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Ijh\_^_gZ j_ljhki_dlb\Z hldjulbc \ jZaebqguo h[eZklyo gZmdb b l_ogbdb,

k\yaZgguo k oehjhf. MdZaZgu hkgh\gu_ kn_ju ijbf_g_gby oehjZ b _]h

kh_^bg_gbc. JZkkfhlj_gu Zki_dlu ijbf_g_gby oehjZ \ f_lZeemj]bb j_^dbo b

p\_lguo f_lZeeh\. IhdZaZgh, qlh ij_bfms_kl\Z oehjguo f_lh^h\ kha^Zxl

ij_^ihkuedb kha^Zgby gZ bo hkgh\_ gh\uo wdhghfbq_kdb hijZ\^Zgguo
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1. <\_^_gb_

<k_]h ljb ]h^Z gZaZ^ f_lZeemj]b \k_]h fbjZ hlf_qZeb 125-e_lb_ oehjguo

f_lh^h\, dhlhju_ k^_eZeb \hafh`guf ihemq_gb_ \ qbklhf \b^_ lblZgZ, pbjdhgby b

jy^Z ^jm]bo f_lZeeh\, jZkdju\ bo g_ ba\_klgu_ jZg__ mgbdZevgu_ k\hckl\Z. Wlh, \

k\hx hq_j_^v, aZeh`beh hkgh\m gZmqgh-l_ogbq_kdhc j_\hexpbb \ l_ogheh]bb

dhgkljmdpbhgguo fZl_jbZeh\, ijhbahr_^r_c f_g__ klZ e_l gZaZ^ [1]. G_ kemqZcgh,

ijhreh_ OO klhe_lb_ bgh]^Z gZau\Zxl «lblZgh\uf \_dhf»: gZklhevdh \_ebdZ

hdZaZeZkv jhev kieZ\h\ lblZgZ \ kh\j_f_gghc Z\bZdhkfbq_kdhc l_ogbd_ b \

fZrbghkljh_gbb \hh[s_. >ey Zlhfghc wg_j]_lbdb \Z`g_crbfb dhgkljmdpbhggufb

fZl_jbZeZfb y\eyxlky kieZ\u pbjdhgby, \ l_ogheh]bb dhlhjh]h oehjgu_ f_lh^u lZd`_

aZgbfZxl \Z`gmx jhev [2].

Ijhr_^rbc 2024 ]h^ [ue hlf_q_g kjZam ^\mfy \Z`gufb ^ey fbjh\hc gZmdb

x[be_cgufb ^ZlZfb: 180-e_lb_f kh ^gy jh`^_gby \u^Zxs_]hky jmkkdh]h obfbdZ

>fbljby B\Zgh\bqZ F_g^_e__\Z b 250-e_lb_f hldjulby oehjZ, dhlhjhfm ihk\ys_gZ

gZklhysZy klZlvy.

2. Bklhjby hldjulby oehjZ b _]h kh_^bg_gbc

Oehj – k_fgZ^pZluc obfbq_kdbc we_f_gl i_jbh^bq_kdhc kbkl_fu (jbk. 1),

\Z`g_crbc ]Zeh]_g, rbjhdh jZkijhkljZgzgguc \ hdjm`Zxs_c kj_^_ [3]. < k\h[h^ghf

\b^_ hg [ue \i_j\u_ \u^_e_g \ 1774 ]h^m r\_^kdbf obfbdhf DZjehf <bev]_evfhf

R__e_ (jbk. 2). Wlhl \u^Zxsbcky mqzguc ihemqbe oehj \ dZq_kl\_ ijh^mdlZ

obfbq_kdhc j_Zdpbb (1) oehjh\h^hjh^Z kheyghc dbkehlu k ibjhexablhf ijb

gZ]j_\Zgbb [4].

4HCl + MnO2 = Cl2 + MnCl2 + 2H2O (1)

H[jZamxsbcky ih j_Zdpbb (1) ]Zahh[jZaguc ijh^mdl h[eZ^Ze k\h_h[jZaguf

j_adbf aZiZohf, oZjZdl_jghc hdjZkdhc b p_euf jy^hf g_h[uqguo k\hckl\. Ihemqb\

fhe_dmeyjguc oehj, D.<. R__e_ gZ[ex^Ze i_j\u_ j_Zdpbb gh\h]h \_s_kl\Z k

g_hj]Zgbq_kdbfb b hj]Zgbq_kdbfb \_s_kl\Zfb [5].

H^gZdh ihemq_ggh_ gh\h_ \_s_kl\h ^he]h_ \j_fy kqblZeb g_ bg^b\b^mZevguf

obfbq_kdbf we_f_glhf, Z hdkb^hf ]bihl_lbq_kdh]h we_f_glZ «fmjby». Lhevdh kimkly

36 e_l ihke_ hldjulby oehjZ Zg]ebqZgbg =_fnjb >w\b (jbk. 3) ^hdZaZe _]h

we_f_glZjgmx ijbjh^m b ij_^eh`be ^Zlv gh\hfm ]Zam klZ\r__ h[s_ijbgyluf gZa\Zgb_

«clorine» beb «cloric gas», k\yaZggh_ k _]h `zelh-a_ezghc hdjZkdhc, - hl ]j_q_kdh]h

keh\Z ��&! ". Djhf_ lh]h, =_fnjb >wnb lZd`_ hldjue ^bhdkb^ oehjZ, dhlhjuc gZoh^bl

k_cqZk rbjhdh_ ijbf_g_gb_ \ jZaebqguo kn_jZo gZr_c `bagb [6]. <Z`ghc aZkem]hc

=wfnjb >w\b, g_jZaju\gh k\yaZgghc k kh_^bg_gbyfb oehjZ, y\ey_lky hkgh\Zgb_ bf

gh\hc gZmqghc ^bkpbiebgu – we_dljhobfbb. Ba jZkieZ\h\ oehjb^h\ s_ehqguo b

s_ehqgha_f_evguo f_lZeeh\ k ihfhsvx we_dljhebaZ =. >w\b kmf_e \i_j\u_ \ bklhjbb
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ihemqblv \ qbklhf \b^_ dZebc, gZljbc, [Zjbc, dZevpbc b eblbc, Z lZd`_ ZfZev]Zfu

kljhgpby b fZ]gby. B ^h kbo ihj we_dljhobfbq_kdb_ f_lh^u l_kgh k\yaZgu k

jZkieZ\Zfb b jZkl\hjZfb oehjb^h\. We_dljhobfby oehjb^h\ \ gZklhys__ \j_fy

rbjhdh bkihevam_lky \ f_lZeemj]bb, Z lZd`_ ^ey ihemq_gby _^dh]h gZljZ b oehjZ dZd \

_]h fhe_dmeyjghc nhjf_ Cl2, lZd b \ \b^_ _]h dbkehjh^kh^_j`Zsbo kh_^bg_gbc [4].

Ihfbfh >w\b, \Z`gmx jhev \ ^hdZaZl_evkl\_ we_f_glZjghc ijbjh^u fhe_dmeyjgh]h

oehjZ \ 1807-1813 ]h^Zo ku]jZeb lZd`_ @. =_c-ExkkZd b E. L_gZj [7].

Jbk. 1. F_klh oehjZ \ i_jbh^bq_kdhc lZ[ebp_ obfbq_kdbo we_f_glh\ bf_gb

>.B. F_g^_e__\Z b gZb[he__ \Z`gu_ l_ogheh]bq_kdb_ ijhp_kku \ f_lZeemj]bb, k\yaZggu_ k

bkihevah\Zgb_f oehjZ.

< k\h[h^ghf \b^_ oehj ij_^klZ\ey_l kh[hc ly`zeuc a_e_gh\Zlh-`zeluc ]Za k

j_adbf m^mreb\uf aZiZohf. Hg y\ey_lky yjdh \ujZ`_gguf hdbkebl_e_f, \ qZklghklb,

ijb dhglZdl_ h[_kp\_qb\Z_l fgh]b_ djZkbl_eb b \hkieZf_gy_l ihjhrdb f_lZeeh\. Oehj

hq_gv dhjjhabhggh- Zdlb\_g, hkh[_ggh \h \eZ`ghf khklhygbb. IjZdlbq_kdb kh \k_fb

obfbq_kdbfb we_f_glZfb oehj \klmiZ_l \ obfbq_kdmx j_Zdpbx (jbk. 1), h^gZdh g_

j_Z]bjm_l g_ihkj_^kl\_ggh k bg_jlgufb ]ZaZfb, dbkehjh^hf, Zahlhf, m]e_jh^hf b

f_lZeebq_kdbf bjb^b_f [3]. L_f g_ f_g__, aZ bkdexq_gb_f bg_jlguo ]Zah\,

obfbq_kdb_ kh_^bg_gby k oehjhf fh]ml [ulv ihemq_gu b ^ey \k_o gZa\Zgguo \ur_

we_f_glh\, dhk\_gguf imlzf eb[h k bkihevah\Zgb_f ki_pbZevguo f_lh^h\ Zdlb\Zpbb –

MN-h[emq_gby beb we_dljhjZajy^Z. GZijbf_j, ih j_Zdpbb oehjZ k f_lZghf b ZffbZdhf

khhl\_lkl\_ggh h[jZam_lky lZdhc ijhfure_ggh \Z`guc djmighlhggZ`guc ijh^mdl,

dZd l_ljZoehjb^ m]e_jh^Z CCl4, b qj_a\uqZcgh \aju\hhiZkguc ljboehjb^ ZahlZ NCl3.
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Fgh]hqbke_ggu_ kh_^bg_gby oehjZ k dbkehjh^hf ihemqZxl, h[jZ[Zlu\Zy

fhe_dmeyjguf oehjhf \h^gu_ jZkl\hju ]b^jhdkb^h\ b dZj[hgZlh\ f_lZeeh\, eb[h ba

\h^guo jZkl\hjh\ oehjb^h\ q_j_a klZ^bx we_dljhobfbq_kdh]h ihemq_gby khe_c _]h

dbkehjh^kh^_j`Zsbo dbkehl.

Jbk. 2. DZje <bev]_evf R__e_

(Carl Wilhelm Scheele)

Jbk. 3. =wfnjb >w\b

(Humphry Davy)

K g_aZiZfylguo \j_fzg q_eh\_dm agZdhfh kZfh_ jZkijhkljZgzggh_ b kZfh_

ijZdlbq_kdb \Z`gh_ ijbjh^gh_ kh_^bg_gb_ oehjZ – oehjb^ gZljby beb ih\Zj_ggZy khev

(NaCl). Ih\Zj_ggZy khev kihkh[gZ ih^Z\eylv jZa\blb_ ]gbehklguo ijhp_kkh\, \ k\yab k

q_f _z ljZ^bpbhggh ijbf_gyxl ijb aZ]hlh\d_ ibsb \ijhd, \ qZklghklb, ^ey

dhgk_j\bjh\Zgby fykZ, ju[u b jZklbl_evguo ijh^mdlh\, Z lZd`_ ^ey ojZg_gby dh`b

i_j_^ _z i_j_jZ[hldhc. ;eZ]h^Zjy wlhfm p_gghfm k\hckl\m, ih\Zj_ggZy khev klZeZ b

i_j\uf Zglbk_ilbdhf: _sz k ]em[hdhc ^j_\ghklb _z gZqZeb ijbf_gylv \ \b^_ ihjhrdZ

beb jZkl\hjZ ^ey h[_aaZjZ`b\Zgby k\_`bo jZg [5]. Khev b ^jm]b_ kh_^bg_gby oehjZ \

^j_\gb_ \j_f_gZ rbjhdh bkihevah\Zeb \ k\hbo hiulZo Zeobfbdb. H^gZ lhggZ fhjkdhc

\h^u kh^_j`bl \ kj_^g_f 30 d] NaCl. ?keb \kx khev fhj_c b hd_Zgh\ \u^_eblv, lh hgZ

[u aZgyeZ \ l\zj^hf khklhygbb 20 feg. df3 – lZdbf dhebq_kl\hf kheb fh`gh [ueh [u

aZkuiZlv \kx ih\_joghklv kmrb keh_f lhesbghc [he__ khlgb f_ljh\ [8].

I_j\uf bkdmkkl\_gguf kh_^bg_gb_f oehjZ, gZr_^r_f ijbf_g_gb_ \ \b^_ k\h_]h

\h^gh]h jZkl\hjZ, gZau\Z_fh]h kheyghc dbkehlhc, klZe oehjb^ \h^hjh^Z (lZ[e. 1).

Ihemq_gb_ oehjh\h^hjh^Z ba kmevnZlZ `_e_aZ (III) b ih\Zj_gghc kheb b \ha^_ckl\b_

_]h \h^gh]h jZkl\hjZ gZ f_lZeeu hibkZgh \ ljZdlZlZo lxjbg]kdh]h [_g_^bdlbgkdh]h

fhgZoZ-ZeobfbdZ <Zkbeby <Ze_glbgZ (XV \_d), kheygZy dbkehlZ mihfbgZ_lky lZd`_ \

ljm^Zo g_f_pdh]h \jZqZ b obfbdZ :g^j_ZkZ Eb[Z\bmkZ (1595-1597 ]].). Ih g_dhlhjuf

^Zgguf, _sz agZf_gbluc i_jkb^kdbc \jZq b nbehkhn :[m :eb b[g KbgZ (:\bp_ggZ),

ijh`b\Z\rbc \ X-XI \_dZo, mf_e ihemqZlv jy^ obfbq_kdbo \_s_kl\, \ qbke_ dhlhjuo
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[ueZ b kheygZy dbkehlZ [9]. GZebqb_ kheyghc dbkehlu \ `_em^d_ fe_dhiblZxsbo

hldjue gZ jm[_`_ XVI-XVII \_dh\ hkgh\Zl_ev obfbb ]Zah\ <Zg-=_evfhgl. G_f_pdbc

obfbd B.J. =eZm[_j ij_^eh`be kihkh[ ihemq_gby kheyghc dbkehlu ba oehjh\h^hjh^Z,

\u^_eyxs_]hky ih j_Zdpbb (2) ba oehjb^Z gZljby b k_jghc dbkehlu [5].

2NaCl + H2SO4 = 2HCl + Na2SO4 (2)

K\hckl\Z ]Zahh[jZagh]h oehjh\h^hjh^Z \i_j\u_ hibkZe Zg]ebckdbc mqzguc

>`ha_n Ijbkleb, \u^_eb\rbc _]h \ k\h[h^ghf \b^_ b kh[jZ\rbc _]h \ kl_deygghf

khkm^_ gZ^ keh_f f_lZeebq_kdhc jlmlb. < 1773 ]h^m njZgpmakdbc obfbd =. Fhj\h, _sz

^h hldjulby fhe_dmeyjgh]h oehjZ, ij_^eh`be bkihevah\Zlv ]Za, \u^_ey_fuc ih

j_Zdpbb (2), \ dZq_kl\_ kj_^kl\Z ^ey ^_abgn_dpbb \ha^moZ, ij_^\hkoblb\ l_f kZfuf

h^gm ba \Z`g_crbo kn_j ijbf_g_gby oehjZ [10]. GZqbgZy k 1756 ]h^Z jZkl\hju HCl k

ih^Zqb F.<. Ehfhghkh\Z \ jmkkdhyauqguo gZmqguo ba^Zgbyo klZeb gZau\Zlv kheyghc

dbkehlhc [8]. F.<. Ehfhghkh\ lZd`_ i_j\uf ij_^eh`be \ 1763 ]h^m ^ey ba\e_q_gby

ahehlZ ba jm^ bkihevah\Zlv oehjgmx \h^m, ihemqZ_fmx ijb i_j_]hgd_ kf_kb «dj_idhc

\h^db» (Zahlghc dbkehlu) b qbklhc ih\Zj_gghc kheb [11]. NjZgpma D. ;_jlhee_ i_j\uf

ijbf_gbe oehj ^ey hl[_eb\Zgby [mfZ]b, evgyguo b oehiqZlh[mfZ`guo \hehdhg b

hldjue p_euc jy^ dbkehjh^kh^_j`Zsbo kh_^bg_gbc oehjZ [5]. IjZdlbq_kdh_

bkihevah\Zgb_ oehjZ ^ey hl[_eb\Zgby ldZg_c, ih fg_gbx DZjeZ FZjdkZ, klZeh

fhsg_crbf nZdlhjhf, kihkh[kl\h\Z\rbf i_j_oh^m q_eh\_q_kl\Z hl dmklZjgh]h

ijhba\h^kl\Z ldZg_c d nZ[jbqgh-aZ\h^kdhfm [5]. Bgl_j_k_g b lhl nZdl, qlh oehj

hdZaZeky i_j\uf ]Zahf, dhlhjuc m^Zehkv ij_\jZlblv \ `b^dhklv [5, 12].

Hq_gv \Z`gufb \_oZfb \ jZa\blbb obfbb klZeh hldjulb_ jy^Z oehjhj]Zgbq_kdbo

kh_^bg_gbc, Z aZl_f b oehjkh^_j`Zsbo ihebf_jh\, ijhqgh \hr_^rbo \ gZr

kh\j_f_gguc [ul. =heeZg^kdb_ mqzgu_ B. >_cfZg b I. \Zg Ljhkl\_cd \ 1795 ]h^m ijb

dhglZdl_ oehjZ k wlbe_ghf ihemqbeb ly`zemx fZkeygbklmx `b^dhklv – 1,2-^boehjwlZg,

dhlhjuc \ bo q_klv ^he]h_ \j_fy gZau\Zeky «fZkehf ]heeZg^kdbo obfbdh\».

Iheb\bgbeoehjb^ \f_kl_ k ^jm]bfb oehjkh^_j`Zsbfb ihebf_jZfb [ue hldjul _sz \

1835 ]h^m njZgpmahf :.<. J_gvh, gh lhevdh kimkly 90 e_l hg gZqZe rbjhdh

ijbf_gylvky [eZ]h^Zjy hldjulbx kihkh[Z _]h ieZklbnbpbjh\Zgby.

G_ f_g__ agZqbfuf ^ey q_eh\_q_kdhc pb\bebaZpbb klZeh ijbf_g_gb_ oehjguo

f_lh^h\ \ f_lZeemj]bb, h qzf gb`_ [m^_l baeh`_gh [he__ ih^jh[gh.

D kh`Ze_gbx, bklhjby hldjulbc, k\yaZgguo k oehjhf, bf__l hlghr_gb_ lZd`_ d

bkihevah\Zgbx oehjZ b _]h \ukhdhlhdkbqguo kh_^bg_gbc \ I_j\hc fbjh\hc \hcg_ \h

\j_fy [h_\uo ^_ckl\bc. Oehj klZe i_j\uf [h_\uf hljZ\eyxsbf \_s_kl\hf. Ijb ZlZd_

ih^ Bijhf 22 Zij_ey 1915 ]h^Z g_f_pdb_ \hckdZ \uimklbeb \ \ha^mo 180 lhgg oehjZ,

dhlhjuc ijb\ze d ihjZ`_gbx 15 lukyq khe^Zl, hdheh 5 000 ba dhlhjuo \kdhj_

kdhgqZebkv. ?sz [he__ lhdkbqgu lZdb_ kh_^bg_gby oehjZ, dZd nhk]_g, ^bnhk]_g b

bijbl, y\eyxsb_ky [h_\ufb hljZ\eyxsbfb \_s_kl\Zfb [13, 14].

