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PO.JIb BOJHIO B PO3BUTKY PO3CISSHOI HOMIKOIXKEHOCTI
CTAJIEA HA®TOT'A30ITPOBO/IIB

Pestome. Tpusana excnnyamayis Hagpmosux ma 2azosux mpybonpooodie uacmo Ccynpo8OONCYEMbC
PO36UMKOM  PO3CISIHOI NOUKOOJNCEHOCMI, WO NOZHAYAEMbCL HA 8MPAmi  SUXIOHUX DI3UKO-MeXAHIYHUX
ernacmusocmeil Memany cminku mpyou. B pobomi yzacaneneno ennue mpusanoi, 0o 50 pokis, excniyamayii
MazicmpanbHux mpyoonposooié HaA 3aKOHOMIPHOCMI 3MIHU OCHOGHUX MEXAHIYHUX XAPAKMEPUCMUK MA POlb Yy
YbOoMY pO3CIAHOT NOUWKOOAHCEHOCMI K OKpeMoi cmadii 0ecpadayil enacmugocmeii memarny mpyou.

Knrwuoei cnosa: mpybonposoou, cmais, Oecpadayis, 600eHb, MEXAHIYHI MA KOPO3IUHO-MeXaHIUHI
811aCMU8oCcmi.

Ye. Kryzhanivsky, H. Nykyforchyn

IMPORTANCE OF HYDROGEN IN THE DISSIPATED DAMAGING OF
OIL AND GAS PIPELINE STEELS

Summary. Long-term service of oil and gas pipelines is often accompanied by the development of
dissipated damaging which affects the loss of initial physical and mechanical properties of pipe wall metal. The
effect of long-term, up to 50 years, service of main oil and gas pipelines on the regularities of a change of the
base mechanical characteristics and the role of dissipated damaging, as a separate stage of pipe metal
properties degradation, in this process are generalized in the paper. Service degradation of steels is
accompanied by the deteriorative effect of hydrogen and it intensifies a development of defects. A change
gradient of the mechanical properties in a wall thickness of exploited pipe, different from one for unexploited
metal, indicates the hydrogen effect on the degradation processes in metal. The electrochemical interaction of
aqueous environments (deposited water and moisture gas) serve as a source of hydrogen, which is desorbed by
metal and plays an important role in the degradation process, especially in the dissipated damaging. It is
revealed in some mechanical effects: a decrease of strength and hardness at a drop of brittle fracture resistance; a
rise of elongation at a decrease of reduction of area; a change of internal friction. Additionally, for exploited
metal, sensitive to cracking at tension, a deflection from straight line on a diagram “stress-deformation” will not
mean always a beginning of macroplastic deformation but can detect an increase of specimen compliance due to a
development of dissipated damaging. These phenomena can result in uncorrected conclusion about more plasticity
of metal due to its service.

Key words: pipelines, steel, degradation, hydrogen, mechanical and corrosion-mechanical properties.

3 YacoM 3pocTae TPUBAIICTh €KCIUTyaTallii MaricTpalbHUX HadTOra3onpoBoiB YKpainy,
10 MOCHJIIOE YBAry JI0 MOXKJIMBOI BTPATH IX pO3paxyHKOBOI poOOTO3AaTHOCTI HE TUIBKH Yepes
rUOOKI KOpO3iiiHI ypakeHHsI Ta PO3BUTOK MaKpOTPIIUH, aje ¥ BTpaTy BUXITHHUX, B HEpILy
Yyepry, MEXaHIYHUX BJIACTHBOCTEH, Ha OCHOBI SKMX BCTAHOBJIEHO IUIAHOBHH pecypc
TpyOompoBoiB [1 —5]. HacTo BU3HaYaIbHUMU B OLIIHIOBAaHHI TEXHIYHOTO CTaHy Marepiaiy €
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JIerpajialiisi KOpo3idHUX Ta KOpO3iiHO-MeXaHIYHUX BiracTuBocTel [6 — 8]. Takum umHOM, A7
oOrpyHTYBaHHsI Oe3MeyHOi 1X poOOTH Ta PO3paxyHKy 3aJUIIKOBOIO pecypcy HeoOXilHo Opatu
JI0 YBaru BKe He BUXIJIHI, a MOTOYHI BIacTUBOCTI Matepiany [9, 10].

