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ABSTRACT

In the process of long-term operation of the pipeline material significantly changes its physical and
mechanical properties, leading to the formation of a difficult design pipe predictable and difficult to control
stress-strain state, whose research represent scientific and practical interest. The importance is the creation of
advanced methodological approaches based on modeling of structural elements, while providing effective
control phasic process of deformation and fracture by defining parameters.

Research deformation behavior of the material in terms of pipeline pressures and influences that mimic
the performance, will help to better assess the remaining life of operating safety and service life of new pipelines
to predict the correct operational risks and assess the level of potential threats to the environment caused by the
operation of these technical objects. It is important to study the kinetics of deformation in corrosive environ-
ments because the level of damage as a result of synergistic action of mechanical and corrosion factors increases
linearly, under the same increased probability of depressurization or destruction of the pipeline, and, consequent-
ly, the associated operational risks. Now more than ever, there is an urgent need for new methods of integrated
assessment of the pipeline, its residual life, prevent damage to piping systems, adequate interpretation of the situ-
ation in emergency conditions. Adequate and timely risk assessment will provide a significant number of acci-
dents and failures and will help develop a set of measures to prevent and reduce risk to acceptable performance.

For management decisions on gas pipelines need to compare operating environments on the total index
of probability of dangerous processes (corrosion, loss of bearing capacity, etc.) followed by their ranking. The
results of the experiments we asked to rank all the studied environment the following characteristic values:

- the absolute value growth strain;
- relative value of growth strain;
- the angle of the final section of the curve deformation.

A ranking for soil electrolytes characteristic parameters and set dangerous for degraded pipeline steels
in each group. For steel 17GS and most dangerous 19G model is a neutral medium 2, 5 and 6.

Developed experimental study of the effect of ground deformation kinetics electrolytes pipe steels.
Found that increase the overall deformation resulting from prolonged exposure to the operating environment
(soil electrolytes) and steel pipe 17GS 19G and operated 41 years, ranging from 4 to 9% and 5.5% respectively
to 12 and tends to further increase.

A method for ranking the risk of soil corrosion and mechanical processes and proposed as a perfor-
mance characteristic angle of the final section of the deformation curve, the absolute and relative growth rates of
deformation. For steel 17GS and most dangerous 19G model is a neutral medium 2, 5 and 6.

KEY WORDS: gas pipelines, long exploitation, corrosion degradation, operation risk, gas main failure.
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OuiHtoBaHHS AedopMallifHOT TOBEAIHKA MaTepiaiy TpyOomnpoBoLy 3a yMOB (HaBaHTa)KEHb i
(i3UKO-XIMIYHOTO BILIMBY CEpEOBHUINA), MAKCUMAIbHO HAOIMKEHUX /IO eKCIUTyaTaliifHuX, 3a 0e3-
Meyye MOXIIMBICTh NMPOTHO3YBaHHS 3aJHMIIKOBOTO PECypCy HilOYHMX 1 HOBHUX TpyOompoBomiB. Kpim
TOTr'0, BOHO JTO3BOJISIE KOPEKTHIIIE MPOTHO3YBATH EKCIUTyaTalliiiHi PU3UKK Ta PiBEHb NMOTCHIIHHUX 3a-
P03 JOBKIJLITIO.

BaxmBo BUBUMTH KIHETHKY JeOpPMYBaHHs Yy KOPO3UBHHX CEpPEIOBHINAX, OCKUIBKH PIBEHb
MOIIKO/YKEHb BHACIIIOK CHHEPTIYHOI /il MEXaHIYHOIO Ta KOPO3iiHHOr0 YMHHHKIB 3POCTa€ HEIIHIMHO,
BIJIIIOBITHO TaK caMO 30LIbIIYIOTHCS IMOBIPHOCTI po3repMeTH3altii, abo pyiHyBaHHs TPYOOIIPOBOIY,
a, BUIMOBIAHO, W TOB’sA3aHI 3 LKUM eKCIUTyaTamiiHi pus3uku [1]. JoCHKEHO BIUIMB TPHBAJIOTO
HaBaHTa)XEHHS Ha jaedopmaiiifHy moBeniHKy TpyoHoi crani 171°C y crani mocravanHst Ta micist 41
POKY eKCIUTyaTallil y XJIOpUIHUX 1 XJIOPUAHO-CYIb(aTHUX cepeaoBuiax (Tadm. 1.).

