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JZkkfhlj_gu j_amevlZlu j_Zdlhjguo bkiulZgbc b ihke_j_Zdlhjguo

bkke_^h\Zgbc ^bki_jkbhgguo l\weh\ k h[hehqdZfb ba kieZ\h\ lbiZ W110F k

ih\ur_gguf kh^_j`Zgb_f `_e_aZ ^h 0,15 fZkk. % b dbkehjh^Z ^h 0,13 fZkk.

%, h[emq_gguo \ h[emqZl_evghf mkljhckl\_ «=bjeyg^Z» j_ZdlhjZ FBJ ^h

gZdhie_gby hkdhedh\ ^_e_gby 0,7 ]/kf3. H[emq_ggu_ fh^bnbpbjh\Zggu_

kieZ\u ij_\hkoh^yl kieZ\ W110 ih ijhqghklb ijb jZ[hqbo l_fi_jZlmjZo

ijbf_jgh \ 1,5 jZaZ. Fh^bnbpbjh\Zggu_ kieZ\u aZf_lgh ij_\hkoh^yl kieZ\

W110 ih dhjjhabhgghc klhcdhklb ih^ h[emq_gb_f \ ZffbZqghf \h^gh-

obfbq_kdhf j_`bf_.

Dexq_\u_ keh\Z: pbjdhgb_\uc kieZ\, ^bki_jkbhgguc l\we, h[emq_gb_, `_e_ah, dbkehjh^,

ijhqghklv, dhjjhabhggZy klhcdhklv.
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The article considers the results of reactor tests and post-reactor investigations of

dispersion fuel elements with cladding made of E110M alloys with an increased

iron content of up to 0,15 wt. % and oxygen content of up to 0,13 wt. %, irradiated
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in the «Garland» irradiation device of the MIR reactor until fission fragments

accumulated to 0,7 g/cm3. The irradiated modified alloys surpass the E110 alloy in

strength at operating temperatures by approximately 1,5 times. The modified alloys

significantly surpass the E110 alloy in corrosion resistance under irradiation in

the ammonia water-chemistry mode.

Keywords: zirconium alloy, dispersion fuel element, irradiation, iron, oxygen, strength, corrosion

resistance.

<\_^_gb_

Pbjdhgb_\uc kieZ\ W110 rbjhdh ijbf_gy_lky \ dZq_kl\_ h[hehq_qgh]h

fZl_jbZeZ we_f_glh\ Zdlb\guo ahg ljZgkihjlguo j_Zdlhjh\. Mki_rgh aZ\_jrbeZkv

wdkiemZlZpby \ j_ZdlhjZo Zlhfguo e_^hdheh\ ^_kylb dhfie_dlh\ Zdlb\guo ahg 14-10-3,

ljbgZ^pZlb dhfie_dlh\ Zdlb\guo ahg 14-10-3F, q_luj_o dhfie_dlh\ Zdlb\guo ahg

14-10-3FI.

H^gZdh jZ[hlhkihkh[ghklv l\weh\ k h[hehqdZfb ba pbjdhgb_\h]h kieZ\Z W110 \

Zdlb\guo ahgZo ljZgkihjlguo j_Zdlhjh\ k ih\ur_ggufb j_kmjkgufb

oZjZdl_jbklbdZfb h]jZgbq_gZ \ k\yab k ya\_gghc dhjjhab_c, ihjZ`Zxs_c h[hehqdb ba

wlh]h kieZ\Z ih^ h[emq_gb_f. Ihwlhfm ZdlmZevguf y\ey_lky kha^Zgb_ h[hehq_d l\weh\

ba fh^bnbpbjh\Zgguo pbjdhgb_\uo kieZ\h\, h[eZ^Zxsbo memqr_ggufb

oZjZdl_jbklbdZfb ih kjZ\g_gbx kh rlZlgufb h[hehqdZfb.

Hkgh\u\Zykv gZ jZg__ \uiheg_gguo bkke_^h\Zgbyo, \uy\b\rbo hkh[mx jhev

dbkehjh^Z b `_e_aZ \ ih\ur_gbb ^_nhjfZpbhgghc klZ[bevghklb h[hehq_d ih^

h[emq_gb_f b khijhlb\e_gbb ya\_gghc dhjjhabb, \ khklZ\ kieZ\Z W110 [ueb \\_^_gu

wlb we_f_glu [1-5] (kf. lZ[e. 1).

LZ[ebpZ 1

Obfbq_kdbc khklZ\ ljm[

KieZ\
Obfbq_kdbc khklZ\ % fZkk. / % Zl.

