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PO3PAXYHOK MAPAMETPIB EIIIH JIETAJEN
MAIIUH

1 META POBOTH

[Mpunbaty mpakTU4YHI MPUHOMH PO3PAXYHKY HapaMeTpiB pEKUMY
mportecy enextpornutakoporo Hamaasinenus (EIITH), 3 MeToio BifHOBICHHS
3HOIICHHX, Ta BATOTOBJICHHS HOBUX JICTaJIel MAIIMH 1 yCTaTKyBaHHSI.

2 3ATAJIBHI BIJOMOCTI

Cytuicte mportecy EIIH (puc. 2.1) momsrae B MJIaBleHHI
BUTPATHOTO €NIEKTPO/Ia, 38 PaXyHOK Telljla, 10 BUAUISETHCA B MIAPi IUTAKy
OpU TPOXO/PKEHHI 4epe3 HbOro EISKTPUYHOr0 CTPYMY, KPaIIMHHOMY
MEPEeHOCI PO3IUIABJICHOrO METajly 4Yepe3 Iiap IlaKy B PiIKY MeTalleBy
BaHHY 1 HACTYMHOI CIPSIMOBAaHOI KpUCTaJIi3allii HaljIaBICHOTO MeETaly Y
MIZTHOMY KPHCTATi3aTopi, 0 OXOJIIOKYETHCA BOAOKO [1].

Ho ocaoBHUX napameTpiB npouecy EIIH BigHOCATBCS:

- lyn- CTPYM HaILIABJICHHS,

- Uy, - Hampyra HaruiaBiieHHS;

- V,, - niHiiiHa MIBUJKICTh HAIIJIABJICHHS METaYy;

- Mapka ¢urtocy,

- Gy, - KUIBKICTB (htoCy;

- Hy;y — BUCOTa mapy 1UIaKOBOI BAaHHU;

- hy,,— BUCOTA MmIAPY NUIAKOBOr'O MIXKEIEKTPOIHOIO MTPOMIXKKY;

- d; - miamMeTp BUTPATHOTO €IEKTPOJIA.

BXigHUMY TaHUMH JUTS PO3PAXyHKY €:

a) Matepian (crajgb, YaByH, Miab, OpOH3a, THTaH, ATOMIHIA 1 T.I.)
JIeTajti, 10 HATUIABJIAIOTh 200 MaTepiai, SKUM pOOJISTh HAIIaBJICHHS;

0) dopma i po3Mipu gerai i3 HAIJIABIEHOTO MaTepiamy, 30Kpema,
niamerp abo CTOpOHA KBajpaTa KpUCTalli3aTopa; TOINEPEYHHN Tmepepis,
BHUCOTA.
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Dy, — miameTp kpucTanmizaTopa abo miaMeTp HammapieHoi geranmi; Hye, — BHcoTa
METaJIeBOl BaHHH.

1 — omkepeno >KUBIICHHS; 2 — BHUTPaTHHH €NIEKTPON; 3 — KPHUCTAi3aTop;
4 — posmnaBlieHWH MUIAK; 5 — Kparuli po3IUIaBICHOr0 MeTana; 6 — MeTaneBa BaHHA;
7 — 3akpicTanizoBaHHi HAIUIABJIEHUI MeTal (1eTasb); 8 — ImiyIoH.

Pucynok 2.1 — Cxema npouecy EIITH

[MocnigoBHicTh po3paxyHKy napaMerpis npouecy EIIH:

a) BuOpaTH Mapku (QUIIOCY, BpPaxOBYHOUM XIMIYHHIE CKIaj
HAIUTaBJICHOT'0 MaTepially, BU3HAUUTH Po00Uy TeMIiiepaTypy (uitocy i Horo
MUTOMY EJIEKTPONPOBIMHICTE TMpH PpoOOYi TemmepaTypi MJIaBJICHHS.
Po3zpaxyBat BHCOTM MIapy ULUIAKOBOI BaHHM Ta WIApy IUIAKOBOIO
MDKEIEKTPOAHOTO MPOMDKKY, KUIBKICTh (QUIIocy, eNeKTpUYHUN Omip
IIJTaKOBO1 BaHHU,

