MonéHosa /1. U., /lucosckuli P. A., PaduoHosa /1. B. Paspabomka ycmaHo8Ku 0714

uccnedoeaHus Kopposuu memarisnoe eecosbim memodom // KoHuenm. — 2015, —
No 06 (utoHb). —ART 15182. —0,2 . n. — URL: http.//e-koncept.ru/2015/15182.htm.
—ISSN 2304-120X.

HaYYHO-METOANHEeCKIIA
SAEKTPOHHBIA >KyPH3A

ART 15182 VK 378.147
lNonénoea JloOmuna NeaHoeHa, Ok=q0]
mazucmpaHm ®EOY Bl1O «HOxHo-Yparnbckuli 20cy0apcmeeHHbIl (Hay4YHO-  jedkzid
uccrnedosamerbCKull) yHusepcumemy, 2. YenssbuHck
Lyudmila.popenova@mail.ru

Jlucoeckuti PomaH AHOpeeeguY,

mazucmpaHm @®FB0OY Bl1O «HKOxHo-Yparnbckuli 2ocy0apCmeeHHbIU  yHUsepcumempy
(Hay4Ho-uccrnedogameribckuli yHUgsepcumem), 2. YensabuHck

johnkoffee.work@gmail.com

PaduoHoea JlroOmuna BnadumupoeHa,

KaHOudam mexHU4YeCKUX HayK, doueHm Kaghedpbl MawUHbI U mexHooauu obpabomku ma-
mepuarnos OasneHuem PIBOY Bl1O «FOxHO-Ypanbckul 2ocydapcmeeHHbIlU yHU8epcu-
memy (Hay4Ho-uccriedoeamesibCKul yHusepcumem), 2. YensabuHck
radionovalv.@rambler.ru

Pa3pa60TKa YCTaHOBKU ANnA nccnenoBaHnsa Koppo3uun metassioB BeCOBbIM MeTOAOM

AHHOMauyus. B cmamee npusedeHbl onucaHue u npuHyun pabomsi agmomamu3uposaH-
Hou frabopamopHoU ycmaHo8KU 05151 orpedesieHuUs CKopocmu Koppo3uu 8eco8bIM (epasu-
Mempu4yeckuMm) MemodOoM. YcmaHoeKa Moxem bbimb ucriofnib3oeaHa 0s1s1 0by4yeHuss cmy-
0eHmMo8 mexHU4YecKux creyuanbHocmeu npu u3ydyeHuu oOucyunmuHbl «Kopposus u 3a-
wuma memariosy 8 gy3ax u y4dpexoeHusix Cl10.

Knro4veeble cnoea: Koppo3usi Memarnos, jabopamopHas ycmaHo8Ka, 8eco8ol, epasu-
Mempu4eckul memoo.

Pa3den: (01) nedacoauka; ucmopusi nedazoc2uku u obpa3zosaHusi; meopusi U MemoouKa
0by4yeHusi u eocriumaHus (o npedmemHbiM obriacmsm).

B pamkax nogroToBku CTYAEHTOB MO TEXHUYECKUM CMEeUmnanbHOCTAM y4ebHbIMK nna-
HaMK N0 MHOMMM HanpasBneHNsM NpeaycMoTpeH Kypc «Koppoaus un 3almta MeTansioBy.

JTtobon KOPPO3MOHHBIM NPOLEeCC NPMBOAUT K UBMEHEHNSIM B CBONCTBAX KOHCTPYKLMOH-
HbIX MaTepunanoB. Pe3ynbTaToM npouecca ABNAeTCs «KOPPO3MOHHBIM ahdeKT», yxyaLuato-
LM PYHKUMOHarbHbIE XapakTepPUCTUKM MeTanna obopyaoBaHus, cpeabl U TEXHUYECKUX CU-
CTeM, pacLeHNBAOLNANCA KaK «3pdeKT NOBPEXAEHUA» UU KKOPPO3UOHHAs nopya.

