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< gZklhys_c jZ[hl_ hibkZgu i_jki_dlb\u jZajZ[hldb jZ^bZpbhggh-

klhcdh]h \hehdgbklh]h dhfihabpbhggh]h fZl_jbZeZ, ij_^gZagZq_ggh]h ^ey

aZsblu qm\kl\bl_evguo we_dljhgguo dhfihg_glh\ \ mkeh\byo

jZ^bZpbhggh]h baemq_gby. JZkkfZljb\Zxlky \hafh`gu_ kn_ju ijbf_g_gby

fZl_jbZeZ, Z lZd`_ ij_^eh`_g gZb[he__ l_ogheh]bqguc kihkh[ _]h

ihemq_gby. Ihemq_gu h[jZapu \hehdgbklh]h dhfihabpbhggh]h fZl_jbZeZ b

ijh\_^_gh bkke_^h\Zgb_ ]jZgbp jZa^_eZ \oh^ysbo \ g_]h dhfihg_glh\.

Dexq_\u_ keh\Z: Zexfbgbc, \hehdgZ [hjZ, \hehdgbkluc f_lZeehdhfihabl, bhgbabjmxs__

baemq_gb_, dhfihabpbhgguc fZl_jbZe, jZ^bZpbhggZy klhcdhklv.
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R.E. Khvostov, V.V. Cheverikin

NUST MISIS, Moscow

This work describes the prospects for developing a radiation-resistant fibrous

metal composite material designed to protect sensitive electronic components

under radiation conditions. Possible areas of application of the material are

considered, and the most technologically advanced method for its production has

been proposed. Samples of fibrous composite material have been obtained and the

interfaces of its components have been studied.
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<\_^_gb_

Kihkh[ghklv k\h_\j_f_ggh hl\_qZlv gZ \uah\u, lZdb_ dZd ijbjh^gu_

b l_ogh]_ggu_ dZlZkljhnu, y\ey_lky ihdZaZl_e_f mklhcqb\hklb jZa\blby ]hkm^Zjkl\Z,

Z lZd`_ _]h gZmqgh]h b l_ogbq_kdh]h ijh]j_kkZ.

26 Zij_ey 1986 ]h^Z j_Zdlhj 4-]h wg_j]h[ehdZ Q_jgh[uevkdhc :WK [ue

iheghklvx jZajmr_g \ j_amevlZl_ \aju\Z. Ihke_^kl\by wlh]h kh[ulby ijb\_eb

d kZfhfm fZkrlZ[ghfm jZ^bhZdlb\ghfm aZ]jyag_gbx hdjm`Zxs_c kj_^u gZ l_jjblhjbyo

KKKJ [1].



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

K_jby: FZl_jbZeh\_^_gb_ b gh\u_ fZl_jbZeu. 2024. <uimkd 5 (126)

39

Ijb ebd\b^Zpbb ihke_^kl\bc dZlZkljhnu, ^ey kgb`_gby \j_^gh]h \ha^_ckl\by

jZ^bZpbb gZ q_eh\_dZ, [ueZ ij_^ijbgylZ ihiuldZ ijbf_g_gby \ aZjZ`_gghc ahg_

jh[hlhl_ogbq_kdbo kj_^kl\. >Zggh_ j_r_gb_ bf_eh g_h^ghagZqgu_ j_amevlZlu.

K h^ghc klhjhgu, [hevrZy qZklv jh[hlh\, ijbf_gy\rboky \ ahg_ Z\Zjbb, kh k\h_c

aZ^Zq_c mki_rgh kijZ\beZkv. < hkgh\ghf wlh [ueb ly`_eu_ jh[hlu lbiZ «;_ehyj_p»,

KKLJ-1, «Fh[hl Q-ON», ijbf_gy\rb_ky ^ey jZa\_^db, ih^[hjZ h[jZaph\ b jZa]j_[Zgby

aZ\Zeh\. H^gZdh jh[hlhl_ogbq_kdb_ kj_^kl\Z, ij_^gZagZq_ggu_ ^ey [he__ lhgdbo aZ^Zq

