[R1IRuurtHUl [3vRppsR RITODIfbpERE B RMIT[T QAR
ANJHJWOd desy GtsMmMizHOtmilse § dedetsy Oolssdzsd3dzsy BB KOL 59
cJavyvl [1] C[ sy asusruf[Cryrf B S
viltuvf s (1w AphdBgs vUuBULUrNULE

sl ey r 2 twlllr? 11286,

4 B & ipsdcRls j 2
XMIS § ¥ H Iz dzO to ts Hsdptsh dzqdaq HmEds? sdz¥ j te § dzu

24 Yy 83015t v £0PH .

v 5 dZE



56

dstsotej d3j dede’ j f totsB dzj 3" dg@® hehfisidejIENd 5 ydBdVdzO to S H -
dets @O Iz Asgpts dzd yd MSC 52 /S s § 63 dafj s dzd Is § » dzd Y pMpIHNE @ Iz dz
RL-ats uvsBMEtets fsdzdlsj ndd Gj 0B kdzdo jtcmdlisi IsC

dBtstodzd ¢ fols@IGXEIf Is ) H 2 ZOtc B H diss2 - diED jufidEsts 2 C tsdeW | to
otcj d3gj dedz | f totsB dzj O3' O h d dzifgdiste B3 da W RARS'GY. to tertaimidjotd j jd
ydqueos s 0 dzf)j Cupsdemds:tczJtetso Odzad | , tc OMpyjisdzg ¢ lsad®te g <aB dgds 9
nObtetsdzd C ©O; MBotej dzj dedz" | ftosdL otsHMIse j dzder j s - dzts dzl
BON d desfisigtsg wWaff dgj dzdz' 2 f tofod® Mddz] dsdDOXiRfiastcls dzf | 2 dGOh d dz
f dzj §ffKs e toj B dedets § 3O C dhdixts [ddO® s ndeq jy.d v

1 toj HdzQle de@izyj M j ydgodzdmlstse o B dZOMIsd &EOIsj tod Odzts
kOCYj HdAv fMlskhHjdlsss d ONMfdtOdstss okLtse MmMeslse jlisf

vrs 621.002(063)
l11s 34. 4d&0

{ jHOS ydsdzdzOW € sdzdzj ¢ d W
[ . 84. skrlO, HBCIktte WdashsWmMSdrn dokz¢, f{tosWjf
[ . P OhCtse, COdHJHOI Isjmrdzdyd MEdr dzOESC, HBSYJ dzk
d.1. uitdse, COdHdHOIL IsjrddyimMédr dOEZS, HE
l.1. stLditss, COdHdHOIL IsjrddyjmMSdr dOEZS, HBL
(. ¢. [ WttjdBj S s, SCOdBHJHOIS Isjrddyd MSdr dOEC
#.1. oSsdOHdjo, COdHJHOIuNsy;mdzd yj MSdrm dOEC, HEE
g. 1. [wfbkhCdds, COdHdHOI Isjrdedyi MSdrmr deOES, H
s. ¢. stdzjfmMddiso 0O, COdHJHOI IjrddyjmMédas dOE¢
4.1 . ubttetsC o O, -dOGEIPHIs jMEJFS sz20ES, HBYJ dzls ¢
l.¢. Od¢BIibtse, HCltt Isjimnddyd mMidn dOES, ftosWj
.5, 1 ftselsj C@dydnmMoOgrs dzOkzS, HBYJdls v duvL;
1.1]. RMOjdS s, COdHJHOL IsjrdduyjmMSédr d&OEL, HE
R.R. [JiHOojHJO, HdwjSktste ¢1 [ r{ ruv csoOdkststcd
u. |. sBimlss yjdSts, COdzHdHOI Isjn dad Usjsifizdie ; dzOz ¢
[ .¢6. 1 $OfggHdfH Ols Isj mnded yd A cd 4 see@b Ols j fdds Otwh v

[ . 8. YjtjddmM¢ddO, MlsOth d?2 ftojfsHOoOljdz vl
ALdde Yy d, RdeisdlskzIsH Eydsdyds teOldadzsets WL €O

E AgoJu I J 1® vlvu, 202



gfrrtro1Rrr

g sAREs L st Rt 1 1L R[,

I ¢:

1 61 ¢..r2..f.618 7

R

touy(U

—
U.Io[
=Ty 2
- S =
ran - o))
—— (24 l
~ T
o e m
=0, =
—_ ~
MO n
— s
POy —
o} :
JRCm = —'d
x T eNT
DET —ea
0w x 4d — Y
D b RJ.d”w
DG D
= o) ——s -
—~ — —
—s — - =N
N —s o
X
O S wn
X — —~ <
—~ —~ 4 S
© D N
- @ x o ot
— UL - —— D
P9 N X
- MO rura.B

= O~

1

21

Arv ot 400 ry 4]

101 6

<

+— —h

N D -
U1
—e d
=208
a
O ot
Dk

—

—h -t -
—
O— -
—_— P
- =%
x 0
Ul@
——sT
— = Ot
~ 2 8
rotuz
Hur

..2b

s{1avt urRt 11 R
IRItOAR[ VB rfevi fmar [ 21 3m

grRuu ([ [

CAE

X~ e

[.l?n%
— X =
x o8
e N e ™

—_ = —

R

28
30

tefdruvfltRrRISr1 JHUR
...33

oY bL{

<
@ x

o JUN =y

JAr1sR

G —
g @
— = T
— D = [.U.._ — =
5139 38 1=
I n x0O ~—<sn

+— D
Fo)

3=
-2
— N q
n DM

— .

.
e

— -

W —s
o xe
P
P e
S
N
mf:uo :
o

o

oD
- RE
T

D :
YT |

m ~—~ = Iml

-Idum”|

Pt
: B0
R e
N

®
b

_ = =

)
—f —

P —~,0®

AJ..lB

rar....B
— — Ot
= QU %
x o b

. © W —

.37
fowu ][]
.39
42

J 1R

trartlreiffggdr 3m vy
Tof ¢

1orrr1 feu?

R
sdfrtivoeuvfal

sd{fyfvdliviam

!

soyruuvl o

n e
2 -4
— -0 CF

~-B

RT LI O1RY

—

S b —6 o ranm

— D > Vb e O

- S
—Z o
D NT
P o=@
— X b

m —— ~d

— QD — 32
lHt.B
JuD[nmv

0T
nw—3 D

46

J1..Q.a.t6.d.dzd.dz...$....

HU\l X
>ee
L —~ Ot
s —B
— = =
..ermU\
X O ——b

— P = ~

A8

Z\Y@UHRS'[N\} Jrmorraf [

C.4.dz@... ...

Mo
o 19

1

]

O] RURY[ HSRHE
GOL ts9

01
.{ r



J

=]

3D
...58
b
fruv{
nNanao
[ .

.53
Porvdlfs

.50
.55
60
B

IrR1u 1 8B
Csul [ UuvdudARR
190
It OARY[ HSR/S

MM5 00
....65
R.O.Q.dz5.9.....

B veteeeeee e,
tosdyvralrdolf o

1 }b [T UYRSOM
1t R
20l
frl?1rRAZ

1t IRt RI®BODL O

1oAY r1URC

3
101
|

J
S
Vi fueuv L d

1 ?
B.4.
trevt a0
rfc
s tsdzff .©.C.sa....

(
d.

VI{rJRY[1RC

zo1 06 t
¢ 1
Y. gt d.Bd.M.C.d.42Q...f.....
IRITOAR LV IHB

1 -
zoa [ v d]

(1R
iZts o
1ot Ccrr1lRrRE
SOLIDWORKS SIMULATION 2020
N -

ot
dmd
RO Is....

m
-

R
¢ dz
b1 6 R
{ O

— — bo}

— NS =2l k=2
‘s @ — 2 — —

—n

> NG b +— -~ +—
o (&) Nt > N~ o =] - 3¢ o
8 g N N~ Nem & o @@
2 = N~ e e o i
= = — ! e P oo (4
o i Y S - =
w5 o~ S C e
NP (& — HERS1 O Ry —s e
¥ I (4 ~ =\ >9 o —s —_——<
— | on o I o4 9D e D —
- ! - — o S =g s — s -
D 1D —_ s 4 8 _»o —s ond
S i s — 14 o . = o I — :
—. T == 0 — i —e N =~ i —~ 3 .
) h I < I <K NMO P DX PO G s -
X I —s Do — HS;.QH- R.m“- X —-S
6 = I XT ~ 0 o ~ 8 60 —w o
~—8 >0 4 —e >0 o —=>32 ~0 =
xS e : “E ~—0 7 27 ¥ o o

—n N rtu% —~® 28 nwo r:O T o=
S+ ~+ V= P N4 “—= — =0 N —~ —~“—%

....88

forRrIVfCcult o
...90

l{1rcteau

ot fodvur 3

RIC] RIS RY[ SR M

J1Lruvds

¢luffouvrRIRrRT LI OV L1



I
[ 3¢
{1R
C .

deRrRL Mt [

s{i1uv
R

94
.96
.99

.92
Fdrefrt il o1 RrRC

fozrufuuvl fT1RI

1.d.16.4.)s.§.dzdzd. S 1s.0.....

105
107
108

o1 u Y Plofl IR
trdloérRre

...101
ro

trruvsARrRR
...110

112
1t {AkptedrREer{
..115

vlitolfriRre
...119

1t R1TARIY 3

.S.z16.6.d1dis o

Ytrrduvlt oz R
VLrtdorrd L1 d

lt{yr1{auRr

)
lr4¢ R
frolrz t4d
fowurt ¢
gRHU[ [ 3
K= SR

R
| Bdztseo yJ dzl 5. .4....

[ d
{
fLrel?

cerBerereree B eeeme ettt eeee ettt

Plrtovru 4 tudwf g Jd ¢a Rl [

stemfrtrdad
VRIS 3
st My I JARrRY[LESL L]

NN R O AR I O AP S A A AP

R1MR1TR[ R

R. ,
R11

C

A
vf3 [VYUR[I[R]TOARR

[1R
S o T O PP
st {PTRILT

= 20

trlrterll 3s

A dizd f § dz$ ts
ARs[ IRT O 21 3¢

[ BJdzj...
I SARCC 2T sUT [T I MOTRIMOR [ [ 1 RS Devevvniiiiiiiieeiceecnn,

= @)

— =

R=g

— NS
2|ﬁ

oY
n 8 »

—s 1 D
—~ i\
g3 SN
— .
- I 3P
— "
x 8 I —g
x X —
2 -3 =
fatm L
Sd
—h .m.la
o o)

1%
—T N <
.I..Jrq..l

w =
o
~ M
x = —M
A -
.0.1@ vL
— J
11.@ < o
e T - IR.M
l.ﬂ o=
“ 3 :
x B geo.
n —9
) -~ -
[¢ o O
VlA T KD
RA " —
Uqw QDo

¢U..AH.. X — ~
r...tnm ~ 7 —
— S — St
— ¢to
NI = IPon o~

...124
sfltrfrilar
..126

veuvodL ][ s:

(2 A
— n
ox .
——h -
bo RS
P —
— = —

...128

PP R s

o3 |
P K
Rul.
S R

P M i

-l

P oo
L Ea

U¢[M
P PeD i
DD e

Ufm.@

P, 3

P &2
i Xx—3P .
e

QDO
.m.IH.B
IU[.@
—<sn< ¥
9 B
—x —§
o< ~+~ 0

....130



J
=
o
S < N~
~ & _ 9
< : :
oo M
w i~
o R :
& S
— P :
- O % :
- a3
- 2
s Q= 4
— B ©° o
> ﬂ,v :
o 4
x & % O
7V o 4
> g —~—4
— - RU..IL
> < 46
o 8 ~e
= .Mm.lm.
[r,G N S
Ira.mv_,&

ne®d a mo

—'T — -
(U N & e
M o D8
Jr...m —_— 0 Ut
—_—mn 924
- -8
“—6 +— —~+ P~

So1 ] ?1

139

Yt flfrirsfl |

rt am
Qe D s

(

1S
Joodo IS,

¢J 3
f

— D

— 2

- @
(S o
¥ =

—3

- N’

L= ) o
> o o
>
o o -
— —
- ~ ™
UmM P
M
- : .

- ey . -

: 4
s x g
~— I Mo, o
I, | _
oD _
= . o
= —

N -
[ = S 9

i +— D

: )
- -
-

: P —s
rQ" —

. -
- . ox

: —
= I x wn o

S

: —s
! o —
R >

. —

e R
Rl xeo o
lel _
T

. —~
r"ra =

i -
= D .
o

. A

EE

.0..%[3&]

CC YJuu
S . (&)
-8 II.%R
V..B - —~—N <

- - =
— ~— 8
— — ]
— < =
S © oo}
9 < <
o @ o
— . '
S 4
% SN <
0, mR :
bo) wl a
- : 1
= L
—_ B
- T 5
ST PUO
P :
S iy
—h < :
Rf... W >
e © e
—24d o
—Y8 To o
- S Gt M..0.0
—s T — m
—e13 o0
- - ..Im..uIIA
— —_
S ~ Db
rJ_z\uH.@
X — S...Iu.l.
bo IR .q{
—~ 6 ¥ ——
an@. —_——

<'T ——®
= = M0 D a
MmO —~cfd
= N x 2 wn

151 4 j dz!

form

sl JerR[?8aRLqgovt o1 ]
A....

— )
— ——

e @
x < @
— |m
oY a
x ¢

— ~+ UL

w =
- @
N
—
P oy
L0
n
U
N :
> &
-
— d
~ 4
2
e &
0 5
o5
s
> :
U -
>
S :
M o
—
~ @
= N
— O
[a1]
S 0O
—~ -~
— -
R -
> —
= -
&
= o
N N

— = S -
— — o R D .
o) — X > ho I »)
E=2 QD D e v .
— 1n PTES ~ — o Y=
14 1 >0 .= = a
2 =S S e
— A X 4 —s 4
= ) .2 — L
— P P P~ — D .
14 f, _— — =& O
< DM N~ o
S g P= = I N U
~ D g < i ceed T
g —~—¥ I I DE T
— 2N o i = <<
N = —=— - r..l.mra..
IO X —M 0L .
> = < xS 4A=6 . o .
—xN & -0 6~-— . x
QeI PO~ WD~ ~O
— T —s— LR =0 @ ot
r...rr.m —— N . “— b ® A.@
e o —<0 ][1.% w T

X —
D=
O i
— D
—_—
N >
- :
—x @
.Ia.l....m..»..
~ @
oo
[Rn@.
¥ b
—_—e >
— —
— = -

S d ="

-
— M

|

— DI P < P W0

S v = < — >



— ~ O +— — — raR.mu N = AJ.R ()] — 2
—_— —s X X n — > uD..l > uU¢ — ho JpE
— =% — X — @ — x B =5 5 —h ) — S x
e T~ = o TPy ~ m Ve lg ~_ o=m A Ppm Y 0 —m B O - — & N
—© © N~ N~ N~ ™~ 0 0 N @ Q © o o
Im“Rl —s— - - = — R¢1_ - — 3 — n = g 9 m - pd [ -] —
T e B ~=1 ~3g @ TSy i T i i g LB
faI.H PO P M D —x o Po— ey S @™ " = @ R e
-y, D P 2= — : =M I _y & —__ i & — I
“H_l.hmm —~ Q0 = : — — & g = .0. 214 = I = : 1 — = 3 :
=—~5 1 =% | ~23 5" O—=3 0, 3y D = Qe e
—w—rx : —M f:1 DO = raS; ~ . -2 D o .I. — — :
> I~ 4 D I —x00O 0 T o o ~ gy | M JmBHmlwf[.mr :
¥ Do —_ : s 8 ——< LD S — 0 = — L S — I : R N
., : —2> A T e R e - B e & = 2 ©@
— =%~ o Y DDEGee —,, ©%9 o ¢ a0 i x ! sy g i o= O
D Lo fooe Y 4 x : ==8 o, ,Ifaw¢[.m o bo T A S D = &
INW,O_ I= = R[ww.fa¢a” DT Do m o~ M B DI =D w ¥ —x N
——a% w05 - 8B —<5.T —~eN x—: M_8 — = sw T .
HC[.B — e T I1an%|a[uu o S HI — WW N n J[J.H ”a = -2 M
—+ o = Ruwr... — S tl.nnmJ — - I . = . Z.ru — X — o N ¢R —— O
x = T, = T s @ . o IU po} | X o, o =& 5
(7 —h D—= 20 —~ K rv.q.m X D—wrxyx —~K ra...nu.. s i tra — D Q@
e M - —s Oen —Rn 3 . I . o< Do ——h —— =208 — TO—ME
0 =@ = e J[u R{ — S S — S vy —— i X I < 5 —_ —~ T
> —=P xaxmPd IOT —~— - DO, —— s —W D Jra.l.. 1& S;HM M.U [[Jl.m
¥ —e = 0—8 990 s . DR YR e ——~ -0 —~xo T ON+——s
.lraz..nm. e~ P NI e 9 rl.rJ.B —_ e w9 NS [Audl — ey M
= 0 <P > D28 <8 > O ~=0 >0 DD ¥ . enx —8
S8 —p._,F et o8 o oo 3O 38 o 2T vz <y =m0l

s g —~M3E T DD T TeT MmO ) s D AN s T
N+ —= P~ m—= 3+ DU o POV 0V g, m——th h—t—py O < Py s PO asm— —~
D

.194

o} ¢ wirRGCe 321
....196

VIR TU3IM [ OU R



x5 ) < — o N — - e o <D — 9 —

— . — - — 0 O i M — = = — 0

— o — o Fw 2 o o oW < —~— © ~ & P—g = Gwian SN
s 09 o> m¢qmm Q < = J 3, §°° m,ima1ﬂ oy 2o ™ Q
— o £ i3 Hlmnq e PPt e @< s D Pl o~ 1D
—s e - ¥ T g O — — 8) muJ - =1 - e g NP U._Uf_,fafa
—— T ! 2~ P X = x m“fa wura 4 ~ .M s S f.ilmlﬁ.m.l.m —
R i - P g —=Q ~ = N — 1 3 ° et 2~ B =25 S DB 35 s
D, =D I p—N 7 Q= o = P o .%.N. w e | e ! Rle. ~ o
& P D> el TPM - te™ 1 e g a. i nee i e Bl
MI a.IfuR-%.lal —~ A w0 ".I..q raJ S w E- > .Jrara.l..[ —~%
Mo S H—~,aT N < T : w P 8 & el oo A OB e
~_, O .@S:I.% .m.im &) — E=3 .0. I Q..@ — > — P = ®u

> e a—=sed@ _«n = i) - L e 3= X 2 n @ —x < Q OF

— 5 ® L ¥ — mlg.v_Jwa g O —s Do P =D WRC.B Mf, Z[..O.r.lb S -
© .B.M - n i — X —sn ! b - Do R N S T S U.Jd][[mv ———
ey Bdwawuwtg ¥ 38 s U B I T R o s e N A
- L4 mg ! ,eT Do o g=Y —_ S - s L e s DU D T < 4
— d.wtt,u,%@u.% -~ - e @ m,AMu,u P D E -~ -8 ey oem® 3 .7 o o0&
— <= 9= T =0 <@ 3z iz al ina N3DEe -8 e B asd
—Q i o =N ¢ o~ -~ B : D P o — — e, i e S0 [1@;@ —=b
sl B -~ 3 = 11,.JUM. N P P o o - 9 i 54 xTO oY
—_—r : >—H8 o e T R A - = oo . ve i v B 0w<l8 sas
53 o8 o SEfE e -cme @03 i~ 3T @ ian oo ml i Mmool 30,0 L
n o .0 xEoN @, —— . D P s I T R RSN Bl
e—maxe® oMt~ sad e — =G — s~ ! D L= o3 o > D e -
——s— @ P - —_ D w —D —~ i D mﬁm.m.ﬁ bo Jiko) — D —h D - XD X - DD—
.I_.IUSO [.l.M - & — ® ..lru"U — .I.. — O (728 = —py [H.@. I1..|.r7u~|4uu .
PP > 0O . > L LD — P —s mCI.R.% D ® —e¥ 22 d VT wxrxowT ~ ]
— X M G ¥ b B x P PG o T e K b XU e X oD << @ 6 o
U[rl.% e, O O O e Oudut O3N0O 92— =0 <8 JRU.& D =T
—_0 ~Ex le.% x = xe—-+- xxnodo -0 o - %: ~olH enu e v RIH.,m.?l.%

Pedr—=t—at— v —~ION mth— = PP =D &P x5 mDODNES — o, Dgym—m Ty D PDPIPOD DD~ > = Db~



0 e — < 0% — X n - D o - = —s — ~ =3 4 =
D > [ 4 x —_ — — +— — — Q0 S — —h — +—
(9 0% X — o — — S 0 = s T — —_ — - UH
WRZ,RTQ.%..@:R,?_ - ?_Jsl?_ 0~ ~ & M ~ =] lz:b 8 = %.T.J?_ N
— e S e P s I S I O, M A R o) : 5 1 © :
LD | = | e I U BC V- 5 I 0@ e i — i - M X -

. : [ : : . - < H . : = —
So leEg gl o —xx igwi o~ @88 Do oo D —0 I m_ i o«
2= .H__é.m —_> - 5 - R e ©nN .m.\l.J —~. S ~s — - — 3
el me? <m & iex o= i oo in i Tl xn e ~o il
O=F N =N = ! © e 0 D Dol — i 2nA H.@. N ) > s 9 1 -
Rl.mft [mmvr_, ; B D I i o .lmr.,R"rRm_vs:S o) W¢RJ"¢
G| x x o i ﬂl[R" =D P ex I ~0 I nwnn ° T e e o ) er.m“-J_H_

— s : ~ X = I - .m.lUan BD—x —h : - ~ s a Q M._I.Q — —n N .J.@.S =y

— o) s~ I 2D &L 2D —— — ! —s—s 04 "o oo ~S— ! en i ~ g ="

o <a— o i Zcaf LS inl i ~a g = i o - I 8e | 3% o

0 % ¥ Nen | S P Mo, | X = 00 o b @ —9 @ — MY D=

—s 5 B P o =", —=& ND — @ o ol 2 nlO O~ TR O gy I3
== DI y.qr...R.m.- — > o S = — — << Io Cl.m. uvtnmv X oo o .@.Zxd. R[.@ Rm
—— I 00 —_ e =0 Mt Oy o o Xy L e N s Q@ < — > ¢ @

o B .0.1% HC.M Moo 29w & om ! e | aNn T3 o %YlR = >~ !

= —"—b +— S raqu 1HIC.. S > 00 O - :|...|. — 11-@ I x ——~ —6 .I..rlw — o
Pt .I...Iq.w. Urtrq UYU.@.. Irlo s L e~ & . .m.J.Io [.I..O g - - —_ =) —

———b — .Z.fa[H O x 8 —— er — X K o T~ D .M.UU MSBY DWWy g DO :

ol ez N w0 mo N 5 e b o . ¥ ~0 g Owe s T =
> o ns— ~ a8 oe s x > H.JQ. —_ P Pe T - xod MAM I oo T MesOQ —ox
= O ® T S xe D -0n— lm“- & —s | ~ I e e @ KR e X &
[P g = e T S — oK S0 RPN 7 R o <R Ul., o~ b [JB —_ @ Urad- — rq ]8].5 Irm..B.. — —~ Rl[B
9 . ¥ -7 e - Pa—mG — =0 S o -0 [t.@ R.m.% RlR.m [R.@ ¥ -0 —OCw™
ox O O= v mxex VO OY Y -T 5o LoefF 0 xzsE Dt €20 ~ 0T
R[a.% X -Nn —b X isc Wit D —p — = ¥ =& ¥ —sWv 3= — X o s o r.%. —_ xS MIC_. Huura.m

azO



J
—n
—
—_ N~ (o)}
o] : :
— :
e :
© : :
— i :
< :
o :
— o~ :
X — b —s&
qu.m fo.m
= ~T 2
x & —u
N — © s
P —s O
M— — — oo
- % << .
- S —
D —
r - o R.@
— e O o O
> DO xn >8
SDnI OoN
I[m —
N —0O
- O UL

— = ~ —
—_ . - ¥y o
=% 3 = ¢ —
\m - g o]
T & e 1 M
-2 N e N =
- Q D& 2 2 P
R BT S W) D =D
2 G em |~
«® d <= 1 >
To} O] o P ox
QL > = ¥ -

S TS R = IR
~2 e P~ o i
e S N L
— = ” > - S - —C
—~t M ox ;¥ e
~® @ —o0—=0 —wsxd
x= B8 srxand < —d

S s R
o H =_u w
20— 8 UJ,I.M UJ.M
—s K% S =& T &
- =) MI]..IG — — b
S —~ N — nm luunm.
— S - =0 <4
= . — —s UL L
S NS D M — - X

- X . o - == -
(@] D= MW—russ DO .
S x r——n - D —
P ==t — X D>
[i[u@ —— O ¥
> D= xoeld -0
Rras...m .luujn% — o Ut
r:.l..muo a0 >0
—Ss " x> o008
— e ® I.mulrm.

— = UUM.[QJSH.O:

279

FoR OB

Vilrsurt L1 01 RR

Yt lf3zfrv 36...

1t RLARIY 3

ArRce Bl trfril 38

svi f]{

.280

)|

—— o x0O
ey D '¥0 — 4o —~ D

)

SOLI DwWO
.282

J

tort s fuvse ITLrefr

R

«
~
°3
—T
+—[CC
x O
2 M
n
- S
— 0O
—

— — > 2
— — o] —
-} — vL —_
— > >
S v 0~ "o %o T
> § 8§58 8o %
o : D= i = 2 :
— : X o —
> - S S, —
2 R %
—. P — I @ ;i E= —~
—s - — o
Do R.m. 0w~
< P 8 e —
= T T T e I
SRR S R R B
nz & T T DD
.0 8 xa - -z
. x 60 I =8 <« #
—e I —~4 28 40 o8
x—=8 x0O - — b —
— LW —— D = e+ =

P

I

=)
—
—
= _nw
UU H
HH :
Ve
> :
— :
T :
=1 :
b :
i
2N :
—x
=S :
— :
- M
r— -
o &
=
w 203
—n D4
g —SCE
— N
~ e
N
-
e 0
.I.r...[uu
o >
IM[&
e, - K
=R
po} —®
!
-, B
—y
rAR.rrB
—Z —rr
no< ~

1t RS

o
....301

FLoroi

\l.lnz
X oot
« = N

po}
(o4
g="
- ©
g © o
(98] (92!
B :
& :
@ |
w i
= i :
@ i ;
S i m
-
o
2
= i :
T ;
> :
> i o~
-
: <
o
0 i #
My =B
~ =4
—a - U
—s ]
— e
g —
ey O .
0N x<
S mn —~
W) T
— Ut 1-%
D& T o»
-0 x0
- 2 =

10



R

-

310

Ll wswhrRs IRV JLJBRVD(] ]
@ 15D 1S EZIS Deveee e et

)

>
—
(/o7 —
4
© o ~u
0% nﬂ [m
—~ PN
— N
~
_ = 9
R
- 9 :
= —sS
o~ 4 <
(14 — —~ 3
D= U.m
> RN
o
N P 0
N =T
— © nw
=2l > .
- N e
— X U =
r< —» €

S o)
° - g
—s— —
—
= = 24
—
—-so + —
——% ' O
~ i
MO P9
-2 o
= ~ .m.c
"
—— : “— D
O e -
— M D o
w P a1
— — — O

I ) e -4
s T > S
M « X —
— S -
—_ S — S
X —= -_ =
D 0O s
00— U
>D—& x 30O
tr...:% po] @
Hru.h — ~u D

tyGs
1 3M

-~ ~ O

324
¢
(

32

)

21 {
2

/
J

S —s

gl dfPOvVvEBIRIRRA[
U B
U

frarf?
B
r
L

AVLSARI1L O ?10C
R
{

1 d
(o [0 70 SR VT o 74 SO O RSO SRROPUPRROPPPS

(04 k=2
po] —
— &
—s =
— gnu
> 8=
=. ém
— /ei
o Y
/eI
(@S] ”@J
@
— iy
‘O
w ™
e g
~oow
uDA,e.I..
)
US.,EU
N'3w —
~ oo
— g —
—~“ew
SnU,e..l.
no
rl[,euu
o —
It,eR
¢.I..,e
- /es
5 S ©
..lrm,es..R
Dn..|.,ﬁ_.vD~|~
Uru,e —
SJ,eQuY
Sd /e R
fa.O.éRl
..“r”ﬁ,_.:.m.
mm.m.mD[
R
W —

L

m

[ R
i
s sL

.333
335

JretdrBuvrrY O &
tJ ¢

N 2
4

{]
1 L Z
Qe D,

t
U
]

]
(

——s Ot
- 3
Rra.E
X -
—3D
—_. i .

— S

Y — v

A
1

—1B
- T
<< Ot
[L DO —C¢

RN YOS
¢
{
o)

0;

URt JI1O1 R [ oOJ L1010t RUYL LI
c IrstJItdRrRYIfruuld: o1 0
l sR

...338

-
—~
— 2 :
o =8

B e P :

D —— g
D —e ¢
.I..._llum-
[[ra.B
< —x 8
—~ =< I

s{tlvovw

341

s{1Ar? ARR

S S

344

1V RERYOBYOJPWd T O[] (TRC

— X - N

0w < —e

0%
]
k=2
S 3 B b
ERE I R
: O
5 Do
= E—
. : o
x> ! D ! —
SHWYWI
= D
..l.muuunU
0w -
P~ : © D
—e I 0 I D
faUl.I.
wI e s
Ucr
Ne— : D
— — P
—— i = i -
DGR
{Am[muu
Qv.l.mm-crmu
D=~ xf =
- > —O ™
=) —_a =

11



¢l uvfu
ol u

.357

rdfrRyduvrfc
...361

)

S J..J..1..[..[ 386 3

R

gf o)1 SR

fodzRrR 3
gf oy fyr3am [ouvrtrROS [

Lottt eeme ettt ee et

l.....

Jeuol [s
UR(C
KOfRsan BC ) ...
Jefirrvifsuvecm vRrRuU[f 3
ON THE ISSUE OF IMPROVING THE SLIDING BEARINGS OF INTERNAL
Turusbek S.AAIpeisoV A.T.KalieV YB.....coiii et

g sARGU®Y [ [rult o &) [T U 3T
COMBUSTION ENGINES

— — B

8

I T

- X o
— o &
lHW
+— —
UlW
—_— -

—f — .

L ——
n -

—_ O
- x'oc
N — Ot
— P
— N''T
— M8
— — m
[ruuz

— — —

{1101 ¢
19 7
1tR
1671

w372

ANALYSIS OF THE IMPACT OF WAGON FLEET REGULATION STRATEGIES ON THE

THROUGHPUT CAPACITY AND SERVICE LIFE OF RAILWAYROLLING STOCK

UNDER INTENSIVE RAILWAY NETWORK

375

ANftwaol s
...377

fluvlteghifour]
....384

Itrfrainr
ROLVJEBUORE 1O R

tosfvor1iam

R

1 VUuR
1Ld{J L1RR
Jegur [wu

M

Psdydur s

s{ruvtdfc

straorffad

AKIMGAali M.A, AIPEISOV ATttt mnne e bbb aeenaas

—_—— X
— - -
— O —

X @ —

o x

— L « Ot
Zxrl.U.%
_(dtI.la
—+—30
—— = &

[ ©

s 1 RIV (B

RO d2C. 15....0....302

rRYCS?21v3m [

rfc

R.IN.QJ. 028 . 55........394

1Lérrr1feuvRr

s {1 RI O

.

[ozRrRY

RMOJ dzb 5
JYRBUSR

RMOJ .dzl..1s...

r'a
[ .

1.
1.

CsalJuvouvdARJ 11 (B

s o
rwfot JRULS 721 3Mm
Cts
?t Ltovas
4 dz§ ts

307

e w4 rRI
R\
®

|
Z
s

{1 o1
am [ ¢
.04 dzS. 55.....0...

D~

RI..m.
D o KX
e}

- —x .

0 —s -
Sy )
- 4pe]
“HJ
o

n M4
S Ut

a8

— D

[
©
[
]
©

x & < x &

S K ~ NL—l —. KX < KX —. .

12



x — - - — N~ —_ _— x (% — " e =
n N’ )] . . —s —h — — ——6 o] [P o 14 C|1 o]
4
- §Y 8 8759984 9S8 T9% 8 3 L2 83055 8008
k=2
— £ P e e P XD o> 10D oo gt~ D N, :
- . - N M 1 - . M - . - . - — - N
— M-S -, @ Ta ow < Do FR « AR P~ - | Y - :
: : n Iy = T 8 : : : : : : : : :
_—— — : : : - vi "Ir.a e numu numu-p R ﬂw. : o) H
—ed it Tz opgmiozo= e N = - N
s < T afumr 5 — 5 P S i s ow P s Y . 2 o P
3 8 3 - o G K — o sy o Dw i o—s Do - B —s : :
. - : N - - - . — - -
Hliwm. s d BQ Do S - 7 VR I o0 @ o og o 0 - :
: . . : . . : H - N — . H
anu. & ()%} rr%r — o )} fuuu .m. R[ ) T .mt s 4 :
m..m [ - Pl & e e Pom e = > 1 = e o X W.” P :
- . - - - - Ll - Sd - .
S x = o P b e 11D P> ex i > il - T o _
N x F - P~ = — i N : D D 1 X —~— D L — K Do~ :
s : = = < H ; : ; : = : :
.I.M —_ ' rtmuqvl O — ra_la e s 0 ~x : - 1 = — D "M To—s .m.m - :
o M Z = = 7 . —© I L i o —= ! e T R s< - :
R : — — : : : : : : : :
PPN e 5 T I : —_— i ol s PP :
— H M - - . = : . .
D B > .%fﬂa.% P i, —~F e i o . P Mwa— 10D 1T x - IR
—— . =S — rqqrrc.si.l — o : : — X 3o P i o D oD @
+— D — @ fasl.ﬂ R.@ — .I...fa R i B — P : — T— —~ .%.J T S EU : T.Y
—920 ».0 ~xe —e 2xn == s Tl —,o—=d =T e g P oo
~ 3 & S - O —_— @ [l_.N_. Doy —s— o= 3 M.J{lm — D e N x|
(Tp ] 2 o . o—s — - - s .%ra S~ MRM "On_u.lum 1-% — - X nﬁ — —'T
s - K . K N— — rlnu”m.lub X. 1Md|s.. [.I...J.. —x _ ru?nz o¢ o .|.le
— - s~ s . D R¢.4[R[vm 1R,A“ ] UfaM. VD ey =P H RD — ¢.®.¢m o N
O = . OS & .lJLm,r:z.:l..qu_ : 0w — 8 x e : - —= =y e
¥ — . = 5+ @ D —s S x - [.J¢..m% ¥ Py =T = M.[l@ —_ 0D . — DD O Ko,
~x = ©2 o =0 —~-% LT T L <= =g x= ¥ N ex o8 xof ¥ B D -
_ P —'T — Ot 4 ~—=0 Wa,mm.m.wL — >N T [HM. oS T eu <« w0 —
rrln@ S IPIPN o T IU-M O P - o) - = > v e, s— D [M — N - — — ¥ b N
9350 et L m Cm oAU < N 0 —s 0 Teov NN 08 8 B _5<0 o>8
[er. ¢to < N N uu.lunz VL “— — — M —_— R = — —O X P~ N to S - ) R O <
]

438

U [ MRSttt eeeete ettt emeere e
13

d 9fBE

zsd{l?196cC



JerRMJ [ JIRY[HSRM HU

Ju

-

— M
e~

o N i

po}

L — b
e x W
NWeDP D == I = —w=20D2

...439
440
A43

....445

Ve datoeffr
R #RIUV[CKRRfJHITLUuBRSV
t

1 dvURrRS O
vl {tsR
s{f1ov3 |

rfc

S0 650 2 BZITREIG  rveereereereerseeeeeeeoeeeseeeeeeeseeesesseeeesoeees s eeeeeeseeeeeeeneees

RMQM‘
— n 4
—~ B
o B
Url.lc

s B8

—n O

RYJJ(UtRY[HS[H

trtosJuvyYRrRs
I Az rel v

{

I to
{1
4740)

tof 2 fevu?
(1CY2RM [R

{
[

ST
F © N
BRI
IIO
5 o B
D —'T
QD - O
—~=8
r N

G AAT

ltdlrrrr

....450

Fdrfd{rvlevrs
...452

Judr RsCU[ v UL
c e

rfc

¢cROBOSETE®

RLBUtULf[1LUd
todly3Im

tdrsuvo
tosfw

3 m

V3BTl ARC

131
bz

{
J

e o
oo |
Do
L
o~

PO
-
o
P o> g
oo
= ~Q
P o ~8
D
D 0= =
8

L

: ~ 8
PR « SR )
—_— S
-7
NN O]
— — m
ravl..B
— v K 5 <

cdt
¢

..454
s
458
IRy [

1

462
.465

CJrsvtdrv
[ 21 3m svhbhguewl 01 01
AL T 3

Fdrefnr

o1 RYLEIM

i1l éesvouf 3d

tor1t o1 Jusod

UR[ RARADOS O

dsUut d11 RS.
azas s s.0.....

(

R
9201 Pl dz'.j.8.0...0...

VY[
{rdf
d di3ts.9

J vy
vdr
ndd

....A68

orour
touvfw
¢

— 2
9 I U
— 4
— =
D O
JJBH
&
— s
-
¥ o -

o — S

— O®
x4
[1&
——h
D o=
> S &)

—~ L X 0L W0

471
o 4T3
.. 479
=]

¢ fueu O LLr118{¢t 1P[ROe€
....481

¢AETERNAG®
I
¢

CFPVTEACH
ANSYS RIGCDIDYNAMEIES ¢ RC
gudl s ¢

myswy ¢ ?
{10720 041

léc

P ¢ e—s>
W.I.Yfa.m
o4
s ¥ o G
I]C

) - —_— -

—_ .
— > B2l
X — o .
— P M«
o - —
- —_ @
— MY
[Elpe] 1.&
[raIE
— QO — I
I D~
3o m0O

e oK = KX >— =

14



e 101 0L RY
487

S10@HHOP AEFHZ@. .o . Lo

fJlorzrm zsfJ?21vRrRsf]:
bt MRU[SUULL O

> 00
DT »n

489

15



g sARC 1
s{1dvtuvRrRt IO R, tO8Y[U R 167 [(r1 JHuU?

16



J1Je1r flod1rRr sf1e8uvtuvsurRlIV[B #m([3 [JYRuUl /1] s
l3rfsrR v1JCc RY uvf1s8srRm R l[ru?2[¢ v[1srRm 1]

dWjdeH d Cme tols.y qu.dz? 2 w. |
'rsdg s, €C.1I.dz HBYjdals COWjHter ¢ | Btods
e-mail: an7 7tn@gmail.com
2r sdg s, OMY dtcOdals
e-mail: tyrtychnyw0@mail.ru

1l dzOMmilstsw hHjdgw oddYLdpOB SIsSC d IssdzSdr d o ! BO s
dzrn § Stsdi3BO2dzr d [§ RBEXPEMH e 0 tsidzOUAH yd zdzts ¢ ts
Mlse © o ftedL OBS2dets? L tsdzf o' cOBESISBE IkzHis] B sMis
syjdz o' HELCOSH P ' desfls! HBMISOsyYdes dedL S OwW. 1
Misr o [ sdBOMM] t©OL tcOB Ols ' fotdffilsifips &2 0 dz@ fr) IYf tSVeSH ],  dstt
deso toj d3j dedzts M tOL tkzh jdzdj &3 Zedzv tOLwkh O Ismw d
Isj dz¢ dzts (isdzhddgfipls! HBB' 9 O &It ts EZedzv Hts 30%, O
Isj dz dzr a3 ¢ C sdats BBq ) @ CH of dedgd sl a3 dgL» L OlstcOls dzO Is &
tcsH' , LOfMtstwsh j2 EFesd, ft hORld 5 ¢ BBz dzd ¢ O
ftso jtornldas®trm stclsdtetso Sk 65 YJjdzjLdets?2 HBstesej € f s
cOdzdd L OGtwW L dzj dgdesets kEZedzv d L OlstcOls dzO B©BtSEONM j
Zrlzuh jdzde 1 Ctdzse dygd ¢ w2 ss6fipls @dgsandsd] diusL H Odzd W ¢
f StoSHdzsde@ tetfsH dz' = yJd tc dzi814) WG d 5 Sz OMEOHSISS O o L
CodmstczS yd2 wydmlsder 7 SsdBBO2deso d dr dMmtf sdzded Is
9 jM BBO btsdSdrn § &ZzOMIOR 5 MjdjSlsdodats?2 fMmnrj ki,
HOY sfMe fadr degsmis! , O fstesHT Htsyesr dqdzd Steso dzd f c
9" tOBBIsOdzdzts] ftetsMistcOdzmlso s, WwWodzw jIsfpw OCIEZOd dats

Il COoyifmbe] foolslsdfO CtdhmistezCIlsdo dzts?2 fMmnad d&3r
94ifM BO IssdSdr f§ zOMistse o daBfplz S GRistzOs8 ts1gdz0 Y tc ff Az
BO2dz0 1s581.ClygMmMEEzsE N dzj s 2 CsizBO2dz, Ek Sttt
LdzOyj dg@ Hdzv tOL telkh jddw Eocdkvy, O MtejHdd?2 o] tcn dad

S o
S .

tdm. 1. st®BEBO2dz 1558/

1 6] H 2O € @ izl Ig & & tsdfth Salsts o 5 s i) $BE O $ 5 de 02 dzO,
sBRSHd & Is@Qastz8MeE Cdls sEURle sL By desMmls! or Hody j dz
LOBtW ., Clsts tsBjMfjuyudl otL Bty detsfls: dLodzj yj dedw o
et Swjfd dfgu O frsnashcd sydhsdses S sds 02 dC
10 tedmbkdsSj 2 ftdojHjd®O MRjBO fjdjCldodas2 HE
sydmsdzsets StsdizBO2dz M Isjdzg MEBSY dqud MSddz dmyf sdzded Is §
I iBCO sMmizh jMmisedzw jilsmw o Ho @ fthix dAIODe fy dols] 1
dLroeodzj ydi dzdj f tstetsHT Ctetso dzd , CslsstcOW L OC dzOHT 9 O] I
By dzdets M 1 sdd3 ftesdmMentsHdIs Ctoj ff dzj dzd § ts G3kc @) Jtaige . ooldrxilz
tctsdz f to(Cl-dsmziaBtCte t2d Ma SHdIs Lo dzj yi dedd bEcedzv dL  dzO

17



mailto:an77tn@gmail.com
mailto:tyrtychnyy90@mail.ru

ﬂ/ ﬁ/l

fleotwit nooxod (Beemka nopods)
7 4 2 A flgpada 2
. Ay ji 4

Bmapod npaxod (Buemxa 24/
4

g
=)

/

|
]

Yoo

Flopoda 7
N

t dBu R @Azl Isd o dets2  H ®H B de] dzdejddy Isf) dzi MC s dud ME 6
Bt ARO] MY sdddls | d' d' 2 Sod o’ sy O Bl i s 2ty 2 cBe Od
tkh jfaesHif costerlsd 2 ©YEEZEISHE 25 ¢ tdks 02 dzO

lted o j HJ dzdzOVW  C-Gsaigts e dz€ d¢s i gz Mideg a3® ¢ tsdie 02 dzO0
dzs?2 HBB'M Y4 kZedzw M LOCAkZOHCB2 {§otetsH' Ctso dzd  dz
Mded L s+ L sdzt desfls! EZcedzw, dmMEdzt ydls f tslsj te'dOA Isizj tcG
dz" o5 Sk Oydulsis o Mmets® syjtjH! MddLdl {djtes]d
v dMsS ddlsj tOlsktsr

1. [JjwSkdktseo 1 .(¢c., uwutiBAZ8cd ¢.R., R Jddmé¢d2 w.41. [O
OCtejEOse. . 1JjHELO, 1966, 280 f.

2. sOdzstsodu [ . RI.GBodgjls sf@dgtsdwr .1 .[L.., 1 4JHLO 1989, 304
3. 1 JLdzZEHAOY o7 JBCO Isdtdr odtsedr § zOfmMistse ftod k¢
fdysd2, 5. 1. J tsdzH Ote j dz€ ts, .1 . ddzj S MOdzH tets 9 . AL t
dgmMesf Opdffid., 1981.

-1 ¢60.-a. -98.1

4. JtltseamMed?2 uv. [Tl d&SHJ teddL Oy J-498% Oldfi dzd28.1 ¢ s dz! dz'

18



P13z v R v orrrvfevRrR t 0 fu3 100 [BL3IM rIRLOUY
fdrrtirRYOARR [ [t Jtdzr1RC

I sdzy J € 859 . dlsofd ditseo O
sdBdtemMC d?2 ¢ tsibkzdHoQitadrfristolsjjdidz BOHAXdd o Isj - desdzse d2 d d
hjlsdzj 9 O
e-mail: kirilldolg 101 @bk.ru

utsotcj d3gjdede” j] Isjrdesdzsedd BltojdadWw dzj Wlswder » d @
Wdzdzr @3 tetsfMissdy Istcj B 5o @diaf s 0§ ydBsHYIs> ] dztisfg dsds i s 9 O dzd W .
Bztcjdzdw, fjijtjnrntsH & Btsdzij My d &3 ¢Jsdsecdyd MS¢d
tedL BdzlsOdz' dz" » Mo tsdztse B EMdzOo dzd o O Is dzj BB - SH  B3S
dzj 2, St j WwWodzwt Isfws HKiadrousicos Bds ditfddgjgifipigls OB B J
O tew Bz o dzdwW jls dzO ftesdLotHdIj dzX desfyls! , 1 € tsdatsd
ZOdetsdzj j] Blso jlsfMise jdzder 7 kL dzse L OBts2 desets Hoa G Ols
Csltster L Oadmdls MmistOsletslds @ztsdn Istf § to jisHOO Yy CzdPtclzIsw h j ¢ t5

J ftesyd MmMj ttOBBIT 2O i st otsLHj2Msokzs Is
ZOctelzL € d, ojdzdyddzO CtlitB0rn Sy j dH tigksdzec @ldz 1 (
hOtls o9tcOh jdedj MBOMS ot ts figedatc sHEEHBHOj s o dBteOYdt
dzed W s, dL d3j dzj ded j &3 dzOff tcOo dzj dzgd W dzOctclkzL ¢ d f j tod
fsdzdzd Isj dz! dgr @3 dzj e Olsdodz’ 5 W OC Iststetsdz Wodzv j Isfpw o 5L
OBtOLdodz § yofmsdyr . 1My dshif cffomsHdifsdz§Ctfsp ™ &P
ojterndesMmisj 2 Istejdedw, kojdzdyddds deWilsse d, C0O¢
HodeOIlsjdzv [2].

s Zommduyudi MSdd SCodmMistekzydd cf stc oblcifoOs tg dzd ,  tsH

hdf dzd S Of COyjdedw, rtstetsh sz dzOisjj dedz'dd] das sy Pdg@r Mg B ©
fted o' MsCdn dzOctkzL COR d Isj&fjwOkztej ferhj 150
] tlsdhn kmdzseadwn OClkzOd dzs?2 L OHOYJ?2 MisOdzetse Ilsmw
hj?2 MmMysmtsedshisd, kdhzy"j Gdydlskidgugkes sy @ datso dgtf gzd
Cs2 (tsHj bzt ¢ C(tdedddtotse Odzdzr &3 dzd G JHtGSH
Clstster 7 yYyoOMmls! d&OctelkzL $d otMmfteddzad BOjlsfw L O Myyls
o jtendzsmisj?2 [2].

stsdistekS yddq dasodscus0 I C O elafdzd o €0 Odzdz’ | kL oz |
Ud dzdv tcOBtslsOs s Mtsodzj Misdzs M cdHtetsH ddzO®Bd i MSE d dizd
MBOL S d ftod owON jdedd. Clts foLobdVjl L dOydls] d dz
f zOo dzsfls! t©OB&IST H ofdjcyisqddzvdz 7 te@oris g ety dfys dzdz” A
tOBBlsOddy & MkOdzj2 forhOjl Miss2C¢smls: ¢ EkisOds
sOdz dz" = diMmdzj Hse Odzgd?2 Y BECOL" 908 1Is, Yt dBsH | tcdzd L
o jddujdd] inMkztho Ha@e@bj iz BHHwOBR] Y sihots
tcdsH JjGeEts MIsOBddzt dgs?2 tcOBBIST BjL dgjtsBrtsHd @3gsMmisd

Ik ") oddBOdedj bkHjdvjlshw kdkyhlj dieo Hirhdmssd
&R CtdhsttzSydw e yOmst dOBdks HOj kM chE s Bizic@®) sk
tsd, Yt EMCstwjls dqLdsf d o' L' 90jl fjtejctjo.
90dzd ] dBzsEtkztcsodzj o' 7 bk dztslsdzj ded?2 o dzOB  tod dzls dz' =
h ZOBO o dzzlste’ . [ s sddedlsj dz' dets o dzgj H6W & lsyyfts ded® dg€ dz
OMsmMsd, SHHjty o Os hddz fsMistswdzdetsj] HOo dzjdedj d

ﬁ]q’dzlsjlsqujfngcf: MBOL sydzr » BOIjtcdOdzse f ftser h j dad
MsOBddz! dzf | Mots2MmMlsa® HOY] Hted Isj B jtcOkztc] HES 1

1 Oy dzr d3 dzO{f tc O’ 'dzjj diaf{v dddz@HsYoy detsfylsd Gf ste W o dzv j Isfy
Medan Mdmlsj & Stdstesdy mMomsswddy. uvhnkOdss SO HOI
Cstcf 2 HodceOljdzv tsBiMfjuyuydoaOjls otsL didtsy detsfls: dzj
WdgdW EL dztse l sdzPBug@ ) dstelp® s @ozdzb j e @ @edz! detsdz o toj d3j dzd

19


mailto:kirilldolg101@bk.ru

LO Hsfbkfisdd j fjHnjd MmdhmlsjdO §sH0Y s Mdedod
fesHESCsdo dasets sBMdzEZYy do Odzdw, ftod StltsStsd tj Bsd
SESEkHE Odd W, cEsdgy E®OY G&pdzn Ot fdedy Oj s t©dM¢
UdoOjls Bjyt]j Bedisde 2 §jtedsh S &koksOoydd [ 5] .

