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HOBBIE MATEPHAJIBI VIS BYPEHUA,
JAOBbIYU U TPAHCIIOPTUPOBKH YI'JIEBOJOPO/10B
N IMOBBIINEHUSA PECYPCA BYPOBBIX HACOCOB

HayuHo-TeXHHYeCKHil mporpecc CBsA3aH, MPEekKIe BCEro, ¢ CO3AaHHEM H BHEIPECHUEM
HOBBIX MAaTEPHAIOB C KOMIUIEKCOM (PH3MKO-MEXaHHYECKUX U IKCILUTyaTaI[HOHHBIX CBOMCTB,
OTBEYAIONINX COBPEMEHHBIM TPEOOBAHUAM HAJC)KHON PabOTHI 000PYIOBAHUS B PA3IMIHBIX
YCIOBHSIX.

B oOmacTu reomoruu MCIONb30BaHUE JTOCTHKCHUH HOBBIX HAYKOCMKHX TEXHOJOTHH
MIPOU3BOJICTBA CIIABOB M KOMITO3UIIMOHHBIX MaTepHalioB 3(h(EKTUBHO IS U3TOTOBICHHUS
o0canHBIX, OypHIBHBIX, HACOCHO-KOMIIPECCOPHBIX TPYO, TPyOOIpPOBOIOB, pabOTAOIINX
B YCJIOBMAX BO3JICHCTBUS HMU3KUX TEMIEpPATyp, IOBEPXHOCTHO-aKTHBHBIX CpEl,
COJIEeprKallluX CEPOBOJOPOJ, AJI1 M3TOTOBICHUS AETajNeil LWIMHAPOIOPIIHEBOM IPYIIIbI
OypOBBIX HACOCOB, TIOBBIIIAIOIINX HX PECYPC pabOTHI.

IIpu pasBeake W HKCIUTyaTaIllil MECTOPOKACHUI Ha HAJEKHOCTH 00OPYAOBaHHSA BO
BpEMA €ro 3KCIuIyaTaliuu BJIUACT 60.]'11)11106 KOJIMYECTBO UBMCHAIOILIINXCS (baKTOpOB.

[Tpu OypeHuN M SKCIUTyaTallMy IUIACTOB C BBICOKOM KOHIICHTpALMEH cepoBOIOpOIa
4acToe paspylieHHue TpyO MPOMCXOJIUT H3-32 NMUTTUHIOBOW KOPPO3MHM U CYJIb(MHIHOTO
pactpeckuBanust. CKOpPOCTh pa3pyllieHHs MeTajuia TpyO 3aBHCHUT OT OOIIEero JaBieHHs,
TeMIIepaTypbl U CKOPOCTH JIBM)KEHHS KOPPO3UOHHOM Cpeibl, KOHIEHTPALUH U MaplHalib-
Horo nasienust HpS. Cuuraercs, 4to yxe npu KOHUEHTpauuu cepoBojiopoaa okoso 0,001%
BO3MOXKHAa CEPOBOJIOPOHAS KOPPO3Usl, KOTOpas B YCIOBUSX IMKIMYECKOTO HArpy>KCHUS
CIIOCOOCTBYET yCTAIOCTHOMY pa3pylIeHuro Metaiios [1, 7, 10].

Jlerupyromue 100aBKH B CTalM MPUBOJST K U3MEHEHHUIO CTPYKTYPHI METallla U €ro
MEXaHUYECKHUX CBOMCTB ero u mno ganHbiM ["M. Vaiina u P.T. Aynra oka3bBaloT pas-
JIUYHOE BJIHMSHUE HA CYIb(PHUIHOE KOPPO3UOHHOE pacTpecKkuBanue ctanei. JlobaBku Mn, Si,
Ti, Ni B xommuectBe Oomee 1% MO Macce NMPHUBOAAT K YMEHBIICHHIO CYIb(PHUIHOTO
KOPPO3HOHHOTO PACTPECKUBAHHS BEICOKOIIPOYHBIX CTaJICH.

% o -
Harmonanenstit 'opublit YHEBEpcuTeT, J{HENponeTpoBek
**  JIHempOIeTpOBCKOE OT/eIeHHE YKpauHCKOro ['ocy1apCTBEHHOTO Ir'e0JIOropa3BeJ0YHOT0 HHCTUTYTA
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BonbmmHCTBO pekoMeHJaluii yKas3blBaeT Ha TO, UTO MPU CEPOBOJOPOIHON KOPPO3UU
CTaJb JOJDKHA 00JIafaTh TBEPAOCTHIO MO ImKaje PoxBenna He BhIme 22 equHui. Brogurcs
IIOPOTOBOE HANPSDKEHHE Oy, yKa3bIBAalOLIEEe NPH KaKUX PadOuMX HAIPsHKEHUSIX JIaHHAs
CTallb B KOHKPETHBIX YCJIOBHSX HE IOJABEpraercs CyJjb(puIHOMY KOPPO3HOHHOMY pas3-
pymenuto. [t oqHuX cranei 3To HanpspkeHue cocrabisieT 65+80% npenena TeKy4ecTH J;,
JUTSI IPYTUX — Oy = Oy,

Jlst TOBBIIIEHWS CTOWKOCTH OYpOBBIX TpyO B IIOBEPXHOCTHO-aKTHBHBIX Cpelax
HCHOJIb3YIOT KOPPO3UOHHO-CTOMKHUE CIUIaBbl MM HEMETalIMueckue MaTtepuainsl. [lpume-
HEHHE HEMETAJUIMYECKUX TPYO CJIIep)KUBAETCsl MPOOJIEMO MX COEJMHEHUs, a MaccoBOe
UCTIOJIb30BaHHE KOPPO3MOHHO-CTOMKHUX CTalel CBA3aHO C BBICOKOW CTOMMOCTBIO M OIpe-
JETISIETCS] 9KOHOMUYECKOH 11e71eCO000Pa3sHOCThIO UX NpUMeHeHHs. CTOMMOCTh OZJHOW TOHHBI
craHgapTHhIX TpyO cocrasmsier 600-700 $. IIpu coneprkanun xpoma ot 13% mo 25% uena
noBbImaeTcst 10 30004000 $ [12].