beb ^ey jZ[hlu \ [he__ ki_pbnbqguo mkeh\byo, hdZaZebkv g_ijb]h^gu

d bkihevah\Zgbx \ ahg_ k gZklhevdh \ukhdhc jZ^bZpb_c. GZijbf_j, jZ^bhmijZ\ey_fuc

]mk_gbqguc jh[hl MF-2 «>`hd_j» ijhba\h^kl\Z NJ= ij_^iheZ]Zeky d ijbf_g_gbx

\ kZfhc hiZkghc ahg_ gZ djur_, \[ebab 4 j_ZdlhjZ, ]^_ mjh\_gv bhgbabjmxs_]h

baemq_gby khklZ\eye [he__ 10 lukyq j_gl]_g \ qZk. Ba-aZ klhev fhsgh]h jZ^bZpbhggh]h

nhgZ fZgbimeylhj jh[hlZ MF-2 [ukljh \ur_e ba kljhy, we_dljhggu_ dhfihg_glu

ihklhyggh hldZau\Zeb. MF-3, ^jm]Zy fh^_ev ba =_jfZgbb, bagZqZevgh ij_^gZagZqZeZkv

^ey ijh\_^_gby jZ[hl \ y^_jghc ijhfure_gghklb b ^jm]bo hiZkguo kj_^Zo b lZd`_

hdZaZeZkv g_ijb]h^gZ, ihkdhevdm ih^\_j]ZeZ `bagv hi_jZlhjZ hiZkghklb [2].

Hiul ijbf_g_gby jh[hlhl_ogbq_kdbo kj_^kl\ \ wdklj_fZevguo mkeh\byo ihdZaZe

g_h[oh^bfhklv jZajZ[hldb b kha^Zgby jZ^bZpbhggh-klhcdh]h fZl_jbZeZ ^ey aZsblu

we_dljhgguo dhfihg_glh\ hl \ukhdh]h bhgbabjmxs_]h baemq_gby, ^hklZlhqgh e_]dh]h

^ey ijbf_g_gby \ dhgkljmdpbb \ukhdhfh[bevguo b fZeh]Z[Zjblguo jh[hlh\ [_a

kgb`_gby bo hkgh\guo oZjZdl_jbklbd.

Ijbf_g_gb_ kms_kl\mxsbo f_lZeeh\ b kieZ\h\ g_ fh`_l \ iheghc f_j_ j_rblv

ih^h[gmx aZ^Zqm, \ k\yab k q_f g_h[oh^bfZ jZajZ[hldZ gh\h]h dhfihabpbhggh]h

fZl_jbZeZ, khq_lZxs_]h \ k_[_ \_kv dhfie_dk g_h[oh^bfuo k\hckl\.

Dhfihabpbhggu_ fZl_jbZeu – wlh deZkk fZl_jbZeh\, khklhysbo ba ^\mo b [he__

jZaghjh^guo dhfihg_glh\, jZ[hlZxsbo kh\f_klgh, [_a obfbq_kdh]h b nbabq_kdh]h

\aZbfh^_ckl\by ^jm] k ^jm]hf [3]. Kljh]hc deZkkbnbdZpbb dhfihabpbhgguo

fZl_jbZeh\ ^h kbo ihj g_ kha^Zgh, h^gZdh, dZd ijZ\beh, bo jZa^_eyxl ih lbim fZljbpu

(f_lZeebq_kdZy, ihebf_jgZy beb d_jZfbq_kdZy) b ih kihkh[m Zjfbjh\Zgby (^bki_jkgh-

mijhqg_ggu_, \hehdgbklu_ b kehbklu_). F_lZeebq_kdb_ fZljbpu oZjZdl_jbamxlky

\ukhdhc ijhqghklvx ih kjZ\g_gbx k ihebf_jgufb b d_jZfbq_kdbfb [4, 5].

