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:gghlZpbyZkkfhlj _gu \hijhku hij_~ e _gby b hp_gdb djbklZeeh]jZnb
_glzpbb D=H fhghdjbklZeebg_kdbo hleb\hd ba gbd_eh®o “Zjhijhqc
gZ_fuo f_Ih~hf gZijZ\e_gghc djbklZeebaZpbb HibkZgu kihkh[u azZ"Z
ZabfmlZevghc D=H \ hleb\dZo ijb bkihevah\Zgbb azZljZ\hgguo djbklZ:

kieZ\h\ kbkN s 1j ~klZ\e _gu kihkh[u 1iha\heyxsb_iheijngZlv hleb\c
[bgguo ehizZzlhd k fhghdjbklZeebq_ _kdhc kijmdimjhc azZz~Zdgghc ijhkljZ
_glZpbb ' qlh "ey hoez ' ~Z_fuo ehizlhd ihalhey_| agdgbl_evgh ki

| _jfbgq_kdbo gZijy _gbc

Dexq_\u_ kehdz\dZ Imj[bggZy ehizldZz fhghdjbklZeebqg_kdZzZy Kkl
djbklZeeh]jZnbqg_kdZy hjb_glZpby D=H ZdkbZevgZy DeH ZabfmlZz
ehljZnbg_kdbc b "bnjzdlhf_Iljbgq_kdbc f_Ih”

>ey pblbjh\zZdhbyehjZcy < G Hk¥jhmohémqg_gb_ fhghdjbklZeebq_Kdbo hleb\hd
"Zgghc ZdkbZevghc b ZabfmlZevighgmrjb _gBZBPbyfb « K1 01l. URL:
http://www.viam-works.ru. DOI: 10.18577/23®0462022-0-8-313.

Scientific article

PRODUCTION OF SINGLE-CRYSTAL CASTINGS WITH
A GIVEN AXIAL AND AZIMUTHAL ORIENTATIONS

V.N. Tolorayd, G.A Ostroukhova

'Federal State Unitary Enterprise $-Ru@sian Scientific-Research Institute of A W L R Q 0dD Matibddl D O V 2
5HVHDUFK &HQWHU ©O.MhsEoMPRISRIY, adihivi@\iavd. M uwW H 2

Abstract. Deals with the issues of determining and evaluating the crystallograpéntasri
tion (CGO) of single-crystal castings from nickel heat-resistant alloys obtairibd bhyethod of
directed crystallization. The methods of setting the axial and azimd@®@ in castings using
seed crystals (seedings) from alloys of theWMMsystem are described. Presents methodsdfor o
taining castings of turbine blades with a single-crystal structueegifen spatial orientation
<100>, which allows significantly reducing the level of thermal stresses for cooled blades.

Keywords: seed, turbine blade, single-crystal structure, crystallographic orien(€@@),
axial CGO, azimuthal CGO, metallographic and diffractometric method

For citation: Toloraya V.N., Ostroukhova G.A. Production of single-crystal castviisa given axial and
azimuthal orientations. Trudy VIAM, 2022, no. 8 (114), paper @1. Available at: http://www.viam-
works.ru. DOI: 10.18577/230804620220-8-3-13.
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P_evx jZ[hlu y\ey_ Iky ijZzdlbg_kdh_ j_r_gb_ ijh[e_fu ihem
Imj[bgguo ehiZlhd k fhghdjbklZeebq_ kdhc kljmdémhicZmZd Zgghc
kdhc hjb_glZpbb ZBkbZewghc > @ b ZabfmlZevghc > b@ Ihemc
klZeebg_kdbo hleb\hd az”"Zgghc ZdkbZevghihafhzaln fimkiesvghc
ki\blv Thevdh k ijbf_g_gb_f aZljZ\hgghc |_ogE¢m[bbg&ylvyoygh @
eh]by hkgh\ZggzZy gz f_|h”_ hl[hjZ h”gh]h djbkEZeedX bZ dgt _ Kl
\hafh ghklb g_ ~Z |

DjbklZeeh]jZznbg_kdZy hjb_glZpby fhghdjbklZeebqg_kdhc hl
ehizldb hagZqgqzZ_1 qlh \_jlbdZewg&Zly\dtkv*hlekgZ k hij_~_e_gghc If
kivx khhl\_IkI\h\ZIv djbklZeeh]jZnbqg_kdhd@ gZijgdklghbdb> d]j
klZeeh]jZnbq_kdh_ gZijZ\e _gb_ > @ "he phdlZ[g¥ghtuVvgh”tke
ghc hkvx hleb\db ehiZldb m]he h\D " mBauVLIHkypnkaezlr Zgghec Z
Zevghc djbklZeeh]ljZznbg_kdhc hjb_glZmb \vo> " Z[@ijbgeyugbkliie Z\h\
yleyxsboky fZl_jbZehf ey Imj[bgguo ehiz\ihdplbih\gglioggumw]Z|l_ e _c
kms_ _kI\m_| hjb_glZpbhggZy aZ\bkbfhklv ijhoggkhHklguo @ mijm]bo k

?keb djbklZeeh]jZnbg_kdZy hjb_glZpby hleb\kib XéyaghgZ g_
gh b k ZabfmlZevghc hjb_gkZpjb ogldZpb_c highkbl_evgh hkb e_
iehkdhklb i_ji_g*"bdmedjdhclh#By kljmdIimjzZz fhghdjbklZeeZ b
gZau\Z |ky "\Z "u djbklZeeh]jZznbg_kdb hjb_agblph\Zewgbcec AjZ kq_
_glzZzpbb fh gh ihemqgblv ij_bfms_KkI\Z \ | _jfhklhcdhHkijfb'eegguboez »
ehizlhd < jZ¥hlZ® ijb\_~ gu ~“Zggu_ ih \ebygbx ZabfmlZevghc |
| _jfhklhcdhklv fhghdjbklZeebq_kdbo h[jZaph\ bfblbjmxseho i_jh

iZzldb IhdzZzazgh qlh gzbf_g__ |_jfhgZijy _gglky KhktBEygbh]/NZ Ze
h~rgh ba gzZijz\e_gbc > @ jZkiheh _gh ih ghjfZzeb d ih\_joghklb
Fzdkbfzevgh_ ij_bfms_klI\h \ |_jfhklccObKIb e h@Z fdhbgh ih

emqgblv \ kemqgZ_ hjb_glzZpbb h[eZklb k fkdtkbigZeayyufgblfbqd]j
klZeeh]jZnbqg_kdhf gZijZ\egghlZz\e_g®@®b+ bf_xs_f fbgbfZevguc fh™
mijm]hklb >ey ihemq _gby "\Z ~u hjb_glbjh\Z§glhé¢ flg@A\idh ehiZl«
e_gghc djbklZeebaZpbb gZ azljz\dm > @ gldmjo tkhihflim ¢giZlg _klb
xsmx ZabfmlZevghfm gZijZ\e _gbx > @ b\ nebllZgly\bkv ndZipZ \\dm
gm ghf iheh™ _gbb > @

FZI_jbzZeu b f_Ih”™u

FZl jbZehf "ey aZljZ\hqguo djbklZeeh\ aZzZljz\hd y\ey Ilky
NitawW k kh~_j Zgb_f \hevnjzfz hlih fAkk_ "~himkdZ_lky kh*_j Zgb
e_jh~Z ~h ih fZkk_ "ey ih\ur_gby |_ogheh]bgghklb ijhp_kkZ ¢
djpklZeebazZpbb ijb ihemqg_gbb aZljZz\hqguo aZ]hlh\hd

F_Ih™ "\hcgh]lh hjb_glbjh\Zgby fhghdjbklZeebq_lodket hleb\h
iZlhd \ ZdkbZevghf b ZabfmlZevghf gZijZ\&khdbyo gzl e&xy_ Iky \
e_gghc lhgghklvx \_jlbdZevghc Zdkd\ewbgkcgzZikb\e_gb_f > @
iehkdhklb i_ji_g"bdmeZjglleb\dkb ZabfmlZewvdhdf_st gbb D=H
> @ k az”zZgguf ]_hf_Iljbg_kdbf gZijz\e_gb_f elhiexihdb Ikyey dhl
fZzZdkbfZevguc mjh\_gv | _jfbg_kdbo gZijy _gbcZgbhhch | hjb_glb
bfms_klI\h \ | _jfhklhcdhklb hoez ~Z_fuo ehiZlhwWokhpo=HIZpb&o \ *
ij_bfms_kI\Z ijhgghklguo oZjzdIl_jbklbd igxdibgkkdbx gZ[pEZ[ > @
ih~jh[gh hibkzZgh ij_bfms_kI\h \ mjh\gyo |_jfbqg_Z\dlkbdbgldlijg  _gbc
kbZevghc hjb_glZpbb Imj[bgghc ehiZldb
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>ey ihemqg_gby fhghdjbklZeebqg_kdhc hleb\db Imj[hlgghc ehiZ
_glbjh\Zgghc kljmdImjhc ' g_h[oh”bfh ij_"MNMv &Zljjz\drkikeva
debZevghc djbklZeeh]jZnbq_kdhc hjb_glZpb_ cml>Ze\@hl:t>ehy azZnZ
_glZpbb fhghdjbklZeebqg_kdhc hleb\db gZ jDEHbc II§ Ig diljERgb
ng_ka jZaf_lIdm jbkdm iZjZee_evgmx gZj{Zbe_ &ldxxe ebd GZ
gmx nhjfm ~ey hleb\db ehizZlhd \ h[eZklb aZljZ\Kyy¢hdZd)yZjfZgZ 1]
kilb jbkdm khhlI\_IklI\mxsmx iheh  _gbx D=H > @ ”"ey ehiZldb \ e

ljb mklzZzgh\d_ azljz\db \ azZljZz\hgqgmx ihehklIh[@®ibtbEmghc nh
kh\f_klblv jbkdm gZ azZljz\d_ k jbkdhekgZghhhtfv alZzljz\agm \ azZljz
ghc ihehklb jZ[hgbf Ihjphf i_ji_g”"ddiedydbh bhlaz"Zlv ZabfmlZevg
hjb_glZpbx hleb\d_ ehizldb ih\hjhlhf azljz\db ~"hakh\dggufby jk
] _hf ljbg_kdbf gZijz\e _gb_f > @ gZ aZljzghc knhhkdlehigZdbbl _
>Ze azZnbdkbjh\zlv azljz\dm \ nhjf_ ZXeagbgbD=&HzZ2ZIv@gZe)Z h
eb\db b ijh\h~blv ieZ\dm > @

L ogheh]bg_kdbc ijhp_kk hij_~ e _gby b jzZaf dtdbpZabfmlZ
> @ gZ fhghdjkaZeebq_kdbo aZljZzZ\dZo D=H |Zee@]jlZkibg_kl\e\
kdbf beb j_gl]_ghkljrdllhmgfuf

+f IZeeh] nbqg_kdzZy f _IhA"bdZ hij " e>gb® @ZijlAlhgghy ih\ _jog
klb azljz\db ih ke _~Zf ljZ\e _gby \byyéyxsb Khmx_kghjmdImpm fhghd]
klZeeZ kbKiWu khhI\_TklI\mxsmx djkaZeeh]janq_kdhfm gZijZ\e gkt

t"bnjzdlhf_Iljbg_kdzZy f_Ih~*bdZ hij_ ye>gb3@gg?,ZjZZ¢thc ih\_jog
klb azljz\db ih ke _"~Zf iehkdhkl_c "\ hljAuXx4%_ggilnfeh™ _gb

JZaf _1dz fhghdjkaZeebq kdhc azZljz\db D=H g>Zg@<|yﬂh"blk
gZ jZ[hqbc lhj_p azZljz\db ebgbb jbkdb iZjZee feni@leodhjm ey _
gZijZ\e_gbx > @

Hij " e _gb_ZabfmlZevghc hjb_glZpbb > @
f 1Zeeh]jZnbqg_kdbf f_Ih~hf

Hij_~_e_gb_ ZabfmlZevghc hjb_glZpbb @i caadljz\dglZKkbZdkb:
> @ ih nblmjzf ljZz\e _gby \uyleyxsbf » _g”*jblegamyjKhmglkdc f_|
f ITh~ hkgh\Zgh gZ Ihf qlh ~_g”jblgu_ \_Igbkef IZdedlod \elhfk
liZg_p_gljbjh\Zgghc dm[bq_kdhc =PD |j_r_Idhcijjz\@&\ bgbrlky \~

' \ukljzZzb\zZykv iZjZzee_evgufb jy*"Zfb WWhevkiethddhgl gb_f ~h
a ]jZ"mkh\ ~ _dhjbjmy | _f kZfuf ijhkljZgkl\_gghhk|jZ&i0}eth™ _gb_ i
gZijZ\e_gldt>.

GZ jbk ihdZzazgz azljz\dZ b ko_fZlbg_kjdbB fdjpthighiboy klj
hk_c i_j\h]lh ihjy*dZ \uy\le_gguo gZ ijhljZahgwo jZ\ hjpmhklyo
azZljz\hd > @ dhlhju_ \hagbdzZx!| ijb gZijz\b_lgigd zd Kk €ebaZz
Niww KljmdIimjz azljzith& nphkfbjm _Iky ijb fZdjhkdhibg_kdb ieh
njhgl_ jhklzZz KkljmdImijuY) pbikb \h]JgmlIhf \ klhjhgm I\_j"hc nZau nj
jhklZz > @ Nb]mju ljZ\e_gby \uy\eyxl gZ ih\_jogthkiivwok&zZkpz\hd
HF + HNO; + H,0.

GZ jbkzgzijz\e_gb_ jhklz ~ _g”~jblh\ b |_fi_jlzg&#joukgliZz)b _g
klZz kh\iz~Zx| k ghjfZevx d [Zah\hcZV¥db jodhktd majZljazljzhdb nhjfb]
_lky hkyfb ~ _g”jblh\ i_j\h]lh ihjy*rdZ &bgh]h !gzhjZXemxsb]h fbg
fZevguc mhkerx | _iehhl\h"Z < wlhf kemqgZ_ jbkdngZikZhé\ dbRmxsn
> @ ke _"m_I ijh\h~blv iZjZee evgh Mk g&jiblighfm ijlyjy~dZz

< kemqZ_ jhklZ hk_c i_j\h]h ihjyrdZ[\"hely ¢\duwy_¢bg bk
gZijZ\e _gbc ' jbkdm KkhhiI\_lkl\mxsmx gZijZ\e@kb¥iyb @ b
\"hev » _g”jblgh]h jy*Z \ _I\_¢ D=H ' jZklmsbo hl h*ghc hkb i_

b 0 861G TRUDY VIAM 8 (114) 2022 5



[010]

Y, [100]

Jbk 0zjzdl_jgzZy fhjnheh]by ~ _g”~jblguo \ _I\_c¢c azZljz\hd k hjb_g

< fh”_evghc-mnjhjkk nhjfbjmxs_c aZzZljzZ\hggmx ihehklv \ fh”"
[ehd_ ebl_cghc nhjfu \uihegy_ |ky jbkdZ khhil\_IkZ\igja\eZy |j_[m
gbx > @ \ ZabfmlZevghc iehkdhklb dhlhjzZzy hhjhp ikk _gha]Jhlh\
kblky gZ d_jzZfbdm azZljZz\hgghc ihehklb

AZljz\dm mklzZgzZ\eb\zZxl \ azZljZzZ\hggmx ihehklvu]lhj@\hc ebl_
f q_gghc ih\_joghklvx \\ _jo k ihfhsvx ibgp_lZzdarhjEdjpmfIxl a
ghjfZeb d __ ih\_joghklb gZ Ij_[m_fuc m]he "&Z l\fjZzsdgbly jbk
jbkdhc gZ nhjf_ b nbdkbjmxl| ihAfZadhc ba fbdjhghzhkdhk\wa dljh
xsbf §b~rjhebah\Zgguf jZklI\hjhf wib.ekbebdzZlZz

Hij ~ e _gb_ ZabfmlZevghc hjb_glzZpbb j_gl] _ghkljmdImjguf

Hij_ " e gb_ ZabfmlZevghc hjb_glZpbb ijh\thdiblkye imh\ f nt
iehkdhkl _¢c ~ "~ gZ jZ[hg_f Ihjp_ azZljz\db K p_euvxafhjugbgby Ihi
ey jZaf _Idb bkihevamxlky hljZ" _gby g_ hl [eb Zcebkddkile kkdhkl
(024), (024), (204), 204) k m]eh\uf jZkklhygb _f liZ"mkZ hl Dk=H I,
dhkl_c (042), (042),(402) k m]leh\uf jZkklhygb f liZ"mkZ hl D=H

ljb Thgghc ZdkbZevghc hjb_glZpbbelkjpH Zaadkh\dbe b.gby i
j_k_g_gby iehkdhk{4og) k iehkdhklvx ke _~u wlbo iehkdhkl_c
NZxl k gZijZz\e_gb_f > @ Z id0MR)dukigzijZ\e_gb_f > @

J_gl]l_gh\kdzy kt_fdZ ijh\h~*blky gZ bhNEZnpAH BK_bjkibd e ah\
gb_f ]hgbhf_Iljbgq_kdhc ijbkiZ\ddh£®2bd_ [ebadhc d f_Ih”bid_ jZaf I«
Ilh\db ey hjb_glbjh\Zgghc \uj_ailbb azZljZz\hd > %

GZ jbk ij_"klz\e_gZ ko_fzZ djbklZeeh]jZndgdkthjoaoiehkdh
ijh\h~"blky kt fdHBijijph_e _gbb ZabfmlZevghc hjb_glZpbb j _gl] _ghk
f_ Ih~hf

Kg_lgbd "bnjzdlhf_1jZ mklZgZ\eb\Z_4ky dhithgh _ ¢éy gbklh]h
gbd_ey \ bae@udglzhgh 1T f %o f % Ihkdhevdm eZ]lbjh\zZgb
fhf m\_ebqgb\z_| izjzf_Iju j_r_Idb gbd_ey Ih g_Hjjok*bjh\djm\h~ bl
mleZgZ dhgdj_lguc khklzZ\ kiezZ\Z azZljz\db

AZljzZ\dZ mklzgz\eb\zZz_Iky \ ~_j ZI- evKijbfkdlE\djth\AIryl ijb
[ukljhf \jZs_gbb \hdjm] ghjfZeb d iehkdhklb jZ[hq s]lhgblyjptz kdh
hi ~Ah h] fbg >bzZiZahg m]eh\ ih\hjhlZ \hdjm] {gZyghc hkb ]
dj _ie_gghf ebf[_ h[jZzapZ b kq_IgbdzZ h[jZa_p \jisekzhflkljZ\hdjm
kg _lgbd azdj_ie_g \ ihghkhkbhb\ey |

.240 *540 “ . ]JZAmkh\
]1"_ *l_dmsb_ ihdZaZl_eb rdZeu h[jZapZ ]J]hgbhf_IjZz
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(402)

042)
= [010]
(001)

[100] (402)

Jbk DjbklZeeh]jZnbqg_kdb_ iehkdhklb hl dhlhjubijji\he*bdhy kt_ fd
ZabfmlZevghc hjb_glZpbb j _gl]_ghkljmdImjguf f_Ih~hf

MdZazZgguc *"bZiZahg mhehd[kZgfdkbmq_ |hf fZdkbfZevgh]h hlc
g_gby ZdkbZevghc hjb_glZpbb azZljZydbghl [BeH_> @ "mkh\ A
l[jz\db k [)evrbf hldehg_gb_f [jZdmxIky gZ jZggbo klZ”byo dhgljh

Agzdb2iohhl\ _lkiI\mxIl kbff_ljbqguf j_ne_dkzf ~ ~ ihemqg_ggu
\hjhl_ h[jZapZ \hdjm] hkb Jhgbhf_1jZ ih qZkh\H¢ _bdb iprdp\kpZk h\
djZzs_gby \j_f _gb ijb kt_fd_ ~himkdZ_I|ky ihevah\2&lwkyf lbelbdh il
lhevdh hljbpzZl _evguf "bzZiZzahghf m]Jeh\ ih\hjhlZ h[jZapZ

< mdZaZgghf *bzZiZzahg_ hij_* eyxl b nbdkbymmsgb migu khhl
kbfmfzf hljZz" _gbc hl iehkdhkl_c ~ °~ <k_]h @Z AZlgZ\dth]ehwlhf
ijb mkehyah . ]1jZ"mkh\ fh  _| [ulv hl h*gh]h “h q_luj_o IZdbo j_r

H[jZa_p aZzZljz\dz jZa\_jgmluc \hdjm] hkb]higibhl\ IjZ gZ
kiI\mxsbc fZzdkbfmfm i_j\h]lh j_ne_dkz f_"e_ggjlbkhA\hdZabN\NZ_ |ky
\hdjm] ghjfZeb d _]Jh ih\_joghklb kh kkidgjbkiwXhjgh \uoh”bl \ ih
eh” _gb_fZdkbfZevghc bgl _gkb\ghklb j ne dkZIkWih ihkemgdghl k
dh]~Z iehkdhklv ~ ° klZgh\blky iZjZee _evghc ]JeZhgtochF\ jlbdZe
jZ Lh]™"Z ebgby i_j_k_qg_gby iehkdhklb ~ ° k iehkehkI\vkhlhjpz
iZz"Z | kK wlhc hkwdzgh\blky kljh]lh \_jlbdZevghc GZc”™ mggh_ ihel
I aZnbdkbjh\zZlv gZ jZz[hq_f Ihjp_ aZljz\db_jBRéjhd hrtyldly kh_
\k_fb \uy\e_ggufb j_ne_dkzZfb \ \ur_mdZazZgghf "bZiZzahg_ m]eh\

JZaf _1dZ fhghdjbklZeebg_kdhc azljz\db D=H > @

JZaf _1dZ azljz\db D=H > @ j_gl]_ghkljmdbmjjaff FdZhMhf d
ke ~zZf ljZz\e _gby ijh\h~blky iml_f gZg_k_gblyZgdbj2hgdc ljlbj p a
db iZjZee _evghc gZijZz\e _gbyf > @ beb > @ e_"Zsbf \ iehkd

ljb ZdkbZevghc hjb_glZpbb azljz\db liZ"mkHd _hlijp=H >
[ukljhf \jZs _gbb hljZz" _gby hl iehkdhklb ~ ° gZ]@djlbdbcr"dZqZgt
njZdlhf_ljbg_kdh]h hij_~ e _gby djbklZeeh]jZnid_ KdgyxHkly §lZpt
h~"bg ikdm]ehs, jZ\guf 1iZ"mkZ Z2jb&Z |lhjp_ azZljz\db \ wlhf kem
[mAml gZ[ex”*Zlvky ~\Z \aZbfgh i_ji_g*bdmey]|gd@2k¢42)Z+ hl iehk
ke " iZjZee_ e _g gZijZ\e_gbx > @02h(40R kb k) ¢ZjZee e g
gZijZ\e_gbx > @). jbk
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z [
>
~
< -
) [111]
= /_\ _
_;_‘ 402
I [010]
- 402
o | [001] [011]
! 042 | 042
63,5
Mlhe . 1]jZ"mk [100]
Jbk :dkbZevgZy hjb_glzZpby azZlfiZ\HZ 4mikide NOOD 1jZ° By

ke ~u hl iehkdhkl _c

ljb ZdkbZevghc hjb_glZpbb azljz\db [00[]Z “h ki k ch2 kDkyH b
ihevah\zZlv IThevdh h”~gh hljz _gb_ hl ex[hc ba q_lujjf iphkdhkl_
h 1(402).

>ey jZaf_ldb ZabfmlZevghc hjb_glZpbb ~hklZlbegh gdj_"_e
lhjp_ azljz\db b ijh\_klb jbkdm izZjZee_evgkx fhfngh <o Rizhgegitafhk e r
\ZIv ex[hc ba "\mo ke_"~h\ hl iehkdhklb ~ ~ gZ éhjp gla@lyz\db
kbZevghc hjb_glZpbb aZzZljZz\db hl hjb_glZpbb >gb@ Ké&atth\dZxl
iehkdhklb ~  “"hl gZigd0@.gby

GZ jbk ithdZazZgh ihy\e_gb_ g_Ihqghklb ZalgbmhZeelghc hjb
g_gbb ZdkbZevghc hjb_glZpbb gz 11 Z"mKH\ X\ g@ijad\®=¢bb hl@b
kil _j_hljZnbg_kdh]h Ij_m]JhevgbdzZ 1Ijb [ukljhf }j&fd] gpb]jEffZapZ cC

\hagbdzZx!| Ijb fZdkbfmfZkeabjYbcky fZdkbfmf hl iehkd @), c b
\lhjhc b |j_Ithn¢ tehkdhkl_c (042) ith® m]Jezfb khhiI\_IkI\_ggh
1JZ"mkh\
z [
> >
= [111] ~
2 042 042
j 001 402 [010]
;, [001] [011] 202
55';,5 6:II.,76;3,5
Mlhe . 1jZ"mk
[100]
Jbk rabfmlzZevgZy hjb_glZpby aZzljz\db ijb b hgdépbbbgbb Zdkb

9Z 1jz"mkh\ \ gZijZ\e_gbb hl D=H kljZ@ glitt® =ke > u @! iehkphkl_c
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Hij_~ e _gb_ ZabfmlZevghc hjb_glZphb kgbklHZ degtenil ij
\h”*blv gZ j_ne_dk_ k gZbf_gvrbf hleehghaogh _&€hhbgpkit .f
| f =f liZ"mkZ hl ke_"Z iehkdhklb

GZ jbk ihdZazZgZ ZabfmlzZevgZy hjb_glZppyba Zd&bdbe ijb h
ghc hjb_glZpbb gz 1jZ"mkh\ \ gZijZz@ dymkaHI| [PeH Zy klhjhgZ
klzg~Zjlghlh kI _j_h]jZnbqg_kdh]h ljhimkkewvgbdZhagbwl | ih]j_rghkl
hij " e _gbb ZabfmlZevghc hjb_glzZphbkZ Zag2A%k o KeZ *h\ hl iehkdt
N gZ jZlhg_f Ihjp_ azZljZ\hd D=t a gZ@ Z\&b gbtagh hklZ _ITky \
iehkdhklb jZz[hq_]h IhjpzZz azljz\db Ik*gabbtmiZlgvohlckhjb wlZpbb f_
r g_f hldehg _gb_ ZdkbZevghc hjbZglZgbb ]jZ73pmmtm

z

2
E,, [111] 042
: A i
|
o | [oo1] [011]
Gd,l 67‘,2
Mlhe . ]jZ "mk
[100]

Jbk :abfmlZevgZy hjb_glZpby azZljz\db ijb bb [4dkmEZéVvgth hide
hjb_glZpbb gZ liZ"mkh\ \ gZijZ\e_gbb RBL1DhHZ> g@ dkB=Mu hl
iehkdhkl]) c

= [111]
= 042
|
@ ‘ [001] [011]
Mn]he. ]JZ"mk
[100]

Jbk :abfmlZevgZy hjb_glZpby azZljz\db ijb _gtbb FARMmEAdYghd Id
hjb_glZpbb gz liZz"mkh\ \ ijhba\hevghf gZijZhgZgbdbll Pe=eH v hl @
iehkdhklI]) c

GZ jbk ithdZazZgh ihy\le_gb_ ih]j_rghklb \ hihc*hpgh gbb Zab
[Zpbb ijb hldehg_gbb ZdkbZevghc KRpbkig\ApipbbgXheVighfgbBRZijZ\e _
hl D=H > @ ljb kt_fd_ K [ukljuf \jZs\hggmf] h[ljz g jfZzebm h[hbo k
gZyo \hagbdzxl q_luj_ j_ne_dkZ dijb nlegdij_~_e _gby ZabfmlZev:
th glZpbb k fbgbfZevghc ih]j_rghklvix ne[ljZxmlihlhjh]h \_ebqgb
a= A f . A gZbf_gvrZy ih Z[khexlghc \_ebqgbdiklihe kgzi¥dp bjbKkyk
>Ze _ ijb f_"e_gghf \jZs _gbb \hdjm]rgHﬁJZ_é\t)_edy)hl[JfZajpkbgmf bgl_

kb\ghklb ~Zgghlh j_ne_dkZ b gZghkazZdiZ \&hhjbke1Bop = H
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< IZ[ebp_ ij_"klZ\e_gu agZq_gbyo m]gh\fZevxmd.jZ[hg_c ih
\_joghklb azljz\db \ azZz\bkbfhklb hl \_ebqdgtgbh gbp HdKkpHBb viglhc
hjb_glZpbb azljz\db hl gZijZ\e_gby > @ ihkgjgugo dhjtby gh \
[1Zo ] _m]lhe f_""m ghjfZevx d lhjpm aZzZljzZ\dbgbijZx&l b @ +
dehg_gby ghjfZeb hl D=H > @ bk

<_ebqgbgu m]ek\\ aZ\bkbfhklb hl \_ebgbgu b hjb_glZpbb hldehg_gh
ZdkbZevghc hjb _glZpbb aZljz\db hl gZijZ\e _gby > @

:dkbZevgzZy MJeu f_""m gZijZ\e_gbyfb !
hjb _glZpby aZljz\db b ghjfZevx d lhjpm aZljZ\db ]jZ"m
001 001 [402] a | [042] a 202 a a2 a
0 045 63,5 0 63,5 0 63,5 0 63,5 0
5 0 585 | 50 | 637 | 02 | 685 | 50 | 637 | 0.2
5 15 588 | 47 | 624 | 11 | 684 | 49 | 650 | 15
5 30 503 | 42 | 612 | 23 | 680 | 45 | 662 | 2,7
5 45 60,1 | 33 | 601 | 33 | 67,2 | 33 | 672 | 33
[111]

[001] [011]
Jbk DjbklZeeh]jZnbg_kdZy hjb_glzZpby aztjzAdp mKieyghldZniq_ k

.xm]he f_""m ghjfZevx d lhjpm azljz\thb b "D=Hf>eg@ipf\e_glb_ h
dehg _gby ghjfZeb h] #th#H 2h 1iZ"mkh\

<l1Z[ebp_ ih~*g_jdgmluf rjbnlhf hlif_gq _gu j_ne_dku ~ ~ ih k
juo jZaf_qZ_Ilky ZabfmlZevgZy hjb_glZpby ok Zgghloly G
ne _dkh\ gzZbf _gvrZy ih Z[khexlghc \_ebgbg_ghifbjZhgfyghki k hklZ
" _gbyfb hl kh\hdmighklb iehkdhkl_c¢ ~ °

JZaf _1dZ aZljzZz\hd "ey ihemq_gby
AMZ ™u hjb_glbjh\Zgghc kljmdImju hleb\db
>ey ithemqg_gby "\Z ~u hjb_glbjh\ZgghglKigmddnrju @hhijdZ [Za
\hc ih\_joghklb fhghdjbklZeebq_dgdbo_alhl¢Z\hd ].Z*"mkh\ ijbagZgc
]Jh~rgufb ih” [bghdmeyjguf fbdjhkdhihfijblagZd¥Zfrmdgufc ~ _g”jblh\ D=}
[001] hif_q_gh fZjd_jhf \ \b~_ jbkdb gZigZdhehdBazZgh @Z jbk

[100]

% ;;:\M
LTI S ASE LTy ;
Jbk AZljz\db k mdZazgguf gpadpZ\e_gb_f D=H
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Dhgljhev D=H iZjlbb azljz\hd ihemqg_gguo bahhihghk azljz
f Ilh~hf hjb_glbjh\Zgghc \uj_adb ijh\h~yl gZ h~rghd azljz\d
“gl]_ghkljmdIimjguf f=lh™dqwifb ih ZdkbZevghc hjb_glZpbb kqt
aZIjZ\db k hldehg_gb _f hl az~"Zgghfc ghjb_ gllZpbdwkhgufb ih
ZabfmlZevghc hjb_glZpbb kgblzZxlky azZljz\d&glghhddlejiog gdBpb
.100f_g__ ]jZAmkh\

J _amevlZlu b h[km ™~ _gb_

>ey ihemqg_gby fhghdjbklZeebq kdbo hleb\hd Im{ibgguo el
hjb_glbjh\Zgghc kljmdImjhc I bkihevah\Zeb adjjjpAKideeh Zdkb
liZnbg_kdhc hjb_glZpb_c > @ b jZaf_Idhc ZabfrbZevigprkadthjb _.
iZjZee _evghc gZijZ\e_gbx > @ 9Z jZ[hg_f Ihjpijakkpgfdb D=H >
“ey ba]hlh\e_gby \uieZ\ey_ fhc fh" eb hleb\db leZjkbggiidcjehiZIidb
jmxs_c¢ azljZ\hggmx ihehkiv gZg k_gZ jbkdz KhhD=HKI*mx@&Zy it
"ey ehizldb

ljb mklzZzgh\d_ azljz\db \ azZljzZ\hgqgmx ihehklvd&gbMhacghc nh
ehizldb \ [ehd_ kh\f_klbeb jbkdm gZ azZljz\dl_k mkddgt\gZbnhj
azljz\dm \ azljz\hgghc ihehklb jZ[hgbf Ihjphf Z_hiedpAdbnbeyjgh
azZ”"Zeb ZabfmlZevgmx hjb_glZpbx hleb\d_ehiZVWtkhhf\hghbifyazZlj
jbkdb k az~zZgguf ]_hf_Iljbg_kdbf gZzZijz\e_dl_f k jb@dhyZ gazZljz
ebl _cghc nhjf_ ehizZldb >Ze_ _ aZnbdkbjh\ZgBfhgljgkddm f\Zkkipfc c
b ijh\_eb iez\dm gZ mklZgh\d_ “ey gZijZ\e_qgglaendybR|ZeteledZpd b
ehizldz k "\hcguf hjb_glbjh\zZgb_f njzZ]f_glu dhlhjhc ij_"~klZ\e_g

[001] (109

(100

Jbk NjzZ]f_glu i_jzZ fhghdjbklZeebq_kjdod, ehamlgbgdhcHf_Ih hf
"\hcgh]lh hjb_glbjh\Zgby b azZljz\hqghlh dzZjfZzgz d_jzZélygmkthghhdhpfu k
A\Z ™u hjb_glbjh\Zgghc azZljz\db
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AZdexq_gby
lj_~klZ\e_gu kihkh[u hij_"~ e _gby ZabfmlZevghcldlgb_glZp

fhghdjbklZeebq_kdbo azZljz\hd D=H > @ ihemdMgu_ba kiez\Z

ljbf g _gb_ azljz\hd k azZ~Zgghc ZdkéwgehghR=H Zed\inelZ |

ihemqgzlv fhghdjbklZeebq_kdb_ hleb\dh Inaj[plydue ehdazZlZjhijhggu
kiez\h\ k az*"Zgghc ijhkljZzgkl\_gghc kdb&l&ge hgliZmibqgc !

JZ[hlZ \uiheg _gZ k bkihevah\Zgb_ f h[hjm~"h\Zgbly PDI ©

bkiulZgby2 GBP ©DmjqZlh\kdb<cBbgklbIml2 *

10.

11.

12.

13.

14.

15.

Kibkhd bklhggbdh\
DZ[eh\ ? G LhehjZcy < G > fhgbk B F Hj_oh\ G =Zp®¥ijZ\e_g
“Zjhijhgguo gbd_e _\uo kieZ\h\ L_ogheh]by e_]JdboOkiezZ\h\ <
LhehjZcy < G DzZ[eh\ ? G > fhgbk B F L_ogheh]k¥bqgihledbp gby
hleb\hd Imj[bgguo ehiZlhd =L> azZ”~Zgghc djbklZeeh]jZabqg_kdh

j_gbckh”~ jZsbo “Zjhijhqguo kieZ\h\ Ebl _cgezZ\uzjWjhodl ki
K LDbrdbgZz F GZmdz 218. K *

I Ijmrbg G < Hki_ggbdh\z H = K\ _leh\ B E FhghbipmkiZeebqg_k
gbd_e \u_ kieZ\u "ey Imj[bgguo ehizZlhd i_jkipdhm\gwo Zl>jbZe\WbZ

bl _ogheh]bb <163. ROI: 1@.18577/2071-9140-2017-0-S-72-103.

Dz [eh\ ? G ?qbg : ; ;hg”r"Zj_gdh X : Bklhjby jZa\blbggHcogheh]
dibklZeebazZpbb b h[hjm~Ah\Zgby ”"ey eblvy ehiZlhd ]Zahjimjiibgguo
<B:F < KURL: http:/Mww.viam-works.ru *Z1Z h[jZs_gby

DOI: 10.18577/2307-6046-2020-0-3-3-12.

Copley S.M., Kear B.H. Temperature and orientation dependence of the flow stress of
stoichiometric N§ $ O -phase) // Materials Science and Engineering. 1972. Vol. 10. 8587

K\_leh\ B E KmoZgh\ G G Djb\dh -hBb_glbfjhyZggiggyh aZ\bkbfhklv
oZjzZdl_jbklbd djzldh\j_f gghc ijhgghklb fh*mey Xahig tbghj]Hnwnnbp

jZkrbj _gby fhghdjbklZeeh\ @K N ljh[e_fu ijhgghd6lb < K
K\ _leh\ B E ?ibrbg : B Djb\dh : B :gbahljhiby dhwnnbpb_g
fhghdjbklZeeh\ gbd_e \h]h kiez\Zz >:G KKKJ 1375L < K

Djb\dh : B ?ibrbg : B K\_leh\ B B KzkgckH\jfbg kdbo gZzZijy _gbc
| _jfhklhcdhklv Zgbahljhiguo fZl_jbEehNhKehhfiis ijdtgghklb K 9«+
Djb\dh : B ?ibrbg : B K\ _leh\ B E KzZfhceh\ : B Z0jgkggbd _jfbqg_|

b I _jfhklhcdhklv Zgbahljhiguo fZl_jbZeh\ Khh[s_gdhklb ljh[e _fu
< K 48t

>Zevg_\ J: K\ _leh\ B E ;ugdhy G = Hjb_glZpjdbggEkghaZ\bkbf
mklZehklb fhghdjbklZeeh\ gbd_e_\h]h kiez\Z ljh[e_Ku9.phqgghklb
RZebg J ? K\ _leh\ B E DzZqzZgh\ ? ; LhehjZcy < G eew\jbebg |
gbd_e _\uo “Zjhijhqguo kiez\h\ F FZrbghkljt6.gb _ K +
LhehjZcy < G DZ[eh\ ? G Hj _oh\ G = Hkljhmoh\Z = _:dlKljmdImjz
fhghdjbklZeeh\ gbd_e \uo “Zjhijhgguo kieZ\h\ -hjguc bg
ZgZeblbqg_kdbc [xee_Il_gv 202. 6 K *

Dmavfbgz G : Ebnrbp < : IhljZoh\ ?2GG Kjia\Nlgbbhav@uc dhgljhev

kljmdImju fhghdjbklZeebq_kdbo hleb\hd gbd_e_RueaZz\h\Zjhijhq
j_gl]l]_gh\kdbfb ~bnjZdpbhggufb f _Ih*A"ZflZn®ow ZqgZlgjmy®?ub<B:F

<9 Kl URL: http:/Mwww.viam-works.ru ~Z1Z h[jZs_gby DOI:
10.18577/230%604620190-9-15-25.

DmavfbgZz G : Ilvygdh\Zz E : Dhgljhev djbklZeehbjZnbg_kdh
fhghdjbklZeebqg_kdbo hleb\hd gbd_e \uo "Zjhijhqguogkikdhkk\ f_Ih”"
"bnjzdlhf_Iljbb Lim~u <B:F < URL: httg:iAvww.viam-works.ru

NZ1Z h[jZs_gby DOI: 10.18577/2307-6046-2019-0-12-11-19.
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BA KIE:<H< KBKLAF8uiMg

K_eb\Zgh\ LdzZg_gd&kh ;Z['ZghB :klZrdbg

IN_ A _jZevgh_ ]1hkmA~ZjkI\_ggh_ mgblZjdhjhkkbdkhpld-bKkeqgth\Zl _evkdbec
bgklbiml Z\bZpbhgguo fZI_jbZeh\2 GzpbEd ZewlghhhdmkglgZIh\kdbc bgklbimla
Fhkd\Z Jhadabn@viam.ru

:gghlZpbyjb\_~_gu j_amevIiZlu bkke_"h\Zgby dzZq_kl\Zgih\_joghklb
guo ebklh\ ba kiezZ\h\ |IbiZz > gq F_Ih"Zfb f_1Zeeh]jZnbq_kdh]h b nj
kdhl]h ZgZebah\ ihdzZzagZg\Wte gbhkx dmauj_c \ bkke_ ~h\Zgguo ebklZo ijtk
gZebgb_ \gmlj_ggbo ih\_joghkl c jZza”_ezZ \ \breZdahjh\wWkgh\Z ebklt
[zd _ ~_n_dlguo mqzZkldh\ g_dzZq_klI\_gghc k\Zz\ube b&Z& bjhdtabhb hkg
ju_ \ ijhp_kk_ gZ]j_\h\ ijh\h~bfuo ijb bo ba]Jhlh\e_gbb b |I_jfbg_kd
Abnnmg”bjm_| \h*hjh” jzZkl\hj_gguc \ f IZee_belholyljkbbmakbcky gZ
kih\ ijb j_Zdpbb Zexfbgby k iZjZzfb \h~u <uy\le_gZ | _ghkgpby d kgt
|_evgh]l]h m~ebg_gby \ ebklZo k ih\_joghklguflbbximaagkfBfbh[kpZ\g_g
A n_dlh\

Dexg_\u_ kehV\Zjoghklgu_ "~ n_dlu ebklh\ imaujb kh” _jZgb_ \h"h
ah\Zy ihjbklhklv f_oZgbq_kdb_ k\hckl\Zz

>ey pblbjh\Z&byeb\Zgh\ : : LdZq_gdh ? : :Z[Zgh\B< BkkelZhibgb_ dZq
KI\Z ih\_joghklb ebklh\ ba kieZ¥udMgbkl Lfm~u ©<B:F2a 8 (114).KI| 02
URL: http://www.jornal.viam.ru. DOI: 10.18577/2307-6026220-8-14-30.

Scientific article

INVESTIGATION OF THE SURFACE QUALITY
OF SHEETS MADE OF ALLOYS OF THE Al £u#ig SYSTEM

AA SelivanoV, E.A Tkachenkg V.V. BabanovV, Al. Astashkiri

'Federal State Unitary Enterprise $-Ru@sian ScientificcHVHDUFK ,QVWLWXWH oRNat®idl DWLRQ 0DW
S5HVHDUFK &HQWHU ©.MbasEovDRUSRIY, adghivi@Miavd. uW H 2

Abstract. The article presents the results of a study of the surface qofdigdding sheets
made of alloys of the D16ch type. Methods of metallographic and fractogramhigzes have
shown that the appearance of bubbles in the investigated sheets is catiedrbgence ofii
ternal interfaces (in the form of pores in the base of sheets andngpdts well as defective
areas of poor-quality welding of the cladding and production and heat treatinsbeets, di
fuses hydrogen dissolved in the metal or formed on the surface of the shawgsluireaction
of aluminum with water vapor. A tendency towards a decrease in thiveetlongation in
sheets with surface bubbles compared to sheets without defects was revealed.

Keywords: surface defects of sheets, bubbles, hydrogen content, gas porosity, mechanical
properties

For citation: Selivanov A.A., Tkachenko E.A., Babanov V.V., Astashkin Ankestigation of the surface
quality of sheets made of alloys of the Bu#g system Trudy VIAM, 2022, no. 8 (114)pgper no. 02.
Available at: http://www.jornal.viam.ru. DOI: 10.18577/236046:20220-8-14-30.
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<\_"_gb_

<ukhdbc mjh\_gv | _ogbg_kdh]h kh\_jr _gkl\Zhd&dhijo ddlgguo Z\
kljmdpbc \_kh\hc wnn_dlb\ghklb gzZ”_ "ogwhkkbemj| Xphjlk2*hijkb]Z _
ky g_ lhevdh [eZ]h”"Zjy bkihevah\Zgbx fZl_jbZeh)\jkkilbb\dZflggufb
ijhgghklb mklZehklghc “he]lh\_qghklb b dhjjhabhgghk[ kkihcdhklb
g_gbx \ukhdh]h mjh\gy klZ[bevghklb k\hckl\ Z\I#AZp® Aglguo fZI_|j
gbke_ iml_f kms_kI\_ggh]h h]jZgbqg_gby dhledmo kN\\a fdlKkZ\e&rbj]bq
ithevam_fuo ihemnZ[jbdZlZo ba Zexfbgb_\uo kiezZ\h\

>ey |IZdbo ihemnZ[jbdzZIh\ dZd h[rb\hqggu_ ebklu Hka kieZ\h
[ _ ggh kms_kI\_ggh_ \ebygb_gZ bo wdkijdkbdphddgau\20 4jddIiq
ki\h ih\_joghklb \ Ihf gbke_ ih\_jogdh@®Igu_ ~_n_dlu

Lbibggufb » n_dlZfb gZ ih\_joghklb ebklIida\Z\eyilbgk \uo
ky ©imawjdé@ Ba\_klgu hkgh\gu_ ijbgbgu ijb\h*ysb_ d h[jZah\Zg
gZ ih\_joghklb ebklh\ A wlh ij_ "~ \k_]h ih\urbgighbk]B&ahkh”" _j
kebldiY 12@ \dexq_gby \hamoZ beb kfZahqguo fZl_jbZeh\ ihiZz-
f_1ZzeezZ ijb "_nhjfZpbb Z 1zZd _ \eZ ghklv gzZkufhkggljlh p\halt\mo Z
30, 11@

Kms_kI\_ggh_ kh\_jr_gkl\h\Zgb_ f_IZeemj]bq_kdhmeh[hjm~h
]bg_kdbo ijhp_kkh\ ba]lhlh\e _gby ihemnZ[jbdZhhe Mgbs khHYar ggl
ihal\hey | khdjZlblv dhebq_kl\h f_IZeemj]lbgq_kdmKkIZaq_ gbk\ [eZ
ijbgbg bo ihy\d, 13@y

K p_evx mlhgg _gby ijbgbg ihyle gby mdZaZgpghHhh "g4& dlZ
ih\_joghklb h[rb\hqguo ebklh\ ba]lhlh\e _gguo gZ\h"EZeemjhbq_ k
ke _"~gb_ Jh”u ijh\_~ gh bkke_ _"~h\Zgb_j amevlZlu dhliwjh]h baeh

FZI_jbzZe b f_Ih”u

FZI _jbzZehf "ey bkke_ _~h\Zgbc kem ' beb ebklh\u_ p[jZapu h
kdhevdbo iZjlbc h[rb\hgguo oheh”ghdZlZguo ebklh\bhh&sdghc hl
\h\ -J>L< -J>F< -:L< > -qL< > -qF< kh fgh _klI\_ggufb
ih\_joghklgufb ~ n_dlZfb \ \bA_ imauj_c Bbikhib d\d]hd h\ eg gguo
mkeh\byo f_IZeemj]l]bg_kdbo aZ\h”h\ ih k_jbcgéfcclebgheh]tb \d
fh] _gbaZpbx j_adm kebldh\ nj_a jh\Zgb_ key[lhbabhkidZhhé gb _
:> beb :> ieZzdbjh\Zgb_ key[h\ Jhjygmx ijhdZldm hkfblldm iheh
l]hjyqg_dZlZguo jmehgh\ oheh”gmx ijhdZldm hl k] ih“bd@jlZ hdhg
ehgh\ j _adm jmehgZ gZ ebklu hdhggZl _evguc Fl'tbd be eKichA \ kh
dm ebklh\ b ijZz\dm bo jZzkly _gb_f0@khklhygbb L

Obfbg_kdbc khklz\ kiez\h\ hij_"-witekklgizgghffgh dljhf_1j_ Kk
bg"mdlib\gh k\yaZzgghc ieZafhc -QEEO HQ W "bdZ& BB 2013, +
FB * b FB 2014.%

Hij_ " e _gb_ kh” _j Zgby \h*hjh”"Z \ kebldZo ih éygbhihijh[_ |
=HKL 81+

Kh~A _j Zgb_ \h~hjh~Z \ h[jZapZo hlh[jZgguo ba ahg Kkh”"_j
ahg k\h[h”guo hl wlbo ~_ n_dlh\ hij_ " eyeRHENZ |Z2ahFgZebaZl
Leco jZ[hlZ dhlhjh]lh hkgh\u\Z Iky gz f _Ih"_ gZ]j 2ghkbhdeybg jlc
Baf_j _gb_ kh”~_j Zgby \h*hjh~zZ \ ~"Zgghf ijb[h]gblbk § hi\lgihhgZ ba
\h~rghklb \ dhg*mdlhf_ljbq_kdhc yg_cd_ ih” \haj®ZskldbhZa\h~hjh
\hc kf_kb >ey ZgZebaZzZ bkihevah\Zeb g _klzg~Zijlgtf khgjZapu jZ
azZgqbs_gghc ih\_joghklvx ey khojZzg_gby ~_n_dlbkiullzighcijh\_~
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h{jZzapu h[_a bjb\Zeb \ khhiI\_Ikl\bb k f_IhhbebkghaWwlhdybclhK
d_ \ j_amevlZl_ ZgZebaZ mgblu\Zeb Ilhevdh jZklI\hj_gguc \h”*hjh’
Bkke_"h\Zgb_ fbdjhkljmdImju ijh\h~*beb gZ f_IZedkmhi]jZnbqg_Kk
OlympusGX-51ih f_Ih~bd_ B185.
NjZdlh]jZnbg_kdbc ZgZeba ih\_joghklb ebklh\ijleZdbgh\db b
k ijbf_g_gb_f we_dljhggh]h kdZgbjmxs_]h fbdjhkewgzcdfbgl]_ghk
jhzgZeba A gz fIERV/MA hi nbjfCarl Zeissih f_Ih~bd_ -67288.
F_oZgbq_k4dbcklI\Z ijb jZzkly \ gbb/ lijb |I_fi_jZ20fjkhij_
N eyeb gz fzZwiblgRoelih =HKL 4.A
JZ[hlZ \uiheg_gZ k bkihevah\Zgb_f h[hjm h\Zigby kDI ©Deb
IZgby? GBP ©DmjqZlh\kdbxBgklblIml? +

J_amevlZlu bkke_"h\Zgby

:gZeba \b”r"Z » n_dlh\ b hij_~ e gb_ ]Zahkh”_j Zgby \ eb
GZ ih\_joghklb ebklh\uo h[jZaph\ Ihesbghc hl Hjhg_ ff gZ e

bf _ebkv ~_n_dlu \ \b”_ \kimgb\Zgby ihu\Zodhk!|® i/ &zijbg Z abk
JZkiheh  _gb_ nhjfZ b jZaf_ju gZ[ex"Z fuo imaza{d c¢cj4¥memhh[jZa
hgb bf_xI h\Zevgmx nhjfm ebg_cgu_ jZaf_ju hl \ulggmltf\ g_kd

gZijZ\e_gbb ijhdZldb b jZkiheh _gu 4dmiiZzdb kjlgpkqg_qgh)).jbk
F_edb_ imaujb [_kihjy*hqgh jZkiheh _gu ih ih\xjlogh&fibjiebklzZ t

05+ ff jbk ]~ GZ[ex"Zxlky 1Zzd _ _“~bgbgqgu_ ~ n_dlu gZ iezZdb
imauj_c jbk b ke _~u hl kiexs_gguo ijb ijhdzZld_ ebklh\a@ajmiguo i
f jhf v ff Z 1Zd _ 1Ij_sbgu b jZajulu \ ieZdh\d jbk

Ke ~m_| hif_Iblv qglh \k_ bkke ~h\Zggu_ ebkimaithj fe[s_c ie

gZ 2fih\_joghklb g_ khhiI\_IkI\mxl Tj_[h\Zgbyf ghjfZib\ghc ~hd
HKL 92

Jbk <g_rgbc \b” Ibibgguo ~_n_dlh\ IbizZz ©inlaugkke dh\dggpoghk
iezdbjh\Zgguo ebklh\ lhesbghc A~ ffzZia Adez\hy* b > d \
hih " ‘gghf b |_jfhmijhqg _gghf ZhRAlimgityd _ jZkiheht Agbljhg _qgh _

JA [_kihjy*hgg® ~bgbggu_ imAuljbsbgZ b jadjkiexs _ggu_ imaujb
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DZd \b~gh ba ij_"klZ\e_gguo \ |IZ]e b ohdgulo ilk2dldb "Ne
jh\db ba dhlhjuo balhlh\e_gu bkke_~m_fu_ ebhklZ\mhbghhhg kdh
“Zgbx \h~*hjh”rZ khhiI\_IklI\mxl Ij_[h\Zgbyf ghjfZkb\¢hg 2dknkie glZp
Am_I| hif_Iblv qglh ih kh”_j"Zgbx \h*hjh*Z \ keéebhédhZ[hhdE|ld m _f
fh gh jZza”~_eblv gZ ~\_ ]jmiiu < i_j\hc ]jmdihjhh gzZzogbblky gZ
\_jog_fij_"~_e_ 349Z kf] f_IZeeZ Z \ kebldZo \lhjhc ]jmiiu kh-:
\h~hjh~Z kms_kI\_ggh f _gvr_ 3 gzZ=+ ] kflzeezZ 1jb bkke "~h\Zg
ebklh\uo h[jZzaph\ k »_n_dIlzZfb ijh\_~_gh hij_" hjhdB \Kd[}Z] Zgby
pZo hlh[jZgguo ba ahg kh”_j" Zsbo imaujb b ahg k\h[h”guo hl

LZ[ebpZ
Obfbg _kdbc khklZ\ kebldh\ *ey ieZdbjh\db
N : KhA_j
Kh” j"Zgb_ we_ f_glh\ ih fZkk _ “Zgb_
Kiez\ \h~hjh/
Cu Mg Mn Fe Si Ti Zn Cr k f ]
F_
_ 0,009+ | 0,013+ | 0,007+ | 0,26+ | 0,110+ | 0,09+ | 0,023z
> 001 | 002 | 0012 | 0270| 014 | 0,100 | 0,1 * 10146025
_ 0,04+ | 0,850+ | 0,60+ | 0,2+ | 0,920+ | 0,04+ | 0,044+ | 0,010+
+>35 0,049 | 0,90 0,7 0,3 1,0 0,05 0,09 | 0,024 | 0187925
>
=HKL | 0,02 | 0,005 | 0,025 + +
A
:>35
HKL ’ 0,84,4| 0599 ~ 0,84,2 + +
A
MklZgh\e _gh 1Z]e glh kh™ _j Zgb_ jzZklI\hj_ggh]lh \h~hjh”",
klh\ khklzZ\ey | hl 4% 14 kff _ 1ZeezZz WIh kms_klI\_ggh [hevr_ |
gby \h*hjh~Z \ bkoh”~gul&Z[lebl®dZo b \ + jZaZ ij_\urZ_| “himklb
H K L90070« b L-801-006+ Z |Zzd ' _ agZgbl_evgh [hevr_ kh”™ _j Zgb

NZ \ f_IZee_ ijbq_f dZzZd ijZ\beh \ ahgZo khhijeogdkybimbalujht g:
hif gz Iky [he__ \ukhdh_ kh”_j Zgb_ jZkl\hj_ggbkhk\lahrgjAftZ ih |
k\h[h~gufb hl imauj_c gZ ih\_joghklb
LZ[ebpZ
Kh” jZgb_ \h*hjh”~Z \ bkke_ _"~h\Zgguo ebklZo \ aZzdZe gghf L
b hilh" gghf F khklhygbyo

Kiez\ LhesbgZ AhgZ hi[hjz Kh~ _j°Zgb_ \h~hjh
khklhygbh ebklZ f{ h[jZzaph\ ba e| kf 1 F_ ih fZkl
. . 0,40:0,62
11631 L < Kimaujyfb (0,0000368,000055 )
> aib< 22,0 0,310,55
1163-J>L < oA i L8,
,—a imauj_c (0,0000288,000049)
K imaujyfb 0,726,78
1163-: F < 1y (0,0006416€,000069)
1163-J>F < 3,04,0
> ¢:F< ;_a imauj_c 0,57:0,66
— - (0,000051:€,000059)
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KhihklzZz\e _gb_ ~Zgguo ih dhebq_kl\m \h~"hjh”~Z & bkbh”guo k
b ebklZo ihke_ hdhgqzZl _evgh]h hl'b]Z beb aZzdZedbv 1d{e” h iha
\ebygbb "“ebl _evguo | _ogheh]bg_kdbo gZ]j_\h\_ijb mipkgdZpbb h
s c|l_jfbg_kdhc h[jZ[hld_ ebklh\ gZ kh”_j Zghbnv|hf gdo Wh*kejh”Z
kI\m | [he__ \ukhdh_ kh”~ _j zZgb_ \h~hjh~Z \ hlh'> _dbgd ebklzZo
100] F_ dhlhju_ gZoh”bebkv [he__ "“ebl_evgh_ \j d¥]j_ w2 g \
ijb I _fi_jZImj 420 \u”~_j°db b hoezZ ~ gby ih kjZ\g_gbb k aZzdZe
kiZfb + ° &z ] F_ m dhlhjuo \j_fy \ha”~_ckl\by | _fi_jzZI
500K g_ ij_\urz | q Z 1Zd _ kh kebldzfb A RP80+j*Zghfg2Ah~hjh~"zZ
] F. Ke_~m_I| hif_Iblv qlh fZl_jbZe ebklh\githf*\_ pjghedky ~ebl _
g_kdbf gz]j_\zf ij_~r_kl\mxsbf | _jfbg_kdhc hhpiidld _ijlzdzad
b hl'blm ]Jhjyg_dZlZguo jmehgh\ h~gzZdh ijh*hehbl”eygdrklv wlbc
e_gguo b hlh™" _gguo ebklh\ h*bgzZdh\z

LZ[ebpZ
J _"bfu |l _jfbg_kdhc h[jZ[hldb bkke ~h\Z#4@uo ebklh\
. R H[s \j
| <br | NZdlbg J "bf\u~r_j db NZdlbg f [ _Z_]__J\
Kiez\ ) . — kdh_\j| fy 9Z]j_
I_jfhh | kdh_\j1 | fi jZIm| 1jh~heb “Al Qb 1_jh
khklhygh iZ[hidl gz]i \Z hoeZ_ .
_ K | _evghkly gby h[jZ[hld |
1163 :L <
> g:L< AzZdZe 0,5 492500 0,25 1,5 k 0,75
1163 J>L<
1163 : F <
1163J>F< | HI b] 68 380420 0,5 5,5+ d 6585
> ¢:F<

M\_ebg_gb_ kh”_j Zgby \h~hjh~Z \ ebklZo \ ijhipfukk_ gZ]j_
ijb bo balhlh\e_gbb b |_jfbg_kdhc h[jZ[hld_k fifjhpl_kklZfk\y&Zgh

nmabb b jZkI\hj_gby \ f _IZee_ \h~hjh~Z h[jZamedk]hkyijgZ ih\_
i _ Zdpbb Zexfbgby k iZ$Z@ \h~u

F IZeeh]jZnbq_kdbc ZgZeba

Fbdjhrebnu ey bkke_~h\Zgbc \uj_azZeb ijb ihfhsb dhfie_dk.
Ilh\db ~ey f IZeehnbabqg_kdbo bkke_ "~h\Zgbc nbpfzs 6 WifXigLhv k r|
ihal\hebeh h[_ki_qgqblv g h[oh”bfmx ehdZevghklv hl[hZgbly[jZaph)
kljmdImju \ ahg_ imauj_c

Bkke_ ~h\Zgb_ijh\h*"beb gZ fbdjhrebnZo dzZd [_a &jZ\e_gby |
N ckl\by j_Zdlb\Z D_ee jZ

Lbibgguc \b” fbdjhkljmdIimju b ~_n_dlh\ \ Zok kea ‘kme Z uto\ e b k
1163-J>L< :F< >:fg< > gqL< \ ahg_ imauj_c ij_"klZ\ebg gZ jbk
< kljmdImj_ \k_o bkke_"h\Zgguo h[jZaphhhhbklfKIHkdZgB\e begdd
jmxs_f keh_ 1Zd b \ hkgh\_ &kklmjmpkzZy nhjfzZz ihj k\b”~_1_evkl\
h[ bo nhjfbjh\Zgbb \ ijhp_kk_ I_jfbg_kdhc h[jZ][hlidguebkZlke jbk
Am_fu_ ba kebldh\ ijb ijhdzZIld_ kiexsb\zZxlky mlijbh[phlZml \uly
jbk ~ < hI*_evguo h[jZapZo h[gZjm _gu ~_n_d&ldugghgzkldb
k\Zjdb iezdbjh\db b hkgh\gh]h f ,IZeezq pdkieZdbjh\db & \b"_ jZ
jul\Z b Ij_sbgu \ iezdbjh\d_ \ ahg_ ~_nhjfbjh\Zggauwo i¢h bjekdzld _
jZ° _gguo gZ jbkijb\_~ g gZ dbk
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Jbk FbdjhkljmdImjZ Ibibgguo ~_n_dlh\ \ ihi_j_ dqldefsbghec gbb e
A ff ba kiez\h¥Xvald b > g [_a |jZ\e Z0bA imaujjBihju \ hkgh
\_ ebk? ihju \ iezdbjmxs_ fAkemju \ hkgh\_ b ieZdbjmxsAf ¢geij

\Zj iezdbjmxs_]h kehy d hkdhihjebklkgh\ ebklZ b g _ijb\Zj iezdbjm:
kehdA jZaju\ b Ij_sbgZ \ iezdbjh\d_ ljZz\e_gb_ j_zZdIb\hf D_ee_jZ