3a xapakTepoM 3MiHM MEXaHIYHMX BJIACTUBOCTEH cTajnell YMpOIOBXK eKCILTyaTarlil
TpyOOIPOBOIiB MOXKHA BUJIIJIMTHU ABI CTafii Jerpajaii mMarepiany: nedopmaiiiiHe cTapiHHs
(mepma cTanis) Ta poscisHa B 00’€Mi CTIHKM TPyOHM MOIIKO/KeHicTh (apyra crtanis). Ha
nepuriit cragil miacTuuHoO JeGopMOBaHMM HaBITH y MIKPOOO’€MaxX MeTall 3MilIHIOEThCS, aje
BTpaya€ IUIACTHUYHICTH Ta OMIPHICTh KPUXKOMY PYHHYBaHHIO 3a paXyHOK YTBOPEHHS XMap
Kotpenna (BiibHMI ByIJIEIb OCiZae B siipax AUCIOKAIlil, 1o oOMexye iX pyxiuBicTs) [11].
OpHak BaXJIUBIILY pOJIb Yy JIEerpajallii MeXaHIYHUX Ta KOPO3iMHO-MeXaHIYHUX BIIACTHBOCTEH
MeTally BiJirpae po3CisiHa TMOUIKO/UKEHICTh, sIKa 3yYMOBIIOE HHU3KY ()EHOMEHIB Yy
3aKOHOMIPHOCTSIX €KCIUTyaTalliifHOl 3MiHM MeXaHIYHMX XapakTepucTuk [3 —5, 12]: a) cmag
MIITHOCTI ¥ TBEpAOCTI 3a 3HUKEHHS OIIPHOCTI KPUXKOMY pYHHYBaHHIO; 0) MiJBHIIEHHS
BITHOCHOTO BHJIOBXXKEHHS 3a 3MEHIIEHHsS BiJIHOCHOTO 3BY)KEHHS. 3poOJIeHO MpaKTHYHO
BaXXJIUBUI BHUCHOBOK, IO BiJJHOCHE BUJOBXEHHS HE 3aBXKJU MOXKE CIYTyBaTH MOKa3HUKOM
IJTACTUYHOCTI, OCKUIbKM BifoOpaskae He TUIbKM 3IaTHICTh Marepiajly 0 IUIAaCTHYHOTO
negopMmyBaHHsI, aje i pO3KPUTTS MHOXKXHHHUX JAe(eKTiB. 3 iHIIOro 00Ky, 3arajJlbHOBU3HAHO
JIECTPYKTUBHY POJIb BOJHIO Y TOIIKO/KEHOCTI METAJiB, SIKIIO BOHU YyTJIUBI JI0 BOJHEBOL
KpuxkocTi. B nmaniit poOoTi ekcrulyaTamiifHy Jerpajaiiro MeTanry HadTorasomnpoBoIiB
PO3MJIIHYTO caMe 3 OIJsily Ha MPUCKOPEHHS BOJHEM CTajii PpO3BUTKY pPO3CisSHOL
MOTIKO/I’KEHOCT] B CTIHII MaricTpaibHUX HA()TOTa30IPOBOIIB.

