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Abstract

The thesis work — “Improvement of Radial Forging Technology and
Appliances of Axisymmetric Workpieces” - is presented in a typed (175) pattern
and includes introduction, literature review, results and their discussion,
conclusion and bibliography.

The introduction involves substantiation of the topic actuality, the status of
studying it, research objectives and tasks, methodological grounds, scientific
novelties, obtained in the framework of the thesis, theoretical and practical
significance of the work.

Widespread use of the severe plastic deformation (SPD) method on the
radial forging machines is a considerable advance in the field of high-pressure
torsion (HPT). The radial forging method provides high accuracy of metal work
pieces, is characterized by high throughput and significant savings of metals.

Using the radial forging method is especially advantageous in mechanical
engineering, particularly in automotive engineering, petroleum equipment
construction and many other fields, in order to process the complex shaped, long
sized, axis symmetric details. Such details include stepped shafts and axes, cone-
shaped and grooved details.

Despite of the conspicuous achievements in this field, according to the
scientific technical and patent literature review, the radial forging technology and
constructions of its appliances require further improvement and is extremely
important task, which leads to the actuality of this thesis.

The first section of the dissertation — literature review — provides the
analysis of the works about radial forging problems, its technology and appliances,
carried out by foreign and Georgian scientists.

The second part of the thesis includes the following paragraphs: “theoretical
investigation and improvement of kinematic parameters of radial-forging
machines”, “elaboration of methodology for determining the force parameters of
the radial forging process”, “calculation of the deformative force (workipiece
D20)”, “experimental investigation of radial cogging torque”, “analysis of the
construction of radial-forging machines”, “elaboration of a new construction for
radial-cogging machine”, “determining the impact forces in the deformation zone

of the radial-forging machine”.

The thesis encompasses a theoretical investigation of the kinematic
parameters of radial-forging process and radial-forging machine. In order to
provide normal, dynamic modes for the radial-forging machines, balanced
movement of their mobile parts should be achieved. With regard to this issue, the
thesis discusses conditions, required for the balanced, rotary movement of the
eccentric shaft in the wedge & lever-type radial-forging machine drive. It is



known that vibrations, oscillations, strokes and other negative effects are reduced
in such conditions.

The next basic problem, discussed in this thesis, is elaboration of the
method for radial-forging force prediction. For this reason, geometrical parameters
of the deformation zone are defined during the radial forging process. In order to
calculate the width of deformation zone during radial forging, we can use a
formula, created for the transverse helical rolling process, if rolling of a tube is
carried out in four rolls. By means of a simple formula, we can calculate the
contact space for any amount of heads during forging process. Moreover, accuracy
of calculations thoroughly satisfies the needs of engineering tasks. There are some
formulas for determining the mean contact pressure, considering the effect of
deformation in external zones and friction between the work piece and tool.

The thesis includes an experimental investigation of radial cogging torque
on an exclusively designed and fabricated experimental device. By means of a
standard test press of this device, forces, acting on cylindrical lead samples were
studied on different modes of radial deformation. The results of the trial is given in
diagrams, which show the growth of cogging torque while filling the deformation
zone with metal.

According to the analysis of the obtained diagrams radial forging force is
increased relatively slowly and then gradually achieves the established process
force. As shown by the experiment, the investigating factors — work piece diameter
and diametrical cogging — have approximately equal effects on radial cogging
torque, which can be easily demonstrated by trial result comparison. As for the
third factor, growth of the deforming tool operating angle from 4°36' to 8°caused
enhancement of the press force 1.75 times for the work piece D20 and 1.85 times
for D24, as expected.

Mathematical modeling of the experiment allowed us to build a formula for
calculating the radial cogging torque by analytical method for any sample size, on
different deformation modes.

In the framework of the dissertation, the radial forging technology of axis
symmetrical details is elaborated. In the example of a long-sized axis symmetrical
detail with complex-shaped inner surface, the method of technological mode and
tool calculation is presented, by which rational parameters of technological tools —
heads and mandrels - are defined. It is extremely important for improvement of
the technological process.

The dissertation includes the analysis of modern radial-forging machine
constructions, on the basis of which a new radial-cogging machine is elaborated.
Sakpatenti has made a positive decision to grant the patent right — order Ne932/01
on the application NeAP 2015 014011 /22/, (3.11.2016). The technological
possibilities of the machine are significantly increased in comparison with its
analogues.