HIf g _ggh_ jZg_ _ jZaebqgb_ ih kh”_j"Zgbx \h"hjth”"Z g _kebld:
ijb\_eh d azZf_Ighfm \ebygbx gZ dhebq_kl\h bhj)\Zadgjklidh azjd c g:
e _gguo beb hlh"" _gguo bkke "h\Zgguo ebklh\

>ey \uy\le_gby a_j _gghc kljmdImju \ ebklZo ilnfekigkld\guo \ h
ygbb F aZ]lhlh\db ~ey fbdjhrebnh\ ih?\_j]Zeb AaggwZedkbkkk bk
bf_xI a_j_ggmx kljmdIimjm Ibibggmx 7~ey ebKIMxjZexkbgzZ\h\ |
jbk ZH]Kj_~gbc jzaf_j a_jgZ \ hkgh\_ ebklh\ \ iehkddriZblijhdzld
200fdf qglh khhI\_IklI\m_ 1| |j_[h-BA@OGEf LM b HKL 92. +
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B e e R e
Jbk LbibggZy fbdjhkljmdimjZ bkke ~h\Zgguo ebklhiielAes\bghc
1163-J>FJZ\ ] b > -gf< [ \ iehkdhklb ijhdzldb 1jZ\e _gb_ j_Zdlb\hf D_ee

NjZdlh]jZnbqg_kdbc ZgZeba

NjZdlh]jZznbg_kdhfm ZgZebam ih”\_j]Zeb ih\_joghlkdv ebklh\
1Zzfb Z 1Zd _ ih\_joghklv baehfh\ bkdmkkl\_ggmihemqg_gguo \ wl

ljb jZaj_ad_ g_j_a ~_n_dlgmx h[eZklv k imaujyffbbabklh\ Ih
kiez\Z -J>F< ijhbahreh qZklbggh_ hl*_e_gb_ ieZdbjmxs_]h keh:
kib ebklz jEK Bkke_"h\Zgb_ ihdZaZeh qlh \gmlj_ggwyy ih\_jog
xs_]h kehy jh\gzZy g_ kh”_j bl ke_"h\-ejblmidkéNoay dE4l b pb k
lh” keh_f ieZzdbjh\db gZ ih\_joghklb ebklZ gZ[jeaNgxtke [dyahf_jg
gZklbpu jzZzaf_jaffdf £J_gl]_ghki_dljZevguf fbdjhZgZebahf mklZgh
wlh gZklbpu gZ hkgh\_f _~b \oh”ys c \ khklI& lkisD\Z 4dbke
dbjmxs_fm kehx \u”_e_gguc njzZ]f[_ollzdZ jgk[ex”Z_lky jh\gZy it
\_joghklv k jz\ghf_jgh jzZkij_~_e_ggufb gzklbpzbk g,Zahlxghn\_ f_~»
ih\_joghklb ebklzZ ijbkmlkI\mx| m]lem[e_gby[jZgahkiB&ib bkyewgh h
amevlzZl_ "~ nhjfbjh\Zgby \ oh”_ ijhdZldb bf_xZbojlbyZeZ kggjmdIm)|
kiehrghkl _c IbiZ ]J]Zah\uo ihj jbk -kdhhebgbpht@uwWdddexqg _gbc
ke "h\ wimevkbb kfZihdbib\ljoghklvx imauj_c g_ \uy\e _gh

GZ ih\_joghklb ebklh\uo h[jZa$p hi\ blaekbegh&-: F<djhf_
imauj_c gZ[ex™"Zxlky lj_sbgu \ ieZzdbjmxs_f KelkedZibdg@& ggu_ k
[ < lj_sbgZo ijhkfzZljb\Z_Ilky ih\_joghklv ebklZkidh ke HAfH ieZkl
pbb jbk\x_ < ki_dljh]jZffZo kgyluo k I1Zdbo mqgzZkldh\wegZ[ex"Zx
f_glu \oh”ysb_ \ khklz\ kiez\Z b ibdb Hbbg Kklke Zjihkc).bg!l_gk
<klj_qzZxlky 1Zd°_ mqzZkldb k jzZ\ghf_jgh jZkpZfb_ ¢gZadujif qZkl
12 fdf jbk ab < ki_dljh]jzffZzo kgyluo k wilbo qZklbp fijbkmlklI\n
Ab ih\ur_gghc bgl_gkb\ghlkdlb irybkbfhfm khhil\_IklI\mxsb_ \lhjbggu
gZklbpZhZau Ibibgguf ~ey kieZ\h\ |biZz ZgZeh]bggh j_ame
~_gguf gZ jRk
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X10 2mm 2433 47 52 SEI

g : T ¢ o > :
") 20" K500 ~50pm. 2449 4652SEl

gkb\ghklv

Bgl_

N

lllZEliE7EE|U|IIZ1515|S|EI?
Wg_jlby dw

20kV X200//100pm 2452 48 52 SEI

Jbk <b” ih\_joghklb h[jZapZ ba ebklZ Ilhesbyghe Z [fthdie&\Z
gb_ ieZdbjmxs_]h kehy hl ih\_jeabdrklb_gbklyZih\_joghklv ieZdbjmxs_]h k
]+ih\_joghklv ih” ieZdbjmxsbiqgkZe&khbpu gZ ih\_joghklb ih” ieZdbjmxsbf
_f_xki_dljh]jzffz kgylZy k gl4kbtbmzZ \ ieZzdbjmxs_f keh_ \ul_e_gguc
f_glazx\b” ih\_joghklb ih® ieZzdbjmxsbf keh_f
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Ve s T}

20kV X500 439" 47 52 SEI J20kV . X300 - 50pm  2448. 47 52 SEI

? £
- ¢
i

i, -%300 4.5

Jbk Kljh_gb_ ih\_joghklb h[jZapZ ba ebklZ IhesbdghsZ+ibkiez\Z
imaujy k hi~_eb\rbfky iezdbjmpdsbmkem[d _gby gZ ih\_joghklZ ebklZ ih”
dbjmxsbf kehtm]em[e_gb_ \ mqzkld_ \u’.e& jgghf «H FaK
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N
15
X30 | 500pm 2401 1252 SEI™

/ X30 500um 2392 1252 SEl

gkb\ghklv

Bgl

T T T T T T
12 13 14 15 16 17
Wg_jlby dw<

gkb\ghklv

Bgl_

Wg_jlby
Jbk Kljh_gb_ ih\_joghklb h[jZapZ ba ebklZ Ihesbghf [ £ff kiezZ\Z
lj_sbgu b ~ _n_dlu IlbiZz ©imaujv2 gZ ih\_joghklb \AhtlZ aglggu kbj\let Zfb
ih\_joghklb ebklz \ Ij tshgZklhd ih\_joghklb \ Ij _sbg_ k dhlhjh]h kgyl:
1iZffZ° tki_dljh]jzffZz kgylZy k \u”_e_gahJhgilglbpldZh” ieZdbjmxsbf
keh_fz+ki_dljh]jzffZz kgylZy k qZkllbpu gZ jbk
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GZ ebklh\uo h[jZapZo balkieZ\NBesbghc ff jbk b b lhes
ghc ff jbkb ebklZ lhesbghc ff ba kieZ2\Zbk) q_j_a i\ _j
ghklgu_ ~ n_dlu \ \b”_ imauj_c ihemqgbge hfid doiad |slggu b ”
baehfh\ ijb\_~_g 9Z8bk[b Z[ <h[eZklb imauj_c gZ[ex*Z_Ilky hl*
gb_ iezZzdbjmxs_]h kehy hl ih\_joghklb ebklh\ Gh ilk\Zgbgmklb eb
sbf keh _f |kamlkl\mxl ke _~u ~_nhjfZzpbb \ hlebigvgbhbl Febklh\
kdhie gbc f_ Avkh”~ _j " Zsbo qZkap g_ 9gZ[BExbZ Vk@ Z|bknylj
g c ih\_joghklb ieZdbjmxs_]h kehy \ hlp3ddpZe bjd Kjie\d\Y
e_gguc mgzZglhdgbk[ Z 1Zd _ ba kigZL& >jbk ] \u”_e_ggdc mq
klhd gZ jblk gZ[ex*Zxlky m]em{epdhfmh h[jZah\Z\rb_Kky ijb ~_nh
fZpbb \gmlj _ggbo ihj \ oh” ijhdzZldb BaehfugtbhklIkh gtadh yf
Ibibggh_ "ey Zexfbgb_\uo k|e4‘8h’(\ _jioks _ IThfbfh yfhd \ baehf
ijbkmlkI\mxI| ihju jbk 0Zjzdl _jbamxsb_ky kleZ  gguf j_e\
(jbk ", & < baehf_ 1zZzd _ ijbkmlklI\mxl mqzZkldb kh kNEjlmgguf j_e
gu_ lj_sbgu b ihjQ, " jAk

et e G * 7
520KV X150 ' 100um" 2459 ;4152 SEl

20kV X15 1mm 2457 4552 SEI

Jbk Kljh_gb_ baehfZ h[jZzapZ ba ebklZ IheshgphcZz+th{klkéez\Z
\b" baehfzZ k \u”_e_gguf *"_n_dlhf ieZdbjMxe_Jdbkeilrydbjmxs_]h kehy
ih\_joghklb ebklZ \u”_e_gguc MmFxZkirdyadhbk fhqguc j) ewihn
ju \ baehf_
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T — ":‘A\__
20kV X45 500pm 2470 16 52 SEI

{f
Y

/

500  50pum 2484 2252 SEl

: 3 JL; e » »,f .
X500 Jbomp 2478 16 52561 Yl

Jbk Kljh_gb_ baehfZ h[jZapZ ba ebklZ IlhedbgkZ+thf$§kdie\dVZ
baehfz k ~_n_dlhf ieZzdbjnixssh[[&dzkeshy*_n_dlZ k \u”r_e_ggufb ahgzZfb
\'tih\_joghklv ebklz \ \u~_e_pgm¢eah@_gb_ \ ih\_joghklb ieZdbjmxs_]h
\ \u®_e_gghc ahgzt\yadbc yfhgguc j ,ewtmqgzZkldb baehfzZz kh kleZ _gg

ih\_joghklvx
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X20 imm 2505 37 52 SEI

20kV+ X500 50pm . 2508 39 52 SEI

20kV - X380 BOpm 2507, 39 52SEl

Al

Jbk Kljh_gb_ baehfZ b ih\_joghklb h[jZapZ ba ebklZqgllhesbghc f
Zxh[sbc \b” baehfZ k "_n_dlhf iezd{jinkpedklkehy_dlZ k \u”_e_ggu
mqZkldihef\gmlj_ggyy ih\_joghklv ieZdbjmxs]dm[lketgyo _ \ ih\_j@aghklb ie
dbjmxs_]h kehy \ \u~_e_gdghf+tiypaibld yfhqguc j_ewmgZklhd baehfzZ kh

klez' _gghc ih\_joghklvx ihju ihdZaZgu klj_edZfh b\lhjjbdgaehj _sbgz
f  inhdzazgu kij_edzfb

-

F_ozZgbq_kdb_ k\hckI\Z ebklh\
DzZd \b~gh ba "Zgguo IZ[e gZebqgb_ ih\bjdgimkdgypocrgn_ dl
ijb\_eh d mom~r_gbx ijhgghklguo k\hckl\ bkkeéhébbgdhguo eb
2,5+ ff ba kieZ\h\U>L< b -:L< h~*gzZdh ijhke_"b\Z Iky |_g”~_g
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d kgb' _gbx 0Zjzdl_jbklbd ieZklbgghklb ebkkh~kj[Bgb f\utknhdb f
ih"Z ijb wlhf ih nzdlbgq_kdbf agzq gbyf f\Z Zkbhd\ Kikb\mxNh ck
lj _[h\Zgby f-80M006¢ b HKL 92 +

LZ[ebpZ
F oZgbg kdb_ k\hckI\Z ebklh\ Ilhesbghc + ff ba kiez\Z
Kh~_j zgt
Khkihygb_ | Lhesbg| kg 1, G ARy
hljZapz ebklz f Fiz Flz % ? J] £ |
20 8010 190495 24,024,0 0570 66
J>F< 86 192 24,0
30 8085 180485 215220 0.72:6 78
' 83 183 22,0 e,
310810 450455 22,0225
3.5 310 455 22,0 0,408,52
320825 460465 23.524.0
J>L< 3,5 32 60 555 0,319,37
310810 440450 20,022.0
2.5 310 455 21,0 0,409,45
_ 310810 450455 20,523,0
L< 4,0 310 50 20 0,42:9,55
_[h\Zgby ih| 1163 J>F< ®5 145235 .
L M-8010062011 1163J>L< -« . . 0,25
Lj [h\Zgby ih , . ’
HKL 0% 1163 :L <

H{km ~ _gb_b aZdexq_gby
GZ hkgh\Zgbb ijh\_"*_ggh]h f_Ih"Zfb f_IZeeh]jZmpgkkiih]h n
]h b ]Zah\h]h ZgZebah\ \k klhjhgg _]h bkke Mhh\Pgesyp dificzaph\ ba
Ah ff kiez\hvJ>L< J>F< (F< > gL< > -qF< k ~_n_dlzfb
kljmdImju \ \b”_ imauj_c gZZH\Z_db_ngI_(hbnevIZIh\ hij_~ e gby f_o
kdbo k\hcklI\ ijb bkiulZgbyo gZ jzkly gb_ fh ghd&®gedbwy ke "mx
<k_ bkke_"h\Zggu_ ebklh\u_ h[jZapu g_aiZAblkZfcho pH\dbeZ\Z
bf x| ZgZeh]bggu_ ~ n_dlu
GZjy™m k ~ n_dlIzfb IbizZz imauj_c mklZgh\Ww gu mjdijlb_ hk
kljmdImju ebklh\ ba kid2Lk\ J>F< >Lg > -qF<
+ihjbklhklv k jzaf_jhf ihj A fdf dzd \ hkgh\griZtbljhad 1Zd
bkke_ "h\Zgguo ebklh\
+A n_dlgu_ mqgZkldb g_dZg_klI\_gghc k\Zjdth]ireZ2dbjb¥Edb \bhhkgt
N _evguo h[jZapZo
tlj_sbgu \ ieZdbjmxs_f keh_ \ ahg_ imauj_c
tm]Jem[e_gby gZ ih\_joghklb ebklh\ ij ~iheh bl _evgé¢Zh[jZah\Z'
| _ A _nhjfbjh\Zgby ijb ijhdzld_ bf_xsboky \ &Fngdlkiehrighkljb&
lbiz ]Zah\uo ihj
< bkoh”guo kebldZo kh~_j Zgb_ \h~hjh~Z khhI\_Ikl\m_]I
HKL90070+ b khklz\e¥ygl kf ] f_1ZeeZ
+hi ~h A\ kied¥vL< J>F<
+0, A\ kiezZ\ _-»2L<q
+0,09+ A\ kiez\-:B<q
< ebklh\uo h[jZapZo kh”™ _j Zgb_ h’\héh"z g_ kwhiI\_IklI\m
L M-801-006+ b HKODO70+ b khklzZ\ey | hl kff_1ZeeZz
I\ + jZaZ [hevr_ q_f \ kebldZo
:gZeba nhjfu ihj \ ebklZo b ~Zgguo ih kh” _j"ZgBEw» \h~hjh:
b ebklZzo hij_~_e_gghfm ijb ]Zah\hf ZgZebZad hkygleHdgblbklihjp I
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\ bkoh”guo kebldZo ihju \ulygmlu \ gZijb\e Igdbb " [nh[fZpb\Zgbb
ihj ba ~_n_dlh\ kljmdImju ijb ijhdZld_ beb hhhbRdh§zZzaZ\hZeem]j
jZ\ghhkgu_ ihju gieidbbjh\db d hkgh\_ ebklZz

F_ozZgbq_kdb_ k\hckI\Z b kj_~gbc jZzaf_jlAdeggZbkké&ghhyhnf f_
guo ebklh\uo h[jZaph\ khhI\_IklI\mxI-8p1-po6Z gbyb IHWOD07002,
h~rgzZdh ijb m\_ebqg_gbb kh”_j"ZgbyhlH2Qph NEW le lgidl dgmplb’y g b x
bo hlghkbl _evgh]h m~ebg _gby

GZb[he__ \_jhylghc ijbgbghc ihy\e_gbyhiiggjuoc ebkkko kem'b
gZebqgb _ \gmlj ggbo ih\_joghkl ¢ jZzakgdXghfi\d~A|Zed ebklh\ b ieZ
jh\d_ Z 1Zd _ ~_n_dlguo mqgZkldh\ db@&zZgbkh\ddpghchkyghj\gh]h f_1Ze
ebklZz \ dhlhju_ \u”~_ey_ |ky \h*hjhhpa d\\h~*h]h?jZk])Zamxsbcky gZ
\_joghklb ebklZ ijb j_Zdpbb ZexfbglyijhpZkxfbijedpddb beb hi'b]Zz

Kibkhd bklhggbdh\

DzZ[eh\ ? G Hkgh\gu_ gZijZ\e_gby jZa\blby fZl jkdbb\l"egbdbbzZdtl

XXI'\_dzZ I_jki_dlb\gu_ fZl_jbZeu K 36k

DZ[eh\ ? G Bggh\Zpbhggu_ jZajZ[hldb NX¥XWINOKBEZ&ERaZ@Bbb©OKIjZI_]

g_kdbo gzZijzZz\e_gbc jZza\blby fZI_jbDbehi_b_[Z¢glddh ptzci _jbhh ~h ]

NZ3& :\bZpbhggu_ fZl jbZeu b | _ogheh]bb K33.POIl: 10.18577/2071-

9140-2015-0-1-3-33.

3. :glbih\ < < |_jki_dlb\u jZa\blby Zexfbgb_\uo HiXJgbkilasd\tb\ I'bd¥ g
ba” _ebc Z\bZghkboph kdhc | _ogbdb ‘\bZpbhggu_ fZl_jbZeu b |_og
< 6 H86#94.DOI: 10.18577/2071-9140-2017-0-S-186-194.

4. DZ[eh\ ? G KlzZgh\e_gb_ hl_qgq_klI\_ggh]lh dhkfbqg_kdhdhklifghddjbZeh
JNNB 3«K  165.

5. Njb”reyg”_j B G :exfbgb_\u_ kiezZ\u \ e_I1ZIl_eMgwa Z||Zj;ZIZob\ i
2001+ 11 L_ogheh]by e ]dbo kiez\h\ 1217. « K

6. >mxgh\zZ < : G_qZcdbgzZ L : Hlehrdh\ F K Ydh_\Jek_l\_dIE\gLE_hgh\
jZajzZ[hldb \ h[eZklb e_]dbo fZl_jbZeh\ ~ey kh\dht_pgdgbdbbzZdhkbébq_
gheh]by e _]Jdbo kiezZ\h\ 43. < K *

7. K_eb\zZgh\ : : LdZg_gdh ? : lhih\Z H Bukhdhdghdguc Zexfbgb \uc *
nhjfbjm_fuc k\Zjb\Z_ fue kieZdy<” |1Ze ¢ kbeh\h]h gZ[hjZ ba® _ebc kh\
Z\bZpbhgghc | _ogbdb Lim~u <B:FKI 85/ KWWS -wakszuYLDP
NZIZ h[jZs_gby 10.18572/2307-6046-2017-0-211-

8. Dbrdng K B Khijhlb\e _gb_jZajmr_glb=Z¥WexfBgbF\ldelemj]lby k

9. :leZk kljmdImj kebldh\ b ihemnZ[jbdZIlh\ ba Zexfbfgb<\Bo :kln¢Z\h\ il
dng < B ?eZ]lbgZz E F Obljh\Zz F F_lZeemj]by

10. :exfbgb_\u_ kieZ\u KljmdImjz b k\hcki\z |heng_NLb0:iZ<I|ha\Z‘Hﬂ\ Zexfb
ihn j_~ < B ?eZlbgzZz < :_BwZgh\Z jZ[ b "hi F F_lZe&mj]lby

=

N
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bgklbiml Z\bZpbhgguo fZI_jbZeh\2 GzpbEd ZewighihhbkkegljZ ©DmjqZlh\kdbc bgklb
Fhkd\Z Jhddkin@viam.ru

:gghlZpbkgms_klI\_ggh_ kgb _gb_ ihjh]Z i_jdheypbb m]e_jh*kh”_j Z
\ I_jfhiezklbgguo dhfihablZo fh _I| [ulv "hklb]gmlh ijpdakh_"_e_gbb
gZevgh]h gZihegbl _ey g_ ih \k_fm h[t_fm dhfihablZzbighebgh \ ]1h qZ
kbe \azbfh”~_ckl\by nmgdpbhgZevguo gZklbp ~jm] k ~pml]ihf b ihebf
ebf_jguo nZa f_""m kh[hc imlI_f \u[hjZ gZihegbl_eylh\Zd _dh\Ze_glgh
ghc fhrbnbdZpbb Z 1Zd _ khklz\Z ihebf_jghc kf_kb y\eym lky wnn_d|
f glhf "ey ihemqg_gby | _jfhieZklbgguo dhfihablh\nkngdpBEwgzné mjh\g
guo k\hcklI\

Dexq_\u_ kelhyZhiezZzklu we_dljhijh\h~ysb_ k\hckI\Z kzZZ mle_j
gZghljm[db k_]j_]Zpby nZa fhjnheh]by kljmdImjZ

>ey pblbjh\Zddyw jZrhy K < Kheh\lvygqgbd E < FhpbZgbhazpby Waitdijhij
\hrysbo k_I_c \ |I_jfhieZklbgguo fZl_jbjdeo <B[&h]j < . 03. URL:
http://www.viam-works.ru. DOI: 10.18577/23®0462022-0-831-48.

Scientific article

SELF-ORGANIZATION OF CONDUCTIVE NETWORKS
IN THERMOPLASTIC MATERIALS (review)

S.V. KondrashoV L.V. Solowyanchik LA Minaeva

'Federal State Unitary Enterprig $-B@sian ScientificScHVHDUFK ,QVWLW XW HoRNat®¥dlDWLRQ 0DW
5HVHDUFK &HQWHU ©O.MhsEoMPRISRIY, adihivi@Miavd. M uwW H 2

Abstract. A significant reduction in the percolation threshold of carbon-contaamtcles
in thermoplastic composites can be achieved by distributing the functional fillevarahe en-
tire volume of the composite, but only in its part. Regulation of the fafdeseraction of fulg-
tional particles with each other and polymer phases, as well as polymer pirvasesthen-
selves, by choosing a filler, its covalent and non-covalent modification, lbasxthe compas
tion of the polymer mixture is an effective tool for obtaining thermomagimposites with a
given level of functional properties.

Keywords: thermoplastics, electrically conductive properties, carbon black, carbon nano-
tubes, phase segregation, morphology, structure

For citation: Kondrashov S.V., Solovyanchik L.V., Minaeva L.A. Self-organizationarfductive networks
in thermoplastic materials (review). Trudy VIAM, 2022, no. 8 (1lgaper no. 03 Available at
http://www.viam-works.ru. DOI: 10.18577/23®0462022-0-831-48.
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<\_"_gb_

Dhfihablu gZ hkgh\_ | _jfhieZklbgguo ihebf_jh\ g&foh”yl rbjf
gb_\ jZaebgguo hljZkeyo ijhfure_gghklb \ Ihf gkkeé_3|ZxbZpbhg
<aZ\bkbfhklb hl Ibiz ihebf_jghc fZljbpu nmgdplelygBelvohglih gZit
eh]bq_kdh]lh j_"bfzZ ba]lhlh\e_gby 1Zdb_ fZl_jbaeugighom&ihez”ZI\
dhklvx d obfbgq_kdbf b nbabg_kdbf \ha”_clklbbydvghhyVveghvgagdgb
f oZgbg_kdbo | _iehnbabq_kdbo we_ dljhnbabg7dkdbo b "jm]bo k

< kh\j_f_gghf fbj_ ijb*"Zgb_ nmgdpbhgZevgwd kXhcpl\ ihebf_
eZf b dhfihablzZf gZ bo hkgh\_ y\ey |Iky h”ghoobaZdZlg[tkd\] ZdlI
f _ ggh]lh fZl _jbZeh\_~ _gby LZd gZebqgb_ m ieZkdbldckIwaa hdljhijh'
\hey | g_ Ihevdh j _rblv ohjhrh ba\_klgu_ aZzZ"ZsgpduzZdhpdilZihg_ kd|
pbb b wdjZgbjh\Zgby we_dljhfZ]gblguo \heg \ Itdjhglhfb"pZagahg_
[Zlu\ZIv mkljhckI\Z gh\h]h iilhalhfe jgby ZdImZIlhju > @ b k_gkhju >

>h -0 ]] 9gZb[he__ jZkijhkljZzg_gguf kih&hpHfhijinAZYgpsb w
k\hcklI\ ihebf_ jguf fZljbpZf yleyehkv vo® dPhhiglo\hdlys ¢ kZ' ¢ K<
JZajzZ[hldZ kihkh[h\ ihemq_gby m]e_jhtbao_gl4ghljgy hi _]h kh_"~bi
gbc ijb"Zeh gh\uc bfimevk bkke "h\E[gyosltbcwle\mbllj(h\ljngghdhflhablh\

KijmdImjzZz kZ b \ ihebf_jghf dhfihabl_ hij_~ ey JKwahkihkh[g
\uo gZklbp h[jZah\u\ZIlv jZa\ _I\e_ggu_ \hehdgjphk” h[gKI|l Z]gVvZIu
kljmdImjbjh\Zgby kZKdijehdaddC600jD oZjZd!l_jbamxl dhebgmkI\hf ~b]
IbenlZzezlZz >;N ihlJehs _ggh]h \ jZz\gh\_kghf khklhyagibbeh*b[mlbe
lh]lehs_gb_ >;N fh _| baf_gylvky \ rbjhdbo ij~h eZo itb wlhf
dhgp_gljZpby nmgdpbhgZevgh]lh gZihegbl _ey MG _g\byhdhhbl_ »
kiZ\bfh]l]h mjh\gy m”_evgh]h khijhlb\e_gby + Hf kfihkhklZ\e)
fZkk _ khhI\_IkI\_ggh

;'s-(?ru- \'v‘ - £ / '
Jbk Fbdjhbah[jZ  _gb_ Z]]p@ZqubKHh)fibb \ ihebf jghf dhfihabl_
gZ hkgh\_ ihebZfb1jz

< ijhp_kk_ kf_r_gby k ihebf_jguf jZkielZMhh[ghdlkohkZ b gZ
i_j\bqgu_ Z]j_]1Zlu b bo jzZz\ghf_jgh_h2Zij_fmeihghf jghc fZIljbpu
ljb m\_ebq_gbb dhgp_gljZpbb NG jZkKRElydbymff ‘gwrZX]likyl ihy\ey
ky \hafh ghklv i_j "Zqb we_dljhgZ KZEZ]nphjiZbdmpdkg]we @&ljhijh\h"
sb_ imlb we_dljhih\h*ysZy k_Ilv b]ANhkthleypdkh iKjhjeZzkgh deZkk
kdhc I_hjbb i_jdheypbb ihke_ ~hklb _gloy ithhigldh\blj&ab BEd) g
kbfhklv ijh\h~bfhklb hl dhgp Qljjdpkb\RGIky kl_i_gguf aZzdhghf >

1C) = 1(C Cperd' £ €€ “ Cpero (1)
1" oxghjfbjh\hgqguc dhwnobkphhdfdZzl _ev kl_i_gb ih I_jfbgheh]bb ij_"eh
\ jZ[h[14] +djblbg_kdbc byd”redigbgzZ dhkhjklh\ey | -feydh'eypbb b

Ney-i' jdheypbb
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Khhilghr_gb _ \u\_" gh ey kemqZy jzZ\ghf_jghlhtjzZkij_"_e
_fm fZljbpu Ijb\_~ ggZy aZ\bkbfhklv y\ey IRY Kpsy exdbdhha\ "eb
iZ NG Lbibgqguc \b” IZdhc aZ\bkbfhklb "ey m]eM{lrgud\gZghljm]
gZ jbk

102
108 -

Kf kf

105 - 3> 3

107 -
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101-11 -

jh\h~bfhklv

|
|_\
o
e
w
1

3< 3

1045 - ___._‘) 3

10ﬂ7 ] ] ] L] ] ]
0 0,01 0,02 0,03 0,0¢
Dhgp_gljZpby gZihegbl_ey

Jbk AZ\bkbfhklv ijh\h~"bfhklb gZghdhfihablZ ihebdZjZipdpbHl MGL
m]e_jhrguo gZghljm[hd MGL ijb jZaebgqguo ihjh]Zo i_jdheypbb 3 >

< kemqgZ_ j_Zevguo gZghdhfihafth'h\l \kre®gkldZggh hlebqgzZlvk
hl ijb\_~_ggh]h agZg_gby Kh]eZkgh ~Zgguf >jb@ "“eggwebfiZg[hl_
guo gZghdhfihablh\ k MGL ihdzZazl_ev kl_ig@mh "aRpKbihkib
eZo 4. WIlh k\b” | _evkl\m_I h Ihf qlh jzZzkij_~ e _gb_ jWw@ _ih ihebf
kms_ kI\_ggh hlebgZ Iky hl jZ\ghf_jgh]h

OzZjzdl_jghc hkh[_gghklvx we _dljhijh\h~*ysbo k\hghkl\ dhfihal
kh~r _j"Zsbf NG \ gzZklghklb we_dljhijh\h*ys ¢ kZ _clkMGL ]jZ
aZ\bkbfhklv ijh\h~bfhklb baf_j _gghc ijb i_j_thlgghiclkldmx&l qgzZkl
]h gzZijy _gb¥9rLAdh_ ih\_~ _gb_ m]e_jh”kh”_j Zsbo dhfihablh\ k\
glh ijb dhgp_gljZpbyo [ebadbo d ihjh]lh\hcdiwfe "éhbA]ljkdBkz tihgl:
NG fh™ | [ulv kfh*_Rgp\Zdggdhc \ dhlhjhc dhg”_gkZlhj b khijhll
kh_"bg_gqu iZjZee_evgh > @ GZghd®Refnbaeylljjglddbod dyZklhl
ljb ij_\ur_gbb ihjh]Z i_jdheypbb ijhbkoh”bl nhjfbjh\Zgb_ we _dI
k_Ib f_"Z]j_1Zlgh_ jzZkklhygb_ mf_gvrZ_Ilky m\haéhddpkd¥?Z ihy\
Imgg_ebjh\Zgby q_j_a ihl_gpbZevguc [Zjv_j >dbgp_gtiZphbb\ _eb
NG ijb\h~bl d \hagbdgh\_gbx we_dljbg_kdh]h IhdBAygbohjhbeh ¢
gZijy _gby [[2R].

Hr"gZdh gZiheg_gb_ ihebf_jghc fZljbpu NG ijb\im*bhfd kms_k
g_gbx dZd | _ogheh]bqg_kdboef_lazaigtbgnkabahk\hckl\ fZl _jbzZez :\I
jZ[hlu > @ mklzZgh\beb qglh ijb m\_ebq_gbb~rtthgp_iblfZgkkb kZ b
\ dhfihabl_ K< ihebijhibe_g \_ebgbgZ ihdzZza&Z\2y IILd i kgb jZk
rZz_lky ijzdlbg_kdb \k jZ2&a = ] fbg jZajmr_gb_ ijb m~Zj_ klZz
ojmidbf azZ kg_I| m\_ebg_gby fh*mey mijmkhklbgibbhqmhkkbqgph jZ
_lky k ™M Z Z hlghkbl _evgh_ m”ebg_gb_ mf _gvrgZkty k ,
]Jbgqguc wnn_dl gZ[ex”*Z _|ky b "ey gZghdhfihablh\ k MGL > @
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Il hjh] i_jdheypbb

Hlezkl
Ce jZajul

— \
ll. '
iy s

Py \
- — \
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|
f\ ‘

Jbk Nhjfbjh\Zgb _ w‘e_dl'.jhijh\h’\ys_c k_Idb ijb jZakdbghrgubhgp_gl
gZghljm[hd MGL

LZdbf h[jZzahf azZ”~ZqZ mf_gvr_gby dhgp_gljZpbb*d6&f ey kh
fZl _jbzZe_\ukhdh]h mjh\gy we _dljhijh\hdyZdmog bkdbabkihhckI\ yley
_lky djZcg_ ZdimZevghc P_evhtdgphkechikh[[hl\untf_gvr_ghbdy dhgp_g
pbb NG ijb khojZzg_gbb we_dljhijh\h”*ysbo k\hckl\ gZ g_h[oh”bfhf

JZ[hlZ \uiheg_gZ k bkihtepMgmMZoZ gy PDI ©DebfZlbg_kdb_ bl
gby2 GBP ©DmjgzZlh\kdbc<BgklIblj@fdZo j_ZebazZpbb dhfieh dkgh]h c
lh gZijzZ\e _gby ©Wg _jlhwnn_dlb\@usb | BnZkhkib\igd | ogheh]t
ihemqg_gby *_1Ze_c ithemnZ[jbdZlh\ bZdh]bdlkkdipbcFZigAKlg gby jZa
Iby fZI_jbzZeh\ b I _ogheh]bc bo i_j2jZhhldb Jh242jbh @

Kihkh[u kzZfhhj]l]Zgbazpbb we_dljhijh\h~ysbo k_I_c
\'I _jfhieZklbgguo dhfihablZo

GZb[he__ wnn_dlb\guf kihkh[hf mf_gvr_gby ihjhhgih_jdheypkt
\h~rys f dhfihabl_ y\ey Iky bkihevah\Zghc f_jédkh&@ypbh GRXEC
SHUFRODWLRQ PHWKRG > @Q_ogvelhFbige hdilz _ ik kfd\ibemqg _
fzl _jbzZezZ ihalheyxl| jZkij_~_eblv gXkhdmbh[evim_ Zhebrv \ _]h qzZkl
\ ijh\h~"ysbo dZgZeZo EhdZevgZy dhophtysdbpbydzZy@e¥Zo \hajZklZ
jZkklhygb f_"~m Z]j_1Z1Zfb mf_gvrZgbky amgdy élpeh\lqzZz Iky < _ ek
dhglzdligh]h khijhlb\e_gby wdkihg_gplbarefvglvrkgh & jEkklhygby q
dhfi_gkbjm_ | mf_gvr_gb_ k_qg_gby ijhhh*y'shsb d 2NyE eh\ @k
HAbg ba \hafh 'guo kihkh[h\ ehdZebazgdbtbabl@ whfte ¥gzd Iky \
h jzkij_~_e_gbb ih ih\_joghklb ]jZgfe jihieblf ffZxhyfZiklghc h[]j
I

_1h ]
hidb k ihfhsvx rZjh\hc f_evgbpu Kk ihkeZgmxksbf ij@kikbk

Jbk Nhjfbjh\Zgb_ we_dljhijh\h~ys_c k_Ibgkedkhijbab MGilheb\b
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GZb[he__ [ebadbf ih nbabqg_kdhc kmsghklb dk¥%Zkidgtkinj f_Ih’
kh\f_s _gby NG \ wfimevkbb kh”_j Zs ¢ ihebf_jguihlgZklbhxs_eZl _
km[ebfZpbhgghc kmrdhc b ]Jhjyqbf 32]lkkh\zZgb_f > =

\lhju jZ[hlu > @ bkke_"h\Zeb \ebygb_ kihkh[Z ijb]lhlh\e_
I<: iheb\bgbezZp 1ZI K< gZ _]h we _dljhijh\h*ysb ZjdBgklI\Z <
dhfihabl balJhlh\e_g iml_f \\_~ gby we _dljhijh\hiAyggt K2Atb g_ihk
gmx wfmevkbx k ihke_ _~mxsbf i _j f rb\Zgb_ f dhéiHabpebdhkdhjhk
<h \lhjhf kemqzZ_ kzZ Z \\_~_gzZ \ jZklI\hj I<: \ Kbhkiedehm kfZdfb "
bkizj gb_f jzkl\hjbl_ey b | _jfhh[jZ[hldhc ie_gdb fikp lIhfa_jZImj_
g_ggu_ j_amevlZlu ijb\_~ gu gZ jbk

K
< ar
. 2
E:B
< 5i lhjh] i_jdheypb
= % (h[t_fy
=5 I YJ\AéfkT\erél,ﬁl Y
5 A i i
. 0 5 10 15 20
sy 5 : . & . - Dhgp_glizpby kZ'b ) h[t
Jbk Fbdjhnhlh]jZnbb dhfihablzZ ijb]lhlh\e_gfhbh jBRI\Wfjhevkbb
dhgp_gljZpby kZ'b khklzZ\ey | h[t _fg bg xdZd azébkBfbhkfv ijh\h

Abfhkib hl dhgp_gljZHEIdIKZ b

<b”rgh qlh \ i_j\hf kemqZ_ kZ Z jzZkij_"Ztb dZ:fjZ&m j@Zklbp
0,5+ fdf jbkz < Ih ~_ \j_fy ijb ijb]lhlh\e_gbb dhfihabl®d ba jzZkl\
pu kZ'b jzZz\ghf_jgh jZkij_~_e_gu ih h[t_fm ihebf_[ghEhd&Zdpu jb
azZpby ijh\h”ysbo Z]j_1Zlh\ f_"~m fbdjhgZklbp&fbklk:gihte\Kkgey | k
ablv ihjh] i_jdhekpbb #£h h[t_fg l[jh\h~bfhklv [Zdh]h dhfihat
"hklb]ZzezZz \_ebgbgu Kf kf ijb dhgp_gl65p%bhdZithgegbl_ey

Dhfihablu ba]lhlh\e_ggu_ \ khhl\_Ikl\bb k hibkgdgbh kihkh
gZevguc gZihegMGdv zh[ezZ”Zx| djZcg_ gbadbf ihjh]h%fhi_jdheyy
0,04 hit_ fg > @ b \ukhdhc ijh\hHWPfKKkINx > @ H~gZdh hkh[_gg
klb bkihevam_fh]h | _ogheh]bq_kdh]lh dphphl]kRgbgmZxkI\"lyZziZzahg
ijbf _g_gby “Zggh]h f_Ih~Z

K lhgdb aj_gby ijZzdlbg_kdh]h ijbf_g_gby [hkBkh[hfjki_dlb\g
li_1Zpbb NG \ ihebf _jghc fZljbp_ yl\ley |ky ehdZebmZphWwhfgZiheg
jZzkiz~_ ihebf_jghc kf_kb dhfihg_gfj@dadhfimhtadbfh”_ckl\mxI| k
gZihegbl e f > @ >ey balhlh\e _gby dhfihkblZ fZkjhpuamx]
kf _ kb ba ~“\mo b [he__ g_kf_rb\Zxsboky ihebf_jh\ eyjhi\dy*bfhkl
fhjnheh]bg_kdhc kljmdlimjhc NG \ ihebf _jghc fZljbp_gldhlhjzZy
\hagbdz_ | \ ijhp_kk_ nzZah\h]h jzkiz~"Z ihedZljghazbffhkb dkj\layne\
f_""m dhfihg_glZfb \dexqZy NG dhfihablz f_kbdbmhm~bh[hboplkk ijt
kzfhhjlzgbazZpbb kljmdImju NG \ h[t_f_ dhfihablZz

Bkoh”y ba |_jfh~*bgzZfbq_kdbo khh[jZ _gbc f_KklkbllhdZebazp
khklhys ¢ ba "\mo g_kf_rb\Zxsboky ihebf_jh\ fh  _H [hl&gkijh]ghe
g_gbx \_ebgbgu dhwnnbpb_glZ HAhpn\Zgibly l>ih@bf_jgu_ nZau
\oh”ysb_ \ dhfihabpbx b hij_~_ebf dhwnnbpb_gl kfZgb\Zgby
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Jbk <hafh 'gu_ \ZjbZglu ehdZebaZpbb nmgdpbhljgZeMgidaghZiheg
kbkl_f_ ©ihebf_j ihebf_]j MGL?2 \ kemgZ] b[kghdZezeghdla]h

jZKiZ~"Z ihebf_jghc kf_kb > @

Ihkdhevdm ih\_joghklgh_ gzZly  gb_ HufkbhAékghpkihley |
guf \azZbfh”~ _ckl\byfb 1Ih ey \ _ebgbgh gz\yjoglklgih] bh aZzi
kZlv > @

3)

12 1 2 4'd d p
1

NT

Pl
k)

1*_, £ih\_joghklgh_ gZiLm‘Z_zglqd_bip +"bki_jkbhggZy b iheyjgZy khklzZ\eyx
ih\_joghklgh]h gzZly _gby “ey wlhc nZau

>ey "\mo nZa k [ebadbfb agZg_gbyfb iheyjbam_fihibv\ujZ ¢

aZibkZgh \ nhjf_
2 2413 Vid. 4)

< jZ[hl_ > @ ih~*jh[gh bkke_~h\Zgh \ébeglybyngahwh]hd] e j
\h*ysb_  k\hcklI\Z dhfihablZz khklz\ZzZ iHebfEHRxefihl&klblejh e
IK K< 1j_M\Zjbl _evgh \ukmr_ggu_ dhfibg\ gZkikE\f sjbed fi_j
Imj_ fK ]JjZgmebjh\Zeb b ij_kkh\Zeb \ ieZklbgu

< 1Z[e ijb\_~ gu agZq_gby,iZpzf $jh@ ~ey IK IFE: b k
b K< 7"ey jZaebqguo |_fi_jZImj

< IZ[e ijb\_ " gu jZkg_lgu_ agZq_gby ih\_jdgtdkigmhih gZly
pb_glz kfzgqb\Zgby ey IK IFF: b K< ijb I_fi_jZImj_ f K
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LZ[ebpz
Ilh\ joghklgu_ gZly gby nZa dhfihg _glh\ dhfihabpbb

Ih\_joghklgh_ gZly  gb_ fG f ijb | _fi_|]j
Dhfihg gl 20 200
. d p . d p
| | | | | |
lhebklbjhe | 40,7 33,3 6,8 29,9 24,9 5,0
thebf_lbef_lzdl 414 33,2 7,9 30,3 23,7 6,6
KZ Z K< 98,1 94,5 3,6 87,3 84,1 3,2
LZ[ebpZ
Ilh\ joghklgh gZly' gb_nZa dhfihg _glh\ dhfihabpbb
Nhjfme: Ih\_joghklgh_gZly  _gb_ fG f ”"ey d| Dhwnnbpl
"ey jZkq K < K K<tIFF: IK£IFF: kfZgb\Zgl
3 32,6 34,94 0,23 10,2
4 17,72 19,08 0,12 11,3
H[{hagZq RkbylZ[e

DzZd \b~gh ba ij_"~klzZ\e _gguo j_amevIZIh\"h\&bgbggh& NG Z
[mM™ | ehdZebah\Zg \ ihebklbjhe _
KN eZgguc \u\h” ih”MI\_j°~"Z |ky j_amevlzZlZfbkfkkad @kdhibg_ K

gbc ij_"klzZz\e _ggud38]j4bkl _

1 ’ 3 £ { .
. ¥ A
5 -
: . - ; v 3
sk\& ; . { ol M 4 X : ‘, .
©, : i Y ™) [%4
p . 1y
L ‘¢ . :
s, o 4 T
‘5'4'4 .
\rel st b’

Jbk Bkke_"h\Zgb_ iezZklbgu dhfihablZ IK IFF:hkK< fdf f_lhesbg
Ahf ijhk\_gb\Zxs_c we_dljhgghc fbdjhkdhibb ijb jZaebqguo m\_ebq_ghb\

<b”gh qglh hibkZgguc kihkh[ ihalheNGI \ehtigkdb dla\ nlZa

GZ jbk ijb\_~ gu azZ\bkbfhklb ijh\h~*bfhklb dljZipablZz hl
IFF: Z 1Zzd _ hl dhgp_gljZpbb NG kZ b ”"ey dhfkindabgt\b kgjZaebq
_f dhfihg_glllAF+x b IK

DzZd \brgh ba ij_"klZ\e_gguo j_amevlZlh\ ZmhbelbrgF:gb_ dhg|
khklz\_ dhfihablZz k hpth fg ijb\h”bl d m\_ebqg_gbx ijh¥h~bfhklb
A"h ® Kf kf Ijb wlhf dhgp_gljZpby kZ'b ey \k_o bkke\ kXh\Zgguo
klz\ey_ | h[t_fg Fbdjhkdhibg_kdb_ bkke_"~h\Zgby ibd@aulZxl
n_dk\yazZzg k baf_g_gb_f fhjnheh]bb ijh\h*ysbo k_1|_c

< gZklhys__ \j_fy ZgZeh]bqgu_ j_amevliZlu ibbjp¥Xdigbe_ gghfi
ihjh]lZ i_jdheypbb \ ihebf_jguo kf_kybfihamlidg)\guhklesAhd hhebdZj]
gZl :-KeZklbd MGL > @ ihebijhibe_g[db@bkibgbavke g ihebklbjh
> @ ihebijhibe_g gZIlmjZevguc dZmgnhd MG 2kl ed MAL. >
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ihebzZfb” khihebf_j ihebwlbe_gZ b hdl_gzZ k ijaggbufjbtshd_bgh\
(POE-gMA K< > ;@e__ ihegmx bgnhjfZpbx h I1Zdbo kbkl_fZo fh"
\ h[ah [Z3p45].
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Dhgp_gljZpby IFF: Jh[t_fg Dhgp_gljZpby kZz°b ) hJ[t
Jbk AZ\bkbfhklb ijh\h~bfhklb hl dhgp_gljZpbb itFebf Iptef IZdjbe

dhgp_gljZpbb %zhpt _fgzZz Z 1Zd _ hl dhgp_gljZpbb gZihegbl_ey nmgdp
gZagZqg_gby DkZ'b

Hrgbf ba nzZdlhjh\ dhlhjuc hij_"~ ey | h[jZah\Zgbhck\yaZgg
we_dljhijh\h~*ys_c¢ k_Ib y\ey_Ilky khhlghr_gb_ f_ "bm B \aZk
NG f_""m kh[hc b "~bki_jlbjmxs_c fZljbp_c LZdklkbevigh”"maZzhbf
Abki_jlbjmxs_c fZljbp_c b NG ijb\h”bl d jzZ\ghh\[Hhtdm @dikhi _j]
gbl ey 1 d jZajmr_gbx g_ij_julghc kljmdImju H~gZdh 4ey h[jZal
sbo kljmdIimj we_f_glh\ k_Ib g_h[oh”bfh \adBkhBpZkb\dg zith "~ *m
gbl_ey Lzdbf h[jZzahf \\_~ _gb_ \ dhfihabl ZW\WzbNAdadlfihfuc mk
ki\b_ f_""m nmgdpbhgZevgufb qzZklbpzfb fhAghl Neyvjbkilkrdyah\
gby lh we _dljhijh\h~*ysbo k\hckl\

< dzZg_KkI\_1Zdh]lh Zz~~blb\Z Z\lhju jZ[hlu > @Ziy _f2dubeb bk
"h[zZ\db ihebf3jZ ihtfZkk_ dhlhjuc h[ez~Z_| [he__ kbévguf \azl
_f k NG ih kjz\g_gbx k "bki_j]lbjmxswkchfzZd¢bpgZ_ Z~"blb\ \ dhlhj
\oh”bl NG ij_iylklI\m_1I ~bki_jlbjh\Zgbx b h[jZdm_i]h\hl'm\s_cwe f_
k_Ib

< |ZJe ijb\_~_g dhwnnbpb_gl ih\_joghklgh]h _gZIK< gby f_
b jy*hf ihebf_jh\ bkihevah\Zgguo \ bkkehéb¥igbyo lihe =
ijhibe_g LIMjthiezZzklbgqguc ihebmj_IZlgebiHdkkf_ Ibe_ _ghéD =
dzj[hgZzl

LZ[ebpZ
Dhwnnbpb gl ih\ joghklgh]h gZly gby f "m kZ" ¢ b ihebf_jhf
<aZbfh”~_ckl\mxsZy| |: K< Il +tK<| LIMK<| IHF+K<| ID*K<
g fG f 19,0 33,6 25,8 32,7 21,1

GZ jbk  ijb\_~_gu azZ\bkbfhklb eh]ZjbnfZ m”_leNgdn]h khijhl
p_gljZpbb NG Z 1Zd"_ j_ameviZlu fhjnheh]b ol hkedzh Jthk bégk &h ¥\ Z g
guo dhfihablh\ k bkihevah\Zgb_f ijhk\_gb\Zxs_c we_dljhgghc fbd
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Dhgp_gljZpby kZ b ih fZk
Jbk  AZ\bkbfhklb eh]ZjbnfZ mA_evghlh khijhib\enggrhyb hé Zdngph g2

lh gZihegblZep fbdjhnhlh]jZnblbljmdIimju kdhezZ dhfihablh\1LD K< I:
IHF K< LI IHF K< 13 |l K< LIM ey jZaebgguo dhgp_gljZpbc ihebZ:

DzZd \b”"gh ba ij_"klZ\e_gguo j_amevlZlh\ % ih dBkk\ dhfihe
ihebzfb”Z ijb\h”bl ijZzdlbg_kdb d |lj_odjZighfmjdgeypdlbx ihjh]Z i

Alhjzf jZ[hlu > @ m~Zehkv kha”zZlv dhfihabl \ dhlhjhf ijl
bf | nb[jbeeyjguc 0ZjzZdl_j >ey wlh]lh hgb ijb€_ kihebth [Yaimeo klZ b
g_gby dhfihabpbb 1gKO$32( GZ i_j\hc klZ*bb ijhbkoh”beh kf_r_
ihebijhibe_gZ k kzZ  _c¢ \ ijbkmlkl\bb dhfiZgbd® elkdzhlehd 3 2ih
ebwlbe _gZ b hdl_gZ k ijb\bluf fZe_bgh\ud-@&]bkjbRhife 82\ Zg
_f Mmorg_dh\h]h wdkljm”_jZ < ihemqg_ggmxkhdhZftbatbg@Ex hWgh g
rg_dh\hf wdkljm”_j_ dhlhjuc kgZ[ _g ki_pbVWewxsc g Zk&rmdlbdv ih:
l: \ \b"_ nb[jbee jbk

]
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Jbk

Ihdjulu_ we _dljhijh\h~ys ¢ kZ° _c¢c nb[jbeeu ihebzfbfZ iha\he
gZ ihjy*hd m\_ebgblv ijh\h*bfhklv bkke_ _"m_fhc gdhZptosbb tNd ijb
jZ\ghc ih fZkk _

?s_ h”bg kihkh[ ijbrZIv Zgbahljhibx ijh\h*y$ZfchinZa_ @®ibkZc
>ey j_r_gby ~Zgghc az”~Zqgb \ dhfihabpbb Il I: Kdke h\hidledah\Ze]l
jbk [  WIh!l ijb_f ihalhebe ihemqgblv agZq_gb_ ih\_joghklgh]h
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mjh\g ®* Hf * ijb dhgp_gljZpbb NG |jihgfftkk:.gZeh]bgguc mjh\_gv
ijh\h~bfhklb \ Thc ~_ dhfihabpbb [_a kl_deh\hehhgsd "dikEp]lzb Iky
NG jzZ\ghcih fZkk_

N

Bl 10ty 4 KI_deh\hegw/f‘.:Ei.r.r.
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Dhgp_gljZpby kZ b ih fZkk_ ! £
Jbk AZ\bkbfhklv ih\_joghklgh]lh khighlm\éZgbl kZ'd \ dhfihabpbt

Il 1: K< kl_deh\hehdghjb”rZgb_ijh\h”*ys ighklZagkl\ _gghc Zgbahljhibb
(18 k bkihevah\zZgb_f kl_d@eh\hehdgZ

Hg \b”gh qglh gZb[hevr__ kgb  _gb_ ihjh]zZ i_jdHekpbb \ ih

A | “hklb]lgmlh \ IThf kemgZ_ _keb NG [m"-¢éle[hdEedpan\izhag _ \
gZ ljZgbp_ jZa™_eZ nZa < jZ[hl_ > @ iMdgé¢mxkdBggih jhdbeb
_gby K< \ Zahlghc dbkehl_ qlh ihal\hebeh ehd7Z2dahaZlwzZAa<\gZ
f kb ihebklbjheZ b ihebwlbe_gZ 1hjh] i_jdheypbm_pdgZpbbklb]lgm
NG jZ\ghc 0,00320(h[t_fg

>jm]Jhc ih"oh” d j_r_gbx "Zgghc azZz”~Zqgb ijh_fhglk@jbjpbhzg \
dhlhjhf gZ i_j\hc klZ"bb kh\f_sZeb NG k ihebdzZhh&\2gleah\f Z a
dhfihabpbx ihebezdlb® IE: Hl[ez”Zy [hevrbf kjh~ kNhfhd _ihebe
\lhjhc klIZ~"bb kf_r_gby gZihegbl_ev “bnnmg”hphwdef\ dAgimhlE:
ebjmy ijh~he bl _evghklv i j_ f rb\Zgby hi Nh fbhgehlznlhjzf |
baf_gblv m~» _evgmx ijh\h*"BfkIvIkKf kf

>ey ihemqg_gby k_Ib \ dhlhjhc NG ehdZebah\Zg ihul]jZgbp _
> @ bkihevah\Zeb kf_kv ihebzfb”~zZ fzZjdb 1: b lkhebjlmibe_ gl _
< dzZqgq_kI\_ we _dljhijh\h*ys ]h gZihegbl_ ey \u[jZgZZw&<dIljhijh\h
Kf kv kh” _ j°"Zsmx dhfihg_glu \dexqZy kZ mZzZ dhgilzrmggthjhm¥fZeb
eZ[hjzlhjghf wdkljm”_j_ ijb |_f Kkhlnkjdhjhklvx h[ fbg \ 1 _qg_gb
5fbg Z azl_f ij_kkh\Zeb ijb ~Z\e _gbb FIAmy Ih¢hemd _fggpZ
j_amevlZlu ijb\_" gu gZ jbk

DzZd \b”rgh ba j_amevlzZlh\ fbdjhkdhibg_kdbh]bkWw&kéh\Zgbc
"m_fhc kbkl f_ gZihegbl ev jZkiheZ]Z |ky agZq]ljzdbp | KA & eZ
| _evklI\h\Zlv h [ebadbo agZq_gbyo dhwnnBplh jgkhe KfZfpbNZgby k
I;L Baf_gyy khhilghr_gb_f_ ""m ihebzZfb"hf b ihleb\mmadk gh | nlZ
j_]mebjh\Zlv fhjnheh]bx we_dljhijh\h?*ys_¢c nZau FihgbfZevgh_
i_jdheypbb gZ[ex~Zehkv ijb khhlghr_gbb I: I;L _kyn]~rZ h[jZ
au ijzdlbq_kdb g_ij_jul\gu DhZe_kp_gpby dhhhjezyqijdibtk otheMb | ij
mf _gvr_gbb dhgp_gljZpbb h~gh]h ba dhfihg _gbm gihk\hhpH]& m
i_jdheypbb jbx]| Ke “m_1| 1zd _ hif _Iblv qglh \_ebqgbgZ ihjh]Zz
dhjj_ebjm_| k aZ\bkbfhklvx fh*mey gZdhie _gby hl dhgp_gljZpbb
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Dhgp_gljZpby kZ'b )
—=— [IAG/MBT (80/20)

—— TAB/MET (50/50)
—— [AGIMET (20/80)

Jbk <ebygb_ khklzZ\Z kf_kb gZ aZ\bkbfhklvgly hévathdp Ighjzpibb
kZ'bZ ihjh] i_jdheypbith®zazl_ ev k([ i_jatheh]bq_kdb_ 0Zjzdl _gbklbdb
1Zd*_ fbdjhnhih]jgnkbdhez dhfihablZ 1: I;L K< dhgp_gljBpthyigkZ b
khhighr_gb_ I: I:L ke \Z kKijz\z

Fh gh h"'b”Zlv qglh “bnnmaby NG \ nZam ihebfhjgpht fZljbpu
eylvky g_ lhevdh kbehc \azbfh”_ckl\by f_ "~m_e&ZIlffbmhc bb _dHihe
fhjnheh]bg_kdbfb ozZjzdl_jbkjBdVFfbkt "“ey m]e_jh~rgudk gZghljm
i_dlguf khhlghr kb _fhlghr_gb_f “ebgu d ~bzZf Ijm :\lhju jZ[hlu
hkgh\zZgbb jzZzkqg_lh\ dhlhju_ \ ~Zevg_cr_f [uebbifhyINZfibr_gu w
ijbreb d \u\h m h Ihf qlh iheh  _gb_ weebikhbXZev#§«o XZklbp ¢
euf Zki_dlguf khhighr_gb_f gZ ih\_joghklb jZa”_ eZkhhZaly\efy Iky
ih kjz\g_gbx k "~ _kldbfb kl_j gyfb k \ukhdbgfhZkgbdifgud khkgh\_
bkihevam_fhc fh”_eb e_"Zeh ij_"iheh _gb_HF adbhdkpZkVlby]kbeu
\Z_ | qZklbpm NG \ ihebf_jgmx nZam hl \hafmghdbly mhjdemqZih\
weebikhb”rZevguo qZklbp kbeZzZ [ukljh mf_gv¥hZ_Edjm?kleyp q&klbp.
dbf kl_j g_f Ih ih f_j_ \ly]b\Zgby kbeZ hkiZkllkkygigZd Idly ikeélh
]h _ gZklbpu ih]jm  _gby jbk
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EhdZeb
lhebf_j lhebf_j

ihebf MGC

ihebf_jMG

lhebf j lhebf_j

F.+ihklhyggZy

Jbk Ih\_~ gb_ jZa™_eZ qZklbp jZaebqgghc nhjfu gZ ]jZgby

< khhiI\_Ikl\bb k wilbf j_Zebamxlky \ZjbZglp @bhidhegbdZphPb q:
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jZklbl _evghc hkgh\_ 1Ijb\_~ _gu hkgh\gu_ Ibiu jZklbl_evglh]lh kujvy
kihkh[u ihemqg_gby wihdkb”guo kfhe gZ _]h hKdhhju \ue*byexsju h[sb_
gZ \uoh” p_e_\h]lh ijh*mdlz | _fi_jZImjzZ j_Zdpbb dhgrdb6jZpby b II
dbkehl Bkoh”y ba "ZdgagbgZwdiydh ebl jZImju fh gh k~»_eZlv \u\h”
ihemqg_gb_ wihdkb”rguo kfhe gZ jZklbl _evghc hkgjki_ ddbAgulol fhc e
bkke_"h\Zgbc b jZzajz[hlhd "h[Z\hd “ey de__\ djzZkhd beb dhfihabpbl

Dexq_\u_ kenhalkbrgh_ k\yamxs__ |_jfhj_Zdlb\gu_ k\yamxsb_ [bt
©a_e _gZy? obfby jzZklbl_evgu_ fZkeZ “bjgu_ dbkeh¢guonvihdkb”bj
kl\yva ¢ Jebpb”bebjh\Zgb_]b”~jhdkbevghc ]Jjmiiu wiboehj]lb”jbg

>ey pblbjh\Zdhhygmd : B Ex[bfh\Zz : K Dmag_ph\Z jZa\blhlki wdhdkb”guo
kfhe gz jzklbl_evghc hkghLimhjahB:F <« KI104. URL: http://www.viam-
works.ru. DOI: 10.18577/230804620220-8-49-64.
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OF PLANT-BASED EPOXY RESINS (review)
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ResedJFK &§HQWHU ©.X U MOSUIWRRUSSIQ; ANRhING WA L2

Abstract. This paper provides an overview of the development of plant-based e®ing.r
The review presents the main types of plant raw materials; the mathatisaining epoxy
resins based on vegetable raw materials are listed; general fadiieeading the yield of the
target product are identified: reaction temperature, concentration andftgpganic acids.
Based on the studied literature data, it can be concluded that the productiamtedgsed
epoxy resins will become a topic for promising research and development ofresd diti
adhesives, paints or composite materials in the future.
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fatty resins, epoxidation of double bonds, glycidation of the hydroxyl group, epichiioiohy
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<\_"_gb_
lh blh]Zf \lhjh]h ~_ky{¥le \lbybjh\hc jughd wihdkb~rguo kfh

ij_\ukbe dbehlhgg b ih ijh]lghazf wdki_jlh\ e\l [pb*ZErb _ i
ihdZzau\zlv " _]h~guc kj_"~g_]lh~h\hc | _fkZgkblfZeVYguc h[t_f
ihlj _[e_gby wihdkb”ghjbdifhelky gZ hljZkev eZdBH]pdkhely\u o\
dhlhjhc __ bkihevamxl| \ dZqg_klI\_ kl\yamxZaé¢hgguagihgdjkulbbbrey

ih\ur_gby bo ”~he]lh\_gghklb 7~Ze_ = ke _"mxl| \gamxshlhfirZemng”"u
ihebf _jguo dhfihabpbhgguo f&). jbZeh\ >