) skq Bts S sdafflstekzClsdody 7 kftse jteh j dzijlse se Odzd 2,
MesesSd  BOXOENdEEsCO ©ElssEO. 1| Otkh jipedsy jf ity
B dzdzd A5 ste® o' LT 9Ol dzj Qo dzs i) tedzsj wOMY tej H j dzj d
©OLkh jddj HijkOdj2. 1dv bkflswOd ddY {lsdn fssd
pOdkzd"w d BOXOdMdtess sydy j MOdS d, 5L OmsaEeoChddj| 1H
lted s jHjddd Metesyds o S jtOyd? et o dedd
LOL OB d sjedduj MSsdz ©OMmh diej ddy HjkOdj2, yls
fted dzOctejoj.

10 f0OCIsdsy odej Hicj dadJ BSH J todadflaindsicts/asclrdpds” L Ol
mMdedy jdad ] StdzdyjMmMlsoa O BlsCOLBo LOBtsS2dzr 7 HodeEOlsj dz
orjy krdzr, SCtdduyifMmbbeot odzj f zOdztseo ™ 7 6] @3 dzlstse fkh
tcOB SIS HoadcOlsjdzw Hts COf dlOdy dats ctass jtedp RSQLAEED .z 9G] Ixik
Hdls € Mmdedy jdede + S zzOsOydBsdade” = L OteOls, kd3j dz
WiCkdodtsmisd Blktetse' 7 s jteoyd2 [2].

l1jtemyf jSIsder HOd dzgj2h jets tcOLoadlsdw MmewL Odgr M
6d?2 ckddesets Bktejddv e otsR@IERDPCSIEYBtcy DB g df WH {f
9 Ols! sy M dOctwkzy jddw, IstejddWw d dL desmMO 9o o
9 Ol CtsdzmlstezC ydes Jjhy dO 10 ftesjCilsdiotse Odzed W .

dzdwv ftoed tBtLOBESISC ] HOdd tes cHAgA codidtFpls@t: d 19 ts-L dadtsupg dirds
Izso M o MsCts?2 Istsydesmils: ¥ d §jtejratsHdlsy € § tsdzdetsfy

vOCdd3 tBEOLt®R, o' hjddj dOHY ydtsMisd L OB2cC
ddzgy j dzgj edzts?2 L OHOYJ 2, tjh Ojgs?e a0 jigagyvls df e jdig ddefj Le
sjtcdOdzseo, fMMtseo jtoh jdmMlsotseo OdzdwY MdMmlsjdz MdzOL Sd d o
stetsdzv . st dzj SMdze" 2 ftsHAtSH fLoatsdzw jls L dOydlsj dz'
Ly ojttsWwisdztsmis! OoOtd?2dz dqodgiglz Oy Ritctfo ot @ ts
HOdzgdzr | tojh jdedw MlsOdzzls Mmdasots?2 HdzW fjtejraBHO ¢
Moedzg” &3 MOBsMIstsWis jdz' des Cdzlstesdzdtetso Ols! MsMmistsw dzd
hd iy EMmdazsedwd + S zzOlOydd

tf dMsS ddlsj Okt :

1) dzzrse. lutsotej d3j dzdz" § Isj dzH § deyd d 1t Gind b lOd W | g tctOg T
i212 f.

2.stcdotsh jddz &. ¢., AYHBEGBO ¢.1. Isorhjddj dL datsfy
dmMf sdz LsoOdedJ A3 SR 5L dydsdedz - 18ABJ tcf@dzBEBRS5/ / 1 J Wi

31 jlstese s.1. 1wmorhjddj ‘WWjiClkdodasflsd mMbOLCd ft
ISR s B j tOIRe2&T T/ /T w. big%3ded j d daj Wlist .
IBRBEY. I sHhdyddSd SOUjddv. i[BMYg Olsj & lzd ozt

U
3 .

ded dz©@ [ . 1. Rdzdzso Oydodeds | dBjIssHT HJOGdesMmisd<¢d |
jCfls: Ldzj Slstetsdedzr 2/ /1 202028 O 2§ IURE dzq

w ¢Oo.
/I ntjournal .ru/diagnostic_methods. pdf (HOIO

20



todyruv sodlJRUGARS VLV ILL 103 08¢ Apruvt L1407 10

[jda@ hOedde ¢. ¢. T, 1 dwC0Ojo | .1.]
TTR uvlvu, MegH{ dzls 2a tf BB T
e-mail: aaml77@pu.ru
J1 R uvlvuv, RzZIt, C.Is.dz. , HBsYyj dzls,
e-mail: zgr@tpu.ru@tpu.ru

| t©OBtl] ftjHmsOodzjdr tjLbkd O JhmidjHEse O
Cotef MO yj dzstets | Hd@ES 5 ¢ &BipOND ddGAs! OBl 5B IZf
LOdsd3d yd MS dasd  ff tsisd) tcWoddej,ff dz@dzts oo"Ogeflz” df tetsfls s W d3d
EilsOdzso § . | &% OdOdzdL O §ted s daj dz' (dzy j dzj tedz” 2t
¢ s daj-tydizjsd3j dzls dats j BsHj dzd tetso Odzd j Isd ud dzd w ) ANSY
GjiLbd sOkto, 5B kMdzts o dzj dzdzts j dzj g jlslgts 3 dztsek O dzO
cdHieHddZOBd U MS dn 1+ WY jdfesitgodzd to1s ® O dedfipdzts f i j dglEdDY d
TEC Od descéts § OHjded™ HOodzj ded™, ddedyddteks hdyj &
Citdkjlstedd StkpsfttcotHdEes §jj iSHO H&Y dn ks

[B MY jujddj dzOHfjEgaEECc ticOBastst 2z i Odzd W W o dzv j Is
LOHOYU, 2 o dajftejter odgr 7 kjrndsdsedyuimSdr ftsyjm
yj dzlstetse j ¥ dzs @ 54 0dZO iy tsehy O oMITAdzOY € Qo (s Oy sdadzts?2 1 tots
fedotsHdl ¢ LdOydlsj d dgeddi ¢ b dasdQf fYds df Blss ™ o
fesHESsse  fsljted HEEsEsMssYh jets ©OMse stedlsj d

Ajd's HOdds?2 OBl Wwodvwjlkiw sftejHj dj ded j
ZOMEMOs MGAR] sStsH O3 ddzy § dzj edesEts t6OMyYjsO d o yd
kOCY | BBBRE®OtL Sdj dzHOYd2 5 dsHjteddL Oydd kkst
@OH j )y desflsd Octej ¢ Ok O.

i S
b e

)

oFos

otsL dzd € dztso j daed W [Qd@pldtk;;q’rdfnlsa dgwvw ¢COadlkOydd

tdmf § Mists

[ dzv  f tsfmisDedstg Higddrd 3d M sSdz' L 59 OdzO M-8D. i redzf totPEFIIOWE t5 [
3D s H dzd stczB i tctso SH dzts 2 milsd d WOCIlsdyud ME &
BsH jtodzd L qiotso Odzdz" 2 f jtejmatSH.  OLAJter BFdzd o' ff s5dz

< £

tdBAOCISduiMEd?2 HJijtejntsH Al BHjtdzdL Jtetseo Odzdz” 2 ff § to



mailto:aam177@tpu.ru
mailto:zgr@tpu.ru@tpu.ru

{diutte S oo SH dZOW ] Is!
I ANSYSCFXtcOMmMuydlsOdz0 dz0 &zOdzdydj ¢ Os dlsOy(disdzdz A
Ldzj ) dzls dzOv ssHj dzr btk ttse SH ds2 MBA49T o & fls j

- ST Srasa
155418.328 et

=T 147687.141

] 139955.953

132224.766 E 132304

574
124493.570 124553

L 116762383

B 109031188
TNAI LI

B oisp0o00 [ S
Aot b otk ey 101300

[Pa]

{ dégu dzsd OB M dz sdzgscts HOo7df Bag ftodzd L detso Odzdz 2§ |

Vapour. Volume Fraction 0.996
0.996

0.9 0.854

0.797 0.711

o % 0.569
0.598 /
10498 % e 3 6@@ 0.427
0398 b |
AP ¥ 0.285
B R,
e N 0.142
| a2 0.000 g
£ g O A —

{ d8)f 5COdz dz j] COodlOydiddy j LGUfBWGOL S Odzdj f OtcO

R dzY § dzj tedzr 2 -NOR JRVIIS f HsBUsG gz Is fifldsoteddzO dz'C e id Is Oy d-
stc3BOIsdo dz" d3 Istcj Btso Oded W 3. -dftsiHigORdSte tsth ©Ofgatf jj H o8 "hwjgj d
ZsC Odz dz" = COQodlsOydtsdedz" = LBsdz 9 BB dZOMIsSd L CBSEB
st MedkOmkzjlsmw ) % O0SIduj®Sdd &jMistsd LOLttkh j d

17 dzts EMlsOdetse dzj dets, Ylsts OdzOdzdIsdyj MSd2 twOmyj s
fcslsC O, odrtcj SBtoOL 59 Odzd J d d&3d Mis dz" | GdHKOs d
LdzOydlsj dz' dz" d3 dzsC Odz! dgr o3 § OH J dedW d3 H O9 dzj dzd W . [ dzv
Mftesj C1OJ tedfso BdgsH | dzd teso OdzO BBsH j tedzd L Jtetso OdzdzOW €
gL d3j dzgj dzgd j &5 S J d3j Isted (. tdJLizdz sOIsT BtsH j dzd tetso Od

slsmizlsmilse d j Lsdz Ctdlsdyj MSets tOL oWy j ded VW, f tSH
ted h § dzd v .

lteso § HJ dzdz’ jdzdd'mfrpddidgtdsafifis tcd telzé Is  dzj sB R tsH d dzssMmls!
ddzy j dzgj tedz" 7 tOMyjlstses COo dlsOyREsHgetzd stso OONG H gzl
cdHteOoadzd yj MSdr MdMmlsjdzs. { OLcOBBISOdzdz" 2 ¢ tf &zOo dz" 2
COodlsOydsdedze § W otidagazd™OW Isqe@s JipOdigsfigds: d toj Mktefn dz
407 td OdzdL Oydw ftejHzSY J dzdese s tojh jdedw 5L 95
tcj jMstc® tedmMitse HftojHftodwisdw d dLBjYOls! L dOydlsy

uf S ddljtOki’ :

1.t BSA801 cf j Sl sShsOssydkses tjmMzehpP. dZOns |

ISMetselsj R dzOHL SB 4 BiBHE; 200 € Istctsdedz 2 .

2. 1 Juu 1 -25041810 6¢1 Ofmtsmr yJj dzlstetsB j 3 dz' j-.H Ols Or dedh | Hfij Caff J¥

01-01.-f . : lsOdzH Otsls gldBY itshigids, f &2 0C Uslic ts dzdz” 2 .

3. {1 BBA8001 clOoaddO IjoddyjmMSs?2 1 CMY zokOydd to.

| smMetstelsj n dZ20HL B8 @NGofY; 209 LIstctsdzdz 2 .

4. 1Osj, s. yvYdMmdzidedz | BIISBHT OdOBZJLO d &jIstsH € sdz
Odzd Es5MS o0 O: wlstcEiMUg8chi @S ME98Rdz S Ists s dadz” 2 .
1didCiody, [. [jlbtH stdzj yde n € dzj 3 cAs[semn e @:j nfdefft€
19751 58 fju j S fls: & dzj S Istots dadz’ 2 .

o

22



gfltJuoRrRIJcrffuvuv? tdr1tvz LRI w#ldt13m vtolr 1]
stoa Sy A frdd rfc vtodrel JtuRrRt ISR V[ AUR

rzteCdddp ¢ OLOtdtsa | . R

t'4uv dgjW¥isd d ¢OLO (1 RL) ddijded R. . | L
e-mail: zhurkina.t@qubkin.ru

240 dgjW¥Wilsd d eOLO (1 RUL) ddgjded R. [ . | kzB¢

[Metsjdedj hjdz Wsor n toj mMkztemtse  smd2ME B2 AjHJ
dzj dzd j s Hdzv dzj Wisj cOL 5o 52 ts5)sdzO¥izdfnshn®] € tsldds  fajzezls:
ftedesH dzsets GOLO, 4,7 % LOfOMBe dzjWisd d 11 % L
dz' § ¢ iWfdeleusy) MS d Hid) dggusdiesjc ste OB tsls o ¢teCIsdSy [ 1]
O SHBIESHT HEtSBM 9081 ftoj AR j Mbo dedets tog 3w ) €208 BBt
tesyHjded?2 Mjojtedzr » dBstej?2 L OlstckzHdzj dzets 99 dHEZ B tsdz
sdzdzsets § JjiedsHO Moy dj ddzts? dzj Hise 82 tsBMIsOdzts o

] SHOo SH dzZOW JddeW tcOMistczC Iskztc® di3j Misstesy Hj ded?2 f SH O
CzOM¥s378. 1325800.2017 [2], § fsmstwddsts Hj2Mls
9BH Glkdsmwismw: ojMm Stz ydd ItekstsfttsosHO (-
tcOMlsOded j ), dOtkzydetsj] cdHtsMsOIsdyj MStsj HOs dzj dzd §
Mtcj pdzlzlstej dzdzj § HOodzj dzd) btcOdzmMf stclsdJtolz] BsEets § tetsH
dzj dzgdj cCctwkdzs®O LOMr f¢d. s oBLHj2Msadwvd sCtclzy O h
&ZOctokzL €, orLoOdzdz" | BHOBHA BB Isj yj dedvw fsd d da3ts
tsls dztinfiyw Is Mj 2 Mdsd yj MS OW OCIsdo detsfiyls HiWstedsOydvwy @
yjmmr, esLHj2MseodyY I kttOdktse, wWEttej?2 d § OHOsN

CCtdzsedyj MSd?2 khjts I ttOLtekzh jddWw f tsHoO tSHz -
stczBtsf cso sHisSe, IstcOdzemy tsicls dds iseyh qiZe dzkz ¢ dzjcdsts B {¢ Had |
RO 1 Isdr ItezptsftctsotsHOR oL sy dets dzdh ' o dzOoade Oy
dzr 5 { CsdesiBdUui MSddiid L OlstcOIls O3] .

sO0Cdd3 tBEOLsA, COyYyjMmMbsots dLeBltodzj dz2dW IstclzB ¢
ftosotsHtse L Pij ldalits Msdrg istsmils: d MdMmisj dsdezs  dzOH j 3 dz
stcOdzlf stclsO@. 1 sCOL O jdzd owL € SHCEOD) tc OspiszOp dzf ¥ Is( Is

Cozff 2 dtstcedzsOIsdodzr = Istej BS99 Odzd 2, Sldtsmwh ds mw ¢
h jdeds tshdztsoe daticdzts fj Isdhdzddpe Qe dz' = Misj H d dzj dzd 2 . g ls C
CTODsftejHjdzvjIs Msfteslsdo dzv jJ dzgsMm s BOSjtcdOdzO ff swo
Clsls fsCOLOLjd dtsBrtsHddE HEZY ttyjdzSd HY EMisdd
odzzlstcd IstclzB dzts 2 uHrd) O cfdztsHNdsdtE dfdz(ISl ] dz! detsds H W j S IssMC s
[3, 4].

456 dzOMdzets02P30200 72 [ 5], Y sHotsHAZ | IstczBtsfftcso SHT
1 S dz2OIsOyd sdzdets?2 dzOH J y dzsisd d o dHEZ IstOdmy stels
hddesmists?2 C sfls! CaZDtsevcly dnf detyydfOdiz dz" = MY r lsOdzd 2 H
Stczptsf csotsHise fted fHtsorh jddetsdys Ztesodzi dnr + ¢ MY dziz
fsebdtetse &) -O6tkhhdsdizE Mt] H-s5d Omdz - M jcDR ddssp i) Yd
Msts2Cdnma MlstswCtse .

v OB d yo
s OMMdW dS Oydw ftsHotsHAzZ -» IstcBBfftcsoBHTESH

Ligtse jdz 1 S kOl Oyd rngBijdd“q lsd;’ad;sdé ‘Ismbq{wo'zfdysg
l] OLtser 2 L G
1 59 ' h j dadz 2 L1 G1
[ dzv st Odzhf stels d to #ecQed) M Lo a2
dzZ" = fMmtcjH
rdzv  fj 2 msdafdgcdf 02 tsdz L3 G3
HsfMists2 S da Mlstsw tse

23


mailto:zhurkina.t@gubkin.ru

] fMtstskejlkmsodd M 1 ttOoddkzOBd $ ZOMMd¥dSoydd d
o SH-tpg -02@30X007 [5], &BOtSd MlsOdzj2 Hd&Y IstezB  SHO
BzCoORBd (uwuv (9 dzOyOdty( otk dapjy jEHa[ty L dEuiCdidw BOts
1B MisOdz? ftoj HAdZOL dzO Yy dz@). Hdzv Mo Otcdzr = IstclzB (IsOB dz
v OB dZf yO

ttstslse jIsflsodj ®ROtetsS MisOdzd HEW fsHotSHA & IkkzBtsyts
fev|tvuv3|feuv3| {evd|fevd22tituvvd46 1850 (8u55 tsguvb62tuvuvb69
o Nfvsuv33 su3€€tHu4(fvud42|(fvvd6(tvuS50[fvub55/tdub2|fvub?9

iig s50 335531 s55| s56| s60|s60, S65 S70 s80

] lOBd. 3 fjHMmlsOsdj dr Mistslse jlsmisolkshdj Ist]s
d drm Mo Otedz » Mtsd HJdz) dedf I B s OLIRGEDO YPOY O Qfifdd B iz B
hqdgr k) S q i le0Ady Hidz® B@LigsGkhAd Hd* Bk asdi

v OB dA[ yO

viejBBoOdd" § btojh dhsmiss2Ssimisd &jlkOddd ktks (

CTOD, _ dfds.ch, uC zOMM IS tiA &GS SH G o3 dzj J
[O0¢d ttO 2 20<t0 3] 30<t04d [ Ots¢d ttO 2 20<tO 30 30<t040

feuv (| 010 0,10 015 |{ev460/ 010 0,20 0,25
fev32 | 010 0,10 015 |t{ev500 015 0,20 0,25
f#v36 | 010 0,15 020 |twuv550 015 0,20 0,30
{euvd0 | 010 0,15 020 |twuv620 015 0,25 0,35
{euv 420/ 010 0,15 020 |teuv690/ 020 0,25 0,35

CTODd3j s OdzdzO@ o Otedzsc 5 M5 wd dijcd@ifym dis thlaiel & GIaHES, s wldeit) J

[ OS¢ d t.O 2/ 20<tO 3] 30<t04d [O0L¢d tO 2 20<tO 30 30<t040
g W - - 0,10 tsuv46(Q¢ 0,10 0,10 0,15
t 432 - 0,10 0,10 teuv 500 0,10 0,15 0,20
t 4536 - 0,10 0,10 t auv 550 0,10 0,15 0,20
tau40 - 0,10 0,15 teuv62(d 010 0,20 0,20
teuv42(q 010 0,10 0,15 t v 690 015 0,20 0,25
VIstsydzj dzd J ZC OL Odzdz' - Stcd3OIs d o dzr = CTBI:GR B ls® dRdiAY 2

stczB d Mo Otedz =~ ﬁ]tsJHddszzd fsHoHdE » d&OG dflstcOd
fsLotsddls o fjtmifjClsdej MmddLdls! Mssddshls! d §t
st §esd fdo.

s NS ddbj Okt

.sOLOdzse [ . 1. | tfmMkzHOtMmlse jdzdzr 2 HEC ZOHMBEhk BW dag
fse (MMd2MEB2 AjHjOYdd o 2023 CcisHENTo G0 LW

)

l 378.132580%xmmmwuﬁmwmgq;1moaqmo ftosj Clsdtetso ¢
OCOtets®o | . R., ¢dzdjoO ¢.v. 7 dW Jm;@udOudW dzts te d3(
dzr 7 stz HdA&zvW RBOCdMistcOdz! dz' A dZJ sjftcsosHBa d dzj
dztsfyls  Is tefle@tc Q3 jtdsOmoy distc z B s totso tsH OF. 2049 ODtebpdats § 1§ to

Zdjo0O ¢.v.,| EOGEOEGEOd&| j RIstejBtso Odzgd™ 5 Istej h d dats
cqimisteOd d & dzj % isj { totsd toHsty.ds HufpoQizg O B j f bAOPIHE dzttimls d-C3GL.
38.

5,17 ~-02@301007 ¢} tOoddO ¢ d&OMMd¥dcoydd d §shises2d
Hsoe. (MMd2MSd?2 d(stmCs? tjcdhstt MzHsRisHmse O / 1o

24


https://elibrary.ru/item.asp?id=48447583
https://elibrary.ru/item.asp?id=48447583

VtrRIft1V1RL CAD R CAE urRpwrRf JIowsHl YT [ [ RE, R
INorfLrd¥LfrrLRrE

1T W dzse . ¢ .
1R uvlvu, FRliglgdh bdzls GtGIzﬂij' 4¢31
e-mail: aa’d1@pu.ru

ssotc] iBj dedes ] BOh dqdesmistetsj dzdi, OodOfmstetsj dzadj, C
dtsdztse d ydz' HlsswG@pddhn: f dzj sBrtHdBshis! ¢ L (Bt
HESydd o0 ter desC, Mmdedyj dedw jvy fjisjMmistsddshisd d
s d Wkt ydsdod dshlsd. 1 (ksdr khessdwih IteC
sOdzed 2, ©MdzaoHCidAd dj deldEs ymithls o © Wq’Lq’u Medr fteslslisc
dzj yj dzj MstsBtoOL dz" 3 d fMdzdh S tsdg o3 Hdzj dzdz” 3. t N Jda
yqWtese OV IstcOdemMW stcdBOydw, Cdzs ydor ozd ldz;d34dzlsOd3cf

9 OQdzdztse s ff tots CADS d tdts af @alpg Wz (tc @AY s O dzOdzd L (
dCIszOdz! detsfyls! Isj d3r 1;&15Izﬂ3dzljsdzdzgidzﬁ);|sﬂz@|3q:uﬂ§,t$tetsar:
dzso dzr &z W OSCIststcOBBd kM jrO o Mot B3j dedesd3 ff tosd3r
dzdj MesC O ofr AatsHO fJtotsHEZSyYydd dzO0 deor tiiaser, h ey J Lo,
#j2yofm tBh jftodL dzOdedz" 5 W OC Istsdg Wo dzw j Isfqw  dzj o 5L OBts
ftesHkSydd BjL fteddjdd dzdv Mmsetej di3j dzdz’ = MdMisj d3 O

l fJtsj Cilsdtctso Odapg-id il SHE (ComputerAided Design -1 Ists Qo Is s -
BOIsdo Qiiptetsj ftotsj CIsdqetso Odedy, Ctslsstetsy L OCdz¢ yoO,  Isfy
s d?2 HiY MLHOd]Y ¢jtdjlstedyjmMSdn &sHjdj2 dLH
34 dals Oyaip]. [ 1,

[fdzse dzs? toj L ZOADEE 6 sl B s s Odze |  Is ts Y dztDPRtisHe)y Bl te
dtsoto ] BICARENGMIs] B3 Y jtedtelzrls, fiyHi ofmjcet, § O
BsHj dvdgd, Ctltster j fLotdvsls djcSts odshmdl: gL
EftcOQodzveshdj j2 fOtOdRjIster d teOL d&3j o' .

sz ujor j Wid yd dCAD-M ¢ fiyls fetrpidetgfils d

1. Il smstetsj dzdy G Jjtsdzd sted (:

2, L HOM],j DIMCdL Sotse j3ten detsfyls j 2 .

3. 1 OOz stedyj MStsj HBsH] dzdteso Odad j: HowWL'™ 9 0Odz
1 dzj d3j dels Odzsd s H § dzd .

4, e4tsLHOd ] MettsC: [BI jHddzj dzdj tslsH j dz dzg" 7 |
S§ e Hjdzj ded juds M 2] dpalyd § 2 .

5. bolssBOIsdL Oydwy HtosjSlsdtoso Odadw : | J dep-tcOydw
BsH jMdElstste] Odzd ls ydzOWY o dL 2OdzdL Oydw (toj dzH j tod dze )

]l ftotsj Clsdtctso OdzdCAE-ignff ldsjdaz’'L :z ¥ dsdtsls z Odz' dz" j d My r Is
OdzOdzd L .

CAE (ComputefAided Engineeringd {+ Ists fmdmilsj 30O, dmf sdz' L zs h Ow
fsLosdzwsls ftesoatsHdIls! ddgy jdej teder J tOMmMyylsr d odtls
dzdw o twWOL dZdyds » EMmdzsedws, ddidlsdtekzs hdr toj Odz’ dzkz

CAEf sLotsdzws s ddgy j degj cOd3 d S tsdhbtc@&B&EO R ttcise §
Hjdkzd2 ddzd MdMmisjd o ©OL&Jyde 2 bkfdksedws, ftj HMC
CsdilstezS ydd.

lted toj OdzdL Oydd ddayjdzjteder 7 ftetsjClsse OIS
Bdzj 3" , dzO toj N jdedj SCtlststcr n { tda sy d s fipy d3v O lgftc Byt oo
B lsfpw toj Odzt dz" j LOHOYd fted ftsddshd BirOddSd, o f
fswodzjdedWw C B! silsjtese BOItcdyds j BjlssH' ftod &3 dz
Cs?2 fBHARBH LOMBjHEY &z MOd { tets Yy Mend detdiy 't O lists &Y dzlz 19
Bdzj 3ts?2 Htod oty dztsh jdedd ¢ tetsj CBEY =L otdgjdzvdjlds HjOIs 1o
tcjhjddvdy HsMisOtsydzets Istsydzze o dL 2OdzdL Oyde d ftets

25


mailto:aaz91@tpu.ru

fMdzts o dzr CAEOfEO dzd L O:

1 tots Yy dzts @ e@EGA O FiniteElementAnalysig.[ j IstsH C tsdzj ydzr = 1 dzj
dIsmw Hdv ttOMmyy SO dzOftwy jdd?2, HJWBStdROyd?2
H Hi2fMlsoadi &3 d3j m Odzd uy MECdr dzOGtelzL 5 .

[ OmuwY s HJdzOdMDS)d. d¢ deQ@dde]jLd3OHsed ] ded v  d34 » O dzc
Masmisj 2, EMSttejdd2, Mdda s MmMtydz dzj dzdw = .

3. t OfmMuglsc @d i te fLBEHALOMpltationaFluid Dynamic§ . [ SH J dzd tets 9 (
sBlsjCOddw Bl jSCktse fltsCtsd YdqHS M Jdd ¢OL O,
ded v .

4. ¢ zOdzdL Isjfdztse’ n OEBgENRsY sdf DMusp § b &7 .
BduJ MSdn dzO§ teW ¥ j dad 2 .

T

dfm. 1. v Al N MBHd L 5o Oded j

t

Rdzls j Cted totso Odzdz€AD diChEfods jydgjLdadijdzdzts 5 yd C dzj oL Hj dzg

1 OdB sdzj j Ldzouop@qQCAawfg@qscasstsmw fted dn Isj mds
&z 2 dljtObdody 2 ftesyjmm. [ 6]

) jtefy j S Isd e CADE@ABIICEs s 2 fMmewL Odyr ) k¢ dzks
Csdzyjfydy cAdqitcsosct HoB2ddS0e, dMisd L e Oded j
ko dsets (u®COJOEPdgdm ©OLoadlsdjd B EOYd o 1§ dC
COMYY s Hehisky dzj j .

) ©so j HY dzdz SBLEBE §BLOoBAEY jIs fMHj &Ols! fydj Hizy b

J B Wodzwelsfmw dzgj oL OdBsL OB d¥ j B &

dzs dzs e d W d3( Stste’ | EEsE@L Hfstdds yvj Hdd fietOe dgjOB jtsds ¢ d  d

2. CAD-fd Mlis j d3 tcjh O ls LOHOYkE ML HOddw Ikydts?2 ¢,

CAEEndMmisj &3 Lo dvwesls ftoscdtL qteso Ols!  jvy o jHjd

3. R zZICABdEBRjed Wj Hd dz" 2 dlsjteOydidede 2 ftesyd mm 1
cftesjCIsqetsoOdzdj] => dLetbktodzjdd] fHtesksslsdfoOo =>
B ssHEZ ¢cfetsj SIsdesoOdedy => odlskzOdz dz 2 0OdzOdzd L

sdzt yjor sd ftoj dd&3zh jmiso Odzd GOH dz8dztf ks F sHOC B O
CBso q’ Msd®BsmMisd ©OLKOBBISSCd, dddddkdLr Oydw ¢ sddy
fsorhjddj SOy MmMlse O, dOHY ydesfisd d SdeS ktej dalststf

Hl]’q’fr]dscﬁls;tGOlslzth:

i b ts fipdidWiirks R s s A3t * ¥ Is j dotdatsg) OdgfsH jalz d dz) § dzd tedzs?  {f to (
dZCde»HlB. 1 ik) teBlztdc4 6 £ 0.1 .

2. Dassault Syst mes. [ WzpG stetsdzde” 2 CADP Mzt
URL: https//www3dscom(gu|de$cadcamcadwhatlscad( HOISO BBtOh jdadw: 25.10. 2C

3. JWdyd oaxses 2 [ @3 B Is tc ts dddzURL: httpg/Mptmvicendyscom( H Ols© 5B -
tcOh jddw: 16.11.2025).

4 . 1 J 84250 ®6 .0 5(2H d dzOW MdMmMisj BO CtsdmlstckzS IsstcME 52 HEE
dzd ® J o j200701-01.0 [ . : wlsOdzH Otcls deotstl)yds, 2006 .

5. utc CADBCAM/CAES MdMmisj &3 BtwjHjdwels Ctdliztojlsdtsht s
fn iz tc iCNewsAhalytics 8 2005.08 | J Y d d3 H & fiYRLz Htt@s//scancnewsru/reviewsfreeindus-
try2005Articlegcadcanshtml( H OlIs© tB KON jdzgdw: 16. 11. 2025)

6. Lee Sang Hun. A CAECAE integration approach using feature based mestblution and mulki
abstaction modeling techniqguesCo mput er Ai ded -Mhe 9L9%Hn -~ 37, 2005

7.7 SB89 [ . 1tetsdir hdzj dzdzOW Qo Ists ZOWMIIT eyws{w 7 0B 9o d 2  @§ §

26

74
2
1. CAD{CAEMmd fls |
¢ s
r


https://www.3ds.com/guides/cad-cam-cae/what-is-cad
https://vk.com/away.php?to=https://scan.cnews.ru/reviews/free/industry2005/articles/cadcam.shtml&utf=1
https://vk.com/away.php?to=https://scan.cnews.ru/reviews/free/industry2005/articles/cadcam.shtml&utf=1

27



fruvfr3z {Ar1rvsrR JTRITOAR VLB 1 or1r JHUR
[dzry JuUul JRU[J P11 3M wRuU[ ]

sdt! v dise
1R U, urRz \fllszH j dzls 4chd A Hf T
e-mail:aak390@pu.ru

l dBtc@ydjvsilsi j dsdzj dz3r 2 W OCIststc tcOBKSIsr Btsdz M d dzfpls e
odBtcOyYydd ftsosydtokzsls kflsOdzsmisdy j t©OLtokzh j d
diseeplsc OL MdMmisj disr . 1 dBteOyYdtsdedzOW dzOHY ) detsfls

f dzOlsOydtsdedz' | § OtcOBBJIster © L OHOdzdg' ~0 § tizf H J dzO

52 fsCOLOIjd COyjMmMseaO® d BJjLBY OMdesMmisd .

d dz2  ishpdsiylsfj BOIsdL Jtese Ols! s dsdsocds jff) odgj2ldidsHor © . sy

s Z2OMmMmdW¥Wdse Oydwy ohijlssHtses sy dzb d

[dlstsH™ HjdzwIsmw dzO Isted ctkzf ffr :

T emy jted d3j dels Odz! dz’ §j ;

Tc OMYOkaBEzd Isd uj M< dJ ;

1S ddzd tetso Odzdz" §j (cdBtedHdz § ) .

2. CCMyjteddsd dels Ozt dgr § 3j IsSSHT

[Mdeso Odz" 2O dMmfr sOdedwr toj Odzr dz" = tsBI j Crlsjsa (¢
HOdzdzr | 8 ftseojHiddd Mdmlsid o M z2OOyYd sdedz n

M Obkztedzr | dfjffetsle Badeefsmw o EmMdzsedwa 1 CMf dzzOIsO
odBteOYd?2 HodeOljdv MOBsdY SO o fodlsj). Gl ¢L

f " lsOdzgd™¥ HBttsed, oHtsssjlslz) dfmdfj niigo Al f tej H j dzd dz" §

Talsj dzHtseor | g ostdzdlyymwy  dz0 o dBtetsMmisy dzH On . [ j Ist
1) osmMftcsdL otsHdIs! LOHOdzdz" §j] odHT o dBtcOYdtsdz
Mz yoO22dz" j, EHOtdz j) ;
2) fesosHdls! kM) dede | d MY His@mzd'd j Adzs Mfsd s 6
3) HsoatsHdIsy BI jCIs Hts tOLtlkh jddw, or weodww
{ydddeoOj & § fOtOd]ster
IMseMmilse jdadz" | yYyOfmlstslsr  Wsteds” Ctsdzj BOdzd?2 ( d3tsH
TZtcsodzd o dBttskEmMEStcj dzgd?2, MEtstesMmisj?2 d § jtej d3j h
THdZzOBd WY dalg®@ o StedlsdudmSédrn L 5dzOr (M §d
TodBtetsOCEMisdyj MSdj rOLOCIjtedmisds d.
[ smistsd dfldgs@:0v HisMistse jtedesMisy d Bl JCIsdo detsmls
1 JHEMsOIsHEE O Mistsd iigsMmls stclzH Y S sMis! | dzd ts
§ o d dsj daq d5ts )l 16 5G20 s\ le@ip O dad v .
3. t OPuizQuddes d ud ME dJ &Bd IstsHT
Il sLodzvs s ftesecdesL Jtetso Ols! o dBteOyYdtsdedzlzs dzOH Y Y
ded W . [ofddBl®jOROIsd yd MS 5§ KBsH dzdtetse Oded j HJ dzOBd U M
I MmMdzso dzr | ©WOMyYYy Isdz" §| §fBHABHT'
1 § stsH  CBdzj ydz' § [ & @) sy ddsdsasozts 2 d defls s @ nadzls Is o dz§ §

IsLotsdzv jIs tojh Olsy L OHOYd dBsHOM detséts, ¢ Otoditsdzed yJ

T4 jSstcOd dof @ BPIEZAOWZ 1 &zv OB SIS Mt Mozkzyo? d &d
QdzOdzd L qtetso Ols! 1 dzj 166 jlsdpBpOmH dtc @3y wOHisdesdiafs i3z
MsOldMmisduyd M¢dd rOLOCIjtdmisdscd lsCazdco MmdMlsj &f

M jIsBBHT MBOBdMBduJMQB Hd 2O &BMBd Ld ol©f tiste dnds Odz®

MSdj ROLOCkjtdmMdSd odBLOYdsddzs? dzOC ok LYSs - k&

otsdzvw tOMMydlsOls: tjMmMkztey Mmdmlsj d3r .

[ sis s d defiple adfds:y detsmis! fHtosecdesL © d SflddizdL Oydd ¢t
dzedw, dedL COW MmstsddisMmis!: odtlskzOdz d' » dlsjteOyd?.

r

R )

d
z d3
¢ M
Jj o
A
1.

28


mailto:aak390@tpu.ru

1 JHBMsOERse j tedesMis! L OadMmdls s Cstetej Clsdatsmls d
~ wOC ldtlitdotc toHQjdzd j , CtSdzsOCIsdz" | oL OddisH J 2 Mise dVv
4. sodBddzdtctseo Odzdz" § (6edBtedHdz j) dBJISBHT
dtsote] d3j dzgdzOW Bj ssHBdZcGEe WY, Bl jHddweE h OW tcOMmYY
1) atsL HOdzd § twWOMYY Isdgtsh j dgisH azdyls( B G .

2) CCMY Jtod di3j delsOdz! detsy (BsHOdz! defsj W BF B YO Qazd gts
f OtcOd3j stetso ftotslstslsdf O) .

)l jtedW¥deOydwy d Sttt ClsdtesoaC O BsHjdzd ( MteOo d
HOdzdz" =, Bklstsydzj dzdj dBsHJ dzd) .

) RMIsdz LsoaOded] ojtedWdydtctse Odzdes? BsH j dzd H dzw
stcj 3O dz! dzf 7 dzOC tflzadL @Ay d do G esteafisfolle S ydd; yjdSd o
dso ' 7 fotslsslsdiftse; MLHOdY c¢cydWtttsetsets Hots2dzd ¢

5. CkOofr tyjdSd odBtcOydtsdadets?2 dzOHY ¥ detsfyls d

1) uBtte dMatsHde = HOddZ = (R~ OLOCISjtedMmisdSd ods

tcd Odzse, S tdmMstelishisdo dezfndasEw j dzdemy dzz OlsOyd d
2) lrBtste BB IssHO tsyjdzeSd (dMmatsHw dL MsOHIdd ¢{ te

©

er

tc

dzts s d ) .
1 tetso jHjded] tOMmyy stsoa/ dMmf " IsOdzed?2/ ddsH j dzd tets o
4) ¢ 2OdzdL tojL kzdz sOItse (ddzlsjteftej sOydw H Odzdz"
syJ dz€ 0 tejiffddeiliznisd Is¢ OL O) .
5t OLtcOBtSISCO toj Ctsd3j dzHOyd2 (ftojHdzsy jddy {5
sjrdesdzsedd ddzd toj yddsse + CMf z2OIsOydd) .
6. stdljtedd BYyjdSd oadBtcOYddedets? dzgOHY ) detsflisd
1l detotstf osd dz®Of®OM ftosydesfylsd 65 dzOff oWy j dad W o5, fe
h pzd W .
11 dBtotskzmils s Dysfsofifefsldnls o d j OB BYde YOMmistsls o L Of te
dz" = Yyombktis.
1] dB totsfls OB @ dztsdpstfnfldc'lz | d3r 2 EZtotse jdz2@ o dBtOYdtsdzdz n
Bhd2 boydsimls: WEdSydsddtctses Odzd Vv .
{Ud &zt © odBttOydisdidztB | dDyd gdakimbs Gy HHn O " d:
NdLdgj dzdz 2 ydCadz fdmlsj g :
ZO0 MsOHdd ftesj CIsdtcso OO dzftisdfdudednt€ i ls dig sfitpuwy Is dztsizC
d 90dzdHOydd GCdz¢ yjoks ttsdz dqetOsls + MY jted d3j dzls C
0 dzOdBetsdzy § + WWJ Clsdo dz@w ¥ dgjOls s Hisdzts AP O,Is * f daitistse ©
hOl! otcjdBW d Mbsddtsmis! or oasHO ftesHEZSyYydd dzO0 ftor
[ Odz! dzj 2h jj w©OLoadlsd] diBjlstsHtses MowL Odes f ddalsj c
odBtotsdisdzdIststcddzc @ d ML HOddj B MOBsdZOMIstcOd o O h d
v dMAERls j €Ot :
1.1 csbddtfteshn’ &jo0dduj MSt2 dOHY i dshk @ ¢ datssC
flstetsj dzd j ,M.2020. 280
2. Antotsdzsle. s(kfBtePydd o IsjrdedCJ: 6 tcQOS YWdsX tsds @
6Oydd df HOfcB®bddsmistesfdedj, 2021. 456
3.1 dtec jite ,R.Z totg IR.Syduddj@fiuy Is dz0 f tetsydesffs: @ H j Is(
[ Oh ddesfilstetsj dedyj , 2019. 512
4.1S0133731:2023f sdzd Issted dz¢ MtsMmistsw dzgd¥ &Oh ddz d H I OC dzts

)
ts
dz

29



Redw[ (rfloérrRr V1 rzrIVRSJI 19 Zvuf

Cj dzud dztse d dz? dgv ¢ df B¢f.CF 1 ,. |
R U, URZ\fhilskzHj dzls 4c)t@&Entailf vpsl6@pu.ru
R U, uRZz1MislzH ] dzls 4c)t@HEtfailf ansB7@pu.ru
1R U, URZ1 1 U, Htsgpabbibik@dfparu

1
2

1
1

w

¢lefr]lscf1{4'fr]gq’cj nOteOSIsjtedMmisdSd fsHhdfddSBg- ¢ O
sitcdieo Byjdbd dr SOyifmseaO d tOBGlstsM sMise detslis d .
ddzn d S Olsstetsdz § slIsjdzydOdz! dz@ » HJWJjSCIlstsa d IsC dzsdzj d
MetstcCd kL kO, dts d dOftw iz oddwil dO Gtdy 6©®Is
dzd L 3O l Emizse dw iR twWOMmMkzh dr ktcjBtso Odad?2 € 1 dzj tod
Bistots o LOHOYO Mmdzdy jdedw L RO ftsuHhdfddStses ftodtss

| HOdzs? ©OBGIS] Hdv LBt dd" NbEBO §6HN Y dc
Stets dzv  fizt§ @ S glBuOifMis | dgH o D SH Az G5 Cdzlstetsdzw f sH N i dz

t dff. 1 wlsj dzH SnBHdZBGB CIsBdBAsefts dzv  ff tsH M d ff dzd

dlsjdH ddi3j il § sdzdsmis! ¥ Oolstsd®@BOIsdyj MStsd Ef tcOo ¢
ddj ftdotsHid otON jddv, {§HOYEmMJEMads Y todf 3 OGH ¢ C
odBteOyYdd I v ddeW stediOydwv tslstsBtcOy Oj sy dzO0 1+ CtcC
dzdj tifdBORBd ttOBtslsr HftesdmMratsHdls M M sd L s Oded
Ajdzns 1 ey jtedd3j dels©O wWodzw jIsfpw ftetse j HJ dzdgO-MtcOo

j BBseéts tOLde 3 IsdfOdRsd fsHh dfddStse ftod tsHJdOSC o

l " BteOder dgj MEtsdz! S5 BBsHjdzj2 YsHh dfdedStse ) tcO
cOCIsjtcdMmisdC OB tsls tcOLMDtaQE IS5 tdf s Cods HYfd tdsHj hdzfj R dzd €
9 IsOB . 1.

30


mailto:vps16@tpu.ru

vsOBd&ZdYyoO 1
MmOt OC Isj tefffifisdistafj d3F = Y sHNM df dzd € 59

d D dh Otc | Nh O€ds dfmj{ B

1506 ( 30 62 7,93¢ 1472 - 20
203 17 40 6,75 8 28,5

206 30 62 7, 93¢ 11 - 16

6005 25 47 6,35 10 - 12
203 17 40 6,75 8 28,5

IBstczHtso Odzdy d BEmdztse dw:

dmf " IsOlsj dz' dzrZ1B Ol § dzgH u ]

odBtetsOCMj dzj sz ste M or MsC 52 yYkeomlsodlsj dz' detsflss &
-Mtcj HO ftotso jHjddW: §tsiistsw ddzOW Isj i3 j teOlskztc® d o «
-dzOctezL CO ftsHhdfded S s tsih jMseo dzvw dzsfyp: o Mtstsilso j |
YomlsslsO o tOh j dd W totsizizNisdel)j diefif) @ ts1 & 00z t9ys@ o3 dz.

[ jlssHdCO fteso jHjddw 1 CMmYjteddj dzlsO:

COYH" 2 HhNdyfdedS EMlsOdzOe dzd o Odzlmw dzg@ Misj dgH 5 ¢
- LOfEMS ] MjdHO odBtesOSHj dj tsdsj ste §SHO SH(

“fted
WdEMmMdiecso OdzOM! odBlesME stetsMmis! ;
-Hdzv CONfitsieh dYf ded C O ftoso sHddzsf! dgj dgd dedd 3 dL o3
0 GtocOHEZMtse M yjdzr¥ EkEMmtej Hdzj dadWw H Odzdz = ;
B dteOdzdMm’! HOddz j 65 ddasj demdodetsiisd hkEkRO ® Hj
ZOW " OOCIsjtedmisdS O.
[BtcOBBSISC O HOdzdz = :
-fNtcOo dzd & O dzMmwh Hags odjfiffdzj Hizj 3" 7 Y tsHh df dad € s ;
-B' dzd ftesOdzOdzdL dqteso Odzr fdSEBsor j LdzOyddedw d smdzt
-orwodzjdzr YtsHhdidzadSd f d3dded 30dz! dzr d3 Ztetseo dzj d3 o d e
RLBjtjddY ftsesHdddmn! d Byjdde Oddm! {ifgsddj st
d dmeaHY dL JjeB L dOyjddwy tyjddesOdzdm! ¢O0S GSH
l jcos? fesasHddzO dMmfr sOdedw § Otelsdw dL 20 his
tjisHhcftdedSZBS REL2AQjAc j dzgd W ftesotsHddzl! o L OeasHMEBS2
MBOLCd. 16 to] Obdkz sk OFE dfos jHHdiPs t O BBOR  (edf. 2,
LOIs, yYbts Ekttse jdz@ " 2dgHstnilsdy)dzOd Mmasj fg HALIOR0 0B © f Isys |
s dz2' h d dzlmw o -3Mtpd H dzif g dzaR@ 52 dzO@ -®EPOC d ) YO fdls EHAsO AYls
;Z%gdzgnisﬁ]dzi fgthdgOa € dzjf stsdz? S5 dzgj Bkdzj dz@ " ddzfyw,
Y e

3ABOJICKAA_CMa3Ka

nocne_NpoMeIBKA_K_ne
PECMAZKN

YposeHe wyma, 6

Homep noawmnHWea

tdfm. 2 1 dOctOBBO dL d3j dzj ded v N EBd@dats fijlsyd) dzO dzd L S «

31



33B0OACKaA_CMa3ka

nocne_npoMbIBKW_M_ne
pecMaskn

Ypopers wynma, 05

Homep noguimnHnKka

tdMm. 3 1dO0cLOBEO dL Bj daj ded ¥ N Iz d3dBOfPIs ) yWizO Mt H dz

3aB0OACKaA_CMazka

nocne_NpoMbIBKM_W_ne
PECMAaZKH

Ypoeers wyna, 06

HOMEP NOALWMNHWKA
tdm. 4 1 JOCOBRBO dL i3j dzj wOMsEEGBELBOBHO Q@zQ) o ' MEC (
l sstes? ftesasHddZO dMfr sOdedw § Otelsdw dL ydlIsr ey
tcdCsorn tOHdOM dgf » BHdstWHA » foHhdfddise 600
dZdSCd Lt tsegts dfO tSCOLOdkzdfM! cEsHdy i3, 9 detsOtsj Belzs h
dzd yd dzpw  ddzH j €y hEdRdesMmisd. Clsts tsBEkMdzse dzj ds dL dzs
dzd Ctso: Mjf OcOststetsa, "N OtdCtse, dOtekzyder 7 d o dzkzlste
stejls! j dMmfr lsOdedy ftosotsHddzsMhm! dO §Otlsdd dL <
SHdsteW Hdzr » (6P EEfCasmHMiso © s1 1. SId §sHh d{ dad
CjLbkd SOk dL ofjjr dMMdajHkzjd & §sHhdfddSse d |
OBMdzt sdzs ot eafMmMjnm HJOY OL 5dzOR YOMmMlstsls o dzj S Blsistc
e dMsS ddlsjtcOlsktr :

1 [o8s 3200R..2 1 €4 §Pdgf dzd ¥ . [ jlssHr dL&jtejddy ods
COHJOd d | -HY ®ddPdf tesh df dzdSd. [.: (Mnd2med:
2023, 16 f.

2ikCsoHMmlsots 5 186G LEOGOYUGH. RODOS . 351 HOdj o

32



ltdrsuvrt 1o R o[ LIt ®f ivaus{rRL LTV {HUR R
JiragJuvrrRI O RC

sdffifm s.r
1R u,) Rz \fjlszH j dzlsQ4¢E4z]slj oOr

e-mail: kdklL7@tpu.ru

Bt ddeyjdzjtedd d BONMddesmistetsj dedy EMfjn §to
sdzOyYOdz' dets?2 f ozl gftsisq 3] dzdz@pflsde S5 dzj ¢S5
s! d tj cdzlsdtetseo Ols! dzO fJtetslswy jddd ofmMjet Xy(d
BOj sfiqw Met2Mmlsets tsBi jCIO, L OCdzs yosh jjfmw o
' mMesMisBY gz %, MY s & Bisddzw Is Istcj
dud MS¢sets BBMAZEY o Odzedw d K @3sdzlsO [ 1] .

t d Bsdelststf tod ¢ sH dzts M6 1L Isis trpsipd=Lyzdfodfsdzrs) W OCIststetse ,
s Meows2Mmlse ts.

s sdzMmis tc iz Sslg radaswlzs e Ui ME d S s @Gl htcl Odzsy j teso @O 1
dzdw. Gl thdses O tj dsdls st tcd ¢ s HUasdgfislstc z € iststs'tc 2 1]

[ szl ds@lseCsMis! §sHASHO ddd §sHdsMO ddfist
stctsdzw, LORBj der ddzd tjcecbkdzdtese ¢ d;

HlsOdzH OelsdL Oydw : d Jndedsitial @ @&e Pzd jj UsOfsustsliy < Gdzj
HilsOdzj 2 (Btsdzstse, fwHhdiddise, HOyde¢ts), ybt
CdzOsztez d dzimistelz d3j dzls O;

lLOddissL Odzj:devfijoditsdilpls o 5 H j IsOdzj 2 ddzd kL dzse L O da
Ht sdzdzd Isj dz/ dzs? f sH G 5dzC s dzdgs F teio@as @ € Is jntg d fy IS Y dizlz ©

[ sHEzdz desfls' ( BUAsdiffitsdgise § O dLHJjdzdWw dL MOBsMmIs
B e LOBjd jB R BhtsCtse (BsHEZdZj2). Skt Lo s
Bsdzlsdtetso Ols!  jets Eyj o M jydoOodzdL dqtetse Odgdz” =  E Mmdzts

] oS5 H k2 &30 dzdzts fflsf  dte Gy BEstas d

lteddzjdzgj dedj B MistesM) j dgde" » MsjHdzj ded?2 (¢ dzd§

[BiMfjyided] MotsBBHBMSEtS "HO HA&Y MIsOdH Otsls dzts

—ggooo
7]
&
&
O

VYdl ffmdzj Hse Olsj dz' desisd s jtcOyd?2 (ylstser HA
Mdzd 3O+ fwis! Htkzednrn) .

