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Ijh\_^_gu hp_gdZ ]hlh\ghklb l_dms_]h khklhygby bg^mdpbhggh]h gZ]j_\Z

^ey jZkieZ\h\ oehjZexfbgZlZ dZeby k l_ljZoehjb^hf pbjdhgby b kjZ\g_gb_

gZ]j_\Z fZl_jbZeh\ k ihfhsvx we_dljh^h\ k i_j_f_gguf lhdhf b

bg^mdpb_c, jZkkqblZgZ aZ\bkbfhklv ]em[bgu ijhgbdgh\_gby fZ]gblgh]h ihey

hl qZklhlu ^ey jZaebqguo fZl_jbZeh\.

Dexq_\u_ keh\Z: jZkieZ\ oehjZexfbgZlZ dZeby, l_ljZoehjb^u pbjdhgby b ]Zngby, mjh\_gv

]hlh\ghklb, bg^mdpbhgguc gZ]j_\, ]em[bgZ ijhgbdgh\_gby fZ]gblgh]h ihey, fZ]gblgu_

k\hckl\Z dhgkljmdpbhgguo fZl_jbZeh\.

THE POSSIBILITIES OF USING INDUCTION TECHNOLOGY FOR HEATING

THE MELT OF POTASSIUM CHLORALUMINATE WITH ZIRCONIUM

TETRACHLORIDE
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An assessment of the readiness of the current state of induction heating for melts of

potassium chloraluminate with zirconium tetrachloride was carried out, a

comparison of heating materials using alternating current and induction electrodes

was carried out, the dependence of the depth of penetration of the magnetic field

on the frequency for different materials.
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JZkieZ\u khe_c rbjhdh ijbf_gyxlky ijb ihemq_gbb Zexfbgby, fZ]gby, dZevpby,

eblby, pbjdhgby, ]Zngby b ^jm]bo f_lZeeh\. Bkihevah\Zgb_ oehjb^gh-khe_\uo

jZkieZ\h\ i_jki_dlb\gh \ y^_jghc wg_j]_lbd_ \ `b^dh-khe_\uo j_ZdlhjZo.
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OehjZexfbgZlguc jZkieZ\ kh s_ehqgufb f_lZeeZfb h[eZ^Z_l jy^hf k\hckl\, lZdbo

dZd: ohjhrZy jZkl\hjbfhklv oehjb^h\ f_lZeeh\, ohjhrZy we_dljhijh\h^ghklv b

l_iehijh\h^ghklv, \ukhdZy e_lmq_klv oehjb^h\ ih kjZ\g_gbx k nlhjb^Zfb b gbadZy

klhbfhklv [1].

H^gZdh g_ klhbl aZ[u\Zlv h \ukhdhc dhjjhabhgghc Zdlb\ghklb jZkieZ\Z ijb

\aZbfh^_ckl\bb k dhgkljmdpbhggufb fZl_jbZeZfb hkh[_ggh ijb ih\ur_gguo

l_fi_jZlmjZo, Z lZd`_ h _]h kdehgghklb d ]b^jhebam k \h^hc b iZjZfb \ha^moZ.

Ijh^mdlu ]b^jhebaZ jZaeZ]Zxlky gZ ]hjyqbo we_dljh^Zo ijb deZkkbq_kdhf gZ]j_\_ b

aZjZklZxl hdkb^Zfb (ij_bfms_kl\_ggh dhjmg^). < k\yab k g_\hafh`ghklvx

bkdexq_gby ]b^jhebaZ jZkieZ\Z b l_ljZoehjb^h\ pbjdhgby b ]Zngby \ ZiiZjZlZo b

maeZo mklZgh\db j_dlbnbdZpbb ij_^eZ]Z_lky jZkkfhlj_gb_ gh\h]h kihkh[Z gZ]j_\Z

jZkieZ\Z k ijbf_g_gb_f bg^mdpbb, bkdexqZxs_]h gZ]j_\Zxsb_ky we_f_glu \ \b^_

we_dljh^h\.

