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SUMMARY

Lopata A.V. Ensuring the mechanical properties of the surfaces of parts with
gasthermal coatings by electricabntact treatment. Qualifying scientific work
on manuscript rights.

Thesis for the scientific degree of the doctor of philosophy, the field of study
13 7 Mechanical engineering, program subject area L 3Applied Mechanics.
National Technical Universit of Ukraine "Igor Sikorsky Kyiv Polytechnic
Institute”, Kyiv, 2023.

The dissertation is devoted to solving the current scientific and technical
problem of ensuring the mechanical properties of the surfaces of machine part
with gasthermal coatings bylectrocontact processing, establishing its effect on
the mechanical properties of the surfaces of coated parts and their calculation an
experimental determination.

The content of the work is presented in four chapters, in which the main
results of the deertation are presented and substantiated.

The introduction substantiates the relevance of the dissertation topic,
formulates the purpose and tasks of the research, describes the research metho
provides information about scientific novelty and the pcattsignificance of the
obtained results.

In the first chapter, based on the results of the analysis of literary sources
on the study of the problems of ensuring the mechanical properties of the surface
of parts with gaghermal coatings, the ways of theolution are determined. The
expediency of using pulsed electrical contact processing to improve the mechanice
properties of the surfaces of parts with-ffaasrmal coatings is substantiated.

The performed review of literary sources in the field of theand practice
of powder coating formation made it possible to identify the main directions aimed

at research:



- sealing of sprayed coatings during their electrical contact processing,
which is related to physical mechanisms, which are aimed at resepriti@n
micromechanics of the contact interaction of sprayed powder layers betweer
themselves and the surface of the part;

- dependence of adhesion strength and coating density on pressure impuls
electrocontact processing;

- mechanical properties of coatsmgnodule of elasticity, adhesion and
cohesive strength) and their definition.

Based on the results of the literature analysis, the goal and objectives of the
research were formulated.

The second chapteroutlines the general methodology for conducting
scientific and experimental research, which suggests the use of a complex of
methods and techniques: metallographic, quantitative stereologicay X
structural and micrX-ray spectral analysis, scanning electron microscopy;
evaluation of microhardness, ddéwgorosity of coatings, determination of
mechanical properties of the surfaces of parts and experimental samples witl
coatings (modulus of elasticity, adhesive and cohesive strength), mathematica
modeling and numerical calculations.

The section providea reasoned selection of materials and equipment for
creating the surfaces of parts with coatings and researching their mechanice
properties.

To create coatings, a set of technological equipment was used, which
includes equipment for forming coatings sglame and electric arc spraying and
their processing by the electric contact method.

Composite powder KHRBO TU U 32219-004-99 and powder wire FM2
TU 03534506001-95 were used as coating material. The choice of powder
materials as coatings is duetheir heterogeneous structure, the active interaction

of components with each other and with the surface being strengthened, the abilit



to vary their chemical composition and obtain coatings with specified functional
properties.

It is proposed to use a Icalationexperimental method that makes it
possible to determine the mechanical properties of the "part swdateg"
system and their dependence on the thickness of the coating (adhesive an
cohesive strength, modulus of elasticity, critical deforamabf the base, residual
stresses), as well as to compare the properties othgamal coatings with
electrocontact processing and without processing. The information obtained with
the help of the proposed calculatierperimental method makes it possilie
optimize the "detaitoating" system and choose the best composition.

Numerical methods were used to study and evaluate the-strassstate of
the "partcoating" system, namely, the finite element method, implemented in
NASTRAN programs, which makeit possible to model the geometric shapes of
parts with coatings, taking into account the type of operational load.

Friction and wear tests were carried out on a modernized machine type 207(
g [ vl

The third chapter presents the results of comprehensive computational and
experimental studies of the mechanical properties (bond strength,-siteess
state, residual stsses, density, hardness) of the surfaces of machine parts with
gasthermal coatings after their impulse electrical contact treatment.

Based on the review and analysis of research in the field of theory and
powder coating practices:

- a calculation model v developed and an interpolation method was
proposed equation that made it possible to establish the dependence of the dens
of sprayed coatings on the pressure of pulsed electrocontact processing. Th
obtained results of theoretical studies were comfdmexperimentally by
guantitative stereological analysis and showednarease in density to 949.8%.

It was determined that the increase in density (reduction in porosity) of sprayed
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coatings is provided by the positive role of the mechanical factothef
electrocontact processing process, which contributes to the "healing"” of pores;

- the equation establishing the relationship of the contact area with
adhesive strength of coatings and its dependence on the pressure of the formir
tool on the sprayed pader layer. Its increase in 2.5 times was determined.
High values of the adhesive strength of-tfs&ermal coatings after pulsed electric
contact treatment are associated with its features (pulse nature) and conta
phenomena at the interface betweandbating and the surface of the part.

An increase in the adhesion strength of sprayed coatings after pulsec
electrocontact treatment to 200 MPa is the result of the formation ohificsigt
di ffusion | ayer up to 25 em between
twof ol d i ncrease in the ddci?fasti danPg. D@ f
At modes | = 10 KA, time = 0.04 s, P = 30 MPa, the diffusion zone-s 20 & m.
With increasing pressure and current strength, the diffusion zone grows anc
reaches a v diffusien obthe atemsdfhe base metal of the coating
takes place over almost the entire thickness of the coating.

The formation of a significant difgion layer and a short time (about
seconds) cannot be explained by the classical theory of diffusion, but is explainec
by the theory of anomalous mass transfer during impulse effects on a solid body
Diffusion coefficients of individual coating elements thviimpulse electrical
contact treatment exceed the values of diffusion coefficients by 6 or more orders o
magnitude during sputtering. To study the diffusion of the main elements of the
boundary of the coatingthe surface of the part, concentration @svaken by X
ray spectral analysis were used.

The fourth chapter is dedicated to the study and establishment of the
influence of electrocontact treatment modes on the mechanical properties of the
"detail-coating” system, the selection of its optimal pagters for improving the

functional properties of gakermal coatings.
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In order to analyze the phenomena and manage the process of electroconta
processing of sprayed coatings, the interrelationship of the factors determining the
course of the process waevealed and presented in quantitative formthe form
of a mathematical model. The proposed model and the methods of the
experimental, statistical and computational experiment made it possible to
calculate the optimal modes of electrical contact @ssmg- pressure vaie
20...40 MPa, current 816 kA, pulses duran and current pauses 0.02.04 s,
which allows creating a coating with given functional properties and toetiseir
porosity within 3.5%, increased adhesion strength up to 200 Miaease the
maximum strength and durability of parts by 2...3 times.

The research results should be used in the development of practical
recommendations for the creation of coatings by methods of gas flame and electri
arc spraying with their subsequeglectrical contact processing with in order to
increase their functional properties and service life.

Keywords: mechanical properties, strength, hardness, gas thermal coatings
pulsed electrical contact treatment, adhesion strength, density, porositylusmod
of elasticity, adhesive and cohesive strength, Sg&ain state, wear resistance,

powder materials
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(S jtedd3j dzlsOcdzr dz' L dzOyj dedz® N ' dzr desfyls
B IssHsSd €' dz2 €' Mdetse 5 & Mls Pte jHidsH el SEdEs 6 50 ¢
OdzOdz' L Olsste © L wvbatgQ ysjcdadave cWMitxdgd " Joyc e
ftesctcORBs ¢cGeni.hesd2es@GicdBlsicd BOJks L O
d Sy Jted 3 dels Odz! dzd B ° Isd Stejlsdyded 3 t6
dzi §Jjtje8dnhkz 10%).