OueBMOHO, YTO IKOHOMMYECKNE NOTEPU, CBA3AHHBLIE C KOPPO3NEWN METAaNoB, onpeae-
NATCHA HE CTONbKO CTOMMOCTBIO MPOKOPPOAUPOBABLUErO MeTanna, CKOfbKO CTOMMOCTbIO
PEMOHTHbIX paboT, yObiTkKaMu 3a CHET BPEMEHHOIO NpekpaLLleHms YHKUNOHNPOBAHUS UH-
XXEHepHbIX CMCTEeM, 3aTpaTaMun Ha NpeaoTBpaLLeHe aBapui, B HEKOTOPbIX criyyasax abco-
NOTHO HEOOMNYCTUMBbIX C TOYKU 3pEHMUs akorormyeckom 6esonacHocTn. OueHku 3aTpar, CBsi-
3aHHbIX C KOppO3nen (No AaHHbIM 3apyOeXXHbIX UCTOYHMKOB) MPUBOASAT K BbIBOAY, YTO 06-
Wue rogosble pacxodbl Ha 6opbby ¢ nocneacTeMsMmn Kopposum coctasnsatT 1,5-2% Bano-
BOro HaLMOHanbHOro npoaykra. Yacte aTnx 3atpat HensbexHa; 6b1no Obl HepeanbHO Nosi-
HOCTbIO WCKITIOYUTb BCE KOPPO3WMOHHbIE paspyweHusa [1]. TeM He MeHee MOXHO 3Hauu-
TEeNbHO COKPAaTUTb KOPPO3MOHHbIE MOTEPM 3a CYET NyYLIEero UCNofb30BaHNA Ha NpakTuke
HaKOMMEHHbIX 3HAHNN O KOPPO3MOHHBIX MPoLleccCax U METOAOB 3aLUUTbl OT KOPPO3UK, KOTO-
PbIMW @aHTUKOPPO3NOHHbIE CNYXXObl pacnonaratT Ha AaHHbI MOMEHT.

CnpaBegnmBoCTu pagu criegyeTt ckasaTb, YTO He BCerga KOppO3WMOHHbIE MPOLECCHI
UMEIT TOSMbKO OTpULATENbHOE 3HAYeHMe, NHOTAA OKMUCIEeHWe MeTarnna MCnonb3ylT Ans
noaroToBKW MOBEPXHOCTM MeTarnna K ero ganbHenwern obpaboTke: NnpokaTke, BOSIOYEHNIO,
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H3Y4HO-METOANHECKUIA

SAEKTPOHHbBIA XXYPH3A
HaHECEHUIO NOKPbITUK 1 T. A. MybGokne 3HaHWSA N NMOHMMAaHWE KOPPO3MOHHbIX NPOLECCOB
CMOCOBHbI NOBLICUTEL KAYeCTBO NPOAYKUUN N IKOHOMUYECKYID 3P(EKTMBHOCTb YKas3aHHbIX
TEXHOJSIOrMYeCcKmx onepaummn.

[Mpn n3yyveHunn kypca «Kopposus v 3awmra meTtannoB» 0gHON U3 OCHOBHbIX ABMNAETCA
nabopartopHasa paboTa No M3Yy4EeHUIO CKOPOCTU KOPPO3MK B 3aBMCUMOCTU OT NUCCreayemMoro
cnnasa, KOHUEHTpaLnn KUCNOTHOrO pacTBopa, NPUCYTCTBUSA MHIMBUTOpa Kopposun n ap. B
3aBMCUMOCTUN OT XapakTepa NnpoTeKkaHUs KOPPO3MOHHOIO npolecca, Buaa Koppo3MOHHOIo
paspyLlleHnsi MPUMEHSIOT pasfnnyHble MeTodbl KONMMYECTBEHHOW OLIEHKU CKOPOCTWU KOpPpPO-
31K: BECOBOWN, 06 bEMHbBIN, 3NEKTPOXUMUYECKNA, MArHUTOMETPUYECKUIA U ApYyTrue.

Hay4HO-npon3BOACTBEHHLIM MHCTUTYTOM «Y4ebHasa TexHUKa n TexHonornmy erboy
BIMO «kOxHO-Ypanbckuin rocyaapCTBEHHbIN YHUBEPCUTET» (Hay4yHO-UccrneaoBaTenbCKum
yHUBepCUTET) yxke bonee 15 net Begytca paboTbl No pa3paboTke U NPOM3BOACTBY y4eb-
Horo o6opygoBaHunsa ans By3oB 1 yupexaeHun Cl10.