There has been built a formula, calculating the stroke forces during axis
symmetric forging process. According to the analysis of the formula, the maximum
value of stroke forces is proportional to the kinetic energy of mobile parts of the
radial-cogging machine and is defined by physical-mechanical and geometrical
characteristics of the machine tool and work piece, reduced mass of colliding
bodies and the rate of mobile parts of the machine.
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10202 |12 2 |11,8| 1,8 | 10,00 123,08 1,23,0 | 121,85
11 (22|20 |12 2 |12,7| 1,8 | 10,90 134,15 1,341 | 132,81
12 |24 | 20 | 12| 2 |123| 1,8 | 1050 129,23 1,292 | 127,94
1326 20 | 8 | 1,33 6,10 | 1,8 | 430 5294 0,053 | 52,41
gb®owo 8: dm3odzol dserol 360d36gemds: 60dmdo D20 - Ne4
Ne | I, | do, | S Per Poas gtk ? Pm.sma 36 | R @’
99 |90 |09 30 30 30 IBRMOs- 36 30
36gbol | 300L
dond 396500
1122012} 2 | 250 | 180 0,70 8,62 0,086 | 8,53
2|4 12012 2 | 620 | 1,80 | 4,40 54,15 0,541 | 53,61
3|6 (2012 2 | 860 | 1,80 | 6,80 83,69 0,836 | 82,85
4|8 2012 2 | 920 | 1,80 | 7,40 91,08 0,910 | 90,17
51102012 | 2 | 980 | 1,80 | 8,00 98,46 0,984 | 97,48
61220 |12 2 |1230 | 1,80 | 10,50 129,23 1,29 | 127,94
7|14 20|12 2 |1280 | 1,80 | 11,00 135,38 1,35 | 134,03
8 |16 20|12 2 | 1250 | 1,80 | 10,70 131,69 1,31 | 130,37
9182012 2 | 11,40 | 1,80 | 9,60 118,15 1,18 | 116,97
1020 20|12 | 2 | 13,30 | 1,80 | 11,50 141,54 1,41 | 140,12
11122 20|12 | 2 | 12,60 | 1,80 | 10,80 132,92 1,32 | 131,59
1224 20| 12| 2 | 12,10 | 1,80 | 10,30 126,77 1,26 | 125,50
1312620 8 [1,33| 6,00 | 1,80 | 4,20 51,69 0,516 | 51,17
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3b6owo 9: dmFodzol dserols Lsdwogm 360dzbgemds - bodwmdo D20