Nb Fe O

W110 1,0 / 0,981 0,01 / 0,016 0,03 / 0,171

W110F1 1,0 / 0,975 0,12 / 0,195 0,13 / 0,736

W110F2 1,0 / 0,977 0,07 / 0,114 0,11 / 0,624

W110F3 1,0 / 0,976 0,15 / 0,244 0,10 / 0,567

KhklZ\u ljm[ ^Zgu dZd \ fZkkh\uo, lZd b \ Zlhfguo ijhp_glZo, qlh[u fh`gh

[ueh gZ]ey^g__ ij_^klZ\blv \ebygb_ e_]bjh\Zgby gZ k\hckl\Z kieZ\Z. LZd, gZijbf_j,

kh^_j`Zgb_ `_e_aZ \ Zlhfguo ijhp_glZo [hevr_ \ 1,5 jZaZ, q_f \ fZkkh\uo, Z

dbkehjh^Z \ 5,5 jZa. Ihwlhfm ihgylgh, qlh jZkl\hj_gguc \ j_r_ld_ pbjdhgby dbkehjh^

[m^_l hdZau\Zlv [hevr__ \ebygb_ gZ k\hckl\Z kieZ\Z, q_f `_e_ah. Hkh[_ggh gZ

f_oZgbq_kdb_ k\hckl\Z.



<HIJHKU :LHFGHC G:MDB B L?OGBDB.

K_jby: FZl_jbZeh\_^_gb_ b gh\u_ fZl_jbZeu. 2025. <uimkd 1 (127)

135

< :H «<GBBGF» [ueb ba]hlh\e_gu mdhjhq_ggu_ (^ebgZ Zdlb\ghc qZklb

200 ff) ]eZ^dhkl_j`g_\u_ ^bki_jkbhggu_ l\weu k h[hehqdZfb ba kieZ\Z W110 b

hiulguo kieZ\h\, lhieb\ghc dhfihabpb_c «^bhdkb^ mjZgZ + kbemfbg» b \ul_kgbl_e_f

ba kieZ\Z W110.

Mkeh\by j_Zdlhjguo bkiulZgbc

>ey ihemq_gby wdki_jbf_glZevguo ^Zgguo ih jZ^bZpbhgghc klhcdhklb h[hehq_d

ba fh^bnbpbjh\Zgguo kieZ\h\ \ :H «=GP GBB:J» [ueh ijh\_^_gh h[emq_gb_

hiulguo l\weh\, Z lZd`_ ihke_^mxsb_ ihke_j_Zdlhjgu_ fZl_jbZeh\_^q_kdb_

bkke_^h\Zgby.

H[emq_gb_ ijhbkoh^beh \ i_le_\uo dZgZeZo j_ZdlhjZ FBJ \ khklZ\_

h[emqZl_evgh]h mkljhckl\Z «=bjeyg^Z». L<K ([ehd 4) kh^_j`ZeZ 21 l\we.

OZjZdl_jguc / fZdkbfZevguc l_ieh\hc ihlhd – 1,0/1,25 F<l/f2 (290/360 <l/kf).

FZdkbfZevgh_ gZdhie_gb_ hkdhedh\ ^_e_gby, ]/kf3 (F<l.kml/d] U):

– bkdexqZy lhjp_\mx ahgm rbjbghc 1 kf – 0,56 (86);

– \ lhjp_\hc ahg_ rbjbghc 1 kf – 0,7 (108).

FZdkbfZevguc nex_gk [ukljuo (E > 0,1 Fw<) g_cljhgh\ – 6,0.1025 f-2.

<h^gh-obfbq_kdbc j_`bf – ZffbZqguc.

JZkij_^_e_gb_ jZkq_lguo agZq_gbc fZdkbfZevguo l_fi_jZlmj h[hehq_d ih

wlZiZf h[emq_gby ijb\_^_gh \ lZ[e. 2. GZ i_j\uo q_luj_o wlZiZo (h[s_c

^ebl_evghklvx 309 kml) gZ[ex^Zeky j_`bf l_iehhl\h^Z k ih\_joghklguf dbi_gb_f.

LZ[ebpZ 2

JZkq_lgu_ agZq_gby fZdkbfZevguo l_fi_jZlmj h[hehq_d ih wlZiZf h[emq_gby

� wlZiZ
<j_fy jZ[hlu gZ

fhsghklb, kml

FZdkbfZevgZy l_fi_jZlmjZ

h[hehqdb, °K

1 69 337

2 21 341

3 61 330

4 158 331

5 27 312

6 33 320

7 23 320

8 178 317

9 181 319

10 70 300

11 137 310

<K?=H 958 = 23000 q
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IZjZf_lju l_iehghkbl_ey \ i_jbh^ bkiulZgbc ih^^_j`b\Zebkv \ ke_^mxsbo

^bZiZahgZo (kf. lZ[e. 3).

