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Hamnpasnenue noarotosku (cnenuainbHocTh) 21.04.01 «HedrerazoBoe nemox»
npoduis «Hane:)KHOCTh M TOJITOBEYHOCTh T'a30HE()TEITPOBOIOB U XPAHUIIHIID)

Kadenpa Tpancnopra u xpaneHus HeTu U raza

MATUCTEPCKASA JTUCCEPTALIUA

Tema padoTsI

«CpaBHUTEIBHBIA aHAINU3 POYHOCTHBIX XapaKTEPUCTUK CTajiell TpyOHOro cCOpTaMeHTa B
npolecce AIUTEIbHON SKCIUTyaTallid MarucTpajbHbIX ra30He(TEIPOBOIOBY

VJIK 622.69:669.14:539.4

CryneHt
I'pynna DdPUO Moanuce Jara
26M4A Ce M.K.
PykoBogurens
JloKHOCTD (1% (0] ‘Y4enasi cTeneHs, Toanmuch JlaTta
3BaHue
npodeccop Kokymkun 10.A. K.T.H., IOLEHT
KOHCVYJIbTAHTHI:
ITo pasacity «®DuUHAHCOBBIM MCHCIPDKMCHT, pECypCOd )(I)GKTI/IBHOCTB n pecypcoc6epe>KeHI/Ie»
JloJzKHOCTH [(5(0] Yuenas crenenb, Iloanucn Jlata
3BaHHe
JIOLEHT [Tapp U. B. K.3.H, IOLEHT
ITo pa3zneny «ConuanbHasi OTBETCTBEHHOCTbY
JoKkHOCTD [(%(0] ‘Y4eHasi cTeneHs, IMoanuch JaTa
3BaHue
JIOLIEHT Kpemnma H. B. K.I.-M.H.,
JOILICHT
KOHCYJ'II)TaHT-J'II/IHFBI/ICT
JoKkHOCTD (1% (0] Yuenas creneHs, Moanucey JaTa
3BaHue
Crapmmi [ITenneposa U. B. CTapIINM
npenoaaBaTeiib npenoaaBaTejib
JOINYCTUTH K BAIIIUTE:
3aB. kadeapoii DPUO YueHasi cTeneHb, Moanucey Harta
3BaHUE
TXHI Pynauenxo A.B. K.T.H, JOIICHT

Tomck — 2016r.




ITnanupyemuie pezynomamol 00yueHus Macucmpanmog

Pe3ynbTarnl 00y4yenust

TpeooBanus ®I'OC,
KpUTepHeB W/WIH
3aHTEPEeCOBAHHBIX CTOPOH

2

3

[IpumMeHsTh  €CTeCTBEHHOHAYYHBbIE, MAaTeMaTUYECKHE,
ryMaHUTapHbIE, HKOHOMHYECKHE, UH)KCHEPHBIE,
TEXHUYECKHE U TITyOoKHe mpodeccuoHalbHbIe 3HAHUS B
00J1acTH COBPEMEHHBIX HE(PTEra3oBbIX TEXHOJIOTUH IS
PCLLIEHUST HPUKTIAOHBIX MEHCOUCYUNTUHAPHBIX 3a0ad W
UHIICEHEPHBIX NpoOeM, COOTBETCTBYIOIIMX MPO(UITIO
MO/ITOTOBKH (B HE(PTEra30BOM CEKTOPE SIKOHOMHKH )

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

P2

HJ'IaHI/IpOBaTB n IIPOBOAWTDH AHAJIINTUYCCKUC n
OKCIICPUMCHTAJIBHBIC uccneooeanuss ¢ UCIOIb30BaHUEM
HOBEHIIINX JOCTHKEHMI HayKu W TCXHUKH, YMCTb
KPUTUYCCKHU OLCHHBATHL PE3YJIbTAThI U JCJIAaThb BBIBOIHI,
IOJIYUYCHHBIC B C/IOJMCHbIX U Heonpede/zéHHbzx ycaosusx,
HCIIOJIB30BATh NPpUHYUNDbL u306pemamefzbcm6a, npaeoevie

OCHOBbI-6 001ACMIU UHMENIEKMYATbHOU COOCMBEHHOCMU

OK-1; OK-2; OIIK-2; OIIK-4,
OIIK-6; TIK-1; T1K-2; I1K-3; TTK-
4; TIK-5; TIK-6; TIK-7; TIK-8;
IIK-9; IIK-10; IIK-11; IIK-14;
IIK-15; IIK-17; TIK-18; I1K-19;
IIK-20; I1K-22; I[1K-23

P3

ITposiBiATE TPO(ECCHOHATIBHYIO  0C8€00MIEHHOCHb O

nepedosbIX  3HAHUAX U OMKpbImusAX B OOJIACTH
He(hTEera3oBbIX TEXHOJOTHMH C Y4YETOM 1epedo8oo
omeuecmeeHHo20 U 3apybexcHo2o ONbITa; UCTIONb30BaTh
UHHOBAYUOHHBIL NOOX00 TIPU Pa3pabOTKe HOBBIX MJIEH U
METO/IOB  MPOeKmuposanuss OOBEKTOB He(TEra3o0BOro
KOMIUIEKCA IS peuleHUsl UHHCEHEPHBIX 3a0ay PA36Umis
He(TerazoBbIX MoO0epHuzayuu U

YCOBEPUIEHCNBOBAHRUA He(l)TeFaSOBOFO ITIPON3BOACTBA.

TEXHOJIOTHH,

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

P4

Brneopsamye,  sxcnnyamuposamv  u - 0bCHyHCUBAMD
COBpeMeHHble MAUUHbL U MeXaHu3Mbl JUI peatn3alu
TEXHOJIOTHYECKUX TPOIIECCOB HEe(Tera3oBoil 00IacTH,
00ecneynBaTh UX 8bICOKVIO 3hhekmusHoCcmpb, COOMONAT
TIPaBUJIA OXPAHbl 300p06bsi U Oe30nacHoCmu mpyoa,
BBITIOJTHATh TPeOOBAHUS TO 3awume OKpycaroujelt

cpeoul.

OK-2; OIIK-1; OIIK-2; OIlK-7,
OI1K-8, ITK-1; TTK-3; TTK-6; T1K-
9; T1K-10; TIK-11; I1K-14; TIK-
16; IIK-17; T1K-18; TIK-19; TIK-
21; TIK-22;

PS

BBICTpO OpUEHTHPOBATHCSI U BBIOUPATH ONMUMATbHBLE
peuileHuss 8 MHO20(AKMOPHLIX CUMYayusax, BIAJIETh
METOJaMU ¥ CPEACTBAMU  MAMemMamuyeckoeo

MOOQJZUPO@GHM}Z TCXHOJIOTHYCCKUX MTPOLICCCOB U 00BEKTOB

OK-2; OK-3; OIIK-1; OIIK-2;
IIK-4; IIK-5; TIK-6; TIK-7; TIK-
8; [1K-9; T1K-10; I1IK-11; I1K-17;
T1IK-20;




Pe3ynbTarnl 00y4yenust

TpeboBanus PI'OC,
KpUTepHeB /Wi
3aMHTEePecOBAHHBIX CTOPOH

2

3

P6

D hEeKTUBHO UCTIONH30BATH JTFO00I UMEIOIIMICS apceHaT
TCXHUYCCKUX CPCACTB AJISI MAKCUMAJIbHOT'O HpI/I6J'II/DK€HI/DI
K TIOCTaBJICHHBIM TIPOU3BOJICTBEHHBIM MEISIM  TIPH
paspabomke U  peanusayuy  NPOEKmMos, TPOBOIUTH

OKOHOMUYECKULl  AHATU3 sampam, MapKemuHz06ble

uCCﬂé@OGClHM}Z, IKOHOMUHUECKYIO

agppexmusrocmb.

paccdumuledntv

OK-2; OIIK-1; OIIK-2; OIIK-4,
OIIK-7, OIIK-8, IIK-1; IIK-3;
I1K-4; TIK-5; TIK-6; IIK-8; IIK-
9; IIK-10; TIK-11; TIK-13; TIK-
14; TIK-15; TIK-16; TTK-17; TTK-
18; TIK-19; I1K-20; TTIK-21; IIK-
22; I1IK-23

P7

Db dekTuBHO padboTaTh UHOUBUOYATLHO, B KAUECTBE UICHA
yMeHue (opmupoBaTh
BHUJIOB

U  pyKogooumesns KOMAHOWbL,

3alaHuA n onepamueHvle NnJjldHbl BCEX

ACATCIIbHOCTH, PACHPCACIIATh 00SI3aHHOCTH  4JICHOB

KOMaH/ibl, T'OTOBHOCTb HECTH OmMeemcCcmeeHHOCmb 3d

pe3ybmamsl pabomol

OK-1; OK-2; OK-3; OIIK-1;
OIIK-2; OIIK-4; OIIK-5; OIIK-
6; IIK-6; I1IK-11; TTIK-12; TTIK-13;
I1K-14; TIK-15; T1IK-23

P8

CaMOCTOSITEIIBEHO YUUTBCA U HCHPEPBIBHO 70O6blULANT

Keanughukayuro B~ TEUEHWE  BCEro  Iepuoia
poeCcCUOHANIBHON  IEATENbHOCTH; aKTUBHO &1ademy
UHOCMPAHHLIM ~ A36IKOM HA YPOBHE, IO3BOJIIOILEM
paboTaTh B MHTEPHALMOHAIBLHOMN cpesie, pa3padaTbiBaTh
JOKYMEHTALIMIO0 U 3allMIIATh Pe3yJbTaThl MHKEHEPHOM

JACATCIIBHOCTHU

OK-1; OK-2; OK-3; OIIK-2;
OI1K-3; OINK-4; OIIK-5; OIK-7,
OIIK-§, IIK-1; IIK-8; I[1K-23




TOMSK TOMCKKUW
POLYTECHNIC MNONUTEXHUYECKWUN
UNIVERSITY ININ yHVBEPCUTET

MunucrepcrBo o0pazoBanusi U Hayku Poccuiickoii @enepannn
denepanbHOE roCy1apCTBEHHOE ABTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHHE
BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

WMHCTUTYT OPUPOAHBIX PECYPCOB

Hamnpasnenue noarorosku (cneunanbHocth) 21.04.01 «Hedrerasosoe neno»
npodmib «HaexHocTh ra3oHeTENPOBOIOB U XPAHUIUIID)

Kadenpa Tpancrnopra u xpaneHus HeTv U ra3a

YTBEPXAIO:
3aB. kadenpoii
Pynauenko A.B.
(ITonnuce) ([ara) (®.1.0.)
3AZJAHHUE
HA BBINOJIHEHHE BBINNYCKHOM KBAJIM(PHKANMOHHON padoThl
B dopwme:
MarucTepCKON AUCCEPTALUN
Cryznenry:
I'pynna ouo
2BM4A Ce Muxauny Kununesuuy

Tema paboThI:
«CpaBHUTENBHBI aHATU3 MPOYHOCTHBIX XapaKTEPUCTHK CcTajeil TpyOHOro coprameHTa B

mponecce JUINTEIIbHOM 9KCILTyaTallu MAaruCTpajJbHbIX l"a30He(I)Ter0BO,Z[0B»

VYTBepkaeHa IpUKa30M AUpPEKTopa (1ara, HOMeEp) Ne 3284/c ot 28.04.2016 T.
Cpok cmauu CTYJIEHTOM BBITIOJTHEHHON paOOTHI: 19.05.2016 1.
TEXHHUYECKOE 3AJIAHHUE:
Hcxonnblie 1aHHbIE K padoTe Cramu TpyOHOTO copramenrta; cranb 171°C;
nedexT, 0OHapy>KCHHBIN B pe3yJibTaTe

BHYTPUTPYOHON JUArHOCTUKH.




IMepeyens momieskammx uccjaeaoBanu, | [lorck 1 00630p JIuTEpaTyphl IO TEME; AaHATUTUKA

NMPOCKTUPOBAHUIO U pa3pa60TRe HU3MCHCHUA MPOYHOCTHBIX CBOﬁCTB; METOANKa

BOIIPOCOB pacuera nedekra B TpyOOmIpoBoOIL.

Ilepeuyenb rpapuueckoro Mmarepuasa I'padmueckue marepuanbl OGOPMIICHBI B BHJE
npesenraru Microsoft Power Point

KoHcyabTaHTBI 0 pa3aejaM BbINTYCKHOH KBAJIN(PUKAIMOHHON PadoThI

Pazgen Koncyabrant

«DunancoBpld  MeHemxMeHT, | [llapd U.B. k.3.H, noneHT
pecypcodhHEeKTHBHOCTh u
pecypcocOepekeHne»

«CouuanpHasa Kpenma H.B. k.r.-M.H., 101I€HT
OTBETCTBEHHOCTD)

Ha3panusi pa3ieoB, KOTOpbIe J0/LKHBI ObITH HANMKMCAHBI HA PYCCKOM M MHOCTPAHHOM
SI3BIKAX:

«Posb Bo3pacTa TpyOOIpoBOIa B €0 OCTATOUHOM peCcypce

JlaTa BbI1a4M 32JaHUS HA BbINIOJIHEHUE BHINYCKHOM 16.03.2016r
KBATU(PUKAIMOHHOM PadoThI 10 JUHeHHOMY rpauky

3aganue BbIAAJ PYKOBOAUTEC/Ib:

JlokHOCTH (1% (0] ‘Y4enasi cTeneHs, TMoanuch JlaTa
3BaHHe

npodeccop Kokymikun 10.A. K.T.H., JIOIICHT 01.02.2016

33}13HI/IC NPUHAJT K HCIOJHCHUIO CTYAECHT:

I'pynna dUO Moamuce Jara

2BM4A Ce Muxaun Kununesny 01.02.2016




_ 3AIAHME JJISl PA3JIEJIA
«@UHAHCOBBIIf MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
Crygnenry:
I'pynna ouo
2bM4A Ce Muxauna KununeBnua
Hucruryr urip Kadenpa Tpancnopra u XpaHeHust
He()TH M raza

YpoBeHb o0pa3oBanusi | Marucrp Hanpasaenue/cnenuansuocts | 21.04.01. «Hedrerazosoe
ae1o», npodguiab «Hagexnocts
" JA0JITOBEYHOCTh
ra3oHe(dTenpoBoioB H
XPAHHJIHIID)

Hcxonnbie nanHbIe K pasaeny «PHHAHCOBbINH MEHEIKMEHT, pecypcod(p(PeKTHBHOCTh U
pecypcocOepeKeHue»

1. Cmoumocms pecypcos npoexma: mamepuansHo-
MEeXHUYeCcKUx, IHep2emu4eckKux, QUHaAHCOBbIX,
UHDOPMAYUOHHBIX U UETI08EUECKUX

OUASHOCIUKU

Oyenka 3ampam Ha nposedenue GHympumpyoHol

2. Hopmbel u Hopmamussl pacxo008anus pecypcos

1. CTO I'asnpom P[] 1.12-096-2004

3. chonwyemaﬂ cucmema Haﬂ02006ﬂ03fC6HM}l, cmaeKku
HA102086, omtmcxzeHuﬁ, ()MCKOHMMPOGGHM}I u erdumoeaﬂuﬂ

2. P3-213  om

1. Hanozoswiii kooexkc PD;
24.07.2009 &
om 09.03.20162. Ne 55-D3.

peoaxkyuu

IlepeyeHpb BONPOCOB, NOIJIEKANINX HCCIETOBAHNIO, MPOEKTHPOBAHUIO U pa3padoTKe:

uccne008anuil

2. Inanuposanue u popmuposanue 6100xcema HaAy4HbBIX

1. oyenxa xommepueckozo nomenyuana, nepcnexmusnocmu 1.Onpedenenue 3 pecypcrou
nposedenus npoexma c nosuyuu pecypcodppexmusnocmu u | (Pecypeocoepezaouei) spexmusnocmu
pecypcocbepedicenust hpoexkma.

1. Cocmaenenue naana npoexma ¢ yuemom

HeoOX00UMbBIX 8DEMEHHbIX U MPYOO8bIX 3AMPAnl.

3. Onpedenenue pecypcHoii (pecypcocbepezaroweii),
Gunarncogoil, 6100HCeMHOM, COYUATLHOU U IKOHOMUYECKOU
aghpexmugnocmu uccied08ans.

1. Pacuem cymmapuvlx sampam Ha npogedeHue
BHYMPUMPYOHOU OUACHOCTIUKU.

Hepeqeﬂb rpa(]mquKoro MATEPHUAJIA (c mounvim yrasanuem obszamenviblx uepmedicetl):

Tabauyvr: «Obopyodosanuen; «Pacuem cmoumocmu Mamepuanos Ha nposedetue meponpuamusy, «Pacuem
s3apabomunou niamoly; «Amopmusayuonnvle omuucienuay, « Pacuem cmpaxoeguix 3nocosy; « Obwue s3ampamaoly.

‘ JaTa Bbl1a4u 3aaHUsA JJISA pa3fesa 1o JUHeHHOMY rpaguky

3aganue BbIAAT KOHCYJBbTAHT:

JoKkHOCTD (0115 (0] ‘Y4eHasi cTeneHs, TMoanmuch JaTa
3BaHue
noteHT Kadeapsr 1P [lapd Upuna K.9.H.
BanepreBHa
33}13HI/I€ NPUHAJT K HCIOJHCHUIO CTYAECHT:
I'pynna [0)7 (0] Hoanuch Hara
2BM4A Ce Muxawnn KununeBuy




3AJIAHUE JIJISI PA3JIEJIA
«COLIUAJIBHASI OTBETCTBEHHOCTb»

CryneHry:
'pynna DUO
2bM4A Ce Muxanny Kununesuuy
HucTuTyT Kadenpa
YpoBeHb 00pa3oBaHMsl | MarucTp HanpasJ/ieHue/cnenuajJbLHOCTh 21.04.01 «HedrerazoBoe nemo» mpoduiIb
«HanexHocTh razoHe()TeNpPOBOIOB u
XPAHMUJIULDY

Hcxoanblie JaHHBIE K pasaeiny «COIII/IaJILHaH OTBETCTBEHHOCTD) .

1. Xapaxmepucmuka o6vekma uccneoosanus (6eujecmeo,

— Mmamepuan, npubop, aneopumm, Memooukd, pabouds 30Ha)

Paccmampusaromes meponpusmus
Heobxooumbie 014 NpoedeHUs.
BHYMPUMPYOHOU OUASHOCTMUKU
MAUCPATLHOO 2A301P0800A 8 patioHe
Kpaiinezo Cesepa, ouacnocmuka
nPOU3800UMCIL KDY 2L020OUUHO.

IlepeyeHb BONPOCOB, MOIJIEKALUX HCCIETOBAHNIO, MPOEKTHPOBAHUIO U pa3padoTKe:

1. Ilpouzeoocmeennan dezonacnocme.

Ipoananusuposams ciedyrouue 8peonvle u
OnacHvie nPOU3BOOCMEEHHbLE PAKMOPbL U
060CHOBAMb MEPORPUSIMUSL NO UX YCIPAHEHUIO.!
1. npesviwenue yposueii wiyma,

2. omKIOHeHue noxkazameell KiumMama Ha
OMKPLIMOM 6030yXe€;

3. 3acazosannocme pabouyeil 30Hbl;

4. ymeuku 6peOHbIX U MOKCUYHBIX GEUECTNE 6
ammocgepy

5. 0sudICywuecs MAuUHbL U MEXAHUIMbL
npoU3600CMEEHHO20 000PYO08AHUS,

6. 8bicoKO€e 0agneHue 2a30npPosooa;

7. NOACAPOB3PLIBOONACHOCHID;,

8. 3akono0amenvHoe pe2yIuposanue nPoeKmHbIX
peutenuii

2. DKonrozuueckasn 6e3onacnocmo:

Tpusecmu ananuz 6030eticmeutl Ha OKPYHCAIOWYIO

cpedy u Memoobvl 60CCMAHOBLEHUS YeIOCMHOCIMU
NPUPOOHBIX 00BEKMO8 NPU NPOBEOeHUU
BHYMPUMPYOHOU OUACHOCUKU.

3. Besonacnocmo 6 upe3ebmaﬁubtx cumyauusax:

B paiione desmenvnocmu 603m0icHO
BO3HUKHOBEHUE CEOYIOUUX BUOOG UPE3BbIUAIHBIX
cumyayui.




—  NasooKoBvle HABOOHEHUSL,

—  JleCHble Nodicapbl,

—  meppopucmuiecKue aKnmol;

— N0 NpuYuUHAM MEXHO2EHHO020 Xapakmepa
(asapuu),

— asapuu mMo2ym npugecmu K upe38blYaliHbIM
cumyayusim.

4. Ilpasosvie u opzanuzauyuonnvle 60ONPOCHl o0becnevenus
bOezonacnocmu:

Coenacno CTO I'asnpom 2-3.5-454-2010
«lIpasuna sxkcniryamayuy Ma2ucmpaibHbIx
2a30npo60008» Npu IKCNILYAMAYUU
MALUCMPATILHBIX 2A301P0OBO00E IKCHILYAMUPYIOWast
opeanusayus (30) opeanuzyem u ocyujecmeisem
AOMUHUCTNDAMUBHO - NPOU3600CNBEHHbILL
KOHMPOJIb 3a COOM0OeHUeM Mpedoanul
npomwluienHol bezonacnocmu Ha obvekmax MI" 6
nopsoke, onpedensiemom OAO «l aznpomy.

‘ JlaTa BbI/1auu 3a1aHusA JJIA pa3jiesia no JuHeHHoMYy rpaduxy |

3agaHue BbI/1aJ KOHCYJIbTAHT:

JloKHOCTH [2%(0] Yuenasi cTeneHb, 3BaHNe Hoanuch JlaTa
JHouent kad. DbX Kpenma Huna Kanaunat reosoro-
BrnagumupoBHa MHUHEPATOTHYECKUX
HayK

3azlalme NMPUHAJ K UCITIOJTHEHUIO CTYAECHT:

I'pynna DdPUO

Hoanuch JlaTa

2BMA4A Ce M.K.




Pedepar

Brinmycknas kBanugpukannonHas padora Ce M. K. Ha Temy «CpaBHUTENBHBIHI
aHaJIM3 TMPOYHOCTHBIX XapaKTEPUCTHK cTajied TpyOHOro copTamMeHTa B Ipolecce
JUTUTEIHHON IKCIUTyaTallil MaruCTPaJbHBIX Ta30HE(PTEIPOBOIOB ».

Mecto mumnomupoBanuss HU TITY, UIIP, TXHI, cneunansHocts 131000
«Hedrerazosoe neno», npodpuns «CoopyXeHHE U PEMOHT OOBEKTOB CHUCTEM
TPyOOIIPOBOJHOTO TPAHCIIOPTay, pykoBoauTenb Kokymmkun FO.A.

2016 rox, 6 rnas, 108 crpanui , 7 popmyi, 9 pucyHkoB, 46 HCTOUHUKOB.

[MPOYHOCTD, YCTAJIOCTHOE PA3PYIIEHUE, CTPYKTYPA, CTAJIb,
[MPEJEJI TIOPYHOCTMU.

Lens paboThl — aHaIM3 MU3MEHEHHUS MPOYHOCTHBIX XAPAKTEPUCTUK CTalleh
TpyOHOTO COpTaMEHTa B NPOLECCE UIMTEIbHON H3KCIUTyaTallud MarucCTPaJbHbBIX
ra3oHe(TenpoBOIOB.

B npouecce paboThl ObLT MCCIENOBaHU MPOIECC U3MEHEHMSI MPOYHOCTHBIX
XapaKTEPUCTHK a TaK K€ CTPYKTYpbl CTalM, MPOMU3BEIEHA AHAIMTHUKA HU3MEHEHUS
MIPOYHOCTHBIX XapakTepuctuk ctanu 17 I'C.

BrinyckHast kBanuuKalMoHHasi pad0Ta BHINIOJIHEHA B TEKCTOBOM PEIAaKTOpe
Microsoft Office Word, rpadudeckuii MaTepuain BeimojiHeH B mporpamme Kompas 3D,

TaOJIUIIBI cOCTaBlieHbI B mporpamme Microsoft Office Excel.



Onpenesenus

B nannoil paboTe npuBeneHbI CIEAYIOIMINE TEPMUHBI C COOTBETCTBYIOIIUMU
ONpEICIICHUSIMU:

Pa3pymieHue — nOSBIEHHME HOBBIX WM YBEJIWYEHUE IUIOLIAAM CTapbIX
CBOOOJTHBIX MTOBEPXHOCTEHN B KpUCTALIE.

Tpeumna — y4acTOK TBEPAOrO Tella, OrPAHUYEHHBIA CBOOOJAHBIMU
MOBEPXHOCTAMH (32 UCKIIFOUEHUEM BHEITHEN ).

[ukn — 3aMKHyTass OAHOKpaTHas CMEHa HANpsHKEHUM, MOoJIydarollas Herpe-
PBIBHBIN Pl 3HAYCHUM.

IIpenaen MNPOYHOCTH — MEXAHWYECKOE HANPSDKEHUE , BBIIIE KOTOPOIO
MPOUCXOJUT pa3pyllieHue Mmarepuana. MHaue roBops, 3TO MOPOroBas BEIUYMHA,
NPEBBIIAs KOTOPYHD MEXAHMYECKOE HaIpsSHKEHUE pa3pylIuT HEKOe Telo U3
KOHKPETHOTO MaTepuala.

[Ipegenom TekydecTM —  MEXaHUYECKas XapaKTEepUCTHKAa MaTepuaia,
XapakTepHu3yrollas HalpsKeHue, Mpu KOTOPOM JiepopMaluy mpoJ0JKal0T pacTu 0e3
YBEIIMYEHUS HATPY3KHU.

OTHOCHUTENBHOE yIITTMHEHHUE O MPEACTABISIET CO00I OTHOLIEHNE MPUPALLECHUS
JUIMHBI 00pasiia TMocjie €ro paspbiBa K IMEpPBOHAYAILHONW pacyeTHOW MJIMHE U

BBIPAXKACTCs B IIPOLCHTAX.
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Bsenenne

DKCIUTyaTallOHHAsl HAJEXKHOCTh TPYyOOIPOBOAHONW CUCTEMBI BO MHOTOM
OINPEAENSIETCS] HEU3MEHHOCTBIO MPOYHOCTHBIX CBOMCTB METaJIa TPYO M CKIIOHHOCTBIO
€ro K Xpynkomy pa3pylICHHIO Ha MPOTSHKEHUH BCErO KU3HEHHOIO LHMKJIA CHUCTEMBI.
OcHOBHAasl 4YaCTh OTEYECTBEHHBIX TPYOOIPOBOIOB M3roTopieHa u3 cranei 14XI'CA,
1012C, 191", 17T°C, 17T'1C. TpyOsl u3 3TUX cTasiei HaxoAsATcs B 3kcruryaranuu 20...40
aet u Ooinee. M3BecTHO, YTO CBOMCTBA CTajlell MEHSIOTCA BO BPEMEHM B pe3yjbTaTe
nepepacipeiesieHnsl B TBEpJOM pacTBOPE aTOMOB YIJIEpOJAa M a30Ta. JTO SIBICHUE
Ha3bIBAIOT CTapeHreM. B MeTasie TpyO ra3onpoBo0B PH JJIUTEIbHOMN IKCILTyaTalluK
O]  BO3JECHWCTBUEM  M3MEHSAIOIIMXCA  IIapaMETpPOB  BHEIIHEW  Cpeabl W
TPAaHCHOPTUPYEMOIO MPOAYKTAa MPOUCXOAAT MEMJIEHHBIE NPOLECChl H3MEHEHHUS
MeTaJIIoTpauuecKoil CTPYKTYpbl, 00YCIOBICHHbIE PA3IUYHOTO BH/1a BO31EUCTBUAMU
Ha MeTayl TpyO. BoznelicTBue Ha MeTayul BJIaXXHOTO TPyHTa IMOCI]E MOBPEXKICHUS
W30JISIUMOHHOTO TOKPBITUS MPUBOJUT K KOPPO3UOHHBIM MOBPEXKIACHUSIM CTPYKTYPBI
Meraia. Ilpu Bo3geicTBUM TemmIepaTypbl MOIYT IIPOHUCXOIWUTH JIOKaJIbHBIC
nedopMallMOHHbIE TIPOLIECCHl 3a CYeT JIMHEHWHOro paciuupeHus. [{nurensHoe
BO3JICHICTBHE MOBBIIICHHON TEMIIEpaTyphl, Jaxe He cIMIKoM Beicokoi (30...40 °C),
MO’KET MPHUBECTH K CTAPEHUIO0 HU3KOJETHPOBAHHBIX HU3KOYIJIEPOAUCTBHIX TPYOHBIX
craned. Eme OOHMM BaXXHbIM HCTOYHUKOM CTPYKTYPHBIX H3MEHEHHMM MeTauia
SIBJISIETCS JUIUTEIbHOE BIUSHUE B3aUMOACHCTBUSI CO CTANIbIO TPYO TPAHCIIOPTHUPYEMOTO
YTIEBOAOPOJAHOTO TMPOAYKTa, YacTO COAEPKALIEr0 B CBOEM COCTAaBE HEKOTOPOE
KOJIMYECTBO BOJOPOJA, CEPOBOIOPOJA, BOABI. J(MCCONMUPOBAHHBIA BOJOPOJA MMEET
BBICOKYIO TPOHHMKAIONIYI0 CIOCOOHOCTb, IOATOMY, MPOHHKAs BHYTPb MeTallia,
NOBBIIIAET B HEM BHYTPEHHUE HampsokeHus. [IpuBegeHHbIE BO3JACHCTBUA Ha
ra3onpoBOAbl, MPUBOIAIIME K CTPYKTYPHBIM H3MEHEHHSIM METallla, B PEATbHBIX

YCIIOBUAX HHHTCHBHOﬁ 9KCILTyaTalluH BBITJIIAT HAMHOI'O CJIOKHEC, TaK KaK ABJISIOTCA

CpasnumenvHblll ananu3 NPOYHOCMHLIX XAPAKMEPUCIUK cIaneti mpy6Ho2o
copmamenma 6 npoyecce ONUMeNbHOU IKCAIYAMAYUU MAUCTIPATLHBIX
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pPE3YyJIbTATOM COBMCCTHOI'O BJIIMAHHA CPA3y HCCKOJIBKUX BHUJIOB.

CTpyKTypHBIE U3MEHEHHSI MOTYT BIUATH HA IPOYHOCTh TPYO HEOJHO3HAYHO:

Ha Ha4YaJIbHBIX CTAIHUAX HX BOSIIefICTBPIG, KaK IIpaBHJIO, YIPOYHACT MCTAJLI, CO

BPEMEHEM MIPOUCXOAMT €r0 pa3ylpOUYHEHHE ¢ 00pa30BaHUEM MOBPEKAECHUM, KOTOPBIE

MOTYT CTaTh IPUYMHOMN pa3pylIeHUs] MeTaiia TPyoO.
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I'JIABA 1. OB30P JIUTEPATYPbBI

1.1 O6mas ungopmanus 0 NCMOJIb3yeMbIX TPyOax

TpyObl sSBISAIOTCS «OCHOBOI» TpyOoIpoBoja. B 3aBucuMocTH OT AnameTpa,
pabodero MAaBJCHUS W YCIOBUI MNPOKIAJAKKA U HIKCIUTyaTallud TPyOONpoBoaa
OCYUIECTBJISIETCSI BEIOOP TPYO OMpeIeIEHHOT0 Kilacca Uik KaTeroOpyuu MPOYHOCTH, YTO
BKJIIOYAET B ce0si TpeOOBaHUSI K MPOYHOCTHBIM U BSI3KUM CBOMCTBAM XMMHUYECKOMY
COCTaBy MeTajuta TpyO, XapaKTepUCTUKaM €T0 CBapUBAEMOCTH, K TEOMETPHUH TPyO U
T.IL

PazButne TpyOONMPOBOAHBIX CHCTEM HANPSIMYIO CBSI3aHO C pPa3BUTHEM H
COBEPIICHCTBOBaHUEM TPYOHBIX cTajiei. [lepBble ra3omnpoBOJbI, MOCTPOEHHBIE B
nepuos 1929-1946 ronos (baky — barymu, 1929; I'ypseB — Opck, 1933-1935; Caparos
— Mockga, 1946), Obutn paccuuTaHbl Ha HEOOJIbIIME pabOYMe JABICHUS, UMEIH
araMeTp B npenenax 219-377 MM, u IS UX CTPOMUTENHCTBA HUCIIOIB30BAIN TPYOBI C
npeaenoM npoyHocT He 6onee 420 MIla. Heo6xoaumMocTh yBeIUUYEHUS MPOIYCKHOM
CIIOCOOHOCTH Ta30MPOBO/Ia U MOBBIIICHUS padodero AaBiaeHus 10 5,5 Mlla npusena B
1947 - 1960 rogax K MOSIBICHUIO TPYO C YPOBHEM MPOYHOCTHBIX XAPAKTEPUCTUK B
nuarnazone 420-490 MIla n quamerpom 530-820 mm. Crienyroimum aromM B pa3BUTHH
TpyOonpoBoaHbIX cucteM (1960-1975) ctan Beimyck Tpy6 nuamerpom 1020 - 1420 mm
¢ ypoBHeM npouHoctu 490 - 510 MIIa, paccuutannbix Ha aaBienue 5,5 - 7,5 Mlla.
Pazpabotka B mepuoa 1976 - 2005 rogoB TpyOHBIX cTajiei W TMOJy4YyeHUE TPyO ¢
npenenoM npoyHoctd 540 - 580 MIla mno3BoimiIM TOBBICUTH JIaBJICHHE B
TpyOOnpoBoAHBIX cuctemMax g0 9,8 Mlla, a mosBieHHME B TMOCJIEIHHUE TObI
BBICOKOMPOYHBIX TPYOHBIX cTasiei — a0 11,7 MlIla u Bbiie.

B Onwmxaiimmee Bpemss pocT MHUPOBOM n00buM HepTHm W raza Oyaer

COMPOBOXKIATHCS YCIOKHEHUEM YCIOBHM 3KCIUTyaTalluu MecTopoxkaeHuit (puc. 1.1.)

CpasnumenvHblll ananu3 NPOYHOCMHLIX XAPAKMEPUCIUK cIaneti mpy6Ho2o

copmamenma e npoyecce OnumenbHou IKCntyamayuu macucmpalbHblx
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Kak BHAHO M3 COMOCTAaBUTENBHOTO aHaiau3a Ha puc. 1.1 m0Js CIOXHBIX
MecTtopoxkaenuii Hegtu u raza B nepuon ¢ 2003 mo 2010 rox yBenuuuiackh
MIPAKTUYECKHU B J1BA pa3a. B OCHOBHOM 3TO MPOUCXOIUT 3a CUET BBOJIA B IKCILTYaTAIUIO
MECTOPOXKJICHUM C  KOPPO3MOHHO  AKTHUBHBIMM  CpElaMH, IMOJBOJHBIX U
PaCIIONIOKEHHBIX B YCJIOBHUSAX OTPHUILATEIBHBIX TEMIEpaTyp. Y CIOKHEHHUE YCIOBU
HKCIUTyaTalliM MECTOPOXACHUI, B CBOIO oOYepelb, OOyCIaBIMBAaeT pacTyIlue
TpeOOBAaHMS K TPYOHOU MPOTYKIIMH.

Ceronnst TpyOsl auametpoM 530 - 1420 MM COCTaBISIIOT OCHOBY JIMHEHHOM
yacthu OoJnbliMHCTBA ra3oHedTenpoBogoB Poccuu. Ilpu >TOM  OCHOBHBIMH,
MPUHATHIMUA B KaueCTBE 0A30BBIX ISl CTPOUTENILCTBA MATUCTPAJIbHBIX Ta30MTPOBOJIOB,
ABISIOTCS TPyObl nuamerpoMm 1420 mm. [l HedTENMpoBOIOB MCHOJB3YIOT TPYOBI
auametpom 10 1220 mm. OHM COCTaBISAIOT MOJOBUHY OT BCEX TPYO, IPUMEHSEMBIX B
HedTerazoBoi oTpaciu.

B Poccum B HacTosiiee BpeMsi OCBOEHO IPOU3BOJICTBO COBPEMEHHBIX
OJIHOIIIOBHBIX TPYO nuamerpom Ao 1067 mm, paccuntanubix Ha nasienue 10 Mlla u
OoJiee; IBYXIIOBHBIX — quaMeTpoM 1220 Mm, Ha gaBieHue a0 7,5 MIla; oTHOIOBHBIX
— nquaMeTpoM 1420 MM ¢ TONIIMHOW CTEHKH 10 42 MM; a TaKKE€ CIUPATIbHOIIOBHBIX
TpyO muametpom 101420 mm, Ha naBienue 1o 9,8 MIla. Bee Boimyckaembie TpyObl
UMEIOT HapyXKHOE€ AaHTUKOPPO3MOHHOE IMOKPBHITHE U COOTBETCTBYIOT TPEOOBAHUSIM
poccuiickux ['OCToB u psiga 3apyOeKHbIX HOPMATUBHBIX JOKYMEHTOB. TeXHOIOrus

U3TOTOBIICHUS TPYO PETIIaMEHTUPYETCS TEXHUUSCKUMHU YCIOBUSIMHU TIPOU3BOIATETIS.
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2003 r. ATpecCcUBHBIC Cpebl bypenue u nobwiua B
skcnayarauuu, 6% Apkruke, 4%

\

bypeHue u nobbiua B
oddiopHBIX 30Hax, 3%

buTyMbl M TsKenas
HedTh, 7%

T|)EL1H]_T.I-1DHH BIC
MectopoxaeHus, 80%

2010 r. ArpeccHBHbBIE Cpe/ibl
akcnayarauum, 16%

bypenue u nobuiua B
ApkTHKe, 6%

bypenue u no0bua B
o IOpHEIX 30HAX,
14%
TpagnunoHHbIE
MecTopoxaeHus, 37%

EI‘lT}"M Bl M THACTAMA
HedTb, 7%

Pucynok 1.1 — YcnoxxHenue ycioBHil SKCITyaTallid MECTOPOKIACHUN

1.2 MapkupoBKa U NPOYHOCTHbIE XaPAKTEPUCTHUKH TPYO 1JIA
MAruCTPAJIbHBIX TPYOONIPOBOAOB

OteuecTBeHHas MapKUpoBKa TpyO Obuia pernamentupoBana B 'OCT 20295-
91, KOTOpbBI pacHpoCTpaHs€TCs Ha CTajbHbIE CBapHbIE MPSAMOLIOBHBIE H
CIUPaAJIBLHOIIOBHBIE TPYOBI AiameTpom 159 - 820 MM, mpuMeEHsIEMBbIE JJ1s1 COOPYKEHUS

MarucCTpajJabHbIX FaSOHe(l)TCHPOBO)IOB, He(bTerO}IYKTOHpOBOJIOB, TCXHOJIOTHYCCKHUX U

Jlucm
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MIPOMBICIIOBBIX TPYOOIIPOBOIOB. YKa3aHHBIN CTAHAAPT MOAPA3ALISIET TPYObl B 3aBU-
CUMOCTHU OT YPOBHS UX MEXaHUYECKUX CBOMCTB Ha CJICAYIOIINE KIACChl TPOUYHOCTHU:
K34, K38, K42, K50, K52, K55, K60. B ocHOBY MapKMpPOBKH 3aJ105)K€HA MUHUMAaJIbHO
JOITyCTUMAsl BEIMYMHA BPEMEHHOTO CONPOTHBIICHUS PAa3PhIBY, YKa3aHHAS B KI'C/MM?2,
TpeOyemble 3HaUCHUST MEXaHUYECKUX CBOMCTB MpecTaBiieHbl B Tabmuie 1.1.

