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Pedepar

Breinycknass kBanudukanmonnass padora 108 c¢., 6 puc., 27 Tab6mn., 39
HMCTOYHUKOB, 1 mpuI.

KiroueBbie cioBa: HaOpHBIN HEQTEPOBO/I, IKCIUTyaTallMOHHASI HAJEKHOCTD,
pacyeT, MOJIeNIb HaIS)KHOCTH, MPOrpaMMa HaJIe)KHOCTH, OXpaHa Tpy/a.

OOBEKTOM HCCIIEIOBAHUS SBJISIETCSI HAMOPHBIN HE(DTETPOBOI.

lenp paGoThl — aHaIWM3 METOJOB TOBBIIICHHUS OSKCIUTyaTallMOHHON
HaJIe)KHOCTH HanopHbIX HedTernpoBoaoB «TomckuepThr» BHK.

B mnpomecce wuccrnenoBaHus MPOBOJWIMCH pacueT Ha TMPOYHOCTh U
YCTOMYHUBOCTh, TIOCTPOCHUE MOJIENICH HaJIEKHOCTU. PaccMOTpeHbl BOMPOCHI
pa3paboTku mporpaMM HaAeKHOCTH. [IpuBeAeHB MEepONpUATHS O OXpaHe Tpyda U
0€30MacHOCTU  CTPOMTENILCTBA, OXpaHE  OKPYXKAlolled  Ccpeabl, TEeXHUKO-
SKOHOMHYECKAS YaCTh.

B pesynprare wuccinemoBaHus ObUla IMOCTPOEHA MOJACHbh HAJCKHOCTH U
CIIPOTHO3MPOBaHAa HJKCIUTyaTallUOHHAsI HAJEKHOCTh B OyaymeMm. Ha ocHoBaHum
MOJTYYEHHBIX PE3YJbTATOB OBUIO BBISIBICHO, YTO TPEOYyeTCsl COCTaBICHHE MPOTpaMMm
HAJIC)KHOCTH ISl YBETMYCHUS IKCIUTYyaTallMOHHOW HAJAEKHOCTH.

OcCHOBHEBIE KOHCTPYKTHBHBIE, TEXHOJIOTHYCCKHE u TEXHHUKO-
AKCIUTYaTallUOHHBIC XapaKTEPUCTUKH: OMMCAHbI METOAbl OOECIeueHUs] HaACKHOCTH
He(TenpOBOIOB, MOJIETb HAJEKHOCTH JJIsi HAOPHOTO He(TEempoBoia, BO3MOKHBIC
BapUAHTHI MOBBIIIIEHUS HAJIS)KHOCTH JIJI1 HATIOPHBIX HEPTEIPOBOIOB.

OO6nacTe IpUMEHEHHS: JUIsl  HamopHbIX HedTenpoBogax «ToMckHEPTH»
BHK.

OxoHoMmu4veckass 3h(PEKTUBHOCTH/3HAYUMOCTh PAa0OTHI MO3BOJUT IMOBBICUTH
AKCIUTYaTallUOHHYI0 HAJIe)KHOCTh, YTO B CBOIO OYepeab MPUBEACT K MEHBIIUM
MOTEPSIM TIPU TPAHCTIOPTUPOBKU HEPTEIIPOAYKTA.

B Oyaymem mninaHUpyeTCs COCTaBISATh MPOTPAMMBI  HAJIEKHOCTU IS
HaIMOPHBIX HeTenpoBOIOB «ToMckHEePTHY BHK, YTOOBI ITOBLICUThH

OKCINTYAaTallMOHHYIO HAACKHOCTD.



Omnpenenenusi, 0003Ha4YeHUsI, COKPALLCHHUS, HOPMATHBHBIE CCHIJIKH

B  nanHoii pabGoTe mpuBeNEHbl TEPMUHBI C  COOTBETCTBYIOUIUMU
ONPEICIICHUSIMU

aBapusi: CoObITHE, 3aKIIIOYAIOIIEECs B MEPEX0JIe CUCTEMBI U3 OJJHOTO YPOBHS
3¢ PexTUBHOCTH PYHKIIUU HA JPYroi, Oojiee HU3KUI

HaJeKHOCTh: CBOMCTBO 00BEKTa COXpaHSATh BO BPEMEHU B YCTAHOBJIEHHBIX
npenesax 3HaueHUs] BCEX MapaMeTpoB, XapaKTEPU3YIOIHUX CIIOCOOHOCTH BBIMOJIHATH
TpeOyemble GYHKIHUH B 3aIaHHBIX PEKUMAX U YCIOBHUSIX MPUMEHEHHS, TEXHHYECKOTrO
00CITy>KUBaHMsI, TPAHCTIOPTUPOBAHUS U XPAHECHHUS.

0€30TKa3HOCTb: CaoiicTBO o0BeKTa HETPEPBIBHO COXpaHATh
paboTOCIOCOOHOE COCTOSTHUE B TEUEHHE HEKOTOPOTO BPEMEHH.

BEpPOSITHOCTh 0€30TKa3HOM paboThl: BeposTHOCTH TOro, 4tro B mpenenax
3aJlaHHON HapaOOTKU OTKa3 0ObEKTa HE BOZHUKHET.

MHTEHCHUBHOCTH OTKAa30B: Y CIIOBHAs INIOTHOCTh BEPOSITHOCTU BO3HUKHOBEHUS
OoTKa3a 00BbEeKTa, OompejaesseMas Mpu YCIOBHH, YTO JI0 PaCCMaTPpUBAEMOTO MOMEHTa
BPEMEHM OTKa3 HE BO3HUK.

CAPEX: Kanuran, MCHONB3YIOUMNACA KOMIIAHUEHW 11 TMPUOOPETEHUs WU
MOJIEpHU3AIMN (HU3HUECKUX aKTUBOB (KWJIOH U TPOMBIIUICEHHON HEABUXKUMOCTH,
000py1I0BaHUS, TEXHOJIOTHH).

OPEX: [IloBcenHneBHble 3aTpaThl KOMIIAHUW JUIsl BeAeHUs Ou3Heca,

MPOU3BOJICTBA TOBAPOB U YCIYT.
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BBenenue

HedrenpoBonbl B a3xoHOMKKE Poccun HaXoAsTCs HA OJHOM U3 LEHTPaIbHBIX
no3univii. Bompockl 0e3omacHO W HAASKHOW JKCIUTyaTallud HEPTEIPOBOIOB
OXBAaThIBAIOT HE TOJIBKO CHUCTEMY HE(PTEIPOBOAHOTO TPAHCIOPTa, HO U MHOTHE
IpYrue pas3jiuyHblE OTPACId, KPOME 3TOTO 3HAYUTENBHO BIMSIOT HA JTOCTHKEHHE
3aa4, COCTABJIECHHBIX B KOHLEMIMM DSHEpPreTuyeckoro mporpecca Poccum.
CoBpeMeHHOE COCTOSIHME He(TEeNnpOBOJOB MOXXHO OXapaKTepHU30BaTh JJIUTEIbHBIM
CPOKOM D3KCIUTyaTalldd U TMpU YBEJIWYEHUHM OOBEMOB MEpEeKauku He(THU IO HUM.
ObecneunBaHNe IKCIUTYyaTalIMOHHON HAZEKHOCTU HE(PTENPOBOIOB B TAKUX YCIOBUAX
Jenaercss JOBOJBHO aKTyaJbHBIM. TEXHOJNOTHYECKoe OO0OpyAOBaHHE, H3JETUs U
TpyObl MO pa3IUYHBIM TMPUYMHAM HUMEIOT J1e(PEeKThl, MPOTPECCUPYIOIIUE B XOJE
SKCIUTyaTallui He(TErnpoBoJia, TEXHUYECKOE IUArHOCTUPOBAHHE HE(TENPOBOIOB U
aHaIM3 HUX TEXHUYECKOI'O0 COCTOSHUSL SABIAIOTCS TPEOYEMbIMU COCTABISIOUIUMU
obOecrnieyeHus: HaJIe)KHOCTH.

WHumaeHTsl U aBapuu MPOMBICIOBBIX HE(QTENPOBOJOB SIBISIOTCS MPUYUHON
CYIIECTBEHHBIX MOTEpb. [0 KOHCEpBAaTMBHOW OLEHKE 3TH MOTEPU JTOCTUrarT 1,5
MIpI. pyousiel. BcneacTBue HEONAronpusTHBIX YCIOBUWM AKCILTyaTallMM YHUCIIO
aBapuil Ha HeTenpoBoaax exeronHo pacteT. CpeJHue TEMIIbI POCTa aBApPUHUHOCTU
yBeIM4YMBaroTCcA, gocturas 30 MpoueHTOB B rof, NPONOPIUOHAIBHO BO3PACTAOT U
notepu. PaHHsSS moTeps IEJOCTHOCTH TPYyOOINPOBOJAMH M HUX MPEXKIEBPEMEHHas
3aMeHa JeNaroT 3aTpaThl Ha TPAaHCIOPT A00bIBAEMOM MPOAYKIIMH HEONPABIAHHO
BBICOKUMHU U TpPeOYIOT Mep, HAMpaBICHHBIX HA CHUKEHHUE YPOBHS aBApUHHOCTH.
CHmwxenue aBapuitHoctu a0 ypoBHs 0,1 mT./KM*rog o3nauvano Obl COKpallleHHE
exeroiHbIx morepb Ha 600 — 1000 MH.pYO.

Tema nayuyHoli paboThl BhIOpaHa COIJIaCHO DHepreTuueckou crparerun PO

(pacnopsbxenune IIpaBurenbcrBa Poccuiickoit @enepanuu ot 13 HosOps 2009 1. Ne

UccnedosaHue memodos nosbilueHUs1 3KCrsayamayUuoHHoOU

HadexxHocmu HaropHbix Hegpmernpogodos OAO « TomckHegpmb» BHK

U3m. | Jlucm Ne dokym. lNodnuck | [Jama

Pa3spab. JlanuH A.A.. Jlum. Jluecm Jlucmoe
Pyko800. 3apybuH A.T. | | 7 112
Kowrcynem. BeeodeHue

n.0.3as.kap| Bypkos [1.B. Tny TXHIr ep. 2BM5A




1715-p), B KOTOpOW CTAaBUTHCS 1I€JIbI0 yBenHueHUE 3((HEKTUBHOTO UCIOIb30BAHUS
NPUPOAHBIX DHEpPreTHUYecKkux pecypcoB. Llenplo ngaHHON paboThl  sIBIsIETCA
MCCJIeIOBAHUE METOJOB TMOBBIIICHUS 3KCIUTyaTallUOHHON HA/IeKHOCTH HAIOPHBIX
HeprenpoBonoB OAO "Tomckuedts" BHK. 3amaum mnocraBienst B pabote
CJIEIYIOLIHE:

1) [IpoBecTu 0630p JIUTEPaATYpHI IO JAHHOW TEMATHUKE;

2) Cnenath aHalIU3 METOJIOB OOECIICUeHHS HAJIC)KHOCTH;

3) IlpoBepuTh Ha MPOYHOCTHh U YCTOWYMBOCTH HanmopHbI HedTenpoBog OAO
"Tomckned1s" BHK;

4) I[locTpouTh MO/IEIIb HAJIEKHOCTH HAIOPHOTO HEPTEIPOBOAA;

5) llpennoxuth nporpaMMbl Ha/I€KHOCTH;

6) BeisiBUTH HanboJee NepCrneKTUBHYIO TPOTpaMMy HaJIC)KHOCTH.

Jlucm

Bsenenue

U3m. {Jlucm Ne dokym. lNodnucek | ama




0030p anTepaTypsl

OKCIuTyaTaluoHHasE HaJACKHOCTh TPYOOINPOBOJOB SIBISETCS €ro CBOWCTBO
BBITIOJIHATH 3a7aHHble (DYHKIMM B TEYCHUE TPEOyeMOro IMPOMEKYTKa BPEMEHU C
COXpaHEHHEM B YCTAHOBJICHHBIX Ipejeiax BCEX XapaKTepHBIX mapameTpoB. laHHas
CIIOCOOHOCTh PACKpPBIBACTCS YEPE3 CUCTEMY OOBEKTUBHBIX KPUTEPHUEB TEXHUYECKOTO
COCTOSIHUSI ~ TpyOONpoOBOJIa, KOTOpble  OOYCIaBIMBAIOT €ro  HOPMATHUBHYIO
paboTOCTIOCOOHOCT, B PEXKHUME aAKTHBHOTO BO3JCUCTBUSA DKCIUTyaTallMOHHBIX
dbakTopoB. MHcxoass w3  93TOro, ypoOBEHb OKCIUIYaTallHOHHOM  HAaJIEKHOCTH
OTpeNIeNIACTCS TEXHUYECKUM COCTOSIHUEM TpyOompoBoaa [9].

OcCHOBHBIE  TIOHATHUS ~ HAACKHOCTH  (O€30TKAa3HOCTh,  JIOJTOBEYHOCTD,
COXpaHSAEMOCTb, PEMOHTONPUTOJHOCTH W T.J.), napaMeTpbl, KOTOpPbIC
XapaKTEePU3YIOT HAJEKHOCTh (MHTEHCUBHOCTh OTKa3a, CPEJIHEEe BpeMsl HapaOOTKU Ha
otka3 u T.71.) npeacrasiensl B [OCT 27.002-89 HanexuocTs B TexHUKe. OCHOBHBIC
noHsATud. Tepmunsl U onpeaenenus [17].

SAcun D.M. «HanexxHocTh MarucTpaiabHbIX TpPYOOIPOBOIOBY BIIEPBHIC
M3JI0KEHBI HAYYHBIE OCHOBBI 00€CTIeYeHHUsl HaICKHOCTH TPYOOIIPOBOIOB.

Pexomennanuu v BBIBOJBI, TIOKA3aHHBIE B paboTe, CAEIaHbl MO pe3yJibTaTam
aHajgu3a OOIMIMPHBIX CTATHCTUYECKUX JIAHHBIX 10 (haKTUYECKOW HaJACKHOCTH
NEeUCTBYIOIUX TPYyOONPOBOIOB. B KHHUre naH aHaliu3 HaJIE)KHOCTH HE(DTENPOBOIOB,
paccMOTpPEHbI OCHOBHBIE (DAKTOPHI, KOTOPHIE MPUBOIAT K MOBPEKICHUIM apMaTypbl
1 nuHelHoW yactu. [lokazaH cTaTUCTUYECKUN MaTepuall Mo HaJeKHOCTH OCHOBHBIX
COOPY)XKCHUH M TEXHOJOTHYECKUX O00BEKTOB. OmnucaHbl CHOCOOBI OIEHKH YpPOBHS
HAJIE)KHOCTH HE(PTEIPOBOJOB, YUUTHIBAs CIOCOOBI TEXHUYECKOTO OOCTYKHBaHUS
[12]. Tloka3zaHbl OCHOBHBIC PE3yJbTaThl OOIIECHUCTEMHBIX CIOCOOOB TMOBBIMICHUS

HaACXKHOCTHU 11O HauoOoJee OIITUMAJIBHOMY ITPOCKTUPOBAHUIO. Takue kak

UccnedosaHue memodos nosbilueHUs1 3KCrsayamayUuoHHoOU

HalexxHocmu HaropHbix Hegpmernpogodos OAO « TomckHegpmb» BHK
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pe3epBUpOBaHUE  NEPEXOJOB  uUepe3  peku U Oonora, arperatoB  Ha
CTaHIIUIO, IEPEKITIOYCHUS MEXAY NMapaieIbHBIMU HEPTEIPOBOIAMHU.
AHanu3upoBaHbl XapaKTepHbIE YepPTbl MOCTPOEHUS CHCTEMbl TEXHHUYECKOIO
oOcyxuBanusi He()TEMPOBOIOB KaK OJHOTO U3 CIIOCOOOB oOecneueHus: TpedyemMoro
YPOBHSI  HAJEXHOCTH. ABTOpaMU BHEpBbIE CHOPMYIUPOBAHO  OIpEACIICHHUE
«HAJEXKHOCTh HedTenpoBona»: «... HamaexkHOCTh MarucTpanbHOro HedTernpoBoja
€CTh CBOMCTBO 3TOW TEXHUYECKOM CHUCTEMBI B 33JIaHHBIX YCIOBUAX JKCILTyaTalluu B
paccMaTpUBaeMblii  MPOMEXYTOK BpEMEHHM  OOecrneuuBaTh  IEpPEeKauKky 110
TpyOonpoBoay HepTH Uiu HEPTENPOIYKTa B YCTAHOBICHHOM 00bEME U KaUeCTBE.

B nanHble yClIOBUS SKCIUTyaTallMd BKJIIOYAIOT ylepikaHHe Oe30MacHbIX PEeXHMOB,
perjiaMeHTbl OOCHy’KHBasi, MCHOJHEHHUE TEXHUYECKUX OrpaHUUYCHU IO OXpaHe
OKpYXalollel cpe/ibl U Tak Jajee.

B pab6orte Yepnsena B.Jl. «OkcmnyaraiioHHasi HaI€KHOCTh MarucTpaibHBIX
He(TENpPOBOIOB» PACCMOTPEHA JIUArHOCTUKA TEXHUYECKOTO COCTOSIHUS Tpyo K
000OpyZOBaHUIO,  OINEpPaTUBHOE  VYIPABICHHE  HAJAECKHOCTHIO  MarucTpajbHBIX
TpyOONpOBOAOB. Y/EJIEHO BHMMaHUE BOINPOCAM HAJEHKHOCTU MPU IKCTEHCHUBHBIX
peXuMax SKCIUlyaTallud, MPU PEKOHCTPYKIMH M MOJEpPHHU3aLMHU OO0OpYAOBAHMS.
[IpuBegeHbl TEXHUKO-d)KOHOMUYECKHE IIOKa3aTeJd TOBBIIIEHUS  HAJEKHOCTH
HedrenpoBooB [10].

B yueOnom mocobun C.B. JlelinHeko OmnMCHIBaIOTCS OCHOBBI TEOPUU
HAJISKHOCTU CUCTEM TPYOOMPOBOAHOrO TpaHCHOPTa ra3a U HeTH U UX MPUMEHEHUE
Ha TpaKTUKE Ui peHIeHUs WHXXKEHEPHbIX W HaydHbIX 3anad. llokazaHa
KJaccu(uKanus U aHaliu3 0TKa30B HE(TENPOBOJIOB, U TNepepaboTKa CTATUCTUYECKHUX
JaHHBIX MO0 OTKa3aM. Pa30uparoTcsi MeTOAbl OLIEHKH HAJeKHOCTH HEPTEIPOBOJOB Ha
CTaJMM S3KCIUTyaTallud W OOecredeHUs HaJeKHOCTH Ha CTaJAWHM MNPOEKTHUPOBAHUS.
Uccnenyercs Teopusi, Moka3aTeiad HAJEKHOCTH M KPUTEPUU BOCCTAHABIMBAEMBIX U
HEBOCCTaHaBIMBaeMbIX cucteM. OmnucaHa METOAOJOTHS HUCCIENOBAHUS U OLEHKU
AKCIUTYaTallMOHHON HAJIEXKHOCTH TpPYOONPOBOAHBIX CHUCTEM; METOJIMKA CO3JaHus
MojieNiel HaJIeKHOCTH 0ObEKTOB HE(PTEIPOBOJIOB; METOAMKA CO3/JaHUS CTPYKTYPHBIX

CXEM HaACKHOCTHU HC(i)TCHpOBOIIOB; CIIOCOOBI OOCHKHN HTOCTOBCPHOCTHU ITOCTPOCHHBIX
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Mojieel HaAeKHOCTH; METOJIMKAa KOMIIbIOTepHOTo MojenupoBaHus B Excel mis
peleHus 3a1a4 HaJeKHOCTH HeTEpoBOIOB.