LZ[ebpZ 3

IZjZf_lju l_iehghkbl_ey

�

wlZiZ

I_le_\hc

dZgZe
<j_fy

jZ[hlu gZ

fhsghklb,

kml

>Z\e_gb_

l_iehghkbl_ey

gZ \uoh^_ ba

ID, FIZ

L_fi_jZlmjZ

l_iehghkbl_ey, °K

JZkoh^

l_iehghkbl_ey,

q_j_a ID, l/qgZ

\oh^_ \

ID

gZ

\uoh^_

ba ID

1-4 ID 2-6,

ID-2-8,

ID 2-10

369 13,0-15,0 275-

285

295-305 12,5-13,0

5-11 ID 3-13 589 15,5-16,2 250-

270

270-290 13,0-13,6

<bamZevguc hkfhlj l\weh\

<bamZevguc hkfhlj b nhlh]jZnbjh\Zgb_ l\weh\ \uihegyebkv q_j_a hilbq_kdmx

kbkl_fm aZsblghc dZf_ju. J_amevlZlu \bamZevgh]h hkfhljZ l\weh\ ij_^klZ\e_gu \

lZ[e. 4.

< oh^_ \bamZevgh]h hkfhljZ l\weh\ g_ \uy\e_gh gZjmr_gbc bo p_ehklghklb,

bkdjb\e_gbc, \a^mlbc beb \fylbg. K\Zjgu_ kh_^bg_gby gZoh^ylky \

m^h\e_l\hjbl_evghf khklhygbb.

Ih\_joghklv l\weh\ k h[hehqdZfb ba kieZ\Z W110 b _]h fh^bnbdZpbc fZlh\Zy,

l_fgh-k_jh]h p\_lZ; h^ghagZqgh b^_glbnbpbjh\Zlv ya\_ggmx dhjjhabx m^Zehkv lhevdh

gZ l\we_ k h[hehqdhc ba W110 gZ mqZkld_ ~90-110 hl gbaZ l\weZ, lZd dZd \ wlhf f_kl_

\bamZevgh gZ[ex^Z_lky ih\j_`^_gb_ \g_rg_c ih\_joghklb h[hehqdb, \h \k_o

hklZevguo kemqZyo ih\_joghklv l\weh\ ]eZ^dZy. LZd`_ gZ ih\_joghklb l\weh\

gZ[ex^Zxlky iylgZ [_eh]h p\_lZ \ \b^_ f_edbo lhq_d b ebgbc, dhlhju_, \hafh`gh,

y\eyxlky gZqZevghc klZ^b_c gh^meyjghc dhjjhabb. GZb[hevr__ dhebq_kl\h lZdbo

iyl_g gZ[ex^Z_lky gZ l\we_ k h[hehqdhc ba W110, gZbf_gvr__ – gZ l\we_ k h[hehqdhc

ba W110F2, dZdhc-eb[h q_ldhc aZ\bkbfhklb \ jZkij_^_e_gbb iyl_g ih \ukhl_ l\weh\

h[gZjm`blv g_ m^Zehkv.
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LZ[ebpZ 4

<g_rgbc \b^ l\weh\

<_jo l\weZ 170 ff hl

gbaZ l\weZ

140 ff hl

gbaZ l\weZ

90 ff hl gbaZ

l\weZ

20 ff hl gbaZ

l\weZ

Gba l\weZ

<g_rgbc \b^ l\weZ k h[hehqdhc ba W110

<_jo l\weZ 200 ff hl

gbaZ l\weZ

170 ff hl

gbaZ l\weZ

110 ff hl

gbaZ l\weZ

60 ff hl gbaZ

l\weZ

Gba l\weZ

<g_rgbc \b^ l\weZ k h[hehqdhc ba W110F1

<_jo l\weZ 180 ff hl

gbaZ l\weZ

150 ff hl

gbaZ l\weZ

80 ff hl gbaZ

l\weZ

20 ff hl gbaZ

l\weZ

Gba l\weZ

<g_rgbc \b^ l\weZ k h[hehqdhc ba W110F2
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<_jo l\weZ 160 ff hl

gbaZ l\weZ

130 ff hl

gbaZ l\weZ

80 ff hl gbaZ

l\weZ

20 ff hl gbaZ

l\weZ

Gba l\weZ

<g_rgbc \b^ l\weZ k h[hehqdhc ba W110F3

<g_rgbc ^bZf_lj l\weh\

>bZf_lj h[emq_gguo l\weh\ hp_gb\Zeky ih j_amevlZlZf ijhnbehf_ljbb b ih

baf_j_gbyf k ihfhsvx mkljhckl\Z k ijbf_g_gb_f klZg^Zjlgh]h fbdjhf_ljZ.