Tab6muns 1. XiMiuHUH cK1aJ MOICTBHUX CEPEIOBHII]
Table 1. Chemical composition of model environments

Ne MC 1 2 3 4 5 6
Konnenrpanisa, | NaCl 0,01 0,05 0,1 0,005 0,025 0,05
mol/l Na,SO4 - - - 0,005 0,025 0,05

VY XJIOpUAHWX CepelOBHINAX BUSBICHO 3POCTAaHHS MPHPOCTIB Aedopmarii 3a 30LTbIICHHS
pIBHS MPUKITAJCHUX HANpyKeHb. Ha BiAMiHY Bijl JaHUX OllepKaHUX Ha IOBITPi, B CEPEAOBUINAX HE
OyJI0 MUKITIYHUX TPHUIIBUAIICHb—CIIOBUTBHEHD Je(OpMyBaHHS, 110 MOXKEe OyTH TIOB’sI3aHE 3 €EKTOM
PeGinnepa (puc.1, 2).

VY BCIX XJIOPUAHO-CYIb(MATHUX CEPEIOBHINAX CIIOCTEPIrajid iCTOTHE 3POCTAHHS IIBUIKOCTI
nedopmMyBaHHs 332 MiHIMAIBHOTO PiBHSI HOMIHAIBHUX HanpyxeHb (puc. 1). Ha Hanry nymky, e moB’s-
3aHO 31 3pOCTaHHAM JIOKaJi3allii Kopo3iiHUX MpolieciB. L{e 3yMOBIIIO€e MiBUIIICHY HEOE3IEKy aKTHBA-
1ii KOPO3IMHO-MEXaHIYHUX MPOIIECIB Y IIUX CEPEIOBHUIIAX, HABITh 3a MTATHUX PEKUMIB €KCILIyaTallil
TPyOOIIPOBOY.
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Puc. 1. BriuB npukiiaieHux HanpyXeHb Ha KiHeTuky Aedopmarii Tpyonoi cram 171C y MC-1 (a);
MC-2 (b); MC-3 (c¢): m — cTanb B cTaHi noctaBky; O — 41 pik ekcruryarari.
Fig. 1. Influence of applied stresses on deformation kinetics of pipeline steel 17GS in the ME-1 (a);
the ME-2 (b); the ME-3 (c): m — steel in the state of delivery; o — 41 years of operation.

BusiiieHO miABHINEHY YyTIMBICT, TPYOHOI cTalli O TpUBAIOL il XJIOPHIHO-CYIb(aTHUX
ENEKTPOJIITIB, IO HEOOXiJTHO BPaxOBYBATH IMPH OL[IHIOBaHHI pecypcy podotu. Ciiji Bil3HAYNTH 3HAYHI
KyTH HaxwWjly 3aBepluanbHoi IuIsHkd kpuBoi y MCS ta MC6, 1m0 CBiq4uTh PO HECTAIIOHAPHICTH
mpoliiecy, TOOTO MPO MOXKIIMBICTh BUHHKHEHHS! 3HAYHUX (2K O HACKPI3HHX) KOPO3IMHUX YpakeHb Y
BHUCOKOMIHEPAITI30BAaHUX IPYHTOBHX EIEKTPOJITaX 3a CEPEHIX 1 MIBUIIEHUX HOMIHAIBHUX HAIIPY>KEHb.