< wlhc gbr_ jughd wihdkb”guo kfhe gZ [bheh]bqg] kdhc hl
hp_gb\Zeky \ a luk Ihgg b \ |I_g_gb_ ijh]lghabjm_flhlh i_jbt
kj_~g_]h~h\hc | _fi jhklzZz fh _| khklZhajgklZxsbc bfimevk jugdZ
wihdkb”guo kfhe gZ [bheh]bg_kdhc hkgh\_ fbh mghd MjtZkgbthZzdZ dk
ih\ur_gb_ klhbfhklb b bklhs_gb_ azZiZkh\ ilne gaoum mklelyi o Ny
Bkihevah\Zgb_ ijb kbgl_a_ f_Ih”"h\ ©a_e_glkgdaddiblhidtagh &i\hl
azZljzgb\z _fhc wg_j]Jbb ijhba\h”blv f_g__ jhirdkdjlw_ bikhdigxigbliv
bkihevah\Zgb_ e _Imgbo j_Zdlb\guo jZa[Z\imf_e@veb\I| \U[kdfw f
iZjgbdh\uo ]Zah\ ijb ijhba\h~kI\_ kbDhtef ~Hh]h ijbf_g_gb_ gh\uo
ihdhe _gbc wihdkb”rguo kfhe kgb Z | g_ JzZdE\dhjmhax'smkl\Wy ~m
[eZz]h"Zjy aZf_g_ qgZklb g_nl_obfbg_kdbo ijhfewdlinkx| drehhju_
ijhba\h”kl\Z wihdkb”~guo kfhe \ fbj_~ gZ \hah[gh\ey fu_ fZIl_
[bheh]bg_kdhc hkgh\_ Ke_“m_1| hilf_Iblv qlhihkre[e aZ\ mtbegbgZp!
kjhdZz wdkiemzlZpbb yl\ey_Iky hkh[_ggh Zdimnwadghct¢gteyklihé el
\\bAm fbdjh[bheh]bq_kdhc klhcdhklb ~Zggh]hutbgdyihlelbfi jbd Ih'
[bhjZzaez]Z_fhklb wihdkb”rguo fZl_jbZeh\ fhaghl FhikbmlgaidpbhZ
[bhjZaeZzZ]Z _fuo ijbjhrguo "h[Z\hd kihkh[guo dbhigbpebgm\zdvkl i
jZkiZz™ hkgh\gh]h ih®&pf_jz > %

D ~“h[z\dZf ijbrZxsbf dhfihabpbhgguf fzZl _jbzZezZf Kkihkh]

[bhjZaeh  _gbx hlghkylky p_eexehazZ b __ ijhba\éewWwgw_ fdk2dfzZe
Z 1Zd"_ hloh”u jZklbl_evgh]lh ijhba\h”"kI\Zl idhlhjy_jZpreliohgZx
aeZdh\uo dmevimj > @

HAgbf ba zZki_dlh\ j_r_gby \hijhkh\ wahi&k]dgklbdlhitey Iky
mf _gvr_gb_ h[t_fh\ ©ihebf_jgh]lh fmkhjg&i_x=ély\ghlhilfhemq_gb
ihebf _jguo fZl _jbZeh\ khojZgyxsbo k\lgguwdbhiZzeg@ndl Zjptkhb db
gZ ijhly" _gbb \k_]h i_jbh~Z bkihevah\ZgbyVy ji AZxablo f i
[bheh]l]bg_kdb_ bobbladdkdb_ ij \jZs_gby ijhbkoh”ysb_ ih~ ~_
nZdlhjh\ hdjim Zxs _c¢ kj_~u b k e_]JdhkwX Adexgkkusth IKZ[hebafZ
ijbjhrguo kbkl_f

< gZklhys__ \j_fy jugdb ihlj_[e_gby wihdkb”gulodik&hle gZ [b
gh\_ \ K_\ _jghc :f_jbd_ b ?\jhi_ y\leyxlky "kiEZgljhkysbZdhbuhb
H[ wlhf k\b~_|_evkl\m_1I| azij_| gZ bkihevahkgd iwdmdlklgguo bz
ijh~mdlh\ g_nl_i_j_jzZ[hldb \ ihke_"g__ ~_hkglbe”~tb\ Bg*mkikbb
miZdh\db o0jZg_gby ibs_\uo ijh*mdlh\ b f *b@gktiey dbatZelbdh]lt
jugdZ ihlj_[e_gby 1Zd _ \_ebdZ b ijh*rhe Z_Nzivkh y@eghhMmijyebq
kh[kI\_gghc h]jhfghc [Za_ djZkhd b ihdjulbc hhljjud ikhkbdXhékI\NZ d

m _ “ hl h[s_fbjh\h]h Ih ~Zgguf dhfiZzgbhb (XURSHDQ &RDWLQJ\
gZoh”blky a ijhba\h”bl_e_c ihdjulbc k h[t_fdfZlbddhlh\e_
~18,6feg lhgg
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Hkgh\gu_Ibiu jZklbl_evgh]h kujvy "ey ihemqg_gby wihdkb”gu
< gZklhys__ \j_fy hkgh\gufb mqzZklgbdzfb ]édMdKbeNggiolh juc
kfhe gZ [bheh]bg_kdhc hkgh\_ y\eyxlky dhfiZgbgZy X0\GRy &KHP
6XSUHPH 6LOLFRQHV Bg”by (QWURS\ 5HVLQWVpZKR: (FR
6LFRPLQ (SR[\ 6\VWHPV NjZgpby %LWUH] 6W8IZebgbdh[jb
CDUGROLWH &RUSRUDWLRQ KR: 3DODGLQO@Y3DBEQRIVFK KKIHHP
Q_oby $7/ &RPSRVLWHV :\kljZeby &KDQJIJHO&PLPDWH 3W\ /
<h \lhjhf ~_kylb&l \bobwihdkb”~gu_ kfheu gZ [bheh]bqg_kdhc hk
ijhggh \hreb \ khklZ\ jZaebqguo fZl _jbZeh\ ijbf_bgg_ _tuo \ Kkl
we_dljhgghc ijhfure_gghklb \ dzZq_kI\_ djZkhd_jfiHdddnhbc de
ieZklbnbdzZlhjh\ [Zah\uo fZk_e |j_Zdlb\guo jgriddlbdgeaob ih\_
\_s_kI\ Hgb 1Zd"_ gZoh”yl ijbf_g _gb_ \ jhfuZeZlgyhksb c Ney
ihemg_gby ba”_ebc ba kl_deh\hehdgZ |ZabjdmizZjd fhgykd¥h ~XKmhZ
\h~u we_dljbg_kdb_"NezVudBql kI\_ ]b”~jhnh[bazlhjh\ de__\ ]_jf
| ~ LzZdbf h[jZzahf \ k\lyab k rbjhdbf bkihegab\Zgthef gZihdkb
[bheh]bg_kdhc hkgh\_ h ' b*"Z_ lky imA~"2bag_¢bg gb_ ijh]lghabjm_ft
i_jbh~rzZ qglh g_khfg_ggh ijb\_~_I d jhklm bo “heb gZ fbjh\hf jugd
< ] dhfizgby 6LFRPLQ NjZgpby ij_"klZ\bdZ ihegut
wihdkb”guo kfhe gZ [bheh]bg_kdhc hkgh\_ bzZdhkfbgndkdjhec gh:«
\uklz\d_ -(& :RUOG H~”gZdh Zdlb\gh_ \gk#fj jgbdhlgakd prodipfthreg § u o
fZl _jbzZeh\ de__\ dhfiZzmg”~h\ b wihdkb”guo kbyaiftxesbo gbadlblbjr
ijhgghklv ijb jZkly _gbb b ieZklbgghklv ih &4Zhg g@bhkigh\kfh
bkdhiz_fh]lh lhieb\Z DZzZdbkeéhékad\m\Zgb_ ~Zgguo ijh~mdlh\ _s_g_
rbjhdh]h ijbagzZgby \h \k_f fbj_ ]*_ ]hlh\u qjblgbbZIlgybkiduheh]l
fZl _jbZeu gh g_ azZ kq_l ihl_jb bo wnnhtbb\@hwiglbkIth ijlhbal\hfm
fbjh\uf dhfizgbyf g_h[oh”bfh ZdIb\g__ bg\ "kRlEgbylb }ZakKehldb
gh\uo Ibih\ ©[bhwihdkb”guo? kfhe dhlhju_  [mdpdZet[feZz™ZI
\ukhdhwnn_dlb\guo ijh~mdlh\ ih kjZ\g_gbx k flz>bp@hggufb kfheZz
< |_q_gb_ ihke_~gbo ~\mo " _kylbe Ibc ihermfhegw wihc
[bheh]bg_kdh]h ijhbkoh ™~ _gby k memqgr_gguhlckf\DfbgbgZHdtbfb
kfheu fh gh ijbf_gylv \ dZq_kI\_ Zdlb\guo jZajZZahhh\eb ¢ h[jgXtkdbnb
"ey de__\ b ezZdhdjzkhqguo fZl_jbZeh\ GZijbf_j \ebygb_
wihdkb”~bjh\Zggh]lh kh_\h]h fZkeZ gZ k\hcigRY_ d¥Yfzgah p b bk hze th k
jZkkfhlj_gh \ jzZz[hl_ > @ K\hckI\Z ihemqg_gguogdh\fillzZdbpbc ij_ "kl

LZ[ebpZ
L _jfhf_oZgbqg_kdb_ k\hcklI\Z dhfihabpbc gZ hkgh\_ “bZgh\hc kfh
b wihdkb”bjh\Zggh]h kh _\h]h fZkeZ WKF

. . Fh mey Iljhqghkl
H[jZa_p kf—;;—#\zz'g‘g‘ mijmlhk| ijb ba]b]
- Y Fiz
>bZgh\Zy kfheZz 74,8 3021 110
ih fZkk_ WKF 72.3 3234 119
ih fZkk_ WKF 67.0 3090 111
ih fZkk_ WKF 61,9 2910 99
ih fzZkk_ fh bnbpbjh\Zg 751 3503 127
ih fzZkk_ fh bnbpbjh\Zg 69,2 3359 123
ih fzZkk_ fh bnbpbjh\Zg 65,0 2979 103
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Khklz\ hiI\_j"~Zeb ih ~\moklZ*"bcghfm f_odlplwaZiv kKgdh” m _|I
wihdkb”gu_ kfheu gZ hkgh\_ Zbpguwdbdbkdebhb g_ fhlml h[ez~Z
ih\ur_ggufb |_iehklhcdbfb ozZjzdl_jbklbdZfbukhldp kiihqpgdAZZV_eb
ijhgghklb h~gzdh \\_*_gb_ \ ihebf_jgmxdboljtbemihifZdiblo iha[\hebl
khanrz\zZlv fZI _jbZeu o0zZjzZdl_jbamxsb_ky \ukhdbkif\lZzbe Zklbqg_kdbfl

Jughd wihdkb”guo kfhe gZ hkgh\_ [bhkujvylghktkllZzédegh!| kh]
gh\uc dezZkk ba [bhbklhggbdh\ dhlhju_ ijhba\bhjhhlZzgbmyl f w
\hah[gh\ey_fuo ij_dmjkhjh\ p_eexehau b jZklbl_evghlh fz
jZklbl_evghlh fZkezZ ~hfbgbjm_1| gZ jugd_ [eZ]lmtghkIb]lhgtbgddbc *
klhbfhklb b ohjhr_c [bhjZzaeZz]Z_fhklb jbk > @

o] (o] o)
OWW O)WAW
o o
‘]Zklbl—e\/gu— W OJW
tzkez = — = )9 0 :

W/\/\/\/ OW?/W

WihdkbAbjh\Zg@glbl_evidke

OVAO
Eb ] g b@—» —_— OLO o—
o-ChHs w i

<Zgbebg >blebpb”~betw\uZ g b e fRFEVA)

Jbk Kljhbl_evgu_ [ehdb gZ jZklbl_evghc hkgphj_7Zeaybhijgiba\h"kl\
wihdkb”guo kfhe

@bju b ebibcu khklz\eygk[luloghXklbl_evguo fZzk_e JZklbl_e
fzkezZ \ k\hx hq_j_"v kh”™ _j ZI [hevrh_ dhgeduwo klbhgtgo gdZokikuesh |
dhlihju_ fhlml [ulv ij_h[jZah\Zgu \ wihdkb”gu IZ[ejgu_ >db®ehlu
<khklz\_ jZklbl_evguo fZk_e ij_h[ez”"Zx| fhe_dam@u Hbpelhp]mb"h
[ulv obfbg_kdb fh”bnbpbjlgZghuf_ g ih j_Zdpbyf ]b”jhebaz b
i _j_wl _jbnbdZpbb eb[h iml_f \azbfh” ckl\lgZ khdbglgdsdp kbya_ c
ijbkmlklI\mxsbo \ "bjguo dbkehlZo

GZb[he__ \hklj_[h\Zggufb dhfihabpbyfb bajguogdbkehlgguo
"ey bkihevah\Zgby \ ijhba\h”kI\_ wihdkb”h\ yl\eyXkky bhe_bgh
ebghe _gh\Zy dbkehlu > @ Ebghe _gh\Zy dbkeblZ kkhéabj bl |
ebghe \ZW + Z he_bght®gym +tHdbke _gb_ ~\hcguo k\lya_c¢c \ g_gZl
"bjguo dbkehlZo ihalhey | ihemqgZlv wihdkbtbj\Zfdbgu kdkfheu
\ s kI\Z fh'gh e_]Jdh gZclb gzijbf_j \ kh_\if d&edxdhthfjZikh
dmdmjmaghf b ih"kheg _qghf fZke_ ZeuzZb dz\Zigken bBZ]gh
>hey kh_\h]lh fZkeZ kj_"b jzZklblg@bdbheviZk eGZ jugd_ wihdkb"¢
kfhe gZ [bheh]bg_kdhc hkgh\_ \ ] hgZ khklz\bez a @ feg *
Wlh fh gh h[tykgblv _Jh gbadhc klhbfhklvx b \ukhdhlf ijLZ&h \ gb _
KR: kh_\u_ [h[Ju vy\eyxlky h~rghc ba \ _"“msbo dmevimj \
ijb[ebabl_evghkhjlZzo Ijbgbghc wlh]h y\ey_ Iky bo obfbg_kdbc kh
kh~ _j"Zgb_ [_edZ baohjhr__ kh”~_j Zgb_ fZke&Zhjhkl_i_ggu_
dhfihg_glu ijbkmlkl\mxsb_\ kh_ \dexgZxlIhfh&yhfarbib”*g _ Igl\Z
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k\h[h”"gu_  "bjgu_ dbkehlu b fbdjhwe_ f glu
jZnbgbjh\Zggh_ kh_\h_ fZkeh kji\ejppljb”h\

fKeéblvm iglhzd:

LZ[ebpZ
@bjgu_ dbkehlu kh” j°Zsb ky \ jZklbl evguo fZkeZo

Dbkehlz Nhjfme KlijmdImjZz
F b] bklb g h\ Z) C14H2605 CHz(CHy)1,COOH
IZevfblb g h\Z C16H3202 CH3(CH2)14COOH
I1Zevfblh e _ b g CigHz00, CH3(CH,)sCH=CH(CH,);COOH
Kl _ ZJ b g h\zZ Yy C13H3502 CHS(CH2)16COOH
He b g h\z Yy C1gH340, CH3(CH2)7CHiCH(Cl_|27COOH
Ebghe_\Zy CigH3.0, CHz(CHy)4,CH=CH- CH,—~CH=CH(CH,);COOH
Ebghe_gh\Zy CigHzO; CHzCH,CH=CH- CH,~CH=CH-CH,—CH=CH(CH,);COOH
-we_hkl_Zjh| CigHaO» CHz(CHy)3-CH=CH— CH- CH(CH)7;COOH

CH3(CHy)4CHy-CH-CH,-CH-CH(C COOH
Jbpbghe \Zy| CigHs0s Ha(CHACH~C H (CH)7
OH
< igheb \Zy| CuHuOs CH3(CH2)4CI\—|C—)/CI+ CHy-CH- CH(CH,),COOH
C CHy)3CH-CH-CH- CH- CH- CH(C C-(C COOH

EbdZgh\Zy | CigHssOs Ha(Ch)s (CHaf (P

LZ[ebpZ
Kh” j"Zgb_ "bjguo dbkehl \ jZaebgguo jZklbl evguo fZkeZo

FZkeh >hey "bjguo dbkehl \oh”ysbo \ khklZ\ fZkg
Kh \h iZevfblbgh\hc kl_Zjbgh\hc he_bgh\hc
- - ebghe gh\hc ebghe \hc
Evgygh iZevfblbgh\hc kl _Zjbgh\hc he bgh\hc
— ebghe_gh\hc ebghe_ \hc
Heb\dh\h _ 55+ he_bgh\hc + eb3yhezdawtblbygh\hc
N iZevfblbgh\hc kl _Zjbgh\hc he bgh\hc
Ih~kheg_qgh_ ebghe gh\hc ebghe \hc
DZjzZg" b iZevfblbgh\hc kl_Zjbgh\hc he bgh\hc
. jbpbghe_\hc iZevfblbgh\hc kl_Zjbg
DZklhjhih_ he bgh\hc ebghe gh\hc ebghe \hc
3Zikh\h iZevfblbgh\hc kl _Zjbgh\hc he bgh\hc
— ebghe _gh\hc ebghe_ \hc
>jm]lhc kfhehc gZ [bheh]bg_kdhc hkgh\_ mki_rgh ijbf
ijhba\h”klI\Z rbjhdh]h ki_dljz Ih\Zjh\ h[m\v hgdh khlh\u
Z\Ihfh[bevgu_ aZzZigzZklb b 7] yley |Iky wihdkbfEKeZgygh @ dZk

Lj Ilvy dmevimjZ "ey

fZkeh >

< ijhfure_gghklb
ij_bfms_KkI\_
klZz[bebazlhjz \

Q@

ggh

wihdkb” bjh\Zggh _
bkihevamxl
iheb\bgbeoehjb”™_

ihemqg_gby wihdkb”~guo kkiyd\eZsgpdle h]bqg k

kh_\h_ b evgyc
ZevinhgzZlibhygh]h ieZ
\f ddB k\Ee&Zlhhl _BpbZevghc

\ dzq_KkI\_

b o
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Ilhdkbgghklb nlzZzezZlu fh]lml \uaul\zZlv Zklgrhhdijb\gght dgb g w\ghc

kbkl_fu Djhf_ Ihlh i_j_jZ[hldZ \Ihjbgqguo ko emMldhhbdhayzZdbo gid
jbkh\zy khehfzZ h[j_adb \bgh]jZ*ghc ehau dmdkZjongghyh r_em
l[jhkligbdZz dZgbnheb b 7j ithal\hey_| ihemqgZlv*kkwygv_ "e
| _jfhj_zZdlb\guo kfhe

F_Ih~u ihemqgq_gby wihdkb”"guo kfhe gZ hkgh\_jZklbl_evgh]h

Kms_klI\m_| "~\Z hkgh\guo kihkh[Z ihemqghgby jWwihdkb”gu
wihdkb”"bjh\Zgb_  ~\hcguo k\ya c¢c b Jebpb”bebjh\|[Zobiu ]Jb”jhc
ijbkmlklI\mxsbo \ fhe_dmeZo g_gZkus_gguo byglm"ghbdkedredvgu@
]jmii b beb "\hcguo k\ya ¢ kh”_j Zsboky \ dhdgdjkdphf hj]JzZg
hij _~ ey | ijhp_kk _JTh i_j_jZ[hldb LzZd gZijbf jju wahdkgggh]lhfhg
beb iZzevfh\h]h fzZkez kbgl_abjmxl iml_f wihdkbMbijhdElybgu _ Ih]"
fhghf_ju ba dzZklhjh\h]limfZzké&bpb~bebjh\Zgby > @

F_Ih~hf Jebpb”bebjh\Zgby hklZlhqguo ][b”"jAgkibekgdy ]jmii
dhfizgby 6SHFLILF 3RO\PHUV kbgl_abjh\Zgh\ghbadkbfhgu bokfhe
bkke ~h\Zgby vy\ey |Iky obfbgq_kdZy fh*bnbdZpby \gHbebgZz
<Zgbebgh\uc kibjl bale_dZeb ba eb]Jgbda \hMghkrelexpbg £+ @ H]
ijh"mdlZ mki_rgh kbgl _abjh\Zgu \ ijhfure_gogadkifyks!|Z[Ap fy \
ijhrzxlky ih®  Thjlh\ufb fZ3BIS-b- liblebpb~beh\uc wnbj
nehjhlexpb RISk "blebpb”fbeh\uc wnbj \Zgbebgh\h]h kibjlzZz |

o

O

J K LibJebpb”~beh\uc wnbj nehjh]JexpbgZz

OVAO

O O o
— T,
oO— OH

Jbk >blebpbfbeh\uc wnbj \Zgbebgh\h]h kibjlZz

< jZ[hl_ > @ ihdZaZgh glh wihdkb”?gu_ kfhelb ihemq_
wiboehj]lb”jbgZ k kh_\uf fZkehf ij_"\Zjbl_evgh Kbfhglblebebjh\Zg
"bwlbe_glebdhe_f kKhhi\_lklI\_ggh LZzdbf h[jZahfmiiulebpb”h
h[jZah\u\Zebkv g_ Ihevdh gZ hkgh\ghc gh ddhgZh[hfdh\giox p_iy
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ihevkdbo mqg_guo iha\hey | ihemqZzZlv fzZIl_jbZédwe gZ gbadbkgh!
\h~hih]Jehs_gb_f b ih\ur_ggufb I_jfbg_kdhc klZ[blenxghklvx b ijhqg

< qzZklghklb ijb ijhba\h~ki\_ wiboehj]b”jbgZzjhiithe nyZ ggh]h
klZeb Dbkihevah\Zlv Jelhkgjb\ghe ih[hgguc ijh mdl \ [bh”*ba_e
ijhfure_gghklb Wiboehj]lpZMbgpbhggh_ obfbg_kdh_ \_s_kl\h gZ
bkdhiz_ fh]lh kujvy ”"ey ijhfure_gguo p_e_c¢ bkihfedamzZ[fh \ \ fbjl
ijhba\h”kl\_gguo ijhp_kkZo \dexqZy ihemikfhgb b whkbOkbjfguo
Jughd wiboehj]b”jbgZ khklz\ey | a feg Ilhggqg\ kldZy> k@ f4 dbhe
ihemq_gby khklhbl ba hgbkldb Jebp_jbeyyfyhcldbjkesdpbbbkdkly _qgt
j_ZdpbRa®H jbk H[_ j_Zdpbb y\eyxlky keh gufb jZ\gh\_kgufb
kljhlh]lh dhglglhely Zdpbhgghc kj_"~u dhebq_kI\Z g_iheyjguo jZk
dbkehl b dzlzZzebazlhjz dhlhjuc gzZb[he__ \Zh]hg ijfe'ymduBdhdz p
j_lmebjh\Zgby ~heb ih[hgqguo ijh*mdlh\ j_Zdpbb j ljbiepd@bzZz g.
Iblzgz \ dzZq_kI\_ dzlzZzebazlhjz \ ijhp_kkdZgbx\hg*bl_eZijlelvguo
j_Zdpbc]lht*jhebaz b ih\lhjghlh hdbke_gby wiboehj]brpbgz Z |
wiboehj]b”?jbgZ kh ki®g)lhf > =

—CH
/ 2
L hC CHy e CliH,0
300600 € Cl
ST
HO o / HO 50190;:
HCl HCI
[ }OH—» }OH
HO HO
Jbk LjizAbpbhggZy fghlhklZAbcgZy j_ZdpbyjbigZZndy gptyp wikboehj]!
kbgl_azZ Jebp_jbgzZz \ wibpbehj]lb”™jbg

< Jhkkbb :H ©=D ©LblZg? \ dhgp_ ] ih~\hi*betlyZf j_
jZa\blb_ iezZgh\ ih hj]ZgbaZpbb b ijhba\h kK@ ddrekgZphs difie
ijhba\h~"kl\h wiboehj]b”rjbgZz fhsghklvx *“ luk IPgfhddhc h” Tk

we dljhebazZz oehjb”Z gZljby ©< hlebqgb_ hloijfugilhe mmkighy \r
wiboeh]b”jbgZ ba ijhibe_gzZ [m~_| bkihevahqZgByl voldhle N\ bsy kihez
ba ]Jebp_jbgzZz WIh ihfh | gzZf \h\e_qv \ ijhbauh”~blkhhggbbdpgh\e
kujvy H£Zkebqgqgu_ dmevimkbhht[shkre ij_"k_"ZI_ev kh\ 1z ~bj_dl
F : Kmly]bgkdbc

< gZklhys__ \j_fy jZaebqzZx| "\Z \b*"Z wihdckwmgtjh\Wgby EZklb
obfbg_kdh_ b-obfbdhlzlb\gh_

Obfbg_kdh_ wihdkb”bjh\Zgb_ jZklbilhevidwpo KKkijeklkh ~bg_gby
hrgh]lh ZzZlhfZ dbkehjh”rZ d ~“\hcghc k\yab &u& dghlte Odjpgéhc g g
dbkehlu k bkihevah\Zgb f obfbgq_kdbo hdbkelbllhjeioc h[\ugigdg kI

bkihevamx!|l i_jdZj[hgh\u dbkehlu g _hj]J]Zzgbqg_kdbjhdikbhy]Zgbc
jbk < aZ\bkbfthb hl 1biz bkoh”Aghlh kujvy [bgZRAb mZev
"hihegbl _evgu_ mkeh\by | Zdpbb | _fi_jZImjm gZklbkjbl_ev
]_1_jhl_gguc dZlZebaZlhj b *7]j zem[bgm ijihhdkdZigjdW\ZgbZdpbl

dhgljhebjmxl gZijyfmx b dhk\_ggh gq_j_a kh” hdKigjzg dhk &dlejh”Z
chrgh_ gbkeh khhiI\_IkI\_ggh

< k\hx hqg_j_~v kj_"~b f_Ih~h\ obfbq_kdh]h wih\dkbehhiZgby
ljZrbpbhggh_ wihdkbAbjh\Zgb_  j_Zdpby hidjkdBf \obfbdhf jhkkt
hjlzgbdhf Ghbe_"Z_ \uf wihdkb”bjh\Zgb_ dbkehlgufb bhghh
kfhezfb b dzZlZebabjm_fh_ f_IZeezZfb wihdkb” bjh\Zgb_ > @
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CHy(CH,);CH=CH(CH,);COOH + CHsCOsH
H20,

CH3(CH2)7C|\'|*/CH(CH»7COOH + CH3C02H
@)
Jbk Ko_fZ wihdkb”bjh\Zgby he_bgh\hc dbkehlu

| _j\uc ijhp_kk gZau\Z_|ky wihdkb”bjh\Zgb_f ilpbXjbe_ "Z_
ijh\h~yl \ bg_jlguo jZkl\hjbl_eyo ]_dkZg_ [_gamleehjHnhe goef
| _ljZoehjf_1Zg_ b 7] ijb 1 _fi_jZlmjZof&l\tijbRmlklI\bb kbevguo
fbg_jZevguo dbkehl kheyghc Zahlghc nhknhjghkdmidZkljyhc d
dZq_kI\_ dzlzZzebazlhjz j_Zdpbc k \uoh"hf#8Jh "nidlZdpbBEdpBp
kihkh[ghklv g_ij_~ evguo kh_"bg_gbc \ [Z@&dphp K agyZNdhkeb
obfbq_kdbf kljh_gb_f b ij_"~_ \k_]h ijbjh*hcM\aZfghkdbk\gabijb
GZebqgb_ we_dljh*hghjguo Zedbevguo ]jmii aZfJlghdpbkdyg¥y!l j_
kihkh[ghklv aZf_s _gguo he_nbgh\ f_ gy Iky \ jy"m

K@ K& 5KGKG 5KG KGHK 5KG5,KKS.

We_dljhghzZdp_ilhjgu_ azf_klbl_eb gzZh[hjhl azf_"eyxl j_2zd

HrgZdh ~Zgguc ijhp_kk g_ h[ezZ”Z | k_e _dbb\dy wmkilhvdkk b Zhfig hr
baazZ ijbkmlkl\by \ kf_kb ]Jhfh]_ggh]h dzlZzebazl&Zjdghcqijhl[igbfh"b
dZd hi®*_e _gb_ dhg_qguo ijh~mdlh\ hl dbkeuo ih[hgguo > @

<lhjZy | _ogheh]by hkgh\ZgZ gZ ijbf_g_gbbeldakZilegdgtkdbo
k_j_[jZ IblzgzZz \hevnjzfz |j_gby fheb[”_gZbjdhh bekihe vVamL Zidy
\ "Zgghc | _ogheh]bb j_Zdpby hdbke_gby wlb&_gZ Kbjkdhygnhhf \I
dzlZebazlhj_ ijb |_fi_j@0fjK k E[jZah\Zgb_f wihdkbwlzZgZ wlbe_
dhlhjuc y\ey_Iky hkgh\hc "ey eZdh\ b djZkhdoijkflkébglib&k wihdk
Fbjh\h_ ijhba\h”~klI\h wibe_ghdkb”Z khklz\ey | feg Ilhgg \ ]1h"

_ Ag /\
CH=CH, + O, 8 5 &
300600 € > HC—Ch

Wlbe d9 Wlbe ghc

Jbk Ko_fZ ijhba\h”kI\Z wibe_ghdkb”"Z

HrgZdh bkihevah\Zgb_ f_I1Zeebq_kdh]h k_jehpZINjZdz\q_kI\.
ijhp_kk_ wihdkb”"bjh\Zgby 1Zd°_ g _p_e_khh[jZagh!l Th&ddevkm h
ijhklufb wlibe gh\ufb km[kljZIZfb > @

G_"hklzldzfb ~Zgghc |_ogheh]bb y\ey Iky hyghfloh”bfhk
ih~A”n _j"b\Zlv gbklhlm dzZlZebazZlhjh\ hgbsZlky bhodkd”~h|jbakixesbo
dhlhju_ y\eyxlky ©dZlZeblbg_kdbf y~hf2 djhhihegl_ éyvdmxlky
aZljZlu ih hgbkld_ kfhe hl ijbf_k_c f_|1ZeeZ

Li Ibc f_Ihrwithdkb”?bjh\Zgb_ dbkehlgufb bhghh[f_ggufb |
ijbf_gy_fufb \ dzZq_kI\_ dzZlZebaZzZlhjZz K lhgibgahkgtby |_
wdheh]bg_kdhc [_ahiZzkghklb b wnn_dlb\ghjilibl bt i kediguob [flz\kZ geb \
hrgm klZ"bhg_fv m~h[guc ijhp_kk Wihdkb”~bjh\Zgb_ ijh\h”yl i_jt
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] _g_jbjm_ihhsitu ba dZj[hgh\hc dbkehlu fmjZ\vbghc mdkmkghc
\h~hjh~rzZ \ ijbkmlkl\bb dbkehlgh]h dzZlzZebaZzZlhj#zh]hrbyhdh bl
ijhfure_gghklb H~gZdh ijbf_g _gb_ fbg_ jZevighc diZkZebw AlhjZqg
wihdkb”bjh\Zgby g_wnrmZdipipeh bak\yaZgguo k hi*_e _gb_f dzZlZel
ijh~mdlz j_Zdpbb K~*_eZlv ijhp_kk dhgdmh_gjlth ki k kihd gali \ Zhy'lgb
bhghh[f_ggh]lh dZlZebaZzZlhjz \f_klh ljZ"bpbhgghRdkldhfhjhgZgddh ij
g_ij_"~ _evguo kh_"bg7l.gbc > =

Bhghh[f_ggu_ kfheu ij_"~klZ\eyxl kh[hc_jld_jMjZzghgbfgh
gZ[moZxsb_ \ jzZkl\hjZo we_dljheblh\objZkIAh])jbdbegydkdbbbkehlgh
bhghh[f_ggu_ kfheu y\eyxlky ]_I _jh]l hggtidb (dBlZledehely | g_ lhev
ijh\h~blv \ukhdhk_e_dlb\gu_ j_Zdpbb ghhhKkdythbghlZgbyhggu_ j_Zdp
Z lzd _ agZgbl_evgh mijhkliblv hqbKldfmjiilrdk@*guo heb

Hrghc ba i_jki_dlb\guo ijhfure_ggh \uimkdZ duo kbevg
bhghh[f_gguo kfhe y\ey_ Iky ijh*mBghoy& dHasszZlghlth\hc fzZjdb
Amberlite IR- ij_"klz\eyxsZy kh[hc kmevnhgbjh\Zgguc khihebf_ j
"b\bgbe[_gahezZz K __ bkihevah\Zg®ddma Scigihce qkd Tedhnology
Wnbhiby > @ wihdkb”bjh\Zgh \_jghgb_\h_ fZkeh e jbk]h k
ijhAmdlz ih™ ~ _ckl\b_f i _jhdkbfmjZ\vbghc dbkehln sita[fyZamxs _c
j_amevlzl_j_Zdpbb i_jhdkb”Z \h~"hjh~Z b fmjZ\vbghc dbkehlu

W%VW%} ZW\/&W\
M:M

<_jghgb_f\hkeh
HCOOH l H,0,

M/%\/%Wzg} ZM/MW\
N N NN

O

Jbk Wihdkbrbjh\Zgb_ \_jghgb _\h]h fZkeZ ih~ ~ gkidtkfhebkehc bh

:gZeh]lbqgu_ bkke_~h\zZgby ijh\h”*beb \ Bg”"gkdhf]btbgklblm
FZkeh dZgheu khn j"Zshe bgh\hc b ebghe \hc dbkehlu
wihdkb”bjh\ZgWe-khc dhg\_jkb_c J_Zdpbx ijh\h~"beb k bkihev
i_jhdkbdbkehlu ihemagqitugbadci_j_dbkb \h*"hjh~Z b dZj[hgh\hc d¢t
mdkmkghc beb fmjZ\vbghc gZ hkgh\_ bhghh[fidg $¢& EB&EHELQ |hj]t
IR-  + ljb wlhf dzZlzZzebazlhj ijbl]h~_g 7~ey ih\lhjgh]h Dbkihe:
N _fhgkljbjm_| g_agZgbl_evgmx ihl_jx ZdIbh§jdadbf >\ @ZKkULlAEWH T
\j fy ~ZggZy | _ogbdz vy\ey Iky gZb[he_ _ wngutllb\dglmFht wdh
wihdkb”"bjh\Zgby

Obfbdm_jf _glZlb\gh_ wihdkb”bjh\Zgb_hlghkbl_@vgh gh\Zy
f ITh"bdZ hkgh\ZggZy gZ h[jZ[hld_ jZklbl_eg/ghi huz\gy kfib pbZ
n_jf _glzfb ebizagidijbt j bffh[bebah\Zggh CarelllaZantacctica
Lipase B> @ N_jf_glZlb\guc ih?oh” d kbgl_am wihy\ley/duky heb]
[he _ ijhklhc b wg _jlhwnn _dlb\ghc Zevl_ jogZlblphcp bklrhbg k.
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Z hlkmlkl\b_ jzZklI\hjbl_e_c b ohjhrbc \uoh” _igwhg¢mdijb\Rhyheghbl
d wdhghfbb \ ijhp_kkZo jZza”~_e_gby ijh~mdlh\

G _gZkus _ggu_ dZj[hgh\u_ dbkehlu ij_\jZsZxlky éhlujdZj[hgl
ihr A~ ckl\b_f bffh[bebah\Zgghc ebiZau ba 1RYR]hRvdh5 y\e
ijhf_"mlhqgufb ijh*mdlzZfb b kZfb wihdkb”*bjmxdkyzZKkbobjhmgfb \
[_a ih[hgqguo j_Zdpbc MklZgh\e_gh glh f_oZghkZf 4_j ghk
ij_bfms_KkI\_ggh f_"fhe_dmeyjguc Z h[jZah\Zgb_ijhdZgfghdh\uo
ih "\mf jZaebqgguf dZIZeblbq_kdbf j_ZdpbyfelijBawl ki Zf[he vigride ¥

mkeh\byo j_Zdpbb b fh™ _| ih\lhjgh bkihevah\ZIvky ~h jZa "ey ij
LZdbf h[jZzahf bkke_~h\Zl_eb ba )UDXQKRIHU RQVWLWX
ODWHULDOV DQG 6\VWHPYV = jfZgby i_j_ rebjhREZglypfbqg_k

jZklbl_evguo fZk_e evgygh]h b wnbjgh]lh bazfhd”"i4hlpdlhmat Z ]t
hkgh\_ n_jf_glh\ N_jf_glbjh\Zgb_ fZkjdZI.ijhbjkonbflK qlh
ihal\hey | agZgbl_evgh kgbablv wg_jlhaZljZdu #Zgifddba\t " kfihljwy
gZ [he__ \ukhdmx wdheh]bgghklv b hlikmlkIhbfulg_hhohitbfhkl c
khe_c¢c f_IZeeh\ ~Zgguc ijhp_kk o0ZjZdl_jbamklhy @higZduc \klZ[h
bkihevam_fuo mkeh\byo j_Zdpbb Ijh]m_ilhb[d}B\m* fZgVvig\ ih™ Ibi
i_j_jZ[Zlu\Z_fh]lh kujvy b \ gzZklhys he\h!| fevidhkjb®" | _ogheh]bq_kdtl
ijhp_kkZ b \uoh™”m p_e_\h]lh ijh*mdIZhoikhffiZgdufo lkbfhre LZd \ jZ[!
> @ mdZazZgh qlh ~Zgguc n_jf_glhgp kkZowtbdkbeywilga¥Z gl ba
gbadhc klZ[bevghklb ijb ih\ur_gguo | khdhZindhfypo bghNZpbb i_j dbk
\h~hjh"~Z

>ey \k_o i_j gbke_gguo f_Ih~h\ obfbg_kdh]hheghtkdrdphh\Zgl
fh ghhu™_eblv h[sb_ nzZdlhju \ebyxsb_ gZ \uoh” pglef fh]jghijh*md]I
hlig _klb | _fi_jZImjm j_Zdpbb dhgp_gljZpdbobdlbkeh|]ZophblgmikgZy
fmjZ\vbgZy b [_gahcgZy VbLkhhghamdao ~ey \azZbfh”_ckl\by k i_j
k h[jzah\Zgb_f i_jhdkbdbkehl dhlhju_ \ k\hk MjdZjgb'yv_kidmxoh”"
nZam b \klmizxl \ j_Zdpbx k jZklbl_evgufghbZkelefb b hijezvagua@
]imii Ijb wlhf hj]Zgbg_kdb_ dbkehlu mqgzZkl¥mdplbly h [ljizeato\tz g\by
hdkbjzZzgh\h]lh dhevpzZ gh b \uklmizx!l \ dimtjkldbaj 2A)dkgdZZ gjtb\h ]h
dhevpz > @

Ilhke _~gbf gh g f_g__ \Z guf mkeh\b_ Ighry\®ely Iky l
©i_j_dbkv “"\hcgZy k\yav?@ GZb[he__ jZkghjklfZzgdgkehjh”rZ
bkihevam_fuf \ ijhp_kk_ wihdkb”bjh\gghokvy\eyhijlefdhLzjy _
ijhfure _gghc ~hklmighklb klZ[bevghklb jZhhlojZgZ gltZld b iehohc
jZkIVhjbfhklb \ fZzkeZo qlh kgb Z_I| gZljZMmgmgX hgbtkddm wihdkb”c
heblhf_jh\ hl i_j _dbkb Ijb wlihf gZzmx\kZggbkiHbeagh_ khhlghr_g
JZ\gh _ > @ Bkke_"h\Zgby ihdzZadb&kiehigdb 1 _jbpdhdog_gZkus_gg
]limii \ Jebpb”hevgu_ \hajzZklzZz_| k mg\j2&plgb gbj fddtkdpp\h*hjh*rZ h~"g.
fheyjgh_ khhighr_gb_ ©i_j _dbkv "\hcd2Zplkiykgh™ gbibdlZ[bevghkl
h[jZamxsboky wihdkb”guo ]jmii K "jmdEy kilhgpggljZmby i _j dbk
agZqbl _evgh mf_gvrZ | kdhjhklv j_ ZgbpbB\Wwéigdkbibyb\Z \ "bjguo
dbkehlZo > @

AZdexq_gby
JZklbl_evgu_ fZkeZ bkihevah\Zeb \ dZq_kb\ebkApazksilbd d
djZzkdZo b ihdjulbyo gZ ijhly" _gbb fgh]bo \ fdlm\ gdkdBEge¥gubh \
jbkmgdh\ h"r"gZdKXIX gZlgglean™ _ g_ fh]leb h[_ki_qgb\zZlv \hajhkrb _ 1]
d jZajzZ[Zlu\z _fuf fzZl_jbzZzezf Kimkly klhe_¢l]bqg\ lgdhhfmid eghh

58 b 6 680670 TRUDY VIAM 8 (114) 2022



\i_j\mx hqg_j “aZ bddajhkrbo Ij_[h\Zgbc wdheh]bg_kdhc [_ahiZkg
\gh\v klZeb \ha\jZsZlvky d ©bklhdzZf a_e_gk& dpZdbPdzZD Zigbihd.
bkihevah\Zgbb bggh\Zpbhgguo ijhmdlh\ b tkhckujZgbcgZjZaeb
[bheh]bg_kdhc hkgh\_ 0ZjZdl_jbamxs_]hky glthddhebfkifiobfhklv
wdkiemzZlZpbhggufb oZzZjzZdl_jbklbdzfb b hl\yfqdxdhdh]dg [lMdEgb
[ ahiZzkghklb \hafh gh kha~Zgb_ gh\uo ihebf_ jogwo ftdl YbZeh\
jZaebgguo hljZzkeyo "bag_”~_yl _evghklb gq_dhtbadp Bjkilzegwdh Wz gb
jZklbl_evgh]h kujvy \f_klh fZI _jbZeh\ gZ g_nklZgfHql_KdbcrbBigh\
i jki_dlb\guo bkke_~h\Zgbc b jZajzZ[hlhd ~h[Z\hd be®dy de _
dhfihabpbhgguo fZ1 _jbzZeh\

< gZklhys__ \j_fy kms_kI\m_| g_kdhevdh |_idgkdHdouco ihem:¢
kfhe ba jZklbl_evgh]h kujvy D gbf hlghkylkyh?*ohf{f_glZlb
wihdkb”rbjh\Zgb_ ih Iljbe_"Z_ \m wihdkb”bjh\Zgb__gakeéhligufb
kfhezfb b dzlZebabjm_fh_ f 1ZeeZfb wihdkb”bjhyheth ]b oakrek IbkI\
wdheh]bq_kdhc [_ah|Zkgthb b wnn_dlIb\ghjilibl bwi ledighuob jfliz\kZ geb \
hrgm klzZ~bx il jhdkbdbkehlhc ]_én siynbafhadZj[hgh\hc dbkehlu
fmjZ\vbghc mdkmkghc i _j_dbkvx \h~"hjh~Z2ghlihbd ;llZxé\dbabZ Ichh K e h
rbjhdh bkihevam_Iky \ ijhfure_gghklb HFpgg@dhZejbdhg djbkehlu \
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Abstract. The article contains information about hydraulic fluids used in the foreign and
Russian aviation at the present time. Brief information about hydraydiems is given. Infe
mation is provided on foreignWGUDXOLF IOXLGV VXFK DV 6N\GUROE DQG -
working fluids named NGZzh-5u, LKAG-2, 7-50S-3 and hydraulic oils of the MGE-10A,
AMG-10 brands. The main Russian enterprises engaged in the production adfilltyfluids
over the past 40 years are indicated. Information on modern developmentsaflicydinid
compositions in the Russian Federation is presented.
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<\_"_gb_

Kharzgb_ kh\j_f _gguo e_I1Zl_evguo ZiiZjZlhdhlNu¢mfzll jZajZ][F
jbzeh\ ZzZ 1zd _ ijh_dlbjh\Zgby maeh\ b Z]j_]1Zlh\ukhdbleyksbo ~
dZaZl_e _c e_lguo ozZjzZd!l_jbklbd > + @ < g¥Zklhiyhse Ih\kljfty _fhbyeZ
ijbf_gyxlky |Ijb hkgh\gu_  kbkl _fu ~bklZgpbhgwé]hljimgZkeéZgby
ig_\fZlbg_kdZy b ]b"jzZ\ebq_kdZzZy

< nZgghc klZlv_ jZzkkfhlj_gu ]Jb”jZ\ebq_kdb _dhkMdhikiljb ]b”jh
f gy fu_ gZ \hamrguo km~Zo Jhkkbckdhc NZPhqBpbth~dkdg ckV\
gZb[he__ jzkijhkljZzg_gghc ]b”jZ\ebq_kdhc kbhkkbkl mijz\el_gby
gh\guf gZagZq_gb_f IZdbo kbkl_f y\ey likkygb | fhadghlkdB jgkk[oh
Abfhc ~ey ijb\_~_gby \ A _ckl\b_ Z]j_1Z1Z k_idZRsOxh jB{ldd k]b |
dhlhjzy y\ey_Ilky jZ[hq_c kj_"hc ]b*jhkbkl_fu > @by¥d[bhihj ~ey
kihkh[ghklb f_ozZgbafh\ ih~t_fZ b \uimkdZ rzZkkbl\RajhdjuZdiz\d exd!
mijZ\e_gby maeZfb kbeh\hc mklzZgh\db mkljhakl\hffhZkbbyey dh
dhe_k b |

Rbjhdh_ bkihevah\Zgb_ ]b”jZ\ebdb \ e I1Zl_evguph diiZjzZ|lZo
glh ijb g_[hevrbo ]Z[ZjblZo ]b”jhkbkl_fZ h[ezgBklvkZéhcddbd jpl
ke ~kl\b_  h[_ki_gb\Z_I hi_jzZlb\gh_ ~ ckl\boZigkhatem\blDeggttd f
kizldzf fh gh hig_klb hlghkbl_evgh [hevrmx tgzkkmjhXhhpg\ il |_e.
Zlj_1Zlh\ Z 1Zd"_ aZ\bkbfhklv bo jZ[hlu mlZxdi cjXKmfw hdjh \h
fghlhf hij_"~_ey_Ilky Ibihf bkihevam_fhc ]b*jh brdhkldmqgafbfh w
gZjmr_gby p_ehklghklb Ijm[hijh\h~*h\ b Z]j_]ZIhKklv_jglhkfh] |Jf Ib«
ijb\_kIb d hldZzam ]b*jZz\ebqg_kdhc kbkl_fu

OzZjzdl_j mijz\e_gby ]b~jhZz]j_1Z1Zfb mklhdgly\Whdk ledZyd kiem Z
| _jbklbd >+ @ b gzZ~_"ghklv jZ[hlu kHklevuhd gl éhfb azZ\bkyl hl
k\hcklI\ ijbf_gy _fhc jZ[hg_c ]b*jh b rdinkdbkliijhujZ[lul _eb jakihe
" gu gZ kzZfhe_ | _\ jZaebqguo qZklyon dbhgalfjrdphbd “pmZX >ey mij
e _gby bfb g_h[oh”bfZ ]b”Ajhkbkl_fzZ \JEKaftml\éadgiryghtm km~gm gl
k\hx hg_j_~v g_ iha\hey | h[_ki_qgBlmjgubgumkehfiby jZ[hlu maeh\
wdkiemzZlZpbb kZfhe 1Z K mq_Ilhf wjlhdhzpkildez }brZgthyrdhkl _c \k _]
gZijZ\e _gu gZ memqgr_gb_ wdkiemZlZpdbgpun]joZsZi\ jbklbd

Lj_[h\Zgby d ]b”jZ\ebqg_kdbf "brdhklyf

JZa\blb_ b mkh\_jr_gkl\h\Zgb_ e _|Zl_evguojZkidjZyox ijb\_e
hlezkl_c ijbf_g_gby Jb*jhkbkl_f b dZd kex *kj\lmgydjm\h\edoggp cgb
ij_~tyley fuo d ]b?jh b~rdhklyf WIh \ i_j\mk thiggh\dwvod@dEXZdk
jbklbd ]b”jh"b~rdhkl_c dhlhju_ hij_~_eyxl "eblmxvgudki®dm[ZlazZ\Z]j
pbx ]brjhkbkl_fu \ aZ*"Zgguo mkeh\byo

D gZb[he_ _ agzZqgbfuf wdkiemZlZpbhgguf dZjp2dihkbkdbdZzZf
fhgh hlg_klb fZemx iehlghklv \ukhdmx |_iehijh\dfghkidklIhl]b*jhel
gb\hklv | _jfhhdbkebl _evgmx klZ[bevghklv gbadmkldh@hlazbhggrm
_ohjhrb_ \yadhklgu_ k\hckI\Z \ rbjhdhf ~bzZizdhikglv [[bft jRhZIm]j
"brdhklb "he gZ hklz\zZlvky klZ[bevghc \hdphph’kK _okdWigmZI|dp
gbg_kdbo b ~"bgZfbg_kdbo gZ]jmahd <2zvg]dNjhdb” ddik ik [kghhaA
\Zlv kfZahggmx ie_gdm ~Z" _ ijb fZehc \yadhklb

?keb mqgblu\Zlv | _fi_jZImju wdkiemZIlZpbbo”jiin bkto\jp kfbggu _
"he gu [ulv ijb]h”rgu d bkihevah\Zgbx \ |_fi_jZhmfigdvr”lZfiZjahg _
hl + ~h fK ihkdhevdm ijb “Zgguo | _fi_jZImj4d g \hHafh gh
beb kfZahgguo fZk_e gZ jZklbl_evghc hkgh\ _
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Ke_"m_1I| 1zd _ hif_Iblv Ij_[h\Zgby d \aju\h[_‘adhKkghklb ]k
=b”Mjh ' b*rdhklv "he " gZ o0Zjzdl_jbah\Zlvky gbadmfuézigjhgb \f gZku
khdbfb agZq_gbyfb |_fi_jZImj dbi_gby b kzZég\hkie&d_ gbgblhy 2z »
[h\Zgbc ih ih"Zjh[_ahiZkghklb ijb jzZza]_jf_IbazZgbdjhbghtck bkl fu
ImZpbb | _fi_jZImjzZ \kiurdb iZzjh\ "brdhklb "he ¢gX [ulv g_ f_g__

lhfbfh \ur_| _j_gbke_ggh]lh ]b”jh b~rdhklb ~“he gub[blv g_lh
bf Iv gbadmx kihbfhklv

ljb kha~Zgbb i_j\uo Z\bZpbhgguo Jb”jh b’/ hkigkl\uc bkdizeg KkI\_
ah\Zeb jZklbl _evgu_ fZkeZ < gZklhys_ _ \j fyggZfigReydkhitZh jbZe
gh\_ bkihevamxl| jZaebqgu_ kbgl_Ibqg_kdd-ihebhlel\dbddjb_ dZ
dj _fgb_\hc b nhknhjghc dbkehl ]Zehb”bjh\Zggu_ mPkegbd~hjh”u
kdb_ wnbju ihebhj]j]ZghkbehdkZgu ]Jebdheb \h*"hfZkéygu_ wfme\

JZkijhkljZg_ggu_ ]b”™jZ\ebqg_ kdb_ "brdhklb
bkihevam fu aZ jm[_ hf

K\hckl\Z ]b"jZ\ebq_kdbo “brdhkl_c bkihevedk kfZiudjkdbhogguc
kZfhe 1Zo aZ\bkyl hl az~zZq dhgdj _Igh]lh ijbfjig"gby @ h¥dim Zxs

ijb\_"_g g _dhlhju_ ba gbo ijbf_gy fu_\ azZjm[_"ghc Z\bZpbb
=b~jZ\ebqgq_kdZy "b~dhklv Bkihevam_Iky gz fghlbo kZfhe_lZo
e | g¢Zijbf_ j gZ g_dhlhjuo kZfhdhlZankugghbe KR: b [bag_ Kk
N 1Zo H’\gZdh hgZ e_]dh \hkiez¥bglyfHhkm wgylbyehkv ijbgbghc dj

r gby \h_gguo kzZfhe_ Ih\ \ ijhrehf ihwlhfm \ gZklhys wlNjcfy bki
“bArdhklb h]jZgbg_gh

=b"jZ\ebq_kdzZy "b~tHhklv Op/lkihevam_fzZy \ kZfhe 1Zo k ]
|mengZ \i_j\mx hqg_j_~v \ klyab k | f qglhhki&gz§zdghig fqgf _
“brdhklv -85/ HAgZdh hgz [he__ \yadZzZy ijb gbadtbo glbdi_jZImj

ij_"_e wdkiemZlZpbb \k_]h % f K

=b~jZ\ebq_kdZy “bAdhklv Opkihevam fZy \ kZfhe 1Zo &
8 f_g__ lhjxqzZ q_f "botthklv ®,fh" | khojzZgylv | _dmqg_klv ijb |_
jZImj_ ~h % fK ithwlhfm hgZ klZzezZ [he__ \hkljy[h\gZggdckrey ijt
fhe_1Zo

l[jhba\h*"bfZy dhfiZzgb_c¢ (DVWPHQ $YLDWLRQ GRIRONERQV
"b~rdhklv gZ hkgh\_ wnbjZ nhknhjghc dbkehlu klzeZdihim&yjghc
hl]g_klhcdZy ]b”jZ\ebq_kdZy "b”rdhklv

=brjh b~rdhklv +\MHWE ijhba\h”*kI\Z dhfiZzgbb (KROWORELO
fb 1b”jZ\ebqg_kdbfb "brdhklyfb Ibih\ ,9 b NjwEedbIKZI[4bZ eZfb
]b”rjZ\ebqg_kdbo kbkl_f

Mobil HyJetV +h]g_klhcdZy ]b"jZ\ebq_kdZy "brdhklv gZ hkgh\_ v
ghc dbkehlu h”h[j_gZy ey \k_o dhff_jqg_kdblo |\ Z peltha gkuddb k b k |
"Z\e_gb_f 36, Flz

lhfbfh wlh]lh ]b”jZ\ebq_kdb_ "b~dhklb ey Z\bZZhbb ijhba\h
6KHOO b[IDk &2

=b~jZ\ebq_kdb_ "brdhklb \ jhkkbckdhc Z\bZpbb
JZa\blb_ jhkkbckdhc Z\bZpbb ijb\_eh d jZkrbjg gdbxheZkl ¢
jhkbkl _f b dzd ke_~kl\b_ d m\_ebqg_gbx i*tyyey fuoh\Zobgh ij_
“bArdhklyf Lzd ih\ur_gb_ | _fi_jZImj wdkiemAZdbbbhmamhyuw Z]
km~h\ ihlj_[h\Zeh m\_ebq_gby | _fi_jzZImj kzZfh\hkigZfhg_pby b
| eZ ]b~rjhkbkl _fu ;hevrh_ \gbfZgb_ klZeh m”_ghbkvikyZibjghhdbk:
ghklb dhjjhabhgghc ZdlI\ghklb b |
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< gZklhys__ \j_fy \ ]brjhkbkl_fZo jhkkbakdBq kEWhgZ]|

gbo ‘bAdhkl_c rbjhdh ijbf_gyxlky hl_ch bndlgkib_BHZ b

fZkeh :AB8[ @ Z 1zd _ azZjm[_"gu_  b~dhkLD-423kydrob N\GUR O
GJetiV-:P“ b gcolube KhihklZ\e _gb_ jhkkbckdbo jZajz[hlhd k bf

ZgZeh]zZfb ij_~klZ\e_gh \ 1Z[e

LZ[ebpZ
Jhkkbckdb_ ]b”jh bAdhklb b bo aZjm[ ‘gu_ ZgZeh]b > @

HI _q_kI\_ggu_ AZjm[_"gu_ ]b”~jh b~dhklb
Ibrjh"brdhklb =HK Lhjlh\Zy fZjd Ki_pbnbdZg Nbjfdjhba\h”bl_
7- K3 -
“HKL 75y NYCOLUBE 934 CG 940120 NYCO NjZgpby
:_roShell Fluid 41 Shell =_jfZgby
:F=-10 Mobil Aero HF ExxonMobil KR:
=HKL 20%7) Hydraunycoil FH 51 MIL-PRF-5606H | \yco NjZgpby
ROYCO 756 Royal Lubricants KR :
F=2 : .
LM -58-337:2003) HydraunycoilFH 16 + NYCO NjZgpby
G=@m GrletdV- P 20aF il KR
L_M 5857 93) Skydrol 500<4 SAEAS 1241 Solutia KR:
SkydrolLD-4 Solutia KR :
EAF =2 , ]
LM  -58336:2003) rgZeh]b g_ md; * *

GZ \hamrguo km”"Zo

\ukhdhc jZ[hg_c I_fi_jZImjhc

dhihjh

1Zd>_ ijbf_gy Iky ]brjZ\eb& _gdh_ fZke
ij_~klZ\eyg Inkhdmk« @Z]ms_

gh\m k Zglbhdbkebl _evghc b ijth\h_baghkghcz?jb:ij"_d’\@fb FZkel

agZgq_gh \ dzZqg_kI\_ jZz[hg_c "b~rdhklb "gndbNjzj\£llhdZkdho mkl
| _j\ze_|I_fi_jZImj hl £ ~h f K

< ] \h <GBB GI kh\f_klgh k <B:F [ueZ jZajzZihjEgZ g _1]h
"brdhklv 6m@k | _fi_jZImjhc kZfh\hkieZff K bgbyfi* jZImjhc \kiur
db \ hldjulhf Ib]Je_ * fK L_fi_jZImjguc bgl_j\ZdhikkbhgZah\Zghb
"beky \ ij_~_eZo hl £ ~h fK ki_j_1j_\zZfb ~h _ MK 1h k\h
dhklv ij_"klzZ\eyeZ kh[hc kf_kv wnbjh\ nhknhjghtc db&kmexgtZ k ijbk
sbfb \yadhklgu_ Zglb]b”jhebagu_ Zglbhdbkeblguevgu EglZglbdh,
wjhabhggu_ k\hckl\Z < gzZklhys_ _ \j fy I'HHAAGDE JHKkg hMimd |2
] Fhkd\zZ ij_djZlbe \uimkd ~"Zgg&aZ ibpfrdhki B bh g _kI\ _gguo \ha”
guo km~Ah\ gZ azZjm[_"gu_ ZgZeh]G6WVWEORO /'

< i_j_qg_ ijbf_gy_fuo \ jhkkbckdhc Z\bZpbthKimtkh\b\Hehk| c
"brdhklv ey madhc h[eZklbjZjibfgdhgy gbydhlklw EAhklZ\eyeZkv ih
LM 8kE gbgljZ"kdbf HGFAMBYygZ ij ~klzZ\ey\rZy kh[hc kf_Kk
g _nlyghc njZdpbb azZ]mklbl_ey b bg]b[blhjlznjzdkkEdhgtokyie Zf fi_ |z
g_gby wlhc "brflh&lb + fK Z | _fi_jZImjzZ \kiurdb \ h[lldgulhf Ib]Je_
92 fK @b~dhklv ij _~"gzZagyYqBkihlewah\Zgby ijb | _fi_jZImjZo hl 4
+125 fK \ dhglzZzdl_ k \ha“mohf beb Zahlhf k g_ijhthfd bhhevgufb
150 fK \ dhglzdl_ k Zahlhf

< ~"Zgghc klZlv_ [m~"_]I
]brjh*b~rdhkl_c jhkkbckdh]h

[he__ ih~jh[gh jZkkfhljbgZ\b&lhjby
ijhjZd g kd\Zbadhkllé b fZkeZ

F=- ihkdhevdm bo ijbf_g_gb_ gZ |_jjblhjbb JN gZb[he__
< klzlv_ lzd" _ ij_"klZ\e_gZ bgnhjfZpby hKoZ\Z dokke dh\Zgsdme:
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b bkiulZzgbc \uiheg _gguo dhee_ dlb\hkBZFhqgjZa g liw\Zxs _c k
klZ\u ]1b”rjh"b~rdhkl_c b gZqzZ\r_c k\th* ymd hehgiikhy E < =hjg_p

JZ[hgqZy "b~r"dhkK3
JZ[hgZy "b"dhkdv ij_~klzZ\ey_| kh[hc kf_kv ihebkbehdkzZgh\h
kilb b hj]j]Zzgbq_kdh]l]h wnbjzZz k ~h[zZ\dZfb ijhdib\hd dggbdghichjiijbkz"
hdbke_gby Hkgh\gwbfihhlmalkdh _ozZjzZdl_jbklbdb jZ[hqg K3 "b~rdhklt
ij_"klz\e_gu \ 1Z[e

LZ[ebpZ
Hkgh\gu_ nbalbdihg _kdb_o0ZjZdl _jbklbdb jZ[hqg- ck3d?3Jhklb
AgZq_g
K\hcklI\z K\hecki
lehlghklv ijb K ] kf 0,939€,94
<yadhklv dbg_fZlb§ kkdiZly | ffi_jZIkj_ f
g_f_g__ 1,3
g f g 22,0
+ g [he 4200
L fi_jZImjz aZklu\Zgby fK g_ [he_ _ 70
L fi_ jZImjzZz \kiurdb hij_ ~ ey fZy \ hldjulhf Ib]Je 200
Dbkehlgh_gbkeh ] DHG gZ ] fZkeZ g_ [he__ 0,1
Kh” j"Zgb_ \h”"u HIkmIkI\
Kh” j°Zgb_ \h”"hjzZkl\hjbfuo dbkehl b s _ehqg_c HIkmIkI\
FZkkh\Zy "hey f oZgbqg_kdbo ijbf _k_c g_ [he_ _ 0,002
L_jfhhdbkebl_evgZy klZ[bevghklv b dhjjhabhggZy Z
ijb 1_fi_jzZIndp fK \ I_q_gb_ g gZ ieZklbgdZo ba Kkl
AxjZey = L< J[jhgau ;j:@
+\yadhklv dbg_fZlbg_kdZy ihke_1?jkhigdbkiee gby
ijb I_fi_jzZImK_ f
200 15
20 26,0
60 4500
tdbkehlgh_ gbkeh ihke_ | _jfhhdbke_gby f] DHG ¢ 0,8
+\_kh\hc ihdZazl ev dhjjimnabjmgHkkh dZ ~h]lh f |Zee] !
Lib[heh]bg_kdb_ ozZjzdl_jbklbdb gZ q_luj_orZjbdh\}
"zf Ij iylgZ baghkjd k_\hc gZ]jmad _ G b I_fiKji
\'l g gb g ff g [he_ 0,7