Llenbto HacTosawen paboTbl ABnsgeTca paspaboTka METOAMKM UCCIEA0BaHNN N aBTo-
MaTU3NPOBAHHOW YCTAHOBKWN ANSA onpeaeneHns Kopposun MeTasnsioB BECOBbIM MeTOO0M,
KoTopasi cnocobcTBoBana bl MOBLILEHWIO YPOBHS NOATOTOBKN TEXHUYECKUX CNeunanmcToB
3a CYeT MNOBbIWEHUS HArNA4HOCTU N NMPUMEHEHUS NpUBNeKaTesibHbIX N MOHATHbLIX ANA MO-
NoA0ro NoKosieHns oby4varoLLmMx TEXHONOMMNA.

BecoBon (rpaBvmeTpuyecknii) MeTo OCHOBaH Ha onpeaeneHnun nsmepeHns Macchbl
obpasuoB B npoLiecce BO3AENCTBUSA arpeccuBHom cpeabl. [Npu aTom onpeaensioT npubbinb
unu ybbinb maccel obpasua [1, 2].

Mpu rpaBMMETPUYECKOM METOE CKOPOCTb KOPPO3UN XapaKTepu3yeTcsi MacCoBbIM MNo-
kaszaTenem Km (r/m?-4) [3, 4]:

Ky =22, (1)
St
roe m; — macca obpasua 4o ucneiTaHus, r; m, — Macca obpasua nocne ucnbitaHus, r; S —
nnoLanb NoBepXHOCTU o6pasua, M?; 7 — BpeMsl UCTbITaHus, Y.

TpaavuMOHHO NpU rpaBMMETPUYECKOM METOAe A pacyeTa CKOPOCTU KOppo3uu Mo
ybbinn Maccel o6pasey, B3BeLLMBaANU 40 aKcrnepuMeHTa. B aueriky (CTEKNaHHbIA cocyn eM-
KOCTbO 1 /1) onyckanocb No Tpy NpeaBapuTeribHO B3BELUEHHbIX 0Opa3sua, 3akpenneHHbIX B
rpebeHkax. [locne npoBeaeHWst aKCNepuMeHTa NPOAYKTbl KOPPO3UK yaansanm ¢ NoOBEpPXHO-
CTW MeTanna nacTukom, NpoMbIBann 3TaHOIOM M BbICyLUMBANM B 3KCukaTope. 3atem 00-
pasubl BHOBb B3BeELLMBAIMN.

Ecnn nameHeHne maccol obpasua npsiMo NponopunoHansHO rrybuHe NPOHUKHOBEHUS
KOppO3un B yCnoBusix obLuen Kopposum, TO MacCoBbIN NOKasaTesb YacTo NepecyYnTbIBaloT B
rNyOVHHBIN, KOTOPbI XapakTepuayeT yToHeHre obpasua B eguHuLy Bpemenn [5, 6]:

f=Cn T, @

Yo,

rae r,.,= 8760 — KONMYeCTBO YacoB B rofy, p — NNOTHOCTbL MeTanna obpasua, r/ms.

Ecnn HeobGxoanmo oueHnTb 3hdekTUBHOCTL AENCTBUSA MHIMOUTOPOB KOPPO3UKU, TO
onpenensaiT cTeneHb 3awunTbl nHrmbutopa Z (%) no opmyne:
M -100, (3)

KO

roe Kq — CKOpoCTb pacTBopeHust MeTanna B cpeae 6e3 nHrnéutopa, r/(m2-4); K' — ckopocTtb
pacTBOPEHUSI MeTanna B cpeaie ¢ MHMIMOUTopom, /(M2 Y).
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CoBpeMeHHbIE aHanNUTUYECKNE BECbl CNOCOOHbBI NPOM3BOAUTL BLICOKOTOYHOE B3BELLMBA-
HWe B MUKpoauanasoHe, OUCKPETHOCTbL KOTOPOro npu atom 6yaet pasHa 0,001 mr. K npenmy-
LLIECTBY COBPEMEHHbIX BECOB TaKKe MOXHO OTHECTU NPOCTOTY NX CUHXPOHU3aummn ¢ MK n Hanm-
4yne HeobXxo4MMOro nNporpaMMHoOro obecneyeHns ang nepegaydm n 06paboTkn AaHHbIX.
lMpepnaraemas yctaHoBka (puc. 1), B OCHOBY KOTOPOW B35iTbl UMEHHO Takue BecChl,
No3BoSISIET N3MEPSATb U (PUKCUPOBaTb M3BMEHEHNE MacChl 06pasLia HenocpeaCcTBEHHO B NPO-
uecce NpoBeAeHUs UCMbITaHNA ¢ HEOOXOANMbIM BPEMEHHbBIM MHTEPBAariom, Yto obecneyu-
BaeT HarnsiAHOCTb X TOYHOCTb nposo,qm1|v|oro ucnbitanus [7].

