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1 JABOPATOPHA POBOTA Nel.
PO3PAXYHOK HWIKIAJUBUX BUKHU/IB
JOMEHHOI ITEYI

1.1 MeTa po6oTu

O3HallOMHUTHUCS 3 BILTUBOM JOMEHHOTO BHPOOHMIITBA HA CKOJIOTIIO,
HABYMTHUCS BUKOHYBATH PO3PAaXyHKH BUKUIB IIKIUTUBUX Ta3iB MPU Pi3HUX
TEXHOJIOTISIX JOMEHHOTO BUPOOHHUIITBA.

1.2 3araanHi BizomocTi

JloMeHHa T4  3aCTOCOBYETBCS Ul  BHPOOHHWITBA  YaBYHY
(mepepoOHOro, JMBApPHOTO Ta A3CPKAILHOrO) 1 (epocruiaBiB (OMEHHUX
(dbepoMapraniro Ta Qepocwuiinio). BimHOBHMKOM 3aiiza, Maprasiyo,
KPEMHIIO Ta IHIIUX €JIeMEHTIB y IOMEHHIN TIedi € KOKC, IKHH Ma€ CKIiay (3a
macorw): 80...88 % yrierno, 0,5...1,8 % cipku, 0,002...0,020 % dochopy,
8... 12 % 30nu Ta 2...5 % Bosoru. BuTtpaT KoKCcy npu BapiHHI OCHOBHOT'O
MPOAYKTY IOMEHHOI Tedi — rmepepoOHOro 4yaByHY — KonuBaroThes Bin 400
mo 500 kr/t yaByHy y 3alIe)KHOCTI BiJ] TeMIepaTypH IyTTA, KiIbKOCTI
JOTIOMDKHHMX BHJIIB ManuBa (BYTUIBHHH MW, MPUPOJHWH Ta3) Ta iHIIUX
(hakTopiB.

Bracnmigok  ropiHHS ~ KOKCY ~Ta  IHIIHX  OKHCHIOBAIILHO-
BiJTHOBJIFOBAJIbHUX peakilid, IO BiAOyBalOThCS y T€di, YTBOPIETHCS
JOMEHHHH (KOJOIIHUKOBHI) ra3 HacTymHoro ckiany (Mac.%): 12...20 CO,,
20...30 CO, 1...8 Hy, no 0,5 CH,, 0,6...0,8 NO,, 50...58 N,. ®i3uune Ta
XIMiYHE TEIIO JOMEHHOTO Ta3y BHKOPHUCTOBYEThCSI y IMOBITpOHArpiBadax
(kaymepax), Jie¢ BiH JONMAJIIOETHCS Pa3oM 3 MPHUPOJHHUM YU KOKCIBHHM
ras3am, Ta BUKUAAETbCA B atMocdepy. B armocdepy momagae nmpakTuaHO
BECh BYIJIELb KOKCY Y BUIIIsLII Byriiekucioro razy CO; ta 10...20% cipku y
Burnsiai SO, (moTparuisie y mid pa3oM 3 KOKCOM Ta PYAOIO; pellTa Cipku
PO3MOAIISAETHCS MIXK METaJIOM Ta 1utakom). Kpim Toro, nmpu cnamoBadHi 11
KOKCYy oTpuMytoTh On3bko 10 kr NO,. Byrnekucnuii ra3 cam mo cobi He €
TOKCHYHOIO XiMi9HOIO CII0IyKOI0. Moro BmicT B atMocdepi cranoButs 0,03
%. Byrmekucnuii ra3 mporyckae coHssane mpoMinas Big CoHIl 1o 3emi i
3aTpuMye  4acTUHy  BigOutoro  Big  3emii  iH(padepBOHOIO
BUIIPOMIHIOBaHHS. 3aBASKA CTBOPCHOMY TaKHM YHHOM TakK 3BaHOMY



“mapHUKOBOMY e(eKTy” MiATpuMyeThCsl CTabuTpHUI KirimMaT Ha 3emii. 3a
octaHHi 25 pOKIB y 3B’S3Ky 3 poOOTOI  TEIUIOCNEKTPOCTAHIIIH,
METaJyprilHuX 3aBOJIiB, aBTOTpaHCHOPTY 1 T. m. BMicT CO; B atmocdepi
nigBummBes Ha 10 %. Po3paxyHky MOKa3yioTh, IO MOAANbLIE 301IbIICHHS
koHmeHTparii CO, B atMocdepi mpu3Bene 10 MiIBUIIECHHS cepeaHbOPITHOL
TeMreparypu (0 TOTEIDTiHHS KJIiMary), pO3TOILTIOBAaHHS JIOJAOBHKIB
AwnTapkTunu Ta ['pennanaii, minsumieHHs piBHs CBITOBOTO OKeaHy Ha 6...8
M Ta 3aTOIUICHHSA 3HAYHOI YaCTWHU CyIIi. BUknHyTi B atmMocdepy OKCHAH
a30Ty Ta CIPKU PO3YHMHIOIOTHCA y Mapi atMochepH, yTBOPIOIOYH a30THY Ta
cipyaHy KHCIOTH, SKI Yy BHUIJBIII “KUCIOTHUX JOIIIB” BUIANAlOTh Ha
3emutto. OKCHIU a30Ty Ta CIPKU € J0 TOTO K TOKCUYHUMH Ta3amu, 1 ixHi
rpaanyao pomyctumi koHmeHtparii (['/IK) y moBiTpi He moBuHHI
nepesumysat 0,085 Ta 0,050 wmr/m° BiAmoBiZHO. 3pONICHHS TPYHTY
“KUCIIOTHUMHU JO0IIaMu~ TPU3BOJUTH JO MOTO 3aKMCHEHHS Ta 3HIDKCHHS
BpOXKaifHOCTi, 10 3aru0eni TBapwH 1 POCIWH Yy BOJOWOMAxX, [0
MPUCKOPEHOTO  pyWHYBaHHS OYIWHKIB, apXiTeKTypHHUX IIaM ATOK,
TEeXHIYHUX cropyl Tomo. OCk YOMY BaKJIMBO MaTH MOXKJIMBICTH 1 3HATH
METOJUKY pO3PaxyHKIB BHUKWAIB IIKJIMBUX Ta3iB TpH  Pi3HUX
TEXHOJIOTIYHUX PeKUMaX POOOTH TOMEHHOT 1edi.

B ocraHHi pokH mpH MpOEKTYBaHHI Ta BBEJCHHI B [0 Cy4acHUX
METaTypriiHUX 3aBOAIB BEJHWKY YyBary 3BEpTalOTh Ha EKOJIOTIuHi
npobiemu. s 3MEHIIeHHs! WKIIJIMBUX BUKUAIB IOMEHHOTO BUPOOHHUIITBA
€ JBa INUIAXM: OYJIBHUITBO OYMCHUX CIOPYJI Ta TMepexin Jo
M03aJIOMEHHOTO  (TIpsAMOTO) BHPOOHUITBA 3amiza. OYHCHI CHOPYAH
BUMararoTh BEJIMKHX (PIHAHCOBUX Ta €HEPreTUYHUX BUTPAT, TOMY CY4acHi
TEHJIEHIIl Yy PpO3BUTKY METaIyprii CXWISIOTbCS [JO T033J0MEHHOTO
BHUPOOHHIITBA CTAJIi.

1.3 Ilopsinox BUKOHAHHSA JIA00PATOPHOL podoTH

1.3.1 3a BkaziBkamMu BHKJIagaya KOXHIA MiArpymi OTpPUMATH
IHMBIAyabHE 3aBIaHHs 3riqHO 3 Tabm. 1.1.



Tabmuig 1.1 — BapianTtu 3aBnanb

Ne JloboBa Bwmict | Ne Bapi- | JloboBa Bwmict
Bapi- MPOAYKTHB- | CipKH aHTa MPOAYKTHB- | CipKH
aHTa HICTh y KOKcCi HICTB y KOKCI
JIOMEHHOT S, % JIOMEHHOT S, %
mredi Q, mreui Q,
T/100. T/100.
1 2000 0,4 14 8000 1,2
2 4000 0,4 15 10000 1,2
3 6000 0,4 16 2000 1,2
4 8000 0,4 17 4000 1,2
5 10000 04 18 6000 1,2
6 2000 0,8 19 8000 1,6
7 4000 0,8 20 10000 1,6
8 6000 0,8 21 2000 2,0
9 8000 0,8 22 4000 2,0
10 10000 0,8 23 6000 2,0
11 2000 1,2 24 8000 2,0
12 4000 1,2 25 10000 2,0
13 6000 1,2

1.3.2 Bu3HauuTH KUIBKICTh BYIJICKUCJIOTO a3y, JIOKCHIIIB CIPpKU Ta
a30TY, sIKi yTBOPIOKOTHCS MPOTATOM J00H, M;, T/100.:
Mco; = 0,0312 Q-P-C;
Mso, = 0,02 QPSks,
Mo, = Q-P-N,

ne Q — 1o6oBa MPOIYKTUBHICTH JOMEHHOI 11edi, T/100., P — Butparn
KOKCY Ha OJIHy TOHHY BHILIABJIIEHOI'O YaByHY, T/T (y Wil JabopaTopHii
poboTi pexomenayerbest npuitaata P = 0,5 1/1); C — BMicT Byremo y
Kokci, % (pexomenayerbest npuiiHsaTn C = 85%); S — BMICT CipKH y KOKCI,
%,; ks— wactka cipku, sika 3ropsie y JoMeHHi niedi (mpuiimaerbes Ks — 0,15);
N — kinbkicts miokcuny azoty NO,, skuil yTBOPIOEThCS TIpU 3ropsiHHI 1 T
Kokcy (mpuiimaetbest N=0,01).

Y ¢opmynax ans BH3HAUYEHHS KiJIBKOCTI BYTJIEKMCIOTO Ta3y Ta
JIOKCHIY CIpKM BpaxOBaHI aTOMHI MacH BiIIOBIAHMX €JIEMEHTIB Ta ixHi
CIIIBBIHOIIICHHS.

Busnauntu 00’€M BYTJIEKHUCIIOTO rasy, SKH YTBOPIOETHCS MPOTITOM
no6u:

Veor = 10°- Mco2 ! Peoa, M3/II06-,
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1€ Pcoz — TYCTHHA BYTJIEKHCIIOTO a3y, kr/M® (peos = 1,98 kr/md).

1.3.3 Buznaunutu 1000BHI 00’€M MOBITPs, 3a0pYAHEHUN OKCHIaMHU
CIpKH Ta a30Ty 10 TpaHn4HO Jomyctumoi konuentpauii (I'1K):

V=10"m; / IT;, M*/n06.,

Ie M; — Maca miokcufiB (cipku abo a30Ty), IO YTBOPIOIOTHCA
npoTsiroM  ao06w, T1/m06.; I} — rpaHWYHO JOITycTHMa KOHIICHTpAIis
BinoBiHOTO ra3y (npuiiMaerbes [sp, = 0,05 Mr/M; I150,=0,05 MF/MS).

1.3.4 TlopiBHATH pe3yibTaTH pPO3PAXyHKIB KIJBKOCTI BHKHIIB
MIKIJIMBAX Ta3iB, BU3HAYCHHWX PI3HUMHU MIATPYNaMU JUIS Pi3HUX YMOB
po0OOTH TOMEHHOT Ievi, Ta 3pOOUTH BiAIOBITHI BUCHOBKHU.

1.4 3micr 3BiTY

1.4.1 Omnucatu mnpHU3HAYEHHS [OMEHHOI TMeYi, pOJib KOKCY IIpU
BapiHHI JTOMEHHOTO YaBYyHY.

1.4.2 HazBatu WKiIUIMBI Ta3W, SKi YTBOPIOIOTBCS MpH POOOTI
JIOMEHHOT 1edi Ta MPUYMHHU X YTBOPEHHSI.

1.4.3 3anmucaty BUXiJHI AaHi iHAWBITyabHOTO 3aB/IaHHS.

1.4.4 Bu3Ha4YWTH KiNBKICTh BYTJIEKHACIIOTO Ta3y, JIOKCHIIB CIpKH Ta
a30Ty, sKa YTBOPIOETHCS IMPOTIArOM J00M, a TakoX OO0 €MH TOBITPS,
3a0pyIHEHI HUMH.

