPBIX MpokuBaer Oomnee 60 % HaceneHUs.
KonrtakT HaceneHus ¢ TpyOONpPOBOAHBIMU CHUCTEMaMU OyJIeT HENpPEpPhIBHO
pacimpsAThCs, a, CJIEA0BATEIBHO, BO3PACTAET OMACHOCTh TEXHOTEHHOI'O BO3JEHCTBHUS
Ha JIFOJEN U IPUPOIHBIE MACCUBBI.

OcBoeHuE HOBBIX HEPTAHBIX MECTOPOXKIACHUN  TpeOyeT  pa3BUTHUS
TpyOOIIPOBOJHBIX CHUCTEM JJIsi TpaHCHOpTa HEPTU. DTUM TEHICHIUSAM OOBEKTHUBHO
COMYTCTBYIOT KaK POCT OOBEMOB KallUTaJbHBIX BIIOKEHHH B MPOU3BOJACTBO, TaK U
YBEIMYEHHE BO3MOXHBIX YIIEpOOB OT aBapUilHBIX CHUTyaUUid Ha OO0BEKTax
TpyOOIpoBOAHOrO TpaHcmopTa HePTH. OCHOBHBIMH COCTABIISIOIIMMHU YKa3aHHBIX
yIIepOOB SIBIAIOTCS BpE€J, HAHECEHHBIM 3J0pPOBbI0 M JKU3HU IPOMBIIIJIEHHOTO
IepCcOHaja W HaCEJIEHUs, HWMYIIECTBEHHbIE TMOTEPH, a TaKXKEe 3arps3HEHUE

OKPY’KaroIEel NPUPOJHOU CPEIBI.
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Yiuiepd OT BO3MOXKHBIX aBapuil HE OrPAHUYMBACTCS TOJIBKO YyKa3aHHBIMU
dakropamu. CyIlIecTBEHHOE 3HAUYCHHE WMEIOT TAKKEe SKOHOMUYECKHE IMOKA3aTENH
dbynkuronupoBanus. OTKa3bl OCHOBHBIX TEXHOJOTUYECKUX OOBEKTOB, BBI3bIBAS
MOJIHYI0 OCTAHOBKY TMEPEKauKHd WM YaCTUYHOE CHUKEHUE MPOU3BOJUTEIHLHOCTH Ha
y4acTKe, OTPHUIATEIbHO OTPaXKAIOTCS HAa BBIMOTHEHUM HA3HAYEHHOW (QYHKIUU -
nocTaBke HePTH MOTPeOUTEISAM.

DOxoHoMuYeckass 3(PGEeKTUBHOCTh TPYyOOINPOBOJHOIO TpaHcHopTa HedTU
JIOCTUTAETCSI HAa OCHOBE TIOBBIIICHUS CTEIEHU HWCIOJIb30BAHUS COOPYKEHUM U
000pyI0BaHUs, CHUKEHHUS AKCIUTYaTallMOHHBIX M KamuTaldbHBIX 3aTpatr [3]. OTKa3sl
COOpYKEHUU 1 000PYIOBAHUS MPUBOIAT K CHIXKCHHUIO CTENEHU MX HMCIOJIb30BaHMUS,
MOBBIIIAIOT 3aTPaThl HA PEMOHTHBIE pa0OThl. Kak UTOT yXyIIIaloTCsl SKOHOMHUYECKHE
MOKAa3aTeNn HKCILTyaTalHH.

AHanu3 mokazaTeneil AKCIUTyaTallMOHHOM  HAJEeKHOCTU  JEeHCTBYIOLIUX
He(pTEenpoBOJIOB MOKa3bIBaET, 4YTO TpeOyeTcs HalbHeilee OoJjiee  MIUPOKOE
BHEJI[pEHUE MEp [0 TOBBIIICHUIO HAJEKHOCTH Ha OCHOBE MPOTPECCHUBHBIX M
MPOIIEAIINX anpoOalnio Ha MPOU3BOJCTBE CYIIECTBYIOIIMX CPEJACTB U METOJOB, a
TaKk)ke pa3padOTKa HOBBIX METOJOB C YYETOM IOCIECIHUX TOCTIKCHHA TEXHUKH U

HaAYKHU.
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1 AHaJu3 MeToI0B o0ecredeHHus HA/IeXKHOCTH HeTenpoBOa0B

OcHOBHOI1 3a7aueii 6e30MacHON M HaJIeKHOM dKCIUTyaTaluu HeTEpOBOIOB
SIBJIIETCSL YMEHBIIIEHUE OTKAa30B, KOTOPBIE CBA3AHHBI C Pa3pyLICHUEM H3JCIUN U
metaiia TpyO. s ee pemieHuss HYXKHO pa3paboTaTh ONTHUMAIbHBIE PEKUMBI
3arpy3ku TpyOOmpoBOAOB U 0OOpPYJOBaHUS ONHMpasch Ha UX (aKTHUECKOe
TEXHUYECKOE COCTOSIHUE, HCIOJb30BaTh TEXHOJOTHM C HAyYHBIM OOOCHOBAaHHUEM U
OCYIIECTBJISITh PEMOHT MX KOHCTPYKTUBHBIX JJIEMEHTOB. BakHoe 3HaueHue s
obecrnieueHus: O€30MaCHOCTH AKCIUTyaTaluu He()TEPOBOIOB MPEACTABISAET CO3/IaHUE
HAy4YHO OOOCHOBAHHBIX CIIOCOOOB OIICHKM HMX OCTaTOYHOrO pecypca OMUpasiCh Ha
CpPEACTBa W METOAbl TEXHUYECKOTO JMArHOCTHUPOBAaHUSA. Ha ceromHsmHuil AeHb B
JUTEpaType HAKOMUIOCh MPWIMYHOE KOJIUYECTBO PabOT, KOTOpPHIE OCBEIIAIOT 3TY
npolbiemy.

N3BecTHbie pabOTHl BKIIIOYAIOT PSiI CPEACTB M METOAOB OOECTIeUeHHUS
HAJIEKHOCTU HEPTEIPOBOIOB, BKIIFOYAsi BHIOOP MOAXOASIIUX MaTEpUAIOB U U3JIEIUH,
ATarbl IPOCKTUPOBAHUS, CTPOUTEIHCTBA U HKCILTyaTalIUH.

N3pgenuss m  marepuanbl, KOTOpPbIE NPUMEHSAIOTCA [JIi CTPOUTENIHCTBA
TpyOOINPOBOAOB, O00sA3aHbI COOTBETCTBOBATH TI'OCYJAApPCTBEHHBIM  CTaHJapTaM,
TEXHUYECKUM TPEOOBAHUSAM 3aKa34MKa, TEXHUYECKUM YCIOBUSM HW3TOTOBHUTENS U
JPYTMM HOPMAaTUBHBIM JOKYMEHTaM, KOTOPbIE€ YTBEPXKIACHbI B YCTaHOBJICHHOM
MOPSIIIKE.

Jlyist coopy>keHus1 TpyOOIIPOBOJIOB COTIACHO ¢ HOPMATUBHBIMU JOKYMEHTAMHU
TpeOyeTcsi MPUMEHSTh TPYObl CIUPAIBHOUIOBHBIE, 3JIEKTPOCBAPHBIE MPSIMOILIOBHBIE,
CTaJbHbIE OCCIHIOBHBIE M TPYOBl JPYTrUX CHEHUATBHBIX KOHCTPYKIIMM, KOTOpHIE
U3rOTOBJIEHBI W3 TIOJYCIIOKOMHBIX M  CIHOKOMHBIX HHU3KOJETMPOBAHHBIX U
YIJIEPOJUCTHIX cTaliel, nuamerpamu 10 S00 MM BKIIFOUUTENIBHO, U3 MTOTYCIOKOMHBIX
Y CITOKOMHBIX HU3KOJIETUPOBAHHBIX cTaner — nuamerpamu 10 1020 mm

Kaxoe cBapHoe coenHeHue TpyO TpeOyeTcsi MOJHOCThIO MPOBEPUTH

UccnedosaHue memodoe rosbileHUs SKCTyamayuoHHOU
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(bu3MUEeCKMMU HEPA3PYIIAIOIIUMUA METOAAMHU KOHTPOJIS.

bonpmas yacte TpyO HedTENpoOBOIOB, KOTOpas HaXOAUTCS B DKCIUTyaTalluu
710 HBIHELTHErO0 BPEMEHHM, U3TrOTOBJIEHO U3 yrilepoaucThix cranei Mapok Ct20, Ct3 u
Ip. W HU3KOJETHPOBAHHBIX M MalOyIJIepoaucThix ctaneil mapok 14I'H, 17T'C,
09I"2C, 14XT°C, 19T.

HopmatuBHBIE CONTPOTUBIIEHHSI PACTSKEHUIO (CKATUIO) CBAPHBIX COEUHEHUMN
u merauia TpyO0 Rul m RH2 Oepyrcs paBHBIMH COOTBETCTBEHHO MHMHHUMAJIbHBIM
3HAYEHUSAM TMpeJena TEeKydYeCTH W BPEMEHHOIO CONPOTUBIIEHHUSA, KOTOpas
OPUHUMAETCS 10 TEXHUYECKMM YCIOBUSM M TOCYAAPCTBEHHBIM CTAaHAApTaM Ha
TpYOBI.

[IpoyHocTH TOA3EMHOTO TPyOONMpOBOAA JaeTCsl OLEHKAa OMNHpasch Ha
COINOCTABJICHNE BO3HHUKAIOIIUX B HEM YCWIMH OT JEHCTBYIOIIHMX MEXaHUYECKUX
HArpy30K C TEMHU YCWIMSIMH, TPUBOJSIINE TPYOOIPOBOJ B MPEAEIbHbBIE COCTOSHHUS.
KirroueBoe B MeToz€ MpEeAeNbHBIX COCTOSIHUU i1 TPyOONpPOBOAOB COCTOHUT B TOM,
YTO HCCIIENYETCs TaKOE€ HANpSIKEHHOE COCTOSHUE TpyOompoBojaa, IpU KOTOPOM
JNanbHeHIIas ero JKCIUlyaTalusi HEBO3MOXHA. 3a MpPEIeIbHOE COCTOSTHUE
OpUHUMAETCsl paspylleHue TpyOompoBoja, W IO ATOW MPUYMHE pPacueTHOE
COMPOTHUBJICHUE HAXOJUTCSA HUCXOMS M3 BPEMEHHOI'O CONMPOTUBIICHUS O€ MaTepuaa
Tpy0. Onpenenenre yCunnii OT pacueTHBIX BO3JIEUCTBUN U HArpy30K, BO3HUKAOIIUX
B OTIEJBHBIX 3JIEMEHTax TPyOONpOBOJIOB, HAXOJIUTCS CHOCOOAMU CTPOUTENBHOM
MEXaHUKH.

Pacuyetnas cxema TpyOompoBoga oOs3aHa OTOOpakaTb JEHCTBUTEIIbHBIC
YCIJIOBUS €T0 3KCIUTyaTtanuu. Taxxke TpeOyeTcst pacCMOTPETh NMEPUOIbI CTPOUTENIHCTBA
TpyOONpoBOAa, SKCIUIyaTallud HpH PEKUME C MPOEKTHOM MNPOU3BOIUTEIBHOCTHIO,
KaIllMTaJIbHOTO ¥ aBapUHHOTO PEMOHTOB TPYOOIIPOBO/IA.

Haxosx1eHue TOJIIUHBI CTEHKH, OTTAJIKMBAsACHh OT XapaKTepa HANPSKEHHOIO
COCTOSIHMSI TpyOomnpoBoaa cuutaercs mno JaByM (opmynam. IlepBas mno3BossieT
ONPENEIUTh TOJNIIMHY CTEHKM TIpU OTCYTCTBUU HPOAOJBHBIX  CHKUMAIOIIUX
HaIpsDKCHWM, a JApyras Korja MNPUCYTCTBYIOT IIPOJOJIBHBIE  CKUMAFOIIME

HAITpsIKCHUA.
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[Ipumenenue Tpyo, y KOTOPBIX XapaKTEPUCTUKU OTBEHYAIOT HOPMATUBHBIM
TpeOOBaHUSAM, TMpPHU MPABUILHOM  BBINOJHEHUH TPEeOOBAHUN  HOPMAaTUBHBIX
JIOKYMEHTOB IO MPOEKTUPOBAHUIO M CTPOUTEIHCTBY, IIPU BHICOKOKAYECTBEHHOM
MPOEKTUPOBAHUU U CTPOUTEIHLCTBE 0OECIIEUNBACTCS IOBOJBHO BBICOKAs HAJEHKHOCTh
HedTernpoBo/ia, B 0OCOOEHHOCTH, €CITU OYy/IET BHITIOJHEHA IPEIITYCKOBAast TMAarHOCTHUKA.
CoeauHuUTENbHBIE J€TaNM TPYOONpPOBOAOB - OTBOJBI, MEPEXOJHHKH,
TPOMHUKH U AHUIIA (3ardyIIKKA) — U3TOTaBIMBAIOTCS, OTBEUYAs OTPACIECBBIM WUIIU
roCyJJapCTBEHHBIM CTaHJapTaM WM TEXHUYECKUM YCIIOBUSIM W3 JIUCTOBOM CTaIU WU
Tpy0. Takxke B rOTOBBIX COEAUHUTENBHBIX JCTAISIX CTallb 0053aHa YIAOBJIETBOPSITH
TpeOOBAHUSIM, KOTOPHIE IPEABIBIAIOTCSA K METALTY TPYO.