<hehdgbklu_ dhfihablu oZjZdl_jbamxlky \ukhdbfb nbabdh-f_oZgbq_kdbfb

k\hckl\Zfb b \hafh`ghklvx ijb^Zgby bf d\Zabbahljhighklb iml_f baf_g_gby m]eZ

mdeZ^db Zjfbjmxsbo \hehdhg [3, 6].

GZb[he__ rbjhdh jZkijhkljZg_gguf fZl_jbZehf ^ey ijbf_g_gby \ l_ogbd_

y\ey_lky Zexfbgb_\uc kieZ\ :F]6. ?]h klhbfhklv, l_ogheh]bqghklv,

m^h\e_l\hjbl_evgZy dhjjhabhggZy klhcdhklv b fZeZy iehlghklv k^_eZeb _]h hkgh\guf

fZl_jbZehf ijb ijhba\h^kl\_ jZaebqghc l_ogbdb, \ Z\lhfh[be_kljh_gbb

b km^hkljh_gbb [7]. Ihwlhfm _]h bkihevah\Zgb_ \ dZq_kl\_ fZl_jbZeZ fZljbpu fh`gh

kqblZlv gZb[he__ i_jki_dlb\guf.
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;hj y\ey_lky fZl_jbZehf k kZfuf [hevrbf k_q_gb_f aZo\ZlZ g_cljhgh\, ihjy^dZ

4000 [Zjg (4*10-24 kf2), qlh ^_eZ_l _]h h^gbf ba i_jki_dlb\guo fZl_jbZeh\

^ey ijbf_g_gby \ dZq_kl\_ jZ^bZpbhggh]h-klhcdh]h gZihegbl_ey f_lZeehdhfihablZ.

;hjgu_ \hehdgZ, ihfbfh aZsblguo jZ^bZpbhggh-klhcdbo k\hckl\, hlebqZxlky

\ukhdhc ijhqghklvx b \ukhdbf fh^me_f mijm]hklb. Ihwlhfm bo ijbf_g_gb_

\ f_lZeehdhfihabl_ g_ lhevdh ih\ukbl jZ^bZpbhggh-klhcdb_ oZjZdl_jbklbdb, gh b

ijb^Zkl dhfihablm \ukhdb_ ijhqghklgu_ k\hckl\Z [8]. <hehdgZ ihemqZxl f_lh^hf

obfbq_kdh]h hkZ`^_gby [hjZ ba ]Zah\hc nZau \ j_Zdlhj_ gZ lhgdmx gblv-ih^eh`dm,

qZs_ \k_]h ba \hevnjZfZ, gZau\Z_fmx d_jghf [9].

<hevnjZf – f_lZee k h^ghc ba kZfuo \ukhdbo iehlghkl_c (19,25 ]/kf3), \ukhdbf

Zlhfguf ghf_jhf b, ke_^h\Zl_evgh, ijb]h^guc ^ey aZsblu hl bhgbabjmxs_]h

baemq_gby. H^gZdh ijb wlhf \aZbfh^_ckl\bb ke_^m_l mqblu\Zlv \hafh`gh_

h[jZah\Zgb_ \lhjbqguo we_dljhgh\ [10].

LZdbf h[jZahf, dhfihabpbhgguc fZl_jbZe k fZljbp_c ba Zexfbgb_\h]h kieZ\Z

:F]6, Zjfbjh\Zgghc [hjgufb \hehdgZfb k \hevnjZfh\uf d_jghf, y\ey_lky gZb[he__

ih^oh^ysbf ^ey aZsblu `bag_ggh\Z`guo we_f_glh\ gZmqgh-bkke_^h\Zl_evkdh]h

h[hjm^h\Zgby \ jZaebqguo kn_jZo: jh[hlhl_ogbd_, f_^bpbg_, Zlhfghc

ijhfure_gghklb, Z\bZpbb, ijb ijh_dlbjh\Zgbb b ijhba\h^kl\_ dhgl_cg_jh\

^ey jZ^bhZdlb\guo hloh^h\ b ij.

