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BCTYII

MeTtoaudHi BKa3iBKA OO JIAOOpAaTOpPHHX pOOIT 3 IUCIUILIIHA
«®Di3UKO-XIMIYHI OCHOBH CTBOPEHHS TIOKPHUTTIB» [UIsI  CTYICHTIB
cnerianbHocTi 132 — «Marepialo3HaBCTBO» 3a OCBITHBOIO IPOTPaMOIO
«Komno3uniiiHi Ta TOPOIIKOBI Marepiaid, MOKPUTTS» CHPSIMOBaHI Ha
MiATOTOBKY (axiBIiB, 3maTHHX e()EeKTHBHO BWKOHYBAaTH MpodeciiHy
IiSUTBHICTE, Ta HAOYTTS HHMH KOMIIETEHTHOCTEH, IO JO3BOJSIOTH
BUPILIYBaTH CKJIaJHI Crieliani3oBaHi Ta MIpakTH4HI 3a1a4i.

Marepiany, 0 HaBEJEHO Y METOJMYHHUX BKa3iBKax, HE € HAYKOBOIO
mpareto, a SBisie co00¥0 BioMi (haKTH 3 BIIKPUTHX JHKEPEI, 10 BUKIAJACHO
yKJIaZiayaMH y TIeBHIH MOCHTIIOBHOCTI 3 METOI0 (POpPMyBaHHS y MOIIyKadiB
BUIIOI OCBITH HABUYOK JI0 PO3B’SA3aHHS CKIQJIHHMX CICIialli30oBaHUX 1
MPAaKTHYHUX 3aBIaHb, IO OB’ s3aHi 31 CTBOPEHHSIM Ta HAaHECEHHSM Pi3HUX
3a IpU3HAYEHHSM OKPHUTTIB.
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JlaGopaTopna po6ora Ne 1

BU3HAYEHHA MIHHOCTI 3YEIIVIEHHA ITIOKPUTTSA
3 MATEPIAJIOM OCHOBH

Mera po6oTu
O3HallOMHUTHCS Ta OINAHYBaTH METOJUKY BH3HAUCHHS aare3iidHoi
MIITHOCTI TTIOKPHTTIB, SIKI HAHECEHO PiI3HUMH CIIOCOOAMH.

3arajbHi BizoMocTi

3aranpHi BIZOMOCTI A0 JaHOi J1abopaTopHOi pOOOTH MICTATH
Marepiajiu, 110 BUKIaAeHO B [ukepenax [1-7].

BaxnuBuMm mapameTrpoM, SKHH BH3HAYa€ HAMIMHICTE 1 TEpMiH
pobotu nertameii abo0 BHPOOIB 3 TMOKPHUTTAMH, € MIIHICTh 3YETUICHHS
(amresis) pobodoro mapy HOKPHTTSA 3 MaTepiaJoM OCHOBH, IO 3abe3meuye
3JIaTHICTh OTPUMAHOTO 3’ €THAHHS 30epiraT MUTiCHICTb.

Anresis abo MIIHICTh 3YeTIeHHS — I[I€ YTBOPEHHS 3B’S3KIB MiXK
MOBEPXHEBUMH IapaMH JBOX PI3HUX TBepAuUX abo pimkux Tin (¢asz), sKi
NPUBEICHO 1 3HAXOJIATHCSA Y KOHTAKTI.

@di3uuHe TpaKTyBaHHS: anres3ist XapakTEpU3YETbCS CHIIOIO, SIKY
HEOOX1THO MPUKIIACTH JIJIS PO3/IIJICHHS MIOBEPXOHb 200 MTUTOMOIO POOOTOO
aaresiHoro BigpuBy. KigbKICHO MIIHICHI BJIACTHBOCTI 3’ €HAHHS
OIIHIOIOTBCS 3a WOr0 CYIMPOTUBOM pPYWHYBAaHHIO Tif[ Mi€l0 30BHIMIHIX
3ycunb. OnuHUII BUMipy anre3idHux BuactuBocteid — Mlla.

[TokpUTTS It 3aXKUCTY TMOBEPXOHb TOBUHHI MaTH MEBHY IIiIBHICTb,
MIIHICTh 3YEIJICHHST 3 OCHOBHHM METallOM, 3HOCOCTIHKICTh, KOPO3iiiHY
CTIMKICTB Ta iHII BIACTHBOCTI Y BiJIIIOBITHOCTI 3 TPU3HAYEHHSIM.

Bigomo Oarato MeTOiB BU3HAYCHHS MIIIHOCTI 34YEIJICHHS IIOKPUTTIB
3 OCHOBO. [IpHHITUIIOBI CXeMU JIeSKUX 3 HUX HaBeJleHi Ha pucyHKy 1.1.
Cepen HHMX HaiyacTille BHUKOPUCTOBYETbCS METOA BiJPUBY KOHIYHOTO
mrigra (quB. puc. 1.1 a). Leit MeTon mpumaTHUN JUIS OLIHKH MIITHOCTI
NOKPUTh 1 TMPH BHCOKHMX TeMIiepaTypax. SKICHy XapaKTepHUCTHKY Ja€e
3TMHAHHS TUTOCKOTO 3pa3ka 3 HAIWJICHUM MOKpUTTsM (muB. puc. 1.1 6). 3a
KyTOM 3THHaHHS, IPU SIKOMY B IOKPUTTI BUHUKA€E TPILIMHA, OLIHIOETHCA
fioro mirnHicTh. MeTOIOM BiIpUBY 3KJIC€HHX 3pa3kiB (auB. puc. 1.1 B), Ha
OIMH 3 SKUX HAHECEHO TIIOKPUTTS, BH3HAYAIOTh MIIHICTh TOKPHUTH
HEBHCOKOI IIIJIBHOCTI IPU KIMHATHUX TeMIIepaTypax.




MInHICT  34YCIICHHS TOKPUTTS 3 OCHOBHHUM  METalloOM €
HaWBKJIUBIMIO XapaKTEPHUCTUKOI. Y pa3i BHUKOPHUCTAHHS ITiPTOBOL
METOJIUKH, BOHA BU3HAYAETHLCS 32 JOPMYIIOHO:

65=P / F=4 P / (xD?), MIla (1.1)

ne P — 3ycung BimpuBy HanmiieHoro mapy, H;
F — mwioma Bigpusy, M2

D — niametp wtidTa, M.

MilHiCTh HaNWJICHUX METANEeBUX MOKPUTh HE TEPEBHIIYE, K
npaswio 60 MIla, mo Ha MOPSANOK HIKYE MILHOCTI OCHOBHOTO MeETaly.
OCHOBHMMHU YMHHUKAMH HU3bKOI MILIHOCTI € HETIOBHE 34EIUICHHS 4aCTOK 3
OCHOBHUM MaTepiajoM, YTBOPEHHS Makpo- Ta MikpomeheKTiB Ha iHil
3YeIJICHHs, 3HIDKeHa MUIbHICTh MOKpuTh (80...90%) y mopiBHAHHI 3i
HIUTBHICTIO OCHOBHOTO METay; 3aJMIIKOBI HANPY>KEHHS, [0 BUHUKAIOTH Y
HAIMJICHOMY IIapi B mporeci popMyBaHHSI.

OxpeMuii BUMA0K aare3ii — KOre3is — B3a€MOJIisl OJTHAKOBUX TiJI, SIKi
KOHTaKTyIOTh IOBEPXHSIMH, TOOTO 34EIUICHHS YCEpeAMHi OIHOPIIHOTO
MaTepiaia. Y JAeSKHX BUMAIKax anre3is Moxe OyTH CHIIBHINIOK 3a
KOTE€3il0, Y TaKMX BWIIQJAKax MPH IPUKIAJEHHI PO3PUBHOIO 3YCHIUISA
BiOyBa€eThCsl KOTE31MHWE BiIpHUB, TOOTO pO3pUBaHHA B 00’€Mi MeHII
MIITHOTO MaTepiaJa.

[ocriiiHe 3MeHIIIEHHS XapaKTEPHUX PO3MIpiB €NEKTPOHHUX 1 MIKpO-
HAHOEJIEKTPOMEXaHIYHUX CHCTEM, MOKPUTTIB y BUINIAII IUTIBOK 1 iHIIMX
NPOAYKTIB HAHOTEXHOJIOTiH 3pOOMIO aKTyallbHUM PO3POOJIEHHS METOJIIB
JOCTDKEHHS iX (hi3WKO-MEeXaHIYHUX BJACTUBOCTEW (TBEPIICTh, MOIYJb
FOHra, 3HOCOCTIHKICTh, BEMMUMHA ajre3ii MmIiBok) B HaHomkaii. Jlimepom
TaKMX BUNPOOYBaHb € HaHOIHIACHTYyBaHHsS. llel Merom NpumaTHUE s
BUDILICHHS Pi3HUX (i3MYHMX 3amau 1 3’sACyBaHHS (PyHIaMEHTAIBHUX
3aJIe)KHOCTEH IMOBENIHKM HAHOMETPOBUX IIOBEPXHEBUX IIApiB, a TAKOX
CyOMIKpOHHUX 00’€MiB pi3HHX MatepiaiiB. [Ipu gociimkeHHi anresii
TUTIBOK BHKOPHCTOBYIOTH HAaHOIHAEGHTOPH Yy (GopMi KoHyca abo y BUTIIIL
JOBroro TOHKOro Jne3a. Jlo iHOeHTOpa NPHUKIAAAIOTE HOPMajbHE
HaBaHTA)KEHHS 1 OJJHOYACHO MEPEMINYIOTh HOT0 B3JIOBXK IMOBEPXHI TUIIBKH
(npsimanHs a0o MWKpsIOaHHS).
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a — BUTATYBaHHA KOHIYHOTO ITijpra, 6 — 3TWHAHHA IUIOCKOTO 3paska,
B — Bi[pUBaHHS 3KIEEHUX 3pas3KiB;

Pucynok 1.1 — IIpuHIMOOBI CXeMH OCHOBHHX METOJIB BHM3HAYCHHsS MIIIHOCTI
3YEMUICHHS HAIIMIICHNX OKPUTH 3 OCHOBHUM METaJIOM.



Benmuunay aaresii BHpakarOTh |y BHIVIAAI TUTOMOI  poOOTH
posmapoByBaHHs G TUTIBKM Bix oOcHOBH. Jlnmsi Bu3HaueHHS afresii
BUKOPUCTOBYETHCS PopMyIia:

2
G= Fr)°h .
B AZ

ne Fr — kpuTu4Ha ropu30HTAIbHA CHJIA [TOYATKY BiJpUBA ILTIBKH BiJ
OCHOBH;
h — ToBIIMHA MTiBKY;
I — pajiyc MOAPSIHHN Y MUTh TIOYATKY PO3IIAPYBaHHS;
E — moayns FOHra.

(1.2)

Meron npsmaHHA Aa€ MOXIIMBICTH 3aMiHH MaKpOBHIIPOOYBAaHb
pyHHYBaHHSIM Ha pa30BUX 3pa3Kax, Ha BUNPOOYBaHHs Oe3 pyHHYBaHHS.

Iopsinok BUKOHAHHSA J1a00paTOpHOI podoTH

3a monmoMoror MTIPTOBOTO METOAY BH3HAUEHHS MII[HOCTI
3YeTJICHHS IIOKPHUTTS 3 MaTepialloM OCHOBH OTPUMATH KiJIbKICHI MOKa3HUKU
aATe3ifHUX BIIACTUBOCTEH MOKPHUTTIB, SKI HAHECEHO EJIEeKTPOIyTrOBOIO
MeTaJi3ali€lo 1 eNeKTPOAYTOBUM HaIUIaBiIeHHsIM. {15 nporo:

— pa3oM 3 MaiicTpoM BUPOOHMYOrO HABYAHHS HAHECTH Ha
MiITOTOBaHI  3pa3Kd  TMOKPUTTS  EJIEKTPOAYrOBUM  HAIUIABJICHHSM,
€JIEKTPOIyTOBOKO METAi3aIli€10;

— O3HAaHOMHUTHCh 3 NPUHLMIIOM POOOTH PO3PUBHOI MAaIIMHU
YMM-20 Ta 3a ii JONOMOTOI BU3HAYUTH 3yCHILIS BiIpUBY P moKpuTTS Bin
OCHOBHOTO MeTaly (3a MTi()TOBOIO METOAUKOIO);

— 3a ¢opmynoto (1.1) Bu3HauUMTH anre3iiiHy MINHICTH IIApiB, SKi
HAHECCHO PI3HUMHU METOAMU;

— BHXIJIHI IaH1 Ta pe3yJbTaTh pO3paxyHKiB HaBecTH y Tabmwii 1.1.

Tabmuis 1.1 — Pe3ynprati BUnipoOyBaHb Ha MIIHICTh 34ETUICHHS

3ycusuist MinHicTh
g ITnoma
. . BiJIpUBY . 3YeTJICHHS
Marepian | TexHomoris B1IpUBY
MOKPUTTS ; MOKPUTTS 3
MOKPUTTS HaHECEHHS . (mrrichra)
BiJ] OCHOBH Foa OCHOBOIO
P, H ’ G4, MIa
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3micr 3BiTY

1. KopoTko onucaTi METOAM BU3HAUCHHS aAre3iifHIX BIACTUBOCTECH.

2. HaBecT cxeMH OCHOBHHUX METOMIB BH3HAYEHHS MIIHOCTI
3YCIUICHHS HAaHECEHUX IIapiB 3 MaTepiaJOM OCHOBH.

3. HaBecTn Tabnuirio 3 pe3yabTaTaMy MPOBEICHUX €KCIIEPIMEHTIB.

4.3a pesynpTaTaMH EKCIIEPUMEHTIB 3pOOWTH BHCHOBOK, MIOZO
aJre3iifHUX BIACTHUBOCTEH MOKPHUTTIB HAHECCHUX PI3HUMH CIIOCOOAMU.

KonTpoabHi 3anuTanus

1. 1o Take anare3is?

2. SIK KIJIbKICHO OLIHIOKOTHCS aAre3iiiHi BJIaCTUBOCTI?

3. SIxki MeToaw BHW3HAYEHHS MIITHOCTI 3YEIUIEHHS TOKPUTTIB 3
OCHOBOIO Bawm Bimomi?

4. Y SKHUX OAMHUILIAX BUMIPIOETHCS MIIHICTh 34YCTIIICHHS?

5. HaBenite hopMyity po3paxyHKy MIITHOCTI 34CTIJICHHS [TOKPHUTTS 3
OCHOBOIO.

6. SIki paxTOpH BILTMBAIOTH HA aATe3iiHI BIACTHBOCTI?

7. 1llo Take kore3is?

OobsagHaHHA, MaTepiaan, iIHCTPYMeHT

1. 3pa3ku i1 HAaHECEHHs TIOKPHTTIB.

2. TTocT eneKTpoayroBOro HaIUIaBJICHHSI.
3. Ioct enekTpoayroBoi MeTamizaii.

4. Po3puBHa mammHa Y MM-20.

5. lIITaHreHuUpKyJIb.

6. Kanpkynsrop.

Bka3ziBku 3 TexHikH 0e3nexkn

1. Ilepen mOYaTKOM HAHECEHHS MOKPHUTTIB e€NEeKTPOIYTOBUMHU
croco0aMy YNEBHUTHCSA B SKICHIA 130MALi1 CTPYMONPOBIZHUX YacTHH
3BapIOBAJILHOI anaparypH.

2. Tlepen movaTkoM TpOILECY HAHECEHHS NOKPHUTTIB BBIMKHYTH
BUTSDKHY BEHTHIIALIIIO.
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3. IIpu poOOTI CTOSITH HAa TYMOBOMY 130JIIOBAIBHOMY KHIIUMKY, Y
CIEIiaTbHOMY OJIs31 Ta B3YTTi, SKi 3aXWIIAOTh Bil METaleBUX OPH30K i
TEIJIOBOTO BUITPOMiHIOBAHHS.

4. CnoctepiraT 3a IpOLIECOM HAaHECEHHS MOKPUTTIB JOITYCKAE€THCS
JUIIEe Yepe3 CIelialnbHi CBITIO(IIBTPH, BHKOPHCTOBYIOUM 3BapIOBaIbHI
LIATKHA, MACKX a00 III0JIOMH.

5. BcTaHoBmioBaTH  3pa3Kd  JUIA  BU3HAUCHHA  aJre3iiHux
BIIACTUBOCTEH TIOKPUTTS y 3aTHUCKa4di PO3PHBHOI MAIIMHHM TUIBKH MpPU
BUMKHYTOMY MEXaHi3Mi pO3TATy.

6. Ilin yac BUMpOOYBaHHS HE AOMYCKAETHCS TOPKATHCS PyKaMu
PYXOMUX YaCTUH PO3PUBHOI MAlIMHU.

Jlitrepatypa

1. Tymmuckuii JI.W., [lnoxoB A.B. HcciemoBaHusi CTpyKTYphl U
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wieHkax (063op) / ®usuka TBepmoro Ttema. — 2008. — T.5, Nel2. —
C.2113-2142.
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JladopaTopHa pooora Ne 2

BUBUYEHHS OCOBJINBOCTEM CTPYKTYPH
HOKPUTTIB, AKI OTPUMAHO CI1IOCOBAMMU HAIINJIEHHS,
HAIIJTABJIEHHSA TA OIIJIABJIEHHSA

Mera po6oTu

HaOyti HaBMYOK aHai3y MaKpOCTPYKTYpH MOKPHUTTIB Ta
OI[IHIOBaHHS iX SKOCTi; BUBYHTH MIKPOCTPYKTYpy TMOKPHTTIB, IO
OTPUMaHO METOaMH HaITUIICHHS, HAaIJIaBICHHS Ta JIA3epPHOTO 00pOOICHHS;
NpOaHati3yBaTH BIUIUB CTPYKTYPH MOKPUTTS Ha HOTO SKICTh.

3arajabHi Bizomocri

3aranpHi BiZOMOCTI A0 pAaHoi JabopaTopHOi pPOOOTH MICTSTH
Marepialid, 110 BUKJIJEHO B uKepenax [1-7].

[lpouecn HanwWiCHHS Ta HAIUIABIEHHS ITOKPUTTIB Ty)K€ IIHPOKO
3aCTOCOBYIOTBCS Yy  IMPOMHCIOBOCTI.  HamuieHHs — NpUHIMIIOBO
BIJIPI3HSAETBCA BiJl TPOIECY HAIUIABICHHS TMOKPUTTIB BiACYTHICTIO
OTUIABJICHHS TOBEPXHI OCHOBHOTO Marepiamy aerami. HaiGimpmn mmpoxe
BUKOPHUCTaHHS OTPUMAIM €IEKTPOTEPMiYHA 1 Ta30MONyMEHEeBa TEXHOJIOTIT
HAaHEeCEHHS TIOKPHUTTIB, a TaKOX Jia3epHa TEXHOJOTisi 00poOIeHHs
HIOBEPXOHb.