KoncTpykius perynupyroieil, TpeoXpaHUTeIbHON U 3allOPHOM apMaTypbl
oOs3aHa oOecreynBaTh TEPMETHYHOCTh, KOTOpas COOTBETCTBYyeT | Kmaccy 1o
I'OCT 9544-93 «Apwmarypa TpyOompoBojHasi 3amnopHas. Hopmbl repMeTuyHOCTH
3aTBOPOBY. 3amopHas apMaTypa UMEET OMOPHYIO Jiammy npu auametrpe oonee 400 mm
JUTsl yCTAaHOBKHU Ha (pyHmameHT. Martepuanibl, KOTOpbIe TPUMEHSIOTCS JJI apMaTyphl,
00s3aHbI 0OecnieurBaTh OE30MaCHYI0 U HaJIKHYIO €€ IKCILTyaTalluIo.

Hayuyno 000cHOBaHHBIN BBIOOpP OpPraHU3alMOHHBIX, TEXHOJOTUYECKUX, U
TEXHUYECKUX PEIICHUM, KOTOpbIE HamNpaBJieHbl Ha oOecrnedyeHue O0e30MacHOCTH U
HAJC)KHOCTH HE(PTENpOBOAOB, MPETOCTABUT JOMYCTUMBIH YpPOBEHb TEXHOTCHHBIX
PHUCKOB, KOTOPBIN CBSI3aH C UX DKCILTyaTallUCH.

Tak kak 0€30MaCHOCTh W HAJEKHOCTh OOYCIABIMBAIOTCA (PAKTUYECKUM
TEXHUYECKUM COCTOSIHUEM COOPYKEHUM U 000pyJ0BaHUs U (PAKTUUYECKUM YPOBHEM
HaIPSOKEHHOTO  COCTOSIHUSI, HYKHOE  JaJIbHEHIIee  COBEPUIEHCTBOBAHUE  HUX
HAXOXKICHUSI.

Takke yxXyJlIeHue B TeYCHUE BPEMEHU MEXaHUUYECKUX CBOMCTB MeTauia Tpyo
IKCILTyaTalu TPYyOOTIPOBOJIOB OKA3bIBAET OTPHIIATEIILHOE BIMSHUE HA TMOKa3aTeln
HaJEKHOCTH TPYOONPOBOJOB, B OCOOEHHOCTH Ha MEPEHANPSIKEHHBIX yYacTKax, U
3TOT (PaKTOp HYKHO YUUTBHIBATH MPU COCTABICHUU MEPONPHUATHN JJISI TTOBBIMICHUS
HaAEKHOCTHU JUIUTEITBHO AKCIUTYaTUPYEMBIX TPYOOTPOBOIOB.

Ha crenkax Tpy0 HaxoasTcs pa3audHbl Ae(EKThl, KOTOPbIE BOSHUKAIOT

Jlucm

1 Anamn3 MeTon0B 00€ecCIIeYeHU HaIEKHOCTH 29

N3m.

Jlucm Ne dokym. lNodnuck |dama




B IMpOIlECCe M3rOTOBJIEHUA TpyO, TMOIY4YEHUs JUCTOBOTO MeETalia, MpU HUX
TPAaHCHOPTUPOBKE M OSKCIUIyaTallud B YCIOBUAX Tpaccbl. Meponpusrus JUis
HOBBILIEHUS] HAJIEKHOCTU He(TEenpoBoAa 00s13aHbl MpPEAyCMaTpUBATh OIPE/EICHHE
0e30MacHbIX CPOKOB AKCIUTyaTalluu M3Aeaud u Tpyo c aedexramu. JledpexkTockomsl,
KOTOPBIE UMEIOTCSI B HACTOALLEE BPEMsl, IPEIOCTABISAIOT BO3MOXKHOCTh OIPEAEIINUTD
MHOTHUE U3 U3BECTHBIX JEPEKTOB, OCOOEHHO KPYNHBIX pa3mMepoB. OJTHAKO Ha OCHOBE
COBPEMEHHBIX METOJIOB MEXAHUKU AEPOPMHUPYEMBIX CUCTEM HE OCBEILLEHBI BOIPOCHI
KiaccuuimupoBanus Je(EeKTOB MO CKOPOCTH pPa3BUTHS JA€PEKTOB U CTENEHU
omacHoctd. C TakMMHU BONPOCAMHU HEMOCPEJICTBEHHO COMPSKEHbl OCTaTOYHBIE
pecypcbl  HE(QTENpOBOJAOB,  HAAEKHOCTb  JKCIUIyaTallUd U poOIEMBI
IIPEIOTBPALICHUS aBAPUIHHOCTH HA HUX.

[lokazaTenun  HAAEKHOCTH  3aKJIAJBIBAIOTCA Opu  MPOEKTUPOBKH,
00€ecreunBarOTCs MPU U3TOTOBJIEHUU U MOJAEPKUBAKOTCSA B MPOLECCE SKCIUTyaTaluu
3Toro oowekra. Micxoas us atoro, 00pa3yroTcsi OCHOBHBIEC HANpPABJICHUSI TOBBILLICHUS
paboTocnocoOHOCTH HEPTENpoBOJOB. Pemienune 3Toil TpyAHOU MpoOIEMbI MOKHO
HAlTU JIMIIb NPU KOMIUIEKCHOM MOJXOJ€, KOTOPBIM OXBaThIBAET BCE >KM3HEHHBIE
cTaanu o0ObeKTa (IPOEKTUPOBAHUE, U3TOTOBIIEHUE U 3KCILTyaTalHIO).

IIpu »skcruryatanuu TpyObl HEPTENPOBOJOB IO CTENEHU TEXHUUECKOIO
COCTOSIHUSI TEPEeXOAsIT M3 pabdOTOCIOCOOHOTO COCTOSIHMSI B MPEACIbHOE H
HEpabOTOCIIOCOOHOE COCTOSIHUS M3-3a2 Pa3BUBAIOLIMXCS MOBPEXKACHUN pPa3IUYHOIO
pona. Ilepexon u3 HepabOTOCIIOCOOHOIO COCTOSIHUSA B pabOTOCIIOCOOHOE COCTOSIHHME
OCYLIECTBJISIETCS IyTEM BOCCTAHOBJIEHUS HECYIIE CHocOOHOCTH Tpyd C
HEI0IYCTUMBIMU JIe(heKTaMU U aBapUIHOTO PEMOHTA B CIyyae pa3pylieHus Tpyo.

[lo panHbIM  VYmOpaBieHuss 1O HaA30py B Ta30BOM M HEPTAHOM
npoMbliuieHHOCTH ['ocroprexHanazopa Poccun, kaxaas yeTBepras aBapus Ciaydaercs
U3-3a OLIMOOK, KOTOPBIE JTOMYCTUIM IIPU BHIOOPE KOHCTPYKLUH, pacueTe U MOHTaXKe
TpyOonpoBoAoB. bosiee mMOI0OBUHBI aBapuii Ha TpPyOONpPOBOAAX CBS3aHbI C
HAKOIJICHHEM TMOBPEXKICHUM B CBapHbIX IIBaX W MeTaie TpyObl, KOTOpHIE
IIPEUMYILECTBEHHO IIPOUCXOAAT HA IEPEHAIPSKEHHBIX y4acTKax.

Hcexons u3 CTaTHUCTUKY aHAJIW3a aBAPHUN HA JIMHEMHON 4acTH
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He(PTenpoBOJIOB,  HMCIOJIB30BAHME  KOMIUIEKCHBIX  METOJIOB  BHYTPUTPYOHOM
JTUATHOCTUKYM ¥ TIOBBIIIICHUE KayecTBa W 00bEeMa KamUTAIBHOTO PEMOHTA JaBaJIH
pe3ynbTaT K 00eCleYeHUI0 HaJIeKHOCTH Ha JOCTATOYHO BBICOKOM YPOBHE.

OmauM U3 croco0OB  IIOBBIMIEHUST DKOJOTHYECKOM O€30IIacHOCTH U
HAJEXKHOCTHU SBJISIETCS] PALIMOHAJIBHOE Pa3MEIIEHUE 3allOPHOW apMaTyphl IO Tpacce,
32 CYET KOTOPBHIX MOXKHO JIOKQJIM30BaTh MOBpEXJIECHHE HEPTEmpoBOJa B Ipeneax
MEXy ABYMS OMMKAUIITUMU 33 [BUKKAMU.

bonburyto posib B pelleHHd TpoOieMbl CHUXKEHUS yiiepda OT aBapuid,
MOBBIIIEHUs 0€30MaCHOCTU AKCIUTyaTallud, YYUThIBas TPeOOBAaHUS COXpPAHEHUS
OKpY>Karollel Cpebl IOJKHBI ChITPaTh COBPEMEHHBIE TUIIOBBIE PEIIEHUs, CUCTEMaA
TEXHUYECKUX TpeOOBaHMN Ha 00OpyJOBaHME, U3ZENIUS, MaTepualbl, TPEOOBAHUS K
napameTpamM, ONPEEISIOIUM 3KCIUTYaTallHOHHYIO0 HaJEKHOCTh M 3KOJOTMYECKYIO
0€30MacHOCTb.

Bo3zaeiictBue MHOXecTBa (haKTOPOB OKa3bIBAET CYUIECTBEHHOE BIIUSHUE Ha
paboTOCIOCOOHOCTh U HAJAEKHOCTh HEPTEHPOBOJOB U IMOKA3BIBAET CIIOKHOCTh
OLICHKM MX TEXHUYECKOTO COCTOSHUSA. OJTa OIlIeHKa o0pa3yeTcss W3 JaHHBIX
npuOOPHOTO0 KOHTPOJS (M3MEpUTENbHBIE, BHYTPUTPYOHBIE MPUOOPHI, aKyCTUUYECKO-
IMUCCUOHHOE 000pY0BaHUE, MPUOOPHI MU3MEPEHHSI MTOTEHIIMAIOB TpyOa — 3eMJIsl |
CILJIOIITHOCTH W30JIAIIMOHHBIX MOKPHITUH u ap.), JOTIOJIHUTEJILHOTO
N1e(PEKTOCKOMMYECKOTO KOHTPOJIS, KOTOPBIN OCYIIECTBISETCS BEIOOPOYHO B Hanbosee
OTACHBIX WJIM BBI3BIBAIOIIUX COMHEHHE MECTaX, Pe3yJIbTaTOB 00CIIEI0OBAHNS, aHATTN3a
U WCTIBITAHMS METAJIJIa U3 BBIPE3aHHBIX MPU aBAPUU U HA 0COOO OMACHBIX ydacTKax
HedTenpoBoia "KaTyiek’, MHOTOJICTHUX MTOKa3aHUN U3MEPEHHN MOTeHInana Tpyoa
- 3eMJI U MaTepuaibl 00 aBapUHHOCTH HA T€X WJIM MHBIX y4acTKaX, CPOKaxX CIIyKObI
MeTaia TpyO U U30JISIUN, UX MapKax, KAYeCTBE U CBOMCTBAX, ITUKIMYHOCTHA PAOOTHI
He(TENPOBO/IAa U €T0 OTJACIbHBIX YYaCTKOB U T.1I.

Bricokoe 3HaueHHE UMEET aHAJIN3 HAJI)KHOCTH. AHAN3 paboTOCTIOCOOHOCTH
Y HaJIeKHOCTH HE(DTEITPOBOIOB 0053aH IPOBOIUTHLCS TPYIION AHAIMTUKOB U3 YHCIIA
BBICOKOKBATM(UIIMPOBAHHBIX  CHEIUATUCTOB C  MPUBICYEHUEM COTPYIHUKOB

IMPOCKTHBLIX U HAYYHBIX OpFaHHSaHHﬁ.

Jlucn
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3AJJAHME JUUISI PA3JEJIA
«COLUMAJILHASI OTBETCTBEHHOCTb»

Crynenry:

I'pynna DPUO
2BMS5SA Jlsanuny Anexkcanapy AJEKCaHIpPOBUUY
HucruryT Kadenpa

YposeHb 00pa3oBaHus

MarucTp

HanpagsJieHne/cnenuaibHOCTh

21.04.01 «HedrerazoBoe neno» mpoduib
«HazexHocTb razoHed)TenpoBOfOB M
XPpaHWJINII

Hcxoanblie JaHHBIE K pasaeiny «COIII/Ia.]'IbHaﬂ OTBCTCTBCHHOCTDb»:

1. Onucanue pabouezo mecma (pabouei 301w,
MEXHON02UYECKO20 NPOYECCd, MEXAHUYECKO20 000PY008aHUs)
Ha npeomem 603HUKHOBEHUSL:

- 8PeOHbIX NPOABIEHUN PaKmopos NPou3e00CMEeHHOU CPeobl
(Memeoycnosus, 8peoHble Beulecmed, 0CGeuleHIe, UMb,
subpayuu, 1eKMpoOMAcHUMHbLE NOJISL, UOHUSUPYIOWUE
usnyUeHus)

- ONACHBIX NPosAGIEHUL HAKMOPO8 NPOU3BOOCTNEEHHOU
cpeobvl (Mexanuieckou npupoobl, MepMUYecKo2o
xapaxmepa, 91eKmpuieckoll, NoAHCApHoU U 63PblBHOU
npupoovt)

- He2amugHo20 8030€lCMBUS HA OKPYICAIOWYIO NPUPOOHYIO
cpedy (ammocgepy, euopocgepy, rumocgepy)

= Upe3BbIYAUHBIX CUMYAYUL (MEXHO2EHH020, CIUXULIHOZO,
9KOIOSUYECKO20 U COYUATILHO20 XapaKmepa)

Pabouee mecmo pacnonosiceno na omkpeimom
6030yxe. Hanopnovie Heghmenpogoowvt komnanuu
«Tomcknegpmoy BHK pacnonooicennule 6 ceéephoti
yacmu Tomckou obnacmu. Ilpu obcnyscusanuu
Hepmenposooa, Mo2ym 603HUKAMb NOPbIBYL,
gcaedcmaue KOppoO3UOHHO20 USHOCA CMeEHKU
mpyosl UNU UHBIX OpYeux npoucuiecmsuti. B cesasu
€ 9MuM UMeem Mecmo epeoHsie u Onachbvle
nposgieHus: pakxmopos npou3so0CmEeHHO cpedbl
0714 uenosexa.