B yue6HOM mocobuu A.B. PymadeHko paccCMOTpEHBI BOMPOCHI, CBS3aHHBIE C
MOBBIIIICHUEM OKCIUTyaTallMOHHON HAJEKHOCTH TPYOOMPOBOMAHBIX CHUCTEM IS
TPAHCIIOPTUPOBKU KUJKHUX YTJIEBOJOPOJOB; TEOPETUUECKHUE OCHOBBI HAJEKHOCTHU
PEMOHTHUPYEMBIX OOBEKTOB, TMPHUHIUN TOCTPOCHHUS BEPOATHOCTHBIX MOJEIeH
HAJIe)KHOCTH TPYOONPOBOJHBIX CHUCTEM, KiIacCH(HKAIMUS BapUaHTOB OTKA30B,
MIPUBEJICHBI pacueTHbIC (HOPMYIIBI JJISI ONpEACICHUsT HAJACKHOCTH JTUHEHMHOW YacTH.
[Ipoananu3upoBaHbl MPUUUHBI CHUKEHUS HAJACKHOCTH TPYOONPOBOIHBIX CUCTEM M
BO3MOJKHBIC BapHaHThI UX YCTpaHEHUs. [6].

B pabGore aBtopa Kopmaka A.A. «OOecnedyeHue  HaJIEKHOCTHU
MarvucTpajibHbIX TPYOOIPOBOIOBY M3JI0KEHBI OCHOBHBIE PEIICHUS MO 00ECIEYEHUIO
HaJIe)KHON pabOoThl MarucTpaibHbIX TPYOOIPOBOOB HA ATAlNaX UX MPOCKTUPOBAHUS U
nocienytonieil skcryatanuu. [IpuBoasTCs CcBeleHHs O COBPEMEHHOM YpPOBHE
HaJIe)KHOCTH HedTenpoBo0B. PaccmaTpuBarOTCsT METOIbI JTUATHOCTUKHU JIMHEHHOM
gactu. PaccmarpuBaercs cuctema IiaHOBO-TIPEYyIPEAUTEIILHBIX PEMOHTOB, a TAKXe
KaluTaJIbHOTO PEMOHTA JIMHEHOM yacTu [11].

B nuccepranuu I"'acnapsui P.C. [3] npoBeneH aHanu3 METOJI0B 00€CTICUCHUS
AKCIUTYyaTallUOHHOW  HAJEXHOCTH  HedTenpoBojoB. lIperncraBieHbl  METOIbI
oOecrieyeHusi 0€30MAaCHOCTH M HAJEKHOCTU He(TENmpoBOJAOB HAa  CTaJIuu
MIPOCKTUPOBAHMUS. [loxa3an MeToJ BEpOSTHOCTHOIO aHaidu3a Oe30MacHOCTU
MPOCKTHBIX pEIICHUN. AHaIu3 COBPEMEHHBIX METOJOB M CPEJACTB TEXHUUYECKOM
JTUAarHOCTUKH He(TEenPOBOIOB,  HW3JIOKEHBI  OCHOBHBIE  MOAXOJbI IO
YCOBEPIICHCTBOBAHUIO  JUArHOCTUKM M  OLICGHKM TEXHUYECKOTO  COCTOSHHS.
[IpencraBien MeToj pacdera TpyOOINPOBOJOB HA JOJITOBEYHOCTb M IPOYHOCTD,
yuuThiBasi (hakKTUYECKHN ypoBeHb JNe(ekTHocTU. [IpUHIMIBI OIEHKH TEXHUYECKOTO
COCTOSIHUSI He(PTenpoBOia, JaeT BO3MOXKHOCThH MPEXKICBPEMEHHO MPUHSATH MEPHI 110
00eCreyeHnIo HaJIeKHOW »dKcIutyatauud HedTenpoBoaa. OcBenieHbl BOIMPOCHI
MIPOBEJICHUS, W OpPraHU3allMU OIICHKU TEXHUYECKOI'O COCTOSHUS JUHEHHOW 4YacTh

Hedrenposona [14].
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B tpymax Ma3zypa N.N. «KoHCTpyKTHBHAs HaJEKHOCTb M JKOJOTMYECKAS
0€301acHOCTh TPYOOTIPOBOIOBY

[IpoaHanu3upoBaHbl KIIOYEBBIE BOMPOCHI OE30MACHOCTH W HAACKHOCTHU
TpyOONpPOBOAOB, B TOM YHUCJIE MOKA3aTeIu KOHCTPYKTUBHOM HAJEKHOCTH U 00IIas
XapaKTEpUCTHKA TpyOOIIPOBOIOB, WHKEHEPHBII aHanu3 HaJIe)KHOCTHU
TpyOONpPOBOAOB, YUUTHIBAsK TPeOOBAHUS UX dKOJIOTHUECKOU Oe3omacHocTU. CrIoCOOBI
OLICHKM M pacyera HaJeKHOCTU TPYOONPOBOJHBIX KOHCTPYKUWHU, HCIBITAHUSA
TpyOONpPOBOAOB KAaK METOJl TMOBBIIMICHUS WX HAAEKHOCTH U HKOJIOTMYECKOU
6e3omnacHOCTH, Je(EeKThl TPYOOIIPOBOIHBIX KOHCTPYKIIUM, TEXHUYECKAsl TUATHOCTHKA
TpyOONPOBOAOB BO BpeMs KCIUTyaTallud, HAy4YHO-METOJUYECKHUE acCIEKThl aHalln3a
AKOJIOTUUYECKOM O6e30macHocTy TpyOorpoBooB [13].

B naGoparopuom mpaktukyme [aiinexko C.B. «Iloctpoenune wMopenei
HAJKHOCTH  HEPTENPOBOJOB  METOAOM  KOMIIBIOTEPHOTO  MOJEITUPOBAHUS
ONMCBHIBAIOTCS MOJENM pacuyeTra HAAEKHOCTH TEXHOJOIMYECKHX DJIEMEHTOB
HedTenpoBooB. IlpencraBieHbl OCHOBHBIE STallbl MOCTPOEHUS MOJENEH U ATaIbl
KOMIIBIOTEPHOTO MOJEJNMPOBAHUS Ul PELUICHUS 3a7ad OLEHKH HaJEKHOCTH.
[IpuBOoasATCS NMPUMEPHI UCIOIB30BAHUS METOJOB KOMIIBIOTEPHOI'O MOJEIUPOBAHUS
IUISl pellieHrs] MH)KEHEPHBIX 3a7a4 HajieskHocTH B cpene Excel. [loctpoenue mozeneit
00BEKTOB MPOBOJIUTCA Ha OCHOBE PealbHBIX CTATUCTUYECKUX JAaHHBIX [15].

ABtrop A.B. Pynauenko « JlaGopaTopHbIii MNpPakTUKyM IO HaJEXKHOCTH
ra3oHeTEnpPOBOOB» H3JlaraeT B pabOTe OCHOBHBIC MOHSTHS W OMpPEAENICHUs IO
HAJeKHOCTH 000pYyJIOBaHUs HE(PTENpPOBOJOB, PACCMOTPEHbI Hambojiee YacTo
UCIIOJIb3yeMbl€ MOJIETIM HAJEKHOCTH KaK OTAENbHBIX OOBEKTOB, TaK M CUCTEM
He(dTernpoBo10B B 1esoM. [IpuBoauTCcss MaTepuain Mo MpakTUYECKOMY MPUMEHEHUIO
METOJOB KOMIBIOTEPHOIO MOJEIMPOBAHMS JUI pEIICHHsS 3aJad  HaJekKHOCTH
He(drenpoBonoB B cpeae Excel. Tloctpoenune mojaeneil oOBEKTOB MPOBOIUTCS Ha
peaNIbHBIX CTATUCTUYECKUX TaHHBIX [16].

B nauccepramuu Hazapoa J[.B. «CoBeplieHCTBOBaHHWE MPOECKTHBIX HOPM

HaJIC)KHOCTU MATruCTpPaJIbHBIX TPY6OHpOBOIIOB» MMpCaACTAaBJICHBI TpC6OBaHI/I$I K
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HKCIUTyaTallui TPYOOIPOBOJOB IO KPUTEPHUIO HAJEHKHOCTH M OLEHKA Je(heKTHOCTH
TpyO 1o 3a7aHHOI BEpOSTHOCTH 0€30TKa3HOCTH.

[IpoGnema HameXHOCTH HEePTENPOBOAOB mosiBUiIack ¢ 1960 romoB.
HagexxHocTs HeTEnpoBOAOB MOTHOCTHIO UACHTU(PUIUPYETCS CO CIOCOOHOCTBIO
obecnieunBaTh Oecniepedoiinoe GyHKIMoHupoBanue [16].

PaccMOTprM OCHOBHBIE MOHSTUS HAJEXKHOCTH, KOTOpPbIE HaM MOTPEOYIOTCS
JUIsI ONMCaHus HePTenpoBOaa, KOTOpbIE MpeAcTaBieHbl B Tabmuuue 1 [17].

Ta6J11/1ua 1 — OcHOBHBIC TOHATHS HaACKHOCTHU OJIA HC(i)TCHpOBOIIa

Tepmun teopun | OnpeneneHus

HAJEKHOCTH

HcnpasHoe CoctosiHue 00bEKTa, TP KOTOPOM OH COOTBETCTBYET BCEM TPEOOBAHUSIM
COCTOSIHUE HOPMAaTUBHO-TEXHUYECKON JOKYMEHTALUU

Hewncnpasnoe CocrosHue 00beKTa, IPU KOTOPOM OH HE COOTBETCTBYET XOTsI Obl OJJHOMY

13 TpeOOBaHUN HOPMATHBHO-TEXHUYECKON JTOKYMEHTAIIMHI

Paborocnocobnoe CocrtosiHue  0oOBEKTa, IMpPU  KOTOPOM  3HAUEHUs BCEX [1apaMeTpoB,
COCTOAHUE XapaKTCPU3yIOIIUX CIIOCOOHOCTDH BBIIOJIHSITE 3a1aHHBIC (bYHKIII/II/I, COOTBET

CTBYIOT Tpe6OBaHI/I5[M HOpMaTI/IBHO-TeXHI/I‘-IGCKOI\/’I AOKYMCHTAIMU

Hepa6orocriocoonoe | CoctositHue o00BEKTa, NpU KOTOPOM 3HAYeHHE XOTS OBl  OJHOTO
COCTOSIHHE napameTrpa, XapaKTepU3yIOIIero CrioCOOHOCTh BBIITOJIHSTh
3aJlaHHble (PYHKIMHU, HE COOTBETCTBYET TPEOOBAHUSAM HOPMATUBHO-

TEXHUUECKOM AOKYMCHTaIlUN

[IpenensHOE CoctosiHue 00BEKTa, HpPU KOTOPOM €ro JajbHeHIias >KCIUTyaTarus
COCTOSIHUE HEJIOIyCTHMa WK HellenecooOpas3Ha
[ToBpexnenue Co0bITHE, 3aKITI0YaOIIeecs B HapyIIEHUH UCIIPABHOTO COCTOSTHUS 00bEeKTa

MIPU COXpaHEHUHU PabOTOCTIOCOOHOTO COCTOSIHHS

OTtkaz CoOpITHE, 3aKTIOYaroNIeecss B HAPYIICHHH PadOTOCIIOCOOHOTO COCTOSIHUS
00BbeKTa
Hapa6oTtka [IpoaomxkuTenbHOCTD UK 00BEM PaboThl 00BEKTA

HapaboTtka 1o otka3za | HapaboTka o0bekTa OT Hayasia SKCIIyaTalluy 0 BOZHUKHOBEHUS MEPBOTO

OTKasa

Cpoxk cityx0bl KanenmapHas mpoJOJDKUTENBHOCTh JKCIUTyaTallUM J0 Iepexoja B

npeaAcibHOC COCTOAHUC
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Onupasice Ha ST TMOHATHS  TEOPUU HAJEKHOCTU, NPOUILIIOCTPUPYEM

cocTosiHuEe He(pTenpoBoIa ¢ TeUEHUEM BpeMeHU. Pe3ynbTar nmpeacTaBieH Ha pUCYHKE

l.

Pucynok 1 — M3ameHenue cocrosinusi He(hTepoBOia BO BpEeMEHHU

W3 pucyHKa OAMH BHJHO, YTO TOBPEXJCHHE HAa HEPTEIPOBOJE HE BCETAa
O3HauaeT ero oTkas. PaccMoTpum, Kakne BUIBI OTKA30B MOT'YT OBITh.

OTka3bl 00BEKTA AEISATCS Ha YaCTHYHBIC, PU KOTOPBIX €CTh BO3MOXHOCTH C
OTpaHUYCHHEM HCIIOTh30BaHNE O0BEKTA U Ha MOJIHBIE, KOTOPBIE CIYXaT IPUINHON K
notepe padorocrnocoOHocTH [4]. [lomHBIM OTKa3oM [Jis  JIMHEWHOW YacTH
HeTENPOBOIa, K IPUMEPY, OYAET ero pa3pylleHHEe, B KAUeCTBE YACTUYHBIX OTKA30B
MOXET ObITh YMEHBIIICHUE ceueHHs TpyOompoBoaa u3 napaduuoB. [Ipu yacTHUHBIX
OTKa3aX BO3MOXXHO HCIIOJIb30BaTh HE(TENPOBOJA C OTPAaHHUYCHUSIMHU IO JIaBICHUIO
WIH TI0 PacXomy.

[ToMrMO 3TOTO, OTKAa3bl MOXKHO Pa3ACIUTh HAa TaKWE TPYIIBI: MO0 BPEMECHH
HACTYIUICHHUS — TIOCTENICHHBIA OTKa3 WM BHE3AMHBIM, 10 B3aUMOCBSI3H C APYTUMHU

OTKa3aMM — HE3aBUCUMBIA HJIH 33BPICPIMBII>1, KpoM€ OTOI0 II0 IpHUYHMHaAM
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BO3HUKHOBCHUA — KOHCTpYKTHBHBIﬁ, HpOI/IBBOIICTBCHHBIﬁ N BKCHHyaTaHHOHHBIﬁ, a

TAKKC 110 MMOCICACTBUA — KPUTHYCCKHUC NI HC KPUTUYCCKHC (CYH_ICCTBCHHBIC HnJIM HC

cymecTBeHHble). Ha pucynke 2 mpuBenéM CTPYKTYpHYIO TPYIIbl OTKa30B U MX

OIIPCACIICHU.

Pa3peiB HedTenpoBoia

Kputnueckuii

\

Buezamnubiin

HesnauureabHOE
YMEHBIIEHUE MPOXOJTHOTO

CEYEHHUs TPYObI

Hexputnueckui

7

Buasr oTka3oB

~

Xapaxkrepusyercs
CKauyKoOOpa3HbIM
U3MEHEHHUEM
OCHOBHBIX

napameTpoB 00beKTa

\

T

ITocTeneHHsIi Sapucumpni | | [E33BUCHMBIH
L A
CBs13aH ¢ OTKa3aMu
XapaxkTepus3yeTcs
P sy JIPYTUX 0OBEKTOB
[IOCTEEHHBIM

[Tpon3BOACTBEHHBIN

Omubku npu

U3MCHCHHUCM OCHOBHBI

napameTpoB 00beKTa

KoHCTpyKTUBHBII

CTpoutesibHO-MOHTAXKHBIIN

Otka3 sneMeHTa, KOTOPBIN
HE CBSI3aH C OTKa3aMu

Ipyrux 0ObEeKTOB

DKCIUTyaTalMOHHbIN

J

Hapymenue npasui

TEXHUYECKOM OKCILTyaTalluu "

MIPOCKTUPOBAHUH HEraTUBHbIC BHEIIHUE
Opax
BO3JECHUCTBUS
Pucynok 2 — Knaccudukanus oTkazoB
Jlucm
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Jist Toro 4YtoOBbl OMNpeAeNuTh COCTOSIHHME HePTenpoBoja MPOBOAUTCS
TEXHUYECKass JUAarHoCTHKa, KOTOpash HCIOJNb3YeT METObl, OINpeAeIsIoIe
COCTOsIHME 00BbeKTa pa3paldaThiBaeT CTPATErHIO NMPENYyNPEKICHUS U JEUCTBUM mpu
aBapUUHBIX CUTYyaIUsX.

VYpoBeHb HaJIEKHOCTH HE(PTENPOBOIA IPHU AKCILTyaTal[MU 3aBUCUT HE TOIBKO
WCIIOJIb30BaHHBIX MEP JIJIsl MOBBIIIEHUS HAJIS)KHOCTU B JJAHHBIM MOMEHT BPEMEHHU, HO
M OT 3Tara MPOEKTUPOBAHUS U dTana COopykeHusl TpyoornpoBoaa. COOTBETCTBEHHO
3a/layd ¥ TpeOOBaHUS HAJACKHOCTU U UX BBIOJHEHHE OCYIIECTBIISIETCS B TEUCHUE
BCEro >KM3HEHHOTO LMKIa HedTenpoBoaa. PaccMoTpuM, kakue 3aayul CTOST NEpen
TOABMU 1711 obecredeHus TpeOyeMOoro YpOBHS HAJIEKHOCTH Ha pa3HbIX ATamax
KU3HU He(TEenpoBoIa.

Oran mnpoekTupoBaHus. Ha »3Toil cragum 3agaroTcs IepBOHAYAIbHbBIE
MOKa3aTelu HaJeKHOCTH HE(PTENpPOBOJOB TMpU YYeTe JHMHEHHBIX Y4YacTKOB,
KOHCTPYKTUBHBIX CXEM OTJEIBHBIX AJIEMEHTOB M TEXHOJIOTUYECKUX OCOOCHHOCTEH
[4]. Taxxe NPUHUMAIOTCS BO BHHUMAaHHE MaTepUalbl, KOTOPHIE HCIOIb3YIOTCS,
HAXOJSTCS CIIOCOOBI MOBBIIICHHS! TIOJITOBEYHOCTH U 0€30TKa3HOCTH HEe(PTENPOBOIOB
B TMPUCYIIMX YCJIOBHSIX OKpyxkaromeid cpensl. Ha »3Tame npoekTupoBaHus
pa3pabaThIBalOT HOPMATHUBHI.

Oran coopyxeHusi. Ha 3Toil cTaguu BBIMOJHSIOTCS 3a7a4M, OTHOCSIIUECS K
HaXO0XXJICHUIO METOJOB MPOBEJACHUS MPEANYCKOBBIX HCIBITAHUN JTUHEWHOW YacTH
MOBBIIIICHHBIM JIaBJICHUEM ISl HAXOXICHUsI MPOU3BOJCTBEHHBIX NEPEKTOB U K
pa3paboTKe CIOCOOOB TEXHOJIOTMYECKOTO KOHTPOJS CTPOUTENIbHO-MOHTAKHBIX
paboT.

Oran skcrutyatanuu. Ha 3ToM 3Tarne uiyTcs OTBEThI Ha MPoOJieMbl, KOTOPbIE
CBSI3aHHBI C pa3pabOTKON CIIOCOOOB U METOOB MOACPKAHUS CBOMCTB HAJIEAKHOCTU U
OTIpEJICICHUs] TEXHUYECKOTO COCTOSIHUS HEePTenpoBOAOB, CHOPMYIUPOBAHHBIX Ha
JTane MpPOEKTUPOBaHUs, C pa3pabaTbIBaHUEM CIOCOOOB OOECIEUEHMs] HaJIeKHOCTH.
Otamn 3KCIUTyaTallud COACPKUT coOupaHue u oOpabOTKYy JaHHBIX CTaTHCTUKH 00
yiepbax u 0TKazax, 0 HaJIeXXHOCTH pabOThl OT/IETBHBIX AJIEMEHTOB TPYOOIPOBOIHBIX

CUCTCM, CO3aHHC MoOJICJIEd HaJIC)KHOCTU TI)Y6OHpOBOIIHBIX CUCTCM, CII0COOO0B
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pacyera nmokasareyieid HaJeKHOCTU CUCTEMBI, UCCIEOBAaHUE METOJO0B OOECIICUECHHUS
HAJIC)KHOCTH, BBISBJICHUE JIMTEIBHOCTH BOCCTAHOBJIEHHS W 3aKOHOB OTKAa30B,
pa3pabOTKy OCHOBHBIX KPUTEPHUEB U MPOTrHO3 [4].

