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Scientific article

HEAT-RESISTANT FIBERS AND NON-WOVEN MATERIALS BASED
ON THEM FOR USE IN FILTER ELEMENTS
OF GAS TURBINE ENGINES (review)
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Abstract. Presented an overview of heat-resistant fibers and nonwovens based on them.
Their comparative characteristics, description, advantages and disadvaotagesds a basis
for the use of afterburner regulators of gas turbine engines as parfiliéiesr The conclusion
is made about the possibility of using nonwovens and the prospects for thaatqpl as well
as about a possible way to improve the characteristics of nhonwoverdaf to operating
conditions at elevated and lowered temperatures.
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ihebf_jguo dhfihabpbhgguo fZl_jbZeh\ hij_"~ eyxlkyb bo gZ
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FZl _jbZeu Ijbf_gy_fu_ \ khklz\_ \ha”mrguo nbevljh\ |
nhjkZ guo j_"bfh\ JZahImj[bgguo "\b]Zl e _c¢ =Lkihk¥Yhghkdvh[eZ":
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< gZklhys__  \j_fy |_ogheh]by ijhba\h""KFIZEZ jbdehdZguo
ij_bfms_KkI\_ggh hkms_kl\ey_ Iky Ij_fw dkbhkkpgdfo nioebbdh kdb f
beb dhf[bgbjh\Zgguf

F_o0oZgbqg _kdZy | _ogheh]by balhlh\e _gby g ldZhulkyfDZjbZel
blJehijh[b\ghf \yaphabdhf b \Zey\dcegihqghf kihkh[Zo > @ Ijhibl
k\yamxsbf | _jfhkdj_ie_gb_ nbev_jguc kljmcguwax kipkhiIlih" eZ
fh gh hlg_klb d-obélbghkdhc |_ogheh]bb ijhba\h”kI\Z g_ldZguo f
Dhf[bgbjh\Zdgdgheh]by iha\hey | khqg_ |Zlv ij_bfms_KkI\Z \ur_i_j_
| _ ogheh]bc ”"ey ihemq_gby gZbemqr_Jh j_amevlZjldgupb jZajZ
fZl _jbzZeh\ > @

>ey nbevljZpbb \ha”mozZ \ \ukhdhl_fi_jZImjguo abgZo rbjh
ihemqgbeb blehijh[b\gu_ g _ldZgu_ fZl _jbZeu [eZ]h”Zjy k\h
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iehlghklb b Ilhesbgu dhlhju_ o0zZjzdl_jbamxlky hlebgqgufb r
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\u”™ _j b\Zxsb_ i_j_iZz™u | _fi_jzZImj "hklZlhggh "edhogdghgb \f fy
nmgdpbhgZevguo k\hckl\ [_a ihl_jb fZkku ijhgqghklib@b *jm]bo ih

L_jfhklhcdhbjbgylh kgblZlv \hehdgZ khojZgyxsb_ jZ[hlhkihk
ijhp_kk_ "ebl_evghc wdkiemZlZpbb ijb250 ffKk jZImj&yw g dhlhjuo
jZagh\b~rghkthc 850 fK b [he__ D I_jfhklhcdbf ij_bfms_kI\_ggh h
\hehdgZ ba W&h[h_I| _jhpbdebq_kdbo ihebf_jh\ > @

ljbf _gy _fu_\hehdgZ b fZl _jbZeu
Hkgh\gu_ k\hcklI\Z | _jfhklhcdbo \hehdhg ijb\_"~ gu \ IZ][e >
Nhjfh\Zgb _ ithebf _jguo kbgl Ibg_kdbo \hehdhg g _hlol
ijhba\h~klI\zZ | _jfhklhcdbo g _ldZguo ihehl_g hlmkihdh¢xfdky jZ.
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ba jZkI\hjZ ©fhdjuf® beb ©kmdbfabkihEKjEZDZ Zb e B
Kihkh[ nhjfh\Zgby dhgdj Igh]h i
aZ\bkbl hl obfbq_kdh]h kljh_gby b bkoh~guo k\hckI\ kujvy >

LZ[ebpZ
Hkgh\gu_ k\hckI\Z | jfhklhcdbo \hehdhg

H[t_fgZ 1jhg | Mrebg ( -7 ghh.k L—L'.—JZ'”I"_

<hehdgz iehighk| ghklv iib ;sz ghj | wdkiemZl;

] K¥ kG | _d jzaju\_ evaug 1_"_evgs
mkeh\by fK
F 12ZjZfbAgu_ 1,374,38 | 40560 1580 45 >380
IhebZfbAhbfbrgu_ | 1,344,35 | 3560 1025 385 250800
Ihebbfbrgu_ 141445 | 4045 1590 x 270860
Iheb[_gabfbrZahevg 1,404,41 | 3040 1020 1045 300820
IhebhdkZAbZahevgu| 1,424,44 | 2540 640 640 250800

> |bAjbjh\Zggu

ih_e]bZde]behgt?leevgl 13744 | 2085 1592 x 300850

D hkgh\guf kbgl Ibg_kdbf ihebf_jguf \hehdgZfk jjzajzghlZgg:

;7 \.dZ fh gh hlg_klb n_gbehg | _jehg Zjbfb” \hehdgh EheZ
GZ hkgh\_ wlbo \hehdhg \ kh\_Ilkdbc i_jbh” \mml <k_khxe
Z\bZpbhgguo fZl _jbZeh\ <B:F J[ue jZajZ[hldZo Z&kftzjll bjfo Zyé hg |

balhlh\e_gguo b]ehijh[b\guf kihkh[hf
+:LF-15+gZ hkgh\_ kf_kb ZjhfZlbg_kdh]h ihebbfb”"Z n_gbehgZ &
+ :LF- ID yl\eyxsbcky fh”bnbdZpb_c fZl_jkZeZemlgF_ggufb
\h*hhllZedb\Zxsbfb k\hckI\Zfb > @
+:LF- b :LF g9Z hkgh\_ \hehdhg Zjbfb” ihebbfb”gh_ \hehd
\hehdgh gZ hkgh\_ e _klgbgqguo b iheme klgbgguo ihebf_jh\ > ¢
Hkgh\gu_ k\hckI\Z wlbo fZl_jbzZeh\ ijb\_"*_gu \ IZ[e

LZ[ebpZ
K\hcklI\Z g IdZguo fZI_jbZeh\ jZajZ[hldb <B:F

. . AgZq_gby o0zZjzdl_jbklbd fZIl_jbZ
Ozjzdl_jbklbdZ e e 5 [ LF16 "L F-19
Lhesbgz ff “ “ “ 6 20
Ilh\_joghklgZy iehld¢h “ + iib Ihesbg
>bZiZahg jZ[hgbo |_| HI 180 H1 10 HI 10 H1 10
fK Ah Ah ~h A h
JZajulgZy gZ]jmadZz
ih "ebg_ 250 * 120 *
ih rbjbg 300 + 200 +
<eZlhih]Jehs _gb_
ijb \eZ ghklb %6 6.0 6.0 6.0 6.0
Ij_~ _e ijhqghklb ijb
Ei7 0,25 * 0,23 0,28
GZb[he__ jzZkijhkljZzg_ggufb \hehdgzZfb “ey ijhba\h”kl\.
fZzl _jbzeh\ \ Ihf gbke_ nbevljh\Zevgh]h gZagZjgogpakkigbfZghgb _
gZ "bZzZiZzahg \ukhdbo jZ[hgbo | _fi_jZImj fh'jgHfZkoplKkdbodeZk
ihebzfbrh\ \ gzZklghklb ZjzZfb~gu_\hehdgZ
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jZfbrgu_ \hehdg@h \hehdgZz ithemg_ggu_ gZ hkgh\_ €
\hehdghh[jZamxsbo ihebZfb”h\ b highkysb_ky d deZkkgud&jhfZIlbc
\hehdhg khklhysb ba [_gahevguo dhe_p khg*hghigsg®do ~jm] k
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fbg jZevguf fzZkezf LZdb_ \hehdgZ " _eylky glZqZx$bZkZfb gu
\ukhlhc | _jfhklhcdhklvx b iZjzzjzfbrgu_ h[ezZ”Zhkbgufbkhdbfb
ihdzazl _eyfb > @

< gZklhys__ \j_fy \ Jhkkbb izZjzzjzfbrgu_ \helidg4blx deb g_|
gZ bo hkgh\_ ijhba\h”?yl \ :H ©DZf_gkd\R&hdligdRd HAHBIZG ¢ k
©L_jfhl_dk2 ] Fulbsb HHH &BEbhkbl2 b]HHH ©GIN ©:\bdk?
] Fulbsb

D azjm[_"guf ijhba\h”b} beyflizZiZzfb~guo \hehdhg b beb g_Id
fZl _jbZeh\ gZ bo hkgh\Teijnl gtd k ylikyg b iKolon Industries Inc X gZy
Dhj_y DuPont KR: Teijin Twaron Gb”"_jeZg"Kermel NjZgpby
H:H ©K\ _leh]hjkdObf\hehdgh?® J kim[ebdZ ; eZjmkv b *j > @

Kjz\gbl_evgu_ oZjzdl_jbklbdb g_dhlhjueb uinmxdyZ flug udjz
\hehdhg bfihjlgh]lh b jhkkbckdh]h ijhba\h”~kI\Z ij_"klZ\e_gu \ IZ][e

LZ[ebpZ
KjZ\gbl_evgu_ oZjzZdl_jbkdlbdhb iZz¥4Zfb~guo \hehdhg
bfihjlgh]l]h b jhkkbckdh]h ijhba\h"kI\Z

i N
H[t _fgZ i.h'l—hﬁb | Mnrebg_g L_fi_jzIm <ezlhih
<hehdgh ijhba\h~bl iehighkl J‘zﬁ?‘ bil 1ib iZajuy jZaeh' gl Jehs_gb
1 K¥ J F|yZ_g % dbkehjh? %
1ZjZZjzfb~rgh_ \hehdgh
D _\eZ49 (DuPountK R : 1,47 3450 1,520 500 +
Twaron (Teijin Aramid B.V,
Gbh jeZgru 1,444,45 2700:8600 2,342 500 24
Heracron HF300 (Kolon
industries In.X " g 2y hj ) y 1,44 27402930 2584 + +
j rr? kkke(bzy@ Obzf_gkdihe 4 44445 45005200 2,444 >500 <4,0
j ?kkfd y HHH GITOL_11 1 444 45 50006000 2,444 >500 <4,0
jfhk HHH ©Ebjkhl® | 144445 36004000 2,444 >500 <40
F 1ZZjZfbAgh_ \hehdgh
Kermel (Kermel,NjZ gpby 1,34 550650 1849 >380 4,0
Newstar (Yantai TayhoDblZc| 1,374,38 + 1580 400420 4,05,0
Nomex 430 (DuPoutK R : 1,38 595630 3081 >400 4,5
DzZzd \b~gh ba ~Zgguo I|Z]Je k\hcklI\zZ izjzzjZflbd'lyltho \heh

ijhba\h~kI\Z khhiI\_ITklI\mxIl ih mjh\gx k\hck¢\ZdhdEYmZ Yqqua Zlhjuo
kemqZyo ij_\hkoh”yl bo ih ijhgghklb

Fgh]l]b_ fbjh\u_ ijhba\h”bl_eb \uimkdzZxl ZjZfb*gu*eywhehdqg:
kharZgby \ukhdhijhqguo fZl _jbZeh\ k hlebggufk\wadkli\&hiZ I'Zepyb h g g
g_J]hjxq_c h™”_"~u e_Ilgbdh\ | _jfhaZsblu kiZzkZll2eemjphhZjdeg b
hl]g _aZsblghc h[b\db kZehgh\ Z\bZpbhgghc g2ma bfghc>dnjkdhc
nbevljh\Zgby ]J]hjygbo ]Zah\ hgbkldb hl iueb b aZijkdgykisspbo \_:
g ldZgu_ fZl_jbZeu b 1IdZgb ba ZjZfb~rguo \helhjdhd ihemqg
jZkijhkljzg_gb_ ih \k_fm fbjm
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< gZklhys__ \j_fy \ Jhkkbb \uimkd f_I124jzhbkmgulol\mhdhd
ihwlhfm g_IdZgu_ fZl_jbZeu gZ bo hka\m\ yliyd Wogh iijjd\ _eh d ihbk
fZl_jbZeh\ k khihklzZ\bfufb k\hckI\Zfb jhkkik bxcskododkfy jg@d  kjZ\g_gbx
bo f_""m kh[hc b k ZgZeh]zZfb \uimkdzZ kfwpfbeaxZ \jwfhjzhgZb[he _
hilbfZevgh]lh khklz\Z ~"ey bkihevah\Zgbmjyuakteidkifyo Z\bZpbhgg
| ogbdbqgzklghklb "~ey \ha“mohnbevlijmxsbo we_ f _glh\ =L>

IlhebzZfbrhbfbrgu_ \hkbéhgZx|l ihebdhg” _gkZpb_c¢c ZjhfZlbo
ihebdzZj[hgh\uo dbkehl b "bzZfbgh\ “"bbahpbhydld\khethebb]pZab
khg_lzZxsbo k\hcklI\Z ~\mo Z{lefZlkiq\ kfibo ihebzZfbrh\ b ihebbfb
ihemqg_gQumobf2 beb ©fhdjuf2 kihkh[Zfb > @

H[sZy nhjfmeZ ihebzZfbrhbfb”~h\ ij_~klZ\e_gZ gZ jbk

-ocC CONH@O@ NH-

L —n
Il
I

L o .

n
2 Q
IO 0 o0
5T :
Jbk H[sZy nhjfmeZ ihebZfbrhbfbAh\

Kihkh[u ihemq_gby ihebzZfbrhbfb~h\ \ Ihf gbkejZ\lhéhdhg h
> @ =ezZ\guf “hklhbgkl\hf IZdbo ‘e hdyggkyhedhlkkdy hgb g _ ]hjxqg
b g_ h[m]eb\zZxlky ijb \ha”~_ckl\bb hildjulh]h\ui®zdyghb kt\klzfd" _
g [hevrh_ dhebqg_klI\h ~ufz L _jfhklhcdhklv ~Zgguo \hgbhdhg \
aZ\bkbl hl bo obfbg_kdh]h kljh_gby

lhebZfbrhbfb?rgu_ \hehdgZnbyi@kdie_Poulenc NjZgpby ih”
fZjdhc D_jf_e k\hckl\Z g _dhlhjuo ba gbo ij_"klZ\e_gu \ |IZ]e

LZ[ebpZ
KjzZ\gbl _evgu_o0Zjzdl_jbklbdb ihebzZfb"hbfb”rguo \hehdhg
nbjfuRhone Poulenc NjZgpby fZjdb D _jf e

H[t _fgZz ljhgghklv Highkbl eV .

<hehdgh | iehighkl ijb jzkly _g| mrebg_gb| <EZINIMIS
1 K 11 _dk ijbfK| jzaju\_ ~-9h_
D _jf e 1,39 25 840 21
D_jf_e 1,39 18 12 2,2
D_jf_e 1,34 15 1620 3,4
NbjfZTeijin Yihgby 1Zd _ ijhfure_ggh \uimkdZ | ihebZfb”h
\hehdgh

IlhebzZfb hbfb”rgu_ \hehdgzZ b g_ldZgu_ fZl_jbZehydZ bo |
ijbf _g _gb_ \ nbevljmxsbo we f glZo ]Jhjygbo |ZalVZsbeghdal]hlt
h~r_"~u kiZzkzZl_e_c ih Zjguo f_IZeemj]lh\ b 7]

lhebbfb”~gu_ \hehidgeZnq Z x| i_j_jZ[hldhc ihebbfb”Zz
ihebzZfbrhdbkehlghc nhjf_ ©kmobf2 beb ©fhdjuf2 nhjf@zgb_f

Ilhebbfb”u ih kihkh[m ihemqg_gby b kljh_gbx jZa™_eyxIl@Z ke_"mx
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tk ZebnZlbqg_kdbfb a\_gvyfb \ hkgh\ghc p_ibl_jtegngdhtu_ in
ihebdhg”_gkZpbb ijb gZ]j_\Zgbb khe_c Zjhfhigh\gokdlbdkelhlljBEdZ]j
Zebnblbq_kdbo “bzfbgh\ jbk

(6{0)] CO
1R o o
CO CcO
n
Jbk H[sZy nhjfmeZ ihebbfb”"h\ k ZebnZlbg_kdbfb a\_gvyfb \ hk

tk ZjhfZlbg_kdbfb a\_gvyfb \ hkgh\ghc p_ibxldhllththf kbgl_:
A\moklZ~bcghc ithebdhg”_gkZpbb jbk

Co CO
N R DN=sm | g senr
CO CO

n
Jbk H[sZy nhjfmeZ ihebbfbrh\ k ZjhfZIbg_kdbfb a\_gvyfb \ hkg

Ih"bbfb”rgu_ \hehdgZ ihemqgzZxl ~"\moklZ*"bkguf fKkihZ2hZe
\ujZ[Zlu\Zx]l nhjihebf_j \ \b”_ ihebzfbhhdpkeh]lulh\di ba”_ebb \
j_amevlzl_ j Zdpbb \gmljbfhe _dmeybghc\iZeZpbkebhadpbbfb > @

© 0
Il T

/C C\
o O o+ 00Oy <O e
N /
C C

Il
o) Il

WXXWCH©=Q
2nH,0
HO c C— OH

n

O o}
I i
IO 0O
Ne c/
I M
O
R=0,S, CH,CO
Jbk >\moklZ*"bcguc f_Ih” ihemqg_gby ihebbfb”rgh]h \hehdg

Ilhebbfbrgu_ \hehdgZz ihfbfh \ukhdhc |[|_jfhklhcdhklb g_
gZ[mozZxl b g_ jZklI\hjyxlky \ hj]Zgbg_kdbo jAkl\thjB| cekybbxmklh
jZa[Z\e_gguo dbkehl gh jZajmrzZzxlky \ dhgp_gljbjh\Zgguo dbkehl|
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<hehdgzZ gblb b g_IdZgu_ fZl _jbZeu gZ hkghg \ ihhekdkibftb*guo
\uimkdz _| dhfizgby HHH ©Ebjkhl2 > @ M dhfbdgdbc ij_ "klI.
Zkkhjlbf_gl h~_"~u jzZkkqgblZgghc gZ jZ[hIm ijb \ukhdbo I_fi_jzZlIi

<ooler

Jbk H[sZy nhjfmeZ iheb[_gabfb”Zaheh\

n

Ilheb[_gabfb”rZahevgh_ \hehdgh h[eZ”Z | ohjhr_c | _jfhklhc
g_Jhjxqg_klvx gZ \hamo_ b fh _| bkihevahWIvkgK "hHNMNgfZdjZIm]
gZebgkH-]jmii \ [_gabfb”r"Zahevghf pbde_~ eZ | ihebfd]j qgm\kl
hdbke_gbx ijb ih\ur_gguo |I_fi_jZIlmjZo

Ilheb[ _gabfb”rZahevgu_ rlZi_evgu_ \hehdgZ \uimRIdZxl| ih~"
KR: ba dhlhjuo balhlzZ\eb\Zxl aZsblgmx h”_"~nmh ZggudkljhgZz\
LdZgb gZ hkgh\PBighleyxlkihw*oh”"ysbfb nbevljh\Zevgufb fZl jbZe.
lhjygbo ]Zah\ > @

< IZ[e ijb\_~_gu g_dhlhju_ k\hckl\Blhehdhg fZjdb

LZ[ebpz
Hkgh\gu_ k\hckI\Z \hehdBy fZjdb
K\hcklI\Z AgZq _gby k\hckl\
H[t_fgZy iehlghKlv ] kf 1,3
JZ[hqZy | _fi_jZImjzZ fK A
lj_~_e ijhgghklb ijb jZaju\_ FIZz 160
M~rebg gb_ ijb jZaju\_ 3

lhebZfbr"h[_gabfb”Zahevgu_ khkihenldgzba fZdjhfhe_dme |
[ gabfb”rZahevgufb pbdeZfb b Zfb~rgufb ]JjmiiZfb > @

IlhebhdkzZ”"bZahevgu \u)BeAaldigZxl gZ hkgh\_ihebhdkzZ”bZah
ebg_cguo ihebf_jh\ ihemqgZ_fuo j_Zdpb_c ihetkimgdngkZpbb ]I
| _j_nlZe_\hc dbkehlu \ kj_~_ dhgp_gljbjh\Zgghc &yjghc dbkehl
ijhp_kk_ ba]lhlhle_gby \_ s kI\Z ~ r \u b “~hkimaguzZgbhwlhfm
ihebhdkz"bZahevguo \hehdhg wdhghfbqg_kdb \u]ktgddhKkes_ "m |
wlh]lh \hehdgZ d dbkeuf kj_~Zf D bo g_"hklaldimdk fihlhghd hkbv_ kil b
A ckl\bx hldjulh]h iezZf fgb*binbpbjh\Zggu_ ihebhdkzZ"bZahevgu _
\hkiezf gyxlky ih”™ j"b\Zxl ]Jhj_gb_ b g_ adlgn&kZxglbhBhzZbo bau \
ieZf_gb > @

< H:H ©K\_leh]hjkdObf\hehdgh?2 J _kim[ebdZ ; mXgmkv ¢
ihebhdkzZ”"bZahevguo \hehdhg b g _ldZgh]h fZl _jbzZgZdhkhjahg gZ
k\hckI\Z dhlhjh]lh ij_~klZ\e_gu \ IZ]e > @

G_ldzguc fzZl_jbze :jk_ehg h[ez”~Z_| \ukhdhc | _jfhklhcdhl
ihgb™ _gghc ]hjxqg_klvx < gZklhys  \j fy \ _"mlkegbgZajz{hldb
]brjheblbg_kdhc b dbkehlghc mklhcgb\hklb fZl_jbzZez
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LZ[ebpZz
K\hckI\Z g_ldZgh]h fZl_jbZeZ :jk_ehg
ijhba\h”"kI\Z H:H ©K\ _leh]JhjkdObf\hehdgh?

K\hcklI\Z AgZq gby k\hckl\
. . 270820
JZ[hazy I_fi_jZlmjz fK \ g dhihjuo kem@syo  +
L fi jZImjZ jZaeh  _gby fK 505
L _ fi_jZImjZ hdbke_gby fK 470
Dbkehjhrguc bg” _dk 3283
JZ\gh\_kgh_ \eZ]hkh”~_j Zgh 1041

< Jhkkbb dhfizgby HHH GIN ©lbajfhkbyddbuimkdZ | ~\Z \bA
fZl _jbzez :SFL# _jfhkihcdh_ blehijh[b\gh_ ihehligh ba \hehdgz
Zifbjmxs_c k_ldhc ba dhfie_dkghc gblb-NKLehlg jfbhkiGcdh

blehijh[b\gh_ Zjfbjh\Zgh_ ihehlgh gZ hkgh\_ \hehdg® :jk_ehg
khcki\Zfb G _dhlhju_ 0zjzdl_jbklbdb wibo fZI_jbZeh\ ij ~klZ\e g

LZ[ebpZ
K\hckI\Z ihehl _g-NF b :G:ANF-L
ijhba\h”"kI\Z HHH ©GIN ©L jfhklhcdb_ba” _eby?

AgZq_gby k\hcklI\ "ey fZl_jbZe
Kihckitz 'G:LNF [ G:LNFL
L_fi_jZImjz wdkiemZIZp b djzldh\j_f_ggh
Mkz~dZ g_ [he__ * 1
Ih\_joghklgZy iehldghklv “ “

l[j_bfms_KkI\Zfb ij_"~klZ\e_gguo fZl_jbZeh\ y\eg rkkyZbdd_ kV\hcdl
ijhp_kk_ wdkiemzlZpbb \ukhdZy klhcdhklvzd bjjZgbg[kidkefytibke
g_nl_ijh*mdlzf fbg_jZevguf fZkeZf hgb mklhjZpldhedgguokl\b
g _hjl]Zzgbq_kdbo dbkehl b s _ehg_c¢c Wnn_dlb\gkkljZardfbphfljZpbhb
gZklbp ~h fdf khkl2hey |

IlhebZdjbehgbljbevgu_ ihteemgf@ ba Zdjbehgbljbez bf xs
obfbg_kdmx nhGQHEHCN Nhjfh\Zgb_ hkms_kl\eyxl dZd ©kmobf?
©fhdjufa zZ |zd -freddomfcth kihkh[zfb > @ <hehdgZ h[ezZ"Zx]
]bljhkdhibgghklvx ijb hlghkbl_evghc \ezZ ghkib]ehtsa’ghoZz
khklz\ey | a \h~u hlebgZxlky gbadhc h[t_fgld ]iehlghklvx
\ukhdbfb | _iehbaheypbhggufb k\hckI\zZfb b fhjhahklhcdhkl
wdkiemZlbjmxlky ijb | _fi_ jA28nfKo ijbx 16G&fK ~ _el_x|I gh g_
kgb zZx!l | _jfhklhcdhklv b fhiml Julv jZ[hlhkihkinjgufbf Kh>l @& jZI
D g_"hklzldzf fh gh hlg_klb ~_kldhklv \hehdhg bbhlglv[hd vrmx
bklbjZgbx

ljZdlbg_kdbc bgl_j k ey ba]Jhlh\e _gby g _ l|dZdddeyZl jbZe
| jfhhdbke _ggh_ ihebzZdjbehgbljbevgh _ I:G \hehdgh ih
riZzi_ebjh\zZggh]lh\He®dgZ Ih k\hbf k\hcklI\zZf IZdhc fZl_jbZe ij_
fghl]b_ h]g_klhcdb_ fZl_jbZeu \ h[eZklb FKfi_zzZlIldd ~"h hlebqggh
azZj_dhf_g~h\Ze k_[y ijb |_fi 4@ MmMKZoz ijb |_fi_jZImjfK !
khojzgy_ | k\hb nbabqg_kdb_ k\hckl\Z g_ JhljdjlubhfyieizefZ gdl kiyb \
| _fi_jZIlmj_ fK fh _| gZoh”blvky \ | _qg_gb_ + fbg > @ LZ
fh™ | bkihevah\Zlvky ijb ba]hlh\e_gbb nbevljmixisdxs bwe ijfb glh\
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\ukhdbo |_fi_jZImjZo \ dZqg_kI\_ hkgh\gh]h kBI kjZ42 % edy hb \ bk f
Ajm]bfb | _jfhklhcdbfb \hehdgzfb Z Izd _-Neyw]gkb&sgby | _jfh

>ey ihemqg_gby g ldZguo fZl _jbZeh\ k g_h[oh”blfuf dhfie
ijbf_gyxl kf_kb I_jfhklhcdbo \hehdhg |Ijb nhjfhhXfgkkdbrhoddbu\Z x|
\b~rh\ \hehdhg \ jZklI\hj_ 1Zd dzd |_jfhklhcdb_ ihebfgpu g_ ieZ
[jm~rgh]lhjxgb_ fZl_jbZeu \uimkdZ | jhkkbckdZyod\fdEgbykjHHH GI
dhlhjuo blehijh[b\gu_ |Ijm~gh]lhjxgb_ fZl-jHEeugZ :<hKQ K\ _
iZjZZjZtfbrguo \hehdhg 'HF ba Ih&bWeehghgup b ba kf_k_c
iZjZZjZfbrguo b hdbke-\dielha HgG> @

FZl_jbZeu fh]lml bf_Iv jZaebggmx ih\_joghklgmxlviehlghkl
[j _[m_fufb k\hckl\Zfb \ aZ\bkbfhklb hl kh”_j"Zgby dhgdj_Ilgh]h \b

AZdexq_gby

ljb iezZgbjh\Zgbb gh\uo jZajzZ[hlhd b kha”Zgbb byogheh]b
ba” _ebc gZ hkgh\_ g _ldZguo fZl_jbZeh\ g_h[bbhfibKhv mqgbli
dhfihg_glh\ b ih~[bjzZlv IZdb_ khklZ\u ihke_"mxecdnwgfigZa¥pby
ijhba\h~kI\_ b \'Ih "_ \j_fy hgb "he ' gu [ulv dhgdmj_glhkihkh[gufb

ljb bkihevah\Zgbb \ dZq_kI\_ hkgh\u g _ldZggwofXb "hdZeh\ |
\hehdhg g_h[oh”bfh h[_ki_qblv Jb*jhnh[baZzZphix \ihkejpordprgkllh _1Zd
kemqz_ \ Izdb_ fZl jbZeu kdehggu d baebrg_ fmuYhyhlilndehs gt
khj[pbhgghc \eZ ghklb > @ LzZdbf h[jZahf ijbejiZajZ]hid Ikyh\uo
hij_~_eblv dzZdbfb kihkh[Zfb \hafh 'gh memqrblv hickh\alZedb\
fZl _jbZeh\ [_a mom”r_gby bo \ha”“mohijhgbpzZ_fhklb

Kibkhd bklhggbdh\
1. DZ[eh\ ? G Bggh\Zpbhggu_ jZajZ[hldb N=MI ©O<B:FazZpbll JIN i
©KIljzZl_]lbg_kdbo gzZijz\e_gbc jZa\blby fZl_jbZé¢hj\Zbhldbgih2h]lhbhdo i

~h ]hnrza :\bZpbhggu_ fZl_jbZeu b |I_ogheh]KB3.DOI: «
10.18577/2071-9140-2015-0-1-3-33.

2. DZ[eh\ ?2 G FZl_jbZeu b obfbq_kdb_ | _ogheh]bgbdtey Z&bXpdbhdghc
Jhkkbckdhc Zzdz~_fbb gZzmd K 338. <

3. DZ[eh\ ? G Dhfihablu k_]h~gy b az\ljz F_IZekeu39ijZabhb <

4. Bklhfbg : < i _kiZzeh\ : K 7 Z[Zrh\ < = ljbrZgb kihbdlrkldghc h
| ieha\mdhbaheypbhgghfm fZl _jbZem gZ hkgh\_jKfkkd evhj&gbqg_
\hehdhg ‘\bZpbhggu_ fZl _jbZeu b |I_ogheh]bi 78.iDO0Ik
10.18577/2071-9140-2018-0-4-74-78.

5. B\Zog_gdh X : Zjma“bg ; < <Zjjbd G F FZdkbfhmjgu= <ukht
\hehdgbklu_ miehlgbl_evgu_ fZl_jbZeu \bzZpbbglheh]bBl _jbZeu b
< 6 K 282DOI: 10.18577/2071-9140-2017-0-S-272-289.

6. ;Z[Zrh\ < = Kl _iZzgh\z ? < Abfbg_ \ : F ;ZkZpglbig_jHi\gu Hdkb”g
\hehdgZ dzd dhfihg_gl Jb[dhc \ukhdhl_fi_jzZImjghggbhahiedippivZeu:\bz
b I _ogheh]bb « Kl 85/ KWWS ZZZ MRXUQDO YLDP UX
02.12.2021). DOI: 10.18577/2713-0193-2021-0-1-34-43.

7. K_\hklvygh\ : = Hkvfbg G : S jl[Zdh\ < | F_oZpbaklbeéXgulo oghe
fZl _jbzeh\ F E _]ijhf[ulba™Zl k

8. :["meebg B R BljZ]lbfh\ J = Fmaznzjh\z = R Kgbalh\z W F
| _ogheh]bb ijhba\h?klI\Z g_ldZguo fZl_jbZeh\ <h &hglibg IE]|Bgkdh
mgb\_jkbl_1Z L K «<118.

9. :\bZpbhggu_ fZl_jbZeu kijZ\hggbd \ I FL <B:E_iehaZsblgu_
| _iehbaheypbhggu_ b dhfihabpbhggu_ hlfAl_jEXrepgululchd _Zeebq_kdb
ihdjulby K
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26.

27.

28.
29.

30.

31.

| j_i_edbg D ? Kh\j_f ggu_ obfbg_kdb_ \heftdbgdjbd g jgbydIb\u
| _dklbevghc ijhfure_gghklb Jhkkbckdbc obfbqge kjhtkk b'akjghidd @ n
obfbq_kdh]h h[s_kI\Z bf_gb > B F_gXlVe_ <«<\ZK 48 L
Dmdbg = G Kheh\v_\ : G L dklbevgh_  fZl _jbZehbetvgab bko
fZl _jbZeu mq_[gbd 2eyarmah\ j_jZ[ b ~hi F E_]ijhflulba”Zzl
;m~rgbpdbc =: Gh\h_ \ h[ezZklb |_jfhklhcdbo ihebf_jhYOBF\hehdhg
k
;_kiZzeh\ : K Dmavfbg < < 7 Z[Zrh\ < =nbibéiyndbjomxigdcjbZe gz
hkgh\_ | _jfhklhcdbo kbgl_Ibg_kdbo \hehdhg Lgm~™l <B:F
URL: http:/lmwww.viam-ZRUNV UX ~ZIlZ h[jZs_gbROI: 10.18577/2307-6046-
2015-0-1-4-4.
Dhg”jZrh\ W D Dmavfbg < < Fbgzdh\ < L I hgfZflhjjbMZze ® gZ G _Id-
hkgh\_ | _jfhklhcdbo ihebf_jguo \hehdhg b f_"ieblhdewu<BmkFehlg_gby
< Kl 85/ KWWS-ZRBRWIUXP "ZI1Z h[jZs_gby
Ex[bg > Kijz\hggbd ih dhfihabpbhgguf fZl_jbRZ&rbfghkljhdgb F
Dg k
DzZ[eh\ ? G DmeZ]lbgz = K @_e_abgZ = N Ehgded M \R gib _ D mj
fbdjhkljmdImju h~ghgzZijZz\e_gghlh hj]JZghieZklbdZ gZ hggh\_ Zj.
JmkZLGL b wihdkihwedtkmevnhgh\h]h klyamxs_ ]h ‘\bZpbhggu_  fzZI
| _ogheh]bb < K 26.BO0I: 10.18577/2071-9140-2020-0-4-19-26.
K_jl__\z 2?2 : DhkibgZz D > :gZeba Zkkhjlbf_glzZbadjXxibdllo \hehd]
<_klgbd | _ogheh]bqg_kdh]h mgb\_jkbl_IX 125 L <
>hjbhf_~h\ F K Jughd zZjzZfb”rgh]h \hehdgzZz \b”u kWoklNZ<HBjBf_g_gt
< JOB. URL: http:/mww.viamZRUNY UX ~ZIZ h[jZs_ gl
10.18577/2307-6046-2020-0-11-48-59.
Dhgdbg : : Dm7jy\p_\ = B S_IbdgBghkllhctdbjftb g_]hjxgb_ \hehdgz
Obfby k
;xee_j-DI L_4iéhl_jfhklhcdb_ ihebf_ju i_j k g_f ih~r j_~ Y K <ult
Obfby k
:g”jhgh\zZz G : ;_kkhgh\ F B EZcmk E : JmrZdah\ucl deélzkikbfb”u
| _jfhklhcdbo ihebf_jh\ F GZmdZz k
| j_i_edbg D ? KljmdImjzZz b k\hcklI\Z \hehdhg F Obfby k
FmkbgZ L D <hehobgzZ : < S |Ibgbg : F lhebbféhdgZ b gpdbbkRbu _
ki_pbZevgufb k\hckl\Zfb gZ bo hkgh\_ < fbj_ h[hjmKB\Zgby <
A _nbjh\ G K Obfbg_kdZy wgpbdehi_~by \ |ZWF wghledehy fikkbc
L k
Dhgdbg : : MJ]e_jh”rgu_ b ~jm]b_ "Zjhklhcdb_ \hrehd@bkdy_ fZl_jbZe
k
>hdmqgqzZ_\ < G Bkihevah\Zgb_ ihebhdkzZ”"bZahevgud lbmje jh~tgu
H:HOK\ leh]hjkdobf\hehdgh?2 \ ijhba\h”kl\_ | _ogbqg_kdbo |_dklbev:
=jhrgh =B:lI 1K. +
FZl jbZe g IdZgudNFEFG:lb fZl jbZe g ldZguc Zjk_eiNgh\utHH5:L
GIN ©L _jfhklhcdb_ ba”_eby?2URLn htips:/keZroik.all.biz/my-goods/materialy-
netkanye "Z1Z h[jZs_gby
DZebgh\kdb ? Mj[Zggbd = < Obfbq_kdb_ \hehdgZ F E_]dZy bg”n

Lbfhrdh\ 1 G K _\Zklvygh\ > < MkZg \Z F G Ojmevdh\ : < K
i_jki_dlb\gu_ |I_ogheh]bb ihe-gelgdlyg I:8[ahj Lim~u <B:F

< 11 Kl 85/ KWWSZRAZNVYURP ~Z1Z h[jZs_gby
10.18577/2307-6046-2019-0-11-68-74.

Jymah\ : G =jma™_\ < : <Zdr__\ Bl b 7 LZoghébfbkdihbbalh
\hehdhg mg_[gbd "ey | _olghbdmAh\Obfby k

:\bZpbhgguc fZl_jbZe blehijh[b\ghc Ijm*gh]lhjxh:&BDjKHDF®:HF2 b
HHH GIN ©:<BDK?2 hnbpRLKkA&ttpls://aviksnpf.ru/goods/24308060/material-
igloprobivnoy-trudnogoryuchiy-marki-aonu-8276007-1736440403 "~Z1Z h[jZs_gby
01.12.2021).
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32.lhghfzj_ \z 2 : Dhg”jzZrh\ W D FbgzZzdh\ < L lhe_kdbgZ G
| _ogheh]lbg_kdh]h j_"bfzZ ]b”rjhnh[baZpbb g_IdZgbdehelgighikgduo fZ
| jfhklhcdbo \hehdhg ‘\bZpbhggu_ fZl_jbZeu 93. K dgledQb b <
10.18577/2071-9140-20145B-11-16.
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:gghlZpbBa~_eby ba hj]j]Zzgbg_kdbo kl_dhe rbjhdh bkihevamxl| \ Z\b
gbd_ "ey jZaebgguo \b~h\ hkl_de_gby dhlhju_ j&2{BlIZpbhdgehoguo wc
mkeh\byg&igbf _j ih”A\_jlZxlky \ha”_ckl\bx gbadbo b \ukhdbo I_fi_jZzI
mevljZnbhe |Ih\h]h h[emqg_gby b ~j WIb nzZdlhju fhlml \ebylv gZ wd
gZ”_"ghklv hjlkl_dez < gzZklhys__ \j_fy \ dhgkhnhkpbge_ dblyZpbhgc
gZb[he__ jZkijhkljZzg_gh ijbf_g_gb_ hjb_glbjh\Zggh]h ihebf_Ibef_I
hjlkl _dezZ :H < jzZ[hl_ ij_"klZ\e_gu j_ameviZlu bkke_ ~h\Zgby fbdjhkl
ih\_joghkl_c hjlkl-dezZibHA\_jlr_]hky ijh*he bl_evghfm \ha”_ckl\bx ZI
kn_jguo nzZdlhjh\ \ jZaebgguo debfZlbg_kdbo ahgZo KR: :jbahgZ b N

Dexq_\u_ kehedbf_ Ibef_|ZdjbeZlgh_ hjJHdR0dfdord jhHkIjmdImjgu_
bkke_"h\Zgby fbdjhnzZah\Zy kljmdIimjzZz debfZlbg_kdbhjwahgu ZIfhkr
Z\bZpbhggZy | _ogbdzZ ~ |Zeb hkl_de _gby

>ey pblbjh\Zz®myjr_\ ? < Ehgkdbc K E F_dZebgZ Bvghdbdbdyyihg kehlh

klZj gby gZ fbdjhkljmdImjm ih\_joghkldéZf]Xdghe medhkmrielo\hf b km[ljhibg_kdh
debfzl_ Lim~u <B:F K1 02.URL: http://www.viam-works.ru. DOI: 10.18577/2307-
60462022-0-315-26.

Scientific article

INFLUENCE OF LONG CLIMATIC AGING ON MICROSTRUCTURE
OF SURFACE OF ORGANIC GLASS IN SEMI-ARID
AND SUBTROPICAL CLIMATE

E.V. Kurshev, S.L. Lonskit, I.V. Mekalina

Federal State Unitary Enterprig $-Bu@sian Scientific-Research Institute of AW LR Q 0 D\MatioraD OV 2
S5HVHDUFK &HQWHU ©.MbasEovDRUSRIY, adghivi@Miavd. uW H 2

Abstract. Products from organic glasses are widely used in aviation enginderidifer-
ent types of glazing which work in difficult operational conditions,dxample, are exposed to
influence of low and high temperatures, moisture, ultra-violet radiaétc. These factors can
influence operational reliability of organic glass. Now applicatiorhefdriented polymethyi
methacrylate AO-120 organic glass is most widespread in designs tidagkazing. In the e-
al work results of research of microstructure of surfaceseofA-120 or-ganic glass which
has undergone long influence of atmospheric factors in different climatic abiinesUSA (Ai-
zona and Florida) are provided.

Keywords: polymethyl methacrylate glazing AO-120, microstructural redess,c nit
crophase structure, climatic zones, atmospheric factors, aviation engineering, glaiing deta

For citation: Kurshev E.V., Lonskii S.L., Mekalina I.V. Influence of long climadiging on microstructure
of surface of organic glass in semi-arid and subtropical climatelyAM, 2022, no. 3 (109), paper no..02
Available at: http://www.viam-works.ru. DOI: 10.18577/236046:20220-3-15-26.
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<\_"_gb_

HjlZgbg_kdb_ kl_dez rbjhdh ijbf_gy_fu_ \ ~_h2eVyl\ hkl_de
jZkkfZljb\zxl gZjy™"m k f_|IZeebq_kdbfb fZIl_jbZlklZdb\wWwgdddhwe f_
kljmdpbc \g_rg_]h dhglmjz kzZfhe_1Z b hlgha&lgl dih\mii* dBl jb
jZajmr_gb_ dhlhjuo fh _1| ijb\_klb d[Z8hZdZIZkljhn _

ljb wdkiemzlZpbb kzZfhe_Ih\ ~_1Zeb hkl_del gblyebicdh’h\jJZgbqg_
]Zxlky \ha” _ckl\bx dZd nbabqg_kdbo Idlhjh\obdbgg kadlkgvitd me
l[jZnbhe _Ih\h_ baemqg_gb_ KhegpZ i_j_ iZ”u |_hidpXlenjgim \e&[ ghk
keh\e _ggh_ gZebgb f dbkehjh”"Z b hahgzZ \ Zlthkkhb jf Z]bARjheba
kn_jghc \eZ]b b hkz~dh\ wjhabhggh_ \ha” _Ickl\bk \ mMpZ ®Z¢lguny
nZdlhju fhlml \uvau\Zlv baf_g _gby fbdjhkEgIZglnhjgug bo wakji2al |
kibd fzIl_jbzZlhhwlhfm ijb hp_gd_ wdkiemZlZpbhgghc gzZ”~_"ghklt
hkl_de_gby gZ hkgh\_ hjl]Zgbqg_kdbo kl_dhe [hd&dwriZzIfhgbidgb_ m
klhcdhklb > + @ KlZ[bevghklv k\hckl\ \h \pbf flkEhikb_jpad_ ckl
nZdlhjhhgh ba hkgh\guo Ij_[h\Zgbc ij_~tyley fuoeZhjy&gbq_ kd
hkl_de_gby kzZfhe_Ih\ > @

>ey hp_gdb j_kmjkguo oZA\FdlZglgkildodk ZIfhkn_ jgufb nzZdlhjzZfb
ijhly” _gbb fgh]lbo e_I| \ Jhkkbb ijh\h~*beb khilol _ihzZ btké&k2p Bk \ZHdx
Zlfhkn_jhklhcdhklb \ jZaebgguo debfZlbqg_kdlploimadgkkdohgm&knm ggh
l[jhibg_kdhc imklugghc Kk_jbcguo hj]Zgbq_kpgbofkd_ Uhe | Aedloiem
hkl _de _gby hl_g_kI\_gguol.kZfhe |h\ >

Ke_"m_1| hif_Iblv qlh kh\_jr_gkl\h\Zgb_ kmsh&t¥ngbosbgh 2z IZ
\uo fZIl _jbZeh\ hkl _de _gby g \hafh gh hkms_kl\dghivZdhahdamq.
kljmdImju hjl]Zgbg_kdbo kl_dhe dhlhjZzy \ ag2gbl keghodhgh hi
]bg_kdb_ b wdkiemZlZpbhggu_ k\hckl\Zz

< "Zgghc jZ[hl_ ijb\_~ gu j_ameviZlu bkke_ ekNghdblydeebygby
fZlbgq_kdh]h klZj _gby \ ahgZo ihemaZkmreb\h]h]h:jbeazhgh]hb Ijh
debfzZlZ KR: Nehjb”rZ gz fbdjhkljmdImjm ih\_joghkhefib_ glbjh
Ibef _1ZdjbezZlgh]h hjlJZzgbq_kdh]h IKh\déZg:HgZeba b mklZgh\e gu
[ gghklb baf_g_gby fbdjhnzZah\hc kljmdIimju ik\ mqgghiflhhlajjkl de
ki\by Zlfhkn_jguo nzZdlhjh\ ijb ijh”"he bl_evgheb®dbkihakdgdbd gz
iehszZz~dZo :jbahgu b Nehjb”u \' I _gq_gb_ ]h*"Z b e _lI

DebfzZl :jbahgu o0Zjzdl _jbam_I|ky \ukhdbfb &adfhcjXeédjgth b g
kilvx 'l _gq_gb_ 1h~Z Z 1Zd _ ih\ur_gghc “"hahbykb@&g\ukdtdihcbaer
bgl _gkb\ghklb kheg_qgh]lh k\_1Z E_Ihf |I_fi_ gEgmjZhihabvhalz \ :jl
1Zlv fK

DebfZIm Nehjb”u 1Zd" _ ijbkmsZ \ukhdZy bgl_gKkblkghklv kh
HrgZdh _]1h hkh[_gghklvx y\ey_ |ky “ebl_evguc limjbWratmkhd tko |_
h[bevgufb "h " ~yfb b dzZd ke_"kl\b_ \ukhdZXyl \@Zgohk\k_\lhalma@z
FZdkbfzZzevgZy e _lgyy | _fi_jZImjZz \ha”moZ NKhjb~u “hklb]Z I

Kji_~gyy | _fi_jZImjZz \ha"moZ b kheg _qgZy jzZz"b@pfbyh\ :jbal

Nehjb”_ Ijb wlhf \h Nehjb”"_agzZqgbl_evgh [hevr_ kj b gyy \eZ g
ebg_klI\h \uiz*"Zxsbo hkz”dh\
lhemqg_ggu_ j_ameviZlu y\eyxlky gZklvx dhfile_kikogZgkke "h

gbx k\hcklI\ fZl_jbZeZ ihke_ ~ebl_evgh]lh gZémhpphd kébifzdbyg \ jZ
kdbo ahgZzZo

J amevlZlu bkke _"h\Zgbc [Zabjmxlky gZ ijhl*"eah kgdhhgb¥g _
ihebf_jh\ > + @ kh]JeZkgh dhlhjhc Mhjhbgh[gZea hj\dZg & bnehljfbjm _fhc
Abki_jkbhgghc kj_"hc ©gZiheg _gghc? kiZkklghZfonZbdjh&Kke ~m _|
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hif _Iblv qlh fbdjhkljmdImjzZz fgh]l]bo ihebf_jh\ AbwagbkbOisdy &®hZ k
i _j_jzZ[hldb \ j_amevlzl_ -fE&kdhhghjghkkeh gby h[jZam_| g_ij_j
fhe _dmeWgki jkgmx kj_"m \ dhlhjhc jZkij_~ e _gu dhkehb”gu_
i_jkghc nZau jzZaf_jhf + gf b [he__ >bki_jkgu]Zgudbopu b L
jhnZah\hc kljmdImju kjZ\gbl_evgh e _]dh ~_nhjffijroXiklyqgihkdbockl)\
gZijy _gbc b ih\ur_gghc | _fi_jZImju > @ I|hwilhflAluhbklge ggu_ |j
"h\Zgby ih \ebygbx ”“ebl_evghc wdkihabpbb \ mjke \dlyfZlizthema
:jbahgzZz b ahg_\eZ gh]lh Ijhibg_kdh]h debfzZlZhNetjb¢Z I\ | _q_1
fbdjhnZah\mx kljmdIimjm hjl]Zgbqg_kdh]h kl_ogeghb bf*y YZWp gddb aidhz
\_~ _gby ijb \ha”_ckl\bb debfZlbg_kdbo nZzZglhjjth\mik [Zkith\ev agrb bl b
ijh~e_gbb kjhdh\ wdkiemZI|lZpbb ba”_ebc Z\bZpbhgghc | _ogbdb
JZ[hlZ \uiheg_gZ \ jZfdZo j_ZebaZpbb dhfie_dkghc gZmqggl
©OHilbg_kdb_ fZl_jbZeu b fZl_jbZeu hkl_d&dhby@ZigK\NgAlghiq
\blby fZI _jbZeh\ b | _ogheh]bc bo i_j_jzZ[hldb gZ i2ipbh” ~h ]h?”

FZI_jbZeu b f_Ih”u

H[t_dIhf fbdjhkljmdIimjguo bkke _"~h\Zgaypcu kiejin " lgéloj i\[£4 g
]h ihebf_Ibef_lZdjbezZlgh]lh hjlkl-deZihZ|dWb2-5H5759912190).
>ey hij_~ e _gby \ebygby gZImjguo dethf\Zlbgfi kidbon juZ dilehg " g
klb kheg_qgqghc jZz*"bzZpbb hkz~dh\ b\ghl_epoih " bekk&jZh\Zgby h
jZapZ ba hjlkl-deZ2hHKlZj_gby k h[jZapZfb \uj_aZgklufbeBEa iebl
gZoh”b\rboky gZ wdkihabpbb \ ahgZojbesmgZZkmYebB\gHjih [jhi
g_kdh]lh debfzlZz Nehjb”Z \ 1 _qg_gb_g~ruh*2ybh[jZalphKIigz |_jjbl
jbb bkiulzZl_evguo debfZlbq_kdbo klZigpHhZdjlzfkithjg Zahdéh qlh i
\_joghklb h[jZaph\ [ueb hjb_glbjh\Zdgu gZdehigh2* mll¢ZNmkh\ d e
gbb ]Jhjbahglz ~ey h[_ki_q_gby fZdkbfZdwegh]dghia*ba&mhMhygdby g
ih\_joghklb h[jZaph)\

leblu ba hjlkl_dezZ ~h b ihke_ wdkihabpbb pZkjibaefb\i{héb gz

T ff gZ jmgghf hlj_aghf klzZzgd_ ZefZaguf ~“"bfkti hkKl X hpeeZZ ™" gb

jZapZ ki_pbZevghc hoezZz "Zxs_c¢ "brdhklvx

K p_evx m~Ze gby aZ]jyag_gbc h[jZah\Z\rbokygZX iijlhp_kk _
\_joghklyo h[jZaph\ hkms_kl\eyeb ijhfuldm h[jZapbiA”ii}hkljm_c
\h~ghc \h”"u ~"h iheghc \bamZevghc kfuldb aX]ljlyadhkédc Wlhjh_jo
h[jZapu ijhfulZeb \ "bklbeebjh\Zgghc \h”_ b knhrbiehZiljjdhfgZlc
ljb ijhfuld_ h[jZaph\ fhxsb_ kj_"~kI\Z g_ bkihewahsZkbey2dkv g_
f_ozgbqg_kdh_ \ha”~_ckl\b_ gZ bo ih\_joghkliglhKen\*modhtklb_ Ibl
jZaph\ ihke_ "ebl_evghc wdkihabpbb bkke "“h\Z%edy dizadnlyy hybylh
fbdjhkljmdImju ih\_joghklb hj]J]Zzgbg_kdh]h kIl _ dbeZeyZblabhq_agblklf
h[jZah\Z\rboky aZ]jyag_gbc \ j _amevlZl_wdkihabpbb

ljbde_b\zZgb_ h[jZzaph\ d ki_pbzZevguf ~_j zZI|_eyfwéey kdzZgl
l[jhggh]lh fbdjhkdhiZ ijh\h”"beb k ihfhsvx Ilhdhijh\h*ys ]h de_y gZ
k IsZl_evghc h[fZadhc de__f Ihjph\ b [hdh\uo ihhkg¢ogihkdgh]h[]jZa|
\ukuoZgby m]e_jhrgh]l]h de_y ih\_joghklb h[jZaipmafihdghjffdeb b
ljZzZ\e_gbx \ \Zdmmfghc mkldgBad_gbhpmghljz\e -gby NE&jfz
-HRO >ey kgylby we _dljbg_kdbo azZjy”h\ b bkdekdbghbiyw\hafh g
A _gbc hl \ha~_ckl\by imqdZ we_dljhgh\ b4 IMdjbqgydyx mde eddgh g
ghc wfbkkbb ijb bkke_~h\Zgbb h[jZaph\ bashjikWwededdjhglgdhZgbjr
fbdjhkdhi_ bo ih\_joghklb f_IZeebabjh\Zeb \ AZ)Jdmh)hglgh]mklZg
jZkiue_gby 4 5 (6 nbjfZ 4XRUXP 7THFKQRORJLHV
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FbdjhkljmdIimjgu_ hkh[_gghklb ih\_joghkl_c ihébfhjllbef_1Zd]
kl_deZ-:H bkke_~h\Zeb gZ kdZgbjmxs_f we_dljhgghf fbdjhkdt
VEGA ;08 \ j_"bf_\lhjbgguo we_dljhgh\ ijb m\_ebg_gbb hl 1 A

Dhebqg_kI\_ggmx h[jZ[hldm ihemq_gguodmaZjpguoo bfbidg hRIljm
\Zgbc ijh\h”*beb k ijbf_g_gb_f ijh]jzffghltzghdeka zg bath[jZ _gbc
ImageScope Color Ihkdhevdm h[gZjm  _ggu_ \ ijhp_kk _]JbBkkddb" h\Zgby
jhrbki_jkguo gZklbp hjlkl _dez bf_xI| gfmjZtegvdmjx_ dhgh]h hij
N e _gby bo jzaf_jh\ ijh\h”~beb baf j_agbkj "b@flhjz>KEZf _ N_j_
kj_"~gbaeovbkh kj_"*g__ agZqgq_gb_ "“ebg Ijh dpbc "hEkb IjZ qZkap gZz

J_amevlZlu b h[km ~_gb_

<bamZzZevguc hkfhlj h[jZapZ ba hjlkl _ihe¢X_jHZ\r _]hkp debfZl
g_kdhfm klZj_gbx bkoh”guc h[jZa_p g_ \u_yr\QdIg\Z\ithLog;)hklb
jZibg b ihj GZ fbdjhnhlh]jZnbb jbk \brgh igbggmkZadphbf_ |
nZah\mx kljmdIimjm hjlkl_dezZ dhlhjzy ij_~klZ\eggmkhKkbkl fbdjh]
fm khklhysmx ba qzZklbp fbdjh”*bki_jkghc nZathe]Zknjeyjgéd ggu
"bki_jkbhgghc kj_~_ IhdZazZgh qlh fbdjhnZahkBklkbhmdanmjdnbj]k]
nZa h~gZ ba dhlhjuo ij_ "kIZ\ey | kh[hc giZkkxppuo bgZKjblpz1k\”~bk
eu_ mgzZkldb Z ~jm]zZy | _fgh_ihe_ y\ey Ikyhk”*ghjhhttght dbki_j
Ilhjhc jZkij_"~_ e _gZ fbdjh"bkl jkgZy nZaz > + @ kJZagbegu ~"bZf
gZklbp fbdjh~bki_jkghc nZau bkoh”~gh]h h[jZag2 _gBbh~ yfthy \ L
157 gf jbk

Jbk FbdjhnZah\Zy RiimdIim[2] ih\_joghklb hj]jzgbq_kdh]h kI _d
‘H-  ~h debfzlbq_kdh]h kiZj_gby
5
S 10
_QI g
(@)]
NS EESE S
- —
|4
< .
7
x \—}
%0 60 80 100 120 140 160
Jzaf_j qzZigb
Jbk =bklh]jzffZ jzZkij_~_e_gby ih jzZaf_jzf ¢ébzfljljj2Nh)_fikdjhRgb

Abki_jkguo qZklbp hj]jZgbg kdieDhikldebZz g kdh]h Bz g gy
DkJ: ngmax: gf
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DA ijb \bamzZevghf hkfhlj_ 1Zd b \ oh”_ fbdjih\kgm@Imjguo b
jZaph\ ba hjlkl_dez ih”\_j]JZ\rboky debfZlbq_ lkewigb&kiblZpyf g
\uo ih\_joghklyo h[gZjm _gu fgh]l]hqgbke _ggu_ pZk¥ibgihphkkah\Zz
wdkihabpbb iebl fZI_jbzZeZz

J _ameviZliu fbdjhkljmdIimjguo bkke_ "h\Z@olgh kllbbe \wg hza px\
ba hjlkl_dezZ gZoh”b\r_]Jhky \ |_qilgdbbpbbhV“Zlgk wphkalgZ ihd
aZeb gZebqgb_baf_g _gbc \ = fbdjhnldhakjBEtgkgndlknpkoh” guf
h[jZaphf gZ[ex"Zeb m\_ebqg_gb_ jZaf_hki_gkdkhlopn&mnadjh{bk
b Z\ ~h + gf jbX GZ ebp_\hc ih\_joghklb h[jZapZ h[gZ
mgZkldb k hjb_glzZpb_c fbdjh?bki_jkguolukdkibpzZ xQkykl\bebgbb
iZjZee_evgu_ “jm] *jm]m b hjb_glbjh\@wghuf_ ldZZdd b\ ijhnihj_qgghf
gZijZ\e _gbb jpk Fbdjh”bki_jkgu_ gZklbpu ebp_\hc i@pZjoghkltk
jZaf_jhf + gf hlebqgzxlky ih jZlap_¢g@d hdeygklc ih\_joghklb
glh k\b”~_1_evkl\m_I| h nhlhobfbg_kdhcjoghKkjmdypblol _ ith®#Z h[j
S_gghc d kheg@n, Jjbk [ gZeh]lbqgu_ baf_g_gby gZ[ex*Zeb \ |
> @ ]~_ ij_"klzZ\e_gu bkke benf\dgdybiehzllglud hjljZgbg_kdb
kl_dhe \ mkeh\byo klZj_gby b ihdzZaZdgg_Hlbly[ bopg htkibjdghklb i
ke_ "ebl_evghc wdkihabpbb \ mkeh\byde kirZ]Z hlitbhgb fibd m] h
gZlex™"Z _fu_ baf_g _gby kljmdIimju k\yaZgas d&bi fj kjZlKijglZevghc
ih"\b ghklb \ mkeh\byo baf_g _gby kdigoubbijhpZkdkZ\oh h”~ghc
beb \ dZ""hc ba nZa > @

:! 1 ) ‘a'
Y AL
:kx!‘ w‘t;'u mm :‘\;‘r i i &cgmsci
Jbk FbdjhnZah\Zy EljmidImjz\ ] +1 luevgtZcel b ebp_Lh)c
ih\_joghkl_c¢c k hlfuldhc hj]l]Zgbqg_kdhihklel _dedkitdabpbb gZ hldjulhc i
szZz™"d_ \l_q_gb_ ]h”rZ \ rlZIl_ :jbahgZz
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JZaf_j qZlglbp JZaf_j qZlgfoy
Jbk =bklh]jZffZ jZkij_~_e _gby ih jzaf_jzf bkbzZ]jlj]KLhj\ fhidjhg
Abki_jkguo gZklbp Bievigledp Ljhlc hifuluo ih\_joghkl_c¢ hj]Zgbqg_kdh]h ki
‘H-  ihke_ wdkihabpbb \ |_dZ[gbb  d9lz\ r1Zl_ :jbaB#Fnm gf
ij= ngmaX gf[ iDmin ngki ngmax gf\ iDmin gf
ij= g fDmax gf] il:)min 9 ij 9 1DmaLx gf

SEM HV: 10.0 kV.

