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Beenenue

AKTYaJIbHOCTh T€MbI INCCEPTALMOHHOM PadoOThI

PazButne TpybonpoBogHOTO TpaHcmnopta B Poccun npuBeno K yBeIUYEHUIO 00bEMOB
MIPOM3BOJICTBA TPYOHOU MpoayKuuu. BmecTe ¢ TeM pacmupeHue reorpaguyeckoil oomactu
IKCIUTyaTallil  TPYO, yBeNWYeHWEe OOBOAHEHHOCTH JOOBIBACGMBIX YIJICBOJOPOJOB H
Y)KECTOUEHHE YCIOBHM OKCIUTyaTallud B YacTH TOBBINICHUS pabodero JaBJICHHS
TPAHCIIOPTUPYEMOTO YTJIEBOJAOPOJHOTO CHIPhSl TPHUBEIM K IOBBINICHUIO TPeOOBaHUMA K
KauyecTBY MeTajuia TpyO, B TOM YHCIIe K YUCTOTE MO HeMeTautmyeckuM BriroueHusM (HB).

B nocnegnue rojibl HaMETUIICS CYIIECTBEHHBIN MPOrpecc B Pa3BUTHUU HOBBIX MapOK
TPYOHBIX CTallell B 4aCTHOCTH JUIsl TPYO OOJIBIIOr0 AMaMeTpa JIJisi TPAHCIIOPTUPOBKU HE(TH U
ra3a u He(QTEIPOMBICIOBBIX TPYO C TMOBBIIIEHHONW KOPPO3MOHHOW CTOMKOCTBIO. J[is ux
BBIIJIABKU ~ CKOPPEKTUPOBAHbl TEXHOJIOTHYECKHUE TPOILIECChl IMPOM3BOACTBA C  IEJIBIO
JOCTIDKCHHUSI HEOOXOIUMBIX TpeOOBaHMM 1O XUMHUYECKOMY COCTaBY, MEXaHHUYECKUM
CBOMCTBaM, METAJUTYPTUYECKOMY KadeCTBY. bbUIM pealin30BaHbl HOBBIE TEXHOJOTUH
BHEIEYHON 00pabOTKU CTajIH, BKIIOYAIOIINE KOMIUIEKCHOE PACKHUCIEHUE, BAKYYMUPOBAHHE U
MOAM(PHUIIMPOBAHUE HEMETAUNIMYECKUX BKIIOYCHUH. VI3MEHEHHsI B TEXHOJIOTHSAX BHEMECYHOM
00paboTKH CTaJIM MPUBEIH K (OPMUPOBAHUIO B COBPEMEHHBIX MapKaxX TPYOHBIX CTaJIeH WHBIX
TUINOB HEMETAUIMYECKUX BKIOUeHUN: HB cioxHOro cocrama, coaepkalmiux KaldbUud W
MarHui.

Kak Obuto mokazaHo B psae pabot [1, 2], sarpssHennocth HB, comepkarmmu
KaJIbIIMA B BUJE OKCHUIOB WM OKCUCYIb()HUIOB, HAa3BAaHHBIMU KOPPO3MOHHO-aKTUBHBIMU
HemeTaunueckuMu  BKIoueHusMu (KAHB), sBnsercs oaHONW U3 TNPUYMH  CHUKEHUS
KOPPO3MOHHOM CTOHKOCTH TpyO pasHbIX MapoK B BOJHBIX cpenax. llocnemyrorue
WCCIICIOBaHMs TIOKa3aly BIMSHHE TEXHOJOTMHM MPOW3BOJACTBA TPYOHBIX CTalell Ha UX
YUCTOTY MO KOPPO3HMOHHO-aKTUBHBIM HEMETAJUTMYECKUMHU BKIIOUCHUSIMH U, KaK CIIEICTBUE,
Ha KOPPO3HMOHHYIO CTOMKOCTh TPYO, YTO OCOOEHHO aKTyaJbHO JUIsl HETETPOMBICIOBBIX TPYO,
KOHTaKTUPYIOLUX C MPUPOJHBIMHU CpelaMu B Mpolecce dKCIryaranuu. [loBbienre ypoBHs
TpeOoBaHUl K TPyOHOMY COPTAMEHTY U Pa3BUTUE TEXHOJOTUI BHEMEYHOUW 00paboTKU cTamu
MOBJIEKIIM 3a CO0O0M HEOOXOJUMOCTh COBEPIIEHCTBOBAHMS METOJOB JHArHOCTUKH MeETajlia
TpyO.

B cBs3u ¢ 3TUM aKTyanbHOM 3a/ayeil SBIISIETCSI COBEPIICHCTBOBAHUE TEXHOJIOTMH
BHEIMEYHON 00paboTKMU TPYOHBIX CTaylield pa3HOTO COPTAMEHTA JJIsl MOBBIIIEHUS WX YHUCTOTHI
M0 HEMETAUTNYECKUM BKJIIOUEHHUSM, BIHUSAIONIMM HAa KOPPO3MOHHYIO CTOMKOCTH MeTajuia

TpyO, U pa3paboTKa METOAMK KOHTPOJIS UX YUCTOTHI U KOPPO3UOHHOTO TTOBECHUSI.



ean padoTsl

W3ydyeHue BIMSHUS TEXHOJOTHMN BHEMEYHON 00pabOTKH TPYOHBIX cTajeil pa3HOro
copTaMeHTa Ha (popMUpOBaHUE HEMETANTMYECKUX BKIIFOYeHHUH, B ToM uncie KAHB.
W3ydyeHrne BIUSHUS OKCHUIHBIX U CYJb(UIHBIX HEMETAIUTMYECKUX BKIIOUCHUH U
MHUKPOCTPYKTYpPbI Ha KOppO3HOHHOE moBenaeHue Tpyonoit crammu 20KT, ucnonbzyemoit
JUTsL He(DTEMPOMBICIIOBBIX TPYO, B XJIOPUICOEPKAIMX BOJHBIX PAaCTBOPAX.

[IpoBeneHue aHanm3a TeXHOJOTUM BHene4HOU 00paboTku cranu 20KT nis moBbimeHust
€€ YMCTOTHI MO0 HEMETAUIMYECKUM BKJIIOYEHHUSM U pa3paboTKa pEeKOMEHJalUi Mo ee

KOPPEKTUPOBKE.

3agauu uccaea0BaHus
Pa3zpaboTka skcrmpecc-METOIUMKHA KOHTPOJS YHCTOTHI TPYOHBIX CTajleld MO OKCHUIHBIM
HEMETAJUIMYECKUM BKJIIOYEHUSIM, B TOM YHCJIE KOPPO3UOHHO-AaKTUBHBIM, C IPUMEHEHHEM
Mmerona (pakuronHoro razoporo ananusza (OIr'A).
OnpeneneHre OCHOBHBIX THUIIOB HEMETANIMYECKUX BKIIIOUEHUH B TPYOHBIX CTaJsIX
pa3IMYHBIX TEXHOJIOTMM mpou3BojcTBa MeTtogamu PI'A, onThueckoil W pacTpoBOM
AJIEKTPOHHON MUKPOCKOITHH.
PazpaboTka MeTOOMKHM OIIEHKH KOPPO3MOHHOrO TmoBenaeHus TpyOHou cramu 20KT B
XJOPUACOIEPKAIINUX BOAHBIX PACTBOPAX METOJIOM IIUKIMYECKOH BOJIBTAMIEPOMETPUU U
U3YYEHUE BIMSHUSA OKCHUIHBIX U CYIb(OUIHBIX BKIIOUYEHUH U MHUKPOCTPYKTYp Ha
Koppo3uonHoe noseaenue cranmm 20KT.
CoBepIIeHCTBOBAaHUE U KOPPEKTUPOBKA TEXHOJOTUM BHENeUHOM 00padoTku ctanu 20KT
B YCIOBHSX MPOMBIIIICHHOTO TPOU3BOACTBA [UIsl yCTpaHEHUS (POPMUPOBAHUS

KOPPO3MOHHO-aKTUBHBIX HEMCTAIINIMYCCKUX BKIJIIOUECHUIA.

MeToabl MCCIETOBAHUSA

IIpu mnpoBeneHun pabOT NPUMEHSJIUCH COBPEMEHHBIE METOIbl HCCIIEJOBAHUN W

ATTCCTOBAHHBIC U3MCPUTCIIBHLIC HpI/I60pLI. Pa3pa60TKa MCETOAUKHU KOHTPOJISI YHUCTOTHI

pr6HBIX cTajel 10 OKCUAHBIM HEMETAJNIMIECKUM BKJIFOUCHUSAM, B TOM YHUCJIC KOPPO3HUOHHO-

aKTUBHBIM, TIpoBeneHa Ha aHamm3aTope LECO momenms TC600 metomom (paKIIMOHHOTO

Ta3oBOT'O aHajJIu3a. Paspa60TKa MCTOOAUKH OLCHKH KOPPO3WMOHHOI'0 ITOBCACHUA MCTOAOM

IUKJIMYECKOH BOJBTaMIIEPOMETPHUU TpoBeaeHa Ha moTeHnmocrate Autolab PGSTAT 30 ¢

nporpaMmMubiM obecriedernriem GPES (Bepcus 4.9.007). XuMudeckuii aHanu3 meTaiia ObLT

NPOBE/IEH Ha aTOMHO-DMHCCHOHHOM crieKTpoMerpe Tieromero paspsga LECO wmomens

GDS850A. [lomoyHATENBHO COJEpIKaHWEe YIiIepojia M Cephl OMPEICIISLUIA Ha aHaIu3aTope
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LECO wmopnens CS600. [Ins ompeneneHuss oObeMHOW J0JW CyAb(HIOB HCIOIB30BAIN
ontrueckuid mukpockon OLYMPUS PME-3 ¢ mporpamMmubiM obecrieuenueM «Thixomety.
CocTtaB HEMETAUIMYECKUX BKJIOYEHUM ONpENesuii  IpH  MOMOILIM  CKAaHUPYIOIIETO
snekTpoHHoro mukpockona HITACHI S 800 ¢ pentreHoBckum Mukpoanaiuzaropom INCA

X-ACT.

Hayunasi HoBU3HA

1. Pa3paborana HOBas JKCIPECC-METOIMKA KOHTPOJSI YHCTOTHI TPYOHBIX CTaJied IO
OKCHJHBIM HEMETAJUIMYECKUM BKJIIOUYECHUSM, B TOM 4YHCJIE KOPPO3HMOHHO-aKTHBHBIM, C
IPUMEHEHHEM MeTO0/1a (PaKLIHOHHOTO ra30BOr0 aHaJIM3a.

2. Pazpaborana HoOBas MeTOJMKAa KOPPO3HOHHBIX HCHBITAHUH TPYOHBIX  CTaleH,
MO3BOJIAIOIIAs IPOBECTU OLIEHKY KOPPO3HMOHHOTO IIOBEIEHUS CTajlled B AaKTHUBHOM,
IIaCCUBHOM M TPaHCIIACCUBHOM 00JacTAX METOJOM LMKINYECKOH BOJIbTaMIIEPOMETPUH B
XJIOPHUJICOEPKALIUX BOAHBIX PACTBOPAX.

3. C wucnonmp30BaHMEM  pa3pabOTaHHOW  METOAMKH  KOPPO3HOHHBIX  HCHBITAaHHN
HKCIEPUMEHTAIbHO YCTAHOBJIEHO BIUSHUE COJEPKAaHUS HEMETAIUIMUYECKUX BKIIFOUEHUHN U
UX COCTaBa Ha KOppo3HOoHHYI cTorkocTh cranu 20KT B xmopuaconeprkammx BOIHBIX
pacTBOpax.

4. DKCIEpUMEHTAIBHO YCTAHOBJIEHO, YTO KOppo3uoHHas cToikocTh crtanu 20KT B
XJIOPUCO/ICPIKAIINX BOJHBIX PACTBOPAX 3aBUCHUT OT YCIOBHI TE€PMOOOPAOOTKH U MaaaeT
B psaay chOpMUPOBAaHHBIX B MeTalle MHKPOCTPYKTYP: OellHUTHasE — JUTas
BUJMAHIITETTOBa — (heppuTo-niepiauTHas — MapTeHcutHas. [Ipu 3Tom cepa ycunuBaeT

3TOT 3D PeKT.

IIpakTnyeckas 3HAYMMOCTH

Pe3ynbpTaThl uccepTallMOHHON pabOThl O3BOIMIIM MTPOBECTH KOPPEKLIUIO TEXHOIOTHH
BHernieyHo oOpabotku ctamu 20KT na OAO «Bomxckuili TpyOHbI 3aBom» C ILEIbIO
MOBBILICHUS] YUCTOTHI CTAJIN IO COJEP’KAHUIO OKCHIHBIX HEMETAJUIMUECKUX BKIHOYEHMH, YTO
MOJITBEPKJIEHO CIIPaBKOM 00 MCHOJIb30BaHUM PE3YJIHTATOB.

PesynbTathl nuccepTaniMoHHOM paboThl ObUTH HcTonb30BaHbl [TAO «CeBepcTanby s
KOPPEKTHPOBKH BHEMEYHONH 0OpabOTKH TPYOHBIX CTaylel W JUIs OLEHKH UX KOPPO3MOHHOTO
MOBE/ICHU.

Pe3ynbrarhl auccepTaliioHHON paOOThl O BIMSHUU Pa3IMYHBIX THUIIOB BKIIIOUEHUN U
CTPYKTYp Ha €ro KOppO3HOHHOE ToBelaeHue Obuu ucnoiab3oBaHbl OAO «PocHUTU» nns

pPa3BUTHA HaHpaBJ’ICHI/Iﬁ ITOBBIIICHU A 3KCHJ’IyaTaLII/IOHHOI71 HaJCKHOCTH OCCIIOBHBIX



He(Tera3onpoBOHBIX, a TAKXKe pa3padOTKHU TEXHOJIOTUU WX IMPOU3BOCTBA HA MPEANPUATUIX

poccwuiickoro nuBu3noHa TpyOHoi Mertammyprudeckoit Kommnanum.

Anpobanusi pa6éoTbI

Pe3ynbTaThl mpOBENEHHBIX HCCIIEOBAaHUM ObUIM  JTOJIOKEHBI Ha | MexayHapoaHOU
koH(pepenmu «/ledhopmarus u paspymenue marepuanoy. DFM2006. Mockga, 2006; VIII u
IX Poccuiickoii exeronHoil KOH(EPSHIIMH MOJOJbIX HAYYHBIX COTPYIHUKOB M aCIUPAHTOB
"®U3NKO-XUMHUSI U TEXHOJIOTHsI Heopranuueckux marepuanos'. Mocksa. UMET PAH, 2011 u
2012 rr.; MexayHaponHod Hay4dHOW KOH(pepeHIuHn «DU3UKO-XUMHUYECKHE OCHOBBI
METAJUIyprHUECKUX MPOLECCOB» MOCBALIEHHON 115-71€TH0 CO HA pOXKACHHUS aKaJeMHKa

A.M. Camapuna. Mocksa, 2017.

yéankanun
OcHoBHbIE MaTepuaibl AuccepTaluu onyonukoBaHsl B 11 meyatHeix paborax, B TOM

yucie 8 B KypHajax, peKOMEHI0BaHHbIX nepeuHeM BAK.

CTpykKTypa H 00beM AuccepTALHT
HuccepranmonHas paboTa COCTOMT W3 BBEICHHsS, 4YEThIpEX TJaB, BBIBOJOB U
npwioxkeHuid. M3noxena Ha 133 crpanumax, coaepkut 35 pucyHkoB, 22 Tabmuiel. CriMcok

TuTepatrypsl BKItoYaeT 145 ucTouHUKOB.



I'maBa 1 JIuteparypHbiii 0030p

MarucTpanbHblii TpyOOIIPOBOIHBIN TPAHCIIOPT SIBJISCTCS BaKHEHUIIEH COCTaBISAIOMICH
TOIJIMBHO-3HEpreThyeckoro koMiuiekca Poccun. OH UrpaeT KiIro4eByro posib B 00eCeuyeHUH
norpeGHOCTeH 001IecTBa U Bcell 3KOHOMUKH B SHEPTOPECypCax.

[To maructpansHbIM TpyOOmpoBoiam nepemernaetrcs 100 % modsiBaemoro rasa, 99 %
HedTH, Oosee 25 % npoaykiuu HedTenepepabOTKH.

[IpoTsHKEHHOCTh POCCUUCKUX MAaruCTPaJbHBIX TPYOONPOBOAOB IpeBbImaeT 221 ThIC.
KM, U3 KOTOpbIX 153 TBIC. KM 3TO Ta30lpOBOJHBIE MAarucTpaid, CBbIIE 48 THIC. KM
HeTenpoBo kI, Oosiee 20 ThIC. KM 3TO HEPTEPOTyKTOIIPOBO/IHL.

CTpoOUTENnhCTBO MaruCTpaIbHBIX TPYOOIPOBOJHBIX CHUCTEM CHOCOOCTBYET OCBOCHUIO
HOBBIX, B TOM YHCJIE€ OTJAJIEHHBIX MECTOpPOXKACHUH. B CBOIO ouepenb OCBOCHHE HOBBIX
MECTOPOXKIEHUNH TpeOyeT He TOJIbKO YBEJIMYEHHUsS OOBEMOB IPOU3BOACTBA TPYOHOMH
IPOAYKIMH, OCOOEHHO OOJIBILIOrO JMaMeTpa, HO U IOBBIIIAET TPEOOBaHUS K €€ KauyecTBY.
Hcxons ©3 HEOOXOOUMOCTH TOBBIILIEHUS CTOMKOCTH JCHCTBYIOUIMX U IOBBILIECHUS
napamMeTpoB (BBICOKOE BHYTPEHHEE JaBJCHHME, BHELIHEE JaBJI€HHE B INTyOOKOBOAHBIX
TpyOONpOBOJax, BBICOKAs arpeCCUBHAs CpeJla CHApPYKU) BHOBb ITPOEKTUPYEMBIX, K METAJLTy U
TpyOaM NpeAbSABISIOTCS HOBBIE, 3HAYUTEIHHO O0Jiee BRICOKHE TPEOOBAHMS.

B 3aBucuMocCTH OT Ha3zHaueHUs, KIMMATHIECKUX (DAKTOPOB U JAPYIHX XaPaAKTEPUCTHK
B cHCTeMe TPyOOIPOBOIHOIO TPAHCHOPTA IKCIUTYaTUPYIOTCS pa3iuyHble TpyObl. Tak, cTouT
BBIJICJIUTh TPYObl OOJBIIOrO, CpPEIHEro W Majoro JUaMmerpa, a TaKkKe HacOCHO-
KOMIIPECCOpHBIE U 00caHble TPYObl. VX KpaTKue XapaKTepUCTUKH MPUBEACHbBI HIKE.

TpyObl 60MbIIOTO AMAMETPa UCTIONIB3YIOTCS Uil CTPOUTENBCTBA MaruCTPaIbHBIX T'a30-
U He(TEPOBOJIOB Pa3IMYHOIO JAABJIEHHS, B CUCTEME TOIUIMBHO-3HEPIreTUYECKOI0 KOMILIEKCa,
a TakXe BOJONPOBOAHBIX CETAX M TeIuloTpaccax oOmiero HasHadeHus. Kak mpasuiio,
UCIOJIB3YIOT ~ MPSIMOLIOBHBIE  AJIEKTPOCBapHbIE TPYObl U3  HM3KOYIVIEPOJUCTOW WU
HU3KOJIETUPOBaHHOM cTaiu guameTpoM oT 530 no 1420 MM (B 3aBUCUMOCTH OT MPOITYCKHOM
CHOCOOHOCTH) C TOMMMHOM cTeHku 7-19 mm w pmousoit 10.6-11.6 M. TpyOer ans
MarucTpaibHbIX razoHedTenpoBoaoB pernameHtupyrorcs 'OCT 20295-85. Jlis 3amuThl OT
KOPPO3HMOHHOTO Pa3pylIeHUus MarucTpajbHbIE TPYObl MOKPHIBAIOT BHEIIHEW W30JsAIuel. B
OCHOBHOM pa3BUTHE KOPPO3HOHHBIX IPOLECCOB TPyOONpPOBOJIOB MPOTEKAET B MECTax
Ne(eKTOB U30JIAUOHHOTO TOKPBITHUSI.

TpyGsl Masoro u cCpegHero JuaMeTpa NPUMEHSIOTCS Ul CTPOUTENbCTBA
MPOMBICIIOBBIX TpPyOOmpoBoaoB. OHM ciayxaT Uil TPAHCHOPTHUPOBKU JOOBIBAE€MOM ra3o-

He(TEKUIKOCTHOW CMEcH OT pa3palaThiBa€MOIl CKBaKHMHBI J0 MyHKTa cOOpa M XpaHEHUS
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celpoii HepTu U ra3za. [laHHble TPYOBI SKCITyaTUPYIOTCA B JKECTKHMX KOPPO3HMOHHBIX
YCIIOBHSX, IO3TOMY BCJICJCTBHE Pa3pyLICHUsS BHYTPEHHENW OBEPXHOCTH TPYOBI CPOK CITYKOBI
cocraBiser or 1 go 5 ner. Ilocne nemoHTa)ka Takue TpPyObl, Kak IpPaBWIIO, HE MOJUIEkKAT
BOCCTAHOBJICHHIO JIJIsi IOBTOPHOTO MCHOJb30BaHus. K HaHHON KaTeropuu OTHOCSTCS TPYOBI,
M3roTOBJICHHBIE U3 cTaiu Mapku 20KT.

HacocHo-xommpeccopHbie TpyObl HEOOXOIUMBI MU pa3paboTKe CKBAKHH, JOCTaBKU
N00BIBaEMON CMECH YTJIIEBOJOPOJOB M3 pa3pabaThIBAEMOro IUIacTa Ha MOBEPXHOCTh. DTH
TpyOBl, KaK TPaBUIIO, OKCILUTyaTUPYIOTCA B JKECTKUX YCIOBHSIX: OHM HCIIBITHIBAIOT
MPOJOJIbHBIC, CKPYYHBAIOIIUE U U3rHOAIOIUe HArPY3KH, a TaKkKe BO3ACHCTBHE KOPPO3UOHHO-
AKTHBHBIX KOMIIOHEHTOB, CONPOBOKIAIOIIMNX MPOLECcC A00bIYM ChIpbsi. OCHOBHBIM OTJINYUEM
JAHHOTO TUMa TpyO sBisgercs Ooyblas TONIIMHA CTEHKH, KOTOpas oOecreynBaeT
YCTOHYMBOCTh KOJIOHHBI, M HajJW4ue pe3b0OBBIX coeAuHeHuil. HacocHo-kommpeccopHbIe
TpyOsl pernamentupytorcs ['OCT 633-80 M B HEKOTOpBIX CcIydasx aMepUKaHCKUM
crangaproM APl 5CT. K HacocHO-KOMIPECCOPHBIM TPyOaM NpPEAbSBISIOTCS MOBBIIICHHBIC
TpeOOBaHUS, TaKUE KaK BBICOKME MEXAHUYECKME U IPOYHOCTHBIE XapaKTEPUCTHUKU;
TePMETUYHOCTh; U3HOCOYCTONYHMBOCTh; KOPPO3UOHHO-IPPO3UOHHYIO CTOMKOCTh B YCIOBHSX
BBICOKOArpEeCCUBHBIX CpEl U YCJIOBHM OKCIUTyaTalldd; TMOBBIIICHHYIO CTOMKOCTh K
OTJIOXKEHUSAM TapapuHOB, OUTYMOB, acpaTbTEHOB M CMOJI.

O6canHple TpyOBl MCIOJB3YIOTCS IIPU Pa3pabOTKE ra30BbIX U HEPTSHBIX CKBAXXHH BO
BpeMsl IpoBe/ieHUs1 OypoBbIX padoT. OHU MPUMEHSIOTCS ISl YKPEIUICHUSI CTEHOK CKBAKHHBI,
NpPEJOTBPALIEHUs OOBOAHEHUS M JAJS pPa3JielleHUs] Ta30HOCHBIX M He(TAHBIX IulacToB. B
KauecTBe OOCAJHBIX HCIONB3YIOTCA TpyObl cpeaHero muamerpa (114-508 mm ¢ TommmHON

cTeHku 5.2-16.1 mm). lHOT1a BO3MOXKHO MCIOJIb30BaHUE OBIBIINX B YIIOTPEOJICHUH TPYO.
1.1 KagectBo MeTauia Tpyo
1.1.1 TpeboBanus K KauecTBY MeTasuia Tpyo

CoBpeMeHHas cucTeMa MarucTpajibHbIX TpyOonpoBoaoB Poccun Hadana co3iaBaThCs
6onee 50 ner Hazaa. YBenuueHue pabouero nasienust (ot 5 go 32 Mlla) u pacmmpenue
OKCIUTyaTallii B Pa3IMYHBIX KIUMATHYECKHX 30HAX, BEJIO K TOCTOSHHOMY YXKECTOUYCHHUIO
TpeboBaHul K MeTayuTy TpyO. [ TaBHBIM 00pa3oM MOBBIIIATUCH TPEOOBAHHS K MEXaHUYECKUM
CBOWCTBaM, B YAaCTHOCTH K NPOYHOCTHBIM XapakTepucTukaMm. B Poccun kmacc mpoyHocTH
TpyO oOo3Hauaercsi cumBosioM "K" M olleHMBaeTcsi BpEMEHHBIM CONPOTUBJIEHHEM MeTaija

IIPU PACTSKEHUU B kre/mm’. Heobxommmast KaTeropusi BbIOMpAEeTCsl MPHU MPOEKTUPOBAHUU
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UCXOJs1 13 MHOTHX (DaKTOPOB, BKIIIOYAS JaBJICHHE TPYOOIIpOBOJa M KIMMATHIECKHE YCIOBUS
sKkcrutyaranuu. B tabmumax 1 u 2 mpeacrasiensl kiaaccesl npoyHoct no 'OCT 20295-85 u

amepukanckoro cranaapra API Spec SL.

Ta6muma 1 — Kimace npounoctu mo 'OCT 20295-85

Bpemennoe
OtHOCHUTENIBHOE
Kracc COIMPOTHBIICHUE Pa3PHIBY, [Mpenen Tekyuectw, .
HpOTHOCTH H/mm? (kre/mm?), H/mm? (kre/mm?) yAIMHeHue, %,
HE MCHEE HE MCHEC

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 (59) 372 (38) 20
K60 588 (60) 412 (42) 16

Tabmuna 2 - Kitacc npounoctu no amepukanckomy crangapty API Spec SL

[Ipenen Tekydectu [Ipenen npoYHOCTH MPHU PACTHKECHUN
Koace mpouHOCTH | 5ar e 1 moiin?) | Mila PSI ($ynt/moiiv’) MITa
X52 52000 358 66000 455
X56 56000 386 71000 489
X60 60000 413 75000 517
X65 65000 448 77000 530
X70 70000 482 82000 565
X80 80000 551 90000 620

CornmacHo T1abmuy 1 M 2 kjgacchl NPOYHOCTH POCCUHCKOTO M aMEPHUKaHCKOIO
CTaHJApPTOB COOTHOCATCS cieayromum obpazom: K52 (X56), K56 (X65), K60 (X70), K65
(X80).

Hctopus pa3Butus TpyOHBIX CTajel M TEXHOJOTMU MX IMPOU3BOJACTBA Hayajach B
cepeauHe mpouuioro Beka B EBpome um CIIIA B CBS3M C NOCTOSHHO IOBBIIIAIOLIIUMUCS
TpeOOBaHUSAMU K IPOAYKTY.

[lepBonayanbHo, B 50-€ Troapl MpOLUIOrO BeKa, g TpyO MarucTpagbHBIX
ra3onpoBOJOB IPUMEHSUIA TOPSYEKATaHHBIE CTajdd, IPOYHOCTHBIE CBOWCTBA KOTOPBIX
o0ecreynBauCh 3a CYET MOBBIIMIEHHOI'O COJEp)KaHUs YIiepoja M MapraHila WiH Xpoma.
Cramu tuna 191" u 14XT'C cootBercTBOBanu kareropusiMm X42-X46 no API, ognako umenu
MOBBIIICHHYIO CKJIOHHOCTh K XPYIKOMY pa3pylIeHHIO 3a cueT OOJIbLIOW JI0JIM TEpIHTa.
HesnaunTtenbHblii 3QQEeKT ynpouyHEeHHUS TaKkKe COMPOBOXKIAIICS YXYALICHUEM CBapUBAEMOCTH.

B cepenune 60-x — Hauane 70-X rofi0B MPOLUIOTO CTOJETUS AJS TPYO AMAMETPOM /10

1220 MM it skcrutyatanuu o AasiaeHueM 5.5 MIla Oblmu co31aHbl HU3KOJIETHPOBAHHBIC
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cramu  17T'C, 17T'1C, 17T'1C-Y (ropsiuekatanble W HOPMAJIM30BAaHHBIE) C YPOBHEM
BPEMEHHOro comnpoTuiaeHus 510 H/mmv?. TloBbiuieHue MPOYHOCTHBIX CBOMCTB 110 X52
o0ecreunBajloCh 3a CUET YBEJIWYEHHUS COJEP)KAHMS MapraHiia, HEKOTOPOI'O CHMKEHUS
conepskanus yriaepoaa (10 0.2 %) u orpanudennoe coaepxkanue cepsl (10 0.02 %). [Ipu stom
yZ1aJI0Ch MOBBICUTH YIApHYIO BS3KOCTh. OJHAKO 3TH CTalIM XapaKTepU30BaIUCh JOCTATOYHO
KPYITHBIM 3€PHOM ¥ BBIPQXKEHHOU MEPIIMTHOM MOJIOCYATOCTHIO.

YBenuueHnue MpoOYHOCTH CTayield Tperbero mokoieHus 10 X60 (K52) u Beime ObLIO
JOCTUTHYTO MPUMCHEHHEM KapOOHHUTPHIHOIO yIpouHeHHs (BBeacHHUs MUKpo1o6aBok V, Nb,
Ti) [3]. TpyOusie cramu tuna 14I2CAD, 17T2AD, 14I2AD-Y TpaguiliOHHO HOCTABIISINCH
B HOPMAJIM30BAHHOM COCTOSTHUU C TIpenesioM npodHoctu 550-590 H/mm?. BBICOKHE BSI3KHE
CBOMCTBA TakuX CTaJiel JIOCTUTAINCh TAK)Ke CHUXKEHUEeM cojepskanus cepsl (1o 0.008 % y
ctanu Mapku 14I2A®D-Y) u xouHtpons ¢opmbl cyabGUIHBIX BKIOYeHUH. Hauanock
MCIIOJIb30BAaHUE BBITUIABKHU CTajlei B KUCIOPOAHBIX KOHBEpPTEpaxX C HEMPEPHIBHON Pa3IMBKOM,
JUISL OTACIBHBIX MapoK HCIIOJIB30BAIM 00pabOTKY B KOBIIEC >KUIKUMH CHHTCTHUYCCKUMU
nutakamMu. OJHAKO JaHHBIC CTAIM HE OTBCUAIH MPEABSIBISICMBIM TPEOOBAaHUSAM U3-32 HU3KOTO
COTMPOTHUBIICHUS XPYITKOMY Pa3pyIICHHUIO, ONPEAETIIEMOr0 B UCIIBITAHUIX MaIAI0IUM IPy30M
(DWTTY). o xonua 70-X Tof0B B CTaHAAPTHI BHOCWINCH BCE GOJIee BHICOKHE TPeGOBAHHS K
yIapHOW BS3KOCTH, CBAapUBAEMOCTH, YTO JOCTUTAIIOCH IOBBIIICHUEM YHUCTOTHI CTAJCH M
YMEHBILIEHUEM B CTPYKTYpE JOJM MEpauTa (3a CYUET YMEHBILICHHS COAEpKaHUS yriiepoja A0
0.08-0.12 %).

C 1enpl0 TMOBBIIIEHUS COMPOTHUBICHUS XPYIMKOMY DPa3pyIICHHIO U CBAPUBAEMOCTHU
MeTaia Ui TpyO ¢ mpenmenoM mpodHocTH 510-540 H/mM® Gblma cosnaHa rpyrmnma
SKOHOMHOJIETUPOBAHHBIX cranen MapoK 13T°C, 13I'1C-Y, MOJIBEpraeMbIX
TEPMOMEXaHUUYECKON MPOKAaTKe, KOTOPhIE XapaKTePHU30BAIUCH MOHMXEHHBIM COJIEP>KaHUEM
yriaepoja, MoBbIIeHHOW uncToToi 1o cepe (mo 0.007%) m mobaBkoil THTaHa, B KauecTBe
MUKPOJIETHPYIOIIEr0 AJIEMEHTA.

VxecroueHue TpeboBaHui B Hayase 80-X TrolOB K YAApHOM BSA3KOCTH 30HBI
TEPMHUECKOTO BIHUSHUS, COMPOTUBICHUIO KOPPO3UOHHOMY pPACTPECKUBAHHIO U JAPYTUM
CBOMicTBaM TOTpPeOOBaIO TeEpexojJa Ha HOBBIE TEXHOJOTHH B  CTaJEIUIaBUJIBHOM
pOU3BOJICTBE. B Halelt ctpane u 3a py0exoM mpUMeHsUn KoHTposnupyemyto npokatky (KIT)
NPH  W3TOTOBJICHWH JIMCTA, INTPUICOB, mNpodwmied Tpyd ¢ IOBBIIICHHBIM ypPOBHEM

MEXaHU4YeCKUX CBOMCTB. Ilon KII nmonnmaercs MNPOU3BOJACTBO TI'OPAYCKATAHHBIX U3JIEIUN C

' DWTT (Drop Weight Tear Testing) s OLeHKH X/1aAHOJIOMKOCTH JIHCTOBOTO MPOKATA TOMMHOM 3,2-19,1 MM
H3HU3KOYTIICPOAUCTHIX HU3KOJIETHPOBAHHBIX CTANEH sl CBAPHBIX Ta30MPOBOIHBIX TPYO GONBIIOrO AHaMeTpa;
Meton mmpoko pacnpoctpaned B CIIIA u crannaptuzoBan ASTM.
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perjamMeHTanrell OCHOBHBIX IapaMeTpoB: TeMIlepaTyphbl Haydala U KOHIA nedopmanuu, ee
CTETEHU M JPOOHOCTH, CKOPOCTHU TocieneopMaluoOHHOTO oxJaxaeHus. CTaau 4eTBepToro
MOKOJICHUS — MaJlonepiuTHele MukpojerupoBanubie (09120b, 10I20b u np.), Obum
co3laHbl Ha 0asze 3epHOTPAHUYHOr0, CYOCTPYKTYPHOTO U JUCHEPCHOHHOTO YIPOYHEHHS
(BpemeHHoe compoTuBieHue 550-590 H/MMZ). [Tpumenenune KII mo3Bosisier 3HAYUTENHHO
U3MENBbYUTh 3€pHO (eppUTa M TONYy4aTh Uisd (EeppUTO-TIEPIUTHBIX HHU3KOJIETUPOBAHHBIX
TpyOHBIX cTaneil ¢ comepxanuem yriepoaa 1o 0.1 % cBoiicTBa 10 kiacca npoyHocTH X70
(K60). OnTumuzanusi CTpyKTypbl MO3BOJIMIIA CHU3UTh TEMIIEpaTypy IKCIUTyaTallu TpyO u3
atux craiei go -15 + -20 °C. Yucrteie cranu (B 4YaCTHOCTH, IO COJEPKAHUIO CEPhl H
docdopa) ¢ MomubUIMPOBAHHBIMH HeMeTaIMdeckumu BkIodeHusMu (HB), Hu3kum
coJiepaHueM ra3oB (U yriepoja) HallIu MHPOKOe TPUMEHEHHE.

JlanbHeiiee pa3BuTHE MPOBOAMIOCH B HAMPABICHUH CO3/IaHUS HU3KOJETHPOBAHHBIX
CTallel ¢ UWHBIMH THUIIAMHU CTPYKTYp (HU3KOYTJIEpOAUCTOro OEWHUTA), MOABEPracMbIX
tepMoMexaHuueckoil mpokarke (TMII) ¢ yckopeHHBIM oOxyaxaeHueM. Brpicokas
KOHCTPYKIIMOHHAsI MTPOYHOCTh CBEPXHU3KOYrIepoaucThix (C<0.05 %) HU3KOJIETHPOBAHHBIX
craje kmaccoB mpoyHocTd X70-X100 mo3Bonmiia TOBBICHTH pabouee JaBJICHHE B
TpyOOIIpOBOJaX, B YACTHOCTH Ta3oB, 10 7.5-10 MIla. YBenuueHnue nmpomnycKkHOM cmocoOHOCTH
npu HEOOXOTUMOCTH YMEHBIICHHs OOIIEro pacxoja Meraia 00ecrednsIo 3HAYUTEIIbHBIC
HKOHOMUYECKHE MPEUMYIIECTBA UCIOIb30BAaHUS JTaHHBIX cTanei. VICKIIOUNTENbHO BBICOKAs
OPOYHOCTh CTayneld Oblla JOCTUTHYTa Onarojgaps (QOPMHUPOBAHUIO MEIKO3EPHHCTON
CTPYKTYpbl MaTpPHIIbl, YIPOYHEHHOW AHUCIEPCHBIMU YACTHIIAMH CIEI[HAIbHBIX KapOUIOB.
Uucrora cramedl 1mo mpuUMecsM, OTCYTCTBHE TNepiuTa, Majbli pa3Mep CTPYKTYpPHBIX
cOoCTaBIAOMUX (5-8 MKM) B TakuX CTaIsiX OOECIEYMBAIOT BBICOKYIO XJIAJIOCTOMKOCTh —
BS3KOCTh MPHU OTPUIIATEIHHBIX TEMIIEpPATypax.

K COBpCMCHHOMY  MCTAJLTY TPY6, 0COOEHHO K MaruCTpajJbHbIM Ta30- U

He(TEenpoBOAaM, HPEIbABISAIOTCS TpPeOOBaHUS HE TOJBKO K MEXaHMYECKHMM CBOWCTBaM
BBICOKOM IIPOYHOCTH, TEKYYECTH, YIApPHOHW BSI3KOCTM, HO M K KOPPO3HOHHOH H
TpeuHocToiikocTu. [IpouHocTs MeTaia TpyOsbl, TOJIIKMHA €€ CTEHOK U MIPOYHOCTh CBAPHBIX
COCMHEHUN HaNpsMyl0 BIUSAIOT HA pacxoJ MeTala A TpyOoIlpoBOJa, YpPOBEHb
JIOMYCTUMBIX pabouyuX JaBJICHUM M, CJelI0BaTEelIbHO, Ha MPOMYCKHYID CIHOCOOHOCTh
TpyOOIIpoBOA.

Texuuueckue TpebGoBaHMS K CTaJIsIM JJIsl MPOU3BOJCTBA TPYO Ha CETOAHSIIHUI JeHb
BEChbMa Pa3HOOOPa3HBI U OCTATOYHO KecTKHe. OHU BBITEKAIOT U3 HEOOXOAMMOCTH CO3AaHUs
COOPYKEHHMI MOBBIIIEHHOM 3KCIUTyaTallMOHHOM HAJIEKHOCTH M JIOJITOBEYHOCTH B YCIOBMSX

CTaTUYCCKOI0, JUHAMHUYCCKOIO HWJIM 3HAKOICPEMCHHOI'O HArpy>XCHUSA, B TOM YHCIIC IIPU
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OTPHUILIATENIBHBIX ~KIMMAaTUYECKUX TEMIIepaTypax M BO3JIEHCTBHM AarpecCUBHBIX CpeEa.
Pa3zpaboTka TeXHHYECKUX TPeOOBaHUM, MPEABABISIEMbIX K METAJLTy TPYO, CO3/aHME HOBBIX
COCTaBOB CTajJeil M METAJUIyprHYeCKUX TEXHOJOTMH HMX IMONYyYCHHS JOJDKHBI CTPOUTHCS C
Y4€TOM MHOTO(QaKTOPHON HaAEXKHOCTH MeTaiia TpyO Hedrerasonpoaykronpooaos. [Ipu
9TOM HAJEKHOCTh METajula TPYO 3aBUCHT HE TOJIBKO OT €r0 MCXOJIHOTO COCTOSIHMSI, a U OT
CTaOMIIBHOCTU CTPYKTYPHOTO COCTOSIHUSI METaJlIa B MIPOLIECCE IKCIUTyaTaI|H.

B nepuox ¢ 2002 mo 2014 r. ObUIO BHECEHO OOJIBINOE KOJUYECTBO M3MCHCHHH B
HallMOHAJbHYI0 0a3y CTaHAapTOB Ha TPYOHYIO MPOIYKIMIO B CBSI3U C IIOBBILICHHEM
TpeOoBaHMii K uX KadyecTBy [4]. Tarke mapajuienbHO TapMOHH3UPYIOTCS HAIMOHAIbHBIC
crangaptel Poccum m 3apyOexnsie crangaptel. Hampumep, 'OCT HCO 3138-2012
"HedtsiHas u ra3zoBas NpOMBIIIICHHOCTb. TpyObl CTalbHBIE U CHCTEM TPYOOIPOBOIHOTO
TpaHCHOPTa" TapMOHU3UPOBAH CO CTaHAApTOM AMepHKaHCKoro HedrsHoro uHctuTyTa AP
Specification 5L: 2012 «Specification for Line Pipe» u eBpomeiickumu crangapramu EN
10208-1, EN 10208-2. [eiictByromuii cranmapr [OCT MCO 3138-2012, amepukaHckuid
craumaptr u eBpomeiickuii cranmapt 1SO  3138:2007 ycraHaBnIMBAIOT TpPUMEHEHUE
BBICOKOIIPOYHBIX TPYO € BpeMEHHBIM conpoTuBicHueM 915 MIla (mapka pyosr X120) [5].

Cormacio CTO Tasmpom 2-4.1-713-2013 [6] HeoOX0AUMO KOHTPOJIHPOBATH
CJIEAYIONINE MEXaHUYECKHE CBOWCTBA OCHOBHOTO METAJlIa, ONpPEACIICHHbIC TIPU MCIIBITAHUSIX
0o0pa3loB Ha pacTsHKEHHE: TMpenes TEKYyYeCTH, TMpelnesl MPOYHOCTH, OTHOCHUTEIIBHOE
PaBHOMEpPHOE YJUIMHEHUE, OTHOCHUTEIbHOE YIJIMHEHUE II0C/Ie pa3pblBa, OTHOCUTEIBHOE
CyXEHHeE I0CJie pa3pblBa, OTHOLICHUE IpeJiesia TEKYUYeCTH K BPEMEHHOMY CONPOTUBIIECHHUIO.
MexaHu4eckrne CBOMCTBA JOJDKHBI COOTBETCTBOBATh HOPMaM B 3aBUCHMOCTH OT KJlacca WJIH
KaTeropuu mpoyHocTH. CBapHBIE COENWHEHHsI TPYO NOJDKHBI BBIIECPKMBATH HMCIBITAHUS Ha
crarudeckuii u3ru6 mo cranaapry API Spec 5L na yron 180°.

Ycunenue 3K0JIOTHYECKUX TpeOOBaHUN MPUBETO K BBEJCHHIO KiacCHPUKAUU TpyO
JUTSE MAaTUCTPATBHBIX TPYOOIIPOBOAOB HE TOJIBKO TI0 KaccaM MPOYHOCTH, HO U MO KaTErOpHsM
KadecTBa. [I[pHUnHON TOTO SIBISIETCS CTPOUTEIHCTBO TPYOOIIPOBOJIOB B CIIOKHBIX TIPUPOIHO-
KJIMMAaTHYEeCKUX M TEOTEeKTOHHYECKHX YclIoBHsX. MexrocynapctBennbiii crangapt ['OCT
31447-2012 «TpyOsl cTabHBIE CBAapHBIE 7151 MArUCTPAIbHBIX ra30MPOBOIOB, HE(PTEMPOBOIOB
U HeTempOoayKTONPOBOIOB. TEeXHUYECKHE YCIOBHS» HOPMHPYET JIBE KaTerOPHH KadecTBa
TpyO: | — 0ObryHOTO McmonHeHus, |l — xmamocrolikoro wucnomHenus. OTiIHYUe KaTeropui
3aKytoyaercss B ypoBHe TpeOoBanHuil mo ymapHoi BsskoctH (KCU um KCV) u mponeHty
BosiokHa B u3nome (DWTT) npu HyneBo# U oTpuIaTeabHbIX TeMnepaTypax. HaruoHansHbIi
craagapt ['OCT P 56403-2015 "MaructpanbHblii TpyOOTIPOBOAHBIN TpaHCHOPT HEDTH U

HedTenpoaykToB. TpyObl cTaibHbIe CBapHbIE. TeXHUUYECKHUE YCIOBHS'" YCTAaHOBUII TPU YPOBHS
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KadecTBa TpyO: - | - oOpruHOTO HiconHenus, - I — xmagocroiikoro ucnomuenus (K50-K60), -
Il — ¢ moBbILIEHHBIMHM 3KCIUTyaTalMOHHBIMM XapakTepuctukamu (K56-K60). B crannapre
I'OCT P 56403-2015 BmepBbie OBLIO YCTAaHOBIEHO COOTBETCTBHE MEXKIY KilaccaMu
IPOYHOCTH M KaTeropusiMu Kauectsa TpyO [5].

IToBblieHHBIE TPeOOBAaHUS K TPYOHOM MPOIYKIMK CTUMYJIMPOBAIN BHEIPEHNUE HOBBIX
TEXHOJIOTUI Ha OTEUECTBEHHBIX METAJUIYPIrHUECKUX M TPYOHBIX 3aBOJAAX, CIIOCOOCTBOBAIIU
TEXHUUYECKOMY IIE€PEBOOPYKEHHMIO M IOBBIIIEHUIO KYJIbTYPbl IPOM3BOJACTBA B TPyOHOI
oTpaci.

VikecToueHne TpeOOBaHUI OTHOCUTCA HE TOJNBKO K TOTOBBIM TpyOaM, HO U K
TpyOHOMY TpOKaTy W K HMCXOJHOM 3arotoBke. [locnmemoBaTenbHBII KOHTPOJIb KadecTBa
MeTajljja Ha KaXJ0M OJTale IMPOU3BOACTBA I103BOJSET MOJIYYUTh MPOAYKLHUIO BBICOKOTO
KadyecTBa. TpeOOBaHUSAMHU K HMCXOJHOM 3arOoTOBKE SIBISIOTCS. XMMHUYECKHI COCTaB, YMCTOTA
MeTajula MO MPUMECSIM U HEMETAUIMYECKUM BKIIIOUEHUSIM, MaKpOCTPYKTypa M TOJILIMHA
cisiba Juid aucTta OonblIMX TOMMH. Yucno TpeboBaHMM K TpyOHOMY NpPOKaTy HENpPEpbIBHO
yBenuuuBaeTcs. Hapsiay ¢ IpoYHOCTHIO M TONIIMHOW IPOKAT JOJDKEH 00J1ajaTh IOJIHBIM
KOMILJIEKCOM MEXaHHYECKHUX XapaKTePUCTHK, TaKUX, KaK BA3KOCTb M XJIaJOCTOMKOCTh. B
3aBUCUMOCTH OT YCJIOBUH SKCIUTyaTallMd MeTaul JOJDKEH 00J71aJaTh JONOJIHUTENbHBIMU
CBOMCTBaMH: CTOMKOCTBIO K BOJOPOIHOMY M cepoBopopoaHomy pactpeckuBanuio (HIC),
CTOMKOCTBIO K  KOPPO3MOHHOMY  pacTpeckuBaHuto  1ox  Hampsokenuem  (SCC),
tpeuHocToiikocThio (CTOD) u np. I'oToBbIe TpyOBl, Kak MpaBUiIO, OONBLIOIO AMAMETPA,
JIOTIOJTHUTEIBHO TOJBEPraroTcsl KOMIUIEKCHBIM HcHbITaHuAM. [lociie 3aBOACKOro KOHTpOJIA
(KOHTpOJIS TEOMETPUUECKUX apaMeTPOB, XUMHUUYECKOTO COCTaBa M MEXAHUYECKUX CBOICTB)
MPOBOJAST TMAPABINYECKHUE UCIIBITAHNS Ha OINpEAETIeHUE TPEIIMHOCTOMKOCTH U MOJIUTOHHbIE
VCIIBITAHUS C LIEJIBIO OLICHKU COIIPOTUBIICHUSI IPOTSYKEHHOMY Pa3pyLIEHUIO.

Coznanue KOHCTPYKLIMOHHBIX cTayen c KOMIUIEKCOM MOBBIIIIEHHBIX
HKCIUTYaTallMOHHBIX XapaKTEPUCTUK M TEXHOJOIMYECKOro Ipolecca HX IPOU3BOACTBA
BO3MOXKHO IPH pealu3aliy CIEAYIOUEH CXeMbl: XUMHUYECKHH COCTaB — TEXHOJIOTMYECKUE
napaMeTpsl — CTPyKTypa — CBOWCTBa. BappupoBaHme cocTaBa cCTajaM SBISIETCS IIEPBOM
BO3MOXHOCTBIO M3MEHEHHs CTPYKTYpbl M cBoWcTB. Ha ocHOBaHHMU BBIOPaHHOTO COCTaBa
CTaJIl KOPPEKTUPYETCSl TeXHOJIOTHus mnpousBojacTBa. OnHAaKO BHIOOP TIpaHUIl XMMHYECKOTO
cocTaBa CTaJiel TOBBIIIEHHON MPOYHOCTH C KOMIUIEKCHBIM YIPOYHEHHEM OIpeaeseTcs
TEXHOJIOTHYECKUMHU BO3MOKHOCTSIMHU 000PY/I0BAHMS.

B o6mactu wuCHonb30BaHUS 3AIIMTHBIX TMOKPBITUH TpyO [N  CTPOSIIMXCS U
PEMOHTUPYEMBIX TPYOOIPOBOJIOB OCHOBHOM TEXHOJOTMYECKOW TEHJEHIMEH SBISETCS OTKa3

OT HAHECEHUs IMOKPBITUN B IOJIEBBIX YCIOBUSX U NMPUMEHEHHE TPYO TOJBKO C 3aBOJICKOMN
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n3ossinuend. Ha ceromusimiHuii eHb pa3paOoTaHbl M MPONLIM anpoOanuio TpeOoBaHMS K
Tpy0aM ¢  TpPEXCIOHHBIM  3aBOACKMM  HM3OJSIMOHHBIM  IOKPHITUEM Ha  OCHOBE
AKCTPYAMPOBAHHOTO TOIMATHICHA (TOMIIMHOMN /10 3.0 MM) WIIM TIEHOIIOJHYpPETaHa.

Taxxe mpou301IO0 COBEPIIEHCTBOBAHUE CIIOCOOOB aBTOMATUYECKOH JTyrOBOM CBApKU
KOJIBLIEBBIX MOHT@XHBIX CTBIKOB TpYyO0 M IOSIBJIEHHE HOBOI'O BBICOKOIIPOU3BOAUTEIHLHOTO
cBapo4yHoro oOopynoBaHusd. Ha cerogHsmHMA J€Hb MPAKTUYECKH IPOU3OLIEN OTKa3 OT
py4HOIl myroBoii cBapku. OIHUM U3 NMPOTPECCHBHBIX CIIOCOOOB CBAPKH KOJBIEBBIX CTHIKOB
TpyO sABIseTcd cnoco0 aBTOMATHUYECKOW CBapKH IOPOIIKOBBIMU IIPOBOJIOKAMU B CpEle
3aIUTHBIX Fa30B.

TpyObl, a Takxke Bce 000pynOBaHME, NPEAHA3ZHAYEHHOE Ui HKCIUTyaTallid Ha
y4acTKax C BBICOKOH CEHCMHMYECKOH aKTUBHOCTBIO (BO3JCHCTBHE 10 8 U CBBIIC § OAJUIOB 110
mkane MSK-64), 10kHBI COXpaHATh MPOYHOCTh, TEPMETUYHOCTh U pabOTOCIOCOOHOCTH BO
BpeMs U 1ociie Bo3AencTBUs 3emierpscenus. K Matepuany TpyObl B 3aBUCUMOCTH OT YPOBHS
BO3MOXKHOT'O CEMCMMUYECKOIrO BO3JCHCTBUS MPEAbSBIAIOT JONOIHUTEIbHbIE TPEOOBaHUS 110
3armacy IIacTHYHOCTH. HoBble TpeOOBaHWS TPEABABISIOTCS K IMHOCPHBIM 3a/IBHKKAM,

HACOCHBIM arperaTam, peryJupyoiiei u nIpeJoXpaHuTeIbHON apMaType.

1.1.2 MexaHnn4ecKue CBOHCTBA

HopMbl MexaHWYeCKHX CBOMCTB MeTayia Il OCCIIOBHBIX M CBapHBIX TpyO
pernmamenTupyrorcsi coorBercTByronMu ['OCT u TY, mub0 ycTaHaBIMBAIOTCS 3aKa3UUKOM.

K MexaHnueckuM CBOMCTBaM OTHOCSTCSI MPOYHOCTHh (OCHOBHOU MOKa3aTenb — Mpee
TEKY4eCTH ), TBEPIOCTh, YIIPYTOCTh, TUIACTUIHOCTH U BA3KOCTb.

JIJIsi HU3KOYTIIEPOIUCTHIX CTaJIel COOTHOIICHHE TIpeJieiia TeKyUeCTH U pa3Mepa 3epHa
omuchIBaeTcs ypaBHeHuem XoJua-Iletya [7]:

or=o,+ kd™/2 1)

e or- Npenen TeKyuecTH, O, — HampsbkeHue Tpenus; K - koHcranta; d - pasmep 3epHa.

d—l/Z

[poussenenue k IpeJcTaBisieT co0oi 3epHOrpaHudHoe yrpouHeHue. CootHomenue (1)

KOJINYECTBEHHO OIMCHIBAET POCT TMpe/eia TEKy4eCTH C YMEHbBIIEHHEM pa3Mmepa 3epHa.
Bennuuny mnpenena TekydecTd (GeppUTO-TIEPIMTHON CTaad MOXKHO paccMaTpuBaTh Kak
CYMMY CJIEIYIONIUX MTapaMEeTPOB:
or= 0, + Ao, + ACy, + Aoy, +Ao, 2
rie  O,— HampshKeHUE TPSHUs pelieTku o-Fe;
A0, — yIPOYHECHHUE 3a CUET MEPIIUTA;

A Gy p. — YIIPOUHEHUE 0-TBEPAOTO PacTBOpa Mpu neruposanuu (ausHue C, Mn, Si);
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A0y, — yIpoYHEHUE AUCIIEPCUOHHBIMU YaCcTUI[AMH KapOH0B U HUTPUJIOB;
A, — 3epHOrpaHHYHOE yrpouHerue, pasHoe kd ™2,

Bxiiag kaxmoro mapamerpa Npu OLGHKE Mpenesia TEKy4ecTH HH3KOJICTMPOBaHHBIX
(beppUTO-TIEPIUTHBIX CTaJlell OPUEHTHPOBOYHO COCTABIISIET cieayrontue 3HaueHus (%): o, — 5-
10, Ao, — 5-15, Ao, — 25-40 (M, Si, Ni, P), Aoy, — 20-25 (V, Nb, Ti u Al, N — B
nutpuaax), Ao; — 30-40 (V, Nb, Ti u Al, N — B aurpugax).

