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ljb\_~_g h[ahj ljZz*"bpbhgguo f_Ih~h\ hgbkldb ih\_joghklb ehiZlhd ]z
]h M\b]zZl_ey =L> hl ijh~mdlh\ ]Zah\hc dhjjhabb b hljZ[hlZggh]h ihi
"h\ \hkklZgh\e_gby kljmdImju b k\hckl\ fzZl_jbzZez lkjyi@lhld k ihfhs
bahklZlbg_kdh]h ij_kkh\Zgby b |_jfbq_kdhc h[jZ[hldb ZDyzd _ kihkt
ihdjulbc gZ \gmlj _ggxx b \g_rgxx ih\_joghklb ehizZlhd "HibkZgu hkc
klzldb ~Zgguo f_Ih h\ k mqg_Ihf dhlhjuo \h N=MI| 2 «B\F§f {ZajZ[hlZg
gZy |_ogheh]lby j_fhglZ khieh\uo ehiZlhd =L> ba kiezZ\Z Z¥gjdb @K M
ih\ur_gb_ bo j_kmjkZ b kgb  _gb_ azljzl ijb j_fhgl_

Dexq_\u_ ke¢hhZgl khieh\uo ehizZlhd JZahlmj[bgghphiihmgucey
gbd_e_\uc kiez\ fZjdb @K M hljzZ[hlZigghZe®bgqmabhgihtjulb_ ]
jya__ bahklzZlbg_kdh_ ij_kkh\Zgb_ HI jftbg Kddzzy bbirjjfhobfbqg_kdZy
h[jZz[hldb we_dljheBbghggh_ m~Ze_gb_ ihdjulby j_fhgl f_Ih~hf iZcdb

D.A Dobrynirt, M.S. Alekseevg AN. Afanasyev-Khodykih

REPAIR OF NOZZLE BLADES
MADE OF HEAT-RESISTANT NICKEL ALLOY ZhS6U

An overview of traditional methods for cleaning the surface of gas turbinees(GiTE)
blades from products of gas corrosion and spent coating, methods for redterstgutture
and properties of the material of blades using hot isostatic presgingeat treatment, as well
as methods for applying coatings on the inner and outer surfaces of the blademniegrdfe
main disadvantages of these methods are described, taking into account whicle thktkeat
art technology for repairing gas-turbine engine nozzle blades mades6tJZalloy has been
GHYHORSHG LQ )68( ©9,%$0% ZKLFK HQVXUHYGDD WKHEHHD VR Q. QQV
pair costs.

Keywords: repair of gas turbine engine nozzle blades; high-temperature nickezab6U;
spent diffusion aluminide coating; hot isostatic pressing; thermal, hydnehemd thermo-
chemical treatment; electrolytic-plasma removal of the coating; mregaioldering.
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EhiZldb ]ZahImj[bgguo ~\b]Zl e ¢ =L> VYbjhph&k jldadkiemZ
ky \ha”_ckl\bx \ukhdbo |_fi_jZImj obfbq_kpgi¥mdA\h%a %]bkZ\pxy i
lhieb\Z b f_oZgbqg_kdhfm \ha”_ckl\bx gZXlbpgigbbg2 poaimé&vjogh
klb \hagbdzxl jZzaebqgh]h jh*Z ~ n_dlu I|j_sbgubohdigyhaithhggu __
\j_"~_gby ihdjulby b fzZl_jbZezZ hkgh\u > + @ Djlaf_glhdbh_ ijhbk
kljmdImju fZl_jbzZeZ ehiZlhd \ujZ Zxs__ky h]lb&dfnBagbKhikhhnhe
dmigh_ \ha” _ckl\b_ i _j gbke_gguo nzZdlhjh\ hjll\th™ZedggcYhafh
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wdkiemZzZIlZpbb ehizlhd AgzZqbl_evgh_ ijh*e \gmfhKjhd ZjkwvdlkiemZ|
klZzgh\e_gbb klIjmdImju fZl_jbZeZ ehizZlhd b rukjlopggpkgbb ~_n_dlh\
Kms_kl\mxsb_\ gZklhys__ \j _fy | _ogheh]bb j fhegdgdb*v@ iha
j_kmjk hlj_fhglbjh\Zgguo ehiZlhd =L> gZ mjh\g_ehiZhid_kimjkZ g
\ur_gb_ ~"Zggh]lh ihdzZzazl_ey \hafh ' gh [eZ]h"Zjy ghet]dcgpx gh\u
fhglz \dexqZxsbo hgbkldm ih\_joghklb ehizlhd hl jiZhmpghllh \ukh
hdbke _gby obfbg_kdhc dhjjhabb b ihdjulbc ihkebf glZzkk[hldb k -
ghle_gb_f kljmdImju fZl_jbZeZ hkgh\u b ]_hf_ljiody_EdhZdnhjfu
gZg_k _gb_ aZsblgh]h ihdjulby gZ bo ih\_joghklb
GZ hl_qg_klI\_gguo ij_"ijbylbyo Z\bZpbhgghc hljlzkeblddzd ijz
ih\_joghklb ehizlhd hl ijh*mdlh\ \ukhdhl_fi_jZImjgh]tkdhdcbke g
dhjjhabikihevam_Ilky f_Ih® obfbq_kdhc h[jZ[hldb \ZKkRkhZo gZ |
guo b Ihdkbgguo \-]& Iklh deZkkh\ hiZzkghklb < izl _gl_> @ hibl
hgbkldb \gmlj _gg_c ihehklb ehizZzlhd k ijbf_g_ _dbsf kiNhjEh{* _j Zsb
[hI_ > @ "ey hqgbkldb bkihevamxl| jZkl\hju gZ hkaoghibkehhjbklh\h
"h[zZz\e_gb _-fbchéb [jhfkh”~_j Zsbo kh_~bg_gbc < izZl_glZo > @
kihkh[ we_dljhobfbg_kdhc hqgbkldb ih\_joghklb ¢Zlh&gb\\ ¢ _dlj
Ilhnhknhjghc dbkehlu < jZ[hl_ > @ jZkkfhlj_g f_bh&hhigblkddb ih'
ih "XmowlzZighc ko_f_ gZ i_j\hf wlzZi_ ehiZZd&km hju” k] jm\tZxIdbke h
lu gZ \lhjhf wlzi_ ijh\h?yl meviljZa\mdh\mx h[jghhllgakINhgZ]j Ihf
s_ehgb G_2hklzldZfb mdZazZzgguo kihkh[h\ hgbdkhebh]pgeywdKy \ul
gZ]jmadZ gZ hdjm Zxsmx kj_~m b jZ[hqgbc i_ljkhogkdleWaju\tuha Zk
\_ s _kI\ Z 1Zzd _ gZkus_gb_ ih\_joghklb ehizlhd \dogjbigf ijb\h’
\Zgbx bo ih\_joghklb
Ilhke_ hgbkldb ih\_joghklb ijh\h”yl m~Ze_gb_ ihdjulbc ihk
GZb[he__ jzZkijhkljzg_ggufb f_Ih~Zfb ijbf_gy_ fdkly olfbkkbb y\
kdbc b we _dljhobfbg_kdbc
< izZl_glZzo > £+ @ hibkzZgu f_Ih”u we_dljhobhllquikdh]h m~*
ihke_ gzZjz[hldb \ we_dljheblZo gZ hkgh\_ g _j[&Zlgdog >kdbo @bke
"ey m~Ze_gby ihdjulbc ij_"eh’ _gh bkihevah\zZIlv oblikiq\ kdh_ 1jZ\¢
[\hjZo kbevguo dbkehl F_Ih*Zf obfbg_kdh]h m"We_djllppoithfdjq _kdl
Ibc ijbkms jy® kms_klI\_gguo g_"hklzZzldh\ Kbudkibllyh kkihte valn_ k
fuo dhfihg_glh\ jZkI\hjh\ b we_dljhebhhb-]h_dekIkkh\ hiZzkghklb
gbadzZy ba[bjzl_evghklv ijhp_kkh\ ih hlighr_gblx ddZadl kjd Z"ekh\th kgt
\hafh gh_ jzkljzZ\eb\zZgb_ fZl_jbzZeZ hkgh\u k h[jZah\Zgb_f ibllbg
Ilhke ijhp_kkZ m~Ze gby ihdjulbc ijh\h”yl \hkklZgh\e g
b k\hckl\ kiez\Z ba dhlhjh]lh ba]lhlh\e_gu elhbgflddbdhZ InZhdfu jhhf
\j_"~_gguo mqgzZkldh\ k bkihevah\zgb_f f_Ih"Z Mikdldhbdly YAImjgt
kilZgh\e_gby kljmdImju kiez\Z ijbf_gyx!| f_Ih”~uil_gblzkelyghhithb ih
Ah[jZgguf | _fi_jZImjguf j_"bfzf b f_Ih~u JhjykgdHph bahkkBEIEgby
=Bl \ dhf[bgZpbb k I_jfhh[jZ[hldhc > + @ < h&kwgddghlf_ jhkklZz
fbg_kdZzZy h[jz[hldZ gbd_e_\uo “Zjhijhqguo kiezZ\h\ khgbtbl ba ke_
t]hfh] _gbabjmxsbc hl b] “ey kgylby \gmlj ggbo g@dby _gbc
baJulhgguo nZa \u”™_eb\rboky \ ijhp_kk_wdkiemZIlZpbb ehizlhd
taZdZedZ ey jZklI\hj_gby mnphawwyxsjL£\b%wvghc nhjfu
tklZj_gb_ "ey nhjfbjh\Zgby j_]Jezf _glbjh\Zggao \u”_e_gbc %o
< aZ\bkbfhklb hl fzZl_jbzZezZ ehizlhd hl*_evgu_ eMghZpbb \h
| _jfbg_kdhc h[jZ[hldb fh gh bkdexgblv Z |Zdn_kh[hc*"bgblk hi
jZpb_c =Bl
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>ey mkljZg_gby ihjbklhklb \ kiezZz\Zo qZklh ijbhilgkZdglgyd_Ih”"
\ jZ[hlZo > £+ @ < j_amevlzZl_ h[jZ[hldb ih\uk¥xdki\Z im &gebq_ kd
" [gu_ oZzZjzdl_jbklbdb kiez\Zz ba dhlhjh]h ba]hlhdje\Zgukghizld
mf_gvr_gb_ jZaf_jZ ihj b beb ihegh_ bo mkljZg_gb_

ljb wdkiemzlZpbb =L> ehizZldb jZ[hlZ)k\Bykehgdyuakinige ]h
lhjyq_1h ]1Zah\h]lh ihlhdz \ j_amevildl\eyxlkly ¢Zdgbo”_n_dlu dZ
wjhabhgguc baghk azZ[hbgu 1j_sbgu |Zjhd&puy bc wokkgilekkZ>ey \h
klzgh\e_gby ]J_hf_ljbg_kdhc nhjfu ehiZlhdubkliEe¢dlamxIlhkglh\ghf
"ey \hkklZzgh\e _gby gZiezZ\dhc [Zg"Z gwoilrahhd bjh hkjhevah)\
gbb f_Ih~Z k\Zjdb g_kfhljy gZ _]h hkghlkbl geWhmihighhg hlj_ fh
Ibjh\zZlv ~_1Zeb ba gbd_e_\uo "Zjhijh ckdudd tk kehZ*\ hj\' Kb & u
baaZz bo kdehgghklb d ]Jhjyqbf Ij_sbgzf HklIZevgkghhgihd b n_dlh
ijZ\eyxlky f_Ih~hf \ukhdhl_fi_jZImjghc iZcdb KZbkichdaatAZgb f \k
ZeZ ehizZlhd gbd_e_\hc k_Idb b gzZihegbl_e_c \ \b”_ ihjhrdh\ " Zj

Ihke_\hkklZgh\e_gby kljmdImju b k\dklki\hkheZaZhlIbgse gu
ehizldb Z 1zd _ ]_hf_Iljbg_kdhc nhjfumgidkldh\gigdb”rhf iZcdb
ijh\h”~yl gZg_k_gb_ ihdjulbc gZ ih\_jegihklvgehiZli@ hibkzg f_Ih
"bnnmabhggh]h ihjhrdh\h]h gZg_k_gbdjuZlhlykgtzc cdhiklghh\ith Ze xf
gby f_Ih” “bnnmabhggh]h ihjhrdh\h]hag2fbb|reWghbfyg_ "hklZIdhf
dhlhjh]lh y\ey_ Iky gbadzZy \hkijhba\h/b fKhdMZNBeidgulby J _r
gb_ ~"Zgghc ijh[e_fu ij_"~klZ\e_gh \ bahigku\ghé * k@klz\ kf_kb
"ey fgh]lhdjzZlgh]l]h “bnnmabhggh]h ojhfhZeblbjhhZ2gbyguk bkikfex”™_g
klZ\Z ihdjulby

< k\yab k I_f qglh hibkZggu_ f_Ih?u hqgjpik\ohhlahiiklkidhl
| _fi_jZlmjgh]lh hdbke_gby obfbqg_kdhchbdhjpkaebbglZjih[dhibdb g_ k
hi\_IklI\mxl| djbl_jbyf kh\j_f _gguo ijhbaVh®kIB:Rh jMaM[hlZgZ
kh\j f ggZy dhfie _dkgZy | _ogheh]by jelHhallhzd kihdae hZXphijhggh]h
gbd_e_\h]h kiez\zZ fZjdb @K M ihke__kidkike\dX$Zybih\ihi_gb_ bo
j_kmjkZ b kgb _gb_ azljzl ijb j_fhgl_Zwglgshclh ¢gajed{pdb ijh\_~ g
j_fhgl njz]f_glh\ ehh&kldhd wdkiemZlZpbb j _ameviZlu dhlhjh]h
\ "Zgghc klZlv_

JZ[hlZ \uiheg_gZ \ jZfdZo j_ZebaZpbb dhfie_dkghc gZmqgl
©Fgh]l]hkehcgu_ "Zjhklhcdb_ b | _iehaZsblgu_ ihdjuhbiyjhaogyghkljm
xsb_ dhjjhabhggu_ b dhjjhabhgghklhcdb_ baghkhklhbadp_ Zglbr
Iby "ey aZsblu ~_IZe_c ]hjyqg_]lh ljzdlZ b dhfi©@KKIZjZ]bg>kldb=L M
gZijzZ\e_gby jzZa\blby fZl_jbzZeh\ b I_ogheh]bgbhé i"h_jz[hlkdb gz
nza > @

FZl _jbZeu b f_Ih”u
>ey jZ[hlu bkihevah\Zeb njzZ]f_glu khiekieuo 2 @Kl ith&ke
wdkiemZlZpbb ijhr_~rb_ ~ _ n_dlhkdhibggkeébgdhdjjsdyg gzfZI
jbZe_ hkgh\u Obfbqg_kdbc khklzZ\ kiezZz\Z fZjbm]®K \M _dwu rdjZlhjh]
f glu ehiZzlhd ke_"mxsbc \ ih fZkk _

Al Co Cr Mo Nb Ti W P C B Fe Si Mn
5268 94404 8693 1246 0842 2228 98405 0,139€,19 ” " ”

Hgbkldm njz]f_glh\ ehizlhd hl ijhAmdIh\ \ukhdhl_yibjZImjgh
obfbgq_kdhc dhjjhabbm’Zézdb_ ihdjulby ihke_ gZjZ[hldb k bo \¢
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ihehklb ijh\h~"beb k bkihevah\zZgb_f 'bVmybl fifbhg*hkdkc h[jZ[hldb
\ Z\lhdez\_ \ jZzkl\hj_ ]1b”jhdkb”Z s_ehqghlh f_lzZzagjZ[hlldhfhobfbc
jZkiezZ\_[bnlhjb”"Z s _ehqggh]h f_1ZeeZ

M~AZe_gb_ “bnnmabhggh]h Zexfbgb~ghg¢lzjihdjlalb yk ithgke
g_c ih\_joghklb njzZ]f_glh\ ehiZlhd \uibbbgleBaweggufhf_|I
A"hf jZagh\b~ghklv f _Ih~h\ we _dljhoblfblg_ k&h¢zb[gdpHZgghc \h
N=MI©O<B:P mklzZzgh\d_ dkhkjBpl ba we_ dljheblbg_kdhc \Zggu
ihA™ j"Zgby | _fi_jZlmju b nbevljZpbb we_ _dljHéighdy WbkljegdBdZz
mijZ\e _gby mklZgh\dhc b fh™ | [ulv bkihevah\Zgpz kKelyodime”™ ghb\
[jhobfbg_kdbo b weghiklZlmdbgguo ijhp_kkh\

F |Zeeh]jZnbq_kdb_ bkke ~h\Zgby ~ey hp_gdb bhinggihlu m~"Ze
]h Zexfbgb”gh]h ihdjulby ihke_ gZjZ[hldb k ih\_jodgh&litd njz]f_
hp_gdb lhesbgu gZg_k _ggh]h “bnnmabhggh]h Zexflbhgehg]lh ihd]
f 1Zeeh]jZnbqg_kdhf fbdjhkdhi_ 20\PSXV *; Kk pbhjdbhigakbkl|_ fhc
JZ  _gbc

F _IZeehnbabqg_kdb_ bkke_"~h\Zgby ih\_joghklb njzZ]f_glh\
m~"Ze _gby “bnnmabhggh]h Zexfbgb”~gh]h ihdjulbjjh\inKm&k kl\eyeb
l[jhgghf fbdjhkdhi_ F ijbklZ\dhc ~ey j _gl] _ghki_dljZevgh]h fbdjhZz

J amevlZlu b h[km™ ™~ _gb_

GZb[he__ wnn_dlb\guf f_Ih~"hf hgbkldb ehizZhhd uxklhehhl ijh~
| _fi_jZImjgh]lh hdbke _gby b ]Zah\hc dhjjhabb kqgbdZ_ bkly ]Zehb”¢
p_kk nlhjm]e _jh~ghc hgbkldb |jZajZdytahdgeessnByf [282].

ljb ]Zehb~ghc hgbkld_ ijhl_dzZxl ke_~mxsb_ obfbqg_kdb_ j_ Zd

+| _jfbg_kdh_ jZaeh ™ _gb_ ihebl _ljZnlhjwlbe ,BZbkithKeAxamMZgb f
S _c iZjh]Zah\hc j_Zdpb_c
CoF4+ 6H, 0 4HF n+ 2CHy
tij_h[jZzah\Zgb_ mklhcgb\hf® WMdhbhip’$& ihfhsvx nlhjbklh\h”h
jh~rghc dbkehlu
Al,Oz + 6BHF 0 2AlF; + 3H,On

>ey kgb ' _gby wdheh]bg_kdhc gZ]jmadb gZ jZ[hghbx i_jkhg.
ki_~"m ij_~eh” _gh \f_klh f _ Ih~"Z ]JZehb”ghc hqblktdlbbkibgelvah\ZIv
g_kdhc h[jZ[hldb njz]f_glh\ ehizlhd \ Z\lhdeZ\o s dhhggpgupjbjh\
jZkI\hjZo ijb dhlhjhf ijhl_dZ | ke_"mxsZy obfbg_kdZy j _Zdpby

Al,O3 + 2MeOH o 2MeAlO, + H,O n

Hijh[h\Zg 1Zzd"_ ZgZeh] f_Ih”~"Z ]Zehlb}gthab hlgd kkdEZy+hqgbkldZz
\ jZkieZ\_ [bnlhjb”"Z s_ehqgqgh]h f_1ZeeZ ijb dhlhjhcobjffblgdZxl| ke
kdb_ j_Zdpbb

tl_jfbg_kdh_ jZaeh  _gb_ [bnlhjb”"Z s_ehqggh]lh fnlha¢ekk h[jZal
\h~*hjh~ghc dbkehlu
MeHE <0 MeF HF n;

+\azZbfh”_cki\b_ hegkbRzZnlh@bklih\hAhjh~rghc dbkehlhc k h[jZah
libnlhjbAEs:
Al,O3 + 6HF 0 2AIF; + 3H,0n
<g_rgbc \b” ih\_joghklb njz]f_glZ khieh\hc ehihl&beZaz Zjhij
fZjdb @K M ihke_wdkiemZIZpbb ~h hi_jZpbb\bkbd&hdbfihlj ijh~md
Imjgh]h hdbke_gby b ]Zah\hc dhjjhabb ij_~klZ\e_g gZ jbk
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Jbk <g_rgbc \b” ih\_joghklb njz]f_glZ khiehWhcfzZzgdbzZl@iK Ma kie.
ihke_ wdkiemZlZpbb

J amevlZlu f_|IZeeh]jZnbq_kdbo bkke ~h\ZgbchihdfzazZeb ¢
IZggh]h “bnnmabhggh]h Zexfbgb”gh]h ihdjulby gZjX¢f rglhd ih\_jo
khieh\uo ehizlhd khklz\ey_1| hl ~h fdf gz ihihgdghkdbt\gmlj
Ah fdf jbk

Jbk FbdjhkljmdImju 1 ihdjulbyZgad §g@imjgdig_ih\_joghklyo
njZ]f_glh\ khieh\uo ehizZlhd ba kiezZ\Z fZjdb @K M ihke_ wdkiemZIZpbt

JZajz[hlZgu j_“bfu ]bAjhl_jfbgq_kdhc b |_jfhobfbgzkdhc hj.
f glh\ ehizlhd hl ijhrmdlh\ \ukhdhl_fi_jZImjgh]lh Htpkebdby b ]
ijh\_~ gZ bo hgbkldZ ih ~Zgguf j_'bfzf

<g_rgbc \b” ih\_joghklb njz]f_glh\ khbeh\Zghejhigdhyih kiez\Z
fZjdb @K M ihke_ ]bAjhl_jfbq_kdhc b hgbhkohdbighkdhoy gZ jbk

Jbk <g_rgbc \b~ ih\_joghklb njZ]f gih\ khieh\W@jdhiZ@KdMba kie
ihke ]bAjhl _jfbgZkmhcjfhobfbq kdhc [pgbklhd

lib ]b~Ajhl_jfbq_kdhc h[jZ[hld_ hkms_kl\eyxlky hgbkldZ ih\

h
f glh\ ehizlhd hl ijhAmdlh\ \ukhdhl _fi_jZImjgh]h thdpkebbyby b ]
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ZIZd"_ m~Ze _gb_ hljZ[hlZggh]h "bnnmabhggh]byZexdblgdphghii ihc
5fdf k ih\_joghklb bo \gmlj_ggbo ihehkl_c Hitgeghh iphke ha'tbl g
ihdjulby k \g_rg_c ih\_joghklb njz]f_glh\ ehiZlhdihdheldplylm m~*Z
hij_~ eyeb ih ijhyle _gbx fZzdjhkljmdImju hkgh\gh]lh fzZd jbzZez 1|
kdhc h[jz[hld_ ijhbkoh”bl ihegZy hqbkldZ njz]f_glh\Wwkhdalhd hl
| _fi_jZImjgh]lh hdbke_gby ]Zah\hc dhjjhabb b hlja[d&bhigh]h ~bn
gb”rgh]h ihdjulbyih§Zjdphklb \brgzZ fZdjhkljmdImjzZ hkgh\gh]h fzZI_
dZevgu_ hklzldb ihdjulby k \g_rg_c ih\_joghkjbglwhb\ifegkklb \gt1
njZ]f_glh\ ehiZzlhd m~Zeyeb k ihfhsvx i_kdhkljmecghc bZ]b jhi_k
[hldb i_j_"™ hi_jZpb_c gZg_k_gby ihdjulby

>ey m~"Ze_gby hljZ[hlZggh]h “bnnmabhggh]h Zexfbgb”ghl]h
g_c ih\_joghklb njz]f_glh\ ehizlhd hklzZ\r_]hky hbklegbkbéphl_ jfb
bkihevah\Zeb we -déjhaefblgdhmx h[jZ[hldm \ we _dljhebl_bZ hkgh\
q_kdhc kheb jZagh\b~rghklv f Ih~ h\ we _dljhobdkhdkdhgZhjgybkldb
" _gbyo Ilheghlm m~Ze gby ihdjulby J_]bkljbjh\ZebjnnluiImI]lu\e_gb)
hkgh\ghlh fzZl_jbZeZ gZ \g_rg_c ih\_joghklb njzZljhepp\2&bhzIhd
ijb ijh\_~ gbb f IZeeh]jZnbqg_kdbo bkke ~h\Zgbc

<g_rgbc \b” ih\_joghklb njzZ]f_glh\ khieh\hc ehizkid ba “Zjhi
\Z fZjdb @K M ~h b ihke_ -wesZaiﬂJ_tgegmlchn[JZ[hldb ijb\_~_g gZ jbk

Jbk <g_rgbc \b” ih\_joghklb njz]f_glh\ khieh\hfcZjelbi Z&db Ma kie
"hZ b ihke_ we_dli@zaighghc h[jZ[hidb

GZ jbk ij_~klz\e_gu fbdjhkljmdImju ih\ joghklb \gmlj_
njz]f_glZ khieh\hc ehizldb ba kiez\Z fzjdb @K hitcke[fQpMjhl _
db b \g_rg_c ih\_joghklb njzZ]f_glZ ehiZldb-iidhkaf gveh]dljméHZlgh
gby hklZldh\ hljZ[hlZggh]lh Zexfbgb~gh]lh "bnnmabhggh]h ihdjulb

100 wem

100 wew

Jbk FbdjhkljmdImju 1 ih\_joghklb \gmlj_gg_chihpdgkhklIth \g_rc
njzlf_glh\ ehizldb ba kiez\zZ fZjdb @K M ihke_ [JhibZ_jbwge kdhc h[jZz
eblgheZzaf_ggh]h m”~Ze_gby hklzZlIdh\ hljZ[h!|Zg%hihmadxiggbig hhid |

Iby[ khhiIV_IkI\_ggh
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GZ jbk ijb\_~ _gu j_amevliZlu j_gl]_ghki_dljgzevgh]lh Zg
ih\_joghklb njz]f_glzZ khieh\hc ehizZldb ba kiez\&_tajdéb@K M ih|
ieZaf_ggh]h m~Ze gby hljZ[hlZggh]h ~“bnnmabhgglhby Xéxfbgb”
lezkgh dhlhjuf obfbg_kdbc khklz\ ih\_joghklB\khki&ZN\Na\nkel &h\
ihdjulby g_ h[gZjm  _gh

CnexTp 1

Cr Co

gkb\ghklv bfi
=

Bgl_
Q

3

g

? dw

Jbk MgZklhd j_gl]_ghki_dljz@vwgh]hbzlgiZebjhgjz[ffAg_rg_c ih
\_joghklb njz]f_glZ khieh\hc ehizZzldb ba kiez\zZ fzZjdb I@K M ihke
ieZzaf_ggh]h m~Ze gby hljZz[hlZggh]h “bnnmabhggh]h Zexfbgb”gh]h ihc

F_Ih~hf ijhk\_gb\Zxs_c we_dljhgghc fbdhpRhKdEibdjbkkm|Z
njZ]f_glh\ khieh\uo ehiZlhd ba@keZ\ZdhfkgdbwdkiemZlZpbb \ bkoh
khklhygbb 1h j_amevlZIZf bkke_~h\Z4gbd hiklFolEee hgh\u %o
mljZzqgb\Z_I| k\hx dm[bg_kdmx h]jZgdmeypbyk dhkyZsbhZpgb_ gzZklk
mijhggyxs-eZ&d b h[jZzah\Zgb_ \ g_c¢c “bnnmabhggy&shgbyZggu._
yleyxlky h[jzZlbfufb < k\hx hqg_j_"v \[&ZjmdImgh lgihéh]bg_kdb
iehlghmiZdh\Zgguo nZa dhlhju_ h[jdamxlkyjAlpfamm&VjddIimjguo
ij \jZs_gbc

>ey mkljZg_gby h[jZlbfuo ij_\jZs_gbc kljmdImjbkight_~ gh =
xs_c I_jfhh[jZ[hldhc ih jZajzZ[hlZgguf j_ "bfZf njZimddaX edhkihd |
kiez\Z ihke_ we_dBEBeblggh]h m~Ze_gby hljZ[hlZggh]hx*bnnmab
fbgb”rghlh ihdjulby

lh j_amevlzZIZf f_IZeeh]jZnbqg_kdbo bkkle\ ehVZght mazkieg\z
fZidb @K M ihke_ =Bl k ihke_"mxs_c |_jflcgmkdBAghigZgmdglh d
[bg_kdZy fhjnhehnpayu ¥YakklZgh\e_gZ “bnnmabhggZy ihjbklhklv
b K7).

Jbk KljmdImjZ fZ1 jbZez njZ]f _glh\ khieh\hcjdebhi@kitM Bah kiez\Z
b ihke_ Jhjyq_]h bahklZibg_kdhlh ij_kkh\Zgby k imKZ[Midis_c |_jfbg_kc
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J _amevlZlu *_n_dlhkdhibg_kdh]h dhgljhred mazkfeghz\ f&hizl
db @K M ihdZazZeb qlh ihke_ hi_jZpbbc=Bljfloghkdhetnm$zZ[hldhc
gZ ih\_joghklb ihehd njz]f_glh\ ehizZzlhd gz _guktZehldguo
lj_sbg

I j_~ j_fhglhf f_Ih~hf iZcdb |Ij_sbgu azZqlis@glljmh[fjZallh\fgu
<g_rgbc \b™ Ij_sbg gZ ih\_joghklb njz¢f edliz\hkahie H\ikkl bo aZqgbklc
ijb\_"_ g gZ jbk

Jbk <g_rgbc \b" F_bbd kI bo azZdbkgdb ih\_joghklb njz]f_glh\
khieh\uo ehizlhd ba kiezZ\Z fZjdb @K M

>ey j_fhglz njz]f_glh\ khieh\uo ehiZlhd ba kiezZz\ZZZjdb @K
eb iZzklm b e_glm dhfihabpbhggh]lh ijbihy jZajzZ{RtZgklZ\h N=N
jZa™ _edlddZevguo |j _sbg aZihegyeb iZklhc Z f _klZ aZgbklhd [
ihdjul\Zeb e_glhc

<g_rgbc \b™A» A n_dlguo f_klI njzZ]f_glh\ ehihltkieEazmtdKaZgg
mdez~db ijbihy ijb\_~_g gZ jbk

Jbk <g_rgbc \bA ~.n diguo f kil njz]f_glh\ 2jdEZ| @K\ Kie&\Z f
mdezAdb dhfihabpbhggh]h ijbih® b\®AghuZklu

Ihke_ mdezZ~db ijbihy ijh\_" gu iZcdZ njZ]f_gla\ Kileiz\t\uo efr
fZjdb @K M ih jZajzZ[hlZgghc |I_ogheh]lbb b f_oZdgbigcdhZy [h[jZ[hl
ab\guf bgkljmf_glhf J_ameviZlu ~_n_dlhkdhjiblf_lkd\ e kdiizd hithey |
ihke j_fhglZz ihdZaZeb hlkmlkl\b_ ~ _n_dlh\ gZ Hdofhglbjh\Zgguc

GZ hlj_fhglbjh\Zggu_ njz]f_glu khieh\uo ehizZlhd ba “Zjhijh
fZijdb @K M ih |I_ogheh]bb ihjhrdh\h]h Zeblbjh\Zgby gZg_k_gt
Zexfbgb~rgh_ ihdjulb_ <g_rgbc \b” ih\_joghklbknpZd_ &l ehfizld
ihdjulb_f ijb\_~_g gZ jbk
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Jbk <g_rgbc \b” ih\_joghklb njz]f_glZ khieh\HZjeébiZ&bMba kie
k gZg_k_gguf “bnnmabhgguf Zexfbgb”guf ihdjulb_f

>ey ijh\_jdb p_ehklghklb gZg_k_ggh]h ihdjulby ihke_ j_f
A n_dlhkdhibg_kdbc dhgljhev \g_rg_c ih\_joghubb ehiZlthdlind khi
kiez\z fzjdb @K M j _amevlZlu dhlhjh]lh ihdZazZebb lkm _n_dlu
kiI\mx|

Ih j_amevlzZIZf f_1Zeeh]jZnbg_kdbo bkke_ "h\ZgZc imklZgh\e
djulby gZ \gmlj_gg_c ihehklb njz]f_glh\ ehizZlhd kgZk\g\eyg Ic *h
ih\_joghkkoh+ fdf

.‘_

<2 .
.

Jbk ‘dethkIjdemju %-T' ih\_johklb njZ]f_glh\ I%?Zéb\fricj(bbﬂZIdb
@K M k *bnnmabhgguf Zexfbgb”guf ihdjulb_f\g@dtj kgxguifhgBklv
b \g_rgxx ih\_joghklv

FbdjhkljmdImju ih\_joghklb njz]f_glh\ khieh\hcf2h&Idb ba
@K M k gZg_k_gguf “bnnmabhgguf Zexfbgb”guf ihgjlklb f ijb\_~_

AZdexq_gby

<h N=MI| ©<B:F?2 jZajZ[hlZgZ kh\]j_f _ggZy dhfie_dtkd¢Zy | _ogl
khieh\uo ehizZlhd =L> ba "Zjhijhqggh]h gbd_e_\h]hkleie Zn@dikiZjdb @
Z1Zpbb \dexqZxsZy hi_jZpbb hgbkldb bo ih\_\owlghdkhb fd_jjh~ mdl
Imjgh]lh hdbke_gby JZah\hc dhjjhabb b hljZz[hlZgggbHgtomnmabh
ihdjulby \hkklZgh\e_gby klIjmdIimju b k\hckl\ ifdhgbZeBleiZlhd
| _jfbg_kdhc h[jZ[hldb \hkklZgh\e_gby ]_hf_Iljbqg_dkuwd cmigZjku ih\j
dh\ bo ih\_joghklb f Ih*"giZgZ&kdlmkoy "bnnmabhggh]h Zexfbgb”~gh]l
Iby gZ \gmlj_ggxx ihehklv b \g_rgxx ih\_joghklv ehiZlhd

>ey kgb ' _gby wdheh]bg _kdhc gZ]jmadb gZ jZ[hghx i _jkhg.:
kj_"m ij_~eh  _gZ azZf_gZ ljZz"bpbhgghfm f_Ih”mdIinljmjj@*mh~*ghc
lh\ \ukhdh!l_fi_jZImjgh]l]h hdbke_gby ]Zah\hc dhjjhgbboyo hljZ[h
k bkihevah\zZgb_f ‘]b HBZkkZ hiZzkdblbldZ ih\_joghklb ehiZlh
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ih "mowlzZighc ko_f_ khklhysZy ba ]b”jhl_jfbldpdkdhzc\Ihpgj&Zhldb «
\ dhgp_gljbjh\Zgguo s _ehqguo jZkl\hjZo b ihke-i®daé$ ggWwe dljh
h[jZz[hldb k bkihevah\Zgb-]Jh\b-$hkdezZkkh\ hizkghklb Dhf[bgbjh\Z
hgbkldZz ihalhey | ijh\h”~blv ihegh_ m~Ze_gb_ ijmj}gidihtbkhdhl_
e_gby ]Zah\hc dhjjhabb b hljZz[hlZggh]h ihdjulby >ey dhgljhey
ihdjulby fh gh ijbf_gylv ijhklhc \bamZehyve fgbh fAdjhkljmdimju
fZl _jbZeZ hkgh\u qlh agZqgbl_evgh h[ehflggaZl hdhggZ2glpyw ijhp kkZ

IhdZazgh qlh ey mkljZg_gby h[jZlbfuo ij_\jZs\wdc kljmd
ehiZzlhd ba "Zjhijhgqgh]h kiez\zZ fZzjdb @K M fh _| bBilhkvilhh\ZIvky
ke _"mxs_c |_jfbgq_kdhc h[jZz[hldhc Ijbf_g_gbihbAdky diXtikklZpbb
gh\blv dm[bg_kdmx fhimZau]lbbxmBbbtjZgblv *bnnmabhggmx ihjbklhkl

>ey j_fhglz »_n_dlguo f_kl gZ ehizZldZo \ulykdhglga ok djof ~_ n_
dhgljhe_ ihke_ =Bl k |_jfhh[jZ[hldhc ij_"eh _gh bkihkenah\zlv f
ke "mxs_c f_ozZgbq_kdhc h[jZ[hldhc f_klI iZcdbwndhldlj\ghihalh
mkljZgblv ~_n_dlu gZ ih\_joghklb ehizZlhd bZid"§h b\ Ivh djar I'beyy o
ih I _ogheh]lbb ihjhrdh\h]h Zeblbjh\Zgby

Lzdbf h[jZzahf jzZajzZ[hlZggZy | _ogheh]by fh™ | [ugv*j _dhf g~
j_gby gZ ij_"ijbylbyo Z\bZpbhgghc hljZkeb ~ey j _fhglZ khieh\uo

;b[ebh]jZnbg_kdbc kibkhd
1. DZ[eh\ ? G Fm[hy?"'yg K: @Zjhklhcdb_ b | _iehaBsdllgd bripdjulby -
gu \ukhdh]h ~Z\e_gby i_jki_dlb\guo =L> Z\éoZ ob h gggh e hZb bj b
<« 6 K 70+
2. DZ[eh\ ? G Fm[hyr"yg K : AZsblgu_ ihdjulby ehizZlhdU»mj[bg i_jki

=Zahlmj[bggu_ |_ogheh]blK 32+ «

3. Ihih\Zz K < Fm[hy”r"yg K : ;m~Abgh\kdbc K : >h[jogwg_H"HIljh Hkh[_
eblghezZaf_ggh]lh ljZ\e_gby “Zjhklhcdbo ihdjulbc k ih\_jojhgklb ~_1Ze
guo gbd_e_\uo kieZzZ\h\ Lim~u< <B:F Kl 85/ KWWS ZZZ YL
ZRUNV UX ~"ZIZ h[jZs_gby -6026-2016-0-2-4-4.

4. DZ[eh\ ? G Fm[hy~r'yg K : ym~bgh\kdbc K :-ieZmp _ggith ta@siBhggt
gu_ ihdjutMey ehiZlhd JZahImj[bgguo "\b]ZIl_e _c R _1Zeeu <

5. Dhkvfbg : : ;m~bgh\kdbc K : Fm[hy ydhjKhab@dgghklhcadh_ ihd]j

Ib_ "ey jZ[hgbo ehizZlhd Imj[bgu ba i_jkhgdlb\ghdieZ¥ZZh« @ E
:\bZpbhggu_ fZl _jbZeu b | _ogheh]bb K 24.4DOI: 10.18577/2071-
914020170-1-17-24.

6. Fm[hy”~'yg K : ;m~bgh\kdbciekZaf BjjgiZgyh| _ogheh]by i_jki_kdlb\gu_ ij
ku ihdjulby h[hjm~h\Zgb _ :\bZpbhggu_ fZl _jbZe& KKI54g5heh]bb
DOI: 10.18577/2071-9140-2017-0-S-39-54.

7. Lbohfbjh\z ? : ;m~bgh\kdbc K : @b\mrdbg : : gKhthobg\BIMNy Hkh
| jfbg_kdhc mklZehklb \ ~ IZeyo ba “Zjhijhqgguo:kb@pbthglzZhdfjulb _f
| jbZeu b I_ogheh]bb K< 25. POI: 10.18577/2071-9140-2017-0-3-20-25.

8. DZeh\ ? G Hki_ggbdh\zZ H = K\ _leh\ B E <ukhdhemirzldtbYgh_ hoe
jiyg_lh ljzdlz =L> :\bZpbhggu_ fZl_jbZeu b2(4%.g424H4.000I: <

10.18577/2071-9140-2017-0-2-3-14.

9. Process for treating the surface of a component, made from a Ni based suppefaiamgated:
pat. US 6440238B1,; filed 09.08.99; publ. 27.08.02.

10. Kihkh[ h[jZ[hldb dZgZeh\ hoezZ ~_gby ehiZlhd Imj[bhduepZahdmj[bgg

K Jhk N_”"_jZpby aZy\e him[e

11. Dhglzdlguc jZkl\hj kihkh[ b mklZgh\dZ ey hqgbkldkd b\ kjieghklb f_I.

\ Ihf gbke_ ih\_joghklb Ij_sbg b madbo azZzahjh\ izl aZy\&K Jhk |
him[e
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kihkh[ we_dljhobfbgq_kdhc hgbkldb f_IZeebqg_kdboJh&"_ Nzt jizl
pby aZy\e him[e

Kihkh[ we_dljhobfbg_kdhc hgbkldb f_IZeebq_kdboJb&"_NlZc_jiZl
pby aZy\e him[e

Kihkh[ hgbkldb f_lIZeebqg_kdbo ih\_joghkl_c hl hlehhk gihc 2iZ|I

pby aZy\e him[e

Kihkh[ m~Ze gby ihdjulby k f IZeebgq_kdhc ih*eh dW_%ZjlZpby K

aZy\e him[e

Kihkh[ m~Ze_gby “Zjhklhcdh]h f_IZeebqg_kdh]h ihdjulby jz®lby K

azZy\e him[e

Mkljhckl\h b kihkh[ ~“ey m~Ze_gby ihdjulby izl We Jhk N_
him[e

Kihkh[ m~Ze _gby “Zjhklhcdh]h ihdjulby k ~» |1Ze e ‘Yeo KijdhdZjimdguo ¢

izl K Jhk N_~ jZpby aZy\e him[e

Kihkh[ m~Ze _gby ihdjulbc k ~_1Ze_c¢ ba “ZljhklhcdKo Xh&Z\NE\"iZ

pby aZy\e him[e

Gbd_e_\uc "Zjhijhgguc kiezZ\ ba”_eb_ \uihegh[gghjfhihgjHlhlldbb kih

kieZ\Z b ba”_eby ba g_]lh izl K Jhk N_7™ _jZpby aZzZy\e

Kihkh[ |_jfbg_kdhc h[jZ[hldb ~_IZe_c ba "ZjhijhggygbdkieyZ\h¥XIlgZ hk
K Jhk N_~ jZpby aZy\e him[e

Kihkh[ \hkklZgh\bl_evghc | _jfbg_kdhc h[jZ[hldb bag¢bdbe_ bwo Zjhij

kiez\h\ izl K Jhk N_7™ _jZpby aZy\e him[e

Kihkh[ aZsblu ih\_joghklb ehizldb izl K Jhk N_”"_jZpby

him[e

Kihkh[ \hkklZgh\bl_evgh]lh j_fhglZz ~_1Ze_c ]ZahImipgghupgadbb]zZIl_e

gbd_e \uo kiez\h\ izl K Jhk N_7~ jZpby aZy\e himJe

Kihkh[ h[jZz[hldb hleb\hd k fhghdjbklZeebq_kdhc kljmbddmghtuba “Zjh

kiez\h\ k ]Jhjyqgbf bahklzZlbqg_kdbf ij_kkh\zZgb_f iZljZpby kKZy\rek N
him[e

Kihkh[ gZg_k_gby dhf[bgbjh\Zggh]h ihdjulby izl by a&ZyVUédhk N_
him[e

Khklz\ kf_kb "ey fghlhdjzZligh]l]h ojhfhZeblbjhKzZgblyk iRIl_"; jZpby

azZy\e him[e

DZ[eN\G Bggh\Zpbhggu_ jZajZ[hldb N=MI ©<B:F2a =G UMIih j_Zeb

]bg_kdbo gZijz\e_gbc jZa\blby fZl_jbZeh\ b |_ogfg&hibihbbho Nhj_jZ[

2030]1hn~2z2 ‘\bZpbhggu_ fZl _jbZeu b | _ogheh]bbK 33.+DOk

10.18577/2071-9140-2015-0-1-3-33.

Hki_ggbdh\Z H = Hjeh\ FJ =m[_gdh E : ith)\_kogdhkgth eldiZdh&l\Z

ijhp_kk_ ]1b”jhl_jfbgq_kdh]h \us_eZqb\Zgby d_jzZfEdl kddl_Kiljhjbg_c

\h~kl\h 8. K3184.

Hjeh\ F J H[jZah\Zgb_ ihj \ fhghdjbklZeebqg_kdbo jZ[hhlpok&khizZldZo
gZijZ\e_gghc djbklZeebazZphbhb F_KZ et <
Hjeh\ F J Nbalbfblg_kdb_ hkh[_gghklb h[jZzah\Zgby ihj |I_jfbqgq_kdh]h

gby b jZ[hlhkihkh[ghklv fhghdjbklZeebqgq_kdbo ehigbhhdblpZahmu >
gb_ fZl_jbZeh\ K <48t

Hjeh\ F J Hjeh\ ? F <h”hjh~gZy ojmidhklv fhghdjbklZeebqg_kdbo °
e _\uo kieZ\h\ > nhjfZpby b jZajmr_gb_ fZK jBReh\ <

p
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M > D
N G DZjzd @B Lblh\

J;AJ.;HLD: KL:G>:JLGUO H;J:APH< KHKL:<:
@:JHKLHCDBO KIE:<H< G: HKGH<? GBD?EY
>EY KI?DLJ:EVGH=H :G:EBA: D:LH>HK<
BKIHEVAM?FUO >EY BHGSEH?GGUO IHDJULBC
J;;HQBO B KHIEH<UO EHI:LHD =L>

DOI: 10.18577/2307-6046-2021-0-5-14-22

JZajzZ[hlZgZ |_ogheh]by ba]Jhlh\e_gby b ijhba\h”?kI\Z fgl_jbZeZ klz
jZaph\ khklz\z “Zjhklhcdbo kiezZ\h\ gZ hkgh\_ HEbt_ eKHZjhd K>I
<@E b @ JZajzZ[hlzgzZ b ZIl_klh\ZgZ FB * ©F _Ih~"bdZ baf,
fZkkh\hc "heb e_]bjmxsbo we_f_glh\ j_gl]_ghnemhZjhkllgé¢guf f_Ih~h
dbo kiez\Zo? mklzZzgzZ\eb\ZxsZy ijhp_"mjm \uiheg_gbg _RQmmf_j gbc fZk
xsbo we f _glh\ \ "Zjhklhcdbo kiezZ\Zoh§Z mdda& g\dhuf ikbh~hf 1jh\

N gZ j_]bkljzpby hljzke_\h]h klzZzg~*ZjZgtKhh ofjlizeakze Z\h\ glz hkgh\_ g
d ey K>IK>2, <KI> <@EDb :@ \ Kbkl_f_ ~h[jh\hevghc k_jlbnbdZpbt
klzg~Zjlguo h[jZzaph\ \_s_kI\ b fZl _jbZeh\

Dexg_\keh\dgbd e \u_ kieZ\u klzZg”Zjlgu_ h[jZapu | _ogheh]by ba]
f_Ih~"bdZ baf_j_gbc j_gl]l]_ghnemhj_kp_gilgaaffglhd_ bhdjauhby

F.N. KarachevtséyV.l. Titov*

DEVELOPMENT OF STANDARD SAMPLES OF THE COMPOSITION
OF HEAT-RESISTANT NICKEL-BASED ALLOYS

FOR SPECTRAL ANALYSIS OF CATHODES USED FOR ION-PLASMA
COATINGS OF GTE WORKING AND NOZZLE BLADES

In the work, the development of technologies for the manufacture and production of standard
samples of heat-resistant nickel-based alloys: SDP-1, SDP-2, VS#IM92, AZh-8. Devé
oped and certified by Ml 1.2.027 ©O0HWKRG RI PHDVXULQXmyfR\LQJ HOHF
rescence method in hedHVLVWDQW DOOR\W2& HVWDEOLVKHV WKH PHDV)
alloying elements in heat-resistant nickel-based alloys by xwayebcence method. The regi
tration of the RSA of heat-resistant nickel-based alloys SDPR;ZD/SPD-9, VZhL-2, AZI8
in the System of voluntary certification of standard samples of materials aedatsat
Keywords: nickel alloys, reference materials, manufacturing technology, meaesoir texhn-
nique, x-ray fluorescence method, ion-plasma coatings.

IN_ A jZevptkm~Zjkl\_mghlZjgh ~ijbylb©<k jhkkbckAmalglhke ~h\Zl_evkdbc
bgklbldlbZpbhgf@uojbzZzébhkm~ZjklI\_gfdmqoucgljhkkbckNh¢é jZ pHeberal

State Unitary Enterprised $-Bu@sian Scientific Research Institute of AD WL R Q 0 StateHRéseBrehy @
Center of the Russian Federation]; e-mail: admin@viam.ru

<\_"_gb_
\bZpbhgahkfbq kdZy ijhfure_gghklv Jhkkbckdhc N_" jZpbt
[j _[m_1 kh\_jr_gkl\h\Zgby | _ogheh]bc b dhgljhey fldqgZMb\ZpjZajZ]|
hgguo fZl_jbZeh\ >ey gh\h]h ihdhe_gby ba”_ebc dhhij@h”bfu fz
khf memqgr_gguo kem™ _[guo oZjZdl _jbklbd iEI\kegiiZg ZZiil4 &l e\ |
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jZagh]lh gZagZq_gby ijbf_g_gb_ dhlhjuo \ dlhgkljmmdphbdpoilZzablzpb
ey | j_Zebah\zZIlv fghlb_ i_j_"~h\u_ ijh_dlu Ijb gbf \fZIlgdhb qlh[u
eu h[_ki_gb\Zeb wdhghfbqghklv [_ahizZkgim ZWsamtx cikjl\tbm g¥ hdj
khdb_ | _ogbg_kdb_ ihdZaZl_eb jZaebqguo ba" |l ebgblimaeh\ Z\bZ
Dhebqg_klI\h gh\l\uo fZjhd “Zjhijhgguo gbd&_enémar k gegdifib\
0ZjZdl_jbklbdzfb ihklhyggh m\_ebgb\Z_Ilky > + @ dbklehbbitn\ur_gb\
d e \vuo kiez\h\ jZajZ[hlZg p_euc jy™ dhfihabplbieZ\Byghey dZI _
0Zg_k_gby-ielgegh gguo ihd4uSbcDhgljhev dZq_kI\Z wlbo fZl_jbZeh
\h”rblky f_Ih~Zfb ljZ"bpbhgghc ZgZeblbg_ldhb[obfjlzikibhj gbddl
h[{jZaph\ \ kf_kb dbkehl LZdZy ijhp_"mjzZ iha\lwgucl kihtkdEbjh\ZI
fZl _jbzeZz
>ey h[_ki_q_gby _~bgkl\Z baf_j gbt\d fdHg]plzesh\d D ihke mn Z
jbdzZlIh\ ba gbo g_h[oh~bfh ba]lhlh\eh[gbaphl\ZgkAjlghklZ\Z kieZ\h\
P_ev "Zgghc j4pejZzthldZz KH khklz\zZ fZl_jbZez JZajZ[hlZg
klhV\Zggu_ \ mkliZgh\e_gghf ihjy*"d_ KH iha\heyljbBe & hZ"hdebe
\ wdkijjkkbf_\ oh”_ ijhba\h”kl\_gghc iez\db qglhlkhgkhifkli\m _I
dhjj_dlbjh\Zgbx ijb g_h[oh”~bfhklb khklzZ\Z dhfilzgeEba 3jh\@ L.
"blky k bkihevah\zZgb f kh\j_ fZgpdtellnltodfhkdh]h h[hjmNb\dgby =+
wfbkkbhggh]lh ki_dljhf_IjZz ODJHOODQ 4 b j _gdZaghazlimhg llbpZgl¢
6 ([SORUHU H~”rgZdh dhjj_dlgu_ b ~hklh\_jgu_hjmame&glZbu gz
fhgh ihemqgblv Ihevdh ijb gZebgbb KH khklzZ\Zhd&hkiléZNbN\Nmxshb
<gZklhys__ \j_fy \ hljZkeb ijzdlbqgq_kdb hlkmlkhkiXNdleZid\dlu KF
"ey Kki_dljzevgh]l]h ZgZebaz dZlh”~h\ ij_"gZag¥q bdguwd ~"ey
ieZaf_gguo ihdjulbc
ljhp_~mjZ jZajZ[hldb b ba]lhlh\e_gbw\Kif khikgZ\kd keevdlh klZ~bc
>ey ihemqg_gby h~ghjh”rguo ih khklZ\m KH az”~"ZgghXh obfb
lzd"_ "~ey f _Ih~"bg_kdh]h h[_ki_q_gby bo ijbf_g _gby g _h[oh”bfh k
tjZajZ[hldZ | _ogheh]bb \uiez\db fZl_jbZezZ KH kh&kd¥RY gZjhkll
hkgh\_ gbd_ey
t\uimkd iylb dhfie_dlh\ KH dZIl_]hjbb HKH hljZkeallpc khzZzg"Zjl
klz\Z “Zjhklhcdbo kieZ\h\ gZ hkgh\K>bd&lkhyp Kz@EDb :@ k
iZkihjlzfb b bgkljmdpbyfb ih ijbf_g _gbx KH "@Xebiadl|lgZéengh|h -2
bkihevam_ fuo ey gZg_-kegadfy ddwaghhdjulbc jZ[hgbo b Zhieh\uo
lhd =L>
tjZajZ[hldZ b ZIl_klZpby f_Ih~bd baf_j gbc ¥glk&hwlec f*lgdb\e b
j_gl]l] _ghnemhj_kp_glguf f_Ih~hf \ "Zjhklhcdb&ikie\Zoslrotg @ h]
h[oh*bfmx |hqghklv ki_dljZevgh]h ZgZebaz fZleppaZeZ dzZhhgh\ \
Z 1Zd"_ mjh\_gv ih]j_rghklb hij_~ e _gby kh™ _j Zgby ijbf_k_c g_
JZ[hlZ \uiheg _gZ \ jZfdZo j_ZebaZpbb dhfie_fdkghc gZmqg
©ONmg~rzZf _gtBplvgdlbjh\Zggu_ bkke_ _~h\Zgby? ©KIjzZl_]bga kdb_ gZ
\blby fZI _jbZeh\ b | _ogheh]bc bo i_j_jzZ[hldb gZ i_jbh” ~h ]h?”

FZI_jbzZeu b f_Ih”u
H[t_dIZfb bkke_"~h\Zgby y\eyxlky fZl_jbZeu KHKkkeKNB\Z “Zjh
gZ hkgh\_ gbd-_ eKKPI<KI> <@EDb :@.
<k_ KH ij_"~klz\eyx|l kh[hc pbebg”ju /‘bbXdkhjithfc fff bGZ |
kimd _ ij_"klZ\e_gu dhfie_digbt[jZap\ kieZAh\4KSI b : @.
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Dhfie_dlu klzg~Zjlguo h[jZaph\ gbd_e_\uo kiezZ\h\
fZjhd K2(3, <K>19 (] b @8()

< jZ[hl_ bkihevah\Zeb j _gl] _ghnemhj_kp_glguc kiegljhf [|j €
"hklb" _gby fZdkbfZevguo ZgZeblbq_kdbo kg Zfeglihij\wiheyg fuo
eb Z\IhfZlbg_kdmx gZkljhcdm iZjzZf_Ijh\ jZ[hlubigbKkljZgXMAhhI\_ 1kl
ghc ijhp_~mjhc _]1h ih~]hlh\db azZ”~Zgghc ijhba\h?bl_e f

1Zjzf_1j ijb[hjZz AgZq_gb_izjzf_ljz
GZijy _gb_ \ukhdh\hevigh]h ]_
e_]db_ we _f_gFg) 30
ly" eu_ we f glkg)! 60
Lhd \ukhdh\hevigh]h ]_g_jZlhj:
e_]db_ we_f_gFg) 80
ly" eu_ we f glrg)! 40
Fhsghklv \ukhdh\hevigh]lh ]_g_ 4,0
FZIl _jbze Zgh~Z j_gl]_gh\kdhc Rh
DjbklZeZ2gZebaZlhju LiF 200, LiF 220, XSce-C,
PET, XS-CEM, XS-55, XS-B
DheebfZlhju ]jZ"mk 0,23; 0,46; 2,0; 0,12
DheebfZlhjgu_ fZkdb ff 34,28, 18,5
> | _dlhju ljhlhgguc ijhihjpbhgZevguc
kpbglbeeypbhgguc kqg_l
Qbkeh j_iebd ey h[jZapZz 10
Wdkihabpby k 200

Bkke_ "~h\Zgby f_Ih~"hf wfbkkbhgghc kihtbjhtkddzb bilillkdth
wfbkkbhgghf ki_dlMafiahj730ES k bg”mdlb\gh k\yaZgghc ieZafhc
=HK@&012+ =HKL + FB t FB b FBt 20H.
lh =HKL b =HKL hkms_kl\eyeb bkke_"h\Zgby fbbh~hf ZIlh
gZ Zlhfghkhj[pbhgghf ki_dlMafianj240FS b ijh\h~beb obfbqg_kdbc
ZgZeba gz ki_dljhnhlhf_I§f_ F&Kk_dljhf_Iljbg_kdb_ bkke_"h\Zg
\uihegyeb gzkfZékhf_ |jZo k bg"mdlb\gh k\y&Bg ¢kSeriesZahhc
F <B1.2.01020009.
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J _amevlZliu b h[km ™~ _gb_
JZajZ[hldZ | _ogheh]bb ba]lhlh\e_gby fZl _jbZeZ KH
khklz\Z “Zjhklhcdbo kiezZz\h\ gZ hkgh\_ gbd_ey

< j_amevlzZl_ \uiheg_gby "Zgghlh wlZiZ bkke ogh\hgbd hljZ|
\uiezZ\db fZIl_jbzZez KH ih h[jZapZ jZaebqggh]kilelZRhA\&Z ‘tZjhklh
gh\_ gbd_ey Kk*l <K>I <@Eb :@ ~ey ki_dljZevgh]h ZgZebaz d
Ah\ <u[hj b jZzkg_Il rbolh\uo khklzZz\h\ KH ijh\h*"bélul{dbf h[jZa
hol\Zzq_g \_kv "bZiZahg kh”™ _j Zgby hkgh\guo & Jphm¥shkoilwe f_
L ML-595-2-88% b L N695-2-890t khlezkgh =HKA19 Ba]hlge_
gu_ gZ hkgh\Zgbb ~Zgghlh jZzkq_1Z KH iha\highblahhjkt\ edpduok hkl
ieZ\hd b k~_eZzZlv aZzdexq_gb_ h khhI\_lkI\bmdedZggubhkielXKIhbk
[j_[h\Zgbyf LM

Kebldb ba "Zjhijhqguo gbd_e_\uo kiezZ\h\ \uie#Z\dyeb ~bzZf_1Ij
khihc ff k ihke_"mxsbf i_j _iez\hf j_"bf dhlhjh]lh \u[bjZeb be
h]_ki_g_gby ebl_cghc iehlghklb aZ]hlh\hd "bdmjidhdz" fZglg hfd _jZ
jZkiezZ\Z khklz\eyY&Z kdhjhklv \uly]b\Zgby nhjfu ff fbg

l[jh\_~ gu j_gl]_ghljZnbqg_kdb_ bkke_ "~h\zZgby fEKPilpZeZ KH
K>} <K>I <@Eb :@ Ih j_amevlzZlzZf j_gl]_ghnemhj_kp_glgh]h
mklZghle _gh qlh \ fZl _jbzZe_ KH hlkmlklI\mxIl ihju”jm]dhklb I]j
A n_dlu

LZdbf h[jZzahf hljZ[hlZggZy |_ogheh]by \uieZ\dbhén hleb\db
gZlv fhgheblgu_ b h”ghjh”rgu_ ih khklZ\m aZzZ]ajihkbhcdblZ KiZeZ K
\h\ gZ hkgh\_ gbd_ey dhlhju_ h[jZ[Zlu\Zeb gZahheZifluoikeéZgdZ
g gu KH "Zjhklhcdbo kiezZ\h\ gZ hkgh\_gbd "eyzZf hjmhf_plfebg”jh
b \ukhlhc ff

GZ hkgh\Zgbb hljz[hlZgguo j_"bfh\ \uiezZz\db b hleghkthjzajz
]Jbg_kdb_ bgkljmdpbb gZ balhlh\e_gb_ KAHkkbBKNA\Z dEjhRkUhcmik]
gZ\eb\zZxl Ij_[h\Zgby d h[hjm~h\Zgbx b rbolh\df fZlahbZkghkld |Z
b hojZzgu hdjm ' Zxs_c kj_"u

JZajzZ[hldZ KH dZIl_]hjbb HKH
khklz\z “Zjhklhcdbo kiez\h\ gZ hkgh\_ gbd_ey

Bkke_"h\Zgb_ h~ghjh~rghklb obfbqg_kdh]h khklzéZ K mqg_gg
kiezZ\h\ K>IK>l <K>| <@Eb :@ ijh\h*"beb ih =HKL 1 j_g
] ghnemhj_kp_glguf f_Ih~Ahf gZS&Explojer ljh "\Z iZjZee a&vguo b
f_j_gby k dZz"~hc jZ[hg_c ih\_joghklb fZl_jbzi¢z" _ ldh_gbamekhz|zZf
hi\_IklI\bb k f_Ih~bdhc jZzkq_IZ ijb\_~_gghc \ =HKLagZqgzgby ihe
0Zjzdl_jbklbd h*ghjh~rghklb fZl_jbZezZ KH mdZaggduo ui2Zl\h\ dtl
"himklbfuo agZg_gbc qlh k\b”_|_evkl\m_I|jbg &Z gklih iy hokdbb §2 1 _
kdhfm khklzZz\m 1Z]e b

LZ[ebpZ
OzZjzdl_jbklbdZz ih]j_rghklb h[mkeh\e _gghc g _h”ghjhrghklvx
klZg”Zjlguo h[jZaph\ KH KkhklZ\Z%ieZ\Z <K>|

AgZq_gby ih]j _rghklb "ey we_ f_glh\ h

N
Bg”_dk Al Cr Y Ta Fe K X
<K>19-1 0.9 1.2 25 0.9 6.3 0.9
<K>19-2 14 0.8 12.4 14 3.6 14
<K>19-3 1.2 2.6 2.1 1.2 0,7 0,8
<K>19-4 0,3 0,4 12,8 0,3 1,2 0,3
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LZ[ebdZz
Ozjzd!l_jbklbdZz ih]j_rghklb h[mkeh\e_gghc g_h”ghjh~ghklvx
klZzg~Zjlguo h[jZaph\ KH KkKhkl@& kiezZ\Z

Bgr_ dk AgZq gby ih]j rghklb ey we f glh\ h
- Cr Al Y W Ta Hf Si Fe

: @-8-1 1,4 1,9 1,7 1,5 1,0 3,1 1,2 0,7

: @-8-2 1,2 1,5 14 1,9 1,0 1,6 1,7 14

. @-8-3 0,5 1,2 1,2 1,2 0,9 8,9 2,1 0,6

: @-8-4 1,0 1,4 1,3 0,6 0,7 1,9 2,0 0,5

Hij_~_e_gb_ dhebq_kI\_ggh]lh obfbg_kdh]h khkIK®2, KH kieZzZ)
<K>{ <@E b @ ijh\h*beb f_Ih"Zfb-ZKkifgpbhgghc -Zlhfgh
wfbkkbhgghc ki_dljhkdhkbbdbhffZkkob k bg”mdlib\gh k\yaZgghc ic¢
12+ @ Z 1zd _ ljZz*"bpbhggufb f_Ih"Zfb obfbq_kdh]h ZgZebaz

HjlZgbazZkihbkihegbl_e_ f N=MI ©PGBBBQI_;jZj1blgfz2 \aiih
g_09Z khklz\gZy qzZklv GBJ ©Hij_"_e_gb _dfiébdglki K]z &khkjlg\o
h[jZaph\ khklzZ\Z ~ey ki_dljZevgh]h ZgZebaZzZ jiZj\wkih aglza kgdx\h\
fZkkh\uo “he_c obfbg_kdbbzZwe¢bZed\h\KH kieZ\h\ ohjhrh kh]eZkm>
j_aelZlZfb ihemg_ggufb \h N=MI| ©<B:F?2

GZ hkgh\Zgbb ZgZebazZ j _amevliZlh\ thdj “hed ognbey ffZkikhh\
\fZl_jbZzeZo KH “Zjhklhcdbo kiezZ\h\ ihemqg_ggud \WM=NEMI ©<
©PGBBQ_jf_I2 7"ey jZajZ[hldb dhfie_dlh\ KH dZI 4pjkkhddkbld khk
kieZ\h\ gZ hkgh\_ gbd kyl KsK>I <@Eb :@ "ey ki_dljZevgh]h
ZgebazZ dzZlh~"h\ hp_g_gu f_Iljheh]bg_kdb_ ozZjzZdl_jhklbdbZKH ih
bf ggh ZIlI_klh\Zggu_ agZq_gby b bo ih]j_rghXxlb kiMkZgfgh\e gh
agZg_gby ho\Zlu\zxl \_kv ~“bzZiZzahg kh”_jrAgdlyohwgh¥ggdbh'e b]bj
ijbf_k_c¢c b \uoh”yl aZ ij_~ _eu gZ * mdZa Zfggb_\\ jol fim gb
mjh\gyf qlh h[_ki_gb\Z_| JjZz*mbjh\dm ki_dljZzavgkh]h YHHAim~h\zZ
ahg_ we_f_glh\ ih LM gZ kieZ\u

KhklZ\e _gu b i_j _"Zgu \h N=MI ©MGBBF?2 "ey ijkdhc gby f_
wdki_jlbau | _ogbq_kdb_ az~Zgby gZ jZajzZ[lhlagh KHdbdE&kqgZkxsb _
gby d h[jZzapzf Z 1zd _ ijh]jzZffm b f_Ih"gdmelgdo gdblg kkAApbbh
g_lu kh~_j"Zsb_ k\_~_gby h j_amevlzZlIZo jZzajkihllddpbKHijhjhlhdh
\_ A gguo \h N=MI| ©<B:FP GBEMQ jf 12 hnhjfe_ggu_ ijh_dlu iZk
Ih\ k bgkljmdpbyfb ih ijbf_g_gbx ijh_dlu hibkd@ gl hfzzdph\ule w
dhfie_dl KH

F_ljheh]bgq_kdzZy wdki_jlbaz b j_]bkljZpby dhfieo #iB\ HKH "2
\h\ ijh\_"* gZ N=MI OMXBEBF?3f_ ~h[jh\hevghc k_jlbnbdZpbb klzZg"
h[jZaph\ \_s_kI\ b fZl _jbZeh\ <uiheg _gZ |1Zdodb zblafkljiZmiby f I
fZkkh\hc “heb e _Jbjmxsbo we f glh\ \ "Zjhklhjadb¢ZkijefXZo gZ
\Zeb KH