Stsdzlstetsdzi § to d ¢ Ha®dehtgds) dauidh = Mtcj H MAsB IS H § © dzldzis i Uz &
stsyj ¢ d fr]d3tslstslsar” sCtsdz His Mdzsy dg' = MdMmiIsj d3 MmO d3t
dzi d M tOo dz" 2 kL j dz;

1 OH j )y detsfyls ' Cits iy jisdiej ddtlsHsjoy dzj § SlsH j dz' dgf j 1 dzj d3j
Bsdzls. [ HdZOC 5 8 Oxz@zidz@d s Hdkls dz2OH j y desfyls: ¢ d Mmistsd o

CCtdasdBd yg MS dj jBUststf tcd ¢ sH detsfls! oMjecHO k¢ dt
Yyjdzj MstsBtcOL datsfls ! .

dlssd @dtsMmis! L Oiffyd@dlsLi@dzy dz0 f tetsMmiss?2 HjIsOdzd Mistsd

toj i3sdgls Isjtew jIs fd3r fdz;

stolzHts] d3C sMisdzse@BBIsd Hsdzad?2 toj dEtsdels © jH jIs €
stcHO d ftesMmissw d3;

dlssdBsMmis! M jydOdz desets o dainfg dzd i3y dzls O to §f d3ts dzpkdzO i
tcsetsmMistswh d2 kddC Odz dgr 2 ddzmistelzdzj dels, 1 Ists Mmdzad ¥ O4

ltetsj CIsdtetso Odal jdi3shigzlsksf jelsfteds H desisd IstejBlZzjls € t5d3Y
sjdz' detsets OdzOczdL © ofMjn OMfjShktse 1 CMYf zzOOYdd.
Cslsstesy BEHJjI 1 WWjClkdodzs tcOBSIsOIs! o Isjuyjdedd o
Y do Odzed s .

ldzj Hic] ded f 59 & ¢%¢¢mbsﬂdeBH&med 0 {Oofd Y
prhojl tWWjChdodetsfls: + CMYf zzOOYdd Isjndedyj M dn
dzj dedz’ 2 yd ¢ dz

33


mailto:kdk17@tpu.ru

{ jBBsdzstsftod § &d G SESe dzj dzdatsMls: dLHjdzdw € §tejH
d kst Odzjtdad 6q SN 6 Oo datsMis j 2 G klsjd3 ftetse j H§ dag W
Bsdzlsts o .
sdMlsj BO IsjrddujMStscet BMdkzEtgo ©dedsy dzgf € i3 ) s dz®
' d jrdsdscduimMSdn ®jittsftedvisd? §t BBMdEY do
diisj B0 v [dt o Codrdag@yls fydm@dadsts® S 2, t5j Odzd L Oy«
ded W d to]j d3ts dzldn@zj fp tsio @s Q didz'dakd sy & d f j ted t5H  ydet
jd3d uv{dt fHtwdejH]jd destediOlsdoer ftetsHtsdzy dIsj dz!
d¢dzse, Y(tetsfmists] odzlsd IS tdsizjHntulgddzf il ots stdnjdelgts) o o
sdzsedyj MSdr OctcjcOlktses, Htoddjtedatsj MtsH toy
Odzdv, HOdZF ECOLOdRIY ft SLcOdkdLOYydd jet
fMlsjBO vldt fdLo0dO t8jhyjuds: :
fsuzdjjtc @ tstczHtso OdzdwY o tOBSlssMYf s datsdz Mts
HOddzse s o' i BHO jet dqL Mmlstetsw;
) fOodd dzgké GcOddL Oyd® kjoddyjnHSses B
) kojddujddj SwiWWdudjdssO IjrRnddujmStsets df
hjdizr COYjMmlsoO sjrnddujmMSisces semdkyds OddY d tj d
4) oBL By dsMmis! or ftsdzdzj dedw toj d3tsdzlsdzr = OB SIS
ftesdL o sHMIse O;
5) fotsjotej 3] dedzz® Y sSHGEtslstsoCk dzj sBatsHdB 7 L O
[

I shdsl 3w dif df §odtsyjds Moyl lsoddi Isjddduizfhs
fejHdljd d & tj dsdsss [ 2] .

AOCktter, BSfjHjdvshd] oL Bsydshls: ssfdzyds
ftodesHdasMmis! ¥, das Hj &Os s OCYj dzls dz0®  zOkz®@aizj s
dzdd odzjLOfdzFr » BlsCOLBe. Cbts ftosh j eoatteY: "yt
sBMdzzy de Oded j ) ? "

Clsd WOClktter sy dets ©OLHjdzdls! dz2® fdzjHEzshdj ¢

stsdmstezSsdods j CHBC bRt O, CtlstOW S§tej Hj dv

fdzizy d s EBdWJfﬂlgdnGk‘mddZd?-

AdLdud M OW HEfigldshk fdaistsifigids'ipls! HSBteOIls! MW HEs kL dzC
ckdzdesoCqd ddzd LOdkj d ©OMAsHd](CBs BjL ©OLBSEO
dzr j btySd HMiskzf O Hd&Y tBMdzkzy do Odsd v .

VHBBdzts] tcOMY S desafQ disfoofizlzrj, cHstgjdrizOx dz" J f tetsB
Ctodzlstetsdz? dzn § HOLyd&¢d o7 dzgj mMjdzr o dzi S sHEBMISEZY dzr §

l e sfse dzj ddesfls! : ¢ daPeag wifHi b E@ts lstsfso ' £ ¢ dzOL §

Csfisd, d dzH d ¢ QuisdsfditsdgoC Oy des frjld ff s twOMmMra sHdd C s (51
CdzOHCd, dzOWiYf " ) .

[ sedMmisdui MCdj d ¢ dbdgdygvihedsits el O Cedtdgry j dzv ¥

dzj ¢ d 9" GEBBHMs YSHHJjtYydoOls! syl M B Mdzkz

r smiskzf dztsmlis! tcOMnr 5H ddzCin @il jStad QiFgtssel 5 d B ' MiIste ke
Wddz Ister, MdizOL €, bk dzslsdzdIsj dz(d ;

5o d3j Misd d3thigls dzigf tedz! L ts9 Ols'  tOMY tesMis tc Odzj dzdz” 4

dlstsd dismls! se:Mdappdg® OdMrr SHd2d S 59 d dB3OIs | ted O dzts ¢

vtezHts] BS shdste ] dgOB tSUstslststetsy M J ydoOdzd mils IsteOlsd Is
VLjdz M o MSC B2 oL @iy desMmiss 8 wBMdzZEY do Odzedw™w f 5L 9
fd zO®BH s kO Mtej Hdzj 2 SCoOdd¥W S Oydd d M d3d ded B3O dz
Mdtr jJLdzr §j] fdzsd3¢d d Mdedy OjIs sBMNEE MistsdBsmis: o

34



Rel [[ 271 o v R VERISJrr1RC ¢frmdrRSOE I s HU]
Clrfrrvuvdl s{tdi1fs ws{tfuovvrs [fruovdf/ [ ftrruvzrm
4 B8C Blztspp. , | Odzj J 9O ¢ . A
1 Rul lR,Z1 1 v, MiskzHj del$ 3elngatt IPRF@pu.ru, afg3@tpu.ru

1 Ok ydiz QPsetds H f 15 Jy dlztlzls , 1 t€1ts filgC. L. ésnaail: pposkbko@tpu.ru

utsotej Bj dedetsj] BOM Jesfistetsj dzdj btejeljl o' MEC 2
n MLHOdedY HjlOdzj?2 d kL dzse. stdmistczdtetse Odzd
Mls-O@A Bo O, MNEEEBOWOW CsEjcsydsnlsd, ¢OBOtdlsO
sMisd. 1 tsctcORzdRRde" | Micj HMisa O Oolssd@BOIsdL qtetso O
OOk ls ktekzHtsL OOl d kdjde "Oslk o jteswIsdshls
ktso o ftofsctc O8N o dpv[jfHEEOf tatsj G tod dztsy j dzdj ¢ f j 2 O dac
| H& oMy sse d OdO&dLO Cddzj BOdUjmMSda d M
OHJ} ©OMMEBOIteds Of s fteddgj dzoj dedj Y ted dztsy § ded W
Cstese 58 hf Mistg N ldzjRdsC dzs o, dzjetly dzlstso  d3j 5 Oded U M6
Yy msédms fijtejHOy o MBS .
I mMdese dz" § L OH OYd:
T fesojHjddj Cddai BOdyUjMSBet ttOMYY 8O §jtejHOy
hjddw, Mmdder tetsdzdzsmlss ) ;
9 sftcjHjdzjdedj dOctolkzL 5¢ dzO L kBYyOlsr j Ctdy MO (
1T tOfyy s &sdj datsed,B Oifdd » KBsd3j dzlstso ;
1 sYjd€ O kmdsed?2 MEBOLSH d kjfhdsesct tojyddio (
1
1

17T g

feso j©C0O fosydshisd  Hsdese j ydshisd HJlsOdj 2
fsHEEkso SO dMAitHdY &» HOddG & Ho CodistckS sttt
flsj 2.

) siylsdefsid dstsH j dzd 2 Mted HiMlse Odsd fted dztsy §j ded W  dBtsy § s

stcj mnd3j tode” 5 BSH jdZW i3 (HEsSCEZdkj delsOdBBd Isdf O ¢r jlsOd
Ckdgj dzelsOdsd (HsSCEdRj dz2lsORd Isdf O ¢cAteOcdi3j delsé ddzd ¢ v,
Mtsh tcOdg uslfipy HdgJsth j dedets o5 WteOad3j dzlsy (yjtelsing) dd
HEzshjets o HOSCIsdetseo Odedw Mtcj HMIseo OB f tod dztsy § ded W

1 ZOGtsHOtew ofMmMbtotsj dagde” B3 dBsSHEZZY dBB: ¢ [ sSHEd - tOMmy,
GEARE® d c¢c[ftsHEzdz o' BBKO HBOLjted OdzOg ditsy dzts yalzsthts dizlz
YT BIrOddyi MSdr HitjHOY, dOL ZOydls: Ol ted O
dzd s BOLEZ deso"™ disd BOI jted OzOBI. t jLEkd sOIsT Oy
d MtsrtcOdzj dz@ o dzEBtsdi3 EHsBdsE WistdBPEPN J8Is @tz O 5l
B Mstets sWtstedzdls' CodmstczSIststeMSEzE HBCEAR] disOyd:®
dzr » HBCLkdj dzlstso .

dtcj HMlso OB BOL BSotsets SR dzj SIsO § tod dzBe jdas[avlz Is |
B'Is! Mitesj Clsdtetso Odg’ fdzj Hiz® " ddj dlsod 4" dzipig sRdfEdmca ) ini¢
fCcow fijtejHOYO odzg "dzgjets LOYJYdzdedw, yddzddentedyd
sOtcdzOW L kB YOBOW f jtejHOYO [ Y j2dBMO M Hdse j dzytse
LB YyoOlsow {§jtejHOYyoO, tejj ydzOv od dzf tedz qunNHOOV 4 BB
B B LB W], YjteoW ydzOW yddzddHted Yy mcow §jtej HC
ddzd obbkdtsydts?2 yJjf§f's, Cdddstj dB3j ddow §jtejHOYO,
Bz Is0.

l sdz/ L 59 Olsjdzv o3 HsMiskzy d'  cld sEfipweidlary . MS g P 15t
ftosydesmls:  HBdketo j ydesmis! , O OS] lsdBIL Oyd
1'0dz d &3§~Oded uj DS dp ¢ B tzged O de@M? gty isdz'my d MsC
ekj B o fjtejHOYy d Hftdddlsjd ds fsLosdYjlk MYt
f jjtet Opg:dzd dzH ted yj MCkzs L EB YOk fjtejHOYykz M L OYJ{ dz
Ctoczetsor &gd L kB! W, Ctsded yud MGz s fjtcjHOYk o dzzlst

35

o
"
d

@3


mailto:vds20@tpu.ru
mailto:afg3@tpu.ru
mailto:proskokov@tpu.ru

sdHdzes §jtejHOYk, SklstctdOd difd ddde sz S,
e Ctsdzd Mtse, ud oW ydzz® ¢ cmsiBjtsyfde dilz & Jftgitjonefulz , L
dzd Isj dz! dgz¥ BEWlskZz, LEZzBYyOlttj dij dedzlzes f jtej HOYlz,
JHOYk, yddzddHtedyj mMSkzs jtejHOyYkz odzjh dzj ets L (
kjtejHOYZ odzjhdzjets LOYyjfdzjdedv (oL BBy detsfyls:
o), HJU’dzlz“ fiteinOykz MM L kB YOl s ydekzde s pdsp
IStey dzdz" 2 dzOMmtsm odzj "dzj 65 L OyJ f dzj dzd w .
mMtsB j dedetsisd f toed dztsy j dzd W :
1T ltesjCisdtetse Odzdd dL A QAW EIsddats daOWPOESSIH) 4, dzdls ASH
kOd! , MeBGEKS O) .
1 I 6L By dsils! BfksdidL Oydoddzssets s Cldiesse Oded
o polssBOISdL qietso Odzdz” 2 ©OMUjls St U dyd) delstse
9 Ols! ydgazddHtedyd mS k¥ L EBYOIlskze §JjtejHOyYykz
dzr dgdze ! W], dJ&j*hbky sflddOd df j] Mos2Mise C
kOClsdts?2 fsydsfmlsd, fsydshksd s dLeds bk,
Csfilsd d Mtfteslsdody ddy LOjHOLI]S, § kOs dztsf
o Jtetsj SIsdgr j twOMydlsr HJijtejHOY o' f sdzdgstHlgigw
v WdSydsddese Oddw, vyt o Mo S kzf datsl
dzr 7 BBilssHtse fLotsdzw jls ftsHBBWOI! ©WH o 0Ot
HOdede' &5 Efidzsa dw ds 1+ S ff &zzOkOydd

o JflsdBdLOYyqw, M dfnUBdZ*llﬂtbaﬂ[@sdﬁdfOﬁ@WtGdeﬂwJﬂdwt
JSIbdtetso OdzdwY o MsC 1 WW jSIsdoade" = yddzd dzH ted Yy
tcj HOY, BBA&OHOs hdR dOddzzyh dd3d - OttOCIsj ted i
gL desmsmMiss2 CsMisd d f dzOe desfmisd .

7 1 tetsj Cas@lde'ts H j sOdzd Bsy dets dzj Istsdzt S5 9 MmMtsslse jIs
BOLB2 (JJuvu, Juwu), dzts d AGVAMNASO @MINOBASISE Hclz
GBT) . lteddsj dzgjdzdj L OtckzB jyder 7 MlsOdzH Otclstso f ted |
tcOfMmh dqtow jIs o L dIsdplsids Mdpdff Htslsde' iz 2L dzse  Octej @
Msoakzjls MsCteOh jddr MtesCtse d Mmdedy J dds yd dzr fto,
tclzHts9 Odzad v .

1 1tod ftosjSlsdesoOdzdd L kB yOlststej d3y dedzr 7 § dzd dzt
BteOIs! C0O¢ 5 tlsj ud Misy sdz€z0O 0O firls © @Ot s SO dig @ ¢
dzd ¥ ) .

T DftesWddzd L EkBYyOls' n o j extgsa j dzd 6 Pz dzic B glzty” § tc D¢
B steduyud MSd Ctetej Slsdz" . [ded BjLEB oaMmMwedrn BEte
MsLHOddd ftscteOdd H v PRty &y swl w .k B yodgj &
Hsfilszf dz@ f Eyjbtd HsfkzMCO. | jdaj eOydw L kzByo
wHEEs [ ) ¢3D.

10 ftesd® N dzj dzde’ = fejHlftedwisdwa  sMipdd d MmO
HilbOdd (5 Mdsy dsh stedd iz d" dCdseag v d,d dsf @& ded Uy @
BsdHddets?2 yjteoawydegr » fjtejHOy, StddyjmSdy "JjMmlsjtd
tcOL Bdad LOMzzy Jo Odzd o' MsC k¥ ByjdeSlk s tojLizd Is

ddMmisj BO ¢l Odzr d Bj ~ OOBd veij mldzDL dAOG SEE@ G diy X 4 ©ds
fietsjClsdteso Odgd™w o Odzse d obbkdsC, yddaddHtedyj msda
Yyjteowltse, hCdotse Cdzddetstej d3j dzdz" = d L EzByOlststej d3j «
SOCkGY jIs ttOBIsOIs3Dem ¢§ fz] sz Istcy n d3jHojdalzg) dz® J tish
Zsoj fOLOMRjtedyj MSB2 dBsHj dd, ML HOdEs2 o 1?2

lteddazsy j dedj ¢ 1 Odz" d &3 nORGatbup gz j ST » &6 ff ts@rozf Is3
Mstesj dzdj oddzlstsots? 1 otsdz 9 j deglsdets? L kB yOlsts?2 f jtejH
LJtectso Ols! tcOBB®RREY dzf ey Olstse s L

36


https://kompas.ru/kompas-3d/application/machinery/optimizaciya-ioso-k/

tor1torfuvsd sf{fVyIrvLlLdyr3m trzr1rRE [ odzRL # U
gl ftdyrvam vtra 1o RrRE

yjteyjdsSt 1. s.
1RUI L, RzMBHj dzls 4pBUAY ¢ T
e-mail: vkaA@tpu.ru

sEhBfsdssCO0 $COC shmdse O Isj §iusssE s ddmsa®Gdéd ¥ 9 s

OtidlsjSlkztcj EONddzr . usote) d3j dedets) BON d desfmlstotsj dzd
[fdzd ©Ode hj Sdsyjords Stedlsjtedjd LM jrRO Codfbstl
ROHY y desls! , bkt MjcetHd ¢ dzOo dFf efslzuissd datsca@ Isdnfy di

yqdedzjy doLwmlg dAffetsj SIsdetso OdzdY d fHtesdLotsHMISa O HES |
ElsddzdL ©Oydd. 1 1lsdrn Ekmzsedwrs Coikftsdses O &GOhddz
MEts?2 LOHOYJ?2 d ftcjotcOhOjIsmw dsMmistgOlsy ¢ ik tebzfsc
60 80%.

[HdZOCts 20 ftOSIsdS] HB Mdr Yt HsRBdddttkzjls L
ftosj CSlsdtotso Odad & . stsdemistczC Isster tcOL tcOB OlsT 9 O Is Iz
Wizdze€ yd tsdzOdz! detsmls+ . Ujndesdzse d HsHdglzdg O ¢ ¢s ) twBstds@ IS 42
HOdzd e, yYyoOfmbts MOdZzZSdo OwWMm! ) oL Od dgder di3d dzOS dzOH € C
sdzsedyj mMSdrs LOLBtses. ¢ ftesdLoeosHMmMlse jdzded S d o (
MBtcOEXETHO BOM ddzO otesH] BN HSHY d® tPB&RIS@IST |, Iz fiz
sdudimMSd dzjotsL sy des BJjL SEZoOdzH™ d oHBAdzse j ded W .

1 smdzj Hilsadw ISOCBBeB tOLWG 90 BBjYHE ftetsj CIsdese

ftcj HMEOL ] B :
dtejLCts teOMmlsy Is jOB jffylicty figgteifiplE ! dd Bt OC O,
0 ojdzdyde 08 sfpw Miets@z@ BF dzs® O ftosHEZCISO
0 Mdzd 3 OjIsmw edBSBMls! fosdLotsHMIsa® d EMmists2 ydoe s
0 MstcOHOj s BsteOdzr f jtemMscdzOdzO, Ctlstster 2 o' dzzy H j dz
ststoj dzt f &EtBB A&Rjsdy, Yyt (SR sdseotyds j tjh jddw
Eyy sO fMmetetsydd B dAs jf dapidassafjyyj MS¢drn W OChksttss . |
sjiChkztodzts? GMdtcos?2, C(SRftdtsstO MosHdlmw € d&jn
[ idHE IjdB3 dizj dedes SR tsdzso CO L OHOYIs oM dscecd¢C
st jteOyd?2, HBMIsk{dzsldsy | € sfzlshe@®xlzi d2 tec ¢ s dastszdt€ jizds jtcd@-B
dzr 2 ddey jdgjtc Htsdzy jdz tsBd&zZOHOIs! datser ds C Oy Mdso sd3
ftetsyd MM, O POsHdicksR Ols | dz dzsB iy igasetg Cd,, 1€ Isksitedzt® d3
OB BISOI! . Clsts tL. &P OOJIH ofizsR] ks dEZdL Oydd (¢l dzO
fjtc! fssftosBlzjd jyY MtsBteOl: &é) ¢ HtesOCIkdo dtsdz ¢
dzs s d MestcCd d tBMdzEYy do OdzedwW L OC d&zOH' 9 O Isfypw 9

5OC2 §BHABH daj ftesimplstsH fidsplzizd® j Hsdzytt & @ k@ ks Jz gzdb
Isflsdzs , N dLdzj M sMsBdks mMdmisj Bz, o Clststes? §C
YyqdodzOdz! detsj, des d ftesmistceOdeMmilse j dzgdetsj, Isj mdesdzse dy
Cov B0h d dz0 frs@hylistaevdhisjmigl dgksasdiff sftsB dets?2 o Ekfdztse dw A
] d&zOo dzOW Ot dBlILAB ! C B sdso Sk mdjHddd " Oc tsd
GOl MeOLE, otLddSOlk Bctosdd j §tssdj & :
MO fMlsOHJd6 d®dsdcCfj: Mlsr C kv Isfw, dgjdz' LW § SHE
Mo MsOH]$OYGufiffiplsiayy Isj mnded U ME ) BBMdzZY do
fMdztsy dzr 2 toj dsts dzls .
limdisslstew &0 ©wOLodlsdj bkjndsdsed?, §sHABH € ¢
EmisOtejoh dds d ML HOjIs MdMmisj digdz" J §tetsBdzj 3" dzO o fi
1.1 OLter 9 BijyHbk fHsfEChkdicsso dsp dgds.
Clsts tsMmdeso dzOW f tetsB dzj BO. sbdmstezSIsster d Isj n dz

37


mailto:vkc4@tpu.ru

1T s sdzmiste S ot -MHJ BB DPDBOR MsSLHOE I " dHJ Odz dglz®
slster 9§ Bl toj Odz' desfylsd yd~0. [BHjd &Bsyjls BT
HawW W j Clsdoe des? Mt d.
T v - destiasie Yzt YO sy f sisW OCIskd, SCSEHO yj tol
dL d3j dzj ded ¥ f 5L H dets ¢ HH[tsSR G t3).d W [islsshgiSlfPigatbdsid uls s H
MeteC | dzj MEsWHL @z M ydsls ftedotsHdIls € § tsmistsw dad
2. [mkzkMmMisodj dLBIteddd" » SCtedlijtedjo " MBtttsydesmlisc
[Yyjdz€ 0 Istsets, dOMEBd ¢$t5 dqLHjdzd] EZHBBds Mt d
MlsOteh drn ddzy j dzgj ctse. Clsts Mkl jSIsdoedets dddgj dzOH
Hi S Mmdztsy desmisd 1) Bds AsSedhbly @ Indek)y3j (ets Is BB |  ff SL ¢
Bf Cdzduyd Mlse j dzdzs syjdedls!  MwOo dedls! tw©OL dz" §
BRCIzstcdtectso Odzdj L teesdetsd®3dSd d MiteadMm §todc tsH dzets
sEBRYf sdetso €O yOfmilsts dzj Eydlsr 9a0jls yjdktse j C 0O, ¢l
otsHdI €
T14 kde" &3 d S§ OMdHdz'sips@ydtds d Mmjteadmds =~ d
71" MsC 2 btoHH Sk dss¢ ftod Metted ) d toj iBts
116k MissdB@tsMmisd tBfmdzEydo Odedw, IO COC Hdzw
MMdztsy dzr = kL dztse .
41 JHBMISOl s YdzOWY S H EZdz' detsfls
SOYHOW @B g @O yOfmists ftotsj CSlsdqolzj Ismw " i dekzdzw "
BdzsCd. Clbts ftcdoasHdls C:
N dL S22 ¢dB ¢S sMisdd Hitdalieda dyias Hofrjdsjod§)) dzd o' R sH O dzO
T dztsy detsfylsd dBtsH j todzd L OQYY S @S e QsHEBO Md Mis j &3O Lz«
1rmMsCddiz WO E@ls @@sctdflsa) Cdz dz Of yOflsj 2 .
5umMsOtcjohdjy BjIsHdSCd ftosj Silsdicse Odad W
Il sHotsHW (dlstsed, W@y dets klso jtey HOIs! |, T ylWskz diptsd-tc j «
B dzls jVy Isjrdesdzsedydesfmisd. RCdzstetcso OdzdJ MB Bt
dzj i3 dzlz j dsts o J HY Is & fydessiflastn  LJO ldpaifaflsy, | dégits ™ o€ty j Miso O

Il atsH dL { iehdfmdly HBe@apdzd f sHrH ], ftod Ctlststotsds
Jlsmw COC ftesOCIsdoe dzOW Otendlsj ClskztedzOY L OHOYO, O
l'dej niej dedjy fJteddeydyfses DFMA, Of @tc Gdxidgddrdedscoty dafiaz d
tesydesmisde ftsLrotsdkwjls fMsLHO Ol! CodmistezSydd, f
dzs d o tjOdzt dz" » Emdzsedwa yjnO.

vsO0Cddz tBtOL sd3, HfdzAdIs KW MnjtsdglH GdifdeS Hftds) dzls s sfysB
tcJL cldidzkzys ¢ ¢ ZfciEb@molt Hz,¢ dBH jllso@o dIsmw dzgj Iksdz €5
yjfmm jvy MmMetsttCd d fomMdzjHEzsh jets tBMdzz)y do Oded W .

s dMsS d&dlsj cOkzt"
1.1 kls, 7., sisz#d®GlSEdiatasedyj NS ftsjChdess O

ksHtse DFMA. RL HOIsj dz )RR j Hitg BOPQRREZE & Oy .

21 jbtetse, ¢.1. ., (vddHstclacddpi.dhi.dzedj Hteddzydtitse DF
sedudstsfisd Codi3f cdzso ¢ d &zO tOdedzd 7 fMls O gv2E23. tetsj C Is

- Iua. 7625

3.vd edh, s.,)eHidkdiEto Odd t SH HLO[H®@ B 5 15O € Is d

20208 432 fy.

4. cSCBsodzjo, wu. [ . (,wlauBL dzigaOL GROBISISEC O ditsH zdz' dz

BOh ddesistetsj dzdd dzO0 Bhdese ] 0OdzOdzdL O MB Stetsydz

MC et kdzdio J0RMNGISj BOI 1. 7 95B.

Cts
sq

[}

m
[}
m

38



sf1rvtdf? soéyrwuvléd R VoOrrryfuouv? 1R [ouuw[] []
rrveof s

[ 7 dzp O .
1 Rul v, RzfgBH J dzls 4c)dé&talf epd@pu.ru

[ Offce 5] { Boidla® cHandso@ls j &z fo toj & dzdztiys L 1 OB @isdsd €
Sctesdds] Sshedujmses dHjdsdud & dLHj &2 f &ddd O d
5 Ist fwyOn, dddddsdkon ddd HOYj d&qdddotHOn Hjlkodj?,
MlsOBqdz desets COYUjMisoa O d HedEsMBoydsd dzOH § ¥ dEsgis 5 o3

BzH! bkt Ooakt, M&OkY sdz & Gz sEe ¢ el dzh€ BPLE MEEE?D s oz
BOfMfcosets BlsL' o0 fosHESYydd d §slsjted HBo jtedw € dzdj dz
COuyjmbse©® d BB MY juEid]tc@EDnBPEEhs lsmdgzj ¢ OC HEGY dd
fMsteOlsjedud MSdj ddzojMmMisdydd o EfMmbts2ydetj twOLeadlsdj ¢

SONHOW dZOESC O sSfdueojlmy &O shdsed’ j fsdvisdqy J 6t
mMotsd tmdzseodzr § ftsdewisdw. s dzd tRls & Adflsi¢ tbifsidz iRy Esi Isd J 5 ls dz
fsmdzy fwodz dzgdv Clstesets dzOtckzh Df g™ BcPs dzis is ) §f 31z H
wodwjlsfw MOBO ¢ dOH >y desfis: &, & Schstes? o {ks2 fkolks

1 OH j Yy deBints Mots2fMisets tsBi jCIsO o ff sfiadsy is © dzt 'O H Dtezda 1§ j
Wjdedv EmlsOdetse dzj deder o S ek Ol Oydsdede & § S OL Ols j dzj 2
d2f &3 6N dBOR d kfmdsedwd dMftsd! Lse Oded™ (Isjadedyud M&ts

&3
stcOdzmf Stelsdtetso € jwW)o.dzW jCAHMwy difdifdsdz” fifs b 52 M d3tsdeLy LIEYIH-O § &
COL dzsMmisd, toj BsdzlstsftcedctsH dzsMmisd,] HetOdzalas & j § dzteldf lsoq Is ddn B~ tf
SlsHjdzt dzr | rOttOCIjtedMmMisdSd dBseckls o BB hj2 MmMisjfj ded
gL dzdr dzi M smtse dPdzd Bdzdshis: & jvy ftejH

HBntOd jd@sglsMe s2Misets L HJ dzd Y MdejetDB fas'j g dgtf iy ts T @ ¢z
tcsd3 Bdes Mitslseo jIsMmlsokjls ofMmj &3 Istecj Hstydh @zfdyrj ds), ¢ sI2 M Is1 Gsdztizedziz jd
(LuorePelstshy shtse dzts iff tefifts f§ listisvsdedsids  diL OwHjQidgdg" jo WAdEdzydidls
LdOyj dzdv L OHOdzdzr » f OtcOd3j stetseo o HtojHjdZOR, EMlsOdzse dz
cOCIsjtedLizjIls SHdE dL Mlststesdz dzOH Y desMmisd dLHJ dzd?2 MmJL
tczH o Oded v .

[ Sdze tso | Ydissth Isfe s2 iflseo tftcdL B lzOdzso dzj dedets?2 MdMmisy &3 Isd
d toj BIsdzlsse MsatcOdeW Is! OBtk s detsy MmMisswdzdj HB
tesd3 HOdz dgj 2h Ow jets 1 CMY dzz Ols-© Qd vizj ke hdzte @@zd 83" B+ ddPislz? (§
JdLHjdzd] mMeBfdeOftsjH] dz dtets Mhisswdzdw, Jjets tslsff tcOo dz
9 08 Is.

1 JLBIsC Ol distplsthhos2Mlsets dqLHjdzdw © L OHOdzdzr = kfmdztse d v
dzv s OBkt smtsedatsmis: o Isjyjdedj dzj StslststedE jotoj d3j
dzj dgdztsets tsBi jJdBO jeB tOBBIT BJjL o' dkzyHjdeder » f jtojter o

t Jd Bsdzls 51 tod Eisle wzsfnisd M sse dzj dzdes st dLHjdzdw € ftoj H
EmMistceOdzj dzd ¥ lsSCOLtses d dzj MftcOodesMmisy 2 Hhklsjds fteso jHJ

Il efmzseodwar Yjidsdd2d CecsdfS&z®dzdL Oydd yjgfituyi s fssmisoOs
HEeSCydd MisOdzd dzj ftesMmists yj dzOIlsj dz' dz" &3d ~ OwOCIsj ted Misd ¢
dzj MO. [HdA&OCt HBMIsdy!' d&acaej zBhise s43ls Otz PLddimopdylsdz o3
By dzts B zuzOfladas 2 MdMmisj d3r . v OCOwW MmdMmilsj ©3O e HMIsOo dzv j

tesC, O JHddzr 2 MbtOljeduimMeéd?2 &BjrOddL i3, s +WWjClIlsd
MisOB ddz! detsfils! C@3f Odzedd, fHetsydetsmis: JJ twdtfilklsOydd d o

sdzt Yyj oHQudL GmdMmilsj d3r Ctdelstesdzy S OYJjMlsoa® d dzOHj X dets
Mlso © L OCdz¥ yoOs Ismw 9

1.l ejHslso O jddd, Q dpjdzOopld@diy By W sSkf M
HiW) UshfigsdL o sHilse O &z® dffte etz A g dc O sfw  yjtej L :
0 ulsOIsdMmisduyd ME i E{ (BGRCIStadimtichl Pthdess ¢ gnindioukfls s tc d dze
ftosdLotsHMIse jdader 7 f OtcOdRj stctse o toj Odz! detsd3 o tcj d3j dad H dz
0) &ZOdzd tetso Odzd j {(DOHEHIesign diERgedarEs) iy Mls j BOIs d yj MS 2 ¢ ¢
kEOd d2 & wOMbtts)C SBtezHS Oded™ d ®KROLjtedOdtse HAEY -

39


mailto:epd6@tpu.ru

0 dzOdzdL §tslsgy degyd Odz' dz" =~ 9o d GFEIBA, Fhilurg Sldgdzgnd Effiecisd 2 5
Analysis):ftetsOC Isd 8 dzOW d3j stsH d & O d3tkY Jibs Meoddzj digd Wis A56ts,6 tsH 5 yldstise
dLB2HJIs.

ulsOldmisdyuj MS | tq¢09¢4@q4 f tot
ltejHiSlso to - ] ZOdzd tets o Odzd j +C}r]lIJtGdd3szlSt59

dzi BB O BRY Jorors
> [ ¢ dzOdzd L qss;auqoiiwr: 9dHISS
'1%i®d' ftsmdzj Hilso g2 COL o
0j &ssMmisd

h 1 Sojtojdeds 2 d BlsC|OdzdB tetso Odeds
jdlsOdzH Otels 1 &sitedlsjde dzgr 2 ddzflstelzdsj dzls
Is

Yi5Cd] MEOdH OBy L Jietse Odzdz |
sio. Emdse dW

LY tOo dzj LM¢ g dedz’ § Cff"JUrISO(}ZCfW dzO0 dzOH j
| fOH 4 N des ¢ dzOdzdL HjWjClstsel d BIsCOLTBYS

tdfip. 1. sdz¢yjord LOHOYd MmMdMmisj 3 Cdzlstetsdzy ¢ OyYJ Miso C
9tsHMmIse O

2.{Bimfduydddd f§tohmdgOpdp@®y Bsiis@d’ ddad §Otlsdw
& 2 dHjddsdW dC Olstste. H §ls'ts o fipls b usdizy | Jsj SfsEajL o sHMlse O: ¢
470 QOCisd3 fnlsOdzCJ d Sjd kO BT ZO MHj ZORO. stdlsdyj ms
3.4l50dzH Otels gL OydW Idnjdsjdetatgdesjcde™. Hisdy d@ BT k' b

Hdd3' d3cf Clsts Istej Blzj Is:
RN sdz! L sty d COdzdBtotso Odzdese s dL o3 ted Isj dz
OYJISQCf: d tHdL ZOydy » MisOdzH Otlstse d Isj ~ded yd m¢
4. v tcOo dzj dod § dzQHOjH>OdEENISY isMists  tc Loy jefighls + &, HQPsOGD
MftcsedzsL Jietso Ols d B i M juddzdd jgMmbBdt Sis®Oa diziz dzdztc©B tsfig
9 Cdzg yo,ils:
o uMmMSBstej dedzr | dMY " Is OGls’O dag® tdsHHaj jytaiptsiFlds w1 € flste j
(s BB j tcOIsztc®, odBttOYdwW, o d&zO) desfis! ) HdzW dsSHJ zdtetse O
0 QdzOdzdL HJ W] C IS jddtidkde]) tHidso:Odzd j SO} HEBS2 BtOCTS
EMlsOdetso dzj ded v € Stodzich s s jcdfly dded d" B S K Stetej CIsdtelzs M d A
stsotcj 3 dzgdzOW ddzH EfMlstcdw G toj HdZOG O] Is d3dzts ) jtisls offds Adsjdls s H
Msdud MEtsets OO I®) dg sdendBryddz FOs M jets Ctsdalstetsdzv . [ Hdz
34 dzlsr dzj cOtOdzsdtekze s tojLlzd SOISO. RA L WWJiCIlsdo detsfyls!
tcO®RBE OR tojh jddw Cdzsyjora LOHOY MdMmlj " Cwdzalstetsdzy €O
f tosHLfiplst® Or WS kM Htsdzy jdz Md3d P Ols! Mw fp fsdMEO ¢dHj Odz
Msjd", EHJ COYH'™2 ddeflstclzdzj dzls tOBBISOjIs dzO tejh j dad §
csoOdz 9 BBh kY WddshesWdsr COyimkseoO® ftojHftodwisdw.
vt deklsj cOlskztcr :
1. [Mistej 2 ¢ slp.MCufRstddw dzOH J y detsBIgd :: vy ifip".. a4B8. , 9 2.0t
. : ddz
2. ssdzstesdzr S OYjMlsoa© dzO HftesdLotsHMmlsaj: L IOFr , o3
tej Mztcm] /1 ¢ BQ tWRIO dAfps://sberisarjbliggs/blog/kontikdchestvena
proizvodstveetapyi-metodyd t J Y dd&3 HEsMIskf ©: MeotsBtsHA 2, HOIKO
3.1 zOdzdtetso Oded j + S MY j tod dzjtdeleu] S/ dets fjHaddf'S o : € drj dlds jtetdsck
0 URL: https://ru.ruwi ki . r u/owijkjdd daCapladatio@ dzdff
dzZ' 2, HOIsO 2B10.20238. j dzd W

4, FMEA O ddgmistclzd3zj dzls Hdzvw or wodzj dgdv tedMmMEtse o ftetsy
[ € dzj € Istetsdzdz 02 UR Jhlftpbz/ﬁwww learconsult.ru/blog/fmeanaliz/.d t j X d o
HsMiskf ©O: MeotsBtHAd 2, HOIO BBKONMNjddw 27.10. 20

40



5. filstsH ¢5 syl idze:d tffisdjstdc OO0 dz®didz @zj dzdv / / Bi
Is tc ts dzdz" 2 de YR Ehttpg:]/www.bitrix24.ru/journal/pochemu/d { 4 Y dd3 HEsMiskzy
fMlotsBBHA 2, HOLO tBON jddw 27.10.2025.

41



fdrefrt LI érrRr sdfrryousfal 1o o

pdzjjo 1. 4.
1Rul U, RzfgBwH j dzls 4ptRHAY §f *
1 Ozytez¥ sosHdIsjdzt @ vy jtej BdMEJdzO [ . ¢
E-mail: ds&28@tpu.ru

stsdz;dzuOlsz 90dz (Ctsdzj dzo Odz) WwWodzw jIsfpw tsHdzd d3 «
dzj o sets Hoada OlSJdZW odzzlstcj dzdzj c 5 MetstcOdzdw. v OCYJ,
dzddwW W j Slsdodets? tcOBTBIST Ho de Olsj dzv , f jtcj HO8 OV dsh ¢
B3O ddzr . [ dz UtGJBBIth@fIQIﬂZI@IjISGIS)JtSdZJSdE@JJSdHSSdXJdZdJ f steh dz
ststes] YjtejL BOatseodS d IteOdmdsdmmds f jtej HOY Isfmw

] HOdzdzs?2 tcOBBIsJCAEC @M Mcls L BRHozdDOIsSEe s 8 OdzO  daC
tcOB BIsOIs! B' dzts { tcSplidWiEks2 @ 2 f tc SIs O.d3dzg Odzdetsy 1 [ Mmyd!
dz2r &3 o WAAERBB ] dzdtctso Odzgdw . [ OlsjtedOdzsdz Hdzw € tsdzj dzy
ykzekzdze. 1 0 Ctsdzj dasppPisdz2C tedlsizv B 2z ditedfpazls 200 1 d3 (¢
dzdj o YoHhMNdfddCOR (Mdded?2 vyojls) , LOCtej fdzj dad j |
Yyojils) . 1 dzvw BsBftejHjdzjdedWw dzOftewy jded?2 d HJWEBStedOyd
MisOdzH Otelsdzr J d3J -~ Oz g H)E€ tf j Y o Iis@&@)lsd P sezisdzl P 8 s {) 261
H Iz dz! Cidcfwed@sddts 110 410, Chsfbdsdpd)dzBR. 1 i)
BtcOdzO M Eydbtsds tj Odzt dg@ = Gt stedyj MSdrs thtse
hdgr d hOlkzdzdzr | tslsof p@fdsd B sdyjls s Istsp|fzst | d3sH | dzd tot
mMoMmistsw dzd v .

tdfm. 1. d dztsy | i d®OctkLsC d LOSCt] ¢

1 sfydzj 4[515615 BN ZO Mmcejdzjtedtetso OdzO MjlsC O, Ctsls
CAE. 1 jL dgjV SISISBﬁJ dzj fsdzEydlsmw § sdazkzydls: ddeG)
Odz’ dgf &3 tsBteOLtsds: 5 & BiD ffelzd jtsr detsfiidd & &dz® dzr 2 b
qjslsfmw ke jtMisdw (HdY odddstse, & etsdg P dzxgedps & o
1l sz fsmbstesjddy Milktd LOfEMCOjd OmMyYls d § d

1.1 OCOBRRBO dzOf tow y j dzd 2 .
2.1 JOCtcOBBO § jtoj o3i M ded 2.
3.7 JOCtLOBBO HjWsttdoydd.

) sfdzj {ktsets BT dzs feddlsts tojh jdedj HEBBOodls: jhy

42


mailto:dsa28@tpu.ru

tdir dDEttOBBO O 6w ) j dedfMy Dt OBBO § jtej d3j " dad 2

tdMr JOctOBBO HVBEeREOYdd Ny OLOBBO § esydshisd

1 smdzy o' ICAERE) ag'WIsO B'" dzd ftesORO&ZdL Jtetso Odzr O

r o dzj dz oftsL A3y dz" 4§ L sdz dr &OC Md dizkz 0, O IsO¢YJ
mMzse § Y oodzkyd dzdz" = HOdzdz" = B'" dzd MHJ dzOdz' 9" 9 SHT
OdzO ftcod EZSCOL Odadas & JqUzOG tolzL CORJ § E&Hdzzyj dzdz" = toj L

SH, Yybsts Cwdzj dzyOlsr 2 90dz dzgy dmfrlsr 904 s ©OL I

dzj S slststets? dzOctelzL € )] d HOY] dd&BjJIls Btsdz "tsj ¢
dgms¢ ddlsj tOlskzter :

Jtodzddz ¢ . ¢ .[,. |s tclde dap®. d G(QlsjjHdzd) .o dzlzIste j dzdzj 6 5 MG tstc O dal
dIs dO ftsydesmis: §steh dzgj o @ [dis ifStoAes, d dkPiBiste. O dzdz" n
fsody 1. 4., 4Qo yjdeS s u. 1. l jtesWisdesisdz j d
tetsaOdzdzfla.OtﬂcB(q’lz:c@lsc;ijQ;(Dg
¥ OkB OJ 9 . &. VIsj Bzt OIsts o r.r.., s Ot 3O dzts o
Odztso dzj dzdz" = bk ¢ z d&z8tudBlet 20RRdzj dzy OIlsr = 9 Odzts o .
mMddtse, 1. ¢. ¢d&OdifiiszpdagOEyd Pdn § IsPded Md dstso
Y

o3V g
Tt HIODHELH

| [dzrujs offidg teipjddg 5r BOh ddzsfstes dzdv : Mmesteded C Ml
iMCts?2 Cdl jitRPdegakd B e, 2WRABMNE, Z5uvlv; ©JH. G

Q—
11
RS
o,

1 1 Oh © tsots dffipl , 8 t2.0]268.3 URL: http://earchive.tpu.ru/handle/11683/85228

g d dz' dzv G d de, d. 1. RiMMMdzj Hse Odedj CodzMlstczSC ydd ont
HECIstO /| wddz dveddz ¢. 1., yvjtijdddmMcddzo [ . 4.
Btsdzq’QX‘(z‘]llslc)lsﬂ;)xthzomku&tdz?{ugizﬁjﬁudzisgtsdzwcltc%QizudzﬂWBtc:W
24

o u

./ vlvuv;, twjH. CBd. o . R. &i6dis,d 20240851~
RL. http://earchive.tpu.ru/handle/11683/85248

43


http://earchive.tpu.ru/handle/11683/85228

s 1Vt fwuv 1] 1RC S1rt4dSAanrsuvrRlI]T JHUR [ O2ZR
recsegvlirRc 10 v RYISJ[101VRC d0JfruvtrY[HES B A,
gutryrd3aIm vroét1am drReU[ ]

ud di3sW jiite gOtcdzOl¢?) deS 5 |
dedtemMSd?2 cetsmizH OteMmise j dzdz" 2 duzsk Bk te d Gegzy 82" 2
sdfgsjHtsor n ddgy Jjdzgjtedzr n» ISjrmdesdzsed2, COWJHU
1H 5y J eglsil: veefomit79@yandex.ru
20 MY d teeddals elenakarnaushen®11@nail.ru

—

4
R dzfm

[ dzw G jdzj cdtotso OdadW ftsdzj L des?2 1 dgjtecdd o dBOM dc
f dzj o BskzH Otcded € Or, B2 dz' » dBsdslsCOR d Hte. ) " dte
GOdedL Oydd SCtbstetet ftoddyd dgw e Ismw Mis] t@ysigdesgjtdzHlz H C
Mstczdyjtdabfd. 1) [1]. 10 ftesdLotsHdIlj dz desfyls! IsOC
EHOttdzOW MEBtetsMis! BB2CO, dts d Jet citdiilstedyd Mm¢
L Odzs, vy, o0t! qekw Y steds? BS2C 0, ®syds M ko
oz jots a3 ftcd EZHOt] 5 obdzdsessHEZ, M oJjdduyddodd
tojdedd ddeMistclzdzj dzls©® o tsBi jCI oL Hj2MEadROydds jkzss
dZsets Mdzdy J dedv slstcOy Y dzdets?  dzj eedd ftod tOBBIS]
B2 wieédy BiMfjudeOjl ko jdduyjddj {djtctst ¥ijsisd
BstcO Wtttds¥ BS2C0O OClkzOdz dets? .

HuctpymenTt

m  Doek Boanoeon

—

i

Q0rexT BozdelicTBHA

tdfm . 1. leddydfdod d&ov MIj k0 Misjtey daj o 52
1 J MBstemyldsO W jCls oddwddw ¢jtsdsjlsteduj MSs2 W
Btsfhls: Misjtydjots? EkHOtds?2 MdMsj®k B’ & GCtErls

EHOtodzsegts Hj2Msadw jets ftOCIsdyuijmMeéd dzagj dmf sdz L s
dzsets fsdmMCBetsfthtso fH Gtz 3Gl dMo WL Odes M Isj d3, yYlst
C OdzOdzdL quzOd:sq’quan ftosyj Mmse, Eydlsr 9 O h dj
HisY d&3€ d o3d . ltesyj MM tOMyy O § OtcOdBj Istetseo  kzH Otcdz" =
otej 3j dzd (delsMEEA'OC dhds dzjls), d dn f§toddj dzj dzdd ©OM
ftesmisr = 6§ [ 4] .

l 2002 ¢ fr]fr]tststsd;sj U . [ 9 Btg
BtslsCj ydmdz j Hj dzj dzd We 1t Odz]j Usds' ts
GJBhijIsted YJ CtsHEZ 1 K@ L tcO@s tslds@ da
QolssBBOIsdL d JIstsH [ 5], ftsL otsdzw &
fMtetsS d ( dad M otsHdls! Hd fd20dgH Isitg dy g i

Medn Wstkd

o

tdfm. 2. JitkiltedujMSdj Wstd Bs2C 5o, OkzOdzdL S tsls
BjlstsHO

o3 Misdets M LOHOYjJ?2 s tsftcjHjdzjded® f OtcOdy Is

ssRBOIdL Jtetso OdzO tsB Ol dzOWY 5 O OEHB] BEBisBisdzOU s f cd3 Iz

odls! ftcdoj HY dedzlz ¥ WstedQ3dz B2 ¢ 0O, GJdej cdqtclze h jets

44


mailto:veefomit79@yandex.ru
mailto:elenakarnaushenko2011@mail.ru

OolbskOldL qicsoOdz @ oadH)] [LEBECEOBBEEEE &SHEEY, i
JB R fByjHEl. 1 o OV f o ypjizde®] & St thHe O jlodDidgey
sflsdBOd desets HdW OO0 ©BI jCKO oaLHj2Misod
Yodismw o Itsds, Ut fted fijttijHOyd djttedd ISOCd®B
Ldzjtecdw BEHjIs o] ded BOdz dets? ) yd fhdzfstz@l ¢ § Bisnyj dziz to Pt
Wstedr BB2CO, ¢, daj odlzyhjiidasl s Glss  afrdsy defgazjndzd 2
st Hinlse 5d5 H Odzdats ¢ tsdz@Bts 18 ¢ gl dz§ jo j & s Oo dzj dz'

HAuarpamma "cuia-paegpenne” OnTaMaJIbHLIH YIAPHBIH HMIOY/IbLC ICcKHA3 DolKa
PxH L P R RN RN EE R RN RRE,
CI T F,xH
60 /\\ 0 /
50—+ T /
40 /

200 /) MM )
30 7 ﬁ) ____// E> ) zn JT'“:“(fn. m.