Okaszvieaemces He2amusHoe 6030elicmsue Ha
npupody (ammocgepy, cuopocgepy, rumocgepy)
Boszmooicho 603HuKHOGEHUE Upe3sbINalIHbIX
cumyayuii mexHo2eHHO20, CIMUXULHOZO,
IKONO2UUECKO2O0 U COYUATBHO20 XaAPaKmepd.

2. 3nakomcmeo u omoop 3aK0HOOAMENbHBIX U HOPMAMUBHBIX
OO0KYMEHMOo8 no meme

I'OCT 12.0.003-74 «Onacnuvie u 6pednvie
axmopory.

T'OCT 12.1.003-83 «LLlym. Obwue mpebosanus
bezonacrocmuy.

I'OCT 12.1.012-90 « Bubpayuonnas
bezonacHocmoy.

T'OCT 12.1.004-91 «Iloswcapnas bezonacHocmpy.
T'OCT 12.1.005-88 «Obwue canumapmo-
eueueHuyecKue mpebosanus K 6030yxy paboyet
30HbLY.

IlepeyeHnb BONPOCOB, MO/JIEKAMMX HCCIEI0BAHNIO, TPOEKTHPOBAHMIO U pa3padoTKe:

1. Ananu3 8vlANeHHbIX 8PEOHBIX PAKMOPOB8 NPOEKMUPYeMOt
npouU3800CMBEHHOU Cpedbl 8 credyiouyel
NOCIe008aMENbHOCU:

- Qusuro-xumuyeckas npupooa 8peOHOCmuU, €€ c6:3b C
paspabamuleaemol memot;

- Oeticmeue hakmopa Ha op2anusm 4enosexd;

- npusedeHue OONYCMUMbIX HOPM C He0OX00UMOT
PA3MEPHOCBIO (CO CCHIIKOU HA COOMBEMCMBYIoWul
HOPMAMUBHO-MEXHUYECKULL OOKYMEHTN);

- npednazaemvle cpedCmea 3auumal
(cHauana KonneKmusHo 3auumol, 3amem —
UHOUBUOYATIbHBIE 3AWUMHbBLE CPEOCMEa)

Bpeonvie pakxmoput:

1.Ilpesviwenue yposHa wyma

2. Ymeuku moxcuunvix u peoHuvIx geujecms 6
ammocghepy

3. Knumamuuecxue yciogus

4.Heoocmamox ecmecmeennozo ceema

2. AHanu3 6vIA8NEHHBIX ONACHBIX PAKIMOPOE NPOSKMUPYEeMOll

npou38e0EHHOI cCpedbl 8 credyioueli Noc1ed08amenrbHOCU

- MexanuuecKkue onacHocmu (UCMOYHUKY, Cpedcmea
3auumul;

- mepmudecKue ONACHOCMU (UCMOYHUKY, CPEOCHEd
3auumsi),

- 2NEeKMPOOE30NACHOCHb (8 M. 4. CIMAMuYecKoe
INEKMPUYECME0, MOTHUEIAUWUNA — UCTHOYHUKU, CDeOCMEd

Onacnvie paxmopbi

1. Mexunuueckue mpagmvi npu 0CHOGHbIX
sudax pabom

2. B3pwisoonacnocme

3. Iooccapoonacnocms




3auumal),;

NOACAPOB3PLIBOOE3ONACHOCHIb (NPUYLUHDL
npoghuakmudecKue Meponpusimusl, NepeuyHble Cpeocmed
nocapomyuleHst,)

3. Oxpana okpyoscaroweti cpedwl:

3auuma cenumedHol 30Hbl

ananusz 8o030etcmeust 0bvekma Ha ammocgepy (6vi6pocol);
ananusz 8o3oeticmeusi 0bvekma Ha euopocghepy (copocul);
ananusz 8o3oetcmeusi 00vexma Ha aumocgepy (omxoowt),
paszpabomamu pewieHust N0 006eCneweHuo IK0L02ULEeCKOl
bezonacrocmu co ccoiikamu Ha HT/] no oxpane
OKpYyrcaioujelt cpeobi.

IIpu obcayscusanuy HanopHo2o HePmenposooa
6030€liCMBUs OKA3bIBAIOM KAK
nPoU3B00CmeeHHble NPOYeCcyl, Max U 00bEeKmbl
NOCMOAHHO20 U 6PEMEHHO20 HAZHAYEHUS.
Obcnyscusanue mpybonpogooa
CONPOBOANCOAEMCAL:

3aepA3HeHueM ammochepHozo 8030yxa;
HapyuwieHuem 2u0po2eon02UIecK020 PeXcuma,
3aepA3HeHueM NOBEPXHOCTHHBIX 600HbBIX
UCMOYHUKO8 U HOO3EMHBIX 800,
noepesicoenuem NoU8eHHO-PaAcmumenbHo20
noKposa;

U3bAMUEM 3eMeNb;

4. 3awyuma 6 upe3sbIYAUHBIX CUMYAYUAX:

nepeuens o3modcnvix YC na obvexme;

8b100p Haubonree munuynou 4C;

Pazpabomxa npeseHmuUEHbLIX Mep No NPEOYRPEN’COCHUIO
4qc;

paspabomxa mep no nOGvlUeHUI0 YCMouuueocmu 06vexma
K dannoii YC;

paszpabomka Oeticmsuii 6 pezyiomame gosHuxuten 4C u
Mep no IuKeuoayuu eé nocieocmeutli

Upessvluatinble cumyayuy Ha HANOPHOM
Hepmenposooe Mo2ym 603HUKHYMb @ Pe3yibmame
nogpesicoenusn Hepmenpogooa Mexanuiecku uiu
scredcmaue Koppo3uu.

5. I[Ipasosvie u op2anu3ayuoHHble BONPOCHL 0OecneyeHus
bezonacrocmu:
cneyuanbHvle (Xapakmephole 05l NPOEeKMUpyemol padouetl

30HbL) NPABOGbIE HOPMBL MPYO0BO20 3AKOHOOAMENLCMEA,

OpP2aAHU3AYUOHHbIE MEPONPUAMUSL NPpU KOMNOHOBKe pa6oueﬁ

30Hbl

PJ] 09-364-00 « Tunosas uncmpykyus no
opaanusayuu 6e30nacH020 NPOBeOEHUs. 02HEBLIX
pabom Ha 63pblBOONACHBIX
83PbIBONOINCAPOONACHBIX OOBEKMAXY,

Ilepeyens rpaguyeckoro MaTepuaJia:

Ilpu Heobxooumocmu npeocmagums ICKU3Hvle 2epaguyecKue
mMamepuanvl K - pacuémuomy 3a0anuio  (00s3amenvho 0
CNeYuanucmos u Mazucmpos)

Jara Bbl1a4yM 3aaHUA JJIA Pa3aesia no JHHeHHOMY rpaguky 06.04.2017r

3aganne BbIAAJI KOHCYJBbTAHT:

JonxuocTs (5 (0) YyeHas cTeneHb, IMoanucy Jara
3BaHHuEC
HUHXEHED MaanoBa Hatanbs K.T.H., 06.04.2017r
Bukroposna WHXKEHEDP
3agaHne NPUHAJ K MCTIOJHEHHIO CTY/IEHT:
I'pynna [025(0) Hoanuch Jlara
2BM5SA Jlsmua Anekcanap AJeKcaHIpOBUY 06.04.2017r




6 ConnajibHAsl OTBETCTBEHHOCTDH

OO0nekT uccienopanusd: Pabodeit 30HOH ABISAIOTCS HATOPHBIE HEDTEPOBO/IHI,
KOTOPBIE COEAUHSIOT MEXIy COOOW YCTaHOBKHM MPEIBAPUTEIIBHOTO cOpoca BOJbI
(VIICB) u ycranoBky noaroroBku Hegtu (YIIH). Tun npoknagku TpyOomnpoBoja —
MO/A3EMHBIN, a cama TpyOa yJioKeHa B TpaHIel. Bes pabodast 30Ha HAXOAUTCS IO
oxpaHoi. Ha Ttepputopun 00beKTa HaAXOJIATCS METAJIMYECKUE OTPAXKIICHUS, 3HAKHU,
0003HavaroIIKe OMAaCHbBIN MPOU3BOACTBEHHBIN 00BEKT, cCXeMa 00BEKTa, €r0 Ha3BaHUE
U MpeanpusTie o0CIyKUBarollee AaHHbIN 00bekT. Ha pabouyro 30HY jomyckaercs
TOJIbKO YITOJITHOMOYEHHBIN MEPCOHANl KOMIIaHUU.

6.1 IIpousBoacTBeHHAasi 0€30MACHOCTDH

6.1.1 AHanu3 BpeJaHBIX U ONMACHBIX (PAKTOPOB, KOTOPbIE MOKET CO3/1aTh
00BbEKT MCCJIeIOBAHUSA

Bpennble u omacHble TPOU3BOJCTBEHHBbIE (DAKTOPHI, BO3HUKAIOIIUE MPU
MPOBEICHUH OOCITYKMBAaHUU HAMOPHBIX HE(PTENPOBOIOB, MPUBEACHBI B Tabmule 6.1
[30].

Tabnuna 6.1 — onacHbie ¥ BpeaHbIe (PaKTOPHI TPU 00CTYKUBAaHUE HATTOPHOTO

He(TenpoBoa
HanmenoBanue BUJI0B | DakTOpBI HopmaTtusHbie
pabor Bpennsie OnacHble JIOKYMEHTBI
OO0cnyxuBaHue 1. [ToBbitennsnit mym; | 1.Mexanuueckue P/l 153-39.4-114-
HaropHoro Hed)TenpoBOIa 2. Bpennble BeniecTBa; | TpaBMbI IIpU 01 [28]

3. HenocraTox ocHoBHBIX  Bumax | P/1-13.100.00-KTH-
(ocmoTp, €CTECTBEHHOI'O CBETa; | padoT; 306-09 [38]
00be3/1, ycTpaHEHHE 4. OTKJIIOHEHHE 2.Iloxapos3peiBo- | PJ] 13.100.00-

yTeuek Hetu, coop

roxka3arejiei KjImMara,

OIIaCHBIE;
3.B3pbIBOONACHOCK;

KTH-225-06 [39]

HedTenuiama)
UccrnedosaHue memodoe rosbIleHUs SKCMTyamayUuoHHOU
vam. N Tucm Ne dokym. Modnucek Lﬂama HadexxHocmu HaropHbIx Hegpmernpogodos OAO « TomckHegpmby BHK
Paspab. JianuH A.A.. Jlum. Jlucm Jlucmos
Pykoeod. | 3apy6uH A.l. 6 CoyuasnbHasi [ ] 74 112
KoHcynbm. omeemcmeeHHOCMb
1.0.3as.kag] bypkos [1.B. Tr1y TXHr ep. 2BbM5A




6.1.2 AHaiu3 BpeIHbBIX M ONACHBIX (PAKTOPOB, KOTOpPbIe MOIYT
BO3HHUKATH HA pa0o4eM MecTe IIPH NMPOBeJIeHNH HCCJIeI0BAHUIA.

BpenubpiMu  mipou3BOACTBEHHBIMH — (haKTOpPaMH  HA3BIBAIOTCS  (DaKTOPBHI,
OTPUIIATEILHO  BAMSIONIME  HA  pabOTOCMOCOOHOCTh  WJIM  BBI3bIBAIOIIUE
npodeccuoHanbHbIe 3a00J€BaHUS U IpyTrue HeOJaronpusaTHBIE TTOCIEICTBUA.

IoBBIIEHHBIN LIYM.

Hcrounrkamu 1Iyma  SIBISIOTCS 3BYKM, BbI3BaHHBIE B  pe3ysbTare
IPOU3BOJCTBEHHON JESITENbHOCTbIO MOTOIOMIIBI, aBTOMOOWIISIMH, SKCKaBaTOpamH,
Oyiba03epaMH, TPUBICYEHHBIMH I  HEOOXOAMMBIX paboT  00CITyXHUBAHUIO
HanopHoro HerenpoBoAa. JlelicTBUe IIyMa Ha YEJOBEKA ONpPEAENSIeTCs] BIUSHUEM
Ha CIIyXOBOM amnmapaT U MHOTHE JAPYTUe€ OPraHbl U CUCTEMbl OPTraHU3Ma, B TOM UHCIIE
U HEPBHYIO CUCTEMY.

I'pomxocTs HUKe 80 1b 0OBIYHO HE BIUSET HA OpPTaHbI ClyXa.