@brdhklvk y\ley |ky \ukhdhl fi_ jZImjgAtmiguc bgl_j\Ze _
wdkiemZIZpbb khklZ\ey | WK+ @&h HIjZ[hldZ __ khklZ\Z b | _ogh
eZkv gZ ij_"ijbylbb =HKGBB =19%] FHgbkl_jkl\hf obfbg_kdhc L
g_nl_i_j_jZ[Zlu\Zxs_c ijhfure_gghklb KKR073A+ " lg kdafK§_gby
fb + ~_ckl\mxsbc b \ gZklhys__ \j_fy JIljhba\lgZkRinklljiglthdh\Zg
g_nl_fZkehazZ\h”"_

H~rgZdh ihke_ jZajzZ[hldb nbgZevgh]lh khklZ\Zk\ipadhkhb
keh ghklyfb k\yaZggufb k "hkimighklvx kujv_hhjiZ[ZlaZa \wiheg
fh ghklb bkihevah\Zgby dhfihg _glh\ jZaebgqgudZjhbljd\Vh®bb e c \
dhklb < ] jZajzZ[hlZgZ gh\Zy | _ogheh]by ihe&mfy ghlK *bhdlb
GZ Fhkdh\kdhf g_nl_fZkehaz\h”_ ba]lhlh\e_gZ hiulgzZk KZjlby "b”"
ihevah\Zgb f | _jfhklZ[bevgh]h >HK h”gZdh hiulguc kh[hZ\a _p “b~"
kiI\h\Ze d\ZebnbdZpbhgguf ghjfzf
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< ] balhlh\e_gZ hiulgzZy iZjlby b h kb dkhlkélvah\zgb _f
\ dzZq_kI\_ bkoh~gh]lh kujvy "bHKKkIb <« + HiulgZy iZjlby wlh
"brdhklb 1Zzd™_ g_ khhlI\_IkI\h\ZeZ d\ZebnbdZpbhgguf ghjfzf

< ] balhlh\e_gZ hiulgZy iZjlby {b&jhkKo’bkikREbvah\Zgb f
“bAdhklb & \yadhklvx 2 k ffb | _fi_jz®@jfKWIZ hiulgZy iZjlby khh
\_|kI\h\ZezZ ghjfzf =HKL + b ih j_amev|zZIZfb&\dEedqthaZpbh
[ueZ "hims_gZ d ijbf_g _gbx gZjzZ\g_ k m _ bbb xdh kdky d&Kkjlzgd _
ey fhc ih F3&IM A > @

< ] k p_evx i_j oh~Z gZ hl_q_kI\ _ggh_ekuopdZgjthh_ "~ gu
gu_ bkiulZgby "b2dikkklbba]lhlhle_gghc k bkihevah\Zgb_f "b~dhklb
emq_gghc gZ KezZ\]lhjh~rkdhf obfbqg_kdhf azZ\h” \dHf @ elZcbtbfijhf
kilb < ijhba\h~klI\Z az\h~Z ©Dj_fgbcihebf_j&a ] AZihjhb*_ MdjZb
dhklv kK \u”_j"ZeZ d\ZebnbdZpbhggu_ bkiulZgby

< ] ba]lhlh\e_g hiulguc h[jZa-_ pk bRdlxktbg gb_f >HK
ijhba\h~kI\Z Dmkdh\kdh]h az\h~Z ] Fhkd\Z dhkilblg&c f[jZa_p
khhi\_IklI\h\Ze d\ZebnbdZpbhgguf ghjfzf

K ] A:H ©:\bZL-GBBZkgZqZe \uimkd k_jbcguo iZjlbc "b"

7- kK ih =HKL + gZ k\hbo ijhfure_gguo iehsZ”yo jZg__
7- Kk balhlZ\eb\ZeZkv |lhevdh gZ :H OFGFA?®2

< ] ijh\_~ gu d\ZebnbdZpbhggu_ bkiulZgby hiwlgh]h h]
"brdhklb K ijhba\h"kI\ZOFK6FA2 k bkihevah\zZgb_f |_jfhklZ[bev

>HK dhlhjuc ijhba\h*"beky gZ Dmkdh\kdhf azZ\BPHK Jjhbfektd\zZz \a
kiI\Z Gh\hkb[bjkdh]h obfaz\h”zZ J_amevlZlu \k_d _bkkigluZlgbc [ueb
< ] 9z A:H ©Kh\Qi&h glfc Gh\]hjh” hjl]Zgbah\Zg-\uimkd hi
ijhfure_gghc iZjlbb "b2dKklbkhhI\_IklI\mxs ¢ d\ZebnbdZpbhgguf ghj
< gZklhys__ \j _fy kibkhd ij_"ijbylbc bf_xsbo Xmifjk[d d ijhb:

g ¢ “brdhklbk ih =HKL + \dexg®GIIKHpg_nlvijh~"mdl?2
HHH ©leZklg_nl_obf2 A:H ©Kh\j f ggu_ obb?q Adb ©Khdgbeh]

| _o®@ HHH ©H[g—lkgplgdma]"’l HHH ©Gh\hqg_jdZkkdbc azZz\hZ kfZahqg
eh\a > @

FZkeh =-EO=
FZkeh :F=1ij_"klzZ\ey | kh[hc [Zah\mx kf_kv Jem[hdh”_ZjhfZI
gbadhaZzZklu\Zxs_c njZdpbb ihemqgZ_fhc ba ijh”*kfdIKD Z|brjhdj_c
nbgbkluo g _nl_c¢c b khklhys ¢ ba gZnl_gh\udeb \lhadhjBEjAmb @iz\luo n
sZxs_c¢ Zglbhdbkebl _evghc ijhlb\hbaghkghcy ipbkZ "ha@ bFAk2kbl_

F=-  yley_ [yxg_c "b~rdhklvx k |I_fi_jZlmjhc \kiurdb \ hldjulhf |
f_g__ fK b wdkiemZlbjm_Ilky \ bgl_j\Ze_ |I_fi_jzZImjhaglzdl_ "N
\ha”"mohf beb Zahlhf k g_ijh*he bl_evgufb i_j_]j_\Zfb ~h fK >

GZgbgZy ko ]] \ <GBB GI b =HKGBIBkd&\:Z Jijh\h*"b&b hlj
[hldm | _ogheh]bc ba]Jhlh\e_gby &ZkeZ]:FEbgg_nl_obfijhfhf KKKJ
[ue jZajZ[hlZg =HKL + d dhlhjhfm \ "Zevg_cr_fglugthy \uims
1+ b \ gZklhys__ \j_fy ~ ckl\m_| =HKL + -obHlixghkdb nba
0ZjZdl_jbklbdb fZkeZj: FklZ\e _gu \ 1Z[e

< gZklhys__ \j_fy khklz} fZek@quFl_evgh baf gbekyo LEd *h
k _ jbcgh_fzZkeh Ha]hlzZ\eb\Zeb ba "bklbeeylZ [ZeXdZgkdhZkg nlb
wlhc g_nlb j_adh khdjZlbkbkvi hgilyldevr_g_ fhleZ y\eylvky i_jk
guf kujv_f ~ey ijhba\h”*klI\Z-fZkelZagbhdeZ g _h[oh”*bfhklv akke ~h\z
fh ghklv bkihevah\Zgby bkoh”~gh]h kujvy k¢ jdhdboh§_klihjdqbebg
[uihemqg_gb_Ij [m_fuo h[t_fh\ fidkelX 1IKRmxs |Jh dZq_klI\Z
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LZ[ebpZz
Hkgh\gu_ nbalkdibhg kdb_ o0ZjZdl jbklbdb-IZWB]Z :F=

K\hckI\Z AgZq _gby k\hg

Hrghjh~gZy ijhaj

<g_rgbc \b" "brdhklv djZkgh]

lehlghklv ijfK 1°k§ _ [he _ 0,85
<yadhklv dbg_fZlb§ kkdiZly I ffi_jZImj_ fK
g f o 10
+ g_ [he_ _ 1250
L_fi_jZIlmjZ gZqZeZ dbi_gby fK g_f_g__| 210
L fi jZImjzZz aZklu\Zgby fK g _[he #0
L_fi_jZImjz \kiurdb hij_~_ey_ fZy \ hldjulhf 93
Ible. fK g_f g _ _
Dbkehlgh_gbkeh f] DHG @Z[hkfZkeZ 0,03
Kh” j"Zgb_ \h”"u HIkmlkI\b _
Kh”r j°Zgb_ \h”*hjZkl\hjbfuo dbkehl b s _eh HIkmlkI\b _
FZkkh\Zy "hey f oZgbq kdbo ijbf k ¢ 0,003
L_jfhhdbkebl_evgZy klZ[bevghklv b dhjjha
ijb I _fi_jzZImj_ fK \' I _q_gb_ q
t\yadhklv dbg_fZlbg_kdZy ihke_ |_jfiffiKdb 9,5
ff°k g_f_g__
tdbkehlgh_ gbkeh ihke_ | _jfhhdbke_gby f
gZ ] fzkezZz g_ [he__ 0,15
+\_kh\hc ihdZaZzZl_ev dhjjhabb ih\_jofd&Zb
f] k¥ “
DZq_kI\h ie_gdb fzkeZ ihke_ gz]j_\Zgby | l'\e.—Aghdeg—bA.Zf] g
fK\I_qg_gb_ g \_Jrhe enidnc
ih\_joghklb ieZk
KlZ[bevghklv \yadhklb ihkéZkb 4 lchle ljZ
\hc mklZgh\d_\ |l gq gb_ fbg g_ [he | 42
Lib[heh]bg_kdb_ ozZjzdl_jbklbdb gZ q_luj_|
lj_gbybzf_lj iylgZ baghkZ hk_\hc gZ]jmad |
bl fi jzImj_ “ fK\ 1 q gb_ g ff g_ | 0,6
< ] 9Z =hjvdh\kdhf HIGFA bf :Zdbgkdbo dfZfbkkZjh)

hiulghjhfure _ggZy iZjlby "b~dhklb dk*hjZy \u”®_j ZeZ bkiulZgby |
hij_ " e _gbx nbhbld_kdbo ozZjzdl_jbklbd

< ] 9Z =hjvdh\kdhf GFA ba]lhlh\e_g h[jkabpiHgkal\:F=
gb _f Zglbhdbkebl _evghc-gjdkihedbijhba\h”klI\Z QKKJ Ilh j _amev
d\ZebnbdZpbhgguo bkiulZzgbc "Zgguc h[jZenhp\fZkleBE\ZB=d\Ze
nbdZpbhgguf ghjfzf

< ] 9Z =hjvdh\kdhf HIGFA ba]lhlh\e_g hiulguelbh[jZa_p
k bkihevah\zZgb f \bgbiHEZ&a;p g_ \u™_j Ze bkiulZgby ih dhfie_ dl
"h\ d\ZebnbdZpbhgghc hp_gdb jZ[hgbo "brdhkl_c “ey ]Jb*jhkbkl _-

< ] balhlh\e_g hiulguc h[jZa_p gZklkekkghk= \he]h]jZz*"kdh]l
kujvy HJ[jZa_p g_ khhI\_Ikl\h\Ze d\ZebnbdZpbhgguf ghjfzf
< ] k p_evx aZf_gu \ khklz\_ UbZzikelmhFgZnlhgZ

hl _g_klI\_ggmx ijbkZ2dgZnlbgbzefbg g _hahg ©:2 ijh\_"~Zgu d\Ze
pbhggu_ bkiulzgby hiulgh]lh hiFZzapZHgkaeZp \u”™_j Ze bkiulZgby
ih dhfie_dkm f_Ih~"h\ d\ZebnbdZpbhgghc hp_gtly j[b'hdqkdkIibFdhkl
kzfhe _Ih\
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< ] ghjvdh\kdhf HIGFA b <helh]jz*"kdhf GIA 1Zd _ ba]
hiulghjhfure_ggu_ iZjlbb fZkezZgZ3he]lh]jz*kdhf g_nlyghf kujv_
iZjlbb ijhreb d\ZebnbdZpbhggu_ bkiulZgby

< ] balhlh\e_gZ ijhfure_ggZy iZilbyifEka¥Yh?*"KRZ nbj
fu ©<ZzZjya ] Gb ' gbc Gh\]hjh™ |Ih j_amevlzZI|ZfkdlEZedhddZpbhggu
a_p khhl\_IklI\h\Ze d\ZebnbdZpbhgguf ghjfzf

K p_evx jZkrbj_gby ijhba\h”~klI‘Z flZzkre[Z kiFg_gby ihlj_[ghklb
\ g f \ ] ijh\_~ _gu d\ZebnbdZpbhggu_ bkivdBdgBEkeZiulgh]h
F= balhlh\e _ggh]h gZ FHIA ©G_nl_ijh*mdl2 HA¢phdbtZpur | Z
hggu_ bkiulzZgby

Ih "Zgguf N_" jZevghc Z\bZpbhgghc kem [u JDkldKigihf \
ij_djZs_gZ ihklz\dz \ Jhkkbx hkgh\ghc ijbkzZz dd\hBkI\kbhgkipihe 1]
\u "brdhklb-:FgZ <helh]jzrkdhf ij_"ijbylbb IZd _ [ueh ij_djZs_gt
abeh ijb\_kib d hklZzgh\d_ wdkiemZIlbjm_fh]h iZjdZ \ha”mrguo km

GZ A:H ©:\bZL_oFzZk2 \ ] balhlh\e_g hiulgruelth[jZa_p f
khhi\_Ikl\mxs_]h Ij_[h\Zgbyf =HKL + k azf_ghl&iphlra\h”*bl_
ijbkz~rdb <bgbihe<<|hf *_ ]1h”m [ue ba]lhlh\ighfuheugghuc A|j
a_p fzkezZ :Fdhlhjuc \u®_j Ze d\ZebnbdZpbhggu_ bkiulZgby

< ] H:H ©GD ©Jhk&FANI@E nl_ijh mdl? ba]lhlh\be hiul¢
ijhfure_gguc h[jZa_p fZkezZzh?§Zdh ~Zgguc h[jZa_p d\ZelbonbdZphbh
iulzgby g_ ijhr_e

:gZeh]bqgu_ j_amevlZlu [ueb ihemqg_gu ijb bkke_"h\Z
ijhfure_ggh]lh h[jZzapZ jZajzZ[hlZggh]l]h \ HHH ©GIJ] D<:EBL?L?2 \

< ] d\ZebnbdZpbhggu_ bkiulZgby mki_rgh ijhyZe h[jZa_
[hlZggh]l]h \ HHH SBmph¢2~g _nl_i_j_ jZ[hldz?

< gZklhys__ \j_fy ij_"ijbylby :H ©H[gbgkdIgEkbyIl a? |
Bgl jg _rge2 Il \'] <he]h]jz? HHH ©lezZklg_nl_oegf2nl. HjM®OGIP K

A"mdlda b HHH ©lhebwnbj2 bf_ x| “himkd d ijpbabk" "kdke Z40HbHf _
ih =HKL 204 [11].

LZdbf h[jZzahf \ j_amevlZl_gZdhie_ggh]h hiulZ\bfl'"xlky jZ[h
jh brdhkl_c b I _ogheh]lbb bo ba]lhlh\e_gby <kb\aZbgslbZ Khbalh’
gu \ ~hjzZ[hld_ khklz\Z iml_f \\_~ gby \ g Jhhdbfulbg gd&lhdh ijhbe
klI\_gguo ijhba\h”"kl\_gguo iehsZ”yo

JZajzZ[hldZ gh\uo jhkkbckdbo Jbrjh"b~rdhkl_c "ey kZfhe _|I

Rbjhdh jzkijhkljZzg_ggh_ \ hl_qgq_kl\_gguo ]b*jhkbldlZdZlo fZke
Ajm]b_ 1b”jzZ\ebqg_kdb_ "b~rdhklb k aZ]miklbpbée fhAjbjjwdHkemf_ o
gbg_kdhc ~_kljmdpbb Z 1zZd _ \ ijhp_kk_hjd@dkéu gdZ|[ e Zk2 Zl kih »
AN _ckl\b_f dbkehjh”rZ \ha”mozZ Djhf_ [HADhijh\bkbkIMb\_gZchie_gb _
f_ozZgbqg_kdbo ijbf_k_c \ j_amevlZI_ bklbjZgdlygmife lolfgdge kagindh
jZajmr_gby aZsblguo ihdjulbc-aZlZreehAbbakdhjhkl ¢ ]b”~jZ\ebqg_
ihlhdh\  Z 1zZzd _ ~jm]bo ijh"mdlh\ wdkiemZilZgpdh ijbkh”wlhd ihkl
mf _gvr_gbx \yadhklb "bArdhkbb @h m\_ebg_gbx __ dbkehlgh]h gt
N j7Zgby \h~ru b f_oZgbg_kdbo ijbf_k_c qbhhWlau\Zbhgbd[atdhc
kf _gu "b~rdhklb \ kbkl_f_ D g_~hklzldzf ‘imfdhkligh.gcHh fh gh
hlg_klb gbadh_ agzZq_gb_ |I_fi_jZImju \kiurdb > @

>ey j_r_gby \hagbdZxsbo | _ogheh]bqg dkdAthok ijhjedHk by
= F- [Zzd b k "jm]bfb fzjdzfb \jlgXktigs + \j_fy \_~ 1k& fh™bnb¢
pby klZjuo b jZzajzZ[hldZ gh\uo khklzZ\h\ ]b*jZ\ebqg_kdbo "brdhkl_c
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LZzd Kki_pbzZebklzfb A:H OGIP Ki_pg_nl_ijhAmdpdbhgdgahZ[hlZc
kbgl_Ibq_kdh_ ]Jb*jZ\ebq_kdh_ KEZEeHA87K2=BE >Zggh_ fZkeh
yley |ky ZgZeh]hf fZkekZ mEmqr_ggufb oZjzdl_jbklbdzfb ih [|_fi_
\kiurdb hij_~_ey_fhc \ hildjulhf Ib]Je_ &%keZkgh ZdbKilc ZhdZa
| ev "ey fZzkeZ gF="he g [ulwvK \ |h \j fy dZd "ey fZkéZ :K=BF
i_jZImjzZ \kiurdb \ hldjulhf Ib]Je_ “he gZfHK_\lrfdlth wlh]h fZkeh
=BKF y\ey Iky [he__ mklhcqgb\uf d f_oZgbq_kdhih\Vurkiggundpbb
|_jfhhdbkebl_evgmx klZ[bevghklv b ih Zjh\aju\h[_ahizZzkghklv > ¢

AZ ihke_"~g__ ™ kylbe_Ib_ \ izZl_glghc ebljhkkim¢gkdlp "kiZ\e ¢
jZ[hldb gZijz\e_ggu_ gZ memqr_gb_ wdkijérk ld p]boHgly uo* otz j Z d |
kl_c¢ < izl_gl_> @ hibkzg khklz\ jzZ[hq_ichelhdehkibgdhXak Rgh\_
dhklvx 2,0%#f> k b ihebZedbekbehdkZgh\hc “b~rdhklb k Kyigdhklvx
| fi_jzZImp0 fK >Zgguc khklzZ\ ij_~eh  _g "ey membk_gbght jfhhc
klZ[bevghklb \yadhklguo ozZjzdIl_jbidpadl\ envedklb fhl jlIZImj i
\ur_gby fZdkbfZevghc jZ[hgq_c | _fi_jZbbjiZkdEre mZAZlzd _

"ey bkihevah\Zgby \ ]b”jZ\ebq_kdbo kbkl_fAdb K\BBEbhalydlf | _
jZ[hgbo |_fi_jZImj hl £ fK'h

Kbgl_Ibg_kdb_ [Zah\u_ fZkeZ ihalheyx!| ihemgblvjXdkhtdhdZzZq
"brdhklb dZd k ih\ur_gghc h]g_klhcdhklvx |2 dpZgh]lgix]jdhxgb @
"brdhklb gZ hkgh\_ keh'guo wnbjh\ nhknhjghc 4dihigeghl u\ ukfh x| g _
dmx |_fi_jZImjm \kiurdb izZjh\ gZijbf_jfKg 2ehe]b”jZ\ebq_kdhc
"brdhklb 6m@ "h fK 2ey ]b"jZ\ebq_kdhc "b~dhklb4,6AN\d3 R O <
Ilhl]h  hgb \ukhdhlhdkbqgu L _ogbqg_kdhc ijh[e_fhcbhb p r&® flyc \ ba
ey _|ky h[_ki_q_gb_ [_ahiZzkghc jZ[hlu ]b"jZAle beq gkuddb @ ikDjKAI H\ e _
\h \k_f "bZiZzahg_ wdkiemZlZpbhgguo |_ZijhjZlahji Z2kQ Kkigl bl bhijh
"e_gb_ j_kmjkZ bo jZ[hlu [ezZz]h~Zjy \ukhdbf kfoahgqgkidkshjckl\Zf{
amevlzZl h[_ki_gb\zZz fuc ij_"ez]Z_ fuf bah[kyl)\ &ihaf* Zgbdbe xf[hH gl _c
"brdhklb h[ez"Zxs_c \ukhdhc |_jfhhdbkebl_eggh¢ohkrd[fudlaghklv
l[jb[heh]bq_kdbfb b Ayafdhjkdgmmjgufb ozjzdl_jbklbdzfb ih\ur_ggh
“Zjh[_ahizZzkghklvx Bah[j_|I _gb_ hlghkblky d jZ[tdfh gby'fiZbhebq |
fh™ I [ulv bkihevah\Zgh \ h[eZklyo | _ogbdb Ij\ imkjhtkdo kjbfZg gb)
jZ[hgbo "b~rdhkl_c k [hevrbf "bZiZahghf jZ[hgbxslbdi ipAImj b h[
r_gghc ih Zjh[_ahizkghklvx \ gzZklghklb \ ZIBZipdhygbédhlolybd _
"ey ]b”jzZ\ebq_kdbo kbkl_f \dexqzZ_| [Zah\m&[ dhfihlabpHx 6\QWR
smx ihebwlbekbehdkZgh\mx "brdhklv b keh gudkemlinj ZbtzZd[hgh\t
ijbkz~rdb b \ukhdhfhe_dmeyjguc azZ]lmklibl_ev JZ[h\qgyhdbedhkly
| jfhhdbkebl _evghc klZ[bevghklvx g _h[oh”bfufb \Mjafih&hdbqg kdtk
| _fi_jZImjgufb oZjzdl_jbklbdzfb ih\ur_gghc ihZjh][ kih&idghklvx
I [_ahizkgmx jZ[hlm ]b"jZ\ebq_kdbo kbilljzflre\_ VBl \kviud Z4i
ahg_ wdkiemzZlZpbhgguo |_fi_jZImj

Alhju izl_glh\ > @ ij_"ezZ]lzZxl khklZ\u ]b”jZtebhqg hkdbo "l
\ur_gghc \aju\hih zZjh[_ahizkghklvx “ey Z\bZpbhggthcdhkbygbdb
ba izl _glz > @ ~“he gZ h[_ki_gb\zZlv klgdbebvagnkxd & [hbgl 6N b
Il j\Ze_ | _fi_jZImj hl + f&hk memqgr_ggufb | _ogbg_kdbfb k\hckl\Z

< iZl_gl_ > @ hibkzZgzZ ]b”jzZz\ebg_kdZy "b~rdhklorbé¢j_\hkoh
ZgZeh] ih |_jfhhdbkebl_evghc klZ[bevghklb ldbgjbi@gdfg kdzy \\
\_kh\hc ihdZazl_ev dhjjhabb ihdzZazl_ev nbek\NhmkIfAlzKIb ]JkkfZahqg
jheblbq_kdhc mklhcgb\hklb baf_g_gb_ dbkehgdhihhkehkgith h_Zdp
"bdZlhjm b ihdZazl_ev dhjjhabb f_"b
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AZdexq_gby

ljbf_g_gb_ ]b”jh"b~rdhkl_c g_h[oh”bfh ey hknbklERbe_gby jZ
hgghc ]b”*jZ\ebq_kdhc kbkl_fu mijZ\e_gby jZaebgufpbZyjhjfZIlZfb
gZ"_"ghklv jZ[hlu ]b”jZ\ebqg_kdhc kbkl_fuipod\lghwblfine kXhlgl\c
]brjh " b~rdhklb d dhlhjhc ij_"tyleyxlky °~_kldb_ Ijlglh\Zgby i
I_fi_jZImjguf k\hcklI\zf |_jfhhdbkebl_evghc lvahfiold_ kidiz¢blelZ[b
ghklb ijb \ukhdbo "bgzZfbg_kdbo gZ]jmadZzZadb b Khy ZIjmf[ valhi]shk g h k
bkke_~h\Zgby b jzZzajz[hldb ]b”jh brdhkl_c gZijWikigmZgZphamqr
guo oZjzZdl_jbklbd ]1b”jhZ]j_1ZIh\

< Jhkkbb ko ]] ijhba\h”ylky Jbrjh " b~rdhklv feic kKBEffi _|h\
eh :F= ijbg_f k p_evx khojZg_gby klZ[beVigthkld bh k¥ Zdibyjbk
ba\h”r"kI\Z gz ij_"ijbylbyo KKKJ Z \ihkekdkt\O\o b jIpkkib \_e Zkv
hljz[hldZ |_ogheh]bb bo ijhba\h*kI\Z\E QYzZj X[M[IldX_klykld ijhba\h
klI\_gguo fhsghklyo

< gZklhys__ \j_fy -\l gZgbggtkdbo klZlvyo b iZl_glghc ebl_jZIm
gZxlky im[ebdZpbb ihk\ys _ggu_ kha”Zgbx gh§uddibrok ! D\Vhdh]b"j2
kl_c ey kzZfhe_1lh\

Kibkhd bklhggbdh\
1. DZ[eh\ ? G Kljzl_]bg_kdb_ gZijZ\e gby jZa\dhen]txl LHbZdh\jB[h_

db gZ i_jbh~ ~h ]h~rz \bZpbhggu_ fZl_jbZeu b I1d.gheh]bb
2. ;magbd < F DZ[eh\ ? G Khklhygb_ b i_jki_dlb\uz&hdlkhggbgh]lh f
< klgbd J:G L <839.K *

3. DZ[eh\ ? G Jhev nmg”"Zf _glZevguo bkke_ ~h\Zgthd gb\khratdEdbb fZ| _
gby L_a ~“hde OO, F_g”_e__\kdh]lh kt "agYc ibbhb I\ KlI[ijbdeZz

L K
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<\_"_gb_

Bgl _gkbnbdzZpby wdkiemZI|lZpbb ba”_ebc Z\bkibbhRodhro iljhfur
g_h[oh~bfhklv ijbf_g_gby fZl_jbZeh\ k ih\ur_ggoZihzidloglblgl _kdbf
dzfbKh\j_f ggu_ | _g” _gpbb hkeh' g _gby mkeh\bc jZgbhiAZ2&K\bo " |2
pbhggh]h h[hjm~h\Zgby hij_~ eyxl “hihegbl_evgu_ Isbfh\Zgby «c
fZl _jbzezf MdZaZggu_ khh[jZz  _gby \ iheghc f_j uhlghklylky d w
gbl _evguf ~ _1Zeyf dhlhju_ h[_ki_qb\zZxl ] _jfghleqghhkdbddb\bBAgbhg
wdkiemZIlbjmxlky \ ihklhygghf dhglzdl_ kiftb/yjalptilgbZbj kifkB¥gb
[Zdbfb dzZd Ihieb\Z b fZzkeZ b ~ebl_evgh jZ[hdkKRby fhketmbglbc\h:
kj_~u k ih\ur_gguf kh”_j"Zgb_f h&hgahklbhc@bfDhlghkyl j_abgu ¢
lhju_ khojzZzgyx!l kihkh[ghklv d \ukhdhweZklbqg_ktih¢gZtmphofZpbhb
f g 404K <Z guf wdkiemzZlZpbhgguf k\hcklI\hf fZl kpdebdhlzd" _
klhcdhklv o0zZjzZdl_jbamxszZyky ij_~ _evghc | _fi_jZlgghlc jyijh dhlh
k\hx f_ozZgbg_kdmx ijhgghklv ijb \ha”_ckéVvhBI|3gbjmgadib oZJdKdI
jbklbdb weZzZklhf_jh\ h[_ki_qb\zZxlky ijbf_gy_flfb*bdfymffiodBfb |
nhjfbjm_fhc ijb \medZgbazZpbb k_IlqgqZlhc kljmdImjhc jZaebqgghc ijl

Klhcdhklv d \ha”_ckl\bx "b~rdbo Z]j_kkb\gulo ikhkikcKhjhah
dhklv j_abg hij_~_eyxlky ij_"~_ \k_]h obfbq_ddhdhiwbhhHmh e ed/Zm
kharZgby fhjhahklhcdbo j _abg Z\bZpbhggh]h gzZdgdqgglgby g_nh
iheyjguo b g_iheyjguo dZmgmdh\ DZmgmdb j4hetplgghih kibfbq |}
gb\zxl jZz[hlhkihkh[ghklv j_abg k mqg_Ihf jZagkbdi2vdkggm}H \ha:
pbhgguo nzZdlhjh\ <Z gh mqgblu\zZlv \hafh ghklwlbld kg\lbysk gby *
g_jl_Ibg_kdh]lh wmrZigdZ j+ "ey h[_ki_qgq_gby khq- lZdghyhahieb\h
klhcdhklb G_h[oh”bfu 1Zd _ g_IljZ*"bpbhggulijhfrggbfulyg b[eZklb
li_~b_glhl6k =

JzZ[hlZz \uiheg_gz ijb ih~*_j°d_ PDI ©DebfZlby_kdb_
GBPODmMjgZlh\kdbc bgkBolfnl2

ljbgpbiu kharZgby fhjhahklhcdbo j_abg
J _abgZ y\ley_ lkpahkglhto fghl]hdhfihg_glguo ihebf_jguo fZIl_j

< j_p_ilmjm k_jbcgh \uimkdzZ_ fuo j_abgh\udhkf_ kog]j\otbydIl\
dZ ~uc ba dhlhjuo bf__| nmgdpbhgZevgh_ y\2gglkky ghebf=zgdzAguf
khklz\eyxsZy khklhysZy ba h”"gh]h beb g _kdhewgddd phzewqgnmed h\
kil _i_gb hij_~ ey | k\hcklI\Z j_abg Djhf_IThMb_dlhkghadythupj
kf k_c¢c hlghkylky

t\medZgbamxsZy |[jmiiZ h[_ki_qb\ZxsZy krb\ZgmdH¥bjhhfhe _dn
jZah\Zgb_ k_IgZlhc kljmdImju \medZgbaZzZlZ arkkRklIHWsZy} fbBZ \me
mkdhjbl_e_c b zZdlb\Zlhjh\ \medZgbaZpbhb

+Zdlb\gu_ gZihegbl_eb ih\urzxjhggmkiljgulh k\hcklI\Z j _abg gZb
e __ jZkijhkljzg_ggufb ba dhlhjuo y\eyxlky | _ogbqg_Xdbc m]Je_jh~

+fy]lgbl_eb b ieZklbnbdZlhju Fy]Jgbl_eb y\eyxlky Hhaghreh]bqg_ k
e_JgzZxs_c i_j_jZ[hldm j_abgh\hc kf_kb gZ kjZbjhyd gdrfy ragldyhb n
\hd "ey \medZgbaZpbb ba”_ebc Z ieZklbnbdZeélvjgmih\ilhrdkl k _]f
ghklv fZdjhfhe _dme dZmgmdZ b h[_ki_qgqb\Zxl weZkfjbaghklv b fhj

tijhlb\hklZjbl_eb ij_~hl\jZsZxsb_ ~_kljmdpbx fzZdjhihd_dme ijl
b wdkiemzZlZpbb

Ihkdhevdm hij_~ eyxsbfb fhjhahklhcdhklv j _abg ithebf _jgufk

yleyxlky dZmgmd ieZklbnbdZlhju \medZgbamxgZyhgghiZeb Zd
NZe __ jZKkkfhljbf bo \ebygb_ gZ gbadhl_fi_jzlim£4h_ k\hckI\Z j_ab
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Hkh[_gghklb fhjhahklhcdbo j_abg gZ hkgh\_dZmgmdh\
jZaebggh]lh obfbg_kdh]h kljh_gby
Fhjhahklhcdhklv j_abg hij_~_ey_Ilky ij_"~_\k_Jh dlgmdjhkljmd
jZpb_c b dhgnhjfZpb_c kljmdIimjguo _“bgbp mZdilqjud&[b MidfaZgc
\Zxlky kljmdImjhc \medZgbazZpbhgghc k_Idb h[fpdhxdsZokyndB \m
<Z guf we_f_glhf kljmdImju dZmgmdZ y\ey gy abfgg_kdh_
|  gZebgb_ \ hkgh\ghc p_ib ihebf_ jZ iheyjguo bwbhghijhéyjguo
ey I Vi _j\mx hg_j_"v _]h obfbg_kdmx b fhjhahklhcdhklv
JZkkfhljbf hkgh\gu_ oZzZjzdl_jbklbdb j_abg dzZnhkmgtd\ |Eibqgg
ebggh]h obfbq_kdh]h kljh_gby

;mlZ "bgdljbevgu_ dZmgmdb

;mlZrbglgljbevgu_ dZmgmdb ;GD yl\eyxlky ijhmdlhf wfmev
ebf_jbazZpbb [mlIZ*b_gZ b gbljbeZ Zdjbeh\hc dbk@Bllw jFRljhgahklh
gZ bo hkgh\_ hij_~_ ey Iky kh”_j Zgb_f gbljoplevguadb]jimeb¥ _hkgh\
Z 1Zd"_ \u[jZgghc \medZgbamxs_c¢ kbkl_khe* KZgbye Zaglilgdhdgb
jbez fhjhahklhcdhklv \medZgbazlh\ ;GD mf_gvrZ Mkm\ Wby fh gh
gb_f gbkeZzZ iheyjguo ]Jjmii mf_gvrZxsbo k_]f_blZeAmgomdba *"\@_dh
f_gvr_ | _fi_jZlmjz kl_deh\Zgby dZmgmdZzZzZklelb dbiebkhjkihodh f
klb j_abg gz _]1h[2%Rgh\Ba jhkkbckdbo -phlidvguo dZmgmdh)\
gZbemqgrmx fhjhahklhcdhklv bf xI dZmgmhllb\gfZjdbggulGihke _
1990] dZmgmd fzZjdb ;DK _ khihebf_jbazZpbx [mlIZ*"b_gZ b gbljbe
\hc dbkehlu ijh\h*"beb gZ [bhg jZaeZ]Z fuo @ dkeh\uo glhmiev]zZl
[j_[h\Zgbc \ h[ezZklb wdheh]bb \hagbdez g_highyjddbak|Z d46_ gu
wfmev]Zlhjh\ gZ [bhjZaeZ]Z fu_ Ihke_ dhfie_dkgybdbkkebdh\zZgt
gZ hkgh\_ iZjZnbgZlguo dZmgmdh\ \uykfthhlehkk|hgbth khiph ¥ Zgg u o
j_abg ih kjZ\g_gbx k j_abgZfb gZ hkgh\_ kmevmhgZlgwm dZrhed b ¢
dh\ kgb Z Iky MdZaZggh_ y\e _gb_ k\yaZgddhygl fk j@lomj@uogb f
k\hcklI\ kzfh]lh dZmgmdzZ Z k baf_g_gb_f _mhufhehjdmjeyjdgihc kljm
ijhp_kk_ wfmevkbhgghc khihebf_jbazZpbb qglh kpik\h#fblibibaf_g_
j_qguo k\lya ¢ h[jZamxsboky \ ijhp_ [R&#5\ mlk dabgga Xplbbgghc \m
dzZzgbamxs_c kbkl_fhc h[ez”Zx] emqr_c fhjhahkh™ohghktb[eZ]h'
k\ya ¢ jZaebqghc kl_i_gb kmevnb”~ghklb hof\meglgbiamxdklrhg
kbkl_fu kh\f_klgh k IjbZeebebahpbzZgmjzZlhf h[em]gZih”® ih~\b"
m]e _jh”guo klya ¢ <\ "~ gb_ieZklbnbdZdhiphg wf\ &yh kihyhhw nin
\ur_gby fhjhahklhcdhklb ;GD WIlh k\wdheglv]ZIllhjf "gtklbtm_| ZgZe
]bggh ih\_jogZkldhguf \_s_klI\zZf b baf_gy_| jZzkij_"~ glhdb_ bg]j_
kf_kb < azZ\bkbfhklb hl “habjh\db bhogblyqgiedklpbmnlixdjzbhjz fbg
fZevgzZy | _fi_jZImjzZz wdkiemZI|lZpbb j abkchkgZ\ekgh\ 2eyc dZmgm
fZjhd KDGb ;GBIBK+hl + 73 £K 7"ey fZjhd KD GGEK +thl 49
"h58 fK 7ey fZjhd KDGGBIK+hl £ 730 gK GZb[he__ fhjhahklhcdbf
j_abgZfb gZ hkgh\_ ;GD jZ[hlhkihkh[gufbjgdEZm\b&£ Ky eyhlkyf
k jbcgu_abgu ke _“mxsbo -{fl2{hd7-<¥-1, 7130, 7-7130, 51-1666-2,

BJI B J1352, 51-1668, 51-1683, 98-1, 4326G L : - B J1078.

Ijb ba]lhlh\e_gbb miehlgbl _evguo ~ IZe_ ¢ kiypib4kedgh]h gZ:
Ib\gh_ bkihevah\zZgb_ bf_xI j_abgu gZ hkgHZ”{ggbpevghlhlh [m
dZmgmdZ =;GD =b/Mjbjh\Zgb_ dZmgmdZ asd kfyd @Zkus\heglyy 1"\
memqrblv ijZdlbgq_kdb \k_ hkgh\gu_ wdki&mZlbdppimgghlgklhekgh
]h gZagZq_gby ijhqghklgu_ oZjZdd _jbghkdik|H@aHsklv
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;hevrhc | _ogheh]bg_kdhc ijh[e_fhc y\leyehkv ]b”jbjh\Zgb_ d.
kh~_j"Zgb_f gbljbezZdjbeh\hc dbkehlu qlh k*_j by etaldhijbf_g_
e _gby fhjhahklhcdbo miehlg _gbc < gZklhys_ _ \|j feZWHZZiph[e fz
kh\_jr_gkl\h\Zgbx | _ogheh]bb kbgl_az Djhf_khdimx gklkbifhklgzZ \
dZmgmdh\ bkke_ ~h\Zgb_b jZajz[hldZ j_alZglgZ éoghkghX"Zddey
hljzkeyo ki_pbZevgh]lh gZagZq_gby gqglh ~Z_1 \kajincgbklvhijhba)
jhah IThieb\hklhcdb_j abgu k mgbdZevguf dhfie_dkhf k\hckl\

J abgu gZ hkgh\_ g _iheyjguo dZmgmdh\ h[s_]h gZagZq_«

ckkhjlbf_gl dZmgmdh\ dhlhju_ kihkh[kI\mxIbAhckiZfhlgbx mk
j_abg b " 1Ze_ ¢ ba gbo ijb | _fi_jzémjKo djlzeg_ ~h]jZgbqg_g J_ab
gZ hkgh\_ g _iheyjguo dZmgmdh\ h[eZ”™Zx]| \uk]bd b fk lixe\fliz g h kv x
jhfhe _dme D gbf highkylky ihebf_ju ~b_gh\h]h jy*Z ¢§_"hklZld
kiI\b_ gZebgby "\hcgh&gkygphc \phebf_ jz y\ey Iky kdehgghklv d I_
hdbkebl _evghfm klZj gbx < gZklhys_  \j_fy g niglonkd ZeZbdmxst
KDFK y\ey |ky kzZfuf fhjhahklhcdbf ijhfure_gguf dZrmigikdhf J_a
gh\_ jZ[hlhkihkh[gu ijb |_fi_j@lfigZzd~MgZdh bo ijbf_g_gb_ k~_j b\
g_m~h\e_I\hjbl_evgu_ | _ogheh]bqg_kdb _dzhyoakd\Z ifZgighlhz[hld_
\\bAm _1h "~ _kldhklb qlh ijb\h”bl d ih\ur_gbazZwgl jijbl tkd_kddbb
;mlZ bkldbjhevguc dZmgmd jZkl\hjghc ihebf_jbaZpbdyfZkgbg>KKD
djbklZeebamxsbfky qlh h[_ki_gb\Z_ | \ukhdmx fhjlhahKlhadhklv
j_jZ[hldb bkdexqzZ_Ilky kliz~by | _jfhieZklbdZpbdo dZpZgrhdjlg\z9yj" ey
]bo fZjhd Ke_"m_1 hif _Iblv qglh ijhfure _ggulclB phenkgu pmd Z frig_g
dh\ jZkl\hjghc ihebf_jbazZpbb \ Jhkkbb \ gZklhysky \\jffZtgubkms _
h[t_fZo

Djhf_IhlJh g_h[oh”bfh mqgblu\Zlv qlh ijbf_g gbihgygbg gZ
guo dZmgmdh\ h[s_]h gZagZq_gby \ Z\bZdhlk§baghkttbc*milfZledlc h
klhcdhklb d ZIfhkn_jghfm b hahgghfm klZj_gbx\uKhldhd g \kje "kl
N evghklb

J abgu gZ hkgh\_ wlbe gijhibe_gh\uo dZmgmdh\

Wlibe gijhibe_gh\u_ d@imqgphdimal khihebf_jbazZpbb Wwlbe_gzZ &
e gZ Hgb ij _~klzZ\eyx!| hkh[uc bgl_j_ k ey Ib\dZpdib glZkhdZg 4jZc
"\hcguo klya_c¢c b \ke_"kl\b_ wlh]h y\leyxlky k¥hltcduib &hkh£ gbx
f ju wilbe_gZ b ijhibe _gZ h[hagZqZxlky KDWIlijHgfimsmktZghamx]
i_jhdkb”rzZfb >ey ih\ur_gby kdhjhklb \medzZgbaZhp[tzhely ik dh\gmx
ghf_ju “b_gh\h]h jy*Z H[uggh “ey wlhc p_eb bxktbegabmx¥|I~ bpbo
eb” gghjlhjg_g GZebgb_ g _khijy ' _gguo “b_gh\jghmax h\eged ijh\h”"
gbazZpbx Ljhcgu_ khihebf ju h[hagZqgqzZxlky KDWILg g&Ekhahklhcd
gh\_ dZmgmdh\ fZjdb KDWIL hij_~ ey |ky ijhbRob nsjifpijb \ha
| evguo | _fi_jZImj h[jZah\Zgb_f j ]meyjghc fhe_dmeyjghc b
kljmdImj dZmgmdZ \ke_ _"klI\b_ _]h djbklZ ZekrdaZipt b iflgdiphdg b K|
ghf \ha” _ckl\bb DjbklZeebaZpby wlbe gijhibéeghhko kddmigendh\
g _gb_f kh”~_j Zgby ijhibe_gh\uo a\_gv_\ \ p_ib gRihdef jZ Ih
fhjhahklhcdbfb y\eyxlky dZmgmdb fzhdjz &ZWId_ j_p_ilmj fhjhah
klhcdbo j_abg gZ hkgh\_ wlbe_gijhibe_gh\ j_ v HRfZmp¢mxlbbk iltuekv a h
dbf kh” _j"Zgb_f a\_gv_\ ijhibe_gZ b g \ukhdhc My hdmleiyjgghc fZ
gby ih"\b ghklb p_ib ihebf_ jZ < dZqg_klI\_ ieZkdbmbgiZ\dhjh\hj ab
guo b ljhcguo wlbe gijhibe_gh\uo dZmgmdh\ ipb]fe gyhxMhjh™~u evgu
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gZijbf_j fzZkeZ gZ hkgh\_ iZjZnbgzZz AZjm[_ugmkdidkbawho'eol eb
ijhibe_gh\u_ dZmgmdb gZiheg_ggu_ fbg_jZbvigud!lfAake AV Iihziklz”
\hey | h[e_]gblv bo i_j_jZ[hldm ijb ba]lhlhfekgbb < vadHklfo k
guo dhfihabpbyo gZ hkgh\_ ~\hcguo bhijphecgaio\ Widh2qggil\_ | ]
eylhjh\ fhjhahklhcdhklb ijbf_gyxl IZdegdZagbamxeb \meZklbnbd
lhju dhlhju_ khklhyl ba iheb[mlzZ~b _\ghhltebgZhk$tbiokh \ukhdbf
kh~ _j"Zgb_f ijhba\h”“guo \bgbeZ b hlkmglZéWwg fondiggdp bluo Jjmii
J _abgu gZ hkgh\_ ~\hcguo b Ijhcguo wdbeéZmigqmidhte\ ghXdb_ dZ
BJI BJI B 1-1377, 51-1481, 51-1524, 51- | K04, 57-7018, 9123, 6235,
b - jZ[hlhkihkh[gu gZ \ha”mo_ \ "bzZikZahg”h _ffiKjZImj h

Gh\u_ jZajzZ[hldb GBP ©DmjqZlh\kdb<BbBklbIml2& %
\ h[eZklb j_abg gZ hkgh\_ wlbe gijhibe_gh\uo dZmgmdh
High\ghc ijh[e_fhc miehlgbl_evguo j_abg Z\bZpbhggh]h gZa

xsbo \ dhglzdl_ k \ha”“mohf y\ey I|ky ij_ "~ \Fef gguac RLUbg" ~
\ke_"kl\b_ ZdIb\gh ijhoh”ysbo ijhp_kkh\ |_jfkdZkdjbn b>éwhggh]
r gby mdzZazZgghc ijh[e_fu Ij_[m_Iky jZajZ[hldZzZDghmj\gbl h\kddge < C

bgklbIml€B:F ijh\_*_gu dhfie_dkgu_ bkke_"h\Zgby j_abg gZ hkg
dZmgmdh\ < dZg_kI\_ ihebf_jghc hkgh\u bkiké dhit\ XKdlhicdBEklgmdb
d klZj_gbwlik dZmgmdb Ibih\ KDWI b KDWIL Z 1Zd be&bghihdkzZgh\i
kbrgu_dZmgmdb IA7YR2IKDIH

Hkh[uc bgl_j_k \ wlhc k\yab ij_"klZ\eyx| dBmkgDnsl bL IDizd KD'
ihebf_ju h[ezZ”"Zxsb- bfthhlghklhcdhklvx Z 1Zd _ rbjhdbf |I_fi_jZI
"bZiZahghf wdkiemZlZpbb

Ih j_amevlzZlZf jZg__ ijh\_~ gguo bkke_ ~h\Zdbich\jpZajzZ[hlZ
j_p_ilmju fhjhahklhcdbo j_abgh\uo kf_k_c k ih\dud_gegth\d flohhicd hkl
hahgghfm klZj gbx

< dzZq_kI\_ hkgh\u fhjhahklhcdhc dhfihabpbb I kilhhkt\difend hah
klZzj _gbx \ [Zah\mx j_p_ilmjm \hr_e wlbe dijEihe[Zah\untx djZzmqg
p_ilmjmijhtbe_ghdkb”guc dZmgmd <u[h] mdZaZgbao*dElmgmdh\
ghc klhbfhklvx ijhklhlhc i_j_jzZ[hldb \ukhdbfbll jblglbgd Zfidbbb o02Z]j
\hafh ghklvx kh\f_s gby >ey ih\ur_gby weZklbgghKlmijiflo §badb
khklz\ gzZjy"m k Zdlb\guf m]Je_jh~guf gZihedbb\gud I\\odbg fZer
kdbc m]Je_jh~ >ey ih\ur_gby fhjhahklhcdhklb Z IEd&d \nkechg_ Ihf
gbazZpbb wlbe gijhibe_gh\uo b ijhibe_ghdkb¢§ggogdKhzagrhd hl\g ujdb f
ijb_f Ba\_klgh qlh i_jhdkb”"gZy \medzZgbazZ K uyktyah |hpfdvkdthcdb
\ke_"~klI\b_ bo fZehc ih”\b ghklb hgb kgb zZxI| d@jhlhlrRbhgdihklv j_
fhgh ~bb ihebkmevnb”gu_ klyab memqgrzZxl fhjhahklhcdhklv gh b
ehklhcdhklv \\b"m fZehc wg_jlbb k\lyab >eyo eihpbNbYWjphbcmdZe
ijbf_g_9gZ dhf[bgbjh\ZggZy kbkgly \medZgbamxsZy kbkl_fz GZe
h[ezZzkl_c ihi_j _ggh]h krb\Zgby ijb \medZgbaZplgbhdhmajmekelh kha
Mb gufb k\yayfb

l[jh\_ "~ gguwdki_jbf _glu ihdZaZeb glh j_abgZ gZ hkgh)\
ijhibe_gh\h]l]h dZmgmdZzZ k dhf[bgbjh\Zgghc \médzZghb &iesZgkkbkl_
jh\'Zggu_ | _ogbqg_kdb_ oZjzZdl_jbklbdb Hahghklthedikldy jilabgu
=HKL * khklzZ\eyeZ g [_a jZajmr_gbc Z dhWwibnblpb gl f
weZklbqg_kdhfm \hkklZgh\e_gbx ih =HKL 60 fKjb 10,2, jZImj_ %

J_abg_ ijbk\h_gZ-4ZjdZad[hl|Zgu593vP8-1934-2 ©Fhjhah
klhcdZy j _abgh\Zy kf -kv@fZjdb <J
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AZdexq_gby
JZajzZ[hldZ fhjhahklhcdbehjg&lygb+tfgh]h]ljZggZy ijhxe_fz 1j_|
sZy j_r_gby \ [eb Zcr__ \j_fy \ k\lyab k bgl_g&bmbmZhpdprcc jZ[hlu
gbdb qglh iha\hebl h[_ki_qgblv \ukhdmx jZ[hlhikiEgpaHkhv\f@Zrbg b
ehf \ wdklj_fZevguo Zjdlbg_kdbo mkeh\byo 1j_~eh hg@UuZigbh gZij
j_abg "ey jZ[hlu \ mkeh\byo gbadbo |I_fi_jZImj
HibkZgu hkgh\gu_ imlb gZijZ\e_ggh]h j_]mebjhjZlgblyohkgh\
o0ZjZdl_jbklbd j_abg gZ hkgh\_ dZmgmdh\ jZaebggh]h obfbqg_kdh]
Hkgh\gu_ \ZjbZglu fh*"bnbdZpbb khklzZ\Z IhgZbhk#ghhcd;idDj_ at
ke "mxsb_
tbkihevah\zZgb_ \ dzZq_kI\_ gZihegbl_e_c "“eyllligthdhktthddbo |
ml]e_jh~Z jZaebqgghc "bki_jkghklb b klfmdinmjghklb f4Ajhdbl
N- \dexqZy bo dhf[bgZpbb Z Izd _ [ -8 kZ b fZjdb ;K
tijbf _g_gb_ "ey lhieb\hklhcdbo j_abg jZaebmgsbolbilbkl\mhhedZg
\medZgbazZpbb k_jhc k mkatejbn_gyffibZfb IbmjzfzZzfb IEZaheZfb
gbazZpbb hjljZzgbg_kdbfb i_jhdkb”Zfb “bdmfegdhldurblgby[mlbetz
klhcdhklb j_abg Z 1Zzd" _ bkihevah\zZgb_ dhfjbgbjKgdg kbklk fjgh
tijbf_g_gb_ ~ey lhieb\hklhcdbo j_abg \ dZq_kd\Zatedtfg johc h
fZjhd dZmgmdh\ ki_pbZevgh]h gZagZq_gby IGRY bdihigbgZptkhbakil
"\mo b [he_ ;GD k jZaebqguf kh”_j Zgb _f gbljbeZ Zdjbeh\hc db
tfh"bnbdZpby Ihieb\hklhcdhc j_abgh\hc kf_kb dgmhqnmndxfb h]
gZijbf_j fzZjhd KD> KDB b KDFK ”"ey memqr_gbya flhjhahklhc
kgb  _gby mjh\gy- hifgtk\ehh klhcdhklb
tA"h[Z\e_gb_ iheb\bgbeoehjb”Z \ j_abgh\mx kf_kwugZglhkgh\_ ;(
fhjhahklhcdhklb
tkgb _gb_ ~habjh\hd beb iheguc hldzZa hl \\_" _gdpoiedZkdbnbd
A"b[mlbenlZeZl b "b[mlbek_[ZpbgZl 7~ey ih\ur_gbyheehklbqgghklb
Hkgh\gu_ | _g”~_gpbb ey fhjhahklhcdbo j_abg ghdrkdh\_ g_
ke _"mxsb_
+\ dZqg_kI\_ hkgh\u fhjhahklhcdhc j_abgu ij_"ehjbdeuihkebf jgi
gbadbfb |_fi_jZImjzZfb kl_deh\Zgby b beb ihhb]Zzifioe bkiblelizelebar p
nihjihebf _ju “b_gh\u_ dZmgmdb wlbe gijhibe_gh\gh\uwlbe g
weZklhf_ju ijhibe_ghdkb”~gu_b wiboehj]b?jbgh\u_ dZmgmdb
thahghklhcdhklv j _abgu h[_ki_gb\Z |ky bkihevalhbpgb kf ihebf
gbadhc g_ij_~_evghklvx |Zdbo [Zah\uo dZmbemdh\u dZd/llwébe gi
ijhibe_g~b_gh\u_ b ijhibe_ghdkb”gu_ beb "mX\lef_&klv_HEdlhphabgh
kbrZglh\
t7rey ih\ur_gby weZklbgghklb krblh]l]h wezZklhf jZjZpbipgbadbo |
f gy |Iky | _ogbg_kdbc m]Je_jh” ihgb  _gghc Zdlb\ghklb
they h[_Kki_q_gby khqg_|Zdby idahkaihcdhklb g_h[oh”~bfh ijbf_g_
dhf[bgbjh\Zgguo \medZgbamxsbo kbkl _f
Dhfie_dkgu_ ih?"oh”u d kha~Zgbx j_p_ilmj fhjhahkghcdbo j_
gu_ \ "Zgghf bkke_ "h\Zgbb iha\heyxl gZijZ\éckd\Z jj Jabegp jla\Z I
mq_|hf ozZjzZdl _jZ jZ[hlu ~ _1Ze_ ¢ ba gboohGuklggfZglgouguihijb
jZajzZ[hld_ gh\uo j_abg kihkh[klI\mx| jZkrbj_gbxgflZk kh¥h]|llg Zkkh ]
| evguo j_abg Z ijb g_h[oh”~bfhklb ~“hklb™ _glihKkelghlhghZxlz[hl
\hafh ghklv azf_gblv khhI\_Ikl\mxsb_ fZjdb
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1.

10.

11.
12.

13.
14.
15.
16.

17.

18.

19.

20.

21.

22.

Kibkhd bklhggbdh\
DZ[ePNG Bggh\Zpbhggu_ jZajZ[hldb N=MI ©<B:F2 =GKUMIih j_Zeb
]bg_kdbo gZijZ\e_gbc jzZza\blby fZl_jbZeh\ b |_ogbggZhibjbtho Nhj_ jZ]
2030]1hn~z2 ‘\bZpbhggu_ fZl _jbZeu b |_ohheh]lRE3. DOI: 2071-
9140-2015-0-1-3-33.
DZ[eh\ ? G Jhev obfbb \ kha”Zgbb fzZl_jbzZeh\ gh\hohl _ibnghg gby ~i
kdbo kbkl_f L_a “hde OO F_g”_e__\kdhhdekra"@h@ obfbps_ bl
?&I_jbg[mj] MjH J:G 26. K *
DZ[eh\ ? G R_klhc I_ogheh]bg_kdbc mdez” GzZmdzZ b "bagyv
Bklhjby Z\bzZpbhggh]h fZl_jbZeh\_~_gby J$hBUF btex”"b ih™ h[is j_~7
? GDzZ[eh\Z F <B:F 34& +
DZ[eh\ ? G :\bzZdhkfbq_kdh_ fZl_jbZeh\_~_gWgpbdehi_ +blg jbdlew
kijZ\hggbd < 14.K £
;hevrhc kijZz\hqgbd j_abgsbdz \ g F L_obgnhijf k
L _ogheh]by j_abgu J_p_ilmjhkljh_gb_ b bkiulZgby P j Kk Zyd& i
KIT GZmggu_ hkgh\u b I_ogheh]bb k
N ~xdbg > | FZoebk N : L_ogbg _kdb_ b | _oglaehglb & kdbbfbkAhckl)
k
FZoebk N : N ~xdbg > E L_jfbgheh]bg_kdbc FkKijZzOlofdplyd ih j _abg_
k
Dhjg_\ : ? ;ymdzZgh\ : F R \ j2y \H G L_ogheh]enw\wdzZkIBf jguo
| _d k

:1Zygp B F lylv klhe_Ibc dZmgmdZ b-j abgu kK Fh”_jg
Dhr_e_\ N N Dhjg_\ : ? ,#HiZzgh\ _ofgheh]by j_albmgt F Obfby

k
Hkhrgbd B : Rmlbebg X N Dzjfzgh\Z H < Iljhba\h”*kb& d abgh\uo
N _ebc <hjhhjhg_" ]hk |_oghe zdz~» k
=jbrbg ; K FZl_jbZeu j _abgh\hc ijhfure_gghkibgdamibjdZhbBygg[lzaz
"Zgguo \ | DZzZaHJgy=1Bwan L k
DZmgmd b j _abgZ GZmdZ b | _ogheh]by jiEY4 "N >WcpFhgdzi ;j W
Zgle ih~j_~ :: ;_jebgZ X E Fhjhah\Z >he]lhijm~guc Bgl_ee_dlI

Gm” _evfZg A G NIlhjdZmgmdb hkgh\u i_j jZBhkKdZ ijbf_gkgb_ F
K_f gh\zZz K G QZcdmg : F Kme_cfZgh\ J J Wkneqmidhbte] hgtjb_gh'
f g gb_\j abghl _ogbg_kdbo fZl _jbZeZo ky _phZeygh]b\mZaglZag wb
fZl _jbZeu b | _ogheh]bb <30. DOI: 1KK1857#/2071-9140-2019-0-3-23-30.

K _f gh\zZz K G Kme_cfZgh\ J J QZcdmg : F Kiw\belghé@gbkihevah)\.
"b_gh\h]h b f_Iben_gbekbehdkzZgh\h]l]h dZmgmdhhc\ §h_IpahlghjkIHhjhah
dhc j_abgu Lim~u <B:F < Kl 85ZRKIWW & X ZZZ| ZY hD F
jZs_gby DOI: 10.18577/2307-6046-2019-0-9-64-72.

DZ[eh\ ? G K_f_gKhweKc&Zgh\ J J QZcdmg : F |_jki_dlb\u ijbf_g_
e _gijhibe_g”b_gh\h]l]h dZmgmdZ \ khklz\_ fhjhahkdBcBhc j abgu

< K1 URL: http:/Mww.viam-workstu  ~ZI1Z h[jZs_gby DOI:

10.18577/2307-6046-2019-0-12-29-36.

K_f gh\zZz K G QZcdmg : F Kme_cfZgh\ J J <kétkygbu gdd¥igbamx

jZImjgu_ k\hcklI\Z j abgu gZ hkgh\_ wlbe gijhibregmil\hdhj dazomg@dmd z
L < K213. +

K_f_gh\z K G QZcdmg : F Kbebdhgh\u_ jkabg\u\ru gghhdihajipbb

klhcdhklvx h[ahj Lim~u <B:F <URL: http:/\svw.viam-works.u

NZI1Z h[jZs_gby DOI: 10.18577/2307-6046-2020-0-11-31-37.

QZcdmg : F ?ebk__\H: GZmfh\ B KHkh[gg@h&lb\thkljh_gby j_p_ilr

"ey fhjhahklhcdbo j_abg \bZpbhlggpwhdéh]lbjfpbZeu b« 55. K *
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ghjfu e_lghc Jh~Aghklb kZfhe Ih\ ljZghihjlghc mEl_]hklZgh\e g
f -c k_kkbb Kh\_I1Z ih Z\bZpbb b bkihevhh\Zjhtkij2Z\qklAdrgh
11.12.2008.3- ba” k ihijz\dZfb + F :\bZbk~Z|

?nbfh\ < : R\_~dh\z : D Dhj_gvdh\z L = Dbjbeitiebk udBkke_"h
dhgkljmdpbhgguo fZl_jbZeh\ ijb \ha”_ckl\bb debfZ]ljmyatkdl hoedFdIhjh)
jZlhjguo b gZIlmjguo mkeh\byo Lim~u <B:F WS 24z YLBPR/ K
ZRUNV UX ~"ZIZ h[jZs_gby

DZ[eh\ ? G Dhg”jZrh\ K < Xjdh\ = X 1_jki_dle\umhkkih&vjiah\Zgby
sbo gZghqgzZklbp \ k\yamxsbo "ey ihebf_jguo dhfihablhkkdpgkaFZ!l_ jb
gZghl _ogheh]bb L R+ K +
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STUDY OF THE INFLUENCE OF DIFFERENT GRAPHENE CONTENTS
ON THE PROPERTIES OF A CERAMIC COMPOSITE MATERIAL

Yu.E. Lebedevg N.E. ShchegolevaAl. Gulyaev, M.V. Turchenkd

'Federal State Unitary Enterpris® $-B@sian ScientificcHVHDUFK ,QVWLWXWH RI $YLDWLR
Rl 1DWLRQDO 5HVHDUFK &H QWdstdv, Rudsia;Fadriv@riam,rQ VW LW XWH?2

Abstract. The effect of graphene content on the physicalra@chanical properties and oxid
tive resistance of samples of ceramic compositeeiiadt(CCM) obtained by hot pressing has
been studied. The introduction of graphene in aauatnof 12 vol. % led to an increase in the
microhardness of CMC from 24,8 to 26,5 GPa, a deeréaopen porosity from 0,8 to 0,2 %, and
DQ LQFUHDVH LQ R[LGDWLR® RHVLVW® GFH DW O KMHPEHXBW XU |
phene with a hexagonal crystal lattice was stubiesicanning and transmission electron ngero
copy: graphene has a scaly fragmentation strueiiineagglomerate sizes from 1 to 8.