Po L

0100 200 400 600 800 hwxm ' 10 20 30 1, MKe

tdm. 3 t(dLizd SOIsT orf f sdzdzj degdV (oSG tcOBABdesSG 5 dISH Iz dzw
tetsH Isdf O ccetcOdzdlse

LOCdzs yjdedj dBsydets MS OL O!, yYlsts dzO HOdzdz" 2 ¢

Of f OOls, LOCtr oahd2 ftetsBdzj Bz HJdZ2ZOBB] yj M 6

shd2 e tcdyj Mk Wotedsk BB2C0O. offd ffsHe ts

C ftosjClsdqteso Odzde RO Jdz EHOtecdetsets HJ2Mlse dw

fdmMsS¢ ddbkjtcOlskzter

LiOddiise [ . stdmMstekzCIsdodsr § Mtse dedztsMmisd 6 dH tec O dzgd
EHOtWfdeo stetslsdzyr o3 M shsetsd / f ..7 20RO T di3th ¢ ilel.) -1g50h o dzts o j
22.rotstedzd S s [ . uv. ltwosHBd d" 2 EHOt ftsdkz¢ Ol dsdH Odz
il sotsC L dzgj y9 2006 BO A .

brddise, 6. f. [BLBt d OdzOdzdL Mmkh jMmlselze hda Isj ~ d
EHOttdgRMmsoadw d fMisOdseatO0 ftsBdjd dr Mtse jth j dnmls
vteOdet stelsdetsj, cGEtstedesy d Mstesdlsj dz' dats]j 202B0" ( dEdumis o s j d
104-114.

4.rzCtso R. ¢. I1552¢d EZHOLd 7 KBiNOdkJL &GS H. dBEE S|
rotsteded Ctso // wff tcOo ts5sydzgZD08.i R dzy § Aok dz2PMR7 ¥ Iz to dzO dz.

s dditsW j j o, (. 1. stsd3f dzj € HfesetcOdRRAE HAdzv OolstsdizOIsd L
dzso @Ohddz / . 1. vddsWide, R. ¢. rdgQadf@Q2lifs.. 1.
127 8w . -412.4

6oddssWjjo .1. OolstsdizOIsdL qtotseo Odzgdz" 2 d3j stsH ftetsj Sisd
B rOddyd MSdds Mos2Mlsoa OB wWOL telzh Oj 3" = ®BI jSIstsa [/ [ .

L 1S dzd Cysotc dif /Y s te 30 WPaiOadiaigts o Y j 1S (i22022.6 oAk ilsj. dz-268.7

45



IRyt fosveuvrRYrdsrRE [rufr TROLVSEBURELIOLRC VIR
dUOMRM [ 61 L)1 3m vl Jurrr1RrRE JOd141veurt1 B dgud AR
FLrdtdro
1 d Bud s Oode.dlizd dz ¢ .\ .
h"rR uvRgy )} ONY d el 320, email: apZ7 @tpu.ru
2L R Ukp)lu, {tcw jsihgmsigawral@tpu.ru

J]OLtser §j BEflsjter, orfwosdzdgve hdy WkdCyde (¢tserh
EmMdzsceadimdSCdrn btejBtsoOdzd?2 ¢ ¢ jted3jIsdydzsfls d dzOH j
dzj M cOo detsMilsj2 Mkrdr cOLtea" 7 kf dztslsdzgj dzgd2, ff toj |
yqd.

t OLodlsd] otHEBtBHAE?2 djttcjlsdcéd ftojHl wodw jls
dzd ¥ HdzVv fotelsd Lrotds@Gidgilsdzd W d bteOdemtf stelsdtetso $d o SHTESHE
stsoe MdMmlsj dzgr woeodzws IsfMqw cOL e j BEMIsjter, ftoj HdAOL
d Mejtcro MsCdr HOeadzjded2. 1" MsCOwW IsjCEkyj mlss, o
srtezf ydo Odzof sH B 2@ GtcO2 dzj f OMdes? Mej HES2 Hdzv b

[5COL MEZSdh cOLte' 8 bkf dslkdyjdd?2 Bsyjls ftde ji
ftesMmMissd tBSttkzHBso Odzdw d otsL dzdCdztseo jdzdjy ©Oo Oted 2 dzr

AKjdzo 8 HOdzdzts?2 tcOB BSIsT AWCofiplfwtdscfiply] didsGR din Qlptsjls S8 tfff)
O¢eMmMdui MEitses BRBIISBSHO HdOcGdtsMisdtetso OdedW dzj d MY tcC
cOLBEMIsjtocdzes?2 EMisOdzso Cd Hdzv My OlsdwWw oBHBKSHO ( tc
OOydBdadats?2 dzgOH j Y desisd  @Odzdzj | B d2Otclzy j dadj HJ

fo]

i dhs skl ydy cOLBosEs BEMisjO M fMk.ddad

________________________________
> 5 \
T Lanwr s

6/7/,89

t dBssdzlstelzCydw Mikzadan cOLtser 7 izt dissiHs)lsasPR ste;0L I 56
10O dzv s h O oz P Y BB tEO o dzw ¥ h B[ fhiCOkddBPic O dzv 5 h | j
1 dztsls dZj [oas(gjto OL dzts | Iz f \GndsHstels) Loztfty J;, B dzts Is-zdf dadp fatst stch dzv ;
Codz ytsif dzbBdzj ded j -fotcodas] QBRdztclE ezl it B.
ltcj HAZOGOj d&3" 2 dBJjIstsH ftsLotsdzw jls ftesosHdIs! HJOC
Ef dzslsdzj dzed?2 G OL misfils j tode' 7 EZMmils Odats

46


mailto:apz7@tpu.ru
mailto:gawral@tpu.ru

NepemMelueHne [MM]

tdd) OCoadMmd s it BjMJddy fethd' i

CrekTp BUSpauni

fzmMO eOLtatsGts Bz

i tc d O] Ctste

J 2 OdOdzdL Y s8COLOdz, vyl odBttsOC Eflis

Yyo22dg 2 ftetsyj M, ~OttOCIsjtedL zs h d2 fipvdzwsdaOfed Isdfj dif! toidts
tOLodlsdy HIWjClO o BjrnOdduimMés? MdMmisj i MY te
fedz mMse, O dma OBy dzdlskzHdz j L dzOyj dedv Ctstetcj dzd telz
I silssddz Hdzw o' Hj dzj dedVW ff Sdzj L dzts?2 d dg¥ tstespOysiHd -d
Bsmis! o ftesojHjddd MsOldlRisdyi M¢ts?2 BttOBSISS d f
Il ftesyj mMmj ttOBBI' cOLtoatets BlkzMisjtcdO Wtsttdkdtel
Mstsls. 10 tdMm. 4 ftejHmlsOodzidzr M jSCIlster o©dBWLOYJ
Bj dzZstse, GHJfAcHa 8 ddfistc' H H W stcdzdtetseo Odegdz” i5d Mk~ d
fstchdgv My Odw otSHBEBGHO OLtoatsel BEMIjtO. tJiLk
desfmis! dMftsdz! L so Odzdwy M Jj CIstcOdz! degsets OdzOdzdL © d i
tolzy j dzedW dzj d M @O dzsdnilsy 22 tdzBlgdej ded 2, ybts MY stse f
desflsd d BjLBYf OMmMdetsmisd tcOBBIST cOLBOotsEts BhkfMisjtO

4 J oekls j 6Okt

1. 1 jlstetso . 1., 1dStsdzOjo® w.R. wutsotcjdsjdeds j Isj dzH
I'1 1 jMmlsded & d3@R0PHES ) IBteits ji BBHW .

2. 1teds 1. 1., re¢se t.1., ljwdddese [ .1 ., stsdz' y:
qOocdesmisdud MCdj dstsHjdzd dL Bj dzj ded™ Isj mded WPWT S s Mish

95i 96.

a7



$1 ¢ RURY[EBSRE [ OuYIU -ZIXQrRUIM [f T moLRrRY S L

I" zcOL By jloj BIMSHdZO [ . d
"R ulvu, FRiEgHug ek @21
AR URZ)1UsOteh d2 ftoj f sHO9 Olsj dz

E-mail: vnogB@tpu.ru
ZOtcdzd-ledztg O dzr 2 @jirs@lzdzjdB Odzd L d3, MstplsO®EdHL, digts |

dzy dzdz’ ~ dAfd dzddg@ls d uj M < lrtés A OdelO d3tf fn dzts o dz" =W eydpidgj IR W)
sftcjHjdzjdedj ofmpjrn Mddz, Hj2Msokshdr dz2O Lo jdz v (
kOdzj 2 &O fsydshls: , 3y hlsc k! dL desmshiss2 $ &
GONBYH] 2 BP@OSIS]jtcdMsdS: cwO¥s0dOddlsdyj M d?2
RO &Y HdesMis! CcwOY 80ROl yj MSset &jssHO, & daj ¢
UiMSdd kjlssHsd 1 6llssdz yjd ¥ HOdEs?2 MisOl!' d B
©OMYY IsO o fipdededj2dzdi Ghdsodsr R §tej ddikh j Mlso .
{ Ofmdsbedd ¢ibsHdtE 0@OEIbduiNises ©OMW 5O  dx
cOMMydlsOls! hOwddtc &0 fsydsmis! HA&Y L OHOdAESE S
)
Sac
~ 5/15
A,
=1 —
y F

t dipstedo sh-fdaszdzde’ 2 Bj 5 Odzed L o3
1) 10atHdd dzgjHtsMsOs hdj ejtdijltedyjmMeédj R OLOSIs
BsY' o tej " jded dl HHOOCaaBE® &3 L IP&ZzOWCA] st ketsd b
O 60ET 660ET
2) [ftejHjdvjd LOSBd jtcj &3 jddw Istsyjs, Mtssilse j

C o ax o L 00, - T
0O OOAIIO 1 0 600p ﬂOE“ 10 B Q

6 O06ATIO 1 0 OHFT 71 0
3) J{fwinjdvjd LOSsd fjtejddhjddy Mjttjrndd Lojd

Q6. 6 of
i Qh i c
4) 1 jty d3 olststelzs ljts dLotsHdkzs . 16 dO2Hjddzr i3 EMC
. Qi £ o . Q6
@ Qo “ Qs
. Qi Eoo ., QO
@ Qo “ 9o
4) JUTGJHJdZWJd3 IzGdziser EmMECstcjdedw Lo jdzt Jo d dBsd
s® O060s w ® o0 0 W w 6 0
) D & 00

0
t Omydzj ded &3 d3j ~n Oded L &3 2O Gtz " ¢MEztc®O® d dOYOdAz' daf

48


mailto:eep21@tpu.ru

HAHO bR MEXAHUIN zoymna 2-3

T,

{dMie2ffO OMkieO  @OUOd dr 2 dj = OoddL &
[d" COxHB2 ckkffr ©OMMSOsdd Mdd dJ MishksOsdd k
0 ¢ O0Q 68 O AITOD m

Y Y O Y O Om

1 d Mdislstew dzO@ dzOdzd ydvi,YH, 0 kehj Sy tEte datg jin Iskxits Gl dzj dzd 4  d o34
jets dsyds Mo jMmisd ¢ Mdfmlsj &3] MC OV tcder » ktcOo dzj ded
LIsdr Mddz 1d@wQdlsdde 2. o3 nOdZCfL B O0deOdzts 6 d Y dzts:

0 dOQ 660 O OBl m
Y O Y O-om
1 dzj QL 0¢ tOMmMMmisswdadj KBy HE ADfBRF R dzj tgif)Is b tp tgliz@ di3d
Hy2Msa@w, Ondz sftej HjdzvE Ismw 5 Wistcd3kz dzOds:
31(3 Osﬁ Q 51(3 Os,,,Q SI?YQ
SO s SO s QY ¢
1 sfpdzy BYtjHjdzjddY ©jo0cyd2 st L KOs dzj da
Y | BY | AY | 8§ OHOYO MmotsHdIlsMw ¢ dzOnBYyHJjdeds BOS Mmdd
yd?2. 2z Otodzd tc fdpjsteg ActsfHsd dB3slzO® EMisOdztsmisdzze ff etsydets s
BOdz! dese s dzgOctelzy jdzedw L O ydSdz) d MlsOldyd Mk {to
ltesBpdz BO OdOEZdIsdyd MEsets RBIJIssHO o Istsd3, Ykt ftod
otsL dzd € O Is dsdecifrdis M S d 4j "W dedJ H Odadzts? § tetsB dzj d3r  d3ts Y
ydqodz' dz" =  Vsthcaal@WwPrr ((tcjBlzt hdrn tjHjdy ddzg" = L d
1llIss £ { kst BjlssHO jMmis! twWH ftoj ddBEzh jMmsse. [dz O
dzr ». 1 Mmazkhwyils del)difdtc epdzsmis: h Otedzdtc© dzj  tetsn tSH
Bsydls BriIs! dLd3jdejdedy Hdzddz Lo jde jo. [NV BHddes
lted tOMmMyY sy otL By dZ2O0 f sHMisOdseo O L dzOyjdd?2 o W
s dMsS d&dlsj Okt
1. ¢telssBtsdzj oMEd2 R. R. ¢ ujidtagffye odf) ~cQ dRfiacldsiBee fiid9 8d80M d d
2. sktef) OO&IdUjMSt2 cjtdkjlstedd 1@ j dzddajh Bdes 2 RQ dzcdjisgj te
Mlsets ¢f Ode'4e4,8 2P.1 5.
3. RoOOdztse, ¢. 1. 1 JSCtltster jtordy@sd A Odgtad: ©O P Btcdz@ tzd
CzOHdzats?2 Bj R Odzd S ep2. 2021, -~ 4, f. 45
4.V jlstetso, 1. 1. [BHjdJteseOddj J OMyjl tr YOy d& A
LS // (6MMd2MSd2 Sy bkttdOd Kad dsihistetsjddw, 2020,
5. udsdtedzso O, . ¢. vjittjlsdEjnOdijoshdada -~ O 8 A

hdqdesmistetsj dzgdv d OolstsdkOB]L Oydd, 2019, -~ 2, . 78
6. skLrdzjyse, RrR. 1. [ JjltsHdSCO OOy Misets tsftejHJ
I'l RLOjMmMlsdw okLtsea. [ OhMdIMsMmlstetsj dzedj, 2022, ~ 6,

7. AjJHBtEB O, [ . Jf tHbHHS] dfj dedfjuy sk " Otedzdtedzr = d3j » O
Metsets BBEPBHEEOII i MSsets ddmis-qedzsO, 2023, k. 45,

49



RYSJCtCVRL 2049 tr1?243 1¢ fruyrsom o IRLU[IJ

¢ ded Md 550 NdBg S 1. .
HWRrR uvlurz1flskzHj dzls 4at2&AMal: haadO@pu.ru
21 R U, URZ ) witsyj dzlsmafl: bigik@tpu.ru

UsHJdz dqL sMmdsedzr » dJqdzmistelzdsj dzlstse v dzv  dzOte§ |
dzj d3j Is O dzdzd W jdfiteltschrts  df Qdsfjdig @ dp@sain W [odz G5O d dets
shlsesjddd  Hekzedh SswOmMd s ftsd " dj
dls tl bksydtsflsd dLelssadzj dzedv 3§ syds 0O,
)] oddzstsos? € OdzODEas?f s BOF IsHO dBEC
Bjsls oddzstsoky Wstkdhkz, ybkt Mnfshsemse k]
O tjL'B’' ftd GBKOBSIKC] cdkzndn s jthisd
sdstsd fOLOdk) bistdndgslb O He&Y B j MY jyjddy s
dfddz 9 Cdz¥ yOjls o MmjijBw Htose jteClz idetsy j Milse O
blstej deded 2 d MtejHdzd?2 HJO®Rjster twjL!Br, "O

stsotcj d3j dzdz" | B stsHT Codzstesdzy ftsLosdzwels dL did te
nOded ui MS dasd  d defyls B dgp dzl§ O dgRM: S to sty teEe o , S Py ls sl d3j
BICtosmMCsfr d s.H. 4 (odEsh s EJStsdjlstss d f Gt
Bilste® tjL' BT o Bhddydd sl EJSethnSsfss, (s’
GjL!BT. | HOdMMsFs NPl Gj Bw jSdstesdy § OtOd] Ists
wdlsj d desds 5 C2EMEEsdh. LR .

tdfm. 1. ovdzdojtemOdz d@ 2 dL Btedlsj dz dzr 2 oBd ¢
I ddeistezS ydd s fteddsj dgj ded® BIStetsMEsyfO ftedoe
des tsdz dMfsdz LEjlmMw ftcd LOBIted BIbydétse Isd ¢t
Hdzw Codzlstctsdz?y f OtcOdzj steso BjlsydStse ) o ddelsisle-s2 €
ygeorn dgjdz Lv ftesmlsts dqL d3jtedls! h O twjL!B" d MO
sMise j dzdztsls! L O3 6O h OO dzO oddzlstseor 7 d3dd syd<s On |
tOdzd COdZOeCd fjtjHd"Y Yo jtendzsiis! o]y BIONI dz P
ZOC s dzj dedets? f SCtoj " detEIMOBP. dzO 9§ dzd yd dzlz


mailto:naa40@tpu.ru
mailto:bibik@tpu.ru

HRRER

Harmor kaHabky

‘ Hak/ioH HUmKLY pesbobl

tdm. 2. 1 0Ctfdy dedz®@y ftsctejh desfyls! h O@

1 4 BB - SfHtg[jdgisdzsy dIs! sOC 2 Mytsmtse, M fosish! s O
tedls:y hOe d o' MydlsOls! MIlsOdzH Otelsdetsy L dzOyJ dedJ , uls
df siMtsB LOBj tc® L OCdz® yojlsmw o wsfftcjHjdzjdedd ¢ Bt
gdBQBa, eOMugzé G ez k2§ d. { OMMisswdzdy ik LIsd
0c 0.
ssteHd &zZOIsT BEHEIS LB twWIls: mMw o LIsdms IYs O~

tdimp. 3. uvesyStd HdAdv dqLdhijtejddw SCttsteHd

Clts fMHj dzOdets HdzW Istséts, vyYlbtser dMSd®dpdis’ yglb s
dLs5BtOY jddv {-1s6®jEhHehbd) ddv odHdBsMmisd fjte]Hds
BIStesMC s O.

vsO0Cdds tBEOLISA, dqL dBjtews sy CtststcHd dzOIsT  dzj o 52
MtcjHdzj j OtedW dsjIsduyj MSBsy L dzOyj ded j(, tcdufts.ts B3 ) .dzO2Aslg(j ¢
zv jIsfw IsOCB2 i fOttOdjIste dzO §f sfmdzj Hdzj 53 9adIsCJ (

51



LpEdHAS MUHUS

/2 / /2

229/ %

tdm. 4. wwjHdYY d&dddw odIs¢O

[ Odzdz’ 2 BjlssH fBLotbdvjls dLdjtewils! dzOS ¢ dzj dzdzlz
Cojh dzsfsw s, Ctls@ g2 BELtH§@sBsdLHBo SessO d3j Is
©Olds? ¢ sdzhdshlsd.
2w MO dzj dedv dL d3j toj dedetsets L dz@yj dedw fts fls Ok
BjlsudS HesfkmMCOd, dhmisd Lkskmw MdjHkshdj] % 6t6ddk
R e

a

0 p
0 © 0
50 q

GHIJ &z0C s dzj dzdzOW Hdzd dzO h OG O;
pih O tjL'!B';
nNiStsdzd yj mMsoets hOese (odlsSCtsa) ;
Hih O COdzOo € d;
DiHdO®ijiIste 9 jthdds, 5 Ctslstster d3 dL dzgj ew s Isfmw C SStGH
1 Tketsdz dzOC dzsdzO o ddzsso ts2 C OdzOo € ( .

sO0Cddz BBOL s5d3, sy des MH J &zOIs! or 9atsH, yYbts 0O
desfisd EZdzdoe jtemMOdz! detsets L Bi-BHlsg dzf e 5O C esMBEsH
Stemlayydzsmisd B sydsStseo M oddzZstsots?2 COdOo Cts2, ylsts
orn MjHddzei dzd?2 o ftotsdz' h dzj dzdztsmis d .

s MBS ddlkj Ozt :

1. otej%' jo0® 1.R. [dStesmS s dL-2] tcdisgziigs dz Q y & zd © j
o Odzdl B: [ [[ [i561M70.

21 0¢soh ¢ wv. [ ., o¢tedimlstse ¢. RrR., AOleEadde 1.8. [ Jjk
stdzbtesd tjL! Bfo! R BRSO Q  2H CossiastIB ks fightsH Ote s o j dz
Bd dziHdatis sy dzf 2 S MbzHOwMise jdde 2 jABdfd MCd2 kdedo jtoimdl

52



frovdfrzedlryr1RrRC tregvtituegd 1t R CsulfUuvduvsdARR | C st
vef I RCM

1 WOowG i vt BdMHCddO [ . &
"R vluv, dmbzHEgwRERI{O 4¢21,
e-mail: ee@21@pu.ru
AR uvlvu, RzZ1lU, MmMlsOth d?2

Htsote]j d3j dedets j 3ENOcteddE fifply etsfjL dad) jls MW Mistej dgdzj dzd § o3 &
fisq, &shdshlsd  CtdkfOClkdshnsd settkHte Odd™, ylbs
d Eyjmtyjdd Ehmdsed? {CMforzokoydd. Ajd ¢ HOd
dZzdL Mot Bj dedz’ » Yi3jtssslsten @ o AR Qdedlad Btse d HJ IsOdzj -
o 1 CMistej BOdz dzr 7 EMdztse w2 .

vsjRndedyjMS g2 s GPEBEsISCO joddujMSses B jCk
f ZzOlOydq dqdd jY otLsBdsSe dj dedv § sfdzj toj BssdzlsO
Colstosds HOM dzgj 2h OV 1 C i dzk Ols Oy d-v O dzfy elzts v gtz 8204 ¥ &
dzsfilsd dzd B 5 frtdzdiCifdztse jdivtstf AGsjdets s . 1 dzv o " Btstc O s Is
) MktemMO dzj sBRBHABE SY©jHjddls' HoBdddelzyhd2 W
ddzd &) 2 Oded L BO.

s 1Chste] BOd dr &5 Eesedwds + S kzOkOYydd &GO dd

ftcj f SHO9 Ols

1.1 M dy IsJy dtgiots Olgjtdiatz | s 3 j eOlskzter ftodotsHW IS
B rOded Yy MSC R e o s lskbtf czecsmisd, IsjSkuydimlsd d {§tots
IsOCxyd o' L" 90l s yjMmls!, GBLOLBoOdR]] GBjLECE

21 dLCdj bjcfpEOEEe]) dd' ~ Isj B BOEQOREZT fdfly g J
By dgv 8 sMv-BY O ) MSdj Mots2Mlsoa O BWBOIsSjtedOdzse. wlsO
[AscjnyIsCts?2 ftsHo jtoc Ol ¢ Bz fndaffo) Qdiaflr EH Otcdzts?
fisdydstsmisd, §jtejrnbyizdul CoRtcCEBEROL thia dztso 6 3j dad
Mded ¥ J dzgdj { dzOMisdydetsmisd §sdzd B teso o L' 9 O ls dzOtck
g dztsls dzj dzd 2 .

330Gt Mmdo dd gL MifAlsadj OctjMmdods = MejH EME

dzj 2, or CttOh do Qdafrjdetin lsfjL2dets ) ff S

417" S d) Bj-OddUl MGG, eoekLs §d ftdosHvls C
sls ydsddudmeédn dOftewy jdd2, §d2Omisduimcédd HJWVEGH
Cs wOLtkh jdds ddd MBwlsds §sojchdsmlsj?2 6ls kH
ftso jtehn dasflsj 2.

5] e tcAyfeficOvgsdedsL Hj 2 Mlso d¥ EMCswsls L OEEY Hj d
tkh Ol LOMNdlsdy j M&OL syde j Mmhsd, dOtkzh 0w dste ko
orh jdzdzs Bz dL dzgsfbk HjlkOdzj2, do is' Mis@" dza Gdzd dzts 65
GOf Wy jded?2 d HjWstedOoyd?.

[ desEsScOL dj d Mdzsy detsfls! d3j m OdedL dsseo tcOL tolzh j dzo
desj owLHj2Mlsod] twOLtkzhOshdr WOCkttetses tBLEMdzOs
fdzj Sdesets fBHABHO € fworhjdds tojfbemo. 1 MmewL
&) Mstse tc Owzdds' @O HIGted WlkdHO®R) dsOdz dzr j ctezfgr, f
NqdLdgj dedetsets ydedzO dLHjdzdw: CtdfflstckzCSIststemMCdj, Isj

sdsttkzS ststeh @i diizstsismny &0 MsOHdd (s Sidt
vels LOdsydls: o g dds MsHls i dey s sde@ ydzsflsd o § &
StsHOd3 dItsy dets BIsdzj Misd:

1.] " este BSHEGHWN Or dBO Ba{®lZsof ted o' MES R Isj
Y Otetsf tesydzg" j] dedSCjdzjoeor j d StBOdz Istseo W), Mistedd B H j dz
(Mo) ddzd dippserdf j fgdzd X j ded ™ § sdzL 2y Milsd. 1ted dzdL & dn
Okflsjddlsd’ j MksOdd, Odsd&ddddjo’'j d kdsOdssor j

53


mailto:eep21@tpu.ru

OctejMifdode 7 MtejHOR JMESARE ds Bls © et tc L ot gatigtle’ | d
dr & dZOd s OWFE Mh fdzdets? L H Otedzgs2 o w L C il b .
2.0MbOdj dzadj SCtdzyj dzstOlicty OdzOdE ¥ fgetDdzv 7 ¢
GOTtewy jdzd2 wodwslsmw twjL!B', SOd&OoSd, Miskyj ded,
Nided2 CdemlstelzS yds ©OL©OBOKT 0085 jffL By dasdg dz0 dz
CBdzy) delstcOlssteso ftoddgd dgwels tojh jdzdw Hdzv Mmdad y J dad W
dzj dzedj cOdzlsjdzj?2 © BjMSOR fjtejrBHO BiYHE Mlskzy j d

310" dk0O Bl odzjh dzdn oL HJ2Mise d Y jClsaf ftadnCd diavd
HdzW e j dzd yjdgfpcO dEfjLfiiistem @  f tetsyj Mfnj *anﬁdZIZOBGHCfd
hdlsder = Ctsykzratse d 1 CtcOdetso HdzW ftoj HIS tGOdZJdZdW ts IS
dzgj dzd 2, O OS] HtsjClhdtose Odzed J fr]q’fr] J B3 R dzOY H | dz

4.1 sflsdy jddj HJZOBIUI MEtsets d dd@dsﬁlstﬁmkfngdﬁ(
By dzts tslsdgj Misd BOZOdMdteseo Sk oteOh O h damw d&OMM
fpd &3y sted ydz' = Codhistezsyd?2, ©OMujls d Mdjh jddj M
L 5dz0dzO) .

Ujdndzsdztse d uj MiSted dsidglpistsisifny dz0 1 Is Of gi'f theteftsl Puse ts HiFPlis
tdOdkkz  fsojtrhdshmisd HjlkOdkd Mots2Mmlso O, ftjosmnyt
o jtendsilsg, ko jtentsfis: d ft.) s Isjrdsesecduj s dds

1.[ B | d3dzsj E(fRejSodEsEEigOs s 0) @ LOCORSO HA&Y §s
femfisd, Glyde J dsekOddL Oydw Hd&v mdvisdy o dizlst

2.0 50 j ton detsfyls dzts } tolf i OEaq gzj dedp j ton desfylsd HjlsOdzd o
Hisfisd, fsydshisd, dJLdshthiss?2 S shisj tt@d wjOfdaty di
BtslIsC O ( yg dzj dzls Owdw, fQsets lddjteisiovOdepjj toH sMisd; Bited ot
tSBJfr]u’Ju dv dL dshehss2Cshnisd d 3Ottty tesydshlsd) ,
Cts?2 yYOmlsslr ), ftojtwrhdshlsds] §d&ofmisdyiMSesj HJW
(SO)

30 Odzj Mj dzd § LOG susdiy “oh dfr Kl o diigOE @ dzd ] 2O f ¢
filsd HJ Odzq’ Wrdl ydsdzOdr dese &5 Mazsw Mt Mo 2 fMlse Odd
Gtso dzsc s KO jed OO HdA&v B MYjyjddy S s djCfdsa
BOd dgF & bkfjdse dwn.

4f i M B daemisd d ¢ OUd Misewd Mmifst ask OAESfisls § dzdzOW
SBGOBKBICO (hddWtseo Oddj, f§tddetss Oddj, =& tsdeddzetse O
Y GBS tsin PEistkig 2 MsOdkshilsd & Ikt h dd.

¢Sy ez Ols Oy d s datg®j j i BSHEO &GOS i) dsdsQdD deisby | ikt
MstekClstcOdd ( lkjodsdscohd ©jMkenho, O sOSy,j dO
hjdedj ©OLodldw fmotjyHjdd?2 o fsyjmmi ©OBBI" .
] MmO tsisdatsmwisfmw :

letsBdzé HJdedJ e 6 zOdJ dils Of 348 Juitptpr@fRAEEHO Y tffls d 3O dz! dz’
OBl (&ROCkkLCO, IsjkfjtOkzecO) .

24 dMisj GO f wPEAsH s Hdls] dz' desc 5 s RSO o Gsdaddzdd]
CdvtedzOY L OBj &zO0 MBOL syde 2 ROk jtedOdse, ki dslsdz
9 jt1C0O tjL!' BBo' Tddftsjse § @j dzP2 Stetsp § .

3 ickdvidy 2 € tsdzstetsd( offsipkss @ dsijsg§0®) 2 0¢ &
bjoBcS sdsiesd , bkd kcOLokStos?2 Stdscsd ) .

s dMsC ddlsj Okt :

1. [sMmSodidd 1.J. 1jemMifjSlkdody j 5jstsn’ o] tnd
W[ smSC o O: iP0JOEz@®dz8 ).

2. wsddyje 5.1., 1twr dide qdERks j[oBijced OMATbdIdH jHARdS] .
781 f.

54



b1 9fJRY 101 tcrrirE Yt Juulpp s BYrRE [T 2?2101 01 RY
SOLIDWORKS SIMULATION 2020

t OR BBOIs 1. ¢ .
L RUT U, RZfUBhJHJdZIS Ay o 1
| Oz ydz' 2 @k Csimftsidiiisdpste’ 1 . ¢ .
e-mail: ran23@pu.ru

{ OB sy

q & hdesCt ftddjdvElshmy o EkyjBsd -
dn Csdfyb
Is

fMistsdz
S dwdgdor Hjtey doOls! tOL dzd ydese s tsSHO MisO
2024]. Jretste BBOjted OzO dzOf oW Bz o dzd W
tcOCIsjtedmlsd S d, O sOCYj dzO 1 ¢ MY wavdds @ gl.d s dzdz@ 2 2 |dz0
dZzOMmispw b jej 3w d3j ssH S tsdej ydzgr = L dzj o5 delstse ([ sC)
yd mdzy dedztsets 3tsH j dzdtetso Odzgdw 3 m Odzed yd MSE BES 859 J HJ
OdzOdzd L tOMYtej HY dzj dedWw dzOftew y jded?2, HJWSKHEBOYHBL d
otsdzv j dsdfilse C ta@DIste OlsT d otcj 3w, Mo w L O &isehogtalfi2023d L d Y J
Farizetal., 2023].
1tc;1'5,(,‘tc;od3d3dzr 2SoldWaksnjulatipnw o dzv j Isfiqw  sHdzd d3 dL dzOd B
d {WW¥jSlsdodzr » ddzmlstekzd3j dzlstso MisOls d uJ MEUsicBsUz Oz Ofdg|t
c1<;lsG):, sO¢ d o doda J L) fiplsizs? i ld ds,0 Ctstgfdk jeOMyYY sy ttOd3
CdzmstezS yd2 d s {Ooeigd022;Juwitdspriiald2edle |
[ BH | dzdtctso Odzd §
[sHj dzdtetso Odzdj d twOfyyIls® Bf (2
SolidWorksSimulation2 020 1 dMmf sdz! L ts9 Odzc{;c
d3d dzlstso . v dmmdzj Hse Odzdw BT dZO |
Yj et fMlssdzd, MtsMmisswh ow L Missdzj | |
Cdzmistelz € y dfiffls Adef@ialdsdz” d3d :  H dzd dzO 1 | =1 tod dzO
d o' MO 750 3. Il md MmMtsjHddzi dz S=ly™ Y dzj o3 o
3 ¥ s Gigidj confection . ljterdzvw 59 ton datt .. i_ ___ dz0c te
GO0 des ) todzgs? Mcts? 1000 1 (dg & ldf)eshnss? ©0s 5, ¢
odzd L, vyt nsssdilsfplyeodz jdes R3OMM ZEtcCOPH SE SzZBOK Y ©
9JHY d &irOddyjmMcédj MmMot2Mmlse® d&OIJted Odztso
vsOBd&dyo 1
[irOodduimMSdj Mots2Mmlso® RBOIsjted Odztso

J

[Juwitasaretal. |,

[OjttdOd] ) &eSlsdeSi)f SHIEMAC O (|} ©jHjd jstl WWwdy
(Se/ B (§10) fzomMmty
fMlsOd S2 4 7800 210 235 0,28
Odzs B3 dzq § o ' 2700 69 275 0,33
AlBO6LT6
MisOd Al 9 8000 190 207 0,29

) smdzj §tetse j Hj dzd wSoliiWorkpSimilatior? ® 2w B dzd § sdzlzyj dz' L

BOC Md BOdz dz 7 Ofwy jdd2, HjU¥stedOyd2 d CsiWWdy

tcd OdSB3®IR AI606LT6 AGSI304. (JjLbkd OT ftedojHjdr o Is0O
v OB df yo

HcOodzjdedj RO®OCIjtdMlsdS d&OIsjtdOdss {§tod d

[OjtedOd J OCH. &@OfH JOCH. HIWW] CsiWWdydy dals
(f10) ( dB3kB) ftetsydatsfls d
MsOd S243 19 0,24 12
Odzs 3 dzd § o ' 19 0,72 14
Al606LT6
MsOd Al S 19 0,26 11

55



W iste 30Oy d s dzdz’ j
v tcQo dzj dzd j

[dhLBLB&JBéBTI%EHJ&&&BSO@GW dz0gf v 3 j ded

t dm. 4 tiLkd O™ oHj ddtesse Oded "
GOl j OO Al SI 304

10 smdzse § 6] L Zdazjs@®jsdzle dztS dstelz] @B dzd L O,  oSolifieaikdz] dzdzts
Simulation2 020, EMlsOdztse dzj dets, yYlsts or Btstc BBOIsj ted OdzO Ml
~nOtOCIsjtedMmMisdSd ftosMistsets tOBSYJ Gt
¢ s dzfn Is tS2B8YIR) d Oz dbglls GMERGETE ) ffdz@z] @B Oo § ¢ f

MsOAR304 fsCOL Odzs, yYlsts:
9 S2358RtsB M J yudoOjls dz2Odd3d dz# "z H W Sted3OyYd*®

ftesydtsmisd B EZOGESH Otew) dz8 OMEREBE | B 2 df  Ed3j tej

sy Ckydmsd (235 [10O),

56



1 AIG0BLT6 Hj Bsdmlstedtolzjls ogd dzd BOdz dzlz ¥ @O fif fdts IsSttscig
(2700 CcG/ &gj ), GBHAEOSKE ©BBEOHOjlS L &Oydl, & d&s
BsHEzdY kftckzeshisd (69 11 0)

1 AISI30 4 dsznd_?,tslstGW %O fotshbky CstsL dsddlzs  fls

%ﬁﬁ zlg 1;8;]' OMO MmiciHod MmidctEye Attafids FleictdzfsOfditsion jddzO
50Cd ISBtGG)L 5d3, Hdkv MsOYUdEROEhGEeE GOBBYjEE Mist
Mdody o bhdssdws, f6jHsylsdls, GIERIO ™ oddevdjslsdinlj jf @

Bd ydzse s d dzZOHY y desets tejh jdedw M ItsySd Ltej ddv ¢ tc
tdStdgj dHOydw

1. Ajdzj MssBteOL des tOMh dqtedls' dMmimdzj Hse Odedj L O My
ZOctelzL 56, O OSCY)] OdOdkdLO EkMsOdsmisds? { tot?
fsdz Ljd3" = o ®BOMIsjtemMCdr ) ddelsj dzemdo des?2 + € My

2. 1 iSdi3i dgHzjIsfpw  ftetseo jMisd bsftsdsedud MSks sfilsd
f sdz L 59 OdzdTomyogyudyzaidWorksSimulation ) yJ dzv ¢ Mmdzad 3 § dz
BjL Ylsjtd dzj fiB"giPsenifdsdmist fasidaldzts Hdzv  f tod d3j «
Jor o MmMf dzOe ts9 .

.rdzv ffwserh jdedw HBMlstse jtodesMisd ydmdzj dgdzr = toj L Iz
tod dzj dzgls Odz! dzlzs o jtedWdSC Oyds, dzOftcddsjtc, d3j IstsHt
Cotetej dzv yd d ddigimlenagegojraiatfor). (

4.1 j6MSIsdodz 38 dzOf tcOo dzj dzdJ 3 W o dzvv j Isfyw fntGOSdquJ
yd?2 (dzOf ted d3d te Mstsdzj h dzgd yo dL Odzt BJdzed j 9 5C 5
dzv ¢ Csfmils: Qtstc;tc;tsLcft'sdzdzlzB Mts2CsMmis! ) o' Ml ts

5.1 HOdz dgj2hdr tOBBIsOR toj ¢ tsdyjdigdiEdrisdgdf y Jfddlsd & tc@
syJj dz€ &z X dL dzjlifzdasldassesggehtdzO ylstsB "™ EZydlsr o Ols'  dzj
medd, ds d {SEsazseduimédy d Csdsdaddud mMcdd

ot cffntsQ zdsj tOkzter
Bisono, R., Hafidhoh, N., & Salim, A. T. A. (2023trength analysisf frame structure loading in

planning using SolidWorks static simulation stuB\OMEJ, 1(2), 2632.

2. Dong, Y. (2022)Optimization design of tension machine frame based on SolidWorks and ANSYS
WorkbenchJournal of Engineering Research and Reports,)23(B17.

3. Fariz, N., Kristianto, F. P., Amarta, Z., Hutasoit, N., & Amalia, D. (90283alysis of stress and de-
formation in parametric furniture using the finite element metE&3$ Web of Conferences, 465,
02032.

4. Juwitasari, D., Kristianto, F. P., & ka, N. (2024).Redesign modern industrial workshop table
with total deformation analysis and stress t&stinteks: Jurnal Sains dan Teknik, 6(1)7.1

5. Mat wi ej , G. , Wi eruszewsKki, M . Elemaftis af designimgkupholK . , &
sterad furniture sandwich frames using finite element methtaderials, 15(17), 6084.

57



gf1roé1RrRr zoa [ L) rJc YtLROMBJ{rrRAgwlrd (1 ¢ 3

Il zHODj 9 .
1R vlvuv, Rz1lu, MlkzHjdls ctekzfifr 4¢:
e-mail: vehl2@pu.ru

DY j yokilsts ftesyj mMm MBLHORY WdLduyui MisSet tsB
d3tSHJdZd b1 t. [dz 9Cdz¢t yojls ® MmMiBw tOL dz
jIsiqw  ddzd L Ole jtcHjoaOjlIs HEVW ML
JIs oL B3sy desmls: BT Mistets d HJ
d. 10OLBjtjd3 d2O fteddsjtej h OB

— o N

4

O]

d

d q

) (fmd. tdfm.

¢ SL HOded W hOdeisde)

1. { OLtOBBISCO CtsdmistelzC ydd.

dz O f wipfvn Kdg defifhjtddz ¢ yqd v D iQipsdty di@f edzADISEsh) sy Bj .
sd3 fted d3j toj KOMRAFIISSD.d v jsteds jL s "0 dzs dzO B ZH Ez1Is

d

2

d

N R

YyOls!' ftesdLotsHdIsMY dzO O des{ogzlsopilts, Sdol, PP aMIF RED M ls d € 1
,FFFLCD,SLS | dzOh j &5 Mz y®j dMytsd? Lkjd STL.

3. [ B t.

1 sfypdzj j yoOlsd dzj sBrsHdBs tsBdi3jtedls! h OB dzsds. [

sts dzj sBrtSHd®BS HBLOBBISOIS! HJILOd (hMddWwte O,

s s ftodd3d dzj dedv h OB dzts dzO ﬂteJHfrJlsOadZsz zO0 tod .

fﬂ
T .

n*

L0

@ S

~ ! 1
5,
- 2

&¢ LR

e P . __‘ . w

t dfue Qtedetsj Mtsj H J dz tdmyjtlsjy " OB dzsd

1 Oyomlskzy ftesdLotsHdlsjdzd dzf E2SCOLT 908 Is Istsydstsfy
dzj bdz S DEtcl@BEE®, 390y dzkze tsdz deteOjls MOBO
dzdw. 1 0ftcddzj tc, 'BisdedLddpj e'OHEOMZ sz d i3j Is! Btsdzj j =t
Nd dzddzj 2 dzr ROCIQL dRpitledz! h dd3 W OCIststetsdy wWodzw j sfqpw  EzMfMC
M dzo.

58



Ling kamema K=10 rr

el (L

[Aaa kamema K=12 1

N N
L
S - —
s /] o /]

tdfm. 3. ltddjdyg dedj " OB dzsdzO dzO Mo Otsdztsd

b BOSdBOd dts dLBjy Ols! dzfesdusiidddsiis j 2 o &
BOd dets dzOflstesj dzf Isj &Y jeObkter d Ml
& SftjHjddls! EMOHSE &OkjtdOdkO d &sHj &
"UiGQ'dzlsJTBO fp Btsdzj j Itsyde d3 §jtejHody]dedd d
Is © o 5L difsd dalz@Qf jfwe@lsiq) ddzlp’des " OB dzsdztse  dzO  ff fo
Iz*fls feddlsjter, mMismssd j §jyOkOl: f by
{j hOBdsdse (ddd COkdetse), CsbsE’ Bd &
B j Mls s d dpliphsd v dls @Safjrdswg Lipgiidzd 2 fd dzf dets € e Ols ¢
L &jlsOdzdo.

&dlsj cOlkzter :

s ¢

Jeuv 16DB7 Zzor Mo Otcdz" = MBjHddz] ded?2 MlsOdz! dz" = st
sdzmistezCIsdodz § 1 dzj A3 dzls' : 1 sfmisOdztso dzj dzd J dg" 5 s B I
tcd B
97

O o

stetso ftod wtso jlsj VI1PRPDM Iwste s o 8u3u8u {ftagds 3oMlj H j dzd !
1 c¢.

2.1 0adMmd dssmls Is ts y @zistnlsd O ks@ /OB i=A08 1 HR.: hipS/&ds3d.ru/rec
wiki/razmernaydochnostkak-poluchitoptimalnyerezultatypri-fdm-3d-pechati

3. 108ddz 1. 1., DY ruQsEts WS dsdsSsdd, @0l By Dez |
[ Oh d dzgts Ty ls te ts jSAAGBN,9783-D72-4D5024.
4. skELdjyse 1. ¢., vjtds hsb®Oj uOld. o i Has i s ls

[ Oh d dzts fiyls te t5 jSAAGEN,9788-D71-4D5239.

5.1 02 0kse 5. | .DkrRYPDPEEE®E d o . O s B 5 G qdz 2
0 ISBN 9785-44447771-5.

6. IstesB! jo 1. ¢. [GSHjddtse Oddj d 3IDYEUsEBMNE B: § te
Cdzj ecsOlstsds, 2017.

59


https://rec3d.ru/rec-wiki/razmernaya-tochnost-kak-poluchit-optimalnye-rezultaty-pri-fdm-3d-pechati/
https://rec3d.ru/rec-wiki/razmernaya-tochnost-kak-poluchit-optimalnye-rezultaty-pri-fdm-3d-pechati/

Red[ {1l oé1 R TULIY
¢ 1 fJustougf3f Vit

stsL Qtef,. stwOkdgs h
HRrRluv, Rz1lu, MmMlsOth dE2mf tklofz@Hpua Ols j dz'
A RrR1w, RrRZzZ11Uu, -foethiirobseipe.t e @kprauu

b f1d 10AY AR ML L1 68B
AR[ S Tuvai?2r]l Lt éARY[HSR]S

RLO®j Mmisdg dLtsBtejIsjdedw [ 1, ? ] to jtHs@izEchpy 0 i j fif s dzI€
ftosWddzj &3. | sdzdzso OW f jtcj HOYO BBiMfjudeoOjls o' fiyts
f tosW d dz 9" MsClzs ZOctolkzL sydzlz® M smtse dzts M ls ¢ L zB
Cdd Ui Miso s ¢z, dzdtf Omeafv2h jl dddz’ = d ffdzj dedsd 0 daf v &3 t5OL «
Cddzj 3OIsd<¢j. [HZOSCt otftetsfr, o Btsd hj2 fMmisj{jdad
SOCBe SHO LOYyjtidzjdd?2 d fjttjHOy, tMlsoOrlsmw Mmd

Ajdz2 ftojHMsOodldf wadtzts P Me@PBctco d ydzr 2 0dzOdzdL HJ dz
CddzpBOd OV dud MEdds &3 ssHesdk [ W) ¢Ips  dgy dzff dgd)zds H 5 C
Br dzs o" BtcOdets fteWw dBtsL ZBtsj] L Oxygthizj 26 R0 ) o, OIs € 5 tizg
21 ks 1 it HOSH@GEE? sidas) J Odd tod dcdds iz/Mdsds,z B (OB H

oj dzd yd dz0 { CMyj delstcd NGEISIOO dz2w j f)ls §f tsdzth o dsdBz 3 1OkETR"Ss
My dzd s dz dats? € totmpezbllsd O jigsrdstia
vtojnd3j tedzOW BtsHjdz2 f jtejHOWUd Y &€ sHidsQo dzjddp@ztsdzd
jdsedE o0 2 DOl 52 . C ez ipdad ojoyHE dag B3
jAedzs CslsstcOV LOWdSMdieso Odz0 s fsotsteslsO otfs
BOMY Sy | dede’ B ©Oo desdsj tedets §5 Ckclk. [ Hd
medn tlo j3tgf sk @dz dgddn IS @ t©Oo dzsj tOMMIs
sdzytsds kwed LOCtejfdjd o MWjtduj Sl
W ZHOMj dzdzr 20 © Qo desj tOMMlsty @Y J Bsse ts
L Mt jodzls B &[S SCB3ZC thfl t6j B " jdeds ©HB] do O
dd hjfmilsjtedd Gldshdlsjd ds BN@sy 6 6 uy dals f
L tcOYROY)s chddelt Odfdzsd MSotL! MYfjydod: d
1 sHh dfded S q, 1+ dzjd
tcOh jdzdw M o' R H dat
z dz¢ d q fesydd
d3d dzls ' dzij ftsC0OLO
OdzdL Oydd ¢ tedday:
esh jddw otmifted:
sfMStsd Sk LOyj{d
JHBOo OdedJ o' ff t5dzc
j dzj dzd W  S3cf. GuEGE
s Mmetd ftoj dd3lzh |
1 p3ecteOW duj MSdy
ted 3 d d3d d d3d ¢
lsOadz;dzo[J d t
i ckOHSddid St
jlsdz 7 f oW o A
Iso j dzdzts tskB dAf G tyt
CdzZsOCIsO HEG
Ldzr d or ff tsdzdzj
L O, ddztscHO Ists
ydzr » oM sd3tsc Ol

n@gowFT—"I3InH T~
8‘38‘{,78‘52 S0 N
T2 QYR =mxS
EloN 3LQ8®UT.C
H - Faag

Is
dz,
q

Iz
ﬁ
dz
d3
| d

HQ_Q_.‘B-HN-:—Q_

N
—

>3 5

FOPNPFTII " =0QOo=o 00+ 00
OfgFEINaNE IS

- oo

60


mailto:kozar@tpu.ru
mailto:peterkrau@tpu.ru

tdfy. Jlteddydf dOd dzOw 31 J dzj Cslsstotsdy tGiSH

N fesdzCtzcd &3 JesWddmmdzj Hiso Odad W w9 g2

0dzOdzd Isd ud MEC dd3, O dz
Jteo¥ duj mEow r B HJ dz’ LOyJ § dzj ded v, dMmy sdz' |
fMidzj Hise Oded v, f toj HANIs POzt j d2® wWePilkisok] fdz' 2 ¢ j sdiy Is
tstslsa;lsfnlsslz“hch Cddej BOIsdSj twOBtsls' §jtejHOYd. )
stsydets tsftejHjdzdls! ©tsySlk CtdsO0SlsO BiyHEZ (oW ddv
OB Mtsdzs Isdets Iso jtoH" B Isj &zOBd f dHj Odz! dz" B ¢ J A3 ke
o ftsdzdzj dz¥ Hdzv HJ O OL 5dz0 @ A&@& S Qw0 + ¢ My  dals t

S

28 28
284
o0/1acimb A0KAAU3auyUuL
29° | MOYeK KOHMakMa npL gouxX el
N
, | S
7 A
I _ I P ]
\ ! / - 7
T W=
| \ MOYKa KOHMaKma
‘ HAYaa0 @assl KoOHMaKima
/] 280
577 MOYKa KOHMakma
— KOHEY a3kl KOHMaKima
Q) B )

tdB. |l sdkdZso 0w §jtjHOYyd f §sdzsittlkedr
BSHE@NYT SezEy § dzdj bBYj s CtdasO¢ |

Opr
vinls Odats 9 dzj dzts, 181513‘15 BOPHE Y M j Mlis | tecadélfts Hfddsdzdats st dzls
ts dzj

of OHd dzs?2 € Mo s s dzls O C1IS8 Srfftatisoik(j fichtdscHudsts 2 ff Sts Is widsdngd |
M dizdBj Istedd LEZBO. [HA@ZOSE f kyjltsds Istsets, Yyt Bsd
oL sy dz" 7  dzOf 6O adz;dchl’ otcOh jdadw Cds,dzj 80O, SHBQ OIS C
CsdzZlsOCIsO, ofs oMmjn Mdzeyows, Csdj Hiodse jH ] dzdatsc
JquZfDISSJCIZdZOW d dstoddL kzjlsmwy o8 HEB'dZzOMdzEZy ¢ Oa OG
hjfmlsjteded d Csdzj MO 5 YyOmtsets?2 Mmistej dz€ j .

sOYHIGK]. BGBSIMASHdLE MBj 20 CtdlsOCIsdtelzs h j2
LEB! jo IySoO CtdzZsOCHOtAOMBEHF P dz@ifls nzj a ek B j , L
28C 0C dzOyOdzs WOL'™ Cbzb@OPd&zOb thigdzsf 2T @j sy H s
e MzdEPC2W WAL T CcdsOC 0. 1t Ui O tSusstEsjo § Jshoj  fdkt
MOMsets dzdy dzj 65 ftsdztsy j dedw dzj dsdesets tsB e Olsdets. 1 Od
mMzj HEE N d2 L EB.

| desesf Otedzsy L Oyjfdzjdedi, o wlsfmMkzkMlsadd EZftlzcc
cOBBYGROctokzL Cs2 [ 6], © HOMBsE Mdzkzyoj dji dOB dz H!

