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SROEASYI )

3aHAaTtue 1
1. MoTMBauMoHHaA YacTb (28 MuHyT).

Lliaz 1. MpogemoHCTpupyMTe sudeoppazmeHm «Koppo3us», He ornallan ero HasBaHumA.
ObcyanTe C yyalmmmcs, 0 KaKoM ABAeHUN MAET peyb? Kakoe MOXKHO AaTk onpeaeneHue
A@HHOMY ABMEHUKO?

Koppo3ua — pe3ynbTaT arpecCrMBHOro BO34eMCTBMA OKPYKatoLWen cpegbl Ha
MeTanmyeckme NoBepxHOCTU, B OCHOBE KOTOPOro aexKaT NpoLecthl oKMcaeHusa. Novemy
Koppo3uma BpegHa? Kakue npegmeThl B ObITY NoABeprasnmMcb KOPpPo3unmn, 1 yyallimecs,
YsleHbl CBMbW HE CMOr /1M BOCCTAHOBUTb UX?

[Moyemy BarKHO M3yYaTb KOPPO3MOHHYH CTOMKOCTb MaTepmrasnoB? YTobbl 3aTem HalTK
Cnocob 3awuThl. [Toyemy 3TOT Npouecc MoxKeT ANnTbCA rogammn? ATmochepHasa Koppo3ua
npoTexkaeT MeafieHHO.

Lllaz 2. MpogemoHcTpupynTe auoeoppazmeHm «Koppo3ua memannosy. ObcyanTe, Kakme
MeTasnbl MoABep»eHbl Koppo3nKn? TonbKo Nn Kene3o? KoppexkTHO M roBOPUTL O
KOPPO3UM ¥Kese3a — Kakoh MMeHHO MaTepuan (CTanb — CNaaBs »Kenesa C yrnepoaom)
CNYXKUT 0ObIYHO ANA N3rOTOBACHUA «XKeNe3HbIX» U34ennin?

Kakne meTannbl KOPppoAMPYHOT B MeHbLuen cTeneHn? OT 4yero 3To 3aBucuT?

Moyemy B BMAEOPOAMKE Mbl HAOAA43EM NPOLLeCC KOPPO3UK, ero NPoAYKTbl 38 HeCKO/bKO
CeKyHa, MVHYT, HO He neT, Kak B saudeogppzameHme «Koppo3ua»?

MonpocuTe yyaulmxcsa npeanosnoxKmnTb, KAKOW pacTBop Obia B3AT 418 pacTBOpPeHUs
MeTannoB, MCXoaAa U3 HabgaemMblix AsneHu (Meab He pearnpyeT; 0/10B0 U ¥Kese3o
NPaKTUYeCKM He pacTBOPAKDTCA, LMHK 3aMeTHO pearmpyeT C BblgeeHrem rasa, ewe
60/1ee akTMBHO — MarHuii, Hambonee bypHo — Kanbumit). Morna 31o 6biTh Boga? Kucnora?
LLlénoub? Mouemy? BepoaTHo, bbina B3ATa CONAHAA KMCAO0Ta.

[pu Hanuvuu BpemeHU U coomeemcmasyruw,elt N0020MOBKe YHaUUXCA MOXKHO Nposecmu
aHa/102U4HbIU 0eMOHCMPAUUOHHbIU 1Ubo nabopamopHsIl 0Neim, 3anNUcame YpagHeHUs
npomekrarouux peaxkuyuli (nu6o 3a0ame Ha 0oM), 06CyOUMb, KAKUE Memasi/ibl U No4emy
He 83aumoodelticmayrom ¢ condHol Kucaomod? [Toyemy nogepxHOCMb NAACMUHKU Medu 8
conaHol Kuciome cmana 6necmsauwed, C 4em 3mo c8A3aH0 (Npoucxodum pacmeopeHue
OKCUOHOU NABHKU) U m.o.

0bcyanTe, Kakaa 4YacTuLa BbICTYNaeT KOPPO3MOHHbLIM areHTOM B 4aHHOM OMbITe. 3TO
KaTWoH BoAopoAa. K KakomMy Tuny peakuuin OTHOCUTCA Koppo3una? Moyemy? 3To
OKUCAUTENbHO-BOCCTAaHOBUTE/IbHbIM MPOLECC, MOTOMY YTO aTOMbl MeTasnna
NpeBpaLLatoTCa B MOHbI. YTO ABnAeTCa okncamTenem? KaTMoH Bogopoaa.
BocctaHoBuTenem? ATombl meTanna. A 3a CHET Yero NponCXoanT paspyLleHye B
aTMocdepe Bo3ayxa? ToxKe 3a CYET KaTMoHa Bogopoda? HeT. Kakoe BellecTBo BbICTynaeT
oKncanTenem? 3To KMCA0POoA BO3ayXa.

HazeaHue mogyna htweek.ru
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[peanoxuTte yyalmmca 3anmcaTb ypaBHeHe aTMoCcdepHor KOppo3nu, Hanprmep, cCTanu
(Fe). 06cyamnTe BapuaHTbl. 06paTuTe BHUMAHKMe, 4To 06pa3yeTca 06bIYHO He OKCu, a
rnapokcug sxenesa (ll). Mpu 3TomM BaXKHY POsib B YCUIGHNM KOPPO3UU UrpaeT
aTmocdepHad Bnara:

02+ 2H:0 +4 e =4 OH"

[Mpu Hanu4uu BpemeHU cbpamumecs K Hab/IDOeHUAM YHaU4UXCA — 8 KOKOM C/y4ae
CmManeHele U30enusd KoppooupyHm CubHEee: NOIHOCMbH NO2PYKEHHbIe 8 800y U/IU HA
2paHuue 8006l U 8030yxa. [Noyemy? Haubosiee onacHo umeHHO coYemadue KUcs0pooa
8030yXad U 8/10d2U.

2. [MocmaHosKka npoekmHoii 3ada4u (2 MUHYThI).

NTak, B TOM N1 MHOWM CTeneHn KOppOo3vn NoABepKeHbl BCe MmeTasnsbl. [larke ana cambix
MHEePTHbIX (MX Ha3bIBAOT 6/1aropPOAHLIMIN) MOXKET HANTNCE AKTUBHbIN KOPPO3MOHHbIN
areHT. Hanpumep, 3010T0 1 NAaTVHA PacTBOPAOTCA B TaK Ha3biBaeMou «LapCKoW BOAKe»
— CMeCU KOHLIeHTPUPOBaHHbIX a30THOM (65-68 % macc. HNOs) u consaHom (32-35 % macc.
HCL) KncnoT B 06 bEMHOM COOTHOLLEHUN 1:3.

Mo>KHO N M36aBUTLCA OT KOPPO3UK? B Hauane 3aHATUA Mbl Y3HAM, YTO BCE MeTasslbl
MOryT NoABepraTbCa KOPPO3nKM. Takm o0bpa3om, 4esoBeveCTBO CTANKMBALTCA C
Hea0/1r0BeYHOCTbO MHOMX MPOMbILLIAIEHHbIX YCTAaHOBOK M CUCTeM, BbITOBbIX YCTPOWCTB,
npegmMeToB MHAVBMAYANbHOrO MCMOb30BaHUA. [Tp1 3TOM BO3HMKaeT 1 BaXKHas
3K0M0rnyeckas npobaema yTmam3aumm paBbix NpeameTos, MallnH, Cy40B U np.

EcTb N peweHna y gaHHon npobnembl? Kakum 06pa3om, ucnoss3ya 00CmynHeie 8
WKO/bHOU nabopamopuu cpedcmaa, MOXKHO YMeHbLUUMb delicmsue Koppo3uu Ha
cmasbHoe usdesue U 00Ka3ame 3¢peKmusHOCMb 3awumsol?

2.1. PewweHue npoekmHod 3a0a4ul.
2.1.1. YuebHoe 3a0aHue 1 «Cnocobsl 3auwumer» (15 MUHYT).

gz 1. ObcyanTe C yyalMmmca, B 4EM Oblna NpUYMHA KOPPO3UKM TPAHCMOPTHbLIX CPeACTs,
noKasaHHbIX B Hauane sudeogppazmeHma «Kopposua»? Kakne meTtan bl 1 CNaaBbl
NPUHATO MCNO/b30BaTb B aBTOMOOMIBHOM, aBMALWMOHHOM MPOMbILLAEHHOCTU? Bbian an
3alUMLLEeHbl MeTananyeckme geTany TPaHCNOPTHbIX CpeacTs?

[Llaz 2. MpeanoxuTe yyawmmcs B rpynnax o6cyanTs n chopmMynmposaTs npeanoskexHma (8
TOM 4YMC/ie C y4eTOM COBCTBEHHOMO *KM3HeHHOr0 OMbITa) Mo 3aLUTe MeTaINYeCKIMX
KOHCTPYKLMIM OT KOPPO3KKM, @ TaKXKe NpMBeCcTy COOTBETCTBYOLWMe npumepsl. [aa 3anuncm
CNoCcob0B MOXKHO MCMO/b30BaTb CTUKEPbl, KOTOPbIe 3aTemM NPUKAeNBaKTCA yYaLlMMMCa
Ha AOCKY U B Xo4e 00Cy*KaeHnsa 06beanHAKTCA B rpynnbl.

HazeaHue mogyna htweek.ru
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Mpuv BblAGNEHUM rPYNM 06paTUTE BHUMaHMe yYallMXCca Ha ABa OCHOBHbIX KOMMOHeHTa
KOPPO3MOHHOM CUCTEeMbl — KOPPOAMPYOLLMIA MeTann U OKPYKakoLan cpeaa, a TakKe Ha
[1B@ OCHOBHbIX CNMOCO6@ yMeHbLLeHWA KOPPO3KMK — NMOBbILWEHKe CTOMKOCTU MaTepurana
3alML@aemMoro n3genva 1Mbo nepekpbiTre 4oCTyna KOPPO3MOHHOMo areHTa. Hanpumep:

e u3MeHeHue meTanna (nervposaHme — HepaseroLlada CTasb, TepMoobpaboTKa —
3aKanuBaHme 1 np.);

e HaHeCeHMe 3aLMTHbIX MOKPbITUA Ha M3aenme (NaKoKpPaCoUHbIe MOKPbLITUL, IManu,
MeTannmM4Yeckmne NoKpPbITUA 1 Np.);

e U3MeHeHMe OKpysKatLen cpeabl (4easpauns — yaaneHue Kucaopoaa v Bnaru,
MCNO/b30BaHMe MHePTHOM 3aWMTHOW aTMocdepbl — Hanpumep, a3oTa;
BOAOMOArOTOBKA — A06aB/eHNe MHIMBUTOPOB KOPPO3UM 1 MP.) U T.1.

Yyauimeca MoryT TakrKe npeanoKmMTb 0TKa3aThCa OT CTan, 3aMeHMB e, Hanpumep, Ha
fepeso, aAtOMUHUIA, TUTAH, N1acTUK K T.M. B 3ToM cnydae cneayeT o6cyamnTb
3KOHOMMUYLCKME NMPUUMHbBI MCMO/b30BaHWA CTanM Kak pacnpocTPaHeHHOoro U A0CTYMNHOro,
OTHOCUTe/bHO AeWweéBoro 1 yaobHoro B 06paboTke matepurana.

