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BCTYII

I3 3aymaul migBUILIEHHS PiBHS MIATOTOBKHM (DaxiBIlIB, SKi MAalOTh CIPaBU 3
MeTajlaMH, iXHbOI0O OOpOOKOIO 1 BUKOPHCTaHHSAM K KOHCTPYKIIMHMX Martepia-
JIB, JIOTIYHO BUTIKA€ HEOOX1IHICTh 3aCBOEHHS TAKOTO HAMBAKIMBIIIOTO HaMpsi-
My, SIK KOpO3id ¥ 3axucCT MeTamiB Big Koposii. Tomy 1eil HaB4aIbHO-
METOJUYHUN MOCIOHUK MPU3HAYEHO JJIA JOTIOMOTH CTYJIEHTaM IIiJi 4yac Oprasi-
3aI1ii caMoCTiitHOTO OmpalboByBaHHs Kypcy “Koposis Ta 3axuct MeraniB”, IMo-
JIIIIATA OPI€HTAIII0 B HOBOMY Martepialli, HaJlaTH HEOOX1THUM HampsiM poOOTI
CTYJICHTIB HaJl 3aCBOIOBAHHSAM KYPCY, 3MECHIIIUTHA HEMPOTYKTUBHI BUTPATH YacCy
IpU TATOTOBIIL 10 3aHATH Ta MPH MOIIYKaX HABYAIbHOI Ta METOJUYHOI JiTEpa-
TYpHU.

OxpiM nepesiky nutanb podoyvoi nmporpamu 10 Kypcey “Koposist Ta 3axuct
MeTaliB”, podoUoro IiaHy JadopaTOpHUX POOIT, y MOCIOHKWKY HaBEICHI MPUK-
Jaau PIICHHS TUNOBUX 3aB/IaHb, YMOBH 3aBJIaHb JJI1 CAMOCTIMHOIO pIllIEHHS, a
TAaKOX JTOJATKU — TaOMM4HMIA (hakTorpadiuHuil Marepian, HEOOXITHUN IS pi-
IIICHHS 3aBJIaHb.

Kypc “Kopos3ist Ta 3axuct metaiiB” pospaxoBaHo Ha 1,5 kpeauty (54 ro-
nuHu). TeopeTnyHuil Marepian JEKIIiH OOMIPKOBYEThCS Tijf 4ac CaMOCTIHHOT
MIATOTOBKHU J0 JIA0OPATOPHUX 1 KOHTPOJBHUX POOIT, KA MOJIATAE B TOMY, IIO
03HAMOMMBIIUCH B pOOOYOMY TIaH1 3 HEOOXITHUMU TEMaMH, TIEPEIIKOM MTUTaHb
3 TEOPETUYHOTO MaTepialy Ta JITepaTypHUX JDKepes, MPUKIagaMu PIIlleHHS TH-
MOBUX 3aBJIaHb, & TAKOXK MEPEBIPUBIIMA CBOi 3HAHHS MUISIXOM CaMOCTIHHOTO Ppi-
IICHHS 3aBJIaHb, HABEJICHUX JaJli, CTYJACHT Ma€ ONTUMAJIbHY MOJIUBICTh B He-
00X1JHOMY 00Cs31 CIUIaHyBaTH CBOi BIJIMOBIJAl Ha 3aHATTI B YCHOMY a00O MHCh-
MOBOMY BUTJISIL.

VYBech kypc “Koposis Ta 3axucT MeTaniB” po3paxoBaHO Ha OJWH TpPH-
MeCTp; MaTepiall CKIAJAEThCS 3 TBOX MOy iB. OIiHKA 32 MOIYJb — II€ OITIHKA
3a KOJIOKBIYM 3a 1HIUBIIyaJIbHUMH O171€TaMH, SIKHil BPaXOBY€ BIATOBITHHM JICK-
iHUI Matepiasl. MoybHa OLIHKA € TiCTaBOO ISl PEHTUHIOBOI OLIHKU TPH

3aBEpIIIEHHI HABYAILHOTO TPUMECTPY.



1 MPOT'PAMA KYPCY «KOPO3ISI TA 3AXHCT METAJIIB»
JJI1 OYHOI ®OPMU HABYAHHA

Tema 1. Beryn

Busnauenns tepmina “Kopozis merani”. Ilpukianu kopo3sii MeTaliB.
[TpoGiema Kopo3ii: 3HAUEHHST KOPO3ii Ta 3aXUCT METANIB y HAPOIHOMY T'OCIIO-
AapcTBi. 3a/1adyi BYCHHS MPO KOPO3iI0 Ta 3aXHCT METaliB. 3HAYCHHS KypCy IS
Cy4JacHOTO 1HXeHepa-MeTanypra. TepMoarHaMika 1 KiHeTrKa kopo3ii. Kimacudi-
Kallist Kopo3ii 3a HalOLIbII BaXKIMBUMU KpUTepisaMu. [lokazHuKH KOPO3ii.

Jimepamypa: [1, c. 3-13; 2, c. 8~23; 3, ¢. 3-9].

Tema 2. Teopist ra3oBoi Kopo3ii

XiMiuHa KOpo3is MeTaliB. TepMoaHaMIYHa MOKJIUBICTh XIMIYHOT KOPO3ii
meTaniB. ['a3oBa KOpo3isg MeTalliB, XIMIYHUNM MEXaHi3M KOpO3ii Ta OKHCIICHHS
metaniB. ['ocriogapcbke 3HaUeHHSI O0POTHOU 3 OKATMHOYTBOPEHHSIM MPU BUPOO-
HUIITBI YOPHUX METajiB. TepMoaMHAMiKa BUCOKOTEMIIEpATypHOi KOpo3ii MeTa-
7iB. AcopOIlisi KUCHIO HAa MeTajlax. Y TBOPEHHS IUIIBOK MPOJYKTIB KOPO3ii Ha
metanax. Kiacudikarlisi miiBoK Ta X 3aXHMCHI BIACTUBOCTI. YMOBH CYIIJIBHOCTI
IUTIBOK, HAMpY>KEHHS Yy TUNBKAaX ¥ pyiHyBaHHs ocTaHHIX. KiHeTuka ra3zoBoi ko-
po3ii. 3aKoHU 3pOCTy IUIIBOK HAa MeTajax. MexaHi3M BHUCOKOTEMIIEPATypHOTO
OKHCHEHHSI.

Jimepamypa: [1, c. 13-23; 2, ¢. 23-33; 3, ¢. 10-17].

Tema 3. BuyTpimuHi Ta 30BHilIHI ¢akTOpH ra3oBoi KOpo3ii Ta MeTOAH
3aXMCTY BiJ ra30Boi KOpo3ii
BayTpimHi pakTopu razoBoi kopo3ii. 30BHIIIHI (aKkTOpH Ta30Boi KOPO3ii.
3axuct Bijg razoBoi kopo3ii. XKapocriiike yieryBanHs. Teopis )KapoCTiMKOTO Je-
TyBaHHS. 3aXUCHI TMOKPHUTTS. 3axucHI atMocdepu. MeToau 3MEHIIEHHSI OKHC-
HeHHs MeTaniB. [IpokaTka mij BakyyMoM B iHEpTHiM aTMocdepi.
Jimepamypa: [1, c¢. 23-28; 2, ¢. 111-121; 3, c. 18-27].

Tema 4. XiMmiuHa KOpO3ist MeTAJIIB y PiAKMX cepe0OBHINAX

Kopo3ist MetainiB y HeelekTpoaiTax. PyliHyBaHHs METaliB y PIAKUX METa-
Jax-TerIoHocIsIX. B3aeMois TBepAMX METAIIB 3 IOMIIIKAMH Y PIIKOMY METAJIL.
KasiTaniiiHo-epo3iitHa KOpo3ist 715l PIAKUX METAJIB.

Jimepamypa: [1, c. 28-30; 2, ¢. 121-140; 3, ¢. 51-53].

Tema 5. Teopisi esiekTpoXiMiuHOI KOpO3ii. BHyTpimHI Ta 30BHILIHI
(pakTopu eJIeKTPOXiMIYHOI KOPO3il
EnexTpoxiMiuHa KOpo3isi MeTaliB, MPUKIaan Kopo3ii. OcCHOBU Teopii ele-
KTpOXiMIYHOI KOpo3ii. [ToaBiiiHUI eNeKTPOXIMIYHMIA TIap Ta €IEKTPOHI MOTEH-
mianu. OO0POTHI Ta HEOOOPOTHI EIEKTPOHI TOTEHINAINA METaliB (GaKTOpH, IO
BIUTMBAIOTH Ha 1X BETUYHHY. TepMOAMHAMIKA eIeKTPOXiMiuHOT Kopo3ii. Jliarpa-
mu IlypOe.



MexaHi3M enekTpoxiMigyHoi Koposii. [IoHATTS mpo MicleBi rajibBaHIvHI
€JIEMEHTHU. Y MOBH BUHUKHEHHSI €JIEKTPOXIMIUYHOI IreTepOTreHHOI MMOBEPXH1 pO3i-
oy MeTan-enekTpoiiT. Cxema Ta XapakTepHI OCOOJMBOCTI EJIEKTPOXIMIYHOTO
KOpPO3iHOTO Tporiecy. AHOIHUIA Ta KAaTOJHUU MPOIECH MPHU KOPO3ii MeTaiB.
Kineruka anomnoi peakii. [lomspu3ariis enexrpoaiB ta ii mpuunHu. KoHIeHT-
pariifHi oOMeKeHHs aHOJIHOI peakIlii Ta pojb MPOAYKTIB Kopo3ii. Bonnesa je-
nossipu3anisa. Kucuesa nenonsipuzaris. Koposiitai giarpamu. [lacuBHicTs MeTa-
JIB; TEOPisi HAaCUBHOCTI METAIIB.

TepMoanHaMiuyHa CTIMKICTh Ta MOJOXKEHHS METANIB y MEPIOJUYHIN cuc-
TeMi eneMeHTiB MenneneeBa. Ckiaj Ta cTpykTypa craBy. Ckiiag Ta KOHIICHT-
paiiisi KoposiiiHoro cepenoBuina. Kucnotnicte. TemmepaTypa, THCK Ta mepeMi-
IIyBaHHA. 30BHIIIHINA eNeKTpUUHui cTpyM. Pamiamiiina koposis. bionoriuyna ko-
po3is.

Jimepamypa: [1, c. 32-19; 2, c¢. 149-265, 324-372; 3, c¢. 27-50].

Tema 6. Kopo3sisi y npupoanux ymoBax (s criemiasibHocTi OMT)

Atmocdepua koposis. IpyHrosa kopo3sis. Mopcbka kopo3sis. Koposis miz
BIJTUBOM OJIYKAaIOUHMX CTPYMIB.

Jimepamypa: [1, c. 114-125; 2, c¢. 372-405; 3, c. 54-60].

Tema 7. Kopo3isi 0CHOBHUX KOHCTPYKUIMHUX MaTepiajiB HAa OCHOBI
3aJ1i3a Ta 0oro CIviaBiB
Kopo3is 3ami3a, ctai Ta yaByHy. BHYTpilliHI Ta 30BHIIIHI (aKkTOpu KOpO-
311 IIUX METAJIB.
Jlimepamypa: [1, 125-135; 3, c. 61-66].

Tema 8. Knacudikauisa meronis 6opors0u 3 kopo3sierw. MeraJieBi 3a-
XHCHI MOKPUTTSH
Knacudikariis MeToaiB 3aXuCTy METajiB BiJl Koposii. ['aJibBaHIUHI MOK-
putts. Tepmonudy3iitHi MOKpUTTA. MeTon 3aHyprOBaHHS Y PO3IUJIABICHUN Me-
taj. [InakyBanns. Meranizaliis HaUICHHSIM.
Jlimepamypa: [1, c. 144-16; 3, c. 67-72].

Tema 9. HemeraseBi 3aXuCHi NOKPUTTSH

Heopraniuni nokputrts. JlakodapOHi nokpurtd. Ilokpurrs cMonamu Ta
iactMacamu. Emani.

Jimepamypa: [1, c. 166-176; 3, c¢. 72-75].

Tema 10. InridiTtopu koposii Ta aHTHMKOpO3iiiHI MacTuiaa. O0podKa
KOPO3ilfHOTO cepeloBHINA
[aribitopu mns po3unHiB. [HTIOITOPH aTMOC(epHON KOPO3ii. AHTHKOpPO-
31itH1 MacTmia. O6poOKa KOPO31MHOTO CePEIOBHIIIA.
Jimepamypa: [1, c. 176-186; 3, c. 77-80].

Tema 11. Enexkrpoximiunuii 3axuct. Koncepsanisi MeTainoBupo0iB



Kartonnuii 3axuct. AHoguuii 3axuct. KoHcepsaiiisi MeTaqoBUpOOiB.

Jimepamypa: [1, c. 186-210; 2, c. 426-472; 3, c. 81-85].

Tema 12. MeToau kopo3siiinux icnutiB (1 cneriaasHocti OMT)
Knacudikamis MeromiB Ta MeTa JIociipkeHb. JlaGopatopHi MeTodu.

[TonpoBi Ta MPUPOAHI ICTIUTH.
Jimepamypa: [3, c. 89-95; 4, c. 42-45, 97-99].

2 POBOYM IVIAH JIABOPATOPHUX POBIT

3 METOI0 IMOKpAIIeHHs 3aCBOEHHS TEOPETUYHHX 3HAHb MPOBOISATHCS Jia-
O6opaTtopHi poboTH (3a BUOOPOM B 3aJICKHOCTI Bij cremianbHOocTi — OMT abo

JIB).
[TpumipHuit nepenik 1a00paTopHUX POOIT:

HaliMeHyBaHHS TeM JTaOOpaTOPHUX POOIT

Tewma 1. [IIBuAKICTh BUCOKOTEMIIEPATYPHOTI'O OKUCIECHHS
BYTJICILIEBOI CTaJjIl Ha MOBITPI.

Tema 2. BB TeMriepatypu Ha MIBHAKICTh Ta30BO1 KOPO3ii
BYTJICLIEBOI CTal.

Tewma 3. 3acTocyBaHHS MITHOTO iHIUKAaTOpa 1 epPOKCHII-
1HAIKaTopa JJIsl KOPO31iHUX BUIPOOYBaHb.

Tema 4. BuzHaueHHs1 IIBUAKOCTI KOPO3ii METaliB B KHCIOTaxX
10 KIJIbKOCT1 BUAIJIEHOTO BOJIHIO.

Tema 5. BruuB 1Hr101TOpY Ha IIBUAKICTh KUCIOTHOT KOPO3il
cTal

Tema 6. KoHTakTHa KOpO3is IUHKY B pO3UMHI CIpYaHOI
KHCIIOTH

Tema 7. XiMiuHE OKCHUTyBaHHS CTaJi.

3aBgaHHA Ha
CPC

[6, c. 5]
[6, c. 16]
[6, c. 22]
[6, . 30]
[6, c. 37]

[6, . 42]
[6, C. 47]



3 IUTAHHSA POBOYOI TPOT'PAMU

1o kos10kBiymy 1

Busnauenns kopo3sii. Kopo3siiiHa CTIMKICTb.

[Tpo6siemu xkopo3ii. [Ipsmi Ta HEnpsiMi 30MTKH B KOPO3ii.

Knacudikarist kopo3ii 3a MeXaHI3MOM, BHJaM KOpPO3iMHUX pYHHYBaHb Ta

yMOBaM KOpo3ii.

HIBuaKICTH KOPO3ii, CIOCOOU 11 BUpaXKEHHS.

Teopis ra3oBoi kopo3ii. XKapoMiIHICTh Ta KapOCTIHKICTB.

TepMoannamMika ra3oBoi KOpo3ii.

Tunu OKCUIHUX TITIBOK.

YmoBu cyninbHOCTI iBku. Kpurepiit [linmniara-bensopca.

Kinetuka razoBoi kopo3ii.

10 BuyTpimHi ¢akropu razopoi kopo3ii. Ckimaa Ta cTpykrypa ciany. dedop-
Marii.

11 3oBHimHI pakTopu razoBoi kopo3sii. Ckiaa ra3oBoro cepegosuina. Temnepa-
Typa. Tuck rasis. llIBuaKicTh pyXy cepenoBuUIa.

12 3axwucT Bija ra3zoBoi kopo3ii. OCHOBHI METO/IH 3aXUCTY.

13 JleryBanns craneid. Teopii xapoCTIAKOTO JIETyBaHHS.

14 CtBOpeHHs 3axucHuUx aTMocdep.

15 3axucHi MOKPUTTSI METAJIEB1 Ta HEMETAJICBI.

wnN
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J10 K0JIOKBiyMYy 2

16 EnextpoximiuHa Kopo3isa. BusHaueHHs. YMOBU 1i BHHUKHEHHS.

17 MexaH13M eJIeKTpOXIMIYHOI KOpO3ii.

18 Tunu xaToaHOI nenomspusarii. BogHeBa Ta KMCHEBa IEMOISIPU3AILii.

19 Tepmonunamika eIeKTPOXIMIYHOT KOPO3ii.

20 Hiarpamu Ilypoe.

21 Kinetuka enextpoximiuHoi kopo3sii. [liarpama EBanca. Kartonnwmii, aHomHu
Ta OMIYHHUI KOHTPOJIb.

22 IlacuBHiCTb. AHOJIHA MOJISIpU3aIliiiHa KPHBA.

23 BuyTpiHi Ta 30BHIIIHI (DAKTOPU EIEKTPOXIMIYHOT KOPO3ii.

24 TepMoanHaMiYHA CTIMKICTh Ta PO3TAIlyBaHHS METajiB B MEPIOJUYHIN CHC-
temi eneMmeHTiB JI.I.MenneneeBa.

25 BriuB ckiafy Ta CTPYKTYpPH CIIaBY Ha €IEKTPOXIMIUHY KOPO3ito.

26 BIuiuB ckJiaay Ta KOHIGHTpAllli arpeCUBHOTO CEPEIOBHUIIIA.

27 BILTUB KUCIOTHOCTI CEPEIOBHUIIIA .

28 BB TemnepaTypu Ta TUCKY.

29 Kopo3ist B IpUpPOJAHUX YMOBaX.

30 Atmocdepna Kopo3is.

31 I'pynToBa Kopo3is. Bume 61yKaw4oro ctpymy.

32 MopcbKka Kopo3isl.

33 biokoposisi.

34 Kopo3iitHo-MexaHiuHe pyiiHyBaHHS METaiB.

35 MeToau 3axucTy Bij KOpO3ii: MPUHIINIH, KIacu]ikaris.



36 Jlis Ha MeTayieBuii MaTepiall.

37 Jlis Ha HaBKOJIUIITHE CEPEIOBHIIIE.

38 Jlis Ha KOHCTPYKITIi.

39 INokpurtts, miBku. Knacudikaris.

40 Mertanesi nokputTsa. KaTomHi Ta aHOIHI METaeBl MOKPUTTS.

41 Hemeranesi nokputtsa. Heopraniuni miiBku. OKCUAYBaHHS, a30TyBaHHs, (Ho-
cdaTyBaHHS.

42 JlakodapOoBi TOKPUTTSL.

43 TToxkpuTTS CMOJIaMH Ta TUTACTHYHUMHU MaCaMH.

44 Turibitopu Kopo3ii. AHO/AHI Ta KaToAH1 1HT10iTOpHU. [HTi6iTOpH aTMOCcdepHOi
KOpO3ii.

45 AHTUKOPO3IiiiHI MacTuA.

46 O6poOKa KOPO3IHHOTO CEPEIOBHUIIIA.

47 EnexTpoXiMIYHUM 3aXUCT: KAaTOJIHUM Ta aHOTHHM.

48 ITpoTeKTOpHUMN 3aXHUCT.

49 Koncepaallisg MeTajaeBux BUPOOIB.

50 Meroau kopo3iiiHux BunpoOyBaHb. Kiracudikaliis Ta Meta aociimkeHs. Jla-
OopaToOpH1 METO/IH.

51 Exouoriuni npo6ieMu Koposii.

4 TIPOI'PAMA KYPCY «KOPO3ISA TA 3AXUCT METAJIIB»
JIJIS1 3BAOUYHOI ®OPMU HABUAHHSA

Tema 1. XimMiuHa K0Opo3ist MeTAJIIB y PIAKHUX i ra30noai0HUX cepeIoBUIIAX

Busnauenns repmina “Kopo3sis metaniB”. TepmoanHamika 1 KIHETUKa KO-
po3sii. Knacudikaitisi Kopo3ii Mo HaliOUTbII BAXKJIUBUM KPUTEPISIM 1 ii MOKa3HUKHU.

XiMi4Ha KOpO3ist METaIB 1 il TepMOAMHAMIYHA MOKIIUBICTh. ['a30Ba Kopo-
3151 METaJIiB, XIMIYHHIM MeXaH13M KOpO3ii Ta OKUCIIEHHS MeTaliB. TepMoauHami-
Ka BHCOKOTEMIIEpaTypHOi KOpo3ii MeTaniB. BHyTpiiiHi 1 30BHimIHI (pakTopu ra-
30B0Oi Kopo3sii. Kopo3sis meTaniB y HeenekTposiTax. PyiiHyBaHHS MeTaliB y pif-
KHX METajaX-TeIIOHOCISX.

Jlimepamypa: [1], c. 3-79; [2], c¢. 8-33, 111-140,; [3], ¢. 3-60.

3aeoanns na CPC: AtmocdepHa koposis. IpyHTOBa KOpo3sis. Mopchbka
kopo3is. Kopo3is miag BIiIMBOM OJyKarouux CTpyMiB. AJICOpOLisl KUCHIO HA Me-
Ta 3aXMCHI BJIACTUBOCTI. YMOBHU iX CYIUIBHOCTI, HANPY>KEHHS Yy IJIIBKax 1 iX
pyiinyBanHs. KiHeTuka ra3oBoi Kopo3sii. MexaHI3M BHCOKOTEMIIEPATypHOTO
OKHUCJEeHHS. B3aemonist TBepAMX MeTalliB 3 JOMIIIKaMHU y piakomy metani. Kapi-
TaliiHO-epOo3iitHa KOPO3isl AJIs PIIKUX METAIB.

Tema 2. EsnexkTpoximMiuHa kopo3is i I BHyTpilIHI Ta 30BHilIHI (haKkTOpUH
OcHOBH Teopii eIeKTPOXIMIUHOT KOopo3ii 1 i1 mexani3M. [loaBiifHMIA eneKT-
POXIMIYHUN TIap Ta €NEKTPOJHI moTeHmianu. O00poTHI Ta HEOOOPOTHI EIEKT-
POJIHI TOTeHIiamu MeTaniB. MakTopH, M0 BIUTMBAIOTH HA iX BEIHYUHY. TepMoO-
TUHAMIKa eNeKTpoxiMiuHoi kopo3sii. Jliarpamu IlypOe. Cxema Ta xapakTepHi



0COOJIMBOCTI €JEKTPOXIMIYHOTO KOPO3IMHOrO Mpolecy. AHOJHUN Ta KaTOIHUM
nporiecu npu kopo3sii metaniB. Kinetnka anogHoi peakiii. [Tonspuzartist enexr-
ponaiB Ta ii mpuunHU. KOHIEHTpariiiHi 0OMEXEeHHs aHOJHOI peakili Ta pojb
POIYKTIB KOpo3ii. TepMoauHaMiuHa CTIMKICTh Ta MOJIOKEHHS METaJliB y Tepio-
IU4HIN cuctemi enemeHTiB MenneneeBa. Ckiian Ta CTpykTypa ciuiaBy. Ckiaj Ta
KOHIICHTpAIlisl KOPO31MHOTO CepeIOBHIIIA.

Jimepamypa: [2], c. 149-265, 324-405.

3asoanna na CPC: BoaneBa aenonsipusanis. KucHeBa nenomnsipu3artis.
Koposziitai piarpamu. Teopis macuBHocTi MeTainiB. Kucnotnicts. Temmneparypa,
TUCK Ta MepeMilllyBaHHs. 30BHIIIHINA eNeKTpUIHUM cTpyM. Pasiamiiina Kopo3is.
biomoriuna kopo3isi.

Tema 3. Kopo3isi 0CHOBHMX KOHCTPYKUiHHUX MaTepiajiB HA OCHOBI 3aJiza
Ta MOI'0 CILVIABIB

Kopo3is 3amiza, cram Ta yaByHy. BHyTpilHI Ta 30BHIIIHI (aKkTopu KOpo-
311 mux metamiB. Kiacudikailisi METOIB 3aXMCTy METaliB BiJl KOpO3ii. 3aXUCT
BiJl Ta30BO1 KOpo3ii. XKapocTiiike neryBanns. Teopis »kapOCTIHKOTo JeryBaHHS.
3axucHI TOKPUTTS. 3aXUCHI aTMochepu. MeTonu 3MEHIIIEHHS OKUCIICHHSI MeTa-
niB. [IpokaTka miJ1 BaKyyMOM B iHEpTHi# aTMocdepi.

Jimepamypa: [1], c. 125-135; [3], c. 61-67; [4], c. 42-45, 97-99.

Tema 4. Metoau 60poTH0M 3 KOpPO3i€ro

["anbBaniuni nokputts. Tepmoaudysiiini nokputts. HeopraniuHi mok-
putts. JlakopapOni nokpurtd. [IokputTa cMonamu Ta rmactmacamu. [HridiTopu
KOpo3ii ayis po3uuHiB. [Hriditopu atMocdepHoi koposii. KaTonuuid 3axucr.
AHOIHUH 3aXHCT.

Knacudikariiss MeTo1iB KOPO31MHUX ICTIUTIB Ta 1171k TOCTIKEeHb. JIabopa-
TOPHI METOJIH.

Jimepamypa: [1], c. 144-210; [2], c. 426-472; [3], c. 67-95.

3aeoanusn na CPC: IlnakyBanns. Metanizailis HanmwieHHsIM. MeTon 3aHy-
pIoBaHHS y po3iuiaBieHuit mertan. Emani. AnTukopo3siiiHi mactmia. O6pobdka
Kopo3iitHoro cepenoBuiia. Koncepnairisi metanoBupo06iB. [1oap0B1 Ta mpupoiHi
1CTIUTH.



5 POBOYU ILTIAH JIABOPATOPHUX POBIT 1JIS1 3AOYHOI
®OPMU HABUAHHS

OcHOBHA 1T JTAOOPATOPHUX pPOOOT — 3aCBOEHHS Ta 3aKpIIUJICHHS
TCOPETUYHUX 3HAHb 1 (OPMyBaHHS MPAKTUIHHUX TPEJCTABICHb PO KOPO3iiHI
SIBUIIIA 1 TIPOIIECH HAa OCHOBI HABYAJIBHUX €KCTICPUMEHTAIBHUX JTOCIIIKCHb.

o ) 3aB1aHHAa Ha
HatimenyBanHs TeM 1ab0paTOpHUX POOIT

CPC
Tema 1. BruuB TeMniepaTtypu Ha MIBUKICTh Fa30BOi KOpPO3ii [6, C. 16]
BYTJIELIEBO]I CTaJIl. -
Tema 2. BusHadyeHHs IBUIKOCTI KOPO31i METAJIIB B KUCJIOTAX [6, c. 30]
10 KIJIBKOCTI BHIIJICHOT'O BOJIHIO. o
Tema 3. KiHeTHka BUCOKOTEMIIEPATypPHOI I'a30BO1 KOPO3ii [6, c. 10]
BYTJICIICBOI CTaJll HA MOBITPI. o
Tema 4. Bruus 1Hri61TOpY Ha MIBUJIKICTh KUCIOTHOT KOPO31i [6, . 37]

, C.

cTaIl.



6 CTUCJII TEOPETUYHI BITOMOCTI

Kopo3i€ro Ha3uBaeThcss MUMOBUIbHE PYHHYBaHHS METAJIB 1 METalIeBUX
MaTtepialiiB MpU XiMIYHOT a00 €JIEKTPOXIMIYHOI B3a€MO/I1i 3 HABKOJIMIIIHIM cepe-
JOBUIIIEM.

3/1aTHICTh METAJIIB MPYYATUCS KOPO31MHOMY BILIMBY, HA3UBAETHCSI KOPO-
3iHHOI0 CTINKICTIO.

6.1 Knacudgikauisi kopo3ii

3a MexaHI3MOM:

- XIMIYHa;

- eJIEKTPOXIMiYHa.

3a yMOBaMH MPOTIKAHHS:

- armocdepHa;

- piguHHA (Y HEEJIEKTPOJITax i eNeKTpoIiTax);

- Ta3oBa;

- miJ3eMHa (IPyHTOBA);

- 1J1 30BHIIIIHIM CTPYMOM;

- 010KOpO3is;

- i1 JI€0 OIyKarouuX CTPYMIB;

- KOHTAaKTHa KOpPO3is;

- IIUIMHHA KOPO3is;

- KOpO3ii M1/l MEXaHIYHOIO HAMPYTOI0 (CTAaTUYHOIO 200 3HAKO3MIHHOIO);

- KOpo3iiiHa epo3is;

- KOpO3iifHa KaBITalisl.