Ijhnbehf_ljby l\weh\ \uihegyeZkv k rZ]hf 1 ff \ q_luj_o ZabfmlZevguo

hjb_glZpbyo. Ih]j_rghklv baf_j_gbc khklZ\eyeZ ±10 fdf. J_amevlZlu baf_j_gbc

ijb\_^_gu gZ jbk. 1, gZ dhlhjhf lZd`_ ijb\_^_gu iZkihjlgu_ agZq_gby ^bZf_ljZ

g_h[emq_gguo l\weh\. Gme_\Zy dhhj^bgZlZ khhl\_lkl\m_l gb`g_fm lhjpm l\weZ.

Imgdlbjgufb ebgbyfb ihdZaZgu ]jZgbpu ^himkdZ gZ ^bZf_lj h[hehqdb l\weZ ih

q_jl_`m.

< oh^_ h[emq_gby ^bZf_lj l\weh\ ijZdlbq_kdb g_ baf_gbeky. Ijb wlhf

j_amevlZlu baf_j_gbc bf_xl ke_^mxsb_ hkh[_gghklb: ^bZf_lj l\weZ k h[hehqdhc ba

W110 \ gb`g_c qZklb mf_gvrbeky gZ 15-20 fdf; ijhnbeh]jZffZ l\weZ k h[hehqdhc ba

W110F3 bf__l \heghh[jZaguc oZjZdl_j.
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Jbk. 1. Ijhnbehf_ljby l\weh\

>ey baf_j_gby ^bZf_ljZ l\weh\ fbdjhf_ljhf ijbf_gyeZkv f_lh^bdZ \uiheg_gby

baf_j_gbc ]_hf_ljbq_kdbo jZaf_jh\ h[emq_gguo ba^_ebc b h[jZaph\ \ aZsblguo dZf_jZo.

>bZf_lj l\weh\ [ue baf_j_g \ lj_o k_q_gbyo (50 ff, 100 ff b 150 ff hl gbaZ l\weZ) \ ^\mo

\aZbfgh i_ji_g^bdmeyjguo iehkdhklyo ]eZ^dbf fbdjhf_ljhf, ij_^_eu ^himkdZ_fhc

ih]j_rghklb baf_j_gby ±0,005 ff.

Kj_^gb_ j_amevlZlu baf_j_gbc ij_^klZ\e_gu \ lZ[e. 5.

< [hevrbgkl\_ baf_j_gguo k_q_gbc ^bZf_lj l\weh\ eb[h g_ baf_gbeky (\ ij_^_eZo

ih]j_rghklb), eb[h gZ[ex^Z_lky _]h g_agZqbl_evgh_ m\_ebq_gb_, fZdkbfmf ^h 0,2%,

dZdbo-eb[h aZ\bkbfhkl_c \ baf_g_gbb ^bZf_ljZ ih \ukhl_ l\weh\ g_ gZ[ex^Z_lky.

LZ[ebpZ 5

J_amevlZlu baf_j_gby ^bZf_ljZ l\weh\

FZl_jbZe

h[hehqdb

>bZf_lj l\weZ ih k_q_gbyf, ff

50 ff hl gbaZ l\weZ 100 ff hl gbaZ l\weZ 150 ff hl gbaZ l\weZ

bko. h[emq. û, % bko. h[emq. û, % bko. h[emq. û, %

W110 9,128 9,140 0,1 9,128 9,130 0,0 9,133 9,125 -0,1

W110F1 9,133 9,133 0,0 9,130 9,140 0,1 9,133 9,140 0,1

W110F2 9,115 9,128 0,1 9,120 9,130 0,1 9,120 9,125 0,1

W110F3 9,120 9,135 0,2 9,118 9,130 0,1 9,118 9,130 0,1

Ke_^m_l hlf_lblv, qlh lZd dZd l\weu dhgkljmdlb\gh [ueb \uiheg_gu k

dhfi_gkbjmxsbf mkljhckl\hf (\ul_kgbl_e_f), lh jZkimoZgb_ reh \h\gmljv,

9,00

9,05

9,10

9,15

9,20

9,25

9,30

0 50 100 150 200 250

Dhhj^bgZlZ, ff

>
b
Zf
_l
j,
f
f

l\we � 035.1-1 (W110)