JZajzZ[hldZ b ZIl_klZpby f_Ih*"bdb baf_j gby
fZkkh\hc “heb e_]Jbjmxsbo we_ f _glh\
j_gl]l_ghnemhj_kp_glguf f_Ih~hf \ "Zjhklhcdbo kiezZ\Zo
ljb \uiheg_gbb ~Zggh]h wlZiZ jZ[hlu \u[jZggbhg Zigl\bd kdb __
gu gZkljhcdb kj_"kI\Z baf_j _gby j_gl] _ghnephtij k454 glgh]lh |
Explorer ey hij_~ e _gby b k[hjZ klIZIbklbg_kdbo "ZgdugliZf & ]Jbjm
ijbf_kyf \ “Zjhklhcdbo kiezZz\Zo j_gl] _ghnemhj_ KgkgbddZgfu Ih”h
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f ljheh]bg_kdb_ o0ZzZjzdl_jbklbdb ih JF= + j_dkfim®§ZgZpbb i
klI\ _gghc klzZzg~"ZjlbaZpbb ©lhdZazZl _eb I|hqghlllbabhjZdbkMghklt
f Ilh~“bd dhebg_kI\ _ggh]h obfbq_kdh]h ZgZebaklZpklh Zldvddbr c
baf_j _gbc I|Z]e

LZ[ebdZ
F_ljheh]bq_kdb_ 0Zjzdl_jbkibdb f_Ih~bdb baf_j_ghby
ijb ~"h\ jbl_evghc \ jhylghklb

. lj_~_e| <hkijhb| Ij_~_eRh| =jZgbp

]}Ngl FZkkh\Zy Ahey Iwm ih\Thjy | \hAbfhk| ijhba\bA| ih]jr
- - fhklb n fhklR ghkTb
A | HI ~h \dexqb| 0,020 0,050 0,040 0,120 0,240
Co | HI ~h \dexqH 0,030 0,080 0,130 0.350 0,420
cr | H ~h \dexql 0,050 0.130 0,080 0.230 0,480

Y | HI ~h \dexqbl] 0001 0,002 0,002 0,004 0,023
Fe | HI ~h \dexqbl] 0001 0,003 0,005 0,015 0,014

Si | HI ~h \dexghl] 0004 0,011 0,005 0.014 0.035

<h N=MI ©MGBBF?2 i j ~Zgu | _dkl f_Ih~"bdb bbbdqg lljin[] bkke _
eh]lbq_kdbo 0Zjzdl_jbkibd f_Ih~Abdb baf_j ghz | _1{kiz”f glth4prib jd
gZ khhiI\_IkI\b_ 1j_[h\Zgbyf =HKL J A wdki_jlbazZ jZkq |l
kdbo ozZjzd!l_jbklbd f_Ih*"bdb mdzZazZggub KlBpdhy ©FZ Ihd'db Zb
f j_gbc fZkkh\hc “heb e_]Jbjmxsbo we f glh\Zo "jZjdl4| hgddbeomlie Z
j_kp_glguf f_IhAhfa

lhke_ ijh\_~ _gby wdki_jlbau \k_]h dhfie_dIZ "cIBBEYlZpbb
_j_~Zeh \h N Ml ©<B:F2 ZIl_klh\Zggmx ©F hk¥odimcbatiep g@bc f
bjmxsbo we_f_glh\ \ "Zjhklhcdbo kiezZ\Zo j_dlf_dhhrefhlp_kp_g
\b™ | evkl\h < hi Zll_klZpbb

F_lh~AbdZ baf _j_gbc yley_ lky jmdh\h~kI\hf ih htheb € gbx fZ
]Jbjmxsbo we f glh\ \ “Zjhkihcdbo kieZ\Zo gZ mbid&Z gz \\ex\ZhKgh\
jnp_

[
]
k

jh Amjm \U|heg gby baf_j gbc bo kh”_j Zddayhy Keih"fiexsbo "bZ
k_ + Zexfbgby + dh[ZevlZ + ojhfz + blbjby +
0,15+ " _e_alZ

[jb ijh\_~ _gbb j_gl]_ghnemhj_kp_glgh]lh ZgZebaZ ih]j_rghkl
gbb fZkkh\hc ~heb e_]Jbjmxsbo we_f_glh\hbg ijZ\takkh\hc ~heb
ijbf_k_c hlg

GZ j_gl]l]_ghnemhj_kp_glghf ki_dljhf_Ij_ 6 ([YO&yAHU ih ZII
gbyf kakh\hc "heb we_ f_glh\ KH ZJthhcdboth@IZ\\h\lrg_IZIngd e
gu ebg_cgu_ ]JZ"mbjh\hqgu_ aZ\bkbfhklb JZkgqblzrg]gur_ghkghkbl
k bkihevah\Zgb_f ]jZ"mbjh\hqguo aZ\bkbfhkEkkhjlhchyhBbee glbb f
jmxsbo we _f_glh\ g_ ij_\urzZxl Z fZkkh\hc “heb ijbf_k_c

F_ljheh]bqgq_kdb_ oZzZjzdl_jbklbdb KH dZIl_JhjbbhHKKWBgZ ijbf_j
b <@Eij_"~klzZ\e_gu \ Z[e =

LZ[ebpZ
11_klh\ZggZy oZjzZdIl_jbklbdZ klZg”~Zjlguo h[jZaph\ KH
khklz\zZ “Zjhklhcdh]h ki@ Z\Z : @

Bg”_dk KH FZkkh\Zy "hey we f_glh\ ih fZkk|
\ khklZ\_ dhf Cr Al Y W Ta Hf Si Fe Cu
t@-8-1 11,78 | 9,93 | 0,039 5,27 | 4,08 | 1,92 | 0,981 | 0,119 | 0,0080
: @-8-2 14,27 | 8,98 | 1,027 | 4,34 | 2,98 | 0,97 | 0,600| 0,126 | 0,0136
: @-8-3 15,89 | 6,24 | 0,345| 3,32 | 545| 1,69 | 0,302| 0,330 | 0,0301
: @-8-4 13,16 | 7,43 | 0,643| 2,49 | 6,73 | 1,37 | 0,801 | 0,513 | 0,0447
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LZ[ebpZz
[khexlgZy ih]j_rghklv ZII_klh\Zgguo agZqg_gbc klZg”~Zjlguo h[jZaptl
khklz\Z "Zjhklhcdh]h kieZi\d "@\_jbl _evghc \_jhylghklb

Bg” dk KH :[khexlgZy ih]j rghklv fZkkh\hc "heb we f ¢
\ khklz\_ dh#g Cr Al Y w Ta Hf Si Fe Cu
:(@8-1 0,37 0,38 | 0,002| 0,28 | 0,09 | 0,15 | 0,026| 0,003| 0,0030
: @-8-2 0,36 0,27 | 0,037| 0,18 | 0,08 | 0,07 | 0,021| 0,004 | 0,0005
: @-8-3 0,17 0,15 | 0,010, 0,08 | 0,211 | 0,32 | 0,018 0,009| 0,0009
: (@-8-4 0,27 0,21 | 0,025| 0,06 | 0,12 | 0,06 | 0,032| 0,009| 0,0016
LZ[ebpZ

1l_klh\ZggZy ozZjzZdl_jbklbdZzZ klZzg~Zjlguo h[jZaph\ KH
khklz\zZ “Zjhklhcdh]h kieZ\Z <@E

Bg”_dk KH FZkkh\Zy "hey we f _glh\ ih fZkk
\ khklz\_ dhfi C Si Cr Mo wW Ti Al Fe B P
<@R-1 0,0345| 1,20| 10,11| 16,80| 6,63 | 3,72| 1,89 4,13| 0,012| 0,0011
<@R-2 0,1510| 0,61 12,27| 14,82| 9,22 | 1,52 3,55| 2,37 | 0,026 0,0020
<@R-3 0,2530/ 1,78| 15,93| 12,87| 9,62 | 2,14| 1,19| 3,24| 0,052| 0,0201
<@R-4 0,1210| 2,47 13,29| 10,63| 10,82| 3,17 | 2,71| 1,52| 0,117 0,0456
LZ[ebpZ

[khexlgZy ih]j_rghklv ZIl_klh\Zgguo agZqg_gbc klZg”~Zjlguo h[jZapl
khklz\Z “Zjhklhcdh]h kieZ\ib<@BE_jbl evghc \ jhylghklb

Bg” dk KH :[khexlgzZy ih]j_rghklv fZkkh\hc "heb we f g

\ khklz\_ dhfi cC Si Cr | Mo | W | Ti Al Fe B P
<@R-1 0,0006| 0,05| 0,10 | 0,14| 0,13| 0,11| 0,03 | 0,04 | 0,002 0,0003
<@R-2 0,0040| 0,03| 0,21 | 0,13| 0,14| 0,03| 0,09 | 0,04 | 0,001| 0,0001
<@R-3 0,0090| 0,05| 0,14 | 0,20| 0,34| 0,02| 0,05 | 0,04 | 0,002| 0,0011
<@R-4 0,0080| 0,15| 0,22 | 0,36| 0,62| 0,10| 0,18 | 0,03 | 0,016| 0,0030

AZdexq_gby

JZajZ[hlZgu | _ogheh]bg_kdb_ bgkljmdpbb g&mba]lhlebaddgb _
aZlhlh\hd KH khklz\Z “Zjhklhcdbo kieZ\h\ gZ Khkghk¥K®»hd_ ey K>
<@E b :@ k ijbf_g_gb_f f_Ih”"Z \ukhdh]jZ”"b_glghc gZbj&\e_gghc
pbb dhlhju_ h[_ki_gbeb ihemqg_gb_ h”ghjh~guo KHI&ZXZZggh]h ol

< "\mo Zddj_"blh\Zgguo bkiulZl_eMgiWo ®<HE®d & N=MI
©PGBBQ_jf_Ia rey ZIlI_klZpbb KH ijh\_*_ gugbkké&]hhREKAXN 20 b fb
jhklhcdbiez\h\ gZ hkgh\_ gbd Keyl KeKI> <@Eb :@ f_|h"Zfb
obfbg_kdh]h b ki_dljZzevgh]lh ZgZebaZz

MklZgh\e_gh qglh agZq_gby fZkkh\hc “heb weiliegig\ \ fZI_j
gu_ \h N=MI ©PGBBQ _jf |2 ohjhrh kh]l]eZkmxlky kggudmaewlzlzfb
N=MI ©<B:F2 GZ hkgh\Zgbb j_ameviZlh\ hij_~ wegbyglfit\k kh\hc
fZl _jbZeZo KH ihemqg_gguo \ mdZaZggud_ pjhehloq jKdikdgbdZ gd
| _jbklbdb h[jZaph\ ih =PDRA +

JZajzZ[hlZgu iZkihjlZ k bgkljmdpbyfb ihdZjlbflhgblbstKEHKhk ]I
\Z "Zjhklhcdbo kiezZz\h\ gZ hkgh\_Kghd _<KI-K>@EDb :@ "ey
ki_dljZzevgh]h ZgZebaz dzlh~h\ Z IZd gb©HZkkib\he Bakb e _]Jbjm
sbo we_f_glh\ j_gl]l]_ghnemhj_kp_glguf f_bmo"hie\Z\'ZghkldhbthjZy
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mklzZgzZ\eb\Z | ijhp_"mjm \uiheg_gby dayf p dbtmkbboj we f glh\
\ ke_"mxsbo “bzZiZahgZo 9% ihZeakdbgby + dh[ZevlZ * ojh
0,25+ blljby + dj_fgby b + " e_alZ

l[jb ijh\_"~ _gbb j_gl]_ghnemhj_kp_glgh]l]h ZgZebp2 ib]j_rghkl
gbb fZkkh\hc “heb e _]Jbjmxsbo we f glh\hhgg ijZ\idkkh\hc "heb
ijbf_k_c hlg

<h N=MI ©OMGBBF?2 ijh\_~ _gu ZIlI_klZpby ©F_lkKib\hix Bdaf_j gb
eb e _]Jbjmxsbo we_f _glh\ \ "Zjhklhcdbo kiezZ¥&ow dki_jlihaB]bl_k
dmf_glh\ gZ jZajZ[hldm KH dZ ~h]h kiezZ\Z HKHZdZjhKkIHbé&bj@pby
kiez\h\ gZ hkgh\_ gbd_Kgl K&KI> <@Eb :@ \ Kbkl_f_~h[jh
\hevghc k_jlbnbdZpbb klZg~"Zjlguo h[jZaph\ \ _wsihleld lgZZZlljbZeh)
klZzpby EB0272 ©OF Ih~"bdZ baf_j _gbc fZkkh\hc “heb e_]bjmxsboc
\ "Zjhklhcdbo kieZ\Zo j_gl] _ghnemhj_kp_glguf f_Ih~hf2

<uims_gh dhfie_dlh\ KH dzZIl_]hjbb HKH khklIZhX gZjhklhcc
hkgh\_ gbd_ey K>>I <KI> <@Eb :@ "ey ki_dljZevgh]h ZgZeb.
dzZlh~"h\ bkihevam_fuo "ey g4dgZhkfgbyubhiqhghulbc jZ[hgbo b khi
\uo ehizZlhd =L>

JZajzZ[Zlu\Zz _fu_ dhfie_dlu fhgheblguo KH iha\heydmjh\h”blv
ZgZeblbgq_kdh]h h[hjm”~h\Zgby k p_evx ih\ur_ghob fllhg gkdkhbh baf
khklz\z ijhba\h~klI\_gguo iezZ\hd dhgljhey dzegenkh\Zjhl&mhgzZz fL
hi[jzdh\dzZ fzZl _jbzZez khklzZ\ dhlhjh]l]h g_ khhhklERIkom bagpZd Zgg
| _evgh]h kgb  _gby Ijm~h_fdhklb ih kjZ\g_ dbbh/¥zZfdbfdgZ &bdZb
b khdjZs gby ijh”~he bl _evghklb \uiheg _gby baf weglhcgfBkkh\hc
\ f_IZeemjlbqgq_kdhf b Z\bZpbhgghf ijhba\h”"k]jbf_ ogwyedaodglh”h\
bhggerzZaf gghf gZiue _gbb ihdjulbc gZ ehizZldb b ~ _|Zeb =L>

<uimkdz_fu_ b jzZajz[zZlu\Z_fu_ KH iha\heyl ijh\h~blv ijt
guc dhgljhev obfbg_kdh]h khklzZz\Z kiezZ\h\ gZKmkHghK>Fbd ey fz
<KIl> <@Eb :@ Z 1Zd _ kiez\h\ [ebadbo ih obfbqg_kdmfm khklZz
rZzxsbfb f Ih~"Zfb ZgZebazZ qlh bkdexqZ | bkihcevwah\Wzkaub\ Zdbkehl
fhkn_jm b \h~hklhdb
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Bgl_jf_IZeeb~rgh_ khAfMg\gh_Iky i_jki_dlb\guf fZl_jbzZa&hf ~ey jZ
jZ[hldb “Zjhijhgguo kiez\h\ ijbf_gy_fuo ”"ey ba]hlh\e_gby nZkhg
gZa_fguo b Z\bZpbhgguo wg_j] Ibg_kdbo mklZgh\hld kJj@kkfhlj _gu hl
Imju "\monZaguo kiezZ\h\ hp_g _gu ebl _cgu_ k\hckZ\{Zdibb | ogheh]bqg
klbdb \ kjz\g_gbb k jREekieguZlbb ijbf_gbl_evgh d ijhba\h”kl\m kebld
ebluo ba”_ebc Ijb ijhba\h”kI\_ ebluo ba”_ebc ba IZdbaohkieZ\h\ g _h
\Zlv | _ogheh]bb jzZajz[hlZggu_ “~ey IblZgh\uo kieZ\h\

Dexq_\u_ keéh\zZz jf_IZeebrgh_ khAfibg rgibcgu_ kieZ\u kljmdIimju
nZah\u_ ij_\jZs_gby \uiezZz\dZ kebldh\ hleb\dzZz ~_IZe_c

AV. Trapeznikov, V.I. IvanoV, E.A Prokhorchuk Yu.V. Reshetnikol

PROMISING INTERMETALLIC Al ,Ti ALLOYS
FOR THE MANUFACTURE OF PARTS BY CASTING METHODS (review)

The ALTi intermetallic compound is a promising material for the development of heat
resistant alloys used for the manufacture of shaped parts for ground amadt aiverer plants.
Considers the features of the structure of two-phase alloys, eval@tssting properties and
technological characteristics in comparison with various ATi alloys, aseapl the prodc
tion of ingots and cast products. It is necessary to use technologies devielopiganium
alloys in the production of cast products from such alloys.

Keywords: intermetallic compound A, two-phases alloys, structures, phase transfo
mations, ingot casting, casting of parts.

IN_ A jzevphkm~Zjkl\_aghlZjgh ~ijbylb©<k jhkkbckAmglyhke ~h\Zl_evkdbc
bgklbldblbZpbhgf@dojbzébkhkm”Zjkl\ _gdgmqggucgljhkkbckNheé |ZpHederal

State Unitary Enterprise© $-G&VVLDQ 6FLHQWLILF 5HVHDUFW H, (EhdmaRégoathH RI1 $YLD)\
Center of the Russian Federation]; e-mail: admin@viam.ru

<\_"_gb_
< gZklhys__ \j_fy j_r_gb_ \hijhkh\ k\yaZgguo Bhj@myd[hldhc
dhgkljmdpbhgguo fZl _jbZeh\ "ey Z\bZpbhgghc baoydbdb cybey Iky
fzl _jbZeh\_"~gq_kdbo az”zZq > @ Bf_xsb_kyjmdljigkihjly _gbb d
klhcdb _ kiez\u k I\_jrhpzRbkigtkghmijhgg _gghc f [Zeebqg_kdhc f
g_ \iheghc f_j_ h[_ki_qgb\zxIl ij_"~ty\ey_fu_ d gbf Ij_[h\Zgby >
Khl]eZkgh nhjfme_ Pbhedh\kdh]h

Ifn%;,

21
1" £fZdkbfZevgZy kdhjhklv jZa\b\Z_fzy e_ |21 evglefv@uiZ jiZflimfe vk
wg_jl_Ibg_kdhc mklZgh\db j_ZdIM) giblko hVglZzy _feykkZ e _1Z1_evghlh ZiiZ
ihe_aguc ]Jjma dhgkljmdpMy thd hlgiedpdAy fZkkZ ZiiZjZlZ ihegaguc ]jme
kljmdpby
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hkgh\guf nZdlhjhf gZdezZ”u\Zxsbf h]jZgbqg_gbyhpghkINZ dkbd¥ evgm:
\Z _fmx e _I|Zl _evguf Ziizjzlhf y\ey |ky _]1h fZkkZz

< kh\j_f_gguo jzZd_I|zZdzZktku khklzZz\ey | Ihieb\h G _kfhljy gZ
ki_dlb\gu_ jzZajzZ[hldb hkgh\guf bklhggbdhfiilZjdlhe_hxllZetkyo Z
ljZ"bpbhggu_ ijbf_gy fu_ m _ gZ ijhly  _gbb [lkeé _gZ obfldg *"\b]z
kdhf Ihieb\_ Fh gh [ueh [u ih\ukblv wnn_dlbh\dhkdb\@balzgkgdh]
bkihevah\Zgby gh\uo dhfihg_glh\ h~”gzZdh jZajzZl[hgglbdbem _ bk
wg_jlhwnn_dlb\gu_ j_Zdpbb dhlhju_ g_ fh]lrml IjBIb kitheegzreblc\ wnn _
gbb dbkehjtvghih”~rgh]lh Thieb\Z dhlhjh_ hklZ_lky kZfuf wWnn_dlIb\c
eyxlky qj_a\uqZcgh \ukhdb_ Ij_[h\Zgby d |_odybgkliohlifp b hrg gybfy f b
fZzl _jbzezZf >ey ij_h"he_gby ©kdhjhklgh]lh [Zjv_jBffmmktZgZ\et
Pbhedh\kdh]h ~ey jZzd_lguo *"\b]Zl_e_c g_h[oh”bfu ijbgpbibZevg

>ey Z\bZpbb mdZazZggu_ h]jZgbqg_gby g_ kiIn&kkdjhblibiegu ihk
\Z khklzZ\ey40l h# h[s_c fZkku e_|ZIl_evghlh ZiizZjZlzZdhBkihevah\Z
gZpbb ba m”~Zgguo bg _g _jguo j_r_gbc b jbgem\Zpphlggud\ZZIl_
[ _ahiZzkgmx dhfnhjlgmx b wnn_dlb\gmx wdkiemZI|Zpbx

Ba\_klgh qglh k ih\ur_gb_f |_fi_jZImju jZ[hd_wmn]Z&ald \hajZk
ghklv wg_j]l_Ibg_kdhc mklZgh\db < gZklhys__hVj_1kIteggba]hlh\
N 1Ze ¢ M"\b]JzZl_e _c b Jhjyg_]h 1jZzdlZ bkihewekmghNky gftzd  phyZ eBiog -
hlebqz | \ukhdzZy “Zjhijhqghklv | _jfbg_kdZy khkdybgbghwhikieb gz
ZlZpbb \ keh'guo mkeh\byo ijb | _fi ffRlmjZeovhbkur gb Z"
jhijhgqghklb gbd_e_\uo kiez\h\ \g_ azZ\bkbfhklibkh]|_lgghkdljncdlmjg
kihkh[h\ ihemg_gby hkms_kl\ey |Iky aZ kq_| w\bewne gbyglhheb I
\hevnjzfz | _gby fheb[~_gZ 1ZglZeZ b jml_ghiy® H"Hgah Y\ ebq
guo we f glh\ g _ba[_"gh khijy _gh g_ lhevdhhikl bmthegbaaqoauwm f k
kiez\h\ gh b k ih\ur_gb_f iehlghklB ~\yazZggh] ki wibf m\_ebq_
fZkku \_~_ 1 d kgb _gbx Ilyl]h\hhjm  _gghklbbdkKdfhlh]Z| |2y _elZgh]h
ZiizZjzlz M\_ebq_ggu_ gZ]jmadb gZ g_knhlyl d Hghkdl]jmgllpb kjijoX
kem [u b *jm]bf g_[eZ]hijbylguf ihke_"kl\byf I|Aajlh[fmidbhighkZf
\g_"j_gbx \ ijhba\h?kl\h i_j_~h\uo |I_ogheh]bc b rfalylj\kde hkHhe ¢
[h_ \gbfZgb _

G_h[oh”~bfhklv jZhhbgbkI\_ggh]h ~\b]zZl_e_kljh_gby b \ qZ
Z\bzZpbhgguo fZl_jbzZeh\ hij_~ _ebezZ jZajZ[hldm \ ijlo \h N=N
kh~_ckl\bb ijhfure_gguo ij_"ijbylbc kljzZI_]Jbb hZa\bkthyI\hljZ g
kiI\mxs_ f ~hdmf_gl_ > @ ]~_ jZa\blbx bgljhZzdAEeebgudmkZIl
hg_j_"~v Zexfbgby IblZzgZ b gbd_ey ihk\ys_gh h”gh ba gZijZ\e

Hkh[_ggh bgl_j _kgu \ wlhf hlghr_gbb bf gghitzlekifegttrmu Ibl
hl[ez~Zy kjz\gbfhc k gbd_e_\ufb kiez\zZfb “ZjhijhgghkKlvxdb dhjjh
klvx bf_xI \"\h_ f _gvrmx iehlghklv b ke ~hvwax_ewvghvgmxr_ g
ijhgghklv > @ LZdbf h[jZzahf ih\ur_gb_ m~”_evgbobtgghi@gghklb dh
| _jbzZzeh\ \ gzZklhys__ \j_fy ij_"~klZ\ey_I|ky gZb[dh£ijZ\e_ jgkdi_@lb\gl
ih\ur_gby wnn_dlb\ghklb dzd gzwjhWdhkfblZzdkbhc |_ogbdb

< kbkl A fHi gZzb[hevrbc bgl_j k ij_~klz\eyxl ljb bgl_jf IZeeb
_"bg_odAW, Al,Ti bAISTIi Ijb wlhf ]zZdf&€Z\u gZ hAlgihyZreb k\hb ij
f g _gb_ h~rgZdh h[ezZ”"Zx]| gZb[hevr_c iehlghkdvxibdd g\k, & ZAexfb
bgl_jf_lzeMdPt™ bf__| gZzbf_gvrmx iehlgh&kvqgjgle\maZcghc ojmidhkl]
ihdZz gZoh”bl ijbf_g_gb_ IThevdh \ \b”_ ihdlglibcg Zo khy K\o ¢ gbm
gbfb ij_~klz\ey_I| 1zZdbf h[jZahf g_ ddhoo dhgyjhfok]idiklv kh_~bg_c
AlsTi ijhy\ey | ieZklbg_kdb_ k\hckI\Z -kheZ\mijdpx nily [7\9].
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Kh\j f ggh_ khklhygb_ bkke_ _"~h\Zgbc
ih bgl_jf_1Zeeb”guf kh_~bg_gbAlfflibkl _fu

< jZ[hlZo K = =eZamgh\zZ > @ [ueh ihdZazZzgHhelh e_]bj
rbfb dhebq_kI\Zfb Zexfbgby ih\urZ | _]h ijhgqghklvhBmehijhqg
mijm]hklb “ebl_evgmx ijhqgghklv b khijhlb\&dgb khhghalinge kdb_ Z
hdbke_gbx Hkh[_ggh bgl_j_kguf hdZazZeky jKkied\c lihlAgkk _
Zexfbgby b khhl\_Ikl\mxsbc bgl_jf _1Zegb%@dHRim Kkhh ftbgv xh ij
\_"~ gguo meqguo bkke_ _"h\Zgbc mkkBdhlefighZlqljghle kXIZ[bevghk
wlihl bgl_jf 1Zeeb” ij \hkoh”bl IblZghgbd beg\uhlkijeZ\u mh | _fi jZI
ju fK <j_amevlZl_ ihke _“mxsbo jZ[hwhhKIBgh\g_theeph bf | \
eblhf khklhygbb ijb dhfgzZlighc | _fi_jadmk ippgghXxlghb mkeh\guc ij_n
ijhgghklb khklzZ\ey | FIZ b iezkbdgghlghv mmlgehb gg g 96). +
lhemqg_ggu_ j_amevlZlu ijb\_eb d Ihfinkkdh"X2ghQyc\rbwvlhit h[eZklb
geb [_ki_jki_dlb\gufb dzd \ KKkKJ H&#d b aZz

L f g f_g_ ijh[e_fzZ ih\ur_gby | _fi_jZImjgh]h ghogl _j\ZeZ
kiez\h\ \ ]ZahImj[bgguo ~\b]Zl_eyo ~ _IZeb badhaéh W HtikhkihHhh\
NZ\e _gby b 7 hikigZ Ikyfm ZdIimZevghc ihkdhevdm __ | r_gb_ it
ebgblv \_kh\mx hl*Zgm *\b]Zl_ey qlh y\ey_Iky ijbj\kthay*4gbdphc a
MblZl_e_c gh\h]lh ihdhe_gby

< k\yab k wilbf hkh[h_ \gbfZgb_ bkkeae¥h\Alafd ghikbwnekha”zZgb
dhgkljmdpbhgguo kiezZ\h\ gZ [Za_ IlhWZgZzZks hooe k f B gtofygAl k

DjbklZeebq_kdZy kljmdImjZz
bgl_jf_lZeeb”guo kh_Albig bApre

< gZklhys_  \j _fy ba\_klgh [hevrh_ gbkeh bkké&l "MuwzZgbc "
AlHi \ dhlhjuo mklZzgh\e_gu h[eZklb JhfHFE egedtigiboblgh _jfng _gbc be
g_gu bo kljmdImjz b k\hckl\z > ] @gud Zyb\dye |kybbyl jf 1Zeeb
AlLTi £2Zggh_ kh_~bg_gb_ ij_"~klZ\e_ ogAl,Tj_ fty[jraaréd® cky ijb gbadhc
| _fi_jZImj_ b \ukhdhl_fh-AIZIimHHEd _ f_IZklZ[bevglisc nZau $0O

Bgl_jf_IZeglbN =wlh mihjy*hg_ggh_ kh_~bg_gb_ h[eZ”ZXxs_
kl i _gvx "Zevg_]h ihjy~rdZr-Al,Ti @ nZaum Adagu Ko fZlbg_kdb
jZkiheh™ _gb_ Zlhfh\ \ djbklZeebq_kdbo j_r_Idzo blgd AbitZeeb”gu
bAI,Ti ij ~"klZz\e _gh gZ [BkzZf lju djbklZeebg_kdbo j_r_Ihd wlbo n.
klZ\e_gu \ 17¢¢

1 r-ALTi

Jbk
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LZ[ebpZz
DjbklZeeh]jZnbq _kdb_ iZjzf lju jAITi bAThZa

H[hagZ( Kbf\heu| IjhkljZgkI\ _g 1ZjZf _lju Ijhlh
gb_ nz{ Ibjkhgz 1jmiiz Khklhygbl = 4 Ibi
. a =0,3997;
AlTi tP4 P4/mmm ClZ[bevgh ¢ = 04062 AuCu
a=0,3971;
r-Al,Ti t124 14,/amd ClZ[bevgh ¢/6=0,4052;| HfGa
c/a =1,0200
43 = 0,4032;
h-Al,Ti oC12 Cmmm F IZklZ[be| b=0,3959; ZrGa,
c =0,4032
. 44 = 0,3980; .
AlsTis tP32 P4/mbm F IZklZ[be ¢ = 04038 TisGas

DjbklZeebq_kdZy j_r_ldzZAKhij*"Bd&lgVWey | kh[hc h~ghi_jbh~gn
j_r_ldm k fh~ e fZ kh_"bAsTgbryAl,Ti bh-Al,Ti y\eyxlky “ebgoghi_j
h~rgufb j_r_1dZfb k fh*meyfb i pFoh¥6bEghkdB= khhl\_IkI\_ggh
Kh_"bg hgdyi bAIsTis yl\eyykv f_1ZklZ[bevgufb nZazZfb ijzl_jfbqg_Kk
[hldZo fhlml jZzkiZz"ZIvky b i_j oh”blvAITkIEMAgu_ nZau

lj_~ihezZ]Z Iky qlh |I_fi_jZImjZ bkg_agh\_gbwlled kh |h ihjy~
g _gbc gZoh”blky \[ebab | _fi_jZImju ieZ\e gb¥hilxllgygbihjwibg gc¢
nZa aZnbdkbjh\Zlv aZzdZedhc g_ m”Z_ Ilky ijkadivdMdin \mkhgyitdh g _
kdhjhklvx

GZ jbk  ij_"klZ\e_gu h[eZklb kms_kI\h\Zgbki\wbb& A a \ kt
ljizffhc > @

1400 : L
. 1412 fK
1
1 -
1200 : 1d-APS
1
1

AlTi

1215 f K

1200+

8% Qi (h)
1100

L_fi_jzImjz fK

1000+
AlTi

900+

800

50 60 70 80
Khn_j*Zdb %(ZIhfy
Jbk >bz]jzffZz KbXil\fu[eZklb gZoh *h&b¥i, n&ali bAIsTiz

(Ad-APS £h”rghf_jgu_ ijhlb\hnZagu_ kljmdImju

NZah\u_ ij_\jZs\ghgl jf_1Ze eMTi
< jZ[hl_ > @ ijb ZgZeba_ kiez\h\ khklzZ\Nh\gA&llihdZ&Zgh
glh fbdjhkljmdImjz kiez\h\ azZ\bkbl g_ lhevdhihkdhkBkba\hhemig b h
gby J_amevlZlu bkke_"~h\Zgbc ijb\_"~_gu \ IZ[e
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LZ[ebpZz
NZah\uc khklZ\ keezZ\h\ b ZIhfgAl ihke_ iezZ\db
\h \a\_r _gghf khklihwgbBd39,7 ZIhfgAl ihke_p_gljh[_"ghc aZeb\db

KhklZz\ lihp kK DzZq_klI\_gguc nZah\uc |
kieZ\Z | ijhbath Khh‘?'zhygzb— ihemq gguc k ihfhsvx
ZIhfal kI\Z [izap LWF CWF
59,5 <K Bkoh~gh_ AITi, AlsTis, AlLTi AlTi, AlLTi
HI bJijb fK AT, r-Al,Ti AITi, r-Al,Ti
q
60,0 <K Bkoh~gh_ AlTi, AlsTis +
HI blijb K AITi, AlsTis, hAITi +
q
HI blijb K AT, r-Al,Ti +
q
60,5 <K Bkoh”~gh_ AITi, AlsTis, hAITi +
HI blijb K + AlTi, AlsTis,
q AlLTi
59,7 PA Bkoh~gh_ AITi, AlsTi +
HI bJijb K AITi, r-Al,Ti +
q
HI bJijb fK + AlTi, AlLTi
q
libf_qZgb_ kéZkdZ \h \a\_r_gghf khklpyghih[ PAZYy aZeb\dZ LWZ
fbkkbhggZy b kdZgbjmxsZy we_dljhggzZy fbajhtkdhiby khhi\_IkI\

Ba ij_"klZ\e_gguo ~Zgguo \b~rgh qglh kieZhkh phef] Ik \leelggu _
PA h[_ki_gb\zZxl kiez\zf f_1ZklZ[bevguc nEZwhldocbkhkd b glgthk
nZaAlTi b \IhjbgguoAlRdabh-Al,Ti < khhl\_Ikl\bb k ~bZ]jZffhc khklhy
ijb I _fi_jZImjZo fK \ kljmdImj_ kieZ\h\ "he 'gZ ijbkmMlKi\h\ZIlv nZ
hrgZdh wlh]lh g_ ijhblkd&d*"thi[jaZ0d\Zgb-AlfiZzkms _kl\ey |ky ~\mfy
kihkh[zZfb ihdZaZggufb gZ jbk

r-AlLTi (1)

Jbk Ko _fZ i_j_kljhcdb djbklZeebqg KAlpld j r IThd nZau
\ nZeAl,Ti ihl bll \Zjbzglzf > @

H[jZah\Zgb _ shmiZ&®h$OQTi hkms_kl\ey_ _fh_ \ oh”_ gbadhl_fi_jZI
| _jfhh[jZ[hldb gZ[ex"Zehkv \ ebluo h[jZAipdag >gv@y MEKbBhZ dhQzZ
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ijb 1I_fi_jzZlmjzo fK \ Ih \j_ fy dzZiBAIfTz&ZZ[bevgZ ~h |_fi_jZImj
1200 f K Kiez\ kh~”_j ZslZdhfgAl ihke_ hl ' b]z ijb I_fi_jzZfj_
bf_e fZljbggmx-AHam\lhjmx nZdaim #0OIhjZy bkq_azZezZ ijb gzZ]j_\_
\jZsZykv \mm&Xlagli < kiez\_ kh~_j Zs_¥lIhfgAl ijb I_fi_jZImjZo

fK gZ[ex"Zebkv \u™_e stipyin2Aazis&8Osb_ky k ih\ur_gb f |_fi
JZImju \ m2Mihi [15+ @ N4aiZgEQPex"ZezZkv \ h[ezZklb ]Jhfh]_gghklb
jy*hq_gghf khklhygbb \ \b”"_ fhghdjbklZeeZ kgauaZbzllZggp@fbzglbr
[19]. >\mokImi_gqgZluc hl b] kiez\zZ kh”_Z1EBgAlh ijb | _fi_fZl
jZo b f& \'l _q_gb_ kml ijb\_e d h[jZah\Zgbjx d nFakljmdl
AlsTiz > @ < h[jZap_ kiezZ\Z ZgZeh]bqggh]h khklZ%Whgghemqg gc
ieZz\db b azl_f I _jfhh[jZ[hlZggh]h ijb F&fi\ jZbmgb_ kml fZljbqgg:
kljmdImjz 1Zd" _ khklhyedisha @ZaZz hj@]_ ijb |I_fi_jZImfK
knhjfbjh\ZezZkv eZf_eeyjg ZnlThtij-A dTin2i3x

H[jZah\Zgb_ f_|ZklZ[b&kgihbanZAalybgghcAlZgmhbkoh”~bl ijb
mihjy*hgq_gghf azZf_s _gbb IblZgZz ZexhxghbelikghkliblZgh\ \ j_ r_Id_
AlTi NZAdi; g_ y\ley |ky h[hkh[e_gghc \lhjhc nZaheoZ&ETijbKmIkl\m _
N _ehdZevguo mihjy*hq_gguo h[eZgl [bexkhkdhystb@ib\la jZklmsbo dh
j_glgh \ fZzIM@pk gbadbf bg”_dkhf f_"j_r_lhqguo 28hkdhkl_c > #

L fi_jzZImjz ij_\jZs_gBWTipdjbu gZ]j_\_ azZ\bkbl hl khklZ\Z Kkie
jbk b bf__I |I_fi_jZImjguc fZdkbfmf Klb~62" jZbybd
khhi\_Ikl\mxs_]h khklI&Yhs nZalufi_jZImjzZ jZkinZauwbzenbkbl hi
ijh~rhe bl_evghklb hl'b]zZ \ h[eZklb klZ[bevghklb imgdlbjgZy h[e:

Gbadhl_fi_jZImjgrZAl;TndjdbZzhoeZ ~ _gbb [ukljh g_ h[jZam_Ilky .
dh q_j_a ij_\jZs_gbrlsTignlZeAl, Ti dhlhju_ bf_xI [ebadh_ khhI\_Ikl'
kljmdIm\Ti DjbklZeeh]jZnbq_kdbc ZgZeba ihdZaZe qg\b_kms_KklI\
f_""m kljmdImliz idAlIsTi; beBITi bh-Al,Ti gh 1Zdh_ khhI\_IkI\bZ g_ gZ[e
_lky f_"~m kljmdlmj&rfAl,Ti |jb hoez ~_gbb ba h”"ghnzZ¥dighc h[eZk
nZaAlsTiz bh-Al,Ti fhlml [ukljh h[jZah\u\Zlvky aZ kq_l| “bnnmabb Z
nZardAl,Ti Ij_[m_I| [hevr_]h \j_f_gb > @

H[lezZzklv kms_kl\h\Zgby ]hfh]_rAlhklbgzohad'blky \ ~"bZiZahg
dhgp_gljzpbsy) ZIhfoAl ijb |I_fi_jzZImj_ " & JZkiheh _gb_ ZIhfh\
Zaefbgby \ maeZo djbklZeebqrRhgit jgr ddpzdl_ johkljyeydl/mju
Wlh h[tykgy | dhfie_dkghklv *bnnmabhggh]h ijhpZlskg&®Zph ~ gb
au IQ\nZanml,Ti[26x @ kgzZqgZeZ ijhbkoh”bl [ukljh_ hffgah\Zgb _
ihke_ wlhfhlZklZ[bevghch-AlZAlu >Zevg_cr__ h[jZahkAGhG_ nZau
gZ[ex™Z |ky ihke_ hl'b]Z ijb | _fifRZImj_a

Ebl _cgu_| _ogheh]bb ijhba\h?kl\Z
eblvy bgl_jf _1ZedW Db kieZ\h\ gZ hkghAl;,TnZau

ljb \u[hj_ dhfihabpbb ebl_cgh]h kiez\z \ i_j\nh{jBEbbljv "v ke
\gbfZgb_ gZ _]h ebl_cgu_ k\hcklI\zZ 1zZd&bv Wxdetbddhkldmgh[jZal
\Zgbx mkzZ"hqguo »_n_dlh\ dhlhju_ fh gh hijZahdimx "BEg¥j&babjn
fm kbklAFdli jbk

K Thqdb aj_gby ebl_cguo k\hckl\ nZ2aH\hh ¢b ZhjKefikmh jZ
N eblv gZ "\ _ qZklb < e _\hc gZklb gZohZgbky RheZ¥xdhkgkh” j°
Al A\ gzZklghkbbxrkieZ\uv-kieZ\u b kieZ\u gZ hkgh\ AlK Ml gby
kieZ\u bf_xI madb_ bgl_j\Zeu djbk|Zeebdadp bk
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Jbk L _fi_jZImju kheb”mk b ebd\b”"mk kieZ\h\
\ h[h]Zs_gghc Zexfbgb f gZkhbHtH2]jZffu
(Ad-APS th”rghf_jgu_ ijhlb\hnZagu_ kljmdImju

Ih*h[gu_ kieZ\u bf_x|I ohjhrmx "b~dhl_dmqg_klv Imur_ggZy
g_klv hagZgz_ | qlh jzkiez\ [m~_| kjzZ\gbl_idnedikle nthfuradjbegyl
fbgbfZzevghc | _fi_jzZImj_ i _j 1j_\Z qlh \ K\kxfbhgbfn¥fwm Ik\[Hy
ghklv h[jZah\Zgby ~_n_dlh\ mkzZ~hqgh]h oZjzdijzZ\c\ dZ&lb hleb’
gZoh”ylky nZau kh”_j Z&IkhfgAl Z bf _ggthfihabpbb gZ hkgh\_ kh
_"bg_o\byi LZdb_ kiezZ\u djbklZeebamxlky \ rbjHdhZImbjZzizlahg |
jZaebqguf hp_gdzf #h fK > @ qglh h[mkeZ\eb\Z_| bomgbadmx
g_klv lhgb  _ggzZy "b~rdhl_dmqg_klv kieZahé&bhfmk¢ZkedXdZ |Ikh agzZ
| _evguf i_j_1j_\hf qlh ijb\h”bl d jZa\blbxdiRZ\"hbeghi\a *"h[hZdbf
jZahf bkihevah\Zgb_kiezZ\h\ k kh”_j"ZgbZfhZgxfbjghklZ\ey Iky

b o 8670 Jb(99) 2021 29



fZehi_jki_dlb\guf “ey ihemq_gby [_a” _n_dlguo dbebylgdb\dpwlhfm
hgguo ZexfdbbZgh\uo kiez\h\ i_jki_dlb\guo k lhqdb ajbgby ba]h
luo ba”_ebc kdhgp_gljbjh\Zgu \ h[eZklyo "bZ]j&ifb&hé&lhygby
-kiezZ\zZf GZb[hevr__ jZkijhkljZg_gb_ ihemqgbAdTt kigd\wpwywyZ hkgh
fu_"ey balhlh\e_gby ehiZlhd Imj[bg gbadh]h ~Z\e _gby > @

< bkke_"h\Zgbb > @ ijh\h*"bezZkv hp_gdhebpydhiktbmghklb b
fu -kiez\hf khKnNzaA4LZAl NbLr \ ih fZkk_ iml_f aZeb\db kibjzZe
ijh[u gZ "bArdhl_dmqg_klv b \_jlbdZevghc ijh[u Qbdjley\ulihjfu ~ey
gb\Zeb ba [ehggh]h ]jZnblZ KibjZevgZy ijh[Z jiZeVigZdedZXKdr[hc
l[j_m]hevgh]lh k_q_gby J_ameviZlu ih hij_~_djlg\bx_gonrrddha_dmq
jbk ljh[Z Qbd_ey bf__| g_kdhevdh \_jlbdZevguo dizgdéh\ "bZ1
jZ\ghm~Ze_gguo hl p_gljZevgh]h klhydz J_ambajyuZiQba&aZelyegy_
ijb\_" gu gZ jbk

-AITi + AlLTi
Ti 84,51 Nb £r
Ti 86Al

Ti A6Al

0 100 200 300 400
>ebgZ kibjzevghc ijh[u ff
Jbk @b~dhl_dmq_klv jZaebgguo IblZgh\uo kieZ\h\ > @
>Zggu_ ih kiAdAmAI,Ti £hjb_glbjh\hggu _
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Jbk AZihegy_ fhklv jZaebqgufb kiezZ\Zfb ]jZnblh\hc ijh[u Qbd_
>Zggu_ ih ki-A@AmALTi thjb_glbjh\hqgu_
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< h[h]Zs_gghc Zexfbgb_f h[eZklb nZzAhYhbokhJadtjdfgu_j k
\uau\zZxl kieZ\u gZAhkdlkeVZ]h~Zjy bo ihgb  _gghc iehlghklb b \ukh
dzZazl _eyf m”~_evghc ijhqghklb b dhjjhabhgghc kidith cdhXjlbdIL ieh
jbklbdb bgl_jf_|ZABDOOARYTI ijb\_~_gu \ 1Z]e

LZ[ebpZ
NbabdhozZgbqg_kdb_ k\hckI\Z bgl_AlTil 2A&€ib"h\
b gbd_e \h]h kioeZgedlz K > @

AgZq_gby k\hcklI\ “ey eblh]h

K\hcklI\Z . . Inconel K
AlTi Al.Ti ZgZeh] kiez\Z
lehighkiv 3d] f 3800 3560 7910
L_fi jZImjZ iez\e _gby fl| 1460 1440 1380
Fh mev mijm]lhklb =12z 176 208 209
FhAmev kA\b]Z =1Z 70 88 80,8
Dhwnnbpb_gl ImZkkhgZz 0,23 0,26 0,3
'FjI—ZA—e ithaghklb ijb jZkly g5, 220 (700%) 840
Highkbl evgh m’ebg gb 054 0,04 (4,5%) 10
Kihcdhklv d hdbke gbx al - 146 1

ijb | fi jZImj K ]f

>Zggu_ ihemqg_gu ijb bkiulZzgbyo gZ k ZIlb_

DzZzd \b~gh ba ij_"~klZ\e_gguo ~ZgguAl,Tibb[eAg "ZZéedBadhc
iehlghklvx ih\ur_gguf m”_evguf fh me_f mijm]taklbijb\hXjhtklhcdh
"ys_c¢ “Zjhklhcdhklv gbd_elnttrdh kikk ZHkgh\guf g_"hklzZldhf bgl_j
f_1Zeel\Zi y\eyxlky djZcg_ gbadb_ ijhgqghklv b ieZklbgghklv

Hkh[_gghklb f_IZeemj]lbq_kdh]h ijhba\h?kl\Z kieZ\h\
gZ hkgh\_ bgl_jf_1zdeb”rzZ $0O

Hkgh\guf kihkh[hf ijhba\h?kl\Z Zexfbgb_\uo kiezZ\hA]y\ey_ Ik
g _mihjghf IblJe_ hkms_kl\ey fZy \ i _gZo khijhbbggghgby Qbbg¥ bg’
\ha”"mo_ beb \ bg_jlghc ZIfhkn_j_ LzZdZy Il dgbamiglbybh[hRghgb\
jhrguo ih khklzZ\m kebldh\ b dzZq_klI\_ggul Hhlleb ¥hdd ba g uk q d h flir]
g_glu \ha“mozZ Zahl b dbkehjh”™ g_ jZkl\hjyxlky \ ZdéxfjBgmx\uo
Im]hiez\db_ kh_~bg_gby hdkb”u b gbljb?ru dynibjkjZWYgbéZae h\u\Z
gh e_]dh m~Zeyxlky k ih\_joghklb jZkiez\Z LliwglhemdgqggldZy
Zexfbgb \uo kiez\h\ k kh”_j Zgb fihbtZzgk ! aZzdexqZ |ky \ Ihf «c
ijb _1h [hevrbo dhebqg_kI\Zo gZ[ex”Z_Iky dhjjhab hlgldlg Z\la Zbfh" _
| _jbzZehf IblJey qlh ijb\h”~bl g_ lhevdh d aZ]jyyZgeblgx kdkibZKEZ g _
_“bg_gbyfb gh b ih\urzZ_1 jbkd _]h ijh]hjZgby IheZhhm K& ihem
N jZgb_f Iblzgz khhiI\_IklI\mxsbo AT jAl EB3eebZhhnfgTi),
g_h[oh”~bfh bkihevah\Zlv \Zdmmfgmx |_ogheh]WkxlAulieZzgtdbhKkbpld
\dexgZ | "\Z kihkh[zZ \weémnvwetg]h\Zy iez\dZ <>1 k jZzkah”m_fuf
[jh~hf b \ZdmmfgZy bg"mdpbhggZy iez\dz <BI|lf kDhoeézxcrbafuf |
wlibo \b~h\ iez\db bf__ | k\hb ij_bfms_kI\Z b g_"hklZldb

LZd <>1 ihalhey | ihemqgZlv jZaebqgu_ ih kihKiddbmg kKieZ\u It
kh \k_fb e_]bjmxsbfb wedZdglZfbdkiez\dbfb 1Zd b Im]hiezZ\dbfb
gb\zZy Ij_[m_fuc khklz\ kiezZ\h\ H]jZgbq_gb]h b\bihevahezZgbdlp wl
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kebldh\ k\yazZgh k Ijm~ghklyfb ihemq _gby jZkdh"““m ZAslwo we dl
[hevrhc ijhp_gl [he@r_ ojmmidbo rbolh\uo fZlI_hhdehh £b]ZImj
dhlhju_ g_ iha\heyxl balhlZ\eb\Zlv djmigh]Z[EfMgwhaflWwegkjb”u \
bo jZajmr_gby ih”® kh[kI\_gghc fZkkhc >jm]dh k]gZhhoghglbfh k\y
kilvx fgh]lhdjzZlguo i_j_iezZ\h\ ~ey ~“hklb"  _gby ]hbhkhg'ghkZlgbkoebldZz
>50 ih fZkk_ e_]Jbjmxsbo we_f_glh\ b ihklhygghc shoriw@lh\db \u
f_glh\ IThwlihfm gZb[he__ ih*oh”ysbf "ey wlbo phdhc\Z¥mkih fgh]
gh*m]h\h]h i_j_ iez\Z y\ey |ky f_Ih™ <BI
< gZklhys__ \j_fy <BIl k hoez ~Z_fuf ih~hf ijbf_gkl\lky ijb ij
fZeh]Z[Zjblguo kebldh\ bgl_jf_|IZeeb”guo kiedhkbVvVdk_ab[dkkih\g ihk
\Z | [he__ jzZ\ghf_jgh_ jzZkij_"~_e_gb_ dhfihgriglhdbayzjkkiez\z] f
\u”_jdm b hoezZ ~_gb_ kebldzZz k az”"Zgghc gdhhtkkZvahfHwgh\guf
kihkh[Z y\ey Iky \ukhdzZy wg_jlh_fdhklv ijhpZljkEZubgZZ bvkjithZe vgu _
am_fh_ h[hjm~h\Zgb _
K mqg_Ihf \ur_baeh  _ggh]h | _ogheh]bqg_kdbc ijhp _lkla ihemq
kiez\h\ gZ hkgh\_ bgl AltTiIZkeb”®Z khklhylv ba ke_"mxsbo wlZih\
tih”"]lhlh\dZ bkoh”ghclorblogb\lhic Jm[db Zexfbgby b fgh]lhdhfihg ¢
eb]ZImj e_]bjmxsbo we_f_glh\
tbalhlh\e_gb_ jZkoh”m_fuo we_dljh”~h\ kihkh[hf ijhoh”~gh]h ij_k
tfgh]lhdjzZlgZy <> kebldh\ ih®” aZ”"Zgguc jZaf_j
>ey ihemq_gby hleb\hd p_e_khh[jZagh bkihevah\zZlv <BI
jZaeb\dhc \ d_jZfbq_kdb_ nhjfu ihemqg_ggu_ ih \uieZ\ey fuf fh"_

L iehnbabg_kdb_ b f_ozZgbg_kdb_ k\hcklI\Z ebluo aZ]hlh\
ba kiez\h\ gZ hkgh\_ bgl_jAlTIZA&BINh\
G_dhlhju_ | _iehnbabqg_kdb_ k\hckI\ZAIbigbAjfTilge é kA \
e _gu\lzZ[e > @

LZ[ebpZ
L iehnbabg kdb_ k\hcklI\Z bgl AlTi IbA&Eib”™h\
AgZq _gby k\hcklI\ ~
K\hckl\z kieZ\Z gZ hkgh
AlTi AlTi
L fi_jZImju kheb”mk ebd\b"mk fK 1460/1440 1480/1450
L fi_jZImjguc dhwnnbpb_gl ebg_cgh]h 0% 11,546 10,543
Dhwnnbpb_gl I _iehijh\h~ghklb <I fD 20 25
M~ _evgZy |_iehkfdeKlvd] D ~560 ~600
@b~rdhl_dmq_klv hjb_glbjh\hggu_agZq_ 350 350

Ba ij_"~klZ\e_gguo “Zgguo \b~rgh qlh ih hkgh\guf IZfehnbabqg
bgl jf_1Ze oMt wAl,Ti bf x| [ebadb_ agZq_gby izjzf_Ijh\ bhwlhfm |_
g_kdbc ijhp_kk ithemqg_gby hleb\hd baAlXié¢@th\l §& fgdg]in¥_ih\lh

jylv jZajZ[hlZggu_ | _ogheh]bb "eWkieZ\h\ khklz\Z
< jZ[hl_ > @ ijb\_~_gu k\hckl\Z kebldh\ b kiZkhggklokhleb\h:
\Z \ ih fZRk#48Al 2Nb2Cr ihemq_gguo “m]h\hc ieZ\dhc k jZkoh

we_dljh~hf gZ IblZgh\hf ]Zjgbkz'_ JZaf_ju hleb\hd ijb\_~_gu \ I:
K p_evx miehlg_gby hleb\db ih”\_j]Zeb ]hjyq_fkkHlahklZIbg
gbx =Bl \ kj_~_ Zjlhgz ijb | _fi1pB0@K_ b ~Z\e gbb + ZI
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(140=x FIZ Z k p_evx baf_g_gby kfpmdkmhe h[jZ[hld_ j_"bfu dh
lhjhc \Zjvbjh\Zeb \ ij_~_ezZo |_fi130¥fAikjZjh~h#e bl_evghklv =+ q
hoez ~ gb_\\h~_ gZ \ha”mo_ beb k i_qve ddXeZgZBubdla Iha¢b\t
Ilhle _gu h[jZapu ey f _o0Zgbqg_kdbo bkiulZgbc ngjh\dhhh jlu\d dikp\ gb\
\ijhp_kk_ jZkly  _gby ijb I_fi_jZImjZfoK <k_ b[jZapu "ey f _o0Zghbc
kdbo bkiulZzgbc ih”\_jl]Zeb |_jfbqg_kdhc h[jZ[KIK_ il gy kfm

Iby gZijy _gbc b klZ[bebazZpbb kljmdImju

LZ[ebpZ
JZaf ju hleb\hd k jZaebqgguf ihi j qguf Kk g gb f

Gzh?fe—b%ggzg Sbzf_1j ff Lhesbgz ff >ebgz ff
Keblhd 90 + 600
GZdez"dZ 140 2085 +
DeZiZg

]heh\dZz 40 545 +

gh dz 14 + 90
DjuevqgZzldZz

kKl _j°_gv 23 + 60

ehizZklv + 2 25

HIf g _gZ oZjzdl _jgZy hkh[_gghklv ébgnjblfzZiZeababkdihklv
< jZkiheh _gbb ihj \ h[t_f_ gZ[ex"ZeZkv q_I|ddy adgrhpghu_joghklv
ju b ihehklb jZzaf_jhf + fdf jZkiheZ]Zebkv \ hk_hpmgadhgZo h
ihjZz" _gghc djmigufb ihjZfb ahgu khklz\eyez hlefif\hjd ~biAfblj_
m\_ebgb\ZeZkv *h =+ ff ijb "bZf_Ij_ hleb\hd ua ihjfijibftachg_ ]jm]
eZ ahgZ rbjbghc + ff \ dhlhjhc gZ[ex*"ZeZkv jXa\\ delhgbZy ihj
madb_ ijhly’ _ggu_ ihehklb rbjbghc * fdf h[jZahbk\Zghd”_g*]
GZjy™"m k mdZazZggufb kjZ\gbl _evgh dimigybtkmikZ¥b\XdblZg&q
| evgh_ dhebg_klI\h f _edbo _~“bgbqguo ihj jZzaf Hpb gZk[iheZ] =+ |
ebkv ih \k_fm h[t_fm hleb\hd \ |Ihf gbke_ bo\ il\judghklghid\ahg:z
jZkiheh  _gu \ fbdjhh[t_fZo kljmdImju azZgbfZZzahe fKkkl\ghc
gb_f jzaf_jh\ hleb\hd khijh\h ~rZ fuf baf_evqjomlmju ¢ jBlghc k
eZ baf_evqgZxlky ihju \k_o Ibih\

Ih™ \ebygb f =Bl ijhbkoh”beh aZe_ _qb\Zgb_ ihj Ilhegh _
\ hleb\dZo "hklb]Zehkv ijb =Bl ih j_"bfm fKfi*r4¥Xémghb _ Fl1z \
| g gbg AZe gb\Zgb_ ihj khijh\h " *Zehkv kms_ klI\_dlgujfu baf_g__
f 1Zeez < fbdjhh[t_fZo ijbfudZxsbo d ihjzf gZpegx"E&zZkv *_|
s_kl\ey _fzZy ij_bfms_kl\_ggh azZ kq_l| ~_nhgZplby gZkdaghc i
iml_f kdhev'™ _adfy du __ gZ a_j_ggmxbkidp@ddlImjm

[jb I _jfhh[jZ[hld_ k gZ]j_\hf ~h I_fi_jZImyj . 2hrheankldg hkee
"mxs_c ihke_ =Bl ijh"he Z |ky jZajmr_gb_eZzZf 2feyghc_ ka&jmdIlm
j_gghc WIhl ijhp_kk ijb |I_jfhh[jZ[hld-\bjMbdkém bdZ ithg_| gZijy"
gbc \hagbdZxslhb apZqbl_evgh]lh h[t_fgh]h wnn_dlZ_g&Zwh\h]h
'. lhke_"h\Zl_evghklv baf_g_gby kijmdphjld ijbZzI_jfhf[h b ijb
=Bl < aZdexq_gb_ Z\lhju jZ[hlu > @hf_eZkxIbaf\hg'yh qgbkeh pb
eh\ |_jfhh[jZ[hldb dZ ~uc ba dhlhjuojkmik¢hgl]lpa\zAhi \u”_j db
b hoez ~ fibyh [_a ijbf_g _gby ~ nhjfZpbb ihemgblvimymonZagn
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k j_lezf_glbjh\zZgguf khhlghr_gb_f h[t_fguo "he_ggedfmmeikguo b
dh\ Z 1Zzd _ iheghklvx a_j _ggmxrkdpmdImjm

< 1Z[e ijb\_" gu agZq_gby f_oZgbg_kdbo kKWhdiEZulihemq _
gbyo gZ jzZkly _gb_ h[jZaph\ ba deZizZgzZh” "k h41Z gy \iglomljjZ egb ]
guo | _fi_jZImjZo

LZ[ebpZz

F_o0Zgbg_kdb_ k\hckl\Z iherrnZ[jbnghhlbgahlk%eZ\Z

A . L _fi_jZImjl 1, bo / %
<b” ihemnZ[jl bKiuiZgby F1Z %

Keblhd 20 350400 + 0,1€,5 +

700 430 + 1,04,5 +

NZkhggh_ ebl 20 558 558 0,59€,8 +

deZizg 700 508 484 8,5 4,5

800 520 475 25,3 51,2

LZdbf h[jZzahf ij_~ e ijhgghklb ey nZkhgdghd&hkl&hbedb ijb
a FIZ Z ijb ih\ur_gbb | _fi_jZImju bkfKIZgbygyrbeky ~h +
FIZ WIhl mjh\_gv ijhgghklb azf _Igh [hevr_ Ilgzf mljhdkiglv\gh]tl
ieZklbq_kdbo ozZjzdl_jbklbd nZkhgghc hleb\thhhNZdV_igZkhikgdhbl
kilb kebldz \ ij_~ _eZo \k_]h | _fi_jZlmjgh]h *bZiZahgZ bkiulZgbc
< bkke_"h\Zgbb > @ bkiulu\Zeb h[jZzaydi bQIZ]jhilhXele bihZ
h[jZapu ihemqgZeb Ij_fy kihkh[Zfb
teblv_f [ _a “hihegbl _evghc h[jZ[hldb
teblv_f k ihke_"mxsh¢jz¥Blidhc ijb |_fi_jzZzImfK ~Z\e _gbb
a FlIzZz\1l g _gb_ ¢
tij _kkh\zZgb _f ihjhrdz azl _f 1Zzd _ h[jZjblZghh]J&I#B0 f K
NZ\e g FIZ\ | _g_gbg
Ba ihemqg_gguo aZ]lhlh\hd k ijbf_g_gb_f we ZepbhWw[jhaadu bal]h
jZaf_jhf ~h ff H[jZapu ih"\_jl]Zeb bkiulZgthyefdgkl\k &Ilbdbhkekl
gbx djhf_ Ih]lh hij_~_eyeb |_fi_jZlmjguc dhwnpindkribj gdbgbg_cg
LDEJ
J_ameviZlu bkiulZgbc ijb\_~_gu gZ jbk + b\ IZ[e

[
N
o
o

50 33

o ihjhrdh\AGTi
© eblhA,Ti

¢ eblhc  =MTi
A ihjhrdh\ i
v eblhA,Ti

0 eblhA,Ti

404 O eblhc =ABTi
¢ ihjhrdh\AGTi

nhjfzpby ijb k

301

20+
.'6
101

g_klb ijb k> Zlb

E <
© 600 <
) 400 - _:,'
= 2001 A " — «
® _,:4//?‘_’-.'——9—""”:’0
0 200 400 600 800 1000 fK 0 250 500 %0 10007 K
Jbk  1j_A_ el _dmg_kib ijb k® Jbk  lezklbg_kdZy ~_nhjfzp
ba bgl_jf_lZeeb”h)73 06T O3 C h[jZaph\ ba bgl jfAlZieebn
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O ihjhrdh\AGTi
101 O eblhAl,Ti
& eblhc =MTi
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Jbk L_fi_jZImjguc dhwnnbpb_gl ebg_cgh]h jZkrbj_gby LDEJ
ba bgl_jf_|ZeAT M bAISTI
LZ[ebpZ
KjZ\gbl evgZy ijb[Z\dZ fZkku ey bglAlpTi, Af&ie AT\
L_ fi_ jZIm lib[Z\dZ fZkku? f'&y h[jZaph\ ba bgl jf |Ze¢
bkiulZgb| ihjhrdh\h| eblh]h 3 eblh]| AlsTi | Ti#8AI+X* | TiR1Al
fK Al,Ti Al,Ti Al,Ti
815 0,15 0,9 1,1 ~0,8 1,38,4 ~6
982 3,9 7,4 10,5 * 2460 14
ijb
900 f K
*X:Mn, W, V, Cr.

Ba]Jhlh\e _gguc ba ihjhrdZ h[jZa_p ihdZaZe gZbealgx__ khijf
ijbdhfgzlghc | _fi_jZlmj_ h~gzZdh ijb | _fi_j200nfjko_hhdhedklb +
ghklv j_adh m\_ebgb\zZ&dzZkhve”h Klhcdhklv d hdbke gbx [hevr_ n
dh\h]h h[jZzapzZ \h \k_f "bZiZahg_ bkke_"h\Zgguo |I_fi_jZImj

LZdbf h[jZahf eblhc bgl _jf I1Zeeb”guc Mghnjhygeyg kieZ\
kjz\gbl_evgh gbadb_ k\hcklI\Z \ eblhh[kBKkhhdgbd agBgbl_evgh it
\urZ _| klhcdhklv d hdbke_gbx b ieZklbgghklv ijb I_ffiKjZImjZo hl
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jbqbgu gbadhc | _ogheh]bqghklb h*"ghndAgb]ki€A\Mb@Zgby
]h h gh\ bamqg_gu \ jZ[hlZo > = @ HIkmiklkb\Z ireklZzdhgtghdh
dhev' _gby b [hevrh_ dhebqg_kl\h h[hj\Zgguo k\ygbh\t¢"ilhl [gZzgbpZ
hfh" gbx "bkehdZpbc ih ]JjZgbpzf a_j g glldhkdylau)Zhkkyx kb\ukt
gbadhc ieZklbgghklvx ~Zgguo ng_Jf |Zeeb” h\bbijb\glygZkHp hkgh
gbadhc | _ogheh]bgghklb h"ghnZaguo kieZA§N bAlgTi; &€ "dtn_ nZa
nZaghc kbkl_f_1zd" _ ijb\h”~bl d hojmigb\Zgbx kiez\z

< "Zevg_cr_f k p_evx ih\ur_gby I _ogheh]bqg_keldNhakl\ b
kiez\h\ ijh*he’ _gu bkke_ ~h\Zgby wibo kieZ\h\-AITt¥méAhHBaghc h[e
[38 @ H~”gZdh bkke_’\h\Zgb_ \ wilhc h[ezZklked\ib\akhgZgbb gbhe gt
kljmdIimjhc g_ h[_ki_gbeb dhfie_dkZ Ij_[m_fuo k\hcklI\ \ ebluo kie

Ihfbfh bkke "h\Zgbc kZfhc "\monzZaghc khklZhégk&lx bamqg

_]bjh\Zgby Zesbbgbh\hc fZljbpu jZaebqggufb we f glzflb < jzZ[hl

ke “~Ah\Zgu ij_~ihkuedb kha”Zgby ljhcguo bgl_ jf IdE&wmuguo Kie
ga[he__ i _jki_dlb\gu_ e _]Jbjmxsb_ we f _glu IZdb_ dzd 1L 1E

< jZ[hl_ > @ ijb\_~_gu bkke_~h\zZgby ljhcgh]hhki2kkZ khklzZ
Al 86Ti2Nb ba]lhlh\e_ggh]h p_gljh[_"guf eblv_f 1jh\_~ ggu_ bkiul
ph\ ihdZaZeb o0zZjzZd!l_jgu_ “ey wlh]h deZkkZzd kilh e’abhgg_glkokb Kl Fhaddoh k
e _gbx ijb | _fi_jZImjZzgK hhrgzZdh ieZklbqghklv ijb dhfgZlghc |_fi
hdZzaZezZkv g_m~h\e I\hjbl _evghc [I|jpKI KiezXImh”~ fhgkljbjh\Ze
ieZklbqgghklvjb ij_~_e_ijhqghklb Flz

k
I

AZdexq_gby

Bgl_jf_IZeeb”gu_ kieZ\u gZ hkgAlTi kxheyYgygbyki_wlb\g
fb fZl_jbzZezfb ~ey jZajZ[hldb ‘Zjhith%uo kieZ\hwgey] "N\bgZ1_ev¢
kdbo mklzZzgh\hd [eZ]h~Zjy bo gbadhc iehlghkttdhc m"_eddkiic ijh
ghklb b klZ[bevghklb ijb |I_fi_jZKmjZo ~h

Rbjhdh_ ijbf_g _gb_ ebl _cguo bgl_jf IZeeb”gfu&hkieZ\h\ k \ul
gb_f Zexfbgdby Zlhfg kA" _j"b\Z_1 bo g_"hklZlhggZy | "ogheh]bq
kiI\b_ gbadbo iezklBg~kdboijb I_fi_jzZImj_ bkia0Z&byb gh
ghklguo k\hoKI\ 1FI1Z HrgZdh ij_bfms_klI\hf "Zggh]h deZkkZ kic¢
_Iky \ukhdZzZy ijhgghklv ijb k Zlbb hE b khhcdhklv d hdbke gbx i
\ukhdbo |_fi_jZImjZo hl 2AhazZ\bkpkfklb hl kihkh[Z Idpfhh[jZ[h]

GbadzZy | _ogheh]bgghklv b h[jZ[Zlu\Z_ fhklv Nhhké&\eb\Zx| ¢
ihevah\Zgby ebl _cguo f_|Ih"h\ ihemqg_gby kebldha ki@ZWkhggdo hi
hkgh\_ h”ghnakbh]bh "\monzZadHRihr-Al,Ti bgl_jf_IZeeb™h\ :gZeba
nZah\hc ~bz]jzffu ihal\hey | mI\_j"~ZIv qlh ftdggbrbkieblu bf_ x
gu_ k\hckNE"dhl_dmqg_Kklv + ff b aZihegy_fhiilewz\g¥ mjh\g._
g_ lj_[mxsb_ kbevgh]h i_j_]j_\Z \ur_ |I_fi_jZImju kheb”mk

Gzb[he _ i _jki_dIb\guf kihkh[hf ihemqg _gby ebbgb”tha” ebc
IblZgZ y\ey Iky kms_klI\mxsZy | _oghehké¢lbydha]imhh\é fghghdjZlg
]lh \Zdmmmighbh\h]h i_j ieZ\Z b "Zevg_ r _1h ihemab\dlWy i mZkhgguo

\Zdmmfghc bg"mdpbhgghc iez\db \ i_qbekfhogzZzatdb\duk Ib d_|j
fbg_kdb_ nhjfu

K p_evx ih\urigbklbg_kdbo b ijhgghklguo k\hcklI\ kiezZ\h\ g
Al,Ti b -AlTi+r-Al,Ti ke_"m_| ijh*he Zlv bkke_ _~h\Zgby \ h[ekklb fgh]t
ghlh fzdphfbdjhe Jbjh\Zgby kiez\h\ we_f_glzZfb 1L 1E b&X 7D .
jh\Zggu_ kieZ\u gZ hkegtnN+reAdduihalheyl kms_klI\_ggh kgbablv fZ
dhg _qguo " 1Ze ¢ b maeh\ wg _j] Ibg_kdbobkkmklggh\Hduo bbdh]
| _evguo ZiizZjzZlh\ ih kjzZ\g_gbx k ijbf_gy_ fuffty ' fjdkjhggufb\j
gbd_e_\ufb kiez\zZfb b g-Wiklh\zfb
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jZaph\ KH khklz\zZ fZ]gb_\uo kiez\h\ fZjhd <FE b <4F¥B2 <h N=MI
ijh\_"~_gu bkiulZgby fZKHi peBvx mlI\_j "~ _gby bo IbiZ Ij[hdEd" _
]bgq_kdzZy wdki_jlbaZz Hnhjfe_gu aZdexq_gby ih ijh\_jd Hj_amevlZIh
khklzZ\Z mdzZzazZzgguo kiezZ\h\ b \u”"Zgu k\b"_I_evkiXZkhghZ\_j ~_gbb |
guo h[jZaph\ Dhfie_dlu KH mI\_j"~_ggh]lh Ibiz Zgk@dMNgud\hgguo Kl
jZaph\ \ukhdhijhgguo fZ]gb_\uo kiezZ\h\ fZjhd <FE b <F> bf_xI hlg
ih]j_rghklv ZIl_klh\Zgguo agZqg_gbc fZkkh\hc “heb we_f "glh\ \ *"bZi.
5 ih fZkk_ g_ [htelg_

Dexqg_\u_ k&hXg~Zjlguc h[jZza_p fZ]gb_\u_ kiezZ\u ki_WklIjhkdhiby |
]Jby balhlh\e _gby mI\_j°~ gb_1biZ klZg”~Zjlguo h[jZaph\ g_hij_~_e

F.N. KarachevtséyS.G. Eroshkih I.V. Mostayev, M.V. Akinina® : 9 6ODYLQ

DEVELOPMENT OF STANDARD SAMPLES
OF MAGNESIUM ALLOYS VML20 AND VMD16

Atechnology for the manufacture and production of reference material (CRM) of the-comp
sition of magnesium alloys of the VML20 and VWMD16 grades has been develope8UE
©91,,2),2 WHVWV RI &50 PDWHULDORZH 8/8 thebtype,lald @elRex W LQ R U (
metrological examination. Conclusions were drawn up on checking the resuRofeSting
for the composition of the indicated alloys and certificates of typeoappof reference mater
als were issued. CRM sets of the approved type of state standard safrhfibsstrength mge
nesium alloys of VML20 and VMD16 grades have a relative error ofe¢hiified values of the
mass fraction of elements in the range from 0.5 to 5% (by weight) no more than 5% rel.
Keywords: standard sample, magnesium alloys, spectroscopy, manufacturing technology,
type approval of reference materials, uncertainty.