Boibop TpyO I CTPOMTENBCTBA  MAruCTPAIbHBIX — TPYOONPOBOIOB
pernamentupyercs CHull 2.05.06-85* «Maructpanbnbie TpyoorpoBosh». CormacHo
TOMY JOKYMEHTY Juisi TpyO muamerpom ;10 500 MM HCHOJIB3YIOT CHOKOWHBIE U
MOJTYCIIOKOMHBIE YTAEPOAUCTHIC U HUZKOJIETUPOBaHHbIE cTaimu. st TpyO nuameTpom
10 1020 MM IPUMEHSIOT TOJIBKO HU3KOJIETUpOBaHHbIC cTayu. s TpyO quamerpom
10 1420 MM BKJIFOUMTENIBHO MPUMEHSIOT HU3KOJIETHPOBAHHBIE CTAIA B TEPMHUUYECKHU
WJIU TEPMOMEXAHUYECKH YIIPOYHEHHOM COCTOSIHUM.

Tabnuna 1.1 — TpeboBanus k Mmexannueckum coiictBam Tpyo mo 'OCT

20295-91
Bpemenroe compo- Ipenen OrHocuTeasHOE
Knace THBJICHHE Pa3PbiBY G , | TeKyuecTH G, yAJUHEHUE 5,
MPOYHOCTH H/mm? (krc/mm?) H/mm? (krc/mm?) %
min
K34 333 (34) 206 (21) 24
K38 372 (38) 235 (24) 22
K42 412 (42) 245 (25) 21
K50 485 (50) 343 (35) 20
K52 510 (52) 353 (36) 20
K55 539 (55) 372 (38) 20
K60 588 (60) 412 (42) 16

MapxkupoBka TpyO 111 00BEKTOB Ta30Boit oTpaciu peridameHtupyercs CTO
I"azmpom 2-2.1-249-2008 «MaructpaljibHbl€ Ta30MpoOBOb», B KOTOPOM, TaK e KaK B
I'OCT 20295-91, B ocHOBE MapKUpPOBKH TpyO JEXKHUT KiIaccuukamus 1o
BPEMEHHOMY CONPOTHBIICHHUIO Pa3pbIBY IIPH OJHOOCHOM PacTsHKeHUU (Tadi. 1.2).

Hns ob6wsektoB OAO

«l"azmpom» BBIOOp TpPYO OCYIIECTBIISIETCS B

cootBetrcTBUM ¢ CTO 2-2.1-131-2007 « MHCTpYKITHS IO MPUMEHEHHIO CTAILHBIX TPYO
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Ha oObekTax OAO «l'azmpom», OOBEAWHSIONIUM B CBOEM COCTaBE TEXHHUYECKHE
YCJIOBUSI Ha TPYyObl OTEUECTBEHHBIX U 3apyOEKHBIX MPOU3BOAUTENCH sl Ta30BOM
OTpaciu.

Jnst HeTSIHOM MPOMBIIIIIEHHOCTH OCHOBHBIM HOPMAaTHUBHBIM JIOKYMEHTOM,
OTIPEJICIISIONTUM BBIOOp TPyO W coeauHUTENbHbIX neranei, sBisrorcs OTT-08.00-
60.30 «OO0mume TexHu4YecKre TpeOOBaHUS Ha HEPTEHPOBOAHBIC TPYObI OOJIHIIIOTO
IuaMeTpa», BBEIEHHbIe K INpuMeHeHuto B otpaciu ¢ 2004 roma. TpeOGoBanus
rapMOHHU3HPOBAHBI C 3apyOeKHBIMU CTaHAapTaMu U crnerupurkanusmu: SO 3183-
3:1999 Petroleum and natural gas industries — Steel pipe for pipeline — Technical
delivery conditions — Part 3: Pipes of requirement class C; APl Spec. 5L
Specifications for Line Pipe, USA, 2000; EN 10208-2 «Espormelickuii cTaHapr.
CrasibHbie  TpyOBI TpyOONPOBOJOB JUIsi TOPIOYMX MaTepuanoB. TexXHUUYECKHue
ycnoBusi»; ASTM A370-90a Standard Test Methods and Definitions for Mechanical
Testing of Steel Products u mp.

Tabnuua 1.2 — MexaHnuueckue cBOMCTBA MeTaJJIa TPYO M COETMHUTEIbHBIX

nerajnei TpyoorpoBoI0B

Kn Bpemennoe Ilpenen Max ornomenne | Min oTHO-
ace CONMPOTHBJIC- | TEKYY€CTH, | mpeaeaa TEKy4ecTH | CHTedbHOe
1ot~ | hwe, MITa MlIla K BPEMEHHOMY | yaiuHenue,
HOCTH
min CONMPOTHBJICHHIO %
K65 640 555 0,92 18,0
K60 590 485 0,90 20,0
K56 550 450 0,90 20,0
K54 530 415 0,90 20,0
K52 510 390 0,90 20,0
K50 490 360 0,90 20,0
K48 470 290 0,85 21,0
K42 415 245 0,85 21,0
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Cormacao  OTT-08.00-60.30.00-KTH-013-1-04, nmns  MarucTpajgbHBIX
HE(TENPOBOIOB JOHKHBI IPUMEHATHCS TPYOBI CIIEIYIOIUX KiIaccoB mpoyHocTH: K42,
K48, K50, K52, K54, K55, K56, K60. B Ta6n. 1.3 npuBeaeHbl TpeOOBaHHS K
MEXaHUYECKUM CBOMCTBAM TPYO pa3iMyHbIX KJIACCOB MPOYHOCTH.

Ta6muma 1.3. — TpeboBanus k MmexaHndeckum cBoiictBam Tpyo OTT-08.00-

60.30.00-KTH-013-1-04

coﬁﬁzr::;:}fue IIpenea OrHocHuTeILHOE

Knace S— TEKY4eCTH G, YAIHHEHue 3,
NPOYHOCTH | 1 /n? (kre /;MZ) H/mm? (Krc/mm?) %

min

K42 410 (42) 245 (25) 21
K48 470 (48) 265 (27) 21
K50 490 (50) 345 (35) 20
K52 510 (52) 355 (36) 20
K54 530 (54) 380 (39) 20
K55 540 (55) 390 (40) 20
K56 550 (56) 410 (42) 20
K60 590 (60) 460 (47) 20

Cnenyer oOpaTuThb BHUMaHHE Ha TO, YTO MAaKCHUMAaJbHbIE 3HAYCHMS
BPEMEHHOI'O COIpPOTUBIEHUS pa3peiBy B u mnpenena Texkydectu T He JOIKHBI
OpPEBBIIIATh YCTAHOBIEHHbIE HOPMBI g TpyO Oonee yem Ha 108 H/mMM2, a
OTHOIIIEHHE Tpeena TeKy4ecTH K BPEMEHHOMY comnpoTuiieHuio pa3pbiBy (T/B)
OCHOBHOT0 MeTaiia Tpy0 He goiixHOo npesbimath 0,90. CornacHo 3TOMy CTaHIApTy
yIJIEPOANCTO-MAPTaHIIEBbIE CTABHBIE TPYOBI B MapKHUPOBKE MODKHBI COICpPKATh
cienyromue o0o3HadeHus [22]:

e Ccroco0 M3rOTOBJICHHUS,

® [pejeN TeKY4YecTH,

®  YpPOBEHb HEpa3pyILIAIOUIET0 KOHTPOJIS,

®  UHJEKC JOMOJHUTENIbHBIX TPeOOBaHMI MO SKCILTyaTalllu.

B tabmnuie 1.4 nmpencraBieHbl TpeOOBaHUS K MEXaHUIECKUM CBOMCTBAM TPYO

cornacHo CTO I'azmpom CH 39-1.8-2004
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JIJist ciMpanbHOIIOBHBIX TPYO OOJBIIOTO nuaMeTpa 0a30BBIMU SIBISIOTCS TY
14-3P-60-2003, xotopsie pa3pabotanbl ¢ yderom TpeboBanuii APl 5L wu
IpeyCMAaTPUBAIOT, 4YTO BBIIYCKAaeMble TpPYyObl Uil TpPyOONpPOBOIOB BBICOKOIO
JABJIEHUSI MO MOTPEOUTEHCKUM CBOMCTBAM COOTBETCTBYIOT TpeboBanusiM APl 5L,

ASTM 7107, 1SO 9000 u np [7].

Ta6nuna 1.4. — Tpy6a uz C-Mn ctanu, MexaHH4ecKue CBOMCTBA

Ilpenen IIpenea 6. /o Max OTtHocuTenbHOE
TEKy4eCTH, | IMPOYHOCTH, ol TBEPAOCTD yAJMHEHne
MITa? MITa¢ ax (HV 10) 5. min, %
245 370 0,90 270 22
290 415 0,90 270 21
360 460 0,90 270 20
415 520 0,92 270 18
450 535 0,92 270 18
485 570 0,92 300 18
555 625 0,92 300 18

Crnenyer OTMETHTh, 4TO B Poccuu Ha KaXKAbld KPYMHBIA TPYOOTPOBOTHBIH
MPOEKT COCTaBIIAIOT CHEIUATbHBIC TEXHUYECKHUE YCIIOBUS, KOTOpHIC, HApsAy CO
CTaHJAAPTHBIMU OOIICHPUHITBIMA TPEOOBAHUSAMHU POCCUUCKHUX W 3apyOEKHBIX HOPM,
OTpaxaroT crienuduueckrue 0COOEHHOCTH MPOEKTA.

3a py0exoM UCTIONB3YIOT €IMHBIC METOIUKH MPOSKTUPOBAHUS U BBIOOpA TPYO
JUTSL TPYOOTIPOBOTHBIX CHCTEM, KOTOPBIE OTPAYKEHBI B CIICTYIOITNX JOKYMEHTAX:

1. TpeboBanus pacmpocTpaHSIOTCS Ha HCHbITaHus B monepedynom (T) u
npoaoasHoM (L) HampaBeHHH B COOTBETCTBHUHU C YKA3aHHBIM B IIIAIKE JUISI KaXI0M 13
KOJIOHOK.

2. TpebGoBaHuUs TPUMEHUMBI K CBAPHBIM WJIH OeCIIOBHBIM Tpydam u3 C-Mn
CTaJIM C TIPEACJIOM TeKy4YecTH BILIOTh 10 555 MIla. Ncnons3oBanue 60jiee BHICOKOU
MPOYHOCTH JIOJDKHO OBITH TIPEABAPUTEIHHO COTIIACOBAHO.

3. ®akTuyeckuid mpeaen TEKy4YeCTH B MPOAOILHOM HAIpaBICHUU HE

JIOJKEH TIPEBBIIIaTh HOPMATUBHBIN Mpejien TekydyecTu 6omnee uem Ha 120 MlTa.
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4. HopMatuBHBII mIpeAen NPOYHOCTH B MPOJOILHOM HANpPABICHUU MOXKET
OBITh Ha 5 % HIKE TpeOyEeMbIX 3HAUEHHI B IIONIEPEYHOM HANPABIICHUU.

5.  OrtHouienue <o,/c, B IPOIOIBHOM HAIIPABICHUH HE JOJDKHO MPEBHIIIATH
MaKCHUMAJIbHOE YKa3aHHOE 3HaYCHUE B TONIEPEYHOM HamnpasiaeHuu oosiee uem Ha 0,020
JUIs CTaHJgapTHOTrO Marepuana u Oojee dem Ha 0,030 mis martepuana, mpen-

HAa3HAYCHHOI'O AJIA OKCILNTyaTallu B KUCJIBIX CpCaax.

e |SO 3183:2007 «IIpompineHHocTs HedTsiHAs W TazoBas. CraibpHas
TpyOa 11l CUCTEM TPYOOIIPOBOIHOTO TPAHCTIOPTAY;

e cranaapt APl 5L «Cneuudukanus Ha TpyObI 1Jis1 TPYOOTIPOBOIOBY;

e cranmapt ASME B31.8-2007 «I"a3oTpaHcriopTHas U pacipeacIuTebHas
CUCTEMAY.

OCHOBHBIM TPUHIHUITUATBHBIM PA3TUYUEM OTECUECTBEHHBIX M 3apyOe’KHBIX
HOPMATHUBHBIX JOKYMEHTOB SIBJISICTCS pa3HHUIIa B MOJXOJIE K OIMpPEACNICHUIO Kjacca
npoyHocTH TpyO. B ocHoBe 3apyOexkHOW MapKUpOBKH TpyO 3aloXeH Mpeaen
TEKy4eCTH, B TO BpeMs KaK OTEUeCTBEHHAss MapKHpPOBKAa OCHOBAaHA Ha BEJIMYMHE
BPEMEHHOI'O CONPOTUBIICHUS Pa3PhIBY.

ISO 3183 siBnsieTcst 3apyOeKHBIM CTaHAAPTOM, OOBEIMHUBIITUM TEXHUUECKUE
TpeOOBaHUS K TPYOHON METAJUIONPOAYKIIMH OCHOBHBIX ITPOU3BOIUTEIIEH.

MapxkupoBka Tpy0 ayis TpyoonpoBoaos cornacHo 1SO 3183 «CranbHas TpyOa
JUIS CHCTeM TpYyOOMpPOBOIHOTO TPAHCIOPTa» MPEIyCMAaTPUBACT HAIMUME JBYX
OCHOBHBIX YPOBHEW CTaHIApTHBIX TEXHUYECKUX TPEOOBAHHM ISl MAaruCTPaIbHBIX
TpyO: PSL 1 u PSL 2. YpoBens PSL 1 obecnieunBaeT cTaHIapTHBIA YPOBEHb KauecTBa
JUTST. MarucTpalibHbIX TpyO. YpoBeHb PSL 2 mpemycmaTpuBaeT IOTOJHUTEIHHBIC
TpeOOBaHUS IO XUMUYECKOMY COCTaBY, BSI3KOCTH, MPOYHOCTH, a Takxke 100%- HO
Hepa3pyLIAIIUA KOHTPOJIb TPYOHOU! MPOAYKIIUH.

MapxkupoBka TpyO mo ypoBHI0O PSL 2 Bkimowaer B ceOsi cleayromiue
XapaKTePUCTUKH: Ha TIEPBOW MO3UIINN YKa3bIBACTCS BHJI MPOIYKIINH, 0003HAYCHHBIN
OykBo#i L, 3areM ciemyer MUHUMAIbHO JOMYyCTUMas BETMYMHA TIpe/ieia TeKy4IeCTH,

ykazanHas B MIla (H/MM2), n 3akaHunMBaeT MapKUpPOBKY KOJUPOBKA METaia TpyO B

Jlucm

O630p numepamypsbi 29

U3m.

Jluecm Ne dokym. lModnucek | Jama




COCTOSIHMH TTOCTaBKH, 0003HAYaeMasi CJIeIyonuM 00pa3oM:

e R — cpa3zy nociie npokaTky;

e N — mpokaTaH A0 COCTOSIHHMSI HOpMaiu3anuH, (HOPMOM3MEHEH JI0
COCTOSIHHSI HOpMaJTM3allii, HOPMAJIM30BaH WIM HOPMAaJTU30BaH M OTIYIICH;

e (Q — 3aKaJieH U OTHYIICH;

e M — TEpMOMEXaHWYECKH TIPOKATAH WIH TEPMOMEXaHUYECKU
dhopMOU3MEHEH.

[IpouHocTHbIe cBoiicTBa MeTauia Tpyd ypoBHs PSL 2 momkHBI Co-

OTBETCTBOBATh MPUBEICHHBIM B Ta0uIe 1.5.
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Tabnuma 1.5 — TpeGoBanus 1o pe3yapTaTaM UCIBITAHUNA HA PACTSKEHHUE IS

Tpyo PSL 2

Teno DeclIOBHLIX B CBAPHBIX TPYD

Crapibie wes Tpyd
HFW, SAW »u COW

MMpenen npounocTy
Mapi: & i . : _
apEa TPyOR I]pcﬂmh'rexr-:ccm HA PACTSKEHHE Max omo- Min | Min npeaen npounoe
R, "> Mlla R . MIla wenpe »b.c | YV | TH HA pacTmenne
| ) N = ;
(hyuros/KB. KHiiM) (dyiros,/xs. oiim) R, /R HeHne R, Mila )
- - AT AL % | (dywros/kB. moiiv)
min max min max
1 2 3 4 5 6 7 8
L245R nnw BR
L245N wim BN 245 450 415 760
.
12450 wm BO | (35500) | 65300y | 60200y | (1102000 %3 415 (60200)
L2456 wnn BM
L290R pan X42R
L290N wm X42N | 290 495 415 760
5 7
L290Q wn X420 | @2100) | (71800) | 60200y | 110200y | O3 415 (60200)
L2908 mam X42M
L320M pian X46MN
320 525 435 760
L3200 wm X460 | . °° o o } 0.93 435 (63 100)
L3200 o g | 46400) | (76100) | (63 100) | (110200)
L360M pam X352N _
, 360 530 460 760
L360Q man X520 0,93 460 (66 700)
Laeon o sy | (522000 | (76900) | (66 700) | (110 200)
LI90MN wam X56N s
; 390 545 490 760
L3900 wm X560 | 0.93 490 (71 100)
56600y | (79000 | ¢71 1009 | (110200
L390M wan X56M | 20OV [ ) | LI00Y )
LA15MN pam Xo60MN - -
415 565 520 760 o
L4150 wnn X600 0,93 S20(75400)
0 200 81900 75400 ) 200
L415M wan x6oM | (00200 | (B1900) | (75400) | (110200)
L4500 wan X650 450 600 535 760 e
L450M win X65M | (65300) | (87000 | (77600) | (110 200) 0,93 535 (77 600)
L4850 wan X700 485 635 570 760
0, 70 (82 701
L485M san X70M | (70300) | (92100) | (82700) | (110 200) 73 570 (82700)
L5550 wm X80Q| 555 705 625 825 e
L555M wan X80M | (80500) | (102300) | 00600y | 119700y | O3 625 (30600)
625 775 695 915 . ]
Jen .
LO25M man XIOM |90 600y | (112400) | (100800) | (132 700) 0,95 695 (100800)
690 240 760 9490
T 1 00N i, { 0200
LO3OM i XI00M |y 06100y | (121 800y | (1102000 | (143600 | ©97€ 760 (110200)
830 1 050 915 1 145
I * )
L830Muan X120M [ o | oo | o | aes 100y | 9% 915 (132700)
JUii  IPOMEKYTOYHBIX ~ MApOK  PasHOCTh  MEXIY  YCTAHOBJICHHBIM

MaKCUMAaJIbHBIM IPEACIIOM TCKYYCCTH U YCTAHOBJICHHBIM MHWHHMAJIbHBIM IIPCACIIOM

TCKYUCCTH [OO0JIKHA COOTBCTCTBOBATH J[IdHHBIM, IIPUBCIACHHLIM B Ta6J'II/II_[e JJIA

cieayroniei 6oJiee BHICOKOM MapKH, a JJIsl IPOMEKYTOUYHBIX MapoK Hrbke Mapku L555
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wm X80 mpeen npoYHOCTH Ha pacTskeHue nonkeH ObiTh < 760 MIla (110 200 ¢y=-
TOB/KB. 1ioWM). /[I1si NpOMEXyTOYHBIX Mapok Hibke Mapku L555 wumm X80
MaKCUMAaJIbHO JIOITyCTUMBINA IPEes IPOYHOCTH HA PACTSIKEHUE JTOJKEH BBIBOIUTHCS
unTepnioysauuen. [ns eguann S| BeIYMCIEHHOE 3HAYEHHE JOJDKHO OKPYTIISITHCS 0
ommkaimmx 5 MIla. J{na enuaun USC BeuncIIeHHOE 3HAYEHUE JOJIKHO OKPYTIISATHCS
1o onmxaiiimux 100 gyHTOB/KB. AtoiiM. PasHOCTh MEXly yCTaHOBIEHHBIM MUHUMAJIb-
HBIM IIPEAEIOM MPOYHOCTH HA PACTSHKEHHE M YCTAHOBJIEHHBIM MUHHUMAJIbHBIM
IpeseloM TEKY4YEeCTH JOJKHAa COOTBETCTBOBATH JIAaHHBIM, IPUBEJIECHHBIM B TaOiHIe

JUIS CIIEYIONICH 0oJiee BRICOKOH Mapku[22].

1. o mapok > L625 nnu X90 npumensiercs Rpos.
2. JlanHoe mpeAebHOE 3HAUCHHE MpUMeHseTcs i Tpyo ¢ D > 323,9 mm
(12,750 mroitma).

3. i mpoMeXyTOYHBIX MapOK YCTAaHOBICHHBIH MHUHUMAIBHBINA Tpeaent
IIPOYHOCTH Ha PACTSKEHHE JUJIsi CBAPHOTO WIBA JOJDKEH IPEACTABIATh TAKOE XKE
3HauU€HUE, Kakoe ObUIO OMNpEAeNIeHO IS Tena TPYObl U MPHUBEACHO B MOACTPOUYHOM
pUMEYaHUH a.

4. Jlna tpy6 ¢ D < 219,1 mm (8,625 nroiimMa) MakCHUMaJIbHBIA Tpeae
TeKy4yecTH A0keH ObITh < 495 Mlla (71 800 pyHTOB/KB. A10iM).

5.  VYcTaHOBIEHHOE MHHHMMAJIbHOE YyJUIMHEHHE Ay;, BBIpaXEHHOE B

MIPOIICHTHOM COOTHOIIICHUH M OKPYTJESHHOE 0 OJIMKaUIIIero MpOIeHTHOTO 3HAYCHMUS,
09’
rae C coctaBiser 1940 mig BBIYKMCIEHHUH C WCHOJb30BaHUEM eauHuI] Sl u

JIOJDKHO OTPEACNATHCS MO caeaytomien hpopmyie: A, =

625000 it BeIYKMCIEHHN ¢ ucnonb3oBanneMm eauaun USC; 4, — 1wiomanb
MONIEPEYHOr0 CEUCHUSI COOTBETCTBYIOIIET0 00pa3iia JJis UCTIBITAHUN Ha PacTSHKEHUE,
BBIPAKECHHAS B MM? (KB. II0MMAXx) CJIELYIOIMM 00pa3oM:

e I 0Opa3IoB JJIS UCIBITAHUN C KPYTJIbIM TOMEpEeYHbIM ceueHrneMm 130
mm? (0,20 kB. mroiimMa) U1 00pa3loB Ul UCIbITaHMil guamerpom 12,5 mm (0,500
moiima) u 8,9 mm (0,350 mroiima); u 65 mm? (0,10 kB. mroiimMa) s 0Opa3LOB IS

ucnbiTanuii nuametpom 6,4 mm (0,250 mroiima);
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e s 00pa3LOB IS MCIILITAHKI MOJIHOTO ceueHus Menee a) 485 mm? (0,75
KB. JI0MMa) W b) muomanyM mnonepeyHoro cedyeHusi oOpasloB MJis HCIBITAHUM
BBIBEJICHHOM, MCIOJb3ysl YCTAHOBJICHHBIM HAPYXKHBIM JHAMETP W YCTAHOBJIEHHYIO
TOJIIMHY CTEHKU TPYOBbI, OKPYTJICHHBIX 70 Onmxkanmux 10 mm2 (0,01 kB. aroiima);

e s 00pa3LoB A/ UCIBITaHuH mosoc MeHee a) 485 mm? (0,75 xB. mioiima)
u b) miomaau mnomnepeyHoro cedeHus oO0pas3la AJis HCMBITAHUN BBIBEJECHHOM,
UCIIOJIb3Ysl YCTAHOBJICHHYIO IIMPUHY HCHBITATEILHOTO 00paslia U YCTAaHOBJICHHYIO
TOIIIMHY CTEHKM TPYObI, OKPYTJI€HHBIX 10 Ommkaimmx 10 mm? (0,01 kB. aroiiMa);

U— ycTaHOBJIEHHBI MUHUMAJIbHBIA TpeNes MPOYHOCTH Ha PaACTSIKEHUE,
BbIpakeHHbIN B MIla (pyHTaX/KB. AH0MM);

Menbme 3Ha4YeHUs OTHOWIEHHS Ris/Rm MOryT OBITH YCTaHOBIEHBI O
coriacoBanuto st Tpyo L690 mmm X100 u L8830 nmm X120.

Crannmapt API Specification 5L (43-e uznanue) «Cnenudukanus Ha TPyObI
JUIs1 TpyOOIIpoBOAOBY, Tak ke Kak u 1SO 3183, ycraHaBnuBaeT TpeOOBaHMS IS ABYX
ypoBHe# npoxaykuuu: PSL 1 u PSL 2. Ot n8e xareropuu PSL npegHazHadeHbI A1s
OTpeIeSICHUs Pa3IMYHBIX YPOBHEH cTaHAapTHBIX TpeOoBanuil. Crienudukarus PSL 2
COJIEPKUT 00s13aTeNbHbIE TPEOOBAaHUS MO YIJIEPOJHOMY SKBUBAJICHTY, YIAapHOM
BA3KOCTH O0pa3lla C Haape3oM, MaKCUMAJIbHOMY TpeAeNy TEeKydecTH |
MaKCUMaJIbHOMY TIPEIeNTy MPOYHOCTH Ha Pa3PhIB.

OcHoBo#1 MapkupoBKku TpyO kaTeropuu PSL 2 sBIsitOTCS 3HA4YEHUs TMpesena
TEKy4eCTH, yKa3aHHbIC B PyHTaX/KB. Ar0iM (PSi), KOTOpBIEC JOIKHBI COOTBETCTBOBATh

TpeOOBAHMSIM MIPOYHOCTHU TP PACTSHKEHHUH, IPUBEIICHHBIM B Tabmute 1.6.
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Tabnuma 1.6 — TpeboBaHus K MEXaHUYECKUM CBOMCTBAM MPU PACTIKECHUN

st PSL 2
IIpenen Tekyuectn, | Ilpeaen npounocru, | Min yaaune-
Karero- . .
MiIla (psi) MIla (psi) HHME HA JJIAHE
Pt 1po- . ) 2 moiima
YHOCTH min max min max (50,8 mm), %*
B 241 (35) | 448 (65) | 414 (60) | 758 (110) a
X42 290 (42) | 496 (72) | 414 (60) | 758 (110) a
X46 317 (46) | 524 (76) | 434 (63) | 758 (110) a
X352 359 (52) | 531 (77) | 455 (66) | 758 (110) a
X56 386 (56) | 544 (79) | 490 (71) | 758 (110) a
X60 414 (60) | 565 (82) | 517 (75) | 758 (110) a
X635 448 (65) | 600 (87) | 531 (77) | 758 (110) a
X70 483 (70) | 621 (90) | 565 (82) | 758 (110) a
X80 552 (80) [ 690 (100) | 621 (90) | 827 (120) a

MuHuManabHOE yJIMHEHHE Ha JyiuHe 2 mroiiMa (50,8 MM) ompeaensercs 1o

CIIEIYIOUIEMY YPaBHEHUIO:

e = 1,944 (4°2/ U*?),

r7ie: € — MUHUMAaJIbHOE yUIMHEHUe Ha jaymHe 2 aronma (50,8 mMm), %; A —

IJIOIAAb IPUMEHSEMBIX NPH UCHBITAaHUAX 00pa3uoB, Mm?; U — yCTaHOBJICHHBIIH

MHUHHUMAJIbHBIN IIPEAEN POYHOCTH NpH pacTskennn, MIa.

AHalIM3 MPEICTaBICHHBIX JaHHBIX MO OCOOEHHOCTSIM MAapKHUPOBKH TPyO B

OTEUECTBEHHBIX M WHOCTPAHHBIX CTAHJIApPTaxX [OKa3bIBAET, YTO KIIOUYOM JJIs
TPAHCIISILIUU MOXET CIY>KUTh Ipeses TeKydyecTu. [Ipu 3ToM B KauecTBe OCHOBBI JJIsA
TPAHCISALUU OTEUECTBEHHOW MApPKUPOBKH TPYyO MOTYT OBITh HCIOJB30BaHBI
npouHocTHble cBodictBa mo I1SO 3183 u APl 5L. CpaBHuTenbHBIA aHaIu3
HOPMATUBHBIX TpeOOBaHMUI K TpyOaMm MO JTaHHBIM Pa3HbIX CTAaHIAPTOB U TPAHCIISALUS

Pa3INYHbIX KaTel"OpI/Iﬁ HJIN KJIACCOB ITPOYHOCTHU TPY6 MMpCACTAaBJICHLI B Ta6J'II/III€ 1.7.
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Tabmuma 1.7 — ConocraBieHre HOPMAaTUBHBIX TPEOOBAHMM PsiZla CTAHAAPTOB

K TpyOam

"8007-6FC-1°7-¢ WodHee | QD OU SMHHET MHEEEMA XEMOOMO ¢ 4
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[Ipu 3TOM CiieryeT OTMETUTh, YTO OTEYECTBEHHBIC TPYObl, OTHECEHHBIE K
OJTHOM KaTerOpuHM TPOYHOCTH 110 3HAYCHHSIM TIpeiesia TEKYy4eCTH, JOJDKHBI,
corsacHo 'OCT 20295 u CTO I'aznipom 2-2.1-249- 2008, o6s1a1aTh 60Jie€ BHICOKMM
YPOBHEM TIpejielia MPOYHOCTH, YeM UMITOPTHBIE TPYObI, perJaMeHTUPOBAHHBIE 10
API 5L nm 1SO 3183. Pa3nunia B Tpe00BaHMSIX K YPOBHIO ATHX JIBYX IOKa3aTesen
MEXaHUYECKUX CBOWCTB B OTCUECTBEHHBIX M MHOCTPAHHBIX CTaHAPTaX OTPA’KACTCs
B 3HAYCHUAX OTHOIICHHUS ST/SB. ConocTaBieHUE JAHHBIX 110 BEJIMYMHE OTHOIICHUS

ST/SB JUUIS1 TpyO € pa3HBIM MPEACIIOM TEKYUYCSCTH MPEACTABICHO Ha pUcyHKe 1.2,

0,95
§§ 0,90 §0/°_——<>/’
oo o 0,85 a2 ~ < ISO, API 5L
% E S 0,80 N = FOCT
=< % 075 (,ﬁ*;// —
= © ’ a:
E 5 2 0.70- / x CTO T'aznpom
e ;\ A /
ok 7
0560 7 7 ' ' '

200 400 600 800
IIpenen texyuectu, MIla

Pucynok 1.2 — M3mMeHeHuEe COOTHOIIEHMS MPOYHOCTHBIX CBOMCTB TPYO MO
JAHHBIM pa3HbIX CTAHAAPTOB

Kak BuAHO U3 MOJSyYEHHBIX T'padUKOB, POCT YKa3aHHOTO COOTHOIIEHUS
IIPOYHOCTHBIX CBOWCTB, 1O JaHHbIM oTeuecTBeHHOTro ['OCTa 20295 u CTO I'aznpom

2-2.1-249-2008, nmpoucxoauT HeCKOIbKO MemieHHee, ueM s 1SO 3183 u API 5L.
B oTeuecTBeHHOW HOPMATHBHON JIOKYMEHTAIlMA COOTHOIICHUE O /Oy
pernamentupyercss CHull 2.05.06-85, xoTopblii ompenensier, 4to TpyObl U3
YIJICPOAMCTON CTald JO/DKHBI MMETh COOTHOIIeHHWE §/gp, He Oosee 0,75; u3
HU3KOJIETUPOBAHHOW HOpMaJIM30BaHHOM cTanu — He Oonee 0,8; U3 TUCIIEPCUOHHO-
TBEPJCIONIEH HOPMATU3aBaHHOW M TEPMUYECKU YIPOYHEHHOW CTamu — HE Ooliee

0,85; a u3 cTanu KOHTPOJIMPYEMOM MTPOKATKHU, BKITIOUast OeHHUTHYIO, — He Oosee 0,9.
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Hcnons3oBanue tpedoBanuit CHull 2.05.06-85 mo3BossieT ocyliecTBUTH
MapKUPOBKY TpPyO, BBIXOSIIMX MO YPOBHIO MPOYHOCTHBIX CBOMCTB 3a TMPEAEIBI,
pernamentupyembie o FOCT 20295 (tab:a. 1.8).

Tabnuma 1.8 — ConocTaBnenrne MapKUPOBKH BBICOKOTIPOUYHBIX TpyO mo API

SL ¢ MapkupoBKO# TpyO, MPUHSTON B OTEUECTBEHHOM MPAKTUKE

Mapku- IIpenen c /o, IIpenen npounocTu

poBka 1o | rekyuyectd, | mo 'OCT MIa | kre/m MapkupoBka

API 5L MIIa 20295-91
X42 290 0,7 414 42 K40 — K42
X52 360 0,75 480 49 K48 — K50
X60 415 0,8 519 53 K52 — K54
X70 485 0,85 571 58 K56 — K58
X80 555 0,9 617 63 K60 — K62
X90 625 0,9 694 71 K70 — K72
X100 690 0,9 767 78 K78 — K80

NHocTpanHble  CTaHIAPTHI  TAKXKE€  PEMVIAMEHTUPYIOT  MaKCHMaJlbHO

JIOITyCTUMOE 3HAYCHHUE OTHOIICHUS O,/0,. Tak, cormacHo ganubeiM 1SO 3183, TpyOsI
C mpeaenaoM TekydecTu ot 245 no 555 Mlla nonkHbl UMETh 3HAYEHHUE OTHOIICHUS
nokaszaresyiei UX MPOUYHOCTHBIX CBOMCTB He OoJiee 0,93, a y1st TpyO, U3rOTOBICHHBIX
13 BBICOKOIMPOYHBIX CTajeil, 3T0 cOOTHOIIeHUe noBbimaercs A0 0,95, nis tpyd ¢
npenenoM Tekydectu 625 Mlla, 0,97 - qnsg 690 Mlla u 0,99 nns 830 Mlla. Ilo
nanabiM DVN-OS-FIOI, perimamenTrpyeMoe MakCUMalbHOE COOTHOIICHHE ST/SB
HECKOJIbKO HIDKE M COCTABJISIET JUIsl TPYO ¢ mpenenom Tekydect 245—360 Mlla 0,9,
JuTst 00Jiee BHICOKOTPOYHBIX TpyO moBwimaercs Ao 0,92. APl 5L mpexycmarpuBaer
MaKCHMajbHOE 3HAYEeHHWE COOTHOIIeHUs ST/SB Ha ypoBHe 0,93 mua T1pyo,
AKCHAHAUPOBAHHBIX B XOJOJHOM COCTOSIHUH.

OtHouieHue a, /a; SBISAETCS BAXXHOM XapaKTEPUCTUKOW CTalld, TaK Kak
MO3BOJIIET CYJUTh O 3alace €€ YCTOMYMBOCTH K IUIacTU4eckon nedopmaruu. Ha
TUarpaMMe pPacTsDKEHHS Y4acTOK IUIACTUYECKOW aedopManid COOTBETCTBYET

OTpe3Ky Mexy Toukamu 3 u 4 (puc. 1.3).
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Pucynok 1.3 — Cxema nuarpammel OZHOOCHOTO PACTSKEHHUS

Ha »TtoM yuactke oOpaszerr mnoaBepraeTcsi pPaBHOMEPHON IIACTUUYECKOM
nedopMaiuu, pacrpeaeseHHON 1o AJIMHe 00pa3lia, KOTopas 3aKaHUYMBAETCs B MOMEHT
oOpa3oBaHMsl Ha oOpasle MIEHKH U MOCIeNylollero paspyuieHus. PocT Harpysku
MOCJIE TOYKHA 3, XapaKTEepU3YyIOLIEH [TOCTHKEHUE TMpeliesia TEKYy4eCTH, BBI3BAH
CHOCOOHOCTBIO METaJlIa CaMOYIPOYHATHCSA B MPOIIECCE IIACTUYECKON AeopMaliii.
[Ipu sTOM creneHb neOpMAMOHHOTO YIPOUYHEHHUs, MAaKCMMajbHas B Hadaje
iacTuyecko naedopmanuu, 1Mo Mepe ee pPa3BUTHS IMOCTEIEHHO YMEHbIAeTCH,
CTPEMSICh K HYJIIO, UTO OTPAYKaeTCs Ha IOCTENIEHHOM CHUKEHUH yTila HAaKJIOHA OTpe3Ka
KpUBOH Ha ydactke 3-4[22].

N3menenue nedopmupyrolei CHiibl B Xoe ehopMaluy 3aBUCUT OT BIUSHUS
JIBYX MPOILIECCOB, ACUCTBYIOIIMX MPOTUBOIMOIOKHO: Je(HOPMAMOHHOTO YIIPOYHEHUS
MaTepHuaa ¥ FeOMETPUUYECKOTr0 pa3ylnpoOYHEHUs BCIIEICTBUE YTOHUeHHs oOpasia [10].
[Toxa poct Harpy3ku 3a cyeT AePOpPMAIMOHHOTO YIPOYHEHHS MEPEKPHIBACT €e
NaJicHue BCJIEJACTBUE YMEHbILICHUS IUIOMIAAM Ce4YeHus oOpasua, aedopmarius
ycToiunBa u aedopmupyromias cuia pacret. Poct cuibl 3a cueT nedopMalimoHHOTO

YHOPOYHCHUA 3aTyXacT CO BPpECMCHEM M Ha KaKou-TO cragun I[e(i)OpMaI_[I/II/I CTaHOBHTCA
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HEJOCTAaTOYHBIM, YTOOBI KOMIEHCHPOBATh BIMSHHE YMEHBIICHUS IJIOLIAAN
nonepeyHoro ceyenusi oodpasua. C 3Toro mMomeHTa aedopmars MPOTEKaeT IMpHU
HNOHWKAIOLICICS Harpy3ke, TepseT yCTOMYMBOCTb, HACTYIAET €€ JIOKaJIu3alus.
[ToTepro ycToitunBocTH mpouecca AeOpMHUPOBaHUS BCIEACTBUE HApYIIEHUs OaaHca
MEXJy CKOpPOCTBbIO TaJE€HHS MEXaHHYECKOIO COINPOTUBIICHUS H3-3a YTOHUYEHUS
CTEpPXKHS U CKOPOCTHIO A€(POPMAILIMOHHOTO YIPOUYHEHUS CIIEAYET paccMaTpUBaTh Kak
MCUEpIaHUe HeCcylled CcrnocoOHOCTH KOHCTpyKuuu. Eciu aedopmanuoHHOE
YIPOUYHEHUE TPU HArPy>KEHUU HE BO3HMKAET, MOTEPs YCTONUYMBOCTH HAUMHACTCS
BCKOpE IOCJIC JOCTHIKEHUS MaTepUaioM Mpejelia TEKy4eCTH, W OTHOILICHHE G./Cy

CTpeMHTCS K 1, Kak 3TO HAOIIOJAeTCsa y XPYINKUX MaTepHalIOB, HAIPUMEP YYTYHOB

(puc. 1.4).

