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HJIaHI/IpyeMbIe pPe3yabTaThl Oﬁy‘leHl/Iﬂ MaruCTrpalnToB

Koo
pesyrbmama

Pezynomam obyuenus
(8bINYCKHUK Q0JIdHCEH ObIMb 20M08)

Tpebosanus OI'OC,
Kpumepues u/unu
3auHmepeco8aHnbIX
Ccmopon

B coomeemc

MeUU ¢ 00U eKYIbMYPHBIMU, 00UienPOdheccuonanbHbiMu U RPOPheccuoHaIbHbIMU

KomnemeHnuyuamu

IIpuobperenue npogeccuonanvhotl 5pyouyuy U WupoKo2o
Kpyeo3opa B OOJNACTH 2YMAHUMAPHLIX U eCmecmEeHHblX

Tpebosanua @PI'OC BO
(OK-1, OK-2, OK-3,0K-

Pl HAYK M HCIONB30BAHAE HX B NPOYECCHOHANBHON | 4 OK-5 0K-7, OK-8)
ACATCIRHOCTH (EAC-4.2a) (ABET-34)
VMeTh aHAU3HPOBATH  9KOAO2UUECKUE NOCACOCNGUSL Tpeosanus DIOC BO
npo(hecCHOHANBHOM AEATENPHOCTH B COBOKYIHOCTH C : ; . .
P2 IIPaBOBBIMU, COLUAIIBHBIMU U KYJIBTYPHBIMHU aCIEKTaMU U (OK-3,0K-4, OK-7, OK-9)
obecrieunBaTh COONIOICHUE Oe30NACHbIX YCI08UL MPYOa 1IK-4, IIK-5, [IK-13, TIK-
15.
Tpebosanus @I'OC BO
VMeTb camocmosimenbHo yuumscsi i HEPEPBIBHO (OK-1, OK-2,0K-3,0K-4,
P3 nosviulams Kealu@uKayuro B TCUCHUE BCETO MEePHOaa OK-7, OK-8, OK-9)
npo(hecCHOHABHOM eSITeTBHOCTH (ABET-3i),TTK1,ITK-23,
OIIK-6, IIK-23
Tpebosanus @I'OC BO
['paMOTHO pewiath APOPECCUOHANbHBIE —UHICEHEPHDLE (OITK-1, OITIK-2, OTIK-3
P4 3a0auu c UCIIONIb30BAHUEM COBPEMEHHBIX ’ ' ’

06pa306am€ﬂbelx u MHd)OpMCIL{MOHHblx MexHoN02Ull

OIIK-4, OIIK-5,0I1K-6)
(EAC-4.2d), (ABET3e)

8 061aCU NPOU380OCMBEHHO-MEXHONOSUYECKOU 0esmelbHOCU

praBJ’I}ITL mexHojaocudecKumu npoyeccamu,

Tpebosanus @I'OC BO
(TIK-1, I[IK-2, I[1K-3,I1K-4,

P5 9KCILUTyaTUPOBATh U OOCITYKUBATh 000pydo8aHue IIK-7,11K-8,11K-9, TIK-10,
Hegpme2azo6vix 0OHEKTOB TIK-11, ITK-13, [TK-14,TIK-
15)
Tpebosanus @I'OC BO
P6 BHEJIPATH B IPAKTHYECKYIO JESTEIbHOCTh UHHOBAYUOHHbIE (1K1, [IK-5, ITK-6,1IK-10,

noox00sl N JOCTHKEHHUS KOHKPETHBIX Pe3yIbTaTOB

1IK-12)

8 061aCU OP2AHU3AYUOHHO-YNPABIEHUECKOU 0eamelbHOCIU

D¢ dexTuBHO paboTaTh UHOUBUIYATLHO U 8 KOLIEKMUBE
10 MeAHCOUCYUNTUHAPHOU TEMATHKE, OPraHU30BbIBaTh

Tpebosanus @I'OC BO
(OK-5, OK-6, IIK-16,I1K-

P7 paboTy MepBUYHBIX MPOU3BOICTBEHHBIX MOIpa3ielieHUH, 18)
obecrieunBaTh KOPIIOPAaTUBHBIE HHTEPECHI U COOIIOAATh
KOPIIOPAaTUBHYIO 3TUKY (EAC-4.2-h), (ABET-3d)
OCyILIECTBIATh MAPKEMUH208ble UCCACO08AHUA U Tpebosanus @I'OC BO

P8 y4acTBOBATb B CO3/IaHUM MPOEKTOB, MOBBIIIAIOLINX (IIK-5, IIK-14, I[IK17, TIK-

2¢hhexmusHoCmb UCNONB30BANUSL PECYPCO8

19, IIK-22)

8 001aCU IKCHEPUMEHMATbHO-UCCIe008AMENbCKOU 0esAMeNbHOCTNU

OrnpenensiTh, CHCTEMAaTU3UPOBATH U TIOIYYaTh
HEO0OXOIUMBIE OanHble 018 IKCNEPUMEHMATLHO-

Tpebosanus @I'OC BO

P9 uccnedosamenvbckol dessmenvHocmu B HedTerazoBoi (HK-21, [TK-23,ITK-24, 11K
oTpaciu 25,11K-26)
Inanuposamo, npo6ooumb, AHAIUIUPOBAND, Tpebosanus PIOC BO
0b6pabambieamsb SKCIIEPUMEHTAIIbHbIE UCCIIEI0BAHUS C (1IK-22, TTK-23, [IK-24
P10 HHTEPIIpETAlEeH MTOJIyYEHHBIX PE3YJIbTaTOB C ’ : ’
IIK-25, [1K-26,)
UCIIONB30BAHUEM COBPEMEHHBIX MEMO0008 MOOENUPOBAHUS
U KOMNBIOMEPHBIX MEXHOI02UL (ABET-3b)
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8 obacmu nPoeKmHoU 0essmerbHOCU

P11

CnocoOHOCTh IPUMEHSATH 3HAHUS, COBPEMEHHBIE METOBI
U npocpammmsie cpedcmaea npoeKmupo8anus s
cocmasaeHus RPOeKmMHOU U paboyetl u MexHoI02U4eCcKoU
dokymenmayuu 00ObEKTOB OYpeHUST HEPTIHBIX U Fa30BbIX
CKBaXHH, N00bIUHU, cOOpa, HOATOTOBKHU, TPAHCIOPTA U
XpaHEHUs YTIeBOJOPOJIOB

Tpebosanus @®IOC BO
(IIK-27, IIK-28, IIK-29,
1IK-30)

(ABET-3c), (EAC-4.2-¢)
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Tema paGoThI:

«MonenupoBaHue HalpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSHHSI MarCTPAIbHOTO Ta30pOBOA IPH

KOPPO3UI»
VYTBepkaeHa IpuKa3oM AUpeKTopa (1ara, HOMep) Ot 26.04.2016 1. Ne3208/c

Cpok cauu CTyJJ€HTOM BBIMIOJHEHHON paOOThI: 19.05.2017r.

TEXHUYECKOE 3AJIAHHUE:

Hcxoanblie 1aHHbIE K padoTe MopenupoBaHue yaacTKa MaruCTPaIbHOTO Ta30IPOBOA C

KOPPO3HUOHHBIM Je(PEKTOM.
(naumenosanue 06veKmMa UCCIEO0BAHUA UNU NPOEKMUPOBAHU;
Ceipbe: Ta3.
npou3BOOUMENbHOCHb U HAZPY3KA,  PedcuM  pabomvl
(HenpepbisHblll, nepuoduueckull, yuxauveckuu u m. /[.); 6uo Bxonnbie maHHEIE: I[I/IaMeTp pr6I)I Dy:1020 MM.,
Colpbs Uy mamepuan uzoeius;  mpeOoeanusi K npooyKmy, TOJIINHA CTEHKH= 12MM., TCMHepaTypHLIfI Hepenaz[:30°c,
uz0enuto unu npoyeccy; ocobvle mpedosanus Kk 0CO6EeHHOCMAM
dyuKyuoHUpoBarus (IKcnayamayuu) odvekma uiu uzoenus 6
niaue bezonacnocmu SKCHIYyamayuu, GNUAHUSA Ha | TPYHT: CYTJIMHOK BECOM 19500 H/M,
OKpYdIcalowyio  cpedy,  IHep203ampamam;  IKOHOMUYECKULl
ananuz um. /1.).

pabouee masinenne= 7,45 Mlla, rnmyOuna 3aneranus= 1 M,

THUT TPYOBI: MPSIMOILIIOBHAS;
THUT U30JIAIUH: OUTYMHAs!, BECbMa yCHUJICHHAS;




[lepeuyeHb moaJIeKAMMX MCCIETOBAHUIO,
NPOEKTHPOBAHUIO n pa3padoTke
BOIIPOCOB

(ananumuyeckuii 00630p NO AUMEPAMYPHLIM UCMOYHUKAM C
Yenvlo BbIACHEHUs. OOCMUIICEHUL MUPOBOU HAYKU MEXHUKU 6
paccmampusaemou obnacmu; nocmamoska 3a0aqu
uccnedosanus, npoeKmuposanus, KOHCIMPYUPOBAHUSL;
cooepoicanue  npoyeodypvl  UCCIe006aHUs, NPOEKMUPOBAHUS,
KOHCIPYUpOSanus, odcylcoenue pe3yibmamos GblnOIHEeHHOU
pabomul;  HauMeHOBaHUE OONOTHUMENbHLIX — PA30eN08,
noonesxcawjux paspabomxe; 3aKnoveHue no pabone).

BrmonauTh 0030p CyImecTBYOMUX paboT 1Mo HANpsHKEHHO-
e(OPMHUPOBAHHIO COCTOSHHUIO Ta30IIPOBOJIOB.
PaccmoTpeTs 1 poaHamM3upOBaTh MOITYYEHHBIX JAHHBIX
13 BHYTPUTPYOHOU nedekrockonuu. MccnenoBats
KOMIBIOTEPHYIO MOJIENb Ta30IIPOBO/IA C 1e(hEKTOM B
nporpamMmmHoM nakere Ansys Workbench.

Ilepeyennb rpaguyeckoro marepuajia

(C MOYHBIM YKA3aHUEM 0053aMENbHbIX Yepmediceli)

KoHcynabTaHTBI 0 pa3aenaM BbITYCKHON KBATH(GUKALMOHHONH padoThI

(c ykazanuem pazoenoe)

Pa3nen

Koncynabrant

«DunaHcoBbli  MeHemxMmeHT, | [llapd U.B.

pecypcodhhekTHBHOCTH u
pecypcocOepekeHue»

, K.3.H., JOLIEHT

«ConmanabHas Mananosa H.B., K.T.H., HHXeHEp

OTBCTCTBCHHOCTH»

HasBanus pa3aeqoB, KOTOpPbI€ JOJIKHbI ObITh HANMCAHbLI HA PYCCKOM H HHOCTPAHHOM

A3bIKAX:

1 O630p nUTEpPaTYpHI

JdaTta  BblHaYM 32JaHHA  Ha  BbINOJHeHHe  BbIMyckHO# | 05.09.2016r

KBATH(UKAIIMOHHOM padoTHI 10 JTHHEHHOMY rpadpuky

33[{3HI/I€ BbIJIAJI PYKOBOAUTEDb:

JloKkHOCTH DPUO Yuenas cTeneHs, Moanucey Jara
3BaHHE
ITpodeccop Bypkos Iletp Brnagumuposud | JI.1.H., ipod. 05.09.2016
3agaHue NPUHAJ K HCIIOJHEHHIO CTYICHT:
I'pynna PUO Hoanuck Jara
2BM5b Konan Ome Ce3zap 05.09.2016




PE®EPAT

Brinycknas kBamudukanuonnas padora 106 c., 10 puc., 12 Tabmn., 41 uctounuka, 1 mpui.

KiroueBble ciioBa: HampsKEHHO-I1e(OPMUPOBAHHOE COCTOSIHHE, KOPPO3Us, MAruCTPaIbHBIN
rasoImpoBOJi, MACCHUB I'PYHTA, METOJL KOHEUYHBIX diieMeHTOB, Ansys Workbench

OOBEKTOM HCCIIENOBAHUS SIBIIETCI MAarUCTPAIBHBIN ra3onposoa nraMeTpoM 1020 M.

[ens paboThl — MOJIETHPOBAHUE  HANPSHKEHHO-Ie(OPMUPOBAHHOTO ~ COCTOSIHUS  y4acTKa
MarucTpajJbHOTO Ta30MPOBOJA, MOJABCPKCHHOTO KOPPO3MOHHOMY ITIOBPEKJICHHIO M OIPEACIICHHUC
MaKCHMAaJILHO JOIIYCTUMBIX HAIPSDKEHUH ¢ HOMOIIBIO TporpaMMbl Ansys Workbench.

B mporecce uccnenoBaHus MPOBOIMINCH 0030p CYIIECTBYIOIMIUX 0030p CYIIECTBYIOIIUX
paboT 10  HAOPSHKEHHO-AS(GOPMHUPOBAHUIO  COCTOSHHMIO  ra3olpoBONOB. PaccMorpers H

MIPOAaHAIMU3UPOBATh, IOAYYEHHBIX MAHHBIX M3 BHYTPUTPYOHOH aedekrockomuu. MccaemoBaThb

KOMITIBIOTEPHYIO MOJIEJIb Ia30IIpoBoaa ¢ AeekToM B mporpaMMHoOM mmakere Ansys Workbench.

B PE3YJIbTATC HUCCIICAOBAHUA Obla BBIMIOJHEHA KOMIIBIOTEPHAA MOACIIb MArucCTpajabHOI'O

ras’onpoBojia IPH KOPPO3HOHHOM Jnedexkre  TpyOoOmpoBoJa B IIPOrPAMMHOM ITakeTe Ansys

Workbench, mnpeacraBiaeHBl pacueTrsl HArpy30K M HaOpsDKEHHH B yYaCTKE HMCCIIEIOBaHMAL

PCSYHBTaTBI IIOKAa3bIBAIOT 4YTO TIa30IpoOBOA C TAKMMHU HANPAXKCHUAMHU H IIG(bOpMaLII/IHMI/I MOXHO

JKCIUIYaTHpOBaTh. HayuHas HOBHM3HA paOOTHI 3aKIIOYAETCS B IOIBITKE COBMECTHOI'O pacyera

TpyOOIIpOBOJAa M MacCHBa I'PDYHTa IS ydeTa MX B3aMMHOIO BIMSHHA APYr HA APYra, a 3HA4YWT,

0oJiee IOCTOBEPHOM OLICHKH IMPUTOAHOCTH TPYOOIIPOBOaA.

OcHoBHBIC KOHCTPYKTHBHBEIC, TCXHOJIOIT'MYCCKUC u TCXHUKO-3KCIUTYaTallTUOHHBIC
XapPaKTCPUCTHUKU: YHACTOK MAruCTpaJbHOr'o ra3onpoBojid ¢ KOPPO3UOHHBIM I[Qd)CKTOM

OO6nacTh MPUMEHEHUS: TPOMBICIOBBIC, TEXHOJIOTMYECKHUE U MAruCTPAlIbHBIE TPYyOOIPOBOIHI,
10 KOTOPBLIM TPAHCIOPTHUPYETCS YIIIEBOJOPOIHOE ChIPhE B TA30BOM COCTOSIHUH.
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BBE/IEHHUE
B HacTosiiiee BpemMsi OJHUM U3 OMPEAENSIONINX TPEOOBAaHUM, TPEAbIBISIEMbBIX

K MarucTpajbHbIM Ta30MpoBOAAaM, SBISIETCS OOECleUeHHe WX HaAEXKHOrO,
0e30macHoro PyHKIMOHUPOBAHUS MPU JUTUTEIBHBIX CPOKax 3KCIUTyaTanuu. CBs3aHO
ATO CO CJOXHBIMM  YCJIOBUSIMH pabOThl  KOHCTPYKIIUM, OOYCIIOBICHHBIMU
MOBBIIIIEHHEM pa0o4YMX HANpsHDKEHUW, pacHIMpeHUEM TEeMIEpaTypHOro HHTEpBaia
AKCIUTyaTaluu, paboToN KOHCTPYKIIMI B pa3IMYHBIX arpeCCUBHBIX Cpeax.

HeoO6xonuMocTh  BBITIOTHEHUS 3TOr0 TPeOOBaHUS JUKTYETCS BBICOKUM
YpPOBHEM 3aTpaT Ha CTPOUTEIHLCTBO U PEMOHT TpPyOONpPOBOAOB, CEPHE3HBIMU
AKOJIOTMUECKUMH TpoOJieMaMu TMpU aBapusX, Y>KECTOUCHUEM 3aKOHOJATEIbHBIX
HOPM I10 OXPaHe OKPYKAIOIIEH Cpebl.

JIroOble moJ3eMHbIE TPyOONpPOBOJBI, KOTOpHIE MpOJEraloT B IOYBE
noABeprarorcst  Koppo3uu. Koppo3nen MeTauioB  Ha3bIBAETCA  ITOCTEIIEHHOE
paspylIeHUEe WX NOBEPXHOCTH MOJ XUMHYECKUM U  3JIEKTPOXUMUUYECKUM
BO3JECHCTBUEM OKpYXKawolel cpeapl. BHYTpeHHHE MOBEPXHOCTH  CTaJbHBIX
ra3onpoBOJOB MOTYT MOABEPrarbCsi XUMHUYECKONM KOPPO3UU MPU HEAOCTATOYHOMU
OYMCTKE ras3a OT KHCJIOpOJa, BJAard, CEpPOBOAOPOJAa M JIPYIUX arpeCCUBHBIX
KOMITOHEHTOB.

B HOpMaTUBHBIX JOKYMEHTaxX, ONMPEACISIONINX MOPAIOK pacueTa MOA3EMHBIX
HanopHbIX TpyOompoBonos: HTJ[ T'azmpom CII 36.13330.2012 «MaructpaibHbie
TpyOONPOBOBI», YKa3bIBae€TCs TpeOOBaHHE COBMECTHOIO pacuera TpyOompoBoia H
MaccHuBa IPyHTA.

JlanHoe TpeboBaHKe MTPAaBOMEPHO, MOCKOJIbKY TPYHT JJisl TPYOONPOBOAA SIBJISIETCS HE
TOJBKO BHEIIHEH Harpy3koil, HO U Cpellod, B KOTOpPOil pa3BUBaIOTCA JedopmManiu
JIMHEMHOT0 COOpYXEHHUs. B ToKe BpeMsi B HOPMATHUBHBIX TOKYMEHTaX HET YKa3aHU

Ha TO, KakK BBIITIOJIHATDH COBMECTHBIN pacucT.

2a30rpogoda npu Koppouu
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HeomnpenenenHocTs B HOpMAaTUBHOW 0a3e  OCJIOXKHSETCS  HEOOXOAUMOCTHIO
KOPPEKTHOTO MPOBEACHUS HEIWHEHHOrO aHanu3a. BHyTpeHHHE yCWIHS B
TpyOOINpPOBOJIE HEIMHEIHO 3aBUCIT OT CONMPOTHUBIIECHUS OKPYKAIOLIEr0 €ro MaccuBa
rpyHTa. JlelicTBHE OCEBOr0 TEMIEPATypPHOTO MEPENajga U BHYTPEHHErO HABIICHUS
MPOAYKTa MPUBOAAT K BOZHUKHOBEHHIO MTPOIOIBLHO-TIONIEPEYHOTO U3TH0A.
O6o3HaueHHbIE TPOOJIEMBl CIY)KAT MPUYMHOM OTKa30B B paboTe TpyOONMpOBOJOB,
MPUYHHSIONIUX YPOH OKPYXKAIOMIEH CpPele W MPUBOMASIIMX K KPYIHBIM JE€HEKHBIM
MOTEPSM.

Jlnst mpeoioneHrs NEPEUYNCIICHHBIX HETAaTUBHBIX (PAKTOPOB TpPeOyeTCs MPOBEJICHUE
JIOTIOJIHUTENIbHBIX ~UCCJIEAOBAaHUM B 00JIacTM pa3pabOTKM METOJIOB pacyeTa
MOA3EMHBIX TPYOOIIPOBOIOB.

[lenbto naHHOM pabOTHI SABIISETCS:

[IpoBeneHne coBMeCTHOrO pacdeTa TpyOOMpoBOAa U MacCUBa IpyHTa ISl ydeTa Ux
B3aMMHOI0 BIUSHUS IPYT HA APYra.
JIist AOCTHKEHUS JaHHOM e He0OXO0IMMO PEIIUTh CIAEAYIONIUE 3a/1aUu:

. MOJYyYEHUE 3HAHUW O MPUHLHUINE TOBEACHHUS CUCTEMBI «IIOA3EMHBIN
ra3ornpoBOA-MacCUB TpyHTa», OO0 OCHOBHBIX BHJAX JA€PEKTOB MarucTpaibHbIX
ra3onpoBOJIOB;

. O3HAKOMIJICHUE C COBPEMEHHBIMM METOJAMHU PEKOHCTPYKLUHUH HW3HOIIEHHBIX
ra3onpoBOJIOB;
. OIICHKA JIAHHBIX MOJYYEHHBIX BHYTPUTPYOHBIM MHCIIEKIIMOHHBIM MPUOOPOM Ha

HCCIICAYCMOM YYACTKC,

. MOJIy4YeHHE TOYHOU HHGOPMALUU O TEXHHUYECKOM COCTOSIHHHM HUCCIETyEeMOTO
ra3onpoBoJa;
. nocTpoiika 3D Mozenu ydacTka ra3onpoBoja ¢ 1e(peKToM ¢ IOMOLIbI0 NaKeTa

nporpammbl Ansys Workbench;

. pacyeT Harpy30K U HalpsH>KeHHU B Ta30MPOBOJIE.
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1 OB30P JIMTEPATYPbI
1.1 Buasl koppo3uu

Koppo3uelr  MeTajuioB  HA3bIBalOT  CaMOIIPOM3BOJIBHOE  pa3pyLICHHE
METAJUIMYECKUX MAaTEPHUATIOB BCIEACTBUE XHUMHUYECKOrO0 WM 3JIEKTPOXUMHUYECKOTO
B3aUMOJEHCTBUA UX C OKpyKawomen cpenou. [IepBONpUUUHON KOPPO3UH SIBISETCS
TEPMOJIMHAMHUYECKAsT HEYCTOMYMBOCTh METAJIJIOB B PA3IMYHBIX Cpelax NpU JaHHBIX
BHEIIHUX YyCJIOBUSAX. Pa3HooOpa3ue yclIOBUM, Cpea, CBOWCTB H CTPYKTYPHI
MATEPUAJIOB SIBJSIETCS TMPUYMHOM pA3JIWYHBIX BUJOB Koppos3uu. llo mexaHusmy
MPOTEKAHUS KOPPO3HUOHHOTO mpouecca  pa3auyarOT  XUMHYECKYIO 151
ANEKTPOXUMHUYECKYIO KOPPO3HIO:

XUMHYECKasl - BUJ pa3pylICHUs, BbI3BaHHBIA B3aMMOAECHCTBUEM METalIa U
KOPPO3UOHHOM CpeAbl, NP KOTOPOM OJHOBPEMEHHO OKHUCISETCS METall |
MPOUCXOIUT BOCCTAHOBJIIEHUE KOPPO3UOHHOW CPEIbI;

DIJIEKTPOXUMHYECKAs- MPOLECC B3aUMOJCUCTBHS METAJUIA C KOPPO3MOHHOMU
CpenoH, Mpru KOTOPOM BOCCTAHOBIICHUE OKUCIUTEIBHOTO KOMIIOHEHTa KOPPO3UOHHOU
Cpeapl MPOTEKAaeT HE OJHOBPEMEHHO C MWOHH3ALMENd AaTOMOB MeETaUla U OT
AJIEKTPOJIHOTrO MOTEHIMANIa METAJIa 3aBUCIT UX CKOPOCTH.

Buabl koppo3uu 1o ycinoBusM MPOTEKAHUS:

- ra3oBasi - KOPpPO3HOHHOE pa3pylICHUE MeTaia IOJ BO3IACHCTBHEM Ta30B IIpU
BBICOKHX TE€MIIEpaTypax;

- 9)KMIKOCTHAS - BHJ KOPPO3HHU METAJIA B JKUAKOU CpeAe, KOTOPBIA NOAPA3AETIACTCS
Ha KOPPO3UIO B AJIEKTPOJIUTAX U HEAJIEKTPOJIUTAX;

- HOYBEHHAd — Pa3pylICHUE METAIUIOB B TPYHTAaxX U MOYBax;

- KOppO3usl MO/ HANPSI’KEHHEM - pa3pylIeHne MeTamla NP OJHOBPEMEHHOM

BO3JEHUCTBUH arpECCUBHOM CPEIbl U MEXAHUYECKUX HAMPSIKEHUI;

2a30rnpogoda npu Koppo3uu

MOOeI'IU,OOGaHUG Hanpﬂ»(eHHo—OeqbopmupoeaHHoeo COCMOSAHUA MacucmparibHo20
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MecTHbIN BHA KOPPO3UH ObIBacT: IIaTHaAaMu, IMTTUHTOBAsA, sA3BCHHAA,
CKBO3Hasd, HHUTCBHIAHAA, MCKKPUCTATINTHAA, ITOAIIOBCPXHOCTHAsA, HOXKCEBAsd,

KOPPO3MOHHOE PAaCTPECKUBAHUE U KOPPO3UOHHAS XPYIIKOCTb.