JnurenbHoe aeicTBue mymMa > 85 n1b B COOTBETCTBUM C HOPMATHUBHBIMU
nokymentamu CH 2.2.4/2.1.8.562-96 u T'OCT 12.1.003-83, mnpuBoguT K
MIOCTOSIHHOMY TOBBIIIEHUIO OPOTA CIIyXa, K MOBBIIIEHUIO KPOBSIHOTO TABJICHUS.

Bpeanbie Bemecrsa.

HNcTouyHnkoM  yTEUKHM TOKCHYHBIX UM BPEOHBIX  BEIIECTB  SBISETCS
MOBPEK/ICHHBIN HAIOPHBIN HEPTETPOBO/I.

JleiicTBue aBapuifHOTO pa3nuTus HedTH HAa YEIOBEKAa  OINpeAeNaeTCs
BJIUSIHUEM Ha JIbIXaTEJIbHYI0 CHUCTEMY 4YelIOBeKa M Ha MHOTUE JPYrue OpraHbl U
CUCTEMBbI OpraHW3Ma, T.€. BBI3BIBAET TOJIOBOKPY)KCHHE M TOIIHOTY, OCTpbIE H
XPOHHMYECKHE OTPABIICHHUS], PA3BUBAIOTCSI BETE€TATUBHBIE PACCTPOIMCTBA, pacCTPOMCTBA
HEPBHOW CHCTEMbI, OECCOHHMIIA, MBIIIICYHbIE CYyI0POTH U T.[I.

[IpenenbHO AOMYCTUMBIE KOHIIEHTPALlMM BPEIHBIX BEIIECTB B BO3JYyXE
paboueil 30HbI TpUBEEHBI B Ta0uIe 6.2 [34].

[Ipy nomamanum yrieBOJOPOAOB B KUAKOM ¢aze oka3plBaeT mNaryOHoe

BJIMSHHC HAa KOXKY, BbI3bIBAA JCPMATUTHI U 3K3CMBI.

Jlucm
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Ta6numa 6.2 — [IpenenbHO TOMYyCTUMBIE KOHIICHTPAIIMU BPEIHBIX BEIIECTB

Ne |HammenoBanue |ArperatHoe |Knacc Xapakrepuctuka |[IpenensHo JI0ITycTUMast

n/m COCTOAHHUEC |(OINaCHOCTHU|TOKCUYHOCTH KOHOCHTpAalusa  BCHICCTB B

BO3AyXxe  pabouell  30HBI
IPOM3BOJICTBEHHBIX

HOMELIEHUH, MI/M>

Hed1s KUJKOCTh 3 Hapxotuueckuit 10

HEPBHBIN 71

2 HedTsnoii raz  |ra3 4 Hapkotuueckuit 300

]I, yJaIaeTcs
MyJIbC,
YBEIMUNBACTCS
00beM  IBIXaHUS,
ocjabiseTcs

BHUMAHUEC

OTcyTCcTBHE MM HEIOCTATOK €CTECTBEHHOI'0 CBETA.

OO0cnyxuBaHHE HANOpPHOTO HE(TENpOBOAA HEMPEPHIBHO HE 3aBUCHUMO OT
BPEMEHU CYTOK M BpeMeHHM roga. OCBEHIEHHOCTh HeoOXoAauma HJid oOecredeHHs
HOPMAJIBHBIX YCJIIOBHI pa0OTHI HA OTKPBITHIX IIJIOMIAKAX.

OTkJ/IOHEeHHe TApaMeTPOB KJIMMATA.

Knumat npencraBisier KOMIUIEKC (U3MYECKMX IapaMETpoOB  BO31yXa,
BIUSIIOIIMX Ha TEIJIOBOE COCTOsSIHME opraHu3ma. K HUM OTHOCAT Temieparypy,
BJIQXKXHOCTb, CKOPOCTb JBHWKEHUS BO3[yXa, WHTEHCHUBHOCTb PpPaJUallMOHHOIO
U3ITyYeHHUs]  COJIHIIA, BEIMYMHY aTrMoc(epHOro naamieHus. MakcumalibHas
Temriepatypa ajia Tomckoro paitona coctasiuseT + 40 °C, munumansHas — 50 °C.

OnacHbIMH  IPOU3BOJCTBEHHBIMU  (DaKTOpaMH  Ha3bIBalOTCA  (DAKTOPHI,
CIIOCOOHBIE TP ONPEEIEHHBIX YCIOBHAX BBI3bIBATH OCTPOE HAPYLIEHUE 310POBbS U

ru0eu yeaoBeka.

Jlucm
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MexaHn4yeckue TPaBMbl IPY OCHOBHBIX BHAAaX PadoT.

[Ipu o6cny)uBaHUU HAMOPHOTO HE(PTENPOBOJA BO3MOXKHOCTH MOJYyYCHUS
MEXaHUYECKUX TPaBM BBICOKA. JTO MOXXET OBITh BOCIUIaMEHEHHE He]TempomaykTa
WJIM B3PBIB €T0 MapOB, MaJICHUE TSHKEIOro peaMeTa, mopessl, ymnosl. [loBpexaeHus
MOTYT OBITh Pa3HOM CTENMEHW TSHKECTH BIUIOTH JI0 JIeTallbHOro wucxoma. Jlms
IIPEIOTBPAIICHHS TOBPEKIACHUA HEOOXOIUMO COONIIOATh TEXHHUKY O€30MacHOCTH
[28].

IHoxapoonacHOCTb.

B nporecce ncnapenus: paznuBIIUXCs HEQTENMPOIYKTOB 00pa3yeTcsi 00aKko
TOIIMBHO-BO3AyIHOM cMmecu (TBC). Hanuuue ucTouHMKa 3aKUTaHus B Mpejesiax
ob6maka TBC moxer moBieds 3a co0oit BocrurameHeHne. OCHOBHBIM ITOPaKaIOIIUM
dbakTOpOoM TpU BO3rOpaHUM HEePTH sIBIsSETCS TeIIoBoe wu3iaydeHue. [IpenenbHo
JIOITYCTUMBIE 3HAYEHUS]I MHTEHCUBHOCTH TEIJIOBOIO M3JIYYCHHS IOKAPOB IPOJIMBOB
HedTH, mpeacTaBieHsl B Tadmie 6.3 [35].

Tabmuma 6.3 — IlpemenbHO JHONMYyCTHMBIE 3HAYEHUS] HWHTEHCUBHOCTHU

TCINNIOBOI'O U3JIYYCHUA

CreneHpb nopaxeHus WHTeHcuBHOCTD, KBT/M2
be3onacHo 151 yenmoBeka B Ope3eHTOBOM OACKIC 42
Henepenocumast 6ospb yepes 20—30 ¢

Oxxor 1-i1 crenenn uepe3 15—20 ¢ 7,0

Oxor 2-i1 creniean uepe3 30—40 ¢

BocruiaMeHeHune XJonka-BojaoKHa uepe3 15 MuH 10,5
Henepenocumas 601 yepe3 3—5 ¢
Oxor 1-if crenenu uepe3 6—38 ¢

Oxor 2-i1 crenienu uepe3 12—16 ¢

BocrmiameHeHne peBECHMHBI C IMIEPOXOBATOM  IMOBEPXHOCTHIO 12,9
(BnaxxHocthb 12 %) mpu JNIMTENBHOCTH 00yUyeHus 15 MuH

B3priBoOnacHOCTH.
B mpornecce ucnapenus: pasnuBIINXCA HEPTEIPOAYKTOB 0OpaszyeTcs: 00IaKo
TOIIMBHO-BO3AyIIHOM cMmecu (TBC). Hanuuue ncTOuHMKA 3aKUTaHUs B Mpejeiax

obnaka TBC mosxet nosieus 3a co00i BociiameHeHue u B3pbiB oosaka TBC. Takum

Jlucm
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oOpa3zoM, HeoOXoauMO yOpaTh MCTOYHHUKHM HCKpPOOOpa3oBaHUs ¢ paboyeil 30HBI.
[IpenenpHO AOMyCTHMBbIE 3HAYEHHUS W30BITOYHOIO JAaBJICHUS IMPEICTaBICHBI B
tabume 6.4 [35].

Ta6nuna 6.4 — IIpeaenbHO-10yCTUMBIE 3HAUCHUST U30BITOYHOTO JaBJICHUS

Crenenb nopaxeHus W36biTouHOE naBnenue, klla
50 %-s1 BepOSTHOCTH pa3pbiBa 6apabaHHOM MEepEeroOHKU 103

[TonHoe pa3pyuienue 3qaHui 100

50 %-Hoe pa3pylieHue 31aHnui 53

Hwxnuit mopor pa3peiBa 6apabanHON EepEeNOHKA 34,5

Cpennue noBpexIeHUs 30aHUI 28
YMepeHHbIE MIOBPEXKICHUS 3IaHUU (moBpexeHue 12
BHYTPEHHUX [EPETOPOAOK, paMm, ABEPEU U T.II.)

HuxHui mopor noBpex1eHus YeaoBeKa BOJIHON JaBICHUS 5

6.1.3 OOocHOoBaHMe MepONPHUATHHA MO 3al[UTEe MCCIACA0BATENA OT
AefCTBUS OMACHBIX M BPEeAHbIX ()AaKTOPOB

IToBBIIEHHBIH LIYM.

OcHOBHBIE METO/IbI OOPHOBI C IIYMOM:

— CpeactBa unauBuayanbHoM 3amuthl (CU3): HaymHUKY;

— CoOrofieHne pexxuma Tpyaa U OT/AbIXa;

— KoutekTuBHBIE CpeICTBA 3alUTHI: YKPBITUE HCTOYHUKOB IIyMa B

KOXKYXH, KaOWHBI, CO3[aHHWE IIyMO3ANIUIICHHBIX 30H, MPUMEHEHUE
MaJIOIIYMHBIX TEXHOJOTMYECKUX MPOILIECCOB M MAIIIMH, OCHAIIEHUE ITYMHBIX MaIlIUH
CpeACTBaMH AUCTAHIIMOHHOTO YIIPABICHUS U aBTOMAaTHUYE€CKOTO KOHTPOJIS U T. 1.

Bpennbie BemecTna.

OcHOBHBIE METOJBI OOpHOBI C TOKCHYECKMM BIUSHUEM MapoB HePTH Ha
YeJI0BeKa:

— CpeactBa nunauBuayanbHou 3amuThl (CU3): mpoTuBOrassl, peciupaTopsl;

— CoOJro/ieHne TEXHUKU 0€30IaCHOCTH;

— CoOurofieHue pexxuMa Tpyaa U OTIbIXa.

OTcyTcTBHE MM HEJOCTATOK €CTECTBEHHOI'0 CBeTA.

CpencTBa HOpManu3allMM OCBEUIEHUS padO4YMX MECT — HUCKYCCTBEHHOE

OCBCHICHUC — IIPpH pa60Tax B HOYHOC BPCMAI. B HouHOE BpEMA OCBCHICHUC OOJIZKHO
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OCYLIECTBJISATHCA MPOKEKTOPAaMH WJIM CBETWJIBHUKAMH BO B3pPbIBOOE30IACHOM
VICIIOJIHEHHUH.

JUis  MECTHOro  OCBEIIEHHS HEOOXOJUMO MPHUMEHSATh  CBETUJIHHUKHU
HanpspkeHueM He Oonee 12 B, wnm akkymysaTtopHble (oHapu (BKJIOYATh U
BBIKJIIOUYATh UX CIEYET 3a MpeJiejaMu B3pPbIBOOIACHON 30HBI).

OTKJI0OHEeHHEe TAapaMeTPOB KJIUMATA.

PabGoratouiue B 3MMHMIA TE€pUOJ ToJla JIOJDKHBI OBITh  00€CreyYeHbI
CIIELIOACKION C TEIUIO3AUIUTHBIMU CBOMCTBAMH. JlenaTh HENpOMOIKUTEIbHBIE
HepephIBbl B paboTe C COrpeBaHUEM B TEIIOM MecTe. [IpoJomKUTETbHOCTD 3aBUCUT
OT TEMIEPaTyphl BO3lyXa U CKOpocTH BeTpa. IIpu Temmeparype Boszayxa -40 °C u
HIDKE He00X0/IMMa 3alliuTa OPraHoB JIbIXaHUs U JIMIIA.

B nernuit mepuopn paboTtaromiue TOJKHBI ObITh OOECHEYeHbl T'OJOBHBIMU
yOOpaMy UCKITIOYAIOIINE NTEPETPEB TOIOBBI OT COJTHEUHBIX JTyUeil.

MexaHn4yecKHe TPaBMbI IIPH OCHOBHBIX BHAAX padoT.