V3 HEeMeTaNTHYeCKUX MAaTCPHAIOB JUIsl M3TOTOBJICHHS TPYO CTOMKHX K YIIICKHCIOMY
ra3y U CepoBOJIOPOAY MPUMEHSETCSI CTEKIIOBOJIOKHO, HCIIOJIB3YIOTCS TNIACTUKOBBIC MOKPHI-
THS Ha OCHOBE (PEHOJIBHBIX M SMOKCHIHBIX CMOJ, mosnmyperana. Cpok ciry:kObI TpyO ¢ 1mo-
KpPBITHEM YBETHMYUBACTCS B AECATKH pa3 [2].

[Tpn BbIOOpPE KOPPO3MOHHO-CTOMKMX CTajel pellaroniee 3HaYCHHWE HMEET IieHa
Marepuaga ¥ 3KOHOMHYecKash 3(QQEeKTUBHOCTh ero npuMmeHeHus. HecmoTpst Ha TO, 4TO
KOPPO3MOHHOCTOMKHE CTaN AOPOXKE YTIEPOAMCTHIX, HO C YUETOM OOCTYKUBaHHSA U TPO-
JOJDKUATENTFHOCTH AKCIUTyaTallui TPYOOIPOBOIOB, HAJEKHOCTH PabOTHI OYpOBBIX U 0Ocai-
HBIX TPyO, 0cOOCHHO Tpu OypeHUH TIyOOKMX CKBAXHH, OHM MMEIOT IpenumMymiectsa. [1pu
HCIIOJIb30BaHUN KOPPO3MOHHOCTOMKHMX CTaJICil HE HY)KHO MpEeaycMaTpHBaTh yBEIHMUCHHE
CTEHKH TPYOBI Ha KOPPO3HIO METAJIa, IIPUMEHITh HHTUOUTOPHI, JOTIOJIHUTEIILHYIO KOPPO-
3MOHHOCTOMKYI0 00pabOTKy MOBepXHOCTH TpyO M apyrue meponpustusi. Kpome Toro,
HCKJIFOUACTCS OCTAHOBKA Pa0OTAIONIMX MPEANPHUITHN MPH 3aMEHE TPyO Wi TPyOoIpo-
BOJIOB [2].

B crtpanax EC B 1998 r. BBeneHO OrpaHHYEHHE HA NPUMEHEHHE HMPOTHBOKOPPO-
3MOHHBIX WMHTHOUTOPOB NPHU TPAHCIIOPTHPOBKE HEePTH MO TpyOOmpoBopam 1o coobpa-
JKCHUSIM DKOJIOTMYECKON OMAcHOCTH. JTO 0OCTOSITENILCTBO OIPAHUYUBACT MIIM MCKITIOYACT
BO3MOXKHOCTb IIPUMEHEHHsI TPYO U3 yIIIEPOUCTHIX K HU3KOJIETUPOBAHHBIX CTAJICH.

B nocnennue necsarmiiernst pa3padOTaHbl HOBBIE TEXHOJIOTHH HM3TOTOBIICHUS Pa3iIHd-
HOTO BHJIa METAJUIONPOKATA C 33/IaHHBIMU CBOMCTBAMH, JJICKTPOCBAPHBIX TPYO € UCIIOIB30-
BaHHEM JIa3epPHON CBapKH.

Hcnonb30BaHNE HOBBIX MaTEPHATIOB BBI3BAHO HEOOXOAMMOCTBHIO MOBBIIIEHUSI CKOPO-
CTH NTPOXOJKH CKBa)KHH, 00JIee HHTEHCHBHBIM PeXUMaM paboThl OypoBOro 000pyI0BaHUS.

Co3nanHas yiydiieHHas ctajib 20 10 JaHHBIM ITPOMBICIOBBIX MCIBITAHUN, IPOBE/ICH-
ueix BHUWTHedTs B TeueHHE TpeX JIET 00J1aaeT KOPPO3MOHHON CTOWKOCThIO B 3—4 pasa
BBIIIIE OOBIUHBIX cTamei [3].

Huskoneruposannsie cramn 08XMYA u 06XID umeror Oojiee BHICOKHE MOKA3aTeIH
CONPOTHUBIICHUSI KOPPO3MHM, YeM YyiydlleHHas ctanb 20, HO LeHa TpyO M3 3THUX crayiel
C NMOBBILICHHO# HaJie)KHOCTBIO Ha 30+40% Gosble.
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Taémauma 1

AmHanu3 aBapuii OypHIBHBIX TPYO U UX COSTUHECHUI

YxpHedTh BenopycbHedTh
Bun aBapuit Beero VY nenpHbIH Beero VY nenbHbII
avapuii BeC n[% /OB]I/I}IaM fnapuii BEC n[(()) /OB]HuaM
Cnom CBT 1o tpyGHoii pe3nbe 26 15,7 112 62
Crnowm JIBT mo TpyGHOit pe3nbe 8 4,8
Cnom CBT 1o rey 18 10,8 25 13,8
Ciniom JIBT o teny 32 19,3
[TosloMKHM 3aMKOB 110 HUIIIIENIO 11 6,6 13 7,2
EJ?;I]?{B;I&)HT 2,ET 10 HUIIIEIIO 44 26.5 15 8.3
CpsiB TpyOHOI pe3sdst CBT - - 3,2
CpBbIB 3aMKOBOI'O COCIUHEHUS 12 7,3 6
CpsIB TpyOHOI pe3bos! JIBT 11 6,6
Pa3MbIB 3aMKOBOIT pe3bOBI 5 2,4
gji}(;n;TSéI])ET 10 IPOTOYKE TTOJT B _ 10 5.5
HUTOI'O 167 181