3a xapakTepoM KOpPO31MHUX PYHHYBaHb:

- cyluibHa (piBHOMIpHA, HEPIBHOMIpHA, BUOOpYA);

- MicreBa (IUIIMaMH, KpalKoBa, BHPAa3KoBa, HACKpi3HA, HUTKOBHU/IHA,
MNMOBEPXHEBA, MIKKPHUCTAJIIYHA, HOKEBHUIHA (y 30HI 3BapeHHMX IIBIB), KOPO-
31ifHE pO3TPICKYBaHHSI, KOPO31iiHA KPUXKICTh.

6.1.1 Iloka3HuKH KOPO3ii (IIBUAKICTH KOPO3ii)

[IpsiMi MOKAa3HUKHU:

- 36UTOK (36IMBIICHHs) MACH HA OIMHHUIIO IOBEPXH, I/M°X4ac;
- ruMOWHA KOPO31MHOTO PyWHYBaHHS (MIPOHUKHICTH ),MM/PIK;

- 00cHr ra3onoai0HOro NPoIyKTy KOpO3ii, [0 BUIIJIUBCS;

- Yac MOSIBY MEPIIOro KOPO31WHOTO PyHHYBAHHS,

- KUIBKICTh OCEpENIKiB KOpPO3ii Ha OJIMHUITIO TTOBEPXHI.
Henpsimi moka3uuku

- BEJIMYMHA CTPYMY KOPO3ii;

- 3MiHa (PI3UKO-MEXaHIYHUX BIACTUBOCTEH;

- €JIEKTPUYHUH orip.



Haifuacrime mBUAKICTE KOpPO3ii BUpPa)KalOTh 4Yepe3 BaroBUM IMOKa3HHUK
KOpo3ii

L= A—m [r/(M*xrom)] (6.1)
St ’ '

Jie L — MIBUAKICTh KOPO3ii; Am — 3MiHa Macu MeTaily 3a MPOMDKOK 4acy T
Ha MTOBEPXHI1 MeTaly S.

Jlns mucToBOrOo MeTalny M oOMYaioK 3aCTOCOBYIOTH TJIMOMHHMM MTOKa3HUK
KOpo3ii

= 5 [MM/piK] , (6.2)
T

ne Il — rmubuHa NPOHUKHEHHS KOPO31MHOrO0 pyMHYBaHHS B TUIO METaly
3a Jac T.
Mix nuMu ABOMAa MOKa3HUKAaMU 1CHY€E MTPOCTHI B3a€EMO3B'SI30K

M= 8,761)’ (6.3)

p

7€ p — UIUTBHICTh METaly.
6.2 Ximiuna kopo3ist

XiMi4Ha KOPO3isi — 1€ KOpo3is, 10 HE CYNPOBOKYETHCS BUHUKHEHHSIM
€JEKTPUYHOTO cTpyMy. OKHCIIIOBaIbHO-BIAHOBHUI MPOLEC MPOTIKAE B OJTHOMY
akTi. TUMOBMIA NPUKIIA]T — KOPO3isd B TA30BOMY CEPEIOBUII TPU BUCOKIM Temre-
patypi abo B cepeIOBHUII HEEIEKTPOIITIB.

6.2.1 ZKapomiunicTts i kapocTilikicTh

KapoMmirHICTh 1 KapOCTIAKICTh — PI3HI XapaKTEPUCTUKU METAJIEBUX Ma-
Tepiams. [1ig sxapoMiIHICTIO pO3yMIIOTh 3aTHICTh MaTepialliB 30epiraTu BUCOKI
MIIIHICTHI XapaKTePUCTUKU B YMOBAaX BUCOKHX Temmeparyp. JKapocTiiikicTio Ha-
3UBA€THCA 3JATHICTh MaTepially MpydyaTucs KOpO3iiHOMY pyHHYBaHHIO MpU BU-
cokux Temmeparypax. Lli ABl SKOCTI HE 3aBXIU CIIOTYYalOThCS: ATIOMIHIEBI
CILIaBM KapOCTIiiiKi, ae He sxkapominni mpu 400 — 450°C, a mBuIKOpi3aibHA BO-
aedpamosa crans npu 600 — 700°C >xapomiiHa, ane He xapocriiika. Cucrema
Ni — Cr 1 apocTiiika i )xapoMilHa.

6.2.2 TepmoauHamika ra3oBoi KOpo3ii

[IpuurHa KOpO3ii — TEPMOAMHAMIYHA HECTIHKICTh METaNiB, TOOTO JJIs pe-
aKIlii OKMCIIFOBAaHHS METaJIiB KUCHEM MOBITPS



Me + O, 5 Me,O,

eneprisg ['166ca AG < 0, ToOTO Taka peakiiisi AJs OUIBIIOCTI METaJiB IMparHe
POXOAUTH MHUMOBLUIbHO. KoHCTaHTa piBHOBAaru Jjisi TETEPOTEHHOTO MPOIECY
OKHCITIOBaHHS METaly KHCHEM TOBITPSI MOXKe OyTH BUpakeHa 5K

1
Kp =——. (6.4)
Po,
3 TCpMOI[I/IHaMiKI/I BUIIIIMBAcE:
Po
AG=RTIn—2 (6.5)
Py,

ne PO, — mapuianbHuii THCK KMCHIO B yMOBax eKcIUTyaTalii BUpoOy;
Poz_ NPYXKHICTh JucoLialii OKCuay (PIBHOBaXXHUM TUCK KHCHIO HaJ OKCHIOM

B YMOBax eKCIulyaTarlii).
r. . . .
[Ipn PO2 < Po, 1 AG < 0 i nporec Kopo3il TepMOAMHAMIYHE MOKIUBHIL;

PUKJIa] — 3aJ1130, ITUHK.
[Tpu PO2 > sz : AG> 0 1 mporiec KOpo3ii TEpMOJIUHAMIYHE HEMOMKIIH-

BUIf; IpUKIIaj — cpibio mpu Temmepatypi 6iabiie 400°C, Mifap mpu TeMmeparypi
o6inbre 2000°C.
[Ipy>xHiCTh qucoIliaIii OKCUIy PO2 30UTBIITY€ETHCS 3 POCTOM TEMITepaTy-

pH, TOMY TemIepaTypa xouda il IpUCKOPIOE KOPO3110, ajle 3HUXKYE 1i TepMOAUHA-
MIYHY WUMOBIPHICTb.

6.2.3 KineTnka ra3oBoi kopo3ii

['ereporenHuii npoiiec razoBoi KOpo3li CKIAAAETHCA 3 TPHOX MOCIITOBHUX
ctaaiil. Po3risiHemMo 1ei mporec Ha MPUKIAAl HAHO1IbIIE PO3MOBCIOIKEHOTO
BUIIAJIKY Ta30BO1 KOPO3ii — B3a€MOIii METaTy 3 KUCHEM MOBITPAI.

HaiiGinpm noBiibHA (JTiMITYIOYA) cTajisl — HalvacTime Tpets (audys3ii-
HUN KOHTPOJb MPOIECY). Y TBOPUTHCA OKCUIHA IUIIBKA, 1110 CUJIbHO BIUIMBA€E Ha
MIBUAKICTH KOpo3ii. Taka miiBka Mo)ke OyTH 1CTOTHOIO MEPENIKOJI0k0 JIJISl TPOTi-
KaHHSI TIEpILOoi CTafll, 1, 0TKe, Il BChOro mpouecy B 1uiomy. KoposiiiHi miiBku
Ha MeTanax (Hailyacrillle OKCUJIH1) CUJIbHO 3HHXKYIOTh AaKTUBHICTh METAJIIB.

[1n1BKM OyBarOTh:

- TOHKI (HeBUAMMI) TOBITUHOIO & < 40 HM;

- cepenHi (1ar0Th KObOpy MiHIUBOCTI) — 40 < & < 500 HM;

- ToBcTi 0 > 500 HM (BUIUMI).



ToBIMHA TUTIBKY 3aJI€KUTh 1 B1JI IPUPOJX METay, 1 BijJ 4acy, 1 BiJl YMOB
Kopo3ii. € 6araro cnoco0iB BUMIPY iXHBOI TOBIIMHU. BUMIpIOIOYH TOBIIMHY
IUTIBKY O 13 4acOM BUBYAIOTh KIHETUKY IPOIECY Ta30BOi KOPO3ii.

3axXMCHI BJIACTUBOCTI TUIIBKM MPOJYKTIB KOPO3ii BU3HAYAIOTHCS ii MEXaHi-
YHOIO MIIIHICTIO, TA30HETPOHUKHICTIO, MIITHICTIO BTPUMAaHHS Ha TTOBEPXHI MeTa-
7y, elacTUYHICTI0. HalBa)KIuBIIIOW XapaKTEPUCTUKOK TaKoOi IUIIBKU € ii Cy-
HIBHICT. [IMiBKH MOXYTh OyTH CYIIITbBHUMH a00 HE CYLIIbHUMH ¥ IIUM BU3HA-
Y4aeThCA iXHS €PEKTUBHICTD Y 3HIKEHH1 IIBUIKOCTI KOPO3ii.

6.2.3.1 YMoBa cyuisibHOCTI IU1iBKHU, KpuTepiil bexgopara

106 mmiBka Oyna CyIiIbHOIO, TOTPiIOHO, OO 11 00CT TIEpPEeBUIITYBaB 00-
CSIT METaly, MO OKUCTUBCA, Ve > Vyer, A€ SKIIO OOCST TUTIBKY 3aHAITO BEJTH-
KW, BOHA CIIy4y€ThCS W MOTaHO 3axHIlae MEeTal. Y peaJbHUX yMOBaX MO>KHA
KOPHUCTYBATHCS eMIIpUYHUM KpuTepieM bendopara: edhekTuBHICTS 3aXUCHOT 1T
TUTIBKH BUCOKA, SIKIIO

ISMSZ,S- (6.6)

MET

Ile crmiBBIHOIIIEHHS HE 3aJIKUTh BiJ KIJIBKOCTI MIPOKOPOIYBABIIIETO Me-
Taly, 3aJICKUTh JIMIIE BIJ MPUPOJIX METAy 1 IPUPOAU OKCUIY M JIETKO MOXKE
OyTu obumncieno. Skino B3ty 1 MOIL MeTaly, TO

M .
Voxc = 5 VMeT= AMeT
npOKc pMeT
Vmcc — MOKCpMET ’ (67)

\%
Mmer npoKCAMeT

7€ N — YUCJIO aTOMIB METaly B MOJEKYNl OKCUIy; Mgx — MOJbHA Maca
OKCHIY; A — aTOMHA Maca METaNY; Pyer U Poxe — MILUTBHOCTI METATy ¥ OKCUAY Bi-
nnoBigHo. Kopucrtyrounces dhopmymnoro 6.7, MOKHA JIETKO BHU3HAYUTH 3aXUCHY
e(eKTUBHICTh OKCUIHOT TUTIBKA METaITy:

OKC

— SKIIIO < 1 — muiBKa He CylLUIbHA M MOTAHO 3axXWIIAa€ BiJl ra30BO1

MeET

koposii (Na, K, Ca);
VOKC . . . .
— gKmo 2,5 < < 1 — cyminpHa TUTIBKA, JOOpE 3axXUIIae BiJ ra3oBoOi

MeET

kopo3ii (Al,O3, Cr,03, FeO, Fe,03 i1 i1.);



OKC

— SAKIIO > 2,5 — cnydeHa IUTIBKa, Ta30MPOHUKHA, IMOTAaHO 3aXHINAE

MeET
BiJl ra3oBoi kopo3ii (WO3, M00O3). ¥V oMy BUITaIKy BHYTPIIIHI HAPY>KEHHS B
TUTIBIN HACTIJIBKM BEJIUKI, 1110 TIJTIBKA CITY4Y€EThCS M BIIIIAPOBYETHCS.

6.2.3.2 KineTH4Hi piBHSIHHS IIBUIKOCTI ra3oBoi KOPO3ii

3py4YHO MIBHAKICTH T'a30BOi KOpO3ii BHUpa)xkaTH 4Yepe3 MIBUIKICTh POCTY
OKCHJIHOT TUTIBKU. SIKIIO Ha MOBEpXHI MeTany 3a yac dt yTBopmiacs IUIiBKa
MPOIYKTIB KOPO3ii TOBIIMHOIO dX, TO MIBHIKICTh POCTY IUIIBKH (a, OT)KE, 1 IBU-
JKICTh KOPO3ii) MOKHA MPEJCTABUTH K

dx

v=— .
dt

(6.8)

Mo>kJIMB1 HACTYITHI BUITQJIKH:

a) KIHETUYHUNA KOHTPOJb — MPHU BIICYTHOCTI TUTIBKM ab0 MpH i1 BUCOKIM
ra3onpoOHUKHOCTI (MOpPHUCTa, HeCylIbHA IJIiBKa). Toal mudy3is KUCHIO Yepes
IUTIBKY 3HAYHO BHIIE IIBUJIKOCTI B3a€MOJIT METaly 3 KHUCHEM, TOOTO KOHIICHT-
paris KucHio Ha noBepxHi Metainy C, 1 Ha nmoBepxHi miiBKU Cy MPaKTUYHO OJI-
HaKoB1. BiZimoBiiHO 10 3aKOHY Jiii Mac MIBHAKICTh TAKOTO MPOLIECY IPOMOPIIiii-
Ha KOHUEHTpaIlli KUCHIO:

" _ke,, (6.9)
dt

ne K — koHcranTa mBuakocTi peakiii; Co = Cy — KOHIICHTpAIlis KHCIIO-
pony Ol MOBEPXHI METaIy.
Po3ninuBiim 3MiHHI i TPOIHTErpyBaB, OJAEPKUMO:

Xx=KCoT+A=k'T+A, (6.10)

ne k' = kCy, A — xoHCTaHTa IHTErpyBaHHs. 3HANIEMO BEIMYUHY A: MPH T
=0: x = A, T00TO BI3UYHUN 3MICT BETUIYMHU A — IMOYATKOBA TOBIIHMHA TUTIBKH.
YBaxarouu, 1110 A = 0, oJ1ep>KUMo:

x=k't. (6.11)

IBUAKICTH POCTY TUTIBKHM — JIIHIMHA, TOOTO TOBILMHA TUTIBKUA MPOIMOPLIiN-
Ha yacy. JIIHIiHMIA pICT MIIIBKK XapakTEpHUM A Ay»e TOHKUX a00 ra30MpOoHU-
KHUX TUTIBOK.

0) nudy31iHUNE KOHTPOJIb — SKIIO TJTIBKA CYIIJIbHA M CUJIBHO TajbMy€E KO-
po3ito (Iudy3is KUCHIO Yepe3 IUIBKY 3HAYHO MOBUIBHIIIE, HIK XIMIYHA B3a€EMO-
Jist MeTainy 3 KucHeMm). ToJi MBUIKICTh KOPO3li 0OMEXYEThCS (1 OMUCYETHCS)



MIBUJKICTIO AU Y311 KUCHIO Yepe3 IIIBKY MPoaAyKTiB Kopo3ii. [lIBuakicte nudy-
311, SIK B17IOMO, BijjoOpakaeTbcs piBHAHHAM Dika

dx dCc
T oK.S—, 6.12
dt T ax (6.12)

dC

ne K, — koedimient nudysii; S — nepetun nudysii; — TPaJi€HT KOH-
dx

IeHTpaIlii (3MiHa KOHIICHTpAIlii KHCHIO 1O TOBIIHMHI IUTIBKH).

Bupazumo rpaiieHT KOHIICHTpAIi K Co—Cx a K,S sx K, (BizbMeMoO 110

yBaru, mio /Ui JaHUX He3MiHHUX YMOB 100yTok K, S € Benuunna nmocriitna i mo
axmo nudysis — daxrop, mo gimitye, To Cy = 0), po3aimmMo 3MiHHI | TICHS 1H-
TErpyBaHHs OJECPHKUMO

X2

-E—=knCOI+A4. (6.13)

[Tosnaunmo K,C, = K', i1 3naiinemo, mo A; = 0 (tomy mo npu 1=0: x=0),
TOA1 piBHAHHSA 6.13 pugdae BU

x° =K', (6.14)

y MICYMKY OJIEPXKYEMO MapaboIIdHUI 3aKOH POCTY TUTIBKH.

VY 3araJibHOMy BHUMAJKY, SIKIIO KOHTPOJIb HE € IUIKOM Tudy3iitHuM abo
IIJIKOM KiHeTHYHUM (3mimanuii kontponb), Cy # 0 1 C; # C, (mudy3Ho-
KIHETUYHHUI PEXKUM), OAEPKUMO YHIBEPCAIbHY (POPMYITY

x2 2x

k, Kk

=k"t, (6.15)
ne k" =2C,.
[Ipu nyxe maimiii ToBHMHI TUTBKHA (X — () mepmuM A0JaHKOM MO>KHA

3HEBAXKUTH (XZ“ZXJ i popmyna 6.15 tpanchopmyerses B X = K't (iHIAHUN
K, Kk

3aKOH POCTY IUTIBKH).
[Ipu 3HauHIN TOBIIMHI IUTIBKM MOHA 3HEBXXUTH JAPYTUM JIOAAHKOM 1 TO-
i hopmyma 6.15 Burimsigae sk x° = k',t (mapaGoiaHuil 3aKOH POCTY IUTiBKH).
Ha npaxTuii yacto pict 1iIiBKM Bi10yBaeThCs MOBLUIBHILIE, HIXK MO Mapa-
0O0JIYHOMY 3aKOH1 (4Yepe3 YIIIIbHEHHS, po31IlapyBaHb ¥ 1HIIMX J1e(PEeKTIB MIiB-
ku). Toai Mae micue gorapu(pmMiyHUN 3aKOH POCTY TUTIBKH:

x =In (k 7). (6.16)



[Ipuknanu:

- JIHIAHUN 3aKOH — ra3oBa kopo3is Na, Ca, Mg;

- mapaGomiunmii — rasoBa koposig Cu (t° > 100), Fe, Ni;

- norapudmidHuii — razosa kopo3is Al, Zn, Cr.

Ha kiHeTHKy pocTy IJIIBKM CHJIBHO BIUIMBA€E TeMIiepaTypa i 30BHIIIHI
YMOBH, BHACJI1JIOK YOTO 3aKOH POCTY TUTIBKH MOKE€ 3MIHIOBATHCS.

Pucynox 6.1 Kinemuxa sucokomemnepamypHhoi 2a3080i Kopo3ii npu ii-
nitinomy (1), napaboniunomy (2) i nocapughmiunomy (3) 3axonax pocmy niiexku
NpOOYKmMIie Kopo3ii

IMpuxnan: aus migi npu temmeparypi Menmn 100°C crocrepiraerbes jgora-
pudMiUHMIA 3aKOH POCTY ILTIBKH; B iHTepBaii Temueparyp 300...1000°C — napa-
Oomiunmii. s 3amiza npu temneparypax g0 400°C mae micie orapudmidHuii
3aKOH POCTY IUIiBKH, a B iHTepBaiti Temrepatyp 500...1100°C — mapaboniuyHui.

[HOMI PICT OKICHHMX TUTIBOK TP MU(DY31HHO-KIHETUYHOMY PEKHUMI MOXKE
OyTH BUpPaXE€HUM CTEMTHHUM 3aKOHOM:

"=kt (n>2). (6.17)

Lle cocTepiraerbes Npyu YaCTKOBOMY PYHHYBaHHI 3aXMCHOI OKICHOT TTiB-
ku. [Ipukiag — razoBa Kopo3isg KoOalbTy B KUCHEBIN aTMocdepi.

6.2.4 BuyTpiuHi it 30BHilIHI (h)aKTOPH ra3oBoi KOPoO3ii

Pi3HOMaHITHI IPUYNHY, IO BIUIMBAIOTH HA MIBUIKICTH KOPO3ii, MPUIHATO
Ha3uBaTH (haKTOpaMH Kopo3ii. IX MOXKHA pO3AiMUTH HA BHYTpIlIHI (3a/I€XHi Bij
MIPUPOU W CKIIaTy METaJeBOTO MaTepialy) 1 30BHIIIHI (3a7I€XH1 Bl yMOB IMPO-
TIKQHHS KOPO3ii).

Jlo BHYTpilIHIX (PaKTOPIB BIAHOCATHCS:

a) CkJaj 1 CTpyKTypa CIUIaBy



3axuCHI BJIACTUBOCTI OKCHIHOI TUTIBKM CHJIBHO 3JIEKaTh BiJl MPUPOAN
cknany craBy. [IIBUIKICTh OKUCIIIOBaHHS CTajiel IPU BUCOKUX TEMIIEpATypax 3
MIIBHUIICHHSAM 3MICTY BYIJICIIO 3HIKYEThbCs. Lle moB's3ane 3 iHTeHCHbIKAIIIEO
yrBopeHHs CO (mpucyTHicTh S, P, Mn, Ni — npakTUuHO HE BIUIMBAE HA IIBU/I-
KICTh Ta30BOi KOPO3ii).

BmuuB neryrouux eleMeHTIB Ha IIBUJIKICTh Ta30BO1 KOPO3ii OB’ A3YIOTh 3
YTBOPEHHSM OUTBII-MEHII €PEKTUBHUX 3aXUCHUX IUTIBOK 1 3 BITHOCHOIO XiMid-
HOIO CITOPITHEHICTIO IO KUCHIO JIETYIOUUX €JIEMEHTIB i OCHOBH cIuiaBy. OCHOB-
Hi TEOpii )KapOCTIUKOTO JeryBaHHs OyAyTh PO3TIISIHYTI Mi3HIIIE.

Haii6inpm epeKTUBHUMU JIETYIOUUMHU €JIEMEHTaMH, 10 3HWKYIOTh IIIBU-
JKICTh Ta30BOi KOPO3ii, € KPEeMHIH, aTrOMiHIN 1 XpOM.

Ti, Cu, Co, Be — coBiIbHIOIOTH MIBUAKICTH KOPO3ii, aJie HE3HAYHO, iX 3a-
CTOCOBYBATH JIJIS1 )KaPOCTINKOTO JIETYBaHHS HEIOIIIIHLHO.

V, W, M0 — miiciiit010Th BUCOKOTEMIIEPATYPHY Ta30By KOPO3il0 — iXHi
OKCHJIM JIETY4l U BIAIrPaloTh pojib KaTali3aTopiB BUCOKOTEMIIEPATYPHOI ra30BOi
KOpO3ii.

CmnaBu Ni — Cr (HIXpOMHU) MPOSIBISIOTH JTy>K€ BUCOKY CTIAKICTh JIO BUCO-
KOTeMITepaTypHO1 ra30Boi Kopo3ii HixpoMu BOJIO/IIFOTE 1 BUCOKOIO KapOCTiHKicC-
TIO ¥ BITHOCHO BUCOKHUM €JIEKTPUYHHUM OTIOPOM 1 3aCTOCOBYIOTHCS JIJISi BUTOTOB-
JICHHSI TETUIOBUAUISIOUNX €JIEKTPUUHUX BUPOOIB.

0) dedopmariiss MeTalliB B yMOBax ra3oBoi KOpo3ii OpPYyIIy€e CYLUIbHICTb
IUTIBOK 1 MPUCKOPIOE KOpo3ito. [ uM, 30kpema, mopo3yMiBa€eThCsl BUCOKUH B1JICO-
TOK BTpaT MeTaly (BUrap) Ipu KyBaHHI.

J10 30BHIIIHIX (PAKTOPIB BIAHOCSTHCS:

a) CxJiaz ra30BOTO CEPEIOBHIIA.

HaiiBaxuBiin OKHCIIIOBadl METaIIB PU BUCOKHUX TeMreparypax — CO,,
H,0 (mapa), SO,. ¥V 3aranpHOMY BH1 B3a€MO/IIsI METAJIIB 13 IMMU KOPO3IHHUMH
areHTaMu Mpy BUCOKHUX TEMIIepaTypax MoxKe OyTH BUpaK€HA TAKUMU CXEMaMU

2Me + O, — 2MeO,

Me + CO, — MeO + CO,

Me + H,O — MeO + H,,

3Me + SO, — 2MeO + MeS.

KoncTanTu mBUIKOCTEH 1IUX peakiliid 1 3aXUCHI BJIACTUBOCTI IUIIBOK, 1110
YTBOPSTHCS, P13H1 H 116 BA3BHAYAE BIJHOCHI IIBUAKOCTI LIMX PEAKIIIH.

st Fe, Co, Ni nipu Temmnieparypi 900°C mBHIKICTE OKHUCIIOBAHHS 3pOC-
Ta€ B Ps/Ii:

H20 — C02 — 02 — SOZ

VY Bcix aTMocdepax MIBUIKICTh OKHCIIOBAHHS 3pOCTA€E B PSIJIL:

Cr — Ni — Co — Fe.

CwIIbHO BIUIMBAIOTh HABITh HE3HAYHI KUJIBKOCTI JOMIIIOK ITUX PEYOBHH B
atMocdepi.

[TpucytHicTs SO, y MOBITPI MOKE€ BUKJIMKATH MIKKPUCTAIIUYHY KOPO3it0
CTaJIl.

B atmocdepax, mo mictate O,, CO, 1 H;O moxke BinOyBaTHcs 3HEBYTJIe-
IFOBaHHA (JIeKapOoOHi3alis):



Fe;C + 1/2 O, —» 3Fe + CO

Fe;C + CO, — 3Fe +2CO

Fe;C + H,O — 3Fe + CO + Ho.

Hagnaxku, nmpu Benukomy 3micti CO abo CHy mopsif 31 3HUKEHHSIM IBU/I-
KOCTI ra30BOi KOPO31i MOe B1I0yBaTHCS HABYTJICI[FOBAHHS.

Hyxe HeOe3meuHa MPHUCYTHICTh Y Ta3ax (MPOIyKTaX 3TOPSIHHS Ma3yTy)
okcuay BaHamio V,0s. 3oma, mo Mictuth V,0s, Hanumae Ha MeTal i 30UIbIIyE
MIBUIKICTh KOPO3ii B IECATKH pa3iB (BaHamieBa kopo3sis). [Ipuumaa — V,05 po3-
YUHSIE€ OKCUIHI IUTIBKU:

Fe,O; + V,05 — 2FeVO, (a)
4Fe + 3V,05 — 2Fe,0O5 + 3V,0, (0)
V,03 + O; — V,05 (B)

Bananat, mo yTBOpHUTBCS B peakiii (a), po3mylrye OKCUIHY IUTIBKY, IO
IPUBOJIUTH /0 1i BiamapoByBaHHs. Peakiii (6) 1 (B) UIIOCTPYIOTh KaTaliTUYHY
JIIF0 OKCHJIIB BaHA/Ii10, 3aB/ISIKA YOMY IIBUAKICTh BUCOKOTEMIIEPATYPHOI Ta30BO1
KOpo3ii 6bararopa3oBo 3poctae. Takuii BIUIUB BaHAII0 BPaXOBY€EThCS MPU OIIHITI
SIKOCTI TIaJIUB, OCOOJIMBO Ma3yTy.

6) Temmnepartypa.

JIyist BCIX METaliB MiJBUILNEHHSA TEMIIEpaTypH 3Millla€ BETUYUHY €HEepTii
I'i66ca AGp y NO3UTHBHY CTOPOHY, TUM CaMHMM 3MEHIIY€ TEPMOAHMHAMIYHY
WMOBIPHICTh KOpO3ii. AJie 3 IHIIOro OOKY, TeMIieparypa 301JbIIy€e MBUAKICTD
(KOHCTaHTY MIBUJIKOCTI1) peakiiii i mpuckoproe qudy3iiiHi MpoIecH B MITIBKAX.

TakuMm 4MHOM, y TIM TEMIEpPATypHOMY 1HTEpBal, /i€ 30epIiracThCsl Hera-
TUBHE 3HaY€HHs eHeprii ['100ca peakiii, TemnepaTrypa 301IbIIYy€e MBUAKICTh KO-
po3ii.

3ayIe’KHICTh MIBUAKOCTI Fa30BO1 KOPO3ii BiJl TEMIEPATYPH ONH3bKa 0 €K-
CIIOHEHTHOI. TeMriepaTypHa 3aJIe’KHICTh KOHCTAHTH IIBUAKOCT1 KOPO3ii BUpaxa-
€THCS PIBHSHHAM AppeHiyca

Ea
k = Ae RT, (6.18)
a6o0 B norapumiuHiii popmi
Ink = InA — 22 (6.19)
RT

ne K — koHcTaHTa MIBHIKOCTI KOpo3ii; E, — eHepris akTtuBalii mporecy
Kopo3ii; R — yHiBepcanpHa Tra3oBa cTtana; | — abcoitoTHa Temmeparypa; A —
MPEIEKCIIOHEHTHUN CITIBMHOXKHHUK.

Baprto nam'sarartu, mo TemmnepaTrypa BIUTUBA€E HA CKJIaJ 1 3aKOH IIBUIKOCTI
POCTY ILTIBOK.

B) Tuck rasy.

[Ipu 3HIWKEHHI MapIiaJbHOTO THUCKY OKHCIIIOBada MIBUIKICTh KOPO3ii
3MEHIIY€ETHCS.