E /o, 45 — — : &
40 |

0,5 0,55 0,6 0,650,70,750,80,85 090951 Y,/

05 0,506 065 0;7 07508085 09095 1 ©./5,
a) o)
Pucynok 1.4 — 3aBUCUMOCTb @) MOJTYJIS TJIACTUYECKOTO YIIPOUHEHHUS U 0)

nedopManyy B OT OTHOIIEHUS TIPeIeia TEKYIeCTH K BpEMEHHOMY COTTPOTHUBIICHUTO

Takum o0pa3zoMm, BeaWYHMHA G,/C, SIBISETCS BEChbMa Ba)KHBIM IOKA3aTEJIEM,
XapaKTEPHU3YIOMIUM CIIOCOOHOCTh CTamM K JAehOpPMAIMOHHOMY YIPOYHEHUIO B
mpoliecce miacTuyeckoi aedopmanuu. Yem MEHbIIE 3Ta BETUYMHA, TEM BBIIIIC 3a11ac
YCTOMYMBOCTU CTJIM K TUTACTHYECKOW aedopmanuiu, TeM OOJbIIe paBHOMEPHOE
OTHOCHUTEJIbHOE YyJUIMHEHHE oOpasua (ap,) 0e3 3apokKIeHus JIOKaIbHOIO YTOHUEHUS,
nepexoAsmiero B TpemuHy. C 3THX TMO3HWIMA MpU BBIOOpEe TPyO C OAMHAKOBBIM
YpOBHEM IIpejielia TEKy4eCTH, HO pa3HbIM COOTHOIICHWEM (i/Jy, NpearmovTeHne
CJIEIyeT OTJaBaTh TEM, Y KOTOPBIX YKa3aHHOE COOTHOIIICHUE MCHBIIIC.

Beibop TpyO s MOABOMHOW YACTH MAaruCTPAIBHBIX TPyOOIPOBOJIOB

npousBoauTcs o CTO «I"azmpom» CH 39-1.8-2004, koTopsiii uneaTrdeH Mopckomy
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CTaHAApPTy DNV-OS-FIOI «ITogBomHBIC TPyOOTIPOBOTHBIC CUCTEMBD»
kinaccudukarmonHoro  obmectea DET  NORSKE  VERITAS - DNV
(HOPBEXXCKUI BEPUTAC) ¢ peiakiHOHHBIMI H3MEHEHHSMH IS y4eTa HaydHO-
TEXHUYECKOW TEPMHHOJIOTHM, IPUHATOW B NpakThKe npoektupoBanus OAO

«l"a3mpomy».

1.3 HanpsizkeHHO-1e()OpMHUPOBAHHOE COCTOSIHUE MeTaJ1JIa TPYOONPOBOI0B

TpyOsr m nmeramu TpyOONPOBOJOB BO BpEMs JKCIUIyaTallMH HWCIBITHIBAIOT
CUJIOBOE BO3ICHCTBHUE, MPUBOJAIICE K BAPbHUPOBAHUIO HAIPSIKEHHOTO COCTOSHUS
MmaTepuaia [23,24].

Hanpumep, B MecTax mnepexojoB TPyOONPOBOJOB UY€pPe3 BOJHBIC MPETPasbl,
JIOpOTH, B MECTaXx 0Opa30BaHUs MPOMBIBOB U MPOBUCAHUS TPYyOOINPOBOIOB, BOIU3H
COWICHEHHSI TPpYOOIPOBOJOB C arperaramMu IepeKaurBaIONIMX CTaHIMN HaumOoJliee
WHTEHCUBHO MPOSBISIOTCS M3TMOHBIE HanpspbKeHusa. BosnelcTBre MeXaHUYEeCKUX
BHEITHUX HANpPsDKCHHM, BO3HUKAIONIMX B MaTepuayie TpyO 3a CUET U3MEHEHHS
TeMIepaTyphl, U3ruda u T.1., COBMECTHO C BHYTPEHHUMH Pa0OYMMU HANPSIKEHUSIMU
HaIpsMYIO BIUSIET HA COCTOSIHME MaTepHuaa.

N3BecTHO, 4YTO JOKaJdbHBIE YYacTKM TPYOONPOBOJOB C MOBBIIICHHBIMU
HaIPSDKCHUSIMU - SIBJISIFOTCSL  TIPEAIIOYTUTENBHBIMU ISl TIPOLIECCOB  «IETPAIalIHI)
(GYHKIIMOHATBHBIX CBOWCTB MaTepuaiia 3a cueT Je(OopMalMOHHOTO CTapeHHs U
MaJIOIMKJIOBOM  YCTaJOCTH MeTaula, KOTOpbIE CO BpEMEHEM TMPHUBOJAT K
KPUTUYECKOMY COCTOSIHMIO MaTepuaia U, Kak CJIEACTBUE, MOHMXEHUIO
paboTocnocoOHOCTH TPYO.

Tak kak B HacTosIee BpeMsl HET IPUOOPOB, aJaNITUPOBAHHBIX K U3MEPEHUIO
HaIpsHKEHUN B JIEWCTBYIONIMX TPYOOINpPOBOJAX, TO JI0 CHX TOpP JOCTOBEPHO HE
OIICHEHAa B psJie€ ClIy4yaeB MPUYMHA OTKA30B TPYOONPOBOJOB U POJb B OSTOM
MeXaHMUeCKUX HanpspkeHui. CiaegoBarenbHo, KoHTPodb HC HeoOXoauM Kak o1Ha
U3 COCTABIISIONINX MPEBEHTUBHBIX Mep TI0 OOpb0e ¢ aBapusiMU Ha TPYOOTIPOBOIAX.

JIpyruM# COCTABIIIIOIIMMU TaKUX MEpP SBIIAIOTCA YCHJICHUE HANPSKEHHBIX

Y4acTKOB TPyOOIIPOBO/Ia, CHATHE HAMPSKEHUH IMyTeM BBIPE3KH YaCTH HAIPSKEHHOTO
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ydacTka TpyOOmpoBOJa, MEXaHWYECKOE CHSATHE HAINpPsHDKCHUH IMyTeM H3MEHEHUs
YPOBHS OTOp, CHOPSIMIICHUSI U30THYTHIX Y4aCTKOB TpyOompoBojaa. OqHAKO U B 3TUX
Cllyyasix TMOCJI€ TPOBEACHHUS IMOJOOHBIX MEpPONPHUATHN TpeOyeTcsl IMOBTOPHBIA
koHTposib HJIC, Ha ocHOBaHMHM KOTOpOTO Jenaercs BbIBOA 00 3¢(EeKTUBHOCTH
pearTn30BaHHbIX TEXHUUECKUX PEIICHHH.

Eme omnuMm mpaktuuecku ciabo u3ydeHHBIM (PAKTOpPOM, KOTOPBIH MOMKET
CKa3aTbCid Ha HAACKHOCTH Ta30MpPOBOJOB SBISETCS BUOpalus B MPHUCYTCTBUU
CTaTUYECKU JACUCTBYIOUIMX HANpPSDKEHUHM, pOJIb TaKWX HAINPSHKEHUM B MEXaHHU3ME
BO3HUKHOBEHUS YCTAJIOCTHBIX TPEUIUH TPYIHO MEPEOIEHUTD.

Tpebyer Takxke W3ydeHUS BIMSHHE 30H IUIACTUYHOCTH, BO3HUKAIOIIUX Kak
OpU U3TOTOBJIEHHMM, TaK W OSKCIUIyaTallud TpyOONpoBOJa Ha €ro HaJAEKHOCTb B
YCIOBUSIX HAMPSHKEHHOTO COCTOSIHHSI, OO0YCJIOBIEHHOTO JAaBIIEHUEM CpeIbl BHYTPHU
TpyOOIIPOBOJa U BHELTHUMH C)KUMAIOLIUMH WM PACTATUBAIOLIMMU HAIPSHKEHUSAMU.

CornacHO TeOpuUM TOBPEXKIECHHUM, BCSI COBOKYIHOCTb SIBICHUI Ha
MUKPOYPOBHE (KPHCTAUIOB, 3€peH W T.[d.) B MpPOIECCE HATrPYKEHUS - TEH30pPbI
nedopManuii 1 NOBPEXIEHUH, ONPEEIISIOIINX COCTOSHUE MUKPOYACTHULIbI, SIBJISIOTCS
OJTHO3HAYHBIMH (PYHKIIMOHATAMH (QYHKIIUN HATPSHKESHUI.

B pabore [25] A.A. WnprommuiHBIM oOIpeaeieH MaTreMaTH4YecKuil obpa3s
HNOBPEXACHUN Kak (PyHKIIMOHAJ TPEXMEPHBIX TEH30pOB HANpsKEHUM, BBeleHA Mepa

MOBPEXJICHUI U TOCTPOEHA JIMHEWHAs Teopusi, 0a3upyrolascs Ha BbIpaKEHUU:

t

p= 6[1"[(‘( —1)do(x),

rae p - MOBPEXKICHHUE, a - Hampsbkenue, t - Texymee Bpems, [I(t) - suapo
MTOBPEXKICHUM.

W3 naHHOW Teopuu CleayeT, YTo TEKyIlas MOBPEXJICHHOCTh MaTepuala,
OTIPEICIISAIONIAs ITUTSIHLHYIO POYHOCTh KOHCTPYKIINH, 3aBUCHUT, IPEUMYIIIECTBEHHO,
OT BPEMCHH H PSIKUMOB HarpyKEHUSI.

CnemoBaTenpbHO, METOABI M CHOCOOBI  HMCCIEIOBAaHUS  MOBEICHUS
Harpy>KeHHOT0 MaTepuaja, OIEHKH HANpsIKECHHO-ICPOPMUPOBAHHOTO COCTOSHUS

KOHCTPYKIHNH ABJIAIOTCA OHHOﬁ M3 KIIIOYCBBIX COCTABJIAIOIIUX B 3aJa4ax OIPCACICHNA
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HaziekHOCTH B pabortax [26,27] moka3aHo, YTO B METAINIMYECKUX KOHCTPYKITHSX
MOTYT CTaOMJILHO CYIIIECTBOBATH HAIPSHKCHUS 0€3 MPIIIOKEHUST BHEITHUX HATPY30K,
KOTOpbIe HOCAT Ha3BaHuWe ocraTouHbix (residual stresses), coOCTBEHHBIX WU
BHYTPEHHUX HAIPSKECHUH.

[TpuunHOW BHYTPEHHUX HAMPSHKECHUHN SBISIOTCS HEOAMHAKOBBIC JTUHCHHBIC
Wi o0beMHBIE JedopMalUud COCEAHMX MHKPOYACTHI[ MeTauia. Pazmuuus
BHYTPCHHUX HAIPSHKCHUH MPOSBIISIOTCS B XapaKTepe UX paclpeaesICHHsI 0 MaKpo- 1
MUKPOOOBEMaM KOHCTPYKIIMH, a TaKXKE€ B KOHKPETHBIX (DU3UKO-XUMHUYECKUX U
TEPMOMEXaHMUYECKNX (PaKkTOpax, BBI3BIBAOIIMX B MaTepHalie HEOOpaTHMbIC
IpOIECChl, TakKWe KaKk HEOAHOPOAHas IutacThdeckas nedopmanusi, (a3oBbie
npeBpatienus, 1uddys3us u ap. M3BecTHO HECKOJIBKO BHUJIOB KJIACCU(PUKAIIUU OCTa-
TOYHbIX HanpsbkeHuil. HaunOonee mmpoko wucnonwsdyercs kiaccupukauus H.H.
JHaBunenkosa . [1o aToit kitaccudukanuu CynecTByIOT OCTaTOYHbIC HAPSKEHUS TPEX
pomoB. OnHM  pasznuyarorcs oObeMaMH B KOTOPBIX OTH  HANpsKEHUS
YPaBHOBEIIHBAIOTCSI.

Hanpsixenust [ poga — ypaBHOBEIMBAIONTUECS B MAKPOOOBEME, T.€. B 00BEME,
COM3MEPUMOM C pa3MepaMH KOHCTPYKIINU;

Hampsoxkenuss I poma —  ypaBHOBemmMBaromuecs B  MHKPOOOBEME,
COU3MEPUMOM C 00BEMOM OJHOTO MJIM HECKOJIBKUX 3€pPEH;

Hampsoxenuss  Ill poga — uUCKakeHHS KPHUCTAJIUIMYECKOW  PEIIeTKH,
0OyCJIOBIIEHHBIE TOJISIMH JlepopmaIuii, CBA3aHHBIMH KaK C TOYEYHBIMU JeheKTamu,
TaK U C IUCIOKAIUSIMH.

Kpome Toro, B Harpy)kCHHOW KOHCTPYKIIMH JCHCTBYIOT BHCIIHHUE
HaIpPsHKEHUS, KOTOPhIE B TPYyOONPOBOJAX BO3HUKAIOT OT CICIYIONIUX HArpy30K H
BO3/ICHUCTBUM:

®  T[IOCTOSHHBIX (CTATUYECKUX) HATrPy30K W BO3JICUCTBHH, K KOTOPHIM
OTHOCATCS COOCTBEHHBI BeC TPyOONpPOBOJA, JABJICHHE IEPEKauYNBAEMON CPEIbI,
BO3/ICHCTBHE KOHCTPYKIIMOHHBIX HAMpsDKCHUW, TMPHOOPETEHHBIX HA CTaJUU

CTPOUTCIILCTBA,
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®  BpPEMCHHBIX (IUKINYECKUX) HATPY30K, KOTOPHIC BKIIOYAIOT ITYJIHCAITUIO
TABJICHUS TIEPEKaYNBaEMOM CPEJIbl, TEMIICPATYPHBIC HAIIPSKEHUS;

e  CIydYalHBIX (0COOBIX) HArPy30K M BO3ICHCTBHIA, BKIIFOUAIOIINX CHETOBBIC,
BETPOBBIC HArpy3kM M HArpy3kd OT OOJICACHCHHS, HCIBITATCIIbHBIC Harpy3KH,
Harpy3Kd, BBI3bIBAEMBIC BPEMEHHBIMH HEHWCIPABHOCTSAMH H  HAPYIICHUSIMHU
TEXHOJIOTHYECKOr0 TIporecca (HampuMmep, CMEIIEHHEM OIop INpH HaJI3eMHOU
MPOKJIAIKe TPyOOIPOBOIA).

Takum 00pa3zoMm, HeoOxoauMo oOocHoBaTh MeTon KouTposst HJIC
TpyOOINPOBOAOB, KOTOpPBIH HMen Obl BO3MOXKHOCTh HHTETPAIbHO OIICHUBATH
JEHUCTBYIONTNE B KOHCTPYKIIMM HATPSDKCHUS HE3aBHCHMO OT HX TMPOUCXOXKICHHUS

(BHGH_IHI/IG 500041 BHy'TpeHHI/Ie) W BBIACJIATH 30HBI C MAKCUMAJIbHBIMU HAIIPAKCHUSAMMU.

1.4 Ycranocrh cTaau

VY CTanocTeio0 Ha3bIBAIOT MPUBOJSAIIMI K IOSBICHUIO U PAa3BUTHIO TPEUIUH, a
3aTeM MOJHOMY pa3pylICHUIO Tela MNPOLECC HU3MEHEHHUsT COCTOSIHUSI U CBOMCTB
MaTrepuajlia MOJa JECWCTBUEM NOBTOPHO-TIEPEMEHHBIX HampsbkeHni. Cruenyer
pasnuyaTh 3HaKOIIEPEMEHHOCTh HAIPY>KEHHUsSI W IIOBTOPHOCTH UM MHOTOKPATHOCTb.

Ycranocte NposBIISETCS YK€ MPU HAJTUYMKM TOJIBKO MOBTOPHOCTH HArpy30K
OJIHOTO HalpaBJICHMS, HAIPUMED IyJIbCAL[UU C MU3MEHEHUEM HArpy3KH OT HYJS 10
HEKOTOpOro Makcumyma. OJJHaKO 3HaKONEPEMEHHOCTh Harpy>KeHHsl, HallpuMep Mpu
MHOTOKPAaTHOM PAaCTsDKEHUU-CKaTUM WM TpU U3rHOE BpallaroIierocss oopasiia
ITOCTOSIHHO HAIPaBJICHHOW CUJIOW 3HAYWTEIBHO YCHJIMBAET Pa3BUTHE YCTaJOCTHBIX
npoueccoB. [Ipy 7aHHOM MakCMMaIbHOM HaNpsDKEHUM WK Jedopmaliii Hauboliee
OMACHBIM SBJISIETCSI CAMMETPUYHBIN LUKJI IO CPABHEHUIO C aCUMMETPUYHBIM LIUKIIOM
C TIOJIO>)KUTEJIBHBIM CPETHUM HAIPSKEHUEM.

OnacHOCTh YCTaJOCTHOTO HAarpyXeHUsi MO CPaBHEHUIO C OJIHOKPATHBIM
CTaTUYECKUM 3aKITH0YAETC:

a) B Oosiee HU3KON BEIMUYMHE pa3pyLIAIOUIEr0 HANPSKEHUs (10 MOJOBUHBI

CTaTUYECKON MPOYHOCTU U HUKE);
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06) B Oosiee pe3KOM M OOBIYHO HEOJATONPUATHOM BIMSHUU HA MPOYHOCTH
HEOJIHOPOJHOCTH CTPYKTYPBI, HAJPE30B, KOPPO3UOHHOTO BO3AECUCTBUSA, OCTATOUHBIX
pacTATrMBAIOIIMX HANPSHKEHUN U T. 11.;

B) B CYIIECTBEHHO MEHEE IUIACTUYHOM CTPOCHHHM H3JI0Ma, YTO YacTo
IPUBOJUT K BHE3AITHOW 3aKJIFOUUTENBHOM (pa3ze pa3pylICHHUS.

BBIHOCIMBOCTBIO  HA3bIBAIOT  CIIOCOOHOCTh ~ MaTepuana M U3JEIUH
MPOTUBOCTOSATH MPOIECCY YCTATIOCTH.

KpuBble ycramoctu, Ha3zblBacMble Takke KpuUBbIMU Berepa , ObIBaloT IBYX
TUTIOB: KpPUWBBIE, KOTOpbIC, HAYMHAS C HW3BECTHOTO YHWCIIA ITUKJIOB, MPAaKTHYECKU
MEPEXOIAT B TOPU30HTAIIb, TIOJOOHBIM THI KPUBBIX XapaKTEPEH AJii MHOTHX CTallei
IPU HEBBICOKMX TeMIeparypax ucnbiTaHus (puc. 1.5, kpusas 1); kpuBble, KOTOpbIE
HEMPEPBHIBHO TMOHIKAIOTCS, YTO XapaKTEPHO ISl MHOTHX CIUIaBOB, I CTalled U
JAPYTUX MaTE€pPUAIOB IIPH BBICOKUX TEMIIEpaTypax UCHBITAaHUS U JJIs BCEX MaTepUaoB
B KOPPO3HOHHO# cpene (puc. 1.5, kpusas 2).

[Ipenenom BBIHOCJIIMBOCTH HAa3bIBAIOT HanOOJIbIIYIO BEIINYUHY
MaKCHMAaJIbHOIO HaNpsIKEHUsS IMKJIA, HE BBI3BIBAIOLIETO pa3pyLICHUs MPAaKTUYECKU
IpH OYeHb 60IBIIOM uncie k0B (107 u Gonee).

OueBHUIHO, TAKOM MPEENT MOXKET ObITh YCTAHOBJIEH TOJBKO ISl MAaTEpUAOB,
UMEIOIINX KPUBYIO YCTAJIOCTH C TOPU3OHTAIBbHBIM y4yacTKOM. [[is maTepuasnos, y
KOTOPBIX KPHUBBIE YCTAJIOCTH HEMPEPHIBHO MOHIKAIOTCS, YCTAaHABIWBAIOT MpEae
OTpaHUYEHHON BBIHOCIMBOCTH, IPU 3TOM YKa3bIBAIOT BEIMYUHY HAMPSIKEHUS U YUCIIO
UKJIOB — 0a3y UCIIBITAHUM.

JIns  yCcTalloCTHOM TIPOYHOCTH OCOOCHHO HEO00XOoJIUMa CTaTHUCTHYECKas
TpakToBKa. [Ipn mocrarouHom uucie oOpa3ioB, UCIBITAHHBIX PU Pa3HBIX YPOBHAX
HaNPSHKEHUS, MOJKHO CUMTATH MPEIEIIOM BEIHOCIHBOCTH TO HanOOIbIIee HAIIPSDKEHNE
LUKJIA, IPU KOTOPOM C OIpPEIEICHHON BEPOSTHOCTHIO HE MPOUCXOAUT YCTAIIOCTHOTO
paspyuieHus 10 33JaHHOTO YKCiIa [IUKIJIOB, 0a3bl UCIIBITAHUSI.

JleBoii yactu kpuBO# Benepa cooTBETCTBYET U YMCIaX LUKIIOB OT ThICAY J10
JIECSITKOB M COTEH THICAY TaK Ha3bIBa€Masi yCTaJOCTh MPU MaJIOM YUCIIE ITUKIIOB WIIH

pa3pylleHre OT NOBTOPHO-CTATUYECKUX HArPY30K.
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[T0oBTOpPHO-CTaTUYECKOE pPa3pyLIEHUE MOYKET MPOUCXOAUTh U OT HArpys3ok,

KOTOPBIC paHbIIC CYUTAIN YUCTO CTATUYCCKUMM, HAIIPUMCP OT IIYCKOB M OCTAHOBOK

MalllMH U I[BPII‘&TCJ'ICI?I, OT PC3KUX W3MCHEHUN UX peXKHuMa, OT TCPMUYCCKHUX,

MAardmMTHBbIX,

N3MCHCHUAX B IIPOLECCCC pa60TI>I.

EHTPOOEIKHBIX,

MOHTQXHBIX HAIIPSHKEHUM IIPU MX ITOBTOPHBIX

HCY‘ICT ITIOBTOPHOCTH HArpPy>XCHUA B HO,ZIO6HLIX ClIydasdax IIPpUBOOUT K

Ieperpy3ke KOHCTPYKIMM M HEPENKO, KaK CIEACTBHE OJTOro, K HX IOJOMKAaM.

HaanMep, A0JIr0C BpCMs CUHHUTAIH, YTO MHOI'MC ACTAJIHN CAMOJICTOB IIOABCPIarOTCA

YUCTO CTaTUYECKUM Harpys3kam. M TONbKO ciydan pa3pylIeHUs IIPU HAIPSKECHUSX,

3HAYUTEILHO MEHBIINX CTaTUYECKOM IMPOYHOCTH, BbI3BAJIH IICPCXO] K HCIILITAHUAM U

pacu€TaM Ha IIPOYHOCTL IIO COIIPOTHUBIICHHIO MEUIOI.IPIKJ]OBOﬁ YCTAJI0CTHU, 4YTO,

KOHCYHO, IIPUBCJIO K ITIOHUKCHUIO JOITYCKACMBIX HaHpH)KeHHﬁ.

Ga |

R

Pucynok 1.5 — KpuBsie ycTanoctu MeTawioB
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Pucynok 1.6 — Jluarpamma yctamoctHoro paspymenus cramu 20 [13]: 1 —

Hayao 00pa3oBaHMs CYOMUKPOCKOITMYECKUX TPEIINH; 2 — Hadaao 00pa30BaHUs
MHUKPOTPEIIH; 3 — OKOHYATEIPHOE pa3pyIICHNE

KpuByto ycrtanoctd MOXXHO CTPOUTH NPHU JOBEACHUM HCIBITAHUS U JO
MOJTHOTO pa3pylieHusi oopas3ia uiu uzaenust (OObIYHBIE KPUBBIE YCTAJIOCTH WIIU
KpuBble Benepa); mo Havary pa3BUTHS TPEUIUMHBI; IO HAKOTUICHUIO OTIPEIeTICHHOM
MOBPEXKIAEMOCTH, OOHApPY>KUBAEMOW TMYyTEeM OJIEKTPUUYECKUX, ONTHUYECKHX,
MarHUTHBIX U APYTHX METOJIOB .

TunuyHOE B3aMMOIOJIOKEHHUE 3TUX KPUBBIX MpUBEIEeHO Ha puc. 1.6.

Kpome TOro, mHOTrma NOPUMEHSIOT W JPyrue KPUTEPUH YCTAJIOCTHOU
MIPOYHOCTH, HAIPUMEpP, PE3KOE IMaJICHUE HArpy3KH, pe3Koe M3MEHECHHE YacCTOTHI
IIUKJIOB 3HAYUTENbHBIA pOCT Jedopmaiiii, TOSBICHUE TPEIIWH, 3apaHee
MIPEIOIPEACIICHHBIX Pa3MEpPOB WITH YUCia U T. 1.

BBugy TpymoeMKOCTH WCHBITAHUW W HEOOXOAUMOCTH TMPUMECHCHHS
CIEIUAJIBHBIX YCTAJOCTHBIX MAIllMH W 00pa3lioB OBLIO MPEHJIONKEHO OOJIBIIOE
YHUCJIO YIPOIICHHBIX, YCKOPCHHBIX M KOCBEHHBIX METOJIOB OTPECACICHUS

YCTaJIOCTHOU MPOYHOCTH.

C IMOMOIIBIO 3THUX MCETOAOB YCTAHOBJICHBI MHOI'HC HpI/I6J'II/I)K€HHBI€

(Ka‘-IeCTBeHHBIe) 3aBUCUMOCTHU MCIKAY NPCACIIOM BbBIHOCIIMBOCTU U Oonee IMPOCTBIMU
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MEXAHUYECKUMHU CBOMCTBAMM: BPEMEHHBIM CONPOTUBICHUEM O B, HWCTUHHBIM
COTPOTHUBJICHUEM PA3PYIICHUIO Sk, COMPOTHBICHHEM OTPBIBY SOT, CONMPOTHUBICHHUEM
cpesy tk u ap.

Opnako B JydIlleM CiIydae YCTAHOBJICHHBIC TaKMM OOpa3oM 3aBUCUMOCTH
CIIPAaBEUIMBBI TOJIKO JUISI JAaHHOM TpPyINIIbl MAaTepUaioB, JIAaHHBIX YCIOBUHI
Harpy>KeHus u T. 1.

JIns HaJEe)KHOTO OIPENEIICHUs COMPOTUBIICHUS YCTAJOCTH U y4de€Ta CTENEHU
aCUMMETpPHH IIMKJIa, MaciliTaba, COCTOSIHUS MOBEPXHOCTH U IPYTUX (HaKTOPOB MOTYT
CIIY)XUTh TOJIbKO YCTAJOCTHBIC WCIBITAaHUS OOpa3loB, HATYpHBIX W3IACIUN U
OTACIBHBIX Vy3JI0B Ha CICIUAIBHBIX MAalIMHAX, JKEJIATEIbHO C NPUMECHEHUEM
MOCJIEYIONIEH CTaTUCTUYECKON 00pabOTKH Pe3yJIbTaTOB.

3HaueHUE YCTAJIOCTHBIX MCIHBITAHUNA JUIsi OOeCHedYeHUsT ONTUMalbHOU
HAJIe)KHOCTH U pecypca IIPU MUHUMAIIbHOM BECE JIJI1 COBPEMEHHOU TEXHUKU OTPOMHO.
HNmeercst maso ciydaeB pa3pylICHUs B SKCILUIYaTAlMOHHBIX YCIOBHUSX, B KOTOPBIX B
TOM WJIM MHOM CTEMEHU HE Y4aCTBOBAIM Obl TOBTOPHO-TIEPEMEHHBIE HArPY3KH

Bo3pacranue ponu yCcTamoOCTHOW NPOYHOCTH MATEPHUAIOB CBSI3aHO CO BCE
OOJIBIIMM TIOBBIIIICHUEM HAMPSHKEHHOCTH W MPUOJMIKEHUEM HKCIUTyaTalluOHHBIX
Harpy30K K pacueTHbIM, YIUIOTHEHUEM JKCIUTYaTaAllMOHHBIX PEXUMOB, YBEIUYECHUEM
pecypca, BO3paCTaHUEM HECTALMOHAPHOCTU HArpyKEHUsI B COBPEMEHHOM TEXHUKE.
Kpome Toro, mnpumeHeHHe MaTepHajioB ¢ 0oJjiee BBICOKMM BpPEMEHHBIM
COITPOTUBIIEHUEM O B HE PUBOJUT K MPOMOPLUHOHATBHOMY YBEJIUYEHUIO YCTATOCTHOM
MIPOYHOCTH.

JIjist MHOTHX 00J1acTeil TEXHUKHU OLIEHKY YCTAJIOCTHOM MPOYHOCTH MAaTEpUasIoB
MPOBOJIAT MPU PA3HBIX TEMIEpaTypax, B pa3IMUHbIX Cpe/lax Kak Ha oOpasiax, Tak u
Ha HATYPHBIX U3JIeNUX (UCTIBITAaHUSI TYPOUHHBIX JIOMIATOK, HOPIITHEBBIX U PEAKTUBHBIX
nBUraTeneit, 6amioHoB, GpepMm u T. 1m.). MeToauKe M MalIuHaM JJIsl yCTAJIOCTHBIX

HUCIbITAaHUN O6p33LIOB H Y3JI0B IIOCBAIICHA CIICIHAJIbHAA JINTCpATypa.
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1.5 Biausinue cTapeHusi Ha MPOYHOCTHBIE CBOMCTBA CTAJIM

BBenmuunna mnpenena TekydecTH (Or) OIpeAensieTcss BKIAIOM Mpejena
MaKpoymnpyroctu (c,), Bkiaaaa 1( K/+/d) (6,) ¥ BKIagoM, 3aBUCAIIUM OT COCTOSHHUS
IpaHUI 3epeH U pasmepa 3epHa (K/vd) : o, =0, + K/Jd +0,.

Benuunna mpenena MakpoynpyrocTd B TPYOHBIX CTalsiX (O,) CYIIECTBEHHO
3aBHCHUT OT TICPECHIEHUS CTaau yriaepoaoM. [IOCKONBKYy C TEYCHHEM BpEMEHH
yIaepoa TOKHAAET peIIeTKy a-Kelesa, Mpeael MakKpOYIMpYroCTH YMEHbBIIAeTCs.
VYrnepona, «yxomsaumii»y u3 (epputa, NEepexoAUT HA TPAHUIIBI 3€pEeH M 00pasyeT
KapOuapl. OTO TPUBOAUT K TIOBBIICHUIO «IPOYHOCTH TPAHUIl 3EPEHY,
BBIpAKAIOIIEMYCs B yBennueHUu kodppunnenrta K.

JIist  BBISIBIIGHUS CTapeHUs] HEOOXOJUMO OTACIBHO W3MEpSATh Mpesen
MaKpOYTNpyrocTu (6,) U BKJIaJl TPaHHULL (K/Nd).

N3mepenne BeMUYUHBI O, MPOBEACHBI HAMH ISl IIUPOKOTo Kpyra craneit MIT
B COCTOSIHUHU TOCJE JUIMTEIbHON JKCIUTyaTallid, MOKA3bIBAIOT, YTO TPH CTapPCHHUH
HaOMOaeTCsl BeChbMa CYIIECTBEHHOE YMEHBIIIEHHE TIpeneia MaKpOyHpyrocTH,
nocturaromee 100+150 MIla. Takum oOpa3om, cTapeHHE OKa3bIBaeT CHIIBHOE
BJIMSTHUE Ha TIPEJIe] MaKpOYNPYTOCTH.

B Ta6nuie 1.9 npuBeneHbl SKCIIEpUMEHTAIbHBIE JaHHBIC, HILTIOCTPUPYIONINE
W3MEHEHHE OCHOBHBIX BKJQJOB B TMpeaed TEeKyuyecTh — BKIAJ Tpenena
MAKpOYIPYTOCTH (G,) U BKIIAJ IPaHHL 3epeH o= (K/v/d) B mponecce craperus mis
CTaJICH, TTOJTYYCHHBIX IO PA3IMYHBIM TEXHOJIOTHSIM.

W3 Ttabnumbl BUAHO, YTO  CYIIECTBEHHOE YMEHBIICHHWE TMpejena
MaKpOYIIPYTOCTH CTAIM KOMIICHCUPYETCS COOTBETCTBYIOIIUM IMOBBIIICHUEM BKJIaja

rpaHuIl 3¢pCH, U BCIIMYHUHA ITPCACiIa TCKYYCCTHU MPAKTHYCCKHU HE NU3MCHACTCA.
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Tabnuna 1.9 — Bausinue ctapeHrs Ha IPOYHOCTHBIE CBOMCTBA CTaJH.
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3)1ec1> HEOOXOAMMO cJieaTh BaKHOE 3aMedyaHue. B mporecce crapeHus

BEJIMUMHA TMpefena TeKydyecTd (M Tpejena MNPOYHOCTH) OCTAETCS MPaKTHUYECKU

Hen3MeHHOM. IIpu 3TOM ypoBeHb JONMyCTUMBIX PaOOUMX HANPSDKEHUN Gpag, KOTOPBIN

TPaAUIMUOHHO OIPCACIIACTCA U3 BEJIMINHBI IIPEACIIA TCKYUCCTH O ITYTEM ACJIICHUS €TO

Ha TOCTOSTHHBIA KO3((ULIMEHT 3amaca Iy, B COCTAPEHHOM CTaJIl MOJy4YaeTCs] TaKUM

XKEC, KaK B HGCOCTapCHHOﬁ CTaJIn. OI[HE[KO BCJICACTBUC TMAACHUSA O, BCIMYUHA Opas

OKa3bIBACTC BBILIE MTPEieIa MAKPOYIIPYTOCTH.
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B pesynbpTaTe cocTapeHHbI MeTal npu pabouux Harpys3Kax, BIUHCISEMBIX

no ¢opmyne o./Nn;, paboraeT He B 00JaCTH YIPYTOCTH, a OKa3bIBAETCS B O0JIACTH

M
40
npeaen NPoYHOCTU
o - - o
Ob6aacTy MIacTHUECKOM AedopMaLiu
Goz [~
npeaen TEKy4yecTn .
O06JacTh MUKPONJIACTHYECKOI aedopmany
00" Voo [ npeaen Makpoynpyroctu
s B UCXOOHOM COCTOSIHUU
pab -
o). /... MPeAeN Makpoynpyroctu
B COCTApP€HHOM COCTOAHUM ()O1acTh y"pyroﬁ ﬂedjopmau""
» £
C
Pucynok 1.6 — BriusiHue ctapeHus Ha IPOYHOCTHBIC CBOMCTBA CTaJIH.
T
51
1.6 CBegeHuUs1 0 CTPYKTYpeE CTAJIM U €€ M3BMEHEHUH NMPHU HATPYKEeHU U
q
. Ha pas3nble MexaHuueckue CBOWCTBAa CTPYKTypa BJHUSAET Pa3JIMYHO,

BCJIECTBHE HEro NpejIaranoch (A. Cmekan u ap.) pa3iauyaTbh CTPYKTYpPHO-
He1yBCTBATEIbHbIE (Hampumep, MOAYIAU YHOPYrocTH ') M CTPYKTYpHO-
UyBCTBUTENLHbIE CBOMCTBA (CONPOTHUBJIEHUS PA3JIMYHBIM BUJAaM MJIACTUYECKOU
))é[e(i)opMaHI/II/I U pa3pyuIeHUIo0, pa3BUTHIO TPEIIUH, OTPBIBY, YCTAJIOCTH U T. 1.).

CTpyKTYypHO-HEYYBCTBUTEIbHBIE CBOMCTBA OMpPENENSAIOTCS B O00beMax,
E[Ha‘H/ITeJ'IBHO NPEBOCXOAANIUX BEIUYUHY CTPYKTYPHBIX 3JE€MEHTOB, H MMOTOMY
3aBUCAT IJIABHBIM 0o0pa3oM OT TeMmepaTyphl, AABICHHUS U JPYTUX BHEITHUX
$aKTOpOB. CTpyKTYypHO-UyBCTBUTEIIbHbIE CBOMCTBA 3aBUCAT TAKXKE €UI€ U OT
XMMUYECKHX, MEXaHMYECKHX, TEPMUYECKHX M APYrHX BO3JICICTBUH,
II;IBMGH}IIOIHI/IX JOKaJIbHBIE CTPYKTYpPHBIE OCOOEHHOCTH JTAaHHOTO MaTepuasna,
HalnpuMep HHAMBUIYaJbHbIE 0COOEHHOCTH JTaHHOUW NJaBKU WM MapTHU, U OT
HEOHOPOAHOCTH CTPYKTYPbl HE TOJILKO OT MaKpO- U MHUKPOCKOIMYECKOW, HO I

8T CyOCTPYKTYpBI, Hampumep OT BHYTPEHHETO CTPOCHHS OTACIbHBIX

II/\I/II/IKPOSCp CH.
7|
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Koneuno, Takoe pa3geneHue yCiaoBHO, TAK KaK OHO MOYKET U3MEHUTHCS
B 3aBUCHUMOCTH OT MHOTHUX (hakTOpoB. OOBIYHO CTPYKTYpHAsi YyBCTBUTEIHHOCTH
pacTeT Cc yMeHbIIeHHEM pa3zMmepa JedhopMUpyeMOH 30HBI (HANMpUMEp, MpHU
nepexoie OT IJIaJKoro odpasia K HaJpe3aHHOMY M OT HaJpe3aHHOTr0 K 00pa3iy
C TpEIIMHOHN), C YyBEIMYEHUEM JOJHU PpACTATUBAIOIMIUX HANPSKEHUH U C
MEePEeX0JIOM B 00JIaCTh pa3pyIICHHUS.

Oco00€ 3HaYeHHE UMEIOT HECOBEPIIEHCTBA CTPOCHUS KPUCTAININYECKOM
pemeTku [7], HazpIBaeMble AUCIOKaUMAMHU. bosplras 4acTe XapaKTEpUCTUK
MJIACTUYECKON AepopMalluy U pa3pelieHUs] 3aBUCUT OT CTPOCHUS U JIBUIKEHUS
OHUCIIOKAIUHA CUJIBHEE, YEM OT MNPABUIBHOU KPUCTAIIMYECKON CTPYKTYPHI.
Takum 006pa3oM, OTKIOHEHHUS OT Mpa BHIBHON CTPYKTYpPbl MOTYT OKa3aThbCs
0osiee BaXXHBIMHU, YEM caMa CTPYKTypa.

IToaTOMY IpPOYHOCTHBIE PAacyeThl Ha OCHOBE MOJEJIEH COBEPILIECHHBIX
0e3ae(PEeKTHBIX  KPHUCTAUIOB MIPUMEHHMBI  TOJBKO I  CTPYKTYpHO-
HEUYYBCTBUTEJIbHBIX CBOWCTB (HanpuMep, B yIpyroi o01acTu), 1 pacueToB na
XpYyHKO€ pa3pelieHne HeoOX0 UMbl YK€ pacueThl C yUY€TOM HECOBEPILEHCTB U
IpYyrux Ae(peKTOB CTPYKTYPHI.

BBuny HemocTtaToyHOUM pa3zpaOOTaHHOCTH, CTPYKTYPHO-KHHETHUYECKHUI
MOJXO0J ellle He MOT OBITh MOCJIE0BATEIbHO MPUMEHEH B HACTOAIIEH KHUTE U B
HEW U3JI0KEHBI JIMIIb HEKOTOPHIE CBEAEHUS MO 3TUM BOIIPOCAM.

1.7 CrpykTypa cTaju 10 HarpyKeHust

bonpmHCTBO MaTepualioB, B TOM YHCIE M METAJbl, 3aHUMAIOT
NPOMEXKYTOUHOE MOJIOKEHUE MEXKAY UICATU3UPOBAHHBIM a0COIIOTHO TBEPIBIM,
YIPYTUM TEJIOM U BA3KOW KHUIKOCTHIO THUIIA CMOJIBI.