Keyworlds: hot pressing, ceramic composite, graphene, zirconium boride, silicon carbide,
consolidation

For citation: Lebedeva Yu.E., Shchegoleva N.E., Gulyaev A.l., Turchenko M.MlySof the influence of
different graphene contents on the properties of a cereoniposite material. Trudy VIAM, 2022, no. 8 (114)
paper no. O7Available at: http://mww.viam-works.ru. DOI: 10.1852307604620220-8-88-97.
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Kji_"b jZaghhakbdhl_fi_jZImjghc d_jzfbdb ~b[hjb4d pbjdhghb
ijb\e_dz_| \k_ [hevr__ \gbfzZzgb_ [eZ]h"Zjy lvddkihfdb\h¢kimZjfZzldZd
jZ ieZ\e_gby ijhgghklv | _iehijh\hrghklv b we_dljbgZzdkdZy ijh\l
gbadZy iehlghklv b obfbg_kdZy bg_jlghklv <«rlb\yagth kf i&ad¢x Zhoybgeg u f
h k\hcklI\Zo d_jZfbg_kdbo dhfihabpbhgguo fZl _jbZeh[eZRIF jZkr
bo \hafh ' gh]h bkihevaire\lZlgb¥htnmgdpbhgZevguo fZl _jbZeh\ ey k
b Zevl_jgZlb\ghc wg 6]] _Ibdb > =+

G_kfhljy gZ i_jki_dlb\gu_ oZjzdl_jbklbdb fZEUSZeHb gZ hk
bf xI b kms_KkI\_ggu_ g_"hklzldb [Zdb_| _cZdug_ tnj~kbehkhhb
dhklv b | _jfhklhcdhklv >ey j r_gby wlhc ijh[e_fu \ gkkyhys
bkke_"h\Zgby ih bamqg_gbx \ebygby jZaebqdgub D' [ZAdtK lgdb k\hc|
e _ggu_ jZ[hlu ihk\ys _gu fh*bnbdZpbb DDF m]e_ jhhghtlygZZh jbZe
gZghljm[dZfb JjZnblh\ufb iezZzklbgzft2b ]JjZn_ghf > %

Hluggh "ey ki_dzgby[miiky \ukhdzZy | _fi_jZImjZ ij_\urZx:
2000f& b \ukhdh_ ~Z\e_gb_ Qlh[u memqrblv dgbygkbphjdZgbx |
pbjdhgby ey balhlh\e_gby dhfihabpbhgguo fzZfilghbZlelNhahKihevam
ebgguo \bAh\ “h[Z\hd "“ey ki_dZgby 1Zdbo d¢zd 0RKhebHgb” fheb]
dj_fgby 6L& b *j ;he,[mh]lh hdbReylvky “h "bhdkb”Z pbjdhgby
hdkb”Z [h{d WYhdbkebl _evguo mkeh\byo ijb | _ff& jZ2hdjiZZaazgh qlh
ijb \ukhdbo |I_fi_jZImjzfoK “kbebpb”u hdbkeyxlky k h[jZzdh\Zgb_f |
jZaghc nZau dhlhjZy memqrZ_| klhcdhklv dhhdbke[ hgb%zZDidbH gZ
dhgby Djhf_ Ih]lh ih\ur_gb_ ijhgghklb ijb ba]bll_dbZim\bogbhggu
kil _fu =W8L& fh gh h[tykgblv I_f qlh 6L& h]jZgbaogb\z \| jfiyvkl a_j_
miehlg _gby H”gZdh g _"hklZlhggh \ukhdZy \yadpkdMmZ&jma gby
rbjhdhfm ijbf_g_gbx

Bkke_"h\Zgby ijh\h”*bfu_ hl_q_kl\_ggufb b &ZjmdZgznébd mq_
glh gbl_\b~gu_ djbklZeeu q_rmcdb beb dhjhedbgrbhhethdgZgfihdml
kdb_ k\hckl\Z DDF < d_jZfbq_kdbo fzZl_jbh2egdio \djbklZeegbl6lL &
bkhevamxlky \ dZq_kI\_ Zjfbjmxs_c¢c nZau [eZ]hd'Zgyijkhgg hiZIdb x \
b fh*mey mijm]hklb Z IZzd _ obfbg_kdhc bighglgtkib ij6 Zapdb[|
fhgheblghc d_jZfbdgZgb% evgh memqrbeb azZz kqgyu b "@[ZYeijgby 61
p_kk_ jzZkijhkljZzg_gby 1j_sbgu gbl_\b gufh]dibklZjeézn|\eky& beb
h[jZzah\u\zZlv i_j_fuqdb \ lIj_sbgZo qlh ijb\h"pddd kilb\ yZ ag b \
gby H~”gZdh g _dhlhjh_ dhebqg_kl\h gbl_\pfmdo |djjbkilZe2Ivk b Lg&Z
gZklbpu \h \j _fy ijhp_kkZ \ukhdhl_fi_jZImjgh][thlkbod Zgptyggylh hk
xsbc wnn_dl IThwlhfm \ g _dhlhjuo jZ[hlZo hkghk%yhl|hfmbfdgd m
ihemqgblv iehlgu_ dhfihabpbhggu_ fZI_jhZi€uijlbkhefu_=dk¥adhc
| fi_jZImj_ k bkihevah\zZgb f Ij Iv_c nZau bhRejZad¢bpguhf[lwmgZp
gbafh\ mijhgg_gby \ualZgguo ~h[Z\e_gb_f \lthhc Bhlijjbpdg_c nZa
| evgh ih\ukblv mjh\ _gv \yadhklb jZajmr_gby DDVYy<mgihlkgdhpys
gby dhfihabpbhgguo fZl_jbZeh\, dkih&gaimxIl=gkd _\b gu_ djbklZe
SICbljZzn_g F_oZgbafu mijhqg_gby \ hkgh\ghf \ddkfizxg 2 udy]b\Z
gbl_\b”rguo djbklZeeh\ i_j djulb_ ]jZzn_gh\hd ljabbguldehg_gb_
lj_~itheZ]Z |Iky qglh f_oZgbg_kdb_ k\hckl\ZuDd&ZF kian 1 nkikbm ejrhglr _ g
g_kdh]h wnn_dlZ gbl_\b”guo djbklZeeh\ 6L& b ]jZn_gZ > @

>h[Z\e_gb_ \ DDF ml]e_jh”rbkluo fZl_jbZeh\ [HgAlbdbhdZd dZj
nNjZfZ b \ZgZ{ &y : &b 9& ijb\h~bl d IThfm qlh hgb j_Z]bjmxl k t
ijbf_kyfb gZ ih\_joghklb gZkdblp bBdl%gkbnbpbjm_1 ijhp_kk Kki_oc
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b ih\urzZz_| nbéabahgbqg_kdb_ k\hckl\Z d_jzZfbg_kdbo dhfihablh\
\j _fy ]jZn_Kketac ZIhfh\ m]Je_jh~Z jZkiheh _gguo \ \b"_ i dkZ]hgZ
ju dbkihevamxl \ dZqg_klI\_ gzZghjzZaf_jgh]h fh*bnbptdprhitisza ]|h dhfil
pbgguo fZI_jb2ehf gbke_ “ey memqr_gby bo k\hckl\ \\b"m [hev
iehsZ”b ih\_joghklb \D-khhdhgihr gby b memqgr_gguo f_oZgbq_ kdk
| _jbklbeezZ]lh”~Zjy \ukhdbf ijhgghklbXY idhkahifhih*ghklb b m” _evgh
ih\_joghklb ]jZn_g ijb\e_dzZ_1 \gbfzgb_ dzd Mgkl limgjddg gy jki_d
sbc dhfihg_gl DDF dhlhjuc ijb g_agZgbl_evghf kgb'l lgmk ijhqgh
kiI\_ggh m\_ebqgblv bo \yadhklv jZajmr_gby

P_ev "Zgghc jbkka_*£h\Zgb_ \ebygby jZaebqggh]h h[t_fgh]h |
liZn_qgZz bh[t_fg gZ mrbadAddgbq_kdb_ k\hcklI\Z b klhcdhklv d hd
h[jZaph\ ba DDF kbk#61luw=URemq_gguo f_Ih~hf Jhjyq_]h ij_kkh\Zc

JZ[hlZ \uiheg_gZ k bkihevah\Zgb f h[hjm”~h\Zigby kDI ©Deb
I Zgby2 GBP ©DmjgZlh\kdbc <tBgkIb\lmZ¥dZo j ZebaZpbb dhfie_dk
gZmgghc ijh[e_f@Dhgkljmdpbhggu_ d_jZfbqg_kdb_ dhfiEabpbhgg
eud O©OKIjzI_]bg_kdb_ gzZijz\e_gby jZa\blby bzl bidZeh\jB[hldlghetl
gZ i_jbh~ ~h ]lhrza > @

FZl _jbZeu b f_Ih”u

>ey bkke_"h\Zgby abgbdhkdbo k\hckl\ b klhcdhklb d hdbke _
kbkl fu =H6%& ba]hlh\e _gu h[jZapu f_Ih~hf Jhjyg_]h ij_kkh\Zgby
"Zgguo h[jZaph\ bkihevah\Zeb ihjhrdb ~“b[hjb”"Z pbydbdhy dzZj[b
n_g k jZzaf_jhf Z]Jehf_jzIh\ hl ~h fdf

>ey ithemqg_gby ]hfh]_gghczrBiuSi@ajpphbbBbeb kh\f_klgh_ i_j
f_rb\Zgb_ ihjhrdh\ dZj[b*"Z dj_fgby "~b[hjb"Z pdjdeddyl DbjghLn_g.:
f_evgbp_ Ihemqg_gguc ihjhrhd ih?\_j]Zeb ]Jhjyqgq_fm ij_kkh\Zgbx

Baf _j gb_agZqg_gbc hildjulhc ihjbklhklb b dZjzZesphiky iehlgh
ihegyeb ]1b”jhklZlIbg_kdbf \a\_rb\Zgb_f k ihfhswbldg[hjdbmjguo Zc
kh\ ih =HKL95). %

FbdjhI\_j~hklv DDF hij_~_eyeb f_Ih~hf <bdhl_jkd&] dZ]lfymadZz
bg”_glbjh\Zgby k gZ ihebjh\ZggWwe 'ih\_jbdfhkdyidhhfhsvx I\ _

"hf _jZz Baf_j _gby ijh\h~beb \ lhgdZo

Klhcdhklv d hdbke_gbx DDF hij_~_eyeb ijpKI\fi_gZlab__ q
ih =HKL J 2017A.

:gZeba fhjnheh]bb h[jZaph\ ijh\h~*beb f_Ih~*hf jZkljth\hc we _
jhkdhibb ijb mkdhjyxs_f gZijy _gbb d< b lhd_gmddah[jZi: lhen
gby \ j_"bf_\lhjbgguo we _dljhgh\ ijb m\_ebqg_gbyo h\Zglh 7
kljmdImju fZIl _jbZezZ hkms_kl\eyeb k ijbf_g gb_fgkihkatgih@vguo
f_Ilh~"bd gZ ijhk\_gb\Zxs_f we_dljhgghf mikdjhkabi f gBijy _gbb

d< HJ[jZa_p "ey bkke_"h\Zgbc ihf_sZeb gz f ~gmx k_Idm

NZah\uc khklz\ d_jzZfbdb hij_~ _eyeb k ihfhsvx j_gll] _gh\kdh]

jZ & baemqg_gb _

J amevlZlu b h[km ™~ _gb_
>ey bkke_"~h\Zgby \ebygby kh”_j Zgbyf]lpZgbyZ kpbdr ntkdbdh
kiI\Z b klhcdhklv d hdbke_gbx h[jZapZBpBID DRrekbklgfwo f_Ih
“hf Jhjyg_]h ij_kkh\Zgby \ rbolm \\h*beb b jmid[itm fon d hjldin _g Z
jhlh bkke_"h\Zeb f_Ih~Zfb jZkljh\hc b ijhk\_qb\Zkjh kd hwieb dljhg
jbk b
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Jbk y k i‘ﬁfhsvx f ITh~rZ jZklph\hc we ¢

Jbk J _amevlZlu bkke_"h\Zgby kljmdImju ]jZzaAhfZjhkdilgddZggh]h f
s ¢ we_dljhgghc fbdjhkWdkibbehihevgu_ Klgblfdflghihevguc kgbfhd \ j
ne _dkZo hJ[jZah\Zgguo ijb "\hcghc *bnjz8pbbngZdpkile 4 ¢t Zoe
guc kgbfhd \ j_ne_dkZo dhevpZz

GZ jbk \brgh qlh ]jZn_g bf__ I g_rmcqgZlmjrnlkdlaéhggmx |
jhf Zlehf_jzIh\ hl ~h fdf NZajhdocglhkjllizR ij_~klz\e_g \ \b
_"bgkl\_gghc nZjganbtz K k ]_dkZ]hgZevghc djbklZeebqg_kdh
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ijhkljZgkl\_ggZy ]PmiFZP E Kj_"gbc jZzaf_j djbklZeeblh\ ih j_an
j_gl]_ghnemhj_kp_glgh]lh ZgZebaffkhklzZ\ey |

60000

40000

gkb\ghklv bfi

Bgl_

20000

s ‘,JL=___44 Ay L1

T T T T T T >
10 20 30 40 50 60 70 o2 ljz~

Jbk >bnjzdlh]jzffz ]jZn_gZ

GZ jbkzZ£\lj_"klZ\e_gu k\ _lehihevg®, |+ ddhjihlevgud kgb
db ]1jZn_gZ \ j _ ne_dkZo h[jZah\Zggud pjiob *"§Ec@kdeddgo? ihdZe
ghc gZ jbk \brgu Ijb dhevpZ nhjfZ dhe_p btaZl lglkjm k| gy Hofa
fZ djbklZeebq_kdhc j_r_Idb | _ ijbhkiddebg_kdlyo ikjhkdhklb ]jZn
hl ghjfZevgh]h iheh  _gby hlghkbl_evmhdie] dighglklullyd ~“bnjZdpbb
bkgq_azdkd \ kemqzZ_ k h[t_fghc j_r_ldhc h~”rgzZdh\b j o_BExlky
g_\hafh gh Ihggh baf_jblv f_“iehkdhklgo jidlekihygpthy d& we _dljh
ghljzff_ GzZ I_fghihevghf kgbfib”gjlbkglh \ j_ne_dkZo dlZzevpZ \ j_
| _ g _[hevrbo djbklZeeh]jZnbg_kdbo jza\hjhhh\ga |z _gkeh  _gbb
"\mo beb [he__ njz]f_glh\ gZ bah[jZ ihehkwnipdBEjBa xIky

Bkke ~h\Zgb_fbdjhkljmdImju ihemq _gguo la[Z2&aph\lt da dbD F
bf xI fzZljbpm gZ hkgh\_ ~b[hjb”rZ pbjdhgby Zjfbdh\tggogymx dZ
jbk < d_jZfbg_kdhf daBphjgdlghf _jgh jZkij_~_e_g ih \k_fm h[t
fZljbpu QZklbpu ]jZn_gZ ijb ki_dZgbb ehdZebah&dzZ&bkVvg hd"_ev
ghf_jgh jzZkij_~ _eb\rb_ky ih h[t_fm fZljbpu

e WD = 85mm | Probe = mn:: vnmn\:umé fﬂiﬁ e
Jbk KljmdImjz d_jzZfbqg_kdh]h
k 1jZzn_gBfH _a g(])h

< |IZ[ebp_ ij_"klZ\e_gu agZq_gby hldjulhc ihibklghkdb dZ ms
fbdjhI\_jrhklb b klhcdhklb d hdbke_gbx h[jZapb¥la& DikDH Zkb k| _f
ghf b [_a ghdmg_ggu_ k ihfhsvx f _Ih~*Z ]Jhjyqg_]h ij_kkh\Zgby MKkl
agZq_gby hldjulhc ihjbklhklb mf_gvrZxlky ijlgZ h[ZbhkIgbbD DEn

92 b 6 680670 TRUDY VIAM 8 (114) 2022



ljb wlhf mjh\_gv fbdjhl\_jrhklb h[jZaph\ kh”_j ZkObeyjdn _g |
[hevr_ q_f m h[jZaph\ [_a ]jZn_gZ

LZzdbf h[jZzahf \\_~ gb_ ]jZn_gZ \ DDF ijb\_e&abdh memqr
f oZgbg_kdbo o0zZjzdl_jbklbd I[1Zdbo dzd fbdgjhh\bjKihkdwib hlidjulZz
[hl_ > @ mklzZzgh\e_gh qlh ijb \h_4Zgkb 1]jZn_gzZz \ DDF khklZz
955 ih fZkk ,0;%@ ih fZkk_, =1h2I1\_jrhklv ih <bdd_jkm m\_ebqb)\
k N h =1Z Z \yadhklv kZajtr_gbdly + FiZih\ur_gba \y
dhklb jZajmr_gby mqg_gu_ h[tykgyxl kbgdlif lblge kgitbhd 'wnmZaghc
Z"] _abb 1jZi039 $PZ[hl_ > @ bkihevah\Zeb ]jZn_ghlighggZghebk
g_gby dhfihablgh]h ihdjulbyOk#io, fuh&®@qg_gh g _dhlhjh_ m\_ebq.
I\ _j~hklb ih <bdd_jkm b agZgbl_evgh Ibm&mapmr gbbkl\Zladg bk
[16+ @ ihdZazZgZ ihiuldZ mijhggblv b ih\ukbhkdgh\j20$kKdwvl DFDF gZ
\\_ "~ gby ]jZn_gzZ \ j_amevliZl_ qgq_]h ~“hklim\grnebqg aglZ qhbhdedaghl e
ijhgghklb b m~Zjghc fyadhpgkb jZza”_ezZz \ d_jzZfbg_kdbo dhfihabl
[hevrh_ agZq_gb_ 7~ey mjh\gy f oZgbqg_kdbo khhakb\ghkklgzZklgt
mijhgg_gby b ih\ur_gby m~Zjghc \yadhklb \yd@dwggua DDF_gb_
fh™ | az\bk_Iv hl ozZjzd!l_jbklbd f_"nZagaZh[kewabtZgby dwvaghc ih
\_joghklb b \ukbddlighr _gby jZaf_jh\ ]jZn_gZ DZd ijZ\beh h]
kbewvd&leZ[uo kimi_gqZluo ]jZgbp jZa™_eZ \ d_izoftkghkdpd\ohhfiihal
hrgh\j_f_gghfm ih\ur_gbx ijhgghklb b m~Zjghc \yadhkibb > (
wlhc f_"nZaghc kljmdImju \ hkgh\ghf azZ\bkbl hllh\ JfmetwZh\Zgby
ghc obfbg_kdhc j_Zdpbb Z 1zZzd _ hl jzaf_jh\ b dhebqg_kI\Z ijh*mc

K\hckI\Z h[jZaph\ ba d_jZfbqg_kdbo dhfihabpbhgguo fZl_jbZeh\
kbkl fu s¥H64.& k ]jZn_ghf

K]thZ—njxsg DZ'msZzyk| HIdjulzy| FbdjhI\_jh K'th\hI"'(‘q’ ‘;bhdbkqe
h[t:fg iehlghklv ®]| ihjbklhklv =1z iib I_fi:jZ_Imj:fK
0 5,48 0.8 24,8 1,21
1 5,43 0.2 254 0,94
2 5,39 0,2 26,5 0,45
<\ A _gb_ 1jZn_gZ \ DDEBkb&L& kihkh[ki\h\Zeh kghi gbx hid

lhc ihjbklhklb [ezZz]h”Zjy bgl_gkbnbdZpbb ijgpl kkyakiZdkbgbgbaz
ehjhr"kh”_j"Zsbo kh_~bg_gbc pbjdhgby b dj_fgby IBiC*bj " Zgb_ ¢
ZrB, khklzZ\be®,9%=+ih fZkk_ k h[jZah\Zgb_f dZj[b”h\

Klhcdhklv d hdbke_gbx d_jZfbg_kdbo \dhfidadIhj\Zmnjbg A
memqrbezZkv baf_g _gb_ fZkku ijb IfKi\jEZIomjgb __ g kgbabehkyv
22 ijb "h[Z\e_g¥%bh[t_fg liZn_gZ Z ijb "h[Zhét dglgb ]jiZn
gZ baf_g_gb_ fZkku kgb&bd&hkwfgZgghlh "h[Z\e_gb_ m]e_jh”gh
dhfihg_glZ “he gh kms_kI\_ggh ih\ebyVvdgAdmkéhgpx\HKl_jbZeZz
\ p_ehBkke_"h\Zgby klhcdhklb d hdbke_gbx fZLS§iKZ¢j’\nkigk!_fu
ijh\h~ylky “h\hevgh j ~dh < jZ[hl_ > @ mklZgh\ejgftbdglh ijb |
kbkl_fu =8IC&K \ Ihd_ \ha”“mozZ b ijb |_fifKzZhmjfbjm_|ky kehbklZy
kljmdImjz ihdjulzZy Zfhjnguf keh_f ~"blhdkwMzZf djkhdby Iklkbb k wd
i_jbf_glZevgufb ~"Zggufb b gZ hkgh\Zg\bl¥ |jjZkkgb | Fggulolb hiI~_evgu
dhfihg_glh\ kbkl ,fu6l=8U%K ij_"eh _gZ ihke_"h\Zl_evglkibk hdbke _
fhklb hl ~"Z\e_gby dbkehjh”rz ZzZdlb\ggZzqlhglb kEkygbjb 618 fbgbfZevg
NZ\e _gbb “"ey hdbklg_prhylkyW ¥\ ebqg _gb_iZjpbZevgh]hZpZ\e gby

b 6 80670 TRUDY VIAM 8 (114) 2022 93



ijb[ebabl_evgh gz "\Z ihjy*dzZ Z ™Mely hdlb kK& dkibyZle¥guc ihdZazZl_e
gZebabjmy kljmdimjm hdbke_ggh]h kehyjbktZggjlh IhedbgulbZ\lhju
jZ[hlu > @ h[gZjm beb ahgm i_j_oh”ZdIbl\dgH&krkbhglblke dgbx 6L& ij
Pop,<15001Z b | _fi_jZImj fK LzZdbf h[jZzahf ijb \\_~ _gbb ]pZn_gzZ \ I
kl _fu el & \ kemqgZ_ hdbke_gby ijb ZIfhknfijgjfflmiAe gKb b |
ke “m_| h"b”"ZIv mhkhebmgwltkehy h[_~g _ggh]h 6L& < KeimqgZ_ hdbl
e__ \ukhdbo |_fi_jZImjZo b ijb ihgb bgehfh*zZ\ailgdbdp d\_jhyl_g i_]j
oh” d Zdlb\ghfm hdbke_ _gbx dzZj[b*zZgtklbgbyjHrz ghijjowlhf fh™ _| a
f "eblv h[s__ hdbka&Z eglhddavgh]h h[h]Zs _gby KH

J amevlZlu ihemg_ggu_ \ ~Zgghf bkke_ _™hi\Zgbbjkik\b” | e\
Ib\ghklb b p_e_khh[jZaghklb \\_* gby ]jZnghZRbDD&Zk b _ ejx b
p_kkzZ ki_dzZgby memqr_gby k\hcklI\ b k\yaehjgbdy hkiddbhqlgl]lh d
ahf bkke_ ~h\Zgby \ "Zgghf gzZijZ\e_gbb g_h[oh”~bfh ijh*he Zlv

AZdexq_gby
F_Ih~hf Jhjyg_]1h ij_kkh\Zgby ihemqg_gu h[jZZByS@bDDF kbk
ijh\_~ gh bkke_"h\zZgb_ \ebygby kh” j"Zgby JiZoZgEqgkdiho nl
k\hckI\Z b klhcdhklv d hdbke JgBr_ogd Y dhtebg2 ki\h[t Hg

ijb\_eh d m\_ebq_gbx fbdjhl\_jrhklIZByBE gEKI _fu Kk ~h

265=1Z kgb _gbx hldjulhc ihjbklhklb gz k okl b m\_«

dhklb d hdbke gbx ijb I _fi_jZImj_ fK gZkku mbadvgbatbkv fi£
"h

l[jh\_~ _gh bkke_"~h\Zgb_ kljmdImju ]jZn_gZ kZ§gedblgZ]khdhzce vgh
j_r_ldhc f_Ih~Zfb jZkljh\hc b ijhk\_gb\Zxs_c we _HWljhogpgevibdjhk
lu dhlhjh]lh k\b”_I_evkl\mxl h Ihf qlh ]jZm>x bkdhkelggmggkdlm
Imjm k jZzaf_jhf Z]Jehf_jzlh\ hl ~h fdf

Bkke_"h\Zgb_ fbdjhkljmdImju ihemqg_gguo IhfZBpHBICba DDF |
ihdZzazZzeh qlh h[jZapu bf_xI fZljbpm gZ hkgh\jfBjh\gbgm xpbjdh
dzZj[brhf dj_fgby < d_jzZfbq_kdhf dhfihabl_ [hjb’h gBEkdhgby jZ\gl
e_g ih \k_fm h[t_fm fZljbpu Z \ DDMku]jZan ghZ gjbkki_dZgbb ehd
ebah\Zebkv \ hi*_evgu_ h[eZklb g_jb\ghfkpyhhjBkijfm &21jbpu
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K_\Zklvygh\ < = Kbfhg_gdh ? | Kbfhg_gdh G I =jKIs_@dh\ > < K

dh\Zz = < Ijhdhiq_gdh = F DZ[eh\ ? G Dmag_phuG djb&i&mq_gb_

eh\ dzj[b~z dj_fgby k ijbf_-¢_egb ff ldhite&v\ Bid-df jZfbdb Dhfihablu
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<\_"_gb_

> |Zeb ba ihebf_jguo dhfihabpbhgguo fZlbkbtZewam |Du_
\'Z\bZkljh_gbb Z\lhfh[be_kljh_gbb khihibd_lkeMEIKeylo 4jigfure
ghklb \ j Zevguo mkeh\byo wdkiemZZxply \dqAaKR|hc kh'b\x lhieb\
fZk_e b jZaebqgguo | _ogbqg_kdbjo amedhxl_clzdh]h \ha”_ ckl\by b
gyxlky ~ _nhjfZpbhgaghklgu_ihdzZazZl_eb fzZ| jbhperkoh*bl bo
klzj_gb_ dHodlbbq_kdb_ ij_\jZs_gby \ IDF ih™ \ha%bdgl\d_ f Z]j_
"brdhkl_c y\leyxlky jZagh\b~rghklvx klggzogbw lkdyhNhkHZ b k_jv __
ghlh bamqg_gby

L _hj_Ibg_kdb_ hkgh\u klZj_gby ihebf_jguo fZdbpbZkjh\ \ 1Zdk
kb\guo kj_"Zo dzd jzZkl\hju dbkehl_chkjghkfdbic fingdhleZnbb
> @ < gZklhys_ _ \j fy gZdZieb\Z_lkyZlkghjhjggbbly BREh[s_gby
jZajhag_gguo j_amevlizZlh\ 1j_~klhbl nik]ggkNbI9o aKdibghdbkehl
b hkgh\Zgbc gZ ihebf _jgu_fZljbpu jZaebBlghp deaddhkkh¥Zdpbhggl
kihkh[ghklb obfbg_kdb g_klhcdbo k\yaijhpm Rkkijfadpimlabb Z]j_
kb\guo "b~rdhkl_¢ G_h[oh”bfh \uy\blv eeddyhgbhyf ljjazMblppbhgguo
j_Z]_glh\ dbkeh!l s _ehq_c kibjlh\Vijlhkébhd fZkgldoh[ev™ gbl_e
guo b~rdhkl_c jzkl\hjbl_e_c kfulhdjbd_mkgbybgzbb[jZlbfu_ b
g_h[jZIbfu_ ij_\jZs_gby \ kl\yamxsbo biFefdhymxymwo gkhfu fh”
ebjh\zZIlv baf _g gb_f o0Zgbqg_kdbo ihdZazl e _c IDF

P _ev "Zgghc jZ[Bkkfklj gb_f Ih"bg_kdbo hkh[_gghkl_c bl
IDF gZ klhcdhklv d Z]j_kkb\guf "brdhklyf b jZasbevIknisghjkdkdju\
f oZgbafh\ nlodbbdy kdbo ij \jZs_gbc \ IDF

KIZj _gb_ IDF ih~ \ha”_ckl\b_f lhieb\
fZk_e b I _ogbq_kdbo "b~rdhkl_c

F_Ih~"bg_kdhc hkgh\hc bkiulZzgbc IDF \ Z]j_kkb\gwo "b~dh
=HKL 2048 [2] WIhl jmdh\h”~ysbc fZl_jbZe [ue]ijbgylidZklfZkk
bkehbkluo fZl_jbzZeh\ b hklZ_Ilky ijZzdlbqg_kdkthys bafjgiyuflih gZk
eh bl _evghc klhjhghc wlih[H k&g &ikpmZAhafh ghklv bkiulZgbc h[jZ:
jZaghc Ilhesbgu \ kZfuo jZaghh[jZaguo j_dhf_g*"h\Z&gujouk) "~Zo
s_ehgb jZkl\hju khe_c b 7] ijb ex[uo |_fi_jZImjbowalredAgguo
IZpbb Ijh~*he bl _evghklv bkiulzgbc fh | \Zjvbjh\ZIvigwy hl q
bkiulZgbykml klzZg”~Zjlgu_ bkiulZgby g " ev "ebl_evgu_
5e | J dhf _g”m_Ilky \u[bjZlv I1Zdhc kjhd bkikudpggbfuoghhjjzdaypZo
mklZgh\behkv khj[pbhggh_ jZ\gh\_kb_ beb ijhbahredcbfidgh_ jZkl\
kdzZzy " _kljmdpby H[yaZl_evgufb djbl_jbyfbbohYeygxIlkdhbaklhgcdhkl
gb_ fZkku b ebg_cguo jZaf_jh\ h[jZaph\ gh hjjheZbZa Iy 1Zd"
ghh[jZaguo ihdzZzaZzZl_e_c k\hckl\ ih f_lh~"tkdafi\_b&e\m x glga fklZ
NZjlZzo gz f_Ih~u bkiulZzgbc >himkdzZ fufb j_ZH gl4d#klIyheyxlky
I\ _ jAuo obfbqgq_kdbo \_ s kI\ | _ogbg_kdb_ "v2dbdZkkgZ "ughlhbeb
khklz\ g_j_lezf_glbjm_Ilky

Ba rbjhdbo \hafh ghkl_c [Rlgg"gjddlbd_ gzZklh h]jZgbgb\zZxl
hp _gdhc f_o0oZgbg _kdbo RhdiZaZleb\cijhgghklb b fh"me_c¢c mijm]
ijb jZkly _ghle 1k ZIbgE1l balb[yE1l k~\b]_ 2 baf_j_gguo ijt
dhigZlghc b jZ[hg_c | _fi_jZIm3ZAokinké j db \ dhfgZlguo mkeh\b
[3#].
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AZim[_"gu_ bkke_"h\zZl_eb jmdh\h*"klI\mxlky pZdhZ_g”Zpb
ASTM D 543-21[8] jZza”_eu dhlhjh]h kh]JeZkh\Zgu kh klzZzg{Hgjbhzfb ,62
ISO 4599:1986 [10] < klZg™MNEljbkihevamxlkyZg~Zjlguo j_Z] _glhk gh ~hin
dZ_|ky bkihevah\Zgb_ b “jm]bo obfbq_klbhlo KtekldThR iy ajrd d
ky j_dhf_g~Zpbyfb jZzar_ez $ \u”r_j dzZ \ Dd ebogbkj kAEokb\ Hhke _
bkiulZgbc JZa”_e % khhlI\_Ikl\mxs [10] ijbrh_&VyZdRyjrt2y hp_gdb
lj_sbghklhcdhklb iezklfZzkk \ "brdbo Z]j_kkb\guo kj_"Zo

< IZ[e ijb\_ " gu ijbf_ju \ebygby Z\bZpbhhgukdlhdet\ b | o
dhkl_c gz f_oZgbq_kdb_ k\hcklI\Z IDF 1j_b"kd ek hgoy Zdgh vgioryb
0Zgbg_kdbo ihdkkaRIRe JeRtij_~ eu ijhgghklb b fh meb mijm]hklk
jZkly _ghbe 1 k ZIbpE1 balbp E 1 ij_~_e ijhgghklb ijb ka\b]_ 2
f j_ggu_ \ bkoh”ghf khklhygbhb b ihke_ \la?_tiklj\blynjhbbgzd
ijh~he bl_evghklb \u”_j db \ Z]j_kkbtguo "b~rdhklyo

Ilh ~Zgguf IZ[e ihke_ £ f_k ij_[u\Z&NY, 4h] &l ie2hliled
kibdfB) b hj]ZghiezkK6bdh\Z]j_kkb\guo "brdhklyo ijb dhfg@zlghc [|_1
Imj RT agZq kgtbhwf gyxlky k N h AZjm[[11gdab] 1 Z®l'hju
khh[szZx|l h[ mf_gvr_gbb iRdZRZ|_eLZdh_jZaghh[jZab_ j_ _amevl.
AN fhgkljbjm _| dZd \ukhdmx klhcdhklv IDFbada¥dy¥pbhhdy bf Ki
kh[ghklv wibo fZl _jbzZeh\ ih"\_jl]ZIvkyZagdglgbl evghfm k

AgZq _gby ihddadkZ[ey g _"~hklZlhggu “ey aZdexq_gbc h klhc
d bArdbf kj_~Zf < dzZ ~"hf dhgdj_lghffluetgBegdhlhewlgttb k\_~ gby
\ebygbb I _fi_jZImju b ijh*he bl _evghkliih[\hayhzZzdkl\by® evgu_ mjh
gb baf_g_gby f_0Zgbqg_kdbo ihdZaZl_elbhobdfbfg odyba fiy_njzasb gbc
\ fZl_jbZeZo

JZkkfhljbf g_kdhevdh dhgdj_Ilguo ijbfl\ukhdhjddgdgbdhklb
hjlZzghieZklbdZ gZ hkgh\_ \hehdgzZ \HY©ODjU ZdIb\gklVbxhieb\Zz
fzkez Z\lhju jHaphlkigblzZx!l klZ[bevghklv ZjZfb~"guo \hethdhg ijb
| _evgh g_\ukhdhc khj[pbbb™ji\ebg_kdZy "brdhklv khklIZ\ dhlhj
azZg \ bklhdgiwpbdkihkh[gZ ih\ebylv gZ Z"] _abhggmxblp\yaw f_ ""m
\hehdghf b | _f kZfuf kgbablv dZebqgbgpe 1 Wnn_dl klZj _gby
"brdhklyo azZ\bkbl hl baf_jy fh]lh il 22#&3] e@ ZIipbf | ihke _

kml \ha”_ckl\by lhieb\ gZ wihdkbbglz] iiddahleZwlzdyb k
sbc hl k\hckl\ kl_deh\hehdhg kgh¥b&kyz\ldZd iddlZazdmev 1
kiI\bl_evguc d k\hckl\Zf ihebf_jghc fZElbywZi8f tghMrdbh[gh_
jZaebgb_ \uy\le _gh ey wihdkb”gh]h i2jZKbd ] hK hkllZ§ BZ\b
pbhgguo Ihieb\ kms_kI\ _ggh \eby | ghd&dZaylghbu kbefhidZkl
dZ gZ hFgh\_ wihdkb”~ghc fZ15pphuk&UDOKGMW\WHIN_j db g Z\bZpbh
ghf [ _gabg_ mf _gvrZ |ky \E_ihkeZ ~ _ ckl\by j _Zdlb\gh]h Ihieb\Z
mom~rZ_|ky gZZ[e

<u”_j'dZ IDF \ Z]j_kkb\guo "b~rdhklyo ijb ih\lumjAhgwZdhfi_jZ
ghf_jgh m\_ebgb\Z_| wnn_dlu klZj_gby Ihkéh[e f*~kgbl c&V\dphec Zg
"brdhklb 6N\GURO ijb dhfgzlghc |_fi_jBAjigghiled@xalzd Zekgb Z_Iky
gZz > @ <?keb bkiulzZzgby hjl]ZghiezZklbdzZ ijh\_KklIfKijbhbk§i jZImj
" gb_ihdzZagm\eydgb\Z |Iky *h@ Ih*h[guf h[jZahf ih\ur_gb_ | _fi
jZImju kfZahqgh]h fZkeZ Kk m\~abgb\Z_| kgb _gbE imdfaal _ey
hgghlh kl_dehieZklbdzZ gZ hkgh\_ ihebavinth¢Ankg [kt + q_f gZ
ihjy"hd ihke _ f k bkiulZzgbc > @
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2 ) )
LZ[ebpZ
<ebygb_ Z]j_kkb\guo "b~rdhkl_c gz f_oZgbg_kdb_ ihdzZazl_eb
ihebf jguo dhfihabpbhgguo fZl jbZeh\ IDF
1j_kkb\gZy Kjihd libjhk IhdZAaZIR_*’e’v_
d <Y ki1zj bkoh”g kn= R/Ro Bklh
IDF brdhklv j_ fzkku| h[hayg . R
bKiulZghc gby % 9 gR agZq_g| ihke_ \ha”~_c| gbd
f k -9%4 R, FlZ “bArdhklb
<h~Z 0,3 1,0/1,0
Lhieb\h-LK 0,05 1,02/1,01
M| <DB39 FZkeh B16 3 0,05 3 2 1000/73 1,04/0,99 3]
FZkeh FK 0,05 1,01/1,0
IH@ 0,09 1,02/0,98
;jdlbdZ >= : e
<hnZ 0,6 0,95/0,88
Lhieb\h-L K 0,1 0,95/1,06
FZkeh B16 0,1 0,97/1,13
MI<DM E 5 1 Fy¢ 3 01 ) 1185/80 0.97/1.06 [4]
IH@ :jdlbdZ > 0,1 1,0/1,06
Kibjl 0,2 0,82/1,0
<hnZ 0,82
Lhieb\h-LK 0,86
FZkeh B1B 0,91
K1l <IK FZke.h_-FlK 5 . o5 0,90 -
Kibjl 0,8
G _njzZk 0,91
@b~rdhklv
G-@G 0,54
<hnZ 3 1,8 1,0
HI <D-B1 Lhieb\h-LK 1 0,12 1 530 0,92 [6]
FZkeh B1B 0,12 0,91
<h~Z 0,60
. ;_gabg 0,80
i flzehThiebnak 3 + 2 100 0,60 7]
' FZkeh B1B 0,78
FZkeh FK 0,72
LhiebJBT-A 0,86 0,99
" eizirljemme jetll 19 0,91
AX6201FR @gb ~d h 8kydrol- ! 4 88 (L1
D4 1,3 0,87
<h"Z 1,5 0,97
LhiebJAT-A 0,2 0,94/0,94
éélavsvslhdkb ;EbTh/lh Ibe:l\hh' - 22 0,1 11 370/143 0,95/0,87 [12]
JET-A [ e 0,07 0,95/0,88
(4:1)
J_ZdIb\gh_
H I Resol Ihieb\h 0,83 0,99/0,96
LA 0,033 12 33,4/13,6 [13]
Nomex =b~jzZ\ebqg_kd 11 0.97/0 93
"bArdhklv : FH
<h”"Z ijb f K 0,94/0,64
) >boehjf IZg 0,90/0,76
H | Aramid =
J_Zdlb\gh_ 1 + 11 188/97 [14]
49/895 Fieb\h 0,93/0,76
Skydrol ijb fK 0,79/0,60
;_gabg $YJD
KIE-glass/ | 100LL 015 0,93/0,76
. 0,5 YE, 42,8/620 [15]
Araldite J_Zdlb\gh_ 18 0.75/0.72
lhiebWTF : 190
IDF Mim]e_ieZklbdklIKdehieZklbthjHighieZklbd
<h \k_o ijbf_jzo djhf_ > @ h[jZZgu |pFdhfgZlghc |_fRT.ZImj_
“x R+ij_~ eu ijhgghklb ijb jZkiy kydlbb1l ba]bl_ fL "kehcghf kA\b]_ 2 b fhAmev mjjn
(Es baf_j_ggu_ ijb dhfgZlghc I_fi_jZImj_
Ijhlb\hh[e ™ gbl evgZy ‘b~dhklv

b o
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l[jh\_~ ggu_ bkiulZgby ihdzZzaZeb > @ qlm\kj_"b jZ
IDF mle_ieZklbdb gzZb[he__ klhcdb d \ha”_cktdbhkIzZch Zgghb hgguo
guf jZ[hlu > @ wihdkb”rgu_ m]e_ieZklbdml WuRhpg 2dpduyZkli\hj_ b\
d_jhkbg_ ijb m\_ebq_gbbOfiBkkilh\gwkbehtij_~_e ijhqghklb ijb jZkl
"_gbb g& tlhke_ kml ij_[ulZgby \ \h~_ j_Zdlb\ghf ldheb\_ ]Jb~"
"brdhklib b ijhlb\hh[e_~_gbl_evghc ijbkz~rd_ kddbhiebd@aZloZlgbqg
wihdkb”~gh]h m]e _ieZklbdZ baf_gyxlky g _agZqgbl]evjghebgq@kdldlk
"brdhklv g_kms_kI\_ggh ih\j_"~Zxl de__\hlZKihhnbg_ kgtkZ kgl dZz
xI_1h I\_jrhklv b ijhgghklv ijb jzZkly _gbmjZjd lijfiujrZxsbo
dhfgzZlgmx < de__\hf kh_"bg-gbb KHOWHMN )exfbgb_ \h]h kieZz\
20247 b [hjhieZklbdZ qg_j_a + kml \h\a® kc Zlgblyd hhjjeadbhgghc
ijbkz"dDCl-4A g_agZgbl_evgh baf_gy_Ilky ihdZaZl_evGyadiklb jZa
hg kgb Z Iky6@Z ihke dhglzdlZ kh_~bg_gby kh kf_kvx \h”u b Zc¢
lhieb\z '"*0( > @

DZd ihdZau\zZxl j_amevlZlu jZ[hlu abdg&Z B dclhhbbglZ ¢ms_klI\_g
baf gy | mklZehklgu_ihdzZazZl_eb whclely” ghd hmih egfy jkmobo h[jZ:
[j_[m_Ilky pbdeh\ ijb gZifyZ glthtke _ kml \u”_j db \ d_jhkbg_
gZijy _gbtFlzZ jzajmr_gb_ ijhbkoh”bl q_j_a dAbdabygyZ<kedbydgb
e agZqbl_evgh h[jZapu jZajmrZxhkyijh gZiajmddgbde

JZkkfhlj _ggu_ ijbf_ju ihdZau\zZxl qglh ”"ey h[hkgh\Zgguo
hihieb\hklhcdhklb klhcdhklb d fZzkezZf b |_ogbd¢ kdktyZ\bXPpPbhgg!t
g_h[oh”~bfh bkke_ _~h\Zlv dbg_Ibdm khj[pbb ‘lbfdhklntjdjd §jZalguo
\h”*blv baf_j gb_ ih®RZakk e bklb  _gby khj[pbhggh]h jZ\gh\_kby
\ebygby Zjfbjmxsbo gZihegbl_e_c b ihebf_jguo flzhjblpdida2\lZjvbijh
e ¢ E JExk ol 2 I1hdZ g _"hklZlhggh bamg_gh \ebygb__wlbo b7
oZgbg_kdb_ ihdzZaZzZl _eb IDF ijb gbadbo b imjzdo_ gh'ghb ki jZI
ANZIv qlh ijb ijb[eb ™ _gbb I _fi_jZImju baf_j_gklc dle h\Zigh¥limje
f_jguo fZljbp ~_ckl\b_ lhieb\ hdz _lky [he__f adozZzdhfg&vghdé¢ ¢
| fi_jZImj_ 1h ~Zgguf jZ[hlu > @ kj_"~gbc dhwgnihpdiZagd| kdnpjZg
kl _dehiezZzklbdzZ baf_j gghlh ijb dhfgZlghc | _Ki gjZkmg gityke
\hkvfb Z\bZpbhgguo "brdhkkyo khkljd\befi jZImj_ baf jfKbc
wlhl ihdZzazl_ev mf_gyrbeky Ilhgbgu 1Zdhc ih\ur_gghc gm\klI\bl_e
klb IDF jzkkfhlj _gu \ jZ[hl_ > @ gZ ijbf_j_ is&kylgblyp\ejsbsglh
IDF Fh gh h 'b”rZlv qlh k ihfhsvx | _jfhf_oZgbqdihdh]h_bZgbgZfbq
g_kdhlh ZgZebah\ njzZdlh]jZnbb ijhnbehf_Iljbb ha” c®\bgbdeb
> @ b “jm]bo ih"oh”~h\ > @ jZajzZ[hlZgguo kéx"bkklelZyh\Zgb
gby fZI _jbzZeh\ \ [eb Zcrb_ ]Jh”u \hafh'gh bamlmdeby@y@Zdbf jgh
pbhgguo "brdhkl_c gZ k\hcklI\Z IDF

KIZj _gb_IDF ih®~ \ha”~_ckl\b_f
\h~guo jZkl\hjh\ khe ¢ dbkehl b s _ehq_c

<h”gu_ jZkl\hju khe_c¢c dbkehl b s _ehq_c 1ZdhckthIml|l moi
IDF |_ ijb\h~blv d bo agZgbl_evghfm klZj_gbxh BgZjbddbhjwifb 1Z
eyxlky ihdz&Zligb*klZ\e _ggu_ \ 1Z]e

H[s ¢ aZdhghf_jghklvx j_amevIZlh\ ihemq_gguo ZA\lhjZfb |
ey |ky ih\ur_ggZy Zdlb\ghklv jZklI\hjh\ dbkehl bl "eledl\dili kjZ\
"bklbeebjh\Zgghc b fhjkdhc \h”u dzZd ijb dhfgiplghtu*»_ggu@ 12Zd
| fi_jZImjZo > @ Ijb h"bgZdh\uo dhgp_g[hepbyo jZk
Z]lj_kkb\_g "ey kIl _dehiezZklbdzZ 7(;,35(* (7 S, [2Bk30hju +&0O b
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LZ[ebpZz
<ebygb_ jZkl\hjh\ dbkehl b s_ehqg_c gZ f_oZgbqg_kdb_ ihdZaZzZl._
ihebf jguo dhfihabpbhgguo fZl jbZeh\ IDF

1i_Kkb\gZy Kihd 1jb IhdZazRev
IDFE ‘bAdhklv i “bf klZj jhkl h[h bkoh”gl kk=R/Ry ihke| Bklh
bkiulZgbc gby| fZkku agzq agzg_g¢ ‘ha"_ckl\| gbd
kml| % gbR | R, FIZ brdhklb
KITEX- | 10% gu®aOH\ \hART) 4,2 0,78/0,73 -~
PREG 10% g u ¢iCl \ \h~RT) 36 4,7 1JE, | 41620500|  0,84/0,78
ET443 10% g u &,50, \ \h*RT) 5,2 1,02/0,98 [30]
MI ~ey <h"RT) 0,1 1,04
Zjfbjhida | Fhjkdzy \RNZ 83 0,1 1 2300 0,98 [31]
gby [_Ihd Ca(OH)+ KOH + NaOH RT) 0,5 0,54
Wihdkb~{ <h"RT) 0,96
ihebf_j | 5% gueiCl\ \hART) 80 + 1 95 0,86
DGEBA 10% g u NaOH \ \h~RT) 0,93 521
MlgZ <h"@&T) 1,0
hkgh\_ [ 5% gueiCl\ \hART) 80 + 1 1276 0,98
DGEBA 10% g u &NaOH \ \h ~RT) 0,99
Klgz FhikdZg @D 0,67 0,88
hkgh\_ | <h~gu&kI\HNO, (RT) 3 10 1 330 0,93 [33]
DGEBA <h~gu&kI\KOH (RT) 0,8 0,43
WihdkbA 48 0,39
H N
\'\//Ivllhdkb"g 5% g u®,S0, \ \hART) 42 + 1 2400 0.69 [34]
<1 wihdk| FNikdZy \RDZ 0,2 0,94/0,94
E-glass Ca(OH) +KOH +NaOHRT) | 22 0,1 | P | 6760 0,95/0,87 [35]
<h”guakI\HCI (RN 0,07 0,95/0,88
,<|b gbehit 0,26 1265/39 0,63/0,78
;f’gbeh“ Ca(OH), + KOH + NaOH 208 | 057 12 | 1555550 |  0,93/0,95 [36]
(60 f K
W hdkb"¢ 0,79 1501/46 |  0,61/0,86
. <hART) 0,1 1,04/0,96
Wihdkb ™1 x@g r 0,56 0,51/0,90
:;b y|mem IZK Bl e e 4320 —o2 VE | 899/50300— g2 [37]
JZKI\Isj eh @ fK 0,63 0,41/0,64
*IDF Mltm]e_ieZklbdkIKbdehieZklhdZalZevlihieZklbd
< kdh[dZo mdzazgz | fi_jzRmiANigZligadp | _fi_jzImjz
#* Rtij A eu ijhqghklb ijb jZkiy k3Dkbpl ba]lbp_ fL "kehcghf kA\b]_ 2 b fh meb kiij
" _gbk b balE|{_baf_j_ggu_ ijb dhfgzZlghc I_fi_jZImj_
Wk Py tij_~_evgZy gZ]ljmadZ ijb balb[_ G

Ihke _ kml \u”_j db h[jZzaph\ Ihesbghc ff5RhjjEkh\Zehkv
[\hjh\ gh ij_~ _evgh_ gZkus_gb_ g_ ~hklb]Jgmlhbbhiywihilm ijb m\_
| _evghklb bkiulZzgbckabdebglw _s_ ihgbablvky ih kjZ\gugbx k mc
fb \ 1Z[e Fbdjhkdhibg_kdb_ bkke_"h\Zgby bhdgZfg&kvighb[jZ
lez~rdhc ih\_joghklb kl_dehiezZklbdZ \ r_jhohdgihxsibgh\ywahgb _fl
kbrghc fZljbp_ > @

‘\lhju jZ[h[3L] bkke_"h\Zeb Ijb \ZjbZglZ m]e_ieZklbkiz \ qbkl
dmkkI\ _gghc fhjkdhc \h”_ b s _ehqgghf jZzkl\hj_ fihyZebjmexs f kj_
CaOH), + 4] «OH ]N@OH Ih ijbjhklm fZkku b baf_g_gbx ij_"_eZ
ghklb ijb ba]lb[_ ey \k_o \ZjbZglh\ m]e_ieX&blydyd kindZklAeggh _
ehgqghc jzZkl\hj ~Z" _ ijb dhfgZlghc |_fi_jzZllAje \ha”*>bklbkeyebjh
\ZggZy b fhjkdzZy \h~Z ijb dhfgZlghc | _fi_jZ4mjghg dbhathgbeZ ag
abezZ wlhl ihdZaz#5ev[gZmagb gZ]j_Ihe Ah fg_gbx zZ\Ihjh\ jZ[hlu
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> @ h[gZjm _ggu_ baf_g_gby k\hckl\ \ua\Ziyabie ZikhigbhbdZpb
Wnn_dlu hl \ha”_ckl\by s_ehqgb 1Zd _ agZqdlkdbgkigh &ZlZlkldhnb
azZl _gvijb ex[uo | _fi_jZImjZo klZj_gby qglh ihal\hey Ibhjm~*iheh blv
smx jhev *_kljmdpbb ihebf_jghc fZljbpu obfbqg_kdbfb j_Z] glZfb

:dlib\bazZpbx ieZklbnigdzZpt\mr _gbb | _fi_jZImju \h~u b \h~gu
jZkIVhjHREClI bNaOH bkke_"h\Zeb \[FZ[h_ih]jm  _gbb h[jZapH\ wihdkb
ghlh ml]e_ieZklbdzZ b _]h hi*_evgh hI\DGEBAgghdMNEZHKdpuijb
| _fi_jZlmjZo £ | _qg_gb_ krbl L _fi_jZImjz kl_da&h\Zgby
f j_ggzZy f_Ih~hf ~bgzZfbg_kdh]h f_ozZgdbq\ kdkhohdogZ&balhygbb
wihdkb”rgh]lh ihebf_jZ khidd\bgeZ jZaguo wlZiZo klZj_gby baf_gy
ij_ "~ eZo hl N N _fhgkljbjmy dhgdmj_gpbx ijhp_kkh\ ieZklbn
Ahhi\_j N _[@D, 5]

H[jZapu k|l _dehieZklbdZ gZ hkgh\_ wihdRGERAh L &khyamxs ]I
ebkv ijb dhfgzZlghc |I_fi_jZImj_ \ jZklI\hjZo dkdmkKkitN =gBPhc fhjk
d b k e hHINO3 (pH b s_elk@H (pH AZ kml h[jZapu khj[bjh\Zeb
hi\_1klI\_ggh "brdhkl_¢c > @ < 1Z[e hif _g_gh kms_klI\_g
gb_ihdzazl\ ¢¥ki\hj s ehgb LZdhc agZqbl_evguc wnn_dl klZj_
Ilhevdh iezZklbnbdZpb_c gh b obfbq_kdb&b\KOHAdZkay fibr Z: d bilhg
eyjgu_ k\yab \ ihebf_j_  :Ihf \hA*hjh~Z \ ihebf _jgihdhp dBeddf gy |
glh y\ey |ky ijbgbghc kgb" _gby ijhgqghklb kIl _dehieZklbdZz

OH 0-K*

I I
R — CHz ( — CHz — CH2)n— +K* — R — CHz (— CHz — CHz2 ) — 1)

Djhf_ Ih]l]h s_ehqv jZajmrZ_| kl_deyggu_ \hehdgZ > @

Si+O +6L .2+ : 6 *K+ Si +OH. 2
Fhe _dmeu \h?u 1Zd _ mqgZkl\mxI|l \ obfbq_kdkinf Rl Zdefihvh ckl\
ehdghf ihkj_~kl\hf j Zdpbc > @
Si +0*+H,2 : 6LOH + OH, (3)
Si +O +Si+ OH*: Si +OH #Si +O* (4)
Gbadhfhe _dmeayhgmdlu h[jZah\Zggu_ | Zdpbyfb + \

"ebl_evghc \u”_j db \ jZzklI\hjZo fhlml m~Zeyl& kynbagktZygeftZilekzr |
h[jZzaph\ WIlh ih”I\_j°~ gMO)N jZ[dhlhjhc \uyle _gh mf_gvr_gb_ fZ
kl_deygguo \hehdhgkeZ g \u”_j db \ \h~ghNapHkKB\ lgjZz4 %

ihke _ kml ij_[uS%gidwyf §Zkléa NpOH (pH = 14) [41].

:gZeh]bqguf h[jZzahf \h~rgu_ jZkl\hju s_ehqg_c \ihaupzZxl IjZ\e
ghklb b mf_gvr_gb_ ijhqghklb [ZaZ36yBi\3%0 42h éitkdhtigggh ijb ih
\ur_gbb |I_fi_jzZImju jzZzkl\hjz 1h ~"Z43guhk&[hlug_"_ev ~_ckl\by s
ehgghlh jzklI\hjZfbihdzazlmévghvrzZz |ky k =1 Z ijb | _&i_]j
Imj_ fK 2h =1Z Fh"mev mijm]hklb 1Zzd _ mf_gvrZ_Ilkylxk Ah
khhi\_IklI\_ggh < jZ[hl_ > @ kjzZ\gb\ZehWNaCH tHG\NpZ kak hdhh\
\hehdggzaZevlih\u_ \hehdgZ Ihke_ q dbiy@ fglkkh\hzZkd\hgbq
kI\Isi gZ ih\_joghklb \hehdhg m\_ebgbebkvkigbab¥hkv ihlke _
\ha”_ckNaGH Ijb wlihf ihke_ \ha”_ckl\by dbkehlu \hajhkeh kh”"_j°
Ilh\ f_IZeNd&Mg,Al,K,CaFe \k_1h gZ aih fZzkk_-azah]lh qlh ZIhfu f
I1Zeeh\ f_gyebkv fHkizZdbklehl_ JZajmr_gb_ kljmdImju j_r_Idb gZ
klb \hehdhg y\ey Iky ijbgbghc kgb  gby ijhgghklb bigedKlltbdzZ IF
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dbiyg_gby \ s_ehqgb kljmdImjz j_r_Idb \hehdhg gy hi\n‘jeo\dhklb jZ
A ckI\bOH*\ khhiI\_Ikl\bb k j_ZdpbazZ wlh]BagZ ih\_joghklb \hehc
gZ[ex™Z _|Iky m\_ebqg_gb Nakh” j"hghyld].