1.4.5 3a maHuMMH JEKUIBKOX TPyl NMoOyAyBaTH rpadiku 3aJeKHOCTI
00CsATYy BUKHUIIB IIKIJJIMBAX Ta3iB BiJl MPOIYKTUBHOCTI JOMEHHOI meui Ta
SIKOCTI KOKCY.

1.4.6 Amnamizytoun rpadiku, 3poOWTH BHCHOBKH TIpO BIUIHB
NPOAYKTUBHOCTI JOMEHHOI Iedi Ta BMICTY CIPKH Y KOKCI Ha BEJIHYUHY
HIKIJJTMBUX BUKHIIB Ta JIATH PEKOMEHJIAIIi 11010 iX 3MEHIICHHS.

1.5 KoHTpo/bHi 3anMTaHHA

1.5.1 Slke npu3HaUEHHS JOMEHHOT TIedi?

1.5.2 Slke manuMBO BUKOPHCTOBYETHCS Y HOMEHHiH meui? Skuii fioro
ckian?

1.5.3 fIki ra3u BUKHIAIOTHCS 3 JOMEHHOI €Yl y JOBKILIA?

1.5.4 Sk rasu, 110 BUKHOAIOTHCA 3 JOMEHHOI II€dYl, BIUIMBAIOTh Ha
IOBKLLIA?

155 JSxumu nuigxamMy MOXKHA 3MEHIIATHA IIKIUIMBI  BUKUIA
JIoMeHHO1 neyi?



2 JABOPATOPHA POBOTA Ne2.
AHAJII3 EHEPITOEMHOCTI PIBHUX CIIOCOBIB
BUPOBHUIITBA CTAJII

2.1 Meta podotu

[IpoananmizyBaTé €HEPrOEMHICTh Pi3HUX CIOCOOIB BUPOOHMIITBA
CTaJIl y 3aJIeKHOCTI BiJl BULY TEXHOJOTIYHOTO MPOLECy Ta CKIaAy BUXiTHOT
X TH.

2.2 3arajbHi BimzoMocTi

Mertanypriss — onuH 3 HaWOUTBII E€HEeproeMHHUX mporeciB. Tomy
CyMapHi BHTpaTH eHeprii 1 Xapaktep I1i BHUKOPUCTAaHHS Ha OJUHHIIIO
NOPOAYKIII MOXYTh CIIyTyBaTH IHTETPATbHOIO XapaKTEPHUCTUKOIO OCHOBHHUX
€KOHOMIYHHMX BHUTpAT HA BHPOOHHUIITBO YaBYHY, CTalli Ta IHIIMX METAIIB.
Bonu BiiOMBarOTh BUTpATH €HEPTii, SIK y BIaCHE TEXHOJIOTIYHOMY Ipolieci
BUPOOHUIITBA MeTaly, TaK i Ha BCiX IMOMEPeHIiX CTaisX BUPOOHMIITBA,
BKJIIOYAIOYM  BUAOOYBaHHS, IIepepoOJeHHS Ta  TPAHCIOPTYBaHHS
eHepropecypciB (IpUpOAHHUN Tra3, BYrUDIsS Ta iH.) Ta CHpPOBHHH (pyna,
¢utrocH, pifkuii YaByH, BOTHETPHUBH Ta iH.).

OcHoBHI cnocoOu BHUPOOHHUITBA CTali: y KHCHEBUX KOHBEpTEpax,
MapTEeHIBCBKMX Ta eJNEeKTPOAYrOBUX IMeyax —  BiJPI3HAIOTECS  3a
EHEeproeMHICTIO (TOOTO 3a CyMapHHMH BUTpaTaMHd Ha BHUPOOHHIITBO) Ta
SKICTEO BHMTOTOBJICHOI cTaji. Y TOH JX€ 4Yac HaBiTh y MeEXaxX OJHOTO
croco0y BUPOOHUIITBA CTaJl 3MiHU CKIIAIy BUXIHUX MaTepiaiiB (IIUXTH)
JIO3BOJISIIOTH 3MIHHTH SIK BUTPATH Ha TOTOBY MpoAyKiito (il cobiBapTicTh),
TaK 1 SAKICTh BUT'OTOBJICHOI cTaji. BukoHaHHs 1i€i jgabopaTopHOi poOOTH
Ja€ MOJKJIUBICTh BHSIBUTH, SIKI TEXHOJOTIYHI NMPOLECH € CyYacHUMH Ta
€KOHOMIYHVMH JIJIT BUPOOHMIITBA CTAJT.

KucHeBo-koHBepTepHMii mpouec — ¢ BapiHHA CTaimi 3 piakoro
YyaByHy B KOHBEpTEpi 3 OCHOBHOIO (PyTEpPOBKOIO WIISXOM IPOAYBaHHS
KHCHEM 3BEpXy 4depe3 BOJOOXOJOKyBaHy ¢ypmy. Lleir meron mae psin
mepeBar: BUCOKa NpoayKTHBHICTH BupoOHuiTBa (1o 400..500 t/rox.);
HU3bKI KaImlTalbHI BHTpPaTH Ha OYIIBHHIITBO KOHBEPTEPHOTO IIEXY;
MOKJIMBICTh aBTOMATH3aIlii BHPOOHUIITBA.



Y KUCHEBHUX KOHBEpTEpaxX MOKHA MepepoOIIATH PiIKUiA YaByH Oyab-
AKOr0 XIMIYHOTO CKJaAy. 3aBASKM BHKOPHCTAaHHIO YHCTOTO KHCHIO
TEIUIOTH OKHCHEHHS BYIJICIIO, MapraHifo, Qochopy, sKi MICTIATBCI Yy
YaByHi, 3 HQIJIHUIIKOM BHCTaua€ Uil HArpiBaHHsS PIIKOr0 MeTaly 10
TEMIEpaTypu, HEOOXigHOi Juia Tmepediry OCHOBHUX (i3UKO-XIMIYHHIX
mporeciB BapiHHA cram. Haamumok Teruia Jo03BOJSIE MEepepoOuTH Y
KOHBEPTEPi NMEBHY KiTbKiCTh MeTanoOpyxTy (o 25 % Bix Macu yaByHY).

Y KHCHEBUX KOHBEpPTEpax BapsATh HU3BKOBYTIIEIEBI KOHCTPYKIIiHHI
AKIiCHI cTami. BBeZileHHS y cTalli JIErylo4YnX eJNeMEHTIB Mij 4ac BapiHHS y
KOHBEpTEpl YCKIAAHEHO Yy 3B’SI3KYy 3 OKHCHIOBAJBHHOIO aTMOC(eEporo Ta 3
MOPIBHSHO MIBUIKAM OKHCHCHHSM JICTYIOUHX €JIEMEHTIB y PLAKOMY METaJi.
ToMy BMICT JIeTyIOUHX €NIEMEHTIB y TAKHX CTaJsAX He mepeBumye 2...3 %.

106 30inpmuTH yactky Meranoopyxty (mo 100 %) y muxTi, sika
nepepoOIsiEThCsl Y KOHBEPTEPaX, BUKOPUCTOBYIOTh KHCHEBO- MAJIMBHUM
npouec. BiH 3miliHIOETBCS y KOHBepTEpax KOMOIHOBAHOTO OYTTS.
IHTeHCHMBHE HarpiBaHHS 1 MJIABJIEHHHA TBEPAOl IIMXTH 3IIACHIOIOTHCS 32
paxyHOK TOro, M0 B KOHBepTep uepe3 OiuHI MalbHUKH HAIXOIUTh
npupoaHuii Ta3. Moro 3ropsHHs, a TAKOX YAaCTKOBE JOMATIOBAHHS OKCHIY
BYTJICIIO B KOHBEPTEPI I Nal0Th HEOOXiAHY TOAATKOBY KiIBKICTh TEIUIA.

MapreHiBcbKHii  mpomec BeOyTh Ha TMOAY  IOJyMEHEBOI
pereHepaTuBHOI BijoOpaxkanbHOi mewi. [lid crouaTky 3aBaHTaXyHOTh
MIUXTOO (PiAKMIA YaBYH i MeTaT00PYXT, TAKOX pyaa, (hepoCcIuiaBu Ta iH.),
sIKa TIOTIM MiJ] JII€l0 BUTSATHYTOTO (akenmy TMOIyM sl TIOCTYIOBO TUIABUTHCA.
[Ticnsg po3nmaBieHHs y METAIEBY BaHHY JOJAIOTh PI3HOMaHITHI JOOaBKH,
00 OTPUMATH CTaJb MOTPIOHOTO XiMIYHOTO CKIIAIy.

Bapinus cram TpuBae 6..8 romuH. 3a 1meld Yac MOXHa Bif-
KopuryBatu ii XxiMiuHWid cknmaa. ToMy y MapTeHIBCBKHX —TIedax
BUTOTOBJISIIOTh CTajli OyJb-KOTO XIMIYHOTO CKJIajJy, y TOMY YHCIi H
JieroBaHi. Aje MPOAYKTHBHICTh MapTEHIBCbKUX mederd craHoBuTh 40...80
T/rom; T06TO y 6...10 pasiB HIKYe, Hi’K y KMCHEBHX KOHBEpTEpax. IXHe
OyNIBHUITBO Ta EKCIUTyaTallisi BUMaraloTh BEJIMKUX KalliTATbHUX BHUTpAT,
TOMY HOB1 MapTEHIBCHKI 1edi 3apa3 He OyIyIOThCS.

VY 3a1eHOCTI Biji CHiBBiTHOIICHHS BUXiJTHUX KOMIIOHEHTIB y IIUXTi
MapTEeHIBCHKOT Tmedi (PiJJKoro YaBYyHY 1 TBEpPJOi 3aBaJIKK) PO3PI3HIOIOTH
CKpan-pyIHHI IPOLEC 1 CKpamn-npoLec BUPOOHUITBA CTaJIi.

MapTeHiBcbKHii cKpan-pyIHMii mpouec BUKOPHUCTOBYETHCS TO,
KOJIM 70 CKJIaTy 3aBOAY BXOMSTH JOMCHHUU, MAPTCHIBCHKHM 1 MTPOKATHHI
nexu. lle mo3Boisie TOCTavyaTd AOMEHHHM YaBYH y MapTECHIBCHKHH 116X
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Oe3nocepenHpo y piakomy crani. llluxTa mpu pomy ckiagaerses Ha 50...
70 % 3 pigkoro UaByHy, a pemTa — CKpam (BiIXOAW BIIACHOTO
MeTaJypriiHoro BHpOOHHMITBA) 1 MeTanoOpyxT. BmicT Byrnemio B craii
OpU  CKpal-pygHOMY IMpOLECi pPEryJIoeTbCs BBEACHHSIM Y 3aBaJKy
HEBEJIMKOi KIMBKOCTI 3ami3Hoi pyau. Hailitvacrimme wactka 3amizHoi pyam
cTaHoBUTh 12...16 % Bix mMacu MeTaneBoi IWUXTHU. 31 30UIBIIEHHSIM BMICTY
PYyOH y HIMXTi BMICT BYTJICHIO Y PO3ILUIaBi 3MEHBIIY€EThCs. MapTeHIBCHKUHT
CKpamn-pyJHHHA TpoIiec 3IiHCHIOETbCA y Benukux medax (mo 500 1) i3
3aCTOCYBaHHSIM KHCHEBOTO IyTTA s iHTeHCHpiKalii (i3uKo-XiMIdHIX
NPOIIEeCiB BapiHH CTaIi.