9,00

9,05

9,10

9,15

9,20

9,25

9,30

0 50 100 150 200 250

Dhhj^bgZlZ, ff

>
b
Zf
_l
j,

 f
f

l\we � 035.3-2 (W110F1)

9,00

9,05

9,10

9,15

9,20

9,25

9,30

0 50 100 150 200 250

Dhhj^bgZlZ, ff

>
b
Zf
_l
j

, 
f
f

0 45 90 135 Kj_^g__ 90 (iZkihjl) 0 (iZkihjl)

l\we � 035.4-3 (W110F2)

9,00

9,05

9,10

9,15

9,20

9,25

9,30

0 50 100 150 200 250

Dhhj^bgZlZ, ff

>
b
Zf
_l
j

, 
f
f

l\we � 035.5-1 (W110F3)

W110 W110F1

W110F2 W110F3



<HIJHKU :LHFGHC G:MDB B L?OGBDB.

K_jby: FZl_jbZeh\_^_gb_ b gh\u_ fZl_jbZeu. 2025. <uimkd 1 (127)

140

gZijy`_gby gZ h[hehqd_ [ueb fbgbfZevgu_, b baf_g_gb_ gZjm`gh]h ^bZf_ljZ b g_

^he`gh [ueh ijhbkoh^blv. LZd`_ dZd g_ ^he`gh [ueh f_gylvky bagZqZevgh_

lZg]_gpbZevgh_ jZkiheh`_gb_ ]b^jb^h\ (kf. gb`_).

JZkij_^_e_gb_ lhesbgu hdkb^ghc ie_gdb

gZ gZjm`ghc ih\_joghklb h[hehq_d l\weh\

Bkke_^h\Zgb_ jZkij_^_e_gby lhesbgu hdkb^ghc ie_gdb (LHI) gZ gZjm`ghc

ih\_joghklb h[hehq_d l\weh\ ijh\h^behkv gZ mklZgh\d_ Fisherscop MMS k ihfhsvx

gZdeZ^gh]h \boj_lhdh\h]h ^ZlqbdZ Baf_j_gby \uihegyebkv k rZ]hf 2 ff \ q_luj_o

ZabfmlZevguo hjb_glZpbyo. Ba-aZ hkh[_gghkl_c dhgkljmdpbb mklZgh\db baf_j_gby

l\weh\ lZdhc ^ebgu \hafh`gu lhevdh gZ mqZkld_ 115-155 ff hl gbaZ l\weZ.

Ihemq_ggu_ j_amevlZlu ijb\_^_gu gZ jbk. 2.

J_amevlZlu baf_j_gby LHI mdZau\Zxl gZ lh, qlh gZ ih\_joghklb h[hehq_d l\weh\

ijbkmlkl\m_l g_jZ\ghf_jgZy ih i_jbf_ljm hdkb^gZy ie_gdZ. GZ g_dhlhjuo

hjb_glZpbyo hdkb^gZy ie_gdZ g_jZ\ghf_jgZ lZd`_ ih ^ebg_. GZb[he__ g_jZ\ghf_jgh_

jZkij_^_e_gb_ LHI dZd ih i_jbf_ljm, lZd b ih ^ebg_ gZ[ex^Z_lky gZ h[hehqd_ ba

W110, Z gZb[he__ jZ\ghf_jgh_ – gZ h[hehqd_ ba W110F1. GZ h[hehqd_ ba W110F3 \

h^ghc hjb_glZpbb LHI [hevr_, q_f \ lj_o hklZevguo. GZ h[hehqdZo ba W110 b W110F2

gZ dhhj^bgZl_ ~150 ff hl gbaZ bf__lky q_ldh \ujZ`_ggh_ ehdZevgh_ m\_ebq_gb_ LHI

\ h^ghc ba hjb_glZpbc.

Jbk. 2. JZkij_^_e_gb_ lhesbgu hdkb^ghc ie_gdb ih \ukhl_ l\weZ
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F_lZeeh]jZnbq_kdb_ bkke_^h\Zgby l\weh\-k\b^_l_e_c

;ueb ijh\_^_gu f_lZeeh]jZnbq_kdb_ bkke_^h\Zgby kljmdlmju l\weh\-k\b^_l_e_c

\ h[hehqdZo ba wlbo `_ kieZ\h\. H[jZapu ^ey f_lZeeh]jZnbq_kdh]h ZgZebaZ l\weh\-

k\b^_l_e_c [ueb \uj_aZgu gZ jZkklhygbb 100 ff hl gbaZ.