0) BU3HAYMTH ONTHMAJIbHY JHIHHY IIBUAKICTh HaIUIaBICHHA V,
JleTajii B 3aJIeKHOCTI Bij i1 qiamerpa;

B) po3paxyBatu CTpyM i Hanpyry mpoiecy EITTH.
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3 PO3PAXYHOK

Mapka arocy as enexrpornntakoBoro Hamtasinenus (EIIH) meranmi
3 KOHKpETHOro marepiany (tada. 3.1) obupaerses BiAMoBiaHO 10 TabI. 3.2,
a TaKo)K 3TiAHO JaHWM JiitepaTtypHux jokepen [1,2]. Poboua TemmnepaTypa
mapy IUIaKoBOI BaHHK moBuHHA OyTr Bumie Ha 150-200° C Temmnepatypu
JIKBIAyCYy MaTepiajy, Mo HamIaBaseThes [3].

Tabmuusa 3.1 - XimiuHuWid ckjajg crajedd, Ta CepeAaHe 3HAYCHHS
TEIUIOEMHOCTI JJAHOTO METAJTy Y TBEPAOMY 1 PO3ILJIABICHOMY CTaHi

" Xumiunuii cknazn, % Corn | Cpx
apka
crancii | C | S | Mn| cr | Ni [cu| mm | 2| A
eXC | 2X(C
20 0.23 10.11(0.635| - |0.074/0.13| Al=0.01 |485,67|150,72

40 0.415/0.11|0.643| - ]0.0630.12|Al=0.006|485,67|653,14
V12 1.22 |0.16] 0.35 | 0.11 | 0.13|0.08|Al=0.006| 485,67 686,64

30XI'C | 0.36 |1.05| 0.9 | 1.04 | - - - 510,79|577,78
1X13 | 0.11 |0.17| 0.36 |12.95|0.14]| - - 468,92|661,51
X28 02 |12 08| 27 | 06| - | Ti=0.3 |489,86/657,33
1X18H9T| 0.09 |0.74]| 0.88 | 18.1 |9.82| - | Ti=0.4 |489,86|657,33
X25H20|1 025 | 15| 20 | 25 |20.5] - - 489,86|657,33

13 122 1022|130 | - - - - 519,16|707,57
['21X15T| 0.05 | 0.66 | 20.88|14.66| - - 519,16|707,57
P18 ]0.715) 0.3 | 0.25 | 4.26 |0.07| - |W=18.45/410,31|611,27
ITpumitka. C,,, C,x — cepenHe 3HAYEHHs TEMIOEMHOCTI JIAHOIO
MeTaxy y TBEpAOMY 1 pilkoMy cTaHi.
Hiamerp BuTpatHOro enekrpona d., (B MM) BH3HA4aEMO 110 popmyti:

deJ'l:DK]’) K; (3 1)

ne D, — niameTp kpucranizaTopa abo HalIaBIEHOI A€Talll, MM;

K, - KoeillieHT 3anoBHEHHS, K, = 0,50 — 0,70.

3 METOI0 MiABHICHHS EHEepreTUYHNX MOKa3HHKIB
ENIEKTPOIIUIAKOBOrO  MPOIECY JAOLIJIBHO 3aCTOCOBYBAaTH MAaKCHMAJbHI
3Ha4YeHHS KoedillieHTa 3amoBHEHHS.