[Tpu ckpan-npoueci y ckiaai MUXTH NepeBaxae ckpamn. Hesennka
KUTBKICTh YaBYHY HAIXOIWTH JO 3aBAJKH TaKOXK Yy TBEpAOMY CTaHi.
CriBBiJHOIICHHS MiXK KiJIBKICTIO CKpamy 1 4aByHY y IIWXTi BU3HAYAETHCS
IXHIM XIMIYHHUM CKJIaJOM, OKHCHIOBAJILHOIO 3JATHICTIO IMeYl Ta XIMIYHHM
CKJIQJIOM CTali, 0 BUTOTOBISAETHCS. KibKIiCTh BYTIIEIIO Y CTali BU3HAYAE
KITBKICTh YaBYHY y IIHXTi. SKIOIO KINBKICTP YaByHY HEIOCTaTHS,
HEOOXiIHYy JOJATKOBY KUIBKICTh BYIJICHIO BBOISATH 3a JOIIOMOIOIO
KapOOHi3aTOpiB (BYriuis, KOKC, €IeKTpoAHui Oiif Ta iH.). Ckpam-mporec
pealizyerbes y nevax cepenaboro po3mipy (150...250 1) 6e3 3acTocyBaHHS
KHCHIO.

[lpy enexkTpoayroBoMy mpoueci JpKepelnoM Terja € Jyra, sKa
TOPUTH MK €NeKTPOAaMH a0 MK €JNEKTPOJaMHU i METAJICBOIO 3aBAJKOIO
nedi. Perynoroun enekTpuyHi mapaMeTpu IyTv, MO>KHA iICTOTHO BIIMBATH
Ha X1JI polecy CTalieBapiHHA. SIK MIMXTY 3aBaHTaKYIOTh METAJIOOPYXT, Y
TOMY 4YuCIi W 3 JleroBaHuX BinxopiB. [Ipm HE0OXiTHOCTI OKMCHIOBaHHS
HA/IJIMIIKOBOTO BYIJIELIO Ta 1HIIMX JOMILIOK Y MiY JOJAIOTh 3ali3HY PyAY
abo kuceHb. B enekTpoayroBiit meyi MOKHa CTBOPHTH TAaKOX 130JbOBaHY
iHepTHY a0o0 BiJTHOBIIOBaJbHY arMocdepy MpH BapiHHI BHCOKOJETOBAHUX
cTajeil BUCOKOI sKocTi. EnexTpomyroBi medi MawoTh NPOSYKTUBHICTH
80...120 1/rox.

B enekTporieyax MoOXHAa BapuTH CTallb 1 CIUIABH OYy/b-SKOTO
XIMIYHOTO CKJIay 3 MiHIMQJIGHUM BMICTOM IIKiJJUBUX JIOMIIIOK,
HEMETAJIIEBUX BKJIIOYEHb TOLIO. TOMY BHCOKOJIETOBaHI iHCTPYMEHTAJIbHI,
HepKaBifoui, KapOCTiHKI Ta >KapOMIIIHI CTali i CIUIaBU BiJIMOBIIAIEHOTO
NpU3HAYEHHS BapsITh JIUIIC B €JIEKTPOIYTOBUX eyax.

o6 yHuUKHYTH 3a0pyAHEHHS cTali HeOaKaHUMH JIETYIOUHMHU
eJIEMEHTaMH, 3apa3 JUIsl BUPOOHHUIITBA BYTJICIIEBUX CTAJICH BUCOKOI YUCTOTH
y IMIUXTYy €JISKTPOAYroBHX meuedl momaroth 10 80 % MertasizoBaHuHX



11

okaTkiB. MeTami30BaHi OKaTKM BUTOTOBIIAIOTH i3 3aJi3HOI PyIH MPSIMHM
BITHOBJIGHHSIM 3a JOIIOMOIOI0 Ia3iB-BigHOBIIOBauiB. BoHu mictare g0 90
% wumcroro 3amiza 0e3 JOMIIIOK BYIJENI0, CipkH, (ocdopy Ta iHIINX
€JIEMEHTIB, 5IKi € HEyCYHEHUMH TPH BiIHOBICHHI PYIH Y JOMEHHIN IMedi.
Merani3oBaHi OKaTKH KOIITYIOTh JOCUTH IOPOTO.

Y nmaGopaTopHiil poOOTi aHATI3YETHCS CIM TEXHOJOTIYHHUX MPOIIECIB:

— KHCHEBO-KOHBEPTEPHHUH MpPOIIEC, B SKOMY BCS IIUXTa CKIAJA€THCS
3 PIAKOTO YaByHY;

— KMCHEBO-TIAJIMBHUM Ipo1iec, y uxTi sskoro 50 % pigkoro 4aByHy i
50 % TBEpAOro METANOOPYXTY;

— KHCHEBO-TIAJIMBHUM TIPOIEC, B SKOMY BCS IIMXTa CKJIANAAETHCS 3
TBEPJIOTO METaJIO0PYyXTY;

— MapTEeHIBCHKHUI CKpam-pyJHHAN MPOIIEC 3 YACTKOK METAIOOPYXTY Y
wuxTi 45 %;

— MapTEeHIBCHKUH CKpam-mporec, B skoMmy BUKopucToByeThes 100 %
METaIoOPYXTY;

— EJeKTPOJXYroBUH mpouec, B SKOMY BHKOpHCTOBYeThCs 100%
METaIOOPYXTY;

— €JIeKTPOLYTOBHUI MpoIlec, y MHUXTi sIKoro 25% MeTtanodpyxrty i 75
% MeTani30BaHUX OKaTKiB.

Cknaj IIWUXTH, BUTPATH €JIEKTPOCHEPTrii W I1HIIMX JIOTIOMIKHHUX
MarepialiB Ul KOXKHOTO TEXHOJIOTIYHOTO IPOIeCY, a TaKOXK IHTOMa
€HEepProeMHICTh BUPOOHUIITBA KOKHOTO KOMIIOHEHTY HaBe/ieHi y Taoi. 2.1.
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Tabmurs 2.1 — Cxnan muxTa A1 BUpOOHHUITBA | T ByTJIeeBoi cTali
1 TITOMa €HEPTOEMHICTh KOMITOHEHTIB

IKommnonenTtu [Iutoma BurpaTtu marepianiB m;, 0., 3a BapiaHTaMu
IUXTH 1 MaTe-eHepro- TEXHOJIOTIYHHUX IPOLECIB

pianm, LOeMHICTH E;

BUTPAYAIOTECA M JI>k/01. 1 2 3 4 5 6 7
YaByH, KT 23,8 1280 | 605 - 597 - - -
Merazo- 0.2 — | 495 | 1093 | 489 | 1080 | 1064 | 300
OpyXT, KT

IMertanizoBaHi

OKAaTKH, KT 14,0 B B - - - B 900
g;ep“““a”’ 62.7 15 | 15 | 15 | 15 | 15 | 15 15
Koxkc, kr 40,4 — — — - 30 6 —
IAHTpALIUT, KT 31,0 — 14 85 - — — -
Masyr, Kkr 41.0 — — - 20 50 — —
[Tpupomunit 37.6 - 11 37 50 | 130 - -
ras, m°

Enextpoaun, kr 186,0 — — — — — 4,7 7,0
Kucenp, M° 58 52 | 82 [ 115 | 40 — 25 12
Borrerpusy, kr| 16,5 5 6 10 11 15 12,3 16,5
Barnnxo, kr 5,4 80 70 70 10 10 70 70
[EnexTpo-

eHepris, 11,25 - - - - - 540 665
kBT*ron.
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2.3 Iopsigoxk BUKOHAHHSI J1a60OPaTOPHOI Po0OTH

2.3.1 T'pyny mnominutu Ha ciM miarpym. Koxwiii migrpymi 3a
BKa31BKOIO BHUKJIaJada NpOaHAII3yBaTH OJUH 3 3a3HAYCHUX MPOIECiB
BHPOOHMIITBA CTAJIi.

2.3.2 KoxHilf miarpym 3a oAepKaHWM 3aBlIaHHAM 3 Tabm. 2.1
BUNIMCAaTH KUTBKICTh KOMIIOHEHTIB IIMXTH Ta IHIOMX MaTepialis,
HEOOXIMHUX Ui JaHOTO TEXHOJIOTIYHOTO TIPOIeCy, a TaKoX IUTOMY
€HEePrOoEMHICTH BHPOOHUITBA E;, KOXKHOTO 3 HUX.

2.3.3 Bu3HauuTH BUTPATH €HEPTii M0 KO)KHOMY KOMIIOHEHTY m; * E;,
MiJICyMOBYIOYM BUTpaTH TICPBUHHOI eHeprii Ha BUpOOHUNTBO | T
BYTJICIIEBOI CTalli 32 3aJaHOI0 TEXHOIIOTIETO:

E:Zn:Ei -m;.
i=1

Pozpaxynku 3BecTn y TadmI. 2.2.

2.3.4 3a gaEWMH PI3HUX MTIATPYN TOPIBHATH BHUTPATH TMEPBHHHOI
eHeprii Ha BUpOOHUIITBO | T BYTJIENEBOT CTalli 32 Pi3HUMH TEXHOJIOTTYHIUMHU
npoliecam, 3BiBIIHM Pe3yJIbTaTH MiIPaxyHKiB pi3HUX Mmiarpyn y Tabm. 2.3.

Tabnuis 2.2 — EHepreTH4Hi BUTPATH 32 TEXHOJIOTIYHUM MIPOIIECOM

Komnonentu ITntoma .
NeNe Burpatu Buxiguux [Butpartu eneprii no

LIMXTH 1 MaTepialii,| eHeproeMHICTh S
ILI. MarepiajiB M;, ol. | KOMIOHeHTy E; my;
1o BuTpavaroTees | Ej,Mx/ox.

E:ZEi-mi
=1
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Tabmumst 2.3 — Burpatn nepBUHHOI eHeprii Ha BHPOOHHITBO 1 T
BYTJIEIIEBOI CTal

. . Burparu nepBunHOI eHepril E,
BapianT| Bwun TeXHOIOTIYHOIO IMpoLECy M/

1 KucueBo-xonseptepHuii; 100 %
piiKOro 4aByHY
Kucneso-nmanmusuuii, 50%

2
METaIO0PYXTY
3 KucueBo-nanusnuuii, 100 %
METaIO0PYXTY
4 MapTeHiBCbKHH cKpan-pyaHui, 45
% MeTanoopyxTy
5 MapTeHiBCcbKUi CKpar-mporiec,
100 % meTanoopyxTy
6 Enextponyrosuit, 100 %
METaOOPYXTY

Enextponyrosuit, 25 %
7 MeTanoOpyxTy, 75 % MeTanizoBaHUX
OKAaTKiB

2.4 3micr 3BiTY

2.4.1 KopoTKO ONnucaTH TEXHOJIOTIUHUH MPOIeC BUPOOHMIITBA CTAJI
3TiTHO 3 OTPUMAaHUM 3aBJaHHSIM; HOTr0 OCOOJIMBOCTI 1 HEJOJIIKH, 00JIACTh
3aCTOCYBaHHSI.

2.4.2 YV tabmuio 2.3 3amucaTH KiIBKICTh KOXXHOTO KOMIIOHEHTA T,,
MUTOMY EHEPrOEMHICTh X BHUPOOHMIITBA F; 3riJHO 3 TEXHOJOITYHHUM
MIPOIIECOM, 1110 aHaJli3yeTbes. [IpoBecTH po3paxyHKu €HepreTUIHUX BUTPAT
Ha BUPOOHMITBO 1 T cram 3a 3aJaHUM BapiaHTOM TEXHOJOTIYHOTO
npoIIecy.

2.4.3 'Y Tabnuui 2.4 HaBeCTH pe3yNbTaTH MiAPaxyHKiB eHEPreTHIHUX
BUTpAT Pi3HUX MiArPYyI.

244 3a nmaavMu Tabn. 2.3 TOPIBHATH EHEPreTHUYHI BUTpPATH 32
PI3HIMH TEXHOJIOTIYHHMH TIPOIIECAaMH, a TaKOX IpOoaHaIi3yBaTH BILIUB
3MiH y CKJIaJi IIMXTH HA €HEProEMHICTh BUpOOHUITBA | T cTai.
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2.4.5 3po0uTH BUCHOBKHU PO II€PEBAry i HEAOMIKU IPOAHATI30BaHUX
TEXHOJIOTIYHUX MPOIIECIB 1 BIUNIMB KUTBKOCTI METATOOPYXTY Ha cOOIBapTICTh
1 T ByrneueBoi craii.