Mjh\_gv ]hlh\ghklb l_ogheh]bb b ijhba\h^kl\Z

Dhgp_ipby mjh\g_c ]hlh\ghklb bkihevam_lky ^ey hp_gdb l_dms_]h khklhygby

\gh\v kha^Z\Z_fuo beb ijbh[j_lZ_fuo l_ogheh]bc. Wlh iha\hey_l hp_gblv, dZd ^Ze_dh

ijh^\bgmeZkv jZajZ[hldZ, gZqbgZy hl b^_b _z kha^Zgby.

LZ[ebpZ 1

HibkZgb_ mjh\g_c ]hlh\ghklb l_ogheh]bb b ijhba\h^kl\Z

TRL 1 Ml\_j`^_gb_ b im[ebdZpby [Zah\uo ijbgpbih\ l_ogheh]bb

TRL 2 Nhjfmebjh\dZ dhgp_ipbb l_ogheh]bb b hp_gdZ h[eZklb ijbf_g_gby

TRL 3 GZqZeh bkke_^h\Zgbc b jZajZ[hlhd

TRL 4 Ijh\_jdZ hkgh\guo l_ogheh]bq_kdbo dhfihg_glh\ \ eZ[hjZlhjguo

mkeh\byo

TRL 5 Ijh\_jdZ hkgh\guo l_ogheh]bq_kdbo dhfihg_glh\ \ j_Zevguo mkeh\byo

TRL 6 BkiulZgby fh^_eb beb ijhlhlbiZ \ j_Zevguo mkeh\byo

TRL 7 >_fhgkljZpby ijhlhlbiZ (hiulgh]h h[jZapZ) \ mkeh\byo wdkiemZlZpbb

TRL 8 HdhgqZgb_ jZajZ[hldb b bkiulZgb_ kbkl_fu \ mkeh\byo wdkiemZlZpbb

TRL 9 >_fhgkljZpby l_ogheh]bb \ hdhgqZl_evghf \b^_ ijb e_lguo bkiulZgbyo

h[jZapZ

< lZ[e. 1 ij_^klZ\e_gh hibkZgb_ mjh\g_c TRL, jZajZ[hlZggh_ GZpbhgZevguf

Zwjhdhkfbq_kdbf Z]_glkl\hf (NASA) KR:. < jmkkdhyauqghc l_jfbgheh]bb \f_klh

TRL bkihevam_lky ihgylb_ « mjh\_gv ]hlh\ghklb l_ogheh]bb (M=L)» [2].
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Ijbf_g_gb_ bg^mdpbhggh]h gZ]j_\Z ^ey jZkieZ\h\ oehjZexfbgZlZ dZeby k

l_ljZoehjb^hf pbjdhgby g_ hibkZgh \ ebl_jZlmj_, mjh\_gv TRL 0.

KjZ\g_gb_ deZkkbq_kdh]h gZ]j_\Z (k ihfhsvx we_dljh^h\, i_j_f_ggh]h lhdZ)

b bg^mdpbb

Ijb ijyfhf gZ]j_\_ jZkieZ\Z ih^\h^ i_j_f_ggh]h we_dljbq_kdh]h lhdZ

hkms_kl\ey_lky q_j_a we_dljh^u, ba]hlh\e_ggu_ ba ijh\h^ysbo fZl_jbZeh\ (f_lZeeu,

]jZnbl). D g_^hklZldZf wlh]h f_lh^Z klhbl hlg_klb dhjjhabx fZl_jbZeh\ we_dljh^h\ b

hkZ`^_gb_ gZ bo ih\_joghklb g_ijh\h^ysbo we_dljbq_kdbc lhd hdkb^h\, ijb\h^ysbo d

mom^r_gbx gZ]j_\Z.

