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< jZ[hl_ ij_^klZ\e_gu j_amevlZlu bkke_^h\Zgby Z^]_abhgghc ijhqghklb

ojhfh\h]h ihdjulby gZ h[hehqd_ ba kieZ\Z Zr-1%Nb \ aZ\bkbfhklb hl

j_`bfZ bkiulZgby, ]_hf_ljbb bg^_glhjZ b _]h khklhygby, iheh`_gby

h[jZapZ b kihkh[Z _]h dj_ie_gby. ;ue jZajZ[hlZg Ze]hjblf ijh\_^_gby

baf_j_gbc ijb bkiulZgbyo ih hij_^_e_gbx Z^]_abhgghc ijhqghklb

ihdjulby bkke_^m_fuo h[jZaph\, \ l.q. hij_^_e_g j_`bf bkiulZgbc

(^bZiZahg gZ]jmadb, kdhjhklv ijbeh`_gby gZ]jmadb, ^ebgZ pZjZibgu) b

jZkkfhlj_gu djbl_jbb hij_^_e_gby djblbq_kdbo gZ]jmahd, hibkZgu

\ebyxsb_ nZdlhju mkeh\bc bkiulZgbc. < khhl\_lkl\bb k mklZgh\e_gguf

Ze]hjblfhf ijh\_^_gby bkiulZgbc [ueb hp_g_gu f_ljheh]bq_kdb_

oZjZdl_jbklbdb f_lh^bdb baf_j_gbc.
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<\_^_gb_

Ijbf_g_gb_ aZsblguo dhjjhabhgghklhcdbo ihdjulbc gZ ih\_joghklb h[hehqdb

l\weZ y\ey_lky \hijhkhf ih\ur_gby [_ahiZkghklb l\weh\ Zdlb\guo ahg j_Zdlhjh\. GZ

Jhklh\kdhf [ehd_ :WK ijhoh^yl bkiulZgby wdki_jbf_glZevgu_ h[hehqdb l\weh\ k

ojhfh\uf ihdjulb_f, gZg_k_gguf \ mkeh\byo GBM «FWB». Ih ZgZeh]bqghc

l_ogheh]bb \ mkeh\byo :H QFA ba]hlZ\eb\Zxlky hiulgu_ iZjlbb h[hehq_d l\weh\ k

ojhfh\uf ihdjulb_f.

Ijbf_gbl_evgh d mkeh\byf :H QFA ihlj_[h\Zehkv mlhqgblv f_lh^bdm

Z^]_abhgghc ijhqghklb ojhfh\h]h ihdjulby h[hehq_d ba kieZ\Z pbjdhgby \ qZklb

hij_^_e_gby \ebygby iZjZf_ljh\ j_`bfh\ bkiulZgby (kdhjhklv ijbeh`_gby gZ]jmadb,

kdhjhklv pZjZiZgby b ^j.) gZ ihemqZ_fu_ j_amevlZlu baf_j_gbc Z^]_abhgghc

ijhqghklb, Z lZd`_ \ qZklb mklZgh\e_gby hilbfZevgh]h j_`bfZ bkiulZgbc.

< kh\j_f_gghc ebl_jZlmj_ g_^hklZlhqgh ^Zgguo h \ebygbb \ur_mdZaZgguo

iZjZf_ljh\ gZ j_amevlZlu kdj_lq l_klbjh\Zgby ^ey ljm[qZluo h[jZaph\, Z lZd`_ ^ey

kbkl_fu ojhfh\h_ ihdjulb_-ih^eh`dZ ba pbjdhgb_\h]h kieZ\Z. Hlkmlkl\m_l

bgnhjfZpby h f_lh^heh]bb ijh\_^_gby wdki_jbf_glZ, \ lhf qbke_ h dj_ie_gbb

ljm[qZlh]h h[jZapZ, hij_^_e_gbb \_jog_c lhqdb hdjm`ghklb, \ebygbb kdhjhklb

gZ]jm`_gby gZ djblbq_kdb_ gZ]jmadb b djbl_jbb bo hij_^_e_gby. F_lh^heh]bq_kdZy

qZklv bkke_^h\Zl_evkdbo jZ[hl [1-10] \dexqZ_l \ k_[y lbi h[hjm^h\Zgby (fbdjh/fZdjh

kdj_lq l_kl_j), lbi bg^_glhjZ b ^bZiZahg baf_g_gby ijbeh`_gghc gZ]jmadb. < [1-10]

hibkZgu bkke_^h\Zgby ihdjulbc CrN, SiC, TiN, AlCrMoNbZr, Ti2AlC, gZg_k_gguo gZ

h[jZapu k iehkdhc ih\_joghklvx, k bkihevah\Zgb_f bg^_glhjZ Jhd\_eeZ K (ZefZa)

k jZ^bmkhf hl 100 ^h 200 fdf b bg^_glhjZ <bdd_jkZ \ ^bZiZahg_ gZ]jmadb hl 0,01 ^h

150 G, kh kdhjhklvx hl 5 ^h 100 G/fbg.

KlZg^Zjl ASTM C1624-05 [11] jZkkfZljb\Z_l ^Zggu_ \hijhku ijbf_gbl_evgh

d d_jZfbq_kdbf ihdjulbyf. Hg g_ ijbf_gbf gZijyfmx d f_lZeebq_kdbf ihdjulbyf,

h^gZdh _]h \hafh`gh \aylv aZ hkgh\m \ qZklb kihkh[Z ih^]hlh\db d bkke_^h\Zgbyf,

^bZ]ghklbjh\Zgby khklhygby bg^_glhjZ b djbl_jb_\ hij_^_e_gby djblbq_kdbo

gZ]jmahd.

P_evx jZ[hlu y\eyeZkv jZajZ[hldZ f_lh^bdb baf_j_gbc Z^]_abhgghc ijhqghklb

ojhfh\h]h ihdjulby gZ h[hehqdZo ba kieZ\Z pbjdhgby, dhlhjZy k g_h[oh^bfhc

lhqghklvx h[_ki_qb\Z_l l_ogbq_kdbc dhgljhev dZq_kl\Z ]hlh\uo ba^_ebc.