Ne 11, | doy) S| Ay | R 36 | Py | P | Prggrin 138 | Par | P
g0 | oo |00 |dd B |36 ©9B@eds- | 36 36
36gLbol | ool
doey | 396500
1 2 12012 | 2 2,40 | 1,80 0,60 7,38 0,073 | 7,31
2 | 4(20]12] 2 6,00 | 1,80 | 4,20 51,69 0,516 | 51,17
316 (20]12] 2 8,00 | 1,80 | 6,20 76,31 0,763 | 75,54
4 | 8 (20] 12| 2 9,00 | 1,80 | 7,20 88,62 0,886 | 87,73
5 1020|112 2 | 10,00 | 1,80 | 8,20 100,92 1,00 | 99,91
6 |12 12012 | 2 | 12,00 | 1,80 | 10,20 125,54 1,25 | 124,28
7 114 120| 12| 2 12,50 | 1,80 | 10,70 131,69 1,31 | 130,37
8 |16 2012 | 2 | 12,60 | 1,80 | 10,80 132,92 1,32 | 131,59
9 |18 20| 12| 2 12,00 | 1,80 | 10,20 125,54 1,25 | 124,28
10 (20 20| 12| 2 | 12,30 | 1,80 | 10,50 129,23 1,29 | 127,94
11 |22 20|12 | 2 | 12,60 | 1,80 | 10,80 132,92 1,32 | 131,59
12 | 24 |20 12 | 2 | 12,40 | 1,80 | 10,60 130,46 1,30 | 129,16
1326 |20 8 |1,33| 6,00 | 1,80 | 4,20 51,69 0,51 | 51,17
3b®owo 10: 8 F0d30L dsgwols Lsdwgsenm 9608369¢rmds - bodxdo D24
Ne |1, | do,| S | Ad 1RG5 | Py | Pyivas | P 038 | Pur | Py
90 | oo |09 |00 b |36 ©)BO6ds- | 36 36
36M9Lob | 300b
dogs | 396500
1 |2 2412 |2 6,00 1,80 | 4,20 51,69 0,51 51,17
2 |4 |24)12 |2 8,00 1,80 | 6,20 76,31 0,76 | 75,55
3 |6 24|12 |2 12,00 | 1,80 | 10,20 125,54 1,25 124,28
4 |8 |24 12 |2 13,20 | 1,80 | 11,40 140,31 1,40 138,91
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5 10 |24 |12 |2 13,80 | 1,80 | 11,40 140,31 1,40 138,91
6 (12 |24 12 |2 14,40 | 1,80 | 12,60 155,08 1,55 153,53
7 14 124 |12 |2 16,20 | 1,80 | 14,40 177,23 1,77 175,46
8 |16 |24 |12 |2 18,00 | 1,80 | 16,20 199,38 1,99 197,39
9 18 |24 |12 |2 18,00 | 1,80 | 16,20 199,38 1,99 197,39
10 {20 |24 |12 |2 19,40 | 1,80 |17,60 216,62 2,16 214,45
11 {22 |24 |12 |2 19,40 | 1,80 |17,60 216,62 2,16 214,45
12 |24 |24 |12 |2 19,50 | 1,80 | 17,70 217,85 2,17 215,67
13 126 |24 |12 |2 21,00 | 1,80 | 19,20 236,31 2,36 233,95
14 |28 |24 |12 |2 21,60 | 1,80 | 19,80 243,69 2,43 241,25
15 {30 |24 |12 |2 21,30 | 1,80 | 19,50 240,00 2,40 237,60
16 (32 |24 |12 |2 22,80 | 1,80 | 21,00 258,46 2,58 255,88
17 |34 |24 |12 |2 22,80 | 1,80 |21,00 258,46 2,58 255,88
18 |36 |24 |12 |2 23,70 | 1,80 | 20,90 257,23 2,57 254,66
19 (38 |24 |12 |2 23,10 | 1,80 | 21,30 262,15 2,62 259,53
20 |40 |24 |12 |2 23,70 | 1,80 | 21,90 269,54 2,69 266,84
21 |42 |24 |12 |2 23,70 | 1,80 | 21,90 269,54 2,69 266,84
22 |44 |24 |12 |2 2490 | 1,80 |23,10 284,31 2,84 281,47
23 |46 |24 |12 |2 24,00 | 1,80 |22,20 273,23 2,73 270,50
24 |48 |24 |12 |2 24,60 | 1,80 |22,80 280,62 2,80 277,81
25 |50 |24 12 |2 2490 | 1,80 |23,10 284,31 2,84 281,47
26 |52 (24 |8 1,33 | 8,60 1,80 | 6,80 83,69 0,83 82,85
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Omamm3 23083965 9Ju3gM0Tg6BHTs  4oBMbO3ZWg30  BoJGHMOgoo -
65dBoOlL ©0sFgBHMO @S O0TYGHMOIWMMO BmF0d3s - M0MJIob MsbsdSM
39309bsl 9bgbgb MooowMEmo BmF0d30L dowrsby, o3 Booemo BIBL
390l 899900l FgsMgdosb - Bsdboolomgzgol D20 3GgLol
3oJL0ToEMGO dogns Mol 12,40 36, beenrm D24-;m30L - dogns »®ol 24,90
36, ®53 ®omddol 2-x9gM dgBos. ImFodzol AsHBM©om 1,33-sb 2,0-dg
30639 9gdmbggzedo  (653%Bso D20) 36Hglol doglodscny®o dogns sbg3zg 2-
X9 F5GHMEMBL, beaenm dgmeg d9dmbggzsdo (653Bso D24) - momddols 2,2-
X9 0BMIds.

9Ju3960396G0lL 899900l 58853905 Bo09gTGH03NMMO ©s3gAa30L

d900m©Om

993960396 BHOL  BomYBoBH03MMHO  ©RJRIZ0L  FJOMPO  Lolivgoengdsls
339993l 9339005  d935030Mmm  9dudgModgb@ol bobxgdo s 3Id0L
90608sm®o  MHoMmEgbmdom dogzommm  33¢g30L 89gaqd0. S8 dgoMmEol
©Y00m0  FBsMY FPMIsMgMdL 03500, MHMA Bo3dsMobos gdu3dgModgbdo
BOGHIMOIL 299Mb5331930 BodBHMMO0OL Modm©9bodg 3603369 mdsbY (MBO™
bdoMo  gJuBH©gdoc® 3600369 ™dJdBY) s  FoEgdMwo  F9YJoO0
39230005 25635HMa500Mm® GodEmdoL bgs 360d3b9emdgdbYs.