[Ipu oxuciIrOBaHHI 6araTb0X METAIIB B yMOBAX MOCTIHHOI TOCUTh BUCOKOT
TEeMIlepaTypy ¥ MiJIBUILIEHHI MapIiiadbHOTO TUCKY KHUCHIO MIBUAKICTH OKHCIIO-
BaHHS CIOYATKYy 30UIBIIYETHCS, a MOTIM, IPU JTOCATHEHH1 J€IKOTO KPUTHYHOTO
3HAYEHHS NapIiaIbHOrO0 TUCKY KMCHIO — P13KO 3MEHIIY€EThCA. SIBUIIE 3MEHILICH-
Hs IIBUAKOCTI Ta30BO1 KOPO3ii IIPH M1JABHUIIECHHI MapIiaJIbHOTO TUCKY KUCHIO Ha-
3UBAETHCSI BUCOKOTEMIIEPATYpHOIO macuBali€eto. [lacuBHuil ctaH MeTany mopo-
3yMIBA€THhCS YTBOPEHHSIM Ha MOTO TTOBEPXHI OLIbIIIEe JOCKOHAIOT TUTiBKHU. [lacu-
Ballis MPUBOAMTD J0 PI3KOTO MaJiHHA IBUIKOCTI KOPO3il MPH MiABUILEHHI Map-
[1aJbHOTO TUCKY OKHCIIOBaua. BucokoTeMiiepaTypHa MacuBallisl XapaKTepHa
JUI XPOMUCTHUX CTaJieH, Mifi, TATaHy, IIUPKOHIIO 1 psiiy 1HIINX METaJIB 1 CIia-
BiB. Jlnsa 1inoro psgay HepskaBcraneu (Hampukiaa, 08X13, 30X13, 12X17,
08X18HI10T) moxe criocTepiraTucs nepenacusallis — MPUCKOPEHHS KOpo3ii mpu
MO/IaJIbIIIOMY TiBUIIICHHI MapI[iaIbHOTO THCKY OKMCIIIOBayYa.

r) IBUAKICTh PyXy cepenoBuIlla — BIUIUBAE MO1I0HO TUCKY. [TiBUIICHHS
IIBUJIKOCTI PyXy T'a30BOI0 CEPEAOBUIIA MOKE BUKIMKATH 301IbIIEHHS LIBUKO-
CT1 OKHCITIOBAHHS.

n) Pexxum HarpiBaHHS MOK€ 1ICTOTHO BIUTMHYTH Ha IIBUAKICTH BUCOKOTE-
MIepaTypHOI ra3zoBoi kopo3sii. KojauBaHHs TemnepaTypH MpH HarpiBaHHI B X0l
TepMOOOpOOKH ab0 B yMOBaxX €KCILTyaTallii MeTany 301IbIIYI0Th IIBUIKICTh KO-
po31i, TOMY 1110 B 3aXMCHI{ IUIBLI BUHUKAIOTh TEPMIUHI HAIPY>KEHHS, IO MPHU-
BOJUTH JI0 i1 PO3TPICKYyBaHHS i BIAIIApOBYBaHHS. [HOAI TEPMOCTIMKICTD IUIIBKH
MO>KHA 30UIbIINUTH JIETYBaHHSM.

e) Hedopmamis Merany Moxke TPOXH MIJICUIUTH BUCOKOTEMIEPATYPHY
KOpO3i10, SIKILIO TeMIepaTypa He MEePEeBUIILy€e TeMIIEpaTypy pekpucrtanizaiii. Ta-
KUl BIUTMB NONEpeHbOo1 Aedopmallii € iCTOTHUM JIMILE B MOYATKOBIN CTaJlli KO-
po3ii i MOPO3yMIBAETHCS MIJIBUILIEHOI €HEPriero 1e(hOpMOBaHUX MOBEPXHEBUX
TJISTHOK METay.

K) Xapakrep oOpoOku moBepxHi MeTairy. Hix gucTimie il perenpHiie 00-
poOJsieHa MeTaeBa MMOBEPXHs, TUM IIBHJIKICTh OKUCIIOBaHHS MeTainy MeHie. Le
MOPO3YyMIBAETHCS KPAIIUMH YMOBAaMU YTBOPEHHs 0e3/1ePEeKTHOT 3aXUCHO]T TLTiB-
KU Ha TTOBEPXHI METaIy.

6.2.5 3axucr Bix razoBoi Kopo3ii

OCHOBHI METOAM 3aXUCTY BiJl FA30BOi KOPO3Ii:

1 xapocrTiiike JeTyBaHHS;

2 CTBOPEHHS 3aXMCHUX aTMoc(ep;

3 3axHUCHI HOKPHUTTS.

PosrisaaeMo 111 METOIM MTOCIIIJOBHO

JleryBanusi. Ctami Jyisl MiJBUINEHHS >XKapOCTIHKOCTI JIETYIOTh XPOMOM,
QIIOMIHIEM 1 KpeMHieM. Po3risiHeMo MexaHi3M Aii JIeryrouux 100aBoK.

Teopis kapocriiikoro jgeryBanHusi. J[Jis 3'siCyBaHHSI NPUHIIMIY BHUCOKO-
TEMIIEPATypHOTO JIETYBAaHHSA PO3MVITHEMO MEXaHI3M BHCOKOTEMIIEPATYPHOTO
OKHUCJTIOBAHHS METAIIB.



BianoBigHO 10 10HHO-€JIEKTPOHHOI T€OP1i OKUCIIOBAHHS B OKCHUJIHIM ILJTi-
. . . . . . n+ o - . 2—
BIIl MPOTIKae 3ycTpiuHa audysis ioHiB Me i 1oHiB O, IIpu 1iboMy MoBepXHS
MeTaJly € aHOJIOM, Ha Hii MPOTIKae MPOoIIeC 10HI3alIlli aTOMIB METaIYy:

Me — ne — Me™".

30BHIIIHS MOBEPXHS IUNBKU € KAaTOAOM, Ha HIH KHCEHb NMPUHMAE €NeKT-
POHHU:
2
02 +4e > 207

[onu Merany, 1m0 YTBOPHIKCS B aHOJAHOMY MPOIIECi, i €JIEKTPOHU pyXa-
I0TBCS B TUTIBII PO3AUTEHO, IPUYOMY €JIEKTPOHH MEPEMIIIAIOTHCS IMBHIIIE. 3y-
CTPIYHUHN PyX 10HIB METaly W KHUCHIO MOXK€ OYyTH OMHCAHMH SK EICKTPUYHHI
CTPyM i oxapakTepu3oBaHHil 3aKkoHOM OMma.

IIBuaxocti xudysii Me™ Tpoxu 6inbie, Hixk O, TOMy picT IUIIBKH Bij-
OyBaeTbCsl BHACIZIOK peKOMOIHAIll MPOTUIOHIB Y CEpE/IMHI TOBUIMHU IUTIBKH,
omkye 0 moBepxHi okcuay. LIBuakocTi nudysii 10HIB B OKCUAHIHN TITIBII MO-
KyTb OyTH OIIIHEHI BEJIMYMHOI MUTOMOTO E€JIEKTPUYHOIO OMopy abo MUTOMOI
€JIEKTPONIPOBIAHOCTI IAPY OKCHLY — YUM HMKYE €JIEKTPONPOBIIHICTh, TUM MO-
BUIBHIIIIE OKUCITIOBAHHSI METAJIEBOIO MaTepialy.

IcHye Kk1JIbKa TEOpii )KapOCTIMKOrO JIEryBaHHS:

a) Teopis Baruepa it Xaydde — teopis aedextiB. BianosiaHo 110 1i€i Teo-
pii 1udy3is 10HIB METAly MPOTIKA€ TOJIOBHUM YMHOM y PE3YNbTATl MEPEMILICH-
HA MO Ae(eKTax KpUCTaIIYHUX I'paT OKcuay. TomMy 3MeHIIEeHHS Ae(PEKTIB y IUTi-
BLII OKCUJy TOBUHHE CHOBUIBHIOBATHA KOPO31t0. Y 3aJIEKHOCTI BiJl TUITY MPOBIJI-
HOCTI OKCHly (€JEKTpOHHA abo AIpOYyHa), BAPTO JIEryBaTH METajaoM ado 3 Oljib-
100 BAJICHTHICTIO, YAM OCHOBHMI MeTall, a00 3 MEHIIIOIO.

0) Teopis CmupHoBa i TomarroBa 6a3yeTbcsl Ha 171ei CTBOPEHHS Ha IMOBeE-
PXHI OKCHUJY JIETYIOUOTO €JIEMEHTa, 3AaTHOI0 OXOPOHUTH OCHOBHHMM MeTaj BiJ
Kopo3ii. J{o neryrouoro eneMeHTa npea'iBIsSIOTHCS TaKl BAMOTH

- OKCHUJI JIETYIOUOT'O €JIEMEHTa MOBUHEH YTBOPIOBATH CYIIUIbHY ILUIIBKY;

- OKCHJ| JIETYIOUOT'O €JE€MEHTa IMOBHHEH MaTH BUCOKUH EJIEeKTPUYHHM
omip;

- paalyc atoma JIETYIOUOrO €JIEMEHTa MOBHHEH OyTH MEHIIE pajiycy
aToMa OCHOBHOI'O MeTally, 100 BiH jerme qudyHAyBaB 10 30BHILIHBOI TOBEPX-
Hi MeTally ¥ yTpyJIHAB qu(y31i0 aTOMIB OCHOBHOI'O METaly Yepe3 OKCUIHY TLIi-
BKY;,

- TEIoTa YTBOPEHHS OKCHUJY JIETYIOUOro €JIeMEHTa MOBUHHA OyTH Oi1-
JbIIIE, HI’K OKCHUJTY OCHOBHOTO METaly;

- OKCHJ JIETYIOUOTO €JIeMEHTa MOBMHEH MaTH BUCOKI TeMIlepaTypH Iijia-
BJICHHS U cyOxiimarlii, BiH HE MOBUHEH YTBOPIOBATH HU3BKOIIJIABKI €BTEKTUKH B
CYMIIII 3 OKCUAAMH OCHOBHOT'O METAIy;

- JIETYIOUMH €JIEeMEHT MOBUHEH MPH JAaHOMY 3MICTI B CIUIaBl yTBOPIOBATH
3 OCHOBHHUM METAJIOM TBEpPJUN PO3YWH, 00 PIBHOMIPHO PO3MOAUISATHCS B
CIUIaB1 i yTBOPIOBATH 3aXMCHY IUTIBKY Ha BCI€1 MOBEPXHI METAJIEBOTO BUPOOY.



B) Teopist Apxapora B.l. — miaBuIlIeHHS KapOCTIMKOCTI TOCATAETHCS, SIK-
10 JICTYIOUUM €JI€MEHT YTBOPUTH 13 OCHOBHMM METAJIOM MOJIBiMHI (3MIIlIaHi)
okcuau tuny mmideni: Me'O-Me",03 (Me'Me",0y).

Taki okcuau MaroTh OLIbIIE BUCOKI 3aXHUCHI XapaKTEPUCTUKHU, YUM OKCH-
JI1 KO’KHOTO MeTany okpemo. 1o 1miil Teopii Jieryroun eneMeHTH OBUHHI 3aIio-
OiraTu yTBOPEHHIO Ha MTOBEPXHI 3aj1i3a BIOCTUTA, 110 HAHO1IBII NMPOHUKHUHN JIJIs
audysii 10HIB 3amiza. BUCOKMMH 3aXMCHUMHU BIIACTUBOCTSIMH BOJIOAIIOTH:
FeCr,04; NiFe,O4; NiCr,O4 — iXHS MPOHHUKHICTH JUIS 10HIB HU3bKA, KOPO3is ITO-
BUJTbHA.

Bci Bumesragani Teopii He cynepedarb OfHa OJHO1, a € BAAJUMH B3a€MO-
JIOTIOBHCHHSIMH.

CrtBopeHHs 3axucHUX atMocdep. B okpemux Bumamkax mpu BHTOTOB-
neHHi abo BUCOKOTEMIIEpaTypHiii 0OpoOlll MeTaliB CTBOPIOIOTH BakyyM a0o
MITYYHI 3aXUCHI aTMoc(epH 3 1HepTHUX Ta3iB (a30T, aproH ¥ iH.). [Ipukmagom
MOJKE CITY>KUTH BUPOOHUIITBO TUTAHY.

3axucHi MOKPUTTA. SIK 3aXUCHI TIOKPUTTS, HA TIPAKTHUIll 3HAXOJATH 3a-
CTOCYBAaHHS METajeBl W HEMETallluHl MOKPUTTA. MeTamiyHl MOKPUTTS JOCHUTh
HafiiHl. YacTo BUKOPUCTAIOTHCS TepMOANQY31iHI MOKPUTTA: alIOMiHI€EBI (Tep-
MOAQJIITYBaHHSI ), XpPOMOBI (TEPMOXPOMYBAHHS ), KPEMH1€B1 (TEPMOCHIIIIYBaHHS ).

Tepmoaundy3iitHi MOKPUTTS AAIOTh €KOHOMIIO JIETYIOUOTO €JIeMEHTa, BiJI-
HOCHO JIETKO HAHOCATHCS 1 € TOCUTh €(PEKTUBHUMMU.

Sk HeMeTanyH1 HOKPUTTSI 3aCTOCOBYIOTHCS JKAPOCTINKI eMall.

6.3 EaexrpoximiyHa Kopo3if

EnexTpoxiMiuHa KOpO3is METajJiB — MUMOBUIbHE PYWHYBaHHS METaJliB
BHACJIJIOK €JIEKTPOXIMIYHOI B3a€MO/II1 3 HABKOJUIIIHIM €JIEKTPOJIITUYHE MTPOBII-
HUM cepenoBuieM. Llei Tum kopo3sii MeTaniB € HaunomupeHimuM. [IpuanHoro
EJIEKTPOXIMIYHOT KOPO3ii € TepMOAMHAMIYHA HECTIWKICTh METAJIIB Y MPUCYTHOC-
Tl PO3YMHIB €JIEKTPOIITIB. Y BUMAIKY €JICKTPOXIMIYHOI KOPO3ii MPOIECH OKHUC-
JIOBaHHSI METaly ¥ BITHOBJICHHS OKHCIIOBa4a MPOTIKAIOTh HE B OJHOMY aKTI,
BOHHU IIPOCTOPOBO PO3/IIJICHI M MPOTIKAIOTh 13 BUCOKUMH IIBHAKOCTAMH. L{e mMo-
KIJTMBO Y BUIIAJIKY OJTHOYACHOTO BUKOHAHHS TBOX YMOB:

1 moBepxHsS MeTally HEOJHOpPIJHA, MICTUTh NUISHKH, 10 MalOTh (BHA-
CJIIIOK HAsiBHOCTI OMIIOK a0o aedopmailiii) pi3Hi 3HaYEHHS €EKTPOAHOrO MO-
TEHIaNy;

2  MeTaJl KOHTaKTY€ 3 PO3YHMHOM CJICKTPOJIITY.

OO6uaB1 111 YMOBH BHKOHYIOTBCS JY’K€ YacTO: TEXHIUHI METaIu 3aBXKIU
€JIEKTPOXIMIYHE HEOJHOPIIHI, B YMOBAX €KCIUTyaTallli y»e 4acTO CTHUKAIThCS
3 aTMocepHOI0 ad0 TEXHOJOTIYHOIO BOJIOTOM0. [IpukinanamMu eneKTpoXiMivHOT
KOpo3ii MeTajiB MOXYThb CIY>KUTH KOPO3isl PI3HOMAHITHUX METAJIOBUPOOIB i
KOHCTPYKITIH (BEpCTaTiB, YCTaTKyBaHHS 3aBOJIB, MOCTIB, KapKaciB OyJWHKIB,
TPAHCTIOPTHUX 3ac00iB) B aTMOC(HEPHUX YMOBAxX, KOPO3isi METaJIeBUX KOPITYCIiB
CyIiB, IpXaBIHHS MIA3€MHUX METAJEBUX KOMYHIKAIli 1 KOMYHaJIbHO-



EHEePreTUYHUX MEPEXK, KOPO3iiHEe pyHHYBaHHS EMHOCTEH 1 pEaKTOPiB y XIMIUHIN
ITPOMUCIIOBOCTI.

6.3.1 BuHMKHEHHS €JIeKTPOJAHOI0 MOTEHIIATy

HaiiBa)XTUBIIIMM MOHATTSAM y TEOPii €JIEKTPOXIMIYHOI KOPO3ii € MOHATTS
€JIEKTPOIHOTO MOTEHINaTy — CTpUOKa MOTEHIIlATy Ha TPaHUIll METall — PO3UHUH.
SIKIIIO MeTasl KOHTAKTY€E 3 €JIEKTPONITOM, TO KaTiOHH MeTaiy, 10 nepedyBaroTh
Ha MOBEPXHI METally, MalOTh MEBHUN HAAJHUINOK NMOTeHIiHHOT eHeprii. [lomspHi
MOJIEKYJIH PO3YMHHUKA (HAMPUKIAJ, BOJIM) Y Pe3yabTaTi il KyJOHIBCHKUX CHII
OpIEHTYIOTbCA O1J1s1 MOBEPXHEBUX KATIOHIB METaly ¥ MOJETHIYIOTh Mepexia Ka-
TIOHIB y pO34uH. PyX0oMOI0 CHIIOI0 LIOTO MPOLIECY € €HEPTisl COMbBaTAIlll KaTio-
HiB. L5 eHepris pobuth mpolec nepexoay 10HIB y PO3UMH €HEPreTUYHO BHI1JI-
HUM, [MOKPUBAIOYM BUTpATy €HEprii Ha BUX1J] 10HA 13 KpUCTaliyHOi Ipatu. Enek-
TPOHHU, SIKI YEPe3 MU pO3Mip HE MOXKYTb OyTH COJIbBATOBaHI, 3aJIMILIAIOTHCS B
T Metany. Takuit 060poTHUI Mpolec Moke OyTH BUpPAXKEHUN XIMIYHHM PiB-
HSIHHSIM:

Me + mH,0 5§ Me"-mH,0 + ne.

OCKUTBKM MIJK KaTIOHAMHU METally, 110 epeOyBatoTh Y pO34MHi, 1 HEraTu-
BHO 3aps/IPKEHOIO0 TOBEPXHEI0 METAy ICHYIOTh CHJIM B3a€EMHOTO MPUTATaHHS,
BUHHKAE TaK 3BaHUM MOJBINHUI €JIEKTPUYHUI 1Iap.

CtpuboK NOTEHLIAy Ha TPAHMII METAJl — PO3YMH HA3UBAETHCS E€IEKTPO-
JHEM TIOTEHIanoM Moro aGCoMioTHY BEIMYHHY BHMIPSTH HEMOMKIHBO, TOMY
OTEPYIOTh BEJIMYMHOK BIJHOCHOTO MOTEHIIANY €JeKTpoAa (MO3HAYAETHCS (),
0OMIpIOBAaHOTO CTOCOBHO CTAHJIAPTHOT'O BOJIHEBOTO €JIEKTPOJY, MOTEHIIaN KO-
ro yMoBHO A0piBHIO€E 0 BoJbT. /11 000pOTHOIO METaNeBOro €IeKTPOAY MOTEH-
1iaj Moxke 0ytu obuncnenuit mo popmyni Hepuera:

o 0,0591
+ - @
V4

Iga, o+ (6.20)

ne @ i ¢° — HeCTaHJAPTHUI M CTaHAAPTHHUI EJEKTPOIHUMN MOTEHIAN; Z —
KUIBKICTh €JIEKTPOHIB, 110 O€pyTh Y4acTh B €IEKTPOJHOMY IMpoOIec] (s MeTa-
JICBOTO €JIEKTPOIA Z YUCETBHO JIOPIBHIOE 3apsTy 10Ha MeTally N); a — aKTUBHICTh
10HIB MeTally B po34MHi (y PO3BEJICHUX PO3YMHAX MPAKTUYHO 301ra€ThCcs 3 KOH-

IEHTPAIII€I0).
6.3.2 MexaHi3M eJ1eKTPOXiMi4HOI KOPO3ii
EnexTpoxiMiuHuii MexaHi3M KOpO3li MoJIIrae B TOMY, 10 MPOIECH OKHUC-

JIOBaHHS ¥ BITHOBJICHHS PO3/1JIEHI IPOCTOPOBO. MOKIHMBICTh TOALTY TPOIECY
KOpo3ii Ha JIBa CIOJYYEHUX MPOIECH — aHOAHHWM 1 KATOIHUU TOJIETIIYE HOTO



nporikanHsA. OKHCIIOBAY Tpae JIMIIE POjb JICMOSIpU3aTopa, 10 BiJHIMAE CIIeK-
TPOHH Yy METaITy, aJie He Pearyrdoro 3 METajJoM.

Meran Hikoau He OyBa€ OJAHOPIIHUM, BIH MICTUTh AUISHKH, IO BiApi3-
HSIOTHCS IO XIMIYHUX a00 (PI3UYHUX BJIACTUBOCTSX, — KaTOJIHI 00 aHOJIHI JiJIs-
HKH, 1110 YTBOPATH KOPOTKO3aMKHEH1 MIKpOTajibBaHIYH1 €JIEMEHTH.

[Tpu bOMy Ha aHOHIM JTIISHIN BIIOYBAETHCS OKUCTIOBAHHS METAIY:

Me — Me™"+ ne,

a Ha KaTOJHOMY — BITHOBJICHHS JIEMOJIIPU3aTOpa:

D+ me —>D™.

VY peanpbHUX yMOBax KOpo3ii 3yCTpIYa€eThCS 2 BUIW KATOTHOI JACTIONSPH-
3alii:
a) BOJIHEBA JICTIOJISIpU3AILIS:
2H" +2e — H,,

T i 0,059 pH, mpu pH =7 ¢~ M, 0,41 B.

BonneBa nenosnispuzaliis 3yCTpidyaeTbCsl B KUCIOMY CEPEJIOBHIILI, a TAaKOXK
y HEUTpasbHii a00 (piAKO) Y JY>KHOMY CEpPEJIOBHUIII Y B1JICYTHOCTI KUCHIO.
0) KMCHEBa JACTOJISIpU3aLis:

0, +2H,0 +4e — 40H

=+1,23-0,059 pH, npu pH="7: 9, -=+0.82B

?0, /08" /OH™
KiapKiCTh €IeKTpOHIB, IO BUBUIBHSIOTHCS METAJIOM, JOPIBHIOE YHCITY
€JICKTPOHIB, MPUETHAHKUX JCTIOISAPU3ATOPOM.

6.3.3 TepmoauHamMika eJJeKTPOXiMi4HOI KOPO3ii

TepMoauHaMiuyHa MOMJIMBICTh MPOTIKAHHS €JIEKTPOXIMIYHOI KOpPO3ii BU-
3HAYa€ThCs 3MIHOIO eHeprii ['100ca:

AG=-zF£<0, (6.21)

ne AG — 3mina eneprii ['160ca B pe3ynbTaTi €IeKTPOXIMIYHOT KOPO3ii; Z —
YHCIIO €JIEKTPOHIB, 1110 MPUHAMAIOTh Y4acTh B €IEKTPOAHOMY Mpoteci; F — moc-
Titina @apanes; € — enekrpopymriina cuia (EPC) ranpBaHiuHOTO €1€MEHTY.

3 piBHsHHS 6.21 BUIUIMBAE, IO KOPO3isi TEPMOAMHAMIYHO MOMKIIMBA, SIKIITO
EPC, sika MUMOBUIFHO YTBOpHUJIACs 3 TaJIbBAHIYHOTO €JIEMEHTY, ITO3UTUBHA, TOO-
TO:

&€= Qx—¢a>0,

3BIJIKH:

P = P, (6.22)



TOOTO MOTEHINa] KaTOAHOI JemnoJispu3alili MoBUHEH OyTH OUIbIlE MOTEHIIIATY
aHOJIHOTO OKHUCIJIIOBaHHS MeTaly. BeanunHu 000pOTHUX €EeKTPOJAHMX MOTEHII1-
aJIiB METaJIIB Y peAIbHUX YMOBaX KOPO3ii CUJILHO BIJPI3HAIOTHCS BIJl IXHIX CTa-
HIAPTHUX TOTEHIIATIB 1 MOXYTh OyTH pPO3paxoBaHi IO BiJOMOMY PiBHSHHIO
Hepucra.

[Iporiec kaToAHOI JenosipU3allii Mmoysirae y 3B'si3yBaHHI €JIEKTPOHIB, 110
3BUIBHAIOTHCS] B aHOJAHOMY TPOIIeCi YacTKaMu Jienoiisipu3aropa. Haityacrime Ha
KaTOJli IPOTIKAIOTh:

— BOJIHEBA JICTIOJISAPHU3AITIS — 2H" +2e —> H,

— xucHeBa nenosspu3antis — O, + 2H,0 + 4e — 40OH".

Buxonsuu 3 piBHsaHHa HepHcTa # 3 oryisay Ha Te, 1[0 CTaHJapTHUN MOTe-
HITIaJl BOJHEBOTO €JIEKTPOJia TOPIBHIOE HYIIO, KOKCH 10H BOJHIO TPHUETHYE
oJuH enekTpoH (Z = 0), a 3BOpOTHUH JorapudM aKTUBHOCTI 10HA BOJHIO JAOPiB-
Hroe pH, oepkuMo [T BOAHEBOI Jemospu3artii mpu temieparypi 25°C

——0,059pH . (6.23)

(pH+/H2

CranmapTHU# MOTEHIIa] KUCHEBOTO elliekTpoaa aopiBHioe +1,23 B, Tomy
aHaJIOT1YHE PIBHSIHHS JJI1 KUCHEBO1 JICTIOSpU3allii Mae BUTJIISI;

P, /o =123~ 0.059pH. (6.24)

PiBHSHHS 3aJIE)KHOCTI MOTEHINIAIIB BOJHEBOTO M KHMCHEBOTO CJIEKTPOJIIB
Bil pH npecTaBistoTh MpsMmi JIiHii.

Takum yrHOM, 3 OTJISly HA KOHKPETHI aHOJHY ¥ KaTOAHY peakiiii, MO>KHa
IPOPOUYUTH TEPMOJAUHAMIYHY MOKJIMBICTD MPOTIKAHHS €JIEKTPOXIMIYHOT KOPO3ii
JUISL PI3HUX METAITIB 3aJIC)KHO BiJl XapaKTepy CepeOBHIIIA.

T1 Metanu, moTeHUiaau SKUX PO3TAIIOBaHI BUILE JIIHIA pIBHOBaru BOAHE-
BOr0 200 KUCHEBOTO €JIEKTPOJIa, MOKYTh KOPOJIYyBaTH BIJIMOBIAHO 3 BOJHEBOIO
a00 KMCHEBOIO JIENOJISIpU3alli€to. 3a M€ 03HAKOK BCl METAIM MOYKHA PO3I1IH-
TH HA IT'SITh TPYIL:

[ — Meranu, 31aTHI KOPOAYBATH y Oylb-IKOMY CEPEIOBHUILI SIK 3 KHUCHE-
BOIO, TaK 1 3 BOJHEBOIO Jienosipuzaiiieto (¢ < —0,41 B);

I — meTtanu, 31aTHI KOPOAYBATH Y OYJb-IKOMY CEPEIAOBHIII 3 KHCHEBOIO
JIENOJIIPU3AIIIEI0, ajle 3 BOAHEBOIO JICTIOJISIPU3AINIEI0 KOPOAYIOUl TIIBKUA B KHUC-
nomy cepenosuiii (0 > ¢ > — 0,41 B);

[T — meTanu, 37aTHI KOPOAYBATH TUTHKK 3 KUCHEBOI JICTIOJSIPU3AINIEIO Y
KucioMy abo HelTpansHOMy cepenoBuii (+0,82 > ¢ > 0 B);

IV — Mertanu, 31aTHI KOPOAYBATH TIIBKA 3 KUCHEBOI JICTIOISPU3AIIEI0 Y
kucioMy cepenoBuil (+1,23 > ¢ > +0,815 B);

V — Mertanu, He 37aTHI KOPOAYyBaTH y OyAb-SIKOMY CEpPEIOBHII 3 OYIb-
KOO Jienossipuzaiiieto (¢ > +1,23B).

OTpuMaHi BUCHOBKHM CHJIBHO CIIOTBOPIOIOTBHCS TIPH HASIBHOCTI 3aXMCHHUX
1iBoK. HasiBHICTB 1 3aXMCHI BJIACTUBOCTI IUJIIBOK BU3HAYAIOTHCS TOJJOBHUM YH-



HOM BEJIMYMHOIO €JIEKTPOHOTO MOTEHIIAy MeTaly (TOOTO MPUPOJIOI0 MeTaa)
1 BOJHEBUM TTOKa3HUKOM HABKOJHIIHBOTO cepenoBuina, Tooto pH. ObunBa nmux
dakTopa 3HANUILIM BIIOUTTA B aiarpamax [lypoOe.