Bucora mapy nurakoBoi BaHHM BU3HAYAETHCS 31 CITIBBITHOIICHHS
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Tabnung 3.2 - @mrocu s ENNTH

®irocu |Cak,|Al,O3/CaO|MgO|T,,,, °C Ipu3HayeHHs [ITaKy
AH®-6| 70 | 30 | - | 1320- | [lna craneit 6e3 Ti i B; 3a§e3neqye
1340 3HaYHE 3MEHIICHHS CIpKH
1200- | dns craneii i cromis 6e3 Al, Ti i B;
AH®-7/ 80 | - | 20| - 1220 j3abesneuye HaiOIbIIE 3HIDKEHHS S
AH®-8l 60 | 20 | 20| - 1240- | 1ns cTaseit 6e3 Ti i B; 3a6e§neqye
1260 | Haiibinple 3MEHIICHHSI CIPKH
AH®-9| 80 - - 20 - Tex came, o # st AHD-7
AH®D- 80 i i i 1340- | Tex came, mo i 1ug AHD-7, ane
19 1360 | nae HalOLIBIIY UTAKOBY BaHHY
AHO- JLi1st 3a06e3meueHHs 3HaYHOrO
80 | - - - -
20 3MeHIeHHs hocdopy
AH®- 50 | 25 | - | 1220- | [lnst craneii i cTomiB 3 antoMiHieM i
21 1240 THUTaHOM
AH®D- %5 i 5 | 1390- | [lns crasiedt i CTOMIB 3 aFOMiHIEM,
111 1410 TUTaHOM 1 60poM
AH-29]| - 55 | 45 | - it CTaJel 1 cTomiB 6e3 Ti i1 B; mae
HAHOLIBIY NUTAKOBY BAaHHY
Ano-5( 80 | - | - | - |HO i i
1180 Jns MiTHHUX cTOMIB
AH®- 181 40 | 25| 17 | M craneit 6e3 Ti i B; 3a§e3neqye
291 BHCOKY MPOJYKTHBHICTh
AHO- i 60 | 35| 5 |1450 Tex came, 1110 1 11 AH®-291 Ta
292 3MEHIIEHHS CIPKU

IMpumitka. Bmict SiO, i FeO B mumakax mis EIIIH we moBuHeH
nepesunryBatu 0,3 %, Bmict cipku 0,05 %, a Byriemto B nurami AH®-1I1
ta AH®-21 nis neperuiaBa Hu3bKOBYyTIIeeBux craeit Ta cromis 0,02 %. B
mtami AH®-19 smictunocs 20% ZnOs, B nutani AH®-20 — 20 % BaO, B
motani AH®-21 - 25% TiOy; i B nutani AH®-5 — 20 % NaF.

0,5 Uy < Hyn < 1,2 dy (3.2)
3nauenHs hy, (B MM) po3paxoByrOTh 3riTHO pekomMenaarii [1]:

hu, = 8,94 + 0,474.-d,, (3.3
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Kinbkicts ¢uttocy (B rpaMax) po3paxoByeThes 110 Gopmyii:
Gd)n = 111'Sl<p'Hmn'pd)n. (34)

1€ Pgn — IIBHICTB uTtoCy, pes = 2,5-2,8 (r/em?) [1].

Pospaxynok enektpuuHux pexumiB mpouecy EIIH mnpoBoasts,
BpPaxoOBYIOUM TEIUIOBHU OanaHC IJIaBJeHHS BHTPAaTHOTrO enekrpoxaa. s
IILOTO PO3PaxXOBYIOTh KUIbKICTh Temna Q, moTpiOHy JUIs TUTaBJICHHS
BHUTPATHOTO €ICKTPOJIa 3 MACOBOIO MIBUAKICTIO G0

V r:S
Q - JI >4e1n gT
K, , (3.5)
0r = Cpu(Te - To) + A + Cpu(Ty - T) (3.6)

ne V, obupaeTbces 3a rpadikoM, HaBeneHUM Ha puc. 3.1.

p — HIUTBHICTH METaNy B pikomy craHi, r/cm?® (puc. 3.2);

0: — TEOpeTHYHO HEeOoOXiJHA KITBKICTh Temjaa sl TIJIaBJICHHS
eNeKTPOo/Ia i3 3a1aHO00 IPOAYKTHUBHICTIO Gy, JIK/T;

1) — TeIIoBUI KoediieHT kopucHoOi Ail mpomecy, 1 = 0,60 — 0,75;