We f _glguc ZgZeba ijh\_"~ gguc Z\lhjZfb jAhhibkeg@ ihdZ
dbiyg_gby [ZaZevIh\uo \hehdhg \ \h”_ h[gZjggt\Zjbkynliklkns k

ZIhfhNg, Ca K, Si (0,029,04 ih fZkk_  1jb 1Zdhf °_ \ha”~_ckl\bb \ jzF
NaOH dhebq_kI\h Kib8h\hajzklZ 14gZ ik fZkk_ < jZHANkp~_j
*ZgbNa\hajhkeh gZ ih fZkKkAl +gZ ih fZkkKFe £gZ ih fK
k Mg +gZ ih fZkk_ LZdbf h[jzahf ~hdZaZgh qlh bhgu f_IZe

\ dbkehlguc jZklI\hj Z s_ehqghc jZkl\hj h[h]ZsZ HkZedRied f dj_
_f Gz fbdjhnhlh]jZnbyo ihdZazZgu ]Jez~db_ ih\ \hegtdhly [ZaZevl
N _j'Zgguo \ \h”_ b dbkehl_ gh r_jhoh\Zlu_ ihke_ \u”_j 'db \ s_el
glh klhcdhklv d \ha”_ckl\bx \h~u \ukhdZy IhkdRdglidm sihehqgu_
Mb'gu \ h[t_f_[ZaZevIh\h]h kl _deZ 1h gZ ih\_joghklb ijhbkoh”bl
Si +O tR + (H + OH* : Si+ OH +ROH. (5)
LZdZy j_Zdpby o0zZjzdl_jgZ ~ey \h”"u b s_ehqggh]h lj@kI\hjz
gZ ih\_joghklb \hehdhg @QHaJjmriZzZi{kyih mjZ\g_gbx
Si +O #Si+ (R"+ OH* :Si +OH+ RO #Si. (6)
Fhkibdh\u_ dbkehjh”rgu_ k\yaWH4ajpmiZiblkglh \uvaulZ | ij
\jZs _gb_ j_r_Idb gZ ih\_joghklb \' ] _e_ih~“hpbFmx Kkl nmkadlmfogz o\bZ
kljmdImjghf b fbdjhkljmdIimjghf mjh\gyo We Zeglglurt KK&HZgba ihc
gb_dj_fgby mf _gvrzZz |ky kh fZkRk_ |h]*"Z dZd KafujiZEgdb | k
“h ih fZzkk_ < j_amevlzZl_\u”~_j'dzZ \ \h*afijgdlbgjhkdb g _
ghklv [ZaZevIih\h]h \hehdgZ \u”_j'dZ \ dbkeht g@dfjngadi IgZZaj
23 Z \u™_j°dZ \ s_ehgghf jZzkl\hj_ kgb Z%l[4§]Z]jmadm gZ
< jZ[hl_ > @ f_Ih~hf bgnjzZzdjZkghc ki_dljhkdhibb™Mkke "h\Z
eba g _gZkus_ggh]h RhbsnhbRZ R‘tZedbevgZy RtaidfbevgZy
]imiiZz < j_amevlZIl_ j_Zdpbb

O 0

] ]
R—C—0—R' + Hz20 - R'OH + R—C—0H 7)

h[jZamxlky kibjl b dbkehlZ dhlhju_ kgb Zxl| If etxghgbkdjz ihd
Wihdkb”~guc ihebf_ j JbrjhebamC8OH)) iz klahf > @
P +OH+Ca " +OH*: P +O*Ca" + H.0. (8)

< wihdkb”guo ihebf_jZo gZ hkgh\_ [bkn_gheZ blkyfZdjhp _
[hevrh_ dhebqg_kI\h q_I\_jlbgguo Zlhfh\ m]e_jh*Zguokphehwo _gguo
dhlhju_ ih™ \ha”_ckl\b_f dbkehl kihkh[gu h[jZ&aVWW\AlveVjgubggu _
mle_jh”gu_ bhgu jZaju\Zlv fZdjhfhe_dmeu b |_jylwy hjZadhlkq_ kdl
Ibi j_Zdpbc ijb\h*ysbc d h[jZzah\Zgbx dZj[hgbeh\ jZkkfhlj_g \ jZ

J amevlZlu kjZ\gbl_evguo bkiulZgbc "\mdadbdh\gmpe lph~qguo
khklz\h\ [ZaZevIh\uo \hehdhg b khklzZ\h\ kl_deYihehdhlg gz ki
guf jZkI\hNatl, HCI, NaOHjZkkfhlj_gu \ jZ[hl_ > @ Ilhke_ kml ij_ [
\hehdhg \ wlbo "b~dhklyo kjz\gb\Zeb ihl_jb fzZkkh\_jfdoghkhthlIh]jz
h[{jZzaph\ khklz\ we_f_glh\ \ ih\_joghklghf keh_ \hehdjthg M]e _jl
N fhgkljbjh\Zeb g_kms_klI\_ggu_ baf_g_gby ZaZelWwkh\klhthdhdg
dbkehl_ gh kdehggu d j_Zdpbyf kh s_ehqvx IbiZl \uAh”*Zfilh kh!
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jZ[h!l > @ Kl_deh\hehdgZ bf_xI gbadmx kli[theedvirblyv idIidhlkehl
fZkku hd ~h <k_ \hehdgZzZ klhcdb d \h”_ KIl_deh\hehdgZ kh'
\_kvfzZ ih”"\_j° _gu dhjjhabb Hgb | _jyxihhfZkk‘habaus eZqgb\
gby hdkb”~h\ hAlbQ; gaglth ihdZaZgh \ jZ[hl_ > @ Ih”h[gu_ j_amev
gu b \ jZ[hl_ > @ j_Zdpbb kl_deh\hehdhg b [ZaZ&hlthlhuo \hehd
ki\mx!| Ibizf b < [ZaZevIih\uo \hehddBkehlft 74jhdkkboh bl
j_Zdpby

Fe0s; + 3H,SO, : Fe(SOy)s + 3H0. 9)

< j_amevlzl_ ihke_ h[jZ[hldb \ dbkehl_ [ZaZekyhYo \hehd
]Jimiiu k\ya_c¢c dh\Ze_glgu_ k\yab f_"~nmOHh)\nbighklgukieh£tgh]h
wnbjzZ k dZj[hgh\hc dbkehlhc \h”hjh~rgu_ k\yabjmiiZib dZi[hgbev:
jZ OH-1jmiiZzfb \hehdgz > @

LZdbf h[jZzahf \h~gu_ jZkl\hju khe_c¢c dbkehl b s_ehq_c vy
Z]lj_kkb\gufb “b~rdbfb kj_~Zfb dzZd ~ey ihebfbjgayp Z4ibhmx3bd
\hehdhg IDF hkh[_ggh ijb ih\ur_gguo |_fi_jZImjZbb Obdbq_kdb_
f_jguo fZljbp \ wilbo kj_"Zo ijhl_dzxl| ijb h*ghbjdZpbdohc égZikh
emg_gby h[hkgh\Zgguo aZdexqg_gbc h klhckhKIlp_ kixB\dwdad ckl\t
dhkl_c [hevrh_ agZq_gb_ bf__I \u[h] ijZ\bewveghth\ZIl he"bgltbk I ih
hi_jzZpbc ijb ijh\_~_gbb bkke_"~h\Zgbc Ijbf_jhf_IZ4hdhkdrihqgh]
j_r_gby y\ey Iky jZ[hlZz > @ >he]lh\_qghklv b jEdphmn _wgbhc[ZaZ
jZ[hl_ kjzZ\gb\zZxlky k ZgZeh]bggufb ihdZazldlelybbktegerh]eZkd Zklk
dh\ ihke_ ij_[ulZgby \ \h~_ b \h~guo jZKkINBGCE MgkCh,dNaSOkf_kv
CaCh dbkehl kf_kb €a4@0Hg+&OH+NaOH \ | _q_gb_ b kmi
ijb I _fi_jZImjZzo fK KjzZ\gb\Z Iky » ckl\b_\u[jZgguo "b~dhkl_c ¢
hi~_evgh hI\_j"~_ggmx wihdkbrgmx fZljbpm b IDF _<khlfiynaZl_ev¢
klZzZ\eyxlky we_ f_glguc khklzZ\ b kljmdImjzZ itb\kgb b hkfbkhtkehydigb\
b ihke_ \ha”_ckl\by \h”u b jZklI\hjh\ Hkgh\gubly ¢)elyxlkyfld klzZj_
0Zgbg_kdb_ ihdZ&Zlbalb 1 ggu_ ey \hehdhg ihebf_jghc fZljbpu
ablh\ >hihegbl_evgu_ k\_~ gby h f oZgbaf gklZjijgbXgithelgh ihe
bgnjzdjzkguo ki_dljh\ wihdkb”~ghc fZljbpu Hp_ghipbjmjxalblfih]h ie:
\ha”~_ckl\by fh'gh ihemgblv ihkebEbaknjr gbgyut h[jZaph\ > @
ZgZebaZ dbg_Ibdb khj[pbb dzZd ihdZazgh \ jZ[hlZo > @

AZdexq_gby

lj_~klZ\e _gguc ZgZeba ihdzZzaulzZ_| qlh klZkddb Z]|DEkh obfb
guo b~rdhklyo ij_"klZ\ey | kh[hc keh gu-<obtbfge kdk onbjab ghs
gbc \ ihebf_jguo fZljbpZo Zjfbjmxsbo \hehdgzZdebf gZ ]jZghb
gZihegbl _ev® \uy\le _gb_ dhlhjuo Ij_[m_1| IsZl _evghgijhkga[lihlZggh
h]_ki_qg_gby JZkkfhlj_ggu_ ijbf_ju ihdZau\zZxI*\lgdih "gbfblyy gZoh
jmxsbo ijhp_kkh\ \ j amevlZl_dhlhjuo baf_ gkW&kI\Z dDdbq kd
G_h[oh”~bfu_ k\_~ gby ~ey ihgbfZgby kmsghkdkZjp @ZydhghHimxghkl_
IZdbo f_Ih~"h\ dhgljhey dzZd ~bgZfbqg_kdbjéhf _oZgbq kdbc Hgl _
eba fbdjhkdhiby ijhnbehf_Ijby we_f_glguc ZkgZdbj&ak dhgimjyzdjzZk
fZkkhi_j_ghk \ khq_IlZgbb k baf_j_gbyfb Ijz~b phbdigagdilo ejhcqghkligu

>ey ihemqg_gby h[hkgh\Zgguo aZdexqg_gbc h kiIbEddklb Z\b
lhieb\zf fzZkezZf b |_ogbqg_kdbf "brdhklyf p_egkRhfiZaagh Imkh\_j
Abdb bkiulZzgbc qglhJu k bo ihfhsvx \uy\eylwb\fblgjkdipbl kZdh
hi\_j°~ gby gZ nhg_ nbabg_kdbo wnn_dlh\ @d&blmojZeidk Zedlblbr
\gmlj _ggbo gZijy _gbc \h \k_f bgl_j\Ze_ | _fi_jZImj wdkiemZIZpbb
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| _jki_dlb\gufb imlyfb ih\ur_gby klhcdhklb IDEddbYogubq_kdt
"brdhklyf yleyxlky gZghfh"bnbpbjh\Zgb_ ihebf_jguoZfHgthp > @
dhg \ dbkehlZo b s _ehqZo "ey ih\ur_gby Z"] abbaZsblguo @
keh_\ gZ \hehdgh > @ hilbfbazpby khklz\h\fhkoijfkXjdibjh\Zg
\Zgby Ijh\_~ gguc ZgZeba ihalhey | kms_klgbgghil hddhlelpblv k\
IDF jZkkfhlj_ggu_ \ jZ[hl_ > @

Bkke_"h\Zgb_ \uiheg_gh ijb nbgZgkh\hc ih"™_j°d_ JNNB b ¢
gZmggh]h ijh_d53-56009.

JZ[hlZ \uiheg_gZ k bkihevah\Zgb_f h[hjm~h\Zgby &8DI ©Deb"
IZgby2 GBP ©DmjgqZlh\kdbc B8kFoIml2a +

Kibkhd bklhggbdh\

1. Fhbk__\ X < AZbdh\ = ? Obfbg_kdzZy klhcdhikl\gubh&hpf rphd \FZ]j_k
Obfby k

2. =HKL * leZzklfzkku F_lh”u hij_~_e_@¢bygkk\ihx ddkkillbgdkdbo
kji_~ F Klzg”*Zjlbgnhjf k

3. Fbrmjh\ D K Fbrdbg K B <ebygb_ \g_rg_c kj_ZklpdZKBW/KI\Z m]e_
Lim~u <B:F < Kl 85/ KWARIINVAZXYLZPZ h[jZs_gb
31.05.2022). DOI: 10.18577/2307-6046-2016-0-12-8-8.

4. Fbrmjh\ D K IZ\eh\kdbc D : Bfzf_I"bgh\ W R <elgygk\htgl\idy_c k
mle_ieZklbdZ EDMLjm”~u <B:F < Kl 85/ KWWS Z.
ZRUNV UX ~"ZIZ h[jZs_gby -6(6-2018-0-3-60-67.

5. Dmjghkh\ : H F_evgbdh\ > : Khdheh\ B B Kl_dehigZidbdf dhgklj
gby “ey Z\bZkljh_gby Lim~u <B:F < KEZ YLD8ES.rJuUKWWS .
NZ1Z h[jZs_gby '2, -6046-2015-0-8-8-8.

6. <hcgh\ KB @_e_abgZ =N KhehW =\Z Gebydlhsbddh\rg_c kj_"u gZ k!
kI\Z hjl]ZghiezZklbdZ ihemq_ggh]lh hAhh\feijdbbifdb570 ‘\bZpbhggu_ -
|_jbZeu b I_ogheh]bb <78. DOI: 1K1857#2071-9140-2015-0-4-72-78.

7. DZg : Q DmeZ]lbgz = K :xih\ L J @_e_abgZg=rN_x&hyfb gaZdlIr
0ZjzZdl_jbklbdb Zglbnjbdpbhggh]lh hj]JZghi€e EklbdZmH ] Zeh:¢- : N
< Kl 85/ KWWSZRAINVYURBP ~"Z1Z h[jZs_gbyOl
10.18577/2307-6046-2022-0-3-91-101.

8. ASTM D 543-21. Standard practices for evaluating the resistance of plagtiwsmical reagents.

ASTM International, 2021. 8 p.

9. ISO 175:2010. PlasticaMethods of test for the determination of the effects of immersiomin li
uid chemicals. International Organization for Standardizations, 2021. 20 p.

10. ISO 4599:1986. PlasticsDetermination of resistance to environmental stress cracking (ESC)

Bent strip method. International Organization for Standardizations. 1986. 6 p.

11. Kim G., He Y., Kulkarni S., Sterkenburg R. The influencedrofat fluid ingression on tensile prape
ties of aramid fiber composites // Advanced Contpddiaterials. 2021. VVol. 30. No. 4. P. 38%9.

12. Kumarasamy S., Mazlan N.M., Abidin M.S.Z., Anjang A. Influence of Fuel Absorptioneon th
Mechanical Properties of Glass-Fiber-Reinforced Epoxy Laminates // JourdadgoBaud Ui
versity tEngineering Sciences. 2020. Vol. 32. No. 8. P.558.

13. Ren G., Zhu X., Men X. et al. The effect of oil fouling on the mechanical &adbtyical prope-
ties of nomex fabric/phenolic composite // Journal of Composite Materials. 20160/ No. 3.

P. 427432.

14. Sala G. Composite degradation due to fluid absorption // Composites. Part B: EmgirZ&90.
Vol. 31. No. 5. P. 35873.

15. Khagendra K., Yadav S., Lohchab D. Influence of Aviation Fuel on Mechanical properties of
Glass Fiber-Reinforced Plastic Composite // International Advanced Researchl Jo Science,

Engineering and Technology. 2016. Vol. 3. No. 4. P658

b 6 80670 TRUDY VIAM 8 (114) 2022 107



16. Kim G., Sterkenburg R. Investigating the effects aviation fluids have oratives# compressive
VWUHQJWK RI 1RPH[S KRQH\FRPE FRUH ®WWHRM ROHYV DRXE QDY
2021. Vol. 23. No. 1. P. 36882.

17.'H 6RX]D / 5 ODUTXHV $ 7 'T$OPHLGD -5 0 ODRQRBFWXERBLFDM:
oil on the creep behavior of a GFRP matrix composite // Composite Structures. 201768/0
P.285291.

18. SRRQGUX] O BDUDVFKLY $ 3XUFDUX &EH&KHDEDLRW LPIQKXPQW LD
vanced composites for helicopter external fuel tank development // MATEC Web f&fr€ues.

2018. Vol. 145. Art. 02004.

19. Sugita Y., Winkelmann C., La Saponara V. Environmental and chemical degradation of ca
bon/epoxy lap joints for aerospace applications, and effects on their mechanical gec®rin
Composites Science and Technology. 2010. Vol. 70. No. 5. P8829

20. Rider A., Yeo E. The Chemical Resistance of Epoxy Adhesive Joints ExposeditomFuel
and its Additives. New York: Sciences, 2005. 29 p.

21. Genanu M.H.B.H. Study the Effect of Immersion in Gasoline and Kerosene on FatigumBehav
for Epoxy Composites Reinforcement with Glass Fiber // The Fifth Scee@dnference of Un
versity of Wasit (October 189, 2011). 2011. P.40.

22. Kablov E.N., Startsev V.O. Climatic Aging of Aviation Polymer Composigelals: I. Influence
of Significant Factors // Russian Metallurgy (Metally). 2020. Vol. 2020. No. 4. P33@4

23. Kablov E.N., Startsev V.O. Climatic Aging of Aviation Polymer Composite ldd¢ell. Deve-
lopment of Methods for Studying the Early Stages of Aging // Russian Metallurgy (We28R0.

Vol. 2020. No. 10. P. 1088094.

24. Startsev V.0., Lebedev M.P., Frolov A.S., Nizina T.A. Relationship between thendeiflity
and fractographic characteristics of fracture surfaces of epoxy polymé&sklédy Physical
Chemistry. 2017. Vol. 476. No. 1. P. 14%2.

25. Startsev O.V., Vapirov Y.M., Lebedev M.P., Kychkin A.K. Comparison of Glass-Transition Te
peratures for Epoxy Polymers Obtained by Methods of Thermal Analysis // Mecha@Giomps-
site Materials. 2020. Vol. 56. No. 2. P. 2240.

26. Petrov M.G., Lebedev M.P., Startsev O.V., Kopyrin M.M. Effect of Low Temperatures asd Moi
ture on the Strength Performance of Carbon Fiber Reinforced Plastic // D&kigsigal Chens-
try. 2021. Vol. 500. No. 1. P. 891.

27. Kablov E.N., Startsev V.O. The Influence of Internal Stresses on the Aging of PGlgmposite
Materials: a Review // Mechanics of Composite Materials. 2021. Vol. 57. No. 5. BBAB5

28. Gbdhez \ ? < KeZ\bg : < KIZjp_\ < H Ezil _\ : ;d&hdjogfd ggu_
\ha”_ckl\by \g_rgbo nzdlhjh\ gz fZl_jbZeu b kd&H du_d-eodby_kdb_ k

= < :dbfh\z Lim~u <B:F < Kl 85ZRKIWW XX ZZZI X L
h[jZs_gby DOI: 10.18577/2307-6046-2021-0-9-117-130.

29. Amaro A.M., Reis P.N.B., Neto M.A., Louro C. Effects of alkaline and acid solutions on
glass/epoxy composites // Polymer Degradation and Stability. 2013. Vol. 98. No. 4. 8863853

30. Amaro A.M., Reis P.N.B., Neto M.A., Louro C. Effteof different acid solutions on
glass/epoxy composites // Journal of Reinforced Rkstnd Composites. 2013. Vol. 32.

No. 14. P. 0184029.

31.CabrahRQVHFD 6 1XQHV -3 5RGULJXHV 0 3 (XEpHEbRddL, 'XUDI
polymer laminates used to reinforced concrete structures // Science and EmgioE€omposite
Materials. 2011. Vol. 18. No. 4. P. 2@D7.

32. Uthaman A., Xian G., Thomas S. et al. Durability of an epoxy resin and its carborefitforced
polymer composite upon immersion in water, acidic, and alkaline solutions // Polymers. 2020.

Vol. 12. No. 3. Art. 614.

33. Kattaguri R., Fulmali A.O., Prusty R.K., Ray B.C. Effects of acid, alkaline,eawlager aging on
the mechanical and thermomechanical properties of glass fiber/epoxy compositewitiii ca-
bon nanofibers // Journal of Applied Polymer Science. 2020. Vol. 137. No. 10. Art. 48434.

34. Ji Y., Kim Y.J. Effects of Sulfuric Acid on DuralyliCharacteristics of CFRP Composite Sheets //

Journal of Materials in Civil Engineering. 2017. Vol. 29. No. 10. Art. 04017159.

108 b 6 60670 TRUDY VIAM 8 (114) 2022



35. Bazli M., Ashrafi H., Oskouei A.V. Effect of harsh environments on mechanical pespef
GFRP pultruded profiles // Composites. Part B: Engineering. 2016. Vol. 99. R153

36. Benmokrane B., Elgabbas F., Ahmed E.A., Cousin P. Characterization and Comparatile Durabi
ity Study of Glass/Vinylester, Basalt/Vinylester, and Basalt/Epoxy FRP Bawsiital of Comp-
sites for Construction. 2015. Vol. 19. No. 6. Art. 04015008.

37. Li H., Xian G., Wu J. Durability and Fatigue Performances of Basalt Fiber/EpoxyoRaigf
Bars // Proceedings of the 6th International Conference on FRP Composited EnGineering.

2012. P. 18.

38. Garg M., Sharma S., Mehta R. Carbon nanotube-reinforced glass fiber epoxy compostesam
exposed to hygrothermal conditioning // Journal of Materials Science. 2016. Vol.0518N
P.85628578.

39. Jain N., Singh V.K., Chauhan S. Review on effect of chemical, thermal, ad@éititreent on re-
chanical properties of basalt fiber and their composites // Journal of theahieadhBehavior of
Materials. 2017. Vol. 26. No.®6. P. 205211.

40. Wei B., Cao H., Song S. Tensile behavior contrast of basalt and glass fibers afiealctiea-
ment // Materials and Design. 2010. Vol. 31. No. 9. P. 42280.

41. Coricciati A., Corvaglia P., Mosheyev G. Durability of fibers in aggvesalkaline environment /

ICCM International Conferences on Composite Materials. 20094®. 1

42. Dhand V., Mittal G., Rhee K.Y. et al. A short review on basalt fiber reedopolymer comp-
sites // Composites. Part B: Engineering. 2015. Vol. 73. PABb

43. Lu Z., Xian G. Resistance of basalt fibers to elevated temperataregaser or alkaline solution
immersion // Polymer Composites. 2018. Vol. 39. No. 7. P. Z38%3.

44. Wang M., Zhang Z., Li Y. et al. Chemical durability and mechanical properties of @iafi-
basalt fiber and its reinforced epoxy composites // Journal of Reinfolastic® and Composites.
2008. Vol. 27. No. 4. P. 39807.

45. Quagliarini E., Monni F., Bondioli F., Lenci S. Basalt fiber ropes and rods: Durabsits for
their use in building engineering // Journal of Building Engineering. 2016. Vol. 5. M.3@2

46. $ULDV - 3 0 %YHUQDO & 9i]TXH] $ (VFREDU 0 0 HGLXP RQ :DW
Unsaturated Polyester and Epoxy Resins: Experimental Study and Modeling // AdvaRogs in
mer Technology. 2018. Vol. 37. No. 2. P. 4860.

47. Pan W., Zhang D., Lu M. et al. Study on the Morphology Characteristics of Epoxy Resim-of C
posite Insulator under Acid-heat Condition // Journal of Physics: Conferences.S2@22.

Vol. 2213. No. 1. Art. 012010.

48. Cousin P., Hassan M., Vijay P.V. et al. Chemical resistance of carbon, basalt, anibglass f
used in FRP reinforcing bars // Journal of Composite Materials. 2019. Vol. 53. N®7.26
P.36513670.

49. Lebedev M.P., Startsev O.V., Kychkin A.K. The effects of aggressive environments oa-the m
chanical properties of basalt plastics // Heliyon. 2020. Vol. 6. No. 3. Art. e03481.

50. Manikandan V., Winowlin Jappes J.T., Suresh Kumar S.M., Amuthakkannan P. Invesbgation
the effect of surface modifications on the mechanical properties of basaltdinforced polymer
composites // Composites. Part B: Engineering. 2012. Vol. 43. No. 2. BIRL2

51. Wu G., Wang X., Wu Z. et al. Durability of basalt fibers and compositegrinsive enwion-
ments // Journal of Composite Materials. 2015. Vol. 49. No. 7. P8873

52. KeZ\bg : < KIZjp_\ H < K\hckl\Z Z\bZpbhgguo klkHbedheZgdabdh\ I
jZgg_c klZ"bb debfzZzlbg_kdh]h \ha”_ckl\by < Ljm”~u KB:F 85/
http://www.viam-ZRUNV UX ~ZIZ: 31p3.2028)b POI: 10.18577/2307-6046-2018-0-9-
71-82.

53. Kablov E.N., Startsev O.V., Panin S.V. Moisture transfer in carbon-fiber-reidfptastic with
degraded surface // Doklady Physical Chemistry. 2015. Vol. 461. No. 243.80

54. Kb~ hjbgz : B Fh”bnbdZpby ih\_joghklb m]Je_jhrguoeZgfiijeryxstbo gZit
ebf_jguo dhfihabpbhgguo fZl_jbZeh\ we_dljhobfbg_kdh¢mhyZ[hldhc
<B:F < K 85/ KWWBRUNAMZ WAL DPZIZ h[jZs_gb
31.05.2022). DOI: 10.18577/2307-6046-2022-0-4-61-74.

b 6 80670 TRUDY VIAM 8 (114) 2022 109



55. Pandian A., Vairavan M., Jebbas Thangaiah W.J., Uthangald. Effect of Moisture Absorptione
havior on Mechanical Properties of Basalt Fibre Reinforced Polymer Matriyp&otes // Journal
of Composites. 2014. Vol. 2014. Art. ID 587980.

56. Lipatov Y.V., Gutnikov S.l., Manylov M.S. et al. High alkali-resistant bagsét for reinforcing
concrete // Materials and Design. 2015. Vol. 73. P660

57.DZ[eh\ ? G KIZjp_\ < H Kbkl _fguc ZgZeba \@bylmwdpykdbbfEKIBEcg A
ihebf _jguo dhfihabpbhgguo fZI _jbzZeh\ ih "Zggufmhil "qubkl\glgifjuo b a
gbdh\ h[ahj :\bZpbhggu_ fZl _jbZeu b | _ogheh]b#8. DOIl: «
10.18577/2071-9140-2018-0-2-47-58.

References

1. Moiseev Yu.V., Zaikov G.E. Chemical resistance of polymers in aggressivermnents. Mg-
cow: Khimiya, 1979, 288 p.

2. State Standard 1202P018. Plastics. Methods for determining the resistance to the action of
chemical media. Moscow: Standartinform, 2018, 21 p.

3. Mishurov K.S., Mishkin S.I. Environmental effect on properties of CFRP (Carbugr Hein-
forced Plastic) VKU-39. Trudy MIAM, 2016, no. 12 (48), paper no. 08. Available at:
http://www.viam-works.ru (accessed: May 31, 2022). DOI: 10.18577/2307-6046-2016-0-12-8-8.

4. Mishurov K.S., Paviovskiy K.A., Imametdinov E.Sh. fiber reinforced plastic VKU-ZIfludy
VIAM, 2018, no. 3 (63), paper no. 07. Available at: http://www.viam-works.ru (accessed3May
2022). DOI: 10.18577/2307-6046-2018-0-3-60-67.

5. Kurnosov A.O., Melnikov D.A., Sokolov l.I. Structural glass-reinforced plagtisgposed for
aviation industry. Trudy VIAM, 2015, no. 8, paper no. 08. Available at: httpifwieorks.ru (&-
cessed: May 31, 2022). DOI: 10.18577/2307-6046-2015-0-8-8-8.

6. Voynov S.I., Zhelezina G.F., Solovyeva N.A., Yamshchikova G.A. Environmental effects on
properties of aramid fiber reinforced plastic manufactured by RTM method. Aviacionnye material
i tehnologii, 2015, no. 4 (37), pp2#8. DOI: 10.18577/2071-9140-2015-0-4-72-78.

7. Kan A.Ch., Kulagina G.S., Ayupov T.R., Zhelezina G.F. The influence of environmental factors
on the characteristics of antifriction organoplasty Orgalon AF-Tiddy VIAM, 2018, no. 3 (109),
paper no. 09. Available at: http://www.viam-works.ru (accessed: May 5, 2022): DOI
10.18577/2307-6046-2022-0-3-91-101.

8. ASTM D 543-21. Standard practices for evaluating the resistance ofcplastchemical rea-
gents. ASTM International, 2021, 8 p.

9. ISO 175:2010. PlasticeMethods of test for the determination of the effects of immersion irdliqui
chemicals. International Organization for Standardization, 2021, 20 p.

10.1SO 4599:1986. PlasticaDetermination of resistance to environmental stress cracking (ESC)
Bent strip method. International Organization for Standardization, 1986, 6 pp.

11. Kim G., He Y., Kulkarni S., Sterkenburg R. The influence afraft fluid ingression on tensile prape
ties of aramid fiber composites. Advanced Compddaterials 2021, vol. 30, no. 4, p65:879.

12. Kumarasamy S., Mazlan N.M., Abidin M.S.Z., Anjang A. Influence of Fuel Absorption ®n th
Mechanical Properties of Glass-Fiber-Reinforced Epoxy Laminates. Journal ofa{idd Bive-
sity +Engineering Sciences, 2020, vol. 32, no. 8, pp.5588.

13. Ren G., Zhu X., Men X. et al. The effect of oil fouling on thechanical and tribological properties of
nomex fabric/phenolic composite. Journal of Conpddiaterials 2016, vol. 50, no. 3, pg27432.

14.Sala G. Composite degradation due to fluid absorption. Composites. Part B: BEngin2ed0,
vol. 31, no. 5, pp. 358B73.

15.Khagendra K., Yadav S., Lohchab D. Influence of Aviation Fuel on Mechanical properties of
Glass Fiber-Reinforced Plastic Composite. International Advanced Reskaraial in Science,
Engineering and Technology, 2016, vol. 3, no. 4, ppb58

16.Kim G., Sterkenburg R. Investigating the effects aviation fluids have onatwésé compressive
VWUHQJWK RI 1RPH[S KR QHUbErRa? Bf FaRdwich Btidtikes ardl Materials
2021, vol. 23, no. 1, pp. 3G382.

17.'H 6RX]D /' 5 ODUTXHV $RM. Efe&Od? &blnG d water and lubricatinigoni the
creep behavior of a GFRP matrix composite. Conp@tiuctures, 2017, vol. 168, @285291.

110 b 6 60670 TRUDY VIAM 8 (114) 2022



18. &RRQGUX] O BDUDVFKLY $ 3XUFDUX &EH&KHDEDLRW LPIQKXIPQW LDJY
vanced composites for helicopter external fuel tank development. MATEC Web of Qaefgre
2018, vol. 145, art. 02004.

19. Sugita Y., Winkelmann C., La Saponara V. Environmental and chemical degradation of ca
bon/epoxy lap joints for aerospace applications, and effects on their mechanicahaects
Composites Science and Technology, 2010, vol. 70, no. 5, piB329

20.Rider A., Yeo E. The Chemical Resistance of Epoxy Adhesive Joints Exposedtiom¥uel and
its Additives. New York: Sciences, 2005, 29 p.

21.Genanu M.H.B.H. Study the Effect of Immersion in Gasoline and Kerosene on FatiguéoBehav
for Epoxy Composites Reinforcement with Glass Fiber. The Fifth Scientifife@mce of Unive
sity of Wasit, October 189, 2011, pp. HO.

22.Kablov E.N., Startsev V.O. Climatic Aging of Aviation Polymer Compositee¥als: I. Influence
of Significant Factors. Russian Metallurgy (Metally), 2020, vol. 2020, no. 4, pp3384

23.Kablov E.N., Startsev V.O. Climatic Aging of Aviation Polymer Composite NHiterll. Devd-
opment of Methods for Studying the Early Stages of Aging. Russian Metallurgal§ye2020,
vol. 2020, no. 10, pp. 1088094.

24. Startsev V.O., Lebedev M.P., Frolov A.S., Nizina T.A. Relationship between the defiitymabi
and fractographic characteristics of fracture surfaces of epoxy polymers. DBkigsigal Chm-
istry, 2017, vol. 476, no. 1, pp. 14%52.

25. Startsev O.V., Vapirov Y.M., Lebedev M.P., Kychkin A.K. Comparison of Glass-Transition Te
peratures for Epoxy Polymers Obtained by Methods of Thermal Analysis. MeslarComp-
site Materials, 2020, vol. 56, no. 2, pp. 2240.

26. Petrov M.G., Lebedev M.P., Startsev O.V., Kopyrin M.M. Effect of Low Temperatures arsd Moi
ture on the Strength Performance of Carbon Fiber Reinforced Plastic. p&iigsical Chensi
try, 2021, vol. 500, no. 1, pp. 831.

27.Kablov E.N., Startsev V.O. The Influence of Internal Stresses on the Aging of PolpmgoS€ite
Materials: a Review. Mechanics of Composite Materials, 2021, vol. 57, no. 5, pp.7865

28. Nikolaev E.V., Slavin A.V., Startsev V.O., Laptev A.B. Modern approachessesaing theni-
pact of external factors on materials and complex technical systems (to the 120&nsamyiof
G.V. Akimov). Trudy VIAM, 2021, no. 9 (103), paper no. 12. Available at: http://www.viam-
works.ru (accessed: May 31, 2022). DOI: 10.18577/2307-6046-2021-0-9-117-130.

29.Amaro A.M., Reis P.N.B., Neto M.A., Louro C. Effects of alkaline and acid solutions on
glass/epoxy composites. Polymer Degradation and Stability, 2013, vol. 98, no. 4, 62853

30. Amaro A.M., Reis P.N.B., Neto M.A., Louro C. Effect of different acid solutions aasgtpoxy
composites. Journal of Reinforced Plastics and Composites, 2013, vol. 32, no. 14, pgp02918

31.Cabral)RQVHFD 6 1XQHV -3 5RGULJXHV 0 3 (K¢ pehioRe® , 'XUDI
polymer laminates used to reinforced concrete structures. Science and EngioE@angposite
Materials, 2011, vol. 18, no. 4, pp. 2207.

32.Uthaman A., Xian G., Thomas S. et al. Durability of an epoxy resin and its carbonefififerced
polymer composite upon immersion in water, acidic, and alkaline solutions. Polymers, 2020,
vol. 12, no. 3,7t. 614.

33. Kattaguri R., Fulmali A.O., Prusty R.K., Ray B.C. Effects of acid, alkaline, avdaseaaging on
the mechanical and thermomechanical properties of glass fiber/epoxy compdsilewith ca-
bon nanofibers. Journal of Applied Polymer Science, 2020, vol. 137, n@t.148434.

34.Ji Y., Kim Y.J. Effects of Sulfuric Acid on Durability Characteristiof CFRP Composite Sheets.
Journal of Materials in Civil Engineering, 2017, vol. 29, no. Z0,04017159.

35.Bazli M., Ashrafi H., Oskouei A.V. Effect of harsh environments on mechanical prepefti
GFRP pultruded profiles. Composites. Part B: Engineering, 2016, vol. 99, p1303

36.Benmokrane B., Elgabbas F., Ahmed E.A., Cousin P. Chaiaatien and Comparative Dar
bility Study of Glass/Vinylester, Basalt/Vinylester, and BasaltdyfeRP Bars. Journal of @Ge
posites for Construction, 2015, vol. 19, no. 6, art. 04015008.

37. LiH., Xian G., Wu J. Durability and Fatigue Perfomoas of Basalt Fiber/Epoxy Reinforcing Ba#go-
ceedings of the 6th International Conference on EBPposites in Civil Engineering, 2012, ppB1

38.Garg M., Sharma S., Mehta R. Carbon nanotube-reinforced glass fiber epoxy composagami
exposed to hygrothermal conditioning. Journal of Materials Science, 2016, vol. 51, no. 18,
pp. 85628578.

b 6 80670 TRUDY VIAM 8 (114) 2022 111



39.Jain N., Singh V.K., Chauhan S. Review on effect of chemical, thermal, additiradrdéan ne-
chanical properties of basalt fiber and their composites. Journal of the Med¢Hzeheavior of
Materials, 2017, vol. 26, no.®5, pp. 205211.

40. Wei B., Cao H., Song S. Tensile behavior contrast of basalt and glass fibers afteathed
ment. Materials and Design, 2010, vol. 31, no. 9, pp. 42250.

41. Coricciati A., Corvaglia P., Mosheyev G. Durability of fibers in aggresaikaline environment.
ICCM International Conferences on Composite Materials, 2009, Ap. 1

42.Dhand V., Mittal G., Rhee K.Y. et al. A short review on basalt fiber reinfopodgimer comp-
sites. Composites. Part B: Engineering, 2015, vol. 73, ppAB66

43.Lu Z., Xian G. Resistance of basalt fibers to elevated temperaturesaserdow alkaline solution
immersion. Polymer Composites, 2018, vol. 39, no. 7, pp. Z3%3.

44.Wang M., Zhang Z., Li Y. et al. Chemical durability and mechanical properties of pfkili-
basalt fiber and its reinforced epoxy composites. Journal of ReinforcedcPlast Composites
2008, vol. 27, no. 4, pp. 39807.

45. Quagliarini E., Monni F., Bondioli F., Lenci S. Basalt fiber ropes and rods: Duyatabts for
their use in building engineering. Journal of Building Engineering, 2016, vol. 5, pgl306t2

46. $ULDV - 3 0 %YHUQDO & 9i]TXH] $ (VFREDU 0 0 HGLXP RO :DW
Unsaturated Polyester and Epoxy Resins: Experimental Study and Modeling. Advancgmar Pol
Technology, 2018, vol. 37, no. 2, pp. 4860.

47.Pan W., Zhang D., Lu M. et al. Study on the Morphology Characteristics of Epoxy Resimef Co
posite Insulator under Acid-heat Condition. Journal of Physics: Conference SeORS,
vol. 2213, no. 1, art. 012010.

48. Cousin P., Hassan M., Vijay P.V. et al. Chemicalstance of carbon, basalt, and glass fibers umsed i
FRP reinforcing bars. Journal of Composite Materid019, vol. 53, no. 287, pp.36518670.

49. Lebedev M.P., Startsev O.V., Kychkin A.K. The effects of aggressive environments orethe m
chanical properties of basalt plastics. Heliyon, 2020, vol. 6, ndt. £03481.

50. Manikandan V., Winowlin Jappes J.T., Suresh Kumar S.M., Amuthakkannan P. Investigation o
the effect of surface modifications on the mechanical properties of basaltdinforced polymer
composites. Composites. Part B: Engineering, 2012, vol. 43, no. 2, p81812

51.Wu G., Wang X., Wu Z. et al. Durability of basalt fibers and composites imosiee environ-
ments. Journal of Composite Materials, 2015, vol. 49, no. 7, pp8873

52.Slavin AV., Startsev O.V. Properties of aircraft glass- and carbasfileénforced plastics at the
early stage of natural weathering. Trudy VIAM, 2018, no. 9 (69), paper no. 8. Avaitble
http://www.viam-works.ru (accessed: May 31, 2022). DOI: 10.18577/2307-6046-2018-0-9-71-82.

53.Kablov E.N., Startsev O.V., Panin S.V. Moisture transfer in carbon-fiber-reinfgtestic with
degraded surface. Doklady Physical Chemistry, 2015, vol. 461, no. 2, 3. 80

54. Sidorina A.l. Modification of the surface of carbminforcing fillers for polymer composite matesial
by electrochemical treatment (review). Trudy VIARD22, no. 4 (110). paper no. 07. Available at:
http://mww.viam-works.ru (accessed: May 31, 202%)I: 10.18577/2307-6046-2022-064-74.

55. Pandian A., Vairavan M., Jebbas Thangaiah W.J., Uthayakumar M. Effect of Moisture Absorption
Behavior on Mechanical Properties of Basalt Fibre Reinforced Polymer Matrix Compdsires.
nal of Composites, 2014, vol. 2014, art. ID 587980.

56. Lipatov Y.V., Gutnikov S.I., Manylov M.S. et al. High alkali-resistant basbérfifor reinforcing
concrete. Materials and Design, 2015, vol. 73, pp660

57. Kablov E.N., Startsev V.O. Systematical analysighefclimatics influence on mechanical properties o
the polymer composite materials based on domesti¢axeign sources (review). Aviacionnye mater
aly i tehnologii, 2018, no. 2 (51), pp7 £8. DOI: 10.18577/20791402018-0-247-58.

BgnhjfZpby h[ Z\lhjZo Information about the authors

KIZjp_\ <Ze jbc He_ ylZ\dflevgba Valery O. Startsev, Head of Laboratory, Doctor ¢
Ilhjbb "~ 1 g GBP ©DmbhgklibV\kdl Sciences (Tech.)) 15& ©.XUFKDWRY
<B:F admin@viam.ru VIAM, admin@viam.ru

KIZlvy ihklmibez \ j_~"Zdpbx jbotytB[p oE[ebidZpbb ihke_ j_p_gabjh\Zgby
The article was submitted 10.06.2022; approved andgtextéor publication after reviewing 15.06.2022.

112 b 6 60670 TRUDY VIAM 8 (114) 2022



GZmqgZy klZlvy

M>D
DOI: 10.18577/23060462022-0-8113-122

DHFIHABPBHGGU? F:L?JB:EU
K H;T?FGHFBJH<:GGH®LJMDLMJHIC[ah]j

: < KeZ\bhgG Kkedbg =jbhy Gy Ydhle \

IN_ A jZevgh_ ]hkm~ZjkI\_ggh_ mgblZ{dh jhijk B cjkoyt b- IyBkreq g\ zl _evkdbc
bgklblml Z\bZpbhgguo fZl_jbZeh\2 GZpbhhgZevigtdhijhbgkgljZz ©DmjmzZlh\kdbc bg
Imd Fhkd\Z Jhddkin@viam.ru

2:dpbhg_jgh_ h[s_kl\h ©HGII ©L_ogheh]bfyarbgZ?2 : E HJgbgkd Jhkkby
info@technologiyau

:gghlZpbyzZkkfhlj _gu dhfihabpbhggu_ fZl_jbZjdbjkR\BftgHgdkljm
Imjhc 1jh\_~_g h[ahj hkgh\guo \ZjbzZghhkihXlh[jhoZed\hIhdEggby
\vaZgu_ ie_|_gu_ b kh kd\haguf ZjfbjhdZgh_fk ZgltZJdhhhkguf ihehlghf b
l[dZgu_ k ijhk\_Ihf H[t_fgh_ Zjfbjh\Zidbhukibha\hjdyghklv gzh k"\b] k
ijhib\e_gb_ jZkkeh_gbx b m*"Zjm H~ArdZdmhghf oXxgbqgZkdb_ k\hcklI\Z a
kg_I ih\j_"~_gby beb bkdzZ _gby ]hjbhpglGEbfu® \hehjki_dlb\gufb ~ey
bkihevah\Zgby \ g _kmsbo dhgkljmdpbyo[ty¥ehkibkiy\Zdgagu dhfiha
pbhggu_fZl jbZeu aZ kq_I| gZbf_gvrejdhi@ajmr_gby \h

Dexq_\u_ kdam\fZhabpbhggu_ fZl_jbZeu I|IdZgu_ \yaZgu_ ie_|_qgu_
Zjfbjh\zgb_ h{Zjflgjh\Zggu_ fZl_jbZeu f_oZgbq_kdb_ oZjzdl_jbklbdb

>ey pblbjh\Z&eyZ\bg : < Kbedbg : G =jbg_\bgH Dhfvhddbebhggu_ fzZI
jbZzeu k h[tzZfighjh\Zgghc kljmdImjhc h[ahj Lim~ru <8):KI09. URL:
http://www.viam-works.ru. DOI: 10.18577/23@0462022-0-8-113t22

Scientific article

COMPOSITE MATERIALS WITH
A 3D-REINFORCED STRUCTURE (review)

AV. Slavint, AN. Silkin?, D.V. GrinevicH, N.O. Yakoviev

'Federal State Unitary Enterprise $-Bu@sian ScientificHVHDUFK ,QVWLW XW HofRNati¥d DWLRQ 0D W
5HVHDUFK &HQWHU ©.MbsEoy[RUSR, ad@ivi@AiaW.baw H 2
2.6& 253( ©THFKQRORJL\D?2 QD P H Q@ HQ WHWUN $irfo@Bde idlogia.rQ
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lhebf_jgu_ dhfihabpbhggu_ fZl jbZeu IDF ZifbjH\Zggu_ \I
ezZz”"zZx!| ohjhrbfb ihdzZzazl_eyfb m”~_evghc ijhqdKlb dhjjhadhklb :
ghc klhcdhklb b khijhlb\e gb_f mklZehklb >oigf@h]JaZbaJZﬂh]ZggU
[hldb IDF Z\lhdeZ\gh_ b i_qgh_ nhjfh\Zgb_ bgnmajbhy dl U] ] Z
bkihevam_fuo klyamxsbo wihdkb”~gu_ | _jfhieZKkjbpgub %thebf jg
h[_ki_gb\zZxlI \g_"j_gb_ ~Zgguo fZl_jbZeh\ gZZha’eg)rq]@uohralkab\tZ
b ijhfure_gghklb \dexqZA\IBYhEble km"hkljh gb_ Z 1zd _ wg_j]_
fZrbghkljh _gb_ 1jZgkihjl b fgh]lb_ ~jm]b_ < tthf hAghfg\Z gz hklZI
e _gguo dhfihabpbhgguo fZI_jbZeh\ y\eyxlky glo@dibdbagddjZgdy f_
jbklbd \ gZijZz\e_gbyo hlebgZxsboky hl ijh*hevdhlhg>"Bk@ MKkl
Ilhd \hafh gh bkihevah\Zgb_f \ dhgkljmdpbyo jZxamghgadjeZiedigghc
[hevr__ dhebqg_klI\h gZijz\e_gbc mdeZ~db \hehdygkilhm\dley | ijb
fZl _jbZezZ d bahljhighc beb kha”Zgb f IdZgwdhffZIZphZetdhfih@ |
abpbhggu_ fZzl _jbZeu gm\kl\bl_evgu d f_~ kehn@hjfgruﬁZgaZij_aginkf
b bf_xI gbadh_ khijhlb\e_gb_ k*\b]Jh\uf ~_nhjfZpbyf

GZb[he__ gm\kl\bl_evgufb ozZjzZdl_jbklibdZfb lujZ Niigbhgguo
yleyxlky | thhJu oZjZd!l _jbamx! jZ[hlhkihKE[pthkuv\ ithlebih jghc
abl_ A wlh ij_"~_ \k_]h o0ZzZjzdl_jbklbdb mbZk \bHdexkZAlbtkd ZIb _
ihke_ m~Zzjz l[j_sbghklhcdhklb b g_dhlhju_ ~pdbb\h Wltb]ofZjZzdI
yleyxlky djblbg_kdbfb hij_~ eyxsbfb 7"ey jZ[hlhkikkh§alklb ba~
| ogbg_kdbo kbkl_f bal]hlhle _gguo ba IDF i h kidehre'sgdhm  \ m
gZijy _ggh]lh khklhygby hij_~ ey fh]h mkeh\byfb WdktemZIZpbtl
kiI\by azZgzZklmx g _\hafh 'gh dhgkljmdlib\gufibly_ IZdtyfdpZbjkdexq
gb_ ijb dhlhjhf gZ]jmadm \hkijbgbfZz_| Z g mj\h&ekigdgZféyZ] f
fbjmxs_]h gZihegbl_ey bf_ggh ihebf_jgZy fZljbpZz

Kms_kl\mx!| jZaebggu_ f_Ih~u ih\ur_gbyydhkkbhfzdhgbigah\
gZijbf_j mijhqg_gb_ fZljbpu J]b[jb*"baZpby barjgzZH{lw&dh ihjgbf
ki_dlb\guo kihkh[h\ ih\ur_gby wlbo ozZjzdl_jbkhbdgh\ey diZyg bkih
ki\_ Zjfbjmxs_]h gZihegbl_-ejfthjit\Zgbuo ij_nhjf dhlhju_ bf_xlI
“hihegbl_evgh \_jlbdZevgu_ k\yab f_""m kehyfb

Kj_"b hljZzgbq_gbc ijb bkihevahVZjghjlh\Eptgdighdpfbhagb
guo fZl_jbzZeh\ fh gh \u”_eblv bo \ukhdmx klh\ fohek]llvl Ho\ ek egb Iy h k |y
glh fh gh dhfi_gkbjh\Zlv f_gvrbfb azZljzlZfb gZ k[hjdm ~_[Ze _c

< azZjm[_"ghc Z\bZpbhgghc |I_ogbd_ fh gh AbY¥_¢éblnMdke "mxs|
Ibg_kdh]h ijbf_g _gbyzZhfifhjHghgguo dhfihabpbhgguo fZl _jbZeh\
\ha“moh\h”h\ maeu djuev_\ ehizZldb \_glbeydh\{jhdZiknkkzZ kith_"bg
fbg_kdh]h dhjzZ[ey \uiheg_gghc ba dhfihablz | azkghlke]ljfhriz
SLUEXV $ f_ Ih~ fghlhgzZijZz\e_gghc \yadb jzZaf_ju_[Zeb ]
| dzZl _eb b ij H[eZklv iipfofyg jghifybjh\Zgguo dhfihabpbhgguo fzZI
jbZeh\ ihklhyggh jZkrbjy Iky > @

H[t fgBEjfbjh\Zggu_ dhfihabpbhggu_fZl_jbZeu ih f_Ih*m ba]
hkgh\ghf fh gh jZza” _eblv gZ IdZgu_ i¢hdblgu b \kazZglhaguf Zj
fbjh\Zgb _f

LdZgu_ h[t-Zghbjh\Zggu_ dhfihabpbhggu_ fZIl _jbZeu
LdZq_kI\h rbjhdh ijbf_gy _Iky \ ijhba\h”kI\_ h"gh&EHcguo |
| _ogheh]by fh*bnbpbjh\ZgZ ey ihemq_gby I|j_&fehgudhllhfiguo fZ
kh~ j°Zl kd\hagu_ \hehdgZ "]Jmlu k\yaulZxsb_f_ "#lmkehyhwc kehl
ijhbkoh”bl i_j ie_|I _gb_ ~\mo gZ[hjh\ gbl_c hMdEVuebgmkdtz It}
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i_j_ie_|I _gby gbl_c¢c hkgh\u b mldZz Z ke_"h\Zl| cekgh"d jbknyghd
IdZzgb \eby_ | gZ __ k\hckl\Z f_ozZgbd_ kdbe]h\Zjgghkijbkdbdt_ fgm>
"hex \hehdhg 1Ijb ba]hlh\e_ glZhfbjhdZgjpuo IdZguo dhfihabpbhgg
fZzl_jbZeh\ ijbf_gyxl jZaebqggh_ dhebqg_kl\h \hehdhgg*hdimeoy j\azZbf¢
guo gZijZ\e _gbyo A \ iehkqynkbbh elblelsbg _ WIlh ihalhey b ©Z*Zil
jh\zZlva k\hcklI\zZ fZl_jbzZezZ "~ey ijbf_g _gby \ dhgdjmidplcb® _[Zeb be

ljbf_ju \ZjbzZglh\ klIjmdImjuzZhfltjhfgdggtgh]lhkehcghc 1dZgb
ijb\_" gu gZ jbk

Jbk libf_ju hEZjfphh\Zgghc IdZghc kijmdimju k jZagufb \bAZfb ijhr
ZAnjlhlhgzevigh&d\haghc ih™ Alidlkehcghe > @

ljb hjlh]hgZevghf rblv_ \hehdgzZ igEiyZb&éZxglky q_j_& gblb h
gh\u b mldz i j k _dzZy kehb ih® m]ehf JizZvwxdky jZRghfgpdbh q_
\dZ ~hf ba lj_o gZijz\e_gbc Ih h[_ki_qgb\Zx|Ky\ht\ZIaB b ahkjhmgz _
dh]~Z Ij_[m_Iky ZgbdhljghbWjwybjh\Zlv gbkeh gbl_c ih gZijZ\e_gb
IlhlhgZevgh_ rblv_ fh | \uihegylvky ih \k_c lhesbg_ fgh]lhkehc
dhlhjhc kl\yamxsZy gblv m”~_j b\Z_| \k_ kehbqW\Xllv_ itkeeohcgnnf Ki
k\yav A k\yamxsZy gblv i_j_f sZ lky ba kehy2skhkky dizkemc b
gZ[hj i_j_ie_ | _gguo hkgh\ m~ _j b\Z | \k_ keRHId_ nitnj¥umY{fe hdl _
ith™jZamf_ \Z_I glh k\yamxsb_ gblb |jhoh"yltqe_lj_gi_kld>héhdbblgerh

\ ih®” g _dhlhjuf m]Jehf KlyamxsZy gblv fh™ _|ddhfebyg hkgh Yvhéhh
dhg dzd b gblb hkgh\u b mlidZ beb [ulv [heklZlhgdhc* e K &b ywa bh
keh &« h"bgZdh\uo mkeh\byg¢fhjh\Zglyu_[dZgu_ kKdhmkdd mfjruc i
j i _I_gby ih” mlJehf h[ezZ”"Zx] emqr_c "jZibjmvkh&lbkdjbRenkh[gh
gbx Ih]*Z dzZd hjlhl]hgZevgh_ rblvewmkihfbh\iHgmx[Hhex \hehdgZ
hkh[_ggh \ gZijZ\e _gbb lkReshguijbgghklv

H[t _fgBEjfbjh\Zggu_ IdZgu_ dhfihabpbhgdhlmfzkhps'Zzadlvky
g_ lhevdh \ \b*_ iehkdbo " _1Ze_¢ < kemqgZ_kaZnmzZiewdhX o hc
ih~t fz gbl c hkgh\u fh gh khidZlv Ingv K jjZ&jdjaudblb ~ZZgegguoijb
\uj_ah\ fh gh ihemqgblv keh gmx |j_of_jgmixbé_hjgkljendpHlx Zghc
[Zedb "\mlZ\jh\h]h k_q_gby ~_fhgkljbjm_Iky \ jZ[hl_ > @

l[jb\_~ ggu_ gZ jbk ko fu ~ _fhgkljbjmx| BNnmZdmghjhaZggu _
gZklmx gZ ijZzdlbd_ dhg_qguc j_amevlzZl yhy_hlkgbogh @ebwkH \
a\Zgh jZzaguf gzZly gb_f gbl_c b Ij_gb_@f Verbyglhfbf gZgZevguo
mkeh\bc khklhygby \hehdhg bo jZafygb aZderhtheJthgZHb dhebo
ki\h keh_\ IdzZzgb b | ~ <k _ wlh #tihg | gidhmexb klymgZmjm fZl _jbZe:
ke _"h\zZl_evgh gZ _1h k\hcklI\Z ;hekirbgtkVhld Noedp djind akh”~kI\Z fg
Jhkehcguo 1dzZg_c dzd b I1jZz*"bpbhgguo *"bdvhkhdgagb ijlhea\thh
k \hehdgzfb jzZkiheh _ggufb \ iehkdhkelZfihehb@jZNmmkhh ohly
k\yamxsb_ f_"kehcguijdhelhdgfhlml [ulv hjb_glbjh\Zgu ih” ijhba\h¢
mlehf WIlih h]jZzgbgb\Z_| bkihevah\Zgb_ ~"ZgguobdZk\hzkxké\n ihl
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ijb k™\b]_ b djmqg_gbb fh]lml [ulv hlghkbl_ evghybBZdlgftoc Hay |
[e_fu jZajz[hig@lglhhkddZgu_ fZl _jbZeu > A @ >ey bo mjhbalh"kKl
lky madhki_pbZebabjh\Zggh_ h[hjm~h\Zgb_ dREHyhij ihA)jhey

fu k gblyfb \iehkdhklb ihehlgZ g_ ih® m]ehf ijbjZ®nokhj\ofGjZ jbk

fghl]hhkgh]h IdZghlh fZj ¢thXgB]k b q_ luj lhgdhhh[t _fgZy "hey

\hehdhg "ey fgh]lhhkghc IdZgb fh | [ulv f_gvr_>dgbawljZ"bpbh
gheh]by Zdlb\gh jZa\b\Z _Iky

S

T L X JL AL D

Jbk Lji_ohkgh_1dzZgsa_ 1ihehlgh
b ko_fZz g_luj_ohkgh]lh i_[)[9e _|_gby

>im]bf ki_pbnbg_kdbf \ZjbZgkhfbhhtZfggdhhlh IdZgh]h fZl_jbZe
[mM~ 1 IdZguc fZl_jbZe k GjbMWDHFFH )DEULFV > @ < wlhf fgh]h
fZl_jbze_ "\Z gZ[hjZ gbl_c hkgh\u jZag_k_guw glkyjZRKlhlgghlgZlhe
dhlhju_ k\yaZgu gblyfb i _j oh”ysbfb ba kehysbkehihdggmx ki_qgb
k\yav f_""m “\mfy ebp_\ufb ih\_joghklyfb jblkZe ih*Bdggbkt ¥&y_|
ijhba\h~kI\Z mklhcgbl\uo d hlkezZb\Zgbx b jZkkezdbhgghxmdgbfkhkel

kwgMiZg e _c¢

VO u { H\
‘“’/F\."; '“\‘ \*\\ \\H\'\ \\ \‘:"h

’\“/ «§ “
AL n_,‘.,(,\vm‘\“ ..\\y

Jbk LdZguc fZI_jbZe k ijhk\_Ihf ba Zpzbkigijhh\h eM[ds &

/

e | _gu_ h[t-Zghbjh\Zggu_ dhfihabpbhggu_fZIl _jbZeu
e_| _gu_ babele kl _deh\hehdhg fZI_jbZeu rbjhdh ijbf_gyxlky
ghkljh_gbb Ijhp_kk h[t_fgh]h ie_|_bbgbagZikyl vgbtmf_ jmgh]lh |j_|
xIky [he__ keh gu_ mklZgh¥dbbjiHjagfal ie_ | guc fZl_jbZe hl[eZ’
jy*hf \Z guo ij_bfms_kI\ ih kjZ\g_gbx kh fgh]pdbol kikZffihbah ; f
hgguo fzZl_jbzZeh\ WIh \ukhdbc mjh\_gv dhgnhjfgjhlgldhktpzZibjm _
ijb dimg_gbb b dhgkljmdpbhgghc p_ehklghklb B[jthffghlfhh ijh
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ie_ | _gby ihalheyxl nhjfbjh\ZIv aZ]hlhfdbk kieh_§hggah ihi_j qguf
k_ q _gb _f A gzijbf_j dhgbg_kdhc nhjkdbyfbzdalkihib b jza\_I\e_g
yfb > @ GZ jbk ijb\_"~_gu A fpyuhhNftgdgbgb ie_| _ghc kljmdIimju
hi"_evguc we_f_glZjgucdhdtbfijjdkj keh ghc nhjfy). jbk

z [

Jbk ljibf_ju hEZjfdhh\Zgghc ie_|_ghc kljmdimju
ZAwe f_glZjguc hft it _|_gZy azZ]lhlh\dZ \ nhjf_ "\mlz\jz > @

<yaZghul[t fgEjfbjh\Zggu_dhfihabpbhggu_fZl jbZeu

L _ogheh]by \yadb dhfihabpbhgguo fZl_jbZeh\ pHklA gZbf_g
g_gb_\ fZrbghkljh_gbb ba ijb\_"_ -ggué&\h I\ planbdb bi_leb agz
| evgh bkdzZ Zxl| nhjfm \hehdhg kgb Zy h[smx f@Zlknpbsznexx kichtkkh[g!
h{t_fgBAjfbjh\Zgguc \yaZguc fZl_jbZe h[ez”Z_| jy~hf \X 'guo ij_
gZklghklb hg_gv \ukhdhc *jZibjm_fhklvx qglhviki\ygZgb uloh kleilnkh[g
k"\b]lzZlvky gZ g_dhlhjmx \_ebgbgm highkbd_ évmghjftjm]l*em]zbaz
\ukhdhc ]b[dhklvx qglh hlebggh ih”"oh”bl *"ey alhline_glkely_g_k
ghc nhjfu Kehb \yaZgh]h ihehlgzZ fh gh jzZzkly]b\ZIZdBEdj _dlh[u hg
oh”bfmx ih\_joghklv iheghklvx ijb wlhf g | g Ik[dh{bjfirkjlb jZaj_
\Zlv mqgzZkldb ijb kms_kI\ _gghf bkdzZ _gbb nHjfgvrWihh jihkcoh®y |
fZl _jbzZeZ b kgbablv azZljZlu gZ balhlh\e_dfu~>1Ze @ keyhaghZyn
kljmdImjz ~Zgguo fZl_jbZeh\ 1Zd"_ kihkh[&h\anklhlbd hi§l§hdkonh”Z
guf ih\j_ "~ gbyf > @ GZ jbk ijb\_~ g ijbf_j ba]lhlh\ghgby we _
Zifbjh\Zggh]lh \yazZgh]h dhfihabpbhggh]h fZl _jbZeZz

Z [

Jbk Iibf_j h[4Zfipih\Zggh]h \yazgh]h dhfihabpbhgghlh fZI_jbZe
ZA ko _fz \y&dba]hlh\e _ghyjZdguc h[jZa_p > @
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ljhrblu_h[t_fg&Ejfbjh\Zggu_ dhfihabpbhggu_ fZl _jbZeu

ljhrb\dZ keh_\ ih \k_c¢c lhesbg_\ukhdhijhgghc gblvg y\ey Iky
Ahjhlbf f_Ih~rhf ihemqg_gbyjtthfgdguo dhfihabpbhgguo fZl _jbZ
ljhrb\dZ \ hkgh\ghf \uihegy Kkydmiehehdghf beb d_\eZjh\hc gblv>
\k_ kehb bkoh”gh]lh fZI _jbZeZ k ihfhsvx ki_pbZeiybhecreq cghc fZ
ghlh dezZkkZzZ ZjbkZ jbkbah[jZz _gZ ih\_joghklv ijhrblh]lh fZl _jbZez
gyy ko_fm ijhrb\db jZkklhygb_ gZdehg b 7] h\jbboigkld kiI_"dt
fh gh ihemqgblv jZaebqgqgmx h[t_fgmx “hex Zjfbjhkiggbyeb gBEaebqc
k\hckl\

Jbk libf_j ijhrblh]h ZjtfbfighZggh]h dhfihabpbhgghlh fZI_jbZeZ
ZA ebp _\Zy kIhAhlpZzvgZy klhjhgZz > @

:jZfb*gu_ \hehdgZ gZb[he__ qZklh ijbf_gyxlky ~ehg krb\Zghb
gw fZl jbZeh\ ihkdhevdm bo hlghkbl _evgh ijhklh fhggb bkihev
fZrbgZo b hgb [he__ mklhcgb\u d ]Jjm[hfm h[]jZ$§ _ lg&ZXxgijgbiphkb\d
kil _deb m]Je_\hehdghf H~”gZdh \ ijhp_kk_ wdkiemfhlZdbv bo ijbf.
a\Zlv Ijm~ghlad ba \eZ]l]hgZkus_gby Z 1Zd _ iehohc Z%]_abb kh
AZjlgufb ihebf_jgufb kfhezZfb qlh \ugm *"Z | ¥Yddahglgjmdipibb g
ba gbo ijbgbfzy \h \gbfzZgb_ qlh ijb hij_~ ebygguoogglbgb&dbkerl
oZjZdl_jbklbdb fZl_jbzZezZ dhgkljmdpbb fh]lmldedvmigeb\hgtdig k
g_| ih~h[guo ijh[e_f k \eZ]hih]Jehs_gb_f b Z"]eahghckeghlgho adgzZqtl
ihevah\Zlv \ r\_cqguo fZrbgZo WIh k\yaZgh KkkiyxkmihlbjBYy dphmid
_lLijb\_klb d h[ju\m \hehdhg ijb nhjfbjh\Zgbb kkkIbpghdbr wmaeh\ |
ehdhg ijb bo ijhoh™» _gbb q_j_a r\_cgmx fZrbgm

HAbg ba kZfuo Zf[bpbhaguo ijh_dlh\ ih KhéBhihdBEgghija_fgh
dhfihabpbhgguo fZI _jbzZeWNASAikl\ glgh k dhfiZzgb_¢ %RHLQJ <
wlhlh ijh_dlzZ jzZajzZ[hlZgZ ijhrb\ZxsZy fZrbgZ ~ebgh\&Z baf "“ey i
dhfihablh\ dhfihg_glh\ djuezZ kZfhe_1Z k ih\ur_g@ght kIh@dhklvx d
gZdh kha”Zgb_ ih”h[guo ijhrb\Zxsbo fZrbg kebrdhbgkd\iZZlgh "e
ijhba\h~bl_e_c dhfihabpbhgguo fZl_jbZeh\ ihfwylHhfkké& ihk\eZlrg _
eb khkj_~hlhgbebkv gZ jZzajz[hld_ jh[hlbabjh\ZggulhehXhld &uo r
dhfivxl_jguf mijz\e _gb_f dhlhju_ kihkh[gu jZ[hbXhebgZ cdogeic ghc
ih\_joghklb >hey Zjfbjh\Zgby ih IThesbg_ \ ijhrblud_dghZiehadpbhg
hfuqgh khklz\ey | hl qglhhkhhI\_IkI\m_| ZgZeh]bgghc ~“he_ Zjfbj
hit _fgBAjfbjh\Zgguo IdZguo 1ie_| _guo beb \yaZguol dbZaedbpbhgg
ljhrb\dzZ 1zd"_ fh | Julv bkihevah\ZgZ ”"ey kha”Zpjdwo keh gt
dhgkljmdpbc iml_f krb\Zgby g_kdhevdbo hi*\fekduo BlgFilag dlh)
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g_h[oh”~bfhklv \ f 0oZgbq_kdbo dj_i_"guo 4Awve afZdydZood bl Zdbgpl ud b
[helu kgb Z I|ky fZkkZ ba”_eby b aZqgzZklmbykihbgkljwdipdlhlhje
g_h[oh”~bfhklb r\u fh'gh gZghkblv ehdZevgh dinélwjdh \gbh fmklZo
eblv A gZijbf_j \*hev djzZy ~_1Zeb \hdjm] hI\_jklbc \uj_ah\ beb

H[t _fglZjfbjh\Zggu_ dhfihabpbhggu_ fZl_jbZeu kh kd\haguf Zjfbjtl
dhfihabpbhggu_ fZl _jbZeu k ZjfZImjhc
;jfbjh\Zgb_ \ wihf kemqgZ_ ijhba\h”"blky Ihgdlbfju KdajfqgldbeZ
beb ba \hehdhg > @ gZ g_hl\_j Mblggupbiwlhf]@lodZevgh_ mkbe
gb_ kh_"bg_gbc mkljzgy_| g_h[oh"WwWakfvqgld¢ belgpadde_idZo b h[
gb\Z_| [he__ jz\ghf_jgh_ jZkij_"_e ehlsZ"gZ kima'bly ighby

Jbk Ko fz dhfihabpbhgghlh fZI_jb¥ZeZ k ZjfZImjhc >

>Zggh_ Zjfbjh\zZgb _ ijbf_gy |ky bgh]*Z g_ Ihé¥dhkdtrey m\_ el
dhklb dhfihabpbhgguo fZl_jbZeh\ gh b “ey ih\uwri_ghbkltkd\dZh\uo
kq_| °_kldhc ZjfZlmju A gzZijbfiZg \ekwgk\boghfzl jbzZezfb > @

HAgZdh \ jZ[hlZo > @ gZ fZl _jbzZeZo fZjhd 7Zaz%b, b 7
glh agZq_gby ijhgghklb b mklZehklghc “"he]lhVvrqelblkhb KZnh\j®ZeZ
g_gb_f h[t_fghc “heb b jZaf_jzZ kl_j g_c ZjfdZInkjuj gbcmxkjfZdh\
ju \hehdgz fzZl _jbzZeZzZ fh]lml jZks _ieylvky b ih\j m§ZlvhwehdagiE"r _
jZaju\Zxlky iheghklvx Z dhgp_gljZpby I1Zdbgh kmgbdkh\gkphs kI\ _
ghklv \k_1h kehy qglh fh gh gqZklbggh bkijZbYolv@mzf KkigZl ippff gvr_«
gy_fhc ZjfZImju

JZ[hlZ \uiheg_gZ k bkihevah\Zgb_f h[hjm~ h\Zigby kDI ©Deb
IZgby2 GBP ©DmjqZlh\kdbc<iBgklBlmad¥dZo j ZebazZpbb dhfie_ dkg
gZmqggh]h gZijZ\e _gby ONmjp"Hfl bghX2ggh bkke ~h\Bgby d\zZ
dZpby fZl_jbZeh\ g_jZajmrZxsbc dhgljhevd O&Kljghy |poa\bdby gZ
fZl_jbZeh\ b | _ogheh]bc bo i_j_jzZ[hldb]lgZZE jbh® ~h

AZdexq_gby

ljb\_~ g h[ahj hkgh\guo dhfihabpbhgguo fZl _(bZeh\ k
Zjfbjh\Zgghc kljmdIimjhc IdZguo ie_ | _guo b\ihZgdid a gjifr lZljdf o
jh\Zgb_f =ez\gh_ ij_bfms_klI\h ~Zgguo fzZI|_jbihéhsvk hRglgb_k b
guo ijh[e_f dhfihabpbhgguo fZl_jbzZeh\ Z bf_fgd fgrketiglh evgfl
fm jZajmr_gbx m~Zjguf gZ]jmadzZf b gbadhgphWhfijhlbbhegf gy k"\
yf < h[ahj_ 1Zd _ ihdZaZzZgu ijh[e_fu fZI-4pfbeh\ZigdgH¢_kdjmd]
jhcxmf_gvr_gb_ ~jm]bo f_o0Zgbqg_kdbo o0ZjZdl_jbAllbjdZdakh[k ggh
kms_klI\_gguf bkdzZz _gb_fl\yaZlgdbgb+ie_ | _guo D Izdbf ozjzdl_jb
fhgh hlg_klb gzijbf_j ijhgghklv b fh*mev mijmblhkllb ZjbbjzZzkly"
LdZgu_ b ijhrblu_ jfdghZggu_ dhfihabpbhggu_ fZl_jbZeu y\
i _jki_dlb\gufb ~ey bkihevah\Zgby \ kbeh\uoddhlgé&ljrmd plb ynad* _ &l lg/Z
hkh[h_\gbfZgb_bamqg_gbx bo k\hckl\
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11.