Ijb bg^mdpbhgghf gZ]j_\_ g_h[oh^bfh \ha^_ckl\b_ i_j_f_ggh]h fZ]gblgh]h

ihey \ukhdhc qZklhlu gZ fZl_jbZeu. >ey gZ]j_\Z fZl_jbZeZ _]h g_h[oh^bfh ihf_klblv

\gmljv bg^mdlhjZ (k\blh]h \ kibjZev ijh\h^gbdZ), \ dhlhjhf ih^ ^_ckl\b_f

ki_pbZevgh]h ]_g_jZlhjZ gZijZ\eyxlky i_j_f_ggu_ lhdb jZaebqghc qZklhlu, \

j_amevlZl_ ijh\h^gbd gZqbgZ_l baemqZlv fZ]gblgh_ ihe_, ijhgbau\Zxs__

we_dljhijh\h^ysbc fZl_jbZe, \ ke_^kl\b_ q_]h \ gzf \hagbdZxl aZfdgmlu_ lhdb

\ukhdhc iehlghklb, Z wg_j]by, aZljZq_ggZy gZ kha^Zgb_ wlbo lhdh\, ij_h[jZam_lky \

l_ieh\mx wg_j]bx, dhlhjZy b gZ]j_\Z_l fZl_jbZe. Ij_bfms_kl\Z bg^mdpbhggh]h

gZ]j_\Z aZdexqZxlky \ lhf, qlh f_oZgbaf ^_ckl\by lZdh]h gZ]j_\Z bkdexqZ_l i_j_]j_\

we_dljh^h\, fbgbfZevguc jbkd ijhl_q_d, [_kdhglZdlgZy l_ogheh]by gZ]j_\Z bkdexqZ_l

dhjjhabx, fh`gh kha^Zlv g_h[oh^bfmx nhjfm bg^mdlhjZ ih^ ex[mx aZ^Zqm.

G_^hklZldZfb y\eyxlky: kihkh[ghklv g_ \k_o fZl_jbZeh\ ih]ehsZlv we_dljhfZ]gblgh_

baemq_gb_, ih^[hj fZl_jbZeh\.

Dhebq_kl\h wg_j]bb \gmljb ihehklb bg^mdlhjZ

Ijb ijhoh`^_gbb ih bg^mdlhjm i_j_f_ggh]h lhdZ gZijy`_gghklv fZ]gblgh]h

lhdZ h^bgZdh\Z \h \k_o _]h lhqdZo, ihlhd wg_j]bb \gmljb ihehklb bg^mdlhjZ q_j_a _]h

ih\_joghklv gZ _^bgbpm ^ebgu  fh`gh jZkkqblZlv ih nhjfme_:

� = 7,9 ® 10?= ® (+ ® J)6 ® B ® 5, (1)

]^_ J – dhebq_kl\h wg_j]bb, d\Zjdb; I – kbeZ lhdZ, :; n – dhebq_kl\h \bldh\, f – qZklhlZ,

=p; S – iehsZ^v, f2
.

Ba nhjfmeu fh`gh k^_eZlv \u\h^ h lhf, qlh aZ\bkbfhklv J(f) ijyfh

ijhihjpbhgZevgZ b ijb m\_ebq_gbb qZklhlu dhebq_kl\h wg_j]bb \gmljb ihehklb

bg^mdlhjZ [m^_l m\_ebqb\Zlvky.

=em[bgZ ijhgbdgh\_gby fZ]gblgh]h ihey \ fZl_jbZeu

<ke_^kl\b_ we_dljhfZ]gblghc bg^mdpbb qZklhlZ bg^mdlbjmxs_]h lhdZ kh\iZ^Z_l

k qZklhlhc i_j\bqgh]h lhdZ, iehlghklv dhlhjh]h, lZd `_ dZd b bg^mdlbjh\Zggh]h,

jZaebqgu ih bo k_q_gbx. GZb[hevr__ agZq_gb_ gZ[ex^Z_lky gZ ih\_joghklyo
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fZl_jbZeZ b ijh\h^Z bg^mdlhjZ, ih f_j_ m^Ze_gby hl wlbo ih\_joghkl_c iehlghklv lhdZ

mf_gvrZ_lky ih wdkihg_gpbZevghfm aZdhgm.