’
TR e,

- *1 L
f‘}q‘ ' f ;

PG

T m 2 2 AT (/

SEM MAG: S0kx WD: 10.10 mm ‘ (NEE 1} | SEM MAG: 60.0 kx

SEM HV: 10.0 KV Det: SE SEM HV: 10.0 kV

Jbk FbdjhnZah\Zy EljmidIimj2z\ ]£1 luevghcl b ebp_Lh)c
ih\_joghkl_c k hilfuldhc hjJZgbq_kdhijhklel _dedkitabpbb gZ hldjulhc i
szZz™"d_ \l_qgq_gb_ e_l \rlzZl_ :jbahgZz
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Ihke_ wdkihabpbb hjjkl_tdeZZlH :jbahgZ \ I_q_gb_ v e_I| gZ |
ghc ih\_joghklb h[jZapZ gZ[ex"Zx| g_agZqhEZagvgh\ fimdkgVvlr_gb _
i_jkguo gqZklbp ~h of ipbkjz\g_gbx k j_amevlZlZfb bk&ke "~h\Zg
pZ ihke_  ]1h~Z wdkihabpbb [Ijb wihf gZ ebp_Rhblikingagliklb ijh
gh__ mf_gvr_gb_ bo jzaf_jh\ "h kb [gf MWkr-\bAbfhfm fh gh
h{tykgblv jZzkiz"hf fbdjh~bki_jkguo qZklbp gzhYBgby Yke dbkl\ib[|Z
AN kljmdpbb obfbg_kdbo kjylaiph el _evghf ZlIfhkn_jghf klZj_gbb
\ha” _ckl\b -baa\nqg_gby

J amevlZlu bkke_"h\zZgby fbdjhkljmdlImjhduievghagbklk b
h[jZaph\ ba hj]l]Zgbq_kdh]h kihkleZz delbfZlbg_kdh]h klZj_gby \h
guo mkeh\byo Nehjb”u \ I_q_gb_ Ih*"ZDbihfdZamdebbqgqbb jZ
f_jh\ qzZklbp fbdjh~bki_jkghc nZau Zglfeh]bpg@haphkohbg
6,\]b Z[ dzZd b ihke_ wdkihabpbb \ |_q_gjhahga”*Zjh winf
jZaebgbc \ fbdjhnZah\hc kljmdIimj_ luenghogihkdbp i\EZdlbq_ kdb
g_ 9gZ[ex"Z _ |ky jbkd gZ ebp_\hc ih\_joghklb h[jZapgph h[gZ]jm"
"bki_jkgu_ qZklbpu kn_jbg_kdhc \nhjfujbjowdhf hgb bf_ x| [he_ _
juoemx miZdh\dm ih kjzZ\g_gbx k gqZklbip¥Zfjo gtk llu e yighic <
yle gZ 1Zd _ g_agZqgbl_evgZy jZaglpZ y4Zlafejgbcqidkl joghklb
bo jzaf_ju khklzZ\eyxI| hl "h Z gk glzkebphVhc"h gf
jbk D.

SEM MAG: 50,0 kx
SEM HV: 10.0 kV.

Jbk FbdjhnZah\Zy EljmidImjz\ ] 1 luevglzd b ebp_fh)k
ih\_joghkl_c k hifuldhc hj]Zgbq_kdhjhkiel_dedkiabpbb gz hidjulhc i
sz~d_\1_g_gb_ Jh”"Z \ rlZl_ Nehjb"zZ
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Jbk =bklh]jzffZ jzkij_~_e_gby ih jZaf_jzf kpb¥fbej M]j_kZIh\ fb
ih~bki_jkguo qZklbp EZuevigTedp Yhke hlfuluo ih\_joghkl c hjjzgbq_kdh
ki _deZ-:H ihke_ wdkihabpbb \ I qzgb b ]@AZ] \ riZi_ Nehjbrz
Z *Dpin = 110 gf ij= ngmax gf[ +Dnin ngki ngmaX gf
\ £Dnin fd Dy f d Diax fdf] Dmin fdDy; f d Dynax fdf

Jzaf_j qzklib

Jbk FbdjhnzZah\zZy EljmidIimj2z\ |1 luevglZel b ebp_Lh)
ih\_joghkl_c k hlfuldhc hjl]Zgbg_xdhlhklel_dedkitabpbb gZ hldjulhc i
sZz™"d_ \l_qgq_gb_ e_I \rlZI_ NehjbrZz

< ijhp_kk_ debfZlbg_kdh]h klZj_ gbNel[japX N gZdb h e
bahreb agZgbl _evgu_ baf g gby fbdyhnZah\heviglhmdlldgd b
ih\_joghkl ¢ h[jZapZ jbk b jZrdZ dbldjegwghb]ih\ gdphklb
ANZxl djmigu_ iehlghmizZzdh\Zggu_ fbdjh”~bkif_jjkhguhl g2k |bfodf jZa

_ij
ebp_\
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jbk \ JZaf_j qZklbp gZ ebp_\hc ih\_joghklbhkhkizibk ] hl
M\_ebq_gb_ jzaf_jh\ fbdjh"bki_jkgbhobgdkibpk\yihzgh k ijhp_kkzZ
A"bnnmabb \h”u \ ih\_joghklgu_ kehb hjlkl_demidhd2ihegdmelvy fbd
| _ ~ebl_evgh]h \ha”_ckl\by *h"*_ ¢ b \ukhdhc \eZ ghklb debfzZIlZ 1

FbdjhkljmdIimjgu_ bkke_~h\Zgby h[jZaph\ hj]lkl_gedgbdh m~"Ze
\hagbdrbo \ ijhp_kk_ wdkihabpbb iha\hebeb khdbgZjmZbjlywa pb lgely] L
[bhie_gdm gZ ebp_\hc ih\_joghklb h[jZapZ dpdbdbhbNrebhky gZ v
NNVl _g_gb_ e | ;bhie_gdZ ij_"klzZ\eyeZ lehjdwwodhbhlg\ob fbp e
djul\Zxsbo \kx ih\_joghklv fZl_jbzZez jbk ljb ovlilbfn &by Zz hi™_
eby ]jb[h\ *hklb]Zez {©@=x\jblhke_ m~Ze_gby [bhie_gdb [k ih\_jogl
jZapZ ih\j_"~_gbc fZl_jbzZez \ j_ameviZl_ ‘hagbZeyuevjbldi\ fb
g_ \uyle_gh

Jbk Fbdjhkljnzddimjz [ +7 \ 1 ] %1 ebp_\hc ih\_joghklb
[ _a hifuldb hj]Zgbq_kdh]h kihldezwHkihabpbb \ |_q_gb_ e I\ rlzZl_ I

GZ ih\_joghklb h[jZaph\ ih”\_jl]Z\rboky wdkhttabpbtNeH_ q_gl
jb~_ b \k_]h kjhdzZ wdkihabpbb \ :jbahg_ dkhdbg_fhpg2jmZevguc
gh < j_amevlzZl_fh gh k~_eZlv \u\h” qglh debgfZéZjbhajlogyligyufey Ik
N"ey jZa\blby fbp_ebZevguo ]jb[h\ gZ ih\_joghklb fZl jbZeZz

Ke_ _~m_1| hif_Iblv qglh \uyle_ggu_ baf_g _gbyndlfbdjhhZah\h
\_joghklb hjlkl_dezZ \lMagbdrb_ \ j_amevlZl_ wdkihabpbB \ dZ "h
Ibqg_kdbo ahg g_ hdZaulzZxl|l \ebygby gZ klhcWwldkiemZDZ plbchdygp _
amevliZlu bkke_"~h\Zgbc k_j_[jhklhcdhklb-fhiddgblkd!tkdbmo rkd b bkl
h[jZaph\ ba hjlkl-_deithdHAaZeb khojZg_gb_ k\hckl\ ijZzdlbg_kdb g
mjh\g_ \g_ azZ\bkbfhklb hl debfzZlbg_kdhc ahgu klZj_gby fZl_jbZe
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AZdexq_gby

[jh\_~_ggu_ fbdjhkljmdImjgu_ bkke_"HRuidbi ihkghéheb baf
g_gby \ fbdjhnzZah\hc klijmdImj_ ih\Zjoghklilhkgjlk"edbd _evhhc wdki
abpbb h[jZaph\ \ ahgZo ihemaZkmrébXhph]hjbjdhhgd klh]h debfzl.
Nehjbrz \I_q_gb_ ]h*"Z b e_lkjbkihaggakl\bdbfZlbg_kdbo nzdlt

< j_amevlzZl_debfzZlbqg_kdh]h klZj_gbnAll gbghgz @ ith\_j
ghklb h[jZaph\ ba hjlkl _deZ ijhbaheadhjm\ fledjh”~dki jEguo gZklbp
gZklbpu gZ ebp_\hc ih\_joghklb "hHib]Z)fbll]Z&lf"_gZUh\ehkmvd
ihabpbb gZ ebp_\hc ih\_joghklb h[jEesh\klifhggbh bgb gb_ jzZaf |
fbdjh~bki_jkguo qzZkligp Mlh \ual\Zgh \ha”_ckl\b_f kheg_hcpgh]h K\ _
bgl_gkb\ghklb b ih\ur_gguo |I_fi_jZImjeyodedbdZlgumahgu qlh \ j
amevlzZl_ ijb\_eh d ijhl_dzZgbx ijhp_kkrebp_ Xigmihpbpoghklb ihebf
Ibef_IZdjbezlgh]h hjlkl_dbke:Hwdkihabpbb &1l q_gb_

GZ ebp_\hc b luevghc ih\_joghklyo h[jZaphb\bmoky]lglZdeZ
wdkihabpbb \h \eZ guo mkeh\byo Nehjb”u ijhbkgkgbbZm\_ebqg_.
klbp V' I_q_gb_ ]h*Z ~h gf gZ luevghc\bc*hh\_jgdhgdyebpZ ih
ke e | wdkihabpbbdft gZ luevghc b “~h fdf gZ ebp_\hc ih\_
Ih\b~Abfhfm wlh k\yazZzgh k ijhp_kk\Whfbu "onhmabghklgu_ kehb
hjlkl_dezZ b azZiheg_gby fbdjhimklhll\ejvambBviZa” ~&brby
b \ukhdhc \eZ ghklb debfzZlZ Nehjb”u

GZebgb_ dhehgbb fbp_ebZevguo ]jb[h\eb g ihygjoaghgkdb
h[jZapZ ba hjlkl _deZ gZoh”b\r_JhikyhgZ vedKighrallhplghibqg Zdh]h det
lZ r1ZIZ NehjbrZ \' I_q_gb_ e_I| d_ijbghktM ddxkZziehpZ g_ ijb\_eh

Ke _~“m_1 hif_Iblv qlh \uy\e _ggu_ bafaly\hgbk!jnfdbicphh ih\_jog
klb h[jZzaph\ ba hj]kl_deBydby gZ ]h wdkiemzZlZpbhgau\WwWk\hckI\Z ¢

Kibkhd bklhggbdh\

1. =m~bfh\ F F |_jh\ ; < Hjl]Zgbqg_kdh_ kl_deh F Obfby Kk

2. =m”~bfh\ F F Lj_sbgu k_j [jZ 9Z hj]JZzgbg_kdhf kl _de_ F PBIDD :I

3. :\bZpbhggu_ fZl _jbZeu kijZ\hqgbd \ I ih"\E[sFj *XB?2FG DZ][

L K51. +
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6. Dbjbeeh\ < G DZ\mg G K JZdblbgZ <1 b "jl_B&kkeeZm\Zigilgh]beby(g
\ha”_ckl\by gZ k\hckl\Z wihdkb”guo kl_dehl| ddkl hfelk 9dezklbqg_k
K 18.

7. KIZjp_\ H < ljhdhi_gdh D H Ebl\bgh\ ::gbdh\ki#hXy KB _> f_glv
\Z E Bkke_"h\Zgb_ |I_jfh\ezZz ghklgh]lh klZj_gby Z\bZpbhgd&E]fh kl_deh
| jbZeu Wgpbdehi_~bq_kdbc kijz\hkgbs <

8. > \BK Dmjr_\ ? < Ehgkdbc K E @ e _abgZ debfZ«lednylgh ~ebl
lh kl1Zj_gby gZ fbdjhkljmdImjm ih\_joghklb wihdkb”gud¢zZzt|j]4ghieZkl
jZajmr_gby \ mkeh\byo ba]b[Z <hijhku fZl_jbZehK "1ighy <

9. EZil_\ : ; Gbdhez \ ? < Dmjr_\ ? < =hjyrgbd XkKiméihp gghkl
| _jfhiezklh\ gZ hkgh\_ ihebwnbjh\ \ jZaebgguo debiZlbR:Fkdbo ahg

< Kl 85/ KWWSZRZANVYULOP/NZIZ h[jZs_gby
10.18577/2307-6046-2019-0-7-84-91.

10. EZil_\ : ; ;Zj[hlvdh K E Gbdhez _\ i]1Zd e Hyogh \gkuk e gZh\Zgbc khoj
gy _fhklb k\hckl\ fZI_jbZeh\ ih® \ha”_clkldbofbdehifdeyzlZpbhgguo n
lhjh\ :\bZpbhggu_ fZI_jbZeu b |_ogh&h]kb 56% DO 10.18577/2071-
9140-2017-0-S-547-561.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

wN e

Emp_gdh : G Dmjk F = EZil_\ :; H[hkgh\ZghfZIlkj¢ dkdbgpZbkjguo c
lZgbc f_IZeebqg_kdbo fZl_jbZeh\ \ Zlfhkn_j_ qgq_jghZlkejkidl]hkdbE_j_"v
h[ahj <hijhku fZl_jbZeh\_"~_gKy 13%. <«

DZ[eh\ ? G KIZjp_\ < H Kbkl_fguc ZgZeba_\bylwdpykdbbfEK\AcgR A
ihebf_jguo dhfihabpbhgguo fZl_jbzZeh\ ih "Zggufmlil "gubkl\glgpuo b a

gbdh\ h[ah]j ‘\bZpbhggu_ fZl _jbZeu b | _oghehqbB8.4DOI: <«
10.18577/2071-9140-2018-0-2-47-58.
F_dZebgZ B < :caZlmebgZ F D K_glxjbg ? = \Yébly\gby ZHfkh[_ggf

kn_jguo nzZdlhjh\ gZ Z\bZpbhggu_ hjl]Zgbq_«BbF kl_d&k&Z(71).Ljm~*u

K104. URL: http://lwww.viamZ RUNV UX ~ZIZ h[jZs_gb3Ol: 10.18577/2307-

6046-2018-0-11-28-34.

> \ BK DmdeblghWgghklb nhjfbjh\Zgby fbdjhnzZah\hc kémdImju il

f IZdjbeZlguo hjl]Zgbg_kdbo kl_dhe b __ baf giidba \jmmkeh\byo klz

gb.2014.<« 4 K 50t

> \ B K Dhi_p E I KljmdImjhh[jZabgagbl

jZo Dheehb”~guc "mjgZe L 660. K +

Gh\bdh\ < M Dhabpdbc > < > \ B K B\Zgh\ZngzHIZellglugp E |

ZgZeba kljmdImju ihebf_Ibef_lZdjbezZlZ bkke_"h\Zggtktjhfgdhthf jZk

fbdjhkdhibb leZklbqg_kdb_ fZkiKkw.t <

> \B K Dh[_p E I Fbdpikightguysd fZIljbp F_ozZgbdz dhfihablgu

jbZeh\ <K 8.%

DZ[eh\ ? G KIjzZI_]bg_kdb_ gZzZijz\e_gby jZa\bhen]hxl bbzZdh\jB[h_

db gZ i_jbh~ ~h ]h~rz ‘\bZpbhggu_ fZl_jbZew bK 1dgheh]bb

DZ[eh\ ? G FZl_jbZeu b obfbgq_kdb_ |I_ogheh]lbdbtey <Z\bigkhhglmhc |

kbckdhc zdz~_fbb gZmd K L538. <«

DzZ[eh\ ? G Jhev obfbb \ khanrZgbb fZl_jbZeh\ gh\hghl _ibaglhg_ gby "

kdbo kbkl_f L_a "hdez”~h\ OO F_g”_e__tkbhijbkazZzaghcilo bhfsb

?dzZl_jbg[mj] MjH J:G 26. K +

DZ[eh\ ? G Bggh\Zpbhggu_ jZajzZ[hldb N=MI| ©<BZpbEFE@®KIJRI ih j_Z

]bg_kdbo gZijzZz\e_gbc jzZa\blby fZl_jbzZeh\ b |I_ogb&hibjbho Nhj_jZ]

2030]1h~rz2a :\bZpbhggu_ fZl jbZeu b | _ogheh]bb K 33.#ROI:

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

Jwg[b ; JZ[_d Y Nhlh”_kljmdpby nhlhhdbke_ _gb_ nhlhkiZ[bebaZpl
k

MhyjZiheéldp\guo ihebf

K_glxjbg ? = =m”*bfh\ F F Jm~g_\ < 1| b *] KKijdeZ hjj\dbdgpg_kdh
hggZy ijhfure_gghklv5z* K «53.%+
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L < DhehdheXpH\ZIhihF G MkZg_\zZ=jhfh\Z
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:gghlZpbh_"~klZ\e_gu hkgh\gu_ j_amevlZlu ih jZajzZ[hld_ ij_ij_]h\ b
ieZklbdpX hkgh\_ klyamxsk Jth kdKdehldZg_c-fZghHd-L 410 b
ZjlbdmeZz HibkZgu ijhp_kk jZajz[hldb ij_ij_]h\ b I _ogheh]bb bo t
ijhiblhgqghc mklzZzgh\d_ ijh\_~_g \u[hj hkgh\guo iZjzf_Iljh\ ijhibldb
ih~A[hj izjzf_ljh\ ijhibldb ]ZjZglbjm_1 ihemqg_gb_ fZl_jbZeh\ k Ij_[m_
ki\Zzfb Ijb\_~_gu 1Zd _ j_ameviZlu bkke_"h\Zgby k\lggkid ijh ij_Jh\ ir
\u[jZgguf I _ogheh]bg_kdbf j_"bfzf b balhlh\e_gguo ba gbo kl_dehie

Dexq_\u_ k&h\AehiezZzklbd ij_ij_]Jb ehizklb \_jlhe_IZ jk\lyamxs_ _
gu_ dhfihabpbhggu_ fZl jbZeu ba”_eby Z\bZpbhggh]h gZagZq_gby

>ey pblbjh\zdbdyehdhevp_\Z L < [Thih\ X H MkzZg _\Z RjGij_¥gphlhhkl_de
ieZklbdb gZ hkgh\_ k\yanksh 1kl _<dehldZg_c "ey ijbf_g_gby \ khklz\_ dhgklj
ehizkl _c \_jlhe_Lhjm~u <B:F < K1 03.URL: http://www.viam-works.ru. DOI:
10.18577/23060462022-0-327-34.

Scientific article

PREPREGS AND FIBERGLASS BASED ON VSR-F %,1'(5
AND FIBERGLASS FABRICS FOR USE IN HELICOPTER BLADES

T.V. Kolokoltseva, Yu.O. PopoY; M.N. Usachevi AA Gromova

'Federal State Unitary Enterprise $-Bu@sian ScientificcHVHDUFK ,QVWLW XW HoRNat®YdlDWLRQ 0D W
5HVHDUFK &HQWHU ©.MdbsEoyDRISRIZAIND@ VAKX W H @

Abstract. Presents the main results on the development of glassfiber/epoxydadpiegs
and composites based on epoxy resin VIR-DQG ILEHUJODVV-ZBRWRAXY8IDEULFV 7
T-10-14 and art. 120. The process of development of prepregs, technology ofgheafacture
at the impregnation plant, the choice of the main parameters ofgnaiien are described.
Correct selection of impregnation parameters guarantees obtainingahsatéth the required
properties. The results of studying the properties of prepregs obtained agdortlie selected
technological modes and properties of fiberglass compocites are also presented.
Keywords: fiberglass, prepregs, helicopter blades, resin, matrix, polymer composite
materials, aviation products, woven fabric

For citation: Kolokoltseva T.V., Popov Yu.O., Usacheva M.N., Gromova A.A. Prepasgs fiberglass
basedon VSR-F ELQGHU DQG ILEHUJODVV WBBUEBMMARM, 2024Ind. Q (X0OB)OLFR S
paper no.03. Available at: http://www.viam-works.ru. DOI: 10.18577/236046-2022-0-327-34.
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<\_"_gb_

< gZklhys__ \j_fy \ _"msb_ aZjm[_"gu_ ijhba\&Edbl _edbzZd jlhe
(XURFRSWHU $JXVWD :HVWODQG 6LNRUVNM@pHOMdMck\hbo
ki_dlj ihebf_jguo dhfihabpbhgguo fZl _jbZeh\ yidEhi\Z&hgklgmdpb
kmsbo b jme_\uo @hglh\ > +

ljbf _g_gb_ IDF \ dhgkljmdpbyo \_jlhe_1Z h[mkehkd\ gh jy”~h
ih kjzZ\g_gbx k f_|ZeeZfb Zexfbgb_\ufb kiez\Zfb > + @ Z bf_gg

t\ukhdbf mjh\g_f m”~_evguo oZjzZdIl_jbklbd qjhkgidick|bzd zZd ke Z1b
|_evghc ijb hlghkbl_evgh gbadhc iehlghklb ih kjZ\lgieghXflb Zexfb

t\ukhdhc klhcdhklvx d dhgp_gljZlhjZoheijpq KddflbowhlkiemZIZy
hgguf » _n_dlZf iha\lheyxs_c bf _Iv ©fy¢dbocZzpZztiébjl jGbgmr

thlkmlkl\b_f \hafh ghklb dhjjhabhgguo ih\j_"~_gbdjbdhlhju_ m
Ayl d \hagbdgh\_gbx mklZehklguo |j_sbg k ihkke KdbdispAagdrZkljh
gb_f ehizZklb

lj_bfms_KkI\Z ehiZkl_c ba IDF ih kjZ\g_gbx k[&_|Z&\elkq kdbf
gu h”rgzZdh kez[uf a\_ghf ijb ijhba\h”kI\_ ehiz®lg c*"hle]imB\y\eye
sb_2 ij_ij_]b gZ hkgh\_ klyamxsbo jzgRhpgh]h WailZ # kml
ijb 1_fi_jzZImjfK Z I1Zd" _ gbadhijhba\h”bl_evgZy wdheh]bqg_kdt
]h_fdZy jZkl\hjgZy | _ogheh]by bo ijhba\h?*kI\Z > @

Djhf_Ih]Jh hiul wdkiemZIlZpbb \_jlhe Ih\ k ehgkljlrcgB&b g _ kr
kl _dehieZklbdZ <gK k\yamxs-f WA>kljZgZo k ljhibg_kdbf debfZlhf
dZaZe gZebgb_ 1Zdh]h y\e_gby dZd agZgb? _elwigdkd @k |Byauw\qguc
_fuc baf_g_gb_f-iphipgghtkiguo k\hckl\ fZl _jbzZez ijb _kl_kI\_gghf
glh hg_\b~gh k\yazZgh k g_"hklZlhgghc | _iehklbcdhkkyk klyamx:
ehieZklbd -1&[941].

K mg_Ihf wlbo ijh[e_f "ey ehizZkl_ch\ilihee 1gbyN\BGBP ©Dmjq
Ih\kdbc bgklbkBlF tZajZ[hlZgu b gZreb ijbf_g gb_ ZjijZj\¢f b h~*ghg
guc kl_dehieZklbd dhgkljmdpbhggh]h<bkkagd@dq lgbgyh¥Zjdb deyggh]h
jh\bg]Z J<FIR00- b jZkiezZ\gh]lh wihdkb”~gh]lh k\¥amX|sh|px skKc
\ *bzZiZzahg_ | _fi_jZImj hifX \WexqZy mkeh\by wdkiemZkZpbb o02Z]j
sb_ky ih\ur_gghc | _fi_jZImjhc b \eZ gdbklvxmki¢ghibby > + @ Ba”"_
ihemqgzx!l f_Ih~hf gzZfhldb beb \udezZ"abimxsjbflAjfilh\kZgbhf \ Z\I
deZ\_ beb ij_kk_ FZl_jbZe ij_"gZ&gghpygkben\najmbd\f glh\ e 1ZI
guo ZiizZjzlh\ zZ 1Zzd"_\ukhdhgZ]jm’ Zpdihag dpac |eb g ba\ib

< k\yab k I_f qglh *“ey j_ZebaZpbb dhgkljmdhdhde]lghxr_gby
kh\j f gguo ehizZkl_c ba IDF g_h[oh”bf dhfie_dk\ fZI*"pwhdh\ gz
k\yvamxs_]h b gZihegbl_e_c g_ lhevdh h*ghgZijghnelmggiha\hgh b |
gbdeZ g_h[oh~bfhklv jZzajz[hldb ij_ij_]1h\ b IDMK]mZ]bkiehA\g w]ilhdkb
k\lyamxs_]h- EKb IdZguo kl_dehgZihegbl e ¢ jZaebggh]h nmgc
gZagZq_gby Ib«FIL -L b kl_dehldZgb ZjlbdmeZ

< "Zgghc klZlv_ ij_"klZ\e_gu hkgh\gu_ j _gmegMlZibhajdiheg g
jZ[hld_ 1Zdbo fZl_jbZeh\ hibkzZgzZ vhkeckbzl ighvgBARjZ[hld_ ij_ij
]h\' gZgbgZy k hij_~ e _gby jZkqg_lolb lkgZqg fHolkoy\ kkpdmxs _Jh \ ij
ij_]1Zo h[_ki_gb\Zxsbo \ kl_dehieZkjiib\dge &Xri&ggudikm[h_ \gbfZgt
m”~_e_gh hibkzZgbx ijhp_kkZ ba]lhlh\erkgbhy ijjdkiéZ\gwo k\yamxsbo
| _oghehdbimelt gZ mklZgh\d_ ijdidgdb jZzkiez\guf f_Ih~hf HibkZg ijh)
\u[hjZ hkgh\guo izZjzf_ljh\ | _oijhp_kkiZz akZdhjpXlmjhiblu\Zxsbo
b dZeb[jmxsbo maeh\ iKlZglhydixsbo ihemqg_gb_ ij_ij_]h\ k jZkq.
\_kh\ufb ozZjzdl_jbklbdzfb b \ blh]_ ieZkridpdhbd_ k kd Zd&lgggufb k\h
kI\Zfb Ijb\_~ gu j_ameviZlu bkke_ ~hyZyblyy kNbmkd\ gguiogih \u[jZ
guf | _ogheh]lbq_kdbf j_"bfzf b balhlh\eehggd&lbdhgbo kil _d
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FZl_jbZeu b f_Ih”u

< "Zgghc jZ[hl_ jzZajzZ[hlZgu b bkke_"h\Zgu lihdih_dE I kl_de

gh\_ jZzkiezZ\gh]lh wihdkb”~gh]h k\lydmkils dé&dhgRIhegbl_e_c
tdhgkljmdpbhgghc kl_dehld2glgZdzZhtkighl \ukhdhijhgguo \hehc
<FIl "ey mkbe _gby dhfe_\hc gZklb ehiZklb
tdhgkljmdpbhgghc kl_dehldzZgd hikigh\L. gbl_€ kl kdedehldZghb

ZjlbdmeZz "ey balhlh\e_gby dhgkljmdpbcevithhic\kbkd fu ehiZklb

D jzZajz[zZlu\zZz_fuf ij_ijj ]2Ztlyl\eyehkv 1j_[h\Zgb ebdgbg_
hildehg_ghoywZazl\ekh\hkin®_j"Zgdkbyamxs_]h- €EKd4g_ [he % hl
\u[jZggh]h ghfbgZezZ \_kh\h]h kh”_j"Zgby qlh "“héogpgmiE[Kkki_qgbl\
[bevghklv k\hcklI\ \ kIl _dehiezZklbdZo

H[jZapu jZajZ[Zlu\Z_fuo ij-iF_kh\ <KIF £ b <KF 2]
]h1z\eb\Zeb ih jZzkiezZ\ghc | _oghehjhiblgd mkiggb\dZkiez\guf f_Ih~hf

< ijhp_kk_ bkke_"h\Zgby | _ogheh]bgq_kdbo j_"bfhabbalhlh\
ijh[uij_ij_1h\ih “ebg_ b rbjbg_ jmehgh\ jZaf_jhf [} ff "ey hij._
nbabodbfbg_kdbo k\hcklI\ ij_ij_]Jh\ ih =HKL J -1 -138200F
b =HKL J 201%

Kl _dehieZklbdb “ey ij
"hf ihkehcghc \udezZ”db
<KdJ F jZaf_jhf i f
A"msbf nhjfh\
ey hij_"_
\ kKhhiI\_Ik

N gby bkiulzgbc
lh\hd - iF_Lj_]hk
Zjfbjh\Zghb

de

< k\yab k I_f qlh I
kljmdImjZ dhlhjuo h[jZa
hkgh\u gZihegbl_ey \ kh _
gZxs_c ko_f_ gZ]jm _gb an_
l]h fZ1I _jbZeZ ~ey ba]Jhlh\e_gby
klZz\ey | kh[hc fhghkehc b dzd
sbgzZz kehy hiI\_j°~ _ggh]lh ij_ij_
ljbg_kdb_ izZjzZf _lju ba”_eby Z kilZjdfe\vghklD pckb[ghkh f
c ihdZaZl_ey lhesbgu fhghkehy RKRIhhdEk&hykyl hk\tha
N eylvky khhighr_gb_f ©k\yamxs__aAghibpwRspcijg
ghr_gb_ ozZjzdl_jbam_Ilky ihdzazl_2gby_ lble\th JffZ kikh\
s_]h \Vij_ij_]_ < dhfihablZo hkghddhc kEhghrjlmby
jmxsbc gZihegbl _ev?2 y\ey Iky ihdzZz&BEt ¢VvZybty fghilhe
_crZy oZzZjzZdl _jbklbdZ bkihevamajlZyhNdbhipp FKkjb jgh]

k bkihevah\Zgb_f aZzdhgz z~"dhb\gHEKlhbg kb wmbkdhc
Ib miimhlwghklguo k\hckl\ IThesbgu fhghkehy

K p_evx \u[hjZ hilbfZevgh]h khhlghr_gby ©k\yam»xs__+Zjfb]

gbl _ev2 \ ij_ij_]1]Zo b IDF gz i_j\hf wlZi_ jZ[hlughjfifo\gZegqg jdkq
agZgq_gbc fZkkh\hc “heb kl\yamxs_]h \ dzZ *dfijbaj ¥R\ ZpXlahZy fu
ba Ibih\h]h h[t_fgh]lh kh”_j " Zgby gZihegbl_ey \ljiddbhpgaghbdZo
gZagZq_gby KhhI\_Ikl\mxsZy wlhfm ihdZaZl_ex fZkkh\Zy ~"hey k\
ijZ\beh h[_ki_gqb\zZz_I \ ba”_ebb ihemqg_gb_ kiekirgjb&klhthghebl
kljmdImju k\lyamxs_]h ”“ey wlh]h \iheg_ “~hklZlhgghijmbh \ |h
ijhgghklgkhhckI\Z dhfihablz “"hklzZlhggh \ukhdb G_h[ohybfu_ jZk
eb k bkihevah\Zgb_f nhjfme ijb\_*_gg®015. =HXKof h[jZalkf jZ
g _lgu_ghfbgZevgu_ agZg_gby fZkkh\hc "heb klyamxs_]h khklzZ\t

t7rey kl_dehieZklbdZ gZ hkghA Fik25j~326;<KJ

t7rey kl_dehieZklbdZ gZ hkghA Fikl0j~326;<KJ
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they kl_dehieZklbdZ gZ hkght Fij_ij dZ <3 _j Zgb_xk\yam

S ]h [ueh m\_ebqg_gh [1Zd dzZd "Zgguc fZl_jbgbhy\eyf IE&ywe dhgl
l[jhbaheypbhgguf ”“ey dhlhjh]h Ibih\h_ h[t_fgh_ kh”"%).Zgby gZihe

< k\lyab k I _f qlh k\yamxsb_ jZkiezZ\gh]h |IbiZ ub Kebqgb _ hl
amxsbo ijZdlbg_kdb g_ \ul _dzZxl ijb nhjfh\Zghgbubaag&lgc ghlyem
fZkkh\hc “heb klyamxs_]h \ kl_dehiezZklbdZo ély gjh iijjbldyl¥ [Zd"
dZq_kI\_ bkoh”guo "Zgguo “ey ijh\_"* _gby bkKé¢hdbagbghleip_ ev
]bq_kdbo j_"bfh\ ihemqg_gby ij_ij_]h\ k aZz*"ZzZxddhc "NZ&gmlghya fZ}

_]h ijbg_f wlb agZg_gby ijb g_h[oh”~bfhklb fhitlgh_ ld&g¢ymIldIibjh\
IZf bkiulZgbc Anbadbdighbg_kdbo k\hckl\ IDF

K mqg_Ihf Ih]h qglh hldehg _gb_ ih fZkkh\hc “he_ ki\yamxs _]h
ij_1]h\ g_ ~he gh ij \ur&ZIlWwu[jZggh]h ghfbgZeZ g_h[oh?bfh ijh\_k
ke _~h\Zgby b hdhgqgzZl_evgh \u[jZlv | _ogheh]bgbydbh[jkBibfu ba]tl
\Zxsb_ ihemqg_gb_ ij_i{ Ah\ <kKJIF L k fZkkh\hc “he_c_k\yamxs
]h \Vij_~ eZo b“ij_ij_1Z <kJ k\tij ~ eZo%."

Bkke_ _"h\Zgb_|_ogheh]bg_kdbo j_"bfh\ ba]lhlh\re 3%y ij_ij_]
<KJ F L b <KF ijh\h~"beb gZ ijhiblhgghc mklzZgh\d_ jZkieZ\g
"hf Iljhp_kk balhlh\e_gby ij_ij_]h\ gZ hkgh\_ jZKkil D\ghluehkbhpamx:

hot-melt gZ wlhc mklZgh\d_ aZdexqZ |ky \ jy®» ihke &aBeXl _evguo
guo \' | _ogheh]bg_kdbc ijhp_kk __ jZ[hlu k\gyZagn ks g]th_giZ KiraZA4 Z
gu_ | _ogheh]bgq_kdb_ ih*eh db dhml_jdb kWh\dmsxsghh ke Zgfbjm

sbf gZihegbl_e f k ihfhsvx k_jbb gz]j \\dl dAagdip jkihehoeZ ~* gb
ij_1j_1Z gZ ©oheh~ghf2 klhe_ m~*Ze agdmfiZophehhhehkdd k ihfh
svx N eZfbgZlhjZz g9gZg_k _gb_ aZsblghe oghdbwlblefhgshWhdzZeh\ e
fbgzZlhjz b gzfhld_ Jhlh\h]h ij_ij_]1Z g&mdgy@ hggZgimbh dilgdad mkljhckI\ _

L _ogheh]bq_kdb_ j_"bfu ba]lhlh\e_gbiZ\igykjl JKHh[hE kikh\hdm
ghklv iZjzf _1jh\ ijhiblhgghc mklZgh\dtZde\c ijhkbeédhguf f flh Ahf |
i _jzImj gZ]j_\Z \Zeh\ mkljhckl\ gZgh lbagh¥kkégamxdhml_ph\ b \kih
1Z1 _evguo gZ]j_\Zl_evguo iebl |_fidizdmjjroxaBahitkljhckl\ mklzZzgh!
\Zeh\ b dZezg”jh\ kdhjhklb ijhly]db kdhghklih_ejpbgbb WIlb izjzf_
"he ' gu h[_ki_gblv “hklZlhggmx klIZ[bewddtoklk\hckldhjbkieZ\Z k\yarm
s_Jh \ijhp_kk_ gZg_k_gby _1h gZ ilgbghijdm &y khaedgZhgufb \_k
\ufb o0zZjzd!l_jbklbdzfb ih\_joghklghcijie]lZl g KRAkk hjh ckYyheem c
s_]h\' g_f dZq_kl\_ggmx |jh|b|dmIgZuhe|g1kaI\h@_y¢ bahhlh\blv ba”_e
ba IDF gZ hkgh\_ ~Zgguo ij_ij_]h\ fhilgklhxlkhiemdlrkjh b k Ij _[m_fuf
az”"Zgguf mjh\g_-ff_rolZagthodoh kdbo oZjzZdl_jbklbd Z IZd ' mx bf_Iv i
ijhba\h”~bl_evghklv |jhp_ka |]b wldj IgWhZ kgmfq@hg mdzZazggu_ i
f lju | _oijhp_kkZ ~“he gu h[_ki_gb\zZM jRED[b e vig g a niohs Fh k< K J
hIdehg gbyfb hl \u[jZggh]h gargfbcg;Zgablygrgm‘{/Me "

I_j_" 9ZqZeht bkke_n"h\Zgbc k p_ evxubdbu|hphhehbfie kgibo |
“bfh\ balhlh\e _gby ij ij_]h\ gZ mklZdghyd c ijhkbddbguf f Ik~ hf h[_
i_gqb\Zxsbo ihemqg_gb_ jZkq_lguo ghfb§Zlekwg\iha aH92H KBbyeamxs ]h
ij_™"\Zjbl_evgh \uiheg_g jy®» g_h[oh”bfugpipZkpodhkl\gwedgbhlghkl_c
ie_gdb klyamxs_]h \ ih\ijjoglkiguo iehlghkl_c kZfbo ij_ih ]h\ Ilhes
ghkehy kl_dehiezZklbdh\

JZkq_| agZq_gbc ihfidghklghc iehlghklbkVgamab ]
\uihegyeb bkoh”y ba jZkq_Ilguo ghfbgZevguoeagk\y agrxs fZik kih\h
ih\_joghklghc iehlghklb dZ ~h]h gZihegbl_ey k mdiZatfl jn[fhkZ
ij_"_eZo lj_[h\Zgbc khhI\_Ilkl\mxsbo |_ogbg_dkalbld 2gle h\ihe ggd k
gu ke_"mxsb_ bgl_j\Zeu "himklIblvojagzkdgdbciehlighklb ie_gdb k
amxs_]h dhlhju_ bkihevah\Zebkv ijb ijhibld_ fey'mgzZ\Kelzddb az
mkljhckl\ gZg_k_gby dhml_jh\ jZkieZ\EZ kXypmiZs ghhx<ikh2eh dm
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+hey ij_ij_]Z- $K[25:164A8 ]| &
+hey ij_ij_ ]Z- 4K H10: 131+ 1%
+hey ij_ij_]2Z- 4KJ + 3 f
JZkqijlhlghabjm_fhc lhesbgu[lighkhkedlyieZklbdh\ gZahkgh\_ j.
Z[Zlu\Z _fuo ij_ij_]h\ ijh\h*beb gZ hkgh\_ aghq_bbie[tihighoghkl
ehlghklb dZyvithegbl_eyhbht_foh]lh kh”~ _j°Zgby \ dhfihabl
lhemqg_ggu_ \_ebgbgu bkihevah\Zeb “ey mkiZghje\zgby hilbf
eb[jmxsbo mkljhckl\ mkiZzgh\db \Zeh\ b dZezg2phh[_ RiZaju \ dz
x|l jZ\ghf_jgh_ jzZkij_~_e_gb_ klyamxd pdq_ikl\ijggdho kh\f_s _gb_
gZihegbl _eyfb azahju \ ezfbgzlhjzo A kh\f_s _glky kjpaZZdm g2z
gufb ih"eh“dzZfb b ihebwlbe _gh\hc aZsblghc ie_gdageb<keyazZah
dZ ~h]lh ij_ij_]Z bkoh”y ba Ihesbgu fhghkehy _JhhKheasbtgezZklbd
[mMfZ ghc ih"eh db b ihebwlbe gh\hc ie_gdb
lhemq_gu ke_"mxsb_ jZkq_lgu_ agZq_gby lhesbg fhghkehy
they ij_ij_]1Z- ¥KH ff
they ij_ij_]Z- K8 ff
they ij_ij_]1Z- ¥KJ ff
JZkq_I| \_ebidbgpoghklghc ie
ij_ij_]1Z bkoh”~y ba \u[jZggh]h gh |
iehlghklb khhI\_Ikl\mxs_c kl_dehldZgb |h wihfmhideBa&jl ex dh
\bevghklv \u[jZgguo iZjZf_ljh\ | _oijhp_kkZ |hegZg_gwbyked] [mxsb.
_fhc ih\_joghklghc iehlghklb ij ij_1h\
they ij_ij_]2Z- ¥KB25: 515+ ]
they ij_ij_]2Z- ¥KB10: 408+ l]
they ij_ij_1Z- FKJ +
< kemqgZ_ dh]”Z ih\_joghklgZy iehlghklv izey YZopgufkhhl\
ij_ N ezZf |jh\h"beb dhjj _dibjh\dm azahjz f_"~m wZefZfbijhhml _jh\
p_kk_ hljz[hldb j_"bfh\ \bamZevgh hp_gb\ZehihdeZgplkiewngiihdhjdb
j_dlbjmy azZahju \ dZeb[jmxsbo mkljhckl\Zo ijhdB ktZpg'j Ebmik |2 gh\c
fbgZlhjZzo b f_gyy ikdhyhdkbv
L fi_jZIlmju gZ]j_\Z \Zeh\ mkljhckl\ gZg_k_gbegZXAyadimxs ]h

highklb ijhijnibeb ~ey dZ ~h]h
fbgZeZ fZkkh\ht\ Ajrogih Ki\graam x s _
hidz

—_"

ml_jh\ | _fi_jZImju \kihfh]Zl_evguo gZ]j_\Zl_evgwosbiebl b
mkljhckl\ mklZgh\db \Zeh\\b[8ZeeZlyghhdh”ry ba j_heh]lbq_kdbo k
k\yamxs_]h EKJ~*bzizahg_ |_fi_jzZImj hf& Bh_]lh j_Zdpbhgghc kil

kh[ghklb hij_~ e _gghc jZg__ > @ f_Ih~Zfb g4ojmnxsj g pdtZeshvjghc k
f_ljbb >KD b T _jfhf_ozgbg_kdh]lh ZgZebaz <oighghkkqg kiJBphld
j_"bfh\ ba]hlh\e gby jZajz[Zlu\Z_fughjeijghh\qhthkigb T _fihjZImj_ d
ml_jZ f_gvr_ [m _fhc dzq_kI\ _ggzZyZjaboMgAhghfdadbo kdhjhklyo
g_ijhba\h”~bl _ evgh Z ijb [he__ \ukhghgbtZfilk¥lmj dhgljhebjm _fl
gZjzklZgb_ \yadhklb jzkiez\Z k\yamixdhihl fih'\"ikkazZekI\bx gzZqbgZz
s _cky ihebf_jbazpbb b \_kv ijhp_kklkjhgb ki k&gl

L fl_jZIme dZezZg”jh\ b gz]j_\Zl _evguo klhekhHhhd  _ \u[bj
kI\bb k j_heh]bq_kdbfb 0Zjzdl_jbklibdZfbF k\ydjmps klkh <Khlibldb
mklZgh\le_gh qlh ijb I_fi_jZImjZo iebl b dzZefhg”pidAqf kdvir _ijlh_[m_
ibldb gZihegbl_ey kIZgh\bIky g_m~h\le _I\hjbl\ekiguf hVleakldbavgh
gZ hkgh\_ 1Zdh]h ij_ij_]1Z kms_kI\m_| \_jhylgmkldIhhagtbigh\ gby
IZgguo h[eZkl_c ih\ur_gghc ihjbklhklb b dglbhykighfklhklgukgb"
oZjzZdl_jbklbd IDF Ijb I _fi_jZImjZo iebl b dZzeB§bjhc [ihemr ] g_hJ«
klZzgh\beky g_~hklzZlhqgh | _dbbaeh]lbgdbtb f_g__ ebidbf

< khhl\_Tkl\bb k \u[jZggufb | _ogheh]bq_kdjthnfh kEhZXfijlizfb
ibldb gZ mklzZzgh\d_ “ey ijhibldb IdZg_c jalhdB\gugd _iih1hflb b
bkke_~h\Zgu bo \_kh\u_ ozjzdl klbdb [Z[e ihdzZgB\_dbgju 42d"

d
_jb
pbhgghc kihkh[ghklb kl\yamxs _]h b \jJ fy ] e h[jZah\Zgby k\lyamx
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LZ[ebpZz
K\hckI\Z ij_ij_]h\ gZ hkgh\_ jZkiezZ\gh]lh wihdkb/KghF k\lyamxs_]h -
b kl_dehgZihegbl_e_c dhgkljmdpbhggh]h b nmgdpfthgZevgh]h gZa
ldZg_c fZjhd L. b ZjlbdmeZ

AgZq_gby k\hckI\ ey ij_ij ]
Kihckiz <KJF 25| <KF F 10 | <KJ F

FZkkh\Zy "hey klyamxs_]h 3083 2832 3387
lh\_joghklgzZy iehlghklv if_ij_1Z ] 525548 412436 158468
Ih\_joghklgZy iehlghklv gZihegbl { 363866 292296 106408
L_ieh\hc wnn_dl ijb hI\_j "~ _gbb

kKiyamxs Jh \7j ij ] > ] 125427 120422 144445
L _fi_jzZlmjz gZqZeZ zZdlb\ghc j_Zdj

hT\ A gby fK 156457 157458 156457
L fi jZIlmjzZ ibdZz >KD fK 176477 176477 176477
<j_fy ] _e_h[jzak\Zagmxs Jh \ ij_ij_]

| fi jzimj_ & fbg 2425 2829 2526

MklZgh\e _gh glh ih\_joghklgZy iehlghiolv ijbajh]iih\e g
<KJ F L <kJF E b <KF mdeZ”~u\Z_lky \ bgl_j\ZeuZjZkq_Ilgu
g_gbc ~Zggh]lh izZjzf_ljZz qlh k\b”_I|_evkl\m[jlZdpgu@Z\dge¥ghlghbox \u
iZjZf_ljh\ | _oijhp_kkZ balhlh\e_gby ij_ij_Jk\yamkkh\WZy rfhejy 1Zo
g_\uoh”bl azZ ij_"%ew*ey ij_ij_]h\-<KH <KJF L b "%zt
Ney dj_ij_1Z- HKJ

Ba ihemq_gguo ij_ij_]Jh\ \ \ukhdhl_fi_jZImjghf ZklihhkdeZ\_ba
gu_ iZjlbb iebl kl_dehieZklbdh\ kh ko _fhc Zjflejk\Z@y bz idhrelpb |
juo \uj_aZeb h[jZapu b ijh\_eb bkiulZgby J_ameviZlu ij_"~klZ\e

LZ[ebpZ
K\hcklI\Z kl_dehieZklbdh\ gZ hkgh\ _-iF_lj_]EFKKJ
<KJd F L b <KJF \ kjZ\g_gbb k ZgZeh]Zfb

AgZq_gby k\hcklI\ ~ey kl_dehieZklbdZz
9Z hkg| 747eh]i Zgzeh]] gz hkgH Z29Zehl3
K\hcklI\z j_iji_14 < | K20 g_z _hkgh <| K7 ij_ij_1z <lK
<KJ ij_ij_1z ST 53/120
F L Kl\yamxs 3| Klyamxs — <KJ k\yamx§{
<Fi | W>10) W>10) F <K \§4)
LhesbgzZ fhghkehy 0,283 + 0,225 + 0,09 0,095
L_fi_jZImjz kl_de
ihebf_jghc fZljbp 175 110 180 110 180 154
kl _dehieZklbd_ f
ljhgqghklv ijb jZkly
gbb ijb I_fi_jZImj 1290 1035 585 560 450 440
20fK FlI1z
FhAmev mijm]hklb
jZkly' _gbb ih hkg 43 46 26 27 22 24
|_fi_jZIlmj fK =1z
ljbf_gZgb_ 1jb\_"_gu kj_"gb_ agZq_gby

:gZeba j_amevlzZlh\ ij_~klZ\e _ggwd2 1Z[elh ihihdjhadx f oZg
g_kdbo k\hckl\ kl_dehieZklbdb gZ bhé&gih\ij {FRj&KIZgEKFI
<KJF E b <KF ijZdlbg_kdb g_ mkimizxkZdZehpZfeZifbf gy
fuf \ dhgkljmdpbyo ehizZkl_c \_jlhe_jlghhkdhégbtlo ib i_iehklhcdhklb

AZdexq_gby
JZajzZ[hlZggu_ ij_ij_]b IDF gZ hkgh\yamkse Zhg4Kb Kk
kbckdbo gZihegbl_e_c dhgkljmdpbhgjglbc-Lkl_g2hthd&gob_f¥hehdhg
<FI kl _dehldzg -c IbiZjlbdmeZ gZ hkgh\_ gbl_c kl_deaz ? b |
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balhlh\e lgbki_gb\zZxl \ kl_dehieZklbdZo gZjbhklth&klyhjyhqghjkddl b
"_kldhklb ijb jZzkly  _gbb gZ mjh\g_ ggdgeex]t\fhhmjbfulv j_dhf_g”~h\Zg
ey ijbf_g_gby \ dhgkljmdpbh&h¢ hggkl \cdhgkljmdpbyo ehg _jhg d
balhlh\e_g ba h”"ghgzZijz\e_ggh]lh kb_dEekhiegZKlibldgh¥Zjkil _deyggh]h j
\bg]Z J<FIG200-1 b kl\yamxs_ }hF<HKjb wlhf fZl _jbZeu gZ hkgh\_ k\y:
s _]h <KB bf_xI [hevrh_ ij_bfms_KkI\h ih |_iehkhhcklihlgtmzZ§ Il

ghklv jZ[hlu ba’mledblk\bhyo wdkiemZI|lZpbb o0zZjzdl_jbanxsiboky ih\ui
jZImjhc b \ezZ ghklvx Djhf_ITh]lh ijbfZgggb ijjdajZh\ ihal\hebl kms
kI\_ggh kgbablv \u[jhku \ ZIfhkn_jm [pZidad|y bkkhevahlzZgbx jZ
ieZz\ghlh wihdkb”rgh]h k\yafmXd_pgk&d]bb bo ba]lhlh\e_gby
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hkgh\_ m]e_jhrguo gZihegbl_e _c¢ f_Ih*"hELjartg kjB\Zgby <« Kl 04.
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Abstract. Results of work on determination of stickiness of the carbon prepregs developed
in Research Center Kurchatovsky instithi¥1AM are given. The method and the equipment
for determination of stickiness of prepregs is described. The comparatlysiapéstickiness
of prepregs on different epoxy binders and structures of carbon fillersrieccaut. The in-
terrelation between stickiness and short-term impact of temperature on tgitaloprope-
ties of semi-finished products is shown. Stickiness of the prepregs usedrorfacturing of
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<\_"_gb_

l[jhba\h”~kI\h ihebf_jguo dhfihabpbhgguo fZl_jbZehd IDF ih
jhdh_ jzkijhkljZzg_gb_ \h fgh]lbo hljZkeyo ijhfure_ggtikjb Zwjhd
kdhc Z\lhfh[be_kljhbl_evghc “bebsgh]h kljhbl_eaevkb\ZzZiklbgnjzZzkl
k dz ~uf 1h~hf > @ < k\yab k wibf fnige gb " ilBevégkh\bajhbkoh”ys
ijb kharzgbb ij_ij_]h\ ba IDF ij_"\Zljbygewgk\yjdmxsbf Zjfbjmxsbo
gZihegbl e _c¢c b hij_~ e gb_IZdboidth&ElavZzl keag kdZklhgdhklv b fg
]bo ~jm]bo ijb\_~_| d kh\_jr_gkl\h\Zgbx _IglhyghjdhhhboiHemie c
kgb™ _gbx wg_ j]haZ|jZ| b ih\ur_gbx wna\ltkhNgAklxijhb

< ihke _“gb_ ]h~u gZ[ex"Z _lky |_g~_gpby dkdjmbdj\mkhim b \
[Zjblguo ba"_ebc ba mle_jh”rguo ij_ij_]h\ gZ uj&afeZd pgpudo ihebf
[hevrmx qZklv ba dhlhjuo azZgbfzxl fZljbpu w& kKfhgh%_ Wihd@b"g
<gZklhys__ \j_fy ba”_eby djmiguo jZaf_jh\ |hemmf59210beIgﬁ Ih~hf
a b bvaRTM g_iheghklvx m~h\e I\hjyxl Ij _[h\Zgbyf ih ]_hf Ijbg_k
ihjbklihklb I_j_» hI_q_kI\_gghc ijhfure_gghklvx gh bt gZ_mathZy ¢
gbx ~_1Ze_c keh ' ghc ]_hf_ljbg_kdhc dhgnb]lmjzZzmibabdha ihl
f oZgbq_kdbo k\hckI\ Kk fbgbfZevguf dhebqh\kl\|hf|[b2dé bhbhloh”
kIhbfthb GZ ihfhsv ijboh”bl 1ZdZy |_ogheh]lby Zd2Ad d&\ZhtZIbab

ij_1Z k ihke_"mxsbf hI\_j"~ gb_f > @

Kms_klI\mxIl "\Z hkgh\guo \b*"Z Z\IhfZlbabjh\dgpmh\odbdezZz"db
| _ogheh]lbb $7/ $XWRPDWHL\IADABabDhLBggZy \udezZr"dZ e_gl |
(Automated Fiber Placement Z\IhfZlbabjh\ZggZy \udeZ”~dZ \hehdhg Dz
k\hb ij_bfms_kI\Z b g_"hklzZldb LZd | _oghZb]bg_$7Wwrheylbky ¢
guf f _ITh~hf jZaf_s_gby rbjhdbo e _gl gZ [hevrboeiedqikdEh]peb fbg
luo ih\_joghklyo L_ogheh]by $)3 ij_"klzZ\ey | kkhkhcdhbhjboetguc i
bf 1 ij_bfms_KkI\Z | _ogheh]bb gzZfhldb \hehdHhghp _lkloghkmhflbb $7
Ibabjh\Zgghc \udezZz~db \hehdhg fh 'gh bkihevah\dlveh&ybmoa]hlh\
IZd b pbebg”jbq_kdbo dhgkljmdpbc LZdZy H\wilghleh]lbggihkdvhey
ijhba\h~bl_evghklv b dZqg_klI\h \udez?u\zZ_fh]hZIDFRZmMfZEKybblv aZz
eu b kgbablv Ijm~h_fdhklv > @

HrgZdh zZ\IhfZlbabjh\Zggu_ ijhp_kku dmébldbufenzgudfdlijzf
Kdhjhklv \udez~db |_fi_jZImjzZ b ~"Zbedegdu\dhlkyhijbij\udlez~d_ f
| jbZeZ gZ ih*eh dm y\eyxlky |j fy hEdbh\gdHbhjZjzZg h[oh”~bfh h
Ibfbabjh\Zlv "ey gZ”~_ "gh]lh ijhba\h*kveh\IDgb kf Bifpguo | _ogheh]b
G_ijZ\bevguc \u[hj wlbo izjzf_Ijh\ fh™ _| ijbX kb d hy\ek egb xg bh |
\'IDF hlkmlkl\b_ dhlhjuo y\ey_Iky hkgli\gwil\&bajbebd > @

Mki_rghklv Z\IhfzZlbabjh\Zgghc \udezZ"tb «ibiehhgt baig\h k b]lZ
dhlhjzy hij_"~_ey_Ilky ijhba\h”bl_e _f giydd belx hgdhzayd Zlyj iftbZbkihevah
gbb km[t_dlIb\guo IZdIbevguo hsms_gbchfkhagysZdbhkykjhelthdZz > @

j_ij_]b "ey mdez~rdb ~Zgguf f _Ih~"hf “he gu e_]Jdh hI* _eylvk
glhJu gzZklv ij_ij_]1Z beb kfheu g_ hklz\zZdeEkvjlyg&ZbgZlos o kphZ kv
d_Djhf_ITh]l]h f_""m kehyfb fZl _jbZeZ "he gZ [ulv ohjhrZy Z"] &

GZ]lj_\Zgb_ e_glu ij_ij_1Z ihalhey_Il \udezZ”u\ZWNnmld@bb keh ¢
ba IDF b dhgljhebjh\zZlv ebidhklv ij_ij ]1Z HilbfEelvgE¥elZ fijbjZIm)j
\udez~d_ ~he’gZ h[_ki_qblv Ij_[m_fmx Z"]_&gx\ZEdbdudhkiv y\ey_
kiI\hf fZI_jbzZezZ ihkdhevdm hij_~_ey | kihkh[ghddvZke W m]ijdij_]z
Ajmlm > @ h”gZdh hgZ g_ “he ' gZ [ulv kebrdhi dBaghcZ\lglh[u ke
ebkv hlghkbl _evgh *jm] "jm]Z > @ G _"hklZlhggZybzfh dby f_ "~
ijb\_klb d kdhev' _gbx fZl_jbzZez Z ke_"h\tZX_JéJ\kng_ o[ jdz ah\\ Zegblgy g
[jZdZ \ ba” _ebb Gh ebidhklv g_ ~he gZ J[ulv b gkehlgakliv \ukh.
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k\yamxs_]h fh™ _| hklzZ\ZIlvky gZ ijbdZlhgguo jhe[bhtfZgd jah _ebl
eh'dZo >@ ihwlhfm hilbfbaZpby ebidhklb ij_ij_]Z y\ey_Iky \Z gh.