Ha mnacrymHomy erami gociikeHb BuBYaM Jedopmariiiny moBeninky cram 19T y
HEWTPabHUX TPYHTOBUX EIEKTPONiTaX Ta il MOpiBHAHHSA i3 qanuMu s crami 171C. Y xmopumaux
SNEKTPOJIITaX CIOCTEpiraii MpPUTAMaHHUHA O0OM JIOCHI/DKEHHM CTallsiM 3pOCTalOuuid TPHUPICT
nedopmariii. 3a aHami3oM aOCONIOTHUX 1 BIJHOCHHX MPHUPOCTIB AedopMarllii BHSBICHO, IO TPYOHI
cTaji y craHi IOCTayaHHS MAalOTh HE3HAYHI BIAMIHHOCTI JedopMalliiiHOl MOBEMIHKH, POTE TPUBAIIO
eKkcruryaToBaHa cranp 1917 wyrnuBima g0 TpuBaioi aii IpyHTOBOro enekTponiry (puc. 2). IIpo me
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TaKOK CBITYMTH IHTeHCH(DIKaIlis 1ehopMalliiHUX MPOIIECiB, 30KpeMa Ha MOYaTKOBIM cTazil MBUIKICTH
nedopmairii 3pocrae g0 20...30 % [2].
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Puc. 2. BiiuB npukiiaieHuX HanpyXeHb Ha KiHeTuky Aedopmarii Tpyonoi cram 171C y MC-4 (a);
MC-5 (b); MC-6 (c): m — cTanp B cTaHi HoctaBky, O — 41 pik ekcruryaTarii.

Fig. 2 Influence of applied stresses on deformation kinetics of pipeline steel 17GS in the ME-4 (a);
the ME-5 (b); the ME-6 (c): m — steel in the state of delivery; o — 41 years of operation.

[Momanpiia KiHETHMKAa HE BUPI3HANACH JAe(OpMAIlifHUMU OCOOJMBOCTSAMHU, OIHAK JUIS BCIX
CEepENOBHII CIIOCTEPIraeThCsl BUIUKA PiBEHb BEIMYMHU NMPHUPOCTY nedopmailtii. OcobamBo HeOe3neUHi
TeHaeHIii BusBieHo y MC2 ta MC3, ne mopsix 31 3HaYHUMH aOcomoTHUMU mpupoctamu (MC3)
criocTepiraiiv me W MiIBUIICHWH PU3HMK TPHBAJOro po3BUTKY mporecy (MC2), mpo mo cBig4uTh
3pOCTaHHS KyTa HaXWIy 3aBeplIaIbHUX JUISTHOK KPHBHX.
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Puc. 3. BiuB npukiiaieHuX HanpyXeHb Ha KiHeTuky nedopmartii Tpyonoi crani 171'C y MC-1 (a); MC-2 (b);
MC-3 (c): m — cranp B cTani nocraBky; O — 41 pik exciuryaTari.

Fig. 3 Influence of applied stresses on deformation kinetics of pipeline steel 19G in the ME-1 (a);
the ME-2 (b); the ME-3 (c): m — steel in the state of delivery; o — 41 years of operation.

OTmxe, y HEHTpalbHUX XJIOPUIHUX CEPENOBHUINAX MPUPOCTH aedopmanii ais cram 19T Ha
7...15% Bumi, vix mis 17TC. Kpim Toro, y MC2 3adikcoBaHO 3HaYHY HECTAI[iOHAPHICTH MPOIECY
nedopmyBaHHs Ha ocTaHHIN cTajii. Taka moBeqiHKa CBIMYUTE PO 3HAYHY TOIIKO/KEHICTh MaTepiamy
BHACIIZIOK BIUTMBY KOPO3WBHOTO CEPEJOBHUINA 3a TpuBaioi excruryararii. Lle 3a yMOBM HeBYaCHOTo
pearyBaHHSI pEMOHTHHUX CITy»KO MOXe CIIPUYMHUTH PO3TePMETH3AIII0 TPYOH.