<aZbfgh_ \ebygb_ fZ]gblgh]h ihey b dhg\_dlb\guo l_q_gbc \ jZkieZ\_ fh`gh

hp_gblv ih ]em[bg_ ijhgbdgh\_gby fZ]gblgh]h ihey, dhlhjZy hij_^_ey_lky

jZkklhygb_f hl ih\_joghklb, gZ dhlhjhc iehlghklv lhdZ mf_gvrZ_lky \ _=2,71 jZa

hlghkbl_evgh iehlghklb lhdZ gZ ih\_joghklb.

L_ieh, \u^_eyxs__ky ijb kha^Zgbb \boj_\uo lhdh\, gZdZieb\Z_lky \ kdbg-keh_

fZl_jbZeZ, dhlhjuc kh^_j`bl 86,4% l_ieZ hl h[s_]h l_ieh\u^_e_gby. >ey jZkqzlZ

]em[bgu ijhgbdgh\_gby fZ]gblgh]h ihey \ fZl_jbZe (lhesbgu kdbg-kehy) fh`gh

\hkihevah\Zlvky nhjfmehc 2.

Ü = § �

���,Ù
, (2)

]^_ ! – m^_evgh_ we_dljbq_kdh_ khijhlb\e_gb_, Hf*f; � b �0 – fZ]gblgZy

ijhgbpZ_fhklv fZl_jbZeZ b fZ]gblgZy ijhgbpZ_fhklv \ \Zdmmf_, ƒ – qZklhlZ, =p.

< lZ[e. 2 kh[jZgu fZ]gblgu_ k\hckl\Z dhgkljmdpbhgguo fZl_jbZeh\, fZl_jbZeh\

nml_jh\db b jZkieZ\Z oehjZexfbgZlZ dZeby b jZkkqblZgZ ih nhjfme_ 2 ]em[bgZ

ijhgbdgh\_gby fZ]gblgh]h ihey \ fZl_jbZe. Klhbl hlf_lblv, qlh kijZ\hqgu_

lZ[ebqgu_ ^Zggu_ ih m^_evghfm khijhlb\e_gbx [4] ^ey qbkluo \_s_kl\ b ^ey ]hlh\uo

ba^_ebc m ihklZ\sbdh\ hlebqZxlky, qlh k\yaZgh dZd k ihjbklhklvx ]hlh\uo ba^_ebc ba

d_jZfbq_kdbo fZl_jbZeh\, lZd b k qbklhlhc ijbf_gy_fuo ^ey ba]hlh\e_gby \_s_kl\.

GZ jbk. 1 b gZ jbk. 2 ij_^klZ\e_gZ aZ\bkbfhklv ]em[bgu ijhgbdgh\_gby

fZ]gblgh]h ihey hl qZklhlu ihey ^ey fZl_jbZeh\: jZkieZ\ KAlCl4, klZev 08O18G10L

(10^2), d\Zjp_\h_ kl_deh (d\Zjp). AZ\bkbfhklv [ueZ ihemq_gZ k ihfhsvx nhjfmeu (2) ijb

jZaghc qZklhl_ 100 =p, 500 =p, 2500 =p, 5000 =p, 10000 =p, 15000 =p, 25000 =p,

35000 =p, 50000 =p, m^_evghf khijhlb\e_gbb b fZ]gblghc ijhgbpZ_fhklb ba lZ[e.2.