M99 d98mbz935d0 godmz09gbgom 9du39eH0dgb@ol domgdo@olzeo
©5393930L  LOMERsdBHMmMosbo ggads TIOD 22, MHmIgedos godmbszgzargzo
B594BHMMO0 - B3dBoOL 0sdgB™o (C;) s OsTYGHMMMO dmFodzs (C,)
033905 MmO ©mbybg (Bgs @ J39s ©MHYgdbY). SLgmo  gadol
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36003690 md90%g, LobgarEMdM:
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d) dy =2409, Ad =133 30;

) d, =2083, Ad=2,0 30;
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©) d, =2488, Ad =20 8.

(320900l 990093900 dmy3560¢005 J3qgdmm gbGodo:

gb®owo 11: bodxdgdo D20, D24 - dsewol gdu@egdogray®o 8608369wmdgdo

No I k? dO ’ 81 Ad ’ F)sg, ’ Pzam ’ ©gptbb ! ©ggtbsk ! Pb.sb ! w3’ 36
09 |83 |00 |93 |36 |36 36 3 3b
36MH9LboL | EIBME
dod dsgoob
396580

1124 | 20 | 12 2 12,4 | 1,80 10,60 130,46 1,30 129,16
2126 20 | 8 | 1,33 | 6,00 | 1,80 4,20 51,69 0,51 51,17
3150 | 24 | 12 2 249 | 1,80 23,10 284,31 2,84 281,47
415224 | 8 | 133|860 | 1,80 6,80 83,69 0,83 82,85

J390m0  bsbsbby [omdmoygbogos a9adol IIOPD 22 945530390  sbobgs
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ngﬁd
i X;

i
+1,0

2.0

Cae L

1.33 i -1.0 0

AL A
-1,0
20 Cog 24 C:,dg

65b.36. 9Ju39M0d9bEOL 29300l IIDD 22 458030 sLsbgs LodMEYYHY:

Jr],[.)._}'il

5 - B5JBHMMGOOL BB Mo YH 450MLobgdsd0; B - BodEHMMmYOOL MAEDMIogdm
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9939603963 0L 396GHOL 33MmEMdm 8990 BMOTINIGd0Lb:
_C/+C; 24+20 C;+C, 2+133

Cp= 5 =22 30; Cy = 5 =1,665 d0.
399 BHMOHO0L 35M0MGOOL 0bBHIMZOEGOO MOEOOU:
|, = G ;Cl = 24;20 =299 |,= <, ;CZ _ 2718 _ 33500,

99b396089630L 350935EH03IM0 3930 LOERIIEMM060 g9ds
IID3 22 ©s393330L F5EMOEL SLgmo Labg 94690s:

3bOoo 12: TIPS 22 ©sggad3oL dsGH®OEs

Ne 3OO0 50bodzbs ?)ig)o::)(igli(g)gljo
X X, X, X%, y
1 ¥ - - + 51,17
2 ¥ - + - 129,16
3 + + - - 82,85
4 + + + + 281,47

MmOR5JBHMM0560 9du39MH0T96EHOL F9gag00L Loxgdz9w By Jga30dw0s
09350030bmm  HgaMaLOOL  A9bEHMEgds, OMIgdog oM HsBMIMO30

£9360900Ls, 0d69ds (9360, GMIgoE 0m3z5wobfobIdL  BodEHMMOL Mol
MOHM0JOHJIJIIOL 2o309bsl:
y=h, +bx +b,x, +b,xX,.
3563L5BM3zM3m 396G Mgdols 3M98303096¢ 90l 399090
RMOIMIO0m:

N
kZ:; Yi _5117+129,16+ 8285+ 281,47
N 4

b, = ~136,16;
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N
_ kZ; %Y _ —5117-12916+ 82,85+ 28147

= 46,0;
b, N 4
N
2 %Yo —5117+12916 — 82,85+ 281,47
b2 = k=1 = ! ! = 69,15,
N 4
>
Xlk X2k yk
b, = i _ 5117-12916-82,85+ 28147 _ 3016,

N 4
9595b505d9, 3MME9LOL obEHMGdSL sligmo Lsbg 9469ds:
y =136,16+ 46,0x, + 69,15x%, + 30,16X;X,,

LoO3 X - BOJHMO0 033egds (+1, -1) Fotyagddo, Gobog Fgglodsdsds
608193900l  ©0sdgEHMOL 330w gds (20 — 24 38) OS35HMbT0;

X, = 50dBHmOo 51939 033gds (+1, -1) gIOAWgddo, MoLsE FggLodsdgds
60818930l ©05FgBHMs Mo  dmF0d30L 33woqgos (1,33 - 2,0 99)
©0535Dmbo.