Ebidhklwhkh k\hckl\h de |h"h[guo fZl_jbZeh\ hij_" eyxs__
flgh\_ggh h[JZah\u\ZIv dhglZdl f_ "~m “\mfy ih\bjZgbkldtdhjeo kd
[hevrbo mkbebc g_|j [m_lky Dhebqg_kI\ _gghliepiohklebgz¢Zk! jt
ehc hlju\z > @ IhemqZ_fu_ \ j_amevlzl|l_thadhklpbthitkdzZmazI| etk
ihevah\Zlv dZd oZjzdl_jbklbdm dzZq_klI\Z "eygihefmoA[jZdBEfh\ ijl
Ibabjh\Zgguo ijhp_kkZo \udezZ”~db

Baf_j _gb_ ebidhklb ijh\h”yl ih klzg~zZjlzf $670 ' ¢ f_Ih~ |
gZ bkiulZgbyo de_cdh]h kehy k bkihevah\zZgbblf evighlhgantgh qgn
e _gbx ahg”"Z > @ b $670 ' f_Ih~ hkgh\Zgguc]ZgZHth‘e}Zb\Zgb
ab\z "\b " msbfky jhebdhf > @ F_lhA ahg”"Z gm\kd\bh\ej g d r_j
ghklb dhlhjzy \ua\ZgzZ \hehdgzfb b kfhehc jZkij_~_e _ggufb \gm

GZ agZqg_gb_ ebidhklb [m"ml hdZau\Zlv \edypwgbgmdZd db _rgkt
nZdlhju

D \gmlj_ggbf nzdlhjzf fh ' gh hlg_klb

tkh” _jZgb_ kfheu k m\_ebqg_gb_f fZkkh\hc "hgb &kd¥amgb_ ]h \
ebidhklb ih\urz Iky

tijbkmlkli\b_ e_Imgbo kh_"bg_gbc hj]j]Zzgbq_kdBEkIghadtdhdbe dm
_ h[ez~Zx| k\hcklI\hf ijbebiZgby Z agZzqhaafhl]nelv keytbi'dhiklbhhid
ij_1Z b fh~rbnbdzZlhjh\ gZijbf_j "~h[Z\e_gb_ gZghibdbl bd kbeh
mf_gvr_gbx ebidhklb > @

tijbjh~m ihebf _jghc fZljbpu ij_ij_]b gB gkghiZlpidwd [nZ*m| h[e
NZIv agZqgbl_evgh [hevr_c ebidhklvxu qgZ hkgimnZ[pheddblfbrguo kfhe
tkl_i_gv hI\_j"~ _gghklb klyamxs _]h

D \g_rghbf nZdIhjZf hlighkyl

t\ha”_ckl\b_ hdjm ' Zxs_c¢ kj_"u gbadb_ | _jZIt4d bzZleiZz ghkl
"Zgb_ mevljZnbhe_1Z mf_ _gvrZxl ebidhklv |h\_joghklb Ij_I]_]Z
+g_kh[ex™ _gb_ mkeh\bc 0jZg_gby b ljZgkihjlbjhd ejbaigh]Z hll
dh_ agZqg_gb_ ebidhklb fh _| dhk\_ggh mdXpudZIyhggdhtk&kb bely g
klbggh_ hI\_j°~ gb_ k\yamxs_]h \ij_ij_]1_. > @

NZdlhjh\ \ebyxsbo gZ ebidhklv ~hklzZlhqgh fgh]l]h D2zd i
ebdhklvw#h k\hckl\h ]JjZgbgZs_]h kehy \yadbo b ieZklbdlguo fZI _j
khijhlb\e _gb_ jZza”_e_gbx “\mo ih\_joghkl_c¢c dhldlju f gZmh”ylky
khfhc > @ 1ZjzZf_Ij ebidhklb dzZd b “bag_kihkh|\gbhklv gZij_]1Z |
gheh]bx \udezZz~db ba”_eby ba g _]h

< gZklhys_ \j _fy h[t _f gZmqguo jZ[hl k\yadbguo k _ilhgylb f
A"hf hp_gdb b kihkh[h\ _ _ j Jmebjh\Zgby g _agZgbl_evguc

P _ev "Zgghc j&[dfiuj tgb b ZgZeba agZg_gbc ebidbhklb gZ jz
"Zo mle _jh~rguo ij_ij_]1h\ \ Ihf gbke_ ihkejZNnad Ikckdabygl dgby
ijh~he bl _evghklb o0jZg_gby f Ih"hf ahg”bjh\Zghy~*ZBda&\h gb_ e
fh ghklv hilbfbabjh\zZlv ijhp_kk Z\IhfZlbabjh\ZgdBAc XudezZddb ij_
l[jhev £ h[_ki_qgblv ijhklhlm b | _ogheh]bqgghklv imke hggiZ dgdeZ"«
ggby ebidhklb ihalheyxl k®»_ezZlv \u\h® h dZg_KkI\_ij_ij_]1Z > (

FZl_jbzZeu b f_Ih”u
< jZ[hl_ "ey hij_"~ e gby ebidhklb bkihevah\zZgu i) _ij_]b
GBRODmMjgZlh\kdbc bgkBxlmml2 +
th~rghgZijZz\e _gguc ‘Imlh\hc ij_ij_] ba m]e welA#&kibdghdd kkgh)\ _
amxs_]h k \ukhdbf ihhfzkk_ kh~_j Zgb _f | _jfhiezZklZz
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th~rghgZijZ\e_gguc ij_ij_] ba mle_beRakMidZ f®&jdb gZ hkgh
\_de__\h]h k\lyamxs_]Jh14Zjdb kx¥gigZijZ\e_gghc e_glu WEMJ > (
th~rghgZijZz\e_gguc "Imlh\uc ij_ij_] ba m]e i@Z8YD4PB gfZjdb <D
hkgh\_ wihdkb”gh]h klyamxsl121? [PAjdb <KW
tij_ij_] ba mle_ieZklbdzZ-fZgddMDMgZ hkgh\_ wihdkbmgh]h k\y
xs_]h fZjdb-<KWb IdZgb kZj  _\h]h ie_|_gby.2a0.db <LdM
lj_ij_]1b <R2BSYT49Sb <DM <LdM ijbf_gyxl \ ijhba\h”~kI\_ ~
IZe ¢ fhlh]lhg”heu "\b]Zl>ey@!I>1j_ ij I2HEYMA9Sfh gh bkihevah
\ZIv ey Z\IhfZlbabjh\Zgghc \udez~db dhlhjZy hijh[h\ZgZ \ HGII
lj _ij_]Jb ojZgbebkv \ fhjhabevghlc fdZfZIimilgiptK < | _qg_gb_
kmlhd i_j_”~ bkiulZzgbyfb gz hij_~_e_gb_ ebhphlbl\zejb i} h]bh pgyenf
]h bkq_agh\ _gby dhg”® _gkZpbhgghc \eZ]b k ih\_joghklb
>ey baf_j gby ebidhklb ijbf_gyeb f _Ih” ahg”bjh\Zjdby Kihkh
eZ d ijbebizgbx d ih\_joghklb ahg”~Z hij ASEWBb ih kkdgN2hlan
p_eb bkihevah\Zeb mgb\_jkZevgmx bkiulZl_evegmgufZ¥Bbogb ckh i m\k
hij_ ~ e _gby mkbeby Kmlv ~Zggh]h fb&arZg abiderZdHkib\de_ _ih
"h[guo fzZl_jbzZeh\ d dhlhjuif_hjghkyyEyhkgh\_ wihdkb”guo k\yamx
ihfhsvx ahg”Z hl”_eyxs_]h ih” "\b"ms_c kbehc ij_ig”hjZz z~]_ab
km[kljzlZz
Baf_j _gb_ ebidhklb ijhba\h*beb ke_"mxsbf h[jZahd kf jbkr
\Z _fuc h[jZza_p jzaf_jhf 17 ff ihf_szZekb lgX_plldb g jij _~WZjbl_e
gh hgbs _gguc hl aZ]jyag _gbc Zp_lhghf b \uKimmirv_ gdducogiZkighh hq
[ _a\hjkh\hc IdZgvx \h ba[_"Zgb_ ihiz*"ZgbgbW jklaghavkZthkdDjzZy
h[jZapZ ij_ij_1Z g_ “he ' gu \uoh”blv aZ iehsZd¥ pp&agpdhK\_ jol
sZeb ]Jjma “ey dhglzZzdligh]h *Z\e_gby GZ h~ghc kKhihjgZyg dhZzapzZ
[ZdIbjm _| k ]Jjmahf ~he gZ [ulv khojZg_ gZBKmdIZZ dedZie f Hrbl Z
ijb\h~bl ahg”™ \ "\b" " _gb_ b ihke_ dhglzdlz kIl Hhgaphfbkloa\jglsZ
iheh” _gb_ baf_jyy kbem g_h[oh”bfmx “ey hl"_ e Ebiyghkhg”*Z hl
\ujz Z_Iky dzd fzdkbfZevgh_ agZq_gb_ wihghibelWb "B Zjhj\hi}bEeb
k _jbx bkiulZgbc hl A h ijb h*bgZdh\uo mkeh\byo

H_ii_]

|

Ko _fZ bkiulZgby ij_ij_]Z gZlebidhklv >

GZ]j_\ ij_ij_]lh\ ~ey bkke_~h\Zgby aZ\bkbfhklb lmpidhklb h
ijh\h~"beb \ | _jfhrdZnm
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J amev!lZlu b h[km ~_gb_
GZ i_j\hf wlzi_ jZ[hlu bkke_"h\ZgZ ebidhkhMZiggujo]h\ jZe
GBPODmjqZlh\kdbc bgkBulmmlI#jk dhfgZlghc | _fi_jZImj_
J _amevlZlu hij_~_e_gby ebidhklb jZaebgguo iwklkedkib*guo ij.
iulzgbc ijb dhfgzZlghc | _fi_jzZImj_  a”_ kv biflZebfZavgihkdeblf2
kbfZevgh_ agZq_gby \ &gZ¥ggZl_e_ =

FZl_jbze Mkbeb_ hlju\Z hl
ebidhklv dlZz
lj_ij_] kh k\yamxsbf 5,740,7
\ukhdhgzZiheg _gguf | _jfhieZkl 9,1
13,8436
D F D Mmf W 24.3
< D K5/SYT49S 2185
7,223.3
<DM <L d21R200 12.8

J_amevlZlu bkke_"h\Zgbc ihdZaZeb Zqlhglg Zbghievrklb aih
kjz\g_gbx k ~jm]bfb wihdkb”gufb ij_ije]lZflnc bj_ijl ]d fZjdb
D F DMf W HrgZdh ke_~m_| hif_Iblv qglh j_amevlZlu baf_
\k_o ij_ij_lh\V ihdZau\zZxl "hklZlhggh \ukhdbc jZa[jbkZzgbZqg_gbc \
GZbf_gvrmx ebidhklv bf_ | hrghgZijZkd NFHINTA9S i 4|
guc ij_ij_] <DMLdAdM balhlh\e _gguc gZ hkgh\_1Zdh]h ~_ k\lyam
dZaZe agZg_gb_ ebidhklb \ jZaZ [hevr_ ihf kjZAhjg ]gbx VKhh "I mlh
fh gh h[tykgblv gZebqgb f [hevrh]h dhebq_ klI\Z k\hih\"gbygh k\yam>
kilb IdZzgh]h gZihegbl _ey dhlhjh_ aZihegy_ | ihehklb \ i _j ie_ | _ gt
HrghgZijzZ\e_gguc ij_ij_] k \ukhdbf khhigzixkgd \f KhkflZ\ _
fZljbpu ihdZaZe agZq_gb_ ebidhklbqg\ f Zzag éleMrqghlh ij_ij_]:
<D M5/SYT49S glh k\yaZgh k bguf khklzZ\hf kl\yamxs _]h
Ke _"mxsbf wlzZihf jZ[hlu klZeh hij_~ e gb_ ebhdklkljhij_ ij ]-
gu ihebwlbe _gh\hc ie_gdb 1Zd b kh klhjhgodzZZglblzZ2dhabbgfyhc [
gb_ ebidhklb bf__| hkh[h_ agZq_gb_ ijb z\IMf&lbalpjh\\Zggihc \u
glh[fu ie_gdZ b [mfzZ]Z hI® _eyebkv hl ij_ij_]1Z Ihefvadh \j gf lgflmh” b fi
b glhJu gzZklb ij_ij_1Z ijb wihf g_ hklZ\Zebkv gZ ih"eh dZo
Bkke_"h\Zgb_ ebidhklb ijh\_~_gh gZfij_iW]_DFDMAamevl
lu hij_~ e _gby ebidhklb mdzZazZggh]lh ij_ij ]Z hptkgeu [mkfizJE gbc K|
ihebwlbe gh\hc ie_gdb

F_klh bkke_"h\Z;¢ Mkbeb_ hlju\z
hl ahg”"Z ebidhklv ¢
Kh klhjhgu ie_gd 6,185,2
18,1
Kh klhjhgu [mfZ] 7,226,0
15,8

:gZeba j_amevliZlh\ baf_j_gbc k\b”_|_evko\my_éetidhkllgldpzZag:
bkke_"h\Zgguo klhjhgzZo ij_ij_]Z "hklZlhggh dlepadpu\ZAgvZ §lgb _
jhgu ie_gdb [hevr20gZh*gZdhabaagZgbl_evgh]lh jZa[jhkZ agZq_«
fh gh h[tykgblv klZIbklbg_kdhc ih]j_rghklvx f hht1EalWesy jlgby
k" _eZlv \u\h™ h g_aZ\bkbfhklb iZjzf_|jZ ebildfthjbl hHvgzebgdy \Ki
jbZeh\ :glbz”~]_abhggzZy [mfz]Z dhlhjZzy h[ikengdXZjbldZlX|dhkl
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ij_"~hI\jZsZ_| kde_b\zZgb_ keh_\ f_""m kh[hcv g ikghZZ Z\ghidhk
dZd b ihebwlbe_gh\&&siesZpdsZy ih\_joghklv hl \g_rg_]h aZ]jyag_¢

Hij_~ e_gZ 1zZzd _ aZ\bkbfhklv ebidhklb fij_ijw]Z DFDBIM
ijh"he bl _evghklb o0jZg_gby J_ameviZlu hij_" _ehgbyijeQzdhklb m
aZ\bkbfhklb hl ijh~he " bl_evghklb _]h ojZg_gby

ljh*he bl _evghklv 0jZ¢ Mkbeb_  hlju\Zz
ihke_ijhibldb hl ahg”"Z ebidhklv
10,349,9
14,7
13,8436
24,3
11,885,6
20,3

J _amevlZlu baf_j _gby ebidhklb ihdZaZeb qlhjZg_jglay Ng
ij_ij_1Z _1h ebidhklv m\_ebqgbezkv ihqlb \ hjE8aZ ihhkha\g” gbx k
guf ij _ij_]1hf WIb "Zggu_ dhjj_ebjmx|l k him[eJdhAZgglrkb hZg |
ke _"h\Zeb ebidhklv jZaebqgguo ij_ij_]lh\ \ aZ\bkbhtkkbbohZgjh~he I
gby Ebidhklv ij_ij_1Z \ i_j\u_ g_"_eb ojZyg _lgbiyhmh~"bbqb\jZ alk
fzdkbfmf < ~Zevg_cr_f hgZ ihkl_i_ggh kgb ZklRh gihdjn Iy gt b
kib ij_ij_1Z qlh ih~I\_j"~Zxl baf_j gby ebidhklb ij W ]Z DFDM
ihke_ f_k ojZg_gby >hklZlhggh \ukhdb_ a¢Zevigbmxdiddhklb k\
g_kihkh[ghklb ij_ij_]Z

Ebidhklv ij_ij_]Z 1Zzd _ azZ\bkbl hl |_fi_jZlkmjduhdjedb Zxs_c
i_jZImju gZ \udezZ”hqghc ]Jheh\d_ ijb Z\IhfZlbklhptsb ijhjp fkkZ <
ijZzdlbg_kdb \k_ |_jfhj_zZdlb\gu_ k\yamxsb _| kdh gutZzahkfzZXx
\dexgZxsbc jZaebggu_ fhrbnbdZlhju I?jflhiwilkiilm bjd kha”Zgbb \
khdhijhqgh]h dhgkljmdpbhggh]h dhfihabpbhggh]lh dZ¢t _ybggZ hkg
_Iky hilbfbaZpby khklzZ\Z kl\yamxs_]h k mg_IlhfhN_ogheh]bg_kdbo

>ey hij_~ e _gby ebidhklb \ aZ\bkbfhklb hl |I_fijjZjnmju bkihe
gZ hkgh\_ | _jfhj_zZdlb\gh]h wihdkb”gh]h k\yamxgZ]dh"b kihyk 'h\ _ d|
30 ih fzkk_ | _jfhiezZklzZz < oh”_ jZ[hlu hij_"_eybbheipidihklv wih
1Z ihke_ \u”_j 'db \' I _jfhrdZnm \ | _q_gb_ fbg ijbfIKfi_jZImjZo

J amevlZlu hij_~_ e _gby ebidhklb ij_ij_]Z kh k\ygagwfsbf \uk!
| _jfhiezklhf \ azZ\bkbfhklb hl |I_fi_jZImju

/\g_c

61 k

Mkeh\by bkiulZgt Mkbeb  hlju\z
hl ahg”rZ ebidhklv

lib dhfgzlghc |_fi_jzI S IET

lhke  gz]j_\zZfxh 98Ls

lhke  gZ]j_\zfKh 3229

Hkgh\u\Zykv gZ "Zgguo ihemqg_gguogby_ elewlkab ipaf_jh\
fh gh k”~_eZzZlv \u\h”™ qglh ijb m\_ebq_dRlggludi iggemjluj kgb Z _Iky
HAgZdh ke_~m_ | hif _Iblv balhjhijjZ]ldpuihke bo bale_q_gby ba | _|
nZ b mklzZzgh\db gZ f_IZeebqg_kdbc pbebg”j \ bhkKidlBf &edhchfZrb
ghklvx mki_\Zeb hklulv Thwlhfm j_amevlZlu ihdjZdb\Zjxlij\ebygb _
]h\ ebrv ihke_ \ha”_ckl\by ih\ur_gguo | _fi_jZImjfiljAImjuedd; gbt
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ih\_joghklb ij_ij_1Z gzZgbgzx!l ijhl_dZzZlv ijhpbkkuy amedsf Jjt a zpl
ijb\h~bl d mf_gvr_gbx ebidhklb Kfh”"_ebjh\zZ[Z i\hijhp gk ig ij_
IhfZlbabjh\Zgghc \udezZ~db k ihfhsvx *Zggh]h h[hjm*abZdglby ih hi
kilb g_\hafh ' gh ihkdhevdm \udeZ”hqggZy ]hehhdhegZ]j\UWKhdbp ij_
| _fi_jZlmj k ihke_"mxs_c [ukljhc _]1h ijbdzZldhc jhebdhf

AZdexq_gby

ljh\_~ _ggu_ bkke_~h\zZgby ih~I\_j ~Zxl \Z ghklvijb g en[oh”Dbf
gby ihdzZzazZl_ey ebidhklb Dhgljhev ebidhklb ihkd&afijjhidgbdb ij_i
"Zgghlh izjzf _1jz ihke_ ijh~"he bl_evgh]lh ojZg_gbydZga\klélgl hp ¢
Z Z™]_abhggu_ k\hcklI\Z ihemnZ[jbdZlh\ bf kb\Z\igHZlaghbgh\
guo ijhp_kkZo \udez”db

Ebidhklv ozjzdl_jbam_I |I_ogheh]bqghklv b \hafhijghklv i_j_
\ dhg_qgh_ ba”_eb_ Dhgljhev ebidhklb g_h[ohMblfuMey lo[jghki_q_c
eh]bgghklb ihkehcghc mdezZ”~db > @ <ukhdZy elbddgkliwmij_ij ]h)
gbx jZkij_~_e_gby kfheu b hjb_glZpbb \hehdhg ijb ihkehcghc md

Djhf_ Ihlh ZgZeba j_amevIiZlh\ bkke_fh\lZgpld le\bidhlklevkjl\
ij_]h\ az\bkbl hl fgh _kI\Z nzZdlhjh\ rkké$_]hZgbyi kp\NZFleamj&Z hdjm"
Xxs_c kj_"u beb |I_fi_jZlmju gZ \dezZ~bggWhbafiméhVdpbbj ijhip_kkzZ ij
"he bl_evghklb ojZzg_gby ij_ij_]Z kljnydbnkinkgZ\ib ekdpbnmexs_]h
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Ibdh\ ijb jZzaebqguo |I_fi_jZImjZzo JZkkfhlj_gu imlb ih\ur_gby wdkiet
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Abstract. On the basis of a number of research works results on heat ageing of silidene sea
ants VIKSINT were received. Test results after heat ageing ospdfitealants and samples of
the sealants brought on metal are presented. Temperature dependences of prbpeatansts
on speed and duration of thermal ageing are shown. Resources of work of sealaefmad
at various temperatures. Ways of increase of operating propertiisarfessealants are ne
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<\_"_gb_

JZajZ[hldZ nmgdpbhgZevguo fZl_jbZeh\ k melgeckidguZd dhfi
IZzd"_ kh\j_f_gguo I_ogheh]bc bo i_j_jzZ[hldb y\gywi]J]Kyei gki fdlb\g
\ jZaebqgguo hljZkeyo ijhfure_gghklb b h[_ki_qgbbZdhddghjhc mjh
Ilhkihkh[ghklv jzZajzZ[Zlu\l\Z_fuo hl_qgq_KkI\_gguo fblc jhgehithf | _ogl
nhjfbjm_I|ky aZz”_e ey "Zevg_cr_]h jZa\blby b mkhh_jr_gkl\h\Zgh

AZ"Zgb |j_[mxsb_ g_azZf_"~ebl_evgh]lh j_r_gby IkphElhyl \ jZ
eh\ k memqgr_ggufb wdkiemzZIlZpbhggufb o2jzdfy bk |baydiohad h]|
gby I _ogbdb gh\h]h ihdhe _gby \ Ihf gbke_\uk&hplgiZzgpdio §guo
| _jbZeh\ k ih\ur_gghc klhcdhklvx d m~ZjgufcglZ]fiimadlafjicjZhhq_
400 fK Z 1Zzd_ we_f _glhhj]Zgbg_kdbo k\l\yamxsbo medadlgbhl ogbq
ghlh jZ~"bhl_ogbq_kdh]h gZagZq_gby b kbklpbhOohaelhgheB\\med
_fuo k bkihevah\zZgb_ f jZaebgguo kh\j_ f §guo | _ogheh]bc > %

< GBP ©DmjgZlh\kdbc bgBiBImhmfhjmxlky gZnomdhg kdb _
azZ™ _eu h[gh\ey |ky b jZa\b\Z _Iky ijb[hjgZy [ZafZ[lehdbbkke "h
NZevg_cr_]lh ijhba\h”"kI\Z gh\uo fZl _jbZeh\ dhlHjwv_Zi\bajhtkety x| kh
gmx | _ogbdm “ey i_jki_dlb\guo gZijZ\e_gbc I|HkdBeeW]kbzyijgHh\g
agZq_ggu_ “ey azZf _gu bfihjlguo fZl_jbZeh\ hKjga\tml bl _hZAblbpbb ql
fh™ | h[_ki_gblv g_ lhevdh jZajzZ[hldm dZj*"bgZegghlHd\uankahl jb
\_jr_gkl\h\Zgb_ k_jbcguo rbjhdh bkihevam_fuo bZl bjddbealh b | _«
lhle gby

< bgklbIml_ kha”zZgu ]_jf _Ibabjmxsb_ fZl _jbZéklhhhebgZxst
ijbf_g_gby b \ukhdbfb wdkiemzZIlZpbhggufh olzjidif jbikZbAZ hly _
| fi_jZImj < gZb[hevr_c kl_i_gb wibf Ij [h\Zgbghjhd\gbpZXdd]
| _ieh fhjhahklhcdb_ ]_jf_Ibdb jZ[hlhkihkh[gu_ dzdiijpZmljbpZzZl_e
jZo ~h AK lZzd b ijb ~ebl_evghf \ha”_ckl\bb ih\ur_glguo | _fi_
300 fK djzldh\j_f ~dgh fiK

FZl _jbZeu b f_Ih”u

Bkke_"h\Zgb_ dbg_Ibdb I_jfbg_kdh]h jZaeh _lgbd/Zdyg fgbchj]
dh\ kh”_j Zsbo “bf_Ibevgu_ b ~bf_Ibef_Ibemjihghébgb_%a]ymiiu
Amrghc kj_~_gZ ™ _jb\ZIh}jZn' ifFpKkdhjhklb gzZ]j_\Z fK fbg

L _jfbg_kdh_ klZj_gb_ h[jZzaph\ ]_jf_Ibdh\ \u\d/Nez\hegdzZgba
ijh\h~beb \ | _jfhklZlZo 1bizZz 612/ h[_ki_gb\ZxybgZjZ\§z "eykeh\
\k_o bkiulu\Zfuo h[jZaph\ H[jZapu ]_jf_Ibdh\ jZhihtbb&Eidh | _fi
gbc fK \'I_qg_gb_ g "“h |I_fi_jZImju fokkialZgbgb _ 6 Fbg
fzevgh_\j_fy \u”_j 'db ] _jf_Ibdh\ mklZgh\e_gh ijh"he bl _evghklv

Hij " e _gb_ijhqghklb k\yab k f_IZeehf ijb hlkeZibkEgbb mk
b hilghkbl_evgh]h m”ebg_gby ijb jZzaju\_ h[jZaph§q_hkidkddh\ ijh\
| _evghc fZrbg_ =ZLFN 5RHOO =

J amevlZlu b h[km ™~ _gb_

L_jfhklhcdb_ dj_fgbchjl]Zgbqg_kdb_ ]lkjif\bltb db ifhkhhbfkifb b
iulZzgbyfb \ h[t_f_izZkihjlZ j_dhf_g”~rmaxbdyec *dy Nekigb “huv_kyldh\ |
kyg gqZkh\ jZ[hlu ijb |_fi_pBOmhKZb "~e¥ djzZlidh\j_f _ggh]h hl ~h
bkihevah\Zgby ijb | _fi_ j23nffKo J_amevIZlu bkke_ "~h\Zgbk azZ\bkbf
jhklb klZj _gby dj_fgbchjl]Zzgbqg_kdbdi]jZimpudhk\bPr 11 evkI\mxl h Ihf
glh wib fZl _jbZeu ijb | _fi_jZlKnjffAdml jZ[hlZlv ebrv djzldh\j_f ggh
g f g ihemg_gb_"Zgguo h jgpupkehkhl[gjfkkihcdbo ] _ jf Ibdh\
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| _fi_jZImjZofK b [he__ ij_"klZ\ey_I| ijZzdlbqg_kdlbck bigh”"jyek A k\ya
sbfky jhklhf kdhjhkl_c ihe_Ih\ b kdkilé mMEIZpdohtrggwo |_fi_jZImj ba
ebc gh\hc Z\bZpbhgghc | _ogbdb =eViigufbxsBtdhkkZip gb_ihebf
jh\' \ mkeh\byo wdkiemzZIZpbb y\eyXlKy jZfmjj@imjZ jbiZ*u \eZ
ghklv \ha”moZ b Zlfhkn_jgu_ hkzZ~diy khelgk gy pZ2bZp
H~rgbf ba kihkh[h\ hp_gdb |_jfhklhcdhklb weZkNefyXikyo fZI |
| _jfh]ljZ\bf_Iljbg_kdb_ bkke_"h\Zgby dbg_Ibdb_bbybgnm&dhpthgZzZae
Ilh\ \ Ihf gbke_ b gZ [Za_ gbadhfhe_dmeyjgudZmngfgdbinj]izgbq_k
1iZ\bf_Iljbg_kdbc Zylheb& ke "~h\Zgb_ baf_g_gby fZkku fZl_jbzZeZz
gbb I _fi_jZlmju b \y jfloebjm_fhf j_ "bf_ gZ]j_\Z K ihfhbvx IZdh]l
azZ hij_"~_eyx|l |I_fi_jZlmjgu_ b fZkkh\u_ oZjzZidmdgbik\pdd ijhfh"™_k
p_kkh\ ijhl_dZxsbo \ kljmdIimj_ \medzZgbaZlhl\mjbdl djfhguo Hgb
ijhl_dzxl dhebq_klI\h klZ~bc ihl_jb fZkkujZhmlkuzftbBbgkbfZeivguo
kdhjhkl_c ihl_jb fZzkku \_ebgbgm I\_jruo hklzZIldh\
Bkihevah\zZgb_|_jfh]jzZz\bf_Iljbg_kdh]h ZgZebazdih@ahhey | bk
dm | _jfbgq_kdh]h jZaeh  _gby gbadhfhe_dmeyjgudZmhjgrhgihd h@Zigb q
eh”"ghc? \medZgbazZpbb \ hlI\_j "~ gghf khklhygbjZlijg zZdake hhgguo
ghc kdhjhklvx gZ]j_\Z Ihemqg_ggu_ |_jfh]jZ\bYmlebddghaZlhdjg¥u _
hkgh\_ dj _fgbchjl]Zgbg_kdbo dZmgmdh\ k Ddlef Ibewggfbe\bg dbldf |
]imiiZzfb [ebadb ih |_fi_jZImjguf b fZkkh\uff @Z jZdhlg jilok kiddhZh kly o
gZ]j_\Z 1jb kdhjhklb gK]fbgzbgl_gkb\gZy ihl_jy fZkku gzZqgqbgz_|I
360fK a "Ze__ b™_ | "\moklZ~bcguc ijhp_kk azZdXgqlb\ihxsbcky
j_c fZkku ~h 1jh\_"~ _ggu_ |_jfh]jz\bf_Iljbg_kdb_ bkke_~h\Zgby \n
gZ hkgh\_ gbadhfhe_dmeyjguo dj_fgbchj]l]Zgbd*lkdbo\madmgmdh\
ghklv ijbf_g_gby wlbo dhfihabpbc ijb |_fiKjZI14xjZo ~h
<ukhdzy | _jfbg_kdZy klhcdhklv b “he]lh\_qghklvihf&lh hjjbZeh\
]ZghkbehdkzZgh\ h[mkeZ\eb\Zxlky \ukiSifdc Wihfjllc_ozk¥xyddbj | _j
fh~r_kljmdpbb ijb dhlhjhc g_ azZljz]b\zZ_Ilky kbeépdkzglk\neukd_ e _
ijhbkoh”bl ij_bfms_kI\_ggh jZajnsr€gbkhikhwa tZxs__ky zh[jZah)\
gb_f "hihegbl_evguo kbehdkzZgh\uo klya_c dhlhju etljhZgabgb\Zx]
hklz\rbfky azZf_ klbl 18)yf > +
L _jfbg_kdh_ klZj_gb_ dj_fgbchj]Zzgbg_kdbo 1 élnpdd\ ijb
>350 fK ih jZzaguf j_ "bfzZf ihal\hebeh ijhZgZebabjh\Zbw Ygpgu ih b
dhf _oZgbq_kdbo k\hckl\ *ey mklZgh\e_gby jhkorik@gbo jZihlu ijb
jZImjZo 1jh\_~ _gu bkke_"~h\zZgby ih\_"~_gby djffdgibdhy]Dpthg_ kdb
ehrghc? \medZgbazZpbb \ mkeh\byo ijb[eb " Zxsboklykd&Zfihkeh\byf t
guo dhgkljmdpbyo 7ey dhlhjuo o0ZjzZdl_jgh [he” ckéWlyfevgh \j_
i_jZImj b hlkmlkl\b_ kms_kI\_gghc | _iehhl*Zgb \hjmgmbbggbc h[t
< N"Zgghc jZ[hl_ \ dZqg_kI\_ hiulguo h[jZaphbpkkegZ2hhZgu d
gh\_ dj_fgbchjl]Zzgbg_kdbo dZmgmdh\ k jZagyhbiiZmy dpbhegZevgl
dmeyjghc fZkkhc k g_hjl]Zgbg_kdbfb gZihegph"eybdbk|Ziaefvxghc
gZiheg_gby aZrblufb jZaebqgufb \medZgbamxshibhkdh_ffZzfb ©
"N _gby ]zjf_Ibdb <BDKBGL MBDKBG{L2- M <BDKBG4-2M
<=H b MMN21.
<ur_mdZazZggu_ dj_fgbchjl]Zgbqg_kdb_ ]_jf_kbhiibf jZ eoeggthoedx [ ky
]Jbg_kdbf b wdkiemzZlZpbhgguf ozZjzdl_jbkldydXkyb \fhbiHglijb fb
Il j\Zze_ | _fi_jZImj b ih jZaebgqghfm gZagZq_gbx
+]_jf_Ibd <BDKB-GL WMj_"klZ\ey_| kh[hc "\modhfihg_lglguc mi
| evguc | _jfhklhcdbc fZl _jbZe [_eh]hgp\gddc itedygihdgloghklghc
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] jf _IbaZpbb jZaebqguo f_|Zeebq_kdbo kRay/Nbgf gbaZghtly &iiZ]
Imju jZ[hlZxs_c \ kj_~_ \ha”“moZ ijb |I_fi_jzZImjZjd Hl_ekl\bb ]
\b[jZpbhgguo m~Zjguo-ib jihfllgjpgho gZ]jmahd

+]_jf_Ibd <BDKBZL N_"klZ\ey | kh[hc |Ij_odhfihg_glguc iZklhh]
miehlgbl_evguc fZl_jbZe jhah\h]h beb [_eh]h pN\eyZ] f 2g&agZq_
pbb de_izZguo [helh\uo b k\Zjguo kh_"bg jbprjldhgkljmdgbbob i

\ bgl_j\Ze_ | _fi_jzZImj hl £ ~h fK ijb \gmljbbh\lghgbf]l jf IbaZzZ
i_jZIlmjZo hl £ ~h fK \ kj_~ \ha"moZ ZKZdvguoeyZaZeb\d
_fh\ jzZ[hlZxsbo ijb I _fi_jZImjZo hl £ ~h f K

+] jf _Ibd <BDKB&LiM"klZ\ey | kh[hc "\modhfihg_glguc aZeb
] _jf_Ibabjmxsbc fZIl_jbZe [_eh]h p\_1Z ij_"gXZagZldghgulc jfey ih\
IbaZpbb de_iZguo [helh\uo b k\Zjguo kh_“Nbgjbdbh¢hdlbgREyna@apbc
sblu we_dbjhz*bhijb[hjh\ jZ[hlZxsbo \ kj_~_\ha”“moZ i¢0d |_fi_jZI
N h fK Z 1Zzd _ ~ey aZeb\db rl_ik_evguo jzZlatl fh\ jfZ[hlZxsb
jZo hl £ ~h fK
+] _jf_Ibd <=H_"~klZ\ey_ | kh[hc h”ghdhfihg_glguc iZklhh[jZagu
[ _ eh]lh p\_1Z ij_"gZagZq_gguc “ey ih\_jogtkidkhjonptpjibclbigBphb
jh\ j_abklhjh\ jZaebgguo ba”_ebc jZ"bhwe_dljhgghckjl_ ®gbdb
\ha“moZzZ ijb | _fi_jZIlmjZo hl £ ~h fK Z lZbc %aey hiffHglZ b
abjh\Zgguo ] _jf _IbdZfb IbiZz <BDKBGL
+] jf_Ibd -FAN ij_"klZ\ey | kh[hc "\modhfihg_glguc aZleb\hgqguc
jmxsbc fZl _jbzZe [_eh]lh p\ _1Z ij_~gZagZg_ggut_ [feybai\phdghkl:
f |1 Zeebqg_kdbo kh_"bg_gbc dj_ie_gby ihemijh\h”qgbd\a?mtzl Zx s
ijb I _fi_jZImjZo hl % Ah f K
Hij_~_e_gu nbabdbgbq_kdb_ k\hckl\Z ]_jf_Ibdh\ \ bkoh”ghf k
ihke_ \ha”_ckl\by | _fi_jZImju ih \u[jZgghfm j_"“bkihke >hiltZegdb!| e\
baf g _gb_ Z~] _abhgguo k\hckl\ b \g rg_bpZgbkZ dqufo IbdheZklbg:
ba Zexfbgb_\h]h kielZ\EZ lbkihevah\Zgb _f ih~kkdphllh\e_ghba h[jZ
ph\ ~“ey bkiulZgbc ijh\h”"beb \ khhl\_Ilkl\bb ekh\lbydgbgZ kdldfbu m k
aZy\e_gguc ]_jf_Ibd
L_jfbg_kdh_ klIZj_gb_ h[jZaph\ ]_jf_Hi-dh\ <BDKBGE2W
<BDKBG#4-M <=Hb MN ijb | _fi_jZImjfK ih jZaguf j_"bdZf ih
\hebeh ijhZgZebabjh\Zlv "Zggu_ ih bfafofghlmdpxkdbabldimckl\ b hij
A eblv j_"bfu ijh]j_\Z "ey dZ " *h]h fZl_jbZeZ
leZklbgu \medZgbah\Zgguo ] _jf_Ibdh\ ihke_ ihktXZhph evgh]
\Zgby \u”_j b\Zeb ijb |I_fi_jf2dmMjl _g_gb_ b g ihk
Ih ijb | _fi_jZImj fK*hij_~ eyeb ke _~mxsb_ iZjZf_lju mkeh\gmx
ijb jZaju\_ hlghkbl_evgh_ m”ebg_gb_ ijb jZaguo |Zeeff j\gb_ el
I\ _j~hklb J _amevlZlu bkiulZgbc ij_"klZ\e_gu \ IZ[e
Ilh j_amevlzlzZf bkiulzgbc fh gh k~_eZlv \u\h”?izZqglh ]_jf
<BDKBGL ih klhcdhklb d |_jfbg_kdhfm klzZj_d&lex Y@kish e&Zylky \
d_ - <=H MR M- M- < ijhp_kk_ klZj_gby ijhbkoh”™bl ac
| evgZy ebg_cgZy mkzZ~dZh] %f Ibdh\ %
GZ hkgh\Zgbb ihemqg_gguo “Zgguo "ey "ZevgjZgu]hZbkke "t
ebgqgu_ j_"bfu gZ]j_\Z ijb I _fifKZImj_
g 2ey ] _jf _IbdZ <BD-K-B8&L M
b q‘ey ] _jf_Ibdh\ $=&BD KB &ARIM
q 2ey ]_jf_IbdZ2MN

+ + I+
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LZ[ebpZz
Baf_g_gb_ nbfabb&mbq _kdbo k\hckl\ dj _fgbchjlzgbg_kdbo ]_jf_Ibdh
IbiZ <BDKBGL ihke | jfbq kdh]h kiZj gby ijbfIKfi jZIm].
AgZg_gby k\hcklI\ "ey ] jf_Ibdh\
= jf_Ib| K\hckI\[\ bkohAd ihke \uA _jdb ijb | fi jZzImj____ fK\
kKhklhyg[ 2 4 ] 6 | 8 [ 12 | 16 [ 20

1 45 2.1
M1-18 ) 280 o H[jZapu hojmigbebkv bkiulZgbyf

G 5558 65

1 2,2
M2-28 8 284 H[jZapu hojmigbebkv bkiulZgbyf g_

G 55

1 27 T [ 14 | 20 | 21 | 24 1,9 2,0
A1 0 160 = | 100 | 60 60 64 60 60

a + + 10 10 11 | 133 | 166 | 16,6

G 50 + 50 65 70 75 70 65

1 2,0 = | 21 + 16 | 28 31 35

0 82 + 60 + 40 40 40 20
MRA7-21 a + + 6,2 + 11 + + +

G 56 + 60 + 70 85 90 100

1 4,6 + 25 2,7 3,2 H[jZapu "_Kkldb
S 0 280 + | 128 | 140 | 100 bkiulZlv g \hghfh

a + + | 88 + | 144 [ 144 | 155 | 177

G 5558 + 55 60 68 + + +
G T mkeh\gZy 1jhqghklv ijb jZaju\higRkBl @vgh_ mAebg _gb_ 1jb jZRkZvdZ
GxI\_jrhklv mke A

< k\yab k I _f qglh ]_jf_Ibd 2BDKBe@bkWx | weZklbgghklv
ihke_ "\moqgZkh\h]h \ha”~_ckl\by fKir¢elmgjucrb_ _]h bkhulZgby Kk
IZxlky g _p_e_khh[jZagufb

>ey bkke_~h\zZgby |_jfbg_kdh]h klZj_gby fi)o \luffiizgzalijj
f_ Ibdb ihdzZazZ\rb_ emqgrb_ j_ameviZliu \ bkidh]hhkZIgpbyHdy|fiply
| _fi_jzZlmj_ fK <BDKBGL M<=H b MN >ey ij_"™\Zjbl_evghl]h
bkiulzgby \u[jZg j_"bf gZ]j_\Z \ I_g_gb_ bqgzf®Z]jyjfmlikdie ZKk]
fbg_kdhfm klZj _gbx ih”*\ _j]Zeb h[jZapu ]_jo_¢Zdh\lZE2xHk ggu
gb\uc kiez\:%

lhke _ijh]lj_\Z h[jZaph\ ijb | _fifKZIimjg gb_ g mklZgh\e_gh
\k_ bkke_"~h\Zggu_ ]_jf_Ibdb gZoh”ylky \ ielibhmlkihkNhygdlv ky g
f_ ozZgbqg_kdbf bkiulzgbyf OZzZjzdl_jbklbdb \g\ AgjflhiIRdhY imkEap
| _jfbg_kdh]lh klZj_gby ijb I_fif ¥Ziljmj_~_gu \ IZ[e

LZ[ebpZ
<g_rgbc \b” dj_fgbchj]Zzgbg_kdbo ]_jf_Ibdh\ IbiZ <BDKBGL
ihke | jfbg_kdh]h klZj gby ijb | ffKAlinjg gb_ q

- jf_Ibd <g_rgbc \b™ fZl_jbZeh\
- = \ \b~r_ ieZklbgu gZ f_lZeebg_kdhc ih”e
=_jf_Ibd ihjbkluc jZkki =_jf_Ibd ihjbkluc [hev
<BDKBG#4M gZ ih\_joghklb f_edb_ | dhebqg_klI\h Jem[hdbo I]
weZklbgghklv khojZg m ih\ _joghklb f 1Zee

=_jf_Ibd iheghklvx ihl
M N7-21 wEklbgghklv nhjfz iel = jf_Ibd ojmidbc [_a
g_ baf _gbeZkv

. R . = jf_Ibd ihdjul Jlem[hdbib
<=H =_if_lbd ojmidbc ihjb fb_Jm_ih\_jothkI]b f_[IZeeZ
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N _aby ]_jf _Ibdh\ d Zexfbgb_ \Rfingde\k\no k[jZapZo khojZgbe:
lhemqg_ggu_ ~Zggu_ ihdZau\zZxl qlh chthgbggudbdj |f jf

Ibdb g_ fh]lml [ulv j_dhf_g”~h\Zgu "ey lijbf_jgZlgy f b "z _

\'l_q gb_ g 1Zd dzZd gZ[ex"Zxlky *atmdda bbjZkilhgh gbc LZdh]h
A_n_dlu fhlml [ulv k\yaZgu k h[jZahdhehqgl kh&vreh]hmgbo ijh*mdl
| _jfbg_kdh]h jZzkiz"Z kbehdkzZgh\h]h j&ZmjgnfKZ Hpjds#@ | gZ k_[y

\gbfZgb_ hlkmlkl\b_ ih*h[guo ~_n_dMW7\ m HBkgfh\bdZdMhjh]h y\ey_ Ik
n_gbekbehdkzZgh\uc dZmgmd

K p_evx ithemqg_gby [he__ iheghc o0zZjzZdl_jbklbdbgblm\ "~ gby
kdbo ] _jf_Ibdh\ IbiZz <BDKBGL ijb | ffk _jglmj”~ gh |_jfbg kdh_ Kkl
j_gb_ ieZklbg \medZgbah\Zgguo ]_jf_Ibdhyguh jZgbfZfHMyhZpZg
f_ggh |_jfbg_kdhfm klZj_gbx ih”\_jl]Zeb h[jZabugbujé_ ¢tzdh\lZe2g
Zexfbgb_\uc kiezZh > Hij_~_e_gb_ ihdZaZl_e_c ijh\h”"beb ijb |_f
“ fK lhemg_ggu_ j_amevlZlu ijb\_~ gu \ IZ[e

LZ[ebpZ
K\hckI\Z dj_fgbchjlZzgbg_kdbo ]_jf_Ibdh\ IbiZ <BDKBGL

ihke | jfbq kdh]h klZj gby ih \u[jZgghfm j “bfm
lih~"he bl _evg NbabdhozZzgbq_kd| :~] _abhgg <g_rgbc \b
_ it p| '_ifba_kdh]| k\hckI\Z ]_jf_Ibdh\ kihckI\Z ih h[jZaph\ ih
- Kizj _gby ijt_ | jfbq _kdh]h kiZj| | _jfbg_kdH | _jfbg_kdh
350K g 1 FIZ 0 kiZj _gby d kZj gby
2 2.1 85 15
<EA?_{<SBC hlju ;_a baf_g_
dh] abhgg
6 2,6 140 T
cen 8 3,2 96 0,9 HljZapu bhj
hljul klu_ \a“mg¢
dh] abhgg
6 2,0 60 0,7 . "
<BDKBG 8 2.0 60 08 El[dza'?.” 2'?)1
M4-21 hljul 7 Thy J.—O A
dh] abhgg 9 ~109
8 lezklibgu k Ij_sbg 0.7 Lj sbgu
MRN7-21 bkiulZgbx g_ ihAe hljul gZ ih\_jogh
- dh] abhgg -

:gZeba ihemqg_gguo j_amevlZlh\ ihalhey | k» _eZlv ke_"mxsk
+] jf _Ibd <BDKBXL Mke g \ha”_ckl\by | _fifKlkhjajzgy |
mkeh\gmx ijhgghklv b highkbl_evgh_ m~ebg_gb\hjipb pAajuf_gZ
mjh\g_ fzZIl _jbzZe g_bf_ | 1j_sbg Z~] _aby khojzZgy_ Ilky
+] jf _Ibd <=Hf__| m~h\e_I\hjbl _evgu_ ihdZaZl_eb mkleh\ghc ijl
ghkbl _evgh]h m~ebg _gby ijb jZaju\ ihkelZd g \Bay _akb\bm | _fi_jZI
ju fK h~hrgZdh gZ[ex”"Z |lky kbevgh IBdZMm@pAFg gl gphfh gZ f _1Ze€
+] jf _Ibd <BDKB4L Mikljh kgb Z | \_ebqgbgm highkbl _evgh]h m
ijb jzaju\_ ihke_ \ha”_ckl\by |I_fiKjZllmgqugb_ g dhlhjh_ \1_q_gl
g_f gy _Iky gh ijb wihf gZ[ex”Z |ky kdehgghklv h[jZaph\ d jZklj
+] jf _Ibd -AN bf__| gbadbc bkoh”guc ihdZaZl _ev hlghkbl_evgh
ijb jZaju\_ dhlhjuc kgb Z Iky ih® \ebygb_f I _fi_jZImjgh]lh \ha”_c
J amevlZlu bkke_ _"h\Zgbc ijh\h~bfuo \ ihkguégp gkjZby \ g
Jhkkbb ihdzZau\lzZxl imlb ihemqg_gby \medZgb&hljkhk jAfhébqgjbggu:
| _fi_jZImj_fK b [he__ k ithfhsvx \\_* _gby \ [Zah\mx jgpoilmjm b
] jf _Ibdh\ IZdbo dhfihg_glh\ dzd | _jfhklZ[bebaZbogw mgkzhith jr_ gk
gbl_eb b hI\_j " ~"Zxsb_ kbkl_fu ~jm]b_ mkbeb\Zxsb_ ~h[Z\db
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K ihfhsvx gZihegbl _e_c¢ dhlhju_ y\eyxlky Ij_Ivbf ilyg agZgbfh
lhf \ ]_jf _Ibabjmxsbo dhfihabpbyo fh gh mebhgrdiv wdkieinglz
kiIbdbkgbablv ebg_cgmx mkzZ~dm ih\ukblv |_jfhklllvcdiplixZy Ibdkhl
[hl_ gZ hlI\_kguo iehkdhklyo Z"] _abhggu_ Zdlbdh\jhbeb&Eggu
< ihke_"gb_ ]Jh”u jZajz[hlZgu f_|h”u ihemqg_gby ihljhedbhkjZagu:«
jZa™_e_gb_f qzZklbp ih jzaf-pZfghihd"mggh kihkh[hf dhlhju_ iha\l
eyxl ihemqgzZlv \medZgbaZlu k memqgr_gguf gZ[hjhf k\hckl\

< aZ\bkbfhklb hl nhjfu gZihegbl_eb *_eylky gZ ke_"mxsb_ d

tk b]l]hevqZlhc nhjfhc djbklZeeh\ \heeZklhgbl hlghlysbcky d
kizeezZf k obfbq_kdhcCafSif@getrich"hklh_d obfbqg_kdb bg_jl_g | _ie
_d *h fK fhjhahklh2d; > <

tk ieZklbggZlhc nhjfhc gZklbp kex”Z ih obkibegblkddhfamjxkhklzZ\
ebgguo f_IZeeh\ dhlhju_ ijbf_gyxlky ey ih\ur_gby Z"]labb Z Iz
h[jZah\Zgbx hkzZ”~dZ ijb ojZg_gbb > @

tk gZklbpzfb \ nhjf_ iheuo fbdjhkn_j dhlhju_ ij_"dkdZ¥eyx!| kh[F
\bevghc nhjfu "bzZf_Ijhf ~h fdf b Ilhebgtc Wl dghdf Kighkylky
kl deyggu_ n_ghenhjfZev® _]Jb”gu_ wihdkb”"gaZlw k‘'jhZljbbfb <mg¢
gZihegbl_eyfb hlebgzZxlky gbadhc iehlghklvx b jZFhlphXlitmkih[ghKklv
500 fK b [he__  ijbf_gyxlky \ kbhki¥g alzZsdhguo fZl_jbzZeh\ > @

t\hehdgbklu_ gZihegbl_eb dhlhju_ bkihevamxIky]R 8zZlq_ kI\_Z
jbzez GZzZb[he__ rbjhdh ijbf_gy_|ky Zk[_kl ih ojbfbkjZkehfm kljh
sbc kh[HMgASIQ2H,0 > @ :k[_kI h[jZam_| \ dj_fgbchj]Zglbyo kdbo k
kljmdImju h[_ki_qgqb\Zxsb_ agZgbl_evghb ihjohnkiglcdHhHkib Z 1zZd" _
ijhgghklb < dzZq_kI\_ gZihegbl_ey IZdy gbbjhdhxlikbehdgZ hdkb”
Zexfbgby > @ dhlhju_ khojZgyxl nbjfimd Zaie\zixylbkhayhlbie gb | _
eh\hfm ihlhdm ihke_\ulhjzZgby ] _jfbltbdé ijjBlm]jdklami0 f K +

AZdexq_gby

Bkke "h\Zgh baf_g dboZulhajbdkiibo k\hcklI\ dj fgbchj]Zgbqg_ kc
f Ibdh\ ijb | _fi_jZInflK <ha”_ckl\b_ wlhc |_fi_jZImju \hrbdq _&gb_ g
ihl _j_ weZklbgghklb b jZklj_kdb\Zghx hfZapdkidjZdghbchj]Zgbq_kd!
] _jf_Ibdh\ qlh g_ iha\hey | j_dhfZghhd2Alwkbo "ekejh\byo

Bkke ~h\Zgb_baf_g -dbeZogtbhabd&ldbo k\hckl\ b mkzZZhd dj_fg
gbg_kdbo ]_jf_Ibdh\ ijb I_fifjKI\mli_q_gb_ hl Ah g ihdZaZeh
klhcdhklb d klZj_gbx ]_jf_Ibdb IbiZz <BDKB&E _jZrkikise Zidvjhky \
d_ -4 <=H MR M- b -R4 MklZgh\e g “himklbfuc j_"bf I _jfb
kdhlh klZj_gby ey dZ ~h]h fZl_jbzeZz

NbabdhozZgbq_kdb_ k\hckl\zZz dj_fgbchjl]Zgbq_kdb&L]_jf_Ibdl
M1- <BDKBGER- Mb <=Hihke_ \ha” _ckl\by | _fi_jZImju kgb Zxl
f gvr_c kl_i_gb qgq_f m]_jf_ IbdZ k f_gvrbf gZih-é@l.gb_f <BDKBGI

L_jfhklzj_gb_ dj_fgbchjl]Zzgbg_kdbo ]_jf_IlHddh\ <BBKBGL M

<BDKBGE-M b MN ih \u[jZgguf j_"bfzf ihdZazeh qlh1]_jf_lbd
ihke_ \ha”_ckl\by |_fi_jZImju fK kiZgh\blkypdhiBHOKBGZL ] _jf_
M4-  jZklj_kdb\Z 1Ky =_jf Ilbd <4BDKm®GlLeM\hjbl _evgh khojZgy
k\hb k\hckI\Z ihke_ | _jfbgq_kdh]h kIZj_gby fikb\ll fg jghmj_q

IhdZazZgu imlb ihemqg_gby \medzZgbazlh\ k @\[hdbqgijgguf j_I
| _fi_jZImj_fK b [he__ k ihfhsvx \\_"* _gby \ [Zah\mx jJI1Z _ilmjm ].
dbo dhfihg_glh\ dzd |_jfhklZ[bebazZlhju mkh\_jrl cld\b\hggu_ ¢
\_ j "Zxsb_ kbkl_fu ~jm]b_ mkbeb\Zxsb_ ~h[Z\db

50 b 6 680670 TRUDY VIAM 3 (109) 2022



1.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19
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DZ[eh\ ? G Bggh\Zpbhggu_ jZajzZ[hldb N=MI| ©<BZpbEFE@®KIJRI ih j_Z
]bg_kdbo gZijZ\e_gbc jzZza\blby fZl_jbZeh\ b |_ogbggZhibjbtho Nhj_jZ]

]hnrza ‘\bZpbhggu_ fZl_jbZeu b |_ogheh]blK 33.80I:«
10.18577/2071-9140-2015-0-1-3-33.
DZ[eh\ 2 G Obfby \ Z\bZpbhgghf fZl_jbZedbc "o lgfibly kdbhckKimglg Z e
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Dheh[dh\ : K IThebf_jgu_ dhfihabpbhggu_ fZl_jbZeu "eyZWaebqgguo
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JZkdmlbg : ? Jhkkbckdb_ ihebf_jgu_ dhfihabplblthggludhéZlghlgZéw gh
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L ogheh]bb « K 26t
?ebk__\ H : =eZah\ | : BexobgZ F : Bkke_ _"h\Kkdh jdbagehbdb | _j
gby \medzZgbazlh\ gbadhfhe_dmeyjguo dj_fgbchjb2glbg =*djbollkdimqgm
L_ogheh]bb K« 21+
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67-19-28.
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| ogheh]bb L97. K +
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<\_"_gb_

ljb kh\j_f_gghf mjh\g_ jZa\blby | _ogheh]bc dZjYbgl2&vbh [mx!
gh\u_ fZl _jbZeu "ey gZihegbl e _c ihebf_jguo dEEh®wbpbhgguo f.
bgh]*Z g_h[oh”bfu gh\u_ gZ\udb ih”oh”u ba&gdlglvyy bh mkmqdh tv
m- _ kms_kl\mxsb_ g _f b aZgbfzZxlky mqg \gdhkkih b k\ 1hffogbke
LZd m _ ~“h\hevgh ~Z\gh b mki_rgh bkihevamx| M@j&fpRrggu_ kl_
IldZgb b \hehdgZ Z 1Zzd _ IldZgb ba]lhlZAheth\@hdug gdhlekgilo Ibih
[+ @ H”"gZdh dZ ~uc jZa ijb balhlh\e_gbb gZiheybld2yg_fkINZ hf
> @ beb \yazZgby ijbf_gyxl [he__ kh\_jr_ggu*u meontgghgtbw b ih”
kihkh[u ih~"Thlh\db bkoh”guo fZl_jbZeh\

LibdhlZ gh_ ihehlgh 1Zd"_ \uvuaulZ_ | [hevrhc bgvjrkydZd g
ihemqg_gby IDF k \ukhdbfb ijhgghklgufb k\hckl\EfgbBbh% kégh ql
guo ij_bfms_KkI\ IDF gZ hkgh\_I|jbdhlZ guo gZithe kbhké [ghkley Ik
d ihlJehs_gbx b jZzkk_b\Zgbx wg_j]lbb m~AZjguolgzZdimfahdllz gdh iha\
eZf [ulv [he__ mklhcqgb\ufb d jZajmr_gbx iZlm m@Z gdugd g Aljre & ¢ig h
]h lIjbdhlz Z \ khklz\_ IDF kihkh[kI\m_|I m\b etZg bgbix[ b Kl dklelh
\hc \yadhklb Z IZd _ ih”"Z\e_gbx hqzZ]h\ jZzkikeh_gbyby @bdh h[eZ
IZ gh]lh ihehlgzZ \ dZg_kI\_gZihegbl_ey “ey IDFkh\ "mlkykjZajZ[hl
\Zgb_ kljmdImj ljbdhlZ gh]lh i_j_ie_|_gby Zoldd™ohkYha~d@gbj gh\
ie_ | _gbx \hgehdh

;hevrh_ dhebqg_klI\h bkke_ "~h\Zgbc ihk\ys gh bamdEbx gZih
gZ hkgh\_ h[ugghc dmebjghc ]Jez”b i_j_ie_|_gby "eZlbidgigh]h Ibi
kluo Ibih\ i_j ie_ | gby > @ H”gZdh \k_ [hevr @bibe h™ly\zZzd \e c :
\h~m h g_h[oh”~bfhklb \g_k_gby k_jv_aguonbajbdhgbdbogh]kljmmdIlIm
ehlgZ k p_evx ijbrZgby k\hckl\ ihal\heyxsbo khaexIYukinEbojb]h"
f oZgbg_kdbo gZ]jmahd