[llaz 3. MonpocuTe yyalimxca Ha3BaTb, C KaKMM M3 CNOCOO0B 3aLMTbl OT KOPPO3UM Mbl
Yyalle BCero cTasKkmMBaemca B 6bITy? ITO 3alimMTHbIe NoKpbITUA. O6pallanch K pesyibtTatam
paboTbl Ha NpeablayLLeM Ware, BblAennTe OCHOBHbIe BUAbl 3aLMTHbIX MOKPbITUIA.
CoobuwuTe yyaumMmcs, 4To OHK A4enATCA Ha ABe O0/bLUMe rpynnbl — MeTaInyecKkme 1
HemeTanIMyeckmne (akm n KPacku, NoIMMepHbIe NMAEHKN, CUAMKATHbIe 3Masnu, Pe3nHbi,
6eToHbI, OKCWAbI MeTasnnoB, coeanHeHna docdopa, xpoma v ap.).

Lllaz 4. MpoaeMoHCTprpynTe sudeogppazmeHm «3awumHsie NOKpbIMuUA». Ero MOXHO
NPOCMATPUBATL MO YaCTAM: KAaccudpurKauma 3awmTHbix nokpbiTkir (0:00-0:30), aHogHbIe
nokpbiTna (0:30-0:53), katogHbie nokpbitma (0:53-1:15), co3gaHmne aHoaHbIX MOKPbITUN B
npombiwneHHocT (1:16-1:35), cnnasbl, CToMKMe K Koppo3um (1:35-1:50).

[MonpocuTe yyamxcs, ucxoga n3 CObCTBeHHbIX HaboAeHWM, NPeanonoKNTb, Kakme
NOKpPbITUA ByayT 6osee uenoCTHbIMK, MPOYHbBIMU, A01r0BeYHbIMM? [1oAro AV AeprKuUTCs
6e3 TpellnH Kpacka, 3mManb? [TpoYHbl A1 NoAvMepHble NAEHKK? A meTannbl?

Taknm o0bpasom, Hanbonee NPoOUHbLIMK 1 A0ArOBEYHBIMW ABAAKOTCA MeTananyeckme
nokpbITUA. Bce nn oHW ogrHakoBbl? O 4éM roBOPUT AVKTOP B BUdeoppazmeHme
«3awjumHele noKpelMuAa»? OT yero 3aBMCUT OTHEeCeHMe MNOKPbITUA K aHogHOMY (6osiee
OTpULATeNbHbIM 31eKTPOAHbIM NOTeHLMaN, B 3N1eKTPOXMMUYECKOM PAAY HAaNparKeHuin
MeTanN-noKpbITME CTOUT 1eBee MeTasnna-oCHOBbI) Uan KatogHomy (6osee
NONOXKNTENbHbIN 3N1eKTPOAHbIN NOTeHLManN, B 3N1eKTPOXUMUYECKOM pAaYy HanparKeHn M
MeTanN-noKpbITMe CTOUT NpaBee MeTasNa-0CHOBbI). Yem oTarM4aeTcs MexaHnsm
3aLMTHOIro AeNCTBMA aHoaAHOro (pacTeopAaeTca MeTasn/-NoKPbITUE) M KaToAHOro
(paspyLiaeTca meTasn-0CHOBA) MOKPbITUIA?

MpeanoxkunTte yyawmmcsa 06CyanTb B rpynmnax, noyemMmy He MCnosb3yTCA NOKPbITUA
KaKoro-11mbo o4HOro TMna, Hanpumep, aHogHble? OT Kakx GakTOpPOB 3TO MOXKeT

HazeaHue mogyna htweek.ru
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3aBuceTb? Hanpumep, CTOMMOCTb, YCI0BMA 3KCNAyaTaumm, 4eKopaTUBHbIe CBOMCTBA U
T.M.

3aHAaTue 2
2.1.2. YuebHoe 3a0aHue 2 «Kakoe HaHecmu nokpsimue?» (7 MuHyT).

[laz 1. Kak Mbl MO*Kem npoBeprTb CBOW NPeanonoxKeHna? Kakme meToabl, M3BeCTHbIe Ham
13 suoeoppazmeHma «Koppo3ua», NCNONb3YOTCA 419 UCMNbITAHWUA NOKPLITUIM? YTO HYXKHO
caenaTb, Npexkae 4em NPoBecTM TakMe UCMbITaHua? Hy>KHO Noay4YnTb CamMm NOKPbLITUA.

YT0 MOXKHO BbIOPaTh B Ka4yeCcTBe MeTanna-0CHOBbI? C KakMM MeTaniom KenaTenbHOo
NPOBECTW OMbIT, YTOObI UX pe3ynbTaTbl UMean NPaKkTUYeckoe 3HaveHne. Kakon meTtann
3HAKOM KayKaoMy 13 Hac, Hanbosee WIMPOKO NprMeHaeTCa B KadecTse
KOHCTPYKLMOHHOro matepurana? 3To CTanb — CMN/1aB *Kesesa C yra1epogom, KOTopbIi No
XUMUYECKMM CBONCTBAM YC/I0BHO MOXKHO CUMTATb Kene3om.

Kakre meTannbl, i(pOAeMOHCTPYPOBaHHbIe B BugeodparmeHTe «KKopposna meTaniosy,
AOCTYMHbIE B XMMUYECKOM NabopaTopuu, C KOTOPbIMU Mbl Y¥Ke MMenu geno, MoryT
BbICTYMMTb B POV @aHOAHOMO M KATOAHOr0 MOKPLITMA Ha CTanu. [lpeanoxkute yyawymmncs
PacCMOTPEeTb KaxKAbl U3 NpeacTaB/eHHbIX 00pa3LoB:

® 0/10BO — NOKPbITVE KaTOAHOE, ero CBOMCTBA M3BECTHbI — LUMPOKO NMPUMEeHAeTCH,
Hanpymep, NpY 0/10BAHNPOBAHMIM KOHCEPBHbIX BaHOK

®  MarHuMM — No NOIOXKeHMKO B 3IEKTPOXMMUUYECKOM pAgy Hanpsa>KeHn MmeTannos
MOXeT OblTb @aHOAHbIM MOKPbLITVUEM, HO HEe MPUMEeHAeTCA Ha MPaKTUKe No NpUYnHe
BbICOKOWM XMMMUYECKOMN aKTUBHOCTW;

® LMHK — NOKPbITVE aHOAHOE;

® Meab — NOKPbITVE aHOAHOE;

e KanbUMI — NO MOAOXKEHMIO B 3NeKTPOXMMUYECKOM PAAY HAaNPAXKeHVn meTanioB
MOXeT OblTb @aHOAHbIM MOKPbLITUEM, HO Ha MPAaKTUKE He MOXKeT NPUMEeHATLCA Mo
NPUYMHE BbICOKOM XMMUUYRCKON akTMBHOCTK (BypHO pearvpyeT C Boaoh).

[na Hawmx ncnbiTaHM Ayylle BCero nogonayT UMHK U Meab.

MpeanoxknTe KNaccy pasaennTbCa 40 3aBeplleHra Moaynsa Ha ABa BapuaHTa: NepBbln
nony4aeT 1 M3ydaeT LMHKOBbIe MOKPbLITUA, BTOPOX — MeaHble.

2.2.3. YuebHoe 3a0aHue 3 «Xumudeckuti cnocob» (7 MUHYT).

[llaz 1. [TonpocuTe yyalmxca Ha3BaTb Hanbonee NPoCTOoM U y>Ke M3BeCTHbIN UM CNocob
OCark4eHVsa 04HOro MeTasnna Ha APYyrom. ITO XMMUYeCKoe oCarkaeHue.

Yyaumeca MoryT Tak*Ke 0OTMeTUTb HanblneHune. Ecan 3Toro He Npomn3onaeT, coobumTe,
4YTO OAMH MEeTas/1 MOXKHO NMOKPbIBATb APYrM TaK*Ke CNoCoboM HanblneHna. HanbinexHve
MeTasnna — 3TO TeXHON0rMa N3MeHeHMA CTPYKTYPbl MOBEePXHOCTU U3aenmsa C Luesbto
npmobpeTeHna onpeaenéHHbIX Ka4yecTB, MOBbILIAKLLMX IKCNAYaTaUNOHHbIe

HazeaHue mogyna htweek.ru
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XapaKTepUCTUKN. TexHoNorna noasmnachk B Havane XX B Ka4ecTse asibTepHaTUBbI
TPaANLIMOHHBLIM CrTocobam NOBEPXHOCTHOW MoANDUKALIMM MeTannoB..

06paboTKy BbINOAHAKT NYTEM HaHeCeHus 04HOPOAHOr0 MeTanIM4YeCcKoro C/109 Ha
Aetanb Unv MmexaHmsm. B KauecTBe pacxoAHOro matepurana MCcnob3yT crnelmasnbHblie
NMOPOLIKOBbIE COCTaBbl, KOTOPbLIE NOABEPraT TepMUYeCcKor 06paboTKe 1 NPUAAKT UM
3HauMTenbHoe yckopeHue. [Npu yaapHOM CONPUKOCHOBEHMK C MOBEPXHOCTLH YacTULbl
0CarkaarTCAa Ha NMAOCKOCTMU.

Mo Mepe 13y4eHuns 1 pa3BUTUA MeTOA0B HaMblIeHUA MeTanIn4yeckux nsgennin boina
0bpa3oBaHa 0TAe/lbHaA 0TPac/ib — MOPOLIKOBaA MeTanAyprua. 3To TexXHO0rms
Nosly4eH A NOPOLLKOB A8 M3roTOB/IEHWA U3 HUX Pa3/IMUHbIX n3gennii. B coepemeHHom
NPOMBbILLIEHHOCTM HaMbl/I@HWE MeTas/10B CUMTARTCA OAHNUM U3 CaMbIX SKOHOMUUHbBIX
crnocoboB 06paboTKM.

Ha 3ape pa3BuTuna TexHonornm 0bpaboTka 13genmin ocyLecTsaa1ack C MOMOLLbIO Cona
ropenkn n 0bblMHOro KoMnpeccopa, KoTopble obecnevmBany Harpes PacxogHoro
MaTepuana 1 ero nepeHocC Ha oCarkaaemyro NoBepxHOoCTb. Cneayowm 3Tanom pa3BuTna
CTa/0 MCNOoMb30BaHMe 3/1eKTPoAYroBOro 0bopyaoBaHms.

Mpy razogMHaMMUYeCcKoM HanbleH 06paboTKa OCyLeCTBAAeTCA MebYanLumMim
YacTMuamu, pas3mep KOTopbix He npeBbiwaeT 150 MKm.

[pouenypa BakyyMHOr0 Hambl/IeHNA NpOTeKaeT B YC/10BUAX MOHVIXKEeHHOro AaBAeHus.
ObpaszoBaHmMe 3aLMTHOro C/10A MPOUCXOAMT B MpoLecce KoHAeHCcau M HanblAgemoro
MaTepurana Ha 6a30BOM NOBEPXHOCTU. IOHHO-N1a3MeHHOoe HanbleHre — ogHa 13
Pa3HOBMAHOCTeW BaKyyMHOr0 Hamnbl1eHUA MeTasnna Ha NoBepxHOCTb. MeToa ocHOBaH Ha
Harpeese MCXOAHbIX MaTepranoB 40 TOUKU KMMeHUsA C UX AafbHenlen KoHAeHcauen Ha
Aetanax. B npouecce marHeTpoHHOM BaKyyMHOM MeTanamsaunmy B nia3me obpasyrorca
MOHbI ra3a, KOTOpble BO34AeMNCTBYOT Ha pacnblifsemoe BeLecTBso.