Puc. 1. Cxema nabopamopHol ycmaHoeKu: 1 — eeckl aHanumu4veckue DX-200; 2 — nodcmaska 01151 8ecos;
3 — Komrnbromep; 4 — kabesib coedUHUMESbHBIU; 5 — KPHOYOK UX KOPPO3UOHHOCMOUKO20 Mamepuarna; 6 — 06-
pasey,; 7 — nabopamopHbili cmakaH ¢ pacmeopom

Mpuctynas K Hayany ucnbiTaHuin, Heobxogumo 3anyctuTtb nporpammy RsWeight n
BHECTW B Tabnuuy NpoOMeXyToK BpeMeHU, Yepes KOTopbIn ByaeT ocyLecTBNATbLCA (pukca-
UMs Maccbl, U1 camMoO BpeMsi UCMbITaHus, nocne 4yero Habngate 3a U3MEHEHNEM Macchl B
BMAe Kpmeou (puc. 2).

3 RsWeight Ver.1.00 = =
File(F) RS-232C(R) Option(0) Scale(S)

New.csv Final

Data[ g) 16.01.2015 10:51:41 Value

ABDComponyLimikec 0.07

Auto-Scaling
( I Data ¥ Time 0.

Repeat/Auto Stop

[¥ Repeat 60 seconds
[V auto Stop 40 minutes

Command Data

|Q j 0,03 ---------- - Ao

Received Data
IST,+DDDD. 000 g 0.02

Stop ] Command | 0,01 -mo- B e T

Nao. Header|Data |Unit

1[sT +0000,000) g |

-0,01r---

-0.02

-0.03 -
15 0 25 30
Time[Number]

Remarks:

K| b

Puc. 2. OkHo bukcayuu pe3yrnbmamos UcrbimaHusi
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[aHHble 06 N3MeHeHN Maccbl BO BpEMEHN HEOBXOAMMO COXpaHUTbL B dpann B dop-
mMate .csv. [lpumep Takoro dparnna nokasaH Ha puc. 3.

No. Date Time Header Data Unit
101-13-201! 4:38:19 ST -0,001 g
2 01-13-201! 4:39:19 ST -0,008 g
3 01-13-201'  4:40:19 ST -0,007 g
4 01-13-201!  4:41:19 ST -0,012 g
501-13-201'  4:42:19 ST -002 g
6 01-13-201! 4:43:19 ST -0,022 g
7 01-13-201' 4:44:19 ST -0,026 g
Axis 4 0 1800 -1E+07 0 0 60 3 2 0
Date BT
Memo Remarks:

Puc. 3. ®adn ¢ uHgpopmayued, riosny4eHHoU ¢ 8ecos

Mpun 3anycke paspaboTaHHOM Hamu nporpaMmmMmbl Corrosion.exe nonb3oBaTenb MOXEeT
BBECTU HEKOTOPYHO MHGOpMaUuio, KoTopas Brnocneactesmm bygeT ncnonb3oBaHa B OTYETE O
npogenaHHon pabote, B gnanoroBoM okHe (puc. 4). Nonb3osaTtento Heo6XxoaMMo BBECTU
nnowanb noBepxHocTn obpasua, NyTb K panny ¢ AaHHbIMU, NONYYEHHbIMW C aHanuUTU4e-
CKMX BECOB. Takxe crnegyeT BBECTU AOMOMHUTENBHYO MH(POPMaLUIO: HOMEpP SKCNePUMEHTa
N NMA YenoBeka, MPOBOASLLENO SKCMNEPUMEHT.

B npouecce o6paboTkm pesynbTaToB 3KCNEpUMEHTA, NPOBEAEHHbIX C UCMONb30Ba-
Huem cpopmyn (1) n (2), nonb3oBaTerb Nony4yaeT 3aBUCUMOCTb U3MEHEHMS MacChl obpa3sua
OT BPEMEHW NpoTeKaHUs NpoLecca, a Takke BeNIMYNHY cpefHen CKopoCTU KOppo3nmn B AaH-
HbIX ycnoBusax. KOppo3noHHY CTOMKOCTb UCCrieQyeMoro Metanna unuv cnnasa oueHvBatoT
no gecatnbannbHown wkane [8].

