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obfbq_kdh]h ]ZahnZagh]h hkZ`^_gby ihdjulbc. GZ [Za_ jZajZ[hlZgguo

fh^me_c kh[jZgh ljb eZ[hjZlhjgu_ bkke_^h\Zl_evkdb_ mklZgh\db ^ey

hkZ`^_gby ihdjulbc gZ iehkdb_ h[jZapu, ljm[u b ba^_eby keh`ghc nhjfu.
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gbadhl_fi_jZlmjgh]h f_lh^Z hkZ`^_gby b ihdjulby ba ZrN k ijbf_g_gb_f

ljZ^bpbhggh]h f_lh^Z. Ihemq_gu ihdjulby ba gbljb^Z pbjdhgby lhesbghc
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<\_^_gb_

Obfbq_kdh_ hkZ`^_gb_ ij_dmjkhjh\ ba ]Zah\hc nZau (Chemical Vapour Deposition –

f_lh^ CVD) bkihevamxl ^ey nhjfbjh\Zgby ihdjulbc gZ ih\_joghklb ba^_ebc ijb

ihfhsb obfbq_kdh]h \aZbfh^_ckl\by j_Z]_glh\ (ij_dmjkhjh\), ihklmiZxsbo d

ih\_joghklb ba ]Zah\hc nZau [1].

F_lh^u CVD iha\heyxl nhjfbjh\Zlv gZ ba^_ebyo ih\_joghklgu_ kehb, dhlhju_

\ aZ\bkbfhklb hl fZl_jbZeZ ihdjulby fh]ml ih\urZlv baghkhklhcdhklv, aZsblgu_

k\hckl\Z, l_iehijh\h^ghklv b ^jm]b_ k\hckl\Z. CVD l_ogheh]bb bf_xl ke_^mxsb_

hkgh\gu_ ij_bfms_kl\Z:

Z) hkZ`^_gb_ ihdjulbc ba lm]hieZ\dbo f_lZeeh\ b d_jZfbq_kdbo fZl_jbZeh\,

gZijbf_j SiC, ZrN, TaC, HfC, WC, HfB2, MoSi2 b l.i.;

[) gZg_k_gb_ ihdjulbc gZ ih\_joghklb ^_lZe_c keh`ghc nhjfu, Z lZd`_ gZ bo

\gmlj_ggb_ ihehklb;

\) hlghkbl_evgh \ukhdb_ kdhjhklb jhklZ ihdjulbc aZ kq_l kbevghc dhgp_gljZpbb

j_Z]_glh\ \ ]Zah\hc nZa_, \ hlebqb_ hl nbabq_kdbo f_lh^h\ ihemq_gby ihdjulbc,

bkihevam_fuo, dZd ijZ\beh, ijb ihgb`_gghf ^Z\e_gbb.

JZajZ[hlZgu jZaebqgu_ \ZjbZglu hj]ZgbaZpbb ijhp_kkZ iZjhnZagh]h hkZ`^_gby

(jbk. 1) [2] c ijbf_g_gb_f Zlfhkn_jgh]h ^Z\e_gby APCVD (atmospheric pressure CVD)

b ihgb`_ggh]h ^Z\e_gby LPCVD (low pressure CVD), k g_ij_ju\ghc (continuous) b

i_jbh^bq_kdhc ih^Zq_c j_Z]_glh\ (\ZjbZgl ALD – Atomic Layer Deposition).

<aZbfh^_ckl\b_ j_Z]_glh\ fh`gh bgbpbbjh\Zlv ih\ur_gb_f l_fi_jZlmju (Thermal

CVD), Z lZd`_ k ihfhsvx ieZafu PECVD (Plasma enhanced CVD). J_Z]_glu \ j_Zdlhj

ih^Zxl ba g_kdhevdbo bklhqgbdh\ beb ba h^gh]h bklhqgbdZ \ \b^_ kf_kb, qlh qZklh

bkihevam_lky ^ey f_lZeehhj]Zgbq_kdbo j_Z]_glh\ \ \ZjbZgl_ MOCVD.