FZl_jbZeu b f_lh^u

F_lh^bdZ baf_j_gbc Z^]_abhgghc ijhqghklb jZajZ[hlZgZ gZ hkgh\_ f_lh^Z

kde_jhf_ljbq_kdh]h bkke_^h\Zgby – ijhp_kkZ baf_j_gbc ijhqghklb pZjZiZgb_f

jZaebqguo fZl_jbZeh\ b ihdjulbc ijb \g_^j_gbb bg^_glhjZ gZ ]em[bgm g_kdhevdbo

fbdjh- beb gZghf_ljh\.
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IZjZee_evgh gZg_k_gbx pZjZibgu ijhbkoh^bl aZibkv Zdmklbq_kdhc wfbkkbb,

kgbfZxlky ihdZaZgby k ^Zlqbdh\ kbeu lj_gby b ]em[bgu i_g_ljZpbb. AZl_f hi_jZlhj

ijb ihfhsb ijh]jZffgh]h h[_ki_q_gby ij_^klZ\ey_l j_amevlZlu bkiulZgbc \ \b^_

]jZnbq_kdbo aZ\bkbfhkl_c baf_g_gby \_ebqbgu ghjfZevghc gZ]jmadb Fn, kbeu lj_gby

Ft, Zdmklbq_kdhc wfbkkbb Ae, ]em[bgu i_g_ljZpbb Pd hl ^ebgu pZjZibgu k

ijbeh`_gb_f iZghjZfgh]h bah[jZ`_gby pZjZibgu b hij_^_ey_l djblbq_kdb_ gZ]jmadb:

– Lc1 – gZ]jmadZ, ijb dhlhjhc gZklmiZ_l qZklbqgh_ jZklj_kdb\Zgb_ ihdjulby \

ijhp_kk_ bkiulZgby;

– Lc2 – gZ]jmadZ, ijb dhlhjhc gZklmiZ_l ih\j_`^_gb_ ihdjulby (hlkeZb\Zgb_

b/beb \udjZrb\Zgb_) \ ijhp_kk_ bkiulZgby (Lc2 khhl\_lkl\m_l agZq_gbx Z^]_abhgghc

ijhqghklb ihdjulby);

– Lc3 – gZ]jmadZ, ijb dhlhjhc gZklmiZ_l ihegh_ jZajmr_gb_ ihdjulby \ ijhp_kk_

bkiulZgby.

Bkihevah\Zgguc \ bkke_^h\Zgbb fZdjh kdj_lq l_kl_j, djhf_ hkgZs_gby

^ZlqbdZfb kbeu lj_gby, Zdmklbq_kdhc wfbkkbb b ]em[bgu i_g_ljZpbb, h[hjm^h\Zg

hilbdhc ^ey ijh\_^_gby f_lZeeh]jZnbq_kdh]h ZgZebaZ k m\_ebq_gb_f 50, 200

b 500 djZl.

Ijb ijh\_^_gbb bkiulZgbc \hafh`gh bkihevah\Zlv jZaebqgu_ lbiu bg^_glhjh\.

Ijb jZajZ[hld_ f_lh^bdb bkke_^h\Zehkv \ebygb_ bg^_glhjh\ lbiZ Jhd\_ee b <bdd_jk

gZ \_ebqbgm Z^]_abhgghc ijhqghklb.

>ey bkke_^h\Zgbc [ueb bkihevah\Zgu h[jZapu pbebg^jbq_kdhc nhjfu

(ljm[qZlu_ h[jZapu), ^ebghc g_ [he__ 30 ff, ba kieZ\Z pbjdhgby Zr-1%Nb c ^\mfy

\ZjbZpbyfb ojhfh\h]h ihdjulby – ieZklbqgh_ b f_g__ ieZklbqgh_.

J_amevlZlu b h[km`^_gb_

<ebygb_ dj_ie_gby h[jZapZ gZ dZq_kl\h baf_j_gbc

Ijb jZajZ[hld_ Ze]hjblfZ ijh\_^_gby bkiulZgbc [ueZ \uiheg_gZ k_jby

wdki_jbf_glh\ k jZaebqguf iheh`_gb_f h[jZapZ \ aZo\ZlZo.

Ih j_amevlZlZf wdki_jbf_glh\ \uy\e_gh, qlh ijb dj_ie_gbb h[jZapZ

pbebg^jbq_kdhc nhjfu iZjZee_evgh aZo\ZlZf (jbk. 1Z) \ ijhp_kk_ pZjZiZgby ijb

ghjfZevghc gZ]jmad_ Fn [he__ 50 G h[jZa_p fh] kf_sZlvky ^h 2-3 ff \ gZijZ\e_gbb

pZjZiZgby. Djhf_ lh]h, ijb nbdkZpbb h[jZapZ lZdbf h[jZahf hlf_qZeZkv _]h mijm]Zy

^_nhjfZpby. < k\yab k wlbf hl ^Zggh]h dj_ie_gby h[jZapZ j_r_gh [ueh hldZaZlvky.