Kibkhd hkgh\guo bklhjbq_kdbo kh[ulbc, k\yaZgguo k oehjhf b _]h

kh_^bg_gbyfb, ijb\_^_g \ lZ[e. 1.
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LZ[ebpZ 1

Ojhgheh]by hldjulbc b kh[ulbc, k\yaZgguo k oehjhf [3, 10, 11, 13-15]

=h^ Hldjulb_ :\lhj

1648 Ihemq_gZ kheygZy dbkehlZ \ qbklhf \b^_
Bh]Zgg Jm^hevn =eZm[_j

(=_jfZgby)

1772
Ihemq_g b bamq_g ]Zahh[jZaguc

oehjh\h^hjh^
>`ha_n Ijbkleb

(:g]eby)

1773 >_abgn_dpby \ha^moZ oehjh\h^hjh^hf
Emb ;_jgZj =blhg ^_ Fhj\h

(NjZgpby)

1774
Hldjul ]Zahh[jZaguc oehj Cl2, ijbgyluc aZ

hdkb^ «fmjby»
DZje <bev]_evf R__e_

(R\_pby)

1786

Ihemq_gu HClO, HClO3 b bo kh_^bg_gby
(KClO3 – [_jlhe_lh\Z khev), hldjulh

hl[_eb\Zxs__ b ^_abgnbpbjmxs__ ^_ckl\b_
oehjZ \ khklZ\_ «`Z\_e_\hc \h^u» – jZkl\hjZ

dZj[hgZlZ dZeby, gZkus_ggh]h oehjhf

Deh^ Emb ;_jlhee_
(NjZgpby)

1795
Kbgl_a i_j\h]h oehjhj]Zgbq_kdh]h

kh_^bg_gby – 1,2-^boehjwlZgZ

Bh]Zgg Jm^hevn >_cfZg,
IZ_lk \Zg Ljhkl\_cd

(=heeZg^by)

1807-
1808

We_dljhebahf jZkieZ\h\ oehjb^h\ ihemq_gu
i_j\u_ s_ehqgu_, s_ehqgha_f_evgu_

f_lZeeu (K, Na, Ca) b oehj

=wfinjb >w\b
(<_ebdh[jblZgby)

1810
MklZgh\e_gZ we_f_glZjgZy ijbjh^Z oehjZ,

gZa\Zggh]h «clorine» beb «cloric gas»
=wfinjb >w\b

(<_ebdh[jblZgby)

1811 Hldjul ^bhdkb^ oehjZ ClO2
=wfinjb >w\b

(<_ebdh[jblZgby)

1816
Ihemq_gu i_joehjZl dZeby KClO4, oehjgZy

dbkehlZ HClO4

Njb^jbo nhg RlZ^bhg
(=_jfZgby)

1820-
_

]h^u

Hldjulu «eZ[ZjjZdh\Z \h^Z» – [_ebevgZy
`b^dhklv gZ hkgh\_ NaClO, b gh\u_ f_lh^u

oehjghc ^_abgn_dpbb

:glmZg @_jf_g EZ[ZjjZd
(NjZgpby)

1828
Ihemq_g oehj \ `b^dhf \b^_ – h`b`_gb_

i_j\h]h ba ]Zah\
FZcde NZjZ^_c

(<_ebdh[jblZgby)

1830
Ihemq_gu f_lZeebq_kdbc fZ]gbc b oehj

we_dljhebahf jZkieZ\Z MgCl2

FZcde NZjZ^_c
(<_ebdh[jblZgby)

1831-
1834

Hldjul oehjhnhjf Jy^ Z\lhjh\

1835
Hldjul \bgbeoehjb^ C2H3Cl, ihemq_gu
i_j\u_ oehjkh^_j`Zsb_ ihebf_ju

:gjb <bdlhj J_gvh
(NjZgpby)

1839 Hldjul l_ljZoehjb^ m]e_jh^Z CCl4

:gjb <bdlhj J_gvh,
@Zg ;Zlbkl >xfZ

(NjZgpby)

1897
I_j\uc iZl_gl gZ ijbf_g_gb_ oehjguo

f_lh^h\ \ f_lZeemj]bb
>`_cfk K\bg[mjg
(<_ebdh[jblZgby)

1926
GZc^_g kihkh[ ih\ur_gby ieZklbqghklb
iheb\bgbeoehjb^Z, gZqZlh _]h rbjhdh_

ijbf_g_gb_

MZe^h Ehgk[_jb Kbfhg
(KR:)

1940
IZl_gl gZ ijhba\h^kl\h lblZgZ b _]h kieZ\h\
f_lh^hf fZ]gb_l_jfbb l_ljZoehjb^Z lblZgZ

Mbevyf >`Zklbg Djheev
(Exdk_f[mj])

3. K\hckl\Z we_f_glZjgh]h oehjZ

< lZ[e. 2 ijb\_^_gu g_dhlhju_ k\hckl\Z oehjZ \ _]h fhe_dmeyjghc nhjf_ Cl2

k gme_\hc kl_i_gvx hdbke_gby.
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LZ[ebpZ 2

Hkgh\gu_ k\hckl\Z oehjZ [3, 7]

� K\hckl\h Cl2 <_ebqbgZ

1 L_fi_jZlmjZ dbi_gby, °K –34,0

2 L_fi_jZlmjZ ieZ\e_gby, °K –101,0

3 Iehlghklv ]ZaZ ijb ghjfZevguo mkeh\byo, ]/e 3,214

4 JZkl\hjbfhklv \ \h^_ ijb 0 °K, ] gZ 100 ] G2H 1,46

5 >Z\e_gb_ i_j_oh^Z \ `b^dh_ khklhygb_ ijb 20 °K, Zlf 6,0

6 Djblbq_kdh_ ^Z\e_gb_, Zlf 76,1

7 Djblbq_kdZy l_fi_jZlmjZ, °K 143,5

8 Fhe_dmeyjguc \_k Cl2, ]/fhev 70,906

9 >ebgZ k\yab \ fhe_dme_ oehjZ \ ]Za_, gf 0,1987

10 Kjh^kl\h d we_dljhgm, w< 2,45

11 Ihl_gpbZe bhgbaZpbb, w< 11,48

<. F_c_j mklZgh\be, qlh m ]Zahh[jZagh]h oehjZ ijb \ukhdbo l_fi_jZlmjZo

ijhbkoh^bl j_adh_ mf_gvr_gb_ iehlghklb ]ZaZ ih ijbqbg_ l_jfbq_kdhc ^bkkhpbZpbb

fhe_dme oehjZ gZ Zlhfu. ?keb ijb l_fi_jZlmj_ 727 hK kl_i_gv ^bkkhpbZpbb

fhe_dmeyjgh]h oehjZ khklZ\ey_l 0,035%, lh ijb 2000 hK jZkiZ^_lky m`_ hdheh

iheh\bgu fhe_dme Cl2, Z \ur_ 3000 hK ihqlb \_kv oehj i_j_oh^bl \ h^ghZlhfguc ]Za

[5]. H^gZdh k\yav \ fhe_dme_ oehjZ ijhqg__, q_f \ fhe_dmeZo ^jm]bo ]Zeh]_gh\.

GZijbf_j, _keb ijb 1727 hK fhe_dmeyjguc oehj ^bkkhpbbjh\Zg \k_]h gZ 37%, lh nlhj

\ \b^_ fhe_dme F2 \ l_o `_ mkeh\byo ^bkkhpbbjh\Zg gZ 99%, Z [jhf \ nhjf_ Br2

^bkkhpbbjm_l gZ 72% [3]. <ukhdZy wg_j]by ^bkkhpbZpbb fhe_dmeu oehjZ h[mkeh\e_gZ

�-k\yau\Zgb_f ih ^hghjgh-Zdp_ilhjghfm f_oZgbafm aZ kqzl g_ih^_ezgghc we_dljhgghc

iZju h^gh]h ZlhfZ oehjZ b k\h[h^ghc 3d-hj[blZeb ^jm]h]h, qlh h[_ki_qb\Z_l

dZ`msbcky ihjy^hd k\yab \ fhe_dme_ hdheh 1,12 [16]. Djhf_ gZ]j_\Zgby, ZlhfbaZpbx

oehjZ \uau\Z_l hk\_s_gb_ (hkh[_ggh MN baemq_gb_) b we_dljbq_kdbc jZajy^ [5].

Ijhklu_ \_s_kl\Z e_]q_ kh_^bgyxlky k oehjhf, q_f k dbkehjh^hf, ih ijbqbg_

[he__ ez]dhc Zdlb\Zpbb fhe_dmeu Cl2 [5]. >_ckl\bl_evgh: wg_j]by k\yab \ H2

khklZ\ey_l 498 d>`/fhev, Z \ fhe_dme_ Cl2 hgZ \ 2 jZaZ f_gvr_ – 243 d>`/fhev [17].

<hkklZgh\bl_evgu_ k\hckl\Z oehj ijhy\ey_l ebrv ijb j_Zdpbb k nlhjhf [16].

Hdbkebl_evgu_ k\hckl\Z oehjZ h[mkeh\e_gu [hevrbf _]h kjh^kl\hf d we_dljhgm,

\ur_, q_f m nlhjZ b ^jm]bo obfbq_kdbo we_f_glh\ [7, 16]:

0,5Cl2(]) + _– = Cl–
(]), ûGh

298 = –240 d>`/fhev (3)

0,5Cl2(]) + _– = Cl–
(j), ûGh

298 = –131 d>`/fhev (4)

Djhf_ lh]h, \ukhdZy obfbq_kdZy Zdlb\ghklv oehjZ k\yaZgZ kh kjZ\gbl_evghc

ez]dhklvx ZlhfbaZpbb fhe_dme Cl2 b k \ukhdhc wg_j]b_c k\yab oehjZ k [hevrbgkl\hf

we_f_glh\ [7].
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Ijb h[uqguo l_fi_jZlmjZo oehj e_]dh k`b`Z_lky ih^ ^Z\e_gb_f k\hbo iZjh\

[15]. @b^dbc oehj – wlh fZkeygbklZy `b^dhklv, ijb ghjfZevghc l_fi_jZlmj_ `zelh-

a_ezgh]h p\_lZ, dhlhjuc i_j_oh^bl \ hjZg`_\h-`zeluc ijb [he__ gbadbo l_fi_jZlmjZo

[12]. Iehlghklv `b^dh]h oehjZ [ukljh mf_gvrZ_lky k jhklhf l_fi_jZlmju, ihwlhfm

[Zeehgu aZihegyxl `b^dbf oehjhf g_ [he__ q_f gZ 80% h[tzfZ \h ba[_`Zgb_

jZajmr_gby ijb jZkrbj_gbb `b^dhklb [12].

Gb h^bg ba h[uqguo f_lZeeh\ g_ j_dhf_g^h\Zg ^ey jZ[hlu k oehjhf ijb

l_fi_jZlmjZo k\ur_ 540 hK [15]. KmjvfZ b lblZg kZfh\ha]hjZxlky \ oehj_ ijb

dhfgZlghc l_fi_jZlmj_; Zexfbgbc, m]e_jh^bklZy klZev b f_^v aZ]hjZxlky \ oehj_ ijb

l_fi_jZlmjZo 180, 230 b 290 hK khhl\_lkl\_ggh [15]. G_j`Z\_xsb_ klZeb lbiZ O18G8

klhcdb \ oehj_ ^h l_fi_jZlmj 320-340 hK, fhg_ev-f_lZee – ^h 430 hK, gbd_ev b _]h

kieZ\u lbiZ bgdhg_ev – ^h 540 hK [3]. < hlkmlkl\bb \h^u oehj ^h\hevgh bg_jl_g, gh \

ijbkmlkl\bb ^Z`_ ke_^h\ \eZ]b Zdlb\ghklv _]h j_adh \hajZklZ_l [18], qlh ohjhrh

ba\_klgh obfbdZf, jZ[hlZxsbf k oehjhf. Hkmr_gguc oehj (f_g__ 0,04% \eZ]b) g_

\u^_ey_l \ `b^dhf \b^_ \eZ]m k kheyghc dbkehlhc b g_ dhjjh^bjm_l `_e_ah, qlh

iha\hey_l ojZgblv k`b`_gguc oehj ih^ ^Z\e_gb_f \ klZevguo [ZeehgZo [12].

Hkh[h qbkluc oehj ihemqZxl gZ]j_\Zgb_f ljboehjb^Z ahehlZ ih h[jZlbfhc

j_Zdpbb. AuCl3 fh`gh kgh\Z ihemqblv ba ahehlZ ^_ckl\b_f oehjZ ijb gbadhc

l_fi_jZlmj_, lZdbf h[jZahf, ahehlh ^ey ihemq_gby hkh[h qbklh]h oehjZ fh`gh

bkihevah\Zlv fgh]hdjZlgh [19].

JZkl\hjzgguc \ \h^_ oehj gZ ~1/3 \aZbfh^_ckl\m_l ih jZ\gh\_kghc j_Zdpbb [20]:

Cl2 + H2O < HCl + HOCl – 25 d>` (5)

BamqZy j_Zdpbx (5), jmkkdbc obfbd :.:. Ydh\dbg \ 1899 ]h^m mklZgh\be, qlh ijb

~90hK kf_kv dbkehl fh`gh jZa^_eblv: HOCl hl]hgy_lky, Z HCl hklZzlky \ jZkl\hj_ [5].

Ijb gbadbo l_fi_jZlmjZo \hafh`gh h[jZah\Zgb_ ljboehjb^Z \h^hjh^Z – kbevgh]h

hdbkebl_ey: HCl + Cl2 < H[Cl3] [21]. K oehj-bhghf fhe_dmeu Cl2 h[jZamxl \ \h^ghf

jZkl\hj_ bhgu Cl3
–, dhgklZglZ j_Zdpbb bo h[jZah\Zgby D = 0,19 [7].

@b^dbc oehj b kZf fh`_l kem`blv jZkl\hjbl_e_f, gZijbf_j, jZkl\hjbfhklv \

Cl2, % fZkk.: BCl3 65,5 (–136,4 hK), SiCl4 28,8 (0 hK), TiCl4 74,9 (20 hK) [7]. @b^dbc oehj

g_h]jZgbq_ggh kf_rb\Z_lky k l_ljZoehjb^hf m]e_jh^Z, lh]^Z dZd oehjb^u pbjdhgby b

]Zngby \ `b^dhf oehj_ ihqlb g_ jZkl\hjbfu [22]. Ijb hoeZ`^_gbb \h^u, gZkus_gghc

oehjhf, ba g_z \uiZ^Zxl djbklZeeu kh_^bg_gby khklZ\Z Cl2·8H2O. K [_a\h^guf

`b^dbf oehjb^hf \h^hjh^Z oehj ijb gbadhc l_fi_jZlmj_ h[jZam_l kh_^bg_gby-

Z^^mdlu 2Cl2·HCl b Cl2·2HCl.

Oehj – h^bg ba gZb[he__ obfbq_kdb Zdlb\guo we_f_glh\. K_jZ b nlhj j_Z]bjmxl

k Cl2 ijb dhfgZlghc l_fi_jZlmj_, Si – ijb 200 hK, m]e_jh^ \ \b^_ ]jZnblZ mklhcqb\ d

oehjm ^h 700 hK [7]. Oehjbjh\Zgb_ gZb[he__ klhcdbo f_lZeeh\ gZqbgZ_lky ijb

l_fi_jZlmjZo, hK: Ni 680, Mg 600, Pt 560, W 540, Cr 520, Mo 420, Ta 380, Ag 260, Cu b

Al 240, Fe 215 [11]. J_ZdpbhggZy kihkh[ghklv hdkb^h\ f_lZeeh\ ih hlghr_gbx d oehjm
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agZqbl_evgh gb`_, q_f m f_lZeeh\, b m[u\Z_l \ jy^m: Na2O, Ag2O, CaO, PbO, CdO,

MnO, NiO, ZnO, FeO, MgO, Fe2O3, ZrO2, TiO2, Al2O3, SiO2 [7]. < ijbkmlkl\bb m]e_jh^Z b

k_ju l_fi_jZlmjZ oehjbjh\Zgby hdkb^h\ kgb`Z_lky [7]. Oehj \klmiZ_l \ obfbq_kdmx

j_Zdpbx ^Z`_ k dk_ghghf, _keb _]h Zdlb\bjh\Zlv k ihfhsvx we_dljbq_kdh]h jZajy^Z

[7], \ k\yab k q_f dk_ghg \ kf_kb k oehjhf bkihevamxl \ dZq_kl\_ jZ[hqbo \_s_kl\

wdkbf_jguo eZa_jh\. Oehjb^-Zgbhg kihkh[_g \uklmiZlv \ dZq_kl\_ eb]Zg^Z \

dhfie_dkguo ZgbhgZo [BCl4]
–, [TiCl6]

2–, [ZrCl6]
2–, [GaCl4]

–, [InCl6]
3– b l.i., dhlhju_

bf_xl \Z`gh_ agZq_gb_ \ wdkljZdpbhgghc l_ogheh]bb [7, 23].

Kbevgh wdahl_jfbq_kdZy j_Zdpby \h^hjh^Z k oehjhf ijhl_dZ_l kh \aju\hf,

hkh[_ggh gZ k\_lm [7]. < ijbkmlkl\bb AlCl3 \ l_fghl_ ijb 130 hK \h^hjh^ k oehjhf

j_Z]bjm_l [_a \aju\Z [7].

Oehj \_kvfZ lhdkbq_g [14, 25]. <^uoZgb_ \ha^moZ, kh^_j`Zs_]h 1-6 ]/f3 oehjZ,

kbevgh jZa^jZ`Z_l ^uoZl_evgu_ imlb; dhgp_gljZpby oehjZ 12 ]/f3 ^Z`_

djZldh\j_f_ggh ljm^gh \ughkbfZ. <^uoZgb_ \ha^moZ, kh^_j`Zs_]h 100-200 ]/f3 oehjZ,

\ l_q_gb_ 30-60 fbg hiZkgh ^ey `bagb [15]. Dhgp_gljZpby oehjZ \ \ha^mo_ \ur_

0,1 f]/e hiZkgZ ^ey `bagb: ^uoZgb_ klZgh\blky qZkluf, km^hjh`guf, iZmau

ijh^he`bl_evgufb, hklZgh\dZ ^uoZgby gZklmiZ_l q_j_a 5-25 fbg. <^uoZgb_ oehjZ

[he__ \ukhdhc dhgp_gljZpbb ijb\h^bl d f]gh\_gghc kf_jlb \ j_amevlZl_

j_ne_dlhjgh]h lhjfh`_gby ^uoZl_evgh]h p_gljZ [7]. Ij_^_evgZy ^himklbfZy

dhgp_gljZpby (I>D) oehjZ \ \ha^mo_ jZ[hq_c ahgu 1 f]/f3, \ Zlfhkn_j_ gZk_e_gguo

imgdlh\ jZah\Zy 0,1 f]/f3, kj_^g_kmlhqgZy 0,03 f]/f3 [7, 25]. Ijb i_j\uo ijbagZdZo

hljZ\e_gby oehjhf (ihy\e_gb_ dZrey) ihkljZ^Z\r_fm j_dhf_g^mxl \^uoZlv kf_kv

jZ\guo h[tzfh\ wlbeh\h]h kibjlZ b 10% ZffbZdZ [8]. >ey jy^Z [Zdl_jbc b \bjmkh\

fbgmlgh_ \ha^_ckl\b_ oehjZ \ dhgp_gljZpbb \ \h^_ f_g__ 1 f]/e ]m[bl_evgh [25].

@b\hlgu_ hj]Zgbafu ]hjZa^h [he__ qm\kl\bl_evgu d jZkl\hjzgghfm oehjm.