PaccmoTpum Oonee moapoOHO 3Tal SKCITyaTaluil HeTempOBOIOB.

HavanbHbIM 3Tanom mnpoiiecca 3KCIutyatauuei HeTenpoBOOB O KPUTEPHIO
HAJeKHOCTU SIBIISIETCS ATall MCCIENOBAaHUM, KOTOPBIM COACPKUT (YHKIUH
MPOTrHO3UPOBAHMS U aHAJIM3A.

B urore ananmza HalIeKHOCTH HAXOISATCS MPUYMHBI HEyJad M yCIIEXOB MPH
YIPaBJIEHUH HKCILTyaTaleil TpyOoonpoBoI0B B IPOLULIOM U HACTOSIIEM, (aKkTophl U
3aKOHOMEPHOCTH OYyIyIIEero pa3BUTHS YUUTHIBAsl TEXHOJOTHYECKHE, (DMHAHCOBBIE U
TEXHUYECKHE BO3MOKHOCTH.

[Iporno3upoBanue HAJICKHOCTH, Oazupyromuecs Ha UTOTax
MPEAIIECTBYIONIEr0 aHalu3a, MNPEeACTaBIsSeTCs MOCISAHUM KOMIIOHEHTOM 3Tara
uccien10BaHuii. B kadyecTBe KOHIIA MPOTHO3a MOKHO Ha3BaTh COCTaBJICHUE LieNied U
BEPOSITHBIX CPOKOB MX JIOCTHKEHHS (IIOMCKOBOE MPOTHO3MPOBAHHUE), KPOME 3TOr0
BEPOSATHOCTHYIO OIEHKY TEXHOJOTMYECKHX, TEXHUYECKHUX, H (QUHAHCOBBIX
BO3MOXHOCTEH, TpeOyeMbIX MJisi JOCTHXKEHHS] MOCTABICHHBIX IeJIed paziIuyHbIMU
MyTSIMUA WK crioco0aMu (HOpMaTUBHOE MporHo3upoBanue) [19].

[TorickoBbIII MPOTHO3 O0YCIIABIMBAET BEPOSTHOCTH JOCTUKEHUS LU WU
cocTOsiHMA OOBEKTa, T.e. Kak  Obl  MpeacKa3piBaeT Oyxayiiee, ONUpPAasCh Ha
CYLIECTBYIOLIUN YPOBEHb UCCIEAYEMOr0 00bEKTa TPOrHO3UPOBAHHS.

CopeprxaHrueM MOUMCKOBOTO MTPOTHO3UPOBAHUS HAJIEKHOCTU
He(TENpOBOIOB SBIISECTCSA MPOTHO3UPOBAHKE OCTATOYHOI'O pecypca HeTenpoBoaa
WIM €ro y4acTKOB, OMUPAsICh HA CYIIECTBYIOIIME PEXKUMBI 3arpy3Kd U YpPOBEHb
0e30macHOCTH 00bEKTa MPOTHO3UPOBAHHS.

HopMatuBHbIi porHo3 ctaptyeT ¢ (POpMYyJIUPOBKH TIIABHOM LIETH, KOTOpas
OOBIYHO OIpeeNieHa Ha ATale MOMCKOBOrO MPOTHO3a, Jajiee B COOTBETCTBUE C HEIO
MOCJIEIOBATENBHO TUIAHUPYIOTCS 3Talbl, BHIIOJHEHHE UX JOJDKHO M3 HACTOAIIETO
COCTOSIHUSA OOBEKTa NMPHUBECTH €ro K HaMeueHHOH 1enu B OyaymeM. Kpome storo

OIIPCACIIAIOTCA BCC TCXHOJIOTNYCCKUC, TCXHHYCCKUC, OpraHn3allMOHHBIC u
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(MHAHCOBBIC PECYpPCHl U pabOTHI, KOTOPHIC HYXXHBI JIJIs JOCTH)KECHUS TJIABHOM TN
Oyaymiero pa3BUTHS HCCIENIYeMOro OOBEKTa, C TOMOIIBIO Pa3IMYHBIX MyTei. B
COOTBETCTBHM C OTHM HOPMAaTHBHBIM IPOTHO3 IIOKa3bIBACT HEOOXOIMMBIC
noTpeOHOCTH (pecypchl, MEpbl W T.II.) U MMEET HAIPaBJICHHE W3 HACTOSIIETO K
oynymemy [19].

CopnepkaHeM HOPMATHBHOTO IIPOTHO3a HAJACKHOCTH HEPTEIPOBOIOB
SBIIICTCS  ONPEACIICHHE CPEACTB MW TyTeH, TpeOyeMbIx Isd OOCCICUCHHS
0€30MacHOCTH, HAJIC)KHOCTH PEKUMOB 3arpy3ku OOBEKTa MPOTHO3UPOBAHUS IS
JTOCTH)KCHUS Ha3HAYEHHOTO pecypca, ONpeIeICHHOTO B KadecTBe menu. [ paduueckas
WHTEpIpeTanus mouckoporo (1) 1 HopMaTuBHOTO (2) MPOTHO3MPOBAHUS IMOKAa3aHa Ha

pHUCYHKeE 3.

Lo
F
HACTOMILEE \_’_/ Oynvinee

2
tocr — OCTATOUHBIN peCypC, t; — Ha3HAYEHHBIN pecypce
Pucynok 3 — I'padmueckas unrepnperarus nouckonoro (1)

1 HOPMATUBHOTO (2) IPOTHO3UPOBAHUS

OOpaTuM BHMMAaHHE, YTO Pa3pblB MEXKIY tOCT U tH 00YCIIOBJIEH CIEAYIOLIIUMU
IIPUYMHAMU

1) ocTtaTouHBIil pecypc OlLEHUBAETCS MNPUOIUZUTEIBHO, TaK KaK pecypc B
oO11eM SIBJIIeTCA CITy4yallHOM BEIMYUHOM;

2) s HedTEenpoBOAOB, Y KOTOPBIX JTOCTHKEHHE MPEACIBHOIO COCTOSIHUS
MOXXET CONYTCTBOBATBHCS TSKENBIMU TOCIEACTBUSIMU (OMACHOCTHIO HApYIIECHUS
HKOJIOTUYECKOTO pPaBHOBECHS, HEBOCIOJHUMBIM MaTEpHANIbHBIM yIIEpOOM U T.IL.),
KpOME 3TOr0 IpH HEAOCTATOYHOCTU METOJOB M CPEACTB KOHTPOJISI TEXHUYECKOTO

COCTOAHMUA HC(i)TCHpOBOIIOB U TPOTrHO3UPOBAHUA HMX OCTATOYHOI'O pecCypcCa 3aAar0T
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II0Ka3aTesb JT0JrOBEYHOCTH — Ha3HAYEHHBIN pecypc. HazHaueHHBIN pecypce sBIseTCS
Y4acThIO OCTAaTOYHOTO pecypca.

[IoHATHO, YTO OTTaNKHUBAasChb OT HAay4HO OOOCHOBAaHHOTO KOMIUIEKCHOTO
IIPOTHO3a, KOTOPBIA BKIKOYAET HOPMATUBHBIA M IOUCKOBBIM 3Tambl, BO3MOXHA
CTBIKOBKa MOTpeOHOCTEN M BO3MOKHOCTeW. B ciyuae koHdiukTa morpeOHOCTEN B
JOCTHXKEHUHU LEIH U BOBMOXXHOCTH €€ OCYILECTBICHUS, TPeOyeMbIM COCTaBISIOIIUM
ITPOTHO3HBIX UCCIIEIOBAaHUM ABJISIETCS 000CHOBaHHE 3aIUTHBIX u
NpeaynpeIuTeNbHbIX MEp, KOTOpbIE TMPEACTaBISAIOT COOOH TEXHOJOTMUYECKHe,
(rHaHCOBbIE, TEXHUYECKUE W OpPraHU3alMOHHBIE MPOrpaMMbl, KOTOPbIE CIOCOOHBI
3al0JIHATh BO3HUKIINI Pa3phIB.

Ha BbIOOp MeTONla MPOTHO3UPOBAHUS KIIOYEBOE BO3/CHCTBUE OKa3bIBAET
CPOK, Ha KOTOpPBIA pa3zpabaThiBaeTCs MPOrHO3. DTOT OTPE30K BPEMEHM, KOTOPBIN
Ha3bIBAETCS MEPHOJIOM YIPEKIEHUS MPOrHO3a, HYKHO CBS3bIBaTh C HAa3HAYCHHBIM
pECYPCOM, YTO aCT BO3MOXKHOCTh B3aMMHO YBSA3aTh TEXHUYECKUE U DKOJIOTUUYECKUE
pewieHus. B 3aBUCHMOCTH OT MepHOJa yIPEKACHUS IPOTrHO3bI MOKHO Pa3eauTh Ha
MecsiuHbld (o0 1 mecsma), rogoBoit (mo 1 roma), cpemHecpouHbli (m0 3 Jer),
noJIrocpouHsbIit (6omnee jet) [19].

[IporHo3sl NpEAIECTBYIOT JTally NPUHATUS YNPABICHUYECKUX PEIICHU,
BKJIIOYAIOIINE B ce0sl INTAHWPOBAHUE U Pa3pabOTKy MPOTPaMM.

[IporpaMma COAEPKUT CHCTEMY IEJNEH, pAalUOHAIBHBIX NyTEH UX
JIOCTHXKEHUsI U TpeOyeMbIX pecypcoB. KoinyecTBEHHbIE XapaKTEPUCTHKU U CPOKH
MCIIOJIHEHHUS] HAMEUYEHHOM 1eJIH OOBIYHO HOCST MPOTHO3HBIN XapaKTep.

HcnonHurenu, MiIaHOBBIE 3aJaHUs, KOHKPETHBIE CPOKM WU OrPAHUYEHHBIE
peCYpCHI ONPEAENSAIOTCS Ha NMOA3TAINE TUIAHUPOBAHUSA, 3aMBIKAIOIIUN ATAIl IPUHATHUS
pemieHnid. IlmaH HOCHT JUPEKTHUBHBIM XapakTep M HE CONEPKUT HUKAKHX
BEPOSITHOCTHBIX  OLEHOK.  CleAylmuM  3TalmoM  Ipolecca  yIpaBICHHUS
JKCIUTyaTalueil HeTenpoBoa SBISETCS UCIOIHEHHE, KOTOPOE COACPKUT (YHKIIUU
ONEPATUBHOIO YIIPABICHUS U PYKOBOJICTBA B LIEJIOM.

Peanuzanus QyHKuM o00IIeEro pyKOBOACTBA COCTOMT B OCHOBHOM B

YIpPaBJICHUHA pa60T IO BBIIIOJIHCHHUIO IIPHUHATOIO ILIdHA. OHepaTI/IBHOC YHPAaBJICHUC
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MOJIPa3yMEBAET BBINOJHEHUE TAKUX JCUCTBUI Kak: KOHTPOJIb; YYET, OMpeaesieHus
BJIUSIHUSL TEKYIIUX OTKJIOHEHHH, KOTOpbIE BBISBIEHBI MPU KOHTPOJE U ydere, Ha
KOHEYHbIE pE3yNbTaThl MO cpokaM, 3()PEKTUBHOCTH U 3arpaTam; pa3paboTke
KOMILJIEKCa padoT MO JIMKBUIAIUU OTKIOHEHUI.

KoHuenuusa opraHuzanuy yrpaBieHUsi dKCIulyaTanued TpyOompoBoja Ha

HA3HAYEHHBIN pecypc OCHOBaHA Ha CJIEAYIOLIUX MOTO0KEHUAX:

— BBITMIOJTHEHUSI KOMILJIEKCHOT'O aHaJIu3a HaJIeXKHOCTH;

— TPOBEJIEHWE HOPMATHUBHOI'O IMPOTHO3UPOBAHUS U OINpeeiIeHHUe
TEXHUYECKUX CTPATEruil sl JOCTHXKEHUS Ha3HAYEHHOI'0 Pecypcea;

— TPOrpaMMHO-IENEBOE IJIAHUPOBAHHUE IyTEM OLICHOYHBIX MPOLEAYP
KOHTPOJIS oKa3aresnen 3¢ (PpeKTUBHOCTU U 6€30IaCHOCTH;

— KOOpJWHAIUS CUCTEMHBIX M JIOKAJbHBIX PEIICHUH Ha ypOBHE
YIPAaBISIOMIEH CHUCTEMBbl M YHPABISIEMOM CHCTEMbl MO MPUHIUIY OOpaTHOM
cBsi3u [19].

Oran pa3BUTUS U PEKOHCTpYKIMKU. Ha naHHON cTainuu 0COOEHHO Ba)KEH yyeT
HAJICKHOCTU C HauOOJbIIeH SKOHOMUYECKON 3((PEKTUBHOCTHIO. DTall pa3BUTUS U
PEKOHCTPYKIIMM YAaCTHYHO COBMELIAET IMEpBbIe TPH ATama >KU3HEHHOIO ILHKIa
He(dTenpoBo1oB. Ha 3TOM 3Tane pemaroTcs ciaeayouue OCHOBHbIE 3a/1a4u:

* onpeesieHne He0OX0IUMOT0 YPOBHS Ha/I€KHOCTH HEPTEITPOBOIHBIX CUCTEM;
* obecnieyeHre 3aJaHHOr0 YPOBHS HaJA€KHOCTU HE(PTEPOBOIHBIX CUCTEM;
* ONTUMU3ALMUS YPOBHS HAJEKHOCTH HEPTEPOBOAHBIX CUCTEM [4].

3/1ech 4acTo MPUMEHSIETCS] IKOHOMUKO-MAaTeMaTHUYECKUE MOJIENT HAJEKHOCTHU
He(TEernpoBOIOB.

Bonpeku ycnexam B o0ecrieyeHUU HaJEKHOCTHU, MO Pa3IMYHbIM IPUYMHAM Ha
He(TernpoBoax MPOUCXOAAT aBapuu C pazrepMmeTusanueil Tpyd u BbIX0JIOM HEPTH B
OKpyXarolyro cpeny. PasznuBbl HedTH npu aBapusX OKa3blBAlOT MaryoHoe
BO3JICHCTBHE HA >KMBOTHBIM M pPACTUTEIBHBI MHp, HAa MOYBY, MOBEPXHOCTHBIE U
rpyHTOBBIE BOIbI. Mcxons u3 3TOro HePTENnpoBOABI OTHOCAT K OOBEKTaM
MOBBIIIEHHON 3KOJOrnyeckor omacHocTu. Kaknas aBapusi MpUKOBBHIBA€T BHUMAHUE

TrOCYJapCTBEHHBIX OPraHOB, CPEACTB MaccoBOiM HHQoOpMaIruu, OOIEeCTBEHHOCTH.
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CrouMoOCTh JTMKBUJIALIMU MOCIEACTBUHN U MITpadHble CAHKIIMUA Ha CETOJHSAIIHUN IEHb
BECbMa BEJMKHU M, BEpOsITHEE Bcero, OynyT MNoBbIIATbCA B OyaymeM. [losTomy
HEOOXOJIUMO CBECTU K MHUHUMYMY BEpPOSTHOCTh BO3HHUKHOBEHHUS aBapUHHBIX
CUTYallUi U UX TOCIECTBUS.

[loBpexieHns HepTEnpOBOAOB 3apOXKIAIOTCA W3-3a JACUCTBUS ABYX TpYyII
¢dakropoB. IlepBas rpynma cBsf3aHa CO CHW)KEHHMEM HECYIIed CrlocoOHOCTU
HedTenpoBoIa, BTOpas - C pOCTOM BO3JEHCTBHI U HAIPY30K.

CHmwkeHue Hecylled CHnocoOHOCTH HepTenpoBoAa TMOSABIAETCS H3-3a
cTapeHuss MeTaiia U JaedekToB B cTeHke TpyO. JledpekTbl TpyO OOBIYHO NENsAT Ha
YeTblpe TPYNIbl: CTPOUTENbHbIC, OKCIUTyaTallMOHHBIE, METAUIyprUYecKue Hu
TexHojornyeckue. JledekTsl MeTamrypruueckoro MpoMCXOXkKACHHUS BO3HUKAIOT MPU
BBIIUIABKE MeTajjla, cBapke TpyO W mpokaTe jucta u TpybompoBojoB. K stum
nedekTaM, B OCHOBHOM, OTHOCATCS HEMETANIMYECKUE BKIIOYEHUS (HUTPUIBI,
CyabMUIbI, OKCHIBI M T.IL), paccioeHusi, MpPOXKOTH, HENpoBapbl, H Jp.
Texnonornueckue nedexTbl 00pa3yrOTCss B MpoIllecce H3TOTOBICHUS Tpydo U
JUCTOBOro Matepuana, K aTum aedekram OTHOCATCS BMSATUHBI, PAKOBUHBI, 3aKaThl,
CMEIIEHUS KPOMOK CBapHOTO COEJIMHEHHMs, MPOKOTH, TPEUIMHbBl B IIBE U
OKOJIOIIIOBHOM 30HE, Je(PEeKThl CBApHBIX IIBOB, OTKJIOHEHHE TIE€OMETPUUYECKHUX
pa3MepoB CBAapHOIO IIBa, KPOME 3TOT0 MPOJO0JIbHBIE PUCKH, 3ayCEHMIIbl, KAHABKU Ha
HapY>KHOM TMOBEPXHOCTH, MHapanuHbl. [Ipu CTPOUTENBCTBE M PEMOHTE YacCTO
oOpasytorcs Je(eKTbl MEXaHHYECKOTrO TMOBPEKICHHUS, a MNpHU JKCIUTyaTaluu -
nedeKTbl KOPPO3HMOHHOTO THUMAa (KOPPO3UOHHBIE S3BBI, CIUIOIIHAS KOPPO3HS,
MEXKPUCTAIUIMTHAS W TUTTUHTOBasg KoOppo3us). MexaHUdecKkue MOBPEKICHUS
CTEHKHU TPYO - 3TO pUCKH, TOGPBI, BMATHHBI, ApauHbL U 1p. [3].

®dakTopbl BTOPOU T'pyNIbl NPOSBISIOTCS MPHU IKCILTyaTallMK ACHCTBYIOIIETO
He(drenpoBona. B mpouecce skcrutyatanuu Ha HeQTENpPOBOJ IEUCTBYET LIETBbIM s
cuIoBbIX (pakTopoB. K uX yucity OTHOCATCS BHYTpEHHEE NABJIEHUE, HATPSKEHUS OT
BO3JICUCTBUI OKpYXaIoILIEero TpyO0y I'pyHTa U TeMIeparyp nepekauynBaeMoil HedtH,
pa3nuYHbIE TOJBMXKHBIE W CTaTUYECKUE HArpy3KH, HaBi€HUE CJOs TpPyHTa Haj

TpyOoOil, celicMuueckre BO3JEUCTBHS U AedopMalMsl 36MHOM MOBEPXHOCTH. ITH
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dakTopsl 00pa3yloT B TpyOax MHpOAOJbHBIE U KOJbIEBblE HANPSIKEHUS, KOTOPHIC
CIIOCOOCTBYIOT OTKJIOHEHHUSAM TPYOOIPOBOJIa OT MPOEKTHOTO MOJ0KEHHUS.

JIto6oe OTKJIOHEHHE KOHTPOJUPYEMOro IapaMerpa KadecTBa H3JACNIUNA U
MaTepHalioB, KOTOPbIE PETJIAMEHTUPYIOTCS HOPMaMHU MOKHO MPUHUMATh KaK Je(EeKT.
HeoOxonumocts obecriedeHus: O€30MAaCHOCTH W HAJIEKHOCTH HE(TENpoBOIOB
TpeOyeT MPEkKICBPEMEHHOTO ycTpaHeHus aedexTon [3].