12.

13.

14.

15.

16.

17.

18.

Kibkhd bklhggbdh\

DzZ[eh\ ? G Jhev nmg”"Zf_glZevguo bkke_"h\Zgthd gb\khtatEdbé fZI_
gby L_a "~“hde OO, F_g”_e__\kdh]lh kt_"agYc ibbhfb_c\ b lijbKlidZ

L K
DZ[eh\ ? G KZ]lhfhgh\z < : Khjhdbg : ? P_ebdbg hdZzgb_=mey_\
kljmdImju b k\hcklI\ ihebf_jgh]lh dhfihabpbhggh]h fg@dujb¥te[Zhk bgl_]j
ihlehsZxsbf keh f <k_ fZl _jbZeu Wgpbdehi_~bq_kdbR&kijZ\hqggbd
Dz[eh\ ? G KIZjp_\ < H Kbkl_fguc ZgZeba \@bylgdpykdbbfEKIAcg A
ihebf _jguo dhfihabpbhgguo fZI _jbZeh\ ih "Zggufmhil "qubkl\glgilfjuo b a
gbdh\ h[ah]j ‘\bZpbhggu_ fZl _jbZeu b |1 20ghehkKob58.+ <
DOI: 10.18577/2071-9140-2018-0-2-47-58.
Fmozf Ih\ J J I _Ijh\zZ I L _jfhj_Zdlb\gu_ klyamxsbhabepghhebf jgL
guo fZl_jbZeh\ hl[ahj ‘\bZpbhggu_ fZl_jbZeu3 |_o#B&&]bb

DOI: 10.18577/2071-9140-2019-0-3-48-58.

Khjhdbg : ? B\Zgh\ F K KZ]hfhgh\Z < : L _jfhieZkibalgpdp hihebf jg
gu_ fZl_jbZeu gZ hkgh\_ ihebwnbjwnbjd_Ihgh\ jZaebdgdoaZgbihphba\h”k
gu_ fZl _jbZeu b | _ogheh]bb Kl « 85/ KWWS ZZZ MRXUQDO )\
h[jZs_gby ‘2, -0193-2022-0-1-41-50.

=jbg_\bg > < Ydhle \ G H KeZ\bg : < Djbl_jbb pghdjmabpgby ihebf
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Abstract. Currently, interest in carbon fibers and polymer composite materialsl lmmse
them, which are promising materials, is quite high. The article discusseséngence of a¢a
bon fiber technology and its development. Technologies for obtaining a prefmareagolyac-
rylonitrile, from which carbon fibers are produced, are described. The maitiatiseof their
improvement are shown, as well as possible ways of developing carbon-based fibireirand
main manufacturers.
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<\_" gb_

M]e jh~gu_ \hehdgZ [eZ]h”Zjy bo mgbdZleWhgki\Zfoztgjbd hkdb f
bkihevamxl| \ dhflhabpbhgguo fZl_jbZeghofbp* fZkEkdIbjatvdeby yley
ky dexqg_\ugZitbf_j \ Zwjhdhkfbg_kdhc b kihjlbhgdc_h\jZkeedlolb Z
\ Ijhwg _j]_Ibdb > + @ >ey "Zevg_cr_]Jhgih\mébdgjhd'mgy kifh&EdgZ
Aim]bo hljZkeyo ijhfure_gghklb g _h[oh”bfkikdpbhkgth bo k_|

< gZklhys__ \j_fy m]e_jh”gu_ \hehddzZijihblafmsylkiBagdhehdhg
ij_dmjkhjh\ ba ihebZdjbehgbljbez dz@ "eyllg\dhhjuo \ukhdhfh"mev
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\hehdhg bkihevamx!l i_db WIh k\yazZgh k |I_f \lgehddhg hkgdh_"Z
ihemqZIv m]e_ieZklbdb dhgkljmdpbhdglgh]h gZagZq_gby > %
_[_klhbfhklv m]Je_jh?guo \hehdhg gZ hkgh\_ ihabZdjbehghb

f_j_ gZ hij_~ ey Iky klhbfhklvx ijhbalh~kihizkhj@ AZ ihke_"g__
N _kylbe_Ib_ ijh\_~_gh [hevrh_ dhebqg_klI\h bkke_#hbEdinc[b jZajZ
e__ " _r_\uo b mklhcgb\uo ij_dmjkhjh\ |Zdbohe&Zwlleé]gbgHDbgZah
"h kbo ihj g_ ~“hklb]Jgmlh agZqgbl_evguo dhfilhd kdiplok mkiglah\
kbevgh dhgljZklbjm_1 k fgh]l]hgbke_ggufb alZylgbgbldihc gZimggh
Imj_ h 1Zd gZau\Z_fuo ijhjulguo | _ogheh]byo

< gZklhys__ \j_fy \k_ [hevr_ ihy\ley_ |ky bkke_ "hEZghc m]e_
bo bkihevah\Zgby \ dhfihabpbhgguo fZI_jbZeZd dEAphko 2\idgbfzZg
jmxs _]h we f glZ ©ke_“mxs_]h ihdhe _gby2 ~"ey dibgahblkghijble_
klvx m]e _ jh"guc ZerB]wd]_hhﬂngy nghIJm[dZ MGL <hehdgZ b ghbl
Ilhle _gu g_ihkj_~klI\_ggh ba MGL dhlhju_ IZdjm]luebuXkinjdie gu \
n_dlb\gu_ \hehdgZ ~ey ih\ur_gby bo k\hckl\kekoggZ dhgb K\fRHI4g ggha
agZgbl_evgu_ bkke_"h\Zl_evkdb_ mkbeby bZpdt]hhbwehog guf im]
Ibd_ ihemqg_ggu_ j_amevlZlu ij_"klZ\eyeb \ emqr_f kemqZ_ bgl_

JZ[hlZ \uiheg_gZ ijb ih”™ _j°d_ PDI ©DebfZlby_kdb_
GBRODmMjgZlh\kdbc bgkBxlml2 +

Mle jh”rgu_ \hehdg djzldZy bklhjby

>"ha_n K\hg [ue i_j\uf dlh ba]hlh\be Agh_ \lhehhfghjhiml _f
gZ]j_\Zgby oehidh\uo \hehdhg \ hlkmlkdkbhe VeaArmhplzy Ney j\uo
eZfiZo gZdZeb\Zgby AZ gbf ihke_"h\lZldjubfXk WAHbkhag]lhth\be
m]e jh”rgu_ \hehdgZ ba p_eexehau oeilfjbdZgh dBEY[MmdZjfdeyeZ
ihgdZo g9Z]j_\Z_fuo we _dljbg_kl\hf €&kldZgihenkgbgglbh m]e jh
guo gbl_c ba oehidZ [ueb iehobfb ohly kgjb\dHpgutokihteevah\Zghb
\ Ih \j _fyi §\uo eZfi gZdZeb\Zgby Dh]*2 \|p2\deenjzZf kiZe ij_
ihglbl_evguf fZl _jbZehf ~ey gbl_c gZdZeb\Zgby I@hjjeehhdgh_ \l|
\'l_g_gb_ ke _"mxsbo e | _fm m”~_eyeb fZeh \gbfZgby

Bgl j_k d m]e_ jh"guf \hehngf \doa [ "wdZiXgby 8QLRQ &DULE
KR: < ] nbabd Jh”" _j ;wdhg wdki_jbf_glbjlh\Zéok Hhjm~h\
gZ i_j\u_ “m]h\u_ mebqgu_ nthjb gh jZ[hlzZxsdkhidbf]hZXah [he
gbb b kfh] \ujZklblv Thgdb_ m]e_jhrgu_ gwflb k dXgleggbdbdél
k\hcklI\Zfb < k\h_c im[ebdZpbb ] m g _ ghucg Un i b ©4rek w?l bd 4rd] e
k\_jgmlu_ ebklu ]jan|h\U0 keh_ \ g _ij_julgh ijgklbmZks§blogy ih 7
kdhevdh kzZglbf_Ijh\ b ~"bZf |jhf + fdf > @ IlhdZakdhkl iwigghkl
m]e _jh”~guo gbl _c ihbklbg_ Ry ~qZleyeb |thgh2klkh’hhklbk§IZ\mZ = |
sbc fh mev mljm]hklb =1Z >Zggh_ hldjulb_ kqgbl\@gahkv gZklt
bah[j_| _gb_ hr"gzZzdh ithemqg_gb_ gbl_\b”~guouml]leljpdigruoh\dhzeah d g t
ehkv qj_ a\qucgh Ahjh]lhklhysbf ijhp_kkhf LZdb_ \lkdheégdhhp gl
A kyldh\ fbeebhgh\ “heeZzZjh\ az d] bb[uethatih’ Jgh\bk]lu wdhg ihe
qbe ihfbfh m]Je_jh~guo mkh\ _s b g kdhgegdhhjfiiéd dihgdb[h hg |
g_aZzZf_Ibe eb[h _fm \ Ih \j_fy ijhkllhmgd_gohXIdepn bgkh[gZjm _gby
NZdlbg_kdb _s_\ ] ihkkbckdb_ mg\lppu b E € Eﬂ‘dmrygh\bq m
khh[sZeb h iheuo m]e_jh”guo \hehngou\(ZIxIIrkafgImmKV gdafb
ml]e_jh~rgufb gZghljm[dZfb > @ D kh zZe" ghygkhbjkRlZbbkv]t jl\u_
bah[jZz  _gby MGL [ueZ gZ jmkkdhf yZlUde doZgdhdlhggdzadh]h \gbfZg

< dhgp_-0]] m [ueb ihdZaZgu bah[jZ  _gby Ih]Jhkyglh | _i_ ]
mle_jh~ghc ngthm[dhc > @ H~”gZdh We_dljhgggJ_ Hb@}hkdhlu \
ebkv ~“hklZlhgghc fhsghklvx qglhJu \uy\blv dhebwlZkI)B[KIZ ghd
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g_ijb\e_dezZ kms_kI\_ggh]h \gbfzZzgby ihkdhleerdnn\\ZphoecZkggkI\_ L
gb_ [ueh khkj_~hlhg_gh gZ m]e_jh~guo \hehdgZo

< ] g_j_a ]h™ ihke_ hldjulby J ;wdhghf m]e_jh”guo r
KFbg_ee jZajZ[hlZeb ijhp_kk ihemqg_gby m]e_jh”rgubhYEehdhg g.
[hldb \bkdhau ijb | _fi_jZImfi& "4 ] J ;wdhg b < RZeZfhg m
r_gkl\h\Zeb wlihl ijhp_kk iml_f Jhjyg_]h jZkly ngdw\lmohjKehglZpbhb
Z \ ] dhfiZzgby 8QLRQ &DUELGH \uimklbeZ gZ Zydbd m]e _
TKRUQHO k fh*me_f mijm]hklb [ebadbf d =1z

<h_gdha"mrgu_ kbeu KR: \ Ih \j_fy Zdlb\gh ih~™ _j"b\Zeb bk
b jzajz[hldb \ h[eZklb m]e_jh”guo \hehdhg b dhifzphlihpuoey jZ
dhgkljmdpbc B _keb \ KR: Zdp_gl " _eZeb gZ mkeghh”"gu edxelndc
au \bkdhau \ dzZqg_kI\_ ij_dmjkhjz 1h \ Yihigbheviah\ZIly IkiZab
dzZq_kI\_ij_dmjkhjZ m]Je_jh~guo \hehdhg Z \ hNiglXiigdeb hiulg
dbo \hehdhg < dhfiZzgbb 5R\DO $LUFUDIWJQWWDEOLYKZHQW <
gZqZeb ijh\h”*blv bkke_~h\zZgby b jZajZ[hldb ih \hehhldganhl:G fzZjd
kiI\Z dhfizgbb &RXUWDXOGV GZ hkgh\_ wlh]8RJEH#mjkimKlké&ZiZg
i _j\h_ m]e_jh~gh_ \hehdgh fZjdb +\ILOS dhlhjh_ bHiféevah\Zeb
ablguo ehizlhd Imj[bgu j_Zdlb\gh]h "\b]ZIl_ey 5%

Yihgpu \_jgmeb k_[_ eb” _jklI\h \ ijhba\h?kl\_ mhekgii¥guo \h
I1:G \ gZklghklb dhfizgby 7RUD\ LQGXVWULH&gheh]bqg_Kkdhih"i
khlezZr_gb_ k dhfiZzgb_c 8QLRQ &DUELGH

<1970-0 b -0 ]] \ aziz~ghf fbj_ m]e_jh~gu_ \hehdgZ ij_"klZ\e
"ey \h_gghc ijhfure_gghklb \\b"m bo g _[hevrhckhZkkudelyd&kgZ\g g
fb \hehdgzfb H~”*rg@ZdiZbagby ~_e_aghlh azZgz\_kz \ ] bagl_j_
\h_ggh]h b h[hjhodhdhgby gZ AZiZz" agZgbl _evgh kgbabeky B!
jZajzZ[hldb \ h[eZklb m]e_jh”guo \hehdhg ijh*"hgZ&ebke J]Yihgbb
dhfizgby 7RUD\ jZajZ[hlZeZ rbjhdbc Zkkhjlbf_gl mhé_jh®guo \hel
k jZaebqgufb f_oZgbqg_kdbfb k\hcklI\Zfb

Ke ~m_1| hilf_Iblv qlh aZ ihke_"gb_ e | ijhgghkd¥ m]e _jh
hkgh\_ }FiG dmjkhjZz m\_ebqgbeZkv ijZdlbqg_kdb \ jZigbh kf jbki
[ebabl _evgh aZz e | ijhgghklv m]Je_jh”guo \hehdhg L %L
\ jZaZ Z aZ ke_"mxsb_ e | \L 4Hkaz rzZdbf h[jZzahf fh g
ij_"~iheh blv glh "ZggZy | _ogheh]by “hklb]leZ ibdzZ k\h_]h jZa\blt
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ljhba\h”~"bl _eb m]e_jh~guo \hehdhg

< k\h_ \j _fy \ _~"msbfb ijhba\h”bl_eyfb m]Je_ jh~ gfgh]hehdhg Yy
ba\_klgu_ dhfiZzgbb g _dhlhju_ ba gbo m  _dihgdblZdéb tdZgg8Vv kK
%3 ,&, &RXUWDXOGV b %%$6) < ?\jhi_ m]e_jhtigpdizghbhdgZz
&RXUWDXOGV < _ebdh[jblZzgby DhfiZzgby %$6)v Zdfz\gzy \ 1Z2d"
1980-0 ]] b jzajz[hlZeZ gh\u_ kihkh[u ihemqg_gby \jjz&khdBfHzZ nhjfh\
hrgZdh \ dhgp_ oheh”ghc \hcgu wlb ijhba\hhigcl h¢ bZlikkigaialeth ba
\h"KkI\Z

GZ ] h[szZy fhsghklv iagbla*h?*b#t _e ¢ m]Je_jh”guo \hehdh
klZz\ey | a luk Thgg \ ]Th® k " _]Jhrgufb | efiZfgb jhklRydlZeiHky
~5 lh ijhlghazf jughd m]e_jh~gh]lh \hehdgZ \ fbjgd%jZkl_| [he
k ] ~h fej» "hee d ] < hkgh\ghf rbjhdh_ \ilpbf_g_gb_

ehdgZ ihemqgZzl \ |Zdbo hljZzkeyo dzZd \_Iljhwgyj] ltb[dhghgowZjhdhk
ijhfure_gghklv > @

< Dblz_ \ gzZklhys__ \j _fy ] ijhba\h~bl_eyfb \m]e_jh~ gl
eyxlky ke _"mxsb_ dhfiZzgbb ijhba\h~kl\h \ lhggZo &1ph& +HQJE
Jilin-Jinggong (9), Zhongjian Technology (3), Sinopec Shanghai Petrochem (2), Weihai
Guangwei (2,5), Bluestar (1,5).

lj_dmjkhju ey m]e_jh”guo \hehdhg
lj_dmjkhjhf *ey ijhba\h?kI\Z m]e_jh~guo \hehdhg \ yZklhys __
ihglb bkdexgbl_evgh I:G b _]h khihebf_ju IhebzZdjbhbbolgljlge fh
k ihfhsvx ijhp_kkh\ ihebf_jbazZpbb \ jZklI\hj_ nmkewkiblgab b\k_bhegob w

deZkkbnbpbjmxlky dzZd jZ"bdZevgu_ ihebf_jbaZpbb
<Z gufb \hijhkzZfb yl\eyxlky jZa\blb_ djbklZeebgghklb b | =
fhjnheh]lbb \h \j_fy nhjfh\Zgbgmijikhjz ba jZzkl\hjZz b \ebygb_ _ke
\h_ bf__Iky fhjnheh]bb \hehdgZ ijb nhjfh\ZghbzZgzi]ldhgh gguh k\¥t
\hehdgz Klzg”~Zjlguc kihkh[ ihédmebhdbthlydihG nhjfh\Zgb_ < wlhf
kemqZ_nbev_jm ih]jm Zxl \ \Zggm "ey dRyY]kedyglhb \mchxdfgpbgz
kiI\b_ \ualzZggh_ \azZbfghc “bnnmab_c g_jZkl\hkimhjég\Zgguhjbl e
\hehdgZ Ijhbahc”_I| jZza”_e_gb_ nZa © b~ dhkkixxhVdkhhklva b ©
s_kl\ha Z bf_ggh djbklZeebaZpby DzZd ké&nhkihbZgdhZ] whesypddZ +
AN fhgkljbjmxl hlg_leb\u_ wnn_dlu h[hehqdblhl zfbj~@&_klbjgud kmijE k

b fhjnheh]by \hehdhg \ p_ehf "Ze_db hl h*ghjh”*guo

Kmefthdjh_ nhjfh\Zgb _
< jZ[hl_ > @ jzZkkfhlj_gZ jZagbpz f_""m klzg*gjbgbtfkfhdjuf
dhZ]lmeypb_c b nhjfh\Zgb_f k \ha*mrguf aZahjhdby &ke[hg¥rhbkih
]h \ha“mrgh]h aZahjzZ ih\_joghklv m]Je_jh~gh]h \heHdlglZ [he _ ]e
Iblv qglh ijb-fdndpf nhjfh\Zgbb \ hlebgb_ hl nhjfh\Zgby \ jZklI\hj_
hkz ~ gbb gblb ij_h”he_ \Zxl| g _[hevrhc \ha“mrgfuthhZzalEjx h*gzZd|
ky \ \Zggm “ey dhZ]lmeypbb b ijhbkoh”yl ijhp_kku fZkkhh[f_gZ

JZkieZ\gh_ nhjfh\zZgb _
>ey ihemqg_gbvhéadhg ba jZklI\hjZ bkihevamxl| eb[h_\h”Agu_b
Au 1Zdb_ dzd jZk\bjeb =1P&@& 1 \ \h~_ eb[h iheyjgu_ hj]l]Zgbqg_kdl
jbl_eb 1Zdb_ dzZd >FN: b '062 Nhjfh\Zgb_ babjfZrkiekN\Ah bef | i
g_Ilj_[m_Ilky bkihevah\zZlv \J_~gu_ "eyuhj@ki\EZpsl _elkj Z kdhjhklv
nhjfh\zgby \ur_ kdhjhklb ijb fhdjfimdjbf kmhghh\Zgbb b fh™ _I
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ijb[eb ZIvky d kdhjhklb nhjfh\Zgby |_jfhiezZklh\ béZdbbedZichiheb!
ebwlbe_gl_j _nlzZezl

Hkgh\ghc hkh[_gghklvx 1:G y\ey Iky _1h | _jfbqg_kdzZy g _ klI.
| _fi_jzZImj_ iez\80@p& “lh]~"Z dzZd keh gZy j-Dddpbyhegndipbey]
ghc pbdebazZpbb gZgbgZ |ky kfl&fiKeZlthj\Zl_evgh i_j jZ[hldZ jZ
\Z ]hfhihebf_jzZ 1:G ijZzdlbq_kdb g_\hafh'gZ Ihkdhemdbd_ ¢_kyp_ ¢
Ibe_Ibc ij_"ijbgbfZzebkv mkbeby ey Ih]l]h qgllhfuguft "eZIvZij:G ijb]
[hidb q_j_a jZkieZ\ <Z gh jZaebqgZlv ih"oh”urg BhiheXklb\Zgb f
dzZlhjz kf_kv ihebf_jZ k “h[z\dZfb b \gmbjb gghchedZk|baBdghp
<h[hbo kemqgZyo \aZbfh”™_ckl\b CNybjlpbe vgaijonrZ_ |ky b ijhbkoh”bl
ieZ\e_gb_ ijb I _fi_jzZImj_f _gvr_ | _fi_jZImju jZaeh _gby

M\ -0]] dhfizgbb 'X 3RQW b $PHULFDQ &\DQDPLG KR
jbx iZzl_glh\ dzZkZxsboky nhjfh\Zgby ba jZkiez\Z [hhNih:&f_jZ b |
k bkihevah\Zgb_f \k_o \b”"h\ ieZklbnbpbjmxghbgjZkb\ hjiadl egla D
gZ \gmlj_ggxx ieZklbnbdZpbx ijbgZ~e_ "Z| diOfidAgobliBjwWdD @&d UG
gZevgh hibkzZgu b aZy\e_gu \k_ \hafh'gu_ deZkku khfhghf_jh\ >

< -0 ]] dhfizgby %$6) ij_"ijbgyeZ k_jv_agu_ mkiaeby ih r
jZkiezZ\Z 1:G b ihke_~mxs_fm nhjfbjh\Zgbx m]e_jkfghyh\RhehdgZz
b Zp_lhgbljbeZ bkihevah\Zeb \ dZzq_kI\_ ieZklEgbtZbajFXkjb nhj
\Z Lzdbf h[jfhagh [ueh ihemqgbliy_t®@jkhj dhlhjuc \iheg_ ijb]lh"_
"ey ithemq_gby m]e _jh”guo \hehdhg k ijhgqghklmxgihfb fiZ k khhl
eyfb \ "bZiZahg_ + =1z Djhf_ Ih]h azZy\e_gh hglggm _gbb |
azZljzl “h ih kjZ\g_gbx k nhjfh\Zgb_f ba jZklI\hjZz b méd_ebq_ghbt
gbb \ jzaz

< ] ijh]ljzffZz [ueZ ij_djZs_gZ \ k\yab k hdhggZgb f oh
HAgZdh mkbeby ij _"ijbgylu_ dhfZg”hc %%$6) ufbh hHkaZEhHkv gZij
gby \ ZgZeh]bgghf gzZijzZ\e _gbb ijh\h~*ylky b \ gZkllhysi_Bbj fy 12
ebklu BgklbImlZ ijbdezZz”~guo bk&kf Nih\ZhbcNjZmglhn_jzz ,$3 =_|
gby mlI\_j~Zxl qglh bo |I_ogheh]by &RP&DUERQS H\ZgdZ | \ha
\hehdgZ ba jZkiezZ\Z ijb gbadbo aZljzlZo > @

We dljhnhjfh\Zgb-ijl:@mjkhjZz

KqblzZz Iky qglh ijhqghklv ijb jZajul_ m\_ebqgbfZ blkfy IKZmf gv
\hehdgZ b wlh yle _gb_ ohjhrh ba\_klgh \ kedeyd gwo hh&mgbdlgg kd
1*_ ijhgghklv hij_~_ey_ |ky *_n_dIlzZzfb |_hjby =jbrkimklabl H*gZdh
Ilhf dzZkz_lky eb wlh hjb_glbjh\Zgguo hj]J]Zgbg_kdbo \hehdhg

< kemgZ_ k I:G b \ gzZklghklb k ihemqg gufufhleddghh gn]e |
\uykg_gh \eby_ | eb *"bzf_Ij \hehdgZ gZ ijhqgtdelmqgib jEkIkl_gbb
eyggufb \hehdgzZfb ijhgghklv m\_ebqgb\Z _Iky ihlhtm\ugyhdbh \j fy
mkljZgyxlky ih\_joghklgu_ " nydéyxlklyltbojgbpbzZlhjzfb |j _sbg Ih]
dzZzd \ kemqgZ_ k m]Je_jh~rgufb \hehdgZfb bo f\lgmhelgpoyw IgljmddmjZ
jhrgzZ ih kjz\g_gbx k h~rghjh~rgufb Zfhjngufb k|l _deyd¢lpudib \hehd
ihemqg_gby m]e _jh”rguo \hehdhg kh k\ _jofZeufb ~QHMhIjfhfb y\ey
\Zgb _mgb\_jkZevguc bgkljmf_gl ey ijhba\h”*kI\Z ihlebdifZadgo \heh
hl gZg'th fbdjhf_I|jZz > @

lhemqg_ggu_ f_Ih~hf we_dljhnhjfh\Zgby m]e_jh”gu_ \hehdgz
"bzf_1jzfb h[ez~Zx| fh me_f mijm]hklb jZ\gufvx ijbl¥adal ijhqgh
\_ hl A h =1Z ;he__ gbadb_ f_oZgbqg_ekdh”gl\d okdgh \vakdo
dhg ih kjzZ\g_gbx k dhff_jg_kdbfb m]e_jh~gufb \héddggafb h[m}
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h[jZahf hlghkbl _evgh iehohc hjb_glZpb_c fZdjhfhe&ljdmddnbj gZjmr
©y~jhxth[hehgdZ? wlbo m]e_jh”guo gZgh\hehdhg > @

Ilhemq_gb_ m]e_jh~guo gZgh\hehdhg gZ hkgh\ jzZI[:Kd _1Zd" _ i
> @ ["_ "hklb]Jgmlu agZq_gby fh*mey mijm]hligllbkhd ijbdhz =12z
jul_ hl A1z :\lhju jZ[hlu khh[szZx| h[ hilbfbabjh\Zgguo |_og!
kdbo mkeh\byo *“ey ihemq_gby ijhgguo m]Je_jh~rguoGgZgl@he&hdhg
I1Zzd"_ h agZqg_gbyo fh mey mijm]hklb ~h Zb4ub_iyfhgghk¥d Zijb |
ijb dzZj[hgbazpbb qglh k\b”_ I _evkli\m_I h ifZ[eduo g\hke kd h gkd\ f
0Zgbq_kdbf ozjzdl_jbklbdzf [Zah\h]h m]e_jh~ghijh\hikehdgz 7
sbo bo H~”rgzZdh \ gZklhys__ \j_fy we_dljhnhjfhkg dbZd¥ fbsy gZo
kdhc kn_j_ b _1h Ijm~rgh fZkrlZ[bjh\ZIlv ohly gudhjBpjZ[BEledM _jgz
gZijbf_j jhltkjgmcgh_ ijy* _gb_ fh]lml bf _Iv g_kdhevdh [hevrbc il
fZkrlZ[bjh\Zgby k\_jolhgdbo \hehdhg > @

<hehdgZ gZ hkgh\_ m]e_jh~guo gZghljm[hd

Blzd \ ] Jh”" _j ;wdhg > @ ba]lhlh\be Ih uflh dilglygZa\zZe
fb ihemqg_ggufb \ “m]_ ihklhyggh]h IhdZ \ dhdiKighpsB& bR ® o0& DU
mgbdZevguo k\hckl\Zo ijhgghklv “hklb]ZeZ asZyI1Z kl@dhkikI\ Ik

=1Z < ] Fhjbgh[m Wg~h \ jZfdZo k\h_c “hdlHjjldlZc "bkk_
kdhf mgb\_jkbl_I_ NjZgpby fblkhiheuahsbeZgby ]jZnblh\uo gbl_c
iZjz > @ b fh] ijhba\h”~blv bo hqg_gv fZeh]h @ébh2fIhjAj _dy gflb H"
gblb g_ [ueb ijbagZgu m]e_jh~gufb gZghljm[daAhbeelhjkegh\hlidjul

] bkke ~h\Zl _eb gZqZeb bamqZlv jZaebgqgu_ Zeehljhiu m]e ]

G_kdhevdh ]jmii bkke_ _~h\Zl e _c¢ klj_fbebkv jZ&jddhlglv fZdj
Ib ba]lhlhle _ggu_ bkdexqgbl _evgh ba MGL \uwgdlkt\ bajynfhec aZzZf
jh~rgh]lh \hehdgzZz iml_f ijy®» _gby \ujh\g_gguo fZkkK\hcldXghljm][h
wlbo gbl_c [gueidh emqr_ f kemgZ_ g \ukhdbfb H”bg bghpfhe_ _ jZ
nhjfh\Zgby IZdbo wbH_fc th® Jwy ;ZmfZgZ b _]h dhee_] k bkiheva
p_kkzZ dhlhjuc \dexqZe h~gh\j_ f ggh \uly]b\Zagb©oe bkkdpaghV\Zgb
[hd2 > @ H”*ghkehcgu_ gblb bf_eb hqg_gv gbadm»x ifigghklv ijb
\'Ih \j_fy dZd "\mokehcgu_ gblb "hklb]Zeb ijhqgdklbealjzpEhh Ihl
iheb\bgbeh\h]h kibjlZ ijhgghklv fZI _jbzZeZ ~hklb]ledhklbFkAh Fh”"m
klz\eye kzZfh_ [hevr__ =1Z b ke _"h\Zl _evglgbimichYugvalg\hckl\
gbl_evgh f_gvr_ q_f m [Zah\uo m]e_jh”guo \hehdhg

ljbgbgu IZdbo gbadbo agZgq_gbc "h\hevgh hq'2b"pgZ eb y\eyx
ghc ijh[e_fhc "ey \k_o djmg_guo gbl_c ba iwGhkdj@dghhguod dgb \yw |
hijb_glbjh\Zgu ih® m]ehf kibjZzeb d hkb gblb \ Ziy VjhigygWiZled ij_~
hij ~ ey |ky djmqg_gb_f b Ij_gb_f f_"~m gmljdgfh cZijd q g I\ x
Wlh hagzZzqZ_ | qglh k\hcklI\Z hij_ " eyxlky f mEglgdgibébgbkhzd g _
jbklbdzfb MGL

FZkrlZ[bjh\Zgbez[hljZlhjgh]h ~h ijhfure_ggh]h y\ey |ky _s_
ijh[e_fhc \ g_ij_julghf ijhba\hAkB\hdM¢gGLe_gl b ie_ghd AgZzZqgbl_
mkbeby ij_”"ijbgylu dhfiZzgb_c¢c 1DQRFRPS 7THFKQRO®RWHYV ,QF
KR: dhlhjZzy mI\_j"~Z | qlh ijhba\h”bl kZfu_htebigguf MBL ~“et
"bzf_ljhf \k_]h £ gf qglh ~Z_1 khhilghr_gb_ klhjhg !

KhleZzkgh ~Zgguf dhfiZzgbb 1DQRFRPS bo \hehdgZ fZjdb O
ijhgghklvx ijb jZaju\_ agZq_gb_ dhkhyjhkc mjjih\a@bx ZjhiqghKlb ZjzZfb
guo \hehdhg Z [ezZ]h”Zjy f_gvr_c iehdgBKkfiib]imdddbhgdmejbhh\ZIv ih |
ijhib\e _gbx mklZehklb k m]Je_jh~rgufb \Aedqhg HibjZ#llg jgkibdhc wlib
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g_ij_julguo Nielhdhg y\ey Iky bo \ukhdZy ijhgghklv ©gZ maeu?
yleyxlky Jb[dbfb \ hlebgqb_ hl ojmidbo m]Je_jh”guo \hehdhg M]e_
jy_I' ! k\h_c ijhgghklb ijb azZ\yaulZgbb \ |h \j_fly dzdDO&QSZ
khojzgyxl __ [ezZ]lh~Zjy Ihfm qglh khklhyl ba fh&ZgghughWMojdbo

"ebghc ff < dhfiZzgbb 1DQRFRPS \haeZ]Zeb dhevwbehdggz +~u
ij_"ihezZ]lZehkv fgh  _klI\h bo [m"msbo ijbf_g _gbc] DdRhiZgebxgbx \
1DQRFRPS ijbh[j_eZ dhfiZghRH {XKZXWVPORc gblb OLUDORQS \u]
Aylm®_ f g \i_gZleyxsbfb q_f i_j\hgZqZevgh ij_"iheZ]Zehkyv

AZdexghby

L ogheh]bb ijhba\h”"klI\Z m]e_jhrguo \hehdhg ~hklb]Jeb \uk
ij_ "eh> _gb_ eb” jzZdjfgdgbday A kms_klI\_ggh g_ baf_gbehkv k k_
1980-0 ]] L fg_f 9__ \ ihke_"~g__ \j_fy gZ[ex"EKl\lkkyokkevririh_ dhe
\Zgbc \ h[eZklb kgb"~ _gby azljzl ijb ijhba\h®klid hgnbekhia*ggdy [h
e A r_\uo \hlqahdltmg;khjh\ gZ hkgh\_ eb]gbgZ beb ihe\pwiype gz
kms_ki\m_ 1| ih\ur_gguc bgl j k d jZajz[hldZfubd m2gkid] njbe eji\
b \hehdhg gZ hkgh\_ MGL

Ke_"m_1| hif _Iblv qglh i_jki_dlb\u ijbf_g_gbymleehtdhgu@Z hke
gZghljm[hd \ gZklhys_ _ \j _fy g_\ulJey”yl fgh]l]hh[_szZksBfb ihkd}
eZy gZklv jZzajzZ[hlhd fZl _jbZebah\ZezZkv \ | Zewdlw_ dhéffhjg_kdb
gh ~Zevg_cr__ jZa\blb_ | _ogheh]bc iha\heblfbKkijedah\gbv "Z
mjh\g_ kms_kl\mxsbo m]Je_jh”"guo \hehdhg
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gb_\uo kiez\h\ \ ijhp_kk_ ]lhjyg_c ~_nhjfZpbb Kj_~bzZ\hWhgl abjh\Zg
[jZgZ dhfihabpby k IZdbf khhilghr_gb_f dhfihg_ddpbjnkxsthez*b fh”bn
[ZzZ\hd dhlhjZy h[_ki_qb\Z_1I iehlgh_ kl_deh\b”rgh_ ihdjulbo gZ h[jZa]
kiez\h\ ij_~hI\jZzsZ_| klj_fbl_evgh_ ih\ur_gb_ agZqlgihliibdjhI\_j~hk
\_joghklghf keh_ f IZeeZ b wnn_dlb\gh aZsbszZ bybglf4ZkKe hl baf ¢
ijhp_kk_ gzZ]j_\Z ihc ~_nhjfZpbx b "ebl_evghc \u”_j db

Dexq_\u_ kehdzulb_ pbjdhgb_\uc kiez\ |_jfhh[jZ[hld4 hdbke_gb_
gZy wfZev h[jZ[hldZ ~Z\e_gb_f

>ey pblbjh\Zgewykh\Z H < Khegp_\ KI K >_gbkk\Z <ARsbEghsblédlo\gheh]
g_kdh_ ihdjulb_ ”~ey pbjdhgb_\uo kieZ\h\ Lim~u <BKF11 URL:
http://www.viam-works.ru. DOI: 10.18577/23®0462022-0-8132140,
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Abstract. In this work technological coatings based orsgfarming systems O BaOL5i0O,
and NaO BaO45i0,, used to protect zirconium alloys from oxidation during hot deformation
was studied. Among 12 synthesized compositions a composition was selected withrstich a
of base glass components and modifying additives that provides a dense iglaksg®ating
on samples of zirconium alloys, prevents rapid increase in microhardnesarisurface layer
of metal and effectively protects material from changes in mhaiseg heating for deformation
and prolonged excerpts.

Keywords: coating, zirconium alloy, heat treatment, oxidation, protective enamekupees
treatment
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<\_"_gb_

Kh\j_f_ggmx ijhfure_gghklv g_evay ij_"klzZ\bly] [IbadbZa\blb
>hklb™_gby mqg_guo \ h[eZklb d\Zglh\hc b yWwZglpht hbeadthb " fZI _
gby m°_ gZreb k\h_ ijbf _g _gb_\ kha*"ZgiZmpbbfguamW&kdgnki"
gZy wg_j]_Ibdz [_amkeh\gh \hafh'gzZz b Zhhogklhwe_ dl)hkiZdgpb

132 b 6 60670 TRUDY VIAM 8 (114) 2022



5 ) rs ) )

fgh]lhf wdheh]bg_kdb [_ahiZzkg__ qg_f we_bjijxdZgpgab hpjdgdgbhg
kdhf lhieb\_ Kj_”"b ijbhjbl_Iguo gZijZz\e_qghbcy4Zadhbby o4 meltb]bc
fh gh \u”®_eblv jZzajzZ[hldb | _ogheh]bc » _eysbdokly jb4Z2hbhZdlb\gu
gheh]bc i_j_jZ[hldb h[emqg_ggh]h y~ _jgh]lh lhieb\ZIbBghffjzs_gby
hloh~Zfb Z 1Zd _ jZajZ[hldm ih]JehsZxsbo hyb_ff gkhh » y* @qghtdk
ijhfure_gghklb b wg_j]_Ibd_ azgbfz_1| ijhle_jfgbhAabdbgiAl hbfh»
eh\ ba dhlhjuo dhgkljmbjmx|l h[eZklb y”_jguo |Z Adhp\_joh jZk
Ilhieb\h b ijhbkoh”bl p_igZy j_Zdpby ~_e_glhyhI®hkZdlby fZl bzez
\k_1h pbjdhgb_\u_ kieZ\u Pbjdhgbc b _]1h kkédhec hégkdEZggky \u
klvx baghkhmklhcqgb\hklvx |_iehijh\h*ghklvdkdejgklhedlhklvx
klhcdhklvx d dhjjhabb \ mkeh\byo bgl_gkb\glyly g &l]jjh &kdcto Ny thq e rr
kj_~"Zo > @

D hl_q_kI\ _gguf kiez\zf ijbf_gy_fuf "ey j_ r_Ihdk]jhjedh\u”® ey
y~ _jghlh j_ZdlhjZ b h[hehg_d L<WEh\ hlghkylky kZed\aZy w
[ "guf kiez\Zf ZgZeh]lbqgh]h Jgicaloy? AZ8% +t1E F MDA b
HANA Pbjdhgb_\u_ kiezZ\u ihklhyggh kh\_jr_gkl\mxlkyu_ijbf_gyx
dhfihabpbb k fh*bnbpbjmxsbfb ~h[zZ\dZfb hehizxItkygbhbidgy gbZjvb
kh”_j"Zgby “h[Z\hd dbkehjh”"Z b "_e_az > @

< fZrbghkljh _gbb pbjdhgbc ijbfZgpollbyw™egbc dZd Ijm[haZih]
ZjfZIlmjzZ b gZkhku jZ[hlZxsbo \ s_ehgguo b dbkehlguo kj_"Zo

Pbjdhgbéz+ jbZe dhlhjuc ijb \ha”_ckl\bb hij_~ e _gguo nZzZdl
baf_gylv nhjfm q_fm kihkh[kI\m_I iheipfhjjaghgb . Pbjdldgbc 1Z
T ih™M\_j g jZ*"bZpbhgghfm jhkim dhlhjuc lyké@y_glgyh ikbevegh ijh
| _evghf h[emqg_gbb jZ"bZpbhggZy iheamqg_\lvh[eZBhjahigbukb_ ki
dhc dhjjhabhgghc mklhcgb\hklvx b gbadbf k_gh\gdbo fgikt]J¢ehghgby
ijb ghjfZevguo mkeh\byo wdkiemZIZpbb

G_hlt_fe_fhc gqzZklvx |I_ogheh]bb ijhba\h*klpdjdihegmn¥ipbdZIh
kiez\h\ y\ey Iky gZ]j_\ \ i_gqZo k \ha”“mrghc ZIfHknkijdB\uPyjdhgt
eyxlky 1_Il_jgufb fZl_jbzezfb zZdlb\gh \klrdbdoelhyh”zfdgd x\ tka”
o_ < k\lyab k wlbf \ukhdhl_fi_jZImjgmx Idpfbgb jkddhmgk Rja [kile
\h\ ke_~m_1| ijh\h”~blv \ \Zdmmfguo i_qdojlgihjt AlfihkZojtkeb> @ B

\_klgh qlh aZsblgu_ |I_ogheh]bqg_kdb_ ihdjulby Minnjodbkdh aZs
f_ IZeebqg_kdbo ba”_ebc ijb |I_jfbg_kdhc h[jzZ[&Zladhg&k hhsl bkley gfyh
iha\hey | | _jfhh[jZ[ZIlu\Zlv bo \ i_qgZo k \ha”meyghgb gd higlon \ jiroc

kiez\h\ g_h[oh~bfh kha”zZgb_ ihdjulby dhlhhbkdjhgfbyalZ §8bhdl
kus_gby iha\hebl kh\f_klblv |I_fi_jZImju nhjfbjh\sdgbehilbdjjulby |
kdbf j_"bfhf gz]j_\Z < Ih *_ \j_fy ihdjulb_ glv e §hgkh”" hje
NZxsb_ [hevrbf k_g_gb_f ih]Jehs_gby | _ieh\uod®, €djWgm\j [Zzdb_ d
B @ AgZgbl_evgmx Ijm~rghklv ij_~klz\ey | jjZlapgdh]dZ[ gdb[dgh| 1
ghlh ihdjulby ihkdhevdm [hjguc Zg]b”jb” yhégubkylhiftigpf gda\hkg
e_Jdhiez\dbo wfze_c¢ kihkh[kI\m_| mf_gvr_tbxkohkk[do&bmZipbhg
djulbc m\_ebgb\Z_1 we_dljhkhijhlb\e_gb_ b\lokdtbgHRdmHb bllhc
hkgh\guo Ij _[h\Zgbc d aZsblguf | _ogheh]lydekxllkiyibdjbtbyf kf
aulZxsb_ k\hckl\Z b z~]_aby k f_IZeehf \ ijhp_kk_ ~_nhjfZpbb
L_jfbg_kdh_ jZkrbh”gh_ba \Z g_crbo k\hckl\ ihdjulbc < Ihf |
_keb agzZqg_gb_ | _fi_jZImjgh]l]h dhwnnbpb_gbZ ebD Edghhdjilionbj o
[hevr_ q_f m f_IZeeZ 1h ijb hoezZz ~_gbb hgjihdqgkHu\Eh| fTogljgb
ihdjulby k f_I1Zeehf ijhlb\h”_ckl\m_I| k Zlbx ispth]lmkB&kyy )bz x
djulbb [he__ hiZkgu q_f k'bfZxsb_ > * @ I|hwdhdbbyegp ih”[hj.
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| _jfhh[jZz[hldb pbjdhgb_\uo kiezZ\h\ g_h[oh”~hélrklfjmfhZkloy & |

gbx agZq_gbc LDEJ f_IZeeZ b ihdjulby qlh[u ihdjulb_ jZ[hlZeh ¢
hikmlkl\bb \hafh ghklb "hklb" _gby agZqbhgedApghyxbydadhygponbpb
Ih\ ihdjulby b f_|ZeeZ ijbf_gyxl ]Jjmglh\u_ kehlb blg jflgdbg4dhbq_k
highr_gbx d pbjdhgbx yleyxsb_ky nbabqg_kdhcyijblkhalh&xdbhdbk:¢
g_h[oh”"bfmx jZaghklv LDEJ ihdjulbyl®. ih*eh db > +

<ukhdhl_fi_jzZlmjgh_ hdbke_gb_ pbjdhgb_\uojkileZ\B) bkke_ 7
ImjZzo 1280 f& Dbkehjh”™ \azZbfh”_ckli\m_1 k pbjdhgbbyuf\p KkiezZ\Z
780 f& H[jZamxlky hdkb”~gZy ie_gdZ b ahgZ ih”bilehjdhhtf hYh]Zs_
j_amevlzZzl_qg_]h gZ[ex™Z _|ky j_adh_ kghbVklgdg h\ie Zkhb qegihk|E aj
r gb_ie_gdb ijhbkatz*mizab\h]h i _j oh”"Z ] _dkZ]hgZevghc iehlgh
j_r_ldb \ h[t_fghp_gljbjh\Zggmx dm[bqg_kdnmkt_€gukoh miX dliklj\i\_
wlbo nZa ijb\h”bl d baf_g_gbx jZaf_jh\ bahkhdkbtghicd iehgffzp bbb
wlhf pbjdhgbc bf__| ihgb  _ggmx ijhqghkihy\elhgigk\h Isldhg b |
| _j_ wkl_Ibg_kdh]lh \brZ LjZ"bpbhggu_ kihkhZ l&Zsklld[ukgh\Zg
ojZgblv pbjdhgbc WIh fhgh k*_eZlv k ihfhmsywgbpaith\g jgdlykkih k
Ney ih\ur_gby dhjjhabhgghc klhcdhklb beb gZg_k _gby aZsblguo i

>ey ih\ur_gby I\_j*hklbb Whgjhkabhgghklhcdhklb pbjahgb_\uo
\h\ gZ bo ih\_joghklb jZaebqgufb f_|h*Zfb nkjgumxlhadjugbdybhgZ
gZijbf_j hdkb”rgu_ HilbfZevgufb ihdjulbyfb y\éybebkyZkl wihlhju _
f gluh[jZamxsb_ gZb[he__ ijhqgu_ hdkb”gu_ ie_gthMx hjg[m _fhc |
NZ | hdkb”™ pbjdhgby gh ijb ih\ur_gbb | _fi_jZhtju ijhbEsh”*yl nZz
gby Hdkb~Zfb k f_gvr_c | _iehlhc h[jZah\Zgby lygdyxbky jimdZb" u .
lhke_~gbc iha\hey_ | h[_ki_qblv ij_iylkl\b_ "bs®mabb dbkehjh"Z :

Ba\_klgu_| _ogheh]bb nhjfbjh\Zgby gZ pbjdhgbo\unodkieZ\Zo
Ibc h[ez”~zZx| jy*hf g_"hklzldh\ Z bf_ggh [hewrlx iijjiphekbd evg
| _ogheh]bgq_kdhc keh ghklvx b IhdkbqgghklvkZigbflykiffiloh fZI_
kiI\m_1 ihyle_gbx gh\uo f_Ih~h\ nhjfbjh\Zgby ag@2abba@to eithydd ublac
pbjdhgb _\uo kieZ\h\

P_ev "Zgghc jDkke_£h\Zgb_ kljmdImju b aZsblgh]lk »_ckl\by
dbo ihdjulbc gZ hkgh\_ kl_ ,@#BaOkh®l bf 1,0Ba0Si0, kh” _j"Zsbo
fhrbnbpbjmxsb_ ~h[Z\db |Ijb kbgl_a_ aZsblgubdjublgeeeghltbq_kdbo
nhjfbjh\Zgby Im]JhieZ\dbo fZehieZklbqguo pbjdhgd ifape kKIEZ\h\
hdbke_gby b h[_ae_]bjh\zZgby k h[jZah\Zghbj_fle_ dgihdbloi hd\B X b
gZqZevguo khalbyjdw\Zgby \ukhdhl_fi_jZImjguo ihdjulbc < jZ[hl_
gZ hlghkbl_evgh g_keh giZlybleddyjghogheh]by ihemqg_gby ihdjulb

FZl_jbZeu b f_Ih”u
JZ[hlZ \uiheg_gZ k bkihevah\zZgb f h[hjm*"h\Kdby BRIl ©Deb"
IZgby2 GBP ©DmjgZlh\kdbc<BgklbdmdZqgt kI\_ h[t_dIZ bkle_ ~h\Zgb
f gyeb pbjdhgb _\u_ kieZ\u W b W
>ey ijh\_~ gby bkindFghte gu kmki_gabb wdki_jbf_glZevguo
ljhp _kk ba]lhlh\e _gby ihdjulby \dexggbedhdbtymkdb hiojZpbb
tdhgljhev b ih”"]hlh\dZ bkoh”guo dhfihg _glh\
tijb]hlh\e _gb_ rbolu
+\ZjdZ njbllu
tijb]lhlh\e_gb_ rebd_jZ ihdjulby
tdhgljhev dZq_kI\Z rebd_jZ ihdjulby
th["'b] ihdjulby
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Bkke _~m_fu_ ihdjulby gZghkbeb gZ h[jZapu jZ2&f _pdf T ff
gZgby kmrbeb gZ \ha”mo_ \ |_q_gb_ fi_pZlmh[ bEEb sijlmdhc
k I _fi_jZlmjguf j_"bfhf gZ]j_\Z ih” 1_jihBSZ[&IdmazZ\bkbfhklb hl
jZzaf_jh\ az]hlh\db q_f azZ]lhlh\dZ [hevr_ IgZ I[ufliv MimjZ Zha"
I _f\u”r_j"b\Zeb \ i_qgb

>ey bkke_"h\Zgbybfbgb#kdbo k\hckl\ ihdjulbc ih”]hlh\e_qgu
rebd ju ba dhlhjuo ij_kkh\Zeb h[jZapu ey hij_~ dhgby LDEJ
hp_gb\Z_fhc ih =HK192] +

J_amevlZl nhjfbjh\Zgby ihdjulby hp_-gbWl\Eegbktbhd mZ évyhhf
djbl_jb_f hp_gdb y\leyehkv hlkmlklI\b_ ~_n_dlh\

zem[bgm ]J]ZahgZkus_ggh]h kehy hij_~ eyeb k ihfhdvx baf_g._
kib \ ihi_j _gghf k_q_gbb h[jZaph\ gZgbbzyzal ih\legmghkKlIblZeeZz
[ a ihdjulby b k aZsblguf | _ogheh]bqg_kdbf ihdjulb_f

Dhebqg_kl\_ggmxalZgbggwo k\hckl\ bkke_~m_fuo ihdjulbc hij_
ih baf_g _gbx fZkku pbjdhgb _\uo h[jZaph\ ihadajuhdguWiyevpb b |
gZ]j_\_ \ Zemg”™h\uo IbJeyo \ i_gb ijb |I_ih?j21mhjf@gpphx \B \
A jtd_ V1l _g_gdg +

J amevlZlu b h[km ~_gb _

GZ hkgh\_ kl_dehh[jZamx©hRa®kiBik} bf 1,0BaOSiO, k fhi
nbpbjmxsbfb ~h[ZXd3% fAl,03 MoSL £1 _jfh*"bgZfbg_kdb bg_jlgu_ ih hlg
r gbx d pbjdhgbx kbgl _abjh\Zgh khklzZ\h\ ihdgylbe[hbBXkgh\Zgb_
kl _f yl\eyebkv ohjhrZy bamqg_gghklv hlkmlki\bk NhkeRKbBZ\k @ge f_
gb_f ih]lJehs_gby | _ieh\uo g_cljhgh\ khhiI\_Ikb\pl jNZfe h)\Zhhjjguo
ah\Zgby w\l_dlbd k |I_fi_jZImjzZfb ieZklbqZkdbZe'Z nfZéetbdbf f_
"m khklz\zZfb aZzdexqZehkv \ khhlghklgtdé&zdhfMihgZgHid\

GZb[he__ ijhkluf b ~hkimiguf f_Ih~"hf hp _hgdkb\ sbkkkel gtim k\
fuo ihdjulbc y\ey |ky \bamZevguc ZgZeba ih\cjogkh&lbgZjhbaAh”b
b hoez ~ gby h[jZaph\ iha\heyxsbc \uy\blv gghjhjuhghklbyie gh
_]h kiehrghklv kp_ie_gb_ k f _IZeehf b ozyzZkilgphflaDizffizdIckl\b
klbdb bkke_"m_fuo ihdjulbc ihke_ h['b]Z if&K Ib A\iutZjimd__\ |_q
gb_ g ijb\_"~ _gu \ IZ]e

LZ[ebpZ
0OZjzZdl jbklbdb bkke ~m_ fuo khklZhikkeihd[ubhz
Mki?]\kglg‘izg' <g_rgbc \b~ ihdjulby

1 ;_eh_ kIl _deh\brgh_ g _jh\gh_ kh[jZeh
2 ~eh_ g _hieZ\b\r__ky -KEZldeh\b1phkmlklI\mx]
3 ;_eh_ g _hiezZ\b\r__ky ijbkmlklI\mxIl im
4 K_jh_ k[ _eufb jza\h~Zfb ki_dr__Kk
5 K_jh_ ki_dr__ky djZy h[jZapZ kbevgh
6 K_jh_ ki_dr__ky iehlgh_ kdZeu\zZ _ Iky \ f_ Kkl
7 Q jgh_ kIl _deh\b~rgh_iehlgh_
8 Q jgh_ ki _dr__ky iehlgh_ djzy f |IZee
9 Q jgh_ kI _detdkM¢ph jh\gh
10 Q jgh_ kIl _deh\b”gh_ g jh\gh_ k jZ3
11 Q _jgh_ kIl _deh\b”rgh_ jh\gh_
12 Q _jgh_ kIl _deh\b”gh_ k[ _eufb jZa\h
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Ba "Zgguo ijb\_~ gguo \ IZ][e \d g hhdyjiunl D e kdhbk 1 Z \ u
7,9,11 m~h\e_I\hjyx!| Ij_[h\Zgbyf ij_~ty\eyuffuf @gh&bkpdq_kdbf
ihdjulbyf

Ihkdhevdm p_evx "Zgghc jZ[hlu y\ey_ Iky khreeltZ]dply_lkadhgblgh]
ihdjulby ijbf_gy_fh]h ijb |I_jfhh[jZ[hld_ ij_~kldbeynEZijpad! jj k 1Z
kilbdb dzd jzkl_dz_fhklv iez\dhklv ZzZ~]_aby ddho ilggjudblc g _h[h

>ey mlhgg_gby | _fi_jZImju h[ ' b]Z dhlhjmx freyhibkfihevah)\z
aZpbb ij_~\Zjbl_evguo bkiulzgbc gZ "ZjhkltkecdBEkhY k[iZdjpHbyb a
fb ijh\_~_gu “beZlhf_Iljbg_kdb_ bkiulZgby glu @g@dejbliZlu ipp\Zd" _
\'1Z[e

evgh_ m~»
N

(dULy) AP
N

11

Highkbl

o

200 400 600 800f K
Jbk >bezlhf_ljbq_kdb_ djb\u_ ihdjulbc

LZ[ebpZ
0Zjzdl jbklbdb bkke ~m_fuo khklZ\h\ ihdjulbc

Mkeh\gu L_fi_jzZImjZ L_fi_jzZImjz g] LDEJUWC’, D', \ "bZiZa
ghf j khk| kI _deh\Zgby jZafy]gq gby | _fi_jZImj800«f K
7 589,0 643,6 8,34
9 557,2 628,4 7,95
11 569,3 635,7 8,11

>ey nhjfbjh\Zgby ihdjulby | _fi_jZImjzZ h[ b]Z *"hejgh ij \urZl\y
jm kl_deh\Zgb$5@f& HAgZq_gby LDEJ ihdjulbc ij_\urZxl agZq_gb
dhwnnbpb_glZ pbjdhgby qglh [m”_I kihklglkkx\hhdjwlbXfhhkezZe | _
fbg_kdhc h[jZ[hldb

Bkiulzgby gZ jzkl_dzZ_fhklv ihdjulbc ijh\h”*beb ijb |_bi_jZImj
850 f& J_amevlZlu wdki_jbf_glz ij_~klzZ\e_gu \ 1Z]e

LZ[ebpZz
J amevlZlu jZzkl _dzZ_ fhklb bkke "m_fuo khklZ\h\ ihdjulbc

Mkeh\guc g L fi_jZImjZz Kj_~g__ agZqg_gb |

khklz\z bkulZgby f& ihdZazZl ey jzkl _dz_
650 0,736
7 750 0,739
850 0,742
650 0,592
9 750 0,607
850 0,634
650 1,028
11 750 1,037
850 1,050
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H[jZapu ihdjulby KilKlIZ\IZ[ebadb_ agZqg_gby ihdZaZzZl_ey jZkl_
glh fh™ | kihkh[kI\Vh\ZIv ijh\_~ gbx ijhp_kkmhjézkbibg\ Kdgo Af
ApZizahg_ | _fi_jzZImj ijb klZ[bevghf agZd  gbtkik\enckh\ Zagb kz~Z
ghlh ihdjulby ~ey kieZ\h\ h[jZ[Zlu\Z _fuo ijb j@lyhyp Zo bl Hijojg c ]
Imj >Zevg_crb_ bkiulZgby ijh\h~beb gZ h[jZbp\ZogK ikdghib f kt
kl dehh[jZamxsbo ,0Ha0#i0, b 1L,OBaOSIO, k fh*bnbpbjmxsbfb ~h
[Z\dZZlDz,AI203 bMOSIz

H[ wnn_dlb\ghklb aZsblgh]lh ~_ckl\bl Ihdphély]bhlh gkidkim~blv
ih j_amevlzZlzZf bkke_~h\Zgby jZkij_~hllbgbyhfibdjlyidhj k_oa gbb h[jZ
pZ ?keb hp_gb\Zlv ]ZahgZkus_gghfkle nkilegdZaagdqgihdbr jgghc I\_
Ahklb |h ba ij_"klZ\e_gguo gZ jbd qlhZygalmgkgZ*"wmlh4jZhdu \ =+
[hevr_m kiezZ\Z [_ a(0214ijulbyff g f m kiez\Z k (0jo8tulb _fff
ihke_ hl'b]Z gZ \ha”mo ;he_ jzZ\qlghb joftbdjjdkijj*hkéb Bh™ | k\
N evkl\h\ZIv h f gvr_ f]Zathkus o kg _hd pheephZ blg alzasb b ihdjul
_fljb gZ]j_\_ ih~" ’\_thprbx

_j"hMv G
N w w N IS
o] N [e)] o S
o o o o o

Fbdjhi\
N

0,02 0,04 0,08 0,16 0,32 0,64 1,28
JZkklhygb_ hl ih\_joghklb ff

Jbk Baf g _gb_ fbdjhI\_jrhklb ih k_q_gbx h[jZ&apZ ®) imdjulb _f

Wnn_dlb\ghklv aZsblgh]h ~ ckl\by ihdjulbyjhk\Wy glkly &aZf I
kgb  _gbb fbdjhI\_jrhklb ih\_joghklguo kehmna[jzdaplth\ bhklee
dhfie_dkguo gZ]j_\h\ ijb ijhdzZld_ b ihke_"mxslkké_ jfhhpyd[kbld_
ijhdzldb az]hlh\hd [_a ihdjulby fbdpph)\|ytZkie by h ff hl i
\_joghklb ij_\u8@eVv Fbdjhl\_jrhklv h[jZaph\ k ihdjulb_f gzZ ]e
0,02ff hl ih\_joghklb khd8DHWel4bf_g _gb_ ihdjulby ijb gZ]j_\_ pbjdh
\uo kiez\h\ kgb Z_| dhgp_gljZpbx dbkehjh¥zhyit\\ joy hkjlga

| _j_ghk we_f_glh\ \g_"j_gby \ qzZklghklb dbkegjdtzgbloca ihd
m\_ebqgb\Z_| fbdjhI\_j~hklv HgZ [m”~_I| [hehi”r*2 \hdklodmglzZf khklzZ)\
ihdjulby [m~_| [hevr_ s _ehgguo hdkb”~h\ Z | _fi_jZImjZnbrmilebl_ev:
ih\ur_gu

< ijhp_kk_ gZ]j_\Z fZkkZ h[jZaph\ m\_ebdb\ZlkeeZkyby plajmev|
dhgby dbkehjh”hf \ha“mozZ dhlhjuc “bnnmg”bpm_leqgdm iZkieZ
djulby Ihfbfh hdbke gby f 1ZeezZ ijb gZ]j_\_\EYblyighdogtkkk me In
lh\ ihdjulby >ey mqgq_I|Z wlh]h baf_g_gby fZkikk tblkrdpXZidjZdee e
gZ]lj_\Zeb d_jzZfbqg_kdbc h[jZza_p k 1Zdbf ~_ fheéjuhklhygdmquc I
fZkkm \ ijhp_kk_ gZ]j_\z

< j_amevlzl_ wdki_jbf_glZ mklzZzgh\e_gh &lhhkeéjhpmxk&bogz]j

\u™ j-_d \ 1 _qg_ gB:)g me+|mqb\Z7 lkyh £Zkk ihdjulby qglh iha\hey
g_ mgblu\Zlv "Zggmx \_ebgbgm ijb hij_~ pebjdbhgbhdbk&ely[jZekd b\

k ihdjulb_f Wdki_jbf_glZevgu_ ~“Zggu_ hij_"_ejZempyh\hdbkley fhl
djulb_f b [_a g_]h ij_"~klZ\e_gu \ IZ]e
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LZ[ebpZ
J amevlZlu hdbkey fhklb pbjdhgb \uo h[jZaph\

AgZq_gby ijb\_kZ h[jzapz ] f
Kiez\ ijb gz]j_\_ b \u~_j'd_\1_q_gb_
0,5 1 2 3 5
KieZW k ihdjulb f 0,20 0,28 0,31 0,36 0,39
[ a ihdjulb 650 179 398 690 1620
. k ihdjulb _f 0,20 0,25 0,27 0,34 0,41
KieZ\ W Thdjuld 52 141 349 747 1534

LZdbf h[jZahf ijbf_g_gb_ ihdjulby iha\hey | pbfdggbblv ijb\
\uo h[jZaph\ qlh hkh[_ggh \Z gh ijb i_j _oh”_ gZ djmigh]Z[Zjblgu

AZdexq_gby

Bkke_"h\Zgh aZsblgh_ | _ogheh]bqg_kdh_ ihdjwl’b [hjgZ bkh~_j°
bf xs__ I _fi_jZlmjm nhjfbjh\Zgby [ebadmx_dz ihi* ZImh]fZrdx
lhdjulb_ ij_~hojzZgy_I| ih\_joghklv azZ]hlh\hd h[ghdhkeebhp\BIKih|
j_kmjk » _nhjfZpbhgghc kihkh[ghklb aZ]hlh\hd ba kiezZ\h\ pbjdhghb

Kihkh[ ijb]lhlh\e_gby b gZg _k _gby | _ogheh]bq_kddhh ihdjull
h["b]l]h\hc | _ogheh]bb y\ey Iky hlghkbl _evgh ijhklubdy oy m~"Ze ¢
[ulv ijbf_g g f Ilh~ i_kdhkljmcghc h[jZ[hldb ibRihegak\Bghy \Zgg
ljZ\e _gby g_ Ij_[m_Iky

ljbf_g_ gb ihdjulby iha\hey | mf_gvrblv ijb\_kglh[jZweph\ ba
kiezZ\h\ ih kjzZ\g_gbx k h[jZapZfb [_a ihdjudbkdZ iltZelg h Kiljzxd leb
sblblv bo hl hdZebghh[jZah\Zgby

MklZgh\e _gh qglh aZsblgh_ | _ogheh]bqg_kdh_ i#dligulm gz F
kl_dhe kbkOiBaOSiO, b 1L,0BaOSIO, fh™ | kem blv wnn_dIbN\guf kj_
kiI\hf aZsblu pbjdhgb_\uo kiezZ\h\ hl hdbke glhly WuEdhigZdkus_gb:

jZImjghf gZ]j_\_

Kibkhd bklhggbdh\
1. DZ[eh\ ? G Jhev nmg~Zf_glZevguo bkke ~h\FZdehijlyKhdhZidgkih e Z |
gby L _abku “deRZ ®A e _\kdh]h kt_a”~Z ih h[s_c ijbdeZ~ghc obf

KI[ L K

2. =Z\jbeh\ = G DZ[eh\ ? G ?jhn__\ <L b "] FZI _ lib&Zehahlbygb L
| _jfbg_kdhc h[jZ[hldb mq_[ ihkh [b KZH]gkd\zZF=M bf Gkl

3. AZcfh\kdbc : K GbdmebgZz : < r lgbhdh\ G ¥ be]ghgbwgul]kleZ\
Ibd - ba™ i_j_jZ[ b ~hi F J]hZIhfba’\ZI

4. ;hjbkh\zZ H : Dhehfup_\ D : Ihemq_gb_ pbjdmgb‘_e\wm[lmmmqb_aj Kebl

eh\u’\_eyxs ]lh we f glzZz *ey Zlhfguo |j_ZzZdlhjh\h fZK][jbZ&afq I
XXX F_""mgZj diggudq dhgn ©Kh\j_f ggh_ khklhygb b i_qugrindﬁb\u jZ
b h[jZah\Zgby?a | :gZiz yg\ ] 2471 Z K

5. ?jZkh\ < K Hj rdh ? B Emp_gdh : G th]hmj‘hégdkrghfztkklkz[gh
A"h\Zgb_ "~ nhjfbjh\Zgby f |Zeebq_kdbo fZgubZ&h\jbzabzapbhaggheh
]bb < K1 URL: http:/Mww.journal.viamtu ~Z1Z h[jZs_gby
DOI: 10.18577/2713-0193-2022-0-1-129-142.