To —nouatkoBa Temrieparypa, To = 20 °C;

T, T, — TemIepaTypu coidimyc Ta JKBiycC, Uil cTajeldl MOXKIIHBO
MPUAHATH IO Aiarpami 3aj1i30-ByTJielb,

T, — TemmepaTypa Kparenb pPO3IJIaBICHOT0 MeTaly, MOXKIHBO
npuiiasaTa Ha 80 —100° C Bu1e TemmneparypH JiKBigyc;

A — MTOMa eHepris MIaBlieHHs, i crami A =84 Jx/r, 1usa yaByHy
ciporo A = 84 JIxx/r, ans yaByny 6imoro A = 140 JTx/r.

[lInakoBa BaHHA € JPKEPEIOM TEIUIA, SKE BUAUISETHCS B Pe3ysbTati
MPOXO/PKEHHS eJIEKTPUIHOTO CTPYyMY |y, CKpi3hb LIIaKOBY BaHHY, SIKa Mae
orip Ry, . MOXIMBO ySBUTH, IO JJIs TUIABJICHHS BUTPATHOTO €IEKTPOAa 3
mBuakicTio Gy, B OJMHUIIO 4Yacy, Oyae MOoTpiOHa €JIeKTPUYHA TEIIoBa
notyxHicTh Q. TakMM YMHOM PO3PaXOBYEMO CHUITY CTPYMY TUTABJICHHS |0

(3.7)
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1 —crami ta ix cromu; 2 —Mije Ta 1 cTonu; 3 — TUTAH Ta HOro CTOIIH;
Pucynok 3.1 — JliHiliHa MIBUJKICTh HAIUIABJICHHS B 3QJIGKHOCTI BiJ
Jiamerpa jaeraii

"
e, o

1—1550; 2— 1600; 3— 1700° C
Pucynok 3.2 - [30TepMH MIUIBHICTH METATy B PIAKOMY CTaHi
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Omip nw1akoBoi BaHHH Ry, po3paxoByeTbes mo hopmyii (3.8):

_ P In(1/x5)
gxSp; lk;-1

Ry (3.9)

2.
e Sen — [Jioia N€pEeTUHY BUTPATHOT'O CJICKTPOaAAd, MM ,

¥ - TUTOMa EINEeKTPONPOBIIHICTh NIIAKy MPH POOOYMX TeMIepaTypax
maski, Om 'em™. Busnauaetscst 3 rpadikis, HaBegeHux Ha puc. 3.3.
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1-AH® - 1IT; 2 - AH® — 6 ¢ 5% N&O; 3 — AH® — 21; 4 — tuma AH — 291;
5-AH® -6; 6—-AH - 29

Pucynok 3.3 - Ilutoma enekTponpoBiiHicTh (irocy mpu pobodiii
TeMIeparypi

Hampyry Ha nutakoBiii BaHHI po3paxyemo 3a (opMyJIor0:

Urm = Irm'RmB (39)
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4 MOPAAOK MNPOBEJAEHHSA POBOTH

1. Buknagau Bujae BapiaHT PO3PaxyHKOBOTO 3aBAAHHS, Y3TOIXKYE
marepiai jieraini, il reomerpudHi po3mipu (tadm. 4.1).

2. Tlo Bume BUKIAJEHIN METOAMIN 3IHCHIOETBCS PO3PAXYHOK
napaMeTpiB peXUMY eJIeKTPOLLTAKOBOTO MPOIECY.

5 3MICT 3BITY

1. Kpecnenns BupoOy 3rifiHO BapiaHTy pO3paxyHKOBOTO 3aBIaHHS 3
BKa3aHHSAM TEOMETPUYHHMX pPO3MIpiB, Marepialdy, Ta ramy3i Horo
MOXJINBOTO BUKOPHCTAHHSI.