[lonzemHbIe cTanabHBIE TPYOONPOBOJBI BCETJa MOJBEPKEHBI KOoppo3uu. OHuU
MOTYT TIOJIBEPraThCsi KOPPO3UH IO BO3JAEHCTBUEM OIYXKAAIOUIUX TOKOB, IMOYBBI U
MEPEeMEHHOr0  TOKa  3JeKTpudUIMpOBaHHOrO  TpaHcmopta. Koppo3us  Ha
TpyOONPOBOJHOM TpaHCHOPTE CO3JaeT CJOXHYI0 MpobieMy obecreueHus
0€30MacHOCTU U HAJEKHOCTH.

Wtoru aHanu3a OTKa30B TOBOPUT O TOM, YTO OJHOW U3 KIIIOUEBBIX MPUYUH
MOBPEKJIECHUN TMOA3EMHBIX TPYOOIPOBOJIOB SIBIAETCS BO3JCHCTBUE BHEIIHUX CHII,
KOTOpO€ MPUBOJUT K 0OPa30BaHUIO MOBEPXHOCTHBIX TPEIIMH, BMSTHH, TPEIIMH BO
BMSITHHAX, Pa3pbIBOB 10 TEIy TPYOBI M B CBAPHBIX MBaX. K BHENTHUM BO3ACHCTBUAM
Ha TMOJ3eMHbIE TPYOOMpPOBOJbI OTHOCAT BO3MOXKHBIE€ HArpy3Kd IMpU MPOU3BOJCTBE
pa3nUYHbBIX pabOT OKOJIO HEe(PTENpoBOAa, 3EMIETPACEHMs, Hae3[bl TAKEIOro
TpaHCIOPTa, B3pbIBbI, ONON3HU U Jp. Hambonee pacmpocTpaHeHbl MOBPEXKICHHUS,
KOTOpblE€ BO3HUKAIOT B pe3yibTaTe MPOBEACHUS CTPOUTENIbHBIX WU PEMOHTHBIX
paboT B HEMOCPEACTBEHHOM OJIM30CTH OT JEHCTBYIOLIErO TPYOOIIPOBO/Ia; UX OTHOCST
K YMCIIy MOTEHLIHabHO Hanbosee onacHbIX [3]. BenencrBue BHEMIHUX BO3AEHCTBUM
Ha OTEUECTBEHHBIX He(TempoBoaax mpoucxoaut Ooinee 5 % aBapuil oT o0IIero ux
Yuclia, a 0 HAHOCUMOMY YIIepOy OHU 3aHUMAIOT OJTHO U3 MEPBBIX MECT.

AHanu3 Npu4YrH 0TKa30B HEPTENPOBOAOB MOKA3bIBAET, YTO HA JIOJIO OTKA30B,
KOTOpbI€ MPOUCXOAST U3-32 HAPYLIEHUS NPAaBWII TEXHUYECKOW HSKCIUTyaTaluu
HedTenpoBooB, mnpuxoautrcs or 2 g0 7 %. Croma BXOAST OTKa3bl 1O BHHE
HKCIUTYaTallMOHHOTO TepcoHala B CBA3M C HapylIEHUEM CpPOKOB TEXHUYECKOIO
OOCITy>KMBaHMSI M PEMOHTA, HECOOJIIOJIEHHEM IMpaBUJ OOCITYKMBAHHUS U PEMOHTA
HedTenpoBooB W T.4. K /IOMNONHUTENBHBIM BHEIIHUM Harpy3kam OTHOCSTCSA

T'uApaBJIIMYCCKHUC YOaphbI. FI/IIIpaBJII/ILICCKI/IC YAaphsl OOBIYHO MMPOUCXOOAT H3-3a
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HapylIeHUsT MpaBWI OKCIUTyaTallud W SABJIAIOTCS OOJBIIOW OMACHOCTBIO IS
He(TErnpoBOIOB.

Ymep6 OT OTKa30B MO JKCIUTyaTallMOHHBIM TIPUYMHAM BapbUpyeTcs B
IIMPOKUX JHana3oHaXx. YpoH OOdbIIMX pPa3MEpoOB CBSI3aH C  pa3pblBaMU
He(TernpoBo/a M3-32 HENPABWIBHOIO TMEPEKIIOYEHUS 3aJBMKEK M TOBBIIICHUS
JaBJICHUS CBEpPX, KOTOPBIM yKa3aH B TEXHOJIOTMUYECKOW KapTe, a TakKe Hae3/I0B
TSOKEJIOT0 TpaHCIOpPTa Ha HE(TENpoBOJ, MPOUCXOASAIIME B OCHOBHOM H3-3a
OTCYTCTBHS NIPEAYNPEAUTEIBHBIX 3HAKOB [3].

OCHOBHBIMH 3KCILTyaTallMOHHBIMU BO3JCUCTBUSIMU M HArpy3Kamu SIBISIOTCS
BHYTpPEHHEE JaBlieHHE MpPOJAyKTa B TpyOONpoBOAE M TeMIIEpaTypHbIH nepenan
(pa3HOCTb MEXIy TeMIEepaTypaMH MeTaula TpyO Ipu YKIaAKe U B IpoLecce
JKCIUTyaTalluv). BHyTpeHHee fgaBieHHe, TpU  HOPMAJIbHOW  DKCIUTyaTallUuu
He(TENpPOBOIOB MPOUCXOASIIEE B COOTBETCTBUM C TMpaBUJIAMU TEXHUYECKOU
AKCIUTyaTalluM CYILECTBEHHO HE MeHsieTcs. JloCTaTOYHO MOJIHO OTpaboTaHbl METObI
BbIOOpa 000pYyOBaHUS, MAaTEpPUATIOB M KOHCTPYKIUH HePTEenpoBOAOB, yUWUThIBas
BHYTpEeHHee JaBieHue. TpyaHee ydecTh TeMIlepaTypHbI mepemnan. BnusHue storo
napamMeTpa Ha HampsbkeHHo-negopmupoBanHoe coctostaue (HIAC) Ttpybomposona
3aBUCHUT OT Pa3IHMYHbBIX (PAKTOPOB.

W3menenune TtemmnepaTypsl NepekauyuBaeMod HePTH WM HedTernpoayKTa
OKa3bIBAa€T 3HAUUTEIBHOE BIMSHUE Ha NMPOYHOCTH TpydborpoBoja. K mpumepy npu
MOHIKEHUH TeMIiepaTypbl Metamia Tpyosl Ha 1 °C, pactaruBaromiue MnpoaoibHbIe
HaMnpsDKeHUs: B MeTayie TpyO yBenuuuBarorcs Ha 2,5 MIla. Ilpu BO3HUKHOBEHUH B
TpyOOIpoBoZe (M3-32 MOJOXKHUTEIBHOTO TEMIIEPAaTYypHOIO Iepenaaa) OosbIIuX
MPOJOJIBHBIX ~ CKUMAIOIIMX YCUIUN HM3MEHSIOTCS yclIoBUsA  AedOpMHpPOBAHUSA
Marepuaia TpyO, YCHJIMBAIOTCS MPOJOJIbHO-TIONEpEYHbIe U3rMObl TpyOOmpoBoAa B
IpyHTE, a MHOTAA pa3pyllaeTcs 3achIlIKa U MPOUCXOIUT MOIHAS MOTEPS MPOAO0IBHOM
YCTOMUMBOCTH TpyOONpOBOJa, KOTOpas COINpPOBOXKJIAETCS PE3KUM HapacTaHHUEM
MPOruOOB U CMATHEM TPYO.

[IpononbHbIE YCUIIMSI MEHSIIOT yCIOBUSL pabOThl Marepuasia TpyObl, KOTOpbIE

HaXOIATCA B CJIOKHOM HAIIPSKCHHOM COCTOSHHH, BBI3BIBAIOT O6pa30BaHI/IC HOBBIX H
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pOCT CTapblX TPELIMH, TMO3TOMY OXHJAEMO, YTO Hecyllas CIOCOOHOCTb
TpyOonpoBoaa cHuzutca. MccnegoBaHus MPOYHOCTH TPYOOIPOBOJOB B YCIOBUSX
COKUMAIOIIUX YCUIIMA TOKA3bIBAIOT, YTO MPOJOJbHBIC YCHIIHS BIHSIIOT Ha HECYIIYIO
CIOCOOHOCTh TPYyOONpOBOAA HA BCEX CTAAUSAX pa3pylieHus: oOpa3oBaHUd U
YBEJIMUCHUS TPCIIWH, PACIpPOCTPAaHEHUs TPEIUH (P XPYIMKOM pPa3pylmICHUH) H
Pa3BHUTHS TUIACTUYECKUX AchOpMaIHi (TTPU BI3KOM Pa3pyIICHUN).

OT xapakrepa W YpOBHS W3MEHEHUH HaNpsSHKEHHO-Ie()OPMHUPOBAHHOTO
COCTOSIHMSA B OOJIBIION CTENEHW 3aBUCUT Oe3omacHash M HaJeKHas 3KCIUTyaTalus
HEePTENPOBOIOB. Upe3MEepHO BBICOKHE HANpPSOKEHUST B TpyOOmpoBoae, Kak u
CHIDKEHHE HECYIIeH CIMOCOOHOCTH KOHCTPYKIIMH, IOBOAST 1O MOBPESKICHUA U
aBapuil. OT HampsSHKEHHOTO COCTOSHUS MeTaiyia TpyO 3aBHCAT (IpH HAIHYUU
ne(eKToB Ha CTEHKe TpyO) MapaMeTphl TpeumHocToikocTu cranei Tpyd. C
YBEIMYCHUEM HANPsHDKCHWH Ha CTEHKax TPyO YMEHBIIAETCs COMPOTUBISEMOCTD
Metaia Tpyo paspymeHuto[3]. Poct HampspkeHuss B MeTaiie TPyO HPUBOIUT K
ne(OpPMAITMOHHOMY YIPOYHEHUIO TPYOHBIX CTajei. YBEIMUEHUE HAMPSHKCHHH 0
npeqena TeKy4ecTH W CBEepX MPUBOJIUT K CYIIECTBEHHBIM JAeQopMallysiM MeTallia,
O0COOCHHO B 00JIaCTH KOHIIEHTPATOPOB HAMpPSKEHUU. ITU 001acTH 00pa3yroT coO0i
MOTEHI[MAIBHBIE 30HBI O0pa30BaHMs TPEHIMH, MPHUBOJAIIETO K CHIDKEHHUIO
HAJIeKHOCTU TPyOONIpoBOAa.

Psn aBTOpOB IpOBENiN MCCIEIOBAHUS, KOTOPbIE MOKAa3bIBAIOT, YTO B MPOIECCE
anmutensHoil (20 et w  Oofjee) HIKCITyaTallMd HEPTENPOBOAOB MOSBIISIOTCSA
U3MCHECHHS (B CTOPOHY YXYIIICHHUS) XapaKTEPUCTUK MeTauia Tpy0. MexaHu4eCKUMH
UCIIBITAHUSIMU  00pa3IoB, KOTOPBIC BBIPE3aHbI M3 JEMOHTHPOBAaHHBIX TPyO, OBLIO
YCTAHOBJICHO, YTO B MpoIecce IauTenbHON skcmuryaraiuu crane 171C, 14XT°C,
19" OyaeT uMeTh MECTO 3HAYUTEIBHOE CHI)KEHHE TUIACTUYECKUX CBOMCTB cTanu [3].
Merann B mpoliecce  JUIMTENBHOM — AKCIUTyaTallid — OXPYHYMBAETCS, TaKKe
CYLIECTBEHHO CHIIKaeTCs ynapHas Bs3KocTh (y ctanu 191" mapameTp ymeHblaeTcs B
nBa pasza). Ilo mepe pocrta pabouero naBieHUs, yBEJIMYEHUS TuUaMeTpa Tpyo,
BO3pacTaHusl CIy>KObl HEPTEIPOBO/IA MOBBIIIAETCS CKIIOHHOCTh METajlla K XPYIKUM

PaspymICHUAM. Takue paspymicHusa MOTYT IPOUCXOAUTH HaXKC IIPpU HOPMAJIBHBIX
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3HAUYCHUSAX OKPYXXHBIX HamnpspbkeHuil, coctaBiastomux 30...50 % ot mnpenena
TEKY4eCTH, T.€. B 00JIaCTH 3aBEOMO yNpyroi paboThl MeTaia TpyOonpoBoa.

Taxke wu3MEHEHHE TeMIepaTypbl MeTauia TpyOOmpoBojJa NPUBOAUT K
cieayrouemy sBieHuo. [Ipn U3MEHEHUsIX TeMIIEPaTypHOIro peKUMa B 3alIEMJICHHOM
IPYHTOM TOJ36€MHOM TpPYOONPOBOJI€ BO3HHMKAIOT HAIPSDKEHHUS CIBUTAa B MECTax
KOHTaKTa MOBEPXHOCTH TpyOoInpoBoja ¢ rpyHToM. Kak ciencTBue K MOBPEKICHUIO
M30JI1MK TPpyOonpoBojia. B uTore HapylieHus 1eTOCTHOCTH 3alIUTHOTO MOKPBITHS
Y OTOJIEHHE YYaCTKOB TPyOONPOBO/ia HAUNHACTCS UX MHTEHCUBHAS KOPPO3HUSI.

K cunpHO HarpyXeHHBIM DSJIEMEHTaM JIMHEWHOW dYacTu HedTernpoBOIOB
OTHOCSITCSL YIJIBI TIOBOPOTOB, Y3JIbl TMOJKIIOYEHUS K TPYOONPOBOIY, PE3EPBHBIX
HUTOK, JIYIMHTOB, OTBOJOB, MOJOTPEBATEIBHBIX YCTPOWCTB U HACOCHBIX CTaHIIUH,
OeperoBbie y3JIbI HEPTEMPOBOAOB U 1p. [3]. AHanu3 aBapuid, KOTOPHINA MPOUCXOIUT
Ha HedTenpoBoAaxX, MOKAa3bIBAET, YTO B psJ€ CIy4yaeB OHU BO3HUKAIM U3-3a
HEJI0OCTAaTOYHOW HAJEKHOCTH Y3JIOB MOAKIIOYEHHUS] KaMmep MyCcKa U MmpuemMa ckpeOka.
[IpuunHOW TOBpEXKACHUN dalle BCETO SBISCTCS COBOKYIHOCTH HEIOCTAaTOYHOM
MPOYHOCTU TPOMHUKOBBIX COCAMHEHUM H UYpe3MEpHBIX (M3-3a KoJIeOaHUI
TEeMIEepaTyphbl 1 HEPABHOMEPHOM OCaJKU IPYHTA) HAMPSHKCHUN B HA3EMHBIX y3J1aX.

TpyOGonpoBoiHBIE ceTH B HacTosIIee BpeMsl Yyxke oxBaTbiBaloT 35 %
TEPPUTOPUM HAIICH CTpaHbl, HA KOTOPBIX MNpoxkuBaeT Oonee 60 % HaceneHUs.
KoHntakT HacenmeHuss ¢ TpyOONPOBOJHBIMU CHCTEMaMU OyAeT HEMPEPHIBHO
pacmmpsThCA, a, CIEI0BATEIBHO, BO3PACTAET ONACHOCTh TEXHOTEHHOTO BO3AEHCTBHS
Ha JII0JIeH ¥ MPUPOTHBIC MACCHUBBHI.

OcBoeHHE  HOBBIX HE(MTSIHBIX  MECTOPOXKIEHUU  TpeOyeT  pa3BUTHS
TpyOOIIPOBOAHBIX CUCTEM JIJISI TPAHCTOPTa HEPTU. DTUM TEHACHIUSAM OOBEKTHUBHO
COMYTCTBYIOT KaK POCT O0OBEMOB KaNUTAJIbHBIX BJIOKEHUH B MPOU3BOJACTBO, TaK W
yBEJIUYCHHUE BO3MOXXHBIX YIIEpOOB OT aBapuUUHBIX CHUTyalluid Ha O0OBEKTax
TpyOoIpoBogHOTrO TpaHcropta HePpTU. OCHOBHBIMHU COCTAaBIISIONIMMH YKa3aHHBIX
yiepOOB SBISAIOTCS BpEd, HAHECEHHBIM 370POBbI0 U JKU3HH IPOMBIILIEHHOTO
MEepCOHAIAa W HACEJICHWsl, MMYIIECTBEHHbIE TMOTEPHU, a TAaKKE 3arps3HCHUE

OKPYKAIOIIEW IPUPOTHON CPEBI.
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VYiiep0 OT BO3MOMKHBIX aBapuil HE OTPAHUYMBAETCA TOJBKO YKa3aHHBIMU
¢akropamu. CylIECTBEHHOE 3HAYEHHME HMMEIOT TaKXKe SKOHOMMUYECKHE II0Ka3aTesd
¢byakunonupoBanus. OTKa3bl OCHOBHBIX TEXHOJIOTMYECKUX OOBEKTOB, BbI3bIBas
MOJIHYI0 OCTAHOBKY NMEPEKAUYKU MM YaCTUYHOE CHUKEHUE MPOU3BOAUTEIIBHOCTU Ha
y4acTKe, OTPHIATENIbHO OTPAXalOTCSd Ha BHINOJHEHUM HAa3HAYCHHOW (YHKIUM -
MOCTaBKe He(PTH MOTpeOUTEIIM.

OkoHomuyeckas dS(PPeKTUBHOCTb TPyOOMPOBOJHOTO TpaHCIOPTa HEPTHU
JOCTUTAeTCSi HAa OCHOBE TOBBILIEHUS CTENEHH HCIOJIb30BAHUS COOPYKEHUH W
000pyAOBaHMs, CHUKEHUS SKCIUTyaTallMOHHBIX M KanmUTalbHbIX 3aTpaT [3]. OTKa3bl
COOPY>KEHUN U 000pYIOBaHUS MPUBOJAT K CHUIKEHHUIO CTENEHU MX MCIIOJIb30BaHUS,
MOBBIIIAIOT 3aTPaThl HA PeMOHTHBIE paboThl. Kak UTOr yXyAIIatoTCsi SKOHOMUYECKUE
[IOKA3aTeNN IKCIUTyaTallUH.

AHanu3 TmoKa3zaTelied AKCIUIyaTallMOHHOM HaJEeXKHOCTH JIEHCTBYIOMIMX
HEe(TENPOBOMOB IOKA3bIBAaeT, 4YTO Tpelyercs najbHeWmee Oojee MIMPOKOE
BHEJpEHUE Mep MO TMOBBIIICHUIO HAJEKHOCTH Ha OCHOBE MPOTIPECCHUBHBIX H
IPOLIEIUINX anpoOanyio Ha MPOU3BOACTBE CYIIECTBYIOIIMX CPEACTB U METONOB, a
TaKk)Xke pa3padoTKa HOBBIX METOJIOB C YYETOM IOCJHEAHMX JOCTHKEHUHU TEXHUKH U

HayKH.
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1 Anaau3 MeT010B o0ecredeHHUs1 HAIe:KHOCTH HeTenpoBo10B

OcHoBHO 3aauell 6e30MaCHOM U HAJEKHOM IKCIUTyaTalul HeTEIPOBOIOB
ABJISIETCS. YMEHBIIEHUE OTKAa30B, KOTOPBIE CBA3aHHBI C PA3pYyLICHHEM HW3AECIUN U
Meramia TpyO. s ee peuieHuss HYKHO pa3paboTaTh ONTHUMANIbHBIE PEXHUMBI
3arpy3kd TpyOONpOBOJOB W OOOpYAOBaHUS ONUpasich Ha HX (AKTHYECKOe
TEXHUYECKOE COCTOSIHUE, HUCIOIb30BaTh TEXHOJIOTMH C HAyYHBIM OOOCHOBAaHUEM H
OCYLIECTBIIAITh PEMOHT HMX KOHCTPYKTHBHBIX 3JEMEHTOB. Ba)kHoe 3HAaueHHE IS
obecniedyeHns: O€30MaCHOCTH HKCIUTyaTalluM HE(TEIPOBOIOB IPEACTABIAET CO3/1aHUE
HayyHO OOOCHOBaHHBIX CIIOCOOOB OLIEHKH MX OCTATOYHOIO Pecypca ONUpasiCh Ha
CPEACTBA M METOJABl TEXHUYECKOrO IHArHOCTHpOBaHMs. Ha ceromHsAmHWil 1€Hb B
JUTEpaATYype HAKONMWIOCh NMPUIMYHOE KOJIUYECTBO pPabOT, KOTOPBHIE OCBEIIAIOT ITY
npo0iemy.