2.5 KoHTpoJIbHi 3anuTAHHA

2.5.1 Ha3BiTh OCHOBHI CIIOCOOM BUPOOHUIITBA CTATI.

2.5.2 SIxki OCHOBHI BHIM IIMXTH MOXYTh BHUKOPHUCTOBYBATHCS IIPU
BUPOOHUIITBI?

2.5.3 Y yoMy cyTh KHCHEBO-KOHBEPTEPHOTO Iporecy?

2.5.4 Slxwuii mporiec Ha3UBAETHCS KUCHEBO-TIATMBHUM?

255 Yum BiApi3HAIOTECI MapTEHIBCHKI CKpam-pymaHHNA 1 CKpamn-
npoiecu?

2.5.6 Sk BUpOOJIAIOTH CTaJIb B €JIEKTPOYTOBHX Teuax?
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3 JABOPATOPHA POBOTA Ne3.
EJEKTPOTEPMIYHHUMU CIIOCIb BUPOBHHUITBA
AJIIOMIHIE€EBUX CIIJIABIB

3.1 Meta po6otn

BuBunTt; cmocié eneKTpoTepMIYHOTO BHPOOHHUIITBA AITIOMIHIEBO-
CHUIIIIIEBHX CIJIABIB T4 PO3PaxXyBaTH IUXTY JUIS BUIUIABISTHHS IEPBUHHOTO
AITFOMIHIEBO-CHJIIIIIEBOTO CIUIABY.

3.2 3araabHi BizomocTi

Ha J[lninpoBchkomy oppaeHa JleHiHa aqrOMiHIEBOMY 3aBOJi iMEHI
C.M. Kiposa (mmHi BAT «3amopizpkuii BHpPOOHHYWH aNOMIiHIEBHIA
komOiHaT» — BAT «3AnK») y 1934 p. Bmepmie y CBIiTOBifi TpaxTHIl
BIIPOBAKCHO IMPOMHCIIOBUH CIIOCIO OTPUMAaHHS alOMiHI€EBO-CHITILIIEBUX
CIUIaBiB MPSIMUM BiJIHOBJICHHSM IMPHPOJHUX aFOMOCHIIIKATIB BYTJICHIEM Y
NOTYXHHUX PYIHOTEPMiYHUX eJekTporedax. Crocid eneKTpoTepMiuHOro
BUPOOHMIITBA aJIIOMIHIEBO-CUITIIIIEBUX CIUIABIB po3po0iieHo Bcecoro3Hum
HAYKOBO-JIOCJIITHUM 1 MPOSKTHUM IHCTUTYTOM aJIFOMIiHI€BOI, MarHi€Boi Ta
enekTponHoi mpomucioBocti (BAMI) 1 3HauHO ymockoHasmeHo Ha BAT
«3AnK». OtpumaHuii TEpBUHHUH  alIOMiHI€BO-CHIIILIEBUM  CIUIaB
(CUITIKOAITIOMIHII), 1110 MICTUTH 0u3bK0 35 — 40 % cuiiiliio, po30aBisIOTh
MOTIM EJIEKTPOJITHYHUM a00 BTOPHMHHUM aJIFOMIHIEM 0 CKJIamy, IO
BIJINIOBiIa€ PI3HUM MapKaM KOHCTPYKIIIMHUX aIIFOMIHI€EBUX CIUIaBiB
(mBapHuX 1 gedopMIBHHX CIUIaBiB), padiHyOTh BiJ JAOMIIIOK i
PO3NHMBAIOTh Y YYIIIKH.

Taxkwuii cioci® BUpOOHMIITBA Jja€ 3MOTY MTOBHICTIO BUKOPUCTOBYBATH
CUJIIIA TEPBHMHHOTO aJIOMIHIEBO-CHIIIIIIEBOTO CIUIABY ¥  OJHOYACHO
CKOPOTUTH BHTpPATy €JIEKTPOJITUYHOrO amfoMiHito. KpiM Toro, mpu
BUTOTOBJICHH] CIIaBy HE MOTPIOHO CIemianbHOTO M0OABISHHS 3ali3a,
OCKIJTbKM BOHO MICTUTBCS B HEOOXiIHUX KIJIBKOCTSIX Y IIEPBUHHOMY CILIABI.

CHpOBUHOIO JUIS BUILIABIISTHHS CIUIABIB (CHIIIKOATIOMIHIIO) € PYIH,
10 MICTATH ofHOoYacHO rimHOo3eM A 1,03 1 kpemuezem Si0,: kaominu (A1,03
X 2Si0, -2H,0), xianitu (A1,0; Si0,), muctencumimaniT (Al,0;3 Si0,),
HU3bKO3aJIi3HI OOKCUTH, Pi3HI aIFOMOCHIIIKATH.
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IlepeBarn mpoOro cmoco0y MOPIBHSIHO 3i CIIOCOOOM  CIUTABIISHHS
€JICKTPOIIITHIHOTO AJTIOMIHIIO 3 KPUCTATIYHAM CHIIIITIEM TaKi:

— 13 3aCTOCYBaHHSM CIIOCO0Y yCYBAa€ThCSI MPOTHUPIUYS MiXK 3HAYHOIO
NOUIMPEHICTIO AMIOMIHII0O B TPHPOAl 1 NPaKTHYHOI OOMEXKEHICTIO
3aCTOCYBaHHS HOTO CUPOBHHU ISl IPOMUCIIOBO IIEpepoOKH;

— cydacHa pyaHOoTepMmiuHa 14 (mOTyXHIicTh 22,5 MBT)
eKBiBaJIeHTHa 3a MOTYyKHicTio 20 — 30 BenukuM enektposizepaM. OCKiUIbKH
eJIEeKTPOJTi3epH MPAIIOIOTh Ha HU3bKiH Hampysi (5B), moTyXHOCTI iX myxe
He3HauHi (He Oimpmr sk 1,3 MBT). BBenmeHHs B Hif0 BEIHMKOi KiTBKOCTI
EJICKTPOJIi3ePiB TOB’3aHE 31 3HAYHUMH KaIiTAIbHUMHU 3aTpaTaMH Ta
BTpaTaMM €Heprii Ha YHCIEHHNX KOHTAKTaX, eJICKTPOoaax i IIMHOMPOBOIaX.
KpiMm Toro, 3a eneKTpoTepMiYHOTO CIIOCOOY BHKIIFOYAIOTHCS BTPAaTH Ha
NEPEeTBOPEHHSI CTPyMy, a TaKOXX BUTpAaTW Ha iHII BHAM eHeprii (mapa,
MAJIMBO), HA BUPOOHUIITBO TJIMHO3EMY Ta KPIOJIITY.

JloboBa MpPOAYKTHBHICTH 3a amoMimieMm Ha 1 M° depems
eJIeKTpoITizepa CTaHOBUTH Om3bK0 40 — 50 Kr, y MOTYXHIH eleKTporedi —
1400 «xr/(M°x 106y) amominieBo-cuiimieBoro cmmaBy (900 kr y
nepepaxyHKy Ha allFOMiHil).

Peakiiro BiHOBIIGHHS OKCHIY aIIOMIiHII0O BYIJIEIEM MOXHA
BUPA3UTH PIBHIHHSIM

A1,0; +3C = 2A1+3CO - 1340 k/Ix. (3.1)
Y 3aranpHOMY BUTJISIII BiTHOBIICHHS BiIOyBa€THCS 32 PIBHIHHSAM
MeO + C =Me + CO.

BigHOBIEHHST OKCHIY MeTally MOXJIMBE TiJbKH 32 YMOBH, SIKIIO
BilbHa eHeprisi yrBopeHHss CO Oyzne OLIbLIOIO, HIXK BUIbHA EHEPris
yrBOpeHHs MeO.

BimHOBNEHHS TIMHO3eMY BYIJIEHEM MOXKHA 3IHCHUTH JIHIIEC 3a
MiHiManbHOT Temneparypu Omm3pko 2100 °C, ska Onu3pka O TOYKH
kuniHHg amomidito (2500 °C) 3a armocdepnoro Tucky. Tomy B mux
YMOBaX CIIOCTEPIraTUMEThCS 3HAYHA MPYKHICTh Mapy anroMinio. Yactuaa
napu KOHJICHCYEThCS, ajie OiIbIa YacTUHA 11 CIIOKUBAETHCS Y BTOPUHHHX

mporecax — B3aEMOJIi  BiAHOBJICHOTO MapoMOJiOHOTO aJioMiHIIO 3
BYTJICLIEM 3 YTBOPEHHAM KapOiay aqroMiHio:
4A1 +3C = A1,C5 +920kx /I x. (3.2)

[Ipu BiAHOBIEHHI YWUCTOTO TJMHO3EMY BYTJCLEM YTBOPIOETHCS
CYMIII METaJeBOTO ATIOMIHIIO, KapOigy alOMiHiI0, TIMHO3EMY 1 BYTJIELIO,
o sBIIIE CO0O0I0 B'S3KAU TPOIYKT (Uepe3 BEIUKY KiTbKICTh TBEPAHMX
BkimtoueHb Al14Cz; 1 Al,03). 3a3HadyeHi TPYOHOII MOXYTh OyTH Maiixke
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[IJIKOM YCYHYTI, SKIIO TPOIEC MPOBOJUTH 3a HASIBHOCTI ITOCTaTHHOI
KUTBKOCTI OYyAb-IKOTO BHCOKO-KHIUITYOTO MaTepiay, o YTBOPIOE CIIIaB 3
amoMiHiem (Hampukian, 3aimizo (3200 °C), cuminiit (2600 °C), mins (2600
°C)). V takoMy pa3si ajqroMiHI Yy MOMEHT BiJIHOBJICHHS PO3YHHSIETHCSA B
IIbOMY METaJl, yTBOPUBILH 3 HUM CIIJIaB.

Ilix 9ac oTpuUMaHHS aIOMIHIEBO-CHIIIIIIEBUX CIUIaBiB  KpiM
rmHo3eMy Al1,0; BimHOBmMIOETHCs kpemHesem  Si0,. [lpomec e
BinOyBaeThcsl Jiermie, HiK BigHOBIeHHS Al,03, 3aBAsSKH  HIDKYIN
temneparypi BimHOBmeHHs Si0, (6muzpko 1500 °C), mamekiit Big
temneparypu kuminas (2440 °C), 1 HepozunHHOCTI Kap6iny SiC B cuminii,
a Takox cuitiro i kapoimy SiC y kpemHe3eMi.

ITpu BigHOBNEHH] Si0, 3aM€KHO Bif TEMIEpaTYpHUX YMOB MOXYTb
BiOyBaTHCS TaKi peaxiii:

Si0, + 3C = SiC+2CO; (3.3)
Si0, +2C = Si + 2CO. (3.4)

Hns mepebiry apyroi peakiiii moTpiOHO OiNbIIe TETUIOTH, HIK IS
IIEPILO].

BigHoBneHnii cuminiii po34unMHSE aNOMiHIA TIpU HOTO BiJHOBIEHHI,
HE PO3UYHMHAIOYM MpU 11boMy HemeraneBi cronyku (Al4Cz i Al,03), 1 THM
CaMHMM BHBOJIMTH METAJ i3 30HU peaKxiiii.

3 MIBUIICHHSAM  KOHICHTpAIlil aJlOMiHIIO B  aJIOMIHIEBO-
CHIIiLIiEBOMY cIJiaBi 3011bLIy€THCS IMOBIpHICT yTBOpeHHS Al4Cs.

YucTrii MeTalleBUil CIUIaB YTBOPIOBATHMETHCS IUILE 10 BiJOMOL
Mexi Bmicty amowmiHito (70 — 72 % anromiHil0O B CIUIaBi) BHACTIIOK
nepediry peakiii B3aeMoii kap0iy aqroMiHIIO 1 KpeMHe3eMy:

2A1,4C;3 +3Si0, =8Al + 3Si + 6CO - 406,7 MTx. (3.5)

SIk BUIUIMBAE 3 PIBHSHHS peakilii, npu TakuxX BigHomeHHIX A1,4C; i
Si0, yTBopuThCs cruias, 1o Mmictuth 72 % Al i 28 % Si, mo i Bu3Ha4ae
MEXY BMICTY aJllOMiHiIO, BIJIbHOTO Bia KapOigy, sSIkoi MO)KHa JOCSITH B
CILIaBi.