61



J Ol jdadj o' AtHMSEs Ctdzidn0 ddj to @ esgef iy tadja jdz0O
Csdzj BOdzdWY EZcocdzso tsgtl 60 GO tstslds IsHdAs,h § Uzad i s @, 4] 6 2zA «
fso Stetsls O 1w EiOs @D + CMyj dalsted € O

WsYS O SdzlsOCIO wodw jlsfqw d bySts?2 fjtejHOU] kf
EZsCOdzdL Oydwy ftedotsHdls ¢ dL &) dzjddgyf ¢ ff dzg g® f tizg Wy
o HJOfOL®dzj t5lsj42)1 BOCHY I NHC dgd3,dzOls o jedzd yd dzz 1 € My

stesd3zy dzj f sMlstsw dzise © o j dzd yddz" f§dzj yo Mmddzr H
dzj f sflstsw dzijlso s dzO§ te O o dzjddad v d j SdstsdmjCizls ) dodd y O (@20d fifs.
OMAtYHjddj djNHEZ dOfteOodzjddj 3 o CststeO® Mmddzr o
9 tcOn mmemo BOC Md dsOdz' detd j 4r9@hdzf 5 ) les@iatstzy § OC Is d y §
lz d3d dZJ hOjlsvl OBz d L ¢ iy j dalsits J999@\s Y & o jodzd)y ddg"
dzj Bdzs e 5 L O d3j6HAULY g tstlls @ {LSCM Y j dzls e d SOAS H.6 s J&OFts Ty
flls Oddsfgw COMOIsjdz dz" 3 ¢ IstOjSlststedd o tclOf tg datsr  lis df
slsted yOls j dz' dztsdzlz-1 | @R j dajs ¢ stezOMd dzr o kisy¢j ¢ tsdals
Csdzj MO, © ¢ dzj BE.

0.048 r
435

0.046

= = 43
£ 0.044 -
0.042 | 425
0.04 , 0 ) ‘
10 20 30 40 0 10 20 30 40
rpaji. rpaj
0) B)
tdB. Lot dséd LOodMmMddisMisiAyf testcF € @&P: {1
Obcedzcasets N OO Ctsdzj MO;
B) &zj yO fMddzr Hj2fMlsakeh j2 dzO Ctsdz
dzw YyjdeSd ojdzdyddzr odzdwdedw EZedzO i 3y HE dzO{
4 ¢ th’d otcOh jdedw Ctdzj MO sfstesjdz ctcOWdE sl

[
Istc O Is 5
(tedfg) .OC odHddB ©WOLddYyO &jxHE &BOCHdBOd df &5 d &
o,pz ysts Mtsle jlsfsokjls 2%, o ks otej k" COC dL &
1l Oy des f sdzd BOIs! , yYlsts HOdzdzr | §tsdzzyj dzr Hdzw h j My
2=20z=R . slssd ydmjd Lke' jo StdjsOddw {Idn
OBfMds sdzsds, KOS d o ldshdlj d dtsd o8 ta@HCHEO .
SlsHjd dscts Jhmdj Hseo Odzdv, §6MStsd Sk +Isd HOdzdz
ftod ydL dtsdade"\Bj fifSdddaj dfQilstafj H Oy .

62



TNON ave // |
‘ ' = 099 |/ |

|
27 ‘ 1 0.985 | / | /

rpau.

0.98

3
0 10 20 30 40 0 10 2lqpau. 30 40
rpai.

0) B)

td. LBO¥dCd LOsdMdisMmisj2 (6l &k {1
OPeEdz0 BjyHE ojClstesd Mdd o ksyC) SHdsOSkO
B) etsj Cydd jHdddukses ojSktstd® Mmdd dO ¢ OfMC

vOCxj BN O GBYtjH]
prRHM &3 d orf AsHd d L 208
Bsdj dZlsO o oadH| St WW
CO¢ Blsdetsh jdedj o dzdud ;4!
¢ 9nBBHMEsRE (tdm. 5)
Bsdsj dzs O st Hj dv &zOMm!
f sk Uj dede’ 7§ M SEX 6@ 2]

sO¢ odHds dL &0l
Zmd dzj dzd w dzj dzdzts G 5 BE 212
Slsdztsh jidadlv o fj 2 f jtejt
oW LOds Lkt M ] d,
oMY dzsy §j 2@ o' hj Hjd ' 0 20 0 40

e et b b (dB. 1 Osdnddsnss Sy
Oflssisr @fls jo dj lsokzj - : W
NOdk 5. 10 Ewdd meE (CEEEYT S GEw b 0)
fscotstcOUdo Ojilsimw dzO 1/ 1 Cfyd dzZsted € O

]l sSHoatsHWY dlktsg, Aty sy tlkdjisdls: tsis gizd @ 6 j dz' «
CtcdodL dzO ftso jtomndesflsj2 hjfsjteded d Ctsdzj MO dzO ¢
BdzdL COW d BHdsdOf O dzj dzdzOW . ] tej Odz! dz" = EMmdztse
HjWstedsOyd?2 §tH dzOctekzL €52, CtdkOCls oMmjdHO)BLELIE
LdzOydls, uybt CtsddsOCIsde j dzOftewy jdedWw BEHEIS BGlsdasf
fjtcjHOY dBsydes dMmf sdz L s Ols! BOjtedOdzr fp dedL €52

s dMsS ddkj Okt

1.1 Ols jdzs2 8 2 £LAT B2 M OW A j HFLBONY divls ifslogs? € HEZS ISt

—

2024106763 : LOWedz. 15. 3. 20204 §:dz' tistftde@ittzf olz' O"d,ts O[®.te 2 0 2
[ BROBOH ; LOwWedljdz AJjH]JEOd dtsj etfmikzHOtMmise j dzdzesy O
SBtOL 5o OdzdW " Oy sdZ2OgAR fiZ2 2 v w[dEfrdzfi H Sfodedjls § = dzd W4 MS d 2 |

2.1 Olsj dzls dzO0 ¢ sdzj U ORIl EHigdE&E e ov AR} GO yYETsuPlsOw
jBjHOUDOLI618DODR. : 15.09. 2016 L. tiftEfo, sicozofsdz 20 1 7
cOkzddz h [ dddete. S ydoe@ymdgts] -fsBEd MestbisMmE 9 Odzdg@zts W d tc 3O

3 r0fmj dy,. [l.sdzdseots?2 Isteyj o2 Cddj B3Oduj MSd2 toj H
HtSB' yd Iwyjdzts?2 dzjwWwisd [/ [. ¢ . [y 0fmJ ds, 1. C . stcOlz
Zded o j temd Isdedst®d dzaR daj jdts2eQ MAzx.te MED 2 4 . -2157.

4.r Ofj &3 . [ J dzgj Hic] dzd | otsdzdzso se s Iststeyj otsets € ddzj diC
sjrdesdzsedd HtsB" Yyd Iwy jdzs?2 o MsCsowL CH2 dPhigdz, o 1 ¢

63



stcOkzddz M [/ RLYGFREGY - detf B3NGB Edzde j temdIs| 2s@M2i2 .R dzy d
U. 333 . -5435

S.r ¥ O &g,. [JOJ BBOIdyd MOV dBsHjdz2 L OyJfdzjddy  Odz
otszdzso tsets Iststeyd o tsets € d dzip B3O Ig i Coits & 18 O. b atiarACoflsts tad@O 2/ dfr
9 j MisidafC2rI. 1( &5 )3212

6.s Ok ddz ., RIdzd Is Oy d ts dzdzr 2 OdzO dzd L dzOc tclzy j ded W L zB
tcj HESC IsstcO ftodcote®lcoPlzd de s tsh[O.tc! ) dtsotcj d3j dzdz" J Isj A
sSBtcOL s Odzd j 1tod @ dzth hdedeTs MdR@e MR B sz s?2 Ctsdd B toj dzyd
04 My deswBtew i OBMEC : 6 BSHOY J tsdzO dz! dzr 2 dmimdzj Hise Olsj dz2 MEC (
Edzdeo jtemdlsgls,-12820.

7.1 YOMmj dg,. [p.dzOdzdL - sk tetks Odzdzscts MEpME P dzdeOc g
o sdzdzts o sGE s ssteyj otsets Cddzi dOlIs dpy O s s @ HER SMtstc O/ /1 )
RicCklsmMEtsets comMikzH OtefMmlise | dzdets ¢ B0 EP = dzd 85 (ME 46& )8 &alzd o j e d |

64



SR1IlfOduvRrRsd JRITOARILL LB MMSPOMaN® A 3

g f d dzjudzq ts
1R vlvuv, Rz1lu, MlskHjdls ctekzfir 4¢22
e-mail: sms26@tpu.ru

l dBtcOydesdzdzr | h Otetsor j o3 dz2 dedy"r ftod oz dgv s Isfyw
ktse, kOCHdR $OC: BdsdscdyujmSdj ICOdd, BLE&BOCLE,
&j S Oiise O, BBEdEEO&Eds,] . RL&G) & Ujddi (esdms sH
&jBOdd?2 OLEBsd d' 7 fsOCOdss » cotdL sdlsOd ds?2
s hdj hOt' Moo jtkhOsl Meatsd EHOL' M of MsCs2 §dd
L OC ok ¢ dzj dzdzOC 38 tzdzapOn fglsOC Odetso d dL d5j & yOs s d=2.
ltej Bz jflso O &3j dz dzgdyr MM 500 NANO:

[Ujidd @®@ceCtsj d busedsj Stojfdzjdedj ©OL Bsd dz
1t jtodls! kodSsmis! dLdjd yjddY ddod skcbts
dLodzj yjded® MOSOLO dL LOydBkses kfksts? ks O

= =4

T vHsB sy LO®OE®eAPY Jddzed) G OOd3) stetss B dZOGBH Ote W
My demMtstcdzs A3z H d M dzj ©

1T 12 So@3ddOyd? §060OdPBd A L B3g we mQ dadfdf o (| d3 -
ftsolsstcOd3sd HdzvW EZ§ftsh jddwy ttkzlsdddzs = L OHOY

T JHddZOSCsats ABtes" 8 fBHASHIS € OC HAW Hedzdijds)tals cdst
dL d3j dz’ yjdedv Hts 99 1y

T RMftsdzr L 221 tSHddz BBdzr " 82 h Otc HdzWw dL &3 dz' yJ dat
h OQtetso Hd&zW tOBBISTr 9 twjyddj Istej dzedw

9 RMY sdz' MMNEROBnaNOH dz% tkilsd dzdzs? f csB S sSHGESIstse € d,
Hdzw dMmMmdzj Hs9 Olsj dz MEdRr L OHOY, dOftddkjt, d&Jn

J 4 /

t di3sddzj BOIdud MOV Mnj BO ftedotH O dgj dz' dzd

65



£k

t dfsddzj 3Oyl MCOW Mmaj BO §tsMOHBYdE » BB fr
10 tedfm. 1 ftejHMIsOo dzj dzO ¢ ted o tsH dzO W nanpO flists © fe jd-B -
dzdj b 1 dzj SktesHoadeOIlsjdzv 1 fjtejHOjIsMY yjtejL Bk
zCde tj di3j dzdzts? § jtej HOBE BN Bslsly o Bz foztsidyy fiptpzz4 .
MisOo dzj dzO@ o lststcOW YOfs® MEMWBI dkswdhdds] IsQlssOdt® 4,
dzsj o tcOh j dzd J Qth’aishc{ljtsa fsH desd3j tetsds 5. | fr]dZJH
CBtesd3’ Mdzs 7. 5 Stotsel) Hydts qd3jod Iodspldstsy € o § dzj dad W
tclzjls M HMOlssydts?2 Mdds?2 vHdv dL i &2 yj dedw o Jjhj

JHd2ddZ dL GcdzOQoder = Htojddgzh jMise HOdzdzets?2 € tsdzfyls
ZOMmMlstes2 Cd § OtcOdgj stetseo § totsyj MmO fipfsisdsr dz! oyg @izdjvdzdLwO
Ho d G Olsj dzw . Clsts ftsLotsdzvjIs e6dBSt Wjekzdzdteso Ols!
Nddzr toOBtsls' §ftsH LOLdEdyd § BOjtedOdz d IkttjBtso O

[H&OSC s, MmMEkh jMmMlsekjls d twH dzj HisMIs Ols ¢ftdeots fn) st 5ilsdij
d HJhjodL dzlz, fsHO jto)y j d&2O BTN Mistesdiz dL desmlz d Ists,
toj B3dzd 2, Ylsts dzj 6OIsdodzs o dzdwW jls dzO dzOH § y desfyls: d
MsCdnrn d@OGKEZL COR d HAdIsj dz dzs? OB SIs] j dzezgS2 dzgf € O -
Cd3 tejdedj &3 d B~ Oded ud MEddBd EZHOBOR], Ut &y
stcj B9 Ols! fitedtsHdyd MEB2 COdzdBtetsoCd ddzd L Od3j dz

sddzj B3OIdUJ MEOW fnj B3O MY30Enangd sibprEde Aiggddd VdzddzO
9 Olsj dz2 detsdz f toj tsB tel® Ldssec@sdzdHde dovtg @QBHAEME 2 B H O deHzis .
oshdiid@islzdzdzr 2 B~ OdedL 5z, wodw jlsqw 1+ WWjiClkdodsr a3 to
dedw. 1 Ml dz0 1 CMf ZzEOIsOydsdzdz” 2 dzj HisMIsOIsts €
ftej HBsMIsOo dzv jIs € dz¢ Pjeodssi¢ Hte jf@tipld tg thdsSolts t6j 4 d dB3tso o
HOdzdzr 2 Of f OtcOIls Edzdo jtemMOdzt dz" d3 ddzMmilstczdz] dzlstsdz o

f dMsS ddlsjtcOlktsr :

1. R9Odese 1. R., V1 jbtetse ¢. 1. JdBtOyYydtsdeds j d3j dz' dac

Wjdedw . [/ ujq desdzts@ G0L8.550 " 4 dats FiEDBS j dzg v .

2. udBdedzse 5. 1. [jn0ddCO adetOydudsdy & Mdflsjdk d d

fMlso®EBMS o O: [ O d dzts M IAStB) i, j , 201 7.

3. skrdzgjytsse 1. 6., [iBjHjoO 1. 1. wvjrdtsdzséedujmSdy

dzd y. Mistzd € j BON  dIIOBES | dafe . 1585

4, [ jdzt dedSts9 1. ¢. wuwtotjdgjdedzr § Isjrmrdesdzsedd dL d3j dz

BN dzj dzgdy B bMdztse W R S 20208 U OBSHD. ifB.0s j R dzd € O.

5.1 jdtse 3. 1., AjHstse 1. 1. Susitoteg l§d S dEd w0 i3

Eilstets2 Mlse Hdw dLdgjd yjddw ejh jmlse. [/ / df2@1.ddsfls

0~ dD.uy. 1214

6. esdlBBse ¢. [ . [Mdesear Ooltsdi3OlsdL Oydd d bk 0o dzj dzd

ZOz¢d d JazRR2e00ydR.u. iR.3

66



gfstozr1RrRr }tfueuvfCc soét?rt13m GCsusdl vt 1 ¢
Jvryrwoslpryriram ovoff1f) RM 103 o1 3IMm YoOuU[ B
RYMTRLTRE{RLTLSS

RoOdgse ) stsdf P& e Odatde?
W OdeSl§lsjteBkzteeMCd?2 cettede 2 bkdzdo jtefiiflsjls d dstf jt
Gl § ©2 % Amail: 255079@tudspmiru
4 0del g sjteBztceMCd?2 ctsteds 2 bkdzdo jtefilflsjls o dstf jt
ftosW j Miste COW j Hic! ed@lh@nrsSh@dersspraadzd v |

CCMEOoOlsster wWodzwe Ismw tMmdztse dz" d@3d e tstedz” disd dEBON d
dzn ttOBtls [1]. [HEZOSBK dgi sBteOIsdd § fHtetsyj mMmr , ft
ststeso ftsH odzdwddjd3 swyjdzr » Effzced?2 ©OBBIT, dL
C dLdBjdgj deds BIStetsejtsdzilstedd Istclzh drfmw ftso jton daetsr
st 9jHil o Ctdgj ydesdz dlssej ¢ HswWodzjdede ftsotcj i
Yyd mMe¢dmrs 1 ¢MCOoOtstese, f jtojosHW Eteds j dBOM ddz ¢
sls¢ OL O.

ltesHsdy dIsj dzt detsfis! Isjrmdedud MEsets tsBfMmdzizy d o Odzd v

Isj dz¢ detsflss ¥ ftsB fiyds 8 fi) UddA® detisg) fissidalz'datz = tcOB Sls, 9 J dzd v
Zzsedmlsdud MSdr d BdrddudMSdrs ftesMmissjo, O IsOCHJ
MistcOIsjedj?2 Ysftsddzj dedw. 1 MmAzsydeh dafmw EMmdztse dw A
Hso Oded ® GisMmizlsmlsedw L Of OfMmdzr = YOMmlsj 2 dBhsesltcOIlsc
Ssydzsmisd L Of OMO ddzd SCtsd3f dzy SIs©O 1 RY MmMdzjHEjIs ]t
sdj, ®tlajyow L O YHHJjYOdzd] L OHOdz ~ IsfisgeBisSO Od
yomilsd sB |

ddzls j dzifd @ desfylsd sIsC OL ts9 dzj 5B - BH(
LO LIl ftesyyj My tslse j yoOsls MmdMmlis
E@Ewﬁlﬁﬂgﬁlﬁm@m“’” fgd fipls § i3¥ Md3OL & d

f
UJudSOW d i3 stelstsL Oy " jded g Y sMdzj Hdzd -
tej 3w
JBlz®
Pemstsftej Hjdvehdn  dzj &3 dzlsse o € tsdzfls
H d
4

m
O]
0]

' m

[ d2v  fdaed  J dad
)
mdMmlsj BO, Iste
dz0 d B B R jdds j-

[ 3], ubts fsHlses jtey HOjIsMw MisOdMmisdyj MS dddd H Odzdz
Iststetse, ftod B dvj BsE] flichfls aPdzdzOB s & ff) suaddsydats frsdd?, [«
(OolstsBBOIsdyj MEOw yj dzZlstcOdzd L s OdzdzOvY MdMilsi O MdBBOL
LJtetso Odzdwv MdBZOL syde" » BOIjtcdOdzse, §tSHHjteYy OdedWw K
sls dL desmO, ko j dzdupdzfsizmtess ©dd Hdzizy B

[HEZOSCEB ftod yjdsd teWH fHtoj Bz jMmlse ¢Auvu tsBdz
MejH Ctlstster i By dets SlsdBilsdls! jJ HHo Jjty ] ddatsfls

{ Mdetse dz' | ofrteftydQ@iz' @p siglis@Y yj M2 MdMmisj i3¥ MdOL
Motk § dtefigdeOodlslz® fdsdz f tcd L dzOC Od3:

1) MowLOdedz | M tOMftcjHjdzjdedj 3 ckfmlstse s MdzOL
dzdddwd3 (ddLStsy HOeodzjdzdd o MmdMmisjdj, wslshizlsMmise dJ

2) 9" Lo Odedz’ § fYtsorh jdede d3 toj MztemMsds wOMr SHEBSO O
dzOfmts fydizj A4 dzls s o ;

3) Mow L Odadz' RisHifsds dL Mistesw 1 dzj Slstcdyj mMSdrm St
tcddzc © ¢ Aud;

4) B nOded U MEdJ dzj dMYteOo detsfyisd ( dzOtelzh jdadj ¢,
dzj dzgd2, BjrOdduyjmMSss) ffotcjyHjdd] btckBtsftctso sH O

1 tod dzd d3OW o 5 o dzd d§CaRIHItS CdBO L1 dd@ Wi jdAdlsi©@ G dHtetsmd fls §
dz" j, Stdbdyds j] HdizY SHHjtyOddw dMftcOo datsets Mtshr
B lsdlss Mmdzjnkzehdj OMmyjClsr:

1) f dzzdzy j edzOY f Otc©®@ dOMsMO d histsCd dOMsmde -
fsHOyYd MBOLsydzEdtse BOBY EdPzOMisesY dzfj B MY juds
Br 3 Ssdzdyd Msotsdd MdzOL € d HAzW §YtSHH ey Oddw Istcj Bz

67



2) CdHWGOoa dzd yj MSdj tOMftcjHjdzdlsjdd, wWeodwwim! !
dgw s hdj Wekdydes ©OMYtej H] dzj ddv fisdsQusOusizthaio L &Als § tf
v ls Msets?2 Stodldui Med2 St tsdzj dzgs MdMmlsj &5 MdBZOL

3) hlskyjter, cdHtOs dzdyj M OW OttddOlkztc® d f tedf
Mots¥ wByjtejH! dzdh! Cthifsdy dzZsOBd e dHCOd dzd Yyj MS 52

[ dzv Mot jotcj dzgj dedese s kzMistc Odzj dzaddvin fotds oddgiCfifdss jh2d Fls tad
Codif dzj CMdz" 2 fsHAaBH € tteOddL Oydd bjrddyj M¢set
o Cdztg YyoOls!' o Mo tss tsMsiysd dets &tisdiaflp jiofir € hsits tefit§ Hse tslstso C &z |

ldzjHtcjdzadj] Isjrdesdzsed?2 BGBteOlsdetsce ts sty G dedf tdzdp dzef Q4
Mets?2 YoHetlseald L OYOMder n yoOfMmlsj?2 [5] COt! jtodz n
HdzW tOLodlsdw toj i3cdzlsdets?2 BOL'™ GEtteder » ftojHf todwWisd
Yj dzds tcOL deslsdtfder = B" MstesdL dzOh do O dzf = U Sy ) edaBslds
teseo, kZydlkreoOosh jet MfjydWdqskz toj Bsdsdtsets ftesdL o
HEB" 9O h jets BBtStczZHBo Odzdv, fBLotsdzdls fMmkh j Mise j dads
M smMse desMmisd IsjrdedSd d MdzdL dls! L OlcOlEsn@Odzp] § &
fMlsr 7 1 dzj B degs O MmdMmisj 3" MHBOLSI fHtsLotsdzdls tOL O
ctelzff Br MlstetsdL dz2Oh o Oj di3r = {1 dzj d3j dzelstse G dHtOo dzd Y J

(4 dzj Bj delsse MdMmisy &g MBOL S, kM dedudz' ~¢ PRS0
Eydssds Mijydwdséd toj Bsdzsdtsets ftesdLosHmMlsea O d &
hjes tBBtezHtSs OdzdwY, O ISOCY ] Mkh | Mis®p detiets Mif ts s @ ldz
sjrdzdSd d fMmdedL dls! L OlteOIlsT dzO jJj wBMdzzy do Odzd j .

datsLHOdzdj L WWJCIsdipldad?C dygftdarigiidsigts ¢ G gz 52 § sSHG Bk
sBtocOlsdzsets dqdeydqdzdteddzc © BEZHjIs MY stsBMmlsotseo Ols!  toj !
LOf Ofpdzr = yYyoOMmlsj 2 GOt jtedzr » { CMCOoOtstetses  fsor
Hso Odzdw, O OS] GHsdedpd COH Byt ipmeEe o Y figks dzls dz' -

u f  mdekls j tQOlsIzth ;

1. zdsBOds. , ROPS 2R EyO O C oM OFW W j Clsd o dats
ledzﬁucftsdchtstsaOdzq’W COtg! jtodese s 1 EMC Oo Olsstc® € B¢ 1 tg@
0dzOdzd Isd yd MS d 2 z g estgzdeids ned 2 ( HADB WO dZi LT . 11584 DOI
10.25018/0236_1493 2023 111 _0_144.

2. RoOMgo. , ABDHCB [ Bgbtcgdj b sH @dzs Lddadls s 3OIsd yj MS dJ
dzd L 5o Odzdz’ § MdMmisj di3r MBOLECd. [§frls fteddsj daj dedv, et
fdmed | tstcdetsd ®00&idzmls dLIFEBIS 5.2

3. s90cd&LHL ] sBRSaBX OGWod SOHQFlsdzisos Blcj YS §92 M-
COl®ter d2O0 C O’ jteOn. stdmMstezS ydd, idMmt dzrQI51GUsd)jdz! fr
c | StodzOW 1 20Af @ OO . M.

4, [ sMmCodfdj 9 sthodQdzj a fnpfmdzj Hise Odzd J§ fsC OL Olsj dzj 2
Cteczff GBStczHBSO OdzgdwWw € Ote! jtodz' A gLiftEdROD daff dgiPiiOdE sdf[tS dige
yj ms d?2 B Y dzdzj #sij &'dzd ( jdAPLduXzts29A2 tidz0 dz)7.0. & . 1198 DOI:
10.25018/0236_1493 2021 7 0_96.

5. 1 zBO@Ha O ) tcdd3j dzgj dzdw BtOldtse s ddzgy ddzd ted dzc © d
Misd o EmMizsedwn dztse 'Or dM@ dz§ 4 d & d /[AZH0AAITS S gidESD s .1 3 6 8
1372.7 DOI 10.34925/E1P.2022.141.4.258.

68



[JYUORIRTOARC 1 0t ¢/ 0 - T S P B B R R R R
1

1 OdzH H tedfs.o
[ smMCtsamMEd?2 | sMikzHOtemise j dzdz" 2 (\v.§ F @& g @O d 2 v da
i sBtslsslsjrndzd €O d Ctdi3f dzj € MdzOW OolstsBOISIL C
e-mail: panduro\@bmsturu

[ Mo dzts?2 L OHOYJ 2 ftetsi € Isd teusiosOsiagdzts Xzddzi 12 jdesQy of da
zv jIsmw sflsdBdL Oydw § OLOdRiIstetse fjtejHOUYd. uvts | fr
5B MY jhuddme Osq ded BOdz! dz' § cOBOtdIl’ §jtjHOUd ftod L
sfteJHjdveE sy 5 dOdetdzjJ dOGtlzy j dzdzr d3 3 Mils Od3:
e 2C82. sOYHN2 dL 4tIsdr {1 dzj d&3j dzlstseo HdL dZOydes
OL d3j to YBJAGIJJHSO U tej H j dzj dz dzOd B BBdzj §J dzOGtelzy j dzde’ o
dLB" Issydzr 2 L Of Ofp ftesydetsmisd.

vihizss@e slssmf s desMisd § jted HOYd L OfdfMmr 9 O Isw

[ OCId BOdz! dzOW L Codo Odzj delsdzO% H d dzO® Y H fig &8 wzO dzO
Brls! M@yt EHCO] i3cdD dz@O0fhrl §fddSj HAEZY L OHOdMEsE
BfSIST :

O 08 P
stsdzsOCIsdz j dzOftew ¥ j dedbeizy oz’ L ®Y sy dzghsgedizef " j ftoj H §
B~ dz2Of eV y | dzd 2
A K 8

C

Iljazdyddr HsflkzMCOJ @' » Mmdfds HL" Qfef filgClssotsls o g rdaf | d dk
Bscts dzOftwy jdd" Btk &OkjdOdkO Mol dddlso. 1 jddy
cse d §fOLORjlstse §jjHOyd. (OL&jtr §jtjHoOoyd ¢
sj zdzdlsO. [c¢ kdfsos?2 yjttsjy §sCOLOd dzO ted fk dzs

A-A

tdfl sdftcets? yYjtlsjy MOk, dddkO.
[ ddzd BOdz' dz" j] G OBOtedlsT fjtjHOYUd, $0O¢ d MOl dzd
59 . 1 Ot lzy dzr 2 HdOM®j st @ sHbh ot &0 BB dzP dg
v s dzh  dzO "Ohpigils jogmsizdjlsiko B Is!  d3j dz' M j &.h o JcsCd i e d
SHh dfddS O d diBjyHE dad d&3d dzj 5B R SiH.d d3sts dsedj dagd | sl jisdz
ils BT Is! fteddzwlsO tcOgQks Xy kisHsgedizy fipdslsih dfafe ®dEc -
Edzqoqgfnlsslz MOlsj dzdzd Ists o  kz d3dzts ¥)J Qides' dglzds daQip s steiiddBizlz
9 .

69



() "Q Cw cQ (3)

a & w8

t OMStetsj i3 dzj eOo j deMlsots (1) . [ ©F fjd B dfMdEGY tfipd dpk
LOYyd § &) defffted v dzj ditks2{ OMApRGISEEdo O ©Oo deso j Mdd M

"O "0 1Fth§8 T
rde, IzUtststhde LOfdfd Wstedzd yomls: o teo>14dchw
dzdw ro T s sty d X Fofn Odsd3 joedidds@ C s WY d yd §
risq’lzfr]QOJd30W 1 CodoOdzj dals dzOw fd dzO dz@ § sHh o dzd
hdf dz2dS O o ydfmdzy j B2Q3[2Y s ) sz Y 3F BB tcOL tso Odzd 2 (1
O 0 (p,,H., ° - [0)

PTG ”%hvg_

CHG T sCOL Olsj dzt Odndsfipy N dizgf , sls s df OF LIGHHD defcifr dad Ste)j, i Iz te fi
HOYqd UOMIstslsO o9t jddw 1E@MySbEY Yo eds o @ag@ s 9 O
odv twOBBlsr fHh df ded DOC Iz Is s f &z js ezdzte By j EOH N d § dz

[ joaOwW yOMmls! dzj cBo jdzMlso © L OoadMmdls tsls fMmddzr dzO
toj Clsdtotso Odfets A tdfifpday? yOfls: dzgj cOo j deMlsoa © L 0o dMmdls
tcj HOYd d dOL " 90j Iy MC stotej&ds fHuaf o @)dedz®@\c | € & totsth €
By dz' hj MOt CIsdicso Odetfetsd " JEz B s OB Blzs M & s B

[ Ommditisafdladi 6d 2?2 § tetsydzsmib d mis @] f iz jdzdjvde@ 2W) 5 t6 iz
syjdeSd CtdlsOClsdtsets dzOf oWy jdedw. 1 tfMmdzj tOMCter Isd
(2) LOfdh jds MdzjHEs W 5 SBEOL &5

-~ . COPp N
A W _hQre O/\_"_Y K h X
GHY St WW dydjdals, 1L @asd MW j iz @ IQI(dtgldsaasd j dzd j H
B@BistcO® yjotd ¢ Oicfetdd of jjHtg jdad® d ) d3ts HYz dat ff B s e sif d to
HOYd ltejtsBtOL W (7)) ljtsdzl;qdd:s:
R “:“CAOZ "

Il dzjos?2 yOfmilsd o" Oy jdedWw dzOmtsSHIsMwW o j dzd yag@0O, L
sjtcdOdzO Hj IsOzaiz? WHteygROuE. yofmls: o Oy jddwW tsBTSL
hOH® | fitcdggodeRdzOdz: dzOv  f dztsh OH! f jtoj HOY], dzjtsBnat

ftosydesfmisd L OyJ § dzj daed v .
JftjHjddE L OHOYE sfbdidL Oydd § jotcifO&BQIE] Isic 0O
d34d3 COL d3j tor ‘QAdar " Fisdzdd W@ v d J ddlsf KOs Wsihvfiuddivdzels H d O,
. v0¢ CO¢C YoHNdfddSd wWodzws Ismw MisOdzH Otcls dz" dzd «
sz'rraG)LsJ fsHh dfdzdS dL COOizse®L Oldas gz s isd
] O OBl @ Bsc zls ff tod ded B3OIs!  dzfs ¢ OB J j dztlzO 17 jndizth»

L Odeg.w

l COyjfmbej yYyjdzjotsets f OwORjIstcO orBjtej d3g f dztsh C
LEjls ¢OBOEdls' d ojf fjtjHOyd df@AZEROY jde'j O @
Bite fsHNJfddsO. voydsj of udfmdjddj ojMmMO §jttjHO

70



fyjlt dzj Oo desclj todes wWOMY o Hj dzj ded W BOlsf) et PO 0 o
desflsd fjteiHOyYd. 1ted Edjde hjdedd ¢ dztsh OHd Ed3j dz' "
BOd des? §jtjHOY]?2 Mybsjd sk, b (sktts? § dksh OH

1 sMStsdz Sk i3q dzgd BOdz' dzOW O of qidtsf O H s ts d'j Gots HOIS e OL .
S ted HJdzj ded § efjldoR@dz fiplatds?H dflsifv € f jtejBtstelz oafjn
14°Q, p fsmazjHizehdd o' Bstesd fjtej HOUd M di3d dzd BOd
o  @B(B)d dzOR t5 MO i Jthe! zO s 3] SlHis jIs @UaP 8] dad§ o J
d HOXJ Mt jdaty jod3 o yd mdzj ded 2 dz2O St ¢ Isjtej d3t
s ktdikz 3j vudfdj ddsj tjh jddj dzgj §sCOLT 90jls B
RO dzv. Hd teR) HMIsOadds o' " jzZC OL Odzedz’ | dzj tOo j dzfflso O o
MdeS ) 20 GL&8COSBRE Gt Odedzs? Mmddr fy &sd dzd B3O dz!
dzo[udzr fsHhdfddSses d CsiWWdydjdsss kECstesyj ddw
LYWW dydyss@, O kOGCyj §sSCOLORO B dOMs! §HEjL Od
dL o Mmisd = IsydidieljL HOANG] .

100.6

100 o e 0.8
BEEE = ‘
: : =L
B = e A=0. 0
! , o= 0.63
- = = i r=05
A \

s o
—

NRRNIN
\ ¥, \\

2

e

ol AN
==

AR

: 0 0

; v

k b " 0.2 \_\“———\\__40
12 T
i ‘o I
0.0 = ‘ S g 4
100.0 1000.0 10000.0 1000000 0.0 0.1 02 03 04 0.5 0.6 0.7 08 09 1.0

o

t MW S d Hdzv ©OMYJ sO

IfsdddL qelzj ds §jtej ACOylm " f UsifiylotsQts i dadis®t ' dzd v
o] Mz@WhWsdunn, EmMdzse dvw 3 ttOB ®K' f tcdin C4s Isfip@ls f dzdzd Kk
fsdzd OBJHO 1 ¢ 6.

rdzv 1?2 §fjijtejHOuyd ftoed dhmMfsd L seOdzdd h Oted¢C ¢
MddzGO ocouvmn’® [ sMiskzy dz" j§ fsHhdf ded S d Hdzw or Bt O |
L OCtcOh j dadets 2 tsB dzOfifds dp. ¢ wsdes W W @ dzghts B z&0O0E mMmd dzr  dzO
1 jtojBdteOw fsHh dfddSd tsls dzOdd3j dz' h j2  dzsh Oud ¢
61905 | dzww dzjfp s ) Ot Q) tod zo j dad ugleged d dgf ditz8B ®H ' § j o H
dzj ng3szWJlsﬁ]W, O MddzO o YtsHhdfdzds On lzdgu df " O] Is
Q Ty 0

U OQ ddz sBtcOLBd3 o OBl MW tsttRzdzdtcseo OdzZO L OH O

Slstesdkz @ty ds fwsdLe jMmisd sfldagd. Pudsi] EO0BDEB]Y

ttcdosHO M CtsdeStej dzlsdz" i3d § Ot O3] Istc O3] .

g d d&fIsj tQlskzter

1. ErmolaevM. M. Linear Drive Based on a Cycloidal Transmission /N1.Ermolaev, MA. Pan-
durov // Russian Engineering Researth2022.i Vol. 42, No. 8.7 pp. 776780.1 DOI
10.3103/s1068798x22080128 EDN GUUAPE

2. ) {a4188552013(SO281: 2007) 1tsHhdfddSd SCOyjdzdw. 1 ddzOc
dzts d3d dzOdz! dzf 2 6 Miztem.

3. v ( tc Cod.ldz Il SsHtej L Oded | o dzdidzp Bdzdh - dzQ dzljj I D 6RE dz, /
[ 01 Odznztetse // RizajBHzE o Ofidgg dzd 21. 205.0" Jqztsmistets
4. 16374 DOI 10.36652/00426332025104-8-634-637.

= N

71



lrterowlt ffrruvuvfyY 1 3fR U [ OfR RROY[1LRC
vt olrvflrzrrv3f 1rrvetovft LS 1L

1Jejdz .
[smMSBseamMCd?2 | sMkzHOtmise j dzdzr 2 U.J6R. dzdiu@ FB @d20 ,u da
i sBtslsslsjrdzedC O d Ctif ZPRHINd@EOdZ®o Ists BOIsd L (
e-mail: bn25ra027 @studenfomsturu

IMtse j dzdesmis: ¢ jHES KIS ) IS(teyHidcuHsaizoz] jdfpt s, 4
¢ s2, cdf sdHndsdy jugfps viysks2Ylsts  § j t6 jHEUHO X todgtisdsjh o
otej d3j dzd ®edMYdudoOdlshw EOd & ¢ & dduel i) §d dtnds

sster n Oodzs CI WWdUdsREZI SO CBOBSEY cOMYY Is™, H
Ctsdzg MO, LOHj2Mlsoatse Odedz” 7 o  } toj-H ® y jim daprdustip, S d,
2], ubt MoedHjlsjd Mlsokzjl © ldr]fipgHOY OF s dgy fHiEste &Y

dzj dzd § &3, O (d3j dzdzts fg th tstatizisip SI9 5 Y de'tedsdfi Olsyjj dzOlsld s € jO-U J
sdud Ms¢d i3y §E3G.5Misde Ols!
vskzthOo dzso § "Gjj digfp'ted®DIs stetsd3 o s dzdz
HOdzdzr A slstedspdids dMMmdzi Hse Odzr d SfdMOde o dzd
HByddd Mdssistew dzOl Wues) diglzt § fipspdsted C so " d3 6§ dz
9" d@3 dzgj HsMIsOLS 3 BMISOjIsMw dzj tcOo dtsds] N jodidzts
¢ dzj 6Oo dzts 3] teddsalizlz LeWdn {f ety H1G Seifalagdlis tdaf TR0 dizd dizd
dMEB2 dzj teOo dztso j § Yddedz(fplsof N dj costs Logiakfi)ddiseQs -odz0
f zlstcOdzj dz L O Mujls Jteddsj dzgj ded™w Mnj &3 M daj MC
sL 2O Uqsmdzts Isj dx SaOygidadffindzs L 2B O j & , € IsfdgdirO.
s € q’isaisteislslz C tsdzj fip@0 tsHisedds thdfitdesij Eip’ ﬂzﬁjﬁ;ﬁm;ﬁrcmﬂsksxp
ud fdz HdZW, fr]dzizuOW dfnfnu QGEENRJGGB@ oS aphEmEo J
0 — —n —— — 0 8 0
@ a a a C .

ltrschg’lsdztsxo[d& ulsts u;dzlster Is 4 dO & P ulff Halfisdgz@BdS H W |
Cddi3d ,w WsséHFE8 ¢  iMotsBtsHdzr 2 § OttOdBy ste. 1 MdMmlsj &3 ¢
C sz tsdzj dzlsa;ﬁslﬁmaq’c@ﬂgidzls SftedHjddbtedits 1Y StcdikzzO

00 wOEdN O o AT &8 C

ltetsW ddzr G dzjOo Ole tsizey Q Iseigfefigistoi@alsosHzdddaf thiHzic OH d 2 ) s § &

Coujdzdwp QIO T4 ¢ My dzlsted Md(ls))ls i indrfuydip®

]
O]

FgonT
CNONVINS Rt
Q—-IHO&_I ® S5,

©
g2

o6 06 1B onN0Oo6 OO i A oh o
GHY 0T9 jSIststc destc gOdzd dEd3ji sdzdedf frplzd H(:2 )
. Q0 o Q0 o ‘A0 o OEd
vo Qo Qo Qo > - AT O T
., . €O o Q0 o (9.0 0] Al ®Wp
O o — — — ———38
Qo Qo Qo p - AT @

lojHj d3eOddpdilf sstcO dL yjdstd fjtjnoud HE yj d
O OCy | B8 BCROYEdgdE ¢jdjcOlssL0 o 5ddz
()]

V)

p - AT @ o
{ OBUd? ftsd d @t adipmontet? { CodHdMlsOdsk ¢
Yj dzslsjsdr S OUp @§wLOazky s b dj i) d OOl sEON g &sy j dzd j
Is 15

0o 60 16 oN0dO6 60 10 oh [0)

72



GHQ;OlIstGOJCIsysdch@Oquzq’W ) fl]q’fr]lsJaigodf,J@tEt®wH®dz@ls ¢ 5 dzj

v @0 Ed . Al ® .
6 6 "OEd née o "AT® h  x
p - AT © o p - AT @ o
00719 jClststc dztstc 30 dzeff HS) dflste[fiodta2f totso Odzdzr 2 Mmdzj HEz® A d d3
L W o W O W o "OE§ " Al ®
v o Qo Qo Qo d
~ P P AN LIJ
. . ™ o W o W o "Al ®©® OE(‘J8
V'O a0 Qo Qo ;
l o7 Oy jded (8)d31*51]$|tﬁiznso[LLe(Dnjmfdglz‘)*flsJ COC:
Q” -0 OAT ®o OE]J o
- - 8 w
Q0 p - Al @ o |

b A

Tena kaverus - \ [exepamap Gom

tdm 1. wnjk0 llus MOBB®®dgSS bizjdd & ¢ dz

Il T 9atsHT

1. [BMdzso OdzgO f jtemlf j CIsdodesis! ftodd3j dzaj dedy 11 v
¢ dz# ydffetd jid d3lzOf jj fitelg end Usckedadz” d3d L Iz B Y O Isdsdts(c tf ] Qetg datOnlo dz d
dzj dedw, yYbts ftsorhOjls Htsdzs L kB! j pH d dOWWnsemLsOwd Az t
94h | dzcletsdd®) 6 J dzj tcOlstste otsdzdz Hj2Mlsoakzjls dMS dzs ydlsj o

2. IreoajHjdy WBEdRBEdY GHdxMlstetsjdedw o otdzdatso ts2
sj &zOBd S Oyjdedw d EkEZtcOQodeso jN jdedgr 5 G j dPicPlss@isR- o
Yy cets oW qidy. Ctsdzj MO

s dMsS ddkj Ozt

1. wddedyr &z0, 5. 1. 1 dzd gy b C l§ A @OdRE S 1 fhizisdzte?  d3ts C

1 Okydetsj [BI jHddzjdedj, 2017, wvw. 1, -~ 10(32).
2. addzd yr dz0 b.J., [tedRtsdzOjo [ . [ . [tHjdd tyjfssd tof
oyt f jtej HOYOr. [ jrOddSd X304. 9jC0O, 2019, -~ 18, M.

3. cdeclzdzse 1. u. Jtsdzdz,tsaf4 fjtejHOyd M ljtstsd34>1|zlstsqdz
HOUYd) // RLoOjMbdY uvtdkhisets foddlsjnddg] MSsets kddo j

4. 1 jdvjoe ¢.r. [JrOddupmd o B HOBdE] 3 Zlstsyds Bd L
1992, 231 fy.

5 ¢BHEAEZJdD t.1., I1BHhdBdAdi® 1. ¢., vOd@BMsdseody ..
o2 §jtjHOUud M ftesdkjykzsyd B kj zOBRd SOUjddw. A
ddCd d Isj rads,dztse d3[( 30420, fm. 95

6. ¢BHEAEZJd, {.t., 1ItHhdBdzjo 1. ¢., wOBMsdseody u. |
dzsflsd ®BjyHE GYHORB] Isjd SOyjdd?2 o otddsst?2 fjtjHOY
kOd dz' j d ftdS &zOHdz | f esRdRd’, 5] SBBUP)d o BSdse d

73



gl 0J1 (VR ARS[JIRI O 21 fB R Cl[[?2lrruv1 B 17

| Odztso1n.§ d 2
1R uvlvuv, Ry, dls 2 BAY § *
e-mail: nal23@pu.ru

s YydqS dzsdHOdz! dgr &3 f jteJ HOYOR fteddgW Ists tslsdesfd s
LB jo Cbtster i fMtesdlmy it ydSdzsduj, O Iktydz |
1 CodHdMlsOdals T .

lfjtwcoar j fOIsjdalsr dzO §jtcjHOYd m vyd¢< dzts 0@=iz’ dz’
206ts 9JC0O, des dr OCIsdodesj odzjHtcjdzedj © dday J dal tec

fJjtootss ByydtejH!', Mt Mzsy dsmls: ¥ o MBLHOdY fjt]
ststesets dzgj tsBrtsHd@s dMmf sdz! L tse Ols! MlsOdzS de jydagj Is y*
e d; Cttsdsj btsets Hdzv HftsdLotsHMIsSs O Mdztsy dzs?2 € tsdal «
3T 4 uyolsd, OSIdodets tcOLodo Os hd2mw o §tsMmdzjHdzj J

Cotsdz' 9 jdzlsdzOVY ff jtcj HOYO  swWoeddzOm: twWOde "j d o
Btsdz hjj tOmMf csmteic©dsj dgd j H & Mj 6 B

1 d Mdslstew dz0 1 Iss MjetsHdzY ydqedzsdrunOodz dzr § 4 ted
tcOMmdzd dO"  dzticiplstdstisjisdsdj W= dzd ¢ ©, MisOdzS sMistets dad 4§ , 09
sO¢Yj o dgjWilsjcecOLtsokzs d cttodgsHBBT 9 O h s  ftotsdgr b

v0Cts) (o MmMpiBetmigldasPdejcd j td2O § sdzz yd dzO B dzOG s
sMsB j dzgdetslsw 3. 1 tetsj CIsdetso Odedy f jtoj HOY]dJ fgff)detize ©dz
LsoOdzdj © COyifmbej ftosWddy MsfttweOjdid n LEB! jo
sCtolzy desmisd tsRte jJYS0O Isy jod@Agitaiisd H Od3 dzOn sH W h d dsmw o sl
fsmistetsj dzadd fteddvlsts dMyfsd LssOls: 2 vyjis@sdEn d
SHds?2 t©0o j dz dzOyOdz! datsiD 1§ Steldz  det[fills dl,) . O [ & ldctizty wi2s ) Is -
lfjtoj i M Oj 5Dy HeyStted tHddsotj ddj ddesds ff jtoj C Ols™ 9 (
fts dzgj fsHody des?2 BOdzj dz' S82. 1 Hj2Mlsoadlsj dz' desflsd

1 [

d
d
d
bj s, f(silstsdkz bOjChstdys, §t Sshsts?2 o §shdyjH

flstetsdls v daf Eedds2 f j toj yd € ditfdsH jt,S 0@ HigGrls Ofdsg W df de' ts 2
EHOd dzadd tOos degscs 6OHdEME flobdjykbsydkses i zO ¢
LO/IBHEHHAS NEDBLLK/IOUT

IxbBuducmarma

NEQeLUKADLO

tdfm. 1. vitlyy ydSdsdnds?2 §jtjnoyd
| ZOGsHOKEY kOCtdikz Mmitetsj dzdd §tod tHaeSsls jL el LhHOsR
d ojdzjy d@OSBHWISMY o (ofscw ddsd § sdsO00Isjne sj &

74


mailto:nal23@tpu.ru

CodemistezC Isd o dats stse § degdesisd dd3j ¢ Is 56 tcOded Yd dedzlz ©
orh j dedgilzs® d d34dzlh42 f zOo dzesfmlsd " HO dJ - Odzd L BO.