MogensHUM eKCIIEpUMEHTOM, SIKUI CIYT'y€e He3allepeyHUM MiATBEP/KEHHSIM caMe poJii
BOJHIO B eKCIUTyaTallifiHiii Jerpagamii ctayiell, MOKHa BBaXKaTH MOPIBHSIBHI OITIHIOBaHHS
ynapHoi B’sizkocti KCV metany pi3Hux 30H 30 pOKiB €KCIITyaTOBAaHOTO BEIMKOEMHOTO
pesepByapy 30epiranns Hadtu [13]. BusBumocs, mo marepiai, ssKUil yopoaoBXK eKcIiTyaTanii
KOHTAKTyBaB 110 BHYTPIIIHIM MOBEpXHI pe3epByapy JIUIIE 3 KOPO3UBHO 1IHEPTHOIO TOBAPHOIO
Ha(dTOrO, XapakTepu3yBaBcs BABIYl BUIMUM piBHeM KCV, HIX 3 iHIIUX TUISTHOK KOHCTPYKITiT,
SIKi TiAAaBamucs Aii 3aIuIIKoBoi (MiATOBapHOI) BOAM B OKOJI 11 JHHUINA a00 BOJOTOCTI Ha
BepXHill YacTuHi. 3a3HA4MMO, IO B OCTAHHHOMY BHIIQJKy AarpecUBHICTh KOHJIEHCOBAHOL
BOJIOTH 32 BIUTMBOM Ha yJapHYy B’S3KICTh HE YCTyHasla MiATOBAapHid Boji. 3 iHIIOTO OOKY,
TakWii BIJTMB HA MEXaHIYHI BIACTHBOCTI MeETally BCEpPEAHMHI CTIHKH pe3epByapy MOKHA
MOSICHUTH JIUIIIEe HOro HaBOJHIOBAaHHSIM, TOOTO KOpo3iiiHa arpeCHUBHICTh BOJHOTO CE€PeIOBUIIIA
CYIPOBOJUKYEThCS BUAUICHHSIM BOJIHIO, SIKMI IPOHMKA€E BCepeIMHY CTIHKH pe3epByapy. Toni
eKCIUTyaTalliiiHa gerpajaiis MeTaly MpOXOJIUTh BXE 3a CyMicHOI Jii poOounx Hampyx eHb Ta
BOJIHIO 1 Taka KOMOIHaIlisl CIIPUSIE PO3BUTKY JI€(EKTIB.
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Pucynok 1. Burnan BHyTpitHb0i noBepxHi Tpyon 3i crani tumy 0.10C-1.6Mn-0.30S (a, 6) Ta API X-52 (8,2) y
BepXHiii (a, 8) Ta HIXKHIl (0, 2) 11 HiITHKAX

Figure 1. Appearance of the inner surface of the pipe made of steel 0.10C-1.6Mn-0.30S (a, b)
and API X-52 (¢, d) in the upper (a, b) and lower (c, d) its areas

Jliis HadTOra30MpoBo/IB CKIAAHIIIE BUALISATH IUISTHKE HA 1X BHYTpIIIHIN MOBEpXHI, SIKi
TPUBAIMI 9ac KOHTAKTYBAJIM 3 BOJHUM KOHJICHCATOM i TUM CAMHUM CIIPHSUIM HABOJHIOBAHHIO
MeTaly CTiHKHM TpyOu. OJHaK MOKHA CIIOCTEpiraTH pi3HY IHTEHCHBHICTh KOPO3IMHUX
ypakeHb BHYTPIIIHBOT TOBepXHi (prc. 1) i SKIO 1MOB’A3aTH i1 3 HABOAHIOBAIBHOIO 3J[aTHICTIO
cepe/IoBUINa, TO MOYKHA OUYIKYyBaTH CHJIBHIIIOL Aerpajamnii (i3uKo-MexXaHiuHUX BJIACTHBOCTEH
CTaJlell camMe B MiCIISIX BHIIO1 KOPO3iiHOT MOIIKOPKEHOCT] BCepeIMHI TPYOH.