Tak, B u3BeCTHOM Moaenu MakcBenna OAHOMY M TOMY XKE TEy
OJTHOBPEMEHHO MPUMHUCHIBAIOT (@ HE MPOTUBOIMOCTABIISIOT) YIPYTOCTh (POPMBI,
KaK CBOWMCTBO MACAIBHO-YIIPYroro Tejda — NPYXKHUHBI, U BA3KOCTb, Kak
XapaKTEPUCTUKY JKUIKOCTH — MOPIIHSA, COCAMHEHHOrO IOCJIEN0BATEIbHO C

IIPY>KUHOU.
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PHU3UYECKON MEPOU NPOYHOCTH MATEPHUATIOB HYACTO CUUTAIOT DHEPTHIO
CBSI3M, OLEHHUBAEMYIO PA3HOCTBIO MEXJY SHEpPrueil CBSA3aHHOIO COCTOSHUSA
COBOKYIHOCTH YacTHUI[ U JHEpTrue mocie pa3zbeJUuHEHUs U OECKOHEYHOTO
yIAJIEHUS 3TUX YaCTUI] APYT OT Apyra. DHEpTrus CBA3U paBHA paboTe, KOTOPYIO
HEO0OXOJAUMO 3aTpaTuTh, UYTOOBI pa3J0XKUTh CUCTEMY Ha COCTABISIOUIHE
YacTULbl. JTa € HJHEPrus BBIJIEJSETCS NPHU BO3HUKHOBEHUHM CBS3H. YUeMm
Oonpine dHEPTHUs CBsA3M (IO aOCOMIOTHON BEJIWYMHE OHA OTPUIlATENIbHA), TEM
IPOYHEE CBA3b.

KpoMe BBICOKOW NIOTHOCTHU 3HEPTUHU CBA3U (Ha 1 rpamMM-mMonap unu Ha 1
cM®) BakHa TaKXKe BBICOKas NMPOCTPAHCTBEHHAss CUMMETPHMsS CTpoeHHs. Tak,
rpauT BBUAY HHU3KOW NPOCTPAHCTBEHHOW CHUMMETPUU CTPOEHUS TOpas3jo
MEHEeEe MPOUYEH, YEM ajiMa3, XOTs MJIOTHOCTU SHEPTHUH CBA3M y rpaduTa U anMasa
OJIM3KH M0 BEJIMYHUHE.

N3BecTHrl MHOTOUYKCHeHHbIe TTonbITKU (H. @. Jlamko, B. C. lBanoBa)
YCTAHOBJIEHHS CBA3M MEXKAY MEXaHUUYECKUM pa3pylIeHUEeM, ¢ OJJHON CTOPOHHI,
I pa3pyLIEHUEM TBEPAOIrO Teja MyTEM IUIABJICHUS WJIM UCIAPEHUS — C APYroM
[14]. ITpu nnaBaeHUH KPUCTAIOB C POCTOM 3araca TeIJI0BOW SHEPTUH PaCTET
YUCJIO «IBIP», HE 3aHATBIX aTOMaMHW WJIM MOJIEKYJaMHU y3JI0B pemeTku. Jlis
NJIaBJIEHUS JOCTATOYHO PAa30pBaTh JIMIIb YaCTh MEXMOJIEKYISPHBIX CBS3€EH, T.
€. IOCTaTOYHO HAPYIIHUTh «JAJIbHUN MOPAAOK», COXpAaHEHUE OCTAJbHBIX CBSI3E
obecrneynBaeT «ONMKHUN mopsaok». [lpu umcmapeHun CBSI3M U CTPYKTypa
pa3pymarTcs NOJHOCThIO. [loaTOMy TeruioTa IUIaBI€HUS B JECATKH pas
MEHBIIIE TEIJIOTHI UCITaPEHUS.

Crnenyer yduThIBaTh PE3KO pPA3JIMYHYK CTEINEHb JOKAJIbHOCTU IpPHU
HapylIIEHUHU CBSA3E€H B TPEX CllyyasX: MPU MEXaHMYECKOM pa3pylIeHUH, KOTAa
0OBIYHO pa3pyllaeTcs JHIIb OYEeHb HeOObIIasi YacTh CBSI3€H, HApUMEp, MPH
MEXaHUYECKOM pa3/IeJICHUHN Teja a 2 - 3 4acTU B KaXKJO0W U3 ITHX YacTEeH CBSI3HU
MOTYT B 3HAYUTEILHONU MEPE COXPAHIATHCS; IPH IUIABICHUH, KOTJa HapylIaeTcs

qacCTb CBHBeﬁ; IIpHu UCIIapCHUHU, KOTa CBA3U pa3pymarOTCA IMOJTHOCTHIO.
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[Ipu ydere BAUSHUS CTPYKTYphl Ha MEXaHWUYECKHE CBOMCTBa
HEOOXOIMMO MPEXJe BCEro pa3iuyaTh CTENEHb €€ JOKAJIbHOCTU: HaIpUMED,
MUKPOCKOMMYECKUE IIEMEHTHI CTPYKTYPHI, B CBOIO 0OYEPEAb, XapaKTEPU3YIOTCS
0o0J1ee TOHKOW BHYTPE3EPEHHOU CYOCTPYKTYPOM.

VY MeTaJllIOB OCHOBHBIM CTPYKTYPHBIM 3JIEMEHTOM MOKHO CUUTATh 3€PHO
(KpuCTaIIIUT), CYOCTPYKTYypa KOTOPOTO XapakTepu3yeTcst 6JJ0KaMu MO3auKH, T.
€. 30HaMU 3epHa. DTHU 30HBI pa3JelieHbl CyOrpaHUuLlaMU. YTOJ pa3opIeHTAIUH
Ha cyOrpanuiiax OOBIYHO HE Mpe BIIIAET HECKOJbKUX MHUHYT, a pa3Mepbl
cy03epen — OmokoB Haxomarcs mexay 10~° m 10~® cm. Cy0G3epHa MoryT
obpa3zoBaThCs, HAIPUMEP, MPH MOJ3YUECTH, IPU HArpeBe mocie Aedopmamuu,
npu njacTudecko pedopmanuu u T. 1. Pa3mepsl cyO3epeH OOBIUHO
BO3paCTalOT TIPH TMOBBIIMICHHU TEMIIEPaTyphl W YMCHBIICHHUH CKOPOCTH
nedhopMaluu.

['panunbpl 3epeH — HE TOJbKO IMOBEPXHOCTH 3€pPEH pPa3HbIX OpPHUCH-
THPOBOK, HO H ITIEPEXOHBIC 30HBI COMPSIKEHUS pa3HbIX 3epeH. C u3MeTbUCHUEM
3epHa O0MmMK 00bEM MEPEXOJHBIX 30H PACTET.

CymecTByOT AUCIOKAIIMOHHBIE TEOPHUU, OOBSICHAIONIME BIHUSHUE
TpaHUIl 3€peH C y4yeToM «yria paszopueHtauuu». Crapas Tteopus bunbdm,
COTJIACHO KOTOPOM MEXAy 3e€pHaMU CYIIECTBYET CJOW aMOpP(PHOTO CHUIIBHO
MepeoXIaxJeHHOTO MaTepuaja, MHOTO JIeT cuMTalach HeBepHOW. OmHAKoO B
Mocjie/IHee BpeMsl OHa BHOBb BBIABHTAETCS (Hampumep, MoTToM), KOHEYHO, B
Mo IU(UIIMPOBAHHOM BHUJIe. BO BCIKOM ciiydyae O4eBHUIHO, YTO Ha IMOJI3YUYECTh,
HECOBEPIICHCTBA YIIPYTOCTH M IPYyTUe MEXaHUUECKHUE CBOMCTBA I'PAHUIIBI 3ePCH
OKa3bIBAIOT CUJIbHOE BIUSHUE. [ paHUIIBI 3€pEH MOTYT B3aUMOJIEHCTBOBATH C
APYTUMHU AePeKTaMHu — C TUCIOKAIUIMH, MTPUMECHBIMU aTOMaMH | T. TI.

DJeMEeHThl C HAauMEHBIIMM aTOMHBIM paauycom (mopsiaka 0,5 A) —
BOJOpOA, OOp, YrJiepon, a3oT W KHUCJIOPOJ — MNal0T NPOYHBIE U TBEPIbIC
COCJMHEHHS U JIETKO BHEAPSAIOTCA B KPUCTAUIMYECKHE PEIIETKH METalJIoB,

aTOMHBIA paguyc KOTopbix mopsaka 1,5 mo 3A, B TO BpeMs KakK 3JI€MEHTHI C
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ATOMHBIM PaJauycoM, OJIM3KUM IO BEJIWYUHE K aTOMHOMY PaanyCy OCHOBHOTO
MEeTajaa, MOTYT JHUIIb 3aMEeIaTh aTOMbI OCHOBHOTO JJIEMEHTA.

B ycrnoBusix cayxObl TpH BBICOKHX TeMIlepaTypax MNPOUCXOIUT
3HAYUTEIBbHOE OKHCJIECHME NMOBEPXHOCTHBIX CJOEB IO rpaHunam 3epeH. [Ipu
JKCIUTyaTallMH JIONATOK PEaKTUBHBIX JIBUrAaTEJIE€Hd B TOHKHUX ITOBEPXHOCTHBIX
CJIOSIX MIPOUCXOJUT PEKPUCTAIIU3ALNSA, OKUCIICHNE, U3MEHEHHUE COCTAaBA U T. 1.
CunpHBIA HaKJIEN B pe3yiabTaTe O0pabdOTKM pe3aHWEeM B TaKUX JIOTAaTKax
pacrpocTpaHseTcs Ha TIyOMHY B HECKOJIBKO JECITKOB MUKPOH.

MexaHn4ecKHe CBOMCTBA IMOBEPXHOCTHBIX CJIOE€B Yy METAJIOB 4YaCTO
OTJIMYAIOTCS OT BHYTPEHHUX: BCJIEACTBUE U3MEHEHUSA CTPYKTYPhl U COCTaBa OT
BBITOpaHMs, 00€3yriiepoKUBaHUsS, TOTJOIIEHUS yIyepoaa, KHUCIopoa,
BOJIOpPOJIa M3 OKPYXAKUIEH Cpeabl, HalWuyhsig BHYTPEHHUX HANPSKECHUN
BciencTBUE JedopMalui TMpPU  CTPYKTYPHBIX HU3MEHEHHUSX, BCJIEICTBUE
pa3anyus TEIUIOBOIO PACIIUPEHUSA CTPYKTYPHBIX COCTABJISIONIUX I T. II.

OTU U3MEHEHUS 0OBIYHO MPOUCXOIAT B TOHKUX CIOSX, MOPSAAKA AECATHIX
J0JIEM MUJIJIUMETDPA.

Bcem peanpHbIM KpUCTaUIaM U KPUCTAIIMYECKUM MaTepuaiaM Jaxe B
TEPMOJIMHAMUYECKN PABHOBECHOM COCTOSSHUM MPUCYIIU T€ MU UHBIE 1e()EKTHI
CTpOeHHsI (BaKaHCUM, NHUCIOKAIMU M JPYrue OTKIOHEHHUS OT COBEPIICHHOU
CTPYKTYpBI), €CTECTBEHHO, YTO H3MepsieMass SKCIEPUMEHTAIbHO MPOYHOCTH
00BIYHO UMEET TOPa30 MEHBIYIO (Ha MOPAO0K) BEIUUYNHY, UEM OXKHUJTaeMas TaK
Ha3bIBa€Masi TEOPETUUYECKAsI MPOUYHOCTh. [IpUUMHBI TOJOOHOTO HECOOTBETCTBUS
paccMaTpuBarOTCs B TEOpUM AUcHOKauuid OCHOBOW H3TOW TEOPUU SIBISIETCS
NONYIICHUE HAJIW4YUs I[OYTU BO BCAKOM TBEPIAOM TEIE€ ONPEACIECHHBIX,
HECOBEPIICHCTB WJIM HENPaBUJIBHOCTEW aTroMHOro ctpoeHus. [Ipu 3TOoM He
JellaeTCsd HUKAKUX OCOOBIX TMPEAINOJIOKEHUH O CTPYKType M TIOJl aTOMaMH
MOHUMAKT MPOCTO XecTkue chepsl. [loaToMy MOXKHO AyMaTh, YTO MHOTHE
BBIBOJIbl TEOPHUHU JAUCIOKAUHUNA MOTYT ObITh MPUMEHEHBI U K Py HEMETAIIOB,

00J1agaroMux onpeIeIeHHON CTPYKTYPOil.
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B Teopuu gucnokanuii paccmatpuBarTcsa He JePeKTh BOOOIIe, a BIIOJIHE
ONIpENEeJICHHAasd CUCTEMAa HECOBEPUICHCTB KPUCTAJUIMYECKOTO CTPOCHUS,
UMEIOUIUX CBOI COOCTBEHHYIO CTPYKTYPY U CBOM 3aKOHOMepHOCTU. OTyacTu
MOSTOMY COBpPEMEHHYI0 (U3UKY TBEpIOrO Tejla Ha3blBAlOT HAYKOH O
HECOBEPIIEHCTBAX CTPOEHUS ATUX TeJ. ODTa HayKa OKa3blBa€T 3aMETHOE
BIIMSIHUE HA KpHUCTaIorpaduio U Apyrue o0JacTH, u3ydyaromne CoOBepIIeHHbIE
CTpYKTYphI (D. 3eiin).

Yucno u pacnosioxxkeHue AePeKTOB CHIBHO MEHseTcs npu o0paboTke u
JIPYTUX BO3JEUCTBUAX Ha Teno. Hampumep, npu miacTudecko gedpopmanuu u
npu OOJIlydeHHH OBICTPBIMH YAaCTHLUAMU YHCIO TOYEYHBIX J€PEKTOB MOXKET
CHJIBHO BO3pacTaTh.

[loHn>xeHrne NPOYHOCTH OT JAE(PEKTOB SBISETCS 3aKOHOMEPHOCTHIO,
TUIUYHOW JUIS XPYNKOro paspymeHus. [Ipu 1miacTuueckoM pa3pylieHUN
Pa3JIMYHBIE UCKAXKEHUS MOTYT 3HAYUTEIBHO IIOBBIIATH CONIPOTHUBIIEHHUE CIIBUTY.

bonpuieli 4acTpi0 AUCIOKAMOHHBIE M PaHEE CIOXHUBIIMECS TEOPHUH
CyLIECTBYIOT HE€3aBUCUMO APYyr OT Apyra. Mexay TeM BO MHOTIHX CIydYasx
ciaenoBaio Obl YCTAaHOBUTH B3aMMOCBSI3b MEXAY HHUMH. Takas B3aMMOCBS3b
NPUMEHUTEIBHO K XPYIIKOMY pa3pyleHuto paccmorperHa E. OpoBaHoM.

Tak, ecTp H3BeCTHass MPEEMCTBEHHOCTbh B OOBSCHEHUAX YNPOUHEHUS
CILIAaBOB MYyTE€M pPa3JUYHbIX HCKAKEHUU NpPU JIETUPOBAHUM, TEPMHUUYECKOU
00paboTke, HaKjene M T. H., KOTOPOE paHee TPaKTOBAJOCh KaK pe3yiabTaT
O0nokupoBanus caBuroB (JlroaBuk, 1916 r.), uHTepdepeHUUss CKOJbXKEHHUI
(dxedpuc — Apuep, 1919 .) u T. 1., a TEEph paccMaTPUBACTCS KaK pe3yabTaT
NPENSITCTBUA JBHXECHUIO JHUCIOKAIlMi BCJIEICTBUE CKOIUIEHHWS aTOMOB
npuMeceil, yacTul BbIAeNsONMXCcA (a3, mepeceyeHus AUCIOKaAUUd H T. 1.
OnTtuManbHBIN 171 HaMOOJBIIETO MOBBIIICHUS] COMPOTUBIECHUS CABUTY pa3Mep
NPENSITCTBUSA JBUKEHHUIO JUCIOKAIM, OUEBUIHO, CBSI3aH C JABHO M3BECTHOU
KPUTUYECKON CTENEHbK JIUCHEPCHOCTH CTPYKTYPHBIX BBIACICHUN IIpHU

CTapeHUH.
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1.8 U3MeHeHNs CTPYKTYPBI CTAJIM B NpoIecce HATPYKEHU S

Xoxa mpoueccoB AeGOpMUpPOBAHUS M pa3pylICHUS OMNPEAEIIeTCS BO
MHOTHX CJy4asiX HE TOJbKO MCXOAHBIMH BHYTPEHHUMHU H BHEUIHUMU
¢dbakTOpamMu, HO HE B MEHBIIICH CTEIIEHN U UX U3MEHEHHUEM IIPU HATPYKECHUH.

N3MeHeHHsT CTPYKTYypbl MpPU Harpy>X€HUHW ObIIU H3BECTHBI CpaB-
HUTENbHO AaBHO, Hanmpumep ['. B. AxkumoB u JI. O. IleB3nep HaOmroganu
Mepexo/i ayCTeHUTHBIX CTajJel W3 TapaMarHUTHOTO B (eppo- MarHUTHOE
cocTossHMe Tpu mactudyeckoil nedopmanuu npu 20° C u 6ojee HUZKHUX
TeMIepaTypax; Mpu AJIUTEIbHBIX UCIIBITAHUAX KAPOMPOUHBIX MAaTEPUATIOB MPHU
MOBBIIIEHHBIX TEMIIEpaTypax, Korja KoaryJsiius U pOCT 3€peH, U3MEHEHUE
COCTOSIHMSI WX TpaHUIl U JpPYrue MPOUECChl MNPUBOAAT K CYIIECTBEHHOMY
W3MEHEHUIO CTPYKTYPBhl U CBOMCTB MaTepualia B IPOI[eCCE €r0 HAarpy>KEHUsS U B
OPYTUX clydasx.

B npyrux ciydasix CTpyYKTypHBIE U3MEHEHUS IIPU HArpy>KEHUU HE CTOJb
pE3KUM M MOTOMY OCTaBaJMCh HE3aMEUEHHBIMHM (HampUMeEp, HOJroe BpeMs
CUUTAIIN, YTO KOHCTPYKIIMOHHBIE cTanu npu 20° C BooOIIIe HE MOABEPKEHBI HU
MOJI3y4€CTH, HU CTPYKTYPHBIM H3MEHEHHUSM IPU HATPYKEHUH) BIIEPBBIC ITH
U3MEHEHHUS Y CTaJel ¢ MAPTEHCUTHOU CTpYyKTypoi obHapyxun C. T. KumkuH.
OueBHAHO, YTO MaTepuany IMoJ HArpy3KoW MPUCYIIM HHbIE (DU3UUYECKUE U
bU3MKO - XUMUYECKHUE CBOMCTBA, YEM HEHArpy>K€HHOMY. DTO MPOSBISETCS, B
YaCTHOCTH, B TMOHHUKEHHOM DJJIEKTPOHHOM IOTEHIMAaJe€ U B MEHbIIEH
KOPPO3MOHHOU CTOMKOCTH YNMPYro-HANPSIKEHHBIX U HAKJICMaHHBIX METaJIOB.
PactaruBaroniue HanpsbkeHuss u Aedopmanuu, Kak yIOpyrue, TakKk W
MJIACTUYECKUE, 3HAYUTEIBbHO YCKOPSIOT Ipolecchl camonuddysuu, Hanpumep,
y xenesa npu 750° C koadpunuert camonuddy3uu Bo3pactaeT B 3 pa3a mocJie
nedhopmanuu 7,5%, B 4 pa3a nocie agedhopmanun 9,6% u nmoutu B 10 pa3 mocie
nedopmanuu 18,3%.

JucioKauMoOHHbIE NMPECTABICHUS O MIACTUYHOCTHU JAKOT BO3MOXKHOCTh

O0BACHUTH HU3KYIO BEJIUUYMHY Npe/esia TeKy4eCcTH (YOPYroCTH) KaK pe3yabTaT
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HEOJHOBPEMEHHOCTH PAaCIpOCTPaHEHHS MIaCTHYECKOW nedopmanuu, KoTopas
OCYIIECTBIIAETCS NEPEMENICHUEM AUCIOKAIUNI.

TeopeTuueckue pacdyeTsl MOKA3bIBAIOT, UTO HAMPSIKEHUE, HEOOXO0AUMOE
1715 IepEeMEILEeHUs TUCI0KALNi, a CIeJOBATEJIbHO, U JUIS Hadala IUIaCTUYECKHUX
nepopmalnuyu, O4YEHb MaJl0 U MO NOPAAKY BEIUYMHBI €IIE€ HUXKE, YeM
HauUMEHBIIUE MpeAenbl YNPYrocTH, HaOIogaeMple HKCIEPUMEHTAIBHO.
Otcroa ciaenyer, 4To Jake B CaMbIX MSTKHMX MaTepHajax eIlle CyLIeCTBYET
CTPYKTYpHasi 4YyBCTBUTEIbHOCTb, TaK KaK UX HU3KHE NPEAEIbl YIPYTOCTH BCE
€11€ 3aBbILICHBI.

MOTT cpaBHUBAET AUCIOKALIMHU CO CKJIaJKaMU KOBPa, YKa3blBasi, YTO JJIs
OJTHOBPEMEHHOT'0 NEpPEMELIECHUs TSIKEJIOro KOBpa HYXKHO OOJbIIOE yCHIHE, a
171 CO3JaHMs BOJIHBI CKJIAJOK JOCTATOYHO HeOosbmoro. YeM coBeplIeHHEE
CTPYKTYypa, TEM MEHBIIE CONPOTHUBIECHUE JIBUKCHHUIO THCIOKAIU, TEM HHXKE
npeaesbl yIpYrOCTH U TEKYUYECTH, T. €. HAPSIKEHUS, IPU KOTOPBIX HAUUHAETCS
cMmemeHue auciokamnuil. Ilpm mnnmactudeckod npedopManuum  HE TOJBKO

CMCIIAKOTCA YyKC CYIICCTBYIOMINC NUCIIOKAIIMH, HO 1 BO3HUKAIOT HOBEIC.

1.9 MeToaos10rusi Npo/JieHUs pecypca MeTa/uia He(pTera3onpoBoa0B
Ornenka pecypca MOTCHIIMAIBHO OMACHBIX OOBEKTOB HE OTHOCUTCS K YHUCIY

MPUHIIMITAAILHO HOBBIX HAy4YHBIX M WH)KCHEPHBIX 3aj1ad. Ee KOHIENTyaJbHbIC U
MeToandeckre GOpMyIMPOBKH BCTpedaroTes B paboTtax. B mocnennee Bpems 3agada
onpenenenuss OP mpuoOpena ocoOyio  akTyaabHOCTh. JTO  O0YCIOBJICHO
HKOHOMHUYCCKUMHU W OPraHU3allMOHHBIMHU MpUYruHaMH. K 4uCIly mepBBIX OTHOCSATCS
CTapeHHe Tapka O0OpYyIOBaHUS C MAacCCOBBIM BBIXOJOM 3a IMPOCKTHBIE PECYPCHI.
OpraHu3alliOHHbIC TPUYUHBI CBS3aHBI CO CTPYKTYPHBIMH HM3MEHEHUSMHU CHCTEMBI
roCyIapCTBEHHOIO HAJI30pa U CTAHOBJICHUEM MHCTUTYTA HE3aBUCHUMOW SKCIIEPTHU3HI.
B cBsa3u ¢ atuMu oOcTOsITEIBCTBAMU B POoCcHMU B TOCIIEIHUE TOIbI MPOBOISTCS
mupokue  uccieaoBanuss OP  HOTEHIMANIBHO OMACHBIX OOBEKTOB, KOTOPBIC
OXBAaThIBAIOT HAy4YHbIC, HOPMATHBHO-METOJIUYCCKHEC M WH)KCHEPHBIC aCIEKTHI.

WHuTepec k JaHHOM 3a1a49€ TIPOSIBISIETCS U 32 PYOESIKOM .
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O0630p OTMEUEHHBIX BbIIE PA0OOT MOKA3bIBAET, UTO I MPAKTUYECKUX LEeIen
O0e3omacHOM 3KcruryaTauuu o0bekToB oueHka OP mpencraBiser coboil codyeTaHue
HAyYHBIX U METOAMYECKUX aCIEKTOB, OOBEIWHEHHBIX CHUCTEMHBIM TIOJIXOJIOM.
HayuHble acnekTsl BKIIOYAIOT MCCIIENOBAHUS MEXAHUKU MOBPEKICHUN, MOJECICH U
KPUTEPUEB TMPEAECIBHOTO COCTOSIHHM, MOJEIHPOBAHUS MpPU PA3IUYHBIX BHUAAX
HarpyxeHusi. B OOJIbIIMHCTBE CIydyaeB B 3THUX HCCIEIOBAHUSX PaccMaTpHUBACTCS
oO11ast 3a/1a4a OLEHKU W MPOTHO3MPOBAHMS pecypca KOHCTPYKIMI Ha Oa3e aHain3a
KMHETHKHU MTOBPEXKICHUN.

Pecypc onieHnBaeTCsi Kak BpeMsi HAaKOIUIEHUS! TTOBPEKIECHUN 10 JOCTHKEHHS
YPOBHSI MPEAEIBHOIO COCTOSIHUA 10 33JlaHHOMY KPUTEpPHUIO  pa3pyLICHUS.
CrnenmanbHbIX yTOUHEHUHN pacueTHOM oneHKH OP 1o yka3aHHO# cxeme, Kak IpaBuio,
He Jenaercd. PacueTbl OCHOBBIBAIOTCS Ha (QOpMyliax, HCHOJb3YyEeMbIX IS
IIPOTHO3UPOBAHUS  pecypca  KOHCTPYKUMH 10  JETEPMUHUPOBAHHBIM WA
BEPOSITHOCTHBIM CXEMaM.

[Ipu neTepMHUHUPOBAHHBIX MOAXO0JAX UCHOJIB3YIOT (DUKCUPOBAHHBIE TaHHBIE
110 COITPOTHBIICHUIO PA3BUTHUIO TPEIIHMH B MaTepuanax, Harpy>KeHHOCTH KOHCTPYKIUI
U HaIMyuilo B HUX JedexToB. Pecypc mNpOrHO3UpyrOT € MCHOJIb30BAaHUEM
koa(dduieHToB 6e30macHOCTH (3amaca Mo TPEHIMHOCTONKOCTH) U >kuByudectu. OP
ONPENENSETCS HEBBIXOJOM  CYLIECTBYIOIIMX WJIM TUIIOTETUYECKUX  TPELIUH
(HenpeBBILIEHUEM UMHU 0€30MaCHBIX Pa3MepoB) U3 00JACTU OE30MAaCHBIX COCTOSHHM
MOBPEXKICHHON CUCTEMBI 110 KPUTEPUSAM MEXAHUKU TPEIIMH U )KUBYUYECTH.

Jist  mpoBeleHMsT  BEPOSITHOCTHBIX — PAcyeTOB  HMCIOJIB3YETCS  TEOpHs
HAJIeKHOCTH , OCHOBaHHAs! HA CTATUCTUYECKUX JAHHBIX IO MEXaHUYECKUM CBOICTBAM
MaTepuasoB, Harpy3KaM, BO3ACHCTBUIM U Je(PEKTOCKOMHMUECKOMY KOHTPOJIIO.

Paznuunbie (opMbl BEpOATHOCTHOM IMOCTAaBKU 3afauu oueHKu OP MoxkHO
HaliTu B paborax. B OonpIIMHCTBE CilydaeB OHM HCHOJB3YIOT MaT€MaTHYECKHUE
NOCTPOEHUS U3 TEOPUH CIIyHYaHBIX IPOLECCOB.

M3pgenuss © WX  DIEMEHTHl, BOCHPUHUMAIONIME  OKCIUTyaTallMOHHBIE
UKIMYECKHE Harpy3KH, pacCMaTpUBAIOT KaK HEKOTOPYIO (PU3UYECKYIO CHCTEMY B

YCIIOBUAX BHCIITHHUX BOBI[CﬁCTBPIﬁ. Ecnn H3CTIHUA IMOABCPIKCHBI OKCINTYaTaAlMOHHOMY
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CIIy4YalHOMY HArpy>kK€HUIO ¢ aMIUIMTYyAaMHU HANPsLKEHUM, MPEBBIIIAIOIIMMU MPEaes
IIPOYHOCTH MaTepuaia, TO BCE MU3JENIUs CUCTEMBI pa3pylIaTcs NPH NEPBBIX LUKIIAX
Harpy>keHus, a pa3pyuieHue OyJeT JOCTOBEPHBIM COCTOSIHUEM CHCTEMBI (COOBITHEM)
C BEPOATHOCTBIO paspyuenus P=1.

A Korjaa Bce aMIUIMTYbl HANPSKEHUI OyAyT MEHbIIE MTPeieia BHIHOCIUBOCTH
KOHCTPYKLMH, TO BCE DJJEMEHTHl CHUCTEMBl OyAyT HEOTPAaHMYEHHO JOJI0 B
paboTOCIIOCOOHOM IO MTPOYHOCTU COCTOSIHUM C BEPOSITHOCTHIO paszpyieHus P = (. B
ITUX CIIydasix MEXAY CTpYKTypaMu MaTepHuajia KOHCTPYKIMM OyIayT 3a7eiiCTBOBaHbI
TOJIBKO 3alpOrpPaMMHUPOBAHHBIE CBSI3U, K COCTOSIHHE CUCTEMBI OYIET MPECKA3YyEMbIM.
Ecnu ke amMmiaumTyapl HanpspkeHud OyAyT OoJiblie mpenena BbIHOCIUBOCTH, HO
MEHBIIIE IIpe/iea IPOYHOCTH, TO MEXYy CTPYKTypaMu MaTepuaia OyIayT 1eHCTBOBATh
KAaK 3alporpaMMHUPOBAHHBIC, TAK M HEINPEICKa3yeMble CBS3M M pa3pylLICHUE
KOHCTPYKLUHU CTaHET HEMPECKAa3yeMbIM COCTOSIHUEM (COOBITUEM) B CUCTEME.

B »TOM cilydae 10AroBEYHOCTh U3AETUH (PECYPC) MOKHO OIIEHUBATh TOJBKO
BEPOSITHOCTBIO UX PA3pPyILICHUS I10CIIE ONPEAEICHHOTO YNCIIa UKIIOB HArPyKEHUS. A
Ha pacopeiciieHUue JOJIrOBEYHOCTH M3IAEIMM  BJIMAIOT CBOMCTBA MarepHalia
KOHCTPYKIIMU CONPOTUBIIATHCS B ONPEAEIEHHBIX YCIOBUAX Pa3pyLIEHUIO, PACCESTHUE
GbopMbl U pa3MepoOB OMACHBIX CEUCHUM H3AENUIl M 3aKOH HarpyXeHHs, KOTOpHIE
COIJIACHO TEOPUH MH(POpPMAIMM UMEIOT BIIOJIHE KOHKPETHbIE HEOIPENEICHHOCTH -
MH(OPMAIMOHHBIE SHTPONHH. 3/1eCh MH(POPMALIMOHHASA SHTPOIHUS BBICTYIIAET B POJIU
€IUHON YHUBEPCAIBHOU MEPBI HEOTIPEIEIICHHOCTH IIPOLIECCOB DBOJIFOLMU U COCTOSIHUS
(bU3MYECKUX CUCTEM U SABIISETCS (PYHKIMEH BEPOSITHOCTH.

BeposTtHOCTh P BO3HUKHOBEHHUS aBAPUMHBIX CUTYaALIUH, OIIPEACIIAIOIIas
NOTEHLUATbHYIO OMACHOCTh TEXHUYECKOTO 00BEKTa, ONMUCHIBACTCS (PYHKIIMOHAIOM
[266]:

P=F{Q,N,1,t,4,f,S}
rae Q - skcTpemMasibHbIE BO3/IEHCTBUS B IITATHBIX U YPE3BbIYAHBIX

CUTYyalHsIX, N, T - TUKJINYHOCTDb U AJIMTCIIbHOCTD BOSﬂCﬁCTBHﬁ; t - TermIoBEIC

u npyrue ¢puszndeckue nods; [ - pazmeps! nedextos (Tpemun); f- mapamerps
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COIIPOTHBIICHUS] MATEPUAJIOB U 3JIEMEHTOB KOHCTPYKLUN BO3AeHCTBHAM Q,
3aBucsmme ot N, T, t.

BaxxHO OTMETUTh, YTO B Ka)XJOM W3 HAIPABJICHUN BOIPOCHl OLECHKU
MEXaHUYECKUX CBOMCTB MaTepuaja 3aHHMAalOT MPUHIUMIHAIBHO BakKHOE MecTo. B
YHUCJIO CTAHJAPTHBIX XapaKTEPUCTUK MEXAHMYECKHX CBOMCTB KOHCTPYKLMOHHBIX
MaTEpUajIoB BXOJAT XapaKTEPUCTUKU MPOYHOCTH (MOAyib ynpyroctd E,
koad¢unuent Ilyaccona mpenensl ympyroctd ay, TEKydecTH aT, MPOYHOCTU as,
BBIHOCJIMBOCTH a.-1, ITTUTEILHON MIPOYHOCTH ay, COMPOTHBIICHHE OTPBIBY Sor), & TAKKE
XapaKTePUCTUKU ITUTACTUYHOCTH (OTHOCHUTEIBHOE YAJTUHEHHE 5, OTHOCHUTEIHHOE
CyXKeHHE V|/) M DHEProeMKOCTH MaTepuana IpU pPA3pyLICHUH a, YKa3aHHBIE
XapaKTEPUCTUKH OMPEEINISAIOTCS M0 pe3yJibTaTaM CTaHAAPTHBIX UCTIBITAHUM TIIaIKUX
00pa3IoB MpH CTATHUYECKOM, IUKINYECKOM U JUIUTEIFHOM HarpyxkeHusx. K umcmy
CTaHJIAPTHBIX OTHOCSTCS TaK)K€ XapaKTEpPUCTUKU yJapHOM BSI3KOCTU: a, - paboTa
paspyieHus U tk - KpuTHueckas TeMneparypa Xpynkoctu. OHU yCTaHABJIUBAIOTCS 110
pe3ynbTaTaM UCIBITAHUNA HA yAapHbIA U3rub oOpa3uos ¢ nonykpyriasivu (U-Haapes),
octpeiMu (V-Hazipe3) KOHIIEHTPATOPaMH HATPSHKEHUM M 00pa3IloB ¢ YCTaJIOCTHBIMU
TpEIUHAMH .

DnemMeHThl TpyOONpPOBOJIOB BO BPEMS 3KCILTyaTalliHd HCHBITHIBAIOT CHUIOBOE
BO3/ICIICTBHE OT BHEIIHUX HATPY30K, IPUBOAIIEE K BOSHUKHOBEHUIO HAIPSHKEHHOTO
COCTOSIHHSI MaTepHaia.

Hanpumep, B MecTax mepexooB TpyOONpPOBOJIOB 4Yepe3 BOAHbBIE MpErpaibl,
JIOPOTH, B MECTax 00pa3oBaHUsl MPOMBIBOB W MPOBUCAHUS TPYOONPOBOJOB, BOIM3U
COWICHEHHUsI TPyOOIIPOBOJOB C arperaraMy MEpeKauyuBaIOIIUX CTaHIUK Hamboee
WHTEHCUBHO TPOSBISIIOTCS W3TMOHBIC HampspkeHus [28]. BoszmelicTBue BHENTHHX
Harpy30K Ha TpyOOINPOBO/I, BEI3BIBAIOIINX HAMIPSDKEHUS B MaTepuale Tpyo, COBMECTHO
C BHYTPEHHUM JIaBlieHuEeM [29] HanpsiMyIO BIHMSET HA COCTOSTHUE MaTepHalia.

W3BecTHO, YTO JIOKaJbHBIE YYAaCTKH TPYyOOINPOBOAOB C MOBBIILIEHHBIMU
HANpPsUKEHUSIMU - SIBJIIFOTCSL  IIPEANIOYTUTENBHBIMU U TpolieccoB '"nerpagauuu”
(GYHKIIMOHATBHBIX CBOWMCTB MaTepHaia 3a cyeT nedopmanroHHoro crapenus [31] u

MajouMkiIoBor ycTtanoctu Meramia [30], KOTOpble €O BpeMEHEM MPUBOAST K
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KPUTUYECKOMY COCTOSHMIO Marepuajia ¢, KakK CJCICTBUE, MOHMKCHHIO
paboTocniocoOHOCTH TPYO.

CrnenoBaTenbHO, OLIEHKA CBOMCTB MeTajia TpyOOIpoOBOJAOB HEOOXOAMMA KaK
OJlHA W3 COCTaBIIONMIMX TIPEBEHTUBHBIX Mep 10 Ooprde ¢ aBapuUHHBIMHU
pa3pylICHUSIMHU.

JpyrumMu COCTaBJISIONIMMU TaKUX MEpP SIBISIOTCS YCUIICHHE HANPSKEHHBIX
YYaCTKOB TPYOOTPOBO/a, BEIPE3Ka YIaCTKOB TPYOOIIPOBO/Ia, MEXaHUIECKOE CHATHE
HaIpPsHKEHUH MyTEeM CIPSMIICHUS U30THYTHIX YYaCTKOB TPYOOIpPOBO/A.

TpeOyeT Takxke M3y4eHHS BIUSHUE 30H IIACTUYHOCTH, BO3HUKAIONIUX Kak
IIPY U3TOTOBJICHWH, TaK M TIPH IKCIIyaTallMd TPYyOOIIPOBOJIa HA €T0 HAJAC)KHOCThH B
YCIIOBUSIX HAMNPSKEHHOTO COCTOSIHUS, OOYCJIOBJICHHOTO JAaBJICHHEM Cpelbl BHYTPHU
TpyOOTIIPOBO/Ia ¥ BHENTHUMHU CKHUMAIONTUMH WITH PACTATUBAIOIINMHE HAPSHKECHUSMH.

B o0mem, 0030p »dKCIEpUMEHTAIBHBIX HCCIAEAOBAHUM, BBIMOIHEHHBIH
NPUMEHUTENBHO K TPYOHBIM cTajsiM [32], moka3blBaeT, 4YTO C BO3pacTaHUEM
JUTUTEIBHOCTH JKCIUTyaTallid W3MEHECHHWE MEXAHMYECKHUX CBOWCTB COOTBETCTBYET
CJICTYIOUTUM TEHCHITUSIM:

® TIpenesibl TEKYYECTH W MPOYHOCTU BbIpACTAIOT Ha 5-15%;

e TIpeneNbHas MIACTUYHOCTh yMeHbInaeTcs Ha 20-409%;

e yjenbHas paboTa paspymieHust ymenbiaercs Ha 10-40%;

¢ ynapsas Bs3kocTh KCV cymiecTBeHHO yMeHbInaetcs - Ha 20-50%;

e TeMIlepaTypa XpynKO-BA3KOT0 Mepexoa CMeIaeTcs B 001acTh
noBbIeHHbIX Temmepatyp (0...£10°C).

BwmecTe ¢ TeM, OTMEUYEHO, YTO IKCTICPUMEHTAJILHBIE JaHHBIE MEXaHMYECKUX
UCIIBITAaHUIN Ha yAapHYIO BI3KOCTh (0Opasibl [lapnu u Menaxe) u Ha pacTsiKeHHE,
BBIPE3aHHBIX U3 TPYOOINPOBOA CO CPOKOM IKcIuTyaTanuu 30 JieT, XapakTepu3yroTcs
OompmM  pa3dopocoM. TombKko craTHcTHYEeCKas oOpadOTKa MacCHMBa JIAHHBIX
MO3BOJISIET YCTAHOBUTD BbIIIE 0003HAYEHHYIO TEHACHIIHIO.