OpraHu3aliMoHHbIE U TEXHUYECKHE MEpbl MO 0OecreyeHnto 0e30MacHOCTH,
IPUMEHSEMbIE CPEACTBA KOJUIEKTMBHOW M WHIMBHIYAJIbHOW 3aIUTBI, PEKUM
IpoBeleHUs paldoT, a Takke MO OO0OpYAOBAHUIO MECT OTAbIXa, NMpHUEeMa MHUIIH U
CaHUTAaPHO-—TUTMEHUYECKUX HOPM JI0 Hayasia padorT:

— OdopMuUTh HapAA—I0NYCK Ha MPOBE/IEHNE PaOOT MOBBIIIEHHON OMACHOCTH;

— IlpoBecTy BHEIUIAHOBBI MHCTPYKTaX BCEM 4Yi€HaM OpuUrajasl IO
BBITMOJIHEHHUIO paOOT MOBBIIIEHHON OMAacHOCTH, a TakXKe MO MpaBHJIaM TOBEIEHUS BO
B3pBIBO U I0’KApOONACHOW OOCTAaHOBKE U JPYIHX OIACHBIX YCIOBUSAX W
00CTOATENBCTBAX C POCHUCHIO B )KypHAJIE MHCTPYKTaXE Ha paboueM MecTe U Hapsia-
JOITYCKE;

— VYCTaHOBUTh HaJIWYM€ U O0003HAUYUTh 3HAKaAMHU PACIOJOKEHHE BCEX
KOMMYHHUKAIUH B pajinyce NpoBeACHUs padoT;

— IIpoBepuTh UCIPAaBHOCTH UCIIOJIB3YEMOT'O O0OPY/I0BAHUS.

Ha Bech nepuon paboT B 30He IPOU3BOACTBA pa0OT OrPaHUYUTh JOCTYII JIULI,
HE 3a/IeiCTBOBaHHBIX B IPOMU3BOJACTBE paboT. Bech mepconan, 3aneiicTBOBaHHBIN B

paboTax, T0HKEH HAaXOAUThCS B crienoaex e [28].
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IHoxapoonacHOCTb.

Ha wmecte mnpousBojcTBa pabOT YCTaHABIMBACTCS IPOTUBOMOKAPHBIN
pexuM. Mecta s KypeHHUsl pa3peliaeTcss yCcTpauBaTh Ha PACCTOSIHUHM, HE OJMXKe
300 M OT MecTa MPOU3BOACTBA PAOOT.

ABTOMOOWJIM, CIHEUTEXHUKA, OOOpPYJOBAaHME U MEXaHU3MbI, a TaKxKe
TEXHUYECKHUE CPEJICTBA, HE HCIOJIb3yEeMble NpPHU padoTe, CIEAYET PacHoJIOKUTh 3a
TEppUTOpHEH MpoBeAeHUs paboT. BeixiionHbie TpyObl OT JBHUrareieii BHYTPEHHETO
CrOpaHMs MAIIUH U MEXaHU3MOB JIOJKHBI OBITH 000PYA0BaHBI HICKPOTACUTEISIMHU.

[Tocne npuObITUS MOKAPHOM YACTU PYKOBOJAMTEINb TYIICHUS MOXKapa JeaaeT
BBIOOpD CIMOCOOOB U TPHUEMOB TMPEKPAIEHUSI TOPEHUs, KOTOpPOE 3aBUCUT OT
00OCTAaHOBKM Ha TOXape, a TaKkKe OT HaJIMYMS TEXHUYECKHX CPEJCTB MOJauu
OTHETYIIAIUX BEIECTB.

OCHOBHBIM CpPEJCTBOM TYLIEHUS TOXKAapOB HEPTEHPOIYKTOB SBISIOTCS
BO3JIYLIIHO-MEXaHWYeCKUe MeHbl. OTHETYIIANUe MOPOUIKOBBIE COCTaBbl MPUMEHSIOT
JUTSI TYIIEHUS HEOOJBIINX MPOJIMBOB, JOKATHHBIX 0YaroB TOPEHHs Ha 3aJBUKKAX U
(bIaHIEBBIX COEAUHEHUSIX, a TaKkke B KOMOMHAIMKM C TIEHHBIMH CpelcTBamMu (C
MPUMEHEHUEM MOPOIIKOBBIX OTHETYIIMTENIEH Ha OT/IETbHBIX ouarax ropeHus) [28].

B3pbIBOONIACHOCTB.

JIns mOpoBENEHHST 3aMEpPOB  COCTOSIHHMS BO3AYIIHOW CpPEIbl  JTOJKHBI
UCIIONBb30BaThCs razoananmsatopsl AHT-2M npenHazHadyeHHbIE I ONPEACIICHUS
npenensHo gonycTuMbix kKoHnentparui (ITJ1K) BemecTB B Bo3ayxe pabodei 30HbI (B
BECOBBIX (MI/M’) WK 00BbEMHBIX BenuuuHax (% 00.)).

KoHTpone BO3myHmIHON cpeabl MPOBOAUTCA 10 M IIOCJIE BBIINOJHEHUS BCEX
MOATOTOBUTEIIbHBIX MEPOIPUATUI, IPETYCMOTPEHHBIX HAPSAIOM-IOITYCKOM.

[Ipu BBIOOpE TOYEK KOHTPOJISI HEOOXOIMMO YUHMTHIBATH MECTO U XapakTep
pOBeNEeHUsT padoT, a TaKKE METCOPOJIOTHUECKUE YCIOBUS (TeMIeparypy BO3IyXa,
HaIlpaBJICHHE U CKOPOCTh BETpa).

Pe3ynbTaThl 3aMepoB 3aHOCATCS B HapsA-IONYCK M KypHAJI KOHTPOJIS.
Pesynbrarhl aHanusa ra3oBO3AYIIHONW Cpebl COOOMIAIOTCS OTBETCTBEHHBIM JIULIAM U

3aHOCATCA B «OKypHall KOHTPOJISI COCTOSTHUS BO3YIIIHOU CPEIbI».
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6.2 Jxosornyeckasi 0e30MaACHOCTH

6.2.1 AHanu3 BO3MOKHOIO BJHMSHUA O0ObEKTa HMCCJIEJ0OBAHUS Ha
OKPYKAIOULYI0 Cpeay

[Ipy BO3HMKHOBEHHMH ABAPUHWHOW CHUTyallMHd W JIOKAJIW3ALUW U JIUKBUIALUA
aBapuifHOTO pasynBa HeTU HA HAMIOPHOM HE(TENPOBOAA MPOUCXOJUT HETATUBHOE
BO3JICCTBHE HA MOYBEHHO-PACTUTENbHBIA MOKPOB U penbed mecTHocTH [28]. Tun
BO3JICHCTBUSI — MEXaHUYecKoe pazpyiieHue. VcTouHuKaMu BO3JEHCTBUSA SIBISIOTCS:
pa3pblB MOBEPXHOCTU 3E€MJIM; 3€MIISTHbIE pabOThl TpH pa3paboTKe KOTJIOBAHOB;
CO37laHME BPEMEHHBIX OTBAJIOB I'PYHTA, MPHU pa3pad0TKe KOTJIOBaHA; MEPEABIKCHHE
TEXHUKU; 3arpsi3HEHUE OTXOAaMH MPOU3BO/ICTBA.

C paspyiieHueM MOYBEHHOIO MOKPOBa, a BMECTE€ C 3TUM M JaHamadra,
HapylIaeTcsli KPYroBOPOT BEIIECTB M DJHEPrUM, H3MEHSIETCS Ta30BbId COCTaB
atMoc(epbl, YXYAIIAlOTCS CaHUTapHO-TUTMEHUYeckue ycioBus. I[loatomy mipu
pa3pylI€HUH TOYBEHHOrO0 IOKpOBAa MPUPOJAHOM Cpele W 4YEIOBEKY HAHOCUTCS
AKOJIOTHYECKUH yIIepO, mpuueM B OOJIbIIICH CTETNICHH, YeM dIKOHOMUYecKui [28].

6.2.2 AHaqiu3 BJIMSIHMSI MIPOIECCA MCCIIEAOBAHUA HA OKPY:KAIONIYIO Cpeay

OO6cnyxuBaHre HAMOPHOTO HEPTEMPOBOJa HA MPU3EMHBIA CIION aTMoc(epbl
OyZeT CBSI3aHO C HEOPraHW30BAHHBIMU W  OPraHU30BAHHBIMU  BBHIOpOCAMU
3arpsi3HAomMX BemecTs (3B) B atmocdepy. BbrIOpochl ABISIIOTCS HEU30€KHBIMU
[28]. UcTtouHnmkamMu BBIOPOCOB 3arpsi3HSIIONIMX BEIIECTB B aTMOCGEPHBINH BO3IyX
SIBJISIIOTCSL:

— aBTOTPAHCIIOPT TMPHU TEPEBO3KE CTPOUTEIBHBIX MaTepuajoB, paboOUMX,
MUTaHUS;

— MaIlIMHbI 1 MEXaHU3MBI;

— paboThI IpU PE3KE TPYOHI;

— CBapOYHbIE PadOTHI;

— U3OJISAIIUOHHBIE PAOOTHI.

[Ipu mpoBeneHHM PEMOHTHBIX TIUIAHOBBIX WM HEIUIAHOBBIX paboT Ha
HanopHoM HedTemnpoBoje: 1) [lpu BBIMOIHEHUH CBapOYHBIX PAOOT MpPU 3aMEHE

KaTyIIKH B aTMoc(hepy BBIIEISIETCS CBApOYHBIA a’p030Jib, B COCTaB KOTOPOTO
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BXOJIAT: jKelie3a OKCUJ, MapTraHell U €ro COeIMHEHNUs, MbUIb Heopranuyeckas. 2) [lpu
OCYIIECTBIICHUN M3O0JIALUOHHBIX palbOT BBIACIAIOTCA: OEH30J, TONYOJ, KCHJIOJ,
sTuiOeH3od, yriaeBojopoabl. 3) Ilpu peske TpyObl BbIAENAETCA jKelie3a OKCHUI,
Maprasell v ero COeAMHeHMs], JMOKCHU]T a30Ta, OKCUJI yTIepoa.

6.2.3 O00ocHOBaHME MEPONIPUSATHI 1O 3aIUTE OKPYKAOLIEH CPeabl

JUist  CHUWKEHUsS BO3JIEWCTBHMSI Ha TOBEPXHOCTh 3€MJM  HEOOXOIUMO
BBINIOJIHUTH CIEAYIOIIME MEPOIPUATHUS: PEKYJIbTUBALMS HAPYLIEHHBIX 3€MEIlb; s
UCKIIIOYEHUs pa3iiuBa roproue-cMa3zouHbix MarepuanioB (['CM) 3ampaBka TEXHHUKHU
JOJI’KHA OCYUIECTBISTHCS TOJBKO Ha BPEMEHHOM IUIONIA/IKE C TBEPJBIM MOKPBITUEM;
JUISI UCKJTFOUEHUS 3arps3HEHUs] TEPPUTOPUU OTXOJAaMHU MPOU3BOACTBA JOJIKHO OBITH
pEeIyCMOTPEHa CBOEBpPEMEHHasi yOOpKa Mycopa; 3amlpelieHrue HCIOIb30BaHUS
HEUCITPaBHBIX MOKAPOOIMACHBIX TPAHCHOPTHBIX U CTPOUTEIBHO-MOHTAXHBIX CPEJICTB
u T.4.; [Ipy BBINOJHEHWH BBIICYKA3aHHBIX MEPONPUATHI BO3JCHCTBHE HA
3eMeJIbHBIE YTO/bsl U PACTUTEILHOCTh OYJI€T MUHUMAJIbHBIM.

6.3 be3onacHOCTb B Ype3BHIYAHMHBIX CUTYALMSIX

6.3.1 Ananu3 BepossiTHbIX UC, KOTOpBIE MOXKET MHUIMHUPOBATH 00BEKT
HCCIe0BAHMI

[Ipu oOcayKMBaHUHM HAIOPHOTO HEPTENPOBOJA MOTYT POU30UTH Pa3IUUHbIE
Ype3BbIYANHBIC CUTYaIlMU: BPHIB WM BO3rOpaHue MapoB HETHU U HEPTEHPOIYKTOB,
paspylleHre HeTenpoBoa, BbUIET TepMETU3aTOPOB.

6.3.2 Anaim3 BeposiTHbIX YC, KOTOpBIE MOTYT BOBHUKHYTh Ha padodyeM
MecTe NMPHU MPOBeJIeHUM UCCJIeI0BaHu

[Ipu npoBeneHuu pabOT Ha HAMOPHOM HEPTENPOBOAE MOMKET MPOU3OUTH
Yype3BbIUaifHAsl CUTYyallus B BUJE MaJCHUs B KOTJIOBAH TEXHUKH.

6.3.3 OoOocHoBanue wmeponpusituii mno mnpegorspamesuro YC wu
pa3paboTka aeiicTBHs B c1y4yae BO3HMKHOBeHus1 UYC

NHxeHepHO-TeXHUUECKUN MepcoHan U padbouue, 3aHAThie B OOCITYyXHUBaHUE
HAlOPHBIX HE(MTENpPOBOIOB, MNPOXOJAT OOyUYEHHE IO CBOEH CHEHHAIbHOCTU M
IpaBUIaM TEXHUKHU 0€30IMacCHOCTH. IIpoBepky 3HAHUU oopMIISTIOT

COOTBCTCTBYIOIIMMHU JOKYMCHTAMHU COIJIAaCHO IIGﬁCTBYIOHII/IM OTpacCJICBBIM
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MOJIOKEHUSIM O MOPSAKE MPOBEPKHU 3HAHUIM HOPM, MHCTPYKILIMIA U MPaBUJI, [0 OXpaHe
TpyZa. BHOBp mocTymarommue Ha padOTy [ONYCKAKTCS K BBIINOJHEHUIO CBOUX
00s13aHHOCTEM TOCIEe NPOXOXKIECHUS HMU BBOJHOTO HMHCTPYKTaXXa IO TEXHUKE
0€30MacHOCTH U OXpaHe TpyJa HEMOCPEACTBEHHO Ha pabdo4yeM MecCTe.