1.2 HanpsizkeHHO-1e()OpMHUPOBAHHOE COCTOSIHHE METAJJIa TPyOOnpoBoaa

TpyObl U pgetanu TpyOONMPOBOAOB BO BpeMs IKCILUTyaTallUM HCIBITHIBAIOT
CUJIOBO€ BO3JECHCTBUE, TMPUBOASANIECE K BapbUPOBAHUIO HANPSIKEHHOTO COCTOSHUS
marepuana [1,2].

Hanpumep, B Mectax mepexooB TpyOONpPOBOJOB Yepe3 BOIHBIE MpErpaibl,
JIOpOTH, B MecTax 00pa30BaHUsI MPOMBIBOB U MPOBHCAHUSA TPYOONpPOBOAOB, BOIU3HU
COWICHEHHUSI TPYyOONpPOBOJOB C arperaTaMy IEPEeKAYMBAIONIMX CTaHIHMN HauOosee
MHTEHCUBHO TMPOSIBISIOTCA W3rMOHBIE HanpspkeHus. BosgelcTBre MeXaHUYeCKuX
BHEIIHUX HAINpsKEHUI, BO3HUKAIOIIUX B MaTepuaie TpyO 3a cueT U3MEHEHUS
TeMmepaTyphl, U3ruda u T.1., COBMECTHO C BHYTPEHHUMH PAOOUYUMU HAIPSKEHUSIMU
HanpsIMyIO BIUSET HA COCTOSTHUE MaTepuaa.

Tak kak B Hacrosillee BpeMs HET MpUOOPOB, aJalTUPOBAHHBIX K U3MEPEHUIO
HaNpsDKeHU B JEHCTBYIOIIMX TPyOOMpOBOJAX, TO 10 CHUX MOpP JOCTOBEPHO HE
OllCHEHAa B psJe CilIydaeB MpPUYMHA OTKA30B TPYyOOMNpPOBOJOB MU pPOJb B 3TOM
MexaHnueckux HanpstkeHui. CrnenoarenbHo, kKoHTposib HJIC HeoOxoauM kak oaHa
U3 COCTABJISIONIMX MPEBEHTUBHBIX Mep M0 OOphOE ¢ aBapusiMu Ha TPyOOIPoOBOAaX.

CornacHo Teopun mnOBpexaAeHUN [3,4], BCA COBOKYNHOCTb SIBJICHHM Ha
MUKPOYPOBHE (KPHUCTAJIOB, 3€pe€H U T.I.) B MPOLECCE HATPYXKEHUS - TEH3O0PBI
nedbopManuii U TOBPEXKACHUM, ONPENESISIONINX COCTOSIHUE MUKPOYACTHIIHI,
SBJISIIOTCS] OTHO3HAYHBIMU (DYHKIIMOHATAMU (DYHKIIUIM HANPsHKEHUH.

Paznmuuuss BHYTpEHHMX HAanpsOKEHUM TOPOSBISIIOTCS B XapakTepe HX
pacrpeneneHus no Makpo- U MUKpooObeMaM KOHCTPYKIIMH, a TaK:K€ B KOHKPETHBIX
(DU3UKO-XUMHUUECKUX U TEPMOMEXAHUYECKUX (PaKTOpax, BHI3BIBAIOIIUX B MaTepHalie
HEeoOpaTUMBbIE MPOLIECChl, TaKMe KaK HEOJAHOpPOJHAs IlacThuueckas nedopmanus,

(dazoBbie npeBpanieHus, tuddyzus u ap. [5,6,7].
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N3BeCTHO HECKOJIBKO BHUJIOB KJIACCU(PUKAIIMUM OCTATOYHBIX HAMPSKEHUM.
Haunbonee mupoxo ucnonb3yercs knaccudukanus H.H. JlaBunenkona [8].

Kpome Toro, B Harpy>KeHHOM KOHCTPYKIMU JACHCTBYIOT BHEIIHUE
HaIpsDKEHUS, KOTOphIE B TPYOOMPOBOJAX BO3HUKAIOT OT CIEIYIOIIUX HArpy30K H
BO3JCHUCTBUI:

- MOCTOSTHHBIX (CTATUYECKUX) HArpy30K U BO3JEHUCTBUH, K KOTOPHIM OTHOCSITCS
COOCTBEHHBI BeC TpyOONpOBOJA, NABIICHHE MEPEKaunBaeMON Cpeibl, BO3ACHCTBHE
KOHCTPYKIITMOHHBIX HAMPSHDKEHUM, TPUOOPETEHHBIX HA CTAJIUU CTPOUTEILCTBA;

- BPEMEHHBIX (LUKINYECKUX) HArpy30K, KOTOpbIE€ BKIIOYAIOT IYJIbCAIUIO
JABIICHUSI TIEPEKAUYUBAEMOM Cpebl, TEMIIEPATYPHBIE HAMIPSKECHHUS;

- ClIy4ailHbIX (0COOBIX) HArpy30K M BO3JCHCTBUI, BKJIIOYAIOIIMX CHETOBBIE,
BETPOBbIC HArpy3KW M Harpy3ku OT OOJICICHEHUs, HCIBbITaTeIbHbIE Harpy3KH,
Harpy3ku, BbI3bIBAEMbIE BPEMEHHBIMU HEUCHPABHOCTAMH M  HapyHICHUSMHU
TEXHOJIOTUYECKOr0 Tpoliecca (Hampumep, CMEIIEHHEM OMop IMpU HaJI3eMHOMN

MPOKJIAJKe TPyOOIPOBOIA).

1.3. Koppo3uoHHoe pacTpecKUBaHHUE MO HANIPSKEHUEM

Koppo3ueln nox HanpsKeHUEM Ha3bIBACTCS MPOLECC pAa3pyLICHHUs METAIa,
BO3HUKAIOUIMNA TPU COBMECTHOM JIEMCTBUM DPACTATUBAIONIUX HANPSHKEHUN U
KOppO3UOHHOM cpefibl. Koppo3noHHOEe pacTpecKuBaHUE MO HampsiKeHHEM (0OBIYHO
- KOPPO3UOHHOE PAaCTPECKUBAHUE) IIMPOKO PACIPOCTPAHEHO M SIBIAETCS Hamboiee
OINAaCHBIM BHJIOM KOPPO3UH NOJ HanpsbkeHueM [27,28,29,30].

Hanuuue B MeTamie MeXaHWYECKMX HAMNpPsHDKEHUM, HE3aBUCHUMO OT TOTO,
ABJSIFOTCS JIU OHU BHYTPEHHUMMH [31] WM NPHIOKEHHBIMH HW3BHE, BJIMSAET HA
KOPPO3UOHHOE MOBEJACHNUE METAUIOB U CILJIABOB. BO-MEpPBBIX, MPU 3TOM HAPYIIAECTCS
CIUIOIIHOCTh MACCUBUPYIOIIUX TUICHOK M YXYAIIAIOTCS UX 3alllUTHBIE CBONCTBA, BO-
BTOPBIX, METAJLJ MTOJTYy4Ya€T JOMOJHUTENbHYIO YIPYTYIO SHEPTHUIO, UTO YMEHBIIIAET €T0
TEPMOJIVMHAMHUYECKYIO YCTOMYNUBOCTD.

OcHOBHBIMH  (pakTOpaMu, BIUAIOUIMMU Ha TMPOIECC KOPPO3ZUOHHOTO

pacTpECKHBaHUS, SBJISIOTCA PACTATUBAIOIINE HAMPSHKEHUS, KOPPO3HOHHAs Cpena,
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COCTaB WU CTPYKTypa CIUIaBa, COCTOSIHHE €ro IOBEPXHOCTH, JIUTEIbHOCTH
AKCIUTyaTally UJIW UCTIBITAHUM, JIEKTPOXUMHUYECKUE ycaoBus [32,33].

Koppo3noHnHoe pacTpeCckMBaHME METAUIOB U CIUIABOB MOXKET HWIATH B
Pa3IMUHBIX CpeJlax - KaKk ra3oBbIX (BO3/IyX, BOJSHOW Map), TaK U KUAKUX (PaCTBOPHI
AJIEKTPOJIUTOB, OPraHUYECKHWE PACTBOPUTENH, KUJKUE METAIJIbI, PaCIUIaBICHHbIC
coii). OOBIYHO 3TO CPEHE - U MaJOArpeCCUBHBIE CPEJbl, KOTOPHIE BHI3BIBAIOT Y
HEHANPSHKEHHOTO METalljla He3HAYUTENbHYI0 0011y10 Kopposuto [34,35,36].

Bonbioe 3HaueHne umeer Gpuznueckoe cocTtosiHue cpeabl. [Ipu ogHOM U TOM
K€ TeMIepaType U OJMHAKOBBIX HAINPIKECHUAX ayCTECHUTHAS CTajlb IMOJBEPKEHA
3HAUYUTENBHO Oosiee OBICTPOMY PACTPECKUBAHUIO TMPU NEPEMEHHOM BO3ACHCTBUU
BOJIbI U BOJIIHBIX MMApPOB, YEM B YCJIOBUSAX KOHTAKTa C OJHOU TOJBKO Ta30BOM (map)

Wiy )Kuakon (Boaa) daszoit [37,38,39].

2 HAI'PY3KHM U BO3JIEMCTBHSA HA TOJI3EMHBIE I'A30IIPOBO/IbI
2.1 Knaccupurkauusi HArpy3oK U Bo3AeiCTBUIA

HanpsbxkenHo-neopMupoBaHHOE COCTOSIHUE JIFOOOTO HECYIIETO AJIEeMEHTa
JVUHEMHOW YaCTH MAaruCTPpaJIbHOTO Ta30MpOBOJA OJHO3HAYHO  OMNPEAEISIETCA
XapaKTEPUCTUKAMU BO3JCUCTBYIOIIMX HA HETO HArpy30K. DTU HATPY3KH U3MEHSIOTCS
B 3aBUCMMOCTHM OT  XapakTEpUCTHUK  OKPYXKAIOWIEHM  Cpeabl, MapamMeTpoB
nepekaunBaeMoro MnpoAykTta W T. A. Jlnsg nuHeiHoil wactu TpyOONpOBOAOB
OCHOBHBIMU SIBIIIFOTCSI W3 HArpy30K BHYTPEHHEE [aBJIEHUE, AABIICHUE TPYHTa,
COOCTBEHHBI BeC TpyO U rasza, a U3 BO3JEHUCTBUU — TeMIlepaTypbl, MpPOCaIKa U
My4YEHHE TPYHTA, TABJICHHUE OMOJI3ar0IUX IpyHTOB [40].

Cornacho CHull 2.05.06—85* ctpoutenbHbie HOpMBI U TpaBuiia [40]
YCTAHABIMBAIOT JBAa THUINA HArPYy30K, ACHUCTBYIOIIMX HA KOHCTPYKIIMU BO BpeEMs
JKCIUTyaTalluu: TOCTOSIHHbIE W BPEMEHHBIE. BpeMeHHble Harpy3ku, KOTOpbIE
MOAPA3AEIAIOTCS HA JUIUTEIbHBIE, KPATKOBPEMEHHBIE M OCOOBIE, OTIMYAIOTCS OT
MOCTOSHHBIX TEM, YTO OHH B OTAECIbHBICE MEPUOABI SKCILUIyaTalldd MOTYT

OTCYTCTBOBATb.
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IHocTrosinnbie Harpy3ku : K MOCTOSHHBIM Harpy3kam U BO3JEHCTBUSIM
OTHOCSIT T€, KOTOpbIE JEHUCTBYIOT B T€YEHUE CPOKA CTPOUTENILCTBA M IKCILTyaTaAlUU
TpyOonpoBoza:

1. CoOcTBEeHHBIN BeCc TPpyOOMNpPOBOJIa, YUUTHIBAEMBIN B pacueTax KaK BEC €IMHUIIBI
JUTMHBI TPyOOTIPOBO/IA:

qu=n-7t-DCp-8'YCT, (1)

(rme  n— xko3dduuueHT HaAEKHOCTH MO Harpy3ke (n = 1,1);
Dcp — cpennuit auamerp TpyOompoBoaa, M;
O — TOJILIIMHA CTEHKHU TPYO, M;
YCT — yAenbHbIN Bec ctanu, H/m3.
2. Bec M30A1IMOHHOTO MOKPBITUS U Pa3IMYHBIX YCTPOUCTB, KOTOPbIE MOTYT OBITh Ha
TpybonpoBoae. Jlyis Haa3eMHBIX TpPyOONMPOBOAOB OPUEHTHUPOBOYHO MONKHO
MPUHUMATh paBHBIM, NpuMepHO, 10% oT coOcTBeHHOro Beca TpyObl. TouHee Bec
M30JIAIIMOHHOTO OKPBITUSL ONIPEACIISIIOT 110 (hopMmyIie:
4,217, '%(Di -D}),
2)

(rme  n— xko3dduuueHT HaaEKHOCTH MO Harpy3ke (n = 1,1);
YU3 — yIeIbHbIN Bec MaTepuana uzonsiuu, H/m3;
Du3z u DH — COOTBETCTBEHHO JHWAaMETP H30JUPOBAHHOIO TpPyOONpPOBOAA U €ro
Hapy>KHBIM THAMETP, M.
3. JlaBneHue rpyHTa Ha €IUHUIY IJUHBI TpyoOompoBoja. [ns mpakTuyecKkux
Pacy€TOB MOXKHO OMPENENATh 1Mo hopMmye:

Q™07 'hcp ‘D, (3)
(rme  n— ko3 duuueHT HaAEKHOCTH MO Harpy3ke (n = 1,2);
YIp — yAENbHBIN Bec rpyHTa, H/M3;
hcp — cpennsia rinyOuna 3amokeHus: ocu TpyOorpoBoja, M;
Du3 — nuameTp U30IMpOBaHHOTO TPyOOIIpoBOAa, M.
4. T'mapocratnueckoe [aBl€HHE BOJbBl Ha E€IUHUIYY JUIMHBI TpyOOINpoBoOAa,

OmpeeIeMoe BECOM CT0JI0a KUJIKOCTH HaJ MOJIBOIHBIM TPYOOIPOBOIOM:
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(rme  n— ko3dduuueHT HaaEKHOCTH MO Harpy3ke (n = 1,0);

YB — YAENBbHBIN BeC BOJIBI C YUETOM 3aCOJICHHOCTH M HAJIMYMS B3BEIICHHBIX YAaCTHII,
H/m3;

h — BeIcOTa cTO0a BOJIBI HA/T pacCMaTPUBAEMOM TOUKOM, M;

D¢ — nuameTp n3011poBaHHOTO U (HyTEPOBAHHOTO TPYOOIPOBOJIA, M.

5. BozaeiicTBue MpeaBapUTEIbHOTO HAMPSHKEHUs, CO3JaBaeéMO€ 3a CUET YIPYroro

n3ruba npu nNoBopoTax ocu TpyoomnpoBoaa

w_ E-D,
c —t—-,
p 2 .
P (6)
(rme — MakcUMalIbHOE€ MPOJI0JIbHOE HAIPSKEHHE B CTEHKAX TPYObl, 00YCIOBICHHOE

u3rubom Tpyoomnposoja, Mlla;
E —Moayne ynpyroctu (E = 206000 MIIa);
DH — HapyXHbIi TUaMeTp TpyOOIpoBOIa, M;
p — paanyc u3ruda ocu TpyoonpoBoJia, M.
JlinTesibHble BpeMeHHble HArpy3km : K qinuTenbHBIM BPEMEHHBIM Harpy3kam
OTHOCSIT CJICYIOIINE BUIBI:
l.BHyTpeHHee JaBlieHHE, KOTOpOE YCTAaHABJIMBAETCS MPOEKTOM. BHyTpeHHee
JaBJIEHHE CO3AAaET B CTEHKAX TPyOOIPOBOIa KOJIBIIEBBIE U MTPOIOIbHbBIC HAMPSKEHUS.
KomnblieBbie HanpsixKEHUsI ONPENETSAIOT 0 popmyJie
— n ) P ) DBH
(o) o A < 0
2:0 (7)

(rme  n— ko3 PuUUEHT neperpy3ku o BHyTpeHHeMy aasienuto (n = 1,1; 1,15);
P — HOopMaTuBHOE 3HaueHUE BHYTpEHHETO naBiieHus, MIla;
DBH — BHYTpeHHUI AUaMeTp TPYOBbI, M;
O — TOJIIIMHA CTEHKU TPYOBI, M.

[IpononbHble HANpSKEHUST B CTEHKE TPyObl OT BHYTPEHHETO aBJCHUS

omnpenensoTes no Gpopmye

Jlucm

N3m.

0O0630p nuTEPaTYpHI s

Jluecm Ne dokym. lModnucek | Jama




nP-D,

6 =U'G =
e 75 @®)

(rme p— xodddumment nonepeyHoit nepopmanuu (kodpdunnent Ilyaccona).

Jns craneit p= 0,26-0,33, T.e. cpennee 3naueHue p=0,3.

2. TemmepaTypHble BO3IEHCTBHsI, KOTOpPHIE IPH HEBO3MOXXHOCTH aedopmarnuii

BBI3BIBAIOT B CTEHKAX TPYOOIIPOBO/Ia TPOIOJIBHBIC HATIPSHKCHUS

G — -0 E-At,

P 9)
(rme o — ko3 dunueHT nuHenHoro pacuupenus (o = 12-10-6 1/rpan);
E — Monyns ynpyroctu, Mlla;

At=t,-t, ,3mech t0 — MaKCHMaJbHO WM MUHUMAIBLHO BO3MOXKHAs TEMIEPATypa

CTEHOK TPYOBI MPHU KCIUTyaTaluu; t¢) — HAUMEHbIIIas WK HauOoJIbIlIasi TEMIIepaTypa,

pu KOTOpou (UKCUpyeTcsi pacu€THash cxema TpyoOompoBoja (ykiaaka TpyObl B

TPAHIIICIO WJIK Ha OTIOPHI).

KparkoBpemenHble Harpy3km : Harpy3ku, BO3HHMKAIOIIME MPU H3TOTOBJICHUH,

XpaHEHUU M TIEPEBO3KE KOHCTPYKIMM, a Takke MpPU BO3BEACHUU COOPYKEHUH,

CleAyeT YyuuThIBaTh B pacueTrax KakK KpaTKOBpeMeHHble Harpy3ku. K

KpaTKOBPEMEHHBIM Harpy3KaM B MEPHO]T IKCIUTYaTallMH CIEAYET OTHOCUTD:

a) Harpy3ku OoT 00OPYJIOBaHUS, BOSHUKAIOIIHME B MTyCKOOCTAHOBOYHOM, MEPEXOTHOM

U UCTIBITATEIbHOM PEXUMAX, a TAKXKE MPU €ro NEPECTAaHOBKE MU 3aMEHE;

0) Bec JIOJed, PEMOHTHBIX MaTEpPHAJOB B 30HAaX OOCIYXHBaHUS W PEMOHTA

o00opynoBaHus;

B) CHETOBasl HArpy3Ka, MPUXOIAIIAsICS HA EUHUILY JUTUHBI TPyOOIIPOBOIA:
qCH:n-u-SO'DI/B’ (10)

raie  n— Kod(pGUIMEHT HAAEKHOCTH 10 Harpy3ke (n = 1,4);

K — k03¢ HUITMEHT Mepexo/ia OT Beca CHErOBOTO MOKPOBA 3€MJIM K CHETOBOU HarpysKe

Ha TpyOomnposoz (i = 0,4);

SO — HOpMaTMBHOE 3HAYECHUE BECA CHETOBOrO MOKpPOBA HAa | M2 ropu30HTaJIbHOU

MMOBEPXHOCTH 3€MJIH;

Du3 — nuameTp U301MpOBaHHOTO TPyOOIIpoBOAa, M.
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2.2 HpOIlOJILHl)Ie H NMOIIECPECYHDBIC NICPEMCIICHUSA MTOA3CMHBIX I'a30IpoBOaA0OB

Ilon neiicTBUeM COOCTBEHHOTO Beca TPYOONPOBOJA, BCIOMOTaTEIbLHOTO
0o00pynOBaHuUs, PAa3BUTHEM HWHKEHEPHO-T€OJMHAMUYECKUX IPOILIECCOB (MPOCATKU
JIECCOBBIX TPYHTOB, O0Opa30BaHHUs KapCTOB M T.J.) TMOJ3EMHBII Tra30MpoBOJI

repemMeIaeTcs MomnepeyvHo Mo HampaBiieHuto BHU3 (puc. 1.1).

[ / [ >

Puc. 1.1 O6pazoBanrie TUMUYHOMN OCAAKU
[Tog npeiicTBUEM CKUMAIOIIEH MPOJOIBLHON CHUJIbI (BBITYYUBAHUE) U CHUJIBI
ApxuMena Ha OOBOJHEHHBIX YyYacTKaxX (BCIUIBITHE) TMOJ3EMHBIN Ta30MpoOBO/I

HUCIIBITBIBACTCA NOoNCpCUYHbIMHA NEPCMCIICHUAMMA oo HaIrpaBJICHUIO BBCPX.

BeprukaibHOe BbIIydrMBaHUE TPYObl 00YCIOBIEHO CKUMAIOIIEH MPOJOJIBHON CHUJION,
BBI3BAHHOW TMPOJOJIbHBIM Y/UIMHEHHEM Y4YacTKOB TpyOompoBoga ¢ Oosbliel
MpOAOJABLHON 3KecTKOocThio (puc. 1.2). IlpomonpHas xecTkocTh TpyOompoBoda —
COCTOsIHHE TPyOOIpPOBOJIa, IPU KOTOPOM IPOJOJIbHBIE Ae(OPMALIMH JIFOOOT0 CeYEHUs
TpyOONpPOBOJIa OTCYTCTBYIOT, IIPU ATOM: du/dx = 0.

Kak ToNbKO mpomodpHas cuja NPEeoJoJIeeT KPUTHUYECKOro 3HA4YeHUs,
oOpasyeTcsi ynpyro-uckpuBjieHHas ¢opma Ha y4yacTKE A CO CTPEJIKON mporuda f.
Bennuuna nporu6a 3aBUCUT OT MOCIEAYIOIIET0 W3MEHEHUS MPOJOIbHOM CHIIBI, T.€.
3aBUCUT OT JaBJEHUS M TEMIEpaTypbl TPAHCHOPTUPYEMOM NpoAyKuuu. Jpyrumu
CIIOBAMM, MpPU YBEIWYEHUU CHRKUMAroLEd cuibl P Habmonaercs MONepeyHoe
BEPTUKAJIBHOE NEpPEMEIICHHE TPyOOINpOBOJa B CTOPOHY YBEIMYEHHUS HadabHOU

CTpEJIKU MPOTUOHI fy Ha Benuuuny Af >0 (puc. 1.2).
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Puc.1.2 O6pazoBanue ynpyro-ucKpuBieHHOU GopMbl TuHEHHON yactu MTT

B cnydae TpyOompoBOabl Je€XaT B BOJIOHACHIIIEHHBIX TPYHTaX WM MpU
OTTaMBaHUU MEP3JIbIX TPYHTOB OHH MMEIOT MOJIOKUTEILHON TUIaBy4YE€CTh, OHU TAKKe
UCTIBITHIBAIOTCS TOMEPEUYHBIMH BEPTUKAIBHBIMU TEPEMEUIEHUSIMU — TMPOUCXOAUT
BCILIBITHE TPYOONPOBOA MO/ IEUCTBUEM CHIIBI ApXUMeEa.
[Tonepeunbie rOPU30HTATBLHBIE TIEPEMEIIECHUS BHI3BIBAIOTCS MPOOJIHHBIM YCUIIUEM B
CTeHKe TpyOompoBoda, T.€. HUCKpHUBJIECHUEM TpyOompoBoja B IUIaHE —

TOPU30HTAJIBHOC BBIITYYUBAHUC B PC3YJILTATC PA3BUTHUS OIIOJI3HCBBLIX ITPOICCCOB (pI/IC

1.3).