EnexrpoTrepmiuHmii cnoci®d oTpHMaHHS KOHCTPYKIIWHWMX JIMBAPHUX
QIIOMIHIEBHX CIUIABIB CKJIAJA€THCS 3 TPhOX OCHOBHUX CTaIiM:

— MiATOTOBKA CHPOBMHH 1 TOTYBaHHS ILIUXTH;

— TpsiMe Oe3NIIaKOBE BiJHOBIICHHS MPUPOJHUX AITIOMOCHIIKATIB Y
PYIOHOTEpMIUHIN eneKkTponedi A OTpUMaHHS NEPBHHHOTO AlOMiHI€BO-
CHJIILIIEBOTO CILIABY;

— mepepoOKa TMEpBUHHOTO CIUIaBY Ha MapOYHI JUBApHI altOMiHIEB]
CIUIaBH.
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IluxTa CKIAmAETbCA 3 MPUPOTHHMX ATFOMOCHIIIKATIB, BYIJIELIEBOTO
BITHOBHHKA 1 B’SKYYOTO JJIsl BUTOTOBJICHHS OPHUKETIB.

BuMorn 1m0 CcHpPOBMHM pi3HI 3aJE€KHO BiJ NpU3HAUYCHHA
OTPUMYBAHOTO CIUIaBy. HaliBaknmuBima AoMiIlKa, Ha SKy CIiJ 3BEpTaTH
yBary, — 3aJis3o.

Bwmict 3amiza mae OyTH MiHIMambHHM, SKIIO CIUIaB Hajani
BUKOPHUCTOBYIOTh JJISl MPUTOTYBaHHS KOHCTPYKLIMHOTO CIUIaBy. 3HA4HA
KUTBKICTB 3aJ1i3a JOMYCTHMA, SKIO CIUTaB MPU3HAYCHUN TSI PO3KUCIICHHS.

I'onoBHA BUMOTa 10 CHPOBHHH — BHCOKHU BMICT OKCHITYy aTIOMIHIIO
(53 — 58 %) i HU3BKMIT BMICT OKCHIIB 3aJ1i3a, TUTAHY, KaJbIiI0 Ta JY)KHUX
METaiB.

Sk BIZTHOBHUK 3aCTOCOBYIOTH Di3HI BHIM BYTJICIIEBHUX MaTepialiB:
JIEpEeBHE BYTiUIs, TOPQ ssHUl a00 HAQTOBUI KOKC, MAJIO30JIbHE BYT LIS,

Jl1st yCIiniHOTo MpOBEACHHS MPOIIECY BiTHOBJICHHS HEOOXIiTHE TICHE
3MILIYBAaHHS ~ OCHOBHMX  KOMIIOHEHTIB  IIMXTH [0  JOCSATAETHCA
nmoIpiOHEHHSAM BUXIIHUX MaTepiaiiB A0 KpymHocTi mpubmmsHo 0,1 M i
OpUKeTyBaHHSIM IIMXTH. J[s1 OTpUMaHHS JOCUTH MIIIHUX OpPHKETIB
3aCTOCOBYIOTh B’spKy4e (Cynb(]iTHO-CITUPTOBY Oapiy).

JocraTHs MiHICTH OPUKETIB (OKOTKIB) 3yMOBIIOETHCS:

a) IUIACTUYHICTIO, TIOPHCTICTIO 1 IMOBEPXHEBHMMHU BJIACTUBOCTSIMHU
PEYOBHH, MO OPHKETYIOThCS; 0) TEXHOJIOTiE OpHKeTyBaHHS (CTYMiHB
nmo/ipiOHEHHS, BUJ 1 KUIBKICTh B’SKY4OrO, CIOCIO TepeMillyBaHHS, THUCK
NIPY TIPECYBaHHI, CYIIiHHS OPUKETIB).

IligroToBKka IIUXTH [UId BHUIUIABJISIHHS aJIOMIHIEBO-CHIIIIIIEBUX
CIUIaBiB CKJIAJA€THCA 3 TAKUX MPOLECIB:

— TOHKE NOAPIOHEHHS CUPOBMHHM 1 BiTHOBHHUKA A0 po3Mipy 0,1 MM y
KYJIbOBHX MJIMHAX;

— JI03yBaHHsI CUPOBHMHH 1 BiTHOBHHKA,

— cyXe 3MilllyBaHHS y 3MilllyBadax;

— 3BOJIOXKEHHS (BOJIOI0 200 PO3YMHOM B’SDKYYOTO) Ta 3MIITyBaHHSI
UIMXTH;

— OpHuKeTyBaHHS y BaJIbLIbOBUX Ipecax (Tuck 20 MIla);

— CYILiHHS HA KOHBEEPHUX cymmiax (3a remneparypu 1o 230 °C).

Jliist po3paxyHKy IIMXTH 3a3BUYal MPUIAMAaIOTh TaKi YMOBH:

— BHTpaTa BYTJICIIO, HEOOXi/THA Ha BiJIHOBJICHHS OKCHUJIIB JTFOMIHIFO,
cuiinito, ¢pepyMmy, TUTaHy, KaJblilo i MarHilo 0 METaliB (BpaxoBYETHCS
BMICT OKCHJIIB HE TiIJIbKH Y BUX1IHIH CUPOBHHI, a i y 3011 BiTHOBHUKA);
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— BIHOBHUK — TUTBKM HENETKHUH BYTJENb. 3aJeKHO Bill BHIY
BITHOBHHKA BBOATH KOEQIIieHT, SKUl a00 memo 301IbIIye KiNbKICThH
BigHOBHMKa (a1t AepeBHoro Byrimisi — 1,03), abo 3MmeHmye Horo (s
kam’siHoro Byriuis — 0,94).

Jlo3yBaHHSI KOMITOHEHTIB IIUXTH MPOBOAATH 3aJICKHO BiJl 33aHOTO
CKJIQJly OTPHMYBAHOTO CIUIaBy, NPHYOMY BBAXKAETHCSA, M0 TIPOIEC
Oe3nurakoBuid. SIKIO y BUXiAHIH CHPOBHHI € NepiUT OKCHIY aTIOMIHIIO,
TO B IIUXTY BBOJSATH PO3PAXYHKOBY KIJBKICTh TJIMHO3EMY UM 1HIIOL
TJTMHO3EMBMICHOI CHPOBHHH.

| Huemen-
Bidnosrux ‘ Kaonin Thunozem cunimanimoauii B’axcyye
Konuyewmpam
¥ ¥
[ Pospanta | PossanTtaxkenns| |Poisanraxenns| |PossaHtaxeHms 3nuBaHHA
KEHHA | ‘ | yBunarkosi Yy BHAATKOBI Y BHIATKOBI y npUAMaNbHi
c ysauns | | Gyukepw Gyukepu GyHkepu Haxn
T - L di=e
[ Jpobnenns, cyurinus, [—Puuﬁammum
‘ POIMENIOBAHHSA
ey =] Josysanus
e R : :
1 PO3BAHTAXCHHS Y BHAATKOBI ‘ Jlo3ypanHs
GyHkepu |
‘ i‘\HLU\,r‘UAIHHM. IBOJIOXKCHHS IUMXTH }F ———
[ BpukerysaHus ‘
Cyminng 6puxeris l
= = T
Y S— —
| E wx'rpmcp.m'me NIARICHHS [
- Y p S—
| meumm niaJ Ih(%}——‘ llirax j
,,,,,, = —
— y = e
PacinyBaHHS y KOBIIAX 1»——1 Hlinax J
Y
Hepaunnuii anominiego-cunivicsuii cnraé ‘ L Hpobnests, rpOXoueHHS

| TlpuroTyBaHHs KOHCTPYKUiHHX AMOMIHIEBUX Bideansuuii Posxucawsay
| cnaasis waaK mapku AK-45

PucyHok. 3.1 — TexHomoriuHa cxema BUPOOHHIITBA IEPBUHHOTO ATIOMiHIEBO-
CHUITIIIIEBOTO CIUIABY

Npuknan. Po3paxyBaTu MmMXTYy Ui BUIUIABJISHHS TEPBHHHOTO
AIMIOMiHI€EBO-CHITIi€BOTO  criaBy. llpm  po3paxyHKy NpUHHATH, IO
BITHOBJICHHSI BCIX OKCHJIB IIMXTH BiIOYBAa€ThCS 3a PaxyHOK TBEPIOTO
ByTJIeIi0. BumoOyBaHHA afOMiHIIO 13 MHXTH (KAOdiHYy 1 TJIIHHO3EMY)
nopiBaioe 80 %; BUHoOyBaHHS CHIIILIIO 13 WIMXTH (Kaominy) — 75%.
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Buxigui nani:

— PO3paxyHKOBHI BMICT aJIOMIHIIO B CIUIaBi i3 IIMXTH CTaHOBHUTH
60,7 %;

— JI03yBaHHS BYTJICIIO (BiJI TEOPETHMYHO HEOOXIMHOI KIIBKOCTI JJIs
BiTHOBJICHHS OKCHIiB IIIMXTH) CTAHOBUTH 94 %;

— CKJIaJ BIMHOBHHKIB 3a TBepauM Byrienem Crg:68 % TasoBoro
Byriuis i 32 % HadTOBOrO KOKCY;

— npobGaBka cynbITHOrO JIyry CTaHOBHTH 5,5 % Macu CyxHx
KOMITOHEHTIB IIHUXTH;

— BOJIOTICTh IIUXTH JOPiBHIOE 15 %.

CxJiaj] MUXTOBUX MaTepiaiB:

a) BITHOBHHUKU:

1) rasoBe Byriuis mictutbh, %: 3014 — 3,98; metkux — 33,4;
3araJibHOrO BYTJICITIO — 78,8; iHIIMX KOMIOHEHTIB — 1,2;
2) HadTOBHI KOKC MICTUTh, %: 3011 — 0,35; nmerkux — 8,0;

3arajapHOTO ByTIeito — 94,9; B.IL.1I. (BTpatu npu mpokapioBanHi) — 13,5;

0) kaouiH MicTuTh, %: Si0, —47,5; A1,0; — 37,5;

B) TJIMHO3EeM MiCTHTb, %: A1,03 — 98,8; iHIIMX KOMIIOHEHTIB — 1,2.

Po3p’s13aHHs.

Po3paxyHok cknanaemo Ha 100 kr kaomiHy.

1. Po3paxoByemMo CKjajJ TNEPBUHHOIO aJIFOMiHIEBO-CHIIIIIEBOTO
CILIaBY.

o cxnaay craBy 100 Kr kaoJ1iHy BHECYTh:

a)aJIFOMIHII0 TIPU HOTO BiHOBIICHHI 3a peakiieto (3.1)

37,5 Xal
A1,03+3C = 2A1 + 3CO0.
102 227

3Bimcu Xa = 37,52:27/102 = 19,85 xr, abdo 3 ypaxyBaHHAM
BUI00YBaHHS aJIIOMiHIIO
19,85 0,80= 15,88 kr;
0)cuutiiito pu HOro BiZHOBJICHHI 3a peakiiero (3.4)

