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J COyd Mo j dzlz dzj o t52 Istsy¢< d 9" BdtO
dMmimdzj Hse Odzgd v, Ctbkttets] fteddd BOjIsmw L O
1 zdzj o 52 Z tc tsdc Pezfixs W IOL lslslso z jIs fj toj H
SftejHjdvjmy (eI WsteRkezd (4.1) [11
i+ 24

XxZ =—— .
=B (4.1)

G HZpi yd delstc ; § dzO dz®

Viiddzls jtco Odzsdz 9 Otc! dqtotseo Odad W .

I fsdzzyjdede” d3 tojL zdz' sOIsOd3 B'" dzts ff to
ftcj HiNls Oo dzjdlaggts j4 .94 .IsOB dz

vOBXzdUPs4dJtso Odzd] WOSCIststetso

l Jdtendzl \ dX ded : Rdzlsj tco
ANOSC sty bieso )| kise j K 4 dzlg 0 0! (o ssHdtse O

1 z1—72.5
¥l =————

Z1 90 55 72.5 17.5 17.5
5 z2 — 825
X2 = —F7+—

Z2 1300 350 825 475 475

z3—8

Z3 2 14 8 6 X3 = -

10 Yjlojtssd (sOfj fesdLosHdlhy toC

BOIsj BBOIsd y4 MEts2 dsHJ dzd .
[Mdzso dzs?2 L OHOYJ?2 SCttotej dzW ydosdzdese s G

d Isj Mmdatslisr LOoadmddiisMmisd tjL kzdz IsOIsd o datsc
WOCIstedOdz! dgr ). uvts JjMls!, Cwtotej dzv yd s da
Ho zrn ddzd Bde'dg jo jinddawdok. s Btetcj dzv yd tsdzdzOW
CeL WWdydj delstsds 1€ tff tist€ jOdzvOpq dfizj d3, n Ot OC Is
MlsOIsdmisd yj MS¢s?2 MewrLd d&BIYHE HeEkdbw ddzd
[119, 20 . §tsiwwquc{4dzls Cstetej dzv ydd 1 dtef
dzd @eflets? Mo WL d ddyHE Heolkd®W o dzd yd dzOBd .
HOdzdz" 2 St WWdydjdas fteddzj dgwlis! dgj dz' L w.

[ dzv e OMmyjko St WWdydj dzlsO dzd dzj 2 dzts 2
(4.2)

Ty = s{;] S(;] (4.2)

GHJ s (e HIZj L) OH OIS d uj ME dg  xsils;C dzts dzj dzd
Lyimed Hde Oedw di3d sdud m& dd L dzORYBzqd. y®C
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v OBz @WKd HBedJ L d2OyJ ded™ x d y

. L i
lthLClZOQ X X f=zx1 Xy :}_’=Z}l X XM x_y=zx1:}1
1 T T
[ &z y | 580 725 | 1.204] 0.151 89.56 11.195
[ ¥ y |6700| 8375 |1.204] 0.151 961.6 120.2
[ &V y 55 6.875 | 1.204] 0.151 7.75 0.969
[ ¥ x 1 |6700] 8375 | 580 725 463500 57937.5
[ " x1 | 55 6.875 | 580 725 3750 468.75
[ &% x 2 | 55 6.875 | 6700| 837.5 54400 6800

1 20U j dzedj CSwiWWdyudjdesO Cttetej det ydid ¢
[ MzdkO W dedj St %W dydj dzs-®, € s5tste s Gded Is to
sltedyOlsj d des?2 Cotet jlsd yag, djfedg dsl?
Cswtej &vydq, jmdd 0, bkt dzdjos2, Ikt
fizz yO2dr 8 o j dzd ud dzOkq lsMizlsls § tsjels dzv
OB M dz® sdzts2 -b iy diedj, Slsj ds Isj mdaj j fowL !

RMOBHY dL Wsdkd (4. 2) fsdzyj d
WOClkttess o jtj dgj dedzts? Y ftojHMmsOadd3 o
C stotej dzflsydBdzdRy © 4 . 6

s OB izdjPpObicQ@dsts W Y dydj dalsse Ctstotej dzv yd c

[ Ols to( y X1 X2 X3
y i 0,986966 -0,78236 -0,7615
X1 | T -0,81562 0,834396
X2 T I I 0,834396
X ; . . ;

0 dzOdzdL dtokw fsdzzyjdede j L dzOyj dedv Cts-
Yylsts or BtOdzdzr | § OtcOBjster B EOROY 5C @ @&
fJted B dzdzlsdls N 0.0 . Miudde@uigddzd j  SC OL @DIF )
O R 0200, [ 1

Rfr]u’tsdzJLIzW CtedlIlsy tod 2 gls! ¥ H ] dzls O, tc-O M
MisOlsd misrgi§ 6 W A8l dzj _

t OfMMudlsOj d3 dzOB dz¢ -y B Y fin bzyf iz u Y Lzl dzj

Vn-m-1
Lnabl = Yyxi 77— (43)

z
ﬂ'l—rym

CGHj mCBdk@yjfMsots WOCktttse o ktOs dzj dzd d

*\831

Cnast = 0,987 =17,95

G HTjodwmdrm-1; U/ 2) = (6;0.025) = 2.9609.
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) 8MC Sdzolelluds IS5 CHBLWWdydydls Sswic]d

L dzOyd d3.
{ OMMudlsOj 5 dzOB dzs-MB O RY M Is €z w p def W r t

vE8—-3-1

0?82 —3 33

nab[

] sMC sdgbolalzte uds IS5 CL WWdydjdzs Ctsteic] d

L dzOyd d3.
{ OMMudlsOj i3 dzOB dz¢-MBPEHBY N ls iz uy dad v r t

yv8—3-1
4/1-0,7615

= 0,7615 ==3,17

nab.!

] 8¢ Sdgolalte cdstsls S5t YW dydj dals S tstetsj dlzv y

v dgj s b j dedzs? Buj &S d MM jemdd

1 d Md3j P j dzdzOWls G AU @=i ¥K)E)Y T X* s ( OB Mtsdz® Is dz
OfftesCmd BOYJd)
s OB dZdUy@osbsHE | HOdddZ j thdeBC¢d Offttst dc
Y Y(X) U =YX ¥ (Y-Yi )2 | O
0.19 0.191 -0.00131 1.72 0.00156 0.0069
0.18 0.175 0.00539 2.90 0.00087 0.0299
0.17 0.169 0.00114 1.30 0.00038 0.00671
0.15 0.154 -0.00418 1.75 2.500 0.0279
0.14 0.143 -0.003 8.99 0.00011 0.0214
0.13 0.134 -0.00388 1.50 0.00042 0.0298
0.128 0.123 0.00463 2.15 0.000506 0.0362
0.116 0.115 0.00121 1.46 0.00119 0.0104
é 9.65 0.00504 0.169

dtjHd"Y ShdBSO @t B HEAYJd s W sk &

a = ZElL 1009, — 0202
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22%%100%=2,12% (4.4)
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[ O BOdyYj MS B2 dsHjd ¥ wodj dedv dd

e cted MY d! 2o ON JJ L O d md Bz ® f 4 e d3 dad
dzj L OoadMmdd&3r &3d W OSIststeO®R] x1, x2, & , Xxi
BOIs j BOIsd Yyj MSit@H jdmHAjIsodzs, ) Is tcOMMdsOlsted o
f tcts ) l19)s @f.]

[ dztsy d Miso j dedzOW tej Gtej Mgy & tc jvhighgaf ij Is KW dz"
dzj f toj to" © dz' R ftocjHdS ststetso . LtcOo dzj dzd §
fstWHSCO btejn dzjftejter odgr » ftojHdSIststso

G Hbp, by, by, b TS BWWdydj delsr tjcetej Mdd

t OfMudls S WWdydj delstse EZtcOodzj dzdw te g
[ SMidlz? ftcj HMIsOo dzj dz . o 1 sz dpg Teilets j4 . BtcOo C
sfdmr eO0sh jj LOodmddksmls! ftescdB O H dzd dz
MisOdt O tls Mdzj HEe "N gB] BOEPNHI EMEE]E AL s,
eslsstc® &N oOodkz¢d (m2) , otoj 3w f jtoj d3j h (e
mdd Md (m3), dbddl odH:

OB dZd OB4 ¥ dydjdast EwOodz ded™ toj ¢teg ffc

b3 b2 bl b0
-0,00057 2,4676E06 0,002454 -0,02892

LEOo dej dzed |y o) S d dzda'da” MY j od 3
fmMdzj Hze P d2 odH:

v =0,029+0,00X1+ 2 , 4,08 @ 00 1 m
10 twistsds 1 sOfj ftesdLotsHdIsMw tsyj dz O
BftejHjdijdddB CBLVYVdyd) dlsO HJjlsjtedd dzO
Jd MaERy 1.
{yJ dz¢ O e jorodzd yalzts ¢ Y tsts & EHaBOz] dzd W
S=+52=1,55 (4.6)
ROzH J €M dgdzetsy § Miso jWdsidsii@ @A tctc j dzv yd d

Rzle_. 2 _ J1_F”“m?:n3904 4.7)

Y (vi—-7)? 0,0977

gowL! d&iJYyHE ftodL dzOSogdy’ B3O MWJOE lsizOw O d3
stsiwwdydjdels HJlsjtedsddzOydd
R?= 0.9904= 0.9809
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ojtedds cdisjLl sEdEBs]
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[ Mdzd =Fs kBt dzj b5 1) dats atfd dzd % o s j 5 15

R® n-m-1 09809 8-3-1
1-R2 m 1-0,9209 3

F:

= 68,297 (Fi 0 =u.59) (4.8)

v OB dzd ydetsy L dzOyd dzdJ § t©d 3aFhmifl s 828l =Mo
4, Fkp(3;4) = 6.59.

1 smMesdz S22 WOCIsdyjmeEtsj LdOyjdedjy F >
MisOlsdmisdud M d L doOuydngdd int@dsddmnddu BY
Cst WWdydhplsdsj fipls dzs L d&zOyd a3" ) .

4.2.3 lwtsoajHjdzdy yYyOMmbstslsdzsets 0OdzOdzd |
fls © dz¢ ©
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s OCyJ, Ctsdzi B Odzd W, & i5tzds dzozp 03] olo=letsdiR] C B b
MisOdLy tR3ded j Bsdf@ed d3j daj ded j i3 BYIlsdd3dL Oyc
fJjtoj d3j dgdztzdg j 0 Ocid®©c tclzL € 50 )X to df M Azt dits 11j o
ZOctekL C 52 BBBdMEzdsS 4. 1
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d3j Is O dzdzts to s O JOs ] d3j N jls ™ 0 O Bs§t8d SHKEO
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gjBj MssddksMmis: eoMmMjet tBi jJdBO o' fkzh j d
Mk L OOl ftojHitedwisdy dz®@ jj ftetsd
ftcdotsHWISw ¢ J Hd dzts d3lz o toJ d3j dazdzts d3iz i
[Hdzsotej d3j dedets S tejHjdw jlmw  sddow )
ZOd di3j detso Odzd W 2A tesH S yqdd [ 1

1 O O™ &0 { tixfSLpdedH fplSods WAeEs fldzj H iz ¥

COd Sk ydsdzde' j MlsOls: d:

ifmrt! Q’ dSOlSJtGOIGde;

i fsCky d Codgf dzj Slkzs hdj dLHj ddw,
u’tstsq’LalSanlse)szdz,tSGB TOEOCljtd (j mdd
ftesHEzSydd) ;

IE)ISLE)tGQISer SslsasHT (9" ydlsos smw) ;
'|lstsl]’dzq’813:q’oflv 1dg@)j tds j m desdzse d yj MSdJ vyJ dzd
ismdzes o dzOVY L OtcOB SlsdzOWY f &zOISO fftesdL o ts1
iHBY sdzdzd Is j dz¥ dzOW L Otc OB tsls dzOW ff d&zOIs O { |
I d2Odztse d, tslsyd fmdzj dzd w o BEHYJIs d o
slsydmdzy dedw d3j Misdz" d3 BStec O dzOdR fleAOUls d Misc
I tcOfmn BHT ZO ftHeBlstse §E (e tsfipemsziodzdeid
Hdzw deser' 7 ftojHftedwisd? d Hdzw o7 fEMEO
BOMMBsetsets d MJted dzses ftesdL o sHMIse O)
isBh jftoesdLotsHMmIse jdegdz" J] tcOMntSHT |
isBh jatsLw2fMmise jdzdzr | tcOMntSHT ;
Tftesydy offsteithds o j dzdz’ § t6OfMaGHT
TeOMmMatsH d&O tj OdzdL Oyd ¥ .

5.1 (OfMmMyjls LOLKOI s MISOl' wWd cu' tc-
SlsmrtSHT €&

l MOl curte! j d BOIsjtcedOdzr e 9 ¢ dzt y
B3O jtcdOdzr (ftesCOls, ftsCtsoCd, dzd IsH .j)22L O
c. 17-19]. ) 1 Iskz MsOIls! & IsOC Y J o Cdzt yO*¥ Is !
BOIsj tcd Odz" dmf sdz L 24 &3 § dzO Ity ~rdd@s|drsEEEd
NdqHEtsMIsd d Is. H. ). 1 ObttOIsr dzO tsMmdztse dzr _
tOmMMudlsr o 0% Ismw Wwdz" d3  { lizlisg Ji3e ycHfg sz’ -
JHdddyk fesHikzSydd d B2cdd7]. L sdm dBOIsj ted C

1 sH otsLotOIdy d@3d SlsatsHOMBR JtsdL 9 tsH

GOl jtedOdses, (odk%OBtedC Okss, ©BLOL G
fesHkSydd (0B &ls, dfipiziz ¢ ) V| O fn) I9f dswlzidats ) Is
fslstejBdlsjd MSdy COUYjMsoO® dMARBHEGSEE t

Mots2MmMlsa®) d o Mddzz  sets dzgj dMmftsdz L Iz j
l jdzdydde tjOdzdLEzjd3" » BGlshisHse o dzOls
MDTX:]-%'
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V= 4 30 @pBdets s s dzdf2iR Gc® 3jdsds/dago fipip@ iy L
LOoadmd dizgsmlis d tsls f dztsls dztsmls d 9" BlcOdzedzts G
o Otc! dqiotso Ols! Mw-Blstsdfdic j H1jtdaP r o 4B tc O Bzdzts filgC @ d
tcOyd sdzOdz! dzts G s MsMisOo O f sdzd dzj teB § Is 5 dzO
MisOded dz@r d3j Is O dzdztséte j iy tefilg @as] Mds@ER @ M is © dzd d
6 Istsdzdz.

]l sLotOIsdz" §| BlsaBBHT syjdzd o O Isfpw  § 5
Mstsd di3smils: dMCdz# yojlsmw dL HtetsdL o sHMIse
fmdzzc) .

] slstcj BdetsMmis: o Oz o sy J OBl 8y G tc]
(5.1).

M= QD‘[NEEJ' (51)

G HQ, T dzste 3O tOMAtSHO dBBOIsj tod O daf =dbrouf); ¢ sists
NictsHtsots?2 Bl j BB M=illhc O HJIOdd

M=65-1=6,5

| BHBo 52 IsBO BizO OsMdzse dzf j] ROl tod Oz
cjOdkdL B § GloitHESs LOBBEOSEds Oj sfijw

Q= {:QM]-[MJE - QDTKL[DT?C]NEIJ (52)

GHQ, T dastcdBO tcOMAatsHO dOIsj tcd OdzO q,dz@H00) sTE s s ts
O,isf stse Ov yJ dzOts dizPd3 3O Bt @ A0zl | / ¢ ¢ ) ;
BiCest WWdydjdals, Eydlsr a @¥chisdss olstisQ difr fozs tg |

dMfsdz Lo Odzgdd HOdzedese s BOIsj ted GldE6, f tsdzd c
Qorx 1 S Sdzd Yj Mo ts toj OdzdL Kjgdfr = tSlsresHBO, ¢
O 17 Gide OW Yyd dzO SlsmtsSH B9 i s Msls

fsdzd &3 teB J IstsBBO 0B thed flzc§ & S G ;
NictsHtsots? Bl jd&3 M=llthC O HJIsOdzd (

Q = (6000-1300-1,05—60-78 000)- 1 = 3,5 MAH.TT

[ By des ©OMMUdlsOls! csHBo 2 EOMEBH GO

Q. =%%, (5.3)

GHEiydmlsr 2 ojfm HjlsOdkZzd, ¢c¢ (6 000 Cc¢) ;
NicsHtsots?2 Bl Jd3 M=liwHc O HjlsOdzd (
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K1 St WV dydj dzs dimf sdzr L s9 Odedw B3OIs§ ted
(5.4).
g _ 6000

K, =<

uM o . 6500

=0,923 (5.4)

Q.= 221 _ 500,54

0,923

glstsd BEfflsdssar Ols j dz' dg & kO jted Odztso €
sls L ObtOl 0 shdssd’ j ROljted Odzr .
(55)_61513dd315ff]|8‘ o MY sBts e Olstg @M figlal fIs "fasDIg s th) o G

Q.cn = 3%0Q = 3% =3 500 000 = 105000 Tenre (5.5)
IBhdj LOItOIsT , o Cdzée yoj 3" § o dzOL 9 Od
5 W Ejd d
Qy = Q + Qu; = 3500000 + 105 000 = 3 605 000 Tenre (5.6)

Ajdd@ @O KOjdOd f§tddd B0y shv d&zO
yjd& dmisd Lkjdk & K&OkjtedOdss .

(v §sdzyj ddy MisOdddr d3jlsOddste ykzh
Wtz HdAY L Odde Oddw ffdzts g @ERZO M B 5 d3
dLelssodzi 20 ks §4 uPBEdzsi ©€OMIsj 2 M

5.2 (0OMydl LOLtOl ft MlsOIls! j ¢ utsf dz
yd dzd e

] L Isz COd¢ Skdzw ydetsdedzzs MmlsOIs+ ¥ MmJ BJ
L OlstcOls O Istsf dzdoe ts d M tegjHElefer j, dzddsts Istds@
ftesyjmMmy BJL HiojsBtOL o OdedY o 3 r» O dat
1 dzj tec d (. Clsts, zOf ted d3J tc, zOGctcj o L OG5
9 OGtcOdzats €, L OlstcOls L dzj Sstest dzgj e dd Hdz
1 dzj Clstestf dzOg @z dzgdrm fisptsBdzr = ftosyj MMO=-.