[lpouiecn  eNEKTPOTEPMIYHOTO HAIUIABJICHHS MAlOTh  HACTYITHI
nepeBaru:

— MOJKJIUBICTh HAHECEHHSI METAJIEBOTO TOKPUTTS BEJIHMKOI TOBLIMHH,
o JTyXe e(pEeKTUBHO INPH BiJHOBJIEHHI JeTaneil 3 BEIMKOI BEIMYHHOIO
3HOCY;

— BHCOKA MPOAYKTUBHICTH (710 25 Kr/rom);

—BiIHOCHA NPOCTOTa KOHCTPYKLii 1 TpaHCHopTadenbHICTh
00JTaTHAHHS;

— BIICYTHICTP OOMEXEHb Ha PO3MIpU IOBEPXOHb BHPOOIB, SIKi
HaIJIaBJISIOTH;

— pOCTOTa BUKOHAHHs, W0 HE MOTpeOye BHUCOKOI KBalidikamii
3BapIOBAILHUKA,

— MOXKJIMBICTh HaHECEHHsSI 3HOCOCTIMKOIO MOKPHUTTS HAa OCHOBHHUU
MeTaj Jr00ro cKiIamLy;
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— miaBHIEeHHS €()EeKTUBHOCTI HAIUIABJICHHS y TOEOHAHHI 3 1HIITUMHU
crmoco0aMu TTOBEPXHEBOT'O 00POOIICHHS;

— oOMexeHHs1 ab0 TOBHE BUKIIIOUEHHS BUTpAT Ae]iUUTHHUX rasiB
(C2oHy, He, Ar).

TexHONMOTIA €NeKTPOTepPMIYHOTO HAIUIABJICHHS Ma€ HACTYIHI
HEJIOJIiKU:

— 3MmiHa a0O TOTIPIICHHS BJIACTUBOCTEH HAIUIABICHOTO INApy 3a
PaxyHOK IOTPAIUISTHHS €JIEMEHTIB OCHOBHOT'O METAIY;

— HepIBHOMIPHICTh BIaCTUBOCTEHN HAILIABJICHOTO IIapy;

— nedopmarnis  BUpOOy, sKa OOYMOBJIICHA BHCOKOIO ITHUTOMOIO
CHEPTi€r0 HAIJIaBJICHHS;

— TPYIHOIIlI HATUIABJICHHS APiOHUX BUPOOIB CKIATHOI (hOpMHU.

EnextpoTepmiuHa TEXHOJIOTiA HamwieHHS 3a0e3ledye HaCTYyIHI
nepeBaru:

— MOKJIMBICTh HAHECEHHS MTOKPUTTIB Ha BHPOOU 3 JTFOO0OTO Matepiary
(metamn, ckio, hapdop, nepeBrHa, marip);

— BIICYTHICTh 0OMEKEHb 32 PO3MipOM BHUPOOIB, SIKi HATUIIIOIOTH;

— MOJXKITUBICTh HaHECEHHS MOKPHUTTIB TOBIIWHOIO OUTbII 1 MM, IO
JI03BOJISIE 32CTOCOBYBATH IIF0 TEXHOJIOTIIO JUIS BiTHOBJICHHS JIETAJICH;

— IIUPOKUI BUOIp MaTepialiB Ui HANMWICHHS, @ TAKOXK MOXJIHBICTh
HaHECEHHsI 0araToImapoBUX MOKPUTTIB;

— HeBeJIMKe Je)OpMYyBaHHS BUPOOIB ITiJl BIUTMBOM HAITUJICHHS,

—pOCTOTAa  TEXHOJOTIYHMX  OMepalliif, BIIHOCHO  HEBeJIUKa
TPYIOMICKICTh, BUCOKA MTPOJTYKTHBHICTh HAHECEHHS 3aXHCHOTO TTOKPHUTTSI;

— HECKJIa[[Ha KOHCTPYKIisl OOJlaJHaHHS, Maja maca Ta TabapuTH,
3pYYHICTh B €KCILTyaTaIlii.

Henontiku enexTpoTepMidHOT TEXHOJOTIT HATMIICHHS:

— HeBHCOKa e()eKTHBHICTh HAaHECEHHS MOKPHUTTIB Ha JApiOHI merani
yepe3 HU3bKHN KOe(ilieHT BUKOPHCTAHHS MaTrepially, SKHi HaHOCHUTHCS
(BIZTHOIIICHHSI MaCH IMOKPHTTS JI0 3arajbHOI MACH BUTPAUYCHOTO MaTepiay);

— BUIUICHHS 3HAYHOI KIJIBKOCTI UMY Ta aepo30JiiB (IpiOHUX 4aCTOK
Mmarepiaily, KMl HallWIIOETbCA y TOETHAHHI 3 MOBITPsAM abo cyMimamu
rasiB). HeoOXinHiCTh BUKOPUCTAHHS MOTY>KHUX BEHTWIALIHHUX CUCTEM.

Jlo  eneKkTpoTepMiduHOT  TEXHOJIOTil  HAMWJICHHS  BIAHOCSATHCS
GJIIEKTPO/AYroBe Ta Iula3MoBe HamwieHHA. Ilpu  enexkTpomyrosomy
HalMJICHHI €Hepris JYI'M BHUKOPUCTOBYETbCS HA PO3IUIABICHHS JAPOTY.
Po3muiaBienuit MeTan migXxormIoeThCsl CTPYMEHEM CTUCHYTOTO MOBITPSI, SIKE
BUTIKa€ 13  LEHTPAJIBHOTO  COIUIAa  EJIeKTpoMeTraiizaropa, 1 Yy
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JIpiOHOPO3IUTABIECHOMY BHIJISI/II MEPEHOCHUTHCS Ha TOBEPXHIO OCHOBHOTO
Mmarepiamy. Po3nmieHHS Ta TpaHCHOPTYBAaHHS PO3IUIABIEHOTO MeETary
3MIACHIOETBCS TIOBITPSIM, XOYa MpPH HAMMIIOBaHHI KOPO3IMHOCTIHKMX
CTaJiel i aoMiHI€BUX CIUIaBiB BUKOPHCTOBYIOTH a30T.

[lnma3mMoBe HammieHHS — 16 MpPOLIEC HAHECeHHS ITOKPHUTTIB
HarpiBaHHSM 1 pO3IUIABICHHSIM MaTepiany, IO HAIMWIIOETECI B
TUIa3MOBOMY CTPYMEHi, 3 HACTYIIHUM OCQ/KEHHSIM YaCTOK Ha OCHOBHOMY
MeTaii 6e3 iioro posmiaBicHHS. HarpiBanHs Ta IepeHOC HAMMMIIOBAHOTO
Marepially TNPOXOMUTH y TOTOII  HHU3BKOTEMIIEPATYpHOI  IIIa3Mu
(T = 10000 K). Marepian 1y HamuieHHS BUKOPUCTOBYETHCS Yy BUIJTIAL
IpoTy, a00, yacTiiie, mopomiky. [IoOKpUTTS MOXKIIMBO HAHOCUTH Ha Oyab SIKi
MaTepiadl TPaKTHYHO Oe3 3MiH X BIACTUBOCTEH TOMY, IO TOBEPXHI
BHUPOOIB HarpiBarOThHCS 10 TEMIIEPATYp, 10 He nepeBulnyoTs 70...300°C.

[1nazMoBe TOKPUTTS € CBOEPITHUM MarepialoM, OTPHMaHHM Y
pe3ynpTaTi yaapy, aedopmamii Ta Haa3BHYAHO MIBHIKOI KpHCTami3arii
HeBenmukux (5...100 MKkM) "yacTok Martepially, HANWJICHOTO Ha MiJKIaNKYy.
[TocnioBHO HAKIANAIOYKMCh OJHA HA OJHY, YAaCTKH YTBOPIOIOTH JIyCKaTe
MOKPUTTS 3 aHI3OTPOMi€r0 (I3MYHUX 1 MEXaHIYHHUX BIIACTUBOCTEH,
HEOJTHOPIAHE B CTPYKTYPHOMY Ta XIMI9HOMY BiJHOIIEHHI. Take MOKPUTTS
XapaKTePU3y€EThCS PO3BMHEHOI IMMOBEPXHEI MEX MDK 4YacTKamMu 1
MIiBUIIIEHAM BMiCTOM OKCHUHHX BKJIFOUEHB, OCOOJUBO Ha MEXKAX OKPEMHUX
mapiB. 3aKiHYeHy CTPYKTYpy Ta BIACTHBOCTI MHOKPHUTTS BHU3HAYAIOTh
KOHKpETHI TpolecH MpH yzAapi, nedopmariii, TBEpAiHHI W OXOJOKEHHI
YacTOK, a TaKoX TMporecd ixHbpol (i3WKO-XIMIYHOI B3aemMofii 3
IJIa3MOYTBOPIOBAIEHIMH I'a3aMH i HABKOJIHMIIIHIM CEPEIOBUIIIEM.

CxeMaTu4HO CTPYKTYpY HAIMJICHUX IIOKPUTTIB 300paKeHO Ha
pucyHky 2.1.

l'azomonmymeHeBa TEXHOJIOTIS  XapaKTepU3YETbCS  HACTYIMHHUMU
nepeBaraMu:

— HEe3HaYHE MPOIUIABIICHHS] OCHOBHOT'O METaIy;

— MOXKITMBICTh HaILIaBIICHHS IPIOHUX BUPOOIB CKIaaHOT hopMmH;

— 3HIDKCHHA HEOE3MeKH YTBOPEHHS TPIIIMH, OCKUIBKM MpOIec
HaIUIaBJICHHsS. BKJIIOYA€ TIONEpenHill migirpiB 1 HacTymHe NOBiJIbHE
OXOJIO/KEHHS BUPOOY;

— HU3bKA BapTiCTh 00JIaJHAHHS, HOTO KOMIAKTHICTh i MOOITBHICTD.
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D

/ D,

1 - Mexxa MK HOKPUTTSAM 1 OCHOBOIO; 2 - MeXa MDK IIapaMH ITOKPHTTS;
3 - Mexa MK yacTMHKamu; DX - nmiaMeTp AUISHKM KOHTAaKTy, Ha SIKiil BinOyBaeThCs
TIPUBAPIOBAHHS YaCTHHKH;

PucyHok 2.1 - Cxema cTpyKTypH MOKpUTTiB [7].

Henoniku ra30noayMeHeBO1 TEXHOJIOT1] HAaIUTaBJICHHS Ta HAIMJICHHS:

— HHU3bKa TPOAYKTUBHICTh IPH HAHECEHHI MOKPUTTIB HA MaCHBHI
JieTali yepe3 HeoOXiqHICTh MOTePEeHBOTO M ITPiBY;

— BHCOKa KBaJTi(hiKaIisl 3BaproBaIbHUKA.

Ilpu rasomogyMeHEBI TEXHOJNOIIl K JDKEpelIo eHeprii  Juis
HarpiBaHHS, IUIaBJI€HHS Ta NPUCKOPEHHS YACTHMHOK Marepiany, SKUH
YTBOPIOE MMOKPUTTS, HAWYACTIIIIE BUKOPUCTOBYETHCS €HEPTisl TOPIHHS ra3iB
1 mapu piiKuX TanuB y cyMmimi 3 kucHeM abo moBiTpsM. Temmeparypa
HaWJIIOBAaHMX YacTOK NPH IOPOIIKOBHX CIOCO0Aax HAamWIeHHS He
nepesuiirye 2473 K. JIpoToBe HAIWJICHHS MOXKE 3a0€3MEUYUTH YaCTKHU 3
OBl BHCOKOIO TemriepaTyporo mopsinky 2973 K. IlIBujkicTs 4YacTok
no0JIM3y NOBEPXHI HAMMJICHHS 3HaxoAuThCs B Mexax 20...100 m/c i Bume.
[I{inbHICTh TOTOKY HANMTIOBAHUX YacTok ckianae 103...105 mr/c-em?. Lei
MeTo/I He 3a0e3levye MOXKJIMBICTh HAaHECEHHs TYTOIUIABKHUX MaTepiallib.
l'a3ononymeneBi MOKPUTTS MaroTh BiakpuTy nopucticts 1o 10...15%, a
MIIHICTb 34€EIIEHHS 3 OCHOBOIO On3bpko 30 MIla.
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MinHICTP HaNOWICHWX Ha TIOBITPI METaJeBUX IOKPHUTTIB HE
nepepumrye 10...60 MIla, mo Ha TOPSAOK HIKYE MIIIHOCTI METaiB.
OCHOBHI IPUYMHN HU3BbKOI MIITHOCTI HOKPHUTTIB:

— CyMapHa IIOIIa BCiX AUISTHOK MK YacTKaMH, Ha SIKUX YTBOPUIOCS
MilHE 3’ €THAHHSI, CKJIa1a€ TUThKA YaCTUHY BCI€l TUIOMII TXHBOTO KOHTAKTY;

—MIIHICTP Yy MiCIi TpUBapIOBaHHS HIKYA BiJ  MIIHOCTI
KOMITAaKTHOT'O MaTepianxy, M0 MOSICHIOETbCS MAakKpo- 1 MiKpOCKOMIYHOIO
IeEeKTHICTI0O  YTBOPEHOTO 3 €AHAHHS Ta HEBEIHKHM  B3a€EMHUM
MPOHUKHEHHSAM MaTtepiajiB MIKIAIKAH Ta IOKPHUTTS BHACIIIOK MaTuX
00’eMHUX B3a€MOiil Ta CIIPSDKEHHS KPUCTATIUYHUX I'PATOK 3 PI3HUM BHIIOM
XIMIYHOTO 3B’ 13Ky, HAPHUKIIA/ TOKPUTTS 3 OKCUIY HA METaIi;

— BEJIUKE 3aJMIIKOBE HAIPYXKCHHS, IO BHHHUKAE Y HAIMICHOMY
Marepiaii B mporeci (opMyBaHHS TIOKPUTTS;

— 3HIDKEHA TYCTHHA TOKPUTTIB (85...93%) y MOpiBHAHHI 3 TyCTHHOIO
KOMIIAaKTHOT'O MaTepiaiy.

I'yctriHa 1 TIOPUCTICTH — OCHOBHI XapaKTEPUCTHKH TMOKPHUTTS, 3a
SKHMH MOXKHa CYIUTH TPO SKICTh HAMMJICHOTO MaTepially IOKPHTTS.
3aranbHONPUHAHATHA CrOCI0O BU3HAYEHHS TYCTUHH Ta IOPHCTOCTI
MOKPUTTIB — T1IpOCTaTHYHE 3BAXKYBaHHSI.

JlazepHa TEXHOJOTiS OTPUMAaHHS 3aXHUCHHUX IMOKPUTTIB BiJHOCHTHLCS
JI0 JIOKaIbHUX METOJIB OOpOOJIEHHS TMOBEPXOHb BHPOOIB 32 JOMOMOTOIO
BUCOKOKOHIICHTPOBAHHX JDKEpPEI HarpiBaHH:.

JlazepHuii poMiHb, SK JKEPEIO HarpiBaHHs, Ma€ MEBHI 0COOJIMBOCTI
Ta ImepeBaru:

— BHICOKa KOHIIEHTpAIlisl MifBeIeHOI eHeprii Ta il JOKaIbHICTh il
JTIO3BOJISIIOTh  OOpOOJATH TIBKM TIOBEPXHEBY MUISHKY Marepiamy 0e3
HarpiBaHHS peIITH 00’ €My Ta OPYIIEHHS HOTO CTPYKTYPH i BIACTUBOCTEHH,
IO MPHU3BOJUTH JI0 MiHIMAITBHOTO JIe()OpMYBaHHS BUPOOiB;

—BHCOKa  KOHIIGHTpalisi  eHeprii  J103BOJIsie  HarpiBath  T1a
OXOJIOKYBaTH 00’€eM Marepiajly, 110 OOpOOJIIOEThCS, 3 BEIMKHUMH
HIBHJKOCTSMH TIpU MaJioMy d4aci BIUIMBY. B pesynmbTari mporo MokHa
OTPUMATH YHIKaJIbHI CTPYKTYPH Ta BJIIACTHBOCTI 00p00IeHO01 MOBEPXHi;

— MOXJIUBICTh PETyJIIOBaHHA IapaMeTpiB Ja3epHoi 0O0poOKu y
HIMPOKOMY 1HTEpBaNli PEXHMIB JIO3BOJSIE PETYJIIOBATH Ta YHPABISATH
CTPYKTYpOIO Ta BIIACTHBOCTSMH IOBEPXHEBHX IIapiB  (TBEPHICTb,
3HOCOCTIHKICTh, IIIOPCTKICTH);

— BIJICYTHICTh Jii MEXaHIYHHMX 3YCHJIb Ha Marepian JI03BOJISIE
00pOOIATH KPUXKI Ta aXKypHI KOHCTPYKIIIT;
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— MOXJIMBICTE OOpOOJIEHHS Ha TIOBITPi, JIETKICTh aBTOMAaTH3AMil
MIPOIIECIB, BIACYTHICTh IIKIIJIMBUX BUKUIIB 1 BiIXOAiB mpu oOpoOIeHHi
BU3HAYAIOTh BUCOKY TEXHOJIOTIYHICTh JIA3€pPHOTO MPOMEHST;

— MOXJIMBICTE OOpOOJICHHS Ba)KKOJOCTYIHUX MiCLb 32 PaxyHOK
3JaTHOCTI TPAHCIIOPTYBAHHS JIa3€PHOTO BUIPOMIHIOBAHHS 32 JIOTIOMOTOIO
CTIEIiaJIbHUX ONTUYHUX CHCTEM.

Heponiku nazepHoi TeXHOJNOT1] OTpUMAaHHS 3aXHUCHUX TTOKPHUTTIB:

— BHCOKa BapTiCTh 0OJaAHAHHSA (J1a3€pHOI YCTAHOBKH Y KOMIDIEKTI 3
CHCTEMOI0O MEXaHIYHOTO Ta ONTHYHOTO OCHANICHHS, 3 ABTOMATHYHAM
KepyBaHHSM TEePEeMILICHHS JIA3€PHOTO MPOMiHIO abo JeTani);

— Ja3epHe rapTyBaHHs BiAPI3HAETHCS HHU3BKOIO MPOAYKTHBHICTIO,
Maoo TnuomHOI 00pobneHHs (300 MKM NpH MOTYXHOCTI YCTaHOBKH
1,5...2,0 kBT), HepiBHOMIpHOIO IOBEPXHEBOIO TBEPIICTIO (MEPiOANIHOIO
3MIHOIO 30H rapTyBaHHS Ta BIAMYCKY).