IIpu npou3BOJCTBE PEMOHTHBIX PabOT Ha HAOPHBIX HEPTENPOBOJAX HYKHO
CTpOro  coOmroAaTb  OpaBWiIa  TEXHUKUM  O€30MacHOCTH,  PYKOBOJCTBYACH
HOPMAaTHBHBIMU JOKYMEHTAMH. Bce IIPOU3BOJICTBEHHBIE UHCTPYKLUU
IpeIyCMaTpPUBAIOT pa3feibl MO0 TEXHUKE Oe30MacHOCTH, KOTOpPHIE COCTaBJICHBI B
COOTBETCTBUHM C TPEOOBAaHUSAMHU ACHCTBYIOIIUX MPaBWI ISl KaXIOTO KOHKPETHOTO
YCIOBUSI C YYETOM CHEHU(PUKUA HPOBOAUMBIX padoT. C NaHHBIMM HHCTPYKLUHUSIMHU
3HAKOMST TEXHUYECKUU M pabodyuxX MepcoHal, C BblAA4eil HAa PyKM MHCTPYKLUHNA IO
npodeccusim.

Ja npenynpexaenus nosisaeHuss UC oraeBble paboThl Ha TpyOOmpoBoje
CleAyeT MPOU3BOJIUTh B COOTBETCTBUU ¢ TpeOoBaHusmu 1.8 P 39-00147105-015-
98.

JIns KaXJa0oro M3 Y4YacTKOB Tpacchl HeoOxoauma pa3paboTka IUIaHOB
JUKBUJIALIMM BO3MOXXHBIX aBapuil, ONPEACISIIONIME TOPAJOK H  00S3aHHOCTH
JeMCTBYSI MEpCOHAa aBapUMHBIX CIY’KO M OTBETCTBEHHBIX JOJKHOCTHBIX JIUL. DTH
IUTaHbI MO3BOJISIIOT 00JIee OPraHM30BaHHO U ONEPATUBHO MPUHATH YKCTPEHHBIE MEPHI
10 BOCCTaHOBJICHUIO TPyOOIPOBOJA, 3alIUTE OKpYKaoIeHd Ccpeapl, 00ecCreYeHnIo
Oe3omacHOCTH OJM3KO PACIIONOKEHHBIX OOBEKTOB HAPOJHOTO XO3siCTBA M TEM
CaMbIM 3HAUUTEIbHO YMEHBIIUTH IMOCIEICTBHS W COKPAaTUTh yHIEPO BO3MOXKHBIX
aBapui.

[Inanpl  NWKBUIAUMKM  BO3MOXHBIX  aBapuil  pa3pabaTblBalOTCS U
paccMaTpUBAIOTCS CHEUATBHOW KOMHUCCUEH, BKIFOYAIONIYIO CTapIlero JHUCIETYepa,
Ha4YaJIbHUKA OTJENIa JKCIUIyaTalluH, TJABHOIO JHEPreTHKA, I[JIaBHOTO MEXAaHHKa,
WHKEHEpAa MO TEXHHKE O€30MaCHOCTH, HAaYaJIbHMKA IOXApHOW 4YacTH, HayalbHUKA
aBapHUITHO-BOCCTAHOBUTENBHON CIy»KObI, MOAMMCHIBAIOTCA UYJIE€HAMH KOMHUCCUU H
YTBEPKIAIOTCSI TJIABHBIM MHKEHEPOM.

[1naHpl TMKBUAALIMY BO3MOXKHBIX aBapHil TOJKHBI pa3pabaTbiBaThCA B
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COOTBETCTBHM C HaJWYUeM KaJApoB M (HAKTUYECKUM COCTOSTHUEM aBapUHHOMN
TEXHUKHU, JUHEWHOW dYacTu TpyOompoBoAa, NOABE3IHbIX TmyTed. B  ciyuae
U3MEHEHHS] (HaKTHUYECKOTO COCTOSHUSA TOIBE3THBIX IyTeH, aBapUHOM TEXHUKH,
HaJgu4usl KaJpoB M T.J. B IJIJaH B TEYEHUE Mecsla JOJDKHBI OBITh BHECEHBI
COOTBETCTBYIOLIME JIONIOJTHEHUSI U U3MEHCHMUSL.

[1naHbl TUKBUIALIMK BO3MOKHBIX aBapUid JOJIKHBI HAXOAUTHCA y AUCIIETYEpa
yOpaBJ€HUs, T[JABHOTO WHXKEHEpa  YIPaBJICHHS, HadyaJlbHUKA  aBAPUIHO-
BOCCTAHOBUTEIBHOM CITYKOBI.

K nnany, Haxopsmemycs y aucnerdepa, NpuiiaraeTcsi ONepaTuBHbBINA KypHaI
aBapuid. [lman NMMKBHIAIIMKM BO3MOXKHBIX aBapvil HEOOXOIMMO THIATEIBHO H3YUYUTh
BCEM HWH)KEHEPHO-TEXHUYECKUMU paOOTHUKAM M wieHam Opuraabl aBapUlHOM
CITY>KOBI.

6.4 IlpaBoBble M  OpraHu3alMOHHbIE BONPOCHI  oO0ecrevYeHus:
0e30macHOCTH

6.4.1 CneunajbHble (XapakTepHbIe JJI MPOEKTHPYEMOl pado4eil 30HbI)
MPaBOBbie HOPMBbI TPYAOBOI0 3aKOHOAATEILCTBA

OKCIulyaTaudss M PEMOHT  OCHOBHBIX  COOPYKE€HHMHM, YCTPOWCTB U
000pyI0BaHUsI HAIOPHBIX HE(TETPOBOIOB JOKHBI TPOU3BOJAUTHCS B COOTBETCTBUU
C JEUCTBYIOIIMMU HOPMATUBHBIMHU JOKYMEHTAMH.

3anopHasi apMmaTypa JOJDKHA ObITh CHaOXeHa OTPaKIEHHBIMU ILIOIIAAKAMU
00CITyKUBaHUS, HAJIIUCSIMU B BUJIE HOMEPOB B COOTBETCTBUHM C TE€XHOJOTHYECKOU
CXEMOMH, a TaK)K€ yKa3aTeJIIMU HaIlpaBJICHUs BPAIlCHUSI HA 3aKPbITUE U MOJIOKEHUI

«3aKpBITO» U «OTKPBHITO». Bce moi3eMHbIe KOHTAKTHBIE COEAUHEHUSI YCTAaHOBKHU
ANEKTPOXUMHUYECKON 3aLUThI JOJKHBI UMETh HAJIEKHYIO U IOJITOBEYHYIO M30JIALUIO.
3anpeniaeTcsi BBHIMOJIHEHUE Pa0OT HA TOKOBEAYIIMX YaCTSAX, HAXOISIIUXCS

MOJ] HaNpsHKEHWEM, HE3aBUCUMO OT €ro BeluuuHbl. KaroiHble CcTaHUMM |
JIPEHAXHBIE YCTAHOBKHU JOJKHBI UMETh OTpakJACHUS, MPeaypeauTeIbHbIE HAAMNUCH,
IJIaKaThl, MOPSAJIKOBBIE HOMEPA M 3aKphIBAaThCs Ha 3aMOK. [lepesl BBIXOJ0M Ha Tpaccy
JUHEUHBIA 00XOTYUK JIOJHKEH TPOBEPUTH UCIIPABHOCTH CPEJICTB CBSI3U, B3SATh C CO00I

YKOMIUICKTOBAHHYIO MCIUMIMWHCKYIO alITCYKY, 3aIlaC IIPOAYKTOB IIMTAHMA Ha OOHHU
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CYTKH, TEPMOC C TOpSIUUM 4aeM. JInHeWHbI 00XOAUUK TOJKEH OACTh CIEOCKIY U
cnero0yBb B COOTBETCTBUHU C MOTOJHBIMU U MECTHBIMU yCIIOBUSMH.

[Ipu HapymIeHUH ETOCTHOCTH M TePMETHYHOCTH TPYyOOIPOBOIA U 3alIOPHOU
apMaTyphbl, BbIX0/la HEPTENPOIAyKTa Ha MOBEPXHOCTh 3€MIIM, CIEAYET: MPEKPATUTh
00X0/1 Tpacchl, BBINTH Ha MYHKT CBA3M WM cooOmmTh no pauuu Ha JIIJC 00
aBapuu, BEpPHYThCS HA MECTO BbIXOJa HePTENpPOAYKTa, BHICTABUTH 3HAKH
0€30MacHOCTH U OXPaHATh YYACTOK JI0 MPUOBITHS aBapUitHOM OpHUrajbl.

JlukBumanusa aBapuid OCYHIECTBIISIETCSI B COOTBETCTBHUM C UHCTPYKIMEU IO
JYKBUAAIMU aBapuid v moBpexaenuit PJ1 153-112-014-97 u neiticteyronumu HT/I mo
OpraHu3allid W  MPOU3ZBOJACTBY  aBApUHHO-BOCCTAHOBHUTENIBHBIX  pabOT  Ha
He(TEPOIYKTOMPOBOIAX.

[lepen HauamoMm 3eMISTHBIX pabOT Ha HE(PTENPOIYKTONPOBOJAE HEOOXOIUMO
YTOYHUTH TIIYOHHY €r0 3aJ0KEHUS.

Bo wus3bexanme moBpexaeHHs TpyOONpOBOJa KOBIIOM 3JKCKaBaTopa, HE
MPUCTIOCOOJICHHBIM [IJISl TIOJTHOTO BCKPBITHS, HEOOXOUMO pa3pabarbiBaTh TPYHT Ha
pacctostauu 0,15-0,20 M 10 BepxHeil 1 OOKOBBIX 00pa3yroMIMX TPYOBI.

Ecnu npu BekpbeiTUM HEPTETPOAYKTONMPOBOAA WM B MPOIECCE PEMOHTHBIX
paboT mosiBuiack (oOHapyxeHa) Tedb HeTENpOayKTa, HEOOXOIUMO IPEKPATUTH
paboThl, 3arJylIUTh JABUTATENIN dKCKaBaTopa U pabOTaroMIMX BOIM3M MECTa BHIXOJa
He(TENPOIyKTa MEXaHW3MOB, IMEPCOHATY YWTH HM3 OMACHOW 30HBI, JIOJOXKHUTH O
CIIyYMBIIEMCSI PYKOBOJUTENO paboT, AUCIETYEpY, BBI3BaTh aBApUHYIO OpuTrany,
IIPUBECTU B TOTOBHOCTH CPEJICTBA TOKAPOTYyIIeHUsI. MecTo paznuBa He()TEPOayKTa
JOJIKHO OBITh OTPaXKIEHO CUTHANBHBIMU (priaxkkamu U ykazarensimu: «C OrHEM He
npuommkarecs», «He kyputhy», «OnacHo, HePTENpoayKT», a B HOYHOE BpEMS -
0003HauY€HO CUTHALHBIMU (hOHAPSIMHU.

JlomxHBl ~ OBITH  TPUHATBL  CPOYHBIE MEpPhl MO  JIOKAIM3alUU |
NpeAOTBPAIICHUIO pacTeKaHUsl HEQTEMPOAYKTa MYyTEM PhIThs KOTJIOBAHOB, TPAHIIIEH,

COOpYKEHHUS 0OBAJIOBAaHUH U TIJIOTHH.
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PemoHT ciieyeT npoBOANTH B CBETIIOE BpeMs CyTOK. Ha Bpems mIMTeNbHBIX
OCTaHOBOK M B KOHIIE CMEHBI PEMOHTHUPYEMBIH Y4acTOK He(TEempoAyKTOMpPOBOAA
JOJKEH OMUPATHCS HA JIEHKKH.

6.4.2 OpranuzanuoHHbIEe MEPONIPUATHS IPH KOMIIOHOBKE padoueii 30HbI

Ocoboe BHHMMaHHME YyJIeseTcss 0OecnedyeHHIo Oe30MacHOCTH MepcoHana |
HaceneHus B ciydae BO3HHMKHOBeHHMs UYC. IlepcoHan, KOTOpPBIM HE TNPHUHUMAET
ydacTU€ B JIMKBUAALMU pa3ivBa HEPTH, MPOU3OLIEALIETO B 30HE UYpe3BbIYalHOIM
CUTyalluM, CBA3aHHOM C HE(PThIO, [OJDKEH ObITh He3aMEeJIUTENIbHO YJaJleH
(oBakyupoBaH) B Oe3omacHble MecTa. PaOOThl 1O JUKBHIAIMU YPE3BBIYAMHBIX
CUTyallMii, CBSI3aHHBIX C aBapUHBIMM pa3nuBaMu HedTH, JOHKHBI BCeraa
IPOBOJUTECA B CcOOTBETCTBUU ¢ mpoueaypamu «Tomcknedpts» BHK mo texHuke
0e30IacHOCTH, OXPaHe TPyJa U JUKBUIALUH MOCIEICTBUN UpE3BbIYAHBIX CUTYAIIUH.
TemM He MeHee, B YCIOBHAX YPE3BBIYANHOW CUTyallud MOTYT BO3HHKHYThb HOBBIE
ONAaCHOCTH, TakKWe, KaK TOKCHUYHBIE Mapbl, BBIACIAIOMIMECS  Pa3IUTBIMU
He(TENPOyKTaMH, CKOJB3KHME TOBEPXHOCTH, 3arpsi3HEHHbIe HEPTHI0, (DaKTOpHI,
CBSI3aHHBIE C YCTAJIOCTBIO W Ap. B CBS3M C 3THM, WIECHBI aBapHTHO-CHACaTEIbHBIX
dbopMupOBaHUN JOJKHBI COONIOJATH JOIMOJHUTENbHBIE MpaBHia O€30MacHOCTH,
COOTBETCTBYIOIIIME  YCIIOBUSIM,  XapakTEpHbIM I  JAHHOM  KOHKPETHOWU
YpEe3BBIYAHOW CUTYyallUH.