( Mdzd OS2 Mftsmtse YtslstejBdzj dedWw 1 dzj
FCtoltf dzgj dedets tOfMyjls L OlstcOls s 1 Ists2
Mssd@BtsMisd tMmMdeseo dz" » BOLPRedPdzse (o0 tOL O

53 1 OMmyjls tf zOkr ItezHO t©OBBISOE h dn
1 oW d3lz ® L Otc OB 5ls dzlz f dzOIs Iz smhdzts o dz' ~
ftejHjdzw jd&5s diprsHw dL IkOtedWdes?2 MmjlSd.
5 W s B dzj
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1 s SasS 6S ¢

Y U &
1731 5.7)

cnlilsd i disd ded BOdz dZO% L OOB 5ls &zOW  ff dzO s H | |
s dec J / d3d fy; § /( &80 RIOIR3)s | dzc

BT CL WWdydjdals, EfMlsOdsse dzj dzdz" 2 H dzw
(° =1,3) [123];

°t | EOLEGWHAG 2 i
(P ©=1,43):

°f 7 f 5w fi)dats 2 Cst WWdydyj dals H dzw f toj F
s Otc Oc OdAL15); (

173liMtc j Hdz] J yYydmdzs yoOmse o HdAasd3 d3j T

qrc_ 70000-143-13-115
= 1731 = OOEITL

==

Wadudjdads Mmsslse jlsf

sOdWdr 2 WdH LOwOBGlds2 §d&okr
WSt d3BALI122, ¢. 24-27]:

th Is
A 1Sfl’]td@B a GONSII 5.8)

G Hbjrs -N S WA CEdzv ydsdzdztsj otoj dik sBB 5@ g tel
N,-GoHiso 82 ©BI jo&§ M=lbHscO HjlsOdd
[-yOMBe O ISOdW &zO"w MksOo¢ O ©OBGYJEE

_ 240,5-1-864,53
ocH.pabd. — 60

@311 =346531Tr

sOdWdr 2 VWisdH L Oteds tsisilghd sl @Bl 'dz d
SftjHjdjlsHENs ¥t dkdj

@300, = IE, (5.9)
GHIj yomse OV IsOtcdW dzOY MIsOea C O ttOBBYJ cts fi
FoicgsHBOB2 1 WW jCIlsdodzr 2 WtsdzH o tej d3d dzd
1782)

A 3=(217,801782)® = 776 239 Is¢
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[fdzso dzOY L Otelf &ZO O H&Y cPBEHIESH DS & fs
A 3=(864,531782)2 = 3 081 184, 9 Ik

Mudls LOLKOI 5 MO j c¢[Bhjf
Ols+ w L OlsteOIs wo dzwv j IS[ip?, CM8BKkY2dZ] €
HT 5 MeHjk)yOdds d 1 EMY dzz Ols O
H' 6 tsteeOdzdL Oydd, teBMmdzzy do O«

.1 (OfMAaBH’ 5 MSHjtyOdds d 1 CMy
[ §BHEGOLHj &Vs shvw OB dzjfmkze2h7dj o
stelsdL Oydw tBtstckzHtso OdzgdW, L HOdzdV ;
] &z Ol Oyd" B @l se ©okzd 820 ( € jodsEsdzs )
| Bsdzls sSBBKkzHBos OdzgdwY d btOdzMf stels dz" .
EtcdL QasHmEts] Hjtejddjhjdedj ctelzL O
cONjddj Mssdashsd  ddhseEd] dss

Tftesydy tOmMmaBHT .
v Ckhd2 tojdiitdzls BBikzHSO Odedw d IstcO
L OlstcOls O ntSHWIs L OstcOlsT dz0© L Otc OB tsls dzlz

odzj B HYy jIsdg' | WidzH' I fMtej HMlse d&O G d
SBtttzHtse Odzd W ; tOMAEBH' dzO0 ®KOljted Odz |,
] Bsdzlsdzr & ©OBKl, bkfdzedyjsdgdgsizs dddls gl
steOdzy stelsdzr & Tt HMiso .

VS telzf dzj dedets OMESH' dzg@ IjSkhd2 toj ot
fMej Hilse dBsckls B' Is! -5% ey Isfyls ®d digsAlsH] tet
steOdzy stelsdzr & ftej HMlse .

1 s¢Oh j dzd j Mistsd igsflsd dzfls to 2 d3j dglsaste
@ZOL &zOyjdedv. | {1k cwkzfflkz L OOl oCc
sfdzOh j dzgdw Mt MesCtsd Mz B d3j dzj § ©Hdz
Hdzv B M juyujddy  zoOddtekzj dsets o' f zMC O
tOMABHO dO0 tHddz MisPizEAfted Y Biffolzs h dd3

Clsd tOMARBHT d&sekls Brils! it HQ 02§ Y t
fjtco sdzOYOdz! dets? Mtsd dsflisd BBtk H o Odad®

ltesydy tOMmMeatsHT . w8 HO oCdzt yoe lsmw IsO
sHdzgz dL orhjfjtejydidzj dedz’ = ctekzftf L Ols
Pebky dzaj dzdzs ® t©OL Bjtej 4% tls tsBh j2 ks

5.4. 2 t O SHT LIRS stec OdzdL Oydd,
ljtstsc[LSISHfr]lsatsd;s (sBhjyjrttor j tOMatHT)

g totsC f sdzj L dzsG6 5 dmf sdz' L s9 Odzed v ts fry dz
f slstsW dzdzts H § Quindsch fip 0 4 2 Aets(BYYQaiddjdd3s § dzd B t
Isj nded Y4 M¢ 52 HSCEZd dzsOydd, fsmiskzf O h j
sfmdseo dzr » Micj HMiso , dzdets dz20 tsMdese Odzd d
fsMmistsW dedetsH § T gzl Iy g2 EZudlsr 9 06 M j2 My,
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(ftesdL o 5HMisda@XE) Qj B L Hifftdsdzj L dzsmisd QR4 d o
djBJMssd digsmlis CoHtsoacets o' f2MC O { tsdzd o3,
MO O ftjHMIsOodzj dz2O © sOBA&ZdJyYyd 5. 1.

sOBdZdj®@ B hissddiisMls! cEBHBoaets ofr f2MCO

4Ok d LOkEOls 1 20y dzd ™ =hded®te

ftocsj CIs| BOLtSO " 2%
larm to! j d BOIs j tod Odzr L O
SlsrBHBO 3605 000
.2 uvisfdzdets d {1 dzjteedWw dz( pmmmm

sseyg:ntse O% fjejMmissddtsmi 3710000
[ d&zOIs" IstczHO ttOBBISOE N 3939681 175716 50 Is,
¢
R

B @o'd LAz 0 & & M) H Ml 4000000
scc: f SEdoY fesdLo s
(fMlstC O 3+4+5) 11649 681
5 ] 0" fG6dLoBHMmbo j dzdi 13047 642
"Tu MO0 &] dats 185 M B yded C b

Bl Mssdgsmis! JjHdddyr §tosHizdydnist
sOBdZdyr 5.1 &O L dZOyjddj csHBaBGEt orf
(510)[122, fy. 37] :

1
R
2
3
4

C =5 _ 13047642 (5.10)

E4.0p. N
CGHJnw B sdzdzOv MmiBJjMlssddtsMmis! JHJddyr toj C
ontHdBEt 1148 (5 fuHsie»SOGdylsolgazdz d3 d
Caampd MiBjMssddshis: jrudddy' fsHEzSydd
ftocdtsBtcjlsj dzadetsdzz M tcf 5 ¢ sdEBRHEd OdzOd3, Isc
gl f SdzdzOW fHtesdL o BHMIse j dzdzO W d3dgdzs J IB)ds 5, o

HICEXi i (350 o D tsH des ¢ 15 s[iced IsHRiedz. § tdeas’ ;d5 L O
NigsHBo 82 ©BI joB o' fEMSO fosHkSydd,

cHAC _ Cq+HACEE
CEMFr . = 14613 359 (5.11)

1 Sted3OIsd o dzr 2 Mtets ¢ mMdzzy B ' Isdoe © (
sj -~ OMY stels j ) dzJ oMmMj eHO fr]ISSUOH@JIS f
B tejHjdzj dedz’ o3 (s IShsvydedgtdedCfd Midd o s 5d

1 sfMilstsWw dzdats H | 2 Shrdsdg dfzfi iy dj j22 Csd3f Oded d s
dZdCodHOYydtsdzdzOvY Mmlstsd diztsmlis sMmdztso dzf = Mmte,
fesdLoHdMw L O or" yjlstsds dzd ¢ o dH OYd 5 dac
sdatso dz' n Mt j H Midem{ € jsHiElf ddgdlsfmw tc dz0 tc Of
gé?udfndzcidzqw OdisstelsdL Oydd dzO0 f tetsI129 § digg d
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t OmMmydlsOes OdstelsdL Oyds tOo detsdzj todzr o3
MsddisMisd oMmj ¢ct82 5BEOOEOEZ Hissjopdddlgd,w o dzzIstcj d
i siylsisizsH | 2 MiCotzdgdmifiPd d S i3 Odedd BT dz s t
fMdziz y B T 20 dzj Is. ] dSodHOYy( s dzdzZ&00 01 Is sl jd3
USGHO M0 Od@ttisdL Oydd L O 4660 A 6682 is)
500000° 2 500 000/20dzj Is, ftod 1 Istsdg 2>y Odyzisf eipdts dzo
dZzOuyd mMdzy dzO0 O i3S te s 838 3By, y3d2s QGBOAA. 03 j /telj 2 [1Y fyw
fn. -32.8

5.5 [ftejHjdjddj SlfbzMmsds? yjd

[ EMC dzOW yj &0 GitejHjdvjlshmw 5 dj
[ jlssH BLdzOuOJIS Wls s yY dabk lstjj ds Otfiad d ec@eidy.
mMdBd MissddsMmMisd JjHJddyr f§sHkzCydd ©OMmh
HjlsOd , dLEslsOodzdo O BOW 2@ LkyOfisS |,
] OdzL b j BOW fbtcjBdls) dvd Ik & J dzj
&0 Ze(E.18)d122, . 427 :

Uornes = Ceqmp + My + X Hyoes = 15357 074,6 (5.12)

CGHJjn 8fdsdzdzOw MmjBj MssddiisMmis: jHJdedyr tj C
lyd f zOdedtelz j 3O ftedB '™ dz2 ftojHftedwisdw d
Xlesnd MEZBBO Ctsfo jdder ° dOdzscetse ¢ igezst

fsHHjteySd fsdLosHdljdj2 Mjd MEBReL W2
) ZOdzdtelz j BOY fteder dzr &O jHdddykz §tst
BsttBOlsdo O ] dzlsOB j dz dzsfilsd 4 fotsf BY BAGHRER] o

C
w1

exmp’Re _ 13 047 642515%
100% 100

I1

= 19571463 (5.13)

GHj i RByggOIsdoe toj dzlsOB j dz' datsfls 22, j HiflaBeRr ff tof
dls©o Cd ZOzsEG 59 ' n or ff d&zOls i ts ftotsj !
HOdz! dgj 2h jets tcOMyjlsO y,jdzj MstsBtcOL dzes Mo j

s OB dzd yoOu 60 RCd dz2Odzsetseo d dzOdzsgtsor o o
COMmMyd IF daeRf yd dzf d ftede’ dzd ftejHftedwisd

1 5C OL Olsj dzd I BBBL d2O| 1 dzO Yy J
1 Stcd3OIsdoe tcj dzls OB j dz! detsmlsd RJj 15%
1 Odzsecd, oCdzt yoO i a3 4 :
1. 1 yjdk ( € tsfMm-odgQiddis 6j dgGs BHS Nz 1 12%

| Odzsed d fMedgtgL, fots df edzCdrd o
sdz ydmdzj : hy 15%
1. 1 0dzse dzO0 ftedB " dz! hyj & 3%
2. uBBt dO wOLodIsdj Isjtetcd
1 tod d3j W@dsdnis Oo dzj dzts f 522, 1R8] C O3 [ 1

1.
2.
2.
fgnls 5 d dSylsd )
Is
3.
3.
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t OMmMuyd s fikzmMSds?2 yYyjd' fJtsHkzSydd (it
Isj rndesdzse d y i &6 ts] Hwsygsc tOMydlsO yj dzr
sOB dzd yk2 5Mm3 pga] .

OB dZdUiPORHYFls SfkMCOj ds2 yjdd& §osHbES-

1 5 OL Olsj dz ]l stV HiSE t6OM ) dz0yJ deq |
AjdzO ftejHftedwisdw Lo BAC = 8 o + 0, 15004788,3
Hlz 0] d EeaH,Z[EIh.
BEE 1T L o mAc 1800574,59
100%
[ sl M¢ @@ 5B 5H dZOW ) _ qyBes HAC
fiHfequisdy f yru Hom=LUg — +HAC 16 805362,89

l ted o3 W@dednds Oo dzj dets B2 diplssfdzff Sz [ 1

5.6 [ftjn]djdd] ftede " dzd fwjHfted
ftoesHEZS ydd

I seWHEBSS ttOMyj O ftede dzd sl toj OdzdL C
fsmdzy r Efe@@sctsor 7 § dzOIsj y J 222mMeofpH jA . IsC

v OB zd iOORMYgls fweds" dd fwjHftwed isdY

1 sCOL Olsj dz ] steWHBE t.OMm] ) dzOyd ded 4 ,
Ty o b _ _
S b4 a0 n BPpesr = Ugrn - N 16 805362,89
1re o©F ABHddzs?2 EP -h
HICesx — —Pear HAC 18 005,74
100+ hyyc
I T ekyS o ftcj HY
Csfye j dzdz 7 BP_,., = BP,, —HIC™ 16787357,15
ZOdzsetso " 7 f dzOls
ltcdB' dz Bl toj O Mpea; = BP oy — Cy 3757720,89
. h
| Owse &0 feds H =@ ._m 563658,13
mp PERT 1':":'%
eBBte dzO wOLodIs 0. —H
sjtetcdilststed d cmz%ﬂ-hm 95 821,8
(yd dzj ets2) ’
ydMmlsOw ftede ' dz M, = M., — Hy, — Cpey 3098240,96

) o i3] WGdsdnjs Oo dzj dzs § B2 dMssydifClz [ 1

ljted8lkf O] iismMisd ftesHkzSCydd ftoj HifIsOo C
dmf sdz' L s OdzgdWw < CsdesdBBd uj MEtsets tsBI j S ISC
ftcsdLoBHMIsots otsLotcOh O Ismw YslstsCtsdz yd
¥ stcdzkbdR)[122, . 45]:

T=

= 2 roja
s Fhroz (5.13)

CGHJIiMRZz BARBO § tsdzde' » ddzo j Misdydtsdads = o dztsy J
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bewsul ®J dzd U d GsHBse "' 7 OdtstelsdL Oy tsdzde
J

¢710)
a3’

OistelsdL dtolz n BMdsedz = Mtej HMIse, d3dzdz.
l1yuyudmlsow fteder dz2, dgdzdz. Isc .
[Mdeseo ™ 9 OW ! dzO BOLBSO" jHIH e df dzp €t

[128] Bty dzts MH ] dzOIs 9" 9 BH, Yls s sCkzy

B sOzdzstej Y 2h jes MsOdZC O dL ftsdzd d3j teB J Is
fjtej d3dd dgdzr d3 h Oesds tslseo j yojls { S sdesdzd yd m«¢

It oatsHT fditde @ is fs dzlz

1. 17 f sOfga st Ols 5 MOl Wd3 cu' to
cl sLotcOIlsdz j fen sSHLES SIstso dzj dzd § H dzd dac
BilsOdkistejyzh jets flsOdsjo ki Istousdzd dgiCdipuijlds
Bhd] LAEB®®S?2 B jd&3 L OOl 0 sf)dzs:
Mistsd d3ts b z jtedf ORdz  ¢h IdsdtpfHditsefn Is oMy sd3sc OFj d
fMtsfmls Os7dded 0D.0 Isj dz¢ j

2 . I m f tsdzdz] tief da©ds y j tsfipdztsioOdz” - d o My ts
OB tslsOs h AQyOMmlse s h d 7 fted dLElste dzj dac
Bj sOkz&zstej yEh jes MisOdS O d ils P B REgESKjistg sdgclg t

3. 1T dz 9 ff tsdrHz glat tdas@fin v jEetdiOdpljtdpdz” € s ls
o Cdzg YyOdzd OMAMs Bivts fipsH j oy Odzd ¢ s | 15t &5 Hifd od
{t OMEtSH ! f ®yduisc Otz fczkz >y d © Odzd s teHd L Iz 518 @
(sBhjyjntser,j Qs dsdatdnpdts Otz v . {Bh OW
COMESHSe HHEODISIOp dpezd. 4

3.1tcd OdzOdzdL j MjejMssddsmisd jHdddy"
BjlsOkzdzstej M jets MisOd O a2 s digg dgas \ st
dMf sdz' L tso Odzd W B ts 5H @O d O fndsthisOETRMAPAS | dzC

4. tOfMujlb fjtedsHO SEfOj Bshmisd ¢
f sz di3j teB j stsdzdzs e 5  BOIs j ted OdzO G;lsdf,;ls
fjtojdidj dader &3 h Oetsds, tCEkfdlkmw L O 2 CEtHO
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10sf OY[L1RY

J L zdz' Is @linjn dzgzO s g Gt =iy (i CHis20 @D Y dzO0 W
J M¢ oOw LOHOYO ftod§ zOHdsets n Ots
pdsH OB
1.] tcjLizdz sOIsj ffdsffisdej Hoty &1 Q diaPwo & 1 ditiss dzts
' jdedw Y iMmMSCtsMmisd SCdemlstelzC ydd Hdzd «
fesedBO L O Mmudlb §toddi daj dad ™
tcso Odgdzs?2 G jtsd3iIstedd o odH] to]
J dL dzsmMsmiss?2 C sMmisd dzOff e ©Oo dzw
dud MSBsets dzOf " dzj dzd W .
J r Ude@odz@dZSIﬁqBBJ dzdzts nIsgf R h i fisg dgtisdzts ¢ d y
dzOn j dzd W H dzW sBiOBBISC H dzd dzdzts d3j tc dz"
Usddeszq@Odz@fdznglsalthqn dmMmdzj Hiseo Odzd 2
9" Wodzj dgd W stse J dzdzts fls § 2 H O dzdzts G t5 )
dzd dgdets a3 todzf = H j IsOdzj 2