9

0,8

]

0,6

0.4
10 20 30 40 P, MIla

tdfm. 3.5. [(SMfjted ) dsod d' (1, §kdSidisd
GjLlzd! SO HEMd HYjd' LOdjydshs' ' d dshls
(BOjt' OkSHEHYtsgI Y 2 dzd2 3Qsesh S s my

v OB dzd y v

2 ' dz' dz' mdsld ‘ffples fsCtedisls’ o, wlstcd d30dzd
sBtesBSCd SO L wrs  (JjSMmfjtedd3j dals©

1 dzOyj dzdzv h ' dz detsfyls ' /
[ ilsH dzO{ [Ojtc' Oz fsCtdlsls
fsCted sk
s m30 Cr3C2( 80 %) L Y
111 65/45 60/40
(11 - - 80/20)
[ri1 v wrs - - 98/2

v OCdd3 yd dzts d3, zO thdtse ftoctseo jJ H jodzts @
5B &ZOMls' Isjtst' ' 1 taOXydafsyds dasls © datsO dzde
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o' odaWdzdz, Pt BYIdMkz' Hsyjm Eh ' dz dzj dadz
L Odzj ¥ dz" figls dets ) Is fsCtcdIslsw] " s1'owf " jsdgdg'C z h ‘U
(Lded ¥ § dede? fstedmlssmis’ ) vl §° mdz¥ wrs
3y »n Odz' ydetsets WOCIsttclz, hs odL dzOYyo* )

tcsLodlssS f dzOMlsdydedrs HJ W Sted3sOy' Y Higy ©dz" fi
tejLEdz sOIsd Isi tstej Isd ydzd = Is O  j IS @dzjj YodfsiF
ht dz) desfls " Isdfip@z oWifhs [ S OL Odzd HBsY' dz dz
! sz tslsted 3Odes L OHBse " dz dzgd?2 LB 6 &3

tcJLEdz OISO (tesL B ydz Mis! dai §jtejodhel

3.3. JdLdOvyjdedz" ofdzdolz h' dz desfls® d
st BOddE &BjlssHOB] cOLBls]ttd Ydesc s
jzj CotocCcds OC sdgs BB C Y

I gL dzOyj dedz? ofdzdol ' d degsfls'  d&zO
fsCdlsls' a8 kO ' Y ORI kY b tks Qzs€ Y dz

) tctsB BAs €24126[ 18] BEZdzO © HL dzZOYyj dzO L Od

o zOMisdosfmisj?2 fsCtcdlls' 9 o' H fYtstodMmisshls'
P (Pl ) (3.24),

Hy TBdMmj dz2 dz0 HOOO S lsziodsifle sMisj 2 f sted fls ts

Poi ydfmj dz2 20 ~ OwOSCIsjtedmMlsdC O o dzOMisdo sl

BOIsj o' iddeasd fijls T fshls ' Mded 2 §s5C 0L ded ¢ Miskzy

[sfdz HY jdedz" L Odzj 3y dzsfyls®  d3j m Odz' ydzd
ftolzy dzp)lsd ' H shstcddzy SR OCIsdzdn KO j to°
tcsB SIs@A26 [, 1 25H dzOS  Htsfdz' HY j deda" L Odzj ¥ dats
fsted Mistsmis® HhY §sStedlsls’ o * MAs.ls' v @S 5
dzOf ddzj dzd 7 f 56 tod Islsi'dy’ HEdGUsEIH dg'd>iectf tglEa) dztzf) k
5O "' dz dg' fMlss | v 25. oy oCdjMeoCidgsoRdfias S[dE i C
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zO OkzMmlsjdz sdzg' 2 MlsOdz Mm181 10uv L Odzj ¥y dzg'
BdzdL' SO HB dz' dz' 2 di®] . tctsL s eidmd tc Elz@eRp oz' |
LOftotsf sdzlzo O L Odzj ) dg' Mils

b Pof(n) (3.25),

Hy THOCIsste Wistedzd yoOmlsddzsS dzOf d dzj detse 5}
ANOCIstste -Wnfgdgd Odz? d&zO R OOCIsjtcd Misd $ O,
OROdz' L & Mk Isktcdzs ¢ 5O IshPletidz “da'} : H j2W) s tod
ZOf ddzj dese s BOIsjtc' Oz Y sCtodlilslsw fgdetz’ W ¢
Ctedlsj o' ' dy LoD hddtsdziodztsis® ( f stedMistsmis® )

SO CBGEjL " 2dtsE &3 ydz flss .

1 sted Mils' Mis (" dzt dg' Mmist ) f sC tadilsls ‘Lo,
fsmdz" Hizt Yyts¥ " n wp s { 9 dL dzOyOdzd J !
Misd o sdzsg® yded s OdzOdz' L 53, BjlssHSO W
tejLkdz SOIsd HtsfMdz HYjdz2 dzOo jHjdz dz0 te(df
BsHEzdY ftolzy dshls’ LtcOL € "‘Cotcdus sy uzl I O ) dzd
odSstcdMmistso o Odzdj ¢ fiptsi tedE jzdlds Gdr'sdzlis §f Jdi)OsiEz
tetsL H' dZ 2E2g:[L Odzj % dz’

( =(o-a,1) (3.26)
HfTRBHEd (k) dtshmls® (bt me ks s €Y tzefgls
a, - BdmlsOdzls O Hdzv L OC Effiplds’” . MW j od ydets’™

tdm. 3.6. Ifddes §stedmsamks’ 1@¢@d) GEHhdY uEk) d
2if sCtedlslsw, wmhicfeOuaglslsy | ;s8td BOdzj {1



132

lted HsMdzZ HY jdzde odCBtedMmistseozo @ozd €
(70%CeC; IsO 3 0% @i-CrBe2RH stctsh Ctsdg iPrCin( 8 0 %) |
dz" € j dz BIs®i fEREBGY Csod2-2HEENIFRlP Afw &GO
¢ d&zOH ' 50 %Cr ; 20 %1, 1 @&@A) dzdz8 %dimisH z &P ¥
f stedmistsmls (" 2 desls® ) YsCtedlsls’ o, tsls
COLBY dzEd3j dzj o Bgis HOEFEI dzdz8 O L wr s
3.6 ° 9 IsOBd&dqyYy® 3. 2.

v OB dzd yvw

1 Odzj y dz' Mls: ) R0dz ydzd s o dzOflsd o t
(20 ftdS &zOH' dBsHEzdY bk dshls' ) o

[jlstsf [ Ot¢C [ sH EZdz { tg@OP,dztsfilsO
flseo tsts| BOLjte|[ Ot l sted Mmls' Mmls! / "' dz d
fsCted] YsCtedl wilsOdz [2/98 [6/90 [ 10/90 | 15/85 | 20/80 | 25/75
111 s Mm130 2 0,65 | 0,56 | 0,50
11 CrC2 (80%) 2
+ Ni (20%) - - 0,58 | 0,52 | 0,45
[ 11 Af W2 2 - - 10,8 | 0,76 | 0,72 | 0,63
111 | s myp30 2 1,35
wr s J -
111 |CrsCz(80%) 2 1,23
wr s [ |+ Ni(20%)
tri | aAfwd 2 1,48
wr s J

v OCgzdesd3, fHtetso jHJdzdz2 HBMdz' HY J dzdzv @
o dzOMmisdoatsmisj2 11 L fsStdllswdkd dzO ftcd¢C
Ldzd ¥ § dedzv dRBgrddsdgis ' f isCtodilslst 9 ftod 41
fstcdmlssMmils’ HB -BHO %IsCO " PiEd o Ofsst MistelzC Is't

wdklf zdz: @iOIstc s € tsdzls ©C Is dzO sBtetsB € O ] Ul
h' dz2 dg' mlst (L dgj dg" dIsd-6 YPosted @B i L Y Isqgf v 1 dz
ftozy desis” of BGtodgisbB zdzv ok desfyls’ S s O
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3.4. { 6L @AM glcsady dzls Odzr dz' Hisfdz HY
OHEjL ' 2dets’ B ydesfls' 5o jtentsdy HJ