AgZqbl_evgh kgb`Z_l beb \hh[s_ ebd\b^bjm_l lhdkbqghklv oehjZ \ \h^_ h[jZ[hldZ _z

lbhkmevnZlhf gZljby [25], \ k\yab k q_f wlhl j_Z]_gl ^he]h_ \j_fy gZau\Zeb

«Zglboehj».

Na2S2O3 + 4Cl2 + 5H2O = 2NaCl + 2H2SO4 + 6HCl (6)

4. Oehj b _]h kh_^bg_gby \ ijbjh^_ b l_oghkn_j_

Oehj \ \b^_ oehjb^-bhgh\ ijbkmlkl\m_l \ \h^Zo \k_o fhj_c b hd_Zgh\. Hg

y\ey_lky dhfihg_glhf \Z`g_crbo obfbq_kdbo kh_^bg_gbc, \ khklZ\_ dhlhjuo

ijbgbfZ_l mqZklb_ \ ]eh[Zevguo ]_hobfbq_kdbo ijhp_kkZo, h[jZam_l ijbjh^gu_

fbg_jZeu b g_h[oh^bf ^ey `bag_^_yl_evghklb \k_o `b\uo hj]Zgbafh\. G_ f_g__

\Z`gmx jhev oehj b _]h kh_^bg_gby b]jZxl \ gZmd_ b l_ogbd_.

Hp_gdb kj_^g_]h kh^_j`Zgby oehjZ \ a_fghc dhj_  hlebqZxlky m jZaguo Z\lhjh\

[26]. < g_dhlhjuo bklhqgbdZo ml\_j`^Z_lky, qlh deZjdh\h_ qbkeh oehjZ \ g_kdhevdh jZa

f_gvr_ kh^_j`Zgby \ a_fghc dhj_ ih kjZ\g_gbx k nlhjhf, kljhgpb_f b [Zjb_f

[27, 28]. H^gZdh, \b^bfh, emqr_ hjb_glbjh\Zlvky gZ kms_kl\_ggh [hevrmx \_ebqbgm
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deZjdh\h]h qbkeZ oehjZ 1500 ]/l, ijb\_^zggmx \ [26, 29], dhlhjZy ij_^klZ\ey_lky [he__

^hklh\_jghc. AgZqbl_evguf ^hihegbl_evguf j_a_j\mZjhf oehjZ y\eyxlky \h^u

Fbjh\h]h hd_ZgZ, kh^_j`Zsb_ \ kj_^g_f 1,93% oehjZ (k\ur_ 55% ih \_km khe_\h]h

hklZldZ). Hkgh\ghc imlv fb]jZpbb oehjZ \ ijbjh^_ – \h^guc, _]h fgh]h kh^_j`blky \

ih^a_fguo jZkkheZo b kheyguo hazjZo. <Z`gufb fbg_jZeZfb oehjZ y\eyxlky ]Zebl

(NaCl), kbev\bgbl (Na,K)Cl, dZjgZeebl (KCl·MgCl2·6H2O) b kbev\bg (KCl), Z djhf_

lh]h, [brhnbl (MgCl2·6H2O) b dZbgbl (KCl·MgSO4·3H2O) [11].

>ey jZklbl_evguo b hkh[_ggh `b\hlguo hj]Zgbafh\ oehj y\ey_lky `bag_ggh

\Z`guf we_f_glhf, klZ[bevguf dhfihg_glhf \k_o `b\uo ldZg_c [8]. ?]h hlghkyl d

i_j\hc ]jmii_ \_s_kl\, dhlhju_ ihklhyggh kh^_j`Zlky \ `b\uo hj]ZgbafZo,

\dexqZxlky \ h[f_g \_s_kl\, \oh^yl \ khklZ\ [bheh]bq_kdb Zdlb\guo kh_^bg_gbc

hj]ZgbafZ b y\eyxlky lZdbf h[jZahf g_aZf_gbfufb we_f_glZfb [25]. Oehjb^ gZljby

\k_]^Z ijbkmlkl\m_l \ djh\b b ldZg_\uo `b^dhklyo q_eh\_dZ b `b\hlguo. < hj]Zgbaf

oehjb^ gZljby ihklmiZ_l k ibs_c: _`_^g_\gZy ihlj_[ghklv \ajhkeh]h q_eh\_dZ \ gzf

2-4 ] [8, 25]. HgZ ihdju\Z_lky aZ kqzl hkgh\guo ibs_\uo ijh^mdlh\, ba dhlhjuo

hkh[_ggh [h]Zlu oehjhf oe_[, fykh b fhehdh [25]. Ba oehjb^Z gZljby \ hj]Zgbaf_

h[jZam_lky `_em^hqguc khd, kh^_j`Zsbc 0,3% HCl, dhlhjuc g_h[oh^bf ^ey

ibs_\Zj_gby. Ba[ulhd NaCl \j_^_g ^ey hj]ZgbafZ, \ qZklghklb, hg ijb\h^bl d

jZa\blbx ]bi_jlhgbb [8]. Kh^_j`Zgb_ oehjZ \ q_eh\_q_kdhf l_e_ 0,25%; f_`^m

hj]ZgZfb b ldZgyfb fbdjhwe_f_gl jZkij_^_ey_lky lZd (\ %): djh\v 0,29; dhklgZy ldZgv

0,27; \hehku 2,0; furpu 0,28; ]heh\ghc fha] 0,80; i_q_gv 0,90; ihqdZ 0,90; k_j^p_ 0,60;

k_e_azgdZ 0,75; ez]dh_ 1,2 [25]. < jZkl_gbyo kh^_j`Zgb_ oehjZ aZf_lgh jZaebqZ_lky:

2,3% oehjZ kh^_j`blky \ lZ[Zd_, 1,5% \ fhjdh\b, 0,05% \ a_jg_, 0,03% \ dZjlhn_e_ [7].

Fhjkdb_ \h^hjhkeb \ i_j_kqzl_ gZ kmoh_ \_s_kl\h kh^_j`Zl hdheh 0,47% oehjZ,

fhjkdb_ hj]Zgbafu hl 0,5 ^h 0,9%, [Zdl_jbb 0,23% [25].

>ey oehjZ \ _]h kh_^bg_gbyo ba\_klgu kl_i_gb hdbke_gby hl –1 ^h +7. Oehj

y\ey_lky kbevguf hdbkebl_e_f \h \k_o nhjfZo, djhf_ kh_^bg_gbc, \ dhlhjuo hg

gZoh^blky \ gZb[he__ mklhcqb\hc kl_i_gb hdbke_gby –1. < wlhc kl_i_gb hdbke_gby

oehj ijbkmlkl\m_l \ [hevrbgkl\_ k\hbo ijbjh^guo kh_^bg_gbyo, \ i_j\mx hq_j_^v \

oehjb^Zo f_lZeeh\ b \ oehjh\h^hjh^_, dhlhjuc ijbkmlkl\m_l \ \medZgbq_kdbo ]ZaZo b

g_dhlhjuo fbg_jZevguo \h^Zo. ?sz \ f_gvr_f dhebq_kl\_ \u[jZku\Zxl \medZgu oehj

\ we_f_glZjghc nhjf_ Cl2, ihwlhfm fh`gh kdZaZlv, qlh \ gZklhys__ \j_fy ijZdlbq_kdb

\_kv k\h[h^guc oehj gZ ieZg_l_ y\ey_lky ijh^mdlhf l_ogbq_kdhc ^_yl_evghklb [15].

G_hj]Zgbq_kdb_ kheb, kh^_j`Zsb_ oehj kh kl_i_gvx hdbke_gby –1, +1, +3, +5 b +7

khhl\_lkl\_ggh, kh^_j`Zl Zgbhgu Cl–, ClO–, ClO2
–, ClO3

– b ClO4
– b gZau\Zxlky

oehjb^Zfb, ]bihoehjblZfb, oehjblZfb, oehjZlZfb b i_joehjZlZfb. >_ckl\bl_evguc

aZjy^ gZ Zlhf_ oehjZ \h \k_o wlbo kh_^bg_gbyo ih Z[khexlghc \_ebqbg_ agZqbl_evgh

gb`_ nhjfZevgh]h [7]. Kh_^bg_gby oehjZ \ iheh`bl_evguo kl_i_gyo hdbke_gby \

ijbjh^_ \klj_qZxlky ^h\hevgh j_^dh. H^gZdh \ l_oghkn_j_ hgb b]jZxl \Z`gmx jhev,

ki_pbnbqgmx ^ey dZ`^h]h deZkkZ _]h kh_^bg_gbc. < [hevrbo dhebq_kl\Zo

ijhba\h^ylky ]bihoehjbl, oehjbl b oehjZl gZljby, Z lZd`_ ^bhdkb^ oehjZ ClO2.
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=bihoehjblu – kheb oehjgh\Zlbklhc dbkehlu HClO, kh^_j`Zs_c oehj \ kl_i_gb

hdbke_gby (+1), y\eyxlky gZbf_g__ klhcdbfb b gZb[he__ Zdlb\gufb _]h kh_^bg_gbyfb.

< h[hagZq_gbb oehjgh\Zlbklhc dbkehlu b ]bihoehjblh\, \ fhe_dmeZo dhlhjuo

dbkehjh^ aZgbfZ_l p_gljZevgh_ f_klh, oehj bgh]^Z ihf_sZxl ihke_ dbkehjh^Z (HOCl,

NaOCl, KOCl b ^j.) ^ey lh]h, qlh[u hljZablv kljmdlmjm wlbo kh_^bg_gbc. Kh \j_fzg

hldjulby Deh^hf ;_jlhee_ «`Z\_e_\hc \h^u» hgb rbjhdh bkihevamxlky ^ey

hl[_eb\Zgby ldZg_c b \hehdhg, ^ey h[_aaZjZ`b\Zgby \h^u, ihf_s_gbc, ih\_joghkl_c b

fZl_jbZeh\, Z lZd`_ \ f_^bpbg_ b \_l_jbgZjbb. =bihoehjblu ku]jZeb dhehkkZevgmx

jhev \ bklhjbb q_eh\_q_kl\Z, agZqbl_evgh khdjZlb\ jZkijhkljZg_gb_ bgn_dpbc b

ij_^hl\jZlb\ wib^_fbb ohe_ju, [jxrgh]h lbnZ b ^ba_gl_jbb, kemqZ\rb_ky ^h

bkihevah\Zgby oehjZ b _]h kh_^bg_gbc j_]meyjgh. NjZgpma :.@. EZ[ZjjZd \i_j\u_

ihemqbe ]bihoehjbl gZljby ba ]Zahh[jZagh]h oehjZ b jZkl\hjZ ]b^jhdkb^Z gZljby ih

ijhklhc j_Zdpbb (7), dhlhjZy rbjhdh bkihevam_lky b \ gZklhys__ \j_fy [30]:

Cl2 + 2NaOH = NaCl + NaClO (7)

=bihoehjbl gZljby NaClO – gZb[he__ jZkijhkljZgzgguc ba ]bihoehjblh\,

aZgbfZxsbc ^h 91% h[tzfZ bo \k_fbjgh]h ijhba\h^kl\Z. ?]h bkihevamxl

bkdexqbl_evgh \ jZkl\hjzgghf \b^_, qlh[u khdjZlblv ihl_jb wlh]h j_Z]_glZ gZ

jZaeh`_gb_. HklZ\rb_ky 9% ijhba\h^bfuo ]bihoehjblh\ ijboh^ylky gZ oehjgmx

ba\_klv, kh^_j`Zsmx wlhl Zgbhg \ nhjf_ Ca(ClO)2, \Z`guf ij_bfms_kl\hf dhlhjhc

y\ey_lky \hafh`ghklv _z bkihevah\Zgby b ojZg_gby \ kmohf \b^_ [31]. =bihoehjbl

gZljby \ dZq_kl\_ ^_abgn_dlZglZ m^h[_g l_f, qlh hg fh`_l [ulv lZd`_ e_]dh

kbgl_abjh\Zg we_dljhobfbq_kdbf f_lh^hf g_ihkj_^kl\_ggh gZ f_kl_ _]h mihlj_[e_gby

ba jZkl\hjh\ ^_rz\hc b e_]dh^hklmighc ih\Zj_gghc kheb, \ lhf qbke_ – we_dljhebahf

fhjkdhc \h^u. JZkl\hju ijb we_dljheba_ ke_^m_l hoeZ`^Zlv, qlh[u ba[_`Zlv

h[jZah\Zgby oehjZlh\. ;eZ]h^Zjy lhfm, qlh \ khklZ\ ]bihoehjblh\ \oh^bl dbkehjh^,

ijb ^_abgn_dpbb bo jZkl\hjZfb ih\_joghkl_c b aZ]jyagzgghc iblv_\hc \h^u

h[jZam_lky gZfgh]h f_gvr_ \ukhdhlhdkbqguo oehjhj]Zgbq_kdbo kh_^bg_gbc

(gZijbf_j ^bhdkbgh\, CHCl3 b CCl4), q_f ijb h[jZ[hld_ _z ]Zahh[jZaguf oehjhf, gh

aZf_lgh [hevr_, q_f ijb bkihevah\Zgbb ClO2. =bihoehjblu h[eZ^Zxl lZd`_ f_gvr_c

lhdkbqghklvx, q_f oehj, b [he__ rbjhdbf ki_dljhf [bhpb^gh]h \ha^_ckl\by gZ

[Zdl_jbb, \bjmku, gZ ijhlbklh\ b iZlh]_ggu_ ]jb[u. Wlb kh_^bg_gby rbjhdh

bkihevamxl ^ey ihemq_gby ]b^jZabgZ [eZ]h^Zjy bo kihkh[ghklb k_e_dlb\gh hdbkeylv

ZffbZd [32], Z lZd`_ \ ijhfure_gghf hj]Zgbq_kdhf kbgl_a_, \ qZklghklb ^ey kbgl_aZ

Zkdhj[bgh\hc dbkehlu [33].

;_af_f[jZgguf we_dljhebahf ]hjyqbo jZkl\hjh\ oehjb^h\ s_ehqguo f_lZeeh\

ihemqZxl kh_^bg_gby oehjZ kh kl_i_gvx hdbke_gby (+5) – oehjZlu, kheb oehjgh\Zlhc

dbkehlu HClO3. OehjZlu y\eyxlky kbevgufb hdbkebl_eyfb, h^gZdh hgb [he__

mklhcqb\u, q_f oehjblu b ]bihoehjblu b, \ hlebqb_ hl gbo, \ kmohf \b^_ ^h\hevgh

klZ[bevgu. ;_jlhe_lh\Z khev KClO3 d lhfm `_ fZeh]b]jhkdhibqgZ, ihwlhfm hgZ
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rbjhdh ijbf_gy_lky \ kibq_qghf ijhba\h^kl\_ b \ ibjhl_ogbq_kdbo khklZ\Zo. Ba

lZdh]h djmighlhggZ`gh]h ijh^mdlZ, dZd oehjZl gZljby NaClO3, ihemqZxl p_euc ki_dlj

^jm]bo kh_^bg_gbc oehjZ, Z djhf_ lh]h, ]_j[bpb^u, ^_nhebZglu b

dbkehjh^]_g_jbjmxsb_ khklZ\u. OehjZl gZljby bkihevam_lky b g_ihkj_^kl\_ggh \

p_eexehagh-[mfZ`ghf ijhba\h^kl\_ \ dZq_kl\_ hl[_eb\Zl_ey ijb ihemq_gbb [mfZ]b

\ukhdhc [_ebagu [34].

Hq_gv \Z`guf kh_^bg_gb_f oehjZ y\ey_lky ClO2, \ dhlhjhf _]h kl_i_gv

hdbke_gby khklZ\ey_l (+4). Wlhl fZehmklhcqb\uc ly`zeuc ]Za `zelh]h p\_lZ y\ey_lky

h^gbf ba emqrbo ^_abgn_dlZglh\ b hl[_eb\Zxsbo kj_^kl\. Hg ohjhrh jZkl\hjbf \

\h^_ (\ 10 jZa emqr_ oehjZ) b \ l_ljZoehjb^_ m]e_jh^Z, qlh fh`_l [ulv bkihevah\Zgh

^ey _]h ojZg_gby. ;eZ]h^Zjy \ukhdhc kl_i_gb hdbke_gby oehjZ \ ClO2 wlhl j_Z]_gl

^_ckl\m_l gZfgh]h wnn_dlb\g__ _]h fhe_dmeyjghc nhjfu Cl2. Ijb bkihevah\Zgbb ClO2

ijZdlbq_kdb g_ ijhbkoh^bl h[jZah\Zgby wdheh]bq_kdb hiZkguo ^bhdkbgh\ b ijhqbo

oehjbjh\Zgguo hj]Zgbq_kdbo kh_^bg_gbc, ihkdhevdm \ ijhp_kk_ hdbke_gby wlhl

j_Z]_gl ijbkh_^bgy_l d hdbkey_fuf fhe_dmeZf g_ oehj, Z dbkehjh^ [35]. G_kfhljy gZ

keh`ghklv b fgh]hklZ^bcghklv kbgl_aZ ClO2, hg gZoh^bl \kz [he__ rbjhdh_

ijbf_g_gb_. ;_a g_]h g_\hafh`gh kh\j_f_ggh_ ijhba\h^kl\h hl[_e_gghc f_eh\Zgghc

[mfZ]b ^ey hnbkZ, k ihfhsvx ClO2 ijhba\h^yl kZgblZjgmx h[jZ[hldm h[s_kl\_ggh]h

ljZgkihjlZ, Zwjhaheyfb wlh]h \_s_kl\Z \ Jhkkbb ijh\h^yl ^_abgn_dpbx f_^bpbgkdbo

mqj_`^_gbc [36]. H^gZdh ^bhdkb^ oehjZ g_klh_d b ihwlhfm, dZd ijZ\beh, kbgl_abjm_lky

gZ f_kl_, g_ihkj_^kl\_ggh i_j_^ _]h bkihevah\Zgb_f [37]. QZs_ \k_]h ClO2 bkihevamxl

\ \b^_ \h^guo jZkl\hjh\ k dhgp_gljZpb_c hl 0,5 ^h 10 ]/e beb \ ]Zah\uo kf_kyo k

Zahlhf beb \ha^mohf, g_ ^hklb]Zy ihjh]Z bo \aju\hhiZkghklb (hdheh 10% h[.) [34].

Kh]eZkgh [38], ^ey ihemq_gby ClO2 bkihevamxl j_Zdpbb (8-10), Z lZd`_ we_dljheba

jZkl\hjh\ oehjblZ NaClO2 [39]:

2NaClO2 + Cl2 = 2ClO2 + 2NaCl (8)

NaClO2 + NaClO + 2HCl = ClO2 + 2NaCl + H2O (9)

2NaClO3 + H2O2 + H2SO4 = 2ClO2 + O2 + Na2SO4 + 2H2O (10)

;he__ 95% ^bhdkb^Z oehjZ, ijhba\h^bfh]h k_]h^gy \ fbj_, bkihevamxl ^ey

hl[_eb\Zgby p_eexehau, ihemqZy _]h ijyfuf \hkklZgh\e_gb_f oehjZlZ gZljby [34].