Jbk. 1. Hkgh\gu_ \b^u hj]ZgbaZpbb CVD ijhp_kkh\ [2]

< Jhkkbb ijh\h^beb jZajZ[hldb hl^_evguo \b^h\ CVD ijhp_kkh\. Ijb wlhf \

hkgh\ghf bkihevah\Zeb bfihjlgh_ h[hjm^h\Zgb_. Hjb]bgZevgh_ ijhfure_ggh_ CVD

h[hjm^h\Zgb_ [ueh kha^Zgh ih^ ihlj_[ghklb fbdjhwe_dljhgbdb ^ey h[jZ[hldb ieZklbg

[hevrbo ^bZf_ljh\, Z lZd`_ ^ey gZg_k_gby aZsblguo ihdjulbc ^bnnmabhggh]h b

dhg^_gkZpbhggh]h lbiZ gZ ^_lZeb ]Zah\uo lmj[bg [3]. H[hjm^h\Zgb_ ^ey gZg_k_gby
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ALD-ihdjulbc jZajZ[Zlu\Zeb \ KZgdl-I_l_j[mj]kdhf ]hkm^Zjkl\_gghf l_ogbq_kdhf

mgb\_jkbl_l_ kh\f_klgh k ;hlebokdbf jZ^bhaZ\h^hf [4].

:dlmZevghc aZ^Zq_c ^ey [he__ rbjhdh]h \g_^j_gby CVD l_ogheh]bc \ Jhkkbb ^ey

ijhba\h^kl\Z f_edhk_jbcguo ba^_ebc y\ey_lky jZajZ[hldZ b kha^Zgb_ fh^mevguo

bkke_^h\Zl_evkdbo CVD mklZgh\hd [5], dhlhju_ m^h\e_l\hjyeb [u ke_^mxsbf

lj_[h\Zgbyf:

1) klZg^ZjlbaZpby b mgbnbdZpby [hevrbgkl\Z [ehdh\ b fh^me_c, ihkljh_gguo \

hkgh\ghf k bkihevah\Zgb_f dhfie_dlmxsbo jhkkbckdh]h ijhba\h^kl\Z, qlh iha\hebl

kgbablv klhbfhklv CVD h[hjm^h\Zgby b h[_ki_qbl \hafh`ghklv _]h fZkrlZ[bjh\Zgby

b bkihevah\Zgby \ ijhba\h^kl\_gguo CVD-ijhp_kkZo;

2) fgh]hnmgdpbhgZevghklv, lh _klv \hafh`ghklv ijbf_g_gby mklZgh\db ^ey

ijh\_^_gby jZaebqguo \b^h\ CVD (MOCVD, LPCVD, ALD, APCVD, Thermal CVD,

PECVD);

3) h[_ki_q_gb_ fgh]hbklhqgbdh\hc iZjZee_evghc ih^Zqb g_kdhevdbo j_Z]_glh\

^ey mijZ\ey_fh]h ihemq_gby fgh]hkehcguo b dhfihablguo ihdjulbc;

4) mijZ\e_gb_ ijhp_kkZfb hkZ`^_gby k ihfhsvx kh\j_f_ggh]h ijh]jZffgh]h

h[_ki_q_gby k \bamZebaZpb_c ijhp_kkh\.

P_evx gZklhys_c jZ[hlu y\ey_lky jZajZ[hldZ fh^mevgh]h h[hjm^h\Zgby ^ey

ihkljh_gby bkke_^h\Zl_evkdbo CVD mklZgh\hd ^ey ijhba\h^kl\Z f_edhk_jbcguo

ba^_ebc. Djhf_ lh]h, [ueZ ihklZ\e_gZ aZ^ZqZ ^_fhgkljZpbb nmgdpbhgZevguo

\hafh`ghkl_c jZajZ[hlZggh]h h[hjm^h\Zgby ijb hj]ZgbaZpbb ijhp_kkh\ hkZ`^_gby

ihdjulbc.

JZajZ[hldZ bkke_^h\Zl_evkdh]h CVD h[hjm^h\Zgby

Ijb jZajZ[hld_ CVD mklZgh\hd gZfb  kha^Zgu ijhlhlbiu mklZgh\hd ba d\ZjpZ, gZ

dhlhjuo hljZ[Zlu\Zeb we_f_glu dhgkljmdpbb b jZ[hlm hl^_evguo [ehdh\. Wlhl hiul

bkihevah\Zeb \ ^Zevg_cr_f ijb jZajZ[hld_ h[s_c dhgkljmdpbb mklZgh\db WM-EI

(wdki_jbf_glZevgZy mklZgh\dZ eZ[hjZlhjgZy ^ey iehkdbo h[jZaph\) b _z hkgh\guo

[ehdh\ (jbk. 2, Z).