s oOrpyHTYBaHHSI pOJIi BOJHIO B PO3BUTKY PO3CISHOI IOIIKO/HKEHOCTI MOXKHA
ONUpATHCS Ha 3araJbHOBH3HAHE IPHCKOPEHHS BOJHEM pOCTY TpIIIWH, $KE IOBHHHO
MPOSIBISITACS 1 HA PiBHI MIKpO- UM HaBiTh HAHOTPIIUH. 3 1HIIOTO OOKY, 3TiHO 3 TEOpi€ro
10.C. Hewaera [14] TpmBanma ekciuryaramiss TPYOOIPOBOJIIB CYIMPOBOJIKYETHCS 3MIHOIO
MIKpOCTPYKTYPH MOOIN3Yy I'paHUIlb 3epeH (puc. 2): BUIbHUI ByIJellb HaBITh 3a TEMIIEpaTyp,
OJIM3BKUX JI0 KIMHATHHX, BCTHTae BIpoaoBxk 20...50 pokiB mpoaudyHayBaTH Ha BiJCTaHb ~
1 MKM 3 Tina 3epHa 10 HOro TpaHUIN 1 TaM YTBOPIOBaTH KapOii HAHOTOBIIMHU (TOII
JIOCTaTHHO HE3HAYHOI KUJIBKOCTI BYTJIEIO), SIKi CIYTYIOTh YAHHUKOM OKPUXUYCHHS METaly.
3rajlaHy TEopil0 MOKHa JONOBHUTH BIJIOMMM HoOCTyjiaTtoM [15] mpo mpuckopeHHs BOIHEM
TUQy31HHAX MMPOIIECiB y MeTallaX, IO B HAIIOMY BUTIAJKY O3HA4Ya€ iHTEHCH(IKAIIO PO3CISTHOT
MOIIKO/KEHOCTI 1 4epe3 3MiHy MIKPOCTPYKTYpU CTajli B HampsiMi TOJETHIEHOTO
3epHOTPAaHMYHOTO PO3TPICKyBaHHS. TakuUM UYHMHOM, pOJb BOJHIO OararorpaHHa, BiH
0e3mocepeIHbO MOCHIIIOE PICT HAaHO-, MIKPO- Ta MAaKpOTPIIIMH, a TAKOX CIPHSE LHOMY
OITOCEPEIKOBAHO Yepe3 MPUCKOPEHHS JIerpaalii Mikpo- (HaHO-) CTPYKTYpH MaTepiaiy.
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TiJIO 3epHa

KapOigHuN
HaHOMIAP

MeKa 3epHa

Pucynok 2. MonensHe ysBJIECHHs PO MeXaHi3M eKCIUTyaTaliifHol aerpanaii craneit TpyoonpoBoiB

Figure 2. Model image of the mechanist of the pipelines steel operation degradation

CrpuyrHEHY TPHBAJIOK EKCIUTyaTalli€l0 PO3CISIHY ITOIIKO/KEHICTh Y KOHCTPYKITIHHAX
CTAJsIX Ha HAHO- Ta MAaKpOpPIBHAX BHUSBIATH MeTanorpadiuno ckmagHo. Kpim Toro,
JIETPAIOBAaHUl MeTajl CTa€ YyTIMBINIMM JO PO3BHTKY HOIIKOPKEHOCTI Mix dYac HOro
MEXaHIYHUX BUOPOO 1 He 3aBXIAM MOXXKHA 1/1eHTU(]IKYBaTH, UM BHSBICHA IICIs BHIIPOO
neeKTHICTh M TepeayBalia, Yd 3 sBHJIACS IiJ] Yac JIA0OpaTOPHOTO HABAaHTAXKCHHS. AJle
HE3aJIeKHO BiJ] IbOTO TOIIKOKEHICTh MMO3HAYAETHCS HA 3aKOHOMIPHOCTSX eKCILTyaTaliiHol
3MIHF HU3KHA MEXaHIYHUX BiIacTUBOCTEH [3 — 5, 12].