D90m»IMY39600 BMOINWS Lodmogdals 235393l 3056356M0FMmm
o©Osmo  dmFodzol  dos  bgdoldogho  bmdol  bodmdolsmgol
©9BRMOA5300L bb3zoslbgs ©950093by. Fogoe0md, 9300Mmm Sy, Bodmdo
d, =23, 9m30odgs Ad =15. sbgm 898mbg93580 3obEHMEgds30 MBs RIZLZIM
d9L50530b0  3MmEMMO 3608369 MdYd0, MHMIGdoE Joowgds 9Ju3gM0TgbEHOL
293900 IIO3 22 4553030056 (0b.6sb.36,37).

5056 dy =23 Mool d, =22 ©s dy =24 ©0s393®9doL  Lsdwsem
36003690 mdsL 405303 ol FgqLodsdgds X, =+0,5 3mEweo 360d3zbgermds.
dm3odgzsl Ad =15 35305 Lodoom dymdstgmds Ad =133 s Ad =166

dmMob sbvy &21'66 =1,495~15. 99L53530bs dolo 3mEwOo 3603369 Mds

dmmsogbgds 0 s -1 Fméol  dvs  fgdGowdo, g.o. X,=-05 0
36003690 md90L JqqLedsdgds A- FgmEowo 3Moxg030L LodGMEHYgHY.

115



'S

+1,0
4d=1,66| <05 _ dp=23
-1,0 04 £10 M ad=15
0,5 A
-1.0
ad =133

65b.37. d, = 23 608180L Ad =15 8m308300 ©gBAGI>300l
d9L5d590L0 3MEMOo 360336y MdYdO

Boglgodm, s X, =+05 s X, =-0,5 3609369 mdgdL  gobEHmengdsdo,
8030090 G505 H0dMF0d30L dogrsl 60d13dol d, = 23 dmFodzom Ad =15

©IBRMOHI0MGO0L 3O M3gLdo:
y =136,16 + 46,0%, + 69,15x, + 30,16X,X, =
=136,16+46,0- (+0,5) + 69,15- (-0,5) + 30,16- (+0,5) - (-0.5) =
=136,16+ 23,0—- 34,58 - 7,54 =117,0436.
3b5ErMaomEo  99gnm©om 930305 2ob3LsBOIOM™M MO MMO
dmF0d30L doens (D20 - D24) 063 9M35¢00l go6gdg dgmgzo 60d)dgdolsmgzob.

I1. 0BLEH®MNMAGBEHOL 8ds 3Mmbgbg ImFodzols dserols
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- 96090 InFodgzs mM0gg 6odmdolosmgol: maxAd =2383; minAd =1,33
da.

9939603963 JO0 BoBHIM©S MO gBHo3s®© - YMm39eo 9Bodo 890EO3©o
39001 meb-mmb  xanxl.  9Ju3gM0dgb@gdol 30639 9EHe3by
0BLEGMIBGHOL 393> Bgs3060L 3mblol 3mmby Jgsagbos a = 4°36,
bowm dgmeg 9¢e3by - a =8°% w6039 9&3%g gsdmoiss 608m3gdo D20 ©s
D24. 609wdgdol  dofimgds ©gum®dszool  39Mmsdo  dgoagbos 2 30-b.
ym39ozg 3oL 30mi3gbdo  bgdms  doeol  godBmdol  B3z9bgd0l
©5x30JLOMGds. EIBMMTOMOGIMwo  BodMdgdo  BsBgzgbgdos  bb.37-By.
99396039630l F9ga900 dmygzsbowos bMOwgddo 13 — 16.

9JL396089630L I-emo _g@s30 (@ =4°36): d, = 20— 2489, Ad =1,33—233.