VBenuueHne mpenesia TeKy4eCTH CTald OOBIYHO CONPOBOXKIACTCS IOBBIIICHHEM
CKJIOHHOCTH K XPYIKOMY pa3pyieHuto. Kaxplii M3 MEXaHW3MOB YIPOYHCHUS COIJIaCHO
ypaBHEHUIO (2) B TOW WMJIM MHOH CTENCHU MPUBOJUT K OXPYITYMBAHUIO CTAJIH M TOBBIIIACT
TEMIIEpaTypy TIepexoja M3 BSI3KOTO B XPYIKOE COCTOSIHHE, KPOME 3epHOIPAHUYHOTO
yIpouHeHHs. JIOCTUTHYTh yHOPOYHEHHS CTald C YIYYOICHHEM XJIQJOCTOMKOCTH U
«HepeKphITE» dPHEKT OXpYNMUMBAHUS JAPYTHX MEXAHU3MOB BO3MOXKHO TOJBKO CHJIBHBIM
u3menbpueHueM 3epHa. Ha puc. 1 nokaszano [8] cooTHomeHHe mpeiesna MpoYHOCTH U Tpeiesia
TEKY4YeCTH C Pa3MepoM 3epHa JJIsi HU3KOYIJIEPOAUCTHIX MHUKPOJICTMPOBAHHBIX cTajen. U3
PUCYHKA BHJHO, YTO JJIsl JOCTHIKEHHsSI TPeOYeMbIX CBOMCTB HEOOXOAMMO HCIOIB30BaTh BCE

MCXAaHU3MbI YIIPOYHCHUS.

1200

1100
u 140
% 1000 sl —
% “\q\'\o\"&a e
900 ot 120 <
= e ALK =
K 800 | X100 064(\00"\ NS Y 5
2 700 po®% \»\3““3‘}’ 102
5 e oy0° XN 2
g 600 o© o 80 R
= V\a\}\\l\ e Ch-
oo e L R [~
5 500 | W o° S )
@ o™ o o
=y R oo o0
) 400 epom 0‘09 o
C 300 a\.\\l\a 40
200 S\""‘“ Ba3oBas npoyHocTk theppuTa

0 4 8 12 16 22 20
Pa3smep 3epHa d2, mm 12

100
Puc. 1. Mexanu3Mmel YBCIUUYCHUS MPEACIIa IIPOYHOCTH U NPEACTIa TECKYYCCTH B 3aBUCUMOCTHU

OT pa3Mepa 3epHa I HU3KOYTJIEPOAUCTHIX MUKPOJICTHPOBAaHHbBIX cTasei [8].

IloBbiIcHHE IMPOYHOCTHBIX XapaKTCPUCTUK HEH30EIKHO MNpUBOAUT K HU3MCHCHUIO
KOPPO3HWOHHOTI'O IMOBEACHUA METAJlJIA.

Bnusnue xumuueckoro cocraBa. llpu uccienoBaHuM  poiM  yriepoga B

dbopMUpPOBaHUM KOMILIEKCAa CBOMCTB Huskoyraepoauctoi cramu (0.09-0.23 % C)
ycTraHOBIIeHO [8], u4TO ¢ yBenMueHHEM COJAEp)KaHHUS yIriiepoja MPOYHOCTHBIC CBOMCTBA

JIMHEHHO BO3pacTatoT. [IpH 3TOM MIACTHYHOCTD, yIapHas BSI3KOCTh M XJIaM0CTOHKOCTh (750)
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yXyawmarorcsa. JlaHHas 3aKOHOMEPHOCTb CBs3aHa C YBEJIMYEHUEM JIOJIM IEpiMTa Kak
CTPYKTYPHOM  COCTABJIAIOLIEH INPHU  BO3pacTaHUU  coiep:kaHus  yriepoma.  [lns
HU3KOJICTUPOBAHHOM cTanu yBenuueHue copaepkanus yriepona ot 0.03 mo 0.17 %
COINPOBOXKAAETCSA ONEPEKAOIMUM POCTOM IPEJeNa IPOYHOCTH IO CPABHEHMIO C IPEIEIIOM
TeKydyecTd. [Ipm O5TOM CONpOTHUBIIEHHE BSI3KOMY DAaspyLICHHIO CHUXKAcTCd, a IOpOr
XJIAJHOJIOMKOCTH IIOBBIIIAETCA. BapbupoBaHUE COAEpKAHMS YIJIEPOAA HE OKAa3bIBAET
BJIUSHUS HA IPOYHOCTHBIE CBOWCTBA M XapaKTEPUCTUKHU COIPOTUBIEHUS DPA3PYLICHUIO B
rOpsYeKaTaHOM COCTOSIHUM M IIOCJIE KOHTPOJIMpyeMoH mpokaTtku. Ilostomy, conmepskanue
yriaepoAa Hajo CHWXATh, HO IPU 3TOM CHUXKAECTCSd W IPOYHOCTH CTanu. MIMEHHO mosTOoMy
MOBBIIIIEHUE TIPOYHOCTH OOBIYHO OCYIIECTBIISIOT JPYTUMH, MEHEE BPETHBIMU C TOUKH 3PCHUS
OXpYITYMBaHUs, CIOCOOAMU YIIPOUHEHHUSL.

IlepBbIM 1I1aroM Ha MYTH Pa3BUTUS KayecTBa TPYO SBIAJIOCH MHUKPOJIETHPOBaHUE
CTaJlM MaJbIMH J100aBKaMu KapOOHHUTPHUI000pasyrommux 3uieMeHTOB. K TakuM ssemeHTam
otHocsTes V, Nb, Al, Ti, Zr u B. [IpucyrcTBue MUKPOJIETHPYIOIIUX YJIEMEHTOB B KOJIHMUYECTBE
10 0.1 % sBnsieTcs BaXKHOM XapaKTEePUCTHKON COBPEMEHHBIX CTaiel. VX BIUSHHE CBS3aHO C
BblJIeJIeHUEM W30bITOuHBIX (a3. JucnepcHble BbleneHus (a3, KoTopble (HOpMUPYIOTCS B
CTPYKTyp€ IIPH pachaze INEPECHIIEHHBIX TBEPAbIX PACTBOPOB, HPEMATCTBYIOT IBUKCHHUIO
JUCIIOKAaLMM, BbI3bIBasl YIOPOYHEHHE MATpHUIbl. JIOMOJHUTENBHO YacTULbI 3TUX (a3
U3MENBYAIOT ayCTEHUTHOE H  (EeppuUTHOE 3epHa, BIUSAIOT HAa THI CTPYKTYPHBIX
COCTABJIAIOLIMX, TUI W XapakTep pacupeieneHuss Ae(PeKTOB KpUCTAIUIMYECKOIO CTPOCHMUS.
JlucriepcioHHOE YIPOYHEHUE NPOMCXOJUT B OCHOBHOM 3a CYeT KapOMJOB, HUTPHUIOB U
KOMIUIEKCHBIX COEAMHEHWH Ha uX ocHoBe. KapOunbl M HUTpHUIBI NMEPEXOAHBIX METAJIOB
OTHOCATCS K (azaM BHeApeHus. B cranax ¢ kapOOHUTPUAHBIM YIPOYHEHHEM BBICOKAs
IPOYHOCTH COYETACTCS C MAJIOH CKIIOHHOCTBIO K XPYIKUM pa3pyIlieHusm [7].

Cramu  tuma 1512C®, 10126, 12I2CM®, 16I2AD ¢ kapOOHUTPUIHBIM
VIPOYHEHHEM TMPUMEHSIOT JUId HW3TFOTOBJIEHMS HamOojiee OTBETCTBEHHBIX CBAPHBIX
METAJIJIOKOHCTPYKIIUH, IKCIUTyaTUPYEMBIX KaK B OOBIUHBIX YCIOBHSIX, TaK U B YCIIOBUSX
ceBepa, B paiionax ¢ Temneparypoii uuke -40 °C.

ManonepnuthHsle ctanu tuna 0912db ¢ nmoHMWXKEHHBIM coJepXkaHueM yrieponaa (10
0.1 %) siBiAIOTCS Pa3HOBUAHOCTBIO CTael ¢ KapOOHUTPUIIHBIM yIIpOYHEHUEM. Takue craiu
UMEIOT MEJIKO3EPHUCTYIO CTPYKTYpy ¢eppura B KonmdectBe He Oomee 5-10 % ¢
JMCTIEPCHBIMU KapOOHUTPUIAMU BaHAIUs U HUOOMS. JloCTHXKEHHE ONTUMAIbHON CTPYKTYpPHI
Y BBICOKHX MEXAHUYECKUX CBOMCTB MPOMCXOJAUT 3a CUET KOHTPOJIUPYEMOIN MPOKATKH.

Jig  monydeHHsT  MeTaljla, HMMEIOUIEr0o  CTOMKOCTh K CEpOBOJIOPOJAHOMY

pacTpECKNBaHUIO, HGO6XOHI/IMO MHNOBBIICHHUE YHCTOTHI METalIa II0 HEMETATIIMYCCKUM
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BKJIIOUEHUSIM, OTCYTCTBUE JIMKBAIIMOHHOM HEOJHOPOAHOCTH MCXOIHOM 3aroTOBKH U
MOBBIIIEHUS] OJHOPOJHOCTH CTPYKTYpPbI T'OTOBOrO Ipokara. IlepeuncieHHbie TpeOoOBaHHA
JIOCTUKUMBI IIyTEM CO3/aHMsI CTaJIEH ¢ IOHM)KEHHBIM COJIEP’KaHUEM YIJIEPOAa, MOBBIIIEHUEM
YHUCTOTHI 10 cepe U (pocdopy, UCIOTB30BAHUEM HOBBIX TEXHOJOTHH MPHU pa3IUBKE CTAINU Ha
MalIMHE HENPEPHIBHOTO JIUThs, yIpaBieHHeM (a30BbHIMU MpPEBpaIICHUIMU (yCTpaHEHHE
M0JIOCYATOCTH U (OPMHUPOBAHUE OJHOPOTHON CTPYKTYPHI) 3a CUET TEPMOMEXaHHUYECKOU
IIPOKATKH.

Jlins mpoM3BOJCTBA IpoKaTa KiaccoB mpounoctd Beime K60 (X70) morpeboBaioch
U3MEHEHHE CTPYKTYphl MeTalla OT (DeppUTO-NIEPIUTHON K CTPYKTYpaMm IMPOMEKYTOUHOI'O
tuna. OcCylIecTBUTh JaHHBIA MEpPEX0]] YAAJIOCh H3MEHEHMEM CXEMbl JIETUPOBAaHUS —
no0aBlieHUEM B CTaJlb JIETHPYIOUIMX 3JE€MEHTOB, MOBBIMIAIOIINX YCTOMYMBOCTh AyCTEHUTA
(Mn, Cr, Ni, Cu, Mo u ap.). YBenuyeHre KOHIIEHTPAINH JIETUPYIOIIUX JIEMEHTOB BIUSIET Ha
CBOICTBa TPYOHBIX CTaJEH CIEAYIOIUM 00pa3oM:

— MapeaHey — TIPUBOAUT K BO3PACTaHUIO MPOYHOCTHBIX XapaKTEPHUCTUK, TBEPAOCTH,
IUIACTUYHOCTU. YBeNIWuYeHue MapraHina Beime 1.5 % B HHU3KOYIJIEPOAUCTHIX CTANAX
CIOCOOCTBYET IMOBBILICHUIO CONPOTHBIECHUS XPYINKOMY paspyllieHuto. Mapraden B
MAaJIOTIEPJIUTHBIX CTANISIX PETYIHPYET KHHETHKY Y—0 — MPEBpaIICHus, YIpouHseT (eppur,
YBEJIIMYUBAET CONPOTUBJICHHUE XPYIIKOMY Pa3pyIICHUIO;

— KpeMHuil — TPUBOJUT K BO3PAaCTAHUIO TBEPJOCTU CTAIW IPU HE3HAUUTEIHLHOM
CHI)KEHUU OTHOCUTEIILHOTO CYXKCHHS U YAJTUHEHHUS,

— Xpom M mMoaubOeH — TMPUBOIAUT K YIMPOYHEHHIO TBEPJOTO PACTBOPA, K MOBBIIICHHIO
TBEPAOCTH CTalld, NIPOYHOCTU U Ipesena TeKydecTd. IIpu 3ToM CylecTBEHHO BO3pacTaeT
OTHOCHUTEJIbHOE YAJIMHEHHE, CY’)KEHUE U yAapHas BA3KOCTb;

— MeOb — BBI3bIBAET YIPOYHEHUE TBEPAOIO PAacTBOpA, CHMXKAET YIAapHYIO BSI3KOCTb U
XJIaJOCTOMKOCTh MaJIOTIEPJIUTHBIX CTaJeH;

— 8anaouli, HUOOUL, MumaH, Kak MUKPOJETUPYIOIINE AJIEMEHTHI, 00JIadat0T BBICOKUM
CPOJICTBOM K YIJIepoAay, a3oTy W kucimopoay. Onu obpasytor kapouast VC, NbC, TiC u
Hutpuael TiIN, VN, NbN u kapOboHuTpuasl. BBeneHue NaHHBIX JIEMEHTOB HPUBOIUT K
YBEJIIMUEHHUIO TBEPIOCTH, IPOYHOCTH U MJIACTUYHOCTH;

— O60p — yBEIMYMBAET MPOKAJIMBAEMOCTh CTajiel, OJHAKO MPUBOJUT K YMEHBUICHHIO
yIapHOU BA3KOCTH U XJIAAOCTOMKOCTH, CHUKAET COIIPOTUBIIEHUE PA3BUTHIO TPEILUHBI.

[ToBpiienne paboumx maBieHHd B TpyOompoBomax m0 120-200 atm., mpuBeno K
MOBBILICHUIO HOPM M0 YJapHON BA3KOCTH NpU TEMIEpaType SKCITyaTallld, B OTAEIbHBIX
ciayyasx 110 250 I[)K/CM2 MIPH BBICOKOM YPOBHE MPOYHOCTHBIX CBOMCTB (X70-X80). ['mybokas

necynbdyparus cramu (1o 0.001-0.003 % S), cHmxenue conepxkanus yraepoaa ao 0.04-
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0.06 % u popmupoBaHue CTPYKTYpPHI AUCTIEPCHOTO HU3KOYTIIEPOIUCTOrO OCHHHUTA MO3BOIHIN
peluTh JaHHYyIO0 3a1ady. CHIKEHHE COJACp)KaHUs yriepoja B CTajlu MpHBENo K mpobieme
MOBBIIICHUS] COOTHOILIEHHS TIpeAesa TEKY4eCTH K Mpeaelly NMPOYHOCTH, YTO YYTEHO IpH
co3laHuM craied ¢ (eppuTHO-OCHHUTHBIMA WM (PEeppUTHO-OCHHUTHO-MAPTCHCUTHBIMH
CTPYKTYpaMH.

B nanpHeiinem ObIIO OCBOSHO MPOU3BOJCTBO MpOKaTa OOJIbLICH TOIIUHBI (YCIOBHO
30 mm u Beime) u Oosiee Bbicokoro kmacca mpounoctu (K65 (X80)) m Beime. s
dopmupoBaHuss TpeOyeMOH CTPYKTYyphl MOTPeOOBAIOCH NPUMEHEHHE YCKOPEHHOTO
oxJyiakieHus B npouecce TMIL.

B pa6ote [9] uzyueno Biusaue 0.15 % MonubneHa Ha CBOWCTBA U MUKPOCTPYKTYPY
TOJICTOJIUCTOBOTO IMPOKAaTa, M3TOTOBJICHHOTO M3 TPYOHBIX cTaneld. BpICOKMe MpOYHOCTHBIE
XapaKTEPUCTHUKH M COMPOTUBIICHUE BOJOPOJHOMY PACTPECKUBAHUIO OBLIM JTOCTUTHYTHI
NPUMEHEHHEM KOHTPOJIMPYEMOU POKATKU C YCKOPEHHBIM OXJIAXKICHUEM.

Pa3BuTHe TpyOHBIX CTajieli Ha TpUMEpe U3MEHEHUsS! CTPYKTYpPHI MMOKa3aHO Ha pHC. 2

[9].

Kowmmosnmmst JIETUPOBAHWS

___________________________ L 1995
MuKpocTpyKTypa 0,07% C + Nb + Ti + Mo s

X100 Tepmomexanunueckas npokarka +
+ YCKOpEHHOE oXJIax/eHue/
npsiMasi 3aKajika

OCUHUT + (MapTEHCHT)

0,08% C + Nb(+ Ti)

X80 - TepmomexaHnueckast npokarka -+
+ YCKOPEHHOE OXJIaX/1eHue

dbeppur + 50% GeitHuTa

Tonbi

r 1985

X70 4 0,10% C + Nb(+ V)

co cranaaprom APISL

dbepput + 10% nepaura

KaTeropnu TMPOYHOCTHU B COOTBETCTBUMN

X60

0,20% C + V(+ Nb) r 1975

X2 4 [T geppt T
L + 30% nepnuta 1965

BsskocTs

Puc. 2. Cxema uameHeHust CTpPYKTyp TpyOHbIX craneii [10].

CornacHo pUCYHKY, U3MEJIbUYEHHE 3€pHAa U, COOTBETCTBEHHO, YBEIMYEHUE
MPOYHOCTHBIX XapAKTEPUCTUK JOCTUTACTCS YCIOBUSAMH NMPOKATKU U TEPMUUECKOH 00paboTKH
B pagy: HopMmanmmzaius — KII — TMII — TMII+yckopenHoe oxnaxkaeHue (3aBeplieHue
npokatku B (yta)-obmactu) — TMII+yckopeHHoe — oOXJaxaeHHE/TpsAMas — 3aKaika

(dbopmupoBaHHE ONTHMAILHON CTPYKTYPHI 32 CUYET ynpasieHus (y—o)-npeBpamienuem) [11].
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OcHoBHBIMU TIpeuMyniecTBamu mporecca TMII no cpaBHenuto ¢ TpaguuronHo KII
sBisitoTest [12]:

— MOJIyYEHHUE MEJIKO3EPHUCTOM, PABHOMEPHOM CTPYKTYpPbl METajlla C NOHMKECHHBIMU
YPOBHSIMU TI0JIOCYATOCTH, BHYTPEHHUX HANPSHKEHUN U aHU30TPOIHH CBOMCTB;

— BO3MOYKHOCTb YMEHBUIEHMSI COJEp)KaHUs YIJIepoJa U JIETUPYIOLIMX 3JEMEHTOB AJIs
JAHHOTO YPOBHS MPOYHOCTU CTalld, YTO TO3BOJSIET CHU3HUTH CEOECTOMMOCTh M TIOBBICHUTH
CBAPUBAEMOCTb, BS3KOCTh M XJIAJHOCTOMKOCTh IIPOKaTa, a TaKXe CHU3UTh YpPOBEHb
cerperauuu B cisioe;

— CHIDKEHHUE Harpy30K Ha CTaH 3a cueT 0oJiee BHICOKOW TeMIlepaTypbl KOHIIA IPOKATKU
Y TIOBBILIEHWE TeMMa IPOKATKU BCIEJICTBUE COKpAIICHUS May3bl MHpPHU IOACTYKUBAHUU
packaros.

DTO TEXHOJIOTUSl TPOU3BOJCTBA JIUCTOB M IITPUIICOB JJISI BBICOKOMPOYHBIX TPYyO
0OJBIIOr0 JUaMETpa IO3BOJSET BBINOJIHUTH TPeOOBaHUS TPYOOMPOBOIHOM OTpaciu Mo
HAJIC)KHOCTH U OE30MaCHOCTH.

B coBpeMEHHBIX  HU3KOYIJIEPOAMCTBIX  HHU3KOJETHMPOBAHHBIX  CTaJsAX  IOCTE
TEPMOMEXAHHYECKON MPOKATKHA MOXKET (POPMHPOBATHCS CMECh Pa3HOOOPa3HBIX (hEPPHUTHBIX
¢a3. Koneunas cTpykTypa u, ClieJoBaTeIbHO, CBOICTBA 3aBUCAT B OCHOBHOM OT XMMHUYECKOTO
coctaBa crtanu (0a30BBIA COCTAaB, MHUKpOJIETHpYIOUIHE [100aBKH, MPUMECH); HCXOAHOTO
COCTOSIHUSI AayCTEHMTa; pa3Mepa 3€pHa, paclpeiesieHUsl JIETHMPYIOIIMUX 3JIEMEHTOB MEXIY
TBEPJIBIM PACTBOPOM M U30BITOYHBIMH (pa3aMu; YCIOBUHN AePOPMALIMH U OXJIAXKICHUSI.

Paznuuue cBoiicTB craneit ¢ heppuTo-NepIUTHON U PeppUTO-OEHHUTHON CTPYKTYPOi
00yCIIOBIEHO OCOOEHHOCTSIMH WX CTPYKTYpHBIX cocTaBisitonux. CpenHuil  pasmep
depputnbix 3epen nocie KII cocraBnsier ~5 MKM, MUHUMaNIbHBIN ~2 MKM. B TO ke Bpems
MJIACTUHBI UTOIBYATOTO epputa B PeppuTo-OEHHUTHBIX CTAISIX MPU OKOHUYAHUU TIPOKATKU B
HUKHEW 4YacTH ayCTeHHUTHOHM 00JacTh M TOCIEAYIONIEM YCKOPEHHOM OXJIKICHHUH HMEIOT
s heKkTUBHBIN pa3Mep 3epHa OKoJOo 1 MKM, IIMpUHA OTIEIbHBIX MIACTHH MOXKET JIOCTUraTh
0.2 mxm. ITnotHOCTH Amciokanuii B OeiiHWTe B 4-5 pa3 Ooiblie (3a CYET CIABUTOBOTO
MexaHu3Ma oOpasoBanusi), deM B deppure [13], 4To gaeT BO3MOXHOCTH IOJYYHTH
JOTIOTHUTENIbHBIA TPUPOCT TPOYHOCTH U BA3KOCTH B CTalsAX ¢ (eppuTo-OeHHUTHOM
CTPYKTYpOl.

Brnusiane mmactuyeckod nmedopmanuu Ha CTPYKTYpY M CBOWCTBa TPyOHOM cCTayin
JOCTAaTOYHO XOpPOIIo u3y4eHo. B pabdore [14] usydanu Bausiare ckopoctu oxiaxaenus (0.1,
0.9, 2.8, 52 rpan/c) Ha mexanudeckue cporictBa ctamu 051 2M®Bb. [lokazaHa BO3MOKHOCTb
YBEJIMUEHUSI MPOYHOCTHBIX XapaKTePUCTHK 3a CYET H3MeNbueHUs (eppuTHOTO 3€pHa B

beppHuTO-TIEPIIUTHON CTPYKTYpPE 3a CYET YBEJIMYEHUS] CKOPOCTH oxjaxaeHus. OmHaxo,
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MOSIBIECHWE B CTPYKTYpE  HEKOTOPOro  KOJMYeCTBa OCHHUTHOW  COCTaBIISIONICH,
COIPOBOKAAIOCH CHUKEHUEM YAAPHOU BSI3KOCTH MPU OTPULATEIBHBIX TEMIIEpATypax.

B pa6ore [15] u3ydeHo BiusiHUE TUIACTUYECKOW AedopMaluy Ha CBOWCTBA TPYOHOU
cramu 0412b. TlokazaHo, YTO CHWIKEHHE TeMIepaTrypsl Aedhopmaliuu, OCYIIECTBISIEMON B
ayCTEHUTHOM COCTOSIHUM, CIOCOOCTBYET MOBBIIICHHIO HPOYHOCTHBIX CBOWCTB CTalH C
beppuTo-0eHHUTHON CTPYKTYpOIi O€3 MOTepH BA3KOCTH MPU OTPHUILIATEIBHBIX TEMIIEPATypax.

BeliHuTHBIE MHKpPOCTPYKTYphl B HACTOSIIEe BpeMsl Bce B OOJNbIICH CTENeHH
UCIONB3YIOT JJI TOJydyeHUs: TpeOyeMOoro KOMIUIEKCa CBOMCTB BBICOKOMPOYHBIX CTaJeH,
MPUMEHSEMBIX JIJI1  W3rOTOBJICHHUS TpyO KiaccoB mpouHocTH X80-X120, mpu sToM
HE00X0IMMO HE TOJBKO 3((HEeKTUBHOE U3METbUYEHUE CTPYKTYPBI, 00eCIIeYMBaEMOE MEIKUM U
CBEPXMENKUM OCHHUTHBIM (heppuUTOM, HO U (OpMUpOBaHUE OCHHUTA ONMPEACIIEHHOTO THUIIA.
Hanpumep, BSI3KOCTh YyBCTBUTENbHA K TUIy M pacmpeneneHuro BTopor ¢aspl. [losTomy
OUYEHb BAXKHO MOHATH MOpQOorvio OeiHUTa Ha YpOBHE, KOTOPBI KOHTPOIUPYET CBOMCTBA
Marepuana. beHHNUT — BecbMa CJI0KHAsl CTPYKTypa Il KOJIMYECTBEHHOW MHTEPIIPETALUU, €ro
XapaKTEPUCTUKU HE BBISBISIIOTCS C TIOMOIIBIO ONTHYECKOM MHKpockonuu. OcHOBHas
npobiieMa KOJMYECTBEHHOM OLIGHKH OEWHHUTa B CTPYKType — ormpeneieHue 3P¢GeKTUBHOTO
pa3Mepa 3epHa, T.e. TUIA TPAHUI] U HX PA3OPHUEHTHPOBKHU, OMPEICISIONIMX MPOYHOCTh U
BA3KOCTb METalIa.

Ha mnpumepe cramu O0SI'IMbB BapbupoBanue TemmeparypHO-AedOpMaliOHHBIMH
peKUMaMU KOHTPOJIMPYEMOH TMPOKATKW B COYETAHUHU C YCKOPEHHBIM OXJIaXJICHUEM
MO3BOJISIET MOTYYUTh HIMPOKHUHA CHEKTP CTPYKTYP: MOJUTOHATIBHBIN M HEMOJIUTOHHBIN (eppuT,
BEPXHUN OCHHUT, a TaKkXKe YacTHIbl KapOOHUTPHUIOB paznuyHoi mopdornoruu. Hampumep,
nocie aeopManuy Mpu OTHOCHTENBHO BBICOKHMX Temmeparypax (1000-1050 °C) Gombinas
4acTh HUOOHS OCTAETCsl B TBEP/OM Y-PACTBOPE M BHIACISIETCS B X0/¢ (Y-0)-TPEeBpAIICHHS B O.-
(aze npu yCKOpEHHOM OxJIaxaeHuH B popme aucrepcHbIx yactui NbC pazMepom 0KoJo 5
HM. [opsiuast mnactuueckas aeopmanus B unHrepaiie temmepatyp 930-970 °C u Huxke
WHUIMUPYET UWHTCHCUBHOE BblJElIeHHE B Yy-(ha3e pPaBHOMEPHO paCHpEelesICHHBIX,
HekorepeHTHBIX yacTul] Nb(C, N) u (Ti, Nb)(C, N) pazmepom 150-500 MkM, HEe BHOCSIIHX
CYLIECTBEHHOIO BKJIaJa B YIPOYHEHHE. B 3aBUCUMOCTHM OT pEXUMOB IPOKATKH U
OXJIQXKJIEHUSI MEXaHWYEeCKHE CBOWCTBA IpPOKAaTa MEHSIOTCS B IIMPOKOM JWamna3zoHe (Mpeaesn
tekydectu ot 508 mo 620 H/MMZ). HawnGoiee BbICOKHE MPOYHOCTHBIE CBOMCTBA JIOCTUTAOTCS
IpU OXJIAXKACHUU W3 HWKHEH uyacTu y-obmactu jao Temmepatyp 550-500 °C. Ilpu stom
dopmupyeTcss  QUCIEpPCHAas  MHUKPOCTPYKTYpa,  COCTOSIIAs M3  MEJIKO3EpPHHUCTOrO

MOJINTOHAJTBHOTO, KBa3UTIOJUTOHAIBHOTO (peppuTa u OeHHTA.
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1.1.3 Bpennblie npumecH, JTUKBAIUS

PeanbHO nmocTHTaeMble COAEp)KaHUS HEKENATENbHBIX MPUMEced B TPYOHBIX CTalsixX
cocrarisitot (%): 0.008-0.010 docdopa; 0.001 cepsr; 0.003 azora; 0.001 obirero KuciIOpoaa;
0.0001-0.0002 Bomopoma [16]. Cranmaptel AMepukaHckoro Hedrsnoro umucrutyta (API)
pEerJaMeHTUpYyIOT TOJBKO mpezenbHoe conaepkanue cepol (<0.06 %) u docdopa (<0.04
%).Cornmacio  CTO Tasmpom 2-4.1-713-2013 [6], periaMeHTUPYIOTCS —CIICAYIOIINAE
npenenbablie KoHIeHTpamun (%): 0.015 dpocdopa, 0.005 cepsr, 0.009 azoTa.

Besti cepa, comepkamiascs B MeTajule, HaXOAWUTCS B CYJIb(UIHBIX BKIIOYCHUSX,

KOTOpBIE YXY/IIAIOT JKCIUTyaTalldOHHbIE CBOMCTBa craned. [lo 3TOM mnpuymHE CcTaib
HEOOXO0IMMO MOBEPraTh ACCYIbPypaIiu, a TaKkKe MOTUPUKAIIMA CYJIb(QUIHBIX BKIFOYCHUN.
Bonbmast 4dacTh cepwl yaaisieTcs YK€ B XOA€ JIOMEHHOTO TIpolLecca M TOCIEAYIONIeH
necynbdypanuu KuIKOro 4yryHa. J{OOUThCS CBEPXHHM3KOTO COICPIKAHUS CEPbl MOKHO
TOJILKO JIeCYIb(pypanueii KHUIKOH CTAIU B KOBIIE, YTO OCYIIECTBIIICTCS C UCIOIb30BAHUEM
peareHToB, 00JIaAAIONINX BEICOKAM CPOJICTBOM K CEpe — COJIbI, MATHUS, U3BECTH, COCIMHEHUI
KaJIbIHA U PEIKO3EMEIbHBIX METAJIOB.
Bxitouenus cynb(puIoB, B 4aCTHOCTH, OTPHILIATEILHO BIMSIOT HA KOPPO3HOHHYIO CTOHKOCTh
meraiia. M3eectro [17], 4ro cynbdua wmapranma siBiasercss HauboJjice AaKTUBHBIM C
KOPPO3HOHHON TOYKH 3pEHHsI B KOPPO3UOHHOCTOWKHX CTANISAX B XJIOPUAHBIX M OPOMHUIHBIX
cpenax (Kak B pa30aBIeHHBIX, TaK U KOHIIEHTpUpOoBaHHBIX) ipu pH ot 0 10 7.

Takue 37eMeHThI, KaK MeJlb, OJIOBO, MBIIIBSIK U CypbMa, HE MOTYT OBITh YIaJCHBI C
MOMOIIBI0 OOBIYHBIX CPE/ICTB KOBIIOBOM MeTayutypruu. IIpu cHMXeHMH copepikaHus cepbl U
KHACJIOpO/a B CTaau Bo3pactaerT BiausHue Sn, Sb, Pb, As na cBoiicTBa Meramia Kak
MOBEPXHOCTHO AaKTHBHBIX D3JIEMEHTOB, OOOTAlIAIOIIUX TPAHUIBI 3€PEeH W CHUKAIOIINX
OPOYHOCTh M YIApHYIO BSA3KOCTh MeTajula, TEMIepaTypy XpYyNKO-BA3KOro Iepexojaa H
KOpPpPO3UOHHYIO cToiiKocTh. CymmapHoe conepxkanue (As, Sb, Sn, P, Zn, Bi) He I0KHO
npesbimath 0.02%, (Cu, Ni, Cr) — 0.05 % (ecnu He ABISAIOTCS JerHpyromuMu). [TosTomy
THIATENBHBIA 0TOOP CKparia, OCHOBHOT'O MCTOYHHUKA THX, KaK MMPABHIIO, BPEAHBIX 3JIEMEHTOB
B pacIuiaBe, SIBJISIETCS] €AMHCTBEHHON BO3MOKHOCTBIO CBECTH K MUHHMYMY UX COZEp)KaHUE B
CTaJIH.

B manonepnutHbix TpyOHBIX cTansx ¢ Nb u Ti, a Takke B BBICOKOIMPOUYHBIX TPYOHBIX
CTalsix OCHHUTHOTO Kjlacca, MHUKPOJIETHPOBAHHBIX B, a30T sBiseTcsi BpemHOW MPUMECHIO.
[TpucyTcTBYs B TBEpAOM pDAcTBOpPE, OH IMPHUBOJUT K IMOHM)KEHHUIO Mpenesia TeKy4dyecTH WU
BPEMEHHOI'O COINPOTHBIIEHUSI roToBoro mpokata. Coxepskanue asora Oosee 0.007-0.010 %
MOXXET BBI3BIBATh H30BITOYHOE BBIIEIECHUE KapOuaHOW (a3l HUOOWS B ayCTEHUTE,

Y4YaCTBYIOIIETO B MPOLIECCE TUCIEPCUOHHOTO TBEp/eHUs (eppuTa, BCIEACTBIE YMEHbILIECHUS
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pactBopumoct Nb(C, N). OTpunarenbHOE BIUSHHE a30Ta MOXXHO HEUTpPaIU30BaTh IMyTEM
BBEJICHHSI MUKPO100aBOK Ti [uisi CBSI3BIBAHMS a30Ta B BEICOKOTeMIiepaTypHyto ¢a3y TiN. [Ipu
3TOM HEO0X0JWMO, 4YTOOBI COJEepKAaHWE THUTAaHA IMPEBHILANO COJACPKAHME a30Ta II0
cieayromeMmy cootHomennto: Ti (%) > 3.42 N (%).

[TpucyTcTBUe BOAOpOAa B CTaIH MPUBOANUT K BPEMEHHOMY CHMIKCHUIO TUIACTUYHOCTH.
JIMKBallMOHHBIE ~ HEOJHOPOJHOCTH  CIOCOOCTBYIOT — BOJOPOAHOMY  PACTPECKHBAHHMIO.
CompoTuBieHne pa3pylIeHUIO TOHIKACTCS C yBEIMYEHHEM KOJIMYECTBA TMEpiIuTa |
Ccynb(puI0B.

®ochop OTHOCHTCS K YUCITY 3JIEMEHTOB, 00JIaJalONIMX HauOOJBINEH CKIOHHOCTBIO K
JUKBAllMM U OOpa30BaHMIO CErperauu Mo rpaHunaM 3epeH. OCHOBHBIMH MeEXaHU3MaMH
BiusHUsA (Gocopa Ha CBOICTBA CTamM SIBIAIOTCS HMHTEHCHBHOE YIPOYHEHHE 3a CYET
00pa3oBaHUsl TBEPAOrO pacTBOpa M ociabieHue MexX(a3HbIX U MEXK3EPEHHBIX T'PaHHUI]
BCieACcTBHE oOpasoBanus cerperammii [18, 19]. Bausaue comepxkanus ¢ocdopa (0.002—
0.040%) Ha 750 3aBHCHT OT THNA CTPYKTYPbl W YCIOBUH OXJaXKACHUS (Xapakrepa
paspyiueHusi). BnusiHue ypoBHS NPOYHOCTH (TUIIA CTPYKTYPbI) Ha XapakTep 3aBUCUMOCTU Txg
oT cozaepxkanust pochopa omuckIBaeTCs cienyroriei 3aBucumoctoio: Tso = 0.454 6, P, rae P -
coaepxanue dochopa B % macc.

ComnpoTuBiIeHNE BA3KOMY pa3pyLICHUIO CHUKAETCS C TOBBIIICHHEM COACPIKaHUS
docdopa u mpouHoCTH cTamu coriacHo ypasHeHuto: AKCV™ = —0.257 o, — 374P. B
HU3KOJIETUPOBaHHoii cramu  Qochop cmabo camkaer KCV™ (ympounenue TBepaoro
pacTBopa), AJs OoJiee IerupOBaHHON CTallU BIUSHUE BO3PACTAeT.

OddexT yaydmieHus XJIaJOCTOMKOCTH OT CHIDKEHUs conaepkaHus (docdopa,
BO3PACTaeT C YKPYITHEHHEM 3€pHa, T.e. YeM Mellb4ye 3epHO, TeM MEeHbIe BiusHUE (ocdopa.
[Tocne n3zorepmuueckoil Bbiaepkku mpu 550 °C (MMHTALMsT CMOTKH B PYJIOH) BIIMSHHE
dochopa M 3aBHCHMOCTh OT cocTaBa (THUIIA CTPYKTYpbl) YCHJIMBAIOTCSA (OTIYCKHOE
OXpYITYMBAHUE).

Heo6xomumo cumkenune coaepxkanusi Gocdopa ¢ 0.02 mo 0.01 % nns gocTrxeHHst
BBICOKOM BSI3KOCTH IJisi cTaned kareropuii mpounoctu X80-X100 (o, >680-800 H/MMZ),
UMEIIUX OCHHUTHYIO CTPYKTYpY, Ipu coaepkanuu yriepona MeHee 0.05 % u cepsl MeHee
0.002 %.

Bmusiane Qocdopa B KOHCTPYKIIMOHHBIX CTalsIX B 3aBHCUMOCTH OT CTPYKTYPBI
omucano B [20]. B paGore [21] paccmoTpeHo BnusiHue ¢ochopa Ha CONPOTHBICHHE

pa3pyLICHHIO CTAJIEH, TOABEPIHYTHIX KOHTPOJIUPYEMOM MPOKATKE.
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1.1.4 Hemeramnueckue BKIIOUYEHUS

Hemeramnmueckne  Brmrouenus (HB)  sBmstores  Baxkuedmmm — axTopowm,
XapaKTEPU3YIOIUM «METAJLTYPrU4ecKoe» KadecTBO CTald. B YacTHOCTH, BKIIOYCHUS
CHI)KAIOT MEXaHHYECKHE CBOMCTBA M OTPHUIATEIHHO BIHUSIOT Ha KOPPO3UOHHYIO CTOHKOCTH
TpyOOINPOBOJOB MpHU HKCIUTyaTanuu. Hampumep, cynbduIHbIE BKIIOYEHUS YXYALIAIOT
yIIApPHYIO BS3KOCTh CTaJIM JIaXKe MPH CaMbIX MAJIBIX COJCPKAHUSAX.

Cornacao CTO T'aznpom 2-4.1-713-2013 [6] HOp™MBI 3arpsisHenHOCcTH HB cramu s
TpyO kareropum E cocrtaBmstor (Gamibl, cpemHuidl/MakcuManbHbIN): cynbbuasr 1.0/1.5,
OKcubl (cTpodeuHble, TodeuHble) 2.0/2.5, cumukaTtel (Xpynkue, mmiactuuasie) 2.0/3.0,
(menedopmupyemsie) 2.5/3.0.

XuMudeckuil 1 Ga3oBbIil COCTaB BKJIIOUEHHI OOBIYHO CIIOXKHBIN, U €r0 BaKHO 3HAThH
JUISL IUarHOCTUKU UX TpoucXoxkaeHus. Ho kauecTBo MeTasia 3aBUCUT HE CTOJIBKO OT OOIIEro

KoJinyecTBa (00BEMHOM 10JIM) BKIIOYEHHH, CKOJIBKO OT [22-24]:

BHUaa, XUMHYCCKOI'O COCTaBa HCEMCTAJIIMYCCKHUX BKJIIOUCHUH,

pa3mepoB, GopM U pa3MEPHOTO paCIpeAeIICHUs] HEMETAUTHYECKUX BKITFOUCHUH,

IMPOYHOCTHU CBA3H HEMCTAINIMYCCKUX BKIJTIOUCHHH C ManI/IIIGf/'I;

NPOYHOCTHU CTAJH U BEIMYUHBI TPUIOKESHHBIX HAMIPSDKEHHH.

Jlns  ompeneneHus — KOIWYeCcTBa, pasmMepoB W Buga HB  ucnosbs3yrorcs
AaBTOMATHU3UPOBAaHHBIC METObI KOJIMYECTBCHHOTO MeTasuiorpaduueckoro anaimmuza [25]. s
aHanmu3a Mopdosiornu M cocTaBa BKJIIOYEHHMH MCIIOJIB3YIOTCS METOABI  JIOKAJbHOTO
PEHTI€HOCHEKTPAIbHOTO ~ aHaIW3a C  TIOMOINBI0  MHKPO30HJOB  MJIHM  CIIOCOOBI
ANIEKTPOIUTUYECKOTO BBIJCICHNS OCAAKOB C MOCIEAYIOIIUM aHAIN30M - METOAAMH MOKPOH
XMMHH, TeTporpaduu 1 peHTreHOBCKO# audpakimu [26]. B Tabnuie 3 mpuBeneHo cpaBHEHHE
pa3IMYHbIX MeTOJ0B aHann3a HB B cTansx ¢ TOUKM 3peHus SKCIPECCHOCTU U JOCTOBEPHOCTH

MOJIy9aeMbIX PE3yJIbTaTOB, MPEUMYIIECTB M HEJOCTATKOB METO10B [27].
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Tabmuma 3 - CpaBHeHHE

Pa3IMYHBIX METOJ0B aHalIW3a HEMCETAIIIMYCCKUX BKIIIOUCHHI B

cransix [27]
Pe3syabratr
MeTtoa uccijie10BaHUus Tpexver | Bpewms anajusa u Henpocrarku
aHAJIN3a | AaHAJM3a | peuMyllecTBa
MeToJ1a
MUKpOXUMUYECKU I 0CaJIoK 1 nenp XUMUYECKU I TpynoeMKocTb, CI0XK-
COCTaB HOCTb U HU3Kasl TOU-
HOCTb
DIIEKTPOXUMHUYECKOE obpaszenr | 2-3 qHa | AHanu3 TpynoeMKoCTb; CIOXK-
ocaxnenue ¢ anaauzom | 20-30r MOpP(OJIOTHH U | HOCTh, BO3MOHBI
ocajka cocraBa MOTEPU YaCTU OCajKa
BKJIFOUCHU U
Meramtorpadgudeckuii, | nummd, 20 mun | beicTpota Binusinue kauecta
OanbpHas OlEHKA (Ha- 10 cm? nutda, TpyI0eMKOCTh
npumep, ['OCT 1778- U CyObEKTUBHOCTD
70) OIICHKHU
ABTOMaTHUYECKHE i, 2-3 yaca | beictpora u Bnusinue xauectra
aHaAIM3aTOPbI 160 MM npeAcTaBuTeNb- | nunga, BIUSHUE
M300paxKeHUs HOCTb JJAHHBIX HACTPOEK U THIA
aHaJM3aropa
JlokanbHbIM g Crpykrypa n
neTporpaduyecKuii ($a30BBIi COCTaB
Pentrenosckuii g 2-3 yaca | JIOKaJIbHOCTB, Bnusgnaue kauectBa
MUKpOAHAJIN3 aHanmm3 cocTaBa | nummda,
1 Mopdosoruu CyOBEKTUBHOCTD
BKJIFOYEHU I pe3yJIbTaToB
OnTuueckas PDS nutidg 2-3 mun | Anamus Al, Ca Huzkast TouHOCTb,
CIIEKTPOMETPHUS 60 Mm? BO BKJIFOYECHHUSIX, | IOJYKOJUYECTBEHHBIE
BBICOKast pe3yNbTaThl
9KCIIPECCHOCTh
I"a3zoBb1l1 aHANN3 oOpazerny | 1 muH Beicokas ToJsIbKO MHTETpaAIBHBIE
Ir 9KCIIPECCHOCTD U | XapaKTEPUCTUKHU
TOYHOCTb

Opgnako, Ha

CETONHSIIHUN  JICHbB,

COOTBETCTBHUC Tpe60BaHI/I$IM HOPMAaTUBHO-

TEXHUIECKOU JAOKYMCHTAIIUU 11O XUMHUYCCKOMY COCTABY CTaliu, €€ MUKPOCTPYKTYPEC, HUCTOTC

M0 TPATUIIMOHHBIM HeMeTamndeckuM BkimtoueHusiM (HB), onennBaembiM o 'OCT 1778-70

[28], HekOTOphIM MEXaHHWYECKHUM XapaKTEPUCTHKaM HE TapaHTHPYEeT MPOCKTHBIH CPOK

AKCIUTyaTallMK U3-3a KOPPO3HOHHBIX MOBPEXKIEHUN TPyOOIIPOBO/IOB.

B psane ciaywyaeB, B TpaHCHOPTHPYEMBIX NPOAYKTAaX IPUCYTCTBYET BOJHAs CpEAa,

coJCpKalad CYJ'IB(I)B.TLI " XJIOpHUABI, SABJIAOMUCCA AKTUBATOPAMH KOPPO3UU YTIICPOAHUCTBIX

CTaJIel, a TaKkXkKe arpecCUBHbIE C KOPPO3MOHHOW TOYKM 3peHMs rassl — cepoogopon, COa.

[Tpu 5TOM Hen30exKHO MOSIBICHHE KOPPO3UOHHBIX MTOPAKEHUI MeTasIa.
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HccnenoBanus mokasaiy, 4TO HEMETAJUIMUECKHE BKJIIOYEHMS] MOTYT IOBIHUSATH Ha
KOPPO3HUOHHYK) CTOMKOCTh CT&JIM M, B YACTHOCTH, €r0 YCTOMYMBOCTb K MHUTTUHIOBOU
Koppo3un [29], KOPPO3HMOHHOMY PACTPECKHBAHUIO O] HANPSIKEHHEM U PacTPECKUBAHUIO
UHUIHHPOBAaHHOMY BogopoaoMm [30-34], cyabbuaHOMy KOPPO3HOHHOMY PacTPECKHBAHUIO
[35], 6uoxopposuu [36].

[To manneiM [37-39], Brmovenus cynbdunos (Ca, Mg, Mn)S u SiO; MoryT noBiusTH
Ha JIOKAJbHYIO KOPPO3UIO HHM3KOYIJIEPOIUCTOM cTamu B BOAHOM cpene. Cpemu 3TuX
BKIIOUEHUH, cogepxamux Ca u S, Hanboiiee arpecCUBHBIMU SIBIISIIOTCS BKIIIOUEHUS Cylbduaa
Mapraiia, a He3HaYUTEJIbHYIO OMACHOCTD MPEICTaBISAIOT COOO0M CHUITHKATHI.

KauecTBo Meramuia HampsMyro 3aBUCHUT OT TEXHOJOIMM €ro BblIIaBku. Ilpu
NPOM3BOJICTBE METa/Ia C TOBBIIICHHBIMH TpeboBaHusiMu 1o HB TexHonorus BHeneuHoH
00pabOTKM ¥ HENPEepPHIBHOW pAa3MBKU JOJDKHA COONIOAAaThCs B TOJHOM oObeme. B
MPOTUBHOM cllydyae, HeM30e)KHa 3arps3HEHHOCTh HE TOJBKO PHIOTEHHBIMU METKUMHU, MEHEE
10 mkM, BriIOYCHHSIMH (CyabGUAaMHU, ATIOMOCHIMKATAMH M Jp.), HO H KPYIHBIMH
BKJIFOYEHUSIMHU, 10 100 MKM, UMEIOIIMMH 3K30T€HHYIO TPUPOAY (IIIaKooOpa3yrolue CMECH,
iaku, oraeymnopsi) [40].

B Hacrosmiee BpeMs Ha 3aBojaX K TPYOHBIM CTalsiM OIpENEJICHHBIX MapoK, B
yacTHOCTH K ctanu 20KT, npeabsBisercs psii JTONOJHUTENbHBIX TPeOOBaHUI MO YUCTOTE
MeTajljla — HEMETAJUIMYECKUM BKJIIOYEHHUSIM. OTO CBSI3aHO C TEM, 4TO MeTaml TpyOo
JKCILTyaTUPYETCsl B arpECCUBHBIX YCIIOBHUSX, HAIPUMEP, B YCIOBUAX BBICOKUX TEMIIEpaTyp,
YTO MOYKET NPUBECTU K YCKOPEHUIO KOPPO3UOHHBIX IIPOLIECCOB.

B pa6ore [30] mpoBeneHa oleHKa METALTYpradeckux (aKTOpOB, TIaBHBIM 00pa3om
HEMETAJUTMYECKUX BKIIIOUEHUH, Ha KOPPO3MOHHOE pacTpeckuBanue noj HanpskeHuem (KPH)
(stress corrosion creaking; SCC) u Bomopoanoe pactpeckuBanue (hydrogen-induced cracking;
HIC) B HU3KOJIETHPOBAaHHBIX TPYOHBIX CTaiasx. IlokazaHO, YTO B BOJHBIX Cpelax ¢
HelTpaneHeIM PH u B cpemax, coxepkammx H»S, Ha pacrmpocTpaHeHHe TpemuH B
TpyOOIIpOBOJIE BIUSIOT HEMETAUINYECKUE BKJIIOYEHHS, B OCHOBHOM CYJIb(pHUABI Maprasua.
Takxe pa3TUYHYI0 YyBCTBUTEIHHOCTh K PACTPECKUBAHUIO CBSA3BIBAIOT C PA3HOU CTPYKTYpOH
MmeTasuia Tpyo.

B pabore [34] mpoBeneHa oleHKa BIUSHUS HEMETAUTHUECKUX BKIFOUCHHUN B TPYOHOU
ctamn X80 Ha BOJOPOJHOE PACTPECKMBAHHE U DJIEKTPOXUMHYECKOE TPOHUKHOBEHHUE
BOJIOpO/a B MeTayul. [loka3zaHo, 4To B MeTaJIe MPUCYTCTBYIOT BKITtOUeHHst okcuaoB Al u Si, n
BKIIIOUEHUSI CIIO)KHOTO cocTaBa, coaepxkamue Al-Mg-Ca—O. Bogopon coGupaercs B
OCHOBHOM Ha BKJIIOYEHHMSX OKCHIOB QlIOMMHHUS U KpEMHHS, 00pa3ysd KOHIEHTpaTop

HAIPsSoKCHUA.
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B pab6ore [41] npoBenens! ucciaenoBanus BiusHus Bkiaodennii Ha KPH B TpyOHoi
ctasim X70 B xucioi cpene. [lokazaHo, 4T0 BOZHUKHOBEHUE MUKPOTPEIIMH NPOUCXOIUT Ha
IpaHULIE METAUI-BKIIIOUEeHHE. B OCHOBHOM pacTpecKHBaHHE IIPOTEKAET HAa TPAHULE XPYIKUX
BKJIIOUEHUH, COZepKalluX alfOMUHUMA. [T100ymsipHbIe BKIIOUYEHHUS, COJIEpKallue KPEeMHHUI, a
taxke BraoueHus Mg-Ca-S He crmocoOCTBYIOT 00pa30BaHUIO TPEITUH.

B pabote [42] uzyueHo BiusiHHE (a30BOr0 COCTaBa U HEMETALUTMUSCKHX BKIIIOYCHUI
Ha pa3BuTUE JIOKanbHOM koppo3uu crameid 20 u 17'1C. IlokazaHo, 4TO KOpPpO3HOHHAS
CTOMKOCTB yriiepoaucToi ctanu 20 3aBUCHT W OT HEMETAaJUIMYECKUX BKJIIOYEHUN U OT (a3
nepauta u OeiiHuta. HeraTuBHOE BIMSHUE BKJIIOYEHUN, OCOOCHHO CyIb()HUIHBIX, Ha
KOPPO3MOHHOE TIOBEJEHUE MPEICTABICHO Il HU3KOJIETUPOBAHHOM MapraHercoaepkauiei
cranu 17T'1C.

B cepenune 90-x rojoB ObUIO MOKa3aHO, YTO OJHOW W3 MPUYUH CHIXKCHUS
KOPPO3UOHHON CTOMKOCTU TPYO B BOJHBIX Cpelax OKa3ajach MOBBIIICHHAS 3arps3HEHHOCTh
CTaJlel HEMETAJUIMYECKMMH BKIIIOUEHUSIMHU, COAEpXKallMMU Kajabluil. Takue BKIIIOUEHUS,
coJiepKallie KajdblUil B BHUAE OKCHIHOM WIM CYIb(UAHON COCTABIIAIOIIEH, IOIY4UIIU
Ha3BaHHWE KOPPO3MOHHO-aKTHBHbIC HemeTaundyeckue Brimodenuss (KAHB) [2]. Bsuio
BoIsiBIIcHO aBa Tiia KAHB [43-45]:

l Tunm — BKJIIOYEHUS HAa OCHOBE aJOMUHATOB KaJblMs, B HEKOTOPBIX CIydasx C
n00aBKaMH OKCHIOB MarHusi U KPEMHUS, M JPYTUX JIEMEHTOB.

2 TN — BKJIIOYCHHsS, MMEIOIIME OKCHUIHOE SIIPO MPOHU3BOJBHOTO XHUMHUYECKOTO U
¢azoBoro cocraBa ¢ 000104KOH Cynb(UAOB Kaublusa. Sapo Haubojee 4acTO COCTOMT M3
ATFOMUHATOB Kaiblusi ¢ pa3HbiM cooTHomeHneM CaO k Al,Oz, wHOrma C BBIICICHUEM
CyNnb(pUI0B MapraHia.