1 BJte] avsdisCL offts o j ton dz’ HJlsOdz L st
dzOW 9 dztsmyIs oMz oydes@B G j L '[2 dg=lz' fMls L U
fco jtordaj 8 HJlOdz ({OB=jds] 2 dzDf tei? pyjdezdrs,
zO2B "' dz/ h sz dzOo Odzls Oy j dadz® |, wed f st jtc
fse j BB d [[' ydzg' Mis¢ s afjtas tddsts digtsg diz] M lszO)f tc z
htseo' Hftse' HO' zO02B ' dz' h B3z dzOo Odzls Oy j dz
L& LS 9 B Y yYyomkseoddd ftsCtodIsIBE . yds sigq d3t
B ydz' Mls! By dzO 9o HdzgifMlsd HB GCte] BSEB
3" ydaetsfmls * . dbHGjL 2d20 - 4] Ctsdgges s DtzOC 93 ta
f so j ton t5dz HylsOdzj 2 L fsCtedIslsw d3, my " o
ftcOyYyd L HARR: MisseL ' 2dz0 & ydz' Mmls: -~ Ot O
fsCtcdlslsw, -@ Qdcfb! 202Q] §f dzj dzdzv  sC A Is s W
t 22 dzizo Odzdzs 3O gztc’ Gdrliac j HEZ CsejL ' 2dzi
SHdtyOmddd OB B' dz! b tc Odzdz’ d3 0" e &£ dzlz
' Hh Otctso Izo Odzdzv d3. l steOIs © o zOMmiIsdo tsMmisj

tELlste' MC Lo Odedg" 5 ' o Hh Otsso 2o Odadz” o
dPHGJ L' v ¢igEmglistzdy Ol ts dizas'e sdzEREsE kL d
fsdk ¥ fsojtendy® HJjbOd ' 6 tdd kistcdip’

fstesh Ssodh §sCtdlsls' 8 KO & Myj oL O &
5OCty & 3§ §sCtdllswd SO o dIB6zl86, d
[ ydz Mls' L yjteyljoddd® ffdesdf s S sdsOCkk o
fsCtedllswd ' ' CodifdjChdsy S0w0Slk]tdf
fzsh &£ StsdsOCkkz yOmsddase 1z L f§sojtn
fsCtedlslby tof dzv 185 JASGd' dzj[s S O sz OHG |
C' dzj 5SSO LB dzr M j czd L @aliEtsh Bt @Ry E Cf
Wstedzo Odzdz? CtdalsOCllk & % §sStdlskwd 5O
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Bzdzs tlstcd zgOdes [ . &. sto Odz yj dz6G bkb@&v It
teSLedzYHE Wsttddzeo OdzdzY , §f BB dnELISOH P* s figyy f
YoMmlsddzss fsch (cotets h Otk SHAEZOSS BES
fso jtol dg HJlsGz185 100 teitdsEss ‘H Y[ dzdz® B EH(
LOBJ LY Jyd dzdlzv 3" ydetsmis' L Ud § dzj dedev § € to
WSt OktsdzsOCIsz 3" 3 deddsd. 1 2dzs §f s€ OL
B ydesmils® O L@ dzj Bg ey f &zl Od sdEsOL Is
dzj dz' dz' 2 dets¥ L Odzj ydg flss, Jtedutsdgtk OHGj L
' H heoadHCtsMIs' o L tc6& fplsiiDdigs | oL Odgodss ff t
fsojtorndd HjlOdZ 9o Ltd C(tdsOClkkz B Edt
tetsL H' dziz.

1 ek HE Yjdsdkj dsdse' ® ftsyjfh ¥
odMmMsCdr Ij B jtcOlkztcOr odweodw' Is! Mw & o
fstetsh Cso Blgksw ,f s Cd(2 HBY' dzf dets tetsSL G dzW H O
stsBlsts ftesyjf LB dd 26t Wsttdd kO B
HdMY jefmdets™ MdMmisj i3f. 1 dv tjtsdse’ ~  dO
HjWstedOy' 2dedr ftesyjm o, hesLEEE ¢ sl
Hj W tstcd3lzeo Odadz" yofmlisddz$ d ZOf ddzj dese s 1 [
ftedlsdmMC O Is! Mw HEF  Bacjdtcrfdas z yfiga] RissH j W tste
tcOH' M fdsh' CsdsOClskz oadL dZOyo' Is' Mw o cC

_ 3[3(a-u®)RF . _3(1-p?)mwRpyg
N [42] aBoTr = . £ (3.27)

HiPe-MitejHdZ 2 dstedROd dzd2 kdmS dz0 f dztsh

F

P = =52 (3.28),

E-dssHEd f tsemgetijlsy '’ dzls ) £ O dzo

BOC wWC WetdkdO (3.27) lstdB0d@soa {
MCsedmlsOah i’ ' Hiets i G408E18% dBG ¢ ' O dzGDuss iz
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ftcd ode jH,j dadz y' o Wistedisz dzd  telzy dz' a3
Bsy dz0 tslsted BBOIs d :

o 3(-p?)mRpy
2 £ '

Hj€ - Cj W' yovw uhstsds'  f todv L t6teLdds v @ dzO s & 1B d
ftolzy detsfyls * .

CChts hote fsSCtdllw L ftech (o BEts
(o' HYito ' Hdzs HB fsfsLdy' ~  Ps 0dgj5) fls
o dL dzOyJ dzdz" € te SO drdatigtedftO yn f W =20 d dzj dzts G 5
"B dz fdz 2 j dzj S IstetsC tS(dals O tstezB QY ' ¢ 5 B tedz@
f stesh Csotsets fstedmlssets " Ok ftod ©H
hodHSEMIS' M Bots’ HjUBSEEOY' ~ §stedfilst
fsdzsy j & Isj 580,52 1§5m10) & yistyds ' o S st d fls O dzd
(fjtejB' ¢k) otdO KO odcdvH:

(3.29),

. _ 439 | ()p+ 3.30
#1 3b+1(1_ q)b ( ) ( )
slsy d
bH+1 b
e=_ 3770-q) (3.31)

CEEDIIOL

HJg= 0, IstsH' Uiy’ ‘fday tod HislswERsE Iss (a0
odL d&zOyoO‘ Is! mMw W tstcdzlz dzts s :

3b—1
Ss = 4] (t)P" * (3.32),
O odtOL (3.31) d&OBEoO' odcédHE, Nt
ftod?2dzv Isd a3 to' o dz¥ dzdzv B s tstet T syl

fls d f) S[MABER185, 191 kO L j Sy j od &) dels®uitr dad fose
BjilsOd o

CShts ftodyf fmlsBOsER, 185 €91 ," hots [L G S0 j ton
CsdzsOC ks Is! to' odgscl' todets totsL § SH' dzj dz'
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fsCtedlslsY ©HAROS S Bt  ts @Hdzdevi by O fidsy dzS kf o
HilOd t (L kfdddo ez j dj ¢ bHe st
M 99" Hdatsh j dadzy o3:

F=%§ (3.33),
HiS - f dZsh O f Bp-jCEndde ¢ Mis! € s dzls QAOY bsdaj ot

YOMmlsddzs§ .