CVD mklZgh\dZ WM-EI \dexqZ_l \ k_[y:

– [ehd wg_j]hkgZ[`_gby b mijZ\e_gby (jbk. 2, [) k bkihevah\Zgb_f \kljh_gghc

k_gkhjghc iZg_eb (jbk. 2, ]) b dhfivxl_jZ k ijh]jZffguf h[_ki_q_gb_f ^ey

\bamZevgh]h mijZ\e_gby ijhp_kkZfb \ kbkl_fZo CodeSys b MasterScada;

– fh^mev ih^]hlh\db ]Zah\ k gZ[hjhf eh\mr_d ^ey k_e_dlb\ghc hqbkldb ]Zah\ hl

dbkehjh^Z, \h^u b m]e_\h^hjh^h\ f_lh^Zfb khj[pbb b k j_]meylhjZfb jZkoh^Z ]Zah\

(jbk. 2, \);

– [ehd j_]meylhjh\ jZkoh^Z ]Zah\ (JJ=) k we_dljhdeZiZgZfb (jbk. 2, ^);

– [ehd fh^me_c l_jfhklZlbjh\Zgguo ^haZlhjh\-bkiZjbl_e_c [6] (jbk. 2, _);
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– j_Zdlhjguc [ehd \_jlbdZevgh]h lbiZ k \_jog_c ih^Zq_c j_Z]_glh\ ba fh^mey

\ukhdhl_fi_jZlmjgh]h ^habjh\Zgby (\ \_jog_c qZklb) k ^\mfy \kljh_ggufb

l_jfhklZlbjh\Zggufb ^haZlhjZfb-bkiZjbl_eyfb l\_j^uo j_Z]_glh\ [7] (jbk. 2, `);

– fh^mev mlbebaZpbb \uoh^ysbo j_Z]_glh\ b ]Zah\ (jbk. 2, a) k ih^kh_^bg_gb_f d

\Zdmmfghc kbkl_f_ ^ey ih^^_j`db jZ[hq_]h ^Z\e_gby \h \j_fy ijh\_^_gby hkZ`^_gby

ihdjulbc b ]_jf_lbaZpbb mklZgh\db.

J_Zdlhj (jbk. 2, `), \ aZ\bkbfhklb hl hkgZkldb, fh`_l jZ[hlZlv \ j_`bf_

khklhygby k oheh^gufb kl_gdZfb, ijb dhlhjhf h[jZa_p \ d\Zjp_\hc ljm[d_ gZ]j_\Z_lky

gZijyfmx bg^mdlhjhf (fZdkbfmf ^h ~1673 D). Djhf_ lh]h, j_Zdlhj fh`_l jZ[hlZlv \

j_`bf_ k ]hjyqbfb kl_gdZfb k bkihevah\Zgb_f j_abklb\gh]h gZ]j_\Zl_ey beb ijb

jZaf_s_gbb h[jZaph\ \ klZevghc ljm[d_, gZ]j_\Z_fhc bg^mdlhjhf. Ijhp_kku \

j_Zdlhj_ fh`gh ijh\h^blv ijb Zlfhkn_jghf beb ihgb`_gghf ^Z\e_gbb. J_ZdpbhggZy

h[eZklv ij_^gZagZq_gZ ^ey h[jZaph\ jZaf_jZfb g_ [he__ 40×40×50 (ff).

Z) [) \)

]) ^) _)
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`) a)

Jbk. 2. KVD mklZgh\dZ WM-EI: Z) h[sbc \b^, [) [ehd wg_j]hkgZ[`_gby b mijZ\e_gby k

k_gkhjghc iZg_evx, \) fh^mev ih^]hlh\db ]Zah\ k gZ[hjhf eh\mr_d, ]) wdjZg k_gkhjghc iZg_eb

mijZ\e_gby [ehdhf JJ=, ^) [ehd JJ=, _) [ehd fh^me_c l_jfhklZlbjh\Zgguo ^haZlhjh\-

bkiZjbl_e_c, `) j_Zdlhjguc [ehd k fh^me_f \ukhdhl_fi_jZlmjguo ^haZlhjh\-bkiZjbl_e_c,

a) ih]ehlbl_evgZy eh\mrdZ ba fh^mey mlbebaZpbb

GZ [Za_ gZ[hjZ jZajZ[hlZgguo fh^me_c kfhglbjh\Zgu mklZgh\db ^ey hkZ`^_gby

ihdjulbc gZ \gmlj_ggb_ ih\_joghklb ljm[ b gZ ba^_eby keh`ghc nhjfu, bf_xsb_

khhl\_lkl\mxsb_ j_Zdlhju (jbk. 3).