<yaZgu_ gZihegbl _eb ih k\hb[ffhke\hckhybkltn weZklbggu_ b
ke "klI\b_ [he__ e_]db_ ih kjz\g_gbx k IdzguflDgZidqldgbf_eVfb ’
g_hkihjbfmx p_gghklv \ Z\bZkljh_gbb Gh hkh[bgdhkliguigbf_g_
gZihegbl_e_c ey IDF ij_\jZsZ_| mdZaZggu_bk\htlhl\\Z_ \ydeyhklZlc
ky hkgh\hc Ijm~ghkl_c ijbf_g gby dmebjgh]h GbdegllZey d¢€2g Kkl
IDF

tljm~rghklv ihemqg_gby ljbdhlZ gh]h ihehlgZ k \ukhdhc h[t_fghc

tkeh ghklv \ujzZ[hldb IjbdhlZ gh]h ihehlgZ ba ojmidb® \hehdhg
jhrguo > @

t\ukhdzZy jZkly bfhklv ihehlgZ k\yaZggZy k ih?\dygHhklbah gbl
[Z gh]lh i_j_ie_|I_gby H~gZdh ijb ijhibld_ k\yamhks$bd kimsb ghkl
kiI\_ggh kgb Z Iky *h jZa > @ b ijb m\ leleqg_jogdkldyidHhghklb |
ihehlgZ mf_gvrZ |ky qlh kh]l]eZkm _Iky k j_amdyh&llafpubfh® ebjh\
dhlZz gh]lh ihehlgz > @

tbkdjb\e_gb_ \yazZghc kljmdImju dhlhjh_ g_ ihadhéZ INékihevs
balhlh\e_gby Ihgghc nhjfu

D kh 'Ze_gbx i_j_gbke_ggu_ g _"~hklzldb dmebjghdh Iljbdhl
km Zx| h[ezZklv ijbf_g_gby gZihegbl_e_c gZ y{tkkyhkgeghklg/mx g_
g_ij_h”hebfufb Bf_ggh k wlbf kl\yazZzgh fgh _kl\hhihbuihgd gz@jZ[h
\h \k_f fbj_ wnn_dlb\gh bkihevah\Zlv hkghagpghTthKk]jbdpgkiVZ dm
dZqg_KkI\_gZihegbl ey ey IDF

tnhjfbjh\Zgb_ ba”_ebc k fZeufb jZzZ"bmkZfb djb\bagu
t\hafh ghklv balhlh\e_gby IjbdhlZ ghc azZ]hlh\db ih jZzaf_jZf ba
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t\ukhdZy mklhcgb\hklv d jZkkeh_gbx b m~Zjquf’™gAlhmadZi ihke

kiz\_ IDF > @

< gZklhys__ \j_fy ijb\_~ gguc i_j_q_gv “hklgiZzgkée\gbjbdhlZ g
e_c Zdlb\gh h[km ™ ~"Z 1ky b bkke_"m_Ilky <RKijhkZsihVargbhb¥xlky
f_ ozZzgbqg_kdbo k\hckl\ IDF gZ hkgh\_ dmebjgh]lht]hbdkiZeZahey jZ
\Zgby

P _ev "Zgghc jzZdaiugtgb_ kms_klI\mxsbo | _hj Ibg_kdbo b ijZ
kihkh[h\ fh*bnbdmbmju b k\hckl\ dmebjgh]h iehkdh\yazZgh]h Ij
jZkrbj_gby h[eZklb ijbf_g _gby \ dZq_kI\_gZihegbl ey "ey IDF

Kihkh[u memqgr_gby k\hcklI\ IjbdhlZ gh]h gZihegbl ey
iml_f “hiheg_gby gZklbggh ijh\yau\Z_fufb \hehdgZfb
AgZqbl _evghfm m\_ebq_gbx ijhgghklb IDF gZ hKygm\ | Ijbdhl.
mkbe_gb_ IjbdhlZ gh]h ihehlgZ ~hihegbl_evgh ijheh \ggufb gqzZk
fufb gblyfb ba dhlhjuo nhjfbjmxlky 1Zd gZaue&b fueZVZxlslbbh\u _
i_leb Dzd ijz\beh ijb \ujzZ[hld_ ihehlgz \"hg¢z]lhjhabglZepMhh]h
eyxl "hihegbl _evgu_ gblb ZgZeh]bqggu_ hkgh\gubgditgb ikghlgZ
ih khklz\m hl _]Jh hkgh\guo gbl ¢ < ~Zgghfihkeédgl qZk[E§ghgg
ijhlyaul\zZz _Iky k i_leyfb hkgh\gh]l]h \hehdgZ D2ZzZd igd\béah ijh\yaZz
gbh_evgh]h \hehdgZ jZkihezZ]zZxlky \ jy*m q_j_a dZ ~evkht ijh\y
gh\gh]lh \hehdgZ nhjfbjmy mijhggyxsb_ b miehlgyxsb_ijhly " db |

i_ley

Jbk lj _kkBE\Zy iezZ\ZxsZy i_lebhjfbjm_fu_ ijb gZklbqgghf ijh\yau\Zg
"hihegbl _evguol@bl c >

ljbf_gyxl b ~“jm]lmx ihke_~h\Zl _evghklv gZklbqggh¢ly ijh\yau\
| evguo gbl ¢ LZdb_ ~h[Z\e_ggu_ i_leb lgd&qbl_e¥gh]\mikighk a
gby Zgbahljhibb b kihkh[klI\mx| ihy\le_gbx k\gbkhV“ghgdibgz\g_ ju
gh Zjfbjh\Zggh]h IDF :gZeh]Jbggu_ k\hckl\Z d\ZapZeijgplhhgh h
Zifbjh\Zgghl]h b h~rghgZzZijz\e_ggh Zjfbjh\Zggh]h IDRI ihWZjh[gh jZk
[hIZo > @

< klzZlv_ > @ ijb\_~_gu ~Zggu_ h[ m\_ebdtb gplb jihklmey mijm
gbb \ jZazZ k ~h =1Z "ey kl_deh\hehdhgghhhaZjbdhlZ" 2z
ebggh_ dhebqg_kl\h "hihegbl_evgh ijheh  _gguo gbl_c =bz\ jZa
"ey m]e _\hehdhggh]h IjbdhlZz " Z kh”_jZs ]h jZaebggh_ dhebq._
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ijheh” _gguo gbl_c Ijhp_kk \yazZgby iha\hey | “h[g\2ytu_qZklbq
\hehdgZ b i_ji_g”"bdmeyjgh hlghkbl_evgh gZijZ\e_gbyih\ujzZ[hldb
ehlgzZz iml_f nhjfbjh\Zgby ij_kkh\uo i_I|_ev LZdhaghkhp ‘hkkz~zZ | \
gh\_kblv kl_i_gv jZkly bfhklb IjbdhlZ gh]h ihehlgZ \“hev i_|_evg

< jZ[hl_ > @ mdZazZgh gZ g_jZ\ghf_jgmx jddYdkEbgmKhv k\he
gZihegbl_ey hl dhebqg_klI\Z ~hihegbl_evguo qgZklbd4gh ijhdyaZgg
l[jbdhlZ guo IdZg_c k h”ghc “hihegbl_evghe gbvxg hikdiZ aZijleb w
"hevghf b ihi_j_qghf gZijZ\e_gbyo ij_\hkoh”yl j_a&meJviBbh ihem
IZ ' guo IdZg_c k "\mfy b Ij_fy “hihegbl_evgufb gblyfb

J _amevlZlu fh”_ebjh\Zgby ijh\_~ ggu_ k ihfhsyk klZIbkll
]ljZffgh]lh h[_ki_DResigmixpertk ijbf g gb_f jZaebqgguo fZI _fZlbg_kdbo
e ¢c > @ k\b~_I_evkl\mx!| h Ihf qglh baf_g_go i iehtdghkdb jeB\Zx
f Ijbg_kdhc kljmdImju ihehlgZ kihkh[kI\momrregéx g phbfb el gn
g_kdbo k\hckI\ \ [hevr_c kl_i_gb azZ kqidzhdksdpogby "ega Ih
\j fy gZb[he__ ih*"o¥eYyesmiezZ\Zxs _c i_leb hij_~ eyxl hl®"_evgh "¢
kljmdImju IjbdhlZ gh]h ihehlgZ

<hafh ghklb ih\ur_gby ijhgghklb b iehlghklb IjbdhlZ gh]h ihel

aZ kg_| “hihegbl _evguo g_ijh\yaulZ _fuo ojmidbo gh ijhgguo

>ey j_r_gby ijh[e_fu k\lyazZzgghc k bkdbm\eljlgdhlfZigbhé&
ij_nhjf bkihevamxl| ijyfu_ kl_deh\held§zljdbdhl¥KigZgna |kl _deh
dZgv \"hev gZijZ\e_gby ]hjbathZevg1uob|\IllelwchUe)vg}a’m i_I e
guo klhe[bdh\ > @ Ijb wlhf hibkZgu[lbgjfadebdigih\ d\h" *bfuo
\hehdhg \ Ihf gbke_ ZgZeh]bqgu_ ih kbEdb\fmhl[jZé&mlfZime mqgzZxl
©\yaZlglzgmx?2 IldZgv khklhysmx ba \hehdhg #hdelbglgjupd ZIbih\
gmx ldZgv jbk > @

Jbk Kljmdimjz dmebjgh]h IjbdhiZ Z k ~hihegbl _ghbbuftbgg ijh\yaz
ebqghlh 1biz > @

LzdZy ldzZgv \ khklz\_ ij_ij_]Z ba IDF h[ez”"Zhklwvokjbr_c "jz
ihal\hey | kha”rz\Zlv ba”_eby k ba]b[Zfb keh ghicimahfigrmlkdZazZgt
[Z\e _ggufb \hehdgZfb |j_ [m_Iky eMrdlo” ngkbelhb ~ey "hklb  _gby ~
fZeuo _1h ~_nhjfZpbc qlh kihkh[kI\m_ I ij ~hl\jZ$ mibpfubkdjb\e_
Dkh Ze gbx \ gzZklhys_ _ \j _fy \ ijhfure_gguo bZkrljb[dll2Zdb _\
guo ihehl_g g_ |jhba\h’\yl \ k\yab k \ukhdhc klhbfhklvx h[hjm~h\Z
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< ]jmii_ dhf[bgbjh\Zggud&khlkdihgsbo ba \hehdhg jZaebqgguo |
\u”r_eyx!l 1Zd _ lIdZgu_ b \yaZgu_ GZb[he_jh\iZglgy_k¢azghfgaghb
\vaZghc hkgh\_ ihkdhevdm ihalheyx!| kha”*zZ\Zlv IDFoZhg[eqgZ*"Zxsb _
kdbfb ozjzdl_jbklbdzfb jzkly _gb_ ijhqghkiVbligbh dla]bin” Djktnhe
gZ]jmad_ > @

<yaZgh_ihehlgh "~hiheg_ggh_ ojmidbfb gh ijhgfgyfb \hehc
m]e \hehdgZfb fh gh bkihevah\zZlv \ dzZq_klI\_ gZihéghy ey "ey
ijZ\e_gguc gZihegbl_ev gh k memqr_ggufb f_bZgbg_kdbfb k\hck

Ijb \ujZ[hld_ 1Zdh]h ihehlgzZ \ dZ ~uc ihi_j_qghiijln\epau\zZ_fu
\\h"yl "hihegbl_evgh_o\jrneih:lmg_hbfb \hehdgh [hevrh]h ~bzf_ljz dF
ihre_"bl i_j_jzZ[hld_ gZ \yaZevghc fZrbg_ gZijbi_j Iljp]elhi~*guc |
\\h~bfh \hehdgh g_ balb[Z_lky \i_lex b g _\ha™\ _gkZ\blyoy 4jm]b
\h~ysbf d baehf3) jbk

”)
A
\
Mijhggyxs
\hehdgh
Jbk Kihkh[ \\_"_g

by "hihegbl_evgh]h mijhqgyxaulBgbwe hdig2\J a i
\“hev ]hjbahglZevguo i_|_evguo jy~h\

Ilhemq_gguc dhfihabpbhgguc fZI_jbZe o0ZjZdl cjlmdmblky Zgbe
kdbo b f_ozZgbg_kdbo k\hckl\ Z gZb[hevr_c_gjhlgg'hkllb JiZb 1] Zjibly "
ijbeh”_gbb gzZ]jmadb \“hev “hihegbl_evgh ijheh’  _gygupb \hehdhc
\ IjbdhlZ gh_ ihehlgh \ujzZ[hlZggh_ ba Ilhgdhc m]e_dgwgdbhrt gblb
mJ]e _jh”~gh]lh jh\bg]Z \ dhé®hqg mMNZehkv ihemqgblv IDF ijhgghkl
767H157FI1Z > @

LibdhlZ gu_ ihehlgZ k "hihegbl_evgufb \hehdgaftbdfhdgh \uj
ba h~gh]h 1Zd b ba jZaebgguo \b”"h\ \hehdhg ku[&jc]bi¢p~guo
IDF “hklZlhggh rbjlgdbpgbft j m]e_\hehdgh b kl_deh\hehdgh m]e
ZjZfb~rgh_ \hehdgh kl_deh\hehdgh b Zjzfbrgh_dhighggmbhbz \zd _
Ilhf gbke_ khklhysb_ b ba Ij_o Ibih\ \hehdhg Ikhke Jglggebaz djl
jZaph\ ba IDF gZ hkgh\_ ljbdhlZ gh]h ihehlgZ k bhid\élgju evgu
kiZzlvb > @ mdZau\Zxl gZ y\gh_ ijbknmZkjir gbmo kIFZZBk jbam
sbo *"_ckl\b_ gZiheghbl_ey

| j\Zy klZ"by g9gZgbgZxsZyky hl gZgZeZ djb\hc b évh jZajmr_
guo \hehdhg gZihegbl_ey b klyamxs_]h oZjgdlc jamghkyvxZdkhb
dhfihabpbhgghlh fZl_jbZezZ b hibku\Z_Ilky \h]gmbhzcy mijfht djb\
djb\hc ihy\ley_ Iky [eZ]h”"Zjy Ihfm qlh jZkly]b\Zxs_c\@gZfjmad_ ijh
ihg_glZ gZihegbhikggbl evgu_\hehdgZ b ljbdhlZ gh_ ihehlgh

<lhjZy klZ"by gZqgbgZxsZyky hl Ilhqdb fZdkbfZev&hc gZ]jm:
sZyky ~“h ihegh]h jZajmr_gby kljmdImju ljbdhlZ gh]kyihehlgZ oz
dbf kgb _gb_f ijhqghklb dhfihabpbhggh]lh fZlkybXé@mi bgdqdbtku\Zz
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kgb Zxs_cky nhjfhc djb\hc KIimi_gqZlh_ kgb _KklIdb _ijhkohinl \ke
| _i_jv jZkly]lb\Zxs_c¢ gZ]jmad_ ijhlb\hklhbl IThevdh IKddh|ZHkh_ i
djb\hc hibku\Zxl jZaebqggu_ fhf_glu jZajmr_gby bdlelhzdigd]lh i_ley
ihehlgz 1jh\_~ _ggh_ fh*febjhhZgbhg qgguo we_f_glh\ > @ mdZa
l[j_of_jguc mjh\_gv *_nhjfZpbb ljbdhlZ gkltbihkbéygh&dZdgbahlj
ibb k\hckI\ \ gzZijz\e_gbb i_|_evguo jythaubZdse¢bldih\s_gb_ i_|_ev
highkbl _evgh ~jm] "jm]Z b |j_gb_ \hechd&hg_ Mhdhfbjmbedb < j amevl
jZajmr_gb_ IjbdhlZ gh]h ihehlgZ ijhbkgh”blgd jZWihit jZkly _gby
ihyleyxlky kimi_gb

Ke_"m_| mdZaZlv b gZ ozjzdl_j jZajmr_gbw]D Fbga IkZKk@h\ _ d
ijb m~"Zjguo \ha”_ckl\byo GZb[hevrZy hiZkghkkwe g mik\ghy gZl z
k jZajmr_gb_f blJhevguo "m] i_I|_ev b ieZlbgh\uo "n] &y nhhi_leyf
gZb[he__ gZijy _ggh_ f_kIh : \hl "ebggu g2Zeqidkldfu ivlelbelzd
gu_ iZehgdb gZijhlb\ kihkh[kI\mxI| ih\ur_gbx ijhgghkl@® ijb jZkly

<Ilh " \j_fy \ jZ[hl_ > @ ijb\_~ gu j_amevIZZgbg”kdbph\Zgtl
k\hckl\ dhfihabpbhggh]h fZl _jbZeZ gZ hkgh\_ mle*hh’dgigh [jbdhl
guo we_ f glh\ mdZaul\Zxsb_gZ Ih qglh kimmrggbh ¢tDdZhpZde j jZa
am_|ky ijb jZkly  _gbb lIhevdh \ gZijZ\e _gbb iljb ¢¥Xgwo Iklihe[bdh
IDF \ gZijZz\e _gbb i_|I _evguo jy*h\ djb\Zy jZkly nhjdy biL Zdbl]fez"d
h[jZahf ijb jZzajz[hld_ kljmdImju IjbdhlZ gh]lh ihehlgZikh®"hihegh
\yvazZzggufb \hehdgzZfb g _h[oh”bfh mqgblu\Zlv Zgbpadjimribxbyp ApZdl __
azZzghlh gZihegbl_ey ijb ijbeh _gbb gZ]jmadb

<\_" gb_ "hihegbl_evguo \hehdhg fh I ij_~klzZXeylvhbgl j |
emq_gby *jm]bo g_f _oZgbg_kdbo o0Zjzdl_gbkdldth IIDFehgjhijbf _j w
\h~rghklb ijb \\_"~ gbb f_IZeebqg_kdhc ijh\hehdbhehd®z \\ I{fbdi_ h
IZ°gh_ihehlgh iha\hebl ijh\h”~blv fhgblhjbg] gZ]jm  _gghklb IDF

?s_ h”bg kihkh[ ih\ur_gby iehlghklb \yaZgwdhglkehegdhb e c
IdZzgb \ g_kdhevdh keh_\ b azdj_ie_gbeykh&uopdicgbiy*gXddkl\ [he_
wnn_dlb\ghc y\ley Iky kljmdImjZ \ dhlhjhc kd#Zgdgim~kielh\g iy a Z
j_ggbfb kehyfb Z k\_jom b kgbam [m”~ml ijhéhebgh IphZduu gZih
kljhgdhc gZzkd\hav LzZdZy klijmdIimjZ m _ \Ivh\&«gB&¢zZdl] jokidbdbbf_
3D-gZihegbl_ey > @

<hafh ghklb ih\ur_gby ijhqghklb IDF
aZ kq_I| kgb _gby iehlghklb IjbdhlZ gh]h gZihegbl_ey

lj_"klZ\e_ggu_ jZg__ kihkh[u fh*"bnbdZpbb Ijbeyhlihiagh]h gZil
eyxl ih\ukblv _Jh iehlghklv Z IDF gihqdhkhkgh\{zZ\ghf_ jlghklv jZ
ij_ N e _gby klyamxs_Jh ijb hI\_j ~ gbb < IhihkR[ _ifty\lbbra\glky g k
ijhgghklb IDF azZ kq_Il kgb _gby iehlghklb IjbdhlZ gh2%9]. gZiheghb
LZdhc kihkh[ j_Zebam_ | kblmZpbx gZb[heabgijbjeju\ghdgmxzZzgd d\:
fbjh\Zgbx IDF

Kgb  _gby iehlghklb IjbdhlZ gh]lh gZihegbl ey ~“hkgb]Zxl [eZ]
gbx fh*mey i_leb gh Ilhevdh “h g_dhlhjhc djblbgq_kdhc "ebgu >
31,62
\/?l
1" 1fE"mev i _llebebgZ gblb \ i_Meteldf§y _cgZy iehlghklv gblb | _dk Djbl

kdZy "ebgzZ gblb i_leb az\bkbl hl k\hckl\ \hehdgl b ddj "hfepyZKkghh!|"_
kemqZ_
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Ke_~m_1| hif_Iblv glh d ih\ur_gbx ijhgghdllg IDEK_i\lofu dmeb
ghlh IjbdhlzZz Z ihgb _gghc iehlghklb "eXdbd[MjzzEhiiZ i_j ie_ | _gby
dmebjgh]lh IjbdhlZ Z ke _"m_| mqgbludzZhjezZyfBlvhg ™hehh[j@Zaghc fhg
Ibighc kljmdImjhc [_a jbkmgqgZluo njZgf ¢hke\ _gZkiZdangb\ZIvky b b
[ZIvky emqgrbfb Ibizfb i_j_ie_| _gby \m™amggh\imkoesrb@Z\u[_

| j_ie_|_gby ezZklbggh]lh IbiZz eZklbd m~h\e I\keywl i _j gbk
yf b \iheg_ fhlml ijbf_gylvky ey ba]lhlh\e _gbylljegh&yglldR gZih
Libdhlz® gZ hkgh\_ ezZklbgghlh Ibiz i_j ie_ | Wy IFZghce Ihfez"Z
sbghc\2\h_ [hevr_ lhesbgu de#&bgghajzZ[hlZgghc ba \hehdgzZ k h~*
\ufb IThesbghc b iehlghklvx > @ Ijb kjZ\g_gbb "khbaggedhkdh\y:
kljmdImj klZgh\ylky hq_\b”gu jZaebgby LZd eXkjblchlZgdueZklb
ba kl_deh\hehdgZz | _dk bf x| g_[hevrb_ hlelddgbyg¥®iphp kk_
jZzdl_jbamxlky agzqgbfufb jZaebqgbyfb \ ih\_joghklghc iléklghklb >
ney eZklbdZ b “+7ey] éZklbdZz

LZdbf h[jZzahf ihdzZazgh qlh ijb \u[hj_ Ibiz ez&hbgdZ kh kg
klvx \ dZq_kI\_ gZihegbl_ey ey IDF g_h[oh”~b¥h djddbagekgpmbkp_g
"ebgm i_leb kh\f_klgh kh k\hcklI\Zfb ijbf_gy_fh]h \hehdgZ

AZdexq_gby

JZkkfhlj_ggu_ kihkh[u fh"bnbdZpbb kljrjdldhjlZ Zmebjghyghf
wlzZi_ jZa\blby bf_xI k\hb hkh[_gghklidh_ ~hkkZPHdgkIlZd bad_g_gb_ k
Imju ljbdhlZ gh]h gZihegbl_ey iml_fbl\ évgby ¢dBAkibggh _ijh\yau\z
fuo b g_ijh\yaulZ_fuo \hehdhg Ij_[mhnM[lsjzl \é¢*@hbh kihklZ\Z \hehdtl
jZkq_1Z djblbg_kdh]lh dhebq_kI\Z \VYh{bfue \dnehdhm]bo iZjzf_Ijh\

L fg f g  fhbnbdZpby kljmdimju dmebjgip dgbghlzZ Z k
gh ijh\yaulzZ_fuo b g_ijh\yaulZ_fuo \hehdhg hldju\Zgl dbafh ghl
NZgguo gZihegbl _e ¢ “ey mijhgg_gby N IZemdpbbZpgBEhjddup \dhg
dZq_kI\_ \gmlj_ggbo keh_\ f_""m kehyfb Iddgh]bkidZevahbZ gdy
l[jbdhlZ gh]lh gZihegbl_ey \ khklz\_ IDF agZgbl_evgigghklwvZ | m:
dhgkljmdpbb
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\ fZI_jbZe_ kbNbo#b£ ijbkmlkI\mx| "\Z \b”rZ Zjfbjmxs_c nZau hdkb”u
eb[*_gZ b hdkb”u ]JZngby M\_ebq_gb_ |_fi_jZKnpu kih\eébgkh gZ
iehlghklv fZl_jbzeh\ h~gzdh ijb\_eh d jhklm a_jgZ b ghj[b*gh]lh keh
h[jZaph\

Dexg_\u_ kédkdgh\h_iezZzaf _ggh_ki_dzgb_f _ozZgbqg_kdh_ e _]bjh\Zz
Abki_jkehjhgg_gguc dhfihabpbhgguc fZl_jbZe ihjhrdh\Zy f_lZeemj
kljmdImjgagZeba

>ey pblbjh\zdhw~rg \ :;ZIb_gdh\ J < ;hevrZdh\z : G >\hj "hdhgbl F Bkke_
hkh[_gghkl_c dhgkheb”Zpbb ihjhrdhipnog g bkgujkghhfihabpbhgguo fZl_jbZeh\ ¢
hkgh\_ fheb[~_gZ k ijbf_g_gb_f bkdjh\kihdizegdayfi ng'oth kB : F <
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STUDY OF THE FEATURES OF COMPACTION OF POWDER
COMPOSITE MATERIALS BASED ON MOLYBDENUM
USING SPARK PLASMA SINTERING
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Abstract. Composite dispersion-strengthened materials of theAM&r £ and ModHf £
systems were investigated in this work. Samples were obtained by powder metaktingys
using mechanical alloying with subsequent compaction of as-received powdeapaykapls-
ma sintering. It was found that the main strengthening phase in the obtatedamof the
Mo Hi Zr £ system is molybdenum oxide with titanium, zirconium and molybdenum gisisol
in it. The material of the MdHf £ system contains two types of reinforcing phase: molybdenum
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oxides and hafnium oxides. An increase in the sintering temperature by 0@G LG QRW OHDG W
an increase in the density of materials, but led to the growth of grains eawbide layer on
the surface of the samples.

Keywords: spark plasma sintering, mechanical alloying, molybdenum, dispersion-
strengthened composite material, powder metallurgy, microstructural analysis
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compaction of powder composite materials based on molybdenum using pdpsma sintering Trudy
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<\_"_gb_

< gZklhys__ \j fy jzZzajzZ[hldZ “Zjhijhqguo fZl_jbZelk\ y\ey Ik
gh\guo gZijzZ\e_gbc jZa\blby | _ogbdb > + @ BKihedadh\KKbHb hfhel
gh\u “ey kha”rzZgby fZl_jbZeh\ k ih\ur_gghc | _ pgbbjZlmihdMpdkiem:
gh \\b m gZebgby m ~Zggh]h f |ZeeZ |IZdbd\blddexqEZigwfggo k\
\ukhdzZy | _fi_jZImjZ ieZ\e_gby ohjhrZy | _iehijh\h4dhkjgule gbad
dhwnnbpb_gl ebg_cgh]h jZkrbj_gby [eZ]h”Zjy qofhfed[kigZ\u gZ
gZoh”yl jZaebqgh_ ijbf_g_gb_ \ ijhdlure_gghklb > %

ljb ihfhsb Zjfbjh\Zgby fheb[*_gZ Im]hiezZ\dbfb qZkdppZfb g
[b~rZfb fh gh ~“h[blvky ih\ur_gby | _fi_jZImju j_eZhEK|Ze@ldabalZpbb |
\hey | m\_ebqgblv I _fi_jZImjm wdkiemZI|Zpgh"Ngh jjbki¢ Z" >e@g gHi™ g
ih ]jZzgbpzf a_j_g dZj[b”u kihkh[kI\mx] m\jebjqdglbklZetbaZlmbb
gbklh]lh fheb[*_gZ@ZzZzalzdf_ ih\urzxl _1h “Zjhijhgghklv b khijhlb
iheamqg _ kIB3]> =

JZajz[hldz fZl_jbzZeh\ gZ hkgh\_ fheb[”_gZ ijihjithifdhisb | _ogh
\hc f_IZeemjlbb [he__ i _jki_dlb\gZ hlghkblfgk®h]h\lhdhkkZ \Zdm
ieZ\Z y\eyxs_|lhky Zevl_jgZlb\guf kihkh[hf ihejlmdebbyalZazgguo
\hafh ghklb nhjfbjh\Zgby ]hfh]_gghc kljmdImju k~*jZ\ghlh_jfguf |z
mijhggyxsbo saaddad°_ \ke_ ~kl\b_ f _gvrbo wg_j]lhazljzl > + @ H
hif _Iblv jZzajz[hldm fZIl_jbzezZ iml_f ijh\_"_glhyhfA Zgdbybk_ik#ke]h e_
A"mxsbf dhfiZzdlbjh\Zgb _f ihemg_gghc rbolu f_IhAhfhpkdkjih\h]h ie.
d Z g bSpark Plasma SinteringSPS).Ijhp_kk bkdjh\h]h ieZzaf_ggh]hdki_dZgby
| jbam_Iky bkihevah\Zgb_ f ijyfh]h ijhimkdZgby jwa _idljbighdkdh]h
ijb h~rgh\j_f_gghf _]h h*ghhkghf k’ZIlbb Bkihevamyhighpbkk f_o0Z
\Zgby fh gh ihemqgZzZlv kiezZ\u keh gh]h khklz\d §2Z Zekegh\\ _fim]hie
gmy ijhp_kk ieZ\e_gby b mkljZgyy ijh[e_fu \hagbdgklsb> @b ]
lhemqg_ggu_ 1Zdbf h[jZahf dhfihabpbhggu_ ]jZgowefujbhkejZz™ZxI| 1hfl
e_gb_f \k_o dhfihg_glh\ ih h[t_fm b f_gvrbf jizidfl jé¥ghZ2blkdbgph hlg
guo ihjhrdh\ > @ ;ezZ]h”"Zjy g_h[uqZcgh \ukhdhc kdhhhklb gZ
1000 fK fbg b [he Ijb ihke _"mxs_f dhfizdlbjh\Zgthflhhshefmg _gghc
oZgbq kdh]lh e _]bj \Zgby rbolu k bkihevah\zZgb hf lbikdjhdbyh ieZ
\hafh gh az dhyjjhliddhihemqgblv ijZdlbg_kdb [_kihjbkluc fZl _jbZe k
gbklhc kljmdImjhc > @

P_ev "Zggh]lh bkke bamgghbip thkh[_gghkl_c dhgkhedb*Zpbb f
djh\h]h ieZaf_ggh]h ki_dZgby “\mo ihjhrdh\uo fZI[Jbg2h\ZpgZ hkg
fbjh\Zgguo Im]hieZ\dbfb gZklbpzfb HKh[_gghklvx gh[hjb yj\ey Ik
\_ " gbb ijhp_kkzZ f_ozZgbg_kdh]h e_]bjh\Zgbw d_fZhlhbade N beb
ieZ\db_ kh_"~bg_gby Z hl*_evdiyZr 8@GfebpHfgd@d Ke_ "h\Zl _evgh
Zifbjmxsb_ qgZklbpu h[jAab¥Xkebkwm fuo fZl _jbZeZo g _ihkj_~klI\_
\j fy ijh\_~ gby ijhp_kkZ f _ozZgbg_kdh]h e _]bjh\Zglkw b ihke_ ~mx
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FZl _jbZeu b f_Ih”u

>ey bkke_~h\zZgby \ ~Zgghc jZ[hl_ \u[jZgu fZbgbllkghY“\mo K
fheb["_MdHAI Zr€ bMoHf £ KmffZjkih”_ j ZgdhZr bC\ i_j\hf kieZ\_
g_ ij_\urZeh ih fZkk_  \h \lhjhf kiedAN bCkig” _jjZgdrZeh
15 ih fZkk_ Khl]eZzkgh ~Zgguf jZ[hlu > @ e_]Wdgolfgb fhe
]Zngb_f b pbjdhgb_f ijb\h”~bl d agZqbl_evghfi@dlim\wii_dpxklZf
ebazZpbb kiez\zZ Djhf_ Ih]h highkbl_evgh fZea f *dilid\dghijimndZazZc
gyxl fZl_jbze \ j_amevlZl_dZd h[jZah\Zgby IB_nahhibjhXxg\hyjz I.
Im]hiez\dbo gqd&ljfp*b\ hdkb” h\ beb gbljbrh\ > @

Rbolm ihemqgzZeb iml_f ijh\_"* _gby f_oZgbq_kdh _evibhh\Zgt
kf rZgguo \ g_h[oh”bfuo ijhihjpbio, ThjgaZrrd@\\ kemqgZ_ i _j\h]h
kiez\Z b ihjhMaif bC \ kemqgzZ_ \lhjh]h kiez\Z Kbgl_a ~bki_jkguo
sbo qzZklbp ijhbkoh”~bl g_ihkj_~kI\_ggh \h \jgfykdjhpm_kkZbfhvoZgb
gby dzZd wlh hibkzgh \ jZ[hl_ > @ \ j_amewlZ\uo\ad&bifhd ckl\by
lh\ f_"~m khiipZr b K etHfthbC \ kemqzZ_ i_j\h]lh b \lhjh]lh kiezZ\Z kh
kiI\_ggh b k dhfihg_glzZfb kj_~u bkihevam_fheéz\dqghj_ ke mfhafheZz
k dbkehjh~hf

F_ozZgbq_kdh_ e_]bjh\zZgb_ ijh\h”~"beb \ ZIljbbkjhevEjh\*_ Kkibj
gb_f klzdzgh\ \Zeh\ b rZjh\ ba hdkb”~Z pbjdhgby¥jk\hdghzklgb f f
ihjhrdz jzZ\guf ijb ijh~he bl_evghklb~kf_rg\Zidtke £ ijh\_~ gby
kf rb\Zgby ihjhrdb \ukmrb\Zeb \ kmrbevghf rdZnm b hl*_eyeb
ijhk_b\Zgby gZ \b[jhkbl _

>Ze _ ihemq_ggmx rbolm dhfiZdlbjh\Zeb gZ naklZglt\d_ bkdj
ki_dzZgby .&) )J&3F '+ k ijbf_g_gb_f ]jZnblhAhgfujbkkiZnblh\uo
imZgkhgh\ \ \Zzdmmf_ ijb "\mo jZaebgguo | _fifKZImpzZgv[he b
rhf \j_f gb \u”_j db K p_evx adashiu bj _ikkkZzZgkhgh\ hl \ha”_ ckl\l
ki_dz fh]lh fZl _jbZeZ bkihevah\Zeb nhev]lm ba ]jZnblZz

lehlghklv kij_kkh\Zgguo h[jZaph\ ij_"~klZ\eyxsbo kh[hc pbe
jhf ff b \ukhlhc a ff hij_~_eyeb ijb ihfhsb b jhik\Zgtby_kdh]h
\ khhiI\_IklI\bb k =HKL + ihke ij_"\Zjbl_evgh]hehébnh\Zghb
FbdjhkljmdImjm bkke_"~h\Zeb gZ jZkljh\hf we_ dDR&d¢HOBEbdjhkdh
k bkihevah\zZgb _ f ijbklZz\db wg_jlh”bki_jkbhggh]h ki_dljhf_IjZ

J amevlZlu b h[km™ ™~ _gb_
< j_amevlZl_ dhgkheb”Zpbb dhfihabpbhdwpdi Zj€ gme kbkl_
MoHf€£ f Ih~"hf bkdjh\h]h ieZaf_ggh]h ki_dZgby ijfK _bal\dhmj_
e _gu h[jZapu k hlghkbl _evghc iehlgkeklvx @aey h[_bo jZkkfZljb\Z
fuo kbkl_f ih\ur_gb_ | _fi_jZImju ki_dZgbfykkbdzd~®p_ ih\ebyeh gZ
iehlghklv fZl_jbzZeh\ qlh k\b”_|_evkl\m_| h IhfgbylHZjjhjbzZe&khmiel
azZ\_jrbeky ijb I _fi_jZ90mfiK "Ke_~m_1 hif_Iblv glh \h \j _fy jZkq_I.
Ibg_kdhc iehlghklb g_ mgblu\Zehkv gZebgb hhkieZzZ\&Zo@dbhkehjh?
ghle_gh \ jZ[hl_ > @ ijbkmlklI\m_1 \ bkke_ém kizéobfZIf (pZgHF@ ih
kdh]h e _]bjh\BRgb®yh\Zl _evgh j_Zevgu_ hlghkbl _evgu_ agZq_gt
"he gu [ulv g_fgh]h [hevr_ mdZaZgguo \ |Z]e
GZ jbk ihdZzazgz fbdjhkljmdImjZ h[jZapwodbh&rkKieRZ\Z kbkl _:
ke dhfizdlbjh\Zgby ijb I _fi_jZImjZK <b7Mgh qglh fZl _jbZe khklhb
f edbo a_j g mijhggyxs_c¢c nZau ih [hevr_c qZJjlkbgbppKitresh | qgguo
fZljbgghc nZau K m\_ebq_gb_f I _fi_jZImju ki fKZgpy*&kac jZ*h
f ja_j_g hkgh\ghc nZau m\_ebqgbeky k + ~"h nZatlt FRZjfbjmxs
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"hoo ot fdf H~gzZdh \ kljmdImj_ fZl_jbZezZ hHkéo bikkezZdgmy fim
| _fi_jZImjZo 1zd _ ijbkmlklI\mx| \ulygmlu_jd}eht jZzdauzZjfdbghc
Ah fdf b [he_

LZ[ebpZ
AgZq gby Z[khexlghc b highkbl ewlhtkkehl|ymkFuo fZI _jbZeh\
Kbkl fZ L fi jZImjZ Ki_dZg d ] ki q %
. 1350 9579 94.2
Mo i Zr £ 1550 9.581 943
1350 9.598 94.0
Mo Hf £ 1550 9.593 93.9

Jbk FbdjhkljmdImjz JWF 1 h[jZaph\ Madki#ZE®\Zhkoekl fu
dhiizdIbjh\zgby ijb | _fi_jZIngzZo fKJ]

< khhlI\_Ikl\bb k j_amevlzZlZfb wg_jlh"bki_jKbpbggkbklZfizeba
MoHi#Zr+& ihke_ dhfizdlbjh\Zgby ijb | _ffKZjmk_ 1Z[e fZljbpz
ihfbfh fheb[*_gZ kh”_j bl 1Zd _ ijbf_kgu_ m]e_jjmxbzZdbk&mjh" :j
ij_"klz\ey | kh[hc keh'gu_ hdkb®u KIhZr pMosblh\br"bfhfm ih
k\h_c¢c kmlb "ZggZy nZaZ y\ey_ |ky hdkb” hf fheeb[g§_§abkZjgkii\hj ¢
pbjdhgb _f b m]Je_jhrhf Fh gh aZdexqgbTivbZglh\dRegghkh\X fZI
jbZze hdzZaZehkv g _"hklZlhggh "ey h[jZah\Zgby ghXht¢ &hfilhjmxs __
dZj[brh\ IblZgZ pbjdhgby < j _amevIZITi bigr j@kh\ ldjtbethdd/k\h
kb~ _ fheb[~_gZ ijbkmlkl\mxs_f \ g _fZehf dhebfymkI\bf I Wihf k
"m qlhasbddzZehc gm\kl\bl _evghklb f_Ih*Z wg_jlh*bdkiejQbdb§gh]lh
we f glzf j Zevgh_ Khd(G'fthgbl agZgbl _evgh hlebgZlvky hl ~Z
ij_"klz\e_gguo \ IZ]e

Jbk MgZkldb wg_jlh~bki_jkbhggh]h ZgZetkdX| hfjZBf2tha kiezZ\Z
ihke_ dhfizdIibjh\Zgby ijb |_fi figlmj_
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LZ[ebpZz
Khklz\ fZl_jbZez kbklITittr 8& 4 hke_ dhfiZzdlbjh\Zgby
ijb I _fi_jZlmj_ f K
Mkeh\guc ghf_j k - Kg’\_j Zgb_Fi We_f_gZIrZ |h'\;‘IOZkk_
122 3,32 22,58 5,43 1,55 67,12
123 2,93 23,18 5,38 1,34 67,17
124 3,52 19,71 2,63 0,53 73,61
125 5,87 26,11 5,10 1,27 61,65
126 5,70 3,35 0,28 0 90,67
127 512 2,84 0 0 92,04
128 6,42 4,70 0 0 88,88
129 6,30 4,54 0 0 89,15

KljmdImjZ h[jZaph\ ba kiezZ\Bf k&kllZd ORdZd b kljmdImjZ h[
ph\ ba kiezZ\Z kbkTi#Zut&R i) "klzZ\ey | kh[hc fZljbggmx @Zam k [}t
dbfb a_jgzZfb mijhgqgyxs_c¢c nZau jZkiheh _ggufb pzZhkahj\ghf ih
fZljbgghc nZau jbk <ebygb_ | _fi_jZImju katdzZghbgybbujZzafgh \
jZ a_j_ g nZa kj_"gbc jzaf_j a_jgZ hkgh\ghjh\izhdy iihkel fdhfizdl
jZImj_ fK khklz\eye + fdf Z mijhggyxs_c¢ nZau tb fdf Ihk
jh\Zgby ijb | _fi_jZImfK kj_"~gbc jzZaf_ j a_jgzZ fZljbpu m\_ebqtk
545fdf Z mijhggyxs_c MzZa#d Hdf |Ijb wlhf |Zd "h[jdapdo\ba
kiez\Z kbkl fli#xBR& \ kijmdIimj_ fZl _jbZeh\Hibh &l ifokoRkI\mx]
\ulygmlu_ Z]ehf_jZlu \lhjhc nZau gh \ ]hjZa"hb[lkeyhe¥rdeebqg
"ebghc "~hklb]zZx20 fdf 4Hjbf_qzZIl_evgh 1Zd _ qlh [hevrbgkl\h d]
Zlehf _jzZIlh\ gZijZ\e _gh i_ji_g~bdmeyjgh gZijZ\e_gbx hkb ij_ _kkh\Z

| B #
0
15.0kV 15.0mm x2.00k SE(UL) 20.0um 15.0kV 14.9mm x2.00k SE(UL)

Jbk FbdjhkljmdIimjz JWF 1 h[jZaph\MbaifkCeiB k2 Kk bk i Zu
lbjh\Zgby ijb | _fi_jZImZzd fK]

KhlezZzkgh j_amevlzlzZf wg_j]lh?bki_jkbhggh]h Zgdzdaiz \ jbk
kemqgz_ fZIl_jbzZezZ kbikdr#f& OfZtjbpZ h[jZaph\ ba kiMa¥A Kbkl _ fu
[zd"_ kh*_ @ bC <f_klI_ k I_f \ hlebgb_ hl Tilizk:+ & uZFRgmxsZy
nZazZ kbkMotdf«€ ij ~klzZ\e_gzZ ~“\mfy \b~"Zfb qZklbp hdkb”~Zfb fhel
N j7Zsbfb 1Zzd_ \ g _[hevrbo dhebqg_klI\Zo m]eljgh” bb]Zngbb ki _
hdkb”zZfb ]Zngby kh”_j Zsbfb 1Zd _ m]e_jh” b pbjdhgbPbjki_dljt
dhgbc ihize \ fZl_jbzZe \h \j _fy ijhp_kkzZ f_ozZgbgb.kdghfleeZbkh\Z
rZzjh\ \ZezZ b klzZzdzZzgZ ba]hlh\e_gguo ba hdkbh"2Z\ pbadhegwly| Djh
wg_jlh*bki_jkbhggh]h ZgZebaZ mklZgh\le_gh gkhlu\ky\e\Wwdkgymlu
hdkb”"zZfb ]Zngby kh”_j Zsbfb 1Zd _ m]e_jh” b pbjdhgbc
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- ¥ = A
MqzZkidb wg_jlhAbki_jkbhggh]h kigZ\eb &b ki [ jfHEOR dthk e

Jbk

dhfiZzdlbjh\zZgby ijb |_fi_jZfilkj_
LZ[ebpZ
Khklz\ fzZl_jbzZzezZ kbkIHffu&0ihke dhfiZzdlbjh\Zgby
ijb I fi jZImj f K
. Kh” j"Zgb_ we f glZz ih fZkk

Mkeh\guc ghf_j k C o) o 7 Mo
130 4,44 21,05 2,06 0,00 72,45

131 9,09 20,41 2,53 0,58 67,40

132 7,69 13,20 68,23 1,82 9,06

133 6,19 13,70 69,57 2,20 8,34

134 9,04 1,31 0 0 89,64

135 6,97 3,03 0 0 90,00

Ba khihklzZ\e_gby fbdjhkljmdImj
fh gh aZzdexqgblvadlhhearh]h dhebq_kI\Z dbkehjh”"Z ihkdimizZxs ]t
eu \h \j_fy ijh\_"*_gby ijhp_kkZ f_ozZgbq_kdh]h balkje¥Agbly \ h[
kl_fu ORZr+& hdzZaZehkv \\_~_gh g_"hklZlhggh_ dhebo kl\h e_]
Ilh\ ey h[jZzah\Zgby dzZj[bAh\ eb[h hdkb”~h\ Iblzg¥Z bwvpikidthgby <
gh\ghc mijhggyxs_c nZahc \ h[jZapZo \ur_mihfygnhltéhicbRbkH_fu y
eb["_gZ k jZzkI\hj_ggUiflEr\b@_k fzZl_jbzZe_ kM&Hft@ \\_"~ _ggh]h
dhebqg_kI\Z e_]bjmxsbo we_f_glh\ hdzZaZehkv "b¥laldigghh\rey
]Zngby k jZklI\hj_ggufb \ gbo m]Je_jh*"H{y mplldiGghgby bhm]e jh”?
dzd b \ kemgZ_ h[jZaph\ ba kieZkZ&bjakfihjbRZkv \ fgh]hgbke_g¢
hdkb”r"Zo fheb[*_gZ

HArghc ba hkh[_gghkl_c bkihevah\zZgby f_Ih*"Z bkdlZlgdyh iezZ
yley |ky \azbfh”_ckl\b_ dhfizdlbjm_fh]h fzZIl_jovreg"kjm}tebjfh"hf
\ fZI_jbZe ba ]JjZnblhhhdfij_ekik[h ]jZnblh\hc nhev]b > @ <ke_"kl\
gZ ih\_joghklb \k_o bkke_"m_fuo h[jZaph\ h[jZahlE®&kyflkiehrgh
eb[*_gZ jbk DzZd \brgh ba ZgZebazZ apgdq|jgb'ag lkjh Ygeloy Ibesl
ke "m_fuo fZl_jbZeh\ ij_~klZ\e_gguo \ IZ[lefi_jXxImju &kbhgdghb f
gby k "hfK IhesbgZ dzZj[b”rgh]h kehy \ h[_bo bkke B'm_fuo k!
gbezkv \ + jZaZ

KljmdImjZ kehy

fZI _jbZeh\ h¢_BbkjzZkkfZljb

h[jZah\Z\r_]hky ih~ keh_f kiehrghlh dZj[b-

h[jZapZo h[_bo bkke_"m_fuo kbkl_ f ihAgky idbfiZdlibjEZImj _
1350 f K ij_"klzZ\ey_ | kh[hc kf_kv fheb["_gdb[B _dZ [bdDE\])fh
Ilhke dhfizdlbjh\Zgby ijb |_fi fjRImmjkbkl_fHf@Rt"Zgguc
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kehc khklhysbc ba kf_kb fheb[~*_gZ b _]hx dZlfbkN\miHeghk
Z \ kbkl_fTi®@R#& ]h lhesbgZ g_ ij R0fdfljbk \ ).

Jbk Fbdjhkljnzdimjz [ %1 \ ] 21 ih\_joghklgh]h kehy bkke ~m _f
h[jZaph\ ba kieZ\Molb®I£F(Z\ BoHi€ ([,] ihke ki_dzZgby ijb |I_fi_jZIm
jZo Z[ b fK\)

LZ[ebpZz
LhesbgZ dZj[b”"gh]h kehy bkke ~m_fuo fZl _jbZeh\

Kbkl_fz L_fi_jZImjz ki_dZgh LhesbgzZ dzZj[b*gh]h kel
. 1350 .
Mo Hi Zr £ 1550 -
1350 :
Mo Hf £ 1550 -

Hkh[uc bgl_j_k ij_~klzZ\ey_| kehc b~ mkbklké ToExLbf \
aZ keh_f kf_kb fheb[~_gZ b _1h dZj[b"fE£LZ= kjRbkl_dZF @GRk _
kiehrghlh dzZj[b”"Z fheb[?*_gZ ?]h hkh[_gghklvhaZdekxqgp@dky \ Ihf
g _kdb iheghklvx hlkmlkl\mxl \dexq_gby dzd dzZg ke hdebd” hg
kbrh\  Hkh[_ggh hlg_leb\h wlh \b~rgh gZ ijbf_j AinfiXapzZ kbkl
jbk GZb[he__ \_jhylgh qglh \ ~"Zgghf keh_ h[jZak\elelbkv [eZ]]
ij_""_ \k_]h khhlghm gbeyK\tbkklZgh\e gby TihkeZb [\ _lg\h x_hq
j_"v \ hlkmikIb®&b "Zgghc ahg_ \_jhylgh jZkl\hjbebkv \ j_r_Id_
glh fhleh ijb\_klb d h[jZah\Zgbx [hevrh]h dhebqokMNZ2ZgghgZ[ex
ahg_ Ijbkmlkl\b_ \ fZl _jbZe_|1Zdhc ahgu Rr&Z]IZhk gh\Bgbh " gjh Klib
ijh\_~ _gby ijhp_kkzZ \hkklZgh\e_gby hdbke_ggh]h kh&#H\\* gz ijb
kI\mxsbo mkeh\bc 1Zdbo dzZzd hilbfzexgb O bhhldghriZzdmjgh
kdhjhklghc j_"bf ij_kkh\Zgby
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Jbk FbdjhkljmdIimjz 1 ih\_joghklgh]h kehy hyMbafi Zrta kieZ\Z k
ihke ki_dzZgby ijb |_fi_jEmj_

AZdexq_gby

< j_amevlzIl_ ijh\_"~ _gby ijhp_kkZ f_oZgbq KKdBEHihbeh\|bjh\Zgk
gby f_Ih~hf bkdjh\h]h ieZaf_ggh]lh ki_dZgby ba]hlph@hgu hJ[j-
mijhgg_gguo dhfihabpbhgguo fZl_jbZeh\ gZ hk ®RE Arhtefb 08 _gZ kb
Mo Hf €.

lehlghklv ihemqg_gguo dhfizdlh\ khklZ\eyebhga kdhc_M\_ebq
gb_ | _fi_jZImju ki_dZgby kf& g*rhijb\_eh d baf_g _gbx iehlghklb |
"m_fuo h[jZaph\ h[_bo kbkl_f

< j_amevlzl_ fbdjhkljmdImjgh]lh ZgZebaZ mklZgh\idZe qlh
kbkl_fu OBt+x& khklhbl ba hlghkbl_evgh g_[hevrbo a_j_g mijhqg
jZkiheh” _gguo \ hkgh\ghf gZ ]jZgbpZo a_j_ g flzflpbho ijkoh™ j"Zs «c
f_kguw bC :jfbjmxszZy nzaZzZ ij_"klz\ey_| kh[hc keh gu_ Gdkb”u Kk
C,Ti,Zr bMo Ih\br"bfhfm-aBa[hevrh]h dhebqg_klI\Z dbkehjh”~Z ihiz\r_]
jbze \h \j_fy ijh\_~_gby ijhp_kkzZ f_ozZgbq_kdhpze_Jbjpadlgby \ |
ebkv hdkb”u fheb[~_gZ Z \\_~ ggu_ e ]bjnxbbbkwe\ fZgpgagupZkl
hdkb”~Zo

ljb ihfhsb wg_jlh”bki_jkbhggh]l]h ZgZebazZ mklZghpén\gh qlh
ba kiez\Z kbkl Hfe & R&Zd b \ kemqgzZ_ fZl_jbZieZrkl&k!|1Zd 0 Rkh
A j°bl dbkehjh” b m]Je_jh” <f_kl_ k |I_f \ hldbfbt&hZjkbgh fu OR
sZy nZaZ \ kbkHftt &0iR+"klZ\e_gZ "\mfy nZazZfb hdkb~zdb fheb[".
NZfb ]Zngby

<ke_"klI\b_ “bnnmabb m]e_jh”Z ba ]jZnblh\hlox nke&]b gZ ih)
ke "m_fuo h[jZaph\ h[jZah\Zeky kiehrghc kehc d&p[p gbfheb[" _
| _fi_jZImju ki_dZgby k f&*hhesbgZ dzZj[brgh]h kehy \th[_bo jZk
\Z fuo kbkl _fZo m\ _ebgbezZkv \ + jZaZ
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kl_fzfb fZ]gblz
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<\_"_gb_

<ebygb_eZa_jgh]h baemqg_gby gZ kh\hjdkdeh \fdlar bgard kiyZ " h k|
lhggh ~"Z\gh JZa\blb_ fbgbZIxjguo mihl\j@mkgguuababﬁ k d bkke_»
\Zgbyf \ "Zgghf gdmghghkdhf gZijZ\e _gbb <hafh ghkPkewgijZ\e gb
klvx eZa_jgh]h bfimevkzZ b hlkmlkl\pb ClazZihwaqg ckbWrbigZ fZl jbz
\ hlebqb_ hl 1jZz2*bpbhgguo f_lh~h\ If iehyhlh kd&élthctkl\bc iha\hebe
fhrbnbpbjh\zZIlv fZ]gblgu_ fZIl_jbZeu \ Bdjbglyg kadZEYZIv gZ bo hkg
mkljhcklI\Z keh]_gﬁcljbq kdhc nhjfu JZa\b\Zxsb_ky jlglogheh]bb
3D-i_qzZlb b hldjulb_ g | _jfbg_kdbo f_IBEfANgbaf qgghgdp §[t-dIh\ gZg
b fbdjhgghlh fzkrlZ[Z \ukhdhkdhjhklgufeZafIJrngfdhr[gmq _gb_f hidj
\Z | gh\u_ gZijZ\e_gby ih hilbq_kdhfm i bjg dexlykIdb xZglZfdZ]g kbgl &
b fhrbnbdzZpbb fZ]gblguo fZI_jbZeh\ Kguj migghickBzZai j klZeb [ul
wdkdexab\gufb mklZgh\dzfb eZ[hjzIkjgh$h [DjZfl YbjEdhmbkiheva
xlky \ ijhfure_gghf b dhff_jg_kdhf k_dbhjgbhwdhayghdbeh jEa\b\Zlv ¢
\u_ f_lh~Abdb ih ijh]jzffbjm_fhc pbnjh\htZagjm\ [ dkiegZ0AZy; h
gZklv jzZz[hl ih "Zgghfm \hijhkm hlgBgbkkyjldpbkkbk\ Mh\jfbjh\Zgby f
IZeebq_kdbe Bbgdghba”_ebc b bkke_"h\Zgbx bo T »Z®bdZkhkilbohk\h
bkke "h\Zgbx fZ]gblguo k\hckl\ fZl|_jbZeda jin[fenagZgdpl evgh f_gv
lhwlihfm \ "Zgghf bkke ~h\Zgbb jZkkeblyghy edphkgh\lh h[emqg_gb)
fZ]lgblgu_ k\hckI\Z fZl _jbZeh\ dZd kehlkligZ]gl AEboonbdZpdb fb
jhkljmdImju fzZIl_jbzZez Z 1Zd _ i_j_degghigloy \g2f2)gblm_ hilbg_kdh
\azbfh”_ckl\by eZa_jghlh emqzZ k fZ]gib\gbdbyk) *hgghBkkéeZ2klb fh]i
ihkem 'blv jZa\blbx gh\uo fZl_jbZeh\Mpb |I_ogheh]bc > %

EZa jguc gZ]j_\ fZ]gblguo fZIl_jbZeh\

Fbdjhb gZghjzaf _ju fZ]gblguo ba"_ebc gZdgByuNMz X¥ZkijZgbq
[bjm_fhklb fZ]gblguo kaHBcikl\_bakij_"_e_gby fZ]gblhmijm]Jhc wg_j]bl
A_ _fZgzZ b ih\_joghklghc wg_jlbb \ kbeh ghbyx wowljibm eZa jgh_

A ckl\b_ gz ©fbdjhfz]gbla kh kljmdlmfhq_lkdbtdhkhkiZ\@fb dzd b »
fZdjhkdhibqg_ kdh]h h[jzapz "Z_| Z[&hegughjigreWihlu >Zggh_ h[k
yl _evkl\h \hafh gh _s_ b \ke_~kl\b_ijhtgtXjghyglchtel\rrh]h dhebq_kl\
dhgdmjbjmxsbo ijhp_kkh\ nZah\uo 1] _YWEg diblhjyo Zed\bwdhb!l hl ij
’\he‘bl_evghklb bo ijhl_dzZgby kdhjfikjEImgé_bo_gbyjE~b_lglz dzd ~
ms_c kbeu > @ < fbdjhjzaf_jgupzbpt\ZdhlZo fhiZahhlilv [the _ jZac
h[jZaguf dzd kththv baf_g_gby | _fi_jZImjkdHiebd® iHjy g \g\
ebqbgu qlh fh _lI |Jb\h"blv d "im]lhfmjK\ZobZjdx]gbjiguo nZza H[ah]
jZzaebqguo f_IRrhdZIb ij_~klZ\e_gu \ jZ[hlZo > + ZPhIGZipb@ j \ j
dZaZgu j_ ameviZliu k_e dIb\gh]h eZw ijgkihy dgiuds h XRdfteEh \

K ihfhsvx pbnjh\hc ng|thdb iZjZf _Idhyhikbhyp "kkZ gby nbBdmk b fh
ghklv eZa_jgh]h bfimevkzZ b dhgljheyhijhe klediy ipphkdeZz¥e gbb m~
ehkv ihemqgblv azZz”~Zggh_ jZkij_~_e lghk ffk khdl\backdbkihkly  ~hkl
"bfufb deZkkbqg_kdbfb I_ogheh]bqg_kdbite fgbhvzlilklbgdlguo fZ]gblh\
ljb wlihf | _jfbq_kdZy h[jZ[hldZ ba]hlhi\jdndhevghKkehhglhyglgh]lh fZ]g
I1Z g_ ihlj_[h\ZeZkv G_h[oh”bfh hlt ibevmeMWZNZlyggmqg_g JeZ]h"Zjy
euf jzaf_jzf h[jZzapzZ Bf_ggh \ukhd2zZy glbynjhikdyhkdbilog_kdh]lh h[t_1
jZkiezZ\Z g_h[oh”bfZ ~ey ijhl_dZgbyj iZppbhblbqgdjdiZeebjaZpbb bg
f 1Zeebq_kdh]h kiNdFegB khyljZlhgZevghc kljmdImjhc djb&lZeebqg_k
db hkgh\ghc fZ]gblghc nZau k jZafepwshf jgZghhigf "ggh_ khklhyghb
ijb dhlhjhf dhwjpblb\gZy kbezZ fZdkbfZEyglZIghRbjOQ9Kl_f abkZz
3D-gZi_qZlZgguo h[jZaph\ ijb ghjfZevgwdgdikelh\tbypZlohhZg [ebadZ "e
h[jZaph\ fZ]gblhieZklh\ balhlh\e_gguo ba Ih]h "I fihjjddzZ kieZzZ\.
jZo f_gvr_ dhfgZlghc \_ebqgbgZ thZIhqghcgggg‘hrrl]djlppkbehrd_ZarZeZ
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kjZ\g_gbx k ZgZeh]bqghc ozZjzdIl_jbkibdc\eregp ebwiZzehlgh\ b agZ
| _evgh [hevey ithebdjbklZeebg_kdbo h[jZaph\ ihkblybbhue fgdgaglmlh
ih f_Ih m ihjhrdh\hc f_|IZeemj]lbb k bkihevah)&ZgdhZ f Uhfi_jZImjgZy
aZ\bkbfhklv fZzdkbfZzevgh]h wg_j]_Ilmod BHeh}iH Zjableghth fZ1 _jbZeZz
"ey eZa_jghlh ki_dZgby b h[jZaph)\ svixeDniqg gizdbo Ik_i[mfhlb*hiheg

| _evguo bkke_ _"hazZgwpc[bavrbo bkdZ _gbc djbkliZeebqukdjhd j_r_Idb
hoezZz ~ _gbb jzZzkiez\Z H[jZah\Zgb_ -Raegdkgibyxsnzay fy yley Iky _s
h~rgbf h]jZgbg_gb_f ih ~“hklb _gbx fZddkibkbetv ijZ © gkuo fZ]gblh\
NdFeB b |j_[m_I| ki_pbZevghc hilbfbaZpbb 0©dfbie ZA&hpkdhtkdA]h i
jhrdZ b ih~[hjZ |_ogheh]bqg_kdbo iZjZzfqgldhh eZ’ag4dhci_jki_dlb\u b
ihevah\Zgby eZa_jghc i_qZlb ihal\hewish cb oM hikdiihjBkd _c gZ]j
\Z hoez ~_gby Z 1zd _ \hafh ghklv inh]fbjhbjgbih]fz]gbhh\ ©k\
[h~*ghc nhjfuf’1 m - h[_k| gb\zZxl "ZevVvgogblyc kpdbmmqigh]j _kikk \ fbgbzZl
jbazpbb b m\_ebq_gbb wnn_dlb\ghklih\i gk hylggghio M@MB