GZ ihi_j_qguo k_q_gbyo gZ[ex^Z_lky ohjhrbc f_lZeemj]bq_kdbc dhglZdl f_`^m

h[hehqdhc b lhieb\guf k_j^_qgbdhf. LhesbgZ hdkb^ghc ie_gdb gZ \g_rg_c

ih\_joghklb l\weh\ f_gvr_ 1 fdf. LhesbgZ ^bnnmabhggh]h kehy f_`^m lhieb\guf

k_j^_qgbdhf b h[hehqdhc g_ ij_\urZ_l ~4 fdf (kf. jbk. 3).

Jbk. 3. FbdjhkljmdlmjZ kehy \aZbfh^_ckl\by f_`^m fZljbp_c b h[hehqdhc

^ey l\weh\-k\b^_l_e_c

>ey \uy\e_gby ]b^jb^guo \u^_e_gbc \ h[hehqd_ \ bkoh^ghf khklhygbb [ueZ

ijh\_^_gZ hi_jZpby ljZ\e_gby. =b^jbjh\Zgb_ h[hehq_d bkke_^h\Zgguo l\weh\

g_agZqbl_evgh. < h[hehqdZo l\weh\ ba W110, W110F2 b W110F3 gZ[ex^Zxlky lhevdh

lhq_qgu_ ]b^jb^u. < h[hehqd_ l\weZ ba W110F1 gZ[ex^Zxlky dZd lhq_qgu_, lZd b

hl^_evgu_ ieZklbgqZlu_ ]b^jb^u, dhlhju_ bf_xl oZhlbq_kdmx hjb_glZpbx (jbk. 4).
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Jbk. 4. =b^jb^u \ h[hehqdZo l\weh\-k\b^_l_e_c

F_lZeeh]jZnbq_kdb_ bkke_^h\Zgby h[emq_gguo l\weh\

F_lZeeh]jZnbq_kdb_ bkke_^h\Zgby h[emq_gguo l\weh\ [ueb ijh\_^_gu gZ

h[jZapZo ba mqZkldh\ l\weh\ 50 ff, 100 ff b 150 ff hl gbaZ. Khklhygb_ h[hehqdb \

k_q_gbyo l\weh\ \ p_ehf m^h\e_l\hjbl_evgh_; dZdbo-eb[h ^_n_dlh\,

k\b^_l_evkl\mxsbo h gZjmr_gbb p_ehklghklb ba^_ebc, g_ h[gZjm`_gh. < l\weZo

f_`^m lhieb\guf k_j^_qgbdhf b h[hehqdhc khojZgbeky iehlguc dhglZdl, hlkeh_gbc

h[hehqdb hl k_j^_qgbdZ gZ fZdjhkgbfdZo g_ ijhkfZljb\Z_lky. FbdjhkljmdlmjZ

h[jZaph\ ihdZau\Z_l, qlh gZ \g_rg_c ih\_joghklb l\weh\ gZ[ex^Z_lky jZ\ghf_jgZy

hdkb^gZy ie_gdZ, dhlhjZy bf__l ohjhrbc dhglZdl k h[hehqdhc. LhesbgZ ie_gdb gZ

h[hehqdZo g_[hevrZy; ebrv \ h^ghf ba k_q_gbc l\weZ k h[hehqdhc ba W110 hgZ

khklZ\ey_l 10 fdf, gZ hklZevguo l\weZo – f_gvr_ (kf. lZ[e. 6).
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LZ[ebpZ 6

FZdkbfZevgZy lhesbgZ dhjjhabhgguo ih\j_`^_gbc h[hehq_d l\weh\

FZl_jbZe

h[hehqdb

JZkklhygb_ hl

gb`g_]h lhjpZ, ff

FZdkbfZevgZy

lhesbgZ jZ\ghf_jghc

hdkb^ghc ie_gdb, fdf

FZdkbfZevgZy

lhesbgZ ya\, fdf

W110

50 10 G_ h[gZjm`_gh

100 5 57

150 7 23

W110F1

50 7 G_ h[gZjm`_gh

100 6 G_ h[gZjm`_gh

150 5 15

W110F2

50 8 G_ h[gZjm`_gh

100 6 G_ h[gZjm`_gh

150 9 G_ h[gZjm`_gh

W110F3

50 7 G_ h[gZjm`_gh

100 8 G_ h[gZjm`_gh

150 6 G_ h[gZjm`_gh

Djhf_ lh]h, gZ l\we_ k h[hehqdhc ba W110 \ k_q_gbyo 100 ff b 150 ff hl gbaZ

gZ[ex^Zxlky hl^_evgu_ gh^meb k fZdkbfZevghc lhesbghc 57 fdf b 23 fdf

khhl\_lkl\_ggh (jbk. 5, lZ[e. 5). LZd`_ g_[hevrhc gh^mev lhesbghc 15 fdf h[gZjm`_g