W3BecTHbie pabOThl BKIIOYAIOT pAJl CPEACTB UM METOJOB oOOecreyeHus
HAJISKHOCTU HEe(PTEPOBOIOB, BKIIOYAsk BHIOOP MOAXOASAIIMX MAaTEPUATIOB U U3/IEIHH,
ATaIbl IPOEKTUPOBAHNUS, CTPOUTENBCTBA U SKCILTyaTallUH.

W3nenuss u wmartepuansl, KOTOpbIE TMPUMEHSIOTCS MJISI  CTPOUTEIBCTBA
TpyOONpOBOAOB, 00s13aHbI COOTBETCTBOBAaTh T'OCYJApCTBEHHBIM  CTaHIapTaM,
TEXHUYECKUM TpeOOBaHUSAM 3aKa34MKa, TEXHUYECKUM YCIOBHUSM H3TOTOBUTENS U
IPYrUM HOPMATHUBHBIM JOKYMEHTaM, KOTOpPBIE YTBEPKIECHBI B YCTAHOBJICHHOM
MOPSIAKE.

Jlist coopyskeHust TpyOONpOBOAOB COINIACHO C HOPMATUBHBIMH JJOKYMEHTaMU
TpeOyeTcss MPUMEHSTh TPYObl CIUPAIBHOLIOBHBIE, 3JIEKTPOCBAPHBIE MPSIMOILIOBHBIE,
CTaJIbHbIE OECIIOBHbIE U TPYOBbl JIPYrUX CIEUUATBHBIX KOHCTPYKIUH, KOTOpBIC
U3TOTOBJIEHBI W3 MOJYCHOKOWHBIX M  CIOKOMHBIX HU3KOJETHPOBAHHBIX U
YIIEPOAUCTBIX cTanel, nuamerpamu 10 500 MM BKIIFOUUTENBHO, U3 MOJYCIIOKOWHBIX
Y CIIOKOWHBIX HU3KOJIETUPOBAHHBIX cTajel — auamerpamu 10 1020 mm

Kaxxnoe cBapHoe coerHeHne TpyO TpeOyeTcs MOJTHOCThIO MPOBEPUTH

UccnedosaHue memodos nosbilueHUs1 3KCrsayamayUuoHHoOU

HalexxHocmu HarlopHbix Hegpmernpogodos OAO « TomckHegpmb» BHK
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(bU3HMYEeCKUMU HEPA3PYLIAIOUMMU METOIaAMHU KOHTPOJISL.

bonbiias gacte TpyO HePTENPOBOJOB, KOTOPAsi HAXOJIUTCS B dKCIUTyaTalluu
110 HBIHEIIIHETO BPEMEHU, U3rOTOBJIEHO U3 yriepoaucThix craneid Mapok Ct120, Ct3 u
Ip. W HU3KOJIETUPOBAaHHBIX W MaJOyIJIepOaucCThiX cranei mapok 14I'H, 171°C,
09I"2C, 14XTC, 19T.

HopMatuBHBIE COMPOTUBIIEHUS PACTXKEHUIO (CKATUIO) CBAPHBIX COSTUMHEHUN
u Meramwia Tpy0 Rul u Ru2 OGepyrcsi paBHBIMH COOTBETCTBEHHO MHHHMAaJIbHBIM
3HAUEHHUSM TMpeJieia TEeKYy4YeCTH U BPEMEHHOTO COMNpPOTUBIEHUS, KOTOpas
MPUHUMAETCS 0 TEXHUYECKUM YCJIOBUSIM M TOCYAapCTBEHHBIM CTaHJIapTaM Ha
TpYOBI.

[IpoyHOCTH TMMOA3EMHOI0 TpPYyOONpPOBOAA  JaeTcsl OIEHKAa OMNHUpasch Ha
COIMOCTABJICHNUE BO3HMKAIOIIMX B HEM YCWIMH OT JEHCTBYIOUIMX MEXaHMYECKHUX
HArpy30K C TEMHU YCWIHMSIMU, MPUBOJASIINE TPyOONPOBOJ B MpPEACIIbHBIE COCTOSHHUS.
KitoueBoe B MeToz€ MpeaesibHbIX COCTOSTHUM It TPyOOIPOBOJOB COCTOUT B TOM,
YTO HUCCJEAYETCS TaKOe HaIpsSHKEHHOE COCTOSIHUE TpyOOmnpoBoja, MpU KOTOPOM
JanbHeWIIas ero HJKCIUTyaTalMss HEBO3MOXKHA. 3a TMpeAesbHOE COCTOSHUE
NPUHUMAETCS paspylleHHe TpyOonmpoBoAa, W MO JTOW TNPUYMHE pacyeTHOE
COMPOTHUBJICHUE HAXOJUTCS MCXOJs U3 BPEMEHHOI'O CONPOTUBIIEHHUSA O€ MaTepualia
TpyO. Omnpejenenre yCWINi OT pacuyeTHBIX BO3JAEHCTBUN M HArPY30K, BOZHUKAIOUIUX
B OTIENBHBIX 3JEMEHTaX TPyOONmpOBOJOB, HAXOAUTCS CHOCOOAMU CTPOUTEIHHOU
MEXaHUKH.

Pacuetrnass cxema TpyOompoBoga 00si3aHa OTOOpaKkaTh JEWCTBUTEILHBIC
yCIIOBUS €ro dKcIutyaTanuu. Takxe TpedyeTcss paccMOTPETh MEPUOAbl CTPOUTEIHCTBA
TpyOONnpoBOAa, SKCIUIyaTallud NPU PEKUME C MPOECKTHOW MPOU3BOAUTENBHOCTHIO,
KalMTaJIbHOTO U aBAPUITHOTO pEMOHTOB TPYOOIPOBOIA.

Haxoxnenue TOMIIMHBI CTEHKH, OTTAJIKUBASACh OT XapaKTepa HaIpPSKEHHOTO
cocTosiHus TpyOompoBojga cuutaercs no aBym ¢opmynam. IlepBas mo3Bosser
ONpEIENUTh TOJIIMHY CTEHKH TPU OTCYTCTBHUM MPOJOJBHBIX CHKUMAIOIIMX
HampsDKeHW, a JApyras Korxa MpPUCYTCTBYIOT —MIPOJOJIbHBIE — CKUMAIOIINE

HaIIPAXKCHUA.

Jlucm

1 Axanu3 MeToI0B 00€eCIIeYeHNST HAIE)KHOCTH 08

U3m.

Jluecm Ne dokym. lodnucek | ama




[Tpumenenne TpyO, Y KOTOPBIX XapaKTEPUCTUKH OTBEUYAIOT HOPMATHBHBIM
TpeOOBaHMUSIM, TPU TPABWIHBHOM  BBIIIOJHCHHM TPEOOBAaHUH  HOPMATHUBHBIX
JOKYMEHTOB TIO TPOCKTUPOBAHUIO M CTPOUTEIBCTBY, TPU BBICOKOKAUYECCTBECHHOM
MIPOCKTHPOBAHUH U CTPOMTEIILCTBE 00ECIICUNBACTCS TOBOJBHO BBICOKASI HAJIEKHOCTh
HedTenpoBo1a, B 0COOEHHOCTH, €Clii OyIeT BBIMOJHEHA MPEIITyCKOBask TUAarHOCTHKA.

CoeMHUTEIIBHBIC JIeTalM TPYOONPOBOJAOB - OTBOJBI, TICPEXOJHHKH,
TPOWHUKU W JHHINA (3arJyllKH) — W3TOTABJIMBAIOTCS, OTBEYAas OTPACICBBIM WIIH
rOCY/IapCTBEHHBIM CTAHJIapTaM WJIM TEXHHUYECKUM YCIIOBHSIM U3 JINCTOBOM CTaIM WIIH
TpyO. Takke B TOTOBBIX COCAUHUTEIBHBIX ACTAISAX CTaldbh OOs3aHA YIOBJICTBOPATH
TpeOOBAHUIM, KOTOPBIC MPEABIBIAIOTCS K METAILTY TPYO.

KoHcTpyKIust perynupyromei, npeIoXpaHuTeIbHON W 3allOPHON apMaTyphbl
o0si3aHa o0ecreYnBaTh TEPMETHYHOCTh, KOTOpas COOTBETCTBYeT | Kiaccy mo
I'OCT 9544-93 «Apmatypa TpyOompoBoaHas 3amopHas. Hopmbl repmMeTHYHOCTH
3aTBOPOBY. 3aMlOpHasl apMaTypa UMEET OMOPHYIO Jiany npu Auametpe 6onee 400 MM
JUTSl YCTAaHOBKHW Ha (yHIaMeHT. Martepuaibl, KOTOPhIC TPUMEHSIOTCS ISl apMaTyphl,
00s3aHbI 0OecnieurBaTh 0€30MACHYIO M HAJIEKHYIO €€ IKCIUTyaTalHuIo.

Hay4Ho 00OCHOBaHHBIM BBIOOp OpPraHMU3AIMOHHBIX, TEXHOJOTHMYCCKHUX, W
TEXHUYECKUX PEIICHUH, KOTOpBIC HAMpaBlIeHbl Ha oOecrieueHHe Oe30MMacHOCTH H
HAJCKHOCTH HE(TEempoBOAOB, MPEIOCTABUT JOMYCTHUMBIA YPOBEHb TEXHOTCHHBIX
PHUCKOB, KOTOPBIN CBSA3aH C MX AKCILTyaTaIUCH.

Tak kak 0€30MacHOCT, W HAJEKHOCTH OOYCIABIUBAIOTCA (HAKTHUECKUM
TEXHUYECKUM COCTOSTHUEM COOPYKCHHH W 000pyMOBaHUS M (DAKTHUYCCKUM YPOBHEM
HANPsSHDKCHHOTO ~ COCTOSIHUSI, HYXXKHOE  JIaJbHEHIIee COBEPIICHCTBOBAHUE  HMX
HaXO0XKCHUS.

Taxxe yxXyaieHue B TCUCHUEC BPEMEHH MEXaHUYECKHUX CBOWCTB MeTajuia Tpyo
AKCIUTYaTallMk TPYOOIIPOBOAOB OKa3bIBAaCT OTPHUIATEIFHOE BIUSHUE Ha TOKa3aTelln
HaJ&KHOCTH TPYOOIPOBOJIOB, B OCOOCHHOCTH Ha IMEpPCHANPSDKEHHBIX Y4YacTKax, W
3TOT (DAKTOp HYXHO YUYHUTHIBATh MPU COCTABICHUU MEPONPHUATHN IS MOBBIMICHUS
HaJ&KHOCTH JUTUTEIBHO SKCIUTYaTHPYEMBIX TPYOOIIPOBOJIOB.

Ha ctenkax TPY6 HaXOOATCA PA3JINYHbI IIC(i)CKTBI, KOTOPBIC BOBHUKAIOT
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B IIpollecCe M3rOTOBIEHUS TpyO, IMOJY4YEeHHUs JHUCTOBOrO MeTalljila, NIpH HX
TPAaHCHIOPTUPOBKE M OKCIUIyaTalldd B YCJIOBHUSIX Tpacchl. Meponpusitus s
MOBBIILIEHUS HAJIEKHOCTH He(TernpoBojia 00s3aHbl MPEAyCMaTPUBATh OIpe/esieHre
0e30MacHbIX CPOKOB AKCIUTyaTalluu u3nenui u 1pyo c aedekramu. Jlepekrockomnsl,
KOTOpbIE UMEIOTCSI B HACTOAIIEE BpeMsi, IPEIOCTABISIOT BO3MOKHOCTb OINPEACIIUTD
MHOTHE U3 U3BECTHBIX J1€(PEKTOB, OCOOCHHO KPYMHBIX pazMepoB. OJIHAKO Ha OCHOBE
COBPEMEHHBIX METOJI0OB MEXaHUKHU J1€POPMUPYEMBIX CUCTEM HE OCBELIEHBI BOIPOCHI
KkiaccuuuupoBanus Je(EeKTOB IO CKOPOCTH pPa3BUTHS J1€(PEKTOB M CTENEeHU
omacHoctd. C TakMMU BOMPOCAMU HEMOCPEICTBEHHO CONPSKEHbl OCTATOYHBIC
pecypchl  He(dTEmpoBOJAOB,  HAJAEKHOCTb  OJKCIUIyaTallud ¥ HPOOJIEMBI
MpeIOTBpAIlleHHs aBAPUITHOCTH HA HUX.

[lokazatenn  HAaAEXKHOCTH  3aKIaAbIBAIOTCS  MPU  MPOEKTUPOBKH,
00ecreynBaloTCs MpU U3rOTOBICHUU U MOJACP>KUBAIOTCS B MPOIECCE IKCIUTyaTalluu
sToro oobekra. Mcxoas uz 3toro, 00pazyroTcss OCHOBHBIE HAIlPaBJICHUS TOBBIILIECHUS
paborocniocobHOoCTH HedTenpoBoAOB. Pemienue 3Toil TpyAHOW MPOOJIEMBI MOKHO
HaWTU JIMIIb TPU KOMIUIEKCHOM MOJXOJAE, KOTOPBIA OXBAaTBHIBAET BCE >KU3HEHHBIC
cTaanu 00beKTa (MPOEKTUPOBAHUE, U3TOTOBJIEHUE U IKCILTYaTalIHIO).

[Ipu »skcmmyatanuu TpyObl HEPTENPOBOJOB IO CTENEHHM TEXHUYECKOTO
COCTOSIHUS TEpexondarT u3 paboTOCHOCOOHOTO COCTOSIHUS B TMpelesibHOE U
HEpabOTOCTIOCOOHOE COCTOSIHMSI M3-32 PA3BUBAIOIIMXCSA MOBPEXKIECHUN PA3TUUYHOIO
pona. Ilepexon u3 HepabOTOCIOCOOHOTO COCTOSIHUSI B pabOTOCIIOCOOHOE COCTOSIHHE
OCYIIECTBIISIETCS MYTEM BOCCTAaHOBJICHHMS HECylled CIMOCOOHOCTH TpyO ¢
HEJIOIMYCTUMBIMU JIe()eKTaMH U aBapUHHOTO PEMOHTA B Cllydae pa3pylieHus Tpyo.

[lo nanHbIM  VYmpaBieHus 1O Haa30py B Ta3oBo u  HedTAHOU
npoMblnuieHHocTH ['ocroprexnanazopa Poccuu, kaxkaas yerBepras aBapus Ciaydaercs
13-3a OMIMOOK, KOTOPbIE TOMYCTUIIM MPHU BHIOOpE KOHCTPYKIIMH, PACUETe U MOHTAXKE
TpyOonpoBoaoB. bosee monoBUHBI aBapuii Ha TpPyOONpPOBOAAX CBSI3aHBI C
HAaKOIUICHMEM TMOBPEXJICHUM B CBAapHBIX IBaX W MeTajuie TpPyObl, KOTOpbIE
MPEUMYILECTBEHHO MTPOUCXOIAT HA MEPEHANPSHKEHHBIX yYaCTKaX.

Hcxons U3 CTaTUCTUKM aHaIM3a aBapyuil Ha JIMHEMHOW YacTH
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He(TEMPOBOJIOB,  HWCIOJIB30BAaHUE  KOMIUICKCHBIX  METOJIOB  BHYTPUTPYOHOM
JTUATHOCTUKH W TIOBBIIICHUE KayecTBA W 00bEMa KalUTAIBHOIO PEMOHTA JIaBaIH
PE3yNIbTAT K 00SCIICYCHUIO HAJIC)KHOCTH Ha JOCTATOYHO BHICOKOM ypPOBHE.

OguuM u3 CHoCOOOB IIOBBIIIEHHUS DKOJIOTHYECKOW O€30MacHOCTH |
HAJISKHOCTH SIBJIICTCS PAIlMOHAIBLHOE pa3MElIeHUE 3allOPHOM apMaTypsl IO Tpacce,
32 CYET KOTOPBIX MOXHO JIOKAJIM30BaTh MOBPEKICHWE HEPTEIPOBOJa B Mpeseiax
MEXIY ABYMS OJIMDKAUIITUMU 33]IBHYKKAMH.

Bonpiryto poib B pemieHHH TPOOJIEMBbI CHWDKEHUS yiiepda OT aBapwid,
MOBBIIICHUST OE30MAaCHOCTH JKCILTyaTallu¥, YYHTBIBas TPEOOBaHUS COXpaHCHUS
OKpYXarolel Cpelbl JTOJDKHBI ChITPaTh COBPEMCHHBIC THIIOBBIC PEIICHHS, CHCTEMa
TEXHUYECKUX TpeOOBaHWUN Ha OOOpYJAOBaHHE, W3ICIHS, MaTepHUalIbl, TPEOOBAHUSI K
napameTpamM, OTPEICIISIONIUM KCIUTyaTallHOHHYIO0 HaJICKHOCTh M JKOJOTHYECKYIO
0e30MacHOCTb.

BosnelictBre MHOKecTBa (haKTOPOB OKa3bIBACT CYIIICCTBEHHOE BIUSHUC Ha
paboTOCTIOCOOHOCTh U HAJEKHOCTh HE(PTENPOBOJOB U TIOKA3BIBAET CIIOKHOCTH
OIICHKH WX TEXHHYECKOIO0 COCTOSHHMS. OJTa OIleHKa oOpa3yercs U3 JaHHBIX
MPUOOPHOTO KOHTPOJISA (M3MEPUTEIbHBIC, BHYTPUTPYOHBIC MPUOOPHI, aKyCTHYECCKO-
OMUCCUOHHOE 000pYJI0BaHUE, MPUOOPHI U3MEPCHHSI MOTCHITHAIOB TpyOa — 3eMJIS H
CIUIOIIIHOCTH A30JISIIIMOHHBIX MOKPBITHHA 51 ap.), JIOTIOJTHUTEILHOIO
1e(EeKTOCKOITMYECKOTO KOHTPOJISI, KOTOPBIH OCYIIECTBIISETCS BEIOOPOYHO B HanOoJIee
OITACHBIX WJIH BBI3BIBAIOIIIMX COMHECHHE MECTaX, Pe3yJIbTaTOB 00CIICIOBAaHNS, aHATN3a
Y UCIIBITAHKMS METaJIa U3 BBIPE3aHHBIX MPU aBapuu W Ha 0CO0O OMACHBIX ydacTKaX
HedTernpoBoia "KaTyIIek’, MHOTOJICTHUX TIOKa3aHWW W3MEPECHHI MOTEHIMANa Tpyoa
- 3eMJI U MaTepuajibl 00 aBapUHHOCTH Ha TEX WM MHBIX y4acTKaX, CPOKaX CITY»KOBbI
MeTajuia TpyO W M30JIAIHMH, KX MapKaX, KaueCTBE M CBOMCTBAX, [IMKJIMYHOCTH PAOOTHI
He(TEMPOBO/Ia U €r0 OTACIIBHBIX YYaCTKOB U T.I.

Bbicokoe 3HaUCHHE UMEET aHaIu3 HaJC)KHOCTH. AHAIU3 pab0TOCIIOCOOHOCTH
Y HaJI)KHOCTH HE(PTEIPOBOIOB 0053aH MIPOBOIUTHLCS TPYIIION aHAIMTUKOB W3 YHCIIA
BBICOKOKBAJTU()UIIMPOBAHHBIX  CHCIUAIMCTOB C  IPHUBJICYCHUEM  COTPYIHUKOB

IMPOCKTHLIX U HAYYHBIX OpFaHHBaHHﬁ.

Jlucm

1 Axanu3 MeTo0B 00€eCIIeYeHNST HAIE)KHOCTH 31

U3m.