3l tctsdy oz HO " B IBte f OtcOd3j Istets o st Isd dzd L
H dzd dzdzts d3j tc dzts G 5 B sOdzzste j Y 2 j 6 s mils O dz¢

F®) - minig®) =g, fq Ehdkd dd 022 . BEONHESIE
CdeflstckClsdody | ©hee | ddesilsd fj deck{oRdds B t
Bj ls Qugdatz b &, iflecOfgSCsod e so Ode' ¢ j sd3j sted d T
fsflsOo dzj dzdzts(20L OB @D dzts s j ndedyj MS ) L
Ctodzmistelz ¢ ydd Hdzd dedzts d3j e dzs ¥ s L fp s @iz dzj j
oL Bty desfls ' o dzd telzts e3gfp dzg § w fn) lsiaDdzdL dPaf @akdzt
ftcj H todfmddsddio, j lsd L Odsj dez 5Ol j e OO d

41 tetso jJHjdzs dL " S Odzd 4 tcOydtsdzOdz! dzs G
dLetslstso dzj dzgd W H dzd dzdets 3 tedzts?2 Mis Odzd dzr d3d
fesydesfilsdy | Mots2Mmlses O f sjdeizjwly dzds ©ls s jtdif

QS F NN I
s 0= e g8
ron+9% .
o <,
UTT&

T o -G

sBtOL Yytso, Cslstster 2 f sCOL Odz, Yyksts dmy s
YyJ dzj M tcOL dzts, IsOC COC L Of Qfyr {f tf dedsjyddzistf
mMtsmilsOo 59 f stctsh Csor md3d M4 2, ftotso j HJ
dzO dzj M J dzd & i difffarjlds?e Odzed W Mo ts2 Mmilse  ff sdzlz
fs¢OL Odzd, Yls ts dmYf sdzt7Cr8 @ adzd 0 oW ts ) Iy B¢
JL dsmMsmists?2 ¢ smis d Fd3zj dz2 " Ojlseo o tsB Pt

o fsczdzj dzdz' 7 L ftsdzd Bj e § IstsdzO.
5.1 7 f szdgjsdzO0d2 @ezOdzdL S tstcf Mt s Oz
MO O dL HtddkjteBjlstsdzd d Mjtsets vy
ftsdzd Bj teB j Istsdz® ©® COyYjMmlsaj &BOLjtedOkO HC
fls O dzSysiodz) MssB e @usdgtE sdz' S Hd OB wj MS dJ
toj o sMaBBHWIS Isj, ylsts B ' dz@dzd ds dzlm g § Bzdz0
tctso j HJ dgdz 2 OdzO dzd L fsC OL Odz, Yyt f
iMsCtsMmis: ¥ d EMss2ydetmis: s ¢ odBteOyY
o) f t5C
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HANSAFFLEX

TOBAPHIIECTBO C OTPAHHMEHHON OTBETCTBEHHOCTEIO
«HANSA-FLEX Hydraulik Almaty»

Hop, ampec; Kaiooram, r. Kaparasns, yooms Kepoeoaas 17
rew T T212 302345, =T 7212 4091 X4,
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i Y TBEPAIAIO»
ll’t:“cl_ﬂ'_F;"hvr draulik Almatys
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Jlupesrop TOO ff LA

AKT BHEIPEHHR =5
B npowieaicreenE ki mponece TOO « HANSA-FLEX Hyvdraulik Almatye
pervasTaTes anccepransoaaoro (SDOT101) wecnenoranns bepr Anekcanapn
Lepreesan aHccaenoBanne n [LE] !pﬂﬁﬂ'l'ﬁ“ TEXHIWIOTHIECKDTD OCHAIEH WA
Aan obpalorTks LIHHHOMEPHBIX HEITHRAPHYECKRY N0RePXHOCTeH»

1. HanmeHoEaHMe HAYUHO — HCCTeJ0BATeNbCKoH padorsl: «Hcocnegopanne
H paspaboTEa TeXHOAOTHYECKOTD OCHAINEHHMA O7M4 oOpaboTHH IIHHHOMEpPHEIX
IFUTHHEIPHIECKHX OESPRHOCTEH:

2. Kpatrkan annoTapua: [Ipo0nesa, Ha peeHms HOTOpPoH HAOpasleHO
JHCCEPTANHMOHHDE HCCOSJOEAHHE, SAEMEOUAETCE B EOSMOEHOCTH HITOTOETSHHT
METALIOPEAYIHX CTAHKCE J71A OPOHSEOACTER AMHHHOMEDPHEX JeTATeH E YCIOEHAX
MeIEOCEpHHHOTD nOpoRsEogcTeEa. Hmem HEP gmccepramta sammowaeTca E
EOSMOEHOCTH HSIOTOBMEHHMA MeTATIOPEEYINHX CTAaHKOE ANA DPOHSEOJCTEA
ATHHHOMEPHEIX —JeTaled E  VCOIOEHAX  METEOCEpHHHOTO —NPOHSEOJCTER,
MOSECMAIOIIEE  PEIIHTE MpoCleMel ¢ DOMOINBED ONTHMH3ENHH —TeoMETPHH
METATLIOPEEYIIETD CTAHEA Jnd oOpaboTER JIHHHOMEPHBIX JeTanell. Tamme,
VMEHBIIHTE Ce0SCTOHMOCTE COOpPYVIOBAaHHA, CHHSHTE CpOE HSTOTOEIEHHA H
METAIOEMEOCTE  NpoAyEmmH.  Peammsyemaz  [eme  gHccepTanHOHHEIX
necnegoeadpi bepr AC. - Hayunoe oOOCHOBZHHE NIapaMeTpoB. paspaboTEa H
COSOaHHe TEXHONOTHYECKOTD OCHAINEHHMI I1d o0paloTHH AMHHHOMEDHEIX
IFUTHEIPHIECKHE IOBSPXHCOCTEH HS  [OOMHMepOeTOHA, ONOpedelcHHE &ro
OOTHMATEHOH Ie0reTpHHE H COCTAEd IOTHMEpOeTOHA.

3. DSddexr or EBHeJpeHHA  (IKOHOMHYECKHH,  COLHAJIBHEIH,
3kodorHyeckHi): OzmIaeMuE HayUHO-IPHEIaOHOH 3dderT oT peaTHsaoHR
PESYIETATOE OHCCEPTAUHOHHCOTD HCocMeaoeaHnid bepr AC. sakmodaeTca B
paspaloTHe HOECH KOHCTPYELHMH MeTATIOPeAyVIOEero cTaHEd 414 o0padoTER
JIHHHOMEPHEIX JeTaleH H: OODMepOeToHA, chooco0HOTO o0padaTHEaTE
gmaagoMepHsle JetamH oT S000 mum go 10 000mM, cHE®eHRe pHCEa Opaxa OpH
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JHTEE CTAHHHEL, YMEHBIIEHHE METANIOSMEOCTH OPH NOPOHSECACTESR, YMEeHBIISHHE
CpOKa H3TOTOENSHHA, NOEHIIEHAE TOTHOCTH 00patoTiH HsJemHH.

PesyneTaTel JgHCCEpPTALHMOHHOTC HCCIEJOBAHHA MOTYT HMeTh EaEHEBIH
COMHATEHO-3KOHOMEIECKHH 30 4ekT B HAUHOHATRHOM MacInTate, o0oCHOBAHHEIR
EOSMOZEHOCTERD MOCTOAHHOTO  @VEEIHOHHPOEAHHA  MAIIHHOCTPOHTEIBHOTO
NpoHSEOACTER, NOSBOIAT ODECOedHTh DecnepefoiHyEc paboTy npH o0paboTEH
ZrHHEOMepHEX JeTanel. [Ipe sToM skoRoMEMecEHH 30 4eKT OpH HACIONESOBAHHE
ITHHHOMEDHEIX CTAHEOE HI NOIAMepDeToHA © 2 ONTHMANBHOH TeoMeTpHEH
SAKMIOYAeTCA B SHAYHMOH SEOHOMHEH CPeJCTE 33 CUeT VMEeHBIIeHHA HCIoNb30EaHaT
MaTepHATA OpH HSTOTOENSHHH CTAHEA, a Talkke B EBOSMOEHOCTH o0padoTEH
ITHHHOMEPHEIX JeTaneH CICEHOH KoHQHrypammn. Ha ceroJHAINHHE JEHB
TpeOoBaHHA E paboTocmoco0HOCTH CTAHECE TOMIBEC NOBRINIAROTCA, B CEASH C
HeoOXOJHMOCTRID IONY9eHHA BECe DoNes TOYHOH H Ea9ecTEEHHOH mpoJyEneH. Bee
3TO CEA3AHO © TEM, 4TO PaboToCcmocoDHOCTE CTAHEAR SAEHCHT OT €ro OTASNEHEIX
3IeMEHTOE, MOAESPTAIIIHECA PASTHIHEM HATPYSEAM E nponecce padoTe. B ceasm
€ 3THM EOSPOCTAa HeoDXOJMMOCTE B HOBEIX TEXHONOTHAX H MaTepHanax Imd
HETOTOBIEHHA JNIEMEHTOE CTAHEOE.

HawmbonpmeR Harpyske DOJESPTAMOTCE TAKHE 3I€MEHTH CTAHEA, KAk CTAHHHA,
OCHOBAHHE, PAME H Ap. B OCHOEHOM STH 3MeMEHTE! HSTOTAEMHEANTCA HI 9yTYHA H
crany. Ho 3meMeRTEL, HSTOTOENEHHEIS HI CTATH B 9yTYVHA, HA CETONHAINHEA JI¢HE
HE OTEEYa0T NOCTAEIEHHBIM Tpe0OBaHMAM, TAE K4K OHH OOJ3aZasdT HHSECH
EHOpPOYCTOHYHEOCTE H HE MOIYT COXPAHHTE PasMEepHVEC CTalHIBHOCTE B TeUeHHH
ATMHTENEHOIO EpeMeHH. B CEASH C 3THM NOAEHIACh HeOoOXOQHMOCTE B HOEBIX
MATEPHATAX, 3 HMEHHO EOMIOSHIHOHHEIE MaTepHanax. [[o cpaEHeHHRD ¢ IVTYHOM,
MOMFMepOeToH HMeeT MeHee OPOYHOCTHEI® CECHCTEA. Ho NOCKONBEY OAa3OBRIE
JeTATH CTAaHKOE, TAKHe K4k CTAHMHEL PacCUHMTHIEAOTCA HA JHECTEOCTR, 2 HE Ha
NpoY9HCCTE, B EOHEPSTHOM EOOPOCE S3TO HEOEsd OTHECTH K HeJOoCTaTEaM
momsepoeToHa. [losToMy SECIUTYATAUHMOHHEIE HATPYSEH He OpeEemmaroT 10%
NpoYHCCTH TYTYVHA.

C TeXHOJOTHYeCEOH TOUEH SPEHHA, EOMIOOSHIHOHHEIE MATEPHATE MOSECUIEIOT
ERIONHATE EBEICOEOTOUHOE JIHTRE JeTaneH, sSadacTyie He  Tpe0OyIOmHx
MOCTIegyIOmed MEeXaHHUeCKOH H TepMHYecKoH oOpabOTEH, UYTO IOSEOMAST
SHAYHTEIEHC COEPATHTE BEPEMA HAa HITOTOBIEHHE KpPYNMHOTA0APHTHEIX JETATEH C
pasEETOH reoseTpHed. T[ak, IpH cepHiHOM NpPOHSEOICTEE CPOE HSTOTOEISHHT
JeTaleH HS KOMIOSHTOE MEeTOJOM CEODOJHOTO JIHTEA H INepefadd HX Ha
CAeIVIOIIEH STAn OpOHSEOACTEA cocTaBaaeT 3-10 gHed, B SaEHCHMOCTH OT
TaDAPHTOE JeTanei.

[TpraererEne JeTaned Hecylled CHCTEMEl CTaHEa H3 OOIEMepOeTOHA
COoCcODCTEYET OOERINSHHEID er0 NPOHSEOIHTENBHCCTH, CHIDHEHHI) SHEPTOSATPAT H
COEPANIEHHED CPOEOE HSTOTOEIEHHA, 3 TAKHe 0DECNIETHEAST NOERIIEHHE TOTHOCTH
H 9HCTOTE 00paboTEH NpoHsEOIHMOH IpOTyEITHH.
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BosModHOCTE — KOMMepPOHATHSAIHH  peSyARTATOE  JHCCEPTANHCHHOTO
HCCTISZ0BAHHA BRITEKAST HENOCPeAcTEEHHO M3 OPAaKTHHECKEHX paspaboTol HOBOTO
0DOpPYIOEAHMA OMA cOpaboTHH IMHEHOMEDHEIX JETATEH, MOSEOMARIIHNE ERESCTH
Ha prHOE KasaxcTada HOBYIO 3 QeKTHEHVID Npo YK H HAYATE €€ ONEITHOS FUIH
cepHAHOS NPOHSEOICTES. PaspaboTaHHad KOHCTPYEIHA MeTATIOPEAYIIETO CTAHKA
gni o0padoTEH JIHHHOMEDHEIX JeTaleH, B CIy49as  EOMMEepIHATHSAMHR
PESYARTATOE JHCCEPTAHMOHHEIX = HCCIEJOEAHHH, MOEET NpPeICTAEHThR Ha
KAsaXCTAHCKHHA PRIHOE coDCTEeHHOe 3dibexTAEHOE O0OPYI0BAHHE ITA OOpAbOTER
ATHHEOMEPHEIX JeTaleH CIOHHOH EKOH(HIVDAOHH, 3 TakEe NpPeIo&HTE Ha
MEHIVHAPOZHEEIA pHHCE (Opesge bcero crpaEel CHI) smcokosdderTHBHOE
0DOpYI0BAHHE, HMEHITee IPOHSECINTENEHOCTE Ba 15-20% spme cEoMX aHaToros.

Heneprman noTpeOHTETAMH  paspadoTaHHEIX B Juccepramms bepr A C
KOHCTPYEIHH MeTATIOpe#VINEro cTaHka A1 00padoTHH AMHHHOMEPHEIX JeTaTeH
ABTMANOTCA MAMMAHOCTPOHTENBHEIE NPEINPHATHA, KOTOPEIE SAHHTEDECOBAHH B
Hambomee OBCTpOH H TOUHOH oOpaCoTEy OMHHHOMEDHEIX JeTaled, a
HCIONESOEAHNE HOBRIX JIHHHOMEPHEIX CTAHECE IMOSEOVIHT CASNETh 3TO He TOOBED
sbdexTHERC B B Domes EOPOTEHE CPOKHM, HO €8 H ¢ MEHBIIHNM
SHEpPTOMOTPeCIeHNeM, IT0 TAKEE JOKAIAHO E JHCCEpPTAITHH.

4. Mecto ® ©EpeMa EBHegpenusu: DBHegpeEHe E EBHIS TeXHHYSCKOH
JCEYMEHTAlHH I BHSTOTEOISHHT JIHHHCMEPHOTC METATIOPEEYINeTD CTAHEKA HS
MOMHMEpDeTOHa © ONTHEMATEHOH reoMeTpEeH npoeegenc 12072023 r. s
npomseogcTeerHoM mexy 100 «HANSA-FLEX Hydraulik: Almatys mo yamne
Kupmaras, 17, ¢ cobmogenneM TeXHEEH besonacHocTH. [Tpe sToM paspaboTanHas
Bepr AC. EOHCIPYVEIHA MeETATIOPeEVIOETT CTAHEA HI OOIHMepOeToHA ©
OOTHMATEHCH reoMeTpre Ha bananc TOO « HANSA-FLEX Hydraulik Almatys 5e
TepeaEATach.

S.dopMa EBHeJpeHHA: TeopeTHUeCEHH DIPOTHOS — JHCCEPTANHCHHEOTO
HecnegoeaHnE bepr AC.,  ob HAETeHcHOHEAamF®  pafoderc | Opomecca
METALICPEEYIIETD CTAHER /11 00paltoTER ITHHHOMEPHEIX JETATEH, MOJTESDIIICE
TIPH NPOEEfeHHE MOJATBHOTO AHATHIA KOHCTPYEIHH H EATTHOPOEKH PesyIETATOR
Ha MANEIX 00pasOax. B KadecTEe JOoKyMeHTOE O1d EHegpeHHE B 100 «HANSA-
FLEX Hydraulik Almaty» Omna nepejaHa TeXJOEVMeHTAHA B BEHIE NepedHi
OOepalHHA O HITOTOEISHAA CTAHHEE METATIOPEEYIOers cTaHKa LIA o0paloTER
ATHHHOMEDHEIX NOEEPXHOCTEH. BEIT mepedaH OTYET ¢ HAYVYHEIX TeODETHUSCKHX
HCCTeA0BAHHAX H DYONHEANAAY, B EOTOPOM AHATHTHYECKH JaHE HHECTPVEIHH 17
coDMOJeHHA NapaMeTPoE paboduerc mpolecca MeTALIOpeEYINerc CTaHKa I
0DpaCOoTEH  JIMHHOMEPHEIX — OOBSPXHOCTEH, ODeCHeYHBAIOINHE — TEXHHEOC-
IKOHOMEHGecKHH >dderT. DHegpenne ocyImecTEISHO HA OCHOBE COTMAMIEHHA O
COTPYAHHUECTEE E OOMACTH peaTHsalHH pesyasTaTos HHHOoBanaoHHEE HEP B
TEXHOMOTHE E ciepe MIANHHOCTPOSHHA, a4 Tak&e HHHOBAUHMOHHO & —
0DpasoBaTENEHOTO ECHCOPOHYMA «KOpIoOpaTHEHEIA VHHEepCHTET» Memmy HAO
EapTV muenn Abommraca Carmrosa B TOO «HANSA-FI EX Hydraulik Almatys.
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PesyneratoM — JaHHOTC — JOTOBOpA AEAASTCE  paspaboTEa, B paMEax
JHCCEpTATHOHHOTO HCCTIeT0EAHAA, SECTIepHMEHTATEHOH MOJIeTH
METALIOPEAYINErO CTAHEA A0 00pafoTEM JIHHHOSDHEIX NOBEPXHOCTEH.
[TprHpmHATEHCS OTIHYHE EHEAPASMEBIX TeXHHYECEHX peOISHHH COCTOHT B
paspaboTaHECH HOBOH KOHCTPVEDHHE MeTALIOPEEyINero CTaHKa HS IOIHMepOeTOHA
ana obpaboTEH JTHHHOMEpPHBIX NCEESPRHOCTEH © ONTHMANEHOH TeoMeTpHeH.
PesymeTaTel JHCCEPTAOHOHHOTO Hocnegoealn bepr A C. obaagasoT gocTaTousoR
HAYVYHO-NPHETAIHOR HOEHSHOH H SHauaMocTeR. [lopmmmenme s>dderTHEmOCTH
METALICPEAYIIErO CTAHEA ANA 00paboTEH AMHHHOSPHRIX MOESPXHOCTEH 33 CUET
SAMEHEl MATEPHATa H EBEIOOpa ONTHMANTEHOH TeOMETPHH INOSEONAET NOEBICHTE
CHOPOCTE H TOYHOCTH HSTOTOEISHHA OIHHHOMEPHEIX HSJEMHH CI0EHOH
KoHGurypaorHe.  HoEESHAZ — TeXHHYeCEMX — pPeIIEHHH  JHCCEPTANHOHHOTO
necnegoeannd bepr A C. mogreepagena 1 CHC, 1 natesnTon Ha nomesHYED MOJETE.