OaunH 13 cambix 3GPeKTUBHbIX — MeToa Anddy3noHHON meTanamlaunu. Pabodas
TemnepaTypa nnasmbl MoxkeT gocTnrate 6000 2C, 4To cNocobCcTBYET BbICOKOM CKOPOCTH
OoCarkeHya COCTaBa Ha MOBepPXHOCTM 3a AeCcATbie 40M CeKyHabl. banarogapa manomy
BpemMeHy 06paboTKKM 3aroToBKa He NoaBepraeTca BpegHbiM NOBEPXHOCTHLIM GaKTopam,
TaKMM KaK neperpes 1AM OKUC/IeHre. B KauecTBe MCTOYHMKA 3Heprim Ana obpasoBaHma
NA3a3Mbl UCMOABL3YHOT MCKPOBOM, MMMYAbCHbIV UK AYrOBOW pa3paa,.

JlazepHoe HanblNeHre meTanna NPUMeHArT 418 NOBbILWEeHWUA MPOYHOCTH
NMOBEPXHOCTHOrO C/108, BOCCTAHOB/EHMA reomMmeTpum U3genms, CHUKeHna koadduumeHTa
TPeHu A, @ TakKe 3allMTbl OT KOPPO3MOHHbIX MPOLECcCoB. BbicOKasa TOUHOCTb GOKYCUMPOBKMU
nasepa no3BonaeT A406UTbCA KOHLLEHTPALMKM SHepruy TOYHO B paboyeit 30He, 4To
no3BosAaeT 13berkaTb M3MeHeH1a reoMmeTpumn n3aenma n 4aéT BO3MOXKHOCTb
OCYLLIeCTBUTb Hambl/eHMe NpakT1UYecKku ntboro matepmnana. bnarogapsa BbiCOKOM
CKOPOCTU OXNaxKaAeH1a B MOBEPXHOCTHOM 00pa3yroTCa CTPYKTYPbl C BbICOKOM
TBEpPAOCTbH, YTO NOBbLILLALT IKCMAYATALMOHHbBIE XapaKTepPUCTUKL geTanu.

HazeaHue mogyna htweek.ru
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06paTuTe BHMMAHMe, YTO HaMblJIeHNEeM HAaHOMOPOLLIKOB MOryT ObITb MO/y4YeHbI
HaHOCTPYKTYPUPOBAHHbIE MOKPbLITUA CO CneyuanbHbIMY CBOMCTBaMK. Hanpumep, B
LleHTpanbHOM Hay4YHO-M1CC1eg0BaTeNbCKOM MHCTUTYTe KOHCTPYKLMOHHbBIX MaTepranos
«[MpomeTen» HayuHo-1ccnegoBaTeNbCKOro LeHTpa «KypyaToBCKUM MHCTUTY T
pa3paboTaHa TexHO/I0rMa CBePX3BYKOBOM0 X0/104HOM0 ra30AnMHaMMYeCKOro Hambl1eHus
(XrAH), koTopada Nno3BogeT COXPaHUTb HAHOCTPYKTYPY MCXOAHbIX MOPOLLIKOB, BbICOKME
cBoOMCTBa GYHKLUMOHAMbHOMo NOKPbLITUA 1 0becrnedrBaeT Co3aaHve 6ecnopmncTbixX
MOKPbITUM C BbICOKMMM NOKa3aTenaMmm U3HOCO- U KOPPO3MOHHOW CTOMKOCTU. [1pn 3TOM
3HepronoTpebaeHne yCTaHOBKM HUXKE, YeM Y U3BECTHbIX aHaN0ros.

CneayeT 0OTMETUTb, HUTO MexXHO102UU NOAYYeHUA U 06pabomKu KOHCMPYKUUOHHbIX
HaOHOMAamepuasoe8 OMHOCAMCA K MAK HA3bl8AEMbIM KpUMUYECKUM, U/U «8bICOKUM»
MexHO/M02UAM.

Uaz 2. Npegnoxkute yyawymca B rpynnax:

e M0OYYNTb OCAAKM LMHKA U Meam NMyTeM XMMMYeCKOro 0CaxKaeHma 13 pacTeopa nx
conein (cynbdat umHKa 1 cynsdaTt meam COOTBETCTBEHHO);
e OMMCaTb TEKCTYPY, CBOMCTBA MOJyYeHHbIX OCaAKOB.

Onupanchb Ha M3BECTHbIe 3HaHWA, yYallmeca MoryT yTBep*aaTb, YTO NOAYYNTb 0CAA0K
UMHK@ Ha CTanu Henb3d, MOCKO/bKY LIMHK akTUBHee ¥ene3a. B aTom cnyyae MoXKHO
06paTUTb BHUMaHKE, YTO KakMM-TO 06Pa30M LMHKOBbIE MOKPbLITUA MOYYatoT.
Bo3mMo¥KHO, 1y HAC NoAy4YnTCA 3TO CAenatb.

[na xvmryeckoro ocaskaeHua ctanbHon obpasely (n1acTmHa, NPoBO/IOKa, MB0O3/b M T.M.)
NOrpy*<aeTca B XMMUYECKUIN CTaKaH, 3an0/IHeHHbIM PaCTBOPOM COOTBETCTBYHOLLEM CONu
Ha 1-2 MUHYTBHI.

Mony4nTb 0CaA0K LUMHKA, 4eMCTBUTeNbHO, He yaAaeTca. Kakum noayyumnca ocagok megm?
OH pbIX/bI, He TBEpAbIN, KpUCTanAbl MeTasnna KpynHble, Nerko CTMpatTca C 0bpasuya,
Hanpymep, G1AbTPOBabHOW Bymaroi. MNoyemy?

[NonpocuTe yyalmxca B rpynnax npeanonoXnTb NPUYMHbI NOAYYeHMA HeKa4eCTBeHHOro
MeaHOro NOKPbITUSA, HANpPMMep: BbligeneHre BOA0P04a Ha MOBEPXHOCTU CTasibHOM
NAaCTVHbI, NpenaTcTByoLLee GOPMUPOBAHMIO PABHOMEPHOW MeTasi/IMYeCcKom NAEHKY;
dopMMpPOBaHME XUMUNYECKN MHEePTHOW 3aLLUMTHOW OKCUMAHOW MAEHKM Ha MOBEPXHOCTU
CTaNbHOM NAACTMHbI, YTO MPVBOAUT K MPeKpaLLeHnIo peakumm; HegocTaTouHan
KOHLIeHTpauma mean B pacTBOpe UAKM HM3KaAa CKOPOCTb AP PY3mnm MOHOB K MOBEPXHOCTM
CTanbHOro usgenma.

By,ﬂ,eT NN TaKoe MNMOoKpbITHe Ka4eCTBeHHO 3allnMilaTb CTas/lb OT I-(OppOBl/Il/I? HeT.

az 3. MpeanoxuTe yyawmmca 0bcyamTb B rpynnax, 4To Mbl Y4au, @ YTO HeT, HaHoCA
MOKpPbITUE? YUnn 1 Mbl CBOMCTBA MOBEPXHOCTY CTasibHOro obpa3ua? Kakme cBoncTBa
NOBEPXHOCTY MOMAM NoMelaTb MPOYHOMY CLierneH 0 C MeTasn/1I0M NoKPbITUA? MoXKHO
nv bpaTb obpasey nansuamn? Mouemy? Kakaa TpebyeTtca npeaBapuTensHaa NoAroToBKa
aetanu? [ToBepXHOCTb A0/1XKHa ObITb UNCTOM, 63 CneaoB prkaBykHbL. bpaTb Nanbuamm
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Hesb3f, TaK Kak NpM 3TOM OCTatOTCA NOTOXKMPOBbLIE BblAeNeHMA, KOTOPbIe 3arpa3HaoT
NoBepxHOCTb. XKenaTeslbHO akTVMBMPOBATL U 00e3XKNPUTH ee.

2.2.4. YuebHoe 3a0aHue 4 «Muwem dpyaol cnocob» (16 MUHYT).

Kakunm »xe 0b6pasom nonyyaroT 3alMTHbIe MOKPbLITUA B MPOMbILIAEHHOCTK? [Tpryém He
TO/IbKO KaToAHble (CamMonpom3B0sIbHbINM NPOLIeCC), HO 1 aHoaHble (Npouecc
CamMOMNpPOMN3BO/bLHO NPOTeKaTk He MOoKeT)? Kakoi Ham n3secteH hakTop, KOTOPbIM MOXKeT
«3aCTaBUTb» OCaXKAATbCA Aarke Hosiee akTUBHbIM MeTas/1 Ha MOBePXHOCTU MeHee
aKTUBHOro? Npur 3TOM KpUCTassbl NoayyYaroTCca 6osee MesKMMK, @ MOTOM MOKPbITHE
byaneTt 6osee NA0THbIM. ITO 3/1IeKTPUYECKNIM TOK.

CoobLwmnTe, 4To MeTananmyeckme NOKPbLITUA, MOYYeHHbIe AeMCTBMEeM 31eKTPUYeCKoro
TOKa, Ha3bIBAT rasibBaHu4eckumm. 06cyamTe, 4To 03Ha4vaeT 3To c1oBo? C umeHem
KaKOro y4éHoro oHo cea3aHo? Modemy? Nlynaskn Manssanu (1737-1798) — nTanbaHCKnii
Bpad, pusnonor u d13snK, o4nH U3 OCHOBATes1eM yueHnsa 00 31eKkTpudecTse.

HanomHuTe YHalWMMCA, Kake NpnynHbl Mmellasam Co34aHWI0 3alMTHOMo NoKpbITHUA I'IyTél\/I
XMMMYeCKOro ocaxkgeHua:

1) dopmMMpoBaHMA MOKPbLITUA LIMHKA HE MPOUCXOAM/0, TaK KaK NpoLLecc B NpUHLUMNe He
BO3MOKeH (TepMoaMHaMUUYeCcK 3anpeLeH);

2) GOpPMUPOBAHNA OAHOPOAHOMO KAa4eCTBeHHOr0 NMOKPbLITUA Meau He MPOMCX0AMNI0
BCNeACTBMe N0X0W aaresnm megm K NoOBepXHOCTU, GOPMUPOBaHMA KPYMHbIX YaCcTuL,
KOTOpble 0TAensaAncb 0T MOBEPXHOCTK, TO eCTb HeOAHOPOAHOr0 0CaaKa.

NTak, nepexoamm K 31eKTPOXNMUYECKOMY 0CaXKACHMI MeTaNMNYeCKUX MOKPbITUM,
KOTOpOe NpomncxoamT bosee KOHTPOAMPYEeMO, Yem 6e3 3/1eKTPrUYeckoro nons.

PopmurpoBaHMe ranbBaHNUYECKUX MOKPBLITUM 419 3aLNTbl MeTaINYECKNUX NMOBepPXHOCTen
OT KOpPO3uK TpebyeT rpaMOoTHOro BbiIbOpa NOKPbIBAOLEro MeTanna, a TakKe cocTaBa
31eKTPONUTa U YCI0BUIN HaHeCeHMA NMOKPLITUA, Tak Kak 3TU NapameTpbl onpeaensatoT
MOP®dONOrMio NOKPLITUA, @ 3HAUUT, M ero 3allMTHbIe CBOMCTBA.