AHanmu3 MpuYHMH aBapuil OypwibHBIX TpyO, BeimonHeHHBIH BHUTHedTh B 00BEAM-
HeHusix YkpHedTs u BenapycbHeTh Hpu riiyOMHE pa3BeOYHBIX M IKCIUTYyaTAMOHHBIX
cKkBaXrH 325+6000 M ¢ HCTIOIBL30BAHUEM CIIEAYIONINX KOHCTPYKITMI OYPHIIbHBIX KOJOHH:

— YBT guamerpom 203 mm, ronoto auamerpoM 295 MM (50+60 m),
— JIBT mmametpom 147x11 u 16T (1300 M),
— CBT mmamerpom 140x10 mm «I» (1200 M),
— CBT ¢ 140x10 mm «/I» (650 m),
— CBT ¢ 140x10 MM «K» (550 m),
— CBT ¢ 140x10 MM «E», «JI» (700 m),

MpuUBEJICH B TaOmuIb! 1 [4].

[TosoMKH CTaJbHBIX ¥ JIETKOCIUIABHBIX OYPHIIbHBIX TPYO 1O TPYOHO#H pe3nde B 00be-
TUHEHUU «YKpHEPTH» cocraBisior 20,5% oT oOuiero umcia aBapuil. Paspyuienue tpyo
MIPOUCXOIUT TIO MOJTHOMY BHTKY COMpPSDKCHHS Pe3pObl TpyOa—3aMOK M HOCHT SBHO BBIpa-
JKEHHBI KOPPO3HOHHO-YCTAJIOCTHBIA XapakTep W O0YyCIaBICHO IEHCTBHEM TEPEeMEHHBIX
UKJINYECKUX HArPy30K B COUYCTAHUU C KOHIICHTPAIIMCH HANPSDKCHHI BO BIAJMHAX PE3bObI
1 TIOBEPXHOCTHO-aKTUBHBIM BIUSTHUEM OypOBOTO PACTBOPA U MJIACTOBLIX BOJI.
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B o0benunennun «benopycbHedTh» ycranoctable nojgomku CBT no TpyGHOii pe3bde
COCTaBJISIIM 62% OT 001Iero ynciia aBapuil. BICOKHIT TPOLIEHT KOPPO3HOHHO-YCTAIOCTHBIX
MTOJIOMOK OYPWIIBHBIX TPYO MO TPYOHOH pe3bOe OOBACHICTCS MPUCYTCTBHEM B T'€OJIOTH-
YECKOM pa3pese COJIEBBIX KOMIUIeKcoB (MHTepBai 1500+2500 M), MOBBIIIAIOMIMX MUHEpPa-
JIM3anuio OypoBOTO PacTBOpa, 4TO CIIOCOOCTBYET 00pa30BaHHIO KaBEpPH B METaIlIC.

XUMHUYECKUH aHann3 OypoOBBIX PACTBOPOB, IOJYYEHHBIX C PA3IMYHBIX INTyOMH M pas-
JIMYHBIX TEOJIOTHYECKUX TUIOMIAAEH MOKa3bIBACT, YTO KOHIIEHTPALUsl MOHOB XJIOpa M3Me-
Hsiercst B nipeneniax ot 2 o 70 r/n. YcepeaHneHHsid nokazarens — 30 /71, 4TO SKBUBAJIEHTHO
3% conepxanuto NaCl B 6ypoBom pactBope. Kak mokasanu ucciIeJ0BaHus, KOPPO3UOHHO-
-yCTaJIoCTHAsI IPOYHOCTH CTAJTH 110 Mepe yBennueHus konteHrparuu NaCl camxaercs [10].

VCTanocTHyI0 TPOYHOCTh DJIEMEHTOB OYpHUIIBHBIX KOJOHH HAa BO3JYXE U B Cpele
OypOBBIX PaCTBOPOB HccienoBanu Ha cramsix 45, 40X, 40XH, 40XH2MA, 20XI"2b, cruiase
J16T u turane BT1-0 [6].

Cranp mapku 40XH ob6nagaeT BecbMa HU3KOW UyBCTBHTEIBHOCTHIO K KOHIICHTPAIHH
HATPSOKCHUH U MOXET ObITh PEKOMEHOBAHA JJIsi M3TOTOBJICHHSI OTBETCTBEHHBIX TSXKEIIO
HATPYXKCHHBIX JICTaJICi OyPUIIbHON KOJIOHHBI, HAIIPUMED 3aMKOB.

Haubosee BBICOKAMH TIOKa3aTEIIMH KOPPO3HOHHO-YCTAIOCTHOH MPOYHOCTH 00a-
JAr0T 00pa3iibl U3 TUTAHA.

VccnenoBaHus MOBEPXHOCTH PE3b0OBOT0 COETUHEHHUS TOCIE Pa3pyIICHUs OypPUIbHBIX
TpyO B MpoIiecce UCTIBITAHUSI Ha BO3yX€e MOKA3aJId, YTO Ha pabOYMX MOBEPXHOCTSIX PE3bObI
UMEIOTCsI clie/ibl (PPETTHHT-KOPPO3UU M MHUTTHHTH C BBIXOJSIIIMMHU U3 HUX MHKPOTpPEIIU-
HaMH. TPELIMHBI 3apOXKAAIOTCS HE Y JTHA Pe3b00BON BIaIMHBI, 8 HECKOJILKO BBIIIE, B MECTE
KacaHusl BEPIIMHBI BUTKA Pe3bObI 3aMKa C OOKOBOIl IMOBEPXHOCTHIO BUTKA Pe3bObI TPYOBI.
3apoauBIIAsics TpPEIIMHA B TpOIecce OKCIUTyaTallMd TMOJA ICHCTBHEM HaNpsDKeHUH
PacTSDKEHMS-CKATHSL PACTIPOCTpaHsAeTCsl B IIyOb ceueHmst TpyObl, mepepactacT B Maru-
CTpaJIbHYIO TPEUIMHY ¥ IPUBOAUT K pa3pyLICHUIO OypHILHOM TPYOBI.