2. JloknagHuii po3paxyHOK MapamMeTpiB MPOIECY EISKTPOIIIaKOBOIO
HaTUIABJICHHSI Ta BITHOBJICHHS 3HOLICHOI IeTalli MalliHA

3. OOrpyHTYBaHHSI OTPUMaHUX PE3YNIbTATIB.

4. BucHOBKH IO pOOOTi.

6 KOHTPOJIBHI 3AIIMTAHHSA

1. ®iznyna cyrricts nponecy EIIH neranei.

2. OcHosHi napamerpu npouecy EIITH.

3. Bumoru nipu Bubopi (iarocy UIs eneKTpouIakoBoro IporLecy.

4. Bumoru Jio TeMIEpaTypHOro pexuMy (UIFOCY, sKi 3a0e3Me4yoTh
CTaOLIBHICTh TUTABJICHHS BUTPATHOTO SJIEKTPO/IA.

5. Cyrnicts npouiecy padinysanas merany npu ELITH?

6. OcoOnuBicTh KpHUCTadi3amii MeTaqy NpH EIeKTPOLLIAKOBOMY
HaTIaBJICHHI.

7. BynoBa meraneBoi BaHHU. BB ¢opmu Ta po3mipiB MeraneBoi
BaHHM Ha KPUCTaJIi3allilo MeTana.

8. MoOxIMBOCTI yIpaBiiHHS XIMIYHMM CKJIAJOM, CTPYKTYPOIO,
BJIACTUBOCTSIMA ~ HAIJIABJICHOTO  MeTaja 3  METOI  IiABHINCHHS
3HOCOCTIMKOCT1, MEXaHIYHHX Ta CIYKOOBUX BJIACTUBOCTEH.
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Tabmuus 4.1 - Tunosi pgerani OTpUMaHi 3 BUKOPHCTAaHHIM
texHonorii EIITH
I'eomerpuu l'anmyss
Bupi6 Hi pO3MipH, Marepian MO>KJIBOTO
MM BUKOPHCTAHHS
1 2 3 4
1 @ =50- 250 |Koucrpykiiiiini, |BuxigHa 3arorieka
| H <400 IHCTpYMEHTAJIbHI | ISt
okl K cTaji, KoIbOpPOBi [MeTaso00poOKH,
. METaJM Ta CTONHU |3aroTiBil
ﬁ THCTPYMEHTIB
£, (dpes,
pi3bOOHAKaTHUX
POJUKIB,
JICKOBUX
HOXKHIIIB,
MyaHCOHIB)
2 r| 1 a=70-200 |Koncrpykuiitai, |BuxinHa 3aroriBka
e b=70-200 |iHcTpyMeHTaNbHI |mIst
i 1 H <400 cTaji, KOIbOPOBi |METaso00poOKH
Mertanu Ta cronu |LlItammosi
ST KyOWKH, 3aroTiBii
1 npec-hopm
0 =50- 250 |Kouctpykuiiini  |TpilHUK,
?,= 50 — 250 |cTaii, KOIHLOPOBI |apMaTypa VIS
L =100-500 |meranu Ta cTonu |poOOTH npu
BHCOKHMX THCKax, B
arpecuBHUX
cepelloBHIIax
0 =50-250 |Koucrpykuiiiai  |[lepexigHuk,
1= 50 — 250 |crai, KOTBOPOBi |apMaTypa AJs
L =100-500 |meranu Ta cTonu |poOOTH MpH
BHCOKHX THCKaX, B
arpecuBHUX
cepeloBHIIax
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2 3 4
5 @Dy 0?,=50 - 200 |KonctpykuiitHi |XpecToBHHA,
Dy 0,=50—-250 |cram MePEXiTHUKH
L <600
6 a=30-200 |Koucrpykuiiini Ta|[lerani
J‘J B <400 IHCTPYMEHTAJIbHI |[IEPEMIHHOTO
! H <600 crani NepeTuHy  TUIY
L.< 250 HaKOBaJIbHI, TaBpa
L,-20-100
0, <250
0, =50-200
0=50-200 |Koncrpykmiitai |Jlerani cexuii
L <600 crai KOJIIHYATHX BaJliB,
L <600 OITOPHI BicCi 3
a =40-200 ¢ikcaropamu
0¥:=50 - 200 |Koncrpykuiiini  |OnopHi Bici
0,=50—-250 |cTani
L <600
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1 2 3 4
St € 7 0 =50-250 |Koncrpykmiinai |Jlerani THITY
" L =600 crani “cepra”
| f’ H =500
" a =30—200
. |B=1-100
Al
X L I
le
It T"" . 0:< 250 Koncrpykmiiiai  |CxiguacTuit  Bai
ey +~—10,>50 crami PEoyKTOpIiB
: H <600 3yOIIIOBaTHX
oy nepenayu
ﬂ @
]_ i
n - @ |©9:< 250 Konctpykiiiini  |Basi-mecripHs
0,>50 crani 3yOIIOBATHX
f : ] [H<600 nepenay
t l 1 I
] 22
| ;
1 _rT1]
12 .‘l"..f A-A |a=70-200 |Koucrpykuiiini |[eramni XOMYT
[T przg|b=70-200 |crani 3aMKiB
J '—i— | e i <600
1= ‘ T
i
BV
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1 2 3 4
LRI a=70-200 |lacrpymentanbHi |[KyBanbHi BCTaBKH,
b=70-200 |crani HITAMITK,  TIpec-
T @ H <400 dopm
i i ; ‘.
Lo |
14 A =80-200 |Iucrpymenranbhi |[Itammu
B =80-200 |crani MyaHCOHH
<t H <400
r
B
15 a=20-400 |Mins, xpomucta|l'yOKku
g b=70-250 |6poH3a KOHTAKTHHX
:1: H =70-250 MalllH,
i CTPYMONPOBO/IIB,
X CTpyMO3HIMauiB
] -;-—é-n—:--
0 =250 Mine, xpomucra|Enekrponu TUIS
a=20-400 |0opoH3a IIOBHUX MAIIIMH