10 Myl fesdmatyHjddy ftesWddy {fdydedsdH’,
B My SSdSOCISO Hoaka d2OYOdz dzf = SRy dtsmisy 2. 1 dz
ydotst d dzO0f tcOo dzj dedz” §  © (dxvistg dztsff Sfdey ofn)jiztg ~Odets M(Istdd teff g fdk
dzdh+ Mmdizd zOels L kB v ttOBBYJGEts Cdzj MO, o I 9tc] O3
mMed?2 dLcecds.

dtcOQodzdo OW CdzlsOCIsdzze ftesydetsMmils! Heokr tHJAZOSC
GOBOLdIsOdR fjtejHOY dqL MlsOdzd, By dzs fted2Isd € o
MsfteveOj d' d3 dzOftew >y jdedwds, yjod Llze!w h"jdsj kded o
L Ised3lstcj Btso Odzdw € Mmr te! ¥ HdzW dzgdr d2ZOBRdzBEes o' h j .

lodHE Issegts ybkts o fjtjHOyd M luvs dMfsdy L k8 Is
Cs?2 CEdzOYc o d o9jdzyo s MejHMmMlso O  jtej S OISO, s
deds M L otsdz ojdalsdzg’ B L OYjheryddzd big) dzef J ¢ 6 stzs o iz ©

dgddzt dzr | HJWBted3OYydd o &I MsOr CtdklsOCIsO ttsdzdC
tejLiEzdz IsOIs] yjets sl C0O0¢C ydSdztsdHuHdes?2 -0PPG)tcj HOYd,

rdzv tBJ dn UJ&JHO MyftwOe jHdzde s { tod d3f el dzd ] to th)-ct
Wddzw d ke jdzdygj dedw Of OMO ftetsydesmisd .

sOC BN dzs Ekf§ sdw dzlzlsls teCCidg Q y £Cts delsj QfStds] tdr Olgj jddzdzdAs
Yybsts egmddzdwy tls LeojLHr € yjoCoOodz fjtcjHOBIsMw dzdh
9 0dzdJ B3 dzls O, 9 dHJ Offigs cits alzfsdz’'z Isls zdg OB g fsdzP¥s * ( Hi°

HokZrnf jdBHdsets (SffsLdldtsets) CkzdzOYys O o o tsdzdztso
dzdw (11luvs), dmydts ftsdzzydl! OBtk MtOLEZz ofMmjn
Gtolzy j dgdets® Isjdz S OYJ degd W tod o d3j dpidduzj diafft MEBEEL j (cff sH
EmMddzd?2 tmMotsBBYHOjIsMY MOBO Loy L HEBSYS O loddz drilsdels " t

Yyomists dzs@3Os hdimw o L otsdz o9 jdzlsdesdyz L Oy f dzj dedd o ¢
o' LMo0O¢hdrn odBttOYdd) I'stsdgy y Owjotff dg) dzcpd M {fj jisjj He®
hjMmlsodzw jlsqw BOSCHddBzd 2 L kB! Wwdid HMSe tcj d3j dzdats,
rdzv dz¢# Bsets Sdy O ydqe dzsdHOdz! dets?2 §fjtejHOYd Mot
sHdts?2 Mk jdd, (St Osdts Cdzdyj MsOBE 1PHPOHE
ftcd HBMIsOIBYdts &Od' 7 cOBOttdlsOr. vOSdJ ydmdzO ¢

Clststets 2 Umd sHdkmMw o ftjH]JdZOR 15, fted 1 Istsdz 60O
dzr 5, o©o0dHE BBd "t yYydmdzd L kB! jo.
I dbscj fodzzyojlsm?, suis@dBd) MesEy ip daps o0 dg)
I §4uOld dLetslstsodzj dedy Mdzsy dets?2 6 J 3 stedd yd & dzt
Bdzj dzgdz" @3, O ©99dHEZ ©WOL dssBOL WY t©OL dzd ydzr » dOIsj tc
Lotsdz 9 J dzlsts?2 H jtej HOYd ( tsardz®ffplff/j C-isPFHSCH @ Sls 5 fndz)
BqOls! ydqédazsdqrHOdz! dz" § fJjtejHOYd wWodzwe Ismw dizOdz" §
BXZzOGBHOtY Ctlststets? tsdz MdzkEy dls d@®desedd esHT ftod o
dOGtlzy § dedztsfyls ¥ j tej HDME] MOl ydeted] wdslifaz®&f ~( B sdzj .
s dMsC ddlsjtcOizter :
1. 1tesjCIsdteso Odzedy yYydSdzsdHOdz dg = d3dd mr Odedud MSdr § Jted
fno 5B S H dats 2 BBB?%BQ Eyjsdesy fYtsmtssedy / (. ¢6. [ Wt]
v sdBiC d2 f t5dzdbsded edgdtaffpdpdfit. o SR B BN 56 s UBWdBJn@du
fipd s j Is O, 9 02 OfR. 2 .
2. [ Oz OB Otedlsdzr | fjtejHOIYdzy j BjnOdzdL d3F Hdzv Bj nC
) sted ) fdaS dsd dzj o @ -t Msjncks iz B . f). :  d oz
3Jrtrrefruvrr #RrRIJIGMRMGR S sk I [y L)L Yrtrrovr #
UJY1L3IR U] ¢fsROdzZHR Is. dz. , fesWJ MM, .1 . 14 dw,
foddlsndduj Mid2 kddojtthmdlsjls

75



4. steitsots) ftosjClsdieso Odzdy HjbOdZj2 &OMddz vyjs. f
M jydod desmlp2/ binddSlzdjedz@o MS g2, ©.2j1 JLHESS B,
g4

jtcOBA [ d: HEOh qdzsMis&Blddf,. : 19488 (1 Tjit.): 1

76



1o RY PtrARIRIVLIEIM JUmoLRYS L) 1JC tor1lrtuy
s/[1H4Ui ULUSARE

{5y CEahl, skhpbde
¢ u dBdtEfdingH Otcflse j dzdz’ 2 O oS MBI Ui MSd2 kdzd o,
tdhdlsdy 9 0Oe,  ,@mailseis@ifipkilik torm ¢
‘cudedtemMCd2 cesfMmMkzuOtMmise jdedz" 2 Ot tesCsmdsd yj < d2
tdNJjlbdy 9 Oe, 6 .s5yg e deckugt@mail.ru

dtsotej 3 dedz” § S tMBIUIMEd) OffOOl” (s¢) ofmj U
MtezS ydw dsd, BOSddid ¢ OS¢ Odzlsj dzdzr , Mmtsdzdzj ydzr § B Ols
f sdz' L socte@ded yj dzdzse 5 B -Gz d I J dg® s d cO&zj dgf dzls' Is
9 My jdzdesd3 adH] d ©OLoaBtOyYde O smw dzO st dlsj .
stsydesmisd, dOH Yy desisd d SR OCIsdetsmisd dMmf sdz' L 2]
9 Ols! g BOWNKAcr EMdzscedwrn ChdshO.

dPClszOdz detsfls! Isjd3 BBkMmdtses dzj dzO tOMmlskzh j2  sists,
nOdzdL &3OR tOL 9y telsr 9 Odedw, Ctlstster j HBddzr tsBJ MY J
sr 9 0 B2 S tsdhstezSydd M or MsC 2 bkydsmis! & d

tdm. 1. ©) zv hilsOGded ¢SWOTeée; B)

Z L

Misd; o) zuv M {dZjSbtesdi3d ~nOddUudMEdB3 ftedosHER;, ¢)

[ JrOded L d3" tcOL 8y tols™ 9 Odzdvw By dzts C ZOMMdW dydtetse

tedwd3. 1 0O0deBdzjj 90Oydzgr d@gd WwWo dzwr Isfmw: sdf dMmftsd Lk

Nddadg" 2 Htc Qo dzd yj MSd2, f(dzj o 3OIsdyj MScd2, Isjff dziso 51
S dz detsy, CBdi3Bddzdtetso Odzgdesy ) d fteddzydy WdEmMmOydd

U4 mMcow) .

] CofMdzdd yj MSs2 IbjrddS) HAY tjhjddy LOHOY

Mty d2Odetsdz' hjj twOmMftesMisteOdzj dedj  sdzzyddzd 1 &

O9tSH'T BMXZOECBHOLY dn Gldtshdlsj d ds?2 fteshissls, k2t

77


mailto:e_rozhok@vk.com
mailto:alexkust@mail.ru

sO¢ ftoddzite wOMMBslsteddd M sdz L 59 Adefsyj ¢ dsdz SOVt
ftoj HMIsOo dzj didzO)s tsdddd Isttedzf§ y dhw O teid@fdmidEsESs) o £ 1dzr@ O Is o fr
Li(kMstes2 Mise 5 te(@UNfS ldcts tsXffyly o t5f W fi£jfo) wizls ) ¢ sL Wy d t5dad
sMdzOh j dets Iststefmd sdzde” d3d f ez d dzOd3d , Colsster §j BB M
StcOdzlf Btclsdtetso tsydatsE 5 J s dzisty Guigydr@Dj deXstcr ySsd3 d b
stster | B MfJydea ot ls ¥demoOoyde o twOByYyJj B § sdzsy j dz
Yyqgsié s Omcter Isdv zzuls tesDffjds@eots 2SVBAGTE: & ) Is o st dejd R Jndalay d d
fsLdydtsdzdtetso Odzd v

] 56d¢ 0O WEkdS Y d mdfasisec@ozdf ttsj $ 15O, mMdzj Hize h Ow : v
Cstef 2 zv MeOL bk §omdi tOMy StseC¢d MdMmisj &3" . vt
osHBMR MBEERiEs?2 MdMmisj 3c?2. Cdzj StesftcdotsH L OCtej
BOOBOdz dz0O C tskisfigw 2 s da®BOISA § OMOydw GCte¥ ysc O dzj dzC
BlzHjls fsdzkyj dzts f tsHIso jeyHjdzdd LOCtrIsdw zuv s {1
MswedoOJls Cstef i Hke ¢ Htokzebk ftMmdz LOStr Isdw
[ dzv HOdzdzsets zuv dMicd LEzjsRbztedzOC chHl B gL SHE
mMzdzCj 2.

11 St CimMfZMS s 52 Y F 1©dzdsuteds4n ; 3
Sitcsdzd G § Ols&h Kiodz] Tstesdsj R Oded Ui MSd2 ftodo sH
tdf. 2. uwbttkzClktedOw MRj kO kMsts2Mmises® Wd¢

ltojydrdesdedz | d3d -~ Odzd L d3" tc @ ucajstelay'j dn@ dgd o OF) tddr {f datsiay (
Mz yd2 o Comiismy. [dzd HEBsdzydzr BT iIs! o MsC BIstsU
o qwWndzj CSIstesd3j m Odzed yd MSdJ HtdotsHr eBiMfjydoOsls or
Nddedz" § d3d -~ Odzd L d3f L WWJ CIlsd o dds Is H al®sdaas QL) o) S| W tOE Us =
EmMfJjr0O wodzwe Ispw Ish Olsj dzt desy fHtesj SIsdtetse Odzd J , 9
dzd j Odz? dzj 2h jj t©WOLodlsdy Isjrdzsdzsed?2 dddzd Olss tedL Oy
dzdw BEZHjI MfsMmtsefMisose Ols! Mmtse.jteh jdzmiso so Odeds 1 Is
g dmadsfklsj wQIlskzter
1. Testing the deployment repeatability of a precision deployable boom prototype for the proposed swot ka-
rin instrument / Gregory S. Agnes, Lee D. // California Institute of Technology, Jet Propulsion Laboratory,
Pasadend. direct text.
2. Spacecraft Common Deployable Boom Hinge Deploy and Latching Mechanisms / P. Lytal and M. Ren-
son // Aerospace Mechanisms Symposium, 2018p.7 direct text.

78



{Ar1s¢

sfravuvtuvsARR yrtlcyrJ1d trruvsuvft

ljweBdyStd2y jepiBdBS ddz0 [ . o

"R uvlou,

Y jteow ydz J
GSHOWY
fteddsj dzv ¥ Isfyw

COOIssteso .

GO d <,

[ Mdesea O, Bj L

tcjHEZCIstster
or Mt 2
H dzw
dzj dedztHfipisvd 2§ te ©9 dzj dzd W
LOYydd ftesyd Mmtse
JH A6 tops@lg Cds sde j € Stedi3tsL O tslstso dIsj dz/ dz" 7«
dzj daf jtesB SIssIsj nded € §
sBd Mfjudoe OV
MstezCydd yJtweoawydetsets tjHEZS B O,
1. Azdz€ yd sdzOdz! dzr j

RS 2 Hy) , dzls 4 dt I:5€t,f_hly’ai1:vladimirverbitskiB789@mai.I.com
2
1 R

570, _MEOLh d2 ftj§fsHOs Olsj dz
h s ghmfsd LEssfv o (€
Ctokzlwh jets Bsdj s d S
ZOMsts26¢d o) nOdedL 3o
Hody jdzdj d5 5C OYySHEY MBOlES d3@ Is
5B tc OB B HCefO diffrjdf tesHcAsCaiiaddrvls jdZqdyd€nid | o

fdtdHOYJ
Is ts y dats 2

di3d Hdyd dzj
dzOH j ) dzts s !

(2O tcd d&3j tc, © d3j H ¢
d Htsdzgtse j ydetsfls
ftsHjdzde Hdzvw 1
Ctedilsjtedd ( dzOH

By dls Myudlsols
s OB d&Zdyo 1

d
Clstets?

f esydetsfls dzr J
GjHEZS st dgj

stedlsjted?

J dz€ O

ltesydetsfyls: d fy
EmlsOdzsmisd .

rdsodd (ujtee
Cdzj Mts, o Odzr ,
dzjH sdzy dz@ tOL teb
f sdzlz yOls: dzj SE
Sted3Oydd f tsH
sora d yde¢ dzd
s¢ .

- ¥ ==

Y
dzls OC s dzz 8 {f tots Yy dzts fiy
dZOf tewy j ddvw o Oyd fdzj dedd dzj HBsd
shdetso dets?2 Ctedlsjted?2. Hdzw yd tco W ydzs
t Offydls dzO0 dLedBdzzr f tetsydetsfls:
GdB O 9o BMdtso Odedd L kB! jo Ydteowy
ltesydesmils! o9 O0Odztse dz0 Ctolzyj dadj ¢
dgdzd ytejL iB3jtcdets H W stcdiddtetso Ols+ fmyw .
rdqaoddud M dj dzOctekzL TS Hwdls
AR

{
{OMuUjls &0 C&
L
J

RL EsMMIss?2 ¢ 5
Gtso j Yydetsmis+ .
stsdzmistez ¢ ydw

utsfteslsdodzj dzgdj dL dzsmlkz: s § da
LO L &zOydlsj dz dats[Gusj cgCe e Isyinivdzde . B &
( dzOf ted d3j to; Mis@dmoe W € OC Odzj dzdzOw , B

stsdzilstclz C ydw

jClkdodats ftslsot
tsB ' Isj &3 J 6O
ez dzj §to

AntcOdzgv s Mmetsd |Btotsdzst O/ ykeeckdzg), COyjMmbsotsds sBtcOB

fOttOd3j ster d s’ s MKBOL S

LOHOdzdtse s Mtcts dlss2Ctsmis! € LOjHOdd®E : yjteoWw ygd
dzj dzd ¥ . [ yJ dzd o O] s Oastg WA J f 52
fsHBBtesd3 MAZOL sydz' = dBOISJ ted Odzts 9
de' &3 fedMOHCO®R]) .
t Offyd bdz" 2 toj Mktem ( MesS Mmdzzy BT
Bsls' (dOftedd3jte, 10 000 yoOmse) .
Ctso d dL dsmtsds L OyJ § dzj ded W

r i smls! . riMmisC smls! f t€ jsHoty ednt®O N OjIs  jtoj 5

[ § WstedsOydd ¢ rjmMsC smisse joPlzicgd o OjIs ff tcOo d dz¢ d

dzso f BH &OGtkz|CBdzj MO, oddvwjls d@O oadBttcOCEZMmIsdy

zOtclzh Ols ftcOg

Yd fdzj dedv d teC

dzd € 50 .

vjfdzseo OV Mty vt dztso s s fet® Ay dzv j Is, dzd HtesdlL

wod
yls
Cts
fils

d sz (B%OAmﬂ
B

ClL SO ] HEE EBlsd®) MSd o Oy dzv 2 Y tg

tciHEC bBtOsazdd IS 565 sl d BBd h ¢
stdhlsttkS ydwo&ded znN®j B jtc 5 Oy

COMY sdsy j dad j .

1 i BB T H qidstyfislsizdzd Is j dz' dzts ¢ 8 j dBlS iz

r flstesOtHdSE 00k, LKjjiodS M o

79


mailto:vladimirverbitskii3789@gmail.com

tdim. 1 lteddkjte adLEZOddL Oydd yjteow ydesc ts

2. CCMf &z O Oyddzedz J d {1 teesdtsdddud MSdy SCtdlsj tec
[ Odzdz" 2 Isdf Stdljtcdijeo tftiH]jdvydigf tcdzOMmE s@ds € Ste 2
str (sstwiwdydjdls 1 szt PUIMIsgyy) Hdw L Csd
YyJjteowydzr » tojHEZCIststotse s 0. 8916 dztofn dLisq odzf figlzsds sdzpisLdts S5 s
YygmdzO) . 1 jsBratHd®Bs tyjdedo Ols e tfddtetf 5HICjARE] e
MdsOL € d .
ldecszCtsea" j] R Otc®Risg jedpfimise § g dd d h kB3O dzj Ht
dzts 0 dzj dzdz’ fy jodalsGcid3s. f sH stz @k WL Istso dzj dzgdw, B OdZO
HjlsOdzj 2, YJiMmMlsStMmis! CwdemistelzC y
Ujndesdztse d ydetsfls 4 teﬂsﬂ@dztﬂsfndgtsl@tdzﬂ . LOWJ dzr BOMAZO, ¢
L O34 dz" zf fzglsdzg ez@ P o5: dzj clAOEA s J H B)if¥sisfe® o ( - dz¥ C 5o
dzd o dz" = {fstadpfidSic D¢ yd v dgjfcdedds)! dedf2= (L Od3j dz2 B j L tOL

[1].
3.1 tetsdL o tsH flCotgjodiede] yud MSCdd Ctedlilsj tedd
[ O ls tsyj deS k2, d&OMEtd ¢t OydsdOdz ds ¢ sdemistclzC y
dzj ded v
5§ 7 dats dzis 6 o W dzts s €5 ded ds6 s O w o2y datfeztsy des s g d Mis s d dsts

Oy
L GIs
dd.
W

ltesdLotsHdlsmwyw Sy dz€ O: f tethfitf it @ SORELDEpEsIEE & Hf jcks®
dLBJGOddj Mdhzsydzr » W ORBHtizE L $§50dgztty dzgRBgeR Ptols dzr -
dz2" = HB®E dfddSd, "fodid, SCttjfjyuptiy @G dqeicdL B
CodemistezC ydw HBdzy dzO ftsL otsdzv sy dzj cdfdze? fisESddfCHAAT )te O
[ Olsj tod Odzts T fifgsf 'L :Oydw BOMMr d ttOMrtsHO BOIsj tod !
flsd. [ uj d@fpdagjdischp dztsj fJj ud dedd tisBite Ststefbkmo,
LOo " N jdadz § ) .
tlstsd disthash OV fistsd dEtsMils! fHtetsdL o sEENEODOsIs © € dof YOy s
4. ChbbjbduimScdy d Csdseduimscd) Stdlsjtedd
l dzj " dzgd ® O9yrlz Hdzv fslstejBdlsjdz MSdr Istso OBsEBIctsE dzw
filsd §J daj da.
CCtdzse d mlptp gz L so Odzdj dB@BOIjtedOdzte d MdBOLSEC, B
oL iBsy des M®BY d dz.Is d dzd L
[y d2€ 0 CtdemlstelzC ydd i jt tdsasy ydsssEftpS oty 1 ldzdk ds@sde' Odzts ¢ ts

dzOH § ) detsfils & / H t§ dzdtOe jda) d2ts ffedsfdiaigitfiiflds g Mls o sd3 +.C M dzkz

4 z2O0yoOodzO ¢ tsdemlstczC ydw Htsdy dzO BT Is! WdLduyj mé-d tcOB

Hjhjots?, ZHtsBdets? d ISy mdzsdzsedydets?2 [ 1] .

st MBS dzdlsj tOlkzter :

1. utsotej a3 dedz' § HtesBdzd d3f B lsOdzdzEtcedd, dG3Oh ddesMmistets]
BdJ / RrR. 1. [BeBLBOO, [. . 100 R. [R.4RIOM
0 47 dmuj CMmils: dadalzpC Is/te/ts [ Odz -B d B dzddzjlsSy IsyteiodedzeR]d i ls § d3C
https://e.l anbook.com/ book/ 147913 (HOIO BBKON ]

80



IRr 3 [J{VYouvur slortfsf{ltuvrtdl R JT[JRCUR[ VL[] O
[RLOSRY[HSR[ MO{ dSU[TI RHURSR
SteHYOywadz ¢. 1.

1R vlvuv, Rz1lu, MmMs\zH4ldzls ctolkzd fr
e-mail: AVK253@tpu.ru

[ sfOflsd wodwslsmw GCdzs yjor & { dzj Bj destsds fd dztso ts
908NN dds MLHOdzdj GTBHI Y dgdes? Mmddzr , dzj sBrtsHJ B2 H
dzj dzd v BOdzy otetse d CStdisfj dzZMOydd oL Hj@MspEHtE ®daj hl
Bdzj delsdzgsfyls! . [ 5§ OMls! fojumlsOodwjl M2 otOh ¢
fojsBOLEjls &) ROddujMSky 1 djweds, §jtcjHOoOj &k
fd &BRY ¢ I .

lteddeydy Hj2flsoadw dsf Omsd tsigdss o0 dy Odg® dats &% i dzG
1l jtlodgedzdzd d BkZteOodzj dzdd dzj tOL to" o dzsfplsd Y slsCO. O
dzj dzdw d3d y H Iz SJtQ:dzJQ d dedydej 2 ftsojton deslsw dzd. I
5S¢0 d fdedy j dzdj i Gaezj tizel o p O giakftsy ezl of dzjocdzdfjis S { OL dz
dzd?2 Wsttddekzjls §sHl j Bkt mMdokz, O jy thjesow fMmshl
l jolzdyddz® kkwed LOoadMmdl s ¢jsdjlsedyiNSds § OLoOd
fMlsdC SCteky Osh j2 MmtsjH' .

{Mdzso dzr | Ol tesHdd@BENEHCd) L O dh

L BROEdZOW kW e O, MELHOD O)j BOW oddzstsds, GYftejH]

x . O3 00 D
L HJ
*IsweO oddzasO, 1 ;

+ IBJLIGOL d3J tedz” 2 € 51
T dzslsdetsls! e tsLHE
nNiyomistslsO® otcOh j dad
OiHJOMR] ste 9 ddzs O, 3

VicOQodzej dedJ 1 jtodzzdzdzd B dMr 9 0jls MoawrL! d&jyxHE M
ZOBRd SQY dfinrLe O j Isw o Ekftetshy dedets?2 W stcdzj :

WWdydjdads swed, LOadmwhd?2 wls
O, ¢c¢/ &\ ;
o d dzls O, sB/ M;

n
.
w

5 2o 5 B ¢
_ C c

GHJ:
08 MsOlsdyj MS &) HOo dzj ded j ,
" f zslsdetsmls! otsLHEZARO (&l1l.225 Cc/ B dO Lktetse dzj &3
V8 M BEEMis! kst O,
ROzH §J CMrimdtsiyfe jAsMiso zs Is dedy dej 2 d ojtrnde 2 o tend
WestcdzdtclzjIs f sHi v dgdzgze Mmddze d dzOf tew dsze L OQoadmdls s

vdygr Ol eHddZOBBdyd MSdms ftesWddz?2 ddasfomlsj2 C9

o1 tetsH ddzOBd Uj ME 2 OYitdsesy divdis to dgieis i iy lefdftstlf jj wedj dzd v ,
s h Oow Ol tsHddOBdUuiMSd) Mot2MlsoO® oddzasO. I "Bt

TOEOSkjtedmisdSd kwed, slr, hk
©j > qdon.

, 1 dzj ey slste] B dzj

o
a3
g tzd dz@ts i dep H k2 ) fztf g dzts

Iy OLtesHd OB U MEdd { tou

1. wdd3d3jlstedyds j Ol esHddOBdujMSdy sy ddd.

ltejHMlsOoadzw s Is ftsB 52 M uj dzd Coltster j dd3j ¢ ls
dzj 2 YtseojtorndesMisj 2 lsdesdlsj dz dets tsfpd "R StHT oW d3s:
ftosWddvy. udBk) bedydishlzhdss ddeo O0jls o0y dkkzs shts
Wddz dzj MBLHOjls fHi jBds2 mMdd f(wod dzdadjosd kg
sster | Gjdzjtedtolze s § sdzsy dlsj dz' dzkz [ fifdssie dp=igdzizis © HN@ iz

81



o dzwd@sChifyd diEsde’ Ha@d2d jfyls Ols f yd M€
sdzOdz' dz¥ s MteOodej ded® f O
B4 stedyde" § Ol tesHJdOBd U MEd
Qoadzvs s MsBts?2 Mjyj dedw dztsf Of
dzL. te ffoBdf ydets o jtorndgvWw ftse jton Cﬁtssfr]tﬂ:sdzc;c;sisl]’dzt:
COv ddzd M d3jde " j2 CtedodL dats? .

| ZOo desj] Blsdzdydj s Mddidkjlsted ydzr = fftetsW ddzj 2

s2 Iswgd
d B4 Isted
J HftwsWd
Isj 2 9 J

m(ﬁgﬁ
Og<~ =

99 jten ldsmdlsj dz dzts ntsteHr , yYlsts B j M J vwdiotdhjdsj 2t C
d dedydzj?2 tseojterndzsmiswdzdd. Clsts ftedotsHdls ¢ kdd dz' h
fMsL HO9o OW f sHi j d3gdzlz & fnd iziz BJlL dzj 5B - BH d d&3ts

1toj ddBkh jmlsotsds sOCdn fsWddj2 “weodvjlkmy orf M
st dHf ©el dasdls HdY ©jyddse LOodmOddY d ojtlsds
deso dzf d&3d Hd&zv" CoOHtetsCBYlsjtesa. wdadyjdedj EZcdzO OO
Ud mMétsj Mtsfteslsdeodzjdadd 5 MOodzj dzd® fm Md BB sted y
sl oddzpP BOT COC HodceOljdz IsteOlsdls d&jde " j 1 da
fted L OHOdzdzS2 WG .

3. JdBtdHdr j Ol sHdOBIU)MSd) ¥ ddd
[fdzeseo dzOW dHjw kOSHdR fsWddj?2 LOSCds yojlshw
I igdzts2 Mddzf fted Bz Bkg &@d yak ot d st ddizj2
J Bscts O tetsHJ dzOB] Y fr]QtsGts Mcfteslsdodzj dedw dzO o
& F fesWE iRy jClsde cdBtedrdy j ftsk ddd fmksod
qw OitQISHddz,Gd:sq’Qq’ so[dzlsﬂs®lste3@,dzfljf.lsf¢gﬂstﬁllsglﬂzl 157,073 S O]
Ol Ol tHdOBd YU MEB] Miudddi §H Cdtejlsde
4. wojtildSd) OltsHddOBIY)MSd] §tsWddd.
ltejHiMlsOodve s MsBc?2 fMjujddy dksfonsj?2 M do&ddd
dzs?2, BflsdBdL CcOBaGREZGO pdmsSdr MSstshiswi ftd d
dets o dzts ] dz@L HERjudp'daddils ¢ Ot esHd dZ2OdBBd yj MStsj Msftesisdo
Gsd HMO, vyt Stwdsdudss HEY o' MECMSsesmisdy 2 Co

I dzdw dzgdj EZedzO OOSd dz0 O esHd dZOBd Ui MSdj 7Ot

Ve OIE@ARGjoB2 §OLO®RIste, oddwshd2 dO §SHI
Emss2 ydoassfmls! CoOHtesCsflsjttd®.  OMmdslsted d3 tsfiydzts o dz
) SHI j BdzOw fd &zO:

1. ) sdzsy dlsjdz dz 2 bketsdz OkOSd: Ytd ko jddyjddd b
i [chsbo jadude®PlsmY §Hi j BdzOY fMd k0. 6t
HEhdgr 2 ftslstsC dzOH Ctor dzsdy3 tsSlsC dzsdgw jIsfpw, MtsL HO
o 0% tOLdzdylz © HOeadzjdzedd dBd Y HEZ o jtemdzj 2 d dzd

2. [stedyOljd dZ 2 ketsdz OsOCYd §®d jrdi h f) ddkd g
COC ofSLHEhNdr 2 §lssC Bddyj § §OOdd d dsdhk
Zd3j dz# " OW tcOL dzedylz ® HOo9dzj dzd d .

0L tsHg 2O Uj MS 5] Mesfslsdso dj dad j :

1.1 OteOL dlsdetsy Mtsftetslsdodzj dzdj: 1 ted ko j dzdud ded
M et deddtO e SL 6OMsOjls O tetsH d OB Uj ME 54 O
ZOtclzh j dzedwWw OB dzOtcdzetsets tsBlsj S Odedw € tor dzO c[
otsHdls ¢ ko jdzdyjdeds Istejdedw d fMfmdedy j dedes + WWj¢

2.l esWdd desj Mbftesisds dj ded j : ) SWststs dgsy teSistds' da @iz j gpizd
sls ed&zO OOSd. [des B3dded ROz des f tod tsiIsd B3Oz

dzr 7 tlsC dztsdzj ded v - .

dter 9 fBIstsC O:
1. stedlsduiMSd?2 kZetsdz O0OCd: 1ted HtsMisdy jdedd s tc
dmMrsHdl Mter o st PsotfcHEBOdE CtotogzOl sdilz
M d kojddyjdds OltsHddkOB]U} NSttt Meftsls

82



MisOB ddz' detsmis: d EZftwOodzv j dztsMmilss , ylsts d@Esydls to
Bz o tcOM j dzd & .

2. 0L esHd dZOBd Yy M OWw Iswfis @ Lwi©lss {ff tslf § @ yakzy
EmMiss?2 ydesimis: , ybkts fswedwjlsmw o (¢ 0Oyds O0dzd
Gk d kakHh Ojls EftOo dzv j d3stsMmiss .
lT"Bste ftesWddzy d SIlsdBdL Oydw EcdzO OBOSCd dsfy

dzsfls! G o OHteCdzjftsd o Istsfwdzy dzd j, MisOB d dz' dzesmils:
Mlso O O HOENEdAr CoO0OHEBCSYIsj s dzOdeBdzj j ttOY(
W d dzd , sBiMfjydeoshdj or mMsCkyr ©kwegk d 1 ¢ tsdtsddy
BOdz! dzse s ke dzO OFPOH' oW ftslsge®, fHsor mMdls! s
dzke d Emlss2ydek:r OBk Off OtcOISO.

s dMs¢ dzdlsj tcOlszter

1. Nonami, K. Autonomous Flying Robots: Unmanned Aerial Vehicles and Micro Aerial Vehi-
cles / K. Nonami et al. Springer, 2010i 329 p.

2. Anderson, J. D. indamentals of Aerodynamics / J. D. Andergo6th ed.i New York :

McGraw-Hill Education, 20171 1152 p.

{PuoRrRIRYOARC o) VL) JT3elsfidad 1ol r1RC

zO®Bdio0 ¢. v
1 R u,} vRZOMY q’tsG)dstd:42(1c;|zl]’l]’r
e-mail: shampiyevaa®mail.ru

ssBfsLdlsdy pr H&EEd HOo dzj dzd ™ dzOR -6 v iy &Y & 4 iR
kjrddSCj, obHBELBHMGE?2 ! djittcjkds) J beOdkhfsels).
BiyHE BOMME2, Y MsCohis: s d fesydshls! «. mskw o
besd dOBslsEsj By j5udodde h 2 bhdse dzké ©O0o dzs{ to sy dzts
bfdddd, ftod "dj ddoy §w0Clkdco sfdwojlshmv dd HcC
fdzso dzj dedz’ j Isj Rdesesedyuj MSddisd SctOdeduj dedv 8 GBI
ZOHY y detsets f jdzy Rdz" BusegOF s[ 1, 2] .

LliBdBjsed™ B Odds dO

t OHd M yddezd tzh 46 OB, 0 ,HIA]E2OR, te OBEAYW] Jf IHED.0 @i jdaddzd
HDPE (4 = 940 Cc¢/ &5j , |sastl gqoz0024 ds) , = & 825 § &z© &) ks
0,25 k) .

fdltsH" ®sfldBdL Oydd

NSGAIl 81 o sz vy P dpize steqdlsds HdzW Rizscsyj dzj o 52 G I
Wtetsds ) Otejlsts, lBdtOv dgj HsBddzdtelzj & j ( dzj Hs5Misd

SHdsotcj dgj dedets) tojh jdedw [ 3] . Yteddgi d2m dz HdzW L OHOY
[ dWWjtcj dyd Odz? dzOW dijolstasdas oW dftsleBs) f sd M O, 1+ WW
dzr: (Yd &' A/ dzjftejter ode’ ) fjtejdsjceder = [4]. RMYBE
imMs MosBtSHA i3 EZedzOBd (1 90Aé€+90A) ;
i HdMCtjlsde B kZedzOBd q GRdISALFA, f BB KBAL dzj dadz,
ZOBtsIs € d .
I'7 Bt toBdzjfimidz
ikmlss2ydotsmis: ¥ ¢ &s¢Od d &3 &d dzd Bz RO d3;
TotsL i3y dzsMmis! & twOBBIST ) dzj dzd dzj 2 dzr &3 56 tc ©dzd .

seteOded yd ded V) ;

Tf OteOdzdzj dz! dzts? Byj dzSts?2 s zdzv ydd.

SBSH ] OdzdL s9 Odz dzO Pyt hon M o[fr]g'isdzJLISSOdzq’Jd3
pardas, matplotlib.

tdLikdz SOIsT

83



[Olj BOIsdyjMEOY &sHjd , tjOddL co OdzdzOY d&zO Pyt
Csdzdujmlsots Mzsjo CtRYtsLdlsds? MsttzSkkzter fwod ¥d
CiWWdud,jdssds L G OB, § fots ry jlztizfig O iydzts g O dz® § de® 3 j dzd 2
Odzj 5 WsteRzzOds stsdS sflsj dzdz’ 7 BESEEY]S d do §t

t OfMydls s8¢ 0O0LO0dz, yYbt HdY B ifMfjyjddy L OfOMO
COMUj lsdzOv  HEOMMO CodiftsL dlds? ydinodd -i@ERBSOA0H dzO ¢ ¢
Clstsls tojLbdr SO My dls o0y d o5 Stedj dsdtesds Hdzv
HOYJ fted IbittjlsduimMeéd tflsdkBod dsd zcdj «&OMMO
Cts2 Hhv ddscdn ftdkjd dd2, Ykl izs @ddw Of st [2B] ds
Itse S dzOHS .

[ v Ctdsf dzj Sdes?2 ByjdeSd Sk esd®dmmse o&jyHE d
B dzy dz ¢ j dzj sd UNSBAY.2 IOdacB®BHs@3 L OH Q9o Odzd * Isted vyd-

Td3d dzd B L Oydw dOMmMmr ;

Td3d dzd B3 L Oydv MEzBBOLdES2 HJWSdBOYydd;
SFm)‘l'dz,G)er]q’dz,q’L OWd» dagfdzd st ¥ W dydJ dzlsO L Of OMO { tets yc

i) ¢ tcOded MuOdzdly, B . SF

[sfkmMsdBs] fshmsteOdmlsots fsdMSO B' dzs ¢ tcOdad
Yyomd:

TH&Zd 20 O] Bdzedts 8 Mty 9 ;

iydmdzts Mmdztsy © o § tsdgtmabd P 0B O dzdzts dzO

iZedz dz@dsdslsSSdA His 85A (M ftsmdzjHikze hdds o Odalstse
[JTIsdBIL OYyd¥0 o WP HfEAO Zr = toj " jded?2 dzO Wictsdalsj 1
(sOBdZdYO 2) .

vOBd&Zd YO 2

10dazzyh jj s Stedlsjteds HIjWBLRBOYdJ
o dzts d 1 Olsls j tcdz [ OmMMO, ClrjWsttddOyd|) Of 0f 1
Mmisd, min
1000 [10;10;10;10] 253,05 0,00216 7,42
1 d MBsslstew dz0 o' MsCkzy ftesydetsmls! o dedL Sz wj W
tcjhjdedj dejftedj dddzj 3" a5 i b jmndesdzseduyj MSts?2 d 1 € tsdzl
Cdzt yjobky tmtse j dzdetsis! Wstistsdels@® 4100 tisj € ts:d31 theds d3gjiif)s dzts
Isd mded yd MC 52 B tsdej dzjj dstifyls v d dz' IsteOydv

B, s d&3OMMJ) .
[dz¥ HOdz dgf 2N jets Mmdedy dzdv &BOMMr d Ekujls
B' dzO f tod d3j dzj dzO d3dzts G sdgPuc@® g3y s toff ygd Mtk ©dz! ustf dsO dzd § o3
yqodzt des?2 L etsdz¢ yddqd (Differenti al Evol ution) .
Kjdzj o OW WEkdzC ydw B'" dzO dzOff e Qo dzj dzO dzO i3d dzd A3 L
56 tcOded YJ dednaO 45 dfodmjf fIsddsdL qtetse Odzd ! tsBN jj € tsd
dBddsd ydets?2 dOBIsIsSd d EZedz dzOBsSISSd Hdzv f jteas?2 (s
ted ydzO) .
¢ dze stedlsds ftsh jdmw € wjihjdds @ 174 Mmoswdd J
dzd 6 ) . [ ddzd 30dz? dzr 2 L Of Ofp fesydesmisd MmMsmisOeaddz O,
fsdzo Otz BOLjtedOZzO. vedzr dzOisIsCd ftej HMIsOo dzvw dzd
9 Olsj dz' dztsfls! HO0OAJOEOHBABRA. shislsw KOS tjhjddj w
sdyd M¢ Ow toj Odzd L @Ypd Wn datsQ IsiastinHsdE] dfO dafjo st etsdL o SH d d
rawse jmyjyjddw Isjndsdsedydshlsd B" zO ftetso j HJ .
totsds HsfkmMisddr 7 kZedztseo ESCdOHWSI: [0, N15, K

ts
5 HBY sdd
O f

7

N3O0,
9 Odzd

Moo Odzs toj Odz! dzf d3 o tsL RSy desmils W o3 ISBIStGIZHIS woH

bz stedlsds dzO" jaz t6j ) gPhHMBE2198, HH&sT&sd [ ddzd GO
fMlsd MtsMisOeaddz 1, 26. ¢d2OdzdL twjLbkzd ks hdr k6 ds:
MsedzOmMEkzjIsmw M Isj stedj 2, sO¢ C0O0¢ 1Isd kcedzr 1+ WW

84



SéOgjtl:WXJdZdW- [ Odzdzs§ s Bpdgd MW egdzeiy sz W jClsdoe d
s 1B

l T otsHT

AdSidietse Odzde” &) B ENG 4 UFAO] s BdLdR dsRjde Qrsdis dggad
sdzt L so OdegdWw fHtotsydesmisder = dNec®Ohigk g | Gzt 3 BOFE D y (

56 5y jsdijsed@yd L Oydw i) Otcg sz | NS&EAW o dls! € tsd3t
w, dets BJL Y MSet tsetcOdzdyj ddy s d3OMMj H
tddjte, 1000 Mmdsys, &OMNO 253 Cc).

WWJtjdydod tOW jCbdadkzOdytcd o9 | ©jc@dal i fz8 &d f
ted MotsBBHM n k6 dOR HtBBEJCO@jdsdgd 3 JZOMEPEZ Mldd &
dZW

HdMStejlsdy &7 k¢ d&zOR ©SFOUHBE ] BHY GEPHGND 6 & ds

d
d MkSsiztod tctsif @dedzf 2 O @ Is { t6i G dia®Y of ,OildbOGAdP dz00
e jads{figyO dz!  dAO 48, Tidgbk) if H- =1,371,40
Bsdzi § fitemy X bRz Jisme-®Bded] ¢ Olsls] tedetso d
ojaMmdzasy osB M udeOshdn cjted3jlsdydatsfss:, tsfn,
j MmO dz2OBsIs€ d.

lsdd3dL Oydw HBd &zO 9 j Misd M Misdejz ¢ stz dz' jo5 rzde dizDiH,I€ &
olststew J disMmisd d Mddzdzi Istedd f Olslsj tcdztso .
dmts¢ dzo[lthQOlsIthf:

1. l1tskzddatss ¢.1., wSdjdddd [. 5., uvOlsizm! 1.0¢. 1t
Colif el FlsmMsmMizHtBse HOodzj dzd W, dzOd3sIs Odzdz’ nl .M (At BlSjtcodeiisy Ii
Mzc2 dzgse s B IssHO ©OMYUJ IO CodBftsL dlsds?2 MstekzSlskzter dL

Unggﬁ_

&
g < 5
=y
t/T~=-=.3'~=r,

te
e
q

©]
o

q_dv
— o

gdzy § dzj tedzts] tSBttOL o OdRPJ . 2020. ~ 3 (1). w. 21

2. lomddz jo LKodnsttlfryod®d o ¢odif sidqly ¢dsdmB tcdzpdzd
1988.1 2691 .

3. 1 0tOekziztoa ® ¢. s., IBLBOYioaoO . J[., vyvydqise

d NSIGA dz20 L OHOyYyJ BGfkddidLrOydd Wtkdy ©OBGYJGeBs Cdzj M
& qi.2018.i v . 1Z3.7%m. 1361

4 . Druzhinina O. V., Masi na O. N. , Vasilyeva |
Sfilsd &30dz' dzf = § Otc OBJ-tBEdsE O st dzdzWry d d3Ezelzisdzy 2/ / 4o tcj 3,
Is § ~ dats dzts GiBdftc @L 20y .. 120 . TH. 1608

VIoJdteorreoare ¥drddrczrm o vtoa it fILrdl rR ¢tfduvuv
tctedrffrtids Jfewdrsr trrrtloog {1

[GOdzj LIso u BPAE ddz A . ¢ .

NMRIw, RziigzH j dals 24t BafB@puru

2l R 1wR Z) tH 8y dzls erhail gimankinf@tpu.ru
ljwlsd¢Odz: dz §| MmlsOdz! dg" § tGJLJtGSIZOtGr (tl1la) wo dzw
szter Hd&Y ~RtOdzj dzedwV dzjWisd d dzgjWlsjftesHEzSIsStsea. R~A
ftosd3" h dzj dedglzs  + Ctsdzsedyud M k¥ BjLBY OMdetsMmiss . [ H

dzr 7 ftesBdzjd3, M Ctlttts?2 MisOdS do Ot sfifw s jtcOlsster
ZOw MOHCO thdses Oddwy. Gl wWedzjdedjy HtOCIsgyj M¢d
LT 90jIsmw jMmisjMmisejdedz" 3 §tedyddOdsd: f sfMmistsw dedz’ B3
LjtcokzOttsea, O OCY) ftodtosHdzs? dz] SHdeStesH detsfls! &
HBSE 46 % OoO0Ottd?2 tJlu MowL Odyr dd3d dedets M dzj HEsf EMmisd

[ Mkt GhMstoslsl cdls® tcff ts®©F tr] BOC sdzls j S Misj otSL HJ S
OteSdf sHotsHWNhN dj d wslsotsHWh d jtcde teixBlsHtyais ojts Hf O Is s jc
Misj 3" OoOted?2desets MBtesMO d sy Oteslslzh jddw. Clsd

85


mailto:ago8@tpu.ru
mailto:simankinfa@tpu.ru

WEdzH Odzj dzls™ d B dzO¥ OfylisC 5 fddO ] Is j Jdaz@as@&OvY i Ofdztsls
HOY 4 dzj L dzOydlsj dzv dzOw , dzGB Of jdgdodzd2d dyjLlsstairveH | fy fistrfrEtsBC deX
Uy Medj deOctekzL Cd o kL dzOR MtsjHddzj dzedv. r jMsSts L O
WstedzgOydj 2 St fogd g &lOD, S sdyj dzZlstcOydd s Of
hoOn d WdzOdzyjor' s MtsjHddzidzdwr. t(JLEd OIssd3 fls
ZjWksjftesHkzSstse, dzgj Mkh d2 fwdkt beesLk L Ctdsded
Bdyud MSd2 kM jtos disly jldsO Hos Is@ec@idsd 2 d3d dzdzd OtcH s tolzB d

AKjdzos8 HOdzdzts? GBL Stedes?2 MlsOls! d wWodzv jIlsmw OdzO dze
fsHAatSHtS € tojhjdede ftesBdzj dB3F ftsotejyHJddwY f SHO S
dsets dzj tcQo desd3j tedets? tSMOHC 2 BHEELISIJCOd d" 7 Mls Odz

1 4 600 dzs 3] e dzOV BMOHC O tsfdats e @dzdew HIO) Uf jistdoylf@ac © o

HepaBHOMepHas ocagka pesepByapa

— T

3KcnnyaTayMoHHbIe

MpupoaHble pakTopbl Yenoseyecknin pakTop

dakTopsbl
HeogHoponHocTb Limknnyeckoe HarpyxeHve OwmBKN NPOEKTUPOBaHKA
rPYHTOBOr0 OCHOBAHWUA HanonHeHWe/onopoXHeHue OCHOBaHWUA
M3MeHeHne ypOBHSA BubpoguHammyeckue HekavecTeBeHHOe
rPYHTOBbIX BOL BO3AEACTBUA npowseoacTeo pabot
Ce30HHOE NpomMep3aHve 1 HapyleHwne pexuma HeypoeneTBopuUTeNbHEbIRA
OTTauBaHWe rpyHToB aKcnnyaTayuu BOLOOTBOJ

tdm. 1. lwdyuddy dzj ©Oodesdsj tedets? ©MOHS T, od

dtcjHd odHBo dzj Qo degsd3j tcdes?2 tsMOHCd dzOdB Bz N Izt
Ctejdz d sSMOHCO 9 odHgOWBELY jdz' Cdé ddzd c¢ctO

St jiddzOC dzsdz tojL jtcoZOte® o GHAdEkz MNisttotdkz, Or LT o
stczBCd, twWOmMf sdztsy jdagdz" j] © Lbsdgj dzOdeB®dz " jets tsif zfy

{MOHCO o odH] cMszTGem v ey dfigas! ctfcjOe f BHOLO H dz
f SHdzd BOJ IsMw  sls detdfsdL 15100k Odzts L HbEOEEs?) ,dz! dz" § 4 ted e dB !
B tctsotsHOnR .

RMMdzd Hiso Oded v, ftesoJHjdgdz § M fJtoddsj dad dedJ &3 d
ZOG dzW Hdzets H | di3sdeMmistedtclzs Is, € OC dzj tc O sHdjidly tdcgeCie'ts ats@rpax
mMemMisswdzdj (171 &) B@jvLLjCtee. 2 @tdR), f jof OB ts[Is3j] 14 ¢ OL Od
fted BsMOHC] © 30 dBBd3 o kL dzj MYLOY Ha@HSYbEs 3dd Pls
(111) HdORBjIstesds 700 Bz oL dzd S O8ls L dzOydlsj dz dzg" |
Btsdzj j 80 i3 o dedydzjls tdflzedsifrigjtsodsdaj© ©Oo Otcd 2 dzgsets MmB-
&ZOftewy jdedw, HtjorhoOshdj ftejHjdz sjSkyjMmisd MmMisOd

rimsStsj LOMNjddzj dzdj IttkzetsftesoHBse, ddjehda d
MotsBtsHdREZ fjtojdjh jddsr CtsttflzmMO toj L j odzoded? dzis
stsdz? ¢€ts & MjdeSj twjL jteoakzOtcO® k2 dBjMsO otejL Cd, dat
ded j d3 Istej N ddz d tOL telh j dzd jids CicolfCrteed da  tShistid ) HudCdglsdzd 2y
Ctodzyj degstcOydvw dzOff tew y jdzd?2 Bls sMOHCd, dinksdsdzdstd 7 eipy
dZzOodzd 9 O/ Mdzd o ©, MBLHOJ I EfMdzcedw Hd&v tOLoadlsdw &O

RLA3j dzgj dedw HtesMmistcOdzmise j dedetse s § tsdzsy j dzdw ff Olste
dzr @3 f sfmdzj Hinlsoedw d3: tOL 6 J ted3] Is diL. © Wdjwte jWCdx@mzy jo9o" ' onts HTY
f tslzOH S d, ybts ftcdoasHdls ¢ Ekljycsod fftosH z¢ WO, HJ
Csdzyj delstcOydvw dzOfftewy jded?2 o Ltsdzgj Mo Ot d 4§ Olstckzs.

86



mModsr = yofmlsr 7 ftedyddz 90ted?2; MtejL DO.dzSy JoigdsT d B SEHZ
SckBtsf eso sSHIS9 dzj kM 908Ils LO SMOHEB2 tjLJjolzO
LtsC d ftseotejyHjded® € 40 ZOtelzh jdzadj tOBTSIST

[ d&zv ftoj HiSlSO tcON | dad Qo Oted?2 Htoj HZOG O] Isfyw fdzj H

1. sdzgd Issted dz¢ tsMOHEL tsdste He'j difjtelgda f s dzOc O Is d MY ts
totso Odzdz' = MdMisj 5. ROFEBEEPCSTHO H @& Isy &3j stsH EZH Oz
fsRgsh ! 8 dzOL jteder » dL d&zEyOlsjdzj?2 d ftedj dgdder » EMmMbicts
mMitcejtc © tjyddiy tj Odz dzesets o tcj d3d dzd .

2.s sdzmistczCIsdods § tjhjdzdw. 1 dzw dzser m tjL jteolzC
dzdj WhkdHOdj destso, Codfjdhdekzs "-HF i cHeiRed? SOE
(vdn), thMdOh jdadzr 2 MdMmlsj dii3s?2 B dzOtelzy j dedw d EfMiste

3t J Bsdzglsdzr | B EH] tod Wiedj.dedd s Ofmdzr = dz2O0f tow ) j
stejBlkzjlsmMw fHttso jHjdad] toj BBsdestse, Cwlstster j dBsclkzls
(tejLddetslsC Odzj or A, Mddzt Wisdedg" 7)), kfmddzj dzedj kL dztso
dzd o Odzed j] BMmdzeso Odzd v .

l sHoBHY Bt NS OL Ols! , yYbts dzj tOo datsdzj tcdzOW s C
MtcOdzj d&z0 d MBLHOjIs StwdbdujmMed] dzOctekzL Cd o kL dz
YHOJIsMw dMhmidzj Hse Oded W d3d tOL dzd ydzr = Qo lststeso . s B
dzj L dzOy d Isfj @ O30 (xBW) , thtse jdedets o L sdzOr Y Jj MsC Gt
Mo Otcdzr » hotse, ftwdotsHw ¢ tdMlk wWOLEjtdjlsdL Oydd

O]
v
tc J
dt

st wodws lsfpw MmdMmisj &5' OobkbtdkOkdujMStets dsddlkts
Ve M EZyjiissd Weeedidsj dzj dzdJ S B j ddtlzs " da W ilzdaH G
)jtemMfjSlsdor HOM dgj 2" dn dMmMmdzj Hise Odzed?2 Mo wL Odgr f
syjdeSd ftesydessisd kL dztse Mtsftewy jdedw d ML HOd]j O3
MsjHddzi dzgd?2 tBO WL C(J.