1 " HiMsOo dzw e yd (3. 33) ) (3. D8z tsldsdc
wrs{ dOfddzj dzsets fstetsh Csoatsegts h Ol
sdMEsd3 dz20 f dzsh ' CBdelsOCIskz:

_ PS
oG

cShts " HfMsOadlsd (3.32), (3.33), (.
G, otOn B0k YHts sy dz0 tslsted BOIsd W ste
tOH " Mk § &sh ' CtdsoCIlsk:

(3.34)

RS !
r=3/——> ip(t)P°dt 3.35
\/263 2 5 ( )

] Zsh O € SEBHRO e 5! MY L o d®OL k:

y e RS Iog
é Z, u

10 ddzj dzd 2 Y stesh Csad?2 hOot fsStedllsw
we  hdz g EZfOCeCk BHROSCtSeadR, 0o dd
wedn o9fdMOdO MU jwO, skt L B s al§s izl e |
ftso jtondzs B OBBO L fdsh js fsojtend , dz
My " o9 " Hdzs" j dzdzv d3:

S, = ; = 2+/3R? (3.37),
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O o' HAzZEMEZO § dsh 0 ¢ dlsOC s kS heQfa oS tsd

o JOL z:
Sea = % =238 [ [ B(r)PAat] (3.38)
BII — g — 27 0 '

t " odaWdedzv (3. 35), ¢oBstH3IsAN)] Isls O B(AAR[.L3 K)
C' dgjIsdSd Wistcdzkzo Odzdz™ Ctsdzls OC Iskz, h s s
[ OwlsddztsodBils@L Cdfdz3 Hdzvw o df OHSE Ly
ftseojterndzj® o (totsy,j fi) 48530 Bazjlakdzy  sCtedlsl

lteslswetsds kfy! sets ftetsyj Mk Mmilse tstej dadz”
ftcdpdzdL des Off etsC M dzzeo Olsd L Odzj ¥ dz' fmlss  j !
Yy tesf sdzlz’ s HOW5Jp tesBSls’ |

Soun = {1 — exp [—35‘3 (Z)? f;B(t)Pﬁdtl} (3.39)

{ " odwdzdz" (3.39) BdJL!'S] LO ROLOS
odojHjdsets | . WG] .ulicwus Rasdeesrdyd o JeOL  ( °
CELEOREdSE S djlsdSd kM d daj dedz® L s St

QO(l'Q)_t

In = /B(t)P°dt 3.40

- a,) [P0 (3.40)

dzj 9O S5 tslsted BBOIsd to' o dzv dadzv , hts sfidMmk*
wr s({edfm. 3. 7):

T_g{m .;:_ E — BE_E(E)
Soun = {1 —exp [34 g (E) Eﬂl} = {1 — (_jf_;]) } (3.41)
[ dzw ftso jtontsdy HJlOdzj 2 o dgW gzdzlV 3 maz8
sSlsted BO* Bis:

w |

2
3

T 2 z 7 2 a
Soip = 23575 (—gg)s = 37 [In 227

8(1-8,) (3.42)

l S stedmMlstsoa s yd wlsted 3O0dzj to° o daw dadav  (
Lyjfdzj dzdz?v f sCtedlslsw L ftso jtorndzajs, dzO W
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Al 8 s m1r30 Cr3Cz + Ni

i /. \\%\/
oasd— | //K\\\
0,11 \\
O’10020 25 30 35 40 45 P, [ 1

tdfm. 3.7. 10dpEy sty o' GUEegES so d R
o' H IsdMSk wrs{ dOfddzj ddr §sCted3w' o 'L G
fstetsh Cso s :CMmbdslih sOCTrf sStesh C-Bo 565 Hilsk

{ " ydz mls: LoyltfodrjLdaidzsO O L ¢ H3tlz@ datlzi Is 63O s
fsCtedlssw 5O 'f bty deS@ftls' oo’ tHtstzts M | dzdzv o3
0o 8G « (3.43)
{Hd&OC, sR6" dibd fSesyjfm’ kM d dzj dadz
LB ' dzt hlzs Iss Mw, Ists Hdzw d@OIdzs. o df OHC Iz ¢
[ yds fls:  Louj foziddgtiey dz® 36 Be@Rdlsd L o

05 () = ASpip (t1) - 0. (t — 7,) + ASgin(72) - 0 (. — 1) + =+ + ASpy (T3 ) -

Ja.fe,ql:t - ]'—Ff)
(3.44),

wed?2 diBsydzO LOB dedlsd hdzweatsdys " dzlsj ctclzo Oc
Goe () = [ Gupen(t — DSz (1) (3.45)
ltots' dzglsjctczo @Oahd ool yYyOMmlsddzz tc' o d
Wstedidz dze Hdzv SL tcORbkzdzC 2 o3 ydesmis® L yJd § c
0,2 () = [ 0yyea(t — D Spy (Dt (3.46),
Hio BU) o &@OYQ t' odgvdedz (3.42), O h
Yd §f dzj dgdg? d3OIsj te' Odz' @ fsCtedlslsw IsO tsfdzt
O BIIssHdEsE, LOftesf cdzi89.0dzts [ . 4. s Ot

-
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10 thdtse' twLedvWHE &BsHj &2 Vislkktddd®@dz
o' odgv dz( 3. 43WLE'htsC ' WgdsdClEz Wstodilzo Odzdz"
LtesMisOdzdzg? 3" ydesmils® L yd fdzj dedgw 5" 3y ¢
"l 2dzt Mdets d d&zj € stetsC 5 dzlesQ Ssldedptis 'd y deB Ac 5 Hels
o j dzd Ulf elzehf C dzd S O f j o dz' s tclz #sdigisfO'ls dztf Is Bz 1
SHjtey Odzdr tojLP2dzCERBOIL" oayd dd HLzaG 9 Oy dzd o
d ¢t jtod d3j dzls Odzy dadG d of3tf Bis@ GZplstisv a C BH 3PIs | E
fsCtedlilslsw, hts oMmlskzf O Is! Z oL O' 3sH ' &
JSMyf jtcdd3d dzls Oz detsets L teOL € O.

[ HBfMd HYj ddew B ydzsfls® L ud ¥ dzj d
odCtstcd Mistse o Odzf $ fiptfsi e s Gdr'tsdzz  Bj IStSH
eSLH' & 2. (ST jted Bj dZs Ozt dz' HEMd HY .

mis Odz' 45 d&O ttsLIswG. t JLEzd IsOB'd H.s53dds
tcdmMizdzC 2 3. 8.
v OB dzd yvw

[ " ydzg' mils! L yjfdzjdedzw (OHGJL 220 &
By SBEHOBd Juvl BJL BBtBECd IsO 'L tsBitsB
(JSMYJtedd3] dzlsOdz! dz' L dzOyJ dzdzv )

H

1 2Oy dzdzv &3 ydzsfls® Loy
[ JIstsH [ Ojste’" Oz f sCtedIslsw
dzO0 dzj M J
fsCted| ssBfsLdyl ! stesh Cso0|] stesh C 59
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1M 40 €50 30 é 40
(11 - - 50 e 6
1P "L 100 ¢é 1 100 é 12
(ri1+rs - - 180é200¢(

tdLizd SOIsd HtsMdz' HY J dadzv 3= yalals Mists € ® 0y G
" Hodh2|,ddzVtc@L 2 és©® HBe jdzd HEBY' dz' dz' |
J &zl ClstesC tsdzls OC Is dzts”’ sBtetsBCdIdEHBEL sis j Lodd
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@ ydz Mmls® L ud fdzjdede? vl 7 MY "5 wr s

vyt sBtesB ¢ d 9@ " Odils @QLOs degidzd” Wb tsbp g tc Bzliz
HilkOd .
J S i« ]
0,8///%
e
O@////
O’410 20 30 40 T
t, f1
tdf. 3.8. 10Odjydsfls' o Hdzsmdzes  § dzsh® G tsc
' h ' dz) dzsfls fsCtedlslsw (2) o'H Isdmsk, s L
JEMYy jted d3d dzls Odzt dets ( §f 2 dzC Is ( te dz’ d&z' dz' ")

v OCddzsggd dzO BGMmdatse teSL GdzW dzgzlsd = L
CdElsOC Ikl &y Jul  ‘wrdf BlstfdasOmtny kb d
C' dzjsdSk YsttdBzo Odadz CtsdesOCIsk L €' dzj |
B Yy (sStdklvd kO (o] hEBdzsdwdEdo dss
o j dzd ydf'daqdzts fyls . b d § fzde§ @tlzv f j o dz' Istc iz H dats
Hisf)ls Ols dzfils” sty dety Odzd 7 Wy Clzd Qo o O s
tetsL tcOR g &Mt g e d d3j dzls Odz’ G2z dzCdfj Isfs@td @ dgj Istic* o
L#G Sk ROjt' Ok § 5S¢ w@lsBEy ' ¥ sL o MBIl Y O (
JSMf jteddsj dels Odz' detsegts LtcOL SO, O tojL kzdz |
sjttejlsdudssets SO jChfjteddj dsOd dsc s
Wistcdidzo Odzdz? OW e §iz° XRie sy sl SO ftso j ton dz
9" HCtedo O ' dBsdp@ezd dEMIEEZ L OB Jj L § j Y dedgw ]
o ZOMlsdotsMmisj?2 Yoo jtentd HIlOEj2 L ¢OL
WEdeC y' sdzOdz! dgdr SO jCMf dzEOlsOyY® 2dedr = Ot
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35 ]y dz€ 0 L CRzd 2@ty j dz sO ovu @O Y
OHGjL"  2dess 3 ats's )l sts CAc dldstiseh