Mpeanoxute rpynnam (Mo BapmaHTam) 03HAKOMUTLCA C TeKCTOM KapmouKu 1-1
«anbBaHU4YecKoe medHeHuUe» U Kapmou4Ku 1-2 «LluHKosaHue 8 00MAWHUX YC/108UAX.
O6cyauTe:

e KaKue 3Tanbl MOXHO BblAennTb B MPOLeCcCe HaHeCeH A rasbBaHMYeCcKoro NoKpPbLITUA?
e KaKue peaKTMBbl HEOOXOAMMbI 419 3TOro?
e KaKoe noTpebyeTca obopyaoBaHme?

TexHonorma BrkAK4YaeT pAa 3Tanos:

® MeXaHMYeCKaA NnoaroToBKa NMNoBepXHOCTU — OYMCTKA HamaaquM 6y|v|ar01?| OT Cs1egos
p>XaB4YNHbI,
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e 0b6e3kmnprBaHMe — 06paboTKa BEHCKOWN M3BeCTb0 (TOHKO pa3mosioToe NpPrpogHoe
Cbipbé, cogep*Kalee 95 % okcmaa Kanbuma n 5 % okcnaa marHma; XpaHUTCAa B
repMeTUYeCcKr yrnakoBaHHOM BUAe) MPU MOMOLLM CTapon 3yOHOM WETKM;

e aKTMBaAUMA — ONyCKaHWe B paCTBOP CePHOM KMCNOTbl KoHueHTpauwmu 50 r/n;

e 3/1IeKTPOOCAMKACHME 13 IMeKTPONNTA B rasibBaHN4eCckon BaHHe (418 yero
NoTPebyeTcsa NCTOUHUK TOKA);

® [POMbIBKA ANCTUANMPOBAHHOM BOAOM;

® CyLUKa.

[na ncnblTaHya NOKPbITUIA PA3HOW TOWMHbLI Bygem noayyaTb 0CAAKM B 3 U 6 MKM.

CocTas pacTBOPOB LUMHKOBaHMA M MeagHeHNA N3BeCTeH 13 TexH1n4yecKkowm AOORYyMeHTaunn

(tabnuua 1).

Tabauya T - KomnoHeHmesl 31eKkmpoaumos u ux cooepxaue (2/n1)

LUrHKoBaHWe MegHeHme

KOMMOHeHT cogeprKaHue KOMMOHeHT cogepKaHume

ZnS04-7H;0 200 CuS04:5H,0 150

NaSO41OHzO 80 HzSOq'(KOHLI,., 100
MJAOTHOCTb

Al;(S504)5+18H,0 30 1,84 r/mn)

YT0o HaM HY*KHO paccuMTaThb, YTOBbLI MOAYYUTb MOKPbLITUA 3843HHOM TONLLMHBI?

Hy*KHO paccumTaTtb Bpema ocarkgeHuna. Kakune ceegeHna 13 Gr3mKkmM Ham notpebytoTca
ANnA 3Toro? Kakon Gr3nyecKmnii 3aKoH CBA3bIBaeT MacCy OCaXKAeHHOro metanna u
KO/AIMYeCTBO NpoLlellero 3/1eKTprMyYecTBa. 3TO TaK Ha3biBaeMblil 00 beANHEHHbIN 3aKOH
@apages. [pu HaauyuU BpemeHU MOosKHO NPedoKUMb YHaUUMCA N0O20MosuUMsb
Kpamkoe coobuieHue o »Ku3Hu u Hay4Hol deamensHocmu M. @apades (npunoxkeHue A).

[Npu Hanu4uu BpemMeHuU U ypoBHA N0O20MOBKU NPeosioxKume 2pynnam gelgecmu
popmyny 0219 pacyéma spemeHu ocaxkoeHus. Kakue sesniuduHbl 00/1XKHbI Myoa 8X00UMe?

B cnyyae 3ampyoHeHusa coobujume ucxooHble OaHHebIe.

HasBaHue moayna

htweek.ru
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3akoH Q@apaodes: «Macca sewiecmsa, 8bloenusWe20CA HA 3/1eKmpooe 3a 8pemMs, Npu
NPOXOXK0EHUU 3/1eKMpPuUYecKo20 MoKd, NPONOPUUOHA/I6HA CU/1e MOoKa U 8pemMeHuU», mo
ecme:

1 M
m=—.—1It
n

TaK KaK KOMUOHbI UUHKAO U Meou 08yx3apAoHslie, cHumaem n = 2. Cuna moka | HaxooumcA
KOK N/1I0DMHOCMb MOKd, YMHOXXeHHAA HA N/10Ua0b N0OBEPXHOCMU u30e/1ud S, mo ecme:

[=i-S
PexomeHdosaHHaa naomHocms mokai=1A/0m?.

NToroBaa dopmyna pacyéTa BpemeHu NoKpbITUA MMveeT BMA;

&.p0-60
i+ K,- Bm
rae 8 — ToNLWMHA NOKPbITUA, MKM; p — MJI0THOCTb OCa*KAaemMoro MeTtanna, r/cm?; i -
MNAOTHOCTb KATOAHOI0 TOKa, A/AM?; K5 — 3/1eKTPOXMMMULCKUIA SKBUBAICHT 0CAXKAACMOro
meTanna, r/(A-u); BT — Bbixog no Toky, %.

MA0THOCTb MeTanAnyeckoro umMHka 7,1 r/cm?, megm 8,9 r/cw’.

INEKTPOXUMUYCCKNIN SKBUBANCHT LnHKa paseH 1,22 r/(A-u), mean — 1,19 r/(A-u). Beixog no
TOKY @aHanoru4yeH Bbixo4y NPOAyKTa peakuum n npuHumaeTca pasHbiMm 95 %.

PacuéTHoe Bpemsa coCTaBuT:

e LMHKOBaHMe — 11 MU1H. 4189 NOKPbITUA TOALWMHOM 3 MKM, 22 MWH. 4719 NOKPbITKA
TOMLWMHON B MKM;

e MegHeHue — 14 MUYH. 418 NOKPbITUA TOALWMHOM 3 MKM, 28 MUH. 419 MOKPbITUS
TOMLWMHON B MKM.

[na pacuéTta ycTaHaBAMBaeMOM CUbl TOKa C1egyeT MOMHOXWUTb MAOTHOCTb TOKa Ha
naowaab AeTanu, NOrpy»KeHHy B pacTBOP 31eKTpoanTa. PeKomeHayeTca MCN0/b30BaThb
AeTanu nNpAMoyrosibHOM GopMbl (Hanpumep, »KecTaHbIe NAaCTUHbI, KOTOPbIMU 06MBAKOT
aepesaHHble, haHepHble AlWmKM). 18 NaocKom getanu naowaas S byaeT pasHa
yABOEHHOMY MNPOoV3BeAeHM o LVPKUHBI Ha BbICOTY. BbicoTa byaeT onpeaenaTtbca rayounHom
NOrpys<eH1a AeTanu B rafibBaHMUYeCKy BaHHY (4TO6bI 3apaHee onpeaennTs BbiCOTY,
cneayeT NpeaBapuTeibHO HAHeCTU Ha 3/1eKTPOoAM3Ep MeTKy, 40 KOTopon byaeT
HaMBATbLCA 3NeKTPOANT). [pU HANNYUU MUKPOMETPA MOMKHO TaKKe U3MePUTb TOMLLMHY
HOOKOBbIX rpaHen 1 yyecTb X, 0AHaKO0, 3TOW N/oLaAbH0 MOXKHO 1 NpeHebpeysb.
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Hanpumep, npu WnpuHe CTanbHOM NAACTUHLI 15 MM 1 ray6uHe Norpy*KeHna B pacTBop
3nekTponmTa 50 MM naowaab NOKPbITMA C 0AHOW CTOPOHbI MIACTMHBLI ByaeT paBHa
15:50=750 mm?, c aByx ctopoH 1500 mm?, nam 0,15 am?. Mpur 3aaaHHOM NAOTHOCTK ToKa i=1
A/am? cuna Toka | oT uctouHmMKka nutaHua coctasuT 0,15 A. Mpr ogHOBpeMeHHOM
HaHeCeHM NOKPLITUA Ha ABe CTa/bHbIX NACTUHbLI CMa TOKa A0/XKHA ObITh BABOE
6onbwe (0,3 A).

B kKauecTBe aHO40B C/1eayeT UCMob30BaTh NAacTuHb! (1160 NPOBOSIOKY) 13
COOTBETCTBYHOLEro MeTasna: UMHKOBbIe NPW LUMHKOBAHWK, MedHble Npu MegHeH1u.

O6paTuTe TaK*Ke BHMMaHMe, 4T B NMPOMbILLIEHHOCTY He HAHOCAT MOKPbLITHE HA KasKayH
[eTanb B OTAE/IbHOCTK, @ 3arpy»KatoT Cpasy MHOrMo M34euit Ha CrieumasbHble NoaBecku
(KpynHble, xpyrnKkune getanu) unm B bapabaxbl (Menkme getann). Mbl ToxKe MoxKem
C3KOHOMWTL Bpems, ec/in byaem HaHOCUTb OAHOBPEMEeHHO ABa NOKPbLITUA Pa3HO
TOANLWMHBI. KaK MX Npy 3TOM HY*KHO COAMHUTL — NOC/AeA0BaTe/IbHO UK NapaniensHo?
MocnesoBaTensHO, YTOBbLI MPOTEKas TOK 0AMHAKOBOKN CWbl. Cily TOKa Npu 3TOM cieayeT
yBe/IMUYNTb NPOMOPLMOHAIbHO CYMMApHOM MA0LLAAN NOKPbIBAGMOM MOBEPXHOCTM.

2.2.5. YuebHoe 3aHamue 5 «V3yuaem FOCT» (10 MUuHyT).

ObpaTnTe BHMMaHMe yyallMxca, 4To K Nosy4aembiM B MPOMbILLIEHHOCTH
rasbBaHM4YeCKMe NOKPbITUAM NPeabABAATCA onpeaenéHHble TpeboBaHMA, KOTopble
M3/10XKeHbl B rocyaapcteeHHom ctanaapTe (FOCT), eanHom and BCex npeanpuaTuii,

Mpeanoxknte 03HakoMUTbLCA C Bblaepko 13 FOCT 9.301-86 «[Mokpeimusa
Memasnsaudeckue u Hememassaudeckue Heopz2aHu4deckue. 06wue mpebosaHuAa»
(kapmouKa 2). 06cyanTe, Kakme TpeboBaHNA HY>KHO COB/THOCTU NMPY NOArOTOBKE
NMOBEPXHOCTU K MOKPbITUIO, @ TaKXKe N0C/1e HaHeCeHMa NOKPbITUS.

Kakure napameTpbl MOBEPXHOCTM NOKPbLITUA HY»KHO NPoBepuTL? Kakim 06pa3om Mbl
MO»KeM BbINOMHUTL YKa3aHHble TpeboBaHMa? Kakne MeToabl HYy»KHO 418 3Toro
MCMOMb30BaTh?