4y G mqs;moszmr:

l.skftedw dztso . 1T wserhjdadi dzOH |y desflsd + S dz Ols O
Qtsdzfr]lstelzglsq’adzf: tcjhjdzd?2 o tMmdetse Oded Wi 200Z.dzs OB idAs. 59 / /
126-132.

2400ddz0 ¢. ). [BLBt dOZYd -tiOnmLPdekse Piddd§ O disdgo ¥ n
LjtcozOtetse // wuvjistedw d § 200KB5$Y Gi)tse@R6d3] dedets?2 dzOE € (.

yjfkzte 1.1 . - jOYcwddessasOdzdzts ] MtsMmisswdzedj tjL jteolzOte
sMOHEBE jots thmdtso OdedW: ¢olstsiejW.t HY Mdzj Bls § Odizi ¢ OUsQ 7 dz
2015727 M.

4 utstesCddzO [ .1., 14®Ejtekzs [ .., uJnWiddaygd)CH2t ¥E
BB dgls Hdzvw Ctokzf dese OB Otedilsdz" = t 1l u, 6MdOh jdd 2 Mmdhmisid
Clolzdzs © / / v tc@dpmtdgtdilds jof teste@dzilsds o d 12262dz) o 531 itwtc SidRids ¢ 5 fr

5vjtejeokzdzses [ .t ., sOyoweddz ¢. ¢. } ted yd dz fswedzj d
#4Bistcdzd ¢ O EOHRZROEBOEZHBOHG vV, [1.6.].

6.§Oteg’lzdzddz 1. 1. Ywsydshls! rd Hys/detssH jtoday ifj$ d no JjidslOgis:
tcts® HdzW Wisd d dzgjWisjftcsHizCIstse ftod dzj tcOo datsd3j tocdats 2
dzd v 2022.7 ° 0|9H -138.7

7.4bktetse 1. R. s siMsB EZHOd] dzdzgsets dBsdzdlsstcd dzc © MO
MsOdz! IdBlsjsdzls RU 27 §&e&86 €2. 01. 2023.

87



fruovdrg yrefpr1d4d IirrI tdl o1 RC B BE[RY[HSR
19 SJfrsvtfYirRlILT tva i ddldrids otfovut
fO2c ] dz' s detso
1 R UIURzmb HJ dzls 2d tE BB T
ema:ir Ikan@ pruu

Cdzj SstosftedotsH dzOV IstckzBtstf toso sH dzZOW OtedizZOIsztcO® (¢
h jdedets? tslse jlsise j dzgdesfylsd. [ dzO tsBi My jydeOjls BT Mis
ftcsosHBe o Mmdmis jdfAAs telsjfdzlds » j dzd v, dzO BI j CIsO~R
" hodzj dfdztffilld . 1 ted L jRdzjsewmjddwas C1¢ dMmyrisr e0jls
sddzt dz" | deOctekzL € d, yYbt dBsyjil ftedejmisd ¢ ko j dzdq
LOlsotstc®, BB ok hIssCO dqdzd kSOLEZ MmdMmlsj dgr + dzj ¢
Odz' detsYj 2 OMOdzw jIsfqw COyJ Miseo j dzdes ftetsj CIsdtetso Ols!
toj Odz! dets?2 CtsdemlstczS ydd OteBZEOEzter[,i BN dzj Slstcsftcdo sSH O
sdzOmMmMdyud M¢d2 fHAattH ¢ Byjdty Mj2Mdsmiss2 Csmlis
zd ¢ 0 Mtstelzy jddY d f§tjHMisPad] ddfc OBBERHEoE2 0 Nl
jdgt 8 MetsBBHIN. 10 odBtetsMmisjdzHj dLdBBjtewsls EkMm¢
fMdzw s s HddORdyj MSd2 St WWdydjdzls CO¢ wilsdetsh j
OQodzwesls jets M HdOY OLsdesd3 MtseMmise j dzde” = YOMIst
st Hd OB U MSd2 SoiWWdudjdals Hdzw Iswyy izt
OL dz&aped®{4g od M MmMise j ddiZ Fy yOisfs@®@s M drn o H(
imMStsets osLHj2Mlsoadw [5]. uvOCs2 dBjlstsH {totshl
s Eydlr 9a0jls ftesMmMistcOdzMmise j dedetsy tOMY toj HY dzd dad
Clkztel tojHES GO tj Lfedkf olssOilslg [C de@ figibscpy j MS g 2 f &
hts ©Bhd2 Etttseojdzz HJqZOBdUd MEts2 dzOctlzy j dzdzts s
ez W stcd3d totso Odzdzats e 5 Misfistsw dzgdw  tslsH j dz! dg' = L dzj d3j
sets OdOdzdL O OBl 1 dzj CtosftedotsHdzs?2 OtodzOlskzter
a3 dedz’ j Qslgpjljddsdz j BBtsHjdzd [ 4, 5] .

utsotej d3j dzdz" 2 Bktetse j dz@ OdzOdzd L O 7 34 @lzdz-~  dzt)Hs joc
Misj dstclzB Y itats@HseHd § P € Is tc ® fstdodzaidist) sHT s dfr 9 O Is € O
Zsydz' = ddzd IstelkzBYyOlsr 7 1 dzj B3j dzlstse, s ster d&sHj dzd ek
fkf) LOHadYCd LOBjd"sls {CodoOdz dzsdes? Ctsdse d dzOy( .
o2 WYy MsCtsmiss s [4]. |1 Ol F&kY &y O s s
DN8&GBOPMMO Clststets? ljtsq’dz, tcdzts ® YJlsrtej w©OLO oot
tcd sy dzls Odz! dzr & sfgE e EBH O BJL LOHeadY¢d (MistelzCIs
Ho dy S ts2 stezCzO 2) . O fj<Gds) jdadte O ff iRt jobe | daC

S e e = L
ST QQGUEOF "~ w
Rrw;m(ﬁwgq

SaN

StezC skt IstckzBtsf ctso ts
LOHodBPRBOIJd( B J BO tOLBJNjddy HOLyYydStses EZME St

88

{dm. 1. SChmijiedd) dsod dr j


mailto:rkm4@tpu.ru

) 5COL Odzts, 7yt bEMsOdsot0O Ctbf dscOs PEdOdEd ] L
e ks COwlsqdz: € &zOfOdz kfddzde Ojl Miej Hdzj YOMIs s dz
Bsds O teOo dzj dzq e ' P SO datdstp ] Ctscsf sdzj delsT € OF
pjtclsdSOdd [4]. 1Oydets2 yOMmls: & dsjl lsirsrglj Tdplsdgtarse §izdzg Is f
CjLbd sOOd MisjdHiser & Mi2fMaduimMSdes dmfr lsOded 2 .

o dzj MCtd CdR ROLOCIjtdy R ksySOR fMdmisj &, Gft]
g2, femd yYjict sHBdEOslS § o Sietslsdalls dy v S ki
CkOfOdkO d §OLOdRjlster HjEBIWdoso Oded™ [ 4] . 1 winde

mMdMmis d3dd dzj ftesf steyd sdzOdz! dats: L dzj d3d dzlsT € dzOf OdzO ¢
stczB, O o tOLdzr n &OJtcOo dzj dzgdwW rn L dzOUs dfdiyf t&dsd® CLytsio @
M j CSlstcOdz! degses d3j IssH O M JjHJdzMIse j dedz” d3 L dzOyJ dzd § o
LOo " M jdede Bl ddCO o Hds2 yYyOffsd StdhlsttzSydd d
Is§ dz' dz' &3d MisOdetsoWiIsmw W d3r § tOMYY Is' dods @Sty jdglz)dmft
CteORBOBR M tOLHjdz dgr &3 LOHOded jd3 H BY W Jtctseo OdzedWw H
[IsHjdz dztsets o dzd ZOded W IstejBlZjls dsH | dzdtctseo Odzd §
wWodzWw jlsfpw Lo jdesd3, Cbtstetsj fHtojtsBteOLEZjls 1 dzj CIstedy
Mt E2OJzOf sdzdes sz tstec Odzj, i sk fted jets tsIsCO
dztsfls ! o f tsdzdayldsQ td [CBWPPABYs tcsdz] Istsets, o 1 dzj d3j dzls OF
stcdtelzs Isffv dOdBBd "dj Ctekzlwhdj dBsdj dadsr d ddzgj ter
Hy2MmMsotvWvmj dz@Jsls jets BHddd3 dqL dz2OdBBdzy § dzOGctelzy § da
stse MdMmisjd3" [ 2, 3] . {(JHEZGItstedsr J ftodotsHr o ¢ dzs y
dzr 2 tejHEZCIBt, &sdj dadsdelzs BeWisk, " ddsHjdz2 d dsj =«
ftod o3 fdw s fsdzOdzj IsOtedze’ §  dBese s slssydz" § 4t HOyYd
hdr fjtjHOByYyde » YydmdzGs [ 3] . 1 C0LO0dts, yYlsts d3dzt
Wstcdsdtotso Ols' OO Istedyj MSdy twwWwH' 5 MEstetsMmisd
dzj 4 [B)] 9 1 wydfdzj dedets? d3tsH | dzd OCdJ it HOUd yjdz

dzr = Lojde jo M tOMftejHJ dzy dedets?2 Yy MisSCtsmis: ¢ d ddzj
HOY Is oL sy desfls! tsyjdedls! HIJdOB]d Yy MSdy SCtedglswh d,
fd 2Md3dud MCdn EMSEBLjddvn [3, 4].

ddzOdzdL toj Odz dz" = tlsCOLBo 1 dzj SlstesftedotsHdas?2 Ofc
tcOL tolzh jdzdy HtodotsHde m  dzj d3gj dzlsse f 6OCIsduyd MSd of
Wtsdzy Isjtdistsitej MmMtse € d, daj § tc Oafdidrdaity? d3ts@dy lszist©? Gd
Wisdzr » tojyddiite ttOLBGCt] 90 ItekzpfftecsosHO [ 2] . w56
histsCtso B' dzd GBEMdztse dzj d 6 OL tekzh jdedj B kL 2O Stej f
LOHoadY Sk 1 dzjCstetsftcdo sHisSdeBO ic®.Yy j Mifdzts 4 dzsdgds j 1 ©d -
dzed o OdzdW o Hjdzjdgr bjteddssftcj Mimftso C O eocifizikis jotp Bxez) R d Jf
Ote3EOIszter , dzj Qo detsdzj tedzr 2 tWOLSGtejo MjHZO d € dzd dz
[2] . [ Sfsdddlsjd d & % OCI ks X kg 6 ddzjp dzd & 6z

B3 dzls© MmMotsdrmr Wk yd?2 d tOLoadlsdd EmMsOdsmisds = st

sowLd yYydmdzj dedzsets sH j dzdtetso Odzdwv f OdzOdzd L sd3
o twOmMyyl ftjHjd dz" » Mshhissw dd2 dhpY &6 3tz Ot & dzd
[ 1] o' ftsdzdzgj dz Gz tsW OCIsstedz” 2 OdzgOdzdL f tod yddz dzOts
ds?2 L Oftstodzs? OtediOlskzter , ftsMmistetsj dzO Hicj o tso d H dzOW
slsCOL" OtedzdOblzter d lsCOL" 1 dzj §CcOGf o sdzOyd GsBHO
1M Jtelsde" » BBYJ dets € .

1 sCOLOdets [ 1], yYybss doOdetdzjj 90ydzr &i3d M Istsy<cd
COwgkke j dzdud dzd§ otej d3j dzd MtcOB Chlsdzgod dzd s dzlipy gztf 7 W 15 Yok
Ctor BLJQS tcedsgE s C OL M MiIsj dirts i i€ Ot j W@l BetslIsC O H d Oa
MesHMIso O Lotz dzO EMIsOdtse dls! oL Oddismew L d d3j
oL dzd Cdetso jdedw, ylsts LOHOYIs jMmisjMlse j dzdzz Mdatsoe iz
mMemMisswdad?2. 1 ydmdzj dzdzs W dzgfi e gzt - € B el B gzO dzdzy 2 | ts 0z
tej d3d M J dzd 2 , dzs d Y C0OLOIsjdzj?2 OBBIstsMf smtse dztsls

89



CoOdHT , ©dMSO LOSCkdddoOdd” d fjorhjddy §tjH
yifd ftedesH® [ 1, 2].

sO0Cdds shHEOodyj dzdz" | B IssHT ydmdzj dzdese s S H J dzd
flsod2 dz20 ! dzj Chtesftedotsn ltbetftoso cHds? OtdEOlsks
o' n Mrnd & d tOMyy stse ¢t MY j CIstcOdzdp B datp €20 B[ HsH §
S8 dztso dzj dzd j csBjfdEs 2 S[fpf]j.tequ dzj HEs h dds L SOf 55 wOL o dIs
dz" = wOMYY Isdzr = dBBHJ dzj 2 @udditdets o dif datss)Eeigfftdi®edsd dgoz" { d:
stesftedosHse. v0OGdj] ydWtse' j HoB2ddCd o tjdzjnlsOs
B4 dzlsdz' § dBtsSH j dzef O dzdigle B Oftddzl deH o ' = dMY " lsOdzd?2 d + &
odiolbOd dzs?2 MiejHj otMitsdLosHdl! t©OL&dyd j My
feco jH] dad" HBEBESMsEYh do f Bidadesls O ity Sade’ L0 ol @ jj
dedd fm f oW di3r dids tOEhfnyYdsjOasfc tOBBOdR d OdOdzdL 53 My j «
CeOBd fedudd [1, 2] §sLotbdv,l BSdjdgscddsids sE
O30k L &PS s tcfBg EOHz' 5! ©OBclstshf e dsfls! o Eihd
d ttserhjdzzOB Oy gtedzr = dzZOctclzL €.

it d dekls j ©Okter :

1) ZORtslsdzd S ts90O .1., [(ddimMjjoa0 uv. 6. odzOdzdL §tedyd d
otsHds?2 L Of stcdes?2 OtedZOkzter // RLOJjMIsdw 3GB&OV. U j
21 SHEjLtS9O R. 8., ZEklstsa® [1.zIEOYyjOd Wda® Y dyte J.

Cdzddzdo Odzedw d tsBtc" atse hilssCtse Ikt teso SHdzs?2 L dzj
WHjtedzOWY BjLBfOMdEBIR37. 2014.

SuwduBstetses 1. 1., (OMfsyise 1 .c., 1dwimse ¢HI . |stelzdzd s
Boftocso sH dzs?2 Ot @Okt d Htdtstedlsjlsdz j dzOf ttO@o dzj dzd
mMédyg dzOkSCd. 20128241 r¢. 12, y. 1. w.

4 Xue R. , Yu S. , Zhang X. Theoretical anal ysi s a
val ve pi pealriimeg saynsteeamtchquake // Earthquake Enq
2021. Vol .9&9V79.No. 4. P.

5.Korolev S.F., Zhamov E.A., Ut kin A.G. I nvestig
Chemical and Petlr98 8. unmMidE2g3i.nePer i ng.

S{1ArYARC ¢l ffouvrRyRELIOVVLLL T OLVRIUV[CU

VIcO2 BOmEZdzB® [ . |
1 R Ul uvrRz1fllslzH j dzls 44 tf efirtfatiulr @ts pruu

I kyjeds? "~ OHAuLiddito 16¢ uvsdkhStct §sddlkjnd
bl Odzso dzj Ozt kdz" Bste § scdzdesets yqdC dzO@ fMes©s d d &g

RABj jIsMW bkMsOdsa O f obhdfsdsidsd, dz Sdslsds s @6 Andstids
fs yojlk, ssefkmO d@OSSHwEMY o dOCsidlsjdj d ¢
fesfEMS Oj s @ fak CSwftimy § dj o BsyddzddHtesd® o' s O d

RL Ltsde §B8HOYd LOeksaCk LOBdKOJIs twsBEBlsdL d
Lsdzi ftsHOYd, ©OBGlOjls O yeojlk C(sttfkzmMO (CteOMmde
f smdzy ¢ tslsBtetsc O cEALHED Cfias frpr dHjdislz LdL dzOf tcOQo dzw 6 h d m

1Oj 5 OpolsskOSL qletso Ocgdzs? ddedd Ctef 2y
Clsttetsds §totso jtew jlsmy dzOddudj Sl jthisdy o Cttf
Bd0 fBHO MY o LOCtK skt [idABds SRS fL ATz @i ded fOizs
f5H O] Isiw .

90


mailto:urus@tpu.ru

'[q’fr] 1. ({OBBYOY Ltdz0 Mt ydtses dgO dzo

t OBsYyovw L sdz0 fMetesydesects @FOddif zdw ststcO® Msfists

1. [ Odedf 2dzv Isstdi ff) & mbbltsegditsrd idsts fFIERBE Ofn

2. ulstsdf dnestfAditto ;

3. 10¢sfdlsjdzr (fsHMmMsOaCO) fm MMmisOode iBd HJ Is

4. 10ftcOQodzws h OW HdzvW MtsBtcOdzdzr = Ctstelf zMtso .

dtstslse jIsMmise j dadets, SCttef 2 MsBdtecOjIsmw o M jydo
Cotef MO d MsMsOodzr » HjlsOdzj?2 dL dOSCtsfdlsjdv (ted

Il slsfc O3 Odz0OdzdL O fteddeydtf © OBl EMistets?2 Mise O
Hdzw EZdzEyh jddv WEdSydosdoOd dsihisd BO0ddf zdzw Iststc O.

1. 10ttOBOdzdz" 2 d30G6 OL ( dz.

RN sdz' L s9 Ols! o] Mists MlssdzO fm §OLOB], o Cwls
(Mitwistedmisr j d QJ ROl . ds Ga0O8sQdzdg’y 8 5L dyd?.
LO BftejH]dzjdedz" d©3 yojlssd3: MmjteiBtedMmisr @3 ddzd yd tedz
BOtOB Odz BEHJB ot Ols! MW HB By O02h j2 LOdYIsc?2

yofmisd, ftsmd uJO@BitwmdeﬂHmdB”GsdﬂtGd ftedmiskzf ©jls ¢
1 Olsj & mBBGGQQF Cstef 2f fsHOjIsMw 5 dz2Of tcOo oz
vsOCdds sBtOL A, BEHJjIs d@Bide "j HitiHOodY]J ded2 o3
YyoOfilsd BEZHE fBSHOOOI! Mw BEsdZjJ BN Mtes d SCttetej CIsdz
2. 1 tHOYO MmMtsMmMlsBOoadzr = YOMlsj 2  dzj 8 ddsyd dzd dzH tc 5 A3
[ dzv  tsfhkh jMmlseodzi dzgdvw HOdzdzes?2 dHJjd dzj SBrtSHJ A H(

Mstsdzy dzO@ d2OdzdyddJ ddzd tslsmizlsmise dj .

1 s8MSsd S BOdJfbdvisste MsBdeOjls Cttf kMO dzo
dmf sdz! L 59 Ols* jff teidihyy OhptsesddzOdedf yj MEs2 § sH OyYyd MmMMmisC

stsMisOode' | HjlOdzd BEZHEIL ©wOMMtstclsdtetse Odzr 5
LO tfftcjHjdzj dzder &3 yo jIstsds. 1ted MdcecdzOdzj HOIYyds o
HilsOdz2 dL dzj sBrtsHJ B3s@BJ dzOF tzf o tyts ey dze dzu 8 dzlz © 1 ® HzS
ZOftcOQoadzw s h j 2 dzgjfstcjHMlse jdades © fOL, 9o Clststetsds

Il OStsd3 MdzEyo] ®BOdRJfzdviststcz thMisOjlshwy Istsd
fjtoj dgj Misd dzO dzOf tcO@o dzw s h Iz |  ydstslsts o "Hg Isddd j dfpdsv d3.dz

91



}{rzrR1I1 RSR Rrf: 3TitR1TARI I ¢
3 to1IRURC
GHPd5e 1 OF § o
W RrRslou, RrRZzZ11u, O)ipfoceim@ildzeab3&@tpu.ru

2L Rl v, RZ1 1 u,emailtepasiday@tpu.ru

~N T

I sHh dfdedSd f LEBYyOIsr &3 L Oy jfdzjdedj ds ftoj HiMIsOo c
9 Ctlstster i IteOHdydtsdzdz j [sj dzO QOu;dzq’W L Od3j dzj dz'
HOUB, 4 MY j udo O h ddsd fteddzzH dIsj dzr dazs € d dzj d&3OIsd yj M¢
MCOdz LT 90OdedY. v OCOVW CodmlstezSydw foLotsdvjls ko]
CtokzL s sSHI ¥ dgdetsmis: Hted Isjrm Y4 c0OBOtdlOR, dMm< dzs y
d dzmo toj d3j dedets toj OdzdL 59 Ols! WkdeS ydd tejH HES S50 d dz

stsdyjfydw fsH"NdfddcO fm LEZBYOl" &3 L OYj ¥ dzj ded J

COdz dzr d3d 1 czO iz 5 Ots tztBdRd d3j - Odzg L BOB] &O IststcyOF
0o jd&zNlso O HJOd) stetse dzOYOdz dz¥ 7 ©Cteky dshlsj?2 L
YOodks fesMSOd LMoOddj, O Lj©sOd dOw fmdddjlstedw
) sylsd SHdSo 6] d3j feiz& Op OfzOls g tels s ff Gz fls ' 5 dzdzs @ &
f ZOdzj sOdets?2 1§ j to jif Qsuailzdf e AHSHO (S © § ZlsY o5 Is 5y«
Efise Hj ddlsj d ds?2 sCtkkydshlsd Lze' jo ( twsddCtss:r
HgOdj stcOf . Clsts ©BjHY pud 8 cEHNOL L C OQiedy GHdso

J
dzj &3 ftcj HMlsOodzj dz f sHM 1§ ded €, 9 Ctbttetsd3 fMd dzn te 5 dzo
[
z B

d o Sittd &7 (B&sOCIOL, ykt MHj ZOdks S sdhstkS yd
9 HBftdddlsjd d'"r ftsHhdfddtO0r d otHddzO. 1 0 fd
dr 2 o M sdiEd) dls dzr 2 2 thddpdiHBE I3 w fTSidRO P ded dzd L g
sdtetso OdzgdV IsOCBsets ftcdotsHO Brdked MdMmisj 3BOIsdL Jtetse O

Il CdzOH o Ijitteds HtsHhdfddStse f} LEBYyOk" &3 L Oyj 4
Mdls ttOBtslsO® [5]. 1 OBl totsH j d3tsdedfEsctdy] tastgpfisizCic jd
stej dzdw COyjdedw d MEBdz yjdedv, cdHtetsHd OBy ME ts
hEdzO, ftoiHdsyddz tstededdzOdz dzks ¢ &zOmMmMdW¥ dS Ooyds Isd
Cfmr d3d Is tstc yoOielyd CLtdmB)! jdo f 5C OL Odz, T98Bot todzO diad'c figllzd & O;
51 ) HtfmMkdeOjkmw ffted St n IststeyOn.

Ujndesdzse dydesfls! dLetslstso dzj degdw Mmizh j Mise j dadets ff ¢
Bdtetso Ols! o dzgzlstcj dzdzd? o ddzlssots?2 o jdzj y dzOtclkzy desc ts
Cdzzls" 7 Mlsjteydej ? Ctwobbdzbg® figj gPdztf ¥ Roips § s MOy d Jj
tojhjddj tsLotsdvjls ftesMmisdls! dL ¢ Slsdedtalizydegtyc twzOdtsd
M odzzlstej dzdzd d3d o ddzlstse ™ o3d L 2B+ W d3(d .

1 0OIjdzls [7] ©OLoedeOjls SCwdzyjtfyde HOdzM dzj 2" d 3
deMmMOydds ' imze wzj di3j delstse, ftoj HZOGOW (totsHiSdZ dz" J of
B Msts dzsC Odz' dgf = hlsdWistsa, Yt Mmkh jMmlse j dedets ff tso
ZOHY Y desfls! ftod 1 Cfpstej BOdz de' = MEBesMiswa d dac
Oo tsHCjddze wtp) df Oyj dzdvV yYjtejL HIJOMR] IstcOdz dz 2 L OL Bt
dqdazv L kB O.

[IsHj dz0 detsj dBOf tEdPdizzizaizd i L kB yOlstsets L Oyj §-dzj dzd »
Ef stocde" 7 fsHhdfddSOR Hd&Y Mo jttrner MsCdn YOkt o
dzv Is' meded yd otsdzt 9 jdzlsdz" j] LEBYOI' j o jdzyr Issdz! Cts
Mdtese Ol Mslse jlsMisokzs hdj SCtddyj MSdj " JjMmilsj tedad.
bjd dzgs?2 o ktsyS, SCtdksOClkO hOtdCO M HBtsySs2 d
Mstse s e GuUy dadinj = € tsdzls OC Is D & /teddd dg Odn IsesTishOjm, Hpls 8 OH
yds fjtemfjCldodsts? Hdw hfgdgHj dzj?2 MOS89 d Ob(

1l Oy dzr &3 9C d&ZOHtBsdZ MsOZO WOBKBISO [ 9], o Ctltstets?
MjfOcOtedzse 5 1§ Ml db'f digd § @O dgj lsiatdis tals L s YyOls™ o5 L

92


mailto:dab38@tpu.ru
mailto:epashkov@tpu.ru

ftesH | BsdzMistcdtctso Odets ftoj Bz j Mlso s HdStGW Hdets?2 Mna
dzsmisd d I desdztse d ydztsiils d, fsdzeyddzd Ctsi1 WWdydJ dz
200003 dz 7 d toj S tsd3) dzH Sdc@dly di sagP stz BgdMMsd® "t kL &zO~A
fsHh df dzd C 59 . O 2OdzdL dtclz j 3OV BB jd Q IAEBL CUs s s B oz Wy
NHOJIs ttOBBIssmif stse dzatsMls mMetsteCd [ 10] .

l tOBBlsy [ 11] tcOL tcOBSISOdRZO BjIsBHJECO Cddzj BBOIs(
h df dedhC jOo tBysdadz” d3d L ZzB! Wk, L OBjdaws h jets fMisOdzH Otsls
dzd ¢ ftod MrtcOdzl dzadd fHtodMmMsjHddedlsj dzv dzr = tcOL d3j tetso
Yyols! OBt smtsedz" § Myd sOdedw ydmjdz L kB! jo M

HBotcj d3j dadzd flz" PHisJB desdzsedd MmEkh j Mise j dedes tcOMh ( t
dzdw fsHhdfddStse ] LEBYyOlr &3 L OyJj  dzj dzd j df.j YOlste OB
dzr 7 sHhdfdedStse dL PLA fy hjotetsdeder 58 L Oy ff dzj dzd j
dzOGc tclzL € PHMHtistc HBIRO0E B / d3d dz, Ylsts fsHIse Jjtey HOjIs yJ dz
dzj dzdv © ®BOZSdOGKkzY jdzdzr = kL d&z0r d M j ydodz dzr = ts

LBt fjtemMtf jSIsde twOLoadIlsdw Isjrdesdzsedd f tsHhd
fls ©o dzj dzdz" 2 o fkeddtOydd [ 13fhdedHfisdadud teB@fiphj.ls o def
d adBtOYd?2, otLdBsydtshmis! dhMftsd Lo Oddw dzgj HtetsG
Mets?2 IsjmdedCy, ftosdir h dzj dedets s tsBStckzHBBea Odzdd d Istsy

s dMss ddkj tOlskzter

1. 1 OIS2L3®EICTLT t smd2MEOW AJHJGOYEOH d DtzH tzd § dzdg & dzf !
Bd MMJ § Otc Old snafdetztRdzt o056/ j. o @ f Olso j 4 o

2. 1065204922 wtsj HJde deds’ § zGedtdearingg 1. ¥renisiaf .

3. ] Ols§01eBO3B2 wtsj Hdde dadz J Z Saais BearingdByive d Bifeinberg,

C. Mavroidis, JM. Vranish

4. Brassito£., MavroidisC. Kinematics Analysis and Design Considerations of the Gear Bearing Drive
/I Advances in Mechanisms, Robotics and Design Education and Re$e20d3.i P.159 175.

5. SheykdS. Gear Bearings andrié Mechanical Applications of them // Advanced Engineering Forum.

i 2017. Vol 23.1 P. 104 113.

6. 1 OIRBBASKCL t sMMd2MEOY AJHJjOYdW) . IS w®Is'E¥ . f SH
tcOMmMBo

7. 1 OIs242F34C71  t s d2 ME OwW A j HJ to Ofytsfnvh. d fidgdikm J f GugjOdzdsn
Odzsr ) d Mftsmse Jj 6 HOEOGEN b OB |ParB Gl & [ .

8. 10KR@UI  sMmd2MEOw AjHjteOydqbfse@c?d CEsn R dfdd
Yd dedwV (9 O3 duOdelsd e Y ss, s L.ts5d 2 jsted o P2y t51HC d dz

9. r zetgtgo.MC dREN Ctso luQldzd dfF OMyd s tesdzd S sotsets B J MM
dd O COyjddw f BHAdBSYWHDD & LEZsyOlsr d3 L2028.) o U] 4z4.4 o3 / /
i & 291 295.

10. v jtojd®BdMEddzO [ . . rsad dfj=HOIsifCde] Sty ofj fifj O tad@Xdsots tofigz
Ud ?2 1 dzOk Yy S2d3mets ¢ 2@H2.4 .

11. Sty ji9g0O[ Qlhaj j on fdds.detsg d dzj 3OIsdyj MSd2 Mmddalsj L L |
LOBjdzv s h jes ttOHdOddz dzr 2 tetsdzditseor 2 fYwoHhdfddsE € Oy dac
t siMimMd2MEts?2 OL2DHMJ BRFP51EZOE ¢ .

12. MoldovanC., SticlaruC. Performance Analysis of Polymer Additive Manufactured Gear Bearings
/I Applied Sciences. 2023. Vol.1 3, 227 ¢. 12383.

13. The Future of Gear Bearing Technology // Gear tiols: ff © ¥ B013. URL https//gearsolu-
tionscomfeatureghe-future-of-gearbearingtechnology( H Ols © Bt Oh j dzd W : 19.11. 202

93


https://gearsolutions.com/features/the-future-of-gear-bearing-technology
https://gearsolutions.com/features/the-future-of-gear-bearing-technology

tclrterlI1 38 RUFTRLURTRLYL 1 [dRzrRU JBUL [

AddZdUsz‘;tsJ/utG@lSJdiddetss 0. 1.
1 Ok ydz 2 mEQBSBHdBJﬁJ2HB@®¢@M®QM&@ [ .
"R uvlvu, FEsDHyj,dzls 4adtf Besail: fifl@tpu.ru
AR uvlu, FREsBHY,ds 4dtf Bdtail anvd@tpu.ru
IR URE)UsOLhd2 ftjfcHOs O] d ,
AR uvRuZ] ) v,y Uzl dz

jemdods 2 ddddzdteddzc HjlkOdzj?2 &Ohdd O] |
B d, GMSej dds o kidss iy sdtsHs) O " Q yizi{d' B
NBT Mhsyd & kjnddujmSdn mdmlsj k. I sH
sOdetso dzj ded ¥ S demlsekCstteMSs2 d Isj o dzts dzts
| Bz SBE©OLYE HjkOdkd dJdzdd-BBEOdEd S sk MDbDIs gk
sky dz .
msu;mm ttjojtemdodzsets ddzy ddzedted dzd @ dzOYd dzOj Is fiyv
y &dj, Emdssdw {CMfdzokoydd, d&OckkL S d
Isfmw BlSBuer J dL B3j G g ¥ d-digO dfpititisdy dz! ElE @ dzdd3 @l
QG@Jmsa, sflsqujmMSde d &OLjtedr 2 MmdMmlsj k. I sdkzy
j B imC ke
5 dz Cqdo H

N

BsHj dz HJlOdzd, SnEflitstg @ORL @ls jzdg Y Hs
sfMC o, M@y Otlstss d Istej B 5o Odzed

CkaHupoBaHue CospaHue MNpoun3soacTso
obpasua KOHCTPYKTOPCKOWM
AOKYMEHTauumn

tdm. 1. lwtsyjmm tjojtemMdodeasets ddzy d ded tod

1Oydr &5 L sOftsds Wodv jlsivw ©sftjHjdjd]j &EOjtdod
fogdsj dzv s sfw Bj SsHT dzj eOLtekh O h j o5 Sdalstetsdzy,
frlsOded™ dzO Iso Y taaijifsly.Is Qls ofs fipdztmadjtc O sfw & § Is d BOdz
otsHMlse jdede' | fesyjmmr, Ccbtse’j Bsckls slsddyols! f
hod 4gmg¢zosouqsmmr' rOEOCkjtedmisdSd d fserh jd

KoHTponb rotosoro
nsgenva

[OuHamuyeckune N3mepeHue

OnpeaeneHne mapku Onpepenenune
McnbITaHuA TBEPAOCTH

MeTanna u cnnasa MeXaHU4YeCcKux
CBOWCTB

td&. [fweinjdjddi MmMes2Mmisse

tdodtemdoe de 2 d defdsded teqffdgg dvdtsmw tod otsMmimisOdatso c
Hso Odzdw, dLGEtlssoadzjdzgdd L Of Ofnpde" = yYyOMmlsj2 Hdv ddtf
Fazyh jdedd S tdelstezSydd HjlkOdzj?2. [dz fsLotsdzvjls M
or Mdls! dzjL O dMmddifsthds ' d sGH isldstOd Ols! dJL Hjdzdw {
ftesdL o sHMIse O.

94


mailto:fif1@tpu.ru
mailto:anv3@tpu.ru

& Ct5 ftodd3jtetse ftoddsj dzj dedW toj o jtemdo daSEts

sMisOdso dj ddj "jflsjty d tjHEZS StEEs
10 ftsd hdzjdgder = fejHftedwisdwn GoOBGEBLOCBEEY I
fstlsdsets SBSckzHte Odzgdv, &O Ctbtster j skhmizlsilse zjls
ADMCOdzdtetso OdzdwY d dL i3 tej dzed?2 oBMMisOdzOo dzdo O Ismw ¢
d festidd . I shd -HBssde ML OX IO ) GNP Bdels MM etk
B2 kjteRcsBtOBslsCs2, Ykt fserhOjls Mess Mmoikys’
2. RLGBILtodzjdzdj L Of Ofmder Yyofmlsj?2 Hdw MlsOdss 5o
v flsOtr 5 ddd fdevlisr o fesdLosHMIse O fls O dzs
GOd dr j SeBfdjSlkshdj (SstfeEm@nds @GR, dddf tdsd
v jls otmflsOdsodls: yjtlsiyd HjlOdj2, MSskt]slsdt
fsH Motej di3gj dgdz™ | BjIstsH' BBteOBBISCd dzO MisOdzS OR fy

3. tdojtwmMmdods 2 ddyddzdteddze o Ozseo d My 2
1t (ds®S) ftdosHdsct &Gl § o dstiodf stz @ dza
desyder 7 ddzd hPdzdyjoer s MsjHddaj dzed?2. | s sdzdedlsj dz' dzts
COL tolh jddw. | ©jLbkd O] MsLHOY MW dzse OV § 5 df
1O a3 qmq dL d3j dpy dedets? Isj eBSSBEOB IS 82 HdY forh
4, I sffsOdtso dzj dzdj StBGfbhmses &OMsMss d § &Yt
sttefMmdy j HjbOdd Mdasyds? Hstd yOnsts fsHoj
dez Mkz. o MEBREL]tetsoDDzd W ML HOY IsMw IstsydzOW dBtsH j o
tdd CotfkmO, {§omd] uujfchkbacRsyftodkdc BssaEd
BfSls
5.

g
to
to

Cd M dLd&jdzj dedj &3 BOjtedOdzO ddzd Istsdz ddzr flsj dz
[BHijtddL Oydqv-Vse&iftse d §tej
lted dLdesj tOBBYdr 1 5o jhWiadstads fipls ji26 dzdevQidigfive  dd-
o smMMmisOdgso dzj dedj dMrtHdEs? ¢ jdiRilbtedd d sflsdddL Oy
Clts MtsBjdzdes OCIskzOdz dets o Mjted2desd3 ftesdL o sHMIso
stso

6. RBIBlssL OB N jdd zLdtse Mmjd MEsatLw2hmise jd
Odzd ftsHe jMmEd, 1 dzj d&3gj dels™ IbteOdemdsdmmdd, ¢ tef
d otmMmMisOdzOe dzd o O Ispw ) fitsh+ 8 tcjojtemdod
) Btebdphdattundfibd L 0o dMmdBsimis! s ddetsfls tc Odz
tcddzjter fCOL" 908ls, vyl tojojtemdsedz 2 d day
WoHjlsOdzj?2, ds d HdY R OdOddL O, bkdazyh
totsg dzd v .
ssm@mm@yzmﬂmmmdmmq@c Wodw jlsfpw L WWjCls
sBl jHddweshdd3 ydqWteso " j Isjrdetsdzsedd,
jdzedj MfsmtseMmsokjls ttOLodlsds ftetsd3 h dzj
dwisd?2 djdasdiziz € ded ¥ jdatpsoO0ftesj Clsdetsa O

RO a@ (OF=} ;B
ST ¢ 78 L0
O~ 08—
Saqqsggmgﬁ.gq_
8070 BRER
&

o
)
e
&

o
(73

ljtwddStss [ . ¢., utdtse ' -dgd d dzd dd dzd Q IsSsts teth O d&"j - J Hejfr
BONM ddz / /| GcRde j dzj tedzr 2 » B 12eRREZ 3D (0dYizs istets j dzd w & .
[ tese Odztso ) dgdw dzdj Isdf O § dzOMisdC O dz0 f tesydetsfmls dzr |
dso 1. 1., yvYjtti®ddMSddkO [. 4&., uwutsdksHtsoddSts .
mMetstecdzd ¢ MIsOIsj 2 XVI Hs jfrjdayrulg dg@ s H detds2dzW de G Miegfts]-, ¢
wBtewd 2d).2 / 1 OydtsdzOdz: dz 2 dimMmdzj Hise Olsj dz MECd2 v tsd3Mm!
;7 tjgH. SCtdz. ¢. R. d#jyddz, ¢ vtsesmhiszRBS®HA8;. 1. 10
3.1 WOttejto, B zdtcBDOded] MBS JqLHJ&J2 / 1§y Ote] ts
a3 dedz" | HttsBdzg &3 BROM dqdesMmistetsj dzgdw B tsldsjdedzd Wnishipdsty 2
CtsdeW J toj dzydd, 12@. dzstsdgfig®, 2DR4 G. /1 0yd sdzOdz! dz" 2

N

95



fsddlsjidduinNScd?2 kddsjtwhdsjls (uvluv) ; wjHd Qtd] .
3 vsiMS,d @0 2086

61 JtRrRUfZ JIUR[RYTOGARR Jrud R I JYrJuouvRrR §[1HU]

[ Oflsjo . 6.
1R uluv, FREeRHy,dzls 4dtdé&nalf: lapteveroro@gmail.com

SSEHO i ftojHMIsOo dzw j & tfilsj BYfjtc tsdrplsasRE  fds@tedodtlz dats -
SetotsBdets e 50 RO BEdRISIHE, yYlssB' tdzO B' dZzO dzOHVY ¥ dzts 2,
B udes?2 . 19 Cd¥yjerj vyjdd, Sositise" HdfisElis o jig]
ydd d MsateOdedls! ddzd HOXJ ke jddudls! jy f§sydsh

l sy BBz o jf SOC o 03] didj i3] dgj dzj Ty BBOJ f OO I~
Mets, Ybts Hj&ZOjIs jY HjMhjodzj. [YcCd2 Oealtdits ddz
sidls Hjde ¢6d d Rjde hj ostjHdls Sty O h j2 ftejH.
dzj dz0 Ls'dz@ Mdzs BOJ Is fiywj Hdide tdffzjLt€ojs?2 1 OHOYO o Istsdz, yls
sMisOadls: ofmy dzjsBratsHdBs,] HAV ftetsydeshisd.

Clsls ftesyjmm fsdmMSO dHjOdz deséts B OdzO i) ® d 3
BdLOydj?2 ¢ sdfifls@ek@ydjd tOmMhdslstcdd shdtse dzr | M ts
dg o1 MmMtse jtoh jdeMmlseolze s HjlsOdzd, HJjEZOW drn dzj cyj B

1. [jilktsH ftess g shdesS o CHdBf'¢ljtj: dlkjt

t Odg hj, ybter ftetso jtodls! ftotsydetsmls: HJlsOdzd ,
MisjdgHj. Clsts B'" dzs Htsdze s d @ sstfctisEdsin ®H ofls Halzy ¢ tsdytfiats!

sOC 1 st tOBKSIO ] Is:

3
it
JL
0]

S

1.Rdz j dzgj tc MtsL H OYV-dBts iy dz'te St 218 O &dD.

2. | fr]l]'guc{G)dzJ dzs? fesctcOBBBI Bz L OHOY IS EZMmdztse dWw:
HOo dlIls Mmddz ® 100 CddztsctcOBRBBso €.

3.1teisGteG)d3d3® o dtolszOdz dgts ¢ dzOGipdz Ogeliste ¢ Q Oz dz@{f

1CtcOMmdz” @ s ¢ d M BOC M BOdz! dets?2 deOGtekzL S B2, G

IMfMddzd 20 M JsSI€ 52 dz" § L tsde", GHJ dBIIsOdzdz fsylsd ¢ sls

MY dzlsr 2 d 0 ufjledvdglpryXZzilstsydzs j L sdzr .

lteddzj te: BflddizdL Oydw MEtsBr H&Y ftsHe j MCd

R T s HEEGWPABO MM d o dZOW fMlsOdzt dzOw MC B O. I sMdzj ¢
dzi 6 oadHdls, ylsts efMmw MmMtejHdwvw yOMmls: Mddwvw, O ¢t
Clsts MdcedzOdz: Mtcj Hdzg ¥ YOMIs!: By des MH j dZOI! I[Istsdg! N
flsdJ .

[ dedzsdls dLBjdzj dedi © dBsSHjd d LOfEMCOjI Isj fl
Hydzddzd ! . | Byt sQO0&g®OMisse MisOdz CteOfmds d&3. R
d30ls;tsq’OdZO (EmMddzde Oj s tjBtetsdzg) . v OS, hOE LO hOc
HjRBOdrtedtsBtejIsOj s desokzr Wstedzkz. 1 dbtej O Isj tw
fslssdidz yYlsts BOLjtedOdz tcOMftejHjd dz dd3j dedets IskH O,

2 VLdBAZOW G jBd3jIstcdw: WstedO o d3j Mists dzOMMr

Yy Offlsts ftesydesfls! Bsydes ko jdzdydls! dzj HEB @®d&sdzj d

fplsr § edtiibseduimMidd ftoddydfr botsttwls ykujmo.
MYyBtO XY AbESMOE 2 tOMftesMistcOdzy dedzr 2 f toedVy d3.
f zOMlsdS so ks CtrhCk Bl 2ekttlsO. [¥Y djelt Mtsc dzkz
SBtcOIsdzts? Mlsstesdey k2 i 0r ) B! f tridgtsd (&Y 87 g . 4
fsylsd dzj otsL ditsy dets. R B dedzts ISOC d HJj dzOs s Ctstef 2MC
dzj dzd. uvtsdeC d2 dzdmls &BIlsOdzdzO0 dqdd §&zomisds O, mdzOB y:
IRLedB' dlesstwgdls] teEDR] . dzd(ffls cdzyv smvw . uvjJte
BshCs2e. vOCOWY yji ¢ceOted@ich CO0e (csWic®) dO &jlsOd

96



¢C drLedelz. Cltls f ttddzyd tsisd fif fOdck: Offasjols figWs Izt seofigfsCHSD  H
CottHESS o Brlstsoat? IsjnrmdzdS .

Totckze" B dRE M &B" dc2 & sOddZdyi MEd?2 BHEMSE
cdey Jets odzgjhdzedy Mmdzsd tc0O8 hisOBls. M dg'dadits ;0 L @ Isg dzlzl
stezBlz Issets 34 HJORI O, BdZO BERZHJjI ftylsd ISOCEB2
tcOd3r o HB®EMJRjicOdtse d Mtesdlsj dz? dz" = dzj Mtse H J dzO¥ Is

3. 1twOQoddz dzr 2 or BBt RBOISjtedOdZzO: dzj ofmjdg HJISC

t Odgt hj Bdesedj HJjlsOdzd HJ ZOdzd dL MlsOdzd, ¢ slstsd
z ddzy jdej etse JjMmbée BsEzOL o) i3dh BOIsj ted OdzOd3d, d H dzw
BteOIls! dzzyh d2.

T0 dzt c3d dzd 2 d Jdodes dpffdaP» "f e d3j tcdzets o Isted tOL O dz
Bveuy. 1t jhdd feOsdd ds wOMhydlsols:! Issdzh d dzlz d
sOdz? MBSk s s Mjtexa@ctckzL S, vyt d MlsOdz dzOW ,
W H]jd&OtIls BdzsSd HoedeOIljdj?2, SCtdymder j HdMmSd,
11 zOMmls BOMMr , EMmddzj dedz’ § & tsdsts Wst2tsdy to(d Oy tslatseh ldsTe)t
JHMIsOo 1 Isj MjBd 1§ BCMdeattzk) ¢ dzg 2 ¢ s | ip tzis sHiAb dryy &
J dzdlsd bkedzjtesHO (S OtBtdz) ddzd Mlsj € dzO. 1 sz yo
sz dzjeyj Odzt Bddedw. RL bOCtSEts kZedzj f zOMIsdS O H
odzr n MOMBsSd sse d HBSOHjtcdQdzsHiNHBFHER | dBOR] ¢
te
)l
y

H
dz

qgwaﬁ oL

OoHM"90OJjIs MssdBsMIs! .

[ Ocded j o J [fpfcddaferr .jhy dzjeyj Od BdJded™. (6t (
s LO COofw Eowtf@B- dtkzlsBkzSse, Wi nMihdsdOd
HilsOdzW s QOolsEdoOdndnddj 2 f tcj i3 &z d3

gkzls: 9o Istsd3, vykse' d JdMftsd LtsoOls! c¢cftets L Of

SHBBOIS! dJdij dzdets Istsls, Cwlstster 2 tSflsd d3Odz) dzts ff tSH A
4. [Bl JHddzjdzedj HJIsOdalzg Bdz' sy dzelzOp v s Hs
CtecOHdydtsdedz 2 M smEmMHMez®OT d 3dgBE fdztsIsH j dz! dzf = H

n BBd&zkORd, LOSd f<COdiRd ddd WoiAuds 2 dzGBOSifH G e ISR

rn, Bdts MOBS By jls ttOL-8kbksOL ;! My 5§ e ¢ ftizls 3P 6 I Kyt

dgeoOsls Csdzayj delstcOdstisjer M@BY JeWw Sg@afdz” §J L sde” dzO C 53

L= 5 o N+
- I

stsotc] A3 dzdz NtsHisHmmdsded Is! dzj MEBdz 5 HijlOdzZj 2 o 5
ltedd3gd te: Ho Jjte! Oolstssse d dzw
t Odg' " j Hojto! MmMsWwdzO dL HjMWIlsCtse 1 dzj d3j delstso

dzdlsj dzd, Ctetsdgh Isj 2 dzgr  Hid®y MmazjyHCdddzvddzz i 3G, Otd Sy 2 19+
4jGBHAdY, BMXEZOGKBHOLW dztse -fd UQjlssddzts dasseyddstzy fipadjlsdz Ovls

COtCOMm He jted COC BHddz yjdz dgz¥ HJjlsOdz2 Mmdztsy dats?

B Ms OB H 2" tjtafjdi jdiisro. O : | |
Thded » el dsipw( dfud L O Is deOr dzy ls*  dzdh dedd Ctej vy
1Ifser hOjlsmw ftesydtsmils: (dzils MdzOBr =7 & Mls o od
12 esh Oj sfqw MBtcS O.

5. 1tshOetse" 2 Odkzetstedlsdd sflsddddL Oydd: wls dHjd
vsjfjte! Bl jHdddd oM wOMMdtsIlste] dedz" j 2dgisle s .
(s d dMmls! Mtsete] Bj dede" 2 ftesyj M sflsddzdL Oydd ¢ts

zOe 1. [ftjHjdvjdk tcjBso Oded W

1¢0¢dy dOcwlzL $d Htsdz>1dzO 9T HjtydoOls! HJjlkOd (
1C0C 2 BOCMIBOdZ d" 2 ojfy HEY EMisdds;

MBEHYJI ftets] CIsO;

Tefmdzsedy S dzzOOydd , ( jeds]iid@exies @, mpeqz® dzts
zOe 2. 1r'BdttOj d3 @OBdeOQF

IMtcOodzdo Oj s f tetsydesmis! d § dzslsdetsMmils! twOL dzr = 90
Tz2ydlsr 90 d3 MissdBsmis! d HEsMiskz dsiis! ;
Tfeseo jtoW jd3 Mseo 3 Misd dBtsMils! BOL | tedOdzse (J mdzd d

97



ZOG 3. uftsLHOY B BOLBolkzr CwodemlstelzC yds

Tedmizj &3 + MECqL ;

THJ ZOj-dgs B Pdz'C sd3tf ' ¥ Isj tedets?2 f tets@ tc OB ;

1020 d3j WOJ &3 B3 MIsO Stejfdzjdd?2 d MtsjHddzj dedw ) Hte

ZzZOc 4. ¢(dOdzdL ok d dOftwyjddy (StBf’ slsj tcdetsg

IctcOLBdO O] d&ge BsHjdz@ d2O BB dzC dJ 1 dzj g dals ' ;

ILOHOY &3 toj Odz' dz" | deOctelkzL €d d EkMmzsedw L OCtcj ff d

ILofEmMC O] i3 Oy Boldlz ff dz@Azt'O% J dzd 2 ( yo 4 Isdzlz¥ Mmn

Islsdzd yOj d3 CtOMmde §J (fjtejetelzy jdzdz” j) o Mmddadd (

zO¢ 5. Jild®RdLdekzj B Y% stedlk

12BdtcOj d3 BOIjtedOdz dqL Mddzdes Ltsdz (HJ ZOj B tSlso j

1EfMddzdeo Oj &3 CtcOMmMdzr | Ltsder (HBSBOodzW jd3 ty BteO, Ek

Tftese jgsy dgis dzd B jHJdzd s+ dzgj MEtsdz S8 HJIsOdzj 2

zOc 6. 1 HBdtOjd@3 f OtOd3j Ister

TElssydey j d3 Issdzh ddzz Mmisj des¢ d Y B J t5;

TeOMmMMmudisr 90j 3 6OL Bj te" MmJ U dzd 2 ;

IsftejHjdzV jdi3 Stsdzduyd Msets d tOMmf sdztsy jdzdj Steffy

zOe 7. ltosojteWw jdg Mtsj Hddgj ded W

To" BdwOj d3 Isqdf CMejAftgiycn (Sedgd2ls’;,

TeOMMudisr 8 0j B3 §esydetsls! M HJdzj dzd?