Z                                                                       [

Jbk. 3. J_Zdlhju ^ey ba^_ebc keh`ghc nhjfu – Z (fh^mev ^habjh\Zgby kgyl)

b \gmlj_ggbo ih\_joghkl_c ljm[ – [

Ijb jZ[hl_ mklZgh\db WM-EI \ fh^me_ ih^Zqb ]Zah\ (jbk. 2, \) ba [Zeehgh\ ]Za-

ghkbl_ev (]_ebc beb Zj]hg) b ih g_h[oh^bfhklb ]Za-j_Z]_gl ih^Zxl ih ]Zah\uf

fZ]bkljZeyf q_j_a kbkl_fm k_e_dlb\ghc hqbkldb hl ke_^h\ \h^u, dbkehjh^Z,

m]e_dbkeh]h ]ZaZ \ [ehd mijZ\e_gby jZkoh^hf ]Zah\ (jbk. 2, ^) k bkihevah\Zgb_f

k_gkhjghc iZg_eb (jbk. 2, ]). >Ze__ ihlhdb ]Zah\ ihklmiZxl gZijyfmx \ j_Zdlhj beb \

[ehd ^haZlhjh\-bkiZjbl_e_c (jbk. 2, _). < ^haZlhjZo-bkiZjbl_eyo ]Zau gZkusZxlky

iZjZfb lj_[m_fuo j_Z]_glh\ ([jhf, CCl4, SiBr4 b l.^.), ijb wlhf ^Z\e_gb_ iZjh\

j_Z]_glh\ jZkkqblu\Zxl bkoh^y ba l_fi_jZlmju l_jfhklZlbjh\Zgby ^haZlhjZ.
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< \_jog_c qZklb j_ZdlhjZ jZkiheh`_g fh^mev, khklhysbc ba ^\mo \gmlj_ggbo

l_jfhklZlbjh\Zgguo \ukhdhl_fi_jZlmjguo ^haZlhjh\-bkiZjbl_e_c ^ey gZkus_gby

]ZaZ-ghkbl_ey iZjZfb dhfihg_glh\ (jbk. 2, `). GZijbf_j, \ \_jog_f ^haZlhj_-

bkiZjbl_e_ fh`gh jZaf_klblv ]Zeh]_gb^ hkZ`^Z_fh]h lm]hieZ\dh]h f_lZeeZ (Ta, Mo,

Nb…), Z \ gb`g_f ^haZlhj_ f_lZee-\hkklZgh\bl_ev (dZ^fbc, pbgd…). Ijb wlhf ^ey

h[_ki_q_gby ^Z\e_gby iZjh\, gZijbf_j 10 lhjj, ^ey [jhfb^Z lZglZeZ g_h[oh^bfh

aZ^Zlv l_fi_jZlmjm ~480 D (\ \_jog_f bkiZjbl_e_), ^ey dZ^fby ~763 D, ^ey pbgdZ

~933 D.

< ^haZlhj_-bkiZjbl_e_ j_ZdlhjZ \hafh`gh ihemq_gb_ kh_^bg_gbc \ ijhp_kk_

^habjh\Zgby. GZijbf_j, [jhf fh`gh bkiZjylv ba \g_rg_]h ^haZlhjZ-bkiZjbl_ey b

ih^Z\Zlv _]h \ \ukhdhl_fi_jZlmjguc ^haZlhj-bkiZjbl_ev kh kljm`dhc f_lZeeZ ^ey

ihemq_gby iZjh\ [jhfb^Z f_lZeeZ. <k_]h \ j_Zdlhj q_j_a \gmlj_ggb_ b \g_rgb_

^haZlhju-bkiZjbl_eb fh`gh ih^Z\Zlv h^gh\j_f_ggh ljb g_aZ\bkbfuo ihlhdZ, dhlhju_

fh]ml kh^_j`Zlv ^h 5 bg^b\b^mZevguo j_Z]_glh\, Z ijb bkihevah\Zgbb kf_k_c

j_Z]_glh\ bo dhebq_kl\h fh`_l [ulv m\_ebq_gh.