< p_eexehagh-[mfZ`ghf ijhba\h^kl\_ ^ey ihemq_gby ClO2 ba oehjZlZ gZljby h[uqgh

_]h \hkklZgZ\eb\Zxl \ dbkehc kj_^_ ^bhdkb^hf k_ju ih j_Zdpbb (11)

2NaClO3 + SO2 + H2SO4 = 2ClO2 + 2NaHSO4 (11)

Hq_gv \u]h^gh b wdheh]bqgh \ dZq_kl\_ \hkklZgh\bl_ey ^ey oehjZlZ gZljby

bkihevah\Zlv f_lZghe ih j_Zdpbb (12):

6NaClO3 + CH3OH + 3H2SO4 = 6ClO2 + CO2 + 5H2O + 3Na2SO4 (12)
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J_Zdpbb k mqZklb_f k_jghc dbkehlu ^ey kbgl_aZ ClO2 m^h[gu l_f, qlh bkdexqZxl

ihimlgh_ \u^_e_gb_ oehjZ \ nhjf_ Cl2, aZlh bf_xl \ dZq_kl\_ ih[hqgh]h ijh^mdlZ

kmevnZl gZljby, dhlhjuc lZd`_ \hklj_[h\Zg \ p_eexehagh-[mfZ`ghf ijhba\h^kl\_

[40].

>bhdkb^ oehjZ fh`_l [ulv ihemq_g ijhkluf ih^dbke_gb_f jZkl\hjh\ oehjblZ

gZljby jZkl\hjZfb kheyghc beb ebfhgghc dbkehlu ih j_Zdpbb (13), ohly ijb wlhf

\uoh^ ijh^mdlZ gZ 20 % f_gvr_, q_f ijb bkihevah\Zgbb ^ey wlhc p_eb jZkl\hjh\ oehjZ

(8) b ]bihoehjblh\ (9) b q_f ijb we_dljheba_ NaClO2:

5NaClO2 + 4HCl = 4ClO2 + 5NaCl + 2H2O (13)

Kn_jZ ijbf_g_gby oehjblZ gZljby NaClO2, gZljb_\hc kheb oehjbklhc dbkehlu, \

dhlhjhc oehj bf__l kl_i_gv hdbke_gby (+3), hij_^_ey_lky j_Zdpbyfb (8), (9) b (13), ]^_

oehjbl \uklmiZ_l \ dZq_kl\_ ij_dmjkhjZ ^ey ClO2 [41]. Ih klhcdhklb wlh kh_^bg_gb_

aZgbfZ_l ijhf_`mlhqgh_ f_klh \ jy^m k ]bihoehjblhf b oehjZlhf. Oehjbl gZljby

kihkh[_g ^ebl_evgh_ \j_fy ojZgblvky [_a jZaeh`_gby \ \b^_ jZkl\hjh\ k

dhgp_gljZpb_c hdheh 25%, gh jZaeZ]Z_lky ijb bo ih^dbke_gbb, Z lZd`_ kihkh[_g

\aju\Zlvky \ kmohf khklhygbb, ba-aZ q_]h g_evay ^himkdZlv \ukuoZgby dZi_ev _]h

jZkl\hjZ, hkh[_ggh ijb bo ihiZ^Zgbb gZ aZ]jyagzggu_ ih\_joghklb. >ey ihemq_gby

dhgp_gljbjh\Zgguo jZkl\hjh\ oehjblZ gZljby fh`_l [ulv bkihevah\ZgZ j_Zdpby (14),

\ dhlhjhc ijbgbfZxl mqZklb_ ^bhdkb^ oehjZ, kbgl_abjm_fuc ba oehjZlZ ih h^ghc ba

j_Zdpbc, ijb\_^zgguo \ur_, b i_jhdkb^ \h^hjh^Z \ s_ehqghc kj_^_:

2ClO2 + H2O2 + 2NaOH = 2NaClO2 + O2 + 2H2O (14)

Kf_kv jZkl\hjZ oehjblZ gZljby k ebfhgghc dbkehlhc h[eZ^Z_l djZldhkjhqguf, gh

hq_gv kbevguf ^_abgnbpbjmxsbf b ^_ah^hjbjmxsbf ^_ckl\b_f, g_ hklZ\eyy ihke_

wlh]h gbdZdbo lhdkbqguo \_s_kl\, ihwlhfm rbjhdh bkihevam_lky \ ibs_\hc

ijhfure_gghklb ^ey hiheZkdb\Zgby jZaebqguo ibs_\uo ijh^mdlh\ (fykZ, ju[u,

njmdlh\ b ^j.).

GZb\ukrZy kl_i_gv hdbke_gby oehjZ (+7) ijhy\ey_lky \ oehjghc dbkehl_ HClO4 b

_z kheyo i_joehjZlZo, dhlhju_, dZd ijZ\beh, ijhba\h^yl ba l_o `_ oehjZlh\ bo

^Zevg_crbf we_dljheblbq_kdbf hdbke_gb_f beb ih j_Zdpbb ^bkijhihjpbhgbjh\Zgby

[34]. I_joehjZlu gZfgh]h [he__ klhcdb, q_f oehjZlu, oehjblu b ]bihoehjblu. Hgb

gZoh^yl ijbf_g_gb_ \ dZq_kl\_ dhfihg_glh\ jZd_lgh]h lhieb\Z, ibjhl_ogbq_kdbo

khklZ\h\ b ]_j[bpb^h\. I_joehjZl fZ]gby Mg(ClO4)2 y\ey_lky hq_gv wnn_dlb\guf

hkmrbl_e_f b ghkbl gZa\Zgb_ «Zg]b^jhg» [42]. ;eZ]h^Zjy lhfm, qlh i_joehjZlu g_

kdehggu d ZkkhpbZpbb k bhgZfb, hgb y\eyxlky g_aZf_gbfufb \ dZq_kl\_ bg_jlghc

kj_^u ijb bamq_gbb dhfie_dkhh[jZah\Zgby \ \h^guo jZkl\hjZo [23].

< hlebqb_ hl ^jm]bo kh_^bg_gbc oehjZ k iheh`bl_evghc kl_i_gvx hdbke_gby,

i_joehjZlu fh]ml h[jZah\u\Zlvky b gZdZieb\Zlvky \ _kl_kl\_gghc kj_^_. Hgb [ueb
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gZc^_gu g_ lhevdh gZ A_fe_, gh ^Z`_ gZ ^jm]hc ieZg_l_. I_joehjZlu h[jZamxlky ijb

jZajy^Zo fhegbb \ kj_^_, kh^_j`Zs_c oehjb^u [43], hgb [ueb h[gZjm`_gu \ ^h`^_ b

kg_]_ rlZlh\ Nehjb^Z b L_oZk (KR:), gh, ih`Zemc, gZb[hevrbf ijbjh^guf

j_a_j\mZjhf i_joehjZlh\ y\eyxlky aZe_`b k_eblju \ imklug_ :lZdZfZ gZ k_\_j_ Qbeb

[44]. Ih g_dhlhjuf hp_gdZf, aZ i_jbh^ k 1909 ih 1997 ]h^ ba Qbeb \ KR: \f_kl_ k

ijbjh^gufb Zahlgufb m^h[j_gbyfb [ueh \u\_a_gh [he__ 80 lukyq lhgg i_joehjZlZ

gZljby. H[s__ dhebq_kl\h i_joehjZlh\ _kl_kl\_ggh]h ijhbkoh`^_gby gZ A_fe_

hp_gb\Z_lky \_ebqbgZfb ihjy^dZ 1-3 fbeebhgh\ lhgg. Ih\j_`^_gb_ ihk_\h\ a_jgh\uo,

m^h[j_gguo qbebckdhc k_ebljhc \ ;_ev]bb, \ 1886 ]h^m [ueh h[tykg_gh ijbkmlkl\b_f

\ g_c ke_^h\uo dhgp_gljZpbc \ukhdhlhdkbqguo ^ey jZkl_gbc i_joehjZlh\.

< ihke_^gb_ ]h^u ihy\bebkv khh[s_gby h lhf, qlh i_joehjZlu \ dhgp_gljZpbyo

0,5-1% ih\k_f_klgh ijbkmlkl\mxl \ fZjkbZgkdhf j_]hebl_ [45-47]. I_joehjZlu gZ

ih\_joghklb FZjkZ, kdhj__ \k_]h, kbgl_abjmxlky ih^ \ha^_ckl\b_f kheg_qgh]h

baemq_gby ba oehjb^h\, ijb wlhf \ dZq_kl\_ dZlZebaZlhjh\ fh]ml \uklmiZlv ^bhdkb^

lblZgZ b g_dhlhju_ kbebdZlu [48, 49]. < i_jki_dlb\_ ^ey \hafh`ghc dhehgbaZpbb

FZjkZ gZebqb_ i_joehjZlh\, k h^ghc klhjhgu, y\ey_lky iheh`bl_evguf nZdlhjhf, lZd

dZd fh`_l [ulv bkihevah\Zgh ^ey ihemq_gby dbkehjh^Z, k ^jm]hc klhjhgu,

ij_^klZ\ey_l kh[hc hiZkghklv ^ey [m^msbo dhehgbaZlhjh\ \ k\yab k lhdkbqghklvx

i_joehjZlh\ ^ey q_eh\_dZ.

Gbadb_ l_fi_jZlmju aZf_jaZgby dhgp_gljbjh\Zgguo \h^guo jZkl\hjh\,

h[gZjm`_gguo gZ FZjk_ i_joehjZlh\ gZljby, dZevpby b fZ]gby (hl –70 °K), b g_ lZd

^Z\gh \uy\e_ggZy kihkh[ghklv g_dhlhjuo a_fguo fbdjhhj]Zgbafh\ \ gbo \u`b\Zlv

iha\hebeb Z\lhjZf [46] \u^\bgmlv ]bihl_am h lhf, qlh wlb kh_^bg_gby oehjZ \iheg_

fh]eb [u b]jZlv gZ FZjk_ dexq_\mx jhev \ khojZg_gbb g_dhlhjuo ]bihl_lbq_kdbo

nhjf `bagb.

GZebqb_ oehjZ \ dhkfhk_ ijhy\ey_lky lZd`_ \ lhf, qlh hg qZklh h[gZjm`b\Z_lky \

dZf_gguo f_l_hjblZo, h[uqgh \ \b^_ \dexq_gbc oehjb^Z `_e_aZ (II) [5].

Ijb ijhba\h^kl\_ b, \ hkh[_gghklb, ijb mlbebaZpbb oehjhj]Zgbq_kdbo

kh_^bg_gbc b oehjkh^_j`Zsbo ihebf_jh\ ke_^m_l ijbgbfZlv \h \gbfZgb_ k_jvzagmx

wdheh]bq_kdmx ijh[e_fm, \hagbdZxsmx aZ kqzl h[jZah\Zgby \ukhdhlhdkbqguo

iheboehjbjh\Zgguo ^b[_gah^bhdkbgh\ b ^b[_gah^bnmjZgh\ (khdjZszggh –

«^bhdkbgu»). LZd gZau\Z_fZy «^bhdkbgh\Zy ijh[e_fZ» h[mkeh\e_gZ \ukhdhc

mklhcqb\hklvx wlbo kh_^bg_gbc b kdehgghklvx d bo ih[hqghfm kbgl_am \ jZaebqguo

l_ogheh]bq_kdbo ijhp_kkZo k mqZklb_f oehjZ. < k\yab k wlbf \k_ klZ^bb kha^Z\Z_fuo b

^_ckl\mxsbo oehjhj]Zgbq_kdbo ijhba\h^kl\ ^he`gu [ulv bkke_^h\Zgu gZ ij_^f_l

h[jZah\Zgby b h[tzfh\ \u[jhkh\ \ hdjm`Zxsmx kj_^m oehjbjh\Zgguo ^bhdkbgh\ k

mqzlhf ^himklbfhc wdheh]bq_kdhc gZ]jmadb b kdhjhklb bo jZaeh`_gby \ ijbjh^_.

Hkh[h_ \gbfZgb_ ke_^m_l m^_eylv fmkhjhk`b]Zl_evguf aZ\h^Zf, gZ dhlhju_ fh]ml

ihiZ^Zlv hloh^u, kh^_j`Zsb_ I<O b ^jm]b_ oehjkh^_j`Zsb_ ihebf_ju. Ijb bo

i_j_jZ[hld_ g_h[oh^bfh h[_ki_qb\Zlv \ukhdmx l_fi_jZlmjm k`b]Zgby b [ukljh_

hoeZ`^_gb_ ijh^mdlh\ k]hjZgby, qlh[u ^bhdkbgu g_ mki_\Zeb h[jZah\Zlvky \ ^ufh\uo
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]ZaZo [50]. < dZq_kl\_ h^gh]h ba mki_oh\ q_eh\_q_kl\Z \ [hjv[_ k ^bhdkbgh\hc

ijh[e_fhc y\ey_lky i_j_oh^ fbjh\hc p_eexehagh-[mfZ`ghc ijhfure_gghklb gZ

hl[_eb\Zgb_ p_eexehau ^bhdkb^hf oehjZ, qlh iha\hebeh kms_kl\_ggh khdjZlblv

\j_^gu_ \u[jhku kh_^bg_gbc, kh^_j`Zsbo oehj.

5. Oehj \ obfbq_kdhc l_ogheh]bb

Fhe_dmeyjguc oehj k gme_\hc kl_i_gvx hdbke_gby Cl2 \ obfbq_kdhc l_ogheh]bb

b]jZ_l \Z`g_crmx jhev k rbjhdbf ki_dljhf ijZdlbq_kdbo ijbeh`_gbc. Ijhba\h^kl\h

]Zahh[jZagh]h oehjZ \ gZklhys__ \j_fy y\ey_lky h^gbf ba kZfuo fZkrlZ[gh

j_Zebam_fuo obfbq_kdbo ijhp_kkh\, khihklZ\bfuf ih k\hbf h[tzfZf k kbgl_ahf

ZffbZdZ b i_j_jZ[hldhc g_nlb b ]ZaZ. Hkgh\ghc l_ogheh]b_c ihemq_gby oehjZ y\ey_lky

we_dljheba jZkl\hjh\ oehjb^Z gZljby. Ihimlgh k oehjhf \ wlhf ijhp_kk_ ijhba\h^ylky

lZd`_ \h^hjh^ b _^dbc gZlj – djmighlhggZ`gu_ ijh^mdlu, \hklj_[h\Zggu_

obfbq_kdhc l_ogheh]b_c. Ih h[tzfm ijhfure_ggh]h ijbf_g_gby oehj gZfgh]h

ij_\hkoh^bl \k_ hklZevgu_ ]Zeh]_gu. GZb[he__ fhsghc kn_jhc ihlj_[e_gby oehjZ

y\ey_lky ihemq_gb_ oehjhj]Zgbq_kdbo kh_^bg_gbc b ihebf_jh\, gZ dhlhju_

jZkoh^m_lky hl 60 ^h 75% \k_]h ijhba\h^bfh]h oehjZ \ fbj_. Ih fbjh\hfm fZkrlZ[m

ijbf_g_gby iheb\bgbeoehjb^ (I<O) aZgbfZ_l 3-_ f_klh kj_^b \k_o ihebf_jh\ ihke_

ihebwlbe_gZ b ihebijhibe_gZ. Wlh k\yaZgh k hlghkbl_evghc ^_r_\baghc I<O, \_^v

[he__ iheh\bgu fZkku wlh]h ihebf_jZ (^h 56,8%) ijboh^blky gZ ^_rz\uc b ^hklmiguc

oehj. GZ ihemq_gb_ g_hj]Zgbq_kdbo kh_^bg_gbc, \dexqZy oehjb^u f_lZeeh\,

bkihevam_fu_ \ f_lZeemj]bb, ljZlblky hl 10 ^h 20% fbjh\h]h ijhba\h^kl\Z oehjZ.

Djhf_ lh]h, hq_gv \Z`gmx qZklv \ kljmdlmj_ ihlj_[e_gby oehjZ khklZ\eyxl

p_eexehagh-[mfZ`gu_ b l_dklbevgu_ ijhba\h^kl\Z (5-15%), ]^_ k _]h ihfhsvx

hl[_eb\Zxl \hehdgZ b ldZgb; Z lZd`_ kZgblZjgu_ gm`^u, \ i_j\mx hq_j_^v,

^_abgn_dpby b oehjbjh\Zgb_ \h^u (2-6%). Kh]eZkgh [51], bf_ggh h[_aaZjZ`b\Zgb_

\h^u oehjhf ij_^hojZgy_l gZk_e_gb_ hl wib^_fbc, ijbqzf wlhl f_lh^ ^_abgn_dpbb, \

hlebqb_ hl Zevl_jgZlb\gh]h hahgbjh\Zgby, h[eZ^Z_l ijhehg]bjh\Zgguf ^_ckl\b_f, qlh

aZsbsZ_l \h^hkgZ[`_gb_ hl ih\lhjgh]h bgnbpbjh\Zgby ih imlb hl \h^hdZgZeZ ^h

ihlj_[bl_ey.

We_dljhebahf jZkieZ\h\ oehjb^h\ \ gZklhys__ \j_fy ihemqZxl s_ehqgu_,

s_ehqgha_f_evgu_ f_lZeeu b fZ]gbc (jbk. 1). <Z`gmx jhev \ l_ogheh]bb [eZ]hjh^guo

f_lZeeh\ b]jZ_l lZd gZau\Z_fZy «pZjkdZy \h^dZ» – kf_kv dhgp_gljbjh\Zgguo Zahlghc b

kheyghc dbkehl \ h[tzfghf khhlghr_gbb 1:3, dhlhjmx bkihevamxl ^ey jZkl\hj_gby

ijbjh^gh]h b l_ogh]_ggh]h kujvy, Z lZd`_ ^ey jZa^_e_gby wlbo f_lZeeh\ ih ]jmiiZf.

Ijb wlhf \ pZjkdhc \h^d_ ba [eZ]hjh^guo f_lZeeh\ ohjhrh jZkl\hjbfu lhevdh ahehlh,

ieZlbgZ b iZeeZ^bc; jh^bc jZkl\hjbf \ g_c lhevdh \ \b^_ ihjhrdZ, jml_gbc, hkfbc b

bjb^bc ijZdlbq_kdb g_ jZkl\hjbfu, Z jZkl\hj_gbx k_j_[jZ ij_iylkl\m_l h[jZah\Zgb_

g_jZkl\hjbfh]h oehjb^Z.
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<Z`g_crmx jhev b]jZxl oehjgu_ f_lh^u f_lZeemj]bb \ l_ogheh]bb lblZgZ,

pbjdhgby b ]Zngby (jbk. 1), ]^_ hgb g_aZf_gbfu, b, djhf_ lh]h, ijb ihemq_gbb

j_^dha_f_evguo we_f_glh\, lZglZeZ b gbh[by [24, 52, 53]. Ih^ l_jfbghf «oehjgu_

f_lh^u» a^_kv ih^jZamf_\Zxlky f_lZeemj]bq_kdb_ ijhp_kku, \ dhlhjuo \ dZq_kl\_

\kdju\Zxs_]h Z]_glZ bkihevamxl oehj \ nhjf_ Cl2, dZd ijZ\beh, \ ijbkmlkl\bb

m]e_jh^Z [11, 24, 52, 53] beb k_ju [54-57] ^ey k\yau\Zgby dbkehjh^Z.

<i_j\u_ oehjgu_ f_lh^u \ f_lZeemj]bb \ ijhfure_gghf fZkrlZ[_ ijbf_gbeb

^ey ba\e_q_gby ahehlZ b k_j_[jZ [11]. ;hevrbgkl\h oehjb^h\ f_lZeeh\ ohjhrh

jZkl\hjbfh \ \h^_ (aZ bkdexq_gb_f AgCl, AuCl, CuCl, Hg2Cl2, PbCl2, TlCl), qlh

iha\hey_l ijb ihemq_gbb b hqbkld_ oehjb^h\ f_lZeeh\ khq_lZlv oehjgu_ f_lh^u k

f_lh^Zfb ]b^jhf_lZeemj]bb.