IN_ A jZevptkmAZjkl\_mghlZjgh_~ijbylb©<k_jhkkbchAmalyhke ~h\Zl _evkdbc
bgklblEh\IprbhgnglJOjbZéh‘hkm"ZJkI\ _@gmqgucgljhkkbckNhe JZ;{)FteberaI

State Unitary Enterprised® $-Bu@sian Scientific Research Institute of AD WL R Q 0 StateHRéseBrehy @
Center of the Russian Federation]; e-mail: admin@viam.ru

<\_"_gb_

Dzd dhgkljmdpbhggu_ fZl _jbZeu fZ]gb \u_ Kieg\mmh[eZ~ZxI
s _kI\ ih kjzZz\g_gbx kh kiezZ\Zfb gZ "jm]bo mkgaVgoafbukingdhblvx
b ~ _kldhklvx ohjhrbfb mklZehklgufb k\hckMxZfbh oKigZdhekdbé&l
k\hcklI\ b jzaf_jh\ ijb "ebl_evghf ojZg_gbb [eZ]hgdghkIbllidmdkl\bx
jhabb kihkh[ghklvx jZ[hlZlv \ rbjhdhf ~bZzZizal®§ fKI fh_jZIlmj hl
350 fK A djzldh\j_f _ggh260 fFK A ~ebl_evgh \ukhdhc ~ _finbjmxs_c
kh[ghklvx ohjhrbf | _ieh\uf b |jh|b\hrmfguf deZnggj@l\lZgib\hf b 7]
kI\Z \hklj_[h\Zgu ~ey ba”_ebc Z\bzZpbhgghc dhklibbgredhehb h[hijt
kilb 1jbf_g _gb_ fZ]gb _\uo kiezZ\h\ iha\hey Iwirhnué#bldVvgh kktw\we
f glh\ dhgkljmdpbb e |Zl _evguo ZiiZjZlh\ mhe ehablvimeZ eaxgrhX v
fZkkm ba”_ebc memqrbiv_debdzZébtbdh ozjzdl _jbklibdb b j_kmijk
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[1, @ Iljb wlhf azf_gZ ~ _|Ze_c¢c b maeh\ ba ZdxXflgdb \wuoijierZ\h\ ¢
A"bl d kgb " _gbx fZkku wlbo dhgkljmdIb\g80we f _glh\ gZ %

< gZklhys__ \j fy aZ jm[_"hf \hajzZklZ_lubdglieZz\KZfd K4 hgb \
pbb bo ijbf_g_gby \ e_I1Zl _evguo Ziizjzlzdl_]dklbd Zf\ hbgFboihzm |
mki_rgh dhgdmjbjh\zlv ~Z°_  k dhfihabpbhggu6lb m]Je_ieZklbdZzZfb >

GZb[he__ i_jki_dlb\gufb ~_nhjfbjm_fufb fZ]Jgheyubdvikie Z\Zf
ah\Zgby \ ba” _ebyo Z\bzZdhkfbg_kdhc |_ogbklike Z\e yxhkly]HZijlgb _\t
dhe_gby e_]bjh\Zggu_ j_~dha_f_evgufb we f gZfZklIkfbmemqr _

dzfb ijhqghklb ijb dhfgzZlghc b ih\ur_gguo |_ffKZImjdb_ 7dizd
kiez\ fZjdb <F> > @

>ey h[_ki_q_gby _"bgkl\Z baf_j_gbc b dhglethéybdihe kl\zZ f.
nZ[jbdZlh\ ba gbo g_h[oh”bfh ba]hlh\e_gb_ KHAg/¥hkya\&Z hfij&gaph
\h\ > @

P_ev gZklhys_c¢ j4ZlljZ[khldZ KH khklzZz\Z \ukhdhijhgguo fZ]
kiez\h\ fZjhd <FE b <F> dhlhju_ ihalheyxlIxl ijh\jib’'?ed¥ ZgZe
fZlgb_\uo kiez\h\ \ oh”_ ijhba\h”?kl\_gghc ieZ\dbjj*"aybhh\gblb\gf
khklz\z

Kh\j_f _ggh_ cHbhddblbg_kdh_ h[hjm~ hY@&dbkkbhiggdd ki_

[jhf _Ij ODJHOODQ 4 b j_gll_ghnemhj_kp_gldliger Z gize\thaex | hj IbiZ
ijh\h~blv IZdhc ZgZeba H”"gZdh dhjj_dlgu_ bu”pgKlihXdjgluh[h ame
jm~h\zZgbb fh gh ihemqgblv Ilhevdh ijb gZebqbb\ ks kd kilZj\vd khhl
kiez\h\ < gzZklhys__ \j_fy \ hljZzkeb hlkmlklI\mx\Zdhéiyedkdlu KH K
ljZevgh]lh ZgZebaZ \ukhdhijhgqguo fZ]gb_\uo kiez\h\ fZ3lhd <FE

Hkgh\gufb az”~ZqgZzZfb ijb ba]Jhlh\e_gbb KH yl\ewhl&ly]bpZajZ[h
\uiezZz\db bo fzl_jbzez dhlhjZzy h[_ki_gb\ZezZ dh]lhhéaigjlgbezZ h"g
az”"Zgghlh obfbg_kdh]h khklz\Z balhlh\e_gliKHb Aulismdkd_ djhfiie _dl
N _gb_ bkiulzgbc k p_evx mI\_j "~ _gby bo Ibiz

JZ[hlZ \uiheg_gZ \ jZfdZo j_ZebaZpbb dhfie fdkghc gZmqg
ONmg~rzZf _gtBevgdlbjh\Zggu_ bkke "h\Zgby? ©OKIjZl_]bga kdb_ gZ
\blby fZl_jbZeh\ b | _ogheh]bc bo i_j_jzZ[hldb gZ i_jbh” ~h ]h?”

FZI_jbZeu b f_Ih”™u

H[t _dlZfb bkke_ ~h\Zgbwyw[yXeypxkwkhdhijhqguo fZ]gb_\uo Kkie:
fZjhd <FE b <F>

Baf_j_gby ijh\h~beb f_Ih&kfbXklkifgbghc ki_dljhf_Ijbb k bg~md
gh k\yazZgghc iezafhc gZ ki_dljhf_Ij_ $ILOH[RAW hf iekZzddkbh&Zevg!
f_ Ilh"bdzf FB + b FB + >ki_dl@hf FZké _Kdb_ b
ke _"h\Zgby \uihegyelbi giajhZkkj_ k bg"mdlb\gh k\yaZgghc ieZafh
ih FB + Baf_j_gby hkms_kl\leyeb Z[Khjjipfb Zdlghgh ki _
l[jhkdhibb gz ki_dljhf_Ij_ 9DULDQ yBKkke=RFK\IZgb_ h~rghjh~ghk
jZkij_~_e_gby we_f_glh\ \ fZlI _jbZe_ KH ijh\h"lebHOD KIQ HAjhH _Ij
Ibdhwfbkkbhgguf f_Ih"hf ZgZebaz 7 =HKL +

J amevlZlu b h[km ™~ _gb_
JZajzZ[hldZ | _ogheh]bb \uiez\db fzZl_jbZezZ KH
khklz\z fZ]gb_\uo kiez\h\ fZjhd <FE b <F>
GZ hkgh\Zgbb hiulZ \uiez\db \ukhdhijhqguo fiZ]jg \uo k
<FE b <F> gZ | _ogheh]bg_kdhc [Za_ N=MI_@gBemdbg]jkdou |
i1ZjZf _lju \uieZ\db KH khklZ\Z mdZaZgguo xlsite Z\fi\d kib[f Zkei v g im XZ
hrghjh~rghklv jZkij_~_e _gby we f _glh\ \ fZl _jbZe _
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<uiheg_g jZkg_Il rbolh\h]h fZIl_jbZeZ "ey ieZ\db kiez\Z fZjdb

ljh\_~ _gZ hljz[hldZ |_ogheh]bg_kdbo j_"bfh\ \wéeZKdb b |_jf
[hldb LH fzZl_jbzZzezZz KH khklzZ\Z \ukhdhijhdgudZjhly<REo bieZ
<F> Z bf_ggh kihkh[h\ \\_~ gby hkghdgwme_&_ghhmdsijbf_k_c
kgZqZeZ \\h”"beb gmrdh\hc fZ]gbc "AdZevpbydZ faZzlh _fbeb]ZImj
fZ]lgbctpbjdhgbc fZ]gbctblljbc b eZglZg

>ey \uiezZ\db khklz\zZ kiez\zZ fZjdbkhkPZ\ <F2e bkile
ah\Zeb eb]zZImjm fZ]gbctbMdpdblh\e _ggmx \ ]Zah\hf Jhjg_ ba f_|Z
kdh]lh blljby ”"ey \uiezZ\db khklz\Z kiez\zZ fRHbZkxK*2) t"Ze _ +
ijhba\h~klI\_ggmx eb]JZImjm fZ]gbctibklgbcdZ ~h]lh \\_~ by e _]bjn
s_]h we_f_glz ijhba\h”beb IszZl_evgh_ i_j f_rpdZeb_j4Rke&Z\Z .
e _gghlh f_1ZeeZ ihdju\Zeb nexkhf <h \j_fy ijbkZ"gdlgld\]bjmxsb
i_j_f_rb\Zgby jZkiezZ\Z \hagbdZeb hqgZz]b ]Jhj_dbyjZkieZAEmijih\_joc
kuiZzeb blljb_\uf nexkhf

MklZgh\e _gh glh obfbg_kdbc- kh&bahd&F> jZkg_Ighfm khklZ
ljb \uiez\d_ khklz\Z <HpZ[Zlu\Zeb \\_"~ _gb_ ijbf_k_c ijb wlhf d
mk\hbeky gal \\_* ggh]h dhebq_kI\Z f_~v mk\hbeZkv iheghklv>
"_e_ah g_ mk\hbebkv Gbd_ev b dj_fgbc_J_kbblba etHZImju fz
gbeblljbc LzZdbf h[jZzahf dZevpbc b f_~v \\h~gbhky¥h\kkkezZ\KN fZ
gbklhf \b~r_ gbd_gpvateb]ZImjm fZ]gbctblljbc zZ ~_&_ 8 b dj_fg
n _jjhkbebpby qglh ijh\_"~ gh gZ KH kiez\zZ fZjdb <F>

<uiheg_gZ hljzZ[hldZ |_ogheh]bq_kdbo j_"bfh\ EZMZ&X| jbZeZ
khdhijhqgh]lh fZ]gb_\h]h kiez\zZ fZjdb <F> Jhfhj] fgpabpbiy £jb
| _fi_jZIlmjZooK LH K LH b Z aZK fLH

GZbf_gvrb_ hildehg_gby j_ameviZlh\ hij_~_e_gby & ]bjmxsb:
| jbZe KH ihemqg_gu gZ h[jZapZo ihke_ | _jfhh[jE[HHOMsvk j_ “bfr
f_ Ih"Z hitwdhkkbhggh]lh ZgZebaz 1Z][e

LZ[ebpZ
Klzg~Zjlgh_ d\zZz”*jZlbg_kdh_ hldehg_gb_ KDH ghamevlIZlh\ hij_~"
e_]bjmxsbo we_f_glh\ \ fZI_jbZe_ klzZg”~Zjlguo h[jZaph\ KH
khklzZ\Z kiez\Z fZjdb <F> ihke_ | jfbg_kdhc h[jZ[hldb LH

. KDH j_amevlZlh\ hij_~ e gby we f_ gl¥f
J_ bf LH Zn Zr La Y

LH 1,1 1,1 1,0 1,0

LH 0,7 0,8 0,6 0,7

LH 1,3 14 0,6 0,6

;_a LH 2,0 2,0 1,6 1,6

<uiheg_g jZkq_Il rbolh\h]h fZl_jbZezZ ~ey iezZ\db kiez\Z fZjdb

[jh\_ "~ g \u[hj kihkh[h\ \\_"* gby hkgh\guo e_]bjnosbo we_ f_
k ¢ KgZgZeZ \\h*"beb gmrdh\hc fZ]gbc "Zlfml pbhgalZldZffbo b
n_jjhkbebpbc gbd_ev \ \b”_ ihjhrdZ b Zexfbgllh \h™"bedjm db
eb]ZImju fZ]Jgbcxtpbjdhgbc b gbh[bctlblZg Ihkee JbZnrdslhlh\_»_
we_f_glzZz ijhba\h”beb IszZl_evgh_ i_j_f_rb\Zgb_ihXkjiegZhKlvijb w
jZkieZ\e_gghlh f_|ZeeZ aZsbsZeb nexkhf

Bkke_"h\Zeb obfbqg_kdbc khklzZ\ kebldh\ kiez\zZ fZjdb <FE
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LZ[ebpZz
Obfbg kdbc khklZ\ klZg~Zjlguo h[jZaph\ KH kieZ\Z fZjdb <FE
Bg”_d FZkkh\zZy ~“hey we_f_qglh\ ih fzkk_

KH Zr Cd Zn Cu Ni Bi Al Fe Nb Ti Si
<FE -1 | 0,713 0,711 | 6,59 | 0,0017 | 0,0120 | 0,0203 * 0,0180 | 0,0065 | 0,0074| 0,0030
JZkqg_ld 0,700 | 0,700 | 6,50 + 0,0100 | 0,0400 + 0,0500 | 0,0400 | 0,0400| 0,0100
<FE -2 | 0,806 | 0,381 7,79 | 0,0540 | 0,0014 | 0,0920 | 0,006 | 0,0010| 0,0150 | 0,0170 | 0,0011
JZkqg_lg 0,800 | 0,360 | 7,50 | 0,0500 * 0,1000 | 0,010 * 0,1000 | 0,1000 *

MklZzgh\e_gh qglh obfbq_kdb_ -khiklZFE <fF&badb dIljZzkq_
guf @ _e_ah b dj_fgbc mk\hibébkv~rgggh]l]h dhebqg_kI\Z f_~v b g
mk\hbebkv iheghklvx Zexfbgbgthptzc b IblZ&.A gz
ljh\_~ gZ hljz[hldZ | _ogheh]bg_kdbo j_"bfh\ IZNZfXukjlbZeZ K
dhijhggh]lh fZ]gb_\h]h kiez\zZ fZjdb <FE ih Ij_fghc bjff&fh k jZae
"bl_evghklvx aZzdZedb hoez ~ _gby \ \h~_ klZj_gby b hoezZz ~_gb
tLH azZdZedZ ijb |_fi_@IlnmhjoezZz ~ _gb_ \ \h*_ ijb | _90dgZImj_ =
klzj _gb_ijb | _fi_jZgj hoezZz ~ gb_ gZ \ha”mo _
tLH azZdZedZ ijb | _fi_@lInhjoez ~ gb_ \ \h™_ ijb | _ 90 gkZImj_ %
klZzj _gb_ ijb I _fi_jZigwj hoez ~ gb_ gZ \ha“mo _
+LH azZzdZedZzZ ijb | _fi_pKlnhjoezZz ~ gb_ gZ \ha“mo_ klZj gb_ ij
jZImj_ oK hoezZz ~_gb_ gZ \ha"mo_
GZbf _gvrb_ hldehg _gby j_amevlZlh\ hh)_R _idfgbyxwie Ih"g
hilbdWfbkkbhggh]h XgfZébjdbZe KH ihemq _gu gZ h[jZapZo ihke _
[hIdb ih j_"bfm LH 1Z[e

LZ[ebpZ
Klzg~rZjlgh_ d\z”~jZlbg_kdh_ hldehg_gb_ KDH ghamevIiZIh\ hij_»
e _]bjmxsbo we f glh\ \ fZl jbZe klZg~Zjlguo h[jZaph\ KH

khklz\Z kiez\zZ fZjdb <FE ihke_ | jfbg_kdhc h[jZ[hldb LH
. KDH j_ameviZlh\ hij_~_ e _gby we_f_gl
J_bfLH Zn Zr Cd
LH 1,2 1,7 0,7
LH 1,3 1.8 0,4
LH 1,2 1,8 0,3
;_a LH 2,0 2,4 1.4

GZ hkgh\Zgbb ihemq_gguo j_ameviZlh\ bkkle ogh&lgjbogjZajZ|
kdb_ bgkljmdpbb LB dhlhju_ yleyxlky jmdh\*"KIMNhkhklDba]hlh\
\ukhdhijhgguo fZ]gb _\uo kiezZ\h\ fZjhd <FE b <F3j [HklZgZ\el
gby d h[hjm~h\Zgbx rbolh\uf fZl _jbzZezf [_ahj@kgkkllr kkjhojZgu
Au Z 1lzd_ j_lezf _glbjmxl | _ogheh]bg_kdbc ijhp_kk>osajdblh\e gb:

t\uiezZ\dm ba rbolh\uo fZl _jbZeh\ aZ]hlh\hd bBZfAEdgbFEuO kieZ)\
\ bg"mdpbhgghc i_gb b <F> \i_gb rZolgh]h IbiZ k ]Zah\uf h[h]]j

taZeb\dm kebldh\ \ gm]mggu_ baeh gbpu

+f_o0Zgbq_kdmx h[jZ[hldm ih\_joghklb kebldh\

tbkdmkkI\_ggh_ klZj_gb_ kebldh\ ba kiez\Zbf&Zigbhggkc h]lhfh]
"b] kebldh\ ba kiez\Z fZjdb <F>

tbalhlh\e_gb_ KH ba kebldbhbgdZj |ladhjfgklZzgd _
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JZajzZ[hldZ b \uimkd dhfie_dlh\ KH IbiZz =KH
khklz\Z \ukhdhijhqgh]h fZz]gb_\h]h kiez\zZ fZjdb <FE

lh jzajz[hlzZzgghc LB balhlhle_gu KH khklz\Z \ukhdhijhqgt
kiez\zZ fZjdb <FE “"ey ki_dljZevgh]h ZgZebaz f\_hjmjff _ pfhbebg”jh\
b \ukhlhdf

[jh\_~_gh hij_"~_e_gb_ obfbg_kdh]h khklz\Z ihemmgfghguo KH
wfbkkbhggh]l]h ZgZebaz khklZ\u ihemqg_ggu&khkHjhdgkkbjZa][jhk il
jmxsbo we_f_glh\ b ijbf_k_c qlbhihiédgbheyddeb[jh\dm ki_dljZevgl
h[hjm~h\Zgby

Bkke ~h\ZgZ h~rghjh~ghklv jZkij_~ e gby obfbmgkdlgtrfwe f_
fZl _jbZze KH khklz\Z kiez\Z fZjdb <FE ih =H&Mfbkkbhgguhilbdl
f _Ih~hf gz ki_dlj@8 Magellan Bkke_~h\Zghl[ijZzaph\ hl dZ ~b]h obf
g_kdh]lh khklz\z ijh\_~_gh ih "\Z baf_j_gbyjkghXldbhcGjZ [hkgglc ih
\Zgbb j_ameviZlh\ ZgZebaZ ihemqg_gu ag9ZghpbywbiZjizdZl]hkbadz
KH khklz\zZ kiez\zZ fZjdb <FE b i_j_~Zgu \h NReWM|jZ&kqGIBB HNB?2
f ljheh]bg_kdbo ozZjzdl_jbklbd

>ey ijh\_~ _gby bkiulZgbc \ p_eyo mlI\_j * _gbyiljiZ22Ne=hM| ©O<I
\h N=MI ©<GBBHNB?2 h”"bg dhfie_dl KH khklzZ\Z Bu¥Xh]hhkjilrgdBA]h f-
fZjdb <FE

Hij_~_e_g obfbq_kdbc khklZ\ mdzZazggh]lh dHfig dIgbKH \ ¢
bo Ibiz k ijbf_g_gb_f Jhkm~ZjkI\_ggh]lh i_j\bggh]h kwlZleithgZz =WL
ah\zZgb_f f_Ih~h\-\ifibkgbhgghc ki_dljhf_Ijbb k bg"mdlb¥wh k\yaZz
fhc b ZIhgkhj[pbhgghc ki_dljhf_Ijbb gZ ki_dljhf_|jZo 8OWLPD

GZ hkgh\Zgbb j_amevlZlh\ bkke_~h\Zgbc objtbdie xKdkHh khkl
ijh\_"~_gguo jZaebqgufb f_Ih*"Zfb Zg®e&iBaE2\b N=MI OKGBB
NB2 hp_g_gu f_ljheh]lbqg_kdb_ oZjlZ&klhj\ZigbAYy ozjzdIfdbklbdz =+
kh\Zzy “"hey we_f_glh\ b Z[khexlgZy ih]j_rghklvo@&II\ KihhE\gguo aq
kiI\bb k JF= + ©=KB Klzg”Zjlgu_ h[jZapu kidipogdZjZdljheh]t
jbklibd k bkihevah\Zgb f wlZehgh\ b h[jZaph\uo kj_"klI\ baf_j gbc

< khhI\_Ikl\bb k Ij_[h\Zgbyfb =HKL + b =HKL +
f_ljheh]bq_kdzZy wdki_jlbaz “hdmf_glh\ ijhlhdheh\ KKiblbgbc fZ
ke _"h\Zgby h”ghjh~ghklb KH khklzZ\Z kiez\zZ fzZjdlghyFEbiZ ijh_d!

iZkihjlZ b wibd_1Idb i_j_"Zgguo N=MI| ©<B:F2 \h N=MI ©<GBBHN
Hnhjfe_gu aZdexq_gby ih ijh\_jd_ j_amevIZIh\ZbkieXXgbc KF

fzjdb <FE \urZgh k\b”_I_evkI\h « h[ mI\_j°"~ _gbb bo IbiZz
<uims_gh dhfie_dlh\ KH mI\_j"~ ggh]lh Ibiz =KH +

\ukhdhijhggh]h fZ]Jgb_\h]h kiez\zZ fZjdb <FE kKhi\kyb~ ¢ bdvkl\hf
Ibiz _]1h hibkzZgb_f b iZkihjlhf dhlhju_ bf_xI jZdjhgiKldbg bkdb
ijb\_~ ggu_ \ IZ][e b

LZ[ebpZ
1l_klh\ZggZy o0zZjzdl_jbklbdZ klZg~Zjlguo h[jZzaph\ KH
khklzZz\Z \ukhdhijhggh]h fZ]Jgb _\h]h kiezZ\Z fZjdb <FE

Bg~_d FZkkh\Zy “hey we_f_glh\ ih fzkk_
KH Zn | Zr Cd Bi Nb Ti Al Ni Cu Fe Si

<FE -1|7,00|0/56 | 0579 | 0,0001 | 0,0009 | 0,0011 | 0,0009 | 0,0010 | 0,0009 | 0,0010 | 0,0070

<FE -2 |747|0,49 | 0,620 | 0,0860 | 0,0083 | 0,0088 | 0,0017 | 0,0100 | 0,0009 | 0,0016 | 0,0160

<FE -3]6,32|0,55| 0,070 | 0,0580 | 0,0032 | 0,0032 | 0,0056 | 0,0074 | 0,0130 | 0,0012 | 0,0031
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LZ[ebpZz
:[khexlgzZy ih]j_rghklv ZIl_klh\Zgguo agZq_gbc klzg”*Zklgku&Z\tZ[jZaph)\

\ukhdhijhgghlh fZ]gb \h]h kiez\Z fZjdb <FE  ijb ~hylghklvghc
Bg”_d :[khexlgZy ih]j_rghklv fZkkh\hc "heb wekf glh\ ih f2
KH Zn Zr Cd Bi Nb Ti Al Ni Cu Fe Si

<FE -1|0,28| 0,02 | 0,026 | 0,00002| 0,00024 | 0,0004| 0,0001| 0,00016| 0,0004 | 0,00020 | 0,0004

<FE -2|/0,22] 0,02 | 0,030 | 0,00700| 0,00220 | 0,0016| 0,0006| 0,00260| 0,0003 | 0,00050 | 0,0026

<FE -3/022] 0,02 | 0,004 | 0,00800] 0,00090 | 0,0008| 0,0012| 0,00140| 0,0030 | 0,00025 | 0,0007

GZ jbkmgd_ ij _~klZ\e g dhfie_dl KH mI\_j 4hggh]h fZiz \ukh
gb_\h]h kiez\Z fZjdb <FE  ij_~kiZ\eyxsbo kh[hc pbdbg’ju ~bZi
\ukhlhc  ff

BM/I20-1  BMI20-2  BMn20@h
1-3 1-3 "3

thie;dl klzg”~Zjlguo h[jZaph\ kh%’kIZ\Z kiez\zZ fzjdb <FE

Dhfie_dlu KH mlI\_j"~ _ggh]h IbiZz khklzZ\Z \ukhdhkjiregggEZ]h fZ]
fzjdb <FE bf x| hlghkbl _evgmx ih]j_rghklv Zl¢bklh\ZkkdubcagZ
"heb we f _glh\ \ "bzZiZzahg_imifZkk*h g_ [hiklg ddhhl\_Ikl\

I 1j_[h\Zgbyf LA

JZajzZ[hldZ b \uimkd dhfie_dlh\ KH |IbiZz =KH
khklz\zZ \ukhdhijhggh]h fZ]gb_\h]h kiez\Z fZjdb <F>
lh jzZzajz[hlZzgghc LB balhlhle_gu KH khklz\Z \ukhdhijhqgt
kiez\z fZjdb <F> ~ey ki_dljZevgh]h ZgZebaz \_njhf_ ptfebg”jh\
b \ukhlhdf
[jh\_~_gh hij_~_e_gb_ obfbg_kdh]h khklz\Z ihehmgfghguo KH
wfbkkbhggh]h ZgZebaz 1Z][e

LZ[ebpZ
Obfbg_kdbc khklZ\ klZg”"Zjlguo h[jZaph\ KH khkH2\Z kiezZ\Z fZjdb
Bgr dk FZkkh\Zy “hey we f glh\ ih fZkk
- Y Zr La Zn Cd Ca Ni Fe Si

<F> -1 7,14| 0,160 | 1,260 | 0,630 | 0,640 | 0,0220 | 0,0200 | 0,0016 | 0,0011

<F> -2 588| 0,627 | 0,478 | 1,200 | 0,021 | 0,0063 | 0,0010 | 0,0019 | 0,0013

<F> -3 4,75| 0,310| 0,343 | 2,090 | 0,025 0,0160 | 0,0040 | 0,0028 | 0,0015

J_amevlZlu ZgZebaZ ihdZaZeb qlh khklzZluyZdbhgjmig _igglkulo KH
N j7Zgbx e _]bjmxsbo we f _glh\ b ijbf_k_ ¢ wlh idaebgpnh\tdmuihe
ki_dljZzevgh]h h[hjm~h\Zgby

Bkke ~h\zZgZ h”ghjh”~ghklv jZkij_~ e _gby obfbmgkdlgdhfwe f_
fZl _jbZze KH khklz\Z kiez\Z fZjdb <F> ih =HHfbkkbihgguliilbdh
f_Ih~hf gz ki_dljd8 Magellan Bkke_~h\Zgh ih h[jZzaph\ hl dz°
obfbqg_kdh]h khklz\zZ ijh\_~_gh ih ~"\Z baf_jcghy kodHEkftthc GZ[hq
hkgh\Zgbb j_amevliZlh\ ZgZebazZz h”ghjhrghklbbthichhk\kdkl¥b k
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ijb\_" gghc \ =HKL + ihemq_gadagdbgllgdyhdghjh~ghklb
fzl _jbzezZ KH khklz\zZ kiez\zZ fZjdb <Fkij_"JeameylEtghjh~rghklb
i _j_"Zgu \h N=MI ©<GBBHNB?2 *ey jZkq_I|h\ bo dlljlb&hldg_kdbo c

>ey ijh\_~ _gby bkiulZgbc \ p_eyo mlI\_j * _gbyiljiZ22Ne=hM| ©<I
\h N=MI ©<GBBHNB? dhfie_dl KH khklz\Z \ukhdhkij@égghlffzjfz]gb _
db <F>

Hij_~_e_g obfbgq_kdbc khklzZ\ dhfie_dlZ KHKk8EAZ\X pn cZaZ g1
miI\_j "~ _gby Ibiz k ijbf_g_gb_f Jhkm~ZjkI\_IgehlhZi=WRalbhih w
f_Ihr"zZfb zZlhdghkkbhgghc ki_dljhf_Ijbb k bg”mdlib\gh k\yaZgghc
Zlhfgh[khj[pbhgghc ki_dljhf_Ijbb gZ ki_dljhf_ljZo @ OMLRD b $
dhe bkiulZzgB&k hl 9).

GZ hkgh\Zgbb j_amevlZlh\ bkke_~h\Z2gbz bdlfbjep ZledhkhHk hi k
\_~ gguo jZaebqgufb f_ |Ih"Zfb ZgDe<BaZ2\tb M=NWIl ©<GBBHNB?2
p_g_gu f_ljheh]bq_kdb_ ozpyadlk|bkIlgdizy ozZjzdl frikkkib\Zz =+
"hey we_ f _glh\ b Z[ikHexdgBEkIv ZIl _klh\Zgguo agZq_gbc \ khhl
JF= + ©=KB Klzg~Zjlgu_ h[jZapu Hp_gdzZ If jlgkethdbq_kd
bkihevah\zZgb f wlZehgh\ b h[jZaph\uo kj_~kI\ baf_j gbc?

< khhI\_Ikl\bb k Ij_[h\Zgbyfb =HKL + b =HKL +
f ljheh]bq_kdZy wdki_jlbaz “hdmf_glh\ ijhlhdhehKbBkbkkhZgbc fZ
ke ~h\Zgby h”rghjh~rghklb KH khklz\Z kiez\zZ fZjdbbyFI®izZ ijh_dl
iZkihjlZ b wlibd _Idb i _j ~“Zgguo N=MI ©<B:F2 \h N=MI ©<GBBHN

Hnhjfe_gu aZdexq_gby ih ijh\_jd_ j_amevlZIh\ brkdigbZZgbc KH
ghlh kiez\Zz \u”~Zgh k\b"_|_eMklI\h « h[ mI\_j°"~ _gbb bo IbiZz

<uims_gh dhfie_dlh\ KH mI\_j"~ ggh]lh Ibiz =KH +
\ukhdhijhgghlh fZ]lgb_\h]lh kiez\zZ fZjdb <F> khi\kK\\b~_gbédvklI\hf
Ibiz _]h hibkzZgb_ _f b iZkihjlhf dhlhju_ bf_ x| jZdihghKldbagbkdb
ijb\_~ ggu_ \IZJe b

h
k
k

LZ[ebpZ
1l_klh\ZggZy ozZjzdl_jbklbdZ klZg~Zjlguo h[jZzaph\ KH
khkl1Z\Z \ukhdhijhqggh]h fZ]Jgb \h]h kiez\Z fZjdb <F>

Bar dk FZKKEYy "hey we_ f_glh\ ih fZkk_
97 Y Zr la | zn | Cd Ca Ni Cu Fe Si

<F>-1] 703 | 0,150 1,224| 0,66 | 0,690 | 0,022 | 0,0200 | 0,0012 | 0,0020 | 0,0012

<F> -2 | 577 | 0643 ]| 0459]| 1,26 | 0,018 | 0,008 | 0,0010 | 0,0008 | 0,0018 | 0,0013

<F> -3 | 467 | 0300] 0,331] 2,25 | 0,020 | 0,014 | 0,0038 | 0,0012 | 0,0016 | 0,0016

LZ[ebpZ
:[khexlgZy ih]j_rghklv ZIl_klh\Zgguo agZq_gbc klZg”ZklmkilZ\Z[jZaph\
\ukhdhijhqghlh fZ]Jgb \h]h kiezZ\Z fZjdb <F> ijb ANty g klewvghc

Bag~ dk [khexlgZy ih]j_rghklv fZkkh\hc "heb wekf glh\
97— Y Zr La Zn Cd Ca Ni Cu Fe Si

<F> -1 0,13 | 0,040| 0,016| 0,02 | 0,010 | 0,002 | 0,0010 | 0,0003 | 0,0010 | 0,0002

<F> -2 | 009 | 0,011) 0,019| 0,05 | 0,002 | 0,003 | 0,0003 | 0,0003 | 0,0003 | 0,0002

<F> -3 | 0,14 | 0,040 | 0,007| 0,06 | 0,002 | 0,002 | 0,0007 | 0,0002 | 0,0005 | 0,0004

Dhfie_dlu KH mlI\_j"~_gghlh Ibiz khklz\Z \ukhdhkjiredzd&]h fZ]
fZjdb <F> bf_ x| hlghkbl_evgmx ih]j_rghklv Zlybklhi\Zlgighhd cag Z
"heb we_f_glh\ \ "bzZiZzahg_itnifZkk"h g_ [hlelg qglh khhh_IkI\

_ I 1j_[h\Zgbyf LA
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AZdexq_gby

JZajzZ[hlZgu |_ogheh]bb balhlh\e_gby fZl_jbzZzez HK&l khklz\
fZ]gb _\uo kiezZ\h\ fZjhd <FE b <F> h[_ki_qgb\hzZygsth h idweanqg g |
KH az”"Zgghlh obfbg_kdh]h khklz\zZ b hkgHaddbf Jdo4g\uike zhde
"mxsbf jZaeb\hf \ pbebg”jbg_kdb_ gm]mggu_ baehkKegbPphh Hij_ A
_evghklv b kihkh[u \\_~_gby ijb hij_*_e_gglhoo _di]pjmxjsbbdkgh
we_f_glh\ b ijbf_k_c \ fZl_jbzZe KH kiezZ\h\ fZjhdjZHHZgb <F>
|_ogheh]lbq_kdb_ j_"bfu LH fZl_jbZezZ KH ileliZRIlA\ZI nMid4ZFgpdi d k
ijhrhe bl_evghklv \u”_j 'db ijb J]hfh]_gbaZpbb kiegbzZ afZddb <F>
d_klZj_gbb kiez\z fzZjdb <FE h[_ki_gqb\Zxsb_gdZbjf_amwmevl hide
Ilh\ baf_g _gbc we_ f glh\ \ fZl jbZe_ KH \ "bhigahgy kiezZ\zZ h
fZjdb <F> b hl "hlg ey kiezZ\Z fZjdb <FE

Ih jZajzZ[hlZzgguf LB ba]lhlhle _gu KH khklZ\Z \ukldhijhggt
kiez\h\ fZjhd <FE b <F> \ nhjf_ pbebg”jh\ ~bzf_¢jhf ff ff b \uk
Ney Kki_dljZzevgh]lh ZgZebaz Hij_~ e g obfbq_kdbc khklZ\ ihemq_

K ijbf_g _gb_f ]Jhkm~ZjklI\_ggh]h i_j\bgqgh]h wlZehgfu=WL .
bkiulzgby \ p_eyo mlI\_j "~ _gby IbiZz KH khklZJgb\ukbdddhigBggluo f
fZjhd <F> b <FE jZkkgblzgu f_Iljheh]l]bg_kdb_ oiBAjzdl_jbk
= KK 18.532+ < khhiI\_Ikl\bb k Ij_[h\Zgbyfb =HKL 2011 b =HKL
\uiheg_gZ f_Iljheh]bq_kdZy wdki_jlbaz ~“hdmf_glh\fzZijhjthdheh\ b
eh\ KH b bkke_"~h\Zgby h~ghjh~rghklb KH khklz\zZ kieEZ\h\ fZjhd
ijh_dlh\ hikagby Ibiz b izkihjlz 1jh\_~_gZhijdYh)\dfZ llhdkdhd Z |
khhi\_IklI\b_ Ij_[h\Zgbyf =2000L t

<uims gu dhf|e dlu KH IbiZz =KH khklZ\Z \ukhdhijhqguo fZ]g
fZjhd <FE b <F> ih ri dZ ~h]lh kiez\Z kh kb jI*evklI\Zfb
gbb Ibiz _]1h hibkZgbyfb b iZzkihjlZzfb >Zdgduxldhiglekllluekgmx
|h]J_rgthv ZII _klh\Zgguo agZq_gbc fZkkh\hlcZz*tBabgwehlf _glh\h\ ’
5 ih fZkk_ [hlelg qlh khhI\_IkI\m_1I| Ij_[h\Zgbyf LA

JZajZ[hIZggu_ KH |ha\heyl ijh\h”~blv ZgZeba "Zgguo Ki
wfbkkbhgguf f_Ih~hf ijb dhlhjhf g_ bkihevam_Ilklibk2ki\thg_gbh ijh
\ k\hx hq_j_~v kgbabl Ijm~h_fdhklv ih kJZ\ggbg_kikah-flgIhlhevar
wfbkkbhgghlh f_Ih"Z ZgZebazZz k bg"mdlb\gh KYWeZ gghwgiejjhahc
[jZlu & a jZaZz

;b[ebh]jZnbqg_kdbc kibkhd
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M>D

: X BkZ H B Kfbjgh\c JmiphVz I _IjH\Zz
K<HCKL<: B H;E:KLB IJBF?G?GBY DEBBY <DJ
DOI: 10.18577/2307-6046-2021-0-5-48-55

lib\hAylky k\hckI\Z de_yj<dhf g~ m_fh]h "ey kde_ _b\Zgby j _abg |j_a
g \uo fZl_jbZeh\ f_""m kh[hc b rey |jbde b\Zgby b‘amdad‘ZQZbeanf \ ijh
pbb IhdZazZgh ’1byhblzgabg fh™_ I [ulv bkihevah\Zg de_ch Z 1zd _ jZ]
kihkh[ghklv de__\uo kh_7~bg_gbc ijb \ha”_ckl\bb jZaebh§uid nZdlhjh\
g_gb_ k\hckl\ de__\uo kh_"bg_gbc- gZzk hdkeghyfb deeg ZehDPalggh]lh gZagZq
gby EcdhgZl b >_kRE*"mjhgghklv de__\uo kh_"bg_gbc \uiheg_gguo
<DJ [hevr_ ijhgghklb kde_b\Z_fuo j_abg

Dexg_\u_ kae\Zc j abgZ \medZgbaZpby | _ogheh]by kde b\Zgby
\uo kh_"bg_gbc debfZlbg_kdZy klhcdhklv

AYu. IsaeV, O.1. Smirnov, E.V. Rubtsova AP. Petrova
PROPERTIES AND APPLICATIONS AREAS OF THE ADHESIVE VKR-85

The properties of the adhesive VKR-85 recommended for gluing rubbers, rubbemiabric
terials bands together and gluing them to metals during the vulcanization paoeegsen. It
is shown for which types of rubbers the adhesive can be used, performance ofajdhgsiv
under the influence of various factors. A comparison of the properties of thevadjogsgs
based on adhesive VKR-85 with adhesives of a similar purpbseconate and Desmodur RE
is given. Adhesive joints strength made with adhesive VKR-85 is higher dfnangth of the
bonded rubber.

Keywords: adhesive, rubber, vulcanization, bonding technology, strength of adhestge join
climate resistance.

IN_ A jZevptkmAZjkI\_mghlZjgh _~ijbylb©<k_jhkkbchkAmalyhke ~h\Zl _evkdbc
bgkaIEh\IprbhgnglJOJbZéh‘hkm"ZJkI\ _@gmqgucgljhkkbckdMhe JZ;{)FteberaI

State Unitary Enterpriseé® $-Qu@sian Scientific Research Institute of Aviation Matevidbtate Research

Center of the Russian Federation]; e-mail: admin@viam.ru

<\_"_gb_

Rbjhdh_ijbf_g _gb_ \h \k_o hljZzkeyo ijhfure_gghkkbbgZjh~g!
\ J[ulm gZoh”yl j_abgu LzZdh_ ih\k_f_klgh \yigéfgyhg kgbobhlabg k
| evghc hkh[ xgg\hukwvdhc weZklbgghklvx ihalheyxs ¢ fZ _jbZem i
g_kdhf \ha”_ckl\bb kbevgh ~ _nhjfbjh\ZIvky gZijEkly ngbadbdylvk
N kyldb jZza [_a jZajmr_gby b \ha\jzZs]Zlvikyjbgblkah*glkhklhyghb_
ihke kgylby \ha”_ckl\by Ijbf_g _gb dhgdgmdbbklXhafh gh lhevc
k ihfhsvx kde_ _b\Zgby ihkdhevdm kh_ "bgguwflh fbozZbEdbkdbfb
kihkh[zZfb k\Zjdhc aZzZde idZfb [helXfyp dhlpzdo lggemgZyo \hh[s.
g_ijb_fe_fh LzZdbf h[jZzahf ihy\ley_Iky gbhigbybjfh&kibg Hde*m k
[hc b dj_ie_gb_ bo d f_IZeezZf De_b _akbyg kdl2d bijZylbghj ~he gu
[ulv balhlh\e _gu gZ hkgh\_ | o ~_ beb [éBmdjbodhh ipdphd j abgl
De_c <DJ\ hlebgb_ hl ~jm]bo j_abgh\uo de b\Zlwa\hghip |kkde _
\medZgbaZpbb ~hklZlhggh rbjhdbc jy”® jladly-pglzZb enkghl\n. [ m
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iheboehjhij_gh\h]lh -khbpgtdvgh]h b wlbe_gijhibe_gh\h]l]h dZmgmd
lhlh _]1h fh gh bkihevah\Zlv "ey kde_b\Zgby iddjgulb K wieZklhf_
wlhf \ur_mdZazZggu_ fZl _jbZeu fh gh kde_ b\Z&ddiZz ¢ efy Biimdkh[hc
\Zgby bo d f_IZeezf ih j_"bfm \medZgbaZpbb j _abgu

De_c¢ <DJba]hlz\eb\zxl gZ ijhba\h~bfhf \ Jhkkbb kujv_ hg
bahpbzZgzZlguf de_yf b bf_xlI Ih °_ gZagZqgdhg®Z!l glhkikbde b E kfh
"mRE =_jfZgby mBayeZ GZebqgb_ \ bo klIjmdImj_ iNWCQAt [jmii =
hij _~ ey | \ukhdmx j_Zdpbhggmx kihkh[ghklv deobjZrmuxfZ”~] abx
abgzf jZaebgghc obfbg_kdhc ijbjh”u Rbjhdh Ijbf_gy_fuc
hl _q_kI\_gguc de_c E_cdhgzl ij_"~kl2awcl jJKHKIND] - % %o %o
ljbn_gbef IZgljbbahpbh@MHNLZ \K*boehjwlZg_  WIhl de_c j_dhf_g”~h
kde_b\Zgby j_abg gZ hk-gh\jblewigdNth_gheboehjhij_gh\h]h b gZImj
]h dZmgmdh\ k f_IZeezZfb \ ijhp_kk_ \me\dZdbig@Zepdphkbvy de ki \gb
kh_~bg_gbc ijb hlju\_ gZ mjh\g_ FIZ GZelhagdhjwlkKgElA\ij de _
AN ey | _1h ih\ur_ggmx IhdkbgghklIvREDeh &Zgd&dh/Ymjde Ih\ nbjfu
Bayer ij_"klZ\ey | ki¥4-lgauc jZklI\hj Ijbn_gbef |ZgljbbahpbZgzZlZ \ w
[ZI_ kh”_j"ZgbNCQrRhiklZ\ey | “ ih fZkk_ De_c jZ[hlhkih
bgl j\Ze_ | _fi_jZImj hl = ~h fK 1h ijhgghklb ddee bcRio kh_~f
dhgzZl b > kRE'gZjoh”"ylky gZ h”ghf mjh\g_ G_h[oh”bfh hIf_Iblv
pbZgZlgu_de_ddhkgzZl > kfh"mi8H £ g<nklhcgb\u ijb o0jZg_gbb it
kdhevdm bahpbzZgZlu jZzaeZ]zZxlky ih® N ckli\Ikdfe\eZXFlgbbhWwdAfm i
ghklv \ha"mozZ g_ "he 'gZ 19)_\uzzZzde_b+"he gu bkihevah\zZlvky \ |_
dhjhldh]h ijhf_"mlidz \g_f[gb £+ q De_chabhley_| ihemqgZlv \eZ]h
b ]Jjb[hklhcdb_ de__\u_ kh_"bg_gby mklihatywduo HZR _ekl\bie g\
jZ[hlhkihkh[gu_ ijb \ha”_ckl\bb | _fi_jZInfKhdZd gZh\ha”“mo_ 1Zd
Z]lj_kkb\guo kj_~Zo \ khklz\_ de__\uo kh_’hikdv gtbig_jZ[dyhkkikh|
jZ[hlhkihkh[ghklvx j_abgu

< N"Zgghc klzZlv_ jZkkfhlj_gu k\hckbdaee Wwealkh_ ~bg_gbc j_a
b j abghldzZg \uo fZl _jbZeh\ jZaebgguo |Ibih\ kde |ZggwZdbf ~"m k

JZ[hlZ \uiheg_gZ \ jZfdZo j_ZebaZpbb dhfie _dkghc gZmqgl
©Fgh]l]hnmgdpbhgZevgu_ de_ysb_ kbkl_fu?2 ®Klpghl ]Jbfladby g7
fZl _jbZeh\ b I _ogheh]bc bo i_j jZ[hldb gZ i_@hh”~ ~h ]hrza >

FZI_jbZeu b f_Ih”™u
H[t _dlhf bkke_ "h\Zgby y\ey-Ilky Lde596-14-B4+ Hg 1j_
klz\ey_ | kh[hc "b~rdhklv dhjbgg_\h]h p\_|1Z gZ athlpdpi\g Z llgh_j~ Z«
]Jimiiu heb]lhf_jh\ Ihklz\ey Iky \ Jhlh\hf ~ey ijflbggaly k\jlhdtl_ =2Z
0jZg_gby de_y ]h”r De_c j_dhf_g”h\Zg "ey ijb¥_KB_gdblygZbZeh]
5+ @ ijb wlhf hg y\ley |ky [he__ ~“hkimiguf Bhi*Zjy hlkdKkbdpxf [e
\ _]h khklz\_ "boehjwlzgz
Bkke ~h\Zgu ke _"mxsb_ k\hckl\Z de_ _\uo kh_"bg_gbc
tijhgghklv k\yab j_abgu k f_|Zeehth HB HKLjdd+ £
tijhgghklv klyab j _abgu k f_IZeehf ijith FIKKEZbXZHbb =
tijhgghklv k\yab f_""m kehyfb ijbhZtkiéebh_gbhk =+
t]jb[hklhcdhkhv=HKL + f_Ih~
tklZj_gb_ \ mkeh\byo ljhibq_ ki KKd-12956-30+1602002;
+l_jfbg_kdh_ klZjh gL H395-20-1012016;
tklhcdhklv d \ha”_ckl\bx "b~dbo Z]jihkkbl\lL o &5 +" *
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De_c <DJj_

_ggbljbevgh]h

jul_ ijb kde_b\Zgbb j _abg fzZjhd

LM + k f |IZeebqg_kdbfb
O=K:

Imj_ fiKl £ ~h FIZ k ozjzdl

glh ij_\hkoh”bl k\hcklI\Z jZg_ _

JZajzZ[hlZzgu "\Z \Zjbzglz |
| _jfhklZlbjh\Zgb

KibnbdZlhjh\
| fi_jzImj_

J _amevlZliu b h[km ™~ _gb_
ie_gby d f_

_f "ey
De_c gZghkyl
fK aZzl

dhf_g” m_Ilky “ey dj_
iheboehjhij_gh\h]h
_j\zZe_ | _f
De[ ckk@b\Z _|

_th JZajmr_ _
jZajzZ[hlzggh]lh 8e_y fZjdb E_cdhg
ijbf_d _bhofy gdbd&key «DJ

_abg Kgith\tiZziegguf kF
| Hend g Allgh g b\ Z x
_jfhklZlIbjh\Zgbbfh k&Bdwelh g _

_ogheh]bb
ljm~"ghkde _b\Z
lhgdbf keh_ f gz f_
_fijh\h~yl |

< B GHH

fuo |

|IZeeZf p abg gZ
gZlnppzl@vdphlghh\fgihljbfenlZ*b _g
kibjhevgh]h b wlbe_ gijhibe_gh\h]h dZmgmdZ \Dighp\kk IkkmedzZghb
g_gby jZ[hlhkihkh[gu \ bgl [
Ibg_kdbo mkeh\byo-

i_JZIfK hljZaebBgud debf
ijhgghklkhdébg\wdclijb h
B J1376, 2959

fZim]b Zgh2ibk | B c
Zexfbgb \uf kleZ\lhfg>J Z\ xs_c klZzevx O G L 4jb I _fi
gby de

klZevx

\uo kh_

AuNzZxl N\ gZ]j_
\medZgbamxl ih j_

Imxnhjfkkk kK aZ]hlh\dhc ba g \medZgbah\Zgghc j_ab
"bfm nhjfh\Zgby bkihevam_ fhc j_abgu > A @

< 1Z]e ijb\_~ gu k\hckI\Z de__\uo kh hgh\gbdZzZmgng hgZ
jZaebgguo Ibih\ ijb bkiulZgbb de__\uo kh_"bg_0kkZ\eZ goyw\ B
"Zgguo \b~rgh qlh \h \k_o kemqgZyo ijhggh&lyhder \ijbqlglhktbg ¢
kde_b\zZ _ fuo j_abg
LZ[ebpZ
K\hckI\Z de_ _\uo kh_"~bg_gbc jZaebqguo j_abg k f_1ZeeZfb
\uiheg _gguo de_ -f <Djb hlju\ _
. lihgghklv ijb hljy\ FIz
Kde b\Z fu_ fZl jbZeu iJjqug_fi_jZIij_ be(iuIZg
FZjdZ j_abgu d| F_lZee h[jZ[hldZ ih\_] 20 130
KIZev 0O=K: hi_kdhkl 5,4 (5,06,0) 1,1 (1,04,4)
KDG KIZev O=K: azZqgbs | 4,4(4250) +
Kiez\ >:L hi_kdhkljm | 5,7(5,28,7) 1,4 (1,24,5)
KieZ\ >:L :g Hdk oj 4,7 (4,15,0) +
KIZev 0O=K: hi_kdhkl 4,3 (4,04,6) +
BJF KDG KlZev =K: aZqbs | 49(4258) +
KieZ\ >:L :g Hdk oj 4,9 (4,65,0) +
KlZev hi_kdhkljm_ | 52(4,25,9) +
< KDG Kiez\ >:L hi_kdhkljm | 4,4(3,75,1) +
KieZ\ >:L :g Hdk oj 4,9 (4,26,7) +
KIZev O=K: hi_kdhkl 4,5 (4,35,4) 1,8 (1,74.9)
. KlZev =K: aZqgbs | 5,2 (4,96,4) +
GH  KDGZbjbl =7V ST hi kdhkljm | 50 (46506) 2.1 (2,02.3)
KieZ\ >:L :g Hdk oj 3,9 (3,94,0) +
KIZev O=K: hi_kdhkl 4,4 (3,95,0) +
BJF KDW I KIZev O G L aZgbs]| 4,4(345,98) +
Kiez\ >:L :g Hdk o] 4,8 (3,65,1) *
KIZev O=K: hi_kdhkl 5,2 (4,65,8) +
GD KIZev O G L aZgbs| 4,0(3,74,3) +
Kiez\ >:L hi_kdhkljm | 4,0(3,75,0) +
LhiebibkincdZy 1 Kiez\ >:L g Hdk oj | 46(3263) 1,7 (1,32,3)*
Bkiulzgh ijb I_fi_jZIthK_ qlh k\yazgh k jZ[hlhkihkh[ghklvX j_abgu
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AZ jm[_"hf "ey ZgZeh]bgguo p_e_c¢ bkihewREm=IKyZddyc > kf
nbjfBayer \ Jhkkhle &t E cdhgZl KjZ\g _gb_ k\hckl\ deu \uo kh_-
iheg _gguo jZaebqgufb de_yfb ijb\_"* gh \ I[Z[é¢ZggBa@ kigh\"h_d¢gu
glh ijhqghklv de__\uo kh_"~bg_gbc j_abg \k_dalhhh\e& ¢gloe &Zfl
ijbf_g _gb_f de-y <ipJ\hkoh”bl ijhqghklv ZgZeh]bgguo kh_"bg_ gt
E cdhgzl b > REHLYM2].

LZ[ebpZ
KjzZz\g_gb_ihdzZazZl_e_c ijhgghklguo oZjZdl_jbklbad de__\uo kh_7b
Ney jZaebgguo de_ _\
lihgghklv ijb hljy\_FRIZ

Kde_b\Z_fu_ fZI_jbZeu ISR Tkoney d
FZjdzZ j_abi F_lZee - R
dZmgmd h[jZ[hidZ ih\ jogh) E-cdhg| >_kih"RE | — <D85
(DG Kizev O=K: 5,1(506,3) | 4.3 (4,1%5) | 54 (5,086,0)
hi_kdhkljm_ggzyl i j i | i
Bt KDG KlIZev O=K: 4,8 (4,65,3) N 4,3 (4,04,6)

hi_kdhkljm ggZy ij i ]
4,0 (3,74.4) . 4,4 (3,75,1)

< KDG | Kiez\ >:L hi_kdhkljm | | Y

GH KDG . 3,0 (2,68,3) 5,2 (4,96,4)
GZbjbl KlZev O=K: aZqgbs] 4,9 4,75,4) h j i
KlZev O=K: 4,4 (3,95,0)
BJFH KDW hi kdhkljm ggZy 2,0(1,92,4) * i
Lhieb\hklhc . . i . 4,6 (3,26,3)
i abgZ KD KiezZ\ >:L :g Hdk o] + + i |
OzZjzdl_j jZajmr_gby de__\uo khh”*bambgbc thitjet gb_ j_abgu
< IZ[e ij_"klz\e_gu j_ameviZlu bkiulZgbao dbekelub jkh_"bi

fhklzZj _gby dhlhju_ ih~I\_j"2Zxl mklhcgb\hklv de_ _rmke hkibybdbbg gt
ijb wihf ozZjzdl_j jZajmr_gby de_ _\uojklab®bg gbc =

LZ[ebpZ
<ebygb | jfhklZj gby gZ ijhgghklv de_\uo kh_"bg_ghbc
Kde_b\z_fu_|— MKehiby \ur_j db \ kji Ijhqghklv ijb hij
fz1_ jbzeu |_fi_jZlm| ijh~he bl_evgl| ., FIZ
fK q ijb I _fi_jZImj_
KlIZev O=K: < bkoh”ghf khklhygt 4,7
hi_kdhkljm_gg 130 100 4,7
j_abgz6&H 130 250 5,2
KlZev O=K: < bkoh”~ghf khklhygt 5,5
hi_kdhkljm gg 130 100 4,9
j_abgZ 130 250 5,1

Ke_"m_I| hkh[h hIf_Iblv kihkh[ghkkdedeb\yl¥DjJabgu k [hevrb1
kh~ j"Zgb_f iezZzklbnbdZlhjh\ \ bo khklzZ\_gzZG#8-j DabgwifzZjdb
kh_ "bg _gby j_ a@Bguk@ HKlZevx O=K: hi_kdhkljm_gghc buf_xI g_ Ih
khdb_ ijhgghklgu_ o0zZjzdl_jbklbdb ijb hlju\_ g_itidie "k\Z ggogyh i
1Z[e b gh b g agZgbl_evgh g_[he_ q_f gZ bgb Zxl bc
g j_a f_kihke_ kde_b\Zgby > @
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De_ _\u_ kh_"~bg_gby j_abgu k f_IZeehf ihermqdegguy Kk ij
<D yleyxlky lhieb\hklhcdbfb ihke_ “~ebl_evghc \u”lh db (
eb\zZ Lijb dhfgzZlghc |_fi_jzZImj_ Z 1Zd _ ihke_ Ydtmj db ijpKI_fi_

\' I _g_gb_ g khojzZgy_ |ky o0ZzZjzdl_j jZajmr gdicy ide] dbg_kh_-
[Z[e :gZeh]lbqgu_ j_ameviZlu ihemqg_gu ijBulha&h cWlybly bgyZ
fZzkezZ :HG[15].
LZ[ebpZ
Klhcdhklv de_ _\uo kh _~bg_gbc ijb \ha” ckl\bb Zbb#ZAkbhegguo Ihieb
K ~z Kde_b\Z_fu_ {zI_ Mkeh\by 'thglhhk'F"l'ZJb hi
h[jz[hldZ ih\_jo \ha”_ckl\by iib 1 fi jZImj
J_abgz Kl < bkoh”~ghf khklH 5,5
O=K: Ijb fK q 4,0
hi_kdhkljm _gd ljb fK q 3,5
Lhieb\ J _abgz-B)J8+ < bkoh”ghf khklh 5,0
-1 klzev O .
azZgbs _ggzy ljb fK d 2,0
J _abgz6&H klze < bkoh~ghf khklH 6,5
O=K: aZqgbs_g Ijb fK q 3,5
J _abgZ-BOJ8 + < bkoh~ghf khklIH 5,0
klzev O=K: .

Fzker azgbs_ggzy b K g 2
T J_abgzZ < klZevy < bkoh”ghf khklh 4.5
O G Ijb fK q 4,5

Klhcdhklv de__\uo kh_"bg-gbl¢gblemigtcb Iygieb\hklhcdhc j_abg
Zexfbgb_\uf kiez\htL =g Hdk oj ijb \ha”~_ckl\bb "b~rdbo Z]j_kkb\g
ihdzazgz \ |1Z[e Ba ijb\_" gguo ~Zgguo_ kkh “bgl ghphh itke \
\ha”_ckl\by Z]j_kkb\guo kj_" dzd ijb dhfgglghcc | |14djBImh\ug_
jZajmrZxlky Z jZajmr_gb_ ijb f_o0oZgbqg_kdboo kihkithgglgpke djdgb \u
oh”bl ih j_abg_ KjzZ\g_gb_ khojzZgb\r_cky ijh\ggyh KI]§_ikkde\gudra”_
kj_~ de__\uo kh_~bg_gbc lhieb\hklhcdhc j Bablgu bihdaztag fZjdb
I glh mi_j\hc khojZgy _Iky [he__ \ukhdbc mjh\_gv ijhgghklb

LZ[ebpZ
ljhgghklv de_ _\uo kh_"bg_gbc lhieb\hklhcdhc j_&altkgazZhhdex:flogb \u
g Hdk oj ihke_ \ha” ckl\by Z]j _kkb\guo kj_ " igbZighy fRImj_ bki

< g Mkeh\by lThqghkiv | Tjhgghklv ijb hike
J_ \ha” cki\bY ijb hlju\ 41 FIZ gbBye G ff
Dhglihevgu ihdZazi 46 (3.26.3) 10,52 (7,8542,16)

. o 1jb " fK 4.5 (3.75.5) 9.95 (7,802.37)
Lhieb\h-L K—p—7¢ 3.8 (2,64.8) 5,04 (2,876.28)

. lib_* fK 4.1(2,34.8) 9,73 (7,114.1,35)
Lhieb\h JL—m——7¢ 3.6 (2.64.4) 5,21 (3,316 41)
FZkeh B16| H[eb\ \ 1l q_ 4.6 (2.96.3) 10,85 (7.254.2,22)
FZkeh FK Kmi 4.3 (2.56.6) 11,66 (9.7742.39)

De_c <DJfh _I| [ulv bkihevah\Zg g_ lhevdh ~ey dj_ae_gby j_
eZf gh 1Zd _ ey kde_b\Zgtblyblewlgzh\d llgieb\hklhcdhc j_d&bgu b ijh
g_gghc IdZgb k weZklhf_jguf ihdjulb_f De_b\bklkbdhbg_ @gbguhie
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b ijhj_abg_gghc IdZgb \uiheg_ggu_jAehlhkikBR[gu \ bgl_j\Ze_
| _fi_jZImj @0l™h fK K\hckl\Z de__\uo kh_"bg_gbc wlbo fZIl_jb.
gu \ 1Z[e b > @

LZ[ebpZ
K\hckI\Z de_ _\uo kh_"bg_gbc Ilhieb\hklhcdhc j_abgu
b ijhj abg _gghc IdZgb \uiheg gg#b6 de_ f <DJ

Kde b\z_fu ljhgghklv klyab f_""m kehyfb iBywZkkéh _g

. iib | fi jZImj bkiulZgby fK
fzl_jbze %0 20 85 110
Lh 'J.e b{;g‘g'zh cd 13.9(4,920,3) | 7,68 (6,169,21) | 3,01 (2,608.43) | 2,11 (1,962,38)
[ih] abg ggZy| 1.26(0.61,91)] 3.30 (2,628.,76) | 1,19 (0,934.,52)| 0,93 (0,684,25)

LZ[ebpZ
K\hcklI\Z de__\uo kh_"bg_gbc Ihieb\hklhcdhc j_bhbgdZadgbhj_abg_gg
\uiheg gguo de -f <bhke \ha” ckl\by Z]j kkb\guo kj_~*

ljhaghkIv ijb jZkk®hug® bff

Kj_"Z pakeniby iib | fi jZImj  fK “ey
- 1 lhieb\hklhcdibgy| ijhj _abg_gghc

Dhgljhevgu_ihdZaZl] 7,68 (6,160,21) 3,30 (2,628,76)
. b K 6,03 (4,956,82) 1,17 (0,904.,62)
Lhieb\h-L K= ——7g 4.14 (3,784.77) 1,22 (1,064,39)
Cniepin Jllib " 7K 6,37 (4,876,84) 1,32 (1,104,87)
lib " K 4,34 (4,034,72) 1,31 (1,054,71)
FZkeh B16 | H[eb\\ [ q_| _ 7.7 (4059,12) 1,75 (1,202,28)
FZkeh £K kmi 7,88 (6,169,08) 1,68 (1,202,16)

ljh\_~ _gh bkke_"~h\Zgb_ klhcdhklb de__\uockH\Bibgnigdc ijb
\bc bfblbjmxsbo Ijhibg_kdbc debfzZl >ey ijhh[{Zgpy d&iulVdgbc
kh_~bg_gbc j_abgu kh klZevx O=K: hi_kdHRkhdkbggHbjibf sz
\u”_j"b\Zeb \ |_jfhklzZl_ ijb |_fi_jZImj_ fK bBefZgghghld ijh
ghklb de__\uo kh_"bg_gbc ihdZazZgh gZ jbkmgd_ > @

6

(&)

ljhgghklv ijb hljy\ _Fuz
N

0 0,5 1 1.t
ljh he ' bl_evghklv \u~_j db f_k
Baf_g_gb_ ijhgghklb de__\uo kh_"bg_klZeyxab@®sK: tkih kdhkljm_gghc
ijb \ha~_ckl\bb bkdmkklI\_gguo lIjhibg_kdbo mkeh\bc
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Iljb \ha”_ckl\bb bkdmkklI\_gguo Ijhibg_kdbo nmbkefh\pocglgZ[ex”
o0ZjzZdl_jzZ jZajmr_gby de_ _\uadjkhdhdplghgttghf bkiulZgbb jZajmr_g
ijhoh”"beh dh]_abhggh ih j_abg_ ihke_ \ha”ljboki\pyk tkd mkikéh gg
\bc o0Zjzdl_j jZajmr_gby kf_gbeky gZ Z~] _abhgguc lkthdbhe gb _f il

De_ _\u_ kh_"bg_gby ijhj_abg_gghc IdZgd_ _{fukBBRYy_ ggu _
\u™_j Zgu

+\ mkeh\byo ijhfure_gghc ZIlfhkn_ju mf_j ggh]h deQf&llZz_ ] Fh
f_k
t\ mkeh\byo ijbfhjkdhc ZIfhkn_ju mf_j ggh |_ieh]thddebfzlz
\'l_g_gb_ f_k
J _amevlZlu bkiulZgbc ijb\_~ _gu \ IZ[e

LZ[ebpZ
K\hckI\Z de__\uo kh_"~bg_gbc ijhj_abg _gghc IdZghb
\uiheg gguo de -f <bhke_ \ha” ckl\by debfZlbg _kdbo mkeh\bc

ljhgghklv ijb jZkk®hg® bf f

DebfZlbg_kdZy ahg iib | _fi jzimj._ fK
Dhgljhevguc ihdZaZl 3,30 (2,628,76)
] Fhkd\z 1,40 (1,054,70)
] =_e_g” bd 1,60 (1,284,95)

J amevlZlu bkiulZgbc ihdZazZeb qglh ijhgghkluoijlbbhjZkkeh gl
g_gbc ijhj_abg_gghc IdZgb kgbabezZkv k ihatbpbbGgif debéZl wdk
g_kdhc klzgpbb \'] Fhkd\_ b ~h G ff ggphédbfZibg_kdig¢ kd_
ljb wihf jZajmr_gb_ de__\uo kh_"bg_gbc hAgex b _wkhZKklhnjglaf
ihdjulb _f 20].%

AZdexq_gby

De_c¢c <DJbf__ I ohjhrmx Z”~] _abx d g_\medZgbah\Zgyduf j_abc
gZ hkgh\_ [m@gdbtbeywgh]h iheboehjhij _gh\h]h gZlmjZevgh]h
[mIZ~b_gh\h]h {kikihevgh]lh b wlbe gijhibe_gh\h]h dZmgmdh\ b
bkihevah\zZg ey dj_ie_gby bo d f_IZeezZf \ ijKe_Rkn_Aril&dFfigtha Z
f Iblv kihkh[ghklv de_ kdeDB\Zlabgu kh” _j Zsb_ [hevrh_ dhebqg_
ieZklbnbdzlhjz G _ihkj_"~kl\_ggh ihke_ kde_ busdgklk nihggdktv d
[hevr_ ijhgghklb j_abg De_c¢c h[_ki_qgb\Z | jZ[hlkkhilkhgghhltv de
Ah ol fi_jZImju fK De__\u_ kh_"bg_gby j _dbgijb fhiaZeezZfb Kk
kiI\bb Z]j_kkb\guo kj_"- IbiédBk224-:F= ijb wlhf jZajmr_gb_ de__\u
kh_~bg_gbc ihke_\u”~_j db \ IZdbo kj_"~Zo ijbhékotwblkhh ?babgby
\u”_j b\zZxIl \ha”_ckl\b_ | _fi_jZImju f K \khaj Zgb gb gfdqj Kk
kilb de__\uo kh_~bg_gbc [hevr_ ijhgghklb j_ailgbp abp kdeob\Zg
ldZg _c¢ jZajmr_gb_ de_ _\uo kh_"bg _gbc ijhbkpEdblp\ hkgh\gZf
©ldzgvzweZklhf_jgh_ ihdjulb_2 Wdkihabpbyhdeabbuagdimo Ndg_gb
g _c gZ debfZlblgZigpboyo ] Fhkd\u f k b] =_e g bdz f_k
agZqbl_evghfm kgb™ _gbx ijhqghklb de__\uo Ilgb fb@Zgbdl kjZzkho
jZajmr_gby ih ]jZgbp_ jZza”_eZ ©ldZgvzweZklhf_jgh_ ihdjulb_2

ib[ebh]jZznbg_kdbc kibkhd
1. DZ[eh\ ? G Bggh\Zpbhggu_ jZajzZ[hldb N=MI| ©O<BaFPbbG®KINIih j_Z
]bg_kdbo gzZijz\e_gbc jZal\blby fZlI_jbZeh\ b |I_ogbgZhibphto Nhj_jZ]
2030 hnza ‘\bZpbhggu_ fZl_jbZeu b | _ogheh]bb 83. DOk K
10.18577/2071-9140-2015-0-1-3-33.
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10.