B KOppOSI/IOHHOﬁ CpeaAc BO3HUKACT 3HAYUTCIILHO 0oJIbllIee KOJIUYCCTBO TPCUINH, YeM
npu 0OBIYHOM YCTAJIOCTHOM IMOBPCIKACHHUU MCETaJlJId, YTO CBA3aHO C (I)peTTI/IHF-KoppOSI/IeI\;I
1 DJIEKTPOXUMHUYICCKUM MOBPEKIACHNUEM CTAJIN.

Kpome NUTTHHTOB M CyOMUKPOTPEIIHH HA IUKIMYECKYIO IPOYHOCTh OypPHIIBbHBIX TPYO
BAMSCT mmieneBass kopposus. [Ipu m3rnbe OypmiibHOHM TpyOa B coeqMHEHHH TpyOa-3aMOK
oOpaszyercs menb. JlocTyn KMCIopoAa B ATy INENb 3aTPyIHEH, MOITOMY CO3[aeTCsl mapa
i depeHnnanTbHON a’spay U BO3HUKAET Pa3HOCTH NMOTEHIMAIOB HA yJacTKax ¢ pas3iind-
HBIM KOJIMYECTBOM KHCJIOPOJa. AHOIOM CIIyKHT METAUIMYECKas MOBEPXHOCTb Pe3bObl,
HaxoJsmIasicsl B 3a30pe, a KaToJI0oM — METallI, CBOOOJHO OMBIBAEMBIl OYpOBBIM pPacTBOPOM
[10]. IlleneBast KOppO3UsT aKTUBU3UPYETCS KOHTAKTHBIM LUKIMYCCKIM TPCHHEM B pe3nbe
B pe3yibTare AeNacCUBalliK METallla, YTO NPUBOAUT K CHIDKEHHUIO 10 40% BBIHOCIMBOCTH
OypuIIbHBIX TPYO B paboueii cpene.

B cBs3u ¢ uHTeHCcHbUKanuel pa3paboTKu HE(PTAHBIX U Ta30BBIX MECTOPOXKICHUM,
PACIOJIOKEHHBIX B YCIOBHSX C CYpPOBBIM KJIMMAaTOM U HU3KUMH TEMIIEPATypaMH, a TaKKe
B CBSI3W C TEHJICHIMEH K YBEIMUYCHUIO TJyOUHBI MPOXOJKU CKBAKUH HEMPEPHIBHO PACTET
MOTPEeOHOCTh B BBICOKOMPOUYHBIX TpyOax He(TerazoBoro copraMeHTa C TOBBIIICHHON
YAAPHOU BA3KOCTBIO ITPU HU3KUX TeMIIepaTypax.
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Oupmoii  Kawasaki  Steel (SImonmsi) pa3zpaboTaHa TEXHOJOTHsS IPOM3BOACTBA
BBICOKOIIPOYHBIX CBapHBIX TPYO0 M3 BBICOKOKAUECTBEHHBIX CTajell C HCIIOJIb30BAaHHEM
COBPEMEHHOHN TEXHOJIOTHH CBAapKH M CO3JIaHUSI MEIIKO3EPHUCTOH CTPYKTYPBI CTallM 32 CUET
rporecca KOHTPOJMPYEMOH INPOKATKH WIM 3aKaJIKW W OTIyCKa TNPH WHIYKIHOHHOM
Harpege [8]. ®upma BelllycKaeT 00caJHbIC, HACOCHO-KOMITPECCOPHBIE TPYOBI M TPYOBI AJIs
MarucTpajbHbIX TPyOOIPOBOJOB OOIIEr0O MW CHCHHAJIGHOTO Ha3HAYCHUS  (HHU3KHUCE
TeMIlepaTypsbl, BEICOKOE HarpsbkeHue) u3 craneit ¢ cogepkannem C < 0,43%, Si < 0,45%,
Mn < 1,90%, P <0,040%, S < 0,060%, Ni < 0,25%, Ca < 0,35%.

CHmXeHne cojepkanus cepbl U ¢ocdopa B cTainm cocoOCTBYET MOBHIIICHUIO YIap-
HOHM BS3KOCTH, CHI)KCHUIO Pa3HHLBI 3HAUCHUH YHapHOH BS3KOCTH IPOJOJIBHBIX M MOIIe-
PEUHBIX 00pPa3IOB.

[ToBBICHTD KOHCTPYKIMOHHYIO POYHOCTH TPYO VIS MarucTpaibHBIX TPyOOIPOBOIOB
IVl TPAHCHOPTHPOBKM Ta3za MOXKHO IIyTeM HCIOJIB30BaHUS CTajleil cO CBEPXHHM3KUM
coJiep’KaHueM yTiiepoJia U uX TepMoaeopMamoHHOH 00pabOTKOM.

Ta6auma 2
Tunuunsie cocrasel crasieit CHYB pa3Hbix kiaccoB

Crans |Knace| C Si | Mn P S Ni | Nb Ti B | " | PYcm

UB-1| X65 | 0,02 | 0,14 | 1,59 | 0,018 | 0,003 | - 0,04 | 0,017 | 0,001 | 0,29 | 0,11

UD-2 | X65 | 0,03 | 0,16 | 1,61 | 0,016 0,003 | 0,17 | 0,05 | 0,016 | 0,001 | 0,31 | 0,12

UB-3 | X70 | 0,03 | 0,14 | 1,91 | 0,018 |0,003| — | 0,05 | 0,018 |0,001| 0,34 | 0,14

UB-4 | X70 | 0,01 | 0,15 | 1,87 | 0,022 0,007Y| — | 0,04 | 0,020 | 0,001 | 0,32 | 0,11
0,38;