>ey ij_^hl\jZs_gby ij_`^_\j_f_ggh]h \aZbfh^_ckl\by j_Z]_glh\ ]Zah\u_

ihlhdb ljZgkihjlbjmxl ih hl^_evguf dZgZeZf, dhlhju_ kf_rb\Zxlky \ ki_pbZevghf

khie_ gZ \oh^_ \ j_Zdpbhggmx ahgm \ gb`g_c qZklb fh^mey ^haZlhjh\-bkiZjbl_e_c. <

j_amevlZl_ ]Zah\u_ ihlhdb k iZjZfb j_Z]_glh\ kf_rb\Zxlky \ j_Zdlhj_

g_ihkj_^kl\_ggh i_j_^ h[jZaphf b \klmiZxl \ j_Zdpbb gZ ih\_joghklb k h[jZah\Zgb_f

^bnnmabhggh]h, f_lZeebq_kdh]h beb d_jZfbq_kdh]h ihdjulby. HljZ[hlZggu_

ijh^mdlu j_Zdpbb mlbebabjmxl \ fh^me_ g_cljZebaZpbb (jbk. 2, a). GZiheg_gb_

«eh\mrdb» fh^mey f_gyxl \ aZ\bkbfhklb hl bkihevam_fuo j_Z]_glh\. GZijbf_j, ijb

bkihevah\Zgbb ]Zeh]_gb^h\ b dZ^fby eh\mrdm gZihegyxl kf_kvx p_heblZ b NaOH.

<k_ jZajZ[hlZggu_ mklZgh\db ij_^gZagZq_gu ^ey j_r_gby bkke_^h\Zl_evkdbo

aZ^Zq b hljZ[hldb l_ogheh]bq_kdbo hkh[_gghkl_c ijhp_kkh\ hkZ`^_gby. H^gZdh \

ex[hc ba mklZgh\hd \f_klh bkke_^h\Zl_evkdh]h j_ZdlhjZ fh`_l [ulv bkihevah\Zg

ki_pbZebabjh\Zgguc j_Zdlhj, hjb_glbjh\Zgguc gZ h[jZ[hldm gZ[hjZ ^_lZe_c

hij_^_e_gghc dhgkljmdpbb, qlh m^h[gh ^ey f_edhk_jbcgh]h ijhba\h^kl\Z.

GZ lZdbo mklZgh\dZo \hafh`gh ihemq_gb_ jZaguo deZkkh\ ihdjulbc, lZd dZd

kbkl_fu ^habjh\Zgby b ih^Zqb j_Z]_glh\ iha\heyxl bkihevah\Zlv kZfu_ jZagu_

j_Z]_glu: f_lZeehhj]Zgbq_kdb_ kh_^bg_gby, ]Zeh]_gb^u, dZj[hgbeu, \h^hjh^ b

f_lZeeu-\hkklZgh\bl_eb b l.^. <_kvfZ \hklj_[h\Zggufb y\eyxlky ihdjulby ba

lm]hieZ\dbo b k\_jo\ukhdhl_fi_jZlmjguo d_jZfbq_kdbo fZl_jbZeh\ (UHTC – Ultra-

High Temperature Ceramics) (jbk. 4). D UHTC h[uqgh hlghkyl [bgZjgu_ kh_^bg_gby

lm]hieZ\dbo f_lZeeh\ k [hjhf, m]e_jh^hf, Zahlhf, dj_fgb_f. Wlb kh_^bg_gby

ijhy\eyxl [he__ \ukhdmx we_dljh- b l_iehijh\h^ghklv, q_f hdkb^gZy d_jZfbdZ,

\u^_j`b\Zxl wdklj_fZevgu_ l_fi_jZlmju, l_ieh\u_ ihlhdb, mjh\gb jZ^bZpbb,

f_oZgbq_kdb_ gZ]jmadb, obfbq_kdmx j_Zdlb\ghklv b ^jm]b_ mkeh\by, dhlhju_ \uoh^yl

aZ jZfdb \hafh`ghkl_c kms_kl\mxsbo dhgkljmdpbhgguo fZl_jbZeh\.
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khijhlb\e_gb_ �-Ta (160-200 fdHf*kf [16]) iha\hey_l ijbf_gylv _]h \ j_abklhjZo [17],

Z ]b]Zglkdbc kibgh\uc wnn_dl OheeZ \hklj_[h\Zg \ mkljhckl\Zo fZ]gblhj_abklb\ghc

iZfylb [18].