>ZggZy jZ[hlZ ihk\ys_gZ bkke_^h\Zgbx kljmdlmju b khklZ\Z jZ^bZpbhggh-

klhcdh]h f_lZeebq_kdh]h dhfihablZ :F]6-<, ihemq_ggh]h k bkihevah\Zgb_f keh`ghc

ko_fu Zjfbjh\Zgby.

FZl_jbZeu b f_lh^u

<hehdgbkluc dhfihabpbhgguc fZl_jbZe :F]6-B ba]hlZ\eb\Zeky kh]eZkgh

lbih\hc ko_f_ hkZ`^_gby-gZiue_gby ]Zahl_jfbq_kdbf f_lh^hf, ijb dhlhjhf

gZ g_ij_ju\gh_ [hjgh_ \hehdgh k \hevnjZfh\uf d_jghf, gZfhlZggh_ k aZ^Zgguf

rZ]hf gZ ki_pbZevgmx pbebg^jbq_kdmx hkgZkldm ([ZjZ[Zg) ijb ihfhsb ieZaf_ggh]h

gZiue_gby, gZghkblky kieZ\ :F]6.

>Zgguc f_lh^ h[eZ^Z_l \Z`gufb ij_bfms_kl\Zfb:

– g_agZqbl_evguf jZamijhqg_gb_f Zjfbjmxs_c nZau (ihkdhevdm \hehdgh [hjZ

g_ ih^\_j]Z_lky \ukhdhfm l_jfbq_kdhfm \ha^_ckl\bx b f_oZgbq_kdbf gZ]jmadZf);

– fZdkbfZevgh jZ\ghf_jguf jZkij_^_e_gb_f \hehdhg \ h[t_f_ fZljbpu.

Kmlv ijhp_kkZ ieZaf_ggh]h gZiue_gby aZdexqZ_lky \ ke_^mxs_f: fZljbqguc

fZl_jbZe \ \b^_ ijh\hehdb ijb ihfhsb ki_pbZevgh]h mkljhckl\Z ih^Z_lky

d ieZaf_gghc kljm_. Ih^ \ha^_ckl\b_f \ukhdhc l_fi_jZlmju ieZaf_gghc kljmb

(ihjy^dZ 15000 D) ijh\hehdZ jZkieZ\ey_lky b, aZo\Zq_ggZy ihlhdhf

ieZafhh[jZamxs_]h ]ZaZ (Zj]hgZ), gZijZ\ey_lky gZ ih\_joghklv aZdj_ie_ggh]h gZ
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hkgZkld_ Zjfbjmxs_]h \hehdgZ. Ijb dhglZdl_ qZklbpu fZljbqgh]h fZl_jbZeZ gZ^_`gh

kdj_ieyxlky k \hehdgZfb.

< j_amevlZl_ ieZaf_ggh]h gZiue_gby ihemqZ_lky e_glZ-ihemnZ[jbdZl

\hehdgbklh]h dhfihabpbhggh]h fZl_jbZeZ. HgZ ^hklZlhqgh l_ogheh]bqgZ b ih^^Z_lky

h[jZ[hld_ j_aZgb_f. GZj_aZ\ e_glm-ihemnZ[jbdZl gZ g_h[oh^bfh_ dhebq_kl\h hlj_adh\

b meh`b\ \ iZd_l (k[hjdZ, ijb dhlhjhc e_glu mdeZ^u\Zxlky ^jm] gZ ^jm]Z), fh`gh

j_]mebjh\Zlv lhesbgm blh]h\h]h dhfihabpbhggh]h fZl_jbZeZ. LZd`_ \ ijhp_kk_

k[hjdb iZd_lZ e_glm-ihemnZ[jbdZl fh`gh gZj_aZlv k aZ^Zgguf m]ehf Zjfbjmxs_]h

dhfihg_glZ, qlh iha\hey_l ihemqZlv dhfihabl kh keh`ghc ko_fhc Zjfbjh\Zgby.