T Omeoo
I1oozemmnwiti

mpyo6onpoeoo Onosnzneeoe meio

Puc. 1.3 M300pakeHue nonepeyHbIX ropu30HTAIBHBIX IEpEeMEICHUN
[IpoponbHble mepemenieHus TpyOOmpoBoaa HAOMIOJAIOTCS B CIydae U3MEHEHUS

TEMIIEPAaTYpPHOI0 NEPENAaa U BHYTPEHHETO JaBICHUS MPOLYKTa — rasa.
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2.3 ConpoTHnBJIeHHEe MACCUBA TPYHTA MPOA0JIbHBIM U NONEPEYHbIM

nepeMelnieHusIM TpyOOnpoBoaa

[Tom3eMHbIE MarucTpaldbHbBIE Ta30MPOBOJBI — BBICOKOIHEPTOHACKIIIEHHOE
COOpYyKEeHUE JIMHEHHON (POpMbI, OCOOEHHOCTbIO KOTOPBIX SIBJISIETCS TO, YTO MACCHUB
IPYHTa JJi1 HUX TPEACTaBisieT cOOOM HE TOJIbKO Harpy3Ky, HO U Cpeay, B KOTOPOM
pa3BuBaroTCs JedopMani coopykeHusl. MacCuB I'pyHTa HENPEPHIBHO OKa3bIBACT
CONPOTUBJICHUE TMEpeMEIIeHUsIM TpyoOonpoBoja. OJHAKO KECTKOCTh CTaiu (mpu
moxyie yrnpyroctu E = 206000 MIla) Ha MHOrO BBbIII€ )KECTKOCTH MacCUBa IpyHTa
(mpu moxyne E = 0,5-50 MlIla), cBugeTensCcTByeT 0 OTpaHUUYEHHOW CIOCOOHOCTH
MaccHuBa IPyHTa K COMPOTUBJICHUIO MEPEMENICHUSIM TPyOOIpOBO/IA.

JI0 CEerogHsAIIHEr0 BPEMEHHW HAKAIUIMBACTCS 3HAYUTEIIBHOE KOJIMYECTBO
AKCIIEPUMEHTAIBHBIX MCCIIEIOBAHUM CONIPOTHUBIICHUSA MaccuBa rpyHTa
MEepEMEIICHUSIM TOA3EMHOT0 TPYOOnmpoBoAa. DKCIEPUMEHTAIbHbBIE MaTepHUallbl IO
UCCIIEIOBAHUIO COMPOTHUBJICHUSI MacCHBa TpPyHTa IMEpeMEIIeHUs M TpyOorpoBoaa

npuBesieHbpl B pabotax A.b. AitnOungepa (1991), ILII. bopomaskun (2003), 3.M.
Scuna, B.W. Yepnukuna (1967) u apyrux padorax.

t, H/em?

T

0.8 e

+

0.61

1 1 | i } ] —
T T T

0 02 04 06 08 10 12 1ucwm

Puc. 1.4. 3aBUCHMOCTH CONPOTHUBJIEHUS TNECYAHOTO TPYHTAa OT HPOJOJIBHBIX

nepeMeleHnil TpyoonpoBoia IuaMeTpoM 529 MM ¢ BBICOTOM 3achinku 1,2 M.
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4 JMATHOCTUKHU U COBPEMEHHBIE CITIOCOBbI PEKOHCTPYKIIMHU
HOA3EMHBIX I'A30ITIPOBO/10B

4.1 OcCHOBHBIE MOMEHThI Ipu pcain3daliui THAIrHOCTUKHU

Cuctema TpyOonpoBogHOTO TpaHcmnopTa Poccum oOnagaeT psgoM OCOOEHHOCTEM,
OOYCIIOBIIEHHBIX YCJIOBHSIMU JKCIUTyaTallMH, IPOCKTUPOBAHUS U HCCIICIOBAHUS
ra3onpoBoAoB. Jlimsg oOecrieyeHUs TMOJHOIEHHOW paboOThl MarucTpajibHbIX H
MPOMBICIIOBBIX TPyOONPOBOJIOB HEOOXOJIUMO PEMIUTh NPOOJIEMY OLEHKA UX
paboTOCTIOCOOHOCTH, a TaK)Ke€ MOBBICUTh HAAECKHOCTh UX paboThl. Jljisi peanuzanuun
JTAHHOTO pelIeHUs NOJHKHA OBITh MPOBEEeHA JUATHOCTUKA TEXHUIECKOTO COCTOSHUS
TpyOOIIPOBOJIOB.

B xo0/1€ TMarHOCTUKY BBITIONHSACTCS CIASAYIOIIEE:

* aHau3 CTENEHU OMACHOCTHU U Kiaccudukanus 1epeKToB;

* pemieHuE 3a7ayd O HECylled CMOoCOOHOCTH TpPyOOnpoBoja ¢ AePeKToM Ha
OCHOBE HOPMATHUBHBIX MAaTEPHAIIOB U CTCIIHATBHBIX METOJINK, OCHOBAHHBIX Ha
MexaHUKe MehOopMUPYEMOTO Tela U pa3pyIICHHUS;

* TIONyYCHHWE PE3yIbTATOB O JUATHOCTHYECKOM YPOBHE HAMPSHKEHUUA U
nedopManuii B OaCHOM y4acTKe, IPUHSATHE pelIeHui 0 paboTOCIOCOOHOCTH
TpyOOmpoBOJa TpH HadWuuu JAeeKTa, HCXOAS U3 BCEH COBOKYITHOM
uH(popmMaIuu.

CoBpemeHHbIe Je(EKTOCKOINBl OTBEUAIOT B OOJblIed Mepe TpeOoBaHUS K
onpeaenaeHuo GopMbl B pazmMepoB aeheKToB. OCOOCHHOCTD 3aKIIOYACTCS B TOM, UYTO
OHH TIO3BOJISIIOT OOHApPYXHUTHh JePEKThl C HAUMEHBIIUMH pa3MepaMu, OIMpPeaeiuTh
HAaWMEHBIIIEE PACCTOSHAE MEXKTY JABYMsI COCETHUMU MUHUMATHHBIMH BBISBISICMBIMU
nedeKkTaMu, a TakKe C MEHBIIEH BEpPOSTHOCTHIO TPOITyCKa IETaNe C SBHBIMH
nedexTaMu Wi HE0OOOCHOBAHHOM OpaKOBKOW FOJHBIX JETajeH.

BHYTpuTpyOHO THArHOCTUKOW BBISBIISIFOTCS CIIEAYIONME BUIBI Te()EKTHI
CTEHKHU TPYOBI:

1) mpousBoacTBeHHBbIE ACHEKTHI: 3aKaThl, paccioeHuss U AePEKThl MPOJIOTBHBIX

CBApHBIX CTBIKOB.
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2) SKCIUTyaTallMOHHbIE Je(PEeKThl: BHYTPEHHSISI U BHELIHAS KOPPO3Usl, YCTaJOCTHBIC

TPEUIMHBI Tejla TPYObl U CBAPHBIX CTHIKOB IO MPUYMHE BO3JICUCTBUS MAJOIUKIOBBIX

Harpys3oK.

3) ctpouTtenbHble AeEKThl: PUCKU, BMSATUHBI, TOPPHI U Ae(HEKThI KOJIBIEBBIX CTHIKOB.
4-X YPOBHEBAA CXEMA JUATHOCTUPOBAHUA

1) oOHapyxeHue NePeKTOB reoMeTpUH (TP YMEHBIICHUH MPOXOJHOTO CEUCHHUS

TpyOOINpOBO/a): BMSTUHBI, TO(PpHI, OBaJbHOCTb CEUEHMS, BHICTYyNAIOIIHE BHYTPh

TpYOBI 3JIEMEHTHI;

2)  BbIsBIEHUE Je(EKTOB TUIA MOTEpU MeTala (MPU yMEHBIICHUHE TOIIIUHBI

CTEHKH TpyOONpoOBOJia): KOPPO3UOHHBIEC S3BbI, IAPANUHBI, BBIPHIBEI MeTajia,

paccioeHus U MOCTOPOHHUE BKIIIOYEHUS B CTEHKE TPYOHI;

3)  momepeyHble TPEIIUHBI B T€J€ TPYOBl U KOJIBIIEBBIX CBAPHBIX I1BAX;

4)  OpoaOJIbHBIE TPEIIUHBI B TeJIe TPYObl U MPOJAOJIBHBIX CBAPHBIX IIBaX.

[lepBblii ypoBeHb [MATHOCTHKM: OOHapyXeHHE JePEKTOB TE€OMETPHUHU.
[Ipumensiercs CckpeOOK-KanuOp [Jisi ONpeeNeHUss MUHHUMAJIbHOTO MPOXOJIHOTO
cedyeHus oOcneayemMoro ydactka Tpyoomposoaa (70 % OT BHYTPEHHEro JuaMeTpa
TpyOonpoBoza). [Torom nmpomyckoM cHapsna-npoduiemMepa onpeaesstoTcs 1e(peKThl
T€OMETPHUH a TAK)K€ OCOOCHHOCTH TMOJ0XKEHUsI TPyOOnpoBoa (paanychl U KPUBU3HBI
YIJIOB MOBOPOTa TPYOOIMpOBO/Ia B TUIaHE U B Ipodure).

Bropoii ypoBeHb: BBISBISIIOT JePeKThl THUMNA TMOTEPU MeETallia MpHU
UCIIOJB30BaHUU CHapsiIa-eEeKTOCKOoNa C paAuaibHO YCTAHOBIECHHBIMU B MIIOCKOCTH
MONEPEYHOro ceyeHus TpyOsbl naTumkamu. [Ipu oOHapyXeHUU Hapy>KHOU KOPPO3HH,

YMCHBIIACTCA BPCMA IMPOXOKACHNA CUI'HAaIa B CTCHKC Tp}I6BI, 4TO AAaCT HCIIOCPCACT-

BEHHO KOJMYECTBEHHYI0 Mepy mnorepu Metaiwia. [Ipu oOHapyxkeHWU BHYTpPEHHEU

KOPpO3UH, YBEJIIMUYUBAETCS BPEMS POXOKAECHUS CUTHAJIA.

Tpernii ypoBeHb: BBISBISIOT MONEPEUYHBIE TPEUIMHBI U TPEHIMHONOA00HBIE
ne(deKThl B KOJBIEBBIX CBAPHBIX IIBaX C HCIOJIb30BAaHUEM MAarHUTHOTO CHapsja-
nedexrockona (MFL), mpomyckas mnpoaoipHble TpelmuHbl. Bo Bpems Koraa
JIBUTAETCSl CHapsija CHUCTeMa, HAMAarHUYMBAET YYacTOK TPYyObl M3 MOCTOSHHBIX

Mar"dumToOB.
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YeTBepThlil YPOBEHb: BBISBICHUE MPOJOJBHBIX TPEUIUH B CTEHKE TPYOBI,
TPEUIMH U TPEUMHONMOAOOHBIX Je(EeKTOB B CBapHBIX IIBaX C HPUMEHEHHEM
KOMILUIEKCa TEXHUUYECKUX CPEACTB B COCTaBE CHapsja-Ae(eKTOCKONa ¢ HAKJIOHHO

PaCIIOJ0KCHHBIMHU B INIOCKOCTH IMOIICPCYHOI'O CCUCHUA TPY6I)I JaTYUKaMU.

4.2 CoBpemennbie Cnoco0bl Pexoncrpykuun Ioazemusix I'azonpoBoaos

JIroOast cioxHasg TeXHHUUYECKas cucremMa TpeOyeT HE TOJbKO TPaMOTHOTO
MPOCKTUPOBAHUSI U COOJIIOJICHUSI BCEX TEXHOJOTHYECKUX MapaMeTpoB MpH
CTPOUTENILCTBE, HO M TMOCIEAYIOIEro OOCIyXUBaHUS. A TaKUM MacIITaOHBIM
COOpPYKEHHUSAM, KaK Tra30mpoOBOJIbI, CO BpPEMEHEM IMOJBEPraloTCsi E€CTECTBEHHOMY
CTapeHHIO, MOCTIEe OTPAOOTKM aMOPTU3ALMOHHOIO CPOKa 3KCIUTyaTallud CTAaHOBSTCS
MaJIONPUTOJIHBIMA HWJIM COBCEM HENPUTOJHBIMU ISl JlalibHeWIIel padoThl, 4TO
BJIGKYT 3a C€O0OM TOCTENEHHbIE TMOTEpPU HaMopa, CHUXKEHUE MPOMYyCKHOU
CIIOCOOHOCTH  Tra3ompoBOJia,  yXyJlleHHe  (U3UKO-XMMUYECKUX  CBOMCTB
TPAHCIIOPTUPYEMOTO Ta3za, a TakKe 3HAuYUTENbHOE KOJIMYEeCTBO aBapuil. B
pe3yibTare, He TOJbKO MPUBOIUTCA K OOJBIIMM SKOJIOTMYECKUM, MaTepUalbHBIM
yuiep6am, BpeauT 370pOBbE JIOJIEH, HO M MOCTABUT MOJ yIPO30M KU3HHU TOTO KTO
HaxOoJUTCsl BOJU3U MPOpPHIBA.

MoxHO HmOCTUTHYTh oOecriedyeHre d(PPEKTUBHOW U HANEKHOU pPadOTHI
MarucTpajabHbIX Ta30IPOBOJIOB MPOBOJIS KAMUTAIBHBIM PEMOHT M PEKOHCTPYKIIUIO.
Bce-Taku KanuTanbHBIM PEMOHT PacCMATPUBAETCA KaK ajJbT€PHATHUBHASI CTPATETHUS
JUTSL TPOJIJIEHUSI pecypca 000pyI0BaHUS C MOAEPKAHUEM MPOEKTHOTO TEXHUYECKOTO
COCTOSIHUSI U TEXHHUKO-2KOHOMHUYECKHX TIOKa3zaTeynel oO0BheKTOB. PEeKOHCTPYKIuIO,
KOTOPYIO MPOBOIST HAa OCHOBE COBPEMEHHBIX TEXHUYECKUX PEIICHUH, KOTOpPHIC
pa3paloTaiu ¢ y4eToM MOCHEAHUX JOCTHUKEHUU HAYKU U TEXHHUKU. ITO MO3BOJISET
JOCTUTHYTh YJyUIlIEHHE TEXHUKO-DKOHOMUYECKUX IOKa3aTeliel MarucTpajbHOTro
ra3ornpoBoja, ¥ OJHOBPEMEHHO PEIIAIOTCS TaKWE COLMAIBHO 3HAUYUMbBIE TPOOJIEMBI,
KaK YJIy4IIEHHUE YCIOBUHM TPyAa U OXpaHa OKPYKAIOILIEH CPEbI.

Cornacao ¢ CTO TI'azmpom 2-3.5-051-2006 «HopmBI TEXHOIOTMYECKOTO

IIPOCKTUPOBAHUA MAruCTpalbHbBIX TIa30IIPOBOAOB» OCHOBHBIC HAIIPABJICHUA HIINU
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3a/1aud PEKOHCTPYKIMH OOBEKTOB Ta30TPAHCHOPTHOM CHUCTEMBbI 3aKIIOYAIOTCS B
o0ecrieueHUN IUIAHUPYEMBIX TOTOKOB Tra3a [0 Ta30lpoOBOJy, IOBBIIICHUH
MPOMBIIJICHHOW O€30MacHOCTH TPAHCIOpPTa Tas3a, a TaKXke JKOJIOTUYECKOM
0€30MacHOCTH TPAHCIIOPTA ra3a U SKOHOMUYECKOU 3(DPEKTUBHOCTH.

PexoHCTpyKIIUSI JEMCTBYIOIIETO M3HOIIEHHOTO Ta30MpoBOJia MPOBOIUTCS
MOXHO JBYMSI CIIOCOOaMHU: TpaHIIEHHBIM (OTKPBITBIM) U O€CTpaHIICHHBIM
(3akpbITbIM). OTKpPBITBHIA CIIOCOO, TPU KOTOPOM TpeOYyeTCsl pa3phiTUE TPAHIIIEH,
CUMTAETCA CaMbIM HEIKOJOTHYHBIM U TPYJOEMKHM METOJIOM PEKOHCTPYKIIHH, 3TO
OOBSICHSIETCSL PpsIi  €r0  HEJOCTAaTKOB: OCHOBHAs JIOJSl 3aTparT B CTPYKType
ce0ecTonMOCTH paboT MPUXOAUTCS Ha OOJIBIION 00BEM 3€MIISTHBIX paldoT, OOJbIIOe
KOJIMYECTBO paboueil Cuibl, IIUTEIbHbIE CPOKU CTPOUTEILCTBA U TPAHCIOPTHHIC
nepeBo3ku. Kpome Toro, k HemocTaTkam 3TOro TPaAUIIMOHHOIO CIOco0a OTHOCATCS
TAK)KE TSDKEJIO€ BO3ACHCTBHME HA OKPYXKAIOLIYI0 Cpely W CO3/IaHHE CEPbE3HBIX
Heyn00cTB moAsM. HakoHell, B pslie CaydaeB 3aKpbITUE YU U IOPOT HEBO3MOXKHO
13-32 UHTEHCUBHOTO JIBUOKEHUSI.

B nocnegnue necsaTuieTus NosSiBUIACh HOBAs MEPCIIEKTUBHAS TEXHOJIOTHUS MO
Ha3BaHHEM OECTpaHIIEHHbIE METObl PEKOHCTPYKIIMH JJIUTEIBHO AKCILUTYaTUPYEMBIX
MOA3EMHBIX TpPyOOmpoBoaOB. becTpaHIIeiiHbIil MeTon SBISETCS B 3TOM Clydae
CaMbIM TPUEMJIEMbIM, HAJIC)KHBIM, TEXHOJOTMYHBIM U 3KOHOMHUYHBIM CIIOCOOOM,
oOecreunBaIMM Hanbosee 3(pPEeKTUBHBIA pe3yJbTaT B YCIOBUAX OIPAHHUYEHHOTO
MPOCTPAHCTBA, HMHTEHCUBHOTO TPAHCIOPTHOTO TMOTOKA U BBICOKOW TMJIOTHOCTH
MPOJIOKEHHBIX MOJI3EMHBIX KOMMYyHUKanud. KpoMe Toro, GecTpaHIIEHHBIN METOA

PEKOHCTPYKIIUU MOA3EMHOT0 TpyOOIIpOBOia 001aJaeT APYTUMHU MIPEUMYIIIECTBAMU:

. HAaUMEHBIIUN FKOJOTHUECKUN yIepO MpUpoAe U OKpYKaroIIel cpeae;
. MEHbIIIas BEPOSITHOCTh TMOBPEXKJCHUS TOA3EMHBIX Kalbemel U Jpyrux
KOMMYHHKAIUH;
. MEHbIIINE HEYA00CTBA /111 MECTHOTO HACETICHUS;
. HCKJII0OUYeHHE padoT 10 pa3paboTKe MOIBOTHBIX TPAHIIECH, X 3aCHINKE;
. COXpaHEHHE €CTECTBEHHOTO JaHamadTa U MHOTOE APYroe.
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B oOmem ciydyae B 3aBUCHUMOCTH OT OTpaHUYEHUsS 1O IUIOLIAIU
PEKOHCTPYKIIMHU MOXHO KJIacCU(ULIUPOBATH OecTpaHIIeHHbIE METO/IbI
PEKOHCTPYKIIMM Ha JBE TPYNIbl: K NEPBOM OTHOCITCS METOIbI, MPOBOAUMBIC B
Cllydae KOrja BO3MOXKHO CTPOUTH JOMOJHUTEIbHbIE HUTKU (HOBBIM Ta30MpoOBOJ WIH
HOBBIE) B KOpHUIOpPE CYIIECTBYIOIIEr0 Tra30lNpoBOJa C MOMOUIbIO TEXHOJOTUU
OecTpaHIIEHHON MPOKIAIKH, a KO BTOPOM — B CTECHEHHBIX YCIOBHUSX MPOBOJAT
PEKOHCTPYKIIMIO B MECTE CTAPOT0 N3HOIIEHHOTO Ia30IpoOBOAA.

B coctaB mepBoil rpynmbl OeCTpaHIICHHON TEXHOJOTUU PEKOHCTPYKIUU
BXOJST CJEAYIOIIME METOJbI: MPOKOJ, MPOAABIMBAHUE, MUKPOTOHHEIUPOBAHUE U
HAaKJIOHHO-TOPU30HTaIbHOE OypeHue. 3akpbiTas MOpoOKIaaka TpyOONpOBOAOB
KOXKYyXOB  ((yTJIsIpOB)  BBINOJHAETCS B  OCHOBHOM Cloco0aMu  MPOKOJA,
MPOJABINBAHMS, TOPU3OHTAIBLHOIO OypeHus, a g MPOKIAIKU KOJJIEKTOPOB H
TOHHEJIEH MPUMEHSIOT IIUTOBOU CIOCO0.

IIpokos: Ooxiblle TOAXOAUT MJISI MPOKIAAKH TpyO MalbIX MU CPEIHUX
muametpoB oT 50 no 530 mm Ha niuuHy 80 M co cKOpocThio 3-6 M/4. Haumyumine
TPYHTOBBIE YCJIOBUSI IPUMEHEHUSI JAHHOTO CIOC00a — B TJIMHUCTBIX U CYTJIMHUCTBIX
(CBA3HBIX) TPYHTAaX HOPMAJILHOM BIIAXKHOCTHU, HE COJEPKAIIUX TBEPJIbIX BKIIOUCHUIM.
HeoOxonumbie ycunus 3aBUCIT OT XapakTepa TpyHTa, JuaMeTpa W JUIMHBI
MpOKJIapIBaeMON TpyObl U KoneOmtores B mpeaenax ot 150 go 2500 kH. HaubGoinee
4acTO MPUMEHSIOTCS Ha)XUMHBIE HACOCHO-IOMKPAaTHbIE YCTAHOBKHM B KayeCTBE
MIPOIABIMBAIOIIUX U TATOBBIX CPEACTB. [ J1aBHOE MPEUMYIIIECTBO 3aKIIFOYAETCS B TOM,
YTO MNPOKJIaAKa TpyO MpU MOMOIIM KOHYCHBIX HAaKOHEYHHUKOB B MAacCUBE TpYyHTa
YMEHBIIIAET COMPOTHUBJICHUS, BO3HUKAIOMIUE NpH AedopMallud TPyHTA, a TaKKe
CHUYKAET CUJIbI TPEHUSI.

Cnoco0 npoaaBJMBAaHUSl XapaKTEpPU3yeTCAd WU3BICYEHHUEM U3  TPYObI
IPYHTOBOU MPOOKH WM KEpHA, MOKHO MPUMEHSATh MPAKTUUECKU B JIIOOBIX TPyHTaX
[-IV rpynmn, on npurojeH s Tpyo auamerpom 800—1720 MM nipu JyIMHE TPOKIATKH
no 100 m. HeobxomumbiM ycunuem BraaBnuBanus 4500 kH u npu 3ToM CKOPOCTH

MpOXOJKH nocturaerca 1,5 m/du. OrpaHuyeHus K TPUMEHEHHUIO JAHHOTO Crocoda
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3aKJIIOYAIOTCA B TOM YTO IUIBIBYHHBIE TPYHTBI HE CIIOCOOCTBYIOT MpPOJABIMBAHUE.
Pa3paboTka rpyHTa OCyIIECTBISETCS PYYHBIM UM MEXaHUYECKUM CIIOCOOOM.