S
7

e
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1 2 3 4
17 1A ~ 3H0009Ti17n<i Bi[[.HOBI[eHHSI
- s Matepiaiu 3y0iB
e eKCKaBaTOpiB
1% h‘\. " 3H0cOoCTiHKI Bignosnenns  6in
1 ,) ] Marepiaiu Jpodapok
19 — .. P2 @;= 50 Konctpykiiiini  |3arorisku
IH 4 19,>50 crani ¢nanuis,
| ?j D:J H <600 MATOYUH,
[ AN ! noTyMYQT.
20 ©¥=50-200 |KoHucTpykuiiiHi |3aroTiBKu
o H =70-200 |crami BHJEIIOK
! ~1la =70-200
S R
21 ?=250 KoucTpykiiiini  |3aroTiBku 3ipo4ok
a=20 cTai JIAHITFOTOBUX
MEXaHi3MIB
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2 3 4

1
2z @=50-250 |KoHCTpyKIiiiHi |3aroTiBKu POJIHUKIB
Ij:gg H =30-600 |cramni, JIUCTONPOKATHUX
IHCTpYMEHTaJIbHI |Ta
crani TpyOOmpoKaTHUX
CTaHiB

3 P 0,=250 IncrpymenTanbHi |TpyOonporivBHi
+2_ pyoorp
E I 0,=50 crani

OMpaBKU
, =} H= 600
Qﬁ@
24 — "‘Slv ?®=50-250 |Koncrpykuiiini |Cekuii KoniHYaTHX
] L = 600 crani BaJiB
_.|_ = el
. L
23 |a=70-200 |Koncrpykuiitni |3arotiBku
_{‘_ﬂjE b=70-200 |crani KOPITYCHUX
¥ I c=30 neraneit
. H =600
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1 2 3 4
6 1 —j a=40-200 |KoucrpykuiiiHi |3aroTiBku
]'_:]: b = 100 — 300 |cTamni KPITUIBHUX i
M 1 1X| |c =20-40 OTMOPHHX BY3TIB
| | H = 100-300
bt -+ = 100-1000
(@ He
LB
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