6.3.4 Miarpamu Ilypue

benbriiicekuii yuenuit [lypOe mobyayBaB giarpamu cCTaHy CUCTEMHU METal
— BOJa Y KOOpAMHATAax enekTpoauuid moteHian — pH. Ili miarpamu 103BOJISIIOTH
OLIIHUTH MO>KJIUBICTh MPOTIKAHHS MPOIIECY KOPO3ii Al KOXKHOTO TEXHIYHO BaxK-
JUBOTO MeTally. Y IHX Jiarpamax ypaxoBYIOThCS TPH MOKJIMBHUX PIBHOBard B
CHUCTEMIi MeTaj — BOJa.

1 PiBHOBaru, 3B's13aHi TUTHKU 3 OKUCITIOBAJILHO-BITHOBHUMH MPOIIECAMH,
HATIPUKIIAT;

Me 5 Me™ + ne

i piBHOBaru BU3HAYaIOTHCS TUIHKU BEJIMYMHOIO €JIEKTPOJHOTO MOTEHITIa-
ny i He 3anexats Bijg pH. Ha miarpamax taki piBHOBaru npecTaBieHi TOPU30H-
TaJbHUMH JIIHISIMH ¢ = CONSt.

2 PiBHoBarum 1oHHOro OOMIiHY, HE TIOB'I3aHI 3 OKHCJIIOBAJILHO-

BIIHOBHUMH TPOTIECAMH, HATIPUKIIAT:

Me(OH), S Me™ + nOH".

VY mux piBHOBarax Hemae Mepexoiy €JEKTPOHIB BijJ BIJIHOBHUKA IO OKHC-
JII0OBaya, BOHM HE 3aJie’KaTh BiJl BEJTUYMHU €JIEKTPOJIHOTO MOTEHIIAy i Ha Jiiar-
pamMax BOHM NpEJCTaBIeH1 BepTUKaIbHUMU diHisiMU — pH = const.

3 3wmimani piBHOBAry, siki 3anexarts 1 Bil pH, 1 BiJl BeIMUUHU €IEKTPO-
JHOTO MOTEHLIaTy, HAPUKIIA:

Me+ nOH S5 Me(OH), + ne.
JIns 1iux piBHOBAr €JISKTPOIHUN MOTEHINaT 3a1ekuTh Bia pH:
¢ =" — 0,059 pH, (6.25)

Ha giarpamax Ilyp6e imM BiAnoBiAatOTH MOXUJII JTIHII.
Posrasinemo sik npukiaz aiarpamy [lypOe mist Ky (puc. 6.2).
JIiHii miarpaMu BiANOBIAIOTH HACTYITHUM PIBHOBAraMm:
1 Zn 5 7Zn + 2e
2 Zn* + 20H & Zn(OH),
3 Zn + 20H™ 5 Zn(OH), + 2e
4 Zn(OH), + 20H" 5 Zn0O,* + 2H,0
5  Zn+2H,05 ZnO,"+ 4H" + 2e
[TacusHnicTs 308U 111 mopo3ymiBaeTbes yrBopeHH:sM 1utiBku Zn(OH), i
Zn.



[TonoxeHHst obnacTeil ICTOTHO 3aJ€KUTh BiJl CKJIaay CEpeOBHIIA — Ha-
. e . 2-
npukiaj Bia npucytHocti 10HiB CI #1 SO,

®.B

+1,6

+0,8

3 6 9 12 pH

Pucynoxk 6.2 Jiaepama Ilypbe onsa yunky
| - o61acms mepmoounamiunoi cmivikocmi (imynnocmi),
11, 1V - koposisa, I - obracms nacusHocmi

6.3.5 Kineruka esekrpoximiuHoi kopo3ii

TepmoauHaMiuHi JaH1 HE JarOTh MOXKJIMBOCTI OILIHUTH HIUPY HEOE3MEKY
KOpO3ii, TOMy 110 He Aat0Th 1HGOPMAIIii TPO MOKIIUBY MIBUIKICTH Kopo3ii. [Ipu
PO3IJISAJIl KIHETUKH TIPOLieCcy Kopo3ii BapTo OpaTH A0 yBaru oOUABa CIIOTYYEHUX
IpOLIeCH — aHOJIHUMN 1 KaToJHUN. BOHM B3aeMo3aekHi YMOBOIO €JIEKTPOHHOTO
OaylaHCy — KUIBKICTh €JIEKTPOHIB, TEHEPOBAHUX Ha aHO/Il, TOBUHHA CTPOTO BiJ-
MOBIJIATH KUJIBKOCTI €JIEKTPOHIB, 3B'3aHUX JENOspu3aTopoM. Posrisiuemo cro-
4aTKy KiHETUKY aHOAHOI peakii. Ii pe3ynbTat Mosxke OyTu BU3HAUEHUIA 1O 30UT-
Ky MacHu MeTajia, ajle He MEHII 3pyYHO XapaKTEePU3yBaTH IIBUJIKICTh BEJIMUUHOIO
cTpyMy koposii I, a0 BeIMYMHOIO IIUIBHOCTI CTpyMy i (TOOTO BIJHOIIEHHAM
CUJIU CTpyMy 10 moBepxHi). Takuii cmoci®O BUpakeHHsI MIBUJIKOCTI BUILIUBAE 13
3akoHy Dapajes, BIIIOBIIHO JI0 SKOTO Maca OKHCIECHOro Ha aHoai metainy dm
HPOTOPIIiiHA HOTO eJIEKTPOXIMIYHOMY €KBIBaJICHTY K., CHJIi cTpyMy i i vacy dr.
Tomy 110 3MiHa MacH B 4aci, BiJHECEHA 10 OJIMHMUIII TOBEPXHI, € MBUIKICTh KO-
po3ii

dm/dt = k., (6.26)

a eNeKTPOXIMIYHMIA €KBIBAJIEHT JJIsl JAaHOTO METaly € BeJIMYMHA MOCTiHHA, TO
HIUTHHICTH CTPYMY MPSMO MPOTIOPITiHA MBUAKOCTI KOPO3ii.
[IBuaKiCTH KOPO3ii MOKE OyTH BUpAKEHA Yepe3 CHUITY CTPyMY KOPO3ii:



o_ .0
_E_OPg Py

|
ne | — xoposiitauii ctpym; € — EPC kopo3iiiHOro raapBaHIgYHOTO €JIeMEH-
Ta; @’ i @°, — PIBHOBaXHI IMOTEHI[iaI KATOAHOI i aHOQHOI peakiiii; R — enek-
TpUIHUHN (OMIYHHUI) OMip KOPO31MHOIO JIAHIIFOTA.
HacmpaBi cTpyM 3aBXAW MEHIIIE, TOMY IO €JICKTPOAH TOJISIPU3YIOTHCS,
TOOTO MOTEHIIIAJI aHOJa CTAa€ OUIBIIE ITO3UTHBHHUM, IMOTEHIlIA] KaToaa — OlJIbIIe
HETaTHBHUM CTOCOBHO iXHIX PIBHOBOKHHUX 3HAUCHb.

0. = @’ AQ,, (6.28)
0= 0’k — AQy. (6.29)

ne A@, i A@, — aHoiHa ¥ KaTOJHA MOJIApU3aIlli — BIAXUJICHHS MOTEHIIIa-
JB €JIEKTPOAIB BiJ iX PIBHOBaXHHUX 3HadyeHb. [IpuunHa mosspusaiii — BijacTa-
BAaHHSI €JIEKTPOJHMX IPOLECIB Bl IBUIKOCTI NEPEMILICHHS €JIEKTPOHIB. Benu-
YMHA MOJISIPU3ALIll 3aJI€KUTh BiJ:

- [IUIBHOCTI CTPyMY: | = é;

- TPUPOJHU U CTaHy MOBEPXHI METaNY;

- KOHIEHTpAIlil i MPUPOIU MPUCYTHIX Y PO3UUHI 10H1B;

- TeMmIepaTypu.

Karoani mporiecu ajisi €IeKTPOXIMIYHOT KOPO31i MPAKTUYHO 3aBKIHU 3BO-
JATHCS 710 BXKE 3TaJIaHUX MPOIIECIB BOJHEBOI i KUCHEBOI Jienofsipu3ailii. Bonne-
Ba JICNOJIAPU3ALlisl XapaKTepHa JUIsl KOpO3il METaNIB y KUCIUX CEPEAOBHILAX, alle
MO>K€ POTIKATH ¥ y HEUTPAIIbHOMY CEPENOBHILI NMPHU BiICYTHOCTI PO3UHMHEHOTO
KHCHIO y BUIIQJKy KOPO31i METajiB, 1[0 MatOTh O1IbII HETATUBHI 3HAYEHHS €JIeK-
TPOJHUX MOTEHIaNiB. PO3psii 10HIB BOJHIO HA KATOAHUX IUISTHKAX

2H' +2e¢ —> H,

IIPOTIKAE TMOPIBHSIHO MOBUIBHO. Y PE3yNbTaTi MOTEHINA KaTo/a 3MIILYEThCS B
HEraTUBHY CTOPOHY (mossipu3aiisi enekrponaa). Lle sBume moaibHo 3 mepeHarn-
PYKEHHSIM TIPH €JIEKTPOJIi31 ¥ KUIbKICHO BUPAXKAETHCS 3 TEPEHANPYKEHHSIM 1.
[TepenanpyxeHHs XapaKTepu3ye yTPYAHEHICTh MPOTIKAHHS KaTOAHOTO MPOIECY
i onucyeThes piBHSHHSAM Taderns:

n=a+blni (6.30)

Koeinient b s Ginbiocti MetamiB y BUMAAKy BOJIHEBOT ACTIONISAPU3aALii
npu 20 °C 6musekuii 10 0,12. KoedirieHT a, yucenbHO piBHUI MTEpeHANPYKEH-
HIO TIPU TYCTHHI CTPYMY, PIBHIM OJMHMUII, IYKE CHIIBHO 3QJICKUTh BiJl IPUPOIU
MaTepially Karoja.

[ToTpiGHO MOMITHUTH, 11O MPHU IyKE MAIUX TYCTHHAX CTPYMY 3aJI€KHICTb
NepeHAINpPYKEHHS BiJ] BEIMYMHU T'YCTUHU CTPyMY JIiHIMHA. Brucoke nepenamnpy-



’KEHHSI BOJIHEBOI Jenojspu3alii Moxke OyTH BHUKOPHUCTAHE AJi YINOBUIbLHEHHS

KOpPO3ii, SIKIIO MTYYHO B T€TEPOr€HHOMY CILIaB1 JIOKAIi3yBaTHU KAaTOAH1 JUISTHKA

Ha KOMIIOHEHTaX, I0 MAalTh BHUCOKE MEpPEHANpPYXEHHS BHUAUICHHS BOJHIO.

[TpakTH4HO HIKOJIM BOJHEBA JACTOJISPHU3AIIisa HE JIMITYEThCS TUDY31HHUMH TIPO-

1ecaMu, TOMY NepeMIlTyBaHHs HE BIUIMBAE HA MIBUKICTh I[LOTO MPOLIECY.
[Tporec kuCHEBOI JAenmoaspu3anii

0, +2H,0 + 4¢ — 4OH

XapaKTepHUM [JIs1 KOpo3ii MEeTaliB y HEHTpalIbHHUX 1 JIy’)KHUX CEPEIOBHUINAX Y
MPUCYTHOCTI PO3YMHEHOr0 KucHI0. KrcHeBa nemosspu3allis 3yCcTpiuaeThCcsl Ha-
OaraTo yacriiie, Hi’ BOJAHeBa. PIBHSIHHS MepeHanpy>KeHHs 1751 KUCHEBOI JIeTOo-
nsipu3aliii aHajoriuno piBHsHHIO Tadens. BaxnuBoi 0coOIMBICTIO Mpoliecy Ku-
CHEBOI1 JEMOJISIpU3allii € Te, 0 PO3YMHHICTh KUCHIO Y BOJII HEBeNuKa (OJIM3bKO 8
MT/JI TIpU KIMHATHIM TeMIiepaTypl) 1 3MEHIIY€EThCS MPU HarpiBaHHi. Tomy ayxe
Y4acTO IMIBUJIKICTh KOPO3ii 3 KHCHEBOIO JICTIOJISIPU3AITIEIO TIMITYETHCS IIIBUAKICTIO
mudy3ii KHUCHIO 0 KaTOAHUX JUISHOK MeTany. Toil IIUIBHICTh KaTOJIHOTO
CTpPyMY, 1110 OOMEXKY€E TUPy3i€r0, OMUCYETHCS MOAN(DIKOBAHUM 3aKOHOM AQYy3ii

i=zFD%, (6.31)

a00 3 ypaxyBaHHSM y4acTi YOTUPHOX E€JIEKTPOHIB Y PEaKIlii KUCHEBOI IETOISIPU-
3amii
Cy-C
i=4FD0T. (6.32)

Je | — IIUIBHICTh KOPO3IHHOTO CTPYMY; Z — KiJIbKICTh €JIEKTPOHIB, 10 Oe-
PYyTh yudacTh y peakiiii; F — koncranta @apanes; D — koedinient nudysii; Co i
C — KOHIIEHTpallisl KUCHIO B Macl po34MHY i Ha IMOBEPXHI KaTo/1a; 6 — TOBIIMHA
nudysiiinoro mapy. Koegimient qudysii kucHio y Boi mpu teMmneparypi 20°C
nopismioe 1,87:10°° cm?/c. TIpu 3pocTanHi KOpO3ifHOro CTpyMy KOHLIGHTpALIs
KHCHIO TTOOJIM3Y MOBEPXHI METATy MparHe 10 HYJO i TOJIl IOCATAETHCS BETUY -
Ha TPAHUYHOTO TUQY3IHHOTO CTPyMY I,

i =4FD%. (6.33)

OcTaHHe pIBHSHHS MOKA3ye, 110 Y BUMAJKY KUCHEBOI JACMOJsSpU3aLii MO-
HA JOCUTh €()EKTUBHO 3HM)KYBATU IIBUAKICTH KOPO31i, 3MEHIITYIOUH 3MICT (pO-

3UHMHHICTH) KUCHIO B CEPEIOBHIIII €JIEKTPOJIITY.

6.3.6 Kopoz3iiini giarpamn



[TpuifHATO TIPOBOAMUTH aHANI3 KOPO3IMHHMX CHUCTEM 3a JOMOMOIOK Jiar-
paM, Ha skuX rpadivyHo BiI0OMTa KiHETHKA KaTOJHOTO W aHOAHOTrO mporeciB. L1
JiarpaMu MOXKYTh OyTH MOOY/I0BaHI B PI3HUX KOOpAHHATaX. 3BUYANHO SIK TIOKa-
3HHUK IIBUAKOCTI KOPO3ii 3aCTOCOBYIOTH BeMMuuHy cTpymy I abo ryctuny cTpy-
My i, iHOM1 In i. ITo i1HIIM ocCi BiAKIagar0Th a00 3HAYECHHS IMOTEHINaTy ¢, abo
BEJIMUMHY mojsipu3aiiii A@. Haitbineine Bramow 1 HaMmomupeHimow (GopMoro
KOPO3iiHMUX aiarpaMm € ¢opMma, 3alIpONOHOBaHA aHTJICEKUM yueHUM EBaHcoM.
Ha nmx miarpamax HeraTWBHE 3HAYEHHsI MOTEHIIATy BIJKIAJal0Th HA OC1 OpJIH-
HAT, a Ha ocl a0CIUC BIAKIAal0Th BETMYMHU KaTOAHOTO W aHOJHOTO CTPYMIB,
103a 3aJeKHOCTI BiJl TOTO, III0 BOHU MalOTh MMPOTUJIC)KHUN HATIPAMOK.

[TouarkoBa pi3uutg noteHmiams (Tooto EPC kxopo3iitHoro raapBaHigHO-
IO eJIeMEHTA) € = @’ — @°, ABJIIE COOOIO PI3HMIIO MiK PIBHOBOKHUMHM TTOTEHIII-
aJlaMHd KaTOJHOTO i aHOJHOTO MPOIECIB (IIPHU BIACYTHOCTI CTPYMY B JIaHIIIO3I,
TOOTO IPH BIFACYTHOCTI KOpo3ii). BiAmoBiIHO 10 KIHETHYHHX OCOOJUBOCTEH Ka-
TOJHOTO ¥ aHOJHOIO IPOLECIB IPU NPOTIKAHHI CTPYMY (lixopp) Y CHCTEMI CIIO-
CTepiraeTbcs aHojHa AQ, i KaTogHa AQ, MoJsipU3alii ¥ pi3HUIA MOTEHIAJIB
MIXK €JeKTPOJIaMU 3MEHITY€eThes 10 BennunHu U. SIKio oMiuHuiA omip JaHIora
3HEBAXUIMBO MaJIO (1€ YaCTO 3yCTPIUA€THCS, SKIIO MEPETUH METAIEBOIO BUPOOY
BEJIMKUM, a BIJICTaHb MIK aHOJHOIO M KaTOJIHOIO NUISHKaMH AYy)K€ Maia), TO
BCTAHOBITIOETHCS 3arajbHE Ui 000X EIEKTPOJIB 3HAYCHHS IMOTEHINIATY @y, a
HIUTBHICTh KOPO3IHHOTO CTPYMY JIOCSTA€ MAKCUMYMY |max.

3 HaBeAeHoi alarpamu EBaHca n00pe BUAHO, IO T'yCTHMHA KOPO31MHOIO
CTpyMy HE MOKe OyTH po3paxoBaHa 3a 3akOHOM OMa SIK BiTHOIICHHSI €JIEKTPO-
PYLIIHOI CUJIM O OMIYHOTO OMNOPY KOpO3iiHOro janurora. ns po3paxyHky
KOPO31MHOT HIIILHOCTI CTpyMY (IIBUIKOCTI KOPO3ii) HEOOX1THO BpaxOBYBaTH Ki-
HETUKY CJICKTPOIHUX MporieciB. [le MokHA 3pOOUTH, SKIIO BBECTH MOHITTS Ka-
TOAHOT ¥ aHOTHOT MOJISAPU3YEMOCTI (ITOJISAPU3AIIHHOTO OIIOPY):

Pa=A@li it Po=Aodi. (6.34)

3 00JiKOM BUIIIECKA3aHOTO PIBHSHHS JJISI PO3PAXyHKY MIBUIKOCTI KOPO3ii
(KOpO3iHOT TYCTHHH CTPYyMY) MOKHA 3aITUCATH B TaKUi CIIOCI0:

o __.0 0
=% ~% __  Ap" (6.35)
R+Pg +Py,  R+P +P,

3a 10NOMOTrOI0 IILOTO PIBHSHHS MOKHA JJOCUTh TOYHO PO3PaxyBaTH IIBU-
JIKICTh KOPO3ii 10 MOJSPU3AMIHHIX KPUBHX.

MaxkcuManbHHUM KOpO31MHUN CTPYM BIANOBIA€ TOBHOI BIICYTHOCTI OMiY-
HOTO OTOpY, 10 MOXKJIMBO MPU MIHIMAIBHOT BIJICTaHI MK aHOJHOIO W KaTo/I-
HOIO JUISIHKAMU METally B CIOJIyY€HHI 3 BIJIHOCHO OUIBIIMM MEPETUHOM Tijia
MeTay:

0 o
i _ Pk " Pa 6.36
‘max =p Tip. (6.30)



CraJyia IBUAKICTH €JIEKTPOXIMIYHOT KOPO31i, BIAMORBIHA CHJIl KOPO31MHOTO
CTPYMY, BU3HAYAEThCS OMOpoM Horo okpemux craiii (R, P,, Py). Ctaais npo-
1ecy Koposii, 10 Ma€ HaOUIbIIMK OImip 1 TOMY POOWTh OCHOBHWN BIUIMB Ha
IIBUJIKICTh TIPOIIECY B IIIJIOMY, Ha3UBAEThCS KOHTPOJIIOIOUOI0 cTaji€ero. Kinbkic-
HO II€ BUPAKAETHCS CTYIICHEM KOHTPOJIIO MIPOIIECY JAHOK CTAIi€r0.

_ P, _ Ao, _ Ao, . (6 37)
T R+P,+P AR +AQ, +AQ  Ag°®
P A _ A% . (6.38)
K R+P, +P, Aopr +Ap, +A0, Ap® ’
R A A
Cr PR PR (6.39)

=R+Pa+PK =A<pR +AQ, + A, B Ag®

ne C,, Cx Cr,— CTyIICHI aHOJAHOTO, KATOJIHOT'O ¥ OMIYHOTO KOHTPOJIIO, BU-
paXkeHi B yacTkKaxX ofuHMUIN. LI BeTMYMHU 1HOJI BUPAKAIOTH Yy MPOIEHTAX, IS
qyoro orpumani 1udpu MHOkath Ha 100.

VY peanbHHUX yMOBax 3yCTPI4a€eThCs LIICTh OCHOBHUX BHIIAJIKIB KOHTPOJIIO
EJICKTPOXIMIYHUX MPOIECIB KOPO31i METaIB!

| — KaToAHMI KOHTPOJIb MPU OCHOBHIN POJII TIEpEHANpPYKEHHs 10Hi3aIlii
KHCHIO. Y 1mpoMy BuUNaaky R = 0, A@, >> A@,. CnocTepiraetbcsi npu KOpo3ii
METaJiB y HEUTPaJIbHOMY CEPEJOBHILI MIPU FrapHOMY MIJABEIECHHI KHCHIO J0 MO-
BEpPXHI METaNy;

Il — KaToHUI KOHTPOJb NPH OCHOBHIN POl AUPY31i KUCHIO. Y I[bOMY
Bunajaky R = 0, Ag, >> A@, Cnocrepiraerbcs npu Kopo3ii B HEUTpabHOMY Ce-
PEAOBHILI B €JIEKTPOIIITAX, IO HE EPEMILIYIOTD;

Il — xkaToHUI KOHTPOJIb IPU OCHOBHIHN POJI1 MTEpEHANIPYKEHHS BOJHIO. Y
npomy Bumnagky R = 0, A@, >> A@, i1 Iy, >lp,. Cnocrepiraerbest mpu Kopo3ii
3aJTi3a, [UHKY ¥ 1HIIMX METajiB, 10 MAalOTh HETAaTHBHE 3HAUYCHHS CTAHIAPTHOTO
€JIEKTPOIHOTO MOTEHI1aTy B PO3YMHAX KUCJIOT, III0 HE OKUCIISIIOTh, a TAKOXK MPH
KOpPO3ii MarHi€BUX CIUIaBIB y HEUTPATHLHOMY CEPEIOBHIIIL;

IV — 3Mmimanuii KaTogHUN KOHTPOJb. Y 1IboMY BUNIAAKY R =0, AQy = AQ,.
Crniocrepiraerbest mpu KOpO3ii 3aiiza, HEPKABIFOUMX CTaJieh, aTIOMIHIIO U Py
IHIIMX METAJIIB Y TACUBHOMY CTaHi;

V — 3MillIaHui KaTOJHO-OMIYHUNA KOHTPOJIb. Y 1IboMY BUIAAKY R #0, A@y
= AQr>>A@,. Lleli Bua KOHTPOITIO 3yCTPIYa€ThCA MPU KOPO3ii BHACIIIOK pOOOTH
Makponap Ha OUIbIIMX BIJCTaHSAX B €JIEKTPOJIITAX 3 1y>KE HU3bKOIO €JIEKTPOIpO-
BIJIHICTIO, HAIIPUKJIAA IPH KOPO3li MiA3EMHUX KOMYHIKAI[l BHACHIIJIOK poOOTH
Makponap, 00yMOBJIEHUX HEPIBHOMIPHOIO aepalli€lo;

VI — 3minranuii KaToTHO-aHOTHO-OMIYHUN KOHTPOJIb. Y IIbOMY BHUIIAJIKY,
AQi = A@, = AQr. Lleit BUI KOHTPOJTIO 3yCTPIUA€ETHCA MPHU JIETKOMY JTOCTYTI1 KH-
CHIO IO TOBEPXHI METajy, L0 JIETKO MacCUBYETHCS MPH BEIUKOMY OMIYHOMY
OTIOP1 EJIEKTPOJIITY, HAIIPUKIIA MIPX BOJIOTIHA KOPO3ii CTall IMi/T TOHKOIO TUTIBKOIO
aTMOC(EepHOi BOJIOTH.



Bu3HaueHHS THITY KOHTPOJIFO Ma€ BEJIMKE MPAKTUYHE 3HAYCHHS, TOMY IO
HaWO1IbI e(EKTUBHOTO BIOBUIBHEHHS KOPO31i MOXKHA JOMOTTHUCS, SIKIIO AISTH
caMe Ha KOHTPOJIIOIOUHH MPOIIEC.

6.3.7 IlacuBHiCcTH MeTAJIIB

[TacuBHICTH — 1€ CTaH BIIHOCHO BHCOKOi KOPO31iiHOi CTIHKOCTI METAaliB,
BHUKJIMKAaHE TAJIbMYBaHHSIM aHOMHOI peakilii. [ToTeHIian Metasy B aCHBHOMY
CTaHl CWJIBHO 3MIIMAETHCSA B TTO3UTUBHUMA O1K, M0 CBITYUTH MPO CHILHUIA aHOI-
HUW KOHTPOJIb. CTyIMHR MACUBHOCTI METATy MOKHA OXapakTepu3yBaTH Koedi-
I[IEHTOM TMACUBHOCTI 7 , IO SIBJISIE COOOI0 BiTHOIICHHS aHOAHOI MOJIAPU3AIliil 110
KaTOIHOI:

n=2% (6.40)
Agy

[TacuBHMII CTaH SIK IPABUJIO HACTYNIAE TIPU KOHTAKTI METAJIB 13 CUIIbBHUMHU
OKHCJTIOBauYaMHU, TaKUMH K KuceHb O,, mepokcun BoaHi H,O,, ioHM Xpomaty
CrO,~, TUXPOMATY Cr,0/%, nepManraHatry MnQO, , 3 KOHIIEHTPOBAHOK a30T-
HOIO a00 CipyaHOI KHUCIOTO M 1HImMMMHU. CXUJIBHI JO MEPEeXOoay B MAaCHBHUN
CTaH 3aj1i30, XpOM, aJlFOMiHIM, TUTaH, HIKeJb ¥ 1HIII. X04a CXWIBHICTh 10 YTBO-
PEHHsI TAaCUBHOTO CTaHYy METaIy CHJIBHO 3aJICKHUTh BiJ] OaraThb0X yMOB, MOXKHa
pEeACTAaBUTH NMPUOTU3HUHN PsJ 3MEHIIICHHS CTYIIEHS TAaCUBHOCTI METAIB:

Zr—Ti—Ta—Nb—Al-Cr—-Be—Mo—-Mg—Ni—Co-Fe—Mn-2Zn—-Cd—-Sn—Pb—Cu.

["asibMyBaHHS aHOJTHOTO TIPOIIECY TOB'SI3aHE 3 YTBOPEHHSIM Ha TTOBEPXHI

MeTajy HEpO3YMHHOTO OKCHIY:

Me + n H,O — MeO,, + 2n H* + 2ne
a0o0 T1IPOKCUIY:
Me + n OH™ — Me(OH), + ne.

6.3.8 AHoaHi moasipuzauiiini Kpusi

OcHOBHUI METOJl NOCHTIPKEHHSI TACMBHOCTI — TMOTeHIliocTatuuHuid. Ha
JOCIIKYBaHUN MeTaj MOJAEThCS CTPOTrO MEBHUM MOTEHIAN 1 PEeriCTPyeEThCs
IIBUKICTh aHOJIHOTO TPOIecy, TOOTO BeIMYnHA aHOAHOTO cTpyMy. Ha puc. 6.3
HaBeJICHA TUTIOBA aHOJIHA MTOTEHITIOCTATUYHA KPUBA.

6.3.9 3oBHilIHI /I BHYTPilIHI GaKTOPH eJIEKTPOXIMIYHOI KOPO3il

a) TepMmoarHamiyHa CTIMKICTD 1 MOJIOKEHHS METay B MEPIOAUYHOI CHC-
TEMI.

3aIe)KHO Bifl BENMUMHE CTAHAAPTHOTO EIEKTPOJHOTO MOTeHIiamy @° BCi
METaIl MOKHA PO3JLIUTH Ha 5 TPYyM, pO3ALJIEHUX BETUYMHOIO OTEHIIIaIIB BO/I-
HEBOTO 1 KHCHEBOTO €JICKTPOIIB y PI3HUX CEPEOBUIIIAX:



Tabnuysa 6.1 Ilomenyianu 600He8020 Ul KUCHEB020 e1eKMPOOi8 ) PIZHUX

cepedosuyax
Cepenouiiie HeiitpanbHe Kucne
[ToreHirian BogHEBOTO eleKTpoja, B -0,415 0,000
[ToTenrian KucHeBOTO eJIeKTpoa, B +0,815 +1,23

1) Benuuunna noTeHmiany Metany Oiunbin HeratuBHa, yuM —0,415 B. Me-
TaJau MiABUIEHOI TepMoanHaMiuHoi HectabimpHOCTI (Na, Mg, Be, Al, Zn, Fe i
1H.). MOXXyTh KOPOJyBaTH HaBiTh y HEUTPAIbHOMY BOJHOMY CEpPEOBHILI Y BiJi-
CYTHOCTI PO3YMHEHOT'0 KUCHIO i OKHCITIOBAYIB.