(RE +j _~dha_f_evgu_ TMZéeju oh”gu_f |Zephj <zZ+*iZzd' _ babgl_]j
pbx \ we dljhggu_ b we _dljhf_oZgbqlkdiklZveklghakl\X- gZmqgh
| ogbg_kdhc ebl _jZImj_ j_ amevDzZiluqihl ke ZadjlyHf&Z]gblh\ b ih\ur_gbx
bo hkgh\guo fZ]gblguo o0ZjZdl jbklibd reZlviha\heéyxltk \htafh gz f
"bnbdZpby obfbg_kdh]h kNdEEBYY nkjileib\4_ "~dha_f_evgufb f_|ZeeZfb
dzd ba\_klgh “ey ki_q_gguo ihklhybgukdkEZ]tbItih *"4dgchihegbl_evg
ih\ukblv agZqg_gby fZ]gblghc Zgbahljghxb khZ[b&ivghlkhb eZa_ jghki
g_gguo fZ]gblh\ < ~“hiheg_gb_ d whiiemdu_ph\uZalpa]tkl ijbadgzdzfb dj
klZzeeh]ljznbq_kdh]h |I_dklmjbjh\Zgbyh\jZagjh\kljahdhmph_  ih_~iheh"
| evgh h[mkeh\e_gh \ukhdbf ]jZ*"b_gHihfbdfd xpdblfmfju"*m ki_q_gguf |
ki_dz_fuf kehyfb DZd mdZau\Zehk®bjZzg | fi*r4dbmpu]jEagbdz 1| \ j
amevlzZl_ \ukhdbo kdhjhkl_c ehdZevgthdbZzjZzalZ]jdhdhfdbc ijhf_"mlt
\j_f_gb \ j_amevlizZl_ \ukhdhwg_j]_N\by_k&@]hgwhfabficrkevkBf "bkkbi
pby I_ieh\hc wg_jlbb ijhbkoh”bl ebriv g@Zk]pgZgblmdjdhglmuo jZaf_jh\
g_ fgh]lbf [hevr_ q_f \_ebgbgZ nhdmkgZ]hWihgZX kvhgqzhgqZp "v fh
[ulv bkihevah\zZgb-\tg&dsb\Zgby Zgbahljhiguo fZ]gblh\ b khhi\_I
ih\ur_gby bo fZ]gblguo oZjzZdWL).jbklbd jbk
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Jbk Ko fzZlbqg_ kdh bah[jZ‘-_igb;IIb_bl’a"]ﬂlh'\e_gbnyZﬂgltBI)Zeih
ghlh fZ]gbIgh]h ]bkl_]j abquZI’Y_:ﬁl'y]h h[jZapZ T TH, ff kd: f b
B, 7e, =Z]gblgzZy |Jhgpr fhklv \Zdmmfz ijb dhfg[Zzlghehlhfi_jZIm]
ljiZnbb gZi_qZlZgguo fZ]gblh\ jZAebBggluwc nh[jtf_dl bf__| \gmlj_ggbc dZq

dhlhjuc "h[Z\ey_| gh\mx nmgd plzhggZee agk I [28]by
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EZa_jghc h[jZ[hld_ ihklhygguo fZ]hdHdeB ibl\kied¥ZjZ[hlZ
> @ Bkke_ _~h\Zgh \ebygb_ eZa jgh]h bfimevikZ dregltueagdhklvx !
f_g_gb_ fbdjhkljmdImju [ukljhazZzdZe_gguo Zfhjnlgwoos fbdjhihehk
kieZNdFeB kIl _obhf_Iljbg_kdh]h khklz\Z Bkke_"m_fu_ fbdjhihehkdl
gm fdf b iehsz”~v ih\_jogHklb jzfihl _ > @ jZkkqblzZgZ Jem[bgZ |_
nmabb k bkihevah\Zgb f dhwnnbpb_glz®*Mrinmapbf .g fmbnn
abt= gk jZ\guf “ebl_evghklb eZa_ jgh]h \ha”_ ckl\Eyhkghghf bfi
\_ wlbo ~"Zgguo Jem[bgZ | _jfbg_kdhcbpnmi#lBb khkfdtblljb
m\ _ebqg_gbb ”"ebl_evghklb bfimevkZ *h fK_ g @Z lkyh]}h\z
97,36 fdf >Zggh_ jZkklhygb_ agzZqgbl_evgh [hevr_ jZaf Am\ fbdjhih
fuo \ jZ[hl_ > @ 1j_"iheZ]Zy RiDgFéGoBkhigk\ZglZ . g_agZqbl_evg
hlebqz_Iky hl dhgklzglu |I_jfbg_kdhc "iNdReBalbth gy Kk&gbZZI|v
lem[bgm |_jfbg_kdhc "bnnmabb ey h[emq_g§wbdimelvdkihtlgef eZa _
| _evghklvx gk [ukljhaZzdZe gguo fbdjhiRiDyRré®oB blak k ee 2\Z
\Zgguo \ jZ[hl_ > @ >bzf_|j jzkkfzZljb\zZ_fuoz¥edehijhfidf*hkhkhkl
hi\_IkI\_ggh Jem[bgZ |_jfbg_kdhc ~Hnpmabdi?khklz\bdf qlh
agZgbl _evgh f_gvr_ ihi_j_qgh]lh k_q_gby fbdjhijh\HMEZ IGBIvh[oh”"b
glh ~ebl_evghklv | _fi_jZImjgh]lh bfimevkzZ \kebtZeklgihkdéna\ofZz k
imevkZ eZa_jZ < jZ[hl_ > @ ij_"klzZ\e_gZ lvfih|[j&@hmjgdyhaz\bkb
a_jhf h[jezklb kiez\Z hl ijh"he bl_evghklb eZa_jfgh]h tiZimevkz
Imjm dhgljhebjh\Zeb k ihfhsvx ibjhf_IjZz Ih”h[guf jihemegvig!l jb
ijb gzZ]j_\Zgbb [he__ dhjhldbfb bfimevkzZfb dizdhsykx]yhlajpbjh\Zgh
Ibg_kdh]l]h ZgZebaz \ jZz[hl_ > @ |Ijb wlhf JengpblgKyij\hgy Kdhfeh |
dh jza &Z\bkbfhklb hl Ihl]h dzZdh\Z hdjm zZxszZy kj_"2Z\W\azZbfh”_ckl
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50fk Zz > @ jZkg_lgh_ jzkij_~_e_gb_ hlghkbl_evghlihbbhfemgglmpth fi_j
eZa_jhf ih\_joghklb k f_IZeebqg_kdbf \azbfh”_ckMeoh fdbjtb ag heltkdpb &
dj_fgby beb \h”u gb 'gyy gZklw ji@&nbgpdzkij_ ~_e_gb_ |_fi_jZlmju gz f_I.
kdhc ]jZgbp_ k hdkb~hf dj_fgby beb \h~hc \ aZ\bkbfhki) [h6] *ebl_evghk
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< j_amevlZl_eZa_jgh]lh h[emqg_gby [uklNdréRI¥ g§Zf@lgluo q_rm
> @ mdZaulZ_|ky qlh nZazZ " _e_aZ djbklgdegdm fKghrpdy n q_
aZ hij_~ eyxszZy fzZ]gblgu_ k\hckl\Z H~*gzZdh\drekgagohy @flh] ~Zg
gblhfy]l]dhc?2 nBEeafihlml kha”rz\zZlv ]jZgbpu h[f_ggh]h \azZzbfh”_ckl\b
kh~ _j"Zsbfb j_"dha_f_evgu_ bhgu qlh ijb\h~bl d]gbdhgghglkZjgh

Jb I3, 3.
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GZijy‘_g_gth_v fZ]gblg®]Wihey GZijy‘_g_gth—v fZ]gblg®]Wihey
Jbk Ko fzZ kibgh\hc dhgnb]mjZpd(NdiEeB) [ZZbbfth® .ev keh ghc i_leb
]bkl_j_abkz kmffbjmxs_c \deZ”u Of2]aAhdy®dA]gdIh " _kldHdy[nZau
Z lZzdwdki_jbf _glZevgh ihemg_ggu_ i _leb fZ]JgblghAhh]kkdMiRZEEBokZ Zfhjn
"h\ b ihke_eZa_jgh]lh h[l&hqg_gby

[jbkmlklI\b _ ©fZ]gbIhfy‘ldhca nZau ~_e_aZgku\ Zegtbabhd phci bdoh g k I
gZ ™"\Z ihjyrdz f kg ¢&>° q f "ey j ~"dha_f_ eNNdR&sBnZau
(ky 81 > £ Az 1 \dezZ” \ i_lex fZ]gblgh]h ]bkl_j adptk& Kk ijgzZy __
]b[hf ijb gbadbobidfeyyjogby jbk GZ jbkij_"klzZ\e_gzZ i_lely fZ]gb
gh]h ]bkl_j_abkzZ baf_j_ggZy gZ bkdhkgjhfaZdlZebgguo+rZfhjnguo
g rmcdZo KNeéReBZ < Zfhjnghf khklhygbb kiezZ\ h[eZ~Z | hq_gv gbz«
Ib\ghc kbehc < j_amevlzZl_ eZa_jgh]lh h[emqg_gby \Hegghklv
1,08fdf “ebl_evghklv fk ijhbkoh”bl djbklZeebapign]tzkhbzZeZz
klhygby k h[jZzah\Zgb_f ©fZ]gbINdFelBhchaaau _e_az &h hljz"
_lky gZ i_le_ ]1bkl_j_abkZ k agZgbl_evgh dhliabkc_cjgihvBjpblb\gh
f j gby i_leb ]Jbkl_j abkzZ \ jZ[hl_ > @ ijh\h~"be6 d&kahfigZapgio h]J]j
glh Zfhjnguc h[jZa_p k madhc i_le_c g_ fhbjbhhddaxadlvekempZcgh
amevlZl_ jZa[jhkZ agZq_gbc hl h[jZzapZ d h[jZaleh JHRPZdhbkkz
rbjhdb_ gZ h[emg_gguo h[jZapZo ijb [ebalbbhghagKlye wihydZdhwjj|
\Zxlky k jZaguf \dezZ~hf ©fZ]gblhfy]dhc?® nZau> q®h b\l hjiy jjZ[hlu
jmxl dzd j_amevlzl \ZjbzZpbc |_fi_jZImju bafHygZhdd ikgab_Ijhf
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b& g gby fZ]gblguo k\hcklI\ hl h[jZapZ d h[jZzagim f\hhrjlZepazgdbdZ]
hlh” " _gguo \ \Zdmmfghc i_gb \ h*bgZdh\uo mkjbH\lmyo\ jiapallhfm w
> @ ijh\_~_ g k mq_Ihf wih]h g_"hklzZzldZ b \lelbygbgZefZggpgh]h
gu_ k\hckl\Z bkke_~h\Zehkv gZ h”ghf b Ihfe_glgljZragbdijhkjhhazd.
NZ G_h[oh”bfh 1Zzd _ hif_Iblv qlh \ wdjkiijpdh" glfbo bkkitkevah\Zeb
eZa_j agZqbl_evgh f_gvr_c fhsghklb _evighKlvijihfimeewkZ [ueZ ag
gbl_evgh dhjhqg_ gk Ilhwlhfm ijboijhAidblo jp&kibadbo h[jZaph\ b
kieZ\NiFeB bPrDyFeCoBfh " gh h ' b”ZIv qlh Jem[bgZ ijh]j_\zZ EZ[jZaph\ |
dZe_gguo fbdjhijh\h~h\ g_ ij \urZzez fdfdhZhljzfy [jwddjZhklb]gmlZz
jZ[hl_ >kh@lz\eyeZf K jbk3.
H[s_ba\_klgh qglh bamqg_gb_ \ebygby eZa jgh]h éwgeunqg gb)
fZlgblu [ueh gZqZlh bkke_~h\zZI_eyfb hidju\rB{HMZ]gbHdh]¢miiu
e | gZzaz™ LzZd \ jZ[hl_ > @ bkke_"h\Zguhphdmgkldbxiredajj gc
guf emqghf \ fZdjhkdhibq_kdbo Zfhjnguo h[jZapZebdajkae KD 3 U ¢
h[jZapu “bzf_Ijhf kf b \ukhlhc kf H[eZklb HO[pkaphé ehdZe
ah\Zggu_ ihke_ eZa_jgh]lh gZ]j_\Z ba Zfhjngh]jhakekirmyxgbly bf_el
\ _ ebgbg_ 9ZfZ]Jgbqg_gghklv ihwlhfm bo h[ggdhmdb\debnb]hnj*Rf i
gZklbpu n_jjhfzZ]lgblgh]h ihjhrdz ijbly]b\Zebkv b dedp -jglhbjh\Ze
fh*bnbpbjh\Zgguo h[eZklyo jbk D kh'Ze _gbxlzZ\gZglkl b > @ ¢
ke _"h\Zgby kljmdImju h[emq_gguo eZa_jhf h[eZkfZighdglhizd _ e
k\hckI\Z gZ wlbo mqgzZkldZo

Jbk HleZklb ehdZevghc djbklZe@baXpbb kb&dhd ihehkhd
knhjfbjh\Z\rb_ky ih® ~_ckl\b_f eZa_jgh]lh h[emqgkgdZx\P ,Oagtklbgd_ bes
b \uy\le_ggu_ k ihfhsvx fZ]Jgblgh]h ihjhrdZ ih ~Zgguf jZ[hlu > @

< jZ[hl_ > @ ijbf_gyeb bfimevkgh_ eZa_ jgh__ytay/dkkl\b_~»
dbo ie_ghd By gZ [ukljhaZdZe_ggmx Zfhjngmx NebFgkB) ba kieZ'
ihemqg _ggmx jZaeb\dhc jZzkiezZ\Z gZ [ukljh \jZsGgsleckikdbbkd Ihe
jZahf dhfihabl ihke_ \Zdmmfgh]h héevrphAd hHeZebeglb_ wg_j]_Ibg
kdbf ijhba\_~_gb_f aZ kq_I h[jZzah\Zgby djthH{hJ&esbggkdhlchgZah
Dy** bf xsbfb dzZd bal\ekigix fihghbhggmx Zgbahljhibx ih kjZ\g._
bhgzZNi* glh \ k\hx hqg_j_~v m\_ebqgb\Z_I-dhtgZeayd nq f K fdhtz! h
Zgbahljhibb Nd&yw.).FesB Z 1Zd _ kihkh[kI\m_1 ih~"Z\e _gbx ijhp_kk.
AN gby ih\_joghklguo “hf_gh\ h[jZlghc gZfZ]gbqgq _gghklb

EZa_jguc hl'b] \\bAm \ukhdbo kdhjhkl_c bafogbmtlyjrh_fli_jzZIt
ijhl_dzZgb_ g_jzZ\gh\_kguo ijhp_kkh\ djbklZeeblaypbBfbjmgrafhh[jZ
fZl _jbze_ \ j_amevlZl_qg_]h fhiml h[jZah\u\Z¥ZkgnhfiZlkerdBpgygbklu
b g h[uqgu_ fbdjhkljmdImjgu_ nZau < jZ[hlbgh]®@ MmFh\qgg giZ |yl
gh kdZau\Z_1lky gZ dhg_qguo k\hckl\Zo ihémaqtzklthwag dz dbffZhgjZ
Ilh\  KhdjzZs_gb_ \j_f_gb hl'b]Z b h]jZzgbqg_gb_ nZfahhighi_j_oh
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khklhygby \ djbklZeebq_kdh_ ijb\h~beb d anfjggvmnZphx .fZaf_ jZ
dha_jgbklhklv hkgh\ghc fZ]girbegbc MZ&u _Hb\ZeZ ebrv baf_g_gb_

gZku
e _gu
e gl
eZa_

s_gb hklzZ\e ihklh hc dhwjpblb\gmx kbemkjgk
_gby yy ygg9 1P g

< ]

Abnjzdlh]jzffu j_gl]_ghkljmdimjgh]lh ZgZetaih\2eygbyl ]jZ

ithwlihfm ih wlbf ~Zgguf Ijm~gh hp_gblv
jhf h[eZklyo Djhf_

Ih]h

glh[bmaodhgudbah
ih ki_dljZf j_gl]_gh\kidhbdekt fdb

gblv Zfhjngmx nZam hl gZghdjbklZeebq_ kdlbhde\dexqZghblx b ¥Zdl
nbpbjh\Zlv obfbg_kdbc khklz\ b iZzjzf_lju djbllZeébgh&g hgbj d |Io

wihfm \ jz[hl_ >

ehdZ

evghc gZklb h[emg_gghc eZa_jhf

ghlh kljmdImjgh]h b obfbgq_kdh]h ZgZebaZz

[jh\ we_dljhgghc ~bnjZdpbb \ h[eZklyo

@ baf_jy_Iky bgl_]jZevgu&_fih ghfligwagp Z2hfZ gd _\
Bf_gghkwih_hd ke _evkl
i\ leVZ gibsd kZevghfr
ihA\_jlgmiud l€da_jghfm

ehdZevghfm baf_j gbx i_| _ev fZ]gblgh]h ]Jbkidjhkdkizbtlk Dhfjljgvx f

b fZ]gblguo bg”fbdZlhjguo ie_ghd

Jbk

LPBF

oh”b

a_jghlh gz]j_\z

gghklvk &

15

10

[

Fhsghkl
bfimevkZ
— 10|
o 15
— 20

=

45 40

GzfZ]gbgq
kb
o

5 0

5

A0 A

A5

10

15 20

GZijy _gghklv fZ]gblg®]Mihey

AZ\bkbfhklb gZfz]gbqg_gghklb hi
Dy,Fe,.B lhesbghc gf gZ ih/NgjFedB ibae_ h[emqg_gbyC@Zab jis
ghklb b <l ih ~Zgguf jZ[hlu >

\lhjzfb jZ[hlu >

@

@ balhlh\e _gu bahljhigu_ ihkkhegggal fZ]g
NdFeBf_Ih~"hf eZa_jghlh kieZ\e_gby kn _jblasek ddwder idegdHusiof

ij _~"klz\e2lyguo \ jZ[hlZo > +

ijbeh hgghihhfiZlagbZeh]h

ihemq _ggh]h f _Ih~hf ]Zah\hc ZlhfbaZpbb Kn _jbqgghklv ihjh
3D-i_qZlb g_h[oh”bfzZz ~ey dhgljhey gZkuigh]h kehy &y ®Za_jgh
[hevr_ kn_jbgghklv gZklbp b f_gvr_ jZagbp4dh\jZz«fijjm d §Hdh bo
e__ jh\guc kehc ih lhesbg_ [m”_I| gZg_k_g "egvighdFlmgbylbijhke ~

Ilv [he

hrghjhrgh_ kiezZ\e _gb_ k iji_puZzessifjkamefvifzl e
F_Ih~ ]JZah\hc ZlhfbaZzgzlkbuazZdlelqjZklileZ\zZ q_j_

nhjkmgdm \ k\h[h~gh_ ijhkljzgkIi\h dZfbjy jlgaihégalggh&dhjhkiv
hoez ~ _gby ijb wihf khKIgKely kg _amevizZl_ [ukljh]h hoeZ A _gby
ghf iz~ _gbb aZ kq_I| kbeu ih\_joghklgh]lh gZlpZkjbyZ&ZiehhjjZkie Z\

[ebadhc d kn_jbqg_kdhc

HAgZdh \ hirethdb[u kil & dehzodl Z @ Itz

eb\dZ jZzkiez\Z gZ \jZsZxsbcky ~bkd
beb wdkljZzdpby ba jZkiezZ\Z hkljhc djhfdhc \jZsZwxhodXy*"bkdZ

gby jZkiezZ\ZM& K k

\ZNdFeB \ hkgh\ghf ihemqzxlky tk @EdjihdjbklZeebq_kdhc

kdhjhklv hbe@ ~figtky jZkie

\ j_amevlZl_]Zah\hc ZlhfbaZpblZ qZklbpu
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\ dhlhjuo kh”_j blky [hevrh_ dhebq_klI\h \lhjhkl_i_ggdeo #fZ]gb
gZijbf_j dzZd mdZau\Zehkv-FeZgkh" nZagb . Zfhjnghc nZ&@u \ [Zdb«
kilbpzZo fbgbfZzevgh IThwlhfm g_h[oh”bfh ih?[bZXI|¥ZbbjibAe X dVee kh
fzdkbfZzevgh]lh h[jZzah\Zgby hkgh\ghel4Z]gbllg@ghlic nZaalgheh]bq_kdb
iZjZf _lju eZa_jgh]lh ki_dZgby k p_evx h[jZah\Zdbokh]hZHRDfZevgh]
"Zgby hkgh\ghc fZ]lgblghc nZau ijb kieZ\e_gbb >LZ4a iZdgZgth jZ|
glh fZ]gblgu_ ozZjzdl_jbklbdb ihemqgZ_fuo]ld@dbfiki\ukBKHkyf4h
f_j_ m\_ebqg_gby ih*\h”bfhc wg_j]bb \ eZa_jghfilbbhdhegvk [mh II_o
mklzZgh\le_g ij_~_e h[jZ[Zlu\Z_fhklb ey dhgdjlkgB]hzZobjfbfie Kdh]F
FZ]lgblu k dhwjpblb\ghc dkbfehld.=1,1Le b fZzdkbfZewggul_Ibq

kdbf ijhba\_~ gb_f3imemd_gu eZa jguf ki_dzZgb_f ba dhAff_jq_kd
_fhlh ihjhrdZz h[_~g_ggh]h g_h”béfh [*aihdkhgbicevghc h[jZ[hIdl
Baf_g_gb_ dhwjpblb\ghc kbeu ihklhygguo\gzZzghpblhazijbRbfhklb hl
fhsghklb kdhjhklb kdZgbjh\Zgby b riZdkktrhjppdywdfb "#m bfimevk
fb eZa_jZ ijb kiezZ\e_gbb qzZklbp jbkh OfZlgthZeazZygh klldhklv?a =+
\_ebgbgZ dhwjpblb\ghc kbeu ~“hklzZlhqgghRkyohjhkith chirb kgthZ_dhe
]bg_kdhc fh™_evx

2400 2400}

2200+ 2200}

2000 2000

1800 1800

1600 1600
1400 1400

1200 1200

Kdhjhklv kdZgbjh\Zgby
Kdhjhkiv kdZgbjh\Zgby

1000 7" 1000 l¢ 215 a

»1
/EiNg ’ °
50 75 100 125 150 50 7 100 125 150
3 Le Fhsghklv ezal jz G d: f Fhsghklv ezal jZ

01,596 0,650 475 545 615 685 755 825

Jbk <ebygb_ fhsghklb eZa_jzZ b kdhgZkgtz kA4 dloj ) gy kidyid
wipblb\gmx HMbmba]lhlh\e _gguefZ[3h)h\ ba kiezZ\Z 1G)H% ijb jZkklhy
f ""m rljbozfbfdf g _jgu_ djmwdkix jbf _glZevgh ijh\_j ggu_ dhf[bgZ
iZjzZf_ljh\ > @

0380 0434 0488 0,542

Lzdbf h[jZzahf | _ogheh]by eZa jgh]h ki_dZgbyum \ujZsb\Zgl
| jbzZeh\ y\ey Iky gh\uf f Ih~hf balhlh\e _gby \ukhdhwnfiz]dIb\guc
gblh\ keh gh]h ijhnbey b fbdjhgguo jZaf_jh\ H~AgZdhfmgZjy"m k
ki\Zfb ih kjz\g_gbx k ljZz*"bpbhggufb f_Ih"ZflygzZkdhlylh\e \gbfy \
bf_ Iky jy®» g_j_r_gguo \hijhkh\ b g bkke_ "h\Zgguo y\e _gbc

teZa_ jgh_ ki _dzZgb_iha\hey | ihemqZlv bahljhiggh \hkjhkggu
\hafh ghklb kha”Zgby ijb eZa_ jghf ki_dZgbbhXdkbgHBIijENguag dBE¢gb|
djbklZeeh]jZznbg_kdhc |_dkImjhc hklZ_Iky hldjuluf

tdhgljhev nZah\h]h khklz\Z b \ gzZklghklb fzdkbfZ&wgdtylh h[t
hkgh\ghc fZ]gblghc nZau IZd _ y\ey Iky ij_~f _Ihf "epc*Zevg_crbc
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<ukhdb_ kdhjhklb gZ]j_\Z hoezZz ~_gby ijb eZgujgkf yhao_ckl\bk
\hafh ghklb ih ihbkdm fZ]gblguo fZl_jbZeh¥Z &h\kfjkhdk hzj\hd bd h
lhju_ g _\hafh gh ihemqblv |jZ*bpbhggufb f _Ih~"Zfb bibjlordh\hc f_|I
jyg_lh ij_kkh\Zgby ihklhygguo fZ]gblh\

Hilbg_kdh_ i_j_dexq_gb_ gZfZ]gbqg_gghklb

< jZ[hl_ > @ ij_"klz\e_g g_"Z\gh hldjuluc ijhpk&kik]hheghkl
g_| _ieh\h]h i_j dexq_gby gZfZ]gbq_gghklb Ihgdlga iebkked 5(x°
"h\Zgby [ueb gZqZlu k ijbf_g_gby “h\hevgh “eedd poigjlhad b&ime vkl
ki\by ik lhgbfzgb_ ~bgzZfbdb b |I_jfh*"bgzZflithlyhwlec ddjZdly h
ghc ih*kbkl_f n_jjhfZ]g_IbdZ dhlhju_ y\eyxlky 1bigh\ktithjjh a_j\n
klyfb j_ezZdkZpbb jZaebqgzZxsbfbky gZ ihjy*db \h[ohdbdlakibb\_ et
bkihevah\Zgby n_flhk _dmg~gh]l]h eZa_ jgh]h baemklZgeyguwZe
gZb[he__ i_jki_dlb\gu_ j_amevlZlu ihke_"gbo jZajZlhd \ *Zggh

Alhju jZ[hlu > @ bgl_gkb\gh bkke_"mxl hilbgZgddh_ i_j_
n_jjbfZ]lgblguo kiez\h\ *G)H *G&R b "j < j_amewdig”ghllidh]h
eZa_jgh]lh h[emg_gby j _~"dha_f evguo ie_ghd ggdukogzhizl]pbaf g
g_gghklb gz ih\_joghklb ie_gdb j_Jbkljbjm_fhpbkgdhlihlklvbb iheyjk
jhkdhiz f_Ih~hf fZ]gblhhilbg_kdh]h wnn_dlZ D _gjz|[emiy[eggyoggu
eZa_jhf h[eZklyo j_]bkljbjmxlky jZaebqggu_ gZijZ\elbgbkdlheyjba
iheyjbazZpbhgghlh baemqg_gby b kil _ T lgviijbskyjbazpbh yley Iky
ihAM\_j"~_gb_f g_Il_ieh\hc ijbjhru i_j_fZ]gbgh\ZgBwp_ \dhddmevlIZz
N _ckl\by G2z jpikhdzazg ijbf_j | _jfbg_kdh]lh i_j_ _#Z4jgbkb\g@gby
gZijZ\e_gby iheyjbazZpbb k\_1Z bah[jiz ggbf gybddhkdhibhijhlib\hi
klz\ey Iky ijbf_jm7,dZ]fbk\b”rgZ hg_\b”*gZy aZ\bkbfhklv g&ZijzZ\e gk
iheyjbazZpbb n_jjhfZ]lg_IbdZ hl iheyfipazZmpbh\klnegZkldijeZzklb
ijhlib\hiheh " ghc gZfzZ]gbg_gghklb \uy\ey OujjZbdjhkdhih

iy

<

11

=

L

Jbk ljbf_ju “"\mo hilbg_kdbo hldebdh\ ~ey fgh]hkeh@obhd& h[jZaph)
lhesbghc kehy | _j[by gf b Ahhzevigfijb | _jfbg_kdhf jZzafZ]gbqb\Zgbb
(Z 7' b hilbg_kdhf i_j_fZ]lgbA®¥D$Sbb bkihevah\Zgu Ijb IbiZ iheyjbah\zZg
]Jh eZa_jghlh emqgZ "\b]JZxs_]hky \“hev h[jZépZej\thblbddd@mﬁ]hghc 1
b ebg chhc¢heyjbaZpb_ ¢ > @

MijZ\e_gb_ gzZfzZ]lgbgb\Zgb_f k gbadbf wg_jhhilbllj_¢eggb\ f ij_
mevljZzdhjhldbo \p fZkgWw[Zo WIZ az”~"ZqZ klZeZ nmg~Zf_glZevg!
Ney jZajZ[hldb [m"msbo | _ogheh]bc 0jZg_gby fDO4gblghdczbgaghjizZ|
jZ[hlZo > @ hilbg_kdh_ i_j _dexq_gb_ ofZ]gblggdgjlizker az
gby djm]h\hc iheyjbazZpbb k\ _1Z fh" | Julv ijbHmlhjup iehewhdh "e
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gZ hkgh\_ kiez\h\ j_~"dha_f_evguo f_IZeeh\ kbi_phob*yewb[lielZee
r_]h jZaghh[jZzaby fzZl_jbzZeh\ \ |hf gbke_ fgh]hkejmauguo b ]_
GZijbf_j \ bkdmkkI\_ggh kbgI_abjh\Ianngwijﬂl_ZQj‘h_kljm’d_frbgklj
jh\Zgh hilbg_kdh_ i_j _dexqg_gb_ gzZf@dygbjg aguédklblu>Adp”_|_evkl\m
h g _h[oh~bfhklb K _j_kfhljz 1 _hjbc hiéxqg _lgdly]hefydha f evguo
kieZ\h\ b jZkrbjyxl h[eZklb bkke ’\H‘dZ_ggjn\LmjtZZalj_ZprZeh\jey [m~Am:
]h ijbf_g_gby hkgh\Zgghlh gZ hilb§Zkphg bHETf iy

F_oZgbaf hilbg_kdh]h i_j dexq_gby gzZfzZ]ghblg Iggtlbbdhdéh ™ | &
g_kI\zZ bfimevkh\ k\_1Z b _]h iheyjbaZpbbdhgd@o ke g¥kZghkibz\\Z
*G&R)H h[gZjm  _gh qlh ijb h~rghdjZlghf bfimevwWgkeZaejfHdbj fzZ
g_ azZ\bkbl hl iheyjbazpbb k\_IZ \ Ih \j fevdha hafzdgbhh_gethd Z
klb \ualZggh_ k_jb_c¢ fgh]hdjZlguo eZa_jguolbXximgekkhevebhl e
ibdhk_dmg” azZ\bk_eh hl iheyjbazZpbb k\_1Z dWMihkmB\Ktbh d ful
wnn_dl gZdhibl_evgh]h ~_ckl\by dh]”~Z kde 2af\Zx g yhikb g brpdog u
jm_fu_ \ gZfzZ]lgbqg_gghklb dZ ~uf ihke _~mxswflffime&v kinfn _IdbZ
aZ\bkbfuc b g_azZ\bkbfuc hl iheyjbaZpbb haim\ K\ bllh\ewcgw gl jhd b
dhlhjuc fh™ _|I j_]Imebjh\zZIlvky dzZd ZIl_gxZlhjhf 1Z2d ihdht\sgphghc \_
]h kehy 1 _|I_jhklpeRtbmj@ >hfbgbjh\Zgb_ h”gh]lh beb ~jm]h]h Ibiz
gblguo wnn_dlh\ \ j_~dha_f_evguo kieZ\Zogud[gZ¥djHkd Zighbj jZa
“bfZ eZa_jghc h[jZ[hldb qlh ~hdZau\Z_| g\haZythbkb th&lvh km & ak|
gbo < jz[hl_ > @ deaZgh glh \ ie_gdZaZG)Hy&R bkims| kl1\j_ggl
"ZqZ wg_jlbb hl \ha[m *_gghc eZa_jhf ih"kdikhgfu ki\t[heé buofme _

j_a_j\mZjm khklhys fm ba ZIhfZ\ Khkddhghkhvhwlhc i _j ~Zqgb ijb dh
dbo ibdhk dmg”~guo eZa_jguo bflmekaohthau"\eZLI\kMZg\_g'thgaly
| fi_jZImju bhgghlh b we dljhggh]lh j_a_j\mZjhle odbxijj@\dgbl d ¢
kilb I _fi_jZImj wlbo j_a _]\mZ]h\ ijb gZdhie_ gddbaqpkek Zuthméykh\

ahf bkihevah\Zgb_ dhjhldbo eZa_jguo bfimevkpuodyIZ[pZ[hldb
eh\ kihkh[gh ijb\h~blv g_ lhevdh d Ijb\bZevgufgihfk& @gKl[ybyf k\:
\hf gh b d gbklh kibgh\uf wnn_dIZf kmsgub\ kggdiZofB]gblqggh
bJghjbjm_fuo \ g _fZ]gblguo f _1ZeeZo

< Jhkkbb nhlhfZ]gblgu_ wnn_dlu bgbpbbjmjgufb dhjhldbfb
imevkZfb bgl _gkb\gh bkke_ ~mxlky :\lhju jZ[iheghkl@xbjplZjm be

kdh_ i_j_dexq_gb_ gZfZ]gbqg_gghklb oYHeedlpe:Z ol kbhadhgh'\ih

khklz\m d kiez\zZf dhlhju_ bkihevamxlky ey BRa®DgbjgZHgblh'
kdbc bgklblsB2F Ijb wihf mgbdZevghklv wdki_jbf_glh\gk jE[hl_ >
I f qglh Z\lhju bkihevah\Zeb mevljZdhjhldb_ eZaZygwdkbjfimevki
fZevgu_ mkeh\by ~ey fZ]gblghc ie_gdb az \jZfybk nhdh&Z glung”
j_amevlZlu kdZgbjh\Zgby ie_gdb fZ]gblhhilbg jkeibhKéedjhkdimihf I
emq_gby n_flhk_dmg~guf eZa_ jhf <b”gu k\_ bkedklb bjkdhgiZalgu
gbqg_gghklv gZijz\e_gZ ijhlb\ gZfZ]gbqg_gglZklhbgelleimdggghih f
eZklb ihke_ h[emqg_gby ebg_cgh iheyjbah\ZggufebZh_gg_LiIﬁteyjbah
bfimevkZfb k iehlghklvx wg_jlbb< wdfici_ jlboff glZo bkihevah\Zeb jz
dhebqg_ kI\h bfimedlkh\ mdzZazZggh_ gz jbk ljb iehlghklb hilbqg_
]Jbb  f>'?lefbg _cgh iheyjbah\Zgguc k\ | g_ \uau\Ze i j fZ]gbgb\Zc
[hevrhf dhebgbkimevkh\ ohly ijb fZehf dhebq_kI\_ bfimevkh\ ik
k\_1Z g_ bf_eZ agZq_gby WIh hagzZqZ_IlklgZhbdgizdén &hghhjb \diteb q _
d ©kaJZgbx6l hilbg_kdb bg”" mprh\Zgghc g 41 Zg)\grbp gghl“kdﬁoljb
iehlghklb hilbg_kdhc wg_jibjbk fp hKGZjm behkv jZaebqb_f_ “"m
n_dlb\ghklvx nhlhfZz]gblgh]h wnnbdiljZVhafieggjblah\Zggh]h k\ 1z v
yle _gb_ hg_\b~gh k\yaZgh k \Z ghc jhevx \azbfgh]h_gjaifizle gby
gblghc ie_gd_ b gZijZz\e_gby iheyjbaZpbb k\_|Z
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Lin B - 1*
Jbk Hl[ezZklb i_j_dexq_gby gZfR]lghg_pgphflolbbfimevkzZfb ~ebl_evghkl
3n_flhk_dmg”u b wgZ jbb_ &> ?K[f \ ie_ gdo,FeéeC0[25]

AgZgbl _evgu_ j_amevlZlu ihemq_gu \ m|gbKZddl j[mBLFH
> @ \ dhlhjhf bkke_"h\Zgh jzkliplmklfdgogthed dmg_jdm_fuo \
p_glj_ezZa_jgh]lh \ha”~_ckl\by ]J*_\diajuNdblk fbiobhelvd_kdh_ \ha”_ck
gZ h[jZa_p WIZ ]jmiiZ nhlhZdmklbge kdgtbo \fdZegdpZguo y\ khevr__ gl
eh ijhp_kkh\ \h\e_mhjdgudAdgb_ i_j fZ]gbgq_gguo mqgzZkldh\ ie_gdb

< p_ehf bkg_jiul\Zxs_]h h”ghagZqgh]h h[tykg_agbyIlZHIhfZ]gb
ijhbkoh”"ysbf \ Thgdbo ie_gdZo j ~dha_f _evguojkifgZdh\kmgZklhy
kiI\m_I WIh h[tykgy_Ilky dZd keh ghklvx bamguwo fiudNdlegijgbc k\y
guf ijhl_dzZgb_f g_kdhevdbo ijhp_kkh\ [Zd WhakfHhghyowdbhhklgyx |
kdbo wdklj _fZevguo mkeh\bc ey bo gZ[ex”|_ddeb ad pbbk Nme gfuoc ~ e
eZ[hjzZlhjbb

< jZ[hl_ > @ h[km *"Z_|ky [he__ |ljZz"bpbhggtui¢_®Ilkeeh\hc? f_
g_gby gZfzZ]lgbg_gghklb \ ie_gdzZo )H3W Fib *wnl hifh &g b B k by acv
k\ 1Z b gZfZlgbg_gghklvx ie_gdb mqgblu\ZKZ kNihiaZv‘swx whhhjuc
ijb\h~bl d jZzaghfm gZ]j_\m ie_gdb \ azZ\bkbfbokkbhkh[ghkiljlnimkdg
]mebjm_#fhehf f ""m iehkdhklvx iheyjbazZpbb k\ 1Z b ¢ZfZ]gbqg_
amevlzZl_wlh]Jh ba\_klgh]lh wnn_dlZ fh | heéRg kv KyiekbdmZphy
gbdZ | q_j_a ie_gdm b \hagbdZ | agZigkhjuecvggb Z Igehi j\] _tbq
kdbc [Zjv_j k\lyaZgguc k gZebqb _ f fZ]gblagd£qZgbahlthkdBIlhYguo
"ey i_j_dexq_gby gzZfZ]l]gbq_gghklb ?keb ~ bmlfhehéyjbmZgBbjzZ\e
k\_1Z b gzfz]gbg_gghklvx g_\_ebd Ih n_jjdfZ]ighbimkydel &dZl e _
\_kv gZ]j_\ ijhbkoh”bl \ ih*eh d_ g_ f_gyy Egjlvy jd ie] ofdhglydW
ljb wlhf gZ[ex~Z_|ky agZqgbl_evgZy gm\klI\DIZelvy hk livh egy bAa]Holyb
b gbkem eZa_jguo bfimevkh\ jbk

LZdbf h[jZahf h~gh ba ijhkl_crbo h[tykg_gbc nEINfZ]gblgl
lhgdbo ie_gdZo j_~dha_f_evgdobkbeEZkhx ¢Z]j_ \Z ie_gdb hl dheb
wg_jlbb jZkk_ygghc gZ __ ih\_joghklb dhlhpkbl \nkWarnhdglg "v
ijhoh ™~ gby k\ _|1Z q_j_a ie_gdm mijzZ\ey fh]lh ihlhdmfjpbl gghl
s _kliI\m_| wnn_dl NZjZz~_y 1jb wlhf “hklZlhqghdldbghkdafijhblv wt
oh ™~ _gby k\_I1Z g gzZfZ]lgbgb\Zgbb ie_gdb qlh[u h[tykgblv [he
nhilthilbg_kdbo wnn_dlh\ ijb\_~ glgwgbggKkdgglrebl jZImj_ Bf_xl
lzd"_ k\_~_gby dhlhju_ ihdzZau\Zxl qlh eZa_jogkh H[j@yhldZ it
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Jbk <j fy owbexpby gZfZ]l]gbqg_gghklb ie _gdb YHBIMX egglmhpEghk i_j
klvx gZkus_ggh]h fZ]gblgh]h lelvkbHfyghboyek fhgvnbfih]Jehs gb_f wg_j
]bb k dhwnnbpb_glhf fZ]Jgblgh]h djm]h\h]h 7*ihbjpmafz\Of&ijbeh™ _gghf
iheH b ihed = + Le ijbeh _gghf \ ijhlb\hiheh ghf gZijZ\e_gbb hlgh
gZgqZevghc gZfZ]l]gbg_gghklb > @
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AZdexq_gby
EZa _jgu_ | _ogheh]bb kharZgby b h[jZ[hldb ihtkdhplyfdiZguo fZ]g
gblh\ g_ k\h”yDkiy ¢qgZlb b ijbr"Zgbx azZz”~Zgghc nhjfu fZ]gblzf OAh
\Z guf k\hcklI\hf fZ]gblZz qgq_f nhjfzZz y\ey_ IkypfE\Ngbbghb Y2Zd kam
e_gb_ ©e_]Jdbo? b ©ljm~rguo? hk_c gzZfz]gjpgb\dgbkihER[egZgfZzy h
gylv agZgbl_evgh_ dhebgbhlib#ifjmg) blodbo k\hcklI\ fZ]gblh\

tEZa_jgZy | _ogbdzZ iha\hey | ~hklb]Zlv klhew dBEjhf[dbo bfir
hgb hdZau\lZxlky dhjhq_ \j_f gb we _dljhgghc kkxgpbihc] hZzZIhfgh
gbl_ j<amevlizl_f_"m ~\mfy ihke_“mxsbfb bfimevkZfbl eZa j.

mklZgh\blvky | _ieh\h_ jZ\gh\_kb_ \ mihfygmildéghi" klghtk INZz & Z
kl_fu gzZzdzZieb\Z_Iky k m\_ebqg_gb_f dhelhgflkl\Z igbivhéwblah\d W |
[uldm k-ithgyjbah\Zgguo we _dljhgh\ b d ihke_ _“mxs_c im]”*"Zq_ bo
eh\h]h fhf_glZ bh§zZf HklygREZDM +% b BNH29, 30].

t<ukhdb_ kdhjhklb gz]j_\Z ih~ A~ _ckl\b_f eZaijgbhlZxi[emqg_c
djzldh\j_f_ggh_ kms_klI\h\Zgb_ | _jfh*bgZfbqg fkddblgua\gia kguc
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ihlhfm qglh \j_fy bo jZkiZz~"Z b nZah\hc ljZgkywh[ji2pbb haddae\Z Ik
ghklb eZa_jgh]lh bfimevkzZz < j amevlZl_ eZa_ joZy HljZdhldzZ b
her AN gb_ fhlml ijb\h”"blv d nbdkZpbb g _hlgggwo\nkiaZ\azZbthjh
_JulZxsbo \ g _f “ebl_evgh_\j fy ihke_ eZa_ jghegmhdeZgpdb Ijf

nZa \ mkeh\byo k\j_o[ukljh]lh gZ]j_\Z kha”zZhédvifhpifmZa@ghiZ[j*ey |
aby g _jZ\gh\_kguo nZa k memqgr_ggufb fZ]yblyg b _ k\WhakihzZgbklv
ihemqgzlv fZ]gblu b fbdjhfZ]gblu kh k\hckl\idfbjbgh[0hkgWo bFf
e_gguo | _jfhh[jZ[hldZo > @ < qZklghklb J_dhbf\@wede‘mgwlkyb g.
fhlml gZ[ex~ZIvky \ h[t_dIZo fbdjhggh]h b kmlZb8jphdgh]-hbjdaf jz
b gZghijh\hehdb

tEZa_jgh_ h[emq_gb_ kihkh[gh bgbpbbjh\Zlv “dhegbl_ev
ijhp_kku dzd \ j_amevlzl_gZzZ]j_\Z 1ZcdhB \gbwmwevidZlijhdpb¢ b Ki
gh\hc ih~kbkl_f fZ]gblZ < qZklghklb obZhp skdpguj_ idkhibg na
\iheg_ fh]lml [ulv bgbpbbjh\Zgu hilbg_kdb iheyijbah\Zggdd k\ Ih
fhf_glZ bfimevkZ hl nhlhgh\ d kibgzf we_dljhgh\h\¥Mhh kdpylHxkihkl
azZij_lz gZzZijbf_j gZ j_Zdpbb k mqgzZklb_f dkkke&hhplyyd B |]hielhifgr f
nhjfbjh\Zgb_ fZ]gblguo k\hckl\ fZ]gblZ k ihfhsek]eZagmgloso_lkygg
\ dhgljhe_ obfbq_kdbo ijhp kkh\ \ kiez\

tEZa_jgu_ Z~"blb\gu_ |I_ogheh]bb AhddZIbzghtkIvk\jkbxk\ManZgbb
N |Ze_c ba g _fZ]gblguo f_IZeeh\ "hreVgau[oew 4/4ilbj gby d j_~dhe
f _evguf fZ]gblZf k mg_Ihf obfbg_kdbo b m\badgb kbjon ijfub kK Z]g
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Kibkhd bklhqggbdh\

1. Dhjhe_\ > < Ibkdhjkdbc < | <Ze__\ J: yZdjZ™Na_ €ZHF H>Xhj_pd2Zy
Fhjlmgh\ J ; Bg‘_g_jby j_ ~dha_f_evguo TMd:J%th}gdurhm\ 5(#ypZpbh
gu_ fZl_jbZeu b I_ogheh]bb K1 URL: https://journal.viam.ru ~Z1Z B[]

S_gby '2 -0193-2021-0-1-44-60.

2. DZ[eh\ ?2 G ngh\Zpbhggu jZajZ[hldb N=MI| ©<BZphbbE®KIJRI ih j_Z
]bg_kdbo gZijZ\e_gbc jzZza\blby fZIl_jbZeh\ b | _ogfgg&hibjbtho Nhj_ jZ]
2030]1hn~2z2 ‘\bZpbhggu_ fZl _jbZeu b | _ogheh]bbK 33.+DOk
10.18577/2071-9140-2015-0-1-3-33.

3. DZ[eh\ ? G FZl_jbzZeu gh\h]h ihdhe_gby b pbnjh\u_ dbogheh]bb
<_klgbd Jhkkbckdhc Zzdz~_fbb gZzmd& 334.L <

4. DZ[eh\ ? G Jhkkbb gm 'gu fZl _jbZeu gh\h]h ihfeketbe gby 3.« J_~db_
K 843.

5. %IXHUOH ' /DVHU 3URFHWhLQ.JSDiIQ&-Verday BdrlinWeidelberg, 2011.

P.12. DOI: 10.1007/978-3-642-17613-5_1.

6. Palneedi H., Park J. H., Maurya D. et al. Laser Irradiation of Metal Oiide &1d Nanostructure
Applications and Advances // Advanced Materials Review. 201848. 1

7. Yap C.Y., Chua C.K., Dong Z.L. et al. Review of selective laser melting Matarid applia-
tions // Applied Physics ReviewsFocused Review. 2015. Vol. 2. P21.

8. Sridharan N., Cakmak E., List F.A. et al. Rationalization of solidification mechafibiu #e B
magnets during laser directed-energy deposition // Journal of Mater@ic8ci2018. Vol. 53.
P.86198626.

9. Huber C., SepehsPLQ + *RHUWOHU 0 HW DO KRHUWUHIOYDLVHUHQLKDWY IF ¢
NdFeB magnets by grain boundary infiltration // Acta Materialia. 2019 47.1

10. 3SBHULJR ($ -DFLPRYLF - *D U RdDitiyeNMaduyadturing BfkMaghetic 8
terials // Additive Manufacturing. 2019. P#8.

11. Chaudhary V., Mantri S.A., Ramanujan R.V., Banerjee R. Additive Manufacturing ofelitag
Materials // Progress in Materials Science. 2020. Vol. 1148..1

12. Bittner F., Thielsch J., Drossell W. Laser povirdet fusion of NdieB permanent magnets //d?r
gress in Additive Manufacturing. 2020. Vol. 5. N©.P. 18. URL: https://doi.org/10.1007/s40964-
020:001177.

b 6 806ia TRUDY VIAM 3 (109) 2022 87


https://journal.viam.ru/ru/archive/2021/1

13. Volegov A.S., Andreev S.V., Selezneva N.V. et al. Additive manufacturing of hasenearth
free high-coercivity // Acta Materialia. 2020. Vol. 188. P. #330.

14. +RSNLQVRQ &RFNEXUQ $ 271HL O CamorphbisHdde €anivNeBeES U RFH V
PDIJQHWLF PDWHULDOV &RQIHUHQRRDA$ERGIUHVV MRIQ ,/@WH L
als Processing, Laser Microprocessing and Nanomanufacturing. 2011. P. 1233. DOI
10.2351/1.5062208.

15.Dhjhe_\ > < Ibkdhjkdbc < | <Ze _\ J: Dhiezd H Zy tjhjlmgh\
klZzeebazpby ihc ~ ckl\b_f h”"bghggh]h ezZa_ jgadhfbdijmighkEZ"XoZfhjn
BU'\)H&R % Nbabdz 120pth]h | 82K 11054114.

16. Xu Y., Wang R., Ma S. et al. Theoretical analysis and simulation of pulsed latbeg bédante-
face // Journal of Applied Physics. 2018. Vol. 123. P. 025301. DOI: 10.1063/1.5008963.

17. Croat J., Chraply A.R., Herbst J.F. Crystallization of amorphous Pr0.27C00.73: Magnetie prope
ties and laser induced coercivity // Applied Physics Letters. 1980. Vol. 37. P. 962. URL:
http://dx.doi.org/10.1063/1.91777.

18. Molian R., Molian P. Pulsed laser deposition and annealing éféX thin films on melt-spun
Nd #e B ribbons for improved magnetic performance // Journal of Magnetism and Malgtaetic
terials. 2009. Vol. 321. No. 4. P. 2£46. DOI: 10.1016/j.jmmm.

19. Fhjlmghy.,, DhieZHi<, LZeZgp.», Dhjhe>\<, Ibkdhjkdbk, <Ze_J\.

N _ghf_ghehibly eviZz]gblgh]hokl_j_ _abkzZfgh]l]hkehcgiodjhijh\BE®
.-Fe/DyPrFeCoB /Lim~aB:F 7 (79). K1 08. URL http://viam-works.ru (* Z | B[
jZs _g:d¢.10.2021). DOI: 10.18577/2307-6046-2019-0-7-67-75.

20. DhieZt<, DmgbpWwg, <Ze_J\. Dhjhe>\<, Ibkdhjkddk, Fhj]mghy.
N _jjhfZ]gbldgbdjhijh\h/Ee/(PrDy)(FeCo)BMeyfbdjhfZgbimeyhijihédbf_j

guodhfihablhLjm~«B:F 2019. < K1 URL: http://viam-worksu (~Z1Z
h[jZs_gby DOI: 10.18577/2307-6046-2019-0-11-60-67.

21. Dhjhe_\ > < Klheygdh\ X < Ibkdhjkdbc < | <Ze_ _\hjp ;Zof
dzg < DhiezZzd H < Fhjlmgh\ J ; FZ]gblgu_ k\hckI\NZbuljithiehkh\u_ ~’
ehkdZo 3U'\)H&R % ‘\bZpbhggu_ fZblbZeu 3x6K).dg 8 hURL:

https://journal.viam.rut Z|BE[jZs g bly10.2021). DOI10.18577/27131932021-0-3-86-93.

22. Gerrits Th., Van den Berg M.H.A., Hohlfeld J. et al. Ultrafast precessional rizagioetreversal
by picosecond magnetic field pulse shaping // Nature. 2002. Vol. 418. Br1509

23. Mangin S., Gottwald M., Lambert C.-H. et al. Engineered materials for all-ojtadizity-
dependent magnetic switching // Nature Materials. 2014. Vol. 13. No. 3. PRZB6DOI:
10.1038/nmat3864.

24. Xu Y., Hehn M., Zhao W. et al. From single to multiple pulse all-optical switching in GdFeCo thin
films // Physics Review B. 2019. Vol. 100. P. 064424.

25. H\qZj_gdh K < Ydmr_gdh\D | H BevbgD G : Jj_&mb amzK_f_g
Fbrbgz ? > K\_jo[ukljh_ i_j_dexq_gb_ fZ]gblgh]hbibkldyfgby fkij_»
k_dmg”guf bfimevkhf eZa_jgh]h baemqg_gbybahbdZgflddae'd hktHRf_|2N
eh\_"_@019.L Q. K 899004.

26. Kalashnikova A.M., Kozub V.l. Exchange scattering as the driving force fafagtrall-optical
and biaszontrolled reversal in ferrimagnetic metallic structures // Physics Review BG. 201
Vol. 93. P. 054424.
27. Shelukhin L.A., Pertsev N.A., Scherbakov A.V. et al. Laser-Induced Magnetization Predessio
Individual Magnetoelastic Domains of a Multiferroic fFee,0B.y/BaTiO; Composite // Physical
Review Applied. 2020. Vol. 14. P. 034061.
28. Ellis O.A.M., Fullerton E.E., Chantrell R.W. All-optical switching in granularrdmagnets
caused by magnetic circular dichroism // Scientific Reports. 2016. Vol. 6. P. 30522.
29. Davies C.S., Janssen T., Mentink J.H. et al. Pathways for Single-Shot AlllGwitehing of
Magnetization in Ferrimagnets // Physical Review Applied. 2002. Vol. 13. P. 024064.
30. Wang C., Liu Y. Ultrafast optical manipulation of magnetic order in ferrogtagmaterials //
Nano Convergence. 2020. Vol. 7. P. 35. DOI: 10.1186/s40580-020-00246-3.

31. ChuK., Jin Z .Q., Chakka V.M., Liu J.P. Rapid magnetic hardening by rapid thermal annealing in
NdFeB-based nanocomposites // Journal of Physics D: Applied Physics. 2005. Vol. 38. No. 22.
P.4009#4014.

88 b 6 680670 TRUDY VIAM 3 (109) 2022


http://viam-works.ru/ru/articles?year=2019&num=7
http://viam-works.ru/ru/articles?year=2019&num=7
https://journal.viam.ru/en/archive/2021/3
http://dx.doi.org/10.18577/2713-0193-2021-0-3-86-93

32.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kolb T., Huber F., Akbulut B. et al. Laser Beam Melting of NdFeB for tloelymtion of
rare-earth magnets // 2016 6th International Electric Drives Production Confd&&ife€), 2016.
P.34#40. DOI: 10.1109/EDPC.2016.7851311.

References

Korolev D.V., Piskorskii V.P., Valeev R.A., Bak-radze M.M., Dvoretskaya E.V., Koplak,O
Morgunov R.B. Rare-earth REM 8B micromagnets engineering (review). Aviation materials and
technology, 2021, no. 1 (62). paper no. 05. Available at: http://www.journal.viamgceasésd:
October 11, 2021). DOI: 10.18577/2713-0193-2021-0-1-44-60.
.DEORY (1 ,QQRYDWLYH GHYHORSPHQWWHRDQ b BDVOIOREO R b €86 N
directions of the development of materials and technologies of their procassthg period until

a Aviacionnye materialy i tehnologii, 2015, no. 1 (34), pE83 DOI: 10.18577/2071-9140-
2015-0-1-3-33.

. Kablov E.N. New generation materials and digital technologies for their proce¥sstgik R®-

siyskoy akademii nauk, 2020, vol. 90, no. 4, pp. 831.

Kablov E.N. Russia Needs New Generation Materials. Redkiye zemli, 2014, no. 3.pp. 8

% | X H U Qader' Processing and Chemistr{. éd. Berlin, Heidelberg: Springer-Verlag, 2011,

p. 12. DOI: 10.1007/978-3-642-17613-5_1.

Palneedi H., Park J. H., Maurya D. et al. Laser Irradiation of Metal Oxishs Bind Nanostructure
Applications and Advances. Advanced Materials Review, 2018, £38. 1

Yap C.Y., Chua C.K., Dong Z.L. et al. Review of selective laser melting Matenal applia-

tions. Applied Physics ReviewsFocused Review, 2015, vol. 2, pp21.

Sridharan N., Cakmak E., List F.A. et al. Rationalization of solidification mechanifidid e B
magnets during laser directed-energy deposition. Journal of Material ScRok® vol. 53,

pp. 86198626.

Huber C., SepehrBPLQ + *RHUWOHU 0 HW DO KRHUFIOCLWHUHQLK@W ¢
NdFeB magnets by grain boundary infiltration. Acta Materialia, 2019, vol. Jj7B67.

PergR ( $ -DFLPRYLF - *DUFtD )HUUp ) DFMKHWULQJIOR IRGBIAQH W H
terials. Additive Manufacturing, 2019, va@0, jj. 148.

Chaudhary V., Mantri S.A., Ramanujan R.V., Banerjee R. Additive Manufacturing of Magnet
Materials. Progress in Materials Science, 2020, vol. 1141 81.

Bittner F., Thielsch J., Drossell W. Laser powder bed fusion ofBiB permanent magnets.
Progress in Additive Manufacturing, 2020, vol. 5, no. 3, pf. DOI: 10.1007/s40964-020-
00117-7.