[Tepen nawamom pabot o nukBuaanuu APH npoBoautcs aHanus BO3MyIIHON
cpenbl. B cinydae KOHUEHTpalMu MapoB HEPTH B BO3AYXE CBBILIE MPEAEIbHO
nonyctumoit konmeHtpanuu (I1JIK) pabora B 3TOil 30HEe 0€3 CpENCTB 3allUTHI
OpraHoOB JIbIXaHUs HE JIOMYCKAETCs. YUaCTHUKU pabOT TOJIKHBI OBITh 03HAKOMIIEHBI C
OCOOEHHOCTSIMU MECTHOCTH, PACIIOJIOXKEHUEM TEXHUYECKHX CPEJICTB, CPEJICTBAMMU
CBSI3W, IPOTUBOIIOKAPHOTO WMHBEHTAPSs M IIOCTOB MEAMLMHCKOM nomomu. Bce
YYaCTHUKU paboT 00ecneynBaroTCs CHEIOAEKI0M, COOTBETCTBYIOIIECH CE30HY U
KOHKPETHBIM BHJaM pPabOT, W HEOOXOJUMBIMU CpEACTBAMU HHAUBHUAYaJIbHOM

3aIIUTHL.
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3aKio4yeHue

B  nmannHo#ti  pabGore ObUIM  pPACCMOTPEHBI  METOABl  OOECICUECHHMS
AKCIUTyaTallMOHHOM HAJEKHOCTU. PaccunTan Ha MPOYHOCTh U YCTOMYMBOCTH OJUH U3
HanopHbIX HedTenpoBogoB «TomckaedTsr» BHK, xoTopsiii 6bu1 moctpoer B 1985
rogy. OHM moOKazanu, 4YTO HEPTENpOBOJ HE YJIOBIETBOPSIET COBPEMEHHBIM
HOPMATHBHBIM JJOKYMEHTaM.

Taxxke OblJa MOCTPOCHA MOJENb HAJEKHOCTH OJHOTO W3 HAMOPHBIX
HerenpoBosoB «TomckuedTh» BHK ¢ mnpornosupoBanune ero panpHeimien
HaJIe)KHOCTH. Kak WTOr SKCIUTyaTalMoOHHAs HAJEKHOCTh OSTOr0  HAIOPHOIO
HedTenpoBoia okazanach HU3KOW. CremnoBaTenbHO, Ui YBEIMYEHMs TOKa3aTelen
HAJIEKHOCTH, HEOOXOJMMO COCTaBUTh MPOTPaMMy HAIEKHOCTH JJis HAMOPHBIX
He(TEMPOBOJIOB U CJIEI0OBATh BHIOPAHHOMY TUIaHY JEHCTBUM.

[Ipu BBIOOpE TpOrpamMmbl HAJSKHOCTH HEOOXOAMMO YUYUTHIBATH €€
3 PEeKTUBHOCTh, a TaKXKe 3aTpaThl Ha pealu3alyi0 MpPOrpaMMbl, T.€. HYXKHO
MOJICYNTATh W CPaBHUTH 3aTpaThl M J(PGEKTHBHOCTH TOBBIMICHUS HAICKHOCTH
pPa3IMYHBIMU METOJIAMU U BIOUpATh HanboJiee MepcreKTUBHBIMN.

CocrapiieHUE TakuxX IMpOrpaMM HaJACKHOCTH JJisl HAOPHBIX HEPTEIPOBOIOB
IIO3BOJIMT  3HAYUTEJIBHO  TOBBICUTH  JKCIUIYaTAalMOHHYK)  HAJEKHOCTb  C
MHUHUMAJIbHBIMU 3aTPaTaMH.

Kpome storo tpelyercs cTporoe BBINOJHEHHE HOPMATHUBHO-TEXHUYECKOU
JOKYMEHTAIMHU SKCIUTyaTalluu HeTenpoBoa, a TAK)Ke CBOEBPEMEHHOE BBITIOJTHECHHE

HeﬁCTBHﬁ HaMCUYCHHBIX COCTAaBJICHHBIMU ITPOTpaMMaMHi HAACKHOCTH.

UccnedosaHue memodos nosbileHus SKCI'IﬂyamauUOHHOCI
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Literature review

The operational reliability of pipelines is the ability to perform specified
functions for the required period of time while maintaining all the operational
specifications within the set limits. This ability, in turn, is disclosed through a system
of objective criteria for the technical condition of the pipeline, which determine its
normative performance in the mode of active influence of operational factors. Thus,
the level of operational reliability is determined by the technical state of the pipeline
[9].

Basic concepts of reliability (reliability, durability,  Storability,
maintainability, etc.), the parameters that characterize the reliability (failure rate,
mean operating time between failures, etc.) are presented in GOST 27.002-89
Engineering reliability. Basic concepts. Terms and definitions [12].

Yasin E.M. "Reliability of Trunk Pipelines" [12] for the first time described
the scientific basis for ensuring the pipeline reliability. The conclusions and
recommendations presented in the paper are based on the analysis of a large statistical
material on the reliability of existing pipelines. The book gives an analysis of the
reliability of oil pipelines, as well as the main factors that damage pipeline system
and pipeline valves. The statistical data on reliability of the main technological
objects and structures are presented. The methods of assessing the level of reliability
of oil pipelines are considered with consideration for the methods of maintenance.
The integrated methods to increase pipeline reliability are given, for example, bypass
through rivers and swamps, aggregates to a station, switching between parallel
pipelines. The features of oil pipeline maintenance procedure being the ways to
ensure the required level of reliability are considered. The authors formulated for the
first time the definition of "reliability of oil pipeline": "... Reliability of the main oil
pipeline is the property of this technical system to ensure transportation of oil or oil
products in the specified operating conditions and in the given period and established
volume and quality." At the same time, the specified operating conditions include the
implementation of technical restrictions on environmental protection, maintenance

regulations, and application of safe operating modes, etc.
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In work "Reliability of oil pipelines" by Chernyaev, V. D. diagnostics of
pipeline state is considered in terms of equipment and operational reliability of
pipeline. Attention is paid to the issues on reliability in intensive operation modes, the
reconstruction and modernization of equipment. Technical and economic indicators
of oil pipeline reliability increase are presented [10].

The training manual by S.V. Deineko outlines the fundamentals of the
reliability theory of oil and gas pipeline systems and their practical application for
solving scientific and engineering problems. The analysis and classification of oil
pipeline failures, as well as the processing of statistical data on failures, are given.
Methods of ensuring reliability at the design stage and evaluating the reliability of oil
in-service pipelines are considered. The theory, criteria and indices of reliability of
non-recoverable and recoverable systems are considered. The methodology of
research and evaluation of operational reliability of pipeline systems are presented;
the methodology for constructing structural schemes for the reliability of oil pipelines
1s given; method to construct reliability models for oil pipeline facilities is described;
the technique of computer modeling in Excel for solving reliability problems is
proposed; methods for assessing the reliability of constructed reliability models are
specified [4].

The training manual by A. V. Rudchenko examines the issues associated with
increasing the operational reliability of pipeline systems intended for transporting
liquid hydrocarbons; the theoretical basis of reliability of the repaired objects, the
principle of building probabilistic models of pipeline reliability, classification of
failures scenarios, calculation procedures for determining the reliability of the
pipeline systems are outlines. The reasons for the decline of pipeline systems
reliability and possible versions of their elimination are analyzed [6].

The work of the author of the Korshak A. A. "Ensuring the Reliability of
Trunk Pipelines" outlines the main solutions for ensuring reliable operation of main
pipelines at the stages of design and operation. The article provides information on

the current level of reliability of oil pipelines. The methods of diagnostics of pipeline
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systems are considered. The preventive maintenance and repair of the pipeline system
1s considered [11].

The thesis by Gasparyants R. S. [3] analyzes the methods to ensure
operational reliability of pipelines. Methods for ensuring the reliability and security
of o1l pipelines in the design stage are presented. The analysis of design solutions
concerning probabilistic safety is given. The modern methods and means of pipeline
technical diagnostics are analyzed, the basic approaches to improve diagnosis and
assessment of technical condition are illustrated. The method to calculate the pipeline
strength and durability taking into account the actual level of defects is outlined.
Principles of evaluation of the technical condition of the pipeline, which allows
taking timely measures to ensure reliable operation of the pipeline, are given. The
1ssues on assessing technical condition of the pipeline system are discussed [14].

The works of Mazur I.I. "Constructive Reliability and Environmental Safety
of Pipelines" consider the most important issues of pipeline reliability and safety,
including general characteristics and indicators of pipeline structural reliability,
engineering analysis of pipeline reliability, taking into account the requirements to
the environmental safety. In addition , the works also describe th principles for
calculating and evaluating the reliability of pipeline structures, pipeline testing as a
way to increase their reliability and environmental safety, pipeline defects, technical
diagnostics of in-service pipelines, and scientific and methodological aspects of
analyzing the ecological safety of pipelines [13].

Laboratory guide by Dayneko S. V., "computer modeling of gas and oil
pipelines reliability" considers the model to calculate the reliability of technological
elements of oil and gas pipelines. It presents the main stages of building models and
stages of computer modeling for solving problems of reliability assessment. The
article provides a description and examples of using computer modeling techniques to
solve engineering problems of reliability in Excel. Model buiding is based on real
statistical data [15].

A.V. Rudachenko "Laboratory workshop on reliability of gas and oil

pipelines" outlines the main concepts and definitions for reliability of gas and oil
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pipelines equipment, consideres the most commonly used models of reliability of
both individual objects and gas-oil pipeline systems in general. The material on the
practical application of computer simulation methods for solving problems of
reliability of gas and oil pipelines in the environment is given in Excel. The
construction of object models is carried out on the real statistical data [16].

The thesis by Nazarov D. V. "Improvement of design standards in terms of
reliability of main pipelines" provides requirements for pipeline operation based on
the criterion of reliability and assessment of defects in pipes for a given probability of
reliability.

The problem of reliability of oil pipelines has appeared since the 1960s. The
reliability of oil pipelines is fully identified with the ability to ensure uninterrupted
and trouble-free operation [16].

In order to consider the basic concepts of reliability, we need to describe the

pipeline presented in table 1 [17].
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Table 1. Basic concepts of oil pipeline reliability

The term, | Definitions

reliability

theory

Good stat | The state of the object, in which it meets all the requirements of normative and

e technical documentation

Faulty The state of the object, in which it does not meet at least one of the requirements of

state normative and technical documentation

Ultimate | The state of the object, in which the values of all parameters characterizing the

state ability to perform specified functions, meet the requirements of normative technical
documentation

Down The state of the object in which the value of at least one parameter characterizing

state the ability to perform specified functions does not meet the requirements of
normative and technical documentation

Limiting | The state of the object, in which its further exploitation is unacceptable or

state impractical

Damage The event, consisting in the violation of soundness of the object while maintaining a
healthy state

Failure The event, consisting in the violation of the functional state of the object

Operating | Duration or amount of work of the object

time

Operating | The operating time from the beginning of operation to the occurrence of the first

time to failure

failure

Lifetime | The calendar operating time before the transition to the limit state

Accident | The event, consisting in the transition of a system from one level of performance

functions on the other, the lower

Based on these concepts of reliability theory, we illustrate the state of the

pipeline in the course of time. The result is presented in figure 1.
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Figure 1. Changes in pipeline state in time

Figure 1 shows that damage to the pipeline does not always mean its failure.
Let us consider the types of pipeline failures. The failures are divided into complete
ones, which lead to loss of operability, and partial, in which the use of a unit with
restriction is possible [4]. For the pipeline system, a complete failure can be the
destruction of the oil pipeline, while partial failures may be a reduction in the cross
section of the pipeline due to paraffin deposits. For partial failures, it is possible to
use an oil pipeline with pressure or flow restrictions.

In addition, failures can be divided into the following groups: time of onset —
gradual or sudden failure, in conjunction with other failure — independent or
dependent, in addition to the causes — structural, production or performance, and
consequences — critical or not critical (significant or not significant). Figure 2

illustrates the structural group of failures and their definitions.
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In order to determine the state of the pipeline, a technical diagnosis is carried
out, which uses methods that determine the state of the facility, and develops a
strategy for preventing and responding to emergencies.

The level of reliability of the pipeline during operation depends not only on
the measures used to improve reliability at a given time, but also on the design and
construction of the pipeline. Accordingly, the objectives and reliability requirements
are implemented throughout the life cycle of the pipeline. Let us consider the
challenges facing the people to ensure concerning the required level of reliability at
different stages of life of the pipeline.

Project stage. At this stage, initial reliability indicators of oil pipelines are set
taking into account technological features and design schemes of individual elements
and pipeline sections [4]. Also, the materials are taken into account, the ways are
provided to increase the reliability and durability of oil pipelines in typical
environmental conditions. At the design stage, standards are developed.