ITprnoxeHHn (KOMHH) K AKTY:

1. Cornamersne © COTPYIHHUECTEE E OONACTH pPeaTHSANHE  pPesyIETATOE
mHHoEAOROHEEX HHFP B TexmomorHd B chepe MAIIHHOCTPOSHHA, 2 TaEEe
HHHOEAOHOHHO —  OOpPasOEaTeNBHOTO — EOHCOpPUHYMAE  «KopmopaTHEEEBIR
vEEEepcHTeT: Meday HAO KapTV mvenn Abprraca Carsrosa 1 TOO «HANSA-
FLEX Hydraulik Almaty» ;

2. Oxpannele JOKYMEHTH, NDONTVYeHHEIE IPH BEICOTHSHHH JHCCEPTAHOHHED
uccnegoeadmi: 1) CEROSTENBCTEC O EHECEHHH CEEJEEHH E TOCYIapCTESEEERIR
pPeecTp OPaE Ha OOBEETHL, OXpaHAeMEele AETOPCEHN mpason Ne 35152 «Hanmnenne
HANPAETAKITHE CTATHHE MeTALIOpEEYIIero cTaHEa HI MOMMMepbeToHay, OmyOIL.
25.04.2023r.; 2) Ilarenr Ha nDomesEyie wMogene MNe 8332 «CrannHa
METALICPEEYIIErD CTaHEa HI MOTHMepOeToHa ¢ ONTHMHSHPOBAHHOH reoMeTpHeR
and oOpadoTEH ITHHHOMEPHEIX JeTATe .

Moanuen: i

Hupexrop TOO « HANSA-FLEX Hydraulik /£
Jdemuenko Baraanii K presny

W25 (hewats, m:luufu}*

Huxenep - ruapasaug TOO «HANSA-FLEX H}'&muhk Al '“‘E:g,::-

Amumbaes Jamup Aceryinl

§ MHEANECK )

Hayuusiii pykosoaurens

) puenko Bacnawii Bukroposu« ]
| IMEAFTHC )

HokTopaHT ; _

bepr Anexcanapa Cepreepna ’ﬂﬁ”'ﬁf

£ _.-’Fl-; ARHCE)
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dbSCIls odgj Hicj dzgdWVY o EZydsdzr 2 ok

a¥ TBEFA AR
Waen Hpanaenna- [lpopesrop
Mo AR EMETECKHMW O I feca M
HAD « Kagaramanmermii
Yl pCHTCT
Hlltl!'fll_f' WL e Carmnonas
\ A Tesseplaena
PELER 2023r.

=

AKT BHEIPEHHA

PE3YIBTATOE HAYYHO-HCCIE0EATEIBCKOH padoTsl B yuedHEI npoyece

HacroAmes:  axToM — NOATEEQEJAN  HCOOABSOEAHHE — PESYIBTATOB
gucceprampm bepr Anercazrgprr Cepreesmer «lHccnmegoeamme m paspaboTea
TEXHOIOTHIECKOTO OCHAITEHHA A1 00paCoTEH JMMHHOMEPHEX IEIHHIPHISCENX
NOESpXHOCTEH:, OpeJCTAEICHHOH HA COMCEAHHE CTENEeHM JokTopa GEmocodEm
(PhD) @m0 coemmamesoct SDOT0101 - aMammmocTpoemmer, HAO
#HaparaaIMHCKOTD TeXHAYECKOTO YHEESPCHTETA veHE ADpmraca CarnHosar Ha
Kadegpe # TeXHOTOTHISCEDS obopyaoBaHHe, MAITHAOCTPOSHHE H
CTAHIAPTHSALEA.

B pauKax OpraHEM3anEHE yUe0HOTC NpoNecca NPOESTEHHA TeKITHOHHEDX
SAHATHH 00 JHCORLIHEE «MeTanmopesryse cTagsHy CEIIH EHeJPEHE PesyIETATE
AHATH:A HCCISTOEAHHA JOETOpCEOH JHccepTame® Ha  Teay «Paspabortea
OOTHMATEHCH TeOMEeTPHH OR30BEIX JeTaneH MeTANMOpesyIONX CTSHECE HS
IIONTFMEPHEIX MATEpHATOESR. B 9acTHOCTH, OELTA OpPHCECRHA TeMa JeENHH 11
CTYJEHTOE OCAKATAEpHATa 3 Eypca o0pascEaleneHOH mporpadmel 6B07104
aMhanTHHOCTPOSHEE .

Hasganne gexnpm Ned: «BasoBRle JeTaTH H MEXaHHIMEl CTAHECE. IIpHECIED
cTasEcE. Knaccndmrammz. [IpernoymecTEa H HETOCTATEH .

Elparraz aAAoTannt: B cTaHEOCTpOSHEH B OCHOBHOM HCIOMIBSOBANCT TyTYH
E EaUecTEe MaTepHATA A4 H3TOTOETEHHA CTAHHH MeTANIOpEeEyINEE CTAHEOE. OH
SHAYHTEIEHD EEETPEIEAN ¥ CIUTAEDE MeJH H JHelesd 0 YCTOHIHEOCTH K BHOpaHe
H HECTEOCTH. ANBTepHATHEOH II0 3THM XapakTepHCTHEAM ORLT THINE HATYPAThHEIR
EdMeHE, HO €0 XpPYVOECCTh, CIOEHOCTH OOpaboTEH H CONpAEcHNI JeTalcH He
TMOSEONHIN PAsEHEATh 3T0 HanpasaeuHe. B 19 pexe & Efpone moseEmmace nHTax
CTank, HO M TOTFAR, M ceHdac THOE! cTaleH, NOZKOSAMIHS IIF CTAHFEH CTAHKOE,
CTORITH JOpoiie TyTYHA.

[TosToMy EBCe TEXHONOTHYECKHS JHEHHHE, OTHOCAIUMECA K NOPOHSEOSCTEY
TYTYHA, 53 BeKa JOEENH O0 COBSPIISHCTEA, ECE NOCTVIHEIE THIIEL STOTO CILTAEA
ORITE HCCTeZCOEAHEl H paspaborasel. JImmepod Zad HSTOTOEISHRA CTZHHH CTAT
TYTYH, N0 OpFYIHHE YVOAYHOTO COOTESTCTEHA JEVE XAPAETEpHCTHE: LEHE H
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cocobHOCTH K JeMndHpoEaHe (IOJAEIeHHE KoIe0aHHH MEXaHHIMOE CTaHKEA)
IPH JOTEHECM oOBeMe H Macce.

INoaamepoeTOE — COEPEMEHHEBIH HHHOBAHOHHEIH SaMEHHTSIE CORMHOTD
0eToOHa, EOTOPEIM HCOONBSYETCA B KAUeCTEE DOIee NpoduHOH H JOATOBEdHOH
ATETEPHATHERL. B cOCTaBe TaKOTD HOBOTO MATEPHATA, E3E [OMHMepleToH,
CHHTETHUECKHE EAEVIOHE EOMIOHSHTH H  OTESpIHTENH, Yo [OpHIAST
OOMMepOeTOHA NOEHINSHHYID CTOHECCTE E MOPOS3M, EBIare H PasIHIHER
XHMHIeCKHM darTopan.

CrofiEocTe nmomEMepbeTOHA SaEHCHT OT EBHOOpAa THOA NDOIHMEPHOTO
CEA3VIOIETO, H, CNeJOEATENBHO, CONPOTHENeHMe HanoaHATeneH. [InoTHas
CTPVETYPa NOSENIAST 00eCIeTHTE ERICOEYD JOITOESTHOCTE.

ITo cpaEEeEANC ¢ YYTYHOM, OOJHMEPOSTOH HMEET MeHee NpPOYHOCTHEIS
ceoHcTEa. Ho nDockonexy OasoBble JeTaNTH CTAHEOE, T4dKHE K3k CTAHHHEL
pPRCCUATEIEANOTCA HA HEeCcTEOCTE, 4 He HAa NPOYHOCTE, B EOHEPETHOM EONPOCE 3TO
HelEsd OTHECTH K HeJocTaTEaM OoamMepdeToHa [losToMy SECILTYATaUHOHHEEE
HArpysKH He ONpeermatoT 10% npogsocTd 9yTVHEA.

C  TexEOomOTHYECKOH TOUEH SPEeHHA, EOMIOSHIHOEHEEIE MATEPHATH
MOSEQMANT ERIIONHATE EEICOEOTOYHOS IHTES JeTameH, 3ad9acTyHr He TpeOyHOIIHX
MOCTIegVEOIMEed MEeXaHHIeCKOH H TepMPdYeckEcH o00paboTEH, d9IC MOSEQMAET
SHAUHTEIRHD COEpPATHTE EPEMA HAa HITOTOENSHHE KPYIHOTA0ApHTHEIX JETATEH C
pPASEHTOH reoMeTpHed. Tak, NpH CepHAHOM OPOHSEOICTES CPOK HITOTOEISHHA
JeTaned H: KOMIIOSHTOE MEeTOJoM CEOODOJHOTO IHTEX H OEpefadyd HX Ha
CHeIVIONIMA STal OPOHSECACTEA cocTaEmdeT 3- 10 amed, E SasHCHMOCTH OT
ra0apHTOE JeTaTeH.

IlprmaensHEne geranel HecyImeH CHCTEME CTaHEA HI OoIHEMepOeTOHA
CIOCODCTEYET NOEHINEHHED €I0 NPORSEOIHTENbHOCTH, CHIDEEHIIO SHEProsaTpaT |
COEPAIIeHHID CPOEOE HI3TOTOETSHHA, 4 Tak&e 0DeCIeTHEaST NOERIISHHE TOTHOCTH
H 9HCTOTE COpaloTEH NpOHSEOIHMOH POy EITHH.

E pesyapTaTe HCCIeOEAHHH H SECOSPHMEHTATRHEIX IIPOEEpOE, OBLIO
VCTAHOENSHD, IO NPHMEHeHHe NOMHMepOeTOHZ, IO CPaBHeHHID © TyTYHOM,
SHAYNTEIBHD MOBBONAST CTAOHMBHOCTE HC CTaHEOE H, KAk COSICTEHE,
CIocoBCTEVET MOBHIIERA TOIHOCTH 00paboTER B 1.3-2 pasa.

brnarogaps OpHMeHSHHD  EOHCTPYVELIHMOHHEIX — MHHEDAT-MOTHMEDHEIX
KOMIOSHIJHOHHEIX MATEPHATCE (E WACTHOCTH DOMHMepOETOHA) E  COCTABE
CTAHOWHOTD H TEXHOIOTHUECEOTO ODOPYVACEZHHA H HIMEpHTETBHEIX CHCTEM,
EeSyIOHEe SEPONEHCEHES, AMEPHEAHCEHE H ANOHCKHE NPOHSECTHTENH NOEEICHIH
KOHEYPEeHTOCIOCO0HOCTE CECSH NPOIVEIHE H IOMYHEHIH HEOCIOPHMOS TRISPCTED
Ha MHPOEEIX PEIHEZX.

TexHOMOTHYECKHH  Ipolecc  HSTOTOEISHHA  JeTaned  CTaHKOE  H3
NOMMepOeToHa, B 9acTHOCTH 3TO CTAHHHEL COCTOHT HI 2 OCHOEHEIX 3TATOE:

IlepERIH 3Tan EEMOYAST E Ce0A NPHTOTOEISHHE NOIHMepOSTORHOH CMeCH H
HITOTOETeHHE H3JenHA. [IepERIE STan JemeTed Ha 3 CTATHHE, 3 MMEeHHO:

1 [IogroToEEa SaMonHHTETeH H HAOIHATEIA,

2 IlogroToEEa KOMIIOHEHTOE CEASVECIIETO,

3.Cuemenne BEceX KOMIIOHEHTOE MIOMIHEMepOeTOHHOH CMECH.
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IlogroTopka samodHATe]cH (IIe0HA) BETHOYAST CNEPAlHH  OPOMEIEEH,
CYIIEH, paccea Mo QpaEmHAM, JOSHPOBAHHA H OPHTOTOENEHHA CYXOH CMecH.
[Mocoe cymen JooycTHMAaT EIAEHOCTE MeD0HA He JOTEHA npesRmmarts 0.33%, a
BIa#HOCTE HamomaAaTend — 0, 2%,

ITogroToEneHEsle meCeHb H HATOIHATENE XPAHATCA B TepMETHIHPOEAHHEX
OVHEEepax O TOTO, YTO0E H30€HATE OpPAMOrD BEOSOSHCTEHA ENArH, ORELTH HUTH
rpasH). B mpomecce QopMOBAHEAE JeTaneH SaNOUIHHTETH EaEI0H JpaxmHH
ZOSHPYHOTCA C IOMOIIE EECOBRIX HIH O0BeMHEIX J0SATOPOE H TPEHCOOPTHPYIOTCA
E CMECHTENb, IJe MPOHCEOJHT CYX08 CMEeIIHEaHHe. [ 0TOEad CMeck DOCTYHAET B
paboTHHA pesepEyap pasTHEOYHOH MamBHEL. Bo AsbefaHHe paccIoeHHA I'OTOBOH
CVXOH CMECH, CMeCHTeIb YCTAHAEIHEANGT HAD PasTHEOUHOH MamIHHOH, STODH
ODECIIEYHTh HEMOCPEOCTEEHHYID SArpVsEY CMECH B MAIINHY 03 HCNONb3OEAHHA
JIOMOTHHTENBHEIL JTHHEH.

ITo MHeHHMIO COEIHATHCTOE, 32EOJEI MO IMPOHSEOACTEY CTAHEOE, EOTOpEIE
NpeanoNaralT OCEAHEATh ¥ ce0A NpPOHSEOACTEC JASTATEH HI IDOMHMepDeTOHA,
CMOTYT DOUIY9aTE OT COENHATHSHPOEAHHEIX CTPOHTENBHEIX $HpM NoATOTORIeHHYED
CYXVEC CMECh E TepMeTHUHOH IOMHSTATSHOEOH VIAKCEEE. | 2EHM 00pasoM, NepEat
CTATHA TEXHOUIOTHYECKOTO OpONecta MOEeT OHTh NOMHOCTEED EBEIHECEHA 33
TIpeIensl CTAHEOSAB0T0E.

Bropof 37an EETROYAeT E ce0F TEXHOMOTHYECKHe ONEpAallHH, CEE3AHHEIE C
NOATOTOEECH CEASVEOINETND, H  SEEHCHT OT THOA HCOOMBIYEMBIX CMOTI H
pPasTHEOUHEIX MAmMH. [JaHHEE TeXHOIOTHYSCKHE ONepalHH TAEEe NEITANICA
CESCTH E MEHHMYMY IIYTeM CO3JAHNT JBYEECMOOHSHTHEIX CEASVEOIIHX.

CnegoeaTensHo, OCHOBHCH ONepalHed M0 NPHTCTOBISHHID OOMHMepOeTOHA
Ha 33AE0JaX N0 OPOHSEOJCIEY CTAHEOE OCTaETCH CMEIIEHHE CYVXEOH CMecH
SAMOMHATETEH H HANOMHHTENE CO CEASYEOIIEM.

JibdexT oT EHedpeHHA: AHATHZ SaMeHE CTAHAZPTHEIN MATePHATOE 1A
AHTECA Da30EHIX JeTANeH METAIOPEREYITHX CTAHECE HS CTAHIAPTHEIX MaTepHANIOE,
TAEHX KaK UyTYH H CTATE Ha nomepbeTod. Hocaegosaane B aHaTAs oOTHMATEHOH
TeOMETPHH O0asOBEIX JeTaneHf CTAHEOCE, UIO MNOSEOIHT PEIINTE HMEHIIHecH
npoQneMsl B OPOHSECACTES, 3 HMEHHO MOBHIINEHHMS NPOYHOCTHEIX CEOHCTE,
VMEHBIIEHHE EHOPAHHE H T.J.

Henonesoranme nDodHEMepOeTOHA [IPE HSTOTOBIEHHe O3s0BRIX JeTaleld
MANIMHOCTPOHMTENEHEN CTAHEOE NOSEOMHT NOBEICHTE CTAOHMBHOCTE HECYINHX
CHCTEM CTAHKOE, OOMErdHT KOHCTPVEDHID, NOBEICHT NpPOYHOCTE H HECTHOCTE.
JaBERIA TeOopeTHYSCEHH MaTepHal O co0pad E  paME3X  JOETOPCECH
JHCCEPTAIMH & | InMake «AHATHS BOSMOEHOCTH NPHMeHEHHA DOMHMepOeTOHA B
CTAHEOCTPOSHHE .

Mecto ®m Bpema BHegpeHnd: BHIIH OpoBefeHH HocnegobaEHA B 100
HanszaFlex-I'mapaemax ® OpHEMeHeHE E  yUeOHOM mopomecce B HAO
«KaparagIHHCKOTO TEXHHUSCEOTC YHHESPCHTETa HMeHH AOrnkaca CarHHOEa»R Ha
xatpenpe « TexHonorEgecEoe 0O0pYI0BAHEE, MAITHHCCTPOSHHE H CTAHTADTHSAIEA:
and CTYJeHIOE DaKamaEpHaTa 3 Kypca o0pasopaTenesHoH mporpamer 6B07104
«ManmmmocTpoeHne» Ha § cemecTpe 00OVIeHRA.
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$Popna sHeApern: JIexnna no JucHTEEe « MeTantopeyse CTaHKN» Ha
TeMy «PaspaboTEa ONTHMATEHOH reOMeTpHH 0asOBEIX JeTalel MeTALIOPeRyIIHX
CTaHKOE H3S NIOVIMMEpPHEIX MaTEPHATOEY.