Volegov A.S., Andreev S.V., Selezneva N.V. et al. Additive manufacturing of heasyearth

free high-coercivity. Acta Materialia, 2020, vol. 18§, 733&39.

+RSNLQVRQ ' &RFNEXUQ $ 29Y1HLOO : )LEHDU®DMBUWHK R HHR
magnetic materials. Conference: ICALEQO011: 30th International Congress on Laser Materials
Processing, Laser Microprocessing and Nanomanufacturing, 2011, pp. 1233. DOI:
10.2351/1.5062208.

Korolev D.V., Piskorsky V.P., Valeev R.A., Koplak O.V., Morgunov R.B. Local crystaitizat
under the action of a single laser pulse in amorphous PrDyFeCoB microwirea. tizi#togo é-

la, 2021, vol. 63, no. 8, pp. 116B114.

Xu Y., Wang R., Ma S. et al. Theoretical analysis and simulation of pulsed laseglednte-

face. Journal of Applied Physics, 2018, vol. 123, pp. 025301. DOI: 10.1063/1.5008963.

Croat J., Chraply A.R., Herbst J.F. Crystallization of amorphous Pr0.27Co00.73: Magnetie prope
ties and laser induced coercivity. Applied Physics Letters, 1980, vol. 37, pp. 962. DOI:
10.1063/1.91777.

Molian R., Molian P. Pulsed laser deposition and annealing aF&3¥B thin films on melt-spun

Nd #e B ribbons for improved magnetic performance. Journal of Magnetism and Malytadb-

rials, 2009, vol. 321, vol. 4, pp. 24346. DOI: 10.1016/j.jmmm.

Morgunov R.B., Koplak O.V., Talantsev A.D., Korolev D.V., Piskorskij V.P., Vale&k. Rhe
SKHQRPHQRORJ\ RI WKH PDJQHWLF K\VAMHRZEBMBPWFOCORSY LQ P
Trudy VIAM, 2019, no. 7 (79), paper no. 08. Available at: http://www.viam-worksacagssed:
October 11, 2021). DOI: 10.18577/2307-6046-2019-0-7-67-75.

p

0 8670 TRUDY VIAM 3(109) 2022 89



20.

21.

22.
23.

24.

25.

26.

27.

28.
29.
30.

31.

32.

Koplak O.V., Kunitsyna E.I., Valeev R.A., Korolev D.V., Piskorskii V.P., Morgunov R&ro-
PDJQHWLF P ERel(PRDY)(REE0YB for micromanipulators and polymer composites. Trudy
VIAM, 2019, no. 11 (83), paper no. 7. Available at: http://www.viam-works.ru (aedes3ctober

11, 2021). DOI: 10.18577/2307-6046-2019-0-11-60-67.

Korolev D.V., Stolyankov Yu.V., Piskorsky V.P., Valeev R.A., Bahmetiev M.V., Dvorez-
kaya E.V., Koplak O.V., Morgunov R.BAagnetic properties and magnetic strip domains in micro
stripes PrDyFeCoB. Aviation materials and technologies, 2021, no. 3 (64), paper no. 08. Available
at: http://www.journal.viam.ru (accessed: October 11, 2021). ). DIN8577/271819320210-
3-86-93.

Gerrits Th., Van den Berg M.H.A., Hohlfeld J. et al. Ultrafast precessional mzafiwtireversal

by picosecond magnetic field pulse shaping. Nature, 2002, vol. 418, p$1209

Mangin S., Gottwald M., Lambert C.-H. et al. Engineered materials for all-ogisladity-
dependent magnetic switching. Nature Materials, 2014, vol. 13, no. 3, ppR9286DOI:
10.1038/nmat3864.

Xu Y., Hehn M., Zhao W. et al. From single to multiple pulse all-optical switching in GdFeCo thin
films. Physics Review B, 2019, vol. 100, pp. 064424.

Ovcharenko S.V., Yakushenkova P.O., llyina N.A., Brekhova K.A., Semenova E.M., Vus
Ankhua, Mishina E.D. Ultrafast switching of the magnetic state of a medium mgla $&¢mto-
second laser pulse in DyFeCo films. Fizika metallov i metallovedéti#9, vol. 120, no. 9,

pp. 899904.

Kalashnikova A.M., Kozub V.l. Exchange scattering as the driving force fofadtrall-optical

and bias-controlled reversal in ferrimagnetic metallic structures. PhysiaaRByi2016, vol93,

pp. 054424.

Shelukhin L.A., Pertsev N.A., Scherbakov A.V. et al. Laser-Induced Magnetization Predession
Individual Magnetoelastic Domains of a Multiferroic &fee0B.y/BaTiO; Composite. Physical
Review Applied, 2020, vol. 14, pp. 034061.

Ellis O.A.M., Fullerton E.E., Chantrell R.W. All-optical switching in granularrderagnets
caused by magnetic circular dichroism. Scientific Reports, 2016, vol. 6, p. 30522.

Davies C.S., Janssen T., Mentink J.H. et al. Pathways for Single-Shot All{Cpaitehing of
Magnetization in Ferrimagnets. Physical Review Applied, 2002, vol. 13, p. 024064.

Wang C., Liu Y. Ultrafast optical manipulation of magnetic order in ferroratg materials.
Nano Convergence, 2020, vol. 7, p. 35. DOI: 10.1186/s40580-020-00246-3.

Chu K., Jin Z .Q., Chakka V.M., Liu J.P. Rapid magnetic hardening by rapidahammealing in
NdFeB-based nanocomposites. Journal of Physics D: Applied Physics, 2005, vol. 38, no. 22,
pp. 40094014.

Kolb T., Huber F., Akbulut B. et al. Laser Beam Melting of NdFeB for the pramuci rare-
earth magnets."6international Electric Drives Production Conference (EDPC), 2016, pg034
DOI: 10.1109/EDPC.2016.7851311.

BgnhjfZphyzZ\lhjZo

Fhijlmgh\ JhfzZzg ;hjbkh\BPogrsbcq
guc khljm~rgbd g*GBP ©DmjqZlIt
bgklbImI€Bx F admin@viam.ru

Dhjhe_\ >fbljbc <bdlhjhiZqgrb
gZmqguc khljmMmgbgd GBP ©DIn
kdbc bgklblmB?2Fadmin@viam.ru

<Ze_ _\ IJmkeZg :g\gpgtbegvgbdZe
Ilhjbb d,IGBP ©DmjgZlh\kdbc b
< B :F admin@viam.ru

Ibkdhjkdbc <Z~bf \b¢jlmzf_klibl
gZqZevghdzZ ezZ[hjZlhjbb ih gZr
©DmjgzZlh\kdbc bgklblmkB:F :
admin@viam.ru

Information about the authors

Roman B. Morgunov, Leading Researcher, Doct
of Sciences (Phys. & Math.)) 15& ©.XUF
Institute? £VIAM, admin@viam.ru

Dmitry V. Korolev, Senior Researcher, Doctor

Sciences (Phys. & Math.)15& ©.XUF K DO-W
W X WHAM tadmin@viam.ru

Ruslan A. Valeey Head of Laboratory, Candidal
of Sciences (Tech.)15& ©.XUFKDWRY

VIAM, admin@viam.ru

Vadim P. Piskorsky, Deputy Head of Laborator
of Science, Doctor of Sciences (Tech.L5& ®-.
chatov InstiW X WHAM radmin@viam.ru

KIZlvy ihklmibez \ j_~"Zdpbx jbotytB[p ogE[ebidZpbb ihke_ j_p_gabjh\Zgby
The article was submitted 15.12.2021; approved andgtextéor publication after reviewing 20.12.2021.

90

b 0 867G TRUDY VIAM 3 (109) 2022


http://dx.doi.org/10.18577/2713-0193-2021-0-3-86-93
http://dx.doi.org/10.18577/2713-0193-2021-0-3-86-93

GZmqgZy klZlvy

M>D
DOI: 10.18577/23060462022-0-391-101

<EBYGB? N:DLHJH< <G?RG?C KJ?>U G: 0:J:DL?JBKLBDB
:GLBNJBDPBHGGH=H HJ=:GHIE:KLBD: HJ==-HFHG :N

: Q DZg K DmezllbhzZ:xXihs N @ _¢é abgz

IN_~ _jzZevgh_ 1ThkmA~ZjkI\_ggh_ mgblZséh jhkik B¢ Kb b- g Ekeqdih\Z1 _evkdbec
bgklbiml Z\bZpbhgguo fZI_jbZeh\2 GzpbEd ZewighihhbkkegljZ ©DmjqZlh\kdbc bgklb
Fhkd\Z Jhddkin@viam.ru

:gghlZpbgkke_"~h\Zgh \ebygb_ debfZlbg_kdbo nzdlhjh\ \h”u b |
"brdhkl _c¢ gZ ijhqghklv kh_“bg_gby Zglbnjbdpbhggh]h hjl]Zgh
f_I1Zeebg_kdhc hkgh\hc MklIZgh\e_gh qlh khojZg_gamisagphklb ijb
:ND b ijhgghklb ijb hlkezZzb\Zgbb hjl]Zghiezklbdz hl f_IZeebqg_kdh
khklz\ey | 82 = ihke_ "ebl_evgh]h \ha”_ckl\by mdZaZgguo Kkj_
k\b_1I _evkl\m_|I h gz~ “ghklb kh_“~bg _gby Zglbnjbdpbhggh]h hj]Zg
f 1Zeebg_kdhc ih"eh dhc \ khklzZ\_ ly  _ehgZ]jm _gguo ifprbigbdh\ k¢
wdkiemzZIlZpbb \ mkeh\byo \ha”_ckl\by nzZdlhjh\ \g _rg_c kj_*"u

Dexg_\u_ keBbdbnjbdpbhggu_ hj]J]ZghieZklbdb debfZlbg_kdb_ n
ihArbigbdb kdhev'  _gby Z~]_aby

>ey pblbjh\zddg : Q DmeZ]lbgz = K :xih\ L J<el@ygé_ abmgdihmMN \g_rg_c
kj_~u gZ ozZjzdl_jbklbdb Zglbnjbdpbhlgda]Hjhdehgki&dNZkjm~u <B:F
< K 109. URL: http://www.viam-works.ru. DOI: 10.18577/2307-6@®220-3-91-101
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THE INFLUENCE OF ENVIRONMENTAL FACTORS
ON THE CHARACTERISTICS OF ANTIFRICTION
ORGANOPLASTY ORGALON AF-1M

ACh. Karl, G.S. Kulaging T.R. Ayupov, G.F. Zhelezin&

'Federal State Unitary Enterprig $-B@sian ScientificcHVHDUFK ,QVWLW XW HoRNat®¥dlDWLRQ 0DW
5HVHDUFK &HQWHU ©.MbasEovDRUSRIY, adghivi@iavd. uW H 2

Abstract. The influence of climatic factors, water and industrial fluids on trength of the
connection of antifriction organic plastics with a metal base is invéstigi was found that
the preservation of the shear strength of the binder AFK-101 and the stréwegtipeeling the
organic plastics from the metal substrate areB80% after prolonged exposure in these
environments, which indicates the reliability of the connection of thériation organic
plastics with the metal substrate in the composition of heavily loadéd Ipdarings during
operation under the influence of environmental factors.
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<\_"_gb_

H[_ki_g_gb_ gz~ _ "ghklb wdkiemZlZpbbyuokdkigkpjme#E\bZpbhg
h~rgh ba hkgh\guo Ij _[h\Zgbc ij_"tyley fuo d fa&l gbhdeZ§ Zgbyphbl
ljb jZajz[hld_ ihebf_jguo dhfihabpbhgguo fZl_ jbZelkbly_hfpoh"bfl
mklhcgb\hklv d \ha”_ckl\bx nzZdlhjh\ \g_rg_c k\eyu IKWIBkihpHe f
\Z'ghc "ey fZl_jbzZeh\ ij_~gZagZqg_gguo ”"“ey kbwa\ldoglh\_ IKklI\
dhgkljmdpBlc > %

Ly  _ehgZ]jm _ggu_ maeu |lj_gby kdhev _gby y\eykbky hkh[h
dhgkljmdlib\gufb we_f_glZfb \_jlhe_Ih\gbf kizlighhek yllkly [ aebqgh]h
jh~zZ rzZjgbju b ijb\h”u bkihevam_fu_ \ kbkl_fZdgmapgplebgby
e |Zl _evguo ZiizZjZgHhgkljmdpbyo kzZfmdhlhjb¥h”~u b rZjgbju jmey
\ha"mohaZzZ[hjgbdZ klZ[bebaZlhjZz aZdjuedZjWZ dpgdkeZ ileabhggbdb
b ~j <\ _jlhe IZo ly _ehgZ]jm _ggufb maeZfb |Ij _gby kdhev _gby
dj_ie_gby ~ _fin_jZ ehiZkl_c b \g_rg_c ih"\_kdb rZjgbhutklh _d rZ
jugZ]lZ b mijZ\e_gby rZ]hf jme .{AB) \bglZ b 7]

>ey dhgkljmdpbc jZ[hlZxsbo \ mkeh\byo Ij _ghgpbtp kdbkbkZz \.
ijh[e_fhc y\ey Iky h[_ki_q_gb_ jZ[hlhkihkh[ghklbdp alijbf_g_gb
mkeh\byo kmoh]h Ij_gby 1Zd dZd wlh ihal\heyaZlaflaqllZ ewvah
bal]hlh\e _gb_ b wdkie3hzZlZpbx > %

< fZrbghkljh_gbb rbjhdh bkihevam _|ky kzfhkfzZau
Zglbnjbdpbhgguc fZl fiblZeeknlhjhiezZkl dhlhjuc ij_"klzZ\ey | |
klZevgmx hkgh\m k gZg_k_gguf ihjbkluf keh_f [jhfgdauhljlmesbghc
f 1ZeeZ aZiheg_gu nlhjhiezZklhf kh” j Zsbf "bkmevnbl
h]_ki_gb\zZxsbf jZ[hlhkihkh[ghklv maeZ |j gbgy[ Zd bfizaddg >c @
| _ogbdb ijbf_g_gb_ Zglbnjbdpbhggh]h f_IZeehmhprmi2Zk]E h]jZ
g _[hevrh]lh j_kmjkZ ijb \ukhdbo gZ]jmadzZo dblhgbhglgt\ jhaelky
lj _gby kdhev'  _gby

>ey Z\bZpbhgghc | _ogbdb jZajzZ[hlZg b rbjhdh g *j_ g Zc
hjl]ZghieZklbd fzZjdb Hj}Zhgij :NklZ\eyxsbc kh[hc Ihgdhkehcg
dhfihabpbhgguc fZIl_jbZe Zjfbjh\Zgguc IdZgvxcba jifiogimksjgyo gbl
ldZgv kdhgkljmbjh\ZgZ ba ~\mo |Ibih\ ihebf_ jguguogbh c if
ihebl _ljZnlhjwlbe gh\uo Ilhebbfhoagruegyghlb Zjfbjmxs_c¢ 1dzZghb
nmgdpbx kbeh\h]h dZjdzZkZz ihebl _ljzZnlijjwbZzeaghdugu ey
h] _ki_g_gby gbadh]h dhwnnbpb_glZ Ij_gby ijb hlkmlkl\bb kfZadb

< khklz\_ Zglbnjbdpbhgghlh hjl]ZghiezZklbdZ bkmddMam _ Iky

k\yvamxs__-:ND h[_ki_gb\Zxs__ fhgheblghklv ihebf _jgh]l]h dhfiha
Z"] _abhggh_kh_"bg _gb_k f IZeebg_kdhc hkgh\hc
Hkgh\gu_ | ogbqg_kdb _ o0ZjzZd!l_jbklbdb HijjJ]JZghdge ZklIbc

:N- F ke_"mxsb _

tdhwnnbpb_gl |j_®Wdg; +

tij N evgZy gZ]jmahggZy kihkRk]Jghklv %

+ij " evgZy kdhjhklv i_j f s gby khijy ' _ggub kh\_joghkl_c

tijhgghklv ijb hlkezZb\zZgbb hl f_lIZeebq_kdhc ih”"eh db g_j -
IblZgh\uc kiez\ dhgkljmdpbhg@ZlyGktZev +

Maeu |j_gby gZ hkgh\_ Zglbnjbdpbhggh]h hj]l]ZghkeZklbdZ

hlebqzZxlky \ukhdhc klZ[bevghklvx Ijb[heh]bq_kdhwnrobkZgBdgljbkl
lj_gby ijzdlbg_kdb g_ baf_gy_Iky ~h ihegh]lh balghkzZz hj]z
wdkiemzZlZpbb ih~rbigbdh\ hlkmlklI\m_HpZghkedkgbjd AZehg : N
g_ \uvuaulZ_|I| dhjjhabb klZze_c¢c O G Lbmgb_ O0OuK:b Kelxigie\d\d\
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J_kmjk ih~rbigbdh\ k bkihevah\zZgb _f Zd&ljBh 5 gthd e B k bbgdh h\ +
jZaZ [hevr_ q_f k f_IZeehnlhjhiezZklhf > @

lhemnZ[jbdZIhf Zglbnjbdpbhgghlh hj]ZghieZklbdz
'N- F yl\ey Iky ij_ij_] balhlz\eb\Z fuc iml_f ijhibldbb Zjfbjmx:s
jZkI\hjhf k\yamxs_Jh 1j_ij_] bf__1 ~ebl_evgmx “bamg> kihkh[gh

oheh”bevgbd_ ijb |_fi_jZImj_ fgK [GEg_k_gb_  Zglbnjbdpbhgog
hjlZghieZklbdZz gZ f IZeebqg_kdmx hkgh\m hkms _ kl\ey |l
| _ogheh]lbg_kdbfb kihkh[Zfb Z\lhdez\gh_  nhjfh\Zgb__ ijyfh_
nhjfh\Zzgb_ \ hkgzkld_ \ ijhp_kk_ dhlhjuo h~gh\] jf*ggb _ijhbko
hjl]ZghiezZzklbdzZ b _]1h zZz~] _abhggh_ kh_"bg_gb_k f_IZeebq_kdhc

:glbnjbdpbhgguc hj]l]ZghiezZklbd -HF]Zghdhf:§*"h\Zg ~"ey
ijbf _g_gby g_ Ihevdh ”"ey ba]lhlhle_gby ly _ehgZxxmbogguo kZ
maeh\ |j _gby kdhev'  _gby gh b “ey adbsjhhabil ahgllbdgllbjmxsbo
ih\_joghkl_c f_IZeeh\ ghfbgZevgh g _ih"\b'guo dtevbkiulu\Zxs
i_jbh~bg_kdb_ hlghkbl_evgu_ i_j_f_s_gby ZflZlhdabjmnxstp lbl\_ ]
Zglbnjbdpbhgguo ijhdezZz”hd \ jZaebqguo f_oZgbafZo b Z]j_]1ZlZo

Ly ehgZ]jm _ggu_ maeu I|lj_gby k bkihevah\agb f Zgl
hjl]ZghiezZklbdZ Hj}zetbd :Nky \ dhgkljmdpbyo ijZdlbg_kdb \k_o jh
\_jlhe_Ih\ k_jbc DzZ kbhgkljmdpbyo kzZfhe_ Ih\ k_f_ckI\ Lm b
bkihevah\zZgb_f fzZl_jbzZez -Hf]zZedaljdlhNe_gu \Imedb \ djhgrl_cg
hldehg _gby Ily]l]b \Imedb \ mijZ\e _gbb aZdjuedzZflb kBkdbfu Zfhjll
m[bjZgby ghkh\h]h b hkgh\gh]h rZkkb b *j

GZdhie_gguc hiul wdkiemZIlZpbb ihdZzaZe Wwkjbdmg wghbhy dib)
Zglbnjbdpbhggh]h hjlJZzghiezZklbdZF Hy]4dghgehidN\Z]jm _gguo maeZ
lj _gby Z\bZpbhgguo dhgkljmdpbc ih\ur_gb_ \ \b guda j_km
kh_"bg_gbc b bo gzZz”~_"ghklb \ mkeh\byo ihlNur ggdghbkbhEZigghggl
\Z'gh \ dhgkljmdpbyo \_jlhe_Ih\ Ijbf_g-dgbihHjh2eghyLXhdjzZIblv
\j_fy b azljzlu gZ |_ogbq_kdh_ h[kem b\zZgrblv bdhethglkl\hf_g
N I1Ze_c f_lZeeh_fdhklb b ]Z[Zjblh\ ih~rbigbdh\

<Z guf \hijhkhf ~ey h[_ki_q_gby gzZ”~_ "“ghklbrbwglkiddmzZIZpbl
kdhev  _gby \ khklz\_ Z\bZpbhgghc |_ogbdb yWedl ljilbbkltkchojZg.
Zglbnjbdpbhggh]h hjl]Zghiezklbdz ijb \ha”_ckb\bbhZdlhj@X]hijb)
\g rg kj_~u Zlfhkn_jghc \eZ]b | _ogbg_kdbo "brdhkl_c b ]

Ba\_klgh glh ijb  \ha”_ckl\bb \g_rgbo nzZdlhjh\ gz
dhfihabpbhggu_ fZl _jbZeu \hafh gu ih]Jehs _gb_ \edylu baf_ g
gZjmr_gb_ Z~] _abhgguo k\lya _c¢c b ~jm]b_ ujhpekki|blg\ hickh¥ mgg
klZj _gbx ihebf_ jn3.> +

P_ev "Zgghc jdbldrhug zgb_ \ebygby debfZlbg_kdbo nZdlhjh\ b
| _ogbq_kdbo "brdhkl_c gZ k\hckl\Z Zjgdghitedgddbdghfhizrehg : N
< klzZlv_ ijb\_~_gu k\_~_gby h ozZjzddpbhkbphijhzghibAakdbdZ ihke_
| jfhb | _ieh\eZz ghklgh]lh klZj _gby ”"ebl_evghc \u~rqjkddbada \h~"_
"brdhklyo

FZI_jbzZeu b f_Ih”u
H[t _dIZfb bkke ~h\Zgby yleyxlky Zglbnjbdpbhggu _ ih
hj]Zghiezklbdh\ Hjl]Zefhg N Hj]Zehg- EN hlebqzZxsb_ky
Ilhesbghc >ey ba]lhlh\e _gby Zglbnjbdpbhgguo hj]jZghniezZklbd
n_ghenhjfZzev”®_Jbrgh_ fh”bnbpbjh\Zggh_ gbljbevmpus__dZmgm
'ND b Zjfbjmxsb_ IdZgb Zjlibdmeh\ -79.
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Ba]lhlh\e_gb_ hj]J]ZghieZklbdZ MHjhkemhg kINeyeb \ ~\Z wlZiZ
ijhibldz IdzZgb gZ mklZgh\d_b ENMhjfh\Zgb_ hj]ZghieZklbdZ
f 1Zeebq_kdhc ih*eh d_ \ ij_kk_ \ khhI\_IkhihBek gbyhhlpjddecp b\a]
ih L M595-11-3912006.

>ey ZgZebaZ \ebygby nzdlhjh\ \g_rg_c¢ kj_NudglZhggihdhkl\Z Z
fZl_jbzZeZ ijh\h~"beb wdkihabpbx h[jZaph\ \ jZaebqguo mkeh\byo

+dZf _jZ ljhibg_kdh]h #Hepbf@ébq_kdbc j_"bf bkiulZgbc q
| fi_jZImj 5fK b \eZ ghklb q ijb |_fi_jZIm§fK b \ezZ ghklb
100 qijb |_fi jZInGfK b \eZ ghkdb

+dZf _jZ khe \h]h [@KZwe& ¢®6-ghlh jZkINajZ \j fy jZkiue gby
3fbg i_jbhrbqghklv jZkiue_gby fbg | _fi fKmjz \ dzf_j_
+|_jfbq_kdh_ klZj _gb_ ijb |_fi_jZfKjZo b
+\h~zZ [_gabg d_jhkbg kbgl Ilbg_kdh_ b fbg jzZjeMgt_ fzZkel

23" fK

F_oZgbqg_kdb_ bkiulZgby Zglbnjbdpbhgguo hj]j]ZglygiZZklbdh
bkiulzZl _evguo fZrbgZo LbjBEISk® \ khhI\_Ikl\bb k =HKL + b
H K 119031583.

J amevlZlu b h[km *_gb_

ljb wdkiemzlZpbb Iy _ehgZ]jm _gguo ih~rbigbdiph kdhev
h[_ki_qgqblv gZz~_“gh_ kp_ie_gb_ Zglbnjbdpbhdkgh]lhZbgllzghkdBE& b
hkgh\hc \ Ihf gbke_ ijb \ha”_ckl\bb ih\ur_gguljH\ figjZgmg b nZz
kj_~u ljhgghklv kh_"~bg_gby Zglbnjbdpbhggh]lhZlejdE&f{ hi2\bkilbld Z
hl mjh\gy Z~]_abb hI\_j"~ _ggh]lh ihebf_jgh]h kdyfamkeebhly _:iINdhc
ihreh d_ hl ijhgghklb kzZfhc ihebf_jghc fZljbpu pmxsb#Z”"] _abb
ihebf_jguf \hehdgzf

>ey hp_gdb Z~] _abhgghc ijhgghklb ihebf_ jghc kfZljbpu
f_ 1Zeebq_kdhc ih*eh dhc hij_~_eyeb ij_~_e ijhqghklb_ijb f_"k
h[jZzaph\ de__\h]h kh_"~bg_gby f_IZeebq_kdbo 4qZklbg de _dhlhj
bkihevah\Zeb k\yamxs__>eNDdhfie_dkghc hp_gdb ijhqghklb kh_
Zglbnjbdpbhggh]h hjl]ZghiezZzklbdzZ k f_IZeebqg_kdhichqgh&hbdhc Kk
ihebf_jghc fZljbpu b __ \azbfh”_ckl\by k ZjflhjmxgbfbeyredohdgZz
ijhgghklv ijb hlkezZzb\Zgbb kehy Zglbnjbdpbhggh]h hj]ZghieZklbdz

< 1ZJe + ijb\_~_gu ~Zggu_ h \ebygbb jZaebphlugunzZdlhjh
\eZ ghklb kj_~u gZ ijhgghklv ijb k" \b]_ de _uihelyp_ &dhtog_ gt
k\yamxsbf 10D

Dzd \b~rgh ba ~"Zgguo IZ]e ij_ ™ e ijhgghklmxigb]&k™\b]_ -
ND aZ\bkbl hl 1Ibiz f_lIZeebg_kdhc ih”eh'db ijb kde_b’
g _j Z\_xsbeb dhgkljmdpbhgghc agzZq_gby ij_~ eZ ijhmgghklb ijb
g_f ijb kde_b\Zgbb IblZgh\uo kiez\h\

LZ[ebpZ
lj_~ e ijhgghklb ijb k*\b]_ k\yam204 ]h :ND
\ aZ\bkbfhklb hl IbiZ kde _b\Z fuo f |Zeebq _kdbo kieZ\h\

FZl_jbze ih~eh™d Ij_~_e ijhgghklb ijb k*\b]_ FI1Z
G_j Z\_xsZy klzZev 22,6
DhgkljmdpbhggZy kil 23,9
LblZgh\u_ kieZzZ\u 11,9
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Ba\_klgh qlh de_yf dzZd ihebf_jguf dhfihabpbhgldufdgg@Z jbze
aZ\bkbfhklv f_ozZgbqg_kdbo oZzZjzdl_jbklbd ifph"hefibljZdwmg t k Iib
gZ]j_ \Z > @ DZd ihdZazZgh \ IZ[e -10mglk\lexhXsIKhn KD _gb _
ijhgghklb ijb k~™\b]_ k A h FIZ ijb ih\ur_gbb I"Hi_jZImju
+200 fK Ijb I _fi_jzZImfKijhgghklv ijb k*\b]_ khojzZgy_ |ky llZ mjh\g_
agZq_gby ijb dhfgzZlghc |I_fi_jZImj_

LZ[ebpZ
i ~ e ijhqghklb ijb kA\b] de \h]h kkl02bg gby :ND
. . Ij A~ e ijhqghklb ijb kKA\b]_ F1Zz ijb | _fi_jzZiK

N
FZl_jbZe ih%e 60 20 60 80 120 | 150 | 200
KIZev O G 20.6 226 | 216 | 211 | 177 | 158 | 108

< 1ZJe ijb\_"~ gu ~Zggu_ h[ baf_g_gbb ij_k~e ijhgghklb
k\yamxs_]h-:NDjb ~ebl_evghf \ha”_ckl\bb ih\ur_gguo | _fi_jZImj
ijb fK\ I _gq_gb_ g g_ \eby | gZ agZq_gb_ ij_"\®]Z ijhgghl
k\yamxs_]h-:NDIjb gzZ]j_\_ ijb I_fi_jZfMjl q_gb_ g ijhbkoh”bl
kgb™ _gb_ ijhgghklb ~h nhjlhbgkph”~gh]lh agZq_gby

LZ[ebpZ
Ij ~ e ijhqgghklb ijb k"\b] de_ \h]h kh "bbkgbyl :NBklZj gby

lj_~_ elhqghklb ijb kMblijbFILAi_jZInfjK
: : . 70 \ 200
N
zl_jbze ih~eh az \]_fy wdkihabpbb g
300 500 1000 25 75 150
KlZev O G L 21,4 22,9 21,6 11,9 8,4 4,3

ljb bkihevah\Zgbb klyamxs _\hjhRWB\h~kI\_ ih~rbigbdh\ \Z guf
yley_Iky \hafh‘ghklv _]h ~ebl_evgh]lh o0jZg_gbyh < IZpe gb_ihdZ:
12f _k \u”_j db k\yamxs ]h |j|‘ﬂ>DdhngIghc | fi_jZImj_ g_ ijhbkoh

kms_kI\_ggh]h baf_g _gby ij_~ _eZ ijhgdkeklbhjb kh\bBlbg _gby gZ
hkgh\_

LZ[ebpZ
lj_~_e ijhgqghklb ijb kA"\b]_ k\yamd0&_]h :ND
\ aZ\bkbfhklb hl kjhdZ _]1h ojZg_gby ijb dhfgZlighc |I_fi_jZImj_

. A . Ilj ~ e ijhqghklb Ijb k"\b] FlzZz az \j_
Fzl_jbze ih"eh d—\ 7 b N ght khkl 6 8 12
KiZev O G L 22,6 20,7 516 | 19,6 | 20,6

H~rgbf ba Ij_[h\Zgbc ij_~ty\ley fuo d fZI|_jbZwykfljm\dEZipdhggu
yley Iky klhcdhklv d jZaebgguf | _ogbq_kdbf hlbrd hikilxfZldhIihgu
N 1Zeb \ ijhp_kk_ wdkiemzZlZpbb Z 1Zd _ vkilukiddhKlmjkhog¥gy
k\hckl\ ihke_\ha” _ckl\by nZdlhjh\ \g_rg_c kj_~u > @

GZ jbk b \IZ[e ijb\_"* _gu j_amevlZlu bWke "lMiZzdph¥ \eby
b kfzahqguo "b~dhkl_c Z 1Zd° _ mkeh\bc bdblbjmxfsigadhjhibq_
debfzl gZ ij_~_e ijhgghklb ijb k~\b] _-k\yawkdZ glihhe Ndh qglh ihke_

f k wdkihabpbb \ "Zgguo kj_"Zo khojZgZgihhgadXgb gjpoc kif\B]
k\yamxs _]h-:NXhklzZ\ey | hl %."h
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o] —+—BeH3uH
o < ——KepocHH
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< o —i— CHHTETHYECKOE MAacio
_,I — =—&—MuHHepaIbHOE Macuo
0 20 40 60 80 100
lih~"he bl _evghklv wdkihabpbb kml
Jbk <ebygb_kj_~u gZ ij_"_e ijhqghklb ipb:NDb]_ fXhygnzes ]

ihf"eh dlg #°Z\_xsZy kizZev

LZ[ebpZ
i _~ e ijhgqghklb ijb k"\b]_ k\yam0g& ]h :ND
\ aZ\bkbfhklb hl mkeh\bc bfblbjmxsbo Ijhibg_kdbc b fhjkdhc deb

_ lj_~ e ijhqghklb ijb k~\b]_ FI1Z
FZIl_jbZe aZXj fy wdkihabpbb \ dzf_j_Ijhibdh\ f
ih"eh db

\ bkoh”~ghf khklh] 1 2 6

Klzev ; G 22,6 16,9 14,9 14,8

Ke ~m_1| hif _Iblv qglh ijb bkiulZgbyo de__\h]h ggh]hbg gb"
k\yamxsbf :ND dzZzd \ bkoh~ghf khklhygbb 1Zd b ihke_ \ha”_ckl
\g rgbo nzdlhjh\ \h”u | ogbg_kdbo "b~rdhklnZdldegbfzZzlbqg |
jZajmr_gb_ h[jZaph\ ghkbl dh]_abhgguc oZjZjdlbims$_Kkl\ iggikoh”"
ih kehx ihebf_jghc fZljbpu

Lzdbf h[jZzahf ijh\_"~_ggu_ bkke_~h\Zgby ihdzZazi®b, qglh k\y
bkihevam_fh_ \ khklz\_ kZfhkfZaulZxs_]hky Zglltbirejbdkllbhizggh]
Hjl]Zehg-:N o0ZjzZdl_jbam_I|ky \ukhdhc Z~] _abhgghc kihkh[ghklvx
f 1Zeebq_kdbf kiez\zZf b bf__| \ukhdmx kVbx dhZdVvhgh\h\a® rgk c
kj_~u KhojZg_gb_ agZg_gbc ij_~_eZ ijhqglkellb 82 kih\kgd_ khklZ\
wdkihabpbb \ \h”"_ b | _ogbg_kdbo “bhdehklyo” bj db \ dzf_j_
ljhibg_kdh]h debfzlz

Ba\ _klgh &Nhckl\Z ihebf _jguo dhfihabpbhgguo fZl jbz
agZgbl _evghc kl_i_gb az\bkyl hl \azZbfh”_ckjf\tbjymxis\yfdomxs _]h
\hehdgzfb b khklhygby ]jZgbpu jZa”_eZ ©\h®hdghtk\l\yamxs_ 2 >

< kljmdImj_ Zglbnjbdpbhggh]lh hj]ZghiezZklbohZj_gobkmlkl\m
liZgbpu jZa”_ezZ dhfihg_glh\ ©k\yamxs__*ihebbfbrmglk_ Yhehdgt
ihebl_ljZznlhjwlbe_gh\h_ \hehdgh?® GZebgb_ ZjfbjmxZad \@d2hdhg
f "~"m \hehdgZfb b ihebf_jghc fZljbp_c kihkhkbu gpghZavébhwgtlkims
gZ ih\_~_gb_ dhfihabpbhggh]h fZl_jbZezZ ijlg_\k@bocgl\]jmahao g !
nZdlhjh\ \g_rg_c kj_"u

>ey hp_gdb \ebygby Zjfbjmxsbo \hehdhg gZ ijhqghklv
Zglbnjbdpbhggh]h hjl]ZghieZklbdzZ k f_IZeebq_kdhu Zgdgyh\chZ ijh\t
hlkezZzb\Zgb_ hj]J]ZghieZklbdZ hl f _IZeebg_kdhc ith*"@lZ dbk> @ <
ihdZaZgu bkoh”~gu_ agZq_gby ijhgghklb ijb hlkbgdghilgbb Z
hjlJZghiezZzklbdZ hl f _|1ZeeZ b mjh\_gv khojZg glhyihkkhc o0Zj:
\ha”_ckl\by \h”u Ilhieb\Z b fZkeZz
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LZ[ebpZz
ljhgghklv ijb hlkezZzb\Zgbb Zglbnjbdpbhgghlh hjl]ZghiezZklbdZ Hj]l]Zeh;
hl f IZeebq_kdhc hkgh\u

. : . lijhgghklv ijb hlkeZb\Zgbb G f ”“ey h
A
Fzl_jbze ihheh d— 07 hg- K260 HilZehg- K500

G _j Z\ _xsZy klZev 0,2196,29 0,199,21
DhgkljmdpbhggZy klZ 0,229,31 0,200,22
LblZgh\u_ kieZ\u 0,159,17 0,119€,17
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ljh~he bl_evghklv wdkihabpbb kml
Jbk <ebygb_ kj_~u gZ hklZlhgqgmx ijhgghklv ijophbhhigghhhZzgbb
hjlZghiezZklbdZ Hj}zZrethd fNIZeebqg_kdhc ih*eh db ba g_j Z\_xs_c¢ klZeb
GZ jbk ij_"klz\e _g mjh\_gv khojZg _gby ijhmhhkke ijb hlk
\ha”_ckl\by nzZdlhjh\ \g_rgmkekj\bas bfblbjmxsbo Ijhibg_kdbc deb
c:%; 120
SN
';,ﬁ . == KlZev (O ¢
§§ 80 - =f— KieZ\ :D
NS —
T2 60 . . . .
- 0 2 4 6 8
ljh~he bl_evghklv wdkihabpbb f_k
Jbk <ebygb_ ljhibg_kdhc kj_"u gZ ijhqgghklvnnjjdpdhggblEgbb
hj]ZghiezZklbdzZ Hj}zZzreihd tNIZeebqg_kdhc ih*eh db
GZ |jbk ij_"klz\e_g mjh\_gv khojZg_gby whke_ozZjzdl.
\ha” _ckl\by dzZf_ju khe _\h]h Imfzgz
o8 120
- o
>~§ 100
o —e— KlZev 0O <
oo 80 .
£ x —— KieZzZ\ :D
EJ: 60 -
X O
Ju — 40 ‘ ‘ ‘ ‘
0 2 4 6 8
ljh~"he bl_evghklv wdkihabpbb f_Kk
Jbk <ebygb_ dzZf_ju khe_\h]h ImfZgZ gz ijh@ghikihybidp bhigeZ]d\Z gLk

hj]ZghieZklbdZ Hj}Zrthd tNIZeebq_kdhc ih~eh db
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MklZgh\e _gh qlh gZb[hevr__ kgb _gb_ agZqg_gbb ij_"_e:
hlkezb\Zgbb Zglbnjbdpbhggh]h hjljZghieZklbdzZz hl db lZeebq
gZ[ex"Z_|ky ihke_ \u”~_j'db \ dzf_j_ khe_\h]h I&iffzggZy ijb w
ijhgghklv ijb hlkeZb\Zgbb khkikK&ey\u”™ _j db \ | _d_kb_

GZ jbk ijb\_~_gu j_amevlZlu ihdZau\Zxsb.ijmjghkgly khojz
de__\h]h kh_"~bg_-gby b:Nipbhqghklb ijb hlkezZb\Zgbb Zglbnjbdpb
hjl]ZzghiezklbdzZ hl f_IZeebg_kdhc ih”*eh db ihke_ naadthjbkl\by |z
\h~"Z Ihieb\h IzZfkepZzZlmjZz khe_\hc ImfZg MklZgh\le _gh qlh ij
Zglbnjbdpbhgghf hjl]ZghieZklbd_ ihebf_ jguo \henhgslhigi\ggghdlzau\
\ebygby gZ baf_g _gb_ ijhqghklb kh_"bg _gby baglZghkdBE&lbdZ
ihr"eh dhc Mjh\_gv khojZg_gby agigqglh&lbj ifbehlkeZb\Zgbb
hjl]Zghiezklbdz hl f_|ZeeZ khklZ\eyihlkénl “ebh_evgh]h \ha”_ckl\l
Z]lj_kkb\guo kj_"~ qlh k\b”_ I _evkl\m_I| hpgZavdKiemkZbZpt hglmgdh cgby
Zglbnjbdpbhggh]h hjl]ZghiezZklbdZz k f 1Zeebqg_kdhc  hkgh\l
ly" _ehgZ]jm _gguo ih~rbigbdh\ kdhev' _gby ijb \h&ag rdklicbb nZc
kj_"u
90
80 |
70
60
50
40
30

20
10

Mjh\_gv khojZg_gby ijhqg

<hn~Zz ;_gabg D_jhkbg - KbghdbjZevLjhibqg_kd.
q_kdh_fzZkghfzkeh Kji_"Z
Jbk KhojZg _gb_ ijhqghklb ijb kM\b] -1\yambsijfhggihNKb ijb
hlkezZb\Zgbb Zglbnjbdpbhggh]h hj]jZghieZkFbdZ Hlj]JZehheebNgy _kdhc
ih"eh db ihke_\ha”_ckl\by jZaebgguo nZdlhjh\

AZdexq_gby

WdkiemzZlZpbhggZy gzZz~_"ghklv Iy _ehgZ]jmdhgeyuogithy*nbigbc
agZgbl _evghc Kkl_i_gb azZ\bkbl hl ijhgghklb d&hbMdghldhby Z
hjl]Zzghiezklbdz k f_lIZeebqg_kdhc hkgh\hc b klZ[jb&Vigdiklh wlhc
mkeh\byo \ha” _ckl\by \g rgbo nzZdlhjh\ Bkkghfhhkdh baf g g
f_"kehcghf k~\b]_ h[jZaph\ de__\h]h -kh_"bgijiplgghkND ijb
hlkezb\Zgbb Zglbnjbdpbhggh]lh hj]ZghieZlbhlz fHIjJebg_kMhc
ihreh db ih~ \ebygb_f ~ebl_evgh]lh \ha”_ckl\bylmj\u¥hggumo |_fi
| ogbg_kdbo "b~rdhkl_c

MklzZzgh\le_gh glh k\lyamxs_h[eZXNXZ | \ukhdhc klZ[bevghkl
Z]1"_abhgghc ijhgghklb d f_lZeebq_kdhc ih*ehgbc ikhoj2d@ gb_
ijhgghklb ijb k”\b]_ khk8Z%yhkewdkihabpbb \ mkeh\byo ih\ur_gq
\eZ ghklb \u~_j db \ \h”_ b |_ogbqg_kdbo "bifdhklyezbl\Bghbklv
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Zglbnjbdpbhggh]h hjlZghiezZzklbdZ hl f_|Zeebq_kdhagguith*eh db
mkeh\byo khojZgy _|ky gZ mjh\g_ hl Nh hl bkoh”gh]lh agZq_

ljh\_ " ggu_ bkke_"h\zZgby k\b”_ | _evkl\mx|l hg_@d¥y "ghkll

Zglbnjbdpbhggh]h hjl]Zghiezklbdz k f_IZeebg_kdhE\_ih”eh’d
ly" _ehgZ]jm  _gguo ih~rbigbdh\ kdhev' _gby ijb kedkbgmmZI|Zpb
\ha”_ckl\by nzdlhjh\ \g _rg_it\kj_dgghc | _fi_jZImju \eZ ghklb

© ~

10.

11.

12.

13.

14.

15.

ogbq_kdbo "b~rdhkl_c

Kibkhd bklihggbdh\

DZ[eh\ ? G KIZjp_\ < H DebfzZlbg_kdh_ KklZj_gb_ ibhebf_jguo
fZl _jbZeh\ Z\bZpbhggh]h gZagZq_gby , fidp ngdiZhyabwhhby adk gy
> nhjfZpby b jZajmr_gb_ fZl_jbZeHK\16t <
Fmozf Ih\ J J I _ljh\Z : | lhghfzjZg¢thaKh:ggwlbihdjulby b/bo k\hckl\
Lim~u <B:F < Kl 85/ KWWSZRIANNVYLOPAZIZ h[jZs_gb
16.11.2021). DOI: 10.18577/2307-6046-2018-0-12-88-96.
Kbez _\zZ : : Dmag_ph\z < : @ _e_agyd < = Dmjz~y_&bd Bkk
nmgdpbhgZevguo eZdhdjZkhqguo ihdjulbc "ey aZsbjlm~h\<BoBhklb ILC

< Kl 85/ KWWSZRIUANNVYLOPAZIZ h[jZs_gby
10.18577/2307-6046-2021-0-9-59-66.
DmeZ]lbgzZz = K Dhjh[h\Z : < Bevbg_ \ : < @ e babmglzabdiN  Nb;:
f oZgbg_kdb_ k\hcklI\Z Zglbnjbdpbhggh]lh hj]jZzdlijbghk]bdZzggZlhhkgh
IdZgh]h gZihegbl_ey b wihdkb”rgh]h klyamxs_]h Lim"KI<B:F
URL: http://mwww.viam-ZRUNV UX ~ZIZ h[jZs_gby -6R46-
2017-0-10-8-8.
Khehf _gp_\Z : < Nz~ \Z < F @ e _abgZ = N hig bk jboddp Bleygu
ly" _ehgZ]jm  _gguo maeh\ |j _gby kdhev' _gby Z\bZp\bhhiZgodgohog gllhgkljm

fZ1_jbZeu b |_ogheh]bb K <34. DOI: 10.18577/2071-9140-2016-0-2-30-34.
FZrdh\ X D H\qZj A G ;Zc[ZjZpdZy F X FZzfzZ \itthbpbheghi jgu_ «
fZ1 _jbZeu \ Ijb[hl_ogbd_ F -hH§ ®©G ljZ k

<hjhgdh\ ; > Ih”rbigbdb kmoh]h |Ij_gby E FZrbghkljh_gb_

X*"bg : K JZajzZ[hldZ baghkhklhcdbo ZglbnjbdpbhgguokghZghl_dk
ihebhdkz~"bZahevguo |dZzgbg bjdbegtioj fh *bnbdzZlhjh\ Z\lhj_n ~bk

| og gZmd F IBGWHK k

:NZf_gdh G : :1Znhgh\Z = < Ljb[hl_ogbq_kdb_ ihékeflhjljgd” fzZl_jb
<he]=LM k

;h[Zjbdbg X E Rbrdh\ K < Kihkh[ ba]lhlh\e_gby ihedqkh\h]h Zgl
f 1ZeehnlhjhiezZklh\h]lh fZl_jbzZeZz <_klgbd =hfhpwvkdbagthdhkdmhjkl\
mgb\_jkbl_1Z bf I H KmadnhCh38. <

DZ[eh\ ? G KIZjp_\ H < Nmg~Zf_glZevgu_ b gihpdabfjguwabbbkke_
b klzj_gby fzZl_jbzZeh\ \ debfZlbg_kdbo mkeh\lgpo HfbhpZeu:WbZpb
| _ogheh]bb <« K 52.B0I:10.18577/2071-9140-2015-0-4-38-52.

DzZ[eh\ ? G KIZjp_\ < H Kbkl _fguc ZgZeba \bylmdykdbbfKI\EcgR &
ihebf _jguo dhfihabpbhgguo fZl _jbZeh\ ih ~Zgguf hll_‘qgqud\ _gguo
bklhggbdh\ h[ah] ‘\bZpbhggu_ fZl _jbZeu b |_ogKe38] Dbt <
10.18577/2071-9140-2018-0-2-47-58.

Dz[eh\ ? G KIZjp_\ < H Djhlh\ : K Dbjbeeh\ < G DebfZlbc
dhfihabpbhgguo fZl_jbZeh\ Z\bZpbhdghWggdhiogZg nghyhju klZj_gby
> nhjfzpbyZajmr_gb_ fZl_jbZeh\ 40. < K *

I_ljh\zZ 1 FZeur \Z =< De_b de__\u_ k\_yam>}§pb_ madd__\u_
ihkh[b_ih” gZzmqg j_~ ? G DZ[eh\Z F N=MI| ©<B:F?2 k
DZ[eh\ ? G FZI_jbZeu "ey Z\bzdhkfbq_kdhc |_ogdudb <

Wgpbdehi_~bqg_kdbc kijZ\hggKd27« <

p
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16.

17.

18.

19.

20.

© N

10.

11.

12.

DZ[eh\ ? G FZI_jbZeu b obfbg_kdb_ |I_ogheh]bbdbey ZARQbKlgibdgghc
Jhkkbckdhc zdz~_fbb gZzmd K 836. <
=mey_\ : B F M~ VG K[blg_\Z K < | _Ijh\h_: bdkeki"hbZghplZev

ih hp_gd_ Z~]_abhgghc ijhgghklb ©\hehdghzxfZljbpZhkdh\m]e_ieZ
wihdkb~rgh]lh klyamxs_]h fh”bnbpbjh\Zggh]hbizhpebrkgueivn hghfibZel

b I _ogheh]bb « K * 85/ KWWS ZzZZ MRXUQDO YLDP U>
16.11.2021). DOI: 10.18577/2071-9140-2019-0-4-80-86.

DzZ[eh\ ? G DmeZ]lbgz = K @_e_abgZ = N Ehgke bthWZdgb_Dmj
fbdjhkljmdImju h~ghgzZijZz\e_gghlh hj]JZghieZklbdZ gZ hggh\_ Zj.
JmkZLGL b wihdkihvedptkmevnhgh\h]h klyamxs_ ]h ‘\bZpbhggu_ fzZI
|_ogheh]bb < K 26.80I:10.18577/2071-9140-2020-0-4-19-26.

gbkbfh\ : < ;ZoZj_\Z < ? ;Zeurdh B < =bga[mjévyghdhDbybd ? <
Ozjzdl_jbklbdb hjl]Zzghiezklbdh\ gZ hkgh\_ n_ghévighc \fird hdgw b hdk
<hijhku fZl_jbzZeh\_~_gby K 118.

Ydhle_\ : E Ghqgh\gZy G : Imlulkdbc K < DjhobgxehbklwblZghiht
fZl _jbZeu ‘\bZpbhggu_ fZl _jbZeu b | _&gheh]bB62. DOIx
10.18577/2071-9140-2016-0-S2-56-62.

References
Kablov E.N., Startsev V.O. Climatic aging of polymer composite materials fati@vipurposes.
I. Evaluation of the influence of significant factors of influence. Defdsiya i razrusheniye
materialov, 2019, no. 12, ppH/b.
Mukhametov R.R., Petrova A.P., Ponomarenko S.A. Anti-adhesive coatings and their properties.
Trudy VIAM, 2018, no. 12 (72), paper no. 10. Available at: http://www.viam-works.ru (aatess
November 16, 2021). DOI: 10.18577/2307-6046-2018-0-12-88-96.
Silaeva A.A., Kuznetsova V.A., Zheleznyak V.G., Kurshev E.V. Research of adhesion and
adhesive durability of functional paint coatings for protection of policoenposite surfac&rudy
VIAM, 2021, no. 9 (103), paper no. 06. Available at: http://www.viam-works.ru (accessed
November 16, 2021). DOI: 10.18577/2307-6046-2021-0-9-59-66.
Kulagina G.S., Korobova A.V., llichev A.V., Zhelezina G.F. Physical and physico-mechanical
properties of antifriction organoplastics based on combined fabric filler and bpugr. Trudy
VIAM, 2017, no. 10 (58), paper no. 08. Available at: http://www.viam-works.ru (accessed
November 16, 2021). DOI: 10.18577/2307-6046-2017-0-10-8-8.
Solomentseva A.V., Fadeeva V.M., Zhelezina G.F. Antifriction organoplastics fory heav
loaded sliding friction units of aircraft structures. Aviacionnyeanaty i tehnologii, 2016, no. 2,
pp. 3084. DOI: 10.18577/2071-9140-2016-0-2-30-34.
Mashkov Yu.K., Ovchar Z.N., Baibaratskaya M.Yu., Mamaev O.A. Polymer composite materials
in tribotechnics. Moscow: Nedra-Businesscenter, 2004, 262 p.
Voronkov B.D. Dry friction bearingd.eningrad: Mashinostroenie, 1979, 224 p.
Yudin A.S. Development of wear-resistant, anti-friction organo-textolites based axadiyzole
fabrics and polymer-mineral modifiers: thesis abstract, Cand. Sc. (Tedsgdow: INEOS RAN,
2013. 20 p.
Adamenko N.A., Agafonova G.V. Tribotechnical polymeric materials. VolgogvadgGTU,
2013, 107 p.
Bobarikin Yu.L., Shishkov S.V. Method for manufacturing a strip antifrictionaifeioroplastic
material. Vestnik Gomelskogo gosudarstvennogo tekhnicheskogo université®aOmSukhogp
2011, no. 3, pp. ®.
Kablov E.N., Startsev O.V. The basic and applied researcleifietid of corrosion and ageing of
materials in natural environments (review). Aviacionnye materialy i tegino2015, no. 4 (37),
pp.3852. DOI: 10.18577/207914020150-4-38-52.
Kablov E.N., Startsev V.O. Systematical analysis of the climatics influencenemhanical
properties of the polymer composite materials based on domestic and foreign sewieas. (
Aviacionnye materialy i tehnologii, 2018, no. 2 (51), pp£Z8.

100 b 6 80670 TRUDY VIAM 3 (109) 2022



13.Kablov E.N., Startsev V.O., Krotov A.S., Kirillov V.N. Climatic aging ofiaion composite
materials. Ill. Significant factors of aging. Deformatsiya i razrugigematerialov, 2011, no. 1,
pp. 34#40.

14. Petrova A.P., Malysheva G.V. Adhesives, adhesive binders and adhesive prepregsktdd.
E.N. Kablov. Moscow: VIAM, 2017. 472 p.

15. Kablov E.N. Materials for aerospace engineering. Vse materialy. Entsiklopgkiichpravochnik
2007, no. 5, pp 27.

16.Kablov E.N. Materials and chemical technologies for aviation equipment. Vdtsigiyskoy
akademii nauk, 2012, vol. 82, no. 6, pp. 9280.

17.Gulyaev A.l, Medvedev P.N., Shitneva S.V., Petrov AASHULPHQWDO UHVHDUFK |
PDWUL[2 DGKHVLRQ VWUHQJWK LQ FDU E RQadibrifyeUnateB8aRy[i\ SRO\V X
tehnologii, 2019, no. 4 (57), pp. &6. DOI: 10.18577/2071-9140-2019-0-4-86-

18.Kablov E.N., Kulagina G.S., Zhelezina G.F., Lonskii S.L., Kurshev E.V. Microstructurarobse
of the unidirectional organoplastic based on Rusar-NT aramid fibers and epoxy-jpolgsulf
binder. Aviacionnye materialy i tehnologii, 2020, no. 4 (61), pp269 DOI: 10.18577/2071-
9140-2020-0-4-19-26.

19. Anisimov A.V., Bakhareva V.E., Balyshko I.V. et al. Characteristics of organopléstses] on a
phenol matrix and oxolane fiber. Voprosy materialovedeniya, 2006, no. 2, p.1B13

20.Yakovlev A.L., Nochovnaya N.A., Putyrskij S.V., Krohina V.A. Titanium-polymer laminated
materials. Aviacionnye materialy i tehnologii, 2016, no. S2, pps3@O0I: 10.18577/2071-9140-
2016-0-S2-56-62.

BgnhjfZpby h[ Z\lIhjZo Information about the authors
DZg :e_dk_c QZg]hjh\rbgbc bg, Alexey Ch. Kan, Leading Engineer NRC
GBP ©DmjgzZlh\kdbc bgk<iBlrrl: ©.XUFKDWRY ,QV Vadrh@wamarul ¢

admin@viam.ru
DmeZ]bgZ =ZebgzZ K_jZhkbZhr\yg Galina S. Kulagina, Senior Researcher, Candide

gZmgguc khljohoglg@iBP ©DmjqgZIt of Sciences (Chem.)15& ©. XUFKDWRY
bgklblmI€Bt F admin@viam.ru VIAM, admin@viam.ru

:xih\' Lbfmj JbgZlh\blgogb&BF Timur R. Ayupov, Technician 15& ©.XUF
©DmjgZlh\kdbc bgklblmkKB:F : , Q VW L WX\ ddiis@viam.ru

admin@viam.ru

@ e _abgZz =ZebgzZz N_"hihae Galina F. Zhelezing Head of Sector, Candidate «
k_dlhjzl g GBP ©DmjqgqZlh\kdb: Sciences (Tech.),15& ©.XUFKDWRY
<B:F admin@viam.ru VIAM, admin@viam.ru

KIZlvy ihklmibeZ \ j_~Zdpbx jbghytBE[p gHE[bbidZpbb ihke_ j_p_gabjh\Zgby
The article was submitted 15.12.2021; approved angtetéor publication after reviewing 21.12.2021.

b 6 806ia TRUDY VIAM 3 (109) 2022 101



GZmqgZy klZlvy

M>D
DOI: 10.18577/23060462022-0-3102-120

KIHKH;U F?0:GBQ?KDHC B WE?DLJHWJHABHGGHC H;J:;HLD
IHEBF?JGUO DHFIHABPBHGGUO F:L?JBnuEHE

< K >ur'gdhB >hdg pdBc Fbgb[Z_ J :feyaK Reudh\< Rbjy_ \

'IN_~ jZevgh_ ]1hkm~Zjkl\_ggh_ mgblZgéh jhkjkBéjkoyd b- g Eheqdth\Zl _evkdbec

bgklblml Z\bzZpbhgguo fZl_jbzZeh\2 GzZpbizd ZewlghjhhbkkeljZ ©DmjqzZlh\kdbc bgklb

Fhkd\zZ Jhddktin@viam.ru

2N N _jZevgh_ ]Jhkm~ZjkI\_ggh_ Z\lhghflgh_mb[jZahybl ewokr_]h h[jZah\Zgby
©1_jfkdbc gZpbhgZevguc bkke_ ~h\Z|_ewddbce migdhl jblghd? | _jfv  Jhkkby

enter@pstuiu

gghlZpbyhebf_jgu_ dhfihabpbhggu_ fZl_jbZeu IDF gZoh”yl \k_
|be g_gb_ \ jZaebgguo hljZkeyo ijhfure_gghklb <fulkdgzZigbyf g_h[o
ih h[jz[hld_ IDF 1lj_"~klzZz\e_g h[ahj g_ lhevdh I|jZ*bpbhglguo klhkh[h
IDF jZaj_adzZ Z[jZab\gufb djm]Zfb k hoez ~_gb_bb §ZakyZgld_nj_a_j
k gbkeh\uf ijh]jZffguf mijZ\e_gb_f gh b g_ 1jZ~bpbhfd i klhkh[h\
jhzZ[jZab\gZy j_adZ b we_dljhwjhabhggZy h[jZ[hldZ HibkZgu |I_oghe
ghklb jZzaebqgguo kihkh[h\ h[jzZ[hldb IDF ij_~klz\e_ghZkjig gb_ j "k
jZkdjulu bo I_ogheh]lbg kdb ijb fu

Dexg \u kémedbf jgu dhfihabpbhgg
hgghc h[jzZ[hldb nj_a_jh\Zgb_ dhfiha
jZkkeh _gb

u_ fzZl _jbZeu | _ogheh]by we
blh\ Jb~jhZ[jZab\gZy j_adZ |

>ey pblbjh\Zgluy _gdh < K >hg_pdbc D B Fbgb[Z_\ FeBdh\[@yKyL Rbj

_\<« < Kihkh[u f_oZgbg_kdhc b we_dljhiphabéfhgunjdhiihabpbhgguo fzZI
jbZeh\h[ahj Lim~u <B:F < K1 10. URL: http://www.viam-works.ru. DOI:
10.18577/230%60462022-0-3102-120.