Construction phase. At this stage, the tasks associated with the development
of methods for technological control of construction and installation works and
methods for conducting pre-start tests of the linear part with increased pressure for
finding production defects are solved.

Operation phase. At this stage, there are problems related to the development
of methods for determining the technical condition of oil pipelines and maintaining
the reliability properties formulated in stage of projecting, with the development of
methods for ensuring reliability.

The operational phase includes the collection and processing of statistical data
on the reliability of individual elements of pipeline systems, as well as failures and
damage, construction of reliability models for pipeline systems, the identification of
failure laws and recovery times, the development of reliability methods, methods for
calculating system reliability indicators, developing basic criteria and forecasting [4].

Let us consider in detail the operational phase of the pipelines.

The initial stage of the operation pipeline according to the criterion of

reliability is the research stage, containing functions for analysis and forecasting.
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As a result of the reliability analysis, the reasons for success and failures in
managing the pipelines in the past and present, the patterns and factors of future
development, taking into account technical, technological and financial capabilities
are obtained.

The reliability prediction, which is based on the analysis, is the final element
of the research stage. The results of the forecast include the statement of objectives
and the likely time frames for their achievement (the prediction of the search),
probabilistic evaluation of the technical, technological and financial resources needed
to achieve using various ways or paths (the normative prediction) [19].

The search forecast determines the probability of achieving goals or status of
the object, i.e. it predicts the future, starting from the existing level of test object
prediction.

The content search predicts reliability pipeline in terms of the residual life of
pipeline sections or the entire pipeline, starting from the existing level and modes of
the object prediction.

The regulatory forecast begins with the formation of the main goal, usually
determined at the stage of the search forecast. Then, this goal consistently outlines the
steps of implementation. At the same time, all organizational, technical, technological
and financial resources and activities which are required to provide various ways to
achieve the main goal are also considered. In accordance with this, the regulatory
forecast reflects the necessary needs (resources, measures, etc.) and has an orientation
from the future to the present [19].

The content standard projection of the reliability of pipelines is to determine
ways and means necessary to ensure reliability, safety commission modes in order to
achieve the designated target. Graphical interpretation of the search (1) regulatory

and (2) the prediction is shown in figure 3.
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Figure 3 - Graphical interpretation of the search (1)
and normative (2) prediction,
where to.: — residual resource, t, — assigned resource.

Note that the gap between to.r and t, is due to the following circumstances:

1) the residual resource is estimated roughly because the resource is generally
a random value;

2) for oil pipelines in which the achievement of the ultimate state can be
accompanied by especially severe consequences (irreparable material damage, threat
of violation of ecological balance, etc.), as well as inadequate means and methods for
monitoring the technical condition of oil pipelines and predicting their residual
resource determine the longevity index — assigned resource. The assigned resource is
in fact a certain fraction of the remaining resource.

It is clear that on the basis of scientifically-based complex prediction,
including the search and regulatory stages, it is possible to match capabilities and
needs. In case of discrepancies of needs and the purposes to be achieved, the
necessary predictive element of research is the study of preventive and protective
measures representing organizational, technical, technological and financial
programs.

The choice of the forecasting method is significantly influenced by the period
for which the forecast is developed. This time interval, called the prediction forecast
period, should be linked to the designated resource, which will, in the future, unite
environmental and technical solutions. Depending on the period of anticipation,
forecasts can be subdivided into monthly (up to 1 month), annual (up to 1 year),

medium-term (up to 3 years), long-term (more than 3 years) [19].
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Forecasts precede the decision-making phase, which includes program
development and planning. The program contains a system of goals, rational ways to
achieve them and the resources required. At the same time, the quantitative
characteristics and the timing of the goal fulfillment are, as a rule, are predictive. The
scheduled tasks, specific deadlines and executors, as well as limited resources are
developed on a sub-stage of planning, which is at the end of the decision-making
stage. The plan does not contain any probabilistic estimates. The next step in the
process of managing the operation of the oil pipeline is the implementation, which
contains the functions of general management and operational control.

The implementation of the functions of the general management consists
mainly in coordination of works on implementation of the plan. Operational
management involves the following actions: counting; control; determination of the
impact of current deviations identified during accounting and control in terms of
deadlines, costs and efficiency; development of set of measures on elimination of
deviations.

The concept of pipeline operation management for the assigned resource is
based on the following provisions:

- implementation of a comprehensive reliability analysis;

- conducting normative forecasting and determining technical strategies for achieving
the assigned resource;

- program-target planning through evaluation procedures to monitor pipeline
performance and safety;

- coordination of system and local solutions at the level of the control system and the
controlled system on the basis of the inverse connection [19].

Development and reconstruction stage. At this stage, a particularly important
consideration of the reliability with the greatest economic efficiency is carried out.
Phase of development and the reconstruction partially combines the first three stages
of the life cycle of pipelines. At this stage, the following main tasks are addressed:

* determining the necessary level of reliability of pipeline systems;

* ensuring a predetermined reliability of pipeline systems;
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* optimization of the level of reliability of pipeline systems [4].

Economic and mathematical models of pipeline reliability are often used.

Despite the positive examples in ensuring pipeline reliability, pipelines
accidents caused by various reasons still occur. Oil spills during accidents have a
harmful effect on soils, surface and groundwater, on the plant and animal world.
Therefore, oil pipelines are objects of high environmental risk. Each accident draws
attention of the public, state bodies, mass media. The cost to eliminate the
consequences is high and, obviously, will grow in the future. That is why, it is
extremely important to minimize the likelihood of emergencies and their
consequences.

Pipeline damage is caused by two groups of factors. The first group is
associated with a reduction in the bearing capacity of the pipeline, the second - with
the increase in pressures and load.

The reduction in the carrying capacity of the pipeline is due to the presence of
defects in the wall of the pipes and the aging of the metal. Defects of pipes are

usually divided into four groups: metallurgical, technological, construction and
operation. Defects of metallurgical origin occur in metal smelting, sheet rolling and
welding of pipes and pipelines. These defects include nonmetallic inclusions
(sulphides, oxides, nitrides, etc.), fissures, burns, stratification, etc. Technological
defects are formed during the manufacture of sheet material and pipes. These defects
include shells, Sunsets, burns, edge misalignments, dents, cracks in the seam and the
weld zone, defects in welds, deviation of the geometric dimensions of the weld, as
well as burrs, longitudinal risks, grooves on the outer surface, scratches most
characteristic for seamless trusses Ub. During construction and repair, defects of
mechanical damage are formed, and in pipline operation — defects associated with
corrosion (solid corrosion, corrosive ulcers, pitting and intergranular corrosion).
Mechanical damages of the pipe wall are scratches, risks, dents, corrugations, etc. [3].

Factors of the second group appear in the operation of the existing pipeline. In
the course of pipeline operation, there are a number of power factors. These include

internal pressure, stress caused by the temperature of the transported oil and the
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surrounding soil, pressure, soil cover over the pipe, various static and moving loads,
deformation of the earth's surface, seismic forces. These factors creat circumferential
and longitudinal stresses, contribute to the deviations of the pipeline from the design
position.

Any discrepancy between the controlled parameter of the material quality and
products to regulated norms can be considered as a defect. The need to ensure the
reliability and safety of oil pipelines requires the timely elimination of these defects
[3].

Underground steel pipelines are prone to corrosion. Underground pipelines
can corrode under the influence of soil, stray currents and alternating current
electrified transportation. Pipeline corrosion is a difficult problem related to the
pipeline reliability and safety.

The results of the failure analysis indicate that one of the main causes of
damage to underground pipelines is the impact of external forces, resulting in the
formation of surface dents, cracks, cracks in dents, ruptures in welds and along the
body of the pipe. External loads acting on the underground pipelines include any
possible loads caused by various works near the pipeline, heavy traffic, landslides,
earthquakes, explosions, etc. The most common damage is caused by repair or
construction work in the immediate vicinity of the existing pipeline; they are among
the potentially most dangerous ones [3]. More than 5% of accidents from the total
number of accidents take place due to external impacts on domestic pipelines.

The failure analysis of the pipeline indicates that the share of failures caused
by the infringement of pipeline operation and maintenance norms ranges from2 to 7
%. This includes failures caused by the fault of operating personnel in connection
with the violation of terms of maintenance and repairs, improper maintenance and
repair of oil pipelines, etc. The external loads include hydraulic impact. Hydraulic
impact, as a rule, occurs due to the improper pipeline operation, and presents a great
danger to oil pipelines.

The pipeline damage caused by failures due to operational reasons varies

greatly. The large-scale damage is associated with oil pipeline disruptions due to
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incorrect switching of the valves and the increase in pressure (higher than the
indicated value on the technological map), as well as the heavy traffic, which occurs
most often due to the absence of warning signs [3].

The main operating loads and impacts are internal product pressure in the
pipeline and a temperature difference (difference between the temperatures of the
metal pipe during installation and in service). In accordance with the rules of
technical operation, during normal operation of the pipelines the internal pressure
does not change significantly. There are quite effective methods to select materials,
equipment and designs of oil pipelines subjected to internal pressure. The issue
concerning temperature differential is more complicated. The influence of this
parameter on the stress-strain state (SSS) of the pipeline depends on many factors.

The change in the temperature of the transported oil or oil product has a great
influence on the strength of the pipeline. Thus, for example, when the metal
temperature of the pipe decreases by 1 ° C, the tensile longitudinal stresses in the
metal of the pipes increase by 2.5 MPa. When large longitudinal compressive forces
occur in the pipeline, the conditions for the deformation of the pipe material change,
the longitudinal-transverse bends of the pipeline in the ground are altered, and
sometimes the backfilling breaks down and a complete loss of longitudinal stability
of the pipeline occurs, accompanied by a sharp increase in deflections and collapse of
the pipes.

Longitudinal forces change the working conditions of the pipe material,
located in a complex stress state, which contributes to developing new and growing
old cracks, therefore, it is expected that the bearing capacity of the pipeline is
reduced. The research on strength of pipelines in conditions of compressive forces
shows that longitudinal forces affect the bearing capacity of the pipeline in all stages
of destruction: the formation of the fractures, the development of plastic deformation
(when the viscous destruction) and crack propagation (by brittle fracture).

The level and nature of the changes in the stress-strain state basically depend
on reliable and safe operation of pipelines [3]. Excessively high stresses acting on the

pipeline, as well as reducing the bearing capacity of the structure, lead to damage and
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accidents. The parameters of steel pipe fracture toughness depend on the stress state
of pipe metal (presence of defects on the pipe wall). The growth of stress acting on
the pipe walls reduces the resistance of pipe metal fracture. The stress increase leads
to the deformation hardenin of pipe steels. The increase in stresses up to the yield
strength and even more leads to a significant deformation of the metal, particularly in
the area of stress concentration. These areas represent potential areas of cracking that
reduce the pipeline reliability.

The studies carried out by a number of authors show that during the long (20
years or more) operation of oil pipelines, the characteristics of the metal of the pipes
change (in the direction of deterioration). Mechanical tests of pipe samples cut from
the dismantled pipes revealed that during long operation of 17GS, 14HGS, 19G
steels, the plastic properties of steel are significantly reduced [3]. Metal in the process
of long-term operation embrittles, the toughness significantly reduces (for steel 19G,
the parameter decreases by half). As the operating pressure increases, the diameter of
the pipes increases, the service life of the pipeline increases, the metal becomes more
prone to embrittlement. Such fractures can occur even at normal values of
circumferential stresses, which are 30-50% of the yield point, i.e. in the obviously
elastic area of the metal pipeline.

In addition, the change in pipe metal temperature leads to the following
phenomenon. When the temperature changes in the underground pipeline, there is
shear stress at the contact of pipeline with soil. This leads to damage to the insulation
of the pipeline. As a result of breaking the protective coating, the exposed sections of
the pipeline become subjected to corrosion.

The bends, loops, pipeline units are the pipeline sections that are subjected to
the most intensive loads. Bypass, pump stations and heating devices, onshore oil
pipeline units are also intensively stressed. [3]. The analysis of accidents occurring on
oil pipelines shows that in a number of accidents are caused by the insufficient
reliability of tees, receiving and launching pig traps. The cause of damage is most
often a combination of insufficient strength of tee connections and excessive (due to

temperature fluctuations and uneven sediment) stresses in ground units.
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The pipeline network currently covers 35% of the territory of our country, the
population being more than 60 %. The contact of the population with the pipeline
system will be continuously expanded, and, consequently, increases the danger of
anthropogenic impact on people and natural areas.

The development of new oil fields requires the construction of pipeline
systems for oil transportation. These tendencies are objectively accompanied by an
increase in the volume of capital investments in production, as well as an increase in
the possible damage caused by oil pipeline accidents. The main components of these
damages are damage to the health and life of industrial personnel and the public,
property losses, as well as pollution of the natural environment.

The damage from possible accidents is not limited to only these factors.
Economic indicators are also important. Failures of major facilities that lead to shut
downs in oil transportation or a partial decrease in oil extraction negatively affect the
performance of the assigned function - supply of oil to consumers.

The economic efficiency of pipeline transport of oil is achieved through the
increased use of equipment and facilities and reduction in capital and operating costs
[3]. Failures of equipment and structures reduce the extent of their use and increase
the cost of repairs. The result is economic losses.

Analysis of operational reliability indicators of existing pipelines shows that
there is the need for further wider implementation of measures to improve pipeline
reliability. These measures should be based on the progressive and well-examined
methods and techniques. In addition, new methods that would take into account the

latest achievements of science and technology should be also developed.
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