Dhg_qguf wlZihf ihemq_gby \hehdgbklh]h f_lZeehdhfihablZ y\ey_lky ]hjyq__

ij_kkh\Zgb_. [11] Ko_fZlbqgh_ bah[jZ`_gb_ \g_rg_]h \b^Z dhfihablZ, ba]hlh\e_ggh]h

\ khhl\_lkl\bb k ij_^eh`_gghc ko_fhc Zjfbjh\Zgby, ij_^klZ\e_gh gZ jbk. 1 gZ

ijbf_j_ h[jZapZ k mdeZ^dhc 0/90°.

Jbk. 1. Ijbf_j ko_fu Zjfbjh\Zgby \hehdgbklh]h f_lZeehdhfihablZ k mdeZ^dhc 0/90°

< dZq_kl\_ fZljbqgh]h fZl_jbZeZ \u[jZg Zexfbgb_\uc kieZ\ fZjdb :F]6 \ \b^_

ijh\hehdb, ba]hlh\e_gghc \ khhl\_lkl\bb k =HKL 7871-75. H[uqgh ijh\hehdZ ba

kieZ\Z wlhc fZjdb ijbf_gy_lky dZd jZkoh^guc fZl_jbZe ijb k\Zjd_ \ ijhba\h^kl\_

jZaebqguo we_f_glh\ \ \Z]hghkljh_gbb, dhjZ[e_kljh_gbb, ijb ba]hlh\e_gbb we_f_glh\

ebnlh\. Obfbq_kdbc khklZ\ b hkgh\gu_ oZjZdl_jbklbdb ijh\hehdb ijb\_^_gu

\ lZ[e. 1 b 2.

LZ[ebpZ 1

Obfbq_kdbc khklZ\ kieZ\Z :F]6

Fe Si Mn Ti Al Cu Be Mg Zn Ijbf_kb

^h

0.4

^h

0.4
0.5 –
0.8

0.02 –
0.1

91.1 –
93.68

^h

0.1
0.0002 –

0.005

5.8 –
6.8

^h

0.2

ijhqb_, dZ`^Zy

0.05; \k_]h 0.1
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LZ[ebpZ 2

Hkgh\gu_ oZjZdl_jbklbdb ijh\hehdb ba kieZ\Z :F]6

Ij_^_e ijhqghklb ijb jZkly`_gbb, FIZ g_ f_g__ 300

Kj_^gbc ^bZf_lj, ff 1,5

;hjgh_ \hehdgh k \hevnjZfh\uf d_jghf qZklh ijbf_gy_lky \ dZq_kl\_

mijhqgyxs_]h we_f_glZ \ khklZ\_ dhfihablh\. Djmigu_ h[t_fu \hehdhg bkihevamxlky

ijb ihemq_gbb jZaebqguo e_gl-ihemnZ[jbdZlh\, gZijbf_j, k wihdkb^ghc kfhehc \

dZq_kl\_ fZljbpu ^ey Z\bZpbhgghc hljZkeb. Ih^h[gu_ e_glu gZreb ijbf_g_gb_ \

Z\bZkljh_gbb ijb ijhba\h^kl\_ klZ[bebaZlhjh\, jZaebqguo dZjdZkh\ b dj_i_`guo

we_f_glh\. Bgh_ ijbf_g_gb_ [hjguo \hehdhg – ba]hlh\e_gb_ kihjlb\gh]h

bg\_glZjy [12]. OZjZdl_jbklbdb \hehdhg ijb\_^_gu \ lZ[e. 3.