10 o' Hd3 dzz © ' H B' dz' h tsfyls’ Jul , 87dz01 «
119 nOtcOCIsjtedL s Is! MW OHGjL " 2 datss 3" yd
ftesyde®dej mj dedzv ftsCtedilslsw o degdrm dBylzls! ¢
cS fHtwOo ddzts, LOdzd h € B L o tHDstddr Y j dzezh dz' dizj
fsCtedlsls' o Hts dzj s5BED .H dzis &6t Is dousdz@i3' tslis o M
SBARj Y] O SO L Odzjydls! o' H dz6oR" dzOdz' dats’

J HdMJ lsOyY' 2dz' 2 B IS’ B3d MilsOse d dzd
ZOftelzy jdz@ E Jul PCApdgy sBr tolmpdzas ko O @Gdzr s
LdzOyjdz2 OHGjL "  2des’™ B ydesfls' dzOf d dzj dzd -
' B kd mdes’ jdzj SlstesS sdzls OC Is dzts 5B
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—@— MX NASTRAN Case 1 E 160 Ma (50lidC3 Max Shear Stress) vs Z (C5 0}
—@— MNX NASTRAN Case 1 E 160 MMa (50lidC8 Max Shear Stress)vs Z (C5 0)
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a1 Is | Al P Cr Mn Fe Ni
Zy 1]007 060 0.06 0.14 0.10 0.43
Zy 21032 001 1820 0.04 3.60 17.43
Zy 3054 008 372 0.14 10.26 77.18
Zy3(4]036 012 4.9 0.00 9.18 82.18
Zy3(5]070 0.12 3.99 0.20 11.07 76.78
Zy3(6]004 0.00 558 0.01 8.79 84.28
Zz U3 0.29 0.01 5.43 0.06 13.23 74.31
Zy3(8]045 0.01 458 0.18 12.24 76.11
Zzy 91034 026 571 0.10 18.64 69.28
Zzy 1(0.01 0.00 0.39 0.51 97.66 1.45
Zy 1022 0.07 0.07 0.60 98.66 0.47
Zy 11010 0.06 0.12 0.45 98.47 0.31
Zy 11028 0.10 0.15 0.32 99.14 0.05
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g 4 ¢l Al Si P Cr Mn Fe Ni

0.06  3.39 0.00 38.97 0.30 5.17 52.23
0.14 165 -041 34.46 0.10 4.00 60.06
0.03 6.48 -0.02 8.45 0.26 5.87 78.92
0.09 0.73 -0.17 27.49 0.03 479 67.04
0.12 2.60 0.08 1412  -0.07 459 78.80
0.27 5.62 0.23 13.49 0.15 490 75.35
0.25 0.97 0.05 74.51 0.17 3.59 20.96
0.06 0.09 0.01 2.67 0.76 92.90 3.65
0.01 047 0.16 0.79 0.45 96.65 1.82
0.35 045 0.14 0.47 0.40 97.49 0.70
0.24  0.69 0.24 0.45 0.51 98.24 0.11
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} 1 O Odzls Q[ " ydzg' Mmls! wdzls § dzid o dz'
L C Y t, [« Oy [10O]|L detsh zowdzadg? dzd°C
1 6 85 0,012
2 4 110 0,012
3 8 90 0,014
4 8 90 0,013
5 2 120 0,012
6 10 80 0,014
7 4 110 0,011
8 2 120 0,011
v OB d&zd yv 4
1 Odzj Y dz' Mils! L desmtsmils® 2CsMIs’™ 9o H :

- ZodHS M yd M wdzls j &z d o dz'
L C MY | S so L Odgdz d Gy [ 1 O|L datsh 2o dedg? dsdo%

1 2.3 100 0,012

2 2,6 110 0,013

3 2,15 85 0,014

4 2 80 0,014

5 2,45 90 0,012

6 2,75 120 0,015

7 2,3 100 0,011

8 2 80 0,015




181

4. 5. it LB S O BOIs j d¢30OIs d ydzd - dBsSH
Jdzj CtosC tsdzZlsOC Isdes’ tsBtesBSCd SOL BSIsj tedy’ yc

1] Bty (sl dj CHdEcOdFsted® d wy § dzd o b
Bj ROdz yde o &zOflsdetMmls' o jthitsd HJils
(B ydz fls L yjtfdzjdedzy, "'z dg Mlst) odCE
f zOdzz o GEEBE . [AddzdzdCd SO 2&E ' ods dzOs

v OB dzd yw 4
1 dz@iagdgy W OCIststc’ 9, hts 90t 88 lsi f

Y ¢

‘o dz d dedzd & d S tSHts9 Odzj
r o t, 1 t, fg 1, ¢ W OSlssts
M Ny NG
1 dx dz' 2 10 0,01 2 i1
IR dz 60 0,06 8 1
1 2dz' B9 30 0,04 4 0
wdzls j too 10 0,01 1 T
9 Otc' B 9

[ dzv  d3tsH j dzt 9 Odzdzy ff By Jf Bl touf(lsdsy o dz@AOd d
fteso jHjdatsats tcOdey dtclzo Odadz? Blzdzts o dL dzOy
off dzd @ O Is dZz0 ojdzdyddz Ctdlsjtc’ ' 9o sl
o Otc' ¥ 9 Odzdz?y (lsOBdz. 4. 11) .

t sLd3 6tOd3d Bflsdd’ L Oy" ~  B.Rdzdls O fiff ‘ftps
QO dzt dal Intiets . toj Odz' L tso Odets i soadegd?2 WO Ists
o Otc' ¥ 9 Odzddl dztc 'dBOWE s m dzesdztse ' ydzedr W OC I
Istcd &8 Odz' Mis "B Ed M9/ § OkZL . J wetsfls'
BOtedyw § &zOdzzo Odzdzv s Ol P B dzts ndz. A-@P3zf (cl§ €
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10 tjLiEzd OO HBMdzZ HY j dz f sBlHTt
L Odzj 3 dztsfls Ctedlsjte' 8 flsddz'" L Oy" °, hts
f OtcOd3j ste" @ wrsf (OB 4. 12).

v OB dzd yv 4
t sBtsYy® hB3OIsted yw

5ANS | G b e hs b [ ude Ml
v d dzdzd dsy f 2] n ) stedfls i Gl
M1 M2 M3

icd 1, 1 t, Mmid I, 1, % 0wy [10
1 30 0,06 2 6 170
2 20 0,01 4 2 135
3 40 0,02 6 1 180
4 10 0,04 3 5 110
5 20 0,05 5 4 130
6 40 0,03 7 5 190
7 30 0,02 2 4 160
8 50 0,04 8 5 200

v OB dzd yv 4
) 20y dzdzv  stedMmistsmils® fsCtedlIsls

tod 3 d l stedmls® Mmis!
EB&iB Y11 Y12
1 6 3
2 2 1
3 1 1
4 5 2
5 4 3
6 5 1
7 4 2
8 5 1