MpogeMoHCTpupyinTe sudeoppazmeHm «Memaoodsl U3yHeHU[ Koppo3uu.

MpeagnoskuTe yyallmmca Ha3BaTb, Kakre Npubopbl MCNOb3YIOT YHEHbIe ANA U3yYeHua
NMOBEPXHOCTW U3aennii (aHanUTUYeCKMe BeChl, 1a3epHbl MMKPOCKOM), @ TakyKe 06CyanTb
B rpynnax, Kak1e 1ccnegoBanHmnsa Mbl MOXKeM NpoBeCcTH B LUKO/bHOW 1abopaTopmim, YToObI
BbINoAHUTE TpebosaHma (OCT. [Mpu Hanuyuu BpemMeHU MOXKHO NPeodoKUMb Y4au4uMCA
Nno020mMoBuUMb KpamkKue coobujeHUa 06 YKa3aHHbIX Memooax Ucc1ed08aHuUA U npubopax
(npunoxxeHue b).

Kak n3mepuTb TONLWMHY NOAYYEHHOro NOKPbITUA? MOXKHO 1 4158 3TOro MCNO/1b30BaTb
BecCbl? Kak OT MaccChbl nepenTn K TonwmHe? 119 3Toro Hy»KHO 3HaTb NJI0THOCTL MeTanna u
naowagb ocarkaeHus.

HazeaHue mogyna htweek.ru
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[Npu Hanu4uu BpemeHu U YpoBHA N0O020MOBKU NPeosIoxKume y4auw,umMcA 8bi8ecmu
dopmyny o019 pacyéma cpedHel moauwuHbl nokpeimud He, (MKM) Ha npamoy20/16Hot
nosepxHocmu. B cny4ae 3ampyoHeHul coobuwume pe3yasmam:

5 = lm =) 10°
73 S_’
-~

rae m;— Macca geTtanei nocae HaHeceHMa NoKPbLITUA, M M, — Macca AeTanen 4o
HaHeCceHWAd I"IOI-(prTl/IFI, r; S — nnaowagb I"IOI-(prTl/IFI, CMZ; p — MNJOTHOCTb MeTasi/1a I"IOI-(prTl/IFI,
r/cm,

Mo»<kHO N1 B3BelwmMBaTb 0bpasel, cpasy Noc/ae HaHeceHMsa NOKPbITUA? HeT, 3To MOXKHO
fenaTtb Nocse BbICyLLIMBAHMA.

A KaK n3mepuTb NOPUCTOCTL? Kakom Npnbop MCnonb3yeTca 408 3TOro yY4eHbIMN?
JlazepHbIn mrKkpockon. YTo genaTk, ecan y Hac HeT Takoro MMKpocKona. Moxkem nun Mol
yBMAETb NOPbl HEBOOPYHKEHHbLIM r1a3om? Her.

[MonpocuTe yyawmxca NpeanoxKuTe CNocob n3mepeHna NopuUCTOCTK, 3Has, YTO Nopbl
[OXOAAT CKBO3b MOKPbITVE A0 MOBEPXHOCTU MeTasnna-oCcHOoBbl. MeTann-ocHoOBa — »Kene3o,
ec/1 OHO byaeT pacTBOPATLCA, TO 06Pa3ytoTCA MOHbI Fe?'. Kakaa KauecTBeHHaa peakuma
Nno3Bo/1AeT 0OHAPYHKMTb MOHbI Fe?*? BaarmoaencTemne C KpaCHOM KPOBAHOWM CO/bIO
(rekcaunanodeppat kanma Ks[Fe(CN)g)).

MonpocuTe yyalmxca 03HaKOMUTLCA C TeKCTOM Kapmo4dKu 3 «OnpedeneHue
NnopucmMocmu NOKPLIMUA MemodoM HA/0KeHUA puibmposansHol bymazus.

Mperkae yem nepenT K HaHeCeHWIO MOKPbLITUA, 0bCyanTe, BCe 1M UCMbITaHKa 06pa3yoB
MOHATHbI?

3aHAaTue 3
2.2.6. YuebHoe 3a0aHue 6 «[Tonyyaem 2a168aHUHecKue NOKPbIMua» (45 MUHYT).

I"Ionpocme ydallnXcA eLé pa3 BCMOMHUTbL Noc/n1eaoBaTe/IbHOCTb TeXHO/10rM4eCKoro
npouecca HaHeCceHMAa raibBaHM4yeCckmnx I'IOI-(prTl/Il;I.

Kak byaem 3aumiaTh, 06e3:K1MpmMBaTh M akTHMBMPOBaTbL 0bpasew?

3 yero cobmpaem ranbBaHU4YeCKytO BaHHY? Kak noakatovaem eé K UCTOUYHUKY ToKa? K
KaKoMy MOIHOCY MCTOUYHMKA TOKA HY*KHO MOAK/IHUYMTh NOKPbIBaeMbl 0bpasel, K Kakomy
NontCYy — PacTBOPUMBIN aHoa? B ciyyae medHeHuUs, Hmobbl npedomepamume
XUMUYeCcKoe ocaskoeHue Meou, Kamoobl C/iedyem 3az2py»Kame 8 2a/1680HUYECKYH 8AHHY
«N00 MOKOM», Mo ecmb byody4u NOOKAKYEHHbIM K 0mpuuyamessHOMY NOJICY
UCMOYHUKA MOKQ.
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Llaz 2. I"Ipe,qnomMTe ydalllMMCA nocnenoBaTesibHO BbIMO/MHNTL YKa3aHHbIe Bbllle
onepaunin 1 NnoayydnTb NOKPbLITANA.

B 3a8ucumocmu om Hanuyua 060py008aHUA U B03MOXKHO 080 8pUAHMA NOAYHYEHUA
20/16BOHUYECKUX NOKpbIMUU:

1) yuHKoBsaHue u MmedHeHue (No 8apuaHMam) NPOBOOAMCA YHAWUMUCA 8 2pYNNaX;

2) yuHKosaHue u medHeHue (00HoBpemMeHHO) NPOBOOAMCH yyumesiem, NPU 3MoM HUC/0
NOKpbIBAGMbIX CMAsIbHLIX 06PA3L08 COOMBeMCcMayem Yuc/ay 2pynn YyHaujuxcs;

3) yuHKosaHue u medHeHue (00HOBpeMeHHO) NPOBOOAMCA yyumMeaem, Npu 3Mom
NoKpbIBaemMca 08a CMasibHbIX 06pasya yuHkom (3 u 6 Mkm) u 08a 0bpasuya medsro (3u b
MKM).

B cnyuae sapuaHmos 2 u 3 npu pacyéme CymMmmMapHOU Cu/ibl MOKA C/1edyem yyecms
06w yro naowaob 8Cex NOKPbIBAEMbIX CMA/IbHbIX 06pA3U08, COEOUHAA UX
nocsecosamersibHo.

[llaz 3. 0bcyaunTe, KakMe nokasaTenn KadecTBa NoKpPbITUA, ycTaHoBeHHble [OCTom,
MOXHO onpeaenuTb Cpa3y nocse noayyYeHmnsa. 3170 BU3yasabHbI OCMOTP.

Kak oTan4atoTca NoOKpbITUA U3 pa3HbIX MeTani0B M Pa3HOW TOALWMHbI MO BHELWHeMy
BMay? Kakoe nokpbiTre (MeaHoe) MOoXKeT BbIMOHATL He TO/IbKO 3aLLUMTHYH, HO U
AeKopaTUBHYH QYHKLUMIO?

Mor<kHO N1 B3BewWwmBaTb 06pa3Lbl, onpeaensaTs MOPUCTOCTb CPaly NOC/1e HaHeCeHus
nokpbiTUa? Movemy? HeT. [MpeaBapuTenbHO NOKPbITbIe 06Pa3Lbl HYXKHO BbICYLINTb.

MomecTnTe 06pasubl C NOKPbLITUAMU B CYLIWABHBIN WKad A1MB0 NoNoXKMTe Ha paamaTop
oToneHus.

3aHATHe 4
2.2.7. YyebHoe 3a0aHue 7 «Onpedengem nokazamenu kadecmaa nokpeimug» (15 MUHYT).

Llaz 1. MpeanoxxuTe yyalmmca onpegenTb HeobXoaAnMble NoKasaTes M KayecTsa
MNOKPbLITUA — TOALLKMHY U NOPUCTOCTb. B LiIenax skoHOMUKM BpemMeHM 3T MoKa3aTes i MOXKHO
onpegenuTb B Napax — A4BOe yYallMxCca U3 rpynn npoBoAAT B3BeLlBaHMe 1 pacyeThl
TO/ILLMHBI, OCTa/IbHble ABOe — onpeaeneHne NnopucTocTu.

lllgz 2. O6cyanTe nosyyeHHble pesynbTaThbl.

Ecnu ToAWMHA NOKPLITUA NoAy4YMNach 60AblIe AU MeHble 3a4aHHOM, KaKkie NPUYMHBbI
MOrAX Ha 3TO NOBAMATL? MOYKHO 1M YCOMHUTLCA B NPaBuAbLHOCTM 3akoHa Papages, nam
3TO UHble NPUYKMHBI? Kakre? Hanpumep, TOYUHOCTb B3BELUMBAHMSA, HeNoAHOe
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BbICYLUVBaHME NOKPbLITUA, MPOTEeKaHMe Ha KaToae B rasibBaHMYeCKOM BaHHe Apyrux
NpoLLeccoB, pacTBOpeH1e MeTanna-noKpbITHA B 3/1eKTponuTe.

Kak oT/MyaeTca noprcToCTb LIMHKOBOMO U MeAHOro NoKpPbITMA 0AMHAKOBOW TO/LWMHBI? Ha
LMHKOBOM MOKPbITUM HEe A0KHO ObITb 3aMeTHbIX Nop. Ha MmegHOM NOKPbITHM TOALWMHOM 6
MKM MOp A0/1XKHO ObITb MeHbLLe.

2.2.8. YuebHoe 3a0aHue 8 «MexaHu3m 3awumHoz2o oeticmsusa» (10 MuHyT).

Llgz 1. Ana noaTBep»KAeHUS Pasinymii B MeXaH13Me 3aLMTHOro AencTBms aHoaHoro (Zn)
n katogHoro (Cu) NoKpbLITUA NPeasioxKUTe NPOBeCTU UCMbITaHNe, MOARNPYIOLLee
pa3pylleHye 3alMTHOro ca1o4q. 19 3TOro Hy*KHO CKasbnesnem AM60 reo3aem HaHecTy
HECKO/IbKO ryHoKKMX LapanuH, 4OX0AALWMX 40 MeTanna-oCHOBbI M 3aTeM 06epHyTb
obpa3zel dMAbTPOBaIbHOW ByMaroi, CMOYeHHOW B pacTBOpe 418 onpeaeneHns
MOPUCTOCTMU.

Y10 Habntogaem Ha mecTe LapanuH? 1A UMHKOBOro NoKPbITUA M3MeHeHUn He byaeT, Ana
MeaHOro — ApKoe CMHee oKpaluMBaHMe.