Ijb hkZ`^_gbb lZglZeZ k ihfhsvx [_a\h^hjh^ghc f_lh^bdb \f_klh kf_kb TaCl5 c

H2 bkihevah\Zeb kf_kv iZjh\ TaBr5 k Cd, qlh iha\hebeh ih\ukblv kdhjhklv hkZ`^_gby

lZglZeZ b mf_gvrblv dhjjhabhgguc baghk h[hjm^h\Zgby.

>ey lZglZeh\uo ihdjulbc hij_^_e_gu ^bZiZahgu l_fi_jZlmju nhjfbjh\Zgby

kehz\, kh^_j`Zsbo jZagu_ nZau. H^ghnZagu_ kehb �-Ta ihemq_gu \ ^bZiZahg_ hl 923

^h 1023 D, ijb [he__ \ukhdhc l_fi_jZlmj_ ihemq_gu ihdjulby .-Ta, Z ijb ]jZgbqghc

l_fi_jZlmj_ ihemq_gu ^\monZagu_ ihdjulby ba keh_\ �-Ta b .-Ta. Ihemq_ggu_

ihdjulby bf_eb lhesbgm ^h 30 fdf, qlh ^ey f_lZklZ[bevghc nZau �-Ta ihemqblv

^jm]bfb f_lh^Zfb ^hklZlhqgh keh`gh.

Kljmdlmjm ihdjulbc bkke_^h\Zeb k ihfhsvx kdZgbjmxs_c we_dljhgghc

fbdjhkdhibb (^Ze__ SEM) gZ ijb[hj_ «Thermo Fisher Scientific Quattro S». Ihdjulby

bf_eb f_edhdjbklZeebq_kdmx kljmdlmjm, gh k m\_ebq_gb_f ijh^he`bl_evghklb

hkZ`^_gby gZqbgZeky dhgdmj_glguc jhkl djbklZeeh\ k ihkl_i_gguf mdjmig_gb_f

jZklmsbo djbklZeeh\ (^h 3 fdf \ ihi_j_qgbd_ gZ ih\_joghklb aZ 2 qZkZ jhklZ) b k

hjb_glbjh\Zgb_f djbklZeeh\ ih ghjfZeb d ih\_joghklb. Ijb wlhf \ ihdjulbyo ba �-Ta

djbklZeeblu bf_eb hdjm]emx nhjfm (jbk. 5, Z), \ ihdjulbyo � + . nZa Ta hdjm]eu_

djbklZeeblu bf_eb hjb_glbjh\Zggu_ ih ghjfZeb d ih\_joghklb j_[jZ (jbk. 5, [),

Z \ ihdjulbyo .-Ta gZ[ex^Zeb ]jZg_gu_ djbklZeeblu (jbk. 5, \).

Z) [) \)

Jbk. 5. Ih\_joghklv lZglZeh\uo ihdjulbc gZ \hevnjZf_ Z) �-Ta, [) .-Ta+�-Ta, \) .-Ta

Ihemq_gb_ ihdjulby ZrN

>ey jy^Z ihdjulbc gZ mklZgh\dZo ijbf_gyeb klZg^Zjlgmx \h^hjh^gmx f_lh^bdm

hkZ`^_gby, gZijbf_j, ijb ihemq_gbb gbljb^Z pbjdhgby. >Zggu_ ihdjulby ijbf_gyxl

^ey aZsblu hl dhjjhabb, wjhabb, ih\ur_gby baghkhklhcdhklb b kgb`_gby gZebiZgby

fZl_jbZeh\ gZ djhfdb j_`msbo bgkljmf_glh\.

HkZ`^_gb_ ihdjulbc ZrN ijh\h^beb k ihfhsvx j_Zdpbb ijyfh]h kbgl_aZ

gbljb^Z ba kf_kb ZiCl4 + N2 + H2. Wlhl kihkh[ hkZ`^_gby ihdjulbc bkihevah\Zeb \

jZ[hlZo [19, 20], h^gZdh fu ijh\h^beb ij_^\Zjbl_evgh_ kf_rb\Zgb_ j_Z]_glh\ b
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