475 X
Si0, +2C = Si + 2CO.
60 28

3Biacu Xg; =47,5-28/60 = 22,17 kr.
3 ypaxyBaHHSAM BHIOOYBAHHS Y CIUIAB TEPEHIC CHITIITIO
22,17-0,75 = 16,63 kr.
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BinHoieHHs KiIbKOCTEH aJIOMIHIIO 1 CHIILIID, BHECEHUX KAaOJIHOM
y ciiaB, ctaHoBHTH 15,88 1 16,63 = 0,95.
3amaHe B MeTall BIIHOIIEHHS AJIFOMIHIIO A0 CUIILIIO MAa€ CTAHOBUTH
60,7/36,0 = 1,69. Hecraua y cmiaBi altOMiHil0 OyjJe KOMIICHCOBaHA
TJIMHO3EMOM:
16,63-1,69/0,95 = 29,58 Kr ayrroMiHiro.
Omxe, Oyzae nmoTpioHO 29,58 : 0,988 = 29,94 kr rmuHO3EMY.
2. Po3paxoByemo BUTpaTy BiIHOBHHKA.
Bwmict TBepmoro ByrieIio y BiTHOBHHKAaX BU3HAYAEMO 32 (DOPMYIIOI0
CTB = 100'1,3'AC-V1-,
ne 1,3 — koedillieHT, 110 BpaXOBY€E BUTPATY HEJIETKOTO BYTJICIHIO HA
BiTHOBIIEHHS OKCHJIB 3011; Ac — MacoBa JacTKa 307 y Byrimii, %; Vi —
BHUXI1JI JICTKHX Ha CyXy Macy, %.
Tomi MacoBa dacTka TBEPJOTO BYIJCIKD B Ta30BOMY BYTULTI
CTaHOBUTUME
Crgr =100-1,3-3,98-33,40 = 61,43%.
MacoBa yacTka TBEpAOro ByIJICIIO B HA()TOBOMY KOKCI CTAHOBHTH
Creax =100-1,3 0,35-8,00 = 91,55%.
Ha 100 kr xaomniny Oy/ie TOTPiOHO BYTJIEIIFO:
a)JUTsL BITHOBJICHHS aJTFOMiHIIO 3a peakiiieto (2.1)
X; = 19,85-3-12/(2:27) = 13,23 «r;
0)U1s1 BiTHOBIICHHS CHIIIIIIIO 32 peakiero (2.4)
X, = 22,17-2-12/28 = 19,00 kr.
s BIHOBJICHHS aJlIOMIiHIIO 3 TJIMHO3eMYy 3a peakigiero (2.1)
MOTPiOHO BiTHOBHUKA
X3 =29,58-3-12/(2-27) = 19,72 kr.
VYcboro Oyjie HOTPiIOHO BYTJICIHO
13,23 + 19,00+ 19,72 = 51,95 xr
200 51,95:0,94 = 48,83 Kr HENETKOTO BYTJIEIIIO,
B TOMY YHCII 3 ra3oBoro Byriyuis 48,83-0,68 = 33,20 kr,
3 HadToKOKCy 48,83-0,32 = 15,63 KT.
Toxi Gyne nmotpiOHO:
ra3zoBoro Byriyuis 33,20 : 0,6143 = 54,04 xr,
HadTokokey 15,63 : 0,9155 = 17,07 kr.
3. PozpaxoByeMo KiNbKiCTh B’sDKy4doro. KimpkicTh  cyxoro
CyJb(ITHOTO YTy CTAHOBUTH
(100,00 + 29,94 + 54,04 + 17,07) -5,5/100 = 11,06 kr.
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Orxe, cyxa mmxTta MictuTh 100 kr xaomiHy, 29,94 xr rimmHO3EMY,
54,04 xr razoBoro Byrimra, 17,07 xr HadTOKOKCY. 3aranpHa Maca CyXHX
MartepialiB JOpiBHIOE

100,00 + 29,94 + 54,04+ 17,07 + 11,06 = 212,11 kr.

KinbkicTh BOJIOTH B IIUXTi CTAHOBHUTH

xp= 212,1-15/85 =37,43 xr.

OTxe, 3arajJbHa KiNBKICTh PO3YHMHEHOTO CYNb(ITHOrO Jyry

TIOPiBHIOE
11,06 + 37,43 = 48,49 kr.
Pe3ynbpTaTi po3paxyHKiB cKJany HIMXTH 3aHOCHMO y Taoi. 3.1.

Tabmums 3.1 — Ckinag mMUXTA UIS BUILIABJISIHHS TIEPBUHHOTO
AMIOMIHI€BO-CHJTILIIEBOTO CIIABY

KOMIOHEHT KinpkicTs

KT %
Kaomnin 100,00 | 40,07
I'nmuno3zeMm 29,94 12,00
l"azoBe ByTiyuIs 59,04 21,66
Hadroswmii koke 17,07 6,84
CynbdiTHO-ciupToBa Oapna 48,49 19,43
VYcporo 249,54 | 100,00

3.3 [lopsa1ok BUKOHAHHS J1a00pPaTOPHOI po6OTH

3.31 BuBuutHm cHoci0  €JIEKTPOTEPMIYHOTO  BUPOOHHUITBA
AIFOMIHI€BO-CWIILIIEBUX CILIABIB.

3.3.2 Koxuili miarpym 3a 3aBIaHHSAM, JaHUM BHUKJIAJa4yeM.
po3paxyBaTh KiJbKICTb KOMIIOHEHTIB MIMXTH Ta IHOIMX Marepiaiis,
HEOOX1IHUX YIS JAHOT'O TEXHOJIOTIYHOTO MPOILIECY.

3.4 3micrt 3BiTY

3.4.1 KopoTko ommcaTH TEXHOJOTIYHUH IMPOIEC BUPOOHMIITBA
MIEPBUHHOTO ATFOMiHI€BO-CHIIIIIIEBOTO CILIABY.
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3.4.2 Haectn pO3paxyHOK CKIagy IOUXTH JUIS BHIUIABJISHHS
TIEPBUHHOTO AJIFOMiHI€BO-CHJIIIIIEBOTO CIUIaBY, DPE3YyIbTAaTH TMiApaxyHKiB
HAJATU y BUTIISAI TaOJIHII.

3.5 KoHTpoJIbHi 3anuTaHHA

3.5.1 Yum Binmpi3HAETbCA CHOCIO €NEKTPOTEPMIYHOTO BUPOOHHUIITBA
aJTIOMIHIEBO-CHITIIIEBUX CIIABIB Bif €IEKTPOIIITHIHOTO?

3.5.2 3a skUMHU peaxilisiMu BiI0yBa€ThCS BUPOOHUIITBO aIFOMiHI€BO-
CUNILIIEBUX CIUIABIB?

3.5.3 fxi OCHOBHI CTajii eJIeKTPOTEPMIYHOTO CHOCO0Y OTpUMaHHS
AIIOMIHIEBHX CIIIaBiB?

3.54 3 sKkuX TPOIECIB CKIAJAAETHCA IMIArOTOBKA IIUXTH IS
BHUIUIABJISIHHS aIOMIHIEBO-CHIIIIIIEBUX CILJIABIB?

3.5.5 UnmM BiApI3HAIOTHCA Pi3HI THIH PYAHOTEPMIYHUX Teueii?

3.5.6 Slke ynamrtyBaHHS Ma€e pyTHOTEPMIYHA TTiY?
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4 JABOPATOPHA POBOTA Ne4.
BUBYEHHA TEXHOJIOTI'TYHUX ITPOHECIB
BUPOBHUILTBA EJEKTPUYHUX AITAPATIB

4.1 MeTta podotu
BuBdYeHHST TEXHOJOTIYHMX TPOIECIB BHUPOOHHUIITBA EICKTPUYHUX
amapariB, ix Jerajgedi Ta BYy3JiB, OOJNAAHAHHA Ta OCHACTKH, SKa

3aCTOCOBYETHCA.

4.2 3arajabHi BimoMocTi

EnexrtpoanaparoOyayBaHHS € ranyssio 3arajibHOTO
MaIIMHOOY/IyBaHHS 3 TEXHOJIOTIE0 OIU3BKOI0 bi (6]
€JICKTPOMAIIUHOOY/ TyBaHHS, aie 31 CBOIMU crieruQiaHIMU

ocobomuBocTsiMi.  Lli  ocobmmBocTi  TONATalOTH B TOMY, IO
€JICKTpOoAanapaTo0yayBaHHs KpiM TEXHOJIOTIT METalliB, K KOHCTPYKIIHHUX
MmarepiaiiB, MICTHTh B CO0i TEXHOJIOTII0 METaNiB-MPOBIIHUKIB 3
eleKTpoizosAliero i 0e3 Hei, a TakoK TEXHOJNOTIF0 MAarHiTHUX Ta
EJIeKTPOI30IIAIHIX MaTepiaiB.

Lle TexHOIOTIUHI TPOIIECH 3arabHOr0 MalIMHOOY TyBaHHS (YOpHE Ta
KOJIbOPOBE BWJIMBAaHHS, KyBaHHSA, BCl BHIM MeEXaHIYHOI OOpoOKHM Ta
3BapIOBaHHS, MasHHS, ITAaMITyBaHHsS, TEPMOOOPOOKa, rajJbBaHOIOKPHTTS,
cKJiaiaHHs, (papOyBaHHs), a TAKOXK MPUTAMAHHI TUIBKU €JIEKTPOTEXHIYHUM
BUpoOaM (XOJOJHE JHCTOBE INTAMIYBaHHs €JEKTPOTEXHIYHOI —cCTai,
JakyBaHHs 1l JIMCTIB, CKIaJaHHS MAarHiTONPOBOJIB, HaMOTKa Ta
NPOCSIKAHHST OOMOTOK Ta KOTYIIOK). Bijl sIKOCTI BUKOHAHHS ITUX IMPOIIECIB
3aJekaTh TEXHIYHI MMOKA3HWKH EJCKTPUYHHUX arapariB, iX HaJIHHICTh Ta
JIOBI'OBIYHICTB.

Martepianu [Uis  BUTOTOBJICHHS €JICKTPUYHHMX amapaTiB  Iyxe
pI3HOMAaHITHI: o0MOTOYHA €JIEKTPOTEXHIYHA MiJIb, JIUCTOBA
€JIEKTPOTEXHIYHA CTallb, IPOCSKAIOUi JJaKH Ta KOMIIAyHIH, IIOKPUBHI eMali
Ta  EJEKTPOI30JAliiiHI  Marepianu  (mamip, KapToH, JIaKOTKaHWHA,
CKJIOJIAKOTKAaHWHA, JIABCAHOBI IUIIBKM Ta CTPIUKH, IapyBaTi IUTACTHUKH,
IJIaCTMAacH, CITF0J1a, a30eCT).

OCOONMUBICTIO BUTOTOBJICHHSI ENEKTPUYHHMX amaparTiB € TaKOX
0araTOHOMEHKJIATYPHICTh BUITyCKa€EMUX BUPOOIB.
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TexHOMOTIYHMIA TpOoIleC — Il YaCTHHAa BUPOOHHYOTO IPOIECY, SKa
MICTUTh B CO0l1 TMOCITIIOBHY 3MiHY PO3MIipiB, ()OPMH, 30BHIIIHBOTO BUIY
a0o0 BHYTPIILIHIX BJaCTUBOCTEH MpeaMeTa BUPOOHUITBA Ta iX KOHTPOJIb.

TexHonoriyHa omepailisi — II¢ 3aKiHUECHa YaCTHHA TEXHOJIOTIYHOTO
MIPOIIECY, SIKA BUKOHYETHCA HA OJJHOMY POOOYOMY MICIIi.

OO6nagHaHHA — 1€ MPHUCTPOi 200 MeXaHi3MH, Ha SAKUX BUKOHYIOTHCS
OCHOBHI a00 TOTIOMIXHI Omepaiii 3 BATOTOBIIEHHs BUPOOiB.

OcHamieHHss — 3MiHHAa dYacTHHA OONamHAHHSA, MPHUCTPOI IS
HAJIMHOTO 3aKpiIJICHHA, MPAaBHIIFHOTO PO3TAllyBaHHS a00 KOHTPOJIO
IHCTpYMEHTIB a00 JleTajeH.

4.3 IlopsioK BUKOHAHHSA JIA00PATOPHOI podoTH

4.3.1 BUBYUMTH TEXHOJIOTi4HI MPOIECH B EIIEKTpOanapaToOyayBaHHi
B TIOCITITOBHOCTI Ta 3a JITEPAaTypOro, HABeICHUMH HIDKYE (3MICT mporecy
3a/1a€THCS BUKJIAIaueM).

4.3.2 HaBecT OCHOBHI TEXHOJIOTIYHI OIEpallii, 3 SKHX CKJIaAAI0ThCS
BHBYEHI TEXHOJIOTI4HI TIPOIIECH.

4.3.3 Hagatu omuc OCHOBHOIO OOJagHAaHHS Ta OCHAIIEHHS, SKI
3aCTOCOBYIOTHCSI B BUBUCHUX TEXHOJIOTTYHUX MPOIIECAX.

4.4 3micT TEXHOJTOTIYHUX MPoLECiB

4.4.1 MexaniuHa o0OpoOka MarepiamiB Ta JeTajel eJEeKTPUIHUX
amaparis. [2], c. 15...81; [3], c. 114...137, 163...200.

4.4.1.1 Pizka 3arotoBaHoK i3 Npo(iIbLHOr0 MpOKaTy, BiIpi3Hi
BepcraTh. Pi3ka 3aroToBaHOK i3 JIMCTOBOTO MPOKATY (TUTBHOTHHHI HOXKHIIL,
IJ1a3MOBO-/IyTrOBa pi3Ka, ra3ojia3epHa pi3ka).