[llaz 2. 06cyanTe C yyalMmMmCca, YTO O3HadaeT gaHHoe HabatogaeHre. NoyemMmy B KOHTaKTe C
LUMHKOM CTasnb He paspyllaeTtca? [oToMy 4To Npu 3TOM NPOUCXOANT PAacTBOPeHMe LIMHKa,
nvierollee 6osee oTpurUaTebHbIM 31eKTPOoAHbIM NoTeHuMan:

LIMHK BygeT 3awmilaTh CTanbHOe n3aenmne Ao Tex nop, Noka NosIHOCTL0 He PacTBOPUTCA.
Hanpumep, Mo*KHO BMAETb BbiOpOLLEHHbIe Ha MOMOMKY OLIMHKOBaHHbIe BEapa, KOTopble,
byayun CTapbiMU, AbIPABLIMU, HE UMEHT C/1eA0B PHaBUYMHbI, MOKa Ha HUX COXpaHAeTCA
CNOM UMHKa.

/n-2e —7n*
Fe »

Cnon megu 3almuLaeT CTanbHoe usgenve Nnb byayym CAOLWHbBIM, He HapyLUeHHbIM.
[Mocne HapyLleHMA LLenoCTHOCTU CTallb HauMHAeT aKTUBHO PaCTBOPATLCA:

Cu»
Fe-2e — Fe*

To ecTb, MegHoe NoKpPbITMe 3alymLLaeT MexaHyeckn. B ocHoBHOM, OHO BbINoAHAET
[leKopaTnBHbIe B0 BCroMoraTesnsHbie (Hanpumep, A1 noc/ieayoLlero HUKeamposaHma
CAHTEeXHUUYECKNX U34M1I — KpaH, Ayl 1 T.M.) GyHKUMKU. Ha cCTapbix KpaHax co CTEpTbIM
C/1I0eM HUKenNa MOXKHO BMAeTb HAHECEHHbIN Ha MOBEPXHOCTb CTanM KPacHbI MNOACA0M
Meaun.

HazeaHue mogyna htweek.ru
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3. MNogBegeHne NTOroB No NpoeKTHoM YacTu. Pednekcuna (20 muHyT).

Uaz 1. Npegnoxkute yyalwmmca npoaHanm3mpoBaTh NpermMmyLLecTBa rasibBaHNYeCcKkoro
MeToaa Mo CPaBHEHMIO C MHBIMU M3BECTHbLIMMK CIOCO6aMM MoyYeHUA MeTaIMyecknx
3aLUMTHbBIX MOKPbLITUM HA M3AeMAX N3 KOHCTPYKLMOHHbIX MaTepuanoB. Kakre cnocobsbl
HaM M3BeCTHbI? B uém npermyuiectea Kaxkaoro 13 Hnux? OT Kakux arpeccmMBHbIX cpes
MOMKeT 3alMTUTb Takoe NoKpbITMe? [leMcTB1TenbHO N yaobeH aaHHbim metoa? C
KaK1MMK Npobemamm 1 pUCKaMu Mbl MOXKeM CTO/IKHYTbCA NPy GOpMUPOBaHNM
noKpbITMA?

[Llgz 2. ObcyanTe, Kakmne U3 HUXKenepeunc/ieHHbIX YTBePrKAeHM OTHOCATCA K
rasbBaHW4YeCKOMY CNocoby GOpMMPOBaHMA MOKPLITUI? 3anonHUTe BMecTe C yYalmMmnca
Tabnuuy:

BepHo
VTBepageHue HesepHo

BepHo oTuacTtu

Cnocob no3eonsaeT GopMMPOBATbL MOKPLITUA Ha AeTanax 8EpHO
C/I0XKHOU pOpMblI

Cnocob 3K0/10rMyeH, He HaHOCUT yiepba NPUPoae 1 YenoBeKy | BepHO omyacmu

Cnocob no3BoageT 3KOHOMUTL A40POroCToALLMe peareHTbl 1 gepHo om4yacmu
obopyaoBaHue

Cnocob no3BongeT 3KOHOMUTb 3/1eKTPO3Hepruto HeeepHo
Cnocob no3sonaeT NoAydnTs Hambosee 40AroBeYHbIe HeeepHo
NMOKPbITUA

lllaz 3. 0bcyauTe C ydalmmncs:

e KaKy Mbl Cebe NoCcTaBuan NPoeKTHy0 3aaady? (paspaboTaTth AOCTYMHbLIN CNOCO6
3aLLMThI CTasbHbIX U34e/1in OT KOPPO3UK);

® yA3M0Chb M HAM 3TO CAENAaTb, KaKMe BO3HWKAM 3aTpyaHeHus?

e 4710 Ham nNomorio? (MO3HAKOMUANCH CO CNOCOBAMU HAHECEHMSA 3ALLUTHbLIX MOKPLITUM,
aHOAHbBIMW U KAaTOAHbIMW MOKPLITUAMUK; COCTaBUAM NepeyeHb He0bX0AMMOro
060pyA0BaHNA, MO3HAKOMUANUCE C KPUTEPUAMM KaueCTBa MOKPLITUIA U T.M.);

HazeaHue mogyna htweek.ru
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e 4TO HaM HY¥HO y4eCTb B C/1eAyHOLLMIA Pa3, Koraa 6y/aem BbiNoHATL aHaN0rMYHbIN
npoekT? (yualmeca GopmMyanMpyoT CBOM NPea/10XKeHMA: Ha3HauYeHNe 1 SKU3HEHHbIN
LMK M34enusa, nmeroliieecs 060pya0BaHne 1 peakTMBbl, 0TBRAEGHHOe Ha paboTy
Bpema 1 T.m.).

Y yyalmxca MoryT NoABUTLCA MHbIe BOMPOCh U MpeanoXxeHus, KoTopble ceayeT
NPOKOMMEHTNPOBaTb.

B 3akntoueHMe cnpocKTe, Kakne TeopeTryecKkme 3HaHWA NPUroananch Npu peLleHmnm
NpoeKTHOW 3aaaum? Yuauwmeca ybeamnmncb B TOM, UTO TeOpUA M NMpaKTMKa CBA3aHbl ApYyr C
Apyrom. PelieHna TexHUu4eckmnx npobaem Hago MckaTb B PasHbixX NpegmMmeTax, KoTopble
B3aMMOCBA3aHbl APYr C APYroM — XOPOLLO 3HATb XUMUIO 63 PU3UKM, MaTemMaTUKK,
BMONOr HEBO3MOXKHO.

MpoBepouHbie 3agaHuA (c peueHMaMM)

Nel. 3aoaHue, aHano2u4Hoe popmMmamy mMe>K0yHApPOOHbIX U HAYUOHA/bHbIX UCC/1edo8aHuli
Ka4decmea 06pa3o08aHuA.

[NMpounTamTe TeKcT.
Koppo3usa unHKa.

LInHK no cBoer npmupoae ABnaeTcsa peakLMoHHOCNOCO6HbIM MeTannoM. Ero cTaHaapTHbIN
3N1eKTpoaHbIN noTeHuman coctasnaeT -0,763 B, uTo HuKe, yem y »Kene3a, 0/10Ba, HMKeNs.
B ycnoBmAX NOBbILLEHHOW BAAXKHOCTU, B XMMWYECKM arpecCmBHbIX Cpeaax LMHKOBbIe
MOKPbITUA AOBO/IbHO OLICTPO NOABEPratdTCAa KOPPO3KMM. ITO HArNAAHO UAAKCTPUPYET
rpaduK Ha pucyHKe. [Mpy KOPPO3NK HeM3beKHO NOPTUTCA U BHELUHUK BUA N34enni 13
LUHKA WA UMERLLMX LMHKOBOEe MOKPbITUA.

6+

w

-~
+

w

N
+

CkopocTh KOppo3uu, mmiroa

—

0 +—t—+——+—+F
12345678 91011121314
pH WWW.ZCIC. U

3asucumMoCcme CKOPpOCMU KOppOo3uu YuHKa om pH cpedei
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[pumMedaHue: pH — NoKasaTesb KMC/I0THO-OCHOBHbIX CBOMCTB Cpeabl, KOTOPbIM
BO3pacTaeT C yMeHbLUeHVemMm cogeprkaHma MoHoB H+; B HenTpanbHowm cpege pH =7.

Mcnonb3ya aaHHble rpadurka, 06bACHUTE, KaKne XMMUYecKme NpoLeccsl MoryT
NpUBOANTL K KOPPO3UU LIMHKA.

PeweHune. Ha rpadrke MOXKHO BblAeNTb TPM y4aCTKa M3MEHeHUA CKOPOCTU KOPPO3nm
umHKa: 1) cpepa kucnas (pH <7); 2) cpeaa HelTpansHad, cnabouwenodnas (pH =7-12); 3)
cpega cunsHowesnodHas (pH >12).

B Kncnon cpege KoOppo3MOHHBIM areHTOM BbICTYNaeT MOH BOAOpOoaa:
Zn+2H"=Zn*+H,
Yem 60nblUe KOHLEeHTpauma H*, Tem cunbHee npoTexkaeT Koppo3unA.

B HenTpanbHOWM 1 cnabollenoyHom cpeae Koppo3na NPakTUYeCcKku He NpoTexkaeT. 3To
MO>HO 06 BACHNTL 06pPa30BaHMEM Ha MOBEPXHOCTM MeTas/1a MasiopacTBOPUMOM
33alUMTHOM NAaCCMBHOW NIEHKW, HAaNpUMep, MMAPOKCKAA LVHKA UM ero oKCcmaa:

Zn + 20H = Zn(0H)z|
Zn(0OH); = Zn0 + H:0

B cunbHoOLWeno4YHoM cpeae UMHK, ero okCcma v rrapoKCcna pacTBOPAKOTCA 3a CUET
0b6pasoBaHMA TeTparnapoKCoLMHKaTa:

Zn + 20H" + 2H,0 = [Zn(OH)4]* +H-
Zn0 + 20H + H20 = [Zn(0OH)4]*

Zn(OH); + 20H" = [Zn(0H).]*

Kputepum oueHmnBaHusA:

CogeprkaHve BepHOro oTBeTa M yKasaHuA Mo OLeHUBAHMIO Bannbl

(monyckaTca MHble GOPMYIMPOBKM OTBETa,
He MCKaKatoLme ero CMbIcia)

Ha rpaduke BbligeneHbl Tpr 061aCT C PasIMYHbIMK CKOPOCTAMK KOPPO3UM 1
LMHKA, YKa3aH xapakTep cpeabl: kncnada (pH <7), HetTpansHas,
cnabouwenouHas (pH =7-12), cunbHowenodrasa (pH >12).

HazeaHue mogyna htweek.ru
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VYKasaH xapakTep cpeabl kucnas (pH <7); 2) cpeaa HenTpanbHas,
cnabouwenouHan ((pH =7-12)); 3) cpeaa cunsbHouwlenouHas ((pH >12).

MpaBuAbHO 3aNKMCaHo X0TA Obl 0AHO YpaBHEHWe peaKkLumu, NpoTeKatoLlen B
nepBow 0bnacTu.

[MpaBWAbHO 3aNMCcaHo X0TA bbl 04HO ypaBHeHWe peakLumu, NnpoTeKatoLen Bo
BTOpOW 0bnacTu.

MpaBuAbHO 3aNMCaHOo XOTA Obl 0AHO YpaBHEHWe peaKkLumu, NpoTeKatoLen B
TpeTben obnacTu.