Pe3ynbraThl  COOCTBEHHBIX  HMCHBITAHMA  OOpa3loOB HA  PacTsHKEHHE,
BBIPE3aHHBIX W3 PA3IMYHBIX 00BEKTOB HE(PTETra30Boil MHPPACTPYKTYPHI CO CPOKAMHU

skcrtyaranuu  15-50 jer, Takke XapakTepU3yIOTCS 3HAYUTENbHBIM pa3opocom
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naHHbIX. CpaBHEHHUE C pe3yibTaTaMy CHBITaHUM 00pa3loB U3 TPyO, HE OBIBIIMX B
SKCIUTyaTaIH (aBapUHHBIC 3a11achl), ¥ C CePTU(DUKATHBIMU 3HAYECHUSIMU HE TTO3BOJISIET
YCTAaHOBUTh  OJHO3HAYHYIO  3aKOHOMEPHOCTb  YXYAIIEHUS  CTaHJApPTHBIX
MEXaHWYECKUX CBOMCTB METAIIA .

B nmocnennee BpeMss B UMCIO CTaHJAPTHBIX OBUIM BKJIIOYEHBI TaKKe
XapaKTePUCTUKH TPEIIMHOCTOMKOCTH (BA3KOCTH pPa3pylieHus) Kie, Ko, K, Kin,
ONpeAeNsieMble MPU CTATHYECKUX, UUKIMYECKUX WIH JJIUTENIbHBIX HCIBITAHUAX Ha
pacTspkeHue, U3ru0, BHEIICHTPEHHOE PACTSKEHUE CTaHJApTHU30BAaHHBIX O0Opa3LoB C
TPEIIMHAMH.

B 3Ty ke rpynmy XapaKTEepUCTHK BXOAST MapameTpbl TBepaocTd H wu
MuKpoTBepaoctr Hi, ompenensiemple npu BAABIMBAHMM WHAUKATOPOB PAa3IMYHON
reoOMeTpUYECKOr (hOPMBI B UCCIEAYEMYIO 30HY METalIa.

He craHpapTU3sMpOBaHHBIMM II0KA OCTAlOTCSI MHOTHE XapaKTEPHUCTHKHU
METaJUIOB, IOJIy4aeMble IPU CTaHAAPTHBIX HCHbITaHUAX. Crofa clleqyeT OTHECTH
napamMeTpsl M, T(K) W T(X) - COOTBETCTBEHHO TMOKa3aTeld CTaTUYECKOro,
HUKJIMYECKOIO0 M JUIUTEIBHOIO YIPOYHEHUH B YNPYromiacTU4ecKoW obnactu,
PaBHOMEPHOE CYKEHHE LI 00pa3loB, MPEAEIbHYIO UIACTUYHOCTh IPU JIIUTEIBHOM
Harpy>xeHuu Vj/t, TOKaJbHbIC IUTacTHYeCKHE Aedopmanuu £, B 30HaX KOHIICHTPAIH
Y TPEUIUHBI, MTAPAMETPHI JUATPAMM BJIaBIMBAHUS.

OnHuM W3 TPAAMIIMOHHBIX [IOKa3zaTeled mepexoda OT MapamMeTpoB
MEXaHUYECKUX CBOMCTB MaTepHajia K OLEHKE pecypca SIBISETCS MOBPEXICHHOCTb.
dakTUYeCKd TEeKyllas TMOBPEXACHHOCTh 3aBUCUT OT CKOPOCTH HAKOIUICHMS
MOBPEXJICHUM, SBIISIOIICHCS BEIMUYMHOM, KOTOpask 3aBUCUT OT MHOTUX (akTopoB. B
YaCTHOCTH, JJII MarucTpajbHBIX TPyOONpPOBOJOB €€ MOXKHO MpPEICTaBUTh B BHJIE
¢dynkuuu [33]:

d_]‘[= [(p,C,,1,C,,C.,M,T...),
dt

p - pabouee naBieHue B TpyoonpoBojae, Cyx - XUMUYECKUIN COCTAB

Matepuaina, t - remneparypa skcruryarauuu, C, - yclioBus dKcruryaTanuu, M -
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CTaHJAPTHBIE MEXaHUYECKHUE XapaKTEPUCTUKU Matepuana, C, - CTpyKTypHOE
COCTOSIHUE MaTepuaa, T- XapakTepucTUKa TPEIMHOCTOUKOCTH.

Teopernyecku ycTaHOBUTH (DYHKIIMOHAJIBHYIO 3aBUCUMOCTH) KpaitHe TPYIHO.
[ToaTOMy BCe M3BECTHBIE CITOCOOBI OMpPENeNeHUs TTOBPEKIECHHOCTH 0a3MpyrOTCS Ha
HKCIEPUMEHTAIIbHBIX MCCIEAOBAHUAX, YUUTHIBAIOIINX B Pa3IMYHBIX aJITOPUTMAX U
METOAMKaX pacyera MepEMEHHbIE BEIMUYHMHBI 110 BBIPAXKEHUIO.

B pabote [34] onucanbl TOAXOAbI K MHAKEHEPHOHN OIIEHKE MPOJICHUS pecypca
JNEUCTBYIOIIUX  DHEPreTUYECKUX  YCTAHOBOK,  ABHAIIMOHHOM  TEXHUKU H
a’POKOCMUYECKUX CUCTEM MHOTOPA30BOT0 MCIOJIL30BaHUA MO KPUTEPUSIM MEXAHUKHU
paspylieHus. ABTOpaMu TOBOPUTCS, YTO JAHHBIN MOJX0]T ONPaBaH JJisi TEXHUYECKU
CJIOKHBIX CHUCTEM HAa OCHOBE KOMIUIEKCHOTO TMOAXOJa, MPEeayCMaTPUBAIOIIETO
OTEPATUBHYIO TUATHOCTUKY TEKYIIETO TEXHUYECKOTO COCTOSIHUS, aHAJIU3 pPeallbHON 1
MOTEHIIMAIBHO BO3MOKHOW HArpy>KeHHOCTH, pa3pabOTKy KPUTEPHUEB pa3pylIeHUs,
METOJIOB OIIEHKH PUCKA U KOA(PPUITMEHTOB O€30MaCHOCTH.

B pabote [35] Takke TOBOpUTCS O BO3MOXXHOCTH MPOJJICHUS pecypca
VHUKAQJIbHBIX TEXHUYECKHUX CHUCTEM, MOBPEXKICHHBIX TPEIIMHAMM, 3a MPEIEIb
MIPOEKTHOIO pecypca Ha MpUMepe Pa3InuHbIX OOBEKTOB SAECPHON IHEPTETUKHU.

Bwmecre ¢ TeMm, CyliecTByeT MHEHHUE, YTO TPEIIMHBI B CBAPHBIX METAITTUYECKUX
KOHCTPYKIIUSIX, CHPOECKTUPOBAHHBIX W BBIMOJHEHHBIX HA BBICOKOM TEXHUYECKOM
YpOBHE, MOTYT XapaKTepHU30BaTh OOIIYI0 YCTAJIOCTh U MHOT/Ia BechMa TouHO. Kpome
TOTO, ONBIT OJKCIUTyaTallil OOBEKTOB PA3HOTO HA3HAYCHWS MPEAYNPEKIAET O
HEOOXOJIMMOCTH OCTOPOXXHO olleHuBaTh OP MO KpUTEpUsIM MEXaHUKU TPEIUH,
MOCKOJIBKY WX COINPOTHUBJICHWE BHEIIHUM BO3JCHCTBUSIM, HANpUMEP YCTaJIOCTH,
BecbMa wu3MeHuYMBO. Tak, d¢upma «l[loten» (DPpaHnus) B HHCTPYKIUSAX IO
AKCIUTyaTallMi TPY30IMOABEMHBIX KPAHOB YKA3bIBAET, UTO MOSBJICHUE BUIUMBIX Tpe-
IIMH B OCHOBHOM METajyle CBUJIETEIICTBYET O TOM, 4To Ha 90-99 % pecypc
METAJTUYECKOU KOHCTPYKIIMU UCUEPIIaH .

BrinonHeHHbINH 0030p MOKa3bIBAET, UTO JaHHBIN moaxoa ouienku OP onpasaan

AJI1 TCXHUYCCKU CIIOKHBIX U YHUKAJIBHBIX CHUCTEM, B ClIydasdX, KOI'Ja IIPUOCTAHOBKA
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TEXHOJOTHUECKOr0 TMpolecca paboTbl KOHCTPYKIMH [ PEMOHTa TPEIIMHBI
HDKOHOMHYECKHN HEBBITOJHA WJIM HEBO3MOKHA.

Haunbonee ONM3KMM MO CYIIHOCTH K TE€ME HACTOSIIEH paboOThl SBISETCS
cioco® ompezeNneHusl MOBPEXKIAEMOCTH HArpy>KEHHOTr0 Marepualia H pecypca
paboTOCIOCOOHOCTH ~ KOHCTPYKLIMM B YCIOBUAX JJIMTEIBHOTO  BO3ACHCTBUS
MOCTOSIHHBIX M TEPEeMEHHbIX Harpy3ok [36]. OOpa3ipl MeTamia MOJABEpPraroT
VCIIBITAHNUSIM HA PACTSHKEHUE UM B PEXKUME HMKIMYECKOW HArpYy3KH J0 pa3pyLUCHHs,
4acCTb U3 KOTOPBIX IIPEABAPUTEILHO IOABEPTalOT OTXKUIY U TEpMOYIIpoYHeHuto. [1o
pe3yJapTaraM MCHBITAHUSA Il  KAXKIOrO0 COCTOSHHMS MeTaula PACCUUTHIBAIOT
3aBUCHMOCTB TEKYILIEW MEPBI MOBPEKIACHUS Per, ONIpEnenstoT KpuTepuii NOBPEKACHUS
P,=const, mepy moBpexneHuii B MoMeHT BpeMeHu t-P(t). Onpenensiror 3aBUCHUMOCTB
¢u3nUecKux MmapaMeTpoB oO0pa3loB MeTajuia, noiaydeHHelx Meroaamu HK, ot
TEKylUIed Mepbl NOBpexaeHus P. U Kpurepusa mnoBpexaeHun P, Kotopeie
pPACCUUTHIBAIOTCA HA OCHOBAHUU PE3YJIbTATOB JKCIEPUMEHTAIBHOIO OIPEIEICHHUS
MOAYJS YNPYroCTH M TMpejesia TEeKydecTH Marepuaia Ha oOpasmnax. CpaBHUBas
3HAYCHHE TEKYIIEH Mepbl oBpexaeHus Pe, 1 Mepy noBpexxaeauii P(t) ¢ kpurepruem
MOBpEXAEHNA P;, onpenesstoT 3anac 1o pecypey M MOJHbIN PECYPC WA OCTATOYHYIO
JIOJIFO peCypca KOHCTPYKLUH.

Takum 00pa3oM, TPOBENCHHBIM AaHAIM3 COCTOSHUSA TEOPETUYECKUX U
DKCIEPUMEHTANIBHBIX ~ MCCIEAOBAaHMM TPU  OLEHKE OCTAaTOYHOIO  pecypca
HArpy>KE€HHBIX METAJUIMYECKUX KOHCTPYKLMM ITOKAa3aJl, YTO K HACTOAILIEMY BPEMEHU
y>KE pEILEH pA 3a7a4 B 3TOM HAIPABJICHUU.

BwmecTe ¢ Tem, ciieyeT OTMETUTb, YTO UMEETCSI OOIIMPHBINA KPYT HEPEUIEHHBIX
BOIIPOCOB,  KOTOpBbIE  BO3HHUKAIOT IIpU  NPOJJIEHUHM  pecypca  JUINTEIBHO
AKCIUTYaTUPYEMBIX HArPY>KEHHBIX KOHCTPYKIIUH, B YACTHOCTH TpyOOIrpoBoaoB. K Hum
CIEAyeT OTHECTH:

e  HenocratouHyro M3y4E€HHOCTH IIPOLIECCOB U MEXAHW3MOB MU3MECHEHUH B
CTPYKTypE MaTepuana, XapaKTEepU3YIOIIUX CTaAUI0 3apOXKICHUS W HAYaIbHOIO

pa3sBUTHUA TPCIIWHBI B ITPOTICCCE HHHTGHBHOﬁ OKCILIyaTaluu.

Jlucm

O630p numepamypsbi

U3m.

57

Jlucm Ne dokym. lNodnuck |[Jama




e  3HayuTENbHOE pa3XoXKICHUE CTaHJAapPTHBIX XapaKTEpUCTHUK
MEXaHWUYECKUX CBOMCTB KOHCTPYKLMOHHBIX MATEPUAIIOB, ONPEIAEIAEMBIX B IIPOLIECCE
UcHbITaHUHN Ha 00pa3uax. COOTBETCTBEHHO, PECYPC KOHCTPYKILUHU, PACCUUTHIBAEMBIi
II0 IIOKA3aTeNsIM IMOBPEKICHHOCTH MaTepuaja 4epe3 YCTAHOBIEHHBIE B IPOLECCE
VCIIBITAHUN XapaKTEPUCTUKNA MEXaHUYECKUX CBOMCTB, 3aBUCUT HE TOJIBKO OT BPEMEHU
HKCIUTyaTallH, HO U OT MHOXKECTBA HEYUYUTHIBAEMBIX (PaKTOPOB, HAIIPUMED BapUALUU
XUMHUYECKOTO COCTaBa, CTPYKTYPHBIX COCTABIISIOMINX U T.II.

e  HenocraTounyto pazpaboTaHHOCTh Mojienel ucneiTanuid. Kak mpasuo,
B Ka4yeCTBE MHHUMAJIBHOIO YPOBHs IIOBPEXKIECHHOCTH B MaTepuasge IPUHUMAIOT
YPOBEHb, KOTOPBIN YCTpPaHSAETCA HEKOTOPHIM (PU3HMUYECKUM BO3ACHCTBUEM, HAIPUMEDP
OT)KUTOM. KpHUTHUECKYI0 NOBPEKIECHHOCTH CBS3BIBAIOT C TEPMOYIPOUYHEHHUEM.
JlaHHbIE KpUTHUYECKHE COCTOSHHS, MOJEIMpyeMble Ha 00pasliax, HE OTpa)karoT
pPEaIpHOrO COCTOSIHMSL Marepuaja JUIMTENbHO HSKCIUIYyaTUPYEMOM HarpyXE€HHOU
KOHCTpyKuuu. Kpome Toro, oOpa3ipl MOABEPraioT CTaHJAPTHBIM HCIBITAHUAM CO
CTaTUYECKUM M LMKIWYECKUM HArpyKeHUEM, HE COOTBETCTBYIOLIMM IO COOT-
HOULIEHUIO Y BEJIWYMHE HArpy3KaM, JACHCTBYIOIIMM B KOHCTPYKLHH, & HAIPaBJICHUE
IIPUJIOKEHUS HAarpy3ku HE COOTBETCTBYET CYMMapHOMY BEKTOPY HAarpyKEHHOCTHU
MaTrepurajia KOHCTPYKIMH ITPU DKCILTyaTalHH.

BimsiHue nporeccoB CTapeHus U yCTaJO0CTH Ha JOCTOBEPHOCTD OINPEAEICHUS
NOBPEXKJIEHHOCTH CTPYKTYpbl. CTpYyKTypHbIE HW3MEHEHHS MOTYT NPHUBOIWUTH K
CYILLIECTBEHHBIM U3MEHEHUSIM CKOPOCTH «IIOBPEKIAIOIIMNX IIPOLECCOB), YTO SIBISAETCA
OIHOW H3 OCHOBHBIX COCTAaBJIIOIIMX JOCTOBEPHOCTH OIPEACIEHUs pecypcea.
OddexkTuBHbIE UMUTALMOHHBIE MOJEIN MPOLECCOB J1e(POPMAMOHHOTO CTApEHUS
Harpy>K€HHOW KOHCTPYKIMH U METOJMKH OLIEHKH CTENEHU CTAPEHUSI OTCYTCTBYIOT.

B ofOwmem ciyuae cymiecTByromue METOAUKH OIpeNeeHuss pecypca
Harpy>KeHHOM KOHCTPYKLIMM HE MOTyT OBbITh NPaKTUYECKU MPUMEHUMBI Ha
ACHCTBYIOIUX TPyOONMpPOBOAAX B CHIy OTCYTCTBHSI €IMHOTO OOOCHOBAaHHOTO
METOJOJIOTMYECKOTO MTOAX0a NPOJJIEHUS PECYPCa HA OCHOBE DKCIIEPUMEHTAIbHBIX
METOJIOB MCCJIENOBAHMS METa/lla, YYUTHIBAIOIIMX H3MEHEHHE €ro CTPYKTYpPHOTO

COCTOAHUA.
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PazpaGoTka Meroma mpoajeHMs pecypca TpyOOmpoBoja 3a  CHET
WCCJICIOBAaHUsI HM3MEHEHUS MPOYHOCTHBIX XapaKTePUCTUK CTajell B IMpolecce
JUTMTENILHON SKCILTyaTalll1 a TaK K€ METOo/Ia pacueTa KpUTUYECKOU ITMHBI IeeKTa B
TpyOONIPOBOAE SBISAETCS LUEIBIO JAHHOW paOOTBHI.

CrpykTypHasi cxemMa 000CHOBaHHUS pecypca TpyOOIpoBo/a MpecTaBiIeHa Ha

pucyske 1.7.
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I'IABA 2. OBBEKT U METOJAbI UCCJIEJOBAHMNSI.

2.1 Craab koHcTpykuuonnas 171'C

Ob6bekToM wuccienoBanust sBhsiercss cranp  171'C KOHCTpyKUIMOHHAs,
HU3KOJIETUPOBAHHAS!.

Cranp 17T°'C npumMensieTcs: sl U3TOTOBIIEHUSI KOPITYCOB anmnapaToB, JHUIL,
€MKOCTHOTO 000pyA0BaHus, (pIaHIEB U APYTUX CBAPHBIX J€Tanei, paboTaloNX Mo/
naBieHreM npu temneparypax oT -40 °C go +475 °C; peraneil U 3JIEMEHTOB
TpyOONpOBOJOB mapa W ropsyed BoAbl atroMHbIX cTaHui (AC), ¢ pacuérHoii
Temnepatypoit cpennl He Boinie +350°C npu pabouem aaBineHuu menee 2,2 Mlla (22
Krc/cM?); BIEKTPOCBAPHBIX MHPSAMOIIOBHBIX TPYO TIpymmbl IpodHoctd K52  mms
CTPOMTEIBCTBA Ta30NpPOBOJOB, HEPTENPOBOJOB U  HEPTENMPOAYKTOIPOBOJIOB;
MPSIMOIIIOBHBIX 3JIEKTPOCBAPHBIX AKCIIAHJIUPOBAHHBIX TPYO, MpeIHAa3HAYCHHBIX IS
CTPOUTEIBCTBA TPYOONpPoBOJOB BbIcOKOro naBieHusa. Crtanp 171'C oOecneunBaer
KJIACC IPOYHOCTH JIUCTOBOTO, ITUPOKOIIOJIOCHOTO YHHUBEPCAIBHOTO ITPOKaTa U THYTHIX
npodueii KI1 325 npu tonmune mpokata ot 10 10 20 mm., KI1 345 npu tonmuue 10
10 MM. O€3 mpUMEHEHHUS JOMOJHUTEILHON YIIPOUHSIOEH 00paboTKH.

XUMUYECKHIM COCTaB CTalld TpejAcTaBiieH B Tabnuie 2.1. Mexanuueckuit
CBOMCTBA yKa3aHbl B Ta0uIe 2.2.

Tabmuua 2.1 — Xumnueckuii coctas ctanu 171°C

XUMHUYECKAN 3TIEMEHT %
Kpemmmii (S1) 0.4-0.6
Mens (Cu), He Oonee 0.30
Mpenmbsik (As), He Gomee 0.08
Maprasen (Mn) 1.0-1.4
Hukems (N1), He 6o71ee 0.30

CpasnumenvHblll ananu3 NPOYHOCMHLIX XAPAKMEPUCIUK cIaneti mpy6Ho2o

copmamenma e npoyecce OnumenbHou IKcnyamayuu MaruCTpajbHbIX

Uam. | Jlucm Ne dokym. lodnuckb I.,Hama rasoHe(TenpoBoI0B

Paspab. Ce MK. Jlum. Jluecm Jlucmos
Pykoeod. Koxvurun FO.A. | | 61 108
Koncynem. | Koxywiun 10.4 OOBEKT U METOMBI

HU TT1Y epynna 26M4A

3as. Kap. | Pyoauenxo A.B. HUCCIICI0BAaHUA




[Iponomkenue Tabmump 2.1

dochop (P), ve Gomee 0.035
Xpowm (Cr), He Gomee 0.30

Aot (N), He Oomee 0.008
Cepa (S), He 6omee 0.040

Tadomnura 2.2. — Mexaunueckuit csorictea crayiu 171°C

Ceuenue, S0,2, SB, KCU,
Tepmoo6paboTKa, COCTOSIHHUE MTOCTABKU d, %
MM MIla | MIla TIx/M?
JlucTel 1 mos1ock (00pa3Ibl MOMEPEYHBIC) <10 345 510 23
JIuctel 1 O0CH (00pa3Ibl MONEPEYHbIC) 10-20 335 | 490 23
JlucTel ropsiuekaTaHbIe 2-3,9 510 19
Jlucter 2-6, 10-12, 16,18 kareropuii 490-
4-20 320 22 49
TepMooOpaboTaHHbIe (00pa3libl MOMEPEUHBIE) 610

2.2 Pacuér 3J1eMeHTOB KOHCTPYKIUH HA 10JTOBEYHOCTh

Paccmotpum  yciioBus,  ONpeAensomME  JOJTOBEYHOCTH  AJIEMEHTA
KOHCTPYKIIMU Ha CTaINM Pa3BUTHUS TpelHbl. Kak yKka3bIBanoCh, YUCIIO [IUKIIOB, COOT-
BETCTBYIOIIIEEC POCTY TPEIIMHBI OT HAYaJIbHOW JUIMHBI lo 10 Kputudeckou lc, ompe-
JEJSIET JOJITOBEYHOCTh JIAHHOTO DJIEMEHTA KOHCTPYKIIMH TIO0 YHCIY HUKIOB. YTOOBI
00eCreyuTh MPOYHOCTh KOHCTPYKIIMH, JOJTOBEYHOCTH JOJKHA OBITH OOJIbINE YHCiIa
MepeMeH 3aJlaHHOM Harpy3ku. Takum o0pa3om, HapsIy C OLIEHKOM maTepuana Io
KJIacCUYEeCKOM KpuBoi Bénepa, cyecTBeHHy0 HHPOPMAITHIO O TIOBEICHUH JIEMEHTA
KOHCTPYKIIMM C TPEIIMHON B YCIOBUAX YCTAIOCTH JOJDKHA JaTh MEXaHUKa
pazpyuienusi. Ciie1oBaTeNibHO, B JAHHOM ClIydae, Kak 00bIYHO, HaJI0 UCXOJUTh U3 TOTO,
YTO HAYAJIBHBIN TPEITUHOMOJOOHBIN Ne(PEKT CYIIECTBYET B KOHCTPYKIIMA C MOMEHTA
e€ M3roTOBJEHUS (HECMOTps Ha JAEPEKTOCKOMUYECKUNA KOHTPOJIb, KOTOPBIM, Kak
W3BECTHO, IMEET OMPeIeIEHHBIN TOMYCK HA pa3Mep HEOOHAPYKUBAEMBIX 1e(DEKTOR).

K cBapHbIM KOHCTPYKLMSIM 3TO OTHOCUTCS B OOJIbLIEH Mepe, U B 3TOM cllydae

Jlucm
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KENaTeIbHO MMETh KPUTHUYECKHE 3HA4YeHUA KOI(PPUIMEHTOB HHTEHCUBHOCTH
HanpspkeHudt (K¢ i Kic) a5 ocHoBHOro Matepuana, MaTepuaia 1IBa U MaTepuaia
NEPEXOJIHOM, TEPMHUECKH IOBPEXKJIECHHOW, 30HBIl. Kpome »TOro, st cBapHBIX
KOHCTPYKIMH JKENaTelbHO B 00JIaCTM CBApHOrO IIBAa 3HAaTh BEIUYHMHY U
pacnpeesieHne OCTaTOYHBIX HalpsDKeHHi. Bcé 3To BMmecTe B3sTOE CIOCOOCTBYET
YTOYHEHHIO pacUyETOB.

Yuciio [MKIOB, 3a KOTOpblE TMOSBISETCA  TPEIIMHA, JOCTaTOYHO
HEOIpeeNEHHO, YTO CXEMATHUYHO NoKa3aHo Ha puc. 2.1 (o0xacts |). DT HavyalbHbIE
ne(eKTbl MOTYT OBITh JUCIOKAUUSMH, MUKPOTPEIIMHAMH, MOPaMU U TMPOYUMH
neextamMu  CTPYKTypbl, OIpeAeieHue KoTopbix 3arpyaHeHo. Oo6macts |l
COOTBETCTBYET Je(eKkTaMm, KOTOpble MOTYT ObITb OOHApyXeHbl HH)KEHEPHBIMU
MeTOaMH (KOHKpETHasi BeJIMYMHA OOHapyXHMBaeMoro JedeKkra 3aBUCUT OT
paspemaronieil crnocoOHOCTH anmnaparypsl). B 3Toit o6nactu pacnonoxeHa rpaHuna,
OTIENAIONIAs 30Hy HaYalbHBIX TPELIUMH OT pacnpoctpanstomuxcs. ns odmactu |11

pPOCT TPEIIMHBI HAOIIOAAETCS] BU3YAJIBHO.

!
JapomxaeHe PacnipocTpaHeHne
ot e
I —»a 17 P-j/y

Puc. 2.1. Cxemarnueckoe n3o0pakenre odacTeil 3apokIeHUs U
pacmipocTpaHeHHsI TPEIIUHBI
PexomMeHnnyeTcs NpuAEpKUBATBCA CHEAYIOIIETO IOpsiAKa pacyéra Ha

AO0JITOBEYHOCTD 11O YKMCIIY IUKJIOB B CBA3H C POCTOM TPCIIWHBI:

Jlucm
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1. BbisiBUTH Ha OCHOBE KOJIMYECTBEHHOM OLEHKH BO3MOXHOCTEU
Ne(eKTOCKOMMYECKOT0 KOHTPOJII MaKCUMAaJIbHYIO JUTHHY (TTyOMHY) HauaabHOU

2.  TpemMHbI, CYLIECTBYIOIIEH B AJIEMEHTE KOHCTPYKLUMH, U MOAOOpaTh
Haubosee nmoaxodiee BeIpakeHue (hopMyiy) st KO3PPUIMEHTa UHTEHCUBHOCTH
HanpsbkeHuit K.

3. Ilo Bsaskoctu paspymenus K. wmm K (B 3aBucumoctu ot
IpEenoiiaraéMoi CTETEeHU CTeCHeHHs JedopManuu BAOIL (PPOHTA TPEIIMHBI) U

HOMHHAJIBHOI'O 3OKCILTYaTallHOHHOI'O (paCLIéTHOFO) HAIIPSOKCHUA O B CCUCHHHU

max
TpelUHEL, HaliTH (110 KpuTepuio Upsuna (1.8) KpUTHYECKYIO JUIMHY TPEIIUHEI /.

R=K . /K . 10O

min

3. Paccumrare  mapamerper mmkmaAK =K, . —K

nin *
M3BECTHBIM HANPSHKEHHAM IUKIA 6, 1 0. .

4.  DKCHEPUMEHTAIBHO TMOJYYUTh COOTHOINECHHE JUIS IUKIMYCCKOU CKO-
poctn pocta TpemmHbI 4!/ dN B QyHKIIN TapaMeTpoB 3a1auH, KOTOPYO 3aTeM MOKHO
IPEeICTaBUTh OJHON U3 3aBucumocTteit (3.1) — (3.6):

da . ,
=7 (aK.C.m) (2.1)

Bun ¢ynximnf (AK.C,m)u 3HadeHuss MOCTOSHHBIX MaTepmama C, M
ONPENIENIAIOTCS TIPH JTa0OPATOPHBIX MCIBITAHUSIX HA YCTAIOCTh C PETUCTpaIei
KpUBBIX pocTa Tpemmubl/ — N B 00pasiax, s KOTOPBIX M3BECTHO PELIEHHE IJIs

Kod(dpuIeHTa UHTEeHCUBHOCTH HANPSHKEHUM:
AK, = F{(AP.1.b.t) | (2.2)

rae AP — pa3max Harpy3kd. Cxema, WUIIOCTPUPYIOIIAs MOJIy4YEHUE
AMIIUpUYECKoi 3aBUcUMOCTH (3.11) mo pesynabratam 3KCIEpUMEHTA, MpPUBEJCHA Ha
puc. 3.11.

5. B cooTBeTCTBUU C TPEOOBAHUSAMHU, IPEABIBISIEMBIMU K JTaHHOMY JJIEMEHTY
KOHCTPYKIIMM, PEWUTh OJHY U3 CIEAYIOUIMX 3a1ad MPOTHO3WPOBAHMS POCTA
YCTaJIOCTHOU TPEILNHBL:

a) ompenenuth KpHBYI0O pocta Tpemmuel [ — N B amemente

KOHCTPYKIOUU HAI'PYKACMOM HUKINYCCKH H3MCHAIOINMMUCA CHUJIIaMH AP. I[J'IH 9TOTO

Jlucm
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aHAJIMTUYECKOE  BbIpaKeHHE  KOA(PUIMEHTa  HMHTEHCUBHOCTH  HaNpsKEHUH,
BBIOpAaHHOE JJIAJIaHHOTO AJIEMEHTAa KOHCTPYKIUU

AK = F,(AP,1,b,t)
, (2.3)

HY>KHO ITOJICTAaBUTh B HalZIeHHOE AMIIupudeckoe cooTHouenue (3.11). Torna

%: (7 (AP.1.b,1).C.m)
(2.4)
WuTerpupyst 3T0 ypaBHeHHE, MOIy4YnM KpuByo/— N pocTa ycTamocTHOI
TPELLUHBL;
0) wHaitu (cMm. (3.10)) yucno UUKIOB (IUKIMYECKYIO JTOJTOBEUYHOCTH), 3a
KOTOpOE  W3BECTHAas MCXOAHas TpemuHa wid  aepekt o B deMenTe
KOHCTPYKIMHUIOCTUTHET ~KPUTUYECKOM (3amaHHOM) BemwmdmHbl /.. Jlng  5TOrO

BoIpaxkenue s AK(3.13) HyxkHo nojactaButh B dopmyny (3.11) u moiyueHHOE

COOTHOHMICHHUC ITPOUHTCTPHUPOBATDH 110 JJIMHE TPCIINHLI:

b dl (2.5)
Nl Tk e

B gacTHOCTH, €clii CKOPOCTh POCTa YCTAJIOCTHON TPEIIMHBI OMPEACIISICTCS
dbopmynoni ITapuca (3.1) u ko3pbULIMEHTOM HHTEHCUBHOCTH HANPSKEHUU B BHUC

00001ménHOr0 cooTHOIIEeHUs AK = Ac VA4l | 1erko Moay4yuTh CIEYIONIee BRIPAXKEHUE

TS IUKJINYECKOU JTOJITOBEYHOCTH JUIS it # 2

(m - 2) CM MQAO' " l [m _Ql.-’(z Z {m—Z] f-"'2
0 0
JUISE M=2
1 l
CMAo? 1

0

3necs M — mapameTp, XxapakTepU3yrOUUid T€OMETPUIO 3JIEMEHTA KOHCTPYKIIUU
u (opMy TpEIHMHBI; A¢ — pa3Max MPWIOKEHHOTO HANPSDKCHHSI 3a OJWH IIUKI

Harpy>KeHHs.

Jlucm
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I'JTABA 5. DPUHAHCOBBI MEHEI)KMEHT,
PECYPCO2®P®EKTUBHOCTDb U PECYPCOCBEPEXXEHHUE

BBenenue

B nmanHOM Marumcrtepckod auccepTranuy s HOJYYEHHS PE3YJbTATOB O
pasmepe nedeKkToB TpyOONpoBOAa HEOOXOJUMO TMPOU3BECTH BHYTPUTPYOHYIO
JUAarHoCTUKY, B TEKYIIEM pa3jeie HeoOXOJMMO paccuuTaTh 3aTpaTbl Ha €€
npoBefeHne.  OCHOBHBIE  TEXHOJOTHMYECKHWE  ATambl  JAUArHOCTHYECKOTO

o0cieTIoBaHMs IMHEHHBIX YY4aCTKOB MaruCTPajbHBIX TPYOOIPOBOIOB CIIEAYIOIINE:

— MOJrOTOBKA y4acTKa TPyOOmpoBoaa K 00CIeI0BaHHIO (OYUCTKA, TPOBEPKa
MIPOXOJAMMOCTH Y4aCTKA);

— HMHCHEKIUs TpyOOnpoBOa BHYTPUTPYOHBIMU CHAPSIaMU-
nedeKTocKomamu;

— 00paloTKa, MHTEpHpEeTalrs U MPEACTABICHUE PE3YIbTaTOB UCCIECIOBAHUS;

— aHaJIU3 pe3yJbTAaTOB UCCIEIOBAHUA U OIIEHKAa TEXHUYECKOTO COCTOSHUS
TpyOOmpoBoOa.
Bpewmst Ha mpoBeieHNEe MEPOTIPUSTUI TIPEICTABICHO B TAOIHIIE 5.

Tabnuua 5 — BpeMs Ha mpoBeieHHE MEPONPUATHI

Mepomnpusitue Bpewms, yac
[ToaroToBka ydactka TpyoOnpoBoia K 00CIeI0BaHUIO 40
Nucnekus TpyOonpoBoia BHYTPUTPYOHBIMH CHAPSIAMU-- 24
nedeKToCcKomaMu
OO06paboTka, HHTEpHpETALUS U IPEACTABICHHE 20

pE3yNbTaTOB UCCIIEIOBAHUS

AHanu3 pe3ynbTaToB HCCIEJOBAaHUS U OLICHKA 20

TEXHUYECKOTO COCTOSHUS TPYOOmpoBoOaa

CpasnumenvHbwlll aHanu3 NPOYHOCMHLIX XAPAKMEPUCIUK cIaneti mpy6Ho2o

copmamenma 6 npoyecce ONUMeNbHOU IKCnyamayuu Macucmpailbiblx

Uzm. | Jlucm Ne dokym. lModnuck I.,aama 2a3oHehmenpo6odoe

Pa3spab. Ce MK. Jlum. Jlucm Jlucmos
Pyko800. Koxywxun FO.A, OUHAHCOBbBIN MEHEI’KMEHT, | | 75 108
Korcymsm. | 1llape 1.B. PECYPCOO®DOEKTUBHOCTH 1

3ae. Kap. | Pyoauenio A.B. PECYPCOCBEPEXEHHE HW TI1Y epynna 26M4A




5.1 O6opynoBanme

Jlanupie 00 00OpYyI0OBaHMHM, KOTOPOE HEOOXOJUMO IS OOCIeAOBaHUS

JuHeHHOW uwactu TazompoBoma P1020 wmm, mporsbkeHHOCTRIO 110 KM,
npejcTaBiieHbl B Taduie 5.1.
Ta6muma 5.1. — O6opynoBanue
Ne HaumenoBanue Ennnuna KomnuectBo banancosas
U3MEPEHUS CTOMMOCTD,
pyouteit
1 Cuapsaa-aedeKTockon IIIT. 1 2500000
«KPOT-1000»
2 MarsuTHbBIN OYHUCTHOMN IIT. 1 1400000
nopueHb «[IMO-1000»
3 CHapsn-nipoduniemep IIT. 1 1600000
«Penbed-1000»
4 | Cxpebok ouuctHoit «CO- IT. 1 950000
1000K»

5.2 ABTOTpaHCHOpT

I[JISI NEPEBO3KN IICPCOHAJA K KaMcEpaM 3allyCka M IIpucma CpCIACTB

OUYMCTKH M AMArHOCTUKH HCHOJB3YylOTCs aBTroMoomnu Ypan 43203. JlocraBka

o0opyioBaHUsI OCYIIECTBISICTCS aBTOMOOMIsiMu  Ypan 4320. Taxxke npus

KOHTPOJIA 3a HPOXOKACHHUEM CPEACTB OYHMCTKU W JUAHOCTHKH ITPOHU3BCACHA

pacCTaHOBKaA IIOCTOB. I[OCTEIBKa pa6oqero IIEpCoOHalIa Ha IIOCThI OCYIICCTBILACTCA

aBromoOussiMu Y A3 469. JlanHbIe 0 aBTOTPAHCTIOPTE MPEACTABICHBI B TAOIHUIIE

5.2.
Tabnuma 5.2. — ABTOTpaHCIIOPT
No HanmenoBanune Ennnanma KomnuecTBo banancoBas
U3MEPCHUS CTOUMOCTD,
pyOuneii
1| VYpan43203 (BaxToBas IIT. 2 3300000
MaIlIuHa)
2 VA3 469 IIT. 3 1050000
3 VYpan 4320 IIT. 2 2460000
Jlucm
OUHAHCOBbIV MEHEKMEHT,
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5.3 Pacyer aMmopTH3allHOHHBIX OTYHCIEHUH

CYMMa AMOPTU3AINOHHBIX OTYMCIICHUM OIIpCACACTCA  HUCXOOd U3

0aJ1aHCOBOM CTOMMOCTH OCHOBHBIX IMPONU3BOACTBCHHBIX (I)OHILOB N HCMATCPHUAJIbHBIX
AKTUBOB M YTBCPKIACHHBIX B YCTAHOBJIICHHOM IIOPAJAKC HOPM aMOpTHU3alluu,

YUHUTBIBAasE  YCKOPEHHYIO  aMOPTU3allMI0 WX aKTHUBHOW d4actu. Pacuer
aMOPTHU3AIMOHHBIX OTYMCIICHUI TIPEICTaBIeH B Tabuuie 5.3.

MammHo-4acel, 0TpaboTaHHBIE 000PYAOBAHNEM Ha OOBEKTE
OIIpeneNsAoTes 1o (popmye:

M=xCxK,

rae /| — nponomKuTensHOCTh NEPUOAA, THU;

C — Bpems CMEHBI, Yachl;

K — xonn4yecTBO MaluH.

AMopTH3anus 3a 0TpaOOTaHHBIN MEPUO:

Azod
A06 = M—XM061

200
rae A.,o — aMOPTHU3aIMOHHBIE OTYMCIICHUS 3a IO/, pyoO.;
M.,y — MaIIMHO-YacChl OTpabOTaHHBIE 000PYIOBaHUEM 3a TO/I;

M5 — MallIMHO-4ackl 0OTpaboTaHHBIE 000PYIOBAaHUEM 3a BPEMSI PEMOHTA.