2) Ilotenmian MeTany JeKuTh y Mexax 0 > ¢ > —0,415 B. Tepmoauna-
MiyHO HecTabutbHI MeTtanm (Cd, Mn, Ni, Si, Pb). Bonu cTiiiki B HeHTpaabHUX
CEpeIOBUILAX Y BIJICYTHOCTI PO3YMHEHOTO KUCHIO, ajie B KUCIUX CEPEOBHUIIAX
KOPOJYIOTb.

3) Ilotenmian Metany aexuTh y Mexkax +0,815 > ¢ > 0 B. Meranu mpo-
MDKHOI TepMoauHaMiuHOi ctabuibHOCTI (B1, Re, Cu, Rh, Ag). ¥V BiacyTHOCTI
PO3YMHEHOT0 KUCHIO CTa0lIbHI B KHCIIUX 1 HEUTPAJIbHUX CepeIOBUIIIAX.

4) TloteHmian Merany JeXUTh y Mexax 1,23 > ¢ > +0,815 B. Meranu
MOPIBHSIHO BHUCOKO1 TepMoauHaMmiuHoi ctaduibHOoCcTi (Ir, Pd). ¥V HeiTpanbHMX
CEpEeIOBUILAX CTIMKI i Y IPUCYTHOCTI KUCHIO.

5) Iotenmian metairy Oumbiie +1,23 B. MeTanu moBHOI TepMOIuHAMIY-
HO1 cTtabimbHOCTI (Au, Pt). BoHM cTiliki B Oyb-IKHUX CepeOBUINAX Y IPUCYTHO-
CTI KUCHIO. MOXyTh KOPOJyBaTH y MPUCYTHOCTI KOMILJIEKCOYTBOpIOBada Mpu
HAsSIBHOCTI CUJIbHUX OKHCIIFOBAYiB.

-
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Pucynox 6.3 Anoona nonapuzayitina kpusa
1 - obracmv akmueno2o posuunerHs, 2 - hopmy8aHHs NACUBHO20 CIAHY;
3 - obnacms nacusnocmi,; 4 - obnacms nepenacusayii



[TonoxeHHs1 MeTasiB y rpynax He € OJJHO3HAYHOI XapaKTEPUCTUKOIO HOTO
KOPO31MHOI CTIMKOCTI, MPOTE € JEsIKI 3aKOHOMIPHOCTI:

— HaliMeHmI ctabubHI MeTanu IA i [IA rpym;

— Metanu rpynu IB — criiiki (Cu, Ag, Au);

—  metanu rpynu 1B 6inbime cTitiki, unm rpynu I[IA;

— Jerko nacuBytoTbes metanu rpyn VB it VIB (Ti, Zr, Cr, Mo), a Ta-
Kox rpynu VIIIB.

6) Cxiaj 1 CTpyKTypa CILJIaBiB

Metanu B MPOMHUCIOBOCTI AyXe PIIKO 3aCTOCOBYIOTh Y YHCTOMY BUI,
3BHYAHO 3aCTOCOBYIOTHCS CIIaBU. ['OMOTeHH1 CIiaBu OijibIlie KOpO31iHE CTiii-
ki. CaMuii HeCTIpUATIMBUNA (AKTOP TETEPOreHHOCTI — KaTOAH1 BKIIOUeHHS. J{7st
YyaByHy 1ie Kap0ia, rpadit, mis gropainto — intepmetanig CuAl,. OnHak kaToaHe
JIETYBaHHS MOXE U TaJbMyBaTH KOpo3iro (Hampukian, Mg,Si B cuctemi Al-Mg-
Si1), a00 BUKIIMKAIOTh MITTIHT 400 MIKKPUCTATIYHY KOPO310.

Ha migcraBi enekTpoxiMiyHOi Teopii HaWBaKJIMBIIII HUISXW CTBOPEHHS
KOPO31HHOT CTIMKOCTI CIUIaBiB MOHA KJIacU(IKyBaTH TAKUM YHHOM:

- MIiABUILIEHHS TEPMOJIUHAMIYHOI CTaOITILHOCTI CIIaBY — JICTYBaHHS Mi-
7l 30JI0TOM, HIKEJII0 — M1JIJIF0, XPOMHUCTOI CTalll — HIKEJIEM;

- 3MEHNICHHS IUIOII KaTOJHUX AUISHOK IUISXOM IMEpeKIaay KaTOJIHHUX
JUISTHOK CTUIaBY Y TBEPAMM PO3UWH (HANIPUKIIAJ, TIPH 3arapTyBaHHI BYTJICIIEBUX
cTajei abo TIOPaTIOMIHIIO);

- BBEJICHHS J00aBOK, 1110 30UIBIIYIOTh TIEPEHANPYKEHHSI KaTOJIHOI pea-
KIIi1 — JIETyBaHHS KaJMI€M, pTYTTIO, MapraHilleM, MULLI'SKOM (U151 JIATyHE);

- JIETyBaHHS, 1110 MJBUIIYE aHOJHY MAaCUBHICTh, — JICTYBAHHS 3aJl13HUX
CIUIaBIB XpPOMOM, HEPKABIIOYMX CTaJeil — TUTAHOM, HI001€EM, TAHTAJIOM.

B) BB cknany il KOHIIEHTpallil arpecCUBHOTO CEPEIOBHILIA.

Haitgacrime came aHiOHM BIUIMBAIOTh Ha IMIBUAKICTH KOPO31MHOTO MpoIie-
Cy, aJie 1HO/Il BIUTMBAIOTh 1 KaTIOHM.

Bci 10HU 30BHINIHBOTO CEPENOBUINA MPUHHATO TIIUTH HA aKTUBATOPU U
1HT101TOPH.

AHIOHU-aKTUBATOPH JIIOTh MOABIHHO:

- MOXYTbh MOPYIITYBaTH MaCUBHUI CTaH MeTainy abo 3aBa)kaTh MOro BU-
HukHeHHIO (Cl, Br, I") — BoHM aicopOyIOThCS Ha IUTIBII OKCHUIY, BUTICHSIOTH
KHCEHb 1 PO3YUHSIOTH IUTIBKY;

- MOXYTb TOJICTIIYBAaTH 10HI3AI[II0 METaly, 3B'SI3yIOUM 10HU MeETaly
Me"" y kommnekcu. Lle 3MeHIIye akTUBHICTb 10HIB MeTaly, 3HHKYE aHOJHY IO-
nspuzauito. [Tpuknaag — amiak NpUCKOPIOE KOPO31I0 MiJll, YTBOPIOIOUM CTIMKe
xommiekcHe 3'exaants [Cu(NHs)a].

KarioHu-akTuBaTOpU — 11€ 10HK METANIB, 1110 MAIOTh 3MIHHY BAJICHTHICTb
(loHM ABOX- 1 TPUBAJIEHTHOTO 3aJli3a, OJHE- 1 ABOBAJICHTHOI Mifl ¥ T.1.), BOHH
OepyTh y4acTh y KaTOAHOMY IPOILIEC] K JIENOJIIPU3aTOPH:

Men+ +e— Me(n—1)+’

MOTIM B3aEMOJIIOTH 13 KUCHEM:



Me™ Pt + 0, + 4H' — 4Me™ + 2H,0.

Po3unHHICTE 10HIB METaJIIB O1JIbIIE, HI’K KUCHIO, TOMY 3HAYHO ITPUCKOPIO-
€THCSI KATOAHUM MpoIIeC.

AHIOHHU-THT101TOPH MOXKYTh POOUTH Pi3HY AiI0 Ha MPOIIECH KOPO3ii:

- aHIOHU-OKHUCJIIOBaul MEPEBOJIATh METal y MACUBHUM CTaH, ralbMyIOTh
MPOTIKAHHS aHOAHOTO TIporiecy. Jlo TakuX aHIOHIB BiTHOCATHCS Cr2072_, CrO42_,
NO,, NO3; ", MnOy 1 iammi;

- aHIOHU MOXYTh B3a€EMOJISATH 3 10HAMH METaTy 1 YTBOPIOBAaTH HEPO3-
YUHHI TUTIBKH. {7151 CTUTaBiB Ha OCHOBI 3aJTi3a BIOBIIBHEHHS KOPO3ii JOCITA€ThCS
B IIPUCYTHOCTI Cr,0,%, CrO,*, NO,, NO3 ", MnO, ; /151 aJOMiHi€BUX CILIABIB —
S*, Si0s%, HPO42_; JUIs Marmiesux cruiasis — F, PO,>, OH, AlO, ; mis cBuH-
1eBHX crasis — F, SO,% .

KatioHu-iHri6iTopu — yTBOPATH BAXKKOPO3YMHHI TIAPOKCHIA 3 10HAMH
OH’, axi yTBOpATbCS B pe3yJbTaTi KaTOAHOI peakilii. BoHU yNOBUIbHIOIOTH Ka-
TOJHUM MPOIIEC, CTBOPIOIOYM Ha KATOJHUX JIJISHKAX 130JI0104y TUTBKY. Jlo Ta-
KMX KaTioHiB BimHOCATHCS: Fe?*, Fe3+, Mg2+, C02+, Sn2+, Zn2+, Mn2+, cr,

[lacuBariss  metamiB  (3amiza, XpoMy, aJllOMIHIIO)  KHUCIOTaMu-
OKHUCJIIOBauYaMH (a30THOIO ¥ CIpYaHOIO KHCIOTaMu) J00pe BiioMa i BUKOPUCTO-
BYETHCS Ha MPAKTHIL. A30THA KHCJIOTA MMACUBYE 3aJ1130 NPHU KOHLEHTPALISAX BU-
e 35 — 40 %, cipuana kucnoTa — npu KoHreHTpaiax 50 — 55 % 1 6ubIe.

r) BrjiuB KucmoTHOCTI

KuCIOTHICTB cepeoBuIla BITMBAE MOIBIITHO:

- 30UIbLIEHHS! KOHIIEHTpalli 10H1B BoAHIO (3MeHIIeHHs pH) 3MiHIO€ Be-
JTUYMHY TTOTEHITIaTy BOJHEBOTO i KHCHEBOTO €JIEKTPOIIB:

(PH+ = —0’059 pH, (PO/OH- = 1,23 — 0,059 pH

UYum menme pH, Tim O11b11I MO3UTUBHA BEJIMYMHA MOTEHIIIANTY Ta OlIbIIIe
MoBIpHICTH KOpo3ii. Ha anonuuit mpouec pH He BriuuBae.

- pH BMBae Ha PO3UMHHICTH MPOAYKTIB KOPO3ii.

Buxoasuu 3 THmy 3anexHOCTI KOpO3isi — KUCIOTHICTh CEpe/lOBHUINA, BCl
METaJN JUIAThCS Ha S TPyI:

| — MeTanu, cTiiiki B Oy/Ab-sIKOMY CEPEAOBHUILI B CHILY J1y>KE€ MO3UTHUBHOTO
3Ha4yeHHs noreHuiany (Au, Ag, Pt). llIBuakicts He 3anexuTh Bia pH;

Il — MeTanu, CTiiiKi B JIy’)KHOMY CEpEJIOBHUII, aje HECTIMKI B KUCIOMY 1
HelTpasibHOMYy (Mg, Mn, Fe). V my:XHOMy cepeloBHILll BOHU YTBOPSATH HEPO3-
YUHHY IJTIBKY T1JPOKCHIIB;

Il — MeTanu HeCTIHKI B KUCJIOMY, ajie CTIMKI B JIY)KHOMY ¥ HEHTpaIbHOMY
cepenouti (Ni, Co, Cd). I'inpokcuaHi IJIIBKHA BiIPI3HAIOTHCS BUCOKUMH 3aXH-
CHUMU BIIACTUBOCTSIMU;

IV — Mertanu, CTiiiKi B KUCJIOMY ¥ HEWTpaJIbHOMY CEpEeIOBHILI, aje He-
ctidki B myxHoMy (Ta, Mo, W). L{i MeTaau yTBOPSITh KMCII T1APOKCHIHI TUTIBKH,
K1 JOOpE PO3UUHSIOTHCS B JIy’KHOMY CEPEIOBHIIIL;



V — MeTanu, CTiiKi TUTBKH B HEUTpalibHOMY cepenoBuili (Al, Zn, Sn, Pb).
Bonu yrBOpsTE aM(OTEpHI OKCUAM ¥ T1APOKCHUJIN.

1) Bruus Temneparypu

Temmeparypa niaBHIINYE MIBUJKICTh €ICKTPOXIMIYHOI KOPO3ii B CHITY Jie-
KUTBKOX MPUYHH:

- TeMIieparypa 30UIbIIye MBUAKICTh AUPy3ii AenospruzaTopa A0 KaTo/I-
HUX JUITHOK METaly,

- BOHA 3HIDKYE TIEPEHANPY>KCHHS, 301IbIITY€E MIBUIKICTH €ICKTPOXIMIYHO-
r'o IPOIIECY;

- TeMIiepaTypa 30UIbIIy€e POZYUHHICTh MPOIYKTIB KOPO3ii.

Ane temmepaTypa MOK€ U CIOBLIBHIOBATH KOPO3il0, 3MEHIIYIOUU PO3-
YHHHICTH KUCHIO IpH Temreparypi 6inbiie 70 — 80°C y BinkpuTOMy pe3epByapi.
I{e mpuBOAKUTH 1O 3HUKEHHS IIIBUIKOCTI KUCHEBOI JICMOJISIpU3AIlii.

e) BruiuB Tucky

Tuck, sik mpaBuIio, 301JIBIIYE KOPO31I0, TAKOXK K 1 IEpEMIlTyBaHHs (KpiM
BUITQ/IKIB TTaCUBAIIii).

6.4 biosoriuna xopo3ist

Biosioriuyna xopo3sis (610k0po3isi) — 1€ KOpo3ist B pe3yJibTaTi il MIKpoop-
raHi3MiB 1 MPOAYKTIB IXHBOI KUTTEAISUIBHOCTI. BOHA BUKIIMKAETHCSI B OCHOBHO-
My OakTepisiMu, [K1 MepedyBarOTh y IPYHTI i BOJI1, HaillyacTillle HaBECHI, KOJIH
YMOBH ISl KUTTEASUIBHOCTI MIKPOOPTaHI3MIB O1JIbllI€ CIIPUATIUBI (TEIJIO i BO-
70ro). Yce 6akrepii, 1[0 TPOBOKYIOTh O10KOPO3110, MOYKHA PO3UIUTH Ha aepo0-
Hl (iXHS KUTTEAISUIBHICTS BUMArae MpUCyTHOCTI KUCHIO) 1 aHaepoOHi, 0 po3-
BUBAIOTHCA Y BIZICYTHOCTI KHCHIO.

Jlo aepoOHUX OGakTepiid, 110 BUKIUKAIOTH KOPO3it0, BITHOCAThHCS OaKTepii,
10 OKUCJISIIOTH CIPKY JI0 CIPYaHOi KUCIOTH, KOHIIEHTPAIIIS SIKOT MOXE JTOCSATaTH
10 %. 11i 6aktepii m0Ope po3BuBaOThC B kKuciaomy cepenoruiii (pH = 0...6).
[Hmmit Bua aepobHux OakTepidt — 3amizobaktepii — po3BuBaroThes npu pH =
4...10. Bonu morimMHAIOTH 10HU 3ajli3a ¥ BUAULIIOTH iX y HEPO3UYMHHOMY CTaHi,
HEOJHOPIIHE BIAKIAICHHS TaKUX 3'€IHaHb CTBOPIOE HEOTHOPIIHICTH MOTEHIIIA-
Jy Ha TIOBEPXHI METally, 1110 TPUBOJAUTH JO BUHUKHEHHS €JIEKTPOXIMIYHOI KOPO-
3i1.

AHaepoOH1 OakTepii B OCHOBHOMY Cyib(haTpenyiyloud, BOHU PO3BUBa-
I0ThCsl B Oe3kucHeBoMy cepepoBuili npu pH = 5...9. BoHu BiIHOBJIIOIOTH 10HU
cyabdaTy 10 cipkoBoxHIO a60 cyabdini: SO.° — S7.

AKTHBHO MOIJIMHAIOYM BOJIEHb, IO BUIUISETHCS B KATOJAHOMY MPOIECI,
BOHU MPUCKOPIOIOTH BOJAHEBY Aenoiisgpusaiiito. Kpim Toro, nmyxkuit cynbdia 3a-
niza FeS, mo BiKiIamaeThCcss Ha MeTalll, IPUCKOPIOE KOPO3ito.



6.5 Kopo3ionHHO-MexaHiuHe pyiiHyBaHHSI MeTAJIiB

[Ipu ekcryaramii MeTand MiAJAIOThCSI MEXAHIYHUM HaBaHTAXKEHHSIM.
Cratu4Hi HaBaHTa)XCHHS 30UIBIIYIOTh TEPMOJMHAMIYHY HECTaOUIBHICTh MeETa-
1B (€JIeKTPOHUM IMOTEHIIa] 3MIIIAEThCS B HETATUBHY CTOPOHY ).

Kopo3iiine po3TpicKkyBaHHSI — pe3yJbTaT BILUIUBY KOPO3IHHOIO cepeoBU-
a ¥ HampyKeHb, M0 PO3TATYIOTh. BOHO XapakTepHO I CTajl, aTFOMiHIEBHX,
MAarHi€BHX, MiJHUX, THTAHOBHX, HIKEJICBUX 1 JESIKHUX 1HIINX CILIABIB.

J171s KOpO31MHOTO PO3TPICKYBAaHHS XapaKTEpHI HACTYIHI OCOOIMBOCTI:

- KpUXKUH XapakTep TPIlInH;

- HAIIPsIMOK TPIIIUH MEPIEHANKYISIPHO HANIPYKEHHSIM, IO PO3TATY-
I0Tb;

- YTBOPEHHS MDKKPHUCTATIYHUX TPIIIHH,

- 3QJIeXKHICTh Yacy JI0 PO3TPICKYBaHHS BiJl BEJIMYMHU HAMpyTH, IO
PO3TATYE.

VY po3BUTKY IpOLECY pO3TPICKYBaHHS i HANPYTOl0, IO PO3TATYE, MOXK-
Ha BUJUIUTH TP €TaIu:

I — imkyOariinoi nepiox (= 85 % dacy);

I — po3BUTOK TPILIUHY;

III — naBUHOOOpa3HE pyMHYBaHHS.

JloBeaeHo, Mo Npouec KOPO31MHOTO PO3TPICKYBAHHS MA€ €IIEKTPOXIMIUHY
pUpoay i 0OYMOBJIEHUI BUHUKHEHHSIM KOpPO31MHMX rajbBaHIYHUX €JIEMEHTIB
BHACIII0K:

- HEpIBHOMIPHOTO PO3MOJILITY HANPYKEHb;

- MICIIEBOT0 NOPYIIECHHS 3aXUCHOI ITIBKH.

3BUYAIHO, 11 BUHUKHEHHSI KOPO31MHOr0 pO3TPICKyBaHHS MOTPIOHO Of-
HOYACHA JIis SIK KOPO31MHOTO CepeOBUINA, TAK 1 MEXaHIYHUX HAMPYKECHb.

3aNexKHICTh Yacy /10 PO3TPICKYyBaHHS T BiJl BEIMYMHU HANPYXKEHb G, 110
PO3TATYIOTh NPUKIIAZICHUX, OMUCY€ETHCS PIBHAHHAM:

=5 (6.41)

C—Oyp

ne K — koHCTaHTa; 6,p, — KpUTHUYHE (TPAHUYHE) HANPYKEHHS, HIKYE SKOI
CIUIaB y JaHOMY KOPO31MHOMY CepeIOBHIIIl HE MiIa€ThCS KOPO3IMHOMY PO3Tpi-
CKYBaHHIO.

I3 1bOTO PIBHSAHHS BUILIMBAE, 1110 31 301IBIICHHAM HaIpPYyKEeHb, 110 PO3TSI-
I'YIOTh, Yac JJO PO3TPICKYBaHHS CIUIaBY 3MEHINYEThCS M 110 € KpUTHUHE (TpaHu-
YHE) HaIpY>KEHHSI, HUKYE KO0 KOpO3iMHE pO3TPICKYBAHHS HE BIJIOYBAETHCS.
Ha BenlMunHy KpUTUYHOTO HANPYKEHHS BIUIMBAIOTh: XIMIYHUN 1 (ha30BUM CKIaj
CIUIaBY, CKJIaJ KOPO31MHOrO cepeloBHUIla, XapaKTep 1 BeIMYMHA BHYTPIIIHIX Ha-
NPYXEeHb, HEPIBHOMIPHICTH PO3MOLIY HANPYKEHb, 10 PO3TATYIOTb.

PyiinyBaHHS miA Ai€l0 KOPO3IMHOIO CepeoBUIA M LUKIIYHUX HaBaHTa-
KEHb Ha3UBAETHCSI KOPO3IHHOIO YTOMOIO.



6.6 Kopo3ist B nppoaHux ymoBax
6.6.1 ATmocdepHa Kopo3isi

binbmie 80 % MeTamoOKOHCTPYKIIIM M 1HIIMX METaNIOBUPOOIB E€KCILTyaTy-
€THCSI B yMOBaX aTMOC()EepHOTO BILIUBY.

ATMocdepHa KOpo3isi MPOTIKAE HA MOBEPXHI METaNy, BKPUTOTO TOHKOIO
TUTIBKOIO BOJIOTH. ToMy HaliBaKJIMBillle 3HAYEHHS MA€ CTYMiHb 1 TPUBAJICTh
3BOJIOKEHHS METAIy.

Ha metaini MoxyTh yTBOproBaTHCs (a3oBi (BuamuMi) abo aacopOmiitHi 1Ii-
BKH BoJiord. Da30Bi IUIIBKA YTBOPATHCA MpHU BosiorocTi 6mau3bko 100 % (o,
1HII omaau). AACOpOLiiHI MIIIBKH YTBOPSATHCS MPHU BOJOTOCTI BUILE KPUTUYHOT
(60 — 70 %).

BignocHa BoJOTICTh, IIPH SKIH MOYMHAETHCS JCOPOIIHA KOHSHCAIIIS
BOJIOTY HA3UBAETHCS "KPUTUYHOIO BOJIOTICTIO". BenmnurHa KpUTUYHOI BOJIOTOCTI
3aJIeKUTH BiJl IPUPOJHU M CTaHy MOBEPXHI METay, BijJ 3a0pyAHEHHS TOBITPS i
TemriepaTypu. Tak, HampUKIIad, Ul MiJil BOHA BUILE, HIXK JIJIs 3aJ1i3a.

ATMocdhepHa Kopo3is MPOTIKae Maiike 3aBXKIU 3 KHCHEBOI JICTIOJISIpU3aIli-
e10. i mpuitHATO KNacu(ikyBaTH 10 TOBLIUHI IUIiBKU BOJIOTH, 10 YTBOPUIIACS HA
MMOBEPXHI METAIy:

B o6macti cyxoi Kopo3ii IJIIBKH BOJIOTH Ha TOBEPXHI METaly MPaKTUYHO
HEMa€ i TOMY KOpO3is IIPOTIKAE IO XIMIYHOMY MEXaHI3MY.

B o6nacTi Bosioroi kopo3ii Ha MOBEPXHI METATY BXKE € €IEeKTPOIIT (a1co-
pOIiiiHa TUTIBKA), KOPO3isl MPOTIKAE 3 aHOJHUM KOHTpoJieM. OCKUIbKM TUTIBKA
BOJIOTHY Jy’K€ TOHKA, KHCEHb 13 TIOBITPS MPOHHUKAE Yy HEl AyXke JeTKOo ¥ KaToaHa
JIENOJIAPU3AIlisl HEe YTPYJAHEHA. 3 IHIIOTO OOKY, Y TOHKIHM TUTIBII YTPYIHSETHCS
rijparaiis 10HiB, [0 YTBOPSATHCS MPU KOPO3ii, 1 TOCUTH BEITMKE OMIYHE TallbMY-
BaHHS IPOIIECY.

B oGnacTi Mokpoi Kopo3ii Ha MeTail Bxke € (pa3oBa IIiBKa BOJIOTH, I0CTa-
BKa KHMCHIO Yepe3 sSIKy BXKe YTpyJHEHa — Ma€ MICLE KaTOJHUN KOHTPOJIb IIBU]I-
KOCT1 KOPO3ii.

OctanHs 007aCTh BIANOBIAA€ TOBHOMY 3aHYPEHHIO, TOMY LIBHJIKICTh KO-
pO31i MPaKTUYHO MOCTIHA, BOHA OOMEXKYETHCS AUPY31€10 KUCHIO Y BO/II.

Oco0mmBoCTI aTMOC(EepHOi KOPO3li 3anexarb HE TIAbKH Bl TPUPOAMU U
CKJIaJly CIUIaBy, CKJIaay arMochepu i TeMneparypu, ajie i Bil KOHCTPYKTUBHUX
ocobnuBocTei BUpoOy. Tak, HasBHICTh BY3bKHMX IIUIMH 1 3a30PiB, Y AKX MOX-
JIMBUH 3aCTii BOJIOTH, 30UIbIIIYE aTMOC(HEPHY KOPO3ii0.

3abpyaHeHHs: atMocdepu razaMu, MUJIOM, YaCTOYKAMH COJIeH, 0COOIMBO
OKCHJIaMU CIPKH, 30Ty, XJIOPUJIOM HATPIIO Pi3KO MPUCKOPIOE Kopo3ito. Lle cro-
CTEpiraeThcsa B IHAYCTPiaybHIN aTMocdepi i Ha MOpchkoMy y30epexxki. CTii-
KICTh METaTIB 0 aTMOC(HEpHOI KOPO3ii 3aJIeKUTh BiJ] IXHBOI MPUPOIH, (a30BOTO
M XIMIYHOTO CKJIaay i CTaHy MOBEpPXHI.



6.6.2 I'pynToBa Kopo3is

Jlyxe 6arato MeTaneBux BUpOOiB (TpyOonpoBou, Kabeli, Omopu, EMHOC-
T1) €KCIUTyaTyloTbcs B Mig3eMHUX ymoBax. Y CIHIA 3aranbHa TOBXKUHA MiA3EM-
HUX TpyOOmnpoBoIiB OuIbIIEe 3 MUIbHOHIB KiToMeTpiB. [llopiuni BuTpaTu Ha pe-
MOHT 1 3aMiHy MOTEPIUINX BiJl KOpo3ii TpyO AOCATAIOTh JO MUTbSIpJa J0JapiB y
piK.

Ha mBuAKicTh TPyHTOBOI KOpO3ii BIUIMBAIOTH: BOJIOTICTH, MOPHUCTICTH
IPYHTY, MOTO HEOAHOPIAHICTh, COJIbOBUN CKJIaJ, KUCIOTHICTh, €JIEKTPOIPOBIJI-
HICTB IPYHTY, HasIBHICTh MIKPOOPTaHi3MiB.

3axucT Bix rpyHTOBOI KOpO3ii. 3amobiraHHs IPyHTOBOI KOPO3ii 31iiic-
HIOIOTh JBOMa OCHOBHHUMH METO/IaMHU:

a) HAHECEHHS 3aXUCHUX MOKPUTTIB (01TyM, MOJIiMEpH 1 iH.);

0) eNeKTPOXIMIYHUM 3aXHUCT.

6.6.3 Kopo3sia mix gi€ro 0J1ykar4ux CTpyMiB

[IpoMucia0BEe BUKOPUCTAHHSI MOTYKHUX JKEPET MOCTIHHOTO CTPyMYy 13 3a-
3€MJICHHSIM OJIHOTO 3 TOJIIOCIB (PEMKOBUI €IEKTPOTPAHCIIOPT, rajdbBaHIYHI BU-
pOOHHUIITBA, CTAHIIi KATOJAHOTO 3aXUCTY) MPHUBOJUTH 10 TOSIBU TaK 3BaHUX ONy-
KAal4YuX CTpyMiB. BOHM BUHHMKAIOTh y IPYHTI, BIATATYKYIOUUCH B1J] 3a3€MJICHUX
JDKEepeNl CTpyMy, HailvacTtime noctidHoro. CTpyM, 1o iae 3 MeTaly B I'PYHT,
MOJISIpU3YE AUISTHKY METally aHOJIHO ¥ BUKJIMKA€ KOPO3iliHE pYHHYBaHHS PEHKH
1 mig3eMHO1 MeTaleBoi KoMyHikalii. Miciie BXOJly CTpyMy i3 IPYHTY B MeTall €
KAaTOJHOIO 30HOI0. biykaroul CTpyMH MarOTh pajlyc Ail B KiJIbKa KUJTOMETPIB.
HeBaxxko nopaxysaru, 13 3akoHoM Dapazes, 1m0 ctpyM B 1 Ammep 3a pik OKuc-
JUTH KUJIbKA JIECSTKIB KIJIOTpaMiB MeTaly, TOMY Taki CTpPyMHU HAJ3BHUYAMHO HE-
oesrneyni. J{ya G0poTHOM 13 MM SIBUIIEM 3aCTOCOBYIOTH KOMIUIEKC 3aXHUCHUX
MIp: EJIEKTPUYHY 130110 IIJI3€MHUX KOMYHIKaIii, HaaliHI KOHTAKTH MIX
perikaMu, eJIeKTPUYHUN JApPEeHaX, TOOTO 3'€AHAHHS MiJ3€MHUX KOMYHIKAIiil 3
peiikaMu MeTaJleBUM ITPOBITHUKOM.