Excrutyararniitna gerpagamis craieid 3riHo 3 Teopieto [14] mependavae MOHUKEHHS
3epHOTPAHUYHOI MIIIHOCTI, IO € BAXIUBAM Yy CHAJAi ONOPY KPHUXKOMY pPYHHYBaHHIO
MmaTepianiB. [[poMy BiANOBiAAIOTH MOPIBHSJIBHI OLIHKM BHYTPIIIHBOTO TepTs [16] metamy
TpyOu 3amacy Ta 30 eKCIIyaTOBaHOTO Ha Ta30lpoOBOJI 3 XapaKTepHCTHUKOIO 3a MiKaMu
BHyTpimmHBOro TepTss mnpu 600 — 1050 K penakcanifiHux mporeciB Ha MIDK3EPEHHUX
(Mixdazanx) rparuisx (puc. 3). Bigomo, mo ¢popMyBaHHS 3€pHOTPAHUYHUX TOP YTPYIHIOE
KOB3aHHSl 1, THM caMMM, BEJIMYHMHY BHYTpilmIHboro TeptTs [17]. B Hamomy Bumaaxy
CIIOCTEpeKyBaHE IiIBUIIEHHS BUCOTH MKy JUISI €KCIUTyaTOBAaHOTO METaly i CBIYUTH PO
PO3BUTOK 3€pHOTPAaHUYHOI Je(deKTHOCTI. 3a3HauymMmo, M0 Jerpajaimis MeXaHIYHUX
BJIACTHBOCTEH HE 3aBXKIM IIOB’S3aHA 3 PyHHYBAaHHSIM IO TPaHHUILIX 3epeH. [l mpuxiiamy,
e(eKTUBHUN MOPIT HUKIIYHOI TPIIIMHOCTIMKOCTI 0COOIMBO YyTIMBHUH JI0 eKCIUTyaTaliifHOl
Jerpajaamnii KOHCTpyKIiiHuX craneir odmagHanmas TEC [18, 19], mpoTe BTOMHA TpilnHA
MOIIUPIOETHCS Yepe33epeHHo. He BUKITIOUEHO, 1110 HAHO- Ta MIKPOCTPYKTYPHI 3MiHH, SICKPaBO
BHpaXCHI Ha TPAHUIIX 3€peH, MPOXOJATh 1 Ha PiBHI Cy03epeHHOI CTPYKTypH. Alle TOIi
(dbopMallbHO Yepe33epeHHe pyHHYBaHHS Mae CBOIO crenu@iky, 3 MPOCYBaHHSM TPIIIUHHU O
TPaHAIIX, aje BXKe cyO3epeH, sK Ie Oylno y BHIAAKYy BOJHEBOTO OKPHUXYECHHS PEaKTOPHOI
ctaii OeitHiTHOT cTpyKTypH [20].
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Pucynok 3. TemneparypHa 3ae>KHiCTh BHyTPILTHBOTO TepTs Q 1i1s He eKkcruryaToBaHol (/)
Ta ekciuryaToBaHoi (2) cram API X52

Figure 3. Temperature dependence of the internal friction Q for unexploited (/)
and exploited (2) steel API X52

OckinbKH CTiHKa TPyOOIPOBOY HAaBOJHIOEThCS 3 OOKY HOTr0 BHYTPIIIHBOI MOBEPXHi, TO
1 CHUTBHIIIOT AECTPYKTHBHOI il BOJHIO CIIiJl OYIKYBaTH B Iapax METay, IO MPUISATaloTh JI0
i€l moBepxHi. Ha puc. 4a HaBeqeHO 3HaYCHHS yapHOI B’SI3KOCTI 3pa3KiB €KCILTyaTOBAHOI JI0
40 pokiB ctami 171'1C MaricTpaapHOro Ta30MpOBOY, BHpi3aHi OJIMIKYE JIO 30BHIIIHBOT a0
BHYTPIIIHBOI TTOBEPXHi TpyOu. SIKIO /Uit BUXiMHOTO cTaHy MeHIui piBeHb KCV BracTHBHIA
3pa3KkaM, BHpI3aHHM OJIFDKYE JI0 30BHIITHBOIT MOBEPXHi, TO JUISl €KCIUTyaTOBAaHUX TPYO — BiKe
OmmKYe 70 BHYTPIIIHBOI, IO BKa3y€ HA arpeCHBHY pOJb TPAHCIIOPTOBAHOTO CEPEOBHUINA
Yyepe3 HaBOJHIOBAHHS METAIy.

210
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140}
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028 29 31 38 40 0 28 29 31 38 40
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Pucynok 4. Y napua B’si3kictb KCV () Ta TBepaicts HB (6) craini 17I'1C micinst pizHOro yacy ekcrutyararii
(«BH» — BHYTPIIIIHS IOBEPXHSA, «30BH» — 30BHIIITHS TOBEPXHS)

Figure 4. Impact strength KCV (a) and hardness HB (b) of steel 17T'1C after differed operating time
(«BH» — inner surface, «30BH» — outer surface)