VY xnopugHo-cynb(paTHUX IPYHTOBHX elleKTpolliTax Aedopmariiiina noseainka crani 191 Oyna
nemno iHmoro, Hik cram 170C. 3okpeMa, BUSBIEHO 3pOCTaHHS MPHPOCTY Jedopmallii Ha mepirii
cranii. Takox iif mpuTamanHi OUTBIIT aOCONMIOTHI BeTHMYMHU JedopMariiid Ta iX BiJHOCHHUX NMPHPOCTIB
JUIS BCIiX MOAeIbHUX cepenoBuil. Kpim toro, y MC5 ta MC6 cnoctepiranu 3HaYHI BEIMYMHU KYTiB
HAXWTy 3aBepIITbHUX JUISTHOK. MOXXKHA 3pOOUTH BHCHOBOK, IO Y XJIOPHIHO-CYNb(ATHUX €IEKTPO-
JiTax Ui AOCHIDKYBAHUX TPUBAJIO EKCIUTyaTOBAaHUX CTaJieH ICHYe MiJBHUINCHA HEOE3MeKa PO3BUTKY
KOpO3iifHO-MEeXaHIYHUX MPOIIECIB Y MICISIX MOMIKOKEHHSI TPOTUKOPO31IHHOTO TOKPHUTTSI.

Takox ciiz 3BepHYTH yBary Ha KyT HaXWjly 3aBeplIajbHHUX JUISHOK KpUBUX Jedopmarii 3a
MIiHIMaJIbHOTO PiBHS HOMIHAJIILHUX HANpyXeHb. JJIst yCiX XJIOpHaAHO-CYIb()aTHUX CepelOBHIL BUSBIIC-
HO 3pOCTaluy KIHETHKY, sIka BKa3y€ Ha IMIIBHUIINCHY HEOC3NEKYy HAKONMWYCHHS KOPO3iMHUX IOIIKO-
JDKEHb Ta PO3BUTKY KOPO3ilHO-MexaHIYHUX mporeciB. He ciig 3a0yBaTH, 10 BUCOKA YYTJIMBICTH 10
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TPHUBAJIOI Jii eKCIUTyaTaI[ifHUX CEPEelOBHII MOXKE CTATH MPUYUHOIO pO3repMeTH3allii TpyOoorpoBoIiB
13 HEBEITMKOO TOBIIMHOIO CTiHKH. OKpPEeMO BapTO BUIUIUTH MPOMHCIIOBI TPYOOIPOBOIH, SIKHMH YacTO
TPAHCIOPTYETHCS BOJIOTH Ta3, 110 3yMOBIIIOE HATPOMAJPKEHHS TiITOBAPHOI BOU Y HUKHINA YaCTHHI
Tpyou. OcraHHs i€ K KOPO3WBHE CEPEIOBHINE i 332 BIJCYTHOCTI aKTHBHOTO MPOTHKOPO3iHHOIO
3aXMCTy MOXKE CTaTH MPUYHHOI0 BHTOKY TPaHCIIOPTOBAHOTO MPOAYKTY Ta 3aBJaHHS IIKOAW IpalliB-
HHUKaM Ta JOBKULIIO.
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Puc.4. BrutuB piBHS NpUKIIaJIeHUX HANpYKeHb Ha KiHeTHKY nedopmarii TpyoHoi crami 17TC y MC-4 (a),
MC-5 (b), MC-6 (c): m — cTanb B cTaHi mocTaBky; 0 — 41 pik eKkcIuTyarartii.

Fig.4 Influence of applied stresses on deformation kinetics of pipeline steel 19Gin the ME-4 (a), the
ME-5 (b), the ME-6 (c): m — steel in the state of delivery; o — 41 years of operation.

OTmxe, y HEWTpaTBbHUX TPYHTOBUX €JIEKTPONITAX HAWOUIBIII PU3MKH BUHUKHEHHS I03aIlTaT-
HUX CHUTYyallll Juisi 000X JoCiiDKyBaHHMX crajed crmocrepiranm y MC2, MC5 ta MC6. OcobnuBo
HeOe3NeuHUMH BUSIBJICHI TEHJIEHII € s PIBHIB MiJBUINEHUX PIBHIB HANpyXeHb, SKi MOXYTb
BUHUKATH TIiJ1 4ac MPOCIIaHHS IPYHTY Ha JAULTHKAX 31 CKJIaJHUMH YMOBAaMH €KCILTyaTallii.