>ey aZfudZgby ih oehjm f_lZeemj]bq_kdbo ijhp_kkh\, \dexqZxsbo klZ^bx

oehjbjh\Zgby, fh`gh j_]_g_jbjh\Zlv oehj dZd k ihfhsvx we_dljhebaZ oehjb^guo

jZkl\hjh\ b jZkieZ\h\, lZd b aZ kqzl \ukhdhl_fi_jZlmjgh]h hdbke_gby oehjb^h\

f_lZeeh\ dbkehjh^hf ih j_Zdpbb \b^Z (15):

MeCl2x + x/2O2 = MeOx + xCl2 (15)

Ba oehjb^Z \h^hjh^Z, dhlhjuc, \ qZklghklb, y\ey_lky djmighlhggZ`guf hloh^hf

hj]Zgbq_kdh]h kbgl_aZ, fh`gh j_]_g_jbjh\Zlv oehj ih ijhp_kkm, jZajZ[hlZgghfm

Zg]ebqZgbghf =_gjb >bdhghf (Henry Deacon) \ 1867 ]h^m. Ih ijhp_kkm >bdhgZ oehjb^

\h^hjh^Z hdbkeyxl dbkehjh^hf ijb gZ]j_\Zgbb ih h[jZlbfhc j_Zdpbb (16), bkihevamy

\ dZq_kl\_ dZlZebaZlhjZ CuCl2:

4HCl + O2 < 2H2O + 2Cl2 (16)

J_Zdpby (16) rbjhdh ijbf_gyeZkv \ ijhfure_gghklb ^ey j_]_g_jZpbb oehjZ ba

oehjh\h^hjh^Z, ihemqZ_fh]h ijb oehjbjh\Zgbb hj]Zgbq_kdbo kh_^bg_gbc [20]. <uoh^

oehjZ ijb 400 hK ih j_Zdpbb (16) ^hklb]Z_l 80% [20], h^gZdh oehj ijb wlhf

jZa[Z\ey_lky dhfihg_glZfb \ha^moZ. J_Zdpby (16) b^zl k mf_gvr_gb_f wgljhibb

kbkl_fu, aZ kqzl wlh]h k m\_ebq_gb_f l_fi_jZlmju baf_g_gb_ wg_j]bb =b[[kZ j_Zdpbb

ûGr klZgh\blky iheh`bl_evguf, b ijhp_kk ijhl_dZ_l \ h[jZlgmx klhjhgm. LZdbf

h[jZahf, ijb g_\ukhdbo l_fi_jZlmjZo [he__ kbevguf hdbkebl_e_f hdZau\Z_lky

dbkehjh^, Z ijb \ukhdbo l_fi_jZlmjZo – oehj [21]. Kdhjhklb ijyfhc b h[jZlghc

j_Zdpbc \ujZ\gb\Zxlky ijb l_fi_jZlmj_ 1675 D (1402 hK). >ey ihemq_gby

oehjh\h^hjh^Z ba oehjZ wnn_dlb\g__ \k_]h ijb\h^blv _]h \ dhglZdl k iZjZfb \h^u \

nZd_e_ ]hjys_]h ]ZaZ ijb ih\ur_gghc l_fi_jZlmj_, dh]^Z j_Zdpby (16) ijhl_dZ_l \

ijhlb\hiheh`ghf gZijZ\e_gbb.

Oehjh\h^hjh^ fh`gh wnn_dlb\gh bkihevah\Zlv, k\yau\Zy _]h \ ]Zah\hc nZa_

wlbe_ghf \ ijbkmlkl\bb dbkehjh^Z b dZlZebaZlhjZ >bdhgZ (CuCl2), ihemqZy ih j_Zdpbb

(17) \ dZq_kl\_ p_ggh]h ijh^mdlZ ^boehjwlZg (ihemijh^mdl ^ey ihemq_gby

\bgbeoehjb^Z b I<O):
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C2H4 + 2HCl + ½O2 = C2H4Cl2 + H2O (17)

Ijb ihke_^mxs_f ihemq_gbb \bgbeoehjb^Z ba ^boehjwlZgZ iheh\bgZ oehjb^Z

\h^hjh^Z, k\yaZggh]h ih j_Zdpbb (17), \u^_ey_lky h[jZlgh b fh`_l [ulv gZijZ\e_gZ gZ

j_Zdpbx (17) ih\lhjgh. LZdbf h[jZahf, ijb ijhba\h^kl\_ I<O \ i_j_kqzl_ gZ

dhg_qguc ijh^mdl h^ghc fhe_dmehc wlbe_gZ k\yau\Z_lky h^gZ fhe_dmeZ oehjh\h^hjh^Z

[58, 59].

6. Oehjgu_ f_lh^u \ obfbdh-f_lZeemj]bq_kdbo ijhp_kkZo

F_lh^u f_lZeemj]bb, bkihevamxsb_ oehj \ _]h fhe_dmeyjghc nhjf_ Cl2,

jZkkfhlj_gu \ jZ[hlZo [1, 11, 24, 52-57, 60]. I_j\uc iZl_gl ih ijbf_g_gbx oehjguo

f_lh^h\ \ f_lZeemj]bb ihemqbe bg`_g_j >`_cfk K\bg[mjg \ 1897 ]. [1], dhlhjuc

ij_^eh`be aZfdgmluc ih oehjm ijhp_kk i_j_jZ[hldb kmevnb^Z pbgdZ ZnS

oehjbjh\Zgb_f _]h \ jZkieZ\_ oehjb^Z pbgdZ ZnCl2 ijb l_fi_jZlmjZo 600-700 hK k

ihemq_gb_f ZnCl2 b k_ju. Kh]eZkgh wlhfm iZl_glm, ihemq_gguc jZkieZ\ ZnCl2

ih^\_j]Zeb we_dljhebam k ihemq_gb_f \ dZq_kl\_ ijh^mdlZ f_lZeebq_kdh]h pbgdZ b Cl2,

dhlhjuc kgh\Z \ha\jZsZeb gZ oehjbjh\Zgb_ ZnS.

Hkgh\Zl_ev oehjghc f_lZeemj]bb >. K\bg[mjg y\ey_lky g_ lhevdh Z\lhjhf kZfhc

b^_b bkihevah\Zgby oehjZ ^ey i_j_jZ[hldb jm^ f_lZeeh\, gh b jZajZ[hlqbdhf i_j\h]h

\ fbj_ oehjZlhjZ, gZa\Zggh]h bf «ljZgknhjf_jhf» (jbk. 4, 5). OehjZlhj K\bg[mjgZ

ij_^iheZ]Ze keb\ ihemqZ_fh]h jZkieZ\Z oehjb^Z pbgdZ \ baeh`gbpm k ghkbdhf, \

dhlhjhc aZl_f ijh\h^beb we_dljheba pbgdZ. IjbgpbibZevgh ijhp_kku oehjbjh\Zgby b

we_dljhebaZ ^himkdZehkv ijh\h^blv \ h^ghf ZiiZjZl_.

Bkihevamy oehjgu_ f_lh^u, >. K\bg[mjg kmf_e ijb i_j_jZ[hld_ jm^ keh`gh]h

khklZ\Z jZa^_evgh \u^_eblv k_j_[jh, ahehlh b k\bg_p; jZa^_eblv kh\f_klgh

ijbkmlkl\mxsb_ \ jm^_ kmjvfm b ahehlh, Z lZd`_ ihemqblv f_lZeebq_kdmx f_^v ba jm^,

kh^_j`Zsbo nhknhj, furvyd, kmjvfm b `_e_ah, dhlhju_ ijb ljZ^bpbhgguo f_lh^Zo

f_lZeemj]bb hq_gv mkeh`gyeb i_j_jZ[hldm [1]. DZd [ueh mklZgh\e_gh iha`_, k_jZ,

ijbkmlkl\my \ j_Zdpbhgghc kf_kb, hq_gv [eZ]hijbylgh \eby_l b gZ l_jfh^bgZfbdm, b

gZ dbg_lbdm oehjbjh\Zgby jm^ f_lZeeh\.
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Jbk. 4. I_j\uc ZiiZjZl ^ey oehjbjh\Zgby

f_lZeebq_kdhc jm^u «ljZgknhjf_j»

Jbk. 5. Hkgh\Zl_ev oehjguo f_lh^h\ \

f_lZeemj]bb – >`_cfk K\bg[mjg (James

Swinburne)

H^gZdh gZklhysmx j_\hexpbx oehjgu_ f_lh^u ijhba\_eb \ l_ogheh]bb lblZgZ b

pbjdhgby \ 30-_ ]h^u ijhreh]h \_dZ. >_eh \ lhf, qlh ^Z`_ g_agZqbl_evgu_ aZ]jyag_gby

wlbo f_lZeeh\ dbkehjh^hf b Zahlhf j_adh mom^rZxl bo f_oZgbq_kdb_ k\hckl\Z:

f_lZeeu klZgh\ylky ojmidbfb, l_jyxl ieZklbqghklv, ijhqghklv b \hafh`ghklv

ba]hlh\e_gby ba gbo dZdbo-eb[h ba^_ebc k ijb_fe_fufb wdkiemZlZpbhggufb

k\hckl\Zfb. <k_ ihiuldb ihemqblv wlb f_lZeeu \ qbklhf \b^_ ba hdkb^h\ g_

m\_gqZebkv mki_ohf. <kdhj_ fgh]bf bkke_^h\Zl_eyf klZeh ykgh, qlh lhevdh

bkihevah\Zgb_ \ dZq_kl\_ bkoh^gh]h kujvy \ukhdhqbkluo ]Zeh]_gb^h\ f_lZeeh\ ^Zzl

rZgk ihemqblv \ dZq_kl\_ ijh^mdlZ hkh[h qbklu_ lblZg b pbjdhgbc.

H^gbf ba i_j\uo f_lZeebq_kdbc lblZg \ukhdhc qbklhlu ihemqbe \ 1910 ]h^m

Zf_jbdZgkdbc f_lZeemj] Fwlvx OZgl_j (jbk. 6), dhlhjuc \hkklZgZ\eb\Ze _]h gZljb_f

ba l_ljZoehjb^Z \ ]_jf_lbqghf klZevghf khkm^_ ih j_Zdpbb (18).

TiCl4 + 4Na = Ti + 4NaCl (18)

F_lh^ OZgl_jZ ^hklZlhqgh ^hjh], keh`_g b hiZk_g, gh hg b k_cqZk gZoh^bl

ijbf_g_gb_, lZd dZd iha\hey_l ihemqZlv lblZg hkh[hc qbklhlu. L_f g_ f_g__,

rbjhdhfZkrlZ[gh_ ijhfure_ggh_ ijhba\h^kl\h lblZgZ \_^zl k\hc hlkqzl k

aZiZl_glh\Zggh]h \ 1940 ]h^m bah[j_l_gby exdk_f[mj]kdh]h obfbdZ MbevyfZ Djheey

(jbk. 7) [61]. < hkgh\_ _]h f_lh^Z e_`bl \hkklZgh\e_gb_ lblZgZ ba l_ljZoehjb^Z TiCl4

ih j_Zdpbb (19) k ihfhsvx fZ]gby.

TiCl4 + 2Mg = Ti + 2MgCl2 (19)

GZ k_]h^gyrgbc ^_gv f_lh^ Djheey y\ey_lky gZb[he__ wdhghfbq_kdb

hijZ\^Zgguf kihkh[hf ihemq_gby \ukhdhdZq_kl\_ggh]h f_lZeebq_kdh]h lblZgZ,
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\hklj_[h\Zggh]h \ l_ogheh]bb dhgkljmdpbhgguo fZl_jbZeh\. GZ \uoh^_ ih j_Zdpbb

(19) ihke_ \Zdmmfghc hl]hgdb ba[uldZ fZ]gby b _]h oehjb^Z ihemqZ_lky lZd gZau\Z_fZy

«lblZgh\Zy ]m[dZ», kdehggZy d \ha]hjZgbx gZ \ha^mo_ ihjbklZy fZkkZ, khklhysZy ba

\ukhdhqbklh]h lblZgZ, dhlhjZy ihklmiZ_l gZ ^Zevg_crmx i_j_jZ[hldm.

Ihfbfh lblZgZ ih f_lh^m Djheey, ijhba\h^yl f_lZeebq_kdbc pbjdhgbc b ]Zngbc

[62], \hkklZgZ\eb\Zy bo fZ]gb_f ba l_ljZoehjb^h\ ih j_Zdpbyf (20) b (21)

ZrCl4 + 2Mg = Zr + 2MgCl2 (20)

HfCl4 + 2Mg = Hf + 2MgCl2 (21)

Jbk. 6. Fwlvx OZgl_j (Matthew Albert

Hunter) – Z\lhj gZljbcl_jfbq_kdh]h

f_lh^Z ihemq_gby f_lZeebq_kdh]h

lblZgZ ba _]h l_ljZoehjb^Z

Jbk. 7. Mbevyf Djheev (William Justin Kroll) –

bah[j_lZl_ev fZ]gbcl_jfbq_kdh]h f_lh^Z

ihemq_gby f_lZeebq_kdbo lblZgZ b pbjdhgby ba

bo l_ljZoehjb^h\

<u[hj l_ljZoehjb^Z \ dZq_kl\_ bkoh^gh]h kujvy ^ey ihemq_gby f_lZeebq_kdh]h

lblZgZ hdZaZeky hq_gv m^Zqguf _sz b ihlhfm, qlh TiCl4 iha\hey_l ijh\h^blv _]h

hqbkldm hl ijbf_k_c f_lh^hf j_dlbnbdZpbb. Bkihevah\Zgb_ TiCl4 \ l_ogheh]bb

ijhba\h^kl\Z lblZgZ iha\hey_l ihemqZlv gZb[he__ qbkluc f_lZee, ijb]h^guc ^ey

ijbf_g_gby \ kh\j_f_gghc l_ogbd_ [63]. Wlh ih^l\_j`^Z_lky kjZ\g_gb_f k\hckl\

oehjb^Z lblZgZ kh k\hckl\Zfb ZgZeh]h\, ijb\_^zgguo \ lZ[e. 3, ba dhlhjhc \b^gh, qlh

l_ljZoehjb^ lblZgZ TiCl4 gZb[he__ e_lmq b, \ hlebqb_ hl ijhqbo ]Zeh]_gb^h\, ijb

dhfgZlghc l_fi_jZlmj_ gZoh^blky \ `b^dhf khklhygbb.

LZ[ebpZ 3

K\hckl\Z ]Zeh]_gb^h\ lblZgZ [3, 7]

Kh_^bg_gb_ �-TiO2 TiF4 TiCl4 TiBr4 TiI4

FheyjgZy fZkkZ,

]/fhev
79,88 123,87 189,69 367,50 555,50

tieZ\e_gby,
hK 1870 426 ^Z\e. –24,1 38,25 155

tdbi_gby,
hK §3000 285,5 \ha]. 136,3 231 379,5

ûGh
298, d>`/fhev –944 –1649 –805 –619 –386
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<ukhdhc e_lmq_klvx hlebqZxlky lZd`_ dh\Ze_glgu_ oehjb^u ]_jfZgby, heh\Z,

\ZgZ^by, gbh[by, lZglZeZ, pbjdhgby, ]Zngby, fheb[^_gZ, \hevnjZfZ b j_gby;

hdkhoehjb^u fheb[^_gZ, \hevnjZfZ, j_gby, ojhfZ b \ZgZ^by. H[jZagh ]h\hjy, oehj

^Zzl djuevy l_f f_lZeeZf, oehjb^u b hdkhoehjb^u dhlhjuo h[eZ^Zxl gbadbfb

l_fi_jZlmjZfb dbi_gby b, khhl\_lkl\_ggh, \ukhdhc e_lmq_klvx. Hkh[_ggh wlh

hlghkblky d oehjb^Zf l_o lm]hieZ\dbo f_lZeeh\, e_lmq_klv b gbadZy dhjjhabhggZy

Zdlb\ghklv dhlhjuo iha\hey_l wnn_dlb\gh jZa^_eylv b ]em[hdh hqbsZlv bo f_lh^hf

j_dlbnbdZpbb ijb ^hklZlhqgh gbadbo l_fi_jZlmjZo [64].

Hkgh\hiheh`gbdZfb oehjghc f_lZeemj]bb \ gZr_c kljZg_ y\eyxlky G.I. KZ`bg,

>.F. Qb`bdh\, :.G. A_ebdfZg, K.:. SmdZjz\, \u^Zxsbcky bg`_g_j K.I. Kheydh\, Z

lZd`_ B.K. Fhjhah\ b ZdZ^_fbd =.=. MjZah\ [1]. Kh \j_f_g_f kh\_lkdb_ f_lZeemj]b \

h[eZklb oehjguo f_lh^h\ ih k\h_fm mjh\gx b ^hklb`_gbyf klZeb \_^msbfb \ fbj_.

Dexq_\uf f_lZeemj]bq_kdbf ij_^ijbylb_f gZr_c kljZgu, j_Zebamxsbf oehjgu_

f_lh^u, y\ey_lky KhebdZfkdbc fZ]gb_\uc aZ\h^ (:H «KFA»), dhlhjhfm kdhjh

bkihegblky 90 e_l [1]. Hkgh\u oehjghc f_lZeemj]bb baeh`_gu \ fhgh]jZnbyo [11, 24].

Obfby b l_ogheh]by ijhba\h^kl\Z oehjb^h\ f_lZeeh\ baeh`_gZ \ dgb]_ [52]. :gZeba

ijh[e_f ijbf_g_gby ijhp_kkh\ oehjghc f_lZeemj]bb ijh\_^zg \ fhgh]jZnbb [53].

AZ^ZqZfb oehjghc f_lZeemj]bb y\eyxlky: ihemq_gb_ oehjb^h\ f_lZeeh\ ba bo

ijbjh^guo jm^ (hdkb^h\, kmevnb^h\), jZa^_e_gb_ b hqbkldZ oehjb^h\ f_lZeeh\ \iehlv

^h ihemq_gby \ukhdhqbkluo oehjb^h\ b ihemq_gb_ ba gbo bg^b\b^mZevguo f_lZeeh\

beb bo kh_^bg_gbc (hdkb^h\, gbljb^h\, dZj[b^h\, [hjb^h\, kbebpb^h\ b ^j.). <

gZklhys__ \j_fy jZkl\hju \ \h^_ oehjb^h\ f_lZeeh\ ba 1, 2, 3 b 8 ]jmii

I_jbh^bq_kdhc kbkl_fu >.B. F_g^_e__\Z ^hklZlhqgh ijhklh ihemqZxl

\aZbfh^_ckl\b_f kheyghc dbkehlu k hdkb^Zfb, ]b^jhdkb^Zfb b ^jm]bfb kh_^bg_gbyfb

wlbo we_f_glh\. >ey ihemq_gby [_a\h^guo oehjb^h\ f_lZeeh\ b g_f_lZeeh\ 4, 5, 6, 7

]jmii, jZaeZ]Zxsboky ijb dhglZdl_ k \h^hc, ljZ^bpbhggh bkihevamxl f_lh^

oehjbjh\Zgby bo hdkb^h\ \ ijbkmlkl\bb \hkklZgh\bl_ey, \ dZq_kl\_ dhlhjh]h

\uklmiZ_l m]e_jh^ \ \b^_ dhdkZ, i_dZ, ]jZnblZ beb kZ`b. Ihfbfh \hkklZgh\e_gby,

m]e_jh^ ijb oehjbjh\Zgbb hdkb^h\ j_^dbo f_lZeeh\ \uihegy_l jhev Zdp_ilhjZ

dbkehjh^Z, kh^_j`Zgb_ dhlhjh]h \ bkoh^ghf oehjb^ghf kujv_ ^ey ihemq_gby f_lZeeh\

ih f_lh^m Djheey ^he`gh [ulv fbgbfZevguf. < k\yab k wlbf lZdhc ijhp_kk [he__

dhjj_dlgh gZau\Zlv dZj[hoehjbjh\Zgb_f [55, 56]. GZ ijbf_j_ lblZgZ

dZj[hoehjbjh\Zgb_ fh`_l [ulv ij_^klZ\e_gh j_Zdpbyfb (22) b (23).