H.o. ampexropa THuH TG 0ok B. Cyaees
Pyxosoanreasn Y110 i J?;'{,,,/\;; A. llaxaTosa
3as.xadeapoit TOMuC, PhD C..==

B. IOpuenxo

Hayuanutit xoncyanrant, - i
PhD kadeapst TOMuC S S B. I0puenxo

Jokropant ’/égg//k A.Bepr
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JIrfdmeoO M LOMjHOAIY SOWjHtr u ] du

H4OGcddztseo Oe

FeAE, «Absumsac CarbeHOE aTEHHIATE HAD «Kaparanmpecss
HaparaBgE TeXHHEATE TEXHHYECKHHE VHHEEPCHTET HMeHH
VHHESPCHTETLH Abrmraca Carvsosas
o T eXHOMOTHATEE #a0JHETap, Kadenpa «Texnoaoraaeckoe
MAMHHAFACAY HaHE CTAHTAPTTAY 0BOpYIOEAHHE, MANTMHOCTPOSHHE H
Kafegpacsr CTAHAAPTHSAHAR
No§ xarTamagan ysiHAL Brmmmcra w3 npoTokona MNod
17.10.2023 = ot 17.10.2025 1.

Jaceganane xadegpsr « TOMaC:
IIpegcemarens — sae. kadegpoil Kpuerro B. B.
Ceppetaps — cT. mpen. Oxendacsa A E.

IMPHCYTCTBOBAIH: Epaxtmaa HH., ¥apresma OM., EKemmpos KB,
beicemoaes KM, Myxamezsapor 3., Cmmsro AH., Bapremes HA
Abgyranmega I' B, Bysayocea T.M., Hexcaoea T.HO, Eceprencea A b, Hyrosa
AB., Fymycoexor J.C., Muamega H., Kacematatmaa .C.. Maremos AK.,
Hormaa 3 H., Hyp#asoea O.A., Pemermnroea 0.C., Temrmaar HEB .| Assrxanosa
AT, Mycaes MM, Parames A K., Orsnatassa A E. bepr A C., Harmoeros TE.,
Jaugeroaes E.C., Kapcarosa H K., Typycoeroga A.C., llepor K.T., Kemsmbassa
D Tamsoroe AA.

IIOBECTEA JTHH:

5. Paznoe. 1) 3acnyVIDEEZHHE S3aEEpINEHHCH IJHCCEpTAOHOHECH paboTH
COMCKATend mo Hanpaenern:e nogroToeks SD071 «HesmenepHs B HMEfeHepHOE
Jemow, ODpascEATENEHOH — OporpaMMEl  JokTopaETypel  PhDD  BDO7101
#bhMammmocTpoerErer Hypsamopoft OA. ma Temy «PaspaboTeEa TexHoZoTHE
EOCCTAHOEISHHA CONpAT3SMHIX [OBEPXHOCTEH JeTaneH THOA Tel EpAINeHHAR,
NpedcTAENSHECH Ha COHCEAHHE CTENEHH JokTopa danocodsm (PhD).

2) 3acTVIIHEZEHS 3EESPIIEHHOH JHCCEPTAHOHHOH padoTH COHCEATENT IO
Hanpaenesr)e mogrotoeEE  SD0T1  ¢Mememepma ®  HEEeHepHOE  ZETOR,
0DpascEaTenEHOH mporpaMyE JokTopaETypel PhD ED0T101 sMammsocTpoemmes
Bepr A C. Ha Teny: «Hoocnegoparne B paspaboTya TEXHOMOTHIECKOTO OCHAMIEHAT

ana 0OpatoTHH ITHEACMEPHEX NHINHIPHISCEHX IOEePXHOCTEHN.

CHO¥IIAMH: Ilpegcenatent, zag. xafegpoit Hpuemro B.B., roTopem
NpoHEGOPMEPOEAT O TOM, 970 coHcEaTens Hypaanopa O A, sapepmana ooyaeHAE
E goxropanType B 2023 rogy oo Hanpasnerrno nogroTtosks 8D071 - eMasenepns
H HHEEESHEPHOS Jemon, O0pascBaTenbsEOHE mporpasmie PhD BDO7101
#MammHocTpoeERe, HeoONOOMMO SacaymmaTk Ha Eadedpe JoETODCEVED
gucceprampre PhD  comckarems HypmamoeoE OA. =Ha temy: «PaspaboTea
TEXHOIOTHH EBOCCTAHOENSHHA CONpATAEMBIX NOBEPXHOCTEH IJeTaneH THOA Ten
Epamennds. HuerTes DonoEATEIBHEE OTSHEE OTEMECTECHHOTO H 3apyOedHBIxX
HAV9HHX ECHCYIBTAHTOE.
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OTevecTBeHHBIH HAYYHBIH KoHcYAbTAHT: Fapreprua OM. — mamgmmat
TEXHHUECKHX HAVE, Opodeccop kabegpm «TexmomorEweckos obopyIoBaHHE,
MANIMHOCTPOSHHE H CcTaEfaprHsanms: HAQ «Kaparaopscksdl TexHHYecEHA
VHHESPCHTET HreHH ADeukaca CarmEosay.

3apy0esHBIH HaVUHBIH KOHCYIBTAHT: Burayrac Byumackac — PhD,
npodeccop, saeegyromME  Eadegpol  «Mexatpommxm, pobOTOTEXHHMEH H
uH$poOECTO TPOHSECACTER), DHIBHIOCCEHH TeXHHUECKHH VHHEBEPCHTET M.
IemmimHAaca, r. BEmeHIOC, JIHTES.

B mepmog ¢ 07.12.2022 mo 22.12.2022 goxropantom Hypxasosol OLA. OeL1a
npofeHa sapy0esHad CTAFHPOEKA B BAMBEIOCCKOM TEXHHUSCEOM VHHEEPCHTETE
muiesw [ egmunanaca (1. Brnemeoc, JIHTER).

PeuensenTaMu oT KadeIpsl HasHAYEHBI: K.T.H., H.0. JoleHT HuxoHoeBa
T.HD., k.T.H., gouenT Cuasko ALH.

Cnoeo gna goknaga npegocTaenierca Hypzanosod OA.

E goxnagy Oma OpecTaEIeHA JHCCEPTANHOHHAT paloTa, HCOOIBSOEATOCE 38
JeMOHCTPAITHOHHEIX cnafgos. B Ttewenme 25 mmmyT Hypxamoesa O.A. B ceoem
JOEMATE HAIOEHTA COJepHEaHHe JHCCEPTAIHM. LEITH packphITEl aETYATBHOCTE
paboTEL Leds, SATaTH, MeTOIE HCCISJ0EHHH, 3 TAKHS IOMyIeHHER PesyIBTATE H
pPEKOMEHIANHH [I0 HCIVIESOEAHHID PesyIETATOE JHCCEPTAITHEH.

[Tocne zacoymmeasRs Joknaga Hypwaposol O.A. oo JHCCEpTaUHH ORIIH
33JAHE CETVEOMIHE EOTPOCE:

EBOITPOCHEI 3ATTABATH:

1. 5.1.H., mpodeccop llepor K.T.:

Bonpoc 1: Ilowemy E HCCOeOOESHHAX NPOECJHIHCE CPAEHEHHA Tpex
PASTHYHEIY MATEPHAMCE H TPEX PATHYUHEX COOCO0OE Hammasxn! He myume mm
ORIO HCOOMBSCEATE | HAMNAEOWHEIR MATEPHAT A4 TPEX PasHBEIX CIoco0oE”

Oteer: la, HecneAcBaHMA NPOEOJHTHCE KA C HCIONBSOBAHHEEM OJHOTO
sarteprana (nposonoka CBOSI2C), tar ® ¢ TpeMd pasTHIHEIME MATEPHATAMHE.

ear AcOOMEs0EAaHHA TPEX PASTHYHEIE NPOEQICE OEUIA B TOM, ITOOEI IOKASATE,
TO Tpedyveroe sSHAYEHAE TEEPIOCTH MOKEHO DOTYYHTE E EZEJ0M HS TPeX coocofoE,
Ho mockoneEy nposonoka CBOST2C po menoBOH KaTeropHH ABTASTCE CEMOH
Hegoporol, mosToMy HeoOdsaTensHO NpPeJNpHATHED MOEVIATE NpPOECIOKH
HHOCTPaHHOTO OpPOHSEOJCTEA, EOTOPHEE ABMAIOTCA HaHbomee gopormus. Ho
SAMEUaHHE COpPABeQIHED, NOTOMY J003EHM pPesyIETaTH HCCASJOEIHHH 1A
OJHOTO MaTEpHATA Ha TPeX PasiIHUHEDR cOocobax.

Bonpoc 2: OTmMuaseTci IH Eall COOCOD PEeSEHHA, ¢ HCOOIBIOEIHHEM
NPoeKTHPYEMOH — KOHCTPVENHH — HHCTPYMEHT3, OT  CYIIECTEYHIETD, ¢
HCIIONBSOBAHAEM FIACCHIECKOT0 HECTpyMenTa”

Oteer: Cxeva pesanmz, JeHCTEHA NPHETATEEAEMEIX CHT HE OTAHMARITCA OT
CYIIECTEVIOIIMX HEIHE, ¢ HCIOIB30BAHHEM $pes CTAHJAPTHEIX EOHCTPYELHA,
MOTOMY 970 HOBAA KOHCTPVEIHA HHCTPYMEHTa OTIH9aeTCA [THIIE HSMEHEHHBIM
THCIOM 3VOBEE.
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2. n.0. Jomenta, PhD Keispinbaesa 3.8 :

Bonpoc: B MoZenHpOERHHH #DOpOOScca HAILTAEEH OBMH  HCCIEJOEZHE
TeMIepaTypHEEe Ooat. a1 9ero ORIH DpoBeeHEl 3TH HoCIeTOEAHHA |

OTteer: VOHTHEA, 9TO NPONECT HATPEEA H NOCTETYIOMETD OCTHEAHAA EISHET
33 coDOH pasSENTHe EpeMeHHHIX JeopManmH CcHATHE EBOCCTAHABRIHEASMOH
MOBEPXHOCTH, 8 Taksde PopMHPOEAHHE OCTATOYHER JedopMalHA H HATIPAE SHH,
3T0 HETATHEHO CKAajWMEAeTCAd Ha OOIIMX DapaMeTpax pasMepa H  GopME
EOCCTAHOENEHHOH Jetamw. [losToMy OZHHM HS OCHOEHEIX EPHTEpHEE EEIOOpa
pedHMa ABIASTCE ODecHedeHHMeM MHHEMATEHOTO OTEJOHEHHT OT 3aJaHHEIX
pasmepos. [lo sToR nprumEe OBITO PACCMOTPEHO EMHAHHE pPACIpOCTPIHEHAT
TEMIIEpATYPHEIX OoAeH, 9T00H H30e®aTh YESIHIeHHA 00meH TeMIepaTyphl JETAIH
H, COOTESTCTEEHHD, POCTa TEMISPaTyPHEIX NoIEH ¢ DOBHIISHHEIMHE SHATEHIAME.

3. Accounnposannsii npogeccop Mycaes M.

Bonpoc: UYUro DokasaTtH  pesyARTATH  MOJZeTHPOEAHHA —OpegiaraenMoi
KOHCTPYEIHH dpest? Uto gana Mogens pacaeTta?

Oteer: [lockonexy SIHTeIRHEIS IECHEPHMEHTATEHEIE HCOETAHHA HOEOH
KOHCTPVEIHE ¢$peskl He OpeAcTAEIANHCE EOSMOMHEIMH, OBIC NIPOHSESIEHO
sMogenHposaEHe B cpege Beta CAE System/ABAQUS. Mogennposarse DosBOIRI0
OnpefenHTs EosddHIHe T sanaca MPoYHOCTH B0 BCEX JACTAX EOHCTPVEIHE peskL,
EBIAEHTE HAHOOIes HANPTHEHHES MECTa, K KOTOPBIM OTHOCATCA TDEHH CMEHHEIX
ILTACTHH, TAE E3E OHH HMET HEeNOCPeACTEEHHEH KOHTAKT ¢ 00pabaThIEaeiBIM
MATEPHATOM IIPH MeXaHHIeckEoH 00paboTEe, a TakEe EPYITIOE CEUeHHEe II0J
EpeIUIeHHA OOMTOE B TRUIEHAR TacTh 3y 0eeE Gpessl. Kpoue 3Toro, OBLTH MIOMy2eHE
SHAUEHHA Npegena TexydecTH, (353 Mlla) xoTopsif cpaEHEAEATH C KO3 OHIHeHTOM
Hanpaxenna (326 Ila). Ilockomexy 353 > 326, cnegoBaTensHC, HeCOXOZHMEIE
VCIOERA JNA COXpaHeHNA patoTocnocofHOCTH HHCTPYVMEHTA EBIIOIHEHEL

4. PhD I'anroxoe A.A.

Bonpoc: Tema 31a He Hopa? Efo ETo-TO 3aHMMancs g0 gac?

Oteer: JIaTepaTypHEE o©O0S0p DOKASAT, YIC EBONPOCEMH —MIOBRIISHRA
siperTHEROCTH 0OpADOTER JeTaNeH ¢ HSHOCOCTOHEHMH HAIUTAEOTHEIMH CILVTAEAME
SEHHMMATHCE MHOTHE POCCHHCKNE YUeHEe. Bonpock NOERIIIEHRA HIHOCCCTOHKOCTH
H pecypca paboTel  METAMIOPEEYIOErc HHCTPYMEHTA NOpH  o0paloTee
TPYARCOOPA0ATHEASMEIX MATEPHATOE NOApoDHO OBLTH HSYVUSHE! E paboTax
npodeccopa lepora K.T. m ero yuemmece. [lodwTH Ece ZETOPE! OpPeIfararoT
cnocobE DOBHINEHHT H3HOCOCTORKOCTH PEEYIIEND HHCTPYMEeHTa THOO © MOMOIEBD
COSJAHHA HOBEIX EHA0E HECTPYMEHTA, THOO ¢ MOMOINER) HAHECEHHA HA HHCTPYMEHT
noEpeITHH. Ha cerogaanmsst qeHs He TOMEEC IPOHIE0ICTED, HO H PEMOHT JeTaTel
OTNHYAeTCAd IMHPOKOH HoMeHKIaTypoH. PaspaboTannan dpesa NoSBEOMAST pelIHTE
npodneMy EOCCTAHOETEHRR JeTATEH IMBEPOKOR HOMEHEIATYPEL (BCA TETEAT CEPHA H
TACTE CpeqHeH), A TAKEe COKPAETHIR EpPeMdA Ha [POBeJeHHe pPeMOHTHO-
EOCCTAHOBHTEIEHEX padoT H CHHSHTE cebecTOMMOCTE BEOCCTAHOBISHHOR JeTAMH.
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5. IIpenogaeaTtens bepr A.C.

Bonpoc: Fag nope uogenaposaHas Bamed $peskl OsIa copMEpOEAHA CETEA
KOHETHEIX 3MeMeHTOE ]

OTeer: Bo DepErx, HCIOIIBSYEOTCA SHETSHHA KATSCTEA CeTH 71 CTA0HIEHOCTH
CUeTa COABEPE H DPAEJOMOACOHOCTH PeSYIBTATOE, TeOMETPHUSCKHE pPasMephl
SIeMEHTOE CETH IOSTOHAITCA IO STH KadecTEa quality criteria, mywme Ecero B
pPAcTIpOCTPaHSHHHE HATIPAEESHHH H CTA0HIRHOCTH CUeTa NOEasSHEADT ceDd XeEca
aneMeHTH. UHH He EEISHEZRT KOHIEHTPANHIO HaOpA#eHHH, KaK IeHTa H TeTpa
IMeMEHTH, ANA 0OONee TWETKOTO TPAIHEHTA PAcOpOCTPAHEHHA HANpEECHHH
HeoDXOoZHMO HCIIONESOEATE TONITHEY 3 H Domee neMeHToE. B cpegHeM mo MoIens
HCIONBSOBATOCE 0T 5 -7 3MeMeHTOE, 9T0 ABMTAeTCA HANTY SN E39eCTEOM.

CIOIVIIATH: KOpuenro B B., EoTOpHE NpeJocTAEHT CICED PEIEHSSHTAM:

BBRICT¥ITH.TH: 1. Penex3eHT E.T.H., H.0. JoueHTa Huxowoea T.HD.

Eax HsBecTHO, peMOHT H EOCCTAHOETISHHS NIMHNSERIX DOBEpPXHOCTEH JeTanefl
THIIZ TeJl EpallleHHA SEOHOMHYecKH 00ee EHIOOHEL 9eM SAEYIIKA HOEEIX JeTaleH.
C yuerou Toro, oo KasaxcTal cTpeMHTCE K SECHOMHH PecypCoB H ONTHMHSAITHH
pPacXoJoE, B COOTERTCTEHMH ¢ TOCYIApCTEEHHCOH IpOTPaMMOH HHIYCTPHATBHO-
HHHOEZIHOHHOTC passRTHA PecmyOmma Kasaxceram ga 2020 — 2025 roger, onpoc
HColedoeaHMs  sgdexTHEHEIX pecypcocOeperar0IHX  TEXHONOTHH — peMOHTA
ABMASTCA AKTYATBHEIM.

PaGora mNOCEAINEHA TeXHOOOTHYECEHM  NpPOLECccad  EOCCTAHOEISHHA
HSHOMIEHHEIX NOBSPXHOCTEH JeTanel THOA Tl EPanleHHa.

IlpegreToM HCCNeZOBEAHHA ORUIH E33HMOCEASH H 33HOHOMEPHOCTH MEEIy
TEXHOIOTHUECKHMHE —[apaMeTpaMH [polleccoF  HAUIAEEH H - MeXaRH9ecEoH
00paboTEH ¢ OCHOEHEIMH EOMHIeCTESHHEIMH IOEASATEIAME KaUeCTEA HAaHECEHHOTO
H 00paboTaHHoTo S04 IPH BOCCTAHOEIRHEH.