Mpun n3yvyeHnn BAMAHNSA MHIMBUTOPOB KOPPO3UM CTEMNEHDb €ro 3aLUMTHON CNOCOBHOCTH
oueHuBatoT no opmyne (3).

CopmMrpoBaHHbIN OTYET COOAEPXKUT MHPOPMaLIMIO, KOTOPYHO NoMb3oBaTerNb BBEAET B
ANanoroBomM okHe (puc. 4), gaty npoBeaeHUs IKCNepuMeHTa, NoSTyYeHHbI rpaduk 1 Benu-
YMHY CpeAHen CKopoCTu Koppo3uu. [porpamma BknoyaeT B cebsi onumio nevaTu nonyyeH-
HOro oTYyéTa.

adl Mccneaoeanve KOppPO3MK METANN0B BECOBLIM METOL0OM = =

Homep akcnepumenta | 1

Mnowans e6pasua {m3 |D,DD42

BeinenHun {-na) | WeaHoea |

“Paiin ¢ pesynbTaTaMu |C:\U5er5\MEaHoEa\De5ktop\1 csv

Cospate omyeT

Puc. 4. [Juanozosoe 0KHO ripozpammbi

Mpumep oTy€Ta NokasaH Ha puc. 5.
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Ha 6a3e paspaboTtaHHoM flabopaTopHON YCTaHOBKMN NPOBOAATCS Takme nabopaTopHble
paboTbl, Kak «CpaBHEHME KOPPO3MOHHOW CTOMKOCTM HU3KOYrNEPOAMUCTON U BbICOKONErNpO-
BaHHOW CTanuy», «3almTa meTanna ot Koppo3mm HrMbutopammny, «BnnsHue KoHUeHTpaumm
CepHOM (ConsiHOM) KACNOTbI HAa CKOPOCTb KOPPO3UM HU3KOYriepoancTon ctanmy [9].

oy Report - g ﬁ 1

| o] [Moen mocvom | [ Mepavewminsiam | | Nepavewe crparsass | |

Pesynbtarbl akcnepuMerTa Ne 1

Bunonwun(-na). Wsanosa Jara:  01-13-2015
Mnowaae obpasya (M?): 0,00420
CpeaHana ckopocTs koppoank (r/mtu):  0,61050

=

Ea. w3m. T, ¢ m Am/S A,

1 g o -9,001 0,000
2 g 60 -0,008 -1,667
3 g 120  -0,007 0,238
4 e 180 -0,012 -1,198
5 g 240 -0,0820 -1,905
6 e 08 -0,822 -0,476
7 g 360  -0,826 -0,952
8 g 420 -9,032 -1,429
9 g 488 -0,034  -0,476
18 g 549  -0,040 -1,429
v
0 \—\

-0.02 \

-0.04 \
. \\
~ -0.06
€ N

-0,08 \—\\\—\

01 """‘-h'"'--_.-’_"/‘/
-0.12
-60 440 940 1440 1840 2440

1,C

Puc. 5. Omyem o skcriepumeHmy

Taknm obpasom, paspaboTaHHasa yCTaHOBKa 4118 UCCrneaoBaHWst KOppo3nu No3BonseT
C HauBbICLLEN TOYHOCTBIO OTCREXuBaTb M3MEHEHME BECA B pacTBOpaXx arpeCcCuUBHbIX cpes.
[laHHble 0 BCcex nameHeHuax pernctpupytotca Ha MK n moryt ncnonb3oBatbCs B AanbHEN-
wem. Bbicokas cTeneHb aBTOMaTM3auMM MPOBOAUMbLIX IKCMEPUMEHTOB N COBPEMEHHbIE
noaxonbl K npoBeAeHuto nabopatopHbIx paboT genatoT ux 6onee npuBnekaTenbHbIMKU 115
CTYOEHTOB U NO3BOSISAKOT NOBbICUTL KAYECTBEHHbIN YPOBEHb MOATOTOBKN CTY4EHTOB TEXHU-
YecKnx crneumnanbHOCTEN MO TaKOMYy CMOXHOMY, HO MHTEPECHOMY M BaXXHOMY Kypcy, Kak
«Koppo3ana n 3awmrta meTtannos».
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