;ueh ijbgylh j_r_gb_ h aZdj_ie_gbb h[jZapZ pbebg^jbq_kdhc nhjfu

i_ji_g^bdmeyjgh aZo\ZlZf (jbk. 1[), ijb wlhf ^ebgZ h[jZapZ ^he`gZ h[_ki_qb\Zlv _]h

dj_ie_gb_ kh klhjhgu lhjph\. LZdhc \b^ dj_ie_gby ij_iylkl\m_l ^_nhjfZpbb h[jZapZ

b _]h kf_s_gbx \h \j_fy pZjZiZgby. Djhf_ lh]h, ki_pbZevguc ijhnbev aZo\ZlZ

jZkiheZ]Z_l h[jZa_p \ gZijZ\e_gbb pZjZiZgby.
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Z) [)

Jbk. 1. <ZjbZglu iheh`_gby h[jZapZ \ aZo\ZlZo:

Z) dj_ie_gb_ h[jZapZ iZjZee_evgh aZo\ZlZf; [) dj_ie_gb_ i_ji_g^bdmeyjgh aZo\ZlZf

Klhbl hlf_lblv, qlh i_ji_g^bdmeyjgh_ dj_ie_gb_ j_dhf_g^m_lky ijbf_gylv ijb

mkeh\bb, qlh lhjpu ijb ba]hlh\e_gbb h[jZapZ [ueb \uiheg_gu i_ji_g^bdmeyjgh

]eZ\ghc hkb ljm[qZlh]h h[jZapZ b iZjZee_evgh ^jm] ^jm]m. < ijhlb\ghf kemqZ_ h[jZa_p

[m^_l hlp_gljh\Zg g_\_jgh, qlh aZljm^gbl gZg_k_gb_ pZjZibgu.

K mq_lhf ]_hf_ljbq_kdbo iZjZf_ljh\ dj_ie_gbc (aZo\Zlh\), bkihevam_fuo ijb

bkiulZgbb, hilbfZevghc y\ey_lky ^ebgZ h[jZapZ g_ [he__ 30 ff.

<ebygb_ kdhjhklb gZ \_ebqbgm djblbq_kdbo gZ]jmahd

<ebygb_ j_`bfZ bkiulZgbc gZ \_ebqbgm djblbq_kdbo gZ]jmahd [ueh bkke_^h\Zgh

gZ ^\mo \ZjbZpbyo ojhfh\h]h ihdjulby – ieZklbqghf b f_g__ ieZklbqghf. Wlb

ihdjulby jZaebqZxlky lbiZfb kh[ulbc jZajmr_gby, ijhbkoh^ysbfb k m\_ebq_gb_f

ghjfZevghc gZ]jmadb ^h 100 G: gZ f_g__ ieZklbqghf ihdjulbb, ihfbfh lj_sbg b

aZ^bjh\, gZ[ex^Z_lky ij_bfms_kl\_ggh \udjZrb\Zgb_, Z gZ ieZklbqghf – hlkeh_gb_.

Hlf_q_gh, qlh k ih\ur_gb_f kdhjhklb ijbeh`_gby gZ]jmadb hl 50 ^h 200 G/fbg

gZ ieZklbqghf ihdjulbb mom^rZxlky mkeh\by lj_gby, qlh ijb\h^bl d gZebiZgbx

f_lZeeZ gZ bg^_glhj b ij_`^_\j_f_gghfm gZklmie_gbx Lc1 b Lc2, Z lZd`_ d kgb`_gbx

dZq_kl\Z kdZgbjh\Zgby ijhnbey ih\_joghklb. J_dhf_g^m_fuf agZq_gb_f kdhjhklb

ijbeh`_gby gZ]jmadb ^ey hij_^_e_gby djblbq_kdbo gZ]jmahd y\ey_lky 50 G/fbg.

H^ghagZqgh]h \ebygby ih\ur_gby kdhjhklb k 50 ^h 100 G/fbg ijb bkke_^h\Zgbb

f_g__ ieZklbqgh]h ihdjulby g_ mklZgh\e_gh. Wlh k\yaZgh k l_f, qlh Z^]_aby lZdh]h

ihdjulby agZqbl_evgh f_gvr_, b ^ey g_]h kms_kl\mxl [he__ agZqbfu_ nZdlhju,

\ebyxsb_ gZ djblbq_kdb_ gZ]jmadb, gZijbf_j fhjnheh]by bkoh^ghc ih\_joghklb.

<f_kl_ k l_f j_dhf_g^m_lky ijh\h^blv bkke_^h\Zgby ijb kdhjhklb 50 G/fbg, lZd dZd

ijb [hevr_c kdhjhklb kgb`Z_lky dZq_kl\h kdZgbjh\Zgby ijhnbey ih\_joghklb.

Hij_^_e_gb_ \_jog_c lhqdb hdjm`ghklb

Ijh\_^_gb_ bkke_^h\Zgbc h[jZaph\ pbebg^jbq_kdhc nhjfu k bkihevah\Zgb_f

hilbdb lj_[m_l lhqgh]h hij_^_e_gby \_jog_c lhqdb hdjm`ghklb pbebg^jZ ^ey

jZkiheh`_gby gZ g_c pZjZibgu. Ijh]jZffguf h[_ki_q_gb_f fZdjh kdj_lq l_kl_jZ g_



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

K_jby: FZl_jbZeh\_^_gb_ b gh\u_ fZl_jbZeu. 2024. <uimkd 4 (125)

19

ij_^mkfhlj_gZ nmgdpby Z\lhfZlbq_kdh]h ihbkdZ \_jog_c lhqdb hdjm`ghklb,

Z \bamZevgZy j_]mebjh\dZ iheh`_gby bg^_glhjZ hi_jZlhjhf fh`_l ijb\_klb d

hldehg_gbx \_dlhjZ ijbeh`_gby gZ]jmadb, ^_ckl\mxs_c ih gZijZ\e_gbx d \gmlj_gg_c

klhjhg_ bkiulu\Z_fh]h h[t_dlZ pbebg^jbq_kdhc nhjfu, hl ghjfZeb d ih\_joghklb.

GZ jbk. 2 ij_^klZ\e_g ijbf_j iZghjZfgh]h bah[jZ`_gby pZjZibgu ijb

hldehg_gbb hl ghjfZeb d ih\_joghklb, khklZ\eyxs_]h ~0,5 ff. Ijb wlhf ihemqZ_lky

bah[jZ`_gb_ pZjZibgu, gZ dhlhjhf aZljm^g_g ihbkd kh[ulbc, khhl\_lkl\mxsbo

djblbq_kdbf gZ]jmadZf, Z lZd`_ \hafh`gh baf_g_gb_ iehsZ^b dhglZdlZ ih\_joghklb

bg^_glhjZ b h[jZapZ, qlh fh`_l ijb\_klb d ]jm[uf ijhfZoZf.