TloEemmesme TOUHOCTH OPONECCOE  HANNIAEKH, COBEPIISHCTECEaHHE
pecypcocOeperarOliHE TEXHOMOTHHECKEHX cHoCcoBoE HATLMAEEH opH
EQCCTAHOETEHHH JeTaled THNA Tel EpalleHHd, paspadoTKa HOBOTO HHCTPYMEHTA
O1A  MEXaHEYecKoH oOpaloTEH HAOTABMEHHEIX NOCESPXKHOCTEH ©  VIETOM
pecypcoctepesenns. HanpasneHnrle Ha EOMINEECHOS OOSCHEUEHHE KaUecTER C
MHHFMATHHEIMH 33TPaTaMH B COBOEYTIHOCTH COCTABITIOT HAVIHVEC IpoDIeny.

B penom saMewaEma no padoTe HeSHAUATEIBRHEL €CTE SaMeddHHA IO
ofopMIeHMIO, B COOTEETCTEHH ¢ TpeOOBAHHAME, DOpeJBABIEEMEIMH K
AHCCEPTANMOHREM PaboTaM.

E menoum patora Hypsanoso OLA. AETAeTCA SaEEpIIEEHECH H peKOMeHTYeTCA
E SAIIHTE HA COMCEAHHE CTENeHH JokTopa durocodrn (PhD) mo obpasoeaTensuon
nporpasye ED0T101 ehMammEocTpoeHRE: .

Hoxropant Hypisamosa O A, cOMMacHTach ¢ ERICTAETSHHEIMH SAMETAHHAM.

2. B.T.H., JoneHT CHHBERO AH.

Ilpp EHDCOHEHHH JHCCEPTAOHOHHOH paloTH JOKTOPARHTOM OpOESISHO
EOMILUISECHOE HCCTSJOBAHHE, HaNpPAEISHHOS paspaboTEy  TeXHOIOTHH #H
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HHCTPYMEHRTA, EOMIUIEECHO-OOSCTeUHBAMCIINE Ea9ecTEC JeTanel THOA Ten
EpaleHHA Ha OCHOEE IoJ00pa ONTHMATEHEIX TEXHOTOTHIECEHX PEFIRIOE C YIeTOM
MHHHMHSAIHH 33TpaT. B KadecTEe pesyIETATOE HOCTSJOEAHHH HYEHO OTMETHTE
paspaloTEy HOBOH HKOHCTPYEUHH cOOpHOE IJHCECECH $pesel oo CMEeHHEIMH
ILTACTHHAMHE 1A 00paloTEH HAIUTAEIEHHEIX [UTHIOEERIX DOBEPXHOCTEH, C
MoCHeIVIomed paspadoTEoH PEeEOMEHTAITHA N0 HCOOTbIOBAHMIO NpeifaraceoH
TEXHOMOTHH, E TOM YHCAE JANA NOpPOHSECOCTEA. PesyneTaTl HCOCISJOBIHHA
HAagme#alay MeTogoM OJopMIeHEI H BHeOpeHE! B paboumi npomece 100
«HansaFlex — 'mapasTas AmJarens.

OcHOEHEIS MOICEEHAT JHCCEPTAHE OOy ONMHECOEAHH E 11 Hayusex paboTax
HA PYVCCEOM H aHITTHHCKOM ASHIEAX, B TOM 9HCIS: 2 CTATEH B Y PHATAX Dasel Scopus
¢ npomenTHnes He Medee 25 (Journal of Applied Engineering Science (47%),
Tehnitli viesnik (41%)), 3 cTaTHH B H3TaHHAX, PeEOMeHICEAHHEX KoMPATeTOM IO
oDecnedeHHIO KA9ecTEA B cdepe oOpasosanna B HayEH PE. 1 cTates 5 dase PHHI]
ESCL  Pesymprater HCCOSTIOEAHHA  JORTATHEATACE H o ODCYEIATHCE Ha
MEFAVHAPOOHEIX HayuHeX EoHbepenmmax: X MesgymaponHas  HayuHO-
TexHHIecKad KoHbepemmma (r.Owmck, 26—2% amp. 2021 r.), Mesmzgyaapogras
HAY9HO-OPakTHYIeCcKad EoHGepeEuHa «llATerpanma Hayim, o0pasopaHHA H
NpOHEOACTER — OCHOEA peatnsanns [lnana magmes (Carmgoscene gTerns Nel3),
({r. Kaparanga, 2021 r.), III Beepoccniickan HAyIHO-TEXHHYECKA KoHGepeHIHA C
MemIyHApogEEIM yH9acTHeM, (r. Tyma, 2022), Mesmgymapogsas HaydgHO-
NpaETHY9eCcKad KoHbeperma «HaTerpamns Hayey, o0pasoEaHAd H IPOHIEOICTES —
ocHOoER peanssanmsy [Inama msammr: (CarmHobckRe grenpa Neld), (r. Kaparasga,
2022 r.), MesgyHapogsEad HayuHO-IDpakTHIecEad EcHpepenmma «HeTerpamma
HAyEH, 0OpasoBaHMi H OPOHSEOOCTER — OCHOBEZ peannmsanmun [Inama Hamms
(Carmsosckme wremms Nel3), (r. Kaparagga, 2023 r). IToaygen 1 narenta PR ma
MOMesHYH: MOZels H 1 CEHISTeNBCTES O TOCYAapcTESHEOH PETHCTPAITHE PaE Ha
ODBEET AETOPCKOTO Opaka. Bo BeeX OyOMHEADHAX OpejCcTABTEHE] MaTepHATH H
PESYIARTATH TEOPETHUECEHX H INCHSPHMEHTATEHEIX HCCISTOBAHHMA NpOLECCOE
BOCCTAHCENEHHA HSHOIIEHHEIX NCEEPXHOCTEH JeTanedl THOA Tel EPAlleHHA H
MoCTedyIOMeR MeXaHHIecKoH 00paboTER HAMMAEIEHHOTO CII0A.

B memoum patora Hypaanosoi O A, ABTATCA SaBepIISHHEOH H peEOMeHTyeTCA
K 3aliHTe Ha COHCKAHHE CTelleHH JoxTopa dmmnocodnn (PhD)) mo obpasceaTenbHEOH
nporpayue 3D07101 «MammmocTpoesnes:.

HorxropaeT Hyps#anoea O.A. cOIMACHIACE ¢ BEICTAEISHHEIMHE 3AMETAHHAMH.

BBICTVIIH: npodeccop Hapxesma QM. xoTopmH saudTan oTSEE H
OTMETHII, WTO Tak&e cuHETaeT pabory Hypmamopod O.A. sapepmeHHOH H
PEECMEHIVETCH K SAIIHTe HAa COHCKAHHE CTEMeHH JokTopa dmmocodmn (PhD) mo
obpasoearensrol nporpanme 8D0T101 «MamarocTposame:.

MuccepTanHoHHa® paboTa COOTEETCTEYeT TpeOOBAaHMAM, IPeThABTAEMEIM
KOKCHrBO MHrBO PK & gucceprammam jokropos PhD.

Hoxroparra Hypmamosy OA., Hapeesma OM. oxapaxTepmsoBala KAk
chopMHPOBAEIIETOCE VISHOTD, CHOCODHOTO VCOENIHO pPEmIaTh NOCTAETSHHEIE
33Ja9H, AHATHIHPOEaTE, OOODINATE NONyYeHHEE pesyABTATHEL, EIAJSF0IIETO
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COBPEMEHHEIMHE MeTOJaMH HCCAegoEaHnd. PafoTa ERIMONHEEHA B DOMHOM O00BEeMe,
X3APAKTEPHIVETCE €OHMHCTECM NONMYUEHHEIX PEesyIRTATOE, ABNASTCA AKTYATEHOH,
00TagaeT HAYYHOH HOBHSHOH H IPaKTHISCKOH SHAYHMOCTRED.

Hoxropaer Hypaarosa O A COIMMACHIACE ¢ ERICTABNSHERIMH 33METAHFAME.

CI¥IOATH: IOpuesrxo BB., KOTOpEHA 339ATAT OTSEIEEL 3apVOeRHOTO
HAayIHOTO EOHCYIBTaHTa BETayTtac Byummckac — PhD, opodeccop, sasemyrompi
Kadbegpont  aMexarpommen, poQOTOTEXHAEH H UOHGPOEOTD OPOHSEOICTERR,
BHIEHIOCCKHHE TeXHHYSCEHRH VHHESPCHTET HM. [egmvrsaca, r. Banerroc, JIHTE: B
KOTopOoM JasTcA NOICEHTENEHAT OOeHEA JHCCePTANHOHHOH padoTe JoKTOpaHTA.

1. CIVIINATMH: Ilpencegarens, sae. kadegpost HOpuemxo B.B., xoToprmd
NpoHHGOPMEPOEAT O TOM, 9T0 COHCEaTen: bepr A C. szpepmmt oOy4eHHE B
aoxTopaEType & 2022 rogy no Eanpaenerrro nogroTossH $D071 - «Hemserepna 0
HEGHeHepHOE  Jenow,  o0OpasoBaTensHoH — mporpamme  PhD SDO7101
WhammmHocTpoeEREr,  HeOoDXODMMO  SACTVIATE Ha EKadegpe JOETOpCEHE
auccepranp PhD comckarent bepr A.C. Ha Temy: «lHecnegoranme B paspaboTEa
TEXHOMOTHIECKOTO OCHAIIEHMA T4 00paboTEH SIHHHOMEPHEIX MEUTHHIPHIECEHX
MoBEpXHOCTER:. MerTcR NOJOEHTENBEEE OTSHIEEL  OTedeCcTESHHOTO H
sapyOeEHEK HEYYHEX KEOHCYIBTAHTOE.

OtedecTBeHHBIH HAYYHBIH KoHcYabTanT: Hpuenko B B. PhD, sapemyromai
Kadeaps « T eXHOIOTHIECKDE o0OpYAOEAHHE, MANTHHOCTPOSHHAE H
cragmapTzampss HAQ «KaparasgmeEciksdl TeXHHY9eCEHH YVHEHESPCHTET HMEeHH
Abrxaca CarmeoBas.

3apylesknblii Hayuneiii koHcyabradT: B. Typna PhD, opodeccop
«BATBHIOCCKHH TeXHHYSCKHMH VHHESpPCHTET HMeHH [ HaeumHacaw (r. Bmmemroc,
JImTEa).

B meprog ¢ 12,032 2022 no 08.04.2022 gorTtopanrom bepr AC. omna npofinesa
sapyOesHan cTazBpoEEa Ha Dasze HUTY MHCHC coemectHD © sapyDesHEBDM
pyroeoguTenes B. Typna (r. Mocesa, Poccma).

Peuenzentamu oT Kadesps! HazHauensl: PhD, cr. npen. Jangeibaes E.C.,
K.T.H., JoueHT bysayoea T.ML

Cnoso ana goknana opegocTaerdercs bepr A.C.

K mornagy OBITA NpeicTaEIeHA JHCCEPTANEOHHAR paloTd, HCOOMBSOBATOCE 35
JeMOHCTPAUHOHHEIX cIaHnoE. B Tememme 30 mmmyT bepr A.C. E cEoeM JoEmaze
HIIOHNIA COJepianHne THCCEPTAUMH. DREUIA packpeITH 2ETYATBHOCTE pPaCOoTEL
ek, Sagadd, MeTOOE HCCASNOEAHHH, a TakEe [IONIYIeHHEE pesVIbTaTH H
PEECMEHIAHE N0 HCMONBSOEAHMED PesyIBTATOR JHCCEDTAITHH.

[Iocne sacmymmeaEms Joknaga bepr A.C. Oo JHCcepTauHH OBUTH S3J3HE
CIeIVECIHE BOMPOCEL:

BOITPOCEI 3ATABATH:

1. wk.1.H., npodeccop AKapresaa O.M.:

Bonmpoc: Eapod EpeTepHf B MeTOI HCIONIBSOBANCE I7M4  ONTHMHSAOAH
KOHCTPYEIHH JIIHHHOMEPHOH CTaHHHE &MeTamicpesymerc craeea’ Kaxof
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KpHTepHH ORI EHIOpad Kak EpHTepHA sddexTHEHOCTH, KakoH 3a EpHTepHH
KagecTEa’

Oteer: J11 310T0 OBELT2 HCIOOESOEAHA MOJENE ITpadHEEX dyHEEnHEA (MeTog
Jsengona — $aeraepa — [layaana). Jnz donee TouHOH BHSYAMTHIANMH KapTHHE
ONTHMHSAIHH HeoOXOTHMO NOCTPOHTE MPadHy SaEHCHMOCTH EPHTEPHEE.

Hexoga as rpadmra EMIHO, 9T0 OLEHEA KA9SCTEA KEOHCTPVETOPCERY pPelIeHAR
HAMHYHE TAKHX EPHTEpHEE, K3k EpHTepHH 3dderTHEHOCTH — F (Bec cTanHHE) H
KauecTEa g (mpormd). IlpE gocTHseHME HeoOXOJHMOTC PesSyIRTIATE EpPHTepHH
3D PeETHEROCTH JOMT#eH OBITE MHHAMHSHPOEAH, 3 KPHTSpHH KauecTEa JOMEEH
CTPEMHTCA K HEEOTOPEIM 33 AHHEIM SHAYEHHAM g.

2. K.T.H., H.0. JoueHT Haxonosa T.1O.:

Bonpoc: Kak 0sina npogepeHa JoCTOESPHOCTE PESyIETATOE HCOOIBSOEAHHOTD
MPCTPEMMHEOTD EOMIUISECE IIPH CTATHIECKOM aHATHSE T

Oteer: BammanocTs pesyasTaToE nporpamyeEcre kommaexca BETA CAE
SYSTEM, ABAQUS Orina goEasana My TeM NpOoEEJeHRA HATYPHOTO SECIEPHMEHTA
HAa wManoM obpasge. Oopasen 0BT HSTOTOBEISH HI BEIOPAHHOTD COCTaEa
NOMIMepOeToHA ¢ HAHSCEHHEM HAa HeTO TAsOTepMHYSCHHM HANBITeHHeM, K HeMy
ORITA NPHICEEHA CHIA g0 paspymeHHa (93,94 gH), mocne 9ero OpH TakHax e
VCIOBHAX OBUT CMOZETHPOEAH SECHEPHMEHT E IporpadMMeEcoM Eommaexce BETA
CAE GSYSTEM, ABAQUS. Pesyneratel oDOHX SECHEPHMEHTOE NOKAIATH
HASHTHYHEIE 3SHA49eHHS, CIeJ0BATENBHO, MONHO TOBOPHTE © EBATHJHOCTH
PESYIALTATOR.

3. PhD, gouent Mycaes MLM.:

Bonmpoc: Kag OpmH EROpPAHE COCTAER DOMHMEPOSTOHA H TAS0TEPMEYECKOTD
HANEITEHHA

OTeer: LEITH NpoaHATHSHPOEAHE! HMEHITHECH COCTAER MOMTFMEepOeTcHA H
ERIOpAHEl ! COCTAEA, (HSHEO — MeXaHHAYECEHe CECHCTER EOTOPEIX OTEEYATH
NpedbAENAEMEDM TpeDoBaEHAM. [amtee ORI DPCEEJSH CTATHUSCKHMH AHATHS
00pasUCE QA ONpeJeIeHNT HX Npeteta IpOodHOCTH.

TazoTepuEdeckos HaNBEITEHHME TAKCEe OBUI0 EBHIOPAHO ONHPAAck Ha
HeoOXOoZHMEIE TPeOOBAHHA OMA VESMHIEHHA HSHOCOCTOHEOCTH HANPAETAHINEX
ATHHHOMEPHOTO MEeTANIOpeEyINere CTAHEA. |aiHe ORI DPOESfeH SECIepHMEHT,
Ide OOATESPIHIOCE HCOOMBSOBAHME HANBUIEHHA H  OBNA  [OOEBIIEHA
HEHOCOCTOHEOCTE Ha 12%.

4. ®.T.H., cT. npen. Pemernnkosa 0.C.:

Bonmpoe: Ilowewmy OB EBRIOpAaH JAHHEH OPOTPEMMHEIN ECMILISEC 714
NpCEeTeHAT CTATHIECKOTS H TaCTOTHOIC aHaTAsaT

Oteer: O0BeIHEEHHEIH H NOJHOCTENY HHTETPHPOBAHHEIA makeT ANSA /
META apmaeTci NMpeimodTHTEIRHEIM EEIOOPOM M4 OpPOMEINITEHHOCTH EO ECEM
MHpe, DOCKONEEY OH CTPEMHTICA K HCEIHUHTENEHOH MPOHIEQIHTEIEHOCTH, STO0H
EJHATE Opomecckl paspaloTEd OpogyETOS. lecTel, mOpobegemmnle OEM-
OpPCHSECJHTEIAMHE H 2 HX  OOCTABNIHEAMH, NOKasaTH  [OEEIIEHHE
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nporsEogaTensaocTH nponecca CAE ma 35-06 % o cpaEHeHMI0 ¢ KOHEYPEHTHEIM
mpoTpaMMEEn  obecmegerney. [lpm  SToM  KadwecTEO DOTYHeHHOH MOgemH
yIyamEIeck o 60%

3TH NOKasaTeNH, CEHASTENECTEVIOIIHNE O IpeBocxodcTEe mpomeccoe CAE
ANSA m META, nogreep#JeHE! HESAEHCHMEIMH OTPAcISERIMH TECTAMH H
OTSEIEAMH.

5. cT. npen. Kynyeneros [1.C.:

Bonmpoc: Kax OpuTa ERIDpaH2Z CeTHKA OpH OPOBEEJeHHH pPacdeTa MEeTOZoM
KOHEUHEIX 3nMeMeHToE ! Ha cEOMBEC VII0E H JIeMeHTOE OBUIA pasOHTa MoJens?