MaxkcumansHsit 6asin

Ne2. 3adaHue, aHanozu4yHoe popmamy NA.

rPacTBOPa cynb@®ata Mmegmn C MaCCOBOl;I ,u,onel7| 0 400aBUN/TN N30bITOK Xes1e3HbIX
K160 y 10 % a06 6

onunok. OnpegennTte maccy BbigenMBLIEroca ocagka.
PeweHue.
CocTaBuM ypaBHeHWe peaxkumm:

Fe + CuSOs — Cu| + FeS04

Bbluncnmm maccy 1 KonmyecTBO BellleCTBa B pacTBope cy/bdaTa mean B pacTBope:

m(CuS04)=m(p-pa)-w(CuS04)/100=160-10/100=16 (r)
n(CuS04)=m(CuS04)/M(CuS04)/16/160=0,1 (Monb)
Bblumcam maccy ocagra meam:

n(Cu)=n(CuS04)=0,1 monb
m(Cu)=n(Cu)-M(Cu)=0,1-64=6,4 (r)

OTtBeT: 6,4 .

HasBaHue moayna
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Ne 3. Tecmosesie 3a0aHuUA

3.1. Beibepume 08a npasu/bHbIX 8apUAHMA omeema.
AHOAHbLIM MOKPbLITVYEM Ha CTanu ABAAeTCA:

a) Au;

6) Hg;

B) Mn;

r)Zn.

PewweHue.

AHOAHbLIM MOKPbLITVMEM Ha CTanu byaeT meTans, Mmerlmx 6onee oTprLaTesbHbIN
3M1eKTPOAHbIM NOTeHuman, To ecTb CTOALWMIA B pAAY Hanps>keHun nesee Fe. 310 Zn 1 Mn.

OTBeT: B, I.

3.2. Beilbepume 08a npasusbHbeiX 8apuUaHmMa omeema.
KaTogHbIM MOKpbITHEeM Ha CTanm ABAAeTCS:

a) Ag;

6) Cd;

B) Cu;

r) Mg.

PeweHwue.

KaToaHbIM NOKpbITUMEM Ha CTanu byaeT meTann, MMerLmx 601ee NonoKUTeNbHbIM
3M1eKTPOAHbIM NOTeHuMan, To ecTb CTOALWMIN B pAay HanpsaxkeHuin npase Fe. 3to Ag u Cu.

OTBeT: a, B.

3.3. Beibepume 08a npasusbHbIX 8apUAHMA omeema.
B npouecce 31eKTPpOXMMMYeCKoro UMHKOBaHMSA UMHK:
a) pacTBOPALTCA Ha KaToae;

6) obpasyeTca Ha aHoAe;

B) pacTBOPALTCA Ha aHOAE;
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r) obpasyeTcsa Ha KaToge.

PewweHue. B npouecce 3n1eKTPOXMMNYECKOro LMHKOBAHMA LIMHK PACTBOPAETCA Ha aHoae u
obpasyeTca Ha KaToae.

OTBeT: B, I.

3.4. Beilbepume 08a npasu/ibHbIX BapuaHmMa omsema.

3akoH Mapagena cBA3bIBaeT Maccy BellecTsa u:

a) HanparkeHne Ha 31eKTPoaax;

6) cuny ToKa;

B) BpeMd 3/1eKTP0/n3a;

) KOHLEHTPaLUMio pacTBOPEHHOr 0 BeLLecTsa B 3/1eKTpomTe.

PeweHune. 3akoH Papagen onpegenseT Maccy BelecTsa B 3aBUCKMMOCTM OT CU/bI TOKA U
BpeMeHW ero npoTeKaHua.

OTBeT: 6, B.
3.5. Beibepume 08a npasuiebHbIx 8apuaHmMa omsema.

VKasnTe Heaoporme M TeXHWUYeCKM NPoCTbie MeTo KONMUYeCTBeHHOro N3y4deHna
npoLecca Kopposnu meTanna:

a) rpaBumeTpus;

6) HanoxkeHre GuNbLTPOoBabHON ByMmary;
B) BM3yasibHbI aHaANN3;

r) nasepHas MMKPOCKOMKA.

PeweHue. K Hegoporym 1 TeXHNYeCKM NpoCTbiM MeTO4aM KO/IMYEeCTBEHHOro N3y4eHus
npoLecca Koppo3nm MeTasnna OTHOCATCA rPaBUMeTPUA U HanoxKeHre GuUAbTPOBaIbHOM
bymarn.

OTBeT: 3, 6.
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NMpunoxxkeHune A

KpaTkaa 6uorpaduma M. Dapagen

AHrannckmnin dnsmk Maikn @apagen poamnca B
1797 r B npegmecTbe /loHAOHa B CeMbe Ky3HeLla.
OKOH4YMB HaYasnbHYHO LLKOAY, C ABEeHAALATW eT OH
paboTan pasHocuymkom raseT, a B 1804 r. noctynun B
YUYEHWUKM K nepenneTumry Prnbo, dpaHuy3ckomy
3MUIPaHTY, BCAYECKM MOOLWPABLLUEMY CTPACTHOe
cTpemneHre Qapageq K camoobpasoBaHuio.
YTeHrem 1 noceweHmnem nybanuHbIX 1eKumin
monogoi Mapageit cTpeMmunaca NonoHNTL CBOU
3HaHWA, NpUYeM ero BAeKN rNaBHbIM 06pa3om
eCTeCTBeHHbIe HayKM — Xnumma 1 pusmka. B 1813 r.
0A4MH M3 3aKasuurKkoBs nogapun Papagero
npurnacuTenbHble buneTsl Ha nexkunu Nemdpn [138u
B KOp0a1eBCKOM MHCTUTYTe, CbirpaBLUMe peLlatoLLyo
posb B cyabbe toHowyr, 06paTMBLLMCH C MUCbMOM K
381, ®apagel c ero NOMOLLbIO MOAYYMA MECTO
nabopaTopHoro accucteHTa B Koposnesckom
MHCTUTYTE.

B 1813-1815 rr., nyTewecTBya BmecTe ¢ /1381 no Eepone, Papaaent nocetun nabopaTtopum
@paHumn n NTanun. Nocne BosBpalleHua B AHAMIO Hay4Haa geaTtensHocTe Papagen
npoTeKana B CTeHax KoponeBCKoro MHCTUTYTa, rae OH cCHavana nomoran [13su B
XUMUYLCKMX IKCMEepMMEeHTax, @ 3aTem Hauan camocToATesbHble nccneaosaHma. Gapagen
OCYLLeCTBUA CUMKEHMEe X/10pa U HeKOTOPbIX APYriX ra3os, nony4ymnn 6erHson. B 1821 r. oH
BnepBble Habtohasn BpalleHne MarHinTa BOKPYr MPOBOAHMKA C TOKOM 1 MPOBOAHMKA C
TOKOM BOKPYr MarHuTa, C034as NepByk MOAe b 3/1eKTpoaBuratens. B TeueHne
nocneayowmnx 10 net Mapagen 3aHnMmanca nccaeaoBaHnemM CBA3W MexKay
3NEeKTPUHECKVMU U MarHUTHbIMK ABAeHUAMK. Ero nccanegoBaHua yBeHYAIMCb OTKPbITUEM
B 1831 r. ABNeHMA 31eKTpoMarHMTHOM nHayKumm. Mapaaen getansHo U3yunn 3To
AB/IeHMe, BbIBE/1 er0 OCHOBHOW 3aKOH, BbIACHW 3aBUCUMMOCTb UHAYKLIMOHHOMO TOKa OT
MarHMUTHbIX CBOWCTB Cpefbl, MCCeaoBan ABAEHME CaMOVMHAYKLUUM M SKCTPATOKM
3aMblKaHVA 1 pa3mMmbikaHua. OTKpbITVE ABNeHMA 3N1eKTPOMArHUTHOM UHAYKLMU CPa3y e
npuvobpeno orpoMHoe HayyHoe 1 NPaKTUYeCKoe 3HaYeH1e; 3TO ABNeHMEe NeXKUT,
Hanpymep, B 0CHOBe PaboTbl BCeX reHepaTopoB MOCTOAHHOMO U NMepemMeHHOro ToKa.

CTpemneHue BbIABUTbL NPMPOAY 31eKTpUUYecKkoro Toka npueeno Papages K
3KCMeprmeHTam no NMPOX0oXKAeHMIO TOKa Yepes pacTBOPbI KMCAOT, COMeun 1 Leso4en.
Pe3ynbTatom 3T1x nccaenoBaHuii CTano OTKpbiTve B 1833 r. 3aKOHOB 3/1eKTpoan3a
(3akoHbl Papagen). B 1845 r. Dapaaei 06HapyKu1 ABAeHMe BPaLLEeHNS NI0CKOCTH
nonspusaumm ceeTa B marHMTHom nose (adbodexrt Papaaen). B Tom »ke rogy oH OTKpbI

HazeaHue mogyna htweek.ru



@?@Q//m 22

AvamarHeTusm, B 1847 r. — napamarHeTnam. Gapageit BBEN B HAyKy pag NOHATUIN —
KaToaa, aHoaa, MOHOB, 3/1eKTPoM3a, 3/1eKTpoaoB; B 1833 r. oH M306pen BonbTMeTP.
lcnonb3ya orpoMHbIN 3KCNeprMeHTanbHbi maTepuan, Papaael gokasan
TOXKAECTBEHHOCTb M3BECTHbIX TOrAa «BUAOBY» 3NeKTPUUYeCcTBa: «*KUBOTHOM0»,
«MarHUTHOrO», TEPMO3/1eKTPMYeCTBa, rasibBaHMYeCKoro 3/1eKTpmMyecTBa U T.4.

B 1840 r., ewé a0 OTKPLITUA 3aKOHA COXpaHeHus sHeprun, Gapagen Bbickasan MbiC/b O
eAMHCTBE «Cu» NPUPOabl (PA3MUHBIX BUAOB SHEPrn) U MX B3aMMHOM NpeBpaLleHum.
OH BBEN NpeacTaBieHmsa 0 CUA0BbLIX IMHUAX, KOTOPbIe CYMTan GU3nvecku
cywecTBytowmmu, Maen Mapageq 06 31eKTpruyeckom 1 MarHUTHOM NMOAAX OKa3anum
60/bLLOE BANAHME Ha pa3BuTre Bcen dpunsnkn. B 1832 r. Gapageit BbiCcKasasn MbiC/lb O TOM,
4TO PAaCNPOCTPAHEeHWe 3/1eKTPOMArHUTHbIX B3aMOA4EenCTBMIM eCTb BOTHOBOW NpoLuecc,
NponcxoaauiMin C KOHeYHOW CKOPOCThLHO; B 1845 r. oH BnepBble ynoTpebun TepmMuH
«MarHMTHOEe none».

B 1824 r., HecmoTpAa Ha npoTmBogencTeme [13Bm, NnpeTeHA0BaBLUEro Ha OTKPbITVA CBOero
accucteHTa, @apageit 6bi1 n3bpaH uneHom Koponesckoro obuecTsa, a B 1825 r. ctan
AnpexkTopom nabopaTtopun B Koponesckom nHcTuTyTe. C 1833 no 1862 rr. Gapaaen
cocToan npodeccopom xmmmm KoponeBckoro MHCTUTYTa. Becbma nonynapHbl 6biam
ny6nunyHbie nekumm Papages; WMpPoKyH M3BECTHOCTb NpMobpena ero HayyHo-
nonynapHaa KHuUra «/ictopura ceeum».