Jbk. 2. Ijbf_j bah[jZ`_gby pZjZibgu ijb g_dhjj_dlghf hij_^_e_gbb \_jog_c lhqdb

hdjm`ghklb pbebg^jbq_kdh]h h[jZapZ

K p_evx mklZgh\e_gby \_jog_c lhqdb hdjm`ghklb pbebg^jZ ij_^eZ]Z_lky i_j_^

gZqZehf bkiulZgbc hij_^_eblv h[eZklv bg^_glbjh\Zgby k bkihevah\Zgb_f fbdjhkdhiZ

ijb m\_ebq_gbb 50 djZl: \uklZ\blv hilbq_kdbc ijbp_e gZ k_j_^bgm hk\_s_ggh]h

mqZkldZ h[jZapZ b, hklZ\Zykv gZ lhf `_ nhdmkghf jZkklhygbb, \ j_`bf_

ihabpbhgbjh\Zgby i_j_\_klb h[jZa_p ih^ bg^_glhj. LZdhc ihjy^hd ^_ckl\bc iha\hey_l

\uklZ\blv bg^_glhj k fbgbfZevguf hldehg_gb_f hl ghjfZeb d pbebg^jbq_kdhc

ih\_joghklb.

<ebygb_ hkgZkldb gZ \_ebqbgm djblbq_kdbo gZ]jmahd

<ebygb_ khklhygby bg^_glhjZ gZ ihemqZ_fu_ j_amevlZlu bkiulZgbc [ueh

mklZgh\e_gh ijb ijh\_^_gbb bkke_^h\Zgbc \ ^bZiZahg_ gZ]jmadb hl 1 ^h 200 G gZ

h^ghf b lhf `_ h[jZap_ ba kieZ\Z Zr-1%Nb k ojhfh\uf ihdjulb_f: h^gh bkiulZgb_

ijh\h^behkv k bg^_glhjhf, gZ ih\_joghklb dhlhjh]h hlf_qZebkv gZebiZgby f_lZeeZ

(jbk. 3Z), \lhjh_ – k bg^_glhjhf [_a gZebiZgbc f_lZeeZ, l._. ihke_ ijh\_^_gby hqbkldb

bg^_glhjZ (jbk. 3[). GZebqb_ gZebiZgbc f_lZeeZ [ueh \uy\e_gh ih^ hilbq_kdbf

fbdjhkdhihf ijb m\_ebq_gbb 50 djZl.

Hlf_q_gh, qlh \ j_amevlZl_ gZebiZgbc f_lZeeZ gZ bg^_glhj mkeh\by lj_gby ijb

bkiulZgbb [ueb \ ~4 jZaZ om`_, qlh ijb\_eh d ij_`^_\j_f_gghfm jZajmr_gbx

ihdjulby. Ijb bkihevah\Zgbb bg^_glhjZ [_a gZebiZgbc ihdjulb_ gZ h[jZap_ g_ [ueh

jZajmr_gh.
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Z)

[)

Jbk. 3. J_amevlZlu baf_j_gbc Z^]_abhgghc ijhqghklb ojhfh\h]h ihdjulby gZ ih^eh`d_

ba kieZ\Z Zr-1%Nb: Z) hlf_q_gu gZebiZgby gZ bg^_glhj_; [) bg^_glhj [_a gZebiZgbc

LZd`_ hlf_q_gh, qlh ijb dZ`^hf bkiulZgbb h[jZapZ k ojhfh\uf ihdjulb_f ^h

ghjfZevghc gZ]jmadb 100 G ijhbkoh^bl gZebiZgb_ gZ bg^_glhj. < k\yab k wlbf ihke_

dZ`^h]h bg^_glbjh\Zgby g_h[oh^bfh ijh\h^blv hqbkldm jZ[hq_c ih\_joghklb

bg^_glhjZ rebnh\Zevghc [mfZ]hc P2000 k ihke_^mxs_c ijhlbjdhc bahijhibeh\hf

beb wlbeh\uf kibjlhf.

;ueh ijh\_^_gh bkke_^h\Zgb_ \ebygby lbiZ bg^_glhjZ (Jhd\_ee beb <bdd_jk) gZ

\_ebqbgm djblbq_kdbo gZ]jmahd. Ijb ijbf_g_gbb bg^_glhjZ lbiZ <bdd_jk gZ

ieZklbqghf ihdjulbb k gZqZeZ pZjZibgu (ijb ghjfZevghc gZ]jmad_ 2-3 G) ihy\eyxlky

j\Zgbgu, dhlhju_ k m\_ebq_gb_f gZ]jmadb m\_ebqb\Zxlky (jbk. 4), qlh agZqbl_evgh

mkeh`gy_l b^_glbnbdZpbx kh[ulbc, khhl\_lkl\mxsbo djblbq_kdbf gZ]jmadZf.

< k\yab k wlbf ijb ijh\_^_gbb bkiulZgbc j_dhf_g^m_lky bkihevah\Zlv lbi bg^_glhjZ

Jhd\_ee.

Jbk. 4. J_amevlZlu baf_j_gbc Z^]_abhgghc ijhqghklb ojhfh\h]h ihdjulby gZ ih^eh`d_

ba kieZ\Z Zr-1%Nb k bkihevah\Zgb_f bg^_glhjZ lbiZ <bdd_jk
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Djbl_jbb hij_^_e_gby djblbq_kdbo gZ]jmahd ih Zdmklbq_kdhc wfbkkbb Ae, kbe_

lj_gby Ft, ]em[bg_ i_g_ljZpbb Pd, fhjnheh]bb ih\_joghklb Pf

Ijb ihbkd_ kh[ulbc, khhl\_lkl\mxsbo djblbq_kdbf gZ]jmadZf, \hafh`gh

bkihevah\Zgb_ bgnhjfZpbb, ihemq_gghc k ihfhsvx ^Zlqbdh\ fZdjh kdj_lq l_kl_jZ b

_]h ijh]jZffgh]h h[_ki_q_gby: ]jZnbq_kdb_ aZ\bkbfhklb baf_g_gby \_ebqbgu kbeu

lj_gby Ft, Zdmklbq_kdhc wfbkkbb Ae, ]em[bgu i_g_ljZpbb Pd hl ^ebgu pZjZibgu ..