Oreer: [lpm cosgaEEE pacdeTHOH MOJETH T4 [OPOEeJEHHA aHATHSAZ
ERINCNHASTCA CTAHAAPTHAT OPOUEIyPa HAHECEHHA CeTHH KOHEeYHBIX IIeMeHTOE. B
MpoUecce HAHECEHHA CETEH HCNOMBSoBamnck Tpexmeprele HEXA FEM (xerca
AMMeMEeHTH ) BTOpoTe Nopagka. Jna Toro 9TobEl TOUHD Ope CcTaEHTE PacOpedencHHE
EHYTPSHHHX HAOpPAHeHHH E 00PasOax NoJ AeHCTEHEM EHSINHHE CHII, HeOoOXOZHMO
VOSIHTE JOIEHOS EHHMEHHE pACIpedeleHMIC CeTEH KOHEWHRIX STIeMEHTOE.
Obpasor oerTe pasoeTe Ha 67872 vsna v 62000 smqemerToE.

CIOVIIATH: KDpuenxo B B., EoTopelH OpegocTAERT CIOED PeleHISHTAM:

BBICTYIIHITH: 1. Peyenzent PhD, cr. npen. Janasibaes E.C.

Bonpoc, HenocpeICTESHHO CEASAaHHEIH #c oDecmeuermes TpeQyeMoro
TEXHHYECKOTO VPOEHA, 3 TAK#Ee SEOHOMHUeCKOH 3dderTHEHOCTERD OPOHSEOICTER
CTAHEOE, ABIASTCA JACTRID COMEH OpobneMel MamHHECcTpoeHRA. Ha cerogramani
JeHE B CEASH C MacTaOHEIM PAsEMTHEM MAMHHCOCTPOHTEIRHOH OTPaciH
EKasaxcTaHa ®H BECOKHM Tpe(OBAHHAM, DOpeJBABIAEMEIM E JTHHHOMEDHBIM
IHTHHAPHYECKHM JeTATAM, OCTPO ECTAT BECIpoc 0 HeoOXOJHMOCTH IOTYYeHAT BCe
Domee TOMHOH H Ka9eCTESHEOH NPoIVENHE. Boe 3T0 CEASAHHO © TEM, 9TO TOUHOCTE
0DpaCoTEH JeTaneH HampAMVIe S2BHCHT OT padoTOCHOCCOHOCTH CTAHEA, OT ero
EHOpPOYVCTOHYHECCTH, ®ecTHOCTH er¢ EOHCTPYEUIHH H EOSHHEAIOMEM E HeH
nporace. [Ipr paboTe cTaEka OOJBIOAM HArpysEaM NOJEEpPTalOTCE OTAETIBHEIE
aMeMeHTH CTaHEA — CTAHMHA, OCHOEAaHHe, ONOPHL. B CEASH C STHM EBOSpOCTa
HeoOXOZHMOCTE E HOBEIX TeXHOIOTHAX H MATepHATaX I74 HSTOTOBEIEHHA
MEMEHTOE CTAHKOE.

Patbora bepr AC. DocEAmeHa pelleHHER DpoOIeMEl HeJOoCTATOYHOH
FECTEOCTH METATOpPe&VITHX CTAHKOE, 9IO AEIASTCA aKTYVATRHOH TeMoH E
HACTOAIIEE EpeMA. [IomyaeHHBE PesyIBTATH E JHCCEPTALTMH COCTEETCTEVET LISTH
H 33Jaqan HCCIeJoBaHMd. HaydHele pesyIbTATH ABIANCTCA HOBEIMH H IICJIVYeHED
Enepehle. JOOCHOEAHHOCTE H JOCTOBSPHOCTE HAVYHEIK NOMIOHEHHH, EEEOIOE H
pPESYIRTATOE — NOOATESPEJASICE  KOPPEKTHOCTRE) — NOCTAHOEEH  SAmadH,
a7eKEAaTHOCTEN TEOPETHUECKHX H SECIepHMEHTATEHEX HoeclegoEaHeH. [TomyaeHer
MATeHT HAa MONeSHYVH: Mogens PK HAa reoMeTpHIO CTEHHHED JIHHHOMEDHOTO
METATIOpeEYIIero cTadea. CEHSTENECTED HETELISETYVATEHOH coOCTEEHHOCTH Ha
HAHECEHHE TasOTEpMHYECKOTD HANBUISHHA HA HANPAETAKOIIHE JTHHHOMEDHOTO
METATIOPEEYINETO CTaHEa. [IyOMHEFamMH Do pesyasTaTaM  HCOCIEJOBaHHA
OTpaEeHEl E JHCCEpPTANHH H NpPHEOJHICE HA HHX CCHUIEH B JHISPaType.
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Conep#alie H EQIHYSCTES ITY OMHEAHE YACEIETEOpAeT Tpebosarns KOKCHuBO
MHaBO PE.

JoKTOpaETy HeOOXOMMMO EBRIOOIHHATE odopMIeHHe IHCCEpTANHCHHOH
padoTE E COOTESTCTEHH ¢ TPeDOBAHHAMHE, OPeIBABNIeMED K JHCCEPTAITHOHHEIM
patoTamM.

B menowm cumrao pacoty bepr A.C. sapepmesHsHod H PEEOMEHIVED 7T SAITHTEL
HA COHCEAHHE CTeNeHH JoxTopa dmnocodmm (PhD) me obpasoearensHOR
nporpavme: 8D07101 - «ManmraocTpoeses:.

Hortopant bBepr AC. cormacmnca ¢ saMedaHHAMH 0o odopuneHHE
AHCCEPTAHOHHACH patoTEL

2.PeuenseHT K.T.H., JoueHT bysayoea T.AML

[Ippr EHIDONHEHMH JHCCEPTAOHOHHOH pal0oTEl JOEKTOPAHTOM OpPOEEIEHO
KOMILTEECHOE® HCCIeJOBAHHE, HAaNpaETeHHOE HA pelleHHe HeJoCTATOWHOH
FECTEOCTH E JIHHHOMEPHEIX MeTATIOpPEedyVIDHX CTaHEaxX. [JoKTopaHToM OERIIH
NpeIcTARTEHE PesyIETATH NPOESTeHNE MOTeTHPOEAHNA PATHYHEX KOHCTPYEDHA
ATHHHOMEPHEX CTAHHH METATICPEEYIIHX CTAHEOE ¢ IIOMOIIEID IPOTpaMMHOTO
rommieEca BETA CAE System, ABAQUS, merogoM EOHEWHEIX STeMEHTOE.
BrEeaeHa 3aEHCHMOCTE ONTHMANEHOH TeCMETPHH MeTATIOPeEVINEre CTAaHEA OT
TeoMeTpHYIECKHX [apaMeTpoE pebep #ecTEOCTH, EpeMeHH NepeMellHEaHHT
KOMIIOHEHTOE NOIHMepOeTOHHOH CMeCH, YacTOThl EpalleHHA paloderc opraHa
CMEeCHTeIA.

B =xoge pabCoTel Hag JHCCepTanHMeHd JokTopadToM bepr AC. Omumm
omyomuEcEaskl 1] HayuHERX paboTax Ha pPYCCEOM H AHTIHHCEOM ESHIEAX, B TOM
gHCIe: 2 CTATRH E MEEIVHAPOJHOM HAaVUIHOM H3JaHHH, N0 JaHHEDM Oasel Clarivate
HTH EXOJAEM E 0asy Scopus (Applied Sciences (Switzerland) 75% (Q1), Coatings
64% (Q2)), 2 cTaTell E H3TAHMAX, PeKOMEHIOEAHEEN KOMETEeTOM D0 o0eCIIedeHHIO
KagecTEa B cepe obpasobanna B Hayewn PE. Joxnager opegcraemesmsol paboTe
ORLTHM paccMOTPEHEl HA 3 MEEIVHApOJHHEIX EKoHbepemmmax  Togosod
SROHOMHYeCKHH 304 erT 0T HCNONESOEAHAA NPeIaraesoro MeToda H3TOTOEISHI
coctagmier § 133 063,7 tenre. [leprog okymaenocTd cocTaenn 1,25 met.

B EadecTEe 3aMedaHHH MOXHO OTMETHT HeCOOTESTCTEHE OdopMISHHA
JHCCEPTAMH  TpeCopaHEmAM, npegeasenzemed KOKCHwmBO MHRBO PR
JuccepranposEyie paboTy bepr A.C. cUHTAK s3aEEpINEHHCH H PeROMEHIVIO 171
SAITHTH HA COHCEAHHE CTeNSHH JokTopa GEnocodsm (PhD) mo obpasoearensHOoH
nporpavme: 3007101 — eMamanocTpossmes.

Joetopasr  bepr AC. cormacmncas ¢ sadenammaum. Odopunerne
AHCCEPTANHOHACH paboTH OYVIET NPHESISHO B COOTESTCTEHH C MIPEThARITEMEIEH
Tpetceaman KOKCHaBO MHrEO PE.

BBICT¥IIH.TH: PhD, ct. npen. HOpuerro B B. sa9sTan oT3HE H OTMETHI, 9T
JHCCepTATHOHHAA paboTa JokTopadTa bepr A C. DOCERNIEHA peINSHHRD
aNTYanBHOH  mpobieMe 0o  OOBRIIEHHED  HECTKOCTH — JNHHHOMEDHEIX

MeTamIopesyImEx craHkck. JokTopanta Bepr AC. 0oH oXapaKTepHsOBAN KAk
cthopMEPOBAEIIETOCA  VISHOTO, CHOCCOHOTC OOPeJeqdTE H YCISNIHO pelaTs
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MOCTAETEHHEIS 3339, VMEHIIEro AHATHSHPOEATE H OO0OOIIATE IONTyYeHHEE
PESYABTATH, NPOXCAHEINETD TEOPETHUECEHH H NPESETHYECEHH NOATOTOBEH,
ETaJeIOMErs COEDEMEHHEIME MeTOJaMH HCCIegoBaHnd. PaloTa ERINONHEHA B
MOMHOM COBeMEe B COOTEETCTEHHE C LEIBE: H SATaTaMH Heelegosannd. Juccepranna
XapaKTepHsyeTCH EBHYTPEHHHM eJHHCTECOM DOOTYISHHEIX pesyIBTATOE. 1eMa
HCCTIeICEAHEA AETASTCA AKTYATRHOH, Ty e HHEIE PesyIRTATH 00IaTar0T HayaHOH
HOEH3HOH H NPaETHYECECH SHATHMOCTRED.

JuccepTanpoHHad paboTa COOTEETCTEVET TPeOOBAHHAM, NpPeIbABLASMEINME
EOECHnBO MHeBO PK ® gmcceprammam gokropos PhD) » pexoMeHZOEAT A0T
SAMIMTH Ha COHCEAHHE CTeNeHH JokTopa $mmocodmm (PhD) mo obpasoeaTensHOR
nporpassie: SDOT101 - «hManmmEocTpoeHne:.

CIOYIIATH: Hpuaesxo BB., KoTOpHA 339ATAT OTSHEE 3apyOesHOTO
HaygHoTo KoHCYARTaHTa B. Typna PhD, opodeccop «BRnbHIOCCKHA TEXHRYECKHA
VHHESPCHTET HMeHH | HieummHacayw (r. Bmmemmoc, JIeTEa). B EoTOpOM Jadica
MONOEHTEIRHAR OUSHEA JHCCePTAMOHEOH paboTEl JOKTOPaHTa.

BRICTY¥IIHWIH: k.18, gou. Myxaumemeapor 1.3, 118, gon. beficembacs
EM, xrr, mpod., Kesmpoee KB, PhD Mycaeg MM, xoropme gamm
MOICEHETEIRHYE OUEHEY PesyIbTaTaM HocleIOBAHHH coHcEaTens#l HypmanopoH
OA ® bepr AC. B EBEpasHIN MHEHHE O HEeOUXOZHMOCTH PeKOMEHIOEATE

JHCCEPTATHOHHEE PabOTE K SalTHTE.

CIOYIIATH: IOpuerro B B.| xoTopri npegmosm:

1. BemecTn BONpOC © PEECOMEHIANEH (¢ VISTOM SAMETaHHH H Ope IoseHE)
K 3aIIHTe JHCCEpPTAHMOHHOH paboTEl ZOETOpAHTAa N0 HANPAEJISHHES OOATOTOEKH
D071 -slmsenspnA H HEHeHePHOS JENo», OOpPAsOEATEIRHOH NpOrpadbie
3D0O7101  «Manmmoctpoesner HypsamopoR 0A ma Temy: «Paspaborra
TEXHONOTHE EBOCCTAHOENEHHA CONPATAEMEIX NOEEPXHOCTEH JeTameH THOA Tel
EpameHndy:, OpeIcTaEleHHOR HA COHMCEAHHE CTeNeHH JoxTopa dmnocodma (PhD)
HA OTEPHITOS TOI0COBAHHE,

2. BrHecTH EOOpOC O PEECMEHIANHH (¢ YISTOM 3aMeUaHHH H Npe o HH )
E 3alIHTe JHCCEpPTANHMOHHOH paboTEl JOETOPAHTAa MO HANPAEIEHHRK MOATOTOBEH
D071 - oM mmenepHa H HHEEEHepHOS IJenow, O0PAasOBATENBHOH NIpOrpashie
2D07101 «Mammsoctpoermes bepr A C. ma teny: «HMoocnegosamme u paspaboTea
TEXHOMOTHISCKOTD OCHAITEHHA II4 00paboTEH JMHHHOMEPHEN NEIHHIPHISCEHX
MOESPXHOCTEH:, NPeJCcTAEISHHOH HA COHCEZHHE CTENEHH JOKTOpa HIoCOdHH
(PhD) Ha oTEpEITOE IIOCOEAHHE.

TOJIOCOBAITH: «3ay - eIJHHOTIIACHD.
IMOCTAHOBH.TH:
1) PexomengoEaTe gECCepTAaUMOoHHVIO paboTy Hyp#amosolt OA. Ha Temy

{':'PELSPHEIDTKE TEEHOMIOTHH BOCCTAHOBIEHNT COITPATASMEIN IIDE!EPKHGC‘I‘EE[ ﬂE‘.‘TEJE:f[
THIIA TSI EPaATTEHNAY K Sa0THTE Ha THCCE PTANMHOHEOM COBETE.
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2)PeromengoEaTe JHCCepTAOHOHHYH: padory Dbepr AC. BHa Temy
«Hcocnegosanse ® paspaboTEa TEXHOIOTHYSCKOTD OCHAINEHHA AnA oOpadoTER
OMTHEHOMEDHEIX IFTHEIPHIECHKHE NOEEpPXHOCTEHY E SAIITHTE Ha
FHCCepTAOHOHHOM COBSTE. .
2
-
IIpeacenarens '_-:'-‘:‘:':ﬂ'-f Hpuerro B.B.

CerpeTapsb M Oxmabaeea A E.
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BEEEJEHHE

MharepHanel, HCOOIBSyeMEI® E HAcTOAMIEM TEXHHUSCECM sagamme (13),
IOTyH9eHH E IPONecce aHATHSA HHOOPMAHA HS OTEPEITEX HCTOYHHKOE, KOTODEIE
OBLTH IPCAHATHIHPOEAHEL H CTPYETYPHpPOEAHEL

Omma B3 IMAEHEX TPpe0OBaHAH, NPeJEABNASMEIM E IIHHHOMEPHEIM
METATICPERYITHM CTAHEAM ABMIETCA BEICOKAA #MecTEOCTh KECHCTPVEIHH. Tak Kak
HA CETOJHAINHNA JeHe TpeboBaHHA K padoToCHocoOHOCTH CTZHECE TOJIBED
TMOBBIIAKTCA, E CEASH ¢ HeoDXOJHMOCTEND NONVYSHHA ECe OO0Nee TOUHOH H
KauecTEeHHOH NpoayEmHE. Boe 3To cEASAEHD © TeM, 9T0 paboTocnocobHOCTE CTAHES
SAEHCHT OT €70 OTAENBHELX HIEMEHTOE, NOIESpTAlOIIHLCA PASIHIHEN HATPYSEAM B
mpomecce patoTEl. B cEASE C© 3THM  EOSpOCTd HeOOUXOZHMOCTE E  HOERIX
KOHCTPYEIHAX, TEXHOTOTHAX H MaTepHATAX I H3TOTOEIEHHA SIeMeHTOE CTAHEDE,
4 HMeHHO CTEEHH. Eme ogEsM TpeGOBZHHeM AEMASTCA  OOEBIIEHHE
H3HOCOCTOHKOCTH HANIPAETAKINHE JITHHHECMEPHOTO MeTAIOPERyYIIETD CTAHES, TAK
K4K B HACTOANIEE EPeMA OHH MOJEEpEEHH OOIBIIOMY H3HOCY H EAE CI8ICTEHE
EJSEVT 53 cOD0H YIO0POEaHHE KEOHCTPYELHE H NPOCTOH 000py/I0E2HHA.

CymecTESHAEIMA HEAOCTATEAMHE CYIIECTEYVEOIIHE EOHCTPYEITHH
METALICPERYIHX CTAHKOE ABIASTCA HeJOCTaTOUHAR HeCTEOCTh, EOTOPAR ENedeT 33
co00oH NoTepio TOYHOCTH OpE oOpaboTEN JeTATH, ERICORNS EONeDaHmd H EHOpalT,
MATEPHAT, KOTOpPEIH He MOSEONIAST YIOETeTECPHTE NpeThABTIeMElE TPeOOBaHHA.

Henpio paspadoTER TEXHMYECKOTO SATAHMA ARTISTCHA NPOSETHPOBAHHE,
paspaboTra VHHEEPCATEHOH recMeTPHH ITHHHOMEPHOH CTAHHHEL
METALICPERYIErD CTAHEA, PaspaloTEA Mpollecca HAHECEHHA TasOTepMHETECEOTO
HANBUIEHHA HA HANPAETAHNINE TTHHHOMEPHOTO MeTATOpesymero cramka (MPC).

145



1 OBIIHE CBEJEHHHA

1.1 Hamuenosagne — «YHHBEPCATBHAH TeOMETPHA JIHHHOMEPHOH
CTAHHHEI METALIOPEEYIIETD CTAHKA, MPOLECC HAHECEHHNA Ta30TEPMHYECKOTO
HAMNBITEHAA HA HANPABTAKIIHE JTHHHOMEPHOTO METALTOPEKYIIETD CTAHKA.