LZ[ebpZ 3

Hkgh\gu_ oZjZdl_jbklbdb [hjgh]h \hehdgZ

Ij_^_e ijhqghklb ijb jZkly`_gbb, FIZ g_ f_g__ 3300

Dhwnnbpb_gl \ZjbZpbb ijhqghklb, % g_ [he__ 20

Kj_^gbc ^bZf_lj, fdf 135-145

Bkke_^h\Zgb_ ]jZgbp jZa^_eZ dhfihg_glh\ f_lZeehdhfihablZ ijh\_^_gh f_lh^hf

kdZgbjmxs_c we_dljhgghc fbdjhkdhibb (KWF), dhlhjuc iha\hey_l ihemqZlv [hevrh_

m\_ebq_gb_ k khojZg_gb_f \ukhdh]h jZaj_r_gby ijb ijyfhf gZ[ex^_gbb. :gZeba

]jZgbp \aZbfh^_ckl\by ^ey \k_o 4-o h[jZaph\ ijh\h^beb f_lh^hf KWF gZ

kdZgbjmxs_f we_dljhgghf fbdjhkdhi_ TESCAN VEGA LMH k bkihevah\Zgb_f

j_`bfh\ hljZ`_gguo b \lhjbqguo we_dljhgh\ b kbkl_fu j_gl]_gh\kdh]h

wg_j]h^bki_jkbhggh]h fbdjhZgZebaZ Oxford Instruments Advanced AZtecEnergy.

Rebnu ^ey bkke_^h\Zgby ]hlh\beb k bkihevah\Zgb_f kbkl_fu Struers Labopol 5.

J_amevlZlu wdki_jbf_glZ b bo h[km`^_gb_

< jZ[hl_ bkke_^h\Zgh \ebygb_ jZaebqguo ko_f Zjfbjh\Zgby f_lZeehdhfihablZ,

khklhys_]h ba Zexfbgb_\hc fZljbpu b \hehdhg [hjZ k \hevnjZfh\uf d_jghf. ;ueb

bkke_^h\Zgu h[jZapu k h^ghklhjhggbf Zjfbjh\Zgb_f; k Zjfbjh\Zgb_f ih^ m]ehf

30 ]jZ^mkh\; ih^ m]ehf 45 ]jZ^mkh\; m]ehf 90 ]jZ^mkh\. Iml_f ih\hjhlZ b q_j_^h\Zgby

e_glu-ihemnZ[jbdZlZ ijb aZdeZ^u\Zgbb \ aZ]hlh\dm ^hklb]Zehkv gZ\_^_gb_

hij_^_e_ggh]h m]eZ ijb Zjfbjh\Zgbb dhfihabpbhggh]h fZl_jbZeZ. LZdbf h[jZahf,

fh`gh hij_^_eblv \ebygb_ keh`ghm]eh\h]h Zjfbjh\Zgby gZ jZ^bZpbhggh-klhcdb_

k\hckl\Z dhfihabpbhggh]h fZl_jbZeZ [14].
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>ey ihemq_gby h[jZaph\ f_lZeehdhfihablZ k jZagufb m]eZfb Zjfbjh\Zgby:

«0 ]jZ^mkh\», «0/30 ]jZ^mkh\», «0/45 ]jZ^mkh\», «0/90 ]jZ^mkh\» bkihevah\Zeb

ke_^mxsb_ kihkh[u:

– «0 ]jZ^mkh\» e_glZ-ihemnZ[jbdZl mdeZ^u\ZeZkv \ aZ]hlh\dm ihke_^h\Zl_evgh,

[_a ih\hjhlZ;

– h[jZapu f_lZeehdhfihablh\ «0/30 ]jZ^mkh\», «0/45 ]jZ^mkh\» b «0/90 ]jZ^mkh\»

e_glu-ihemnZ[jbdZlu mdeZ^u\Zebkv \ aZ]hlh\dm ihke_^h\Zl_evgh ih ke_^mxs_c

ko_f_ – 2 e_glu [_a ih\hjhlZ, aZl_f 2 e_glu k ih\hjhlhf gZ aZ^Zgguc m]he.

LZdbf h[jZahf, [ueb ba]hlh\e_gu 4 h[jZapZ lhesbghc ~2,3 ff. <k_ h[jZapu

dhfihabpbhggh]h fZl_jbZeZ ihemqZeb k bkihevah\Zgb_f h^bgZdh\uo j_`bfh\

]hjyq_]h ij_kkh\Zgby. H[t_fgZy ^hey Zjfbjmxsbo \hehdhg ih hlghr_gbx

d fZl_jbZem fZljbpu khklZ\beZ 50/50%.