Y,=3, 25576 #i 2, B75437305 5 $£61902 3874 2°+9 1 -

+ 0, 2 §%b12,1551 42187 45394 7 3.2£9~A

T 1,95605%m:°T 1, 6 50+7 415 1,%:83 141 (4.4)
HiYy 0 BOIj BBOIsd ydz© d3sH j dz! E CtHBo Odzd R
fsCtcdIlslsw.,
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it SLIc@ER ddfdsH jJ dzj 2 L H' 2Mdzs 9 Qo mw L B3 HESH
158. [ sted &3O dzO L Odzj 3 dz' mils+ (4. 4) Hjitejo  to]
sO ' deW stedzOIlsd o dz' Mls tcjLEzdz sOIs’ o LO G
tdLbkd sOIsd MisOIlsdmisd ydzse ts O dAOuiAS w @ k. CiftAc |
tdLlzdz O MisOlsdmlsd ydzts ¢ ts OdzOdz' L Iz H t

BOIsJ GO dYdz0 d@H ] dz diflsis @y’ L OsE] ty (sl iss

wrsd OHJGCO9OIsdZO ' ' deW sted3OIsd o dz@p, toj L &z dz!
[ dzv f jodedrn WOCItstc' o dftotsppjjdadeidzts’ reds O
ZzO0 Ctodlsjte" 2 sflsdds" L Oy* hts =" OtOCIs,

oS tsdbo Ocetsw h v itsds §seBbkutsead ' d3j 2 M
Cjctej M 414, cdAsh)OE] ' LEOd dd?2 Odod L
ftoso j Misd OdzOdste' 90 §did o iz 2@ WL dedlzy % 2 dzC 4
L 2Oy j dgdzy W OCIststc' 9o, w g LH" 2MdB s ' Bf s
CjLEd sO414.3 ( GdmlOss8lsttd BOds OB ydzj

Citdjlstedyudzd? ©BLOL | WKES Yy ° o' HEkSE (t

=R
T

] e A AT oy ST |
2 E; rxlf}':;‘?:!f{%
2 S
t d Ha. JtcO®B- & dadzw  ff s jMR X)) ok HIiStzd dg' tc dat
ftoesmMisstc’ (' dz' detsfls 9" &z sdmMSkz="2 Is%G@p OdzsMmIs”’
el Tt CL RS "ERIE 7o%s70l
¥ =A==

=1=2.315789
=2=2_.631579
=3=2.947368
=4=3.263158
=5=3.578947
=bH=3.894737
=7=4.218526
=8=4.526316
=9=4.842185
=18=5.157895
=11=5.473684
=12=5.789474
=13=6. 185263
=z14=6.421853
=15=6.736842
=z16=7 852632
=17=7 368421
=18=7.684211
=19=8.

¥Ymin&Xmin&Zmin ¥min = 18 Xmax= 68 llar no X= 2.5

g5 4L ©O% ' Cd fthtHj deadXy, XaJso | 0B tz] Bd to ezts
s

t d %5
fesmisste’ (h' d dshs' § &g ds s d § 0 izt i) s MEdHE §I6tc dkl
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Ymax = 11.3 War no ¥ = 1.539 MakTop nNo = — I
Ynin¥= —4 .89 Zmin = 2. War = BA.315789

=zH=2 .

=1=2.315789
=2=2 631579
=3=2.947368
=4=3 263158
=5=3.578947
=6=3.894737
=7=4.218526
=8=4 526316
=9=4 .842185
=18=5.157895
=11=5.473684
=12=5.789474
=13=6.185263
=z14=6.4216853
=15=6.736842
=16=7.852632
=17=7.368421
=18=7.684211
=19=8.

¥Ymin&Xmin&Zmin ¥min = 8.81 Xmax= 8.86 llar no X= 8.8825

t dM6.4 . JlcOW ' €d YR tsSHY Jj deddXo, faso fpton dz' o '
sted B Ghkshr feshsste’ (0 d dshs' o' H fddd
fted Isd#<caz0 mf 1 O) .

I Mi yd ctottdls! f tosH jsd, 4 O 3059 EIOE
ftesyjm wrs ° C By dz0 s dEBicdmlstsalzo O
f OtcOd3j ste' & ftotsy Mk " B Edzr Mdes®™ j dzj Clstet

10 tjLikzd sOOBRd HBMdz HY j d& f 88)zHts
L Odzj 3 detsfls” Cedlsjtehs BPEPIsSy GYL 2° i
fsCted sl€'sazmstcilz C Isd o dzd - , Isj m dzsdztsc ' ydzd m
hts 90Ot ls@GBdgw 4. 14) .

v OB dzd yv 4

| 2Oy ez lst€zClsdo dzd R, Isj R desdztse’ ydgd & |

10L90 0Ot ¥} tsLdz2Oy| {Hddzd 3’| 1 J dzd ud
vsdm¢ wr s t dz3d3 100& 200
vtsoh ddzO h B3d3 0, 5¢é3,
1 O9 Odzls O § d 1 [1 0O 2,0é10
zodHC' Mis! Ve e &3/ f 2,0¢é2,

L di3OIstedyt § zOdzzo Odzdzg? (IsOBdZ. 4. 16) ,
WOCIktstecd, Nt o90t" 88ls! MIC WO 4015) : :
, 0, 2,55, 3ck&k) (18dM20O; 25; 301;, 40,0 H@;
6; 8; 10), hoWwR/ finls(‘2 ,C0s0 L2OdAdBY; 2, 30;
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cS odm' HdA H Odz odStstedmistso zo Oded MW
tejLzdz sOIs(d d $MY j od d3d dzlsi@dz’0dzd = | wf € ftpdz'd Hi
WOCIssted SO L dzOyg degdz? 6" 9dz'" ® "= 90Ot ¥
JSMy jteddzj dels © CtsHtso Odadrm L dzOyJ dedz? = (¢

v OB dzdlpy v 4
1 20y j dzdzv W OCIststc' 9, hts 9 Ote" ¥ 6 s

AOCIssted SBHE
' od hdscs| {edsdf § 1 O]V, s/
My Ne Ng M [
1 dx dz 2 0,5 80 2 2 +1
l jtendz 2 3 200 10 2,75 0
1 zdzr 59 d2 1 150 i i i
wdzls j o Odz 9| 0,5 20 2 0,15

v OB dzd ywvw 4
it sBtsyO d&OIsted yw

) stsoh ddudme 1 O@dzlsOy j dg ZzodH G Mlis!
LSy sCtochiR] t, [ [10 Vese a3/

1 1,5 140 6 2,3

2 2,5 100 4 2,6

3 1 180 8 2,15

4 2 200 8 2

) 0,5 120 2 2,45

6 1,5 160 10 2,75

I 3 80 4 2,3

8 3 160 2 2

v OB dzd ywv 4
1 dzOdz § € MY jd®©dsdzjieddsiz dad = L dzOyJ dadaw

jShyy| m | me | me | m
1 1,5 140 6 2,3
2 2,5 100 4 2,6
3 1 180 8 2,15
4 2 200 8 2
5 0,5 120 2 2,45
6 15 160 10 2,75
7 3 80 4 2,3
8 3 160 2 2
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10 tjLiEzd OO HBMdzZ HY j dz f sBlHTt
L Odzj ) dzts fiy Is¥’ € folg(dsdg‘'tel’ Oy * 7, hts R~ OLOCIs] to
fsCtcd s@dhisastczE Isdo dzgdn, Isj mdedzsc’ ydzdrma Is

Y. = 94,553716,1578:+8,66664-4,3746Xs-17,274%-3,92423x1%,- 16,0642
X1Xa-17,053%:%3-22,475%xs-9,9957 Zoxs+ 1, 414984, (4.5)