GZ jbk. 5Z b 5[ ijb\_^_gu j_amevlZlu bkiulZgbc h[jZaph\ k f_g__ b [he__

ieZklbqgufb ihdjulbyfb khhl\_lkl\_ggh. M f_g__ ieZklbqgh]h ihdjulby kh[ulby

jZajmr_gby khijh\h`^Zxlky Zdmklbq_kdhc wfbkkb_c, baf_g_gb_ dhlhjhc fh`gh

h[gZjm`blv gZ djb\hc :_= B(.) ih oZjZdl_jguf ibdZf. GZebqb_ h[eZklb

jZklj_kdb\Zgby m ieZklbqgh]h ihdjulby g_ hljZ`Z_lky gZ nhjf_ djb\hc Ae= B(.).

LZdbf h[jZahf, ijb jZ[hl_ k ieZklbqgufb ihdjulbyfb ^Zggu_ h[ Zdmklbq_kdhc

wfbkkbb g_ y\eyxlky ^hklZlhqgh bgnhjfZlb\gufb ^ey h[gZjm`_gby djblbq_kdbo

gZ]jmahd.

Z)

[)

Jbk. 5. J_amevlZlu baf_j_gbc Z^]_abhgghc ijhqghklb ojhfh\h]h ihdjulby gZ ih^eh`d_

ba kieZ\Z Zr-1%Nb: Z) f_g__ ieZklbqgh_ ihdjulb_; [) ieZklbqgh_ ihdjulb_

>ey h[e_]q_gby ihbkdZ djblbq_kdbo gZ]jmahd ijb bkke_^h\Zgbb ihdjulbc lZd`_

fh]ml [ulv bkihevah\Zgu ^Zggu_ k ^Zlqbdh\ kbeu lj_gby b ]em[bgu i_g_ljZpbb.

H^gZdh, dZd b k ^Zlqbdhf Zdmklbq_kdhc wfbkkbb, bo ^Zggu_ [he__ bgnhjfZlb\gu ^ey

f_g__ ieZklbqguo ([he__ ojmidbo) ihdjulbc.
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Baf_g_gb_ gZdehgZ djb\hc Ft= B(.) lZd`_ fh`_l k\b^_l_evkl\h\Zlv h gZjmr_gbb

ihdjulby. < khhl\_lkl\bb k jbk. 6Z, hlh[jZ`Zxsbf j_amevlZlu bkiulZgby f_g__

ieZklbqgh]h ihdjulby, h[eZklv baf_g_gby m]eZ gZdehgZ djb\hc Ft= B(.) khhlghkblky k

gZjmr_gb_f ihdjulby gZ iZghjZfghf bah[jZ`_gbb pZjZibgu. >Zlqbd ]em[bgu

i_g_ljZpbb lZd`_ nbdkbjm_l baf_g_gb_ gZdehgZ djb\hc Pd= B(.) \ h[eZklb

gZjmr_gby ihdjulby.

Z)

[)

Jbk. 6. J_amevlZlu baf_j_gbc Z^]_abhgghc ijhqghklb ojhfh\h]h ihdjulby gZ ih^eh`d_

ba kieZ\Z Zr-1%Nb: Z) f_g__ ieZklbqgh_ ihdjulb_; [) ieZklbqgh_ ihdjulb_

< kemqZ_ k ieZklbqguf ihdjulb_f kh[ulby jZajmr_gby fh]ml kh\_jr_ggh g_

hljZ`Zlvky gZ djb\uo Ft= B(.) b Pd= B(.) (jbk. 6[). < lZdhc kblmZpbb hi_jZlhjm

ke_^m_l h[jZlblv \gbfZgb_ gZ djb\mx ijhnbey Pf= B(.): ijb ijhoh`^_gbb

g_jh\ghkl_c, dZd ijZ\beh, djblbq_kdb_ gZ]jmadb fh]ml nbdkbjh\Zlvky ih _z \b^m.

< kemqZ_, ij_^klZ\e_gghf gZ jbkmgd_ 6[, [ueZ aZnbdkbjh\ZgZ djblbq_kdZy gZ]jmadZ Lc2

ih oZjZdl_jghfm ibdm gZ djb\hc Pf= B(.).

Hij_^_e_gb_ djblbq_kdbo gZ]jmahd k bkihevah\Zgb_f

f_lZeeh]jZnbq_kdh]h kihkh[Z

Wnn_dlb\guf kihkh[hf hij_^_e_gby h[eZkl_c, ]^_ ijhbkoh^bl gZjmr_gb_

ihdjulby, y\ey_lky f_lZeeh]jZnbq_kdbc kihkh[ k bkihevah\Zgb_f hilbdb. Hlf_q_gh,

qlh ^ey hij_^_e_gby djblbq_kdhc gZ]jmadb Lc1 ^Zgguf kihkh[hf p_e_khh[jZagh

bkihevah\Zlv m\_ebq_gb_ 500 djZl, Z ^ey Lc2 b Lc3 – 500 beb 200 djZl. Djhf_ lh]h,

g_h[oh^bfh bkihevah\Zlv kdj_lq-ZleZk, \dexqZxsbc gZ[hj bah[jZ`_gbc lbibqguo

kh[ulbc jZajmr_gby, khhl\_lkl\mxsbo djblbq_kdbf gZ]jmadZf. Ijbf_ju
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bah[jZ`_gbc, oZjZdl_jbamxsbo djblbq_kdb_ gZ]jmadb, ijb\_^_gu gZ jbk. 7: f_g__

ieZklbqgh_ ihdjulb_ jZajmrZ_lky ij_bfms_kl\_ggh]h iml_f jZklj_kdb\Zgby b

\udjZrb\Zgby, \ lh \j_fy dZd ieZklbqgh_ ihdjulb_ k m\_ebq_gb_f lj_gby

hlkeZb\Z_lky.