Jluecm Ne dokym. lModnucek \dama




3AJJAHUE JUISI PA3JIEJIA
«COLUMAJILHASI OTBETCTBEHHOCTb»

Crynenry:

I'pynna DPUO
2BMSA Jlanuny Anexcanapy AJIEKCaHIPOBAYY
HuctuTyT Kadenpa

Yposens o0pa3oBaHusi | MarucrTp

HamnpagsJienue/cnenuaabHOCTh

21.04.01 «HedrerazoBoe neno» mpoduib
«HapmexHocTh  rasoHed)TenpoBONOB M
XPaHWIMIDY

Hcxoanble JaHHbIE K pasaeiy «COIII/Ia.]IbHaﬂ OTBETCTBCHHOCTDb»:

1. Onucanue pabouezo mecma (paboueil 30mbi,

mexHojlocu4ecKkozo npoyecca, MeEXaHu4ecKkozco 060py00661Huﬂ)

HAa npedmem 603HUKHOBEHUA.

—  BPEOHBIX NPOSGIEHUN YaKMOPO8 NPOU3600CMEEHHOU CPEQbl

(Memeoyciosus, 6pednble 6eujecmed, OCeeujeHue, uymbl,
suUbpayul, INeKMpoMasHuUmuble NoJsl, UOHUZUPYIOujUe
u3IyHenus)

—  ONACHBIX NPosAGIeHUl (PaKmopos nPou3B0OCMEEHHOL
cpeovl (Mexanu4ecKou npupoobl, MePMULECKO20
Xapaxkmepa, 91eKmpUYecKoll, NOACAPHOU U 83PbIBHOU
npupoovt)

—  He2amusHO20 8030€UCMEUsL HA OKPYICAIOUYIO NPUPOOHYIO

cpedy (ammocgepy, cuopocgepy, numocgepy)
—  YPe36bIUAUHBIX CUMYayuli (MexXHO2eHHO020, CIMUXULIHO2O,
9KONIOZUUECKO20 U COYUATILHO20 XapaKmepa)

Pabouee mecmo pacnonodsiceno na omxpuimom
6030yxe. Hanopnule neghmenposoovl komnanuu
«Tomcknegpmoy BHK pacnonooicennvie 6 cegeproii
yacmu Tomckou obnacmu. Tpu obenyscusanuu
Heghmenposooa, Mo2ym 603HUKAMb NOPLIGYL,
6CIe0CmaUe KOpPO3UOHHO20 USHOCA CEHKU
mpyoObl U UHBIX Opy2ux npoucwecmeuil. B cesasu
€ DMUM UMeem MeCmo 8pedHble U ONACHbIE
NpPOosIGNIeHUsI haKmopos npou3600CMEEHHOU CPedbl
0715 4enogexd.

Oxa3zvieaemcs HecamugHoe 030elicmaue Ha
npupody (ammocgepy, cuopocgepy, rumocgpepy)
Boszmooicno 603nuxnoseHUe Ype3gbIYaLIHbIX
cumyayuii mexHO2eHHO20, CIMUXULIHOZ20,
9KONIOSUUECKO20 U COYUATIBHO20 XapaKmepa.

2. 3naxomcmeo u 0m60p 3AKOHOOAMEIbHBIX U HOpMAmMueHblx
aOKyMeHmOG no meme

T'OCT 12.0.003-74 «Onachvie u pedHvle
daxmopoiy.

T'OCT 12.1.003-83 «Illym. Obwue mpedosanus
bezonacnocmuy.

T'OCT 12.1.012-90 «Bubpayuonnas
bezonacrHocmo».

TOCT 12.1.004-91 «Ilodicapras 6e3onachocmoy.
T'OCT 12.1.005-88 «Obwue canumapro-
eueueHuyeckue mpebosanus Kk 6030yxy pabouet
30HbLY.

Hepeqeﬂb BOIIPOCOB, MOAJCKAIMUX UCCIICAOBAHUIO, IPOCKTHPOBAHUIO U pa3pa60TKe:

1. Ananu3z 8vis81eHHBIX BPEOHBIX PAKMOPOS NPOEKMUPYEMOL
npPoU3600CMBEEHHOU CPedbl 6 Cledyioujet
noc1e008amerbHOCU.

—  QUBUKO-XUMUYECKAsi NPUPOOA 8PEOHOCIU, €€ C653b C
paspabamoléaemol. memoil;

—  Oelicmeue haxmopa Ha Opeanu3m Yerosexd,

—  npueederue OONYCMUMbIX HOPM C He0bX0OUMOU
PA3MEPHOCMBIO (CO CCOLIKOU HA COOMBEMCMEYIOUULL
HOPMAMUBHO-MEXHUYECKUL OOKYMEHM,),

— npeodnazaemvle cpeOCmEd 3auumol
(CHayana KoANeKMUSHOU 3auuml, 3amem —
UHOUBUOYATIbHBIE 3AUUMHbLE CPeOCmEa)

Bpeonuvie pakmopwi:

1.Ilpesviutenue yposs wyma

2. Vmeuxu moxcuuHwvIx u 6peOHbIX 8eujecms 6
ammocgepy

3. Knumamuueckue yciosus

4. HeOocmamox ecmecmeenHo2o céema

2. AHanu3 GbIAGNEHHBIX ONACHBIX AKMOPOE NPOCKMUPYEMOL
npou36e0EHHOU Cpedbl 6 Cledyioujell NoCIe008amebHOCU
— Mexauuueckue OnacHOCMu (UCMOYHUKY, CPedcmed
sawumol;
—  mepmuyecKkue onacHoCmu (UCMOYHUKY, CPeocmed
3auumot);
—  271eKmpobe30nacHOCmb (6 M.u. CIMAMU4ecKoe

aJleKmpuiecmeo, MojiHuesawjuma — UCmo4YHUKuU, cpedcm@a

Onacnule ghakmopul

1. Mexunuueckue mpagmvl npu 0CHOBHbIX GUOAX
pabom

2. B3pwisoonacrnocms

3. Hoorcapoonacnocms




3auumot);

nOHCAPOB3PHIBOOE30NACHOCMYb (RPUYUHDL,
npogurakmuueckie Meponpusimusl, nepeutHvle Cpeocmed
noxcapomyuiens)

3. Oxpana oxpyascaioueti cpeov:

s3awuma cenumeOHo 30Hbl

ananusz so30elcmausi 06vekma Ha ammocghepy (8blopocul);
ananusz so3oelicmeust obvexma Ha cuopocghepy (copocul);
ananusz so3oelcmeusi 06vexma Ha aumocgepy (omxoovt),
paszpabomamu peuieHus RO 00eCNeyeHUI0 IKOA0UYECKOT
besonacnocmu co cevlakamu Ha HT][ no oxpane
oKpysicaroujell cpeovl.

Tpu obcnyscusanuu HanopHozo Hemenposooa
6030€liCmeUsi OKA3bIBAIOM KAK
nPOU3600CMEEHHbIE NPOYECCHI, MAK U 0OBEKMbL
NOCMOSAHHO20 U BPEMEHHO20 HASHAUCHUSL.
Obcayacusanue mpyoonposooa
CONPOBONCOACTNCSL:

- 3aepsA3HeHUeM ammochepHo2o 6030yxXa;

- Hapyuwenuem u0po2eosoSUdecKo20 PelCuma;
3aeps3zHeHUeM NOBEPXHOCIHBIX 80OHbIX
UCMOYHUKOS8 U NOO3EMHBIX 800,
nogpedNcOeHUeM NOYGEHHO-PACMUMENBHOZO
nokposa;

UZLAMUCM 3eMeb;

4. 3awuma 6 upe3sbiuatiHbIX CUMYAYUsX.

nepeyens 603modichvix 4YC na obvexme;

ev160p Haubonee munuunou 4C;

pazpaboma npegeHmuUGHuIX Mep no NPeOynPeHCOeHUIO
Yc;

paszpabomia mep no ROGLIUEHUIO YCMOUYUBOCMU 00bEeKMA
K Oannou YC;

paspabomka Oeticmsuil ¢ pezyiomame goznuxwer 9C u
Mep no quksudayuu eé nocieocmeul

Ypeseviuaiinblie Cumyayui Ha HAnOPHOM
Hehmenposode Mo2ym 603HUKHYMb 6 pe3yibmame
noepedcOeHUst Hehmenposooa MeXaHUUecKu Uiy
ecredcmeaue Kopposuul.

5. Ilpasosuie u opeanusayuonmbie 60NPoCsl 0beCnedeHus
bezonacrocmu:

cneyuanvbhble (Xapakmephvie OJisi BPOEKmMupyemot paboyeti
30HbL) NPABOBLIE HOPMbL MPYO0BO20 3AKOHOOAMENLCMEA,
Op2anU3aYUOHHbIE MEPONPUSIMUSL NPU KOMHOHOBKe paboueti
30MHbl

PJ[ 09-364-00 « Tunosas uncmpyxkyus no
opeanuzayuu 6e30nacHo20 NPOBeOeHUs 02HEBbIX
pabom Ha 63pbl8OONACHBIX
83PbIBONOINCAPOONACHBIX 0OLEKMAXY,

Ilepeyennb rpaguyeckoro MarepuaJa:

Ilpu neobxooumocmu npedcmasums 3CKU3Hble epaguyeckue
mamepuansl K pacyémuHomy 3a0anuio  (006513amenvHO Ol
CReyuanucmos u Mazucmpos)

\ JlaTta BbIIauM 3a1aHMA 1JIs1 pa3/ieia 1o JUHeiHoMY rpadguky \ 06.04.2017r

3agaHue BbI1AJ KOHCYJIbTAHT:

Jo1KHOCTH (1% (0] YueHnasi cTenenb, Moanucey Jara
3BaHHe
UHXEHEP MasanoBa Hatainbs K.T.H., 06.04.2017r
BukropoBHa WHXKCHEP

33)13}[1/[6 NMPUHAJI K HCITOJHCHUIO CTYACHT:

I'pynna [27(0]

Hoanucek Jlara

2BMSA

Jlanne Anekcanap AJleKCaHIpOBUY

06.04.2017r




6 ConnajanbHas OTBeTCTBEHHOCTH

OObekT uccnenoBanus: Pabouel 30HOH SBJIAIOTCS HANOPHbIE HEPTETPOBOIDI,

KOTOpbIE COEAMHSIOT MEXIY COOOW YCTaHOBKHM MpEABAPUTENIBHOIO CcOpoca BOJbI
(YIICB) u ycranoBky nogaroroBku Hedgtu (YIIH). Tun npoknagku tpybompoBoaa —
MOJI3EMHBIN, a cama TpyOa yJokeHa B TpaHuiero. Bes pabouasi 30Ha HaXOaUTCS TOJ
oxpaHoi. Ha Tepputopun 00beKkTa HAXOAATCS METAUTMYECKUE OTPAXACHUS, 3HAKH,
0003HayarolMe ONacHbI MPOU3BOACTBEHHBIN 00BEKT, cxeMa 00BbEKTa, €ro Ha3BaHUe
U npeanpusTre oOcayKuBaroliee JaHHbI 00bekT. Ha pabouyio 30HYy nomyckaercs
TOJIBKO YIIOJIJHOMOYEHHBIN MIEPCOHAT KOMITAaHUU.

6.1 IIpousBoacTBeHHAsI 0€30IIACHOCTH

6.1.1 AHanu3 BpeAHBIX U ONACHBIX (PAKTOPOB, KOTOPbIE MOXKET CO3JaTh
00BbeKT HcciIe0BaHUA

Bpennsie u omacHble TPOU3BOACTBEHHBIE (PAKTOpPbI, BO3ZHUKAIOIIME IpU
MPOBEJICHUH OOCITYXKMBAaHWU HANOPHBIX HE(TENPOBOIOB, MPUBEJAEHBI B Tabmuue 6.1
[30].

Tabnuua 6.1 — onacHble U BpellHbIE (HDAKTOPBI IPU OOCTYKUBAHUE HATIOPHOTO

HedTenpoBoia
HanmenoBanue BUI0B | DakTOphI HopmaTtusHbie
paboT Bpennbie OmnacuHele JOKYMEHTBI
OO6cnyxuBanue 1. IToBeimienusiid mym; | 1.Mexanuueckue PJ1 153-39.4-114-
HATIOPHOTO Hed)TenpoBO/IA 2. BpenHble BeleCTBa; | TpaBMbI IPU 01 [28]
3. Henocratok ocHOBHbIX  Buaax | P/I-13.100.00-KTH-
MOT
(ocmotp, €CTECTBEHHOTO CBeTa; | pabdoT; 306-09 [38]
00be3]1, yCTpaHEHUE 4. OTKIIOHEHHE 2 IToxapoB3peiBo- | PJ] 13.100.00-
yreuex HedyTH, cGOp MoKazaTesiell KiiuMara; | OIacHbIE; KTH-225-06 [39]
3.B3pbIBOONACHOCH;
HedTenama)
UccrnedosaHue memodo8 nosbiueHUs1 IKCryamayuoHHOU
HalexxHocmu HaropHbix Hegpmernpogodos OAO « TomckHegpmb» BHK
U3m. | Jllucm Ne dokym. lNodnucek | ama
Pa3spab. JlanuH A.A.. Jlum. Jlucm Jlucmoes
Pykogod. | 3apy6uH A.T. 6 CouuarnsHas | | 74 112
KoHcyrnbm. omeemcmeeHHOCMb
n.0.3as.kap| Bypkos I1.B. Tr1y TXHI ep. 2BbM5A




6.1.2 Anaau3 BpeaHBIX M ONACHBIX (AKTOPOB, KOTOPbIE MOIYT
BO3HHUKATH HAa pa0oyeM MecTe NMPH NPOBEeICHUN UCCIeI0BAHMH.

BpeausiMu  MpOM3BOJICTBEHHBIMU  (PAKTOpaMH  Ha3bIBalOTCS  (AKTOPHI,
OTPULIATEIBHO  BIUSIONIME HAa  pabOTOCMOCOOHOCTh ~ WJIM  BBI3BIBAIOIINE
npodeccruoHanbHble 3200JIEBAHUS U IPYTrUe HEOIaronpusiTHbIE MOCIIEICTBUS.

IoBbIIEHHBIN LIYM.

HNcroynnkamym 1miyma  SBISAIOTCA  3BYKH, BBI3BAHHBIE B pPE3yJbTaTe
MPOU3BOJICTBEHHOM N1€ATEbHOCTHIO MOTOTIOMITBI, ABTOMOOUJISIMU, 3KCKaBaTOPAMH,
Oynpao3epaMu, MPUBICYEHHBIMH JJIi HEOOXOAMMBIX pPabOT 0OCITYKMBAHUIO
HamopHoro HedrenpoBoja. JleiicTBre mryma Ha 4eloBeKa OIMpeaeseTcs BIUSHUEM
Ha CIIyXOBOM amnmapaT U MHOTHE APYTUMe€ OpraHbl U CUCTEMbI OpPraHU3Ma, B TOM YHUCIIE
Y HEPBHYIO CUCTEMY.

I'pomkocTs HUKE 80 1b OOBIYHO HE BIUSET HA OPraHbl CIyXa.

JnutenbHOE neiicTBue myma > 85 n1b B COOTBETCTBUM C HOPMAaTHBHBIMU
nokymentamun CH 2.2.4/2.1.8.562-96 u T'OCT 12.1.003-83, mnpuBoguT K
IIOCTOSIHHOMY TOBBIIIEHUIO MOPOTA CIIyXa, K MOBBIIIEHUIO KPOBSIHOTO JTaBIECHUS.

Bpeanbie Bemecrsa.

NCcTOYHMKOM  YT€UKM TOKCHYHBIX M  BPEAHBIX BEIIECTB  SIBIIAECTCS
MOBPEKICHHBIN HAIOPHBIN HEPTETPOBO/I.

JleiicTBue aBapuifHOro pasznuTusi HedTH Ha YeJOoBeKa OIpeaeseTcs
BJIMSHUEM Ha [IBIXaTEIbHYIO CHUCTEMY 4YEJIOBEKa M HAa MHOTME IPYrue OpraHbl U
CUCTEMBl OpraHU3Ma, T.€. BBI3BIBAET TOJIOBOKPYKEHHE M TOLIHOTY, OCTpPHIE H
XPOHHUYECKHUE OTPaBIICHHUS, PA3BUBAIOTCS BET€TaTUBHBIE PACCTPOICTBA, pACCTPOKCTBA
HEPBHOM cHCTEMbl, OECCOHHMUIIA, MBIIIIEYHbIE CYIOPOTH U T.I.

IIpenenbHO [OOMYCTHMBIE KOHLEHTPALMHW BPEIHBIX BEIIECTB B BO3IYyXE
paboueii 30HBI MpUBEACHBI B Tabsmie 6.2 [34].

[Ipy momajnaHuu yriaeBOJAOPOAOB B JKHUIKOW (pa3ze oka3piBaeT mnaryOHoe

BJIMSTHUC HA KOXY, BbI3bIBASA ACPMATUTHI 1 9K3CMBI.

Jlucm
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Tabnuua 6.2 — IIpenenbHO JOMYCTUMbIE KOHIEHTPALMU BPEIHBIX BEIIECTB

Ne  |HammenoBanue |Arperarnoe |Knacc Xapakrepuctuka |IIpenensHo JOITyCTUMAst

n/n COCTOAHHUE (OIIACHOCTH|TOKCHYHOCTH KOHIOCHTpalrsa BCIIECTB B

BO3ayxe  pabodeil  30HBI
IMPOU3BOJACTBCHHBIX

IIOMEIICHHUH, Mr/m°

Hedtp KUJIKOCTh 3 Hapkotnueckunit 10

HEPBHBIN 51

2 Hedrsnoii raz  |ras 4 Hapkotnueckunit 300

ST, yIamaeTcs
YJIBC,
YBEJITMYNBACTCS
00bEeM  JIBIXaHMA,
ocnabsercs

BHHUMAaHHC

OT1cyTcTBHE HJIM HEJOCTATOK €CTECTBEHHOI'0 CBeTAa.

OO6cnyXrBaHUE HAMOPHOTO He(dTEeNnpoBOJa HENPEPHIBHO HE 3aBUCUMO OT
BPEMEHU CYTOK M BpeMeHHM rojaa. OCBEHIEHHOCTh HeoOXoauma i oOecredeHus
HOPMAJIbHBIX YCJIOBUI pabOTHI HA OTKPBITHIX TUIOUIAAKAX.

OTK/10HeHHe NAapaMeTPOB KJIUMATA.

Knumar mnpencraBnsier KoMIUieKC (U3MYECKUX MapaMeTpoB BO31yXa,
BIUSIOIIMX Ha TEIJIOBOE COCTOsIHME opraHm3ma. K HUM OTHOCAT TemImeparypy,
BJIQXHOCTb, CKOPOCTh JBHXKEHHUS BO3JyXa, HWHTEHCUBHOCTb pPaJHALIMOHHOIO
U3JIyYeHUS  COJIHLIA, BEJIMYMHY aTMoc(epHOro JaBieHus. MakcuMmaibHas
TeMmeparypa s ToMckoro paiiona coctasister + 40 °C, muanmanshas — 50 °C.

OnacHpIMM  TPOU3BOJICTBEHHBIMU  (DaKTOpamMu  Ha3bIBalOTCA  (PaKTOPHI,
CIIOCOOHBIE TIPU OTIPEJIEICHHBIX YCIOBUSX BBI3bIBATH OCTPOE HAPYIICHHUE 3/I0POBbS U

ru0en 4ejaoBeKa.
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MexaHu4ecKkue TPAaBMbI IPH OCHOBHBIX BH/IaX padorT.

[Ipu oOciy’)XMBaHUM HAMOPHOTO HEPTENPOBOAA BO3MOXKHOCTH MOIYYECHHS
MEXaHUYECKUX TPaBM BBICOKA. DTO MOKET ObITh BOCIUIAMEHEHHE He(TernpoyKTa
WJIM B3PBIB €0 MapoB, MaIeHUE TAKEIOro MpeaIMeTa, nopessl, ymuosl. [loBpexaenus
MOTYT OBITh pPa3HON CTENEHU TSHKECTH BIUIOTh JO JIeTadbHOTro wucxoxaa. Jlus
MPEeIOTBpAICHHs] MOBPEXKICHUI HEOOXOIUMO COOJIIOATh TEXHHKY O€30MacHOCTH
[28].