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

DZ[eh\ ? G Jhkkby gZ jugd_ bgl_ee_dlmZevguo j<kmjkh\ Wdki_
K4851.

DzZ[eh\ ? G Ba q_]h k®_eZlv [m"ms__" FZI|_jbZewe g\h]ihozkthlaé gby
gby b i_j_jzZ[Hlkibh¥Z bggh\Zpbc Djuevy Jh”bgilB. < K =
DzZ[eh\ ? G :\bZpbhggh_ fZl_jbzZeh\_"_gb_pbdehi_fdlg jk@Zba kWg
\hggbd < 14K

\bZpbhggu_ fZl_jbZeu kijZ\hggbd \ I Zh, jban? GhiDB[ehj\

iZ[ F <B:F L De_b ]_jf_Ibdb j_abgulv]b"pe bbrdd&lb QZI

\u_ ij_ij_]b k

I _ljh\zZ : | >hgkdhc : : De_ysb_ fzZl jbZeu =_jf bbgdbe KI]J ljhn _
k

;hevrhc kijZ\hqgbd j_abgsbdz \ gJ_aidgilqjgdhK X E Fhjhah\zZ F

L obgnhijf Q J abgu b j_abghl.ogbkg_ _kdb_ ba”_eby

Ohjh\z ? : Furey\p_\ : < Kljb>zZd ? : Lji Ilvydh\zZ (bjh\®@kke_ ~h\Zz

guo [mlZ/gblgbhevguo dZmgmdh\ f_Ih*Zfb ~“bnn_j_gpbZeaighhc kdZghbj
f_ljbb b "bgZfbqg_kdh]lh f_oZgbq_kdh]lh ZgZ&bajbZeu\bZlpmgdheh]lbb

< K 16. BOI: 10.18577/2071-9140-2019-0-1-11-16.
GZmfh\z X : Wnn_dlu kbg_jlbafz \ wezZklhf_jgu@bdolllabhgguo dhfil
"mgZj ¢glZmg dhgn ©Kh\j_f_ggu_ ~hklb _gby \ h[ezkfBIdg \ b ]_jf
eu kujv_ | _ogheh]bb?® >a j bgkd + k_gl ] 6% Gh\]lhjh~

Bkz_\ : X Jm[ph\Z ? < Dhlh\zZ ? < KmlylbdcdkIG dBkke brhi\ezgb _
\uo klyamxsbo ba]hlh\e_gguo k bkihevah\Zgb_f khdhfihgbloc hl_q_¥k
ghc [Zau Lim~u <B:F < URL: htipl/Mww.viam-workstu ~Z1Z4 h
jZs_gby DOI: 10.18577/2307-6046-2021-0-3-58-67.

Dmag_ph\Z < : <ebygb_ weZklhf_jghfhohgdbgbkddbhjd d¥adbmijm]b_ Kk
kiI\Z wihdkéhZgohgpmdh\uo dhfihabpbc “ey wjhabhgghkihZdbbgighujufibc
|_jbZeu b I_ogheh]bb <62.DOI: 1(K1857%207B1402020-0-256-62.

EZil _\ :; ;Zj[hlvdh K E GbdhezZ_y2ZijZ\eHlgbhAdkke "~hyxgbc khojz

fhklb k\hcklI\ fZl_jbZeh\ ih” \ha”_ckl\b_f @dkf&ibgl Zkpdbthagguo nZdlhjh)
‘\bZpbhggu_ fZl jbZeu b | _oghe&h]ikb 564.DQI: 10.18577/2071-9140-
2017-0-S-547-561.

.Lxf_g \Zz L X EmdbgzZz G N JZajZ[hldb \ h[ezZXI|B\wZepdkigfhjlduo d
gZagZq_gby Lim~u <B:F <URL: http:/Kjlam-workstu ~Z1Z h[jZs
gby DOI: 10.18577/2307-6046-2016-0-8-9-9.

Lxf_g \zZ L X EmdbgZz G N @mjzZ\e _\Z | E Zghdg bnbBZIh¢hygb
gZ k\hckl\Z weZklhf_jguo de_ _\uo kbkl_f Dech]lbb = jf _IBdb L _o¢
K 1146.

KZ]lhfhgh\zZ < : Dbkeydh\zZ < B Lxf_g_\Z L X ;devrZdph kehy<eby
gZ ~_finbjmxsb_ k\hckI\Z \b[jhih]l]ehsZxs_]h fZ|_jhZeZklhg dKldh\_ |
ihebmj 1ZgZz De b =_jf Ibdb L _oghelh]bb < K

I _Ijh\zZ : 1 FZeur \Z = < De_b de_b\de k\wvamishhj ]b mqgq_[ ihkh[b
ih™ h[fs j_~ ? G .BZ[«eBZ&F k

Eh]Jzq_\zZ ? | ;hdh\ K < IlhevkfZzg = K De_b ™ay k[ he lgbky Nj abg
]bfb km[kljZlZfb De_b =_jf_Ibdb L_oghe30bb < K *

Dhiueh\ < F B\Zgh\ < < Dh\yabg <: Dj_fgbchj]bgbd kdbf Ziij lu
db L_ogheh]bb 12. K

Dhih\Z K < Exkh\Z E J lhih\ : : :"abphbgaheldhdgih]h hiI\_j"~ _gby
hkgh\_ [mlgbbjbevgh]lh dZmgmdZ b oehjhij_glz\ DZmqgnkK383b 3 abg
Exkh\zZz E J JZa\blb_ gZijz\e_gby ©OwgeZkdBh_jYju_ oddbb2 | _ogheh]bb
j_jZ[hldb weZklhf_jh\ bf N N Dhr_e 4Z Bifoghbhi\ZFBLWM:

M F_""mgZj dZogy dhgn ©Kh\j_f _ggu_ "hklb _gby \fhled@k\bfde__\ b
| jbZeu kujv_ | _ogheh]bb? >a_ j'bgkd & @hylhjh”r 60. K +

p
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ljb\_~ g h[ahj ihebf_jguo fZl _jbZeh\ jZaebqgh]h kljh_gby bkihev
kiI\_ Zglbnjbdpbhgguo fZl _jbzZeh\ JZkkfhlj_g hiul bkihevah\Zgby jZ
f _jguo fZl_jbzZeh\ ~ey ba]Jhlh\e_gby Zglbnjbdpbhgguo ihmjulbc <uy)
s_kI\Z |_jfhj_zZdlb\guo b | _jfhieZklbgguo ihebf_jhZéehg\kddpltb k f_|I
fZl_jbzezZfb HibkZgu g_dhlhju_-lhkljdxghmmd&klbdh\ jZajZ[hlZggu
N"ey ih”rbigbdh\ kdhev _gby K~*_eZg \u\h” h gZijZ\e_gbl _bkke_"h\Z¢
gh\uo kl\lyamxsbo “ey Zglbnjbdpbhgguo fZI_jbZeh\

Dexg_\u_ kdpbjgheh]by 1ihebf jgu_ fZl jbZeu Zglbnjbdpbhggu_ih¢
b fZI_jbzZeu [_gahdkZabgu hjlZghiezklbdb |_jfhieZklu baghk

E.A Serkova, V.V. Khmelnitskiy}, O.B. Zastrogina

POLYMER MATERIALS
FOR ANTIFRICTION COATINGS (review)

An overview of polymeric materials of various structures usednéiietion materials is
given. The experience of using various polymeric materials for the maumgaaft antifriction
coatings is considered. The advantages of thermosetting and thermoplastic polyroens in
parison with metallic materials are revealed. Some compositions of canoorganoplastics
developed for plain bearings are described. A conclusion is made aboutetiodiof re-
search in the development of new binders for antifriction materials.

Keywords: tribology, polymer materials, antifriction coatings and materials, baziues,
organoplastics. thermoplastics, wearout.
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<\_"_gb_

Hdjm Zxsbc fbj gZoh”blky \ ihklhygghf “\b" _gbb [gméx[h_ *
lh gZ mjh\g_ we f _glZjguo gZklbp beb " jhgB fZdjlkkmjh\dh "hkhi
gb f |l o beb bguo kbe k \u®_e _gb_f beb ih]Jehs _gb_f wg _j]bb

HArgbf ba nzdlhjh\ khijhlb\e_gby “\b"_gbx |I_e \k\ewjlky Ij_g
f gZ g_eh\_d iulz_Iky eb[h m\_ebgblv \ha” ukkh\[thh "Kly&kb b gby
ihevamy ijb wlhf | _ieh\mx wg_j]lbx ebdé¢ly mb rggdivmkdhj gby be
kgb _gby azljzl gZ f_ozZgbqg_kdmx jZ[hIlm

D fhf_glm nhjfbjh\Zgby ihgylby kbeu |jggtbyo &kéDe b ayk gt
N _ckl\b_ kbeu \ ahg_ Ijmsboky |I_e ijm\hxXbflZd_jbageihnb\Z baf_g
gb_ jzaf_jh\ nhjfu fZkku beb khklhygjmysbhlokyjolgleklihemqgbeh
gZa\ZgbaghiBamqg_gb_f ijhp_kkh\ |Ij gby b baghkZdhélzghdZxsbc
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Amo i_j_f_sZxsboky hlghkbl_evgh ~jm] AjmkandZe[haBphyfZ Iky
HArghc ba \Z'g_crbo az”~Zq ljb[heh]bb y\ey I|kycdh\kib §&4 jbaghkh
eh\ \ ijhp_kk_ Ilj_gby

Lj_gb_ b baghk fZl _jbZeh\ kms_klI\ _ggh azZé&hkpt dikhgd) Ig1
Z1Zpbb maeZ |j_gby dhglZdlighc kj_"u GZb[hewr x| \eBygb_ ij
ghklv b | _fi_jzZIimjz A \ az\bkmfhdklhjh\l kbléd |j _gby f_~~m dhglzdl
xsbfb fzl_jbzezfb fh™ | f_gylvky \ g _kdhevdh jZa

< |h "~ \j_fy p_e_gZijz\e_ggh_ \\_"~ gb_ \ ahjmshbddkgl ZdIlbj
ih\_joghkl_c ©lj_Iv_]h I_ez2 ihalhey_| baf_gZljZdjbjb&hgdh fkdb _
| jbZzeh\ dhwnnbpb gl Ij_gby bgl _gkb\ghklwmagiZfrp\Zighyeb ~j
gbb Z bf_ggh ih\ur_gb_ njbdpbhgguo beb\Egkb\n)bapbhkjghdélk
hl ihklZ\e_gghc aZ”~Zqb

Kzfuf jZzkijhkljZzg_gguf f_Ih~"hf kgb _gby dhwimnbyYybebydzZ Ij_g
gby baghkhklhye\elykllkky ijbf g gb_ kfZahqguo fZl _jbZeh\ \ dZqg_|
fhlml \ukImizlv ki_pbZevgu_ "b~rdhklb I\ _jru_ lellZ b @ khj[pbhg

Hrgbf ba |jZ"bpbhgguo Zglbnjbdpbhgguf fZljjbZlethgdZy\ey |
?s_ e | gZaz” [ue h[gZjm  _g hkh[uc khjl JAZWdkWhgu "A[ZurZ m|
k iehlghklvx ~h ® dhkfjzy Ihg | \ \h~”_ b ijb f_ozZgbq_kdhf \ha”
ki\he \u”_ey | J\Zydh\mx kfhem _kl_klNihgdrou kifibakdhgub ikZ
\_joghklgdlb\gu_ \_s_kI\Zz ;ezZz]lh”Zjy k\hbf ijbjhrguf hikh[_gghkl
jZam_| \ \h~”_ dheehb”guc jZkl\hj ~Zxsbc ©fuevphihdlevddqm qglh I
eb \ km~hkljh_gbb ~ey ba]Jhlh\e_gby ih~"rbigbdhhys [gup Ay eh\
\k_ \b?u ]\Zydh\h]h ~_j \Z gZoh”ylky ih® m]jhdimc [ZidZ nralgii\egby
_Iky hkljh™® _nbpblguf b *hjh]hklhysbf fZI _jbZehf

LiZ"bpbhggufb f IZeebqg_kdbfb Zglbnjbdpbhgyg\efbxIkZl jbZe
Zexfbgb \u_ kiez\u [jhgaZ b [Z[[bl ebl_cglehkiezZzk ¢b&Ej H\keghg
_ff_"b b kmjvfu b "jm]bo e_]bjmxsbo dhfihg"hgdlliAlhdZZdbo f
| jbZzeh\g th[oh”~bfhklv ijbf_g gby fZkeyghc kfZadb qdf_&gZgbl_
ijhp_kk wdkiemZlZpbb b h[kem b\Zgby WiZI'Zeglty YeX]bemf 4jZogbp!
jZa™_eZ iZju lj_gby ©f _|Zeexf_IZee? Ijb[heh]Ol_k&lb phBd&hzdl_jl
agzZqbl_evgh mom~rzZxlky > @

>im]bf Ibihf I\_jruo Zglbnjbdpbhgguo ihdjulbc y\eyxlky fl
d_jzZzfbdb b d_jzfhfzZzljbqgu_ dhfihablu Zjfbjh\Zpew g "ih\kgy lgufb
gufb \hehdgzfb Ljb[hl_ogbqg_kdb_ ba”_eby bau™MZglyWwoxIfzl_jb:
ih\ur_ggu_ | _fi_jZImjudh jZ[hlZxI \ Z]j_kkb\guo kj_"~ZoZb klhcdb
ab\ghfm baghkm ?72bgkl\ _gguc g_"hklZlhd kialpZHkfEK|B bghgougph dhfi
keh guc b "ebl _evguc ijhp_kk bo i_j_ jZ[hldb > @

ljb fh~ _ebjh\Zgbb dhgkljmdpbc maeh\ Ij _gby glhh[ghftbfh m
fZl _jbZeu ba dhlhjuo hgb [mA"ml ba]hlZ\eb\ZIZky ijhlgghdkuvhlp ki _
gZ"_"ghklv ba”_ebc "ebl_evguc j_kmjk jZKkblehlbo \§ZAT]jnckth\d b
| _fi_jzlmj kgb _gb_ m~_evghc fZkku ba”_ebcdZhm&bg_ gb_ ihe_

G_f_g__ \Z g \hijhk memqr_gby wdheh]bg \k@kb ahidZzazl _e
| _fi_j_jzZ[hldb hljZ[hlZgguo kfZahqguo fZIl meZ&&db\ZgbZdijb bl
iZ"Zgbb \ hdim Zxsmx kj_"m b hgbkld_f_kl jhaeb\Zz

<\b” m \ur_i_j _gbke_ggh]lh i_jki_dlb\guf gZijeghe "ghbgbfy fZI _j
yley |ky jZajzZ[hldZ kZfhkfZau\lZxsboky ihebf jggbbrhighbdpbZeh\ |
hggh]lh gZagZq_gby > @
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Ilhebf_jgu_ fZl _jbZeu Zglbnjbdpbhggh]h gZagZq_gby

ljb \u[hj_ IF ~ey maeh\ |j _gby hfoh”"bfh mqgblg\Z\v ~hklht
kiZzldb ihebf_jh\ dhlhju_ fh]lml |h\ebylv gZ ljbjhkehjdly fkzkdb_ o0Z]j
jbZeh\ Hkgh\gufb g_~hklzZIdZfb ihebf_jh\ \ kjZRkgblgdhd kg fghZee zZ
dZy | _iehijh\h~ghklv \ukhdb_ agzZq_gby | _fi_jZInejgh]bghiHwnnt
jZkrbj_gby Z 1Zd _ gbadzZy I\_j*hklv b we_ Dljhadpby likbgim_gbb
kiI\bl _evgu d \ha”~_ckl\bx ehdZevguo | fi_jZImj_dbbghjzZeéeblo ijb
juo gZgbgZxlky obfbqg_kdb_ ij \jZs_gby \ ihebffh~_kjpmhiphsth d
b baf_g _gbx _]1h k\hckl\

Obfbqg_kdZy ijbjh~Z ikewsf_Kh\ ggh \eby | gZ ijhp_kku ~_nhjf.
[jb[h~_kljmdpbb ih\_joghkl_c lj_gby ih” \hakddbd\lgZfijy o@lgd q
<ke_"klI\b_ wlh]h ijhbkoh”~bl Zdlb\Zpby ih\gj@ghkjmxsbleh_ & dh
k h[jzah\Zgb_f \lhjbgguo kljmdImj qlh \ k\hlw kdd iheHho!| lebf
guc 1Zd b hljbpZl_evguc wnn_dl >ey dZ ~hlabd&Bkkg_kuidbf jh\
ijhp_kku ijhl_dZxsb_ \h \j _fy ~ nhjfZpbb b fZkkhirb\bghkzZ y\e
Zevgufb ihdzazl_eyfb b ~h kbo ihj \_~mlky ylekeaybxh\Zgwyhfrd g g
ijZ\bevguc \u[hj ihebf jghc fZljbpu Zjfbjmxsey]ib gZ4bebpbjm
sbo ~h[zZz\hd "ey dhgdj_Iguo mkeh\bc wyklie fg Zfbab|hhalkhhe
g_"hklzldb IF \ Ijb[h]l_ogbd_ > @

ljhkl _crbf ijbf_jhf ihebf jguo Zglbnjbdpbhgguo fZI _jbZeh\
rbigbdh\ jZ[hlZxsbo gZ kfZad_ \h~"hc yleyxlky Kk Zd b \igdu kg h\
n _ghevguo kfhe j_ahevgh]h IbiZz <u[hj "Zgguo kfhi&@dch[bghbh\Zg b
klvx b g_\ukhdhc p_ghc ijb wlihf hgb h[eZf&Zklhiddk]|vyxpbhabif
g_kdhc klhcdhklvx b baghkhklhcdhklvx < dBqgfiktbnbgZlhggbl e
bkihevah\Zeb ~j \_kgu_ hibedb dhdk ]jzZnblheZoxgftb\gbx \chk e mAjr
Im b ~j > £ @ >Zggu_ ihdjulby gZghkbeb Ihdgdideledy_ fkdZ_|jm:
ih\_joghklb beb ba gbo balhlZz\eb\Zeb p_ewdhigbkkh\Zglyebhf Ih’
NZ\e gb _f

< "Zevg_cr_f i_jki_dlb\guf gZijZ\e_gb_f jZajBphjbdd IF "ey
hgguo ihdjulbc klZeh kha”“Zgb_ ihebf jguo dilbfZibabpHdBdguo fZ
gZ hkgh\_ | _jfhiezZzklh\ ghf_gdeZImjzZz dhlhjugZbjf \wh¥Zdb&hlghb
IZdbo nbjhba\h”~bl_e RBupahf &abic Innovative Plastics, Ticona, Mitsubishi En-
gineering, Solvayb ~j > @

lhebl_ljZnlhjwlbe_g {4LNWneMgh?*bg ba kZfuo \hklj_[h\Zggu
ihebf_jh\ \ Ijb[heh]bb hkh[_ggh \ maeZo kmoh]h_kjkhblgyfb dhglZz
kj_ ~Zfb < k\hx hq_j_"v bkihevamxlky 1Zd  _h\nlhjhile&ikiujg\Z hk
| IjZnlhjwlbe _gZ wdkiemZlZpbhggu_ b | _ogHbtdbbgdHidhuo 0ZjZz
hij_~_eyxlky kh”~_j Zgb_f nlhjz \ ihebf_j_ > @ Ldkj*dbNW hJ[
gbadbf dhwnnbpb_glhf Ij_gby obfbg_kdb kVhjbd _cyfbked|Af jZk
ijhA"mdlzf ~"bzZiZahg jZ[hgbo HIft jZI'hj ¢ ]Jb~jhnh[_g H~"gZdh
hfjez”Z | jy*hf kms_kI\_gguo g_"hklZldh\ \ukhdithdukdgghlklvx be
iheamqg_klvx ih” gZ]jmadhc oezZ”hl_dmq_kabhg\gkfbd kb ck g\Dbid ]
d f_1ZeezZf b "jm]bf fZIl_jbzezf > @

>ey mkljZg_gby "Zgguo g_"hklZldh\ bkihevamkZ\Aglbmhjbdpbt
kmevnb”™ fheb[®”_gZ ]jZnbl dhdk- bmjee g\lhetkdgdehhjhrhd [jhgau
Nj DZ Muc gZihegbl_ev bf__ | gzZijZ\e_gghkbthidbl\tbl _izhz¥ azhb
wkiemzZI|lZpbb ba”_eby ih”[bjZ _Iky ijhp_glgh_d&hbhegbZgd kfgXiheg
[19 24].

>im]bfb ij_"klZ\bl_eyfb |_jfhiezZklh\ Zglbnjbdpdyhggkyk gZag.
ky ihebzZfb”ru ihebdzZj[hgZl ihebhdkbf_Ibe_g ihebn_gbe_ghdkb”
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lhebzZfb”u ij_\hkoh”yl nlhjhieZklu ih ijhgghklb b mhebgbg_ f
kilb gh gZ[mozxI \ \h~_ b bf_xI kgb ' _ggmx obflk@gZKdmx klhcdhkl

‘glbnjbdpbhggu_ fZl_jbZeu gZ hkgh\_ ihebzZfxlbkmhih \ur_j°
klb \JZs_gby \ g kdhevdh lukyq h[hjhlh\ \ fbgdmgl ngblyfdhbvobaéagb
~glZ lj_gby b I _fi_jZIlmjgh]h dhwnnbpb_glZ ebg_wohflH_j&Zkhbj gb
eh]bb bo i_j_jz[hldb kjz\gbfu k i_j_jZ[hldhc ihebVhgb%edb\ehjb"Z
gb f wdkljma28y > =

Ki_"*b | _jfhieZklbgguo dhgkljmdpbhgguo kh_"bidadblpbdbeb”bj
azZgbfz | ihebwnbjwnbjd _Ihg IWWD dhlhjuc hikleikdhZ dhRKilMohdhc
ijhgghklvx ih\ur_gghc jZ[hg_c |_fi_jZIlmjhc gbadlgf gdhwnnbp

. i¥tb kmohf kdhev'  _gbb b gbadhc I_iehijh\h*ghklvx > £+ @

g_"hklzldhf IWWD y\ey_I|ky _]Jh \ukhdZy klhbfhklv

Ke_"m_1| hif_Iblv qlh |_jfhieZklbgqgu_ fZIl_jbpelthifkI miZxI| |
ghklguf 0zZjzdl_jbklbdzf f IZeebq_kdbf zZglbzfjhdpheyyuf\jkieyz\
bkihevah\Zebkv dzd ©I\_j*u_ kfzadb? > @h gevYhikklljdsy igby -
ebf_jguo fZl_jbZeh\ klZeb bkihevah\Zlv IdZgh”*ggZitbe gib]lZgb m]
g_kdb_  ijhiblZzggu_ I _jfhj_Zdlb\gufb klyamxsbfb

<h N=MI| ©<B:F?2 jZajZ[hlZgu Zglbnjbdpbhggu HjhZlggdhiezZkl
:N- F gZ hkgh\_ n_ghehdZmgmdh\h]h klyamxgZ]hkgh\_ 4@ihid kb |
gh]h k\yamxs_]h > @ ”"“ey \ukhdhgZ]jm  _gguo ih”reigbdh\ kdh
< dzZq_kI\_ Zjfbjmxsbo gZihegbl_e_c bkihevah\ZebhgdhbE gbeh\Zg
f jguo \hehdhg ILNW gbl ¢ fZjdb ©lhebn_g?& kyfihefZhdib gufb
©:jbfb”ra Hj]ZehgF:N <: b ILNW gbl _c k ZjzZfb~rgufb gblyfb fZ
©Jmkzj2 Hj]Zekd :N

LZ[ebpZ
KjZ\gbl evgu k\hcklI\Z Zglbnjbdpbhgguo hj]J]ZghieZklbdh\

K\hckl\z AgZq_gby k\hcklI\ "ey hjl]ZghieZklbdh\ f{

N- F260] :N- F500] <:1-8 | :N- FJ260 | :N- FJ500
LhesbgZ Zglbngb| o563, | 045052 | 0259630 | 0259832 0.460,52
ghlh ihdjulby ff

ljhgghklv ijb blke
\Zgbb hl dhgklgm . . 440590 . .
ghc klZeb igh G

Dhwnnbpb_gl Ij_¢

hlg A 0,039,19 0,109,15 0,10
>bzizahg jZ[hgb{ . . . .
I fi_jZImgK B B B B B
M~ _evgZy gZ]jma 15450 12 30
Kdhjhklv kdhev | 0.010.05 012 0.2

f k

lj_bfms_kI\hf "Zgguo bah[j_| _gbc y\eyxlky jZ[hdkkdbkch[ghklI
m” _evguo gZ]jmadZo k gbadbf dhwnnbpb ZyhifjHpgodbkiv lihbuh_gg
kezZb\Zgbb hl f_1ZeeZ b \hafh ghklv ba]JhlZ\gbgBYv>keh g@ >¥Zaeu
guc wnn_dl “hklb]Jgmeé dZgbkgy IdZg ¢ \ dhlhjuo gZ ebp_mhc klhjhc
s _klI\ _ggh jZkihezZ]Zxlky ILNW \hehdgZ Zbglbhkjbdpbaxyghu k\hcklI\Z
fZl _jbzezZz Z gZ h[hjhlghxtj]Elhhlqgkdd _\hehdgzZ \ [hevr Zc Kkl_i_gk
xsb_ aZ ijhgghklgu_ oZjzdl_jbklbdb kZ\bjlhZeZ jnmadb b Z~]_abhgcg
\aZbfh” _ckl\b_ ihebf_jgh]h kl\yamxs_]Jh k f 1Zeebqg_kdbf dhgljl_e

<h N=MI| PGBB DF ©Iljhf_| _c2 jZajZ[hlZgu ihebf Zgh m]e_ie
njbdpbhggh]l]h gZagZq _gby gZ hkgh\_ | _ jfhj_ihdllbbggbfk\WakWisbo
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b n_ghevghf NM3] +2eyih”rbigbdh\ kdhev'  _gby jZ[hlZxsbo ijb \t
dhglZdlguo ~Z\e_gbydZ*"hM=WL beb ih\ur_gguo kdhjhklyo “h
NML \ rbjhdhf ~bzZiZzahg_ | _fi_jzZlmj kfzZgb\Z_fu_ \h~hc 1Z]e

LZ[ebpZ
K\hckI\Z ZglbnjbdpbhglgumZeh\

AgZq_gby k\hckl\ *ey fZl_jbZz

Kihckl\Z M=WL M= WEN N M L
lehlghklv *d] f 1450 1450 1450
lihgghklv ijb k>Zlbb FIZ 200 200 150
Dhwnnbpb gl Ij gby hlg 0,12 0,06 0,01
Kdhjhklv kdhev> gby f k 0,0049,5 "
>himklbfh dhglzdigh ~Z 100 | 100 5,0
>pbZiZahg jZ[hgbo | _d&_jZI * ' * :

lh fg_gbx Z\lhjh\ jZ[hlu > @ |_jfhj_Zdlb\gZy ihg¢dfjhgZy fZIjl
guc gZihegbl_ev h[ez”Zx!| Iljb[hobfbg_kdhce ZdIlg\hghhklvxob hihia
njbdpbhggh]lh dhglZdlZ ihebf_jgmx ie_gdm gbbXikikéjklj\ngblykgb
GZ ijbf_j_ wihdkb”guo heb]hf_jh\ ihdhadghu\ebeglgb jzkigZ Ijb[ho
fbg_kdmx Zdlb\ghklv fZljbpu BkihevanuZglkfheebjZjftb\@dguo hl\_
A"bl_e_c ih\urzZz_I| baghkhklhcdhklv ih2ah\gfibWhyYmfhl[Zeedq_kdhf d
[jl _e_ie_ghd oehjb”h\ f_IZeeh\ h[ezZ"ZX%dprodilejkibgqZIlh

HrgzZdh ijb wlhf ke _"m_| mqgblu\Zlv qlh "bgljmgépbyZy I]
ihebf_jz fh _1 ijb\h”Ablv d ih\ur_gbx bad&hkhkZhfdihzgeebeZ \ke_
ki\b_ fb]jZpbb ijh*mdlh\ baghkZ f_lde22 \eakgklyhhigkZzWwIbf p_e _
h[jZzagh bkihevah\zZlv \ dZq_kI\_ ihebf_bhghgbfZlkbpadkhfZevghc
fhe_dmeyjghc fZkkhc eb[h kf_kb ihelgfhhghRljkmPlimji¢ ghlzd _ \\
Ablv \ fZljbpm bg]b[blhju jZz"bdZevguo dkibpZigkh\ b Zgdibin\gu _
kljmdImjgu_ fh*bnbdZlhju

| _jki_dlb\guf dezZzkkhf ihebf_jh\ yleyxlky [_gahihkdZebgu WIh
gb_n_ghevguo kfhe dhlhju_ kbgl_abjmxl ba&mgghhlédhklphZ§byhk |-
"h[Z\e _gb_f iZjZnhjfZev” _1b”"Z > @ Ihemq_go'Zde kibgZjHkI\lj_[r
jbl_ey beb ~hihegbl_evghc hqgbkldb i_j_" ijb#Zpd ygbjhfbkichretfl_jb a
iml_f jZzkdjulby hdkZabgh\uo pbdeh\ ihc ~_ckbd_f I\ filgBgbju i
hl IjZz"bpbhgguo n_ghevguo kfhe g_ |j_ [m_Ikbaihhavahkgigby d
ghc beb dbkehlghc ijbjh”ru Djhf_ Ih]l]h [_gahdkZabgu h[ez*Zx| \t
klZz[bevghklvx > @ gbadbf \h*"hih]Jehs _gb_f jzZafhljhklZ[bevghk
gbb b ih\ur_ggufb f_oZgbqg_kdbfb ozjzdl_jbfibl bid Didj Z & jiZ \lg blf
dzfb wihdkb”guo kfhe > @ >ey rbjhdh]lh ijZbybpg dathdk bkih
abgh\ \ [hevrbgklI\_ ij_~eh _gbc bo zZ2Zilbjm»lfumeamjdrfZyjy _h[of
iml_f \u[hjZ bkoh”guo n_gheh\ b Zfbgh\ <hafh\g@hklk ApA bt _ck
ihebf_jzfb 1zd _ ihalhey_I| ihemqZlv gh\u_ kufédmkisizt klkZfibgbdZ
> @ bkdexqZy g_dhlhju_ g_"~hklzZldb [_gaBEdkZadpghh \G_kfhl
"Zxsboky k\hckl\ iheb[_gahdkZabgu bf_xI gydhihyazZgbljZglq_
ojmidhklvx ihebf_jghc fZAfbpwkbdhc iehlghklb krb\hd fZzdjhfhe_dn
ljb wlihf klzg~Zjlgu_ [_gahdkZabgu gZ hkghd\ZxhkgluochhkglzZzdheh\ |
gh | _jfhklhcdbfb Z | _ogheh]by ihemq_gby IDF y\ey |ky “hklZlhqg

< klzlv_ > @ Z\lhju memqgrZeb Ijb[heh]bqg |lkdgbbg kddbZgbq |}
k\hckl\Zheb[_gahdkZabgh\ fh2babtdgddbjfbgbjh\Zgguf {mlzZz”~b_g
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gbljbevguf dZmgmdhf Ilhemqg_ggu_ fZl_ jb&ye Wb kZreg ¥ ahNziyteyb \"d
g_kI\_ kzZfhkfZaulZxsboky dhfihabpbhgguo fZI_[jb2ZeZ\el[gB|m
hl ~h ih fZkk_ 1Zdh]l]h dZmgmdZ \ khkhe\bphgapbtdkhbb ghwha
nbpb_gl Ij_gby b ih\ukblv baghkhklhcdhklv dhgithaxih\ime\lhju kj
g_ggu_ k\hcklI\Z k ebl_jzZImilgwfdb g Zkdddh ~"Zggufb ih wihdkb”"gt
n _ghevguf kfhezZf khlk\hcklI\Zfb gbklh]Jh g _fh” bnbpbjh\Eggh]h [_
gZ >h[Z\e_gb_ g_[hevrh]h dhebqg_kliE tZkhkgmdEihkh[klI\h\Zeh
gZb[hevr_fm kgb  _gbx kdhjhklb bagZrb\Zgbybly dhhwdrZzralypgh gdZzhlj
[ gahdkZabgu fhrbnbpbjh\Zggu_  dZmgmdhf N KhigkK])bdZmxIl e
ih kjz\g_gbx k ljZ*"bpbhggufb n_ghevgufb bxwhiilk Z*pbaidb_khyam
eZ™"Zx!|l \ukhdbf ihl_gpbZehf "ey bkihevah\Zgby YWkhZalm\gbdh\uo
sboky fZIl_jbZeZo

< klzlv_ > @ Z\lhju fh”bnbpbjh\Zeb [_gahdkXakbgd\ "h[Z\
[bkfZe bfb~"Z b ih\ -jogplpghhgZebabjh\Zgguo fgh]l]hkehcguo m]
gZghljm[hd :\lhju khh[sZx] h[ m\_ebqg_gbb f_d&Zigdhgb kebog oZjZc
r gbb dhwnnbpb_glZ |j_gby >h[Z\e_gb_ [bkidbgihfbiha\dey ¢atr
"h[b\ZIvky memqr_gby |I_ogheh]bg_kdbo k\GZkZdlb jbkdBdbhlgl\k@dbo
"N _gghc ihebf_jghc fZlIjbpu 1Ijb kh\f_klghf hI\_jb~rZglbh [khbklide bf
Zabghf Zfbgh]jmiiZz ba [_gahdkZabgZ kihkHjgg dgylZzeHdabkja\eZlv
bfbrz > @ :\lhju khh[szZx| qglh kthiZ2\e b _ ih fZzkk_ m]e_jh~
gZghljm[hd kgb Z | kdhjhklv baghkZ gz g ck j[Z \opa hgdokkz b gk o |
[bkfZe _bfb~rghc dhfihabpb_c

AZdexq_gby
< N"Zgghc klZlv_ jZkkfhlj_gu kh\j_ f ggueZ&kbjzXea\lglby \ZQ]|

njbdpbhgguo fZl _jbZeh\ gZ hkgh\_iheblfhjhdbyZalelgghithdkgh\uf
ihebf jzf hldjulZ_| gh\u_ imlb ~ey Jembpihbdbhcr*Zhb\hmadBE ghklv ij
\ghkblv \ kbkl_fm gh\u_ k\hckl\Z >Z2bVvg \ckha”iZgkib dZlgjbZeh\ Z
Ibnjbdpbhggh]l]h gZagZq_gby |I_kgh kivhebguih\ Kkihgklphhdumjzfb \
N j'b\Zxsbfb fghlhdjZlgu_ ~_nhjfZpbb [ed[lZ& mkigbyah\Zgb_f fh
AbnbdZlhjh\ \ebyxsbo gZ f_oZgbafu \h Rg fypfkkloib j gh

‘b[ebh]jZnbg_kdbc kibkhd
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\hc ZjfZImju izl Jhk N_7_jZpby aZzZy\e him[e

KfZahggZy dhfihabpby izl Jhk N_"_jZpby azZy\e hin

<ukhdhijhgguc Zglbnjbdpbhgguc dhfihabl gZ hkgh\_ iheplwgbjwnbjd_

b kihkh[ _]h ba]lhlh\e_gby izl Jhk N_7 _jZpby azy\e
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<EBYGB? KHKL:<: B MKEH<BC L?JFHH;J:;HLDB
G: IJH<H>YSB? K<HCKL<: K?J?;JHKH>?J@:SBO
LHDHIJH<H>YSBO DE??<UO DHFIHABPBC h[ahj QZklv

DOI: 10.18577/2307-6046-2021-0-5-64-77

ljb\h~ylky ~Zggu_ h[ bkihevah\Zgbb jZaebqgguo Ibih\ k_j_[jygh]h
lhdhijh\h~"ysbo de__\uo dhfihabpbyo IhdZazZgh \ebygb_ jzZaf_jZ b
k _j_[jyghl]h gZihegbl_ ey gZ ijh\h*ysb_ k\hckl\Z de__\hc ijhkehc
kh_~bg_gbb

IhdZzazZgh \ebygb_ h[jZ[hldb ih\_joghklb ijh\h?*ysbo- qZklbp ih'
ZdIb\gufb \_s_KkI\zZfb dhfihg_glgh]l]h khklz\Z ihebf_jghc hkgh\u
hi\_j°~ gby lhdhijh\h*"ysbo de__\uo dhfihabpbc gZ bo*sdjhkljmdImjn
k\hckI\Z Ijb\_~_g h[ahj j_amevIZIh\ bkke_"~h\Zgbc fbdjhldjmdIimju Ih
k _j_ [jhkh”~ _j"Zsbo de_ _\uo dhfihabpbc

Dexq_\u_ kélmdBijh\h~"ysbc de_c¢ k_j [jyguc gZihgpbh rghklwe dlj
| _iehijh\h~ghklv fbdjhkljmdImjZz m”_evogime dlhlikhfighlb\e gb_
ihebf_jgZy hkgh\Z gZghjzZaf_jgu_ gqZklbpu

K.L. Besednol, AP. Petrova N.Ph. Lukind, AYu. Isaev

INFLUENCE OF THE COMPOSITION AND CONDITIONS

OF HEAT TREATMENT OF THE CONDUCTIVE PROPERTIES
OF SILVER-CONTAINING ELECTRICALLY CONDUCTIVE
ADHESIVE COMPOSITIONS (review). Part 1

Data on the use of various types of silver filler in electricaibnductive adhesive
compositions are presented. The influence of form and size particles of féibreon the
conductive properties of adhesive bondline.

The effect of surface treatment of conductive particles with surfesctéime component
composition of the resin part and the curing conditions of conductive adhesive compositions on
their microstructure and conductive properties is shown. An overview oétults of studies of
the microstructure of conductive silver-containing adhesive compositions is given.

Keywords: conductive adhesive, silver filler, electrical conductivity, thermonductivity,
microstructure, electrically volume resistivity, polymer base, nanogeateles.

IN_ A jZzevptkm~Zjkl\ _mghlZjgh ~ijbylb©<k jhkkbckAmglyhke ~h\Zl_evkdbc
bgklbldblbZpbhgf@dojbzékhkm”ZjklI\_gdgmqggucgljhkkbckNheé |ZpHederal

State Unitary Enterpriseé© $-Bu@sian Scientific Research Institute of AD WL R Q 0 Bt&teHRéseDrehy 2
Center of the Russian Federation]; e-mail: admin@viam.ru

<\_"_gb_

Lhdhijh\h*ysb_ de_b gZoh”yl rbjhdh_ ijbf_g_gb_ \ jZaeb
ijhfure_gghklb ey h[_ki_q_gby we_dljbg_kdh]hbldhlgaZdkedbc\ dh
jZaebqgghlh gZagZq_gby GZb[he__ \hklj_[h\Zgu \ we _dlI
k_j_[jhkh”™_j Zsb_ Ihdhijh\h~ysb_ de_b 7ey fhglz Zz |_jfhgn
ihemijh\h~gbdh\uo ijb[hjh\ ihemqg_gby \gmlj_gfdlo "kklmbguaobc \
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N"ey iZcdb f_klZo fhglz Z fZehjzZaf_joguadj@boh4jdZeg cgbc LZdb_
de_b h[ez”Zx] \ukhdhc |_ogheh]bqgghklvx bo j_iln@ahhlegxkdb_ |
gZghkblv bo [ukljh b Ihggh \ fZeuo dhebq_kif\Zjongghjkihkevah)
Z\IhfzZlbg_kdh]h h[hjm~h\Zgby Ilhemqg_ggu_ k bkihewar\Zgb f |h
we dljbg_kdb_ kh_~bg_gby h[eZ”Zx| \ukhdhc Jjladdhldlexy az k
dhglzdlbjm_fuf ih\_joghklyf b g_\ukhdbf we_dljbktheéjhlb\e_ gl
rbjhdh_ ijbf_g_gb_ \ khklzZ\_ ihebf_jghc hkgh\u Ihdh{glih*ysbo
wihdkb”gu_ kfheu k hI\_j*bl_eyfb jZaebgghc ijbjhfu J[eZ]h
ijhgghklguf ozjzdl_jbklbdzf |j_Zebamxsbfky ijb hdkhjdhcgbb |
Z™] _abb d jZzaebqgguf ih\_joghklyf \ Ihf&bke_ d k_j [jm > %

>ey ijbf_g gby \ dhgkljmdpbb ba”_ebc wehldljhddBgul oghb
Ihdhijh\h~*ysb_ de_b k gbadbf m”_evguf h[t_fgufkkdhjhlb\le g
| iehijh\h~*ghklvx b g_h[oh”bfhc ijhgghklvx de__\uo kh_"bg_gbc

< gZmdggthgbg_kdhc ebl_jzZImj_ ijb\h”*ylky k\_~ gby h kgb ¢
h{t_fgh]l]h we_dljhkhijhlb\e_gby Ihdhijh\h?"ysbo de__\ @jb bkihe
khklz\_ khg_lZgbc k_j_[jyguo gZihegbl_e_c kajfZa2boglzklbipjfhc
\ Ihf gqbke_ gZghjzaf_jguo ijb h[jZ[hld_ k_j_[jpybuey qZklb
ih\_joghkkghb\gufb \_s_klI\zZfb 1:< ljb\h~ylky 1Zd"_ ~Zggu_ h
khklz\z ihebf_jghc hkgh\u de_y b j_"bfzZ hiI\_j"™ gdowghgB \_eb
h{t_fgh]l]h we_dljhkhijhlb\e_gby b |I_iehijh\h~*ghklb > @

JZ[hlZ \uiheg_gZ \ jZfdZo j_ZebaZpbb dhfie _dkghc gZmqggl
©Fgh]l]hnmgdpbhgZevgu_ de_ysb_ kbkl_fu? jB\kljgby]bq@akdbby gZ
fZl_jbZeh\ b | _ogheh]bc bo i_j_jZ[hldb gZ i_j&4i® *h Jhrza >

<ebygb_jzaf jZ b nhjfu qZklbp k_j _[jygh]h gZihegbl _ ey
gZ ijh\h~ysb_ k\hckl\Zz

< klzlv_ > @ ijb\_~_gu j_amevlZlu bkke o*h\Zghd wekldldbq_
b I _iehijh\h~glhkdibijh\h~*ysbo dhfihabpbc kh” _-jbZghghfgpalhbp u
k_j_[jZ Bkke_~h\Zgu azZ\bkbfhklb f_""m ]JdhfjbKigdiedbfhZkZhp
Ilhdhijh\h~ys _Jh gZihegbl_ey b ijh\h*ysbfb k\hcklI\ZifbdZzgblyd _ \«
gZghgzklbp \ ijhp_kk_ hI\_j ~-dbly pehiye\hdighklv fZI_jbZeh)\

Djhf_Ih]l]h \ukdZazZgh ij_~iheh  _gb_ h Ihf glhkhbldkihevah
Ilhdhijh\h~ys_Jh de_y k_j_[jyguo gZghjZaf_jguo qZk[imp_[hevrh_
bf Iv ij_~\Zjbl_evgZy h[jZ[hldZ bo ih\_joghklb kihhfhebx I:<
A"hklbgv jZz\ghf_jgh]lh jZkij_~ e _gby gZghqgZklbp ih h[t _fm de _vy

KhklzZz\ ihebf_jghc hkgh\u bkke "h\Zgdexqgdlefitvdabghkio”d mx
kfhem hiI\_j2bl _ev b fhghnmgdpbhgZe\jbt e&dIbNpd&bfHhaio kfhe
H[s__ gZiheg_gb_ k_j [jygufb qZklbpZfiop Wtz "Rhk|Z\lefyaih
fZkk

>ey gZiheg_gby dhfihabpbc bkihevah\Zeb k_jhl[d&E@kV\b\w”_ kf
g rmcgZlhc nhjfu jzZzaf_jhf % fdf fbdjhqgzZklbp Kmh _Kjg~rgdhc nhj
"bzf_Ijhf a fdf b gZghqgZklbp jZzaf_jhf a df Itbaqhldbéb g gkubdh]h
hkz ~ _gby HI\_j"~ _gb_ h[jZaph\ dhfihabpbc ijhjh*"befb& ijb | _fi_]
l_q_gb_ q

H{t_fgh_ m”_evgh_ we_dljhkhijhlb\e_gb_ baf_jylehBhd_luj_olf
\ gZijz\e_gbb iehkdhklb h[jZzapZz dhlhjuc ij_"klZ\eye kh[hc
Ihdhijh\h*ysmx dhfihabpbx gZg_k_ggmx \ \b”_ iheb&lkdb 9y_"_e.
kl deyggmx ih"eh dm
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>ey hij_"~ e _gby | _iehijh\h*rghklb dhfihabpbc k bkihevah)
eZa_jghc \kiurdb \ JhjbahglZevghf \ gZijZ\e _gbb biehkdhkl
\_ jIlbdZevghf \ gZijZ\e_gbb Ihesbgu h[jZapzZ i_jidgkbaddmeyjgh
gZijZ\e_gbb balhlzZ\eb\Zeb h[jZapu \ \bA_ ieZklbghd

Bkke_ "h\Zgb_dhfihabpbc kh”_j Zsbo kf_kv fioohjhgqZlklbp k_|
b kn_jbg_kdhc nhjfu ihdZaZeh qlh m~_evgh_ h[t_fdHjZwpZdljhk
ih\urzZz _Ikynk ebg_gb_f kh™_j"Zgby fbdjhgZklbp gZihegbu ey kn_j!
ijb h~"bgzZdh\hc kl_i_gb gZiheg _gby jbk L _iekdphgE~ghklv
fhghlhggh mf_gvrZ _Iky \ JhjbahglZevghf gZijZ\e_igEbe_<ghlbjlbdZe
| _iehijh\h~ghklv m\_ebgb\Z _|ky b ijhoh”bl qg_jh@a_jiZdkbfmf i
kn_jbg_kdbo fbdjhgzZklbp k_j [jZ \ dhebmg_#Aakk_ A1l h[s_]h
dhebq_kI\Z k_j_[jygh]lh gZihegbl_ey \ dh%-lghtbpkb” JjEgbb
kn_jbg_kdbo qgZzZklbp k_j _[jZ \ khklzZ\_ gZihegBdley lgdiex"Z
bahljhigzy | _iehijh\h”*ghklv jbk :gbahljhiby |_iehijh\h-
bkihevah\Zgbb gqzZklbp k_j_ [jZ g_rmtlgdhcfmhjkuyaihgzZz k ijhp_kkt
hjb_glZpbb \ iehkdhklb h[jZapZ iehkdbo q_jyrhadl gZidq2lglblp &y j_
ijb gZg_k_gbb b hI\_j°"~ _gbb dhfihabpbb

:Ij’ 108F “_'30
2y & o5t 4
H|Q% - < lhjbahglZevghf gZijz\q4
L oe =
o Ihi j:‘ o
Ea= c»20
Ko} <
EE 10%} =15}
> <
o - p—
<|§§ < 10} < \_ilbdZevghf gZijZ\e_3
e 7
2 - 5k
[
: 1056 20 20 60 80 100 °79 20 40 AéO.\ 80 100
FZkkh\h_ kn*_j'Zgb_ fbdjh kn_ibq Kdnc nhifu Kk khRIZA 0
kn_jbg_kdhc nhjfu k khklz\_ g - = =
Jbk AZ\bkbfhklv m”_evg Jbk AZ\bkbfhklv 1-ie
we _dljhkhijhib\e _gby hI\_j2_  ghklb hI\_j°~_gguo Ihdhijh
ijh\h~"ysbo dhfihabpbc hl 1+ dhfihabpbc \ JhjbahglZevgh

khhlighr_gby fbdjhgZklbp k_ dZevghf gZijZ\e_gbyo hl k
jbg_kdhc b g_rmcqgzZlhc nhjfu fbdjhqzZklbp k_j_[jZ kn_jb
g_rmcgZlhc nhjfu

K bkihevah\zZgb_fjZklhthvhc we_dljhgghc fbdjhkdhibb bkke _
kj_au hI\_j"~ _gguo h[jZaph\ dhfihabpbb kh”_j Zsucklhepld&h fbdjl
g_rmcgZlhc nhjfu \ kjzZ\g_gbb k dhfihabpb_cbklihlhlalZz\Zgdhlhj
khqg_lzZgb_ fbdjhgzZklbp k_j [jZ g_rmcqZlhc bjbdn_jbg<kdhljmdjfu
dhfihabpbb fZkkh\h_ khhlghr_gb_ kn_jbq_kdjtha 2k ld prrkc ¢ ZljZo fk
khhi\_IklI\h\Zeh fzdkbfZevghc |_iehijh\h*ghklb \ \bpbjlZlevghf gzZ
b khklZ\eyeh khhi\_IkI\_ggh

:gZebabjmy ~"Zggu_ ij_"&ZzZiedigguwhlh]jZnbb h[jZapZ dhfihab
kh~_j°Zs_c¢ khqg_lzgb_ fbdjhqzklbp k_j_[jZ Ilkmzlhg kdhéu b q_
Z\lhju klzZlvb > @ hlf_qZxl m\_ebq_gb_ qbk&abgBEghZKIH\[fZ "m
\ gZijZz\e _gbb lhesbgu h[jZapZ b m\ _ebqg_gb klppkflthykglc[fZ ~m
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\ gZijZ\e_gbb iehkdhklb h[jZzapZz g_f bghbykgyxiehbaf_
b we_dljhijh\h~*ysbo k\hckl\ bkke ~h\Zgguo Whfihabpbc jbk

jlbdZevgh_ gZi
jlbdZevgh_ gZi

<]
<_

2. R\ Xb'@é 5.0 ;v’xsﬁ.‘;é.‘
Jbk Fbdjhnhlh]jZnbb kj_azZ h[jZaph\ Ihdhijh\h”*ysbo Ihefvidabpbc Kk

gZklbpu k_j [jZ q_rmcgdlhczZnihigflu_ khqg_1zZgb_ fbdjhgZklbp k_j_ [jZ kn_
b g rmcqzZlhc fphjfu

ljb\_~_gqu 1Zd" _ j_amevlZlu bkke_"h\Zghyggih]lhedhZigbexg kl jey
[he__ keh gh]h khklz\Z gZ k\hcklI\Z Ihidabjmhb *y&Zghdhaf_ jgu_
gZklbpu k_j_[jZ \ dhebqggkl\"h[z¥&keb d q kZkkb fbdjhqgzZklbp
k j_[ijZ kn_jbg_kdhc b qg_rmcqZlhc nhjfu \aylbo \ khhigh
khhi\_IkI\_ggh Kh~_j Zgb_ gZghqzZkgbXINZ KK[s|_]Jlhydhélo gZihegbl _
khklZ\beh ih fZzkk _ lhemq_ggankh kfrkiv\ tka jlj[jZ \\h~beb \
ihebf_jgmx hkgh\m dhfihabpbc "h "hkibegglgb Kl ih_ §dkgZ

ljb bkke_"h\Zgbb dhfihabpbc f_Ih*"Zfbql Kdm]jz\bdZgbaz L=:
b ~“bnn_j gpbZevghc kdZgbjmxs_c¢c dZehjbd _lghb qHKDgzZzeldfib
gZghqgzZklbp k_j_[jZ \ khklzZ\_ dhfihathpbjb mX k&logb\IZfi_jZImjghf
"bzZiZahg_ j_Zdpbb hiI\_j"~ _gby ijb h*"bdHdhXy & rkke hj\libky o gb

97 F

101
TWdah !

L_ieh\hc wnn_d|l
118,2>" ]

=
o
o

L_ieh\hc ihlhd
FZkkZ h[jZzapZz
[{e]
©

©
oo
Y

L 1 L 96 1 A A
50 100 150 200 250 f K 50 100 150 200 250 f K

Jbk >SIKPFh]jzffu dhfihab) Jbk U=jfh]ljzffu dhfihat
kh~_j°Zs_c gZghqgzZklbpu b fb kh~_j°Zs_c¢c gZghqgZklbpu b f
g_rmcqZlhc b kn_jbg_kdhc Im g_rmcqZlhc b kn_jbqg_kdhc |
dhfihabpbb [_a gZghqgZzZklbp dhfihabpbb [ _a gzZghqgZklbp

ljb bkke ~h\Zgbb ki_dljh\ “bnnmagh]h hljZ " _gby \ mevlj:
\b~rbfhc h[eZklyo dhfihabpbb kh”_j Zs_c |ljb YbkagZadbyp gblf_ g
ihehk ih]Jehs _gby h[mkeh\e _gguo ih\_joghklguf ieZafhgguf
gZghqgzZklbp k_j_ [jZ jbtkke_ hI\_j"~ gby dhfih@phblxe jBki\b _
ki_dzZgby gZghqgzklbp k_j_[jZ \ ijhp_kk_ __ hI\_j"~_gby

b o 8670 Jb(99) 2021 67



<| Z < [
:”'””H'['t'f'g'u'c';éz'éf"g'g'uc'”: O T T
o 0,6 Kj ahgzgk k_j_[jZ . o H[t_fguc ieZaf gguc
- r 1 — 08 j_ahgzZgk k_j_[jz
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Ih\_joghklguc |eZaf gguc] <
| i athgk gZghgzZklbpk_ji[jz 0,7
o 05 ! ] !
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>ebgZ \hgdu >ebgZ \hegdu
Jbk Ki_dlju “bnnmagh]h hljZz" _gby \ mevljZnbhe Ih\hc b \b

Ihdhijh\h~ys_c¢ dhfihabpbb kh”_j"'Zs_c¢c gZghqgzZklbpu k_jh[fZRkdhebqg_k
hl h[s_]h gZiheg_gbyydklfpkk_j_[jZ k khhlghr_gb_f kn_jbg_kdbo fbdj
g rmcqZluf qZklbpzf iz fekhkke "iI\_j°) _gby

ljb\_~ gu j_amevlZlu bkke_ ~h\Zgbc ih \ebygbBhxgdZlghgBiklbp
b Ihdhijh\h*ysb_ k\hcklI\Z hI\_j°"* gguo dhfihabpbc_g&Z |bk
aZ\bkbfhklv m~_evgh]lh h[t_fgh]h we_dljhkhijhlb\e_agblyl de_ _\u
fZkkh\hc “~heb k_j [jyguo gZghjZaf_jguo qZklbp K gZitheghbl e
aZ\bkbfhklv I _iehijh\h~ghklb \ JhjbahglZevghf b \_jlbdZevghf gZi

£| | w 25
S:ﬁ, 5 < JhjbahglzZevghf gzijz\d_
el & 20
,_,9104- > /
= o 15+
J< £
o =< = ) .
1= E.lO- < \_jlbdZevghf gZijzZ\e_gbp
s . /
] '—| _"/’"\'\
2 4 5
105 1 1 1 L L O 1 2 2 1 1
6 8 10 0 6 10
FZkkh\Zy "hey k_j_[iyguo gZ¢ FZkkh\Zy /\hey kK j_ [Jyguo gZgl
\'gZihegbl_e_ \''gZiheghbl_
Jbk AZ\bkbfhklv m”_evgh Jbk AZ\bkbfhklv 1 _iehi

we _dljhkhijhlb\e_gby dhfihaby \]hjbahglZevghf b \_jlbdZev:
khihc ~heb gZghqzZklbp k 4 | e_gbyo dhfihabpbc hl fZkkh\t
gbl_e_ gZklbp k_j_[jZ \ gZihegbl_e_

MklZgh\le _gh qlh k m\_ebq_gb_f “heb\ ggZaghegglklbe iK' | [jZ
fZkk_ m~_evgh_ we_dljhkhijhlb\e_glZaZpghjgklZdhkeh<ugb_ h Ihf q
wnn_dl m\ _ebqg_gby m” _evghl]h we dljhxdijhglbj\&\gddy jgudal
jZkij_~ e _gb_f gZghqgzklbp \ h[t_f_dhfihabpdpibb Khhfklksvx f h"Z
jZkljh\hc we_dljhgghc fbdjhkdhibb JWFh\ih{jZagpdVodkfilkabpbc
khn _j"Zsbo “ ih fzZkk_ gZghqzZk9bsp glzk I¥WEjhnhlh]jZnbyo
dhfihabpbc gZ[ex~"Zebkv fgh]l]hgbke ggu_ [Z]&hfkiBElw ¢glZklh qlh
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ki_dZgb_ gZghqgzZklbp gZgbgzZ_Ilky \ Z]lgehhljjZ¢bgb\ihklikyw jjzaf_jhf

gf qglh g_ ijb\h”bl d h[jZah\Zgbxkigqgijgpighlhdhijh\h”*ys_c
kljmdImju <_jhylgh ihkdhevdm \ khklZ\_ Z]ehlf\hjzdh}_kf_glky f
dhglZdlibjmxsbo ~jm] k Ajm]hf wAlb™ hfllefaklbfmMmI ozZjzZdl_jbah\ZI
ihgb _ggufb Ihdhijh\h”*ysbfb k\hcklI\Zfb

Jbk Nhlh]jZnbb JWF kj_aZ h[jZapZ k kh"_j"Z®bilH fZkXihegbl ¢
gZghqzZkZbplj_edZfdzZazgu Z]lehf_ jzZlu b Z]lehf jzZI1Z gZghqgZRlbp gZ kj_:

108 prerrr T 30

v v :
=hjbahglZevgh_ ng']T?e_-%B
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gh_ h[t_fgh
jhkhijhlb\Ef ¢l _
[
o
hklv D<

[op
L_iehi
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<_jlbdZevgh_gZijZ\e_¢g

=hjbahglZevgh_ gZijZ\e_gb_

la a4 .
10# - ——

M~ _ev
o

we dl

105 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
FZkkh\Zy ~hey k_j_[jyguo gZghq
\ gZihegbl_e_
Jbk AZ\bkbfhklv m~_evgh]h h[t_fgh]lh we_dljhkhépdbke gby
gZijz\e_gbb b | _iehijh\h~Aghklb \ JhjbahglZevghf bgbyibbHZ éxgkti\hZijZ\
"heb gZghqzklbp k_j [jZ \ gZihegbl_e_ h[jZaph\ dhfinabpl& ihke  hl\_

< jZ[hl_ > @ 1zd _ jzZkkfhlj_gh \ebygbj *_dbyjZazilbikehn _
we_dljhijh\h”*ysb_k\hcklI\Z dhfihabpthdjZldpa &«Zjgdha gaylthkh” _j"Zgb _f
gZghqgzZklbp hiI\_j ~_B@y K ijbl_qg_gb_ g jbk ihdzazeb f
m”~ _evgh_ h[t_fgh_ we_dljhkhijhlb\e_gb_ | bephigh\h”*glhkhdmxy _f
h[jZapu ba |I_o ~_ dhfihabpbc hI\_jfK gibk_ijlb

Gbadhl_fi_jzZImjgh_ ki_dZgb_ k_j_[jyguo gZghqgZklbp

ljhp_kk gbadhl_fi_jZImjgh]h ki_dZgbyhjkajf [joygao ggkldp
ij_"~klz\ey | [hevrhc bgl_j_k ~ey m\sébqgkybgkli\jhMdlyijh\h*ysbo
de_\ H~gzZdh jzZ\ghf_jgh_ jzZkij_"_eba¥Z bpZdhdghkihhp m~_evgh
ih\_joghklb \ ihebf_jghc hkgh\_ Ihdhijhj\in*gsigt de jZYhd 2@} > +
ihdZzazgzZ p_e_khh[jZzaghklv h[jZ[hldb gZghgZklkpkkzZippf >y _ @b _f
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ijb\h~rylky j_ameviZlu bkke_~h\zZgbc fbdjhkljmdiphj\ln*pstkdhckl\
de_\uo dhfihabpbc kh” _ j Zsbo khg_|Zgb_k_jg[yygogeZlthbocdjhqZ
nhjfu b gZghjzZzaf_jguo k_j _[jyguo qZklbp h[jZhkldgguogKh\mohkg
dbkehlhc \ dZq_kI\_ I:< IhdZazgzZz \hafh ' ghkhh4hencgdegby\hodhi
dhfihabpbb k m~_evguf h[t_fguf we dljhkh®jhHb\e gjtb_f
bkihevah\zZgbb \ = khklZ\_ gZghjzZzaf_jguo qZklbp<k_j _[jZ h[jZ[h

\lhjzfb klZlvb ijb\h~ylky ~Zggu_ ih j_amewlZlhp kikkze "h\
ki_dzZgby gZghgzZklbp k_j [jZ dzZd kZfhklhyl éwdhijH¥Zdyls \c khk
dhfihabpbb ijb __ hI\_j"~ _gbb Z 1zZd _ jzZkKiZZlWb\Bhbhkgyby, am
ijhp_kkzZ ki_dzZgby gZghgzZklbp k_j_[jZ gZ k\hdkli\Wwabpbitijh\h"
KhklzZ\ ihebf_jghc hkgh\u dhfihabpbc \dexqgZe "bkebmpdreze h\uc w
hi\_j~bl_ev]_#dkZ]b&ffhlbenlZe_\uc Zg]b”jb" \ dhiedky_kigZ
100fzkqg wihdkb”gh]h heb]hf_jZ b dzZlZebdZdbi ghwiivébgby =+
f Ibebfb”"Zahe

GZghqzZklbpu k_j_[jZ ihemqg_ggu_ kihkh[hf pddfbiZjktihc dh
h[jZ[Zlu\Zeb kibjlh\uf jZkI\hjhf I:< ~\mohkgh\ghbegpkrefthlu ijl
khhighr_gbb k_j [jZ b dbkehlu lhke_ h[jZ[hldib_dhfghabpbtk
mevljZa\mdhf jZkl\hj I:< m~Zeyeb p_gljbnm]bjbpaghadl_fZ gZ¢
ijhful\Zeb jzZaZzZ kibjlhf b \ukmrb\Zeb \ \Zdmmfghc dzZf_j_ \ 1 _q_g

ljb bkke _"~h\zZgbb f _Ih~"Zfb >KD b L=: k_j_[jyog[thd ZgHhatoq Zk b
l:< mklZgh\e _gh glh kh” _j Zgb_ 1l:< k\yaZggaAgimgZ khdpjoihhklv
ihl_j_  fzZkku khklzZ\ey ilhafZzkk_ jbk Z gZ-+Kbh]jzff_ ijb
i _j\hf gzZ]j_\_ jbk gZ[ex"Zxlky wg”hl _jfbg_kdb_ wnn_dlu k ibi
| fi_jZImjZo PK 1 _j\uc ibd \_jhylgh k\yazZg k iezZ\e_gb_f I:<
A khj[pb_c I:< k ih\_joghklb gZihegbl ey Ijb ihHgigkibpgzZ]j_\

mdZaZggu_ | _ieh\u_ wnn_dlu hlkmlkl\mx]
z [
— 08— jvuc 9211 _110fK GZghqZkibpu h[jZ[hlIZ gu_
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Jbk SIKpfhljzffz gzZghqgzZklbp k_j_[jZ h[jZz[hlZgguo 1|:< Am

dbkehlht b djb\u_ [=%ey g_h[jZ[hlZgguo gZghqZklbp k_j_[jZ g9ZghqZl
h[jZ[hlZgguo l:< b Il:<\ bkoh~ghf \b”"_