Jbk. 7. J_amevlZlu hij_^_e_gby djblbq_kdbo gZ]jmahd k bkihevah\Zgb_f kdj_lq-ZleZkZ

Hij_^_e_ggmx keh`ghklv ijb f_lZeeh]jZnbq_kdhf ZgZeba_ ij_^klZ\ey_l

koh`_klv \g_rg_]h \b^Z ih\_joghkl_c ih^eh`db b ihdjulby. Djblbq_kdb_ gZ]jmadb

Lc2 b Lc3, dZd ijZ\beh, ij_^klZ\eyxlky aZ^bjhf – f_oZgbq_kdbf ih\j_`^_gb_f

ih^eh`db, ijhbkoh^ysbf \ke_^kl\b_ hlkeZb\Zgby beb \udjZrb\Zgby ihdjulby.

AZ^bju gZ ih^eh`d_ ba kieZ\h\ pbjdhgby oZjZdl_jbamxlky fgh`_kl\_ggufb ebgbyfb

kdhev`_gby \ gZijZ\e_gbb gZg_k_gby pZjZibgu. Ihwlhfm i_j_^ gZqZehf jZ[hlu k

kbkl_fhc ihdjulb_-ih^eh`dZ j_dhf_g^m_lky ijh\_klb hilbq_kdb_ bkke_^h\Zgby aZ^bjZ

gZ h[jZap_ pbebg^jbq_kdhc nhjfu ba kieZ\Z pbjdhgby [_a ihdjulby.

NZdlhju, \ebyxsb_ gZ j_amevlZl baf_j_gbc ijb bkiulZgbyo, b bo hp_gdZ \

jZfdZo Zll_klZpbb f_lh^bdb baf_j_gbc

GZ hkgh\Zgbb j_amevlZlh\ ijh\_^_gguo bkke_^h\Zgbc [ueb mklZgh\e_gu mkeh\by

hij_^_e_gby Z^]_abhgghc ijhqghklb ojhfh\h]h ihdjulby h[hehqdb l\weZ: kihkh[

dj_ie_gby h[jZapZ (i_ji_g^bdmeyjgh_ dj_ie_gb_), kdhjhklv ijbeh`_gby gZ]jmadb

(50 G/fbg), kihkh[ hij_^_e_gby \_jog_c lhqdb hdjm`ghklb, lbi ijbf_gy_fh]h

bg^_glhjZ (bg^_glhj Jhd\_ee) b kihkh[ hqbkldb bg^_glhjZ hl gZebiZgbc f_lZeeZ,

Ze]hjblf ihbkdZ djblbq_kdbo gZ]jmahd k bkihevah\Zgb_f ^Zgguo, ihemqZ_fuo

hl ^Zlqbdh\ Zdmklbq_kdhc wfbkkbb, kbeu lj_gby b ]em[bgu i_g_ljZpbb \ khq_lZgbb

k f_lZeeh]jZnbq_kdbf f_lh^hf (ih kdj_lq-ZleZkm, \ dhlhjhf ijb\_^_gu bah[jZ`_gby

g_^himklbfh]h khklhygby ihdjulby).
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Ihke_ hij_^_e_gby mkeh\bc bkiulZgbc [ueb \uiheg_gu bkke_^h\Zgby ^ey

hp_gdb \ebyxsbo nZdlhjh\ gZ ihemqZ_fuc j_amevlZl baf_j_gbc Z^]_abhgghc

ijhqghklb ihdjulby. LZdbfb nZdlhjZfb, \ebyxsbfb gZ j_amevlZl, y\eyxlky:

d\ZebnbdZpby hi_jZlhjZ (nZdlhj 1), \hkijhba\h^bfhklv mkeh\bc bkiulZgbc ijb

baf_j_gbyo (nZdlhj 2) b h^ghjh^ghklv h[t_dlh\ baf_j_gbc, l._. h^ghjh^ghklv

ihdjulby (nZdlhj 3). < k\yab k l_f, qlh ljb nZdlhjZ \aZbfhk\yaZgu, g_h[oh^bfh [ueh

ihklZ\blv wdki_jbf_gl lZdbf h[jZahf, qlh[u \u^_eblv h^bg nZdlhj, gZ

dhebq_kl\_ggmx hp_gdm dhlhjh]h [ueh [u fbgbfbabjh\Zgh, Z, \ emqr_f kemqZ_,

bkdexq_gh \ebygb_ hklZ\rboky ^\mo nZdlhjh\. Mqblu\Zy ki_pbnbdm h[t_dlZ

baf_j_gbc b \hafh`ghklb ijh]jZffgh]h h[_ki_q_gby fZdjh kdj_lq l_kl_jZ, \ dZq_kl\_

lZdh]h g_aZ\bkbfh]h nZdlhjZ (^Ze__ – [Zabkguc nZdlhj) [ue \u[jZg nZdlhj 1.