3rifiHo 3 TEOpi€ro paHKyBaHHS, BCl JpKepena 3arpo3 MaloTh Pi3HUM CTYIMiHb HEOE3NEKH, KU
MOXHa KUTbKICHO OIIHUTH, MPOBIBIIY iX pamxupyBaHHs. [Ipu IboMy HeOe3IeKy OIiHIOIOTh 3a Helps-
MUMH TTOKa3HUKaMH, BUOIp SIKMX TMOB’S3aHUI 3 yMOBaMH poOOTH 00’€KkTa. Y HAIIOMY BHIAJIKY JJIS
OLIIHKK TPUBAJOI Jii eKCIUTyaTallifHAX CEepeZOBUIN Ha TPYOONPOBiN MOTPIOHO BiJIITOBXYBATHCS Bif
MOKA3HHMKIB, SIKi CITYXHIIK O MapKepamu 3MiHU HOTO CTaHy.

JAnist IpUHHATTS YIPaBIiHCHKUX PIlICHb HA Ta30IpOBOIaX HEOOX1HO MOPIBHIOBATH EKCILTya-
TalilHI CepeOBHIIA 32 CyMaPHUM MOKa3HUKOM IMOBIPHOCTI PO3BUTKY HEOE3IEUHUX MPOIECiB (KOPO-
311, BTpAaTH HECYYOl 3MATHOCTI TOIIO) i3 MOJANBIINM iX paHXyBaHHsAM (puc. 5—7). 3a pe3ynbraTaMu
3MIMCHEHNX EKCIIEPUMEHTIB HaMH 3allpONOHOBAHO PaH)XyBaTH YCi TOCTIKYBaHI cepe/ioBUINA 3a Ha-
CTYITHAMU XapaKTEePUCTUIHUMH BETNIHHAMMU:

e a0CONIOTHA BETMYMHA MIPUPOCTY JleopMallii;
® BiJIHOCHA BETMYWHA MPUPOCTY Jedopmarii;
®  KyT HaXWJIy 3aBeplIalibHOI TUISHKH KPUBOI e opMalii.
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Puc. 5. PamxyBaHHS I'pPYHTOBHUX €JIEKTPOJITIB 32 MIOKa3HUKOM DiBHS Jedopmarrii
3a HanpyxeHb 330...510 MIla: a — 17T°C; b— 19T,
Fig. 5. Soil electrolyte ranking by deformation level (applied stresses 330...510 MPa): a— 17T°C; b — 19T".
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3Ha4YeHHS BiIIOBIIHOTO XapaKTEPUCTHYHOTO TTOKA3HHWKa Ha MOBITPI MpUHMAaEMO PIBHUM OJIU-
HUIIl Ta PO3PaxOBYEMO 32 HUM BIHOCHI MOKAa3HUKH (0anu) Juisl iHmMX BUNAKiB. [ToTiM nuisxom cy-
MyBaHHs1 OaiB 32 BCiMa XapaKTEPUCTUYHUMH MOKa3HUKAMH OTPUMYEMO KIHIIEBUI paHT sl KOXKHOI
KoMOiHaIlii «cTalb—cepeaoBuIle—HaPYKEeHHS» Ta BU3HAUYaEMO HaitHeOe3neuHinri. st morinubieHoro
aHaJli3y OTPUMAaHHUX Pe3yJbTATIB JOLLIBHO MPEACTaBUTH 1X y TpadiuHomy Burisml (puc. 5—7). Takuit
METOJIUYHUN MiAXia 3a0e3MeunTh Bi3yallizallilo Ta MOPIBHIOBAaHICTh pe3yiibTaTiB. [1opiBHAILHUN aHa-
i3 eKCIIEPUMEHTALHUX JIAHUX y TpadivHOMY BUTIISIL TIOKa3y€e OUIBIIY CXWIIBHICTh TPHUBAJIO EKCILTY-
aToBaHoi ctani 19" 1o BTpaTH MOKas3HUKIB omopy nedopmaliisiM, 0COOTHBO 3a PIBHIB HOMIHATBHHX
HanpyxeHb 420 ta 510 MPa. [l moAaibioro nopiBHAIBHOTO aHAITI3y BEIWYWHH BIUIMBY XIMIYHOT'O
CKJIaJly TPYHTOBOT'O CJIEKTPOJIITY Ta EKCIUTyaTaI[IiHUX HAIPYXXEeHb JOLLTEHO BUKOPUCTOBYBATH HE JIUIIIC
a0COJIOTHI MOKa3HUKH AedopMallii, a i BEIMYMHY 11 IPUPOCTY Y BiJICOTKAX, MepepaxoBaHi y Oamm.