OTKpbITMA Dapaaeq 3aBoeBany WMpoUalilee Npu3HaHme Bo BCEM Hay4YHOM MUpPe; ero
MMeHeM BNocieACTBMM Oblav HAa3BaHbl 3aKOHbI, ABAEHUS, eaUHNLbI PU3UYECKUX BeNYNH
n T.4. Pyccknin dursmk A. . CToneToB Tak oxapakTepmsosan 3HadeHne Qapagen B
Pa3BUTUM HayKU: «HMKOrga co BpemeH [anunnea cBeT He B1Aan CTObKUX MOPA3NTebHbIX
M PA3HO0OPA3HbIX OTKPLITUIA, BblLLeALLIMX U3 0AHOM ronoBbl». B uecTs Mainkna Qapageq
BpuTaHckoe xnmunyeckoe 0bLecTso yupeanno megans Gapages.

MecmoyHuK: buozpaguu senukux xumukos / nood peo. . B. beikosa. — M. : Mup, 1981. -
320 c.
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NMpunoxxkeHune b

Mpunbopbl 1 MeToabl UCCAea0BaHUA KOPPO3UU U 3aLLUTHBIX MOKPLITUIA

JlazepHbI MMKpPOCKON

J1TazepHbIn MUKPOCKON NPV MOMOLLM fl@3epa, KOTOPbIM YCTaHOB/EH KaK 0CBeTUTebHbIN
MCTOYHVK, MOXeT AaBaTb M300parkeHue C 8bICOKUM paspeweHueM. Torga, korga B
06bIYHOM MWKPOCKOMe BMeCTO /la3epa yCTaHOB/eHbl CaMble 00bIKHOBEHHbIE PTYTHbIE
NMB0O KCeHOHOBLIE TaMMbl B KAYeCTBe 0CBeTUTeNs, 1a3epHble OCBeTUTEe IbHbIe CUCTeMb
MMET BbICOKYH Napasn/iesnbHOCTb M3/y4aemMoro CBeTa, M MMEeHHO Mo 3TOM NpUu4mnHe
HaNM4YMA TaKoro 060pyA0BaHMA AOCTUMAETCA BbICOKAA TOUHOCTb POKYCUPOBKHW.

B s s e SULA

CoBpemMeHHbIe KOHPOKA/1bHble MUKPOCKONbI COBMELLAtT NpenmMyLecTBa KOHPOKabHOM
MWKPOCKOMNUK, MHTepdbepoMeTpun U n3mMmeHeHMa GoKyca, OHW He OCHaLLaTCA
NOABW*KHbIMM 3/1@MeHTaMM, YTO CYLLeCTBEHHO MOBbIWAeT UX HAAeKHOCTb.

KoHdOoKanbHbIN NasepHbli CKaHMPYHLWMIM MUKPOCKON CNocobeH co3gaBaTh M306parkeHue
Cpe30B M3y4aemoro obbeKkTa. ITo ocyLwecTensaeTca bnarogapa TOMy, 4TO nasep
doKycMpyeTCa Ha 3adaHHyo raybuHy 06 beKTa 1 esaeT NoC/0MHbIN CHUMOK 1M3y4yaemMoro
MWKPOOHBHEKTA C MOBbILWEHHbIM KOHTPACTUPOBaHMeM. ITO gaeT BO3MOXKHOCTb bosiee
TOYHO M KOM@OPTHO M3YUNTb HKOAHChI ero CTPYKTYpbl. [lporpammHoe obecnedeHue
CNOCOBHO C/IOXKNTb NOAYyYeHHY MHbopmaumtio B 3D-mogens obbeKTa.

HazeaHue mogyna htweek.ru
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Bechl

Becbl - nprbop, No3BoAsAOWNIM onpeaensaTb MacCy NpeamMeToB M MaTepmasioB C BbICOKOM
CTeneHb TOYHOCTW KoMYecTBeHHO. /labopaTopHble BeCkbl — 3TO Nprbop, KOTOPbIM
n3mepsaeT Maccy rpy30B C MMHUMa/IbHOM NOrpeLHOCTb. JTO BbICOKOTOYHbIE NprbopbI
NoAXOAAT ANA B3BeWMBaHWA TBEPAbIX Tes, CbiNyynx BeLWecTB WA *KUAKOCTen.

BecoBoe o6opyaoBaHue bbiBaeT
MexaHunyeckoe 1 anexkTpoHHoe. C 2001 r.
B NabopaTopHbIX Lesax paspeLleHo
MCMOb30BaTb TO/LKO LMdPOBLIe
mogenn. CoBpemeHHble mogenm
NabopaTopHbIX BECOB He TO/IbKO
onpeaensatT Maccy, HO 1 camu
BbIMO/IHAKT MaTeMaTUYeCKMe PacyeThbl.
ITO NOHUKaeT BEPOATHOCTb OLUNOKM
(uenoseyeckoro dakTopa) npwu
NMOTOKOBbIX MPOBeAeHUN UCCAea0BaHNM.

paBnmeTpuUA

[(pasumempuyeckut aHaAU3 — MeTosq,
KO/IMYEeCTBEeHHOr0 XMMMUYeCKoro
aHanM3a, OCHOBAHHbIM Ha TOYHOM
M3MepeHn Macchbl BeLLecTBa.

MeToa MCNonb3yeT 3aKOH COXPaHeHMA MacChbl BeLLeCTB NPU XMMNYeCKNUX NpeBpaLLeHnax.
OH cbirpan 60/blYH PO/Ib B CTAHOB/IEHWM 3aKOHA NMOCTOAHCTBA COCTaBa XMMUYECKMX
COeAMHeHUN, 3aK0oHa KPaTHbIX OTHOLIEeHWI, Meproanyeckoro 3akoHa u ap.

B HacToALulee Bpema npumMmeHsaeTca B 1abopaTopuax 414 onpeagesneHmns XMMnYecKkoro
COCTaBa pa3/nyHbIX 06beKTOB (FOpPHbIX MOPOA M MUHEPAsoB), Ka4ecTBa CbipbA M rOTOBOM
NPOAYKLUMN, COACPHKAHNA KPUCTANAM3ALMOHHOW BOAbI B CONAX, 30/1bHOCTW TONAMBA U T. 4.

K 4OCTOMHCTBAM rpaBMMeTPUUYECKOro aHam3a OTHOCAT BbICOKYH TOYHOCTb (06bIYHO
norpewHocTs coctasnaet 0,1-0,2 %) 1 oTcyTCTBME HeOBX0AMMOCTY B NpeaBapuTesibHOM
rpagympoBKe M3mepuTesnbHbix Npmnbopos. C Apyro CTOPOHbLI, ero nposegeHne 3a4acTyto
6onee TPyA0EMKO U 3aHUMaeT 60bLLe BpeMeHK Mo CPaBHeHUIO C APYriMM MeTodaMu.

HasBaHue moayna

htweek.ru
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MNpodunomeTpma

[Tpogpunomempusa — meTog n3yyeHunA
npoduna ceyeHmMsa NOBEPXHOCTH B
MNA0CKOCTU, MeprneHaKYAAPHOM K Heu 1
OpPVEHTMPOBAHHOWM B 3a4aHHOM
HanpaseHUK.

PervcTpauua npoguioz2pamm, a TakKe
nony4yeHne TPEXMepPHOro n3obpaskeHums
NOBEPXHOCTer TBEpAbIX Tes, MoXKeT
NpPOM3BOANTLCA NPUOOPAMUM KOHTAKTHOMO
nnn 6eckoHTakTHoro Tuna. Mpunbops,
npeaHasHayYeHHble 414 3Toro,
Ha3bIiBaOTCA NpodunometTpamm. B
Nprbopax KOHTAKTHOro TUMa KOMMPOBaHKWe NPOGUIA OCYLLEeCTBAAeTCA NMyTEM
nepemeLleHna Ur/bl Mo WepoxoBaToW nccaegyemoin noBepxHocTu. K npnbopam
HeCKOHTaKTHOro TWUMNa OTHOCATCA ONTUYECKME U PACTPOBbIE 31eKTPOHHbIe MUKPOCKONMbI, a
Tak¥Ke Nprbopbl, NCMO/b3YOLIMe 419 CKAaHMPOBAHMA MOBEPXHOCTU MOHOXPOMAaTMYeCKoe
(B 4aCTHOCTHU, Na3epHOe) nsnyyeHue,

OnmuyecKue npogunomempesl ABAAIOTCA MHTepdepeHuUMOHHbIMK 1/ MAN KOHPOKabHbIMMN
MWKPOCKOMNaMU U UCMOABb3YHOTCA 419 M3MepeHMa M3MeHeHUN BbICOTbl MOBEPXHOCTU C
601bLLION TOYHOCTLIO. 3D-onTUYecKne NnpodunomMeTpbl — Hanbonee M3BeCTHbIe NpUbops,
NO3BO/AKOLWME MOAYHaTh TOYHbIE U3MEPEeHMSA LWepoX0BaTOCTM MOBEPXHOCTMW.

OnmuyecKkaa npogpunomempusa NnpMmeHsaeT BO/IHOBbIe CBOMCTBA CBeTa A1 CPaBHEeH WS
OMNTUYECKOW PAa3HOCTU MYyTW Mexay TeCTOBOW M 3TasoHHOM NOBepPxXHOCThI0. (BeT
NPOXOANT Yepes AeMTesbHY0 NP13My, YacTb My4YKa NonagaeT Ha obpased,
LLIepOX0BaTOCTb KOTOPOro n3mepaeTCs, a Apyrasa — Ha ONOpHOe 3epKasno. Korga
PaCCTOAHVE OT AeNTeNbHOW MPM3Mbl 40 3epKana TaKoe e, Kak OT UCMbITaTebHOU
NOBEPXHOCTU, 1 Iy, OTPAXKEHHbIe OT 3TMX MOBEPXHOCTeW, BCTPe4atnTCa 1
NHTEepGepmnpyroT, BO3SHMKAKT KOHCTPYKTUBHbBIE 1 Pa3pyLUNTe ibHbIe MOMexXM — CBeT/ble U
TEeMHbIe M0/10Chl, M3BECTHbIe Kak MHTepdepeHLMOoHHbIe N0a0ChI.

Ecnu gnvHa BOMHbI M3BECTHA, BO3MOXHO PaccuMTaTh Pa3HMLy BbICOT MO MOBEPXHOCTM B
018X BOAHbI. V3 3T1X pa3nnuuii B BbICOTE NOAYyYaeTCA M3MepeHe NoBepXHOCTH —
CBOe0bHpa3Haa TpexmMepHas KapTa NMoBepPXHOCTU.

KoHdoKkanbHble npoduaomeTpsl Cay»KaT 419 aHanu3a penbeda pasHbix MOBEPXHOCTeMN.
KoHpokaneHaa npogpuiomempua no8epxHOCMU NMPeBoCx0anT N0 YPOBHIO paspeLleHuns
BCe BMAbl ONTUYECKMX NPprBopoB. [pocTpaHcTBeHHas BbIDOPKA B AaHHOM C/ly4ae MoXKeT
cHUKaTbCAa 40 100 HM, NO3TOMY MOXKHO MPOBOANTbL aHANN3 O4YeHb HeO O TbLLMX
npeamMmeToB.

HazeaHue mogyna htweek.ru