Scientific article

METHODS OF MECHANICAL AND ELECTRICAL DISCHARGE MACHINING
OF POLYMER COMPOSITE MATERIALS (review)

V.S. Dyshenkd K.I. Donetskiy, M.I. MinibaeV, T.R. AblyaZ, E.S. Shlyko% V.V. Shiryae?

'Federal State Unitary Enterpris@ $-Bu@sian ScientificcHVHDUFK ,QVWLW XW HoRNat®YdlDWLRQ 0D W
5HVHDUFK &HQWHU ©. Mth)st-‘dwmus@a{a,d@]M@WaWMWHa
’Perm National Research Polytechnic University, Perm, Russia; enter@pstu.ru

Abstract. Polymer composite materials (PCM) are increasingly being usediousandis-
tries. At the same time, knowledge of PCM processing is heeded in ordemeggtie these ad-
vantages. An overview of traditional PCM processing methods is preseuttdg with abga-
sive wheels with and without cooling, milling on a numerically contratfecthine, as well as
such unconventional methods as: abrasive water jet cutting (AWG) and eledisidzarge
machining (EDM). Technological features, comparison of cutting modes are described and
technological techniques are disclosed.

Keywords: polymer composite materials, electrical discharge machining processing t
nology, milling of composites, abrasive water jet cutting, cutting, abrasive, delaminat

For citation: Dyshenko V.S., Donetskiy K.l., Minibaev M.l., Ablyaz T.R., Stdy E.S., Shiryaev V.V.
Methods of mechanical and electrical discharge machining of polymer simpuaterials (review). Trudy
VIAM, 2022, no. 3 (109), paper no.. Wvailableat http://www.viam-works.ru. DOI: 10.18577/2307-6046-
20220-3-102-120.

102 b 6 80670 TRUDY VIAM 3 (109) 2022


mailto:enter@pstu.ru
mailto:enter@pstu.ru

<\_"_gb_

Ihebf jgu_ dhfihabpbhggu_ fZl jbZeu IDF gZolh”gl \k_ [he
gb_ \h \k_o hljzkeyo ijhfure_gghklb \h \k f fbj j Hlfebsibl _evgu
ki\hf y\ey Iky Ih qlh fZl _jbZe ba”_eb_ b _obhekib%Zx]JhaBEa]h
h~"bg | _ogheh]bq_kdbc pbde >+ @ Gh ~zZ° ngid"b_fIZ\QJvahfIDﬂ%m(
gm ~"Z |ky \ f_oZgbq_kdhc h[jZ[hld_

JZaghh[jZab_ IDF hmkghkl _dehieZklbdih\ bjbf_gy_fuo \
ijh_dIbjm_fuo dhgkljmdpbyo > £+ @ Ij_[m_I| hkh[H]logheébahBZ ijb
balhlh\e _gby dhgkljmdpbgkhkgZlgidb b kihkh[h\ dhgljhey dZqg_k
Ih\uo ba™_ebc

Hrgbf ba k”_j b\Zxsbo nzZdlhjh\ bkihevahb¥]gbh\e Ddb y ey
ki_dlb\guo ba”_ebc y\ey |Iky h]jZgbqg_dbbkitnalfhogh&h]bpgihkbo h
jzZ[hld_ Keh ghklb f_oZgbq_kdhc h[jZyhkibpbijbq &gkl nbabdh
f oZgbq_kdbfb k\hckl\Zfb Zjfbjh\Zgguo \hehddh¥ keHptkpu&kiezZkl
balhlh\e _gby hI\_jklbc klyamxs__ kdZeu\Z_|ky apZZ dipdddo yhI\_j
\ukhdbo |I_fi_jZImj b g_wnn_dlb\gh]h hoez\"algdy hh)\Z[lolgpkIbjb
wlihf hldju\zZ _Iky ~“hkimi d gZihegbl_ ex*Zghhg ijd\hfrbljdajmr_gbx \
hlidjulhc qzZklb djhfdb kj_az " _eZy albgm \WMddmglhdl\Zjkkda” _eb _
kmomAr_ggufb wdkiemZIZpbhggufb k\hckI\Zfb

J _adz Z[jZzab\guf "bkdhf k hoez ~_gb_f b [_ _1]h
JZaj_aZgb ebklh\uo azZ]hlh\hd ba dhflhabpbhgg/glud\dZI jbZe
ihemqg_gby ba”_ebc Ij_ [m_fuo ]_hf_Iljbg_kdkey j@aZejhdby ]jZzdZ ih
dhglmjm ieblu h[jZah\Zggh]h \ ijhp_kk_ nhjgh\Zgby jbk >

Jbk H{hjm~h\Zgb_ "ey jZaj_aZdhhljeaygha HIXhd k \h*yguf hoezZ" '
b _fl+thlj_aghc klZghd

GZb[he__ ijhba\h~bl_evguc f_|h" jZaj _aZgby dhdhhakpbhgg
jZaj_azZgb_ Z[jZab\gufb djm]zZfb jbk

JZaj _aZgb_ Z[jZab\gufb djm]Zfb ebklh\uo haaZdhtel\h\tkch[ba IDF
i_qblv Ihgghklv baJhlh\e _gby ba” _ebc k *himkdkhdtzcjghbaj\h ff
"bl_evghklb ~hklb]zZzxl [eZ]h”~Zjy g_agZuefbbzdyhlusf \gZf \gghfh]
| _evgu_ hi_jZpbb ih~Thlh\bl_evguo " _ckl\bc gguf™ijdpihkighfkl\
j_aZgby ih kjZ\g_gbx gZijbf_j k ba]Jhlh\e_gb_f gZ nj_a _jguo klZ
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Jbk :»[jrzab\gu_ d‘hjmgj\li\mfdabud:jm]b

>ey jZaj_aZgby fh gh ijbf_gylv Z[jZab\gu_ djm]Jlddh[dsbghc
jmg”"Z gZ \medZgblh\hc b [Zd_eblh\hc k\y&d&ZmlzZ J\jdef gp’'ym=fZy
\"bziZzahg_ hl “h h[ fbg \ aZ\bkbfhklb hl IThesbgu azZ]hlh\

H[jZ[hldZ ki bdeh]e_ ieZklbdh\ khijh\h"~Z |ky kbevguf bagZz
Z[jZab\gh]lh djm]Z dhlhjh_ azZdexqad\ghyf dad 2\rb\glglgkk k\yadb
ijb\h~rys f d \uiz”®_gbx hl*"_evguo a_pjdgbBdkBfboblal_j g LZdh
\ha” _ckl\b_ gZ Z[jZab\guc djm] h[mkeh\e _ glhjrgZebqb\hfehdlﬁ)gF Zj
Djhf_IThl]h gZ dhjmg~h\hf djm]_ gZ[ex"Z _Iky y\egy qEKIgEZHRIhh][]
N _kljmdpbb ihebf_jz bgl_gkb\ghklv dhhlhpre]n 'angy Hlugqghc \

"hc H”gZdh ke _m_1| bf_Iv A\ \b"m egdh”ijobygreayy klhdehieZklbd]
g _~"himklbfazbbZdh]h bo k\hckl\Z dzZd \h”"hih]Jeh# gb__f_|glp\h"ys
gbx o0Zjzd!l _jbklbd fZl _jbZezZz >pyajBapZaZgbby j dhfkg m_Ilky

ihevah\zZIlv ZefZagu_ hlj_agu _[djbD]jbf_jdk]h ijbf_g gb_ ZefZagl
hlj_agh]h djm]Z "“ey jZaj_aZgby kil _dlklhbedklbmh\ebdghépb_ bo ij
ba\h~bl_evghklb \ g_kdhevdh jZa bdklhzahkhbkyzZ\gkywllgx k dhjm
Ah\uf djm]hf [_a kgb  _gby dZqg_kI\Z h[jZ[hldb

Ih~"Zleb\hklv j_aZgbx [hjhieZklbdh\ Z 1Zd"_ ]Jb}\jkhkud\fzZIl _jl
dhlhjuo \oh”yl [hjgu_ \hehdgZ agZqgbl_evgh f_dvdelhphkjZ\g _gb
e_ieZklbdzfb L\ _j~hklv [hjguo \hehdhg khbafjZlahAgk]h_¢/hhklvx
ihg_glZz \oh”ys_]h \ khklz\ Z[jZab\guo djm]hX|_gbEbdZkk\Z\ad h k|
| evgh gbadzZy | _iehijh\h~ghklv ih\ur_ggZzZy | _iehzZdhklv]hij_ ~_
j_aZgby b bagZrb\Zgby djm]Z ?keb ijb jZaijhdkghbbh]e kigmklbd
pby klyab a_j_g b dzZd ke_"kl\b_ bo \eingth dghBehiffbg Xj@Zkgtoh ]
ah\Zgbb gZ djm]_ 1Ih ijb jZaj_aZgbb hj]ZghileglkdbidhZ_hik ghhglhd ijk
j_"ms_c kihkh[ghklb y\ey Iky bgl _gkb\gh_ gZjhjloipinkjBad\Zogd g
b\ f_"a_j_gghf ijhkljzgkl\_ ijh*mdlh\ ~_kljmdpbb ihebf_jzZ

Gbadzy | _iehijh\h~*ghklv hj]l]ZghiezZklbdZ m" _ gZ jdkklhyghbl
ahgu j_aZgby |_fi_jzZImjz fZl_jbZeZ [ebamhzZzZkd_¢i kjZMhmg_ Adg
" \ukhdZy \h~hklhcdhklv ih kjzZ\g_gbx k "jmfllofbZIdhbihedbfbhgg
l[j [mx| ijb _]Jh jZzaj_aZgbb h[bevgh]h \h*ygh]h hoezZ ~ _gby

Nj_a _jh\Zgb_ IDF gZ klzgd_ k gbkeh\uf ijh]jzffguf mijZ\e _gb

>ey ba]lhlh\e _gby ba” _ebc ba IDF kh kekdyd cnfjjfinfc Ihpb
ihevamx!| nj_a_jguc klZghd k gbkeh\ufZya]jghfdufQmmw jbk
ljbgbfzZzy \h \gbfzZgb_ ki_pban_kdb kibb ghZo dftfli hjeblz e h\
fh gh miI\_j ~ZIv qlh ~Zgguc \b” h[hjm~h\Eapwy hilbpaAVhéa” eby
\'ij_~"_eZo mklZgzZ\eb\Z_fh]h "himkdZg hnghjjhuojb ongihdh]bqg_kdt
hkh[_gghkl_c h[jZ[hldb
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Jbk Nj djzgbjh\Zevguc kbbkred\uf ijh]jZffguf mijz\e gb _f

ljb " bf ebklh\uo aZz]hlh\hd ba IDF

HAgbf ba ij_bfms_KkI\ IDF ih kjZ\g_gbx k f_lZedgmhhkley I|ky
< Ilh " _ \j_fy "Zggh_ k\hckl\h bf__| g_]zZbbhgjz[hddZgaglhlhi\hd ba
IDF GZ”~_ "gZy nbdkZpby azZ]lhlh\db h[_ki_qgb\Wa'sZok If\lbg b kbevgh
mijm]bo *_nhjfZpbc gZ ijhp_kk f_oZgbq_kdhcgh[gzyhldboghely Ik
]Jbg_kdbo hkh[_gghkl_c h[jZ[hIdb ba”_ebc ba IDF

ljbkihkh[e_gby bkihevam_fu_ “ey dj_ie_gby aZ]hlh\hd ba II
gZlv ke_"mxsbf Ij _[h\Zgbyf h[_ki_gb\Zlv xehdidhZplbxgZZ]hgmdb
d hihjguf iehkdhklyf g_ ~“himkdzZlv dhe_[Zgbcghy]hjbtdbzZ\vahg_
"_kldhklv az]lhlh\d_ kihkh[kI\h\ZIv mf_gvr_gb%_hapfyZgbbec ngizm]b
ijhp_kk j_azZgby

>ey aZlhlh\hd bf _xsbo |_hj Ibg_kdbc dhglmj k hklgby ijhnl
balhlzZz\eb\zZxI| ki_pbzZevgh_ ijbkihkh[e_gb_ akghguflkl\phxZgbyhdz
jbk Balhlz\eb\ZIv 1Zdh_ ijbkihkh[e_gb_ p_2&_khhe¢daghgh\ Ih
ihal\hey | ihemqgblv agZgbl _evguc \ub]Jjur \ kdbdpas* gbbd \pZd gg
\kihfh]zZl_evgu_ hi_jzZpbb d dhlhjuf hlighkylkynmkdfghidm_ftzgb g
lh\db b kgylb_ ]Jhlh\hc ~_1Zeb qglh \hafh gh ijb\ k_{bchlylofhfjhbalh
fhklv \ ba]lhlh\e_gbb ih~h[gh]h ijbkihkh[e_gby IZ&h\efhgZl [ul
g_\hafh ' ghklvx nbdkZpbb azZlddphdbgdZ dipfzahf

: “Wb
=

Jbk ljbkihkh[e_gb_ ey ba]lhlh\e_gby ~ _|1Zeb ba IDF bfbeag _c keh'g
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>ey aZlhlh\hd \ nhjf_ ebklzZ ijb ’bf hkms_kl\eyxldkfimkihevah
ghc bgklZeeypbb \ khklzZ\gu_ gZklb dhlhjhc \o\Zdy mZguwmmemk gtzey it
b dzjthlghreh dZ Kbkl _fZ \Zdmmfghc bgklZeeypbb ijfgkizZ\ey | k
klhe kfhglbjh\Zgguc gZ klhe_ klZzgdz \ \Zdmnhfi§ hjfkkdhe d \dihheg
lhjhfm ih~"kh_~bgyxl Zjfbjh\Zgguc reZg] dhlhjuc \"k\gyxlhd_j_ "v
\Zdmmfghc ihfi_ jbk

Jbk <zZdmmfgZy bgklZeeypby

Mkbeby kha”z\zZ_fh]lh \Zdmmfghc ihfihc ~hklZlkgmhb *ey g.
azZlhlh\db gz klhe_ klzgdzZ h~gzdh ijb h[jz[hdb_wfihé¢hjh&beghhnc
m _ g_ o\Zlbl "ey __ m”_j Zgby GZ nbgbrghfb¢cjhbogiiimfdiglrz j_
kj_azZ_| kehc fzZl_jbzez dhlhjuc kh_~bgy_I| hlhXeb kijbZbfjplzehf ¢
]Jh \Zdmmfgh]h mkbeby \ ahg_ iehsZ”b wlhc I'ZIlhggth kiBwhhbiky ¢
kbeu j_azZgby \ihke_"kl\bb k™\b]zxl __ hl i_j\hgZeyZevmghhyiheh"
nZgghc ijh[e_fu ijb[_]Zxl d bkihevah\Zgbx i_j_fuq_d jbk Dhe
i_j_fugq_d ih"[bjzxl bkoh”y ba khh[jZ  _gbc g@bdy ghKlbebgldoh"’
gZgZevghf iheh _gbb b ijb \ha”~_ckl\bb gZ\gk\hxXbegjja®wlay\ qlh
kbl dzd hl jzaf_jz kzZfhc ~_1Zeb 1Zd b hl __ p2Ad_ljkhigj kfdilgd mhj1
m~rZeyxl k ihfhsvx rdmjdb beb gZ”*nbey

Jbk > l1Zev k i_j fuqdzZfb

< dzZq_KkI\_ ijbkihkh[e_gby "“ey ijb bfZz ebklh\hdvaKE]hlh\db
ihevah\Zgu ijbo\Zlu H~”gzZdh \ wlhf kihkh[_ kigki®Z ghegbmijmlilo_ k\
kehbkluo ieZklbdh\ fhlml \ gZb[hevr_c klaZlgbkyggZZijhghkkdzZnj
a_jh\zZzgby ihkdhevdm mkbeby khkj_~hlhq_gu lheydhki) rhodZo ijb
gu ih \k_c iehsz”b ih\_joghklb ijb "bfZ_fh]h g@lgklZ kdaBkihlihddb >2Z
e _gby emqr_ ijbf_gylv "ey ebklh\uo aZ]hlh\hd Ilhesbghc hl ff b

H[ _ki_gblv \uj_azZgb_~ 1Ze ¢ ba ebglh\Vhk[ alZh Idwklihe
ah\zZgbx i_j_fug_d \hafh gh ijb bkihevak\Zgbbekddlqg]jzZ\_jhf
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jZaf_qZxlky dhglmju ~ _1Ze_c¢ aZzl_f \gkylijkd hhjllgd €] et\g i+
imklbiyb wlhf ihiz*Zgb_ kdhlgZ gZ 1jZ_dlhjbx j_&d@gbyzZzrde _ ih
AulZxl ebklh\mx aZ]lhlh\dm Hq_\b~rguf g_"hk[Zlghdy*d2kggH]m%hhk
_fdhklv ih”~]lhlh\bl_evguo hi_jZpbc Ihfbfh wlh]lhc BhZessthghlt[jZah'
kdhlqz g_ h[_ki_gb\Z_1 iehlgh]h ijbe_]Zgby @bbxjigWthygbl]kd hlk
kehy ih dhglmjm h[jZ[hlZgghc djhfdb ~_|Zeb

Bgkljmf_gl ~ey h[jZ[hldb IDF

J "msbc bgkljmf_gl “ey nj_a_jh\Zgby IDF bajddghab\zx| ba -
eZ”"Zxsbo \ukhdhc mklhcgb\hklvx d Z[jZab\ddgkljimdghpkdhevdputfzZzdb
fZl _jbzezf gZjy™*m k I\_j~rufb kiez\Zfb hlghjioy [chipdbly ikiebdjgbl
klZeebg_kdb_ ZefZau 3RO\ &QBRVWDjOf'LDIFHRQGeyw ih\uac_gby klh
dhklb gz I\_jr*hkiezZz\guc bgkljmf_gl gZghkyl ZkefZahidhZkllgyhs ihd]j
\j fy gZ jugd_ j_"ms_]h bgkljmf_glzZ ij_"klZXenjg&a pjZady [&bg cd
guo ki_pbZevgh “ey nj_a_jh\Zgby dhfihabpbhggbagzZxllkybiZheh\ F
]_hf_Ijbg_kdhc dhgnb]mjzZpbb gzZijz\e_gbx kibhxéklhg&hle _gb>
ihdjulby B |

:gbahljhiby k\hcklI\ IDF hkh[_gghklb I_jfbq_kdihckWekijbbfqgb
gh_ Z[jZzab\gh_ \ha”_ckl\b_ h[mkeZ\eb\ZxI iijbpbobqgj katbjih\@gbb
jZdl_j baghkZ bgkljmf_glZ Baghk bgkljmf ggldbxjb\thjfhlbtd pldeh
ebg”rjbgghklb \ Ihf kemqzZz_ dh]*"Z ~ |Zev djmhezdwyw piky dZg> @
kiI\_ggh]lh dhglmjzZ ba”_eby h[jZ[hldm \uihegyXI\mR\hihjZpbxbb C
ijh\h~yl k ijbimkdhf jZribevghc nj_ahc jbk Qbklhywhx hi_jZy
nj_ahc k-8&klbghc jHRO]. >jm]bf \Zjbzglhf fh™ | klzZlv ijbf_g_g
"_jIN_gghc ih*eh db ba ih~Zleb\h]h j_aXgwbhffXlepgze Zbgkljmf_gl
ih]jm Z_|ky \ ih*eh dm gZ Jem[bgm dhfi_gkbjmXsmx baghk bgklj

Jbk Hldehg _gb_ nhjfu ~_1Zeb

Jbk JZribevgu Zaghadpytihke _h[jZ[hldb IDF
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Jbk Nj_aZ k ihebdjbklZeebqg_kdhc ZefZaghc ieZklbghc

< ijhp_kk_ nj_a_jh\Zgby bklbjzxs__ k\hckl\h IDFm&@a”_ ckl\n
djhfdb bgkljmf_glZ ihkl_i_ggh ijblmieyy bo_edld_gxXhhbligly m\
<j_amevlzZl_\ ahg_ j_aZgby \u”®_ey Iky [hevrh_bdh]ebgtkl\h | _ie
A"bl d h[jZzah\Zgbx ijb "h]h\ gZ djhfdZoaZ[jldhAldb Z |jfh'’ch]b hzd _ f
]ml [ulv ke_"~klI\b_f g _ijZ\bevgh]lh gXagZdqdgblhy Pjbbfhb f aZlmie g
bgkljmf_glZ ijbgylh kgblZlv h[jZah\Zgbo gZnmh§pZd y\geZfbgZpl
ijb h]h\' b *jm]bo *"_n_dlh\ GZjzZ[hldZ hifZlZ jbjZaZ jhhfdpylguo IbiZz
b fzjdb ihal\hey_| ijhba\h”blv kf_gmhlydé&ljgify glzZn~dlh\

Ko fz Zjfbjh\Zgby gZihegbl ey b khklzZ\ fZljbpw il bf_jguo
kibdh\ hij_~ eyxl ihhp _e&kkgby kj _azZ_fh]lh j_"msbf bgkljmf_glhf fZ
hl dhlhjh]lh \ k\hx hqg_j_”~v aZ\bkbl hl\h” | _ieZ paaZbby b adfiby
ke ~kl\b_ Ilhgghklv b dZq_klI\h h[jZ[hlZggh]h dhgImjZ

=b~jhZ[jZab\gZy j_adZ

Lbih\Zy kbkl_fZ h[hjm~h\Zgby ]b”~jhZ[jZab\ghc jZagd =:J
jbk Kbkl _fZ khklhbl ba ke_"mxsbo dhfihg_glh\ hdekmgb hihjt
ba g j Z\ _xs_c klzeb j _a _j\mZj k \h*hc bf _xlsbdukimbkpbx eh\n
gu_ hihjgu_ j_[jZ 9Z dhlhju_ mdezZ”u\Z_Iky aZfhkh\glZy jhjlze *
"ms_c ]Jheh\db iK thhkyf\ jlbdZevgZy ih*"Zgz\ig_ dkbhjuo fh” _eyo
ij_"mkfhlj_gu djm]Jh\h_ \jZs _gb_ b gZdehg j_"mkhdh]fhehkdb gZI
gby [ehd mijzZ\e _gby k ijh]jzffguf h[_ki_g_gb_f > @

I,

3 BUILT ay OMAX

Jbk KIZghd ]brjhZj[jZdb\ghc
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ljhp_kk khanzgby Z[jZab\ghc kljmb \ukhdh]h ¢g#nfe]ldbgby yl\ey
jhr*bgzfbg_kdbf ijhp_kkhf b aZdexqZ_ Iky \ klehdmjhs”2Z\eGghblyk
k’bfz_ 1 \h m dhlhjzZy ih~Z _Iky \ khieh Azl _f \W"&kdy kNgmx ihiZ

dzf jm azo\zZlu\Z_| ihklmiZxsbc Im~Z °_ Hhckhabh]\jZedph pu ok
ihjhrhd >Ze__ ]b”jhZ[jZab\gZy kmki_gaby ga]lg klzielkyt1B ZKf kbl _
jhf a ff b \uklj_eb\Z_1| ba hI\_jklby ~xau kh kdhjhklvx a + 1

"xau \uiheg_gZ ba jm[bgZ kZinbjZ beb ZeddAp|Z " bk dlu gbZdb _
‘ms_c ]Jheh\d_ g_"himklbfu \ ijhlb\ghf kemqgZz I]|heh\dgggjc\u12[
j_ kmjk beb flgh\_ggh \uc” | ba kljhy G _fZeh\Z gb®wizdplbjhf y\e
\h~u ihkdhevdm wlh 1Zd"_\eby | gZ j_kmjkcjkbmls fa Hihtdb b \
\Zgby \ p_ehf

Jbk >xaZ k “"bznjz]fhc ba jm[bgZ

<ukhdhkdhjhklgzZy ]b”"jhZ[jZab\gZy kljjk¥ey\rewf [kymgpgb\b
kljmf_glhf b fh™ | Julv ijbf_g _gZ "ey j_adb@DF_"klZAhlgh>bkke *
\Zgb_ 1b”jhZ[jZzab\gh]h j_aZgby mle_ieZkflbdh jhelshgheé¢zZ\e _gby
b FIZ AZ djbl_jbc hp_gdb ijldyldizddhzdkbrfZevgZybrebgZ Ij_
gu h[jZah\zZ\r_cky ijb j_aZgbb ijb "ZRéZ gpdi2). b

Jbk ljbf_j h[jZahj\Zsgoogu ihke  ijh[hy gZ klZgd_ ]b~jhZ[jZab\gh

\ h[jzap_ m]e_ieZklbdZ Thesbghc ff ijb ~Z\e _gbb FlZ
AZf q_g 1Zd _ nzdl ihiz"Zgby a_j g Z[jZab\Z \bX). sbgu h[

lhwlhfm ijb ijbf_g_gbb =:J3J “ey ihemqg_gby ]Jhih\ih]jizZbdvb \@gby ke _
fzgb_ gZ "~Zggmx ijh[e_fm dhlhjzy fh | ijb\_hkilbabddhmom~r
f oZgbg_kdbo k\hckl\ 1Zdbo dzd Ij_ sbghklhkdhkh\)\Zh_Llquhkld
kgb  _gbx wdkiemzZlZpbhgguo ozZjzdl_jbklihdd daZ| edoywf il4dddpZ~ _
ghklv b “he]lh\_qgghklv

Jbk libf_j ijhgbdgh\_gby a_j g Z[jZab\Z \ Ij_sbgu mle_ieZk
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gZeba ihemg_gguo j_amevliZlh\ baf_j gbc k&g _I|jhslthg k\b"™
glh ~Z\e_gb_ FI1Z y\ey |ky [he__ ij_"ihqlbl_evguf kf I1Z[ebpm

FzdkbfZevgu_ “ebgu |Ij_sbg h[jZaph\ m]e_ieZklbdaijZzaebqghc Ihe
ijb jZaguo j "bfZo "Z\e gby h[jZah\Z\rboky ijb j aZgbb

KlhjhgZ gZq AgZqg_gb_ “ebgu |Ij sbgu ff h[jZaph\ lhe
N_gby Ij_sk 2 | 4 | 8 | 2 | 4 | 8
fZdkbfZevg ijb "Z\e_gbb FIZ
"ebgu 200 400
Ke \Z 3,5 6 24 4 13 36
Kijz\Z 7 11 36 8 22 35
Djhf_ Ih]lh ijb ~"Z\e_gbb FIZ gZ[ex*"Zehkv [hevr__ ih Kkj.
"bfhf j_adb ijb "Z\e_gbb FIZ ijhgbdgh\_gb h[aZamyx &hjKab\Z

lj_sbgu m]e_ieZklbdZz

=b~jhZ[jZab\gZy j_adZ ihebf_jguo Zjfbjh\ZgguémeZklbdh\ bf
ij_bfms_kI\Z

hikmlkl\b_ ahgu | _ieh\h]h \ha”~_ckl\by

hlkmlkl\b_ azZmk _gp_\ b jZaeZofZgb\Zgby IdZghb

\hafh ghklv j_adb | _jfhgm\kl\bl _evguo fZl _jbZeh\

hikmlklI\b_ f_oZgbqg_kdh]h j_"ms_]h bgkljmf_glyg_jdj\gfldb dhlh
bagZrb\zZxlky

kgb™ _gb_ hloh”h\ fZl_jbZeZ dhebqg_kI\Z kljm db

g _[hevrZy rbjbgZ ijhibezZz h[_ki_gb\ZxsZy iehlgh_jEaf_ s gb_
bkihevah\zZgb_ fZl jbZeZ

hikmlkl\b_ aZiue_gghklb jZ[hqg_]h f_klZ

wdheh]bqgghklv ijhp_kkZ j _azZgby hlkmlkl\b_ m]e_jh~ghc iueb

\hafh ghklv h[jZ[hldb jZaebqgguo Ibih\ fZl_jbzez

\hafh ghklv balhlh\e_gby ba”_eby nb]Jmjgh]lh ijhnbey

We dljhwjhabhggZy h[jZ[hldZ

?s_ h~gbf kihkh[hf iha\l\heyxsbf ijh\h”*blv dZq_kI\_ggmx h[j.
y\ley_ |ky we_dljhwjhabhggZy h[jZ[hldZ WWH > +82@gKh]ezZkgtl
gZy | _ogheh]by aZdexqgZ _ |ky \ baf_g _gbb nhjfu jZa\hb&kl\r_ jho
ih\_joghklb az]lhlh\db ihc A _ckl\b_f we_dljbogqmedBZd_jhaejydHbqg j_:
kdhc wjhabb <uoh”gu_ ~"Zggu_ ijhp_kkzZ WWH lgihi\yimX[hZ\bkyl
db nbabdhzgbqg_kdbo k\hckl\ h[jzZ[zZlu\Zz_fh]lh fZl_jbzZezZz b
bgkljmf_glz WB Z IZd _ hl iehszZ”b h[jzZz[Zlu\Z_fhc ih\_joghklb

< gZklhys__ \j_fy I _ogheh]bx WWH fh gh ijbf_gylvZ*ey hJ[jZz
eh\ k h]jZzgbg_gghc Ihdhijh\h~ghklvx \ Ihf gbke_ “eyhilDIF F_"7
bkihevah\Zgby WWH k\b”_1_evkl\m_I h \hafh lgatkppdgrgla[hldb d
| jbZzeh\ h~rgzZdh h[hkgh\Zggu_gZmqgu_ b lilcghelyksd kdjih ~Zg
Jghabjh\zZlv ihdZazl_eb dzZqg_kI\Z h[jZ[hlZgghihhdBE®a b ghkliphbDF b
\h~bl_evghklb h[jZ[hldb ijZzdlbg_kdb hlkmlkZ\dx| b HIloyhkd hrh x| |
g_kdb_ j_dhf_g”*Zpbb ey h[jZ[hldb gh\h]h ihdhe_gdbWwWh1bIkKZjhkkbc
f_ ITh"hf WWH G_ \ iheghc f_j_ bamqg_gh baf[lglZglhdlijgndjmju h
ghklb IDF ijb \ha~_ckl\bb _~bgbggh]h bfimevkzZ \ ijhp_kk_ ~Zggh

H[t_dlhf bkke_~h\Zgby ijb WWH IDF y\ey_ Iky balhlhh\e_gguc
dezZ\gh]h nhjfh\Zgby dhgkljmdpbhgguc m]e -ieZglbdhkghdb <D
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jZ\ghijhgghc m]e_jh~rghc I1dzZgb nbjfu 3RUFKHU k xh\ _joghk

“ 1%b klyamxs_]h fZjdb <KX&jZ[hlZgguc \ GBP ©DngjgZlh\kdb
klbImla<B:F Kh]eZkgh jZ[hl_ > @ m]e_ieZkjbdHhffZjg’bm<DKW ijb
balhlh\e_gbb ~ _1Ze_c¢c b ba”_ebc ]jZ "Zgkdbc Z\bh¥Z mibkggh¢ I ogl
e _¢c kbeh\uo dhgkljmdpbc ieZg_jZ |1Zdbo dzZd_djlweh_ohgdlahieZg
pbb b a\mdhih]JehsZxsb_ dhgkljmdpbb *\b]ZI|_ekiemZdbghlRF fh |
ky \ *bzizahg_ | _fi_jzZImj hifk kdjzldh\j_f_gguf aZ[jhkhf |_fi_jZ
ju *h fK Mjh\_gv khojZg_gby _]h k\hcklI\ ijb fzZdkbjfZlewjghc jZ[h
120 fK "hklzZlhggh \ukhdbc b khklz\ey_ | ih ij_~_eZfglplbfghklb ijb
ijb k”ZIbb ijb ba]lb[% [19, 20].

< jZ[hl_ ij_"~klZ\e_gh bkke_"h\Zgb_ ijhinkklkZzmhé¢jZeZZkzd 2
<DM lj_fy\b”rzZfb WB h[ez"Zxsbfb jZaebqgufb khklzZ\hf b
f_oZgbg_kdbfb k\hckI\Zfb

Wdki_jbf_glZevgu_ bkke_~h\zZgby ijh\h*beb \ ezZdhjzZlhjbb
N=:HM <H ©I_jfkdbc gZpbhgZevguc bkke_ "h\Zldhkeow kadld ihlebl og
l_12 >ey ijh\_~_gby bkke_"h\Zgbc bkihev-ajpnze\lghath vbgh'ddgh/gh
wjhabhgguc klZghd EO&tF@NCRQLH&EDg_kI\_ jZ[hg_c "b~rdhklb \uf[j
ljZgknhjfZlhjgh_ fzZkeh fZjdjh®B kk WWH ijhba\h”*beb gZ I|j_o j_~
max, medbmin ijb kbe_ IhdzZ A kbhiI\_IkI\ _ggh izZjzf_Ij ijh*he bl_evgt
N _ckl\by bfimevkZz fdk b gZijy _gb_ < hBlZRdglZkgw ihklhy
WB Ij_o \bAh\ i_j\uc \uiheg_g ba ]jZnblz fZjdb WAlhijfhledtKL
dhfihabpbhgguo fZl _jbZeh\ IbiZ ik_\"hkieZzZUh &dkb "o ©fljZubl?

Z \ dZq_kI\_ hkgh\u bkihevah\Zeb i-hjhitdeEHKM®O4FK b kmoh]h
dheehb”~gh]lh ]jZnblZ fkhjdbMk08-48-63+ l[j_Ibbatf_"b fZjdb F
ih =HKL 20086).

Wdki_jbf_glu ih WWH mle_ieZkdbd&zfZudbbaDWB ih\lhjyeb ih
ljb jZaZz <uy\le_gh qlh WWH hiak §gd_jadbkbfhklib hl fZl _jbzez
khijh\h ~Z 1ky bgl_gkb\guf ]Jhj _gb_f fZl _jbzZezZ Iljlgp KkXyMEWH ijh
gh GZ ih\_joghklb h[jZapZ ba IDF fh'gh gZ[eXhZlVjlgZemgpthec ijb”
h[jZ[hld_ IDF ijb kbe_IhdzZ b : hif_qgzxl| klz[Bgbgh ZHKdjhh[jZ
hikmlkl\b_ ke_~h\ ijb h]lh\ gZ h[jZ[hlZgghc ih\_joghklb

MklZgh\e _gh qlh ijb WWH IDF ]jZnblh\uf WB fh 'gh gZ[ex"ZI
gZjhklhh[jZzah\Zgb_ gZ ih\_joghklb WB ijb h[jAa[hGd _jgkK \k_idhj_"b
dZzazgZ ih\_joghklv IDF ihke_ WWH ]jZnbietifbWkBb eg Z IJAdD f

mo e X PR b -
- > e o e
v 2 e T Ay -
N, i oMol L R 2w

_joghklv mle_ieZklbdZ ifkeb w®M Ijhwjhabhgghc h[jZ[h
]iZnblh\uf we _diplyktjfmf_glhf gZ inedbf_

Jbk [h\

MklZgh\e _gh qglh ijb WWH m]e_i¢jZnlbihAu&kDMWMB h[jZamxlky
kehb fZl jbzZezZ bf _xsb_jZahj\Zggu_ nZqkkddb WwkhrehZihgzb aZzZ ]j
gbpu h[jZ[hlZgghc ih\_joghklb [Ijbkmldklhb y\V&y bl.ky® gn *himklbfuf
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ijb balhlh\e_gbb hI\_IklI\_gguo ~_1Ze_c b bab elbhdhidghklpb k
j_"bfz h[jz[hldb i_j_oh”mgz dhélhg_klI\h ~ _n_dlh\ mf_gvrzZ_
g_\iheghc f_j_
ljb WWH IDF f_~guf WB fh'gh gZ[ex"ZIv klZ[beylygh gbkdjhh
j_"bfZmed bmin ijb kbeZo IhdZ& khthI\_IkI\_ggh HJ[jZ[hlZggZy ih\_jog
IDF ij_"klZ\e_gZ gZ jbk

Jbk Ilh\_joghklv m]e_iezZklbdzZ ihkelb wBMIjhwjhabhgghc h[jZ[h
f Aguf we _dlijbbykfijmf_glhf gZ inedbf

Kgb™ _gb_ dhebqg_kI\Z ~ _n_dlh\ gZ ih\_joghkibkeD FWOWX Fe x"Z
f_~rguf WB \ kjzZ\g_gbb k h[jZ[hldhc ]jZnblhiuwfl W BKk]Ibjdpdcun | k’t\
n_dlu \ \bA_ \uj\Zggh]h \hehdgZ IDF

We _dljhwjhabhggZy h[jZ[hldZ IDF dhfihablguf WBdoZjzZzdl_jk
fb ihdzazl _eyfb dZgq_kI\Z j_ev_nZ gZ h[jZ[hlZgghc ih\_joghklb j

i L = S s _~":4,,_
Jbk Ih\_joghklv ml]e_ieZklbdZ itkieb w®M Ijhwjhabhgghc h[jZ[h
diiihablguf we_diptgkifmf_gihf gZ imedbf_

IhdZzazgh qlh ijb WWH dhfihablguf WB gZ h[jZ[IIDIEgghc ih
ijZzdlbg_kdb hlkmlklI\mx| jZahj\Zggu_ kehb b ]bhhjlgbkligklhod{fhf |
fhklb \ "Zevg_cr_c gbklh\hc h[jZ[hld_ < j_amleevizin fdl @kigZ|[e x
dZgby?2 \hehdgZ IDF ihke_ |IZdhc h[jZ[hldb We_dljhwhhdkeEggZy
kh klZ[bevguf bkdjhh[jZzah\Zgb_f [_a \hagbdghhggbyil\Zjjlolgiin\ gz
klyo WB

HikmlkI\b_ jZaju\lh\ \hehdhg b \hjkbklhklb gZ ih\_joghklb |
k" _ezZlv \u\h® h \hafh ghklb ijbf_g_gby |_oghehflbBWVaFM_dhEihal
ba m]Je ieZklbdZ t2Z9.db <DM

< k\yab k I _f qglh \ ijhp_kk_WWH IDF \hafjlZ'lgke Zba¥Zmgb gb
ih\_joghklgh]h kehy jZajZ[hlZg Zevl _jgZlb\guc RihKR[ sNWaH ba
IDF g_j_a aZsblguc lhdhijh\h*yebZkd#&mic <u”\bgmlh ij_"~iheh _g
h Thf glh dzZzq_klI\h b Ilhgghklv h[jzZ[ZIlu\Z_fud hj\fyk\wadaN \bDF
fh'gh j_]Jmebjh\Zlv k ihfhsvx "hihegbl_evghc aZsbllujbg&ZzIlu\zZ_
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kiehrguf Ihgdbf ePklikfdhc? < dzZq_klI\_ ©fZkdb?2 fh™ _| \ukIlmizZlv g
Ilhdhijh\h~ys Th fzl_jbzez ©Fzkdz?2 1zd _ fh _| [ulvkkgMZX jklb_
guf ZgZeh]lbqggh hiI\_jklbx aZz”~Zggh]h ijhnbey \ h[jZ[ZIlu\Z_fhf fZI_
[jh\_~ gu wdki_jbf_glu ih h[jZ[Zlu\Z_fhklb ih\_hoéghklb IDI
WWH k ijbf_g _gb_f ki_pbZevghc ©fZkdb2 k hI\_jklb_f b [_a g_]h
< kemqZ_ ijbf_g _gby ©fZkdb2 [_a hI\_jklby Hkivh[ljZFhldb ih
iehlgh azZzdju\zZx!| kiehrguf gdbkéx*dhc ba Ihdhijh\h*ys Jh b bgl_ ¢
| _iehijh\h”rys ]h fZIl_jbZeZ < dZq_kI\_ ~"Zgguo mZZlybdjbHy fh]lml
klZzy klZev Zexfbgbihésbghc =+ ff ey h[_ki_q_gby khojZg _gby
kib k[ _bo klhjhg ebklZ \ bkoh~gHf &hikbhggb\o bt nhjfZpbb 2Z IzZd
"ey m\_ebq_gby kdhjhklb b ijhba\h~bl_evghklb h[jZ[hldb jbk

7

1 4
B A e vy S SRR
I N I Z
5
Jbk We dljhwjhabhggzZy h[jzZ[hldZ IDF k ihfhsvx iehlgh azdj_

kiehrgh]lh e®KkZXdb2IDF 2 twe_dkthdkljmf 3ytjZ[hqbc kdhreéjZgknhj
fZlhjgh_ fZkekhhie@+” jZ\dZtiZljh@ tebk®fzkdza

Lhgdbc ebkl “hklZlhggh e_]Jdh ~ _nhjfbjm_Iky _Z [[lhe__ lhek
"ebl _evgh]lh \j_f gb gZ h[jZ[hldm | _j\hgZgqZevihlgddedyuvd hl\_j
fhf ebkl_ azl_f ijh*he Zxl WWH ijhrb\dhc b azZzhzZxdZ[bhgiklby m"’
wlibf hI\_jklb_f < h[jZ[Zlu\Z_fhf IDF ihemqgzZixlljazhRAggkilbyizZjz
We_dljhwjhabhggzZy h[jz[hldZ ijh\h*"bfZy k ihfhsvixeyZbgdh]h f_IF
emgblv ih\_joghklb djhfhd k h[_bo klhjhg ebkIEhIDBF [Z& ijb h]h
gZ[ex™Zlv [_a™_n_dlgmx bkoh”gmx kljmadalm]jphdh \fblghtkfiZeggm h
\_joghklb hI\_jkliby jbk

MklZgh\e _gh qglh IlhesbhgzZz ©fZkdb2 \ ij " eZo v iffi ihalhey
p_kk WWH b ihemqgblv [_a” _n_dlgmx ih\_joghklv KKZigh\lbbdkklIhjh
lZzd" _ \hafh guf ih\ur_gb_ dzZq_kI\Z b IThqgghkhbjZjthndle bjpedngby
_fh]lh hI\_jklby

<h \lhjhf kemqzZ_ ij_"\Zjbl_evghokhldnrlkehkl_jklb_f ba Ihd
ijh\h~ys _Th | _iehijh\h”*gh]h fZl_jbZeZ Ihesbghc = ffyfib kd\hagt
\'g f b az”rZgguf we_dljh*hf ijhnbe_f GZ ebkl IDReimhglggga&d| i
lhgdbc e®kZkdm?2 k hI\_jklb_f We_dljhwjhabhggmx h[jZ[hldm ijt
kgZzqzZezZ WB \ JThlih\h_ hiI\_jklb_ Z azl_f Jkmad&Zxlhkd\pkdloh gHelp
jZ[Zlu\Z_fhc ih\_joghklb ebklZ IDF

MklZgh\e _gZ \hafh ghklv k ihfhsvx ~Zggh]h kihkhpMZ ihemqg.
ba” _eby k h[_bo klhjhg h[jZ[Zlu\Z_fh]h ebklZIhP&bhb b&pty ghf
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hi\_jkibyhxgufb djhfdm hl\_[jkdab4y & dlh\ jbk b h[_Ki_qgb\zZlv
fZevgmx r_jhoh\Zlhklv ih\_joghklb IDF

o — . ——

Jbk Ih\_joghklb IDF ihke_ we dljhwjhabhgghc h[jZRilgldb q_j ¢
h[jz[hldb djhfdZ ihke_ ijhrb\db\hb \jkibyjkigbh[sbc \b~

>Zgguc f_IhA WWH ihalhey | h[_ki_gblv ih\urjogdklbdZq_ ki
IDF \ ahg_ h[jZ[hldb [_a j_Zdpbb k\yamxsK]JZ qd bl kfy_jZafhj m
guf gZ[ex~ZIlv jh\gmx ih\_joghklv hI\_jklby HikumI|Kd\rhjh]kljmdI
gZjmr_gby \ kehyo \‘kehtgbiklth IDF Tjh~ he bl _evghklv ijhp_kkzZ
aZ\bkbl hl Jem[bgu h[jZ[hldb <j fy h[jZ[hldb adygihf \fi_Ifh g [ek
dhihjh_ azljzgb\Z _Iky gZ h[jZ[hldm k bkihevah\Zgb_f kiehrghc ©

F IThA"bdZ gZeh  _gby Ihdhijh\h~rysbo keh_\ LK b ®fZakhd2 k
g_]h iha\hey | 1Zd"_ bkihevah\Zlv |_oghsghpophcjméeediggtvjhabh
ghc h[jz[hldb I<WWH 7ey h[jZ[hldb IDF jbk

z [
, <b” : 7 <b" :

s
[1\ s, 'l .
IDF LK
DK P
Jbk Ko fz h[jz[hldb IDF f_Ih~hfujjfdiehaqgeh dljhwjhabhigghc h[jZ]

db kkihevah\Zgb_f Ihdhijh\h”y &K th’kegtyb "\mo kIp¥g,+kdhjhklv
A\b> _gby ijh\hehdb
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Wdki_jbf_glu ih h[jZ[hld_ IDF f_Ih~hf I<KWWH ijh\h~beb gZ
\uj_aghf we_dljhwjhabhdgdQutklZgdliZq_kI\_ WB bkihevah\Zeb eZl
ijh\hehBercocut*bZf_Ijhf ff JZ[hg_c "brdhklvx gedyjb¥XXkyggZlyklb
\h~*Z ljhp_kk I<WWH ijh\h*"beb gz keijhmxe HljevVgfhklv \dexq_gby
b \udexqg_gby bfimevkZ khklzZ\bezZ klb_gghdkgKhjyl\ _db_  kdh
jhklv “\b" _gby ijh\hefhfly +

< j_amevlzZl_ I<WWH ihemgZadud\Z aZ bk

z [

Jbk lih\hetwgghgZy we_dljhwjhabhggZy h[jZ[hldZ IDF k bkih
Ihdhijh\h~ys ]tk Ketgyze b A\mo kIpjhg

< ijhp_kk_I<WWH IDF k bkihevah\zZgb_ f h~"ghklHjlggg ]h LK
kilZ[bevgh_ bkdjhh[jZzah\Zgb_Z 1Zd _ h[julu_\VWEBb RKbijbfmnsvix aZ b
k\_Ih\h]h fbdjhQyghpusGX ijb m\_ebqg_gbb 1 jbk MklZgh\e
ijb 1jZ_dlhjbb "\b" _gby WB \"hev \hehdhg IDFaaZggqkidb[bebghgu
KIZgh\blky \hafh guf gZ[ex"ZIlv djb\hebg_cbuk mgz¥itdbNB ki a
ijyfhebg _cghc IjZ_dlhjbb j_aZgby GZb[hevr__ a®pdgbghx!|l rbjbg!
ijb "\b"™ _gbb WB \ ihi_j gqghf gZijZz\e _gbb hlghkbl _evghFgZijZ\e ¢

L=278fdf
Fes Ty
- 8 B AR
Jbk RbjbgZL) ipZ ijh\hehdgh aghc e_dljhwjhabhgghc h[jZ[hld_
kgZeh™ _gb_f Ilhdhijh\h”ys ]h kehy k h*rghc klhjhgu

ljb "\moklhjhgg_f gZeh _gbb LK ijb h[jZ[hld_ jbklz ijhp_k
[bevguc h[julu WB hlkmlkl\mxl AgZq_gb_ rbjbgwug\mkblkid[bev
gZijZ\e_gby "\b" _gby WB Kj_~g__ agZq_gb_rbjbgu j_aZ khklZ\e

ljb jZajz[hld_ | _ogheh]bb I<WWH ]Jh~rghc azZ]hlb\dbv g _h[oh
\_ebgbgm dhjj_dpbb IjZz_dlhjbb j_azZgby >ZggZWkyhjzddpby jZKkl
ghklv rbjbgu j_azZz b "bzf_|jZz WB 1IjZ\bevgh ih*h\h2ggkZk[dhjj_dp!
i_gb\zZlv az~"Zggmx lhgghklv I<WWH GZ hhkgehw\ZIhhebred hglg\leo g
hiulguc h[jZa_p ba”_eby Ibiz ©r_kl_jgy? ba IRRZelh”hgfbl <W.\K H
k "\mo klhjhg jbk
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L=288 fdf
L=290fdf
L=289 fdf
Jbk Rbjbgz j_az ijb 4dyhjhalgghwe_dljhwjhabhgghc h[jZ[hld_
k "\moklhjhggbf gZeh™ _gb_f Ihdhijh\h”*ys ]h kehy
z [ \
Jbk ljhithelwgghgZy we_dljhwjhabhggZy h[jZ[hldZtbmadhighy ba IDF

\h~ysbc k§hb[jZ[hlZggZy A i@z hbkZIDF

<g_k_ggZy \ mijZ\eyxsmx ijh]jzffm \_ebqgbgzZ dhn\h_dpbb I[jZ
gby WB iha\hey | h[_ki_gblv azZz*Zggu_ ithdghlyub dozag hkh\2 by
keh ghijhnbevgh]h f_edh]zZ[Zjblgh]h ba”_eby ba IDF f_Ih~hf I<W'

AZdexq_gby

ljbf _g _gb_ IDF \ jZaebqguo hljZkeyo ihklhydhdgZjyhadpklz |
mgbdZevguf k\hcklI\zf <f_kl_ k |I_f \Z ghig_aatydsc g eymlke
g_gby g _]Zlb\gh]h \ha”~_ckl\by \j_~guo \_s Kjl\"gZ hhjyrhh #Zm schzx
Auc wlZi "bag_ggh]lh pbdezZ ba”_eby ijhbg\hfikibebaw dhkiye maleZply
[ulv IsZl _evgh ijhjz[hlZzg _s_gZ wlzZi_ _]h ijh_dlbjh\Zghby

< kl\yab k I_f qglh \h \j_fy h[jZ[hldb dhfihabphf@mmo kXl _jbZ
fghlh iueb Z \ j_amevlZl_gZ]j_\Z ba jy*"Z IDF Naiy* aVxjlk\wwj ~
i_jkhgzZezZ e _Imqgb_ \_s kI\Z g_h[oh”bfh qléahukikiljnmmhhZ\hd* Z kof
ba ahgu j_aZgby

Ke "m_1|1zZd"_ bf_Iv \' \b m qglh ijb nj_a_4hhZjgmmlley ieZklk
e \b”rgZy lIhdhijh\h*ysZy kljm dZ ihwlhfm ~ey ij_ANhhyzZrgdhgby \uc
jm~rh\Zgbwel]lljbg_kdb_ gZklb "he gu [ulv gZ~_ "gh aZsbs_gu

DZ ~uc ba kihkh[h\ h[jZ[hldb IDF bf__| k\hx yh[¢Z&@Z iZbf_g_
jZab\guf "bkdhf bkihevam_Ilky "ey iehkdbo bfb" _WbhXeHKk hjyfuflk j_
"ey keh ghijhnbevguo f_edh]Z[Zjblguo ba”_ebc khQjiahegZ gz Kkl
ba”_ebc kh keh ghc ]_hf_ljbg_kdhc nhjfhc ijhnbey ih\_joghklb
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< oh”_ wdki_jbf_glh\ ih WWH
+mklZgh\e _gh hikmlki\b_ jZaju\h\ \hehdhg b \hjKDKH hkllh gZ ih\

ihalhey | k~ _eZlv \u\h” h \hafh 'ghklb ijbf_g gby hlablghugh]bb W
WB ba”_ebc ba mle_iezZklR¢Z fZjdb <DM

+\i_j\u_ ij_"eh g kihkh[ WWH IDF k ijbf_g_gb-®fZiledbghh eb

hi\_jklb_f b [_a g_]h iha\lheyxsbc ih\ukblv dZioh\klj\cdhghkgb[blZggh
N eby

tihemqg_gZ f_|h*bdZ kihkmhkkRDghXeZgbx \_ebqgbgu dhjj_dpbb Ijz

jbb "\b" _gby WB b h[_ki_qgqb\ZxsZy azZ”~Zggub baflhNe dibgghk
keh ghijhnbevgh]h f_edh]Z[Zjblgh]h ba”_eby ba IDF f_Ih~hf I<W!
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<\_"_gb_

ljb jZ[hl_ kh\j_f gguo ]Zahlmj[bgguo "\b]Zl _enZdlkjlhx h~gb
\ha” _ckl\mxsbo gzZ ~ _1Zeb Jhjyg_]h 1jzdlZ Imh[dljmgghpigh]h
Mblzl _ey yley_ Iky \ukhdhl_fi_jZImjgZy dhjjhaby ijHl_dZxsZy
oehjb”h\ b beb k_ju b bo kh_"bg_gbc ijfK_frewlhzjdh]h \b"Z
dhjjhabb o0zZjzdl_jgh h[jZah\Zgb_ ehdZevguo dhjjhabjlogdkdobihjz" _
Of IZa&sblgh_ihdjulb_2 dhlhju_ y\eyxlky dhgp_gljZlhjzfb gZijy
ijb\_klib d ij_"~_\j_f gghfm \uoh”m ba kljhy ~ _|Zeb

l[jh[e_fZ \ukhdhl_fi_jZlmjghc khe_\hc dhjjhabb <LKD
khjhdh\uo PR\ dZ h~rgZdh hkh[h_ \gbfZgb_ wlhc ijh[e_f_ klZel
dhgp_ -0 ]J] \h \j_fy \h_ggh]h \lhj" _gby KR: b bo khxagbdh\
< j_amevlzZl_ "ebl_evghc jZ[hlu Z\bZpbb \ mklejik\dh]d fhebdhlh b
gZ[ex"ZeZkv kbevgZy dhjjhaby ©]hjyqg_c?2 qZklb HL* ggh\fmysZy
hildZzam b g_j JeZf_glbjh\Zgghfm j_fhglm | _ogbdbh\Ihwdghbfm ihg
f 1Zeeh\ b kiez\h\ ijb \ukhdbo |_fi_jZIlmjZo hkhjghygh bo
dhjjhabhgghfm jZajmr_gbx b h[_ki_q_gb_ aZsblu kidehoghklg
hit _dlhf gZzmqgh]h bkke_ "h\Zgby

< gZklhys__ \j_fy g_I gb h~gh]lh “Zjhijhggh]lh kiez\Z dhl
g_\hkijbbfgbkxLKD >h kbo ihj 1Zd _ hlkmlkl\mx| h[s_ijbgylu_ gZ
klzg”~Zjlu gz ijh\_~ gb_ bkiulZgbc fZl_jbZeh\ L&D kbhbdhklv
k\b" | _evkl\m _| h keh ghklb j_ r _gby ~Zgghc ijh[e_fu

LZzdbf h[jZahf h~gbfb ba g_h[oh”bfuo mkeh\plcdgedl evgh
wdkiemZzZlZpbb =L> y\leyxlky \ukhdZy dhjjhabhggZykiklh\ddhklv ~Z
bkihevam_fuo \ dhgkljmdpbb ~\b]ZI_ey b\gjwd_kblglb f swaAsbldluo
ihdjulbc >ey hp_gdb i_jki_dlb\ghklb \u[jZggubgtdl ipwZelb\cb aZs
l[j [m_Iky ihgbfZzgb_ f oZgbafzZ dhjjhabb fZl_jbZehi\ jizbmjdoar _ggt
Z |zd _ \hafh ghklv fh”_ebjh\Zgby b ijh]lghabjh\Zgby ahjjhabb
mkeh\byo

< k\yab k \hagbdrbfb ijh[e_ fZfb ZdImZevguf d@bar*klZ\ey
kh\j f gguo f_Ih~"bd bkke_ _"h\Zgby dhjjhabhgghelkthcdhkbb fzZzIl j
| ogheh]bc Zglbdhjjhabhgghc aZsblu fzZl _jbZeh\ '\ mkeh\b\
dhjjhabhgguo kj_” ijb ih\ur_gguo |_fi_jZImjZo

<ukhdhl_fi_jZImjgZy khe \Zy dhjjhaby
<hafh ghklv \hagbdgh\ _gby <LKD fZl jbZeh\ ]Zak\uo Imj|
g2bgb_f \ lhieb\_ b hdjm Zxs_c kj_"~_ |ZzdBbjbxee k_joh \dgad dc
ljb k'b]Zgbb Ilhieb\Zz ~Zggu_ we_f_glu fhimibg[jgsS@\KIv kh_
| fi_jZImjhc iezZ\e ¢EKpPV,0s k | _fi_jZImjhc iezZ\e fgbydhlhju_
azZl _f hkz ~"zZxlky gZ ]hjygbo we f_ oldZdnkifibghuhtzdbiZzjzZl b ehiZzl
jhlhjz \uaulZy mkdhj_ggh_ hdbke_gBgbbebZknjbdezZ bjh\
HkzZ » _gN&SO, b nhjfbjh\Zgb_ "b”~dhc ie_gdb gZ ih\_joghklb
fh™ | [ulv j_amevlZlhf h”rgh]h ba ijhp_kkh\
+ obfbg_kdh]l]h hkz ~_gby dhlhjh_ ijhbkoh”~bl dNgS@ "Z\e_ gl
ij_ \urz | jz\gh\_kgh_agZq_gb_ijb I _fi_jZImj_ "~ _1Zeb
t nbabg_kdh]h hkz '~ _gby dhlhjh_ ijhbkoh”bl ijb kkhelZgkq_kd
N IZe_c ™\b]zl_ey gZzZijbf_j \ha”“mrgh]h nbevljZ bkcihje "mxs
dhglzdl_ k Jhjyg_c ih\_joghklvx ~ _|1Zeb > @
Hkgh\guf bklhggbdhf k_ju y\ley Iky k' b]Zz_fh_ Ihipb\h Kh?
\ Ihieb\_ j_lezf_glbjh\Zgh % _+{kg_~"\b]Zl_e_c ]jZz""Zgkdhc Z\bZz
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g_ [he_% t"ey fhjkdbo ]Zah\uo Imj[bg > @ Hkgh\guf blk*thggbdhf
oehjb”r"Z gMNa6ly y\ey Iky fhjkdZy \h~Z dhlhjzy 1ZzdklhfqdgbtdHulv b
kK_ju Kms_klI\mxl ij_"~iheWNaCybry _gllzd _ ihiz~zZlv \ "\b]zZl_eb \f_Kkl
iuevx ijb \aehkzZ"d_beb klhygd [ &wjhihjlm
Hluggh \u”_eyx!| "\Z IbiZ <LKD

+ 1 _j\uc Ibi «LKD ijhl_dz_I ijb |I_fi_jzZImjZo hl fK "Hh
khhi\_IkI\m_I bgl_j\Zem f_""m |_fi_jZImjhc igBke_dkbryewnahzfydh
gZljbyj <amevlzZl_dhjjhabb ih\_joghklv fZl _jbZeZ ijbh[mjiZ | kehl
jbk FZdjhkdhibg_kdb \<[K&vrbgkl\_ kemqgzZ_\ ijhy\ley_Ilky \
r emr_gby kiezZ\Z kh agzZqgbl_evguf baf_g _gbh%\ _plr lZkyh[eZKkl
dhjjhabb Ijh*mdlu dhjjhabb qZs_ \k_]h ij_"klzZ\eykb*kh[hc qZ
f I1Zeeh\ jZkij_~ e _ggu_ ih khe_\hc dhjd_

+<lhjhc Ibi A <ILKiPhl_dZ | ijb | _fi_jZImjZo hifK ptdy Ilky
[he__ o0Zjzdl_jguf ~ey fhjkdbo b ijhfure_gguo ]ZadWbaoijlmj[bg |
[he__ gbadbo | _fi_jZImjZo ih kjzZ\g_gbx k Z2\EZgbhglgadizy"\b
dhjjhaby bf__ 1| ij_bfms_kI\_ggh ibllbg]h\uc oZpdd¢LKBjh hlebqgb_
g_c ijZdlbg_kdb g_ gZ[ex"Z_Ilky h[eZkl_c hhhh26_ kg uvag kgogevnb”
ZdIb\gufb f_1ZeezZfb > @

\

Jbk KehbklZy kljmdImjz ih\_joghklb ih”\_j]Jr_cky \utkkdhdhl_fi_j.
dhjjhabb i_j\h]h Ibid): ZtXgD rgbc kehc khklhysbc ij_bfms_klI\_ggh ba
hkgh\gh]h f_[zdedkb”u gZb[he__ ZdIb\gAlCr TiZee\eZklb h[_~g_ggu_
"NZggufb we f _9tHfbZklv ijhgbdgh\_gby \ kieZ\ h[h]Zs_gguo ojhfhf kme

< gZmdgtgbg_kdhc ebl _jZImj_ ij_"ezZ]Z _ |lky jy» f _oZgbafh\
<LKD H[sbf y\ey |ky fg gb_ qlh ijhl_dzZgb_ dhjjhaldbgBE[mkeh\
ih\_joghklb kiezZ\Z kehy jZNagSDye Hjglglohh \u”_eyx!l gq_luj_ hkgh\g
kilz"bphp_kkZ bgdm[Zpbhgguc i_jbh” bgbpbZpbx_ pZa\lidb_ b jZa

<h \j_fy bgdm[Zpbhggh]h i_jbh”~Z ijhbkoh”bl h[uglyhklb hdbke
\ ijbkmlkli\bb hkzZ ~ gghc kheb < dhgp_ "*"Z&kghklEk[Bebbuh[jZa
hdkbru 1ZdRAILOd DELO;. >ZggZy klZA"by oZjzdl_jbam_I|ky gbadhc
dhjjhabb __ ijh~he bl_evghklv azZ\bkbl hl IThl]h gZkdhklbdh ~he]
[mMm"ml gZoh”blvky \ klZ[bevghf khklhygbb GHebgjlhr"Bgdm]z
o0ZjZdl_jgh "ey <ilKBXLHKDhg h[uggh g_ gZ[ex"Z_lky

GZ klZ"bb bgbpbzZpbb ijhbkoh”bl gZjmr_gb kehé&kbhghc ie
gZijy _gbc \ualZgguo __ jhklhf Gh\u_ h[eZklb Zlkyjoghklb
N _ckl\bx kheb dhjjhaby fZl_jbZeZ mkdhjy_Ilky
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JZa\blb_ dhjjhabb az\bkbl hl f_ozgbafz ih dhlhjBym hgz
<LKD ij_"eh’ _gu "\Z hkgh\guo f_oZgbafzZ kimeébké” gpy\Zgb
hdkb”bjh\Zgb_ b khe_\h_ nexkh\zZgb_ > -ll @jhblibp”2kk <LK
ijb I _fi_jzZIlmjZo f_gvr_ | _fi_jZImju Na8@\eb ghipafh g ijb
mkeh\bb h[jZah\Zgby khe_\uo w\l_dlbd k gbadfgbyl_fzZdEZdmdZd i
NaSQ, £0SQ b e bNaSQ, NiSO, Khe®6oSQ b NiSO, yl\eyxlky ijh mdlhf
\azbfh”_ckl\by kiezZ\h\ kh”_j Zsbo "ZoggNi_ wke ljfblgdkb hf k_ju
\ke_"kI\b_ q_]h ~Zgguc \b” dhjjhabbKBE lklZE\bdgi|ikjplxLevgh]h
"Z\e @By < |h °_ \j_fy ijb-kkikR2vnb~bjh\Zgby ih\_joghklb g_ gZ[ex
Z hkgh\guf f_oZgbafhf yley |ky ij_bfims ndXxkgyhglbhe> @

F_ozZgbaf kmevnbAbhphkghn\Zzgby ij_"~ihezZ]zZ_| h[jZah\Zgt
ih\_joghklb kiez\Z kmevnb”~h\ ijb ~_ckl\bb kmlkeanZbZ]jgifjby
Weebg] fzZ ijb I_fi_jzZlmjrey kbkl_fMéEBNZO S ]~ Me: Ni, Co, Fe
Al,Cn[B8x @ ihdZaulZ | qlh mdZaZggu_ f_|Zeeukidbh&$cqgb\u \ ij
Z ijb dhglzdl_ dhjjhabhgghc kj_"~u k qgbkluf fijlliZgeeddhbedbbjb _
kd\hav hdkb~gmx ie_gdm hgb h[jZamx| khhl\J&Klienk\eeb gdumevnt
NaeSO, klZgh\blky bklhggbdhf k_ju Kmevnb”bjh\Zgbjh\iZlgWdhx*bl d h
ih\_joghklb f_lzZzeez ij_"~_ \k_]h ih ojhfm gibgBYKIZ_Id _]h
hdbke_gbx Kmevnb”?u ijhgbdzZx|l \]em[v kiez\Z Z Yhjoheh]by
ih\_joghklb hij_~_ ey Iky bo i_j_oh”~hf \ hdkb”u < jE[6EAb\>
ihdZzazgh qlh k ihfhsvx ijhp_kkZ ij_kmevnb”bjhhaldke kgbhkKe ~r
fh gh \hkijhba\_klb fhjnheh]bx dhjjh*bjh\Z\r_c ijb <LKD ih
ljbkmlklI\blaCl kgb Z_| gb 'gxx ]jZgbpm agZq_gbc I_fi_jzZImj ijb
gZlex™Z _|ky ijhp_dkad kDB _| h[jZzah\Zgby w\l_dlbdb k |I_fi_jZImjht
~620 f K14].