3HMKEHHS yIapHOi B’SI3KOCTI CYMPOBOJKYETHCS 3MEHIICHHSM TBEPIOCTI MaTepiaity
(puc. 46), mo € (peHOMEHOM HWOTO eKCILTyaTaIliiHol Jerpanarii Ta MOSCHIOETECS PO3BUTKOM
po3CisHOT ~ TOIIKOJPKEHOCTi.  TIBepaicTh  BHYTPIIIHIX  NPHIIOBEPXHEBHX  IapiB
HEEeKCIUTyaTOBaHO1 TPyOH iCTOTHO BHINA, HI’K 30BHIIIHIX, OJHAK ISl PI3HUIIS HIBEIIOETHCS JIIIs
TPUBAJIO eKCIUTyaTOBaHWX TpyO. HaBexeni maHi BkasyloTh, 3 oxHOro OOKy, Ha
eKCIUTyaTaIiifHy MOIIKOPKEHICTh MEeTaly B 00’ €Mi CTIHKM TpyOH, a Tpaji€eHT TBEPJOCTi Ta

yaapHOi B’SI3KOCTI 110 11 TOBIMUHI — Ha HETaTUBHY POJIb BOJIHIO B IPOIIEC Jerpaaalii cTai.
Jns  migTBep/UKEHHSI TPUITYIICHHS [P0 MOJKJIMBE HABOJHIOBAHHS CTIHKH TpyOH
MaricTpajabHOTO TPYOOIPOBOTY 3 OOKY BHYTPIIIHBOI TOBEPXHI B pE3yJIBTATI €JICKTPOXIMITHOT
B3a€MOJIii 3 MeTaJOM KOHJIEHCOBAHOI BOJIOTH INPOBEIH €JIEKTPOXIMIUHI JOCIIDKEHHS CTali
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API X52 y MmogensHOMY po3unHi BogHOTro KoHaeHcaty (MPBK) y razompoBoi ckmamy (Mr/im)
[21]: 14440 Na*; 25400 CI'; 129 K*; 5,0 SO4™; 2,5 Li*; 600 Ca **; 522 HCO;; 518 Mg**; 140
Ba’™"; 5,0 NO5; 389 Sr™*; 3,6 F; 0,25 Fe’*; 100 Br'; 0,5 Mn™"; 21 T; 1,0 AI’*; 5,0 PO,”; 52
NH4*; 18 SiOs™ (myxHicTh — 455). JlonaTKoBO MPOBOJWIA €KCIIEPUMEHTH B 3HEKHCHEHOMY
MPBK Ta 3 pi3aumu #oro MmomudikarisMu, M0O0M BHSICHUTH MEXaHi3M KaTOIHOI peakiii
eJIEKTPOXIMIYHOTO TIporiecy. BeranorneHo, mo y MPBK katognwmii mporiec mpoTikae muisxom
BiJIHOBJICHHSI TIEPEBAXHO TipoKapOOHAT-HOHIB Ta JIMITYeThCs iX mudysiero 13 00’emy
PO3YHHY JIO MEXi IOAUTY (a3 MeTall — CepeIOBHIIIe:

2HCO; +2¢ = H, + 2CO5%>. (D)

OCKiJTbKH BHACIIOK BiIHOBJICHHS TipOKapOOHAT-HOHIB BUIISETHCS BOJCHD, BIH MOXE
abcopOyBaTHCs METAJIOM 1 IPUILIBULIYBATH JeTpaJiallito cTaii B 00’ eMi CTIHKH TPYOH.

CA CA

a §)

Pucynok 5. BB po3cistHOT MOLIKOIKEHOCTI HA XapakTep JiarpaM po3Tsry ¢ — € (cxema):
1 — BUXigHU# cTaH, 2 — MICJIA TPUBAIOT eKCIUTyaTawil

Figure 5. Effect of the dissipated fracture on the characteristic of the tension diagram ¢ — € (scheme):
1 — initial state; 2 — after long-term operation

[HTEeHCHBHY PO3CISIHY MOIIKOPKEHICTh MOXKHA 17IeHTU(IKYBATH 1 3a 3MiHOIO (hOopMaIbHO
BHU3HAaYCHOTO MOy st FOHTa, aHATi3y0un KPUBY PO3TATY HANPYKEHHS G — e opMallis €, pu
BOMY MOJJIMBI JIBI OCOOJMBOCTi: 3MEHIIEHHS KyTa HaxWiy JIHIHHOI JUISHKK uepes
PO3BHHEHY IIiJT Yac eKCILIyaTallii MOIMKOPKEeHICTh (pUc. Sa) Ta mepeadacHe, INe JIO TOSBH
MakpoIutacTiuHoi nedopmarii, BiIXUICHHS BiJ JiHidHOCTI (puc. 560). B obox Bumamkax
3pocTae TOJNATIMBICTH 3pa3Ka, MPOTe IepeayacHe BIIXWICHHS BiJI JHHIHHOCTI MOXe
MPU3BECTH JI0 MIOMUIKOBOTO BUCHOBKY PO 3HIKEHHS TPAHMUII IJTMHHOCTI €KCIUTyaTOBaHOTO
Marepiaimy. Takum 9rHOM, 10 apTeakTiB eKCILTyaTaniiHol 3MiHM MEXaHIYHUX BJIACTHBOCTEH
MO>KHA BiJTHECTH HE TIJIbKU 301IbIIEHHS BITHOCHOTO BUIOBXKEHHS, alle i 3HUKEHHSI TPaHUIIl
TTHHHOCTI.