>ey hp_gdb \hafh`gh]h \aZbfh^_ckl\by dhfihg_glh\ dhfihabpbhggh]h

fZl_jbZeZ [ueb ijh\_^_gu bkke_^h\Zgby ]jZgbpu jZa^_eZ b hij_^_e_gb_ ]em[bgu

^bnnmabb dhfihg_glh\ ijb gZ]j_\_ (jbk. 2).

Jbk. 2.FbdjhkljmdlmjZ ihemq_gguo h[jZaph\: Z) ihi_j_qgh_ k_q_gb_ h[jZapZ;

[) _^bgbqgh_ \hehdgh k \hevnjZfh\uf d_jghf \ ZexfhfZ]gb_\hc fZljbp_

Kh\f_klgh_ bkihevah\Zgb_ KWF b ki_dljZevgh]h ZgZebaZ j_gl]_gh\kdh]h

baemq_gby, \ha[m`^_ggh]h we_dljhfZ]gblguf ihlhdhf, iha\hebeh lhq_qgh bamqblv

obfbq_kdbc khklZ\ h[jZapZ. [13]. Ijb wlhf hlf_q_gh, qlh ko_fZ Zjfbjh\Zgby g_

hdZau\Z_l \ebygby gZ ^bnnmabhggh_ \aZbfh^_ckl\b_ dhfihg_glh\ fZl_jbZeZ ijb

\u[jZgghf j_`bf_ ij_kkh\Zgby. Ihwlhfm ^_lZevgh_ bkke_^h\Zgb_ ijh\h^beb ^ey

h[jZapZ k h^ghgZijZ\e_gghc mdeZ^dhc \hehdhg (0°).

GZ i_j\hf wlZi_ ijh\h^beb KWF-ZgZeba khklZ\Z ]jZgbpu jZa^_eZ [hj-

\hevnjZf. < j_amevlZl_ [ueh \uy\e_gh ^bnnmabhggh_ \aZbfh^_ckl\b_ f_`^m

dhfihg_glZfb (jbk. 3-4 b lZ[e. 4).
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Jbk. 3. JZkij_^_e_gb_ obfbq_kdbo we_f_glh\ ih ijhnbex \hevnjZf-[hj, KWF

Mqblu\Zy, qlh l_fi_jZlmjZ ij_kkh\Zgby [ueZ \ur_ 500 °K, b khihklZ\b\ wlh

k ^bZ]jZffhc khklhygby \hevnjZf-[hj [15] (jbk. 5), [ueh k^_eZgh ij_^iheh`_gb_, qlh

\aZbfh^_ckl\b_ ijhbkoh^bl ijb [he__ \ukhdhc l_fi_jZlmj_, Z g_ ijb l_fi_jZlmj_

]hjyq_]h ij_kkh\Zgby. Kdhj__ \k_]h, wlh \hafh`gh ijb ihemq_gbb kZfh]h [hj-

\hevnjZfh\h]h \hehdgZ \ ijhp_kk_ ]ZahnZagh]h hkZ`^_gby ijb l_fi_jZlmj_ ijbf_jgh

1400 °K.

LZ[ebpZ 4

>Zggu_ FKJ: ih ki_dljZf jbk. 3

Spectrum Label B W Total

S1 71,06 28,94 100

S2 63,99 36,01 100

S3 65,51 34,49 100

S4 – 100 100

S5 72,38 27,62 100

S6 71,03 28,97 100

S7 100 – 100







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

K_jby: FZl_jbZeh\_^_gb_ b gh\u_ fZl_jbZeu. 2024. <uimkd 5 (126)

47

Jbk. 7. >bZ]jZffZ khklhygby Zexfbgbc – [hj [15]

DZd \b^gh ba ^bZ]jZffu, \aZbfh^_ckl\b_ gZqbgZ_lky m`_ ijb l_fi_jZlmj_

ijbf_jgh 500 °K b m\_ebqb\Z_lky k __ jhklhf.