F_oZgbaf khe_\h]h nexkh\Zgby ij_"ihezZ})dhtygbh kdkbkiZ\
iZkkb\ghc ie_gdb b h[uggh mklhcgb\u_dhfNa&S@bhffhljimg _k
jZKkI\hjylvky \ jZkiez\_ _keb hg ijbh[j_¢gb_ | gidhke iyt djay b

beb hkgh\lguc ih\ur_ggh_ K&0O jogjlzdl j < 1Zdhf kemqgZ_ hdl
i_j_oh~yl \ jzZzkiez\ \ \b"_ Zgbhgh\ hkghdgh_dZeékxtk¢hphXghibkehlgh
nexkh\zZgb _ GZ jbk ij_"klzZ\e_gujbihkglm g hdpZkjulo hdkb”h\ \

jZkieZ\e _oNmbB®, ijb | _fi_jZImj_D ®IOG, ijb | _fi_jzZImj D \
aZ\bkbfhklb hl ihdZazl_ey ©hkghlgehkdpd].jzkieZ\Z =

Hkgh\guf djbl_jb_f \hafh ghklb ijhl_dzZgby dhjjhabb y\«
gZau\lZ _fuc ©hljbpZIl_evguc ]jZ"b_gl jZklI\hjbfthRIBZ[hilj_"eh@ ggu
>Zgguc djbl_jbc ij_~ihez]zZ_ | qlh hdkb”u ilea gidikkj@\klj\in xysx &y
gZ ]jZgbp_ ©hdkb”™tf |Zee? b \udjbklZeebahlaXXllgyghchkbhefb jZ
1 bo jZkl\hjbfhklv f_gvr_ jbk IlhemqgZxsthdikyp”™u jgamevl
aZsbszxl kiez\ hl ~Zevg_cr_]h hdbke _gby < jZ[BWgh> @
ihM\_j"~_gh qglh ©hljbpZl_evguc ]jZ*"b_gl jZKlIhkxjdfbdkhid&kbdZkkb\b
yley Iky djbl_jb_f ijhl_dZgby <LKD

< kl\yab k I_f qlh jZkiN&#3@_y\geyclky bhgguf ijh\h*gbdhf <LK
fh™ | ghkblv we_dljhobfbg_kdbc o0Zzjzdl_j kieZ\@qlyfygzke nkdp2yv |
klZzgh\blky we dljheblhf Bamg_gbx ~Zggh]h f _bHgkdbf ihk\ys
lhdZzazgh qlh we_dljhobfbq_kdb_ j_Zdpbb ihifbfingHklidykj\ " kI\
hdbke _gbb kiez\z 1zZd _ fh]lml \ebylv gZ ihdah&gh\ghklaydbkerl
khe \hc ie_gdb b khhiI\_Ikl\mxsbc ]jZ”*b_gl jZkihjdHfiljkidb kiibhkh [k
f oZgbafm khe _\h]h nexkh\Zgby

< jZ[hlZo > = @ jZkkfhlj_gu ~“jm]b_ nZdlhju \ebyk&d gZ -
ijbkmlkI\b_ m]e_jh”"Z ijhp_kku-wphhjphdbb wjhabpb_ ijbf_k_c
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Khe_\Zy ie_gdZz

lgs :
5,0 9,
(@]
4,5 Na,SO, (1200 O) _9'
4,0 Cr,0; 9
(@]
<
3,5 NiO Fe,0, Q =Zah\Zy
b = J%rlfiI(\lhjb 0,, SO, SO,
3,0 EI T [Me”*]v
2,5 -
Co0,
2,0 AlO;
15 h
Mem
10 Sio, (1173 D
’ — Q Z k| bMe0,
0,5 Gbadz
CeG, i ZKIVhibfhklv
0 khdz MeO
<u y
4 6 8 10 12 14 16 18 iZKIVhibihklv
jl:g-NaQO MeQ,
Jbk JZkI\hjbfhklg _dhlh Jbk 3. Ko _fZlbqg_kdh_ bah

hdkb” h\Si®, \ jZkieZ\e Jd\N@sh;: f oZgbafzZ khe _\h]h nexkh\Zg
s = nMe0)/n(NaSQy), ppm [4]

F_Ih~u bkke_"~h\Zgby \ukhdhl_fi_jZlmjghc khe_\hc dhjjhab
>ey bamq_gby <LKD jZajZ[hlZgu f_Ih~u kj_"b dhlhjuo
+f |h”u k itheguf ih]jm  _gb_f \ jZkieZ\ khe _c
+f Ih~u k gZg_k _gb_f khe _\hc dhjdb
twe_dljhobfbg_kdb_ f_Ih”u
t]ZahieZf_ggu_ f_|Ih~u > @

Bklhjbg_kdb i_j\ufb f_Ih~"Zfb bkke_"h\zZgby fbN\hjlolxed\ gz |
<LKD [ueb f_Ih”u k iheguf ih]jm _gb_f \ jZkiezZ\ufkheruw Ib]_e
HrgZdh hdZaZehkv qglh ~Zggu_ f_Ih”u iehoh \hileihblZ\hby! mk
]Zah\uo ImjhibgZklghklb g_iha\heyxl hp_gblv \ebygbnZaga ijhp_kl
\ k\yab k wibf \ gZklhys__ \j_fy bo bkihevamxl|l hlghkbl_evgh j_ "¢

< nmg~*Zf_glZevguo bkke_~h\Zgbyo qgZklh bgizthgeviangblkly f_I
khe \hc dhjdb Kmsghklv f Ih"Z aZdexqZ_ |kyhklehB2ZgbbhedZ ih
kehy kheb iml_f jzZkiue _gby jZklI\hjZ beb gZg_ _k"mkyg ¢ZkieZ\.
\u”r_j dhc ijb hij_~_e_gghc |I_fi_jZImj_ beb iijéohypbodegzdjrkddc |_
lj_ bfms_klI\hf ~Zgguo f_Ih”h\ y\ey |ky ijhklhlZ IkkidthjeZzgs by Z |2
g _h[oh”~bfh]h "ey ihemq_gby j_amevlZIZ \|j ¥y lgfhea¥Vh&ogd]pmadbq
< Ih "_ \j_fy mdzZazggu_ f_Ih~u g_ iha\heyxwdkgdhidlZybhghah _
nZdlhju dzd 1jz”b_gl |_fi_jzImj f_"~m ]Zah\hghkiZahc b
bkiulu\zZz_fh]lh fzZl_jbzZez wjhabhggh_ ~_ckl\b_ \hpZmblkph \ihlhd:
g fijbf_k c > @

GZb[heihimeyjgufb f _Ih~"Zfb bkke_ _"h\Zgby <LKD \ ijhfure
yleyxlky ]ZahiezZf _ggu_ 1Zd dZd hgb ihal\heyfXheha’kdllv Imkeéh\b
mkeh\byfb wdkiemzZIZpbb ]J]Zah\uo Imj[bg KgqZsdkkIY¥ kK bjZgbdzZd:
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lhieb\Z \ ki_pbZevghc ]hj_ed_ k p_evx ihengdygblyjiZleemdig\hk]hj
]Zah\mx kj_"m ijhba\h”blky bg _dpby kbgleVigd cktihj&dheb \gZlmjZ
AgZqbl _evgZy qZklv bgnhjfZpby ih ijhl_dZgbx <diKD ihel
]Zahiezf_ggufb f_Ih*"Zfb > @

lhkdhevdm <LKD fh™_| ij_"~klz\welvdlkthdbtbqg_kdbc ijhp_kk
rbjhdh_ jzZkijhkljzg_gb_ 1zZd"_ bf_xI we_dljhobfbg\kkdibh_ b Ih”u
bkihevamxl 7~ey hij_~ e gby kdhjhklb dhjjhabb bghafhhb bamg
ijhbkoh”ysbo gZ ih\_joghklbl9l.Zdpbc > =

AZsblz hl \ukhdhl_fi_jZImjghc khe_\hc dhjjhabb

Mklhcgb\hklv fZl _jbZeZ d <LKD gZijyfmx k\yfakKgklIxZ\hflh obfl
b kihkh[zZzfb |_jfhf_ozZgbg_kdhc h[jZ[hldb Hqg_\behygulky j_ r_ gk
e_]bjh\zgb_ kiez\h\ H”gzZdh ijb ih"[hj_ e_]bjmxxdbo jwakgldyglh\
[j _[m_Iky mgblu\Zlv bo \ebygb_ gz f &zZdkbgzZkdbb kih¢lkiinx
klhbfhklv >hklb _gb_ Ij_[m_fuo f_oZgbdklkxkbbj k\hckI\\ aZqgby \
kiez\ 1Zzdbo we_f_glh\ dzZd \hevnjzf \ZgZZdtc \bbfddapdR mdk | HNy
fZl _jbZe kdehg_g d \ukhdhl_fi_jZImjghc dhjjhabt >hkgh@yuk 1Zd
kj _~kI\hf aZsblu hl dhjjhabb klZgh\blky gZg_k_gb_aZsblguo ihd]

Ojhf y\ey |Iky gZb[he__ wnn_dlb\guf e_]Jbjmxsbf wkl f glhf

<KB >ey h[_ki_q_gby dhjjhabhgghc mklhcgb\hklb dbhk e_\uo
l[j [m_Iky g_ f _g.ih fzkkr dh[ZevIih\wo ftg__ ih fZkkr][6].
E Jbjmxs__ ~ _ckl\b_ ojhfZ h[uggh k\lyaZgh kh &kAEe®abjmxsbf
h[jZamxsbfky ijb j_Zdpbb Nag@®ieZhhlhjuc ij_iylklI\m_1 ijhp_kkn
jZkI\hj _gby hkzZiZkgbyghc ie_gdb < Ih ~_ \j_fy \ukhdh_ kh"_j Z
fh™ _ | ijb\h~blv d h[jZah\Zgbx nZa NjzZgdZ+DZkijhjgghdklllv tof_gvr
ieZklbqgghklv kiez\Z > @

Ohjhrh bamg_gh "~_ckl\b_ *jm]bo e_]bjmxsbo weg_f_glh\
pbjdhgbc blljbc b kdZg”"bc agZgbl_evgh wkleb§bNZpblZekldcql
<LKD h[_ki_gb\Zy ih\ur_ggmx Z~] _abx izZkkl\gjjhabd ggdbx > ¢
mklhcgb\hklv 1Zd"_ ih\urzxl| IblZzg ZexfbgbxcbigBEhhgZ WDjZiggbc
bf xl iheh bl _evguc wnn_dl gZ mklhcgb\hklv-ld[Z][d fbgbfmf d <LKELC

<Z guc kihkh[ aZsblu hlbkiLiKexvah\Zgb_ aZsblguo ihdjulbc
ijbf_g_gb_ "_ezZl_evgh ~Z°_ ey hlghkbl_evgh dhjjhabjhddhklhcc
fgh _kI\Z jzZajz[hlZgguo \b” h\ aZsblguo ihdjulbpgb fhkgh\gwb eblv
Ibiz ~“bnnmabhggu_ dhg” _gkbjh\Zggu_ b | _jfh[Zjv_jgu_ ihdjulby

>bnnmabhggu_ ihdjehbgzZxl iml_f gZkus_gby ih\_joghklb k
Zexfbgb _f ojhfhf eb[h dj_fgb_f >h[Z\e_gb_ ieZlbmgdjudbXéxfbgb”
m\ _ebgb\Z | bo mklhcgb\hklv d pbdebqg_kddkifdbd dbkie jgbmjZjd \i
(>1000 € [ezZ]h”~Zjy h[jZah\ZghGs kehhAur _gghc Z”] _ab_c¢c d kieZ\n
azZ”™ _j°'d_ h[jZah\Zgby ribg_eb ipf.wdkihabpbb >

Dhg”_gkbjh\Zggu_ ihdjiglBbklZz\eyxl kh[hc k_f_ckl\h
dhjjhabhgghklhcdbo kiezZ\h\ qgZdMeXk#AlRY kbRl i Kh beb h[Z
f 1Zeez KiezZ\u KkK&Ertdl & k ih\ur_gguf kh~_j Zgb_f ojhfz b
ihgb™ _gguf kh” _j Zgb f Zexfbgby h[uggh bkihevavslbdBly key aZsh
ihgb™ _gguf kh”_jQgbh if\ur_ggAlftrey aZsblu hl-I<lBaDd_ klgu b
Aim]lb_ khklZ\u ihdjulbc |Z2B0rA24AAH 5 Ra82Ni 21Cr8BAI H,5Y,

3:% Z 1Zd"_ kAlksi##¥ <K>-11),NiL£rAl HFawWwHf&y K>{L<= b 7j
[26 28].
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L _jfh[Zjv_jgu_ ihdjkeimyzZl "~ey baheypbb fZl jbZeZ b mf_q
| _iehi_j_"~Zqgb Wlh dhfihablgu_ ihdjulby bf_xsb_ ™MZ kehy
d jZfbg_kdbc hfuggh klZ[bebabjh\Zgguc hdkb” cpbgdhgby
f I1Zeebqg_kdbc [Zjv_jguc ih”~kehc mklhcqgbl\uc d clhjgkabhggh
:Zjv_jguc kehc gqzZklh ij_~klZ\ey_ | kh[hc eb[h dhg"kigkbjhhZggh _
Me£r#Al&Y eb[h “bnnmabhggh_ Zexfbgb”gh_ ihdjulb_ > v @ Ke
glh bkihevah\Zgb _ | _jfh[Zjv_jguo ihdjulbc jYfbg4Bdah\uo
wdkiemZlbjmxsboky \ mkeh\byo fhjkdh]h\ déafZdvgud MAd]Zl _eyo
hljZgbg_gh \ke_ _~kl\b_ Ih]h qYOskMg® tbhgCa@byw kihevam fu_ ~ey
klZ[bebazZpbb \_jog_]h kehy hdkb”Z pbjdhghuyb jgZlhpbmkufk b
\ZgZ~b _\ufb aZ]jyag_gbyfb > @

HI*" evguf gZijZz\e_gb_f fh gh \u”_eblv kha”Zgho fgh]lhd
dhfihabpbc \ukhdhl!l_fi_jZlImjguo ihdjulbc gZ [da_b ~“bnnm
dhg”_gkZpbhgguo keh _\ GZijbf_j hljZgbq_gguc \ aZizk
dhg” _gkbjh\Zgguo ihdjulbyoCk#lkd <fuzZzllAad _ \ukhdZy ~“bnnmabhc
ZdIb\ghklv wlbo ihdjulbc \ dhglzdl_ k “Zjhijbggudb\hkeexNZfb
"ebl _evgh bkihevah\ZIlv bo ijb | _fifZlimmbfm ~ey jZ[hlu ijb [he_
\ukhdbo | _fi_jZImjZzo fh]lml bkiheMahdakehcygur\mbhg”r gkZpbhgg
A"bnnmabhggu_ ihdjulby h[_ki_gb\Zxsb_ aZsblm “gphijhgguo
| fi_jZImjZo 1200 K > @ Ih\ur_gb_ jZ[hg_c | _fi_jZImju 1Zdbo
"hklb]z _Iky [eZ]h”Zjy bkihevah\Zgbx \gmlj_gg glkbjie\Zlgldgldh]h
kehy k hlghkbl_evgh gbadbf kh”_j"Zgb_ f Zexfbgbyx bBZoZkiZ b
Zexfbgby \ ihdjulbb azZz kq_ I \g_rg_]lh “"bnnmabhgleaily Zex@bgb
Dhf[bgbjh\Zgb_ |_ogheh]bc gZg_k_gby ihalhey_mM\\hetdbVadb\ ihd]j
f 1 Zeeu ReZW wnn_dlb\gh Ihjfhaysb_ “"bnnmabhggmx Zdlb\ghkl
©ihdjulb_xkiez\2 dhlhjZy kem bl “bnnmabhgguf [¥gvrghflh ljbf
"bnnmabhggh]h kehy \ wlhf kemqgzZ_j rZ | ijh[ehémbudhkjhabhgc
ih*h[guo ihdjulbc > @

ljbf_g_gb _ kh\j f gguo aZsblguo ihdjulbc g_\hafh
kh\_jr_gkl\h\Zgby f_Ih*h\ bo gZg_k_gby >bnnmeabhgyglu k ihdjt
ijbf_g_gb _f rebd _jgh]h -]bevah&vhkh[h\ jZaebqgqguo obfbqg_k
ibjhobfbg_kdbo b we_dljhobfbg_kdbo f_IhXh\*"bZnnmZdhgghfpH
gZkus_gby ih\_joghgdbbtt | ]Zahpbjdmeypbhgguf f Ih~"hf \Zdr
hkz '~ gb_f bfimevkguf f _Ih~ hf ki_dzZgb”déhbglsbfjrkibkh[hf >ey
ihemqg_gby dhg” _gkbjh\Zgguo ihdjulbc bkihevdkinle glZlh”g
| _jfth\Zdmmfgh_ bkizZj_gb_ ileZafegdgh gghbhgbbeb ]ZahieZf_gg
gZiue_gb_ b 34]. > £

>ey ihemq_gby Zexfbgb”guo ihdjulbc rbjhdh ijbf_gy_I
obfbqg_kdh]l]h hkz '~ _gby ba Cx¥Bhihp_kXau\ Ihf gbke_ _]h ih~\b~"
iZzd _Igh_ p_f_glbjh\Zgb_ > @ CVDhiphp_ kIRhY y\ey Ilky Ih qlh
[mMm*mqgb [_kdhglZdlgufb hgb ihalheyx| gZghetb ke hh djjwd bryhgfZb® 12
\gmlj_ggb_ ih\_joghklb Z IZd _ ihal\heyx!| khéagd@lZIlvh @hdabowyb ibjh!
memqgr_ggufb k\hckdZdfbf+ iml_f \\_~ gby e _]bjmxsbo we f gl
<jzZ[hl_ > @ khg_lzZgb_f f Ih*h\ we_dljhhkZ ~ ggdpbb gZd Igh
gbd_e_\hf fhghdjbklZeebg_kdhf kiez\_ ihem&1_dhdjeldbjh\Zgg
(Ni, P)Al  E _]bjh\Zgb_ pbjdhgb_f ihal\hebeh agZqbl_evdhk ih\ukbl
ihdjulby az kq_I| IZihkimgkh[kI\m_| ehdZebazZpbb k_ju gZ ih\_jo
ij_"hI\jZzsZ | ]Jem[hdh_ ijhgbdgh\_gb_ oehjZ Ih”jh[glh _dhjjhabl
Zexfbgb”guo ihdjulbc ihemg_gguo gZ gbd_e \uadaZo Zjhijhq
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CVD-f_Ih~hf \ mkeh\byo <LKD jzZkkfhlj_gh \ jzZ[hl_ >g@ IhdZa
ihdjulby h[ez”~Zx| \ukhdhc mklhcgb\hklvx d <LK & \ggnlkiihljy
Zexfbgb”rgh]l]h kehy gZ[ex"Zxlky [hevrb_ fbdjhihju b hg _[hevrl
fbdjhlj_sbg z Ibibd@lygjaiyheh]by Zexfbgb”~gh]h kehy klZgh!
jZamihjy~hqg_gghc

JZa\b\zZxlky f_Ih~u nbabqg_kdh]h hkz " ogbAD ba Hkgh\plkefnZau
\ khg_lzZgbb k \ukhdhkdhjhklguf ]ZahieZf_lgvQF) [8%Zid4®. gb_f
=ZahieZf_ggh_ gZiue_gb_ bkihevam_fh_|_jfejyZjvkjhgarZgby
Zglbnjbdpbhgguo b “jm]bo ihdjulbc ihalhey Ihcithe mgblv be
dhjjhabhgghklhcdb_ ihdjulby H~”gZdh baghkhklhcthjkhlablb khijh
NZgguo ihdjulbc mf_gvrZ |ky k jhklhfalZ fhojglmukhodhc ijhgghklb
\ukhdhc ihjbklhklb GXB-kehgb ih\HYOF-ihdjulby iha\hey | azf _Igh
memqgrblv _]Jh wdkiemzZlZpbhggu_ dZg_kIWBPVR/HZTRIhesmg@gh Ih”
ihdjulb_ &UG&W&U GZg_k_gkCrNiehagdhebeh mf_gvrblv lhesbgn
hdkb”rghc ie_gdb \ jZa ih kjZ\g_¢ghx1lk&jbkluf\ 86 ~_ \j_ fy
agzZqbl_evgh m\_ebgblv mklhcgb\hklv ihdjulby dhmke\dbylf <LKI
kemqZ_ ijhp_kk "he’ g [ulv hilbfbabjh\Zg ey Hh[ukbygilgjby ihe.
PVD-ie_gdhc bgZq_ oehjb”gZy dhjjhaby ijb\h”*bl d h[jZah\Zgb»
dZgZeu ihj kh_"rg; dgbyl\ _ j~uo hdkb”~h\ gZ ]JjZgbp_ ©ie_gdZzih
\uaulZxsbo dhgp_gljZpbx gZijy _gbc b dzZd gle ANkldpulbyjZzajm
< jZ[hl_ > @ ijbf_g_gb_ f_IlhédhogvehihjhgghZah\h]hEB-R¥YD® gby
ihal\hebeh kha”zZlv | _jfh[Zjv_jgh_ ihdjulZjv_g@hHHWGkehy
(Co, NDEr#Alx< b d_jZfbg_kdh]h ihdjuZb®; <®+fhjjGabhggu_ bkiulZgby
ihdZzazZzeb qglh ijbf_gr@bih&d&G ey | ijh*reblv kjhd'SKemhyu \
mkeh\byo <LKD

< Jhkkbb rbjhdh ijbf_gyxiky dfhggu aZsblgu_ihdjulby >
@ Bhgaghaf ggu_ f Ih”u ihalheyxl khanrz\Zlv fghlhdhfi
"bnnmabhggu_ dhg”_gkbjh\Zggudhg”bghkdhpbhggtn ihdjulby Ij
wlhf h[_ki_gb\Zxlky \ukhdzZy Ihgghklv ih Ilhesbghkld\mwe f g
j_Imebjm_fhklv ijhp_kkZ hkzZ ~ _gby azZ kqg_Klpmdhmfjm githd plolplyw g.
+gZijbf_j ihemqgZzZlv f _edha_jgbklh_ihdjulb_  <b@BRI@D?migqZIih\
<B:F ij_"eh _gZ -bbgdgh ggZy | _ogheh]by \ukhdbo wg_jlbc dhlhj
\k_1h ijhg_]h iha\hey_|I| ijh\h”~blv ij_"\Zjbl_evgh_bNZpbxgb_ b
h[jZz[Zlu\Z_fhc ih\_joghklb h[_ki_gb\Zy ih\ur_gh_ ZNMNJZdbb ihd
m\ _ebqgblv iehlghklv ihdjulby aZ kqg_| bhgghc ghf[gjfhb{2\gdZylhd
| _ogheh]lby fh™ | ijbf_gyilhvékmg aeyy Zglbnjbdpbhgguo dhf[bgbjh)
“Zjhklhcdbo wjhdhjhgaghhgghklhcdbo b fgh]l]bo “~jm]lbo \b”~h\ i
[4548@ < jZ[hl_ > @ 9gZ mklhcqgb\hklv d <LKD bkkeéjwib\Zgh "Z
K>F L+ <K>{ gZg_k _ggh_ gZ i_jki_dlb\guc gbd_e \uc kieZ
\Zdmmfguf biegah gguf f_Ih~hf l[jh\_ "~ ggu_ mkdhj_ggu_ pbc
bkiulzgby ijh”_fhgkljbjh\Zeb \ukhdmx dhjjhabhggmx]tklhcdhkl
ihdjulby ih hlghr_gbx d \ukhdhl_fi_jZImjghfm hdbke _gbx b <L
gZg_k _gb_ ihdjulby g_ kgb Z | ]ZjzZglbjh\Zghughkilgkidjlguo
oZjzZdl _jbklbd kiez\Z qglh iha\hey | bkihevah\ZlsblgudZ\ <@E
ihdjulb_f k>l <K>I \ dzZq_kI\_ fzZl_jbzZeZzZ jhlhjguo *_1Ze_c \_jl
MblzIl_e_c

< gZklhys_  \j fy Zdlb\gh bamqgZ_ |ky \hafh ghlglwo kha”Zg
]_1_jh]_gguo aZsblguo ihdjulbc gzZijbf_j ijb mJe” jgbdhud gbc
gZghljm[hd > @
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AZdexq_gby

Bkke_"h\Zgb _ ijhp_kkh\ \ukhdhl_fi_jZlmjghc dhjjhabb
]Zahlmj[bgguo ~\b]Zl_e_c b mklZgh\hd ~h kbwf ihnZiyXég gy ZdIm
ijbdez~gh]lh fzZl _jbZeh\_~ _gby qlh ih?\_j"*"Z IkyfapgZmbyuevguf
im[ebdZpbc \ aZjm[_"guo b hl_q_kI\_gguo ba”Zgbyo

ljh\_~ gguc ZgZeba gZmgguo im[ebddpYxlvihal\heb ef bphliizc
ijZdlbd_ \k_ [hevr__ ijbf_g_gb_ gZohkwlZglby "hXlu_jbBeh\ k
dhjjhabhgguf b I_jfbg_kdbf \ha”_ckleyfbhgighftza\hh¥sb_ mkeh\by
\hafh ghklb gzZb[he__ koh'b_ k j_ ZevdhtZwdkieHglZpb venn_dlb\g
fhr_e_c b kihkh[h\ ih mkdhj_gbx ijhpkikkih{kt\mpsob khdjZs_gbx
\j_f_gb Ij_[m_fhfm ~ey ijh\_~ _gby dHigpbhbhgmgdd dki*hklb]Jgmlh

<uy\e_gh ijzZzdlbg_kdb ihegh_ hlkmlkl\b_ k\_"Zbghpght gZIm
mkdhj_gguo dhjjhabhgguo bkiulZgbyo fZl _jbZeh\ \dgbfB]kdhf b f
dhlhju_ iha\hebeb [u \g_klb kms_kI\_ggucf \dzghaizZzbdmjghabb
fZl _jbzZeh\ =L> ih™ ~_ckl\b_f Zwjhahe _c¢ fhjkdhc \h”u

ljbf _g_gb_  we_dljhobfbg_kdbo bkke_~h\Zgbc ijhp_kkh\
ih\ur_gguo | _fi_jZImjZo ghkbl [hevr_ | _hj_Ibd nmkgdoco ojZj[adI\|] C
"Zgghf gZijzZ\e_gbb g_"hklZlhggh ey kha”Zgbyl¥hkbrgjgdlc dZj
ijhp_kkh\ dhglzdlghc ]Zev\Zgbq_kdhc dhjjhabb jy\ayghjkiyguo f
\_kvfzZz ZdimZevghc azZz”Zq_c

GZjy™m k mkdhj_ggufb obfbq_kdbfb b we dalf{fhdBgbyfkdbfb
rbjhdbc bgl_j_k ij_"~klZ\eyxl \hijhku ijh]Jghabjh\Zgby ik®hckl\ fZ
\ebygb _f Z]j_kkb\ghc \g_rg_c kj_~u b \ukhdblalhébgBAImy qlh
mklzZgh\blv gZmqggh h[hkgh\Zggu_ Kkjhdb h[EkEdapHBZdbyZeb cwdl
]Zahlmj[bgguo "\b]Zl e _c¢c b mklZgh\hd

Ke _"m_1| hif_Iblv \ukhdbc mjh\_gv jZajZ[hlhd ih Zglbdhjjh:
fZl _jbZeh\ ~ey =L> GZmqgu_ jZ[hlu hl_g_kl\ggghdylky phzZeb}
fbjh\hf mjh\g_ Z \ g_dhlhjuo kemgzZyo kms_kI\[gghu_ij _\hkol
| _ogheh]lbb b ihdjulby ih “hklb]Jgmluf k\hcklI\Zf
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Abstract. The main purpose of this work was to simulate the temperatures ofunakiea-
ing of PVC-profile samples in the climatic conditions of the city efe@dzhik and their motie
ing in other climatic conditions (the city of Moscow). The work evaludtesraximum heating
temperatures of the surface of PVC-profile samples having a compléxi shetpe, evaluates
various approaches to its modeling and forecasting in other climatic conditions. Theposs
influence of the shape of the samples on the processes of their heagexaitarthe environ-
ment is noted.

Keywords: full-scale climatic tests, structurally similar samples, PVGfilar, surface
heating, surface overheating, modeling, forecasting
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Jghabjh\zZgby | _fi_jZImju ih\_joghklb iehkdbo h[jzZRjgt\ biayfhm]h
mle_ieZklbdZ- DFDW kl _dehieZklbdZ/SDFDK Zexfbgb_\h]h
kiez\Z =L k ihdjulbyfb WI[_eh]h b g_jgh]lh p\_1Z \ mkeh\byo ]hijl
e_g”"'bd =PDB <B:F bf =< :dbfh\Zz A GBP kdDimj§ZzI|hPkxbc bg
<B:F b Fhkd\Z FPDB <B:F A GBP ©DmjqZIhRR®Bc bRy bImMI2
bkihevah\ZgzZ fmevlbebg cgZy fh® _ev >hdzZaBg¥ZxKkijhiphghklv k
jh\Zlv | _fi_jZImjm bkiulul\Z _fuo h[jZaph\ ijb \wijkKihgb¢htZdplhb \
Ibq_kdhc ahg_ k \Zjvbjm_fufb izjzf_Ijzfb fHh~Zieph dlk bjf ZzohdvliZ|Z

Ajm]lhc ahg_ Ih j_amevlzZIZf wdkihabpbb h[jEapPDB <BDPB <B:F
kfh~_ebjh\Zgu I_fi_jZImju bo ih\_joghklb \ aZzZ\bkib\fhikE” hl dhfi
kiI\mxsbo f_I|I_hizjzf_Iljh\ 1jb ijh]jgha_ |I_fi_jZImjdieigZ&pthd Zba k

DFDK L \ =PDB <B:F hrb[dZ khkl&\bl¢EZ]gha fh”_kbihjb
klz\e_gbb k nzdlbg_kdbfb j_amevlzZlZfb BaF_jm\gled § breP Db [<d m
"h f& Fh”"_ev ihkljh_ggZy ih f_|I_hjheh]bg_kdbf ihdzazl_eyf F
eZ hrb[dm ijh]ghaZz "ey FPDB &B: & Aey =PDB <B:F

< A"Zgghc jZ[hl_ bkihevah\Zgu ih*ohZiyhlZaoeh ggao Bey fh" e
jh\Zgby b ijh]lghabjh\zZgby fZdkbfZevZayo\Z_Hhi[jyalphj\-gja nikdy
keh'ghc nhjfu ih kjzZ\g_gbx k bkiulu\Zefktibftofuggdbfb h[jZapZfb
ijyfhm]lhevghc nhjfu ijbf_gy_fh]h ijbewalbldhhéugbibdhg \_debfZlbq
kdbo mkeh\byo ]Jhjh*Z =_e g~ 'bdzZ by efyZdkiblfgtearlgjlndZ|_fi_jZImj
gZ]j_\Z \ debfzZlbgq_kdbo mkeh\byo ]hjh~Z Fhkd\u

FZI_jbzZeu b f_Ih”u
< =PDB <B:F \|l_q_gb_e_Ig_Jhi_jbh~Zz ulZgibgh\WfYEZalp o\k i
bal<QGijhnbey ijbf_gy _fh]h ijb ba]hlh\e_gbbhpgeZHKIhd&puroijhd
klZ\eyeb kh[hc gZklv hdhgghc jZfu ’kdbkglRhcggufbf \gmlj _ggbfb
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| _ogheh]lbqg_kdbfb ihehklyfb i_j_]hjh~MbZfiiehlp agdgyfbu H[jZapu
hdjZr_gu \hk_fvx ijhfure_ggufb wfZeyfb jdrypiyw_ pi\jblth gyxlky ijb
ijhba\h”~kI\_ hdhgguo iZzd_Ih\ | _v g4Kbvyxu gy\inkgbkkI\_gbh wdkien
jm_fhc dhgkljmdpbb

H[jZapu wdkihgbjh\Zeb gz ZzIfhkn_jghiflhicl_i¢g’hszgd hl=P DB
<B:F jZkiheh  _gghf ih® nmjahhkh\ d ]Jhjbahglm b hjb_glbjh\Zggh
jbk < ijhp_kk_ wdkihabpbb nbdkbjh\Zeb zifthkiniZgphf |]
bkiulZl _evgh]h ihebl]hgZ =PDB <B:F &jhdh)\ ljolghkIb wdkihgbjm
fuo h[jZaph\ iml_f azZdj_ie_gby gZ bjhg\gmiflglgdk\ KIKi_jZImju
ih\_joghklb k ihfhsvx |I_jfhde_y

Jbk Wdkihabpby h[jZajhmbkyO\ =PDB <B:F

ljb ijh_dlbjh\Zgbb ih"h[guo dhgkljmdpbc g_h[ohgbth m~_ eyl
gb_ h"'b”Z_fuf mkeh\byf wdkiemZIZpbb dhgkwjimppbaz\BZ Q| dxd
\bevguc \u[hj fZl_jbZeh\ ba”_eby \ Ihf gbke_ kikbkdhfuidudye f_glh
Ibc Ihkdhevdm hdhggu_ ijhnbeb \ hkgh\ghf bkihevamxlky gZ h
_kl_kI\_gghc ZlIfhkn_j debfzZlbqg_kdh]h jZchgzZ ghhijfh®irelyg _h[hk
"blv qlh gZ]j_\ dhgkljmdpbb [m~_| khihklz\bf k lcfkjjZlumjhc hdjn

Hkgh\ghc azZz”~"Zq_c ~Zgghc jZ[hlu y\eyeZkv Hp_jgd@dhjuzdkbfz
ih\_joghklb h[jZzaphdijlhhamdep b __ fh~_ebjh\Zgb_ \ aZ\bkbfhklb hl
\ha”_ckl\mxsbo f_|I_hizjzf_1jh\

>ey fh”r _ebjh\Wwgpylghabjh\Zgby | _fi_jZImju ih\_jogkklb h[jZ:
ihevah\Zgu ih*oh”u baeh” _ggu_ \ jZ[hlZo > @ freewliel h1h b ki
g _cgZy aZ\bkbfhklv

Ts= < T Xk, 1)

]"Ts t\ugbkey_fzZy |I_fi_jzZImjz ih\_joghkNhaNjiZzkpmxsb_ debfzZlbqg_kdb
nZdlhjBw £t\Zjvbjm _fu_ iZjzZf_lju $htithkbhyggZy

< dzZqg_kI\_ fhr_ebjm_fhc | _fi_jZImju bkihevidh\fedhklIbi jZIm
kzfhl]h ©]hjyg_]h? h[jZapZ \ i_jbh” fZdkbfZevgdhdZ gX]lj)a\Ahh[jZa
N ckl\mxsbo debfzZlbg_kdbkdmZikhyh\ Z hlghkbl_evgmxf \eZ ghkl\
i_jZImjm \ha”"moZ iehlghklv ihlhdZ kmZZhgpdb ke gheggh gb_ Kheg
highkbl_evgh jZchgZ wdkihabpbb nh]jleuKdoeegpyZ gizy* Hhiblehglhf

BagZqgqZevgh iZBaffhju eb ith h[jZgu aZ \_kv i_jbh” wdkih
hijh[h\Zgu gZ j_amevlZI|IZo bkiulZzgbc \ ~_giv jKZIiddhkd ih& vjphgah | _
klb h[jZaph\ | _ ~ gv k gZb[hevr_c kj_"g_khmalhmglc GAijgKImjt
brZe_ _ ijb\_"~_gu nZdlbg_kdb baf_j_ggu_ghKibjB[pgapih)\ f¥g
d ju b bo kfh _ebjh\Zggu_ agZq_gby \ \b*_ ebgbc
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<j_fy kmlhd qZzZk

Jbk Kfh~r _ebjh\Zggzy | _fiwjzZhhjzapz \ kZfuc “Zjdbc ~ _gv wdkiha
b nzdlbg_kdb baf_j_ggufZadZjg)gby =+

Fhr _ev hibku\zZ | \k_ wdki_jbf_glZevgu_ Adgbdhck htkkhZlhq
\_jghklvx dhwnnbpb_gl ~_ | _jfbgZpbb ijb klIZQR ZjlwhgZdhb[d _
ba ijb\_~_gguo gZ jbk NZgguo \b*rgh d9dhZe¥gZlyql kid ZjyZ Ifid gk
ih\_joghklb h[jZzapZ fh | [ulv aZgb _ggZKfh” _evx gZ a

G_"hklzZlhggZy lhgghklv fh™_ebjh\Zgby fZdkbigewvgul | _ fi_j.
\ _ joghklb bkke_ "m_fuo h[jZaph\ fh | [ulv kkyla&Z k& h\glind ghke _
fhc gZebgb_ "hihegbl_evguo j_[_j _kldhklb b imkhhg23Z jbk
NZxlky M\Z ibdZ agZq_gbc | _fi_jZImju ih\_jopgdkklb higZapyhu GZ
agZgq_gby | _fi_jZlmju \ha”moZ b kheg_qgh¢ijr2lmzjZzbbh\Zjégd _ |
kilb ~jm]hc djmigh]zZ[Zjblghc dhgkljmdpbb wdkhkgbjmh fhc
bkiulzZl _evghf ihebl]hg =PDB <B:F H”"gZdh afXdbageZdvogwdyoj i.
f I _hizjzf _Ijh\ \ mdZaZgguc i_jbh” \j f gb ggbgZfemo6Zidddkw gZZe
liZnbd_ | _fi_jZImju ih\_joghklb k\b” | _evklI\mjhph KkkZo ikkebhguo
Aysbo ijb | _iehh[f_g_ h[jZapmhjkehk ddgm Zxs ¢ kj_"~hc Iljbg_f d
ke _"m_| ba ihemqgq_gguo "Zgguo fZdkbfZeMmgghkllb fii jjAunajZbdh\
azZnbdkbjh\zgz g_\ fhf_gl fZzdkbfZevghc | _fi_jZImjth\itba’mnozZ fhi

60 900 <
lhihd khe hc jZfbZpieb
g_daghc j wsooog

50 - 700

L fi_jzImjz
ih\_joghkl
40

30

- 600

gghc jz~

- 500

izIlmjz fK

- 400

L_fi

- 300

Ihihd kheg

- 100

20 T T T

0:00 6:00 12:00 18:00
<j_fy kmlhd qZzZk

Jbk L_fi_jzImjz ih\_joghklb djmigh]z[Zjblghc dhgkljmdpbb  Z\
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>ey ih\ur_gby lhgghklb ijh]ljghaz fzdkhflaejvgued)INZi ij
\_joghklb \ dZq_kI\_ \ha”_ckl\mxsbozddhjA\b\qftkdbeovn ~"h[Z
e_gu \lhjzy b qg_I\_jlzy kl_i_gb |I_fi_jZImjdZgh&t*mowdki_jbf_
IZevguo "Zgguo bkihevah\Zgu j_amexlZlg dbemqg lggibwdkiha
pbb k fzZdkbfzZevghc kj_"g_kmlhqghc*IndZ jZImjgpZ[akh@a_gbc

dhwnnbpb_gl ~_|I _jfbgZpbb ijb kKlZg™ZfighczZhrd{d _ kmil
wdkihabpbb k fzZdkbfzZevguf gZ]j_\hf idphjoghkligZh¢)x2 gbc
dhwnnbpb_gl ~ | _jfbgZpbb ijb klZzg™"ZfKghcJlhamjdwZlu b

ke ~h\Zgbc ijb\_~ gu gZ jbk

70

60
v 50
S—
40
N
g 304
N
- 20
:| 10
-
0
-10
'20 T T T
0:00 6:00 12:00 18:00
<j_fy kmlhd qZzZk
Jbk Kjz\g_gb_ fh”_e_c¢ I3 fit pAalfmjuggZy ih\_joghklb h[jZaph\

kZfuf *Zjdbf ~gyf thrb[dZ b ih  ~gyf k fzdkbfZevguf gz]j_\hf ih\_j
h[jZaph\, " +hrb[dZ

J amevlZlu b h[km ™~ _gb_

Ba "Zgguo ij_"klZ\e_gguo gZ jbk \brgh gg¥hihgn"Zev ihi
guf az "g_c k fzdkbfzevguf gz]j_\hf ih\_jdghkjld h[pdBgb\ ~hk
I nzdlbg_kdb baf_j_ggu_ agZq_gby |I_fi_ Vdimhph ih\fZoghkik
guo gZ]j_\h\ ih\_joghklb GZzZijbf_j \ *_gv]k NadkbfiZeoghuklhzaZz
\_kv i_jbh” wdkihadbdmklz jZagbpZ f_""m nzZdlbq_kdhc b kfh"_
| fi_jZImjzZfb khkWRB\ pKZ +

AgZq_gby nzZdlbg_kdb baf_j gguo b kfh”_ g@hjh\&ZgHwogbL£dkb
| _fi_jzZlmj ih\_joghklb ijb\_~_gu \ IZ[e b

>ey hp_gdb fZdkbfzZevgh \hafh 'gh]lh gZ]j_\Z ih\_jBghklb bki
ph\' \ mkeh\byo debfzZlZ = e _g”"bdZ bkihevah\ZgpbyhdZgv\Zey f
ih\_joghklb \ i_jbh” k ih ] Agb k fZdkbfzZ\édnag'mcoZ fi_jZI
]h m lhemq_ggu_ ~Zggu_ ijb\_"~ _gu \ IZ[e

Ilhkdhevdm k mq_Ilhf ~"Zgkgfhd 1Zheh\ZggZy fzdkbfZemgzy |_fi_
jZ ih\_joghklb h[jZaph\ fh | [ulv aZgb _gZKfhA _leefe gZ1Zd" _
mdazgzZ | _fi_jZImjz \hafh gh]h gZ]j_\Z ih\_joghklb
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LZ[eblpZz
[_j\u_ "g_c k fZzdkbfZevghc kj_*g_kmlhqgghc I_fi_jZImjhc \ha”
\ ihjy"d  m[ulZgby
>717 T | T SF%*,‘ FZdkbfZevgzZy | _fi_jZImjZ ih\]
fK F> ih nzdl ih fh"_e jZagbpZ
29.08.2021| 31,0 34,0 22,46 64,4 50,8 3,6
15.07.2021| 30,5 33,7 29,12 53,8 51,2 2,6
17.07.2021| 29,8 31,1 27,83 45,8 48,2 +2,4
04.08.2021| 29,3 32,7 24,25 58,7 49,3 D4
30.08.2021| 29,3 34,0 20,68 53,7 50,7 8,0
05.08.2021| 29,2 32,0 25,09 43,2 47,6 +4,4
18.07.2021| 29,1 31,2 27,14 48,2 48,0 9,2
06.08.2021| 29,1 32,0 25,97 50,7 49,7 4,0
14.07.2021| 28,9 32,6 26,28 56,8 48,4 8,4
07.08.2021| 28,8 34,1 17,26 47,8 52,2 4,4
A kv b "Zwg jiby kheg qghc jZ*bZpbb
LZ[ebpZ

I _j\u_
\ ihjy"d m[u\Zgby | fi jZImju gZ]j \Z ih\ _joghklb

ng _c k fzdkbfzZevguf gz]j_\hf ih\_joghklb h[jZaph\

Fhr _ebjm_fu_

\ =PDB <B:F ih |h"Zf

s | Tu T SR | FzdkbfzevgZy I_fi_jzImjZ ih\]
fK F> ih nzdl| ih fh”_e jZagbpZ

29.08.2021 31,0 34,1 22,46 64,4 60,1 #4.3
22.08.2021 25,1 29,6 24,32 63,8 51,3 A2,5
28.08.2021 27,7 32,5 21,35 62,6 51,5 A1,1
24.08.2021 27,7 30,9 23,11 61,1 52,2 8,9
26.07.2021 27,4 31,2 17,96 58,3 56,3 2,0
23.08.2021 26,7 29,1 14,90 57,4 48,8 8,6
14.07.2021 28,9 32,6 26,28 56,8 55,7 14,1
01.07.2021 26,8 31,4 29,43 55,0 54,1 0,9
24.07.2021 26,3 30,2 27,49 54,8 50,7 #€1
09.08.2021 26,1 29,6 14,31 54,8 51,2 3,6

LZ[ebdZ

fZzdkbfZevgu_ | _fi_jZImju gZ]j_\Z ih\_joghklb h[jZa

T | T SR FdebfZ_e_ngy_ kfhg_ <h.afh‘.guc 04
>Z1z ) mex Es® gZy | _fi_jZImjZ ih\_ ih\_joghklk
f K f K
08.08.2010 | 34,0 | 38,6 | 24,96 75,9 88,5
29.07.2011 | 32,2 | 36,8 | 25,48 68,2 80,8
24.07.2012* | 33,6 | 37,6 | 26,44 76,9 89,4
16.08.2013 | 30,2 | 33,6 | 21,63 54,1 66,7
12.07.2014 | 28,7 | 36,4 | 20,33 64,9 77,5
24.07.2015 | 30,1 | 35,0 | 25,92 59,2 71,8
22.06.2016 | 30,6 | 353 | 27,56 62,2 74,8
28.07.2017 | 30,0 | 36,6 | 19,06 69,5 82,1
07.08.2018 | 30,2 | 35,2 | 23,88 60,7 73,3
20.06.2019 | 30,3 | 34,4 | 25,77 56,0 68,6
> gv k fZdkbfZevgh \hafh guf gZ]j_\hf ih\_joghklb
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Ba ijb\_~ gguo fgh]he_Igbo "Zgguo b agZgoglbdikfAMrmpbjh\Z
fh gh ij_~iheh blv glh ih\_joghklv bkke_"m_fuo hyk&aph\ fh _
76,9+ f K

GZ jbk ihdZzazg kfh”~_ebjh\Zgguc gZ]j_\ ih\_goaglklb h[jZ
kmlhd bxey

100

90 <hafh guc
< ezl t N
b 80 thi_Jog £\ / \J/ \.‘
/ /
N RPN A\
g 70 ' \ A
: ' \V/
j 60
“_I
| -

//
40

0 é._!//\@’——\\

L_fi_jZlmjz\ha”"moZz

/ \
/ /\ th"_ebjh\Zgg\‘\l
50 // gZ]j_\ih\_joahkl\

20 T T T
0:00 6:00 12:00 18:00
<j_fy kmlhd qZk

Jbk Kfh~_ebjh\Zgguc gZ]j_\ ih\_joghklb h[jZaph\ bxey

>ey hp_gdb \hafh ' gh]lh fzdkbfZevgh]lh gZ]j_\Z ib\hjoghklb I
jZaph\ \ jZchg_ k ~jm]bfb debfZlbqg_kdbfb migeh\lbyfbjZkijZ_eb]
gZ]j_\Z ih\_joghklb blxgy mkeh\byo ijhfure_gghc ZIfhkn_ju ]h

Fhkd\u 1ZJe jbk AgZq_gby f | _hizjzf_|jhAgiphkemé PduBgZ f_
<B:F

LZ[ebpZz
Fhr ebjm_fzZy fzdkbfZevgzZy | _fi_jzZImjzZ gzZ]j \Z ih\_joghklb h[jZe
\ debfZlbg _kdbo mkeh\byo ]Jhjh~Z Fhkd\u

T, T FZdkbfZevgZy kfh§ | <hafh ' guc gZ]
>717 ki max FSE gZy | _fi_jZImjzZ ih\_| ih\_joghklb
fK fK
23.06.2021 | 31,9 | 37 32 72,8 85,3

Ke_~m_1| hif_Iblv qglh ijb wdkiemZIZpbb dbguqgEduba”_ebc
iheg_gguo ba ihebf_jguo fZl_jbZeh\ b hdjZr_gdbdjBbkkgqgOfb fufb
ihdjulbyfb \ mkeh\byo ]hjh~Z Fhkd\u |I_fi_jZImjzl Bdkh]4dbwghklb
72,885,3 f K

LzZzdbf h[jZzahf ijhba\h”~bl_eb ~hklZlhgghfubjhdhhgghufo gy
ijhnbe ¢ “he gu mqgblu\Zlv ijb \u[hj_ kZjmpypdeéh\ gqdhghgz fh |
bkiulu\Zlv ijb wdkiemZzZlZpbb \ha”_ckld j_Tbffh\jZlagjgabl _evgh
ij_ \urZxsbo kj_"~g_Jh~h\u_ b wdklj fZegogu ihddagdlmpbdebfzZl
g_kdhlh jZchgZz
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<j_fy kmlhd qzZk

Jbk Kfh~_ebjh\Zgguc gZ]j_\ ih\_joghklb h[jZaph\ bxgy
\ mkeh\byo ]hjh*Z Fhkd\u

AZdexq_gby

Ihkljh_gZ ebg_cgzZy fh”_ev aZ\bkbfhikadbj NZiihX|lpojahlglb
h[jZaph\ baijk®bey ijbf_gy_fh]lh ~ey ba]lhlh\e_ghghigZkllbdh\u
agZq_gbc \ha”_ckl\mxsbo f_|_ hkdaAjjbaiklgh\ Z hlghkbl evghc \e
ghklb b |_fi_jZImju \lhjZy b q_I\_jld9ymblZi_ighlgtklb ihlhdz
kffZjghc kheg_qghc jZ*"bZpbb b iheh _ gddye Kd eglpy b mlikinlu gz”
]hjbahglhf

MklZgh\e _gh qglh fh~_ev ihkljh_ggZy ih j_amewl&Zdgbbk ]h i
e_lgbc i_jbh~ ] hibku\zZ_| fzdkbfzevgulZIlili\_jdlgmjkulbg Z]j_
k hrb[dhc "hKt f

G_"hklzZlhqgZy lhqghklv fhfZdkbjtd&gdhyo | _fi_jZImj gZ]j_\Z i
\_joghklb bkke_"m_fuo h[jZaph\ fh _I [ulv kkRyl&@ k& h\gllhd gbhke _
fhc yZebgb_ "hihegbl_evguo j_[_j "_kldhklb b Zmkkkle 2nhy_ame\
gbc gZ[ex"Zxlky ~\Z ibdzZ \ agZg_gbyo | _fb jiZ[lidpphh\ hoghdh
agZgbl_evguo i_j_iZz"h\ \ agZq_gbyo f_lgpuxjZfibjip\ \jnfdghZg _
gZ[ex"Z_|lky GZebgb_ ibdh\ gZ ]jZnbd_ |_fikhBMm]jueMmkl\joglhkltk
h [he__ keh'guo ijhp_kkZo ijhoh”ysbo ijb | _iehh[fngjfth[jZaph)
khdjm Zxs_c¢ kj_~hc Iljbg_f dzZd ke _~m_| bafZhldimiZ eguyfizoy NZgguo
i_jZImjz ih\_joghklb i_j\uc ibd azZnbdkbjhXxadgBfgevgtbfl gfli f
jZImju \ha“moZ \lhjh]h ibdZz

>ey ih\ur_gby Ilhqghklb fh” _ebjh\Zgby bkihevah\ZgzZ fh™ _ev
i_j\uf "gyf k fZzdkbfzZevguf gZ]j_\hf ih\_joghkhb HiEawh\l dhlh
nZdlbg_kdb baf_j ggu_ ~Zggu_ k hrb[dhc *hIAlv dlk hee[dm | |
fhr_eb \ ~_gv k fZzdkbfZevguf gZ]j_\hf ih\ jpdhghlkbudZgbzk khkl
\bezZ + f K

Kijh]lJghabjh\zg fzdkbfZevguc gZ]j_\ ih\_jogkklbfhl[Zigph\ az
[ex”_gbc dhlhjuc khklz\IKe kih”_efbjh\Zgguc Krh\haffi'guc
Bkihevah\Zgb_ fh"_eb ~ey fh”_ebjh\Zgby fZdkbfzZébghlhh gzZ]j_\Z
lu\Zz_fuo h[jZzaph\ \ ijhfure_gghc ZlIfhkn_j_ ]1hjh”Z pHigddau ihalhe
jh\Zlv gZ]j_\ ih\_joghklb \ ij853 fekZ o +
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