3gbMowo 13: 8m3F0dgz0l dogrols Lsdmosgrem 3603369 mdgdo - bodwmdo D20

Ne || ko dO | S | Ad, P\? ’ P Ps:':m”m PQ’{J‘B”)\“" 35 | R Pwata 36
9 |99 |99 180 |5 |36 |36 | ogmeeds- | 36

369 | ool

ol 396500

dogoos
1 2 120 12 2 2,40 | 1,80 | 0,60 7,38 0,073 7,31
2 | 4 120 12 2 6,00 | 1,80 | 4,20 51,69 0,516 51,17
3 | 6 [20] 12 2 8,00 | 1,80 | 6,20 76,31 0,763 75,54
4 | 8 |20 12 2 9,00 | 1,80 | 7,20 88,62 0,886 87,73
5 110 |20 12 2 10,0 | 1,80 | 8,20 100,92 1,009 99,91
6 | 12 | 20| 12 2 12,0 | 1,80 | 10,20 125,54 1,255 | 124,28
7 |14 120 12 2 12,5 | 1,80 | 10,70 131,69 1,316 | 130,37
8 |16 | 20| 12 2 12,6 | 1,80 | 10,80 132,92 1,329 | 131,59
9 | 18 |20 12 2 12,0 | 1,80 | 10,20 125,54 1,255 | 124,28
10 | 20 | 20 | 12 2 12,3 | 1,80 | 10,50 129,23 1,292 | 127,94
11 | 22 120 12 2 12,6 | 1,80 | 10,80 132,92 1,329 | 131,59
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12

24

20

12

12,4

1,80

10,60

130,46

130,46

129,16

13

26

20

1,33

6,00

1,80

4,20

51,69

0,516

51,17

gb®owo 14: 8m3odz0l dsgrol Lsdwgoem 360dgbgarmdgdo - bodmdo D24

No | 1y [ doy) S | Ady | Reo | R | Paggetons| Prggrebonr | P Py’
9 |03 |9 130 |5 |36 |36 3b 36 3
36MH9LoL | EIBME
doeys | ddsgool
396580

1|2 |24 12 2 6,00 | 1,80 | 4,20 51,69 | 0,516 | 51,17

2 | 4 2412 8,00 | 1,80 | 6,20 76,31 0,763 | 75,55

3| 6 |24 12 2 12,0 | 1,80 | 10,20 | 125,54 | 1,255 | 124,28

4 | 8 |24 12 2 13,2 | 1,80 | 11,40 | 140,31 | 1,403 | 13891

5 |10 |24 12 2 13,8 | 1,80 | 11,40 | 140,31 | 1,403 | 138,91

6 | 12 | 24| 12 2 14,4 | 1,80 | 12,60 | 155,08 | 1,550 | 153,53

7 | 14 |24 12 2 16,2 | 1,80 | 14,40 | 177,23 | 1,772 | 175,46

8 | 16 | 24| 12 2 18,0 | 1,80 | 16,20 | 199,38 | 1,993 | 197,39

9 | 18 24| 12 2 18,0 | 1,80 | 16,20 | 199,38 | 1,993 | 197,39
10 | 20 | 24 | 12 2 19,4 | 1,80 | 17,60 | 216,62 | 2,166 | 214,45
11 | 22 | 24| 12 2 19,4 | 1,80 | 17,60 | 216,62 | 2,166 | 214,45
12 | 24 | 24 | 12 2 195 | 1,80 | 17,70 | 217,85 | 2,178 | 215,67
13 126 | 24| 12 2 21,0 | 1,80 | 19,20 236,31 | 2,363 | 233,95
14 | 28 | 24 | 12 2 21,6 | 1,80 | 19,80 | 243,69 | 2,436 | 241,25
15 | 30 | 24 | 12 2 21,3 | 1,80 | 19,50 | 240,00 | 2,400 | 237,60
16 | 32 | 24 | 12 2 22,8 | 1,80 | 21,00 | 258,46 | 2,584 | 255,88
17 | 34 | 24 | 12 2 22,8 | 1,80 | 21,00 | 258,46 | 2,584 | 255,88
18 | 36 | 24 | 12 2 23,7 | 1,80 | 20,90 | 257,23 | 2,572 | 254,66
19 | 38 | 24 | 12 2 23,1 | 1,80 | 21,30 | 262,15 | 2,621 | 259,53
20 | 40 | 24| 12 2 23,7 | 1,80 | 21,90 | 269,54 | 2,695 | 266,84
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21 | 42 | 24| 12 2 23,7 | 1,80 | 21,90 | 269,54 | 2,695 | 266,84
22 | 44 | 24| 12 2 249 | 1,80 | 23,10 | 284,31 | 2,843 | 281,47
23 | 46 | 24| 12 2 24,0 | 1,80 | 22,20 | 273,23 | 2,732 | 270,50
24 | 48 | 24| 12 2 24,6 | 1,80 | 22,80 | 280,62 | 2,806 | 277,81
25 | 50 | 24| 12 2 249 | 1,80 | 23,10 | 284,31 | 2,843 | 281,47
26 (52 124 8 | 1,33 | 11,1 | 1,80 | 9,30 114,80 | 1,148 | 113,65

9439608963 0b 89-11 g@s30 (a =8°): d, = 20— 2483, Ad =1,33—230.