TiO2 + 2Cl2 + C = TiCl4 + CO2 (22)

TiO2 + 2Cl2 + 2C = TiCl4 + 2CO (23)

F_lh^ dZj[hoehjbjh\Zgby \g_^jzg \ XX \_d_ \ ijhfure_gghklb j_^dbo

f_lZeeh\, \ i_j\mx hq_j_^v lblZgZ, ijb bo \u^_e_gbb b hqbkld_ q_j_a oehjb^u,

dhlhju_ ihemqZxl ba hdkb^guo jm^ bo oehjbjh\Zgb_f \ kf_kb k dhdkhf \ [jbd_lZo \

dbiys_f keh_ beb \ jZkieZ\_ oehjb^h\. JZkieZ\gh-khe_\u_ oehjZlhju \ l_ogheh]bb
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lblZgZ \ gZklhys__ \j_fy ihemqbeb gZb[hevr__ jZkijhkljZg_gb_ dZd gZb[he__

ijhba\h^bl_evgu_ [1, 52]. < gZr_c kljZg_ oehjZlhju lZdh]h lbiZ bkihevamxlky gZ

djmig_cr_f \ Jhkkbb ij_^ijbylbb-ijhba\h^bl_e_ lblZgZ I:H «DhjihjZpby <KFIH-

:<BKF:» (]. ;_j_agbdb) b \ H:H «KFA» (]. KhebdZfkd).

GZ H:H «KhebdZfkdbc fZ]gb_\uc aZ\h^», \oh^ys_f \ kljmdlmjm =hkdhjihjZpbb

«JhkZlhf», f_lh^hf oehjbjh\Zgby \ jZkieZ\_ ljZ^bpbhggh, gZqbgZy k ^_dZ[jy 1971 ].,

i_j_jZ[Zlu\Zxl ehiZjblh\uc dhgp_gljZl. GZ jbk. 8 ijb\_^zg h^bg ba \ZjbZglh\

ZiiZjZlmjghc ko_fu wlh]h ijhp_kkZ, \dexqZxs_c jZkieZ\gh-khe_\hc oehjZlhj,

khe_\hc kdjm[[_j b dhf[bgbjh\Zggmx kbkl_fm dhg^_gkZpbb. Ijh^mdlZfb i_j_jZ[hldb

y\eyxlky oehjb^u gbh[by, lZglZeZ, lblZgZ b j_^dha_f_evguo f_lZeeh\, ba dhlhjuo

ihemqZxl lh\Zjgmx ijh^mdpbx [53]. E_lmqb_ oehjb^u TiCl4, NbCl5 b TaCl5 ihke_

hl]hgdb ba oehjZlhjZ jZa^_eyxl b hqbsZxl hl khimlkl\mxsbo ijbf_k_c f_lh^Zfb

j_dlbnbdZpbb. G_e_lmqb_ oehjb^u j_^dha_f_evguo f_lZeeh\ gZdZieb\Zxlky \ khe_\hf

jZkieZ\_, dhlhjuc i_j_jZ[Zlu\Zxl f_lh^Zfb ]b^jhf_lZeemj]bb.

1 – jZkieZ\gh-khe_\hc oehjZlhj;

2 – khe_\hc hjhkbl_evguc kdjm[[_j (nbevlj KHN);

3 – dZf_jgu_ dhg^_gkZlhju gbh[bc-kh^_j`Zsbo oehjb^h\;

4 – hjhkbl_evgu_ dhg^_gkZlhju l_ljZoehjb^Z lblZgZ.

Jbk. 8. :iiZjZlmjgZy ko_fZ oehjbjh\Zgby ehiZjblh\h]h dhgp_gljZlZ [53]

<kz [hevr__ agZq_gb_ oehjgu_ f_lh^u ijbh[j_lZxl \ f_lZeemj]bb pbjdhgby b

]Zngby [2]. >ey ihemq_gby y^_jgh-qbklh]h pbjdhgby, \hklj_[h\Zggh]h Zlhfghc

wg_j]_lbdhc, _]h g_h[oh^bfh hqbklblv hl ]Zngby, y\eyxs_]hky g_cljhgguf y^hf, ^h

dhgp_gljZpbc 0,01 fZkk.% b f_g__. L_ljZoehjb^u pbjdhgby b ]Zngby gZfgh]h keh`g__

jZa^_eylv j_dlbnbdZpbhggufb f_lh^Zfb, q_f oehjb^u gbh[by, lZglZeZ b lblZgZ,

ihkdhevdm ^ey i_j_\h^Z bo \ `b^dh_ khklhygb_ lj_[m_lky \ukhdh_ ^Z\e_gb_ (hl 25 Zlf

b \ur_). H^gZdh wlb kh_^bg_gby ohjhrh jZkl\hjbfu \ jZkieZ\_ keh`ghc kheb KAlCl4,

qlh mki_rgh bkihevam_lky ^ey bo j_dlbnbdZpbhggh]h jZa^_e_gby ijb Zlfhkn_jghf

^Z\e_gbb. Ihemq_gguc lZdbf kihkh[hf oehjb^ pbjdhgby y^_jghc qbklhlu i_j_\h^yl \

pbjdhgb_\mx ]m[dm, \hkklZgZ\eb\Zy f_lZee fZ]gb_f ih f_lh^m Djheey. GZqbgZy k 2021

]h^Z pbjdhgb_\Zy ]m[dZ ijhba\h^blky b \ gZr_c kljZg_ ih oehjghc l_ogheh]bb gZ :H

QFA, ijb wlhf pbjdhgbc hqbsZ_lky hl ]Zngby f_lh^hf wdkljZdlb\ghc j_dlbnbdZpbb \
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jZkieZ\_ KAlCl4. QbklhlZ lZdhc ijh^mdpbb ih ]Zngbx gZfgh]h ij_\urZ_l

\hafh`ghklb deZkkbq_kdh]h kihkh[Z hqbkldb i_j_djbklZeebaZpb_c ]_dkZnlhjh-

pbjdhgZlZ dZeby ba \h^guo jZkl\hjh\.

F_lh^hf oehjbjh\Zgby fh]ml [ulv ihemq_gu g_ lhevdh f_lZeeu, gh b bo hdkb^u.

GZijbf_j, k`b]Zgb_f hqbs_ggh]h j_dlbnbdZpb_c TiCl4 ijb 900 hK ihemqZxl

ib]f_glguc ^bhdkb^ lblZgZ [11].

7. I_jki_dlb\u jZa\blby oehjghc f_lZeemj]bb

< gZklhys__ \j_fy oehjgZy f_lZeemj]by khojZgy_l hkgh\gu_ klZ^bb b bkihevam_l

fgh]b_ l_ogheh]bq_kdb_ ijbzfu, jZajZ[hlZggu_ _sz _z hkgh\Zl_eyfb. H^gZdh fh`gh

h[hagZqblv jy^ i_jki_dlb\guo gZijZ\e_gbc _z jZa\blby dZd \ ieZg_ kms_kl\_ggh]h

baf_g_gby l_ogheh]bq_kdbo ijhp_kkh\ oehjbjh\Zgby b \hkklZgh\e_gby, lZd b \

hlghr_gbb i_j_jZ[hldb gh\uo \b^h\ kujvy j_^dbo b p\_lguo f_lZeeh\. Ih fg_gbx

Z\lhjh\, rbjhdh_ \g_^j_gb_ oehjghc f_lZeemj]bb ijb i_j_jZ[hld_ dZd ijbjh^gh]h,

lZd b l_ogh]_ggh]h ihebf_lZeebq_kdh]h kujvy k qZklbqgh beb iheghklvx aZfdgmluf

pbdehf ih oehjm fh`_l klZlv hkgh\hc ^ey kha^Zgby fZehhloh^guo, dhfiZdlguo b

mgb\_jkZevguo ijhba\h^kl\ p_eh]h jy^Z bg^b\b^mZevguo obfbq_kdbo we_f_glh\ b bo

kh_^bg_gbc. H^gbf ba gZb[he__ i_jki_dlb\guo \ZjbZglh\ lZdh]h jZa\blby, gZ gZr

\a]ey^, y\ey_lky lbhoehjbjh\Zgb_.

Lbhoehjbjh\Zgb_. Ihkdhevdm m]e_jh^ g_ihkj_^kl\_ggh k oehjhf g_

\aZbfh^_ckl\m_l, lh j_Zdpby dZj[hoehjbjh\Zgby hdkb^gh]h kujvy \ jZkieZ\gh-khe_\hf

oehjZlhj_ ijhl_dZ_l gZ ]jZgbpZo keh`gh kljmdlmjbjh\Zgghc ]_l_jh]_gghc kbkl_fu

«l\zj^uc m]e_jh^ – l\zj^uc hdkb^ – `b^dbc jZkieZ\ – ]Zahh[jZaguc oehj», qlh

kha^Zzl agZqbl_evgh_ ^bnnmabhggh_ lhjfh`_gb_ ijhp_kkZ [24, 52]. >ey mkdhj_gby

dZj[hoehjbjh\Zgby l_fi_jZlmjm ijhp_kkZ ih\urZxl (h[uqgh ^h 700 hK b \ur_), Z \k_

l\zj^u_ j_Z]_glu i_j_^ ih^Zq_c \ oehjZlhj lhgdh baf_evqZxl b i_j_f_rb\Zxl,

jZa\b\Zy l_f kZfuf j_Zdpbhggmx ih\_joghklv dhglZdlZ. H^gZdh ijhp_kk oehjbjh\Zgby

fh`gh k^_eZlv [he__ wnn_dlb\guf, _keb \hkklZgh\bl_ev-Zdp_ilhj dbkehjh^Z

i_j_\_klb \ ]Zah\mx nZam. Ba\_klgh, qlh, bkihevamy ^ey oehjbjh\Zgby hdkb^h\

f_lZeeh\ \f_klh l\zj^uo m]e_jh^kh^_j`Zsbo \hkklZgh\bl_e_c e_lmq_]h l_ljZoehjb^Z

m]e_jh^Z beb ]Zahh[jZagh]h nhk]_gZ ih j_Zdpbyf (24) b (25), fh`gh kms_kl\_ggh

ihgbablv l_fi_jZlmjm oehjbjh\Zgby hdkb^h\ f_lZeeh\, g_ kgb`Zy wnn_dlb\ghklb

wlh]h ijhp_kkZ.

TiO2 + CCl4 = TiCl4 + CO2 (24)

TiO2 + 2COCl2 = TiCl4 + 2CO2 (25)

GZa\Zggu_ \ur_ j_Z]_glu ijb oehjbjh\Zgbb ih j_Zdpbyf (24) b (25)

h^gh\j_f_ggh \uihegyxl nmgdpbx b oehjbjmxs_]h, b \hkklZgZ\eb\Zxs_]h Z]_glZ.

Rbjhdhfm ijbf_g_gbx wlbo f_lh^h\ oehjbjh\Zgby ij_iylkl\mxl \ukhdZy klhbfhklv
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l_ljZoehjb^Z m]e_jh^Z b qj_a\uqZcgh \ukhdZy lhdkbqghklv nhk]_gZ. H^gZdh ihfbfh

m]e_jh^Z k\yau\Zlv dbkehjh^ fh`_l lZd`_ b k_jZ, dhlhjZy ij_^klZ\ey_l kh[hc hq_gv

^hklmiguc b ^_rz\uc j_Z]_gl. < hlebqb_ hl m]e_jh^Z, k_jZ g_ihkj_^kl\_ggh j_Z]bjm_l

k oehjhf ih j_Zdpbyf (26) b (27), h[jZamy e_lmqb_ oehjb^u, y\eyxsb_ky hq_gv

wnn_dlb\gufb oehjbjmxsbfb Z]_glZfb.

S + Cl2 = SCl2 (26)

2S + Cl2 = S2Cl2 (27)

Oehjb^u k_ju e_]dh h[jZamxlky ijb \aZbfh^_ckl\bb oehjZ k k_jhc ijb

l_fi_jZlmjZo \k_]h 40-50 hK b bf_xl hq_gv \ukhdmx j_Zdpbhggmx kihkh[ghklv [45].

Kihkh[ghklv k_ju \uklmiZlv \ dZq_kl\_ \hkklZgh\bl_ey ijb oehjbjh\Zgbb hdkb^gh]h

j_^dhf_lZeevgh]h kujvy h[tykgy_lky obfbq_kdhc ijhqghklvx ^bhdkb^Z k_ju, dhlhjuc,

ih^h[gh m]e_jh^m, k\yau\Z_l dbkehjh^, kihkh[kl\my l_f kZfuf m^Ze_gbx dbkehjh^Z ba

j_Zdpbhgghc ahgu b h[jZah\Zgbx oehjb^h\ f_lZeeh\. GZijbf_j, \ ijbkmlkl\bb k_ju

oehjbjh\Zgb_ hdkb^h\ lblZgZ [m^_l ijhl_dZlv ih ke_^mxs_c j_Zdpbb (28):

TiO2 + 2Cl2 + S = TiCl4 + SO2 (28)

K_jZ ijb oehjbjh\Zgbb ih mjZ\g_gbx (28) \ aZ\bkbfhklb hl l_fi_jZlmju

ijhp_kkZ fh`_l gZoh^blvky eb[h \ \b^_ iZjh\, eb[h \ nhjf_ k\hbo e_lmqbo oehjb^h\,

ba dhlhjuo S2Cl2 gZb[he__ l_jfbq_kdb mklhcqb\ (lZ[e. 4). Bkoh^y ba kl_obhf_ljbb

obfbq_kdbo kh_^bg_gbc, ihemqZ_fuo ih j_Zdpbb (28), ^ey _z ijhl_dZgby lj_[m_lky

]Zahh[jZagZy kf_kv oehjZ k oehjb^Zfb k_ju, \ dhlhjhc fhevgh_ hlghr_gb_ oehjZ d k_j_

khklZ\ey_l \_ebqbgm 4:1. LZdmx kf_kv fh`gh ijb]hlh\blv, [Zj[hlbjmy ]Zahh[jZaguc

oehj q_j_a `b^dbc SCl2 ijb l_fi_jZlmj_ 38÷42°, dh]^Z jZ\gh\_kgh_ Zlhfgh_

hlghr_gb_ oehjZ d k_j_ \ iZjZo [ebadh d lj_[m_fhc \_ebqbg_. Ih ZgZeh]bb k

dZj[hoehjbjh\Zgb_f ijhp_kku oehjbjh\Zgby k bkihevah\Zgb_f k_ju, _z oehjb^h\ b

hdkboehjb^Z SHCl2 dZd \hkklZgh\bl_ey fh]ml [ulv gZa\Zgu lbhoehjbjh\Zgb_f [55, 56].

Lbhoehjbjh\Zgb_ fgh]h e_l mki_rgh ijbf_gy_lky \ ZgZeblbq_kdhc b ij_iZjZlb\ghc

obfbb ^ey \kdjulby h[jZaph\ hdkb^guo fbg_jZeh\ b ihemq_gby oehjb^h\ b

hdkboehjb^h\ p_eh]h jy^Z obfbq_kdbo we_f_glh\. LZd, oehjbjh\Zgb_f \ ijbkmlkl\bb

k_ju [ueb ihemq_gu [_a\h^gu_ oehjb^u \bkfmlZ, kmjvfu, furvydZ, Zexfbgby, ojhfZ,

dh[ZevlZ, pbgdZ, \ZgZ^by, lhjby b j_^dha_f_evguo we_f_glh\; oehjb^u b hdkboehjb^u

gbh[by, lZglZeZ, fheb[^_gZ b \hevnjZfZ [49]. Wlbf `_ f_lh^hf [ueb mki_rgh

\kdjulu lZdb_ fbg_jZeu, dZd ehiZjbl, ibjhoehj, pbjdhg, jmlbe, bevf_gbl, ^Zg[mjbl,

\hevnjZfZl b fheb[^Zl dZevpby. Lbhoehjbjh\Zgb_ [ueh mki_rgh bkihevah\Zgh ^ey

jZnbgbjh\Zgby ahehlZ, Zexfbgby, k\bgpZ, ijb ihemq_gbb oehjgh]h `_e_aZ, oehjb^Z

Zexfbgby ba dZhebgZ b \lhjbqgh]h heh\Z ba _]h hloh^h\ [24]. < iZl_gl_ [57]

lbhoehjbjh\Zgb_ ij_^eh`_gh bkihevah\Zlv ^ey i_j_jZ[hldb fbg_jZeh\ lblZgZ b

pbjdhgby. L_jfh^bgZfbq_kdbc ZgZeba ijhp_kkh\ oehjbjh\Zgby jZaebqguo \b^h\
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j_^dhf_lZeevgh]h kujvy \ ijbkmlkl\bb k_ju b m]e_jh^Z ih^l\_j`^Z_l, qlh j_Zdpbb

(22), (23) b (28) fh]ml ijhl_dZlv \ hq_gv rbjhdhf ^bZiZahg_ l_fi_jZlmj [47, 48].

LZd, ^ey dZj[hoehjbjh\Zgby jmlbeZ ijb 1073 D ih j_Zdpbb (22) wg_j]by =b[[kZ

¨Gh= –136,9 d>`/(fhev Cl2), Z ijb lbhoehjbjh\Zgbb ih j_Zdpbb (28) ihemqZ_f

¨Gh= –80,73 d>`/(fhev Cl2) [55]. H lhf, qlh j_Zdpbb oehjbjh\Zgby kh_^bg_gbc lblZgZ

\ ijbkmlkl\bb oehjb^h\ k_ju ijhl_dZxl ijb [he__ gbadhc l_fi_jZlmj_ b lj_[mxl

f_gvrbo wg_j]haZljZl ih kjZ\g_gbx k oehjbjh\Zgb_f \ ijbkmlkl\bb g_nlygh]h dhdkZ,

mihfbgZ_lky lZd`_ \ [65]. JZa^_e_gb_ ijh^mdlh\ lbhoehjbjh\Zgby ihebf_lZeebq_kdh]h

kujvy gZ njZdpbb e_]dh ijh\h^blv k ihfhsvx f_lh^Z j_dlbnbdZpbb, hjb_glbjmykv gZ

l_fi_jZlmju bo dbi_gby (lZ[e. 4).