GZ jbk [\brgh qlh ihl_jy fZkku l:< ~“\mohkgh\ghc dbkehlu
\b”_ gZgbgzZezZkvfKjlb ~“hklb]ZeZjb |I_fi_jZImj_fK 1Ihl_jy fZkku
ijb 9gZ]j_\_ 9gZghgZklbp h[jZ[hlZgguo 1:< aZdKipgbgbblky i]
| _fi_jZImju fK qlh \_jhylgh h[mkeh\e_gh gZebqgb_f k\ya_c f_"
]jmiiZfb 1:< b ih\_joghklvx gZghgzZklbp k_j_ [jZ @Illgju mZhlgy x|
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obfbg _kdmx nhjfmem bkihevam_fhc "\mohkghRgbgxdlbkegdulhh”"g:
glh \ jZ[hlZo > @ ijh\h*"bebkv ZgZeh]bggu_ Dbjlbke_"h\Zc
bkihevah\Zgbb f_jdZilhyglZjghc dbkehlu \ dZq_kR_jlI[gydey h[jZ
gZghqgZklbp ithemq_gu ZgZeh]lbggu_ j_amevlZlu bkke_"h\Zgby
GZ bk ij_~klz\e_gu fbdjhnhlh]jZnbb ki_gq_gguo fbd
h[jZah\Zgguo gZghqgZklbpzfb k_j_[jZ ijh]j_luo H\ua itbebf_jgh
jZaebqgguo | _fi_jZImjZo Bkoh”gu_ b h[jZ[hlDdgpaguiht\<j]gedhqZk

gZ]j_\m ijb I_fi_jZImjZo f&b\ 1 _q_gb_ fbg Bkke_"h\Z
fbdjhkljmdImju ihjhrdh\ ihdZaZeb qlh ihke_ gZ]j_\ZfKjb [I_fi_
h[jZ[hlZggu_ 1I:< ~\mohkgh\ghc dbkehlhc gZghiggkldgpmx h[jZe

kljmdImjm jHk Ihke_ gZ]j_\Z ijb I_fi_fAmjbk \] ki_g_ggmx
kljmdImjm h[jZah\Zeb |lhevdh gZghqgZklbpu k_I:<[jHIfg g hdhZz[hlZg
glh p\_I ihjhrdZ ijb ki_dZgbb baf_gbeky gZ [_j&€lklZ\gbu\jlfy dzZd
gZghqgZklbpu k_j_[jZ ijb I_fifKZimglb g_ ki_dZebkv b p\_I ihjhrd.
wlhf hklz\Zeky q_jguf 1j_"~ihezZ]Z_Iky qlh ‘exlZHRAfb kWb ikbj_am
gZ]j_\_ h[jZ[hlZggh]h I:< ihjhrdZ 1I:< kgZqZeZ hl"_agixlky hl ¢
gZklbpu ihjhrdz ki_dzxlky ijb |I_ff&ZzZIBa_wlh]h ke_~m_I qglh
I _fi_jZImj_ f& I:< _s_ k\lyaZgu k ih\_joghklvx gZghqgZklbp b ij
bo ki_dZgbx

-

Awied srn oo 14 Ot 200
N W Tems T24RA3

C St oy g

Jbk JMBjhnhlh]jZnbb gZghqgzZklbp k_j [jZ h[jzZ[hlZgguo l:< 7"\
dbkehlhc [_a \ha”~_ckl\@ybghKe\l\Z\ha”r_ckl\by |_fi_[jZlmj fK)
\'l_q_gb_ fbg Z 1Zd _ g_ h[jZ[hlZgguo I:< ifiKe\ Igd]jghZ jbfbg

GZ jbk ihdZzaZgudjhw RIh]jZnbb hlI\_j "~ _gguo ijb | _fi_jZIi
I50fK \' Il _q_gb_ g dhfihabpbc gZiheg_ gggokgbpmfddKfh hjhZgl
h[jZ[hlZggufb l:< jbXx b gZiheg _gguo gZghqgZzZklbpzZfb [_a h[jZ][}

jbk [ HIf _g_gh qglh gZghqgzZklbpu h[jZ[hlZggu_ 1l:< ijb F

dhfihabpbb ki_dzxlky \ ~hklZlhqghc kI _i_gpz[hjld th k| KjYyigth JH[
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gZihegbl_ey Il:< gZ[ex™Z |ky jzZa™_e _gb_ f_""gmqdgKktltiopcaifbfb b
k _j [iZ Z lZ2dgZgbl _evgh_dhebqg_kl\h g_ki_g_gguo gZghqZklbp

Jbk JMEBjhnhlh]jZnbb kj_ah\ h[jZaph\ dhfihabpbc kh~_jZsbo
k_j_[ih b gZghqzklbpu k_j_[jZ \ kkzhdghrglgpdklbpu h[jZ[hlZggu_ I:<
Mmohkgh\ghc dHkegkqZklbpu [_a h[jZ[hldb I:<

Khh[sZ Iky glh m”~_evgh_ h[t_fgh_  we_dljhkhijhlb\e_gb
gZiheg_gghc gZghqzklbpZfb k_j [jZ h[jZ[hlZAgg®@fHflf<WAhkIb]Z
agZq_gb_[ebadh d m~_evghfm h[t_fghfm wje [f§ZjhkhHhIb\e gbx |
b f gvr_ q_f m w\l _dlbg_kdh]h ijBiHy 6Q<3Eh °_ \j _fy dhfihabpby
gZiheg_ggZy gZghqZzZklbpzfb k_j_[jZ &< hihdAhddghulfbh[t_fgh_
m~_evgh_we_dljhkhijhlb\e_gb_ gz ailfjgfdh\ [hevr_

<ebygb_ Zdlb\ghlh jZza[Z\bl_ey gZ Ihdhijh\h~ysb_ k\hckl\z

< jZ[hl_ > @ hif_g_gh jZaebqb_ ijh\h~yskbogubk\hckl\
Ilhdhijh\h~ysbo dhfihabpbc \ azZ\bkbfhkhoethf kdtk¢ZhEgthdu ijbqg_ f
azZzdhghf_jghkl_c¢ f_""m \_ebgbghc mkZ "dWbziZdadhgjZfimjgadpbb
hi\_j°~ gby b \yadhklvx dhfihabpbc g _koghyYAgbbhwl8h K~ ezZgt
ij_~iheh  _gb_ glh hkgh\guf nzZdlhjhf \ebyysif gkAhakh\a
Ilhdhijh\h~ysbo de__\ fh | yl\eylvky \fZibdhglbkl\ilhebd jghc
hkgh\u k ih\_joghklvx k_j_[jygh]lh gZiheg_gby

< klzlv_ > @ jZkkfhlj_gZ \hafh ghklcldhghzZldkyh ilj hj\finkys 1h
k_j_[ihkh~_j"Zs_1h de_y gZ hkgh\_ fgh Wihmdklblbpdhg kdlighc < oh”_
jZ[hlu bkke_~h\Zgh \ebygb_ Zdlb\gh]h adakivbl jeydpEhggmx
kihkh[ghklv ijb hI\_j°~_gbb | _jfhf_oZgthq kdb_ bwé_ jdbjg_kdb_
k\hcklI\Z hI\_j°~ gguo dhfihabpbc
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< dzZg_klI\_ ihebf_jghc hkgh\u dhfihabpdglk]bkmmedahhggdZvgZz
wihdkb~rgzZy kfhez k hI\_j*bl_e_f >ey kgég_glydyladhkjb\gZybbo
dhfihabpbc bkihevah\Zeb fhghnmgdpbhg42aga\dbiwiewdkHfgagZqg gt
bkke_"m_fuo Ihdhijh\h”"ysbo dhfihabpbc & ikehf] [fHdke_  hkgh\ _
fhghnmgdpbhgZwehghkphtgh]lh jZa[Z\bl_ey ijb\_~ gu ~"Ze _

Lhdhijh\hAysZy dhfihabpby mkeh\gh_ h : : : :
Kh~_j~Zgb_ jZza[Z\bl_ey \ likghf_jghcih fz 0 10 20 30

Lhgguo obfbg_kdbo gZal\Zgbc b kljmdIimjguoimébpfmjghdhfihg
hkgh\u \ jzZ[hl_ > @ g_ ijb\h”blky < dzZq_kI\_ Ilhideiyh\h*ys_
bkihevah\Zebkv qZklbpu k_j [jZ g_rmcgZlhgZahjflfkdf kj ~gbf
GZiheg_gb_ \k_o |Ihdhijh\h*ysbo dhfihabplblt khkdZ\eyeh

<yadhklv dhfihabpbc hij " eyeb gZ jhlzZzpbhgghf \bk«
baf_jbl_evghc kbkl_fhc IbiZz ©dhgmkzieblzaf &bijb_fiizgébmpuo
kdhjhklyo k”"\b]Z J amevlZlu bkke_ _~h\Ztdby ijb\_"* gu gZ jbk

103¢ N o T T
E jZa[Z\bl_ey 3
L AN A2(10% jZa[Z\bl_ey |
10°F E
X 4 3
= t - jza[z\bl_ey
Elolir iZa[Z\bl_ey |
Vv
10°§ E
lhebf_jgZy hAlghyz g—® 3
104 . N A s oa sl . N N
1@ 100 Kdhjhklv k*¥o
Jbk AZ\bkbfhklv \yadhklb hl kdhjhklb k”A\b]Z lhdhigt\hRysbo dh

jZaebqguf kh™_j Zgb_f Zdlb\gh]h jZza[Z\bl_ey hWkdhkVZ\b ihebf_jghc
hkgh\u dhfihabpbb : [_a k_j_[jygh]lh gZihegbl_ey

GZ hkgh\Zgbb ihemg_gguo "Zgguo hilf_q_gbbaghygbdhkMgh
b ihyle_gb_ ik_\"hieZklbg_kdbo k\hckl\ gZihiehg kggugp glhxitkabpk
g_gZiheg_gghc ihebf_jghc hkgh\hc Z 1zZd _ ihdveavAdXZghafh gt
fhghnmgdpbhgZevgh]h wihdkb~gh]h jZa[Z\bl_ey "eypklyb _gby \y:

ljhp_kk hI\_j"~_gby dhfihabpbc bkke_"h\Zeb f_lkdff >KD \
kdhjhklv gZ]jfW fbg b bahl_jfbg_kdhf j_"bfZo jbk b
Wdahl_jfbg_kdbc wnn_dl hI\_j"~_gby ihebf_jghc Zokhg'b\akyd hfihab
bgl_j\Zze_ | _fi_jzZImj hl fK~hjbg_f ijb m\_ebqg_gbb kh”~_j"Zgby Zd
jZa[zZ\bl_ey \ ihebf_jghc hkgh\_ ibd wdahl_jfbqg_kdddhn wnn_
kf sZeky \ klhjhgm [he__ \ukhdbo |_fVb{dbifimfm qllo\yaihgh kh
kgb  _gb_f j_Zdpbhgghc kihkh[ghklb ihebf_jghc hkghduh Kkhh[sZ_
dhfihabpbb Ahklb]zxl kl_i_gb hi\_j "~ iglby | “fi_jZImjZo
khhi\_lkl\mxsbo ibdzfl giZh3KDfZo \ 1_q_gb_ g jbk
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L_ieh\hc ihlhd

¢Wdah

50 100 150 200 250 f K

Jbk SIKPFh]jZffu dhfihabpbc : =: ijb hI\_j°~_gbb kdfKnhkbyg gZ]j_\Z
z [
ETWgAh vk 1/3()"K c TWgAh 150 fK 130 f K
= ~ =
[3) - /-7
= 180 f K < S
o = 180 f K
i :|
wdah | wdah
0 400 800 1200 1600 0 400 800 1200 1600
ljh~he bl_evghklv hI\_j"*_gby k ljh~he bl_evghklv hI\_j°*_g
Jbk SIKPFh]jzffu hi\_j "~ _gby dhfihabmpbc]):

ijb bahl_jfbq_kdhfj_ “bf_

L jfhf_ozZgbg_kdb_ bkke_"h\Zgby ijh\h*beb "“ey dbfihabpb
ijb I_fi_jzZImj_f& \ |I_qg_gbg f_Ih*hf ~bgzZfbgq_kdh]lh f_oZgbq_|
ZgZebaZzZ ijb gzZ]j_\_ kh kikhjphgk kgl j\Ze | _fi_jZImjfid GZh
jbk ijb\h~ylky I _fi_jZImjgu_ aZ\bkbfhklb "bgzmgkE¥h]h fh*me
1Zg]_gkZ m]ez f_oZgbq dgddb\ifli*jvggWo dhfihabpbc \ aZz\bkbfhk
I fi_jZImju <brgh ~\Z hlI”®_evguo | _eZdkZpbhgguo &k j _oh~Z
jZkkl _deh\zZgb _f HJ[jZszZxl| 1zZzd _ \gbfZgb_ g\ Id dgfhhdl pdapu
N fhgkljbjmxl j_eZdkZpbhgguc i_j _oh” ijb | _fR250Zlénjddrlpjac
h[tykgyxl jZkkl_deh\zZgb_ f hkgh\ghc hlI\_j "~ gghc kfheu L Z
ij_"iheZ]lZ _lky glh ~ZggZy ihebf_jgZy hkgh\zZ fhdmx h[_Kki_
| jfhf _oZgbg_kdmx klZ[bevghklv "B50 ff& jZImj] +

Bkke_ "~h\zZgby f _Ih~hf L=: hI\_j°* gguo ijbfl&fi_[Zdmgb
05g dhfihabpbc kdhjhklv @gK]fbgyZ ihdZaZeb mf_gvr_gb_ bo f
\ke_"klI\b_ | _jfbg_kdh]h jZaeh  _gby dhfihabpbbjZImprmZiZahg
450 f & jbk ljbkmlklI\b_ \ dhfihabpbyo : b : Zdlb\gh]h jzZa[Zz
ijb\h~bl d kms_kI\_gghfm kgb  _gbx | _fi_jZImju gZqZeZ jZaeh _gl

M~ evgh_ h[t_fgh_ we _dljhkhijhlb\eaf§bjyeaehfghbbplothly qguf
f Th hf GZ jbk ijb\h~ylky aZ\bkibfinjtlbfgimthewghtlljhkhijhlb\e gl
dhfihabpbc hlI\_j "~ _gguo ijb I_fi_jZhmjZ& hl kh”~_j Zgby Zdlb\gh]
jZa[Z\bl_ey \ bo khklz\_
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Kh”~_j Zgb_ Zdlb\gh]lh jZa[Z\

Jbk U=jfh]jzffu dhfihabp Jbk M~ _evgh_ h[t_fgh

jZaebqguf kh~_j zZzgb_f ZzZdib\ khijhlb\e_gb_ dhfihabpbc k

[Zz\bl_ey \ ihebf_jghc hkgh\_ kh”~_j Zgb_f Zdlb\gh]h jZa[Z\Db

0Z]j_\ZfK fbg f _jghc hkgh\_ hI\_j"~_gguo- i
guo I_fi_jZImjZo

HIf _g_gh glh m~_evgh_  h[t _fgh_ we_dljhkhijhlb\e _gb_
kgb Z_Iky ijb ih\ur_gbb |_fi_jZImju hI\_j "~ _gbkhbd_jmAgleypq_gb
ZdIb\gh]lh jza[zZ\bl_ey Dhfihabpbb $ hZzdib\gh]lh jZa[Z\bl_ey
ihdZazeb hlghkbl _evgh gbadh_ m”_evgh_ h[t_fgh ®*Wé kiljhkhijhl
ih kjz\g_gbx k ~jm]bfb dhfihabpbyfb ihke_ hI\[ZlIMmjgb'yKjb | _f
lj_~ihez]zZxl qlh kgb  _gb_ \yadhklb ihebf_jghc kk\ghvfh" |
memqr_gbx “~bki_j]l]bjh\Zgby \ g_c¢c Ihdhijh\h*ys ]h kkZiheghbl _
kf r gby dhfihg _glh\ dhfihabpbc < Ih ~_ \j_ fy hdibygk]h qlh j
jZa[Z\bl _ey \ kgb  _gbb m~_evgh]h h[t_fgh]h we Whajhkihdjhlb\e
hklZz_1ky g_ ~h dhgpZ bamqg_gghc

>ey dhfihabpbc : b : hi\_j"~_gqguo ijhpZjhggdoo Bkke_"h\zZgZz
| _iehijh\h~rghklv f_Ih~hf eZa_jghc \kiuaddphf\ b\ _jlojdAahglZevghf
gZijZ\e _gbyo Ih ~Zgguf ij_~klZ\e _ggugZpex~"bky m\_ebq_gb.
| _iehijh\h~ghklb \ h[hbo gZijzZz\e_gbyd izWlk\Wh]hZpba[Z\bl_ey \
ihebf_jghc hkgh\_ dhfihabpbc \ dhebfZkkiM\ ebq_gb_ | _fi_jZImju
hi\_j " ~_gby |Zd _ ijb\h”~bl d ih\ur_gbhHKklbhehijh\h”"g
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Jbk L_iehijh\h~ghklv dhfihabpbc k jZaebggufhkphZzaf[zXlglh efy 2\dIb\¢
ihebf_jghc hkgh\_ \ JhjbahglZevghf b \_jlbdZevghf gZijZ\e_gbyo

AZdexq_gby
'gZeba gZimgghg_kdbo ebl_jZImjguo ~"Zgguo ihdZakéz\qlh \\_
Ilhdhijh\h~*ys ]1h de_y gZiheg_ggh]lh lkgZklhpgdbbqgfbranghgzZlhc nhjfu
gZghjzaf_jguo qZklbp k_j_[jZ ih\urz_| _hrekijE\h™H/sdZdhk\" ey
"hklib® _gby \ukhdhc bl_weeh dljhijh\h~rghklb g_h[oh”~bfZ ij_"\Zjbl
h[jZ[hldZ gZghqZklggijb€ + ~bdZj[hgh\ufb dbkehlZfb
Lhdhijh\h~*ysb_ de_b kh”_j°Zsb_ q_rmcpdlid_\qdEXbbkd\ k

gZihegbl_ey ijhy\eyxl Zgbahljhibx ijh\h~AysBaf_jkylyaki\
| _iehijh\h~ghklv \ JhjbahglZevghf gZipZ\elbghhjZapiZhkKghlhdjzZigh
ij \urz_| I_iehijh\h~Aghklv \ \_jlbdZevghf igFijgtédgbeyjghf

iehkdhklb Bkihevah\Zgb_ khqg_ lZgby & imggguroc gz kdibpjbq_kdh
nhjfu kgb Z_| Zgbahljhibx ijh\h*"ysbo iKadkdy deijp bhij "~ e _gghf
fZkkh\hf khhighr_gbb qgZklbp gZihegbleey_ ¢ hiklikedvjg\abjghklb \
\_jlbdZevghf gZijZ\e_ghbb

Bkihevah\Zgb_ \ khklzZ\_ wihdkb”gha iheélf\ghhr jZladd\bl_ ey
ih\urz _1 ijh\h”~ysb_ k\hckl\Z hldg 4 ggh]h

Lzdbf h[jZahf kj_"b mkeh\bc hij " _eyxsbd&\hrkjf\bjh\Zg
k_j_[ihkh~_j"Zsbo Ihdhijh\h”"ysbo de__\uobdhkihahdhdixb ijke_ ~m_]|
mqgblu\Zlv \ebygb_ dhfihg_glgh]h khklkdBFobiZjoHfgHeh\tb@a]lhlh\le _gb
b hi\_j"~_gby Ihdhijh\h*ysbo de__\uo dfbfimabmpbkcflgdhkdijmdImjm
hij_~_eyxsmx wé _Hljahijh\h*ysb_o0Zjzdl_jbklbdb fZl_jbZeZ

;b[ebh]jZznbg_kdbc kibkhd
1. =mev < ? R_gnbev E A We _dljhijh\h”*ysb_ ihebf hguy dhfihabpbb
k

2. ;ZaZjh\Z N N Dhe_kh\zZ E K De_b \ ijhba\h?kI\ZjZz@juhwE _dljhgg
Wg_jlby k

3. I_ljh\zZz | Bkz_\ : X EmdbgzZz G N IZ\exd ; N &ebf¥gb_ gz
we_dljhijh\h~rghklv de__\ b k\hcklI\Z we_dljhijh\h”*ysbjd_dledb\ H[ahj
L_ogheh]bb « K 15+

4. I _jh\ G K Dhgkljmbjh\Zgb_ ihebf_jguo fZl_jbZeh\ gZ Zfdhhe_dmey]j
II. Fhe_dmeyjgZy ih"\b ghklv \ keh guo krbluo kbkl ZEZgbZeuWblZpbhg:
|_ogheh]bb <« K 36.4DO0I: 10.18577/2071-9140-2017-0-4-30-36.
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Bkke_"h\Zgu k\hcklI\Z |I_jfhklhcdbo ihebf_jguo \hehdha@ :jbfb” IN
ph\ hj]J]ZghieZklbdh\ gZ bo hkgh\_ MklZgh\e_gh qlh ihebbfb”gu_ b
\hehdgZ fhlml [ulv bkihevah\Zgu \ dZq_kI\_ Zjfbjemyxskh&”"ggblyegbl_e
hjlZzghiezklbdh\ gz jzZ[hqgb_ I_fi_jzZIniKu Mjh\_Qv khojZg_gby agZq_g
fhrmey mijm]hklb ijb ba]lb[_ hj]J]ZzghieZklbdZ gZ hkgh\_ \hehdgZ IN;L
kdh]h kl\yamxs_JkhBliZ\ey0 | L_jfhklhcdb_ hj]JZzghiezZklbdb i_jki_dlb\gt
N"ey bkihevah\zZgby \ Z\bzdhkfbq_kdhc hljZzkeb b fZrbghkljh_gbb

Dexq_\u_ kdéhlzghiezklbd |I_jfhklhcdb_ ihebf_jgu_ \hehdZ ihebbfb
ehdgz iheb[_gaZahevgu_ \hehdgzZ ]_I_jhfphhid#blgjfidb oZighjppu
kdh]h ZgZebaz | _jfhklhcdhklv

G.F. Zhelezing G.S. Kulagind, P.M. Shuldeshova LE. Chernykh

ORGANOPLASTICS BASED
ON HEAT-RESISTANT POLYMER FIBERS AND MATRICES

The properties of heat-resistant polymer fibers (Arimid, PFBT)samples of organopta
tics based on them have been investigated. It has been established thadealgid polyben-
zazole fibers can be used as a reinforcing filler to create organopkistipsrating tempera-
WXUHV XS WXRThe I@vel of fetention of the elastic modulus in bending of orgasiopla
tics based on PFBT fiber and IP-5 heterocyclic binder is 90 %. Hsiataet organoplastics
are promising for use in the aerospace industry and mechanical engineering.

Keywords: organoplastic, heat-resistant polymer fibers, polyimide fibers, polybalezaz
fibers, heterocyclic matrices, thermomechanical analysis method, heat resistance.

IN_ A jZevptkm~Zjkl\_mghlZjgh ~ijbylb©<k jhkkbckAmalglhke ~h\Zl_evkdbc
bgklbldlbZpbhgf@uojbzZzébhkm~Zjkl\_gfdmqoucgljhkkbckNh¢é jZ pHeberal
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<\_"_gb_

Kh\_jr_gkl\h\Zgb_ Z\bzZdhkfbg_kdhc | _ogbdb gghgalfh ' gh [_a
[h\Zgbc d mjh\gx wdkiemZlZpbhgguo gZ]jjj@Zamg majihdbo6 llZfa c
bal]hlhle _gguo ba ihebf _jguo dhfihabpbhgguo fElujbgdélh\\> + @
kh\ihc wnn_dlb\ghklb ]bi_ja\mdh\uo kZfhe_IRY}Zbdhd hdfh fo kdbfa Zii
fZl _jbZeu k gbadhc iehlghklvx kihkh[gu_d_wdkzZémiZdpbdh ijb

fK khojZgyxsb_ \ukhdmx jZ[hlhkihkh[ghklv djdo \WaXiekl\bb -
IZpbhgguo nZdlhjh\ wjhabhggu_ ihlhdb I\_jrdm gEkZhp gZaebgbq.
ghc kIl _i_gb bgl _gkb\ghklb b ) >+ @ Hkgh)gudfrigubfimjdZgHhf
ieZklbdh\ rbjhdh bkihevam_fuo \ Z\bZpbhgghcZly dghtghkyYey Il
(1,30+ 1%f\ khg_lZgbb k \ukhdbfb f_0Zgbq_kdbfibftb o@dKiemZIZy
| _jbklbdzfb Ba hjl]ZghieZklbdh\ balhlZ\eb\Z%J_eg ]dib_dkglnfiZglu
kzfhe_Ih\ b \_jlhe_Ih\ h[rb\db aZebau b *]j dhlhgghchlebqz
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mklhcgb\hklvx d f_oZgbqg_kdbf ih\j_"~_ gbyfckWjdyadb hdpdgpizdha”_
kilbq_kdbf b mklZehklguf gZ]jmadzf > @\ 2 glzhddg 0 eyhljhZig\lu o
ieZklbdh\ bf_xlky h]ljZgbqg_gby ih |I_fi_jZInyg_ [WwekigHZIEpbb =+
kbfZzevgzZy | _fi_jZImjzZz wdkiemZI|IZpbb rbjhdimdpbhgyufaidjdBghkl
ieZklbdh\ Hjl]Zgbl -LE HKjDbAgbl 41IJmk Hj]JZgbl L b ~j gZoh”bl
\ "bzizahg_ hl fKh> @ H]jZgbqg_gby ih IfZdKkjtzflare\kgtvd
iemZIlZpbb Ibih\uo Z\bZpbhgguo hj]J]ZghieZklbdhkdhm kehj\re*hgeu ot
bkihevam_fuo \ bo khklz\_ dhfihg_glh\ ZjzHdkboguohdéBbbhgp b w
h[ez"Zxsbo kjzZ\gbl _evgh g _\ukhdhc | _iehklhcdhkurxgbDZj*"bgZ:
mjh\gy ~himklbfuo jZ[hgbo |_fi_jZImj ihebf_jgudzZzdhtiBabpbhgg
\hafh gh lhevdh ijb bkihevah\Zgbb \ bo khklzZ\_[hleehdhmhdglh k\yar
gb\uo d \ukhdhl_fi_jZImjghfm gZ]j_\m >

D deZkkm ihebf_jguo |I_jfhklhcdbo \hehdhg khojZgyxsbo jZ
| fi_jZImjZzal00 fK hlghkylky ihebbfb”gu_ \hehdgZ b \hehdgZ
e _klgbgguo b iheme_ _klgbqguo ihebf jh\ ihehjebhjagtdthZahevgu
gu_ ihebhdkZaheivge_ @I < IZ[e ij_~klz\é_gzgblgalkdb _ k\h

INZ ihebf_jguo \hehdhg jZaebqgghc obfbg_kdhc kljmdImju

ijb

LZ[ebpZ
Nbabdh oZzgbg kdb_ k\hckI\Z ihebf jguo \hehdhg
: KljZzgZ len ljhq FhAme| HighkbV_
Ob‘;g‘ggfd.bzc \izelhddz izagz | ghk!{ ghklV mijm]hk gh_ m~e
- 9/ [higbd ] K¥f| =1z =17 gb
lhebizjzzjzt -}?:th Jhkkb| 1,45 | 3555 | 120450 2,585
IN;L Jhkkb| 1,58 | 3,08,5 | 300850 2021
PBZ KR: | 1,60 | 5055 | 300820 2,021
lheb[_gazZa| Abehg| Yihgb| 1,56 | 505,8 | 180280 2585
Gbr_|
F-2 azg7ry 160 | 40 330 1.2
hebbfbny | _1bfbA K Jhkkbl 143 [ 0,74,2 | 100420 640
jbfb~ <f Jhkkb| 1,45 | 1,525 | 120440 2,0
IhebhdkZ"bZ HdkZeH Jhkkb| 145 | 0,68,8 | 2043 48
IlhebgZnlhpe
Gabfbrza| EheZ | Jhkkb 145 | 06 4080 3,085

<hehdgZ gZ hkgh\_ihebbfb”~h\ b iheb[_gaZaheh\ blhehdgZz
ehdBZ IN;L -F bf_x| gZb[he__ \ukhdb_ ih kjZ\g_gbx & *"jm]bfb
dbfb \hehdgZfb ihdzZazZl _eb f _oZgbqg_kdbo kWwhcKhehteb|[3§eZal

jZajZ[hlZgu \ KR: \ ] < Yihgbb nbjfhc 7R\RER kk ihmg kha"Zz
g_gby iheb[_gaZahevgh]h \hehdgZ ih” Ihjlh\hchfZpdbo RAwbiehkd b h
k h[t _fhf ijhba\h”klI\Z + I \ Th~ 1ljhqghklv \hehdg@Z Abehg

mjh\g_ijhgghklb ZjZfbrguo gbl_c gh fhrhZzeV gyl hdgddb "hk+bz
| _ \Va jZaZzZ ij_\urZ_| wlhl ihdzZzazl_ev ey iZjZzZyZflikyhg_<heh
lhevdh \ukhdbfb agZq_gbyfb ijhgghklb b fhmky_mijmihklb gh b
dhklvx b klhcdhklvx d mevljZnbhe_Ih\hfm bax migelydgzZ Hlrehaggh
yley |Iky mklhcgb\hklv d f oZgbg_kdhfm m~Zjmchl{Exebklbqg_ kdhf
Bf _xlky k\_~ _gby h jzZajz[hld_ ihebf_jgh]lh \hehdgzZ Kk ij
FIZ b fh me_f mijm]hklb ~h =1Z nbjfZz 7TR\R &QKRMHNDOND |
KR: khh[sbeZ h ihemqg_gbb \ eZ[hjZlhjguo mkeh\byddhebf_jg
\hehdhpg @&hj~*gh \ukhdbfb f_ozZgbqg_kdbfb ozjzdl_jbkijbbdib ijhqg
ly  _gbb FIZ ijb fhAme_ mijm]hklb A ~h =1Z
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N b j f Akzo-Nobel
gZ fZjdb Fdhlhjh_

ijhgghklv ijb k> Zlbb

Jhkkbckdh_iheb[_gaZahevgh _
ij_"Nijbylb _f =1 ©<GBBIl<&0]]
k\hckl\

Gb” _jeZg”™u
hlebgZ_Iky
ghklv ijb jZkly  _gbb ‘hekhkdZ\Ey _
m~ebg_gbb gh ]JezZ\guf ij _bfms_kI\hf wlh]h \hehdgZ y\ey Iky i
FIZ

kbl _evgh_m~”ebg_gb_iekhlghklv

Ilhebbfbrgu_ \hehdgZz
\j_fy \uimkdzZxlky

jhkkbckdbf

® \kfhih]Jehs _gb_ A%. g _
jZajZ[hlZggu_ \ =1 ©<GBIBks? \

ij ~ijbylb _f HHHj]®Ebgkhdfd hrer

\hehdgh
lhemq_gu hiulgu_
ijhgghklv ijb jZkly  _gbd AhAmev mijm]hklib A ~h

I'N

aZy\beZ h kharZgbb ihedb[_gaZah
ih obfbg_kdh]h khklzZ\mqghl
I =1Z Z fh mev mijm]hklb

L

jZafjZ[hlZgh
h[jZapu k mjh

jbfb” Ihebbfbrgu_ \hehdgZz
dbo 1Zd b gbadbo |_fi_jZImj

jbfb” ohjhrh \u”_j bizxdl \dlah _ckI\l
K+ mkithcgb\u d ~_ckl\bx ~_kldbo
gblguo b we _dljbg_kdbo ihe_c¢c \u”™_j b\Zxl | _fiKh\dcgmklhjysh
\j_fy ijhgqghklv hl_g_kI\_gguo ihebbfb”guo \hehdhg | "tk ~ gZ
29=1Z Z fh*mev mijvhlhklbIlZ > @

Mjh\_gv f_oZgbg_kdbo k\hckl\ ~“jm]bo |_jfhilélkkdbgd jHkkbckc
kZehg L_jehg EhezZ N _gbehg g_"hklZlhggh \ukibsbt ddlh[u jZk
kiI\_ Zjfbjmxs_]h gZihegbl_ey dhgkljmdpbhggdodhjhZghieZklbdh\
yleyxlky \ukhdb_ Ij_iph\Zlgdbghklb b ~_kldhklb >ey kha~Zgby |_jft
hjl]ZghiezZklbdh\ p_e_khh[jZzagh jzZkkfhlj_Iv \hafh dglkkldhgkihev
gZ hkgh\_iheb[_gaZahevguo b ihebbfb”~guo ihebf_ jh\

P _ev “"Zgghc jZ[hlu A bkke_~h\Zgb_ k\hckl\ hinlghlolvh[jZapl

kharZgby | _jfhklhcdbo hjl]ZghiezZklbdh\ kihkh[gjbo IwldkfdemZIbjh)
ImjZo ~h 400 £K azZ kq_I| Zjfbjh\Zgby \ukhdhijhqgufb \hehdgZzZfb
| _jfhklhcdbo ihebf_jh\ ihebbfb”~h\ iheb[_gaZahlkhhpbdkdlmglzZgbb

kdbfb | _jfhj_zZdlb\gufb fZljbpzZfb

< ~"Zgghc klZlv_ ijb\_" gu j_ameviZlu bklkebdh\Kglek|I\f oZ¢
| _jfhklhcdbo ihebf_jguo Zjfbjmxsbo \hehdhg b fh”_evigibo h[jZapl
dh\ gZ bo hkgh\_

FZl _jbZeu b f_Ih”u
H[t _dlZfb bkke_ _~h\zZgby \ jZ[hl_ y\eyebkv |_jfhkéhddlZ iheb
ihebbfbrgh_ A fZjdb :jbrii" githebg[bklbZahevgh_ A fZjdb IN;L b
gu_ hjl]ZghieZklbdb balhlhle_ggu_ gZ bo hkghVh\Zglkiph\_~ gl
ihevah\Zeb Zjfbjmxsb_gZihegbl_eb ba | _jfhklffgtgdbolNhkehidhg g

ebg _cghc iehlghklvx | dk gblv fZjdb :jbfbemKBhkliwbg_ cgl
| dk A iZjlby gblv fZjdb :jbfb” <F k ebg_cthakidhighklvx
Iby F_oZgbq_kdb_ k\hckl\Z bkke_"m_fuo gbl_c ij_"~klzZ\e_gu \ 1Z
LZ[ebpZ
NbabdthoZgbg kdb_ k\hcklI\Z bkke "m_fuo Zjfbjmxsbo gZihegbl_«
AgZq_gby k\hcklI\ ey gbl_c {
K\hckl\z A
_ jbfb”r <F
IN:L iZjiby iZjlby

Ebg _cgZy iehlghklv gblb | _dk 25,6 28,7 28,9
lehlghklv \hehdgZ | kf 1,58 1,45 1,45
ljhgghklv gblb Fl1Z 2600 1600 2320
ljhgghklv we f glZjgh]lh \hehd| 3100 A A
Highkbl evgh_ m”ebg _gb_ ijb 2,1 2,1 2,0
Fhmev mijm]hklb =I1Z 316 120 148
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Ihkdhevdm ~ey ihemqg_gby \ukhdbo oZjzZdl_jbkilibgzijppj \ha”"_
>300 f K g_h[oh”bfZ | _jfhklhcdZy fZljbpzZ 1h ey balhlphé& hgby hiul
]ZghiezZklbdZ bkihevah\Zeb |I_jfhklhcdb_ k\ywamk]sh_ jhpbdebgh\ f
kdh_ k\lyamxs__ {Zjgb BkghthdbEKgzZfbgh\ b | _IjZgbljbeh\ ZjhfzZlb
kdbo | _ljzdzZj[hgh\uo dbkehl jZajzZ[hldZ N=MI ©4BIlIFphpb_iehklh
ebg_ké#&lyamxs_ _ fZjdb JhebWZjZ &j<Z[hldZ B<K 221G > =

K\yamxs_ - Bjl "klzZz\ey | kh[hc f_edh”bki_jkguc ihjhrhd "ey
dhlhjh]lh gZ Zjfbjmxsbc gZihegbl_ev bkihevah\flelkdh]hdg®e dljh
e_gby < dzZq_KkI\_ ihemnZ[jbdzZlZ ey ba]hlh\ekldphh\hpjZiaph\ hj].
ah\Zeb ij_ij_]b dhlhju_ ihemqgZeb iml_f gZg_k _idgbhlgrézedBh "bki_jk
gZ ih\_joghklv gbl_c :jbfb”™ beb IN;L gZfhlZgf\wdongkZ ieshhigdhmx h
klvx jZzkiheh  _gby gbl_c gz kf \ dhebqg_kl\b inBbhthg uN ;L
gbl_c k ihke_"mxsbf hiez\e_gb_f ijb AKfi NEjjilhnpZgb_ h4d]Zghie
kilbdZz gZ hkgh\_ klyamx&mé& Bl\eyeb f_Ih~hf ijyfh]h ij_kkh\Zgby
g_qghc | _fi_jZImjhc hI\_jfK gby

K\yamxs__ JhebkEZgjFxklZ\ey | kh[hc \ukhdh\yadmx “b"dhk
wlhfm ~ey gZg_k _gby gZ Zjfbjmxsbc gZihegbl \ek\p&imxesva\Zeb
dhlhjuf ijhiblul\Zeb gblb gZfhlZggu_ gZ iehkdmXImijzZ\dK ijb | _f
Nhjfh\Zgb_ fh~ _evguo h[jZaph\ hkms_ kl\eyeb iml_fhijghah]lh ij_ kk
gbl_evguo jzZzfdZo ij_"\Zjbl_evgh kh[jZggh]h izd_1Z ij_ij_]Z

>ey ijh\_~ gby bkke_~h\Zgbc f _Ih~hf f _o0Zgbq Zledmd b jfbqg_
]hliz\eb\Zeb fh" _evgu_ h[jZapu |_jfhklhcdbo hj]JZghiezkfibdh\ jZa
gZ “ ff lhesbgZz A ff >ey kjZ\g_gby balhlh\wepwu ZgZe
gZ hkgh\_ m]Je_jh~”guo \hehdhg ZjzZfb~guo \hehubhg\palbxisVuo wil
fZjhd MI b W-8LG BkiulZgbyf ih”\_j]Zeb h[jZapu ihebf_jguo dhf
ke "mxs_]h khklz\Z \hehdgh IN;L- R¥Yyeaadgs$ INBL klydmxs _ J
eb\kZg \hehdgh :jbfb” iZjlby k\yamkehdghhejb\fbo22 iZjlby
+ k\yamxslheb\kZg \hehdgh :jbfb”" kiyanmmehdgBIN;L xklyam
s__ MI \hehdgh JIJmkZ]j k\yyamxs\heidgh :jfhk wihdkb”~gh_ k)
amxs__ WXL m]e_jhrguc gZihegbl_ ek\yBkixs - Bnh]e jh”*guc
gZihegbl _ev E@M k\yamxs__ Jheb\kZg m]e@Mrgkcygdinhseghbl ¢
< K2526.

BkiulZgby fh”_evguo h[jZaph\ ihebf_jguo dhfihabpbhgguc
ijh\h~"beb f_Ih~hf |I_jfhf_oZgbqg_kdh]lh ZgZebazZ dFkdhgfZdh jfhZgz
ie_dk_ fh mevgh]lh IbiZ r\_cpMeklehichledojftdij ~ eyeb aZ\bkbfhklv
ijhgghklb ijb jZzkly  _gbb ihebf_jguo \hehdhg b fib/anhely mijd]hklb
ph\ ba dhfihablh\ 1|j_olhgq_qguc ba]lb[ hl |_fZlgAlimkFu jEZkkgamevl
lu\Zeb mjh\ _gv khojZg _gby k\hckl\ \hehdhg b iezlkltidhmlijb ih\ut
j_ H[jZapu iezZklbdh\ bkiulu\Zeb gz balb[ ijfKkdbphkjitb ig4hjh \Z
"bg_kdb »_ckl\mxs_c¢ ba]b[Zxs_c¢c gZ]jmad _ + G k gZklhlhc

J amevlZlu b h[km ™~ _gb_

F_Ih~hf LF: bkke_~h\Zgh \ebygb_ | fi_jZImju g ijhlmmhklv ij
ihebf _jguo \hehdhg jZaebqgguo |Ibih\ GZ jbk Iv ikKldZagdgZ haojd\bkbf
g_gby ijhqghklb gbl_c ba \hehdhg IN;L b :jbfb™hZiZahgjZImju

"h fK \ kjz\g_gbb k ijhgghklvx ZjzZzfbrgh]h \hehdgdg :jfhk B:
guo "Zgguo \brgh qlh gblb :jbfb” b IN;L agkdgbhbdugth §izd¢| \m
g_f Zjzfbrgu_ gblb dhlhju_ khojZgyx!l jZ[hlhkiHkh[ghklVyhigbh | fi_
300 fK KIl_i_gv khojzZzg_gby ijhgghklb Zjfbjmxsb\olglkhkdZybybt b |
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7589 ijb | _fi_jZImj_fK ijb wlhf
| jfhklhcdhklv gbl_c¢ :jbfb”~ Ijb
IN;L khklZ\eyo%]

| _jfthklhcdhklv gbl_c IN;L ij_\u
| fif¥ZkmpjZg gb_ ijhqghklb gbl

=
o
o

o ©
o O
Y Y

(o2}
o
|

ijhgghklb ijb jZk
\l
o

a1
o
Y

I
o
I

_gb
N W
e °

[EnY
o
!

KhojZg

0+

250 300 350
Jbk Baf_g_gb_ ijhqghklb ijb jZkly  _gbb ihebf_jguo \hehdhg ijb

400f K

1+gblv IN;L
3+gblv :jfhk

12 dgblv :jbfbr A iZjlby
4 dkblv :jbfb” A iZjlby

| _dk
I_dk

Bkke_"h\Zgh \ebygb_ “ebl_evghklb gz]j_\Z gdgbihhidgehklv ijb
f jguo gbl_c :jbfb” b IN;L < I|Z]Je ijb\_"_ guglgkhojglgy gy
ijhgghklb gbl_c :jbfb” b IN;L ihke_ \u”_j'db ijbi_ipAumjgguo |_
| _q_gb_ + g bkiulzgby ihke_ wdkihabpbbjZjimj ~"f&u ijb |_f
MklzZzgh\e_gh qglh ijb m\_ebqg_gbb ijh~he " bl_evghkbb'gglh_\Z ijh
ijhgghklb gbl_c ijb wlihf khojZg_gb_ ijhqghklb gbl_czjgbb”™ ihke._
| _fi_jzZImj_fK khklzZ\eyOl gbl_c IN;L%.

LZ[ebpZ
<ebygb_ I _fi_jZImju b ijh*he bl_evghklb \u”_j db
gZ khojZzg gb_ijhgqghklb gbl c :jbfb™ b IN;L

KhojZg_gb_ ijhqghkib ijb jZkly _g

Lbi ihebf_jgh]lh \hehd ijb I _fi_jZlmj_ b ijh~he bl _evghklb \u

300/100 350/50 400/15
Gblv IN;L _dk 85 76 50
Gblv :jbfb” A iZjlby 7080 + 3440

F_Ihrhf 1 _jfh]jZz\bf_Iljbg_kdh]h ZgZebazZ bkke_"~h\Zgu
kljmdpbb gbl_c IN;L b :jbfbr < IZ[e b _ogihg\l rMigpZzbrgjdg o
jZdl_jgu_ "ey jZaebqguo klZ~"bc ~_kljmdpbbbaheéehdkyz\B Zgigke_~r
"Zgguo | _jfbg_kdzZy N _kljmdpby gbl_c IN;Ukly ijbfb" figdgbgjiZ
>500 fK b bgl_gkb\gh ijhoh”bl ijb | _fr0QZHKnjZo +

ijhp.

LZ[ebpZz
L _jfhhdbkebl evgZy klhcdhklv gbl_c :jbfb”

L_fi_jzZImjZ L_fi_jzZlmjz Dbkehjh~g
Lbi gblb gZqzZez | fZdkbfZevghc kg bgn_ &k
N _kljmdpbb ihl_jb fZkkk
Gblv :jbfb” A iZjlby 520 650 A
pb 6 06670 XH(99) 2021



LZ[ebpZ

L _jfhhdbkebl evgZy klhcdhklv ZjZfb”"guo \hehdhg K<F b \hehdhg

L fi jZImjZ fK Ihl_jb fZkku
fZdkbfZd hdhgqz| \ fhf gl] .
Lbi gblb Ang(?_Ze 2%-9h ¢ oh'c kdh ijhpg_qkk tzdkbtee Negh
A L L A T BN AT he kdhj 2944
pbb | fZkki —] “_klgm| ghc I g
fZkku pbb ijhp kki -
K<F 415 450 535 590 54 955
IN; L 515 565 658 695 63 94,5
Gblv :jbfb
iZjlby 520 + 650 + 5060
|” dk

LZdbf h[jZahf ihemqg_ggu_ j _ameviZlu bkkenkhcfipmy\k\hckl
ehdhg IN;L b :jbfb™ ~Zxl hkgh\Zgb_ij_~iheh blv \hafh ghklv bo t
dzqg_kI\_ Zjfbjmxs_]h gZihegbl_ey “ey dhfihablh\ Xliwky|[guo wdk
| fi_jZlmjZo "M00fK >ey j_ZebaZpbb \ukhdhc |I_jfhklhcdhklb ihel
iheb[_gaZahevguo \hehdhg \ khklzZ\_dhfihabpbhxfphbkihel jbzZeZz
ah\zZIlv | _jfhklhcdb_ihebf_jgu_ klyamxsb _

GZ jbk ihdZzazgh \ebygb_ | _fi_jZImju gZ kihmjBEg]llgb ki
fhr _evguo h[jBpjZ\hieZklbdh\ ba]lhlhle _gguo gZ hkgh¥, | _jfhklh
Jheb\kZg F<b fh*bnbpbjh\Zgguo wihdkb”~guo k\anmM&Rdip. W>L
< dzZg_kI\_ Zjfbjmxs_]h gZihegbl ey bkihevah\Zgb:jlbfiehkdhcdb _
IN;L Z "ey kjz\gZjZdpgu_ \hehdgzZ :jfhk b JmkZj AgZf _gby kIl _
g_gby " _kldhklb fh~_evguo hjl]ZghieZklbdh\mj*iZiZanf KI_fi_jzZI
jZkkgblzZgu ih wdki_jbf _glZevguf djb\uf ihemq_gguf f_Ih~ hf LF:

I
N
o

[EnY
o
o

[0}
o

_kldhklb ijb I

(o2}
o

o)
> 40
o
N
'S 20 —
< . . } |
250 300 350 400f K
Jbk <ebygb_khklzZ\Z hj]J]ZghiezZzklbdZ gZ kl_i_gv kihopjZg_gby ~_ ki
ijb I_fi_jzZlmjx\hehdgh INKl\yamxs_-5;BI
2 +t\hehdgh INK\yamxs_-22RF{3+\hehdgh :jbfb” iZ¥llblwamxs_ _
Jheb\kZg\hehdgh :jbfb” iZilbyamxs _ Jheb\kZg
5+\hehdgh INK\yamxs__ Jhék\k&dhdgh Ikk¥amxs_-22K |
7 t\hehdgh :jflkkyamxs_ - WL
GZ jbk ij_"klz\e_gZ azZ\bkbfhklv kl_i_gUdbkhjdjdber]lgby ~_ kil

hl | _fi_jZImju fh”_evguo h[jZaph\ hj]ZghieZklbdh\ N;Lehklhcdh_
khg_lzZgbb k | _jfhklhcdbf k\-yaimmd&lafu®l | klZ[bevguc mjh\ _gv khc
gby " _kldhklb ijb ba]lb[_ ijb I_fi_jZImjgk hl Ah
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< 120

2

j 100§ —

E 80 E. | = A amys s By
’EI \\-;‘" \ <hehdgh IN;L

60

-
—

\ == k\yamxs _-2227|

40 L 4 <hehdgh :jbfb”™ iZjlt
\ e k\lyvamxs__ Jheb\kz

20

Kh~ _j“Zgb

0 . r . . r r . . r .
100 150 200 250 300 350 400450 500 550 600f K

Jbk AZ\bkbfhklv khojZg_gby ~_kldhklb ijb ba]b[_ hl I|_fi_jzI

Ba ijb\_~ gguo \ "Zgguo ke_""m_| qlh gZbkhevifmx\eéyxflhklhc
hjl]ZghieZklbdb gZ hkgh\_ \hehdgZ IN;L bijkhylafix$ZlinjBK
kl _i_gv khojZzg_gby " _kldhklb wlbo hj]ZghiezZklbdhf m #kljZeaZ [h
guo fZl _jbZeh\ b khklzZ\kgbl _gb_ ~ _kldhklb hj]l]ZghiezZklbdZ gZ
\hehdgZ IN;L gZgbgz_Ilky ijb I_fifKzZlm]Jh \j fy dzd j_adh_ iz"_
" _kldhklb hj]JZzghiezZzklbdh\ gZ hkgh\_ ZjzZfb~guo \g&lqtthg Lkihk
k f K

o 120
- 1
2 1004 2 3 1 2 12 1 2 1
X
=
° 801 3
X
|
, 604
- 2
(o)}
I 40
(@)}
N
o n
2 20 3
X

0- .

200 250 300 350 400 f K

Jbk <ebygb_ khklzZ\Z m]Je_ieZklbdZ gZ kl_i_gv khojZg_gby ~_kldhk
ijb I _fi_jzZlmjtm]e jhrguc gZihegdM+&vyBMxXxs -5 BI
2+m]e_jh”guc gZihegb+ kyaeh@®__ Jhebl\kZg
3+tm]e_jh*rguc gZihegbt+ ky aEh@ ¥ _-252K

>ey kjzZ\gbl _evghc hp_gdb | _jfh® _nhjfZpbhgghc hlklhcgb\hk
dh\ Zjfbjh\Zgguo | _jfhklhcdbfb ihebf_jgufb \hehdgiZffboZigh\_ ~ gt
g_kdb_ bkke_~h\zZgby fh” _evguo h[jXaihhhyg]e\ iezgdbtdhbqguo fZ
jbp MklZgh\e_gh qlh kl_i_gv khojZg_d¢bfy_jZkidhkIk Hjb
N evguo h[jZaph\ m]e_ieZklbdZ gZ hkghkhkkXyefmxisibk Bl
KjZ\g_gb_ ihemqg_gguo j_amevlzZlh\ k ijbhdZagddfd jggh hj]Zg
ieZzklbd gZ hkgh\_ gbl_c IN;L ijZdlibd_kdle_geZklbldmzZgZ hkgh\
| _jfhklhcdK\Mtyamxs Jh Bh kl_i_gb khojZg _gby °~ _klidhklb ijb g:
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WIib ~Zggu_ k\b” | _evkl\mxI| h \hafh ghklb bkikidwahh&ighbyigupfhkl
\hehdhg ey kha”Zgby hjl]ZghieZklbdh\ khojZgyxsbéijZZhlhkihkh
ImjZo ~h400 £K

AZdexq_gby

l[jh\_~_ g ZgZeba k\hckl\ I_jfhklhcdbo ihebf_jgu&l\thhehdhg ¢
lj _[h\Zgbyf ij _~tyley fuf d Zjfbjmxsbf gZihegbl eyliaihléhf jguo
"ey wdkiemZlZpbb \ mkeh\byo wdklj_fZevguoMlklizdghue gha"qldkl\
ih mjh\gx f_oZgbg_kdbo b | _ogheh]bq_kdbo bagjizdl\hekibgZ ihe
jbfb” b iheb[_gaZahevgu_ \hehdgZ IN;L fhljml \[W¥gbklihevah\
Zjfbjmxs_]h gZihegbl_ey ey kha”Zgby dhfihablHmjgaZ*hZ[hqgb_
350#00 fK <hehdgZ IN;L hlebqZ_ Iky \ukhdhc klhcdhklvx d ih]e
\h~hih]Jehs_gb_b bf_xI ijhgghklv ijb jZkly '31§0B1A Xfh~mev

mijm]hkib A ~Ah =1Z highkbl _evgh iehtgblglvgb ° [MGh\ gv
k\hckI\ | _jfhklhcdbo ihebbfbAguo \hehdhg A~ey Zjfbjm\Zgby h
ke _"mxsbc ijhgghklv ijb jZkly  _gbb A ~h = "fih*meVYZmijm]t

hlghkbl_evgh_ m”~ebgiegdghklv 5] kf

[jh\_~ _gu bkke_"~h\zZgby f_Ih~hf LF: |_jfhklhcdhkgZ hj]Zghi
hkgh\_ \hehdhg :jbfb” b IN;L b ]J_I_jhpbdebqg_-kdbahkdpakzxgsbo I
MklZgh\e _gh qlh hj]JZghiezZklbd gZ hkgh\_\hehdgZh[HZlZD k\yam
gZb[he__ \ukhdhc mklhcgb\hklvx d gZ]j_\m aklZzdaq_gbykhlo)ie ygl
mijm]hklb ijb ba]lb[_ khkligbely fli _jZImj_fK

l[jh\_~ _ggu_ bkke_~h\zZgby k\b”_|_evkli\mx| bwhgfZghklb k
ieZklbdh\ kihkh[guo wdkiemZIbjh\ZIvky ijb400ffiKjZdmhjZ bZ f¥h +
jh\Zgby \ukhdhijhqggufb \hehdgzfb IbizZ :jbfb” bkIN;L JhkbeelZgbb
g_kdbfb |_jfhj_zZdlb\gufb fZljbpzZfb L_jfhklhcdb _y\aykghieZkl|
i_jki_dlb\gufb fZl_jbZeZfb "ey bkinévah\kAhply Kkdhc hljdkeb b fzZr
ghkljh_gbb

;b[ebh]jZznbg_kdbc kibkhd

1. DZ[eh\ 2 G L_g* gpbb b hjb_glbju bggh\Zpbh@(gf;h]dleZl;ﬁ\\rbjlfby Jhkkb
fZl _jbzeh\ ba™ i_j_jZ[ b ~“hi F <B:F

2. DZ[eh\ ? G FZI_JbZeu b obfbg_kdb_ I_ogheh]bUb"ey<Z_\IbI@Iﬂ»hﬂhJ];rghc .
kbckdhc Zzdz~ _fbb gZmd K L53B. <«

3. DZ[eh\ ? G Jhkkbb gm gu fZl _jbZeu gh\hldbihdhdebbyK 13t

4. =mgy_\Z : = Dmjghkh\ : H =mey_\ B G <ukhdhl dfifijfzdimpgu _ ihel
hggu_ fZl_jbZeu jZajzZ[hlZggu_ \h N=MI| ©<B-dhlkibey Kdb&@gdbbggh
db ijhreh_ gZklhys_ _ [m”"ms__  h[ahj Lim~u <WB.FRURL: <
http://www.viam-works.ru ( Z1A[jZs _ghi9.04.2021). DOI: 10.18577/2307-6046-2021-0-1-
43-53.

5. Zhang S., Zhao D. Advances in materials science and engineering. Aerospace materials handbook
CRCPress, 2012. 781 p.

6. DZ[eN\G Bggh\Zpbhggu_ jZajzZ[hldb N=MI ©<B:F2 =GKUlIih j_Zeb
]bg_kdbo gZijzZz\e_gbc jzZa\blby fZl_jbzZeh\ b |_dghgehlib¢gbh6 4thj jZ]

]h~ZP :\bZpbhggu_ fZl_jbZeu b |_ogheh]bb K 30.DOl:

10.18577/2071-9140-20175-0-1-3-33.

7. ?jZkh\ < K Dhih\z ? : WjhabhggZy klhcdhklv Z\bwagblekdwo fZI1_jh
I\_jruo iue_\uo qgZklbp ‘\bZpbhggu_ fZl_jbZeu bHK_a@&fheh]bb

8. DZ[eh\ ? G FZl_jbZeu gh\h]h ihdhe_gby b pbnjh\uhldboghehibb bo
gbd Jhkkbckdhc Zdz~_fbb gZmd K 334 <
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10.

11.

12.

13.

14.

15.

JZkdmlbg : ? Jhkkbckdb_ ihebf_jgu_fZdhjbzeuwp bghdglh ihdhe gby b
hk\h_gb_ b \g_"j_gb_ \ i _jki_dlb\guo ¢haj@jhldpBybu :\bZpbhggu_ fz
ibZeu b |_ogheh]bb6 K 36% DOI: 10.18577/207914020170-S:349-367.

@_e_abgZ = N <hcgh\ K B Kheh\v_\Z G : DimdzpdhdZdklKehjdfb”"
"ey m”"Zjhklhcdbo Z\bZpbhgguo dhgkljmdpbc @mjgde ijbdezZ”~gh
<ui K 364+DOI: 10.1134/S0044461819030101.

Rmev” rh\Z I F >\ B K @ e _abgzZ = N HKkj[fbdghlol B hi&Zagimg gb\
K<F b dhgkljmdpbhgguo hJ]ZghleZkadh\ gZ bo hkgh\2(38)LJm u <B
K111. URL: http://www.viam-works.ru *Z1Z h[jZs_gby ‘2,
6046-2016-0-2-11-11.

@_e_abgZ = N =mey_\ B G Kheh\v_\zZ G : :jghdhgh_ihdihZ2ghbeyZzkll

"ey Z\bZpbhgguo dhgkljmdpbc ‘\bZpbhggu_bfZl_jbBeud8+tl_ogheh]t
378. DOI: 10.18577/2071-9140-2017-0-S-368-378.

FboZcebg X : Dhgkljmdpbhggu_ ihebf _jgu_dhfelwabpbhgKI[fZl jbZ
GZmggu_ hkgh\u b | _ogheh]bb k

> \ B K DZ[eh\ ?2 G Dhi_p E I Qmjkh\Z E < kdBXklejmhiZgb
we _dljhgghc fbdjhkdhibb ~ nhjfZpbb fbdjhnZah\hc kljmglmhu ihebf
_oZgbq_kdhf gZ]jm _gbb Lim~u <BKHF 85/ KWWS- ZZZ YLI
works UX "ZIZ h[jZs_gby '2 ,-6046-2014-0-7-6-6.

FboZcebg X : -L _liejihb h]Jg_klhcdhklv ihebf _jguo fZl _jbZeh\ KIJ G

hkgh\u b I _ogheh]bb k

16.I j_i_ edbg D ? Obfbg_kdb_ \hehdgZ jZa\blb_ihighmbop\gbkI\K\hfc KhZu
_jki_dlIb\u KI[ KI=ML> k

17. Fmto_Ih\ J J I Ijh\Z I L _jfhj_Zdlb\gu_ klyamxshhabepghhebf jgL
guo fZl_jbZeh\ hl[ahj ‘\bZpbhggu_ fZl_jbZeu b I _ogh&8HoDb
DOI: 10.18577/2071-9140-2019-0-3-48-58.

18. :jhgh\bq > : zeZ~dbo K G FZeur_ \zZ = < Fhih\bdBEgbgh< Kde
kljh_gbb kijZAhNgglbd® GZmdZ b | _ogheh]bb Kk

19. 1 _ljh\z : | FZeur_\Z = < De_b de_b\de k\wvamishj b mag/_[ ihkh[b
ih~ h[s j_~ ? G DZ[eh\Z F <B:F k

20.JZkdmlbg : ? >Z\u”“h\Z B N Fmozf_Ih\ J J Fikgraddhh _<kl\yaGh\h_ |
s__ ey kdbdmhe _ieZklbdh\ De_b =_jf_Ibdb L_ogheB]bb <

2. @ _e_agyd < = Fmozf Ih\ J J Qmjkh\Zz E < Bkka&"2gph¥glb jfhhafh™
j_Zdlb\gh]h klyamxs_]h gZ jZ[hgmx |_fi_jZImjm &h fZI| fijkZeu\lnZpbh
|_ogheh]bb < 661. K *
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M > D
= : FZebgbgX > dbkhW Khegp B <Z]Zgh\z

BKKE?>H<:GB? <EBYGBY HDKB>GUO >H;:<HD G: K<HCKL<:
@:JHKLHCDH=H KL?DEHDJBKL:EEBQ?KDH=H IHDJULBY

DOI: 10.18577/2307-6046-2021-0-5-87-95

JZkkfhlj_gu wdki_jbf_glZzevgu_ dhfihabpbb ihdjulbc gZd hkgh\_ fZlIj
eZ kbkl fu#iO2+0J2 b fh*bnbpbjmxsbo *h[Z\hd < dZqg_kI\_ fh*bnbptk
Ah[zZ\hd \u[jZg jy» Im]hiezZ\dbo hdkb~h\ f_|Zeeh\wibloké h{B\Edh \eby
gZ k\hckI\Z jzkiez\Z ihdjulby 1Zdb_ dzZd jzkl_dzZ_fhklv bZdjZ_\hc m]
lzd"_ hdbkey_ fhklv ihemg_gguo dhfihabpbc MklZgh\e _gwh qlh gZbe
fb k\hcklI\zZfb h[ez”~Z_| wdki_jbf_glZevgh_ ihdjulb_ fhfbnbpbjh\zg
Zexfbgby <\_"~_gb_ fh*bnbpbjmxsbo "h[Z\hd \ dhgBghkd\Zo ¢he__
khh[jZzaguf

Dexg_\u_ kel\zdehdjbklZeebg_kdb_ ihdjulby hdkb” Zexfbgby Z
dhklv jzkiez\ jzkl_dz_fhklv kfzqb\zZ_fhklv

G.A Malinina', V.S. Denisovj S.S. SolntséyM.L. Vaganova

INVESTIGATION OF THE EFFECT OF OXIDE ADDITIVES
ON THE PROPERTIES OF HEAT-RESISTANT GLASS-CRYSTAL COATING

Experimental compositions of coatings based on, #Q0; MgO matrix glass and
modifying additives are considered. A number of refractory metal oxides selected as miad
fying additives. The influence of these additives on the propertidtgeafoating melt, such as
the spreadability and the wetting edge angle, as well as the oxidability cégulting compaes
tions, is studied. It was found that the experimental coating modified withiraiomoxide has
the best protective properties. The introduction of modifying additives in quantities etimaor
5 % is considered inappropriate.

Keywords: glass-crystal coatings, aluminum oxide, heat resistance, meltdayikiy, we-
tability.