UB-5 | X80 | 0,02 | 0,26 | 1,95 | 0,022 0,003 | Mo | 0,04 | 0,019 0,001 | 0,43 | 0,16
0,31

D' C,=C+Mn/6) + ((Cr + Mn + V)/5) + (Ni+Cu)/15)
D P =C+ ((Mn+ Cu+Cr)/20) + Si/30 + V/10 + Mo/15 + Ni/60 + 5B
% Bricokoe COZEpKAHUE CEPBI

Coznannbie Nippon Steel Corporation ctanmu st TpyO ra30mpoBOIOB CO CBEPXHU3KUM
coJlepkaHueM yrieponaa ¢ OeitHuTHON cTpykTypoit (CHYDB), momydaemble myTeM KOHTPO-
HpreMOﬁ HpOKaTKI/I, HpI/IBe)IeHI:-I B Ta6J'II/ILII)I 2, a UX MCXaHHUYCCKHUC CBOﬁCTBa B T36J'II/IL[I>I 3
[13].

CHMKCHUE B CTaIM COJCPKAHHUS yrjiepoga OOCCIICYMBACT BBICOKYIO BSI3KOCTh IMPH
HU3KHUX TEMIIEpPaTypaxX U IOBBIIICHHE MPOYHOCTH, XOPOIIYI CBAapHUBAEMOCTh OJaromaps
HU3KOMY YIJIEPOIHOMY SKBUBAJICHTY, a TAK)KE TIOBBIIICHUE BA3KOCTH B 30HE TCPMHUCCKOTO
BIIMSIHHSL CBAPHOTO COeTUHEHUs (puc. 1). Bricokue mokasareinn TUHAMHYECKHAX CBOMCTB
CTalll CO CBEPXHU3KHUM COJICpPKaHHUEM YTepoja OOCCIHCUMBAIOTCS 33 CYET U3MEIbYCHUS
3epHa MyTEM JICTHPOBAHUS HUOOMEM W BBEICHHEM MEIKOIUCIICPCHBIX YaCTHUI[ HUTPUIOB
tutada TiN.
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Ta6auma 3

Mexanndeckue cBoiicta craneit CHYbB tpy6

CaoiicTBa npu pacm;xem/ml) DHeprus
Pazmep
Cramp | Kiace TpyOBI paspyIents (,B 2)
[MM] 6,,, 66 65 80,2/ 65 npu 20 C’ [A’]
[Mna] | [Mua] [%] [%] (]
UB-1 X65 1420x16 500 583 42 85 369 100
UD-2 X65 1220x25 493 602 45 82 324 95
UB-3 X70 1420%20 542 641 42 85 206 100
UB-4 X70 762x22 551 622 41 89 159 98
UB-5 X80 1420x20 653 732 33 89 178 100
" O6pasigp! monepedHsie
' Jlonst BOJIOKHHUCTOI cocTaBsomei B u3nome npu —20°C [%].
TkplC
700 - -4 0 - 300
I‘;:” 650 - --20 4 250 §
: :
§ 600 - -1 -40 - 200 gé
3 s0f 4 -60 - 150 8¢
& 33
500 |- -1-8 {100 §3
3
%]
450 - -1 -100 4 50
400 | 12040
0.01 0.03 0.05
Codepxanrue yanepoda %

Puc. 1. Bousaue copep:kanus yriiepoaa Ha Ipesel TeKydecTH (®), Ipeaen IpodHocTH (©), SHEPrHIo
paspywmenus (OJ), TeMnepaTypy rnepexojia CTajiu B Xpynkoe coctosinue (H) npu 50% BsA3KOro uzioma
cranu, copepxameit 1,75% Mn, 0,04% Nb, 0,18% Mo, 0,01% Ti, 0,001% B [13]

B Hacrosiiee BpeMsi co3qaHbl CyliepMapTeHCUTHBIC, AByX(dasHble, cynepaByXxdasHbie
HEepIKaBEIOIINE CTaNd, M3roTaBiumBaeMble mo cranmapry [SO 13680 «Xumuueckas u ra-
30Basi MPOMBINUIEHHOCTE (Tabn. 4) CranpHbIE OecCIIOBHBIE TPYOBI W3 KOPPO3HMOHHOCTOII-
KOO CIUIaBa AJIs NPHMEHEHHS B KauecTBE 00CaJHBIX, HACOCHO-KOMIIPECCOPHBIX U COCIH-

HUTETBHBIX My(PT. TeXHIUECKHIE YCIOBHUS MOCTABKM.
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Ta0auna 4
XuMHYEeCKH COCTaB KOPPO3SHOHHOCTOWKUX CTalel CO CBEPXHHU3KHM COZepKaHueM yriepoza [15]

Tun cranu Xumunueckuii cocras [%]
I'pynmna Crpykrypa Kareropus C Cr Ni Mo N
Maprencur 13-5-2 0,02 13 5 2
1 MapreHcur 15-2-1 0,1 15 1,5 0,5 0,08
Maprencur/peppur 13-1-0 0,03 13 0,5 0,01
TByxdasssre 22-5-3 0,02 22 5 3 0,18
5 ayCTCHUTHO-(heppHUTHBIC 2573 0,02 2 7 3 0,018
Cynep nByxdasbie 25744 | 0,02 | 25 7 38 | 027
ayCTCHUTO-(PEepPPUTHBIC
; AycreHuTHbIE 27-31-4 0,02 27 31 3,5
na Fe ocnose 25-32-3 0,02 25 32 3
21-42-3 0,02 21 42 3
22-50-7 0,02 22 50 7
4 Aycrenutibie 22-50-6 | 003 | 25 50 6
Ha Ni ocHOBe
22-50-9 0,01 20 54 9 Fe=4
15-60-16 0,01 15 60 16 W=17

[IpuBeneHHBIC MaHHBIC IO3BOJSIOT PACHIMPUTH OOJIACTH HCIIONB30BaHHUA TPyO H3
KOPPO3MOHHOCTOMKHX CTalel CO CBEPXHU3KUM COJCp)KaHHEM yTJIepoja, B YaCTHOCTH IS
OypeHHMsi CKBaXKUH, JUIs IPUMEHEHHsI 3JIEKTPOCBAPHBIX TPYO B KayecTBe 00CaIHBIX.