3b6owo 15: 3mF0dz0l dogrols Bsdwmogrem 9603369 mdgdo - bodwdo D20

No Ik ’ dO’ S’ Ad’ P\" ’ P"n.sﬂ’ ng;](g;ﬂmla ' P;g;](g;ﬂaab ' Plfmk’ PQ;]Q} ’ 36
99 |09 |09 |33 |5 |36 |36 36 3b
36MH9LoL | EIBME

doqy | Bdgool

396580
12 (20]12| 2 510 | 1,80 | 3,30 26,26 0,25 26,00
2 | 42012 2 720 | 1,80 | 5,40 43,45 0,45 43,00
3|6 2012 2 9,00 | 1,80 | 7,20 56,58 0,58 56,00
4 | 8 (2012 | 2 9,30 | 1,80 | 7,50 59,60 0,59 59,00
5102012 | 2 | 10,80 | 1,80 | 9,00 71,70 0,71 71,00
6 |12 /2012 | 2 | 11,00 | 1,80 | 9,20 72,71 0,72 72,00
7 |14 2012 2 | 11,10 | 1,80 | 9,30 73,52 0,72 72,80
8 |16 12012 | 2 | 11,20 | 1,80 | 9,40 74,35 0,74 73,60
9 11820 8 | 133 | 6,50 | 1,80 | 4,70 37,15 0,34 36,80
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gbMowo 16: dm3Fodzol dsewol bsdsenm 3bodzbgermdgdo - bodmdo D24

Ne |'I, | dy S | Ad | R, Postr | Poggrionr| Poggrbons | Posts Py 30
9 |99 |99 |33 | 5 b |36 30 36
369LOL | IBMO
doqy | 300l
396500

1|2 (2412 | 2 |1940| 180 | 17,60 | 216,62 | 216,62 | 26,00
2 | 4 2412 2 |1950| 1,80 | 17,70 | 217,85 | 217,85 | 48,00

3 |16 |24|12| 2 |2100] 1,80 | 19,20 | 236,31 | 236,31 | 73,00

4 | 8 (24|12 | 2 |21,60 | 1,80 | 19,80 | 243,69 | 2,43 92,00
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3obLoBE3MOL  GgMmEO03s.  JoGdME0s  FmEOIMEGO0,  OHMIWIO0MS3
39230005 3056996008mm Bozmb@od@GHm 53sMmM0 omMbLy s 0bLEGHMMIGOEHL
dm6H0L, IRMOI>300L 396500 dmddgo Lo3MbESJGHM 903930 s dogdo. 5J
BMOINWIO00 306309@ Mo Bmdol (d, =20) 603130L
©IBRMOHI0OGO0LIMZOL TGO gdmEo  9BM0dol T9g9gad© oGO0
505 MHO dmF0dz0oL dogrs P =122910 6 (123 36), Gog 3653BH030Io 56
2obLb353009ds 9dL3gMH0TYBEHMo 60336y MdOLSYE P =12916 6 (129 36);
Ubgomds 96 509353905 5%-L. sLgmo LoBMLEg LOMEos©  LBo3doMoLos
L50b50bMM 5M3569d0LsM30L.

3. ©5©0sMo dmFodzol 3MmEgbdo dmddgo dorgdol 9dudgmodgb@aro
33930l doBbom 9385390905 @S ITDIPIIMWO  BOOIOO
dmF0d30L B39305OHO FMHYMdOEIMdS, GMIgedss LbESbsOEMw MC - 500
Go3ob {i6gbBg LoFMOsEgds FMP3(3S OISO EIBMEOT300L Bb3sILbZS
$9g009d%g (d, =20—24 89; Ad=2,0-133 89; a =4°36'-8°) 33906
30wobmwo  @m®dol  GHYyzool  bodMdgdbg  dmddgo  dogwgdol
3603369 mdgdo.

4. 9du3908gbGH o 33930l Tggadol  LdBMIZIDY 53OS
3053303900, OGMIgEms sBsewobo 9430639690L, M b53Bsgdol D20 s D24

505 MH0  dmF0odz0Lsl  IRMETs300L  3gMHoL  wommboom  dg3Lgdols
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3MmEgbdo  MoEosMo  dmFod3zol dogws xgO  F9eMgdom  LHMsRs©
0D 905, 999009 30 MObEM3wYds IBMMT>300L HTYsMGOMEO 3OHMEILOL
dodls (129,16 36 - D20 88-0560 s 281,47 36 - D24 88-0560 60d)dolsmgols).