MuUKpOTOHHEeIMPOBAHNE MPUMEHSETCS KOrJa HEOOXOJMMOCTH YCTPOUMCTBA
Mepexo/I0B TPyOOIPOBOIOB, KOJIEKTOPOB U TOHHENEH 3HAYUTEIbHBIX TUAMETPOB U
JnHBL. Ha moAroToBUTENbHOM TNiEepuoje pa3padaThiBalOTCs JBa KOTJIOBaHA
(cTapToBBIM W mpuUEeMHBIN). PaccTosiHue MeXay CTapTOBOM M MPUEMHOM IIaxTaMH
coctasisieT ot 50 1o 500 m. IIpu nqnuHe npoxoaku cBaiiie 200 METPOB UCITOIB3YETCS
MIPOMEXKYTOUHAsI JOMKpaTHasl cTaHlusl. Pa3paboTka rpyHTa MPOU3BOIUTCS PEXKYILIUM
MHCTPYMEHTOM THPOXOAYECKOro ImuTa. ['pyHT mnepememmBaercss ¢ BOAOW (WM
OCHTOHUTOBBIM PACTBOPOM), KOTOpask MOAAETCs B 32001 MO MOABOISIIUM JTUHHUAM, a
M0 OTBOJAIIMM JIMHUSIM TIOJIyd€HHasi B3BECh IOMAJAeT B OTCTONMHUK, KOTOPBIM
HaxOJUTCSl Y CTapTOBOTO KOTJOBaHa. [0 cpaBHEHUIO C IPYTMMU METOJIaMH, STOT
METOJI OKa3bIBA€TCS OTHOCUTENIBHO JOpOrocrosiuM. B kadectBe mnpumepa
paccMOTpUM CETOJHSIIHME JaHHble y KkommnaHuu «JIBH-Ctpoi»: paboThI
MUKPOTOHHEIenpoxoaueckuM obopyaoBanuem ¢upmbl Herrenknecht AVN 1000 u
AVN 2000 co cTOMMOCTBIO IPOKJIAJIKK COOTBETCTBEHHO 36 ThIiC. U 120 ThIC. pyOeit
3a 1 meTpa TpyOBHl, a 1ieHa 3a 1 metp nmpoxnaaku merogom I'HB mns tpyOomnpoBoaos
muametrpoM 800 MM cocTouT 28 Thic. pyOJieid, 3HaUuT noutu B 1,5 pa3 Gouibliie.

l'opu3zoHTaNbHO-HANIPpABJIEHHOEe  OypeHHMe  OTJIMYAeTCsS  MPOKJIAJIKOU
TpyOONpPOBOJOB MO JIHO0ON TpaekTopuu. IDTOT crnocod obecreyrBaeT MPOKIAAKY
MOA3EMHBIX NMEPEX0A0B TPYOONpoBOAOB AnaMeTpoM 10 1420 MM Ha paccTostHuE 110 2
kM. OpHako m0OpH HAJIUYUM TPYHTOBBIX BOJ| CIOCOO HE TMPUMEHSETCA T.K.
HEJIOCTATOYHO 3(PPEeKTUBEH B OOBOITHEHHBIX U CHITyYUX IPyHTaX.

Btopas rpynna OecTpaHIIeHOM TEXHOJIOTUM PEKOHCTPYKIIMU CUHUTAETCS
Oonee coBpeMmeHHOU U 3¢ dexTuBHee. B HacTosmee Bpemsi HauboJiee MOMyJISIPHBIMU
METOJJaMU PEKOHCTPYKIMA M3HOUIEHHBIX TOA3E€MHBIX Ta30MPOBOJAOB SIBIISIIOTCA
CIEeAYIOIIHE:
l.Meton «tpyba B TpyOy ©0€3 paspylieHus CYIIECTBYIOUIEH TpyObD» —
MPOTACKUBAHUSI BO BHYTPEHHIOI TIOJIOCTh PEKOHCTPYUpPYyeMoro TpyOorpoBoaa

HOBOU MJIETU U3 MOJUATUIICHA.
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2. Texnonorust canauuu TpyO — Meron «Tpyba B TpyOy — C paspylI€HHUEM)» C
MoCHeAYIONIEH TPOKIaAKOH HOBOTO MOJUATUIICHOBOM IJIETU OOJBIIETO JuaMeTpa (10
1500 Mm).

3. Meton ¢popmupoBaHusi TpyObl U3 OBICTPOTBEP/CIONIECTO UyJiKa (CAaHUPOBaHUE TPYO
no TexHoJorun «DeHuKe») — OOJUIIOBKA OYMILEHHOW BHYTPEHHEH MOBEPXHOCTH
ra3onpoBOJOB ¢ pabounM gapieHuemM a0 1,2 MIla CHHTETHYECKHM TKaHEBBIM
[IUTAHTOM Ha CTHEIMAaJIbHOM JIBYXKOMIIOHEHTHOM KJIEe.

4. MeTton  HaHECEHUsS] HOBOTO TMOKPHITUS HA BHYTPEHHEM  MOBEPXHOCTH
PEKOHCTPYUPYEMOTO Ta30IpoBoia (LIEMEHTHO-TIECYaHBIX MOKPBITUI) C TOMIINHON 4-
16 MM B 3aBUCHUMOCTH OT IUaMeTpa TpyOomnpoBoaa. /[namna3zon HapyKHBIX JTUAMETPOB
TpybonpoBoga ot 150 go 2000 wmwm. JlaHHbIi MeTon IenecooOpazeH mpHu
MOBPEXJECHUU B BHUJE CpPEAHEH KOpPpO3Usi BHYTPEHHEM MOBEPXHOCTH TPYyO H
a0pa3WBHOTO M3HOCA U HE MPUHHUMAETCSA MPHU PACKPBITBHIX CThIKaX TPyO, CMEIIEHUU
TpyO B CThIKax U aedopmainuu cexkuuii Tpyo. Mimeercs psia npenumyIiecTB: MpocToTa,
CPaBHUTEIIBHO HU3Kasg CTOMMOCTh (okojo 30% CTOMMOCTHM HOBOIO HHUTKA),
MpEKpallleHe KOPPO3UU BHYTPEHHEW MOBEPXHOCTH TPYOONpPOBOJA U CHUXKEHHE
TUAPABINYECKOTO COMMPOTUBIICHUS.

Ha ocHOBaHMM BBIIEU3I0AKEHHOTO MOKHO C/IETaTh CIAEAYIOITUE BHIBOIBI:
Bo-niepBhiX, perieHue O BBIBOJAE MOA3EMHOr0 Ta30MpoBOJa B PEKOHCTPYKIUIO
MPUHUMAETCS  TOJIBKO  TOCJie€  MPOBEACHUS  KOMIUIEKCHOM  Mepbl IO
JTUATHOCTUPOBAHUIO €r0 TEXHUYECKOTO0 COCTOSIHUS, IMPU OINPEJEICHHON CTETNeHU
CHUKEHHUSI MTPOU3BOJUTEIIBHOCTH Ta30MpOBOAA MO CPABHEHUIO C MPOEKTOM WM 3a
MPOIIENAIINE TOJbl, a TaKKe B Cilydae, KOIJla €ro JKCIUTyaTalusi 3KOHOMUYECKH
HerenecooopasHa.

Bo-BTOphIX, €ciau NpUXOAUTCS NPOBOJUTH PEKOHCTPYKIUIO, TO JOJKHBI
CTPEMUTHCSI K MaKCHUMaJIbHOMY MNPUMEHEHHUIO O€CTpaHIIEWHBIX TEXHOJOTUN MpU
BOCCTAHOBJICHUM U 3aMEHE BBIXOASIIUX U3 CTPOsl MOA3EMHBIX TPYyOONPOBOJIOB C
nenpl0  obecrnedyeHus BO3pPACTAIOIIMX  COBPEMEHHBIX  TEXHOJIOTUYECKUX,
SKOHOMHYECKHUX M IKOJOTHYECKUX TpeOoBaHuU. BpiOop OecTpaHmieiiHoro crocoba

PEKOHCTPYKIUHU MaJIOHAJIC)KHBIX M3HOMICHHBIX Id30IIPOBOJOB B I''TABHOM 3aBUCHUT OT
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auamMeTpa W JUIMHBI TPYyOOINPOBOMA, XapaKTepa W THUIPOTEOJIOTHYECCKUX YCIOBHMA
pa3palaTbiBaéMbIX TPYHTOB M JaBlIeHHs B TrasomnpoBoje. BriOop cmocoba Takxke

3aBHUCUT OT HAJIMYUA B CTPOUTCIBbHBIX OPraHrU3alusaX COOTBCTCTBYIOIIUX arperaros,

YCTaHOBOK M 000OPY/IOBAHUS C LIEIbI0 CHIUKEHUS 3aTpart.

U3m.

Jlucm

Ne dokym.

lodnuck

[ama

O0630p nuTEpaTYpHI

Jlucm

31




3AJJAHUE JJISI PA3JIEJIA
«®UHAHCOBBIIl MEHEJJKMEHT, PECYPCOD®®EKTUBHOCTH 1
PECYPCOCEBEPEKEHUE ITPY IMTPOBEJIEHUN HAYUYHO-UCCJIEJOBATEJILCKIX
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6 PA3JIEJI «®UHAHCOBBIA MEHE[)KMEHT,
PECYPCO®PP®EKTUBHOCTDb U PECYPCOCBEPEKEHUE»
B mamHOM  pasgmenme  IPOU3BENEH  pacueT  CTOMMOCTHM  HAyYHBIX
UCCJEIOBATENbCKUX pabOT JIe  MOJEIUMPOBAHUS  y4acTKa MarucTpaJbHOIO

ra30MpoBOJia C KOPPOSHOHHBIM JC(PEKTOM.

6.1 H.HaHI/IpOBZlHI/Ie HAYYHO — HCCJIEA0BATECJIbCKUX paﬁoT

6.1.1 Ctpykrypa padoT B paMKaxX HAYYHOI'0 UCCJIe[IOBAHMS

JI1s BBITIOJIHEHMSI HAy4YHBIX HCCIeoBaHUM GopMmupyercs padboyas rpymnma, B
COCTaB KOTOpOI BXOJAT OakajaBp, HAyYHbI PYKOBOJIUTENb, KOHCYJIBTAHT MO YaCTU
coruaibHOM oTBeTcTBEHHOCTH (CO) M KOHCYJIBTAHT MO 3KOHOMUYEcKoi yactu (DY)
BKP. Ilo «kaxzmomy BuAy 3alJJaHUPOBAHHBIX  pabOT  yCTaHaBIMBAETCA
COOTBETCTBYIOIASI TOJKHOCTh UCIIOJIHUTENIEH.

CocTraBUM MepeueHb ATalloB UM pabOT B pamMKaxX MPOBEACHUS HAYUYHOIO
UCCIIEIOBAHMs, TPOBEAEM paclpeelieHue WCHOJHUTENIe 1o BuJIaM paloT.
[IpuMepHBIN MOPSOK COCTABICHUS ATANOB U PabOT, paclpeieieHHe UCIIOJHUTENEH

10 JaHHBIM BUJIaM pa0bOT NpuBe/eH B Tadnure 1.

ModenupoeaHue HanpsixeHHO-0ehopMUPOBaHHO20 COCMOSIHUS MagucmpanbHO20

2a30rpoegoda rnpu Koppo3uu
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Tabnuya 1 — Ilepeuenv smanos, pabom u pacnpedenenue UCnHOIHUmMeNel

Ne J0JI2KHOCTD
OcHOBHBIE 3TaNbI Copep:xanne pador
pao HCTIOJIHUTEJISI
Pa3paboTka TexHHYECKOTrO Br160op HanpaiieHus
1 9 PykoBonurens
3aaHHsI WCCIICIOBAaHUH
CocraBieHue U yTBEPKIECHUE
2 YTBEp PykoBonurens
TEXHUYECKOTO 33 aHHsI
KanennapHoe mianupoBaHue
3 Aap P PykoBoaurens
Br100op HanpaBiieHus paboT 1o Teme
UCCIIEN0BaHUN 4 [Ton6op u nzyuenune PykoBonureins,
MaTepHaJIOB IO TEME OakaaBp
IIpoBeneHnne maTeHTHBIX
5 P . OakanaBp
WCCIICIOBAaHUH
IIpoBeneHue TEOpPETHUSCKUX
6 p P . OakanaBp
TeopeTHueckue pacyeToB U 00OCHOBAHUM
UCCIIEI0BaHUs [IpoBenenne KOMIBIOTEPHOTO
7 OakanaBp
MO/JICITUPOBAHUS
] Onenka 3¢ HeKTUBHOCTH PykoBonurerns,
MOJIYYCHHBIX PE3YJIbTATOB JTUTUIOMHUK
O0600611eHNE U OIIEHKA Y De3y
Ornpenenenue
pE3yJIbTaTOB PykoBoautens,
9 1enecoo0pa3HoOCTH
OaxanaBp
nposeneHus OKP
IIposedenue OKP
Od¢opmiieHue otyera HO
P 10 Od¢opmiieHue otuera OaxanaBp

6.1.2. OnpenesieHHne TPYI0EMKOCTH BbIIOJHEHUs padoT

TpynoeMKocThb

BBIITOJIHCHU A

Hay4qHOTO

HCCICAOBAaHUA

OLICHUBACTCsA

OKCIICPTHBIM ITYTEM B YCIOBCKO— JHAX W HOCHUT BepOHTHOCTHBIfI XapakTep, T.K.

3aBUCUT OT MHOXECTBAa TPYAHO YUYUThIBaeMbix (aktopoB. s omnpeneneHus

OKUAAEMOTrO (CpEHET0) 3HAUEHUS TPYNOEMKOCTH f , UCIOIB3yeTCs popmyJa:

e t

3tmini + 2tmaxi

0Kl
5

omei — OXKHUAEMast TPYJOEMKOCTD BBINIOJIHEHHUS { — OM pabOTHI Yel. — IH.;

N3m.

Jluecm Ne dokym.

lModnuck | Jama

DduHaHCOBBIN MEHEKMEHT

Jlucm

50




{in; — MUHIMAJIBHO BO3MOJKHAS TPYIOEMKOCTh BBIITOJTHEHHS 3aIaHHON | —

ol paboThl (ONTUMHUCTHYECKAs OIEHKA: B TNPEANOJOKEHUU Hauboee

0JIarONMPHUATHOTO CTEYCHHS 0OCTOSATENIBCTB), Yell. — JIH.;

l maxi; — MAKCHMAJIbHO BO3MOKHAS TPYAOEMKOCTD BBIINOJHEHUS 3aJaHHON i

— ol paboThl (IecCUMUCTUYECKAsi OIEHKAa: B MPEAMNOJIONKEHUU Haubosee
HE0IaronpusaTHOTO CTEYEHUsI 0OCTOSTENBCTB), YE. — JH.

HUcxoass w3 OXHJaeMOM  TPYJAOEMKOCTH  palor, ONpeeIISIETCS
NPOJOJDKUTEIBHOCTh KaXA0H paboTel B paboumx pAHAX 1}, YYHUTHIBAIOIIAs
MapayyiebHOCTh  BBIMOJHEHUS PabOT HECKOJbKUMH HCIOJHUTENAMHU. Takoe
BBIUHCIICHHE HEOOXOIMMO i1 0OOCHOBAaHHOTO pacyeTa 3apad0THOM IIIaThl, TaK Kak
yAENbHBIN Bec 3apruiaThl B OOIIEH CMETHON CTOMMOCTH HAy4YHBIX HCCIIE€IOBAHUI
COCTaBIISIET OKOJIO 65 %.

rae  Ipi — IPOIOIKUTEIBHOCTh OQHOM paboTEL, pab. IH.;
l i — OKHJaeMas TPY10EMKOCTb BBINOJIHEHHS OJHOM paboThl, Yes. — JH.

Y. — yncnennocTs McmonHUTENEH, BHIIONHAIOLINX OJHOBPEMEHHO OXHY H
Ty e padoTy Ha JaHHOM JTare, 4ell.

6.1.3. Pa3patGorka rpaduka npoBeJeHNs HAYYHOT 0 HCCIeI0BAHUS

[Ipy BBINOTHEHUU NUIUIOMHBIX PAOOT CTYJAEHTHI B OCHOBHOM CTaHOBSITCS
y4aCTHUKaMU CpPAaBHUTEIBHO HEOONBIIMX IO 00BbeMy HayuyHbiXx TeM. [loaTomy
HauOonee yJOOHBIM W HATJIAIHBIM SIBIISETCS TOCTPOEHUE JICHTOYHOrO TIpaduka
MPOBEJICHUS HAYUHBIX paboT B popme nuarpammsl ["aHTa.

Juarpamma ['aHTa — rOpU30HTAIBHBIN JICHTOUHBIM TpaduK, Ha KOTOPOM
paboThl MO TEeMe MPEACTABISAIOTCS MNPOTHKEHHBIMH BO BpPEMEHU OTPE3KaAMU,
XapaKTepU3YIOIIMMHUCS aTaMy Hayajda U OKOHYaHUS BBIMOJHEHUSI TAaHHBIX PadoT.

st ynoOGcTBa mocTpoeHUs: rpaduka, JUIMTEIBHOCTh KaXJOTO W3 STaIloB
paboT u3 pabouux JHEH clielyeT MEePEeBECTH B KalleHAapHble IHU. Jisg 3Toro
HE0OXOMMO BOCITOJIB30BATHCS (DOPMYJION:

TKi =Tpi .kKan
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rae 1 — IPOJOJDKUTEILHOCTD BBITIOJHEHUS [ — i paOOThI B KaJE€HIapHBIX THSIX;
T},; — IPOIOJKUTEIBHOCTD BBIIIOTHEHUS [ — i pa0OTHI B pa00OYMX THAX;
Kyan— KOO PUIIMEHT KaJeHIapHOCTH.

KoadduunenT kanengapHocTu onpeaensercs no hopmyiie:

S
TKaJI _TBLIX _Tnp

Trac T o KOJIMYCCTBO KaJICHAAPHBIX JIHEH B roay,

K

T x — KOJIMYECTBO BBIXOJAHBIX I[HGﬁ B TIoay,

233

Tnp — KOJIHMYCCTBO MMpa3aAHUYHBIX I[Hef/'l B Tronay.

T 365

k - _
T T -T._  365-104-14

p

b

Bce paccuntanHble 3HaU€HHS yKa3aHbl B TaOIHIlE 2.
Tabnuya 2 - Bpemennvle noxazameinu npogedeHuss Hay4Ho2o UCCle008aHUs.

TpynaoémkocTh padoT Tt | AVTHT-Th
pa6ot B pador B
KaJleHaa
HasBanue Lini | Tmaxi | oo HCHOJ;HHTM pabouux pHEIX
padoThI venr- | wen- | des- H;HX HSX
JTHHA JTHHU AHUA pi T
Ki
Bri6op HanpaBieHus
. 1 3 2 PykoBoauTeb 2 3
UCCIICIOBAHHIA
CocraBnenue u
YTBEPXKICHHE 1 4 3 PykoBouTENH 3 4
TEXHUYECKOTO 3a/IaHuUs
Kanennapuoe
IUTAaHUPOBaHKUE paboT 1 4 3 PykoBoaurenb 3 4
0 TEME
[TonGop u u3yueHue PykoBonurens
20 60 36 36 53
MaTEepPHAJIOB 110 TEME , bakayaBp
IIpoBencHue
MATEHTHBIX 3 16 9 Oaxasasp 9 13
HCCIIEIOBAHUI
IIpoBencHue
TEOPETUYCCKIX
P 2 12 6 Gaxarnasp 6 9
pacueToB U 060CHO-
BaHUM
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IIpoBenecHue
KOMITBIOTEPHOTO 1 4 3 Oakasasp 2 3
MOJICTTHPOBAHHUSI
Onenka
3¢ (HeKTUBHOCTH Pyxosomures
1 3 2 , 1 2
MOJTY4EHHBIX Saxanasp
pE3yJIbTaTOB
Onpenenenue PykoBonurens
1enecoo0pa3HocTu 1 4 3 , 2 3
nposeneHust OKP OaxasaBp
Odopmiienne otuera 2 12 6 Bakanasp 6 9

Ha ocHoBe Tabn. 2 mocCTpoeH KaleHAapHbIM TuiaH-rpaduk (Tadm.3) 1o

JINTCIIBHOCTH HMCIIOJIHCHUA pa60T B paMKax Hay4YHO-HUCCJICAOBATCIILCKOTO ITPOCKTA C

pa3OMBKOM MO MecsiIiaM U JieKaaaM 3a Mepruoj] BpEMEHH TUTLNIOMUPOBAHMUS.

Tabnuya 3 - Kanenoapmotii nian-epagux nposedenus HUOKP no meme

T ., | IIpomroKuTeIbHOCTH BHINOJHEHHUS padoT
KI:H ¢eBp | mapT anpeJb | Mai HIOHb
No Bua pa6ot Hcnoanurean 2311121311213 111213[1]2
JH.
Bri HaIpaBJICHUS
1 oop DaBIIe PykoBogurens ?
HCCIIEI0BaHUI /
2 | CocraBnenune T3 PyxoBogutens | 4
3 | InanupoBanue pabotr | Pykosoautens | 4 /,
4 HO,Z[60p, HU3YYCHUC PyKOBO,D;I/ITeJII:, /////////////
MaTepuajioB GaKaﬂaBp 53
5 [IpoBenenue
MaTEHTHBIX OakaaBp 13
UCCIIEA0BAHUMI
6 | IlIpoBenenue
TEOPETUYECKHUX OakanaBp 9
pacueToB
7 | IlpoBenenue |:_
KOMIIBIOTEPHOIOMO/IE OakanaBp 3 |
JMPOBAHUS
HKa
§ | Oue PykoBoaurens,
3¢ (HeKTUBHOCTH 2
OakanaBp
pE3YJIbTATOB L
Onpenenenue
9 pea PykoBoaurens,
11EJ1€CO00PA3HOCTH 3
OakanaBp
IIPOBEJICHUS
Od¢opmnenue oTuera
10 | Odop OakanaBp 9
7 6
/ — PYKOBOJUTEID — OakanaBp
Jlucm
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6.1.4. Broaxetr Hay4YHO — TexHH4YecKOro ucciaenosanus (HTH)

B npouecce dopmupoBanus Owmxera HTU wucnonsdyercs criemyromias

rPYNIUPOBKA 3aTPAT IO CTATHSIM:

®  3aTpaThl Ha CIIELHATIbLHOE 000PYJOBAaHUE JI1 HAYUHBIX

(3KCTIEpUMEHTAIBHBIX ) Pa0OT;
*  OCHOBHas 3apa0OTHAas IJIaTa UCTIOJHUTENICH TEMBI,
*  JIONOJHUTEIbHAS 3apabOoTHAs IIaTa UCIIOTHUTEIEH TEMBI;
®*  OTYHUCJIEHHUS BO BHEOIOKETHBIEC (DOHJIBI (CTPAXOBbIE OTYUCICHUS);

6.1.4.1. Pacuer maTtepuanbHbix 3atpaTr HTHU

T.x. nns BeinonHenus nanHoil BKP He TpeOyercsi MarepuanbHbIX 3aTpaT Ha
HCXOJHOE CBIPHE, TO JJsI TaKOW CTaThbW 3aTpar, KakK COAEpP)KAHUE, PEMOHT U

AKCILTyaTarus 000pya0oBaHUS.

6.1.4.2 Pacuer 3aTpart Ha crienMajabHOe 000py10BaHUe I HAYYHBIX padoT

B mamHyI CTaThIO BKJIIOYAIOT BCE 3aTpaThl, CBSA3aHHBIE C MPUOOpETEHHUEM
crienuanbHOro oobopyaosanus. [Ipu npuoOpeTeHun crenodopy10BaHusI HEOOX0IUMO
y4eCTh 3aTpaThl MO €ro JAOCTAaBKE M MOHTaxy B pasmepe 15% ot ero nensl. Bee
pacyeThl MO0 MPUOOPETEHUIO CHENOOOpPYAOBaHUS M 000PYAOBaHUS, UMEIOIIETOCS B
OpraHu3aliy, HO WCIOJIb3YEMOT0 I KaXJOTO HWCIIOJHEHHUS KOHKPETHOW TEMBI,

CBOJISITCA B TaOnuILy 4.
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Tabnuya 4 — Pacuem O100xcema 3ampam Ha npuoobpemeHue cneyooopyooeanus

0/15 HAY4UHbIX padbom

KoauuyecTBO IHena exMHULBI O0mas cTouMocTh
HanMeHoBAHHE eMHMIL 000py10BaHUA C o0opyaoBaHus,
0GOpyI0oBAHHS o0opyroBaHusi HIC, TeIC. PYO. TBIC. PYy0.
HUcm.1 | Ucn.2 Hcm.1 Hcm.2 Hcn.1 Hcm.2
Kommnbrotep 1 1 30,0 40,0 30,0 40,0
JlocTaBka, MOHTaX 1 1 4,0 4,0 4,0 4,0
MHuorodyHKIHOHATBEHOE
YCTPOUCTBO (MIPUHTED, 1 1 6,0 8,0 6,0 8,0
CKaHep, KOIHp)
CopepxaHue, pEMOHT U
2 2 8,0 8,0 8,0 8,0
JKCILTyaTalus
Hroro: 48,0 60,0

6.1.4.3 OcHoBHas1 3apa00THas IJIATA UCIIOJHUTEJCH TeMbI
B crarpio BkiItOWaeTcs OCHOBHas 3apa0OTHas IJIaTa HAYYHBIX U MHKEHEPHO-

TCXHUYCCKHUX pa6OTHI/IKOB, pa60q1/1x MAaKCTHBIX MACTCPCKHX MW  OIIBITHBIX

MIPOU3BOJICTB, HEMOCPEICTBEHHO YYaCTBYIOIIUX B BBIMOJHEHUU PAbOT MO JaHHOU
Teme. BenmuuumHa pacxomoB 1O 3apa0OTHOM TIUIaTe OMPEAeNsieTCS HWCXOIsd U3
TPYJAOEMKOCTH BBIMOJHAEMBIX pabOT U JCUCTBYIONIEHM CHUCTEMBbl OKIAJIOB U
TapuHBIX CTaBOK. B cocTaB OCHOBHOW 3apa0OTHOM IIJIaThl BKJIIOYACTCS MpPEMUs,

BBIIUTAYMBaeMas exxeMecsdyHo u3 ¢oHaa 3apaboTHOM miatel B pazmepe 20 —30 % ot

Tapuda win okiaaa.