Dhebq_kl\_ggZy hp_gdZ nZdlhjZ 1 à×5 [ueZ ijhba\_^_gZ iml_f ijh\_^_gby

ki_pbZevgh]h wdki_jbf_glZ \ mkeh\byo koh^bfhklb: h^bg b lhl `_ ijhnbev

ih^\_j]r_cky bkiulZgbyf ih\_joghklb [ue ZgZeblbq_kdb h[jZ[hlZg jZaebqgufb

hi_jZlhjZfb, ijb wlhf mkeh\by bkiulZgby nbdkbjh\Zgu, l._. \ebygb_ nZdlhjZ

\hkijhba\h^bfhklb gb\_ebjh\Zgh, Z \ebygb_ nZdlhjZ h^ghjh^ghklb h[t_dlZ lZd`_

g_agZqbfh, l.d. hi_jZlhju kfhljyl h^bg b lhl `_ ijhnbev. < nhdmk-]jmii_ hi_jZlhjh\

[ue lZd gZau\Z_fuc «wlZehgguc hi_jZlhj», h[eZ^Zxsbc \ukhdhc d\ZebnbdZpb_c ^ey

ijh\_^_gby baf_j_gbc ijb bkiulZgbyo ih ^Zgghc f_lh^bd_. Dhebq_kl\_ggZy hp_gdZ

à×5 [ueZ ijh\_^_gZ ih ^\mf Ze]hjblfZf:

1) gZ h^ghf h[t_dl_ hkms_kl\eyehkv gZg_k_gb_ pZjZibgu b hij_^_eyeZkv fb-

gbfZevgZy djblbq_kdZy gZ]jmadZ Lc6 jZaebqgufb hi_jZlhjZfb;

2) gZ \lhjhf h[t_dl_ ihke_ gZg_k_gby pZjZibgu jZaebqgufb hi_jZlhjZfb

ijh\h^beky ihbkd g_ f_g__ 5 djblbq_kdbo kh[ulbc, gZqbgZy k gZb[he__ jZgg_]h.

AgZq_gb_ nZdlhjZ à×5 ih i_j\hfm Ze]hjblfm jZkkqblu\Zehkv ih nhjfme_:

Æ×5 =I=T{|($Ü F (àÕ Ü|} , (1)

]^_ ($Ü – kj_^g_Zjbnf_lbq_kdh_ agZq_gb_ Z^]_abhgghc ijhqghklb, hij_^_e_ggh_

hi_jZlhjZfb ^ey -]h kh[ulby, G, jZkkqblu\Z_fh_ dZd

($Ü =
5

Ã
Ã (ÜÝ
Ã

Ý@5 , F=1,…, ,; ,=3; (2)

]^_ (ÜÝ – Z^]_abhggZy ijhqghklv, aZy\e_ggZy F-f hi_jZlhjhf ^ey E-]h kh[ulby, G;

(àÕ Ü – Z^]_abhggZy ijhqghklv, aZy\e_ggZy «wlZehgguf hi_jZlhjhf» ^ey -]h

kh[ulby, G.

AgZq_gb_ à×5, hp_g_ggh_ ih i_j\hfm Ze]hjblfm, khklZ\beh 4,38 G.

Hp_gdZ nZdlhjZ à×5 ih \lhjhfm Ze]hjblfm aZdexqZeZkv \ ihkljh_gbb

]bklh]jZffu, ihdZau\Zxs_c qZklhlm h[gZjm`_gby djblbq_kdh]h kh[ulby hi_jZlhjZfb

\ aZ\bkbfhklb hl agZq_gby gZ]jmadb (jbk. 8). < khhl\_lkl\bb k jbk. 8 ijb h[gZjm`_gbb

h^gh]h djblbq_kdh]h kh[ulby \ukhdZ \_jhylghklv h[gZjm`blv ^jm]h_ djblbq_kdh_
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kh[ulb_ jy^hf, b kj_^gbc jZafZo f_`^m h[gZjm`_ggufb djblbq_kdbfb kh[ulbyfb

khklZ\ey_l hdheh 5 G, l._. à×5=5 G.

Jbk. 8. Hp_gdZ nZdlhjZ à×5 ih \lhjhfm Ze]hjblfm

K mq_lhf ijbf_g_gby «dhgk_j\Zlb\gh]h» ih^oh^Z, h[hagZq_ggh]h \ imgdl_ 7.9

ijbdZaZ =hkdhjihjZpbb «JhkZlhf» hl 31.10.2013 �1/10-GI: [12], aZ agZq_gb_ nZdlhjZ

à×5 [ueh ijbgylh 5 G.

Hp_gdZ nZdlhjZ 2 à×6 [ueZ ijh\_^_gZ ijb mkeh\bb à×5 = const \ khhl\_lkl\bb k

6.5 =HKL J 8.997-2021 [13] ih nhjfme_

à×6 =
5

6
Z¿ØÌã?¿ØÔÙ

ÙØÌã?ÙØÔÙ

Z¿×, (3)

]^_ (àÔë, (àÜá – agZq_gby Z^]_abhgghc ijhqghklb ihdjulby, ihemq_ggu_ ijb

fZdkbfZevghf BàÔë b fbgbfZevghf BàÜá agZq_gbb \ebyxs_]h nZdlhjZ

(kdhjhklb baf_g_gby ijbdeZ^u\Z_fhc gZ]jmadb) khhl\_lkl\_ggh.

AgZq_gb_ nZdlhjZ à×6 khklZ\beh 2,9 G.

;ueh ijbgylh, qlh dhebq_kl\_ggZy hp_gdZ nZdlhjZ 3 à×7 \ 0, lZd dZd

h^ghjh^ghklv j_Zevguo h[t_dlh\ baf_j_gbc ^he`gZ h[_ki_qb\Zlvky bo l_ogheh]b_c

ba]hlh\e_gby. Ijb wlhf h^ghjh^ghklv ihdjulby h[hehqdb aZ\bkbl hl dhgdj_lghc

j_ZebaZpbb \Zdmmfgh]h gZiue_gby: dZq_kl\Z bkihevam_fhc ih^eh`db (fZl_jbZe

ih^eh`db, r_jhoh\Zlhklv, qbklhlZ h[jZ[hldb ih\_joghklb ih^eh`db, ^j.) b j_`bfZ

gZiue_gby (l_fi_jZlmjZ bkiZj_gby, l_fi_jZlmjZ ih^eh`db, jZkiheh`_gb_ bklhqgbdZ

gZiue_gby, kdhjhklv hkZ`^_gby, dhwnnbpb_gl jZkiue_gby, ijhkljZgkl\_ggh_

jZkij_^_e_gb_ ihlhdZ ijb bkiZj_gbb b ^j.). < dZq_kl\_ djbl_jby h^ghjh^ghklb

ihdjulby fh`gh dhk\_ggh bkihevah\Zlv ghjfZlb\ hi_jZlb\gh]h dhgljhey qZklbqghc

\hkijhba\h^bfhklb &, dhlhjuc aZdexqZ_lky \ \uqbke_gbb jZafZoZ f_`^m

fZdkbfZevguf b fbgbfZevguf agZq_gbyfb Z^]_abhgghc ijhqghklb, ihemq_ggufb
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ihke_ ijh\_^_gby lj_o bkiulZgbc (n=3), b _]h kjZ\g_gbb k mklZgh\e_gguf agZq_gb_f