] = 330 MPa @ ] @

1o | 420 MPa
m 510 MPa

- = 4 & 2 3 a4 [ 6
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Puc. 6. PamxyBaHHS TPYHTOBHX €JIEKTPOJIITIB 32 IPUPOCTOM Aedopmartii
3a HanpyxeHb 330...510 MIla: a — 17T°C; b— 19T,
Fig. 6. Soil electrolyte ranking by the growth rate of deformation
(applied stresses 330...510 MPa): a — 17T°C; b — 19T".

[NopiBHsMBHMIA aHANI3 BEIMYMH MPUPOCTY Jedopmarii BKazye Ha Jyke HeOe3neuHy
TeHAeHI0. Y Tod uac, sk craigb 171'C neMOHCTpye HEBHMCOKI MMOKa3HUKW, it crtam 19
CIOCTepiraeMo 3Ha4Hi BiJIHOCHI IPUPOCTH, HABITH 32 MIHIMAJBHOIO PiBHS HOMIHAJbHHUX HAIPYKEHB.
Taka TeHAEHIliS CBIAYUTH MPO MIABHINCHI PU3UKA BHUHMKHECHHS YIIKOKEHb Ta BTPATH LLTICHOCTI
TpyoH, ocobnreo 8 MC2 ta MC6.
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Puc. 7. PamxyBaHHS TPYHTOBHX €JIEKTPOJITIB 32 KyTaMU HaxwiIy JeopMariifHiX KPUBHX
3a HanpyxeHb 330...510 MIla: a — 17T°C; b— 19T".
Fig. 7. Soil electrolyte ranking by angles of inclination of deformation curves
(applied stresses 330...510 MPa): a— 17T°C; b — 19T".

Jlis mporHo3yBaHHS TIOKa3HWKIB JedopManii y yaci BaKJIMBHM € BH3HAYEHHI BiJIHOCHOTO
PIBHS HECTAIIOHAPHOCTI MPOIIECY 32 KyTOM HAXWJy 3aBepIIaibHOI AULTHKH JeopMallifHOi KPHBOI.
Amnani3 BiJHOCHHX TOKa3HWKIB KYTiB Haxuily KpuBHX nedopmaiii (puc. 7) maB 3MOTy BHSIBHTH
CHUTBHY JUIS 000X TPUBAIOCKCIUTYaTOBAHHX CTajled TEHJACHIII0 — TpU MiHIMAJILHOMY piBHI
HOMIHAJILHUX HanpyxeHb y MC2, MC3 ta MC4 BHCOKI TOKa3HUKH HECTAI[IOHAPHOCTI MPoIiecy, TOOTO
€ IPUXOBaHAa PO3BUTKY KOPO3iHHO-MEXaHIYHHUX MPOIECIB 3 HEBEIMKOIO MBUAKICTIO, 1[0 YCKIAIHIOE iX
BUSIBJICHHSI TIPH TIPOBEACHHI MOHITOPHHTOBUX 3aXOJliB, OCKIIBKM JlaHI CYCIIHIX BUMIpPIOBaHb
BIJIPI3HATHMYThCS HE 3HA4HO. [HINAa BUsBIEHa HamH HeOe3leKa TOB’s3aHa i3 Pi3KOI0 aKTHBI3aIlIEI0