AHann3 MEXaHWYeCKHX CBOWCTB TPyO M3 CYIIECTBYIOIIMX MApOK CTajleld M HOBBIX
KOPPO3HOHHOCTOMKHX CIUIABOB CO CBEPXHU3KHUM COJIEpKaHUEM yTJepoJa MOKa3bIBaeT, YTO
TpyOBl M3 HOBBIX MapoK CTajel MO IPOYHOCTHBIM CBOWMCTBaM COOTBETCTBYIOT WJIH IIpe-
BBIIIAIOT CBOWCTBA TPyO M3 craiyiei rpymi mpouHoctu «/I», «K», «E», «JI», «M» (tadmn. 5)
IIPU 3TOM IIACTUYECKUE CBOMCTBA U KOPPO3HOHHAS CTOMKOCTb UX MPEBBIIIAIOT CYLIECTBY-
IOIIHE TOKA3aTelNN.

CrabuibHas W HaJe)KHAs padoTa MO MPOXOJKE CKBAKHUH CYIICCTBEHHO 3aBUCHT OT
HAJCKHON pabOThl OYpOBBIX HACOCOB, B YACTHOCTH, OT IMJIMHIPOIOPIIHCBON TPYIIIEI.
OcobceHHO (P (GEKTHBHO NMPUMEHEHHE I TaKUX Y3JI0B M JCTaleld KOMITO3HIIMOHHBIX
Marepuaios [5].

B OuMeraimmyecknx HMWJIMHIPOBBIX BTYJIKaX HAcCOCA MOBBINICHHAs M3HOCOCTOHKOCTD
JOCTUTACTCS 33 CYET COACpKaHUs KapOWIoB xpoma TBepAocThio 180 MIla wmm apyrux
KapOHJIOB BBICOKOM TBEPJIOCTH, TOT/A KaK HCIOJIb3yeMast cTaib 70, 3aKaJeHHAs TOKAMHU
BBICOKOH YacTOTHI MTO3BOJISET MOTYYaTh TBEPAOCTH He mpeBbimmatontyto 80 MIla (TBepmocts
neMenTuTa). Kpome Toro, xapOHIBI jKeJe3a CyIIECTBEHHO Ooiee XPYIKH, 4eM KapOWIsl
Xpoma.
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Tabauna 5
MexaHn4eckne cBoiicTBa craleil OypHIbHBIX TPYO

KopposuonHocroiikue cranu (KaTeropuu)

I'pymnna npouHocTy cTanu 1SO 13680 [15]
HaumenoBauue 13-1-0 25-7-4
I1oKa3aTest
| K | E J | M Mapka Mapka
80 | 95 | 110| 80 | 90 | 110|125 | 140
Bpemennoe
COTPOTUBICHUC, | g38 | 687 | 699 | 758 | 862 | 655 | 725 | 825 | 760 | 790 | 860 | 895 |1000
o, [MITal,
HEC MCHEE

[Ipenen texyuectn,

o, [MIla], 373 1491 | 552 | 654 | 758 | 550 | 650 | 760 | 550 | 620 | 760 | 860 | 965
HE MEHee
OTHOCHUTENBHOE
YAJIMHCHUC, HC MCHEC | 14 12 12 12 12
o - - — | 20% | 20% | 12* | 10* | 9*
85 [%] 1211010 | 10 | 10
310 [%]

[Ipu B3auMONEHCTBHU C COAEPIKAIIMMHUCS B OypOBOM pPacTBOpPE 3CpHAMH TOPHBIX
OpoJI, HampuMep KBapua TBepaocThio 115 MIlla, Oomee BbICOKas TBEPAOCTH KapOWUIOB
XpoMa, MPOYHO 3aKPEIUICHHBIX B OCHOBHOM MaTtepHalie, IPUJAeT MOBBLIIMIEHHYI0 U3HOCOC-
TOWKOCTh BHYTPEHHEMY paboueMy CII0K0 OMMETAUTNICCKOM IIHTUHIPOBOM BTYJIKH.

BHyTpeHHNIT M3HOCOCTOWKHI CIIOW OMMETAITHYECKON IMIHHAPOBOH BTynku BIVD,
M3TOTOBIICHHBIA 13 cruraBa 95X18, B ctaTWdeckux YCIOBHAX B cpeie OypoOBOTO pacTBopa
Koppomupyer co ckopocteio 0,003 mm/roxm, a crame 70+0,3 mm/rox, uto B 100 pa3
MenieHHee [5].

VYBenuueHue pecypca LUIMHAPOIOPIIHEBON TIPYIIBI OypOBOrO Hacoca YMEHBIIAET
BpeMsl Ha IPOXOAKY CKBaXKUHBI M 3aTpaTbl HAa HENPOU3BOIUTEIIBHBIN TSXKEIbIM Py4YHOU
TPyl OYypoBO#i OpHra/pl Ha 3aMeHy JeTajel HWINHPOIIOPIIHEBOH TPYIIIIBI.

JlanmpHelimee MOBBIIMICHHE KOHCTPYKIIMOHHON MPOYHOCTH OypOBOTO OOOPYIOBaHUS
BO3MOJXKHO ITyTEM HCHOJIB30BAHUS HOBBIX HAYKOEMKHX TEXHOJOTHH MPOM3BOACTBA JIMTHIX
METATMYECKNX KOMITO3UIMHA. B OCHOBE CO371aHHOM TEXHOJIOTHH 3aJ0’KEHO COXPaHEHHE
BBICOKMX KOPPO3HOHHBIX CBOMCTB IIOBEPXHOCTHBIX CJIOEB M, B 3aBUCHMOCTH OT Ha3HAYCHUS
W3J€NUH, TOBBIIIEHHOM IPOYHOCTH WX MJIACTUYHOCTU BHYTPEHHETO CIIOSI.