HjYo i 30Isj B3Ol ydz® stsH j & StHBo Oded R L dz
fsCtedlsisw

| SLEOREZASES WdBsHjdj?2 LH 2Mds o O L
158. { Iste d30dzO L Odzj 3 dz" mils* (4.5) fjtejo’ 6]
SO ' dzff B 3D Is tcjLlzdz SOIs® 9o LO Ctdlsj '
tfdLizdz OIsd MIsOIsdmMisdydzse s OO TSRO IstE iz

rdzv fjodzdr WOCIstste" 9 ftotso jHJ dzs GO
&ZO Ctdlkjt' 2 fikddk LOoy' ", & s:C0dafAkidsy). to
o e sdzz o Oztsmw hdzw otsds3 ftsBlkHtseod Mm' d3d 2 M
tcd o M{142 ( el BH.OIS ¢

1" LEzOdz dzd?2 OdzOdz' L. ctecOW ' €' 9 HBL 9 ts5dzv
2O L dzOyg dzdzy W lzdeC y"' ’ o' HEkCE o dL dzO"
! st yoOmkz eofdzdekz L H' 2Mmde B' dz2 h 2
tcjLlzdz sOIs' 9 Blsted 3Odes dzOsyYydzi kW o dzj dzdz
o " HekCE (tdfm. 4. 12) .

tdLid OIsq MsOIsdmMisd ydglsc H SO z® dzV ¢ Ix !

odMmdetse C 2z, N5 3Ol d30 Isiaf ook fn) le3'ts 1 jdgiz'y datf # Is

fsCtedlsls' @ OHjSCoOldzO ' ' dgff stedBOIsdo dzO,
fes Isj, hts ®KOj BOIsdyd® dssHjd' (4.5
@O dzj dzedS §sCtedlls' o ' ' dBsydO odCs

s lsd BOd deden of Gue®dgjjk ' &f zd Mdes’ j dzj S
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Ymax = 95.4 llar no ¥ = 8.582 MakTop no 2 — L
Ynin?: 9.58 znin = 88. llar = 6.31579

zH=8H.
=1=86.31579
z2=92.63158

=7=124 .2185
z8=130 .5263
Z9=136.8421
Z18=143.1579
211=149.4737
212=155.7895
z13=162.1853
z14=168 .4211
z15=174 .7368
Z16=181.8526
z17=187.3684
z18=193.6842
=19=288.

Ynin&dXmind&2nin ¥nin = 1.2 ¥max= 2.2 llar no ¥= B.85

H 5 Myazg TS, XQzdzlz 6 & o fistc & dets didz

gt ydetsfylst L yjfdzj degdzgy o H Isd
10 " HMisOo fteso J HJ dzd » Is ¢f dB@diz" o> | dg'j
R Edz MdesT  j dzj SlstetsC Sdzls OIsC dzets’ tBtetsB C
HictslszZ-2A [ w SBRYf sL dy' 2 dz8dOts  ff tist€ mchdCskfs wls ML

HEf EMC O ' Bfbkd Mdzz jdzj SlstetsS sdzls OC Is dalz
flstckadglzl 0, 0 (€=30f Ws@.MClstcd o Oz -fy®=x ' 0dzOkAdz! fifr
s1 s-8Ql= 12,{0=C4Q =) @, 06M. [§lddBOd da

fsoddsgj dz o dCdzts ydlsd disydzde ' fls: totsL f dzO¢«
Hisfdz' H Y j dz ofdzdoz WOCLtste' &8 sy Mk

fd Cz -8 (70% SO, BO -~ BBWE dzCr 80203 (N
oMlsOdetso dzj dz7 IsOC' Isjrmrdesdzse ' ydz § OtcOdgj k

4. 6. 1 6dC dzOHd odCttedmlsOdadzy * osf
tBtesBSd ftd ¢ Hoadh jdedd Bd » Odz" ydzd ~
fsCtedlsls’ o

{jLbdHsOsd Hy jd@ Bbdd osdStstdmlsOds
i3° ydesfmls ' , L disidsdfiyjsdziZy etef sy § 1 jffe d3j dals O dz! dat
h W Btsds dzOdzj fj dzdzy §sCtedlsls' o d3j lstsH ORI |
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ROY d dzj dedz® (ted My cHOdIesesOSC & ¢ ks O Glsds
BjlssHsd &0 fstehdjeo' §0d vy , @ SLfsH
f e dzy j 60 &OMEM' o, ety GStcOdd Hjls
HjlkOd R Otyse ts'[64, §76 §dda) dztea®)igls* 4. 13
iCmyjteddsj des Oz dz' telsteOL & g lsOEA &' 1 dztf S o |
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d)
tdm. 4. 13. ( MY j tod d3j dzls O dzdlzgz? , L 8B tc § O eztf K) dztiz@
wr s J tetsL f sSH' dzt ded?2 (O) * Ctdz dzyOfmlsd?2 o 0dz (
s stcds () HodGelkzdz © Btsdz SOz stelsj &' 9 ; 1
ZOMmMsmo ( ¢) ; 90dz oBHWhdses dzOft@igls dfCl) ; ( dsie
IsjMistse " HH' dz' des’™ BOM fdzdzO( dg)dz (5B oY ' m&wc@@dsﬁ

slstso dzj dedzy  j S MY J to
Y J dz

G
274
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I dMmdzso §d 5 L H' d&k 4

I L dzOyj dzts, s L B Is s b cOo dz' C
jdzj CltesC sdzls OC Is dzts sBteseCd COLBI] cd
oLO kS8 WOCkst' o, hts oadLdOYOs ! &' H
Wsttd'l odedH'dUMOl, dgBlE jd , WwWCO HOd

sflsddzo0d d' 6 ddi3d J dzj ¢l BaazO@C Is Bt Iz
[10, Mmlstekds 8 é 16 Cod, Istedo Odz MlsH dzv &Y
fMlseo stof @eozts s | to 3’ Y dadLn 3’ tytsd thdsls Is * oy j § dzj dzdzv
fsteddpMs’ s 3%, IsojteH' Mis¥ HE 60 HRC
B ydz' Mls' , HeGs g B Gl GZEOSOY °  HjlsOdzj 2
sflsdd Lo Olsd #HEHlcgdkisvern Pls@dis cOlsd dzO2 !
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1040?21 w Jruy [1sR

Il HdMJtelsOy'aYdz" ? j da®B WIS 'Is HsQ d2! delzQy dzt2O
LOBJ LY Jujdedz? 34 n Odg'sgdedem SelztizOflg FOEAR § 2
fsCtcdlslswdizsd L O t©OREdesC -StsScHjoLd h2jdddzy o'~
BOLLE " Is+ fyw s A Q tstojj Sfffu te d d3j dzls O dz! dzts A3k
Bsy dfls's L Ofistsmize Odzdzy  Hdzv o dte' h j dadaw
Jdzi CltesCsdzls OC Isdzts sBttsB ¢ d, hts o' HY B¢
9 HBBtOY jdes © IOCdr tjLEzdz sOOR:

1. 10 e o jHjdsecs d Isj tcOlst
otsB dzZOMlis Is j stc’ Bt j' daddf tc QStdsadjCtafs tsfdds @ H j Is O dz.
fsCtcdlslswdsd odH " dzj dgs Ho' ftesBdzj digd f t
ftcOYyJLHQIsdas@®es] L f j yj dedz? dzj sBrR ' Hdzts' OH
fsCtedIlsls® o .

2 . B tkzdzstse OdzO HBYy' dz dz' Mmlis! ' He
h dzt desfls’ cOLBIjtedd ydedres ftsCtedlsls' 9 L O
sBtetsBSCd H&W odt' hjdzdzw ftesBdzj d3d L OB J
fso jtonitsdy HJjlkOd2 &Oh (de.