6. Mosbacher M., Holzinger M., Galetz M. et al. The influence of oxide color on the sutiaca-
teristics of zirconium alloy ZrNb7 (wt. %) after different heat tmgents // Oxidation of Metals.
2021. Vol. 95. No. 5. P. 3A388. DOI: 10.1007/s11085-021-10030-1.
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Applied Surface Science. 2019. Vol. 484. P. 480. DOI: 10.1006/J.APSUSC.2019.04.124.

8. DZ[eh\ ? G Fm[hy""Zg K : Wjhabhgghklhcdb_ ithgjukhyzZréy ehizll
ahlmj[bgguo *\b]ZIl_e_c We _dljhf_lIZeem3by < K +
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9. I_I_ev]lmah\ B : <ebygb_ aZsblguo ihdjulbc baZZRrdklblkgbygbb abjf&h
gby b _Jh kiez\h\ <hijhku Zlhfghc gZmdb b I1b4gik19b < K
10. Jmgdbg K ? Ibjh dh\ : < AZsblguZrGfQr]ihidgbtlgy *ey pbjdhgb_\h]h
kiez\z W Kh\j _f ggu_ ijh[e_fu fZrblgXNjR _ g’brygzgj[ dZog
dhgn ] Lhfkd + hdl ] L h fi8a. K

11. Dh\jb dbgz G : Dmag_ph\zZ < : Kbedh \K : .KIH:kZ]j[qJ memqgr_gby k\hc
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gu_ fZl _jbZeu b I _ogheh]bb K 4& BOI: 10.18577/2071-9140-219-042-48.

12.G_n_"h\ G B K_f gh\Z E < Dmag_ph\zZ < : khggagbghdjudbly EZd
"ey aZsblu f _1Zeebq_kdbo b ihebf jguo dhfihalplblzggabyfzdhjplzeh)\
abb b [bhih\j_“~ gby :\bZpbhggu_ fZl_jbZeu < 6l _d&gh4Odibb
DOI: 10.18577/2071-9140-2017-0-S-393-404.

13. =hjeh\ > K S _ibeh\ : < Bkke_~h\Zgb_kthKhigjrkkls _dhfihabpbb
©kiezZz\tihdjulb_2 ihke_ bkiulZgbc gzZ " Zjhklhrcgidhikv Kihddhklv
\bZpbhggu_ fZl_jbZeu b |I_ogheh]bb K 69.4D0OI: 10.18577/2071-
9140-2017-0-262-69.

14.;Zrdh\Z B H OZjzZzg _\kdbc ? < EZa_jguc kbgl_ailbglgdhjghpdhgguo
gbb -y <k_jhk g9gZmqg dhganbkbwh\gkh\fheh?uo mg_guo* ©<GDKN
1B _\kd fZjlZit ] B" _\kd k

15. FzZfZz \Z . B Qm[_gdh : D Fzfz \Zja\Zglh "jg NhiZeeebqgj kdbo g _h
]Zgbg_kdbo gZghkljmdImjguo ihdjulbdcd’ghd plogghiebdaff _dgth]h hdk
"bjh\Zgby dZogmh kdbc \_klgbd Ih\he vy75#8. « K
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Abstract. The application of the method of single-factor analy§igoiance is considered
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<\_"_gb_

H{t_dIb\dwwy gdZ mjh\g_c k\hckl\ dhgkljmdpbhgguoeZl_jbZeh
fZl _jbzZeh\ gh\h]h ihdhe_gby J[ueZ b hklZ_I|ky h~”glZg ba ijb
kh\j f ggh]lh fzZl_jbzZeh\_~ _gby hkh[_ggh b h[¢lklkelblkkajhe g bty
[1, 2].

< ihke_n~gb_ "_kylbe_Iby \ Jhkkbb b azZjZa\b\Zhflk¥dlb\c
dhfivxl_jghD-fh” _ebjh\Zgb_ Z\bZpbhgguo dhgkljmdpbc Ijb wlh
ijh_dlbjh\Zgb_ b -dvweg fgqghgu_ jZkq_lu gZ ijhgghklv b "he]h}
Z\bZpbhgguo dhgkljmdpbc k ihfhOAD/GAMbedbokdudb-ip g _fm
hkgh\u\Zxlky gZ j_Zevguo wdki_jbf_glZevgiudo*k¢gibk It g_ ke nl
ZgZebazZ nbatddgbq kdbo bkiulZgbc h[jZaph\ fZl _jbZeh\ b dhq
ih"h[guo we_f_glh\

Kms_kl\mxsbo kijZ\hgguo agZg_ghbc oZjzZdl_jbklbd
dhgkljmdpbhgguo fZl_jbZeh\ Dbkihevam_fuo ijbjhyh”dylbjh\Zgbt
jZkg_lh\ gZ ijhqghklv dzZd ijZz\beh hdzZau\Z_Ilkynglj*hrkldklyggh
"hihegbl_evgZy h[yaZl_evgZy \_jbnbdZpby mjBlgf b Kki\hlZgbdah j_.
h[jZaph\ ijbf_gy_fuo ihemnZ[jbdZIlh\ Djhf_ Ih]lh ikZifhgghlhAdhie _
b ij_"klZ\bl_evgh]h h[t_fZ wdki_jbf_glZevgga_"2agduo ghkijdH\hq
ihklhygghc hkgh\_ "he ' gu ZdimZebabjh\ZIvkyhlj.ijbl bghhZonhkyb fhkl
ih j_amevlzlzf j_Zevglumapladpdhdbo bkiulzgbc h[jZaph\ ba]hlh\e
ihemnZ[jbdZlh\ aZz*Zggh]h Ibihjzaf_jZ > @

ljb wlhf gZdhie_gb_ wdki_jbf_glZevguo "ZgguaZb gbke
oZjZdl_jbklbd ~“he ' gu ijh\h~blvky gZ \k_o wl@ZZdZlbpghgZzegghdh
gZijbf_j ijb ijb_fhk~Zlhgguo bkiulZgbyo ijh\hjhtbfa\dgd\aviZiZo
ihklz\db ihemnZ[jbdZlh\ >ey dhgljhey dZq_kldKI\bfKIZ[bEebhklb
gZ ijhba\h”*klI\_ gZ h[jZapZo ijh\h~blky \uolybghhd \&Zh/agHcf azd.
dhgljhev azZy\e _gguo mjh\g_c k\hckl\ fzjh\ibZydKy Inbabdh
f oZgbg_kdb_ bkiulZgby k_jbc h[jZaph\ b ihkgeuc mkgbeb&|Z\g
ihemqgq_gguo wdki_jbf _glZevguo ~Zgguo Mjh\ghl bgo Kjd&zhdd _jbkl
ijhqghklb dhgkljmdpbhgguo fZl _jbZeh\ hp_gb\ZxhkgvIglZfbf |
bkiulZzgbc gZ jZkly _gb_ klZg"Z#&uo h[jZaph\ >

Hg \b”gh qglh 7~ey dhjj_dlguo jZkq_Ih\ gZ ijhgghklv \uil
ijh_dlbjh\Zgbb Z\bZpbhgguo dhgkljmdpbc "hgu gk Zlblklbdikebah)
h[hkgh\Zggu_ agZqgq_gby ZdImZevgu_ [Zau MZhdgoc bk\kigklhqgl
Z\bZpbhgguo fZl _jbzZeh\ knhjfbjh\Zggu_ ih j_anmheeMizHH ~"hklz
hit_fZ nbafbdlzgbg_kdbo bkiulZgbc h[jZaph\ fZl_jbZeh\ > @

BkiulZgby ~ey ihemg_gby h[t _dlb\ghc hp_gdbzZmpi\gyzZki\hcKkl
ijZ\beh ijh\h~ylky gZ ij_"~klZ\bl_evguo \u[hjdZo [hevrh]h hJ[
g _kdhevdbo k_jbyo h[jZzaph\ GZijbf_j ijh\_»~ gdtbo bkiybZgbc ¢
h[jZaph\ fh™ | Julv h[mkeh\le _gh g _h[oh”bfhklvx ihemgdlgby h[l
mjh\gy k\hckI\ h~gh\j f ggh ih g_kdhevdbf iZjlbyfgddf jbZeZz
hrgbf beb g_kdhevdbfb ijhba\h”bl_eyfb ihem@zZ[jbdZIh\ b |

K _jbb h[jZaph\ f _IZeebqg_kdbo fZl _jbZeh\ ”"ey bkiulZgbc
knhjfbjh\Zgu ba jZaebqguo ieZ\hd ihemnZ[jbdzZhh\blebgbhhihem
Ibiz gh hlebgZxsboky ]_hf_Iljbg_kdbfb jzZaf_jZflnebgZigbfuj eb
jZaebgghc |Ihesbgu -bahinibi_e_f j_"bfhf |_jfhh[jZ[hldb b |
<g_dhlhjuo kenggZdymwf +j ijb nhjfbjh\Zgbb [Za "Zgguo ijb khklZ\e
"hiheg_gbb kijZ\hggbdh\ ih k\hckI\Zf fZl _jbZeh\ ijb
d\ZebnbdZpbhgguo djm]h\uo beb f "eZ[hjZlhjowdgkebgbdyevgu
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ZgZebaZ b ihemqg_gby h[t_dlb\guo hp_ghddmjhdlgihce kackiky £jy~
g _aZ\bkbfuo \u[hjhd wdki_jbf _glZevguo ~Zggb&iubhZghcamevl:
ihemqgq_ggu_ gZ g_kdhevdbo k_jbyo h[jZaph\ ijbldjjimke\dio GZijb
bkiulZzgbyo k_jbb ij_"klZ\eyxl kh[hc gZ[hju b" Adbgg@ibeh[jZap!
jZ\gh]lh h[t_fzZ 1jb f_"eZ[hjZlhjguo kebgbl_evguo ¢gXflujZgbyo |
h[jZaph\ bkiulu\Zxlky \ eZ[hjZlhjbyo k p_evx ijhmqg&ikligbdébnbd
bkiulZgbc

< j_amevlzZl_ bkiulZzgbc g_kdhevdbo k_jbc Kigdf@dMIkwo h[]jZ:
kZzfhklhyl _evgu_ \u[hjdb wdki_jbf_glZewgubkbfhzkdbght p<e_c b
azZ”"Zq bkke_"h\zZgby h[t_fu \u[hjhd ihemq_gouag®¥dkghdffhlidlev:q
[ulv jZ\gufb gh bgh]~Z fh]lml kms_klI\_ggh hXabhgZfivh¥ehkv \ @
jZ[hlZo > @ g_aZ\bkbfh hl \b”r"Z b p_e_c illAd_~ lgbia[bkiizlZgk
wdki_jbf_glZevguo ~Zgguo \u[hjhd b dhebg_kljyZakeWwlZIh[jZa
ihke _"“mxs_]h klZlbklbg_kdh]h ZgZebaz wdki_the glWweguguo "Z
ihemqg_gu dhjj_dlgu_ h[hkgh\Zggu_ b h[t_dlb\sguk\hbpkl\gdb
fZl _jbzZzez k \_jhylghklvx g_f_g__ adZi{dodhjjh mpeigy =

H~rgbf ba f_Ih”h\ ithemq_gby h[t_dlb\ghc hpfgldgb@deh\gy k\r
yley Iky ~bki_jkbhgguc ZgZeba GZijbf_j h~ghmnuzdlhggebarbki_
ijbf _gy_ Iky \ kemqZ_ dh]”*Z ijh\h~ylky bkiulZghpZgpkdihevdbo
j_amevlzZl_ dhlhjuo g_h[oh”bfh hp_gblv g_ Ilhevdk\hrckl\s_gguc
nbabdhoZgbqg _kdbo oZjzdl_pbkibd_kbth kjZz\g _gb_ wdki_jbf_glZe\
NZgguo ihemg_gguo gZ jZaguo k_jbyo glzemjihp_gblk\helky\gh” gh]f
ba gZb[he_ _ agZqgbfuo nzZdlhjh\

FZl _jbZeu b f_Ih”u

>bki_jkbhgguc ZgZeba yl\ey_ I|ky h”gbf ba gZb[hl&df_ ijhklu
wnn_dlb\guo f_Ih*h\ ZgZebazZ h~ghjh”ghklb g_kdkepdbo \uf
wdki_jbf _glZevguo INkgHaym\dZ aZz~Zqb ijb "bki_jkbhgghf ZgZeba
gZ hp_gd_ h”ghjh”*ghklb wdki_jbf_glZevguo "dgggogbhyfbo< kj_"
aZ\bkbfhklb hl ihklZ\e_gghc azZz”~Zqb ZgzZebahfhghfimijhZdNbliwky i
hrghnzZdlhjguc ZgZeba beb h~gh\j f ggh ih "\mm-dbébe  nZz
fgh]l]hnzZdlhjguc ZgZeba

< h[s_f kemqgZ_ gZ gbke_gguc j_amevl!Z| gwdkhhgkil\glliZzc b m
beb bghc o0zZjzdl_jbkibdbfijhZgbgb#tdbo bkiulZgbyo h~gh\j_f ggh
jy» nzZdlhjh\ dhlhju_ mkeh\gh fh'gh jZa”_eblv gZm”~¥u ]jmiiu d
g_dhgljhebjm_fu_ D dhgljhebjm_fuf nzZdlhjzf hlghkdlXg gZijk
az”"zZ\Z _fuc mjh\ _gv gZ]jmadb ijb bkiulbdgbylZgbcfi gAimgZevgu _
]_hf_ljbg_kdb_ jzZaf_ju h[jZaph) obfbq_kdbc kKRKEIZducfzl_jb
"bziZzahghf | _ogbg_kdbo mkeh\bc Z "ey dhfihagdilph\gegugb fZ1_jk
Zifbjh\Zgby dhebq_kI\h khklZ\ b beb”*lhesigyzdkghjh\ebjm_fuf
beb kemqZcguf nZdlhjzf hdZaul\Zxsbf \ebygblZ @lZc jbamjevnl| v b
k\hcklI\ fZl _jbzZez ih hl®_evghklb beb \ kh\hdmigihklbg hldkhkylky
ih]j_rghklv b jZa[jhk nZdlbg_kdbo agZq_gbcuazhizadldjpdljhebj
kemqZcgZy kljmdIimjgZy g _h~ghjh”rghklv fzZI|_ jBZl&gh\ g2 jhx]djhm\h)
Ihf qbke_ g _ba\_klgu_ kemqZcgu_ nZdlhju > @

?keb mjh\_gv dhgljhebjm_fuo nzZdlhjh\ b bo \eblyAhdbcgZ j_a
"ey azZ”Zggh]lh mjh\gy agZgbfhklb fh gh kqgblZlvebyigh® e gg
g_dhgljhebjm_fuo nzdlhjh\ Z 1zZzd _ kh\f_klghnzZdhbylg\bazZjyVgo ]jm
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g _ba\_klgh GZebgb_ kemgZcguo nzZdlhjh\kih gbhdZebVygl kais
ihemqg_ggu_ hp_gdb mjh\g_c k\hckl\ gZ bigh\ dkiuZdggkcj_amellZz
ijb\h~"blv d [hevrhfm jZa[jhkm agZqg_gbc hp_ogb\d bkaddZjgwd jb
mklzZgzZ\eb\zZz_fuo azZ\bkbfhkl_c f_"~m dhgljhkblpmj fadbewlZdZhpZf
bkiulzgbc Ibkke_"m_fufb ijbagzZdzfb

Ilhke _~h\Zl _evghklv j _ZebaZpbb h~ghnzdlhjgh]h ~e%i_jkbhg
g_aZ\bkbfuo \u[hjhd wdki_jbf_glZevguo ~Zg[dwo jyj* tklkébaygl k
\ugbke_gbc ij_"eh” _gguo \ Nbr ]Jjhfl :JZkkfhljbf h~ghnZdlhjguc
"bki_jkbhgguc ZgZeba gZ ijbf_j_ ij _"\Zjbl hev gghddb wd k
wdki_jbf_glZevguo ~Zgguo ithemqg_gguo ijb dbdipluloggueb d)
bkiulZzgbyo H”ghnZdlhjguc “bki_jkbhgguc ZgZdegbdzZth ggh thkeiheva
ijhklhc b ihgylguc f_Ih” ijh\_jdb j_ameviZlh\ kjzZz\gbl_evgh]lh ZgzZ

Dhebqg_kI\h h[jZzaph\ ijb ijh\_~_gbb djm]h\uo beb f_"e.
bkiulzgbc dzd ijZ\beh h~bgzZdh\h ey dZ *ghh algZk[tgfdiZ jblg _\
[m”~_ | az\bk_Iv hl \b”rZ bRdijD§bjc #b klZIbg_kdbo b mklZehk
bkiulZzgbyo dhebq_klI\h h[jZaph\ [m”_| hlebg&gKklgbkdm pgE*"h]h
hrgh b Ih ~_ dhebq_kl\h h[jZaph\ Bkdexq_gdb dhEth[lh \beemqZ_
mqgZklgbdh\ f_"eZ[hjZlhjguo kebqgbl _evguo bkulkZdgbg kidhmvdhky b
gZ[hjh\ h[jZaph\ gh b \ wihf kemqZ_ j_ameWwlZhuhtelgblZgbghi »
gZ[hjZz [m~ml jZkkfzZljb\ZIvky ijb ZgZeba_ kzZfbglhgpy evdhd [_a h
j_amevlZlu ihemg_ggu_ hI* _evguf mqgZklgbdhf

Imklv \ dZq_kI\_ nzZdlhjz [m”~_| \ukImjEivj mdjak]liglub lg&h
d\ZebnbdZpbhgguo bkiulZzgbc Lh]*Z \ ddqZkfh]hmpz\d h¢Zhpmygm]l
bkihevah\zZlvky j amevlZlu bkiulZgbc \k_o0o mgzZkbUnmfebobaZ[hjz
mqgZklgbdh\ bkiulm\Z[jEalph\ < j _amevIZl oAghgdkdbo bkiulZgbc
\uiheg_gguo dzZ ~uf mgZzZklgbdhf bkiulZgbc knhjdg g ZglZc \u[h
dhebqg_klI\ _gghc ozZjzdI<kbkhdpgdbapu ~ey bkiulZgbc jzZkij_ " ey fu_
mqgZklgbdzfb ba]lhlz\eb\zZxlky h”gh\j_f _gghibZ\Ihdghdjlbcl
ihemnzZ[jbdZIh\ >himklIbf glh jzZkij_"~_ e _gby wadgi gé¢ glzZe:
oZjZdl_jbkl®djpbgz”re “ZI ghjfZzevghfm azZdhgm jZkij_~ e _gby |
ghjfZevghfm aZzdhgm jzkij_~ e _gby fh | [ulv ijh\_joath kjbhfhsvx
g_h[oh~bfhklb h~gh\j f ggh g _kdhevdbo ba\kbkyggidijthfbli jb \ kh]
ihfhsvx djbl_jby DhefzZ]hjh\ZxKfbjgh\Z b ~j > @ Djhfu Ih]h 1ih
jZkij_"~_eyebkv f_""m mqzZklgbdzZfb ba h~ghchizdjsblgb Ih qjbf_f
wdki_jbf_glZevgu_ agZq_gby ©®Zjihklimgkdgdb \k_fb mqgzZklgbdzZfl
NZgguo h[jZapZo ijbgzZz~e_"Zl h*ghc ]_g_jZevghc kh\hdmighklb

AzZz"ZqZ h~rghnzdlhjgh]lh ~bki_jkbhggh]h ZgZeba#fiz\ jzZkkfz
kiklhbl \ ijh\_jd_ ]bihl_au h jzZ\_gkl\_ ]Jjmiighbo Kj AgEd _agk,l\q
kj_~gbo agZq_gbc hp_gb\Z_fhc o0zZjzdl_jbklbglhd 2 elyk iduZZytb]Jdh mc
>im]bfb keh\zfb ijh\_jy Iky Jbihl_azZz h \azbfghkj k¥gof_Ikl\bl
agZg_gbyf hp_gb\Z fhc o0ZjzZdl _jbklbdb | avkewlZihdZlbligimdBybc
d\ZebnbdZpbhgguo beb djm]h\uo bkiulZgbc

J amevlZlu bkiulZgbc \k_o mqzZklgbdh\ ih _jgk\kZfihle\Z fhc
oZjZdl_jbkObp *klZ\e_gu \ \b™_ 14]g= kp) xihjyrdh\uc ghf_j
eZ[hjzZlhjbb mqgZkl\mxs_c \ ijh\_» pghhifsbkiudEgbg_klI\h mqgzZklgbdt
gth[s__ dhebqg_klI\h wdki_jbf_glZevguo agZqO dibd pZdAdi _jBkiodl
\k_ 0o mqZklgbdh\ ihemg _gguo dzZ ~uf mqZhklgdbdh[ft bk kuljddbc
h[jZzaph\ i_j ~Zgghc dZ ~hfm mqgZklgbdm
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LZ[ebpZz
J_amevlZlu bkiulzgbc ez[mpZhkliplrdh\ ih jZzkkfZljb\Z_fhc hp_gb\Z_fh«
oZjzZdl jbkl®d=1, «,qg,j=1, «,p)

Mkeh\guc ghf_j HYj AEZq_gby I[lemq__ggu[ erzhfﬂIZIl@Ed)fotb
1 2 j p
1 X11 X12 Xij X1p
2 X1 X22 Xoj Xop
« « « « «
9 Xa1 Xq2 Xqi Xap
—— — : = 7 _ X
=jmiih\h_ kj_"g__ 4 Xy X); X Xyip

>ey hp_gdb jZ\_gkI\Z ]Jjmiih\uo kj_~gbo agdhjgfc ijb h
"bki_jkbhgghf ZgZeba_g_h[oh”bfh hij_~ _eblv

th[smx kmffm d\zZ™jZ1h\ hldehg_gbc wdki_jbf_glZevgu:
oZjZdl_jbkOhdbh[s_]h kj_~g_]lh agZq_gby

2

Shis |14l ;1% X beb 1)
X R.
p 1j1l

Sh[s IJlPJ pg ’ (2)

]’\_PJ- :iglxijzikmffz d\zZ~jZlh\ gZ[ex"Z_fuo agZq_gbc hp_gb\Z_fhc oZ

ihemqg_gguo eZ[hjaiQjkigbdzZfb ijb ijh\_’\_gbbRpki+f%)gjbickmffZ
gZ[ex"Z_fuo agZq_gbc hp_gb\Z_fhcjozZpzZdhjpklbdb ijb ijh\_~_gbb
bkiulZgbc

tnZdlhjgmx kmffm d\zZ~jZlh\ hldehg_gbc ]jmiilbaohlkj_"gbo
his_]h kj_~g_lh agzZq_gby \ dzZg_kl\_ oZzZjzZdIZqgbklbhdbf_jZafjhk:
mqgZklgbdzfb f_"]jmiih\h_ jZkk_ygb _

SnZdIg:jpl)_(]jj x ? beb 3)
Ar g
S |IDR_j2 Ilej @ (4)
nzdl 1 !
g Pg

thklZlhggmx kmffm d\zZ~jZIh\ hldehg_gbc adghddgbchlljmiiu
k\hbo ]Jjmiih\uo kj_~gbo agZq_gbc \ dZgbkl\gmojbj{ehiihbk]b
JZkk _ygby
g o g -
Shki |i1%1 X)) L1 %2 X
beb ijb wihf ihk3jpeSqekmaS,zq/bf__f

>p .z@a ) >p '2@
1P p 11N S e PR

. ; (6)
1j1 ! q j1 »
) P9 (_(" g P9 »
Ih ZgZeh]bb k kmffhc d\zZ”*jZlh\ hldehg_gbc wydkybgbf _glZ
h[fsbc jZa[jhk ’\bkiSj'[gbydei_jbf_gIZevguo agZq_gbc hp_ghb

2 2

|9 o 2
1% Xip (5)

Sth
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0Zjzdl_jbklbdb fZl_jbZez ~ey dZbXiuhZmhZkhghdZmevIZiZf nbab
f ozgbq_kdbo bkiulZzgbc fh gh ij _~klZ\blv \Kibjkbkmffu "\mo ~b

Sﬁ[s S22a1 Stk (7)

bebihkdhevdm \ i_j\mx hq_j_~v g_h[oh”~bfh hp_lylmkemex ¢bkix jkhb
\ebygb f baf_ggb\hklb kemqgZcguo nzZdlhjh\ulgZgbg amemzZliu
eZ[hjZlhjbmfdzklgbdzfb bf__f

ST S%[s Sizd 8)
]"_SiZCi "bki_jkby h[mkeh\e_ggZy \ebygb_f h”gh]h beb fgokdhevdbc
nZdIhjtSﬁki’\bki_jkby h[mkeh\e_ggZy \ebygb_f kemqgZcguo g_dhgljheb

>ey \ugbke _gby nzZdlhjghc b hklZlhgghc "bki 4dkibbggmxZdlhjg
kmffu g_h[oh~bfh jZa”_eblv gZ khhI\_Ikl\mxsb_ gbkeZ kl_i_g_c k

S S
SZ nZd; 2 hk|. 9
nZdI—p 1 Shkl a(p 1) 9)
>Ze _ "ey ijh\_jdb ijbgylhc ]bihl_au h jzZ\_gkl\o ]jmiih\
agZq_gbc ijbf_gyxl djbl_jbc Nbr_jZz+tKg_ " _dhjx dhlkhf\_Ikl\k
gZ[ex™Z _fh_agZq_gb_ hij_~ eyxl ba khhlghr_gby
Shza
ozte Sﬁkll

<_ebqgbBZ * kijZ\hggZy \_ebgbgZ dhlhjZy hij_~_ey_Iky b
djblbg_kdbo agZq_gbc j2kbjr 1Zer*g@pyaZz~Zggh]lh gbkezZ kl_i_g_c
hit _fZ bkiulZgbc dhebqg_kI\Z mgZkl\mxsbo eZ[hHhKhjbc @ mjh\g

?kelFyz;gFq; * jZaebgby f_"]jmiih\uo Kkj_"gbo agZqg_gbc kc
g_agZgbl_evgufb Z \ kEqmefy +_ jKakbgby f_"]jmiih\uo kj_"gbo
agZg_gbc y\eyxlky agZgbfufb

< jZ[hl_ > @ mdzZaulZ _|Iky qlh _keb nzZdlhjgZgvtbki_ jkby
hklZzlhgghc |h m _ g _ihkj_~kl\_ggh ba wlh]hlvkejbBgylhckijz\_
]bihl _au h jz\_gkl\_ kj _"gbo agZq_gbc ihvbllhdmgby¥ekgZcgbgb\uc
"bki_jkbc k ihfhsvx djbl_jby Nbr_jZ baebrghb

HArghnzZdlhjguc “bki_jkbhgguc ZgZeba iha\hey hlklkxaz”Zgg
"hklzZlhqgh hi_jzZlb\gh hp_gblv j_ameviZlu bkedgdgBEthpbaeZklIimxsk
ihemq _gguf hp_gdzZf wdki_jbf _glZevguo agZy_gtbkcl Bdpjheg hydloZj:
dzZzqg_klI\h ijh\_~ gby bkiulZgb.c mqgzZklgbdZzfb

Hi_jZlb\ghklv 1Zdh]h ih~"oh”~Z ijbf_gbl_evgh d lkplglh\ ijh\_
bkiulZzgbc ih Ihc beb bghc o0zZjzdl_jbklbd_ h[imkeihh&klgZ BAhafh"
"hkimighc j_ZebazZpbb f_Ih*"Z hr"ghnzdlhjgh]lh ~bXijbjkhhggh]h Z
ihfhsvx ijh]jZf¥M& Excel.

<ul[hj lhc beb bghc o0Zjzdl_jbklbdb ih  dhlhjhc ijh\h”Db
hkms_kl\ey_Iky gZ hkgh\Zgbb j_amevlZlh\ bkiulkZgbc b
wdki_jbf _glZevguo "Zgguo Gh g_h[oh”~bfh RWIf hllellbgbdlhewgdZly Kk
ijbagzdz beb ijbagzdh\ ijb ZgZeba_ |j_amewlihi\ZgbcoZgbq
f 1Zeebqg_kdbo fZI_jbzZeh\ fh | 1Zd _ y\eyim§¥ kd g belZ bikjizi I & jgolyc
Z gZijbf_j mjh\_gv agZq_gbc h”ghc ba oZjpzkd kit kijth qdhkl
nZdlhjhfnZdlbg_kdh_  kemqgZcgh_  ijhp_glgh_ kh” _jZgh_ e ]bjr
kiez\Z beb ijb fghl]hnzZdlhjghf ZgZeba_ |1ZdbhpZfloe migeigufb

F (10)
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kem blv nzZdlbqg_kdb_  agZqg_gby ijhp_glgh]l]h kWwe jfZdhy hkg
obfbq_kdh]h khklz\zZ kiez\zZ ij_"~klzZ\e_ggu_ k_jbyfb iez\dzZfb h

< g_dhlhjuo kemqZyo hlghkbl_evgh ijhklzy az*Zgghijh\_" g
"bki_jkbhggh]lh ZgZebazZ mkeh gy _|ky |I_f qlh filoahgpbagdkdlhoame
bkiulzgbc fZI_jbZeh\ bkke_"~h\Zl_ex g_h[oh”bfh Zijbhjgh gh ijb
\u[jZIlv gZb[he__ \_khfuc agzZqbfuc nzZdlhjubjzgghfitm mZghhjm\
ijh\_klb kjz\gbl _evguc ZgZeba AZ"ZqZ h[hkghddmZyevigdhj\Z n:
kemqgqzZ_ dh]~Z "ey khdjZs_gby beb hilbfbazZgkihc\jh{jfhl|KdkZIbk
"Zgguo g_ \ ms_j[ h[t_dlb\ghklb j_amevlIZin\ijh§ZklbaBf Igghm I
hrghnzZdlhjguc “bki_jkbhgguc ZgZeba b ba fghyxskdbZ gZzZdlhjh
j_amevlzl \u[jZlv Ilhevdh h*bg hdZaulZxsbc gZb[hevr__ hij_"_e

< h[s_f kemqzZ_\ j_kebevlIzZzI|I_ij_~\Zjbl_evgh]l]h ZgZebazZz \uy\
hrgh\j _f ggh g_kdhevdh nzZdlhjh\ y\eyxlky jZ\ghag2qgdb ih k\
hp_gb\Z_fuc j_ameviZl beb IZdh\uf [m”_| Khi\hjkhghIh\&bygblb n
nZdlhju "he " gu [ulv mqgl_qgu ijb h[yaZl _evghf fgh]ljpmzZélhglhhf ZgzZ
dhlhjhlh  [m”~_1 h[hkgh\Zgh < j_amevlzZl_ ij_"™M\Zjbl _evgh]h
g _h[oh”~bfhklb fh | Julv ihdZazZgZ "hey \ebygby dagzZqgbfhk
oZjzZdl _jbklbd dzZ ~h]h hiI~_evgh]lh nzdlhjz < I1zd®kf glberhqzZ_ i
"bki_jkbhgghlh ZgZebaz j_amevlZlh\ f_oZgylbgbxdbbo dokiildBgbthf
j_rblv az”*Zgm ih h[hkgh\Zgghfm \u[hjm fbgbfZevgphijlbfgpkeZ n:
h~rghlh bf xsbo gZb[he_ _ agzZqbfh_ \ebygb_  gZZdwph]pdm | _
bkke_"h\Zgby

JZkkfhljbf ijbf_g_gb_ h”rghnzdlhjgh]lh ~bki_jkbhdggh]h ZgZzZe
kjZz\gbl _evghc hp_gdb j_amevizZlh\ djm]lhl\uo f_gdZ[hgZhjguo
jZkly  _gb_ klzg”~Zjlguo h[jZaph\ Ibih\h]h ihemhj&{fdipddlgghé¢iokl
Zexfbgb _\h]h kiez\z 1Z]e < dZg_&kbX_ \ oZjkkdZ|jbkZb fhf
ijbf_j_\u[_j_f ij_~_e ijhqghklb ijb jkdwy babbkfh\guo oZjzdl_jbk
dhgkljmdpbhggh]lh fZl jbZezZ Imklv \ dim]hfZebkiglZgbyoiyjlkgb
jZaebqgguo eZ[hjdlhbbcb dz ~Zy eZ[hjZlhjby bkiulu\ZezZ k_jb
10klZzg~nZjlguo h[jgZ=aion\

LZ[ebpZ
J amevlZlu bkiulZgbc gZ jZkly  gb
AgZq_gby ijijhggBklb ijb jZkIW _&§bb
h;\?;zg,\zgl?f,for; ihemq ggfumqZzklghchs...5)
L, L, Ls L, Ls
1 465 460 470 465 445
2 470 460 470 465 420
3 470 460 465 465 395
4 465 460 470 465 395
5 470 460 465 465 440
6 455 445 455 450 410
7 460 445 455 455 395
8 460 445 455 450 435
9 455 445 455 450 445
10 460 445 455 455 395
=imith\h_ kj_ 464 454 463 460 418
agZq_gb_
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>ey hp_gdb jzZ\_gklI\Z J]jmiih\uo kj_~gbo agzZgjgbwec \ i_
hij_~ ey f kmffu d\Z*jZlh\ gZ[ex"Z _fuo agZopAgZdlhpkdbidd fhc
ihemqg_gguo eZ[hjahlqjbkifgbdzZfb ijb ijh\_~ gbb bkiulZgbc

P; = 2148625, P= 2061700, P= 2144150, = 2111875, P= 1747475,

b kmffu gZ[ex”"Z _fuo agZg_gbc hp_gb\Z frcexdhddlhjbklbpdb
ijh\_~ gbb bkiulZgbc
P; = 4635, B =4540, B=4630, R = 4595, B = 4175
b\ khhiI\_Ikl\bb k mjzZ\g_gb_f hij_~_ ey fjEJBm>hIdmigm gdb\z”
wdki_jbf_glZevguo agZq_gbc ij_"~_eZ ijhgghklb hby[s_]h kj_"g_]
Shis= 10213825%(22575§/50 = 21213.

>Ze _ \ khhI\_Ikl\bb k \ujz  _gb_f hij "~ _em_d\ZZ2dZhhdmx k
hldehg_gbc ]jmiih\uo kj_"gbo agZq_gbc hl hlsy |h k4g2&l\h ag
oZjZdl_jbklbdb jZza[jhkZ agZq_gbc f_""mimdBklgblkdiZfpgld_"]jm

ShzdF 10207638+(22575%/50 = 15025.

AZl f gZoh”bf hklZlhggmx kmffm d\Z”jZlh\c md&kgglmdL blgZc
k\h_1h ]jmiih\h]h kj_~g_]h agZq_gby \ dzZqg \gimljbdZmdi\HpkIbdl
JZkk _ygby

ShkF 21213 +15025 = 6188.

GZ ke _"mxs_f wlzi_ k ihfhsvx \ujZ _gbc \uglbkey f n
hklZlhggmx ~bki_jkbb
ST 15025 3756 S3, | —6i§8 155

>Ze _ ba khhlghr_gby Fohid _"_ey_f

3756
F 2% 943,
9zle 155

Djblbg_kdh_ agZq_gb_ jZkij_~_e_gby Nbr_jZ ~eyga@”Zggh
k\h[h~u h[t _fZ bkig¥Zgbcdhebq_ kI\Z mqgZkl\mxsbopeZ[hpZlhjbc
mjh\gy agZgbfhklb \. khhI\_IklI\bb k jZ[hIhd&gss=3@3.jZ\gh

lhkdhevdm \ "ZgghfF§ipfFjyy Ih jZaebgby f_"]jmiih\uo kj_"gl
agZg_gbc ij_"~ _eZ ijhqghklb ihemqg_gguaanbkikllgdghzfbydemkhky
agZgbfufb_ Ik \_jhylghklvk amevlZlu bkiulZzgbc h~gh]h beb g_kd
mqZklgbdh\ y\eyxlky khfgbl _evgufb beb jZkKIiAljbWiufdgbp ame
wdki_jbf_glZevgu_ agZq_gby ij_"*_eZ ijhqghx\Bh Zoexfpb\elyxVkjyh k
hrghjh”~gufb

ljb bkdexqg_gbb ba ZgZebaz *24ggdiohpugZ kyl\elyckZky ijbgbghc
g_h~ghjhrghklb \ jZzkkfzljb\z_fhf ijbf_j_ ihemqgzZ_f

192
F — 2 bFg4i=4,51,
gZle 59 3 dj

| _ Fgzie< Faj ke_"h\ZI|_j@eghbqgby f_""m ]jmiih\ufb kj_~gbfb agZq_
hklZ\rboky g _luj_o mgZklgbdh\ k \yj\eybghkklgx agZqbl_evgufb

>ey "Zgghlh ijbf_jZ m™_ ih ]Jjmiih\uf kj_~ghbfaggddegbyd wdki
"Zgguo \b”rgh qlh j_amevliZlu bkiulZgbc mqZkdgsdXI\ihgglyhf |
hlebgZxlky hl hklZevguo j_amevlIZlh\ gh gZ ijZdlbldl\_ ijb [he
mqZklgbdh\ ijb g _hg_\b~guo hlebgbyo f _gbmfikjkégbdh &pZam b
hit_dIb\gh hij_~_eblv j_amevlZlu dZdh]h dZdpolkypajmpkzkigbdh
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I Zdhc g_h~ghjh”~rghklb Djhf_ Ihl]h _s_ keh g__ dghjthddbkdgwn hp_
wdki_jbf_glZevguo "Zgguo ih agZq_gbyfjkloc]jeibhhdghApkfi ggh
ih agZq_gbyf “"bki_jkbc b kj_"~g_fm agZqg_gbx

< h[s_f kemqgqZ_ dh]*"Z khfgbl_evgu_ |j_ amlkylXbdgumqgzZklg
"hklzZlhqgh ih\lhjylv g _keh guc jZkq_I| "bki_jkbhdgdgHhlhexgdébaz
bkdexq_gb_f h”gh]lh ba mqzZklgbdh\ ~h |_o By khitzdijdighfdijb\:
"Zgguo g_ klZzg_I| hrghjhrghc k azZz”"Zgghc h[$hydbhhkdwx g Pikldb ba
ihke_ _"h\Zl _evgh bkdexqg_gu g_kdhevdh mqgzZklgbdkly Ikg ~mxs|
ijh\_jdz Jbihl_au h \hafh ghklb h[t KBbghjhbdyhklb wdki_jbf_glZev
"Zgguo “ey kh\hdmighklb "Zgguo bkdexqg_lygjhhobmgXlelggdh\ nZ
_keb jy® bkdexq_gguo ba h[s_c kh\hdmighklb m\edkliklydh\
hrghjh~rguf f_""m kh[hc |h p_e_khh[jZagh ijh\_klb a&hiheghbl
gZijbf_]j k ihfhsvx j_]j_kkbhggh]h ZgZebaZz ith \uy\le_gbx
hlebgbl _evguo ijbagzZdh\ wlibo "Zgguo hl h[s_c kh\hdmighklb

LZdbf h[jZahf ijbf_gyy f_Ih® ~bki_jkbhggh]l]h ZgZebaz
ihke _"~h\ZIl_evghc ]Jjmiibjh\db nzZdlhjh\ ih ijbgpbim ~bdkih{kghhh” ghl
b kj_~g_fm agZqg_gbx k az~zZgghc \_jhylghklvikglihegh ijh\I
wdki_jbf_glZevguo "Zgguo b \ blh]_ih j_amevIZIZft bklihNgmkc ihe
hp_gdm ozZjzZdl_jbklbd fZl_jbZeh\

AZdexq_gby

Hkgh\ghc azZz”~Zq_c ijb ijh\_" gbb ex[uo bkiulZgbc y\ey |
h{t_dlb\ghc hp_gdb bkke_"m_fuo ozZjzdl_jbkigd\g\ clhk\lgdkdé &
fZl _jbzZez ihemnZ[jbdZzIlZz Ihkdhevdm bkiulZgby\ \ijpha¢ybigki\_ |}
gZ g _kdhevdbo k_jbyo h[jZaph\ [|h “ey ihemd gbgmheylAllb\ghc
bkiulzgbc g_h[oh”bfh ijbf_gylv wnn_dlb\gu_ falhbkbflipZeba.:
kh\hdmighkl_c¢ ]jmii wdki_jbf _glZevguo “Zgguo

>bki_jkbhgguc ZgZeba y\ley |Iky h~rgbf ba ijhkbuddfhdh”h\
hp_gdb wdki_jbf_glZevguo “Zgguo ihemgkoguylZagb\cjhé&mewlgzdo
k_jbc h[jZzaph\ 1jb wlhf k_jbb h[jZaph\ f_|Zeebyg_ kkindZidic jbZe
fhlml [ulv knhjfbjh\Zgu gZijbf_j ba jZaebqgguo |IhaZbled bhemnZ
ihemnz[jbdzZlh\ h~gh]h IbiZz gh hlebgZxsboky ]_Hb Ijbqg_kdl
gZijbf_j ebklu beb ieblu jZaebqgghc Iheslhdbo\blag\H "hf "bfhf
| _jfhh[jZ[hldb*b |

HArghnzZdlhjguc “bki_jkbhgguc ZgZeba fh | jpdv idhf]"&Z g \
ijh\h~rylky bkiulzgby g_kdhevdbo k_jbc h[jZaph\ HR[¢hdmfdvIZ]_ c
hp_gblv g_ Ilhevdh h[h[s_ggu_ hp_gdb mjhif acZgbdhckt\bonba
oZjzZdl _jbklbd gh b ijh\_klb kjzZ\g _gb_ wd&uojbfihglZevggoo”~Xg
jZaguo eZ[hjzZIhgByjdftj ijb djm]h\uo bkiulZgbyo beb hp_gblv \
mjh\_gv k\hckl\ h*gh]lh ba gZb[he__ agZgbfuo nZdlhjh\

JZkkfhlj_gguc \ ~Zgghc klzZlv_ ijbf_j ijbf_g lpiZyZ2ékazkihhgg
hp _gd_ j _amevlZlh\ bkiulZgbc gZ jzZkly _gbh\ BEexdbmdgub]h[jZe
kiez\z ijh\_"~ _gguo g_kdhevdbfb eZ[hjZlhjbyfb ihdzau\z_I
ihke _"~h\ZIl_evghc ]jmiibjh\db nzZdlhjh\ ih ijbgpbim ~bdkih{kghhh ghl
b kj_~g_fm agZg_gbx k az”~Zgghc \_jhylghklvx_dhbygducijh\h"k
dhgljhev wdki_jbf_glZevguo ~Zgguo Z gZjy™"m\ _Kdgupbf g g
kiZlbklbqg _kdbo djbl_jb_\ gzZijbf_j k ihfhsvx djkdekmyZI|wjd[dkZ
NZevg_cr_lh ZgZebazZ b jZkg_Ih\ khfgbl _evdd_ hlakiegl@\ldlvb \
ihemqg_gb_ h[t_dlb\ghc hp_gdb oZzZjzdl_jbklbd_dBI| jlkhhegh\klb ih\
jZkg _Ih\ gZ ijhgghklv
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10.

11.

12.

13.

14.

15.

Kibkhd bklhggbdh\
DZ[eh\ ? G KIljzl _1bg_kdb_ gZijzZ\e_gby jZa\bbghehdbcijbbeh\ b
i_j_jZ[hldb gZ i_jbh” ~h ]h~rz ‘\bZpbhgguh]bdl_jbz84w b |_ogh
K747.
DzZ[eh\ ? G lh~"b\hlh\ G X Emp_gdh : G H g_h[bpghblihklb kh
bgnhjfZpbhggheblbg_kdh]h p_gljZz Z\bZpbhgguo fZl_jbZeh\ JN
fZrbghkljh_gby b Z\IhfZlbazZpbk 34 <«
DZ[eh\ ? G =jbg_\bqg : < ?jZkh\ < K OZjzdl_jbklbdbibojhgghkl
Z\bZpbhgguo fZl _jbZeh\ b bo jZzkq _Igu_ agZlggby fZI|_jleZéu:\BZpb
<B:F K 379t

Fbljzdh\ H < Ydhle_\ G H Ydmr_\Z G : =jbg_\bg : < Hkh[_gghkl
O=KG FN<> ijb bkiulZzgbb gZ \yadhklv jZajmr_gby jbZ\dwmbhggu_
|_ogheh]bb < K 56.80I:10.18577/2071-9140-2019-0-1-49-56.

>bfbljb_gdh X B =m[Zj_\Z ? : K[hjsbdh\ K < ®@jZkQbkeK gghdh\e
fh~r_ebjh\Zgb_ b wdki_jbf_glZevgh_ bkke_~h\Zjgblhi® Zkhiihjkibgby
iezklbg ijb kfylbb  FzI _fzZlbgq_kdh_ fh”_ebjh\Pytu b qb@k_ggu_

K 82

Hj rdh ? B 2jZkh\ < K YkIj _[h\ : K ljh]ghabjh\Zgb_ ijhg
A nhjfzpbhgguo 0zjzdl_jbkibd fZI_jbZeh\ ijb blgillZlyhiyhe agaqjzK by
FZl _jbzeh\ A~ gb_ K 8«

Ydhle_\ G H ?jZkh\ < K Qjdyg\ghb_|I ghjfZlb\guo [Za jZaebgguo klj
bkiulZzgbx de__\uo kh_"bg_gbc fZl_jbZeh\ gpdbklehiZtbjd Zkadbc W
kijZ\hggbd ke 8.

=jbg_\bg : < Ezil _\ :; Kdjbizg_\ K X Gm gukcqgoghklg&dljbpZz
oZjzdl_jbklbd ”"ey hp_gdb ij_~ _evguo khklhygbc edhgkkjdidpbhgg
fZl_jbZeh)\ ‘\bZpbhggu_ fZl_jbZeu b |I_ogheh]ikbo 74.iDOI: «

10.18577/2071-9140-2018-0-2-67-74.

=jbg_\bg > < Ydhle_ \ G H KezZ\bg : < Djbl _jbb jzZajmr_gb
dhfihabpbhgguo fzZl _jbZeh\ h[ahj Lim~u <B:FKI <85/
http://www.viam-ZRUNV UX ~ZIZ h[jZs_gby 10.18577/2307:6046-2019-0-7-

92-111.

Ydhle_\ G H =mey_\ : B Djueh\ < > RmjlZdh\ K < Fbdjhkljm
dhgkljmdpbhgguo dhfihabpbhgguo fZl _jbZeh\ ijb bkduZXgbb g~
f_"keh_\mx I|j_sbghklhcdhklv Gh\hklb fZl_jbZehbdZ gby GZmdZ
<1 Kl 85/ KWWS ZZZ PDWHULDOVQHZV UX ~ZIZ h[jZs_gl
FZokb”h\ < < Ydhle_\ G H Bevbg_A_e<ghbh ™M_nrHijjfZpbb fZl_jbZe
dhgkljmdpbb ba IDF k ihfhsvx bgl_]jbjr\Zdhgapuohikh\dikhjh\

F _0oZgbdZ dhfihabpbhgguo fZI _jbZeh\ b dhgkljm&pbalsB.

Ydhle_\ G H =jbg_\bqgq > < FZaZeh\ | ; FZzZI_fzZlbgZikgh -ggh* _ebjh
N nhjfbjh\Zggh]h khklhygby ijb k™ZIbb k_lgZlhbjlhodkdpedfpdb” Hfbgl
k_e_dlb\gh]h eZa_jgh]h kiezZ\e_gby <_kgjkd\ Fovggd\ Kd bbb ¢§h ke ] h

mgb\_jkbl 1Z bfzZrsfZ¢Z K_j 2kl _kI\_ggu_ gZmdbK 127+ <
IhA*b\hlh\" G X WadkijhkkkjZ\gbl_evghc hp_gdb mjh\g_c k\hckI\ fZI
LimAu <B:F ) KI 85/ KWMhSZRUNYN UX ~Z1Z h[jZs_gb

25.02.2020). DOI: 10.18577/2307-6046-2019-0-10-111-124.

lh~"b\hlh'G X H[ hilbfbazpbb ih”"oh”Z d h[hkgh\Zgbx fbgbfZevgl
bkiulZgbc Z\bZpbhgguo dhgkljmdpbhgguo fZl_jbZedau <k
Wgpbdehi_~bqg_kdbc kijZ\hgqgKd 35t <

Dhgh\Zeh\ < < >m[bgkdbc K < Fzdzhh\: F > Bkkédprlg\dZghb _
dhjj_eypbhgguo az\bkbfhkl_c f_""m f_cERbZdbkddb\fibzphblthgguo
fZl_jbZeh\ \bZpbhlgghZeu b | _ogheh]bb Kk 46.1DOl:
10.18577/2071-9140-2018-0-2-40-46.
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16. ?jZkh\ < K Az \ < < Hj_rdh ? B Ydhle_\ G H h2bfms_KklI'
gZ]jm  _gby ijb bkiulZgbyo gZ klZlbgkkdltbg kkdh\Ihjjgkly  gb Ljm*
<B:F < Kl 85/ KWWSZRZUMNVYLOPAZIZ h[jZs_gby
DOI: 10.18577/2307-6046-2018-0-9-92-104.

17.1Zgmjbg = < =mshbg : G =Zedbg < < I Zgmjbghku=ihlurhjghblyq_kdb
wdkiemzZlZpbhgghc “~he]lh\ _gghklb rlzZfih\Zgguo f_IZbphba” _ebc
G Gh\lhjhr G=LM k

18. KI_igh\ F G KlzZlbklbq_kdb_ f_Ih~u h[jZ[hldb j_asomékidlAghbfc oZgbq
kijZ\hggbd F FZrbghkljh_ghk_

19. =fmjfzg < ? JImdh\h”klI\h d j_r_gbx az”zZq ih dH_HhgbbfAlbjdgykghkl_c
klZzlbklbd_ mqg_[ ihkh[b_ "ey kim/baglh\illjmjpM\ b *"hi F <ukrZy rdtf

k
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LJ?,H<:GBY D JMDHIBKB/BKL:L
IJB IH>=HLH<D? D BA>:GBX

Jmdhibkv ij_~hklZ\ey_Ilky \ J-BaUplbleykldbc hi*"_e GBP ©DmjqZIhH<dde pgkliblIm
[mMfZ ghf b we_dljhgghf ghkbl_eyo ijh]jZdfggth_ h_ k\indows

GZ jmdhibkv ~he gh [ulv hnhjfe_gh Wdki_gbghh adaexghklb him[ebdh\Zgh
hidjulhc i_qgZlb

Jmdhibkv "he gZ [ulv ih*ibkZgz \k_fb d\lIhjzZzfb klZlv

D dZ ' ~hc jmdhibkb gZ hi~_evghc kljZgbZglebd dhdhkdidhdudZo ij_~hklzZ\ey_Ilky j_
h[t_fhf * agZdh\ \dexqZy ijh[_eu \djdhdhjhtbaez]Z_Iky hkgh\gh_ kh~"_j
jZ[hlu b dexqg_\u_ keh\Zz

NZfbebb Z\Ihjh\ b gZa\Zgb_ klZlvb "he 90 9Z_Pyglepckdbc yaud

D jmdhibkb ~“he’ _g [ulv ijbeh’ _g kibkhdz&Xlghhf kzmbebb bf_gb hiqghkI\Z i
klvx ~he ghklb ghf_jZ | e _nhgZ b Z*j _kkhwla_dljhgghc

J_dhf_g"m_Ilky ke_"mxsZy kljmdImjzZ jmdhibkb

taZlheh\hd klZIvb

xk\_~_gby h[ Z\lIhjZo

i n_jzl

+tdexqg_\u_ keh\Zz

+\\_~ _gb_

+fZl_jbZeu b f_Ih*u

tj_amevlZlu

th[km ~_gb_ b aZdexq_gby

t[ez]lh”~Zjghklb ijb g_h[oh~bfhklb

tkibkhd ebl_jZImju

J_dhf_g"m_fuc h[t_f jmdhlbkb Kht agZdh\ \dexqZy ijh[_eu
Hkgh\gu_ | _ogbqg_kdb_ iZjzf_Ilju jmdhibkb

+rjbnl £Times New Roman;

tjzZzaf_jrjbnlz 42;

tbgl_j\Zelk5;

tihey \_jog__gb'g__ £ e_\h_ = ijZ\h_2}5;

+Z\lhfZlbqg_kdZy jZkklZgh\dZ i_j_ghkh\

+gZ[hj nhjfmB®lidrosoft Equation 3.0;

trljboh\u_ jbkmgdb ~“he gu [ulv \uiheg_gu Midpkdff Piofver Point b e Microsoft Excel.

GZ dZ ~uc jbkmghd "he'gZ [ulv kkuedZ \ |_dkl_
tfbdjhkljmdIimju nhlh]jZnbb ijb[hjh\ h[Mjime"\eZdbyv ij_"~klZ\e_gu \ we_dljhgog
\b”~_ \ ijh]jZfPhotoshop JPEG,;
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+ “"bgbpu baf_j gby nbabg_kdbo \_ebgbg Ahé guw fukbk|jbf KB
Nhjfz ih~Zqb jmdhibkb
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11. Kibkhd ebl_jZImju az\_jrZxsbc jmdhibkvv 1REI_gvdhl \u\_j_ mgbnbpbjh\zg
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Kibkhd ebl_jZImju “he’ _g \dexqZlv g_ f_g\_ bklhggbdh
Ilhke_~h\Zl_evghklv kkuehd \ |_dkl_ ~héd’lgzZIkki\phpHvkhhke_~h\Zl_evghklb ijb\_~_¢
kibkdZ ebl_jZImju
Kkuedb gZ g _him[ebdh\Zggu_ jZ[hlu -bkkéu "pXAigehkdbo mqj_ "~ gbc bgazZ\h”h
AZjlu ij_Nijbylby b I i g_ "himkdzZxlky
>himkdZ _|ky g_ [he__ h”ghc kkuedb gZ jzZzdhiuqZlibgywiumdzZazgb_ f ghf_jZ ba’
\ dhlhjhf ieZzgbjm_Iky im[ebdZpby

Kh[ex”_gb_ ~Zgguo ijzZ\be hl[e_lqzZ_I| jZ[hIm_~rgamhgjg@ghlh_p_ga_glz b j_"~Zdlhj.
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