TpyObl N3 MHOTOCIIOHHOW KOPPO3MOHHOCTOMKOI CTAM COCTOST M3 JIBYX ITOBEPXHO-
CTHBIX M BHYTPEHHETO CIIOEB.

Jlns mcronk30BaHMUA B KadecTBE OOCAmHBIX TPYyO M TpyOOIpPOBOAOB NpH OypeHUH
CKB@KMH Ha I10JIE3HBIE MCKOIAEMbIE, B COCTaB KOTOPBIX BXOIST ITOBEPXHOCTHO-AKTUBHBIC
BEIIECTBA W JUISI UX TPAHCIIOPTUPOBKH, 3(P(HEKTUBHO HCIIOIB30BATh XPOMHUCTHIE KOPPO-
3MOHHOCTOMKHME KOMIIO3UIWK cTajiell (eppuTHOrO Wi (heppuTHOrO M (eppUTO-MapTeH-
CHTHOT'O KJIaCCOB, CTPYKTYPHOE COCTOSIHHE (pHC. 2).
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Puc. 2. MukpocTpyKTypa INIOCKOTO HPOKAaTa JJIsi M3TOTOBICHUS JIEKTPOCBAPHBIX TPYO M3 KOMIIO-
3UIUHM XPOMUCTBIX cTanei: a) ¢epput + (GeppuT (¢ MEHBIIMM COJEpKaHUEM KapOuaoB); 0) depput
+ peppuTO-MapTEHCUT

IToBepxXHOCTHBII CITOM TIpOKaTa COCTOMT M3 (heppHuTa M €ro KapOuaoB, a BHYTPEHHUI
cioit u3 (eppuTa W MEHBIIETO ConmepKaHusA KapOoumoB (puc. 2a). B sTom cimydae mpokar
MMEET TOBBIIICHHBIC IUTACTHUECKHE CBOMcTBA. C IMOBBIMICHHEM COZICPKaHUS YIIIEpoaa BO
BHYTpEHHEH 30He KOMIIO3ULMHK HopMHUpyeTcs BTopast (Gaza 1 IPH OXJIKACHUH U3 00J1acTH
TEeMIIEPaTyp ayCTEHUTHOTO COCTOSHHMS CTalHM CTPYKTypa COCTOMT M3 (eppuTa IpeBpa-
LICHUS U3 ayCTCHHWTA M MapTeHcuTa (puc. 20). B 3aBUCHMMOCTH OT CKOPOCTH OXJIAXKICHUS
B CTPYKTYPE COJICPIKHTCSI Pa3IMiHOE KOJIMYECTBO BBICONPOYHOM (a3l — MapTeHcHTa (Tadi. 6).
Bapbupyro CKOpOCTBIO OXJI@XJCHHUSI MPOKaTa, MOXKHO IIOJIy4aTh B CTPYKType CTajH pas-
JIMYHOE KOJIMYECTBO MAapTEHCHUTA, & CIIEJ0BATENILHO U Pa3IMYHYIO IPOYHOCTH Ipokara [ 14].

Tabéauma 6

XUMIYECKHil COCTaB M MEXaHUIECKHEe CBOWCTBA IIOCKOTO MPOKaTa TONIMHHOI 1,2 MM u1s
H3TOTOBJIEHHS 3JIEKTPOCBAPHBIX TPYO

ConeprkaHue XUMHYIECKHX JIIEMEHTOB Tommuna M .
[%] MIOBEPXHOCTHOT'O CJIOST eXaHWYeCKHe CBOWCTBA
[vn]
. . 0/0 83 8'0 85
C Cr Ni Ti [mm] [%%] [HAMV] | [H ] (%]
0,08 17,8 0,21 0,75
0,141 11,8 465 320 47
0,08 13,7 0,15 0,67
0,08 17,8 0,21 0,75
0,223 18,6 470 340 43
0,08 13,7 0,15 0,67
0,08 17,8 0,21 0,75
0,249 20,8 470 335 42
0,08 13,7 0,15 0,67
0,08 18,0 0,59 1,0
0,23 19,6 610 400 35
0,12 12,0 0,30 0,34

Jlyist TpaHCIOPTHPOBKU THTHEBOM M MHHEPAIBLHON BOJBI M3TOTOBJICHBI 3JEKTPOCBa-
pHBIE TpyOBI pazmepom 33 x 1,2 MM.
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[Tocyie ucrbiTanust TpyO Ha CIUTIOIIMBAHUE, OOPTOBAHME, 3arud TPEIIMH MeTauia He
oOHapy»keHo. MexaHnueckue CBOMCTBA 3IIEKTPOCBAPHBIX TPYO U3 MHOTOCIOHHOTO MPOKaTa
OTBCYAIOT Tpe6OBaHI/I$[M HOpMaTI/IBHO-TeXHI/I‘IeCKOI\/’I JOKyMCEHTaluu.

Hcnonp3oBanue Tpyd W3 KOPPO3MOHHOCTOWKHX CTajed sl HeTerasornpoBOIOB
YBEIMUHUT B 5-8 pa3 cpok Oe3aBapHifHOI SKCIuTyaTanuy 00CaJHBIX, HACOCHO-KOMIIPECCO-
PHBIX TPYO, TpyOOIIPOBOAOB, IMIIMHIPOIIOPIITHEBOH I'PYIIIBI OypPOBBIX HACOCOB, COKpAIACT
3aTpaThl HA PEMOHTHBIE PA0OTHI U POCTOU, YIIy4IIAeT 3KOJIOTHIO OKPY KAIOIIEH CpeIbl.