Crathsi  BKJIIOYAET OCHOBHYIO  3apa0OTHYI0  IIary  pabOTHUKOB,

HETMOCPEJCTBEHHO 3aHSThIX BbimoaHeHuemM HTU, (Bkirouass mpemuu, IOIIaThl) U

JOTIOJIHUTEIIbHYIO0 3apa00THYIO IIATY:
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3,.,=3..+3

311 OCH JOIT
rae  3ocs — OCHOBHAS 3apaboTHAas IJIaTa;
3 on — JOTIOTHUTENBbHAS 3apadoTHas miata (12 — 20 % ot 3ocy).

OcHoBHas 3apa0boTHas miata (3,.;) pyKoBoauTes (J1abopaHTa, HHXEHEpa) OT

npeanpusTus (Ipu HATUYUU PYKOBOJUTENS OT MPEANPUSTHS) PACCUUTHIBACTCS IO
creyomeii hopMye: 3o = 3 o L »
rae  3ocs — OCHOBHAs 3apabOTHAs IJIaTa OJTHOTO PaOOTHHUKA;

Tp — HIPOAOIKHUTCIIbBHOCTD pa60T, BBIIIOJIHACMBIX HAYYHO — TCXHHUYCCKHM

pabOTHUKOM, pald. JH.;
3.m— CpenHeaHeBHas 3apa0boTHas 1aTa paboTHHKA, PYO.

CpennenneBHas 3apaboTHas TUIaTa paCCUUTHIBAETCS 10 (hopMmyIie:

3. M

a

3

rae 3, — MECAYHBIN JOJPKHOCTHOM OKJIaJ paboTHHKA, PYO.;

M — komuuecTBO MecsieB paboThl 0€3 OTIycka B TEUEHHE roja: MpHu

ornycke B 24 pab. nusa M =11,2 mecsia, 5-qHeBHas HEENS;

F, - npgeiictButenbHBI  TomoBOM  (GoOHA ~ pabodero - BpeMEHU

Hay4YHO-TEXHHUYECKOTO MepcoHana, pad. qu. (Tabuuia 5).

Tabnuya 5 — banauc paboue2o epemenu

IMoka3aTenu padovyero BpeMeHn PykoBoaurenn

KanenpapHoe uncio nuei 365

KonngectBo Hepabouux aHein
- BBIXOJIHBIC JHU 104

- Ipa3IAHUYHbIC THU 14
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[ToTepu pabouero BpemMeHU

- OTIIyCK 24

- HEBBIXO/IBI TIO OOJIE3HU 0
JeiicTBuTenbHBIN TO10BOM (POHI pabodero BpeMeH! 223

MecsuHbIN TOTKHOCTHOM OKJIaj] paOOTHHUKA!
3, =3, -(+k, +k)k

rae 3. —3apaboTHas 1iaTa no TapudHoOil cTaBke, pyo.;
knp — IpeMuanbHbIA KOdPPuuKeHT, paBHbii 0,15 (T.e. 15% ot 3;.);

k, — xoaddunuent gomnatr U HaadaBok cocrtasiseT npumepHo 0,2 — 0,5 (B
HUN w Ha mnOpoMBINIICHHBIX NPEANPUATHAX — 3a pacliupeHue cdep
00cITy)KuBaHUs, 3a MPOPECCUOHATIEHOE MacTEPCTBO, 32 BPEAHBIE yCIOBUS: 15

—20 % ot 3.);
k, — paiioHHbIi K03 unuent, paBHbi 1,3 (1a Tomcka).

Tapudnas 3apaboTHas minara 3, HAXOAUTCA W3 MPOU3BEACHUS Tapu]HOI
cTtaBku pabotHuka 1-ro paspsana T, = 600 py6. Ha TapudHbii Ko3DPuUUUEHT k, U
VUYUTBIBACTCS IO E€AWHOW sl OFO/DKETHBIX OpraHm3arnuu tapuduOu cerke. s
MIPEANPUATHNA, HE OTHOCSIINXCS K OI0DKETHOU cdepe, TapudHas 3apaboTHas TuIaTa
(okytam) paccumThIBaeTCS 1O Tapu(HOU CETKe, MPUHATON HA JAHHOM TMPEATPUSITHH.

Pacuét ocHOBHOI 3apabOTHOM IJIaThl TPUBENIEH B Tabuiie O.

Tabnuya 6 — Pacuém ocnogHotl 3apabomHol niamsl pyKogooumens

T,,
3TC’ 3M, 3IIH, 3OCH,
Hcnoanenne | Paspsan| k; kup | Ky | Ky paé.
pyo. pyo | pyo. pyo.
JTH.
1 14 2,813(1687,810,3(0,2(1,3(3291,2| 147,8 47 6946,6
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Tornma oOmiast 3apaboTHasi TiaTa PyKOBOJAUTEINS OT MPEANPUSITUS C yUETOM

MPEMUU U JIOTIOJTHUTEIBHOMN 3apa00THOM ATkl COCTABUT ISl PYKOBOJAUTEIS:

3, =3By + 3,0 + MDEMUS = 6946,6 + 0,2 6946,6 + 0,2 - 1687,8 = 8673,48 pyGurei.

6.1.4.4. OTuuciaeHus BO BHeOOAKeTHbIE (POHABI (CTPAXOBbIEC OTYHMCJICHHS)

B naHHOM cTaThe pacxogoB OTPaXKarTCs 00s3aTEIbHBIC CTPAXOBbIE B3HOCHI B

[Tencuonnsiit poug Poccun, @oup conmanbHOro ctpaxoanus, @oH 00s13aTeIBHOTO

MCIWIIMHCKOTO CTpaxOBaHUA 110 YCTAHOBJICHHBIM 3dKOHOJATCJILCTBOM Poccuiickoit

denepaluy HOpMaM OT 3aTpat Ha OIJIaTy TpyJa paOOTHHUKOB.

Benuuuna ot4ynciaeHuil BO BH€6IOI[)KCTHBIC (l)OHI[BI OIIPCACTIACTCA NCXOOA U3

bopmyIIbL:
3BH€6
rae kBHe6 -

= kBHeG ) (30CH + 3,1:[011)

KO3((PUIIMEHT OTYUCIECHWN Ha yIUlaTy BO BHEOIOJKETHBIE (POHIIBI

(mencuoHHbI (oA, PoHA 00S3aTETHLHOTO MEIUIIMHCKOTO CTPaXOBaHUS H

np.).

Ha 2015 r. B coorBercTBUM ¢ DenepanbHOro 3aKOHA YCTAHOBJIIEH pa3mep

CTPaxoBbIX B3HOCOB paBHbIN 20%.

OTuucneHus Bo BHEOIOKETHBIE (DOH]IBI TPEACTABIEHBI B TA0IHIE 7.

Tabauya 7 — Omuyucnenus 60 HebHOAHCeMHbBLE POHOBL

OcHoBHas 3apadoTHast JlonotHUTEIbHASA
HUcnoanurenb
niara, pyo. 3apa0oTHas nJjara, pyo.
PykoBoauTtens npoekra 6946,6 1389,32

Koaddunment oruncnenuii Bo

BHEOIOXKETHBIE (POHIBI

0,2

Hroro: 1667,184

N3m.
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6.1.4.5. HakuaaHbie pacxoasbl

Haxmannable pacxonbl yYWTHIBAIOT NPOYME 3aTpaThl OpPraHU3alUH, HE
MOMABIIME B MNPEABIAYIIHE CTAaTbUM pAacXOJOB: I€4aTb U KCEPOKONMHUPOBAHUE
MAaTEPUAJIOB HCCIEAOBaHMS, OIUIaTa YCIYT CBS3U, AJIEKTPOIHEPTHH, MOYTOBBIE U
TenerpadHble  pacxonbl, pa3sMHOKEHHME MaTepualioB u T.a. Mx BenuuuHa

OTIpeIeIIAETCS TI0 CIIeayoIIel hopmMyie:
3 = (Cymma crateit 1 +4) -k,

rane  ky,, — KOX(D(UIMEHT, YYHUTHIBAIOIIWI HaKJIagHBIE pacxoabl. BemnuuH
p y

Kod(pduireHTa HAKIJIaIHBIX PACXOJ0B MOXKHO B3SITh B pazmepe 16%.

6.1.4.6 ®opmMupoBaHue O0I/:KeTa 32aTPAT HAYYHO — UCCJIEI0BATEIbCKOI0

MPOEKTA

Paccuntannas BenuuMHa 3aTpaT HAy4YHO — HCCIENOBATEIbCKON pPabOThHI
SIBJISIETCSL OCHOBOM 111 (hOpMUpOBaHUS OIO/KETa 3aTpaT MPOEKTa, KOTOPBHIH MpH
dbopMUpOBaHUM JOTOBOpPA C 3aKa3YMKOM 3alllMINAETCS HAyYHOW OpraHu3aluei B
KaueCTBE HIDKHEro TMpenesia 3arpaT Ha pa3padOTKy HAyyHO — TEXHUYECKOU
npoaykiuu. OmnpeneneHue OmKeTa 3aTpaT Ha HAyYHO — MCCIIEIOBATEIbCKUM

IMPOCKT I10 KAXKJIOMY BapUAHTY MCIIOJIHCHHSA ITPHUBCJICH B Ta6J'H/II_[e 8.

Tabnuya 8 — Pacuem 6io00xcema 3ampam HTHU

Cymma, pyo.
HaumeHoBaHMe cTATHH

Hcn.1 Hcen.2
3arparel Ha cHenuagbHOe 000pyHOBaHHE IS HAYYHBIX 43000 60000
(3KCIIEpUMEHTAJIbHBIX ) paboT
3aTpaTbl IO OCHOBHOM 3apa0OTHOM IJIaTe€ UCHOJHUTENEH

6946,6 6946,6
TEMBI
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3arpaThl 10 JIONOJHUTEIBHOM  3apabOTHOM  IuIaTe
1389,32 1389,32
HUCITIOJTHUTEJICH TEMbI
OTtuncnenus: BO BHEOIOPKETHBIE (POH]IBI 1667,184 1667,184
Haxknannsie pacxoibl 9280,5 11200,5
bromxer 3arpatr HTU 67283,6 81203,6

6.2 Onpenesienne pecypcHoi (pecypcocoeperaroiueii), GuHaHCcOBOM, 0I01:KETHOI,
COUMAIbHON U IKOHOMHUYECKOH I(PPEeKTHBHOCTH HCCIeT0BAHUS
Onpenenenne  3PpGEKTUBHOCTH  IMPOMCXOAUT HA  OCHOBE  pacuera
UHTETpaIbHOTO TOKazaTedss H(P(EKTUBHOCTH HAy4dyHOro wuccienoBanus. Ero
HaxOXXJICHUE CBS3aHO C OMNPENCIICHHEM JBYX CPEIHEB3BEIICHHBIX BEJIMYMH:

¢bunancoBoit 3¢ (PEeKTUBHOCTH U pecypcorDPEKTUBHOCTH.

WNuterpanpHblii  moka3zaTenb (PUHAHCOBOM  A(O@PEKTUBHOCTH  HAYYHOTO
UCCIIEIOBAHMS TOJy4aloT B XOJI€ OIEHKH Orojpkera 3arpaT Tpex (uiam Oosee)
BapHAHTOB WCIOJIHCHHUS HAYYHOTO WccienoBanus. Jlims 3Toro HanOOJIbIINN
MHTETpalbHBIN MOKa3aTeNlb peaau3alui TeXHUYECKON 3a/aunu npuHUMaeTcs 3a 0a3y
pacyera, ¢ KOTOPBIM COOTHOCUTCS (PUHAHCOBBIE 3HAYCHMSI MO BCEM BapUaHTaM

HUCIIOJTHCHMUAI.

NuTterpanbHbiil (UHAHCOBBIN OKa3aTENb Pa3padOTKU OMPEACIISIETCS KakK:

ucn.i pi
dunp
q)max
HCILI o o
Trac dunp HHTCI'paJIbHbIN (1)I/IHaHCOBI)II/I IIOKA3aTcCJIb pa3pa6OTKI/I;

®,; — CTOMMOCTB [ — IO BaApUAHTa UCIIOJTHEHMS;

q)max — MaKCUMaJIbHAas1 CTOMMOCTD UCIIOJTHCHUA HAYYHO- NCCJICTOBATCIILCKOTO

IIPOCKTA.
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[TomydyeHHass  BeMWYMHA  WHTETPATBLHOTO  (DMHAHCOBOTO  TOKa3aTess
pa3pabOTKN OTpakaeT COOTBETCTBYIOIICE YMCICHHOE yBEIMYCHHE OIOKETa 3aTpat
pa3pabOTKu B paszax (3HaueHUe OOJbllle EJUHUIIBI), JUOO0 COOTBETCTBYIOIIEE
YHCJIICHHOE YJICMICBICHUEe CTOMMOCTH pa3pabOTKM B paszax (3HAUYCHHWE MEHBIIE

€IUHHUITBI).

HNuTterpanbHblil oka3atenb pecypcoddHEeKTUBHOCTH BAPUAHTOB UCIIOTHEHUS

00BbEKTa UCCIEOBAHUS MOKHO OMPEACIUTE 10 hopMmyIie:

L;= zai b,

rie 1 pi — WHTETPAIBHBIA TI0Ka3aTelb PeCypcodP(EKTUBHOCTH It 1 — TO

BapUaHTa UCIOJIHEHUS pa3pabOTKH;
a; — BecoBoi KO3((DUITMEHT i — TO BapUaHTa UCIIOJIHEHUS pa3pabOTKH;

a p .
b, b' _ Ganphas oueHKa i — O BapUAHTA WUCIONHEHHS pa3pabOTKH,

9

YCTAaHABJIIMBACTCA SKCIICPTHBIM ITYTEM I10 BbI6paHHOI\/,I mKaJIC OLCHUBAaHUA,
n — 49UCJI0 MmapamMeTpoOB CPABHCHMUA.

Pacuer unterpanpHOro nokaszaresns pecypcodPGeKTUBHOCTH PEKOMEHIYETCS

MPOBOAUTH B (popMe TabmuIIbI 9.

Ta6ﬂuua 9— CpaeHumeJleaﬂ OYEHKA XapaKkmepucmukK 6apuannos UCnOJIHERUA NpOEKMA

Becoson
OOBekT uccneaoBaHus ko3ppuuuent | Ucn.l | Ucn.2
napamerpa
CrnocoOcTBYET pOCTYy IPOU3BOAUTEIBLHOCTH TPY/Ia
0,20 5 5
10JIb30BaTes
Y 100cTBO B 3KCILTyaTaliuu (COOTBETCTBYET
0,15 4 5
TpeOOBaHUAM NOTpeOUTENEH)
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KauectBo npoaykra 0,30 4 5

CraguiiHOCTh 0,15 5 5
JIIMTEenbHOCTh MPOU3BOACTBEHHOIO LIUKIIA 0,20 4 5
Hroro 1,00

]p_ucn1=5 -0,2+4 - 0,15+4 - 0,30+5 - 0,15+4 - 0,20 =4,35;

[, 2=5"02+5-0,15+5 - 0,30+5 - 0,15+5 - 0,20 =5.

WNurterpanpubiii  mokazatenb A(P(EKTUBHOCTH BAapUAHTOB  HCIOJIHEHUS

paspaborku ( 1,,; ) ompemenseTcs Ha OCHOBAHHM HHTEIPAIBLHOrO IOKA3ATEIIs
pecypcod3PdHeKTUBHOCTH U UHTETPAIbHOTO (PMHAHCOBOTO TTOKa3aTes o ¢popmylie:

- Lpiem _ Ly
ucn.1 ucn.l uen2 = yucen2
dunp unp

CpaBHeHUE HUHTErpajbHOro mokasarenss 3((EKTUBHOCTH BapUAHTOB
WCIIOJHEHUsI Pa3pabOTKU TMO3BOJUT OMNPEACIUTh CPABHUTENbHYIO 3(P(GEKTUBHOCTD
MpOEKTa W BHIOpaTh HauboJiee IeaecooOpa3Hblii BapHaHT W3 MPEHAJIOKEHHBIX.

CpaBHuTenbHAsA YPPEKTUBHOCTD MPOEKTA (D¢p):

Iucn.l

%=

ucn.2

Tabauya 10 — Cpasnumenvras 3¢ppexmuenocms paspabomxu

IToka3arenn Hcm.1 Hcn.2

WHuTerpanbHblii (PUHAHCOBBIHM MOKA3aTENb pa3padoTKU 0,829 1,000
WHuTerpanbHblil oKaszarenb pecypcoddPeKTUBHOCTH pa3padOTKU 4,35 5
WNHuTerpanbHblii nokaszareib 3Q(EKTUBHOCTH 5,25 5

CpasuurenbHast 3¢ ()EKTUBHOCTh BAPHAHTOB UCTIOTHEHUS 1,05
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3AJIAHUE JJISI PA3JIEJIA
«COLIMAJIBHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DPUO
2BM5b Konan Ome Cezap
Hucruryr uIp Kadenpa TXHI'
YpoBenb obpa3zoBanust | Marucrparypa Hanpasaenue/cnenuansnocts | 21.04.01 «Hedrerazosoe meno»
mpoduib «Hanexnocts
ra3oHe()TENPOBOIOB u
XPaHMTHIID

Hcxoanble JaHHbIE K pasaeay «CO].[I/Ia.]'[BHaH OTBETCTBCHHOCTDb»:

1. Xapakmepucmuxa o6vexma ucciedosanus (6ewecmao,
Mamepuan, npubop, aneopumm, Memoouxa, pabouds 30Ha) u
obnacmu e2o npumeHeHus

Mecma npogedenus pabom — kamepwvl 3anycka u
npuema o4ucCmuulx YCmpolcme gedymcs pabomoi
no odCcyIHCUBAHUTO JUHeUHoU yacmu
MazsucmpanpbHozo — eazonposoda.  Ycnoeus  —
omkpvimoe nomeweHue.. Pabomwr eedymcs 6
menJjioe U X0J100H0e 8pemsi 2004.

IMepeyeHs BONPOCOB, MOIJIEKANINX HCCJIET0BAHIIO, TPOEKTHPOBAHUIO U Pa3padoTKe:

1. Ilpouzsoocmeennas b6ezonacHocms

1.1. Ananu3 vis61eHHbIX 8PEOHBIX PAKMOPOS NPU CIMPOUMENLCINGE
Nn00800H020 MPYOONPOBOOA MPAHUEUHbIM U OECPAHULEIHbIM

Memooami.

1.2. Ananu3 uis16/1eHHbIX ONACHBIX PAKMOPO8 NPU CIMPOUMENbCINEE
Nn00800H020 MPYOONPOEOOA MPAHUUEIHbIM U OECPAHULEHbIM

Memooami.

Bpeouvie paxmopwl :npesviiuenue yposms wiyma,
NOoBbIUEHHAS 3a2a308aHHOCMb 6030yxa,
He0OCmAamoyHas OCEeujeHHOCMb, MOHOMOHHBII
pedicum  pabomvl, OMKIOHeHUe  noxazameneu
MUKPOKIUMAMA 8 NOMeUeHUU.

OnacHule gaxmopwi: nopascenue
INEKMPUYECKUM moKoMm, Nno8blUeHHAs
memnepamypa — nogepxHocmu  0060pyo0osanus,
noICAPOB3PbIBOONACHOCIb.

2. Dxono2uyeckas 6e30nacHOCmb:

Bozoeiicmeuss  na  okpyocarowyro  cpeoy:
ammocgepy (npupoomwviti 2as, OKCUdbl yeaepood,
cepHucmole coeouHenus, €epo6ooopoo,
MepKkanmamusl, OUOKCUO Ccepbl, OKCUO da3oma
NO2),eudpocpepy (cmoumvie 600vt), aumocgepy
(pasnueé  mypouHHO20 — MONIUEd,  MEMAaHOId,
opeanuyeckux  kuciom,  IIAB,  cmazounvix
KOMNPeCcCcOpHuIX MAcel).

3. Besonacnocmu 6 upe38biuaiinblX CUMyayusx.:

Iepeuenv  6ozmooicnvix  YC:  cmuxutinozo
Xapakmepa  (lecHvle — nojcapvl,  HABOOHEHUS,
ypazauHvie 8empul);, COYUANbHO20 Xapakmepa
(meppopucmuueckuii akm); MexHO2eHH020
xapaxmepa (npou3go0CcmseeHHas asapus).

4. IIpasoguvle u opeanuzayuonHbvle 6ONPOCHL 0becneyeHus
bezonacnocmu:

MP 2.2.7.2129-06 « Peoicum mpyoa u omowvixa
pabomarowux 8 X0N00HOe 6peMs HA OMKPbLIMOU
meppumopuu unu 8 Heomaniueaembvlx
nomMeweHUaX»

Pl  09-364-00 «Tunogas uncmpykyus no
opeanusayuu 6e30NnacHo20 NpoedeHUs O02HEBbIX
pabom Ha 83PbIBOONACHBIX
83PbIBONOACAPOONACHBIX 0OBLEKMAX )

PJ[ 39-132— 94: «llpasuna no skcniyamayuu,

pesusuu, PEMOHMY u ombpakoske
HepmenpomuLcI08bIX MPYOONPOBOO0EH»
Chnun 23-05 -95 «Ecmecmesennoe u

UCKYCCMBEHHOE OCECUeHUE)

I'oCT 12.1.005-88 «Obwue canumapHo-
eueuenuyeckue mpebosanusi K 8030yxy paboueul
30HbLY




I'oCcTt 12.1.010-76
«B3pvigobesonacnocms. Obwue mpebosanusy

@3 om 28.12.13 Ne 426-D3 «O cneyuanvbHoll
oyenke ycnoguii mpyoay, cm.147 TK P® u cm.117
TK P®

D3 om 28.12.2013 Ne 421-D3 «O pabouem
epemenuy, cm.94 TK P®

‘ JlaTta BbI1auM 3aJaHUA /IS pa3/ena 1o JUHeHHoOMY rpaduky 18.05.17

33[{3HI/I€ BbIJ1AJI KOHCYJbTAHT:

Jlo/ZKHOCTH DPUO YdeHasi cTeneHs, Hoanucey Jara
3BaHHe
WNuxenep MananoBa  Haranbs K.t.H
BukroposHa

33}13HI/I€ NPUHAJT K HCIIOJTHCHHMIO CTYACHT:

I'pynna ono Moanuch Jara

2bM5b Konan Owme Cezap




7 COHUAJIBHASA OTBETCTBEHHOCTb

BuyrpurpyOHas wuHcnekuus (ae)eKTOCKONMS): COBPEMEHHBIM METOA
oOclieToBaHUsI TEXHUYECKOIO0 COCTOSIHUS TpyO (0OHapykeHus nePEeKTOB U
M3MEPEHUS WX TE€OMETPUUECKUX MapamMeTpoB), a TAKKE MPUMEHSETCS IJ1 OYUCTKU
BHYTpPHU TPyOOINPOBOJIa, OCHOBAHHBIM Ha MPOMYCKE MHCIEKIIMOHHBIX YCTPONCTB WM
CHaps0B (1€(EKTOCKOMOB), NIBWXKYIIMXCS B TMOJOCTH TpyOOmpoBoaa 3a Cuer
JaBIICHUS IPOJIyKTa (rasa).

B camblil HayanbHBIM Yy4acTOK MarucTpalibHOTO TPyOOIMpPOBOJA MOHTHUPYIOT
y3ell TyCKa CHapsiioB, Ha TMOCJEJHEM YydYacTKe - Yy3eld HX I[pueMa, a Ha
MPOMEKYTOUHBIX MYHKTaX - COBMEIIEHHBIE y3IIbI IPUEMA U 3aIlyCKa.

B cocTaB nyckogoeo y3na BXOAST Takue yCTPOIMCTBA, KaK: CUCTEMa KOHTPOJS U
yIpaBJIE€HUSI TPOILIECCOM 3alycka MOPIIHS, IUIOMAJKa XpaHeHUs Ie(EeKTOCKOIIHI,
YCTPOMCTBO ISl 3amacoBKH Ae(EKTOCKONOB B IMYyCKOBYIO Kamepy, Kamepa ITycka
OUMCTHBIX MOPIIHEH, KOTOpask MOAKIIOUAETCS C TOMOIIBIO 3alIOPHOTO YCTPOUCTBA K
OCHOBHOM MarucTpalin, ¢ TEXHUIECKON 0OBSI3KOM.