6.6.4 Mopcbka Kopo3is

Mopcbkoi KOopo3ii MiIal0ThCsl KOPIYCH CYJIB, METajeBl CHOPYAKECHHS,
1JIBOJTHI METAJICBI KOMYHIKAaIIi1.

HaiineOe3neunini GpakTopu MOPChKOi KOPO3ii — BUCOKA COJIOHICTD (a, BU-
XOJIUTh, 1 BUCOKA €JIEKTPOIPOBIAHICTH) MOPCHKOi BO/IM, HasBHICTh 10HIB Cl°, po-
3UMHEHOTO KHCHIO, MIKpOOpraHi3MiB, oopoctanas. Cama HeOe3neyHa JUISTHKA —
BaTEPIIiHIS ¥ JIEJIBE BHIIIC.

Mopcbhka Kopo3is MPOTiKa€ BUHATKOBO 3 KATOAHUM KOHTpoJieM. OMIYHMIA
KOHTPOJIb OyTH HE MOKE: MUTOMUM OIMip MOPCHKHA BOAM AYyXe MaTui (p =
0,2...0,4 Om'M). 3MICT PO3YMHEHOTO KHUCHIO OJM3BKO 8 Mr/i. ICTOTHO mpucKo-
PIOE KOPO3110 PyX MOPCHKOT BOJIH.



Jlnst 60poThOM 3 MOPCHKOIO KOPO31€H 3aCTOCOBYIOTH SIKICHI JiakodapOHi
MOKPHUTTS, 110 MICTATh TOKCUYHI JJIsI MIKPOQJIOPH M MOPCHKHX OpraHi3MiB KOM-
nonentu (CuO, HgO, Pb3;0,); MeTaneBi moKpUTTs — Kpallle BChOT0 KaaMiii; mpo-
TEKTOPHMM 1 KaTOHUN 3aXHCT.

6.7 MeToau 3axucTy MeTaJjiB Bilx Kopo3ii

VYHiBepcallbHUX METOAIB 3aXUCTY METaiB Bl KOpO3ii HE iCHYy€, BUOIp Me-
TOJIY B KOHKPETHOMY BHITQJIKy 3aJIeKUTh BiJ Oaratbox ¢aktopi. Meronu 3axu-
CTY BiJl KOpO3ii MOBUHHI OyTH €KOHOMIYHO BUIIPaB/aHl, ypaxOByBaTH il pizuyHe
CTapiHHS, 1 MOpaJIbHE.

6.7.1 Knacudikaunia meToaiB 3aXucTy Bi KOpo3ii

I BruiuB Ha MeTaJieBHil MaTepiaJ:

a) aHTUKOPO31iHE JIETYBaHHS;

0) TepMO0OOpOOKa;

B) pi3H1 OKPUTTS (METaJIeBl, HEMETAJIIYH1, OpraHivHi);

T) IHT101TOpU ¥ 3MAIICHHS;

1) €IEKTPOXIMIYHUMN 3aXUCT.

II BiuiuB Ha cepenoBuie:

a) IHepTHI 1 3aXUCHI aTMOC(hepH;

0) 3HEKHCEHHSI;

I') OCyILLIEHHs atMochepu;

1) IeTy4l IHT101TOpH.

III BnuimB Ha KOHCTPYKILiIO:

a) 3aro0iraHHs KOHTAKTY 3 1HIIMMH MeTallaMU i HeMeTajlaMu;

0) BUKIIFOUCHHS HassBHOCTI 3aCTIHHUX 30H;

B) BUOIp XapakTepy 3'€THaHHS METAIEBUX €JIEMEHTIB KOHCTPYKIIII.

PosrinsaemMo HalO1IBII 3aCTOCOBYBaHI METOIM 3aXUCTY METaJIiB BiJl KOPO-
311 OUTBII JOKJIATHO.

6.7.2 MeraJjieBi NOKPUTTH

MertasnieBi OKPUTTA HE TUIBKM 3aXUIIAIOTh METaj BiJl KOpoO3ii, aje i Ha-
Jal0Th METAJIeBUM BHpOOaM MpUBAOIMBUIN 30BHIIIHINA BUIJISA, TBEPAICTb, 3HO-
COCTIMKICTB.

[To mexaHi3my Jii MeTalieBl MOKPUTTS MIAPO3AISIOTBCA HA KaTOAHI U
aHoaHi. KatogHi mOKpUTTS MarOTh OUIbIlIE€ TO3UTUBHUM, a aHOIHI — OlJIbIIe He-
TaTUBHUN E€JIEKTPOJHUN TMOTEHINA] Y MOPIBHAHHI 3 MOTCHINIAJIOM METaly, M0
3axuinae. Sk KaToH1 MOKPUTTS IJIsl CTaJie BUKOPHUCTAIOTHCS Mi/lb, HIKEIb, CPi-
0J10, 30JI0TO, XpPOM, OJIOBO, CBUHEIIb. [IprKkiagaMu aHOJHUX TTOKPUTTIB JUIS CTa-
Jielt MOXKYTh OYTH IIUHK, KaAMIH, aTFOMIHIH.

KaTonHi MOKpHUTTS 3aXHUINAIOTh METAl MEXaHIYHO, 130JIFOI0YHM HOT0 BiJ
HABKOJIUIITHBOTO cepenopuina. OCHOBHA BUMOTA J0 HUX — CYIUIBHICTh. Y BUIIA-



JKY TIOPYIIEHHS IUTICHOCTI TaKOTO MOKPHUTTS, [0 3aXMIIAa€ METaJl, BiH BiJirpae
pOJIb aHOJIa i pYMHYETHCS €IEKTPOXIMIYHE, 1€ — HEJOJIK KaTOJHOTO MOKPUTTH.
JlocToiHCTBA KaTOAHUX MOKPUTTIB — BUCOKA MEXaHIYHA MIIHICTb, €JIaCTUYHICTD,
BIJTHOCHA JEIIIEBHHA, JJOBIOBIYHICTD.

AHOJTHI TTIOKPUTTSI 3aXUIIAIOTh HE TUIBKU MEXaHIYHO, ajie ¥ eJIeKTPOXiMi-
yHe. Y BUMNAJAKY YIIKOJDKEHHS TAKOTO MOKPUTTS METaJ, AKii 3aXHINAI0Th, BIJIIT-
pae poib KaToJa i He pylHyeThbes. HemomikamMu aHOTHUX MMOKPUTTIB € TXHS BiJI-
HOCHA JIOPOKHEYA, KPUXKICTh (ISl LIMHKY), YTPYAHEHHS MpPH HaHECEHH1 (IIs
ATFOMIHIO).

HaiiBaxxnuBimmii crnocid HaHEeCEHHS METaJeBUX MOKPHUTTIB — TrajlbBaHIy-
Hui. [lum cmocoboM HaHOCATH MiTHI, 30JI0Ti, CpiOHI, HIKEJIEBI, XPOMOBI MOK-
pUTTS. 3aCTOCOBYIOTh TaKOXX TepMOAUDY31MHMIA 1 MEXaHOTEPMIYHMNA METOIU
(HampwuKIaa, HAaHECEHHS AFOMIHIIO, XPOMY, KPEMHII0), METaIi3aIlil0 HAIHIIIO-
BaHHSAM Yy BaKyyMi, 3aHypEeHHs B po3IliaB (IIMHKOBI MOKPUTTs). OCTaHHIN METOT
J1a€ TIOKPUTTS IOCUTHh TOBCTI, ajié HEPIBHOMIPHI O TOBIIMHI, BUTpATa METAIy
BEJIMKA.

6.7.3 HemerasiiuHi NOKPUTTSH

a) Heopraniuni mokpurts. [IpupoaHi oKcHaHI TUTIBKH Ha MeTaiax (oco-
OJINBO Ha YOPHUX) YacTO HE 3a0e3Meuyl0Th HaIIMHOTO 3aXKUCTY BiJl KOpo3ii. O1-
HaK XIMIYHMM a00 €JIeKTPOXIMIYHHMM ILISIXOM MOKHA CTBOPUTH Ha IMOBEPXHI
MeTajy ITYYHI IUTIBKH 3 BUCOKUM 3axXUMCHUM edekToM. HallmommpeHin okcu-
nHl ¥ ¢ocdatHi miiBku. [Iponec cTBOpEeHHSI OKCUAHUX MOKPUTTIB HA3UBAETHCS
OKCHIyBaHHSM, a pocaTHuX — hochaTyBaHHIM.

Po3pi3HAI0TH OKCUAYBaHHS XIMIUHE, TEpPMIUHE U eneKTpoximiuHe. OcTaH-
HIli crmoci0 3aCTOCOBYEThCSA HaWdacTilie, 0COOJMBO i antoMiHiio. OKCHIHE
MOKPUTTS, 10 YTBOPUTHCA B PE3yJbTaTI aHOJHOTO OKHCIIOBAHHS QIIOMIHIIO,
noOpe 3axuiae Bii atMochepHoi KOpo3ii, CIYKUTh BIAMIHHUM TPYHTOM IS
HaHECeHHs Jako(hapOOBHUX MOKPUTTIB.

Crapuii crmoci0 XIMIYHOTO OKCHIYBaHHSI YOPHUX METajiB — BOPOHIHHS
(XimMi4He, TepMIYHE, EEKTPOXIMIUHE).

XiMiyHE OKCUIYBaHHS CTalll — KUIT'ATIHHS B pO34uHI, 110 yTpumye NaOH,
NaNO, it NaNOs;. Uac 00poOKku 3aieKuTh BiJl TEMITepaTypH 1 Big 3MICTy ByTJIe-
o B cram. Buxoauts Fe;O,4. ToBuimna okcuanoi miiBku — 0,6...9 MKM.

Tepmiune BopoHiHHS cTaii moysirae B HarpiBauHi 10 450 — 470°C i3 Ha-
CTYIIHUM 3aHYPEHHSM Y JUIsHEe Macio (4opHa IutiBka), abo mo 300°C i 3anypeH-
Hs1 B po3uiaB NaNO; it NaNO; (cuHd miiiBka).

EnexrpoxiMmiune okcuayBaHHs npoBoautbest B 40 % NaOH npu 80 —
120°C i minsHOCTI CTpYMY 3...10 A/nm®.

docdaryBaHHs — 00poOKa CTAJIEBUX JIE€Tajel y rapsiaoMy pPO3YHMHI KHC-
mux ¢ocdaTiB IeIKUX METaliB (HaildacTiiie Maprasito, 3aii3a, uHKy). [licus
TaKoi 0OPOOKH BCS TIOBEPXHS BUPOOY TMOKPUBAETHCS CYIUIBHOIO TUTIBKOIO JIBOX-
1 Tpu3aMimeHux docdatiB Maprasifo i 3amiza. Cama pocdarna miiBka mopucra



1l He Ma€ BUCOKI aHTUKOPO31iH1 BJIACTUBOCTI, BOHA JI00pe BTpUMYyeE JiakohapOoBi
MOKPUTTS.

0) Jlakogapoosi nokputTs. [lo 1akohapOOBUX MOKPUTTIB BiTHOCATHCS:

Jlaku — KOJIOiTHI PO3UUHU MAaCEJl, 110 BUCUXAIOTh.

®dapbu — cycrneH3ii MiHepaJbHUX MITMEHTIB B OPTraHIYHOMY 3B'S3YI0UOMY
— IUTIBKOYTBOpIOBayi. Y iXHI{ CKJIaJ BXOJATh PO3P1IKyBayl, HAIIOBHIOBAYI.

Jlakoap6oBi mokputrtsa (JIOII) — ne camuit crapuii, caMuii PO3MOBCIO-
JKEHUN METO]T 3aXUCTY.

I[OCTOIHCTBa JIDIT:

HOplBHSIJ'IBHa JICTICBUHA,;

- BIAHOCHA MPOCTOTa HAHECEHHS;

- JIETKICTh BIJTHOBJICHHS 3pYHHOBAHOT'O MOKPUTTS;

- CIOJIy9yBaHICTh 13 IHIIMMH METOJaMHU 3aXHUCTy (TPOTEKTOPHUM 3a-
XHUCT, pochaTyBaHHs, OKCUTYBAHHS);

- JICKOPATUBHICTb.

Henoniku JIDII:

- Maja TepMoCTiKicTh (cami TepMocTiiiki JIOIT BuTpumMytoTh Temmepa-
Typy 150...200°C);

- HEBHCOKAa M€XaHIYHa MIIHICTE;

- Maja CTIMKICTb y BO/II.

3axucHa gis JIOII odbymoBiieHa:

- MEXaHIYHOIO 130JIA11€10 METaJy B1Jl 30BHIIITHBOTO CEPEIOBUILIA;

- 1HTIOIPYIOYEIO JI€I0 MITMEHTY;

- €JEeKTPOI30JIIOI0UUMH BIACTUBOCTIMU.

JI®DII, HaneceH1 B OMH 1Iap, — MOPUCTI ¥ HEPIBHOMIPHI 1O TOBUIUHI. To-
My iX HAHOCATH KiIbKa mapiB. [lepinii map Ha3uBa€ThCs IPYHTOM, BIH BUKOHYE
HaWOIIBI BIAMOBIIANBbHI 3aBJaHHs — 3a0e3neuye aaresito hapOu 3 MeTaIeBUMH
il iHIIMMK IapamMM, BUKOHYE aHTHKOPO3ikiHy (yHKuiro. [pyHT HaHOCATHL Ha pe-
TEJIHHO MIATOTOBJICHY MOBEPXHIO, 3 KOTPOIO BUAAISAIOTH 1PKY, OKAJIUHY, KUPOBI
BinknaaeHHA. Skicth 1 BiuHicTh JIDII myke 3amexaTh Bijl SKOCTI IMiJATOTOBKH
TTOBEPXHI.

B) IlokpurTsa cmosamu it miiacrmacamu. [lokputtsa cmosiamu il mact-
MacamMu MarOTh BUCOKI 3aXMCHI BJIACTUBOCTI B PI3HUX arpeCUBHUX CEPEIOBHUIIAX
(y TOMy 4HMcIi y BOJ, Tyrax, KMCIOTax). IX HAHOCATH TOMIApOBO B PIAKOMY CTa-
H1 a00 (hyTEepOBKOIO JIUCTOBUM MartepiajgoM. HalluacTiine BUKOpUCTAIOTh (eHO-
ndopMalbleriaHl, eNOKCUIHI, KpEMHIHOPraHiuyHl CMOJIH, acGaibTOOITyMHI MO-
KPHUTTS.

bakenitoBi (penondopmanbaeriiHi) Jaku CTIMKKA B OUIBIIOCTI arpecuB-
HUX cepefoBHI (KpIM OKHCIIOBAUiB, JYT1B, OPraHIYHUX PO3YMHHUKIB). Temme-
parypa cyminns 160...170°C. HanocsaTs 3Buuaitno 4...5 mapis. IxHiit Hegomik —
KPUXKICTb.

EnokcuaHi cMonmu — CTIWKHM 70 JIyTiB, psily PO3YMHHUKIB. Y HUX rapHa
aaresis 10 METAIIIB.

Kpemniiiopraniuni ¢cMOJIM — TE€PMOCTIHKI, BOJOBIIIITOBXYBaIbHI, TapHi
JCTIEKTPHKHU.



[TnactmacoBi MOKpUTTS (0COOIMBO (DTOPOILIACT) BUKOPUCTAIOTH ISl Py-
TEPOBKH CTAJICBUX araparyp. 3aCTOCOBYIOTh BIHIIIIACT, MOJ11300yTUIICH, TIOTie-
TUJICH # 1H.

r) llokpurTs emanamu. EMani sSBiast0Th cOO0I0 CKIONOAIOHY Macy, IO
OJIEPXKYIOTh CIUIaBKOIO MIMXTH (IiCOK, Kpela, TIMHA, MTOJIhOBHA IIMAT) 1 MyIaB-
HiB (Oypa, cona, moTami ¥ iH.). KpiM 11boro BBOASITH OKHCIIM XpOMY, TUTaHY, 11U~
HKY — BOHH MIJBUIIYIOTh KapOCTIMKICTh, Jal0Th NOTpiOHE 3abapBreHHs. Emai
CTIMKH 10 XiMiYHOTO i TemmneparypHoro BiumBy 10 1100°C, a inoxai mo 1400°C.
EmaneBy cycneH3i0 HAaHOCATH 3 Ha OUMILEHY MOBEPXHIO, 1 BUPIO MiAAIOTh BU-
nany npu 800-1050°C.

6.7.4 IuridiTopu xopo3ii

[Hri6iTopy KOpo3ii — 1le PEYOBUHH, HIO CIOBLILHIOITH KOPO3il0. IX yBO-
JSTHCA B HEBEJIMKUX KIJTBKOCTSAX Y HABKOJMIIHE cepenoBulie. [HribiTopu Kopo-
311 3aCTOCOBYIOTh y CUCTEMax 3 MOCTIHHUM a00 MaJio OOHOBIFOBAHUM OOCSTOM —
y pe3epByapax, IIUCTEpHAX, CUCTEMax OMaJIeHHS ab0 OXOJOJIKEHHS, MapOBUX
Ka3aHax, a TAKOX Mpu 30epiraHHi i TpaHCIOPTYBaHH1 METaIEBUX BUPOOIB.

3axuCHY JIif0 1HT101TOPIB BU3HAYAIOTH 110 (hOPMYIJIL:

Z="2""100, (6.42)

7€ V, ¥ V — MBUAKICTh KOPO31i MPH BIACYTHOCTI 1HTIOITOPY U 3 1HT10ITO-
poMm.

[cHYIOTH 1HTIOITOPH AJIA 3aXMCTY METAJIB Y PO3UYMHAX 1 JUIsl 3aXUCTY Bij
aTMoc(epHOi KOopo3ii.

[ariditopu 1yisi pO3YMHIB TaJbMYIOTh aHOAHUN a00 KaTOMHUW MpPOLEC,
TOMY 1X MOKHA PO3JIUTUTH HA aHOJIHI ¥ KaTOAH1

AHOJHI IHTIOITOPHM — 116 MacuBaTOpU aHOJIHUX IUIsSTHOK. HaityacTime 1e
HEOpraHIyHl OKHUCIIOBAayl — XpOMAaTH, HITPATH, HITPUTU, MOJIOAATH, BOIb(pa-
Matu. [Ipu KoHLeHTpaIisx ~10%...10™ monb/1 1 Ginbie CTalllOHApHUM MOTEHII1-
an MeTaixy 001aropoKyeTbes (3MILIAETHCSA B MO3UTUBHUM O1K) Ha AEKIJIbKA Je-
CSITUX BOJIBTA, a MIBUJIKICTh AHOJIHOTO MPOIIECY PI3KO 3HMKYEThCs. CroIu X BiJI-
HOCSITBCSL JY>KHI crionyku — (ocdaru, momidocdaru, cuiaikatu, 6opatu i iH.
Bonu "mpairoroTs" TUTBKKM B MPUCYTHOCTI PO3YMHEHOTO KHCHIO — BIH BIAITpae
poJib macuBaTopa. KpiM Toro, BOHU raibMyIOTh aHOHHU MPOIEC OKUCITIOBAHHS,
YTBOPIOIOYH BAKKOPO3UMHHI 3aXUCHI TUTIBKH.

KaToani iHriéiTopu 3MeHITyroTs €(eKTUBHICTh KaTOJHOTO MPOIECy abo
3MEHIIYIOTh TUIOIII KaTOAHUX AUISHOK. 3HMKEHHS €(PEKTUBHOCTI KaTOJIHOTO
IPOLIECY TOCATAETHCS 32 PAXyHOK:

a) MpU KUCHEBIN Jenonspu3anii — 3MEHIIEHHS! KOHUEHTpAIlil pO3YUHEHO-
r'0 KUCHIO B po3unHi (mpukiiaa — cynbdit Hatpito Na,SOg);

0) mpu BOJHEBIN Jenoisipu3anii — MiJBUILEHHS MEepeHanpyru BUALICHHS
BoaHO [npukinaau — ASCls, Biy(SO4)s]. KaTionn muin'sky i BiCMyTY, BiJIHOB-



JIOIYKUCh HAa KAaTOAHUX AUISTHKAX, MiJBUILYIOTH NEpeHanpyXeHHS BUALICHHS
BOJIHIO.

Karonni iHribitopu mMeHm epeKTUuBHI, aje i MeHII HeOe3NeyHl, TOMY IO
HE BUKJIMKAIOTh MOCWJICHHS KOPO3ii MPU 3aHAATO HU3bKUX KOHIICHTPALIIsIX.

Opraniuni 1HT161TOpH, 10 aACOPOYIOTHCS HA MOBEPXHI METATY, YTPYAHS-
I0Th ¥ aHOJTHHM, 1 KATOHUMN MPOIIECH.

IuridiTopu armocdepHoi Kopo3ii miIPO3AIISIOTHCSA HA JIETy4l i HENeTy-
i,

Henerydi iHriGiTOpM HaHOCATH HA MOBEPXHIO MeTany abo yraKyBaHHS.
[Mpuxnan — nitput Hatpito NaNO,, BiH yTBOpUTH MacUBHY IUTIBKY. Mixonepa-
IIHHANA 3aXUCT CTaNl MOJISITa€ B 3aHYpeHH1 B rapsumii 25...30-mporeHTHH po3-
gy NaNQO,. Ilotim Bupi6 ymakoByloTh y mnamip, 3BojoxeHuit 10...15-
npoueHTHUi po3unH NaNO,; a noTiMm y napadiHoBaHU# marip.

Jletyui 1Hri6iTOpU aTMOChepHOi KOpO3ii 3aXUIIAI0Th METajl, HAXOASUYUChH
y ra3oBiii (a3i. BoHn MaloTh BUCOKY MPYXKHICTh Mapu, acopOyIOThCs Ha MeTa-
JI1, 3aXMINA0Yd MOro BiJl KOPO3ii W 1HOA1 CTBOPIOKOYH TiapodoOHY (BOIOBIAII-
TOBXYBaJIbHY) TOBEPXHIO. J[0 JI€Ty4ux 1HT1OITOPIB BITHOCSATHCS HITPUTHU JIESIKUX
aMiHiB, CKJIaJH1 eipu KapOOHOBUX KHUCIJIOT, KapOoHATH aMiHiB. Jlyxe epeKTuB-
HUM KapOOHAT JIIUKIOreKCHiIaMiny. TpuUBallicTh Jii JIETYy4Oro 1Hri0iTopy 3aje-
KUTh B1JI IBUJKOCTI OT0 OBHOTO BUIIAPY, a, OTXKE, 1 BiJ] TePMETUYHOCTI BIIa-
KYBaHHSI METAJIEBOI0 BUpPOOyY. 3BUYAllHO BOHO CTAHOBHUTH KibKa MICALIB, ajie
MpU TOBHIM 130JI111T BiJi HABKOJHUIIHBOIO CEPEIOBHUINA IS YOPHUX METaJiB
Moxe Oyt 10 10 pokis.

Henomnik neryyux iHriOITOpiB — NPUMMHEHHS [ii MICIsA MOBHOTO BHUIApYy,
4acTO TOKCUYHICTb, 1HO/1 BUKJIMKAIOTh KOPO31I0 KOJLOPOBUX METAIIB.

6.7.5 AHTHKOPO3iiiHi 3MalleHHSI

3aXUCTUTU METaJ Yy MIKOTEPalIMHUM Mepio MOXKHA 3MaIleHHsIMU: Had-
TOBUMH MacJlaMH, BOCKOM, Ba3eldiHOM. € ¥ 1HTIOITOpHI 3MaIleHHsS, BITHOCHO
JICIIEeB1, BOHH JIETKO HAHOCATHCS, alie TIIbKU Ha CyXy MOBEPXHIO.

Henmoniku 3axucHMX 3MallleHb: BIJICYTHICTH TOBApHOTO BHIY BHUPOOY,
TPYJAOMICTKICTh PO3KOHCEPBYBaHHs (0CO0IMBO nepen (apOyBaHHIM).

6.7.6 O0poOKa KOpPO3iiiHOIO cepeloBHILA

3MEHIIIEHHS arpPECUBHOCTI HABKOJHUIITHHOTO CEPEIOBHUIIA € OTHUM 3 e(eK-
TUBHHUX METOJIB 00pOTHOM 3 Kopo3sieto. Takuii miaxia MOXIUBHUI npu poOOTi B
3aMKHYTHX 200 Mailke 3aMKHYTUX oOcsirax.

OO0poOka cepenoBuia mpu ra3oiii koposii. O0poOka cepenoBuia y
BUIIAJIKY Ta30BOT KOPO3ii 3BOAUTKCS J0 3MIHM 11 CKJIaay i CTBOPEHHI aTMocde-
pH, Yy SKiil BUKJIIOYA€ThCA a00 3HAUHO 3MEHIIYETHCS TEPMOJAMHAMIYHA HMOBIp-
HICTb MPOTiKaHHA Kopo3ii. Taki mTy4yHi atMochepu Ha3UBAIOTh 3aXUCHUMH. J1j1st
cTasieBuX BUPOOIB 3axvcCHa atMoc(epa He MOBHHHA BUKIUKATH OKHCIIOBAHHS,
3HEBYIJICLIOBAHHSI, HABYTJCIIOBaHHSA, HAaBOJOpOXXUBaHUs. Po3paxyHOK ckiamy



3aXMCHOI aTMoc(depu JIJIsl JAaHOTO CILIaBy POOJISTH HA OCHOBI TEPMOJUHAMIYHUX
napamMeTpiB, 110 XapaKTepU3yHTh MOXIIMBI XIMI4HI pIBHOBAaru B CUCTEMI METall
— ra3. Y 1eil yac s yTBOPEHHS 3aXMCHHUX atMoc(ep 3aCTOCOBYIOTh HACTYITHI
CyMIiIIIi:

1) HZ — HZO(Hap) — N2

2) HZ — HZO(Hap) - CO - N2

3) CO - C02 - HZO(nap) - Nz

4) N, -CO-H,

[HOMI, HAMPUKIaM I HIKEJIEBUX, TATAHOBHUX CIUIABIB, 3aCTOCOBYIOThH Ba-
KyyM, aproH ab6o remiid. [[is koxHOTO MeTaimy abo criaBy 3 00JIKOM YMOB iX-
HBOI MepepoOKHu i eKcIuTyaTallii MoKHa MiAiOpaTH ONTUMAIBHUN CKIIAJ 3aXHcC-
HOi aTMocdepH, y TOMY YHCII 3HAYHO BiJPI3HAETHCS BiJ BUIIEBKAa3aHUX CKJIa-
IiB.

OO0OpoOka po3unHiB eaeKTPOoJiTIB. OOpoOKa pO3UNHY EIEKTPOJITY IS
3HMKEHHS OT0 arpeCUBHOCTI 3BOJUTHCS 0 3MEHIICHHS KOHIIEHTpAIlil Jenos-
puzaropa ¥ BBEJCHHIO B HHOTO 1HTIOITOPIB KOPO31i. 3MEHIIEHHSI KOHIICHTpAIlii
JEeNoJsApu3aTopa JOCITaeThCsl HEUTpali3alllelo KUCIMX PO3YMHIB (Y BHIIAJKY
BOJHEBOI Jenojsipu3allii) ado BUJAJICHHSIM KHCHIO, TOOTO 3HEKUCEHHSAM (Y BH-
najJKy KMCHEBOI nenosisgpuzariii). Heitpamnizaiiro KUcaux BojA poOsiATh BBEICH-
HSM BalHa, Kpelau abo OikapOoHaTy HaTpito (coau). 3MEHIIUTH 3MICT KHUCHIO
MOHa XIMIYHUM, TEPMIYHUM ab0 AECOPOIITHUM CIIOCOOAMHU.

[Ipy XIMIYHOMY 3HEKHCEHHI1 Y BOAY JOJAI0Th BIJHOBHUKH, SIKI IIBUAKO
B3a€EMOJIIIOTH 13 PO3YMHEHUM Yy BOJII KUCHEM. 3BUYAHHO MJIA I[bOTO 3aCTOCOBY-
I0Th TIAPOCYNIb(IT HATPIIO, CYIb(IT HATPIIO W TIATa3UH-TIAPAT Y HMPHUCYTHOCTI
KaTaiizatopiB (coiii Mil abo KoOanbTy). Bumanutu KuceHb MOXKHA TaKOX Ha-
rpiBaHHAM (KUI'STIHHAM) 1 (200) PI3KUM 3MEHILEHHSIM THCKY.

6.7.7 EnexkTpoXiMiYHHMi 3aXHCT

CyTHICTb €JEKTPOXIMIYHUX METOIB 3aXUCTy — MiAJaTH BUPIO Mosipu3a-
1111, 3aJIeXHO BiJ 3HAKA MOJISIpU3AIlli PO3PI3HAIOTH KATOJAHUM i aHOTHUM 3aXHCT.