IHoxapoonacHOCTE.

B nporecce ucnapenust pazauBIIMXCS HEPTENPOLYKTOB 0Opa3yeTcs: 001aKo
tToruiuBHO-Bo3nyIiHOM cMmecu (TBC). Hanuume uncroyHuka 3akuranusi B mpeneniax
obnaka TBC moxeTt noBieub 3a co0o0il BocmameHeHrne. OCHOBHBIM MOpaXarouum
(dakTopoM TpH BO3rOpaHUM HEPTH SBISIETCS TeEIJIoBoe u3iyudeHue. lIpenenbHo
JOMYCTHUMbIE 3HAUYECHHUSI MHTEHCHUBHOCTH TEIUIOBOTO M3JIYyYEHHS IOKapOB IPOJIMBOB
He(dTH, peacTaBiieHbl B Tabnuue 6.3 [35].

Tabnuua 6.3 — IlpenensHO AOMYCTUMBIE 3HAUYEHUS HWHTEHCUBHOCTH

TCIJIOBOT'O U3JIYYCHUA

Crernenp opaxeHus NutencuBunocTh, KBT/M2

bezonacHo ayst yenoBeka B Ope3eHTOBOM OIEK Ie 4,2

Henepenocumas 601b uepe3 20—30 ¢
Oxor 1-#1 crenenu uepe3 15—20 ¢ 7,0
Oxor 2-i1 crenenn uepe3 30—40 ¢

Bocmiamenenue xionka-BosokHa yepe3 15 Mun 10,5
Henepenocumas 601b uepe3 3—5 ¢
Oxor 1-i1 crenenn uepe3 6—S8 ¢

Oxor 2-i1 crenenn uepe3 12—16 ¢

BocniaMenenue apeBECHHBI € MIEPOXOBATOM IMOBEPXHOCTHIO 12,9
(BmaxxHocTh 12 %) mpu jymrenbHOCTH 00mydeHus 15 mun

B3pbsiBoOnIacCHOCTD.
B mporecce ucnapenust pazauBIIMXCS HEPTENPOLYKTOB 00pa3yeTcst 00JIako
tToruiuBHO-Bo3nyIIHOM cMmecu (TBC). Hanuume uncrouHuka 3akuranusi B Ipenenax

obnaka TBC moxeT noBiieub 3a co0oii BocmiiaMenenue u B3pbiB oonaka TBC. Takum
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oOpa3zoM, HeoOX0auMO YyOpaTb HMCTOYHUKHM HCKpooOpa3oBaHMsl ¢ paboyell 30HBI.
[IpenenpHO AOMyCTHMBIE 3HAYCHHS  W30BITOYHOTO JABJICHHUS MPEACTABICHBI B
tabnume 6.4 [35].

Tabnuma 6.4 — [lpenenbHO-10MyCTUMBIE 3HaUCHHSI U30BITOYHOTO JTaBICHUS

CreneHp nopaxeHus N30biTOuHOE faBienue, klla
50 %-s1 BeposATHOCTb pa3pbiBa OapaOaHHOMN MEPEOHKI 103

[TonHoe pa3pyieHne 31aHui 100

50 %-Hoe pa3pylieHue 31aHui 53

Hwuxuuit nopor paspsiBa 0apabaHHON MEPENOHKU 34,5

Cpennue noBpexXICHUS 3TaHUI 28
YMepeHHbIe MIOBPEKICHUA 3IaHUI (moBpexIeHNE 12
BHYTPEHHHUX [1€PETOPOJIOK, paM, IBEpEH U T.I1.)

HwuxHuil mopor noBpesk1eHNs Y€I0BEKa BOJITHOW JTaBICHUS 5

6.1.3 OOocHoBaHHMe MepONPHUATHHA MO 3alIATEe MCCJIAEA0BATENs] OT
AEeMCTBHSA ONACHBIX M BpeIHbIX (aKTOPOB

IHoBbILIEHHBIN HIYM.

OcHOBHBIE METOIbI OOPHOBI C IIYMOM:

— CpenctBa unauBuaAyanbHo 3amutel (CU3): HaymiHUKY;

— CoOmroieHue pesxuMa TpyJia u OTIbIXa;

— KotekTuBHBIE CpECTBA 3aIUThI: YKPBITHE HCTOYHHUKOB IITyMa B

KOXYXH, KaOWHBI, CO3JaHHE  LIYMO3AIIMIIEHHbIX 30H, MNPUMEHEHUE
MaJIOIIYMHBIX TEXHOJOTMYECKUX MPOLIECCOB U MAIlIUH, OCHAILEHHE IIYMHBIX MAIINH
CPEACTBAMH IUCTAHIIMOHHOTO YIPABIEHUA U ABTOMAaTUYECKOTO KOHTPOJIA U T.[I.

Bpeanbie Bemecrsa.

OcHoBHBIE MeTO/ABl OOPHOBI C TOKCHMYECKUM BIMSHUEM NapoB HedTH Ha
YEJI0BeKa:

— CpencrtBa unauBuyanbHon 3amutel (CU3): mpoTuBorasel, pecnupaTopsl;

— CoOnroieHre TEXHUKH OS30I1aCHOCTH;

— CoOmroieHue pesxuma TpyJia u OT/bIXa.

OTcyTcTBHE MM HEAOCTATOK €CTECTBEHHOI0 CBETA.

CpencTBa HOpMalM3alMd OCBEHIEHUS pabo4YMX MECT — MCKYCCTBEHHOE

OCBeIllEHHE — MpU padoTax B HOUHOE Bpems. B HOuHOe BpeMs OCBElleHHE JOHKHO
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OCYIIECTBIISITHCS TMPOKEKTOpPAMU WJIM CBETHWJIBHHUKAMU BO B3pHIBOOE30IMACHOM
UCITOJIHEHUH.

JUIss MEeCTHOro  OCBELIEHUSI HEOOXOAMMO TPUMEHATh  CBETHJIBHUKU
HampspkeHueM He Oonee 12 B, unum akkymynaropHble ¢oHapu (BKIOYATh H
BBIKJTIIOYATh UX CIIEAYET 3a IpeJieJIaMy B3pPbIBOOIIACHON 30HBI).

OTK/10HeHHe AapaMeTPOB KJIUMATA.

PaGoratomurie B 3uMHUN 1mepuoa  Tofa JOJDKHBI OBITh  OOecredyeHbl
CHEIOJEKION C TEeIUIO3allUTHBIMU CcBOMcTBamMu. Jlenath HENpOOJIKUTEIbHBIC
nepepbIBbl B paboTe ¢ COrpeBaHUEM B TEIJIOM MecTe. [IpooKUTeIbHOCTh 3aBUCUT
OT TeMIepaTyphl BO3JyXa M CKOpOCTH Betpa. IIpu Temmeparype Bosnyxa -40 °C u
HUKE HE0OXO0IMMa 3allliuTa OPraHoB JbIXaHUs U JHIIA.

B nernuit mepuon paboraromive AOMKHBI OBITH 00ECHEYEHbl TOJIOBHBIMU
y0opaMu UCKITIOYAIOIINE IEPETPEB FOJIOBBI OT COTHEUHBIX JIyUeH.

Mexanuveckue TpaBMbI P OCHOBHBIX BH/AaX padoT.

OpraHu3alMoOHHbIE U TEXHHUYECKHUE MEphbl MO0 00ecnedyeHuio Oe30MacHOCTH,
MpUMEHSIEMbIE CpPEACTBAa KOJUIEKTUBHOM M WHIWBUIYAIbHOW 3alIUTHI, PEXKUM
MpoBelieHus paboT, a Takke Mo O0OpYAOBAHUIO MECT OTAbIXa, NpHUeMa MHUILA U
CaHUTAPHO-TUTMEHNYECKUX HOPM JI0 Hayaja padoT:

— OdopMuUTh HApSIA—IOMYCK HA MpoBeAeHNE PAaOOT MOBBIIIEHHOW ONACHOCTH;

— IlpoBecTn BHEMJIAHOBBIM WHCTPYKTaXX BCEM 4IE€HaM Opuraisl IO
BBITIOJTHEHHIO pa0OT MOBBIIIEHHONW OMACHOCTH, a TAKXKE MO MpaBUiaM MOBEICHUS BO
B3pbIBO U IMOXKAPOOMACHOW OOCTAaHOBKE M JPYTUX OMNAacCHBIX YCIOBHUSIX H
00CTOATENBCTBAX C POCIUCHIO B JKypHAJIe HMHCTPYKTaked Ha pabodyeM MecTe Hu
HapsA-I0IyCKe;

— VYcCTaHOBUTHh Haluyue U OOO3HAUUTH 3HAKAMHM PACIOJIOXKEHHE BCEX
KOMMYHUKAIIMI B paguyce NpoBeJeHus: padborT;

— [IpoBepuTh UCTIPABHOCTD UCIIOIB3YEMOr0 000PYAOBAHUSI.

Ha Bech nepuoj paboT B 30HE MPOU3BOACTBA PabOT OrpaHUYUTh JOCTYII JIUIL,
HE 3aJIeCTBOBAHHBIX B MPOM3BOJCTBE paboT. Bech mepcoHan, 3a7eiicTBOBaHHBIN B

paboTax, TOJDKEH HaXOIUThCs B crienoaexe [28].
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IHoxapoonacHOCTE.

Ha wmecte mnpousBoacTBa pabOT yCTaHABIMBAETCS  MPOTHUBOIOXKAPHBIN
pexxuMm. MecTta Juisi KypeHHsl pa3peliaeTcs yCTpauBaTh HAa PacCTOSHUU, HE OJmxKe
300 M oT MecTa mpOU3BOJICTBA padoT.

ABTOMOOMIIM, CHEUTEXHHKA, OOOpYyAOBaHME M MEXaHU3MbI, a TaKkKe
TEXHUYECKUE CPEJCTBA, HE HCIOJb3yeMble NpU paldoTe, CIeAyeT PacHoyOKHUTh 3a
TeppuTopueil nposeAeHUs paboT. BeixionHele TpyObl OT ABUTaTeNeil BHYTPEHHETO
CropaHusi MalluH U MEXaHU3MOB JIOJKHBI OBITh 000PYI0BaHbI HICKPOTACUTEISIMHU.

[locne nmpuOBITHS TMOKAPHOM YaCTH PYKOBOJUTENb TYIIEHUS MOXKapa JeiaeT
BBIOOp CMOCOOOB M MPHUEMOB MPEKpAIEHUs TOPEHUs, KOTOpPOE 3aBUCUT OT
OOCTaHOBKM Ha TMOXape, a TaKkKe OT HaJIU4usg TEXHUYECKUX CPEJCTB IMOJauu
OTHETYIIAIUX BEIIECTB.

OCHOBHBIM CpPEACTBOM TYIICHHUS TMOXapoB HEMTENPOIYKTOB SIBISIOTCS
BO3JIYIIIHO-MEXaHUYECKUE MeHbl. OrHeTylmanme MmopoIIKOBble COCTaBbl IPUMEHSIOT
IUTSL TYyIIEHUs HEOOIBIINX MPOJIMBOB, JOKAIBHBIX O4aroB rOPEeHHs Ha 3aJBUKKAX U
(braHIEBbIX COEAMHEHMSIX, a TakkKe B KOMOMHAIMM C MEHHBIMU CpeAcTBamMu (C
MPUMEHEHUEM MOPOIIKOBBIX OTHETYIIUTENEH Ha OTAENIbHBIX o4arax ropenus) [28].

B3pbsiBoOnIacCHOCTD.

JUiss  mpoBeleHUsT 3aMEepOB  COCTOSHUSL  BO3AYUIHOM  Cpelbl  JIOJKHBI
uCIoJib30BaThcsl razoaHanuzaTopel AHT-2M npenHasHaueHHblE ISl ONpeaesieHUs
npenenbHo ponyctumbix konuentpanuit (ITJK) BemiecTB B Bo3ayxe padoueii 30HbI (B
BECOBBIX (MI/M’) HJIH 0OBEMHBIX BemmauHax (% 06.)).

KoHTponp BO3ayIIHON Cpenbl MPOBOAUTCS A0 W TMOCIJE BHINOJHEHHUS BCEX
MOJATOTOBUTENbHBIX MEPOIPUITHH, MPEIYCMOTPEHHBIX HAPSIIOM-IOITYCKOM.

[Ipu BbIOOpE TOYEK KOHTPOJS HEOOXOJUMO YUHMTHIBATH MECTO U XapakTep
MPOBEJICHUs padoT, a TaKKe METEOpPOJIOrHYECKUE YCIOBUS (TeMIeparypy BO3ayxa,
HaIpaBJIeHHE U CKOPOCTh BETPA).

Pe3ynbpTaThl 3aMepoB 3aHOCSATCS B HApAN-AOMYCK M >KypHaJl KOHTPOJIS.
Pe3ynbpTaThl aHamu3a ra3oBO3YIIHONW CpeAbl COOOUIAIOTCS OTBETCTBEHHBIM JIMIIAM U

3aHOCIATCS B (()KypHaJI KOHTPOJIA COCTOAHUA BOBIIYHIHOﬁ CpCaAbl».
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6.2 Jxosornueckasi 6€301aCHOCTH

6.2.1 AmnHanu3 BO3MOXHOIO BJHAHHS O0ObEKTa HCCICA0OBAHMS HA
OKPY/KAIOLIYI0 Cpexy

[Ipu BO3BHMKHOBEHHUM aBAPUUHOW CHUTYallMU W JIOKAJIW3AIUU U JIMKBUAAIUU
aBapuitHOro pasnuBa He()TH HA HAMOPHOM HE(TENPOBOJIa MPOUCXOIUT HETaTUBHOE
BO3/ICHCTBHE Ha MOYBEHHO-PACTUTENIBHBIA MOKPOB U penbed mectHocTu [28]. Tun
BO3JICMCTBUS — MEXaHUUYECKOe pa3pylieHue. McTouHnKaMu BO3IEMCTBUS SIBIISIFOTCS:
pa3phiB MOBEPXHOCTH 3€MJIM; 3€MIIsIHble pabOThl MpU pa3pabOTKE KOTIOBAHOB;
CO37laHMe BPEMEHHBIX OTBAJIOB I'PYyHTa, IPHU pa3pabOTKe KOTIOBaHA; MEpPEIBUKEHUE
TEXHUKU; 3arpsi3HEHUE OTXO0JJaMU MTPOU3BOJICTBA.

C paspylieHreM MOYBEHHOTO IMOKpOBa, a BMECTE€ C ATUM U JaHamadra,
HapylaeTcsi KpPyroBOPOT BELIECTB M JHEPIUM, H3MEHSETCS Ta30BbId COCTaB
aTMoc(epbl, YXYAIIAlOTCA CaHUTapHO-TUTHeHH4Yeckue ycioBus. [loaTomy mnpu
pa3pylleHUd TOYBEHHOIO NOKPOBAa NPUPOJHOM CpENE€ W YEIOBEKY HAHOCHUTCS
AKOJIOTUUYECKUH yiiepO, nmpuyeM B OOJIbIIEH CTEIIEHH, YeM SKOHOMHUYECKHUH [28].

6.2.2 AHaqu3 BJUSIHHS MPOLECCA NCCIECJOBAHUA HA OKPYKAIOUIYIO Cpeay

OO6cnyXrBaHUE HAMOPHOTO HEPTENPOBOJA HA MPU3EMHBIN CII0M aTMochepbl
OyZeT CBsI3aHO C HEOPraHW30BaHHBIMU W  OpPraHU30BaHHBIMU  BBIOpOCAMU
3arpsi3Hsitonux BemecTB (3B) B atMocdepy. BbriOpockl sBASIOTCS HEM30€KHBIMU
[28]. UcroununkamMu BBIOPOCOB 3arpsi3HSAIONIMX BEIIECTB B aTMOC(EpHBIH BO3AYX
SABJISIFOTCSL:

— aBTOTPAHCIOPT MpPHU MEPEBO3KE CTPOUTENIbHBIX MaTepUaioB, paboUMX,
MATaHUS;

— MAaIlIMHBI U1 MEXaHU3MBI;

— paboThl Npu pe3Ke TPyObI;

— CBapO4YHbIE PAOOTHI;

— U30JISILMOHHBIE PAOOTHI.

[Ipu mnpoBeneHUM PEMOHTHBIX IUTAHOBBIX WJIM HEIJIAHOBBIX paboT Ha
HanopHoM HedTenpoBoje: 1) [lpu BBINMOIHEHMH CBapOYHBIX PabOT MPU 3aMEHE

KaTylIKd B aTtMoc(epy BBIACNISIETCS CBapOYHBIA a’po30Jib, B COCTAB KOTOPOIO

Jlucm

6 ConmaiabHas OTBETCTBEHHOCTD
81

N3m.

Jluecm Ne dokym. lodnucek \dama




BXOJIAT: JKeJie3a OKCUJ, MapraHell U ero COeIMHEeHUs, bLIb Heopranuueckas. 2) [pu
OCYIIECTBICHUHN U3OJISIIIUOHHBIX PAOOT BBIIACISIOTCSA: OEH30J, TOJYOJ, KCHJIOI,
THIIOEH30J, yriaeBoaoponbl. 3) Ilpu pe3ke TpyObl BBIIENSETCA JKele3a OKCHUJ,
Maprasell 1 ero COeIMHEHUs, JUOKCU a30Ta, OKCU/J] yriepoaa.

6.2.3 O0ocHOBaHHE MEPONIPUATHIA 110 3aIUTE OKPY KAKOLIEH cpeabl

JUist  CHWKEHHMST BO3ACHCTBUS Ha TOBEPXHOCTh 3€MJIM  HEOOXOIHUMO
BBITIOJIHUTD CIEAYIOIINE MEPOMPUSATHUS: PEKYJIbTUBALIMS HApYIICHHBIX 3€Mellb; IS
UCKIIIOUEHHUS pas3iuBa roproye-cMa3zouHbix matepuanoB (I'CM) 3ampaBka TeXHUKH
JOJI’KHA OCYIIECTBIISITHCS TOJIBKO HA BPEMEHHOM MIIOMIA/IKE C TBEPJbIM MOKPBITUEM;
JUTSI UCKITIOUEHUS 3arpA3HEHUs] TEPPUTOPUU OTXOJAaMU MPOU3BOJCTBA JIOJDKHO OBITH
MpeIycCMOTPEHa CBOEBpEMEHHasi yOOpKa Mycopa; 3alpelieHUue HCIOIb30BaHUs
HEUCITPaBHBIX MOKAPOOIACHBIX TPAHCHIOPTHBIX U CTPOUTEIHHO-MOHTAXXHBIX CPEJICTB
u T.0.; llpu BBHINOJHEHUH BBIIIEYKA3aHHBIX MEPONPUIATHI BO3JEHCTBUE Ha
3€MeJIbHBIE YTO/ibsi U PACTUTEIBHOCTD Oy/1€T MUHUMAJIbHBIM.

6.3 be3onacHOCTDH B Ype3BbIYAHBIX CUTYALUSX

6.3.1 Anaau3 BepossTHbIXx UC, KoTOpBIE MOXKET HHMIMHUPOBATH 00BEKT
HCCJIeJOBAHUI

[Ipu 06Cy>)KMBaHUM HAIOPHOTO HEPTENPOBOA MOTYT MPOU3ONUTH Pa3ITHUHbIE
Ype3BbIUAHbBIE CUTYAIMU: BPBIB WJIM BO3rOpaHuE MapoB HEPTU U HEPTENPOAYKTOB,
paspyiieHue HepTenpoBoa, BbUIET Fe€pMETU3aTOPOB.