B [ITHNHWuepmer um. N.II. bapauna B 2004 r. Oblna pazpaboTaHa METOIMKA OLIEHKU
creneHn 3arpsasHeHHocTd cranu KAHB. Metonuka 3akimrouaercs B TpaBICHMM MeTailla
CHEIMAIbHBIMM PEaKTUBAMH W TOCJIEIYIOIIUM IOJCYETOM KOJMYECTBA OIpeieIeHHBIX
OKCHJIHBIX BKJIFOUCHHMH METOAOM onTHueckoi meramutorpaduu [1]. B pabore [46] nmokasamo,
YTO TNPUMEHEHUE PAacTPOBOM MMKPOCKOIHUHU JJIsl ONPENEICHHS KJIACCOB HEMETAIUIMUECKUX
BKJIIOYEHUH mo3BossgeT Oonee TouHo (B 2-5 pa3) ompeaenuts konmdectBo KAHB u
IIPOTHO3UPOBATh UX BIMSIHUE Ha MPOIECCHI JIOKATbHOW KOPPO3UU B CTAJIH.

B pabore [47] mokasano, uro npu miotHoctn KAHB Gonee 10 BKI/MM? CKOPOCTB
JIOKaJIbHOM KOppO3uu cocTasisuia oT 2 1o 28 mm/ron. Cranu, coaepxkamue KAHB menee 2
BKJI/MM?, HIMEJTH CKOPOCTh Koppo3uH He Goiee 0.9 MM/ToxI.

Ha OAO "Cesepcranp" npoBeneHa pabdora o ouenke 3arpssHeHHoctd KAHB craneit

TEKYHIETO IMPOMU3BOJACTBA C OAHOBPEMCHHBIM AHAJIM30M TCXHOJOTMYCCKUX IIapaMETPOB HX
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BBIIJIABKM M BHEMEYHOH 00pabOTKM IO IacrmopTaM COOTBETCTBYIONIMX IUTaBOK [48].
HccnenoBanust mokasanu, uto obOpazoBanne KAHB Hampsimyio 3aBHCHT OT KOJIMUYECTBa
BBEJICHHOTO B CTaJlb CUJIMKOKAJIBIIHSI.

JanpHeiiine uccieqoBaHus 00pa30BaHUS BKJIIOYEHMM MpPU  UCIIOJIb30BAHUU
pa3IMYHbIX MOIU(GUKATOPOB B Mpoliecce 00pabOTKH CTaIM U UX BIMSHUE HA KOPPO3UOHHYIO
CTOMKOCTD, NpHBEIU K 0TKa3zy ot tepmuaa KAHB. Hanpumep, B padotax [49, 50] nokasaso,
YTO aKTHBHBIE B OTHOIIEHUU KOPPO3UU HMU3KOJIETMPOBAHHBIX CTaJeld BKJIKOYEHMSI B BOJHBIX
cpelax MpeacTaBiIeHbl ropa3o OOIbIIMMH TUIIAMHU.

Onnako B psge pabor [51, 52] ormedeHo, 4yTO Ha KayecTBO TPYyOHOro Merajia
HauOoJIbIlIEE BIUSHUE OKAa3bIBAET pa3Mep BKIIOUEHHI, a HE UX COCTaB.

[Mocnenyromue  ucciaemoBanus  [53]  KOppo3WMOHHOW  CTOMKOCTH  TPYO,
SKCITyaTUPYEMBbIX B BOJHBIX Cpelax, IOKa3ajdh, UTO KOJIMYECTBEHHAas OIEHKa
3arpsisHeHHOCTH KAHB He MOXeT 0IHO3HAa4YHO KOPPEIUpPOBATh C PEeaTbHON KOPPO3UOHHOMN
CTOWKOCTBIO M CPOKOM OJKCIUIyaTallMl COBPEMEHHBIX cTajied. OTMEYEeHO, YTO aKTUBHOCTh
KAHB cymiecTBeHHO pa3iuyaercs B 3aBUCMMOCTH OT UX XMMHUYECKOTO U ()a30BOTr0 COCTaBa.
Takxe aBTOpbl OTMEUAIOT aKTyaJbHOCTh CO3/IaHUS HOBBIX METOJUK OLIEHKH KOPPO3MOHHOMN
CTOWKOCTH CTaJIel, UCIIOJIb3YEMbIX AJIsi CTPOUTENHCTBA HE(PTEIIPOMBICIOBBIX TPYOOIIPOBOIOB,
B 3aBUCHUMOCTH OT XapaKTEPUCTUK CTaJIEH.

AHanu3 nuTeparypbl IOKa3ajl, 4TO C HM3MEHEHHUEM TEXHOJOTui NPOM3BOACTBA
COBPEMEHHBIX TPYOHBIX CTajell, pPacCKUCIECHHBIX ATIOMUHHEM M KalblHICOAepKAIIUMU
MOIU(pUKATOPaMH, MPOU3OIUIM CYIIECTBEHHbIE W3MEHEHHMs B COCTaBE HEMETAJUTMYECKUX
BKJIFOYEHUH. B COBPEMEHHBIX CTalsIX MPUCYTCTBYIOT KOMIUIEKCHBIE KAJIBIMM W MarHui —
coJlepkalllie HeMeTaJUIMueckue BKIoYeHHs. Kak MoKa3bplBalOT MCCIEAOBAaHUSA, 3THU
BKJIIOUEHUS B MeETajule OTPHULATEIBbHO BIMSET KaKk Ha CBOMCTBa cTajei, Tak M Ha
KOPPO3UMOHHYIO CTOMKOCTBH B Ipolecce dKCIuryaTanuu. OLeHKa KOPPO3MOHHOIO IOBEIEHUS
BKJIIOUEHUN B 3aBUCUMOCTU OT THIIOB M KOJIMYECTBA BKJIIOYEHHM, a TakXke OT YCIOBUUI
AKCIUTyaTaluu TpyO sBJsieTcsl BaxHOU 3aaauyeil. [Toaromy pa3paboTka 3KCHPECCHBIX METO/I0B
KOHTpPOJISI 3arpsi3HEHHOCTH BKJIIOYEHUSMHU U COBEPLICHCTBOBAHHWE METOJOB OLIEHKH HX

BJIMAHUA HAa KOPPO3UOHHOC MMOBECACHNEC METAJlJIa ABJIAIOTCA aAKTyaJIbHBIMH.

1.1.5 TexHOMOTHH BBIIUIABKU TPYOHOU CTAIH

B nacrosmee BpEMA Ha MCTAJUTYPIUUYCCKUX MPCANPUATUAX CTPEMATCA K COKPAIICHUIO
OUKJIa TIUJIaBKH, IIOOTOMY B KHCIOPOJHBIX KOHBEPTCPAX M IJCKTPOAYTOBBIX II€HaX

MIPOU3BOJIUTCS TOJBKO BBIIUIABKA XUAKOW HepaUHUPOBAHHOHN cTanu. BeimnaBka cranei
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0oJiee CII0)KHOTO COCTaBa C BBICOKOM CTEMEHBIO YHUCTOTHI TpeOyeT 0coOO0W TOYHOCTH TpH
JIOBOJIKE. DTO BO3MOXHO TOJIBKO MPHU UCIOJIB30BAHUN COBPEMEHHBIX TEXHOJIOTUN KOBILIOBOM
METaJUIypruM, TO3BOJISIIOMIEH JTOCTUTAaTh OJHOPOAHOTO XUMHUYECKOTO COCTaBa, TOYHOTO
COOJIIOICHHSI TEMIIEPATYPhI Pa3IMBKH U 00ecIieueHus TpeOyeMOoi CTeleHH YUCTOTHI [54].

KoBmioBasi metamunyprus OxBaThIBaeT BCe MpoIEcChl OOpaOOTKU XKUAKOW CTalu B
pa3IMBOYHOM KOBIIIE, B arperare BaKyyMHpPOBAHHS WJIM YCTAHOBKE KOBII-II€Yb, a TAKXKE B
POMEXYTOYHOM KOBIIE W KPHCTALIM3AaTOPE MAIIMHBI HEMPEPBIBHOTO JHMThS 3arOTOBOK
(MHJI3).

Pa3HooOpasHble cpeAcTBa M TEXHOJOTHYECKHE IPOILECChl KOBIIOBOH MeETaTypruu
4acTO KOMOMHHUPYIOTCS, 00pa3ysl YeTKHE IIeTIOYKH, HeOOXOIMMBbIE B IMPOU3BOJICTBE CTAJIH
CHEUHATbHBIX MapOK M OOECIIeYHBAIOIINE COOTBETCTBHUE ONPEACICHHBIM TPEOOBAaHUAM IO
COJIEPKaHUIO JICTUPYIOLIUX JIEMEHTOB WIH JPYTUX J00aBOK.

N3BecTHO, 4TO TpyOHBIE CTaNM PACKHUCIAIOT ATIOMHUHHEM, COJEp>KaHUE KOTOPOTo
konebaercs or 0.02 mo 0.05 %. IIpu packuciIeHHH CTAIH ATIOMUHUEM B JKUJIKOH CTalu B
KayecTBE TIEPBUYHBIX MPOAYKTOB PEAKIHMHA PACKUCICHUS OOpa3ylOTCsS TYTOIUIaBKUE
BBICOKOTJIMHO3EMUCThIE OKCHIBI. BciencTBue IOKaldbHBIX MEPErpeBOB pACIIaBOB, Ha
y4acTKax B3aWMOJEWUCTBUS MPUCAKUBAEMOT0O B KOBII B OOJBIINX KOJIMYECTBAX aTIOMUHUS C
pPacTBOPEHHBIM B METAJUIE KHUCIOPOAOM, 3TH YaCTHIIBI BBIACISIOTCS B HAYaJIbHBIK MOMEHT B
KHUJIKOM BUJIC ¥ TIPU MEPEMEIINBAHUH JIETKO CTAIKUBAIOTCS APYT C APYTOM, U YKPYITHSIOTCS.
Kpome Toro, yactuiipl 061a1at0T BEICOKMM MEXK(a3HbIM HATSHKEHUEM U IJI0OXO CMavKBaIOTCS
MeTaiioM. [IoATOMy OHHM BCIUIBIBAIOT M3 METaljla U TOIJIOMIAIOTCS IIIAKOM C BBICOKUMH
CKOpOCTSIMH, BCIIEJICTBUE YETO COJEP)KaHUE KUCIOPOJa B KOBIIE TOCTUTAET MUHUMAIBLHOTO
YPOBHSI YK€ K KOHITY BBITTyCKa U3 mieur [55].

Kak mpaBmiio, B TpyOHOH CTaiu, pacKMCIEHHBIE ATIOMHHUEM, OCHOBHBIMH THIIAMH
HEMETAUTMYECKUX BKIIOUeHUN sBisiioTest Alp;O3 W MarameBble mmuHENM (B cliydae
UCIIONIb30BaHUsl TEPUKIIa30BOM (yTEpOBKM KOBIIEH), a Takke Ccynb(uabl MapraHia u
pa3iInYHble HUTPHUIBL.

B mocnenHue TopI Ha 3aBOJaxX MPUMEHSIOTCSI HOBBIE TEXHOJIOTUH BBITUIABKH CTAIEH C
UCTIOJIb30BaHUEM CHIIMKOKANbIUs. [IprMeHeHre CHITMKOKAIIBIIMEBON MMPOBOJIOKH MTPHBOINUT K
monupukanuu BrmoueHud  Al,O3 mo kumkux  amomuHatoB  Kanbiusa  (CaO-AlyOs,
3Ca0-2A1,03) npu Temneparypax BHemeuHoi oOpaborku cramu (1600-1670 °C). [lannas
nporierypa o0ecIieYMBaeT pa3IMBaeMOCTh CTAIM Ha YCTAHOBKE HEMPEPHIBHOTO JIUTHS 3a CUET
NpeJOTBPALICHUs 3apacTaHdWs CTakaHa. [Ipudem, Kak TMpPaBHIIO, CYIb(QHIBI KaJIbIHS
00pa3yloTCsl Ha OKCHUIHBIX MOJUIOKKaX. Mcxons m3 3Toro, (akTudecku Bce OKCUAHBIE U

CYHL(bHﬂHBIC BKJIIOYCHUS B pr6HOI>i cTaliu, paCKHCHCHHOﬁ AJIIOMHMHHUEM U KaJIbITUEM, MOXXHO
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OTHECTH K KOPPO3NOHHO-aKTHBHBIM.

Monudunupoanue cramu (BkimoueHuil Al,;03) KampimmeM SBISETCS CHOCOOOM
O0OprOBI C 3apacTaHus CTaKaHa-I03aTopa, MOCKOJIbKY OCHOBHON NPUYMHOW 3aTSTUBAHUS
MOrPY;KHOTO CTaKaHa-[03aTopa sIBIIIETCS OTI0KEHHE Ha €ro CTeHKax BKIroueHui A 1,03 [56].

B [57, 58] npuBOAST peKOMEHIAIMHK 110 COAEP)KAHUIO AFOMUHUS U KalbIUs B CTAJIH,
KOTOPBIC BBIPAXKAIOTCS B BHJIE COOTHOIICHHUS KOHIEHTPAIMH ITHX JJIEMEHTOB B JKHUIKON
cramu [Ca]/[Al] wm [Al]/[Ca]. HekoTopble CHEHHATUCTBI YTBEPXKAAOT, YTO TIJIABHBIM
MOKa3aTeieM Pa3lIMBaeMOCTH CTalld SIBJIICTCA COOTHOIICHHWE KOHIICHTPAIMHA KalbIHs |
Kuciopoga (pactBopeHHOoro Jubo oo6mero). Ilogbop oNTHMaIBHBIX COOTHOIICHHM
KOHI[EHTPAIlUU AIFOMHHHUS, KadbI[Usl W KHCIOpOAa Jii KOHKPETHBIX YCIOBUU PAa3JIMBKU
ompeseNsseT coctaB U Mopdonoruo GOpMUPYIOMIUXCS ATIOMUHATOB Kaiublus. 1o maHHBIM
pabot [57, 58], ontumansHoe cootHomienue [Ca]/[Al] momkHO coctaBiuaTh 0.14 u maxe
MmeHee; npu npousBoacTBe crai B OAO «Bomkckuil TpyOHBIH 3aBOJ» 3TO 3HAUCHUE
Haxoxautcs B mpenenax 0.12-0.20.

W3BecTHO, dTO i TEpeBOJa TBEPABIX QIIOMHHATOB KAIbLUS B JKUIKHC
koHmentpauss CaO B Hux JgomkHa cocraBiaste 40-60 % [59]. B mpormecce
moaupunuposanust CaO nuddynaupyer B yactuibl Al,O3, 00pa3ys Ha MOBEPXHOCTU KUJ-
KUl amomuHaT Kajbiusa. OcHOBHas mpoOiieMa MOAMGUUMPOBAHUS CTAIM 3aKJIIOYAETCS B
ONTHMH3AIMH PAcXoa KaIbIUHCOIEePIKAIETO MaTepraa, KOTOPBIA 3aBUCUT OT KOJIMYECTBA
BKItoYeHUH A 1,03, KOHIICHTpAIMK KHUCIOPOAA B CTAIM, TEMIIEPATyphl METalIla B MOMEHTBI
MPUCAKU KalbIUsl, OT BPEMEHU Havalla 1 OKOHYaHUSI Pa3IMBKU, CKOPOCTH Pa3IUBKU.

Hecynbdyparusa cranm, KoTtopas Mo OoJblied YacTH TPOBOAUTCS B KOBIIIE,
OCYIIECTBIISICTCS TTyTeM BIYBaHUS KaJIbIUS, aJTFOMUHUS WIH (TOPUIOB KAIbIUSI B PaCIUIaB,
100 MyTeM UX BBEJEHUS KaKHUM-THOO0 UHBIM ciocoOoM. [ 000HX MpoiieccoB HEOOXOIUMBI
WHTEHCHUBHOE TIEpEeMEIIMBAaHUE BAHHBI, KOTOpPOE OOECIEeYMBACTCS JIOMOIHUTEIBHON
MIPOTYBKOW MHEPTHBIM T'a30M, a TAK)KE TOBBIIIICHHE TEMIIEPATYPHI )KUKON CTAIH.

[TockonbKy a30T TOMAJAeT B paciiaB MPU KOHTAKTE MOCIEAHETO C BO3TyXOM, TO
HeoOXoauMo  u30eratb €ro BOBJIEUEHUS Kak BO BpeMsl MPOAYBKH  (BKIOYas
KOMOMHHMPOBAHHYIO), TaK M TMPH BBITyCKE XUAKON cramu. [lng ymaneHus azora oOpaboTka
TUTABKW B KOBIIE MPOBOJUTCS TOJ CIIOEM 3aIIUTHOTO IIIaka. A30T TaKKe MOXKET YAIAThCS
I10JT BAKYYMOM C JIOTIOJTHUTEIIEHBIM TIepPEMEIITMBAHIEM aPTOHOM.

Huskoe copepxaHue BOIOpOAa TOCTUTaeTCsl BAaKyyMHPOBAaHHEM C WHTEHCHUBHBIM
nepeMennBanueM. Hapsimy ¢ yMeHbIIEHHEM COAEp:KaHHsI BOJOpOJa M a30Ta B pacIljiaBe

mnmponecc pgeradalliid B KOBHIC IIO3BOJICT IOJIYYUTh MHUHUMAJIBbHOC COACPKAHUEC CCPBI.
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[ToMumo gerazanuu, B BaKyymMe NPOXOJIAT 00€3yriepoKUBaHKE, JIETUPOBAHUE, PACKHCICHHUE
U y/aJIeHUEe BKIIIOYEHUH, HEOOXOAUMBIE JJIsl IOBBIILICHHUS CTEIICHU YHCTOTHI CTAIH.

ITpu BeimnaBke ctanu 20KT Ha OAO «Bomxkckuil TpyOHBIN 3aBO» TUMHUTHPYIOIIUM
3BCHOM TEXHOJIOTMYECKOW JTMHHUM JYroBas CTaJICILIaBUJIbHAS I1€Yb — YCTAHOBKA KOBUI-IIEYb -
VD-BakyymMarop — MallliHa HENPEPBIBHOIO JIUThS 3arOTOBOK MOXKET SIBJIATHCS IPOLECC
Pa3JIMBKH B CiIydae 3apacTaHMs MOTPYKHOTO CTaKaHa-103aTopa. ITO CTAHOBHUTCSA TeM OoJee
ONACHBIM, €CJIM PAa3JIMBKY MPOBOIAT C MPEAEIbHOW CKOPOCTBIO, JOMYCTUMOW JUIsl TaHHOU
ctainy. [losTomMy JUIst MOOU(PUIMPOBAHUS CTAU UCIONB3YIOT CHIMKOKAIBbLUEBYIO IIPOBOJIOKY
CK30, xoTopyro BBOAAT B pacIUlaB IIOCJIE€ BaKyyMHPOBAaHMs M OTJAa4yd AJIOMUHUSA IEpE]
nepenayeii kopma Ha MHJI3. B pabote [60] moka3zano, 4To0 MOIUPHUIIMPOBAHHBIC BKIIIOUCHHS
UMEIOT O000JIOUKY W3 allOMHHAaTa Kajblusg He3aBUCcUMO oT pacxoma CK30, T.e. mpu
MOIUGUIMPOBAHUU  CTIM  CO3JAKOTCS  YCIOBHMS Ul IPENYHNpPeXAECHUs 3apacTaHus
NOTPYXKHBIX CTAKaHOB-103aTOPOB. YacTh BKJIIOUEHUN B CEPEAMHE IIOUYTH MOJHOCTHIO COCTOUT
u3 A1,03, 9acTh — U3 aTFOMUHATA KAJIbLHUS.

[IpumeHeHnEe COBPEMEHHBIX TEXHOJOTUI BHENEYHOH OOpaOOTKH CTajlu IPUBOJUT K
00pa30BaHUIO PpA3JIMYHBIX TUIOB BKJIIOYCHUHA. HecoBEepIIEHCTBO TEXHOJIOTUI MOXET
IIPUBOJUTH K IOBBIIIEHUIO 3arPSA3HEHHOCTH METalllla HEMETAJNIMYECKMMM BKIIIOYEHUsIMU. B
Clly4ae NPUMEHEHHUs KOMIUIEKCHOI'O PACKHUCIIEHHUS KalbLMH COJIEp)KallUMH IpHUCAJKaMHU C
LeJIbI0 MPEOTBPAIECHUS 3apacTaHUs MIOTPYKHOTO CTaKaHa-103aTopa B CTall 00pa3yroTcs U
KOPPO3UOHHO-aKTUBHBIE BKIIOYEHHUA. [103TOMYy KOpPpEKTHpOBKa PEKMMOB IPU BHENEYHON
00paboTKe CTaJM C 1eIbI0 MOBBIIIEHHUS YUCTOTHl METaIa 10 HEMETAJUTMYECKUM BKIIFOUSHHUSIM

PAa3HBIX THIIOB ABJIACTCA aKTy&HBHOﬁ.

1.2. Koppo3us TpyO6oIIpoBo10B

1.2.1 lpupoHBIe KOPPO3UOHHBIE CPEIBI

Ha He]TsHBIX U ra30oBbIX MECTOPOXKAECHUSIX COBMECTHO C HE(THIO M ra3oMm 3ajeraer
IUIacToBass BOJa. Pa3nuuHble MECTOPOXKIEHHsS MOJpa3yMeBalOT MHOrooOpa3ue THUIIOB
no/a3eMHbIX BoA. lccrienoBaHue IUTACTOBBIX BOJI SIBJISIETCS Ba)XHOW COCTaBISIOLIEH IMpHU
MPOTHO3UPOBAHUH YCIOBHM HEPTEra30400bIYU C TOUKH 3PEHUS] KOPPO3UOHHOTO BO3JIEHCTBUS
Ha METAJUIOKOHCTPYKIMH. [[J1s XapaKTepUCTUKU MOI3EMHBIX BOJ HE(PTSAHBIX MECTOPOKICHUN
HIMPOKOE pacnpocTpaHeHne nonyudwna kiaaccudukanus B.A. Cymuna u [lamemepa [61].
Knaccudpukanus CynuHa OCHOBaHa Ha T€HETHMYECKOM IPUHLUIIE, COIJIACHO KOTOPOMY

q)OpMI/IPOBaHI/Ie XUMHYECKOI'0 COCTaBa BOA IMPOUCXOAUT B OIIPCACICHHBIX YCIOBUAX U
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BCJIE/ICTBHE IPOIECCOB B3aUMOJICHCTBUS BOJ ¢ mopojgamu. ['nmyOuHHBIE BOJbI HE(DTAHBIX U
ra3oBBIX MECTOPOXXICHUI, HECMOTpS Ha BO3PAaCT U COCTaB CJAralONIMX WX MOPOJ,
MPUHAJICKAT 10 CBOEMY XMMHYECKOMY COCTaBY K CIICAYIOIIUM THUIIAM: XJIOPKaJIbIIHEBOMY,
TUAPOKapOOHATHO-HATPUEBOMY W B HE3HAYUTENBHOM CTENEHH K XJIOPMarHhueBOMY U
cyibdarHo-uaTpuesomy [62].

OCHOBHBIMU BOJaMH HE(PTSHBIX M Ta30BBIX MECTOPOKICHHUM SBJISIOTCS BOJBI
XJIOPKAJIBIIMEBOTO THUITA — TITyOWHHBIC ¥ THAPOKAPOOHATHO-HATPUEBOTO — KOHTUHEHTAIILHEIE.
Pexe BcTpewaroTCsi Ha KOHTUHEHTE CYlb(paTHO-HATPUEBBIH TUO BOA U B MOpe
xjopmarHueBblii tumn. Ilo mepe yriyOienus B Hempa HIET mIpeoOpa3oBaHue BOJA OT
THIPOKapOOHATHOW TPYMIbl K CyabGaTHBIM M XJopuaAHbIM. Ha Oonbimmx riryOmHax
TUAPOKApPOOHATHO-HATPUEBBIM THI BOJABI IEPECTaeT CYIIECTBOBATh M MOSBISCTCS
XJIOPMAarHUEBbIM TUI BOJ — KaK MIPOMEXYTOUHAsI CTYIEHb MPeoOpa3oBaHus BOJ B KOHEUYHBIN
TIyOMHHBIA  XJIOpKaibLMeBbI  Tun.  MHorma  ruapokapOOHATHO-HATPUEBBIA  THII
HETIOCPE/ICTBEHHO MEPEXOANUT B XJIOPKATBIIMEBBIN THII.

IlokasaTenem coxepkaHus COJIEH B IUIACTOBBIX BOAAX  SBISIETCA  CTEIICHb
MuHepanu3zauuu B /1 wiu /100 Ma  pactBopa. MuHepanu3alus IUJIACTOBBIX BOJ
He(TEra3oBbIX MECTOPOXKICHUNH MEHSETCS B IIMPOKUX MpPEJesax U ONpeAemsieTcs] MO LIECTH
rimaBabIM HoHaM (CI, 8042', HCO5, Na’, Ca2+, Mgz+). Taxxe pacpocTpaHeHbI KapOOHAT-UOH
(CO5%), mona kamus (K) u xenesa (Fe* u Fe** ). Tum mmacrosbix Box ompenmensercs
COOTHOIIIEHUEM HOHOB PACTBOPEHHBIX COJIEH.

Bce mpupoanbie BOIBI COAEpKaT PacTBOPEHHBIE Ta3bl, TaKUE KaK KHCIOPOJ, a3oT,
YTJIEKHUCIIBIN Ta3, CEPOBOJOPO/I, TeNnii U aproH. Ha HedTerazoBbIXx MECTOPOKICHHUSIX B BOJAX
TaK)Ke MPHUCYTCTBYIOT YTJIEBOJOPOIHBIC Ta3bl — METaH, 3TaH, MpomnaH. Poct MuHepanu3anun
CIOCOOCTBYET YMEHBIICHHIO PACTBOPUMOCTH B HEH Tra3oB. YBeEIMUEHHE PACTBOPEHHBIX B
BOJIC COJIH JI0 ONpEAeNeHHOTrO TMpe/ena YBeIMUYUBAeT CKOPOCTh KOPPO3HUH, MOCKOIBKY COJH
SIBIITFOTCS JICKTPOJIMTAMH, TTOBBINIAIOIINMU JIEKTPOIPOBOTHOCTE cpebl. [Ipu manpHemem
YBEJIMUEHUU MUHEPATU3AlUNA CKOPOCTh KOPPO3UHM CHUKACTCA. DTO CBS3aHO C TEM, 4YTO B
MUHEPATU30BaHHOW BOJI€ CHIKAETCS pacTBOPUMOCTH yriekucioro raza (COz) u kuciopoaa.
A Tak ke BO3pacTaeT BSI3KOCTh BOJbI, YTO MPUBOAMT K CHIDKEHUIO MU(D(y3un KucIopoaa K
KAaTOJHBIM yYacTKaM Ha IOBEPXHOCTH TpyObl. [lpm yBenwveHWHM MmaBlIeHUsS B TpyOe
noBbIaeTcs: pactBopuMocTb CO2 U yCKOpSETCA MPOUECC THAPOIU3a COJIEH, UYTO TPUBOJIUT K
YBEJIMUYEHUIO KOPPO3UH.

[Ipu pa3zpaboTke MECTOPOKACHHUIA OCYIIECTBISIOT THAPOXUMUIECKUI KOHTPOJIb MPod
KHUJIKOCTEW CO CKBaXHH, TJIE CO BpeMEHEM HaOJIr01aeTCsl HK3MEHEHHE KOMIOHEHTHOTO COCTaBa

U MUHCpaIn3alvi BOJBI. HpI/I‘II/IHaMI/I OTOro CIIYKHUT KOMIIJICKC T'€OJIOrO-TCXHUYCCKUX U
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TEXHOJIOTHYECKUX (akTopoB [63-65]. I'mapoxumMuueckuii KOHTPOJb BBIKAYHBACMON U3
CKBQKUHBI KHUJIKOCTU TaK)Ke KOHTPOJHPYET CTEIECHb €€ OOBOJHEHHOCTH, MOCKOJBKY, YeM
BbIlIE OOBOJIHEHHOCTh, TEM BBIIIE arpeCCMBHOE BO3/CHCTBHE HA METAUIOKOHCTPYKIUU. B
OOBOJHEHHOM cpele COoJep>KaTcsi KOPPO3UOHHBbIE OMNacHble Tra3bl (YIJIEKUCHIBIA ras,
CEPOBOIOPO U KHCIIOPO), OaKTepUu U Ipyrrue KOPPO3UOHHBIE areHTHI.

[Ipu OypeHHMH, KanmWTaTbHOM PEMOHTE M WHTCHCU(DHKAIIMH CKBAXXUH HUCIOIB3YIOT
TEXHOTEHHbIE BOJBL. JTO TEXHOJOTHYECKHE PACTBOPHI M KUJIKOCTH Ha BOJIHOM OCHOBE C
MuHepanu3anuen 6osee 40 /.

[TnacToBbie BOJIbI HEPTAHBIX MecTOpOXKAeHNH 3anaaHon Cubupu u Komu oTHOCSTCS K
XJIOP-KAJILIIUEBOMY THUIy, COJEPKAT 3HAYUTEIHHOE KOJHYECTBO CYIb(paTpe ylUpyOIuX
OakTepuil W arpeccCUBHbIE pACTBOPEHHBIE Ta3bl (YIJIEKHUCIBI Ta3 W CEPOBOJIOPON),
BBI3BIBAIOIINE KOPPO3HIO METAIIMYECKOro 000pyaoBaHMs. B 4acTHOCTH, MIacTOBBIE BOJBI
Ycrp-Terycckoro MmecropoxieHus: TrOMEHCKOM 00J1IaCTH OTHOCATCS K COJIOHOBATHIM BOJIAM C
oomIei MUHEpanu3auuen  mopsiaka 23 r/n, pH=6,42, U YHCIICHHOCTHIO
cynbdarpenymupyommx Gaxrepuii mopsiaka 107 KOE/Mn [66]. Tpancrmoprupyemast cpefa
MaMOHTOBCKOTO MECTOPOXKJICHHUSI COACPKUT HEOOIBIIIOE KOJIMUECTBO BoAbI (0Koyo 5 %). Ho
U Takas cpena umeeT oburyro Munepanusanuto 18.3 r/n, pH=6.0. CiaenyeT oTMETUTH BBICOKOE
pabouee npaBienue (okomo 12 arm) u Temmeparypy wusBiekaemoill cpeasl (45 °C).
Bononedrsnas smynbcus (okomo 70 % BombI) YCHHCKOTO MECTOPOXACHHS B PECIyOIIHKe
Komu sBisieTrcss Gosiee cosieHOM, ¢ oOmieit MmuHepanu3anuen 57,3 r/n, pH=7,1 u BbIcOKUM
coaepkanneM HyS u CO, paBubiM 65.1 1 82.9 mr/n cootBeTcTBeHHO [67].

B npeaenax OCHOBHBIX BOJIOHOCHBIX KOMILJIEKCOB YpeHronckoro
He(TEra30KOH/IEHCATHOTO MECTOPOXKIACHUS PACIPECIICHHE COJICHOCTH TOJ3EMHBIX BOJ]
HOCUT HEOJHO3HAYHbIX Xapakrep. OTMEYEHO CHHKEHHE MMHEpPAIU3alMKU IUIaCTOBBIX
3aKOHTYPHBIX BOJA C TiyouHol. [Ipum 5TOM CHUXKEHHE MUHEpaTU3alliid COMPOBOXKIACTCS
CMEHOHM THUTa BOJ C XJIOPHIHO-HATPHUEBOTO Ha THAPOKapOOHATHO-HATpUeBbId. [lmactoBas
BOJIa CCHOMAHCKOM 3aJIe)KU OTHOCUTCS K XJIOPUJIHO-HATPUEBOMY THITYy ¢ MHUHEpanu3amueit 15-
22 t/n. IIpu 3TOM B COJIEBOM COCTaBE AOMUHHUPYIOT XJIOPHIbI HATpUs U Kanus. B mpenemax
HEOKOMCKOT0 KOMIIIeKca (OoJiee TIyOOKOro) BapHaliu OOIIed MHHEepaTH3aIiy TIaCTOBBIX
BOJl HOCAT Oojee cCioxkHbIM XapakTep. C ToyOMHOW CKBaXMHBI THI BOJ MEHSETCS Ha
THIPOKapOOHATHO-HATPUEBBIH, X MUHEpaTU3alys yMeHbiaercs ot 14 1o 3 r/m1. [68].

Boap! Ypana umeror pazHooOpa3Hblii HOHHBIN conieBoii coctaB. Ha Boctounom Ypane
B OCHOBHOM  THJIpPOKapOOHAaTHbIE = MAarHUEBbIE  BOJBL.  Takke  PacIpOCTPaHEHBI
TUAPOKApOOHATHO-HATPUEBBIE W XJIOP-KaJbIlMEBbIe BOABL. OTIWYNUTEIHLHON OCOOEHHOCTHIO

MOA3E€MHBIX BOJ OJTOIO PpPEruoHa ABJIACTCA IMMOBBIIICHHOI'O0 COJACPKAHHUE YIITICKHUCIOTBL
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(HaCBIIIIEHHOCTh BOJI YIJIEKHCIOTOW MOXeT gocturath 80 u 6onee %). Munepanusanus BOJI
MEHSIETCS B IIUPOKOM Juarna3oHe oT 2-4 o 14-16 r/mn. [69].

Koppo3nonnsix wuccienoBanuid B permoHax KpaitHero CeBepa  BBIIOJHEHO
3HAYUTEJIBHO MEHBIINE W SIBIsAETCA HemoctaTouHbiM. I[lo mawbiM [70] 1utacToBbie BOJIBI
ra3oBOro MeCTOpPOXKIeHUS MeaBexkbe OTHOCATCA K CIa00arpecCUBHBIM U UMEIOT HHU3KYIO
MUHepanu3anuio npu HerrpanpbaoM pH (6.7-7.1). Conepxanue OukapOOHATOB U CyJIb()ATOB
HEBEJIMKO, KapOoHaThl OTCYTCTBYIOT. OJHAaKO H3-3a NMPHUCYTCTBUS B BoJe OWKapOOHAT- H
XJIOPUJI-MOHOB €€ CIeAyeT paccMaTpuBaTh KakK CIIOCOOHYIO BBI3BATh JIOKaJbHBIC BHJIbI
KOpPpO3UU U BOJAOPOIHOE OXPYMUYMBAaHUE, OCOOCHHO B 3aCTOMHBIX 30HAX, HAIpPUMEp O[T
OTJIO’KEHUSIMU TBEPJIbIX YaCTHULL.

B paifoHax ceBepHBIX MECTOPOXKACHUH KIMMAT W30BITOYHO BIAXKHBIHA, C CYpOBOM
MaJIOCHE)KHON 3MMOHM M pe3KUMU KoJIeOaHUSMHU TemIepaTyp B Jroboe Bpems roga. Lllupoxo
pacmipocTpaHEHbl 3aCOJICHHBIE MEP3IIbIE U OXJIAXJACHHBIE TPYHTHI, YACTO COJEpIKAIINUE JIMH3BI
He3aMep3aloluX OTpULATEIbHO-TEMIIEPATYPHBIX paccolioB — Kpuomneros. IlpucyrctBue
CoJiell CYIIECTBEHHO BIMSAET Ha TeMIepaTypy 3amep3aHusi (OTTauBaHMs) TPYHTOB, HX
coctosiHue, (a3oBBIi COCTaB BJard W MEXaHHMYECKHE CBOMCTBA. 3aCOJICHHBbIE TPYHTHI Ha
mectopoxaenusx Kpaitnero CeBepa OKa3bpIBalOT aKTUBHOE KOPPO3MOHHOE BO3JECHCTBHE HA
[0JI3€MHbIE TPYOOIPOBO/IbI, METAININYECKHE U KEJIE300€TOHHbIE KOHCTPYKIIUH.

Ha cesepe 3amanno-Cubupckoii paBHUHEBI TeMmIiepaTypa Kojeouaercs ot -60 °C 3umoit
u +38 °C nerom. Ha Teppuropun MecTOpoXkaeHUS MenBexXbe CHET JeXKHUT mouth 250 qHeil B
rony. IlouBel npencTaBieHbl B OCHOBHOM MHOTOMEP3JIBIMU I'pyHTaMH. [I0YBEHHBINH MOKpPOB
nocturaetr 30 cm, rmyOuna mpomep3anus — 5 M. [1ouBwI mecuaHble, BCTPEUAIOTCS CYIECH,
HEOO0JIbII0E KOJIMYECTBO CYIVIMHKOB, TOP(QSHUKUA U MIUCThIE OTJIOKEHUsS. [ pyHTOBBIE BOJBI,
Kak rpasuiio, npecusie [70].

Boggl, BBIHOCHUMBIE CKBa)XMHAMHU AcTpaxaHCKOro ra30KOHJIEHCATHOTO
MECTOPOXKACHUS, B OOJBITMHCTBE CIIy4aeB OTHOCUTCS K XJIOpKaJblIMeBOMY THMy (Oosee 55
%). Bonbl HeonpeieneHHoro Tuna coctaBisitoT 10 20 %, ruipokapOOHAaTHO-HATPUEBOTO THIIA
— 10 15 %, cynbdaTtHO-HATPUEBOIO M XJIOPMArHUEBOI'O THUIIOB BCTPEYAIOTCA B €IUHMYHBIX
ciaydasXx. OCHOBHBIE THIPOXMMMUYECKHE IIOKA3aTENM IUIACTOBBIX, IIOJOLIBEHHBIX U
MOJIOIIBEHHO -KOHJIEHCAI[MOHHBIX BOJ JTaHHOTO PErrMoHa UMEIOT CYLIECTBEHHBIE PA3IUYUSL.
CopnepxaHre OCHOBHBIX KOMIIOHEHTOB B MOJOLIBEHHBIX BOAAX 3HAYUTENBHO BbIle — 10 10
pas3, 4eM B KOHJeHCcallMOHHbIX. Haubonpiee pazinnune HaOM01aeTCs 10 COJACPKAHNUIO HOHOB
kamust — B 100 u Gonee pas: B MOJOMIBEHHBIX BOJAX XJIOPKAIbLMEBOrO THIA cojepskanue K

coctasysiet 470 Mr/i, a B KOHAeHCanOHHbIX — 3.1-4.6 mr/n [71].
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Takum oOpa3om, B pa3HbIX pernoHax Poccum mnpu [oObIYe  YIVIEBOAOPOIOB
CTAJIKUBAIOTCSl C Pa3IMYHBIMH arpecCUBHBIMH KOPPO3MOHHBIMU CpPEIaMHU, BBI3BIBAIOIIMMU
Pa3HBIN TUIT KOPPO3UOHHBIX pa3pylieHuid. B €eBponercKor YaCcTh U Ha FOre CTpaHbl OCHOBHBIM
COITyTCTBYIOIIUM arpecCUBHBIM KOPPO3HOHHBIM KOMIIOHEHTOM J0OBIBaEMBIX
ra30KUIKOCTHBIX CMECEH sBIsieTCs cepoBoaopo . Pernon 3anagHoit CuOMpPH CTaNIKUBAETCS C
npo6aemoii moBeimeHHoro conepxkanus CO2 mpu 100bIYe YTIEBOJOPOIOB.

[Ipu BbIOOpPE METAIIONPOLYKIIMM U METOAOB KOPPO3MOHHBIX MCIIBITAHUNA AJIs HEe,
IOMUMO Ha3HAY€HUs, JOINOJHUTEIbHO HYKHO YUYUTHIBaTh OCOOCHHOCTH 3KCILTyaTallUH.
Hanpumep, BakHa cragus pa3paOOTKM MECTOPOXIEHHs, Ul KOTOPOH XapaKTepHbl CBOU
TEXHOJIOTMYECKHE MapaMeTphl. [l Kakaol cTaauM XapaKTEpHO CBOE IUIACTOBOE JaBJICHUE,
00BOTHEHHOCTH U CIIOCOO TOOBIYH.

Jns mojpnep:KaHus IJIaCTOBOIO JABJIEHUS IMPUMEHSIOT 3aBOJAHEHUE CKBAXHH HIIU
3aKayKy rasza (HauumHass co 2 cTaguu A00biuM). B kadecTBe 3akaumBaeMoil KHMIKOCTU
UCIOJIB3YIOT pa3JInyHbIE BOJbI C Pa3HbIMU J00aBKaMH (I1LIE€JI0YHOE 3aBOAHEHHE, OJUMEPHOE
3aBOJIHEHUE, IPUMEHEHHUE AMYJIbCUN U MeH U T.1.). [logaepxka naBiaeHUs] OCYIIECTBISAETCS
JIONIOJIHUTEIbHBIMM ~ HAarHETaTeNbHBIMU CKBaXMHamMH. Bce TpyObl 1 3Tux wmene
noa0MparoTCs OIBITHBIM IIyTEM B 3aBUCUMOCTH OT IUIACTOBOIO JIaBJIEHUS, INIyOUHBI
CKBA)KMHBI U YCJIOBHUH 3KCILTyaTallUu.

Cy1iecTByrone METOJAUKH MPOTHO3UPOBAHUS TUIIOB KOPPO3HMHM, OLIEHKH CKOPOCTHU
KOppO3MH, B TOM 4HCJI€ JIOKaJIbHOH, HE YUUTBHIBAIOT BIMSHUS TUAPOJUHAMUKU
ra30’kKMJKOCTHOIO IIOTOKAa Ha KOPPO3MOHHBIM mpouecc. IlosydeHHblE € HMX IOMOUIBIO
IIPOTHO3bl OTBEYAIOT JAEMCTBUTEIBLHOCTU TOJBKO B TOM CiIydae, €CIM METalsl HaXOJUTCS B
MOCTOSSHHOM KOHTAaKT€ ¢ BOAHOM (ha30H, a CKOPOCTh JIBUXKEHUS BOAbI Maia. OueBUAHO, YTO
3TO YCJIOBHE HE BCErja BBINOJHSETCA Ui CKBAXHMH M TPyOOIpOBONOB. Pexum TeueHus
ra30’KHIKOCTHOW CMECH CYLIECTBEHHO BJIMSET Ha CKOPOCTh KOppo3uu [72-74].

[Ipun MonenupoBaHUM KOPPO3UOHHBIX MPOIECCOB B JIAOOPATOPHBIX WM CTEHJIOBBIX
YCIOBUSIX JKENATEeIbHO YYUTBIBATH XapakTep Ta30’kKUIKOCTHOTO IIOTOKA, IOCKOJBKY €ro
WU3MEHEHUs NPUBOIAT K pa3IMYHbIM BHMJIaM KOPPO3HOHHBIX IOBpexaeHui. J[leiictBue
aOpa3uBHBIX COCTABJSIOIIMX Ta30’KUIKOCTHBIX CMecell B 3aBHCHMOCTH OT THIIA IOTOKa
pa3INyHoO.

K coxanenuto, enuHas kiaccuukanus He(PTEIPOMBICIOBBIX CpeA IO CTENEHU
KOPPO3MOHHON aKTUBHOCTH OTCYTCTBYeT. HekoTopble HedTerazoBble KOMIaHMM Ha 0aze
CBOMX MCCJIEJOBAHNH, MOHUTOPUHTA U T.JI. PEAJIAraloT CBOIO «yCIOBHYIO» KJIaCCU(PUKALIUIO.

bonee 15 ner nazag «BHUUCIITHedTh» pa3paboTan pyKOBOASIIMNA JIOKYMEHT,

OTMCHIBAIOLIU I CTENEHb AarpecCUBHOIO BO3JCHCTBUS cpelbl Ha 00OpyAOBaHHE H
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TPYOOIIPOBOBI U3 YITIEPOJUCTON CTAIM B 3aBUCUMOCTH OT KOPPO3MOHHOTO MPOHUKHOBEHUS
[75]. B Hacrosimee Bpemsi OH (QopMaibHO HE ACHUCTBYET, HO BMECT€ C TEM OCTaeTCs
€IMHCTBCHHBIM NOJAPOOHBIM  JIOKYMEHTOM, (OpMalM3yrOIMM  MOAXOABl K  3alIUTe
o0opynoBaHusi OT KOppo3uH. JIOKyMEeHT IpeaycMaTpuBaeT aHalu3 JaHHBIX A7 pa3paboTKu
KOMILJIEKCa MEPONPUSITHIA 10 3alUTE OT KOPPO3UH, a TAKXKE KIACCU(PUKAIUIO CPEl HA OCHOBE
CTEIICHU arpeCCHUBHOTO BO3/ICUCTBHS U KOPPO3MOHHOTO TPOHUKHOBEHUS [76].

Wudopmanus o cocraBax IIACTOBBIX BOJ B PA3IUYHBIX PETHOHAX SIBIISETCS Ba)KHOU
HE TOJBKO Ui MPOTHO3HPOBAHHUS YCIOBUH HePTErazofoOblud C TOYKU 3pPEHUS
KOPPO3MOHHOTO BO3JICHCTBUS Ha METAUNIOKOHCTPYKIIMH, HO M [N MOJAETUPOBaHUS
KOPPO3UOHHOTO TOBEACHUS TPYOHBIX CTayicii B J1IaDOpaTOPHBIX YCIOBHAX. ABTOpHI [77]
IPOBOAWIN TEPMOJUHAMMUYECKHUE pACUYEThl O KOPPO3MOHHOM aKTHMBHOCTH BKIIIOUEHUH B
pasIMYHBIX [UIACTOBBIX BOJax B auanasone temmeparyp 10-80 °C. ITokasano, uto GOnbinas
YacTh BKJIIOYEHUN, KaK OKCHAHBIX, CYIb(UIHBIX, TaK W BKIIOUYEHUH CIIOKHOIO COCTaBa,
IPOSIBIISIIOT KOPPO3UOHHYIO AaKTHBHOCT.

Ha ocHOBaHMM HaHHBIX O COCTaBaxX IUIACTOBBIX BOJ OBUIM MOJ0OpaHBI MOZIEITHHBIC
pactBopsl i Koppo3uoHHbIX ucnbiTaHuit NS1-NS4 B mexxaynaponusix ctangaptax NACE
U aJanTHPOBAaHHBIX poccuiickux crtangaptax ISO 15156 [78].

J1o 90-X rr. cYMTaNOCh, YTO B BOJHBIX HEUTPAIBbHBIX CPElax KOPPO3UOHHASL CTOMKOCTh
KOHCTPYKLIMOHHBIX YIJIEPOJUCTBIX M HU3KOJIETHPOBAHHBIX TPYOHBIX CTaledl NpPaKTUYECKU
onuHakoBa [79]. OmHAKO OIBIT JKCIUTyaTallMd TPYO B BBIMICONMMCAHHBIX Cpeaax IMOKa3al
aKTyaJlbHOCTh MCCJIEIOBAaHUNH KOPPO3HOHHBIX IPOLIECCOB, MPOTEKAlIUX B cpegax ¢ pH

ONM3KUM K HeWTpanbHoMy [42, 43-45].

1.2.2 Koppo3sust TpyOonpoBoioB

PU3HKO-XUMHUYECKOE B3aUMOJICHCTBUE METAIINYECKUX KOHCTPYKIUH c
KOPPO3HMOHHBIMU CpEJaMU OXBATHIBAET JIOCTATOUHO IIUPOKHI KPYT SBJICHUM, YTO MPUBOJIUT K
pa3zHo00pa3ni0 KOPPO3UOHHBIX MPOIECCOB U KOPPOZUOHHBIX Pa3pYIICHHIHA.

[IpeuMyIieCTBEHHO KOPPO3MOHHBIE MPOLECChI, C KOTOPHIMU CTAJIKUBAIOTCS B
He(dTerazoBol OTpaciiv, MPOTEKAIOT MO JJIEKTPOXUMHYECKOMY MeXaHu3My. PaccMoTpum ero
0oJiee neTanbHo.

[Iponiecc koppo3um MeTamia MPOTEKAET, KaK MPaBUIIO, MO JJIEKTPOXUMHUYECKOMY
MEXaHU3My, COIVIACHO KOTOPOMY Ha MOBEPXHOCTH MeETajlsla MPOTEKAIT OJTHOBPEMEHHO JIBa
mporiecca: aHOIHBIN U KaTOIHBIN. DJIEKTPOHBI, OCBOOOKIAIOIINECS HA aHOJHBIX y4acTKax B

PE3YIbTATE OKUCICHUA METAJlJIa, IEPEXOAAT U3 METAJIJIa B paCTBOP, NCPETCKAIOT K KATOAHBIM
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ydacTKaM, T[I€ OHM pPAaCXOAYIOTCS Ha MPOLECCHl BOCCTAHOBIEHUS. AHOAHAA DPEAKIMS
pacTBOpPEHUs JKelie3a B OOJBIIMHCTBE CIyYaeB BBITILSINT CIEAYIOIINUM 00pa3oM:
Fe -2¢ — Fe?* (3)
[Tpumeps! KaTOAHBIX peaklii B 3aBUCUMOCTH OT BOJIOPOJHOIO Noka3aresns pH:

- B KHCIIOH cpene (BOJAOPOIHAS NCTIONAPHU3AIINS):

2H +2¢ —» H, (4)
NniIn
2H" +2¢ > H, (5)

- B HEUTpaJIbHOI WITH ILEJIOYHOU cpelie (KUCIOpOoAHAs IeNOosIpr3aus):

0O, +2H,0 +4e — 40H (6)

Ha nporexanue KOppO3MOHHBIX MPOLECCOB BIHAET PsiA (PAKTOPOB, B YACTHOCTHU
BennurHA pH pacTBOpa M KOHIIEHTpALUsl PACTBOPECHHOTO KHCIOPO/A.

Uccnenosanust [80] mokaszanu HezHauuTedbHOE BiUsiHUE PH Ha CKOpOCTh KOPpO3UH
OpU  KHUCIOPOAHOW JAETONSIPU3AlUU, TOCKOIBKY BCE OIPEAENseTcs PacTBOPUMOCTBHIO U
ckopocThio muddy3un kucnopoaa. C Apyroit cTopoHsl, oT 3HaueHud pH 3aBUCHT Xxapaktep
pacnpoctpanerust kopposuu [80, 81]: mpu pH Gonee 7.4 paBHOMEpHAss KOPPO3HUS TIEPEXOTUT
B SI3BEHHYIO.

CopepxaHue pacTBOPEHHOTO KHCIOpOJa B Cpele JJIEKTPOJIHMTAa  OKa3bIBaeT
CYILIECTBEHHOE BIUSHUE HAa WHTEHCUBHOCTh KOppo3uu. llpu yBenuyeHUM coaepraHus
PacTBOPEHHOTO KHCIOPOAa CKOPOCTh KOPPO3UH YBEIMYHBAETCS, IIPUYeM B Kucioi cpeae (pH
< 4.3) Oosiee WHTEeHCHBHO, 4eM B mienounoit (pH > 4.3). Ecnmu B BOJE OTCYTCTBYET
pPacTBOPEHHBIN KHCIOPOJ, TO KOPPO3HOHHBIE MPOILIECCHl MPOTEKAIOT TOJIBKO B KUCIION cpere,
Y TIPAKTUYECKU OTCYTCTBYIOT B HEHTPAIbHON U IIEJIOYHOM.

PacTBOpeHHBII KUCIOPO HHUIIMAPYET KOPPO3HUIO TPU OUYEHBb HU3KUX KOHIIEHTPAIUSIX
(menee 1.0 mr/m). Kucnopon He copepkuTcs B IPOAYKTUBHBIX IUIACTaX, U €r0 MPUCYTCTBUE B
KOPpPO3MOHHOH cpele Bcerza HMMeeT TEXHOTeHHOe MpoucxoxaeHue. IIpoHMKHOBeHHe
KHACJIOpO/a B Cpeay IPOUCXOAUT B pe3ylbTaTe HapyIIEHUs TePMETUYHOCTH HAaCOCOB,
3allOPHOM W PETryIUpYIOLEd apMaTypbl W 1p. Jpyrod MCTOYHUK KHUCIOpOJAa — BOJA M3
NPUPOHBIX UCTOYHUKOB, UCTIONB3yeMast JUIsl 3aBOJHEHHS TUTACTOB U COJeprKaImas 10 7 Mr/i
pPacTBOPEHHOT'O KUCIIOPOJIa.

Kucnopon, sSBISSICH CUIBHBIM OKHCIIUTENEM, YIaIsSeT HMOHBI XKelle3a ¢ aHOIHBIX 30H
MeTajla, OKUCIISIT WX M TepeBols B 00beM ayekTpoiuTa. OKHCICHHE TBYXBAIEHTHOTO
)Kele3a B TPEXBAJICHTHOE B TPHUCYTCTBHH KHCIOPOAA MOXKET IMPOUCXOAUTH JOCTATOYHO

OBICTPO, B pe3ylbTaTe 4Yero Ha MeTasie oOpasyeTcs cioi ruiapookucu skene3a Fe(OH)s,
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CIOCOOHBIN 3aMeUIITh KOppo3uto. [Ipu yrieKuciIoTHON KOppO3WH CTalld, OCOOCHHO B
NPUCYTCTBUH  BOJOPACTBOPHMBIX ¥  BOJOAMCIIEPTUPYEMBIX HMHTHOUTOPOB  KOPPO3HUU,
KHCTIOpo naxe npu HU3KuX (Menee 0.05 Mr/ir) KOHIIEHTPANMSX BBI3BIBAET MUTTHHTOBYIO U
SA3BEHHYIO KOPPO3HIO.

YruekucnaorHas koppo3us. Yriekuciasiid raz (COy) sSBasSeTCs COMYTCTBYIOIIMM T'a30M

npu 100bIYe HEPTH U Ta3a. YTIEKUCIOTHAS KOPPO3HS Pa3BUBACTCS 1O SJIEKTPOXUMUIECKOMY
MEXaHU3My TpU HATWYUH TUTAcTOBBIX BOJ. CO; pacTBOpsisich B BOAHOH (aze, mpumaer
AIEKTPOJIUTY KUCIIYIO PEAKIIHIO.

VTIeKUCIIbIiA a3 B BOJHOM PacTBOPE MOXKET HAXOAUTHCS B ciaeayromux gopmax [73]:
pactBopenHoit (CO, + Hy0); B BHAEe HEANCCOLMUPOBAHHBIX MOJIEKYJ YIOJBHOW KHCIOTHI
(H2COg); oOuxapoonar-uonos (HCOj3); kapOOHAT-MOHOB (COgZ'). COOTHOIIICHHE MEXIY
STUMU YEeTHIpbMS (pOopMaMH 3aBHCHT OT BOAOPOAHOro mokaszatens PH. Takxke Ha cKOpOCTb
VIJIEKUCIOTHOM KOPPO3UM BIUSIOT TEMIIEpaTypa, COICpKAaHHE HOHOB KalbIlMs, XJopa U
PacTBOPEHHOTO CEpoBOIOpoAa, mapiuanbaoe nasicane CO,, a Takke CTPYKTypa U CKOPOCTh
MOTOKA Ta30’KUJIKOCTHOW cMecH W coctaB HedTu. Ilpm 3TOM BakHO paccMaTpUBaTh BCE
(bakTOpbI B KOMILIEKCE, C YI€TOM HX B3aMMHOTO BIUSHUS.