HocmimkeHHsT BIDIMBY Jla3epHOTO OOpoONeHHS Ha (OpMyBaHHA
MOKPUTTSI TPOBOJWIIA Ha JIBOX 3pa3kax 3 amioMiHieBoro cruaBy AK8M3
[2]. TTepimii 3pa3ok OyB BUTOTOBJICHHH 3 IEPBUHHOTO CILIABY, & APYTHUH —
3 BTOPUHHOTO. XIMIYHUH CKJax 000X CIUIaBiB HaBeleHO y Tadmuii 2.1, a
BUXi/IHA CTPYKTYpa Ha PUCYHKY 2.2.

Mertanorpadiunuii aHa1i3 10Ka3as, M0 CIUIAB HA OCHOBI MEPBUHHOI
CHUPOBHHHM MaB OiUIbII JMCHEPCHY CTPYKTYPY Ta JOCTaTHHO PiBHOMIipHHIA
posmonin ¢a3 (aus. puc. 2.1). 3amizoBmicHa (aza B HbOMY Maja PO3MipH
5...20 MKM, TaKOX B CIIaBi CIIOCTEPirajucs MOOANHOKI Je(eKTH y BUTIISIL
Mikponop. B Toit ke uac miBUIIEHNI BMICT JOMINIOK i, 30Kpema, 3aiiza y
BTOPUHHOMY CIUIaBi MPU3BIB 10 YTBOPEHHS TPy00i CTPYKTYPH 1 KPYITHHX
TUTacTUHYAacTUX BKIOUeHb (a3 AlFe nomxuuoro Oinmbme 200 MK,
MiIBUIICHO KIUJIBKOCTI TOp, SIKI PO3TAllOBYBAJIUCS HE TINBKK B Tl
MaTpHIli, a i Ha TPaHUIIl PO3JIUTY «MaTpPUIsI-IHTEpMeTai D (qUB. puc. 2.2;
puc. 2.3).

JlazepHy 00poOKy MOBEPXOHBb 3pa3KiB MPOBOAUIM Ha IMITYJIbCHOMY
nazepi «KBAHT-12» Ha noBitpi (4ac Jii iMImysscy 1=4 Mc, JOBXKHHA XBUII
2=0,6943 mxm) 3 30% mepexpurTTsM JOpiKOK. [  migBUIEHHS
NOTJIMHANIBHOT 3JaTHOCTI TMOBEPXHIO 3pa3KiB IOKPUBAIM LIAPOM CaxXi.
JlazepHy 00OpOOKY IPOBOAMIIM MPH T'YCTUHI MOTYKHOCTI BUIIPOMIHIOBAHHS
q ~ 600 MBt1/m?,
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Ta6muns 2.1 — Ximiunwii cknan crutasie AKSM3 [2].
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PucyHok 2.2 — Buxiana crpyktypa cuasis [2].

A - - b+ T |

PucyHok 2.3 — Ile(i)elmi y BOpI/IH-HOMy crasi [2].
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a, 0 — 30Ha Ja3epHoi Iii; B, T — 30HA TEPMIYHOTO BILTUBY,
PucyHok 2.4 — CTpyKTypa MEpBHHHOTO (,B) Ta BTOPHHHOrO (0, I') CIUIaBiB micis
OJIHOKPATHOT J1a3epHoi 06poOKH [2].

ITicnst 0OpoOJIeHHS J1a3epoM MOBEPXHI 3pa3Ka 3 MEPBUHHOIO CILIABY
30Ha nasepHoi aii (3JI1) cxiaganacs 3 30HM rapTyBaHHS 3 PIAKOrO CTaHy
(B3I'PC) rmmbuuoro go 150 MM Ta 30HM TepmiuHoro BmiuBy (3TB)
rubuHo 10 50 MM (puc. 2.4 a,B).

BimHocHO HeBHCOKa TYCTHHA TMOTYXKHOCTI  BHUIPOMIiHIOBaHHS
(9 ~ 600 MBT/M?) npu3sBena 10 4aCTKOBOIO PO3YMHEHHS iHTEPMETaIiIHUX
(a3 Ta HenoBHOTO NepeMinryBanHs po3miary B 3I'PC. Bcee e npusBero i1o
(hopMyBaHHS B MICIISIX pO3TallyBaHHS iHTepMeTANITHUX (a3 i KPeMHII0 30H
30araueHuX JETYBaJIbHUMH €JIeMeHTaMu. B pe3yspraTi BUHUKHEHHS y 30H1
po3IuiaBy TYpOYJIEHTHHX MOTOKIB MNPOXOAWIO II€PEeMIllyBaHHS, IO
CIIPHUSJIO OTPHMAHHIO IApy METaily 3 JIyXe APiOHOANCIEPCHOI0 (TOHKOIO)
cTpykTyporo. CepeHi 3HaUeHHSI MiKPOTBEPAOCTI LIAPY HOKPHUTTS CKIIAIN ~
1300+100 MIla, y To#i uac, Ak y HEOOpOOJIEHOTO CIUIaBYy, MIKPOTBEPAICTh
OCHOBH (0-TBEpAMI PO3YMH KPEMHII0 B aiitoMiHii) craHomwia 1065 Mlla,
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inrepmeramigaux ¢a3 (Al.Fe) — 4830 MIla, a BKIIOYCHb Ha OCHOBI
kpemuiro — 9000...11000 MITa. Ctpykrypa 3TB ckiananacs 3 CyKyHmHOCTI
HE JI0 KiHISI PO3YMHEHHUX iHTepMeTamigHuX (a3, eBTEKTHYHOTO KPEMHIIO Y
O-TBEPJOMY PO3UHHI KPEMHIIO B aIOMiHil.

Ipu nasepHiii  0oOpoOI  BTOPHHHOIO  CIDIABY  MEPEBaXKHO
yTBOpIOBajacs TUILKA OJJHA 30Ha — 30HA TapTyBaHHS 3 PIAKOTO CTaHy
(3I'PC), MokIMBO BHACTIIOK TOTO, IO TEMIeparypa B 30HI Ja3zepHOi Aii
Oyna HEZOCTaTHBOIO JJISI MOBHOTO DO3IUIABICHHS TIpy0oi 3ai30BMiCHOT
¢asu (muB. puc. 2.406). Ilpu upoMmy, SKIO KpPYMHI I1HTEPMETATIIN
PO3TaIIOBYBAIUCS TAPaJeIbHO MMOBEPXHi, TO BOHH MOTJIA OYTH MPUYUHOIO
3pOCTaHHs TEIIOBOTO ONOPY MiX 30HOI OOpPOOKM Ta MaTpHLEio, IO
MIPU3BOJMIIO 0 3MEHIICHHS INTMOMHM OIUIaBJIEHOro Imapy (amB. puc. 2.4 0,
puc. 2.5).

X' u
u.“ \\

Pucynok 2.5 — InTepmeraninna 3ami3oBMicHa (ba3a Ha TPaHMUI[i «OTUIABJICHUH mmap —
marpuip» [2].

[pwu BiCYTHOCTI KPYIHHUX 1HTEPMETAIIIB TIOOIU3Y 30HU PO3MOJILTY
«OIUTABJICHUH IIap — MaTpUIls» Oyia MPHCYTHS TaKoX 30HA TEPMIYHOTO
BIUIMBY. B Hili ¢dopMmyBasacsi CTpyKTypa 3 €BTEKTHUYHHUMH KOIIOHISIMHU,
30araueHUMH KPEMHIEM Ta JIETYBAJBHUMH €JIEMEHTaMH IIPU YaCTKOBOMY
PO3UMHEHH] Ta NOApIOHEHH]I IHTepMEeTaiIHUX BKIIIOYeHb (AuB. puc. 2.4 1).
['mubuHa omnaBneHoro mapy BTOPHHHOTO cuiyMiHy Oymna Oins 200 Mkwm, a
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Cepe/IHE 3HaYCHHS MiKpoTBepaocTi gopiBHIoBa0 2400 MIla. binbin BUCOKi
3HadeHHS TBepmocti B 3JIJ| BTOpWHHOrO CHIyMiHYy MOTIM MOJHA
MOSICHUTH O1LBIII BUCOKUM BMICTOM 3aJi3a, MapraHillo, MarHilo Ta 1HIIUX
eleMEeHTIB, fKi BXOAMIM JO cKIagy cmmaBy (muB. Tabm 2.1). Ix
MIBUIICHAA BMICT BIAMOBIAHO CHpUSB 30iMbmIEHHIO 00’ €MHOI 10Tl
IHTEpMETaNiTHUX BKIIIOYEHBb, 30KpeMa 3alli30BMICHOI (a3, 5K B YCHOMY
CIUIaBi, TaK 1 B omaBieHomy mapi. I1ix gi€ro 1a3epHOTo BUITPOMIHIOBaHHS
Bi0yBanocs 4aCTKOBE PO3UYMHEHHS Ta MOAPIOHEHHS iHTepMeTaliiB, TOOTO
BUHHUKaB e€(QeKT JIeryBaHHA B 30HI pO3IUIABY, 3aBASKH SIKOMY
MIiKpOTBEpAICTh OIUIABJICHOI 30HM BTOPHMHHOTO CHIIyMiHy Oyna BuIle
nepBUHHOTO B cepennboMy Ha 1000 MIIa. [Io icTOTHUX HEIOJIKiB CIIIaBy
31 BTOpPUHHOI CHPOBHHM MOXXHA BiZHECTH YTBOPEHHS MAaricTpalbHUX
TpimuH. BHcoka  TOpUCTICT,  CIUIAaBy  chOpHsjia  BHHUKHEHHIO,
PO3TANY)KEHHIO Ta TPOXOKEHHIO B3IOBXK KPYHMHHUX 3aTi30BMICHHX
iHTEepMeTamiiB TpimmH, mo nounHanucs B 3JI/1 (puc. 2.6). B nepsunHOMY
CIUIaBi 3aJi30BMICHI BKJIIOYEHHS OY/lM JOCUTH AWCIEPCHUMH 1 HOOIMHOKI
TPILIMHNA HE HOCHJIM BUPAKEHOTO MaricTpajibHOTO XapaKTepy.

rpinna

PucyHok 2.6 — PO31OBCIO/KEHHS TPILIMHN Y BTOPUHHOMY CILIaBi [2].
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IIpaBuiia npuiiMaHHs IOKPUTTIB

Hetani 3 TOKPUTTAMH OTNAJAIOTH HEO30pDOEHMM OKOM MPH
OCBITJICHHI pO3CisIHUM CBITIOM. Ha OKPHUTTI HE JOMYCKAIOTHCS HE TIOKPHTI
IUISTHKA TIOBEPXHI, BiAIIApOBYBaHHS, YTBOPEHHS MyXHpiB abo HaOpsKiB,
BHCOKAa IIOPCTKICTh, TyOdacTi ocamkeHHs. [lokpurTs moBUHHI OyTH
CBITIIMMH, TJHaJKUMH Ta ONHCKyYHUMH, SKIIO BOHM OTpPHMaHi B
eJIeKTPOJTiTaxX 3 OJIMCKOYTBOPIOBAIBHUMH H00aBKamu. [lacnBoBaHi IMHKOBI
Ta KaJMi€Bi MOKPHUTTS HE TIOBUHHI MaTH TEMHO-KOPHYIHEBOTO KOIBOPY.

Oxpemi nedexT moKpuTTs BianosigHo 3 Bumoramu ['OCT 9.301-78
JIOITYCKAIOThCS Y OOMEKeHil KinbkocTi. Jlo HMX HajeKaTh: CIIAM BiJ
MiABICHUX MPHUCIIOCO0, CIIAN Bij CTIKaHHA (HATPUKIIAA, BOAH), BIICYTHICTb
MOKPUTTSL Ha BAXXKOJOCTYIHHX JUIIHKAX TOBEPXHi JAeTaneil (BHYTpilIHi
MOPOXHUHU TPYyOUaCTHX BHPOOiB, HAITYCTOK 3BAPHUX LIBIB, IITIAPUH JTUTTS
abo masHHA). JlomyckaroTbcs HE3HAYHI TMOIIKOKEHHS Ha aHOJHUX
nokputTsX (Zn, Cd) y BUTIISAAI TyKe APIOHUX HETITMOOKUX TIOPSITTHH.

Minnicte 3veruienHs: (I'OCT 9.302-79) mepeBipsitoThb HaHECEHHSIM
CITKM TONPSANHH 3a JOTIOMOTOI0 CIemiadbHOTro iHAeHTopa. llokpuTTs
BBAXKAETHCS AKICHUM, SIKIIO Y TOUKAX MEPETHHY MOIPSINUH HE BinOyBaeThCs
BiJIIIAPOBYBAaHHA y BUTJIAL JAPIOHUX JIycouok Metanmy. i JmcToBUX
MaTepiajiiB MILHICTh 3UCIUICHHS BU3HAYAETHCS BUTHMHOM Iij KytoM 90° B
o0WIBI CTOpOHHM. 3THHAHHS MPOBOASTH TOKH HE BiIOYAEThCSA 3IaM.
[TokpUTTS BBaXKA€ThCS SAKICHUM, SIKIIO Y MICII 3j1aMy HE BiI0YBa€ThCs
BiJIIIAPOBYBaHHS.

Jnst npotiB miamMeTpoMm 0 2 MM MIIHICTh 3YETJICHHS MOKPUTTS
NEePEBiPSAIOTh HABUBAHHSIM IPOTY Ha CTPWXKEHb IOTPIHHOTO xiamerpa o
10...15 BuTKiB, sIKi IIJIBHO PO3MIlEHI OJUH 10 OAHOro. I[lOKpPHUTTS
HEIIOBHHHE TPICKAaTUCh a00 BiIIIAPOBYBATHUCH.

ToBUIMHA TOKPUTTS € OJHUM 3 HAWBAXKJIMBIIIMX MapaMeTpiB, IO
BU3HAYA€ KOPO3idHY CTIMKICTh BUPOOIB, TOMY BHU3HAUCHHS TOBIIMHU
MOKPUTTSL € HEOOX1IHO KOHTPOJBLHOI orepariieto. KoHTporo ToBIIMHN
mapy MOKpuTTA migmaoote Bin 1 1go 3% geraned 3 KOXKHOI maprii.
Bigmosigno no Bumor ['OCT 9.302-79 BHUKOPHCTOBYIOTH Pi3HI METOIU
BU3HAYEHHS TOBIIMHM TIOKPHUTTIB, SIK Ha TOTOBUX BHUpoOax, Tak i1 Ha
3pa3kax-CBiIKax, fKi MPUCYTHI NMPU HAHECEHHI MOKPUTTIB OJHOYACHO 3
JETaJSIMH.
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Iopsok BUKOHAHHSA J1a00paTOPHOI podoTH

1. IlinroryBatu nmtiy 3 pi3HUMH BHAAMHU TOKPUTTIB TSI BUBYSHHS
ix OyJIOBU Ta CTPYKTYPH 3a JOMOMOTOI0 ONITUYHOT'O MIKPOCKOTTY.

2. BUBYXTH 30BHIIIHI BIAMIHHOCTI Pi3HUX BHU[IB MOKPHUTTIB.

3. TIpoBecTn Makpo- Ta MikpoaHami3 muti)iB 1 BUBYUTH CTPYKTYPY
MOKPUTTIB OTPUMAaHUX pI3HUMH croco0amMu, Ha0yTH HaBHYOK iX
KJIacUQikariii.

4. OpieHTOBHO BH3HAYUTH NapaMETPH CTPYKTYPHUX CKJIaJOBUX
MOKPUTTIB 1 BUBYHTH HAasBHI Yy TOKPUTTAX AePEeKTH Ta NPHUMHH IX
BUHHUKHEHHS.

5. BuzHaunTH TOBHIMHY KOXKHOTO TOKPUTTS MeTanorpadiyHum
METOJ/IOM, a TAKOXK 3a JIOTIOMOTOFO IITAHTEHITUPKYJIS.

6. 3poOUTH BUCHOBOK TPO BIUTMB KOHKPETHUX (DaKTOpiB Ha AKICTH Ta
CTPYKTYpY MOKPHTTIB.

3mMicr 3BiTY

1. Omucati Makpo- Ta MIKPOCTPYKTYPY KOXKHOTO 3 BHBYCHHUX
nokputTiB. KitacudikyBaTu ix 3a NeBHUMH BiJI3HAKAMHU.

2. HaBecTH pUCYHKH CTPYKTYp BUBUCHHX ITOKPUTTIB.

3. 3pobuTH BUCHOBKY MIOAO MOPUCTOCTI, TOBIUHH, OAHOPITHOCTI Ta
HAsBHOCTI JIePEeKTiB.

Bka3ziBku 3 TexHikH 0e3meKn

1. Tlepen BKIIOYEHHSIM ONTHYHHUX MIKPOCKOIMIB BIICBHUTHCA Y
0e3MeYHOCTI IPUETHYBATBHUX JAPOTIB.

2. HamamryBaHHS MiKPOCKOITIB IIPOBOUTH I1iJ] HATJISAIOM BHKJIaada
a00 HaBYAIHLHOTO MaiicTpa.

O0aagHaHHs, MaTepiajau, iIHCTpyMeHT

1. OnTr4HI MIKPOCKOITH.
2.3pa3Ku 3 HAHECEHHMH EJIEKTPOTEPMIYHMMH, Ta30MO0yMEHEBUMU
Ta JIA3€PHUM MTOKPUTTIMHU.
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3. Mikponutipd  TOKPHUTTIB, SKI OTPHUMAHO  EIEKTPOAYTOBHM
HAIUJIABJICHHSIM,  Ta30MOJYMEHEBHM  HAMWIIOBAHHSIM Ta  JIa3epHHM
OILUIABJICHHSM MOBEPXOHb.

4. lllTaHTeHIIUPKY b,

KonTpoabHi 3anuTanus

1. Illo Take mokpuTTs?

2.3 SKOI0 METOI MPOBOIATH aHANi3 MakKpo- Ta MIKpOCTPYKTYpHU
MTOKPHUTTIB?

3. HaBeniTh OCHOBHI TepeBarM Ta HEIONIKM EJIeKTPOTePMidHOL
TEXHOJIOT1] HAaHECEHHSI TOKPUTTS HAIUTABIICHHSIM.

4. Oxapakrepusyiite OyOBY Ta CTPYKTYPY HAIUIaBJICHOTO MOKPUTTS.

5. HaBeniTh OCHOBHI TepeBarm Ta HEIONIKHA eIEeKTPOTEPMidHOL
TEXHOJIOT1] HAIIMJICHHS TIOKPUTTIB.

6. OxapakTepusyiiTe OyJOBY Ta CTPYKTYpy HAIIMIICHUX MTOKPHUTTIB.

7. HaBemiTh OCHOBHI TiepeBarm Ta HEAONIKH Ta30MOTyMEHEBOT
TEXHOJIOT1] HaHECEHHSI TOKPUTTIB.

9. B yoMy cyTh J1a3epHOT TEXHOJIOTIT CTBOPCHHS MOKPHUTTIB?

10. Ha3BiTh OCHOBHI TiepeBard Ta HEJONIKH JIa3epHOi TEeXHOJOTIl
OTPUMAaHHSI TOKPUTTIB.

11. Oxapakrepusyiite OyJI0BY Ta CTPYKTYPY JIA3€PHOTO MMOKPUTTSI.

12. Sxi QakTopu CYTTE€BO BIUIMBAIOTh Ha SKICTh KOXXKHOTO BHIY
MOKPUTTS?

13. SIki akTOpH CYTTEBO BIUIMBAIOTH a00 BHU3HAYAIOTH SKICTh
MOKPUTTIB KOYKHOTO BUTY?

14. Ha3BiTh OCHOBHiI XapaKTEPUCTUKH TIOKPUTTIB 32 SKUMHU
OLIHIOKOTH SAKICTh.

Jliteparypa

1. lyooBuii O.M. TexHoyioris Tra30TepMIYHOIO 1 BaKyyMHO-
KOHJIeHCaIlIHOTO HaHeceHHs MOKpuTTiB: [linpyunuk / O.M. JlyOoBwid,
A.A. Kapneuenko, M.M. bo6poB. — Muko:nais: BungasersTopydapa B.B.,
2018. - 202 c.