IN_ A jZzevphkm~Zjkl\_amghlZjgh ~ijbylb©<k jhkkbckAmglyhke ~h\Zl_evkdbc
bgklbldlbZpbhgf@uojbzZzébhkm~ZjklI\_gdmqoucgljhkkbckNh¢é jZ pHeberal

State Unitary Enterprise© $-G&VVLDQ 6FLHQWLILF 5HVHDUFW H, (@EvdaRégeoathH RI1 $YLD)\
Center of the Russian Federation]; e-mail: admin@viam.ru

<\_"_gb_

< dhgkljmdpbb dzf_j k]lhjZzgby hl_q_klI\_ggudl |[ZatinFjibgguo
bkihevamxlky “Zjhijhqgu_ gbd_e \u_ kieZ\u biZahWIigbklk \ukbZ\u I
dbf kh”~_j Zgb _f ojhfzZz Ojhf kihkh[_g khijhlb\eylvky4ZZhkhc dh
\ukhdhc | _fi_jZImjhc iezZ\ef#byb kjzZ\gbl _evgh gbadhc iehlgh
(721 k¥ \ k\yab k q_f hg rbjhdh ijbf_gy Iky \ dhfihabdbeyo “Zjhij
\uo kiez\h\ <\_~ gb_ ojhfz \ khklz\ kiez\h¥ kimiso kiIN\_jg&ak!|vhbu
dhjjhabhggmx klhcdhklv mKeégklshho \ukhdbo | _fi_jZImj b hdbkeb
kj_ ~u ™ |IZeb ba wlbo kiez\h\ gm ~Zxlky \ apdimjghd Jdkhdid¢ fi
dhjjhabb >ey h[_ki_qg_gby gzZ~_ "ghklb b j_kmjkd ki¢ZiNlkk\gbuo gb
ihevamxlky “Zjhklhcdb_ kl_dehd_jzfbqgl lkgdlgbihidgh]lby ~_ _kylbe _Ib
ijbf gy fu_ k p_evx aZsblu kiezZ\h\ hl \ukhdhl_fihjjlabjilghc ]Z:
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5 ) ts ) )

b \uihegyxsb_ nmgdpbb [Zjv_jZ ij_iylkl\mxs_JhZ*drrenzsédlsld dbke
fuf kiez\zf > @

JZa\blb_ Z\bZpbhgghdibkiBd_kgthc | _ogbdb ij_"ty\ley_ | \k_ [h
khdb_ 1j_[h\Zgby d k\hcklI\zf fzZl_jbZeh\ 7~ey D\ bflZI_jb Zlelgh_gb\
"he gu khijhlb\eylvky \ha”_ckl\bx \ukhdbo |_fuojXxlm} b<zZhj kkb\
g_kI\_gghf M\b]Zl_e_kljh_gbb gZ[ex"Z_Iky_bbg 1 gjgbyZdvijjofua
ihdjulbc "ey aZsblu »_1Ze_c¢ dZf_ju k]lhjZgby Nrmhf gbg&dh Z2jh\uc
gZklhys _Th \j_f_gb |I_jfh[Zjv_jgu_ ihdjulby g_ gZreb_mghnwdh]h jZI
hl_qg_kI\_gghf "\b]zZl_e_kljh_gbb ey aZsblu gbyZelb d¥mkjeh k]hj
e_gh jy*hf g_"hklzldh\ ihdjulbc “"Zggh]lh dezZkkZz

tagZqbl _evgZy hldjulZy ihjbklhklv gZghkbfuo igdahlkg!l g k\yab
kdhevdh keh_\ | _jfh[Zjv_jguo ihdjulbc

+jZklj_kdb\Zgb_ihdjulby \ k\yab k jZagbplntjagdZ g hgsben b pfi_ jZ
_glh\ ebg_cgh]h jZkrbj_ gy vikdygkJ\Z ijbf_gy_fuo \ gZklhys__ \j
khklz\h\ fZI_jbZeZ ihdjulby b ih*eh db

t\ukhdb_ | _fi_jZImju ki_dzZgby fZl _jbzZeh\ d_jZtibfgjvkdhbookeh \
ihdjulbc A | _fi_jZImjz ki_dzZgby ihdjulby <6= khkdphd/sghl ba h
kilZ[bebabjh\Zggh]h hdkb”~hf blljbfyk [hevr _

t\_jhylghklv ijhl_dZgby nZah\uo i_j_oh”~h\ \ fZb_kleheXoqdhjZfb
fh™ 1 ijb\h~blv d ihl_j_ | _jfh[Zjv_jguo k\hcklI\ ihdjulbc

tkeh ' gZy |_ogheh]lby gZg_k_gby Ij_[mxepByeiygh]h_bhbhyjnkt_
\Zgby

t\ukhdzZy klhbfhklv | _jfh[Zjv_jguo ihdjulbc dHfi hgkdZmkdgZly az
ijbf _g gby [he__ ~ r \uo b f g e _]bjh\ZgpuofdZiZypXx dah\ cp g __
ki\_gghf M\b]zl_e_klj3._gbb > =

| jki_dlb\gu_ gZijZz\e _gby aZsblu | _iehgZ]jb> lkgadkgu |[Ze c
jZajZ[hldhc dhfihabpbhgguo \ |hf glke j fZZdpbhhbgklbdehd]j
klZeebg_kdbo ihdjulbc Nhjfbjm_fZy ijb \ukhdhl_fiihZbpjghf h[ |
hggZy \ukhdh\yadzZy kljmdlimhZz\ _jj ZApblhaggilhdjulbc b khojZg_ gl
g_hdbke_gguo gZklbp fh*bnbpbjmxsbo g_htkbKigud\kh |"d4s gl
j_Zdpbhpgbhj ~rzZz fufb ihdjulbyfb “Zjhijhqguo gbd_e_\uo kiezZ\h\
kbkl_fu Qd+& U ijb | _fi jZImjZ2@50 fK=+ |j_bfms_klI\hf j Zdpbhggh
hi\_j "~z _fuo ihdjulbc y\ey_Iky \hafh ghklv bo nhjfbjE\ZAgby \uktl
ghlh h['b]zZ ijb I_fi_jZImjZo [ebadbo beb jZ\guo jBhqgbf |_fi_jZI

P _ev ijh\h~bfuo \ gZklhys__ \j fy bkke ~h\Zgbc Ajwh\ _jr_ g}
klhcdbo kl_dehdjbklZeebq_kdbo kl_dehd_jzZfbaghkdhtooguichadjjulbc /
d_e _\uo kiez\h\ b bkke_~h\Zgb_ bo k\hckl\b_Kihdewldjykileebq _
gZxlky hl ljZzZ"bpbhgguo wfZe _c¢c |I_f qlh khklhybkl&Zzdeh\ KRZ fbd
ghf_jgh jZkij_~_e_gguo \ kl_dehnZa_ < ijhp_kk_y nphbkjhhzZgby i
bl h[t_fgZy djbklZeebazZpby jzkiez\Z k \u”~n&aghbqglh |nhjhireear dlb o
memqrblv wdkiemZIZpbhggu_ oZjzZdl_jbklyp\gufHtgdbdmszZdMW*m k
fb bf__Iky jy® |_ogheh]bq_kdbo Ijm~ghkl_lkb \hi®dfdjpklKekbadlpb
ijhqghklb kp_ie_gby ihdjulby k aZsbszZ fuf fZl_jbZlehkKlZdZh" ghj
h[jZah\Zgb_ kdheh\ b |j sbg >ey ihemqg_gby ihdjultpjpgk ohjhrbi
gufb b |_ogheh]bg_kdbfb k\hcklI\Zfb g_h[oh~bdpbj\hxsbgb_ fh
Ah[zZ\hd > @

FZI _jbZeu b f_Ih”u
Bkke _"m_fu_ ihdjulby nhjfbjmx| -t béb\dhcjglh ogheh]bb gZ
h[jZapZo ba kiezZ\Z WI Kiez\ WI ij_"klz\ey | kAR[g& " Zjhijh
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hkgh\_ gbd_ey Hkgh\gh_ _]h hlebgb_ hl *"jmYbkhiddm™h[Pduo kiezZ\l
kh~r _j"Zgb_ ojhfz > @ Rebd_ju ihdjulbc ba]hlB\ebAZeb iml_f
njbllu kl_dehfzl_jbze | _jfhh[jZ[hlZgguc *“h ki_dZ&dlyy bph g_ ~h
gu fh”bnbpbjmxsbo “h[Z\hd

Njbllz ij_~klzZ\ey_ | kh[hc azZdjbklZeebalh\idgZeudkbkll_dahfz
SiO, Al 03 MgO k \ukhdhc |I_fi_jZlmjhc jZafy]q_gby KhgdjhElsbc
i kghc Im]hiezZ\dhc dekIZeebq kdhc nZabpkjmxsgp KI*h[ZAhKn
\u[jZg jy® hdkb”h\ f_IZeeh\ Kh_"bgZgbkghhdgBElebbo | bjfhrbgzf
g_kdhc mklhcgb\hklb b klhcdhklb d hdbke_gbx

Hdkb” Zexfbdilypgt ba gZb[he_ _ \hklj_[h\Zgguo fZl _jbZeh\ "e
kdhc d_jZfbdb dhlhjuc hlebgZ_I|ky \ukhdhc ohtbg|tddrklo X _jfbc
f_ozgbq_kdbfb k\hckl\Zfb Hdkb” fZ]gbyy_@dkx bdjb Kl dereltbq_kdm>
j_r_ldm dhlhjzy g_ ij_l_ji_\Z_| baf_g_gbc \iehilwzVeh glbyi_jZI
(2800 fK Hg rbjhdh bkihevam_Iky \ ijhba\h”kl\_ \jwukbdbdZd_kI\_g¢
g_kI\_ ~h[z\db beb gZihegbl_ey h]g_mihjgh_ \hjehd&ghb\eyHd kb”"
kh[hc Im]lhiez\dh_ kh_"bg_gb_ | _fi_jZImfX iedhebgbys_ ky
klz[bevghklvx \ hdbkebl_ evighc kj_~ > =

Ihke_ jZafheZ balhlh\e _ggu_ kf_kb rebd_ju gZgikbeb f_It
gZ ij_™\Zjbl_evgh ih”*]hlh\le_ggmx ih\_joghklv h[jZa&phdglka kieZ\.
guc kehc ihdjulby \ukmrb\Zeb ihke_q_]h h[jZapu_ jBEMjg]llZeb \uk
fm h["b]lm

FZjdbjh\dZ h[jZaph\ ijb\_~_gzZ \ IZ[e

LZ[ebpZ
Kh” j"Zgb__ fh”"bnbpbjmxsbo "h[Z\hd \ khklZ\ bkke "“m _ fuo ihdju

bjm - |
FhAbnbpbjmxszy ~H KD A—hJ[ZZ\gdbb— fhebnbPbll Fzjdbjhidz hij
“a Ah[Z\db 0 A
5.0 5|
1,04 10,0 1011
15.0 15-.]
5.0 51la
La,0s 10,0 104a
15.0 151a
5.0 5-Mg
MgO 10,0 10-Mg
15,0 15Mg

ljb ijh\_~ gbb bkiulZgbc gZ jZkl_dzZ_fhklb ki hief\Zatb\\Ze b htk | v
jZapu kmobo rebd_jh\ ihemqg_gguo ihdjulbc >ayjbaghlmkre gby |z
g _ggmx kmkilukabnb\Zeb “h \eZ ghklb g>4ke_ba kmobo rebd_jh
ihdjulbc [ueb kij_kkh\Zgu pbebg”jbqgq_kdb_ h[jZalpuukhgkh]B *"bZf_
iulZzgby gZ jzkl_dz_fhklv ijh\h~"beb ih ke_"mexklbgmIbabkiezZ§Z |
W I ihf _sZeb kij_kkh\Zggu_ h[jZapu kmoh]h rebtZ\jlZ\ tbkke ~nm
| _jfhh[jZ[Zlu\Zeb ijb | _fi_jzImkKj_ JZkl_dzZ_ fhklv h[jZapf\ wdki_j
[Zevguo ihdjulbc ih ih\_joghklb aZsbszZ fh]lh fZl _jbZeZ hij_" _eye

= [(ch +do)/do] %,
]" do £+ bkoh~rguc ~bzf |j h[jZap;Zd,ihdjugbgguc ~bzf |j h[jZapZ ihdjulb
J+jzkl_dz_fhklv
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>79ggZy f_|h*"bdzZ y\ey_ |ky kjz\gbl_evghc h~dzZfhakiba\hey |
ihevah\Zgby ~hihegbl_evguo ijbkihkh[e_gbc kjz\dlilevz\pAkl_dZ_
wZe c ih ih\_joghklb aZsbsz fh]h fZIl _jbZeZz

>ey hp_gdb kfzZzgb\Z_fhklb aZsbsZ_fh]lh fZl_jbZehijZkieZ\Zfk
N eyeb djZz _\hc mlhe kfZzqb\Zgby ih"eh db dZie_clj4kh@Z\Z ihdjt
jZ[hldb Kij_kkh\Zggu_ h[jZapu kmobo rebd_jh\ihddkib¢bf_ glzZ
ihf_sZeb gZ ieZklbgm ba kiezZ\Z WI b ihM\ _jlbelo fli_jjfhlmijZ[hld_
1280 fK \ I_g_gb_ g_kdhevdbo fbgml DhkbgmEghy \UugbkenelZ kf

fZ1 fZIlbq_kdb ba khhlghr_gby \ukhlu dZieb jZkieZ\Z b __ AbZf_|I]

@Zjhklhcdhklv h[jZaph\ ba kiez\Z WI  k ihdjulby®h hij_~_e
gbb ijb\_kZ wlbo h[jZaph\ ijb | _jfhh[jz[hld_ \ |_fi_¢BImj_ q ij
1000 fK b\ 1 _q_gb_  qijb | _fi jfRImj_

NZah\uc ZgZeba h[jZaph\ kIl _dehdjbklZeebg_kdbbfhhdjulbc
svx "bnjzdlhf_IjZz k fhghojhf@lKkgb&edimfg_gb_f M]eh\hc Z2bZiZahg
gbjh\Zgby \ bgl_j\Ze_: M®d4eh\][jZ"mkh\ jZ[hqgbc j_"bf ~bnjzdlhf

9gZijy'_gb_ d< Ihd f- \j fy wdkihabpbb ~"h\EgtZ IHddm\ Bkk
Th khk1Z\Z ihdjulbc ijh\h~beb g_ihkj_~kI\_ggh ZhkZd nhijlikgh\Zgb
| _jfhh[jz[hldb \ | _q_gb_ b q ijb IfKi jzImj_

J amevlZlu b h[km ™~ _gb_
GZ jbk ij_"klz\e_gZ azZ\bkbfhklv jZzkl_dzZ_ fhkdghiHbjulbc
ieZklbg ba kiezZ\zZ WI hl \b”"Z b dhgp_gljZpbb fh*bnbpbjmxs_c
Hqg_\brgh qlh \\_~ _gb_inZAZkk_ fh*bnbpbjmxs_c ~h[Z\db j_
kgb zZ | wlhl ihdzZazZl _ev M\ _ebq_gb_dhgpbgljEpBbxtbdgky*h\
ijb\h~Abl d "Zevg_cr_fm kgb  _gbx jZkl _dZ_fhklb b&ke_ "m_fuo dhf

120&
1004 //,QL“Z‘-’S

(o]
o

[e2]
o

JZkl_dz_fwklv

N
o

20

0 5 10 15
Dhebqg_kl\h hdkb~rghc ~h[Z\db

Jbk AZ\bkbfhklv jZzkl_dzZ_fhklb h[jZaph\ ihdjulbc ih ih\_joghklb
ba kiez\zZ WI hl kh”_j"Zgby hdkb”guo "h[Z\hd

HAgzdh g_lbibggh \ wihf kemgZ_ \ebygb_yh&RBBEbERKIZgZ
jZkl_dZ _fhklb khklZ\h\ k ~h[Z\dhc hdkb"Z |&¥ gd & g & dd 2 jizd | Zjdogpime
nhifthc H[jZa_p khialBJ2Z~Z | kZfhc gbadhc jZkl_dZ_fhklvx ba bk
fhAabnbpbjmxsbo ~h[Z\hd Gh k \hajzklzgb _f khZgZ Zgktyklizdkb"Z
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ihdjulby _1h jzkl_dz_fhklv \hajzklzZz_| b "edp hikibpZ khkgZbhz
lhc "_ \_ebgbgu qglh b “ey ihdjulby [_a “h[Z\hd

GZ jbk ij_"klZz\e_gu j_amevlZlu baf_j cbgyb\dgbyhbh ez
aZ\bkbfhklv hl \br"Z b dhgp_gljZpbb fh*"bnbgbjmas_ Il g'Hb[ Afd&ly D
\Zgb_ ih\_joghklb ijhbkoh”~bl dh]*Z djZ_\hc MmMIRenkifZgb\Zgby
FRYV HikmlklI\b_ kfZqb\Zgby ih\_joghklb aZsbsz fihfikkldzl _jbzZeZz
ehdjbklZeebqg_kdh]h ihdjulby ijb\h”*bl d kdheZzZf b hiljkeZkWZgbx ih
wdkiemZIlZpbb

GZ hkgh\Zgbb ihemg_gguo ~Zgguo fh ' gh k~_gBkivAa\h™ qll
sbsz fhlh fZl_jbzZezZ kfzZqgb\Z |ky jzZzkiez\Zfb iwdkulbhbfklkZzWguo
5-:1,10-:1, 10-La, 151 a, 5-Mg.

\hlh m]eZz

dhkbgmkz djz

AgZq_gb

\+ ALO;

10 15
Dhebqg_kI\h hdkb~rghc ~h[Z\db

Jbk AZ\bkbfhklv djZ_\h]h m]eZ kfzgb\Zgby hl dhlgp _gljZpbb hd}

:gZebabjmy ~Zggu_ ij_"~klZ\e _ggu_ gZ jbk \utth”~ fhhgh k~
\\_ "~ _gb_ hdkb”~h\ fZ]gby b Zexfbgby g_]ZIldXghhkéwbyihldjgbjZ lbl _
kfzqgb\Z_fhklv ih\_joghklb ih*eh db jZkiez\hf qdhgfhhlg Zjilh\h"bl\
ghc ijhgghklb kp_ie_gby f_""m ihdjulb_f b aZsbszdhuf\ébly jbZe
gb_ h[tykgy Iky |I_f qglh m\_ebg_gb_dhgp _\glkEZphe whhorBdkb"t
ih\_joghklgh_gZzZly  _gb_ jzZkiez\Z b _]h kdehgghklv d djbklZeeba

>im]Jh_ ~_ckl\b_ hdzZau\zZz_| \\_"*_gb_ hdkbdb" gbézg]lx dzZkhikbz\
ihdjulbc \ dhebq_Kkli\h fZzkk_ ijhbkoh”~bl j_adh_ kgb _gb_ jzkl_d
m\_ebqg_gb_ djZ_\h]h m]ez kfzZzqb\Zgby h~"gZdihg dgbbg_lkihZo [h
\_joghklgh_ gzZly  _gb_ b ih\urz_ | jzkl_dzZ_fhklghithdjykndIwlh f
| f qglh \ hij_~ e _gghf "bZiZzahg_ dhgp_gl4Zpikd dHekbZE jdbZelZg
ijhbkoh”bl baf_g_gb_ kljmdImju b nZah\hYhekKgkZg\zz \\AZMd ghgdicb\
khklz\ kl_dez \ fZeuo dhebg_klI\Zo ijh\hpbjh\Zez\&fbkZkeadbazZphb
jZklZzgb _f dhgp_gljZpbb iheghklvx jZkl\hjyeky \ kIl _dehnzZa_ >

GZ hkgh\Zgbb wlbo "Zgguo fh 'gh k*_eZlv kbt f@llghly B gb
Zexfbgby \ khklz\ ihdjulbc \ dhebqg_kh\Zokkhe g p_e_khh[jZagh
dZzd kgb Z_Iky djhxsZy kihkh[ghklvehtki\tbc kpd¥Zed §b_ d_""m ihd]j
Ib_f b azZzsbsz_fuf fZl_jbzZehf DjhxszZykiienk\h[\glykéw jlky nmgdpb _
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g_kdhevdbo i_j fbpgkdzggb\Zxs_c kihkh[ghklb ih\_joghklgh]h g:
\vadhklb obfbg_kdhc Zdlb\ghklb "ihkbfhikdhkidelrqgZtdwuo gZklbp
GZ jbk b ij_"klZ\e_gu j_ameviZlu bkiueézZgBcWh[jZzdph\ ba
ihdjulby b k wdki_jbf_glZevgufb ihdjulbyfB6 (kinfZKkKsbfibdkb
ghc “h[zZ\db gZ “Zjhklhcdhklv
>ey kieZ\h\ Ibiz WI 0ZjZd!l_jgZ iZjZ[hebqg_kKdZywyhyZ\bkbf
ijb 1_fi_jZImjZzo1150 K < ijhp_kk_ hdbke_gby kiezCbXrkbkl_fu
gZ ih\_joghklb h[jZam_Ilky hdkb”gZy ie_gdZ khkl&ZZ\dkbHhrkdbbaf_
hl | _fi_jZImju b ijh*he bl_evghklb |_jfhh[jZ[hldb ehb hypit dzd i
_lky g_kdhevdhltkgdhbd #h\_joghklguc kehc kh”_j Zsbc hdkb” gb
kh_"bg _gby ribg_e 1lhJ&id[hdbc kehc h[h]Zs _gguc e gbjmxsbftk
[Zzfb 1jb djzlidh\j_f_gghf \ha”_ckl\bb |_fi_jZlkgh_\ hH gZserh g lgkhyf
hdkb”u ribg_evghlh IbiZz k \dexq_€b®fb Kl Lkbhf | _fi_ jZImju
\ khklz\_ hdzéalkgh\ghf gZ[ex"Zx|k®s;bZaLE4R 9].

28 Kiez\
- Wi
24 [_a aZsk
< 20 ~
©
= 16
e
4
|
o
= e— 5-Mg
qo
* +5-AI

60 80 100
ljh~he bl_evghklv bkiulZgby ¢

Jbk J_amevlZlu bkiulZgbc gZ “ZjhklhcdhkIyKjb II_di gEImj_q

35

30

] f

25

20

k h[jZapR\

15

Ijb\

10

Kiez\ i
Wi 5-La
[_a aZsblu

Jbk J_amevlZlu bkiulZzgbc gZ “ZjhklhcdhkIyHKjb Il_di gAImj_q

5-Mg o) 5-Al
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GZbemqgrbfb azZsblgufb k\hcklI\Zfb h[ez~Z | ihdhgZhdm kh”"_j°
hdkb”r"zZ Zexfbgby [Ijb\_k wilbo h[jZaph\ k Ilygkghy fagZfbdbefvgh b
hklz\Zeky kzfuf gbadbf kj_"b bkke_~h\Zgguo dhHrhabspddc hhdjull
kb” eZglZgzZz ihke_ bkiulZzgbc \ I _qg_gb_ tp kldZgehl beenrklvv | ki oidau f
\_joghklb h[jZzaph\ WIh fh'gh h[tykgblv kdehgghklvxpbttkb”"Z eZg

>ey hp_gdb klZ[bevghklb kl_dehdjbklZeebq_kdHjkkehdjulby
"h\zZIlv baf_g_gby ijhbkoh”ysb_\ khklz\_ ihdpblby iamewdKiemzZ
bkke "h\Zgby nZah\h]h khklz\Z wdki_jbf_glZevghh ihtdjulby Kk
fZkk_ hdkb”~Z Zexfbgby ihdzZau\lzZxl qlh \ iphp hkkZzaphj\fhihjz[h
| fi_jZImj_ fK ijhbkoh”bl bgl _gkb\gZy djbklZeebaZpby MklZgt
\j _fy nhjfbjh\Zgby ihdjulby h[jZam_Iky h”"gZ djbklZeelb@ kdZy n
ZexfhlblzgzlzZz fZz]lgby H”gZdh ijb "Zevg_cr_£el gfRhilhdjbld _f~_|
ijhbkoh”~bl mkeh g_gb_ nZah\h]h khklZ\Z b jhkhZdeb djdklZeebqg
Ibb LZd nZau kZinbjbghjpahze Zzhp\eyxlky \ | _q_gb_ g \u”™_j
| _fi_jZImj_ fK M\_ebq_gb_ ~ebl_evghklb |I_jfhh[jZ[hldb ~h +
\Z | baf_g _gby kh”~ _j Zgby djbklZeebg_kdbonnkeh gHklXAbgghcev
klZ[bevghklb nZah\h]h khklzZ\Z ihdjulby k “h[Z\dhc hdkb"Z Zexfb

K\hcklI\Z djbklZeebq_ _kdbo nZa \u”_eyxsbokyhidpulbjyklZeet
k “h[Z\dhc hdkb”"Z Zexfbgby ij_"~klZ\e_gu \ |IZ[e

LZ[ebpZ
K\hckI\Z djbklZeebg_ kdbo nZa
. S o leh
DjbklZeebq. . Lbi djbklZel L_fi_jzZIm LDEJ
nZaz NhjfmeZz q_kdhc j_ r]ieXe gby %hkléflv . ¢ B
Ribg_ev MgO Al,0O; Dm[bqg_kd 2135 3,6 8,0
KZinbjbg | 4MgO AlL,O; SiO, | Fhghdebgg 1500 3,5 8,2
Jmlbe TiO, L _IjZ]lhgzZe 2098 3,9 8,1
Dhjmg”" -Al,0; = dkzZ]hgZg 2050 4,0 8,6

D_jZfbdZ gZ hkgh\_ ZexfhfzZ]gb_\hc ribg_ebhwWwelpdljhgzgz \ |
d_b ~“jm]bo h[eZklyo ijhfure_gghklb \hjyfgiiphfc[d¥kdhMmihjghklb
obfbg_kdhc klhcdhklb b f_oZgbqg_kdhcjifftkdghe&ybl BmMm[lé iijbjh
gmx nhjfm hdkb~Z 1Iblzgz A fbg_jzZe jhlbiddviem\ fuib]f_glh\
Dhjmg~hagh ba \Z°'g _crbo kh_"bg_gbc 7“ey ijhidachdkl\Zfddbgbq _
Hg oZjzdl_jbam_Iky hq_gv \ukhdhc obfdc kdhcdb kil v ¢\ ki »
klvx H~”gZdh dZd dhgkljmdpbhgguc {4l hjbghef kgnh[kIA "HGguf g
AhklZldhdjmidhklvx

Ribg _ev b jmlbe g_ lhevdh hlghkylky d fbg _ jZekd \ukr_c
deZkkbnbdzZpby ih =HKL + gh b hlebgzxlkyvk oEgbq_kdl
ijbkmlklI\b_ \ khklz\_ kl_dehdjbklZeebq_kdh]h]hZ lw dlxZewod ZhZepmqr
hggu_ ozZjzdl_jbklbdb Z jz\ghf_jgh_ jzkij_~_eelgtZzkkljbk]Zkieh\ \
gb\Z | h*ghjh~rghklv b kiehrghklv ihdjulby

Hkgh\gu_ djbklZeebq_kdb_ nZau nhjfbjmxsb_kylAgihldjulbyo
fZlgby jmlbe dhjmg” kZinbjbg bf_xl| [eba&Ke_"adZ§_ebghl DjbJI
dibklZeebaZpbb ~Zggh]h ihdjulby _]Jh LDEJ [4Augbll ewvafh gywlMky
ij_~hI\jZzszZ_1 \hagbdgh\_gb_ gZijy _gbc b jZajmihgwdkiBdijdlby ij
pbb > @
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AZdexq_gby

<\_~"N_gb_ \ khklz\ ihdjulbc hdkb"zZ fZ]gbygihd 2A@byZhgbl ggZzl
wdklemZIZpbhggu b I _ogheh]bg_kdb_ k\hckl\Z iedmagglgh]hhfZl
diyp _gljZpbb g _]ZIb\gh \eby | gZ ih\_joghklgh bgmly ebgib\ZjZlkie
kdehgghklv |hdJuIby d djbklZeebaZpbhb

<\_" gb_ hdkb”"Z ezglzgz \ khklz\ ihdjulbcitk\ggogf hlkhgladhkl
gZly _gb_ jzkiez\Z ih\urzZy jZkl_dzZ_ fhklv ijleaZ\stsE _ifi\lhjogh
fZl _jbZez h~gZdh aZsblgu_ k\hckI\Z ijb wlhf kgb ZxlIky

GZbemqgr__ \ebygb_ gZ aZsblgu_ k\hcklI\Z indjgdbythpZau\Z
db hdkb”"Z Zexfbgby

MkIZgh\e gh qlh \\_* _gb_ hdkb”guo fh*bnbpbjrmedé&@mo "h[Z\F
\Z _1Z1b\gh_ \ebygb_ gZ jzZzkl_dZ_fhklvfiZkbeZgBd itbdjuhbyj b k
ghklb aZsbsz _fhlh fZl _jbZez LZdbf h[jZahf h{Z\Vhdgb deltkd guo
kI\_ [he__ih fzkk_ ijbagZgh g_p_e _khh[jZaguf ihkdhevdm kgb"
kihkh[ghklv ihemg_gguo ihdjulbc b dzZd keiékldby fijirqghklv Kk
djulb_f b aZsbsz_fuf fZl_jbzZehf

Bkke ~h\Zgu ijhp_kku nhjfbjh\Zgby djbklZeebqg hk'dho nZa i
“Zs _1h ih fZzkk_ hdkb”*Z Zexfbgby 1Ijb ~“ebl_evghc |_jflnh[jZ[hld
jhkl b mkeh g_gb_ djbklZeebqg_kdhc khklZ\eyxs_c ihdjulby

Hkgh\gu_dhebqg_kI\_ggu_ b dZqg_kI\_ggu kiblklfZ\gZ djhyp nZah\
oh”~yl \ i_j\u_ g | _jfhh[jZ[hldb >Zevg_crb_ bevMgyg glby K\ agZq
A Il _evki\m_I h ~hklzZlhgghc klZ[bevghklb ihdjulby

<k _djbklZeebg_kdb_ nZau bf_xl| [ebadb_ aglzlgbgbylhLDEJ
kgb Z_ 1 \_jhylghklv \hagbdgh\_gby gZijy _gbc b Ij_sbg

‘b[ebh]jZnbg_kdbc kibkhd
1. DZ[eh\ ? G Bggh\Zpbhggu_ jZajZ[hldb N=MI| ©<BaZpbiERKNZih | Z
]Jbg_kdbo gzZijz\e_gbc jza\blby fzI_jbZeh\ BHZ[hodthedgbic_jibd i h

]hnrza ‘\bZpbhggu_ fZl_jbZeu b |_ogheh]bi 33.#DOI:«
10.18577/2071-9140-2015-0-1-3-33.
2. Hki_ggbdh\z H = Ih*vyq_\ < G Khihexgddh\ KieZ\umley gh\hc | _oghbd
Lim"«B:F < Kl 85/ KWWBRUNAZUWX.DPZIZ h[jZs_gb
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D <HAFH@GHKLB HP?GDB KL?I1?GB DHJJHABHGGUO I|IHJ:@"
<BOJ?LHDH<UF F?LH>HF DHGLJHEY

DOI: 10.18577/2307-6046-2021-0-5-96-104

JZkkfhlj_gzZ \hafh ghklv hij_~ e _gby kl_i_gb dhjjhabhgguo ihjzZ g
Ibih\ \boj_lhdh\uf f_Ih~hf dhgljhey k ihfhsvx gZdezZ~ghjlth ij_h[jZah\z
\_" lgjz\gbl_evguc ZgZeba bkihevah\Zgby hiklZaddbf 2of ieb arh Mgt
f Thrzfb JZajzZ[hlZgzZwéeof gdhzZy fh” _ev ihalheyxsZy ihemqgZlv kb
ij_h[jZzah\Zl_ey hl dhjjhabhgguo ihjzZz  _gbc jZaebgwthkh [bifZ I1jh\_»~ g
IZevgu_ bkke_"h\Zgby dhlhju_ ihal\hebeb m[_"blvky \ ijZ\bevghkl}
fhr_eb b ih”I\_j~rblv j_amevlZlu ihemqg_ggu_ fZl_fZlbg_kdbf fh~_ebjl

Dexg_\u_ kéb\gd Ihdh\uc dhgljhev dhjjhabhggu_ ihjzZ" _gby ibllb
dhjjhaby f_"djbklZeeblgZy dhjjhabynzZanfied!nf” g dhg_qgh
we_f_glgZy fh”_ev

V.S. Shitiko?, N.P. Kodak

THE ABILITY TO ASSESS THE DEGREE OF CORROSION DAMAGE
BY EDDY CURRENT TESTING

Considers possibility of corrosion damage evaluation using eddy current methechanypl
ed with surface probe. Comparative analysis of amplitude-phase andspippsession meth-
ods implementation has been conducted. Finite-element model for calculating probeesignal r
sponse to defects of different corrosion type was designed. Experimentaiciesas been
conducted that allowed to verify the designed model and to confirm results gatimedathe-
matical simulation.

Keywords: eddy current testing, corrosion, pitting corrosion, intergranular corrosimn, a
plitude-phase method, finite element model.

IN_ A jZzevphkm~Zjkl\ _aghlZjgh ~ijbylb©<k jhkkbckAmglyhke ~h\Zl_evkdbc
bgklbldlbZpbhgf@uojbzZzébhkm~ZjklI\_gfdmqoucgljhkkbckNhé jZ pHeberal

State Unitary Enterpriseé© $-@@sian SCHQWLILF 5HVHDUFK ,QVWLWS3tMeHReRdarghY LDWLRQ (
Center of the Russian Federation]; e-mail: admin@viam.ru

<\_"_gb_

< Jhkkbckdhc N_”~_jZpbb _" _]h”gu_ ihE jibofdhgpgheaBbbkhklZz
eyxl "h h[s_c fZzkku f_IZeehnhg”Z qlh khhAhlklI\m _|JmIigal __
ijhba\h~bfh]lh f_|ZeezZ > @ DhjjhathhggZy klkrmndhklVv_bgh_\ebyc
gZ wdkiemZlZpbhggu_ k\hcklI\Z j_ _kmpkZ pbhhyellhd Yglklviezbha Zexf
gb_\uo kiez\h\ J_amevlZlu bkke_"h\Eldhky kil g hadhfdbgihZ\uo kie
\h\ iha\heyx!l h[hkgh\Zlv j_dhf_g~Zpbb mjhdghk[aZshiufmz]_jbzZeZz
ZIZd" _ ijh]lghabjh\zZIv baf_g_gb_ _]hkk\Wwdkl'e mghfphbdb > +

< gZklhys__ \j_fy “ey h[gZjm _gby dhpghallEgebqgh]j&Z Ibiz \
hkgh\ghf ijbf_gyxlky mevljZa\mdh\hc ihegdyjpdbo\uiclhrdA hgljhey
DZibeeyjguc f_Ih” dhgljhey gZjy™"m k fgh  lkt\thd &2kl thdgkk\bl_ evgz
ijhklhlzZz | _ogheh]bgq_kdh]h ijhp_kkZ blulkidhkivjhigdJedy~ghklv ijl
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j_1bkljZzpbb j_amevizlh\ bf__| jy® gdhhkjZdédke 4%in ~lb\u™_eblv g
\hafh ghklv hij_~_e_gby ]Jem[bgu dhjjhgblk dpkhhevahXZgbb f *Zggh]
f_IThrz > @ J_ZebaZpby dZibeeyjjghifhlb~mevlhgb\neghigh *iheZ]
_lIih~Alhlh\dm ih\_joghklb h[t_dIZ dhgdpbtey dbhgkddegtahh "b~rdhklb g
"hihegbl_evgh h]jZzgbgb\zZ_| h[{eZklbajbflhg*thgdby *Zggu
<boj_lhdh\uc f_Ih” ihal\hey | g_ lhevdh h[gZjm kAZivgwh b h
dhjjhabhgguo ihjzZz _gbc jZaebqgh]h IbizZz > @qZkhkdhEZddomg [hevr
kdbo az”~Zqgq k\yazgZ k dhgljhe_f iehkdbobih\dhojhtakdhgg@d gizjebq
"_gbc beb h~rghklhjhggbf "hklmihf d h[t_dIm dhglNhepyZ kkifz\ ~Zgg
jb\Z _1ky ijbf_g_gb_ \boj_lIhdh\h]h ij_h[jZah\ZI|_ey @g]the__ j-
gZdez”ghlh Ibiz Ihy\e_gb_ b jzZa\blb_ dhjjhadplbx i KkbJgbd Zd be
\boj _Ihdh\h]h ij_h[jZzah\Zl_ey aZ kgqg_| mf_gvr_gby IhZsliZgu ijh\h”"
" baz baf_g_gby lhiheh]bb jZkij_"~_ e _gby \boj_\wdjHbegh\ \ hJ[
JZKkkfhljbf f_"djbklZeeblgmx b lhg_ggmx ibllbgihbmabhdgdyjhabx
ihjz" _gby az~Zgghc kl_i_gb fhlml [ulv ihemqg_gu Wéfdljhobfbq_k

FZI_jbzZeu b f_Ih”u

Hkgh\gh_\ebygb_gZ ~hklh\_jghklv hij_~ e gbyihkZ i _gb dh
"_gbc \boj_Ihdh\uf f_Ih~hf hdZau\Zx!| 1Zdb_ZpweMphkIvdZd achjKl b
m]eZ gZdehgZ ij_h[jZah\Z|l ey >ey jZajZ[hldb wnn_dllbhguo f_1Ih
j_gbke_gguo f_rZxsbo nzdlhjh\ ijbf_gy Iky gbke_ Zdigkfhlfibf _ebjh\
b ijhzgZebabjm_f wnn_dlb\ghklv ijbf_g_ gby*\@bkijhjklfZlghgwow o
kihkh[h\ \u”_e_gby bgnhjfZlb\gh]h kb]J]gZeZ hdZbhAhijhbfZiheblm
Ah\ > £+ @ Wnn_dlb\ghklv f_Ih~Z hlkljhcdb hij Mgay gy m\_ el
kblJ]gZzezZz o0zjzdl_jbamxs_]h kl_i_gv dhjjhabhggh]hfilja\ _gby d
al\Zgguo \ebygb f f rZxsbo nzZdlhjh\

JZkq_lu kb]JgZeh\ ij_h[jZah\Zl_ey ijh\h~"beb k ihbhwaex f |h*Z
f _glh\ Ijb jZa[b_gbb h[eZklb j_r_gby gZ dhdu\ggd kywlelhff glu mc
jbg_kdb_ jzZaf_ju khklzZ\guo qZkl_c¢c fh”_ebazmp\bke bog nyb gvYy Igb
hlghkbl _evgh]lh jzaf _jZ h[eZkl_c fh”_eb k jZagufbylk\\h¢jkdgdbfb be
wlbo h[ezkl_c ijb\h”yl d m\_ebq_gbx dhebagbkldd wfh"f egbdhlyz J:
[he_ _ ih”jh[gmx k_Idm dhg_qguo we f _glh\ algzjgbhhewghem\ eb
ghklv jZzkqg_1Z BfblZpby dhjjhabhgguo ihjZ yglthesmdgufibafhg gb
ey | dzq_klI\_ggh hp_gblv aZzdhghf_jghklb bjfa\gblhlpyZgeblggu _ |
kljmdpbb ij_h[jZah\Zl_e_c [_a g_h[oh”~bfhklb fhkijredjm\alv ket
IZdb_ dzd f_"djbklZeeblgzZy b ibllbg]h\Zy dhjphavddyki ljghf ijh\_~_
IZevguo bkke_"h\Zgbc h[jZapu k i_j_f_gghc lhe&bjgrapug¥Z[\hj iezZ
N debgZ beb k Jemobfb hI\_jklbyfb fh]lmlehz&jz\gjbdbgy\rafh"
ghkl_c h[hjm~h\Zgby b ijh\_jdb jZ[hlhkihkh[ghklb fzZl_fZlbqg_kdhc

>ey wdki_jbf _glZevghc j_ZebazZpZahXhidblmtghZ hlkljhcdb
dhfi_gkZpbx kb]JgZez \boj_Ihdh\h]h ij_h[jZah\Z|_a&y_ijkhiyda\fh*beb
gZevghc lhesbghc ff Z ]h"h]jZn baf_g_gby \ghkiafh]dp gBby g
aZahjz kh\f_sZek@gk idivxe _dkghc iehkdhklb MKhekigheyiédbhkb
fbgbfZevguf Z ih fgbfhc hkb IZdbf qglh[u &fiépjie’¥Z kdu] gif eVZ
rZeZ "“"bzZiZahg agZq_gbc \oh”gh]h mkbebl_eyhlilZojlhkdB\h]h ~ n
ebazZpbb gZkljhcdb “ey ZjfbébdgmopgHah\h]h f Ih*Z ihemq_gu kb]g
\ghkbfh]h gZijy _gby gZ h[jZap fflg&€sphychguo qZkIMZDdiZahg
hi Ah d=p
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>ey wdki_jbf_glZevghc j_ZebaZpbb nzZah\h]h f_jd% hlkljh
kblgzZzez \boj_Ihdh\h]h ij_h[jZah\Zl_ey ijhba\h”meld kgg h\Za&e’bmo _
agZg_gby nZau ihemqZ fu_ gZ h[jZapZo k jZaebdgdfc Jhgbbghc
nZau kb]JgZeZ nbdkbjh\Zeb ijb i_j_klzZgh\d_ ij_h[jZah\Zffey k hJj
gZ h[jZa_p lhesbghc ff

>ey kjzZ\g_gby kms_kl\mxsbo f_Ih~h\ hlkljhcdb \ebygby \ha
gZ kb]JgZe ihkljh_gz fzZI_fzZlbg_kdzZy fh”_eyv IYedhBhifh_igkNpyaho
\Zl _ey k h[t_dlIhf dhgljhey jbk JZkqg_I| kb]lgZelh\blojeyhdh\h
j_Zebah\zZg k ihfhsvx f Ih~"Z dhg_qguo we_ f gkhy\ dBbHpucglalz de x
h[ezZklb j_r_gby gZ dhg_qgu_ we_ f glu <gm\hpbdkKy*rBitphwdé& f gl
fZpby bkoh”ghc nmgdpbb Z j_r_gb_ hij_"_eblkkyh hh\l Xk Abhgbfba
s ]h nmgdpbhgzZeZz

Jbk FZI _fzZIlbgq_kdZy fh~_evijbljizatdhzh]by

< _jbnbdZpbx fh~_eb ijh\h~beb k bkihevah\Zgle Zklb[gZmaah\ \

Zexfbgb \h]lh kiez\Zz lhesbghc b ff H[jZaph]ba]hkhie gu
Zexfbgb _\h]h kiez\Zz k ij _"\Zjbl_evgh kgyluf idhesjdhdBEqguf k
hrghieZklbgu mf_gvr_gZ k ihfhsvx |jZ\e _gby gZ ff kdiZy evgZy

ijh\h~bfhklv h[jZah\ hij_~ e gZ \boj_lhdh\uf f_Ih~hf dhgljhey
175FKf f > @ 1ZjzZf_lju gZdezZ”~gh]lh \boj_Ihdh\h]h *“bnB_j _gpbZ:«
ah\zl _ey \ fzl _fZlbq_kdhc fh™_eb az”Z\ZebjXhHJEZflKIXiopxsddb iZ
J : kh kj_~gbf jz2bmkhf dZImrdb \ha[m "~ _gby ff > @

Hkgh\guf nzZdlhjhf hij_~ eyxsbf gm\kl\bl_evghklvwghkbfh]h
baf_g_gbx aZahjzZz dzd ijbnZéi\WhimAgl b ijb nZah\hf f_Ih*"Zo hlkl]
yley |ky djb\bagZ ]1h”h]jZznzZ \ghkbfh]h gZijy _gby gh[gbahdZggh]}
ahjz >ey hp_gdb \ebygby aZahjzZ jZzkkgblZgu agdlgy gbly hghkbfh
dehg_gbb aZahjz gz b ff hl ghfbgZevgh]h pbBgzZfgby ff >
Im~rgmhah\h]h f_1Th~Z hlkljhcdb hl \ebygby aZahjZ \jmqggjtax ihemq.
baf _g _gbb aZahjZ b lhesbgu ij_h[jZah\Zgu ih\hljhjlaAf\gZlkflgZ m]t
]h gzZijy ' _gby khhiI\_IlklI\mxs_]h baf_g_gbx aZalgZgby¥ wdkiif >ey
jbf _glZevguo ~"Zgguo k "Zggufb gbke ggh]h IfhdgZ eflgjif\ZZyg gy § Bk k g
ij_h[jZzah\Zgguo \_dlhjh\ \ghkbfh]h gzZijy' ' _gby khhixleRaxZZy b
b lhesbgu Baf g _gb_aZahjzZ gZz ff bkihevam\gZZedgteydhéblZp
[Zgbc aZahjz f_"m ih\_joghklvx h[t_dlZ dhgljhey iphpj KijZah\Z
dhgljhey

GZ jbkzijb\_"~_gu azZ\bkbfhklb ijh_dpbb \ghkbfh]h gZijy _gb)
g _gbb qzZklhlu \ AbZiZahg_ hl =p "*h ddbqg JKdmieviblztuefZl f
jh\Zgby khihklZ\e _gu k j_amevlZlZfb ihemq_ggufbfwdki_jbf _glZ

NZah\uc f_Ih” hilkljhcdb k ihfhsvx gbke _ggh]h fh” _ebjh\Zg
\ugblzgb_f nZau kb]JgzZezZz jzZkkgblZggh]h ijbljgZofbbAengaa ihzf
emqZ_fhc ijb baf_g _gbb Ilhesbgu b aZahjz 2z2eZ \dxdfj_Ihkdhghbhkb
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ij_h[jZah\ZI|l_ey bkihevah\Zeb \uqblZgb_ kb]pwveeZ bla aadhdq db&c d|
kblgzZez ijb baf_g_gbb izjzf_Iljh\ lhesbgu B igiz\ahjZguGarzjbk
fhklb baf_g _gby agZq _gbc nZau \ghkbfh]h gaAij¥bZgbghpgl ddklh
30=p “h d=p ihemg_ggu_ k ihfhsvx fZl_fZIbq_kdhc lfhévelb b wdk
ijb jZaebgguo agZq_gbyo lhesbgu h[jZapzZz <Wgm ¢l byZkkinlzZ |
hi\_IkI\mxszZy fzZzdkbfZevghfm ijbjZs_gbx Zfieblmyu gZin¥au \ghk
gby aZzZ\bkbl hl "bzf_1jZ \boj_lhdh\h]h ij_h[jZah\ZIl_ey
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Jbk AZ\bkbfhklb Zhb dpbdbu\ghkbfh]lh gZijy' _gby hl qZklhlu ihemgq
k ihfhsvx fZI_fZIbgq_kdhc fh™_eb ~Zlgqbib(yZbomkiidi b wdki gbf_
IZevgh jZ2bmk ~ZIgqhyz ff

>ey gbke _gghc hp_gdb wnn_dlb\ghklb ijbf_g_g\wbygbwy*Z hlk
f rZxs_]h nzZdlhjzZ fh gh bkihevah\Zkv dhWnobpjZkdklgblu\Z Iky dz
hlighr_gb_ \ghkbfh]lh gZijy _gby ijb bdf,gdgbdhlkzfainz gzijy"
gbx ijb baf_g_gbb Ibgsbgu

U, 100%.
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J _amevlZlu jZkq_1Z ~ey dMwgnjZme bglduo jZ"bmkh\ \boj_Ilhdtl
ij_h[jZzah\ZIl_ey ijb j_ZebazZpbmwzZhiddbhmbgmhzZah\h]h f_Ih”~h\ hlkljh
ijb\_" gu gZ jbk

0,04

0,02 ‘0
0 L * ®

-0,02

-0,04 B

-0,06

Dhwnnbpk _gh

-0,08

'0,1 -
-0,12

0 5 10 15
JZAbmk ij_h[jZah\Zl_ey ff

Jbk AZ\bkbfhklb dhwhhbpZiglzz \boj Ihdh\h]h ij_h[jZah\ZI_ ey ~e
g_gby nZah\hihzfieblavZghh\hdh f_ih~Ah\ hikijhcdb

<b~gh qlh ijb ijbf_g_gbb -AfiabhAimMgH_Ih”~Z hlkljhcdb khhlgh
gb_ kb]JgZe rmf agZqbl_evgh f_gvr_ q_f ijlg ngmh\difwinhtbpb AoZ
kl1zd _ az\bkbl hl "bzf_1jZz gZdezZ”~gh]lh \boj_laéadh\hjhkijghlgEah)\z
liZnbdz azZ\bkbfhklb dhiwhknlbipwx gllxpbkk gZ jbk kKhhi\ ITkl\m_|
gbx djb\bagu ]h*h]jZnZ aZahjZ ~ey "Zgghc dinfffbdZpdh gilZh2fy_Ijh
b gzklhlu IhdZ \ha[m ~_gby ij_h[jZah\ZI_ey |jb hatf_dldbb iZzjzf
l[jhey \ Ihf gbke_ ijb \hagbdgh\_gbb dhjjhabhgguo fhjZmgbc kt
baf g _gb_f \ghkbfh]h gzZijy _gby \ua\Zgghhhgihdh gZalbgZ \bab
f g gb_f \ghkbfh]h gZijy  _gby hl baf_gy fh]lh bdjZzfvdiZnibm | ag
rblvky >ey Zfie-mzetg\ih]lh f_Ih”~Z hlkljhcdb o0zZjzdl_jgh ijb_fe_fh_
gb_ \ebygby azZzahjz \ rbjhdhf ~"bzZizahg_ izjzf_ljphzHK[djklNZ dhg
ij_h[jZzah\ZI_ey

ljhzgZebabjm_f kl_i_gv \ebygby ibllbg]h\hc gdddelzagth]JhZ kb
\boj_Ihdh\h]lh ij_h[jZzah\ZI_ey K ihfhsvx jZa)d¢hKFZghdlcdfihg ggh
eb \azbfh”_ckl\by \boj_lhdh\h]h ij_W[jZz&h\E[t edyfhf dhgljhey
jZkkgblzgu azZ\bkbfhklb \ghkbfh]h gZijy _gby Iblcdhé&lyl kb\Z ihjZz
Ibg]lh\ ihizZ\rbo \ h[eZklv jZkij_~_e_gby \bopbdlf [RdkgiH” " *ZI
ihegyeb gZ |Ij_o gZklhlZo b d=p >ey kibimkdKhejdbgby jZkq
IZevguo "Zgguo agZq_gby j_Zevghc b fgbghcijygZighy iYghkjpfh]h
ah\u\Zeb \ agZq_gb_ ijh_dpbb baf_g _gby \ghkbkvh]hjldhfhjgyZegby
gmx baf_g_gbx \ghkbfh]h gzZijy _gby h[mkeh\ehggh]WlbaZgg_gb
eh]lbggh ijbf_g_gbx ghreddmh]h f_Ih~Z ~ey hlkljhcdb hl \ebyghb)
ijb wdki_jbf_glZevguo bkke_"h\Zgbyo G2z jbfbhklvijiphjZs gg@bsaz\blk
\ghkbfh]h gZijy _gby hl dhebqg_KkI\Z ibllbg]h\
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Dhebq_kI\h iblbg]h\
Jbk Baf_g_gb_ \ghkbfh]lh ihlhdz \ aZ\bkbfhklb hlkdhkewq_kI\Z ibll

\ghkbfh]h ihlhd

tb

ljbjZzs_gb

<b~gh qlh ijbjZs_gb_ \ghkbfh]lh gZijy _gby ijZgybbgkykdb ebg
m\_ebqg_gb_f dhebqg_kI\Z ihjzZz" _gbc LZdbf h[jZgohf hVgd kkbdhe gZij
dbo ibllbg]lh\uo ihjz  _gbc fh'gh k ijb_fe_fhc 4hygdkmkiiixc hg hgb\
kbfuo gZijy  _gbc hl dZ"~h]lh hl*_evgh]lh ihjZz hgbyg&hhlk dmMhziz
juc “hkimi_g k ijbf_gy_ fuf ij_h[jZah\Z|_enmf\kk\od]Z2g\ghlkkdw \ghk
fhlh gZijy _gby d ihyle_gbx ibllbg]lh\uo ihjzZ" ng\kd\bM\eedlykldb ¢
k m\_ebqg_gb _f gZklhlu k Nh d=p h[tykgy¥ fky~ m\\edbhj@lb f r
\ghkbfh]h gzZijy _gby h[mkeh\e_ggh]h ihy\e_gb_f imlbg]Z b \_
e _gguf baf_g _gb_f \ha“mrgh]h aZahjz

Kl i _gv dhjjhabhgguo ihjZz  _gbc k\yazZgzZ k afkidadlpbtb \j f
h[jZzaph\ dhlhjh_ \ k\hx hqg_j_”~v ijb\h~bl d bwaé_dgljpox kdh2bqg_|
hilg_k _ggh]lh d wdkihgbjm_fhc i@8sZebkh[phaphzabhggu_ ihjZz  _gby
gZghkbeb we dljhobfbg_kdbf kihkh[hf \ ki_pb¥mbgh\&gydhccd
ki_pbZebklzfb N=MI ©<B:F2 dhlhjZy iha\hey | jadhgjhfahghkgzZgh
h[_bo klhjhg iehkdh]h h[jZapZ < yq_cd_ aZihegyhjhkBhjKdklI\hjhf
\Z nbdkbjh\Zeb h[jZza_p f_""m we_dljh~Zfb dhhigjgbdinh NdexqZet
ljhp _kk ihemqg_gby dhjjhabhgguo ihjZ  gbc ijh\h”~bejbagjb iehlgh
kdhlh IhdzZ hl AWk ijh~rkfe bl _evghklvx we _dljhobfbqg_kdh]h i
hi fbg ~h g >ey ihemq_gby ibllbg]h\hc dhjjRabpkbklih\evah\zZ
1] &NaCl b ]N&ekNO3; Z ~ey ihemqg_gby f_"djbklZeeblghc dhjjhabb \
kib k ibllbg]Zfb bkihevah\zZeb jzZzkl\hj ihNaCqB_fud Ne®S0; | e
[_agbljZlguc jZkl\h] > @

GZ jbk ij_"klz\e _gZ ihemq_ggZy wdki_jbdkigilkewglb]iml _f
gZeZ \boj _Ihdh\h]h ij_h[jZzah\Zl _ey hl dhebq_kI\Z we _dljbqg_kI\Z

<b”rgh qglh kms_klI\m _| dhjj_eypby f_""m kIl _ i _gvyghbdhj\jhabhg
\b”_ ibllbg]h\ b kb]JgzZehf \boj_Ihdh\h]h ij_h[jZzahvdkiegoflhemqg_
IZevgu_ "Zggu_ ih”~I\_j"~Zxl ebg_cgmx aZj\ bk ZzhakhvZ k bd g 2 Zk |
i_gb ihjzZz  _gby

GZ jbk ij_"klZ\e_gu ihemqg_ggu_ wdki_fbhklpglXbygaeZaZzZ\t
\boj_Ihdh\h]lh ij_h[jZah\Zl_ey hl dhebq_kI\Z we_dljbgp_RBY ~"ey
h[jZzaph\ k f_"djbklZeeblghc dhjjhab_c
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Jbk Baf_g_gb_ kb]gZeZ \boj_lhtdhah]lh dg\bKZfhkid hl ki_h_gb ibllbg
\uo dhjjhabhgguo ihjzZz _gbc "ey kieZdZelplhnjR\ht ij_h[jZah\Zl_ev
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Jbk Baf_g_gb_ kb]JgZeZ \boj_lhdh\h]h ij_h[jZhh¥Z] iegb\ atzj\ihkbfhl
abhgguo ihjz ' _gbc \ \b~r_ f_"djbklZeeblghc dhjjhabb £2gZleite]h\Zz
pbnjh\hc ij_h[jZah\ZI _ev

DzZd \b~gh ba ij_"klZ\e_gguo aZ\bkbfhkl_ c aiphre\mig fgguo "e
djbklZeeblghc dhjjhab_c kb]JgZe \boj_lhdh\h]h ij_h[jZjgh\zZl_ey |
ebjm_| kh kl_i_gvx ihjZz" _gbc gh ijb | _oebgWwgXikbbpdbgd §Z h[jZ
pzZo k f_"djbklZeeblghc dhjjhab_c agzZqgbl_evgh [keibrllbg]hf ey |
\hc dhjjhab_c WIh h[mkeh\e_gh |I_f qglh f_"djbgbZegbNdrhbljzZklj_
d ihyle _gbx gZ ih\ _joghklb ijzZzdlbq_kdb g _ijh\h*ye _pHghehy c
mf _gvr_gbx lhesbgu h[jZapZ LzZdbf h[jZahf g _ [dpwkiZydeéelh Jem[bc
gZy dhjjhaby beb ya\zZ ih” ij_h[jZzah\zZl_e_f fh]lmibfiZkglhbhhZIv Jer
ihjz"  _gby

< hlebgb_ hl gm\kl\bl_evghklb d ibllbg]h\ufbiheXghgkdyfdgm\k
baf g _gbx lhesbgu h[jZapZ kms_klI\ _ggh bahdd \lka[rk Y Zkbllhc
glh "he gh iha\heblv “bnn_j gpbjh\Zlv Ibi dhjjhabhgghgdwnaihjz ¢
\Zgbb fgh]l]hgZklhlgh]h \ha[m™ "~ _gby
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AZdexq_gby

Ih j_amev!zZIzZf wdki_jbf_glZevguo bkke_ _™NdEpbdc¢hh f&bjhiZzlbq
\Zgby ih?I\_j°~ gZ \hafh ghklv hkms_kl\eylv dheltkd_ Kklgbgdmjx hp
jhabhgguo ihjz ilfthskx \boj _Ihdh\h]lh f_Ih~Z Z 1Zd _ hij_"_eylv
jhabb < ~Zgghc klZIv_ ijh\_~ g kjZ\gb!|_ enmygidclEZyi\e b bkljjhxalbqgg
hl \ebygby f_rZxsbo nzZdlhjh\ \uiheg_gguc k ihfhsvix* fltBl _fZIbq_
jh\Zgby IhdZazZgh qlh-rfzZedbue”§hlh” ihalhey | gZb[he__ wnn_
hikljhblvky hl \ebygby baf_g_gby \ha”“mrgh]lh azZa&hjZbfth[*m ij_h]
_dIhf dhgljhey \ rbjhdhf “bZiZahg_ baf_g_gbydgZk\gobkl\wie dl
lhesbgu h[jZaph)\

K ihfhsvx fzZl_fZlbqg_kdh]h fh”_ebjh\Zgby 1Zd _ ogkdéZgh\e_
ij_h[jZzah\ZI_ey hl g_kdhevdbo Ilhq_qgquo ihjzZz _gdnffim &b]gp_gbl
eh\ hl dz ~h]h hI*_evgh]h " _n_dlZ \ ahg_ dhgljhey gKR [phfhsvx b
jZapZo k dhjjhabhggufb ihjz _gbyfb jZaebqggh]lh léeypbh™Mb]j ~_g.-
gZeZ \boj_Ihdh\h]h ij_h[jZzah\Zl_ey b kl_i_gb ihjgZyghbajjk_"djbl
aby ijb\h~bl d kms_klI\_ggh [hevr_fm baf_g_glpbwgihkbfpdahgzZijy
\Zl ey qg_f ibllbg]lh\Zy dhjjhaby ijb khihklZ\bJuoirggZqgglgypyo Je
LZdbf h[jZzahf ~hklh\_jgZy hp_gdZ kl_i_gb ihjZ lkgbkfaoj Ihdh
fh'gZ lhevdh ihke_ ij_~\Zjbl_evgh]h hij_~_ e _gby IbiZ dhjjhabb

;b[ebh]jZnbg_kdbc kibkhd

1. DZ[eh\ ? G Bggh\Zpbhggu_ jZajZ[hldb N=MI ©<B:F¥Zpb®GP JN i
©KIljzl_]lbg_kdbo gzZijz\e_gbc jZza\blby fZl_jbZé¢hj\Zbhldbgh2h]hbhso i
~h ]hnrza :\bZpbhggu_ fZl _jbZeu b | _ogheh]blk 33.% <
DOI: 10.18577/2071-9140-2015-0-1-3-33.

2. Emp_gdh : G KeZ\bg : < ?jZkh\ < K O\Zpdbc Dgldy bjhgghkl
bkke_"h\Zgby Z\bZpbhgguo fZl_jbZeh\ \bBpbhagghueh]fizd _jbZeu
<« S K27546.DOI: 10.18577/2071-9140-2017-0-S-527-546.

3. Hki_ggbdh\Zz H = GZijb_gdh K: EmdbgZ ? :h[BXk&lke\ZdB¥Y db_sbjdpqgbc
gZ klmibp_ “bkdZ D<> ba kiezZ\Z <L gZa<Bghc =LM12 (7R m~u
Kl URL: http://www.viam-works.ru ~Z1Z h[jZs_gby DOI: 10.18577/2307-
6046-2018-0-12-97-106.

4. DzZ[eh\ ?2 G Kh\j_f _ggu_ fhkgb¥Zewaggh\Zpbhgghc fh"_jgbazZpbb Jh
F IZeeu ?\jZabb K <5t

5. DZ[eh\ ? G Jhkkby gZ jugd_ bgl ee_ dimZdkgud j_ R [{ISH)\
K 4851.

6. :glbih\ < < |_jki_dlb\u jZa\blby Zexfbgb_\uo HXJgbkilad\\ bd¥ g
ba” ebc Z\bzZzghkfimh kdhc | _ogbdb :\bZpbhggu_ fZl _jbZeu b | _og
« S K 194.DOI: 10.18577/2071-9140-2017-0-S-186-194.

7. Emp_gdh : G Il _jh\ G K QZ[bgz ? ; Gh\u_ Wl&vghjhapbldhjzBkiulz
‘\bZpbhggu_ fZl _jbZeu b | _ogheth]ikb 46& DOl 10.18577/2071-9140-
2017-0-S-460-468.

8. DmebqdhKZB =heh\dh\ : G Dm~bgh\ B B Ezil_\ : K Kh
AN n_dlhkdhibg_kdb_ fZl_jbZeu h[hjm~h\Zgb__kkZ\IhZZhleea¥ pdty]hijh,
g _jZajmrZxs_]h dhgljhey Dhgljhev >bZ]ghkbl#hZ DOI: <

10.14489/td.2019.02.pp052-057.

9. =heh\dh\ : G Dmebgdh\Z K B DmMrbgdh B K K&kejhdhkihs_ kl\mxsb
dhgljhevguo h[jZaph\ ey ijh\_jdb gmhkkldbhkehgthdgllkdbo fZl_jbZeh\ ij
ijh\_~_gbb dzZibeeyjgh]h g_jZajmrzZxs_]h dhgljimeynvnu +wBak
< Kl &&p://www.viam-works.ru "Z1Z h[jZs_gby ‘2,
10.18577/230604620190-11-95-103.
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12.

13.

14.

15.

16.

.G_jZajmrZxsbc dhgljhev b ~bZ]ghklbdz kijZ\hgqgbd_\zZ ih® j_~ <
FZrbghkljh_gb_ k

;Zdmgh\ : K = jZkbfh\ < = HklZzgbg X Y <boj_lhgbhflmc dhgljk
ij_h[jzah\zZl_eyfb F Fhkd wg_j] Kg

=_jZkbfh\ < = Dex_\ < < RzZI_jgbdh\ < ? F_Ilh”u blghbjhju we_
dhgljhey F Ki_dlj k

= jZkbfh\ < = Ihdjh\kdbc : > Kmohjmdh\ < < G _jZagrZxsbc dhe
<ukrZy rdhez Dg We_dljhfZ]gblguc dhgljhev k

=HKL 8+ Dhgljhev g_jZajmrZxsbc Baf_j_gb_ m”_evghc we._
ijh\h~bfhklb p\_lguo f_IZeeh\ \boj_lhdh\uf\th IkIZo*ZHIh\Ba” Kk
Rblbdh\ < K Dh~rzd G | =heh\dh\ : G Dm~bgh\ B Bgljw&yeba hkh

N 1Ze_c ba IblZzgh\uo b "Zjhijhgguo kiezZz\h\ \bogZdadgbuf If_Ildbdhf gz
We _dljhf_lZeemjlby K 2%DOI: 10.31044/1684-5781-2020-0-8-20-29.

Dmluj_\ : ? Q_kghdh\ > < :glbih\ < < <"h\bg : B”*eyZajzZ[hld
gZg_k_gby dhjjhabhgguo ihjZz"  _gbc gZ ZexfbgbZdbklAHied\Ebhf\ ]Z
j_"bf_ Lim~u <B:F < K. URL http://viam-workssu "ZI1Z h[jZs _gby
23.12.2020)DOI: 10.18577/2307-6046-2018-0-9-105-118.
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BKKE?>H<:GB? H;J:APHHBBF?JGUO
DHFIHABPBHGGWOL?JB:EH< F?LH>HF
J?GL=?GH<KDBBFIVXL?JGHCHFH=J:NBB
B H;J:;;HLD: LHFH=J:FF K BAH;J:@7?GB?F
H; T?FGHC >HEB IHJBKLHKLB

DOI: 10.18577/2307-6046-2021-0-5-105-113

JZkkfhlj_g \hijhk dzZqg_kI\Z h[jZaph\ ba ihebf _jguo dhfihabpbhggu
IDF b bo ijh\_jdb f_Ih~hf j_gl]l_gh\kdhc dhfivxl_jghguhdh]jZnbb Be
fh ghklb IThfh]j2Z\oZh Star Imaging X b ijh\_~ gu bkke_ _~h\zZgby h[jZaph\
IDF gZ ij_~f_I h[gZjm _gby b hp_gdb h[t_fghc “"hebhjboj\dBkke_"h\Zgl
yxsb_ gZ lhgghklv hp_gdb h[t_fghc ~heb ihj Z bf_ggh jZaf_j \hd
nbevljz dhebqg_kl\h ijh_dpbc LzZd jzZaf_j \hdk_ey hij_f_ey_| jZaj_
ghklv pbnjh\h]h bah[jZz _gby hl fZl_jbzZeZz ijbf_gy_fh]lh nbevljZz az\b
gb_ kblgZe rmf ijhba\h”~bl_evghklv dhgljhey momqm™«RAZIkgh k jhklIhf dF
pbc Z “ey m~h\e_I\hjbl_evgh]h dZq_kI\Z ihemqzZ _HhJ 1gbly]jZnbq_kec
g_hJoh~bf \u[hj hilbfZevguo agZq_gbc i_j_gbke_gguo iZjzZf_Ijh\

Dexq_\u_ kehé&bf_jguc dhfihabpbhgguclDZl_jpZe]_gh\kifdZy dh
ivxl _jgZy lhfh]ljznby JDL h[t_fgZy "hey ihj H>I k _1f _glZpby

AA DemidoV, O.A Krupnind, N.A. Mikhaylovd, E.l. Kosarina

INVESTIGATION OF POLYMER COMPOSITE MATERIAL
SAMPLES BY X-RAY COMPUTED TOMOGRAPHY

AND PROCESSING OF TOMOGRAMS WITH THE IMAGE
OF THE VOLUME FRACTION OF POROSITY

The question of the quality of samples made of polymer composite matandlss verifica-
tion by x-ray computed tomography is considered. The capabilities of NonthirSéaing
X5000 tomograph were studied and the samples from PCM were examinedefttiodeand
evaluation of the porosity volume fraction. The factors influencing theracgwf the estim-
tion of the porosity volume fraction are investigated. Namely ithee \®@xel, a filter material,
guantity of projections. On the other hand, the sited k _defmes resolution of the digital
image, the relation depends on a material of the applied filsigreal/noise, productivity of
control worsens with growth of quantity of projections. The choice of optimunesadf the
listed parametres is necessary for satisfactory quality received tomamirapbes.

Keywords: polymer composite material (PCM), x-ray computed tomography (x-rgy CT
porosity volume fraction (PVF), segmentation.