Hanpumep, mnpu yBenwueHUU TemImepaTypbl CKOPOCTh YITIEKHCIOTHON KOPPO3HH
yBenmmuuBaeTcs. Ho Tpu BBICOKOM CONEpKaHWM HMOHOB KaJbI[MS B IUIACTOBOH BOJE C
YBEJIMUECHUEM TEMIIEpaTyphl HAOIIOJAeTCS CHIDKEHHE CKOPOCTH KOPPO3WH. DTO CBS3aHO C
WHTCHCUBHBIM OCQXKICHHEM KapOOHATOB HA TMOBEPXHOCTH METalla B YCJIOBUSAX BBICOKHUX
temrepatyp. [lo manHbIM paboThl [82], AByOKHCH yriepoaa BBI3bIBAET OOIIYI0 KHCIOTHYIO
KOpPpO3UI0 OOOpYAOBaHUS M3 YIJIEPOAUCTOM cTanu mpu Temmeparypax g0 60 °C u
MUTTHHTOBYIO KOPPO3HIO MPHU 00JIee BRICOKUX TEMIIEpaTypax.

CKOpOCTh IBIDKEHHUSI U CTPYKTYpa Ta30’KUIKOCTHONH CMECH CYIIECTBEHHO BIHSET Ha
CKOPOCTh YTJIEKHCIOTHOM Koppo3uu. IIpu BBICOKHX CKOpPOCTSIX MOTOKa MPOMCXOAUT BBIHOC
MPOJAYKTOB KOPPO3WM WJIM 3aIUTHBIX ITUICHOK COJICH, MOBEPXHOCTh TPYO OYHIIAETCS U
CKOPOCTh KOPPO3HH BO3PACTACT.

VYrinekucnoTHas KOppo3us XapakTepHa A OONbIIMHCTBA MecTopoxkaeHuit Poccun. K
HUM OTHOCSITCS, TIPEXKIE BCEro, HeQTSIHBbIE U Tra30Bble MECTOPOXIAeHUS 3amaaHoil Cubupu.
3nmeck HyS B MpoIyKITMU CKBaKWH MPAKTHISCKU OTCYTCTBYET, a KoHneHTpamus CO, B HedTH
W TOMyTHOM ras3e cocraBiseT B cpeaneMm 0.7-1.6 % (B otraensHBIX ciaydasx 4-6 %).
[Tom3emHBle BOJBI MECTOPOXKACHHM OTHOCSATCS K XJIOPUIHO-KAJIBLIMEBOMY, pEeXe K
TUAPOKapOOHATHO-HATPUEBOMY THUTTY (10 kKnaccudukanuu B.A. CynrHa) U XapaKTepU3yIOTCs

HU3KHUM cojiepkaHueM cylbparon. Obmas munepanuzanus 15-30 r/m.
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VTIIeKUCIOTHOW KOpPpO3WH OOJbIE TTOABEPKEHO MOA3eMHOE O0OpYAOBaHHE, YeM
HA3eMHbIE TPYOONMPOBOJBL. DTO CBSI3aHO C 0OJee BBICOKUM MAPIUAIBHBIM JIaBICHUEM
yriekuciioro ra3a. OCHOBHBIM BUJIOM KOPPO3HOHHBIX IMOBPEKACHUH SBIISCTCS JIOKaJIbHAS
KOpPpO3Usl BHYTPEHHEH MOBEPXHOCTH HACOCHO-KOMIIPECCOPHBIX TPYO M KOPpPO3Hs BHEUIHEH
IOBEPXHOCTH YCTAHOBOK 3JEKTPOLCHTPOOSKHBIX HAcOCOB. JlaHHBIH THUI KOPPO3UU
xapakrepeH st riryookux ckBaxuH (400-600 M) B cmecsax ¢ 110001 00BOAHEHHOCTBIO.

B pa6ore [83] paccmoTpeHbl MexaHHW3MbI 00pa30BaHUS SI3B IMPH YIJICKHCIOTHON
KOPPO3UH, OTMEYEHa CYIIECTBEHHAsl POJIb MPH 3TOM OCAIKOB COJIEH jKesie3a W KalblHMsi Ha

BHYTpPEHHEI MOBEPXHOCTH TPYOOIIPOBOIOB.

Bonopoanoe pacrpeckuBanue BP (hydrogen-induced cracking; HIC) — miockoe

pacTpecKMBaHHWE YIJIEPOJUCTBIX W HU3KOJETHMPOBAHHBIX CTajiei, BbI3BaHHOE IU(Qy3neit
aTOMapHOr0 BOJOpoJa ¢ 00pa3oBaHMEM MOJICKYJSPHOrO Bojaopoja B JjoByiikax [84]. BP
BO3HHKAaeT 0e3 NPWJIOKEHHSI BHEIIHETO HanpspKeHHs. JIOByIIKaMu pacTBOPEHHOTO BOJIOPOa
CITy’KaT HEMETAUTMUECKHE BKIIOYCHHUS (IPEUMYIECTBEHHO CyIb(UIbI MapraHia U KpyrmHbIe
KapOOHUTPH/IbI) U/UIIK JINKBAIIMOHHBIC TTOJIOCHI B MAPTEHCHUTE WM OCHHHTE.

PacTBOpeHHBI BOMOPOA, AOCTUTHYB BBITSHYTHIX BKJItOueHUMN MnS (karanusatopax
MOJIM3AlUK), TPEBpAILACTCs B MOJCKYJSIPHBI BOJOPOJ M €ro JaBlICHUE OTCIIAUBACT
BKIIOUeHHs. ChHUsHUE TOJNOCTEH OJNM3KO TOA TOBEPXHOCTBIO JaeT OJIMCTEpBI, YacTo
BBITSIHYTBIC BJIOJIb HAINlPaBICHHUS MPOKATKH. Ha cTpodkax cyiab(puIoB, JiexKamux riryOoKo,
pacciou BIOJb MOBEPXHOCTH JIMCTA CIMBAIOTCS B CTYINEHYATHIE TPEIIMHBI — IO CTPOYKAM
depput-niepiut wim crpoukamMm MnS B monoce nukBanuu. Paccinoil TpaHCKpUCTaJUTMTHBIA — €
BA3KHUM CpE30M IepeMbldek Mexay crpoukamu. Ho B moiocax nukBanuu ¢ocdopa
pacTpeckuBanue TpoTtekaeTr jerde, U B cramu ¢ 0.2 % C maxe mpu 0.001-0.013 % P B
U3JI0MaxX MOTYT NMPHUCYTCTBOBATh 3€pHOTpaHUYHBIE cerperanuu (pocdopa. [Ipu sxcruryaTarmm
B «KHCJIOM» Ta3e npu temieparypax 10 -60 °C coxepxanue dochopa nopmupyercs <0.005
%.

YMeHbIIIeHHEe COAEp KaHUs Cepbl B CTalli, 00pabOTKa CTaaM KaJblIMeM, ONTHUMU3ALUS
CONepKaHWs MapraHma JUisi cTajleld KOHTPOJUPYEMOH TpPOKATKH, a TaKXkKe 3aKalka ¢
MOCJIEIYIONUM OT)KUTOM TOBBIIIAIOT CTOMKOCTH TPYOHBIX CTaJIel NPOTHUB BOJOPOTHOTO
pactpeckuBanus [85].

B GonpImHCTBE cilyyaeB BOJIOPOJIHOE pacTpeCKUBAaHUE MPOTEKAET MPH IKCILTyaTalluu
TpyO B cpelax, CoAEpKaIINX CEPOBOIOPO/I.

CepoBojiopo/iHas Koppo3us. B cbipoit HeTH 1 MPUPOTHOM ra3e ecTh CEPOBOIOPOI, a

TaKXC CCPHUCTBIC COCAMHCHUA, n3 KOTOPBIX OH 06pa3yeTc51 (B PE3YyIbTATC

39



KU3HEJEATENIbHOCTH OakTepuil). B cubupckoit u opeHOyprekoii cepuuctoit HehT >5% H,S,
B opeHOyprckom rase 1.4-1.7 % H,S, B «kucmom» actpaxanckom rase a0 25 % H,S [86].

CepoBo0pOT XOPOIIIO pacTBOpsieTcss B HE()TH U B JAbHEHIIEM B3aWMOJICUCTBYET C
Kese30M, 00pas3ys cyib(uIbI Kee3a, BeIagarolre B ocanok. Hanpumep:

Fe +H,S—>FeS| + Hy 1 @)
[IpoyKTOM CEpOBOIOPOTHON KOPPO3UHU SBISIOTCS CYJIb(PHUABI XkKeme3a ¢ oluiel hopmysoi
FexSy. Cynbduasl xkene3a, OTKIabIBAsACh HA IOBEPXHOCTH METAJLIa B BUJIE TUTPOCKOIIUYHOIO
0CaJIka YepHOro IBeTa, O0pa3ylT C METaUIOM TallbBAHUYECKYIO Mapy, B KOTOpPOHl OHU
UTPAIOT POJIb KaTonaa. Pa3HOCTh MOTEHIIMANIOB B 3TOM rajgbBaHUYECKOW mape mocturaer 0.2-
0.4 B. Takum o06pa3om, oA ciaoeM Cyab(PuaoB KOPpO3Hs MPOTEKAET Ha MOPSJIOK OBICTpEE,
YeM Ha Or0JICHHOM METaJjuie PsIOM.

OCHOBHOH OMacHOCTBhIO KOPPO3HOHHBIX CPEJl, COJEpKAIIUX CEPOBOJOPOI, SBISETCA
HE YBEJIIMYCHHE CKOPOCTH KOPPO3UH TPYO M 00OpyHOBaHUS, a YCHIIEHWE HAaBOJAOPOKUBAHUS
MeTallja, MPHUBOJANIEE K €ro OXPYyMYMBaHUIO (BOJOPOJHOMY PACTPECKUBAHUIO U
CyIb(QHUIHOMY PACTPECKUBAHHUIO MO HampspkeHuem). Puck cynbQUIHOTO pacTpecKHBaHHUS
MOJT HANPSDKEHUEM CTaldu B ra3e ectb npu Ppps >0.35 klla. [[yisi BRICOKONPOYHBIX CTajieit
nopor Pyos >0.1 xIla. IIpu Prps >0.4 xlla uaer cuinbHas KOPPO3Hs U HACKIIICHHE BOIOPOIOM
[86].

CepoBOZIOPOJT B Cpelle TakkKe MOXKET 00pa3oBaThCsi B Pe3yJbTaTe JEATEIBHOCTU
Cynb(haT-BOCCTaHABIMBAIONINX OAKTEPHH.

OmauM U3 METOJ0B OOpPHOBI C KOPPO3MOHHBIM Pa3pyIICHUEM KOHCTPYKIITMOHHBIX
MaTepuaioB B Cpele, COJepKalle CcepoBOJOPOA W/MIU Cynb(haT-BOCCTaHABIUBAIOIINE
OaKkTepuH, ABJISIETCS UCTIOIH30BAHUE HHTHOUTOPOB, 3aMEUIAIONINX 3TH Tpoiiecchl [87].

Kopposuonnoe pacrpeckuBanue mnoja HampspbkenueMm (KPH) — crpecc-kopposus —

XPYIIKO€ paspylI€HUE MeTajlla IPU OJHOBPEMEHHOM BO3ACHCTBUU KOPPO3HOHHOMN Cpeasl U
MEXaHUYECKUX CTATUUECKUX PACTATUBAIOIIMX HAMPSDKEHUH (BHYTPEHHUX OCTAaTOYHBIX WM
NPUIIOKEHHBIX U3BHE), IPOTEKatolee ¢ 00pa30BaHUEM U TabHEHIINM POCTOM TPELHH.

KPH B OonbIIMHCTBE CiIy4aeB TMOJBEPKEHBI TPYObl OOJBIIOrO JgUAMETpPa, T.€.
MarucrtpaibHble razonpoBoasl. KPH nMeer MecTo Tonpko Ha BHEIIHEN MOBEPXHOCTU TPYObI U
NPEUMYIIECTBEHHO Ha HIKHEW oOpasyromiel TpyObl MOJ| OTCIOMBIIMUMCS H3OJISALMOHHBIM
HOKpBITHEM. TpPelIrHbl paclpoCTPaHSIIOTCs BryOb MeTaya "cTporo" MmeprneHAMKYISpHO K
MOBEPXHOCTU CTEHKH TPYOBI.

HecmoTpss Ha MHTEHCHBHBIE HCCIIEOBaHMS, NMpoBoguMBbIe Oonee 30 jeT, eaUHOro

MHCHUS O MpUYMHAX U MCXaHU3MaX KOPPO3UOHHOT'O paCTPECCKUBAHUA HE C(bOpMI/IpOBaHOCB.
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B o00630pe [88] mpoBemen aHamu3 COBpPEMEHHBIX B3MIAAOB Ha mporecchl KPH
HU3KOJICTUPOBAHHBIX ~ CTajel B BOAHBIX pacTBOpax »dJCKTPOJUTOB M  00O0OIEHBI
NPEJICTAaBICHUS O MEXaHU3ME TOTO SBJICHHS B YCIOBUAX IKCIUTyaTaluu TpyoornpoBoaos. 1o
MHeHuI0 aBTopoB KPH 00ycnoBneHO COBMECTHBIM JEMCTBHEM CTATUYECKOTO WIIU
UKIUYECKOTO PACTITHUBAIOIIETO HAIPSHKEHUsI, Cpeibl U MeTaiumyprudeckux (akropos. [Ipu
KPH craneii BO3HUKAIOT M PacIpOCTPAHSIOTCS TOHKHE TPEIIMHBI C OOJIBIIMM acClEKTHBIM
OTHOLIEHHEM (OTHOILLIEHUEM JUIMHBI TPEIIMHBI K €€ pacKpbiTuiO). PacTpeckuBaHue MOXKET
OBITh MEXKPHUCTAUIMTHBIM, CMEIIAHHBIM M TPAHCKPUCTAUIUTHBIM, HO B JIIOOOM ciy4ae
XapaKTepU3yeTcss MajbIMU OCTATOYHBIMU JAe(POpMalUsIMU, T.€. C MAaKPOCKOMHYECKONH TOUKH
3pEHUs SABISAETCS XPYIKHUM.

ITo pesysnbraram uccienoanuii [89] mexanuzm KPH BkitowaeT 1Be OCHOBHBIC CTAUN
polecca KOPPO3UOHHOTO PACTPECKUBAHMS: MEPUOJ JIOKATU30BAHHON 3JIEKTPOXUMHYECKOU
KOPPO3UH U MOCIEAYIOIINMA IEPpUOJ Pa3BUTHUS TPEILIKH.

Bo3MOXHOCTE M XapakTep NposBIEHHS TOro wid uHoro Mexanmsma KPH mnpu
9KCIUTyaTalliM MarucTpalbHbIX TIa30MpOBOJOB 3aBUCUT OT MHOecTBa (QaktopoB. B
3aBUCUMOCTH OT COCTaBa KOPPO3HMOHHOM Cpelbl BBIAECIAIOT JABa OCHOBHbIX Tuna KPH
TPYOHBIX CTaJieli: pacTpecKMBaHUE IpHU BBICOKOM pH u pacTpeckuBaHue NpU HU3KOM HITU
Om3KoM K HerTpansHoMy pH [88].

PacTtpeckuBanme mpu BeICOKOM pH cumMTaercsi KiaccH4YeCKMM W M3ydeHO Hamboiee
nonpodno. Ortor Bua KPH ¢ oueHp y3KMMH TpelIMHAMH, MPEUMYIIECTBEHHO
MEXKPUCTAJUIUTHBIMU. [IpruemM BHEUIHsSI TOBEPXHOCTh TPYOBI MOXKET OBbITh MPAKTUYECKH 0e3
cien0B Koppo3uu. Takoll BUA pacTpecKuBaHus xapakrepeH st MHorux ctpan: CIIIA, Upaxka,
[MTakucrana u CaymoBckoit Apasuu [90].

PacTpeckuBaHue Npu HU3KOM MM OJM3KOM K HeWTpambHOMy pH oOHapyxeHO
ropaszio mosxe. Paspyiienue TpyoonpoBoaoB MpoucxoauT B cpeae ¢ pH ~ 5.5-7.5 B obnactu
NOTEHLIMAJIOB aKTUBHOI'O PAacTBOpPEHUs MeTaula. ENMHON KOHLENIMHU O pa3pylIEHUH 3TOrO
TUINIA MOKa He co3fgaHo. [lomararoT, 4To mpouecc pocTa TPEIIMH BKIKOYAET M PEAKIUIO
pacTBOpEHUS MeTajlla U peaKklio BHEPEHHS BOJIOPO/ia B METal. DTOT BUJI PACTPECKUBAHUS
XapaKTepu3yeTcs, Kak MpaBWio, IIUPOKUMHU TpeuuHamMu. bokoBas MOBEPXHOCTh TPEIIMH U
BHEIIIHSAS TOBEPXHOCTh TPYObl CHJIBHO pAacTpaBieHbl. TpemuHbl NPEeUMYIIECTBEHHO
TpaHCKpUCTa/UNINTHBIE. J[aHHBIN BUA pa3pylieHus xapaktepeH ainsi Kananael u Poccnn.

Hezasucumo ot Tuna KPH oauHOUYHBIE TpemuHbl HaOmoAar0Tes peako. Kak mpasusio,
00pa3yroTcsi KOJJOHUM TPEUIMH Pa3IN4HOl IIyOMHBI, OPUEHTUPOBAHHBIE BJIOJIb OCH TPYOBI.

HpI/I‘-ICM npu KJIACCUYCCKOM THUIIC KPH TPCHIMHBI B KOJIOHMU HMCIOT OYCHL BLICOKYHO
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mI0THOCTh, a B ciaydae KPH mpu pH Onuskom kK HEUTpaabHOMY, PacCTOSHUS MEXIY
TPELMHAMYU CPAaBHUTEIBHO BEIHUKHU.

Kunetuky pacTpeckrnBaHMsl KOHTPOJUPYET AOCTYN KUCIOpoja U Boabl. IM HyXHO
MPEOAOJETh TOJIIMHY TPYHTA, MPOAYKTOB KOPPO3UU IO OTCIOUBIIECHCS M3OJSIHENH 4TOObI
JOCTUYb BEPLIMHBI TPEIIUHBI, HEMETAUIMYECKOTO BKIIOUCHHS WJIM MEXaHHYECKOro aedexra
MOBEPXHOCTU (HAIpUMep, LapanuHbl). TpemuHbl yalle BO3HUKAIOT B HUKHEM IOJIYKpYIe
TpyOBI (4-8 yacoB) — Ha 6OJIEe «KMOKPOI» YaCTH, C XYAILIMM J0CTYIIOM Bo3ayxa [86].

Bnusinue  HecTaOMJIBHOCTH  TEMIEpaTypHOrO  peXMMa MpU  OKCIUTyaTaluu
maructpaipaoro Tpyoonpooga Ha KPH paccmorpeno B [91]. M3menenue temmeparypbl
CTCHKH TPYOBI SIBISETCS NMPUUYMHON M3MEHEHHsI HAIIPABJICHHSI IBUKCHHS IOYBEHHOW BIIAry W,
CJIEZIOBATENIbHO, K HECTAaOMJIBHOCTH CHCTEMBI «TpyOa-rpyHT». CKOpPOCTh KOpPpO3WUHU MpU
HecTaOuJIbHOM TemmepaTypHoM pexume coctasinsgeT 0.05-0.07 mm/ron. B nmaHHBIX
9KCILTyaTAllMOHHBIX YCIOBUSX Takke 3aduxcupoBaHo KPH. B pesynbrare crabunuzanuu
TEMIIEPATYPHOTO PEKHUMA yIAIOCh CHH3UTH CKOPOCTh Kopposuu 10 0.01 MM/Toa ¥ MOHU3HUTH
ABApUIHOCTB I'a30IIPOBOJA.

B 0630pe [92] nan aHanu3 npuurMH BOBHUKHOBCHHUS 09aroB ¥ 0COOCHHOCTEH KMHETHKU
pazsutuss KPH razonpoBosioB, a Takke CUCTEMaTU3UPOBAHbI JAHHBIEC 110 BIMUSHUIO YCIOBUM
UX JKCIUTyaTallly Ha 3apoxacHue u passutue KPH.

Astopamu [93] u3yueHbl HaYaIbHBIC CTa UK PA3BUTHUS JIOKAJIBHON KOPPO3UU TPYOHOU
ctanu B pactBope NS4, UMUTHUPYIOMIHMI 3IEKTPOJUT MOJ OTCIOUBIIMMCS HU30JISIUOHHBIM
HOKPBITHEM MOJ3EMHBIX TpyOomnpoBoAoB. OmpeneneHsl MIOTHOCTb, CPEeIHUM paguyc u
pa3Mepsl JTOKAbHBIX KOPPO3UOHHBIX Je¢ekToB. [loka3aHo, 4To pocT neeKTOB IPOUCXOAUT
MPEUMYIIECTBEHHO B r1yonHy: >100 MKM uepe3 HEeCKOIbKO 4acoB MCHBITaHUA U ~600 MKM
yepe3 33 CyTOK UCIIBITaHHI.

B pa6ote [94] nzMepeHbl CKOPOCTH pOCTa TPEUIMHBI MPU IUKIUYECKUX HCIBITAHUSIX
TpyOoHoit ctamu X70 B cmecu pactBopa NS4, HMHUTHPYIOIIEro 3JEKTPOJIUT IO
OTCJIOMBIIMMCS M3OJSILMOHHBIM TOKPHITHEM TMOA3EMHBIX TpPyOONpOBOAOB, U OOPaTHOrO
oydepnoro pactBopa c¢ pH=7,0. Ilokazano, 4yto OTCyTCTBHE OWKapOOHAT-MOHOB WIIU
YBEJIMUEHUE WX KOHLEHTPALUU B JTaHHOW KOPPO3HMOHHOM cpesie He BIUSIOT Ha POCT TPEIIUH.
bnuskue 3HaueHHs CcKopocTH pocta TpeuHbl B pactBope NS4 u Ha Bo3myxe
CBUJETEIBCTBYIOT O TOM, YTO JAaHHAs KOPPO3MOHHAs Cpela SIBJISETCS MajoarpecCUBHOM IO
orHomienntio Kk KPH TtpyOnbix craneil. CnemoBaTenbHO, NMPH HPOBEACHUH YCKOPEHHBIX
UCTIBITAHUN TPYOHBIX CTaJled Ha IUKIMYECKYI0 TPEUIMHOCTOHKOCTh B pactBop NS4

HCO6XOI{I/IMO BBOJUTH AKTUBATOPbBI AHOJHOI'O PACTBOPCHUA U HABOAOPOXUBAHUA CTaJIU.
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[ToxazaHbl OrpaHUYEHUS IPUMEHEHUS CYNEPHO3UITMOHHON MOJIENH ISl OMUCAHUSI KHHETUKU
pOCTa KOPPO3MOHHON TPEIIMHBI PU IUKJINYECKUX UCTIBITAaHUIX TpyOHO# cTtamu X70.

ABTOpBI [95] MpomomKMIIM UCCIeIOBAaHHS U TTOKA3alld BIUSHUE Pa3IMYHBIX J100aBOK
Ha pocT TpenuH B ctanu X70 B BogHOM cpene ¢ pH OIM3KUM K HEUTpaaTbHOMY. A HMEHHO
nobapienne cyabpua-, GocdaT-uOHOB B IJIEKTPOJUT CIOCOOCTBOBAIN POCTY TPEIIMH H3-3a
YCKOpPEHUsl aHOJHOTrO IIpolecca pacTBopeHus Mmerauia. Hamportus, noOaBieHHE HUTpat-
AQHMOHOB U KaTHOHOB KaJIbIIUS HE M3MEHSAIOT CKOPOCTH POCTa TPEIIUHBI B TPYOHOU CTaJIH.

CVJ'IBd)I/IZ[HOC KOPPO3HMOHHOC paCcTPpECKMBAHUEC 1104 HaNPsSXKCHUEM — XPYIKOC

paspyllieHue MeTalla [pd  OJAHOBPEMEHHOM  BO3JCUCTBUU  CYIbGUA-coAepKalien
KOPpPO3HMOHHOW Cpelpl W pacTArMBarlOUX HamnpsbkeHuil.  [lpuyem  pacraruBaroiine
HANPSDKEHUS MOTYT OBITh 3HAYUTEIILHO HIDKE TIPEe/Iesia TEKYIeCTH MeTallia.

OnHOBpeMEHHO ¢ CyJIb(GUIHBIM PACTPECKUBAHUEM MOKET MPOUCXOAUTH BOIOPOTHOE
pacTpecKMBaHUe, TUTTUHIOBAsi KOPPO3usi, 00pa30BaHUE MMOP U JPYTHe MPOIECCHI.

CynbpumaHOe pacTpeCKHBAHHE IOJ HANPSOKEHUEM HAOMIoaeTes B CpelaX C BBICOKHM
napiyaibHeIM JaBicHHeM cepoBogopoaa (Prps). OHO XxapakTepHO misi Oojiee MPOYHBIX
cTajeu.

BbypoBbie u oGcanHbie TpyObl, apMaTypa CKBa)KHH, HACOCHBIE IITAHTH, PE3EPBYaphl s
HE()TU CTAHOBSTCS XPYNKUMH U PACTPECKUBAIOTCS TOMEPEK OCH pabOYMX WM OCTATOYHBIX
HanpsbxeHud pu Props =1 kIla. TpeboBanuem k MeTaity TpyO, SKCIUTyaTUPYEMOMY B Cpefiax,
COJEPIKALIMX CEPOBOIOPOI, ABISECTCA YUCTOTA 10 BpeaubiM npumecsm (S<0.002 %, P<0.005
%) 1 1o cynb(uaHbIM BKITFOUeHUSIM. OHU JJOJKHBI OBITH PABHOOCHBIE 1 Oasia.

I[J'IH JIOKAJIbHOM KOPpPO3HHU XapPAKTCPHO MOPAXKCHUC OTACIbHBIX MaJlbIX YYaCTKOB

ITOBEPXHOCTU METAJUIMYECKUX KOHCTPYKIMM, CKOPOCTh PAacCTBOPEHMsI MeETala B KOTOPBIX
CYILIECTBEHHO IIPEBBIIAET CKOPOCTh PACTBOPEHUS OCHOBHOM JI0JIM TOBEPXHOCTH.

IIpy mpoTekaHUM NUTTUHTOBOM KOPPO3UHU XapaKTEpHBI CIENYIOIME OCOOEHHOCTH
[96]:

- MNWUTTUHT o0pa3yeTcss Ha IOBEPXHOCTH METAJJIOB, HAaXOJSAUIMXCS B MACCUBHOM
COCTOSIHUH;

- Pa3BUTHIO MUTTHHTA CIIOCOOCTBYIOT JePEKThl NAaCCUBUPYIOIIEH TUIEHKU (CTPYKTYpHBIE
HEOJIHOPOJAHOCTH, HEMETa/NInYeCcKue BKIIOUEHUs, MOopbl). OCOOEHHO YSI3BUMBI IS
MUTTUHTA pe3bObl, pedpa, pUCKH U APYTUE TPaHUIIbL;

- B pacTBOpe [OJDKHBI OJHOBPEMEHHO IPUCYTCTBOBAaTh AKTUBATOPBHl MUTTHHIOBOU
KOPpPO31HU U ACCUBATOPHI METAJLIA.

AKTHBaTOpaMu MUTTHHIOBOW KOPPO3UH B BOAHBIX cpenax sBisirorcest wonsl Cl'y, Br, J,

CN’, SO;, xoTopple TPHUCYTCTBYIOT B TIOJABJISIFOIIEM OOJBIIMHCTBE MPHPOJHBIX U
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TEXHOTEHHBIX CpPel, B KOTOPBIX IKCIUTYaTUPYIOTCS TPYObl. B 3aBHCUMOCTH OT KOHKPETHBIX
YCIIOBUH (TeMIEpaTyphl Cpellbl, KOHIICHTpAIUs HOHA-aKTUBATOpa, METallJla) OTHOCUTENbHAS
3¢ (HEeKTUBHOCTH MOHOB MOXKET MEHSIThCSL.

OCHOBHOW TPUYMHONH BO3HHUKHOBEHUS THTTUHTOB SIBISETCS JEPEKTHOCTh HIIU
HEOJJHOPOJHOCTh MOBEPXHOCTH MeTauia. Hambosiee omacHBIMH SIBISIOTCS CyJIb(QUIAHBIC U
OKCUCYTh(UIHBIC HEMETAIMYCCKUE BKITFOUCHUS. 3aTPyIHEHUE PEIIaCCUBALUN U YBEIIMUCHHE
CKOPOCTH PAacTBOPEHHUSI MeTaljla B odare JIOKaJbHOH KOPPO3WH CBSI3aHO C HAKOIUICHHEM B
HEM W B €ro OKPECTHOCTAX CEPOBOJOPOJA, KOTOPBIH 0Opazyercs INpU pPacTBOPEHHH

Cyab(GHUIHOrO BKIKOYEHHUS (TJIaBHBIM 00pa3zoM MnS) mo monypeakiusam:

MnS + 4H,0 = Mn?* + SO, +8H" +8e (8)
MnS + 2H" = Mn?* + H,S (9)
H,S =S+ 2H" +2¢ (10)

[Ipu pacTBOpeHUH CyNIb(GHUIHBIX BKIFOUCHUI pacTBOp B MUTTUHTE mojkucsiercs (pH<3.5).

HccnenoBanust BIUSHUSA CylIb(QHUIOB HA KOPPO3HMIO CTaJIell BEAyTCS OYEHBb JaBHO. B
[97] ycraHOBIIEHBI TNPUYMHBI YCKOPEHHS KOPPO3UHM H3-32 TPUCYTCTBUS CYIb(UIHBIX
BKJIIOYEHUH W MOAPOOHO OMMCaHbl MEXaHW3MbI pacTBopeHMs mo peakiusMm 8-10. Tak xe
IIOKa3aHO, YTO Ha IVIAJAKOW IMOBEPXHOCTH MeETajla KOPpPO3Usl B KHUCIBIX, HEUTPAIBHBIX U
IIEJIOYHBIX BOJHBIX CPEIax HAYMHAET Pa3BHBATHCS OKOJIO CYIb()HUIHBIX U OKCHCYIb(UIHBIX
BKJIFOYEHUH, PEAKO OKOJIO OKCUIHBIX BKJIKOYEHUN M HUKOTZA HAa CWJIMKATHBIX BKJIIOUYCHUSX.
Ha mepoxoBatoii, rpyb6o o00paOoTaHHOW MOBEPXHOCTH, IPU CUJIBHBIX IOBPEXKIAECHUSIX
3allMTHOM OKHMCHOM IUIGHKM BJMSHHME BKJIIOUEHUH HE3HAaYuTenpHO. OTMEYEHO, 4YTO
KOJIMYECTBO KHCIOPOJA B BOAHOW Cpelle M €ro JOCTYNl K IMOBEPXHOCTH METaula IPSMBIM
o0pa3oM BIUSE€T Ha pa3BUTHE KOPPO3UOHHBIX IPOLECCOB, OCOOEHHO B MPHUCYTCTBUHU
aKTUBATOPOB KOPPO3UH, INIABHBIM 00Pa30M HOHOB XJIOpA.

OCHOBHOW ONACHOCTBIO NMUTTHHIOB SIBJISETCS TO, YTO MPH OOIIMX MaJibIX MOTEPSX
Macchl, METAJUI MO/ABEPraeTcs rIyOOKHMM MECTHBIM MOPAaKEHUSIM, KOTOPbIE B KOPOTKUI CPOK
MOT'YT MIPUBECTH K CKBO3HBIM Jiedekram [98]. Bo MHOTHX cityyasix CIMsIHUE MHOTOYHCIICHHBIX
OUTTUHTOB MNPHUBOAMT K OOpa30BaHMIO $3B HAa MOBEPXHOCTH MeTayuta. CuHuTaercs, 4To
MUTTUHIOBAss KOPPO3UsA IPOTEKAET HA 3allaCCUBUPOBAHHOM ITOBEPXHOCTU MeETallIa, IIPHU
HAJIMYUU B PACTBOPE arpEeCCUBHBIX areHTOB, CIIOCOOHBIX HAPYLIaTh CIUIOMIHOCTH IMACCUBHOMN
IJIEHKH, HAIIpUMEp, HOHOB XJ1opa. OCHOBHOW NPUYMHON MUTTHUHIOBOM U SI3BEHHOW KOPPO3HUH
paccMaTpuBaeMoro oOOpyJIOBaHMS SABISETCA HapylIEHHE 3aIlUTHOrO cios (ocaaka
IPOAYKTOB KOPPO3HMM), 0Opa30BaBIIETOCs B MPHCYTCTBUU CEPOBOAOPOJAA WM YIJIEKHCIOTO

rasa.

44



1.3 MeTo/bI OLIEHKH KOPPO3HMOHHON CTOMKOCTH TPYOHBIX CTasiel

[TonGop marepuainoB, a TaKKe OIEHKY MX KOPPO3HMOHHON CTOWKOCTH HEOOXOIMMO
MPOBOAMUTH C YYETOM SKCIUTyaTallMOHHOW cpenbl. OIMH U TOT XK€ MaTepual B Pa3IMYHBIX
cpenax U ycinoBusix Oyner BecTu cels mo-pasHomy. [1o3Tomy B 3aBUCMMOCTH OT YCIOBHUU
DKCIUTyaTaIlii Ha KOPPO3HMOHHOE MMOBECHIE MOTYT OKA3bIBATh BIMSHUE Pa3IUIHbIC (DaKTOPHI
— COCTaB, YUCTOTA METaJIa, €ro CTPYKTypa, Ka4yeCTBO CBAPHOro 1IBa U T.1. Takum oOpazom,

YUUThIBasA NEPCUUCIICHHBIC BBIIIC (baKTOpBI, H€O6XOI[I/IMO HO,Z[6I/IpaTI> METOJHUKU HCIIBITAHHH.

1.3.1 Ornierka paBHOMEPHOUN KOPPO3HH

Meton u3MepeHHs TOTEpU MacChl oOpas3lia B Pa3IMYHBIX KOPPO3UOHHBIX Cpeaax
(TpaBUMETPUYECKUE WCIBITAHHS) SBISETCS OJHMM M3 CaMbIX paclnpocTpaHeHHbIX. OH
MO3BOJISIET TIOJIYYUTh KOJMYECTBEHHYIO OIICHKY CKOPOCTH KOPpPO3WH M CIIPOTHO3HPOBATH
CpOKH dKcIutyaranuu. [IpenmyiiectBaMn MeTo1a TpaBUMETPUH SBIISIOTCS YHUBEPCAIBHOCTD,
T.K. METOJl MO’KHO HCIIOJIb30BaTh JIJISl JTFOOBIX KOPPO3UOHHBIX CPEIl, MPOCTOTA, JOCTATOYHO
BBICOKAasi JOCTOBEPHOCTh pE3yJbTaTOB, OTCYTCTBHE CIOXHOTO H  JOPOTOCTOSIIECTO
000pyI0BaHUS, BO3MOKHOCTB TIOJTYYEHUS TaHHBIX O JIOKAJIbHOH KOPPO3UH.

HenocratkamMmu TpaBUMETPHYECKOTO METO/AA SIBIISIOTCS TOJIYYEHHE HHTETPAIbHON
UH(POPMAIIUU 332 BECh MEPHOJ UCIBITAHUH, T.€. HCBO3MOXKHOCTD IMOJIyU4CHHUS] UHPOPMAILIUU B
npoliecce UCIbITaHUHN U ATUTETbHOCTh UCIIBITAaHUH.

I'paBUMeTpHUECKHE HCTIBITAHUS MPOBOMAT B TIOJIEBBIX, HATYPHBIX W Ja0OpaTOPHBIX
ycinoBusxX. B mepBoMm ciaydae o0Opasipl yCTAHABIMBAIOTCS B HWHTEPECYIOIIHE  Y3IIBI
HKCIUTyaTUPYIOIIErocss 00OpyAOBaHMs, a BO BTOPOM — HCIBITHIBAIOT OIBITHBIE O0Opa3LbI
KOHCTPYKIUH.

Poccuiickum craHmapTH30BaHHBIM METOJIOM OTIPENENICHUs TOKa3aTeNeld KOPpO3uu U
KOppo3uoHHO#t croiikoctu sBisiercss [OCT 9.908-85 [99]. [lanHbIil cTaHIapT yCTaHABIUBACT
OCHOBHBIE  TIOKa3aTelIM  KOPPO3UM M  KOPPO3MOHHOM  CTOMKOCTH  (XMMHUYECKOTO
CONPOTHBIIEHUSI)  METAJIOB IpPH  CIJIOUIHOM, TNUTTHHIOBOH,  MEXKPHUCTAIIIUTHOM,
paccianBaloIeicss KOPPO3WH, KOPPO3WHM ISATHAMH, KOPPO3HOHHOM PaCTPECKUBaHUH,
KOPPO3HOHHOH YCTAJIOCTH W METOMBI HX OMPEICIICHHS.

Taxoke oleHKy 00IIEH KOPPO3UU Pa3IMUHBIX MApPOK CTaJlel M YyT'yHOB MPOBOIAT IO
metoauke, paspadborannorn 3A0 «HUIIL Hedrel'asCepBuc» [100]. Meton 3akimtodaercs B
OTIpEeNIeICHUU TIOTepU Macchl o0pas3lia MeTajula 3a BpeMs WX MpeObIBaHUS B MOZICITHHOM

pacTBOpe, WMUTHPYIOLIEM Pa3JIMYHYI0 arpecCUBHYI0 KOPPO3HMOHHYIO CpEdy, C €IUHHUIIBI
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MOBEPXHOCTH MeTaia. B KadecTBE KOPPO3MOHHOM Cpeapl HCHOJB3YIOT CIEAYIOIIHE
MO/ICJIbHBIE PACTBOPHI:

1. MogenbHast cpena, coaepkartas COy: 17 r/n NaCl, 2 r/n CaCl, u 0.2 r/n MgCl..
PactBop mnpoayBaercs CO; 10 MOJHOrO HACBIIIEHHUS TMpU JaBieHuH 1 artm.
Temmneparypa ucnsiranuii 20 °C.

2. MopenbHas cpena, comepxamas H,S: 5% NaCl, 400-500 mr/n H,S. Temmeparypa
ucnsitanuii 20 °C.

[Tpo10KUTETEHOCTS UCTIBITAHUI BBIOMPACTCS MUCXOMS M3 OXKHUIAEMBIX 3HAYCHHH CKOPOCTH
KOPPO3HH.
B page cioydaeB Uil KaueCTBEHHOM M KOJIMYECTBEHHOM OLIGHKHM KOPPO3MOHHOM

CTOMKOCTH METAJIOB MCIIOJB3YIOT JAecaTubauibayto mkaity mo 'OCT 13819-68 (tabum. 4).

Tabmuna 4 — [lecsatubanpHas mkana koppo3uonHoi croikocty mo 'OCT 13819-68

I'pynna croiikocTH CkopocTh KOppO3uH, MM/TO/L bana
CoBepHIEHHO CTOWKHE Menee 0.001 1
BecsMma croiikue 0.001-0.005 2
0.005-0.010 3
Crroiixe 0.01-0.05 4
0.05-0.10 5
[Tonm>xeHHoCTOMKHE 0.1-0.5 6
0.5-1.0 7
Mauitocrolikue 1.0-5.0 8
5.0-10.0 9
Hecroiikue Cepie 10 10

1.3.2 UcnbiTanus Ha pacTpeCKUBaHUE, MHULIMUPOBAHHOE BOJAOPOAOM

EAWHCTBEHHBIM CTAaHIAPTOM, ITO3BOJISIIOIIMM OIICHWBATh arpeCCHBHOE BO3JICHCTBHE
MIPOHUKAOIIET0 B METAJT BOJIOPOA, sBIsieTcs MexayHapoaubiii crangapt NACE TM0284-
2003 [101].

MeToauka HUCHBITaHUS TPEAYCMATpUBAET MOTPYKEHHUE TPEeX OJMHAKOBBIX OOPa3IoB
0e3 HamnpsHKEHUST B OJHOM W3 JIByX HCIBITATENBHBIX PACTBOPOB, HACBIIEHHBIX
cepoBojiopozoM (H2S) mpu Temneparype okpysKaroriei Cpeibr:
Pacteop A — 5.0 % wmacc. NaCl, 0.5 % macc. CH3COOH B nucTWUIMPOBaHHOW HWIIH
JIea’pUPOBAaHHOM BOJIE;
PactBop B — pactBop nckyccrenHoi mopckoit Bojs (3.0 % macc. NaCl).

N3smepenuss pH mpoBOAAT JBaKABl: HAYAIBHBIH — cpa3y TOCIE HACHIICHUS

CEpOBOIOPOAOM, KOHEUHBIN — B KOHIIe UCTbITaHUM. [[s pacTBopa A 3HadeHust PH momxHbI
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ObITh: HavanmbHbIH <3.3; KoHeuHbId <4.0. Jlna pacTtBopa B HawanpHBI M KOHEuHBIH PH
JIOJDKEH HaxXOOuThes B mpeaenax 4.8-5.7.

[IpoaomKUTENIBHOCTD UCTIBITAHUM cocTaBisieT 96 u.

ConpoTuBieHHe BOAOPOJHOMY PACTPECKUBAHUIO OICHUBACTCS 10 BEIUYUHE
MoKa3aTresiei, XapakTepu3ylluX PacTPECKUBAHUE WHUIMHPYEMOE BOJAOPOJIOM: IO JUIMHE,
HIMPUHE ¥ TUIOMIAIN TPEIIUH.

VYCnoBUS HCTBITAaHHUST HE PACCUMTAHBI Ha MOJEIHPOBAHUE KAKUX-THOO KOHKPETHBIX
YCIIOBUHM SKCIUTyaTalluud TpyOorpoBooB. McnbiTaHue mMpenHa3HauyeHO TONBKO IJIs OLEHKU

yctoitunoctu k HIC.

1.3.3 UcnpiTanus B KOPPO3UOHHOM cpelie MO JeHCTBUEM HANPSKEHHUH

Mexnynaponusiii ctangapr NACE TM 0177-2005 [102] omumchiBacT HCIBITAHUE
METAJIJIOB, TTOJIBEPKCHHBIX PACTSDKEHUIO B BOJHOU cpejie ¢ HU3KUM pH.

JlaHHBIH CcTaHAApT MPEeayCMATPUBACT HCIBITAHHEC METAUIOB Ha COMPOTHBIICHUE
pPacTPECKHUBAHUIO TOJ] KOMOMHUPOBAHHBIM BO3JCHCTBHEM HANPSHKEHUS NPU PACTSLKEHUU U
KOpPpO3UU B OJHOW Cpefie C colep:KaHHeM cepoBojopona. VchbITaHus HPOBOAATCA TMPHU
KOMHATHOW TeMIeparype i OIICHKH CKJIOHHOCTH K CYJIb(QHUIHOMY KOPPO3UOHHOMY
pacCTpEeCKMBAaHHMEM IIOJ] HANPSHKCHWEM ¥ TPU TOBBIIICHHBIX TEeMIeparypax — K
KOPPO3MOHHOMY PACTPECKUBAHUIO MOJ] HAMIPSKEHUEM.

B nmanHOM cTanmapte paccMmarpuBaroTcs 4 MeToAa: A — HUCIBITAHUE TPU PACTSHKEHUU;
B — ucnerranue uzornyroit 6anku; C — ucneitanue C-xonbia; D — ucnbsiTanue ABOMHOMN
KOHCOJIbHOM OasIKu.

B kauecTBe KOpPO3MOHHO-aKTUBHOM CPE/IbI HCIONB3YIOT JIBa PAaCTBOPA.

PactBop A -5.0 % macc. NaCl, 0.5 % macc. CH3COOH, muctuimiupoBaHHAS HIIH
JeadpupoBaHHas Boja, HackimenHas H,S. Hawanenerit pH 2.6-2.8; xoneunsiii <4.0. PactBop
A ucnonb3yeTcs eciau HET He0oOX0IMMOCTH B CBOICTBax pacTtBopa B.

PactBop B — kucnblit 6ydepHsiii pactBop, comepxkanmii 5.0 % macc. NaCl, 0.4 %
macc. CH3COONa, 0.23 % macc. CH3COOH, auctunnupoBaHHas WK AeadprUpoBaHHAs BOJA,
HaceimeHHast HpS. Hawansuerit pH 3.4-3.6; koneunsiid <4.0.

Temneparypa ucnbiTanus 24-+/-3 °C, 3a HCKIIIOUEHHEM MCIBITAHUN NPH TTOBBIIIEHHON
temneparype. OKOHYaHHEM HCIIBITAHUN CYMTAETCS MOBPEXKICHUE 00pasiia, TuO0 MCTeUCHHE
cpoka ucneitanus (720 ).

HepocratkamMmu MeTofa  SIBISIFOTCS  JUTMTEIBHOCTh  WCTBITAHUH, KaueCTBEHHBIN

pe3ynbTaT (MOBpeXACHNE/0e3 TTOBPEKICHHS).
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1.3.4 DnekTpoaHaTUTHIECKHUE METO/IbI

DNEeKTPOAHAIUTUYECKAE METOJbl HCCIENIOBAaHHUS HCIONB3YIOTCS Ui KOHKPETHBIX
3a7a4  MaTepHaloOBeleHHsA, XUMHH, (usnkn u apyrux oOmactedd. [laHHbIE METOIBI
pa3leNAI0TCS Ha HECKOJBbKO HANpaBlICHWH, HANpUMEp: LUKINYECKas BOJIbTAMIIEPOMETPHS,
UMITYJIbCHBIE ~ METOJbl  BOJIbTAMIIEPOMETPUH,  XPOHOKYJIOHOMETpHUsS,  HMIICJaHCHAs
CHEKTPOCKOIUS UMITEAAHCA, JIEKTPOXUMHUS TBEPABIX YaCTHIl U MaTepuaioB. TeopeTndyeckue
OCHOBBI ¥ TPUMEPHl MPAKTUYECKOTO MPUMEHEHHS JJICKTPOAHAJUTUYECKUX METOH0B
uznoxensl B [103].

[Ipy wu3y4eHHH KOPPO3HOHHBIX TPOLIECCOB INHPOKO HCHOIB3YIOT TpadUuUecKyro
3aBHCUMOCTh IIJIOTHOCTH TOKAa OT MOTEHIHaja — MOJSPU3ALUOHHYIO (BOJBTAMIIEPHYIO)
KPHUBYIO. MeTOJ| CHATHUS MOJSPU3AIMOHHBIX KPUBBIX HCIOJIB3YETCS MPH U3yYEHUH KUHETUKU
AJIEKTPOJIHBIX MPOIECCOB M OIEHKE CKOPOCTH KOPPO3UH METAUIOB M CIUIABOB, a TAKXKe MPH
UCCIICIOBAaHUM  TIPOIECCOB  maccuBanuu. OnpepesnsitoTcss ONTHUMANbHBIE —apaMeTphl
AIIEKTPOXUMHUYECKOHN 3alUThI, U3YYArOTCS MEXaHU3MBI 3alIUTHOTO JCHCTBHSI HHTUOUTOPOB U
Jpyrue KOPO3HOHHO-IIICKTPOXUMUYECKHUE SBICHUSL.

B 0CHOBHOM, yCKOpEHHBIE UCTIBITAaHHUSI METOAOM BOJIETAMIIEPOMETPUHU TPOBOJST IS
OTpeIeTICHUsI CKIIOHHOCTH KOPPO3MOHHOCTOMKHUX CTajieil K muTTuHroodpazoBanuio mo 'OCT
9.912-89 [104].

Kak mnpaBuimo, mnpu DIEKTPOXMMUYECKHMX HW3MEPEHUSAX MOXKHO IpeHeOpeyb
COTIPOTHBIICHHEM META/UTHYECKUX SIEKTPOIOB (YAENbHOE CONpOTHBIeHHE cocTasmser 107°-
10° Om-M), OJHAKO COMPOTHBICHHE PACTBOPA MOXKET OBITh IOCTATOYHO BEIHKO (102-10*
Om-Mm) [105]. Tlpu BosbTAMICPHBIX H3MEPCHHUSAX, TAEC B KauecTBe paboyero 3JeKTpoaa
UCTONb3YyeTCsl CTallb, 00pa3zyeTcss 3HAYMTENbHOE KOJIMYECTBO IMPOIYKTOB KOPPO3UHU, UYTO
MIOBBIINIAET O0IIee CONMPOTUBICHNE CUCTEMBI. B CBSI3M ¢ 9TUM BO3HUKAeT HEOOXOJIUMOCTH B
U3MEPCHUH OMHYECKOTO CONMpOTHBJICHUs pactBopa [106]. JInst 3TOro MCHONB3YIOT METO.X
criekTpockonuu umrneaanca [107].

Asropsr  [108] comocraBwimM  pe3ynbTaThl  M3MEPEHHH  MOJSIPH3ALMOHHOTO
COIIPOTHBIICHUS Kelle3a B KHUCIOM CYlIb(aTHOM pacTBOpe ¢ J00aBKaMH HWHTHOHWTOpA
KOPPO3HH, IOJy4YeHHbIE UMITYJIbCHBIM M TEPEMEHHOTOKOBBIM (TPaJWIIHOHHBIM) METOAAMHU
CHEKTPOCKONUM HMIIe/IaHca. AHAIM3 Pe3ylbTaTOB MPOBOJMWIN C MPUMEHEHUEM pa3IMYHBIX
JNIEKTpUUYECKUX cxeM. [loka3aim BO3MOXKHOCTb NPUMEHEHHS METO/a HMMITYJIbCHOU
CTHEKTPOCKOITUH UMIIeIaHCa JIJIsl pacyeTa CKOPOCTH KOPPO3HU | JIIsl OIICHKH 3(PPEeKTHBHOCTH

NEeNCTBUS HHTUOUTOPOB KOPPO3HUHU.
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B pa6ore [109] meromoM CHEKTPOCKONMHH HMIICIAHCA IIOKAa3aHbl pa3jIndus B
Koppo3uoHHOM noBeaeHnn cramu 09I'CO ¢ pasHsIM coaep:kanueM Bojopoaa. [Ipennoskena
HKBUBAJICHTHAsI CX€Ma, YAOBJIECTBOPUTEIILHO OIMMKCHIBAIONIAS TOJIYYCHHBIE NMPU HU3MEPEHUSIX
CHEKTpBl, HaillecHa KOppeisilus MEXKIy CKJIOHHOCTBIO CTall K  BOJOPOAHOMY
pacTpecKMBaHHUIO U TapaMeTpamu umneaanca. [lokazaHa BO3MOXKHOCTb HCIOJB30BaHUS
METO/a CIEKTPOCKONMK HMIIEaHca JJIsi OLIEHKH CKJIOHHOCTH CTald K BOJOPOIHOMY
pacTpeCKUBAHUIO.

Agstopsr [110] uccnenoBain KMHETHYECKHAE XapPAKTEPUCTHKH 3JICMEHTAPHBIX CTaIUi
TpeX HapajielbHbIX MPOILIECCOB PACTBOPEHUSI METAllIa METOJIOM CIIEKTPOCKOIUU UMIIEIaHca
B KHUCIBIX M CIA0OKUCIBIX 3JekTponuTax. Ilo pesynpraTramMm H3MEpeHHIl pacCUMTaHBI
KOHCTAHTBl CKOPOCTH M KO3(pUIMEHTH cTamuii mporecca pacTBopeHus xeneza. Ha
OCHOBaHUU STUX JAaHHBIX OMpPENENICH BKJIAJ KaXI0H MapaUieIbHOM peakiuy B CyMMapHBIH
MpoLecC Mepexoaa ele3a B 3JEKTPOJIUT B 3aBHCUMOCTH OT IMOTEHIHaia anekTpoaa. Ha
OCHOBAHHMHU CPABHEHHUSI KOHCTAHT CKOPOCTEH AJIEMEHTAPHBIX CTaIMii aHOIHOTO TPOIecca BO
BCEX DJIEKTPOJIMTAX MPEUIOKEHA MOJIETh aKTUBHOTO PACTBOPEHHMSI XKelle3a.

[Iupokoe pacrpocTpaHeHHEe OLIEHKH KOPPO3HOHHOTO MOBEACHUSI HU3KOJIETUPOBAHHBIX
CTaJlel METOJIOM BOJIbTAMIIEPOMETPHH TMOJYYUIU B MCCIEIOBAHUAX BIMSHHS MHTHOUTOPOB
[111-114].

MeTtox BOJNBTaMIEPOMETPUH HIMPOKO HCIIONB3YETCS JUIS WCCIEIOBAHUS BIHMSHUS
HEMETAJUTMYECKUX BKIIIOUEHUH, MUKPOCTPYKTYPbl Ha KOPPO3MOHHOE MOBEACHUE TPYOHBIX
craseii [115-118].

W3BecTHBIE METOABI  aHaHM3a  PE3YNbTAaTOB  MOJSPHU3AIMOHHBIX  W3MEPEHUH
(rpadmueckne, aHATUTHYECKUE U Jp.) MO0 JAWANa30Hy TMOJSPHU3alUA  DIEKTPOJa,
HEOOXOMMOMY JUIsI MX HPUMEHEHHs, MOXHO pa3/leiduTh Ha TpU TPYNIbL: METOJbI
HKCTPANOAIMK Ta(eseBCKUX YYaCTKOB TMOJSPU3ALUOHHBIX KPUBBIX Ha CTallMOHAPHBIN
noreHmuan (E.,p,) [119], Meromsl m3MepeHHs HONSPH3ANMOHHOTO CONPOTHBICHHUS U
CMeXHBIe MeTonbl. HamOonpmiee pacmpocTpaHeHHE B TPAKTUKE OSJIEKTPOXUMHUYECKUX
U3MEPEHUH MMOJIyYUIIN IBE NIEPBbIE IPYIIIbI METO/IOB.