Tabnuna 5.3 — pacueT aMOPTU3AIMOHHBIX OTYUCIICHUN

HanmenoBanne | Mapka Kon | Koxa-Bo banancos | Hopma | Cymma Cymma
-BO. | MCIIOJB3. | a aMopT | aMOpTU3alMK | aMOPTHU3.,
4acoB CTOMMOCT | u3amu | , pyo. 3a MepUos
b, pyO. u, % WCTIOJNB3.
BoproBas VYpan 2 64 2460000 | 14 344400 11065,1
MaluHa 4320
BaxroBas VYpan 2 64 3300000 14 462000 14843,4
MaluHa 43203
. Jlucm
OUHAHCOBbIN MEHEOXKMEHT,
Viow \Tluem | Ne dorgm. Toonucs | Dama PECYPCOJ3®®EKTUBHOCTbE M PECYPCOCBEPEXKEHWE




[Tponomxkenue TadauIbI 5.3

ABTOMOOWIDL VA3469 |3 64 1050000 14 147000 47229
Caapsa- «KPOT- 1 24 2500000 18 450000 5421,7
nedexTockor 1000%»

MarauTHbIi «[IMO- 1 8 1400000 18 252000 1012
OYHCTHOM 1000»

MOPIIEHb

Caapsa- «Pemped- | 1 24 1600000 18 288000 3469,9
npoduaeMep 1000%»

Cxpebox «CO- 1 8 950000 18 171000 686,7
OYHCTHOM 1000K»

5.4 Pacuer 3aTpaT Ha MaTepPHAJIbI

B tabnuue 5.4. npeacTaBieHbl JaHHBIE O PacXojie TOTUIMBA TEXHUKOU U

CTOMMOCTH ToOIUIMBa. B Ta6J'II/I]_IC 5.5. IMIPOU3BCACH PACUCT CTOUMOCTH

MaTepUaioB, KOTOPbIE HEOOXOAMMO 3aTPATUTh JIJIsl TPAHCTIOPTUPOBKU MEPCOHANIA

1 000pyIOBaHUS.

Ta6nuna 5.4. — VicxonHble JaHHBIE HEOOXOIMMBbIE JIJIsl pacueTa MaTepUuaIoB

1 Pacxon tormuBa Ha 100 kM npoOera, J:
VYpan 43203 (BaxToBasi MallIHA) 34
VA3 469 12,5
VYpan 4320 29
2 CtroumocTs, pyo:
1 1 qu3TOoIIIMBaA 34,8
1 1 aBTOOCH3MHA 34.6

N3m.
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Tabnuna 5.5. — Pacuer 3arpar Ha MaTepuaibl

Ne HanmeHnoan Ha3nauenue Tun Tonnusa Pacxon
n/m He TEeXHUKU TOILJIMBA
1 Ypan 43203 IlepeBo3ka nmepconana 1o AT (10
kamepsbl 3amycka COJJ +34/100)-7
(BaxTOBast B
= 23,81
MaIlllHa)
2 VYpan 43203 [TepeBo3ka mepconana a0 AT (14
kamepbl mpuema CO/J -34/100)-7
(BaxTOBast _
= 33,31
MalllfHa)
3 VA3 469 Beiean mepconama  Ha AU-80 (43+66+89)-2
MOCTHl I KOHTPOJSA 32 X% 12,5/100-7
npoxoxaeaueM COJJ = 346,51
4 Vpan 4320 JlocTaBka CpeACTB AT (10 -
OYHCTKH U TUATHOCTUKH K 29/100)-7 =
kamepam mmycka COJJ 20,3n
5 Ypan 4320 BBIBO3 CpenCTB OYNCTKY U AT (14
JMAarHOCTHKH OT Kamep +29/100)-7
npueMa COo/J Ha = 33,31
TEPPUTOPHIO
IIPOMBIIIEHHON
TUTOINAAKH
Hroro: AT (23,8 + 33,3
+ 20,3 + 33,3)
- 34,8 = 3852 py6.
346,5- 34,6
AU-80 = 11989 py6.

5.6 Pacuer 3aTpaT Ha omiaty Tpyaa

Jlanee ompenenuM 3arpaThl Ha OIUIATy TpyJda pPaOOTHUKOB 3a TEPHOJ

MPOBEICHUS] OYUCTKU U BHYTPUTPYOHOU auarHoctuku. [Ipu mpousBoacTBe padoT

OpPTaHU3YIOTCA MOCTHI (MATH MOCTOB HA y4acTKe TPyOOIpPoOBOIa OT KaMephl 3ammycKa

no kamepsl npuema COJl) nist KOHTPOJIS 3a MPOXOKJIECHUEM CPEJICTB OYUCTKH U

nuarHoctuku. Ha ynameHHble mocThl (3 mocTa) JOocTaBka pabodero mepcoHaia

MpOU3BOIUTCS aBTOMOOMIsIMU YA3 469. Pacuers

pabOTHUKOB CBEICHBI B TA0II. 5.6.

donma omiarel Tpyaa

N3m.
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Tabmuma 5.6. — PacyeTsl GpoHma oriaTel Tpyaa

PaiionnsIit
Kon- | Pas- | Uacosas tapndas ko3 dunmeHT Hopma Bpemenu Ha 3apaboTHas mara
JloJKHOCTD U ceBepHast NpOBEJICHUE C y4eToM
BO | pan CTaBKa, pyo0.
Ha0aBKa MEpPONPUITHS, Y. Han0aBoK, pyo.
(50%+50%)
Macrep JIDC 2 - 92,5 92,5 64 31968
Tpybonposozinic | g | 72,3 72,3 64 112440
JHHCHHBIH
Huxenep
2 I 86,1 86,1 104 48353
Je(PEKTOCKOMHUCT
Boaurens 7 Vv 74,5 74,5 64 90115
UTOro 282876

5.7 Pacuet 3aTpaT Ha CTPaxoBble B3HOCHI

3anaTBI Ha CTPaxOBbIC B3HOCHI B MIEHCUOHHBIN (I)OHI[, (bOHI[ COIIMaJIbHOI'O

CTpaxoBaHus, (POH 00513aTEILHOTO MEAUIIMHCKOIO CTPAXOBAHMS U 00s13aTEIBHOTO

COMMAJIBHOI'O CTpaxOBdaHHUA OT HCCYACTHLIX CJIIY4aCB Ha IIPOU3BOIACTBC IIPpU

COOpPY>KEHUHU pe3epByapa C MPUMEHEHHEM MEXaHU3WPOBAHHBIX CHOCOOOB CBAPKHU

MpeacTaBlieHbl B Tabnuie 5.7. PaccumThiBas 3aTparbl Ha CTPaxoBaHUE OT

HECYACTHBIX CJIy4aeB Ha MPOU3BOJICTBE W TPO(PEecCHOHANBHBIX 3a00JIeBaHUMH,

BbIOMpaeM kiacc VI ¢ tapudom 0,9.
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Tabnuma 5.7 — pacueT cTpaxOBbIX B3HOCOB

- M e TpybompoBogunK Hmxenep B
OKa3arellb acre N OJIUTEIIb

P JIMHCHHBIN 1e(EKTOCKOMUCT
KoanuectBo 2 9 5 ;
pabOTHHUKOB
311, py6. 31968 112440 48353 90115
DCC (2,9%) 927 3260.76 1402.237 2613.335
DOOMC (5,1%) 1630.368 5734.44 2466 4595.865
T1DP (22%) 7033.18 24736.8 10637.66 1982.53
CrtpaxoB-ue ot
fecHact. 287.721 1011.96 435.177 811.035
ciy4daeB (Tapud
0,9%)
Bcero, py0. 9592.649 34743.96 14941.077 10002.77
Oo0mas cymma, 69278.45
pyo.

5.8 Pacuert o0mmx 3aTpart

Ha ocHOBaHMM BbIIIENEPEUNCICHHBIX PACYETOB 3aTPAT ONpeesieM OOUIYIO

CYMMY 3aTpaT Ha MPOBEICHUE BHYTPUTPYOHOU MruarHocTuku (Tadmuina 5.8).

Tabnuna 5.8 — 3aTpaTsl Ha TPOBEICHUE OPTraHU3AIIMOHHO-TEXHUYECKOTO

MEpONPUATHS
Cocras 3aTpar CymmMa 3atpar, pyo.
1 AMODTH3AIMOHHEIE 41221
2 MarepualibHBIE 3aTPaThl 15841
3 Orutara Tpyaa 282876
4 CrtpaxoBbIe B3HOCHI 69278
5 Haxknanusie pacxombt (20%) 81843
Hroro: 491059
. Jluem
OUHAHCOBbIN MEHE/DKMEHT,
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3akJIroueHue

B Ttekymem pasnene Obula IIpoBeJEHA OLIEHKA 3aTpaT Ha IMOATOTOBKY H
IPOBEJCHNUE BHYTPUTPYOHON ITUArHOCTHKU Ta30MpoBOJA. 3aTpaThl SIBISIOTCS
JOCTaTOYHO OOJBIIMMU M TPEOYIOT MPHUBIICYEHUS] BBICOKOKBAIU(DUIIMPOBAHHOTO
pabodero mnepcoHasa, a TaKKe INPUMEHEHHS COBPEMEHHOIO JOPOTrOCTOSIIErO
o0Opyl0OBaHUs, TAaKOro Kak cHapsabl-ipo¢uiemepsl «Penbed» M MarHUTHbIE
cHapsanel-nepexrockonsl  «KPOT».  OO6mme  3aTparbl Ha  NPOBEAEHUE
BHYTPUTPYOHON auarHocTuku cocTaBmim 491059 pyOnelr u mpencTaBieHbl B

AuarpamMmme.
Awnarpamma obwmux 3atpar

15841 B AMOPTU3aUMOHHbIE

MaTepuanbHble 3aTpaTbl

69278 Onnara Tpyaa

CtpaxoBble B3HOCbI
282876

B HaknagHble pacxogbl
(20%) (
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I'NTIABA 6. COILUAJIBHAA OTBETCTBEHHOCTH IIPH
NPOBEJEHUU BHYTPUTPYBHOM TUAT'HOCTUKHU

Hns  s¢dextuBHOrO #  0€30MacHOTO MPOBEACHUS BHYTPUTPYOHOM
JIMarHOCTUKH, OpTaHU3aLUSIM, TPOBOIASAIIUM pabOThl, HEOOXOIUMO PEaTn30BhIBATh
Ha MPAKTUKE MPUHIIUIBI COUAIBHOW OTBETCTBEHHOCTH.

OTBETCTBEHHOCTh  (I0OPOCOBECTHOCTh,  JAUCHMUIUNIMHUPOBAHHOCTH)  —
CyOBEKTHBHAS 00S3aHHOCTh PYKOBOIUTES OpPTaHU3aIii (KOMITAHHH, KOPTIOpAIUH,
Ou3Heca) OTBeYaTh 3a IMOCTYNKU W JEHUCTBUS, a Takke ux mnocieactBus. I[lo
CyOBEKTY OTBETCTBEHHOCTh JCJISIT HA MHANBUIYATbHYIO U KOJUIEKTUBHYIO, I10 BUTY
Ha HOPUAMYECKYI0, MOPAJIBbHYIO, MaTepHAIbHYIO, YIOJIOBHYIO, (PUHAHCOBYIO,
POJIUTENBCKYI0, TEpe]l caMUM COOOW, OOIIECTBEHHYIO OTBETCTBEHHOCTb U T.A.
CounanbHasi WM KOPIOpPaTUBHAsL COIMAIbHAs OTBETCTBEHHOCTH (KaK MOpabHO-
ATUYECKUN TPUHIIMI) — OTBETCTBEHHOCTh TME€ped JIOJbMHU W JIAHHBIMU UM
oOelIaHusIMHU, KOTJIa OPTaHU3aIUsl YYUThIBACT HHTEPECHl KOJJIEKTUBA U OOIIECTBRA,
BO3JIarasi Ha ce0s OTBETCTBEHHOCTH 3a BIMSHUE UX JIEATEIbHOCTH Ha 3aKa34HMKOB,
MOCTaBIIHMKOB, paboTHHKOB, akioHepoB (ICCSR 26000:2011 [3]).

BayTputpyOHasi JMAarHOCTUKA TMPOBOJUTCS HA OTKPBHITOM BO3IyXE
KpPYIJIOTOJIMYHO, C BBIE3JOM K MECTY PAacCHOJIOKEHHUS Kamep 3alycka U mphema
BHYTPUTPYOHBIX YCTPOMCTB, KOTOPBIC HAXOJATCA B OXpaHHOM 30HE. J{narHocTrka
npoBoauTcs B parioHe Kpaiitnero Cesepa.

[Ipu pabotax, CBSI3aHHBIX C MPOBEJACHHEM BHYTPUTPYOHOU TUATHOCTUKH,
paOOTHUKM BCTPEYAIOTCS C BPEAHBIMU W OIMACHBIMU MPOU3BOJICTBEHHBIMU

(dakTopamu, ONMUCAHHBIMU HUXeE. (Tabn. 6.1 )

CpasnumenvHblll AHATU3 NPOYHOCHHBIX XAPAKMEPUCIUK caneti mpyoHo20
copmamenma 6 npoyecce ONUMENbHOU IKCIYAMAYUU MASUCTPATLHBIX

Uzm. | Jlucm Ne dokym. lModnuck I.,aama 2a3oHehmenpo6odoe

Pa3spab. Ce MK. Jlum. Jlucm Jlucmos
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Tabmuma 6.1 — OCHOBHBIE AIEMEHTHI MTPOU3BOACTBEHHOTO TIpoIiecca, (GOPMHUPYIOITUE

OITacHbIC U BpeAHbIE (DaKTOPHI MPHU BHITIOJHEHUU PabOT IO BHYTPUTPYOHOI

TpancnopTupoBka

00opynoBaHUs HAa MECTO PadoT.

Pasrpyska, noaroroska
pabotam.

[Tpomyck ckpedka-kanuopa.
[Tpomyck 04HCTHOTO CKpeOKa.
[Tpormyck OYHCTHBIX CKPEOKOB,

MarHUTO-IIETOYHBIX OYUCTHBIX
CKpEOKOB.

OTKPBITOM BO31yXe

2. IlpeBpllicHUE ypOBHEN
ryma.

3.3ara3oBaHHOCTb
BO3yLIHOM CpENBbIL.

4. YTeukH TOKCHUYHBIX U
BPEIHBIX
aTMocdepy

BCIICCTB B

HPOU3BOACTBEHHOTO
00opynoBaHUSA

2.Bricokoe JaBJICHUC
rasonpoBoza

3.IToxxapo-B3pBIBOOIACHOCTh

JANArHOCTUKE
HaunmeHnoBanue BU10B ®DakTophl
padot (I'OCT 12.0.003-74 CCBT c uzmen. 1999 r.) HopmatuBHsbie
Bpennsie OmnacHele JIOKYMEHTBI
1 2 3 4
[ToaroroBka 060py OBaHHUSI. 1.O1kI0HEHNE 1.JIBMKYIIMECS MAIIHHBI 1 CHull 3.05.05-
TIOKA3aTeNeH KIMMATA HA | \ravapinn i 84[1]

BCH 51-1-97 [2]

CTO I'aznpom 14-
2005 [3]

TOCT 12.2.062-
81 [4]

CTO I'aznpom 2-
3.5-454-2010 [5]

TOCT 12.4.011-
89 CCBT [6]

rOCT 12.1.003-
83 (1999) CCBT

[7]

I'OCT 12.1.005-
88 (c m3m. Nel ot
2000 r.) [8]

CHull 23-05-95
(9]

CHull 21-01-97 [10]

IOCT  30691-2001
[11]]

MEpPONPHUATHI 10 KX YCTPAHECHUIO

[Ipumeuanue: [1oxxapo-B3pbIBOONACHOCTh ONMCaHa B MyHKTE 6.4

6.1 AHaau3 BpeaHBIX NMPOU3BOJACTBEHHBIX (PAKTOPOB U 000CHOBAHHE

6.1.1. OTK/JI0HEeHHe MOKa3aTe/ el KIMMaTa Ha OTKPBITOM BO3JyXe
BuayTpuTpyOHas AMarHoCcTUKa MPOBOAUTCA B JII000E BpEMS T'0J1a, IOITOMY

PabOTHUKY MOJIBEPKEHBI BO3ACUCTBUIO KIIMMAaTa, OCHOBHBIM BPEIHBIM (PaKTOPOM

SBJISIETCS] BO3JICHCTBUE HU3KUX TeMrepaTyp B 3umHui nepuoj(-30 °C), a BRICOKUX

B jeTHui nepuoxa(+30°C).

NN3m.
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B ycnoBusx BO3ACHCTBUS HU3KHX TEeMIEpaTyp MOXKET MPOUCXOAMUTH
MEPEOXJTIAXKICHUE OpraHu3Ma 3a CUeT YBEIWYeHHs Ternootraaud. lIpum Huskou
TEMIIEPATYPE OKPYKAIOIIET0 BO3/4yXa PE3KO YBEJINUUBAIOTCS MOTEPU TEIIa IyTEM
KOHBEKIINU, U3TyUCHUSI.

[Ipu BO3xmeHCTBUM  XOJIOAA W3MEHEHHMS BO3HHUKAOT HE  TOJIBKO
HEINOCPEICTBEHHO B 00JIaCTH, BO3JICHCTBUS, HO TAKXKE U Ha OTAAJIEHHBIX ydacTKax
Tena. OT0 O0OyCIOBICHO MECTHHIMU M OOHIMMH pe(ICKTOPHBIMH pPEaKUUsIMU Ha
oxnaxaeHue. Hampumep, npu OXJaXIEHUU HOT, HAOIIOAAETCSI CHUYKEHUE
TEMIEPATYPbl CIM3UCTON O0OOJOYKM HOCA, TIOTKH, YTO MPUBOAUT K CHUIKEHHUIO
MECTHOTO HWMMYHHUTETa W BO3HHKHOBEHHIO HAacMOpKa, Kamwis u T.A. pyrum
OpUMEpPOM PEQIIEKTOPHOM peakUMHu SBJISETCS Cla3M COCYJOB IOYEK IpHU
OXJXKIACHUH OpraHu3Ma. JlnmurenpHOe OXJakIeHHWE BeEOeT K paccTpoilcTBam
KpPOBOOOpAIIEHNs, CHIDKEHUIO UMMYyHHUTeTa. [lpu cuinbHOM BO3AeMCTBUM XOJ01a
MO’KET IPOUCXOAUTH 00IIIEe MEPEOXITAKICHUE OpraHU3Ma.

TemmepaTypsl OKpy’KaroIenl cpeapl, MPH KOTOPBIX 3alperiaeTcs BeICHUE
KakuX-1100 paboT yCTaHaBIMBAIOTCA JIOKAIbHBIMU IIPaBOBBIMH aKTaMU B

COOTBETCTBHH C KJIMMATOM paiioHa MPOU3BOJICTBA PabOT.

Tabnuua 6.2 — PaboThl Ha OTKPHITOM BO3/1yX€ MPUOCTAHABIMBAIOTCS MPU

noroaubsix ycnoBusix (ITocranoBnenue ot 11.02.2011 r. Ne29a) [13]

CxopocThb BeTpa, M/c TemnepaTypa Bozmyxa °C
[Tpu Ge3BeTpeHHOM TIOTO1E -36
He 6onee 5,0 -35
5,1-10,0 -34
10,0-15 -32
Jluem

COUUNATIBHAA OTBETCTBEHHOCTE MPU NMPOBELNEHWN
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Tax e npu remnepatype 10 °C u Huxe munam, paboTarOIKUM Ha OTKPLITOM
BO3/IYX€ U B 3aKPBITHIX HEOOOTPEBAEMBIX TOMEUIECHUSX, TOJKHBI MPEIOCTABISITHCS
nepepbiBbl 11 000rpeBaHUsl B  CIELUHUAIBHO OTBEJCHHBIX TMOMEICHUSX,
000pyZIOBaHHBIX B COOTBETCTBUH C CAHUTAPHBIMU HOPMaMH U TIpaBUJIaMHU.

KonuyecTBO ¥ IPOJOIDKUTEIBHOCTh IEPEPHIBOB  YCTAaHABIMBAIOTCS
npaBujaMu BHYTPEHHEro TpPyAOBOro pacmnopsiiaka. IlepepbiBel st o6orpeBaHus
BKJIFOYAIOTCS B pabouee Bpems. [Ipekpamenne padbotr ohopmisieTcs: JTOKaITbHBIM
HOPMATHUBHBIM aKTOM paboTOAATElIs.

PaboTHuku, 3aHsATBIE Ha paboTax MO 3aMeHE Je(PEKTHBIX YYaCTKOB
HEe(PTENPOBOMOB JOJKHBI OBITH OOECHEYEHBI CIELOJCKION, CHEeHo0yBbIO U
JPYTUMU  CpPEACTBAMHU 3alllUThl, COTJACHO THUMOBBIM OTPaci€BBIM HOpMaM
OecruiaTHOM BBIIAUM OJCKBI, CIEOOYBU W APYTUX CPEICTB WHAUBUIYATHHOMN
3amuThl. [Topsa10K BeIIauu U MOJIB30BAHUS CPEICTBAMU WHIUBUIYATHHOM 3alTUTHI
onpenensiercs [IpaBunamu oOecriedyeHUs: paOOTHUKOB CIEIMATIBLHON OJEXKIOH,
crnenuanbHoi 00yBbio 1 Apyrumu CU3 'OCT 29335-92 [14].

[Ipumensiembie crienogexa, crnenodysb u apyrue CU3, nomKHBI UMEThH

cepTU(UKATHI COOTBETCTBUS.

PaboTHMKKM HE JOJKHBI JOMYCKAaThCcsl K padoTe 0e3 MOJOXKEHHOH 1o
HopMaTuBaM crnenoaexapl 1 CU3, Bo Bpemsi pabOThl JOKHBI MX MPABHIBHO
IPUMEHSTb.

Boprba ¢ rHycOM OCyIIEeCTBIISETCS 2 METOIAMH.

e XwuMHUecKas 3alIuTa

OrnyruBaroniye BeEIIeCTBa - PENEUICHTHl HAHOCAT HENOCPEICTBEHHO Ha
KOy uYejoBeka uiu ojexnay. HaubGonee »PpdekTUBHBIMM peneuieHTaMu s
VHIMBUYAJIbHOM U TPYNIOBOM 3aLIUTHI JIFOJEH OT HAMaJIeHHs THyCa B HACTOsILIEE
Bpems sBisitoress  JIOTA, penemmuH-anbda, aumetwidranat, OCH3UMHUH.
Huoytunronyamun (IADOTA) - mpo3pauHas MacisHUCTasl >KHAKOCTb, XOPOUIO
pacTBOpUMasl B OPraHUYECKUX PACTBOPUTENAX (CIHPTE, allETOHE W Ap.) U MOYTH
HepacTBOpuMasi B Bojie. [IpuMeHnsercs A 3aliUThl OT YKYCOB KOMapoB, MOIIIEK,

QKDELIOB.  MOCKWUTORB 19 HAHECECHMI HA  KOXV  MCHOOIL3IVIOT B Buac 40-
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IPOLEHTHBIX CIHPTOBBIX PACTBOPOB, JOCHKOHOB, 20 - 40-mpOLEHTHBIX KPEMOB,
a’po3oiiedt; st o0paOOTKM OAEKABl HCMONB3YIOT 20-TIPOICHTHBIE BOJHbBIC
samyiibcun, 40-1poil. pacTBOPHI B OPraHUYECKUX PACTBOPUTEINSIX, a9PO30JIH.

CrnpTOBBIMH PacTBOPAMH, IOCKOHAMH, KpeMaM# 00pabaThIBAIOT OTKPHITHIC
YacTH Telsa, MOABEpralolmecs: ykycam KpoBococoB. IIpemapar HaHOCAT myTeM
JIETKOTO CMa3bIBaHus (0€3 BTUpaHUs) Tak, YTOOBI Ha MMOBEPXHOCTU KOXKHM OCTaJIaCh
TOHKasl MJIEHKa peneiuieHta. s ogHokpaTtHON oOpaboTku | yenoBeka pacxon
JOChbOHA cocTaBisieT 5 - 8 mi, kpema 3 - 5 r. B ykazanubix ¢opmax mnpenapar
3alIMIIAET OT YKYCOB KPOBOCOCOB B TE€UEHHE 5 - 8 4acOB B 3aBUCUMOCTH OT
XapakTepa Tpyaa, METEOPOJOTHYECKUX YCIOBHM, BUIOBOTO COCTaBA KPOBOCOCYIIIMX
JBYKPBUIBIX HaceKoMbIX. AnspozosnieM [IDTA, pacnbpuiseMbiM U3 a3p030JIbHOTO
OaiioHa, 00padaThHIBAIOT MOBEPXHOCTh KOXH (0J1eKabl) B TeueHue 10 - 20 cek. ¢
paccrosiHust 10 - 12 cMm. [Ipenapar, HaHeCEHHBIN Ha KOXKY U3 OaJlJIOHA, 3allMIIACT B
TeueHue 2 - 4 4acos.

O6paboTKy oOAekAbl MPOBOASAT IMYTEM MPOMUTKH WA OPOIIEHUS €e
BOJAHBIMM  OMYJIbCHUSIMA WJIM  pacTBOpaMu Tpernapara B  OpPraHUYECKHX
pactBopurensx. s 00padotku 1 kommiiekTa Ucnoab3yroT 1 auTp 20-mporeHTHOM
BOJHOM 3mynibeuu Ui 0,5 11 40-1pOIIEeHTHOTO CIUPTOBOTO (aIlETOHOBOT'O) pacTBOpa
u3 pacueta 40 r penemienta Ha 1 kB. M. OOpaboTKy ceTok [laBmoBCKOTrO M APyrUx
HAKUJOK Ha TOJOBHBIE YOOpPHI (MapJieBbIX, TIOJIEBBIX), MOJIOTOB MPOBOJAT MyTEM
MOTPY>KEHUSI UX B BOJIHBIE dMYJIbCUU WK pacTBopbl [IOTA, 0O6paboTKy mpoBOIsT
n3 pacuera 40 r penemienta Ha 1 ceTky, 15 r penewienTa Ha 1 HAKUAKY U3 THOJS.
O6paboTaHHBIE PENEVICHTOM MPEAMETHI OJCHKAbl, CETKHU U Tp. CJIETKa OTKUMAIOT,
MPOCYIIMBAIOT B TEHU B PACHpPaBICHHOM BHJE. B mpomexyTkax MeXTy HOCKOU
00paboTaHHYI0 0K Y (CETKH, HAKUKH U TIP.) XPAHSAT B CIICIIMATIBHBIX MEIIIKaX U3
KJICCHKH WJIM TIOJIMATUJICHA B TIPOXJIATHBIX TOMEIICHUSX.

[TpogomKUTETbHOCTh 3allIUTHOTO JACHCTBHS 00paOOTaHHOM OJEKIbI OT
THYCa COCTABJISIET 2 - 3 HEJIEIIH.

Penennun-anbda - mpo3padnas MaciasSHUCTas KUIKOCTh, coaepkuT S50%

OeH3ounmnunepuvaa, 48 mnpor. auMmeTwidTrasata U 2 TPOIl. STUIIIEITIONO03bI.
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[Ipumensiercs AJii HAHECEHHS HA KOXY TaKUM JKe€ CIOCOOOM U B TeX XKe
KoauuecTBax, uTo U JIOTA. IIpoaomKUTENbHOCTD 3aIUTHOTO AEHUCTBUS COCTABISET
4 - 8 4acos.

Humetundranar (AM®D) - mnpospauHas MacIHSHUCTasT KUIKOCTb,
HEpacTBOPUMAs B BOJIE, PACTBOPSIETCS B OpraHnuecKuX pactBoputessix ("Pemyaun",
usrorosisieMblid B YCCP, usrotoried Ha ocHoBe JIM D).

[Ipenapar npuMeHSIOT B HEpa30aBICEHHOM BH/JIE, & TAK)KE B BUJE JIOCHOHOB,
KpEMOB U a3po3oieil. [Ipo1omKUTENbHOCTD 3aIIMTHOTO AEUCTBUS Tperapara npu
HAHECEHUU Ha KOXY cocTaBisieT 2 - 4 yaca. [IpenapaT MokeT OBbITh UCTIOJIb30BAH
Il TponuTKHA ceTok [laBnoBckoro, Hakuaok U mp. [IpoaomKuTenbHOCTH
3alUTHOIO AecTBUA 00pabOTaHHOM OJEK/Ibl COXpaHsIeTCs B TeueHue 1 - 2 Henenb.

bensumuH - KenroBaTtas rycras >XKHUAKOCTb, KPUCTAJUIM3YIOIIASCA INPH
crosiHuu. llpenapar mpUMEHSIOT TONBKO JUIsi 00OpaOOTKH pa3iMYHbIX MPEIMETOB
OJIEXbl, 3aHABECEH, II0JIOTOB, CETOK. J{J1s1 3THX 1enel nenosiabp3yroT 20-IpoLeHTHbIE
BOJHBIE SMYJIbCUU WK 40-TIpOL. CIUPTOBBIE (ALIETOHOBBIE) PACTBOPHI OEH3MMHUHA.
OOpaboTKy IPOBOAST METOAOM OPOLICHUS WJIM METOJIOM IPONUTKHU U3 pacuera 20
r OensumuHa Ha | kB. M TkaHd. [IpoAOKUTENHHOCTH 3aIUTHOIO JEUCTBUS
00paboTaHHOM OJICK/IBI COCTABIISCT 2 - 3 HEJCIIH.

Bce mepeuncneHHble mpenapaThl pacTBOPSIOT IUIACTHKH, DS alleTaTHBIX
TKaHEW, HE W3MEHSAIOT KaIllpOH, HEWJIOH W HaTypaJbHbIE BOJIOKHA. CTHpKa,
HaMOKaHHE IIPOIUTAHHOM PEIEJUIEHTOM OJEKIbl (CETOK) IMOJ CHIIBHBIM JOXAEM
3HAUUTEIBHO CHI)KAIOT €€ OTIYTMBAIOIIME CBOMCTBA, B 3TOM ciy4yae TpeOyeTcs
NOBTOpHAass 00paboTKa OJekIbl perneiieHToM. Pacuer konuuyecTBa pemnesuieHTa,
HEOOXOMMOT0 JJIs 3alIUTHl OJJHOTO YeJIOBEKa B YCIOBUAX KOHKPETHON MECTHOCTH,
npoBoAAT 3HTOMOJIoTH COC, nexoas U3 MpoAOJIKATEIBHOCTH JIETa KPOBOCOCOB U

UX CyTOYHON aKTUBHOCTH.

e Mexanundeckas 3aImra
3amaueit MEXaHMYECKOM 3aIUThl OT THYCAa SBJISIETCS CO3/IaHUE yCIIOBUN 0e3

INPUMCHCHUA XUMHYCCKUX IIPCIapaToB WJIW € OrpaHNMYCHHBIM HX IMPHUMCHCHUCM,

Jlucm

COUUNATIBHAA OTBETCTBEHHOCTE MPU NMPOBELNEHWN

NN3m.

BHYTPUTPYBEHOW ANATHOCTUKU 88

Jlucm Ne dokym. lNodnuck |dama




PU KOTOPBIX KPOBOCOCYIIIME HACEKOMBIC JIUIIAIOTCS BO3MOXXHOCTH HAHOCHUTh
YKYCBI.
PexomeHnmyeTcst UCTIOIb30BATh 3aLUTHYIO OJIEKIY 2-X THUIIOB:

1) KOMITJIEKT OJICXk bl COCTOUT M3 HIDKHEH (HATEIbHON) pyOaIlku, CITUTON U3
CHEIUATBHOTO YTOIIIEHHOTO XJIOMYaTOOYMaKHOT'O CETYATOT0 MOJI0THA C pa3MepPOM
sueek 4 MM. Ha cerdaryro pyOailiky HaJeBalOT CIEHHAIbHYIO (M3 KalpOHOBOTO
TIOJIST) WJIM OOBIYHYIO XJIOMYATOOYMAXKHYIO pyOaliKy. ITo coueTanre 00ecreynBaeT
3aIlUTY TeJa OT YKYCOB KPOBOCOCOB, T.K. TOJIIIMHA CTEHOK SY€EK HIXKHETO MOJIOTHA
OombITIe ITUHBI X000TKa KOMapOB, MOIIIEK, CICITHEH U Ap., a KPYITHBIE OTBEPCTUS
CETKH JIOMYCKAIOT XOPOIIIYIO TeITIOOTAauy U JOCTYH BO3/AyXa K Tely;

2) omexXay HW3rOTaBIMBAIOT U3 XJIOMYATOOYMaKHOM TKAHMU CIEIUAIBLHOM
CTPYKTYpHI (apTukyn 9559, 9561). Ocoboe miieTeHrue HUTE OCHOBBI M YTKA TKaHHU,
IUIOTHOCTh ~ MaTepu  (MPU  COXPAHEHUH  JOCTATOYHOIO  BO3AYXO0OOMEHA)
MPEeI0TBPAIIAlOT YKYChl KPOBOCOCOB Uepe3 Hee.

JIJIsl 3aIuThl JIMIIA M I OT YKYCOB KPOBOCOCOB HCIIOJIB3YIOT TaKkKe
MYCTHKEPBI, U3TOTOBJICEHHBIE M3 MEJKOW sueucTo ceTku. CIsmero yenoBeka
MOJKHO 3alIUTUTh OT YKYCOB KPOBOCOCOB C TIOMOIIbIO MapJieBOTO WJIA TIOJIEBOTO

ImoJjiora Hal KpOBaTbIO.

6.1.2. HopmupoBaHue ypoBHS 1Iyma

[IpeBbIieEre YpOBHS ITymMa TPH MOJATOTOBKE MeCTa MPOBEACHHUS PaldoT,
BO3HHMKAET B PE3yNbTaTe padOTHI CIICUATLHON TEXHUKH, a TAKKE MPH Pa3THIHBIX
yaapax, KoJeOaHWsX OTIENIbHBIX JeTajedl Wi 00OpYyIOBaHUS TIPH ATOM IIyM
COXpaHSETCSd Ha BCEM TMPOTSHKCHMH WX jaedarenbHoctd. Illym  sBisercs
00IIEONOTOTUYECKUM Pa3APAKUTEIEM, OKa3bIBasi BIUSHUE HE TOJIBKO HA CIIyX, HO,
B TIEPBYIO OUYEPE/ib, HA CTPYKTYPY TOJOBHOTO MO3Ta, BBI3BIBAS CIBUTH B PA3JIMYHBIX
(GYHKIIMOHATBHBIX CUCTEMAaX OPTaHU3Ma.

[ToneBoit sTam pabOTHI CBsA3aH C TIOCTOSIHHBIMHU TIE€PEABMKCHUSIMU,
MEPEMEIICHIEM M TePEHOCKON 3HAYMTEIIBHBIX TSOKECTeH W TpeOyeT OOJNBIINX

bu3MYEeCKUX YCUIIUMH, TO3TOMY OTHOCUTCA K TSDKEIOW KaTeropuu padorT.
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CrnenoBatenbHo, B Tabmume 6.3 mo 'OCT 30691-2001[11] momycTumslii ypoBeHb
1yma B paboueii 30He He JOJDKEH MpeBbimath 65-75 nb.

Hanbonee r3phekTuBHBIM CpeACTBOM O0OPHOBI C IITyMOM SIBJIsIETCSE OOphOa ¢
UCTOYHUKOM €ro BO3HUKHOBeHUS. JlJi1 yMEHbIIEHUsS IIymMa HEOOXOJIUMO
CBOEBPEMEHHO MPOBOJIUTH PEMOHT 000pYA0BaHNS, 3aMEHSTh YAapHbIE MPOIIECCHI Ha
Oe3ynapHble, MIMpPE MCMHOIB30BATh MNPUHYJIUTEIBHOE CMa3bIBAHUE TPYIIUXCS
MOBEPXHOCTEH, MPUMEHSATH OATAHCUPOBKY BPAILAIOIIUXCS YacTel, a Tak)Ke BECTU

paboThI C MPUMEHEHHUEM CPEACTB MHANBUAYAIbHOMN 3alUThI (HAYIIHUKH U JIp.).

Tabnuna 6.3 — Jlonyctumelie ypoBHU 1iyma, 1b, Ha padouem mecte(I'OCT
12.1.003-83 (1999)) [7]

Kareropus pabor VYpoBHU n1ymMa, Ab, A1 CTENEHU HANPSHKEHHOCTH TPyAa
Jlerkas Cpenuss 1 crenens 2 CTCTICHD
IO TSYKECTH
Jlerkast v cpeHsst 80 80 60 50
Tsoxenas 65 75 - -

OcHOBHBIE MEPONPUATHS AJ11 OOPBOBI € IyMOM [7]:

— MOHI)KEHHE IIyMa B MCTOYHHMKE (IPUMEHEHHE 3BYKOM3OJUPYIOLINX
CPE/CTB);

— MOHM)KEHHE IIyMa Ha ITyTH PACIPOCTPAHECHHUS 3BYKA;

— cpelcTBa UHAMBHyanbHOU 3amuThl (CHU3): HaymIHUKY;

— COOJII0JIEHUE PEeKUMA TPYla U OTHbIXA;

—HMCIOJIb30BAHUE CPEACTB ABTOMATHKH JUJISl YIIPABJICHUS TEXHOJIOTHYECKUMHU

poIeccamMi.

6.1.3. 3arazoBaHHOCTbH BO3AYLIHOM Cpeabl

[Ipu 3amycke BHYTPUTPYOHBIX YCTpPOWMCTB, pabodWe HMEIOT JACJI0 C
B3pPBIBOONIACHBIMHU TIAPaMH, COJCPIKAIIMMHUCS B BO3yXE.

3ara3zoBaHHOCTb - HAJIMYUE B BO3JAyXE BPEIHBIX WM B3PHIBOOMACHBIX

BEIIECTB KOHIICHTPAIUEH, OJU3KOHN MU BBIIIE TIPECIILHO JOMYCTUMBIX HOpM [15].
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OnacHble CUTyallMi TpPU OKCIUTyaTanud He(PTecOOpHBIX IMyHKTOB,
BO3HUKAIOIIME MIPU 3ara30BaHHOCTH BO3AYIIHOMN CPEibl, YpEBATHI OUEHD TAKEIIBIMU
MOCJIE/ICTBUSIMH.

K npuumnam 3ara3oBaHHOCTH HE(TEra30COOPHBIX IYHKTOB TMOJTOTOBKH
OTHOCATCA: HEJOCTAaTOYHAsl TPOIMYCKHAs CIOCOOHOCTh CHCTEMBI cOopa H
MOATOTOBKM HE(TH, Ta3a, KOHJEHCATa; HECOBEPUICHCTBO W HEUCIPABHOCTH
o0opya0oBaHUs, KOTOPBIM KOMIUIEKTYIOT Pe3epBYyaphl; OTCYTCTBHE 3(PHEKTHBHOM
CUCTEMBI 3aIIUTHl PE3EPBYAPOB OT KOPPO3UHU.

[Ipy cxUraHum pas3IU4YHbIX BHUJOB TOIUIMBA, pabdoOTe JBUTATENEH
TPAHCIIOPTHBIX CPEJICTB, TAIbBAHUYECKUX IPOIECCaX, BO BpPEMs OKPACOUYHBIX,
CBApPOYHBIX U TEPMUYECKUX PAOOT, a TAKKE MPU JIPYTUX MPOIeccax Ha TPAHCIIOPTE
BBIJICTISICTCS  OOJIBIIIOE  KOJMYECTBO BPEAHBIX Tra3000pa3HbIX BellecTB. B
OOJBIIMHCTBE CJIy4aeB 3TH BEIIECTBA SBIAIOTCS SAOBUTHIMU, OKAa3bIBAIOIIMMHU
CUJIBHOE TOKCHUYECKOE JEHCTBUE Ha OpraHu3M uenoBeka. CBoHCTBa HX
OTPENICNAIOTCA XUMUUECKON CTPYKTYpPOH U arperaTHbIM COCTOSIHUEM.