KaToanmii 3axuct — 11e HalOUIbIIEe PO3MOBCIOKEHUN BUJ] €IEKTPOXIMI-
YHOTrO 3aXMCTY (7151 CTalll, MiJl, JIATyH1, aJlFOMIHIIO) JJI1 HECUIIbHO arpeCUBHUX
cepenoBulll. BiH € edeKTUBHUN 151 3aM00IraHHs KOPO3ii B IPYHTaX, Y MOPCHKIi
BOJIl, Y EMHOCTSIX 3 eleKkTpoiTaMu. Haituacrime et MeTo] 3aCTOCOBYEThCS ISt
3aXHUCTY MIA3EMHUX KOHCTPYKIIIHN (TpyOONnpoBoIiB, KabemiB, MiA3eMHUX YaCTUH
METaJeBUX OIOP), METAJOKOHCTPYKIIiH, 1110 MPalIoI0Th Y BOAl (KOpIiyca Cy/IiB,
MOPTOB1 CIIOPY/IN).

[TpuHIMIIOBA cXeMa KaTOAHOTO 3aXUCTy TOoJsrae B HacTynmHoMmy. HeraTu-
BHUI TIOJIFOC 30BHIMTHBOTO JDKEPENia CTpyMy (CTaHIll KATOTHOTO 3aXKCTY) TTiIK-
JHOYEHHUH 10 KOHCTPYKIIIi, 1110 3aXUIIA€, & TO3UTUBHUI MOIIOC — 10 TOMOMIXKHO-
ro €JIeKTpOAy — aHoAy. B SKOCTI aHOMY 3aCTOCOBYIOTH JIOM YOPHUX METAJIIB
(petiku, 10 BIACTYXKUIHU, cTapi TpyOu). s Kpamoro e1eKTPUIHOTO KOHTAKTY
13 TPYHTOM aHOJ NOMIIIAIOTh Y 3aCHMaHHs — IIap KOKCY 3 TINCOM 1 cUuto. Y
MpoIIeCi eKCIuTyaTallii aHo OKHUCIISIEThCS, a Ha MOBEPXHI BUPOOY, 0 3aXHUIIAE,



3M1MCHIOETHCS TIPOIIeC KaTOAHOI Jenospu3arliii. Hampyra, 1110 330BHI HaKkjajae,
IIOBHMHHA 6YTI/I AOCTATHBOK JIA 33663HC‘{CHH}I 3aXUCHOI I'yCTUHHU CTPpyYyMY, IO
PO3pPaxoBYIOTh 3aJICKHO BiJl IPUPOIN METaJy, 110 3aXUINA€E, TUITY KOPO3IMHOTO
cepcaoBuIa, BCIMIMHU CIICKTPUYHOI'O OIIOPY JIaHIIOra, 6a}KaHOFO paz[iyca 3a-
XUCTY.

U1 — VL2

Z=""__"100 %, (6.43)
L1

Jie V1 ¥ V; — MOKa3HUKH MIBUAKOCTI KOPO3ii 6€3 3aXUCTY 1 13 3aXHUCTOM.

Karognuii 3aXuctT 4acTo 3aCTOCOBYIOTh Y KOMIUJIEKCI 13 3aXMCHUMH TTOK-
putTaMu. He 3aCTOCOBYIOTh KaTOJHUN 3aXUCT IIPU aTMOc(epHii Kopo3ii il y He
€JICKTPOIIPOBITHOMY CEPEIOBHII (OpraHiyH1 PO3YMHHUKH, HAQTONPOAYKTH).

IIporexkTopHuii 3axuct. [IpuHIMIOBa BIIMIHHICTh TPOTEKTOPHOTO 3aXU-
CTY BiJI KaTOJHOIO TOJSTa€ B TOMY, 110 KaTOJHA MOJIsIpU3allisi BUpoOy, 110 3a-
XMIIAE, TOCATAETHCS HE 3aCTOCYBAHHSIM 30BHIIIHBOIO JIKEpENa CTPyMy, a BUKO-
PUCTaHHSM y SIKOCTI aHOJYy — METaJly 3 OLIbIIE HEraTUBHUM €JEKTPOJIHUM IMOTE-
HIlAJIOM, YUM METaJl, 1[0 3axuIinae. Sk marepiad NpOTEKTOPIB BUKOPUCTAIOThH
aJIOMIHIM, Mardid, IUHK a00 CIUIaBH Ha OCHOBI IIMX MeTajiiB. J[OIIBLHO BHUKO-
pUCTATH BIAXOIU BUPOOHULITBA LIUX METANTIB.

Paniyc nii mporekTopa 3aieXuTh BiJ €JIEKTPONPOBIIHOCTI CepeloBUIIA,
MPUPOAU MPOTEKTOPA (PI3HULI EIEKTPOJHHUX MOTEHLIATIB MIXK MPOTEKTOPOM 1
BUPOOOM, III0 3aXHIIAE), OCOOMMBOCTEH KOHCTPYKIIi 1 1H. Tak, paaiyc aii muH-
KOBOT'O IIPOTEKTOPA CTAHOBUTH:

y TUCTUIHLOBAHIM BOJI 0,1 c™m;
y MOPCBKIi#l BOJII 4 m;
B 3 % NaCl 6 M.

CuinbHO 301IBIITy€E pajiiyc Jii 3aXUCcCHE MOKPUTTS Metany. Hanpukian, ma-
rHiEBUI aHOJ 3axuinae 30 METpIiB MiJI36MHOTO TPYOONPOBOAY, HEMOKPUTOIO O1-
TyMOM; ajie 3aXUIlae § KM TpyOOmnpoBOy, MOKPUTOTO OITyMOM.

[TopiBHIOIOYM KATOJAHUN U MPOTEKTOPHUN 3aXUCTH, MOKHA KOHCTaTyBaTH,
110 TIPUHIIMIT IXHBOT A11 CX0KUH, BIH BIAPI3HAETHCS TUIBKU CIIOCOOOM JOCSTHEH-
HS KaTOJAHOI MoJisipu3aliii BUpoOy, 1110 3aXHUIIIAE.

KaTtonuuii 3axucT Mae Taki rnepeBaru:

- OuTbIIMIMA pajiyc Aii;

- HE BUTPAYaIOThCS IOPOTi ¥ 1eiluTHI KOJIBOPOBI METAIH;

- JIETKO KOHTPOJIIOIOTHCS M PETyNIOI0THCS 3aXUCHI TapaMeTpHu.

[IpoTexkTopHUiA 3aXKUCT Ma€e HACTYIIHI EPEBaru:

- HE BUTPAYAETHCS E€JICKTPUYHA CHEPTis;

- MpPaKTUYHO HEMa€ HEOOXIJHOCTI B OOCIyroBYBaHHI, KpIM PEryJspHOi
(pa3 y KiJIbKa pOKiB) 3MiHH MMPOTEKTOPA.

AHoauui 3axucT. [IBUAKICTD €1EKTPOXIMIYHOT KOPO3ii METally MOKHa
3HAYHO 3HU3UTH MpU HOro aHoAHid mojspuzauii. s 1bOro BUKOPUCTAIOTH
CXEMYy KaTOJIHOTO 3aXHUCTy, 3MIHIOIOYHU TOJISIPHICTh MPUETHAHHS 30BHINTHBOTO
JoKepenia cTpyMmy: BHpIO, 110 3aXMIIA€E, TPUETHYIOTh 0 MO3UTUBHOIO MOJIIOCA



JDKepena CTpyMy, a JOTOMIKHHKI €JeKTpOJ — KaToJ — 0 HeraTuBHOTO. [Ipm
IbOMY Tpeba BpaxoByBaTH, IO MAacHBAIlisl MOXJIMBA HE Y BCiX CEpEIOBHUIIAX.
IBuaKiCTh KOpO3ii MPU aHOJAHOMY 3aXHCTi HIKOJM HE 3MEHIIYETHCS 0 HYJI,
BOHA TUTBKHU CYTTEBO 3HIKYEThCS. KpiM TOro, aHOTHUI 3aXUCT MOTEHIIIHHO He-
Oe3MeYHMii: y BUMQJIKy TIEpEPBU B MoAa4l CTpyMy ab0 MpH JOCSITHEHHI MOTEHIIi-
airy TiepernacuBallii MOKJIMBO aKTUBHE pYHHYBaHHS MeTaly, TOMY aHOJTHHUH 3a-
XHCT BUMAarae peTesibHOr0 KOHTPOJII0. 3aTe BUTpaTa €JIEKTPOCHEPTIi TYT 3HAUHO
MEHIIIe, a pajiyc Jii OuIbIIe.



7 TPUKJIA/IX PILHEHHSA TUIIOBUX 3ABJIAHb

Ipuxnan 1. BusHaunt KOpo3iliHy CTIMKICTh IIUHKY, SKIIIO HOTO 3pa3oK 3
noBepxHero 30 cm? 710 BUMpoOyBaHb BaxuB 21,4261 2, a micJisi OKMCTIOBAHHS Ha
nositpi pu Temreparypi 400°C npotsarom 180 roguH Bara 3pas3ka IMicisi BUja-
JICHHS TIPOYKTIB Kopo3ii ckmana 21,4125 e,

Piwenns. XapakrepucTukamMu KOpO31iHOI CTIHKOCTI METaJIiB € BarOBHIA
MOKA3HUK KOPO3ii v 1 INMOMHHMUM nmoka3Huk kopo3ii I1.

3 HaBeACHUX JAaHUX 3HAXOJUMO BaroBHM IMOKa3HUK KOPO3ii:

e Am _ 214261214188 _ 00135 °
St 0,003-180 Mm% 200

Je Am — 3MiHa MacH 3paska, 2;
S — momma moBepxHi 3pas3ka, M
T — BpEeMsI UCTIBITAHUM, 200.
[ToTiM po3paxoByeMO TTIMOMHHUMN TTOKA3HUK KOPO3Ii:

_ 8,76v _ 8,76-0,0135 —0,0166 ﬂ’
p 714 DIk

I

J¢ p — IIUTBHICTD ITUHKY, olem® (momatok A);
0 1o JecATHOAIbHIN IIKajai KOpo3iiHOI cTikocTi (moxatok B) Bimmomimae
CTIMKHUM MeTajiaM — 0ai 4.

IMpukaax 2. Bu3HaunTH, Y MOXJIMBE OKHUCITIOBAHHS NaIais TpU
850°C y moBiTpsHiit atmMochepi i y KHCHEBIH arMocdepi, SKIIO MPYKHICTh JTH-
corriarii oKCuIy Mpu I1ii Temmneparypi ctaHoBUTh 500 ymm pm.cm.

Piwennsa. 3HadeHHs] IPY>KHOCTI JUCOIIAIll OKCHILy Maljlaiisl 3a peak-
II€I0!

PdOy 2 Pdg,y + %0y,
IpU TeMIIepaTypi:
T =850+ 273 =1123 K,
HasezaeHe 1o cuctemu CI (1 vmm pm.cm. = 133,3 I1a), cTaHOBHTS:

Po, = 500-133,3=66650 //a.

Horo nopiBHAHHS 3 NapliaIbHUM TUCKOM KHCHIO B MOBITP1 (3MICT KHCHIO
B sikomy 21 %)



P(')2 =101325.0,21=21278 Ila

MOKa3ye, 10 MPOIEC OKUCITIOBAHHS B I[bOMY BHITAJIKy HEMOXKIIUBHUH, TOMY IO
, : g
Po, > Po, - Kpim Toro, enepris I 160ca

Po

,2 <0.
02

AG=RTIn

VY kucHeBii atmMmocdepi (302 =101325 /la — HaBmaku: PC’)2 < POz’ u AG >

0, 1110 BKa3ye Ha MOXJIMBICTh OKHCIIOBaHHs Pd.

Ipukaan 3. BuzHauwTH, 9 MOXKE MAarHiil 1aBaTH CYIIJIbHY OKICHY
IUTIBKY, SIKITO H{IIBHICTh MAarHito (Pyer) TopiBHIOE 1,74 2/CM3, a IIJIBHICTH OKCH-
Iy Marfiro (Poxc) — 3,65 o/’

Piwenns. Buxonsauu 3 BUpaxeHb, 10 BU3HAYAIOTh 00CAT OKCUIY U 00-
CAT MeTaly:

V — M OKC
OKC !
np OKC
M
MET
VMeT - !
P MET

1€ Moge 1 Myer — Macu 1 MOJIst OKCHAY 1 METaITy BIJIOBIAHO;
N — KUTBKICTh aTOMIB MeTally B MoJieKyJi okeuny (mist Mg = 1);
CHiBBiTHOMIECHHS 00CATIB OKCHIY (Vo) 1 METATY (Vyer) CTAHOBHUTB:

Ve _Moe ‘Puer _ (24,32+16)-174 _
VMeT M MeT poxc 24’32 ) 3’65 | |

[e 3nauenns menie 1, o BianoBiaHo 10 Kputepito [limminra-beasoprca
BKa3y€ Ha HEMOXKJIMBICTh YTBOPEHHS CYIIJILHOI TUTIBKH.

IMpukaan 4. Buznaute TepMouHaMiuyHy MOKIIUBICTh Ta30BOi KOPO3ii HU-
3bKO BYTJICIIEBO1 CTai, IO MPOTIKAE 32 PIBHIHHAIM

Fem + H2Oq) — FeOq) + Hy,

AKII0 BUPIO eKcIuTyaTyeThes mpu Temieparypi 750°C i mapiiaibHHX THCKax BO-
nsiHoi mapu ¥ BojHIO 90 u 10 x//a BiATIOBIIHO.



Piwenns. TepMOAMHAMIYHOIO YMOBOIO MOKJIMBOCTI MPOTIKAHHS Peak-
11i € 3MeHIIeHHs eHeprii ['166ca B pesyabTati peakiii: AG < 0. Enepris ['166ca
I1€1 peakIlii Moxe OyTH 00UYuCiIeHa 3a PIBHIHHAM

PHz

AG AG: +RT|In

T,xop = T,xop

—An-1n101325 |,

H,0

ne AG°rep — eHepris ['i60ca peakunii npu abcomoTHil Temmeparypi T i

CTaHJAPTHUX TMapIaIbHUX THUCKaX BCIX Ta30Moi0HMX KOMIIOHCHTIB

(P°;= 101325 Ila);

An — 3MiHa YKCJIa MOJIIB Tra30IMO/II0HUX KOMIIOHEHTIB y pe3yJbTaTi peak-

il (s manoi peakiii An = 0);

P; — moTouHi nmapiiaabHi TUCKH Ta30MOAI0HUX KOMIIOHEHTIB.

CrannaptHe 3HaueHHs eHeprii ['166ca mpu Temmnepatypi T MoxkHa 06umC-
uTH 32 GOPMYJIIOIO

A(}G,T, Kop AHOT, Kop T ASOT, Kop-*

JIist cipoIieHHsT PO3paxyHKiB AOMyCTUMO, 1o eHTanbiist AH 1 enTporis
AS peaxiiii He 3aJIe’KaTh BiJl TeMIlepaTypH, TOl

o — o o
AG T, kop — AH 298, kop — T AS 298, kop-*

Benuuunu cTanaapTHOT €HTANBMIT i CTAaHAAPTHOT EHTPOIIIT peakiiii Mo)KHa
O0OYHCIIUTH, BUXOJISYH 3 IOBIIKOBUX JaHUX:

AH;98,K0p =AH)gg oo +AH g H, — AHjgq . —AH g0 H,0 =
=-260,7 + 0 -0 —(-242,1) = — 18,6 x/{oxc = —-18600 [orc.

o o

208,Fe ~©298,H,0 =

=54,0+130,6 — 27,2 - 188,9 = - 31,5 orc/K.

AS298,K0p =S 08, Fe0 T S0, H, — S

3 ypaxyBaHHSAM
T=t+273=750+ 273 =1023 K,
OJEPKHUMO:

AG®T, xop = — 18600 — 1023-(—- 31,5) = + 13625 /Jorc,



AGaos, op = 13625 + 8,314~1023-In% = -5063 [orc = —5,06 x/oxc.

Taxum 4nHOM,AG 1, kop < 0, 1 KOPO3ist HU3BKO BYIJICLIEBOI CTalll B 3aJaHUX
yMOBaX MOYKJIMBA.
BIAIIOBIAb: AG®r, ep < 0, KOpO3ist MOKIIHBA.

IMpukaax 5. 3a BUXiTHUMH JaHUMHU TOTIEPEIHBOTO 3aBJAHHS BU3HAUTE
Jiara3oH CIBBIAHOMICHHS MapIlialbHUX THCKIB BOJISHOI IMapu ¥ BOJHIO IIPH 3a-
JaHId TeMIlepaTypi W Jiama3oH TeMIlepaTyp Ui CTaHAAPTHUX MapIlialbHUX
TUCKIB, TIPH SIKUX KOPO3isl HEMOKJIUBA.

Piwennsa. Koposis He Oyne mporikat, KO AG°ryep > 0, TOOTO
Jiana3oH CIHiBBIAHOUICHHS MapliajJbHUX THUCKIB Mapyd W BOJHIO BU3HAYAETHCS
SIK:

l)H
AG°1yop + RT IN—2 >0,

PH20
3BIKU:
P AG’
In Ho S _ =P
PH20 RT

Py, S 13625

In - = 1,602.
PHzO 8,314‘1023
THa 18922 0 202
Pu,0

[Ipy CHiBBIAHOIIEHHI TAapIialbHUX THUCKIB BOJHIO M BOJSHOI Mapu

Py,

> 0,202 kopo3iss HHU3BKO BYTJIEIEBOI CTall B 3aJaHUX TEMIIEPATypHUX
Ph,0
2
YMOBaxX MPOXOJUTH HE Oy7e.
Jlst 3'sicyBaHHS [llalia30Hy TeMIIepaTyp, MpU SIKUX KOPO3isi TEPMOIUHAMI-
YHO HEMOXJIMBA, CKOPUCTAEMOCS] YMOBOIO

AGoT,lcop = AHo298,1<0p -T ASo298,|cop >Oa

3BIIKHA



AH, _
T < 28xep _ 18600 _ £91 k60 318°C.

ASZQ&Kop -315

BIAITOBI/Ib: kopo3ist HU3bKO BYTJIEHEBOI CTalll MiJ TI€I0 BOASHOI Mapu

Py,

HEMOXXJIMBA TP  CHIBBIJHOIICHHI MapIliaJbHUX THUCKIB > 0,202

H,0
(T =1023 K), abo mpu Temneparypax Humxkde 591 K (mpu cCriBBiZHOIICHHI

Py,

=1:9).
H,0

Mpukaan 6. Y xucnomy cepenosuii (pH = 3) KOHTaKTyIOTh Mib i KO-
O6anpT. Hammcatu piBHSHHS €JNEKTPOAHUX TMporieciB, po3paxyBatu EPC i#
eHepriro ['100ca rajJbBaHIYHOIO €JIEMEHTA, 110 YTBOPHUBCSH, Y 3a3HAYEHUX YMO-
Bax.

Piwenna. Y panux ymMoBax KOpO3is MOBHHHA MPOTIKATU 3 BOJHEBOIO
nenoispusauiero. [Ipu pH = 3 noTeHI1ian BOAHEBOTO €1EKTPOAY CKIaie

Puox = —0,059pH =-0,059-3 = 0,177 B.

I3 1BOX KOHTAKTYIOUHMX METAIIB POJb aHOY BUKOHYE TOH, Y SIKOTO €JICK-
TPOJHHMM TOTEHIlAN Ol HeraTUBHUM. [lopiBHSIEMO €IEKTPOJIHI MOTEHIIAIN
MeTaiB (noaaTok B):

=-0,250 B;
=+0,337 B.

(PC02+/C0

(pCu2+/0u

3 1BOTO BUXOJUTH, IO HAa KOOAIbTI OyJe MPOTIKATU aHOJIHUN TPOIEC
OKHUCJIIOBAHHS METAIy, a Ha MIJTHOMY €JIEKTPOJi — BOJHEBA JETOJIAPU3AIlis:

A() : Co —2e — Co**;
K(+) : 2H" + 2e — H,

CymapHuii nporec:
Co +2H" — Co*'+ H,

EPC rajipBaHI4HOTO €JIeMEHTA, 1110 YTBOPUBCS, OOYUCIUMO 32 POPMYJIIOIO

E = @x — @a,



3 ypaxyBaHHSIM pO3pax0OBaHOIr0 paHillIe MOTEHIIaly BOJAHEBOTO €JIEKTPOAY
E=-0,177 - (-0,250) = 0,073 B.

s po3paxyHKky eHeprii ['100ca ckopuctaemocs GopmyJioro

AG =-zFE,

7€ Z — KUTBKICTh €JIEKTPOHIB, 10 O€pyTh Y4acTh y MPOIIECi;
F — mocriitna ®apanes;

E - EPC, B.

Onepxumo:

AG =-zFE =-2-96500 - 0,073 = -14089 /[»«c/mone = —14,1 k/lxc.

Ipukaax 7. Y Bojoriid HeWTpanpHId atMoc(epl KOHTAKTYIOTh MarHii 1
KoOanbT. Hamucatu piBHSHHS €JNEKTpOAHUX mpoueciB, po3paxyBatu EPC i
eHepriro ['100ca raqbBaHIYHOIO €JIEMEHTA, 110 YTBOPHUBCS, Y 3a3HAYEHUX YMO-
BaX.

Piwennsa. Y naHux ymMoBax KOpO3isl MOBHHHA MPOTIKATU 3 KHCHEBOIO
nenosigpuzaiieto. [loreHmian kucHeBoro enekrpoja ckiane npu pH = 7:

9o oy =+ 082 B.

[3 1BOX KOHTaKTyHOUMX METAJIB POJIb aHOJA BUKOHYE TOH, y SKOTO €JIeK-
TPOJHUN MOTEHU1an HeraTuBHIIE. [IopiBHAEMO €NeKTPOJHI MOTEHLIadu Me-
TaliB:

=-0,250 B;
. = —2,363 B,

(PC02+/C0

(PM92+/M

BUXOJUTh, HA MarHii OyJie MPOTIKaTH aHOAHUMN MPOIIEC OKUCIIOBAHHS METally, a
Ha KOOaJbTl — KUCHEBA JICTOISpU3aLlis:

A(-) : Mg - 2e — Mg*";
K(+) : O, + 2H,0 + 4e — 4OH".

CymapHuii nporuec:
Mg + %0, +H,0 — Mg(OH)2

EPC ranpBaHiuHOTO €1€MEHTa, 10 YTBOPUBCSA, 00UNCIUMO 32 (HOPMYIIOI0



E = @k — @4,
3 ypaxyBaHHSIM PO3PaxOBaHOTO PaHillle MOTEHIIIaTy KUCHEBOTO EIeKTPO/Ia
E=0,82-(-2,363) = 3,183 B.
Jlst po3paxyHky eneprii ['i00ca ckopuctaemocs GpopmyIioro
AG =-zFE,

7€ Z — KUTBKICTh €JIEKTPOHIB, 10 OepyTh Y4acTh y MPOIIECi;
F — mocriitna ®apanes;
E - EPC, B.

Onepxumo:

AG =-zFE =-2-96500 - 3,183 = — 614319 /[oxc/mone = — 614,3 x/]nc.

Mpuxnan 8. Posrmsaytu niarpamy [lypOe nnst nMHKY, yKa3aTu piBHSHHS
BCIX MOXJIMBUX XIMIYHUX W €JIEKTPOXIMIYHMX PIBHOBAr, 30HU IMYHHOCTI, KO-
pO3ii ¥ TaCUBHOCTI.

Piwenns. Posrnmauemo miarpamy [lyp6e mis muHky (puc.l).

¢, B
+1,6
2=
+08 + Zn(OH),| 292
Zn2t o i \Y
0 T 2 4
08 —+ 1 3
\
Zn
|
16 i i | i
3 6 9 12 pH

| — obracmo mepmoounamiunoi cmitikocmi (iMynnocmi);,
I, IV — koposis,
Il — o6aacms nacuenocmi.
Obnacmi Kopo3ii 3aumpuxo8ami
Pucynox 1 — Jliaepama Ilypbe ons yunxy



1 Jliarpamu IlypGe 103BOJISIOTH OLIIHUTH MOKJIUBICTh MPOTIKAHHS MPO-
1[eCy KOpOo3ii i1 KOXKHOTO TEXHIYHO BYKJIMBOTO MeTay. Y IUX JiarpaMax ypa-
XOBYIOTBCS TPU MOKJIMBUX PiBHOBAard B cucTeMi "meTan — Boaa': PiBHoBarw,
3B's13aHI TUTHKHU 3 OKUCIIIOBAIbHO-BIJHOBHUMU TIPOIIECaMH, HAITPUKJIAI:

Me S Me™ + ne.

[{i piBHOBaru BU3HAYAIOTHCS TIIBKMA BEIUYHHOIO €JIEKTPOJHOTO TMOTEH-
miany ¥ He 3anexats Big pH. Ha nmiarpamax Taki piBHOBaru 300paxxeHi TOpu-
30HTAJILHUMU JIHISIMH @ = CONSt.

2 PiBHoBaru 10HHOTO OOMIHY, HE TIOB'S3aHI 3 OKHCIIIOBAJIBHO-
BiTHOBHUMH MPOIIECAMHU, HATIPUKIIA!

Me(OH), S Me™ + nOH .

VY 1mux piBHOBarax HeMae Iepexojly eJeKTPOHIB BiJ BITHOBHHMKA JO OKHC-
JI0Baya, BOHM HE 3aJieXaTh BiJ BEJIWYMHU CJICKTPOJHOrO IOTEHIIATYy W Ha
JiarpaMax BOHU 300pakeH1 BepTUKaJIbHUMH JiiHisiMU — pH = const.

3 3mMimani piBHOBaru, ki 3ajgexarth 1 Big pH, 1 BiJ BEIMYUHH €JICK-
TPOJHOTO TOTEHITIATY, HATIPUKIIAI:

Me+ nOH™ S Me(OH), + ne.
JInst iuX piBHOBAr €JIEKTPOAHUM NOTEHIIa 3auexuTh Bi pH:
¢ = ¢° - 0,059 pH,

Ha giarpamax [lypOe iM BiIOBIIatOTh TTOXHUII JIIHII.
JIiHii miarpaMu BiIOBIIaIOTh HACTYITHUM PIBHOBaraM:

Zn S Zn* + 2¢;

Zn* + 20H" 5 Zn(OH),;

Zn + 20H™ 85 Zn(OH), + 2¢;
Zn(OH), + 20H™ 5 Zn0O,* + 2H,0;
Zn +2H,0 5§ ZnO,” + 4H" + 2e.

Ok wdiNPEF

[MacuBnicTs 30U 111 mosicHIOETHCS yTBOpeHHAM miiBku ZN(OH), 1 ZnO.

IMpukaax 9. ¥V ckiibku pa3iB 3pocTae TOBIIMHA TUTIBKU MPHU 301TBIICHH]
TPUBAJIOCTI PIBHOMIPHOI Ta30BOi KOPO3ii TUTaHY BiJ 5 10 48 TOAWH MpU TeMIIe-
patypi 300°C, sSKI10 BCTAHOBJICHO JOTapU(PMIYHUIN 3aKOH 3POCTY TUTIBKH?

Piwennsa. BianoBinHo 10 gorapudMivHOTO 3aKOHY 3pOCTY TITIBKU

0=KklInt+C,



7€ O — TOBIIUHA IUTiIBKH, MM;
K — xoHCTaHTa MBUAKOCTI 3pOCTY ILUTiBKH;
T — 4ac, 200,
C — KOHCTaHTa IHTETPyBaHHS.
3anumeMo 10 (QopMyay 3a yYMOBH IIOYaTKOBOI HYJIHOBOI TOBIIWHU
TUTIBKY U1 Yacy 5 rojuH 1 yacy 48 roaus:

05 = k In5
043 = k In48,

3BIIKHU
045/05 = In48/In5 = 2,40.
BIJAITIOBI/Ib: ToBIIMHA M1iBKK 301IBIIUTHCS B 2,4 pa3u.

Npuxnag 10. Bwusnaure mBHAKOCTI PIBHOMIPHOI KOpO3ii 3aimiza
v, &/(M°200), i I, Mmm/pix, AKUIO IIITBHICTH KOPO3IHHOrO CTPYMy CTAHOBHTH
0,02 A/x°.

Piwenna. 13 3akony ®apajzes HBUIKICTH PIBHOMIPHOI KOpO3ii
v, 2/(/142-200), JOPIBHIOE:

3600 M i
L= —F
ne Mg — eKBiBaJIeHTHA Maca KOPOIyIOUOTo METay, &/MOb;
i — HiTBHICTH KOpO3iitHOrO CTpYMY, A/M°;
F — uucno ®apanes, Kn/exs.
Bpaxyemo, 1110 B KaTOJHOMY MPOIIEC] 3aJ1130 OKUCISETHCS /10 IBOBAJICHT-
HOTO CTaHy, TOJII MOro eKBiIBaJCHTHAa Maca BJBIYl MEHIIE aTOMHOI MacH, 1
BUXi7HA hopMyIa TpaHCHOPMYETHCS Y

,_3600Ai _3600-56-0,02
~ 2F  2.96500

= 0,021 2/(m* 200).