W3mepeHue 37eKTPOJHBIX MOTEHIMAJIOB BO BPEMEHH JAlOT CBEJEHHUS O XapakTepe
KOPPO3HOHHOTO TIpOoIlecca W MOBEICHUH METallla B pEallbHBIX YCIOBUSX. JlaHHBIC CBEICHUS
MIOJIE3HBI JIJISl OIICHKH CIIOCOOHOCTH METAJUIOB BOCCTAHABJIHMBATH ITACCHBHBIC IUICHKH Ha
CBE)X€0OPa30BaHHONW MOBEPXHOCTU. IDTOT METOA M3MEPEHHMH HCHOJb3YeTCsl MpPU OLIEHKE
3alIUTHBIX CBOWCTB MHTMOUTOPOB, KOTOPBIE B CITy4ae UX BBICOKOH A(PPEKTUBHOCTH CMEIIAIOT

MOTCHIHUAJ B IMMOJTOXUTCIIBHOM HAITPAaBJICHHUH.
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BaxxubIM, ¢ IpaKTHYECKOI TOUKHU 3peHHUs, IPHIIOKEHUEM METO/Ia BOJIbTaMIIEpOMETPUN
ABJIIETCS OLIEHKA CKOPOCTH Koppo3uu. CyIIHOCTh METOJa 3aKJIIYaeTCs B IKCTPAIOJIALUN
NOJIAPU3ALMOHHBIX KPHUBBIX, @ TOYHEE, UX JUHEMHBIX YYacTKOB, OTBEYAIOLIUX YpPaBHEHUIO
Tadens, k noreHnuany kopposuu (puc. 3). DKCTpAmoSAUs JTUHEHHBIX yYacTKOB JaeT

3HAYCHUE IIJIOTHOCTHU TOKa U, CJICAO0BATCIIbPHO, 3HAUYCHUEC CKOPOCTHU KOPPO3UH.

/ tga = b,

-E

lai lgi
Sup g

Puc. 3. BonpramneporpaMmsl AJ1st ONIPEEIIEHUS] CKOPOCTH KOPPO3HU METOI0M

QKCTPAIoJsinunu Ta(be.]'[ﬂ: ba u bk — Taq)eHeBCKI/Ie HAKJIOHbI aHOJHOI'O U KaTOJAHOTI'O ITPpOICCCOB

COOTBCTCTBCHHO.

Henocrarkom MeToma sIBISIETCSI CHIIbHAsI MOJISIPU3AIMS HCCIELYEMOTO 3JIEKTPOja, KOTopas
MOJKET BbI3BaTb M3MEHEHMs €ro MOBEPXHOCTH 3a CUYET OCAXJEHHUS IMPOAYKTOB KOPPO3HH,
BOCCTaHOBJICHHUS ITOBEPXHOCTHBIX IUIEHOK, HM3MEHEHHUs COCTaBa »JJEKTpOJIUTa Kak B
IPUIEKTPOIHOM CIIO€, TaK U B 00beMe pabouero pacTBopa U IIepoX0OBaTOCTIX MOBEPXHOCTU
[120, 121]. Opanako metox skctpamoisiiuu Tadens ¢ UETbl0 ONpeieNieHHsT CKOPOCTer
KOPPO3UH HMCIHOJIB3YEeTCsl JJOCTATOYHO IUpoko [122]. BrnusiHue nmpucyTCTBUS MapTEHCHUTHOW
¢aspr [123] u GeliHUTHOW MHUKPOCTPYKTYphbl [124] Ha TOKM KOPpO3UH OLIEHEHBI METOOM
skcTpanossiuuu Tadens B TpyOnbix cramsix API SL X80.

Pe3ynbTaThl 2NMEKTPOXUMHUYECKUX HCCIEIOBAHUN CKOPOCTH KOPPO3WUHU CTaIH MOXKHO
COOTHECTH C pe3yJIbTaTaMH T'PAaBUMETPHUYECKUX M3MEPEHHH TPH MTOMOIIN COOTHOUICHHUS (IS
CTalll IUIOTHOCTBIO 7.8 T/cM°): IIOTHOCTH TOKA KOPPO3HH lop (A/M®) ~ 1.17 cropoctn
KOppO3uu (MM/TOZ) ~ TPaBUMETPUUYECKOMY ITOKA3aTENI0 KOPPO3UH (F/(MZ*‘I)).

Takum 00pazom, PMEKTPOXUMHUYECKUN METOJ| SIBISIETCS SKCIPECCHBIM U ITO3BOJISIET

IIPOBECTU KaYECTBEHHYIO U KOJIMUECTBEHHYIO OLICHKY KOPPO3HOHHOTO MTOBEACHUS METaILIA.
1.4 BbIBO/IBI IO @aHAIUTUYECKOMY 0030y JINTEPATYpPhl U IOCTAHOBKA 3aJa4u

1. CoBpemeHnHbIe TpeOOBaHMS K METAJUTYPIrHUECKOMY KayecTBY TPYOHBIX CTalieil 4eTBepTOro

IIOKOJICHUsA, B TOM YHUCIIC HC(I)TerOMBICJ'IOBBIM, npeayCcCMaTpuBarOT Y3KHC HWHTCPBAJIbI
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coaepxanus anmeMenToB B metainie (B %: C £0.01; Si +0.05; Mn +0.07; Cu, Cr, Ni, Mo +0.03;
Nb +£0.005; V £0.007) BBICOKYIO YHCTOTY IO BpPEIHBIM MpuMecsM u razam (B %: S <0.002; P
<0.01; N <0.006; H <0.0002), yucToTy M0 HEMETAIUIMYSCKUM BKJIFOUCHHSM B TOM YHCIIC IO
KOPPO3HOHHO-aKTUBHBIM ISl TIOJTYYEHHUsS! TPEOYeMbIX MEXaHHMUECKUX W IKCILTyaTallMOHHBIX
CBOMCTB.

2. IloBbimienre TpeOOBaHUH K TPYOHOMY METAJLTy IPUBEJIO K OCBOCHHUIO M BHEIPEHUIO HOBBIX
TEXHOJIOTUH  BHENMEYHOH 0OpabOTKM, B YACTHOCTH BHENEYHOW Jecynbdyparum,
KOMILIEKCHOT'O PACKUCIICHUS, MOAU(DUIIMPOBaHHE HEMETAITMYECKUX BKIIOYCHUH.

3. TlokazaHo, 4TO Mepexo]] Ha COBPEMEHHBIC TEXHOJOIMH BHEMEYHOHW OOpabOTKU TPYOHBIX
cTajeil mpuBen K 00pa30BaHUIO MENKUX (TOpsIKAa 5 MKM) BKIIOYEHHUH CIIOKHOTO COCTaBa,
BIMSIONIMX Ha KOPPO3HMOHHOE TOBEACHHE MeTauia. TakuM o0pa3oM, B  YCIOBHSX
NPOMBIIIJICHHOTO TPOM3BOJICTBA HEOOXOIUMa KOPPEKTUPOBKA TEXHOJIOTUH BHENCYHOM
00pabOTKH JJIsi COOTBETCTBHSI TPEOOBAHUSM, B TOM YHCJIC IO 3arPSI3HCHHOCTH BKJIFOUYCHUSIMH.
4. VYCTaHOBIIEHO, 4YTO BaXXHBIM IIaPaMETPOM, OMPEIACISIONIMM SKCIUTyaTallMOHHBIC
XapaKTepPUCTHKH, SBISICTCS  3arps3HCHHOCTh MeTalla TPYO Ppa3jiM4YHbBIMA  TUIIAMH
HEMETAUTMYECKUX  BKJIFOYEHHWI, KOTOpas OLEHHBACTCS NPEUMYIICCTBEHHO METOaMH
Metauiorpaguu. YUuThIBas TPYJOEMKOCTb, UIMTEIBHOCTh M BBICOKYIO OTHOCHTEIBHYIO
OMMOKY OTNpeNeleHns] 3arps3HEHHOCTH BKIIIOYEHHSIMH METauiorpaudeckux MeTOJI0B
aKTYaJIbHBIM SIBJISIETCSI pa3pab0TKa HOBBIX YKCIPECCHBIX METOAMK OLIEHKH YMCTOTHI METaJlIa
110 HEMETAJUTUYCCKUM BKJIFOUYCHUSIM, B TOM YHCJIE KOPPO3HOHHO-aKTHBHBIM.

5. IlokazaHo, 4TO METAUTyprUYeCKUMHU (HaKTOpPaMH, BIHSIONMMUA Ha KOPPO3HIO, TPYOHBIX
cTajiell  SBJISAIOTCS XMMHYECKHI COCTaB, CTPYKTypa MeETajula, KOJMYECTBO U THII
HEMETA/UTMYECKUX BKIIOYCHUH. OCHOBHBIMH BHEHNIHMMHU (DakTopaMu, BIHSIONMMH Ha
KOPPO3MOHHOE TOBEJCHNE METaJlIa, SBISIOTCS. MPHUpPOJA SJIEKTPOIUTOB, MX cocTaB, pH u
KOHIIEHTPALUS KHCIIOpOJia B HUX, a TAK)KE XapaKTep JBIKSHUS pacTBOPA.

6. Iloka3aHO, YTO CYIIECTBYIOIIAE METOJbl KOPPO3MOHHBIX HCIBITAHUA HE TO3BOJISIOT
OLICHUTh KOHKPETHBI TapamMeTp METAJUTyprH4ecKoro KadecTBa MeTaula, Haumbosee
CYIIECTBEHHO BJIMSIONIMN HA €ro KOPPO3HOHHYIO CTOMKOCTh. [109TOMY akTyanbHBIM SBISIETCS
pa3paboTKa METOAMKH JJIEKTPOXUMHUYECKHX WCIBITAHWH, TO3BOJISIOMIEH Ka4eCTBEHHO H
KOJIMYECTBEHHO OIEHHUThH BIMSHUE KaXKJIOTO M3 MapaMeTPOB METAJLTYPrHYEeCKOTO KayecTBa
cTajell Ha UX KOPPO3HMOHHOE MOBEECHHUE.

7. AHanmu3 JnMTEpaTyphl IOKa3bIBACT, XJIOPHUACOJAEPXKALIME BOIHBIE CPEIbl SBISIOTCS
HanOosiee paclpoCTPaHEHHOH KOPPO3MOHHOM Cpeod MpH HKCIUTyaTalldl MPOMBICIOBBIX

TPY6 HOKaSaHO, YTO aHaJIu3 BJIUAHHUA PA3JIMYHBIX THIIOB HEMCTATNIMYCCKHUX BKJIIOUECHHI Ha
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KOPPO3MOHHOE TOBEJIeHHE TPyO B XJIOPUICOJAEpKAIIMX BOJHBIX pAcTBOpax H3Yy4YeHa HeE

MIOJTHOCTBIO U SIBJIIETCS AaKTYaJIbHOM 3a/1auei.
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I'maBa 2 OnieHKa 9UCTOTHI TPYOHBIX CTAJICH 10 HEMETAUTHYECKUM BKITFOUCHUSIM

DBOMIOUS TPYOHBIX CTaJIel MO3BOJSET Pa3AeIUuTh METalll HA HECKOJIBKO MOKOJICHUH.
B nacrosmuii MOMEHT B TpyOOIIPOBOJHOM CHUCTEME CTPaHbl IKCIUTYaTHUPYIOTCS CTald BCEX
YeThIpeX MOKOoJeHUU. TpyObl KaxI0ro MOKOJIEHUS OTJIMYAIOTCSI TEXHOJIOTHUEN TTPOU3BOACTBA U
IIPOKATKH, XUMUYECKUM COCTaBOM, YUCTOTOW IO BPEAHBIM MPUMECAM U HEMETAUIMYECKUM
BKJIFOYEHUSIM, CTPYKTYPOM U MEXaHUYECKUMH CBOMCTBAMU.

Jlyist TpyOHBIX CTallell IepBOTO MOKOJICHUS XapaKTepeH HEOOIbION Habop PJIEMEHTOB
XMMHUYECKOTO COCTaBa C IIMPOKMMHU JIONYCTUMBIMH MpeaenamMu KoHueHtpanui. Kiace
npoyHOoCTH naHHbIX craned K34-K50 Obul HOCTUTHYT 3a CYET BBICOKOTO COJEPIKAHHS
yriaepoaa W Maprasma. JlaHHple cTanu OBUIM BBIIUIABIEHBI B MapTEHOBCKUX Ie4aX C
MOCJEAYIOLIEN rOpsiYeil MPOKATKOM.

[Ipu  nmpousBoacTBe  cTajgeil  BTOPOTO  TMOKOJIEHHWS ~ CTald  NPUMEHATH
MUKPOJIETUPOBAHUE, CHUXKATh COACPIKAHUE YIIIEpPO/ia U KOHTPOJIMPOBATH COAEPKAHHUE CEPBI,
MEHSTh PEXUMBI TepMOOOPaOOTKU. OTIMYUTENHHOW MHUKPOCTPYKTYPHOH OCOOEHHOCTHIO
JIAHHBIX CTaJieH SBIISJIACH TIEPJIUTHAS TTOJI0CYATOCTh M KPYITHBIN pa3Mep 3epeH.

[loBbiienne  TpeOOBaHMKM K  MPOYHOCTHBIM  XapaKTEPUCTUKAM  TMPUBEIO K
BO3HHUKHOBEHHUIO HOBOM KaTerOpuu MeTallia — TPYOHBIX cTajeil TpeThero nmokoiaeHus. Metamn
CTalld BBIILJIABISITH B KHUCIOPOAHBIX KOHBEPTOPAX, BHEIPITh BHEMEUHYID OO0pabOTKYy H
pasiuBaTh Ha MalllMHAX HEMPEPHIBHOTO JUThs. Havanock ucnonbp3zoBanue KapOOHUTPUIHOTO
YIOPOYHEHHUS 3a CUeT J00aBOK HUOOMS, BaHAJAUS U TUTAHA, MOBBIIIATH TPEOOBAHUS K YHCTOTE
[0 BPEIHBIM IMPUMECSAM, B YACTHOCTH, CHMXKATh COJEP’KaHHME CEphbl JI0 THICSUHBIX JOJIEH
MPOLIEHTOB U KOHTPOJIUPOBATh PopMy cynbPUAHBIX BKItOUeHUH. C IeNbl0 MPeloTBPALCHUS
3apacTaHus CTAKaHOB B MAIlIMHAX HEMPEPHIBHOTO JINThS, ObUIO BHEAPEHO MOIUDUIIMPOBAHNE
BKJIFOYCHUH KaJlbI[UHCOAEPKAIMMH TpucagkamMu. B pesynbrare MoAuUGUIIMPOBAHUS B
MeTayuie 00pa3yroTCsl BKJIIOUEHHUS CJIOXKHOTO COCTaBa, COJEpXAIIWe KaJbIM M MarHuu.
CHIKEHHE CoJepKaHUsl  yriaepoja, HCIOJIb30BaHUE KOHTPOIMPYEMON TPOKATKU H
coONrofieHre psijfa APYrUX YCIOBMH TIPUBENO K CO3JaHMI0O TPYOHBIX cTajeil kiacca
npouHocTd K60, UMEIOIIX METKOIUCTIEPCHYIO (PEPPUTO-TIEPIIUTHYIO CTPYKTYPY.

B  Hacrosimiee BpeMsi MPOU3BOMAT  CTAJIM  YETBEPTOrO  IMOKOJEHHUS.  ITO
HU3KOJIETUPOBAHHBIE CTAJIA BBICOKOM YMCTOTHI MO BPEAHBIM MPUMECAM M HEMETAINTMYECKUM
BKIIIOUEHUSIM, BBHITUIABIICHHBIC 110 COBPEMEHHBIM TEXHOIOTUsM. TpyOBl U3 CTallell Y4eTBEPTOTO
MTOKOJICHHS MPOM3BOJATCS C HKCIOJIB30BAaHUEM TEPMOMEXaHUUECKOM TIPOKATKU  JIst

nosyueHus: kinaccoB mnpouyHoctd K60 u Beime. K TpyOHOMY MeTamny NpeabsBlISIOTCS
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KECTKHEe TpeOOBaHUS MO XUMHUYECKOMY COCTaBy M YHUCTOTE IO BPEAHBIM IMpPUMECIM U
HEMETAJUIMYECKUM BKIIIOUEHUSIM.

V3MeHeHne TEXHOJOTHI MPOU3BOACTBA TPYOHBIX CTajel, B YaCTHOCTH TEXHOJIOTUH
BHEIEYHON 00padOTKH, MPUBEJIO K U3MEHEHHIO COCTaBA HEMETAJUIMYECKUX BKIIOUEHUN U UX
conepkanus B Metajuie. [1ockoiabKy OJHUM K3 HENPEMEHHBIX TpeOOBaHUN K MeTallly TpyO
ABJIIETCS OBEUIEHUE YMCTOTHI IO BKJIIOUEHUSIM, aKTYaJIbHBIM SBIIIETCS Pa3BUTHE METOJIOB
UX KOHTpouisl. B Hacrosmiee BpeMst Ha 3aBOJax Uil OLICHKHU 3arpsi3HEHHOCTH MeTtaiuia o HB
MPEUMYIIECTBEHHO HCIOJB3YIOTCS METOAbl MeTaiorpaguu. OTO METOJl CpaBHEHHUS C
stajioHHbIMH miKasamMu 1o 'OCT 1778-70, meramiorpaduyecKuii METOJ] C MCIIOJIb30BaHUEM
CHCTeM aBTOMaruveckoro ananmuza uzoOpaxenuit (EN, ASTM), m meroamka KOHTpOJIs
kommuectBa KAHB, paspaborannas OI'YII [[HWWgepmer wum. W.II. bapauna.
Hcnonp30BaHue MOCIEAHEH METOAUKH CBSI3aHO C MOBBIIIEHUEM TPeOOBaHHM K KOPPO3IUOHHOM
CTOUKOCTH TPYO.

B macrosimeit paGore Obuta pa3paboTaHa anbTEpPHATHUBHAS HKCIPECC-METOIUKA
KOHTPOJISI YUCTOTHl TPYOHBIX CTaJIel 110 OKCUIHBIM HEMETAJUIMYECKUM BKIIOUEHHUSIM, B TOM

yrcne KAHB, ¢ npuMenenuem metoga QpakiiOHHOTO ra30BOTO aHAU3a.

2.1 Metox (hpakImOHHOTO Ta30BOTO aHAIIN3a

@pakUMOHHBIM Ta30BbI aHAIW3 IPOBOJWINM HAa aHAIU3ATOPE a30Ta M KHCIOpOJa
LECO TC-600. IIpuHuumn neicTBusi aHaIU3aTOpa OCHOBAH Ha METOJI€ BOCCTAHOBUTEIBHOTO
IUIaBJIeHUsT o00paslla B HMIIYJIbCHOM II€Yd CONpPOTUBJIEHHUS B TOKE MHEPTHOrO rasa.
CopneprxaHue KUCIOPOAA ONPEEISIN 0 KOJINYECTBY 00pa30BaBLIErocs AUOKCHAA YIiIepoa
METOZ0M HH(PAKPACHOTO TMOTJOLIeHUs. BbienuBmuiicss a3oT oOmpenensan JIeTeKTOPOM
TEIUIONPOBOAHOCTH aHAIN3aTOPA.

g ®I'A ucnonb3oBanu oOpas3ipl B BHJE NapauieaenunenoB (0koiao 4x4x12 mw)
BecoMm 1.2-1.7 .

IIpu npoBenenuu ¢pakuMoHHOro razoBoro ananusza kaauOpoBka UK u TC sueex
OCYILIECTBIISUIaCh 10 CTaHJIApTHBIM o0OpasnaMm, CcoAep)KaHHEe KHUCIOpoJa B  KOTOPBIX
cocraBisiio: 8.0 = 2.0 ppm (ZRM 099-1, BAM), 9.0 + 2.0 ppm (501-643 LECO), 16.0 + 4.0
ppm (501-643 LECO); a3ora: 78.0 = 5.0 ppm (ZRM 099-1, BAM), 41.0 + 4.0 ppm (501-643
LECO), I'CO 6668111, CI'-4.

Hcnonb3oBanu aBoiHble rpadutoBbie THrIM (Gupmbl LECO: BHemHMH THUTEnh —
HarpeBatenb Mapku 775-433 (USA) u BHyTpeHHuid Turenb wmapku 775-431 (USA).

TemmneparypHyto KanuOpOBKY HarpeBareieil OCYILECTBIISUIM C MCHOJIb30BAHUEM NHPOMETpa
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Impac IS5 (I'epmanmsi). AHaIM3 TPOBOIWIIM CO CKOpOCThIO HarpeBa ~ 2 K/cek, mo 2-3
napaieIbHbIM 00pa3IaM.

[Tpuniun merona (paxiuonHoro razoBoro aHanusa (PI'A) ocHOBaH Ha pa3NUYUH
TEMIEPATYPHBIX 3aBUCUMOCTEH TEPMOJMHAMUYECKOW IMPOYHOCTH OKCHJAOB, B KOTOPBIX
HAXOJHUTCS OCHOBHAs 4acTh CBA3aHHOrO B MeTaiuie kuciopoaa. @I'A mpencrasisier co0oit
MOIU(HUKAIIMIO METOJa BOCCTAHOBUTEIBHOTO IUIABJICHHS B TIpaUTOBOM THUTJIE B TOKE
Hecyliero rasza (renus) INpH 33JaHHOW CKOpOCTH HarpeBa oOpasma. [Ipomecc anammsa
HAUYMHAETCS ¢ MOMEHTa cOpoca oOpaslia B MpeIBAPUTENBHO JEera3upOBaHHBIA U HArPeThId 110
3aJJaHHOW TemmepaTypbl rpaduTOBbIM TUrenb aHanu3zaropa. [Ipu HarpeBe 10 TemmepaTypsl
IUTaBJICHUS U3 00pa3ia MOXKET OBITh AKCTPArupOBaH TOJIBKO KHCIOPO, aJCOPOUPOBAHHBIN Ha
MOBEPXHOCTH, YTO OOBSICHSECTCA Mallo AuQQy3NOHHON MOABMKHOCTHIO KHCIOpOAa B
TBepaoM Metauie. [Ipomecc mpoTtekaeT B Au(PGY3HOHHOM pPEXKHUME BOCCTAHOBICHUS U
CYIIIECTBEHHO 3aBHCHUT OT (HOpMbI, MOBEPXHOCTH W cocraBa oOpasma [125]. Bo Bpems
IIaBJeHuss oOpas3lma OT Temmeparypsl IUIaBieHHs (ty;) 1O TOJHOTO pacIUIaBICHUS
IPOMCXOIUT HACHIIIEHUE YIIIEPOJOM paciuiaBa. YTIEpOa B3aUMOJICHCTBYET ¢ KHUCIOPOJIOM B
metaiie o peakuuu RxOy(tB) + yC(rp) = x[R](Fe-C (nac)) + yCO(ra3), BoccTaHaBiIHMBast
OKcuAHbIE BKItOueHus. [Iporecchl BOCCTAaHOBIIEHUS BKJIIOYEHUN MPOTEKAIOT C HEOOJIBIION
CKOPOCTBIO BOJIN3U COCTOSTHUSI pABHOBECHSI.

Oo6paborka manabix OI'A u3 Oydepa aHanm3aTopa OCYMIECTBISICTCS MPH ITOMOIIU
OpPHUTHHAJIBHOTO TIporpamMmuoro obecneuerus «OxSePPro » [126, 127].

3anmaueit @I'A sBhsieTcsl UASHTU(UKALUS OKCHIHBIX BKIIOYEHHH MO CHEKTPY MHKOB
ra30BBIICIICHUS C MCIIOJIB30BAaHUEM PE3YJIbTaTOB XUMHUYECKOTO cocTaBa oOpasna. OCHOBHBIM
napaMeTpoM HICHTU()UKALNHU, OMPEIEISIONIIM COOTBETCTBHE TOJYYEHHOTO MHUKA TOMY WIJIH
WHOMY OKCHJly, SBISIETCS TeMIlepaTypa Hadala M TemIepaTrypa MakCUMyMa MHKa
KapOOTepPMHUYECKOTO BOCCTAHOBJICHHMS OKCHJAa B YCIOBHMAX aHaiuu3a. TakuM o0pasom,
dakTHUecKue TeMmepaTypbl M TEOPETHUYECKHE TEeMIIepaTypbl CpPaBHEHHS B HCCIIEIYEMBIX
obpasnax ompenensitorcss B mporpamme «OxSeP». Ilocne oxoHwyaHusi pacdyera Ha SKpaHe
NOSABSTCS JaHHbIE B BUJe TaOmuubl Temmnepatyp Hadana (Tb,K) u makcumyma nuka (Tm,K)
KapOOTepMHUYECKOTO  BOCCTAHOBIEHMA okcuaoB B mpouecce DI'A.  CpaBHuBaIOT
TEOPETUYECKHE M MPAKTHYECKHE TEMITEpPaTyphl Hadala © MaKCUMyMa IMHKOB BOCCTAHOBIICHUS
OKCHJIOB ¢ moMoIipio mporpamMmbl «Oxide Separation». B cooTBeTcTBUU ¢ pa3paboTaHHOM
METOAMKON, MAacCOBYIO JIOJIIO KHCIOpPOJa B BBICOKOTTTMHO3EMHUCTBIX KaJIbIIUICOAEPIKAIINX
BKIIIOUCHUSX U IIMUHETH OMPEIENSIOT MyTeM CyMMHPOBAHHUS MacCOBOW JOJM KHUCIOpOAa B

MUKaX, HAXOJSAIIUXCS B MHTEpBaJie Temrepatyp Makcumyma nuka st Al,Oz Tm, K (Munyc
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35K) mo Temneparypsr makcumyma nuka st MgO Tm, K (mumroc 40K), mosrydeHHBIX pacueToM

¢ momouibio nporpammsl «Oxide Separation» it JaHHOTO COCTaBa CTAJIH.

Ha puc. 4 mnokazaHa TUNMYHAs KpUBas BBIJACICHUS KHCIOpOJAa U PE3YJbTaThl

pacueTHOTO pa3zeNneHus Ha MUKK B 00pasiie TpyOHoii ctanu mapku 20KT.

OTHOCUTENbHAsA UHTEHCUBHOCTb

T
2000

T
1800

T.K

T
1400

1200

Oxide Temperatures &
#| Oxide | ThK | TmK |a]
8| Ti305 1535 1661
9 Si02 1578 1704
10 | ARTIOS 1731 1857
11 | Al2SiI05 1745 1871
12 | AIBSi2013 1776 1902
13| MgSi03 = 1798 1925
14 | Mnal204 1808 1934
15| Al203 1836 1963
16 | Mgal204 1876 2003
17 | Mg2Si04 1918 2045
18] CatO7 | 1943 | 2075 | | # Oxygen. % | Th.K [ Tm.K | dT |
19| casl?04 1996 2112 (] 0.00010 1678 | 1787 37.8
o0 | cazsios 2087 2914 |2 0.00011 1777 | 1887 402
A MgO 2107 22334r.._| 53] 0.00054 1878 | 2001 498
6) ‘l ] » B) 4 0.00014 1961 | 2049 324

Puc. 4. IIpumep pesynbtata ®I'A, 06paboTaHHbIi IporpaMMHBIM obecrieueHneM «OxSePy,

obpa3siia TpyoHoit cranu mapku 20KT: a — kpuBas ra30BbIICICHHS C BBIICTICHHBIMUA MTUKAMU

BKJTFOUCHHH, O — TEPMOTMHAMHUYECKHI PacueT XapaKTepUCTHUSCKUX TemrepaTyp Th u Tm, B

— pe3ynbTaThl aHATN3A.
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ITo pesynbraram ®I'A paccuuThiBasid 00beMHYIO OO (Vi) OKCHIHBIX BKIIFOUCHHI

Ka)kJ0ro Tuna mo gpopmyie [11]:

o, O, e M
VOK _ FMmarp z OKC*"™ OKC ( 11)
100 5" poxcMy

. 3.
TJI€ Pyarp — TUIOTHOCTh METAJUIMUECKON MAaTpPHIIBI, T/CM”; poxc — TUIOTHOCTh OKCHUAA
3.
JIAHHOTO cocTaBa, I/cM”; Opgxc — MaccoBOE COJIEpKaHUE KHCIOPO/AA, CBSI3aHHOTO B OKCHIBI
KaXaoro N-tumna, ompenesieHHoro merogoM ®PI'A; Mopgxc — ModbHas gons okcuaa; Mo —

aTOMHasi Macca KHCIOpoa B OKCH/IE.
2.2 Be16op 00pa3noB TpyOHBIX CTaJIel JIs POBEICHUS UCCIICIOBAaHUMH.

B kauectBe Marepuana JUIsi TPOBEICHHS HMCCICIOBAHUS HCIOJIB30BAIM OOpa3IIbI
TPYOHBIX CTajeld TpeX MOKOJCHWH, KOTOpbIE Ha CETONHSIIHUN JeHb SKCIUTyaTUPYIOTCS B
MarucTpalibHbIX TpybompoBomax (19T, 17I'C, 17I'C®, 10I20BHO, 13I'1C-Y) wu
HeprenpoaykronpoBoaax (20KT). Jlns npoBeneHus uccieqoBaHUN KOJIUYECTBA U OCHOBHBIX
TUIIOB HEMETAJUTMYECKUX BKIIOUEHHH OBUTM OTOOpaHbl 00pas3ipl TPYyO OT MaruCTpabHBIX
TPYOOIIPOBOJIOB IOCJIC dKCIUTyaTauu B TeueHue 8-23 ner. O0pasusl cramu 20KT oroOpanb!
OoT HOBOH TpyOwl. Hccnemyemble 0Opa3ipl OTIMYAIUCH TEXHOJOTHEH MPOU3BOJACTBA U
CIocoO0M MPOKATKH.

B Tabnwie 5 naHa xapakTepUCTHKA UCCIIEyeMbIX 00pa3IoB TPYOHBIX CTajeH, criocod
UX NPOU3BOJICTBA U TEPMOMEXaHUUECKast 00paboTKa.

HccnenoBanust Obuiv mpoBeaeHbl Ha oOpasuax cramu 20KT mpomsbliieHHOro
NpOM3BOJICTBA — 21 MJaBKH, BBIIUIABIEHHBIX 1O JIBYM TEXHOJIOTHSM: C HCIOJIb30BaHHEM
Moau(ULIMpOBaHUS MeTaia CHiMKokainpleM (o6pasimbsl NeNe 9-21), m 6e3 mpuMeHeHus
cHIMKOKaJIbIus (00pa3siel NoNe 1-8).

Xumnueckuit cocraB 00pasnoB Tpy6 mapok 19T, 171°C, 17T'CD, 10I'2DBIO, 13I'1C-Y
u 20KT onpenensiyv METOIOM aTOMHO-3MHUCCHOHHON CIIEKTPOMETPUH C TICIOIIUM Pa3psIoM
Ha cniekTpomeTpe LECO GDS-850A.

JIONIOTTHUTEIBHOE OTIPENIeICHUE COJePKAHUsS YTIIepoia U Cephl MPOBEACHO METOAOM
OKHCIHTETbHOTO TuTaBiieHus Ha aHanm3atope LECO CS-600. IloxmroroBka mpo®d st
OTIpeNieNIeHUs] COZEp KaHUsl YIiepoia M Cepbl 3aKiIioyanach B HM3TOTOBICHUU CTPYXKKH Ha
(dpe3epoBOUHOM CTaHKE, MPOMBIBAHUM B CHHUPTE M CYIIKe Ha Bo3ayxe. llpeaBaputenbHo
B3BCIICHHAsT Mpo0a MeTajula Maccod OKojo | rpamMma B BHJAE CTPYKKH CXKHraiach B
KepaMUYeCKOM THUTJIe C IUIaBHEM B IOTOKE KHciopoaa. KoHIeHTpamws yriepoma W cepbl

u3MepsIach METoA0M HHppakpacHoi abcopbimu obpaszosasnxcs CO2u SO,.
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Tabmuma 5 — XapakTepucTuka UCCIeIyeMbIX 00pa3IioB Tpyo

Mapka | Ilokonenue TepMomexanunyeckas
Oco0eHHOCTH TPOM3BOACTBA
CTaJH odpadoTka

BrimiaBka B MApTE€HOBCKOM MeYH,
191 1 packucienune Al,O3, 6e3 mpuMeHeHust Hopmanu3anus
KaJIbLIUH-COJepKAIINUX TPUCATOK

BrinnaBka B MapTE€HOBCKOM I1€4H,
171C 1 packucnenne Al,Os, 6e3 npuMeHeHHs Hopmanuzanus
KaJbLUAKW-COAEPKAIIUX TPUCATOK

BelinnaBka B MapTEeHOBCKOU I1€4H,
17TCD 2 packucienne Al,O3, 6e3 mpuMeHeHHst Hopmanu3anus
KaJIbLIUH-COJIepKAIINUX TPUCATOK

BrimiaBka B KUCIOPOJHOM
KOHBEPTOpPE, IPUMEHEHHE BHETIEYHOU

Kontpommpyemas
10I"20BIO 2 00paboTKu ¢ MOAU(PUIUPOBAHUEM POIHPY
. . IpOKaTKa
BKITIOYCHUH KaJIbLUH-COIEPIKAIIUMHU
MpHUCaTKaAMH
BrimiaBka B KUCIOPOJHOM KonTtponupyemas
KOHBEPTOpE, MPUMEHEHHE BHETIEUHON mpokarka +
13Iric-y 3 00paboTKu ¢ MOIUPUITUPOBAHUEM YCKOpPEHHOE
BKJIIOUEHUH KaJbIHii-coepKaAIIUMU OXJIaKIeHHUE +
MpHUCaTKAMH TEPMOYITy4dIIICHHE
BrimiaBka B KUCIOPOJHOM
. Kontpommpyemas
KOHBEPTOpE, IPUMEHEHNE BHETICYHON
IIpoOKaTKa +
20KT 3 00paboTKu ¢ MOIUPUIUPOBAHUEM
. YCKOpPEHHOE
BKJIFOUEHUH CHIIMKOKAJBIIUEM MapKH
OXJIaXJIeHUE

CK30

XUMUYECKUI cOCTaB UcClieyeMbIX 00pa3ioB npeacTasieH B [Ipunoxenun |.
B kaudecTBe CpaBHUTEIBHOIO HCCIENOBaHMS s pa3paboTku meroauku PI'A u
OTIpeNIeNIeHUs] XapaKTePUCTUK HCCIeTyeMbIX 00pa3lloB OBbLIM IMPOBEACHBI KOMIUIEKCHBIE

HCCIeI0OBaHUS METOJaMH ONTHYECKON U 3HeKTpOHHOﬁ MUKPOCKOIINH.

2.2.1 HccnenoBanue MHUKPOCTPYKTYPhl W BKJIIOYEHUH METOJOM  ONTHYECKOU
MeTaiiorpaguu

M3MeHeHne TEXHOJIOTMM IIPOM3BOJCTBA CTAJE€l € LENbI YIYYIIEHHS KadecTBa
MeTaljia, MPOYHOCTHBIX XAPAaKTEPUCTHUK, HAIVISIAHO MOYKHO OLIEHUTH II0 MHUKPOCTPYKTYpE
Ka)/I0r0 MeTaJuIa.

MukpocTpyKTypy cTajnei ompenensuii Ha oOpaslax roToBbIX Tpybax mapok 19T,

177C, 17TC®, 10I'20BIO, 13I'1C-Y, oroOpaHHBIX Ha YydYacTKaX MarkucTpajbHOIO
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TpyOomnpoBosa u obpasmax cranu Mmapku 20KT (oOpazer; Ne5), oToOpaHHBIX OT HEMPEPHIBHO
mutoi 3arotoBku (HJI3) u oT roToBo# TpyOHLI.

AHaM3 MHUKPOCTPYKTYPHI TpPyO OCYIIECTBISIM Ha NUIM(Ax, W3TOTOBJICHHBIX I10
TOJIIIMHE CTEHKU TPYOBI.

OOpa3upl i1 MeTauIOrpagUuecKux  HUCCIEAOBaHMM  ObLIM  M3TOTOBJIEHBI  C
UCII0JIb30BaHuEM OTpe3Horo cranka CM-15, 3anuBounoro npecca PR-32 u aBromarnueckoro
nonupoBansHOro cranka SS-2000 ¢upmer LECO. [lns mmudoBku 00pa3LoB MCIONIb30BAIN
IKYPKHU pazaudHor 3epHUcTOCTH OT 240 mo 1200 grit. Jlasiee mpoBOAMIM MOCIEAOBATEIbHYIO
HOJIMPOBKY 00pa3L0B aIMa3HbIMU CYCHEH3MSAMM C pa3MepoM a0pa3uBHBIX yacTul 3 MKM, 1
MKM 1 0.05 MKM ¢ mpomoykuTeIbHOCTBIO ToaupoBku 20-30 c. Ilocne moaupoBku HUTUGBI
OPOMBIBAIM STHJIOBBIM CIHPTOM U XpaHWIM B OHKCHKaTope. M3mepeHnus Ha uummdax
IPOBOJWIIN HE MO3/IHEE CYTOK C MOMEHTA X U3rOTOBJICHUS.

BesiBieHHE CTPYKTYpbl HpPOBEAEHO XHMHUYECKUM TpaBiieHHeM B 3 % CIUPTOBOM
pacTBope a30THOM KHUCIOTHL. MeTamuiorpaguuecKkue HCCICIOBaHUS MHUKPOCTPYKTYPHI,
HEMETAUTMYECKUX BKIIIOYCHHH W OMpEIesIeHHEe WX pa3MepoB NMPOBOAWIM Ha NUIH(ax IO
I'OCT 1778-70 [28] mpu mnomomum onrtuueckoro wmwukpockona OLYMPUS PME-3 ¢
HpOrpaMMHBIM obOecrieueHneM «Thixomety.

Ha pucynkax 5, 6 npencraBieHbl MUKPOCTPYKTYPBI HCCIIEAYEMBIX 00pa3IoB.

Muxkpoctpykrypa cramu 191" mpencraBmsier coOoii 3epHa Qepputra ¢ HEOOIBIIUM
KOJINYeCTBOM Iepauta (puc. 5 a). Pasmep ¢eppurHoro 3epHa cocrapiser okoio 40 mxm. B
MHUKPOCTPYKTYpE Takke Halo/anack GeppuTo-nepauTHas NojJ0cYaTocTs 2 baa.

B o6pasnax craneit 17TC u 17TCO (puc. 5 0, B) Takxke HaOmOAalach 3epeHHas
CTpyKTypa (hepputa ¢ HEOOJIBIINM KOJINYECTBOM IepinTa. OAHAKO 110 CPAaBHEHUIO CO CTANIbIO
191" B o6pasnax craneit 171'C u 17T'C®D 3epHa dpepputa umenu MeHbinit pazmep (oxoso 20
MKM). Kpome storo B cranu 171'C HaOnronanack sipko BbIpakeHHas M0J10c4aToCTh 2 Oamia. B
oOpasuax cranu 17'C® Obula  BbISBIGHA  JIOKaJM30BaHHAas  (eppUTO-TIEPIUTHAS
MOJIOCYATOCTh (PHUC. S B).

Mukpoctpykrypa o6paszuoB ctaneit 10I20BI0 u 13I'1C-Y cuibHO oTiHYaeTcss oT
BBIILIE PACCMOTPEHHBIX CTAJEH, YTO OYEBUIHO CBA3AHO C HMHBIM PEXKHUMOM ILIACTHYECKON
nedopmaruu U TepMuUecKor 00padoTku. J[aHHBIE cTany OBLTH TOJBEPTHYTHI TIACTHYECKOM
nedopmaruu Mo pekuMy KOHTPOJIUPYEMOM MPOKATKH, mocie 4dero ctainb 10I2DBI0 Opina
NOJIBEprHyTa HOpManu3anuy, a ctanb 13I'1C-Y noxseprayra tepmoynydiieHuto. B cBs3u ¢
3TUM MUKpocTpyKTypa ctanu 101 2DBIO npencrasnser coboit heppuTO-NEPAUTHYIO CMECH C
CWJIBHO BBIpaXXEHHOM mojocyatocTeio. Habmiogatorcss cuiibHO — neopMHpOBaHHBIE,

HEPEKPUCTAIUIM30BAaHHBIE 3epHa deppuTa pasMepoM OKojo 15-20 MKM W TIOJIOCHI TIEpiIUTa
59



(puc. 5 1). B cramm 13I'1C-Y Obina oOHapyxkeHa (eppuTo-OCHHUTHAS CMECh, a TaKkKe

CHJIbHAs TOJIOCYaTOCTh (pUC. 5 ). Pa3mep CTPYKTypHBIX 3JIEMEHTOB BapbuUpyeTcs B

nuamnaszone 15-30 MrM.
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Puc. 5. ®eppuro-nepautHas crpykrypa crtanu 191°(a); 171'C (0); 17T'CD (B); 10I"2DBHO (1);
beppuro-6eitnutHas ctpykrypa ctanu 13I'1C-Y (n).
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Puc. 6. Ctpykrypa o6pasuos cranmu 20KT, orobpannsix ot HJI3 1 ot rotoBoii TpyOsI:
a) JUTas BUAMAHIITETTOBA; 0) OCHHUT.

MHUKpPOCTpYKTYypa JIMTOW 3aroTOBKM SBJSUIACh TUIIMYHOM JJI JIMTOrO MeTaljia u
npejcTaBisier co0oi BUAMAHMITETTOB (eppuT U nepiaut (puc. 6 a). B MuKpocTpykType
TOTOBOTO METaJljIa TPYOBI HAOIIOIaeTCS MEJIKOUTOIbYATHIN OeHUT (pHc. 6 0).

MeTtomoM onTHYECKOW MeTautorpaduu 1 3JeKTPOHHON MUKPOCKOIIHH B UCCIIETYEMbIX
oOpa3uax cranei oOHapy>KeHbl HEMETAINIMUYECKUE BKIFOUEHUS Pa3IMuHbIX TUIIOB. HekoTopble
U3 HUX MOKa3zaHbl Ha puc /. Ha puc. 7(a) mpencraBiieHa CTpOYKa XPYNKUX BKIOYCHHN

KOpyHJa B 00osiouke cyiabpuaa, ooHapyxenHas B cranu 171°C.
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e)

Puc. 7. Hemerammueckue BKIIIOUEHUS B UCCIeAyeMbIX cTtaisx: a - 171'C, 6-e - 17TCO.

Takum oO0pa3oMm, aHalu3 MHUKPOCTPYKTYpBl IOKa3al HW3MEHEHHE TEeXHOJIOTUI
TEPMOMEXaHUUYECKON 00pabOTKU MPH W3rOTOBIECHUH TPYO M MPHUHAJICKHOCTh UCCIIETyEeMbIX
MapoOK CTaJleil K COOTBETCTBYyIOIIEMY TMOKOJeHHI0. OOHAapyXeHbl pPa3IUYHbIE THIIBI
HEMECTAJINIMYCCKUX BKJ'IIO‘-ICHHfI, XApPaKTCPHBIC  IJIA crajiei JUIA  KaXA0Io0 ITOKOJICHUA

MMPONU3BOACTBA.

2.2.2 VlccnenoBanue BKIFOUYEHUH METOJIOM 3JIEKTPOHHON MUKPOCKOITHH

Pa3Hble TexHOIOrMM MPOU3BOJCTBA CTaJed, B YACTHOCTH IPUMEHEHUE pPa3IMYHBIX
pacKucnuTenei, NpUBOAMT K  OOpa30oBaHWIO  BKIIOYEHHWH  pPa3IMYHOTO  COCTaBa.
MHUKpPOPEHTI€HOCIIEKTPAJIBHBIA ~ aHAJIW3 I03BOJIAET  ONPEAENATh XHMHUYECKHH COCTaB
BKJITOUeHUN. Takxe JaHHBIN METOJ UCIIOJIB3YETCSl B KOMIUIEKCe uccaenoBanuii ¢ OI'A.

Ha  puc. 8-13  npeacraBieHsl  Haumbosnee  XapakTepHble  Pe3yJbTaThl
PEHTT€HOCTIEKTPAIbHOTO aHAIN3a HEMETAJUIMYECKUX BKIOUEHUN I KayKIOW MapKu CTaJIH.

[Tockonpky ctans 191" packuciena amoMUHUEM, B HEH ObUTH OOHAPYKEHBI CIIETYIOIINE
TUIIbI OKCUJHBIX BKJIIOUEHUI: CUIIMKATHI TUIACTUYHbIE U alfOMUHATHL. [Ipruem amtoMuHaThl B
OOJBIIMHCTBE CIy4acB HAXOIWINCh B CYIbGHUIHON 000n0uKe cynabduaa mapranma (puc. 8).
Kpome storo Obumn obHapyxensl HB HuTpumoB turana. B Tabn. 6 u 7 npexacraBieH

XUMHYSCKHI COCTaB BKIIFOUCHHIA.
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10pm
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Spectrum 2

Puc. 8. Hemeranmnuueckue BkioueHus oopasma 191

Tabmuna 6 — Xumuyeckuit coctaB BkItoueHuit cramu 1917 (puc. 8 a), % art.

CnexTp ©) Al Si S Ti Mn Fe
1 47.99 35.18 1.06 8.22 7.55
2 0.92 22.55 8.53 41.60 26.41
3 26.69 28.42 15.14 2.15 13.18 14.42
Tabnuna 7 — Xumuyeckuit coctaB BkItoueHui cramu 1917 (puc. 8 6), % art.
Cnextp N @) Al Ti Fe
1 29.34 63.84 6.82
2 55.18 42.21 2.61

Cranp 17T'C packucnena amoMmuHueM. B oOpasnax oOHapyXeHbl IUIAaCTHUYHBIE

CUJIMKAThl, aJIFOMHUHATHI, CYJ'IL(I)I/IILLI Maprana ¥ HUTPHJbI THTaHa. Taxxke MMPUCYTCTBYIOT

ATIOMHUHATEl B 00ojouke cyinbduma mapranna (puc. 9). B Tabn. 8 m 9 mpexncraBieH

XUMHAYECKUH COCTAB BKIIIOUECHUH.

.Soecwun‘ 2

Spectrum 1

Spectrum

Bum

2
9

6y fom

Spectrum 1

Spectrum 2

Puc. 9. Hemeramaeckue BriroueHus oopasma 171°C.

63




Tabnuna 8 — Xumuueckuii coctaB THIMMYHBIX BKitodeHnid B craiu 171°C (puc. 9 a), % ar.

Crektp O Al Si S Mn Fe
1 18.23 8.78 0.85 72.14
2 21.83 14.13 1.08 8.44 7.54 46.99
3 1.83 1.71 96.46

Tabnuna 9 — Xumuueckuii cocraB Bkiodenuit cranu 171C (puc. 9 6), % ar.

Criextp O Al Si S Mn Fe
1 49.71 44.06 0.65 5.59
2 0.70 28.80 47.57 22.93

Cranp 17TC® Ttakxke OblIa packucieHa amoMuHHEM. B oOpasmax oOHapy»KeHbI

BKJIFOUCHUS HUTPUJA THUTAHA, Cy.]'[B(l)I/II[a Mapraiina, aJtOMUHATBI U INIACTUYHBIC CUJIMKATBI U

AJIFOMOCHJIMKATBI. Hpnqu BKIIIOYEHUA HUTpHJA TUTaHa U aJllOMUHATa NPCUMYIICCTBECHHO

HaXomATCsl B o0oJjouke cynbduma mapranua w/wmmm cuiukata (puc. 10). B tadm. 10 u 11

MPEJCTABICH XUMUYECKUI COCTAB BKIIFOUEHUU.

E

8
L3

@trum 1

Spectrum 2

a)’

Tabmuna 10 — Xumudecknii coctaB BrimoueHui ctanu 171TCO (puc. 10 a), % art.

10pm

6)'

10pm

Puc. 10. Hemerammmyeckue BrodeHus oopasma 171CO.

Criektp N 0] Si S Ti Mn Fe
1 39.06 35.78 25.15
2 57.93 4.11 7.77 8.36 21.84
3 37.59 8.90 19.27 0.56 15.71 17.98

Tabmuna 11— Xumudeckuii coctaB BkatoueHus cranu 171CD (puc. 10 6), % ar.

Criextp @) Al Si S Ti Mn Fe
1 71.40 27.59 1.01
2 48.58 4.66 11.56 0.99 22.69 11.53
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ITIpu BeimnaBke ctamu 10I2DBIO Hcnonp30Baiv CHIMKOKAIBIMEBYIO IPOBOJIOKY,
MPUMEHEHUE KOTOpoi mnpuBoauT K Momudukanuum BkiaroueHuid Al,O3. B uccnemyembix
00pa3iax MperuMyIIEeCTBEHHO MPUCYTCTBYIOT MEJIKHE (OKOJIO 5 MKM) OKCUIHBIE BKJIIOUCHHSI, B
COCTaB KOTOPBIX BXOJAT aTFOMMHATBI KaJbLUs, CYJIb(UIbI KaIbIMs U MapraHia, CUJIMKAThl U
AITIOMOCUJIMKATBI, a TaKKe MarHuenas mmnuHenb (puc. 11). Hanuumne marnueBoill mmuHenu
CBSI3aHO C HUCIOJIb30BAHUEM IEPUKIIAZYTIEPOJUCTON (PYTEPOBKU C BBICOKMM COJIEpKAHUEM
OKCHJIOB Marus. AJIFOMOCHIIMKATHI M aJJFOMHHATHI KaIbLIMs HAXOIATCS B 000JI0UKe Cyabduaa
Maprasia. JTOT THIl BKIIOYeHHH MOXHO otHectd [2, 45] k KAHB 2-ro tuma. Takxke
obnapyxensl BrirodeHuss AlO3 m cymbunsl kameius W Mmapranima. B tadm 12 u 13

MIPEACTABJIEH XUMHUYECKHUI COCTAaB BKIIFOUEHUN.

Spectrum 1
pectrum 1

S Spectrum 1

Puc. 11. Xumnueckuii coctaB BkitoueHuit oopaszmna 10I'2DBIO.

Tabmuna 12 — Xumudeckuii coctas Brirodenuii ctanu 10I2DBIO (puc. 11 a), % ar.

Crextp @) Al S Ca Mn Fe
1 67.78 20.39 3.65 4.47 1.00 2.72
Tabmuna 13 — Xumuvecknii coctas BrmroueHui ctanu 10I22DBIO (puc. 11 6), % ar.
Crektp Si S Ca Fe
1 2.02 35.61 43.99 18.37

Cranp 13I'1C-Y packucieHa amoMMHHEM U KajblueM. OOHapyXeHbl CIIOXHBIE
OKCHJHBIC BKIIoUeHHs conepxkammue kanpuuii (Al,Ca)xOy B cynsdunHoit o6omouke (Ca,Mn)S
(puc. 12). Jlanvpii THO BKIOueHHH MOXHO oTHecTH K KAHB 2-ro Ttuma. Taxxe
MPUCYTCTBYIOT CHIIMKATBI, aTFOMOCHIIMKATHI, aTIOMUHATHI, MAarHUEBAasl MIMUHETb U CYTbQUIbI

KaJblI Y. Hanuune maraueBoy MIIIMHEIN CBA3aHO C UCIIOJIb30BaHUEM HCpHKJIaSerICpOI[HCTOﬁ
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(yTepoBKH C BBICOKMM COJEpKaHueM OKcuaoB MarHus. B Tabn. 14 mnpeacrasien

XMMHYECKHUI COCTaB BKIIFOUCHUIA.

r(‘f.

Spectrum 1 b

Spectrum 2

a) 10um ! 6) f 10um

Puc. 12. Xumuueckuii coctaB BKiroueHuit oopasmna 13I'1C-Y

Tabmuna 14 — Xumunvecknii coctas BrmoueHuit cranu 13I'1C-Y (puc. 12), % ar.

Pucynok | Cnektp @) Mg Al S Ca Mn Fe
122 1 46.37 7.73 10.38 11.44 7.79 8.01 8.28
2 - - 3.06 25.39 34.78 12.89 23.88
126 1 55.06 3.65 26.53 0.84 0.72 - 13.21

Cranp  20KT BblIutaBIeHa MO JBYM TEXHOJIOTHUSM BHENEYHOM 00paboTKu:
pacKUCIIeHHE ATFOMUHUEM M KOMIUIEKCHBIM PAaCKUCICHUEM AIOMUHUEM W MOJIU(PHUIIMPOBaHA
CHIIMKOKanblmeM. Bo Bcex oOpasiiax, BBIIUIABICHHBIX C NMPUMEHEHHEM MOIUPHUIIMPOBAHUS
BKJIIOYEHUH CWJIMKOKAJIbLMEM OOHApyXEHbl B OCHOBHOM MeNKHE OKCHJHBbIE (JIFOMHUHATOB
KaJbllUd W MarHueBOW IINMHHENN) BKJIIOYEHHUS CIOXKHOIO COCTaBa Ha KOTOPBIX HMMEIOTCS
000J10YKH H3 CyabGHUIOB Kaublius W maprania (puc. 13). DTOT THI BKIIOYEHHH MOXKHO
otHectd K KAHB 2-ro Tuna. Takke MpUCYTCTBYIOT CHIIMKATHI M aTFOMOCHIUKATHL. B Tadm. 15

MPEACTABIEH XUMHUECKHUI COCTAaB BKIFOUEHUN.
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Puc. 13. OkcuaHble BKIIOUYEHHUS CIOKHOTO cocTaBa oopasifa ctanu 20KT (Ne 15),

BBIIUIABJIEHHOTO ¢ IPUMEHEHNEM CcHIIHOKaIbIusa Mapku CK30.

Tabmuna 15 — Xummnueckuii cocras Briarouenuii ctanu 20KT (o6p. Ne 15) (puc. 13), % ar.

Crektp @) Mg Al Si S Ca Mn Fe
1 0.32 15.35 14.43 1.66 68.24
2 22.54 4.24 6.51 0.49 23.50 19.88 2.55 20.28

B o6pasuax cramu 20KT, BBIIUIaBICHHOW C NPUMEHEHHEM TOJBKO ATIOMHHHSA B
KayeCTBE PACKHUCIUTEIN IPUCYTCTBYIOT BKIIIOYEHHS CHUJIMKATOB, QJIIOMOCHIIMKATBI U

AJIIOMHNHATHI.