2. lllmpokobokoBa H.B. TloBepxHeBe 3MillHEHHS BTOPHHHUX
CHIIyMiHiB METOJIOM JIa3epHO1 0OpOOKH: AuC. ... KaHA. TexH. HayK : 05.02.01
/ upoxobokoBa Hatamnis BikTopiBHa. — 3anopixoks, 2013. - 137 c.
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3. Unpromrenko A.®. Ilpomecchl GhOpMUPOBAHHUS I'a30TCPMHUYCCKUX
MOKpUTHH W mx MoxaenupoBanme / A.D. Wnpromenko, A.W. Illermos,
B.A. OxoButsiii, I.®. I'pombiko. — Munck: benapycckas nHayka, 2011. —
357 c.

4. Bomyox W.II. JlazepHas o00paboOTKa aTFOMHHHEBHIX CIUIAaBOB /
W.II. Bomaok, H.B. Illmpoko6okoBa, A.A.Mwurses // Jlutbe u
metamryprus. — 2010. Ne3. — c. 30-32.

5. Ay6oBuit O.M. Texnonoris HanwieHHS TOKpUTTIB: [linpyyruk /
O.M. J/Iy6oBuii, A.M. Crenanuyk. — Muxkonais: HYK, 2007. — 236 c. ISBN
966-321-066-4.

6. [Toxmypcokuii B.1. EnexTpoayrosi BiZHOBHI Ta 3aXHUCHI MOKPUTTS
/ B.L. Iloxmypcekuit, M.M. Crynernt, B.M. JloBrynuk, I'.B. [Toxmypcrka,
LI Cunopak. — JIpBiB: HarionanbHa akajemiss Hayk Ykpainu, Di3zuko-
MmexaHiunui incTutyT iM. I'.B. Kapnenka, 2005. — 192 + Bkuieiika 8 c.

7. ly6oBuit O.M., Jlebemea H.}O., IllymoB C.M. 306ipHUK
naboparopHux poOiT 3 mucHumuTiH «Di3uKO-XIMIYHI OCHOBH CTBOPEHHS
NOKpUTTIB» 1 «TexHoJoris HaHeceHHS MOKPHUTTIB». — Mukonais: HYK,
2004. - 76 c.
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JladopaTopHa pooora Ne 3
OKCHUJAYBAHHJ CTAJII

Mera poboTu

OTpuMaHHS Ha CTadi OKCHAHOTO TIOKPUTTS JYXHHUM METOIIOM i
BU3HAYCHHS HOTO MOPHUCTOCTI.

3arajbHi BitoMocTi

3aranpHi BIZOMOCTI A0 JaHOi J1abopaTopHOi pOOOTH MICTATH
Marepiaiiu, 1110 BUKIaAEHO B ukepenax [1, 2].

OKcHIyBaHHS YOPHHMX METATiB 3HAUILIO IIMPOKE 3aCTOCYBAaHHS B
TEXHIIl 3aXUCTy iX Bim arMocdepHOi koposzii. OKCHAHY IUTIBKY Ha CTali
MOYKHa OTPUMATH SK ENEKTPOXiMiYHUM (2HOAHHWM) OKHUCICHHSIM B
EJIEKTPOJIiTaX, TaK i NUIIXOM XiMi4HOTO OOpOOJIEHHS CTali B KUCIUX a0o
YacTile JIy)KHUX OKHUCIIOBAJbHUX CEPEJOBHINAX TIPH  ITiJBHIICHUX
TeMIepaTypax, HalmpuKiaa B KOHIIEHTPOBAaHUX PAacTBOpax JYTiB 1 celiTpw,
B PO3IIaBi HITPATy HATPiIO, & TAKOXK HATPiBOM Yy arMoc(hepi BOJISHOTO Tapy
(maporepmiuauii  Meronm). HaiiOinbile pO3MOBCIOKEHHS B TEXHIII
OTPUMAIIM XiMiYHI METO/IH JIY’>KHOTO OKCH/TyBaHHS CTaJli.

B mporieci J1y>)kHOTO OKCHIIyBaHHS B pe3yJIbTaTi B3aeMOJil 3aiiza 3
OKHCIIFOBaU€M Ha METalli YTBOPIOETHCS 3aXMCHA IUTIBKA 13 OKCHIIB 3alli3a,
TIEpPeBaKHO 13 MarHiTHOTrO okcuxry FesOs. Ilpu ximMiuHOMY OKCHIyBaHHI B
pacTBopax eNeKTPOJITiB, HANPUKIIA]] y JTYKHO-HITPATHUX BaHHAX, OKpeMi
CTajii YTBOpPEHHS IUIIBOK MalOTh EJNEKTPOXIMIYHMK MexaHi3M. MoxHa
JONMYCTUTH, IO NEPBHHHHM IPOLECOM € peaKilis YTBOPEHHS TiapaTy
3aKuCy 3aii3a:

Fe+2OH =Fe (OH), +2e, (3.1)

3 HACTYITHUM XiMIYHUM OKHWCIIEHHSIM HOTO B OiJIbII BHCOKY CTYITiHb
3a peaKlIiero:

12 Fe (OH)2 + NaNOs = 4 Fe304 + 10 H,0O + NaOH + NH3.(3.2)
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PazoM 3 eNEKTpOXIMIYHMM OKHCJICHHSM HE BHKIIOYAETHCS
mapajelbHAi YUCTO XIMIYHHH TIPOIEC OKWICIEHHS 3aji3a 3 YTBOPEHHSIM
marHeTuty FesO4 3a HaCTYITHOIO CXEMOIO:

Fe + 50, +2 NaOH = NayFeO, + H,0; (3.3)
2Fe+1 3 0, +2 NaOH = Na,Fe; 0 + Hy0; (3.4)
Na,FeO; + NasFe;04 + 2 H,O = FesOs + 4 NaOH. (3.5

OxcrgHa TUTiBKA, SIKYy OTPUMaHO Ha CTajl JYXXHHUM METOJOM, Mae
OyMcKydnid 9OpHHN KoJip. 3aXWCHI BIACTHBOCTI OKCHIHHX IUTIBOK Ha
3ai3l Ta CTajl He3HayHi, TOMY OKCHIYBaHHs 3aCTOCOBYIOTH JUISl 3aXUCTY
crani Bix atMocepHoi Kopo3ii B Jerkux (KIMHATHHX, HEXOBHUX) YMOBax
ekcroryatanii. Komm pasom i3 3axmcToMm jeram Big Koposil HEoOXiTHO
30epertTy TOYHI KaniOpoBaHi po3MipH Ta TapHHUH 30BHIIIHIA BUIJISL A€Tai
(BUMipIOBaIbHUI ~ 1HCTPYMEHT, JeTali mnpuiaaaiB, 30pos Ta iH.),
3aCTOCOBYIOTB JIy’)KHE OKCHTyBaHHSI.

Croci6 mapoBoro OKCHyBaHHsI YaCcTO 3aCTOCOBYIOTH BiJl KOPO3ii st
piXKydOro iHCTpyMEHTY (CBEepAJl, METUHKiB, Qpe3 i iH.). B poMy BUMagKy
BJAETHCS PA30M 3 TIIBHIICHHAM KOPO31HHOI CTIMKOCTI 3HAYHO 301MBIIUTH
3HOCOCTIWKICTh Ta, KpiM TOro, OO'€HATH TIPOIEC OKCHAYBaHHS 3
BUCOKOTEMIIEpATYpPHUM  BIANYCKOM  JIeTalieil, sKi BUTOTOBJEHI i3
MIBUIKOPDKYYMX —cTaneil. Jlias mpoBeJeHHS IapoBOTO  OKCHIYBaHHS
nMoTpiOHE 3HAYHO CKJIa HIIIe 00IaIHAHHS Ta 3a0€e3MeYeHHS BUCOKOTO PiBHS
CaHITapHO-TITi€HIYHUX BHMOT.

Ilicinst oOkcHayBaHHS CTalbHI JETalli, SK IPaBUIO, 3MallylOTh
Ba3zeNiHOM a00 TMOKPHBAIOTH JIAKOM, IO 3a0e3rnedye 3HayHe 301IbIIeHHS
TEPMiHY IX CITy>KOH.

I[opsinok BUKOHAHHS J1a00paTOPHOI podoTH

1. IlpuroryBatn po3umH sl mpoBeaeHHs oxcuayBaHHs (700 T
NaOH, 200 r NaNO> i 50 r NaNOs na 1 1 H20).

2. 3aUTH PO3YMH y MeTaJIeBy BaHHY (puc. 3.1) i HArpiTH 30BHINTHIM
IDKEpEeJIoM TeIula JI0 TeMIIepaTypH KHIiHHS, sika gopiBHIoE 136...142°C.

3. llpuroryBatn craneBi 3pasku. Jnsg nporo 3aduumcTUTH  iX
HOKJAYHUM TanepoM; OOE3KUPUTH, NUISIXOM MPOTHPAHHS ITOBEPXHI
CIOYaTKy BaTOI, SIKa 3MOYEHAa B OPraHiYHOMY PO3UYMHHHKY, a MOTIM 3a
JOMOMOTr0I0  BOJIOCSHOI miiTku Kamunero 3 cymimi Ca(OH)z i CaCOa.
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IToTiM 3pa3ku MiABICUTH Ha METaNeBY MiABICKY, MPOMHUTH XOJIOJHOIO
IPOTOYHOIO BOAOIO IO MOBHOIO BHAalieHHsA BamHa. Ilicis mporo 3pasku
3JIeTKa MPOTPABUTU YIpoaoBxk 10 0,5 xB y xonomgaomy 15% po3zuuni HCI,
OPOMHTH XOJIOJHOI TMPOTOYHOI BOJOIO, BHCYIIUTH (iIbTPyBaJIbHUM
Harnepom.

4. TligroroBieHi 3pa3Ku IBHIKO
3aHypHUTH y BaHHY TUIs
OKCH/TyBaHHS. B mporeci
OKCHIyBaHHSI CTali HEOOXigHO
OiATPUMYBAaTH  TEMIEpaTypy Y
BaHHI Ha 33/J]aHOMY piBHI, iHaKIIe
MO>KEMO OTPUMATH IUTiBKY HU3BKOI
SIKOCTI  (HEpiBHOMIpHHUI  OKpac
OKCHJIOBAaHOI TOBEPXHi, KOPUYHEBI
abo 3eneHi BIATIHKA OKCHAHUX
mapis i iH.).

5. B mpomeci  oKcHIyBaHHS
pPEeTENbHO CIHiAKYBaTH 3a YacoM
3HAXO/DKCHHA 3pa3KiB y BaHHI.
[Micng 3akiHYeHHST BU3HAYECHOTO

1 — BanHa; 2 — ra3oBuii MajJbHUK ab0
iHIIE JDKEpeno TeIula; 3 — CTaleBi 3pa3Ku;

4 — cranesa migpicka; TepMiHy (I pI3HUX HOMEpIB
3pa3KiB BiH HaBEJACHUH y TaOIMIII),
Pucynok 3.1 — Cxema npucTporo 1ist 3aBEPIINTH migirpis BaHHU,

TYIKHOTO OKCHIYBAHHA. BUIHATH  3pasKu; PETENBHO

NPOMUTH iX CHOYATKYy XOJOIHOO
NPOTOYHOIO, a IIOTIM TapsS4oro
BOJIOIO; BUCYILIUTH
GiNBTpYBAIEHIM MAIIEPOM.
6. Bu3HaunTH MOPHUCTICTH OKCHIHOI IUTIBKH JIy’KHOTO OKCH/TyBaHHS.
Jiiss  1pOro  HANOKUTH HA CyXy TIOBEPXHIO OKCHJIOBAHOTO 3pa3Ka
GbITBTpYBAILHUIMA narrip, KU 3MOYEHO y pO3UMHI
(10 r K3[Fe(CN)s]+15 r NaCl + 1 n H20). B mopax HOKpUTTS pH IIbOMY
YTBOPIOIOTHCS KpamelbKu TypruOyIeBoi CiHi 3a peakLiero:

3 Fe?* + 2 [Fe(CN)e]* = Fes[Fe(CN)e].. (3.6)

[MoTim 3HATH marip, 3pa30K MPOMHUTH y BOJI i BCE 1€ BUCYIIUTH Y
cynmmibHiN madi npu temmeparypi 50...60°C.
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7. IligpaxyBaTu cepeiHe 3HA4YEHHsS BigOMTKIB Ha 1 cM? mMoBepxHi
(himpTpyBaTEHOTO TIATIEpy (OKCHAOBAHOTO 3pa3ka). OTpuMaHi JaHi 3aHECTH
Jto Tadnmi 3.1.

Tabmums 3.1 — IlapameTpu OKCUAyBaHHS Ta XapaKTCPUCTUKA
IIOKPUTTS
30BHIIIHIH
BHTJIS, .
. Yac . Kinbkicts
NeNe | Marepian | Temmeparypa OKCUAa
5 OKCHU/TyBaHHS : op Ha
3paska 3pa3ka po3unny t, °C (kouip, 2
T, TOJ, . 1em
onmck i
iHIIIE)

Bka3ziBku 3 TexHiKH 0e3neKn

1. Koxxen peakTtuB, mpubop, CKIsSHKa i mpucrocoda s podotu
MOBWHHI MaTH CBO€ TmoctiiiHe micte. [lo 3akiHueHHIO poOOTH yCTaHOBKY
HEOOX1THO MPUBECTH y BUXIAHAN CTaH, a MOCYy BUMHUTH.

3a00pOHSETLCS 3aNMINaTH Jake Ha KOPOTKHHA TEepPMiH XiMivHi
peaKTuBH, pi3HI NpoOW, TPOMHBHI BOAM, PO3YMHH 0€3 €THKETOK abo B
MicIsIX, JUIsl HUX HENPU3HAYEHUX, TaK SK 1€ MOXE MPUBECTH JIO THKKHX
HENIACHUX BUMAJKIB.

2. PeuoBuHM Ta piguHM, sSKi JIETKO 3aiiMaroThcs (OeH3WMH, OCH30,
OpraHiyHi PO3YMHHHUKH Ta iH.), OEperTH BiA BIAKPUTOTO MOIYM'S; MpH
po0OTi 3 HAUMH BUKOPHCTOBYBAaTH HE3HAYHY KIIBKICTh IIUX PEYOBHH 1
IIBUJIKO 3aKPUBATH CKIISTHKY MPOOKOIO.

3. PoboTw, siKi TIOB's13aHI 3 BAKOPUCTAHHSIM XPOMOBOTO €JIEKTPOJIITa,
KOHIEHTPOBAaHUX KHCIOT a00 JIYriB, BHUKOHYBATH TUIBKA Y BHUTSDKHHX
nraax, 1o 001aHaHi CreialbHO BEHTHIISIIIETO.

4. Tlpu mepenuBaHHI PO3YMHIB KOPUCTYBATUCS BOPOHKAMHU Ta HE
NPOJIMBATH PiAMHY; MOCYH MICJIs BUKOPHUCTaHHS MPOMHBATH MPOTOYHOIO
BOJIOIO.

5. Ipu poGoTi 3 €NKUMU TPOJYKTaMHU (KUCIIOTH, JIYTH Ta PO3YHHHU
CoJIeil) KOPHCTYBaTHCS T'YMOBOIO TPYILEIO; KaTerOpUYHO 3a00pOHSETHCS
HaOWpaTH PO3YMH A0 MIMETKH 3a JONOMOroi pora. HeBHUKOHaHHS LUX
BHUMOT MOJKE TIPU3BECTH JI0 TSHKKUX OIIKIB 1 OTPY€EHb.
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6. KareropnuHo 3a00poHEHO BU3HAYATH BKyC 200 3allaX peYOBUHH, a
TaK0)X HaOJIMKaTH HOC 70 KpaiB COCY/iB.

7.1lpy TOpUTrOTYBaHHI PO3YMHIB KHCIOT abo ix cymimien
BUKOPUCTOBYBAaTH 3aXHCHI OKyJSIpHM; @pH LbOMY 100 3amolirtu
PO3OPU3KYBAaHHIO BAaXXKY PIAMHY CIIiJ BIMBATH IO OUTBII JIETKOI (KUCIOTY
1o Boan, HoSO4 o HNOs3 1 iH.); 3MilTyBaTd rapsidi KHCJIOTH abo JIyrH 3
rapsiuo0 BOAOK KaTETOPUYHO HEMPUIYCTHMO, TaK SK B IIbOMY BHUIIAIKY
BiIOYBa€eThCsI OypHUI BUKHJI PIAWHU 13 COCYTY.

8. PoboTH 3 arpecHBHUMH piJIMHAMH BUKOHYBATHU TiJIbKH B TYMOBHX
3axXMCHUX Mepyarkax. PiquHy, M0 pO3NUTO Ha CTIN abo MiAJory, MBUAKO
BUJIAJISITH CYXOI0 TaHYIPKOIO, a TIOTIM FaHYipKOI0, SIKa 3MOYEHa Y BOJI.

9. Ilpu XiMiYHHX OMiKax HEOOXiMHO MIBHIKO Ta SKICHO MPOMHTH
ypaXX€He MicCIle MPOTOYHOKO BOJOI0 Ta 3BEPHYTHCS 3a KBalli(DiKOBaHOIO
MEINYHOIO JOTTOMOTOO.

10. 3 MeTOr yHHKHEHHS OITiKiB 3a00pOHEHO OpaTH TOJINMH pyKaMu
3pa3KH Ta 00JIaIHAHHS, 10 HE OCTHIJIO.