BucnoBkn. Kopo3siitHi mporiecu y cepeloBHINI BOJHOTO KOHACHCATY MOXKYTh
CYIIPOBOJIKYBATHCS BUIICHHSIM BOJIHIO, IO CTBOPIOE YMOBH JIJISl BOJAHEBOI JleTpaalii craii
B 00’emi cTiHKM TpyOu. ['pagieHT 3MiHM MeXaHIYHMX BJIACTHBOCTEH MO TOBIIWHI CTIHKU
eKCITyaTOBaHOI TpyOHW, BIAMIHHHW BiJI OTPHUMAHOTO JUIsI HEEKCIUTyaTOBAaHOTO MeTaly,
CBITUATH TpPO BIUIMB BOJHIO Ha JerpajaiiiiHi mporecu B Matepianmi. Ekcruryaramiiine
HABOJHIOBaHHS TpyO 3 OOKY BHYTDIIIHBOI ITOBEPXHI CIPHUSE PO3BUTKY PO3CISHOI
MIOTIIKO/KEHOCTI, SIKa MPOSIBIISIETHCS B aHOMAJIISIX MEXaHIUHOI TTOBEIHKH: a) CIaj MIIIHOCTI Ta
TBEPJOCTI 3a 3HUKECHHS OIPHOCTI KPUXKOMY pPYHHYBaHHIO; O) ITiIBHINCHHS BiJIHOCHOTO
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BHJIOBKCHHSI 32 3MEHIIICHHS BiJIHOCHOTO 3BYXXEHHS. BakKTMBUM YMHHUKOM €KCILTyaTaliiHol
nerpajaamnii crajeil TpyOOIpOBOIIB € 3MiHa CTaHy TPaHUIb 3€peH, IO ITiITBEPKYETHCS
JOCTIPKEHHSIMA BHYTPIITHBOTO TepTs. [l eKcrulyaroBaHOTO MeTaly, YyTJIUBOTO JI0
pPO3TPiCKYBaHHS 3a PO3TATY, BIAXWJCHHS BiJ JIIHIKHOCTI Ha JiarpaMi HaBaHTa)KEHHS He
3aBXKAM O3HauaTHMME€ TI0YaTOK MakpoIUlacTU4HOI Jedopmanii, a Moxe BigoOpaxkaTtu
T IBUTIICHHS ITOAATIIMBOCTI 3pa3Ka 3a paxyHOK PO3BUTKY PO3CISTHOI ITOIIKOKEHOCTI.

Conclusions. Corrosion processes in aqueous condensate environment can be
accompanied by hydrogen extraction that creates the conditions for hydrogen degradation of a
steel in a bulk pipe wall. Change gradient of the mechanical properties in the wall thickness of
the exploited pipe, different from one for unexploited metal, testifies the hydrogen effect on
the degradation processes in metal. In-service hydrogenation of pipes from its internal surface
promotes the development of dissipated damaging which is revealed in some anomalies of the
mechanical behavour: a) decrease of strength and hardness at a drop of brittle fracture
resistance; b) rise of elongation at a decrease of reduction of area. Change of the grain
boundary state is the important factor of in-service degradation of pipeline steels which is
testified by the study of internal friction. For exploited metal, sensitive to cracking at tension, a
deflection from straight line on a diagram “stress-deformation” will not always indicate a
beginning of macroplastic deformation but can detect an increase of specimen compliance due
to a development of dissipated damaging.
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