2.3 Pesynbrarer ®I'A

[To pa3paboTaHHOI METOTUKE OIEHKH YUCTOTBHI TPYOHBIX CTallell MO OKCHIHBIM
HEMETAJUTMYECKUM BKITIOYCHHUSM OBUT MPOBEACH (PaKIMOHHBIA Ta3oBBI aHaIN3 00pas3ioB
TpyO Tpex mnokoneHwid. Ilocime oOpabotkm manHeix PI'A OBUIO TONMYyYEHO CoOAEpKAHHE
KHCJIOPO/ia B UICHTU(PHUIIMPOBAHHBIX OKCUAHBIX BKItoueHUsX ([Ipunoxenue II). [Ipu ananmze
00pasioB MerogoM PI'A OKCHIHBIC BKIFOUEHHS YCIOBHO OBLTH pa3zeiicHbl Ha TPU TPYIIIIHI,
COOTBETCTBYIOIIHME KJIACCH(PHUKAINN, TIPUHATON B METAIUIOTpau:

1) cuukaThl — BKIIFOYEHHsI, C BRICOKHM cozepxkanuem SiO; (>60 %);

2) aIOMUHATHI — BKJIFOUEHHS ¢ BBICOKHM conepxkanreM Al,Oz (>40 %);

3) amomocuiukatsl kanbius (Al,Ca)xOy (BkiIroYeHHs ¢ BbIcOKUM conepkanueM Al,Oz u CaO
(>40 % u >20 % COOTBETCTBEHHO)), U Maruuesas mmuHesab (MgO-Al,O3).

Ha puc. 14 npencraBieHbl pe3ynbTaThl (PPaKIMOHHOTO Ta30BOr0 aHAIHM3a HMCCIETYyeMBIX

00pa3sIoB Tpyo.
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Puc. 14. Coneprxanue kuciaopoja oomero (TOYKK) U B pa3Iu4HbIX TUIIAX OKCUIAHBIX
BKJIIOUEHUH (CcTOJIOIBI) B 00pa3iax, 0TOOpaHHBIX U3 TPYO Ha pa3IMYHbIX Y4acTKax

TpYyOOIIPOBOIOB.

W3 puc. 14 Buano, uto B cransax 19, 17'C u 17T'C® B 0CHOBHOM NPUCYTCTBYIOT OKCUHBIE
BKJIIOUEHUSI CWJIMKATOB, aJFOMOCWJIMKAaTOB W QJIOMMHATOB, SIBJISIFOIIMECS TUIUYHBIMHU IS
CTaJIeH, BBIMJIABIEHHBIX C UCIOJb30BaHUEM IIOMUHUS U KPEMHUS B KaUECTBE PACKUCIUTEIIS.
[Tepexox Ha TEXHOJOTMM BBIIUIABKM TPYOHOW CTalld C MPUMEHEHHMEM Kalbliisi B KayecTBE
pacKUCIUTENsT HpHUBEJI K OOpa30BaHHWIO HOBBIX THUINOB BKIOYeHHH. [lomMuMO mpocThix
BKJIIOUEHUN (CHIMKaTOB M amomMuHatoB) B cramax 10[2OBIO, 13T'1C-Y u 20KT
OoOHapy’KeHbl BKJIIOUEHHS TPEThell IpyMIbl — BKIIOYEHMS CIIOKHOTO COCTaBa, COJEp KalluX
KaJbIUiA, a Takke Maruuesbie mmuHenn. CormacHo [1, 2, 43-45] BrioveHHs aTlOMHHATOB
KaJIbI[USI MOYKHO OTHECTH K KOPPO3MOHHO-aKTUBHBIM BKIt0UeHUsIM (KAHB).

Copepxanue a3oTa BO Bcex oOpaslax HaxoAuTcs B Juana3zoHe 68-76 ppm, 4To
SIBJISICTCS. XapaKTePHbIM 17 TexHoNoruu BeiruiaBku (IIpunoxenue 11).

Pesynprater  ®I'A  wuccinenmyemblx  TpyO — corniacyroTcs ¢ pe3yibTaTaMu

PEHTTEHOCIIEKTPAJIBHOTO aHAJIN3A.

2.4 Beisoas! 1o ['nase 2

1. MerogamMu ONTHYECKOW W AJIEKTPOHHOW MHUKPOCKOMUU U (PPaKIIMOHHOTO Ta30BOTO

aHaJIM3a UCCIIEZIOBaHbI 00pa3lbl TPYOHBIX CTajeil TpeX MOKOJIEHUH, SKCIUTyaTUPYIOLIUECS B B
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HACTOSIIIee BpeMsl MarucTpasibHbIX Tpyoonposoaax (1917, 171'C, 17TCd, 101" 2dbIO, 13I'1C-
VY) u vedrenpoaykronpoBoaax (20KT). OnpenerneHbl OCHOBHBIE THUITBI MUKPOCTPYKTYPBI U
HEMETaJUIMYECKUX BKIIOUEHUHN B 00pa3Iiax.

2. MetogamMu ONTHYECKOW M SJIEKTPOHHOM MHUKPOCKONHUU U (PAKIMOHHOTO Tra30BOTO
aHaJM3a MOKa3aHO, YTO OCHOBHBIMHM THUIIAMU HEMETaJUIMYECKUX BKIIOUEHUN B ctayax 191,
17TC u 17TC® sBasitoTCS BKJIIOYEHHUS] CUIIMKATOB U aJTIOMUHATOB, YTO XapPaKTEPU3YET CXEMY
IPUMEHSIBILIETOCA B TEXHOJIOTUAX packuciaeHus. B coBpemennsix cranax 10I22PBIO, 13I'1C-
VY u 20KT 0CHOBHBIMHU THUIIAMH BKJIFOUEHUH SBIJISIFOTCS BKIIOUEHUS AIFOMUHATOB COJIEPKAILIUX
KaJblUi, a TaK)Ke MarHueBas wmuHenb. [loka3aHo, 4YTo COBpeMEHHbIE MapKH CTajeil duiie
M0 COJICPXKAHUIO KHCIIOPOIa U HEMETAUNIMYECKUM BKIIFOUCHUSIM.

3. [TokazaHo, 4TO BKJIIOUEHHS! AJTIOMHUHATOB KaJbIMS MAarHUEBbIC IIMHHEIM HA KPUBBIX
nonydyaeMbeix MetogoM @DPI'A MOXHO OTHECTH K KOPPO3HMOHHO-AKTHBHBIM BKIIOUYEHUSIM
(KAHB).

4.  Pa3paboraHa MeETOJAMKAa KOHTPOJISI YHCTOTHI TPYOHBIX CTajled MO OKCHIHBIM
HEMETAJUIMYECKUM BKJIIOYEHUSIM, B TOM YHCJIE KOPPO3HMOHHO-aKTHBHBIM, C MPUMEHEHUEM
MeTo/1a (PAKIIMOHHOTO Fa30BOr0 aHAIKM3a. Y CTAHOBJICHO, YTO MUK ra30BbIIEICHUS Ha KPUBOU
OI'A B UHTEpBajie TeMIIEpaTyp Hauanaa BOCCTAHOBJICHHS BKIIOUCHHUH alFOMUHATOB KaJIbIUs U
marauesoii mmumHenu  ((Ca,MQ)Oy*Al,03), ompenenstemsrii mporpammoit  «OXSePy,
OTHOCHUTCSI K BOCCTAHOBJICHHIO K KOPPO3MOHHO-aKTHUBHBIX HEMETAJUTMYECKUX BKIIOYCHUUN

(KAHB).
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I'maa 3 OrieHka BIUSHUS HEMETAUIMYECKUX BKIIOYEHUA W MHKPOCTPYKTYpbI Ha

KOPPO3MOHHOE MOBEICHUE TPYOHOI cTanu

[Tapamerpom KadecTBa MeTaia TPyO SBISETCS WX KOPPO3UOHHAS CTOHKOCTH B
pa3IMYHBIX JKCIUIyaTallUOHHBIX cpenax. Ha ceronHsAmHuil neHb OHA MPEUMYIIECTBEHHO
OILICHUBAETCA KayeCTBEHHBIMU METOJIaMHU. HenocraTtkom KOJIMYECTBEHHOTO
IPaBUMETPUYECKOTO METOJIA SIBJISICTCS JIIMTEIBHOCTh MCIIBITAaHWA. B COBpEMEHHBIX TPYOHBIX
CTalIAX, BBIJIABJICHHBIX C UCIOJIb30BAaHUEM KaJbIHMHCOACPKAIMUX MOIU(PUKATOPOB,
MPUCYTCTBYIOT pa3lIMYHbIC [0 COCTAaBY U pa3Mepy BKIIOUeHHUs. B 3aBUCHMOCTH OT TUIOB U
KOJIMYECTBA BKJIIOUEHUH, a TakKe OT YCJIOBHMM SKCIUTyaTallud TpyO BakHA OLEHKAa HX
KOPpPO3UOHHOTO noBeaeHus. [103ToMy co3nanne 3KCIPECCHBIX METOAO0B aHAJIM3a BKIIIOUEHUN
Y OIICHKH WX BJIMSIHHSI HA KOPPO3MOHHOE TIOBEJICHUE METAJUIA SIBIISIOTCS aKTyaIbHBIMU. {715
OLICHKH BIIMSHUS TapaMeTpPOB METAJUTYPTHUYECKOTO KadecTBa (YUCTOTHI MO OKCHUIHBIM U
Cynb(UIHBIM BKIIOUYEHUSAM, BIUSHUIO MUKPOCTPYKTYPHI) HAa KOPPO3UOHHOE MOBECHUE CTATN
20KT 6buta pa3zpaboTaHa METOIMKA IJIEKTPOXUMUICCKUX U3MEPCHHUIA METOJOM IHKIHYSCKON
BOJIbTaMIIepoMeTpuu. BeiOOp Marepuana uccienoBanus cBs3aH ¢ TeM, 4yto u3 ctanu 20KT
MPOU3BOJAT TPYOBI, HCHOJB3yeMble B KauyecTBE HE(PTENPOAYKTONPOBOIOB, IMOCTOSHHO
HAXOJSIIUXCS B KOHTaKTE C MPUPOJHBIMU CpelaMd W B HHUX O0S3aTeNbHBIM SIBISETCS

koHTposb KAHB.
3.1 MeToauka 31eKTPOXUMHYECKIX U3MEPEHU

DNEeKTPOXUMHUYECKHE W3MEPEHHUs TPOBOJIWIA C HWCIIOJIB30BAaHHEM MOTEHIIMOCTATA
Autolab PGSTAT 30 B TpEXdJEeKTPOAHOW sUCHKEe C pa3ieN€HHBIMH 3JICKTPOIHBIMU
npoctpancTBaMu (puc. 15). B kayecTBe BCIOMOIaTeabHOrO 3JIEKTPOJA HCIOJIb30BAIU
IIATHHOBYIO IIPOBOJIOKY ¢ paboueii MOBEPXHOCTBIO HE MEHee 2.5 M, SMIeKTPO/Ia CpaBHCHHS
— xopcepedpstabiii AQ/AQCI/Haceimennsiii KCI (Ag/AgCl/nac.KCl). Huke Bce moTeHIMAbI
NPUBEJICHB OTHOCHTEIBHO ATOTO AJIEKTPOJa CpaBHEHHs, €ClM He yKa3zaHO mHoe. KoHumK
Karmwusipa JIyrruaa momemnancsi MaKCHMallbHO OJTM3KO K TIOBEPXHOCTH pabodero 3JeKTposa
C LIeJIbI0 CHUIKEHHUS CONTPOTHUBIICHHSI pacTBOpA.

[IpenBaputenbHas OIGHKAa CKOPOCTH pa3BepTku W KoHueHTpauun Cl-uoHoB B
paboueM pacTBOpe Oblia TpoBeneHa Ha oOpasiie, oToopanHoM oT HJI3 HM3KOyTIEepoaucToi
ctanu 20KT (Ne 9). C uenbio CHHXKEHHS OMHUYECKHX TMOTEPh MCIOIb30BAIM 00pa3lbl C

paboueit moBepxHocThio 0.04-0.20 eM’. Ilepen KaxabIM SKCIEPUMEHTOM pabouas
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MOBEPXHOCTH 00pa3I[0B MOABEpraiach MOCIeI0BaTeNbHOM ITH(oBKe Ha SiC-Oymare pasHoi
crenenn 3epaucroctu: 400, 600, 800, 1200 grit. BokOBYI0 MOBEPXHOCTH AIEKTPOIOB U MECTO

KOHTAKTOB M30J1poBaiu Anbe3oHoM W max.

Puc. 15 TpéxanexTpoaHas siueiika ¢ pa3aeaEéHHbIMU JIEKTPOJIHBIMU IPOCTPAHCTBAMH.

UccnenoBanust nposogwin B 0.1M aneratHom OydepHOM pacTBope ¢ J100aBIeHUEM
XJIOpUAOB. [[71s IpUrOTOBICHUS PACTBOPOB UCIOJIb30BAHbI PEAreHThI «OCU»:

- ykcycHas kucnora neasaas CH3COOH,

- ruapokcun Hatpust NaOH,

- xuyopua HaTpus NaCl.

PacTBOpBI rOTOBMIIM C MCIIOJIB30BaHMEM BO/IbI, OUMIIIEHHOM Ha ycTaHoBke Millipore.

Auerarnenii Oydepnsiii pacteop 1.0 M pH=6.0 roroBwiu ciemayrommM o0pa3zoMm.
CvmemmBanmu 1.0 M pactBop NaOH c¢ 1.0 M pactBopom CH3COOH, xontponupys pH
NOJy4eHHOro pactBopa ¢ momouisio pH-merpa HANNA HI 8314. Kanubposka pH-merpa
MpoBeJieHa Mo cTaHAapTHRIM OydepHbIM pacTBopam ¢ PH pasubiM 4.01, 7.0, 9.21. TounocTs
u3mepenusi pH cocrasmsma 0.01. Bydepnbsie pactBopsl menbiner xonneHtparnuu (0.1 M)
nosyyanu paszbasinenueM 1.0 M pactsopa.

THAPOKCHUJT HATPHSA U XJIOPUJI HATPHS MEPE UCTIONb30BaHueM cymmnu 1ipu 120 °C B
teuenue 45 muH. Bee HaBecku B3BemmuBanu Ha Becax Ohaus Explorer ¢ tounoctsio 10 0.1 mr.

Jlnst mpuroToBiieHHsT pabovero pactBopa K ameratHomy OydepHomy pactBopy 0.1 M
pH=6.0 noGasnsu pacyeTHyIO aaukBOTY 2.5 M pactBopa NaCl.

PactBops! ¢ pasHoii kounentpanueit NaCl (0.001 M, 0.010 M, 0.050 M) rotoBuiuch
u3 2.5 M pactBopa NaCl u 0.1 M anerarHoro 6ydhepHoro pacrsopa.
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JUis CHUXEHHs] KOHIIGHTpAllMM PacTBOPEHHOTO KHUCIOpoAa B paboyeM pacTBODE,
nepea KakIbIM H3MepeHHueM pabouuii pacTBOp MPOIYBAJCS aproHOM B TEUEHHE vaca.
Cornacro [128] koHIEHTpaluss pPaCTBOPSHHOTO KHCJIOpOJA NpPU MOJOOHOH TNPOIYBKE
cHmKaercs 10 10° M. [Ipenenbupiii 1U¢GYy3UOHHBIH TOK BOCCTAHOBJICHHS KHCIIOPOJa HE
npeeimaer | pA/cM? [PH OTCYTCTBHM TIEPEMELIMBAHHS DPACTBOPA, MOSTOMY KaTOIHBIC
MOJIIPU3ALMOHHBIE KPUBBIE COOTBETCTBYIOT pEaKUWU BbIAENEHUS Bogopoaa. M3mepenus
IPOBEICHBI B pabodyeM pacTBope 00beMoM 0KoJ10 80 Mil.

Omnpenenenue conpotuBiieHuss pactBopa (R) mpoBoauinum MeEToaoM CHEKTPOCKOIUU
uMIIeIaHca 1o BbICOKOoYacTOTHOM oTceuke (f~10 kI'Ir), KOTOpOe yYUTHIBAIM aBTOMATHYCCKH.
W3Mepenusi MpOBOIWIM ITyTEM HAJIOKEHUS CHHYCOMAAIBHONW pPa3BEPTKU HANPSIKCHHUS C
amrmutynoi (AE=t10 MB) B muanazone uwactor ot 10 mo 10000 I't u oxHOBpEeMEHHOM
pPErUCTpallud pealbHOM W MHHUMOM COCTaBJISIONIMX KOMILJIEKCHOTO — CONPOTHBICHUS
(umnenanca). TunuyHble 3HAYEHUS COMPOTUBICHHM, N3MEPsIEeMOe METOJOM CIIEKTPOCKOIMHH
umnenaanca cocraBisuio 150-400 Om Ha oOpa3nax ¢ MalleHbKOW paboyeil MOBEPXHOCTHIO
(0.04-0.06 cm?), u 10-30 OM — ¢ Gousioii (0.04-2.18 cm?). VI3MepeHHe COIPOTHBICHMS
MPOBOAMIN BOJIM3U CTAIlMOHAPHOTO MOTEHIMANa MPHU Pa3OMKHYTOH 1enu. bonpinyio 4actb
3TOr0 CONPOTUBICHUS (0KOJIO 95%) KOMIIEHCHPOBAIN aBTOMAaTUYECKH B X0/1€ LIUKINPOBAHUS.
Ocragieecs: CONPOTHBIICHHE KOMIIEHCHpoBaiu B mporpammax Origin mwiun GPES (Bepcus
4.9.007).

[Tocne mponyBku paboyero pactBopa aproHOM, IMepeia BOJIbTaMIEPOMETPUUECKUMU
U3MEPEHUSIMH CTAaOWIIN3UPOBAIM CTAllMOHAPHBIM MOTEHIIMAN Pa30MKHYTON 1IETIH B TEYCHHE 5
MUH.

[epen BOJIETAMITIEPOMETPUIECCKIMHU M3MEPEHUSIMU KaXJIbIi obpasen
CTaOMIN3UpOBAIM NTpH noTeHuuane -0.8 B s ycTpaHeHHs ecTeCTBEHHONW OKCHIHOW IIEHKH.
JlaHHas mporenypa MO3BOJIAET BBISBUTH BIMSHHE HOHOB XJOpa Ha CKOPOCTh AKTUBHOIO
pacTBOpEHMs] YUCTOrO MeTajyla M Ha 0Opa3oBaHHME OKCHUJOB Ha IMOBEPXHOCTH. AHOIHBIHI
npenen LHUKIMPOBaHUS BapbHpoBasicd B auanazoHe ot -0.6 no 0.25 B, xaTonublii mpeaen
cocraisin -0.8 B. CkopocTh pa3zBepTku moteHiuana cocrasisiia 10 MB/c (nmpu paspabotke
METOAMKH ObUIM MPOBEAEHBI OLIEHOYHbIE BOJbTAMIIEPOMETPUUECKUE U3MEPEHUs C pa3HbIMU
CKOpPOCTSIMHU pa3BepTKH). [Ipy M3MepeHun B KaxJ0M Juana3zoHe LUKIMPOBAHUE MPOBOIUIN
JI0 CTaOUITHU3aIK BOJIbTaMITIEpOTpaMM (Kak TIPaBUiIo, 3 MUKIIA).

Bce n3mepenus mpoBeaeHsI IPU KOMHATHOM TeMIIepaType.

Haknon Tadens anomnout (by) u xarommoit (b,) KpuBBIX ompenensiiu 1o
CTaOMJIN3UPOBAHHBIM BOJIBTAMIIEPOTPAMMaM, W3MEPEHHBIM B JMANa30HE MOTEHLUANOB OT -

0.8 mo -0.4 B. Jluneitnas ob6nacte Tadens HaOmr0omanach Ha aHOAHOW KPHBOW B JIOBOJIBHO
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Y3KOM JAMana3oHe noteHuuanoB, oT -0.6 mo -0.5 B. YBenuueHuwe nuanazoHa MOCTPOEHUS
Tadenesckoii 3aBucumoctu 10 -0.4 B, nmpuBonmio k yBenuueHuto HakioHa Tadens (b,;) Ha
~10 mB.

B pabore [129] ObulO mMOKa3aHO BIMSHHE HECKOMIICHHCHPOBAHHOIO OMHYECKOTO
CONPOTHUBIICHUS HA TOKH KOPPO3HHU B PA3JIMYHBIX TPYOHBIX CTAJSX U YYTYHE B IPOMBICIOBOM
BoJie U rpyHTe. Ilpeanoxen MeToa NpoBEpKH KOPPEKTHOCTH aBTOMATHYECKOW KOMICHCAIIUU
0Py DIEKTPOXUMHUUYECKUX U3MepeHusx. [lokazaHpl, pa3inuyHble 3HAYEHHS  CKOPOCTEH
Koppo3uu 1 HakIoHOB Tadens b, B ciiyyae HECKOMIIEHCHPOBAHHOTO COTPOTHBIICHHUS U C €T0
yderoM. Ha ocHoBe 3Toif paGOTHI MPOBOIMIICS KOHTPOJIb KOPPEKTHOCTH aBTOMATHYECKON
KOMITCHCAIMH C JaTbHEHIIe KOPPEKINe OMUYEeCKOTO COPOTUBIICHHS B PyYHOM PEKHME.

[IpyHIMN OLEHKHM KOPPEKTHOCTH aBTOMATHYECKOM KOMIICHCALMU 3aKII0YaeTcsl B
CIIEAYIONIEM MpH MPEINOJ0KEHUH, YTO METaJI PacTBOPSETCS B aKTHBHOM 00jacTu, T.e.
U3MEpEeHUS MIPOBOAATCS HAa CBEKE3aUMIICHHON MOBEPXHOCTH B HE MACCHBUPYIOLIMX METaILT
aneKTponuTax. [lorpenHocts mpubOpHOt KoMIeHcalu 0003Ha4YeHa Kak [iR].

B o0macti mOTEHUIMAIOB AaKTUBHOTO pPACTBOPEHHSI MeTajula Jjsl CMEIIaHHOTO

T PY3HOHHO-KUHETUIECKOTO KOHTPOJIS, 00IIee KHHETUIECKOE YpaBHEHHE MMEET BUJI:

E_EKDp -
i=i [e > - s ] (12)
Kop E-Eqp '
. . . b,l\,
o + @, - |K0p)e
rae: | | - IIJIOTHOCTH BHCHIHCI'O TOKA l'IOJ'IS[pI/ISaI_II/II/I " TOKa CBO60,Z[H01>1 KOppO3I/II/I;

1 “kop

l4 - INIOTHOCTB MpeAeabHOro 11 y3HOHHOTO TOKa BOCCTAHOBJICHUS JETIONIAPU3ATOPA;

E, Emp- MOJIAPU3AIMOHHBIN TOTEHIMA U MOTEHIMAl CBOOOJHON KOppo3uH (OECTOKOBBIi
MOTEHITHAN),

b; : b;( - TadeneBrbl K03(pPUIMEHTHI CONMPSHKEHHBIX peakiui (aHOAHOW peakMu pacTBOPEHUs

METallJIa U KaTOJHOM pCaKknini BOCCTAHOBJICHU A L[enon;lpmaTopa);

RT
a nF’

b'=b/ln10, b=

rae:  a—xkodddunuent meperoca (0 <a <1);N—4KCIO DIEKTPOHOB, YYACTBYIOUIHX B
ANIEKTPOAHOM peaknun;, F —xoncranTa @apanes; R —ra3oBas mocrosHHas; | —TemmnepaTypa

o mkaje KenbBuna.

U3 ypasHenus (12), HE3aBUCUMO OT BH/Ia KOHTPOJIS KOPPO3MOHHOTO mporecca ( Iy » lop ™

KMHETHYECKHMIT KOHTPOJb KOPPO3UH M i —> i, - 1u(dy3HOHHBIH KOHTPOJIB), CIELYET, UTO

Kxop

napuuajibHas peakKrda aKTUBHOI'O paCTBOPCHUA MCETaALIa IEPEAACTCA COOTHOUMICHUEM:
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. . b
i=i_e ™ (13)
C yueroM u HekomneHcupyemoi mnonpasku [IR], g KHHETHYECKOrO ypaBHEHMS
napIuagbHOM peakiiy pacTBOPEHUs MeTauia ypasHeHue (13) umeer Bu:

E-E IR

Kop
. . b
I=i_e ™ (14)
rae | - Tok Koppo3uw, | — INIOTHOCTh TOKa KOPPO3HHU.

[Tocne mpeobpazoBanuii u nuddepenupoBanus (3), MOTyIUM:

dE b
~— —R+-“ 15
dl | (19)

[TocTpouB MONSAPU3ALMOHHYIO AHOAHYIO KPUBYIO B KOOpJAMHATaX JHUHEHHON (OpPMBI

ypaBaenust (15) ompenenmsuin R (conpomuenenue) m b' u OlEHUBAIN aBTOMAaTHUECKYIO
IpUOOPHYIO KOMIIEHCALIUIO.

[Tpu pa3paboTke METOTUKHM OBLTH MPOBEIACHBI OIICHOYHBIC BOJIBTAMIIEPOMETPHUIECKUE
U3MEPEHUs ¢ pa3HbIMU CKOPOCTSMHU pa3BEPTKU, C Pa3HOM KOHLEHTpALMel XJI0pua HaTpus B
OydepHOM pacTBOpe, IPOBEJCHA OLIEHKA CXOAUMOCTH.

Cxopocmb pazeepmku. B nuteparype TNpUBOAAT MOJIIPU3ALUOHHBIE KPUBBIE,
MOJIyYCHHBIC B IIIMPOKOM Jiara3one ckopocteit passeptku 0.5-30 mB/c [130, 131]. HauGonee
Ha/Ie)KHbIE JIaHHBbIE MOTYT OBITh MOJYYEHbl IPU MUHUMAJIBHONH CKOPOCTU CKaHUPOBAHMS
[132], omHako 3Ta CKOPOCTH HE MO3BOJISET MPOBOJMTH JKCIpecc u3MepeHus. s oneHkn
BIMSIHAS ~ CKOPOCTH  pa3BepTKM W BbIOOpa  ONTUMAIBHOW  CKOPOCTH  TPOBENCHBI
npeJBapuTeNbHbIe BoJbTamrepomerpuueckue usmepenus B 0.1 M aneratHom OydepHOM
pactBope ¢ KoHueHTparuen xinopuaa Hatpus 0.001 M ¢ pa3HBIMH CKOPOCTSIMHU Pa3BEPTKU:
0.010, 0.005 u 0.001 B/c. Ilepen nuknupoBanuemM oOpasel; CTaOMIN3UPOBAIN MPU KATOIHOM
norennuaie -0.8 B B Teuenue 60 c. [{uknmupoBanue npooawim B auamnazone ot -1.0 mo -0.4
B.

BosbramneporpamMmsl, MOJy4YeHHbIE IPU Pa3HBIX CKOPOCTAX Pa3BEpPTKHU, MOKAa3aHbI Ha

puc. 16.
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0,007 3

0,006 3

0,005 4

0,004 3

0,003

i (Alem?)

0,002
0,001

0,000 3

0,001 3

-1,0 -0,9 —OI,8 —0I,7 —OI,G -0,5 -0,4
a) E (V vs Ag/AgCl/Sat. KCI)

0,9 3
08—
0,6—5

0,5

i (mA cm?)

043
034
023

0,14

0,000 0,(;01 O,OIOZ O,OIOS O,(;O4 O,OIOS 0,606 0,(;07 O,OIOS O,OIOQ 0,(;10 0,011
6) v (V/s)
Puc. 16. CtaOunu3upoBaHHbIEe BOJIbTAMIIEPOTPAMMBI, TOCIEI0BATEIBHO U3MEPEHHBIE Ha
obpasue Ne 9 cranu 20KT B 0.1 M anieratHOM OydepHOM pacTBOpe ¢ KOHIEHTpaluen
xyopuna Hatpust 0.001 M ¢ pazasiMu ckopocTsimu (B/c): 1 - 0.010, 2 —0.005, 3 -0.001 (a);

3aBUCHUMOCTbD TJIOTHOCTH TOKA KaTOAHOTO MHUKA OT MOTEHIIUANA JJI Pa3HbIX cKopocTeit (0).

IIpu pa3HO#l ckOpocTH pa3BepTKU HaOI0JaeTcss HEOOJBIIOW AaHOJHBIM MUK OKOJIO
norermuaia -0.67 B u kartoaaeii nuk okoio -0.9 B. Bricora mocieqHero u3MeHsIETCs TIOYTH
JMHEWHO OTHOCHTEIHHO CKOPOCTH pPa3BEPTKH, YTO CBUAETENBCTBYET 00 ancopOIuOHHOM
KOHTpoJe mporecca (puc. 16 6). [losiBneHre HEOOIBIIOrO aHOIHOTO MHUKAa XOPOIIO W3BECTHO
Ui Oojiee KHUCIbIX pacTBOpoB [133] mim Gojiee KOHIICHTPHPOBAHHOTO Oy(hEepHOTo pacTBopa
[134]. Kak mnpaBwio, OHO CBsi3aHO C (OPMHUPOBAHMEM OKCHUAHOW TuieHKH. COriacHo
TEPMOJMHAMHYECKAM OIICHKaM Ha OCHOBE M3BECTHBIX CTaHAApTHBIX MoTeHIuanoB [135], B
9TON obOyiacT BO3MOXkeH Tojbko mepexon Fe/Fe(ll). Moxuo npenmnonoxuts, uto Fe(ll)
npucyrctByeT B Buue Fe(OH), a5 i FeOuy. C apyroit CTOpOHBI, HEb3sl UCKIIOYATh

obpazoBanue okcumoB Fe(lll) mpu OGosjee MOMOKHUTETBHBIX MMOTEHIMATaX. TOYHOE
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OTIpeIeJICHUE aHOTHOTO IMHKA SBJSETCS TOCTATOYHO CIIOKHOM 3amadeii. B kaTonHol obmactu
(oOpatHBIif X0f) HAOMIOAAETCS CHIDKEHHWE MHUKA TPH YMEHBIICHHH CKOPOCTH Pa3BEPTKH.
Od4eBHUIHO, YTO MPOIIECC BOCCTAHOBICHHS MPOUCXOJUT HEMOCPEJACTBEHHO HA MOBEPXHOCTHU
9JIEKTPOAa U HE JIMMHUTHUPYETCS MOJBOJOM YacTUIl U3 oObeMa pacTBopa. Bricokoe 3HaueHue
sapsima (4 MKn/cm®) KAaTOZHOrO NHMKAa TOBOPHT CKOpPee O BOCCTAHOBJICHHHM HEKOTODBIX
OKCHJIHBIX M THIPOKCUAHBIX (a3, a He 0 pOpMHUPOBAaHUH MOHOCIOSA. DTa BEIUYMHA 3apsija
CYILLIECTBEHHO BBIIIE, YeM 3apsij aHoaHoro nuka B 0.1 M anerarnom pactsope ¢ pH 7.4 (0.2-
0.5 MKJ‘I/CMZ) [134]. Ilpm BBICOKHMX 3apsiaXx MPH OKHCIMTEIBHBIX IPOIECCaX MOIYT
00pa30BBIBATHCS JOTOTHUTEIbHBIE aICOPOUPOBAHHBIE CIIOU.

OreHouHbIe BearuuHbl HaKJIOHOB Tadens by u be cocrapnsror-0.118 B u 0.146 mns
ckopoctu 0.010 B/c, -0,139 u 0.260 B mnsa ckopoctu 0.005 B/c, -0.123 u 0.258 B nmns
ckopoctu 0.001 B/c coorBercTBenHo. [lonmyuennsiii Hakiaon Tadens b, amst ckopoctu 0.010
B/c umwke Ha ~15 MB 4yem B [134] s mogo0HBIX pacTBOPOB. DTO MOXKET OBITH CBA3aHO C
METOJMYCCKUMH  aCIIeKTaMH OTpEJCIICHUsT HakjioHa Tadens, TakuMu Kak o00JIacTh
MOTCHIIMAJIOB, IMUPHHA OO0JIACTH TOTCHIMAIOB. JlaHHBIE BEIMYMHBI COTJIACYIOTCS C
MEIJIEHHBIM DPa3pslOM HOHOB THUJIPOKCOHUS — TEpBOM cCTajuel peakiuu BbIACICHUS
Bojiopoaa. O6macTy KPUBBIX, UCHOIb3YeMbIe ISl ONpeAesieHUus] HakiIoHOB Tadens, a Takxke

cama mpoleypa onpeaesieHus moka3ansl Ha puc. 17.
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-0,4 4

-0,5 4

-0,6

-0,7

MoteHuyman, B ( x.c.s.)

-0,8

0)

Puc. 17. Crabunu3upoBaHHbIC BOJIBTAMIIEPOTPAMMBI, ITOCIIEIOBATEIIBHO H3MEPEHHBIC Ha
o6pasue Ne 9 cramu mapku 20KT B 0.1 M areratHoM OydepHOM pacTBOpE ¢ KOHIICHTPALUEH
xnopuaa Hatpust 0.001 M (pH=6.0) ¢ pazueiMu ckopoctsimu (B/c): 1 - 0.010, 2 -0.005, 3 —
0.001.

(a) [ToTeHnMan HyaEBOrO TOKA (TOYKH) 3apETUCTPUPOBAH JABAKIBI: HA MIPSIMOM XOJI€ — TIOCIIe
5 MHH Jeadpanuu u ctabunusanuu B Teuenue 60 ¢ npu notenuanie -0.8 B; u oOpaTtHOM.
CIJIOIIHBIMHE CTpENKaMHU yKa3aHbl Tuana3onsl skcTpanossinud Tadens. [lynkrupras ctpenka
yKasbIBaeT Ha nepexon Fe/ Fe?*.

(6) DxcTpanonsaius JIMHEHHBIX TadeneBCKUX y4aCTKOB s IIUKINUECKON

BOJIbTaMIIEPOIPaMMBI, ITOJIY4eHHON Ipu ckopocTu ckanuposanus 0.010 B/c.

IIo pe3yiibTaTaM OLCHOYHBIX I/I3MepeHI/II>'1 C pa3H0171 CKOPOCTBIO Pa3BCPTKU IIPU
aHOTHOM nojsipu3aun  CYICCTBCHHBIX pa3J'II/I‘lI/II71 KpHUBBIX, HC BbBIABJIICHO. HOBTOMY

JAIbHENUIINX N3MepeHus MpoBeeHbI co ckopocThio 0.010 B/c.

Bnausanue xonyenmpayuu NaCl. Tlockonpky u3 TpyoHOU cranmu 20KT npowusBoast
TPYOBI, IKCIUTyaTUPyEMBbI€ B KaueCTBE HE(PTENPOIyKTOIPOBOJOB M BOJOMPOBOIAX, KOTOPHIE
KOHTAaKTHUPYIOT C XJIOpUACOAepKamumMu cpenamu. [Ipuuem konuertparus Cl™ -noHOB MoOxeT
KoJsieOsIeTcsl B IIMPOKKUX npezenax. [loaTomy HE00X0AUMO OILIEHUTh BIMSHUE KOHIEHTpAIUU
Cl" -uoHoB Ha KOPPO3HOHHOE TTOBEACHHE 0OPA3IIOB.

Takum o00pa3om, BTOpPBIM STalOM METOAMYECKUX OIEHOYHBIX BOJbTaMIIEPHBIX
u3Mepenuil Obum uccaenoanus B 0.1 M ameratHom OydepHOM pacTBOpe € pa3HOU

KoHIeHTpanuel xnopuna Harpus (M): 0.001, 0.010 u 0.050. BoasTammeporpaMmbl CHUMATH
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MOCJICIOBATEIBLHO JI0 PA3IUYHBIX aHOJHBIX MOTECHIMAJIOB 1O 3 IMKJIA B KaKIOM JHMAra3oHe.

[uknupoBanue npoBoauau B auamnasone ot -0.8 no 0.25 B.

Ha puc. 18 npencrasneHsl BOJIbTaMIIEPOTPAMMBI TPETHHUX IUKIIOB KaXKIOTO AUANa3oHa

B 0.1 M anteratHoM Oy(depHOM pacTBOpe ¢ pa3HOI KOHIIEHTpAIUEH XJI0pUIa HATPHS.
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Puc. 18. CTa6I/IJ'II/I3I/Ip0BaHHLIC BOJIbTaMIICPOTrpaMMEBI, ITOCIICAOBATCIIBHO U3MCPCHHBIC B

pa3HBIX JMana3oHax MoTeHuuanoB co ckopocthio 0.01 B/c Ha obpasue cranu mapku 20KT

(Ne9) B 0.1 M aneratHOM OydhepHOM pacTBOPE C pa3HBIMH KOHIICHTPAIMSIMH XJIOPU/Ia HATPHS

(M): a— 0.001, 6 — 0.010, B — 0.050.
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IIpu nobaBiaennn Cl-woHOB B OydepHBIi pacTBOp OTMEYAIOCh COKpaIlCHHE
MACCUBHOM 00JIaCTH M yBEJIMUYCHHE TOKA M METJIH, XapaKTEPHOU JJIsi MUTTUHIOBOI KOPPO3HHU
(puc. 18 B). @opma MoNAPU3AMOHHON KPHUBOW C aKTUBHOW, MACCUBHOM M TPaHCIIACCHBHOMN
o0nacTsiMM  SIBJSICTCSl TUINUYHOM JUIsi HU3KOYIJIEPOJAMCTBIX CTajei, HCcIeayeMbIX B
HEHTpaIbHOM H IIeIouHOoM pacTBopax (pH=5.5-12), conepsxkamux Cl-uonsl. Kaxxaas obmacts
NOTEHLIMAJIOB COOTBETCTBYET CBOEMY MEXaHHU3My KOppo3uu M 3aBucUT OoT pH pactBopa,
coctaBa Oy(epHOro pacTBOpa W KOHIEHTpAIIMKA PACTBOPEHHBIX KOMIIOHEHTOB (ameraT- WIH
XJIOPUJI-MOHOB). AJCOpOLMS XJIOPHUII-MOHOB HAa OKCHUIHBIX IUIEHKAaXx ObUIa paccMOTpeHa B
[136].

Jnst cpaBHeHHs Ha pHC. 19 mpeacTaBieHbl BOJbTAMIIEPOTPAMMBI B TPEThEM LIUKIIE B

OydepHOM pacTBOpe ¢ pa3HOIl KOHIIEHTpAUEH XJIOpUIA.

0,016 -

3 " n —1-00
€ Fe/Fe? Fe”'/Fe(OH
: V 4

—3-0.010M

0,014
0,012

0,010 3

AnoTHocTb ToKa ( A/cmz)
"

I I I
-0,8 -0,7 -06 -05 -04 -03 -02 -01 00 01 02 0,3
MoTeHuman, B ( x.c.a.)

Puc. 19. CrabunusupoBaHHbIe BOJIBTAMIIEPOTPAMMBI, OCIEI0BATEIBHO U3MEPEHHBIE CO
ckopocthio 0.01 B/c nHa o6pasue cramu mapku 20KT (Ne9) B 0.1 M anerarHom 6ydepHom
pacTBope ¢ pa3HbIMH KOHIIEHTpanusiMu xsiopuaa Harpus (M): 1 — 0.0, 2 -0.001, 3-0.010, 4
—0.050.

W3 pucyHka BUAHO, YTO aKTUBHOE pPACTBOpPEHHE o0Opaslla BO BCEX pPacTBOpax
MpoTeKaeT B Jauana3oHe moteHnuaioB ot -0.65 mo -0.40 + -0.35B Bo Bcex pacTBopax.
Cornmacuo gumarpamme Ilyp6s [135], B jmaHHOM JuWama3oHe TOTEHIIMAJIOB B Cpeje,
comepKalell xnopua-uousl, npu pH=6.0 mpoucxomsr mepexonst Fe/Fe”* u Fe/Fe(OH)3 axe.
OpnHako, TpU BBICOKOW KOHIICHTPAIMM HOHOB 3Keje3a BOJHM3M DJEKTPOIa, BO3MOXKHO

obpazoBanue naccuupymoiero cios Fe(OH)s,.
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AHOIHBIM THK TIepexoja W3 aHOJHOW B KaTOMHYIO 00JacTH HaOMIoJaeTcs Mpu
norennuanax -0.40 + -0.35 B. CnBur moTteHnuana nuka B aHOJHYIO 00JacTh HaOIOIaeTCs
npu yBeiauueHun conepxkanus Cl'-rmoHOB B pacTBope. B nuTeparypHbIX JTaHHBIX HET YETKHX
000CHOBaHMH MPOTEKAIOIINX KOPPO3HOHHBIX TpolieccoB, u B [137] moka3aHo, 4TO BhICOTa
MUKa ¥ MOTEHLHAT MOXKET 3aBUCETh OT pPsija MPUYUH, B YACTHOCTU OT MHUKPOCTPYKTYPbI
o0pa3siia ¥ KPUCTAUTNISCKON PEIIETKH.

[Tpu Gonee momoxkutenbHbIX noreHimanax -0.30 +-0.25 B nabmromaercst cHUXEeHHE
IUIOTHOCTU TOKA. JTO CBS3aHO C HAyajoOM MAacCHUBAllMM MOBEPXHOCTH oOpasua. bonee panHss
MaccuBalys, MO CPaBHEHUIO C TEPMOIAMHAMHMYECKOH OLIEHKOW, MOXKXET OBITh CBsi3aHa C
MPUCYTCTBUEM alleTaT-aHHUOHA, KOTOPBIA MOXKET HANpsSMYyI0 y4acTBOBATh B TIPOIECCAX
naccuBaIiui U GOPMHUPOBAHUU 3aUTHON TieHKH [134]. [Ipu HU3KOM COAEpIKaHUH XJIOpUA
(1o 1 MM) nHabmromaercs mmpokas obnacte maccuBaruu (ot -0.25 mo +0.6 B) ¢ Toxamm
naccuBaud (imin) 15 MKA/cM? (puc. 18 kpussie 1 u 2). Ilpu yBenuuenun conepxanust NaCl
HAOJI0/TaeTCs YBEIMYCHUE TUIOTHOCTH TOKa (PUC. KpUBBIE 3 M 4) B MMACCUBHOW 00JacTH. DTO
cBsi3aHo ¢ TeM, 4ro Cl-MOHBI CHOCOOCTBYIOT pa3pylICHUIO OKCHIHOM IUICHKH Ha
MOBEPXHOCTU paboyero anekrponaa. Bece 3HadeHHs MIIOTHOCTEN TOKOB JUISI TPEX HU3MEpPEHUi
JIOCTaTOYHO HU3KHUE U HE MpeBbIAoT 2.0 MKA/cM?.

OcHOBHBIE TIOKA3aTEJIA BOJIBTAMIIEPOTPAMM IPEACTaBICHBI B Ta0mie 16. Hebonpmas
pasuuiia 3HaueHuit HakiaoHOB Tadens B anomnou obmactu (b,=102-106 B) yka3wiBaeT Ha
HE3HAYHMTENILHOE BIIMAHHE yBeaHueHUs KoHieHTpanud Cl-HOHOB Ha KMHETHKY aKTHBHOI'O
pacTBOpeHus.. AHaJOrWYHbIE pe3yabTaThl ObUTH monydeHsl B [138]: mpu yBennveHuu
koHmentpaiua NaCl ot 0.1 mo 2.0 M, HabmogaIu HE3HAUYNUTEIILHOE YBEIUYCHUE CKOPOCTH

KOPPO3HH CTAIH.

Tabmuua 16 — OCHOBHBIE XapaKTEPUCTUKU BOJIbTAMIIEPOrpaMM, MOIYYEHHBIX Ha oOpasle
ctanu Mapku 20KT (Ne9) B 0.1 M anerarnom Oydepnom pactBope (pH=6.0) ¢ paznuunoit

konueHrpamueit NaCl

Cnach M | Emax, B | imaxs A/eM® | Emin, B | imin, MKA/cM iops mkA/em® | by, B | b, B
0 -0.364 0.006 15 22 0.102 | -0.120
0.001 -0.390 0.005 0.203 15 29 0.102 | -0.124
0.010 -0.371 0.007 -0.069 150 22 0.105 | -0.084
0.050 -0.348 0.011 -0.237 530 23 0.106 | -0.118

HauOonbiiee BiaMsiHME yBENUYEHUS KOHIEHTpauuu xjopuga ot 1 mo 50 MM
OTME4YaeTcsl B 00JaCTH penacCUBAlM: CMELEHHE Epmin B CTOPOHY OoJsiee OTpHUIATENbHBIX

snagenuii. B [139, 140] ormeueno, 49T0 FEpin  MOXKHO ONPEAETUTHh [0 CIIEAYIOIIECH
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3aBUCUMOCTH: Epin = A+B 10g[Cl], rne 4 u B — xoucrautel, a [ClI] — wmomspHas
konueHrpauusi Cl-uono. Kosd¢uimenr B 3aBUCHUT OT THUNa CTaM, COCTaBa PacTBopa U
METOJMKH 3JIEKTPOXUMHUYECKUX H3MepeHui. OleHOYHasl BeIWYMHA B Ui HAalIUX YCIOBUMI
skcrnepuMenTa coctapisieT 0.26+0.02, yto cornmacyercs ¢ B=22 njs alleTaTHOro pacTBopa B
[140].

BocnpousBoaumMocTh BOJIBTaMIIEPOIpaMM CHH)KAETCS B PACTBOPAX C YBEIMYEHUEM
koHueHTpauun Cl-MOHOB, YMEHBIIIAETCS MPOTSHKCHHOCTh TACCHBHOM OOJACTH M PACTET imin
(puc. 18). D10 MOXeET OBITH CBS3aHO C HAKOIUICHHEM TBEPABIX MPOJYKTOB OKHCJICHHS Ha
MOBEPXHOCTU 3JIEKTPOJa B BUJAE PHIXJOrO CIOS, a TaKKe C YBEJIUYEHHEM IIEPOXOBATOCTHU
noBepXHOCTU. TakuMm o00pa3oM, HECMOTps Ha TO, YTO HOHBI XJIOpa OKAa3bIBAIOT TOJIBKO
HE3HAYUTENIbHOE BJIMSHUE HA NEPBBIX CTAIUAX IACCUBALIMM, OHU MOTYT OKa3blBaThb BPEIHOE
BO3/ICIICTBUE HA OOJIee MO3THUX CTAAHIX POCTA IIICHOK.

[Tockonbky onHOW U3 1enell paboThl ObLIa pa3padoTKa YHHBEPCAIbHOW METOIUKU
TECTOBBIX  KOPPO3MOHHBIX  WCIBITAHWM, TpPEACTaBIsSe€T HUHTEpEeC BBIOpaTh  cpeny,
MO3BOJIAIONIYIO OLIEHHWBATh BIUSHUE BKIOYEHMH M MHUKPOCTPYKTYpbl CTajlu Ha Haubosee
IINPOKUIA KPYr KOPPO3HOHHBIX XapakTepuCTHK (Da, imax , Emax, Iminy Emin), T.C. OLIEHHUTH
MOBE/ICHWE CTajJl B OO0JIACTAX AaKTUBHOTO pPACTBOPEHUS, IMACCUBAIMU U PENacCHUBAIUU.
[ToaTroMy ¢ yderoM MOJy4YEHHBIX NPEIBAPUTENBHBIX JaHHBIX JajbHEHIINE H3MEPEHUS
npoBoamwi B 0.1 M ameratHom OydepHOM pacTBOpe C KOHIIEHTpAllMeH XJIOpHIa HATPHUS
0.010 M u ckopoctsio pa3zeeptku 0.010 B/c. 910 mM03BOIMIO0 U3YUUTh BIUSHUE BKIIOUECHUH U
CTPYKTYpBI BO BCeX OOJIACTSAX MOTEHIMAIOB: aKTUBHOM, MACCUBHON M TpaHcmaccuBHOMU. J[is
OLICHKM BIJIMSHUSA CTPYKTypbl Me€Tajula B JaJbHEHIIMX HKCHEPUMEHTaX HCIOJIb30BAIU
paboumii 37EKTPO] C YBEIMUEHHON IJIOIA/1bI0 MOJTMPOBAHHON 3€pKalbHON MOBEPXHOCTH.

Jlis OIEHKH BIMSHUS BKJIIOUYEHUH M MHUKPOCTPYKTYPHI HCIIOJIB30BAU 00pa3Ilbl
mromansio 1-2 cv?. Ilepen sxcniepuMeHTOM pabouasi HOBEPXHOCTh 00PAa3IOB IMOJIBEPrajiach
TIOJIMPOBKE JI0 3epKabHON moBepxHOCTH (cM. 2.2.1.). TlommpoBaHHBIE 00pa3Ibl XpaHUIH B
HKCUKATOpE He Oosiee CyTOK 0 U3MEPEHUII.

Ilepen ananu3oM palouyi0 MOBEPXHOCTh BCEX OOpa3lOB MPOTHPAIU CIUPTOM,
IPOMBIBAIN AUCTHIITIMPOBAHHON BOJIOM U CyIINIH (PUIBTPOBATIBLHOM OyMaroi.

bonee TouHyro oleHKY palOouell MOBEPXHOCTU MPOBOAUIN IMYTEM CKAaHUPOBAHUS
MOBEPXHOCTH oOOpa3lia ¢ TOCienyloUuMM HHTerpupoBaHueM. Omunbka U3MepeHHs

MMOBCPXHOCTU COCTABJIACT HC ooiee 5 otH. %.
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3.2. HccnenoBanne BIWAHUA OKCHUIHBIX HEMETAJUIMYECKUX BKIIOYEHUH Ha

Koppo3uoHHoe noBeaeHue cranu 20KT

[IpoBeneHo uccnea0BaHNe KOPPO3ZHOHHOTO MOBEIEHUSI 00pa3lloB HU3KOYTJIEPOIUCTON
TpyOHO# ctanu mapku 20KT ¢ pa3nu4HbIM KOJTUYECTBOM OKCHIHBIX BKIOUECHUN OTOOpPaHHBIX
OT HENPEPBIBHO JIUTHIX 3aTOTOBOK pa3HbIX TAaBOK (Ne 5, Noe 9 u Ne 11). O6pasubl oToOpaHbl
HA OCHOBAHHH MOJYyYEHHBIX pe3ynbTaroB OI'A u oTnmvamuch 0ObeMHOUN TOJIEH OKCHITHBIX
BKJTFOUCHUH Ve *107 (Ca,MQ)<O,*Al,03 (tpetbeii rpymmsi): 0.3, 3.7, 9.14 (Ilpunoxenue
I11). Comepxanne KAHB, u3mepennoe meromom mertamiorpadpuu, cocrasiasuio 0.83, 8, 13
IIT./MM® COOTBETCTBEHHO. Hccnenpyemble 00pa3ibl UMENN OJTMHAKOBBIN XUMHUECKUI COCTaB B
JIOITyCTUMOM MapOYHOM JIHaIa30He.

BonbpramneporpaMmbl  TpeThUX ILMKIOB, CHATble Ha oOpasmax NeNe 5, 9, 11

npeacTaBieHsl Ha puc. 20, mapaMeTpsl BoJbTaMIieporpaMm — B Tadsmie 17.

0,006 3 Vg, *10”
| 0.3
00054 ——37
i—o9.1
0,004 3

0,003

0,002

ITnoTHOCTE TOKA, i, A/cM™

0,001

0,000 3

[Torenuman, B (x.c.3.)
Puc. 20. Crabunu3upoBaHHbIe BOJIbTaMIeporpamMmsl, u3mepernnsie B 0.1 M arieratHom
oydeprom pactBope ¢ konrenrpanueit NaCl 0.01 M (pH=6.0) co ckopoctsio 0.01 B/c Ha
obpasmax cranu 20KT ¢ pa3HbIM KOTMYECTBOM OKCHJIHBIX BKIFOUCHHM 3-i1 TPYIIIbI, VOKC*10'5:

Ne5-03,Ne11—-3.7,Ne9—-9.14.
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Tabmuma 17 — OcHOBHBIE XapaKTEPUCTUKHU BOJbTAMIIEPOTpaMM, MOJYUYCHHBIX Ha 00pasIiax

craim  20KT ¢ pasHbIM KOJMYECTBOM OKCHUIHBIX BKJIIOUEHUH (TPETbel TPYIIIbI)

(Ca,Mg)O*A|203

Ol m/ KAHB, iKO ,2 CKk.xopp, imin,
Ne [V:LKC £f0'5 1M/ MM MKAI;CMZ MM/F(F))E MKA/cM? Emin, B | ba, B | bc, B
5 0.5/0.3 0.83 19 0.22 209 0.141 | 0.106 | -0.079
11 6.7/3.7 8 18 0.21 507 -0.054 | 0.115 | -0.067
9 16.6/9.1 13 24 0.28 2018 -0.089 | 0.104 | -0.084

AHanu3 BOJbTAMIEpPOrpaMM IOKa3ajdl HE3HAYMTEIbHOE BIIMSHHE KOJIMYECTBA
OKCHUJIHBIX BKIIFOUEHUI Ha KOPPO3HOHHBIC TTApaMEeTPhl B 00JIACTH aKTUBHOTO PACTBOPEHUS OT
-0.65 1o -0.35 B (ixp, ba). C yBenmnmuenueMm 3arps3HEHHOCTH BKIIOYEHHSMH CKOPOCTh
Koppo3uu yBenuuuBanach ot 0.22 no 0.28 mm/roa, mpu 3TOM AJis BCeX U3YYEHHBIX 00pa3IioB
HakioH Tadens by cocrasmsn 0.108+0.005 B. Ilpu moTeHmuanax IMONOKHTENbHEE Emax,
KPHUBBIE UMEIOT CIIOKHYIO (POpMY € YIIUPEHHOU Gopmoit muka. [IpuanHoi ymmpeHus MoxeT
OBITh pa3nuuHas KHHETUKA PACTBOPEHUS/TACCHBAIIMM JUIs  PA3IMYHBIX  (parMeHTOB
MOBEPXHOCTH 3jiekTpoaa [141]. D1u pasnuyus, Kak MpaBUIIO, CBSI3aHbI C HEYCTAHOBHUBIITMMUCS
peKHUMaMU U3MEPEHUM.

B maccuBHOW o00imacTi HaOMIOMATOCh YBEIWYEHHE TOKOB maccuBaivu (imin) ¢
YBEIUYCHUEM KOJIMYECTBA OKCHJIHBIX BKJIIOUCHUM. DTa TEHIEHIMSA, a TakXKe paHHss
penaccuBalMs, CBsS3aHa CO CHHXXEHUEM COIPOTUBJIEHUS KOPPO3UM NIPU YBEIMUYECHHUH

KOJINYCCTBAa OKCHUJIHBIX BKJIFOUCHHM.

3.3 UccnenoBanne BIUSHUS CYIb()UIHBIX BKIIOUYEHUI Ha KOPPO3MOHHOE TOBEICHUE

ctanu 20KT

IIpoBeneHo wuccnenoBaHUE BIMAHUSA BKIIOUEHUH CYIb(QHUIOB Ha KOPPO3UOHHOE
nosenenue cranu 20KT. J{ns aToro B 1abopaTOPHBIX YCIOBUSAX OBLI BBHIILIABJIEH MOJEIbHBIN
CIUIaB C MOBBIIEHHBIM KonuuecTBOM cephl (0.048 %) Ha ocHoBe cramu 20KT. Xumuueckuit
COCTaB MOJIEIbHOTO cIuiaBa coorBercTBoBall cocrtaBy cranmu 20KT (Ilpunoxenue 1) 3a
UCKIIIOUeHHeM cojepxkaHus cepbl. OIleHKYy BIUSHUS CyAb(QUAHBIX BKIIOYEHUH Ha
KOPPO3HMOHHOE TTOBEJICHUE TTPOBOIMIN Ha oOpa3iax cranu 20K T u MoensHOTOo crutaBa.