1dh jd3 oL i3y desMmisd L O3 dedIs! dzj MSE sdzr €5 MiIsr Cts9

zOce 8. uvjfMfbdtekzjdz ftoeslssilsd{f

TdLctslsOo dzd o O ot toefdaB joyy dadr@ BBOHJydsdeder o5 MY s

T fesosHdds dmMfr sOdedw dz2O0 ftesydesmis! d VY Mis¢ sMls

WdSMmMdtelz j o3 sdg Iy @ 2H W teOL tolzh j dzd 2 .

z0OG 9. Jdsidds CStstetej SIsdtetso € d

1EfmlstcOdz” j &3 MdzOB " | B MisO, dzgO2H jdzder | Hted Isj fMmls

4y B! Nj BBAZjcYyYOj BB CdfistczSydes, JjMmdd JjMmls

1Ifsolststew Jjd&3 dBsH ] dzdtecsoa Odedy d dMmyr IsOdedw f ted dzj

ZzOe 10. uvbo jteHOjd WddzOdz dz" 2 9 Oted Odzls

Ieslssoddy ydtelsiyd d bimrdduyimikze HSCER] dIsOyd:s

fJtejHOY d©3 HOdzdz" § © HttsdL otsHMIse 5.

JfdBdL Oydw o jomOls dejcsdg@asds,d © MmdMmlsj dgdz’ 2
dzj 6" Btsdzr hj daj Hj2MmMlsoaksls dzOkzcOH. [ded dMmftsdz L Iz
fteddzj dzv s I wdsdzj stedyj mMSdj Woteds , or BdtcOsls ftso t
CtsdfstelzC yqd.

Ifmj 1Isd BjlstsH' tcOBBIOsIs ad3jMisj. dOYOdZO ¢ 5k

LOIj &3 ftsHBdtOjIsmwy ®&EOjtedOdz, SCwlter 2 dkzyhj oMfMmj

BtSIsr ,1 OG0 ftesdL osHMiso O dzj MStsdzr €8 HjIlOdzj 2 5B
l dbtsej o dzEyojd3 B3O ddzr d & ~OdedL dzr , § 51

MztcmMtse dzO Mo ts¥ tw©WOBSlskz d ftod 1 Istsdg sMisOs Ismw B jL

dmCkMmMmise 5 odfgan Jj dieggeeebd f j . dMYf tsdz' L 2w d3j d&' N j .

s dMsS d&dlsj cOkzte" :

1. 1 Jev 299741 jlsOdd Stjfyyde j HAY f)Odsd [t fipls tersy Hzd

ot MisOdzH O&KBBO . 1988.

2. {8y t 5DA1BR.00MdMIs| BO tyjdSd Mtsslke jlmiseadw o B

cdd. B8®tfwtse jHjddY dnf" sOddY .d :{ tadyOEEH teliteogl tKadk] d .2
3. J1jtejLdd 6. 1. 1twsjChkdseOddj d& c¢Cdh Ctdisils

Lddz, 8. 10 ud3BLdAj ybasddlsdj J20CH., CPHOjNjd SEQEsH do

CitsdBjaseddHjd 3, 4 MksOl: d) .

4. Vjktse, [. 4. [jlktsHr Bl jHddsg ddY HjlOdj2 o d&Oh
Il ] iMmisded ¢ BON2GAE Mis Bt deS. ( ¢ dzOdzdL Mtsj Hddzj dzd2 d o3
Yyda@ teOLHjdz ¢[Bi jHYeRY dedj Hj O

98



5. CAD/ CAM/ CAE bkjrdsdkscdd: OolksdkOkdL Oydy ftsjCld

ejH. 1. 13 [f.jtsdls §eooOwdMdiiezf42602H. ([fdnMod 1lkofr"
ddv d 3sH Odm@isejOdzdey) sh Ocsor 2 Odkdstedlsd sflsddidL Oydd ¢

veuvdfefur 38 RILV 8 R Jrufr3z 44 YtrrdJduvltozyg

LIEO2 BOR Edetse .
1R Ul vrRZz sz 1 gedeldf 4y [ S5edmaciu Ir@tspruu

VMisOdzsmisdz'd? ¢ I9fs dasind dz dL dzOdetsdzy § L dzOyd d3’ =
dZOH j Y desfls! d Htdzecw)d Qdesiigso . B3O d BOHd desistets j dzd c
By il ftedoiMmlsd ¢ Mijte! jLrder fF I sdzsERBE OB, Oo Otedw o

1 sH EfMsOdtshisde d3 dL desftsds ff sdzd 3Oj sfiqw  di3j = Odz
EMlsOdzsMisdese 5 twOL telzh jdzdvw §tod ¢ 5o lstiste dgsis wH jHY tstOd3zf

ViNls OdzsMisdzrods L dlad @O Is o toj L zdz' O] dBdetse syd fdzi
BOIjted OdzO. CIssls oadH dL dzOh do Odzedw rOLOCISjtej dz HC
dzd dzj 2 yOlsr 3 CdEsOSCIssdz HJjlsOdzj 2: hoOtdStso R, d fo
CdzOyStsor n gy rnOdedL i3S .

RLABHL &5 dzj dz2dj t©OL di3j tetse, Wistedsr , d&OMMr ddzd
ddzlstcizdzj dagls © o fMmdzj Hilseadj wWOL k" jddw (L dzOh d o Odzed

RLdsf) tsBr ydes fesdmatsudls o Isted MIsOHJ(:

H4ISOH M tcld tc OB tSis'CHYOj dpds'in i so jtendatsMisj 2 HJjlOdzj 2,
StejL B¢ ot d3jdzd; fjtotsdzOyOdz dzs MEesis! q L da
EBr 90, Is;

HIsOHJY dZBdBtsdzj ) fJtosHsdy dIsj dzi dzOwW 5 o tcj d3j dac
dzj Btsdz! " 52 d ¢ tsmistsw dzdatzkd VY M stesmis! 8 dL dzO" deo ©

HsOH PYE TIPS Stej dedzr 2 dL detsfy, RO®BOSIjtedL ks h g2 mw
dL desmO oMoz HMlseadd dL d3j dzgj dzgdV ©OL d3j etseo d W stcd3’

VLiNisOdztsMisdzd 2 IstbL dgtEfdEO dL tOL degsoa dH detsisj 2 dL dats
EMmlsOdzsMisdzsc 5 tc @ dzstinls fazd s fezdsy tc B3OS j ed OdzO f ted
&ZOoctokzL €, fHtwdeotsHwh jdg ¢ LOwsyHjded® d tOMmf tctsMlist
Mdzsw Istcjh ddzg, Htoj dqdskzh j Mise j dzdets f OteOdzdzj dz' dgr 7 f 59
Wstedzy btsdeCdm yihkjs¢ &BOjted OdzO.

1. I y o tsL ded € dztse j dzd W EmMlsOdzsMisdetsec s  d L dats fiy
Zfmils Odzts fiyls ¢
dj 0 deGsee iz is@dizts o dzO W ftoedyd dz0 EfmlsOdzts
ZzOcteclzL € OR ftso j torm dztsfyls dzOW ZfMils Odzts
qw d St Gazier st P Isqekzs h d o
tdOzO ddi3jjls SCtedlsduj MEétsj L dzOyJ dad
dzr f dedL $ts2 fosydesmils: 8 ddzd dzj H
dL MmMbtew .

Zzz Ol Oydd t¢OL ' o Gxfids Odztz®is dds P dz’ ik
tor Bdsc lzls Mmdzd y Ols f tetsydztsfls

9 By jls o9rLr 90! (L, Yl
sdmlstezC ydd HjlOdzj A, (lsOYdoy g d
), d&Od&duydj HjWjCkts (Istej m¢,

ifmlsd ¢ Ctdpyj delbteOydd dzOf tow y
dz' L 59 Ols Bj IStsSH T Casdizlf dzd s § t

T 9
n o
-0

j dzyd Odz! dzr = f to
J sBHBAERZSGdWY G
vMisOdatse d Is!
] sSHBBGOIs!

%O kfksOdsmhis! . )} eddjte H
J Miudddv dO o O0dk;
sOdso dls! O] tod Odz;


mailto:urus@tpu.ru

1 dz2Ols! dMmratHd § HOdzdzr § (Stelzlswhdyi, dLedeO

t Ofmud Is:

L 10REY H ded ) destBOd dsets  COMOl) d deseE s dzOY
. 1 sHBBOl' (sftOotsydy j S WWdydjdas:s

102Isd ftejHjd or dzsidzdo sflsd

2 wod
. 3. L OH Odzdzs G 5
4. uMmsOdsadlk! StL¥Wdydjds LOfOfm
5 o
6 .

0O ftesydats
LiMsOdztse dIs! K BBEYdkgMdd didsdzt OF OMNOIs j dz' desG 5

visOdso dls! dhsesar 2 (BBhd2) CwLUW¥dydy

3.

4 .

4

4 .

4

4

4 .

4 .

2. [jbH" dqLBjtejddw EMOdsmisdscects dL dshO

1iSthtster j dL ®RBjlstsHte dLBjtjddw EZhsOdshldksd

l. [ jssH dBdCtetsdZj Istedtetse Oded W . [ fi)dptisedfdsde d dz@3j ¢ 1Oz 1 j
Ctdzs OC Isdz' n-dzdfez SOEGFGR ftedetteses HEts d f tsfydzj

2.1 jMse 52 B sStsH . [ tedHjdzi dzd J o J dzd yd dg dzd dz
sfkzh j Mlse dzw j Isfyw fkzlsjds o ydmdzj ded 2, ts f) dzts & O dzc
ftesd e SH lcdusOdfdstsdf tso j torn detsfisd Istcj dad W .

3. [ jbtsH dmMekmmlse jdegdz" = BOL. 1 0OCdzs yojbmw o it
sls o jton detsfilsd Istc j dzd W Hts Hd2O kcodzze dzj dzd v,
fso jtorndetsmisd d ddzjsnjj cdzzsddzz Btsdz h 2¥n0O.yj &
3. [ JIstsHT ftocjHBIsotcON jdzedWw EMOdzsMmisdase s dL dzts
dtsotej d3jdedz” | bjrdesdzsedd fsLotsdzwesls dmfsd L tso

sO¢dJ CO¢ d3J IstsH QB@JQ&W" Ldzj d3j dzlsts o (fs@), H
yqdedzdyj mSdddd dzOctelzL ¢ Odzd . Cdgjs IO L ® ts 102435 ¥ dztyfGtds) H i
sflsddizdL qtetso Ols Qtsdzfnlstslzguq’“ Hts dzOyOdzO ftetsdL o SH

vd @3 dad d3d dzj J , d3j IstsHT ftojHSISo tcON j dad W Zfmils O
1 dzj o3 dzls dzts G ts d31SH4dzq’tetssOdzq’W gz 6 ls i3 Mists dzO@ f tetsdz
dzd - :

1. 1 tddwjd ddlzOL dzOyj dzd j dBEOIsj tod O dzO.

Il Btste o' MsCtsftesyder = d EmMbs2yder s € EMmlsOdzt
WOCIststotsdg Hdzw fYwsorh jdzdw HBdzetse j ydetsmisd HjIsOdzj 2
o' MsCdds MtsH jtoy Odedj &3 dBZOtcc Odzy O d dzd dzd € j paw Bts
or desmdzd @ sfis (.

2. uvdzeyh jdedj Codzmistelz¢ ydd.
{fbdidLOydY cjt@jlstedd HjbOdZj?2 (B5604L M
jdz "dls! dMS GSBKLOLs OddY Iktejhddz | Ofted i ts,
rn kEecdzse sy ils L dOydls | HhisBdztiddkdats s B Q&zOR
1 s jton dzsMisdzOW BB OBSISE O.
jstsHT o jtendshsds? tBwOstkSd, kOCJj ¢OC
dasdujMes) ShOXH)ddj, Gtk fsor hdk: Ehis:
d s ko jdzd uj dzdf ¥ dds[¢' ] tf HstiT s tsd Iskfd3j dz!
stsdalstetsdz? kfmdzsea d2 1 Sy dzEOIsOydd.
d G zdzv tocdzts § Isj nded ud MEC 54 BBfndzlzxq’aOdzq’J d ot
GO ls ftojHBlsoteOIdIs! HftojyHjotejdgjdade 2 dL datsfy.
JOllzteds” di3d toj Xy d BORI jdis fntdiflsusivisdgddg’ dgizts jiAQ ddgd2y o
9 OGtcj GOIstso .

0]

Hdzdds dL dBjlssHise ftojHBISateO jdzdWw EMlsOdztsfls dz
d o sMimils Odats 0 dzj dzd ¥ fsojtorndesmisd f smdzi dL dzts
"IsdMsotej d3j dzdetsds B3t MM jMisekzjls RBdtsyd Misets
B3 dedzts j, Mo jtemLokzCtsoatsy dzOf "™ dzj dzd j; dzOL j tcdzOW
@1 dschls j e Ols b o

l.cojadesdzse v otsMiisOdase dzj dzd W de dd.j Bis.dzlstOS tsFOfydfjdms,:0 Uz

d
. 10" dzjdzdj d &Of ZOoC O §sCter Isd2.
dz

100



1. YkteOdS ddz ; [ JdesBtodz®li § dsimf s-ygd [ ez § o5, 2ZBEH2 .
r dL desf O HJlsOdzj 2 d sBtstelzH 59 OdzdRL [ /
dEmemb ek hni e hnefsokrafydated Wlwyan-d ste-abejudovaniya

2.

j&—&—

dH
tt

Red [ [Py L1 o1vRrRr vtomfrtvdad fdrefrtLIO1RC 1 11
vyl rfc fézry
_.[OQdZBO]W r
1 Ok ydz 2 tGIZQ'[SS'[SHC{ISJdZJZ skftedwdetse 1 .

"R ulvu, Ry, dzls 46 tBEMaif: m0l@tpu.ru
AR vRg)luissyjdas, ¢C.Is. da

]l MmMotc] i3] dedets sz BOh dqdesistetsj dedd oy Btsdz' hj 9o dzd d30 dzd
tctso OdzgdW, BGHsotcj B dedes ftsor h OwW ¢ Oy jdiPdCodss diz fipdfHe j dyWdats fiiz
hdj ®iBHT M Hobknad3jteds B yYjtelsjy O3 kxJj dzaj BIOoH'
Cdteso Odzd® foBLoBdY jls MBLHOs Ok’ odelbkzOd d j §teslstlsd
COMyjlsr d OdzOdzdL' k3j Ok jsOkzzdE Ok jsOf @O YE©) Ot s d
shdes, EdRgjd# " Ot lsmMw L OlteOIlsT dzO@ dLGEelssodzjded) fteslsts
B' Mistey J .

Ajdz ¥ HOdEsEs JMmimdj Hse Odedw wodw jlsiw dLEyjddj o
fsdzd BOdzd j Jfglso fisged BRO OB sISCd HjkOdj2 o KO dddshlst

1 OHOYd, ftMmisOCodzj dedzr § fJjtejH CBBOdHEB2, oCdz¢ yosls f

RLEYdl! Ghdser Isjstedd bt djodscts &sHj &t Odad "

{LdOCs®Rdls! MY M Mtsete] &3j dzdze" di3d 4§ tetsc te Q B3@AC dfd Tl o i) Isizef
tesCts dMf sdzr Lz Isfqw o &BOMNddesMmistetsj dzad d .

g4tSL HOIs! Stej mn 3] todzzd dBSHjdz! or BtcOdzdese s kL d&zO d f{f tet

ltetsOdzOdzdL qetso OlIs!  §f sz yj dedzz® B H j dz d MW tsted3lz dzd tet

v tstedw IStejnd3j todztsets diIsH | dzd tetso Odzd W

vl nd3d ey dBsHj zdteso Odzdy ftejHMSOodzw jIs MtsBts?2 (s

Bjteder & fjHMsOodzj ded?2 WdLdujmMSdn Bi jClso o Sy’ ¥
B2 citdkibtedyujmMSs? tjftejLjdsoydd dL H jddeds't O dp Qzdz s te
Bjede o BsHjdj2, Cchtt’'j Sks®Oy0¢ls o) SsdhsiekSlsd
Czs yjotsy L&OUjdedj Hdzw ByjdeSd d HOM dzgj 2" jets OdzOdzd L

lted dMftsdz L soaOdzdd Itejrd@gijtedsr » BSHjdZi2 HMISdE O] Ist
tcOCkMd odHtse, Ykt L dkOydlsjdz dzs fsor h OjIls COyj Mo ts
dzj dzd s oL By dg" 7 CtsdMstczCIsdodzr » CtsdeW dzdCIsseo dzO tc O dzdz
Hdyddzdz = Helzd3jteds = udtelsig 2, Istejn dij tafdedsjlz Odgis nig" dzd tdftd
9JwCd oLOdBdses ttOMfsdsy jddw HJjIOMd]?2, drn Msftewy jc
9 jtosWisdesmils! h detsC.

[ 5§ tsdzded Is § dz! dzfs, dqdzsj ctcOydw fn fr]cffr] J B3O d3fAided dzy § dzd
Engineering) ftsLosdwvjls o1 {f€a@dv Ifis @mqu]quwq B8 @ dzQ ¢

dzd L dzOff oW 3 j dzd 2 , HiWBstedsOyd?2, lsc;l;'dz n ftesyj Mmse
tctso Odzd W .

I CtddsjCfmlsj KBOMN ddesfistetsjdad™w o' Hjdzws lsfw Ho O tsfdats:
dzj 2 :

vo jtoHTESIs | dalzefitstgo @slechyy ( Sol i d Modeling): HOddkOw Isjn
sj &zO0, rOLOCIjtdLiEzshdimw ¥drdudimMSdddd MmMets2Mmlse OB, Is
mMsd. veoejtH'™ jJ d&sHJdd MSLHOsIsMw fklsjd tsftej HY dzigzdw™ ¢
dzed 2 1 dzj 3 dzstse, yYbts foLotdwjls bktydass BsHj dzdtese Ols! |
COBBd. vojtHBIsjd dets] BSH] dzZdtetseo Odzedd Mz dls tshdesoe 52
stso dzO ftsydstsmis:, O OCY] G tSHCESlsdst@dMnIs @dzEtss - 7 dzv 1 |
f4uolsd.

NURBS®i3s H j dzd tc ts o ®@didrh Raticmal BSpl i nes ) : thdseo Odes dzO d Mt
dz = M zO2dztse Hdzw W sttdRRdJtetso Odzdw ccdZOHCdr Ctedoerna d s
cdw e jdzdes 90 d20 ftoed ™ T o€ SGlf fiptsed O dadhde d 18 i ldzf Q2D P dg" -

101

g


https://ogmeh.ru/tekhnicheskaya-informatsiya/stati/vidy-iznosa-detalej-oborudovaniya
mailto:%20mj01@tpu.ru

Cstef Zfmdzr 7 HilOdzZj 2 M My ds?2 Wisteds?2  Htkzednm HJISOC
fsojtrdesmisd. NURBS ftsLotsdzwels toj OdzdL so Ols! Mmdztsy dz" |
Fteso jdz? HjlOdJLOYydd d ¢ dzOHEC tsfylsd

IMmi MdMmlsj 3" OolstsdROIsdL Jicso Odgdesec s ftetsj Clsdtetso Odzad W
steHd dzOlsdzts?2 fdMmilsj d3" , oCdzs yoOsh j2 Istcd oL Oddzdets  j tolf j dz
YdoOjls btsydtsy f§tsLdydtddteses Odzdj d Stedpisoydy sy kD
Ldzj a3 delsse fftcd Mt j, O OS] foLotdzw jls dBsHj dzdtetse

[BLEStt fleseteOddids = Mdmilsj d3 CAD

17 dz ftetseo jHjdz MicOodedIlsj dz! dzr 2 OdzgOdzdL dzj MG tsadzr S dnm
JSlsdtetseo Odzed W :

Sol i dWonls auttls oBydzdte jnmefisQdz: dzOW f dzOlsW Sted3® Hdzv ff Ofe
90degdV, hdtesCts dmftsd Lkzj BOY o ftotsd3' M dzj dedetsfylsd Hdzv to

s{[1¢uD (Bl PussMmmd2 MeoOow Mmdmisj BO, OSstesh s §SHAGH
Bd&zOG sHOtKY f gty ddalsk 8t sdsz OB tstckz MisOdzH Otelsdz" = H |
ftcOCIdyj MEts2 tOBSIsT .

Aut oCAD (9 AwdzOwW@dz'kdets Mddz' dzOW o ML HOd2dd Hokd
fsHHjte) JoOjls Istcjrnd3d todetsy dBSHJ dzdtctse Odzed Jj -

CATI A (tsls Das 8 duclstH o §ylazts Ome ) Misj B3O, §toj HdOL 2Oy
qLHjdd2, yofmlts fteddd dwjlsmw o OoadOydsodzdes?2 d Oolstsdits

l1teOCIsdyd MCOWw yOMmls:

[tsHj d&zdteso Odzdj kL O RC GAS 66 o ®OMhIsOB,j HJd §

rdzv fwoOClsdéd Br dz o' B toddigs ¥ L GEH jsdrd d3@dn8 s @t gf dedz® OR C
yd dzr Mmtsmistsw dzO o ML HOddd Istej md3d tedzr = dBBHJ dzj 2 € dzs yd

ClsOf" ©OBGI' ft5 BsHj dzdtetso Odzds B' dzd KOS &3 .

1 jtcear 2 1 1sO0f. 4BLHOMR Hokadddtedzs §j 1 MEdLr o GMmdaso ¢

Il stets?2 1 1s0f. 1tojBtcOLtsoOdzd +{ MSdLr o Istejnd3 todgr j ¥
yd?2 o' HOodzdeo Odzdw d oteOnh j dzdw .

vtejlsd?2 1 O0f. ltdfmMotsddzd HjlOdYd kddC Odz' dz" j dzOL 9 (

l AtH] tOBtl' MisHj dzdtctse Odzd tofPdiad g dz'( jo dzj &) daelsr :C
LOHdzd 2?2 Btsfls ) 9 Odzsdz, SCStsteflkzmMtsds d Stsdedyj MSddsd h j Mmlsg

tdButej R tdzOY BBsHj( [ @M2. vt & cdOY EESH ]

UuBBSKESO dBsHjdd B' O o' f f§izdei &zO dzifjL d gt & Arezdzts 6 © dz¥] P Bz
JtejHdzs o MlsOo dzw dzd ! GlsHjdz dzr §| CBBRYBdzj dalsr . 1 §tets
ddzj dzd 2, BeBiMfjudoaOshdj dr §ttOodd dtsj Mtsel§f OHJ ded J

sy
J H

10 &OyOd dsd {sO0fj o COyJMlsoddsihdesots O djr da0 dedd L fdtis
MsjHddedlsj ded d OdslsdL Olsster , H&Y L OS] §djddy dhnfsd
shdj toj Odz dz" § Ctejtfjyde § L dzj oBj dalsr .

HdzjHEs N dds | kOfsds BT ded kEMlsOdese dzj dg¥ Bshls’ , Cwlssis

tcORRd d ltcO@dftedzOdz dets?2 MmMBtsteC j thMEkh jMlse dzv dzsm! Misj H d dzd
ScteOdad yj ded 2 .
]l LOeojthjddi ¢ ©OdAJ B"' dzd HEtsSBOo dzj dz¥ Bslststc, ¢ OtcH !
Mt ydtse s ftesyd MmO B dZO ftetso jH] BO ftotso jteC O oL Od &
l qielszOdz! dzOv Mttt O ftotsH ] Bsdmistedtetso OdzO, ylsts oMy
gizdets oL OddiZgsH j 2 Mlseakzels BJjL hdetsS. 14 BN d&zZt or wo dzj dat

102



ulsts ModHjlsjd Msokjls & fwOodd dets? s tisdeytzsd O d &g j
dzj 2 .

=3 =
&“

PN I3

cF=ao~Ig
reT TR HE FI O

w N

H

ng

~gF RO _0On
o FSsnE FXe g

=

%

= ©

t BB d2 odH MBEOddsets kL kO RC

Jm; fsmisOodzj dzgder j LOHOUG BT dzd t6j OcdzdL 50 Odzr o {5 dzc

Hicj dzdw Isjndzsdzsed? btejRndsjtedzscts gtsH | dzdtetse Oded ™ o
LoGHMis O. 1 sdkyjdds j jLbEd sOr fModujlsjd Misekz
wehj2 fitej2lkd Bl beOHdydsdsdzs? HobkDdsj tedets2d HEBC Ed

beso j do' Isydshisd fesjClsdese Oddw, Mfsmsemlsezjls
ds COyjfMboO Ctdj ydzsets ftsHESKO.

d
[
dz
thzOd dF R ksyd & yditser & d&sH  dj 2 ejoddy lsdz B digajil e
2
dz

1 6OCIdyuiMSts] ftoddsj dzgj dedj B lssHO dzO@ ftod d3j oy kL dzO
Misd d3r s3[0,) (ubkzts osmdzso dzr § Gt ddi3lzh j fMis o O -lojdalsdgtssditOzydd2d:
ldLEzOdzdL Oydw ( dzOG6 dzW Hdztsfls! ) IStej -~ O3 todz" § yYydwWwtctser

HiflsOo dzj ded j CSdeflstelzS ydd, Ulst Mkh jmse j dedets bk dzlz yh C
q2, chegeEuydjdd] O0doddL O kjrdsdscdyinSdr d ¢ sdfm

Rz j dzj oy 2 Ctdstesd (MbeOmsse Oded j) : O MlsOHd d

=

ftotso j6C O oL OdBEES2 Cjtdkjlstedyj M2 Mo & Misd dts fi
j GO LOLBse d Msftewy jdd?2, ylkt mMismMseMmlsekzjls Mmdac
dLetslstse dzj dzd v .

Jfbdd3dL Oydw MmMetsttses ©OLKOBEBISS J: Qo lstsBOSdL Oydw

"}

ejddj fsyjMmMmse hBsH ] dzdiese Ouzgdzd ¥ o P G e ¥ 4 WBH k2
Ojls vBhd?2 yYydédz ftetsj Clsdz' » tOBSlIs d kZeoj dzduyde Ojls
Y4 dztsd3, o dzj Hitej dadly] nlsdey dBisig)deddz figf e MiselzjIs fsor nj
d fesjSCld n toj"jdzd?, EMSCfteyddltsa dsddy dso ) dadsyiz dzd:
jdzdzr = L OteOl. |1 fjtmMfjSClsdei ftojH sd&zOG O] lsan O¢ L
jdzjtedz" 2 0O0dzOdzdL) Hd&zW ftetseo jHjddV teOMyy Ists 20 f t
FOdz dets? Mmtej Hj ,CAM I @%>mjp ufy afyd iplnjadsOBd d e d Manuf ac
tGqu’q’ FftcOQodzve h dan fesctcOdRRdz Hdzw MisOdzeS s M yd M

fsHatSH tLobdzdlk ftdadshis! s OolstsdizOlsdL Jteso O
tsBJdﬁqlsNdwlsmGitslsq’LaisHﬁjlsao, Ylsts wodzw jlsimw 9 Oy dgr dz h (

Ms¢ dzdlsj tcOlskzter :

1 dedivsteseo 1.1, 1 ] kgsteg dif tos.eo OffiFff digtisgf ' dZCRADBD d3Oh d dats iyl
0 uOdX ssjteBlztce : 0 B@VjtH, 2018.

dMEsdz. s-IftlDUsSotsHMIsots fsdz LB OIsjdzv / ¢MEtsdzg, 20:¢
Zj2dBdzdls ¢. . sktemMtseats] { tcijfCudftod Qdzd jO "H]jdsGmig 2t |
0256 Mm.

Dassault Syst mes. Sol i dWordkBa sTsua wlrti a8 yss ta nnde sR e
]l zOMmtse l . R. U n det=ipfdssjdd! dztsig@9 o diftsdipdsota @ sH s e O m
CAD/CAM/CAE.0 [ s o O : 10k8®,M2017.

103



104



ARsIT IR ¢ 2?2131 ItRrRIJr3: fomwurtd trruvsARF

[Bjdzjt v. A.
1 Okydz 2 tkCsotsHdlid : Jkflsser o [ .4
1 R vl v, FRigsAHyl,dzls 4ad@dahil mi02@tpu.ru
AR UREZ) 1 MlsOteh d?2 (o] f sHO9 Olsj dz

AdC dzsdH O dzOY  ff j 18j1HIOn O ifdts] dfuts da3dstsic 7 d3j R Odzd U M
wdLded dmisd Leshdo hjfmisjtedd d ik s s
jdzvs sy Hdw L dzOudlj d descts mdedy j dedv MC stsfsd ¢
dzls d ka3 dzt " OjIs fijtejHOIBYdts] Glsdetsh jdedd o IstecOdafn
@O s, ybkt OS] yd§ dzkds@dbdOY tff i dz @@, ficj
OlCd. ¢ OCY] ©WOMMSONE & kdfOR, fiojHimlsOs dzj dede’
Cuydd d fteddsjdzgj dzdd o ®RBONJdesMistetsjdzdd d tetsBBslstsls
AdSsdHOd d&F j] ftedosH' fflbdtcd B POLAEFEOLYS B dHH&GS
OLBj eOR, FLOSkdujmSd dkzdjotsdz ds ¥z d ftshist
&, ybts o Moot d3j dedats? czdlsj eOlktej yYdC dzsdHOd d
9

Is

ITIGgST
THOGEG

§I-gGas

D

&

@

LS

iMmlsdes tsyjde HOds. qR Bisks®d d2¢ wkjs &S dass & ¢ 1880w d
d d of MsCOv ksydshls! (shssj dds o toeslstlsjn
T ftedosHOR, kOC COC d8 ftddydf’ ©OsBGl'T MAt
yd Cals q ifedisd T 2 fuh df ddS. /O)Ee jHlsOfkizs ¢usd SH
fitejrnOud d §ujddls! ¥ ddasj ey Mde" &3 W OC s O3]

H

Odzt dz" 2 HdMS Mtse jth Oj s ¢ tsdf) 81O gz didsstg d 1§ detiz:
G 90@@&d O ( FBHYREDES OB 2 §sHM df dzad S
jsfmw ¢ Cowfkmdzodkiz Cdzj Mk, ©Gd 9O Of s
JHOYj?2. Ir'oBHds?2 90d d HdMS otOh O Isfw

8

st hmds) Ctdkjmts JBjjk @O sHdd "ksdW¥ls Bd hj, Yy
CjLid O] yYydCdsdHOd df 2 HIMS oOhOjlMY osCtkd {I
MSLHOoO% BN jj o9tON jddj, ftoolsdosfsdsyds] otOh jded®
[lojtemlsdw o ydSdtsdHOd dsd HdMSj BSd hj, yYjk tfs
@O o jd&zduddzz, ©Oodzz¢ {CHMyjuBEgBHdls Ok &b e dtsc B0 ¢ P iz
pr NBHBGESEE s0dk0 fjtejdijhOs kY o GhkollghsEgOs dts BPH®EOo oz
[HdsMisky j dzyOlsT j d Bdscsmiskzy j dydl’ j ydSdasdH Ood' d

t M dfsidziflszf j dzyOlr 2 ydS dzsdH Odz dzr 2

(15 0o RtsH dzs20 oDy j RIsted S, otOh Os h gafw f) k2 Y,

30 Y sHN Y dAf Y ¢ dz6dH Odz! dF swfilpf din &Jj § sHo dx dz' &3]

h jflsj e bgWier (tesddSd) Ccazowigds&d b | Ris i e
Hdzv tesdzd S 5o o 'dRas HUASHEdES » Ceaddz) .9

105


mailto:fif1@tpu.ru

&

silskzy j dzyOlsr j yd¢ dzstfegtDER lelatz'j j tod H 'S fiy ts €O b {p Gatlzr 1 ot
jdzj dzd2, IbtejBbkshdn ddLCtets ddd dzdjosscts o ¥ls0o
toj HEZC stster tOBSISOs Is dzO tMmdetsea j + CMyj dalsted ydzts o 6O
o LOYjfdzjddj ) tsddSokd dJefshtfd sO0kPkOf & & 5 tizg
Njdedj @O or REH.
As sdzmlstez S ydw d o3j nOdedL d&3 OB @ A jdzsteOdz' dz' 5 § 5«

to

Is

9]

Cslsster 2 o900 OjlsmMy oaCtekze 1 CMyj dzsted S sotsets § sHh dH dz
hisdWilsOdsd dzO ¢ e ffulzifigj) Lic jiosdEdlSte Clssls M j ydOdz! dz@ 2 d3j -
tcj HO® Ols! Ctolzlswh d2 dsd dzls o BHdzs?2 Mk jdd M o MsCd

dzs yjory SCStdiftsde dalsr: AJSdzsdHOdz dz2" 2 HdME, 1 CMmyy
fsuhdfdded (ddsH dsRdzcpOflz., o' =

[ desetsmisk j dgyOls' j yYydSdzsdHOdz' dz" §j tjHEZCIstster

[ desetsiskz j dgyOls™ j yYydS dzsdHOdz dz" | tojHEZSCIsster tsBJ MY |
hjdedw d btsydesmils! 5 MeOodej dzdy M BSHdsMIsEY j dyOls’ d3d
Misjfjdzd CStsdzlstbsdzf Isd tiryEEHtstcr §jtejHOs s d fmdedy O Is €
ftseo, dMisd LEv dinhi¢sd ¢t yYydtasdHOd d'n HdMEtse d N

As sdzmlstez S ydw d d3j mOdedL a3 teOBtsls' : 1 Rdetsetsmisizy j day
dIsmw ftsmdzj Hise Olsj dz! desis®y AYJE dztfd H Oterb tiztc R R Hff g BdzO L &O Y
fded 3 § dzedv MEtesmisd owON jdzdW, ftjyHj UJB tds §jtjH
mMdedy jdzedj LotV jls HBMIsdy' BtdZjj o' MsCdnm tBhidn fJ
4 dyols™ i3 S tdmistelzC ydw dzd .

Astsdstf sdzj dzls' @ Clsd tjHEZSCkBt ddjsls Isj 3§ thdase dz' |
Hjdd: ydedsdunod! d'j wdmecd, SMyjdbtedStsar j fHMdfcC
or atsHdz' | 90dzr . stz yds dBseshiskzy j dy®@lssdBs ttg H Y
Metslse jIsMisezs h dr dzOBttese NisdWistse, yYybt fftsLottdvw,jls + W
dzr 3 wlsdesh j

tdmzdast€ORd yd sdzdzOv CsdzmlstezC ydqw HokaMmiskzy j§

10 omrBHAS2 90d M { My sk JSRs( i Pze @& j Mis .

J 2, dzjY sHo dy dets] Ctstolf ZMmdets | OCas dEg thHsdzt 2 tero sy

3]
]
fjded ) sddC Ok ¢ 207 CHtER dg Codd dirfs ds, S fpy j dals to
3 YCdksdHOd d j HdMS d daj I s 2 ¥ gdsli § £ dedpf &) dats
fjdzd,0 FsHds?2 HIMS olbss? Mskyjdd M

o ¢ ddlsj Okt :

fdmt

lskHtewoyjo 1.1 . 1 &zOdzj sOtcdz" ¢ [ g @ONdf/ M) . 1966 LEH
2.1 W te

¢ dn

J Bjrdeose, [ Wtoj B SS90 O . s., 10OhCwO [.71. Ytsj"
fn fdtedHOU M ftes® Y zlstsyds &3d Isj zOdsd SOy ded™ d
B ESO9O w.s5., 1OMCtSO (.1. [/ 2022.

3. Mirko B., Nenad M. A New Design of a Twetage CycloidaSpeed Reducer // Mechanical Design.
T 2013.71 URL:http://mechanicaldesign.asmedigitalcollection.asme.org.

106



g sAR(C 2
ClrsvtffimorRrsd R JUmouvt 1L RSO

107



Clrsuvt Yt RIS VYLQptuvr v J1dribeluehpref)] L RLS

skdzy ¢ . 1.
1RUY R ZCMIskZH B § Oe-naid SRS@pu.ru

Ajdz ftesjClsO: { OLcOBBIOI!, MtsBteOIls! d dMmimdzj Hiso |
l tcickdzdtetso OdzedJ dis MC stcts s dd detftdzlf jfipdgts?  dgly dsHdzdvdyy dhdd
SflsddidL Oydd Jjets {dzgjteetsftsistejBdzj ded¥ d HJdAzORBIUJ M

S kzOdz detsfyls! Htetsj ClsO

]l Mmoeotj &dj dedz' = MdMmlsj BOR o tHEMdOBY jddV, tstetsh
d&d 4 s dzj fGtetsMmists dzRiszddgdfy ¢ lois@dz!, dzisigs e @agzp dzd b t6 ©
dzr §sctekydzr §j dOMsmr, tOBSlOshdj o twixddd " o ¢ dz
dzj H sfIs OIS 59 :

1. 1" sCd?2 femMy®nts? jlsBC dzs yjddw/ or € dzs yj dedw
k¢ 0O, Cobtster j fitejoetokzy0sls dzj Slstesmils: d M
GOlsj dzw .

2. 1dHEOo dzd Ui MAgi SHRO'Of MS d GMlsOdss O d
HOodzj dzgdw o IbtekzefftecsotsHOR (" cdHSEZHOLT "), Yl
d MOksets dzOMsMO.

.1 didzjteetst WW j B qMBhlsts cOBBISOjIs M dL BT
dzsilss 6 Isodeis Mfistotlees N j 2 toj Odz dgr 3 f tslstcj B desmlsw d3, -
1 dzj sedd.

4. [sfkkmisodj |1 d st gk dasMmls! § zOo dets toj ¢ Iz dzd to ks
Hdlsj dz! desfis! dzO s fifOs lsote j LB @az@istH Bk Hkd Hdss
fesdz L soaOdedd dzj MEtsdz €dr CtOdetso ) .
tdhdddjd (Isdn {§ssdj dyOfdsdeisjdisigs  tetgits dg jfiat fgtisch JO
hoth qiosafdigy 2 dz? Mdets?2 B H vy dide' (2Z RBJ)IssH f sL o tsdzv j ks
MEtsttsMmis! otOh jdzdw 90O HodcecOIjd&zv, BJjMfiyde Ow

1C dzj tee 5B jLed yijwddly OB sls'  dzO ffsdon ldgd. s s d BOdz' «

11 &zO@e dz" 2 H EMC ,d @B dgOsr P2 §jtcjcetckzr $d d edH

TelsOBddzd L Oydre Hiofsjjddiv dzj L O dMd BB SlIs tLOMA BSHC

1 seorhjdedj dzOH Y deslsd g ¢ B1s tee ts &z 4 tes B ided v .

vsOCdds sBteOL tsdz, t©OLtwOBSISC O d J fidfd ieiadajiglzdvjo dewe
i MsC s50C sk Odz, dz=i20 YLt o@BY jd2dzts 2  d20 ML HOdzdj € 5
Isj dzdzj SIszOdzt dgr =" MdMmlsj B Ef tcOo dzj degdwv dZOMBSMOB] .

1l setolkzydzr j deOfptsfmyr @ 1L lsts { dzj SstesHO G OIsj dzt , ¢ t
Bsydd® Stdzj Msd) d f saky dzsj dapalz®@ d o4 drjs@lztcts i dedfc Ols | dz
Ctor dzz yOls¢ O LORo0OI" 90jls asHEZ d fsH HOOdzj dad j d5 o !
otcOh OjlsmMw HodeOjdz, Ijd3 arhj d&Ofste d ftesdL ot

l tetsB dzj d30 tsB " Y datd doty disstj to @ esdz € cigff v jOdpdsjO oCdzvinjjlds dzO iy ts
BlsOl! dgO ®HBOS MdBOdz des?2 MSCtesmisd, yYlsts ftodotsHdLk
Ldzgjteedd d dL desflz.

2. [jlstsH tjERfzdtese Odzd W -R BY (zzlaf B)EAOW®S [ SHEd
Clsts My smMtse EftcOodzj dzgdwWv ish detsfyls! 8 BJiL dL g dzgj ded W
0sOCE {8OBBLOjls: o®iMkts oMW ddscts ISSCO dO

(0 Cdzs yjdets/ or §dzs yj dats) .

o vlzls! wjekzdzdtetse Odzdw : o3 dzgv j Ismw dzji" ¢ & dfde@ER Isdj ddf =

dets fyls ) .
ozdtestd?2 J&fkzd i (B&d|@ve Oy ey ditishinlisy' 96 4 i tc O dz!

hOjlsmw B Mistej Jj .
ouvLS&d?2 ddif zdz g ( BOdg0ed dn@le jOdp'detstintisdzly WO J I8 e@F @ 'Is '

B4 H dzj dedz 4 .

108



O tedMmizdsSj 1 ftejHMsOodzj dz@ MR j KO k§ ttOo dzj ded v

jlste, StdHj dzMOste, keOdl Mistt, §octkyds? d&
MsLHO9 Ols! ZzZR[ MPNQAOdz1 (CHcdR@ds @ day tc Hslisdsdetis O % j dad W
)y fdc @Ok do .

°
80w,
PNy
o

tcOQo dzj dzd Vv f tsctelzy dz' 3
j 3. Ylsts &3 tjeckzdzdtlzj
dzj 6 MdedzOdz I f sdsh 8 dZydsdiste tcjeckzdzdtezw !
ZzOf tow 3 j dzd § o3¢ 20 &k te Mdec dzOdzO o sy dzZlsOr o
dzd d 100 % Ctltesy f to dls dz0 1+ CttOdz Ho G Olsj dz
90O/ zRf MdedzOdz tsIs 0 % Hts 40 %, Iss HodcOlsj dz
u_O;d3 ISO¢ dqdOasB gL sl Of OL sdz ZzRf MJc dzZOdZO wWOB SIS -
1tcOCIsdyd M OVW  toj Odzd L-LOfYte{@ o dfj fidgfls’ j dif s GZerzfy dzr o5  dzO
JSCIsdodetsMmis! . { OLtcOBSIsOdzdets] tj" jdedi B
dJ cudd®edle Ppicdez 1 Csdsdkds 1 dzj Clstctst dzj to!
HOS

VO dzj dedj §tetsd

s §4temyj¢lsddedesfiylsizd tofste ddipddzj dedizv RSt H O
L dzj oot WW jCIlsdoader 7 MdMmisjdd otsHisMdzOB Y j dedWw ) ff tsor
s MBS dzdlsj tOlskzter :
1.zRrR [ tcj ¢ OdAfftgtseo MC stesMmisd L dzj CstesHe dG Olsj dzj 2
https://inner.su/articles/shinegulirovanieskorostielektrodvigateley( H Ols © B O j dzd v : 1
2. 0tetsC d s Arduino d flesetcOdzd3d totso @dzd ©
. https://alexgyver.ru/lessons/potentieter
3.8MO0 Hdzvw MCo Oy dde : CsdemistezC ydw ljteq’l'dzudl]'
https://hair73.ru/ustroystypogruzhnogenasosallya-skvazhiny H Ols © B teONM jdgdw: 15.
4 vftcOQodzjdedy MECtstetsMmis! 8 otcOh jdzdWw Hode Olsj dzw l;’isfr
tgj Mz td fr] https://microkontroller.ru/arduinrprojects/upravieniskorostyuvrashheniyadvigatelya
postoyannogdokanaarduino/( H Ols© tBtOh jddw: 15.10.2023) .

109



Jrtoercefovre fvdaddadtdovr 1L ol our 1L vy
VIJLrr1RrC

NsB]dz@B s. ¢
1 Ozytez¥ sosHdlsjdz2 C. 8. dz. uvddiish Cddz 1.
"R URgRUMISEZHj dzls 8qg A  *
e-mail: kafl3@pu.ru
AR Uvlu, RZRU{, HBYJ dals
e-mail: timoshkinv@tpu.ru

lojHjdad j Bdesedrn 1 dzj Slstesftcdo sHOR Bh jftetsdir "N
Bj sBRsHdBEMIS! bEhNsOdtssd Bhscstestlsd & HOYJS
dzdw or AtsHdsGEts Lo jdzO ddzd dMmf sdzdedlsj dzt desects tstcc Oc

L Of stsdask dzd to 2z Ofis z2,c OtGd3'[Sl|S'[Sd3|Z fted wOMYJIlsd dBRdsEtsts
Hdg@s Eydls™ e 0Ols! odzdwdedj WOCIkttetse tcOdq ddd wypakzd j 1§ tfotd c
ydftse ttOMyUd O sty jddy HEZY BhizsctstBtSlsdses H

[BLBtgsetssBstetslsdz” 2 HOYdS f tsdztsdg | tflad J' H fifls Q elzdzwyjC
B2 1dzj Cltetsdzgj m Odzd yj MStsj EMmtets2Mmlsots, o Ctlstotsd
NYdddw, dmatHY dL oL OdBdsets OMf tsdsy jddw hjMmisj:

LEBqOBBQ fJtejHOYCd.

[ Odzdz" § HOLUYdSd f§dsy] dd®s ldgwEEEHGY]J 0 duimls
dzr 2 i3i ~nOdedL &3 Mo jteh OjIs Bsdz hts] yYydmdzs tsBtstetslstse
dz¢ sdetsets fsdzsy jdedw © ftojHjdZOR oaMji2 tOBBYJ2 IstcO

lteddzydy Hj2Mmbodv Efmbtets2mide @dEigdzzy Odzmitz® s M {
dzed Bz ds dL Helkzrm M jiMmMbjtjds,, SCddaj BOISdUiMEd Mo w L Odzdz
weodw jlsfpw twwOLd&duydd o Stdzduyifmlsej LEB! jo dzO C OXH
dztso dzj dz MtsBMise j dzdzr 2 HOLYd<¢ &sipteddslOdzt g g Mifst dz®©M jj d
MdedzOdzse slIs 1 Isdr HOLydSse, tBEkMdzse dzj dzdzts] tOL
COdz dzgzt CtsdzBd dzOyde Hdzw COYHBGEB kZeocdzseotsets f tsdztsy

sSBBteslsdzsets HJOY OL 5dzO. ¢ 2O dzded § e tizv dzt B Iz O 2O 15 wzif ) ¢
OBMdzs sdets] Bzse B steslsdats § sdztsy j dzd j .

l ¢Oyjmbej HOLYydS o OBfMtsdzs sdetse s § Sdztsy J degd W |
ftcj sBtcOL 859 0OIsj dzd t©OL dzdydets?2 WdLdud ME¢ts?2 HtedetsH" .
904 sMmw HOIYRS ,dzOsdiioj@dede ¢ GG OdzlsME setse d306 dzd Is &
dzdlsdetsy dzi §tsMmistsw dzdzse s BRBOcdzdls©O, L OCtej § dzj dzdzetsc
JYV EedzO ftottttslsO. [HAZOSCB d#B"j HOLYydSd H Odzdzs
sBEzMmMdzso dzj dddg'j jM CHjBFHOdE OS sstc OB (IsOSCdd3d € OS¢ dzj Msts
dzd Is dz" d3d l]’tsd3;.-.Od3d (9 € dzs yow aLOq’d3dztsJ o dzdwdzdj M
MdecdzOdz HOlyds o sfidmr o0 3" 2 Sty dsMmils! 8 dzgO W (

Msodjd +Isdn l]‘”t@opslslﬂsﬁsdsls) C ysttsy i3 sMmdeso dz" d@3 Isdff Oz tsh
dzj dzd¥ OBY dzd IskzH d WOLBotsdBz MHeadcelk (ftoddzjtc d3tsy

Clsd shdsSd mJ“GBBmW flzlsy &3 ftod dgd dzj ded™ My J yd
ydd d COdzdsttsoCd, tOBtSlsOs dgadw® m@@dz@dmtgs o e j 3
O lstsd3Oldyj Mc O COdzdBtetso CO d OHOYIsdo dzOW W dadz Ist
Cdzt yjornmn Odzetstod s-30dzd Pz G dlsaz © P Bz’ dzts B sts d3 dzd
shde¢d Mz h jdzdv, ©OL dzsmis®, OdpsdzdzOHa L i v ¥ @) d & olz® eizts
odHEZ o HEﬂ.OUGlL]ISdZJ[‘ v f sHOo dzj dedWw Mz yO22 dzse s h Iz ds(
WOLBo OV OQolbtsf sHMmites2C O yoOmlsslsr (Adly) M §jte] o
dizh j M smse desyls: 1+ W W j Shislfdg dasj W ded® jlsHejtsdedMs ' L dzO y d
dzts?2 LOHJjWYSd, vyt Ctdldydes Hdzv HJddzOBd ydz" = MdMm

110



1.5 T T

Ideal signals

Amplitude errors
As=12;4,=08

Offset errors
B, = 0.3; B, = 0.2

Phase-shift error
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