ghjfZlb\Z & (&=15 G ijb J=0,90). G_\uiheg_gb_ ghjfZlb\Z fh`_l k\b^_l_evkl\h\Zlv

h ]jm[hf ijhfZo_ beb h[ baf_g_gbb h[t_dlZ baf_j_gbc, ijb wlhf ]jm[uc ijhfZo

fh`_l [ulv bkdexq_g ijb ih\lhjghf ijh\_^_gbb dhgljhevgh]h baf_j_gby \ jZfdZo

dhgljhey qZklbqghc \hkijhba\h^bfhklb (n=3). < kemqZ_ baf_g_gby h[t_dlZ baf_j_gbc

agZq_gb_ dhebq_kl\_gghc hp_gdb h^ghjh^ghklb ihdjulby h[hehqdb ^he`gh [ulv

hp_g_gh ih\lhjgh, ihkdhevdm hgh aZ\bkbl hl l_ogheh]bb gZiue_gby.

Ihke_ dhebq_kl\_gghc hp_gdb \ebyxsbo nZdlhjh\ [ueZ mklZgh\e_gZ h[sZy

kmffZjgZy ih]j_rghklv baf_j_gbc ±û(n) Z^]_abhgghc ijhqghklb ojhfh\h]h ihdjulby

h[hehqdb l\weZ ba kieZ\Z pbjdhgby Zr-1%Nb ijb n=3 b ^h\_jbl_evghc \_jhylghklb

J=0,95. AgZq_gb_ h[s_c kmffZjghc ih]j_rghklb ±û(n) khklZ\beh 11 G.

<u\h^u

>ey hij_^_e_gby agZq_gbc djblbq_kdbo gZ]jmahd dhee_dlb\hf Z\lhjh\ [ue

jZajZ[hlZg kljh]bc ihjy^hd ^_ckl\bc, \dexqZxsbc \ k_[y mklZgh\dm h[jZapZ,

hij_^_e_gb_ h[eZklb ^ey bg^_glbjh\Zgby, Ze]hjblf ih^]hlh\db b ijh\_jdb dZq_kl\Z

hkgZkldb, Ze]hjblf ijh\_^_gby bkiulZgbc b bgl_jij_lZpbx ihemq_gguo j_amevlZlh\

bkiulZgbc. MklZgh\e_gh, qlh ih^l\_j`^_gb_ h[gZjm`_gguo kh[ulbc,

khhl\_lkl\mxsbo djblbq_kdbf gZ]jmadZf, g_h[oh^bfh hkms_kl\eylv

f_lZeeh]jZnbq_kdbf kihkh[hf k bkihevah\Zgb_f jZajZ[hlZggh]h kdj_lq-ZleZkZ

g_^himklbfh]h khklhygby ihdjulby (\udjZrb\Zgb_, hlkeh_gb_, aZ^bj).

J_amevlZlu ijh\_^_gguo bkke_^h\Zgbc [ueb bkihevah\Zgu ijb jZajZ[hld_

f_lh^bdb hij_^_e_gby Z^]_abhgghc ijhqghklb ojhfh\h]h ihdjulby gZ h[jZapZo ljm[

ba kieZ\Z Zr-1%Nb k bkihevah\Zgb_f fZdjh kdj_lq l_kl_jZ.

< jZfdZo Zll_klZpbb f_lh^bdb hij_^_e_gby Z^]_abhgghc ijhqghklb ojhfh\h]h

ihdjulby gZ ih^eh`d_ ba kieZ\Z Zr-1%Nb [ue ij_^eh`_g mkh\_jr_gkl\h\Zgguc

bl_jZpbhgguc ih^oh^ ijb dhebq_kl\_gghc hp_gd_ \aZbfhk\yaZgguo \ebyxsbo

nZdlhjh\ ijb kh[ex^_gbb lj_[h\Zgbc =HKL J 8.932-2022 [14] b =HKL J 8.997-2021

[13]: kgZqZeZ [ue \u^_e_g [Zabkguc nZdlhj, dhlhjuc ijb hij_^_e_gguo mkeh\byo (\

jZfdZo ^Zgghc baf_jbl_evghc aZ^Zqb wlh [ueb mkeh\by koh^bfhklb) fbgbfZevgh

aZ\bkbl hl hklZevguo nZdlhjh\, gh ijb wlhf kms_kl\_ggh \eby_l gZ \k_ hklZevgu_

ih^e_`Zsb_ dhebq_kl\_gghc hp_gd_ nZdlhju, Z aZl_f ihke_ ihemq_gby dhebq_kl\_gghc

hp_gdb [Zabkgh]h nZdlhjZ à×5 [ueZ \uiheg_gZ dhebq_kl\_ggZy hp_gdZ hklZ\rboky

\ebyxsbo nZdlhjh\, y\eyxsboky nmgdpbyfb hl Zj]mf_glZ à×5. Wlh iha\hebeh

hkms_kl\blv dhjj_dlgmx hp_gdm \ebyxsbo nZdlhjh\ b bkdexqblv g_h[hkgh\Zggh_

aZ\ur_gb_ kbkl_fZlbq_kdhc khklZ\eyxs_c ih]j_rghklb f_lh^bdb. Ihfbfh wlh]h,

[ueh mklZgh\e_gh agZq_gb_ h[s_c kmffZjghc ih]j_rghklb f_lh^bdb baf_j_gbc.
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