Jlns mepeknaAy mi€l OAMHUII B MUTIMETPH 3a PIK CKOpucTaeMocs (popmy-

JIOXO
_ 8,76 v

p

IT

. . 3
Jie P — MIUIBHICTh METAILTY, 2/CM".

m=3876v_876-0021 _ 0,023 yum/pix.
p 7,87




BIJIIIOBIJIb: v = 0,021 2/(m*-200); II = 0,023 mm/pix.

Hpuxnax 11. Sxuif THD KaTOMHOI JEMOJsSpU3aIli MOXKIMBHUHN y BUITAJIKY
Kopo3ii crameBoro BupoOy B 0,1 M po3umni FeCl,, npu kiMHaTHIN TeMiepaTypi
1 HACTYNMHMX NapIialbHUX TUCKAaX BOJHIO W KUCHIO:

Py, =7000 /la; P =21000 /la.

Piwennsa. O6uncmumo pH po3unHy, 3 OISy HA T€, IO TIAPOII3 XJIO-
puny 3amiza (II) mpotikae 3a piBHAHHAM

Fe*" + H,O 5 H" + FeOH™:

_14
pH =-1gC ., =-Ig Ke C=—Ig 1O—O’41=5,56.
K, | 1,3-10

Bu3HaunMo piBHOBa)XKHI MOTEHIIATN 3aJ113HOTO, BOJIHEBOTO M KHMCHEBOT'O
€JIEKTPO/IIB:

. 0,059 ~ _ _
Ppere e =Pperejpo *— 5 19C 2 = =044 -0029519 0,1 =~ 047 B;
0,059, Py,
@y, = 0.059PH - = =g b "
=~ 0,0505,56 — 0,0295 Ig 202322 — _ (398 + 0,034 = — 0,294 B;
. 0,059, Po,
?o,10n- = Po,i0n- ~ 0,059 pH + 4 Ig . =
2

=+1,227 - 0,059-5,56 + 0,0147 1g(21000/101325) = + 0,889 B.

OckiIbKH PIBHOBa)KHI TOTEHIIAM BOJHEBOI W KHUCHEBOI JemoJispu3aliii
MEPEBUINYIOTh MOTEHITIa 3aJi3HOTO €JICKTPOJIa, y JJAHUX yYMOBax CTaJlb MOXKE
KOPOJYBATH SIK 3 BOJHEBOIO, TaK 1 3 KUCHEBOIO JICTIOJISIPU3AIIIETO.

BIJAITOBI/Ib: kopo3ist MOKJIHUBA.

Mpukaag 12. CraneBuii BupiO mNOKpuUTHiA ImapoM IMHKY. Sk Oyne
POTIKaTH KOPO3is BUpoOy y Bosoriit armocdepi (pH = 7)?

Piwennsa. 3naiinemo, skl 13 IBOX METaliB OyJne BiJlirpaBaTH pOJIb
aHoJa, JUIs IIbOTO 3PIBHAEMO 1X CTaHJIAPTHI €JIEKTPOIHI MOTEHIIIAIH:

¢ ., =-0763B < g , —044B.



Mertai, 110 Mae Oibllle HETATUBHY BEJIMYMHY €JIEKTPOIHOTO MOTEHIlaNy,
BiJIirpa€e poJib aHojAa. Y IIbOMY IPHUKIIAJl aHOJOM Oyjie IIMHKOBE MOKPUTTS, Ha
3QJII3HOMY €JIEKTpoJil OyJe MpOTIKAaTH MpOoIeC KaTOAHOI Jenojspusaiii. Y
HEWUTpabHIM BOJIOTIM aTMOoc]epi MPOTIKae MEePEeBaXKHO KUCHEBA JICTIONApU3AITis.
[TepekoHaemocs B ii TepMOJUHAMIYHINA MOXJIMBOCTI, JJI1 YOTO OOYHMCIMMO T10-
TEHIIaJI KUCHEBOTO enekTpoa npu pH = 7 1 mapiiaasHOMYy THCKY aTMOC(HEpHO-
ro kucHio Po =21 «lla:

. 0,059, Po,
Po,100~ = Po,i0n 0,059pH + 4 lg P; -
2

=+1,227 — 0,059-7 + 0,0147 1g(21000/101325) = + 0,804 B.

=+ 0,804 B> (|)°Zn =— 0,763 B, — KOpo3isi MOXKJIUBA.

(pOZ/OH_ i

EnexTpoaui mpoiiecu Kopo3ii OyayTh IPOTIKATH TAKUM YUHOM:

A: Zn —2e — Zn°"; 2
K: O, + 2H,0 + 4e — 40H". 1

Cymapnuii nporec:
2Zn+ 0, + 2H,0 — ZZn(OH)2

Mpuxnan 13. [Ipu enexTpoximivHii Kopo3ii BUpoOy 3 HU3BKO BYTIIEIEBO1
CTaJIl 3 KUCHEBOIO Jienosipu3altiero 3a 45 xpunun yreopuitocs 0,225 2 Fe(OH),.
OO6uncnuTe BEIUYUHY KOPO3IWHOTO CTPyMy, 00’€M MOTJIMHEHOTO KHUCHIO TIPH
HOPMAaJILHUX YMOBAaX 1 Macy 3aii3a, sSiKe MiI1aja0cst KOpo3ii.

Piwennsa. 3anumemo piBHSHHS €EKTPOJIHUX MPOIIECiB KOPO3ii 3aii3a 3
KHCHEBOIO JICTIOJISIPU3AIIEI0:

A: Fe — 2e — Fe®':
K: O, + 2H,0 + 4e — 40H".

Po3paxyeMo KUTBKICTh €KBiBaJeHTIB Timpokcuay 3amiza(ll), mo yTBo-
pUBCS:

Meeom), 56+2(16+1 .
Mg reon), = e2 L= (2 )= 45 2/monv;
m 0,225 _
n — PO _ =510 monw.
Fo Fe(Or2 My, Fe(OH),

KisbKiCTh €KBIBaJIEHTIB BCIX YUaCHHMKIB peaKilii OJJHAKOBA, 3HAUHTh!

Vo, =NgVg o, =5:107 5,6 =2,8:107 2 = 28



n.A .1073.
mFe=nEME,Fe= E2 Fe=5102 56=O;143-

Bennuuny Kopo3iifHOTO CTpyMy BU3HAYMMO 13 3akoHy Dapajes:

_Megglt | Fm, 96500014

a t  28.45.60

m =
Fe F M

= 0,178 4.

E(Fe)

BITIOBI/Ib: 1= 0,178 4; Vi, =28z M. = 0,14 2.

Ipukaaa 14. CraneBuil BUpiO KOpOJye 3 KUCHEBOIO JETOISPU3AIIELO,
00yMOBIIeHOO TU(DY3i€l0 KHCHIO (pHC. 2).

-, B

Fe —2e — Fe’"
0,3 4

+0,1

IKOp]

+0,2

+0,3
0, +2H,0 +4e - 40H

PuCynox 2 — [lpuxnao koposiiinoi diazpamu 015 npoyecy Koposii cmanesozo
8UPODOY 3 KUCHEBOIO 0enoNApU3AYIEIO

['pannynuii ctpym Kopo3sii gopiBHioe 4,5 A. 3a KOpo31iHOIO Alarpamoro
BU3HAYITh, IKUM Oyjie HOBUM KOPO3IMHUI MOTEHINad, SKIIO MIJISIXOM YIOBUIb-
HeHHs nudy3ii KHCHIO BAATIOCS 3HU3UTH CTPYM KOPO3ii 10 3 A.

Piwennsa. 3a ymoBOIO, BeIMUMHA KOPO3IMHOTO CTpyMy A0OpiBHIOE 4,5 A
(I). Llpomy BigmoBizae KOPO3iMHUEN MOTEHIIan 3aji3a, mo craHoButh — 0,1 B
(Touka 1 KOpO3ilHOI AiarpaMu, TUB. puc. 2). 3MEHIICHHS KOPO3IHHOTO CTPyMy
10 3 A npu3BOAUTSH 0 3CYyBY KOpo3iiiHoro motenmiany g0 — 0,2 B (Touka 2).

BIJAITIOBI/Ib: HOBUIi KOpO3iiiHUI noTeHIian qopiBHioe — 0,2 B.



8 BABJJAHHA JIJI1 CAMOCTIMHOI'O PIIIEHHS

1 BusHaute MBUIKICTH PIBHOMIPHOI KOPO3ii aIFOMIHIIO MiTIMETpax 3a piK
1y rpaMax Ha MEeTp KBaJPaTHHM 3a PiK , AKIIO HIIJIBHICTh KOPO3IHHOTO CTPyMY
nopiHtoe 0,093 A/

2 MarHiit Kopozye y MOpChKiii Bozi 3i mBHaKicTio 6,04-10 — 2 2/(M* 200).
Bupasutu mBHIKICTh KOPO3il MarHito y MiJliiMeTpax 3a pik.

3 YV ckinbkH pa3iB 30UIBIIYETHCS TOBIIMHA TUTIBKU MpU 301TIbIICHHI TPU-
BaJIOCTI pIBHOMIPHOT ra3oBoi kopo3ii 3aiiza Big 10 g0 200 rogus npu Temiiepa-
Typi 500°C? 3picT IUIBKHU 3/1iHCHIOETHCS 3a TTAPabOTIYHUM 3aKOHOM.

4 BuzHauTe TEPMOJMHAMIYHY MOJKJIMBICTH T'a30BOi KOpO3ii 3aji3a 0
Fe,O3 mij miero armocdepHoro KucHIo mpu temmeparypi 500°C.

5 BwuzHauTe TepMOJMHAMIYHY MOKJIMBICTH Ta30BOi KOPO31i HIKEIIO 10
NiO mig giero kucHio 3 napiiansauM TuckoM 140 xl1a i remneparyporo 800°C.
BuszHauTe napuiaJibHUI TUCK KHCHIO, IIPH SIKOMY KOPO31sl HIKEIIO MPUITUHSAETHCA
IpH L1l TeMneparypi.

6 Bwusnaute obOnacTh TeMreparyp, y SKii HEMOXKJIMBA ra3oBa KOPO3is
3amiza mig giero H,S mo FeS (mapuiadbHME THCK CIPKOBOJHIO JIOPIBHIOE
101 xlla).

7 BusHauTte 00nacTh TeMIeparyp, y AKid HEMOKJIMBA ra3oBa KOpPO3isd
AIIOMIHIIO B aTMOC(EP1 XJIOPY NMPU CTAHAAPTHOMY THUCKY.

8 JloBeniTh po3paxyHKamu, 110 B YMOBax BOJIOroi aTMoc(hepu LHUHK KO-
pPOJYE, a 30JI0TO — HI.

9 Yu MoxJIMBa KOPO3isl CBUHIIIO Y BOJIIHOMY po3uuHi nipu pH = 5? Sxuit
THUII KaTOJHOI JIETIOJISIpU3aIlii peai3y€eTbes B IIbOMY BUIIAIKY?

10 Busznaute, un Oyze KopoayBaTu Mijfb y Bosoriid armocdepi npu pH =
6.

11 Marsiii koponye y mopcbkiit Boai npu pH = 8. Hanumite piBHAHHS
€JIEKTPOJHUX MPOLIECIB.

12 Ha3BiTe MeTanu, SIKi MOXYTh KOPOIYBATH 13 TOTJIMHAHHAM KHCHIO Y
BOJIIHOMY po34uHi, 1o mae pH: a) 3,0; 6) 5,0; B) 9,0.

13 Ha3zBiTh MeTanu, SKi MOXYTb KOPOIYBaTH 13 BUIIJICHHSIM BOJIHIO Y BO-
nsiHOMY po3uuHi, 1o mae pH: a) 3,0; 6) 5,0; B) 9,0.

14 UYu moxnuBa elneKTpoxiMiuHa Koposis cBuHIIO B 0,02 M po3umHi
Pb(NO3), mpu kiMHATHIH TeMmmepaTypi, SAKIO HapiiialbHI THCKH BOJIHIO M
KHCHIO JIOPIBHIOIOTH BignmoBigHo 125 1 60 x/la. HanuiniTe piBHSHHS €JIEKTPO/I-

HEX TporeciB. KoHcranTa aucoriamii ;;b(OH)Z =3,0-1078.
15 BwusHaure MOXJIMBICTH KOpo3ii amoMiHito B 0,010 poszuuni AlICI; ¢

BOJHEBOIO ¥ KHCHEBOIO JIETIOJISIPU3AINIEI0 MPU KIMHATHIN TeMIiepaTypi, SIKIIO
mapitiajibHi TUCKH BOJIHIO M KHCHIO JIOPiBHIOIOTH BiamoBigHo 60 u 21 x/la. Ha-

NUIIITH PIBHSHHS €JIEKTPOJIHUX MPOLECIB. 'ZI(OH)B =14-107°.
16 Bupi6 i3 muaky 3anypuwiu B 0,04 M pozuun ZnSO,. Yu Oyne cro-

cTepiraTucs Koposis IIMHKY? K'éh(OH)Z =16-107°.



17 Yu mMoke mpoTiKaThH KOpo3is rajabBaHiyHoil napu Fe - Cd, 3anypeHoi B
0,005 M po3unn FeCl, nmpu kimuHatHiii Temmnepatypi? Sk 3minutbest EPC ko-
PO31MHOTO eJIeMEeHTa, SIKI0 KOHIIEHTpaIlis po3uuny 30u1bmuThes 10 0,05 M?

18 Ywu Oyne mpoTikatu enekTpoximiuda kopo3sis mapu Ni - Cu B 0,01 M
pozuuni NiSO,4 ipu 25°C?

19 3amizo, nokpute amoMiniem, 3anypuwin B 0,005 M poszuun Al (SO,);
Yu Gye mpoTiKaTu KOpo3is bOTO BUPOOY MpU KIMHATHINA Temmnepartypi?

20 Ha3BiTh MeTanu, sKi MOKHa BUKOPUCTATH JAJISI KATOAHOTO MOKPHUTTS
HU3BKO BYTJIEIEBOI CTall Y BOJIOTIH aTMocdepi.

21 Ha3BiTh MeTa M, SKI MOXXHAa BUKOPUCTATH JJII AHOJHOTO TOKPHUTTS
HU3BKO BYTJIEIEBOI CTall Y BOJIOTIH aTMocdepi.

22 Ha3BiTh MeTanM, SIKi MOKHa BUKOPUCTATH ISl KATOAHOTO TTOKPHUTTS
HU3BKO BYTJIEIEBOI cTam B po3unHi 3 pH = 3.

23 Ha3BiTh MeTald, SIKI MOXXHA BUKOPUCTATH JJIi aHOJHOTO MOKPHUTTS
HU3BKO BYTJIEIeBO1 cTam B po3uuHi 3 pH = 3.

24 Jlo SAKOTO TUIy IMOKPUTTIB BIIHOCHUTHCS OJIOBO Ha MiJl ¥ Ha 3ami3i?
Sxi mpouiecu OyayTh MPOTIKATH Mpu aTMOchepHid KOpo3ii 3a3HaAYeHHX THap y
HEUTpaIbHOMY CEpEeOBHUILI?

25 3amizHuit BUpiO MOKpHIK Mif0. SIKe 11e MOKPUTTS — aHO/IHE abo Ka-
TonHe? HanmumiTh piBHSHHA €JIEKTPOAHUX MPOLECIB KOpPO3li IbOro BUpPOOy B
KHCJIOMY CEpE/IOBHIILII.

26 Sxuii MeTan mpUIATHUH 7151 BUTOTOBIECHHS MPOTEKTOpa MpU KOPO3ii
ctaneBoi Tpyou B rpyHTi 3 pH = 8? Hanumnite piBHSIHHS aHOTHOTO i KaTOIHOTO
MIPOLIECIB.

27 SIx mpotikae KOpo3is JTyHKEHOTO 3alli3a y BOJIOTiM aTMocdepi mpH Imo-
PYILIEHHI HUTICHOCTI NOKpUTTS? CKIAIITh PIBHSAHHS €JIEKTPOAHUX MTPOILIECIB.

28 VY yoMy cKJIalaeTbCs MPUHIMI Jii MPOTEKTOPHOTO 3aXUCTy METATIB
BiJl Kopo3ii? HaBeniTh mpukiiag MpOTEKTOPHOTO 3aXHUCTY 3aJli3HOTO BUPOOY Y
BOJIOTOMY HEHTpaJIbHOMY TPYHTI, YKaXKITh aHOJIHUM 1 KATOJJHUN TTPOLIECH.

29 Tlapa Fe-Au nmigmaerses koposii B piukosiit Boai npu 25°C. CKinbk i
SIKAA METaJ IMIIaBcs Kopo3ii, skiio norauayiaocs 280 mz kucHio (H.y.)?

30 CkinpKH 1 SKMH MeTaJl IPOKOPOJIYBaB, SKIIO CIUIaB MiJdi 13 IIHHKOM
3aHypuiH B po3uud 3 pH = 4 i npu oMy BUALTHIIOCS 56 M1 BogHIO (H.Y.)?

31 SIxi enexTpoAHI MPOIECH MPOTIKAIOTh MPU KOPO3il CIUTaBy HIKENIO i3
IUTATUHOKO TPU KIMHATHIN Temmeparypi, Ko noriaunyiocs 140 mz KUCHIO
(1.y.)? CrnaB nomimenuit y po3uuns 3 pH = 9.

32 baykatouuii ctpym cuiioro 0,7 A MpoXoauTh yepe3 MiI3eMHY AUISTHKY
TpyOH, 1m0 Mae 30BHiHIN aiameTp 50,8 mm 1 noexuny 0,6 m. fIka mouarkoBa
IIBHJIKICTH KOPO3il (y MiJIiMETpax 3a pik), 00yMOBJICHA IIUM CTPyMOM?

33 V 3ani3Hiil eMHOCTI epeOyBae MpUpoIHa BOJA, IO MICTUTh KUCEHb Y
koutentpamii 2:10° momw/m® 1 mae pH = 9. Sxumit Tum xoposii Meramy
BHYTPIIIHBOI MOBEPXHI €MHOCTI MOJIMBHIA nipu 298 K? Bianosigs miaATBEpAUTE
PO3PaxXyHKOM.



34 HakpecniTh KOpO3iliHy aiarpamy Juisl MiA3eMHOi cTajieBoi Tpyou, 3'e-
HaHOI 3 MarHiEBUM aHOJOM 332 YMOBH KaTOJAHOTO KOHTPOJIIO MPOIIECy KOPO3ii.

35 Bwu3HauTe CTpyM KaTOMHOTO 3aXHUCTY, SKIIO BIJJOMO, IIIO METalieBa
TpyOa Kopoaye y rpyHTi nipu pH = 5 6e3 10cTyny KUCHIO ¥ KOPO31MHUN CTPyM
CTaHOBHUTH 5 A.

36 3anmizHuii BupIO KOpPOAYyE Y MOPCHKIM BOAI 31 HIBUIKICTIO
0,1 2/(w*wac). PospaxyiiTe MiHiMaIbHy MOYATKOBY WILIBHICTE CTPYMY, HE0O-
X1AHY JUTsl TOBHOTO KaTOJTHOTO 3aXHUCTY.



9 3ABJJAHHSA 1O KOHTPOJIbHOI POBOTH
JUISI BAOYHOT ®OPMM HABUAHHS

Kontponsna pobora 3 po3aumiB 1 Ta 2 IpOBOJUTHCS 3 METOIO MEPEBIPKU
CTYIICHIO 3aCBO€HHS 3HaHb. KOHTpOJNBHI 3aBIaHHS CKJIANAlOTHCSA 3 3 3aBIaHb,

SIK1 OXOIUTIOIOTh YC1 TEMH PO3/ILTIB.

Tabnuys 1 — Bapiaumul konmpovHoi pooomu

Bapiant 3aBnaHHs | 3aBnaHHA 2 3aBnaHHA 3
1 2 3 4
01 1 1 1
02 2 2 2
03 3 3 3
04 4 4 4
05 5 5 5
06 6 6 6
07 7 7 7
08 8 8 8
09 9 9 9
10 10 10 10
11 11 11 11
12 12 12 12
13 13 13 13
14 14 14 14
15 15 15 15
16 16 16 16
17 17 17 17
18 18 18 18
19 19 1 19
20 20 2 20
21 21 3 1
22 1 4 2
23 2 5 3
24 3 6 4
25 4 7 5
26 5 8 6
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IIpooosocenns madauyi 1

1 2 3 4
91 7 1 11
92 8 2 12
93 9 3 13
94 10 4 14
95 11 5 15
96 12 6 16
97 13 7 17
98 14 8 18
99 15 9 19
00 16 10 20

3aBaanns 1
Hanucaty piBHSHHS €JIEKTPOJHUX MPOLECIB Y BUMAIKY KOHTAKTY METAIIIB
A 1 B, po3paxyBatu EPC 1 eneprito ['100ca ragpBaHi4HOTO €JI€MEHTA, IO YTBO-
puBCA, y 3a3HaueHUX ymoBax. CTaHIapTHI NMOTEHIaJM METAIIB MPUBEICHI B
nonarky b.

Tabnuys 2 — Bapianmu 0o 3a80auns 1

Bapiant Meran A Mertan B YMoBH KOpo3il
1 Zn Fe VY kucnomy cepenosuii, pH = 4
2 Fe Sn B Bosoriit HelTpanbHiil aTMmocdepi
3 Al Cu VY xucnomy cepenosuiti, pH =5
4 Sn Zn B Bouoriit HelTpanbHii aTMocdepi
5 Mg Pb VY KUCIIOMY CepeIOBHIL, pH = 6
6 Zn Mg B Bouoriit HelTpanbHii aTMocdepi
7 Cu Zn VY KUCIoMy cepeoBHI, pH = 6
8 Cu Fe B Booriit HeWTpanbHii aTMOochepi
9 Ni Fe VY kucnomy cepenosuuti, pH = 4
10 Al Zn B Bouoriit HeWTpanbHii aTMOocdepi
11 Sn Al VY xuciaomy cepenosumii, pH =5
12 Fe Mg B Bouoriit HeWTpanbHii aTMochepi
13 Zn Pb VY xuciomy cepenosuiii, pH =3
14 Zn Cu B Bosoriit HelTpanbHiit aTMmocdepi




15 Ni Zn VY kucnomy cepenosui, pH = 2
16 Pb Fe B Bonoriit HeWTpanbHii aTMOcdepi
17 Sn Ni VY kuciomy cepenosuii, pH = 4
18 Cu Mg B Booriit HeWTpanbHii aTMocdepi
19 Al Fe VY xuciomy cepenosuili, pH = 6
20 Sn Mg B Boutoriii HeTpanbHii atMochepi
21 Al Pb VY xuciomy cepenosuii, pH =5

3aBaanusa 2

PosrnsnyTtu niarpamy IlypOe 1uist 3a3Ha4eHOro MeTaily, yKa3aTH pIBHSIHHS
BCIX MOXJIMBUX XIMIYHUX 1 €JIEKTPOXIMIYHUX PIBHOBAr, 30HU IMyHHOCTI, KOpO3ii
1 HaCUBHOCTI.

Tabnuys 3 — Bapianmu 00 3a80auHs 2

Bapiant Meran
1 bepuniit
2 AJroMiHIH
3 301010
4 OmoBo
5 Cpibno
6 Xpom
7 Turan
8 [{upkoHiii
9 3aiizo
10 30J10TO
11 OnoBo
12 Cpibno
13 Xpom
14 Turan
15 [upxoHiii
16 3aiizo
17 bepumiii
18 AJroMiHIHT




3aBaanuga 3

JlaTv THCTOBHY BIATNOBIb HA MUTAHHS BIJMOBIAHO J0 BapiaHTa 3aBJaHHSI

(Tabm.4).
Tabnuys 4 — Bapiaumu 0o 3a80auHs 3
Bapiant [Turanns
1 Kunacudikaris kopo3ii. [lokasauku kopo3ii (IBUAKICTh KOPO3ii)
2 Tepmoaunamika i KiHeTHKa ra30Boi KOpo3ii
3 KineTnyHi piBHSHHS BUIKOCTI ra30BOi KOPO3ii
4 BuytpimHi ¢akTopu razoBoi Kopo3ii
5 3oBHiIIHI (haKTOPH Ta30BOT KOPO3ii
6 3axucT BiJ ra3oBoi Kopo3ii
7 Teopii kapocTiUKOTo JeTyBaHHS
8 MexaHi3M eJIeKTPOXiMIYHOT KOpOo3ii
9 TepmoanHaMika eneKTpoxiMidHOT KOpOo3ii
10 Kinetnka enexkTpoximMiuHOi KOpo3ii
11 OCHOBHIi BHITaJKH KOHTPOJIIO €IEKTPOXIMIYHUX MPOIIECIiB KOPO3ii MeTasiB
12 30BHINIHI 1 BHYTPIlIHI (pakTOpH eNeKTPOXiMigyHOI KOpO3il
13 KopozioHnHo-MexaHiuHe pyHHYBaHHS METaJIiB
14 ATmocdepHa Kopo3is
15 IpyHTOBa KOpO3ist
16 Knacudikamist MeToziB 3aXUCTY Bijg KOpo3ii
17 MertasneBi MOKpHUTTS
18 HemeraniuHi NOKpUTTS
19 [aribiTopu Kopo3ii, 00poOka KOPO31MHOTO cepeIoBHUIIA
20 EnexTpoxiMiuyHUH 3aXUCT BiJ KOPO3ii




JTOJATKHU

Jlomatoxk A
ATOMHI MacH i IIVILHOCTI IeAKUX METAJIB
Tabnuys A. 1
C IiapHICTS,

Meran XiM1YyHUK cUMBOJT | ATOMHAa Maca 3

r/cMm
ATroMiHIN Al 26,98 2,702
bepumniit Be 9,01 1,848

Banamii V 50,94 6,1
Boasdpam W 183,85 19,3
3aiizo Fe 55,85 7,86
Kammiit Cd 112,40 8,65

KobGanbT Co 58,93 8,9
Marnii Mg 24,305 1,738

Mapranenp Mn 54,938 7,4
Migs Cu 63,546 8,96
Monioaen Mo 95,94 10,22
Hikens Ni 58,71 8,90
OmnoBo Sn 118,69 7,31
CBuHELD Pb 207,2 11,34
Cpibmo Ag 107,868 10,5

Turaun Ti 479 45
Xpom Cr 51,996 7,19
0070509 Zn 65,37 7,14




Honaroxk b

JecaTudajsbHa MIKaJIa KOPO3iiHOI CTIMKOCTI MeTaJIiB

Tabnuysa b.1

[IBuaKICTH KOPO3ii,

['pyna criiikocTi n/pix ban
| I{iTKOBHTO CTIHKI Menm 0,001 1
e Bix 0,001 mo 0,005 2
Il Beabmu cTiiK1 Biz 0,005 710 0,01 3
o Bix 0,01 7o 0,05 4
I Crifixi Bix 0,05 110 0,1 5
e Bin 0,1 1o 0,5 6
IV 3HmKeHoCTIHKL Bix 0.5 10 1.0 7
e . Big 1,0 no 5,0 8
V MajocTtiiki Bix 5.0 10 10,0 9
VI Hecriiiki ITonax 10,0 10




lonaroxk B

CraHaapTHI eJIeKTPOJAHI MOTeHIiaIn

Tabnuys B.1

Enexrpon Enexrpoana peakiiis Ejo. B
Rb*/Rb Rb*+e S Rb —2.925
KK K'+es K 2,925
Ba**/Ba Ba’* + 2e S Ba ~2,906
Ca”*/Ca Ca® +2e S Ca —2,866
Na*/Na Na® +e S Na 2,714
Mg*/Mg Mg?* + 2e 5 Mg ~2,363
APF*/A Al¥+3e 5 Al ~1,662
Mn*/Mn Mn*" + 2e 5 Mn -1,180
Zn*/Zn Zn*" +2e 5 Zn —0,763
cr¥*/Cr Cr*+3e S Cr —0,744
Fe?*/Fe Fe* +2e S Fe —0,440
Cd**/Cd Cd* +2e 5 Cd —0,403
Co**/Co Co*" +2e 5 Co -0,277
Ni**/Ni Ni** + 2e S Ni -0,250
Sn®*/Sn Sn** + 2e 5 Sn -0,136
Pb*/Pb Pb* + 2e 5 Pb -0,126
H*/H,(Pt) H' +e S % H, 0,000
Cu”/Cu Cu” +2e 5 Cu +0,337
Cu’/Cu Cu"+eSCu +0,521
Hg,”*/2Hg Hg,”" + 2e 5 2Hg +0,798
Ag'/Ag Ag'+e S Ag +0,799
Hg**/Hg Hg"™ + 2e S Hg +0,854
Pt™*/Pt Pt + 2e S Pt +1,19
Au®/Au Au® +3e 5 Au +1,50




Hiarpamu Ilyp6e, HeoOXiaHi 1151 BAKOHAHHS 3aBIAHHA 2
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