11. KaTeropu4Ho 3a00pOHEHO MPAIFOBATH 3 €ICKTPOOOIaTHAHHSIM 1
npruOOpaMu MOKPHMH PYKaMH.

3micrt 3BiTY

1. KopoTko onmcaTy TEXHOIOTiI0 OKCHYBAHHS JTY)KHUM METOJIOM.

2. HaBectu cxeMy yCTAaHOBKH JUISl JTY)KHOT'O OKCH/TyBaHHSI.

3. HaBectu Tabmuiito 3 pe3ynbraTaMy IPOBEICHHX EKCIIEPUMEHTIB.

4.3a pe3ynbTaTaMd EKCIIEPHUMEHTIB 3pOOUTH BHCHOBOK TIIPO
3aJIeKHICTh ~ MOPUCTOCTI Ta  SKOCTI  TOKPUTTS  BiJg  MMapaMeTpiB
TEXHOJIOTIYHOTO MIPOLIECY CTBOPEHHS TIOKPUTTSI.

KoHTpobHi 3anuTaHHA

1. IITo Take okcuayBaHH:A?

2. 3 SIKOX0 METOIO MMPOBOAUTHCS OKCUTyBaHHS?

3. Bukianite cyTh TEXHOJOTIYHOTO IMPOLECY CTBOPEHHS MOKPUTTS
JYKHAM METOJIOM.

4.B YoMy moiAralOTh MepeBaru Ta HENOJNIKM METOHY JIy>KHOTO
OKCHUTyBaHHS?

5.1lo mnotpibHO poOWTH st 3OUIBIIEHHS TEPMIHY CITYKOU
OKCHJOBaHOT'O TIOKPUTTSI?
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31

JlaGopaTopna podora Ne 4

HAHECEHHASA 3AXUCHHUX I JEKOPATUBHUX
MHNOKPUTTIB I'AJIBBAHIYHUM METOAOM

Mera poboTu

ExcriepuMeHTaIbHO 03HAMOMUTHCH 3 TEXHOJOTIEK HAHECCHHS
TraJIbBaHIYHUX 3aXHUCHUX TOKPUTTIB. OTpUMaTH TpPAKTHYHI HABUYKU 3
BH3HAYCHHS KPUTEPIiB palioHATLHOTO BUKOPHUCTAHHS CIICKTPUYHOI eHEeprii
B IIPOIIEC] EICKTPOITI3Y.

3araJbHi Bitomocti

3aranpHi BIZOMOCTI A0 JaHOi JabopaTOpHOiI pOOOTH MICTSTH
Marepialiy, 110 BUKJIJEHO B uKepenax [1-5].

lanpBaniyHMH MeTON (EJIEKTPOXIMiYHE OCAKyBaHHS) € OJHHM 3
PO3MOBCIO/KEHUX METOIB HAHECEHHS METAJIIYHUX 3aXUCHUX MMOKPHUTTIB Ha
MmetaneBi Bupobu. CyTb MeTomy MOJSrae B TOMY, LIO MeTall, SKHUH
3aXWMIAOTh (JeTaii, KOHCTPYKINiS), B SIKOCTI KaToAy 3aHYPIOETHCS [0
BaHHU 3 PO3YMHOM, SIKUH MICTUTh i0HM MeTaidy Me", 10 HaHOCSTH.
EnextpoximiuHi mpomnecH BimOyBarOThCs y arperarax, sSKi Ha3HBAarOTh
€JIEKTPOJII3EPaMH.

Enexrponizep (puc.4.1) cknamaerbcss 3 BaHHM 1, BUKIAAEHOI 3
CepeIMHU KHCIOTOCTIMKMMHU MaTtepianaMu, eleKTpoaiB (aHoaa 2 i karona
3), IOTOMIKHHUX MeXaHi3MiB i pucTpoiB. Yepe3 enexTpoiiT (po3unH abo
po3mnaB) 4, SKUM 3allOBHIOIOTH BaHHY, BiJl TMO3HTUBHOTO E€JEKTPOJA
(aHoma) o HeraTMBHOTO (KaToja) MPOXOIWTH IMOCTIHHHMN eJIeKTPHYHHN
CTpyM Bim mxepena ctpymy 5. Enextpoan MoXyTh OyTH TBEpAMMHU
(Hampukiam, BUTOTOBIIEHI 3 Mifi, 3ali3a, rpadiTy TOIIO) Ta PiIUHHUMHE (3
pTYTI).

KinpkicTs pevyoBHHHM, sIKa BHIUIAETbCS Ha €JIEKTPOAAx Iix dyac
GJIEKTPOJI3y 3aJeKUTh BiJl KUIBKOCTI €JIEKTPUYHOIO CTPYMY, SKHH
MPOMIIOB uepe3 eNeKTpomiT. Ll 3ayiexHICTh BHU3HAYAETHCA 3aKOHAMM
Maiikna ®@apages.

lepmwuii 3akoH: KUIBKICTH PEYOBMHM (M), SKa BHIUIMIACH Ha
eJIeKTpoIaX, NpsMO mporopiiiHa g0 cuin crpymy (I) i gacy (t) #Horo
MIPOXODKEHHS Yepe3 eNEKTPOITIT.
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Jpyruif 3aK0H: IPU MPOXOKEHHI OJHI€T KITBKOCTI ENEKTPUKH Yepe3
Pi3HI €IEKTPOIITH, KIJTbKICTh PEUOBHHH, KA BHIIISETHCS HA €IEKTPOMAX,
IpsSIMO MPOTOPLiHA A0 XiMIYHUX SKBIBAICHTIB LINX PEYOBHUH.
e 3 & Ha aHozi
e Bi/IOYBalOTHCA peaxiii
T pO3uMHEHHS ab0 OKHCICHHS
- ' MeTaly, Ha Karomi — WOro
~J] N BUIUJIEHHA a00 BIIHOBJICHHS.
Hanpuxnan, y mporieci
i : €JIEKTPOIIi3y BOJHOTO PO3YHHY
<H_  xnopuny Harpiro (NaCl) na
- 1 aHOJIl BUILISETHCS XJIOP, a Ha
KaTodi — BOJCHB;, Yy TIpoIleci
1 — KOpIIyC BaHHH; 2 —auox; 3 —karox;  padiHyBaHHS Mmimi aHop,
4 — eeKTPOIT; 5 — JIKEpeIo CTpyMy; BUTOTOBJICHHI 3 YOPHOBOI Mii,
PO3UMHSETHCSI, a Ha KaToMl
BUIIAETHCS qucTa MIIb.
Bracximok goro po3mipu aHoga
3MEHINYIOTBCS, a  Karojaa
301IBITYFOTHCSI. JoMirku
HEePEXOISATh 10 EIEKTPOIIITY.
[Ipu mpomyckaHHI MOCTIHHOTO €IEeKTPUYHOro CcTpymy ioHm Me"™
pyXarTbesi 10 KaToAy i BIIHOBIIOIOThCS HA HOTO TMOBEPXHI JI0 MeTaiy,
YTBOPIOIOYH MOKPHTTSL:

(¥

Pucynok 4.1 — Cxema enextpodmizepy.

Me™ + ne"= Me? 4.2)

AHOmaMy 3BHYaiiHO OyBalOTh TUTACTUHU METaly, SIKUH HaHOCSTH,
Me®; BOHM PO3YHMHSAIOTLCS B IIPOLIEC] EIEKTPOIII3Y:

Me? - ne"= Me™, 4.2)

110 KOMIICHCY€ BUTpATH 10HIB 13 po3uuHy. B THX BHNaakax, KoJiu
BUKOPUCTOBYIOTBCSI ~ 1HEpTHI aHOOW  (HampuKiIaj, CBHHLEBI mpu
XpOMYBaHHi), HEOOXiJHO MOCTIHO KOHTPOJIIOBATH 1 KOPEryBaTH CKJaj
enexTpoity. J{o ckiamy eNeKTposIiTy, OKpiM 10HIB METally, 4aCTO BXOISNTh
Pi3HI TEXHOIIOTIYHI JIOMIIITIKH:
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— KHCJIO0Ta ado JyT — 7Sl CTBOpEHHs noTpidHoro pH;

—Oydep (cimp cmabkoi KHCIOTH abo ciabKoi OCHOBH, 00
niaTpuMyBatH 3ananuii pH);

— BUPIBHIOIOYI TOJATKH 1 OIMCKOYTBOPIOBaUi (IOBEPXHEBO-aKTUBHI 1
BHCOKOMOJICKYJISIPHI OpraHiuHi CHONYKH) — 1100 OTpUMAaTH PiBHOMIpHE 3a
TOBITUHOIO, TPiIOHO3EPHUCTE TTOKPHUTTS,

— akrtuBaTop (HOOpe pO3YMHHUN XJIOpHa) — 00 3amodiratu
racuBallii aHOiB;

— JIOAaTKH, SIKI TOKPAIIYIOTh €JIeKTPONPOBIAHICTh PO3YHHIB (COJIi
JY)KHAX MeTaliB, sKi J0Ope IHCOWIIOITH) — IS 3MEHIIEHHsS BTpaT
CJIEKTPHUKH Ha OIIip EJIEKTPOIITY;

— MomudiKyBaNbHI TOJATKH (CMONYKH cipkd, dochopy Ta iHmI) —
00 30UIBIINTH TBEPAICTh, KOPO3iHHY CTIHKICTh, 3JaTHICTh JO MasHHS Ta
IHIII BJIACTUBOCTI MIOKPHUTTIB.

Tomy cydacHUI TPOMHCIOBHN €NEKTPONIT MOXKE€ MICTUTH BiJ 2 10
10 peuoBwH (iHOJI TOCUTH KOIITOBHUX).

KpiMm cknamy enexTpomiiTy, Ha SIKiCTh HOKPHTTIB CYTTEBO BILUIMBAE
fioro Temmeparypa. IliIBUIIEHHS TeMmepaTypH IOKpallye pPO3YHHHICTH
colelt 1 eJeKTPONPOBIAHICTS PO3YHHY, OJHAK 1€ TOTIpIIye YMOBH Ipaili
NEePCOHANY TallbBaHIYHOI JIIBHUII Yepe3 BHUIAPOBYBaHHS EJIEKTPOIITY.
[ligBuIeHHsT OIUIBHOCTI CTpyMy 30iNbIllye HIBHIKICTH NpOIECY, aie
3HIDKYE  PO3CIIOBAIbHY  3[IaTHICTh  E€JIEKTPOIITY, 301TBITYIOYH
HEPIBHOMIPHICTh Ta MOPYBATICTh MOKPUTTS. ToMy perenTypa eneKTpoIiTy
3aBKAM  JOTPUMYETHCS  3aMpONOHOBAHWMX  MapaMmerTpiB  Mpolecy,
TIEPEeBipEHNX POKAMH Ha TIPAKTHUIl, SKi 3a0e3MedyroTh MOTPiOHY SKICTH
HOKPHTTS 32 ONITUMAIBHUX TEXHOJIOTIYHUX YMOB.

lanpBaHIYHUN METOJ| TO3BOJISIE OTPUMATH PIBHOMIpHI OJIHOIIAPOBI
Ta OaraTomrapoBi KOpO3IMHOCTIMKI 1 3aXMCHO-AEKOPATUBHI IMOKPUTTS 3
oimpmocti metaniB (Zn, Cd, Sn, Pb, Cu, Ni, Cr, Ag, Ta iXx cmiagis),
KOHTPOJIIOBATH TOBIIUHY Ta IHII MapaMeTpH MOKPHUTTIB, BECTH MPOIEC
0CaJPKEHHS MPH HEBUCOKHUX TEMIIEpaTypax Ta HEBEJIIMKUX BUTpATaX pPy4YHOl
npaui. Henonikamu MeTOAy € JOCHTH BHCOKAa €HEPrOEMHICTH MpoLecy i
00MeKeHICTh IPH HAHECEHH] MMOKPUTTIB Ha KPYITHOrabapuTHI KOHCTPYKIII.

[IIupoke poO3MOBCIOKEHHST Y MAITMHOOYIyBaHHI, HA TPaHCIOPTI, B
€JIEKTPOTEXHIUHIN Tamy3i Ta OymiBHUUTBI OTPUMAIO HAHECEHHS, y SIKOCTi
3aXMCHOTO Ta JEKOPATUBHOIO, MIJHOTO TMOKPUTTA. MigHe MOKPHUTTS Ha
cTayi 3abes3nedye B aTMOCHEPHHX YMOBAaX JOCTaTHHO TPHUBAIHI 3aXUCT
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MOBEPXHI BiA KOpO3ii, rapHWil OMUCKYyYWH 30BHIMIHIA BUTIIAL 1 JAOCHUTH
BHCOKHH OTlip MEXaHIYHOMY 3HOIIYBaHHIO.
VY SKOCTI MpHKJIana po3TITHEMO TEXHOJIOTII0 OTPUMAaHHS 3aXHUCHOTO
Ta IEKOPATHBHOTO MiJHOTO OKPHTTSI.
3aBaaHHA Ha MiATOTOBKY /10 1a00opaTopHOi podoTH

[Tpu miarotosui K0 naboparopHoi poOOTH MOBTOPUTH TEOPETHUHHIA
Marepiajl, U0 CTOCYETHCS CYTi Ta 3HAYCHHS €NEKTPOXIMIUHMX MPOLECIB, a
TakoX (PaKkToOpiB, MO HA HUX BIUIMBAIOTh. O3HAHOMHUTHCH 3 Taly3sIMH
3aCTOCYBaHHS €IEKTPOI3y.

KoHTpoabHi 3anuTaHHsA

1. SIki mporiecr Ha3WBAIOTHCS ENEKTPOXIMITHUME?

2. B yomy nosnsirae cyth nepinoro 3akony ®@apanes?

3. B yomy nosnsirae cyth apyroro 3akony dapaznes?

4. B yomy mepeBaru Ta HEJIONMIKH €IEKTPOXIMIYHHAX MPOIIECiB?

5. lllo HaiiyacTilie BUKOPUCTOBYETHCS Y SIKOCTI €JIEKTPOJIITIB?

6. B sKkuX ramy3sx MOPOMHCIOBOCTI OTPUMAIH PO3MOBCIOIKEHHS
MOKPHUTTS, SIKi HAHECEHO 3a JOMOMOTOI0 EIeKTPOXIMIYHUX MPOIIECiB?

7. Slkuit  ycTpiii Mae enekTpomizep 1 OCHOBHI MpPUHIMIIA HOTO
pobotu?

Oo0s1aAHaHHA, IHCTPYMEHTH, MaTepiaan

1. PeakTuBY 151 IPUTOTYBAHHS €IEKTPOJITIB:

a) cynbdar mizi (i3 pospaxysky 150...180 r/n enexTporita);

0) cipuana kucnota (i3 po3paxyHky 30 1/11 eneKkTpoiTa).

2. luctuinsoBaHa BoJa.

3. MipHi koi6wu (1 ).

4. Mipnwnii muisap (1 ).

5. EnextpomizepHu.

6. JIxepeno mnocTiiiHoro crpymy. Bumpsimisiu cenenosuii Ha 4...6 B,
10...20 A, abo axymynstop 4...6 B, abo ranbpBaniuni Oarapei 4...6 B, abo
IWIKUTBHUH enekTpopo3noainbynit T (1113-56).

7. BonpT™MeTp mocTiiiHOTO cTpyMy Ha 6...10 B.

8. AmnepmeTtp nocrifiHoro ctpymy 10...20 A.
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9. AHox mimHui. Po3mip aHoma moBHHEH OyTH HEe MEHIIE PO3MipiB
hopmu.
10. MizHi i307150BaHi IPOBIAHUKH CTPYMY.
11. Haxxnaunwii Ta GinpTpyBanbHuiil namip.
12. 3pa3ku meTany.
Bxa3iBku 3 TexHiku 0e3nexku

1. Koxxen peaxkTtuB, mpubop, CKIsSHKa i mpucrocoda s podotu
MOBMHHI MaTH CBO€ mocTiliHe micue. [lo 3akiHYeHHIO poOOTH YCTaHOBKY
HEOOX1THO MMPUBECTH y BUXIAHAN CTaH, a MOCYy BUMHUTH.

3a00pOHSETHCS 3alMINaTH Jake Ha KOPOTKHHA TEepPMiH XiMiuHi
pEaKTUBH, pi3HI MPOOH, NMPOMHBHI BOJH, PO3UMHU O€3 ETHUKETOK abo B
MicIsX, ISl HUX HENPU3HAYEHUX, TaK SK I1€ MOXKE MPUBECTH /IO THKKHX
HEIIACHUX BUIIAIKIB.

2. PeuoBuHM Ta piguHM, sSKi JIETKO 3aiiMaroThcs (OeH3WH, OCH30,
OprafiuyHi PO3UYMHHUKK Ta iH.), OEperTH BiA BIAKPUTOTO TOIYM'S; MpH
po0OTI 3 HAMH BUKOPHCTOBYBAaTH HE3HAYHY KINBKICTh IIUX PEYOBHH 1
IIBUJIKO 3aKPUBATH CKIISTHKY IPOOKOIO.

3. PoGoru, siki moB'a3aHi 3 BUKOPUCTAHHSIM XPOMOBOTO €JIEKTPOJIITA,
KOHIEHTPOBAaHUX KHCIOT a00 JIYriB, BHUKOHYBATH TUIBKA Y BHUTSDKHHX
nradax, 1o 001aHaHi CreiallbHO BEHTHIISIIIETO.

4. Tlpu mepenuBaHHI PO3YMHIB KOPUCTYBATUCS BOPOHKAMHU Ta He
NPOJIMBATH PIIUHY; MOCYJ MiCIs BUKOPHCTaHHS IPOMHBATH NMPOTOYHOO
BO/IOIO.

5. Ilpu poOoTi 3 €NKUMHU TPOIYKTaMHU (KUCIIOTH, JIyTH Ta PO3YHHHU
COJIei) KOPHCTYBAaTUCS TYMOBOIO TPYILIEIO; KaTerOPUYHO 3a00pOHSETHCS
HaOMpaTh PO34YMH JI0 MINETKH 3a JOIMOMOTrOK poTa. HeBHKOHAHHS IHX
BHUMOT MOJKE TIPU3BECTH JI0 TSHIKKUX OIIKIB 1 OTPY€EHb.

6. Kateropuuno 3a00poHeHO BU3HAYaTH BKyC a00 3amax peuyoBHUHHU, a
TaKOK HaOJIM)KaTH HOC 0 KpaiB COCYIB.

7.1lpy TOpUrOTYBaHHI PO3YMHIB KHCIOT abo ix cymimen
BUKOPUCTOBYBAaTH 3aXUCHI OKYyJSIpW; MpH [bOMY 100 3amodirtu
PpO30pH3KYBAaHHIO Ba)KKy PiAMHY CIIiJ] BIMBATH A0 OUIBII JIETKOi (KHUCIOTY
1o Boau, HoSO4 mo HNOs 1 iH.); 3MmilyBaTu rapsidi KHCIOTH a0o JIyrH 3
rapsol0 BOJOK KaTETOPHYHO HEMPHUIYCTHUMO, TaK SK B I[bOMY BHUIIAJKY
BiZIOyBa€eThCst OypHUI BUKH] PIJIMHU 13 COCYLY.
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8. PoboTH 3 arpecHBHUMH piJIMHAMH BUKOHYBATHU TiJIbKH B TYMOBHX
3aXWCHUX TepyaTkax. PimuHy, M0 PO3TUTO Ha CTLT abO MiIOTY, IIBHIKO
BUJAJSITU CYXOI0 TaHUIPKOIO, a TIOTIM FaHYipKOIO, SIKa 3MOYEHA Y BOJI.