1.2 Ilepewssr JoEYMEHTOE, HA OCHOBAHHH EOTOPEIX  COSJaeTcd
VHHEEPCATBHOH re0MeTPHH H NPOoIecca HAHECSHAA Ta50TePMHYeCECT T HANbITe HHA:

— guccepramma  «Hecoegosamme ® paspaboTEa  TEXHEOMOTHYECKOTO
OCHANIEHHMA 1714 0OpaboTER JMHHHOMEPHEIX OHTHHIPHYECKHX NOBEpPXHOCTEHY) Ha
COHCE3HHe CTeNeHH JokTopa dmrocodun (PhD) aeTopa bepr AC.;

— CEHAETENECTED O EHeCEHHH CESISHHE E MOCyJapcTECHHEIH peecTp OPAE Ha
ODBEETH, OXpaHderels aETOpCcEREM mpason Ne 35152 «Hanrnerne Hanpapmaromes
CTATHHEL MeTAUIOPEEVIIETO CTAHEA B3 DoamMepdeToras, omyom. 23,04 2025 ;

— MATEHT Ha NonesHyE Mogeas Ne 8332 «Crannaa MeTanmopesyIIer: cTaHEa
H3 DNOIHMepOeTOEZ ¢ ONTHMHESHPOEZHHOH TeoMeTpHeH Jni  oOpaboTER
ATHHEOMEPHEIX JeTanei:.
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2 HAHAYEHHE H I[ETH CO3JAHHA YHHEBEPCAILHOH
IF'EOMETPHH CTAHHHEBI JTHHHOMEPHOI'O MPC H ITPOLIECCA
HAHECEHHA Ir'A3O0TEPMHYECKOI'O HAIIBLTEHHA HA
HAIIPABTAKONHE T THHHOMEPHOI'O MPC

1.1 Haznagenne

— OOTHMHSAOHA TeOoMETPHH CTAaHHHE] METALIOPEEYINErD CTAaHEA O71d
MOBHEIIEHHHA OPOYHOCTH, HECTHOCTH HE NPHMeHAd MeTAlN, YMeHBIIEHHE
Ce0BCTONMOCTH H MaTepHATOEMECCTH AMHHHOMEPHELE CTAHHEH,

— OOEENIEHHE HIHCOCOCTOHEOCTH HANPAENAHIUHE JIHEHECMepHOTo MPC
Iy TeM HaHECSHHA Ias0TepMHIECKOr0 HANELTEHHA.

2.2 ObnacTe NpHMEHEHHSA

[TpoMEIITEHHEE OpeJIpHATHA, SAHHMAOITHECH oopatoTECH
ATHHHOMEPHEIX HEIHHAPHYECERE JeTATeH.

2.3 Ileas: npoeRTHPOEAHHE H HSTOTOEISHHE VHHESPCATRHOH [EOMETPHH
gmaHEoMepHolR  cTaEmEel | MPC,  paspaboTka  nponmecca  HaHeceHHT
rasoTepMHYECKOro HaNBUISHHA Ha HaNpaEIaomae JTHERoMepEore MPC.

2.4 Cepegenns o0 o0beKTe

B xauecTEe 00BEKTA PACCMATPHEASTCA:

— CTAHHHA MeTANIOpPedVINErs CTAHEA ANA 00paloTEH ATHHHOMEDHEIX
IFTHHAPHIECKHE NOBEpXHOCTEH,

— HanpagTHcmae TTraEoMepHOoro MPC.

IMpusuun padoTsr

— TexdomoTHUecEHH NOpoUecc HITOTOBISHHA JeTaneH CTAHEOE HS
MOMEMepCeToHd, E YacTHOCTH 3TO CTAHHMHEL, COCTOHT HS ! OCHOBHEIX STalOE
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Prcymox 1 — CxeMma TeXHOZOTHUSCKOTO OpoLecca HITOTORTSHHA JeTaneH
CTAHKOE H3 IIOTHMepOeToHa
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INepErIi Tan EEMOYAELT E ce08 OPHTOTOEISHNES NOMEMepOSTOHHOH CMECH H
JEeNMHTCA Ha 3 CTATHH, & HMeHHO:

1. [MoAroToREA SAMCTHHTETEH H HATIOTHHTETA,
2. [TogroToEKa KOMIIOHEHTOE CEASVICMIETO,
3. Cuemenne EceXx KOMIIOHEHTOE NONHMepOeTOHHOH CMECH.

IMogroToEka sanodHEATeTeH (Me0HA) BEMOYAST ONepalHH  OPOMEIEEH,
CYIIEH, PacceEa N0 QpaEnHAM, AOSHPOEAHHA H OPHTOTOENEHHA CYVXOH CMECH.
[Tocme cymEH ZomycTHMAA EIAFHOCTE Me0HA He JOI#HA mpeERmats 0.35%, a
ETa®HOCTE HanomanTead — 0, 2%,

1) IloaroToEaeHHELS medeHs H HANOTHATEIE XpaEHATCE E
TepMeTHSHPOEAHHARIX OVHEESpaX JNA TOTO, 9T00H H30EEATE OPAMOTD BoSIeHCTERA
EJATH, IIEUTH HIH IpasH). B nponecce fopMoBaHnd JeTaneH SaOomTHATETH EAEI0H
fparIEE JOSHPYHOTCA ¢ NOMOINBN ESCOERX HIH OOBEMHEIX J0S3aTOpOE H
TPaHCIOPTHPYVIOTCE B CMECHTEdb, TAe NPOHCXOJHT CVXOe CMelIHEaHHs. [ oTobad
CMechk MOCTYIEET E padoOuMH pe3epEYap PasTHECOUHOH MammHEE. Bo nsbemaHne
paccI0SHHA TOTOECH CYXOH CMECH, CMECHTENb VCTAHAEIHEANT HAT PasTHECTHOH
MANTHHOH, ITO0E 00eCIeYHTE HeMOCPEICTESHEYID SArPysEy cMecH B MAIIHHY Oes
HCTIONBSOEAHNA JONCIHHTETEHEIK THHHHA.

2)Caegyveomsil 3Tam EETMOYMAET E ceDA  TEXHONOTHYECKHS OIEepPalTHH,
CEA3EHHEIE ¢ MOFTOTOEKOH CEASYIOMIETO, H SAEHCHT OT THIA HCOONESYEMEIX CMOT H
PASITHEOTHEIX MAITHH.

3)danee OpoHCXCAMT OpoIece CMEIIHEAHHA  EOMIOOHEHTOE. DBee
KOMIIOHEHTEL IONTHMepOeTOHA SarpyaloTCA B PasdenbHele OVHEEPE HIH eMEOCTH.
MerepaTeHEIE HAOMTHHTETH H SA000HEHTETH E EHIS CYXHX cMeceH JOSHPYIOTCA H
€ OOMOIIBEY NOPOMEEYTOUHOTO MHEEXR TPAaHCIOPTHPYIOTCA K CMEeCHTEIBEHOMY
yeTpoAeTEy. TyA2 e mo TpyOOompoEoJaM MOJAECTCE CMONA H OTEEpIHTENE.
CyemeHRe ECceX KOMIOHEHTOE IMPOHCXOSHT B CMECHTEIEHOH EaMepe © DOMOMEBRD
pabodgero IIHEEAa, KOTOPEIN HANPAMYED COSJHHEH ¢ SIeKTPOJBHTATRNEM H
EpamaeTcd oo cropocTeee 1500 ob/uum.

Bropodl stanm EEmOMEeT B oceDA paspaboTEy GopMy EOHCTPYELHHE 711
HITOTCENSHHA  JIHHHOMEPHOH CTAHHHE & METATIOPEEYINETD CTaHEA HS
TMOTHMEepPOETOHA © ONTHMHSHPOEAHHOH TeoMeTpHeH (PHCYHOE 23) B EHAE CIOHPATH
¢ peDpaMH #HeCTEOCTH € NepeMeHHBIM Iarod (pHCYHCOE 20), HeoDXogEMO
ERIICUIHHTE 31 NedaTs GopM ImA TpeX Tpy0 ¢ BHemHEMH guadetpad# 200,400 »
600 w1, Tommeaa TPYO 50 MM B #H3 IEVX COHpaneH BHYTPEHHHMHE JHAMETPAMH
@300 m 400, pricoTa Eamgol Bs HEx 30 m. [locae gero mpoHcxogAT HaHeceHRR
pasgeTHTeNEHOTO cocTaEa, cOopEa  GopMBl H O SEKTATEA  HANEYATAHHED
EOMIIOHEHTOE. Jamee Ha EHOpPOCTONE MPONCXOIHT EMOPOVILIOTHEHHE, OCTHIEAHHE
opMEL B IOy IeHHE FOTOEOTD HIJEIHA.
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Prcyror 2 — MOZenb KOHECTPYEIHE JIHHHOMepHOH cTalmee MPC
ONTHMHSHPOEAHHOH reoMeTpiel — pedep #eCcTEOCTH E BHIE CIHPATH C
MepereHHEN MIATOM

— TexmonormueckHi Mpolece HAHECEHHA TasOTEPMHYUECEOTD HAMELTEHRT
SARMIOIASTCA B CIeTyROMmEM:

Ha paspaCoTaHdyi MOZENE YCTARHOEEH (PHCyHOE 3) 0141 HaHeCeHHA
rasOTepMHYUECKOTD HANEUIEHHA HANPAEIANIIHX CTAHHHE] EBEOIONHEHHEIX HS
NOTHMEepOeTOHA VCTAHAEIHEAIOTCA Hanpaemaromee gaaaHoMepHore MPC. Janee
AnA OoJ0o0paHHEIX NOPOIIKOERIX CINIAECE OBUIH VCTAHOENSHH ONOTHMATEHEIS
MapaseTpsl IPoUecca HANEUIEHAA E COOTESTCTEHH C Ta0muneH 1.
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Pracyrok 3 — Mogene yeTaHOERH TasoTepMEYSCEOTC HANBLTEHIA HATTPARIIARIIE

CTAHHHE] BRI THEHHOH H3 HDJ]]‘E-IEPEE—TGEE

Tatmmma 1
[Mapamerpsl mpolecca HANEIIEHHA HANpaETANINE CTAHHHE! EEIIOTHEHHOH HI
TIOTHMEpOeTOHA
Hasgamme JHETEHHE
JIHC TEHITHA HATIEITEHHA, MM 23
Pacxog mopommEa, I sHH 10
JImHefHAas  CHOPOCTE — NepeJERDEEeHHR 36
KapeTEH, g
Uncao opoXoJos 34

T'II.[I[I;E‘E-I-E. HaTELTSHHEOTO MIOEPRITHA, ML

1.1-1.3

T o wran eHn A IIOCTE AV HOITET O HAaTPEE d

Heftrpanssoe mrans C:H: /g

Jasaense rasa C:Ha, 0ap 0.5
Jaszenne rasa O oap 3
UacToTa HHIVEIHOHHOT O Harpeea 5 I 133
Hanp msesnme HEIVEITHOHAOTO HaTpeea B 1410
MonrHo oI HEIVEIHOHHOTO HATPeEa EBT 3.0
CHIa TOKa HEIVEITHOHHOT O HaTpeea, A 30

2.5 Ceegennd o0 YCIOBHAX I HITOTEOISHHE O0BEKTA H XAPaKTepHCTHEAX

OEPYEAIER cpegEl

IToMemeHse ITeXa ¢ PACOMIOEEHHOH E HeM YCTAHOBEH mromaters 100 wl.
IMoggepsneaemar Temoeparypa or -20 go +30°C. Oceemenme snerTpHYeCEOe,
HAKATHEAHMA. [IpOBETPHEAHHE

TanMImanH
HATHETATEIEH.
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A TPEROBAHHA K OIITHMH3HPOBAHHOMY
ATHHHOMEPHOMY MPC

3.1 TpeboEaHHA K CHCTEME E IETOM

CTanoK nocne H3roTOETSHHA NLHEH COOTESTCTEOEATE Tpedoeamman: [ OCT
7599 «Cramen MeTanmoobpabaTHEaomae. OOIHe TexHMgecERe yenosras, [ OCT
12.2.009 «CTaHEHR METATIOCOpA0aATHEAMITHE. Obmre  TpeboBaHMA
oesomacuocTEe, 1oOCT P M3IK  60204-1  wbesomacHocTE — MANIHH.
FNeRTpooDOpPYAOEAHHEE MAINHH H MeXaHmsMob. Yacte 1. Oomme TpeboEaEHa: H
TEXHMYECKHM XAPAETEPHCTHEAM IACTIOPTA CTAHEA.

3.2 Ilopaaox KOHTPONA H IPHEMER

Henerranne C©TaHER HAa COOTEETCTEHE TpeOOBAHHAM CTAaHIAPICE H
TEXHHMECKOTO SATEAHHT JOMEHE NPOHSEOJHIBCA [0 OpOoTpaMMe H METOOHEE
HenurTaHuH (1IM), cormacoEaERoH ¢ 3aKaATTHECM.

C1anok gomsel ORTE DOJEEPTHYT CUeTIYVIOMIEM HCTIEITAHMAM:

- NpeABABATEIBCKHM,

- NPHEeMOTHED.

[TpmemMoqHEIE HCHEITAHHA CTaHEA [OPOBOJHT COEMECTHAA EOMHCCHA
Henomemrena ¢ ygacTHen JaKasTHE.

[TppeMoqHEIM HCOHTAHMAM [OOJBeprasTcd CTaHOK HA COOTEETCTEHE
TEXHHUECKOMY 3afaHne cormacHo [IM.

Henmomawrene sapades BEISHEBAET OpeJCTAEHTENA Jakasqnra 74 YUacTHA B
MpHEMES CTAHEA.

Jata HeneTasaA onpegenzercd HemonsmTene.

[NpegsaenTenecEne HensTamnd nposcanT OTE sasoga Henommmrens.

[lporparmma H MeTOJHEZ HCOETAHHH JOTHEHA OHTE paspaboTaHa
Henomawrenes E cOOTEETCTEHH ¢ HACTOAIHM TEXHHYECKHM 3aTaHHEM.

3.3 TpeboEaHnA K TPRHCOOPTHPOEAHIED H XPaHeHHID

CTaHoE TpaRCIIOpTHPYETCA AETOMOOHIEHEDN TPAHCTIOPTOM.

Cranok, ero OTJENBHEIE YacTH H NPHHATIEHHOCTH, TPAHCOOPTHPYEMEIE B
Tape, AOMEHE OHTE HATE#FHO SaKpelUIeHH HA MONSpedHEIS OPYCRAX JHA HIH
MIONIOSEAX OOMTAMHA HTH MNEMEEAMH. [JonycE2eTCE HCIMVIESOEAHNE T STHX OeleH
VOOPHEIX, PacHOpPERIX H OPEEHMHEX OpycEOE H  JpVIHE CpeacTEa,
ODeCIEUHEANIIHE HAOSEHOS EpellleHHe rpysoe. Hcemonesopamme cnmocoba
EpelNIeHHA VIIOE H ero OTAeTbHEIX dWacTeH JoT&HC OHITHE OpHESIEHC B
EOHCTPYETOPCECH JOEVMEHTAIHH.

Kareropns ycaoEHH TPaHCIOPTHPOEAHHA E GACTH BOSZeHCTEHA:

- ETAMaTHIecERX farTopos — 8 (O 3) mo TOCT 13130;

- Mexanpgecknx artopos —Jl mo TOCT 23170;

- IEpHOT TPAHCIOPTHPOEAHHA He bomee | mMecama.

Eateropnr yenoend xpasenns no [OCT 13130:

- CT3aHOHH VOpaEdeHHA, OyIbTA VOPAEIEHHI, CONpPOBOJHIEIbHAT
gorymenTagad — 1 (JI);
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- OCTANBHEIE 9ACcTH cTanka — 2 (C);

- TApaHTHHHEH CPOK XPaHeHHT V3I0E Oes NepekoHCepEaIHHE He Domee 1 roaa;

He gomycraeTca XpaHeHHE CTAHKA H €70 COCTAEHEIX HacTel E YIIAKOEAHHOM
EHJe CEEINIE CpOKA KOHCEpEAlHH, VEASaHHOTO B VIAKOBAHHOM AINHEE, Oes

e perOHCEDEATTHE.

JAKTIOYEHHE

E pesyarTaTH DOpoBeJeHHEIR HCCOSgOEAHHA OHMH cfopMyTHPOESHED
EOHEpETHEIE VCIOEHZ HSTOTOETEHHA ONTHMHSHDOEAHHOH © IIPHMEHEHHEM
EPHEOTHHEHERIX pefep MeCcTEOCTH OIHHHOMEPHOH CTAHHHE! MeTaAUIOPeFyINEro
CTAHEA HI  IIOIEMepOeToHA, ONpegeneHEl OIOTHMATEHEIE COCTAEBR
NOTEMepCeTCHEOR CMeCcH, ONTHMATEHOTO COCTAEA TASOTepMHEIeCKOrD HANBLTEHRT
HANPAETARIIAY  AIHHHOMEPHOTO METALIOPEEYIIETe cTaHka. (OnpegeneHE
SAEHCHMOCTH OTpeIe A ITEE ONTHMATEHYIO Te0MEeTPHED CTAHHHEI
METATIOPEEYIETO CTAHEA HA OCHOBE EPHEONHHEHHEIX pebep FecTEOCTH C©
mepedeHHEN IMaros Ani o0paloTEH JIHHHOMEPHBIX JETaneH; OnpeJelneHE
SAEHCHMOCTH EJHAHHA TeOMeTPHYESCKHX NapaMeTpoE KpPHEQIHHeHHEIX pelep Ha
#HECTEOCTE  CTAHHHEI, VCTAHOBTEHE!  SaSHCHMOCTH — BIHAHHA — BPEMEHH
NepeselHEANHA KOMIIOHEHTOE NOMHMepOeTOHHOH CMECH, YACTOTH EpAIIeHHT
paboderc  OpraHa CMECHTEMAd Ha TeOMeTPHN JIHHHOMEPHOH  CTaHHHE
METATIOPERYINETD CTAHEZ, YVCTAHOENEHE TEXHONOTHYECKHE SAEHCHMOCTEH NIpH
HAHECEHHH HSHOCOCTOHEHX NOKPEITHH HA HANPESETIONINX  JTHHHOMEPHOTO
METATIOPEEYIIETO CTAHKA HS NOMHMepOeTOHA.

Ha gammom 3Tane paloTH BEIAEIEHO, YI0 HanOOMSe NOIXOJAINHM IIOJT
TpeOOEAHHA S3EaSUHEA HEAAETCA OpPefIarasnad CNTHMANEHAA [eoMeTpHA
SrHHHOMepHOE cTapMEE MPC, oTEewaoniai FEINeyEasaHHEDN TPedoBaman.
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