4.4.1.2 BunuBaHHf B WIIIAHO-TIIMHUCTI Ta OOOJIOHKOBI (opMHu.
BunuBanus B MetaneBi Qopmu (M THUCKOM, 3 IMPOTHBOTHCKOM).
Binnentpose BunvBaHHs. BUIMBaHHS 32 BUTOTUTIOBAHUMH MOJIEIISIMU.

4.4.1.3 BurortoBieHHs 3aroTOBAaHOK THCKOM. BinbHe KyBaHHS Ta
3acTocoByBaHe oOiagHanHsA. OCHOBHI omnepanii KyBaHHs. ['apsiue 00’ emHe
HITAMITYBaHHS Ta 3aCTOCOBYBaHe 00JIa/IHAaHHS. BUTOTOBIIEHHS 3ar0TOBaHOK
Ta JeTajedl MeToJaMH IOPOIIKOBOI METanyprii, OCHOBM TEXHOJIOTII,
nepeBary.

4.4.1.4 XomomHe JUCTOBE IITAMITYyBaHHS, Taly3b 3aCTOCOBYBaHHS,
OCHOBH TEXHOJIOTII.
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4.4.1.5 TumoBi Meromu oOpoOkum meraneit pizanasM. OCHOBHI
TIOHSTTS Ta BU3HAYCHHSI.

4.4.2 TexHonoris BUTOTOBIEHHs mpyxuH. [2], c. 82...91; [3], c.
200...210.

4.4.2.1 3naueHHs TPYXUH B eIeKTpoanapaToOyryBanHi. Marepiaim,
SKI BHKOPHCTOBYIOTBCS NPU BUTOTOBJICHHI MPYXKHH, iX BJIaCTUBOCTI Ta
rainy3b 3aCTOCOBYBaHHS.

4.4.2.2 BUTOTOBJICHHS BUTUX IIWTIHAPAYHUX TPYKHAH.

4.4.2.3 BUroToBIIEHHS CHIpAIbHUX CTPIYKOBUX HPYKHH.

4.4.2.4 BUroToBiIeHHA IUIOCKUX JTUCTOBUX MPYKHH.

4.4.3 TexHONOTis BATOTOBJIEHHS MarHiTOMPOBO/IB i KOTYIIOK. 2], c.
34...37,138...167; [3], c. 210...267, 280...303.

4.43.1 3acTocoByBaHHS MarHiTONPOBO/IiB B
eleKTpoanaparooyayBaHHi. Buaym MarHiTonmpoBo[iB, OCHOBHI BHMOTH IO
MarHiTONpoBOAiB. Martepianu Al BATOTOBJICHHSI MarHiTOIPOBOIIB.

4.43.2 TexHONOTiSI BUTOTOBJICHHA CYIUIBHHX (HE IIMXTOBAHUX)
MarHiTONPOBOIB (I €NEKTPOMATrHITIB TOCTIHOTO CTPyMY) i3 JIHCTOBOTO
Ta KPYyTJIOTO MPOKATY.

4.4.3.3 TexHONOTiS BHUTOTOBJICHHS MIMXTOBAHMUX IUIACTHHYACTHX
MarHiTonpoBoAiB. OCOOIMBOCTI MpoLeCy MITaMITyBaHHS IUIACTHH.

4.4.3.4 TexHOIOTis1 BATOTOBJICHHS IPECOBAHUX MAarHiTOIIPOBO/IIB.

4.4.3.5 TexHOJIOTisl BATOTOBJICHHS TIOCTIHHUX MarHiTiB.

4.4.3.6 TexHONOTisI BATOTOBJICHHS KOTYIIIOK.

4.43.7 Knacudikauis Ta KOHCTPYKTUBHI BHUKOHaHHS KOTYILOK.
OCHOBHI BUMOTH 10 KOTYIIIOK.

4.4.4 TexHonoris BHUTOTOBJIEHHS CTPYMOBEIYYHMX JeTaliei,
KOHTAaKTiB Ta KOHTAaKTHHX Matepianis. [1], c. 172...224; [2], c. 104...115;
[3], c. 210...228.

4.4.4.1 TexHomnoriss BHUIOTOBJICHHA CTPYMOBEAYYUX 3 €JHAHb.
KonctpykTuezi hopmu ta MaTepiaiu.

4.4.42 TexHonoris BUTOTOBJICHHS KOHTAaKTiB. KOHCTPYKTHBHO-
TEXHOJIOT1YHA Ki1acu(ikailiss KOHTAKTIB 1 KOHTAKT-ACTaJICH.

4443 BurotoBieHHs  KOHTaKTiB  METOJAaMH  MOPOIIKOBOI
MeTaTyprii.
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4.44.4 TexHomoria BUPOOHHIITBA KOMYTYIOUHMX KOHTAaKTiB i3
JIYTOCTINKAX KOMITO3HUITIH.

4.4.4.5 TexHonorisi KpilJIeHHS KOHTAaKTHUX HAaKJIaIOK 10 OCHOBHH
KOHTaKTiB.

44,5 TexHonoriss  BHTOTOBJIECHHS  C€JICKTPOI3OMAMIMHUX  Ta
KepaMmiyHux petaneit. [1], ¢. 254...287; [2], ¢. 129...137, 168...175; [3], c.
303...373.

4.4.5.1 OcHOBH TEXHOJIOTIi IepepoOKy mmacTMac B Bupoou. Crucna
XapaKTepUCTUKA IUIACTMAC, OCHOBHI KOMIIOHEHTH. TepMOpeakTHBHI Ta
TEPMOIIJIACTUYHI IIACTMACH.

4.4.5.2 BupoOHHUIITBO JeTajeil i3 TepMOpPEakTHBHHX TIACTMAC.

4.4.5.3 BupoOHHUIITBO JAeTaJCH 13 TEPMOIUIACTUYHHX TUIACTMAC.

4.4.5.4 BupoOHHUIITBO NeTajeH 13 mapyBaTHX IUIACTHKIB.

4.4.5.5 TlomimepHi i3omsriitHi MaTepianu. TeXHOIOTiS BUPOOHHUIITBA
CKJIOTIJIACTUKOBUX MPO(DITIiB METOAOM O€3MepEPBHOTO MPOTATYBAHHSI.

4.4.5.6 BupoOHUITBO BWJIMBHOI €NOKCHUAHOI i30isamii. Bumu Tta
BJIACTHBOCTI BHJIMBHOI 130JIAIIi1 B €NEKTpUYHUX anaparax. OOmagHaHHS Ta
OCHAINGHHS  JUIS  BUTOTOBJICHHS  BHMJMBHOT  i3oisimii.  TexHosoris
€MOKCHIHOTO BUJIMBaHHS.

4.4.57 BuroroBneHHs JeTajei amapaTiB i3 Kepamikd. Buan
KepaMiKu.

4.4.5.8 OcHOBHI omepallii TUIOBOI'O TEXHOJOTIYHOTO IPOLECY
BUTOTOBJICHHS JIeTAJICH 13 KepaMiKu.
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4.4.6.1 Tamysi 3aCTOCOBYBaHHS pe3ucTopin B
enekTpoanaparooyaysanni. Kiacudikariist eneMeHTIB  pe3HuCTOpiB  3a
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4.4.6.2 TexHonoris JpPOTSHUX Ta CTPIYKOBHX O€3KapKaCHUX
€JIEMEHTIB PE3UCTOPIB.

4.4.6.3 BUroTOBIICHHS 3UT3aromnoiiOHNX €IEMEeHTIB Pe3UCTOPIB.

4.4.6.4 TexHoJIOTisl IPOTSHUX Ta CTPIYKOBHUX EJIEMEHTIB PE3UCTOPIB
Ha JKOPCTKOMY KapKaci.

4.4.6.5 TexHONOTiS IITAMIIOBaHUX €JIEMEHTIB PE3UCTOPIB.

4.4.6.6 TexHOJIOTis YaByHHUX €JICMEHTIB PE3UCTOPIB.
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4.4.7 TexHonoris 3axWCHUX MOKpHUTTIB. [2], ¢. 116...128; [3], c.
373...396.
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Jomatox A

PynnoTepMivHi nedi 1711 BUTUIABIISIHHS IEPBHHHOTO alTIOMiHI€BO-
CHUIIIII€BOTO CILIABY

A.1 Tunm pyTHOTEPMIYHUX TIeYen

s KOKHOTO pyTHOTEPMIYHOTO MPOIeCy HEOOXigHEe ONTHMabHE
3HAYeHHS TOTYXXHOCTI Tedi, M0 3aJIe)KUTh MEPEeBaXHO BiJl JOMyCTUMOI
kopucHOi (asoBoi Hampyru. Jlns  anrOMiHIEBO-CHIIILIIEBUX  CIUIABIB
CIPUSTIUBUX TEXHIKO-CKOHOMIYHHMX MOKa3HUKIB MOKHA JIOCATTH y Tedax
noTyxHicTio 16 — 22 MBT.

[lepBUHHI aNIOMIHIEBO-CHUJIIIEBI CIUIaBM BHUIUIABISIIOTE  SIK Y
TpudazHuxX, Tak 1 B oaHO(A3HMX MMAXTHUX mevax. Mns ycminHoro
MIPOMUCIIOBOTO BHILIABIISIHHS aJTIOMiHIEBO-CHIIIIIEBUX CIIABiB HEOOX1THO
miAOUpaTH eNeKTPUYHI Ta TEOMETPUYHI TapaMeTpH Tiedi, o 3a0e31euyroTh
HIBUJKE BUCOKOTEMIIEpaTypHE HarpiBaHHA HIMXTH 1 HaIidHUNA BHUITYCK
CIUTaBY 3 Tedi.

®dizuko-xiMiuyHI yMOBH Tiepebiry mporecy y TpudasHiii medi He
JAI0Th MOXKJIMBOCTI MaTH B Hil OJIHY 3arajJbHy 30HY peakiiii, BUTbHY Bij
nutaky. KopucHi peakiiii BiJiOyBarOTbCSI Y BY3bKOMY IMPOCTOPI MOOIH3Y
€JIEKTPO/Ia — HABKOJIO €JIEKTPOJa YTBOPIOETHCS BiJOKpPEMIJICHA IUIABMIIbHA
30Ha. Cripoba 3a0e3mevynTH 3araibHy 30HY 32 JIOTOMOTOK HaJIMipHOTO
3MEHIICHHS JliaMeTpa po3majy eNeKTPO/iB MPU3BOJUTH 0 NIYHTYBaHHS i
301TBIIIEHHS PO3CiIOBaHHS €Hepril y BEpXHil YaCTHHI MeYi.

VY tpudasHiii medi 3 CUMETPUYHUM PO3MIIIEHHSIM EJIEKTPOAIB MO
BEpIIMHAX TPUKYTHUKA (a3 MpaIiol0Th HEOJHAKOBO. 3a IMX YMOB IpHU
nepeMillieHHI TPhOX EJIEKTPOJIIB Ha Pi3HIH BUCOTI BUHUKAIOThH MMOPYIICHHS
MIPOIIECY, 10 SIKUX TPOIIEC TUIABJICHHS OCOOJIMBO YyTIUBUH (HEpPiBHOMIpHE
CXOJDKCHHSI IIIMXTH, OOBaJHM IIiJi EJIEKTPOJH, MICIeBi TIeperpiBaHHs,
MOPYIICHHS BXKE CTATUX CYCIJHIX 30H IJIaBICHHS).