Ilpuémnoiii yzen cooepocum: YCTPOMCTBO ISl BBIEMKHM Je(EKTOCKONa U3
MPUEMHON KaMepbl, CUCTEMY KOHTPOJIS ¥ YIIPaBJIEHUS MPOLIECCOM TPUEMa OYUCTHBIX
Ne(EeKTOCKOINOB,  IUIOMIAAKY JUIsl  XPAHEHWS  UCIOJIb30BaHHBIX  OYUCTHBIX
ne(EeKTOCKOIOB, KaMepy ISl TpueMa 1e(peKTOCKOMOB, KOTOpas MOJIKJII0YaeTCs yepes
3allOPHOE YCTPOMCTBO K OCHOBHOW MAarucTpajii, C TEXHUYECKOU OOBSI3KOM,
TEXHOJIOTUYECKUE TPYOOMPOBOJLI U JAPEHAXK - EMKOCTh Il MpHEMa 3arpsi3HEHHOTO
KOHJIEHCATAa.

B mnponecce mnpoBeneHuss BHYTPUTPYOHOM AMArHOCTUKH MAruCTPabHOTO
ra3onpoBoja KIIOUEBYIO pOJIb HUIPAIOT Kamephl 3alycka M TpUeMa OYHUCTHBIX
YCTPOMCTB, TJ€ CYIIECTBYET BEPOSTHOCTb MPOSIBICHUS BPEIHBIX U OIMACHBIX

(hakTOpOB, HETATUBHOTO BO3/CHCTBUS HA OKPYIKAIONTYIO MpUpoaHyto cpeay u UC.

ModenuposaHue HarnpsxeHHO-0eOopPMUPOBaAHHO20 COCMOSHUS
MaaucmpalibHO20 2a30rpoeoda rnpu Koppo3uu

U3m. | Jlucm Ne dokym. lNodnuck _ﬂama
Paspab. KoHaH 3. C. Jlum. Jlucm Jlucmos
P 0.

YKO80 Evokoe [1.B. CouuarnbHasi | | 65 106
Koncynem. omeemcmeeHHOCMb

3as. Kagp. | bypkos [1.B. HW TIY rp.2BM5bB




[lenbto BBIMOJHEHUS JAHHOTO pa3jieia BBIMYCKHOW KBaMU(UKAIMOHHONW pPabOThI
SBJISIETCS BBISIBIICHUE U aHAJIU3 NEPEUUCICHHBIX ONacHOCTEN B paboueil 3oHe. Mecto
MpOBEJICHUs] PabOT — KaMephbl 3alycKka U NpHeMa OYUCTHBIX YCTPOUCTB. Y CIIOBUS —

OTKPBITOC ITOMCIIICHHC.

7.1 AHaau3 BbISIBJIEHHBIX BpeIHBIX ()aKTOPOB NMPOEKTUPYEMOii
NMPOU3BOJICTBEHHOI cpeabl
7.1.1 Bpeanble BeniecTsa
BpeOonvimu SBISIOTCS BEIIECTBA, KOTOPHIE IIPH KOHTAKTE€ C OPraHU3MOM
YelloBeKa MOTYT BBI3BaTh TPOU3BOJICTBEHHBIE TPaBMbI, MPOGeCCHOHATHHBIC
3a00IeBaHUSI WM OTKJIOHEHHS B COCTOSIHUM 3]I0pPOBBsS, OOHApYy>KUBAcMbIC
COBPEMCHHBIMM METOJIaMH, KaK B Ipollecce padOTHl, TAK M B OTHAJICHHBIC CPOKH
KU3HU HacTosuero u nocueayouiero nokonenui (FOCT 12.1.007).
BpenHrle BemecTBa CriocOOHBI IPOHUKATH B OpPraHU3M YEJIOBEKA Yepe3 OpraHbl

AbIXaHWA, )I(GHYI[O‘IHO-KHHIG‘IHBIﬁ TPAKT WJIHW KOXHBIC ITIOKPOBHI.

[IpoHUKHOBEHHE BPEIHBIX BEIIECTB U€pe3 OPTraHbl AbIXaHUS HanOOJee OmacHo
B CBSI3U C TE€M, UTO CJIM3UCTBIE OOOJIOYKU IMOJOCTH PTa, HOCA U TJIOTKU OOJaJaloT
0O0JIBIION BCACBIBAIOIIEH CLIOCOOHOCTHIO.

B pesynbraTe BO3ACUCTBUS BPEOHBIX BEHIECTB HA OPraHW3M YeEJIOBEKa
MOTYT MPOU30UTH ocmpbvle AN Xponuyeckue ompaesnenus. OCTpble OTPaBICHUS
BO3HUKAIOT  IIPU KPAaTKOBPEMEHHOM BO3JCWCTBUM Ha OpPraHu3M YeJIOBEKa
BBICOKMX KOHIICHTpPAllUi BPEIHBIX BEIIECTB, & XPOHUYECKHE — B pPE3yJIbTaTe
MOCTENEHHOI0 MPOJOJIKUTEIIBHOIO JEUCTBUS BELIECTB, IOCTYNAIOIINX B OPraHU3M
B HEOOJIBIINX J103aX.

g Bcex BpEeOHBIX BEIMIECTB, U3BECTHBIX B HACTOSIIEE BPEMs, YCTAHOBJIEHA
MaKCHMaJlbHasi KOHUEHTpAalus, NPy KOTOPOM HE MPOUCXOAUT HU KAKOTO BPEAHOTO
BO3JECHCTBUS Ha OPraHW3M YEJOBEKa, TaKas KOHIIEHTpALUs HAa3bIBACTCS MPEACIbHO-
nonyctumoit konuentpanueit (ITJ1K).

[IJK — 5T0 KOHUEHTpalus, KOTopas MHpH €XKeTHEBHOW (KpoMe BBIXOJHBIX

IHel) paboTe B T€UEHHE 8 YacOB WM IIPHU APYroil MPOAOTKUTEILHOCTH, HO HE Oosee
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40 yacoB B HEIENIO, B TEUEHHE BCEro padoyero craka HE MOXKET BBI3BATh
3a007€BaHUN WM OTKJIOHEHUW B COCTOSHUHM 3JI0POBBS, OOHAPYKUBAEMbIX
COBPEMEHHBIMH METOJaMU HMCCIEIOBaHUU B Mpoliecce padoThl WM B OTAAJICHHBIC
CPOKH KU3HU HACTOSIIETO U MOCIETYIOIUX TOKOJICHUH.

* IlpupoaHbie yraeBoOPOIHbIE Ta3a M0 TOKCUKOJIOTUYECKOM
XapaKTEPUCTUKE OTHOCATCS K BEIIeCTBaM 4 Kjlacca OMacHOCTH
o I'OCT 12.1.007-76%*, He 0Ka3bIBAIOT TOKCUKOJIOTHYECKOI0 JEHUCTBUS HA
OpTraHu3M YeJI0BeKa, HO MPH KOHIIEHTPAIUAX, CHIDKAIOIIUX COACpKaHUE
kucioponaa B atmocdepe 10 15-16 %, BeI3bIBAIOT yAylIbE.

* IlpenenbHo nomyctumas konuentpauus (IIJIK) yrneBomopoios
IPUPOJIHOrO ra3a B Bo3myxe padoueii 30ub1 300 MI/M’ B mepecdere Ha
yriepoa o 'OCT 12.1.005-88.

* IlpenenbHO IomycTUMAasi KOHIIEHTPALIUSI CEPOBOJIOPO/Ia B BO3yXe padoueit
30HBI B CMECH C yTJIEBOIOPOJHBIMH Ta3aMH 3 MI/M .

VYraeBoopoaHbIE Ta3bl U CEPOBOOPO OKA3BIBAIOT HAPKOTHYECKOE JICHCTBHE,

a Tak)Ke€ OKa3bIBAIOT BI00ABOK pazfpakaroliee IEeHCTBUE HA OpPraHW3M dYeIOBEKa.
VYrneBogopoaHbie Ta3bl BO3JICUCTBYIOT Ha JIETOYHYIO TKaHb, a CEPOBOAOPOJA Ha
BEpXHUE JIbIXaTelbHbIe yTH. [Ipy monaganuu Ha KOXKY OHU CyIIAT U 00€3KUPUBAIOT
€e, 4TO MOXKET MPUBECTH K TaKUM KOXXHBIM 3a00JI€BaHUSAM, KaK JIEpMaTUT WU
sk3eMa. (CmecH U3 MeTaHa U YIJIEBOJOPOJOB SIBISIOTCA HEPBHBIMH SIIaMH,
BO3/ICHCTBYIOIMMHU Ha LEHTPAIbHYI0 HEPBHYIO cucTteMy. llepBbIMH IpU3HAKAMU
OTPABJISIIOIIETO JCHCTBUSI HA OpPraHW3M YEJIOBEKA SIBJISIOTCS: TOJIOBOKPYXKEHHE,
TOIITHOTA, HEJIOMOTAHUE, MOBBIIIIEHHAS TEMIIEpaTypa.

Kamepsl 3amycka M npueMa OYUCTHBIX YCTPOMCTB sIBJIsieTCS HauOosee
OMacHbIM OOBEKTOM, MOCKOJIBbKY 3/16Ch CKOHIIEHTPUPOBAHO HAMOOJIbIIIEE KOJIUYECTBO
TOKCUYHBIX Ta30B, K KOTOPBIM OTHOCSTCS JIETKHX YTJIE€BOJOPOJIOB, CEPOBOJIOPOIa U
1p. OCHOBHBIMHU UCTOYHHUKAMHM UX BBIJEICHUS SBIISIOTCS:

*  Heo0xoauMo MpOBEHTUINPOBATH KaMepy JJIsl 3al1aCOBKU CHAPSIOB (B

TE€UEHUE HEe MeHee 15 MUHYT, MPU 3TOM 3ara30BaHHOCTh B 30HE PAa0OT HE

JOJKHA MPEBHIATh 1 %).
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* Heo0x0auMo OTKpBITH KOHLIEBOM 3aTBOP.
MeponpusTys o CHUKEHHUIO 3ara30BaHHOCTH U 3aIUTHI OPraHU3Ma 4eJIOBeKa:
1. VckmroueHne MCTOYHUKOB ra3oo0pa3oBaHusi (COOJIOAEHUE TMPaBUII
JKCIUTyaTallik, MPOTUBOKOPPO3MOHHAs  3alllUTa, CBOEBPEMEHHAs 3aMEHa
YIUIOTHEHU HACOCOB M 3alIOPHOM apMaTyphl).
2. YMeHbIIEHHE KOHLIEHTPAlUU TOKCUYHBIX Ta30B IIyTEM IIPOBETPUBAHUS.
3. [IpumeHeHue CcpeAcTB HHIMBHAYaJIbHOW 3alIUThl  (MPOTHUBOTa3bl,
peCupaTophl, CIELOACKAA, HU30JUPYIOIINE KOCTIOMBI, PYKaBULbI, NEPUYaTKH,
OYKH, MACKH).
4. VcknroyeHue WM CHUKEHUE HEOOXOJUMOCTH IPUCYTCTBUS 4YeIOBEKa
yTEM aBTOMATH3alUU MPOLIECCOB U JUCTAHIIMOHHBIM UX YIPABICHUEM.
7.1.2 IIpou3BOACTBEHHBIN LIYM

[IyMbI B y371aX IIyCKa U MpUEMa CHAPSA0B MPOSIBISIIOTCSA B IPOLIECCAX BHIEMKH
ne(EeKTOCKoNa M3 MPUEMHON KaMmepbl M 3alacoBKU Je()EKTOCKONOB B IyCKOBYIO
kamepy. OJHAKO 3TH IIyMbl OKa3bIBAlOT HE3HAYUTENbHBIE M KPAaTKHUE BIMSHUS Ha
OpraHu3M YeJOBEKa, MOCKOJIBbKY IMPOLECCHl MyCKa M IpHEMa CHapsA0B HE 3aliMyT
MHOT'O BPEMEHU U YPOBEHb IITyMa HEBBICOK Oarogaps pa3BUTHIO TEXHOJIOTHH.

[lIyM oka3piBaeT BIMSHHME Ha BeCchb opraHu3M uenoBeka. lllym ¢ ypoBHem
3ByKOBOro naeieHus A0 30-351b mpuBblueH A 4esloBeKa U HE OECIOKOUT €ro.
[ToBbimenue »storo 1o 40-75 nb B ycnoBusix cpeabl OOUTaHUA CO3/Aa€T
3HAUUTEIBHYIO Harpy3Ky Ha HEPBHYIO CUCTEMY, BbI3bIBasl YXYyALIEHUE CAMOYYBCTBUS
U MPU JJIUTEIIBHOM JEHCTBUU MOXET ObITh MPUUYUHONW HEBPO30B. Bo3aeiicTBue myma
C YpOBHEM CBbIlIe 75 Ab MOXET MPUBECTH K MOTEPE ciiyxa — NpodhecCHOHAIBHOM
Tyroyxoctu. Ilpu peiicTBuu myma BbICOKMX ypoBHeW (0oinee 140 ab) Bo3MoOxeH
pa3pbiB OapabaHHBIX TEPENOHOK, KOHTY3Us, a Hpu emie Oojee BBICOKUX (Oosee
160 nb) u cmMepTh.

B o6mem ciyuae, cornacio I'OCT 12.1.003-83 st cHUOKEHUS! YPOBHS LIyma
MPUMEHSIOTCS CIEAYIOIINE MEPHI:

1. [IlpuMeHeHne CcpeacTB KOJUIEKTUBHOW 3allMThl: KaK MOXHO OOJbIIIe

H30JINPYCTCA HCTOYHHK mryma oT APYyrux AJIMHUHUCTPATUBHBIX u
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MPOU3BOJICTBEHHBIX TMOMEIIEHUN: HAXOIATCA JajeKo ApPyr OT Jpyra u (WUiu)
CTEHbI  BBINOJIHSIOTCS W3 3BYKOM3OJIMpYIOIIEro Marepuana. Hampumep, wu3
METaJIO-TI0JNYPETAaHOBOT O NIEHOIIACTA.

2. YMeHbllIeHHe BpeMEHU 00CITyKUBAIOIIUNA MePCOHAT HAXOJUThCS B 30HE
BO3/ICUCTBUS MyTEM MPUMEHEHHUS JUCTAHIIMOHHOTO YIIPABIICHHUS.

3. [lpumenenue  cpeAcTB  wHAUBHAyanbHOM  3amuthl.  [llupoxoe
pacrpoCTpaHEHUE HAIJIM HAyUIHUKH, KOTOpPbIE CIIOCOOHBI CHUXATh YPOBEHb
myma Ha 7 - 47 nb. Ilpy HEIOCTAaTOYHOCTH AKYyCTHYECKHUX XapaKTEPUCTHK
HAyITHUKOB, MPUMEHSIOT 3BYKOU30IUPYIOIIUE IIUIEMBI.

7.1.3 MereopoJiornyeckue ycjaI0BUs B pado4yeM MOMeELeHUH

K MeTeoponoruueckuM ycCIOBUSIM MPOU3BOJCTBEHHOM CpeAbl OTHOCSITCA:
OTHOCHUTEJIbHASL BIIAXXHOCTh, 0apOMETPUUECKOE JaBJICHUE, CKOPOCTh ABWXKEHUS U
TeMmreparypa BO3JyXa, HWHTEHCHUBHOCTb TEIUIOBOTO W3JIYYEHHUSI OT HarpeThixX
MOBepxXHOCTEN. Bece 3TH yCcnoBUs OKa3bIBAIOT BIMSIHUE HA 3J0POBbE U CAMOYYBCTBUE
YeJoBeKa, Ha ero (QyHKIMOHAIbHYIO JeATEeNbHOCTb. Pa3znuunble uX coyeTaHus
MO3BOJISIIOT JOOUTHCSI OJIArONMPUSTHBIX YCIOBUM JUisi paboThl uenoBeka. Hampumep,
IIpU TOBBIIMICHHOW TeMIMeparype B MOMEIICHUU CJEAYeT YBEIUYUTh CKOPOCTD
IBIKEHUS Bo3ayxa. OJHAKO HEMpPaBUIBLHOE COYETAHHE MOXKET MPUHECTH BpeE.
Hanpumep, eciy MOBBICUTH BJIAXKHOCTh BO3yXa, TO 3TO TOJIBKO YCYTyOUT JAECHCTBUE
KaK MOHMKEHHOM, TaK U MOBBIIIEHHON TEMIIEpaTyphl B TOMEIICHUU.

Jnsi CHUXKEHHMS CTENEeHW BO3JICUCTBUS  METEOPOJOTUUECKUX  YCIOBHI
NPUMEHSIOT cneyoodedxcoy u cneyoOygb, KOTOpas OTINYAETCS B 3aBHUCHUMOCTU OT
C€30HAa U BUJA PabOTHI.

7.1.4 OcBeIeHHOCTh

HenpaBuinbHO BBIOpaHHOE OCBEIIEHUWE 3HAYUTEIBHO YCIOXKHSIET paldoTy
00CY>KHBAIOIIIETO MEPCOHANIa, YTO CIOCOOCTBYET CHUKEHHIO MPOU3BOJUTEIBHOCTH
TpyAa, a TaKXke MOXET NpPUBECTH K TpaBMupoBaHuto. [lpu HemocraTroyHOM
OCBEIIEHUH OyIeT HEBO3MOXHO KOHTPOJIUPOBATH OMACHBIE 30HBI, IPU YPE3MEPHOM
OCBEIICHUY MPOUZOUIET CIICIAIICE ICNUCTBHUE.

[Ipu paGote ¢ BHYTPUTPYOHBIMU CHapsiIaMu Ha y3Jlax MyCcKa W TIpHeMa B
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HOYHOC BpEMA OCBCIICHHOCTH pa6oq1/1x MCCT OCYHECCTBIIICTCSA HCKYCCTBCHHBIM

OCBCIICHHUEM JOJDKHO COOTBCTCTBOBATH CaHUTAPHBIM

Hopmam CanlluH 2.2.1/2.1.1.1200-03.

7.2 AHa/Iu3 BBIIBJICHHBIX ONACHBIX (AKTOPOB NMPOECKTUPYEMOil
MPOU3BOJACTBEHHOM Cpe/bl
7.2.1 Mexanudeckoe BO31eHCTBHE

[Ipu moxbeme 00OpyAOBaHUS /JIS 3aMAaCOBKH B MyCKOBYIO KaMepy U BBIEMKH
nedexTockona U3 NPUEMHOM KaMepbl BBIEMKHM CHapsia M3 KaMepbl, BCE
000py/IOBaHUsl OUYEHb TSKEJbIE U MOTYT MPUBECTU K MEXaHHUUYECKOMY BO3/IEHCTBUIO
Ha opraHu3Mm uyenoBeka. Crenyer yaenuTh HeoOxoaumoe oco0oe BHUMAaHMUE,
coOJoAaTh MpaBuia 0E30MacHOCTH MPU OCYIIECTBICHUU 3TUX MpoleccoB. Kpome
TOr0, B IIPOILIECCE MPOIMyCKa BHYTPUTPYOHBIX CHAPSIOB 3alpeiaeTcsl MIPUCYTCTBUE Y
y3JI0B MyCKa/ipueMa MOCTOPOHHUX JIUI, HEMOCPEJCTBEHHO HE YYacTBYIOIIHUX B
MPOBEJIEHUU paldOT, a TaKKe 3alpeniaeTcs MpoBeJeHUE Ha JaHHOM yyacTtke MI
paboT, HE CBSI3aHHBIX C IMATHOCTUPOBAHUEM.

7.2.2 DekTpo6e30nmacHOCTh HA padoyeM MecTe

Kak npaBuna, IBHKEHUE CHAPSIOB OCYIIECTBISACTCS JABJICHUEM ra3a, a MOTOK
raza JABWXKeTcs ¢ nomouplo kKommpeccopHou crtanuuu (KC). Kak pa3 uctouHuk
OMACHOCTH MOPAXKEHHUS ANEKTPUIECKUM TOKOM Haxoautcs BHyTpu KC.

B cooTBeTCcTBMM C MpaBUJIaMU YCTPOWCTBA AIEKTPOTEXHUYECKUX YCTAHOBOK
OTHOCHUTCS K KaTeropud 0co00 OMacHOTrO IMOMEIIECHUs (IMIOMEIICHUS C €IKUMHU
Mapamu, razamMm U OXJIQKAAIOMMNMHA KUJIKOCTAMH, Pa3pyLIUTEILHO ACHCTBYIOMINMU
Ha OOBIYHO yHOTpeOJiseMble B AJIEKTPUUYECKUX YCTAHOBKAX MaTepUallbl U
CHIDKAIOIIMMHU CONPOTUBJICHUE YEJIOBEUECKOrO TeJa; IOMEIICHUs, B KOTOPBIX
HMMEIOTCA JIBa WJIM HECKOJIBKO MPU3HAKOB OMACHOCTH).

[Torpebnenne »snektposHepruu Ha KC mnomuMo rasomnepexaynBaroliero
arperata (I'TIA) coctaBmser ot 1.5 mo 5 MBt1, a HampsbkeHHE€ TUTAHUSA
anektponpoBoaa [TIA nmocruraer 10000B. Ilockonbky KC sBisieTca Becbma

9HCProCMKUM O6T>6KTOM, TO BO3HHKACT OIIACHOCTb IIOPAXKCHHA OJICKTPUYCCKUM
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TOKOM, a TaK’K€ ONACHOCTh BO3HWKHOBEHHS IMOKapa W/uiu B3pbiBa. [Ipon3oiTu 310
MOXXET MO CJEAYIOIIUM MpUYMHAM: CIIy4ailHO€ NPUKOCHOBEHHE K TOKOBEAYIIUM
3JIeMEHTaM, OLIMOOYHbIE JIEUCTBUS NEpCOHAaa, HAPYIIEHUE H3O0JISILUU MPOBOAOB U
aBapusl.

Heobxonumo crtporo cobmogate IlpaBuna TEXHHYECKOM AKCILTyaTallMH
ANIEKTPOYCTAHOBOK  MOTpeOWTENEl U MpaBujia  TEXHUKH  O€30MacHOCTH  NpHU
AKCILTyaTallMi 3JEKTPOYCTAaHOBOK M 0CO00 00paTWTh BHHMAaHHE Ha CIEAYIOIIHE
MEpBI 3aIIHTHI:

1. [IpuMeHArOTCS 3alIUTHOE 3aHYJIEHHUE, 3alIUTHOE 3a3€MIICHHE, 3alIUTHOE
OTKJIFOYEHHE.

2. O0ecrieynBalOT  M3OJLILMIO,  OTPaXACHHWE M HEAOCTYIHOCTb
AIEKTPUUYECKUX LETIEH.

3. B 30He pabOThl MamlMH ¥ MEXaHU3MOB YCTAHABIMBAIOT 3HAKU
0e30MacHOCTH M NpeAyNpeAUTeNbHbIE HAIINUCH, MECTa IMPOU3BOJACTBA paboOT U
omnacHbIe 30HbI orpaxaarT B coorBeTcTBUU ¢ ['OCT P 12.4.026-2001.

4. TIpuMEHSIIOT CpeACTBa WHAMBUAYAJIBHOM 3alUTHL: JUAJIEKTPUUYECKHE
nepyaTku M OOTHI, JUANEKTPUYECKHUE PE3WHOBBIE KOBPUKH, HMHCTPYMEHTBHI C

HN30JIMPOBAHHBIMU PYYKaMH.

7.2.3 I10kapoB3pbIBOONIACHOCTD

[Ipuponnsie roproyue rasbl OTKOCSTCS K TPYIIIE BEHIECTB, 00pa3yroIHUX C
BO3JyXOM B3pbIBOOIMACHbIE cMecu. KoHIleHTpalmoHHbIE Tpeesibl BOCILIAMEHEHUS
(o MeTaHy) B CMECH C BO3JIyXOM B OOBEMHBIX MPOIEHTAX: HIXKHUHU - 5, BEpXHUM -
15; nas OpupogHOTO Ta3a KOHKPETHOTO COCTaBa KOHIICHTPAIIMOHHBIE MPEIEib
BocmiameHeHus onpeaenstor nmo 'OCT 12.1.044-89%*,

OCHOBHBIMHM UCTOUHHKAMHU T'a30BbIACICHUS SBIISIIOTCS:

- Kameps! 3anycka u mpremMa O4YHUCTHBIX YCTPOMUCTB — MPU OTKPHITUU BAHTY3 U
KOHLIEBOI'O 3aTOBOpA.