Ba lZ[e. 2 ke_^m_l, qlh ^ey klZdZgZ bkiZjbl_ey klhbl bkihevah\Zlv d\Zjp beb

dhjmg^, qlh[u fZ]gblgh_ ihe_ gZ]j_\Zeh jZkieZ\ \ h[t_f_. Ijb bkihevah\Zgbb

f_lZeebq_kdh]h klZdZgZ bkiZjbl_ey ijZdlbq_kdb \k_ l_ieh [m^_l \u^_eylvky \ kl_gd_

klZdZgZ, qlh fh`_l ijb\_klb d _]h i_j_]j_\m b ih\ur_gghc dhjjhabb beb hkZ`^_gbb

iehoh ijh\h^ys_]h l_ieh dhjmg^Z gZ _]h ih\_joghklb. ;ZaZevl beb djhrdZ dhjmg^Z

fh]ml [ulv bkihevah\Zgu ^ey gZ[b\db ijhkljZgkl\Z f_`^m aZsblguf wdjZghf b

kl_gdhc klZdZgZ bkiZjbl_ey. Ljm[hijh\h^u \oh^Z b \uoh^Z jZkieZ\Z lZd`_ `_eZl_evgh

\uihegblv ba g_f_lZeebq_kdh]h fZl_jbZeZ (dhjmg^ beb d\Zjp), lZd dZd f_lZeebq_kdb_

ljm[u, gZoh^ysb_ky \ ahg_ bg^mdpbhggh]h gZ]j_\Z, [m^ml gZ]j_\Zlvky kbevg__

bg^mdlhjhf b \hafh`gZ bo aZ[b\dZ dhjmg^hf.
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LZ[ebpZ 2

FZ]gblgu_ k\hckl\Z fZl_jbZeh\ b jZkq_lgZy ]em[bgZ ijhgbdgh\_gby

fZ]gblgh]h ihey \ h[jZa_p

Jbk. 1. AZ\bkbfhklv ]em[bgu ijhgbdgh\_gby fZ]gblgh]h ihey (f) hl qZklhlu ^ey fZl_jbZeh\:

jZkieZ\ KAlCl4 (kbgbc p\_l), klZev 08O18G10L (10^2) (hjZg`_\uc p\_l)