Jl)1st BUTIIABIISIHHS 2TFOMIHIEBO-CHITIIIIEBOTO CITIABY OJHO(A3HAa Mid 3
oIHUM eJekTpogoM (tumy Mire—Illeppon) mae Taki mepeBaru mepen
TpudazHOIO:

a) CIIPUATIMBIIINAN PO3NOALT CTPYMY 1 CTBOPEHHS OJIHI€T TNIABUIIBHOT
30HH 3 BUCOKOIO KOHIICHTPALIIEI0 EHEPrii;

0) Jermie peryIroBaHHs X0y Iedi;
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B) yCIIIITHE BUPIMIEHHS HA MOTY)XKHUX OTHO(A3ZHUX MMedYax MpodieMu
MexaHizamii ¥ aBTOMaTH3aIlii omepamiii pPIBHOMIPHOTO 3aBaHTAKCHHS
OpUKeTIB, ITypyBaHHs KOJONTHUKA, BIZICMOKTYBaHHS Ta3iB;

T) JIeTIli YMOBHU BUITYCKY CIJIaBY;

1) TOCATHEHHS MiHIMaJILHOTO 3HAYCHHS IIUXTOBOI ITPOBiTHOCTI.

OCHOBHI TOKa3HHKH [UIS aJIOMiHIEBO-CHIIIIEBOTO CIUIaBy Ha
TpudazHUX nevax HIKYi, HK Ha ogHodasHux. Hampuknax, skmo BTpatu
amroMiHifo Ha ogHO(a3HIHM medi cTaHOBIATH 2,5 %, To Ha TpudaszHii — 7,5
%; BignmoBimHO BTpath cuiimiro — 16,5 i 22,5 %; muTomMa BUTpaTa
enekTponiB — 135,5 1 147,5 xr/T. MacoBa 4acTka B CIUIaBI atOMiHiO (32
IHIIMX OJHAKOBUX YMOB) B onHO(a3HiH medi cTaHOBUTH 55 — 56 %, y
Tpudazniit — 53 %.

Opnak onHodasHi Medi MalTh BHCOKY BapTICTh 1 CKJIagHY
KOHCTPYKIiIO: TOTPeOYIOTh eNIeKTPoAiB 3HauHOTOo AiameTpa (4000 MM muist
neveld moryxHictio 16 MBT, 1500 MM amst iedeid motyskHicTio 5 MBT), sKi
CKJIaJHO BUTOTOBJATH; CKJIJHE TWiABINIYBaHHA Ta TEPEMyCKaHHS
eJIEKTPO/IIB. Yce 1€ MePEIIKOKAE X IUPOKOMY 3aCTOCYBAaHHIO.

[To3UTUBHKUX pe3ynbTaTiB BHUIUVIABJSIHHSA CIUIABIB Y TpubasHUX
TPUENEKTPOJAHUX IMeYaX MOXKHA JOCITTH MpH 3a0e3MeueHHi JTOCTATHHOTO
nrapy IIMXTH HaJ| PeakiliiHOIO 30HOI0, SKHi 3armobirae BTpartaM alloOMiHiIO
BHACIIZIOK BUIAPOBYBAaHHS Ta BUCOKiM BUTpaTi €JIEKTPOEHEpTii, a TaKoX
MpH AOTPUMaHHI ONTUMAIIFHOI BiJICTaHi BiJ eleKTpoaa a0 depens — 250 —
350 mMm.

A.2 KoHCTpyKITisl i NpUHIMI i pyAHOTEPMIYHOI TIedi

PynHoTepMmiuna miu sBjasie co00i0 (yTepoBaHYy BOTHETPHUBKOIO
HETJI00 1 ByriapbHUMH O0KaMu BaHHY (pucyHOK A.1). Ilpomec BexyTs Tak,
110 Ha OIYHMX CTIHKaX BaHHU YTBOPIOETHCS FapHicax, KUK 1 3axXHIIae iX.

CraneBuii KOKyX 11 BCTAHOBIIIOETHCS Ha (DyHIAMEHT HEPYXOMO abo
00epTaeThCs 3a JOMOMOTO0 CIEialbHOr0 MeXaHi3My. Y HWXKHIN yacThHI
BaHHM € OTBip (JIbOTKA) Iyl BUITYCKY TOTOBOrO ciiaBy. L{to yactuny mneui
Ha3UBaIOTh FOPHOM. Bepx BaHHH, yepe3 SKMH 3aBaHTAXKYETHCS IIUXTa Y
BUTTISI OpHKeTiB, rpaHyl abo KyCKiB, Ha3WBaIOTh KOJONIHMKOM. Han
BaHHOK MIiABINICHI EJICKTPOAU, SKI CaMOCIIKalOThCAd abdo BHIAJICHI,
miamerpom 1400 MM, 3aBBumku npubnmsno 15 M. Tpu enexrpoan
PO3MillIeH] TaK, II0 B IUIAHI € KyTaMd PiBHOOIYHOrO TPUKyTHHUKA. J[0 ImiK
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IiIBICHOTO €JIeKTPOJAOTpUMAaYa MiABeIeHI CTPYMOBEAY i ITUHOIIPOBOIH Bif
MYHAX TpaHchopMaTopis.

1 2
777 sy
lesl T
N
4
1 !
1] 5

1 — KopoTKa Mepeka; 2 — 3aTUCKHE KiNbIle; 3 — MPUCTPIH I MepenyCKaHHs elIeKTpoiB; 4
— TiIPOMiAHOMHHUK; 5 — MeXxaHi3M o0epTaHHs; 6 — anapaT JJIs MPONAIIOBAHHS JILOTKH

Pucynok. A.1 — PynHoTepMmiuHa enekTpomniv

EnexkTpon Mae KOXKyX 3 JMCTOBOI CTaJIl 3aBTOBIIKH 2 MM, BCEpPEIMHI
SIKOT'O TIO TBipHil HmiIiHgpa po3mimeHi pedpa *KOpCTKOCTI — CTaleBi CMYyTH.
VY KOXyX HaJXOIUTh CUPA €JICKTPOJHA Maca, 110 B Mipy 3aHYPEHHS B 30HY
BUCOKHUX TEMIIEPATyp CHIKaeThes. Y TMpolleci IUIaBlIeHHS BiJ0OYBa€eThCs
BUTOPSHHSI €JIEKTPOJIa, TOMY €IEKTPOJ OE3yIMHHO OIYCKAEThCS pa3oM i3
KOXKYXOM, IO OIUIABJISEThCS Yy BaHHI. [l yTpuMaHHS eJleKTpojaa €
CHeIiaIbHUA MEXaHi3M, 110 CKJIaJIa€EThCsI 3 BEPXHBOIO 1 HUXKHBOIO KiJICIh
Ta TigpomnigioMHuka. Kinblis ckiiagaroTbes 3 JBOX MIiBKIJIEIb, SKI MOXYTh
CHEI[iaIbHUM MEXaHI3MOM 3aTHUCKATH EJEKTPOJ 1 CIpuiiMaTH BCIO HOTO
Bary. Ilig gac pyxy eleKTpoja BHH3 BiH 3aTHCHYTHH HIDKHIM KiJTbIIEM, a
BepXHE B MW dYac PO3THCHEHE, 1 3a JOIMOMOTOIO TiIPOITTHOMHHUKA
EJIEKTPOJT MOXKE TUTABHO OITyCKATHCS i Ji€r0 CBO€i Baru. Komu HinKHE
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Kiblle 3aliMae KpailHE HWKHE TIOJOXKCHHS, EJEKTPOJ] 3aTHUCKAETHCS
BEPXHIM KIJIBIIEM, HIDKHE PO3THCKAETHCA, 1 ENEeKTPOJ MiAiiMaeThCs y
BEPXHE MOJIOXKEHHs (TepermyckaHHs enekTpona). Pyx emekrpoma Bropy i
BHU3, a TaKOX WOTO TMeEpernycKaHHs 3AIHCHIOITBCA 3a JOMOMOTOI0
JMCTAHIIHHOTO KepyBaHHS.

3MmiHEANA Tpra3HUH CTPYM MOJAETHCA 0 €IEKTPOJIB BiJ MIYHOTO
TpaHchopMaTopa depe3 KOPOTKY MEPEKY 1 eNeKTPOKOHTAKTHUI B30I, L0
CKIIQIA€ThCS 3 MIAHUX MOPOKHUCTHX WK, YCepeAWHI SKUX IUPKYIIOE
Bofa. lllokn 3 BeNMMKUM 3yCWUISIM TPUTHCKAIOTBECS JIO eJIEeKTpoJa
3aTUCKHUM KUJIBIIEM 13 ABOX MiBKijenb. [I{oku po3MillieHi B 30HI CIICYEHOTO
€JIEKTPO/Ia, IO Ma€ JIOCTATHIO €IEKTPONPOBIIHICTS.

BaxnmBor0  CaHITapHO-TITIEHIYHOW  OCOOJNHBICTIO  KOHCTPYKIIii
3aCTOCOBYBAaHHMX PYIHOTEPMIUHUX TI€Uel € BiJICYTHICTh CKJICTIIHHS Haj
KOJIOIIIHUKOM (KpIM HAJKOJIOIIHMKOBOTO 30HTAa) JUIs JIOKaji3amii W
BUJIAJICHHS MTIYHUX Ta30BHUIIJICHb. bivHI CTIHKHM 30HTa BUKOHAHI Y BUTJISAIL
IITOP, @ BEPXHS YaCTHHA CIIOIyYeHA 3 Ta30X0/IaM1 BUTSDKHOT BEHTHIISLII.

PynHoTepMmivHI Mmedi MpamioloTh y 3MIMIAHOMY PEXUMI — YacTHHA
eHeprii BHIINSAETbCS B ENEKTPUYHMX Jyrax, YacTHHAa — I dYac
HPOXO/DKEHHSI CTPyMy uepe3 oMiuHui omip muxTH. CTpyM HpPOXOAWTH
Kpi3b TBEpLy WIMXTY, WIO OTOYY€E ENEKTPOJ, Iap PO3ILIaBIECHOTO
CHIIIKOAITIOMIHIIO HAa YepeHi BAaHHMU Ta Kpi3b IIMXTY HA IHIIHHA €JNEKTPOI.
Jns xoHIEHTpamii BEeNWKOl IOTY)KHOCTI B TOPIBHAHO MajoMy o00'emi
HEOOX1IHO MaTH HIMXTY 3 BUCOKHM €JICKTPOOIIOPOM 1 IITHOOKOI0 MOCAIKOI0
€JIEKTPO/IiB, TOOTO HEBENUKY BiZICTAHb BiJl €JIEKTPO/Ia JIO YEPEeHSI.

[Tin KO)KHUM €JIeKTPOIOM YTBOPIOETHCS HIOM OKPEMHH «THUTEIbY,
ajyie «TUIJ» TOBHHHI CHOJYyYaTHCS MiX COOOI0, OCKUIBKM M4 Mae OTHY
TbOTKY. i pylHHYBaHHS MEPEMUUYOK MK «THTIISIMHY» MY Ma€ MEXaHi3M
obepranns. OnmHak (GakTHIHO BiOYBA€ThCs HEe OOEpTaHHs, a TOBUIBHE
MOBEPTaHHs TeYi BiJl AEIKOTO CEPEeIHBbOIO MOJIOKEHHS TO B OJAWH, TO B
iHIMH OIK Tak, 10 TMepeMilIeHHs] KOXKyXa CTaHOBUTH MmpuOim3Ho 400 MM
BiJ] IbOTO CEPETHLOTO TIOJIOKEHHS.

Y xoxHil ¢a3i medi € 3HWKYBaJIbHMH TpaHCHOpPMATOp, ILIO
BUKOPUCTOBYETBCS TAaKOX JUIA PETYJIIOBaHHS Hampyru. 3 OOKy HH3BKOI
HANPYTH EJNEeKTPUYHE KOJIO Mae OyTH IO MOXKJIMBOCTI KOPOTKUM JUIs
3HIKCHHS IHAYKTHBHOTO OINOPY; HAmpyra 3 HU3bKOTo OOKY Ma€ CTAaHOBUTH
130 — 170 B. Ins migBumieHHsi KoedilieHTa MOTYXHOCTI (cos ¢) medi
MaloTh KOHJCHCATOPH 11 KOMIIGHCAIll PEaKTHBHOI ITOTYXKHOCTI, IO
M KITFOYal0ThCS 3 00KY BUCOKOT UM HU3bKOT HAIPYTH.