- JIpyrue HCTOYHUKHN HAXOASATCSI BHYTPU KOMIIPECCOPHOU CTAHIIUU:

Jlucm

ComunanpHas OTBETCTBEHHOCTD 7

N3m.

Jluecm Ne dokym. lModnucek | Jama




1. Ilpu cpabaTbiBaHMU MPEJOXPAHUTEIIBHOTO YyCTpoWicTBa (YacTh rasa
cOpachIBaeTCs JJIsl CHUXKEHHUS TaBJICHUSA).

2. HapymieHuss repMeTUYHOCTH OOOpyIOBaHUS (IePEKThl MaTEepUaAJIOB M
CTPOUTENHLHO-MOHTXXHBIX padoOT, KOppo3usi, HE COOJIOJACHUE MpaBUil
AKCIUTyaTallii, OKOHYaHWE HOPMATUBHOTO CpPOKa CIYXObl YIJIOTHEHUU
3allOpPHOM apMaTyphl U HACOCOB).

[Ipu npoBeneHUN BHYTPUTPYOHON TUATHOCTUKH MaruCTpaibHOTO Ta30MpoBOIa
HeoOXoauMo cTporo coOmromath IlpaBuna moskapHON O€30MaCHOCTH B Ta30BOM
npomeiieHHocTu (BIIIIB 01-04-98), a takke Bce TpeboBaHHMS 0€30MACHOCTH U
MPOTUBOMOKAPHBIE MEPONPUATUS B KaXJOM KOHKPETHOM Ta30TPaHCIOPTHOM
npeanpusTiu. Mepbl CHUXKEHUSI 0KapOB3PHIBOOIIACHOCTH:

1. VckmtoueHne HMCTOYHUKOB BO3HUKHOBEHHUS TIOKApOB U B3PBIBOB:
coOJoiecHue  MpaBWl  JKCIUTyaTallMd,  MOPOTHUBOKOPPO3MOHHAS  3alllUTa,
CBOEBPEMEHHAs 3aMEHa YIUIOTHEHUW, 3alOpHOW apMarypbl M 3alpenieHo
MOJIb30BAHUE OTKPBHITHIM OTHEM, KypPEHHE U T.I.

2. Bo3MOXHO€ yMEHbIIIEHUE KOHIEHTPAIIMU B3PHIBOOMACHBIX T'a30B MyTEM
MPOBETPUBAHUS pPabOUYEro MecTa.

3. KoHTpoab 3ara30BaHHOCTH Ta30aHAIN3ATOPAMMU.

4. KoHTpob 3a TeMIepaTypoil rasa.

5. HcnpaBHOCTE NPENOXPAHUTEIBHOTO YCTPOWCTBA JOJDKHA IEPUOIUYECKU

IIPOBEPATHCS.

6. Hannuue npeoXpaHuTeNbHOTO YCTPOMCTBA U CUCTEMbI CUTHAIIM3AIUU.

7. HeoOXOIMMOCTh  CHCTEMAaTHYECKH TMPOBEPSITH HA  T'€PMETUYHOCTD

000pyIOBaHUIA.

8. [Ipy HEoOXO0AMMOCTH, JAOMYCTHUMO HKCIOJIb30BAaTh AaKKyMYJSITOPHBIX
CBCTHUJIbHUKOB B3PbIBO3AIIUIIICHHOTO UCITIOJTHCHU .

9. Haiinune mepBUYHBIX  CPEACTB  MOXKAPOTYIIEHUS:  MOPOIIKOBBIE
OTHETYILIUTEH, IECOK U T.]I.

B ciyuae aBapuu B KOMIIPECCOPHOM MOMEIICHUH HEOOXOIUMO MPUHATH MEPHI K

OTKIIFOYCHHIO aBapr/iHoro y4aCTKa, CHU3UTb OO0 HYJA AABJICHUC M IPCKPATHTL JOCTYII
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rasa K MecTy aBapuu.

7.3 OxpaHna okpy»kawuiei cpeabl

7.3.1 AHaJ/iu3 BO3/1eiiCTBUA 00bEeKTa HA aTMOC(epy (BLIOPOCHI)

BriOpoc  3arps3Hsitomux  BEHIECTB B aTMocdepy TMpuU  MNPOBEICHUU
BHYTPUTPYOHOU MHCIIEKIIMU OCYILIECTBIISIETCS 11O TOM K€ MPUYUHE Ta30BbIICIICHHUS.

Meponpusitus 1o 3amure atMochepsl:

* TpoBepKa 000pYJOBaHUS HA TPOUYHOCTh U TE€PMETUYHOCTB;

* coOdroeHue IpaBuIl dKCIUTyaTaluu;

* CBOEBpPEMEHHAas 3aMEHA YIJIOTHEHUN U 3alIOPHOU apMaTyphl;

* OCHAIIEHUE CUCTEMOM KOHTPOJIA 3ara30BaHHOCTH U JAPYTUE MEPHI.
7.3.2 AHaJu3 BO3/1elCTBUA 00bEeKTA HA TuaApocdepy (cOpochkl)

[[InamoBBIE PacTBOPHI MOCIE OYKMCTKHA Ta30MPOBOJOB MOCTYMAIOT B JApEeHaK
HaxOJSIIIUHI B y3/bl MyCKa U (WJIK) npremMa 1e(eKTOCKONOB U MOTOM B Tuapochepy B
COCTaB€ CTOYHBIX BOJ. Jlake mocie HEKOTOPBIX CTyNEHEeW OYUCTKU M YTHIM3ALUU
CTOYHAs BOJA €IlI€ COACPKUT 3arpsI3HSIONINE BEIIECTBA.

Kpome Toro, mpuumHoi 3arpsisHeHHs Tuapochepbl cOpocamMu B IIporiecce
BHYTPUTPYOHOW HMHCIEKIUU MOTYT OBITh OIIMOOYHBIE ACHCTBUS MEpPCOHANA, KOIJAa
OTMBIBAIOTCS A€(EKTOCKOIIBI TTOCJI€ BRIEMKH, WU JIAXKE aBAPUH.

B o6mem ciyuyae, B mepByr ouepelb HEOOXOJUMO CTPOro COOMI0aTh BCE
npaBuiia 0€30MacHOCTH, a MOTOM YYHUTHIBaThb M MPUMEHEHHUE TEXHOJIOTHUHU, B TOM
qucie coBpeMeHHble 0osee 3p(HEKTUBHBIE METOJIbI OYMCTKU U YTUIU3AIUU CTOUHBIX
BoJ. Bce mpuMeHsemMble MeponmpusTHS 1O 3amuTe TUApochepbl  TOTKHBI

COOTBCTCTBYIOT HOPMATUBHLIM JJOKYMCHTAIIUAM.

7.3.3 AHaJI13 BO31eiCcTBUSA 00beKTa HA JUTOChepbI (0TX0AbI)
Jpenaxu s IJIaMOBBIX PACTBOPOB B y3JIax MycCKa U mpuema Je(peKToCKOmoB
HaxoJsITCs B 3emiie, JaXe CTeHa KOTOphIX CTpO€Ha M3  MaTepualna,
BOJIOHEMIPOHUIIAEMOT'0 WJU T.M., TOPU JJUTEIbHOM XpaHEHUU (10 3alOIHEHUS

CMKOCTH )KI/II[KOCTBIO) KHUAKOCTb BCC PAaBHO IMOCTCIICHHO ITPOHUKACTCA B 3CMIIIO U

Jlucm

ComunanpHas OTBETCTBEHHOCTD 7

Uam. | Jlucm Ne dokym. lModnucek | Jama




3arpsi3HseT ee. Tak Kak JroOoM Marepuan oO0JagaeT HE CTOMPOLIEHTHOM
BOJIOHETIPOHHUIIAEMOCTBIO.

[Ipn HEOOXOAMMOCTH OTKAYKH KXUIAKOCTH W3 TEPETMOJTHEHHOTO IpEHaXa, B
pe3ynbTaTe HECOOTIOICHUS TIPaBWJ MPOBEACHHS PabOT, MWW TOCISACTBUS aBapHid
MIPOUCXOISIT YTEUKU MTUTAKOBOU KUKOCTH, UTO MOXKET 3arps3HITH JIUTOChHEpY.

Jlnst  Toro 49TOOBI BCETO 3TOrO0 W30€KaTh, BBHIMOIHAIOT CICTYIOIIHE
MEPOTIPUSTHS

* coOxrofaTh MpaBuiIa MPOBEIECHUS padoT;

MPOBOJSATCS CBOECBPEMEHHBIM OCMOTP BCEX OOOpYIOBaHUM CBSI3aHBIX C

MPOBOIMMOM pabOTOH, IEpHOIUIECKAs TEXHUYECKAs TUATHOCTUKA 000pY0BaHUS

N YCTPAHCHUC HCOAOITYCTUMbBIX I[C(i)eKTOB " JIpyTuc MCphI.

7.4 3amuTa B ype3BbluaiHbix curyanusax (HC)

[Tepeuenb Bo3MOxHBIX UC:

* CTUXUHHOrO Xapaktepa (JIECHbIE MOKapbl, HABOJIHEHUS UM yparaHHbIe
BETPHI);

* COIMAJIBHOTO XapakTepa (TeppPOPUCTUUECKUN aKT);

* TEXHOT€HHOTO XapakTepa (IpOou3BOJCTBEHHAS aBapHsl).

Haubonee tummuynoit m omacHoit sBiasgercs UYC TEXHOTEHHOTO XapakTepa.
[TockosbKy TpH aBapuu MO MPUYUHE U3HOCA YIUIOTHUTEIHHOTO YCTPOUCTBA, a TAKXKE
OIMMOOYHBIX JIEUCTBUAX IMEpCOHANA MOSBISIETCS BO3MOXXHOCTh Ta30BBIJCICHUS C
MOCIIEIYIOIIUM BO3TOPAHUEM U B3PBIBOM.

Jnsg cHuxeHuss pucka BO3HUKHOBEHHS UYC mnpoBOASATCS  CIEAYIOIINE
MEpOIPUSITHUS:

* MIEpUOJMYECKH aHAJW3 BO3AYyXa Ha COAEPKAHUE YTIEBOIOPOIOB;

* TEXHUYECKas JAUArHOCTHKAa OOOpYJOBaHHUS, a TaK K€ €ro TEXHUYECKOe
o0CITy’KUBAHUE U PEMOHT;

* 3aMmeHa (pU3UYECKH W MOPAJIBHO YCTapeBUIMX MPUOOPOB KOHTPOJS U
CUTHAJIN3AIMU HA COBPEMEHHbBIEC HOBBIE;

* MPOBEACHUE NEPUOJUYECKAX UM BHEOYEPEOHBIX HWHCTPYKTAKEN C
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00CITyKUBAIOITUM MEPCOHATIOM.

[TocnemoBaTeIbHOCTh JACHCTBUN TMPH pasrepMeTH3alid 00OpYyJIOBAaHHE C
BBIZICJICHHEM Ta30B B pe3yibTaTe UC: OCTaHOBHUTH arperaThl => MPUHATH MEPHI 110
MPEAYNPEKICHUIO BO3TOpaHUs Ta3a (MCKIIOYCHHUE BCEX HCTOYHHUKOB HMCKPHI WIIH
OTKPBITOTO OTHSI, OBICTpPBIE TPOBETPHBAHWUE W DOBaKyalus => YyCTPaHUTh

MMOBPCKACHUA arperaTos.

7.5 HpaBOBLIe H OPraHu3anmoHHbIC BOIIPOCHI o0ecrneueHus1 0€30IIaACHOCTH

7.5.1.CnienuaibHble (XapakKTepHble IJIs1 MPOECKTHPYeMoOil padoyeil 30HBI)

NMPaBOBbIe HOPMbI TPYI0BOI'0 3aKOHOAATEJIbCTBA
B cootBeTcTBHM ¢ HOPMAaTUBHBIMHU JIOKYMEHTaMHu, K paboTe Ha JUHEUHYIO
gacth MI' pomyckaroTcsi TOJIBKO JIMIlA, HOCTUTIINE |8-eTHEero Bo3pacra, KOTOPHIE
MNpOIUIA MEIUUMHCKUM OCMOTP U HE HUMEIOT MPOTUBOINOKA3aHUM, OOy4YEeHHBIE
0e30MacHbBIM METO/IaM BeJIeHUs pabOThI, MPOILIEANINE HHCTPYKTAX Ha paboyeM MecTe
Y TOJYYUBIIHE JOMYCK K CaMOCTOSITENbHOU paboTe. Bce paboTHUKM 00s3aHBI
UCIIOJB30BaTh CHEIOACKY, CIIell00yBb, HHBIE CPEJICTBA MHIWBUAYAJIbHOU 3aIlUTHI B
COOTBETCTBUH C HOPMAMHMU.
PabGounii nepconai, B COOTBETCTBUU C PeAepaibHBIM 3aKOHOM OT 28.12.13

Ne 426-®P3 «O cnenmanbHON OLEHKE ycnoBud Tpyna», cT.147 TK P® u cr.117 TK
P®, nonyuaer HanOaBKy K 3apab0oTHOM mate B pazMmepe He MeHee 4% OT okinana u
JOTIOJIHUTENIbHBIM OIUIauMBaE€Mbld OTHYCK B pa3Mepe 7 KalleHJIapHbIX ITHEH, Kak
pabOTHUKHM, 3aHIThIE HAa paboTax C BPEIHBIMH WJIM OMNACHBIMU YCIOBHSIMHU TpyJa.
PaboTHUKM HMEIOT MpaBO Ha JOCPOUYHYKO IIEHCHIO, a paborodaTenb 00s3aH
MEPEYUCIIATh MOBBIIIEHHBIE B3HOCHI B IEHCUOHHBIN (DOH/I.

7.5.2. Opranu3auMoHHbIe MEPONPUATHS IIPU KOMIIOHOBKE padoyeil 30HbI

Cornacno P/ 08-95-95 «Opranu3zanusi npoBeeHUs] padoT MO0 TEXHUYECKOMY
JTUAarHOCTUPOBAHUIO»  BIAJIENIel]  pe3epByapoB  00s3aH  NPEACTaBUTH  BCIO
HEOOXOJMMYI0 TEXHUYECKYI0 M TEXHOJIOTHYECKYIO JTOKYMEHTAIIUI0 OpraHu3allvu,

BBIMOJTHAIOIIECH TEXHUUYECKOE nuarHoctupoBanue [13].
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Ko Bcem KOHCTPYKTHBHBIM 3JICMCHTAM MF, noajic;kalliuM  TEXHUYCCKOMY

JMAarHOCTUPOBAHUIO, TOTKEH OBITH 00ECTIeYeH CBOOOIHBIN JOCTYTI.
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SAKIIOYEHHUE

Cpok 3KcIlyaTaluu HUCCIEAYEeMOr0 MarucTpajibHOrO ra3onpoBoja JOCTHUT 25
net. EctecTBeHHO, 4TO 3a 3TO BpeMsi OH MPUOOPENT MHOXKECTBO Ae(eKTOB. B cBA3M ¢
ATUM BO3HHUKAET 3a7ja4a 00ecrieueH s ero 6e30nacHON 3KCITyaTaluu.

HanexHocTh ra3onpoBoloB — BakHass MpoOiieMa, B TMEPBYIO O4Yepelb
Kacaromascs KPYMHBIX MHUPOBBIX HE(PTSIHBIX M Ta30BBIX KOMMIAHHHA. DKOHOMHUKA
MHOTHX CTpaH Mupa Oas3upyercs Ha He(TAHOW W Tra30BOM OTpaciu, a 3HAYMT,
HaIpsMYyI0 3aBUCUT OT O€30MAaCHOCTH M HAJIEKHOCTH TPAHCIOPTHPOBKH MPOAYKTA.
Jliist O6e30macHOM AKCITyaTali ra30lpoBOIOB Ba)KHO CBOEBPEMEHHO OLIEHMBATh UX
COCTOSIHME, TPHUHUMATh MEpPbl JJs BOCCTAHOBJICHHS HCXOAHBIX TEXHUYECKU
XapaKTepUCTUK U MOAAEPKUBATh UX B MpuemiieMoM auana3zone. C 3Toil 1enpio Ha
TPAHCTIOPTHBIX cUCTeMax NEPUOANYECKU IPOBOUTCS JIUArHOCTHUKA.
[IpenBapuTenbHas OLEHKA COCTOSHUSA Ta30lpoBOJia MOXET OBITh IPOBEAECHA C
MOMOIIBI0O BHYTPUTPYOHON HWHCIEKUMM U TIO3BOJUT OOHApYXXUTh Hauboiee
MOBPEXACHHbBIC YIACTKH.

[TocpenctBoM  aHanu3a  BHYTPUTPYOHOM ~ MHCHEKLHMH  HMCCIIETYyEMOTO
MarucTpajJbHOIO Tra30NpoBOJAa MOXXHO cJieJaTh BBIBOABL: Cpeau JAe(PEKTOB
UCCJIEIYEMOI0 Ta30MpoBoja MpeodsiajaeT KOPPO3UOHHOE IOBPEXKACHUE IO BCEU
MOBEPXHOCTU TPyOBl. IMEIOTCS y4acTKH, B KOTOPBIX ITyOMHA KOPPO3UH JOCTUTAET
MOJIOBUHBI TONIIMHBI CTEHKH TPyOBl. [lo pe3ynbraTaM MOMOTHUTEIHLHOTO KOHTPOIIS
MOXXHO  3aKJIIOUUTh, YTO MPHUYUHON BO3ZHUKHOBEHHUS KOPPO3UU  SIBISETCA
MOBPEXACHUE H3O0JIALMOHHOTO CJIOB M CKalUIMBaHWE BJard B HWKHEH dYacTu
oOpazyrorieit TpyOsbI.

W3 pe3ynbTatoB HCCIENOBAaHUS BUIHO, YTO Uil oOecredeHHsl Oe30macHOi
AKCILTyaTali TpyOOnpoBOJa HEOOXOANUMO PETYJISIPHO OLEHUBATH €r0 COCTOSHUE C

MOMOIIIBI0 BHYTPUTPYOHOUM MHCIIEKIIUU U epekTockonuu. BHyTpuTpyOHas

ModenupogaHue HanpsixeHHO-0ehopPMUPOBAHHO20 COCMOSIHUS Ma2ucmpanbHO20
2a30npogoda npu Koppo3uu
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WHCIIEKIIUS TIO3BOJISIET OLIEHUTH 00I11le€ COCTOSIHUE Ta30IPOBO/IA U BBISIBUTH €0
HauOoJiee OMAacHbIE YYACTKHU, OJHAKO OKOHYATENbHBIM BBIBOJ O MPUTOJAHOCTH
TpyOONpPOBOJa WIU OTIAEIBHBIX €ro YYaCTKOB MOKET OBbITh CHENIaH JIMIIb MOCHe
MPOBEJICHUS  JIOMOJHUTEIBHOTO J€(PEKTOCKOMUYECKOr0 KOHTpOJisi B  mrypdax.
HemanoBaxxHbiM (DaKTOpPOM SIBJISIETCS. KOPPOIAUPYIOIIEE BIUSHUE CPENbl, IOSTOMY B
X0Jle pabOThl MBI MOMBITATUCH MPOBECTH COBMECTHBIM pacyeT TpyOompoBoaa H
MaccuBa IPyHTa, YTO paHee HE ObUIO OMUCAHO B JIMTEpAType U HE BCTPEYAETCS B
HOPMATUBHBIX JOKyMEHTaX. Takum oOpa3om, JIUIlb KOMIUIEKCHBIM TMOJIXO0MI K
npobsieMe 0€30MacHOCTH M HAJEKHOCTH TPYOONPOBOJOB MOXKET OOECIEeUUTh
JOCTOBEPHYIO OIIEHKY €ro TEXHHUYECKOIO0 COCTOSHHUSI U, KakK CJEICTBUE, €ro
0e30MacHyI0 3KCIUTYaTalHIO.

Pe3ynbTaThl Hcciea0BaHUSA CIEIYIONINE:

1. TlonyuyenHnoe 3HaHue 0 MoApoOHOM Ki1accudukanuu aedpekro MIT
MO3BOJISIET IOCTOBEPHO OIIEHUTH COCTOSIHUE MOBPEXKACHHOTO Ta30MPOBO/IA.

2. bbuIM paccuuTaHbl Harpy3Kd W HampsbKEHUs B TPyOOIMpoOBOAE MO

HTJ/[ T'asnpom CII 36.13330.2012 «Macucmpanvrvie mpybonpogoosly.

BrInonHeHO KOMIIBIOTEPHOE MOJIETUPOBAHUE HArpy30K B cpele Ansys
Workbench. B utore Obu11 mOJTy4Y€HBI CIIETYIOUIME OCHOBHBIE PE3YJIbTATHI:

d HanpsbkeHue 1o Musecy coctaBwio (max = 18,21 Mna,

min = 0,012 MIla);

. cMmemenue (max = 0,1692 MM min = 0 Mm);

. Kod(pdunreHT 3amnaca MPOYHOCTH (max = 15,
min = 13,728);

. ocHoBHas nedopmarnus (max = 0,0000829501, min = -
0,0000000250258);

. YCJIOBHE MMPOYHOCTHU TPYOOIPOBO/IA BBHITIOTHSIICTCS;

. YCJIOBHSI TIPOBEPKH Ha TMPEAOTBpAIIEHUE HEIOMYCTUMBIX

IJIACTUYECKUX JIePopMaIuil TakKe BBITIOJIHSIETCSI.
['azonmpoBoag € TakuMU HaNpsKEHUSIMU ©  AedopManusaMu MOYKHO

OKCIIJIYaTHUPOBATH.
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Theme of the work: MODELING OF THE STRESS-STRAIN STATE OF THE
TRUNK GAS PIPELINE WITH A CORROSION DEFECT.

Abstract: The master's thesis was carried out within research of the stress-strain state of the gas

pipeline section using computer modeling methods. The aim of this work is to build a reliable
computer model based on the available real characteristics and to study defects resulting from
corrosion. The practical value of this study is a possibility to estimate of gas pipeline section for
further operation or to determine it as one to be replaced. The thesis is relevant due to the lack of
guidance in the normative documents on the methodology for joint calculation of gas pipeline and
aggregate of ground. Thus, in this work, theoretical aspects of the effects of corrosion on the gas
pipeline were considered, and also calculations of loads and stresses in the section of pipeline were

made.

Introduction

Main requirements for the modern gas pipelines are their reliability, safety and
long service lives. This is necessary due to the complex operating conditions of
pipelines, to the increasing operating stresses, to the widening of the temperature
interval of operation, to the operation of pipelines in various aggressive
environments. These requirements appear because of a high level of costs for
building and repair of pipelines, serious environmental problems occurring in case of
accidents, tightening of the legislative standards for environmental protection. Any
underground pipeline that run in the soil is exposed to corrosion. Corrosion of metals
is the gradual destruction of their surface under the chemical and electrochemical
effects of the environment. The internal surfaces of steel gas pipelines can be exposed
to chemical corrosion if the gas is not sufficiently cleaned from oxygen, moisture,
hydrogen sulphide and other aggressive components.
In the normative documents that determine the procedure for calculating underground

pipelines: NTD Gazprom SP 36.13330.2012 «Trunk Pipelines» the requirement for
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joint calculation of the pipeline and the soil mass is indicated. This requirement is
legitimate, since the soil for the pipeline is not only an external load, but also the
environment in which deformations of the linear structure develop. However, the
method of joint calculation is not specified in the normative documents.
Uncertainty in the normative base is complicated by the need in a correct non-linear
analysis. Internal forces in the pipeline are nonlinearly dependent on the resistance of
the surrounding soil mass. The effect of the axial temperature difference and the
internal pressure of the product lead to the appearance of a longitudinal-transverse
bending.
The identified problems are the reasons of failures in the operation of pipelines that in
its turn cause damage to the environment and lead to large monetary losses.
To overcome these negative factors, additional research is required in the
development of methods for calculating underground pipelines.

The purpose of this work is:
To conduct a joint calculation of the pipeline and soil mass to take into account their
influence on each other.