9. Ilpu XiMIYHMX OMiKax HEOOXiMHO MIBUJIKO Ta SKICHO MPOMHTHU
ypaxXeHe Miclie MPOTOYHOI0 BOJOI0 Ta 3BEPHYTHCS 3a KBalli(hiKOBaHOIO
MEIMYHOIO JOIOMOTOI0.

10. 3 MeTOI0 YHUKHEHHS OMiKiB 3a00pOHEHO OpaTh roJruMu pyKamu
3pa3KH Ta 00JIaTHAHHS, 10 HE OCTHIJIO.

11. Kareropnano 3a00pOHEHO MPAITIOBATH 3 €IIEKTPOOOTIaTHAHHSIM 1
npubOpaMu MOKPUMH PYKaMH.

Iopsinok BUKOHAHHSA J1a00paTOpHOI podoTH

1. ®opMy Ha SIKy HAHOCHTBCS MTOKPUTTS, & TAKOXK MITHUHA €IEKTPO.
(aHOM) MiNBICUTH y BaHHI Ha MiJABICKAX; MIJIHUN €IEKTPOJ — Ha MiJHOMY
ab0 JaTYHHOMY TadKy 3 JOPOTY TakK, MO0 OTBip B €IEKTPOJIi Ta Ta4OK HE
KOHTaKTyBaJH 3 CJEKTPOJITOM 3 METOI0 3amo0iraHHs Kopo3ii Tradvka.
®dopmy miABICUTH HA MigHUH a00 JATYHHUH IpiT Ha BiacTaHi 15...20 cM Big
enexktpona. Enextpomom, skuil 3'€¢qHAHUN 3 MO3UTUBHUM IOJIFOCOM
JDKepesia JKUBJIECHHS (aHOOOM), IUIS MiJHOI TajJbBaHOIUIACTUYHOI BaHHU
CJIYT'Y€ MiJIHA TUTACTHHA TOBIIMHOIO Bix 3...4 MM i1 Ounbiie. EnxekTpomom, 110
SKOTO IpPHUEAHAHO HETaTUBHMM TIIOJIIOC IIOCTIHHOTO IDKEpeia CTIPyMy
(kaTomom), ciyrye dopma.

2. TlpuroryBaTd MiJHWH €JNEKTPONIT JIsi TalbBAHOIUIACTUYHUX
poGit. HMoro roTyioTh Ha OCHOBi KpHCTAIOTimpaTy cyib(ara Mixi
CuS04-5H,0 3 monmaBanHsM cipuaHoi kucnotu HpSOs, muis minBuieHHS
eJeKTPOTPOBiAHOCTI. [t HOTO MPHUrOoTYBaHHS HAaBaXKUTH Cylb(haTta Mifi i3
po3paxyHky 150...180 r Ha 1 ;1 Bomu. Po3umHeHHs cyibdarta Migi cimix
MPOBOAWUTH B rapsdid a0o Tterwriit Bomi. Ilicist TOBHOTO OXOIOJKEHHS
pO3UMHY Ta OCTHUTaHHS HOro A0 KIMHATHOI TeMIIEpaTypH eJIeKTPOJIT
npodiabTPyBaTH Kpi3h TKAHUHY, a IMOTIM JI0 HHOTO OOEPEKHO J0JaTH
cipuany kuciory. CipuyaHy KHCJIOTY CJiJ J0JaBaTd IOBLIBHO, TOHKHM
CTpYMiHEM, 3 METOI0 3ar00iraHHs LIBHIKOMY PO3IrpiBaHHIO €IEKTPOJIiTa
Ta Horo po30pHU3KyBaHHs, 1110 MOXKE IIPU3BECTH 10 BaXKKUX OIIKIB.

B wMimHuX cynbaTHuX BaHHaX BMICT CIp4aHOi KHCIIOTH CIIij
niaTpumyBatu Ha piBHi 30...35 /1.

[loTpiOHO BpaxoByBaTH HACTYIIHE:
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a) PO3YHMHHICTE Cyib(ara Mifli 3HAYHO 3HIKYETHCS 3 TABUIICHHSIM
BMICTY CIp4aHOi KHUCIIOTH;

0) Tpu HaAIBHOCTI MiABUIIEHOTO BMICTy cyibdara Migi BiH
OCaJDKYEThCSI Y BUTJISAII KPUCTAJIIB MO CTIHKaX BaHHH Ta HA aHOJI, IO
3HAYHO YCKJIQ/IHIOE TIPOLIEC ENEKTPOITi3Y.

3. Ilepen npoBeaeHHSAM POOOTH BU3HAYHTH

a) marepian 3pa3ka abo popmu;

0) Ha mimcTaBi OOMIpIOBaHB 3pa3ka pO3paxyBaTH IUIONLY HOTO
TTOBEPXHI,

B) Macy 3pa3Ka /10 HaHeCeHHs IOKPHUTTS 3 TouHicTio £0,01 .

4. 3HeKHpEHWH 3pa30K IMPOMUTH MPOTOYHOK BOJOK 1 MiamaTH
aktuBanii B 10%-aomy pos3umui HCI (mo0 BUAaIWTH TOHKY OKCHIHY
IUTIBKY) Oe3mocepefiHbo Tepel HAaHECEHHsM MOKPUTTA. 3i0patu cxemy
eJIeKTpoJTizepa BiMMoBiAHO puc. 4.1. AHOIU 3aKpiMUTH Tak, 1100 Micie
KOHTAaKTy aHOMy 3 CTPYMOBOJOM 3HAaXOJWJIOCH BHIIEe "BarepiiHii" (abu
VHUKHYTH PO3YHHEHHS CTPYMOBOAY 1 TOTPAIUITHHS Mili B PO3YHH).
BBIMKHYTH CTpYM 1 BECTH €JIEKTPOJIi3 Ha MPOTA3i PO3PAaXOBAHOTO Yacy 10
0Ca/UKEHHS IOKPUTTS 3aJ1aHO1 TOBIIMHH.

5. Ilicns 3aKiHYEeHHS TPOIECY BUMKHYTH CTPYM, BHHHSTH 3pa3oK i
aHOJM 3 PO3YHMHY, NPOMHUTH iX MPOTOYHOK BOJOK Ta BHUCYIIUTH.
Bi3yanbHO OLIHUTH SKICTh OJIEPKAHOTO MOKPUTTS.

6. [licis HaHECeHHS MOKPHUTTSI BU3HAYHTH

a) Macy 3paska 3 MOKpUTTsM (TouHicTh 0,01 T);

0) cepenHill BUXiJl MeTana 3a CTPyMOM.

Lleli mOKa3HUK € OCHOBHUM KPHUTEPi€EM BHKOPHUCTAHHS €JCKTPHYHOL
EHEeprii B IPOIIeci eNeKTPOITizy.

— CepenHill BUXiJl METajIa 3a CTPYMOM PO3PaxyBaTH 3a (OPMYJIOH0:

™ 100% 43
I-t-c o (43)

r] =
Jie m — Maca MeTaly, 1[0 BUAUTUBCS Ha MIOBEPXHI 3pa3Ka, T;
I — cuna cTpymy mij yac €JIeKTpoisa, A;
t — TpuBaJTiCTH TIPOIIECY ETEKTPOITi3a, TOJ;
¢ — eJEKTPOXIMIYHMI €KBIBaJCHT MeTaja, SKUH OCalKyeThCs,
r/A-ron.



38

Enexrpoximiunuii ekBiBajieHT Miai cTaHoBUTh Ccy=1,186 /A rom.

B) TOBIIMHY IIapy MOKPUTTS 32 MEPEPi3OM.

ToBmuHY MIapy MOKPUTTS pO3paxyBaTh 3a GOPMYIIOr0:

i,"t-cn-100

h = , MKM

p

JI€ i — KaTo/iHa WUIBHICTL CTpyMy, A/cM?;

p — rycTuHa Mifi, I/ cMe,
['ycTuHa Mifi CTaHOBUTH pcy=38,9 T/ cm®.

T') HOPHUCTICTh TOKPHUTTSI.

(4.4)

ITpu Bu3HAYEHHI MOPUCTOCTI MOKPHUTTS Ha MOBEPXHIO 3HEXKHUPEHOTO
3pas3ka, SKUH MONEPEAHBO MPOMUTO Ta BUCYIIEHO, HAKIAJAIOTh Ha 5 XB
GiTBTpOBANIBHUM mMamip, SKAH 3MOYEHO pO3YMHOM, IO MictuTh 10 T
Ks[Fe(CNes)] i 15 r NaCl 8 1 1 H20. Ilpu mboMy B mImapuHax MOKPUTTS
YTBOPIOIOTHCS TOYKH TYPHHOYJIEBOT CiHI 32 PEaKIli€lo:

3 Fe** + 2 [Fe(CN)g]* = Fes[Fe(CN)¢l2

(4.5)

7. Pesynbraru mociiais 3aHectu j0 Taduii 4.1.

Tabmuis 4.1 — XapakTepucTrka 3pasKiB i HTOKPUTTS

Ne XapaktepucTuka abo
[Toka3Huk
n/m 3HA4YEHHs TOKa3HUKa
1 Marepian 3pa3ka abo hopmu
2 [T1oma MoBepxHi 3paska, cm>
3 Maca 3pa3ka, I
a) 710 TIOKPHTTS;
0) micis MOKPUTTA
4 CepenHili BUXiJl METaly 32 CTpyMoM, %o
5 ToBuMHA mWapy NOKPUTTS, MKM
6 [opucricts, %
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3micr 3BiTY

1. KopoTko omnmcaTi TEXHOJOTIYHUHA MPOLEC HAHECEHHS! MOKPHUTTIB
rajJpBaHiYHUM METO/IOM 3 MepepaxyBaHHsAM HOro mepesar i HeJoJiKiB.

2. HaBectn cxemy enexTpoilizepa 3 MO3HAYEHHSM HOTO OCHOBHHX
CKJIaJIOBUX.

3. Bukonatu HeoOXiZHI BUMIpH Ta PO3pPaxyHKH 1 HABECTH MPOTOKOI
MPOBEICHUX JOCIIPKEeHb y BATIIAAI Ta0mwmmi 4.1.

4.3a pesympraTaMHd pPOOOTH 3pOOUTH BHCHOBOK CTOCOBHO
XapaKTEPUCTHUK 1 SIKOCT1 MMOKPUTTS, 1[0 HAHECEHO TIbBAaHIYHIUM METO/IOM.

Jlireparypa
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JlaGopaTopHa podoTa Ne5
OCHOBU HAHECEHHA I'A3OIMMOJTYMEHEBUX ITIOKPUTTIB
Mera poboTu

O3HallOMHTHCH 3 OCHOBHHMH IIpUHIOUIIaMHA HaHCCCHHA
Ta30I0JIyMCHCBUX HOKpI/ITTiB i O6J'IaI[HaHHSIM, K€ IIpUu  1ObOMY
3aCTOCOBYETLCH. Hapuutncs OIIiHIOBaTI/I SIKICTh HAHECEHOT 0 TIOKPUTTHA.

3arajbHi BizoMocTi

3aranpHi BiIOMOCTI A0 pAaHoi nabopaTopHOi pOOOTH MICTSTH
Marepialid, 110 BUKJIJCHO B uKepenax [1-4].

l'azononymeHeBuil METOA HANWJICHHS TIOKPHUTTIB CKIAJAEThCA 3
(opMyBaHHS Ha TOBEpPXHI MIapy 3 YAacTHHOK Marepiany, SKi MaroTh
JIOCTATHIN 3amac TEIUIOBOI Ta KIHETWYHOI €Heprii BHACHIZOK B3aeMOIi 3
ra3o0lolyMCHEBUM CTpyMEHEM. [a30Be NONyM'ss OTPUMYIOTH HUIIXOM
3TOPSIHHS TOPIOYMX Ta3iB y KUCHI abo MOBITpi. Y cliemiaabHUX MalbHUKAX
(posmmmroBavax) mo mepudepii comra MONAEThCS TOPIOYA  CYMII,
IEHTpaJlbHA 4YacTHHA TpH3HA4YeHa Juii TmoJadi y cdopMoBaHHI
ra3ornojlyMEHEBUI CTPyMiHb PO3MIIIOBAHOrO Matepiany. Y Tabmuii 5.1
HaBeJleHa TeMIIepaTypa MoayM'st JUIsl CyMilllel pi3HOTO CKIIafy.

Ta6muns 5.1 — TemnepaTypa 3ropsiHHsI AesIKuX cyminieid rasis [1]

1i\/r(_r)1 Ckrnaa cymimi Temmnepatypa, °C
1 Kucewns - anermiiex 3100...3200

2 Kucens - Oyran 3100

3 Kucens - mpomnan 2760

4 Kucens - BoeHb 2700

5 [loBiTpst - aneTniIeH 2325

6 [loBiTps - BOJcHB 2055

VY skocti pobouyMX Ta3iB HaifyacTillle BUKOPUCTOBYIOThH AalleTHIICH
('OCT  5457-75), xucenp (I'OCT  5583-79), mnpomnan-Oyran
('OCT 20448-80), azor (I'OCT 9293-74) abo CTHCHEHE MOBITpA, SKE
OYHILIEHE BiJ BOJIOTH Ta MacTHIIA.
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TexHonoriyne oONTagHAHHS JJIS Ta30MOJIYMEHEBOTO HAIMHICHHS
MMOKPHUTTIB CKIATAE€THCA 3 OCHOBHOTO 1 JOMOMIKHOTO (IJI MiATOTOBYHX 1
¢inimHux omepauiit). Ho ckmagy ycTaHOBKHM Uil Ta30TEPMidHOTO
HAMMJIIOBaHHS BXOASTh PO3MWIOBadY  (MANbHUK);, MEXaHI3M IMojadi
pPO3MITIOBAaHOTO  MaTepiamy  (Apory abo  TOpPOMIKY);  JKEepero
EHEeprornocTayaHHs; CHCTeMa IM0Javi PO3MIUTIOBAILHUX Ta3iB; MYJbT
KepyBaHHA. Y JESIKHX YCTaHOBKax Mepen0adyeHo CUCTEMY OXOJIOKEHHS.
OyHKI[IOHATEHY CXEMY y3arajibHeHOI YCTAaHOBKH JUIsI Ta30TEPMiYHOTO
HaITMJICHHS TIOKa3aHo Ha puc. 5.1.

1 - xommpecop; 2 - TEIUIOOOMIHHHK; 3 - ocylryBad; 4 - BUTPATOMIp; 5 - PEAYKTOD
JUISL pETYIIIOBAHHSI [01a4i CTUCHEHOTO MOBITPS; 6 - Mi/IBIA 10 peayKTopa MoJavi CTUCHYTOTO
HOBITpsI; 7 - OyHKep A MOPOILKY; 8 - MATBHUK JUIsl HAIIMIIOBAaHHS MOPOILKY; 9 - IUIaHT 10
BUTpatomipa; 10 - manpHHUK A8 PO3MIIIIOBaHHS Ipoty; 11 - Oyxrta apory; 12 - KHCHEBHH
Oason; 13 - anerunenoBwuii 6anon; 14 — pecusep;

Pucynok 5.1 — Cxema yCTaHOBKHM Uil Ta30IMOJYMEHEBOT'O HAIMJICHHS OPOTOM 1
mopormkom [3].

Jlo ycTaHOBOK JUIsl HANTMJICHHST BXOJISTh (3aJIEKHO BiJl MPU3HAYCHHS)
nanpauku ['H-1, TH-2, TH-3. Lle aneruneHoKuCHEBI (akelbHI MaabHUKH
JBOCTaIiIHHOTO 3MIlIyBaHHS, B SIKMX CIOYATKy MOPOLIOK iH)KEKTYEThCS
KHCHEM, Jajli KHCHEBO-TIOPOIIKOBA CYMIII I1H)XXEKTYEThCS allCTHICHOM.
ToBmyHA HAMIaBKW (HAMWICHHSA) CTaHOBUTH 10 1,5 mMMm. Ilamenuk ['H-3
BinpisHsaeTbess Big ['H-1, T'H-2 Bumo mNOTYXHICTIO 1 OCOOIHMBICTIO
KOHCTPYKIIIT HW)KHBbOI YaCTHHHM By3Jia I0ja4i MOPOIIKY (mependadyeHo
NpPUCTPiH, sKUi 3a0e3redyye BCMOKTYBaHHS TIOBITpPsI 3 aTMOcQepH).
[anenuk ['H-4 3acTocoBylOTh Al HAamjIaBA€HHS 1 HANWICHHA Til
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obepranHa. [lopomok y NbOMYy TaNbHUKY TpPAaHCIOPTYEThCS depe3
[EHTPATbHAN KaHA KFCHEM Y 30HY MOyM's, SIKe KOHIICHTPHUYHO BHUTIKAE 13
OaratodakeabHOro MyH/IIITYKA.