IN_ A jZevptkm~Zjkl\_mghlZjgh ~ijbylb©<k jhkkbckAmalglhke ~h\Zl_evkdbc
bgklbldlbZpbhgf@uojbzZzébhkm~Zjkl\_gfdmqoucgljhkkbckNhé jZ pHeberal

State Unitary Enterprise€© $-Bu@sian Scientific ResearchVW LW XWH R $Y L Btétel ReQatB WHULD O V?
Center of the Russian Federation]; e-mail: admin@viam.ru

<\_"_gb_
< ijhba\h~klI\_ Z\bZpbhgghc b dhkfbq_kdhc | nxglbdberbjhdh I
f jgu_ dhfihabpbhggu_ fZl _jbZeu IDF > @ < jj[difikdi@ hlif_q_
hggu_ fZl _jbZeu DF g_aZ\bkbfh hl bo khklz\ZZIljppvhlZkeyx!| k
AN jtZsmx N k\h _f h[t _f_ mijhggyxsmx ZjfbjmxghmxenvZaohlgdide
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jZ\ghf_jgh jzkij_~_e_g \ fZljbp_wlizdghphfihg_glgu_ fZl_jbZe
[3, @ khklhysb _ ba |hebf_jghc f 1Zeebqg_kdhc nmdjec jfldghc beb
pu Zjfbjh\Zgghc gZihegbl _eyfb ba \hehdhg gbl_NbddhkbdjbklZe
i_jkguo gZklbp Ih kljmdImj_ gZihegbl_ey DhiehlddjzZidt_leyxjf gz \
jh\©Zggu_ \hehdgZfb b gbl_\b~gufb djbklZeeZfb ukeiteblgldZfbZjfbjh
ieZklbgdzZfb kehbklufb gZihegbl_e¥fbbjh?*Bggukgbheb ~bki_jkgh
mijhgg_ggu_ k gZihegbl_e_f \ \b~" Ihgdh"bDlFJkZ]Il;lprZkklbp <
klhysZy ba ihebf_ jZz h[_ki_gb\Z | fhgheblghklv fzkijjb’Zesz i j
gb_gZijy _gbc \ gZihegbl_e_ hij_*olefibd kjhbnblkdbadkI\&Z < ijhp_
k_ balhlh\e_gby h[jZaph\ b ihemnZ[jbdZIh\_badIDF Dhighbd¥d@dxI| ~
kiI\_gguf »_n_dlzZf hlghkylky 1Zdb_ dRIhjlup_kikagbdba\h[*kI\Z kh
kN_ggh ba”_ebc ba IDF beb \ ijhp_kk_kb&|Bleyxsdhloy IHh\_ebqgbg_
A n_dlu jza™_eyxl gZ ljb ]imibgfdfdjhjh® n_dlu > @ D fbdjh™_n_
hlighkylky ~ n_dlu jZaf_ju dhlhjuo khbdf Zjjidbynkx gbaf\h£thdhg
tlj_sbgu \dexq_gby imklhlu b *jm]b_ ZghfZebb nhjfu
£+~ n_dlu fZljbpu \ ijhf_"mldZo f_""m we f_glZjgufb \hehdgZzZfb
+7A n_dlu gZ ih\_joghklb jZa” _ eZ ©\hehdgh+fZIprZa
Fbgb” n_dwlht”~ n_dlu jZaf_ju dhlhjuo gZ ihjy~hd b [he _
fbdjh”_n_dlu \ hkghxgB&inwlhgb_ ] _hf_Ijbg_kdhc nhjfu djmldZ b
gby jZahjb_glZpby \hehdhg f_edb_ jbkdb pZjzieggudfglbgu h
| ¢ "IJmlh\ beb ]jmii we _f _glZjguo \hehdhg
FZdjh”_n_dwlhzlj_sbgu i_j_k_dZxsb_ kehb \]Jlem[v gZ”j_au
\fylbgu gZ ih\_joghklb IDF ~_n_dlu ghkysb_ m~Zjguc oZjzZdl_j >
ljb wdkiemZlZpbb ba”_ebc ba IDF gZ[ex*"dhl’kZ fibdfh’gpby i
n_dlh\ \ fZzdjh”_n_dlu ihwlhfm k ihfhsvx g _jZajmrdaksébfh dhgljt
h[gZjm b\Zlv fbdjh®_n_dlu GZb[he__ jZkijhkNZ2DFggudy”lky dlhf
ihjbklihklv 1ljbgbgu __ \hagbdgh\_gby fh]iml [WvakKXbuybohZdgufb
gheh]bb kha~rZgby IDF Nbabqg_kdb ihjbklhklv kihhklpZAagh]lhkh[h
jZzaf _jZ h[jZzah\zZ\rb_Kky ih ijbgbg_ hklzldh\ dBbvaZgbbgh]hjijb ba
]hY \ha”mozZ b e_Imqgbo ijhamdjbkrbEd\byg \eZ]b \ k\yamksbo b gZ
| eyo > @ GZebgb_ ihjbklhklb mom”rZ | i4hqgdlzieldu >dyphdikdhzZ f
"_gby hilbfZevguo o0Zjzdl_jbklbd ijb bkihevahiZygpe ielZfk htadod h\
g_h[oh”~bfh h[_ki_q_gb_ gbadhc ihjbklhklb fzd kbWe Zl ijlykdfhevdn
dhjj_eypby f_""m ihjbklhklvx b f_oZgbqg_kdbflb #¥Xhckhkdhlwqg |Zdb
\hklv d k’Zlbx b ijhgghklv ijb f_"kehcghf &byglblgZ ZhMrdely mijm]
klb > @ J _r _gb_az”~Zgb h[_ki_q_gbybdBg”"kE\lZc bba 2D gh\kb Z p
hggh]h b dhkfbg_kdh]h gZagZq_gby wdkiemgubjmkeuod by e dkhj_f

fh gh Ilhevdh \ j_amevliZl_ijbf_g gby kh\j_f_ glhud \wamgIdhe\yguo
d dhlhjuf hlghkylky Jb”rjhklZlbg_kdh_ \a\_rb\Zgb_ |jZ\e_gb_ b \u

>ey wlh]lh ijbf_gyxl dzd klzg~Zjlgu_ f_Ih~u i_liZdbkdhggu
e_ ~ogheh]bqggu_ f _Ih?u g_jZajmrZxs_]h dhgljhey\nmkIwdZa f_Ih

ij bfms ki\Zz 1zZzd b g_"~hklzZldb LZd bo h[sdHky‘hkdkbglZl\hf y\ey
iheg_gby bkke_ "h\Zgby b hlkmlkl\b_ g _h[oh” bfhklBI|\eVvgjhflhklhy
h[hjm~h\Zgbb F_Ih”u obfbq_kdh]h IjZ\&llpbh\ YewurmdeZgby ~"ey
kl _dehiezZklbdh\ iha\lheyxl ihemqgZlv gbanke¢hXlZIbgfhc Ihgghklv)>
H”rgzZdh bkihevah\zZgb_ dhgp_gljbjh\Zglwgokdbkdhd\gjbgbhfgzZzdez"
\Z | h]jZzgbq_gby gZ bkihevah\Zgb hkhlh\u b]ihgZy g kh[_ki_qgb\zZ
"hklZlhgqgmx lhgghklv ijb baf_j _gbb ihjbklhklb”m|etjhekdKIbdh\ F_
kdhlh \a\_rb\Zgby gZb[he__ ijhkl gh _]h IThqgghkbjZfbgvr_  q
"ey k|l _dehiezZklbdZ b ljZ\e _gby ey m]e_ieZklbdZ f DhRru_ Ih]h
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hij ~ e _gby h[t_fghc “heb ihj H>Il \ IDF ijb\h”yl d jZR]mr_gbx &
fZl _jbzez Z bo lhgghklv |I_hj_Ibq_kd®7%. ij \urz |

G _jZajmrzZxsbc dhgljhev Z bf _ggh zZdmé&bhppkdldb fda2igrkI\Z
h[jZaph\ b ba”_ebc mgbl\DfFkZevgu b ijbf_gbfu ey djmigh]Z[Zjblg
ebc DZd ihdZaZzZe hiul ijbf_g_gby ZpmriZbbg JbdthhglgheXa wihl f_Ih/
ijb hp_gd_ ihjbklhklb h[ez”~Z | g_\ukhdhag gZygihKivxghk&mmevlj
a\mdh\uo baf_j _gbc ihjbklhklb khklz\ey'Z2"~h*éy [_kihjbklh]h fZI
jbzezZ fh gh ihemqgblv j_amevlIZIl baf_jfglbhy A*hebghbhgu h[t> @

FZl_jbZeu b f_Ih”u
J _gl] _gh\kdzZy dhfivxl_jgZy Ihfh]jZnby
"ey dhgljhey h[jZaph\ ba IDF

GZb[he__ wnn_dlb\guf y\ey Iky f_Ih” j gl] _ghkhKdhxt dhfivxl
nbb JDL dhlhjuc iha\hey_| ihemqZlv bgnhjfZpdkcgiehhgwvdh h
klb hl® _evguo h[eZkl_c¢c h[t_dlZ bkke_ _"~h\zZgby ijghoonh"ygbgky g:
imgdZ j_gl]_gh\kdh]h baemqg_gby dzZd \ h[ugjghc H_ighkIgB]jZnbl
ki\_gghf jZkij_~_e_gbb wlbo iehlghkl_c < Jjbp _iklemaghaxl gzghy
ijh_dpbc bkke_"m_fh]lh h[t_dlZ dhlhjuc ihkj_kKjkNkI\ ldhkfivf_gguo
| jghc \bamZebazZpbb ij_h[jZam _Iky \ |Ij_of jgh[jd2hfighanbly_kdh

\heyxs__ ijh\_klb ~_IZevguc ZgZeba iehlghklbglz[ijZdéZ glbydaebq
Ih kjzZ\g_gbx k ljZz*bpbhgghc j_gl] _gh]jZnb_clfl]HhpZ2adbLlf jFaebq:
dhgljzklgu_ ~_1Zeb | _ hg h[ez”"Z_| gZ ihjy*"gmh\&emMik_evdhgljz
klvx

lj_bfms_kI\Z i_j N Zdmklbqg_kdbfb f_Ih~Zfp\thay \jporgph <h
\ A gbb JDL \uihegy |ky j_dhgkljmdpby |j_of _tjgdla blkkd]iZ2h gby
\Zgby k \hafh ' ghklvx ZgZebazZ \gmlj_gg_ghdimdwWrhjuob JI\L jo
iha\hey | ijh\h~blv bkke_ "h\Zgby h[jZaph\ ba IDF|jgZ ghgghc Kkl
"ey mklZgh\e _gby f _oZgbafzZ jZa\blpylvilhgbkhpkipdZ<h[t _fghc "“he
ihj ihkj_~klI\hf JDL ihfbfh __ dhebq_klI\_gguo aigBAgh’gde iha\l
fhjnheh]bg_kdbc ZgZeba k mklzZgh\e _gb _f jZkip 8hé|YbyZIBEfjZaf
jZkiheh™ _gby ihj qglh g_\hafh 'gh k~_eZlv k ihfhe¢h\ZglagKlbq_ kd
jmrZxs _]h dhgljhey

NZdlhju ihl_gpbZevgh \ebyxsb_ gZ lhgghklv hp_gdb h[t_
\ h[jZapZo ba IDF ih j_amevlzIzZzf JDL fh'gh jZa” _eblv gZ |ljb hJe

+iZjZf _lju Ihfh]jZnbg_kdh]h kdZgbjh\Zgby h[t_dIZ dhgljhey
+iZjZf_lju j_dhgkljmdpbb bah[jZ _gby
tZgZeba Ihfh]jZzffu b hp_gdb “heb ihj

< N"Zgghc klZlv_ ijb\_~ gu j_amevlZlu Ihfh]jZnlhqjZambo\ bkke
ba IDF gz ij_~f_| h[gZjm  _gby b hp_gdb h[h[jigamx_ "t ellqgidph kb
ihemqg _gguo j_amevlZlh\ <k_ bkke_"h\Zgby gjph\f Yhdh]jEnZkihev
North Star Imaging X50000.

Dizjzf_I|jzf Ihfh]ljZznbg_kdh]lh kdagdphkyZglhy fm kdZgbjh\zZghb
kdZgbjh\Zgb_\ dhgmkghf imqd_ KkibjZevgh _ bkdZglhjg\\glbhc gz
I[jm[db |hd gZijy _gb_ jZaf_j nhdmkgh]h iylgZevljgpBXjbQE evgr
j_gl]l_gh\kdhc Ijm[d_ ] _hf_ljbx lhZwinbpbglgy ] _hf Ijbgbkdh]h m\
g _gby b j amevibjmxsbc jZzaf_ j \hdk_ey dhedb'q kI\tZfijhudpbc
A | _dlhjz \j_fy dz”~jzZz dhebq_kl\h dZ~jh\ gZ HhbkldgbkZfinkibe g
ANl _dlhjz > @ Ijb bkke_"~h\Zgbb h[jZzaph)hi\jbdbyg \gkifhdmh kd:z
ghf imgd_ ko_fZ dhlhjh]h ijb\_"~ gZ gZ jbk
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Jbk Ko_fZ kdZgbjh\Zgby h[jZaph\ ba ihebf_fjghljbdbZh&abDpbhggh]l
dhgmkghf imqgd_ gZNadnthiStaZlmaging X50000: ¥baemqgZ2 #=w\hjhlguc klhe
3th[jZapu ba 4BF _ | _dlhjgZy kbkl_fZ

1ZjZf _lju j_dhgkljmdpbb bahJjdihgymdpby bah[jZX_gby aZc
gZ |Iky \ khabD-bgthjjZz" gby \gmlj_gg_c kljmdImju h[t_dlZ dhgljhey
gb_f jZaebqguo fZIl _fZlbg_kdbo Ze]lhjblfh\ ij ~“m&fhij_&guo ijh]j
g_gb_f kbkl _fu JDL > @

:gZeba |hfh]jzffu b hp_gdi “kdB\elyj | kh[hc ijhp_kk h[jZ[hl
Ihfh]jZznbg_kdbo “Zgguo k bkihevah\zZgb f jEdbbqgelhjfZlfhfiZlbq
Ihf qbke_ Zelhjblfh\ \u~_e _gby b jZkihagzZ\Zgby h[dBkl_c¢c kh~"_j°

Ih j _amevlzZIlzZf ijh\_~ gby JDL bgnhjfZpby h \durkke gfymc kljn
fhlh h[t_dlzZ ij_~klzZ\ey Iky \ \b”~_1j_of_jgh]dhghZkkibazh[khigdbde _
we f glhhadk _e ¢ hl ZgleYRKR{ABDWULF SL[HO DZ "um \hdk_ev
_lky g_dhlhjuf agZq_gb_f mjh\g_f k_jh]h hkikéhgh\eqg gt ym\_d \
gbgu hkeZ[e _gby baemq_gby g _dhlhjuf fZeuf ht_dhZ bkkkreh m _f
\ _|klI\bb k hij_~ e _gguf fzZzl _fZlbq_kdbf Ze]lhjblfhf

<ugbke _gb_ h[t_fghc ~“heb ihj \ h[jZap_ ih j_dhweegvllkhzf JDL
ih nhjfme _

v
V 1= "100%,
b h
1"V kmffz h[t_fh\ ihj jz\gzZy kmff_ h[t_fh\ \k_o \hd&begbg_ d&hljhjn_ ih
hilg_k _gu d ~_n_djyyf hi{t_f bkke_~m_fh]lh h[jZapZ b h jzZ\guc kmff_
\k_o \hdk_e_c jZkiheh> _gguo \gmljb b gZ ifA\_joghklb h[jZzapZz ff

Bkoh”y ba \ur_ijb\_~ gghc nhjfmeu hq_\b”"gh 44hhgZ Ihqgg!
hp_gdb \_ebqgbgu h[t_fghc “heb ihj \eby | \ ilfj\dexZkkihdp btv Ze]t
pbb \hdk_e ¢ dZd ~_n_dlguo

lhju \ IDF ij_~klzZ\eyxl kh[hc ihehklb aZiheg_ggu_ \ha”“mo
ke "h\Zl _evgh agZq _gb_ mjh\gy k_jhl]h \ ahg_ihgu Rheghph [ulv
\ha”mozZ beb nhgzZz G2Z ijzdlbd_ \ aZ\bkbfhkll _hlylbyzbf\b &bidgju |
gu rmfzZ Ihfh]jZnbq_kdbo "Zgguo mjh\_gv k_jhld_eahwnZebklevigh fh
hlebqzZlvky hl mjh\gy k_jh]lh \hdk_e_c¢ fZl_jbZekky<hiNE{hldeZmqZ_
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bah[jZz  _gby hkgh\gufb ijb_fZfb dhlhjhc y\eyxlkyweh]ldggkdpley b
ZgZeba bah[jZ  _gbc > @

K_]f_glZpbwlh ijhp_kk jZza”_e_gbybabpnih\hdby gZ g_kdhevd
k_1f_glh\ fgh _kl\h \hdk_e_c¢c 1Zd gZau\Z kiup_&wxi_mlihkd&_ gby
beb baf_g_gby bah[jZz _gby IZdbf h[jZahf th[u__}Zng[abbbijjI’ms o
\ZIv K_]f_glZpbx bah[jZz _gbc h[uqgh bkiheva\m&le"tﬁl?tdh]h h[
lu b ]JjZgbpu ebgbb djb\u_ gZ bah[jZ" gbxng<pbbangeZbla7_hj_|k ]
" _gbb \u”_eyxlky h[eZklb \ dhlhju_ h[t_"bgyxlldy\\lh[(;ikggbf ibdk _
ijbagzdzf Kms_klI\m_| g _kdhevdh ih”oh”h\ igbitke hflhgl\uwb k
bah[jZz  _gbc 1jb ZgZeba_ I|Ihfh]jZznbq_kdbo ~ZgggfuohjhibYhe Ijl
f_ Ih~ \ dhlhjhf "ey hlg_k_gby \hdk_ey d ]jmii_bgditjjfZ% bkihev
lhevdh h[ mjh\g_ k_jh]lh \ur_ dhlhjh]h \k_ \hdk_eb hlghkylky d d

GZqZevgu_ lhgdb beb y~jZ hij_~ eyxlky ihev&ZhlEibe f \jmqc¢
g_kdb ih Ze]hjblfm ljb ijh\_"_gbb bkke ~h\Zdgby hebfghdh he
emq_gguo |hfh]jzff ijbf_g_g Ze]hjblf k_]f _glZpbb lhevdhxih ihjh]
©hjzZz \ha"®@b62l _jbzZe? > @

:gZeba ihemqg_gguo \ ijhp_kk_ bkke_ _~h\Zgby Ihfblpzff ijh\h’
\Zykv ihjhlh\uf f_Ih~hf k_]f_glZpbb b [_a ijh\_~ _gby &aZjnheh]bq_

(
b
|

J amevlZlu b h[km ~_gb_
ljh\_~ gb_ wdki_jbf _glZevguo bkke ~h\Zgbc

>ey bkke ~h\Zgby bkihevah\Zgu h[jZapu m]e_ieZtklbdZ Ihe
| _evgh ff b k_q_gbu_f ff kK jZaghc "he_c h[t_fghc ihjbklhklb aZj
ba\_klghc Bkke_ _~h\Zgby ijh\h”b dlorthg3tat tniading X _ J _ame
Zlu ZgZebaz Ihfh]jZzff ithdZaZeb jZagh_ agZihjgklhkipt_f@Bc *F
jbk ijb\_"~ _gu k_q_gby Ihfh]jzff \ ihi_j _qghf jZaj_klbdfjkaph\ 1
\_ebgbghc H>I hl J3ahaf_j nhjfZ b iheh _gb_ ihj baf_gyxlky \ a:
kilb hl k_q_gby < h[jZapZo k gbadhc H>I berq_ll«fé[Z\yhlkIg}f‘\Z]rdeIdn
\ h[jZzapZo k ihjbklhkhjx «lZgh\ylky iehkdbfb b [he__ dimigufb b
A e _gu g_h~rghjh~gh

?keb jZkkfzljb\zlv h[t_fgh_ jZkij_~_e_gb_ ihj Ké&hyohij_"_
gZ[ex™Z |Iky \ukhdZy iehlghklv jZkiheh  _gby ihjijZzdlbgmkidd kehy
hlkmlkl\mxl <k_ bah[jZz _gby ihdzZaggdglzZ\g¥xjbkh[hc jZkij_*»
gb_k_jh]lh jZzagh]h mjh\gy ih k_g_gbx h[jZapZ

Jbk rgby |h|-'. qgh]h k‘:q gby Ihfh]JZfdhh[](Zh_pdwqugélmeZk
h[t_fghc “heb it ~®&15 (); ~035(\) ~0,9(); ~3,50 (* b5&0 ()
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KiZlbklbdm ih mjh\gx k_jh]h \k_o \hdk_e_c Ihfh]j&ffu ijh]jzf
g_gby ~ey h[jZ[hldb b ZgZebaZzZ Ihfh]jZnbqg_kdble *29guolbdklgh ih
liZffu dhebq_kl\h \hdk_e_c \ azZ\bkbfhklb hl mGXghp klhhiff jbk
hgZ ihdzavgfd ]Zmkkh\ufb djtbufbDjb\EyhdZau\zZz | jZkij_~ e _gb_
k_jhlh khhil\_Ikl\mxs__ ©fZl_jbZem? < |_hfb&ZIoIKIbéxdbqg ka
kbfmf khhiI\_IklI\m_| fzZl _fZlbg_kdhfm h b~ "Z2gbdxXxauidzZ*"BkjZphlyk
mjh\g_c k_jh]l]h hlghkysboky d fzZ2 khvhémIkDpp\FZyjZkij_~ e _gbx
mjh\g_c¢ k_jhlh khhI\_IklI\mxs_]h nhgm beb ©ihjZfkhh*bki_ jkby
kiI\m_ I jzZza[jhkm mjh\g_c k_jh]h highkys_fmky d ihj&fblwey Ih]
hleZklb ©ihjz+fzl_jbZe? g_h[oh”bfh mklZgh\ljhjhhjj] _ihdmlj\gx
jhlh ih mjhigx kwh &zl jbzZe? ©jbjz2+

:gZeba ]bklh]jzffu ihdZzau\zZ_1| jZagh_ jzkij_"llk\mbBs k jh]lh
we f glzf h[jZzapzZz ©fzl _jbzZez?® b \ha“mozZ ©ihjuf mjhjg]Hf beb
yley Iky \_ebgbgZ mjh\gy k_jh]lh k dhlhjhc kjzZ\ghdZ_ kyy Ihjdhklv
fhljzffu 1h j_amevlzlzf kjZ\g_gby yjdhklb \hdk_fZlcjkZi#dh]hf
azZzgbfz fuc bfb h[t_f ihalhey_ | hij_ "~ eblv d daddkkydEly ]Jhjbk
©ihju \ha”mo?2 eb[h ©fZl _jbZe?

Km_klI\m_| g_kdhevdh \ZjbZglh\ hijTh \ e[ bgtyyj gilh¢ghkZf gl
pbb ihemlhgh\uo Ihfh]jZnbg_kdbo bah[jZ  _ghb\hrbkkdhkipd™ qlh i
gbx lhqghklb hp_gdb H>1 \ h[jZapZo m]e_ieBkHpPdZ b dzd \u[jZlv

e_c
[

Qbkeh \hdk

0 s G S G & @il
Thl Th3 Th4 Ths
Mjh\_gv k_jh]h
Jbk =bklh]jZzffZ mjh\glZomkkjphh djb2dulhfh]jZffu h[jZapZZm]e_ie

klbdZ b jzkqg_Ilgu_ agZgh gjby\urgjhR2 _gbb h[t_fghc “heb ihj \k_ \hdk_eb
g f k_jhlh e_\___ ihjh]lh\h]h agZqg_gby [m"ml| deZkkbnbpbjh\Zgu dZd ihj

Hij_~ e _gguf h[jZahf \u[jZgu iylv agdZil Hbc jihkh]Z
JZkkfhljbf qlh \eby | gZ Ilhgqghklv hp_gdb H>E ijb ZgZeba_ |hfh]

JZaf_j \hdkKleggbfZevguc ~ | _dlbjm_fuc we_ f_gl \gmlj_gg_c
g_fh | Julv f_gvr_ jzZaf_ jZ \hdk_ey JZaf_ j \hdikfleybhXxje " ey |
ghc ihju dhlhjzZzy fh™ | [ulv whh\ér*dpgy bta hkghlguo iZjzZf _Ijh\ kdZ
\Zgby Kh[kI\_ggh jzaf_j \hdk_ey hij_"_ey_|ky jja@fbjhflebdk_ey -
ghc dhwnnbpb_glZ nk\_lkblylghbygb_ jZkklhygby hl Zgh”Z j_gl]_
[jm[db ~h N _| IWjZZkklhygbx hl Zgh~Z j_gl]_@¢h\k#&hc\jlZm[dgby

ij_ ~f_Ighlh klheZ IhFhir]b')Z_'rkZFLb ibk
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l[jh\_~ gu bkke_ "h\Zgby h[jZaph\ k fZeuf a apZukhdbf
gb_f H>I \ ijhp_kk_ dhlhjuo \Zjvbjh\Zeb ebrv \_ebjpbbugihdk_ey
e _gbb agZg_gbc h[t_fghc “heb ihj ijbf_gyeb jZgqeblggukgJhjh]h\u_
[Zpbb J_ameviZlu hp_gdb \_ebgbgu H>1W ®hZj4dbbZo iHY_fbfg
glh ijb jZaebqgguo agZq_gbyo ihjh]Z k_]Jf _glZpblkyhqgghklv hp_gdl

GZb[he__ klZ[bevgu_ j_amevlZlu ihemq_gu ijib\Thkibevah\Zg
Th gZb[hevrbc jZa[jhk j_amevIZlh\ baf_j gbca¥fY aZ\blkkbKh&iyb hl
gZlex™Z _|ky ijb bkihevah\ihg.bb ihjh]Zz
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Jbk <ebygb_ jzaf_jzZ \hdk_ey b Zelhjblfz KulhpmlgpbbhgtZ fghecmev

"heb ihj \ h[jZzapZo m]e_ieZklbdzZ kzZihgb&lhlvx a

Nbevlj>ey Ihlh glh[u ki_dlj baemq_gby [ue [he__ hihrghjh”rguf
] _gh\kdhc Ijm[db mklZgZ\eb\Zx| nbevlj dhlhjucgbaehs®vd nhlhgt
¢ glh mf_gvrZ | gZebgb_ Zjl _nzdlh\ hrb[hd FIZZ jbBle b lhes]
jZxl \ azZz\bkbfhklb hl wg_j]Jbb baemqg_gby b Obkksb¢m bfiphlglhKlb
pZ ?keb lhesbgZ nbevljZz b iehlghklv _]1h fZI ghZklzih]Jebdgb I|h i
gb_ agzZgbl_evghc "hau i_j\hgZqZevgh]lh baekgd gbbx aqihhipgb\h"l
kbl]gZzezZ b mf_gvr_gbx dhgljzZklZ Ihfh]jZnbqg rm@ihghrBahi§yZzdhgby -
ljzkl f_"~m ~ _n_dlghc b [_a”_n_dlghc awbdtb y\eeg 71k¥y\tkgfb™ gb _
lhgghklb hp_gdb H>I \ h[jZapZo ba m]e_ieZk\bdd j GZmelvkZIlu ijl
hp_gdb H>1 \ h[jZap_ ba m]e_ieZklbdzZ ijb jjZagliepghz! |hesdgo b
nbevljh\ baemqg_gby

Dhebqg_klI\h ijhljpbbfh]jZznbgq_kdhf bkke_ ~h\Zgbb dhebqg_klI\
pbc hij_~ ey | IThgghklv \hkijhba\_~_gby h[t_dlZijhhglgbey ig_f [l
dhlhjuf ijhba\h”blky j dhgkljmdpby bah[jZ  _gby\bl ff \Urm khhl\
hit_dIhf dhgljhey b _]1h Ihfh]jZnbg_kdbf bah[jZ jgb_ fdhldbdbgzdh q
kiI\h ijh_dpbc m\_ebqgb\Z | ijh~he bl _evghklv dhgljheyI\¢p_~hklZlh
ijh_dpbhgguo "Zgguo ijb\h~bl d ihl_j_ bgnhjfZpbb
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LhesbgZ nbevljz ff

@Al nbeviCunbevld Snnbevlj
Jbk H[t _fgZy ”"hey 1ihj \ h[jZap_ m]e_ieZklbdZgbjhakZgblygzZy
kijbf _g_gb_f nbevljh\ baemqg_gby jZaebgghc lhesbgu b ba jZaguo fZI_j

>ey bkdexqg_gby ihl_jb bgnhjfZpbb h[ bkke_"m_fijh &[jZap_ «
pbc fh gh jZzkkgblzlv mfgh b\ rbjbgm ijh_dpbhby&[gb&keh EibHle e\
"h\Zl_evgh khdjZs_gb_ gbkeZ ijh_dpbd ijlmwr*bladZkglybcg lixA
Ilhgghklb ijb hp_gd_ H>I1 ih j_amevIZIZfijJDklZLegblgkbfhc dhe
g_kl\h ibdk_e_c gZ ]JhjbahglZevghc ebgbbzfb i _djXkxly hfilh Zldamd
GZ jbk ihdZzazZzgh dzd f_gy_Ilky H>1 \ h[jfZapgg@DyeijbeoRKIbgdZ «
jh\Zgbb k jZaebqguf dhebqg_klI\hf ijh_dpbc
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Jbk H[t fgZy “hey ihj \ h[jZzap_ m]e _ieZklBdBjhhZAfbjb dgZZagb kd
guf dhebq_kI\hf ijh_sdiheebq kI\h ibdk_e _c ih rbjbg_ ijh_dpbb

AZdexq_gby
F_IhAhf JDL ijh\_~_gh bkke_"h\Zgb_ h[jZaph\ H DZFIk jZaebc
fh]jZ mNorth Star Imaging X b ihemq_gtheoh[jZ gby
MklZgh\le_gh qlh gZb[hevr__ \ebygb_ gZ lhqghkIVMZXklij_"~_e_g
lZzdb_ izjzf_lju dzZd \_ebgbgZ ]Jeh[Zevgh]h ihjhZznbkg JkdblZpbb
nZgguo jZaf_j \hdk_ey Ihfh]jzffu dhebqg_klI\h iZlgbdpbcijbb kdzZgt
gy fuc nbevlj baemq_gby

;b[ebh]jZznbg_kdbc kibkhd
1. DZ[eh\ ? G FZl_jbZeu gh\h]lh ihdhe_gby b pbnjh\uhldboghehibb bo
gbd Jhkkbckdhc zdz”~_fbb gZmd 334 < K +
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"ey \mah\ F XjzZcl 15. K
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GZmdZz 2K
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rZxs_]h dhgljhey \ Zwjhdhkfbgq_kdhc hljZkeb Ijh[e_foy iZjki_dib\u

jibZeu :sk_jhk dhgn ih bkiulZgbyf b bkke ~h\ZgbyfLKWIERINTZI jbZ
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KLHCDHKLY M=E?IE:KLBDH< B KL?DEHIE:KLBDH<
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MF?J?GGB®OHEH>GH=H B MF?J?GGH L?IEH=H DEBF:L:

DOI: 10.18577/2307-6046-2021-0-5-114-126

Bkke_"h\ZgzZ debfzZlbg_kdZy klhcdhklv m]e_ieZklbdipbdth kIl _dehieZz
ghlh gZagZq_gby gZ hkgh\_jzZkieZAguo kK¥YMImxs K EKilhke

3e | wdkihgbjh\Zzgby wlbo fZl_jbZeh\ \ mf_j ggh ohemhfgijf debfZI_ F
gh | _iehf debfzl = e g~"'bdZ F_Ih~Zfb ijhnbehf_ljbb \eZ]hi_j ghk
kdh]lh f _0oZgbg_kdh]lh ZgZebaZ hij_~ _ebeb \ebygb_ ’}eZIIqthdpbb Ahhl
nbdZpbb k\yamxsbo gZ ij_~_eu ijhqghklb ijb k™ZIlbb b bafkb[_ m]e _iez

<DM <DM b kIl _dehiezZklbdh\ <IK <K IhdZazZgh qlh_ijb hij

N e _gbb khklhygby ihebf_jgh]h dhfihabpbhggh]h fZI_jbZeZ ihke_ de

A _ckl\by g_h[oh”bfh mqgblu\Zlv wnn_dlu h[jZIbfh]h ieZkboynbpbjmxs _

\eZ]lb Ijh\_"~_gh kjzZ\g_gb_ debfzZlbg_kdhc klhcdhklb bkke_~h\Zgguo
Dexqg_\u_ keh]\eZ ieZklbd kl_dehieZklbd jZkiezZ\gh_ klyamxs__ de

klzj_gb_ ~_kljmdpby ~hhI\_j"~ gb_ iezZklbnbdZpby ijhgghklv ijl

\eZ]lhi_j_ghk

V.O. StartseY AV. Slavint

CARBON AND GLASS REINFORCED POLYMER BASED
ON SOLVENT-FREE BINDERS RESISTANCE TO THE IMPACT
OF A MODERATE COLD AND MODERATE WARM CLIMATE

In this work has been investigated the climatic resistance of carmbfiberglass polymers
for aviation purposes based on solvent-free binders VST-1208, VSE-1212, VSR-3M aftes 3 year
of exposure of these materials in the moderate cold climate of Moscowen@dterate warm
climate of Gelendzhik. The effect of destruction, post curing, plasimizaf binders on the
compressive and flexural strengths of carbon plastics VKU-27L, VKU-39, VKdntb fibe-
glass plastics VPS-47/7781, PS-48/778 was determined using the methaddilometry,
moisture transfer and dynamic mechanical analysis. It is shown that wiitendgng the state
of PCM after climatic exposure, it is necessary to take into acdoemffects of the reversible
plasticizing action of moisture. A comparison is made of the climatic resestaf the invest
gated materials.

Keywords: carbon fiber reinforced polymer, glass fiber reioém polymer, solvent-free binders,
weathering, destruction, post cure, plasticizattrength, profilometry, moisture transfer.

IN_ A jZevptkmAZjkI\_mghlZjgh_~ijbylb©<k_jhkkbchAmalhke ~h\Zl _evkdbc
bgklblEﬁ\IprbhgngUOJbZéI:F‘hkm"ZJkI\ _@gmqggucglJhkkbckdheé JZ;[JH@beraI

State Unitary Enterprise© $-G&VVLDQ 6FLHQWLILF 5HVHDUFW H, (EhdmacRégoathH RI1 $YLD)\
Center of the Russian Federation]; e-mail: admin@viam.ru

<\_" _gb

lhebf_jgu_ dhfihabpbhggu_ fZl_jbZeu IDF ij_1gagZq_ggl

e _gby Z\prbhgguo dhgkljmdIib\guo we_f_glhM\hé&ggughlk ZdZdgVym |2

ih\ur_gghc ijhgghklvx b khojzZgylv \ukhdbc mfihadZgb q* hkd b pg nhl u o
I

[
dzazl e c \ q_gb_ azZ”"Zgguo kjhdh\ wddgbd«kmyxFb B Idyhlichg @b ¢
e | WIh Ij_[h\Zgb_ ij_~mkfhlj_gh \ ©KIjZl_]bd{ZRailbidy dZjZ\e gb
Zeh\ b | gheh]bc bo i_j_jZ[hldb gZhtZz B "@hb mki_rgh j_Zeban
ijb jZajZ[hId IDF gZ hkgh\_ wihdkb”guo jZkié]Z\guo klyamxsbo °
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I _j\u_ k\_"~_gby h klhcdhklb IZdbo IDE]jd Rkia¥g wk Ih>xdlhjh\
\g_rg_c kj_"~u ihemqg_gu ihke_ ijh\_"_Zph Zhkjdlugdoguygu® b
iulZgbc 1ZJe >+ @ I|hdZazZgh gbygbldbg lg\hclkil\o@d]e ieZklbc
b kl_dehieZklbdh\ gZ hkgh\_ jZkieZ\guo kb\yakWwsbhlokeKh"Z
wdkihgbjh\Zgby \ Ibih\uo debfZlbq_kdko @hgBbl N0 \ &
\bkbfhklb hl Z]j_kkb\ghklb \g_rg_c kj_~u \'gbkl20 @ dKihareh\lZIu
eZ[hjZlhjguo mkdhj _gguo bkiulZgbc 1Z[e ih~ I\ _job&bv smx :
[he__ \ukhdmx klhcdhklv m]e_ieZklbdh\ d jba%1_ffllpbxdbjh\jZIm
gby b I _jfhlezZz ghklghc kj_~u qg_f m kl_dehieZklbghh”aihckee dhjh
fZlIbg_kdh]lh \ha”_ckl\by \uy\e_gu [Zdb_ wphby dil\ _ jdgc kN gkljm
kehy IDF ieZklbnbdZpby \eZ]l]hc b ~hhlI\_j"~ _gb_ ihe®@f 4/dgo fZlIjl
dh ihemqg_gguo k\_" gbc hdZaZehkv g_"hklBkgdhdbgudeyjthdbhggh)\:
baf_g_gby f_oZgbqg_kdbo k\hckl\ wibo fZl_jbZeh\

;he _ ih?jh[gmx bgnhjfZpbx h klZ[bevyghkllibidhdilhablh
ehdgbklufb gZihegbl_eyfb b 1Zdbfb i_Jkbp&li\gdZ fZK Lb
<KWR212[4+ @ fh gh ihdpbgml\v.ebq_gbb ijh~he " bl_evghklb debfZlb
\ha”_ckl\by b dhfie_dkgh]lh bkke oblfbfigky b db&@hmdlimgguo ij_\j
s _gbc \ klyamxsbo kh\j_f ggufb bgkljmf_glZevipuilly, 18]lh"Zfb
lhwlhfm p_evx ~Zgghc jZ[hlu y\ey |ky m]em[e-gfiog Ikatmqg _ gb_
ij \jZs_gbc \ m]e_ieZklbdZo b kil _dehieZklbod'Da og4Zk kegh\guwih
k\yamxsbo ihke_ ijh*he ' bl_evgh]h [Ij_oe_Ilg_]h i_jbhNnZ wdkihg
luo mkeh\byo mf_j ggh | _ieh]h debfzlZ =_ e _g~"hjdzdébimfld ggh
Fhkd\u MdZaZggZy p_ev \dexqZ_ | 1Zd" _ hij_7NZes gobc Kayialh wlbc
ghklgufb ihdzZzazl_eyfb IDF

LZ[ebpZ
<ebygb_ djzldh\j_f_gguo eZ[hjZlhjguo b gZImjguo dedgflZédbg_kdbo bl
gZ f_oZgbqg_kdb_ k\hbkl)yZ&ijl~ eu ijhgghklb ijb balb[_ b k Zlbb
ml]e _ieZklbdh\ b kl _dehieZklbdh\ gZ hkgh\_ jZkieZhmguwsdavihdkb”guo

AgZq_gby RK\hckl\
ihk kdhj fZI k [
lhebf jg hek] i el_ .m hd j_gguo deb bg_kdbo b Ebl_jZImj
dhfihab |_ieh\ \ez<'gehk| \ezih||_jflpbg debfzibq | bklhagb
klZjgb]| kIZ]_gh klhcdhl ebjh\z¢ klZjgb**
1 b x > > 106 105
<DM E [11, 16]
1 106 107 106 91 109
k 100 100 91
1, | 102407 99 100 101 8393
109 96 92 109 8693
<D M9 10, 12
1, | 83407 100 96 103 109410 [ ]
k 8696 96 80 102 115419
5, 100 92 93 + 9699
95 90 91 - 9097
<lkarirrg 88 72 64 8087 [27
L | g3 62 48 * 7587
1, 105 87 102 98 93400
94 78 94 101 87400
<1K48/77 1
e I T 59 83 102 8188 19
k 90 50 64 100 739
* < qbkebltigh dhfgzZighc | _fi_jzImj_ \ agbfiDfhigec | _fi_jzZIimj_
* < | gq_gb_ ]h~"Z wdkihabpbb \ Ydmlkad Bhkllgb = e g~°
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FZl _jbZeu b f_Ih”u

GZ gzZqZevghf wlZi_ jzZ[hlu balhlh\bebMmEe ie@®lbdb <D
<DM b kl _dehiezklbdb <IK <IHK khklzZ\ dhlhjuo ih”jh[gh
jZkkfhlj_g \ jZ[h6Z10+> @ 1j ~klZ\eyeh bgl_j k kjz\g_gb_ debfZl

klZj _gby ~\DbFo gZ hkgh\_ jZkiezZ\gh]h k\yamxs njhe <KEklbdZ
<DM E g9gZiheg_ggh]h jZ\ghijhgghc m]e_jh”*ghclldZgvix BIRUFKHU
ehiezZklbdz- <IK kh~ _j"Zs_]1h kl_dehldzZgv kZlbgh\h]lh ie_1_g
SRUFKHMWno<Ajm]bo kjzZ\gb\Z_fuo fid]Jejh@B8Kibd_ <DM_de&hie
kilbd_ <4&7781tjzZkiezZ\guf klyamxsbf y\leyehkvZ <gKaWhegbl _eyfb =
mle_jh”*gZy jZ\ghijhqgZy |IdZgv nbjfu 3RUFKHU Zblgh\h]lh b kI _«
ie_ | _gby nbjfu SBRUFKHU < mj]e_ijeZkdbdgh «DOKi_dlb\gh_ k\yamxs
<KJF dhlhjh_ h[ez”Z 1 ij_bfms_kI\Zfb ih kjZ\g_gb¥ Bh kl\yamxsb

leZklbgu hlij_kkh\Zgguo fZl _jbZeh\ jZaf _sZeb gZ hldjuluo
kl_g”~"Zo \ Fhkdh\kdhf b =_e_g” " bdkdhf p_oglhXouldZegbf@Bpq_kdb
19, @ b bkiulu\Zeb ih =HKL + <uf[hj f_kI bkiulZgbt h[mke!
Fhkd\Z b =_e_g” ' bd y\eyxlky ij_"klZ\bl_eyfbkdbih\aurog deNd f2db q _
j_ggh oheh”ghc b mf_j ggh | _iehc \ dhlhjuo ijpbghihgZdughe kj
\eZ ghklb \ha”"moZz b [ebadhfm dhebq_klI\m hkKkZzr"dBAf_dg@h]h”
hlebgzZxlky kj_~g_Jh~h\u_ | _fi_jZI@juw ]J]h*b\u_ “hau mevljZnbhe _
\hc kheg _qgghc jZ"bzZpbb F>" fb yleyxsb_ky hkgh\gufb nzZdlhjz
debfZlbqg_kdh]h \ha”_ckl\by gZ IDF ih j_amewlal&flgjbd ukkebo fq
"h\zZgbc > 23]. %

Ilh ~"Zgguf jZ[hl > £ @ f_oZgbg_kdHibFihgdakd\béyéldgufb
debfZlbg_kdbf \ha”_ckl\byf yl\eyxlkklb _i}b eajbliogdh ZIbh; 1
baf j ggu_ ijb dhfgZlghc b ih\ur_gguoihl FHKZImjZo % b
=HKL * Bkihevah\Zeb ih iZjZee_evguo h[jZaphl\ \uj_aZz
IDF \ bkoh~ghf khklhygbb b ihke_ 1h*Z b e_I| debfzZlbg_kdbo b

<Z guf nzZdlhjhf debfzlz baf_gyxsbf k\hckI\Z IDhFhjZ\yey Iky
gZdZieb\Z_|ky gZ ih\_joghklb b \h \gmlj_gfgioo ik@k{mgE kthgbjm _
>ey bkke_"h\Zgby \ebygby wlh]h nZdlhjz baf_jhdzda\&lZj@ikhe | Zc
lhi_j_ghkzZz < ijhp_kk_ wdki_jbf_glzZz ij_"iheZ]grehRebtymgbgbkh\ha
klz\Z IDF mkeh\bc b kjhdh\ wdkihgbjh\Zgby dbha beklkltmghire]le ie
kilbdh\ \ bkoh”ghf khklhygbb b ihke_ ]1h”"Z bl\ujealedkiljghjhuzZg
"ebghc b rbjbghc b ff WIb h[jZapu iheYghH&e&bmrj_ "\Z]j
d_ijb I_fi_jzZImg€ "h KlZ[bebazZpbb fZkku \ I_q_gb_ #m kml q
gblv Thgqgu_ k\_~_gby h gZgqZevghf \eZ]lhkh”_ij iz «unirddgzZy
khhi\_Ilkl\h\Zez zZdlb\ghfm |_ieh\hfm j_"bfm gZhikib]oghkhb \IDF
hidjuluo debfZlbg_kdbo mkeh\byo ijb \ha”~_ckldbly khe®_dbgkéh h[
kmrdb \k_ h[jZapu \u”™_j b\Zeb gZ \ha”mo_ k highkbl Bvghc \e.
| fi_jZImj C ihpke_qg_Jh i _j f sZeb \ dzf_jm k kmobfl\ha”mohf i
i _jZImj_ LZdhc j_"bf ©m\eZ g_gb_fkmrdz2 "eabVbekyhafhkml| h]
ghklv dhgljhey ij_~ evgh]h \eZ]lhgZkus_gby ijb klZpdphfgZjghf |
\ha” _ckl\bb < | _q_gb_ m\eZ g _gby b kinxdb kizb D@ epybly flZdk k
h[jZaph\ k IThqghkllvkhesbgm h[jZaph\ dhgljhebjh\Zeb fbdjhf_Ijhf
klvx ff

< djmigh]z[zZjblgu_ we_f_glu kzZfhe_Ih\ b \_jlhebdh\DFma]hlh\
Zlfhkn_jgZy \eZ]Z ijhgbdZ_| g_j_a hldjulmx ih\bzoghjkl\WgA gZijZ\e
dmeyjghf iehkdhklb ih\_joghklb IThwlhfm dbg_IbdmhXeZpbjh j ghk
\Zeb k ihfhsvx \lhjh]l]h aZdhgZ NbdzZ \ |j_of_jghfhiybofelbb_gbb k
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liZgbggufb mkeh\byfb > @ qlh[u hij_2 ehmkv "@¢XbMZegghc jZ[hlu
dhfihg_glm dhwnnbpb_glZ "anmapbwl@Zibk ihfhsvx Zedhjblfz |
kfhlj_ggh]lh \ jZz[hl_ > @ g9gZ klZz*"bydbm\eg@bgegby bj kmievguc ij
jhkl m[uev fZkku b dhfihg_glu dhwnnlblpkkegl’ZmXsrori nmdptme Z f

- § .
v S 22Me G Jd, Jd i@ 2

1)
= M, 512C, M,)SUM_SUM,SUM,t ! 2
f > 2
e d.t
SUM, :Xp—znk;gg D./B% . @n 1), @)
no n
1"k=xy,zn=p,q,rf bot=fiks, d" ijtM hagZqz_1 eb[h klIZ*bx ij_"\Z]j
| _evghc kndgdbb m\eZ gsgbyeb[h klZ"bx HMmrEbbtij_~ _evguc ijbjhkl

m[uev fZkkik tgZqgZevguc ijbjhkl mluevdd Akl ghklghc ZgZeh] gbkeZz
Nmjv_ Onftdhfihg_glu dhwnnbpb_glZ “bmireaplfy fE gZqZeZ ml\eZ g_gby
beb kmrdb WkWjl fy kf _gu \b”Z nhjfmeu khklz\eB (I=Hdh S8t kml
o0ZjzZdl_jguc jzaf_j \*hev hkb ff

>ey |Ihlh qglh[u hp_gblv ieZklbnbpbjmxs_ _ \hkthacki\d _ \eZ
wihdkb”~guo klyamxsbo \ ~Zgghc jZ[hl_ bkihgevikdhpg ff dBgb g Zf
kdhlh ZgZebaz >F: > + @ F_lh~rhf dhgkhevghilhdlaip[Z \ b
20270 £ gZ qZklhl=p ijb kdhjhklb gZ]j_\Z h[jZaph\ \ baf_jbl_evgl
5 fbg baf_jyeb “bgzZfbgq_kdb_ fh Eeb whiljnEVhkllbb h[jZ[hld_
j_amevlzZlh\ >F: bkihevah\Zgu ki_dljhf_Iljbq_kdéblh"gbgjzijw vl h]h
lZggu_ \ jZ[hlZo > £+ @ o0ZjzZdl_jbklbq_lkiemXZJhfy jjZzd @&jik kIl _
pbhgghf i_j_oh”_ wihdkb”guo fZljbp ba\kkhdehhdzkdgg]kd\h_ kh
klhygb-i_j_oh”~_ hij_"~ _eyeb ZiijhdkbfzZpb_c |I_fi_jZlmhdgao aZ\bkt
\h*"gWE/dT bE'(T nmgdpb_c jZkij_"~_e_gby =ZmkkZ \b"Z

(T T)?
e 27
W2 E

]G twdki_jbf_glZevgu_ agZq_gby |_fi_jZImJgkblTa & B&ET K If c
i_jZImJZtiheh™ _gb_ wdklj fmfZ jzZzkij_~ e gby gZ | _fixifgemjbhlcgdjb\hc
jZkij_™ e _gby

G , 3

AgZg_gby | _fi_jZImju kl _deh\Zgby Ihejh™ gbxydddkbhmfz f
"mey ihE%dofbgbfmfZ ijhbatkfsghckh\iz*Zeb k IhqgghKkCTvxqhh
h[_ki_gbeh gz”~_"ghklv “hklh\_jgh]hf hijZ,_e_gby iZjz

< khhI\_Ikl\bb k j_dhf_g~Zpbyfb *"Zgguffbo h}BFh*F:>\uiheg
gu baf_j gby \ |Ij_o khklhygbyo ihke "gHlhjwlghy¥ dgbfzZdbqg_ kdbo
iulZgbc [_a dhg”bpbhgbjh\Zgby ihkeZghwe ghjjdapmifb | _fi_jZImj_

Eb ihke_ ij_" evgh]h \eZ]hgZkus _gby b ULZdh¢ZFrmjhjthlf iha\
ey | \uy\blv wnn_dlu ~_kljmdpbb b ~k$bqg ~"Zg@y k\ywd ibgv iezZkl
nbpbjmxs_]h \ha”_ckl\by \eZ]b

F_jhc ~_1jZ"Zpbb ihebf_jguo fZljbp gZ ih\_ja@adhkkKd\bDF ih”"
| fi_jZImju kheg _gghc jZ*"bZpbb b ZIfhkn_jgudghkZzZaifyZdu§jZg k
hrghjh~rghlR _cbaf_j gguc f_Ih~hf ijhnbehf _Ijbb k ihfhsvx fbdj
20\PSXV [(;7 2/6 F_IhA"bdzZ baf_j_gbc baehZgwaZpbklzg”"Zj
KL H-595-591-4722015.
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J amev!lZlu b h[km ~_gb_

Dhwnnbpb glu khojZg _gby agZq_gbc gZb[hdadebf@hmgl\bl_ ey
kdbf \ha”~_ckl\byf ij_~_ eZ ijhqgghkibhihjke ba]hh”~ZL b e | klZj_gby
A"\mo debfZlbg_kdbo ahgZo ij_"~klZ\e_gu \ZIZ(gZ _buréygmph[kI\
IZo ih hlghr_gbx d bkoh”~guf agZq_gbyf ihdZaZlge jc ameéX|&lu ih
baf_j gbc ij_~_eZ ijhgghklbijb WiBlbibbdZazZl_eb baf_j d¢u ijb dhf
ghc b jZ[hgbo | _fi_jZImjZo mdZaZgguo \ IZ[gbc Whihjda[jghku a
ij_\urZeb = hl kj_~gbo agZqg_gbc

LZ[ebpZ
J amevlZlu baf_j gby ij_~ eZ ijhgghklb ijb badEZlgh® B jjb[ ddb o
| fi jZImjZo \ bkoh”ghf khklhygbb b ihke ]Jh*Z b e RIBZj _gby \ =

1j_~ e ijhqgt Dhwnnbpb_gl khojZzg_gby ij_"_|
lhebf jgy L_fi_jZIm| ijb ba]bfy 1 ijb ba]bf, Ly ijb klZj_gbb
dhfihab| bkiulzghy| FI1Z \ bkoh” \ Fhkd\_ \' =_e_g" ' bd
khklhygbb 1hn 1hnrz ThA 1h~2Z
20 1740 103 104 103 103
<DM E
170 1150 110 117 113 110
20 920 107 99 109 98
<D M9
120 840 98 88 100 82
20 720 93 92 101 96
<D M6
100 700 81 74 86 84
20 670 79 67 73 69
<1 K47/7781
160 560 82 71 77 73
20 700 90 75 90 69
<1 K48/7781
120 640 88 70 84 63
LZ[ebpZ

J _amevliZlu baf_j gby ij_~_eZ ijhqghklb ijb k> ZIb&hiDF jZH hdytbfa Z
| fi_jZImjZzdkoh~Aghf khklhygbb b ihke  ]h”"Z b e | klZj gby \ =PDE

o lj_~ e ijhqgl Dhwnnbpb_gl khojZg_gby ij_"_|
lhebf jgu Lb_kfiImJZZIB"I iib k> ZIbpy1 ijb K ZIbby11 - ijb kIZj_ghbt
dhfihabl £ g FIZ \ bkoh? \ Fhkd\_ \ =_e_g” bd
khklhygbb 1hn 1hnrz Thn 1hnZ
20 820 99 103 103 107
<DM E
170 720 105 100 104 108
20 740 88 84 86 83
<D M9
120 570 94 86 89 80
20 495 84 83 91 77
<D M6
100 470 79 76 84 73
20 590 68 63 62 69
<1 k47/7781
160 480 73 63 71 69
20 680 69 65 68 65
<1 k48/7781
120 480 80 60 79 58

Ba \k_o bamg_gguo IDF \u”_ey_ I|ky- nBe fieZigibg k&M k\h
kiI\Z dhlhjh]l]h g_ mom~rbebkv ihke _ e | debfaijbqgkd&hdh \ha”
ihdzazl_eb wlh]h fzZl_jbzZedjbbdhfgZzdgbc |_fi_jZImj_ ih\ukbebkv
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37 Z ijb jZ[hg_c | _fi_jZzpPhmigZ 1% < ~“jm]bo m]e_ieZklbdZo hij_-
e_gh ozjzdl_jgh_ ey wlh]h dezZzkkz fzZIl_jbzZeh\be i&@zmfljgvr_gb_
L pb 1kr'gZ 2& gZb[he__ azZf_Igh_ ijb ih\ur_gguo |_fi_jZImjZo baf

Kl _dehieZklbdb hdzZazZebkv f_g__ klZ[bevgudlbyfdblogihheZfb
ghklguo ihdZaZl_e_c kgb3bebkvwzZyZ gZ hkh[_ggh ijb id\ur_
guo | _fi_jZImjZo Ilhemqg_ggu_ j_ameviZlu iEMN\ F49Zetllijggme vl
baf_j gbc \uiheg_gguo \ jZ[hlZo > @ GZlijeb j*ewlkl deihdZz
ieZklbdz -<IK ihke e | wdkihgbjh\Zgby \ Ijhibg_kdhf debfzl_ N
mf_gvrbebkv 4y 2o [15.

>ey \uykg_gby f_ozZgbafh\ debfZlbqg_kdh]h klZ¢p_gBY¥IDF ihe
ieZ\guo k\lyamxsbo h[jZlbfky d j_amevIZIZf bkifbnbdbleWgbjbbd |h"Z
\eZ]lhi_j_ghkZ b >F: < IZ][e 1j_"klZ\e_gu kkht*gb g ag@djgby \
ghkl_c gZ ebReppum h[jZIgRhg klhjhgZo ieZklbg IDF

LZ[ebpZ
Kj_"~gb_agZq _gby ihdzZazZl e c j ev_nZ ih\ _joghklhylgbb\ bkoh”~ghf
b ihke_  1h"Z b e | debfZlbg_kdbo bkiulZgbc \ Fhkd\ b =_e_g

. F_klh fj Kj_"gbc jZzafZo g_h~ghjh”ghkl_c ih\_jogh
”(‘jem*?r‘;—lbglL \ A gbly | \ bkoh~ghf khk[ ihke JhAZ kiZj] ihke_ e | kiZ
tha iulZgby| Rebp | Rayj R Rebp | Rnyj R Rebp | Rnyj R

Fhkd\Z 99 | 49 | 74 | 356 | 50 | 203
<DM E = e grp 2| 4| 33 g 67 | 98 | 227 | 43 | 135
Fhkd\Z 20,7 | 57 | 134 | 31,1 | 7,9 | 19,5
<D#89 = e grp 4| 20 3L T 51 | 133 | 235 | 111 | 17.3
Fhkd\Z 222 | 7,9 | 150 | 43,1 | 158 | 29,5
<VKArlrr8l——— =g g 2% | %2 | 39 374 85 | 200 | 9.1 | 295 | 60.3
Fhkd\Z 252 | 53 | 153 | 117,5| 18,5 | 68,0
<1KABI778L =~y 26 | 24 | 25 37112 [ 229 | 1221 686 | 95.4
Fhkd\Z 95 | 59 | 7,7 | 21,6 | 85 | 150
<D M6 = e grp 20| 24| 25 96 50 | 73 | 288 91 | 19.0
‘Repz0Z ebp_\hc kRpjba@Z h[jZlghc kIRjhlgi g agZq _gb_ jZkkgblZggh_ ih

Baf _j _ggu_ ihdZazZl_eb khhlI\_IklI\mxl| j amelwaZlzfgBgZeh]b
\uiheg_gguo \ jZ[hlZo > @ b ihalheyx|l hpmdpbwb |izreebfighy \ ~
guo fZljbp \ ih\_joghklghf keh_ m]e_ieZklbdhh*b\kb d ekidZ kibdh
ijyfhc b jZzkk_ygghc mevljZnbhe Ih\hc kheg_qghc hgZbg@pdb gZ
klhjhgZo iezZklbg Baf_g gb_ agZg,ghocldtadzAbKkblehlcr"1l]jZz*"Zpbb
h] _bo klhjhg wdkihgbjh\Zgguo ieZklbg IDF h[sbd&hhipZadhdhlhijt
0ZjzZdl_jbah\Zlv kj_~gbf jZzafZohf R hAghbtkeghklufcih nhjfme _

- R
R

ebp Rh[j

2

KhihklZ\e_gb_ j_amevlZlh\ IZ[e + ihdZau\l\KEdhf lZjijb deb
gbb k|l _dehieZklbdh\ \hajzZklzZRbkhiijhj\hf NZZIky kgbihdbdaZl
e cidbl - WIh ohjhrh \ujzZz" _gh ey kl_dehieZklbdh\ maqgdhlhjuo k
ghklguo ihdZaZzZl_e_c¢c agZgbl_evgh GZ jbk Ij_"klxyabgieppf | 12
kl dehieZklbdZ <IK >ey mj]e_ieZklbdh\ IZdmx aZ\bkbfhklv ijhk
m~"Z lkwadbgZa[jhkh\ baf_j gguo agZg_gbc f_oZgkbhkkaiMey ihdZaZ
sbo “ 1@ %.

(4)
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700 4.
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o
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jhgghkib ijb k*ZIbb FI:

ihgghklb ijb balb[

g

8

j_~_e i

hj_
hj_

j_~_ei

0 10 20 30 40 50 60 E’ 10 20 30 40 50 60
Kj_~gbc jZzafZo g_h~ghjhRghkl _c fdf Kj_~gbc jzafZo g_h~ghjhRghkl_c
Jbk <ebygb_ kj_~g_lh jZafZzoZRygE" ghih“ahkjhgghklb ijB ba]b[_
b k”ZIbb kl _dehiezZklbdZ <IK baf_j ggu_ ijb dhfgZlghc b jZ[hg_c |_fi_j
Ilhgdbwdki_jbf glZevgu_ ~Zgodiijhelkpbypby ebg cghc nmgdpb_c

JZkkfhljbf dzd \eby | ~ kljmdpby ih\_joghK]i gZgihkdZzazl| _
IDF lhke_ ij_[u\l\Zgby ieZklbg m]e_ieZklbdh\ b jkiludee kieifklbdh\ \
Ibg_kdbo mkeh\byo \ gbo gzZdzZieb\zZ_Ilky \ +f Wlaah/{glef/r_ \h
khklhygbb [1Z[e Wlh!l j_amevlZl ihemqg_g ijbbikohYgjbd bvghc
wkihgbjh\Zgguo h[jZaph)\

LZ[ebpZ
<eZlhkh”~ jZgb bkoh”guo b wdkihgbjh\Zgguo h[jZaph\ IDF

<eZ]hkh~_j" Zgb_
- ihke_ wdKihgbjh\Zgby \ | i
ihtirap] \ bkonrg Th"Z S
khkihyg -
\ Fhkd\] \ =_e_g~| \ Fhkd\[\ =_e_g~
<DM E 0,14 0,17 0,19 0,23 0,28
<D K9 0,19 0,38 0,38 0,50 0,47
<1 KA47/7781 0,15 0,19 0,15 0,26 0,24
<1 K48/7781 0,14 0,20 0,30 0,37 0,43
<D M6 0,18 0,40 0,40 0,48 0,46

> kljmdpby ih\_joghklgh]h kehy g_\eby | gZ ¢ZdHa&€ _gb_ \e
ph\ [Z]e gh kms_kI\ _ggh baf_gy | dhwnibbphdZfd "bjnrHmabb \
s_c¢c azZdhghf_jghklvx ijh\_~_ggh]h ZgZebaZzZ y\egbl®yijlhajZklZgl
m\_ebqg_gbb ijh*he bl_evghklb debfzZlbg_kdbo |bwkdklihglEh\lIhke _
gby agZq_gb_ ilbbdXaZ]le eifeZklbd_ m\_ebqlb0z IkykhQZ e hike Zkl
d_agZq_gb_ ihlAazjz&yz | \ £ jZa 1Z][e AZ\bkbfhklv dhw
"bnnmabb \eZ]b hl RZj2&fy IKZ dehieZklbdZ ihdZaZgZ gZ jbk

>hihegbl _evgmx bgnhjfZpbx h khklhygbb jZkieZ\guo k\yam
IDF ~Z | "bgZfbqg_kdbc f_0Zgbg_kdbc ZgZeb@®@ &y m]a jig[hKIbdtl
bkl _dehieZklbdh\ gZ hkgh\_ k\yamxshkW<Kilj_"klZ\e_gu b ijh
ZgZebabjh\Zgu | _fi_jZImjgu_ aZ\bkbfhklbe” g kfilpm JHKkbldboh fh " m
| jvE' Z 1Zd"_ | _fi_jZImjghc ijldBddih~ghlegl j\Ze_ | _fi_jZImj

A £ ho\Zlu\Zxs_f h[eZklb klI_dehh[jZagh]h b \ukhdhweZklbq_
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wihdkb”~gh]h klyamxs_]h b i
aZ\bkbfhklb
baf j gbc kl\lyamxs Hh kKBIZ\ m]e ieZklbihdl ZdAM gZ jbk

gu_

Jbk

\ gZijZ\e_gbb i

<IK

o

=

o
L

gl "bnDméfFbkml
o o
f=) )
[e)] [eF]

Dhwnnbpb

_j_oh” ba h~ghlhi kihblhy gbfhAh~jm]h

ihemqg_gu b \ ~Zgghc jZ[hkdb bjbff_gZythgZ flodp o

< | K47/7781

\

<1 K487781

20

40 60

80
Kj_~gbc jZzafZo g_h~ghjhRgHHf_c

<ebygb_ kj_"g_]h jZafZozZ g_héghkhbBghxkldowhnbpb_gl “bnnm

_ji_g"bdmeyjghf

iehkey kkb_ddjda@RIbdh\ <IKb

Ilhgdwdki_jbf glZevgu_ "ZgigdiijhdkgbZpby ebg _cghc nmgdpb _

LZ[eb®Z

Khihklz\e _gb_ ihdzazZl e _c \ezZ]hi_j_ghkZ IDF gZ klZ~bb khj[pbb
b kj_~g_]lh jzZafzozZ g_h~ghjh~ghkl_c ih\_joghklb IDF\ bkoh~Aghf kh
b ihke wdkihgbjh\Zgby \ debfZlbg

kdbo mkeh\byaZ Fhkd\u b

Mkeh\by wdkihab

Dhfihg_glu dhwnnbp

lhebf_jgi lj_~ _evgh "bnnmabb kil
dhfihab f_klh ijh he blv.(\eZ]lhgZkus_¢ D D D
ijh\_~ g| ghklv ]h X y z
< bkoh”ghf khklhy 0,56 2,1 2,2 0,065
<DM E Fhkd\Z 1 0,67 1,9 1,7 0,080
= e g”'b 1 0,55 1,5 1,4 0,095
< bkoh”ghf khklhy 1,19 0,28 0,51 0,019
1 1,23 0,28 0,43 0,020
<D M9 Fhikd\z 3 1,05 0,16 0,49 0,025
- e gn 1 1,10 0,20 0,36 0,025
- = 3 1,08 0,20 0,26 0,024
< bkoh”ghf khklhy 0,94 0,34 0,33 0,009
1 0,79 0,68 0,48 0,015
<ika7rmy| Fhkd\Z 3 0,56 0,58 0,38 0,043
- e gn 1 0,50 0,50 0,71 0,023
- = 3 0,54 0,62 0,88 0,100
< bkoh”ghf khklhy 0,43 0,39 0,40 0,013
1 1,19 0,35 0,31 0,020
<1 kagirrel) Fhkd\Z 3 0,71 0,49 0,43 0,058
- e gn 1 0,91 0,38 0,29 0,022
- - 3 0,75 0,56 0,46 0,069
< bkoh”ghf khklhy 1,40 0,21 0,20 0,026
1 1,65 0,22 0,31 0,023
<D M6 Fhid\z 3 1,27 0,28 0,25 0,028
- e gn 1 1,30 0,28 0,28 0,030
- - 3 1,24 0,33 0,31 0,031
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Jbk L _fi_jZImjgu_ aEVEWdIKk b %%y bkoh”guo h[jZaph\ m]e_ieZKkl

<DM ihke_ kmEdlb m\eZ g [gbypb kh”_j"Zgbb \h2p\_1Z hk_c khhl\_
kiI\mxl| p\_Im djb\uo

L fi_jZImjzZ kl_deh\Zgby k\yalmxXsylhbkdh?l*guo \ukmr _gguo h
jZaph\ ba m]e_ ieZklbdizij<DM ggZy ih wdklj fmfzZE¢d]jZf |jh\
(" -i_j_oh”rZ khklzZ\ey Iljbk Z < h[jZapZo k kh”~_j Zghko f \h”u
jbk [ 1_fi_jzZlmjz kl_deh\Zgby kgbfZb lkgkgzZ\ey I LZdhc
wnn_dl y\ey |ky m[_~bl_evguf ~hdzZaZl_evkh\hfc ieZgbgdkbdipbb
ieZ\gh]h kl\yamxs_]h o0ZzZjzdl_jghc "ey wihdkbkh_"“bg _gbc >

J amevlZlu >F: ij_"klZ\e_ggu_ \ IZ][e kh™ijhZl kikgZzroh jfZp k
AhhI\_j°~ _gby b A _kljmdpbb jZkieZ\glub\XXxgbmkgbohldjalZo debf
Ibg_kdbo mkeh\byo \h \k_c ]jmii_ bawldg]hguklDRqgteyijhke_ ~blv
baf _g_gb_f k\hcklI\ \ukmr_gguo h[jZagl [hZubbkderZkhbnbpbj
xs__ \ha”_ckl\b_ \eZ]b < ktzyamkjs hffe&zx!| ijhphkkwu j°*_gby
dhlhju_ \ mle_ieZkdb& mD&bgb\zZx!l |I_fi_jZIlmjm kl_d4i\Zgby gZ
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Z \ kl_dehiezk!|bd/778lKgZz 26 fK aZz ]h~rz debfzZlbqgq_kdh]h \ha”_
< klyamxs_f-12KRWIq_leb\h ijhke_"b\Z _Iky \ebygb_ Zjfbjmxs_]h g.
ey < ml]e_ieZktbdl &«&DMZImjZ kl _deh\Zgby khojZgbeZkv gZ ij_"g_
\ kIl _dehieZklbd_<kigbabezkv2®Z lh y\ey Iky ijbagzZdhf ~_ kljn
pbb ihebf _jghc fZljbpu > @ Ih”h[gu_ j_amevlZdyu ﬁZilenpqugh\JZg
wdkihgbjh\Zgguo \'I_gq_gb_ 1h~*Z \ Fhkd\_ b =_e_g”""bd_ > @

LZ[ebpZ
L fi_jzZzImjz kl_deh\zZgby wihdkb~guo fZljbp IDF baf*Fj_ggZy f_Ih”*h
\ bkoh”~ghf khklhygbb ihke ]1h*Z b e | klZj gbg \ Fhkd\_ b =_.