BrlmutaBky MOJENbHOTO CIjlaBa MPOBOJWIM B MEYM C WHAYKIHOHHBIM HarpeBOM,
UTAaeMO# OT BBICOKOYAcTOTHOrO reHeparopa (400 k['i) momrHocThi0 10 KB-A (puc. 21). B

KauecTBe MMXTHI ucmonb3oBanu crainb 20KT (obpazerr NeS), maccoii 100 r. [Ipu BbimnaBke

? Tok kKoppo3uH (i,,,) COOTBETCTBYET CKOPOCTH KOPPO3HH: A/M = 1.17 mm/rox
83




CITaBa CBEpXYy 4Yepe3 KBapIEBYIO TPYOOUKY 00ABIISUIM B pacijiaB Cyiab(u] jKkee3a Maccoi
0.23 r. IlmaBky mpoBoauiu B atmMmocdepe aprona mapku BU, mpeaBapuTebHO OUHMIIEHHOM B
KOJIOHKaX ¢ TpaHyJIMPOBaHHBIMU COPOEHTAMU: aKTUBUPOBAHHOIN OKHCBHIO AIIIOMUHUS, HUKEIIh-
XpOMOBOI'0 KaTajlu3aTopa, CHUHTETHYEeCKOoro neonauTa. KoHTposb TemnepaTypbl IpOBOIMIN
npu nomoiu Pt-PtRh tepmonapsr ¢ tounocThio 15 rpangycos. Lluxty 3arpyxaiu B Imeus,
pacmnaBisiin (~30 MuH) U BeiAepkuBanu npu temmneparype 1923 K B teuenue 30-40 mMuH.
OxnaxaeHne paciuiaBa npoxoauwio B atMocepe aprona B Teuenue okoio 30 c, ganee — Ha

BO3/IyXeE.

1 - kBapueBas kosba

2 - HHJYKTOP

3 - KBapUEBBLH TUTEIb

4 - raspenka

5 - ymiorsenue Buiiscona

6 - Tepmonapa

7 - YCTPOUCTBO 15t
BBOJIa J00aBOK

8 - ycrpoiicTBo [uIst
orbopa 1pod

9 - Me/IHbII KpUCTAILIM3ATOP

247

| B armocdepy

Puc. 21 Cxema ycTaHOBKH IIPH BBIIJIABKE MOJIEJIBHOTO CIIABA.

®oT0 BKIIIOYEHUH Cylb(UI0B B MOJEIBHOM CIUIaBE MPEICTaBIEHbl Ha pHC. 22.

6)

Puc. 22. BxmoueHus cybpumIoB B MOJISTBHOM crutaBe Ne22.

Anamu3 numdoB (puc. 22) mokaszall, 4To CYJIb(QHUIHBIC BKIIOYCHHS PACTIOIOKEHBI
MIPEUMYIIECTBEHHO IO IpaHUIaM 3epeH. [Ipu momomm cucTeMbl aBTOMAaTHYECKOTO aHalIHu3a
n3obpakenus: «Thixomet» Obuta paccunTaHa oObeMHasl 10Js BKIOUCHUN CynbpuaoB. OHa

cocrasmna 2.12*1073,
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Ha puc. 23 mnpexacraBieHbl pe3yibTaTbl BOJbTAMIIEPOMETPUYECKUX H3MEPEHUN
00pa3LoB C pa3IMYHBIM COJAEPKAHUEM CEpbl JUTOH CTPYKTYphl. OCHOBHBIE XapaKTEPUCTUKU

BOJITAMIIEPOTpaMM IpHUBEICHBI B TabuIe 18.

——0.007 %

0,006 -
] ——0.048%

0,005

2

0,004 3
0,003

0,002 3

MnoTHOCTb TOKa, /, AlcM

0,001 3

0,000 3

a) MoteHyman, B ( x.c.a.)

0,2

——0.007 %
0,14 ——0.048%
0,0-

-0,1 -
-0,2 -
-0,3 -
-0,4 -
0,5 -
-0,6 -
0,7 -
-0,8 -
-0,9

MoteHyuan, B (x.c.a)

6) log (/, Alcm)
Puc. 23. CrabunmsupoBaHHbIE BOJIBTAMIIEPOT PAMMBI, TTOCIIEIOBATEIBHO H3MEPEHHBIC
B 0.1 M aneratHom OydepHOM pacTBOpe ¢ KoHLeHTparuen xinopuaa Hatpus 0.01 M (pH=6.0)
co ckopocthio 0.01 B/c Ha o6pa3uax nutoit cTpykTypsl NeS cranu 20KT u MmozenbHOM

crutaBe Ne22 ¢ pasHbIM cozepxanueM cepbl: Ne5 — 0.007 %, Ne22 — 0.048 %.

Tabmuua 18 — OCHOBHBIE XapaKTEPUCTUKU BOJBTAMIIEPOTpaMM, MOJIyYEHHBIX Ha oOpasiax

ctaiu 20KT u MonensHOM cIijiaBe

N iK0p1 CK-KOPP, imina .
O6pa3zen S, % macc. VKA /ond MM/ron KA o Enin, B| ba, B b., B
20KT 0.007 19 0.22 209 0.141 | 0.106 | -0.079
Moun. ciuias 0.048 21 0.25 1250 -0.078 | 0.099 | -0.079
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[Tonyyeno, uto B obmactu aktuBHOTO pacTBOopeHus (-0.65 + -0.35 B) ¢ nmoBwimeHuem
ceppl B MeTalyie HaONIONaeTCsl YBEIWYEHHE CKOPOCTH KOPPO3HMH, YTO TOIATBEPKIACTCS
cHwkeHrueM HakioHoB Tadens (by) mas manueix o6pasuos (tadmn. 18). Jlns obpasma 20KT
xapakTepHa 0ojiee HH3Kas IUIOTHOCTh TOKa B oOmactu maccuBaiuu (imin=209 MKA/CMZ) u
Oosee mUpokuil yyactok maccuBHoi obmactu (no 0.14 B), uto ykas3biBaeT Ha oOpa3zoBaHHE
3alIUTHOM IJICHKH. BBIIO yCTaHOBIEHO, YTO yBEIHMYEHHUE CONEpKaHHs cepbl (oOpaszer Ne2?2)
NPUBONT K YXYAIECHHIO TACCHBAIMH CTamd (imin=1250 MKA/cM?) M HCUE3HOBEHHIO 0GIACTH
naccuBalui. DTO CBHJCTEIBCTBYET 00 OTCYTCTBHUHM 3aMEJICHHS IPOIIECCOB KOPPO3UH B

MPOLIECCe IKCILTyaTalluy U3-3a OTCYTCTBHS 3aIIUTHON MIIEHKU MPOJYKTOB KOPPO3UHU.

3.4 UccnenoBanue BIMSHHUS MUKPOCTPYKTYPHI Ha KOPPO3UOHHOE TOBEICHHE CTalu

20KT

[IpoBeneHo uccnenoBaHUE BIUSHUS MUKPOCTPYKTYPHI Ha KOPPO3HMOHHOE ITOBEICHUE
Ha oOpasnax cranmu 20KT, 0oToOpaHHBIX OT HETPEPHIBHO JUTOM 3arOTOBKH, OT TOTOBOM TPyOBI
¥ MOJIeNTbHOTO cIutaBa. Mccnenyembie 00pa3iibl TUTOM CTPYKTYPHI B TAOOPAaTOPHBIX YCIOBHSIX
ObUIM IOJBEPrHYTHI TEPMOOOPAOOTKE MO CIEAYIOIIUM PEXUMAM:
a) Harpes 10 950 °C B Teuenue 30 MuH;
0) oxJIaKIeHre Ha BO3/lyX€e (HOpMaIh3alus) 1 3aKajika B BOAY.
Kontpons Temmeparypbl OCYHIECTBISUICS TPH TIOMOIIM  XPOMEJb-aJTIOMENIEBON

tepmonapsl Testo 735-1 ¢ norpemnocteio 0.3 rpagyca.

N — T) G

Puc. 24. Mukpoctpykrypa ctanu 20KT nocne paznuanoii TepMooOpaboTKH (a-B) U TOTOBOU
TpyOsI (T): a — nutas (dpeppuro-nepauTHas); 6 — Hopmanuzanus (peppuTo-nepnauTHas); B —
3aKayika (MapTeHCUTHAs); T — TePMOMEXaHnIeckass 00paboTka (OeHHUTHA).
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[Torennman mpu  pa3oMkHyTOW 1iemu it obOpasmoB crtanmu  20KT  swmroit
BUIMAHIITETTOBOM CTPYKTYphl coctaBisul -0.673 B, ¢epputo-nepnmurHoir — -0.667 B,
MapTeHcuTHON — -0.657 B. Ananornynasi TEHJIECHIMS aHOJHOTO CIBUTa IMOTEHIMAalIa MpHU
pa3oMKHYTOHN 1enu HabOarofanack U JUisl MOJEJIBHOTO CIUIaBa: JuTas cTpykrypa — -0.679 B,
MapteHcuT — -0.670 B. Dtu cnBuru cBs3aHbl ¢ U3MEIBYCHHUEM CTPYKTYPBI, MOBBIIICHUEM
HANPSDKEHUS U/WIIH COJIepPIKaHuEeM yIiiepoia.

Boasramniepomerpuueckue usmeperus: Ha oopasmax cranu 20KT, monensHOM criiaBe
nocie TepMuueckod o0paboOTKM M oOpas3lax OT TOTOBOM TpyObl MOKa3zail YBEIMUYEHUE
CKOPOCTEM KOPpO3UM C W3MEIBUYEHHEM CTPYKTYphl (Tabis. 19). OTu pe3ynbTaThl XOpOLIO
COTJIaCyeTCsl C JIMTEPAaTypHBIMU JaHHBIMH, KACAIOIMIMMUCS YBEJIMYEHUS TOKOB KOPPO3UU C
YBEJIMUYCHUEM KOJIMYECTBA MepiauTa u mMapTeHcuta [136]. AHATOrHMYHOE BIMSHUE PEKHUMOB
TEpMOOOpPAaOOTKH HAOMIOJAId W B IACCHBHOM OOJACTH — IUIOTHOCTH TOKOB  (imin)
YBEIUYUBAINCH C M3MEIBYCHHEM CTPYKTYphl. llprueM yBenuueHue cOAEp>KaHUSI CEPHI B
crutaBe ycwimBaeT 3ToT dddekr (puc. 25). IloreHiman, COOTBETCTBYIOIIMNA 3aBEPUIICHUIO
obmactu maccuBanmu  (Emin), wuaentuueH s obpasmoB  cramu  20KT ¢ smaToi
BUIMAHIITETTOBOU, (PeppUTO-NIEPIUTHON U OCHMHUTHON cTpyKTypamu. KaTogHoe cmemieHue
Emin 1 0oJiee BBICOKHE 3HAYCHHUS Imin Y 00pa3IOB MOCIE 3aKaIKH CBS3aHBI ¢ 00JICe BBHICOKOI
YYBCTBUTEILHOCTBIO MaccuBHOM 1uieHKH K Cl'-nonam, oOpa3oBaBiieiics Ha MapTEHCHUTE, 110
CPaBHEHHUIO C JPYTHMH MHUKpOCTpykTypamu [136]. B Toxe Bpems, Oosiee OTpHUIATEIbHBIC
3HaueHHUs Emin W 0ojiee BBICOKHE 3HAYEHHS Imin, M3MEPEHHBIC HAa MOJEIBHOM CIUIABE
HE3aBUCHUMO OT TEepMOOOpaOOTKM, YKa3bIBAalOT Ha O0o0Jiee HU3KWE 3alllUTHBIE CBOMCTBA
3aIIUTHON TUICHKU. DTH (DaKTOPHI MOATBEPHKAAIOT KPUTHUECKYIO POJIb BIUSHUS CYIb()UIHBIX
BKIIIOUEHUN Ha CTaOWJIBPHOCTh MACCHBHOW IJIEHKU. B TO ke BpeMms, B codyeTaHuu ¢ Oolee
BBICOKMMHM TOKaMH KOPPO3WM B TACCHBHON 005acTH, 3TH (DaKThl MOATBEPkKAAOT Oolee
HU3KHE 3alllUTHBIE CBOMCTBA TACCUBHOM TIJICHKH, C(OOPMUPOBAHHOM HA MAPTEHCHUTE.

CHWKEHHE CKOPOCTH KOPPO3WH U IIOTHOCTH TOKa Imin Y TOTOBOHM TpYyOBI, IO
CpPaBHEHHMIO C ocTanbHbIMU oOpasmamu ctanu 20KT, cBsi3aHO ¢ MpPUMEHEHUEM OTIYyCKa

MCTalljla Ha 3aBepma10Lueﬁ cTaanun TepMOMexaHquCKOﬁ IMPOKAaTKH B 3aBOACKUX YCJIIOBHUAX.
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Ta6muma 19 — OcHOBHBIE MOKa3aTeIN BOJIbTAMIIEPOTpaMM, CHATHIX Ha oOpasmax ctamm 20KT

U MOACJIBHOM CILJIaBC

Mukpo- Tops Ck.xopp., Imin, _
Obpasen crpykrypa | MkA/em® | mm/ron | MxA/cm? Enin, B | ba, B b, B
20KT mutas O+ 19 0.22 209 0.141 0.106 -0.079
O+I1 21 0.25 266 0.138 0.103 -0.106
MapTHCHUT 28 0.33 290 0.129 0.092 -0.162
OcHHHT 17 0.20 183 0.154 0.098 -0.087
Mogen. | nuras O+I1 21 0.25 1250 -0.078 | 0.099 -0.079
CIUIaB MapTEHCUT 32 0.37 1814 -0.098 | 0.106 -0.131
0,007 5
E 20KT
E nutas
0,006 — O+
g MapTeHCUT
. 07005_; BeiHuT
8 Mogen.cnnae
Ef“ 0,004—; nuTas
g MapTeHCUT
2 0,003 3
5 0,002
= E
0,001 N
0000 ——

MoTteHuman, B (x.c.3)

Puc. 25. Crabunu3upoBaHHble BoJIbTamIeporpamMmmsl, u3mepenssie B 0.1 M arieratHom
o0ydepnom pactBope ¢ konnentpanuein NaCl 0.01 M (pH=6.0) na ctanu 20KT 1 MmoaensHOM

CIUIaBe MOCJIe Pa3IMYHON TepMOOOPabOTKH

Takum oOpa3oMm, ycuieHHE TMPOTEKaHHs KOPPO3HOHHBIX IPOLIECCOB 00pa3loB
NPEJCTAaBICHO B DSy MUKPOCTPYKTYp: JuTasi — (EeppUTO-NIEpIUTHAS — MapTEHCUTHas.
[ToyueHHbIE JaHHBIE CBUIETENILCTBYIOT O HaWOOJBIIEM HEraTUBHOM BIIMSHUU CEpPbl Ha

KOPPO3HOHHBIE ITPOLIECCHI IO CPABHEHUIO C BIMSHUEM U3MEHEHUS MUKPOCTPYKTYPBI.

3.5 OneHka nNpaBUIIBHOCTH JEKTPOXUMHUECKUX U3MEPEHU I

C uenpl0 TPOBEPKU pPE3YJIbTATOB 3JIEKTPOXUMHUECKUX HW3MEPEHHUI IMpOBEAEHBI
HKCIEPUMEHTHI 10 OecTOKOoBOW BhiAepkke o0Opas3noB cranmu 20KT B paGouem pactBope B

teueaue 340 u. Bo BpEMs OSKCHCpUMCHTA MNCPHUOAUYCCKU IMPOBOAUIIM OIPCACICHUC
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KOHIEHTPAallUd  pPacTBOPEHHOTO  JKelle3a IO  pPOJAHUIHOW  METOAMKE  METOJIOM
criekTpooToMeTpun.

CriekTpooTOMETPUIECKIIT METOJI KOJMYSCTBEHHOTO aHaIN3a OCHOBAH Ha IMEPEBOJIE
OTIpeIeNIIEMOr0 KOMIIOHEHTa B IOTJIOIIAONIEe CBET COSAMHEHHE, KOHIIEHTPAIMI0 KOTOPOro
YCTaHABIIMBAIOT ITyTEM U3MEPEHUS CBETOIMOTIIOMICHUSI.

Kenezo (I11) (B ormuune ot xenesa (1)) B kucnoii cpene oOpasyer ¢ poJaHu1-HOHAMH
B 3aBUCHUMOCTU OT UX KOHIICHTPAIUU PsI KOMIUICKCHBIX COSAMHEHHN Pa3IMYHOTO COCTaBa,
OTJIMYAIOIIUXCS CPABHUTEIBHO MajoOd YCTOMYUBOCTHIO. IHTEHCUBHOCTD OKpacku (KpacHbII
[[BET) KOMILICKCHBIX COEIMHEHUI MPOMOPIHOHAIbHA KOHIIeHTparwu xeine3a (111):

Fe ** + nSCN™ = [Fe(SCN),J*"

B pactBope MOTyT CyIIECTBOBaTh M  COCYIIECTBOBaTh KOMIUIGKCHBIE HOHBI C
KOOPAWHAIIMOHHBIM YuciioM oT 1 10 6 [142].

Jligs  momydeHuss — BOCIPOM3BOAMMBIX  PE3yNbTaTOB  HpU  (POTOMETPHUUECKHX
onpexaenenusx Fe(Ill) HeoOXxoaumo coOM0AaTh PAaBEHCTBO KOHIICHTPAIIUN POJTAHU/-UOHOB B
UCCIICTyeMbIX M CTAHJIAPTHBIX PACTBOpPAX W MOJIICPKUBATH ONPEICICHHYIO KHCIOTHOCTH
pactBopa. J{J1sl 3TOro 4acTo UCHOIB3YIOT KHCIIBIE PaCTBOPBI, COAEpIKaIie O0IbIION N30BITOK
pogaHuaa (MpU STOM B PaAcTBOpPE MPEUMYIIECTBEHHO 00pa3zyeTcsi KOMIUIEKCHBIH HOH
[FE(SNC)4] ). B aTux yciaoBUAX CBETONOIVIONICHHE PacTBOpa MOMAYMHSIECTCS 3aKoHY Byrepa-
JlamGepra-bepa B 00nbII0M HHTEpBaIe KOHIICHTPALIMH JKee3a.

KucnorHocts pactBopa oimkHa OBITH TaKOBOM, YTOOBI MPENOTBPATUTH THAPOIU3
xkenesza (I11), He MOHM3UB KOHIEHTPAIMIO POAAHU-UOHA, HEOOXOAUMOTO NJsi 00pa30BaHUS
KOMIUIEKCHOTO COCJMHCHHS. B KadecTBe OKHCIUTENS dYalle BCETO HMCIOJB3YIOT a30THYIO
KHCIIOTY.

[Tockonbky nOHBI ponanuaa MoryT BocctanaBiuBath Fe(Ill), okpacka oOpa3yrommxcs
KOMIUIEKCOB MaJOyCTOWYMBA, U U3MEPSATh CBETOIOTJIONIEHHE pacTBOpa HEOOXOAMMO B
teueHue 40 MUHYT mocie aoOaBieHus ponanHuga. CTaOMIM3UPOBATH KOMILUIEKC POJIAHU[IA
xkeneza Fe(SNC);3 MoxHO »d>dupamu u cnupTramMud. B 1aHHOM cioydae KOMILIEKC
cTabUIM3UPOBATH YPUPOM.

YyBCTBUTENBHOCTh MeTOAA cocTanisia 0.05-2.0 mr/m.

PactBop pomanuma Hatpusa KoHueHTpauueid 1.5 M roroBwim pactBopenwem 12.31 r
BemecTsa B 100 M1 BOABL.

PacTtBopenne 00pa3oB MPOBOIWIM  CleAylomuM oOpa3zom. OOpasubl  Obun
3aMpeccoBaHbl B OAKENUT W U3TOTOBJICHBI NUIU(EI IO METOIMKE, ONMUCAaHHOU B pazaene 2.2.1.
JIJIst UCKITIOYCHMS 3aTeKaHHs PacTBOPa, TPAHUIIBI pad0UeHi MOBEPXHOCTH OBLTH U30JIMPOBAHBI

. 2
anbe3oHoM. [lmomane padoueit moBepxHoctu coctasisiia 0.8-3.2 cm®. OOpa31el moMeIany B
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1000 mi 0.1 M anerataoro 6ydeproro pactsopa ¢ 0.01 M NaCl na 14 cyrok. [lepuoanuecku
MocJie MHTEHCUBHOTO TIEPEMENIUBAHUS PACTBOPA B TeueHUe 1-3 MUH Ha MAarHUTHOW MEIIAIKe
npoBoAWIN OTOOP Tpod oObemom 15 mi. 3arem, Kk 5 M mpoOsl gobaBmsm 10 M 1 M
asortHoii kucinotsl (HNO3) u Harpesanu npu temmneparype okosno 75°C 10 pacTBOpeHUs MyTH
(1.5-3 u). Jlaee pacTBOp OXJaKaald W BbIACpKHBaId B Tedenue 1-12 4. K octeiBiIeMYy
pacTBOpy MO0ABISIM 5 MIJI CBEXempUTroToBIeHHOTO 1.5 M pomanuna uatpus (NaSCN) u
JIOBOJIMJIA JTUCTUJLIMPOBAHHOM BOIOM 10 50 MiL.

W3 nomyueHHOT0 pacTBOpa OTOMPATIU TPHKIBI IO 5 MJI, IPUYEM B ABE MPOOHI Aealiu
no6aku mo 20 (30) m 50 Mk cBexenpuroroBieHHoro pactBopa 2 MKM FeCls
(paz6anennem 0.02 M pactBopa). K kaxmoii mpobe modapmsiu 1o 3 mMi 3dupa ¥ SJHEPTHIHO
nepememmBa He MeHee 30 c. ONTHYECKYIO IMJIOTHOCTh B 3(DUPHOM CIIOE OMpENesuid B
makcumyme ripu 502 am (A=0.02-0.80).

KonTponbHas rpaayrpoBka MpoBeeHa Ha pacTBOpax 1¥10° — 2.5%10* M Fe DR
0.1 M amerarnom OypepHoM pactBope (puc. 26). JIuHeiHOCTh HAOIIOAACh B JHANIa30HE

8*10° — 2.5*10™ M Fe(II).

y =2356,1x + 0,023
0,6 R2=0,9994 -

0,1
Ed C(Fe). M

0 0,0001 0,0002 0,0003

Puc. 26. Konrponbnas rpangyupoBka 0.1 M aneratHoro 6y epHOTo pacTBopa ¢ pa3iIHdHbIM
conepxannem Fe(l11) (1*10° — 2.5%10™ M) B koopMHaTax ONTHYECKas TUIOTHOCTH (A) —

koHuentpanus Fe(lll).

Omnpenenenre KOHIEHTPALUU PACTBOPEHHOTO JKeJie3a METO/I0OM CIEKTpo(oTOMETpUHN
npoBesieHo Ha oOpasmax cranu mapku 20KT (NeS) ¢ pasHBIMH CTpYKTYpaMu — JIMTOM
BUJMAHIITETTOBON, (EpPUTO-NIEPIUTHON W MApTEHCUTHOW; W MOJEIBHOM CIUIaBE C

conepkanueM cepbl 0.048% macc. MapTeHCUTHOM CTPYKTYpbl. BHenHuit Bu1 00pa3noB cranu
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20KT mocne 14 mgHelt sKcreprMeHTa mpeicTaBiieH Ha puc. 27. OTCyTCTBHE NPOAYKTOB

KOPPO3UU PBIKETO I[BETa HA HEKOTOPBIX o0Opa3iax (puc. 27 a, B) CBA3aHO C UX €CTECTBEHHBIM

OTCJIaMBaHUEM B IpOIEcCe BRIHUMAaHM 00pas3IoB U3 PacTBOpA.

Puc. 27. O6pasust cranu 20KT nocne 14 nueit 6ecTOKOBON KOPPO3UH C TUIEHKOH MPOIYKTOB

Koppo3uu (a, 6, B) u 6e3 (T, 1, ).

IIpoBeneHo  cpaBHEHHE  CKOpOCTEH  KOpPpO3UHM,  ONpEAEICHHbIE  METOAOM
skcTpanoisauuu Tadens TUMHEWHBIX YYacTKOB MOJSPU3ALMOHHBIX KPHUBBIX U KOpPpPO3HUEil
oOpa3ioB B pabouem OydepHOM pacTtBope. ITOCKONBKY 3KCIEPUMEHTHI Ha PACTBOPEHUE
NPOBE/ICHBI HA BO3JyXE, CIEIYyEeT UMETh BBHUJY BO3MOXKHBIE PA3JIMYMsI B MPHUPOJIE KATOIHBIX
IpoIeccoB (MPOTEKAHNWE KUCIOPOJHON JIENOJspU3allii BMECTO BOJOPOJHON) M YYHUTHIBATh
HEKOTOpbIe U3MEHEHHUs TNIOTHOCTEHN TOKA.

Ha navanbHO# cTamuu koppo3uu (mepBble 48 4) HAOMIOJANCs WHTEHCUBHBIM pOCT
KOHIIGHTpallMK Kene3a B pacTBope. [lo pe3ynpTaram aHanmm3a KOHIIGHTpAIMH Kele3a B
pacTBOpax pacCUUTAHbI HAKIIOHBI, XapaKTEPU3YIOIUE HHTEHCUBHOCTb PACTBOPEHHs 00pa31oB
cramu 20KT ¢ pa3HbIMH CTPYKTypaMu — JIUTOH BHIMAHIITETTOBOH, (heppUTO-TIEPIUTHON U
MapTEHCUTHOW; U MOJIETIbHOM CIUIABE C MAPTEHCUTHON CTPYKTYpBI (MKM/(ir*em?*4)): 0.226,
0.335, 0.364, 0.511 coorBercTBeHHO. MHTEHCHUBHOCTH PACTBOPEHUS IS IEPEUUCICHHBIX

00pas3IoB COOTBETCTBYET CKopocTsM kopposun (Mm/ron) 0.14, 0.21, 0.23, 0.32, 3HaueHuUs
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KOTOPBIX XOpOILIO COTJAcyloTCS CO CKOPOCTSIMH KOPPO3UH, IOJTYYEHHBIMH METOJIOM

skcTpanossiiuu Tadens (tadma. 19, puc. 28).

0,40

77774 13 KOHLICHTpALIMH JKeJIe3a B PACTBOPE
[ no meroay sxcrpadonsun Tapens

0,35

0,30

0,25

0,20

0,15

0,10

CKOpOCTb KOppO3uu, Mm/rofl

0,05

0,00 -

20KT Mojen. cruiaB

Puc. 28. Cxopoctu xopposuu o6pasoB B 0.1 M aneratHom 6ydhepHom pactBope ¢ 0.01 M
NaCl, onpeneneHHble U3 KOHLIEHTpALMKA HOHOB KeJle3a B KOPPO3UOHHOM pacTBOpPE U U3
BOJIBTAMIIEPOTPaMM, MOIYyYeHHBIX 15 00pa3uoB ctanmu 20KT 1 MosienbHOTO CrutaBa ¢ pa3Hon
MUKPOCTPYKTYpoii: JI — nutas BunmanmrerroBa, @+I1 — peppuro-nepautnas, M -

MapTCHCUTHAs.

[Tocne nByx nHEH OSKCHEpUMEHTa Ha IOBEPXHOCTH OOpa3lloB Hayala HapacTarhb
TUIEHKA TIPOYKTOB KOPPO3WH, YTO YCIOKHWIO MPOOOOTOOP W CHU3HMIIO TOYHOCTh aHallU3a, a
pacTBopeHue odpasia 3ameTiiIoch. KOHIIEHTpaIis HOHOB Kelle3a B PaCTBOPE 110 NCTEYCHUHN
75 41 cocrasnsna 20-80 MKM/(J'I'CMZ) (puc. 29). DTH BENTUYHHBI XOPOLIO KOPPETHPYIOT CO
3HAYEHHSIMUA TOKOB B MACCUBHOMN 001aCTH (imin) (Tabur. 19) 1 Takke MOKa3bIBAIOT YBEIHUCHHE
CKOpOCTEH KOPPO3UH [T 3aKaJeHHBIX 00pa3noB. CpaBHEHHE COJIEPKAHMUS JKeJe3a B pacTBOpe

nociie 75 9 SKCIepUMEHTa ¢ TOKaMH B TACCUBHO# 00:1acTH (imin) TPEICTaBICHO Ha pHc. 29.
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Puc. 29. KonueHTparyst HOHOB jkeje3a 1mocie 75 4 BBIIEP)KKU UCCIeTyeMbIX 00pa3ioB B
0.1 M anerataom 6ydeprom pactope ¢ 0.01 M NaCl u 3navenwust riotHocTe (imin),
OIPENICIICHHBIX U3 BOJIBTAMIIEPOrPaMM B IMaCCUBHOW oOsiacTu B 0Opasnax cranmu 20KT u
MOJICIIEHOM CIUIaBE C pa3HOU MUKpOCTpyKTypoii: JI — nmutas, @+I1 — ¢peppuro-nepautnas, M

— MapTCHCHUTHAs.

Takum oOpa3oM, mociae 75 4 BblIEpXKHBaHHMA 00pa3loB B paboueM pacTBope
MOJIy4EeHO, YTO KOHIICHTpPAIUS JKelie3a B PACTBOPE YBEIMYHMBACTCS B PSALY MHKPOCTPYKTYP:
JWTas BUAMAHIITETTOBa — (EPPHUTO-TIEPIUTHAS — MapTeHcuTHas. [lomoOHas TeHaeHnus y
00pa31oB MOJIENBHOTO CIUIaBa COXpaHUiach. JlaHHbIE pe3ynbTaThl MOKA3bIBAIOT HaMOOJIbIIEe
HEraTUBHOE BJIMSHHUE CEpbl Ha KOPPO3UOHHBIE MPOLECCH MO CPABHEHUIO C W3MEHEHHEM
CTPYKTYPHI.

HesaBucrnMblil KOHTPOJIb TOJIIMHBI PACTBOPEHHOTO CIIOSA, MPOBEAEHHBIN C IOMOIIBIO
ONTUYECKOT0 MHUKPOCKONA Ha IOMEPEeYHOM CEYeHMM o0paslia, MOATBEPIW MPaBUIBHOCTD
pacyeToB Ha OCHOBAHUHM pPE3YyJbTATOB M3MEPEHUH KOHIEHTpAllMUd PAcTBOPEHHOTO >Keje3a.
Kak BugHO u3 puc. 30, riryOrHa IPOKOPPOIUPOBAHHOTO CJI0sT 00pa3iia MOACIHLHOTO CIUIaBa C
MapTEHCUTHOM CTPYKTYpOH, U3MEPEHHAss METOJIOM ONTHYeCKON MeTaiuorpaduu, nocne 340 u
sKcniepuMeHTa coctaBiseT ~10 Mxm. KoHeuHas KOHIIEHTpalus »eje3a B PacTBOpPE TOTO XKe
o6pasia cocrapmsier 80-100 MkM/(-eM?), uto cooTBeTcTBYeT pactBoperuio 0.09-0.11 MM
utst 0bpasia miomaneio 2 cm’. IIpy mIoTHOCTH skenmesa 7.8 r/cM®, pacuerHas (IO 3aKOHY
®dapanes) TIIyOMHAa KOPpO3UM coCTaBisieT 12-14 MKM, 4YTO COOTBETCTBYET JaHHBIM

OITHYECKOM MHKPOCKOIIHNH.
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NMoBepxHOCTb lMoBepxHOCTb
Obnactb nocne MeTanna o
KOppOo3uu KOppO3uu KOppo3uun

Puc. 30. MUKpOCTPYKTypa MOMEPEeUHOro cpe3a MOICILHOIO CIIaBa ¢ MApTCHCUTHOM
cTpykrypoii mocie 340 1 nmpedwsiBanus B 0.1 M anierarnom Oydeprom pactsope ¢ 0.01 M
NaCl.

3.6 BriBoars! o ['1ase 3

1. PazpaGorana MeTOIMKa OLEHKH KOPPO3MOHHOIO TIOBEJEHHUS TPYOHBIX CTajel
METOAOM LUKJIMYECKOW BOJBTAMIIEPOMETPUM B XJIOPUICOEpIKALIEM BOJHOM pacTBOPE.
MeTon4ecKUMU  3KCHEPUMEHTAMH  YCTAaHOBJIEHBI OINTHUMAJIbHBIE PEXKUMBl HU3MEPEHUS:
quana3oH nukiaupoBanus oT -0.8 B 10 moTeHnManoB Hayajga pernaccUBallud, CpPaBHEHUE
OPOBOJIUTHCA 10 TPEThMM LMKJIAM B 3aJaHHOM JMalla30HEe LMKIUPOBAHUSA, CKOPOCTb
pa3BepTku noreHnuanoB He Oosiee 0.01 B/c, konnenTpamus xmopuaos 0.1 M B ameratHOM
GydepHoM pacTBOpe, IUIOMmAAs paboueil moBepxHocTH 1.2+40.2 cM? ¢ IIpEIBAPUTEIBHO
IIOJINPOBAHHOM ITOBEPXHOCTBIO.

2. IIpeuiockeH MeTOJ, MaTeMaTHYeCKOM KOPPEKTHMPOBKM OMMYECKMX IOTEpb IpU
JIEKTPOXMMHUYECKHX U3MEPEHUAX B BOAHBIX PACTBOPAX U I'PYHTaX, MO3BOJISIOIINNA TOBBICUTH
TOYHOCTb U3MEPECHUI.

3. DKCIEepUMEHTAIBHO YCTAHOBJIEHO OTPHUIATEIbHOE BIMSHUE OKCHJIHBIX, B TOM YHCIIE
KAHB, u cynppuanbx BkiItoueHU Ha koppo3noHHoe noseneHue cranu 20KT. [Tomyueno,
YTO MOBBIILIEHUE KOJIMYECTBA BKIOYEHUH PUBOANT K YBEIIMYEHHUIO TOKOB KOPPO3HH METaslla
B 00JaCTM AaKTHUBHOTO AaHOJHOIO pacTBOpPEHHUs oOOpa3loB CTallk, XapaKTepusyrouiei
HAYaJbHYI0 CTaJMI0 pACTBOPEHUS, U MHUHUMAIbHBIX IUIOTHOCTEH TOKOB B 00JIacTH
[ACCUBHOCTU. YCTAHOBJIEHO Ooyiee OTpUIATEIbHOE BIUSHHE CYIb(UIHBIX BKIIOYEHUH IO
CPAaBHEHHIO C OKCUIHBIMU Ha KOPPO3HOHHYIO CTOMKOCTH CTaJeH.

4. VY CTaHOBNIEHO BIMSHHUE TUIIOB MUKPOCTPYKTYpP Ha KOPPO3MOHHOE IOBEJEHUE CTallu
20KT. [lomydeHo, 4To yBEIWYEHHE CKOPOCTEH KOPPO3UH B O0JIACTHM AKTHBHOIO aHOJHOTO
pPacTBOPEHUS M IJIOTHOCTEH TOKa B MAacCHMBHOHM 001acTH (imin) C M3MEIBYCHUEM CTPYKTYPHI.
[ToxazaHo, 4TO TOKM KOPPO3UHU YBEIHUUUBAIOTCS B Py MUKPOCTPYKTYp: OeHHUTHAs — JIUTas
BUIMAHINTETTOBa ((peppuTo-niepauTHas) — (GeppuTo-TIepauTHAsT — MapTeHcuTHas. [lpu

YBEJIMUYEHUH COJEPKaHUs Cepbl B MeTajlIe JaHHbIN 3PPEKT yCUInuBaeTcs.
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S. Pe3ynbTaThl BOJIBTAMIIEPOMETPUYECKUX H3MEPEHUH MNOATBEPXKIEHbl CPAaBHEHHEM C
pe3yibTaTaMH CHEKTPO(POTOMETPUUECKUX OINpPENeIeHU pacTBOPEHHOrO JKene3a, JaHHBIMH
ONTUYECKOH MHUKPOCKONMU TOMEPEUYHBIX HUTM(GOB O0Opa3LOB IOCIE SKCIEPUMEHTOB H

pacdueTaMu.
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I'maBa 4 AHanu3 U KOPPEKTUPOBKA TEXHOJIOTHH BHEIIEYHOW 00paboTKH TpyOHOH CTaH

20KT na OAO «Bomxckuii TpyOHBIM MeTaLD

B mnacrosimee Bpemsi BHemeuHass oOpa0OTKa SIBISETCS OOS3aTENbHBIM JTarioM B
mpolecce TOMyYeHHUs KadyeCTBEHHOW TPYOHOW cramu. 3ajadyaMu BHENEYHOU 00paboTKu
ABIIAIOTCA TI1yOOKO€ pacKHCIEHHUE CTalld, yJajleHHe BPEIHBIX MPHUMECel, INIaBHBIM 00pa3oM
ceppl U Qocdopa, nerazamus, MoaAUPUIMPOBAHHE HEMETAJUIMYECKUX BKIIOYEHUN U UX
YAAJIICHHUE B IIJIaK, BBIPABHUBAHHUC XUMHUYCCKOI'O COCTaBa U TEMIICPATYPhI IICPE pa3JII/IBKOf/'I.

OI[HI/IM u3 OCHOBHBIX IIponeccoB, OKa3bIBAKOIINX Ba>XHOC BIINSTHUEC Ha
METaJTypruuecKoe KauecTBO CTaj, SIBISETCS Ipouecc packucieHus. [Ipu packucieHuu B
MeTaJlI A00aBISIIOT PACKUCIIUTENIH, KOTOPHIE CBSA3BIBAIOT PACTBOPEHHBIN B METAJLIE KUCIOPOL
B MMPOYHBIC OKCHU/IBI. O6paBOBaBHII/I€C$I OKCHJblI — OKCUJIHBIC HEMCTAIVNIMYCCKUEC BKIIFOUCHUS —
BCIUTBIBAIOT M YIAIAIOTCSA W3 CTAJIM B IUIAK BO BpeMsl BHENEUHOW 0OpabOTKH M MPOIYBKU
pacmiiaBa MHEpTHBIM Ta3oM. KoHeuHoe colepikaHue KHUCIOpoJa B MeTallle, COCTaB u
MOp(hONOrHsi HEMETaUIMYECKUX BKIIOYCHHM OMpEeNeNseTcs COCTaBOM, KOJHYECTBOM,
MOCJIEI0BATENbHOCTBIO U CIIOCOOOM BBEJIEHUS packuciauTenel B paciuias. [IpucyrcrByroniue
B CTaJIM OKCHUAHBIC HEMCTAINIMYCCKHUEC BKIOUYCHUA B OOJIBIIMHCTBE CJIy4acB ABJIAKOTCA
MPOIYKTaMU PACKUCIICHUS.

W3BecTHO, 4YTO TpU PACKUCICHUHM TPYOHOUM CTadl aIIOMHUHHEM TPOUCXOJIUT
obpaszoBanue HemehopmupyeMbix BkiItodeHuin Al,O3, KOTOpBIE CIy)KaT odyaraMu 3apOsKIACHUS
TPEIIMH TPHU SKCIUTyaTallud TPyO M CHOCOOCTBYIOT PAa3BUTHUIO KOPPO3MOHHBIX IPOLIECCOB.
[Ipy wucmONBb30BaHUM TEPUKIAZYTIEPOAUCTON (YTEPOBKM KOBIIEH Takke 00pa3yroTcs
MarHveBble IIMUHETH. VIcmonb3oBaHME KOMIUIEKCHOTO PACKHCIEHUS TPYOHBIX CTalel ¢
NpUCaIKaMH KalblMs MpHBENO K MmoauduimpoBanuto BritodeHuit Al,O3 u o0pa3oBaHUIO
KHNIAKUX BKJIIOUEHHUH aJIIOMHHATOB KajJgbliysd U Mar"Husa CJIOXHOI'O COCTaBa. B I[aﬂbHeﬁHIeM
JAHHBIC THUIIBI BKJIFOUYEHUN OBUIM HAa3BaHBI KOPPO3MOHHO-aKTHBHBIMHU. KOHTpOJ’IB nux
KOJIMUECTBA B TPyOax OCYIIECTBISETCS Ha MHOTUX 3aBOJIaX HAIE CcTpaHbl.

[loMuMoO  ynydileHHs YUCTOTBI MeETaula IO OKCHUIHBIM  HEMETATIMYECKUM
BKIIFOUCHUAM, MO]II/I(i)I/IHI/IPOBaHI/Ie BKJIIOUCHHUIT TO3BOJISET NpeaAOTBPATUTE 3apacTaHUC
HII/I6€pHI>IX 3aTBOPOB, Pa3jJIMBOYHBIX H MOrPpYy’>XHBIX CTAKAaHOB-AO03aTOPOB Ha MallWHax

HEIMPEPBIBHOTO JIUTHS.
4.1 Texuonorud BoiruiaBku ctaiu 20KT va OAO «BT3»

OnHUM M3 TpeanpusTHH, BBIUIABIAIOMKX TpyOHyro ctanb Mapku 20KT sBnsercs

OAO «Bomxkckuit TpyOHbI 3aBoi». TexHomorus BeiutaBku cramu 20KT 3akmouanach B
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BBITUIABKE TMOJYMPOAYKTa B JyroBod cranermaBwibHod mieun (JCII) w BHemeuHo#
00paboTkoil Ha ycraHoBKe KoBuI-iedb U VD-Bakyymarope ¢ mocienyromeii pa3iuBKOW Ha
MalIuHe HenpeprlBHOro auThs (MHII3).

Ha ycraHoBke KOBII-II€Yb AJIs1 JOBEJCHMS 10 HEOOXOAMMOIO XMMHUYECKOI'O COCTaBa
nobapsun - peppocunuiinii Mmapku  PC65, deppocunukomapraner; mapku DOCMu17 u
deppoBananuii mapku ®B50. PackucieHwe Ha JaHHOM JTane MPOBOIWIH ATIOMUHHUEM,
HaBEJCHME LIUIaKa — U3BECTHIO.

VY naneHnue BKINOYEHHH MEPEBONOM HMX B IUIAK MIPOUCXOJWIO IPU BAKyYyMHUPOBAHUU.
Takke Ha ycTaHOBKE BaKyyMHUPOBaHUS pelIalICA BOIIPOC yAAJICHU BOJOPO/Ia U3 PACILIaBa.

Ha OAO «BT3» wuacTh IUIaBOK MPOBOJWIM C HCIIOJIB30BAHUEM DPACKUCIICHUS
amoMuHueM. [Ipy 3TOM [OMONHUTENBHO MOOABISIM MHPOBOJOKY C HAMOJHUTEIEM U3
cwmkokanblusag Mapku CK30 coBMECTHO ¢ aiqloMuHUEM IIOocie BakyymupoBaHus. [lanee
clieloBaJla MPOJYyBKa aprOHOM B TeueHue 2-6 MHUH. 3aTeM METalll [IepPelaBajICs Ha Pa3IuBKY.
Ha puc. 31 nokaszana cxema texaonoruu BoituiaBku cranu 20KT u stan npumenenust CK30

BMECTE C aJIFOMUHHUEBOM ITPOBOJIOKOM.

DCHS ATIOMHHHE IPOB.
©CMH17 CK30

Amomuaui BITA
DB50
Hspects

MHJI3

JCII —— ITEUL-KOBIIT ~ VD

1501 Bakyymatop

JIoM KaTeTOpHH A

Puc. 31. Texnonorus BeiuiaBku ctanu 20KT ¢ mpumenennem npososioku CK30

Z[O68.BJ'ICHI/IG CHJIMKOKAJIbIUA MIPOBOAUIIOCH C IICJIBRO MO,I[I/I(I)I/IL[I/IpOBaHI/IH BKIIIOUCHUH
B MCJIKHEC KUIKUEC  YaCTHIIBI, JICTKO yAaIAEMBIC B jIak. Menkue KUOKHUEC
MOI[I/I(i)I/IIII/IpOBaHHI:;Ie BKIIIOUCHUSA aJIFOMHUHATOB KaJIbIHA CHOCO6CTByIOT MpeaOTBPALLICHUIO
3apaCTaHusd MOrpy>KHOI'0 CTaKkaHa-a103aTopa. OI[HaKO IIpu OIPCACIICHHBIX YCIOBUAX KaJ'IBI_II/Iﬁ
MOKET BOCCTAHABJIMBATHCA H3 [IJIaKa W TMEpEXOAUTb B  PaACIlJIaB. I[aaneﬁmnﬁ

TEPMOJMHAMHYECKUN pacueT MO3BOJUT OLEHUTh KOJIMYECTBO BOCCTAHOBIEHHOTO KaJIbIIHSI.
4.2 TepMOoIMHAMHYECKUH pacueT KOJIMYECTBa BOCCTAHOBICHHOTO KAIBIIUS M3 IIITaKa

[Tocne BhIMycka M3 IyroBOM TEYW HA YCTAHOBKE KOBII-TICYb HABOJWIICS OCHOBHOMU
nuiak ciemyromniero cocraa (% macc.): CaO = 48.06, Al,03 =30.73, SiO; = 10.52, MgO =
7.61, MnO = 0.09, Feosy = 0.95. Boccranorinenne CaO w3 1mmiaka ¢ TOCICAYIOIIAM
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NNEpEXoa0M KaJIblKA B pacCiijiaB TCPMOIWMHAMHUYCCKH BO3MOXXHO AJIIOMHUHUEM, KPEMHHEM U

YrjiaepoaoM 1o CICAYIOIIHUM PCAKIIUAM:

3(Ca0) + 2[Al] = 3[Ca] + (Al,Os) (16)
2(Ca0) + [Si] = 2[Ca] + (SiO,) (17)
(Ca0) + [C] = [Ca] + COuy) (18)

KoncranTsl paBHOBecus peakuuii (16-18) onuceiBarot ypaBHeHussmMu 19-21:

3
K. = dca 441203
Al —

2 3 (19)

Aa1 a0
2
ar. dej

KSi = Cza—SlOZ (20)
Acao asi
acq P,

KC — Ca l'co (21)
acao Qc

1€ 4 — aKTUBHOCTb KOMIIOHCHTOB, PC()— JaBJICHUC I'a3a HaJl PacCIlJlaBOM.

Dueprusi I'm66ca AG°® a1 Kakmodl peakuuu paBHAa CIEAYIOIMM 3HAYCHHAM
cootBercTBeHHO: AG°y = -683300+565.7T; AG’ = -257164+340.65T; AG°’:c =
148697+16.04T. CooTHomeHne KOHCTaHTHI paBHOBecHsl U dHepruu [ mbOca mpencraBiseTcs

ypaBHeHueM (22):

AG°
RT

InK = —

(22)

rie  R=8.31 — ynuBepcanbHas razoBas nocrosiHHas, T=1873 K — remneparypa.

CormacHo ypaBHeHUIO (22) pacyeTHbIE 3HAUYE€HUS KOHCTAaHT paBHOBecus (19-21) mns
peaxumii (16-18) cocrasmsror 3.173*10™; 2.358*10™; 1.03*10° coorercrBenHo. M3
3HaueHUil KOHCTaHT paBHOBecus (19-21) BeIpakaeM aKTUBHOCTh KalbLUS UL KaKIOW

peakiuu (16-18):

3|Ka3, a3
Acyg = ’M (23)
aal203
K aZq0 As;
cg = —€ag "ot (24)
asioz

_ K ac acao
g = p— (25)

Pacuer k03 PpUIIMEHTOB aKTUBHOCTU aJTIOMUHUS, KPEMHUS U YIiiepo/ia MPOBOIUIH 11O

dbopmyre:
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a = [j1f; (26)
rae  [j] — comepxanue KoMoHeHTa B paciuiase, %.

fj — K03 QUIKMENT aKTMBHOCTH j-KOMIIOHEHTA.

KoadduiumeHTs! aKTUBHOCTH PACCUUTHIBAIH C YIETOM MapaMeTPOB B3aUMOJICHCTBUS:
n .
H 1
g f, = > [ie}, (27)
i=1

rae  [i] — comepkanre KOMIIOHEHTa B paciuiase, %.

el

Ji nmapaMeTp B3aUMOJACHUCTBH IIEPBOI'0 IIOpAAKaA.

XUMHYECKUH COCTaB CTajlk BO BpeMsi BHeme4yHoit oOpabotku (% wmacc.): C=0.21,
Si=0.21, Mn=0.44, Ni=0.11, P=0.008, S=0.006, Cu=0.19, Cr=0.15, Al=0.03, V=0.033,
Mo=0.02, W=0.01, Nb=0.009, Ca =0.002.

B tabmuie 20 mpeacTaBieHbl 3HAYCHUSI TAPAMETPOB B3aUMO/ICUCTBUSI, UCIIOTb3yEMbIE

B IIaJII)HeI\/JIIHI/IX pacucTax, COOTBCTCTBCHHO.

Tabmuma 20 — ITapameTpsl B3auMOeHCTBUS IepBOro mopsaka [143]

. |

J C Si Mn Ni P S Cu Cr
C | 1276 9.7 188 | 237 | 694 6.21 406 | -4.84
Si | 9.65 1234 | 328 | 115 | 11.9 9.1 3.64 | 0007
Al | 527 6.94 464 5.02
[Tponomxenne Tadbmuisr 20

. i

J Al Y, Mo W Nb Ca

C | 528 | -62 6.1 6,51 2319 -15.65

Si_ | 694 | 532 929.8 -10.55

Al | 528 734

Pe3y.]'II>TaTBI pacyCToOB KOJHUYCCTBA IMMOCTYIUBUICTO KAaJIbIIUA B pacCIlJiaB MIPEACTABIICHBL
B Ta6J'II/II_Ie 21. Anamms Ta6J'II/II_ILI IIoKasaj, 4ToO HanOOJIbIIIee KOJIUYECTBO KaJblousd MOXCT

IMOCTYIIUTL B IPOLECCEC BAKYYMUPOBAHUSA ITPHU BOCCTAHOBJIICHUU CaO yriiepoaom.

Ta6muma 21 — UcTOYHUKY TTOCTYIIIIEHUS KAIBIUS B CTaIb IIPU BHEMEYHOU 00paboTKe

Hcrounnku noctymenus: Ca B craib Komunuectso Ca, %(Ma(:(:.)”‘IO'4
Boccranosnenue CaO yrieponom u3 1aka 10.0
npu Peo= 0.1 atm '
Boccranosnenue CaO amoMuHuEM U3 MIJTaKa 4.6
Boccranosnenne CaO kpeMHHEM U3 MITaKa 0.33
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4.3 Pesynbratel KOHTPOJIs yrucToTh ctanu 20 KT metomom ®T'A

Hcnons3oBanne nAByx crnoco0oB packuciieHust TpyoHoi cranu mapku 20KT na OAO
«BT3» mnpuBoauio K pa3IMYHOW  3arpsi3HEHHOCTM  MeETalla  HEMETaJUNIM4eCKUMU
BKJIIOUeHUSAMU. KOHTpOIb  YMCTOTBI 1O  BKJIIOYEHMSIM Ha  3aBOJ€  IPOBOAMIHU
Mertamutorpaguaeckum metomom mo ['OCT 1778-70 m meromuke ompeneneHus KAHB.
[ToaToMy aKTyalbHBIM SIBJISJIOCH UCIOJIB30BaHUE IKCIPECC-METOAUKN KOHTPOJISL YUCTOTHI 110
HEMETAIUTMYECKUM BKJIIOYEHUSAM JJISi KOPPEKTHPOBKHM TEXHOJIOTUM BHEMEYHOH 00paboTKU
BBHITIaBIICHHOTO MeTaia ¢ npuMmeneHnneM Merona ®PI'A. Ilocrme obpabotku maHHBIX OI'A
OBLIO MOJYYEHO COJEp)KaHME KUCIOPOAa B UACHTHU(PHUIMPOBAHHBIX OKCHIHBIX BKIIOUCHHSX.
[Tpu ananuze o6pasuoB merogoM PI'A oKcHIHBIE BKIIOUEHHUS YCIOBHO ObUIM pa3/ielieHbl Ha
TPH IPYNINbI, COOTBETCTBYIONINE KIacCU(DUKALINY, IPUHATONW B MeTayuIorpaduu:

1) cunMKaThl — BKIKOUCHHUS, C BBICOKUM conepxkanuem SiO; (>60 %);

2) aJIOMHMHATBI — BKIIFOYCHHS C BRICOKMM coaepxkanueM Al,Oz (>40 %);

3) amomocuiukathel Kaneims (Al,Ca)xOy (BitoueHus ¢ BbICOKHM conepxkanueM Al,Os n
CaO (>40 % u >20 % coOoTBEeTCTBEHHO)), 1 MarHueBas mnuHeas (MgO-Al,03).
HccnenoBanuss 4uMcTOTHl METajla 1O OKCHIHBIM HEMETAJUIMYECKHUM BKIIFOUEHUSM

npoBeJeHbl Ha oOpasuax mnpombinuieHHbIX I1aBok OAO «Bomxckuit TpyOusiii 3aBom»
TpyoHoUi ctanmu 20KT c¢ pasnuunHbiMH croco0aMu pacKHCIeHUs, OTOOpaHHBIE KaK OT
HenpepbIBHO JUTHIX 3aroToBOK (HJI3), Tak u oT roToBbIX TpyO. YacTh m1aBok TpyOHO cTamu
20KT Obu10 IpOBEAEHO € MPUMEHEHUEM IIPOBOJIOKU C HAIIOJHUTEIEM B BUJIE CHIIMKOKAJIBLUS
mapku CK30 (06pa3usr Ne 9-21), yacts — 6e3 npumenenus CK30 (00pasist Ne 1-8).

Xumnueckuii cocraB CK30, (% macc.): Ca = 30, Si =50, Al n0 3.5, C=0.5, P =0.02.

[lepBeiM s3Tanom s@¢exTuBHOCTH HpuMeHeHuss Merona PI'A Obulo mNpoBeneHHE
OIICHKM BJIMSIHUS TIpo0ooTOOpa Ha pesynbTathl OI'A Ha oOpasmax yeThipeX TUIABOK CTaJIH
20KT, oroOpaHHBIX OT HempepblBHO JHUTHIX 3arotoBok (HJI3) m oT roroBeix Tpyo.