B ducne opranmyeckux BeEIIECTB, OTHOCSIIUXCS K siaM, Ha TPAaHCIIOPTE
HauOoJiee YacTO BCTPEYAIOTCS YIIIEBOJOPOJbI apoMaTH4ecKoro psiaa (OeH30i1,
TOJIyOJI, KCUJIOJ), UX MPOU3BOHBIE (XJIOPOEH30JI, HUTPOOEH30J1, AHUIIMH ), CITUPTHI,

anbpAeTUIbl. SlgaMu  HEOPTraHWYECKOTO  MPOUCXOXKICHUSI  SBISIOTCS
COCIMHEHUs yTiepoaa, cepbl (CEepOBOIOPOJ, CEPHUCTHIM Tra3), a3oTa (aMMHUAK,
OKCHUJIbI a30Ta), TSOHKEIbIE U PEIKUE METAIIbl (CBUHEI, PTYTh, IIMHK, MapraHell,
KOOaJbT, XpOM, BaHAIUM).

SAnoBuUTHIE BEIIECTBA MPOHUKAIOT B OPraHU3M YEJIOBEKA YePEe3 JbIXaTeIbHbIC
IyTH, >KEIYJIOYHO-KUIICUYHBIA TPAKT, KOXHBIM MNOKpOB. lIpum npixanuum susl,
CMEIIIaHHbIE C BO3JTyXOM, ITOCTYNAIOT B Jierkue. Bo Bpems npuema nuiu, 0cCoOOEHHO
C 3arps3HCHHBIX PYK, a TaKXe KypeHUs sAbl TOMAagarT B JKEIYyJAOK U Jajee
pa3HocATCA 1o opraHu3My. Ha ydacTku KOKM siibl MOTYT OKa3bIBaTh JIOKAJIHHOE
00JIE3HEHHOE BO3/IEHCTBHE.

ITo creneHu BO3ACHCTBHUS HAa OPTraHU3M YEJIOBEKAa BpPEIHbBIC BEIIECTBA

noapasaeisitoTcss Ha 4 kiacca: 1-d - 4ype3BbIYaHO ONACHBIE, 2- - BBICOKO-
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OTacHble, 3-i - YMEpEHHO OmacHbIe, 4-i1 - ManoonacHsie. J[71s1 OTHECEHUST BpEIHBIX
BCIIECTB K ONPEICICHHOMY KJIaccy oOmacHOCTH (Taba. 6.3) HCHOJIb3yIOTCS
CJIEIYIOLIME OCHOBHbBIE MTOKA3aTelH.

[Ipenensno pomyctumbie koHueHTpauuu (IIJIK) BpenHbix BeliecTB B
BO3/lyXxe paboyeil 30HbI — KOHLIEHTpAIlMU, KOTOpBIE MpPH €XKETHEBHOU (Kpome
BBIXOJIHBIX JTHEN) paboTe B TeUEHHE 8 U WUIIU MPHU APYroi NpoAOHKUTEIBHOCTH, HO
He Oosiee 41 4 B Hemenro, B TEYCHHE BCEro pabouero cTaka HE MOTYT BBI3BAaTh
3a00JIeBaHUN WJIM OTKJIOHEHUH B COCTOSHUU 3JI0POBBS, OOHAPY>KHUBAEMBIX
COBPEMEHHBIMH METOJIaMH HCCIIEIOBAHUM B Tpoliecce padOThl WU B OTIEIbHBIC
CPOKH KU3HU HACTOSIIIETO U MOCIETYIOIEr0 MOKOJICHUH.

Tabnuna 6.3 — [TapameTpbl pa3aeiieHUs] BPEAHBIX BEIIECTB Ha KJIACCHI
omacuoctr ('OCT 12.1.007-76) [21]:

IIoka3zarens Knacc omacHocTn

1-i1 2-1 3-i 4-i

[IpenenbHO AomycTUMAs
kouuentpamus (I1J1K) Bpennbix
. Menee 0,1 |0,1-1,0(1,1-10,0 (bonee 10,0
BEIIIECTB B BO3/yXe paboueii

30HBI, MI/M°

Cpems cMepTeNbHas 103 IpH | 0o | 15150 | 151-5000 |Bonee 5000

BBEJICHUU B JKEIIYJOK, MI/KT

(e eMEpTEILHAR 105 TIPH |\ reyy6 100 | 100-500 | 501-2500 [Boree 2500

HAaHECEHUHU Ha KOXKY, MI/KT

Cpennsisi cMepTebHAS 5001 bonee
M -
KOHIIEHTpAIIUs B BO3IyXE, MT/M3 enee 500 1500-5000 50000 50000

Koadduurent BozmokHOCTH Boxee 300 | 300-30 29-3 Memnee 3

HHI'aJIAIMUOHHOI'O OTPpaBJICHHUA

30Ha OCTPOro NEHUCTBUS Memnee 6,0 | 6,0-18,0| 18,1-54,0 | bonee 54,0

Takum o6pazom, [yt TOro 4TOOBI 00€30MaCHTh PAOOTHHKOB OT (paKkTopa

3ara30BaHHOCTH, HEOOXOAMMO COOJIOAATE Psi MpaBui[6]:
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- npeaenpHo-gomycTuMas koHentpanus (I1JIK) mapos B Bozayxe paboueit
30HBI HE JOJDKHA MPEBBIATE: yriaeBogopoasl - 0,3 r/m3, 6ensun - 0,1 r/m3, TOC -
0,005 r/M3[8].

-KOHTPOIb  COJAEPXKAHUA MHapoB  HE(PTEHPOAYKTOB  OCYIIECTBISETCS

ra3doaHalin3aTopamu.

6.1.4. YTeuku TOKCUYHBIX U BPeAHbIX BelllecTB B aTMochepy
YTeukn TOKCHYHBIX M BpEIHBIX BEIIECTB B armocdepy (MeTaHoia)

HalpsIMyI0 CBSI3aHAa C HAPYIICHHWEM TEXHOJIOTMM €ro 3akaukd B TI0JIOCTh
ra3onpoBojia, YTO MPHUBOJUT K 0Opa30BaHUIO B pabOyell 30HE B3PHIBOOIACHOM
cMmecu (Temneparypa Benbimku 15,6 °C).

[Ipu nomafgaHuy Ha KOXKY U B OpraHbl AbIXaHus (IIpU UCHApPEHUU) METaHOJI
BBI3BIBAET OKOT U pa3/ipa’kKeHue, MpY MONaJaHuU B MUILIEBO]T B HEOOIBIIIOM 00BEME
5-10 mu1 BBI3BIBAET CUIIbHOE OTpaBiieHue, a 30 rpaMMOB U 00JIee - JIETAIbHBIN UCXO/I.
Takue cUMITOMEI KaK: TOJIOBHAsI 00JIb, C1a00CTh, HEJIOMOTaHHE, 03HOO, TOITHOTA,
PBOTA XapaKTEPU3YIOT JETKYI0 (popmy oTpaBiieHus. [lo3ToMy OMacHOCTb JJ1s1 AKUZHU
HECET KaK YHCTBIM METAHOJ, TAK U KUJKOCTH, B COCTaB KOTOPBIX BXOJHUT JAHHOE
BEILIECTBO /1K€ B OUE€Hb HEOOJBIIIOM MPOIICHTHOM COOTHOIIICHUH.

Haubonee mnpoctoii croco® ompeneneHuss MeETaHOJa 3aKIoYaeTcs B
npoBeneHnu HonodopmHon peakuuu. [Ipu nelicTBuM Ha 3TaHON HoIa M LIENOYHU
BBITIAZIET 0CA/IOK (110/10(hOpM) JKENTOTO 1BETA, B PEAKIIMH KE C METAHOJIOM OCaJKa
He oOpa3zyercst (maHHas peakius HE MPUMEHSETCS JUIS BBISBICHUS METaHOJA B
ATUIIOBOM CITUPTE).

AHTHIOTOM TIpU OTPABICHHUM METAHOJIOM SBJISIETCA BHYTPUBEHHOE
kanenbHoe BBeAeHue 10 % pacTtBopa 3TaHoOJa, WK K€ NepopaibHbId npuem 30 -
40% pactBopa u3 pacuera 1 - 2 rpamma Ha | Kr macchl Tena B CyTKU. B aToM ciiyuae
MPOUCXOIUT NEPEKIIIOUCHUE ATKOTOJIBAETUAPOreHaspl | Ha OKHCIIEHNE SK30T€HHOTO
ATaHoJIA.

[Ipu paboTe ¢ METaHOJIOM, MPHU €ro TPAHCTIOPTUPOBKE U XPAHCHUU JTOTKHBI
OBITh  TPENYCMOTPEHBI  CpeACTBa  WHAMBUAyanbHOW  3amutel  (CU3),

MNpEACTABJICHHBIC 3allTUTHBIMHA OYKaMH, PE3MHOBBIMHU IICPYATKAMU, CHCHOI[C)K)IOﬁ 151
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OOyBBIO COTJIACHO THWIIOBBIM OTpaciieBbIM HopMaM. Tak e HUCHOJIb3yeTCs
¢unpTpyrommid macku IIIIM w IIMII w nporuBorassl Mapoxk A, M npu
KOHIIeHTpanusax mnapos Beie [TJIK.

JIns ynanmeHusi pasiauToro METaHoJa C MOBEPXHOCTH INPUMEHSIOT CyXHUeE
ONWJIKH, B IIOCJIEICTBHE CKUIAEMbIE B CIELUAIBHO OTBEIEHHOM MECTE, OCTATOK
BIIUTABILIETOCS METAHOJIA POMBIBAIOT CTPYEU XOJOJHOM BOABI. B mensax 3ammrsl
OKpYXalollel cpeapl OT MPOTEYEK METAaHOJIa JOJDKHO OBITh HCIOJIB30BAaHO

TEXHOJIOTUIECKOE 000pyI0BaHKEe, 00ECIIEYNBAIONIEE TIOJTHYIO TePMETH3AIHUIO.

6.2 AHAJIN3 ONACHBIX NMPOU3BOACTBCHHBIX (l)aKTOpOB 1 000CHOBaHHUE

MepONpPHUATHI 10 UX YCTPAHEHUIO

6.2.1. JIBMKymuecsi MAallIMHbI 1 MEXaHU3MbI POU3BOJACTBEHHOT 0
00opyaoBaHMsI
JIBrKyIiecs: MallMHbl U MEXaHU3Mbl MPOU3BOJCTBEHHOIO 00OPYIOBAHUS

KaK OmacHbId (hakTop, BO3HMUKAET B MPOIECCE MPOBEICHHUS MOATOTOBUTEIBHBIX
paboT, HaMpaBJIEHHBIX Ha JUKBUAALMIO THAPATOB. OmacHbIi (PakTop BO3HUKAET 32
CYET HaXOXJEHUsS padouero rmepcoHajsa BOIU3M paboTaOMMX MAaIlUH |
MexaHU3MOB (OyJb103€phl, SKCKaBaTopbl). OCHOBHAS 3a7ja4a MAITUH U MEXaHU3MOB
HalpaBjieHa Ha OpraHU3alui0 CBOOOJHOrO MOAXOJa U TNOIbE3Ja K MECTy
IIPOBEJICHUSI OTHEBBIX padOT, a MMEHHO Ha YAaJlEHHWE MEIIAIONIUX TMPEAMETOB,
B3PBIBOOMACHBIX, MOKAPOOIMACHBIX M BPEAHBIX BEIIECTB. B COOTBETCTBUU C
HapSJIOM-JIONYCKOM, cocTaBlieHHbIM Ha ocHoBanuu CTO T"asnpom 14-2005 [14], u
IJIaHa OPTaHU3aIuy TIPOBEICHUS Pa0d0T HKCILTYyaTallHOHHBIM TIEpCOHAIoM (rinana
OCYILIECTBISETCS OArOTOBKA TEXHOJIOIMUECKOT0 00BEKTa K MPOBEACHUIO OTHEBBIX
pabor.

JIJist 3aIMTHl OT JAHHBIX OMACHBIX (PAKTOPOB UCIOJIB3YIOTCS KOJUIEKTUBHBIC
CpeICTBa 3allUThl, — YCTPOWMCTBA, MPEMSTCTBYIOUINE TOSBICHUIO YEIOBEKa B
omacHou 30He. CormacHo I'OCT 12.2.062-81 [15] orpaxnmeHuss HEOOXOIUMO
BHITIOJIHATh B BHUJC PA3IUYHBIX CETOK, PEIIETOK, AKPAaHOB U KOXKyxoB. [lpum

YCTPOMCTBE OTPAXACHUIN 0053aTeNIbHO COOIIOJIEHUE ONPEEICHHBIX TPEOOBaHUH.
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3amnperieHa paboTa co CHATHIM WM HEMCIPABHBIM OTpakeHueM. B kauectse
npOUIAKTHIECKIX MEp IJIAHHPYETCS CHUCTEMATUYECKU IMPOU3BOJIUTEH MPOBEPKY
HAJIM4YMsl 3alIUTHBIX 3arpaXJCHWM Ha JBIKYLIUMXCS M BpaIalOIIUXCS YaCTIX
MallMH W MEXaHW3MOB; IUIAHOBYIO W HEIUIAHOBYIO IIPOBEPKY IIYCKOBBIX U
TOPMO3HBIX YCTPOWCTB; IMPOBEPKY COCTOSHUSA OOOpPYAOBAaHHS U CBOEBPEMEHHOE

yCTpaHeHue e(HEeKTOB.

6.2.2. BbicoKkoe 1aBJjieHHe ra30MpoBoaa
HedrenpoBoap! 1 ra3ompoBo bl paboTaIoT oA AaBieHHEM. JIF0ObIe COCYIHI,

paboraromue 1oj aasneHueM (cebime 0,7 kre/cM?), Bceraa IpeacTaBIsSIOT co0oi
MOTEHIIMAIBHYIO OMAaCHOCThb, KOTOpas MpPH ONPEAENECHHBIX YCIOBUAX MOXKET
TpaHCHOPMHUPOBATHECA B SBHYIO (GOPMYy U TOBIEYh TSDHKEIBIE TOCIEACTBUS.
Pasrepmerusamusi  (motepss TEePMETHYHOCTH) COCYJIOB, palOTalomMX MOJ
JABJICHUEM, JOCTATOYHO YacTO COIMPOBOXKIACTCS BO3HUKHOBEHUEM JBYX TPYIII
OMACHOCTEM.

[lepBas U3 HUX CBsI3aHa C B3PHIBOM COCYJa WJIM YCTAaHOBKH, paboTaromIe
MOJ1 1aBJieHHEM. B3pbIBOM Ha3bIBAIOT OBICTPONPOTEKAIOIINMA MPOIecC (PU3NIECKUX
U XHUMHYECKUX TMPEBPAIICHUN BEIIECTB, COMPOBOXKIAIOIINNUCI OCBOOOKICHUEM
OOJBIIIOr0 KOJMYECTBA SHEPTUU B OTPAHMUYECHHOM 00BEME, B PE3yJIbTaTe KOTOPOTO
B OKpYXaIoIeM TMPOCTPAHCTBE 00pa3yeTcs W paclpoCTpaHsIeTCs yaapHas BOJIHA,
criocoOHasi co3JaTh Yrpo3y JKH3HH W 370pOBbI0 Jiofied. [lpu B3pbIBE MOXKET
MIPOU30UTH pa3pyIICHUE 3/1aHUsI, B KOTOPOM PACTOJIOKEHBI COCYAbI, paboTaromue
MoJa JaBJICHWEM, WJIM €ro 4YacTeid, a TakkKe TpPaBMHUPOBAHHWE TIEPCOHAJA
pa3NEeTAIONUMUCA OCKOJIKaMU 000PY/I0BaHUS.

[TpuumHBI pa3pylieHus cucTeM oA naBieHuem[15]:

®  MCXaHHWYECKHE BO3JACHCTBUS,

®  CTapeHUE CUCTEM (CHUKEHHUE MEXaHMYECKON MIPOUYHOCTH);

®  HApYIICHHE TEXHOJIOTHUYECKOTO PEKUMA; KOHCTPYKTOPCKHE OITHOKH;

®  U3MEHEHHE COCTOSHHS T€PMETUZUPYEMOM CPELBI;
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®  HEHCIPAaBHOCTHM B KOHTPOJIBHO-U3MEPUTENBHBIX, PEryJHUPYIOIIUX U

IIPENOXPAHUTEIIBHBIX YCTPONUCTBAX.

Meponpustus 1mo B3psiBo3ammure[15]:
e  pa3paboTKa HHCTPYKTUBHBIX MATCPUAJIOB, PETIAMEHTOB, HOPM M
TPABHUIT BEICHHS TEXHOJIOTHYECKUX MPOIIECCOB,;
e  opraHuszaiys oOyueHHs ¥ HHCTPYKTa)ka 00CITy)KHBAIOIIETO IIEPCOHANIA;
®  OCYIISCTBJICHHE KOHTPOJS W Haa30pa 3a COONIOJCHUEM HOPM
TEXHOJIOTUYECKOT0 PEKHMMA, MPABHI U HOPM TEXHHUKH OE30IMaCHOCTH, MOKAPHOM

0€30MaCHOCTH.

6.3 DKoJIornuecKas 0e30MacHOCTh

PaboTel mo 3amycky nedexTockomna BKIHOYAIOT B €0 OTKPHITUE KaMep
3alyka W TpUEeMa, 4YTO MOJKET TIOBJIEYh 3a COOOM 3arps3HEHHWE ITOYBBI U
OJIM3JIeKAITUX BOJJOCOMOB MPOIYKTaMH TPyOOIIPOBO/Ia U HAHECTH HEMOMPABUMBIN

yiiepd okpyxaromiet cpene. s mpenoTBpailieHHsT M MUHUMM3ALUU
naryOHOro BO3ACHCTBHS TPU TPOBEACHUU pabOT TpedyeTcs MNpeaycCMOTPETh
HEKOTOPBIE 3alTUTHBIC MEPOTIPHSITHS.

Ilepconan, mnpoBomsuMi JaHHYHO paldOTy, JOJDKEH OBITh BBICOKO
KBIM(PUPOBAH, C HUM JOJDKHA OBITh MPOBEJACHA HHCTPYKIUA MO O€30MacHbIM
METOJIaM BBIMIOJIHEHUS pa0oThl. [lopsinok mpoBeaeHus paboT TOKEH OBITH CTPOTO
COOJTIO/IEH.

['psa3w, KOTOpas MpUIILIa BMECTE C MOPIIHEM, JOJKHA OBITh YTHJIM3UPOBaHA
B COOTBETCTBHUU C 3aKOHOM.

[Tpuponnslii ra3, Ha 98% cocTosIIMil U3 MeTaHa, HAPSAMYIO CTPaBJINBACTCS
B aTMOc(epy ¢ Kamep 3amycka ¥ IpueMa OYMCTHBIX YCTPOMCTB.

MHorue 3HawT, YTO YCUJICHUIO MApHUKOBOTO 3¢ (deKTa crnocoOCTBYeT ra3

MCTaH, TaK KaK OH MTHTCHCHUBHO PACCCUBACT U YACPIKNUBACT TCILIIO, U3JTy4acMOC
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HArpeToi coyHieM 3emiei B MHPpPaKpacHOl 001acTu CIeKTpa Ha JAJUHE BOJIHBI
7,66 MKM. MeTaH HaxoJIUTCAd Ha BTOPOM MECTE, YCTyHasl yriIeKHUCIOMY rasy, IpH
3TOM €r0 poJib B CO3/IaHUU MAPHUKOBOro 3¢ dekra cocrasisier npumepHo 30% ot
obmiero 3¢dexra CO,. [Ipu moBbIIeHNN KOHIIGHTPAIIMN METaHa B aTMocdepe oH
U3MEHSET €€ HOPMAJIbHO-TEKYIIUE XHMHUYECKHE IPOLECCHI, YTO NPHUBOIUT K
HapYILIEHUIO SKOCUTYallM! Ha IUIAHETE.

B cBs13u ¢ pa3BuTHEM COBpEMEHHBIX TEXHOJIOTUH B He(DTEra30BOW OTPACIIH,
Ha CETOAHSAIIHUI MOMEHT YK€ CYILECTBYET MHOYKECTBO TEXHOJIOTUH ITO3BOJISFOIIMX
C MUHHUMAJIbHBIM PUCKOM JUIsl OKPYKAIOILEN Cpebl MPOBOAUTH OOJIBIIMHCTBO BUIOB
paboT, KaK Ha MarucTpajabHOM ra30lPOBOJIE, TAK U HA HEPTEIPOBO/IE.

[Io okxoHuaHu0 pabOT Ha MarucTpajbHOM TIa30MpPOBOJE MPUKAZOM
VCITOJIHUTENISL OpraHU3allud U TPOU3BOAUTENS pabOT PopMUpYeTCS KOMHUCCHS IS
OCMOTpa 3eMeib MPU y4aCTUU 3aMHTEPECOBaHHBIX CTOPOH (mpenctaButeneir OO
MarucTpajbHbIX Ia30MPOBOJIOB U 3€MJIEBIIA/ICIIBLIEB).

IIpn ycTpaHeHMM 3aruIpavyeHHOI0 Y4YacTKa ra3olpoBOJA PEKYJIbTHBALUS
3€MeJIb BBIIIOJIHAETCS IOATATHO: TEXHUYECKUH 3Tall, a 3aTeM, IIPU HE0OXOJUMOCTH,
OMOJIOTUYECKUM.

TexHuyeckuil osTam 3aKio4aercs B IUIAHUPOBAaHUH, (OPMUPOBAHUU
OTKOCOB, CHATHM W HAHECEHMM IUIOJOPOJIHBIX CJIOEB IIOYB, YCTPOWCTBE
TUAPOTEXHUYECKUX W MEJIUOPATUBHBIX COOpPYXEHMU. JlaHHBIM J3Tam Tak ke
XapaKkTepU3yeTcs MPOBEIEHUEM padoT, HAPABICHHBIX HA CO3aHIe HEOOXOIUMBIX
YCJIOBUHM Ui JAIBHENIIETO MCIOJB30BAHUS BOCCTAHABIMBAEMBIX 3€MEJb MO HMX
Ha3HAYEHUIO. buoslormdyecknii sTam NOPOBOAMTCS C LEIbIO BOCCTAHOBJIEHUS
IJI0OPOAMS TIOYB.

Oco0eHHOCTBIO OMOJIOrMYECKOI0 3TAIA SBISIETCS OCYIIECTBICHUE €T0 yiKe
Cpa3y IocJie TEXHHYECKOTro, a IJIaBHas L€JIb — MOATOTOBKA MOYBBI: 3aKpPEIJIEHUE
BEPXHETO CJIOS ITOYBBI 32 CUET KOPHEBOM CUCTEMBI PACTEHUH, & TAKKE B CO3JaHUU
IYCTOTO TPaBOCTOS, YTO MPEAyNpeluT pa3BUTHE KaK BOJHOM, TaK M BETPOBOM

9pO03WH Ha HAPYHICHHOM IMOYBCHHO-PACTUTCIIbBHOM ITOKPOBC.
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DTanbl peKyJIbTUBAIMY B 3aBUCHUMOCTH OT IUIOLIAX HAPYIIEHUS [IOYBEHHO-
PaCTHTEIHLHOTO MMOKPOBA KIACCUPUITUPYIOTCS CIIeyroImuM odpasom [42]:

1-as cTeneHpb — pacTUTEIBHO-IOYBEHHBIN MOKPOB yHUUTOXKEH Ha 100%;

2-asi CTENmeHb — pacTUTENbHOCTh YyHUUTOkeHa Ha 100%, mpu 3TOM
3eMeJIbHBIN cioit yuenen Ha 50% rmiomany;

3-ast CTeNeHb — PaCTUTEIbHBIN MOKPOB YHHUYTOXKEeH Ha 50-80% miomany,
MOYBEHHBIN coil coxpanen 100%;

4-as cTeneHb — PACTUTENbHBIN MOKPOB YHHUUTOXXKEH Ha 20-50% Moy,
MMOYBEHHBIN cJIoM coxpaHeH 100%;

5-asi CTeNEeHb — PACTUTEIBLHOCTh YHHUTOKEeHA MeHee 20% oT Bceil mtomaau,
MOYBEHHBIN cioil coxpaneH 100%.

[Ipu BBIOOpE METOAOB PabOT, HAMpPABICHHBIX HAa BOCCTAHOBJIICHUE TOYB,
HE0OX0AMMO OpaTh BO BHHMaHHWE TMPUCYTCTBUE B OCHOBHOM 3-4 THIIOB
HapyIIEHHOCTH TOYBEHHO-PACTUTEIIFHOTO TOKPOBA HA PEKYJIBTUBUPYEMOM yUACTKE
Tpacchl.

CornacHO 30HAJILHOM cucTeMe 3emiienenus cyobekTtoB PD BeiOuparoTcs
BUJIbl TIOCEBHBIX TPaB U UX JOIMYCTUMbIC COUYETaHUs. 3aMEHY MOBPEKICHHOTO WU
YHUYTOXEHHOTO PACTUTENBHOTO TMOKPOBAa CIIEIYET MPOBOAUTH aHAJOTHMYHBIMU
BUJIaMU MECTHBIX TPaB, IPUCTIOCOOJICHHBIX K TOYBEHHO-KIMMATHUYECKUM YCIIOBUSIM

AaHHOI'O pCTrUOHaA.

6.4 be3omacHoOCTb B Ype3BbIYANWHBIX CUTYaIUSAX
[Toxapnas 6e3omacHocTh npu Mpu 3amycke BTY nomkHa obecrieunBaThes

3a cuet[16]:

- TpenoTBpalleHUs pa3ivBa U pacTeKaHus He(TH, BbIXO/A rasa;

- TNpEeNOTBpAIllEHUs O0Opa30BaHUs HA TEPPUTOPUMU MPOBEACHUS padOT
roproueii mapoBO3AYIITHOM CPebl U IPEIOTBPAIICHUS 00pa30BaHUS B TOPIOYCH

Cpelie ICTOYHUKOB 3aKUTaHUS;

- OpraHM3alMOHHBIX MEPONPHUATHI MO TNOATOTOBKE MHEpcoHana, K
NPEAYNPEXICHNIO, JOKAIN3AaUUN WU JIMKBUJALWMK aBapHil, aBapUHHBIX YTEYeK, a

TaKXX€ I10YKAPOB U 3arps3HCHUMN.
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Ha tepputopun mpoBeneHus: padOT AOKHBI OBITh YCTAaHOBJIEHBI 3HAKU
MOKAPHON 0€30MacHOCTH 11 O0O03HAYEHUsI MECTa PACIOJIOKEHUS MOKapHOro
MHBEHTaps1, 000py0BaHMsl, THPAHTOB, KOJIOALEB U T.J., TOJXO0J0B K HEMY, a TAKXKe
JUIst 0003HAYEHUS 3aIPETOB Ha JESHCTBUS, HAPYIIAIOUINE MOKAPHYI0 0€30MaCHOCTb.

CoctosiHue 000pyAOBaHUS HEOOXOIMMO CHCTEMATUYECKH NPOBEPSITH B
COOTBETCTBUM C HHCTPYKLHUSAMH I10 IKCILITYaTALMH.

Bo n30exaHue noxapoB Wiu B3pbIBOB Ha Tepputopun YIIH HEeoOxoammo
COOJIIO/IEHUE CIENYIOIINX MPABUIL:

e He nonyckars KypeHUs Ha Bcell Tepputopud. O 3anpenieHnn KypeHus
Ha TEPPUTOPHH BBIBEIIMBAIOTCS AHILJIATM W JIEJIAIOT 3alpellalolre HaAIUCH Ha
CTEHAaX 3JaHHM, COOPYKECHUM;

e  Henb3s nonb3oBaThes (hakenamu, CIMYKaMU CBEYaMH, KEPOCHHOBBIMU
doHapsiMu N1 OCBEHIEHUS M JIPYTUX EMKOCTEH, KOJIOALEB HPOMBIIUIEHHON
KaHaJu3aluu, He(TEIOBYIIEeK, TpaHIIeW He(TENpOAYKTOB U JAPYTUX MECT, TIe
BO3MOKHO CKOIUIEHHE T'a30BO3IYLIHBIX CMeceH. [l OCBEIIEHMs 3TUX MECT IIpU
OTCYTCTBUM  CTAaMOHAPHOIO  JJIEKTPUYECKOTO  OCBEIICHHMS  WIM €TI0
HEJOCTATOYHOCTH MOXKHO I0JIB30BAThCA TOJBKO aKKYMYJIATOPHBIMHU (hoHApsIMU
B3pbIBOOE30MIACHOT0 MCIOJHEHUSI TPU YCIOBUM BKJIIOUEHUSI UX BHE 3ara30BaHHOMN
30HBI;

e B wmecrax, rie MoryT oOpa3oBbIBATbCS CMECH Ta30B C BO31YXOM, HEJb3s
JOMYCKaTh MPUMEHEHUS WHCTPYMEHTOB, MOTYLIMX 00pa3oBaTh HUCKpy. B 3THx
MeCTax MOKHO MPUMEHSITh OOMETHEHHBIN HHCTPYMEHT;

e  [Ipon3BOACTBO OrHEBBIX PAabOT B 3ara30BaHHBIX MECTaX U OKOJIO HUX
JOIYCTUMO TOJIBKO MOCJIE MPUHSTHUS CIIELHAIBHBIX MEp;

e IIpomacnenHsle Marepuanbl (TPSNOKA M BETOIIb) CKIAAbIBaTh B
IIpeAHAa3HAYECHHBIE Ul 3TOI'0 METAJUIMYECKHUE SIMKHU C IUIOTHO 3aKPBIBAIOIIMMU
KpBIIIKaMU;

e HeoOxoaguMo MEIEHHO YCTpaHATh JHOOYH0 HEUCIPaBHOCTh B

TCXHOJOTHYCCKNX YCTAHOBKAX, IIPUBOJIAIIYTO K IIPOTCYKAM HerTerOI[YKTOB;
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e  (Cny4ailHO MPOJUTHIE WM MPOTEKIIKE B PE3YyIbTATE€ HEUCIPABHOCTHU
TEXHOJIOTHYECKOTO0  000pynoBaHUsS HEPTENPOMYKTHI  CIEAyeT HEMEIICHHO
coOupaTh, a 3arpsi3HEHHbIE MA3yTOM MECTAa 3a4UILATh U 3aChINaTh CBEKUM IPYHTOM
U TIECKOM;

e  Pa3Memars TEXHOJOTHYECKHE OOBEKTHI HA OTKPBITHIX 00BEKTAX;

e  DieKTpoobOpyI0BaHUE, MPUOOPHI, JATYUKH, TPE0oOpPa30BATEIU CUCTEM
KHWIla yctaHaBIMBaTh BO B3PHIBO3ALIUIIEHHOM HUCIIOJHECHNH;

e ]Iyt KOHTPOJIS 3a HAIMYUEM YTIIEBOJOPOJIOB B OKPYKAIOIIEM BO3IyXe
B TEXHOJIOTMYECKUX MMOMEIICHUSX W Ha OTKPBITHIX IUIOIIAJKAX YCTaHABJIMBATH
aHaJIU3aTOPbl 0 B3PBIBHBIX KOHIICHTPAIIMN C BbIJAYEH CBETOBOTO M 3BYKOBOTO
CUTHAJIOB,;

e  Texnonormyeckoe  obOopyaoBaHue,  (JIaHLUEBbIE  COCIUHECHUS
BBITIOJIHATH T€PMETUYHO;

e (CoOmonath MakCUMaJIbHOE KOJIMYECTBO XPaHSAIIEroCsl BEIIECTBA Ha
o0BekTe[6];

JIukBugauus aBapuili Ha Ta30NpPOBOAEC HAYMHAETCS, NPEXKAE BCErO, C
OTKJIFOUCHHMSI €r0 MOBPEKICHHOTO YYacTKa U MEPEKPBITHS Ta30IIPOBOAa3aMOPHBIMU
yCTpoMCTBaMM (3aMKaMH, 3aJIBUIKKaMH), pACIOJOKEHHBIMU Ha HEM U Yy
ra3rojipJiepHbIx ctaHiui. [Ipu cpesax wim paspbeiBax TpyO ra3zompoBoja HU3KOTO
JIaBJICHUS] KOHIIBI X 3aJ€JIbIBAIOT JEPEBIHHBIMHU MPOOKamMu, 0OMAa3bIBAIOT TJIMHOM
WM OOMAaThIBAIOT JIMCTOBOM PE3MHOM, TPEIIMHBI HAa TpyOax 3aBapUBaIOT WIIU
3aJIeTBIBAIOT, yCTaHaBiuBas My(Thl. BpeMeHHO TpemmHbl MOKHO 3aJelIbIBaTh,
oOMaThiBasi TpyObl TJIOTHBIM OMHTOM M OOMa3sbiBas TJIMHOM, WIM OOMaThIiBas
JIMCTOBOM PE3MHOM C HAKJIAIKOM XOMYTOB. [Ipr BociiaMeHeHny ras3a ero JaBicHue
B Ta30MpoBOJIC€ CHWXAIOT, MOCJE Yero IjlaMs racsT TMeCKOM, 3eMJIeH, TJIMHOM,
Ha0pachIBalOT Ha Ta3oONpPOBOJ] MOKPBIA OpE3eHT, a 3aTeM 3achIMalOT 3eMjied U

IOJIUBAIOT BOJIOM.
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6.5 3akoHogaTesbHOE peryJIMpOBaHUe MPOEKTHBIX pPelleHui

Kommanuu, KOTOphle 3aHUMAIOTCS TMepeKkauykol HedpTH U raza 1o
MarucTpajbHbIM Ta30MpoBoJiaM 00s3aHbl 00ECIeYMBaTh CBOMX PAaOOTHUKOB BCEMU
MaTepUaIbHBIMU U COLIMAIbHBIMU OJIaraMu B COOTBETCTBUH C [17].

B coorBerctBuM co cratbeid «lIpaBo paOoTHMKA Ha Tpya B YCIOBUSAX,
OTBEYAIONIMX TPEOOBAHUSIM OXPaHbI TPYJa» PAOOTHUK UMEET MPaBO Ha:

—  pabouee MecCTO;

—  CBOEBPEMEHHYIO OIUIATY;

—  COILIMAJIbHOE CTPAXOBAHUE OT HECUACTHBIX CIy4aeB Ha IPOU3BOJICTBE U

npodeccruoHanbHbIX 3a00J€BaHUT;

—  TOJIy4eHHUE JOCTOBEPHOU MH(MOpMaluK OT paboToaaTesnss 00 yCIOBUIX

Y OXpaHe Tpyja;

—  OTKa3 OT BBIMIOJIHEHUSI pa0dOT B ClTydyae OMAaCHOCTH JIJIS )KU3HU;

—  obecrnieyeHue cpeACTBAMU WHIUBUYAIbHON 3aIlUTHI;

—  oOydeHue 3a cueT paboToaaTes;

—  MEIUIMUHCKUNA OCMOTp U T.J;

PaGoTHuku, kotopeie Tpynasrcs B ycioBusix Kpaiinero CeBepa, UMEIOT
JIOTIOJIHUTEIIHLHBIC JIBTOThI B COOTBETCTBHUU C [18].

OnHOM M3 OCHOBHBIX JIBIOT, HPENOCTABISIEMBIX JAaHHOW KaTEropuu
pabOTHUKOB, sABIsSIETCSl paioHHBIN Kod(duiment. Cornacuo ct. 315 TK PD[17]
oruiata Tpyaa B paiioHax Kpaitnero CeBepa u mMpHUpaBHEHHBIX K HUM MECTHOCTSX
OCYILECTBIISIETCS C MPUMEHEHHEM palOHHBIX KOAI(PPUIIMEHTOB U MPOIEHTHBIX
HaJ10aBOK K 3apabOTHOM TIaTe.

Kpome Toro, koaddunmeHT Hauucisercss Ha HaAOABKM W JOIJIATHI K
Tapu(HBIM CTaBKaM (JIOJDKHOCTHBIM OKJIaJlaM) U KOMIICHCAIMOHHBIC BBITIIATHI,
CBS3aHHBIE C PEKUMOM pPAOOTHI U YCIOBUSMH TPyJAa, K KOTOPBIM OTHOCSTCS
HanOaBku [17]:

— 32 KJIACCHOCTb, 3BaHUE 10 MPo¢eCcCru, HEMPEPHIBHBIN CTaXK pabOTHI MO

CIICOUAaJIbHOCTHU U T.[..
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—  JOJDKHOCTHBIM  JIMIIAM M TpaxkJaHaMm,  JIONYUIEHHbBIM K
roCyJ1apCTBEHHOM TalHe;

— 32 BBICHYTY JIeT (HEempephIBHYIO padoTy), a TAaK:Ke BO3HATPAXKICHUE 32
BBICITYTY JIET, BBITUIAYMBAEMOE €KEKBAPTAJIbHO WJIH €IMHOBPEMEHHO;

— 10 uToram paboThI 3a o,

— 32 yCIIOBHUA TpyJa Ipu paboTe B HOUHOE BpEeMs, CMEHHYIO padoTy, 3a
coBMelleHne npodeccuit (0MKHOCTEN).

IIpu sTOoM B cocTaB 3apaboTka, Ha KOTOPBIM HAYHUCIISETCS pPalOHHBIN
KO3((PUIIMEHT, HE BKIIOYAIOTCA: MPOLICHTHbIE HAJA0AaBKU K 3apaOOTHOM IaTe 3a
pabory B paiionax Kpaitnero CeBepa u npupaBHEHHBIX K HUIM MECTHOCTSIX, a TAKXKe
B I0’KHBIX pailoHax Boctounoit Cubupu u JlaneHero Boctoka; Bce BUIbI BBIILIAT 110
cpenHeMy 3apaboTKy (OTIIyCKHBIE, oriaTa 00y4eHus: pa0OTHUKOB, HAPABJICHHbIX
Ha Mpo(dheCcCUOHATBHYIO MOJATOTOBKY, MOBBIIICHUE KBATU(UKAIMU WK 00y4YeHHE
BTOpPBIM TpodeccusiM, M [Jp.); MarepuanbHas MOMOUIb; €JIMHOBPEMEHHbIE
MOOIIPUTEIIbHBIE BBIIJIATHI, HE MPEAyCMOTPEHHBIE CHCTEMOM OIUIaThl TpyAa
OpraHu3allyu.

CeBepsiHaM Takke JOJDKHA BbBIIJIAYMBATBCS MPOLEHTHAs Haja0aBKa K
3apabotHoM miate. B omimume oT palioHHOTO KOd(puIMeHTa MNpU BHIILIATE
HaJ0aBOK HEOOXOJMMO YYHUTHIBaTh CTaX pPaOOThl B JaHHBIX pailloHaX WA
MeCTHOCTsIX. Pa3mep mporieHTHOM Ham0aBKM M TOPSAOK €€ BBIIATH (KaKk |
paiionHbIl k03 duinent) ycranasiauatorces [IpasurensctBom PO (c1. 317 TK PO,
ct. 11 3akona N 4520-1) [17].

Crates 116 TK P® ycraHaBiuBaeT ceBepstHAM  E€XKETrOJIHbIC
JIOTIOJTHUTENbHBIE OIUIauYMBaeMble OTHycka. Ilpu sTom paboTomaTenu ¢ y4eToM
CBOMX MPOU3BOJACTBEHHBIX U (DMHAHCOBBIX BO3ZMOXKHOCTEH MOTYT CaMOCTOSATEIHHO
yCTaHABIMBAThH /U1 paOOTHUKOB JIOMIOJIHUTEIBHBIE OTIMYCKA, MOPSAOK U YCIOBHUS
MPEIOCTABICHUSI KOTOPBIX ONPEIEISIIOTCS KOJUIEKTUBHBIMU JIOTOBOpPaMHU  WJTU

JIOKaJIbHBIMHX HOPMATHUBHBIMHU dKTaMH, KOTOPBIC IPUHUMAIOTCA C YICTOM MHCHUA
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BBIOOPHOTO OpraHa MepBUYHOM NMPOQPCOIO3HON OpraHU3aIIH.