JUTEPATYPA

[1] CypuxoBa O.A., Jlyrosckas E.D., IloramoB A.I'.: Bweibop Oypurvhvix, o6caonvix
U HACOCHO-KOMNPECCOPHbIX MPYO 8 YCI08UAX CepO80OOPOOHOU azpeccun. HedTanas
npombInuieHHOCTh. Cepust Oyperus. Dxcrepcc-uHpopMarms. 3apyOeKHBIA OIIBIT.
M.1985. Beinyck 17, 1-9

[2] Kysuenos E.JI., MapkoB E.C.: O630p cospemennvix mendenyuil npouzeoocmea
mpyo u3 KOppO3UOHHOCMOUKUX Cmanei U Cniasos 3a pybexcom. Matepuainsl
BTOPOH MEXIyHApOJHON Hay4HO-NPAKTUUECKON KoH(epeHInu 1o mnpodiiemam
COBEPILICHCTBOBAHMS MPOM3BOJCTBA M IKCIUTyaTallMH TPYOHOH MPOMBIIIICHHOCTH.
TpyOoxon. 2001 r. Auenponerposck, 125-133

[3] Baxpymera B.C., depraz T.A., Jlutunckuii F0.J1., CeBepuna JI.C.: Paspabomka
MexXHONI02Ul, U320MOBNIeHULl U NPOMBICTIO8bIE UCTILIMANUA ONLIMHOU NAPMUU KOD-
PO3UOHHOCMOUKUX — Hepme2a30npogoOHbIX — mpyo. Martepuainsl BTOpOH
MEXKyHapOIHOU Hay4YHO-TIPAaKTUYECKOU KOH(EPCHIIUU o npobaemMam
COBEPILCHCTBOBAHMS MPOM3BOJCTBA U JKCIUTyaTallMH TPYOHOH MPOMBIIIIICHHOCTH.
Tpy6okon. 2001 r. Jlnenponerpock, 133—-136

[4] Oruer BHUUT HedTh «AHaMU3 SKCILTyaTalluy U JIOIATOBEYHOCTH OyPHIIBHBIX TPYO
Ha NpeANpUATHIX 00beuHeHNH «YKpHE(DTH» N «benopycbHeTH»

[5] Huxomma A.C., Hly6un FO.I1., Koceix B.B.: Joneoseunsie nacochvie komnonenmol
U3 KOMNO3UYUOHHBIX MAmepuanos — peszeps Oypenus. IDxcnepcc-ungopmayus.
Hedtsaras u ra3zoBas mpOMBIIUICHHOCTh. CTPOMTENBCTBO HEPTSHBIX W Ta30BBIX
CKBa)XUH Ha cyiue U Ha Mope. M. 1990, Boim. 2, 29-34

[6] Bamranuukos JI.A., XXonrkos B.A.: Kiaccugurayus oegpexmos 6ypuivHoix mpyo
NnO Ccmenenu OnacHoCmu 6 0OIACMU 80CbMUHUMOYHOU pe3bObl. DKcpeccuHbOop-
marus. Cepus «CTpOWTENBCTBO HE(PTAHBIX M Ta30BBIX CKBAXKMH Ha CyIle M Ha
mope». M. 1990, Beim. 7, 15-1

[7] Sing A. K., Konli B.S., Wendt R.P.: Handling hydrogensulfide in drilling fluids.
World Oil, 1989, XI, vol. 209, m 5, 99-100, 99-103

[8] Bricokompounsie TpyOsI HeTerazoBoro copramenta pupmer Kawasaki Steel CERP.
[pocnexr ¢upmer Kawasaki Stell, 1985 XI. Oxcmpecc-undpopmanus. Cepus
«bypenuey, 3apyOexHsbIit onbIT, M. 1986, BBIT. 3, 25-2

[9] OmbiT OypeHHs CBEpXIIyOOKO OOBIBAIOIICH CKBaXKMHBI HAa MECTOPOKICHUMN
buu-Xon, CHIA. Dkcrpecc-undopmanus. HedrsiHas npomsinuieHHocTb. Cepus
«CrtpoutenbcTBO HE(PTSIHBIX M ra30BBIX CKBAXMH Ha cyiie u Ha Mopey». Collins L.S.
Graves L.R. The Bidhorn 1-5: 2500 ft Precambrian test in Central. Wgoming. SPE
Drikking Endineering, 1989, vol. 4, No. 1, 13-16

172



[10]
[11]

[12]

[14]

[15]

Opanc F0.P.: Kopposus u oxucnrenue memannos. M. Mairusz, 1962

Cesepununk JI.A. Koneit b.B.: Joreoseunocme u nadesicnocms eeonozopazeedou-
Holx 6ypunvHuix mpyo. M. «Hempay, 1979

Noth Sea exploration bisinse potential Will reach 30,5 billion by 1990, “Noroil”,
1985 March, p. 48-50. TexHMKa WTEXHOJOTHS T-p paboT, OpraHu3anus MPOM3-
BojicTBa. Dkcrpecc uHpopmanuss BUDMC, 3apyOexHsblii ombIT, BhI. 3, 1986
Hakacu X., Earcyma X., Tamexupa X.: Ceepxuuskoyenepoucmole Geiinumubie
cmanu 013 mpyoonposodog. Ctanu aisi ra3onpoBOAHBIX TpyO u ¢utuHroB. CO.
TpyoB KoH(pepenuu. M.: Metamnyprus, 1985, 108-117

Jleitoens3on B.A., Hemomexkun @.B., Konnparenko B.M., Menuxos B.M., Benoycos
B.B., Jmurpues 1O.B.: 3ameepoesanue memannuueckux Komnosuyuii: npous-
600cmeo u moodenuposanue. JJorerk: OOO «tOro-Boctok, JItmy», 2005, 231

ISO 13680:2000. Petroleum and natural gas industries — Corrosion-resistant alloy
seamless tubes for use as casing, tubing and coupling stock — technical delivery
conditions

173