To achieve this goal it is necessary to solve following tasks:
* To obtain knowledge of behavior principles of the “underground gas pipeline-solid
mass” system and of the main types of gas pipeline defects;
* To study fundamentals of modern methods of reconstruction of worn-out gas
pipelines;
* To evaluate the data received by the in-line inspection device at the studied section;
to obtain information about the technical condition of the pipeline;
* To construct a 3D model of a gas pipeline section with a defect using Ansys
Workbench program package;

* To calculate loads and stresses in the gas pipeline.
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1 Review of literature

1.1 Types of corrosion
Corrosion of metals refers to the spontaneous destruction of metallic materials due to
chemical or electrochemical interaction with the environment. The primary cause of
corrosion is the thermodynamic instability of metals in different environment under
given external conditions. A variety of conditions, types of environment, properties
and structures of materials is the cause of various types of corrosion. According to
the mechanism of corrosion process, chemical and electrochemical corrosion can be
distinguished:
Chemical corrosion is the kind of destruction caused by the interaction of a metal and
a corrosive environment, in which the metal is oxidized and the corrosive
environment is reduced simultaneously;
Electrochemical corrosion is a process of interaction of a metal with a corrosive
environment in which the reduction of the oxidizing component of the corrosive
environment proceeds not simultaneously with the ionization of the metal atoms and
the electrode potential of the metal depends on their velocities.
Types of corrosion according to conditions of the process:
- gas corrosion — is a corrosive destruction of metal under the influence of gases at
high temperatures;
- liquid corrosion — is a kind of corrosion of metal in a liquid, which is divided into
corrosion in electrolytes and non-electrolytes;
- soil corrosion — is a destruction of metals in soils and ground;
- corrosion under stress — is a destruction of metal with simultaneous exposure to
aggressive environment and mechanical stresses.

1.2. Stress-strain state of the pipeline metal

Pipes and pipe parts experience variety of stress states during operating [1,2].
For example, flexural stresses occur most intensely in the places where pipelines pass
through water barriers, roads, in the places where flushing and the sagging of
pipelines occur, near the junction of the piping with the aggregates of pumping

stations. The influence of mechanical external stresses arising in the material of pipe

Jlucm

[Ipunoxenue A 29

Uam. | Jlucm Ne dokym. lModnucek | Jama




due to changes of temperature, bending, etc., together with internal operating stresses
directly affect the state of the material.

Since at the present time there are no instruments adapted to the measurement of
stresses in operating pipelines, the cause of pipeline failures and the role of
mechanical stresses in this case have not been fully estimated in a number of cases.
Consequently, the control of a stress strain state is necessary as one of the
components of preventive measures to avoid accidents on pipelines.

According to the damage theory [3,4], the entire set of phenomena on the micro-level
(crystals, grains, etc.) in the process of loading — are the tensors of deformations and
damages that determine the state of the microparticle.

Differences in internal stresses come out in the nature of their distribution over
macro- and microvolume of structures, as well as in specific physicochemical and
thermomechanical factors that cause irreversible processes in the material, such as
inhomogeneous plastic deformation, phase transformations, diffusion, etc. [5,6, 7].
There are several types of classification of residual stresses. The most widely used
classification belongs to N. N. Davidenkov [8].

In addition, in the loaded structure appear external stresses, which arise in the
pipelines from the following loads and impacts:

- Constant (static) loads and impacts, which include the own weight of the pipeline,
the pressure of the pumped product, the effect of structural stresses acquired at the
construction stage;

- Temporary (cyclic) loads, which include pressure pulsation of the pumped product,
temperature stresses;

- random (special) loads and impacts, including snow, wind and icing loads, test
loads, loads caused by temporary malfunctions and process disturbances (for

example, displacement of footing).

In addition to this corrosion, there is another corrosion causing several damages to

the pipeline system.
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1.3. Corrosion cracking under stress
Corrosion under stress is the process of metal destruction, which occurs when the
tensile stresses and corrosive environment act together. Corrosion cracking under
stress (usually - corrosion cracking) is widespread and is the most dangerous type of
corrosion under stress [27,28,29,30].
The presence of mechanical stresses in the metal, regardless of whether they are
internal [31] or externally applied, affects the corrosive behavior of metals and alloys.
Firstly, in this case the continuity of the passivation films is violated and their
protective properties are deteriorated; secondly, the metal receives additional elastic
energy, which reduces its thermodynamic stability.
The main factors influencing the process of corrosion cracking are tensile stresses,
corrosive environment, composition and structure of the alloy, surface condition,
duration of operation or tests, electrochemical conditions [32,33].
Corrosion cracking of metals and alloys can occur in various environment - both gas
(air, water vapor) and liquid (solutions of electrolytes, organic solvents, liquid metals,
molten salts). Typically, these are medium- and low-aggressive environment, which
cause a slight general corrosion in unstressed metal [34, 35, 36].
The physical state of the environment is very important. At the same temperature and
stresses, austenitic steel is subjected to much more rapid cracking with varying
effects of water and water vapor than under conditions of contact with a gas (vapor)

or liquid (water) phase alone [37, 38, 39].

2 Loads and impacts on underground gas pipelines

2.1 Classification of loads and impacts
The stress-strain state of any supporting element of the linear part of the gas pipeline
is determined by the characteristics of the loads acting on it. These loads vary
depending on the characteristics of the environment, the parameters of the pumped
product, etc. For the linear part of the pipelines, the main ones are loads of internal

pressure, ground pressure, own weight of pipes and gas, and such factors as
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temperature, subsidence and ground pumping, pressure of creeping soils. According
to the Russian standards of 2.05.06-85* (CHull 2.05.06-85)* [40] construction norms
and rules [40] establish two types of loads acting on the structure during operation:
permanent and temporary. Temporary loads, which are divided into long, short and
special, differ from permanent ones in that they can be absent during certain periods
of operation.
2.2 Applied loads

Vertical earth load is primarily a consideration for non-operating conditions of buried
steel pipe when the pipeline is under no internal pressure. Under most operating
conditions, the external earth pressure can be neglected since it is insignificant in
comparison to the internal pipe pressure. Vertical earth load is an important
consideration when designing piping casings used for rail and road crossings.

For the purpose of calculating earth loads on a buried pipe, a steel pipe is considered
flexible and design procedures for flexible pipes apply. For flexible pipes placed in a
trench and covered with backfill, the earth dead load applied to the pipe is the weight
of a prism of soil with a width equal to that of the pipe and a height equal to the depth
of fill over the pipe. This approach is followed for both trench and embankment

conditions.

If the pipe is jacked into undisturbed and unsaturated soil instead of being placed in a
trench and covered with backfill, then soil friction and cohesion combine to greatly
reduce the earth load on the pipe when compared to the prism load. A conservative

estimate of the earth load on pipe jacked in undisturbed soil.

3 Modeling of “underground pipeline — soil mass” system
For safe pipe exploitation, it is necessary to make some searches about different
pipeline constructions. Then analyze the stress — deformation state and calculate the
stability and strength of buried pipelines. Under the effects of ground movements or

large pipeline loads like those from a large thermal differential, buried pipes may be
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subject to large bending and tensile loads. Sources of ground movement can include
differential soil settlement, fault displacement or lateral spread displacement in
earthquakes, landslide displacement, frost heave or thaw settlement, etc. The
following sections of this document discuss several of these sources of ground
displacement in more detail. The measurement or prediction of ground displacement
requires special expertise and is beyond the scope of these guidelines. The approach
to evaluating pipeline response typically requires finite element analyses that account
for non-linear soil and pipeline behavior. This approach is addressed in this section
and is similar for all cases of imposed ground displacement.
3.1 Computer modeling of buried pipelines

As noted above, differential movement of the soil in which a pipeline is buried
can result in significant pipe deformations due to pipe curvature and axial force
effects. Soil movement can be taken as the upper bound of pipe displacement.
Displacements due to earth settlement are typically monotonic and do not influence
the fatigue life. For such cases, the ASME B31 code indicates that a large
displacement stress may be acceptable provided that “excessive localized strain” is
avoided. However, the ASME B31 codes provide no further recommendations. This
implies that a strain or deformation criteria should be considered, accounting for
inelastic pipe behavior.
Strain limits are typically used to guard against localized wrinkling or tensile
fracture at girth welds while allowing for some controlled level of pipe steel yield.
Appropriate deformation limits such as strain or curvature limits can be established
based on testing and detailed analysis (e.g., fitness for purpose evaluation). In light of
these observations, it is not possible to develop simple design formulas for

differential soil movements based on elastic stress analysis procedures.

For discussion purposes, Figure 8.2-1 shows an idealization of a pipeline exposed to
thaw settlement. Thaw settlement occurs when a warm pipeline thaws unstable frozen
soil below the pipe. Downward settlement of the pipe is produced by thawing and

consolidating thaw-unstable soil (see Figure 8.2-1). The pipeline spans over a finite
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length section of settling soil between two adjacent thaw-stable soil sections. In the
settling (thaw-unstable) soil section, the soil above the pipe produces downward
acting forces on the pipe. In the thaw-stable soil (“shoulder”) sections on either side
of the settling section, the soil below the pipe provides upward acting bearing

resistance to the downward motion of the pipe.

Figure 8.2-2 shows a representative buried pipe deformation analysis model

corresponding to the thaw settlement configuration shown in Figure 8.2-1.

A rigorous analysis and design approach involves a nonlinear pipe-soil
interaction analysis. The nonlinear stress-strain relationship of the pipe steel is
considered. The model must account for the pipe axial and bending resistance, the
longitudinal resistance of the soil caused by adhesion and friction, and the transverse
soil resistance. The soil resistance is typically idealized as an elastic-perfectly-plastic
spring, as described in Appendix B. The distributed soil resistance is modeled as a
Winkler foundation, i.e., the soil support is modeled as a series of discrete springs
which provide a specified resistance per unit length of pipe. Large displacement
(geometric stiffness, or cable action) effects can also be significant. General purpose
3D finite element programs (e.g., ANSYS or ABAQUS) and special purpose 2D
pipeline deformation analysis programs (e.g., PIPLIN) can be used to analyze this

scenario.
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If the pipe and burial conditions are symmetric about the thaw region, symmetric
boundary condition (i.e., zero rotation and zero longitudinal translation) can be
imposed at the end of the model corresponding to the center of the settling section, in
order to reduce the required size of the model. The model length should be long
enough that the boundary condition specified at the remote end of the model has no
influence on the analysis results, with zero axial strains at the ends of the model. For
simplicity, the pipe is assumed to be initially straight with a uniform depth of soil
cover. The pipe element lengths are varied to insure adequate mesh refinement in
regions of high transverse soil forces and significant bending. Progressively longer
element lengths can be used in sections of the model where there is no significant
pipe or soil deformation. The soil springs are modeled as described in Appendix B.

For a typical ground displacement configuration, a range of analyses can be
performed to investigate various model parameters, such as pipe thickness, pipe steel
grade, span length, cover depth, soil strength, etc. For each analysis, a ground
displacement profile is imposed at the base of the pipe-soil springs. The displacement
profile is increased in small increments and the resulting pipe and soil deformation
state is established at each increment. There are three main events that can occur as
the ground displacement profile is progressively increased: (1) the pipe may reach a
specified compressive strain limit, (2) the pipe may reach a specified tensile strain
limit, and (3) the pipe-soil springs may yield over the entire length of the pipe section
experiencing the ground displacements and the soil will continue to move past the
pipe with no increased pipe deformations. The sequence of these events depends on
numerous parameters including the length of the imposed displacement profile, depth

of cover and soil strength, pipe temperature differential, pressure, etc.

It is only possible to develop simple design formulas for large differential ground
displacements based on elastic stress analysis procedures for highly idealized
conditions, such as uniform ground displacement along the axis of the pipe or

arbitrarily-assumed deformation pattern of pipe in the soil.
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Movement of a buried pipeline can occur at the apex of sidebends, sagbends and
overbends. This movement can be caused by either a net outward force generated by
internal pressure, or expansion caused by temperature increases. The resulting forces
are resisted by the pipe bending and axial stiffness and by the soil bearing and shear
resistance. Soil resistance is a function of burial depth, backfill material type and
level of compaction. This effect becomes an important consideration when
transporting fluids at high temperatures, when the soil resistance is relatively weak,
such as 1s in offshore buried pipelines [Kim], or with shallow covers. For instance, if
the soil cover is insufficient at an overbend, the pipe can fail the overlying soil and
deform past specified performance limits, or possibly rupture. Furthermore, the soil

resistance can be degraded under large numbers of thermal cycles.

Underlying corrosion processes and mitigation strategies are different for the two
types of corrosion. Internal corrosion occurs primarily due to a reaction between the
product and the pipe and is influenced by the product composition, flow
characteristics, and pipe profile. Protective measures against internal corrosion
include addition of corrosion inhibitors to the product, running cleaning tools to
remove deposits in pipe, reducing the water content in the flow and installation of
protective liners. External corrosion occurs primarily due to an electro-chemical
reaction between the soils surrounding a buried pipe. External coatings on the pipe
surface and cathodic protection of the pipe with direct current between the pipe and a
sacrificial anode are commonly employed as protective measures against the

occurrence of external corrosion.

4 Diagnostics and modern methods of reconstruction of underground gas
pipelines
The system of pipeline transport in Russia has a number of features due to
operating conditions, design and exploration of gas pipelines. To ensure the full
operation of the main and field pipelines, it is necessary to solve the problem of
assessing their performance, and to increase the reliability of their operation. To

implement this decision, the technical condition of the pipelines must be diagnosed.

Jlucm

[Ipunoxenue A 97

N3m.

Jluecm Ne dokym. lModnucek | Jama




During diagnostics, the steps are the following:
* hazard analysis and classification of defects;
Determination of the nature of loads on the defective area and the strength properties
of the metal pipes;
* solving problems on the bearing capacity of a pipeline with a defect based on
normative materials and special techniques based on the mechanics of the deformed

body and destruction;

* obtaining results on the diagnostic level of stresses and deformations in a hazardous
area, making decisions on the operability of the pipeline in the presence of a defect,
based on all the aggregate information.

At present, the most rapid and informative method for diagnosing the trunk
pipeline systems 1is an ITD (Internal Trunk pipe Diagnostic). The use of in-pipe
diagnostics makes it possible to detect all the main types of defects, ranking them
according to the degree of danger and determining the priority of main gas pipelines
for identifying the damaged areas and putting them into repair.

Modern flaw detectors meet the requirements to determine the shape and size of
defects to a greater extent. The particularity is that they allow to detect defects with
the smallest dimensions, to determine the smallest distance between two adjacent
minimal detectable defects, and also with a lower probability of missing parts with

obvious defects or unreasonable rejection of suitable parts.

During inside-pipe diagnostics, the following types of pipe wall defects are
detected:
1) production defects: spreading, sunsets, inclusions and defects of longitudinal
welded joints.
2) building defects: risks, scuffs, dents, corrugations and defects of ring joints.
3) operational defects: external and internal corrosion, fatigue cracks in the body of
the pipe and welded joints due to low-cycle loads.

For effective conduct of in-pipe diagnostics, it is necessary to thoroughly clean

the internal cavity of the pipeline from paraffin-resinous deposits, as well as from
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foreign objects. For cleaning, purification devices (DU) are used with cleaning discs

made of high-quality polyurethane.

4-D LEVEL DIAGNOSTIC DIAGRAM

1) detection of defects in geometry (with a reduction in the pipeline cross-section):
dents, corrugations, ovality of the section, elements protruding into the pipe;
2) detection of defects such as metal loss (with a decrease in the wall thickness of the
pipeline): corrosive ulcers, scratches, metal tear, stratification and foreign inclusions
in the pipe wall;
3) transverse cracks in the body of the pipe and annular welds;
4) longitudinal cracks in the body of the pipe and longitudinal welds.

The 4 levels are explained in details:
First level of diagnostics: detection of defects in geometry. A scraper-gauge is used
to determine the minimum flow section of the pipeline section (70% of the internal
diameter of the pipeline). Then, misses of the projectile projectile are determined by
defects in geometry and features of the pipeline position (the radii of curvature of the

angles of rotation of the pipeline in the plan and profile).

Second level: detection of defects such as loss of metal when using a missile
projectile with radials installed in the plane of the tube cross-section by sensors. In
the case of external corrosion, the transit time of the signal in the pipe wall decreases,
which gives a directly quantitative measure of metal loss. In the case of internal
corrosion, the propagation time of the signal increases.

Third level: the detection of transverse cracks and cracks-like defects in annular
welds using a magnetic projectile-flaw detector (MFL), bypassing longitudinal
cracks. When the projectile moves, the system of permanent magnets magnetizes the
pipe section. The presence of certain features in the magnetized metal of the pipe
wall causes distortion of the magnetic flux lines (magnetic flux scattering), which is

fixed by a system of electromagnetic sensors and recorded for subsequent processing.
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Fourth level: identification of longitudinal cracks in the wall of the pipe, cracks and
cracks-like defects in welded seams with the use of a set of technical aids in a missile
projectile with sensors positioned obliquely in the plane of the pipe cross-section.
4.1 Leak testing and safety early- warning loop

Leak testing and safety early-warning loop is the first leak testing and safety
early-warning test loop in China, with the length of 3.6km. The conveyance media
realizes the transition of liquid and gas. The loop can be used to conduct pilot plant
test study on the pipeline leak detection technique, the safety early-warning technique
and the pipeline anticorrosion technique.

4.2 Ultrasonic guided wave detection

Simultaneously serving as the ultrasonic guided wave international cooperation
lab and training center, the base establishes cooperative relationship with many
international enterprises and technological institutions like British Guided Wave
Company, and jointly conduct study and extension of the ultrasonic guided wave
technology in Asia. The base has been equipped with nondestructive testing
equipments like ultrasonic wave, ultrasonic guided wave, phased array, TOFD and
turbulence, has been established with full-scale simulation test pipeline like buried,
overhead and crossing, and is able to realize the detection, diagnosis and analysis test
study of various kinds of defects.

4.3 Modern methods of underground pipeline reconstruction

Any complex technical system requires not only competent design and
compliance with all technological parameters during construction, but also
subsequent maintenance. And such large-scale structures as gas pipelines are
naturally aging over time, after they have worked out the depreciation life, they
become unsuitable or completely unsuitable for further work, which entails gradual
loss of head, reduced capacity of the gas pipeline, deterioration of the physical and
chemical properties of the transported gas, and Also a significant number of
accidents. As a result, not only is it brought to great ecological, material damage,
harms people's health, but also puts at risk the life of the one who is near the

breakthrough.
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Ensuring the stable functioning of the main gas pipelines, as well as maintaining their
reliable and safe operation are among the top priorities of the operation of the gas
pipeline system. This issue is currently becoming particularly relevant in the area
where the aging of underground gas pipelines and other objects of the gas
transportation system has reached critical levels.

Overhauling and reconstruction can achieve ensuring the efficient and reliable
operation of gas mains. However, overhaul is considered an alternative strategy to
extend the life of equipment with the maintenance of the project technical condition
and technical and economic indicators of the facilities. Reconstruction, which i1s
carried out on the basis of modern technical solutions developed with due regard for
the latest achievements of science and technology, makes it possible to improve the
technical and economic performance of the main gas pipeline, and at the same time
address socially important problems such as improving working conditions and

protecting the environment.

According to STO Gazprom 2-3.5-051-2006 "Norms of technological design of main
gas pipelines," the main directions or tasks of reconstruction of the gas transportation
system are to provide planned gas flows through the gas pipeline, improve the
industrial safety of gas transport, improve the environmental safety of gas transport,
improve economic efficiency Transport of gas and are realized by expanding existing
facilities, replacing and modernizing morally and physically obsolete equipment
Modern highly efficient, reliable and safe.

In recent decades, a new promising technology, called trenchless methods for the
reconstruction of long-lived underground pipelines, has appeared. The trenchless
method is in this case the most acceptable, reliable, technological and economical
way, providing the most effective result in conditions of limited space, intensive
traffic flow and high density of laid underground communications. In addition, the
trenchless method of reconstruction of an underground pipeline has other advantages:
* the least environmental damage to nature and the environment;

* less chance of damage to underground cables and other communications;
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* less inconvenience to the local population;

* exclusion of works on the development of underwater trenches, their filling, the
device of shore strengthening;

* Increase of reliability due to the fact that the pipe is laid in an array of undisturbed
soil to a great depth;

* Reduction of operating costs due to the exclusion of diving surveys and the need
for periodic works to eliminate erosion of pipelines;

« preservation of the natural landscape and much more.

In general, depending on the restriction on the area of reconstruction, it is
possible to classify trenchless reconstruction methods into two groups: the first
includes methods that are used when it is possible to build additional threads (a new
pipeline or new ones) in the corridor of an existing gas pipeline using trenchless
laying technology, and to The second - in cramped conditions, carry out a
reconstruction in the place of an old worn-out gas pipeline.

The first group of trenchless reconstruction technology includes the following
methods: puncture, punching, microtunneling, and directional horizontal drilling.
Closed laying of pipelines of casings (cases) is carried out mainly by puncture,
punching, horizontal drilling, and for the laying of collectors and tunnels a shield
method is used.

Puncture is best used for laying pipes of small and medium diameter from 50 to 530
mm for a length of 80 m at a speed of 3-6 m / h. The best ground conditions for the
application of this method are in clay and loamy (cohesive) soils of normal humidity
that do not contain solid inclusions. The necessary effort depends on the nature of the
soil, the diameter and length of the pipe to be laid, and ranges from 150 to 2500 kN.
The most frequently used pressure jack-jack installations as forcing and traction
means. The main advantage lies in the fact that the laying of pipes with the help of
cone-shaped tips in the ground mass reduces the resistance arising from deformation

of the ground, and also reduces the frictional forces.
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The method of extrusion is characterized by extraction from the pipe of a soil plug or
core, it can be used practically in any soils of Groups I-1V, it is suitable for pipes with
a diameter of 800-1720 mm with a laying length of up to 100 m. As a rule, pushing
pump- From two-, four-, eight- and more hydraulic jacks with the necessary pressing
force of 4500 kN and at the same time the penetration rate is reached 1.5 m / h.
Limitations to the application of this method are as follows: in the floating soils the
method is not applied and in hard rocks it can be applied only for pushing the pipes
of maximum diameter. The soil is developed by manual or mechanical means.
Microtunneling is used when pipelines, collectors and tunnels of considerable
diameters and lengths are needed. During the preparatory period, two foundation
ditches (starting and receiving pit) are being developed. The distance between the
starting and receiving shafts ranges from 50 to 500 m. With an excavation length
exceeding 200 meters, an intermediate jack station is used. The soil is developed by
the cutting tool of the tunnel board. The soil is mixed with water (or bentonite
solution), which is fed into the slaughter along the supply lines, and along the
diverting lines the resulting slurry enters the settler, which is located at the starting
pit. Compared to other methods, this method is relatively expensive. As an example,
consider today's data from the company DVN-Story: the work of microtunneling
equipment from Herrenknecht AVN 1000 and AVN 2000 with the cost of laying
respectively 36 thousand and 120 thousand rubles per 1 meter of pipe, and the price
per 1 meter of the HDD Pipelines 800 mm in diameter is 28 thousand rubles, it means
almost 1.5 times more.
Horizontal directional drilling differs in laying pipelines along any trajectory,
continuous monitoring of the drilling process and adjusting the route in the process of
its construction, and is carried out in three stages: drilling a pilot well, successively
expanding the well, and pulling the pipeline. This method provides the laying of
underground pipelines with a diameter of up to 1420 mm for a distance of up to 2 km.
However, in the presence of groundwater, the method is not applied. Inefficient in

watered and loose soils.
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The second group of trenchless reconstruction technology is considered more
modern and effective. Currently, the most popular methods of reconstruction of worn
underground gas pipelines are as follows:

1. The method of "pipe in a pipe without destroying an existing pipe" - dragging into
the internal cavity of the reconstructed pipeline of a new polyethylene yarn.

2. Technology of pipes sanitation - The method of "pipe-to-pipe - with destruction"
followed by the laying of a new polyethylene lash of a larger diameter (up to 1500
mm).

3. Method of forming a pipe from a fast-curing stocking (sanitation of pipes using the
"Phoenix" technology) - cladding of the cleaned internal surface of gas pipelines with
working pressure up to 1.2 MPa with a synthetic fabric hose on a special two-
component glue.

4. The method of applying a new coating on the internal surface of the gas pipeline
being reconstructed (cement-sand coatings) with a thickness of 4-16 mm, depending
on the diameter of the pipeline. The range of the outside diameters of the pipeline is
from 150 to 2000 mm. This method is suitable for damage in the form of medium
corrosion of the internal surface of pipes and abrasive wear and is not accepted with
the open joints of pipes, the displacement of pipes in joints and deformation of pipe
sections. There are a number of advantages: simplicity, relatively low cost (about
30% of the cost of a new thread), stopping corrosion of the inner surface of the
pipeline and reducing hydraulic resistance.

5. Technology "U-liner" - in which a U-shaped polyethylene string is dragged inside
the pre-cleaned repairable pipeline, followed by straightening it with a coolant of a
certain temperature, followed by the formation of a new one-piece polyethylene

pipeline.
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