Kpome cBoux paOOTHUKOB, He(TEnepeKaunBaIOMINE OPTaHU3ALNU TOYHO

TaK XK¢C, 00s13aHbI CICIUTL 3a HCTAaTHUBHBIM BJIIMAHHUCM HX JOCATCIBHOCTH Ha

OKPYXKaIOWIYI0 Cpeay, W 3alIUIIaTh HACEJICHWE OT YPE3BbIYAWHBIX CUTyalldll B

cooTBeTCTBHH C [19].

Cornacno [19] koMIuIeKC MEpONIPUATHH T10 3aIIUTE HACEIEHUS BKJIIOYAECT:

~  OIOBEIIEHHE HaceJeHHs: 00 OMACHOCTH, €ro HH(OpPMUPOBAaHUE O

IMOPAAKE I[GﬁCTBHﬁ B CJIOKHUBIHINXCA I{pCSBI)I"IElI\/'IHI)IX YCIIOBUAX]

- 9BAaKyallMOHHBIC MCPOIIPUATHA,

~  MeEpbI IO UHKEHEPHOU 3aIlUTE HACCTICHUS;

- MCPBI pa,Z[HaHHOHHOﬁ 1 XUMHUYECKOU 3allIUThI,

- MCIULMHCKHUEC MCPOIIPUATHA,

- IIOATOTOBKY HACCIICHUA B o0nacTn 3alllUTbl OT t'Ipe3BI:oI‘-IE\,I‘/IIHImIX

CUTYyaLUH.

ra3OHp0BOI[BI OTHOCATCA K OIIaCHbBIM IIPOU3BOACTBCHHBIM O6’beKTaM,

IIO3TOMY OpraHuU3alryv, 3aHUMArOIUCCA UX BKCHHyaTaHHCﬁ, IIOJUYHNHAIOTCA @3 ot

21 uronsa 1997 r. Nel16-®3 [20].

NN3m.

Jluem Ne dokym.

lNodnuck

[ama

COLMATIbHAS OTBETCTBEHHOCTb NMPU NTPOBELEHNN
BHYTPUTPYBEHOUN ANATHOCTUKN

Jlucm

103




3akirouenue

B Xozxe BBINONHEHUS MAaruCTEpCKOW JucCepTaluu ObLIM MOJIPOOHO
OMKCaHbl TPEOOBAHMS K MEXaHUYECKUM CBOMCTBAM CTaJiel, TAKUM KaK BPEMEHHOE
COTIPOTHUBIICHUE PA3PBIBY, IPEIET TEKYUECTH, Mpeie] MPOYHOCTH, OTHOCUTEIBHOE
ymHeHue corstacHo ['OCT 20295-91, Tak ke ObLIu IpeocTaBIeHbI TpeOOBaHUS
K MEXaHUYECKUM CBOMCTBAM COEIMHUTENbHBIX JeTael. bbuio moipoOHO onrcaHo
HaANPsDKEHHO-T1e(OPMUPOBAHHOE COCTOSIHUE TPYOONPOBOIa, KOTOPOE MPUBOAMT K
BO3HUKHOBEHHUIO HAMPSIXKEHHOTO COCTOSIHMS MeETajla U CIeJoBaTeIbHO K
Jerpalallid TMPOYHOCTHBIX XapaKTEepUCTUK TpPyOHBIX cTanmed. PaccMoTpen
MEXaHM3M YCTaJOCTHOTO pa3pyLIeHHs CTajdd, B XOJI€ KOTOPOTO MPOUCXOAUT
3apOKJICHHE TPEUIMH B CTPYKTYype MeTajlyla U B JAJIbHEUIIIEM MPUBOIUT K €ro
paspylieHHI0O W CJIeIOBaTeNIbHO K  aBapusiM  HAa  MarucTPalbHBIX
razoHedrenpoBoax. [IpoBeneH aHamu3 N3MEHEHHSI TPOYHOCTHBIX XapaKTEPUCTHK
ctanu 171'C B mporecce JIMTENbHOM dKCILTyaTanuu. B pe3ynbrare ananmsa MoKHO
CKa3aTh, YTO MIPU ATUTEIBHOMN IKCIUTyaTaIl[ii TPYOOIIPOBOOB BO3MOKHBEI J]BA BHJIA
HEraTUBHBIX (DAKTOPOB, CBSI3aHHBIX C U3BMEHEHUEM IPOYHOCTHBIX CBOMCTB CTaJIH,
3TO €€ OXpYMYMBAHUE M CHIDKEHUE TMPOYHOCTH B pe3yjbTaTe MepecTapuBaHUsI.
[IpenocraBnena Meronuka pacuera JedeKToB B CTald TpyOONpOBOJOB,
OoOHapy>KEHHBIX B pe3yjbTaTe BHYTPUTPYOHON auarHocTuku. Ha ocHoBe 3Toii
METOJIMKHA MOKHO OIIEHUTh OMAaCHOCTH JIe(heKTa, a Tak e pacCcuuTaTh 0e30MacHbIN

PEXKUM IKCIUTyaTallud TpyOOpOBOIa IPU HATMYNH Je(eKTa.

Jlucm

COUUNATIBHAA OTBETCTBEHHOCTE MPU NMPOBELNEHWN

NN3m.

BHYTPUTPYBEHOW ANATHOCTUKU

Jlucm Ne dokym. lNodnuck |dama
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The role of pipeline age in pipeline safety

The age of a natural gas transmission pipeline is important factor affecting
the safety of that pipeline. Review of incidents reported to the Department of
Transportation's Pipeline and Hazardous Materials Safety Administration
(PHMSA) from 2002 through 2009 found that 85% of incidents occurred
irrespective of a pipeline's age, with just 15% related in some way to the age of
the pipeline.

In cases where a pipeline's fitness for service may degrade with the
passage of time, pipeline operators can take action to mitigate the effects of aging.
Operators can periodically assess the integrity of such pipelines. Timely repairs
based on those assessments will ensure fitness for service. A well-maintained and
periodically assessed pipeline can safely transport natural gas indefinitely.

The INGAA Foundation, Inc. retained Kiefner & Associates to
investigate the relationship between pipeline age and pipeline safety. The focus
of the paper is natural gas transmission pipelines. Still, many of the report's
findings also would apply to pipelines carrying crude oil, motor fuels and other
liquid petroleum products. While the natural gas transmission pipeline industry
adds new pipelines every year, the majority of natural gas pipelines in the United
States were built prior to 1970. Not surprisingly, when an older pipeline fails,
there is a tendency to suspect that age played a role in the failure. This can lead
to the perception that such pipelines are too old to operate safely.

As part of its research, Kiefner & Associates looked at the various
phenomena that can threaten the integrity of a pipeline (i.e., its ability to operate
safely without rupturing). It reviewed pipeline ruptures and serious leak incidents
reported to PHMSA from the period of 1992 through 2011.

The review of the reportable incidents found that during this recent 20-
year period there were 2,059 pipeline ruptures or major leak incidents. The
PHMSA "reportable incidents" category was chosen as the primary measure for
this report because it was the largest publicly available database of pipeline

incidents. From these data, one can calculate the probability of a reportable



incident at any random point if an incident were equally likely at any point in the
305,000 miles of natural gas transmission pipelines in the U.S. The incident rate
is approximately 0.00034 per mile per year.

The paper's authors then looked at the incidents based on the decade of
construction of the pipeline involved. They found there was no time-dependent
degradation of the steel itself. As has been documented in a previous study
sponsored by the INGAA Foundation , the properties of the steels used for natural
gas pipelines (including the oldest steel pipelines in service) do not change
appreciably with time; that is, pipe steel does not "wear out."

Still, in connection with certain causes of failure, the report's authors found
some higher correlation between age and incident frequency based on the
installation period. The authors focused on incidents from 2002 through 2009
because the incident reporting criteria were consistent over that period. Incident
frequency from other causes did not exhibit any correlation with age.

The data indicated that older pipelines may be more susceptible to failure
if certain kinds of threats are not assessed and mitigated. Factors that contribute to
those threats being a higher concern for older pipelines are fully discussed in this
paper, as well as mitigation approaches that have been proven to ensure these
threats do not affect the safe operation of an older pipeline. These threats include:

e External Corrosion

¢ Rains/Floods

e Excavation Damage

e Manufacturing Defects
e Component Defects

e Girth Welds

e Seam Welds

e Stress Corrosion Cracking



1. Pipeline Age a Factor in the Occurrence of Incidents

Some of these causes are attributable to pipeline age because of a higher
correlation between incident frequency and the period when the pipeline was
installed. Our analysis focuses on the 598 accidents where usable data regarding
pipeline age exists. Of these accidents, we show that 507 of them or 85% of these
causes, do not exhibit any correlation with age.

At the outset, it should be noted that there is no time-dependent degradation
of the steel itself. The properties of the steels that comprise natural gas pipelines
(including the oldest steel pipelines in service) do not change appreciably with time;
that is, the pipe steel does not "wear out." This fact was established in a previous
report sponsored by the INGAA Foundation . The actual level of safety associated
with a given pipeline depends on how well it is defended against the various threats
to its integrity that can create injurious defects in the pipe. Mitigation of threats and
verification of fitness for service are necessary to keep a pipeline safe regardless of
its age.

The relationships of incident causes to the age of the pipeline are shown in
Table 1. The grouping of the incident data by decade for age was chosen because of
the availability of the initial construction dates and in-service inventories of gas
transmission pipelines in the PHMSA database. This decade range depicts not only
the length of time that the pipeline has been in service, but provides a rough
surrogate of the manufacturing methods of the pipe, the construction methods used
to install the pipe and operating and maintenance practices.

To see easily where age could be a factor for a particular cause of incidents,
it is useful to view these same data divided by the percentage of pipe presently
installed in the pipeline system in each age group. This view normalizes the incident
statistics by the amount by pipe by age in the existing infrastructure. The resulting
numbers are shown in Table 1. Cells where the percentage of incidents significantly
exceeds the percentage of pipe of a particular vintage (i.e. where the ratio is greater
than 1.5) are highlighted because they correspond to concentrations of incidents

within a particular age bracket suggesting age dependence. For the cause "External



Corrosion," for example, 29% of the incidents occurred in the 12% of the pipe that
was installed prior to 1950. The number "2.39" in the highlighted cell of Table 1 is
simply 29% (the percentage of external corrosion incidents that occurred in pre-
1950 pipe) divided by 12% (the amount of the pipeline infrastructure installed prior
to 1950). The numbers in all of the cells in Table 1 were calculated in the same
manner, and the highlighted cells show the vintage categories where incidents of a

particular cause occurred significantly more frequently.



Table 1 — Percent of Incidents by Cause that Occurred in a Pipe of a Given

Vintage
_ _ Incidents in Incidents in Incidents in | Incidentsin | Incidentsin | Incidentsin
Incidents in the 10% of | the 10% of | the 10% of | the 10% of
the 25% of the 23% of K K | K
the 12% of pipe pipe pipe pipe pipe pipe
. pipe . . presentlyin | presentlyin | presentlyin | presentlyin
Incident . presentlyin | presentlyin . . . .
Cause pres-ently in service that service that serv!ce that serv!ce that serv!ce that serv!ce that
service that ) . was intalled | was intalled | was intalled | was intalled
. was intalled | was intalled
was intalled between between between between
prior to 1950 | PetWeen 1950 between 1960) 0.0\ | 19g0and | 1990and | 2000and
and 1959 and 1969
1979 1989 1999 2009
External
Corrosion 29% 22% 31% 11% 2% 4% 1%
Internal
Corrosion 4% 20% 39% 11% 22% 4%
Earth
Movement 15% 23% 31% 15% 8% 0% 8%
Lightning 0% 25% 25% 38% 0% 0% 13%
Heavy
Rains/Floods 27% 33% 0% 20% 7% 7% 7%
Temperature 0% 0% 100% 0% 0% 0% 0%
High Winds 0% 67% 0% 0% 0% 17% 17%
Op. Exc.
Damage 0% 18% 35% 24% 6% 12% 6%
Third Party
Exc. 20% 25% 25% 9% 8% 10% 4%
Fire/Explosion 11% 11% 11% 11% 44% 11%
Vehicle 10% 15% 23% 8% 18% 15% 10%
Rupture of
Previously
Damaged Pipe 33% 17% 17% 17% 17%
Vandalism 67% 0% 0% 33% 0% 0% 0%
Body of Pipe 24% 48% 14% 10% 5% 0%
Component 22% 22% 6% 11% 11% 0% 28%
Joint 8% 17% 8% 17% 17% 8% 25%
Butt Weld 20% 24% 28% 8% 8% 4% 8%
Fillet 17% 17% 17% 17% 0% 17% 17%
Seam 6% 69% 19% 0% 0% 0% 6%
MCRE 3% 9% 6% 14% 17% 20% 31%
TSBPC 7% 7% 36% 0% 21% 0% 29%
LSPP 0% 11% 11% 11% 33% 11% 22%
Incorrect
Operations 0% 20% 20% 27% 20% 0% 13%
Miscellaneous 2% 25% 17% 8% 8% 10% 29%
Unknown 25% 25% 5% 10% 5% 10% 20%
Stress
Corrosion
Cracking 18% 18% 64% 0% 0% 0% 0%




Table 2 — Distribution of Incidents by Cause by Pipeline Age

. . . . Incidents in | Incidentsin | Incidentsin | Incidentsin
Incidentsin | 'mcidentsin | Incidentsin | oo of | the 10% of | the 10% of | the 10% of
the 25% of the 23% of i . A .
the 12% of pipe pipe pipe pipe pipe pipe
) pipe . . presentlyin | presentlyin | presentlyin | presentlyin
Incident . presentlyin | presentlyin . ) . )
presentlyin . \ service that | service that | service that | service that
Cause . service that | service that A . . i
service that . ) was intalled | was intalled | was intalled | was intalled
A was intalled | was intalled
was intalled between between between between
prior to 1950 | Petween 1950 between 1960 oo\ | 1og0and | 1990and | 2000and
and 1959 and 1969
1979 1989 1999 2009
External
Corrosion 2.39 0.89 1.34 1.06 0.21 0.43 0.11
Internal
Corrosion 0.36 0.78 1.70 1.09 2.17 0.43 0.00
Earth
Movement 1.28 0.92 1.34 1.54 0.77 0.00 0.77
Lightning 0.00 1.00 1.09 3.75 0.00 0.00 1.25
Heavy
Rains/Floods 2.23 1.33 0.00 2.00 0.67 0.67 0.67
Temperature 0.00 0.00 4.35 0.00 0.00 0.00 0.00
High Winds 0.00 2.67 0.00 0.00 0.00 1.67 1.67
Op. Exc.
Damage 0.00 0.70 1.53 2.35 0.59 1.18 0.59
Third Party
Exc. 1.65 0.99 1.08 0.89 0.79 0.99 0.40
Fire/Explosion 0.00 0.44 0.48 1.11 1.11 4.44 1.11
Vehicle 0.86 0.62 1.00 0.77 1.79 1.54 1.03
Rupture of
Previously
Damaged Pipe 2.78 0.00 0.73 1.67 0.00 1.67 1.67
Vandalism 5.56 0.00 0.00 3.33 0.00 0.00 0.00
Body of Pipe 1.98 1.90 0.62 0.95 0.48 0.00 0.00
Component 1.85 0.89 0.24 1.11 1.11 0.00 2.78
Joint 0.69 0.67 0.36 1.67 1.67 0.83 2.50
Butt Weld 1.67 0.96 1.22 0.80 0.80 0.40 0.80
Fillet 1.39 0.67 0.73 1.67 0.00 1.67 1.67
Seam 0.53 2.75 0.82 0.00 0.00 0.00 0.63
MCRE 0.24 0.34 0.25 1.43 1.71 2.00 3.14
TSBPC 0.59 0.28 1.55 0.00 2.14 0.00 2.86
LSPP 0.00 0.44 0.48 1.11 3.33 1.11 2.22
Incorrect
Operations 0.00 0.80 0.87 2.67 2.00 0.00 1.33
Miscellaneous 0.18 1.00 0.73 0.83 0.83 1.04 2.92
Unknown 2.08 1.00 0.22 1.00 0.50 1.00 2.00
Stress
Corrosion
Cracking 1.50 0.72 2.78 0.00 0.00 0.00 0.00

As seen in Table 2, some of the highlighted cells occur in the older
pipeline age brackets suggesting that age could be a factor for particular
causes of incidents.

e External Corrosion incidents were concentrated in pre-1950 pipe.

e Heavy Rains/Floods incidents were concentrated in pre-1950 and 1970s

pipe.



e Third Party Excavations were concentrated in pre-1950 pipe.
e Body of Pipe incidents were concentrated in pre-1950 pipe and
pipe installed between 1950 and 1959.

e  Component-related incidents were concentrated in pre-1950 pipe.

e  Butt-weld-related incidents were concentrated in pre-1950 pipe.

It is noted that concentrations of incidents occurred in pre-1950 pipe for
the causes: Previously Damaged Pipe, Vandalism, Unknown, and Miscellaneous.
These concentrations can be ignored for the following reasons. In the cases
involving Previously Damaged Pipe and Vandalism the numbers of incidents
were too small (6 for Previously Damaged Pipe, 3 for Vandalism) to be
meaningful. The same reasoning applies to the age-related concentrations of
incidents cases involving Temperature (3 incidents) and High Winds (5
incidents). In the case of incidents with unknown or miscellaneous causes, there
IS nothing to be gained from analyzing the numbers by decade.

What accounts for the apparent tendency of the incident causes in the
bullet list above to occur more often in older pipelines? Some possible reasons
are discussed below.

2. External Corrosion

The likely reasons that older pipelines seem to be more susceptible to
external corrosion are that some of the oldest pipelines were installed with no
coating, and that the use of cathodic protection did not become common until the
1940s and 1950s. Even though many older pipelines were retrofitted with
cathodic protection systems, metal loss occurring prior to the installation of
cathodic protection probably established a lower baseline from which the
corrosion could continue. If the corrosion continued even at a lower rate after the
installation of cathodic protection, failure still would be more likely than in a
pipeline that was adequately protected from its outset. Another possible
contributor to the higher rate of external corrosion incidents is that some older
pipelines were not designed to accommaodate in-line inspection (ILI) tools. These

IL1 tools are now used effectively to find and repair corrosion-caused metal loss



defects before they can become large enough to cause a pipeline to fail. They also
provide additional guidance on where to increase cathodic protection levels or
reinstall protective coating. The drop-off in external corrosion failures seen in
Table 3 for newer pipe probably is he result of the advent of the use of high-
technology coatings such as fusion-bonded epoxy in use since the 1970s and the
application of cathodic protection early in the life of the pipeline.

3. Internal Corrosion

Two concentrations of internal corrosion incidents are seen in Table 3,
neither of which suggests that internal corrosion is an age-related cause of
incidents. One concentration occurred in the decade of the 1960s, and one
occurred in the decade of the 1980s. Because there is no apparent reason why
pipelines installed in these decades would be more susceptible to internal
corrosion than pipeline installed in other decades, these concentrations are
assumed to have been random occurrences and are ignored.

Heavy Rains/Floods

The fact that older pipelines were more susceptible to failure from heavy
rains/floods than newer pipelines is probably a function of older pipelines having
been in their location longer. A longer time in service increases the likelihood of
removal of trench cover by scouring or undercutting of soil around the pipe due
to increased water velocities caused by heavy rains or flooding. Open- cut trench
crossing are used for streams and smaller bodies of water. Older pipelines were
installed in trenches made in the bottoms of rivers and other water crossings and
may not have been given as much cover near the banks of rivers as pipelines have
received more recently. Horizontal directional drilling has been used in the
construction of many water crossings since the early 1980s and is the predominant
technique used in the last 10 years for rivers and large bodies of water. Operators
can ensure that the pipe underwater is protected by conducting periodic surveys
and observation of soil movement on banks along the water. Where there is

erosion, soil and rip-rap (rock) can be added along banks and stabilized with



techniques such as matting. In rivers and streams, stone and rock can be added to
provide cover or the crossing can be retrenched.

It is noted that there was also a concentration of incidents in the 1970s for
which there is no reason why there would be age related incidents involving heavy
rains/floods. Therefore that decade has been ignored as age related.

4. Excavation Damage

Older pipelines sustained more third-party damage incidents than newer
pipelines if one assumes an equal probability of excavation activities by third
parties. This outcome probably is the result of older pipelines being less well-
marked and buried at shallower depths than newer pipelines. Another possible
contributing factor is that older pipeline materials are probably less resistant to
allure than newer materials when hit by heavy excavating equipment.
Interestingly, the older pipelines did not seem to be more affected by operator
excavation damage than the newer pipelines, possibly due to operators applying
greater diligence than third-party excavators. The above-ground portions of older
pipelines did not appear to be any more susceptible to vehicle impacts than newer
pipelines.

Pipe Body Defects

Older pipelines were more susceptible than newer pipelines to failures
from pipe-body defects. Five of these failures involved wrinkle bends, an obsolete
technique for bending pipe that left the pipe more vulnerable to failure than a
smooth bend if there was movement. Two other incidents resulted from hard spots,
which are a phenomenon associated with a particular manufacturer's pipe made in
the 1950s. At least four other body-of-pipe failures were attributed to pipe mill
defects or cracks that one would expect to find more readily in certain vintage
manufacturing processes. Alternatively, it is possible that some of the "crack"
failures resulted from small manufacturing defects having grown over a long
period of time from internal pressure-cycle- induced fatigue. However, one would
not expect to find failures from internal pressure-cycle- induced fatigue in a

natural gas transmission pipeline unless the pipeline had never been subjected to



a strength test at all, or was only tested to a small margin above the operating
pressure.

Components

Component-related incidents (such as failures of valves, meters and other
appurtenances) appeared to have taken place at a higher rate in the oldest
pipelines. Twenty-two percent of the component incidents occurred in the oldest
12% of the infrastructure installed prior to 1950. The remaining component
incidents were spread fairly evenly over the years of pipeline installation. The
failures in the oldest systems likely were related to branch connection defects and
cracks in valve bodies. Prior to 1950, fabricated fittings were more likely to have
not been made according to ASME standards and some older valve bodies were
made from cast iron or cast steel rather than from forged steel.

Butt Welds

The butt weld-related failures, involving primarily leaks at girth welds and
fabrication welds, appeared to be somewhat related to the ages of the pipelines.
This is probably the result of the girth welds in the older pipelines having different
construction-acceptability requirements.

5. Other Defects

As seen in Table 3, incidents associated with the other causes were
concentrated in pipes of particular vintages, but not the oldest vintages. In most
cases, there is no explanation for this. It seems probable that many of these
concentrations are random occurrences. For example, there is no conceivable reason
why incidents caused by lightning, LSPP, or earth movement should be
concentrated in pipe installed between 1970 and 1979, why TSBPC, and incorrect
operations incidents should be concentrated in pipe installed in the time periods
1960-1969 and 1980-1989, or that the incidents caused by Operator Excavation
Damage, Fire/Explosion, Vehicle, Joint, Fillet, or MCRE should be concentrated in
pipelines installed in the particular decades shown in Table 3. Still, there are two
causes of incidents where a concentration of incidents in pipe of a particular vintage

is explainable. Those are:



e  Seam incidents were concentrated in pipe installed in the period from
1950 through 1959.

e  Stress Corrosion Cracking incidents were concentrated in pipe installed
in the period from 1960 through 1969.

Leaks and ruptures involving seam defects were concentrated in or near the
decade from 1950 through 1960. Eighty percent of these incidents occurred in pipe
materials manufactured between 1949 and 1962. These incidents involved leaks and
ruptures in double-submerged-arc welds, flash welds, both low- and high-
frequency-welded ERW seams, and one continuous welded seam. The period of
pipe making from 1949 through 1962 was characterized by a huge growth in the
amount of pipe being manufactured, with new manufacturers and new processes
being developed and implemented. Moreover, non-destructive testing of seams by
the manufacturers was not required in the standard pipeline manufacturing
requirements, API Specification 5L, until 1962.

There is some possibility that small leaks withstand initial mill and
commissioning pressure testing due to high temperature oxide (mill scale) plugging
the leak path; dissolution or degradation of the oxide may then eventually result in
small leaks later in service. Small leaks do not necessarily constitute a failure of the
pipe, although the leak may be reportable and may require a repair. The integrity
threat associated with leaks is best assessed and mitigated through routine leak
surveys.

The occurrences of incidents caused by stress corrosion cracking were
clustered in pipelines with years of installation between 1947 and 1968. This is
probably attributable to the fact the pipelines installed in that era were operated in
a manner that allowed gas discharge temperatures to be as high as 180°F. Not only
did this, in some instances, lead to coating damage, it also facilitated the
occurrence of a type of stress corrosion cracking that grows at higher rates with
increased temperature. Once it was learned that these high discharge temperatures
promoted the occurrence of this type of stress corrosion cracking, pipeline

operators installed gas cooling systems at compressor stations. Pipelines installed



after the gas-discharge-temperature problem was recognized appear to be much
less susceptible to that particular form of stress corrosion cracking. A second
factor is that conditions that promote another type of stress corrosion cracking are
most prevalent with a particular coating type (plastic tape wrap) that can disbond
intact from the pipe surface so as to trap moisture. In addition, the plastic tape has
a high dielectric value that shields the pipe from the cathodic protection current.
This type of coating for new construction was common in the 1960s and 1970s.
The number of age-related incidents for each age-related cause is shown
in Table 3. The number was calculated by multiplying the total number of
incidents associated with that cause (in Column 3 of Table 3) by the percentage
of incidents in the time period of interest (in Column 2 of Table 3). The percentage
of incidents in Column 2 of Table 3 is the percentage of incidents that were age-
related. Age-related incidents also are highlighted in "red" in Table 3. It is seen
that pipeline age was a factor in about 15% of incidents (91 out of 598 incidents).
Conversely, 507 or 85 percent of the incidents occurred irrespective of the age of

the pipeline.



Table 3 — Numbers of Incidents Where Year of Installation was Known

Percent of Number Where Year | Number of Age-
Incident Cause (Age- Incidents of Installation Was Related Incidents
related Incident Affecting Known (Column 2 times
Causes Highlighted) Older Column 3)
Pipelines
External Corrosion 30% 83 25
Internal Corrosion 46
Earth Movement 13
Lightning 8
Heavy Rains/Floods 27% 15 4
Temperature 3
High Winds 5
Op. Exc. Damage 17
Third Party Exc. 20% 101 20
Fire/Explosion 9
Vehicle 39
Previously Damaged 6
Pipe
Vandalism 3
Body of Pipe 71% 21 15
Component 22% 18 4
Joint 12
Butt Weld 20% 25 5
Fillet 6
Seam 69% 16 11
MCRE 35
TSBPC 14
LSPP 9
Incorrect Operations 15
Miscellancous 48
Unknown 20
gtress_Corrosion 64% 1 7
racking
TOTAL 598 91

Time-dependent degradation of pipelines

As mentioned previously, pipeline degradation may occur from external
or internal corrosion- caused metal loss, from stress corrosion cracking, or from
pressure-cycle-induced fatigue crack growth of material defects or construction
and fabrication defects (though few, if any, fatigue failures have occurred in
natural gas pipelines because of the infrequency of large pressure fluctuations in

a gas pipeline). Operators must be aware of the potential of fatigue occurring and



periodically evaluate applicable portions of their systems. One approach for
evaluating the fatigue susceptibility appears in a 2003 GRI report.'4

The preventive and mitigative measures employed by pipeline operators
against these threats are many and are discussed below. Further, if these
degradation phenomena affect a given pipeline and threaten its integrity in spite
of the preventive and mitigative measures, pipeline operators can perform
periodic integrity assessments and repair any defects discovered through these
assessments. In fact, PHMSA regulations require that pipeline operators carry out
periodic integrity assessments of their pipelines located in high-consequence
areas, and most pipeline operators carry out such assessments on other parts of
their pipeline systems as well.

Responses to effects of time-dependent degradation

Pipelines can tolerate some degree of deterioration without failing because
of the inherent safety factors included in their design. A piece of pipe that has
sustained some deterioration (from external corrosion, for example) could still be
fit for service as long as the amount of metal loss does not cause the pipe to be
seriously weaker at or near the operating stress level of a pipeline. If the defect were
allowed to continue to grow, of course, its failure stress level would eventually
degrade to the operating stress level, and a pipeline failure would result. Pipeline
operators apply corrosion evaluation criteria in evaluating integrity assessment data
and investigate anomalies where the amount of deterioration appears to encroach
upon the accepted margin of safety against failure at the operating stress level.
Whenever a time-dependent defect growth mechanism is active, maintaining fitness
for service requires repeated assessment of the integrity of the pipeline at intervals
that ensure that no defect grows to the size that will cause the pipeline to falil.
Methods of integrity assessment used by pipeline operators include: a.) hydrostatic
testing, b.) in-line inspection and c.) direct assessment. These are explained below.

Pressure testing

Because the primary source of stress on a pipeline is the internal pressure

of gas, one way to demonstrate that a pipeline can safely carry its design stress level



IS to pressurize the pipeline to a satisfactory margin of stress above its MAOP. An
in-service pipeline must be taken out of service to conduct pressure testing. In such
a case, the natural gas is purged from the pipeline, the pipeline is filled with water,
and the water is pressurized to a higher level than MAOP (e.g. 1.25 times MAOP).
Defects with failure pressures below the maximum test pressure will fail. The failed
sections, if any, are replaced, the water is removed and the pipeline is restored to
service.

Pressure testing demonstrates a level of fitness for service depending on the
ratio of test pressure to operating pressure. If such a test is done to assure the
integrity of a pipeline that is subject to growing stress corrosion cracks for example,
the test stress level assures that the surviving stress corrosion cracks are too small
to fail at the operating stress of the pipeline at the time of the test. If the stress
corrosion cracks can be expected to continue growing, the pipeline operator must
anticipate that another test will be needed in the future to reconfirm that the pipeline
is safe from failing at its operating stress level. Pipeline operators schedule future
tests on the basis of their best understanding of how fast the stress corrosion cracks
are growing, but irrespective of the growth rate itself, the higher the ratio of test
pressure to operating pressure is, the longer the interval between tests can be. The
same thought process applies to other crack or defect growth mechanisms, such as,
external corrosion, internal corrosion or pressure-cycle-induced fatigue.

In-line inspection

The fitness for service of a pipeline affected by a time-dependent defect
growth mechanism can be demonstrated using ILI, or running a "smart pig" through
the pipeline. ILI involves inserting an instrumented device into a pipeline and
causing the device to move through the pipeline with the flow of gas. Smart pigs of
various types are available. Some are designed to locate and characterize corrosion-
caused metal loss. Others are designed to locate and characterize dents or other
geometric irregularities. Still others are designed to locate some kinds of material
defects and crack-like defects. The information on each type of anomaly recorded

by the device guides the pipeline operator to the location of the anomaly. In many



cases, the information also provides reasonably accurate information on the sizes
of the anomalies, so the pipeline operator can prioritize the examinations of
anomalies by their severity. The pipeline operator can then excavate and examine
the pipeline at the indicated locations to verify the nature of the anomaly. If the
anomaly is determined to be potentially injurious, the operator will make a suitable
repair to restore the pipeline to a safe condition.

To perform an in-line inspection, the pipeline operator choses a particular
tool that is capable of locating and characterizing the size of a defect associated with
a particular mode of degradation, such as external corrosion-caused metal loss. The
location and sizing data are recorded for analysis after the tool run. A failure stress
prediction model is applied to each recorded anomaly to predict its failure stress
level based on the length and depth of the anomaly indicated by the tool data. The
same model also is used to determine how large the anomaly would have to grow
for it to cause a failure at the operating stress level. Using the apparent defect growth
rate, the pipeline operator can determine when each anomaly must be excavated and
repaired in order to maintain the integrity of the pipeline. The operator can
anticipate that a future ILI tool run will be needed to revalidate the integrity of the
pipeline from the standpoint of the anomalies that are not excavated and repaired.
If IL1 is used to assess the integrity of a pipeline located in a highly populated area,
PHMSA regulations require that the inspections be run every seven years. To the
extent that a particular ILI technology is capable of finding and sizing the defects
accurately, ILI may be used to assess the integrity of a given pipeline that may be
affected by stress corrosion cracking or fatigue as well as corrosion-caused metal
loss.

The integrity of most pipelines can be assessed periodically in this manner
if the pipeline is capable of accommodating the appropriate ILI tool. Data compiled
by INGAA™ show that 74% of the mileage of their members' pipelines is piggable
at this time and that 89% of its members use ILI technology for assessing pipeline
integrity?.

Direct assessment



Another form of integrity assessment is referred to as "direct assessment"
(DA). DA may be used for assessing a pipeline that is affected by external
corrosion, internal corrosion or stress corrosion cracking, by applying techniques
and standards tailored to each of the three phenomena. DA relies on a rigorous four-
step process, starting with an evaluation of the operating and maintenance history
and the environment surrounding the segment to be assessed. This includes an
analysis of the suitability of DA, as it is not suitable under some circumstances.
Further analysis is done to define the appropriate tools to make indirect
measurements, above ground, that provide indications of the pipeline's integrity.
The indirect measurements are used to identify areas suspected of being affected by
one of the three phenomena. Operators excavate examine locations along the
pipeline that they suspect may be undergoing degradation. The severities of the
defects found, if any, are noted, and repairs are made if necessary. Findings are used
to assess the process and revise it if appropriate. As with pressure testing and ILI,
reassessment following DA is scheduled based on the perceived rate of defect
growth. A fourth and final step in the DA process entails review and evaluation of
findings and a confirmation of the planning for future assessments.

Features of some older pipelines that may expose them to increased risk
of failure

Certain features of some older pipelines and pipe materials necessitate more
effort on the part of pipeline operators to maintain their integrity.

Inherent problems with older line pipe steels

Prior to 1960, most line pipe was made from alloys primarily composed of
carbon-manganese steels. Starting in the 1960s, manufacturers of line pipe began
to switch from carbon-manganese steels to micro-alloyed steels with lower carbon
contents. The micro-alloyed steels tended to be more resistant to fracturing in a
brittle fashion and were more easily welded. By the 1980s, most manufacturers of
line pipe had switched from open-hearth, ingot-cast steels to basic-oxygen, low-
sulfur, continuous-cast materials, resulting in steels that were much less prone to

have non- metallic inclusions resident in the material. The newer steels not only



tended to be relatively free of injurious impurities, they also were more resistant to
fracturing in the presence of a defect. As the data on pipeline age shows, 70% of
the pipeline infrastructure in the U.S. is comprised of steels manufactured prior to
1980. The older pipelines need not be retired, however, if an adequate
manufacturer's test or an adequate test before or during service has been performed.
A test to a pressure level at least 1.25 times the maximum allowable operating
pressure of a natural gas pipeline after construction generally is considered adequate
for demonstrating initial pipeline integrity. Such a test ensures that any remaining
manufacturing or construction defect is small enough to remain stable for hundreds
of years, provided the line is not subject to unforeseen external conditions or
extreme operating pressure fluctuations. Still, operators can periodically evaluate
the potential impact of external loads and pressure cycling to reduce risk. External
load impacts can be mitigated through matting when equipment is operating over a
pipeline, lowering the line and, in some instances, replacing short sections of pipe.
Meanwhile, the effects of pressure cycling can be mitigated through a change in
operations, pressure-limiting devices or periodic assessment via ILI or hydrostatic
tests.

Problems with older types of seam welds

Prior to 1978, several seam-manufacturing processes existed that have since
become obsolete. These included furnace lap-welded seams, flash-welded seams,
low-frequency-welded ERW seams and single-submerged-arc-welded seams. All
of these seams were prone to contain more manufacturing defects and to have less
resistance to fracturing than the seams of newer line pipe materials. The analysis of
reportable incident data for the period 2002-2009 showed that 80% of the seam
defect failures were clustered in pipe manufactured in the period from 1949 through
1962. After 1962, line pipe manufacturers were required to perform non-destructive
inspection on all seam welds at the time of manufacturing. This does not mean that
no pipe made prior to that year was inspected by manufacturers, but rather, that the
practices of manufacturers and requirements of the customers prior to 1960 were

not uniform. Around that time and throughout the 1960s, manufacturers abandoned



seam manufacturing processes that involved furnace lap- welding, low-frequency
ERW welding and flash welding. Since then, the consistency of line pipe seam
welds has improved greatly. Nevertheless, the seam integrity of the older pipelines
is initially assured for those pipe segments that were subjected to an adequate
pressure test (e.g. test-pressure-to-operating-pressure ratio of at least 1.25) at some
time in their history. Pipelines with the older longitudinal seam types require
continued diligence from the standpoint of external loads and unforeseen pressure
fluctuations, as discussed in the prior section.

Older bending and joining methods

Wrinkle bends result from an obsolete bending practice that left prominent
transverse wrinkles in the pipe. These wrinkles are often linked to problems such
as corrosion because the wrinkles were hard to coat uniformly. In addition, wrinkle
bends occasionally have exhibited failures from longitudinal forces that would have
little or no impact on a smooth bend. Wrinkle bends also may constitute an
obstruction to running smart pigs through a pipeline. Even if they do not constitute
an obstruction, it is difficult to obtain valid smart pig data from the region of the
wrinkles. These bends require greater diligence in unstable soils. There have been
recent advances in the use of ILI to identify anomalies associated with girth welds,
and this is an area of continued technology development.

Couplings and acetylene girth welds were used to construct pipelines into
the 1930s (or a bit later in some systems comprised of small-diameter pipe) when
shielded-metal-arc welding became the standard method for joining pipe in the
field. Pipelines with these types of joints are more prone to failure from earth
movement or from heavy rains and floods than pipelines fabricated with shielded-
metal-arc girth welds. These joining methods require greater diligence during
excavations for routine maintenance and in locations with unstable soil

Built-in obstructions to in-line inspection tools

Many older pipelines were installed with non-full-opening valves such
as plug valves. Other older pipelines were installed with circular-opening but

reduced-diameter valves. Some other older gas pipelines were constructed of



sections of pipe having different diameters. These features make it very difficult
to accommodate smart pig inspections.

Smart pig vendors have developed tools that can traverse these "reduced-
port" valves or can work in more than one pipe diameter. Also, some operators
have undertaken projects to remove restrictive appurtenances such as plug valves
in order to accommodate standard ILI tools.

Miter bends and closely spaced factory bends in some older pipelines
prevent the passage of smart pigs. Some tools have been developed that can
negotiate bends of this type. Typically, ILI tools that are capable of negotiating
obstructions described here are one generation behind the most current sensing
technologies, but are still effective for assessing the integrity of the pipe.

Most older pipelines were originally built without launching and
receiving facilities for smart pigs. Many operators, however, have retrofitted
such facilities into their older pipelines.

Low pressure or low gas flow in a pipeline may make it impossible to run
a smart pig as conventional ILI tools are moved by the gas flow, and are referred
to as being "gas-driven." For pipelines where ILI tools cannot be readily
accommodated, the other options for assessing integrity - hydrostatic testing or
direct assessment - can be employed.

Extensive research and development work has been undertaken in the
past 10 years to develop platforms to enable sensors deployed on gas-driven ILI
to be deployed on robotic tools. Robotic platforms now are able to navigate
through obstructions in a pipeline and provide their own propulsion system to
move through the pipeline. Robotic platforms became available for commercial
use at the end of the first decade in the 2000s and their numbers are increasing
to address the range of diameters present in the natural gas infrastructure. In
addition, for short segments that are otherwise not conducive to gas-driven ILI,
tethered ILI tools exist that may be launched into a pipeline and retrieved by a

cable system connected to the tool.