Ijh\_^_ggu_ KWF-bkke_^h\Zgby ihdZaZeb, qlh ijb ]hjyq_f ij_kkh\Zgbb

dhfihabpbhggh]h fZl_jbZeZ ijb l_fi_jZlmj_ ^h 500 °K g_ ijhbkoh^bl \aZbfh^_ckl\by

gZ ]jZgbp_ jZa^_eZ [hj-\hevnjZf, gh ijb wlhf ijhbkoh^bl h[jZah\Zgb_ [hjb^h\ fZ]gby

b Zexfbgby gZ ]jZgbp_ jZa^_eZ [hj/Zexfbgbc - fZ]gbc. H^gZdh ke_^m_l hlf_lblv, qlh

^bnnmabhggh_ \aZbfh^_ckl\b_ g_agZqbl_evgh_ b ij_^iheh`bl_evgh g_ ^he`gh

hdZau\Zlv \ebygby gZ ijhqghklgu_ b jZ^bZpbhggu_ oZjZdl_jbklbdb, aZ\bkysb_

ij_bfms_kl\_ggh hl k\hckl\ [hjgh]h \hehdgZ.

<u\h^u

< jZfdZo gZklhys_]h bkke_^h\Zgby ihemq_gu b bkke_^h\Zgu f_lh^Zfb KWF

h[jZapu f_lZeebq_kdh]h \hehdgbklh]h dhfihabpbhggh]h fZl_jbZeZ, Zjfbjh\Zggh]h

\hehdghf B/W ih ki_pbZevgh jZajZ[hlZgghc ko_f_ Zjfbjh\Zgby k Zexfbgb_\hc

fZljbp_c (:F]6):

– K h^ghklhjhggbf Zjfbjh\Zgb_f;

– K Zjfbjh\Zgb_f ih^ m]ehf 30 ]jZ^mkh\;

– K Zjfbjh\Zgb_f ih^ m]ehf 45 ]jZ^mkh\;

– K Zjfbjh\Zgb_f ih^ m]ehf 90 ]jZ^mkh\.

MklZgh\e_gh, qlh ijb \u[jZgghf j_`bf_ ij_kkh\Zgby ijhbkoh^bl

\aZbfh^_ckl\b_ Zjfbjmxs_]h \hehdgZ k fZljbqguf fZl_jbZehf.

>Zggh_ bkke_^h\Zgb_ y\ey_lky ij_^\Zjbl_evghc klZ^b_c i_j_^ bamq_gb_f

oZjZdl_jbklbd jZ^bZpbhgghc klhcdhklb dhfihabpbhggh]h fZl_jbZeZ, Z bf_ggh
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aZ\bkbfhklb \hafh`gh]h baf_g_gby _]h kljmdlmju ijb h[emq_gbb we_dljhgZfb hl

ko_fu Zjfbjh\Zgby. : wlh, \ k\hx hq_j_^v, \eby_l dZd gZ ]em[bgm ijhgbdgh\_gby

jZ^bZpbhggh]h baemq_gby, lZd b gZ ]jZ^b_glgmx ^_]jZ^Zpbx dhfihabpbhggh]h

fZl_jbZeZ ih lhesbg_ beb gZ __ hlkmlkl\b_.

< ^Zevg_cr_f ieZgbjm_lky ijh\_^_gb_ bkke_^h\Zgbc ijhqghklguo k\hckl\

ihemq_ggh]h fZl_jbZeZ, _]h l_iehijh\h^ghklb b jZ^bZpbhgghc klhcdhklb. LZd`_ [m^ml

ijh\_^_gu wdki_jbf_glu ^ey hp_gdb dhwnnbpb_glZ hkeZ[e_gby b hij_^_e_gby ^jm]bo

nbabdh-f_oZgbq_kdbo k\hckl\, \dexqZy bkke_^h\Zgby kljmdlmju.
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