0

1

2

3

4

5

6

0 10000 20000 30000 40000 50000 60000

FZl_jbZe

M^_evgh_

khijhlb\e_g
b_,

HfÂf

FZ]gblgu_
k\hckl\Z

FZ]gblgZy

\hkijbbfqb\h

klv, KB

FZ]gblgZy

ijhgbpZ_fh

klv

QZklhlZ

ihey
bg^mdlh

jZ, =p

=em[bgZ

ijhgbdgh\_g

by, f

;ZaZevl (kmohc) [3] 2000
IZjZfZ]g_
lbd

0,002 1 50000 100,6598

KCl l\ [4] -
>bZfZ]g_l

bd
-39 0,999961 50000 -

AlCl3 l\ [4] 0,04
>bZfZ]g_l

bd
-0,6 0,9999994 50000 0,4502

KCl ` [4] -
>bZfZ]g_l

bd
- 50000 -

AlCl3 ` [4] -
>bZfZ]g_l

bd
- 50000 -

klZev 08O18G10L [5] 0,0000008
IZjZfZ]g_

lbd
1,015 50000 0,0020

kieZ\ Hastelloy G35 [6] 0,00000124 1 50000 0,0025

kieZ\ Hastelloy ":" [6] 0,000001232 - 50000 -

kieZ\ Hastelloy "B" b "C [7]" 0,000001326 1,001 50000 0,0026

kieZ\ Hastelloy "D" [7] 0,000001149 - 50000 -

kieZ\ Hastelloy "X" [7] 0,000001149 1 50000 0,0024

D\Zjp_\h_ kl_deh [8] 7000000000
>bZfZ]g_l

bd
0,9999849 50000 188318,6469

Al2O3 dhjmg^, hdkb^ Zexfbgby [9] 101300 1 50000 716,3838

KAlCl4 `b^dbc (jZkieZ\), 500 K [2] 0,01242236 1 50000 0,2509

KAlCl4 jZkieZ\ k 7,69 fZkk % ZrCl4 ,

500 °K  [2]
0,012987013 1 50000 0,2565

KAlCl4 jZkieZ\ k 25,6 fZkk % ZrCl4 ,

500 °K  [2]
0,014925373 1 50000 0,2750

M]e_jh^ (]jZnbl) l\_j^uc [4] 0,00031
>bZfZ]g_l

bd
0,999895 50000 0,0396

bfihjlguc bahklZlbq_kdbc

f_edha_jgblkuc ]jZnbl [10]
0,000011

>bZfZ]g_l

bd
0,999895 50000 0,0075

]jZnbl fZjdb W=-RP, W=I-HP, W=KI-

UHP [11]
0,000007

>bZfZ]g_l

bd
0,999895 50000 0,0060
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Jbk. 2. AZ\bkbfhklv ]em[bgu ijhgbdgh\_gby fZ]gblgh]h ihey (f) hl qZklhlu

^ey d\Zjp_\h]h kl_deZ (d\Zjp)

GZ ]jZnbdZo \b^gh, qlh k m\_ebq_gb_f qZklhlu ]em[bgZ ijhgbdgh\_gby

fZ]gblgh]h ihey mf_gvrZ_lky.

Bg^mdlb\gh_ ihe_ bkdZ`Z_l kb]gZe l_jfhiZj, \uau\Zy bg^mdpbhggh_ gZijy`_gb_

b bg^mdlb\guo gZ]j_\ l_jfhiZj [12]. Ihwlhfm g_h[oh^bfh wdjZgbjh\Zlv l_jfhiZju hl

bg^mdpbhggh]h ihey.

<u\h^u

1. Ijbf_g_gb_ bg^mdpbb ^ey gZ]j_\Z jZkieZ\Z oehjZexfbgZlZ dZeby \hafh`gh,

gh rbjbgZ ZiiZjZlZ h]jZgbq_gZ ]em[bghc ijhgbdgh\_gby fZ]gblgh]h ihey \ jZkieZ\.

2. =em[bgZ ijhgbdgh\_gby fZ]gblgh]h ihey k m\_ebq_gb_f qZklhlu mf_gvrZ_lky,

Z wg_j]by bg^mdpbb k m\_ebq_gb_f qZklhlu m\_ebqb\Z_lky, ihwlhfm g_h[oh^bfh bkdZlv

hilbfZevgu_ mkeh\by ^ey gZ]j_\Z fZl_jbZeh\.

3. =em[bgZ ijhgbdgh\_gby fZ]gblgh]h ihey \ ^bwe_dljbdb [hevrZy, \ f_lZeeu -

g_kdhevdh fbeebf_ljh\. Ihwlhfm hilbfZevgh ^ey fZl_jbZeZ klZdZgZ bkiZjbl_ey

bkihevah\Zlv ^bwe_dljbdb (d\Zjp beb dhjmg^), qlh[u l_ieh \u^_eyehkv \gmljb

jZkieZ\Z.

4. Bkihevah\Zgb_ f_lZeebq_kdh]h klZdZgZ bkiZjbl_ey g_ bf__l kfukeZ, lZd dZd

\k_ l_ieh [m^_l \u^_eylvky \ kl_gd_ klZdZgZ b ijb\h^blv d _]h i_j_]j_\m b \hafh`ghfm

aZjZklZgbx ijh^mdlZfb ]b^jhebaZ.

5. < f_lZeebq_kdbo ljm[hijh\h^Zo \oh^Z b \uoh^Z jZkieZ\Z lZd`_ \hafh`gh

\u^_e_gb_ dhjmg^Z ba-aZ bo i_j_]j_\Z, _keb hgb gZoh^ylky \ ahg_ bg^mdpbhggh]h

gZ]j_\Z.

6. < ahg_ bg^mdpbhggh]h gZ]j_\Z l_jfhiZju ^ey dhgljhey l_fi_jZlmju g_

bkihevamxlky. G_h[oh^bfh l_jfhiZju wdjZgbjh\Zlv ^ey ihemq_gby \_jguo ihdZaZgbc

l_fi_jZlmju jZkieZ\Z.
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