Mertanizatop MI1-4 3acTOoCOBYIOTH Al HamWiIeHHS Ta30BUM
MONyM'sIM BpY4HY IpoToM. Bumyckatots pizHoBuan MI'T-4A - mis pobotu
aneTmwieHOKHuCHeBolo cymimmmro i MIT-4I1 - pmns poOotm mporman-
OyTaHOBO-KHCHEBOIO cymimmto, MI'T-5 mae HamildHIIIy KOHCTPYKIIO
By3/a mojadvi Apory. s HanuieHHS TOKPUTTIB Ha JeTani Tumy "Bar"
MeTalli3aTopd MOHTYIOTBCS Ha CYNOpPTI TOKapHOro Bepcrara. JlpiT
nmiamerpom 1,5...2,5 MM MO#a€eThCsl MOBITPSIHOIO TYpOiHOIO 3 BiALICHTPOBUM
perymnsitopoM 3i mBuakictio 1,0...7,5 M/XB.

l'azomomymMeHeBi po3nmmiroBavi. 3aJieXHO BiJl Crmoco0y mojadi
TOPIOYOrO Ta3y BIIPI3HSIIOTH 1HKEKTOPHI Ta 0€31HKEKTOPHI PO3MUITIOBAIIbHI
npucTtpoi. Ha Buxomi 3 iHXEKTOpa pO3BHBAETHCS BUCOKA INBUAKICTH
BUTIKaHHS KHCHIO 1 MicueBe po3pimkeHHA. [liqCMOKTyBaHHS TOpIOYOTO
ra3y 3[IACHIOEThCS depe3 mepudepiifHi KaHamu iHXeKTopa. 3a HasBHOCTI
1H)KEKTOpa PO3MWIIOBaY MOXE MpAIIOBaTH i3 3aCTOCYBaHHSIM TOPIOYOTO
rasy, sSIKui mepeOyBa€ ImiJ] HU3bKHM THCKOM. Lle BaskIMBO IUIs aneTHieHy,
SKAH OTPUMYIOTH BiJl TIEPEHOCHUX aleTHJICHOBUX TI'€HEpPaTopiB HU3BKOTO
tucky (0,005...0,010 MIla). 3a 6ijbl1 BUCOKMX THCKIB TOPIOYOro ra3y poJib
IHXEKIIT 3HWKYETHCS. Y BHUIIAJKy OJHAKOBUX a00 OJU3bKHUX THUCKIB KHCHIO
1 TOPIOYOTO Ta3y MOKe 3JIiCHIOBATHCS Oe3iHKeKTopHa nojada. HasBHICT
iHKeKkTopa 3ale3neduye YHIBEpCABHICTh PO3MIIIOBAYa IMOJI0 THCKY
roproyoro rasy. HaiiBuma TemmepaTypa TMONyM'st  IOCSITa€ThCS
BUKOPHUCTAHHSM aIleTWIICHOKHCHEBUX cyMimiedl. Bumny TterutorBopHy
3aTHICTh MAlOTh TporaH i Oyrad. ToMy ans HaIWJIEHHS HaidacTiie
3acTocoBytoTh anetwieH TexHidauit (FOCT 54-57-75) abo mpomas-
OyTaHOBY cyMilI (TOCT 20448-80). IMinx  uac YTBOPEHHS
razomnosiyMeHeBoro crpymensi temioBuid KKJI posmmmoBaya CTaHOBHTH
0,8...0,9, edexruBnmii KKJ| HarpiBaHHS YaCTHHOK IOPOIIKY JIMIIIE
0,02...0,12. T'a3u mocTa4yarOThCsl TOJIOBHHUM YHUHOM y OajOHaX MICTKICTIO
40n mig Ttuckom 1,6 MIla (C.H), mo Bigmosimae 6 m° rasy 3a
HOPMaJIbHOTO TUCKY. /[l J0#aTKOBOro poO3NWIIOBaHHS Yy  pasi
ra3onojiyMEHEBOTO PO3MMIIOBAHHS BUKOPHCTOBYIOTH TMOBITps. Poub
ra3yHocCisi BAKOHY€ KHUCEHb.

SIKII0 BUKOPHUCTOBYETHCSI CTUCHYTE TIOBITPS, TO BOHO MOCTAYa€THCS
BiJl CIEI[IaJIBHOTO KOMIIpecopa ad0 3aBOJACHKOI Mepexi 10 pecuBepa.
[Ipu3HaveHHs1 pecuBepa MOJSITac y BUPIBHIOBAHHI MyJNbCAIlid TOBITPSHOTO
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TUCKY MiJ 9ac PO3NWIIOBaHHs. [3 pecuBepa HOBITPSA CIPSIMOBYETHCS 1O
ra3oBOi MaricTpaii, sika CKIAJAaeThCS 13 3allipHOTO BEHTWIA, PEAYyKTOpa,
SKHA  PEryjlio€ THUCK, poTamMerpa 1 MAaCTWIOBOJOTOBIAIIIbHUKA.
MacTHIIOBOJIOTOBIITIIBHAK MPU3HAYCHO JUJISL OYUIINCHHS TOBITPS BiJ
MacTiiaa i Bomoru. lle muimiHApWYHA 3BapHAa KOHCTPYKIIA 31 3HIMHOIO
Kpumikoro. DITbTp CKIIAMAETBCS 3 TOBCTSIHHUX IPOMIAPKIB 1 KOKCOBHX
HaIOBHEHb, PO3/IICHUX Ha JleKiibka cekuiid. [ToBcTh 3aTpumye macTuio, a
KOKC Boyiory. DinmpTp 3aMiHIOIOTH HE MEHIIE IBOX pa3iB Ha MICSIb 3a
HOPMAJIBHOT eKCIUTyaTallii.

PorameTrpu ckiagaroTbes i3 TpagyidoBaHOi CKISIHOI  TPYOKH,
BHYTPILITHS TIOBEPXHsI SIKOT Mae ¢popMy KoHyca. B pobouomy crani TpyOKy
BCTAHOBIIIOIOTh ~ BEPTUKAJIbHO KOHYCOM YyHH3. YcepeauHi TpyOku
3HAXOJMUTBCA MOIIABOK. MOro BepxHs KpPOMKAa TocTpa, a Ha OiumHiif
MOBEpPXHI HaHEeCEeHO T'BUHTOMOMIOHI mpopi3u. Ilim Yac mpoxomKeHHs
MOTOKY Yepe3 TpyOKy moriaBok odepraerbes. Lle 3abe3nedye piBHOMIpHUIA
KIUTBIIEBUH 3a30p MiX ITOTUIABKOM 1 CTiHKaMu TpyOku. Ha moBepxHi TpyOKu
HaHeCceHO rpajayroBaHHs. [1oj0keHHs MOoIUIaBKa B TPYOILli MMOKa3ye BUTpPATy
razy uepe3 poramerp. YacTto AN BHUMIPIOBaHHS BHUTPaTH rasy
BUKOPHCTOBYIOTh BUMIPIOBAIBHI iadparMu (I03u).

loprounii ra3 i OKUCHIOBaY (KHCEHb, PIAKO MOBITPs) MOJAIOTH JIO
3MilryBaJIbHOT Kamepu. [laji roproda Cymilll HaJIXOIWTh JIO COIJIOBOTO
npuctpoto. Ha BuXomi 3 HBOTO CyMIlll MiAMATIOETHECSA 1 YTBOPIOE hakend
ra3oBoro momym's. J[is CTHCHEHHsS TOJYM'sl 3aCTOCOBYIOTH JIOJIATKOBE
COILIO, B K€ MOJA0Th CTUCHYTHH Ta3, 3A€¢OIIbIIOr0 MOBITPs. 30BHIIIHIM
NOTIK Ta3y IOAOBXYE BHCOKOTEMIIEPAaTYpHY YacCTHHY Tra30BOTO IOTOKY,
migBunlye ii Temmeparypy 1 WIBHAKICTB. Y JESKHX TI'a30HO0JIyMEHEBUX
YCTAaHOBKAaX CTHCHEHHWH Ta3 BHKOPHUCTOBYIOTH JUISL  OXOJOKCHHS
TETIOHABAHTAXKCHUX €JIEMEHTIB PO3MHIIIOBAYA.

PosmmroBaHmMit MaTepian y BUTIISAAL TOPOIIKY a00 IPOTy (CTPHKHSA)
MOJIAI0Th 0 OCl1 Ta30MoyMEHEBOTO CTpyMeHs. Takuil crnoci® monadi
3YMOBJIIOE OiIbIIl IHTEHCHBHE HArpiBaHHS 1 PO3MIIIIOBAHHS Marepiany. B
OCHOBY Kiacudikauii cnoco0iB ra3onosyMeHeBOro HamMICHHS MOKIaIeHO
TaKi O3HAKH: BHJ PO3MIIIOBAHOTO MaTepiany (ra30omojyMeHeBe HAMJICHHS
MOPOIIKOBUMH 1 JPOTOBMMH MaTepiaJiaMH), THUII TOPIOYOro Trazy
(HamwTIOBaHHS 3 BUKOPUCTAaHHSIM aleTWICHy, IponaHy, OyTaHy, iXx
cymimied Ta iH.), CTymiHb MexXaHi3auii (py4He 1 MexaHi3oBaHe
HaITATIOBAHHS).

OCHOBHI IlepeBary ra3onoyMEeHEBOr0 HAMMIICHHS IOKPUTTIB TaKi:
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— MOXUIMBICTH OTPUMAHHS TOKPUTTIB 3 OUIBIIOCTI MaTepialliB, SKi
PO3MIaBIAIOTECS 3a TeMieparypu a0 2800 °C 6e3 po3kianaHHs;

— BIJHOCHO Malud TeMmJIOBMH BIUIMB Ha BUPIO (Y Mexax
350...150°C), mo pnae 3MOry HamWIOBaTH TOKPUTTS Ha TOBEPXHIO
IITUPOKOT0 KOJIa MaTepialliB, 30KpeMa IIacTMacH, JIepeBa, KapToH Ta iH.;

— TOBIIMHA TIOKPUTTS MOxe Oyt B Mexkax Bixg 50 mxm mo 10 mm i
OibIie;

— MOXIIMBICTh PETYJIIOBAaHHS T'a30BOTO PEKUMY DPOOOTH: HabHUK
JTO3BOJISIE KePYBAaTH XIMIYHHM CKJIAJIOM CepeloBHINA (BIAHOBIIOBAIBHE,
HEUTpajbHe, OKUCHIOBaJbHE) 1 EHEPreTHYHUMH XapaKTePUCTHKAMU
CTpYMEHS Ta HAITWIIOBAaHUX YACTHHOK;

— BHCOKa MPOAYKTUBHICTH mporecy (mo 10 kr/rom), Hampukiaz
8...10 kr/ron ans camoduiociBHOro mopowky ciuaBy tumy [1I-CP4 mpu
Butpari anerwieny 0,9 m%rom, i BuCOKHMI Koe]illieHT BHKOpPHCTAHHS
Mmatepiany (0,60...0,95);

— BIAHOCHO HU3BKHUU PiBEHb IIYMY 1 BUIPOMIHIOBAHHS: MOXKIIUBICTh
HaHECEHHS MOKPHUTTIB 3a OyIb-IKOT0 MPOCTOPOBOTO PO3MILLICHHS anapara;

— TIPOCTOTa 0OCITYTrOBYBaHHS;

— THYYKICTh TEXHOJIOTii 1 MOOUTBbHICTE OONAJAHAHHS, MIO JO3BOJISE
MPOBOJIUTH HANUJICHHS Ha MiCIIi, 0€3 IEMOHTaXY JICTaJICH;

— MOXJIMBICTh ~ aBTOMaTH3allii mpolecy 1 BMOHTYBaHHS B
ABTOMATWYHY JIiHIIO 3 HEBEJIMKUMH BUTPATaMU Ta iH.

OCHOBHMMH HEJIOJIIKAMHU T'a30II0JYMEHEBOTO METOJly HAIMIIOBAHHS
MOKPUTTIB €:

— HE 3aBXIM JIOCTATHS MILHICTh 34YEIUICHHS IOKPHUTTIB 3 OCHOBOIO
(5...45 Mlla) y pasi BunpoOyBaHHsI Ha HOpMaJIbHHIA BiJIPUB;

— HasBHicTh mopuctocTi (5..25 %), sika oOMexye 3acTOCyBaHHS
MOKPUTTIB y KOPO3IMHUX CEPEIOBHINAX O3 101aTKOBOT 00pOOKH;

— HEBUCOKHH Koe(illieHT BUKOPUCTAHHSA €HEPTii ra30I0IIyMEHEBOTO
CTpyMeHsI Ha HarpiBaHHs mopoiky (2...12 %);

— HEMOXKJIMBICTh HAHECEHHS IMOKPUTTIB 13 TYrOIUIaBKUX MaTepiaiiB 3
TeMIeparyporo miasieHHs oinbaie 2800 °C.

[Iponiec oTpuMaHHS MOKPHUTTIB Tra3oNOJyMEHEBHUM METOJOM - IIe
CYKYIHICTh TMIPUHOMIB 1 OTepalii, ki BUKOHYIOThCS Y TIOCIIIOBHOCTI, IO
MOKa3aHO B 3arajJbHOMY BHUIJIAII HA puc. 5.2.
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Pucynok 5.2 — TexHONOTiYHAa CXeMa OTPUMAHHsS MOKPUTTIB Tra30MOIyMEHEBHM
MmetozoMm [1].

Bka3ziBku 3 TexHikH 0e3nexkn

Jo pobGotm Ha ycTaHOBKax JUIs Ta30IOJIYMEHEBOTO HAalWJICHHS
NOKPHUTTIB JOMYCKAIOThCSI 0coOu He Momonme 18 pokiB, AKi mpodnum
MEJIWYHUN OTJIsI)l, HABYAHHS TMPHUIOMIB POOOTH Ha Ta30MOIyMEHEBOMY
oOnagHaHHi, 3arajJbHAN IHCTPYKTaX 3 TEXHIKM Oe3leKkd, a TakoX
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IHCTpyKTa)X Ha  poOodoMy  Micmi 1  MamOTh  IOCBITYEHHS
ra3o3BaproBalibHIKa. KaTeropnuHo He JOMyCKArOThCs O pOOOTH CTOPOHHI
ocobu.

Ocobwu, $Ki TpamoTh Ha YCTAaHOBKAaxX Uil Ta30IM0JyMEHEBOI'O
HANITIOBAHHA, ITOBUHHI 3a0€3MedyBaTHCSA CIICHOAATOM, CIHEIB3YTTAM 1
3acobamu 1HANBIAyaTbHOTO 3aXUCcTy. OOOB'I3KOBO HEOOX1THO:

— mepe]l MO4aTKOM poOIT BBIMKHYTH BUTSDKHY BEHTHIIALIIO;

— Ta30Bi OaJIOHM BiIKPUBATH 0€3 yaapiB CIIEIiaTbHUM KITFOUEM;

— pobotu mpoBoAWTH HA BimcraHi He Ommikde 10 M Bim GamoHy 3
alleTIIEHOM;

— KUCHEBHIA OAJIOH BCUISKO 3aXHUIIATH BiJl KOHTAKTY 3 MacCTHJIbHUMH
MaTepianamu;

— CIIOCTEpiraTH 3a MPOIECOM JIOIYCKAEThCS JIMIIIE Yepe3 CHeliaabHl
OKYJISIpH-CBITIIO(IBTPH.

KoHTposbHi 3anuTaHHA

1. B yoMy cyTh ra30moIyMeHEBOr0 METO/Iy HAHECCHHS ITOKPUTTIB?

2. SIki ra3u BUKOPUCTOBYIOTHCA AJIsl OTPUMAHHS TOPIOYOT CyMimi?

3. SIky TeroTBOpHY 3/1aTHICTh MAFOTh Pi3HI TOPIOYL CyMirTi?

4.3 sxux (yHKI[IOHAJIBHUX YaCTHH CKJIAJA€ThCS YCTAHOBKA IS
ra3oTepMiYHOTO HaHECEHHS TOKPHUTTIB?

5. Illo € pobGoYnM IHCTPYMEHTOM IpPU HAHECEHHI ra3onoyMeHEeBUX
MTOKPUTTIB?

6. HaBeniTh  OCHOBHI  IepeBard  ra3omoJyMEHEBOIO  METOAY
HaHECEHHS TOKPUTTIB.

7.B YoMy moONATalOTP OCHOBHI HENOJIKH Ta30I0JyMEHEBOTO
MeTomy?

8. HaBeniTh TeXHOJOTIUHY cxeMy (OCHOBHY CYKYITHICTh MPHAOMIB i
orepaiii) OTpUMaHHsI MOKPUTTIB T'a30I0IyMEHEBUM METOIOM.

9. B yoMmy mojsraroTb OCHOBHI BUMOTHM O€3MEKH NPH 3aCTOCYBaHHI
ra3oInoiyMEeHEBOTO METO/ly HAHECCHHS IIOKPUTTIB?

OO0aagHaHHS, MaTepiajiu, iIHCTPyMeHT

1. AuernneHoBHiT 6aJI0H 3 PEYKTOPOM.
2. Kucuesuii 6aJioH 3 peIyKTOPOM.
3. IManpauk Tumy ['H-3 3 KoMIIeKTOM 3MiHHUX HAKOHEYHHKIB.
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4. Marepian nopomkoBmid [IH85HO15.
5. 3pasku craneri 100x50x3 Mm.
6. CreuianbHi OKYJISIPH-CBITIO(LIBTPH.

Iopsrok BUKOHAHHSA J1a00paTOPHOI podoTH

1. Bupuntn  OymoBy, TOpuUHOMI  POOOTH  yYCTAaHOBKU ISt
ra3onojyMEHEBOTO HAaHECEHHS MOKPHUTTIB, a TaKOX Ta30BOr0 MNaJbHHUKA
I'H-3.

2. 3amanuTH 3BaploBAbHE MONYM'S, BIIPETYIIIOBATH MOTPIOHAUN ATst
HaHECEHHS MOKPHUTTS BUJ MOMyM's. [[poBecTH HaHECEHHS TOKPHUTTSI.

3. Ilicnsg oxomomKeHHs 3pa3KiB OLIHUTH SIKICTh TIOKPHUTTSI.

4. Pospizartu 3pa3ok, 3po0uTH nurid.

5. IIpoBecTr Makpo- i MiKpOaHai3 MeTaiy MOKPHUTTSI.

3mMicr 3BiTY

1. KopoTko paTw XapaKTEepUCTHKY TIa30MO0IyMEHEBOTO CIIOco0y
HaHECEHHS TOKPUTTIB.

2. Ilepeniunt oONMamHAHHS Ta MaTepialiv, sIKi BUKOPHUCTOBYIOTHCS
NPY IaHOMY CIIOCO01 HaHECEHHSI TOKPHUTTIB.

3. 3a oTpUMaHMM 3aBJaHHSAM 3allMcaTH BUXIJIHI JaHI Ta MapaMmeTpu
peXHMy HaHeceHHsS (Croci0 HaHEeCeHHsS; MapKy Marepialy; BUTpPaTH
areTIIeHy 1 KUCHIO Ta alleTHIIEHY).

4. BizyanbHUM OIUISIIOM Ta MeTajlorpaiuHuM JOCHiIPKEHHIM
OILIIHUTH SIKICTh HAHECEHOTO IMOKPUTTS; OMHMCATH, M0 MOKHA BU3HAYUTU
MIPH MaKpo- Ta MiKpOaHaJIi3i.

5. HaBectu cTpyKTYypy ra3onojlyMEHEeBOro MOKPUTTA.

6.3poOUTH  BHCHOBKM  TIPO  MOXIIMBOCTI  BHKOPHCTAHHS
ra3onoJyMEHEBUX MOKPHUTTIB.

Jlirepatypa

1. dy6oBuit O.M. TexHoJoOriss ra3oTepMi4YHOTO 1 BaKyyMHO-
KOHJIeHCalliiHOro HaHeceHHs MokpuTrTiB: Iligpyunuk / O.M. Jy0OoBwuii,
A.A. Kapneuenko, M.M. boOpoB. — Muxkosaie: BunaeeipTopyoapa B.B.,
2018. - 202 c.
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2. Unpromenko A.®. Ilpoueccsl GopMUpOBaHMS Ta30TEPMUYECKUX
MOKpUTHH W mx MoxaenupoBanme / A.D. Wnpromenko, A.W. Illermos,
B.A. OxoButsiii, I.®. I'pombiko. — Munck: benapycckas nHayka, 2011. —
357 c.