CpaBHuTeNbHAs OlLleHKa pe3ynbTaTtoB OI'A nokasana Ha puc. 32.
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Puc. 32. Coneprxanue Kuciopoa o0Imero (TOYK1) ¥ B Pa3IMYHBIX THITAX OKCHIHBIX

BKIIIOUeHUH (cTonOIel) B oOpasnax cramu NeNe 2. 3.5 7 mapku 20K T, otodpannsix ot HJI3

(JD) u tpy6sI (T), BeimnaBnenHsix 6e3 npumenenust CK30.

[TonydeHo, 4TO TN ¥ KOTMYECTBO OKCUAHBIX BKimtoueHuit y HJI3 u TpyObI B 06pasnax,
OTOOpaHHBIX OT KaXIOM IJIABKK MIESHTUYHO B Mpejenax omuoku onpenencHus. [lonydyeHHbie
JAaHHBIC CBHJICTEIICTBYIOT, YTO C METOAMYECKON TOUYKH 3PCHHUS, BO3MOXKHO TPOBOJIUTH OTOOP
npo0 Ui OLEHKHU YUCTOTHI METalla MO OKCHUIHBIM HEMETaJUIMYECKUM BKIIOUYEHUSAM Kak OT
HJI3, Tak 1 oT TpyObl. DTO MO3BOJISAET YINPOCTUTH MPOOOOTOOP B YCIOBUSIX MPEANPUATHS U
UCIIONIB30BaTh MeTallT Jisi KOHTpoJs merogoM @I'A, oroOpannsiit ot HJI3. Jlanee B pabote
npejcTanieHsl pe3ynbTarel OI'A 06pasnos, oTodpanHbix ot HII3.

BtopeiM sTamom wuccienoBaHHBIA OBLT  aHANWU3 JIBYX TEXHOJIOTHH BHEMEYHOU
o0pabotku TpyoHo# ctanu 20 KT Ha uMcTOTY O OKCHIHBIM BKIIOUEHUsIM. Vcmonap3oBaHue
JIBYX Ppa3HBIX CIIOCOOOB pACKUCICHHS MeTalsla — C IPUMEHEHHEM MOJIu(UIIMPOBAHUS
MeTajula CHUIMKOKAaJIbIIMeM U 0€3 ero CIoJb30BaHus Mepe] Pa3IuBKOM — BIUSET Ha COCTaB U
KOJINYECTBO BKIIFOYEHUH.

Ha puc. 33 nokazansl pe3ynbratsl @PI'A o6pasuos cramu 20KT, BbINIaBIEHHBIX IO
nByMm TexHosorusm: NeNe 1-8 6e3 qoGasienus mpoBosioku ¢ HamonHutenem CK30, NoNe 9-21

— C MPUMCHCHUEM KOMIIJICKCHOT'O paCKHUCJICHHA.
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Puc. 33. CpaBHeHnue okcuaHbIX BKIoueHui oopasos cranu 20KT, oto6pannsix ot HJI3,
BBITJIABJICHHBIX 1O ABYM TeXHOJOTHIM: 00pa3ibl Nel-8 6e3 mpumenenus CK30, o6pa3ib

Ne9-21 ¢ npumenennem CK30. Touka - ob1iee copepxraHue KUCIOpOa.

AHanu3 Mertasuia, BHIILJIABIEHHOTO 10 TexHojoruu ¢ npuMmenenueM CK30 npoBosioku
NoKa3aJl 3HAYMTEIbHO XYALIUE pEe3yNbTaThl IO 3arpsA3HEHHOCTH MeTajula OKCHIAHBIMU
BKIIOUCHISIME (Ve 5.0-11.7%10), ueM MeTamia, BHILIABICHHOTO 03 € HCIIONb30BAHMS
(Voxe 1.5-2.6*10'5). N3 pucynka 33 BUIHO, 9TO KOJIHYECTBO OKCHJIHBIX BKJIFOUCHUH, TJIABHBIM
00pa3oM allOMOCHJIMKATOB, alIOMUHATOB, IIMHWHENIEH M allOMHUHATOB Kalbllus B 0Opasuax
Ne 9-21 Bpime, uem B Ne 1-8. IIpoBomoky c¢ Hamonnutenem CK30 BBoaumnam mocie
BaKyyMHUpOBaHMs THepeA  Mojauell MeTajula Ha  pPas3uBKy, 4YTO MPHUBOAWIO K
MOIUGHUIMPOBAHUIO BKIIOUEHHH KopyHaa. M3BectHo [144], duro mms ymajaeHHs BHOBb
00pa30BaBMIMXCSI KPYMHBIX BKIIOYEHHH B KUIKOM MeETaJllie HEOOXOJIUMO MHUHUMYM 15-
20 munyt. B ycnoBusix OAO «BT3» mpoayBka aproHoMm Iociie BBOJA CHIMKOKAJIBIMEBON
IPOBOJIOKH OCYILIECTBISETCS OT 2 A0 6 MUHYT, 4TO, IO MOJIyYEHHBIM pe3yibTaTaMm, SBISIOCH
HEJOCTAaTOYHBIM JIJISl yAaJeHUs BKJIIOUEHUH B IUIaK. B TeXHONIOrUM BBIJIaBKH, B KOTOPOil HE
ucronb3zoBanu packuciaenue CK30, BMOHO, YTO CoAepkKaHUE KHUCIOPOJa M BKIFOUYECHHU
CTaOMIIBHO U COCTaBIIsIeT 3-5 PpM, B TO BpeMs Kak B oOpasuax Ne 9-21 obuiee conepxanue

KHCJIOPO/ia BapbUpyeTcs B mpeaenax 6-25 ppm.
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AHanoruuHple pe3yibTaThl ObLIM MOJyYEHBI MPU BBIILJIABKE TPYOHOU CTamu MapKu
09I'CD [145]. [obGaBieHuEe CHIMKOKAIBIMS HE3aM0JATr0 IO PAa3IUBKH TPHBOAUIO K
yBenuueHuto konudectsa HB nHa ocnoBe CaO u CaS, B Tom umcne crpoueunsix. Ilokasano
OTpULIATENIbHOE BIIMSHUE JIAaHHBIX THUIOB BKJIIOYEHUH HA KOPPO3HOHHYIO CTONKOCTD
MeETaJIJIONpOKaTa U3 YKa3aHHOM CTallu.

OTMeyeH 3HAYUTENbHBIA Pa30pOC 3HAUEHUI COAEp)KaHUS a30Ta B HCCIEIYEMBIX
oOpa3iiax, 4YTo YyKa3blBaeT HA HECTAOWIBHOCTh TEXHOJOTUU W BIUSHUM MPOIECCOB
BTOPUYHOTO OKUCJICHUSI CTAIIH.

Ha ocHoBe mony4yeHHBIX pe3yNbTaTOB HCCIEAOBaHUS 00pa3lloB ObLIa IMPOBEICHA
KOPPEKTUPOBKA TEXHOJIOTUU BHENewHOH 00padotkn Ha OAO «BT3» cranu 20KT:

— periIaMeHTHPOBAHO KOJIMYECTBO BBOJUMOIO KOJTMYECTBA CUITMKOKAIIBIIHS;
— pEerIaMeHTHPOBAaHO BpeMsi U MHTEHCHBHOCTh MPOAYBKH aproHOM METalla B KOBIIE

IIOCJIC BBCACHUA CUJIMKOKAJIbLIHA.

4.4 CpaBHI/ITCJH)HaSI OICHKAa KOJIMYECTBA OKCHUIHBIX BKJ'IIO'—IGHPIIZ, OIMPCACIICHHBIX II0

metonam @OI'A u meramtorpadun

[IpoBeneHO comoOCTaBIE€HUE KOJIMYECTBA OKCHUAHBIX BKJIIOUEHHH TpeThell TIpyIIibl
((Ca,MQ)Oy*Al;03), mnonyuennsile meromamu @PI'A u  onruueckod Mertamwiorpaduu
onpenenenuss KAHB, pa3zpabortannoii corpyaaukamu [IHUWgepmer.

B nma6oparopun OAO «BT3» 0b110 onpeereHo KOTMYeCTBO KOPPO3ZUOHHO-aKTUBHBIX
HEMETAUTMYECKUX BKItoueHUH o0pa3moB cramu 20KT tumaBok Nel-21 mo wmeroauke
onpenenenuss KAHB. Pesynbrater onpenenenus konmuectBa KAHB B mccnemyemsix

oOpa3siiax mpeacraBieHo B Tabnuie 22.
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Ta6muma 22 — KommuectBo KAHB B uccnenyembix oopasmax cramu 20KT, 1T/ MM (mannbIC
npeacrasiensl OAO «BT3».

No [Ipumenenwne HJI3 Tpyba
o6pasia CK30 KAHB | i | KAHBo wowe | KAHB e | KAHB e

1 Her 0.14 0.35 - -
2 Her 0.15 0.21 0.24 0.66
3 Her 0.29 0.42 0.28 0.79
4 Her 0.52 1.08 - -
5 Her 0.00 0.83 0.15 0.54
6 Her 0.03 1.29 - -
7 Her 0.04 0.58 0.59 0.79
8 Her 0.31 0.22 - -
9 Jla 10 3 - -
10 Jla 4 2 - -
11 lla 3 5 - -
12 Jla 1 7 - -
13 Ha 1 1 - -
14 Jla 0 2 - -
15 Jla 4 10 - -
16 lla 0 1 - -
17 lla 0 0 - -
18 lla 0 1 - -
19 Jla 1 4 - -
20 Jla 2 2 - -
21 Ha 2 4 - -

Ha pucynke 34 mpoBeneHO corocTaBiieHue O0OBbEMHOM J0JH

OKCHUJIHBIX BKJIIOUECHHH

tpetselt rpynmsl ((Ca,MQ)Oy*Al;03), monyueHHbx Ha oOpasuax cramu 20KT meromom

@TA,

ycinoBHO oTHeceHHbIX Kk KAHB, u konuuectBa

MeTaJIJIorpapuuecKuM METOIOM.

KAHB,

OIIPEACIICHHOC
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Puc. 34. CpaBHeHune 00beMHOM JOJTU OKCHIHBIX BKIFOUEHHUHN TPETHEH rPyIIIbI
((Ca,Mg)Oy*Al,03) n obmero uncma KAHB 1 u 2 Tunos B o6pasmax cramu 20KT Ne 1-21
(NeNel-8 ¢ CK30, NeNe 9-21 6e3 CK30).

[Tomy4yeHo, YTO pE3yNbTAaThl COTJIACYIOTCS TPU MaJlOM KOJIMYECTBE BKIIOYCHUH
Tperbeil rpymmbl. B oOpasmax Nel-8, BBIIIABICHHBIX MO TEXHOJOTHMH C HCIOJIb30BAHUEM
QIIOMUHUST B KAayeCTBE PACKHCIHUTENS, OTMEUAeTCs HH3KOE COJEp)KaHHE KHUCIOpoJa BO
BKJTIOYCHHSIX TPeThel rpymmbl (0-2.2 ppm), 9to cooTBeTCTBYeT 00BeMHoil gome (0-1.3)*107,
a takke KAHB nByx tumoB (0.4-1.6 IJ_IT/MMZ). OnHako Mpu MCHOJB30BAaHUM TEXHOJIOTHH
Moau(UIPOBaHKs BKIIOYEHNH (00pasiiel Ne9-21), yBenuunBaeTCsl KOJIUYECTBO BKIFOUCHHMA
(Ca,MQ)xOy*Al,03 n ormewaercst pacxoxiaenue pesyiabraroB ®I'’A u meramnorpapuu. B
o6pasiax Ne9-21 oGbeMHas Jois BKIIOUEHHIT Tpetbeil rpymmsl cocrapiser (0.3-9.14)*107
(0.9-16.6 ppm kucopona), a koauuectso KAHB nByx tumnos — 0-14 /MM

CrnenoBarenbHO, pe3ynbTaThl, MonaydeHHble npu nomomm @OI'A u  meromom
ONTUYECKON MeTaiiorpaduu, COTIacylOTCs NPU MallOM KOJIMYECTBE BKIIOYEHUH TpeThen
rpynms! (oaBku 1-8). Oxgnako npu yBenumuenun xonmdectsa BrirodeHuit (Al,Ca)xOy*Al,O3
OTMEYaeTCsl PacXxOKIeHHUEe pe3yabTaroB (I1aBku 9-21). To MoxkeT OBITH CBsS3aHO ¢ Oojee
BBICOKOM TOYHOCTBIO METO]Ia Fa30BOI'0 aHAJIM3a 110 CPAaBHEHUIO C METOJIOM METaJIorpaduH.

Takum oOpa3zom, HOpMaTHBHasl JomycTuMmas mpeneibHas 3arpssHeHHocTh KAHB
KOJIMYECTBOM He Goliee 2 IIT./MM? COOTBETCTBYET OOBEMHOM 10J€ OKCHAHBIX BKIIOUCHHIA
(Ca,Mg)xOy*Al,03, nomydennoit merogom PI'A, (0.2-1.3)*10™ uro coorBercrByer 0.2-2.2

ppm KuciI0poa.
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beuto mpoBeneHo cpaBHEHHME ~— oObeMa MeETajula, HCIOJIb3YeMOro Ui OLEHKH
00BeMHOI omn BKIItoueHu Metogamu metamiorpaduu u ®I'A. Ilokazano, uro merox ®I'A
apnsierca B ~10 pa3 Oojee NpPEACTaBUTENBHBIM, YEM CTaHAAPTU30BAaHHBIC METOJIBI

metautorpaduu (puc. 35).
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Puc. 35. O0pem MeTasmia, UCHONB3YyEeMbI IS OLIEHKU 00beMHOM g0 HB.

Pucynok 35 mokasbiBaeT, yTo omMOKa oIpenesieHus 0ObeMHOM 10JIM BKIFOUEHHH

METOZIOM MeTauiorpaduu 3aBHCHT OT IUIOUMIAAM NpocMaTpuBaeMbix muHdoB. W mpu
2

uccienoBanuu 5 MM~ o meroauke onpeaeneHuss KAHB, omunbka onpenenenust cocraBisier

6osee 60%, 4TO CBUJIETENBCTBYET O HEBBICOKOW TOUHOCTH JAHHOTO METOJIa TI0 CPABHEHUIO C

OI'A.

4.5 Brisoas! o ['mase 4

1. C ucrmonb30BaHUEM PE3yNIbTaTOB aHAlIM3a 00pa3IoB, OTOOPAHHBIX OT MPOMBIIIEHHBIX
mnaBok ctanmu 20KT, nmpoBenén aHaiu3 TEXHOJOTHHN KOBIIEBOM oO0paboTku cramu 20KT Ha
OAO «Bomxkckuil TpyOHBIM 3aBoJ». bbulo ycTaHOBIIEHO, YTO  MPOAOIKUTENBHOCTh
OUMCTHUTENLHOMN MPOJYBKH aprOHOM IOCIIE BBOJA B PaCIlyiaB MOPOIIKOBON CHIIMKOKAIIBIIMEBOM
MIPOBOJIOKH U MPOLIECCHl BTOPUYHOTO OKHCIICHUSI METaslla SIBISIFOTCS OCHOBHBIMU (paKTopamMu
OTIPENIETISIOMUMH  3arPSI3HEHHOCTh CTAJId HEMETaJUTMYECKUMHU BKIIFOUCHHUSIMH, B TOM YHUCJIE
KOPPO3NOHHO-aKTUBHBIMH.

2. [IpoBeneHa orenka BIUsSHUS MpoOooTOOpa Ha pe3ynbTaThl PI'A. YcraHoBIeHO, YTO
0TOOp MpoO OT HEMPEPHIBHO JIUTON 3arOTOBKH U OT TOTOBOM TPYOBI OJHOH TIJIABKU HE BIUSET
Ha pe3ynbTarhl OT'A.
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3. Ha o0pa3mnax, oroOpaHHBIX OT NpoMbIIUIeHHBIX TaBok cramu 20KT ompoGomana
METOJIMKA KOHTPOJS YHCTOTHI TPYOHBIX CTaled MO OKCHUIHBIM HEMETALTUYECKIM
BKIIIOUCHUSIM, B TOM YHCIE KOPPO3MOHHO-AaKTUBHEIM, C TMPUMEHCHHEM METoJa
(bpaKIIMOHHOTO Ta30BOT0 aHAU3A.

4, ITokazaHo, uTo mpeaebHOMY HOpMaTtuBHOMY KoauuecTBy KAHB (B cooTBeTcTBHH C
meronukoii I[HUWuepmer) B wuccmeayeMpix obpasuax cramm 20KT (< 2 wr/mwmd)
COOTBETCTBYET 00beMHast TOJIs OKCUIHBIX BKIIOUeHuil Tpethelt rpymmsl ((Ca,Mg)Oy*Al,03),
nosnyuerHas merogom OI'A, (0.2-1.3)*10° (0.2-2.2 ppm kucnopoza).

5. TepMoanHaMuyecKuMu pacueTamu ObLIO MOKAa3aHO, YTO AOMOJHUTEIBHOE KOJIUYECTBO
KambIUsl, KOTOPBHIA MOXET TOCTYMHUTh B METaNl W3 [UIaKa TPU PACKUCICHUU U
BaKyyMHUpPOBaHHM 3a CUET BOCCTAHOBJIGHHS U3 [UIAaKa AJIIOMUHHUEM M YIIEpOaAOM, HE
npessiaer 59*10™ u 34*107 (mpu Pco=0.1 aT™) COOTBETCTBEHHO.

6. Ha ocnoBe mnomydyeHHbix B paboTe pe3ynpTaToB Oblla MPOBEACHA KOPPEKLIUS
TEXHOJIOTUM BHETNEYHON 00pabOTKH, YTO MO3BOJIMIIO MOBBICHTH YUCTOTY TPYOHOTO MeTajuia
0 HEMETAUTMYECKUM BKIIOYCHHSM, YTO TOJTBEPKIEHO CIPaBKOW 00 HCIIOIB30BAaHUN

pe3yibratoB Ha OAO «Bomxckuii TpyOHBIN 3aBO/I».

OO611e BHIBOJIBI 110 AUCCEPTALMOHHON padoTe

1. Pazpaborana MeToAMKAa KOHTPOJS YHCTOTHI TPYOHBIX CTaleld IO OKCHIHBIM
HEMETaJUIMYECKUM BKJIIOYEHUSIM, B TOM YHCJIE KOPPO3HMOHHO-aKTHBHBIM, C TPUMEHEHUEM
MeToa (GPaKIMOHHOTO ra30BOTO aHaIu3a. Y CTAHOBIICHO, YTO MUK Ta30BbIICTICHUS Ha KPUBOM
O®I'A B uHTEpBaJie TEMIIEpaTyp Hauajga BOCCTAHOBJIEHUS BKIIOUEHUN aFOMUHATOB KaJlbLUs U
marnueBoit mmuHenmn  ((Ca,MQ)<Oy*Al;03), ompenensiemsbrii  nporpammoin  «OXSePy,
OTHOCHUTCSI K BOCCTAHOBJIEHHIO K KOPPO3MOHHO-aKTHUBHBIX HEMETaJUTMYECKUX BKIIOUYEHUUN
(KAHB).

2. C mpuMeHEeHHUEM METOJIOB (PPaKIMOHHOTO Ta30BOT0 aHalIM3a, ONTHYECKON u
pacTpoBOM  3JIEKTPOHHOM MHUKPOCKONUHM TPOBEJAEHA OLEHKA BIMSHUS TEXHOJIOTUHU
npous3BoacTBa TpyoHsix crameit 190, 171C, 17TCD, 10I2DBIO, 13I'1C-Y u 20KT Ha
YUCTOTY MO OKCHJIHBIM HEMETALUTHYECKUM BKIIFOYeHHUSIM. [loka3aHo, 4TO OCHOBHBIMH THTIAMU
HeMeTalundeckux BikmodeHnit B craiaax 191, 17TC u 17T'CO saBasioTcs BKIIOYCHUS
CWJIIMKaTOB MW amoMuHaTOB. B coBpemeHHbIX cramsax 10I2DBIO, 13I'IC-Y u 20KT
OCHOBHBIMH THIIaMU BKJIFOUCHHH SIBIISIOTCS BKJIFOUEHHUS ATFOMUHATOB COJIEPIKAIINX KaJIbIUH,
a TaKKe MarHueBas IMMUHENIb. [loka3aHO, YTO COBpPEMEHHBIE MapKH CTajed 4YuIle TI0

COACPIKAHNIO KHUCJIOPOJa U HEMECTAIININYCCKUM BKIIFOUCHUSIM.
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3. Pa3zpabortana MeToaMKa OILIEHKH KOPPO3MOHHOTO TOBEJACHUS TPYOHBIX CTaJIeh
METOJIOM LMKINYECKOW BOJBTAMIEPOMETPUN B XJIOPUACOAEPIKAIIEM BOJHOM pacTBOpE.
MeTonu4ecKuMU  3KCHEPUMEHTAaMH  YCTAaHOBJIEHBI ONTUMAJIbHBIE PEXUMBl H3MEPEHUS:
quana3oH mukiaupoBanus oT -0.8 B 10 moTeHHManoB Hauyana pernaccHUBAIllUd, CPaBHEHUE
NPOBOAMTHCS 1O TPEThUM IUKIAM B 33JaHHOM JUana3oHe IUKIMPOBAaHUS, CKOPOCTh
pa3BepTku moTeHuuanoB He O6oznee 0.01 B/c, konnenrpanus xnopugos 0.1 M B aneraTHOM
OydepHoM pacTBOpe, IIom@AAb pabdouedt moBepxHoctu 1.2+0.2 eM® ¢ MIpeABAPUTEIILHO
MOJINPOBAHHOI MMOBEPXHOCTHIO.

4. DKCnepUMEHTaIbHO YCTaHOBJICHO OTPHUIATEIFHOE BIUSHUE OKCHIHBIX, B TOM YHCIIE
KAHB, u cynshuanbx BKiItOYeHHH Ha Koppo3uoHHoe noBenenue cramu 20KT. Ilomydeno,
YTO NOBBILIEHUE KOJNYECTBA BKIKOUEHUH IPUBOIUT K YBEIMUEHHUIO TOKOB KOPPO3UU MeTaljla
B 00JIacTM AaKTUBHOTO AaHOIHOTO pAcTBOpPEHHUS OOpa3loB CTallk, XapaKTepuUsyrouei
HAYaJbHYI0 CTAJHI0 pACTBOPEHUS, U MHUHUMAIBHBIX IUIOTHOCTEH TOKOB B 00JIacTH
MIACCUBHOCTU. YCTAHOBJIEHO Ooyiee OTpUIATEIbHOE BIHSIHHE CYIb(OUIHBIX BKIFOUYEHHUH IO
CPAaBHEHMIO C OKCUHBIMU Ha KOPPO3HOHHYIO CTOMKOCTb CTajeH.

5. YCTaHOBJIEHO BIMSHUE TUIIOB MUKPOCTPYKTYP Ha KOPPO3MOHHOE MOBEJACHUE CTATU
20KT. IlomydeHo, 4TO yBETMYEHHE CKOPOCTEH KOPPO3UU B 00JIACTH aKTHBHOTO AHOIHOTO
pacTBOPECHUS M TUIOTHOCTEH TOKa B MACCUBHOM 00sacTH (imin) ¢ U3MEIBUYCHHEM CTPYKTYPBI.
[ToxazaHo, UTO TOKH KOPPO3UHU YBEJIIMYUBAIOTCS B PALY MUKPOCTPYKTYp: O€MHUTHAs — JuTas
BUMAHIITETTOBA ((heppUTO-nepanuTHas) — QeppUTO-NepIUTHAS] — MAPTEHCUTHAS.

6. ITokazaHo, YTO NMpH yBETUUYEHUH COJCPKAHUA CYJIb(OUIHBIX BKIOUYEHUI B MeTalie
ycunuBaeTcst 3PQPEeKT BIUSHUS MUKPOCTPYKTYP Ha KOPPO3UOHHOE TMOBEIEHUE CTalei B psay
JUTast BUIMAaHIITETTOBA — MAPTEHCUTHAsI HA TOKH KOPPO3UHU IIPU TEX K€ YCIOBUSIX.

7. C uCHONb30BaHWEM PpE3yJNbTAaTOB aHajdu3a o0pas3loB, OTOOpPaHHBIX OT
npoMmblIUIeHHbIX T1aBoK ctanu 20KT, mpoBeaéH aHanm3 TEXHOJIOTUI KOBIIEBOH 00pabOTKU
cranmu 20KT Ha OAO «Bomxckuil TpyOHBII 3aBoj». bBblIO ycTaHOBIEHO, YTO
IPOJOKUTEILHOCTh OYMCTUTENBHOM MPOJYBKM aproHOM TIOCi€ BBOJAa B pacIulaB
MIOPOIIKOBOM CHUJIMKOKAJIBIIMEBON MPOBOJIOKH M MPOLECCH BTOPUYHOIO OKHUCIEHHUS MeTaja
SBJISIIOTCSI  OCHOBHBIMM ~ (paKTOpaMH  ONPEAEISIOIINMU 3arpsI3HEHHOCTh  CTall
HEMETAJUTMYECKUMHU BKJIIOUEHUSIMHU, B TOM YHCIIE KOPPO3UOHHO-AKTUBHBIMHU.

8. INokazano, uTo mpeaeabHOMY HOpMaTHBHOMY KonndecTBy KAHB (B cooTBeTcTBHM
¢ merogukoii [[HWMWuepmer) B wuccienyembix oOpasmax cramu 20KT (< 2 IJ_IT/MMZ)
COOTBETCTBYET 00BEMHAs TOJIS1 OKCHIHBIX BKIFOUeHUH TpeThei rpymmsl ((Ca,Mg)Oy*Al,03),

nosyderHas metogoM OI'A, (0.2-1.3)*10 (0.2-2.2 ppm kuciopoa).
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9. Ha ocHoBe moyiydeHHBIX B paboTe pe3ynbTaTOB OblIa MpOBeIeHA KOPPEKIIUS
TEXHOJIOTUM BHEMEYHON 00pabOTKH, YTO MO3BOJIMJIO MOBBICHTH YUCTOTY TPYOHOTO MeTajuia
o HCEMCTAINIMYCCKHUM BKJIKOUYCHUAM, UYTO IMOATBCPNKIACHO CHpaBKOfI 06 HUCITOJIb30BaHUU

pesynbTaToB Ha OAO «Boimkckuii TpyOHBIH 3aBOIY.
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Ipuioxenne |

Tabnuma — Xumuueckuii coctas craieit mapok 1917, 171°C, 17T'1C, 10I'2DBIO, 13T'1C-Y u 20KT (1o miaBkam)

Ne

Crananp o6pasia Ne mmaBkm | Tun C Si Mn Ni P S Cu Cr Al \Y/ Mo Ti W Nb
19T 0,19 | 0,26 | 1,05 | 0,07 | 0,011 | 0,035 | 0,10 | 0,08 0,032 0,001 | 0,004 | 0,03 | 0,02 | 0,004
171C 0,22 | 0,46 | 1,34 | 0,03 | 0,029 | 0,038 | 0,02 | 0,03 0,038 - 0,003 | 0,03 | 0,01 | 0,002
17T'1C 0,13 | 0,47 | 1,50 | 0,01 | 0,009 | 0,004 | 0,02 | 0,03 0,042 0,042 | 0,001 | 0,01 | 0,01 | 0,003
10I"2DBIO 0,11 | 0,25 | 1,62 | 0,02 | 0,012 | 0,005 | 0,02 | 0,03 0,034 0,053 | 0,002 | 0,03 | 0,01 | 0,042
13T'1C-Y 0,13 | 0,47 | 1,50 | 0,01 | 0,009 | 0,004 | 0,02 | 0,03 0,042 0,042 | 0,001 | 0,01 | 0,01 | 0,003
20KT 1 291077 J | 021 | 0,20 | 0,40 | 0,11 | 0,008 |0,005| 0,20 | 0,24 0,016 0,062 | 0,021 | 0,008 | 0,012 | 0,005
2 291078 J | 0,22 | 0,17 | 0,41 | 0,08 | 0,006 | 0,004 | 0,22 | 0,16 0,015 0,043 | 0,019 0,003
2 291078 T 0,21 | 0,21 | 0,41 | 0,09 | 0,007 | 0,003 | 0,24 | 0,16 0,024 0,044 | 0,022 0,002
3 291081 J | 023 | 0,18 | 0,40 | 0,08 | 0,009 |0,004| 0,22 | 0,21 0,011 0,043 | 0,02 0,004
3 291081 T 0,24 | 0,18 | 0,42 | 0,09 | 0,010 | 0,003 | 0,23 | 0,22 0,013 0,045 | 0,02 0,002
4 291090 J |021 | 021 | 044 | 0,13 |0,009]|0,004| 0,21 | 0,20 0,019 0,065 | 0,025 | 0,007 | 0,013 | 0,005
5 291112 J | 0,23 | 0,17 | 0,40 | 0,08 | 0,007 | 0,006 | 0,24 | 0,17 0,014 0,041 | 0,02 0,003
5 291112 T 0,22 | 0,19 | 0,41 | 0,09 | 0,009 | 0,006 | 0,24 | 0,22 0,018 0,043 | 0,032 0,002
6 291119 J | 030 | 0,27 | 0,33 | 0,43 | 0,011 | 0,010 | 0,20 | 0,11 0,013 0,051 | 0,019 | 0,019 | 0,02 | 0,026
7 291120 J | 023019 | 0,42 | 0,08 | 0,010 |0,003| 0,22 | 0,17 0,019 0,043 | 0,02 0,003
8 291121 J | 025 | 0,22 | 037 | 0,12 | 0,011 | 0,008 | 0,22 | 0,16 0,007 0,054 | 0,019 | 0,015 | 0,013 | 0,005
9 281762 J | 022029 | 039 | 0,17 | 0,006 | 0,007 | 0,18 | 0,09 0,026 - 0,026 0,027
10 281765 J | 0,20 | 0,24 | 0,43 | 0,11 | 0,004 | 0,005 | 0,15 | 0,11 0,019 0,021 | 0,013 | 0,008 | 0,008 | 0,018
11 282081 J | 021|022 | 055 | 0,10 | 0,008 |0,007| 0,17 | 0,13 0,020 0,005 | 0,023 | 0,009 | 0,005 | 0,005
12 282082 J | 022 | 0,22 | 054 | 0,10 | 0,009 |0,011| 0,17 | 0,15 0,013 0,005 | 0,016 | 0,01 | 0,005 | 0,005
13 282313 J | 019 | 0,21 | 0,42 | 0,10 | 0,007 | 0,006 | 0,17 | 0,15 0,028 0,028 | 0,014 | 0,007 | 0,008 | 0,018
14 282330 J | 0,21 | 0,20 | 053 | 0,10 | 0,008 | 0,010 | 0,19 | 0,09 0,020 <0,005 | 0,013 | 0,008 | 0,009 | 0,005
15 282497 J |021 | 025 | 060 | 0,16 | 0,007 | 0,002 | 0,20 | 0,07 0,028 0 0,03 0,003
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16 283151 J |02 (022 ]| 044 | 0,15 |0,011 0,009 | 0,23 | 0,12 <0,005 0 0,023 0,029
17 283240 Jg |019 (019 | 045 | 0,11 | 0,006 | 0,006 | 0,20 | 0,10 0,010 0 0,020 0,030
18 284264 J (021020 | 043 | 0,10 | 0,006 | 0,006 | 0,19 | 0,24 0,008 0,027 | 0,037 | 0,007 | 0,008 | 0,024
19 284758 Jg | 022|022 | 042 | 012 | 0,009 | 0,006 | 0,22 | 0,08 <0,005 0 0,017 0,028
20 284763 J |022 026 | 043 | 0,14 | 0,005 | 0,005 | 0,20 | 0,08 0,008 0,005 | 0,021 | 0,009 | 0,009 | 0,005
21 284822 J (029 |02 | 046 | 0,12 | 0,008 | 0,008 | 0,21 | 0,11 0,011 0,005 | 0,019 | 0,008 | 0,008 | 0,005
201,?{,110 0,21 | 0,21 | 0,44 | 0,11 | 0,008 | 0,006 | 0,19 | 0,15 | 0,015-0,030 | 0,033 | 0,02 | 0,01 | 0,01 | 0,010

JI — oOpasen HeMpepHIBHO JUTON 3aTOTOBKU

T — obpaserr TpyObI

124




puio:xxkenue

Tabmuma 11-1  — Pesynmpratet ®I'A kmcimopoga u a3zora oOpasnoB TpyO OBIBIIMX B
AKCIUTyaTaIuu
Copeprkanue Kuciaopoaa, ppm
Obpaset B okcumax SiO, AI;A(\DIZ-OS:Si, o, (Ca,Mg)xOy*Al,03 Asor, ppm
1 2 3 4 5 6 7

1 19,2 9,1 10,2 0,0 88,0
2 20,4 11,2 9,2 0,0 70,8
3 19,2 11,5 7,7 0,0 65,9
or 1 16,5 9.2 74 0,0 70,0
Cp.3h. 19,6 10,3 8,6 0,0 73,7
CKO 0,7 1,3 1,3 0,0 9,8
1 17,9 14,1 3,9 0,0 68,4
2 16,8 12,9 3,9 0,0 68,2
17T°C 3 16,6 10,3 6,3 0,0 67,5
Cp.3H. 17,1 12,4 47 0,0 68,2
CKO 0,7 19 1,4 0,0 0,5
1 15,2 9,0 6,2 0,0 72,6
2 12,9 7,2 5,7 0,0 72,8
1 TTC® 3 14,0 1,7 6,2 0,0 74,1
4 16,4 9,6 6,1 0,0 74,0
Cp.3H. 14,6 8,4 6,1 0,0 73,4
CKO 15 11 0,2 0,0 0,8
1 8,5 1,0 6,5 1,0 78,3
2 9,2 14 6,8 0,9 75,3
LOL2DEIO 3 7,9 0,9 6,5 0,5 70,3
4 11,3 0,6 10,4 0,4 77,0
Cp.3H. 9,2 1,0 7,6 0,7 75,7
CKO 1,5 0,3 19 0,3 3,2
1 17,8 15 11,0 53 60,4
2 12,0 0,4 8,3 3,3 92,1
3 11,3 0,6 8,5 2,2 82,4
BHEY 4 13,0 13 9,0 27 716
Cp.3H. 13,5 1,0 9,2 3,4 76,6
CKO 2,9 0,5 1,2 1,4 13,7
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Ta6muma 11-2 — PesynsraTer ®I'A xucmoposaa u a3ota o6pasios cranu mapku 20KT pasHbix
wiaBok (Nel-21)

ConepxaHue KUCIOPOAa, ppm

A3orT,
Obpazen B okcuax SiO, AI/ZA\(;Z(-)SS{ o, (Ca,Mg),O,*Al,03 ppm
1 2,9 0,0 1,3 1,6 32,9
2 3,5 0,0 15 1,9 39,2
1 3 2,0 0,0 0,4 1,6 34,0
Cpennee 2,8 0,0 1,1 1,7 35,4
CKO 0,8 0,0 0,6 0,2 3,4
1 5,2 0,0 4,3 0,9 48,1
2 4.4 0,0 2,2 2,2 434
2 3 4,5 0,0 1,6 29 50,3
Cpennee 4.7 0,0 2,7 2,0 47,3
CKO 0,4 0,0 1,2 0,8 3,5
1 3,1 0,0 1,8 1,3 37,4
2 2 3,0 0,0 19 1,1 45,6
TpyOa Cpennee 3,1 0,0 19 1,2 41,8
CKO 0,1 0,0 0,1 0,1 4,1
1 5,2 0,6 2,8 1,7 37,8
2 3,3 0,0 2,7 0,6 34,2
3 3 4,0 0,0 2,0 2,0 32,3
Cpennee 4,2 0,2 2,5 14 34,8
CKO 1,0 0,3 0,4 0,7 2,8
1 4,0 0,0 2,6 15 29,4
2 3,7 0,0 1,6 2,1 33,4
3 3 4.4 0,4 3,0 1,0 33,3
TpyOa
Cpennee 4,0 0,1 2,4 1,5 32,8
CKO 0,4 0,2 0,7 0,6 2,3
1 4,7 0,0 2,4 2,3 44,1
2 4,3 0,0 19 2,3 54,9
4 3 3,1 0,0 1,2 1,9 46,2
Cpennee 4,0 0,0 1,8 2,2 48,4
CKO 0,8 0,0 0,6 0,2 5,7
1 4,6 0,0 4,3 0,3 49,1
2 3,9 0,0 3,5 0,4 50,2
5 3 3,8 0,0 3,3 0,5 50,9
Cpennee 4,1 0,0 3,7 0,4 50,1
CKO 0,4 0,0 0,5 0,1 0,9
1 5,2 0,0 4,8 0,4 60,5
5 2 5,8 0,0 5,2 0,6 54,7
TpyOa Cpennee 55 0,0 50 0,5 56,9
CKO 0,4 0,0 0,3 0,1 3,1
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[Tponomxenne Tabnwuisr 11-2

Conepxanne KUCIOPOAa, ppm

A3orT,
Obpazen Bokcnmax | SiO; AIZA(Z_C;’ o, | (CaMg)LO*ALOs | ppm
1 3,8 0,0 1,9 1,9 44,1
2 4,6 0,0 2,5 2,1 54,9
6 3 3,8 0,0 1,8 2,0 46,2
Cpennee 41 0,0 2,1 2,0 48,4
CKO 0,5 0,0 0,4 0,1 5,7
1 4.4 0,0 3,4 1,0 36,1
2 3,7 0,0 2,4 1,4 41,1
7 3 3,8 0,0 3,8 0,0 37,6
Cpennee 4,0 0,0 3,2 0,8 38,3
CKO 0,4 0,0 0,7 0,7 2,6
1 4,1 0,0 3,0 1,1 39,0
7 2 6,4 0,5 2,8 3,2 47,4
TpyOa Cpennee 5,3 0,3 2,9 2,2 43,0
CKO 1,6 0,4 0,1 15 4,2
1 14,6 2,1 12,5 0,0 78,1
2 145 3,6 11,0 0,0 87,1
8 3 14,5 3,7 10,9 0,0 88,7
Cpennee 14,5 3,1 115 0,0 84,6
CKO 0,1 0,9 0,9 0,0 5,7
9 1 27,9 0,9 6,5 19,9 64,5
2 22,3 0,3 8,2 13,6 61,5
3 24,5 0 8,3 16,2 56,8
Cpennee 24,9 0,4 7,7 16,6 60,9
CKO 2,8 0,5 1,0 3,2 3,9
10 1 8,9 0 3,5 53 66,9
2 8,5 0,4 3,8 4,3 76,2
3 6,3 0,3 1,7 4,3 76,9
Cpennee 7,9 0,2 3,0 4,6 73,3
CKO 0,4 0,1 0,3 0,1 3,1
11 1 11,5 0,2 3,8 7,4 64,8
2 10,7 0,3 4,9 55 63,3
3 10,5 0,2 2,9 7,3 69,9
Cpennee 10,9 0,2 3,9 6,7 66,0
CKO 0,5 0,1 1,0 1,1 3,5
12 1 6,3 0,8 4,1 2,0 79,1
2 6,5 0,9 55 0,0 79,8
3 5,6 0,0 4,9 0,7 76,1
Cpennee 6,1 0,6 4.8 0,9 78,3
CKO 0,5 0,5 0,7 1,0 2,0
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[Tponomxenne Tabnwuisr 11-2

ConepxaHne KUCIOPOAa, ppm

O6pasery SiO;,, * Asor,
B oxcumax ALO,SIO, Al,O4 (Ca,MQ)xOy*Al,05 ppm
1 6,8 0,8 55 0,3 69,5
2 6,6 0,6 5,6 0,4 77,4
13 3 6,9 0,9 5,0 0,9 79,6
Cpennee 6,8 0,8 54 0,5 75,5
CKO 0,2 0,2 0,3 0,3 53
1 9,4 0,6 2,1 6,9 89,6
14 2 9,2 0,2 2,4 7,0 79,9
Cpennee 9,3 0,4 2,3 7,0 84,8
CKO 0,1 0,3 0,2 0,1 6,9
1 10,2 1,7 7,9 0,7 55,3
2 9,1 1,2 71 0,9 54,6
15 3 10 1,3 6,5 2,2 72,5
Cpennee 9,8 1,4 7,2 1,3 60,8
CKO 0,6 0,3 0,7 0,8 10,1
1 21,4 4,9 16,0 2,6 54,8
2 20,5 3,4 14,1 6,4 57,6
16 3 21,3 6,7 11,3 10,0 54,9
Cpennee 21,1 5,0 13,8 6,3 55,8
CKO 0,5 1,7 2,4 3,7 1,6
1 9,1 0,1 2,5 6,6 55,8
17 2 9,7 0,2 2,8 6,8 475
Cpennee 94 0,2 2,7 6,7 51,7
CKO 0,4 0,1 0,2 0,1 5,9
18 1 13,3 0,6 10,4 2,9 90,2
2 14,4 0,9 10,7 3,2 77,3
3 13 0 8,6 4,0 80,8
Cpennee 13,6 0,5 9,9 34 82,8
CKO 0,7 0,5 1,1 0,6 6,7
19 1 21,6 0,1 2,6 19,0 55,9
2 19,3 0,4 3,1 15,0 54,9
3 19 0,3 2,9 15,7 56,6
Cpennee 20,0 0,3 2,9 16,6 55,8
CKO 1,4 0,2 0,3 2,1 0,9
20 1 11,2 1 3,9 6,4 62
2 12,1 0,5 6,1 55 63,7
Cpennee 11,7 0,8 5,0 6,0 62,9
CKO 0,6 0,4 1,6 0,6 1,2
21 1 16,8 0 8,3 8,5 62,3
2 15,4 0 9,2 6,3 62,8
3 19,7 0 11,0 8,1 63,3
Cpennee 17,3 0,0 9,5 7,6 62,8
CKO 2,2 0,0 1,4 1,2 0,5
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Ipuioxenne 111

Tabmuma Il — OObemMHBICE AOTM HEMETAUIMYECKHX BKIIOYCHHH, pPACCUMTAHHBIC TIO
pesynbTaTam ®I'A, B 06pasnax cranu Mapku 20KT pa3HbIX MI1aBOK

Obpasen Oo0beMHAas 10714, vm*lo*”

SiO,, Al,04:Si0, Al,O; (Ca,Mg)xOy*Al,04 Bcero

1 0,00 0,43 0,94 1,37

2 0,00 1,10 1,10 2,20

2 Tpyba 0,00 0,77 0,66 1,43
3 0,10 1,02 0,77 1,89

3 TpyOa 0,05 0,98 0,83 1,85
4 0,00 0,73 1,21 1,94

5 0,00 1,50 0,22 1,72

5 TpyOa 0,00 2,03 0,28 2,31
6 0,00 0,85 1,10 1,95

7 0,00 1,30 0,44 1,74

7 TpyOa 0,15 1,18 1,21 2,54
8 1,60 4,68 0,00 6,27

9 0,21 3,13 9,14 12,47

10 0,10 1,22 2,53 3,85
11 0,10 1,59 3,69 5,38
12 0,31 1,95 0,50 2,76
13 0,41 2,20 0,28 2,88
14 0,21 0,94 3,85 4,99
15 0,72 2,93 0,72 4,37
16 2,58 5,61 3,47 11,66
17 0,10 1,10 3,69 4,89
18 0,26 4,03 1,87 6,16
19 0,15 1,18 9,14 10,47
20 0,41 2,03 3,30 5,75
21 0,00 3,86 4,18 8,05
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CeBepcrarnb

Menegsoaay

0/( 05. [ @ Ne M w(/ ?’0{{ ~ 00// f - / /OL{;'}/ Huapexropy UMET i’AH, qIIeH. -

kopp. PAH
Komnery B.C.

Ha Ne s
oh i (151 IECCepTAOHHOTO COBETA

21 002.060.03).

r. Yepenoset,

Mockea, 119334, JleHnHcKulA np-T., 49

CIIPABKA
o6 WCIOJB30BAaHUH pPE3yIbTATOR jauccepranmonHoii paborel [IImbaepoit  TarbsaHbl
BragumuposHes! Mo Teme «Uccixenosanye (popMUPOBAHHA HEMETAIHYCCKHEX BKJIIOICHHAN
NpA BHee4Holl o0pafoTke TPyOHBIX crajel M pa3paboTKa METOOIHK KOHTPOJH HX
YHCTOTHI U KOPPO3UMOHHOI0 MOBEACHUS», IIPEACTABICHHON HAa COMCKAHHE YUYCHOH CTENECHH
KaHJMIaTa TEXHHISCKHX Hayk Imo cnenransroctd 05.16.02 «Metamnyprus 4epHBIX, I[BETHBIX

U PEOKHX MCTaJLIIOB).

Bompocel, cBI3aHHBIE € KOHTPONEM YHCTOTHI TPYOHBIX cTrajied II0 OKCHAHBIM
HEMETALTHYECKAM BKITIOUCHUSIM M pa3paboTka DKCIPEecC-METOAMK ONpPENENeHHsT B HHX
KOPPO3HOHHO-aKTABHBIX ~ HEMETA/UIMYCCKUX  BKIIOUCHHM, SBISIETCS  aKTyanbHOM  JUId
COBEPIICHCTBOBAHUS KauecTBa TPyOHOTro mpokara, Belmyckaemoro Ha ITAO «Cepepcransy.

B paGote mpoBeneH aHanW3 BIHSAHHSA Pa3IM4HBIX IIPOIECCOB PACKUCICHHA TPYOHBIX
cralell Ha YHCTOTY CTal¥ [0 HEMETAJUIMYECKHM BKIIOYCHHSM. ABTOPOM AUCCEPTALHH
pazpaboTan MeTo/[ GPaKIHOHHOTO ra30BOr0 MUl aHAIN3a KOHTPOJIS YMCTOTH TPYOHBIX cTamel
10 HEMETAUINYECKAM BKIFOUCHHSIM, B TOM IHCIE KOPPO3NOHHO-aKTUBHEIM. bpiia pazpaborana
HOBasi HKCIIPECC-METOMKA IHKINIECKOR BONBTAMIIEPOMETPHH TPYO B BOJHEIX PACTBOpAX B
IPUCYTCTBHM HOHOB XIJIOpa ¥ IIPOBEIEHAa OIEHKA KOPPO3HOHHOM CTOMKOCTH TpyOHOrO

meranna. [lonyueHHsle B aucceprarnpoHHON paGore IlImbaepoit T.B. pesymeratel OyayT

Dunuran «Poccuiicas crass»
B ropoge Yepenosue
AO «(epepcrans MeHeKMeHT»

yn. Mupa, a. 30 T +7 (8202) 53-09-00

r. Yepernogel, ®: +7 (8202) 53-09-15

Bosoroackas o6aacth severstalm@®@severstal.com

Poccun, 162608 www.severstal.com Jocruus 6onbluero emecre

OrPH 1037739826926, MHH 7713505053, KNI 771301001
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CeBepcranb

Meseaywaaeny

ucrons3oBanbl IIAO «Cepeperanb» Alsi KOPPEKTHPOBKH BHETEUHOM 00pabOTKH TpYyOHBIX

craneit 1 Ui OUSHKH X KOPPO3UOHHOT'O IIOBCACHU .

</ Qupexyun no

C yBaxxeHnewm, TexwecKomy |

Craplumn meHegxep (o p

A.B. MutpodaHos

Hoctuub Gosbluero BmecTe
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CIIPABKA
06 WCIONB30OBAHMM  pE3yNbTaToB jucceprauuonHod  paborer  IlluGaesoit  TarbsHbl
BuagumupoBHE! 1o Teme «MecaexoBanue GOpMHPOBAHHS HEMETALIMYECKHX BKJIIOYEHHIH
npn BHemedHoil o0paGorke TPYOHBIX crajeili W paspafoTKa MeTOAMK KOHTPOJS HX
YHCTOTHI M KOPPO3HOHHOIO NOBEAEHHS», NIPEICTABICHHON HA COMCKAHHE YYCHOH CTCICHH
KaH[UIaTa TEXHAYECKUX HayK 1o crermanbHocTd 05.16.02 «MeTtauryprus 4epHbIX, IBETHBIX U
PENKUX METAIIOB.

[TocTOSHHO B3pacTalomue TpeOOBaHHS K KadyecTBY TPyOHOro MeTajlia BBI3BIBAIOT
HEOOXOMUMOCT PA3BUTHS METONOB OIEPATHBHOTO KOHTPOJS KadecTBa  BBINYCKaeMOH
NPOAYKIMH, TIOBBINICHHS WX TOYHOCTH. B CBA3M C ITUM, BONPOCHI, CBA3AHHBIC C METOAAMH
OLIEHKH KOJIMYECTBA HEMETA/UIMYECKUX BKIIIOUCHHUH, B TOM YHCjI€ KOPPO3HOHHO-AaKTHBHBIX, H
OLEHKH KOPPO3MOHHOH CTOMKOCTH MeTaiuia TpyO, pACCMOTPEHHBIE B ICCEPTALIMOHHON paboTe
I1Iu6aeBoii T.B., ABISIOTCS aKTyaIbHBIMH.

B paGoTe GBUTM PacCMOTPEHBI CYIIECTBYIONIME METOIBI KOHTPOIA KadecTBa TPyOHOro
MeTauia. ABTOPOM JIHCCEpTaluy Oblia pa3paboTaHa METOJHMKA KOHTPOJIS YHCTOTHI TPYOHBIX
cTajell MO HEMETAUIMYECKMM BKIIOYEHHSM METOJOM (DpakIMOHHOrO TIa30BOr0 aHaAIM3a.
Brnarofaps pa3paGoOTaHHON METOAMKE CIENaincsi BO3MOXKHBIM OBICTpBIA M TOYHBIA KOHTPOJb
3arps3HEHHOCTH CTANTM BKIIOYEHHSMH, B TOM YHCJE KOPPO3MOHHO-aKTHBHBIMH. Mertonuka
[103BOJISIET TIPEOONIETh OYEBHAHBIM HEIOCTATOK H3BECTHOTO METALIOrpaduyeckoro MeTosa,
COCTOSIIMM B HHM3KOM TOYHOCTH H, COOTBETCTBEHHO, BOCIIPOM3BOJMMOCTH pe3YJIbTaTOB.
UccrenoBaus MeTalla 10 pa3paboTAHHONW METOJMKE SIEKTPOXMMHMYECKUX HM3MEPeHHH
IOKA3aJIH BIMSHUE PA3IMYHBIX THIIOB BKIIOUYEHHUH U CTPYKTYpP Ha €ro KOPPO3HOHHOE IOBE/ICHHE.
[IpaKTHYeCKH BaKHBIM PE3yJIBTATOM CTAT BHIBOJX O HamOOjIee CHIBHOM BIMSHHUM CYTb(UIHBIX
BKJTIOYEHMI, 4eM OKCHJIHBIX Ha KOPPO3HOHHYIO CTOMKOCTH. IloyydeHHBIE B IHCCEPTAMOHHOH
paGote IlluGaesoit T.B. pesymnprarsl Gbumi uenons3osanbl OAO «PocHUTH» mia pasBuTHs
HATIPABJICHUH TOBBIIIECHHS SKCILTYaTALMOHHOM HAIOKHOCTH GECIIOBHBIX He(TerasonpoBOIHBIX
Tpy6, a Takke pa3palOTKH TEXHOJIOTMH WX IPOM3BOJCTBA HA IPEIPHSTHAXK POCCHHCKOrO
nususuona Tpy6Hoit Meramnypriadgeckoit Komnanuu.

I'enepanbHbIN JUPEKTOD,
JIOKT.TEXH.HAYK o AR prmvHIeB

3amMecTuTe b HaYaJbHUKA OTAENA -

3ag.1abopaTopueil METaJIIOBEICHHS U

TepMUYECKOM 00paboTKH, KaH/I. TEXH.HAyK

7
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yr. F Aeragticre, 3, . Bonxcow,

Bane o s pi 4017

Cexs: +7(3943) 4155 74, 2563 (2

BTS 2r JUCHEPHCE C5 Ly T E-mail, oTaEEvm i, vavetme-groug.22m,

EcTEO
BOIMKCKUA TRYEHLIA 3ABC/ . L R AL L

N /
A5 LS AOME . LFF 7/ 1C

CHPABKA
a0 HCTOMLAOBANHE PEIVILTATOB AHCCCP ralnenHoi padorel ndsesoi Tareubm BIaauMupoBHEL 00 TEMS
«Heeacnonanue QOPMHPOBRIMS HEMETA/LIHTECKHY  BIUTIOMENHH 1pH  Buenewiol ofpadoTke
TPYOHBIX CTAACH B Paipaborky VCTDHK KOWIPOIH HX SHETOTR | mnppmm‘uum 0 HOBL/ICHHN
HPLACTHEICHHOM HO CONCKamBe y4enolf cTenenH KANnHIATa TeXNMYeCKEX HAyK 10 CISLHATLIIOCTH

(15.16.02 «MeTtanay¥praa 9CpHLIX, TBCTHLIX H POAKHIX MCTALIOBR.

B cpasH ¢ mOTpeOBOCTER) B CTWILHBIX OCCIMOBHEIX TPYOAX HOBOIG HOXQICHHA 178 M00LuH
VIJIEBOIOPOIOB B COMKHABIX YCIOBHAX BONPOCH], CEAAHHBIC C TOXHOTOTHAMHE HX MTPOH3BOACTBA, ARIAIOTCA
AXTYTBHBIME,

B Jwmcceprandonneil padore lIadaepol T.B. GeUIM OpOBEICHEl HCCASIOBAHAR TEXHOIOIH
pneneqnofl ofpadoTkE ma mHeToTy TpyOmoft etanH mapke 20KT mo OXCHAHENM HeMETATTHUCCKHM
nkmovernaM B yoaoBuwiax OAQ «Bopxernil tpyOepil dasogyr, Ha o¢BOBC HuavicHHBIX B padurc
peIviILIdTon GI-L'IH MPOREICHA KOPOCKIHT TEXHILIOIHA RECITEUHOH ()ﬁm(’.\'ﬂ'k'ﬂ. T ITOARUITHC I HOBRICHTH

THCTOTY TPVOHOIO METIILIE [0 HEME T L IHSECIONM REXIDYEHHAM. B TOM HHC. & KOPPDAHOHHO-DE THRHRIM.

¥ npasrAromai C.I'. YetBecpuxos
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