\ k_q_gbb 150 ff hl gbaZ l\weZ k h[hehqdhc ba W110F1 (jbk. 5, lZ[e. 5).

Jbk. 5. FbdjhkljmdlmjZ \g_rg_c ih\_joghklb h[emq_gguo l\weh\
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< h[hehqdZo ba \k_o kieZ\h\ gZ[ex^Zxlky dZd ieZklbgqZlu_, lZd b lhq_qgu_

]b^jb^u. IeZklbgqZlu_ ]b^jb^u bf_xl ij_bfms_kl\_ggh lZg]_gpbZevgmx

hjb_glZpbx (qlh k\b^_l_evkl\m_l h[ hlkmlkl\bb jZkly]b\Zxsbo gZijy`_gbc \

h[hehqdZo.), bo ^ebgZ g_ ij_\urZ_l 65 fdf, ijb wlhf ]b^jb^u ^hklZlhqgh jZ\ghf_jgh

jZkij_^_e_gu ih i_jbf_ljm b lhesbg_ h[hehq_d (jbk. 6).

Jbk. 6. =b^jb^u \ h[hehqdZo h[emq_gguo l\weh\

Kh^_j`Zgb_ \h^hjh^Z \ h[hehqdZo l\weh\

GZ hlh[jZgguo gZ bkke_^h\Zgby h[emq_gguo l\weZo gZ mqZkld_ 90-100 ff hl gbaZ

ijh\_^_gh baf_j_gb_ kh^_j`Zgby \h^hjh^Z. Lhieb\h ba h[jZaph\ l\weh\ m^Zeyehkv

ihi_j_f_gguf \uljZ\eb\Zgb_f \ \h^guo jZkl\hjZo NaOH b HNO3. Hdkb^ k h[hehq_d

g_ m^Zeyeky. >ey hij_^_e_gby kh^_j`Zgby \h^hjh^Z ijbf_gyeb f_lh^

\hkklZgh\bl_evgh]h ieZ\e_gby gZ ]ZahZgZebaZlhj_ ELTRA OH 900. Ih]j_rghklv

baf_j_gby khklZ\ey_l 10%.

J_amevlZlu baf_j_gbc ij_^klZ\e_gu \ lZ[e. 7. Kh^_j`Zgb_ \h^hjh^Z \ h[hehqdZo

h^bgZdh\h_ \ ij_^_eZo ih]j_rghklb baf_j_gby b g_ ij_\urZ_l 0,0065±0,0007 % fZkk.
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LZ[ebpZ 7

Kh^_j`Zgb_ \h^hjh^Z \ h[hehqdZo l\weh\

FZl_jbZe h[hehqdb Kh^_j`Zgb_ \h^hjh^Z, % fZkk.

W110 0,0060

W110F1 0,0060

W110F2 0,0065

W110F3 0,0065

DjZldh\j_f_ggu_ f_oZgbq_kdb_ k\hckl\Z h[hehq_d l\weh\ ihke_ h[emq_gby

>ey hp_gdb baf_g_gbc f_oZgbq_kdbo k\hckl\ fZl_jbZeZ h[hehq_d l\weh\ ih^

^_ckl\b_f j_Zdlhjgh]h h[emq_gby [ueb ijh\_^_gu djZldh\j_f_ggu_ f_oZgbq_kdb_

bkiulZgby gZ jZkly`_gb_ dhevp_\uo h[jZaph\ gZ ihemdjm]euo hihjZo. H[jZapu ^ey

bkiulZgbc \uj_aZebkv gZ mqZkld_ 110-150 ff hl gbaZ l\weh\.