6.3.2 Ananus BeposaTHbIX UC, KOTOpBIE MOI'YT BOBHMKHYTh Ha padodem
MecTe NP NPOBeJeHNH MCCIeJ0OBAHMUIA

[Ipu npoBeneHun pabOT HAa HAMOPHOM HE(TENPOBOAE MOMKET MPOU3OUTHU
Yype3BblUaiiHas CUTyalusi B BUJIE MaJICHUS B KOTJIOBAH TEXHUKHU.

6.3.3 Oo0OocHoBanue MeponpuaTHi mno mnpegorppamenniy YC w
pa3padoTka JAeilicTBHS B ciaydyae BOSHUKHOBeHuss YC

WNHxkeHepHO-TeXHUYECKUI TIepcoHan u pabouue, 3aHAThIE B OOCIYKHBaHUE
HAMOPHBIX HE(MTENPOBOJIOB, NPOXOJAT OOyYe€HHE IO CBOEH CHNEUHATBHOCTH H
npaBWIaM  TEXHUKH  OE€30MacHOCTH. [IpoBepky  3HaHuUM  OGOPMIISAIOT

COOTBCTCTBYIOIIIMMHU HOKYMCHTaAMHU COTI'JIaCHO IICﬁCTBYIOH.IHM OTpPaCJICBBIM
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MOJIOKCHHSAM O TOPSAKE MPOBEPKH 3HAHWA HOPM, WHCTPYKIIMIA U MPaBUJI, 110 OXpaHe
Tpyna. BHOBb mocTymarpmme Ha padoTy JTOMYCKAIOTCS K BBITOJTHCHHIO CBOUX
00sI3aHHOCTEH TOCJE MPOXOXKACHHWS WMHU BBOJHOTO HMHCTPYKTa)ka IO TEXHHUKE
0€30MacHOCTH M OXpaHe TPyAa HEOCPEACTBEHHO Ha pabouyeM MecTe.

[Tpr MpoOM3BOJCTBE PEMOHTHBIX Pa0dOT Ha HANIOPHBIX HE(MTENMPOBOAAX HYKHO
CTpOrO  COOJIFOaTh  MpaBWJa  TEXHUKH  OE30MACHOCTH,  PYKOBOJICTBYSCH
HOPMATHUBHBIMH JTOKYMEHTaMH. Bce MIPOU3BOICTBCHHBIC WHCTPYKITUU
MPEIyCMaTPUBAIOT PA3JCibl MO TEXHUKE OC30MacHOCTH, KOTOPBHIC COCTAaBJICHBI B
COOTBETCTBHH C TPECOOBAaHUSAMH JICHCTBYIOIIMX MPABWII JJIs KaKJIOTO KOHKPETHOTO
YCIIOBUSA C YYE€TOM CHEHU(PUKH TPOBOAUMBIX pa0boT. C MaHHBIMH HHCTPYKIUSIMH
3HAKOMSAT TEXHUYECKUH M pabo4mMX MepcoHaj, C BBIAAYCH Ha PYKH HMHCTPYKIHHA TI0
npodeccusim.

Jis mpenynpexaenus nossiacHuss YC orHeBble pabOTHI Ha TPyOONpPOBOE
cieayeT MPOU3BOJIUTh B COOTBETCTBUM ¢ TpeboBanusmu 1.8 PJ[ 39-00147105-015-
98.

JUIs  KaXJa0oro W3 YdYacTKOB TpacCchl HEoOXoauMma pa3pabdoTKa IIJIaHOB
JUKBHJIAIIMM BO3MOXKHBIX aBapHii, OMPEICIAIONINE TOPSAOK H  OOS3aHHOCTH
JICHCTBUS TEPCOHANIa aBapUHMHBIX CIIY’)KO M OTBETCTBEHHBIX JODKHOCTHBIX JIUIl. DTH
TTaHBI TIO3BOJIIOT 00JIee OPraHU30BaHHO M OTICPATUBHO MPHUHSATH SKCTPEHHBIC MEPBI
10 BOCCTAHOBJICHUIO TPYOOIPOBOJIA, 3alIUTE OKPYXKAIOMIEH Cpeabl, 00ECIICUYCHUIO
0e30macHOCTU OJIM3KO PACIONOKEHHBIX OOBEKTOB HAPOJIHOTO XO3SIMCTBA U TEM
CaMbIM 3HAYUTEILHO YMCHBIIUTH TOCIEJACTBUS M COKPATHUTh YIIEpO BO3MOKHBIX
aBapui.

[Imanel  JUKBUOAIMA  BO3MOXKHBIX  aBapuid  pa3palaThIBAlOTCSI U
paccMaTpHUBAIOTCS CHCIUAIBHOW KOMHMCCHEH, BKIIFOYAIOIIYIO CTapIIero JHUCIeTYepa,
HaYaJIbHUKA OTJeJIa JKCIUTyaTalluH, TJABHOTO SHEPreTHKAa, TIJIaBHOTO MEXaHHWKa,
WHXKCHEpa 0 TEXHHUKE O€30MaCHOCTH, HAaYaJIbHWKA IMOKApHOW YacTH, HayabHUKA
aBapPUITHO-BOCCTAHOBUTEIBLHOM CIY)KOBI, IMOAMMCBHIBAIOTCS WICHAMH KOMHUCCHU U
YTBEPIKIAIOTCS TIIaBHBIM HH)XCHEPOM.

IInans1 JJUKBH Al BO3MOXXHBIX aBapI/Iﬁ JOJI2KHBI paBpa6aTBIBaTBC$I B
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COOTBETCTBHUM C HaJM4YMeM KaJpoB U (PAKTUYECKUM COCTOSSHUEM aBapHUHHON
TEXHUKH, JIMHEWHOM YacTh TpyOONpoBOAa,  MOABE3AHBIX MmyTed. B ciydae
M3MEHEeHHUs] (PaKTHYECKOTO COCTOSIHUSA TMOIBE3IHbIX MyTel, aBapUilHOW TEXHUKH,
HaJIM4Yug KaJpoB U T.J. B IUIaH B TEUYEHHE Mecsla JAODKHBI OBITh BHECEHBI
COOTBETCTBYIOIINE IOMOTHEHNUS U U3MEHEHUS.

[1naHpl TMKBUIAUUHA BO3MOXKHBIX aBapUil TOJKHBI HAXOAUTHCA y AUCIIETYEpA
YOPABJIEHUS, TJAaBHOIO  WHXXEHEpa  yOpaBJICHUS, HAYaJlbHUKAa  aBapUHHO-
BOCCTaHOBUTEJILHOU CITY>KOBI.

K mnany, Haxondmemycs y qucrieTdyepa, IpuiiaraeTcsi OnepaTuBHBIN KypHaI
aBapuil. Ilnan nukBuAAMM BO3MOXKHBIX aBapuil HEOOXOAMMO THIATENBHO HU3YUUTh
BCEM HWHXEHEPHO-TEXHUYECKUMU pPAOOTHUKAM U WIEHaM Opurajbl aBapUHOU
CITY>KOBI.

6.4 IlpaBoBble W OpraHuM3alMOHHbLIE BONPOCHI  O0ecHeYeHUs
0e30macHOCTH

6.4.1 CneuunajbHble (XapaKTepHbIe AJI51 MPOEKTHPYeMOi padoueil 30HbI)
NPaBoOBbIe HOPMbI TPYAOBOI'0 3aKOHOAATEIbCTBA

OKCrulyaTauss M = PEMOHT OCHOBHBIX  COODYXEHUW, YCTPOMCTB U
000pyA0BaHUs HAIOPHBIX HE(TENPOBOIOB AOJKHBI TPOU3BOJAUTHCS B COOTBETCTBUU
C JEUCTBYIOIIMMHU HOPMATUBHBIMH IOKYMEHTaAMHU.

3anopHasi apMarypa J0JKHAa ObITh CHaOXeHa OrpakIEHHBIMU IUIONIAJAKaMU
oOCITy>KMBaHMsI, HAAMKUCSIMHU B BHJIE HOMEPOB B COOTBETCTBUHU C TE€XHOJOTHYECKOU
CXEMOM, a TaK)K€ yKa3aTeJIIMU HaIlpaBJICHUS BpPallECHUs HA 3aKPBITHE U MOJIOKEHUM
«3aKpBITO» M «OTKPBITO». Bce moa3eMHbIE KOHTAKTHBIE COEAUHEHUS YCTaHOBKH
ANEKTPOXUMHUYECKON 3aIIUThI TOKHBI UMETh HAJIEKHYIO U TOJITOBEUYHYIO U30JISLHUIO.

3anpemaercss BbINOJHEHHWE PaOOT Ha TOKOBEAYIIMX YacTSAX, HAXOIAIIUXCS
MO/l HANpsKEHWEM, HE3aBUCMMO OT €ro BeaudyuHbl. KarogHele cTaHOMM U
IPEHAXHbIE YCTAHOBKHU JTOJKHBI UMETh OIPakKACHUS, IPEAYIPEAUTENBHBIE HANNUCH,
IJIAKaThl, MOPSAIKOBBIE HOMEpA U 3aKpbIBAThCS HA 3aMOK. [lepen BBIXOOOM Ha Tpaccy
JUHENHBIA 00XOAYUK JOHKEH MPOBEPUTH UCITPABHOCTH CPEJICTB CBA3M, B3SITh C COOOM

YKOMIUICKTOBAHHYIO MCIUIHUHCKYIO aIllTCUKy, 3allaC IPOAYKTOB IIMTAHWA HA OJHH

Jlucm

6 ConmanabHas OTBETCTBEHHOCTD
84

N3m.

Jluecm Ne dokym. lodnucek \dama




CYTKH, TEPMOC C TOpSYUM 4aeM. JIMHeHHbIH 00XOqUHUK TOJKEH OJETh CIEUOACKIY U
cnenoOyBb B COOTBETCTBUU C OTOAHBIMA U MECTHBIMU YCIIOBUSIMH.

[Ipu HapylleHHH UEIOCTHOCTU M FEPMETHYHOCTH TPYOOIIPOBOJIa U 3alOPHOMU
apMartypbl, BbIX0Jla He(pTENmpoayKTa Ha MOBEPXHOCTh 3€MJIU, CIEAYEeT: MPEKPATUTh
00X0Jl Tpacchl, BBIUTH Ha MYHKT CBSI3M WM cooOuuTh no pauuu Ha JIIIJAC o006
aBapuM, BEpPHYTbCS Ha MECTO BbIXOJa He(TENpoayKTa, BBICTABUTH 3HAKU
0€30MacHOCTU U OXPaHATh Y4aCTOK IO MPUOBITHS aBapUMHON OpUTaIbl.

JIukBUaLMsg aBapuil OCYIIECTBIIETCS B COOTBETCTBUU C MHCTPYKIIMEH IO
nukBUaauu aBapuid v nospexaenui P 153-112-014-97 u peiicrByromnmu HT/I no
OpraHu3alid M  MPOU3BOJCTBY  aBapUMHO-BOCCTAHOBHUTENIbHBIX  pPabOT  Ha
He(TENpOTYKTOMPOBOIAX.

[lepen Hayanom 3eMIISTHBIX PabOT Ha HEPTENPOIYKTONPOBOAE HEOOXOIUMO
YTOYHUTH TIIyOUHY €ro 3aJI0KEHUSI.

Bo wu3bexaHue mNOBpeXIEeHUS TpyOONpOBOAa KOBIIOM 3KCKaBaTopa, He
MPUCTIOCOOJIEHHBIM JIJISl TIOJTHOTO BCKPBITUS, HEOOXOIUMO pa3pabaThiBaTh 'PYHT Ha
pacctostauu 0,15-0,20 M 10 BepxHell 1 OOKOBBIX 00pa3yIOMIUX TPYOHI.

Ecnu npu BCckpbITUH HEPTENPOAYKTONPOBOAA WM B MPOIECCE PEMOHTHBIX
pabor nosBwiIach (0OHapykeHa) Teub He(Tenpoaykra, HE0OXOIMMO NPEKPATHUTH
paboThl, 3arNIyIINTh ABUTATENId SKCKaBaTopa W paboTalomuX BOJIM3M MECTa BhIXOAA
He(TeNnpoayKkTa MEXaHU3MOB, IEPCOHAY YWTH W3 ONACHOM 30HBI, JOJIOKHUTH O
CIIyYMBIIEMCS PYKOBOJUTENIO0 pabOT, AMCHETYepy, BbI3BaTh aBapuiiHyro Opuramy,
MIPUBECTU B TOTOBHOCTH CPEJICTBA MOXKapoTylieHus. Mecto paznuBa HeTENpoIyKTa
JOJIKHO OBITh OTPa)KACHO CUTHAIBHBIMU (hilakkamMu W ykazarensiMu: «C orHeMm He
npubnmxatecs», «He kyputb», «OnacHo, HEePTEHPOAYKT», a B HOYHOE BpeMs -
0003HaYEHO CUTHAJBHBIMU (POHAPSIMH.

JIomkHBI ~ OBITH ~ MPUHATBHI  CPOYHBIE  MEpbl 1O  JIOKAIW3alUUd U
MPEIOTBPAIICHUIO pacTeKaHUsI HEPTENPOAYKTa IMYTEM PhIThsl KOTJIIOBAHOB, TPaHIIEH,

COOpYKEHUsI 00BaJTOBAHUM U TUIOTHH.
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PeMOHT cnenyeT npoBOIUTH B CBETJIOE BpeMs CyTOK. Ha BpeMs IIUTEnbHBIX
OCTAaHOBOK M B KOHIIE CMEHbl PEMOHTHPYEMBIM Yy4acTOK He(TemnpoayKTOIPOBOIA
JOJKEH OIUPATHCS Ha JIEKKH.

6.4.2 OprannzanMOHHbIC MEPONIPUATHSA NPU KOMIIOHOBKe pado4eil 30HbI

Oco0oe BHHMaHHE YyHenseTcss O0ecCleyeHUI0 0e30MacHOCTH TepcoHana M
HacelleHHs: B ciydae Bo3HUKHOBeHHMss UYC. Ilepconan, KOTOpbII HE NPUHHMAET
ydyacThe B JIMKBUAAIMU pa3ivBa HE(PTH, MPOU3OLIEIIIETO B 30HE YpPE3BbIYANHON
CUTyallud, CBSI3aHHOW C He(ThIO, JODKEH OBITh He3aMEeMIUTEIbHO YAaJIeH
(aBakyupoBaH) B Oe3omacHble MecTa. PaboThl MO JUKBUAALMH YpE3BbIYANHBIX
CUTyallui, CBA3aHHBIX C aBapUMHBIMU pa3iauBaMu He(PTH, JOKHBI BCErna
MPOBOJUTHCSA B COOTBETCTBUU ¢ mpouenypamu «Tomckue@Tts» BHK mo texnuke
0e30macHOCTH, OXpaHe TpyAa U JIMKBUIAIUU MTOCIIEICTBUNA YPE3BbIYAHBIX CUTYAIIHA.
Tem He MeHee, B yCHOBHMSX 4YpE3BbIYAHHONW CHUTyallUM MOTYT BO3HUKHYTH HOBBIE
OMAaCHOCTH, TaKHWE, KaK TOKCHYHbIC TMapbl, BBIACIAIONIMECS  PaA3JIUTBIMU
He(TENpONyKTaMH, CKOJb3KHE MOBEPXHOCTH, 3arps3HEHHble HEPTHIO, (HAKTOPHI,
CBA3aHHBIE C YCTaJOCThIO M JAp. B CB3M C 3THM, WIEHBl aBapHilHO-CIIACaTEIbHBIX
bopMHpOBAaHUN JTOJDKHBI COOJIIOJIATh JIOMOJIHUTEIbHBIE NpaBuia O€30MacHOCTH,
COOTBETCTBYIOILIME  YCIIOBHUSIM,  XapakKTEpHbBIM I  JaHHOW  KOHKPETHOMU
YpE3BBIYANHON CUTYAIUH.

[lepen nauanom pabot no nukBunauuu APH npoBoautcs aHanus BO3AyIIHON
cpenbl. B cioydae KOHIEHTpalMu MMapoB HEPTH B BO3AYXE CBBILIIE MPEIEITHHO
nonyctumort koHueHTpanuu (IIJIK) paGora B »Toil 30HEe 06€3 CpeaCTB 3allUTHI
OpraHoOB JIbIXaHUs HE JOMYCKAETCs. YUAaCTHUKHU padOT TOIKHBI OBITh O3HAKOMJIEHBI C
OCOOEHHOCTSIMM MECTHOCTH, PAaCIOJIO)KEHUEM TEXHUYECKUX CPEICTB, CpPEeACTBAMU
CBA3U, IPOTUBOIIOKAPHOTO HHBEHTaps M IIOCTOB MEAMIMHCKOW nomomu. Bce
YYaCTHUKH paboT o0ecneuyrBaroTCs CHEIOJIEkKI0M, COOTBETCTBYIOIIEH CE30HY H
KOHKPETHbIM BHJIaM pPabOT, U HEOOXOJUMBIMU CpEACTBAMHU HWHJIMBUYyaTbHOU

3aIlUTEL.
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3akiroueHue

B nannoit  pabGore  OBUIM  PAacCMOTPEHBI  METOABI  OOECIEeUCHHS
AKCITYyaTallMOHHON HaJeXHOCTU. PaccunTan Ha MPOYHOCTh U YCTOMYMBOCTD OJUH U3
HanopHbIx HegTenpoBoaoB «TomckuedTh» BHK, xoTopselii O6b11 moctpoen B 1985
rogy. OHM T1OKa3anw, 4YTO HEPTENpOBOJ HE YIOBIETBOPSET COBPEMEHHBIM
HOPMATHUBHBIM JIOKYMEHTaM.

Taxxe Obula MOCTpOEHA MOJENIb HAAEKHOCTH OJHOIO U3 HAMOPHBIX
HedrenpoBonoB «TomckuepTr» BHK ¢ mnporHosupoBanue ero nanbHeIiei
HaZekHOCTH. Kak uWTOor HKCIUTyaTalluOHHAs HAJEKHOCTh 3TOr0  HAIMOPHOIO
He(dTenpoBoia okazanach HU3KOW. CrenoBaTeNnbHO, JUIs YBEIMYEHHs IOKa3aTeseu
HAJIeKHOCTH, HEOOXOJAMMO COCTaBUTh MPOrpaMMmy HaAEKHOCTH ISl HAMOPHBIX
He(TENpPOBOJIOB U CJI€I0BATh BHIOPAHHOMY IUIaHY JEHCTBUH.

[Ipu BbIOOpE mpoOrpaMMbl HAJEKHOCTH HEOOXOJUMO YUHMTHIBATH €€
3G (PEeKTUBHOCTh, a TakKe 3aTpaThl HAa peaIM3alUI0 MPOrpPaMMbl, T.€. HYXKHO
MOJICUUTAaTh W CPAaBHUTH 3aTpaTbl M 3(P(EKTUBHOCTH TMOBBIIIECHUS HAJEKHOCTH
pa3IUYHBIMU METOJaMH U BBIOMpaTh HauboJiee MepCreKTUBHbIN.

CocraBieHue Takux MporpamMM HaJEKHOCTU ISl HAMTOPHBIX HEPTEIPOBOIOB
MO3BOJIUT  3HAYUTEIBHO  TOBBICUTH  JKCIUIyaTallMOHHYIO  HAJEXKHOCTH  C
MUHUMAaJIbHBIMU 3aTpaTaMH.

Kpome storo tpeOyeTrcsi CTpOroe BBINIOJIHEHHE HOPMATHUBHO-TEXHUYECKOU
JOKYMEHTAIIMK SKCILTyaTallii HeTenpoBoa, a Tak)ke CBOEBPEMEHHOE BHITIOJIHEHUE

IICﬁCTBHﬁ HaMCYCHHBIX COCTABJICHHBIMU IMPOTrpaMMaMHi HAJCKHOCTH.
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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
is 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
is 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 oil 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
issues on assessing technical condition of the pipeline system are discussed [14].

The works of Mazur L.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 t,.; — residual resource, t, — assigned resource.

Note that the gap between t,; 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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