LZ[ebpZ 4

K\hckl\Z oehjb^h\ b hdkboehjb^h\ g_dhlhjuo obfbq_kdbo we_f_glh\,

h[jZamxsboky ijb oehjbjh\Zgbb fbg_jZevgh]h kujvy, b k_ju \ ihjy^d_ \hajZklZgby

l_fi_jZlmj bo dbi_gby [17]

� <_s_kl\h L_fi_jZlmjZ ieZ\e_gby, °K L_fi_jZlmjZ dbi_gby, °K
1 COCl2 –119 7,56

2 BCl3 –107 12,6

3 SiCl4 –68,8 57,5

4 SCl2 –78 59,6

5 PCl3 –90,3 75,3

6 SOCl2 –99,5 75,6

7 CCl4 –23 76,8

8 GeCl4 –49,5 83,1

9 SnCl4 –33 114,1

10 CrO2Cl2 –96 116

11 VOCl3 –79 126,7

12 Se2Cl2 –85 127

13 ReO3Cl 4,5 131

14 AsCl3 –16,2 131

15 TiCl4 –24,1 136

16 S2Cl2 –80 137

17 VCl4 –20,5 152

18 AlCl3 – 180 (\ha]hgy_lky)

19 SbCl4 – 196 (\ha]hgy_lky)

20 GaCl3 77,8 200,5

21 SbCl3 73,4 223

22 WOCl4 204 224

23 ReOCl4 29,3 228

24 TaCl5 216,5 236

25 NbCl5 204,7 247,5

26 MoOCl4 105 253

27 MoCl5 194 269

28 WCl5 244 286

29 HgCl2 280 302

30 HfCl4 – 315 (\ha]hgy_lky)

31 ZrCl4 – 334 (\ha]hgy_lky)

32 FeCl3 309 320

33 ReCl5 278 330

34 WCl6 281,5 348

35 MoO2Cl2 175 357
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36 TeCl4 224 382

37 BiCl3 234 439

38 K_jZ 113 445

39 WOCl2 – 500 (\ha]hgy_lky)

40 InCl3 – 546 (\ha]hgy_lky)

41 BeCl2 416 550

42 SnCl2 246 652

43 ZnCl2 283 732

44 UCl4 590 792

45 ThCl4 770 921

46 PbCl2 501 953

47 CdCl2 568,5 964

48 NiCl2 – 970 (\ha]hgy_lky)

49 CuCl2 507 993 (k jZaeh`_gb_f)

50 FeCl2 677 1026

51 CoCl2 740 1049

52 MnCl2 650 1238

53 MgCl2 714 1367

54 NaCl 801 1413

55 KCl 776 1430

56 CuCl 430 1490

57 AgCl 455 1550

58

LnCl3 (oehjb^u

JAF, djhf_ Eu,

Sm, Yb)

582-925 1420-1710

59 UCl3 835 1780

60 SmCl2 858 1950

61 CaCl2 775 1957

62 YbCl2 702 2033

63 EuCl2 854 2060

64 RaCl2 900 >2100

Ih gZr_fm fg_gbx, lbhoehjbjh\Zgb_ fh`_l [ulv mki_rgh bkihevah\Zgh \

ijhba\h^kl\_ j_^dbo f_lZeeh\, lZd dZd \ jy^_ kemqZ_\ hgh iha\hey_l kms_kl\_ggh

ih\ukblv wnn_dlb\ghklv oehjbjh\Zgby b kgbablv l_fi_jZlmjm wlh]h ijhp_kkZ. Wlh

^Zzl \hafh`ghklv khdjZlblv dhjjhabhggmx gZ]jmadm gZ kl_gdb oehjZlhjZ, m\_ebqblv

_]h j_kmjk b khdjZlblv wdkiemZlZpbhggu_ aZljZlu. Wdhghfbq_kdbc wnn_dl

lbhoehjbjh\Zgby h[mkeh\e_g lZd`_ l_f, qlh ^ey _]h hkms_kl\e_gby g_ lj_[mxlky

^hjh]hklhysb_ m]e_jh^kh^_j`Zsb_ \hkklZgh\bl_eb. Hkh[_ggh wlh ZdlmZevgh ^ey

Jhkkbb, \ dhlhjhc gZ[ex^Z_lky ba[ulhd ijhba\h^kl\Z k_ju, \ k\yab k q_f _z p_gZ gZ

ihjy^hd gb`_ p_g gZ m]e_jh^bklh_ kujvz [56]. Djhf_ lh]h, ij_^klZ\ey_l bgl_j_k

fZehhloh^gZy i_j_jZ[hldZ f_lh^hf lbhoehjbjh\Zgby jm^gh]h kujvy j_^dbo f_lZeeh\,

aZ]jyagzggh]h jZ^bhZdlb\gufb lhjb_f, mjZghf b ijh^mdlZfb bo jZ^bhZdlb\gh]h

jZkiZ^Z, dhlhju_ wdhghfbq_kdb g_p_e_khh[jZagh i_j_jZ[Zlu\Zlv \ kh\j_f_gguo

jZkieZ\gh-khe_\uo oehjZlhjZo [57]. IjbgpbibZevgh i_j_jZ[hldZ ijbjh^gh]h b

l_ogh]_ggh]h hdkb^gh]h kujvy j_^dbo f_lZeeh\ f_lh^hf lbhoehjbjh\Zgby fh`_l [ulv

hj]Zgbah\ZgZ lZd, dZd bah[jZ`_gh gZ jbk. 9. Dhg_qguf ijh^mdlhf i_j_jZ[hldb

j_^dhf_lZeevgh]h kujvy wlbf f_lh^hf fh]ml [ulv g_ lhevdh f_lZeeu, gh b bo

kh_^bg_gby. GZijbf_j, Z\lhjZf [66] m^Zehkv ihdZaZlv, qlh ijb k_e_dlb\ghf
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oehjbjh\Zgbb \ jZkieZ\_ k_ju bevf_gblZ (FeTiO3), dhlhjh_ ijhbkoh^bl m`_ ijb

250-350 °C, \ dZq_kl\_ hkgh\gh]h lh\Zjgh]h ijh^mdlZ fh`_l [ulv ihemq_g ib]f_glguc

^bhdkb^ lblZgZ, Z \ dZq_kl\_ ^hihegbl_evgh]h – oehjb^ `_e_aZ, ba dhlhjh]h oehj

fh`gh ba\e_qv ^ey ih\lhjgh]h bkihevah\Zgby k ihimlguf ihemq_gb_f ib]f_glgh]h

hdkb^Z `_e_aZ.

Lbhoehjbjh\Zgb_ fh`_l hdZaZlvky wnn_dlb\guf f_lh^hf i_j_jZ[hldb [_^guo

heh\ygguo b heh\yggh-\hevnjZfh\uo dhgp_gljZlh\, [_^guo gbd_e_\uo b ojhfh\uo

jm^ [24], Z lZd`_ i_jki_dlb\guf kihkh[hf ba\e_q_gby p_gguo dhfihg_glh\ ba

l_ogh]_ggh]h kujvy jZaebqgh]h khklZ\Z.

Jbk. 9. IjbgpbibZevgZy l_ogheh]bq_kdZy ko_fZ lbhoehjbjh\Zgby hdkb^h\

j_^dbo f_lZeeh\ [55, 56]

Oehjbjh\Zgb_ kmevnb^h\. ?sz h^gbf i_jki_dlb\guf ijbeh`_gb_f oehjguo

f_lh^h\ \ f_lZeemj]bb ij_^klZ\ey_lky i_j_jZ[hldZ kmevnb^gh]h kujvy. Ih f_j_

bkq_jiZgby \ a_fghc dhj_ f_klhjh`^_gbc hdkb^guo jm^ \u\_ljb\Zgby i_j_jZ[hldZ

kmevnb^guo jm^ f_lZeeh\ ijbh[j_lZ_l \kz [hevrmx ZdlmZevghklv. < gZklhys__ \j_fy

\k_ kmevnb^gu_ fbg_jZeu ijb i_j_jZ[hld_ ih^\_j]Zxlky h[`b]m, ijb dhlhjhf k_jZ \

\b^_ k\h_]h ^bhdkb^Z \u[jZku\Z_lky \ Zlfhkn_jm. Wlh kha^Zzl dhehkkZevgmx gZ]jmadm

gZ hdjm`Zxsmx kj_^m, gZghkbl ms_j[ a^hjh\vx i_jkhgZeZ f_lZeemj]bq_kdbo

ij_^ijbylbc b `bl_e_c [ebae_`Zsbo ]hjh^h\. <f_kl_ k l_f ijhp_kk oehjbjh\Zgby

kmevnb^h\ fh`_l [ulv hj]Zgbah\Zg lZd, qlh[u k_jZ \u^_eyeZkv \ dZq_kl\_ h^gh]h ba

ijh^mdlh\ \ g_hdbke_gghf \b^_, Z oehj bkihevah\Zeky fgh]hdjZlgh. LZdhc ih^oh^ d

i_j_jZ[hld_ kmevnb^guo jm^ [ue _sz \ 1897 ]h^m ij_^eh`_g hkgh\Zl_e_f oehjghc

f_lZeemj]bb >`. K\bg[mjghf [1], h^gZdh hg g_ \u^_j`Ze dhgdmj_gpbb k [he__

^_rz\ufb ibjhf_lZeemj]bq_kdbfb f_lh^Zfb, ihkdhevdm \ lh \j_fy wdheh]bq_kdbf

Zki_dlZf f_lZeemj]bq_kdbo ijhba\h^kl\ _sz g_ m^_eyeb ^he`gh]h \gbfZgby b g_

hp_gb\Zeb ^he]h\j_f_ggu_ jbkdb. < gZklhys__ \j_fy kblmZpby dZj^bgZevgh

baf_gbeZkv, b \hijhku wdheh]bb ijb kha^Zgbb gh\uo ijhba\h^kl\ klZ\ylky, dZd
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ijZ\beh, \h ]eZ\m m]eZ. Ihwlhfm oehjgZy i_j_jZ[hldZ kmevnb^guo jm^ dZd

Zevl_jgZlb\Z ijhp_kkZf bo h[`b]Z aZkem`b\Z_l hkh[h]h \gbfZgby.

Kmevnb^gu_ fbg_jZeu hq_gv jZkijhkljZg_gu b jZaghh[jZagu. < ijbjh^_ \ \b^_

fbg_jZeh\ [ueb h[gZjm`_gu kmevnb^u lZdbo we_f_glh\, dZd Fe, Zn, Cu, Ni, Pb, Mo,

Hg, Bi, Sb, As, Co, Se, Te, Sn, V, Ag, Au, Pt, Pd, Rh, Cd, Ge, In b Ga. ?keb lZdb_

wdahlbq_kdb_ fbg_jZeu, dZd ]Zeebl (CuGaS2), dZ^fhbg^bl (CdIn2S4) beb Zj]bjh^bl

(Ag8GeS6), \ ijbjh^_ hq_gv j_^db, lh aZiZku ibjblZ, oZevdhibjblZ, knZe_jblZ b

fgh]bo ^jm]bo fbg_jZeh\ ij_^klZ\e_gu fgh]hqbke_ggufb f_klhjh`^_gbyfb (lZ[e. 5).

>ey g_dhlhjuo obfbq_kdbo we_f_glh\ kmevnb^gu_ jm^u y\eyxlky [_aZevl_jgZlb\guf

kujv_\uf bklhqgbdhf.

LZ[ebpZ 5

G_dhlhju_ kmevnb^gu_ fbg_jZeu [67, 68]

� Obfbq_kdZy nhjfmeZ GZa\Zgb_ fbg_jZeZ P_ggu_ we_f_glu

1 FeS2 Ibjbl S, Fe (Co, Ni, As, Cu, Au, Se)*

2 ZnS KnZe_jbl Zn (Sn, Cu, Pb, In, Cd, Ga, Ge)

3 CuFeS2 OZevdhibjbl Cu (As, Se, Te, In, Sn, Ag, Au)

4 Cu2S OZevdhabg Cu (Pb, Zn, Ag, Co, Ge)

5 CuS Dh\_eebg Cu (Pb, Zn, Ag, Co, Ge)

6 Cu5FeS4 ;hjgbl Cu (Pb, Zn, Ag, Co, Ge)

7 Cu2Sb4S13 L_ljZw^jbl Cu, Sb (As, Ag, Bi)

8 Cu2As4S13 L_ggZglbl Cu, As (Sb, Ag, Bi)

9 Fe4Ni4(Co,Ni,Fe)0-1S8 I_leZg^bl Ni, Co (Cu, Pt, Se, Te, Au, Ag)

10 NiS Fbee_jbl Ni (Co, Cu, Pt, Se, Te, Au, Ag)

11 PbS =Ze_gbl Pb (Ag, Cd, Se, Te, In, Ge)

12 MoS2 Fheb[^_gbl Mo (Re, Se, Te)

13 CoAsS Dh[Zevlbg Co, As (Ni)

14 Pb5Sb4S11 ;meZg`_jbl Pb, Sb (Cu, In)

15 FeAsS :jk_ghibjbl As (Co, Ni)

16 Sb2S3 :glbfhgbl Sb (As, Bi, Pb, Cu, Au, Ag)

17 Bi2S3 <bkfmlbg Bi (Pb, Cu, Sb, Se)

18 HgS Dbgh\Zjv Hg

19 VS2 IZljhgbl V

* < gZklhys__ \j_fy [hevr_c qZklvx moh^bl \ hl\Zeu [_a i_j_jZ[hldb

Dhfie_dkghc i_j_jZ[hld_ ihebf_lZeebq_kdbo kmevnb^guo jm^ f_lh^hf

oehjbjh\Zgby ihk\ys_gu hl^_evgu_ ]eZ\u fhgh]jZnbb [24]. Ijb h[jZ[hld_ kmevnb^h\

f_lZeeh\ oehjhf ijh^mdlZfb j_Zdpbb y\eyxlky bo oehjb^u b k_jZ, Z ijb ba[uld_

oehjZ h[jZamxlky lZd`_ oehjb^u k_ju:

MeS + Cl2 = MeCl2 + S (29)

MeS + 2Cl2 = MeCl2 + SCl2 (30)
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J_Zdpbb \aZbfh^_ckl\by kmevnb^h\ k oehjh\h^hjh^hf, dZd ijZ\beh, f_g__

wg_j]_lbq_kdb \u]h^gu, d lhfm `_ hgb khijh\h`^Zxlky h[jZah\Zgb_f g_`_eZl_evgh]h

ih[hqgh]h ijh^mdlZ, dhjjhabhggh hiZkgh]h b lhdkbqgh]h k_jh\h^hjh^Z ih j_Zdpbb

(31):

MeS + 2HCl = MeCl2 + H2S (31)

< ijbkmlkl\bb dbkehjh^Z b oehjbjm_fuo hdkb^h\ \ kf_kb k kmevnb^Zfb ijb bo

oehjbjh\Zgbb \hafh`gh h[jZah\Zgb_ hdkboehjb^h\ f_lZeeh\ b ^bhdkb^Z k_ju, h^gZdh

kmevnb^u ijb wlhf [m^ml oehjbjh\Zlvky \ i_j\mx hq_j_^v. K_jZ dbibl ijb 445 °K,

ihwlhfm _z fh`gh hlh]gZlv hl g_e_lmqbo ijh^mdlh\ oehjbjh\Zgby b g_oehjbjm_fh]h

h]ZjdZ (lZ[e. 4). ?sz [he__ e_lmqb oehjb^u k_ju (jbk. 10), dhlhju_ ihke_ \u^_e_gby ba

kf_kb oehjb^h\, fh]ml [ulv ih\lhjgh gZijZ\e_gu gZ oehjbjh\Zgb_ kujvy eb[h gZ

\u^_e_gb_ oehjZ, qlh g_kdhevdh mkeh`gy_l l_ogheh]bq_kdmx ko_fm. ;hevrbgkl\h

oehjb^h\ f_lZeeh\, ijbkmlkl\mxsbo \ kmevnb^guo fbg_jZeZo, bkiZjyxlky ijb [he__

\ukhdhc l_fi_jZlmj_, q_f k_jZ (lZ[e. 4). <Z`gufb bkdexq_gbyfb ba wlh]h ijZ\beZ

y\eyxlky As, Mo, Bi, Sb, Se, Te, Re, W, b `_e_ah (III), dhlhjh_, \ijhq_f, ^hklZlhqgh

ijhklh i_j_\h^blky \ g_e_lmq__ ^\mo\Ze_glgh_ khklhygb_. Oehjb^u f_lZeeh\,

ihemq_ggu_ ba kmevnb^guo jm^, e_]dh hl^_eblv hl k_ju b g_oehjbjm_fh]h h]ZjdZ

jZkl\hj_gb_f \ \h^_ beb kheyghc dbkehl_. >ey jZa^_e_gby kf_k_c oehjb^h\ f_lZeeh\,

ihemqZ_fuo ba ihebf_lZeebq_kdh]h kmevnb^gh]h kujvy keh`gh]h khklZ\Z, fh`_l [ulv

bkihevah\ZgZ bo jZaebqgZy e_lmq_klv eb[h we_dljheblbq_kdb_ f_lh^u. Oehj ba

ijh^mdlh\ oehjbjh\Zgby kmevnb^h\ ba\e_dZ_lky eb[h gZ klZ^bb we_dljhebaZ, eb[h ijb

\ukhdhl_fi_jZlmjghf hdbke_gbb oehjb^h\, ijb dhlhjhf ihfbfh oehjZ ijh^mdlZfb

j_Zdpbb y\eyxlky hdkb^u f_lZeeh\.

Jbk. 10. >Z\e_gb_ iZjh\ k_ju, _z oehjb^h\ b oehjb^h\ g_dhlhjuo f_lZeeh\, ijbkmlkl\mxsbo \

kmevnb^guo jm^Zo ijb jZaebqghc l_fi_jZlmj_ [69]
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:gh^guc oehj, ihemqZ_fuc ijb we_dljheblbq_kdhf \u^_e_gbb f_lZeeh\ ba

jZkl\hjh\ beb jZkieZ\h\ oehjb^h\, h[eZ^Z_l qbklhlhc ihjy^dZ 80-90%, b \

aZ\bkbfhklb hl qbklhlu b ki_pbnbdb bkihevah\Zgby fh`_l [ulv eb[h g_ihkj_^kl\_ggh

gZijZ\e_g gZ i_j_jZ[hldm gh\uo ihjpbc jm^u, eb[h kdhgp_gljbjh\Zg b ^hhqbs_g. >ey

ih]ehs_gby oehjZ ba hloh^ysbo ]Zah\ gZ oehjguo f_lZeemj]bq_kdbo ijhba\h^kl\Zo

bkihevamxl _]h kihkh[ghklv h[jZlbfh jZkl\hjylvky \ `b^dhf l_ljZoehjb^_ m]e_jh^Z

beb lblZgZ. Djhf_ wlh]h, \ dZq_kl\_ jZkl\hjbl_e_c oehjZ fh]ml [ulv bkihevah\Zgu

[he__ ly`zeu_ b f_g__ e_lmqb_ oehjbjh\Zggu_ m]e_\h^hjh^u, Z lZd`_ S2Cl2, dhlhjuc

ih^ ^Z\e_gb_f 10 Zlf ijb l_fi_jZlmj_ 220 °K h[jZlbfh j_Z]bjm_l k oehjhf ih j_Zdpbb

(32). >ey ijhl_dZgby j_Zdpbb (32) ^boehjb^ ^bk_ju ^he`_g kh^_j`Zlv hdheh 0,001%

ch^Z \ dZq_kl\_ dZlZebaZlhjZ [65].