Ihke_ ih^]hlh\db h[jZaph\ \ukhlZ dhe_p g_ ij_\urZeZ 3 ff, lhesbgZ kl_gdb

dhe_p ijbgbfZeZkv jZ\ghc 0,7 ff. BkiulZgby ijh\h^bebkv ijb l_fi_jZlmjZo 20 °K b

300 °K [_a \ZdmmfZ. Kdhjhklv ^\b`_gby Zdlb\gh]h aZo\ZlZ khklZ\beZ ~1 ff/fbg,

^bZf_lj hihj 4,0 ff. JZ[hqmx ^ebgm jZkkqblu\Zeb \ khhl\_lkl\bb kh klZg^Zjlhf

:H «=GP GBB:J» ^ey pbjdhgb_\uo kieZ\h\ ih nhjfme_

� �00,85 ,
2

l D d
S

 �

]^_ D – kj_^gbc ^bZf_lj dhevpZ, ff; d0 – ^bZf_lj hihj, ff.

J_amevlZlu bkiulZgbc ij_^klZ\e_gu \ lZ[e. 8.

LZ[ebpZ 8

J_amevlZlu f_oZgbq_kdbo bkiulZgbc dhevp_\uo h[jZaph\ h[emq_gguo l\weh\

FZl_jbZe

h[hehqdb
L, °K 10.2, FIZ 1<, FIZ Gj, % G, %

W110
20 380 471 3,6 12,5

300 240 280 4,0 17,3

W110F1
20 526 580 2,7 8,7

300 359 415 3,5 12,6

W110F2
20 537 612 3,4 7,5

300 361 400 2,8 13,7

W110F3
20 570 643 2,9 7,2

300 314 366 3,3 18,4

DZd ihdZaZeb bkke_^h\Zgby, \ j_amevlZl_ e_]bjh\Zgby, dZd b h`b^Zehkv,

m\_ebqb\Z_lky ijhqghklv b g_agZqbl_evgh kgb`Z_lky ieZklbqghklv. Ijbq_f \ebygb_
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dbkehjh^Z gZ wlb k\hckl\Z agZqbl_evgh kbevg__, q_f `_e_aZ. Wlh h[tykgy_lky _]h

[hevrbf kh^_j`Zgb_f \ Zlhfguo ijhp_glZo, b _]h \ha^_ckl\b_f gZ djbklZeebq_kdmx

j_r_ldm pbjdhgby dZd ZlhfZ \g_^j_gby.

Ijhqghklv fh^bnbpbjh\Zgguo kieZ\h\ aZf_lgh \ur_, q_f ijhqghklv kieZ\Z

W110. Hkh[_ggh gZ]ey^gh ih\ur_gb_ ijhqghklguo k\hckl\ ijb 300 °K ijb m\_ebq_gbb

kh^_j`Zgby dbkehjh^Z b ijhqghklguo k\hckl\ ijb 20 °K ijb m\_ebq_gbb kh^_j`Zgby

`_e_aZ. AZ\bkbfhklv ijhqghklguo k\hckl\ ijb 300 °K bf__l fZdkbfmf ijb kh^_j`Zgbb

`_e_aZ ~0,10% (jbk. 7). H^gZdh a^_kv ke_^m_l mqblu\Zlv jZaebqgh_ kh^_j`Zgb_

dbkehjh^Z \ kieZ\Zo, qlh, \hafh`gh, \ua\Zeh wlhl \b^bfuc wnn_dl.

Jbk. 7. AZ\bkbfhklv ijhqghklguo k\hckl\ h[hehq_d h[emq_gguo l\weh\ hl kh^_j`Zgby

dbkehjh^Z b `_e_aZ

<u\h^u

< :H «<GBBGF» [ueb ba]hlh\e_gu mdhjhq_ggu_ l\weu. < dZq_kl\_ h[hehq_d

l\weh\ bkihevah\Zebkv jZaebqgu_ fh^bnbdZpbb kieZ\Z W110 lbiZ W110F k

kh^_j`Zgb_f `_e_aZ 0,07-0,15 fZkk. % b dbkehjh^Z 0,10-0,13 fZkk. %.

L\weu h[emqZebkv \ h[emqZl_evghf mkljhckl\_ «=bjeyg^Z» j_ZdlhjZ FBJ ^h

gZdhie_gby hkdhedh\ ^_e_gby 0,7 ]/kf3.

H[emq_ggu_ fh^bnbpbjh\Zggu_ kieZ\u ij_\hkoh^yl kieZ\ W110 ih ijhqghklb

ijb jZ[hqbo l_fi_jZlmjZo ijbf_jgh \ 1,5 jZaZ.

Fh^bnbpbjh\Zggu_ kieZ\u aZf_lgh ij_\hkoh^yl kieZ\ W110 ih dhjjhabhgghc

klhcdhklb ih^ h[emq_gb_f \ ZffbZqghf \h^gh-obfbq_kdhf j_`bf_.
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