3. lyoosuii O.M. TexHoorisi HaMHUICHHS MOKPUTTIB: [limpydHuk /
O.M. J/Iy6oBuii, A.M. Crenanuyk. — Muxkonais: HYK, 2007. — 236 c. ISBN
966-321-066-4.

4. Kopx B.M. Hanecennss mokpurrts: HaBu. mociOHuK  /
B.M. Kopxk, B.JI. Ky3nenos, FO.C. bopucos, K.A. FOmenko; 3a pe.
K.A. FOmenka. — K.: Apicreit, 2005. — 204 c.
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JlaGopaTopHa podoTa Ne6

METAJIEBI HOKPUTTSA, IO HAHOCATBHCA 3
PO3ILJIABY

Mera poboTu

O3HallOMHUTHCh 3 OCHOBHUMH MPHHIUIIAMH HAHECCHHS METaJCBUX
3aXUCHUX TIOKPUTTIB 3 PO3IUIABIB 1 OTPUMATH TPAKTUYHI HABUYKHU.
Hapuntrcs omiHioBaTH SIKICTh HAHECEHOTO TIOKPHTTSL.

3arajbHi BizoMocTi

3aranpHi BIZOMOCTI A0 JaHOi J1abopaTopHOi pOOOTH MICTATH
Marepialiy, 10 BUKJIJEHO B pKepenax [1-2].

[TokputTss BUpOOIB 3aHYpEeHHSIM IX 1O PO3IJIABICHOTO METAIy —
NPOCTUH Ta PO3MOBCIOKCHUI B TEXHIIl 3aXMUCTy METaliB Bix KOpo3ii
croci6. SKicTh TapsSdoro MOKPHUTTS 3HAYHOIO MIpOI0 3aJeKUTh BiJ
MOTIEPETHBOTO  00pOONeHHST BUPOOY GIIFOCOM, TPH SKOMY 3 MOBEpPXHI
BUPOOY BHIAISIOTHCS COJi, OKCH/IH, HIJAKOBI BKIIOYEHHS, HEPO3UMHHI B
KHCTIOoTax KapOifau, Bojiora Ta iHIN 3'€HAHHS, [0 3AIHIIMINACS IiCISA
TpaBneHHs. OOpobneHHs: noBepxHi BUpoOy QurocoM npexpocrepirae ii Bix
OKHCHEHHSI B MOMEHT 3aHYpPEeHHs BUPOOY JI0 PO3IUIABIEHOTO MeTaly Ta
3a0e3nevye Kpaiie 3MOYyBaHHs HOTO MOBEPXHI IIMM PO3ILIABOM.

[Tpu rapsgoMy crioco0i MOKPUTTS Ha TIOBEPXHI JI€Tai YTBOPIOETHCS
3aXMCHa MeTajeBa IUIiBKAa 3 MPOMDKHMMH Iapamu. Hampuknaza, npu
rapsuoMy IUHKYBaHHI YTBOPIOIOTBCS MpoMikHi mmapu: FeZnis, FeZnig,
FeZn;, tBepamii a-po3umH nmHka B 3amizi. [llapwm iHTepMmeTamimiB, 1o
YTBOPHJIMCSl, 3HAYHO 3HIKYIOTH €NACTUYHICTh MOKPHTTS, IO MOXKe
NPU3BOJIMTH JIO 3HW)KEHHSI 3aXUCHHUX BIIaCTHUBOCTEW. Takoxk iHTEpMeTaIi N
3HaYHO 301JbIIYIOTh MOXIIUBICTD KPHUXKOTO pPYHHYBaHHS IMHKOBOTO
HNOKPUTTS.

OCHOBHI I1epeBaru rapsdoro crocody OTpUMaHHS METaJONOKPUTTIB
— MPOCTOTa 1 BHCOKA WIBWJKICTH TMPOIECY, BHACIIZIOK 4YOTO Ied crocid
3apa3 MHUPOKO PO3MOBCIOKeHM. [lepeBaru raps4oro MeToy HUHKYBaHHS
nepes eNeKTPOTITHYHUM YITKO CHOCTEPIraloThCsl B THX BHUIAJKAX, KOJH
HEOOX1IHO HAHOCHUTH TOBCTI IUHKOBI MOKpuTTsA (10 100 MkM), TOOTO
3axHIaTH BUPOOM 1 KOHCTPYKLil Ha TpHUBaJIMi TepMiH eKCIUTyaTalii B
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arpecuBHOMY HaBKOJIMITHHOMY CepEeIOBHUIITI (3axucT omop
BHCOKOBOJILTHHUX ITepeaad, 00IaHaHHS B KOTMAIBHAX Ta iH.).

OcCHOBHI HEJONIKK croco0y — BHCOKI BUTPATH 3aXMCHUX METAliB;
HEpPIBHOMIPHICTh METAJICBOIO TOKPHUTTS HAa PI3HUX AUISHKAaX IOBEPXHi
BUPOOIB y TOPIBHSIHHI, HANPHUKIA, 3 EJEKTPOJITHIHUMH MOKPHUTTSIMHU;
oOMexeHa MPOAYKTUBHICTb.

[IpakTu4HE BUKOPUCTAHHS 3HAXOASTH Tapsdi MOKPUTTS alTIOMiHiEM,
IIMHKOM, OJIOBOM, CBHHIIEM, a TaKOX iX cruiaBamu. Hampukman, rapsanm
CIToco00OM HAHOCATH MOKPHUTTS Ha KPOBEIBHE 3ai30 Ta BUPOOHW 3 HHOTO
(Bempa, >x05100M Ta iH.), APIT, YaBYHH] BHJIMBKH Ta iH.

LIMHKOBI TOKPHUTTS OTPUMYIOTH 3aHYPEHHSM [0 pO3IJIaBy Ta
EJIeKTPOOCA/DKEHHAM (eJIEKTPOOCaKeHI TOKPUTTS OLTBII IIACTHYHI Ta
MeHII Kpuxki). [IokpuTTs 3 mMHKY CTiiiKi 10 aTMocdepHoi koposii. Hlap
toBmHOIO 0,03 MM Mae CTpPOK eKcIuTyaTamii B CUTBCHKHX 1 MPUMiCBKUX
paiionax mo 11 pokiB, y MOpChKHX — 8§, y HpOMHCIIOBii armMocdepi — 4
poku. Hatimenmra mBuakicts kopo3sii — npu pH=7...12. IIpu pH>12,5 ek
pearye HaACTYITHHM YHHOM:

Z, +OH™ + H,0 > HZ,05 + H, 1 (6.1)

I{uHKOBI TIOKPUTTS J00pE 3aXMINAIOTh CTalb Y MOPCHKIii BOAi: 3a 1
pik BuTpadaeThcs map ToBmmHOKW 0,03 MM. TakuM YHHOM, HampUKIA,
nokputTs ToBmuHOK0 0,13...0,15 MM 3axuIae cranp ynpoaoBx 4...5 pokis.
VY aepoBaHiii raps4iii BOJAl 3aXHCT HEe(EKTUBHUM, OCKIIbKHA IHTCHCHBHO
3'IBISIIOTHCA MITTUHTI. Lle siBuIIe He crocTepiraeThesl SKLIIO BOAA XOJIOAHA
(t<50°C). LlnHKOB1 MOKPHUTTSA CTilKi HE TIJILKK Y BOJIOTOMY IOBITpi, aje 1y
noBITpi, sike 3a0pynHeHo CO,. Bonu no0pe 3axuiiaroTh MeTan y OeH3uHI,
MacTWJIi Ta OpraHiYHUX pPO3YMHHHKAX. HecTiiiki B KHCIUX 1 JIy>)KHUX
CepeIoBUILAX.

Haii6inbm 4acTo MUHKYIOTH TPYOH, OKpeMi JieTani MalluH, CTaleBi
JICTH Ta JIMCTH JIJISI IOKPUTTS TIOKPIiBEIb.

AJIIOMiHI€BI IOKPUTTS. OTPUMYIOTb B OCHOBHOMY Taps4lM METOI0M
(3aHypeHHst 0 posiiaBy) abo Mertamizamiero. Jlo posmuiaBy 3a3BU4Yaii
JOJIA0Th  KPEMHii, 100 YCKJIAIHUTH YTBOPEHHS KPUXKOTO IHapy.
AJIOMiHI€B] TIOKPUTTSI 3aCTOCOBYIOTH AJIS1 3aXUCTY ONATIOBAJILHUX CUCTEM
Ta BiIBIJHMX ra30BHUX TPAKTiB aBTOMOOLUIIB. BuxopucranHs amis 3axucry
B atMoc(epHOi Kopo3ii 0OMEXKEHO 13 PO3paxyHKy ix OLIbII BHUCOKOL
BapTOCTi y TIOPIBHSHHI 3 IMHKOBUMH. B MUIKiii Boji mokputTs crilike. Y
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MOPCHKii BOJII MOXe BiOyTHCS 3MiHa mosipHOCTI mapu Al-Fe i mokputTs
MOJKE€ CTaTH MPOTeKTOpHUM. [lyxke cTiiike mOKpUTTA i3 ciaBy Al-Zn (i 'y
NPOMHCIIOBIH Ta MOpChKiH arMocdepax). AJIIOMiHIEBI TOKPUTTA Y
MPOMHCIIOBIH aTMocepi CayryroTh 10 12 pOKiB, TOAL K IMHKOBI Y THX K€
YMOBax — TUTBKH 7 POKiB.

O0a1agHaHHS, IHCTPYMEHT, MaTepiajin

. ITiu omopy.

. Kepamiunwii TuTeIb.

. Korimi.

. PykaBuiii Ta 3axucHi oKyJsipu.
. JIuct azbecry.

. AHamiTHYHI Bary.

. ONTUYHUHI MiIKPOCKO Ta JTyTIa.
. 3pa3Ku [U1si HAHECEHHS TOKPUTTIB (CTajeBi MPYTKH).
. lIITaHreHUUpPKyJIb.

10. Tepmomnapa.

11. Cexynumomip.

12. Kycok TkaHWHH i3 0aBOBHH.

O 0 1N LN Wi —

ITopsiniok BUKOHAHHS J1a60pPaTOPHOI po6OTH

1. OrpuMaTH rapsiie amoMiHi€BE TIOKPHUTTS Ha CTAIEBUX 3pa3Kax.

JBaHanusTh crajgeBHX 3pa3KiB @ 6 MM OOE3KMPUTH KaLIULEIO, SKa
ckiamaerecss 3 Ca(OH), 1 CaCOs; y cmiBBigHOmeHHi 1:1; perenbHO
NPOMHTH Y XOJOAHIA BOJi, 3aHYpHTH Ha 15 xBunuH y rapsumii (60°C)
10%-ii po3una H>SO4; mpoMuTH B MMPOTOYHIN XOJIOAHIN BOJII Ta 3aJIUIIIATH
B Hilf 10 TOBHOi TOTOBHOCTI BaHHH T'apsiu0ro aJlfOMiHyBaHHS.

ANIOMIHYBaHHS TIPOBOJHMTH Y KEPaMi4YHOMY THIJ, B SIKOMY
3HaxoAuThCcs posmiaB  cmiaBy AK74  (AJI9), mo wmictute 10
6,0...8,0 mac.% Si.

TemmepaTypy po3IUlaBy MiATpUMyBatu 3 TouHicTIO 750+5°C i
KOHTPOJIIOBATH 32 JIOTIOMOTO0 TEPMOIIAPH Ta eJIEKTPOHHOTO PEryJIsATOpa.

[lepen mpoBeaeHHIM aMIOMiHYBaHHS HEOOXiHO MOKJIACTH KOJIO TeYi
CEKYHJIOMIp, KJIIIi, JIMCT a30ecTy, pyKaBHIli, KyCOK TKaHUHH i3 OaBOBHU;
3HATU OKUCIICHUH METa 3 IOBEPXHI PO3ILIaBy.
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B3sTi oguH 3pa3ok, MOTIM HAmITH PYKaBHINl Ta 3aXUCHI OKYISIPH,
KITIIIIAMA 3aXBaTHTH 3pa30K 1 3aHYPHUTH HOTO JI0 PO3IIIaBy. 3pa30K BUHHATH
3 BaHHU MicJisl BATPUMKH B 3aHypEHOMY CTaHi, OKJIacTH Ha JIKCT a30ecTy i
HIBUJKO BHJIAINTH KyCKOM TKaHWHH 13 0aBOBHH HAIIMBU PO3IUIABY 3 000X
CTOpiH 3pa3ka. [1ociioBHO TPOBOIUTH IIi OTIeparlii 3 IHITUMH 3pa3KaMHu.

AHAJOTIYHO OTPUMATH NOKPHUTTS Ha TPHOX HACTYITHHX TIpymHax
3paskiB (IO TpH 3pa3Ka B KOXKHIiN), aje IpU BUTPUMIIL iX Y BaHHI BIPOAOBXK
30, 60190 cexk.

2. SIkicHO BM3HAYUTH MILHICTh 3YEIUICHHA IUIBKM 3 OCHOBHHUM
METaJIOM.

3pa3ku 3 HAHECEHUM TOKPUTTSIM 3aTHUCHYTH Y JIellaTax Ta Mo 4ep3i
3THHATH A0 TUX Mip TOKH TOKPUTTS HE TOYHE BiIIapoBYBaTHCh abo
3pa3ku He 3pyHHyThCs. [10TiM 3a TOMOMOTrOI0 JIYMU AOCHTIKYIOTh MicCIe
BiJIIIAPOBYBaHHA TIOKPUTTS a00 JiHIIO 371amMy. 34eIUIeHHS MOKPUTTS
BBaKAETHCS JOOPHM, SKIIO MIITHUH 3B'I30K MOKPHUTTS 3 OCHOBHIM METaJIOM
30epircst Ha 95% noBxuHU 371aMy. TakoX MIIHICTh 3YENJICHHS MOKPHUTTS
BBKAETHCS THUM KpalllOl, YUM TIpU OUIBIIOMY KyTi 3ardHy 3pa3ka
BiOYIIOCS BiAMIAPOBYBaHHS a00 MpH OLITBIIIHN KITBKOCTI IIUKITIB 3aTUHY.

3. SIkicHO BH3HAYUTH BIUIMB YaCcy HAHECEHHS MOKPHUTTS Ha MIIHICTh
3UCIUICHHS IIapy AJTIOMIHII0 3 OCHOBOIO.

AHaI3yI0uM TMOBENIHKY PI3HHX TPy 3pas3KiB 3 MOKPUTTSAM MPH
BH3HAYCHHI MIIHOCTI 3YEIUICHHS 3 OCHOBHHM MeTalioM (AuB. 1. 2) Ta
pe3yabTaTH  JIOCHIKEHb, 3pOOUTH BHCHOBOK WIOAO BIUIUBY 4Yacy
HaHECEHHS TIOKPHUTTS HA MIIHICTh 34EIUICHHS ANIOMIHIEBOTO MOKPUTTS i3
CTaJIeBOIO OCHOBOIO.

4. Bu3HauuTH BIUTMB TPHBAJIOCTI HAHECEHHS TIOKPUTTIB HAa TOBIIMHY
1rapy ajoMiHifo.

ToBuIMHY 1Iapy IOKPHUTTS PO3PaxoBYIOTH 3a (HOPMYIIOIO:

_ Am'10000

h MKM,
Sp

(6.2)

Jie Am — 3MiHa Baru 3pasKa Iic/Isl HAaHECEHHS MOKPUTTS, T
S — nIoIIa MOBEPXHi 3paska, cM?;
p = 2,7 r/cM® — rycTHHa amoMiHiO.

6. O0poOUTH pe3ybTaTH JOCIiAIB
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PesynbTaty mochimiB ycepeJHUTH Ta 3aHeCTH J0 Tabumili 6.1.

Tabmuig 6.1 — CepeiHi pe3yabTaTh JOCHTIKCHb

HKI_CHO OLIHCHA ToBuMHA mapy NOKPUTTS
(He 3am0BiTbHA, 3aI0BITBHA,
o 3a 9ac, MKM
no0pa, BiqMiHHA)
Howmep Minsicth SKicTb
3pa3ka | 3YerICHHS HOKPUTTS
: 30 60 90
TUTIBKY 3 3a
. CeK CeK CeK
OCHOBHHUM 30BHIIITHUM
METaJIOM BUTJISIOM
[MpumiTka:
— Marepia 3pasKiB;
— TeMIIepaTypa po3IiaBy t = + , °C;
— TOYHICTh BUMIPIOBaHb JIiHIHHUX PO3MIpiB 3pa3KiB
Al = + , MM,
— TOYHICTH BU3HAYEHHS Bard Am = + ,T.

3a oTpuMaHMMH pe3yJibTaTaMH TMOOyayBaTH Trpadik 3aleKHOCTI
TOBII[MHHU APy aIOMIHIEBOTO MOKPUTTS Bij Yacy Horo HaHeceHHs (10 oci
a0cImc — yac HaHeCeHHsI TOKPUTTS B CEKYHaX, M0 OCi OpAMHAT — TOBIMHA
Iapy MOKPHUTTS B MIKPOMETpax).

3poOUTH BHCHOBKM 3a pe3yjbTaTaMd poOOTH Ta 3a aHaIi30M
rpadiky.

3mMicr 3BiTY

1. KopoTko ommcaTd TEXHOJOTIYHY CXeMy IHpOIeCy TIapsdoro
AIFOMIHYBaHHSI.

2. llpyBecTd OCHOBHI TiepeBarn Ta HEHONIKH LBOTO METOAY
HaHECEHHsI TOKPHUTTIB.

3. HaBecTtn TabnmuIrio 3 pe3ynbTaTaMi eKCIIEPUMEHTIB.

4. TloOynyBatn Ta HaBecTH rpadik 3aJeKHOCTI TOBLUIMHHU ILIApy
QIIOMIHIEBOTO MIOKPUTTSI BiJ] Yacy HOro HaHECEHHS.

KoHTpobHi 3anuTaHHA
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1. o Take rapsiye amoOMIHYBaHHS Ta IAHKYBaHHS?

2. 3 KO0 METOI0 TIPOBOIUTHCS AMFOMIHYBaHHS Ta IIMHKYBaHHS ?

3. SIki Matepianu Ta CKJIQIO0BI HEOOXITHI IS TIPOBEICHHS MPOIIECiB?

4. B YoMy MoOJSTalOTh TEPEeBard Ta HEAONIKH METOAY Trapsyoro
HAHECEHHS METAJICBUX MOKPUTTIB?

5. Slk AKiCHO BH3HAYUTH JUIA TIOKPUTTS MIIHICTh 3UEIUICHHS IIapy 3
OCHOBOIO?

6. SIk BU3HAYUTH TOBIIUHY MTOKPHUTTS?

Jlitepatypa
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K.: Apicreii, 2005. — 204 c.
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