S2Cl2 + Cl2 = 2SCl2 (32)

?keb p_e_\ufb ijh^mdlZfb i_j_jZ[hldb y\eyxlky hdkb^u f_lZeeh\,

bkihevam_fu_, \ qZklghklb, \ dZq_kl\_ ib]f_glh\ beb dZlZebaZlhjh\, lh oehj ba

ijh^mdlh\ i_j_jZ[hldb kmevnb^guo jm^ j_]_g_jbjmxl dbkehjh^hf beb \ha^mohf ih

\ukhdhl_fi_jZlmjghc j_Zdpbb (33):

MeCl2 + O2 = MeO + Cl2 (33)

Oehj, ihemqZ_fuc ih j_Zdpbb (33), [m^_l kh^_j`Zlv ba[ulhd dbkehjh^Z, Z \

kemqZ_ bkihevah\Zgby \ha^moZ, lZd`_ b Zahl, ihwlhfm ^ey ih\lhjgh]h bkihevah\Zgby

_]h g_h[oh^bfh hqbklblv b kdhgp_gljbjh\Zlv ih h^ghfm ba kihkh[h\, mihfygmluo

\ur_.

< ebl_jZlmj_ ijb\_^_gh ^hklZlhqgh ijbf_jh\ bkihevah\Zgby oehjbjh\Zgby ^ey

i_j_jZ[hldb kmevnb^h\ [24]. LZd, _sz \ 1897 ]h^m h[jZ[hldhc kmobf oehjhf ijb

600-700 °K \kdju\Zeb mihjgu_ kmevnb^gu_ k\bgph\h-pbgdh\u_ jm^u ;jhd_g-ObeeZ \

:\kljZebb. Ihke_ I_j\hc fbjh\hc \hcgu \ :g]ebb ZgZeh]bqguf h[jZahf

i_j_jZ[Zlu\Zeb jm^u furvydZ, gbd_ey b dh[ZevlZ (kihkh[ FZevfZ). Oehjbjh\Zgb_f

`_e_aguo jm^ ihemqZeb we_dljheblbq_kdh_ `_e_ah. Ba\_klgh, qlh oehjbjh\Zgb_

fheb[^_gblZ e_]dh b ^hklZlhqgh ihegh ijhl_dZ_l m`_ ijb 400-500 °C k h[jZah\Zgb_f

S2Cl2 b MoCl5, Z g_dhlhju_ [_^gu_ dhfie_dkgu_ jm^u oehjbjmxlky \ ijbkmlkl\bb

k_ju m`_ ijb 150 °K. < gZr_c kljZg_ ijh[h\Zeb i_j_jZ[Zlu\Zlv wlbf f_lh^hf

kmevnb^gu_ jm^u :elZy \ 1932-1933 ]]., gh ^Zevr_ eZ[hjZlhjguo jZ[hl ^_eh g_ ihreh

[24].

Him[ebdh\Zg jy^ jZ[hl, \ dhlhjuo ij_^eZ]Z_lky f_lh^hf oehjbjh\Zgby

i_j_jZ[Zlu\Zlv oZevdhibjbl CuFeS2 [69-71]. < jZ[hl_ [69] bamq_gZ dbg_lbdZ

oehjbjh\Zgby oZevdhibjblh\uo dhgp_gljZlh\ \ kf_kb oehjZ b ZahlZ ijb l_fi_jZlmjZo

170-300 °K b ihdZaZgZ \hafh`ghklv hl^_e_gby oehjb^h\ f_^b, k\bgpZ b pbgdZ hl k_ju

b oehjb^Z `_e_aZ (III) aZ kqzl jZaebqby \ ^Z\e_gbb bo iZjh\. Hdheh 95 % f_^b m^Zehkv

kdhgp_gljbjh\Zlv ijb wlhf \ oehjb^ghc njZdpbb, g_ kh^_j`Zs_c `_e_aZ b k_ju.
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@_e_ah ba FeCl3 [ueh i_j_\_^_gh \ hdkb^gmx nhjfm k \u^_e_gb_f oehjZ ^ey _]h

ih\lhjgh]h bkihevah\Zgby. K_jm \u^_eyeb ba _z oehjb^Z ]b^jhebahf, ih[hqguf

ijh^mdlhf ihemqZeb kheygmx dbkehlm. F_lZeeu jZa^_eyeb \ ijhp_kk_ we_dljhebaZ bo

oehjb^h\.

:\lhju jZ[hlu [70] i_j_jZ[Zlu\Zeb oZevdhibjbl ih ZgZeh]bqghc ko_f_, h^gZdh

\u[bjZeb ijb wlhf mkeh\by oehjbjh\Zgby, ijb dhlhjuo k_jZ \u^_eyeZkv \ k\h[h^ghf

\b^_. Ijb k_e_dlb\ghf hdbke_gbb kf_kb oehjb^h\ bf m^Zehkv \u^_eblv hdkb^ `_e_aZ,

hl^_eb\ _]h hl oehjb^Z f_^b, dhlhjuc [ue gZijZ\e_g gZ _z we_dljheblbq_kdh_

\u^_e_gb_.

GZ hkgh\_ ^Zgguo, ijb\_^zgguo \ur_, [ueZ khklZ\e_gZ h[sZy ijbgpbibZevgZy

l_ogheh]bq_kdZy ko_fZ dhfie_dkghc i_j_jZ[hldb kmevnb^guo jm^ oehjguf f_lh^hf k

jZaebqgufb \ZjbZglZfb \u^_e_gby ijh^mdlh\ b j_]_g_jZpbb oehjZ (jbk. 11).

We_dljheba f_lZeeh\ fh`_l ijh\h^blvky dZd ba jZkl\hjh\ oehjb^h\, lZd b ba bo

jZkieZ\h\. JZa^_e_gb_ f_lZeeh\ fh`_l [ulv ijh\_^_gh eb[h aZ kqzl jZaebqghc

e_lmq_klb bo oehjb^h\, eb[h gZ klZ^bb we_dljhebaZ. @_e_ah [he__ p_e_khh[jZagh

\u^_eylv \ \b^_ hdkb^Z, dhlhjuc gZoh^bl ijbf_g_gb_ \ dZq_kl\_ ib]f_glZ.

Jbk. 11. IjbgpbibZevgZy l_ogheh]bq_kdZy ko_fZ dhfie_dkghc i_j_jZ[hldb kmevnb^guo jm^

oehjguf f_lh^hf

?sz h^bg \ZjbZgl i_j_jZ[hldb oZevdhibjblZ f_lh^hf oehjbjh\Zgby

ij_^eZ]Z_lky \ [71]. < wlhc jZ[hl_ \ dZq_kl\_ k_e_dlb\gh]h oehjbjmxs_]h Z]_glZ

bkihevah\Zeb oehjb^ f_^b (I). Ijb wlhf f_^v i_j_oh^beZ \ nhjfm oZevdhabgZ Cu2S, Z

`_e_ah oehjbjh\Zehkv ih j_Zdpbb (34):

4CuFeS2 + 8CuCl = 6Cu2S + 4FeCl2 + S2 (34)
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Ihemq_gguc oZevdhabg gZijZ\eyeb gZ we_dljheblbq_kdh_ \u^_e_gb_ f_^b, ijb

dhlhjhf ihimlgh ihemqZeb k_jm, Z ba oehjb^Z `_e_aZ \u^_eyeb oehj ^ey ih\lhjgh]h

bkihevah\Zgby \ l_ogheh]bq_kdhf ijhp_kk_.

< dZq_kl\_ oehjbjmxs_]h Z]_glZ ijb i_j_jZ[hld_ kmevnb^guo fZl_jbZeh\ fh`_l

\uklmiZlv lZd`_ e_lmqbc ljboehjb^ `_e_aZ. Ba\_klgh, qlh k _]h ihfhsvx ijb

l_fi_jZlmjZo 400-450 °K m^Zzlky i_j_\_klb \ oehjb^gmx nhjfm kmevnb^u f_^b,

gbd_ey b `_e_aZ, ijb wlhf \hkklZgh\e_ggZy k_jZ i_j_oh^bl \ ]Zahh[jZagh_ khklhygb_ b

hl]hgy_lky ba j_Zdpbhgghc ahgu [24]. J_]_g_jZpby ljboehjb^Z `_e_aZ ijhbkoh^bl \

dbiys_f keh_ gb`g_c dZf_ju i_qb dbkehjh^hf \ha^moZ ijb 450 °K ih j_Zdpbb (35):

12FeCl2 + 3O2 = 2Fe2O3 + 8FeCl3 (35)

< nhjf_ iZjh\ ljboehjb^ `_e_aZ hl]hgyxl b \f_kl_ k Zahlhf \ha^moZ gZijZ\eyxl

gZ ih\lhjgh_ bkihevah\Zgb_ \ l_ogheh]bq_kdhf pbde_. Oehjb^u f_^b b gbd_ey,

ihemq_ggu_ ih wlhc ko_f_, \us_eZqb\Zxl \h^hc ba ijh^mdlh\ i_j_jZ[hldb b

gZijZ\eyxl gZ we_dljheblbq_kdh_ \u^_e_gb_ f_lZeeh\.

Oehjbjh\Zgb_ [ueh jZkkfhlj_gh \ dZq_kl\_ \ZjbZglZ i_j_jZ[hldb [_^guo

ihemhdbke_gguo b kbebdZlguo gbd_e_\uo b gbd_ev-dh[Zevlh\uo jm^ [24]. >ey wlh]h

lhgdhfhehlu_ fbg_jZeu h[jZ[Zlu\Zeb oehjhf ijb 800-1000 °C \ ijbkmlkl\bb

m]e_jh^bklh]h \hkklZgh\bl_ey, ijb wlhf oehjb^u gbd_ey b dh[ZevlZ hl]hgyebkv ba

j_Zdpbhgghc ahgu, ihke_ q_]h bo i_j_\h^beb \ jZkl\hj b gZijZ\eyeb gZ we_dljheba.

Gbd_ev \ nhjf_ NiS iheghklvx oehjbjm_lky ijb 330 °C aZ 2,5 qZkZ (99,3%), g_kdhevdh

om`_ oehjbjm_lky Ni2S3, lj_[my gZ]j_\Z ^h 640 °C. Ijb oehjbjh\Zgbb f_^gh-gbd_e_\uo

jm^ gbd_ev oehjbjm_lky gZ 80-88%, Z f_^v gZ 92%. Hdbkeu gbd_ey, dh[ZevlZ b `_e_aZ

oehjbjmxlky gZqbgZy k 500 °C, _sz ljm^g__ \kdju\Z_lky oehjhf f_lZkbebdZl gbd_ey.

Oehjbjh\Zgb_ kmevnb^h\ fh`_l [ulv ijh\_^_gh b \ `b^dhc kj_^_. Ihjhrdb

g_dhlhjuo kmevnb^h\ f_lZeeh\, gZijbf_j Cu2S, \a\_r_ggu_ \ l_ljZoehjb^_ m]e_jh^Z,

m`_ ijb dhfgZlghc l_fi_jZlmj_ j_Z]bjmxl k ]Zahh[jZaguf oehjhf, dhlhjuc ohjhrh \

wlhc `b^dhklb jZkl\hjbf. Dhgp_gljZlu, kh^_j`Zsb_ kmevnb^ heh\Z, lh`_ \klmiZxl \

j_Zdpbx k oehjhf, jZkl\hjzgguf \ l_ljZoehjb^_ m]e_jh^Z, h[jZamy oehjbklh_ heh\h b

fhghoehjb^ k_ju, dhlhju_ e_]dh jZa^_eyxlky j_dlbnbdZpb_c [24].

< kj_^_ `b^dhc oehjbklhc k_ju ijb 120-138 °C wnn_dlb\gh oehjbjmxlky

k\bgph\h-pbgdh\u_ kmevnb^gu_ jm^u. H[jZamxsZyky we_f_glZjgZy k_jZ ohjhrh

jZkl\hjbfZ lZd `_, dZd b oehjb^u furvydZ, kmjvfu, heh\Z, ]_jfZgby, k_e_gZ b l_eemjZ.

;hevrbgkl\h oehjb^h\ p\_lguo f_lZeeh\ g_jZkl\hjbfh \ S2Cl2, qlh iha\hey_l bo

hl^_eblv hl k_ju b jZkl\hjbfuo oehjb^h\ nbevljh\Zgb_f [24]. LZd fh`_l [ulv

hj]Zgbah\ZgZ dhfie_dkgZy i_j_jZ[hldZ kmevnb^gh]h kujvy k ]jmiih\uf jZa^_e_gb_f

f_lZeeh\ b k_ju \ g_ij_ju\ghf j_`bf_.

< dZq_kl\_ kj_^u ^ey oehjbjh\Zgby fh`_l \uklmiZlv b h[uqgZy \h^Z.

IjhimkdZgb_f ]Zahh[jZagh]h oehjZ q_j_a \h^gu_ kmki_gabb fbg_jZeh\ fh]ml [ulv
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i_j_jZ[hlZgu hdkb^u fZj]ZgpZ, ahehlhkh^_j`Zsb_ f_^gh-pbgdh\u_ jm^u, Z lZd`_

k_e_gb^u b l_eemjb^u [24].

<hkklZgh\e_gb_ \h^hjh^hf. <_kvfZ i_jki_dlb\guf gZijZ\e_gb_f jZa\blby

oehjghc f_lZeemj]bb ij_^klZ\ey_lky i_j_oh^ hl f_lZeehl_jfbb d \h^hjh^ghfm

\hkklZgh\e_gbx f_lZeeh\ ba bo oehjb^h\. < hlebqb_ hl fZ]gby b ^jm]bo Zdlb\guo

f_lZeeh\, \h^hjh^ hq_gv ^zr_\, ^hklmi_g b fh`_l [ulv hqbs_g ^h kdhev m]h^gh

\ukhdhc kl_i_gb qbklhlu, qlh iha\hey_l ijb bkihevah\Zgbb _]h \ dZq_kl\_

\hkklZgh\bl_ey ihemqZlv ba oehjb^h\ [he__ qbklu_ f_lZeeu beb bo kh_^bg_gby.

<hkklZgh\e_gb_ oehjb^h\ f_lZeeh\ \ \h^hjh^ghc ieZaf_ fh`_l h[_ki_qblv \ukhdmx

ijhba\h^bl_evghklv b fZehklZ^bcghklv ijhp_kkZ, \hafh`ghklv i_j_gZeZ^db ijhp_kkZ

^ey ihemq_gby jZaebqguo ijh^mdlh\ k mgbdZevgufb nbabdh-obfbq_kdbfb k\hckl\Zfb,

Z lZd`_ ihl_gpbZevgh fh`_l iha\heblv hj]ZgbaZpbx g_ij_ju\gh]h ijhp_kkZ

ihemq_gby \ukhdh^bki_jkguo ihjhrdh\ f_lZeeh\ b bo kh_^bg_gbc ijb hlkmlkl\bb

ihlj_[ghklb \ wg_j]hzfdhc klZ^bb \Zdmmf-l_jfbq_kdhc hl]hgdb fZ]gby b _]h oehjb^Z

[53]. < i_j\mx hq_j_^v wlh dZkZ_lky f_lZeemj]bb gbh[by b lZglZeZ, ^ey dhlhjuo

l_ogheh]by \h^hjh^gh]h \hkklZgh\e_gby [ueZ hijh[h\ZgZ b ihdZaZeZ ohjhrb_

j_amevlZlu. Ij_^klZ\ey_l bgl_j_k bkihevah\Zlv ih^h[gmx l_ogheh]bx \hkklZgh\e_gby

b ^ey lblZgZ. < kms_kl\mxs_c l_ogheh]bb fZ]gb_l_jfbq_kdh]h \hkklZgh\e_gby TiCl4 k

ihemq_gb_f ]m[qZlh]h lblZgZ ih f_lh^m Djheey gZ[ex^Z_lky jy^ g_^hklZldh\:

– hlghkbl_evgh g_[hevrZy ijhba\h^bl_evghklv – f_g__ 100 d]/q ih ]m[d_;

– g_jZ\ghf_jghklv ih^Zqb j_Z]_glZ (TiCl4) \ ijhp_kk_ \hkklZgh\e_gby;

– g_h[oh^bfhklv gZjm`gh]h hoeZ`^_gby j_ZdlhjZ k`Zluf \ha^mohf;

– i_jbh^bq_kdbc keb\ jZkieZ\Z oehjb^Z fZ]gby \ l_q_gb_ \k_]h ijhp_kkZ;

– wg_j]hzfdZy b ^ebl_evgZy \Zdmmf-k_iZjZpby [ehdZ ]m[db hl ba[uldZ fZ]gby b

_]h oehjb^Z;

– agZqbl_evgZy g_h^ghjh^ghklv [ehdZ ]m[db lblZgZ ih kh^_j`Zgbx ijbf_k_c, qlh

lj_[m_l ^_e_gby [ehdZ gZ qZklb, ^jh[e_gby b jZkk_\Z gZ hl^_evgu_ njZdpbb.

=eZ\guf ij_iylkl\b_f ^ey iheghfZkrlZ[gh]h \g_^j_gby \ f_lZeemj]bq_kdmx

ijZdlbdm \h^hjh^gh]h \hkklZgh\e_gby y\ey_lky f_gvrZy obfbq_kdZy Zdlb\ghklv

\h^hjh^Z ih kjZ\g_gbx k fZ]gb_f, ljZ^bpbhggh bkihevam_fuf \ f_lh^_ Djheey. Ijb

ih\ur_gbb l_fi_jZlmju wg_j]by =b[[kZ j_Zdpbb \hkklZgh\e_gby oehjb^Z lblZgZ

\h^hjh^hf ijbh[j_lZ_l hljbpZl_evgh_ agZq_gb_, b ijhl_dZgb_ wlh]h ijhp_kkZ

klZgh\blky l_jfh^bgZfbq_kdb \u]h^guf (jbk. 12), h^gZdh, d kh`Ze_gbx, wlh lj_[m_l

gZfgh]h [he__ \ukhdbo l_fi_jZlmj, q_f ijb \hkklZgh\e_gbb oehjb^h\ gbh[by b

lZglZeZ, qlh kha^Zzl hij_^_ezggu_ l_ogheh]bq_kdb_ keh`ghklb.
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Jbk. 12. KlZg^ZjlgZy wg_j]by =b[[kZ j_Zdpbc \hkklZgh\e_gby \h^hjh^hf l_ljZoehjb^Z

lblZgZ, i_glZoehjb^h\ gbh[by b lZglZeZ ijb jZaebqguo l_fi_jZlmjZo [72]

8. <u\h^u

DZd \b^bf, b ih ijhr_kl\bb 250 e_l k fhf_glZ k\h_]h hldjulby oehj y\ey_lky

dexq_\uf we_f_glhf obfbq_kdhc l_ogheh]bb b gZoh^bl k_[_ h[rbjgmx kn_jm

ijbf_g_gby. H^gbf ba gZb[he__ ZdlmZevguo b i_jki_dlb\guo gZijZ\e_gbc

bkihevah\Zgby oehjZ y\ey_lky oehjgZy f_lZeemj]by. < dZq_kl\_ gZijZ\e_gbc jZa\blby

oehjghc f_lZeemj]bb hlf_q_gh jZkrbj_gb_ ki_dljZ i_j_jZ[Zlu\Z_fh]h wlbf f_lh^hf

ijbjh^gh]h b l_ogh]_ggh]h kujvy, bkihevah\Zgb_ ijb oehjbjh\Zgbb \ dZq_kl\_

\hkklZgh\bl_ey k_ju \f_klh m]e_jh^Z (lbhoehjbjh\Zgb_), Z lZd`_ hk\h_gb_

\h^hjh^gh]h \hkklZgh\e_gby f_lZeeh\ ba bo oehjb^h\.
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