L _fi jZImjZ kl_de®h\ZjpbkIZ]j _gbb fZljbpu
lhebf jgu F_klh [ _a dhg”bpbhghbj ihke_kmrdb ihke_ m\eZ g_
— T N
dhfihab| 'gEi\le—gg bkow| 1 3 bo"’H” 1 3 bobw” 1 3
gh_| 1h~| Th~zl OF Jh~ | Thezp 08 1h~| 1h~Z
Fhkd\Z 2216 | 220,4 | 2317 | 231,4 | 1924 | 1944
<DM E = e g 22 o216 2204 | 2?70 2317 | 2314 | %86 1924 1944
Fhkd\Z 1729 | 171,1 1936 | 1926 144,0 | 147,3
<D#39 = e gr| 189 78 [ 1757 | 1% [1oas [ 1022 | 3 [1460 1474
Fhkd\Z 2172 | 211,8 2228 | 2218 190,6 | 184,4
<IKa7lr78l =7 1987 0g0 [ 2111 | 18 2210 [ 2260 | *8* [1sas | 1864
Fhkd\Z 189,6 | 182,3 1974 | 1928 1493 | 150,3
<1 KABI7781 —— 7~ 2113 ge 5T 1692 | 21>8 1962 | 1903 | 1°0® [144.4 | 150.4
Fhkd\Z 168,5 | 166,9 1854 | 1843 134,0 | 141,3
<D Mb = e g~ 82 1703 [ 1692 | %9 [18a3 | 1856 | 1°*° [130.6 | 1413

?keb \u\h”u h obfbq_kdbo ij_\jZs_gbyo wihdgB "gk@®h\iDF " _e
gbb >F: h[jZaph\ gZ klZ*"byo |I_jfh\eZ ghklgh]h beb debfiZkbqg_ kdh
bo ij _"\Zjbl _evghc kmhdbeZ2kl@nbpbjmxs__ ~ ckl\b_ kh”_j'Zs_ ck
fh'gh hrb[hggh kgblZlv ijbagzZzdhf ~_kljmdpbb IG@¥hjbefbpf deb kh
gb_ I _fi_jZImju kl_deh\Zgby h[jZaph\-m]¢_aedkpbdddp bhmMjh\Zgby
1Z[e Ilh ihke _ e | wdkihgbjh\Zgby \uy\e 1§IC ghkgddhgb g
kgb™ _gb_ \ualZgh g_ A _kljmdpb _c k\yamhxeZKbakWbjmesbf ~
ki\b_f \ezZ]b 1zZd dzd |hke_ kmrdb wdkihgldg\gddhgqub_ fn[_”deI]lm ag
kl_deh\Zgby \hkklZgzZ\eb\Z_Iky "h bkoh~gh]h agZq_gby

IlhdZazl _eb \eZ]lhgZkus _gby h[jZaph\ ifbbl hfighZbhjevghc
\eZ ghklb “kh~_j7Z1 \Z°gmx bgnhjfZpbx h ieZklbnbdzZpbb jZkie:
amxsbo \ dhlhjuo \uy\e_gu obfbqg_kdbhhil\ \jZ's gbby bt~ _kljmdpby

lh ~Zgguf ijb\_~ gguf \ IZ]]e ih kjzZ\g_gbkxygbbKolj~gef lighkl
wdkihgbjh\zgb_ IDF g_ \eby | gZ bo ij_~_evghe_ \eZkhlgdkuts gb
baf gy | wlhl ihdZazl_ev \ kl_dehiezZklbd_ k%®b+*\gbhhk A

\ j"" _gghf k\lyamxs- f < KWm\ ebq gb_ k % £h klyamxs_f
<KW212k \uyle_gghc ~_kljmdpb_c <ke_ ~klyth_muikqhg\ dgighf klklh
gbb | _fi _jZImjz kl_deh\Zgby \ |j_ o l&h]éekyiellheZXghck m\_ebq_gb
46 £). <kl _dehiezklbd_ <IK k ~hhI\_j°~ gguf k\yamxsbf | _fi_jZIn
kl_deh\zZgby ijb ij_~_evghf \eZ]lhgZkur_ghtK \aj\ZklZdehji2Zklbd _
<lk k " _kljmdlbjh\Zgguf k\ydmgehd tky fgkZ [Z[e

AZdexq_gby
JZkkfhlj_ggu_ jZg__ j_amevlZlu ihemqg_ggujbb IhéZjh ijhnb
i _j_ghkzZ b >F: ih”I\_j"~Zxl| ijbgbgu baf_g gbyayiggh&l¢gDE ihd
gZ hkgh\_ jZkiezZz\guo kl\yamxsbo ihke_ eul Zdybdlef X | B-dp kkid bob b ki
= e_g”™ bd_
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lh~ \ha”_ckl\b_f | _fi_jZImju \eZ ghklb b khi¢lgblg@thtbljZz"bZ¢
AN kljmdpby wihdkb”~rguo fZljbp ijhyleyxsZyky hYkKighp Zethly ih\_
ij_bfms_kI\_ggh gZ ebp_\hc klhjhg_ieZklbg "h&kkhMMbghemejyfhfm
ljZnbhe 1Z kheg_qgh]lh baemqg_gby Ijb ~_ kljZdmpd kigdeh\Iky |
gby klyamxsbo qlh kihkh[klI\m_| mkdhj\gExjZeZ]bbb _ ghjkzZg"
dmeyjghf iehkdhklb h[jZaph\ >_ kljmdpby [he_ klZdldbhpgthZkjhbkoh
dZo \ dhlhjuo mf_gvr_gb_ ij_~_eh\ ijhqgh&]b[ijhjZebgnb | kh
kj_~"g_c \_ebgbghc g_h~ghjh~ghklb ~_kljmdlbjh\Zgghc ih\_joghkl

<ha”_ckl\b_ | _fi_jZImju b \eZ ghklb \ mkeh\lkbyo kidikigulhc
iehsz”~db \uau\Z_| “hhlI\_j"~ gb_ kdyamxdh]kikkKh[KkI\m _1 ih\ur
gbx ijhgghklb m]e ieZklBdAV«D M\yamxs__ 1Zd"_ ~hhl\_d"*Z _Iky b
ehieZklbd - <IK gh wnn_dIl “hhI\_j "~ gby g_ fh | dhfi_gkbjh\Z
ijhgghklbaZah”rgh\j_f_ggh ijhbkoh”ys_]h ijhp_kkzZ ~_kljmdpbb

Ifhkn_jgZy \eZ]Z b hkz~db kihkh[klI\mx|l m\_eblgy gbx \e
\h[t_f_ IDF Khj[bjh\ZggZy \eZ]Z hdZau\Z_1| h[jZ$bfh\hieZklbnbpl
ki\b_ gZ jzZkiezZ\gu_ wihdkb”gu_ fZljbpu b Klih&hdgkif\rm mf~igmreg
gbx ijhgghklguo ihdZazl_e _c IDF 1jb hij_"~ e kydD&Fnnh dhh\ klZj
dZazl_eyf f_oZgbqg_kdhc ijhqghklb g_h[oh”bfh \byueybbfiebyghb
g_kdbo ij_\jZs_gbc ~hhl\_j"~ _gby "_kljmdpbh iezkIbmdop hj[jZIbfl
xs_]h \ha”_ckl\by \eZ]b >ey wlh]h ~hklZIlhqgth_ bidfd4dbBiZfeb Zgbq _
| jbzZeh\ [_a ijh\_~ gby dhg”bpbhgbjh\Zgby b ihke_ iheghc kmrdl

Ih hlghr_gbx d IDF debfzZl Fhkd\u f_g__ Z]j_kkba\ g 'qg_f deb
dz > @ H”"gZdh \ g_kdhevdbo kemgEZyobffdlZ gk kdbwd hd
ihgbjh\Zgguo 1h”~Z \ Fhkd\_ mf_gvrZxlky agZdqBtdhdtag  kjhdfZih
wdkihgbjh\Zgby \ =_eg@tjibfd | #hdZaZh”ey ih]le_ieZklb4bZ <DM
baf_j _gguc ijbC IZ]e ljbgbghc IZdh]h baf_g_gby y\eéy Iky "~
j_ggbo gZijy  _gbc \hagbdzZxsbo \ IDF ijb ij_ kK& gbbA> @@ih< jZ
dZzazZzgh qlh ijb ihgb  _gbb I _fi_jZImju wdkihgm|h\ggby g4hj\y gv
" _gbc \hajZkkz Fhkd\_ aZz ]hrZ debfzZlbg_kdbo bkith&aygmoz fi_j-.
[he jZa kgb ZEZkv @ -aa wlh]h \hajhkeZ iehlghklv fbdjhlj
\h[t _f_wihdkb”guo fZljbp ih\urzZy | _f kZfuf Z]h]kkhb'egfEINZ ohel
"ey IDF > @

;eZlh~Zjghklb
\lhju [eZ]h~Zjyl khljm~gbdh\ =PDB <B:F bf = klb:dbfh\Zz
\bgkljmf_glZevguo baf_j gbyo

Klzlvy ih~"lhlh\e_gzZ \ jzfdZo \uiheg_gby jZ[hl ih-29ZgIm JND

©Bkke "h\zZgb_ kljmdImjguo baf_g gbc \ukhdhijhqguo m]e_
hgghl]h gZagZg_gby gZ hkgh\_ gZghfh”bnbpbjh\Zggh]hl pbZgwnb
djuluo debfzZlbgq_kdbo mkeh\byo ijb bfblZpbb ihe_Iguo pbdeh\?a

;b[ebh]jZznbqg_kdbc kibkhd

1. DZ[eh\ ? G Bggh\Zpbhggu_ jZajz[hldb N=MI| ©O<BZpbbE®KIJRI ih j_Z
]bg_kdbo gZijZ\e_gbc jZa\blby fZIl_jbZeh\ b | _ogb&hibjbtho Nhj jZ]
2030 h~za ‘\bZpbhggu_ fZl_jbZeu b |_ogheh]bbK 33.+DOk
10.18577/2071-9140-2015-0-1-3-33.

2. DzZ[eh\ ? G Qmjkh\zZ E < ;Z[bg : G Fmozf_Ih\[RIdb NZ§bgzZ G C
©<B:F2 \ h[eZklb jZzkiezZ\guo kl\yamxsbo ~ey ihebf_jguo dhfihabpbhg
Ilhebf_jgu_ fZl_jbZeu b | _ogheh]bb K 424 <
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3. JZkdmlbg : ? Dhgkljmdpbhggu_ m]e_ieZklbdbx gZo hiZkhéZ\ghjbho k\\
Ibiz b ldZg_c 325&+(5 Gh\hklb fZl_jbzZéhdgbdggby GzKidzZ b
URL: http://www.materialsnewss ~Z1Z h[jZs_gby

4. JZkdmlbg : ? Jhkkbckdb_ ihebf_jgu_ dhfihabplblhgghdhéZlghpZdw gh
hk\h_gb_ b \g_"j_gb_ \ i_jki_dlb\guo jZzajzZ[ala\Z_f\bZ pinlyggjundpb
| jbZeu b | _ogheh]bl® K 3e6% DOI: 10.18577/2071-9140-2017-0-S-349-367.

5. Thih\ X H Dhehdhevp_\Z L < Ojmevdh\ : < Gh\h_ ibgdhehpdc fZI_
"ey balhlh\e_gby ehg _jhgh\ ehizkl_c \_jlhe_IZ b\ b Zpdheglbb b fZ1_

<S2. C. 59. DOI: 10.18577/2071-9140-2014s@-5-9.

6. =mgy_\Z : = Kbrhjbgz : B Dmjghkh\ : H Debf ghdabplbGgdhebf jg
fZl_jbZeu gh\h]h ihdhe_gby gZ hkgh't_ k\pagXiheldibkkWcZ Zevl_jg
Ib\guo gZihegbl_eyf nbjf 3BRUVKHU ,QG b 7RKR jbH@®DI[b |_dbgHBpbhg
eh]lbb < K 26.P0l: 10.18577/2071-9140-2018-0-3-18-26.

7. KIZjp_\ H < ljhdhi_gdh D H Ebl\bgk\ ::gbdy¥dzy E B >_f_glv_\Z |
Bkke_~h\Zgjbh\ezZ ghklgh]lh klzZj_gby Z\bZpbhggh]h kl_dehbezZklbdZ
db L _ogheh]bb K 21t

8. KIZjp_\ H < <Zibjh\ X F > \' B BjbWjgphk < < Fbljhnzgh\z ? :
Qm[Zjh\Z F : <ebygb_ "ebl_evgh]h Zlfhkn_jgh]th KIZmdloyjngzZnk\hck
e_ieZklbdz F_o0zZgbdz dhfihablguo fZI|Kjb Zdf\ <

9. KIZjp_\ H < F_e_Ih\ < | | _jh\ ; < FZrbgkdzy = | fBKRE] "h\Zgby
gby hjlJZzghl_dklheblz \ km[ljhibg_kdhf debfZl IguoFfalZgbd&h\dhfihe

< K  46%.

10. GbdhezZz \ ? < ;Zj[hlvdh K E gNj__\zZz G | IZ\eh\ FeJ dkgjizs_gdh\
bkke_"h\zZgb_ \ha”~_ckl\by debfZlbg_kdbo blwjtikigadh g &\thbhglydilwvenzd
gb_ wihdkb~gh]h klyamxs_]h b ihebf_jguo dhfihaBpblinkghd_ fZIl _jbZz
QZklv GZImjgu_ debfzZlbgq_kdb_ bkiulZgby ihelffgJuppdbahihgBEpbh:

hkgh\_ wihdkb”~ghc fZljbpu Lim~u <B:FKI <85/ KWWS ZZZ YL
ZRUNV UX "ZIZ h[jZs_gby -6026-2016-0-6-11-11.

1. Fbrmjh\ D K 1Z\eh\kdbc D : Bfzf_I"bgh\ W R <elgygk\htgl\idy_c k
mle_ieZklbdZ EDMLjm”~u <B:F <« Kl 85/ KWWS ZzZZ YL
ZRUNV UX ~ZIZ h[jZs_gby -6026-2018-0-3-60-67.

12. Fbrmjh\ D K Fbrdbg K B <ebygb_ \g_rg_c kj_7ZklpdZkRBW/KI\Z m]e_
Lim~u <B:F < Kl 85/ KWWSZRZIUANZVYLOP/NZIZ h[jZs_gb

28.03.2021). DOI: 10.18577/2307-6046-2016-0-12-8-8.

13. KeZ\bg : < KIZjp_\ H < K\hckI\Z Z\bZpbhgguo kéZkdébdehZklbdh\
gZ jZgg_c klZz”"bb debfzZlbq_kdh]h \ha”_ ckl\by Lim"uKkB:F
URL: http://www.viam-ZRUNV UX ~ZIZ h[jZs_gby -6R46-
2018-0-9-71-82.

14. ;eZagh\ : G Abfbg > ? :gbkbfh\ ? W Kbgbpug Bkke @midbgbkdbc
"relh\_qgghklb dhfihablh\ ih” \ha”_ckl\b_f gZ]jyedddghlxlbh\urG g ogtgg h
| ogbg_kdbc \_klgbd lh\he vyK 104. <

15.:g7j__\Z G | I1Z\eh\ F J Gbdhez_ \ ? < Dmjghkehy:gbly Btkk®e "~h\Z
kiI\by Zlfhkn_jguo nzZdlhjh\ gZ k\hcklI\Z ihebf_jgh]hehhgEKkiimdgbhggt
gZ pbZgwnbjghc hkgh\_ \' kIl _klI\_gguo mkeh\byo ohkdq*ighhhh mf_j_
debfzlz Lim~Au <B:F Kl 85/ KWWSZRZIAYULXIP2ZIZ h
S _gby ‘2, -6046-2019-0-3-105-114.

16.DZ[eh\ ? G KIZjp_\ < H Kbkl _fguc ZgZeba \zbylmdykdbbfKI\EcgR &
ihebf_jguo dhfihabpbhgguo fZl_jbZeh\ ih "Zggufmlil "gubkl\glgpuo b a
gbdh\ h[ahj \bzZpbhglwzeu b | _ogheh]lbb K« 58.4DOl:
10.18577/2071-9140-2018-0-2-47-58.

17.DZ[eh\ ? G KIZjp_\ H < Djhlh\ : K Dbjbeeh\ < G tetbHZIbg_kdh
pbhgguo fZl_jbzZeh\ Z\bZpbhgghl]lh FgoZgbafgbklZj gby > nhjfzZp
b jZzajmr_gb_ fZl_jbzZeh\ K 46t
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29.
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31.
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33.

34.
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36.

DZ[eh\ ? G KIZjp_\ H < Djhlh\ : K Dbjbeeh\ < G etbHZlbqg_kdh

pbhgguo fZl_jbZeh\ Z\bZpbhgghlh ggZeagdlgZglhy bkoh”~ghc kljmdIm

g_jZ\gh\_kghklb b ]jZz~b_gl k\hcklI\>imhhfezsgogy b jZajmr_gb_ fZl_jbZe
< K 46t

IZgbg K < KIZjp_\ < H Dmjk F = <Zjq_gdh €ebfzZbZp\bdbo fb ITh~h)

iulZgbc fZl_jbzZeh\ ~ey fZrbghkljh_gby b kljhbl_e¥kRZ\ DB <B:F

\Z <k_ fZl_jbZeu Wgpbdehi_"bqg_kdbc kija\tkqgotZDAfff LdM Z jib bj

Ibnbdzlzf <K 61t

KIZjp_\ < H DebfzZlbg_kdZy klhcdhklv ihebf_ jguo ddliihlabdgpbdbgguo f.

guo ihdjulbc \ mfljighwthdebfzl_  ~hX 1«0y gZmd F <B:F k

Gbabgz L : K_ey \ < | Gbabg > J Q_jgh\ f Gguoelndgidthalpp _1Z ihe

hgguo fZl_jbzZeh\ gZ j_"bf wdkiemZldppdlbagablghdjulbc \ mkeh\by

\ha”_ckl\by gZImjguo debfZlbqgq_kdbo nzZdlhjh\_dIindjZbthdgZegvgZe Zjol

k1\2016 <1 (26). K 5967.

Vapirov Y.M., Krivonos V.V., Startsev O.V. Interpretation of the anomalous &amtihe prope

ties of carbon-fiber-reinforced plastic KMU-1U during aging in différeimatic regions // M-

chanics of Composite Materials. 1994. Vol. 30. P. 494.

Filistovich D.V., Startsev O.V., Kuznetsov A.A., Krotov A.S., Anikhovskaya L.l., Dementeva

L.A. Effect of moisture on the anisotropy of the dynamic shear modulus afmgadorced pla-

tics // Doklady Physics. 2003. Vol. 48. No. 6. P. 38@8.

Startseva L.T., Panin S.V., Startsev O.V., Krotov A.S. Moisture diffusion in glaestinforced

plastics after their climatic aging // Doklady Physical Chemistry. 2014. Vol. 456.8177

Kablov E.N., Startsev O.V., Panin S.V. Moisture transfer in carbon-fiber-reinfgiestic with

degraded surface // Doklady Physical Chemistry. 2015. Vol. 461.8380

KIZjp_\Z E L IZgbg K < KIZjp_\ H < Djhlih\ kK debrendkalbgb\e Z]

ihke_ bo debfzZlbg_kdh]h klZj_gby >hdeZ”u ZdZ"~_Kbb 3pE.md L

DZ[eh\ ? G KIZjp_\ < H Bgha_fp_\ :: <eZ]hygdklushpguo dhgklj

we_f _glh\ ba ihebf_jguo dhfihabpbhgguo fZl_jbZehddbdlchpudbd debf:

yo k gZeh  _gb_f |I_jfhpbdeh\ ‘\bZpbhggu_ fZl_jbZe (4/)] _ogheh]t

K  68.DOI: 10.18577/2071-9140-2017-0-2-56-68.

KIZjp_\ H < F_M"\_~ \'BF Djhlih\ : K 1Zgbg KjZImAZ\ibkbifloklv |_f

ghklb h[jZaph\ hl o0zZjzdl_jbklbd debfzZlZ ijb wdkibgbpbbDhjgEamyguo |

fZl _jbZeu aZsblz K 47+

KIZjp_\ H < Khjluydh\ ? > Bkmih\ < < GZkhgh\ : > Kdmju~bg X
Gbdbrbg ? N :dmklbg_kdZy ki_dljhkdhiby ihebZljgb& edhfilwedklicwuo f
gbjh\Zgguo \ hldjulhf dhkfhk_ Wdki_jbf_glZevgWkljmdiimmjgh\ nba
g _h~ghjh”rguo kj_~ 1] <d_pk dhzgng ihr j_~ H < KlZjp_\Z X =
;ZjgZme 38. +

KIZjp_\ H < E [~ \VF 1l L_fi_jzZImjzZz kl_deh\Zigtly bl ofZjZdlImjlikIbq
~i_j_oh”Z Zfhjnguo ihebf_jh\ gZ ijbf_j_ ihebf_lbefthflZa dezly <u
gu_ kh_"bg_gby : 4SL K 16t<

Startsev O.V., Vapirov Yu.M., Lebedev M.P., Kychkin A.K. Comparison of glass-ti@ms$&nm-
peratures for epoxy polymers obtained by methods of thermal analysis // Mechanispiisiie
Materials. 2020. Vol. 56. P. 22Z40.

Sousa J.M., Correia J.R., Cabral-Fonseca S. Durability of glass fibre reinforceepplytruded
profiles: comparison between QUV accelerated exposure and natural weatherimgdiiterraa-
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Hahn H.T. Residual Stresses in Polymer Matrix Composite Laminates // Journal of Cemposit
Materials. 1976. Vol. 10. P. 26878.

Dutta P.K., Hui D. Low-temperature and freeze-thaw durability of thick compdsi@Esnposites.
Part B. 1996. Vol. 27. P. 37279.
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J?R?GB?

<K?JHKKBCKDHC G:MQP®EBBQ?KDHC DHGN?J?GPBB
©KH<J?F?GGU? >HKLB@?GBY < H;E:KLB KHA>:GBY
12JKI?DLB<GUO E?=DBO KIEB<HkDJULBC
>EY :<B:PBHGGHC B DHKFBQ?KDHC L?0GBDB?
ihk\ys _gghc >gx dhkfhgz\lbdb

Zij_ey ]
N=M| ©<B:F2 =GP JN | Fhkd\z

< jZ[hl_ <k_jhkkbckdhcogBmaglkghhc dhgn_j_gpbb ©Kh\j_f_ggu_ ~hk
\ h[eZklb kha”rZgby i_jki_dlb\guo e_]dbo kieZXpb hgididg ud bchkélygz kd h c
| ogbdb?® ihk\ys gghc >gx dhkfhgzZ\lbdb hj]ZgbRh\Z@BhdNN&kMI ©<B
f klgh Kk N=:HM <H ©KZzZfZjkdbc gZpbhgZevgugbikkiebI"h\E1 @b kddz m
fbdZ K1 Dhjhe_\zZadHWgr_j_ _gpby ijbgyeb mqgZklb_ \_“msb_ mq_gu_ b
hljZzke _\uo GBB =GP bgklbImlh\ J:Gijmfgure _jgglLolh)_"ijbylbc
Dhgn_j gpby klzZzezZz ZdimZevguf b agzZqgbfuf f_jhigkilhyfs ihkdhe
\j_fy hl_q_klI\_ggufb ki_pbZebklzZfb gZdhie_g\alyeddlbeMgoghleiu]lbc
eblvy ~_nhjfZpbb b Zglbdhjjhabhgghc aZsblu e_]fdhbikiglb\h|[MqgqZklgt
"beb \hijhku bkihevah\Zgby e_]Jdbo dhgkljmdpbhggkdbfZlhljikelyo \ ]j
ijhfure_gghklb I_ogheh]bb eblvy ~_nhjfZpbb b I_jkkiipjlZ[eldbjhz [Zd _
[e_fu Zglbdhjjhabhgghc aZsblu
GZ dhgn_j _gpbb [ueb ij_"klZ\e _gu "hdeZ”u ih ke_"mxsbf gZijzZ\e_
+Z""blb\gu_| _ogheh]bb
te_]db_ kieZ\u gZ hkgh\_ Zexfbgby |IblZzg2 ZeXfdapediblhiu _qbk
kieZz\u ihgb  _gghc iehlghklb
tjZajZ[hldZ |I_ogheh]bc nZkhggh]h eblvy ~_nhjfZpbhgoghckdhgfbqg_k
h[jZ[hldb ihemnZ[jbdZlh\ b ~_IZe_c ba e_]dbo kiez\h\ZgZzZighh\_ Zexfb
+ Zjhijhqgu_ bgl jf IZeeb”~gu_ fZl _jbZeu gZ hkgh\_1IblZgZz
+l _ogheh]bb k\Zjdb b iZcdb dhgkljmdpbhgguo fZl_jbZeh\
+f |h~u g _jZajmrZxs_]h dhgljhey
tbkiulZzgby \ h[ezZzklb hp_gdb k\hckl\ fZl_jbZeh\ b we_f_glh\ dhgkljmc
tdhfie_dkgu_ kbkl_fualZsbZeh\ hl dhjjhabb klzZj_gby b [bhih\j_"~ gt
Ih blh]zZf h[f _gZ fg_gbyfb mgzZklgbdb dhgn_j gpbb ijbgyeb j_ r_gb_

HIf Iblv khhI\_IkI\b_ |_fZlbdb b j_ameviZih\ bkigeo h\Zybc ij_
dez~Zo ijbhjbl_lguf az~zqzf h[hagZq_gguf \ ZdlhAekdbphyZgphio ©K
e _gbyo jZa\blby fzI_jbZeh\ b |_ogheh]bc bo i_j_jZ[hria® gizajZhh” ~h

IZgguo \h N=MI ©<B:F2 =GP JN ih”I\_j*blv ZdlmEe vighkdv "thXZjizb e
dhlhjuf ihk\ys _gu khh[s_gby "hdeZ”*qbdh\
ljbagZlv glh e _]db_ dhgkljmdpbhggu_f 1Zd2kbkykdbBgbffbl jbZe

ba \Z°g_crbo fZl_jbZeh\ "ey jZaebqguo hljZke lc\ypbfkkrevig§lipklé khh
jZagh hjlJzgbah\zZlv jZ[hlm ih ih”~]hlh\d_ kh\f_klguogjZgmhd gZeimoemq
\uiheg_gby ijbdeZ”guo gZmgguo bkke_"h\ZgbBa\bglzijXk\e "ggxu®bgZ _j
ki_dlb\guo gZijz\e_gbc khhI\_Ikl\mxsbo ijbhjbl_JdEZfoghj@Zh]Bgb kaghihggh
jZa\blby Jhkkbckdhc N_”~_jZpbb gZ "he]lhkjhqguc i_jbh” z

tjZajz[hldZ k bkihevah\zZgb_f dhfivxl_jgh]lh fh”_ebjhdZgboy khklzZ\h
Zexfbgledlb_\uo kiez\h\ \ukhdhc gbklhlu

tkharzZgb_ gh\h]h ihdhe_gby gZghkljmdIimjbjh\Zgguo jilnggpro_ahiZki
A nhjfbjm_fuo fZ]gb_\uo kiez\h\ k ih\ur_gghc m”_evghc ijhgghklvx

tkha”Zgb_ ijbgpbibzevgbaggkehybc nhjfhh[jZah\Zgby nZkhgguo hleb\h
eblv_f k bkihevah\Zgb_f ijb iezZ\d_ nbevljZpbb jmbeljZ[g¥Yhlh\dc b
jZkiez\z ZzZ\IhfZlbazZpbb ijh_dlbjh\Zgby b ba]lhlh\e_gby hkgzZkldb
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tfh”_ebjh\Zgb_ ijhp_kkh\ aZiheg_gby ebl_cguo ribjfhd gzZi&jgMh \Zgby
dZ dhgkljmdpbc eibigdxstb\dn kbkl_f khklZ\h\ b | _ogheh]bc ba]hlh\e_ghb
kdbo nhjf "ey eblvy Zexfbgb \uo fZ]gb_\uo b IblZgh\uo kieZzZ\h\
tjZajzZ[hldZ |I_ogheh]bc ijhba\h”kI\Z ihemnZ[jbdZlabd bzZlekfbebc ba fZz
\uo b Zexfbaglbld_\uo kieZ\h\ b dhfihabpbhgguo fZl_jbZeh\ §Z bo hkgh
xsbo nhjfbjh\Zgb_ jZpbhgZevghc djbklZeeh]jZnbq_ kdiméut_dhimju Kk
| ogheh]l]bq_kdbo b wdkiemzZlZpbhgguo o0zZjzZdl_jbklbd
tkha”Zgb_ ijbgpbibZevgh gh\uo wdhghfbqguo |I_oghehlb\wonhjfhh[jZz
ihemnZ[jbdzZlh\ \ Ihf qbke_ba fZ]gb _\uo Zexélbdb \uo biZaXfbglbdo
pbnjhluo "\hcgbdh\ "ey mijZz\e _gby | _ogheh]bq_kdbfb\ijhp_kkZfb gZ ijl
tjZajZ[hldZ aZsblguo ihdjulbc b §Zggtke gy dd ithemnZ[jbdZlu b ~_1Z
Zexfbgb_\uo b fZ]gb_\uo kiez\h\ Z 1zd _ foxhrikd hijh gphio "dgjjhabh
guo bkiulzZgbc
MgzZklgbdzf dhgn_j_gpbb ij_~hklzZ\blv \ Z~j_k Hj]lZgbjazphhggh]h
gby h khljm~rgbg_kI\_ ih "Zgguf gZijZ\e_gbyf
Hjl]ZgbazZpbhgghfm dhfbl_Im gZijzZ\blv h[jZs_gby hR*pj abx ihem
\ Z"j_k Jhkkbckdh]lh gZmggihgh[pdgmab Jhkkbb
Dhgklzlbjh\zZIv qgqlh rbjhdh_ \g_"j_gb_ jZajZ[hlZgguo e_]dbo
f 1Zeebg_kdbo fzZl_jbzZeh\ kms_kI\_ggh azljmMNpy_ IKkgbf kNymbklkbijiz
fZehb kj_~g _lhggZ guo ijhba\h~klI\_gguo fhsghkl_c¢
HIf _Iblv dZd g_"hklZlhqgu_ f_ju Jhkm~ZjklI\_gwghdjhbiOfgj db djmig
guo ijhba\h~bl_e_c ~ey j_ZebazZpbb ijh_dlh\ ih hy]zjhtbaXpbdbl\kh\j_f_g
\uimkdm
tZexfbgledlb \uo kiezZ\h\ ih | _ogheh]byf [ _knexkh\hc ieZ\db b eblvy
tdjmigh]Z[Zjblguo hleb\hd ba fZ]gb_\uo kiezZ\h\
lhjmgblv Hjl]ZgbazZpbhgghfm dhfbl_Im ih~]lhlh\blv \ h&kblk Fbgijf
ij_"eh  _gby ih jZa\bdbxkiZéd lhggZ guo ijhba\h”kl\_gguo fhsghkl_c ih
e_]dbo dhgkljmdpbhgguo f_I1Zeebqg_kdbo fZI_jbpedmMNZjjkdkrigiggd xhf_j
A_j°db djmiguo ijhfure_gguo ijhba\h”bl_e_c ey l[ bkihglHdbly\dd_¢¥ gb
ijhba\h”~kI\h i_jki_dlb\guo jZajzZ[hlhd
HIf _Iblv “hklb™_gby N=MI ©<B:F2& =GP JN \ id2&klib] i _IZ eolgdZmb b
]Jbg_kdh]lh pbdez zZ~~blb\gh]h ijhba\h”?kI\Z kh&zZdgghhk\bbggblylmlh Z
eZklb jzZzajz[hldb \g_"j_gby b ihklZzgh\db gz ijbhamtkgkiddh "kh2é@\wcobla
kbgl abjh\Zggludo dhgkljmdpbhgguo f 1Zeebqg_kdbo fZI_jbZeh\
GZklhys__ j_r_gb_ h[km ™~ _gh b kh]eZkh\Zgh k mqgZklgbdzZfb dhgn
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9, <K?JHKKBCKDHC G-MOQ@GBQR?KDHC DHGN?J?GPBB
©DEBF:-L KH<J?F?GGU? IH>OH>U D HP?GD?
<HA>?CKL<BY <G?REBPQHJIJH< G: F:L?JB:EU

B KEH@GU? L?20GBQ?KDB? KBKL?FU?
ihk\ys gghce_ Ibx kh gy jh ™~ _gby ~ 1 g ijhn_kkhjZz
ge_¢g&hjj_kihgn _glz :G KKKJ =_hj]lby <ezZ”bfbjh\bgZ :dbfh\Z

20 fZy ]
=PDB <B:F bf = < :dbfh\Z ] =_e_g” bd

9, <k_jhkkbckdzyl _ ofgmmqgkdZy dhgn_j_gpby Cdhépf&Zlggu_ ih
oh”u d hp_gd_ \ha”_ckl\by \g_rgbo nzZdlhjh\ugZlfoalghQZkdbb kékligfu?
ihk\ys _ggZye Ibx kh ’\gy jh™~ _gby ~ 1 g ijhaahjkkjAEggeqldZ: G KKKJ
= hjlby <ezZ”bfbjh\bqZ :dbfh\Z ijhrez =+ fZy B_4lF eedpFzbdkdhf
g_kdbo bkiulZgbc N=MI ©<B:F2 =GP JN
< jZ[hl_ dhgn_j_gpbb ijbgyeb mqgzZklbo Ri “mb&kebkhg Jhkkbckdhc ZdZ
fbb gZmd Jhkm~ZjklI\_gguo gZmqgguegpoglkhhkhke g@hpBEhge&vekdbo mgb\ _jkbl
ij_"~ijbylbc b hj]j]ZgbaZpbc jZaebqguoehlggk&ll iMofzklgbdb f_jmijbylby h]
"beb gh\_crb_ ~hklb _gby \ h[eZklbzZXe |l mEZe\dghlblg¥ipZmdb b ogheh]bc
gbdb \ Jhkkbckdhc N_"_jZpbb ©FZI|_jbgew bgHemihhdizdhe j jZ[hldZ kujv
<Z'g_cr_c khklz\eyxs ¢ "Zggh]h gzija\efigbgkigdsglzmZgdZ k\hjckl\ gh\uo
ki_dlb\guo fZl _jbZeh\ "ey jZaebggudklhhjZkiey ¢ fZZleglguo mkehdbyo wdkie
pbb b bo kihkh[ghklv ijhlb\hklhylvbdhjjdhabyy k1Zgby f
;hevrbgkl\h “"hdeZ”h\ dhgn_j _gpbb highkblky d bofglbidZ\®KIjzZI _]
gbc jZza\blby fZl_jbzZeh\ b | _ogheh]bc bo i_j_jzZ[hldh dZajZgpbhZdduo ]
\h N=MI| ©<B:F2 =GP JN Kh~"_j ' Zgb_ ~“hdez”h\ h|jga\blbyZ &hyZzdvghklv
ghlh fZI_jbzZeh\_~_gby \ jZfdZo L_ogheh]lbq_kdbb ledgrtejli]@d Z| I Zeu
emjlbb2 b ©Gh\u_ ihebf_jgu_ dhfihabpbhggu_ fZl_jbZeu b |_ogheh]bb?
< "hdezZ”~Zo mqZklgbdh\ dhgn_j_gpbb jZkkfhlj_gu ke_"mxsb_ \hijh
+ bkke _~h\Zgb_ khojZgy_fhklb k\hckl\ fZllZjdlbeh\kdbbd ogpddl jbkibd
ba” _ebc \hhjm™_gby \h_gghc b ki_phkXiviphthla™o gtkdbbb debfZlbg_kdbc
nZdlhjh\ ie_kg \uo ]jb[h\ [Zdl _jbc b wdkiemZlZpbhgguo gZ]jmahd
tjZajzZ[hldzZz _~bgh]lh ghjfzlb\gh]h [ZabkZ gZImjgumngbkolkdEkiggguo de
gbc fzl_fZlbg_kdbo fh”r_e_c b f_Ih”bd ijh]jghabjh\WWekiy fkzHojBgd ¢ hihkIb
ba” ebyo <<KL
tklZg”Zjlu b ghjfZlb\gu_ "hdmf_glu “ey bkiulZgbdbfXlijjhBégud | _ oc
kj ~"Zo
tnhjfbjh\Zgb_ | _ogbq_kdh]h h[ebdZ bgnjZkljmdImju hghjZ2djAihldz f_|I
g_gby gZpbhgZevghc k_Ib p_gljh\ debfZlbq_keéhd bkwdZigbg hiZzdhb
kljmdpbc ba”_ebc <<KL
+nmg’\Zf_gIZevgu_ b ijbdez”"gu_ bkke_~h\dgtbly dhhjjheabkd b kdZgbdby b
[bhih\j_"~_gbc fZl_jbZeh\ b dhigkjlimglpd &kj_"Zo
tjZajzZ[hldzZ kbkl_f aZsblu hl dhjjhabb klzZj_gby b [bbigb§_kdldc ket
kbkl_f wdkiemZlbjmxsboky \ jZaebqgguo debfZlbg_kdbo ahgZo
+f_Ih”u b j_amevlZlu bkke_"h\Zgbc dhjjhabhgghc A]jZklet\pdikdb ZIfl
debfZlbg_kdbo j_]bhgZo
t\hijhku \ukhdhl_fi_jZlmjguo dhjjhabhgguo ih\j_"~ _gboo"MZe_c ]Za
1Z1_e_c
thkh[_gghklb »_nhjfZpbb b jZajmr_gby f_|Zeebdokidlo jib e f\ lifeebq._
\ha”_ckl\bb debfZlbg_kdbo nZdlhjh\
+f lhAu h[hjm~h\Zgb_ b ijb[hju ey bkiulZgbc fZIl_¢nbehkibbaek guo
kl_ f gz klZj_gb_ dhjjhabx [bheh]bq_kdmx klhcdhklv
+f _Ih~u fh”_ebjh\Zgby debfZlbg_kdh]hf\hiZeedld\lkylgZ fgl_jbZeu
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tijh]lghabjh\zZgb_ khojzgy_fhklb k\hckl\ fZl_jbzZeliXligh \khcildtb akd\bb d¢
Ihjh\ N"ey jZaebqgguo fzZdjhdebfzZlbg_kdbo jZchgh\ klijbZllpgg gkd K1 H _Th"t
fh™_ebjh\Zgby
thij_~_e_gb_ hj]ddobafhkljmdlihjh\ fZI_jbzZeh\ f_Ih~hf k_d\_gbjh\Zgby
tdhfie_dkgh_ bamqg_gb_ ijh[e_f dhjjhabb klzZj_gthylb\[bi@ghjkljmdpk
kljmdImju
+f _Ih~u b j_ameviZlu bkke_"h\Zgbc [bheh]bq_kdh]hzZihgBgghbly fzZI_

gZagZq_gby \ mkeh\byo hlidjulhc ZIfhkn_ju ij_kghc b fhjkdhc \h”u
+|h’\]hlh\dZ b i_j_ih~]lhlh\dZ dzZ”jh\ ih gZijZ\e_gbx ©AZkYIBE hl dhjj
[bhih\j_“~ gbc fZI JbZeh\a

Ilh blh]zf h[f_gZ fg_gbyfb ih | _fZlbd_ dhooZklgphkl ijbgyeb j_r_gb_
1. HIf _Iblv \Z°gh_ gZmqggh_ b ijZdlbg_kdh_ ag&yg _kjb pbdhtedrklh\gpb
ijhfure _gguo ij_"ijbylbc hhgEend'dihZl _evkdbo bgklblImlh\

Ih~IN_jrblv ZdimZevghklv | _ogheh]bc b gzZijz\dabgdcflbkke "~h\Z
jZfdZo kljzl_]lbg_kdh]lh gZijz\e_gby blKiDebgEYybtekdld_ki_q_gby [_ahiZz
klb b aZsblu hl dhjjhabb klZj_gby WbZ]bhbtx\e¢ h\» ddhlgkljmdpbc b keh guo
gbg_kdbo kbkl_f \ ijbjhrguo kj_"Zo? dg¥KjzAe Jblmc kdbdblby fZl_jbzZeh\ b
gheh]lbc bo i_j_jZ[hldb gZ i_jbh™ }B[hlZzdbod2\hjNe=MI| ©<B:F2 =GP JN

3. Kgblzlv ijbhjbl_lghc az”~Zqg_c jZajZ[hldm _“bghpgZigmjjgzbb¥gh]h [
mkdhj_gguo debfzZlbg_kdbo bkiulzgbc fzI_fZI|bh blkdd bjd JfdHa kejhd Zigby
khojzZzgy_fhklb k\hcklI\ fZl_jbZeh\ \ keh ' guo |_ogihqlkdbo_ gbkl jfZo ijb
amevlZlh\ mkdhj_gguo bkiulZgbc gZImpguffblbqjkadlwmgghgZo \ mkeh\b
mf_j _ggh]lh debfEDB £+ mf_j_ggh ohe&tP'@B]hheg_gv "Zjdh]h Mka{dld]h =
klzg \ezZ gh]lh ljhibdDrhkf@h]Aukhdh]hjgh]lh kmoh]h Bjjzibghigdhphotheh
ghlhyYdmliby

Ilhjmgblv Hjl]ZgbazZpbhgghfm dhfbl_ImijinbdlivlEVhlvk bFlggh[jgZmdb
Jhkkbb ij_~eh” _gby ih khkiZghldmxsbo bkke_~h\Zgbc \ jZfdgZaj\gibhjbl_Igu
e _gbc hij_~ e _gguo Kljzil JbgkedZbggddh]h jZa\blby JN igZbhHhe]lhkjhgguc

HIf _Iblv qlh dexq_\uf we_f_glhf klghkly fluithddkkllg b [_&hldZaghc
[hlu keh'guo |_ogbg_kdbo kbkl_f y\ebRkyf jZasB[blthZ dhjjhabb klZj_gb
[bhih\j_ "~ gbc h[_ki_qgb\Zxsbo “ebl_evgmx aedgem IZegfZIbg_ kdbo ahg
hp _gdZ bo wnn_dlbkghklhgldgguo h[jZapZo kh_"bg_ ghinwéh[dugklimdIlb\gh
jZapZo we_f glZzo dhgkljmdpbc b dhgkljmdpbyo

>ey \ukhdhl_ogheh]bgqguo b gZmdh_fdbo dhg_qjeg ZdZruedbly g h[«
bgr"b\b"mzZevgu_ f_Ih”bdb ijh]ljghabjh\Zgby baZj4dl|ghlykkkedn TZ]gumZe h\
\ khklz\_ ba”_eby bkoh”y ba h'b”"Z_fuo mkeh\bc wdkiemzZlZpbb

H[jZIblv hkh[h_ \gbfZgb_ gZ \hajhkrb_ fbjh\u_ ihl kidbbh!l fbdjl
bgbpbbjm_fhc dhjjhabb fphlke\uo ihl_jv hl dhjjhabb f_IZeeh\ b [bhih\j_~
g f I1Zeebq_kdbo fZl_jbZeh\ G_h[oh”bfZz j ZebadpbyZfAkrlZ[gijo ihbk
N e_gbx hjlzgbhafh\kljmdIlhjh\ fZ1 _jbZeh\ \ jZchgZo wdkiemZlZpbb keh
kdbo kbkl_f hij_~ e gb_ fbdjh[bheh]bq_kd e bk kdthy phzamixe f \ILlZaete\ i\
jh~rh\ [zZd|_jbwdphkdhibg_kdbo ]jb[h\ \ebyxsbo gZ bgl_gkb\gtklv b kdh
pbb fzZl_jbzeh\ Z 1Zd _ hp_gdZ klhcdhklb f_IlZekeftogqjkdpad gizdf4lbZeh\
[bh”r_kljmdlhjzf f_Ih~Zfb fhe_dmeyjghc [bheh]bb Eah[ohZ2pdlmokhan
rizffh\ ie_kg \uo Jjb[h\ b [Zdl_jbc b~ _glbnbpbjfh\&gbymeyjghc*Zbheh
]Jbb k p_evx kh\_jr_gkl\h\Zgby kbkl f aZsblu kehfguo | _ogbq_kdbo kbl

Hij_~ _eblv ke_"mxsb_ i _jki_dlb\gu_ gZijlb\ebabybjyZz addbhbyo M
fure_gguo hloh”h\ ba ihebf_jguo fZIl _jbZeh\ wdhlehdbfd kdigbdbklufb
gb_f fbdjhhj]ZgibafhklIjmdlh\ b jZajzZ[hldZ khhI\_Ikl\mxsbd |I_ogheh’
db G_h[oh”bfZ ihklZgh\dZ ihbkdh\uo b ijbdeZbgubjliZgbafih \uy\e

ijh
g_
[hl
[bh”_kljmdlhjh\ ihebf_jguo fZl_jbZeh\ b jZajZ[hldZ |_o'ghtefh htbdkkdbhmIb
k bkihevah\Zgb _f f_Ih~h\ fhe_dmeyjghc [bheh]bb b j_~Zdgbjnf\Agby ] g
Hjl]ZgbazZpbhgghfm dhfbl_Im ih~Alhlh\blv khhI\_IkI\ngusbmhh[jZs gb
Au ih ijbhjbl_lguf gZmqguf gZijZ\e_gbinf~ljj [dbxsbf
HIf _Iblv \ukhdbc gZmqgguc mjh\_gvZidHhH&hZYyegpbborgdeZ~h\
GZklhys__ j_r_gb_ h[km ~_gh b kh]leZzkh\Zgh k mqgzZklgbdzZfb dhgn
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OE[EPA/ILHOE FOCYIAPCTBEHHOE YHUTAPHOE MPEAMPUATUE
«BCEPOCCUNCKWUN HAYYHO-UCCINEAOBATENbLCKUA UMHCTUTYT
ABUALMOHHbIX MATEPUAJIOB»

FOCYAAPCTBEHHbIN HAYYHbBIN LIEHTP POCCUINCKOV ®EAEPALIIN

BUAM - sBeaywmin

FOCYOAPCTBEHHbIN HAYYHbIN _"
LIEHTP B OBJIACTU
MATEPMAJ'IOBE,D,EHVIFI

W PeanuayeT nonHbii MHHOBALMOHHBIV LMK — OT (hyHAAMEHTasbHbIX U NPUKNaAHbIX UCCegoBaHuii 40 CO30aHUsA BbICOKOTEXHOMOMMY-
HbIX HAyKOEMKMX NMPOU3BOJCTE MO BbINYCKY MaTepuasnoB HOBOrO MOKOMEeHUs, nonyhabpukaToB U YHUKANbHOrO TEXHOMOrM4EeCcKoro
obopynoBaHus.

W PaspabatbiBaeT 1 NoCTaBnseT WMPOKYI0 HOMEHKNATYPy MeTanIMYecKnX 1 HemeTanmyeckux matepuasnos, NoKPbITUA, TEXHONOMM-
YecKux NpoLeccoB 1 060pyAoBaHUs, METOLOB U CPEACTB 3aLLUTLI OT KOPPO3MOHHBIX MOPaXKEHW U GUOMOBPEXAEHUIA C BO3MOXHO-
CTbIO OCYLLECTBNEHWA NOCTABKN NPoAyKUMM nog, koHTponem BN MO P®.

Ha ocHoBaHuu ogo6pexHoro Mpe3unaeHtom Poccuiickon 2 5 BbICOKOTEXHOSNOIMUUHbIX
®epepauun B.B. MyTuHbIM NpUHLMNA CO3[aHUA oTpaciu

HayKOeMKUX Npou3BOACTE NO BbINYCKY

MaJIOTOHHaXKHbIX NPOU3BOACTB B MaTepuasioBeHeckux HaUMEHOBaHUIi MaTepHanos
HWUWU n THL, 8 BUAM cospaHo: 2 53 v nonycha6pukaTos

WUCMNbITATEJIbHbINA LUEHTP

¥ BxnioyaeT 19 KOMMNEKCOB YHWUKaNIbHOW CTEHAOBOM U UCMbITaTeNbHOM 6a3bl.

W Mposoaut 6onee 1000 BMAOB nccnefoBaHuii 1 ucnbiTaHmii Ha 1100 eaMHULAX MCCNeoBAaTeSIbCKOro U UCTIbITATeNbHOro 060pyAoBaHMS.

K i, 2 ‘
W AKKpeauTOBaH B KayecTBe TEeXHUYECKWM KOMMETEHTHOro LieHtpa PocaBuauuei, PocCUACKMM MOPCKUM perucTpoM CypoXoAcTsa
cunmnanom OreY «46 LIHAW» MuHo6opoHbl Poccun, npusHaH komnanvert Snecma rpynnsl SAFRAN.

W BknoyeH B MeXAyHapoaHyto CeTb CTaHUMIA KnumaTuyieckux ucneitaHui Atlas Material Testing Technology LLC.

“\ & SAFRAN HATLAS

Snecma

Pa3paboTka TexHONoruit n NPoMsBoACTBO
.‘l nonycpabpukartos v usgenun ua NMKM.

YNIbSAHOBCKUN =,

HAYYHO-TEXHOMNOI MYECKMI LIEHTP Hn

EAvHCTBEHHBI B POCcn COOTBETCTBYIOLLUI MEX/AYHAPOAHbLIM
cTaHpapTaMm LeHTP KMMaTUYeCKuX UCTIbITaHUIA MaTepuanos,
CpefcTB 3alunTbl OT KOPPO3UK, CTapeHns n 6V|OﬂOEpe)KﬂeHMI7I

npy OAHOBPEMEHHOM BO3[IeHCTBUM Harpy30K 1 KOPPO3UOHHOM cpefbl.

BOCKPECEHCKUIA =}

SKCTIEPUMEHTANbHO-TEXHOMOMMYECKMA LEHTP  H

® PagspaboTka TexHOoNnorui 1 npousBoAcTeo 6epunInincoaepxaLimx
i.' CNNaBoB, NOAMMEPHbBIX CBASYIOLLMX, NPEnperos, Matepuanos
0115 6e39X0BbIX Kamep.

Poccus, 105005, r. Mocksa, yn. Paguo, a. 17 E-mail: admin@viam.ru
TenechoH: +7 (499) 261-86-77, chakc: +7 (499) 267-86-09 wWww.BMam.pch; www.viam.ru




NMOJIMMEPHbBIE

KOMMNO3ULMNOHHbLIE MATEPUAIJIDbI
W TEXHONOT MM UX NEPEPABOTKM

NMOJIMMEPHbLIX KOMMO3ULIMOHHbIX
MATEPUAJIOB HA BbICOKOM

TEXHOJIOTMYECKOM YPOBHE

3 0 0 00 o YFTepOnHbIX TKaHell 9
npOMSBOACTBeHHbIe M*® Broa NPONUTOYHbIX JINHUIA
HOCTMW:
MOLLHOC 80 000 , Tpenperos 90 000 R yIoLx
M* &ron KI' sron

PaSpaﬁOTaHHble Martepuasbl NPUMEHAIOTCH B Pas/iMiHbIX N3aenmax aBuaunoHHOro HasHa4deHus.

BUAM NPEANATAET:

# yrnepopgHble Tkanu — BTkY-2.200, BTkY-2.280, BTkY-2.200T, BTkY-3;

# yrnennactuku — BKY-39/BTkY-2.200, BKY-39/BTkY-2.280, BKY-29/BTkY-3, BKY-28/SYT55(S), BKY-25/SYT49S, BKY-30K.UMT49,
BKY-30K.SYT49(S), BKY-57, BKY-45)K/UMT-12K.OXKH, BKY-45/UMT-3K.PTH, BCP-3M/SYT55(S)-12K, BCP-3M/BTkY-2.280,
KMY-11-M-2.200, BKY-38TP, BKY-38>XKH;

# cteknonnactuku — BINC-48/7781, BMNC-48/120, cepus KMKC-2m. n KMKC-4, BINC-53/120, BIMC-53/T-25, BCP-3M/T-25, BINC-31,
BMC-47/7781, BMNC-59/290, BMNC-42/T-64, BMNC-39I1, CT-69H;

# opraronnactuku — Opranut 11TJ1, Opranut 12T(M), BKO-20, BKO-2TB, Opranox A®-1M;
W rmbpugHble matepuansl — BKI-5, BCP-3M/PBMITH-10-400/SYT45-3K.
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NMOJIMMEPHbDIE

KOMMO3ULUWNOHHbIE MATEPUAJDI
ONA CTPOUTEJIbCTBA U ANIEKTPOTEXHUKU
PA3SPABOTAHbI U PEAJTU3OBAHDI
B KOHCTPYKUUAX MOJIMMEPHBIE
KOMMNO3ULUMNOHHbBIE MATEPUATDbI
ONA rPAXKAAHCKUX OTPACINEN
MPOMbBILWNMEHHOCTHA

BbICTPOBO3BOAUMbIA MOCT
;[ apoyHble anemMeHTbl (yrnennactnk BKY-51);

6

2 — AaT4YUKN KOHTPONS HanpﬂmeHHo-necboprpoaaHHoro COCTOSAHUSA
Ha 6a3e UHPOPMKOMMNO3UTOB;

3 - 6eToH;
4_ npodpHactun (cteknonnactuk BMC-58);

5 — Mec4aHo-rpasuinHas CMecCsb;

6 — AOPOXXHOE MNOKPbITUE.

BUAM NPELOJIATAET:
W yrnepopHble Tkanm — BTkY-2.200, BTkY-2.280, BTkY-2.200T, BTkY-3;

# CTPOUTENLCTBO GbICTPOBO3BOAMMBIX MOCTOB C MPUMEHEHWEM apOYHbLIX OGOMOYEK U3 YrMEennacT1ka 1 IMCTOB NPOUANPOBAHHOIO
HacTuna 4o 20 M B COOTBETCTBUM C NPOEKTHOW AOKYMEHTaLMEN Ha MOCT «MOA KItoY»;

 CUCTEMY MOHUTOPUHra MOCTOBOIO COOPYXeHUs «nop knoy» (TY26.51-014-07545412-2017) ans oTCneXuBaHUA HarpyxeHus B
pexumMe «peanbHOro BpeMeHu»;

¥ NMueH3uio Ha u3roToBnexne ceagytollero BCB-43, apoyHbix anemeHToB U3 BKY-51, npodHacTtuna ua BrC-58;
# CUCTEMbI MOHUTOPUHTA.

NKM N1 CUNOBbIX CBOPOK

NMPEUMYLLECTBA U3OENUA: MACCA U3QENNA

# Knacc ropro4ecTyt — TpyAHOCroparoLLme; CHWUXXEHA HA

# soponornoweHue 0,1%; o

# BbiCOKasi CTOMKOCTb K arpeCCUBHBLIM CpefiaMm 1 KOppo3uu. 35 /o
BUAM MNPEONATAET: (C 80 10 50 KT)

W anokcuaHoe ceasytoee BC3-39 (nynTpyaus/vHdyauns); #% OnopHble NNUTLI; W 3NeKTPOM30NNpPYIoLLE CTAXKK.
# creknonnactuk BMC-61; # yrnennactuk BKY-49;
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UCNbITATEJIbHbIUA LEHTP

KOMMMEKCHbIE UCCNEAOBAHUSA ‘_
U KBATIMOUKALIMOHHbIE UCTIbITAHUA  /
MATEPUAJOB, MOJIYOABPUKATOB

M ANIEMEHTOB KOHCTPYKLIUN

€AMHUL UCTIbITaTeNbHOro BMAOB UCCNefoBaHUM
& > o6opyaoBaHus > M UCNbITaHUMA
WUcnbiTaTenbHbIA LEeHTP

BUAM ekniovaeT B ce6s: >400 eIMHUL, uccnepoBaTenbCcKoro

ob6opyaoBaHusa

RABOPATOPHS.
«METANNO-
DOUSUHECKWE
WUCCNEAOBAHUS

“MICCNEOBAHUE
ITENTIOOUIMMECKM:
CBOMCTB)

«HEPASPYWAIOWWE
ETOAbI
KOHTPONS

NAEOPATOPUR

«POYHOCTH
M HALEXHOCTb
MATEPMANOB
BO3AYWHOr0
CYAHA»

MockoBekniA U TeNeHAXUKCKUIA LEHTPbLI KNUMATUYECKUX
ucnsmanui (MUKW BUAM v FUKU BUAM um. I7.B. Akumosa)
BKMIOHEHE! B MEXAYHAPOMHYIO CETh CTAHUMIA KNUMAaTUHECKIX
vcnbiTanuin Atlas Material Testing Technology LLC

ML BUAM akkpeputoBaH DefiepanbHbiM areHTCTBOM
BO3fyLHOro TpaHcnopra (Pocaeuauus) B Ka4ecTBe TeXHU4ECKN
KOMMETEHTHOro UCNbITaTeNbHOro LieHTpa

UL BMAM umeet atTectar akkpegutauuv rpynnbl KOMNasum
Safran, nogreepxaatoLLmii cooTBeTCcTBUE NpoLegypam GRP-0087
«lNepeyeHb TpeGoBaHuit K nocTaslumkam Safran,
yHacTBYIOLUM B NPOM3BOACTBE NPOAYKUMM rpynnbi»

1 GRM-0123 «PykoBoacTBO Ana NoCTaBLUMKOB»

TexHuveckas komneteHuus WL BUAM npusHaxa
POCCUIACKIM MOPCKM PErMCTPOM CYAOXOACTBa

WLl BUAM atTecToBaH chunuanom OIBY «46 LIH/W» MuHoGopoHbl Poccun B KadecTBe UCMbITATENBLHOTO NopasesieHunsl, COOTBETCTBYIOLLEro Tpe6oBaHUAM
K TEXHUYECKOW KOMNETEHTHOCTY U HE3aBUCUMOCTU, NPeabABNAEMbIM B pykoBodsLieM gokymenTe P B 319.02.70-08
«Annaparypa, NpuGopsl, yCTPOMCTBA BOEHHOrO Ha3Ha4eHnsa. TpeboBaHWA K UCTIbITATeNbHLIM NOAPa3AeNneHUaM U NOPAAOK UX aTTecTauum»
(Bkniodan FTOCT ISO/IEC 17025-2019 «O6wye Tpe6oBaHMs K KOMNETEHTHOCTU UCTIbITaTeNbHbIX U KanubpoBOYHbLIX NabopaTopuii»)

WU NPEANATAET:

v DU3NKO-MEXaHNYeCKMe UCTIbITaHUS; W viccnefoBaHua MeTofamu HepaspyLUatoLLero KOHTPons;

W cnekTpalbHble, XMUKO-aHanMTn4eckmne nccneaoBaHns; W vccnefoBaHua Ha KNUMaTUHecKylo, MUKPOGMONOrnyecKyto

4 pa3paboTKy 1 MocTaBky cTaHAapTHbLIX 06pasLIoB CTOAKOCTS U MOXaPoGe3oNacHoCTs;

MaTtepuarsnos; "4 MeTannopuanyeckue uccnefoBaHus.

W viccnepoBaHus Tennouanyeckmx CBOMCTB;
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NMNOAroTOBKA KAAPOB

B BUAM CO3AHA CUCTEMA
HEMNPEPbLIBHOWU NOArOTOBKU
BbICOKOKBAJIM®ULINPOBAHHbIX
KAOPOB

/-
OCHOBHBIE HAMPABJIEHUA PA3BUTUA KAAPOBOIO NOTEHUMUANA:

4 COBEpLLEHCTBOBaHWe MEXaHU3MOB NPUBSEYEHUS U 3aKpensieHnsa B HayKe TanaHTIMBOM MOSIOOEX!;

¥ NoBblLLIEHWe KaYecTBa NOAroTOBKMN KafpoB BbiCLLEN KBanudukauum;
# noBbiLLeHWe KBaNUVKaLMM PyKOBOAUTENEN 1 CneumanvcToB Mo nporpamMmmam AorMoNHUTENBHOMO MPOECCUMOHANBLHOrO 06pa3oBaHus;
W npodeccuoHarnbHoe obydeHue padoUmx.

3awmra JOKTOPCKON
Avccepraumm

3awwmra KaHau[AaTCKOU
AvccepTauum

AUTAOM
OB OROHYAHUM
AHTYPb

AcnupanTypa
HanpasneHus noaroToBku:
lo 4] it

P M — Uccnep y
npenoaasarens-uccnepoBarens.
22.06.01 — TexHONoOrMM marepuanos
HanpagneHHocTs (npoduns):
MerannoseaeHue 1 TepMusecKas
06paboTka METANNOB M CNNasos;
MarepuanosegeHue
(MaLumHOCTpOeHwe).

18.06.01 — Xumuyeckas TexHonorms

3aHATUA BEYTCH B paMKax

70 o/o cTparertyeckux HanpasneHun 3 0 %
Pa3BUTUS MaTepUanos U TexHonorum

NPaKTKa [y nepepaGoriit no npuHumny srys | 'cOPY

HanpaenenHocTe (npodune):
TexHonorusa v nepepadoTka
FIONMMEPOB ¥ KOMMO3NTOB.

basoBasn kadeppa:

Maructparypa

HanpasneHue noarorosku:
KBMPMKALMA — MarvcTp.

22.04.01 — MarepuanosesieHmne

¥ TeXHONOruK MaTepuanos

Hi BNIGHH! npodumnb):
Marepuanb! v TeXHONOrMM ans
aBMALIMOHHO-KOCMUHECKO TEXHUKM.

CoBMeCTHbIE
Hay4HO-vCCriefoBaTeflbCKune
nadoparopuu:

[ononuurensHoe npodeccuoHanbHoe
o6pa3soBanue u obyueHue:

. - Llikona (konnepx): Bya: * NOBbILLIEHWE KBANUUKALIM;
CAMAPCKWN YHUBEPCUTET NPOthOpUEHTALMOHHBIE npakTuka * npodeccroHanbHas NepenoaroToska;
Lol npUATUA CTyAeHTOB. *: QIsRIpOBNIY,
Meponp it X * npocheccroHarnsHoe oby4eHme paboumx
(3KCKYPCHM AR LIKONBHUKOB). W1 CAYXKALLMX.

BbINYCKHUKOB NOJTy4nnu BbiMYCKHUKOB LWKONbHUKOB
nonrorom(a AWUNJIoM 06 OKOHYaHMU 53 nony4wnu [unsiom >70 nocetunu BUAM
acnupaHTypbl maructpa
Kagpos R 2

2013 Nporpamm AoroNTHUTENIbHOTO YenoBeK npoLwnn
Cc ropa 1 7 npod)eccMoHanbHOro > 1 0 00 KYPCbI MOBbILLIEHUA > 2 00 nNpeAnpUATHiA

o6pa3oBaHus KBanudukaumm
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LJ?,H<:GBY D JMDHIBKB KL:LVB
IJB IH>=HLH<D? D BA>:GBX

Jmdhibkv ij_~hklzZ\ey_lky \ J-Badplbleykldbc hi*_e N=MI ©<B:F2 gZ [mfZ ghf
jhgghf ghkbl_eyo ijh]jzffgh_ h[_ki_q_\Wimdowsfgb _

GZ jmdhibkv ~he gh [ulv hnhjfe_gh Wdki_ghghh aBdexaghklb him[ebdh\Zgb
hidjulhc i_qgqZlb

Jmdhibkv "he gZ [ulv ih*ibkZgz \k_fb d\lhjzZzfb klZlv

D dZ ' ~hc jmdhibkb gZ hi~_evghc kljZgbZglebd dhdhkidphdudZo ij_~hklZ\ey_lky j_
h[t_fhf * agZdh\ \dexqZy ijh[_eu \djdhdihjhbaez]Z_I|ky 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 kibkhdZz&Xldhghf khzZmbebb bf_gb hlghkI\Z i
klvx ~he'ghklb ghf_jZ | _e _nhgZ b zZz"j kihwlau_dljhgghc

J_dhf_g"m_Ilky ke_"mxsZy kljmdImjzZ jmdhibkb

taZlheh\hd klZIvb

+k\ AN_gby h[ zZ\lhjZo

+j jZ|
idexq \u_ keh\z
+\\_" _gb_

+fZl_jbZeu b f_Ih”u
tj_amevlZlu
th[km ~_gb_ b aZdexq_gby

t[ez]lh”"Zjghklb ijb g_h[oh~bfhklb

ik|bkhd ebI_jZImju

J_dhf_g»n m_fuc hft_f jmdhlbkb Kht agZdh\ \dexqZy ijh[_eu
Hkgh\gu |_ogbg_kdb_ izjzf_Iju jmdhibkb

trjbnl £Times New Roman;

tjZaf_j rjbnlz1z

tbgl_ j\Ze15

tihey \_jog__gb'g__ £ e_\h_ = ijZ\h_2}5;

iZ\IhfZIbq kdZy jZkklZgh\dz i_j_ghkh\

+gZ[hj nhjfmB®lidrosoft Equation 3.0;

irljboh\u jbkmgdb "he‘gu [ulv \uiheg_gu Miarpegdft Lifver Point b e tMicrosoft Excel.

GZ dZ ~uc jbkmghd "he gZ [ulv kkuedZ \ |_dKkl
+fbdjhkljmdImju nhlh]jZnbb ijb[hjh\ h[hjmeEZdbiv ij ~klZ\e _gu \ we_dljhgg
\b”~_ \ ijh]jZfPhotoshop JPEG,;
tjZzaf_j beexkljZpbc g_ "he _g ij_\urZlv nhjfzl :
+1Z[ebpu “he gu [ulv \uiheg_gu \ iMdpadif Word ijhgmf_jh\Zgu b bf_Iv |I_fZlbq_kc
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+ "“bgbpu baf_j gby nbabg_kdbo \_ebgbg Ahé guw fukbk|jbf KB
Nhjfz ihrzqb dehlbkb
1l _dkl gZ [mfZz ghf ghkbl_e_ b \ we _dljhgghf niZcehf” _evgu
zijhgmf_jh\Zggu_ jbkmgdb gZ [mfZ ghf gh#dbjlhgegghb \\otve hi*_evgufb nZcezZfb
tijhgmf_jh\Zggu_ih”~ibkb d jbkmgdzf gZIl[nefZbghfvghkibjhgghf \b”_ hlI*_evguf nZce
11. Kibkhd ebl_jZImju az\_jrZxsbc jmdhibkv VIstzvd” eygllhulvu\_j mglbhnbpbjh\zg \
khhi\_IklI\bb k =HKI2008. %
Kibkhd ebl_jZImju “he’ _g \dexqZlv g_ f_g\_ bklhggbdh
Ilhke_~h\Zl_evghklv kkuehd \ |_dkl_ ~hd’lgzZlkki\phpHvkhhke _~h\Zl_evghklb ijb\_~_¢
kibkdZ ebl_jZImju
Kkuedb gZ g_him[ebdh\Zggu_ jZ[hlu -bikkdéu "pXAigehkdbo mqj_ "~ gbc bgazZ\h”h
AZjlu ij_Nijbylby b I i g_ “himkdzZxlky
>himkdZ _|ky g_ [he_ h~rghc kkuedb gZ jzZdhiuqgzlbbgywumdzZazgb_ f ghf_jZ ba’
\ dhlhjhf iezgbjm_Ilky im[ebdZpby

Kh[ex”_gb_ 7~Zgguo ijZ\be hl[e_lqzZ_I| jZ[hIm_~rgamhgjg@ghlh_p_ga_glz b j_"~Zdlhj.
mkdhjy_| ih~]Jhlh\dm klzZlvb d i_qZlb

lh j_dhf_g”*"Zpbb gZmggh]h j_~ZdlhjZz beb j_pyda gll4Zudvzvzijz\e_gzZ Z\lhjzf gZ
AhjzZ[hldm Ihke_ ~hjZ[hldb Z\Ihju “he gu ij_"klZdpbw \i jjVh44ZgZevguc b ~hjZ[hlZgg
\Zjbzglu klzZlvb k hI\_1Zfb gZ \k_ \hijhku b @Zfmqgghbty j_"~"ZOej4_p_ga_glz

KIZIvy gZoh~ysZyky gZ ~hjz[hld_ m Z\lhjhh [hekyph gBRkfZIjb\Z _Iky b ijbgbfz_
ky d im[jebdZpbb dzd \gh\v ihkimib\rzy