5. ®myme3 30B3965 9du3gM0dgb@ds dmFodzol doserol dodlodswro®mo bLowow)
P ©96db0dg@®0owo  BsdBogool 3930l O™ ©sdm309dIos
350098mMHIoMgdgwo 0blEMmIghEHol dmTs BgsdoMolb a 3mombol, 653Bsols
D 0539360l ©s 8030030l Ar 860336900mdsby, 535Lmob gl BogEHMMgdo
000Jdol gmHbs06 453egbsl sbgbl doerols 3603369 MdsByY.

6. 9Jb39M0ABEHOL FomM9ToBH03MMO  RIAZ0L  LOYRBSJBHMOOBO 29830l
IO 22 o IMPD 23 95dmygbgdom 0mqdmwos BmMHINgdo, GMIIdo3
Lo3Mogdsll 435993l BB  A9TMZ056gIM0TMD BP0
dm3odzol  3MmEgbol  doengdo  600MT3gdol  gBMEGTs300L  bbgoolibgs
970890%7. 53 BN gdom S635H0d0L Fggye© d, = 23 33 BmIol 6odwydol
©0539%HMoL  dmFodzom  Ad =15 @©)nmOHI0OHId0Lsm30L  F0MgdME0s
5050 M0o dmFodzol dows P =117,04 36 - m6H@sd@meosbo s P =133836
- bodgogdBHMMosbo gdu3gM0dgbEolomgol.

7. 5396005  gMALodgB®mowo  BsdBsEdol  MoosEmo  Fg30L
36MHmEqLoL  Mo3ombomo G900 O ROIM3EOE0s  B9dbmermyom®o
0bLEH®MIIPGHOL  Mm3FGH0To MO 356M539BHEMYd0,  39Mdm,  LoEgdgKrgdol
8995350 3mbmliols gmmby  2a =12°, §98535¢0 3mblols Log®dg |, = 8080,
©50535¢03Mm90geo  1dbol Log™dg | =100 99; B0EgdME0s  LSBsMMNYEOL
3939GHM0MWo  356599GHMY00; LsdsMmmeol dMTs  ¢dbol  Bgodocmols
3900b53396M900L  Lodsmerg (0,1 — 0,15) 39-b s Logsbg 3,4 83-b BsMAW9dT0,

IHOOMBIOL 3Mmbyg T9oa9bl 2°.

8.  M5@0oe-LoFgo  396dobgdol  msbsdgdmzg  3mbLEGMMJ309d0L

565¢0Bol BoydzguBg 8999985390905 B0 3MBLEHMMIE00L MO0
- 0md30dsgo  0sbdobs  ©9gMALoTgEHMoMEo  653Dsgdol  Jowgdolsm3zob,
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OIYDBY3 L3596 EHOL B0gE Fo399ME0s 35BgbEGH0O Ne P 6654 (24.04.2017, 9.0.
Ne7, 2017).

9. ©59330(3909905, ®MI F5EJO0M0  LMEgdoL A5dMYghgdom MHHOI O -
9030053 35649651 F999d05 256530005MHML osbEMmgdom 2-x9gM dgEo dogns,
Mol 99009390  LogMdbmds  0BMEIds  Fobdsbol  BHgdbmermyom®o
d9L5dgdWMBYO0. E3TIBHJOOMO LMEPGdO 9aMgMN3g LTS gdSL  §35deg3L
0535496  8564965Bg 2-x96 6530900 LoAIHZ3MOL GEgdBHOMIMSZS, G5
3ma399L 9w 9JGH™MYbgmo0l 86033690 Mm356 930mbmdosl.

10. 8009dw0s RMOIMWS (o0 6-0mdF0do30  BsbJobol gRMEDs300l
396500  IMEHYI0mO  doegdol  goblobEzmolsmzol, M®MIolL  sbsgroBo
230P39690L, 3 s EHYIomo dogrols dosgdlodser o Lo P, 30MHI306-

3OM3MOE0Mos  356Jobol dmd®msgo Boffoargdol 306g@03meo  gbgGaools

2
VO

Q@5 39560LYBOZMYdS FgxobHgdsO LbgmEqgdol BoHBoIMM-09Js6039M0

39039G 0990 FobILOSMYIW GO0,
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lWTamnoBo4YHoe nponssoacteo, Ne6, Mocksa, 1987. C. 15-17.
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