3. 1 d ¢ tsdzO dz' C s dzj g M dgt j tc dteidy Ldxds
HisMdz' 1Y J dzdzy d3d = Odz' updgdien tsedzizO frpls d dzG@stiindsdi? dzd
f " fydzw "B Zdzt Mdas ddzj CltetsCtsdzls OFC Is dzts’
HsYy' dzr dg' MiIs! ' eoditstcd Mmls O©dgda" :

- tetsLtesBdz dzO oL icOrkzdZS 80 O BsH | dz
L Odzj 3 dz' Mlis! h ' dzt dztf isl6 tod IstheOH d dzp dzefim  Isd M
J dzj € Giwdzls OC Isdats ' H jatesie € o j Lfzdz! sOIsd Isj tst
§f HlsojtH | d& J & Mty @@kzdz) dfls Qide ddzty) dztlzv 0
94¢ . 98 %. ;
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o dL dgOyjLdlyy,dzhhjwlz f stedmilstsmils® HB 2¢é
HisLotizMo db deBYj dzdz? BtsH z @& 2. tc5z y tetaBsifyds * ( o'
]1 0O Hs 135 é 160 110);

-oMmMsOdzso dzj dzO L Odzj y dz' Mls! OHGJ L 92 dats’
f dzsh € tsdzls OF tstz di3lis*Oy tsafth) S 'zl s ez d3j dzls 2 dzO®
h Ots. Il dL dzOyd dets ' Ho ddzvj Aaslzty totsL-2céOn
i CMEd i3j dzls Bhizks tizma] Elzs o dzj dzd 2 W k2 dzCwyl tsWzO a3
OHG L " 2dasHiy, g3 dpea ndzk d3 1] to € edptsffls dets s (Hj W1
5O Istseh d detssh. IffidQuiddsals?j dzs, N5 BB SO
jdzj St Codzs OCIsded a3 d3) ssH Bdy JrizzL o todfw ‘f * LHE
WC OQHGEjL'2ds’, OC ° CmEjL' 2des’ R ydat

4. zdyggd dtscts dzOH jodzy g Galzdetizts 9 O dzts @ t
MdMmisy &3d ¢ § sof & Uz d Isilg WseO dzezOf) tzlz v § glzdigd ¥ Ml
fsCtedlslswd SO o jthdzj® HJjlOMD  is®N ¢ dzdf
fsC Oy MisOdzse dzj dzts N ts:

) Edsso On H' stedizOdz! dzsec s dzO 9 O dz
Isseo h ddaetst f tesG tc O’ Ml AsdzllzOff tdeliztg) ) Isidssdzlze B ° dz

E §sCtedlsls’ oddzSOsls: fMklls 9 fls
b Lsdz OHCG L BUMmEsYS skzZsPElrtcndzj® HJIsC

fted odh sz dsHEzd ek dshls'
2Oty j dz B 3 f tsdf jst€dcdpjsds W Hj 5 OdzOls@ Y j d
HikkOd LBjdhk Is:fmw. 1td B' d@ h sz Bk
B ydz' mis: & 3 f sdied sl 0RO ddfeQ ek y Is
Bjdzh d2 BsHEZd (ol dtsmls® .

5. [ BojHjdets, hts LB' dz " j dadaw f B g dzts iyl
f vy * B kd Mdets’® jdzj StesCsdzlsOCIsdats’ s
Elso stej dadz? L dzgOydesets HOgWhkL '™ 2 detifast€ tof lBlsW €
fsejtrRds® HjkOdk SO § Hodhjddz" gl C8j W
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ckmMDEBEC &HKM. JIdqwodjds ofdde ' &fkd fdts
O tc' o j dz B AWOLdE oLO" @3BtH'  CBRBY s
odL dzOUj ez Y £ hisB dz®@ fls Odzets® H 220 B3O BH H 6 0 ~

lesyjmMd HIWEL'®  d&OBko Otk (& sdsct
s5j & j Okt O kdmMS' o ' &fbkd fds’ j dzj S |
MsOdtsodls! 15 &S ' B & hj;

6. litjHMmsOo dzj dats HsMdz Hsjj deddin Isle € & tisls
HijbOdzj2 L dz0f ddzjdeddsd ftsStedlslsw kg, Ww¢:
jdzj CbtcsCtdds OCIsdzs’ Bt Sd ' dzlsj ded o dz'
hts o' Hydls! ftets ' Hodh j dedz" L detsfytsfyls® 2 ¢

7.1 dL dOyd dzs Y Isd 3OdgY btz Mtdaisy d d3gf dzd ¢ Is
sBtesBCd &@OYJdzj dedr §sStedlsls' o. tJddd
fctesh Cootsets -2ioshberdga, 0 §d, 390dME! O,
" B zefCiti= 0,02 f, O cCOLBisdzd] djotct
f stetsh Cz30:slm 12,0t € 40 fEO,0,04Mf. wdh
jdzj CltesCddsOCIsdz0 BB CO Lddybk’ fstedh
A ow, O ddzj dzgd = j dzj SstcsHEZzetsoddz d3j IssH S
f stetsh C 23 0s, M1 2@ F d dzDdzts § tsczz 3§ dzj o d o § 4] Bs® el
Ciydd ' wBfkd fds’ jdjSlktesCtdsoCsds’
jd&zj StesHbkzesodr fsCtedlls' @ HEs 1-8@¢ 130G
160 [1 Q@ dshsmis' 2¢' M §sCtedlsks' o § Hadh
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CIIOCIB PO3MIPHOI OBPOBKHU JETAJII 3
HAATBEPJIUM NOKPUTT

Bunano BianosigHo 1o 3akoHy YKpaiHH "Hpc‘)-'(}x‘ Js)

1 KopucHi Mmoze:mi".
3apeectpoBaHo B JlepkaBHOMY peecTpi -HaTeH;

moneni 27.07.2015. '

I'onosa Jlep>xaBHOT ci1y>X0u
i HOI BJIACHOCTI YKpaiHH
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Homep 3asBku: u 2015 02389

[laTa noaaHHs 3asBKM: 17.03.2015

[lata, 3 AKOT € YUHHUMU 27.07.2015

npasa Ha KOPUCHY MOAENb:

[ara nybnikauii sigomocten 27.07.2015,
npo BUAAYY NATeHTy Ta Bron. Ne 14
Homep BroneTeHs:

(72)

(73)
N

BuHaxigHUKK:

JaweHko Bopuc ApremoBuyY,
UA,

KosaneHko Bikrtop
BaneHTuHoBuy, UA,
NiniHcbka Haranis
BonoaumupisHa, UA,
Knumenko Ceprin
AHaTtoninosuy, UA,

Kysin Mukona Onerosuy, UA,
Jlonara OnekcaHap
Bitaninosuy, UA,

ConoBux €BrexH
KoctaiHTUHOBMY, UA

BnacHuk:

IHCTUTYT MPOBJIEM
MILIHOCTI IMEHI I".C.
MUCAPEHKA HALIOHANBHOI
AKALIEMIT HAYK YKPATHU,
Byn. TiMIpR3EBCbKA, 2, M. KuiB,
01014, UA

Hassa kopvcHoi Mogeni:

CNOCIB PO3MIPHOI OBPOBKWU AETANI 3 TA3OTEPMIYHUM HAOTBEPOUM MOKPUTTAM

(57)

dopmMyna KopuUCHOT MoAeni:

Cnoci6 po3smipHoi 0Bpobku AeTani 3 rasoTepMiyHUM HAATBEPAWM MOKPUTTAM, NMPU SKOMY BUKOHYIOTb MEXaHIuHy
0BpobKy aetani 3 NOKPUTTAM, SKUA BiAPI3HAETLCA TUM, WO NONEpeaHbO Ha MOBEPXHIO AeTani HanunioKTb
nNacTuyHUin MaTepian, a nig Yac MexaHiyHoi 06pobku AeTanb NiffalTL PO3MIPHOMY NOBEPXHEBOMY NNACTUYHOMY
AeOpMYBaHHIO 40 OTPUMAHHSA HEOoOXiAHMX OPMU Ta YMCTOTW NOBEPXHI, NICNA YOTO 3AINCHIOKTL TEPMOLMKIIYHE
iOHHE a30TyBaHHA 40 OTPUMaHHA HeobXiaHOT TBEPAOCTI AeTani 3 NOKPUTTAM.

CTopinka 3 i3 4
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