274



Hebaxkanoi nedopmanii y MCS5 ta MC6 32 BHCOKHMX pIBHIB HampyXeHb. A Oepyddm O yBaru
MiZIBUIICHY JIOKAJI3aIl0 KOPO3IMHUX MPOIECIB Yy IUX cepeloBHIax [3] BUHHKAIOTh PH3UKH BTPATH
CTIHKOCTiI 00OJIOHKM TPYOHM Ta CIIOHTAHHOTO pyiHyBaHHs. Takuii creHapiii Moxxe OyTH 3yMOBIICHHIA
MEpeBaHTAXEHHSAM TPYOH BHACHIZOK JIOKAJILHOTO 3CYBY IPYHTY, IO CHPUYMHUIO BaXKKY aBapiro
TpyOomnpoBony «Ypeuroii-Ilomapu-Yxropoa» y 2008 pori Ta, 3a monepeaHiMu JaHUMHU, € OJHIEO 13
OCHOBHUX NIpHYMH posrepMmern3aliii Tpyoomnporony «lIporpec» y 2016 p. [omapum 0Oamu
XapaKTePUCTUYHUX T[IOKa3HHWKIB OTPUMAEMO JaHi JUIS paHXyBaHHS HEHTpaNbHUX IPYHTOBHX
CIIEKTPOJITIE 3a HEOE3MEKOI PO3BUTKY KOPO3IMHO-MEXaHIYHUX MPOLECIB BHACTIIOK TPUBAIOl il
SKCIUTyaTalllHHUX CEPEIOBHII Ha eKCIIyaTOBaHI TPYOHI cTaii (puc. 8).

Fark Fank

B 330 MPa
34 @ H 420 MFa

il

i

3 o F a a i
blodel environment Model ervmronment

Puc. 8. PamkxyBaHHS I'pPYHTOBHUX €JIEKTPOJITIB 32 HEOE3MEKOI0 PO3BUTKY KOPO31HHO-MEXaHIYHUX MPOIECIB:
a—17TC; b— 19T

Fig. 8. Ranking of soil electrolytes at the risk of the development of corrosion-mechanical processes:
a—17GS; b—-19G.

VY3aranbHEHHs TOKa3HUKIB JIa€ 3MOTY BUIUTUTH HaiiHeOe3MeuHili cepel HeWTpalbHUX TPYyH-
TOBHX €JIEKTPOJIITIB cepenoBuiia: Jas 000X D0CHimpKyBaHUX Mapok cranei e oyayre MC2, MCS ta
MC6. Takox crocTepiraeMo CyTTEBO OLTBIIHIA BIUIUB TEPMIHY EKCILTyaTallii Ha YyTJIMBICTh JI0 BIUIM-
BY KOPO3UBHOT'O CE€PEIOBHUIIIA.

BUCHOBKH

JlocmiypkeHO OCHOBHI 3aKOHOMIPHOCTI BIUIMBY TPHBAaJioi eKCIUTyaTalii Ha omip aehopmy-
BaHHIO TPYOHHMX CcTajedl y TpyHTaX XJOPHIHOI'O Ta XIJIOPHIHO-CYIb(GATHOTO THUIIIB 3aCOJECHHSI.
3nificHeHO paH)KYBaHHs IPYHTOBHX EIEKTPOJITIB 32 XapaKTepUCTUIHUMH MMOKa3HUKAMU Ta BCTAHOB-
JIEHO HaifHeOe3IevHINn JUIs JerpajioBaHuX TPYOONPOBIMHUX cTayiell y KOXHIN 13 Tpyn. Jns cranei
17T°C Ta 19" HaiiHeOe3neuHIIIMMY € HeWTpabHI MOZIETbHI cepenopuma 2, 5 ta 6.
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