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HELICAL SURFACE

/

PO3POBKA TA JOCIIIO>XEHHA LLUHEKA 3 EJIACTUYHORO rBUHTOBOKO INTOBEPXHERO

Prof. Ph.D. Eng. Hevko R.B., Eng. Zalutskyi S.Z., Prof. Ph.D. Eng. Tkachenko I.G., Ph.D. Eng. Klendiy O.M.
Ternopil National Economical University, Lvivska Str., 11, Ternopil / Ukraine
E-mail: faem_tneu@ukr.net

Abstract: The analysis of known reciprocating screw
working parts with flexible helical surfaces and screw
conveyer operation has been carried out. A new structure
of reciprocating screw with flexible helical surface and its
manufacturing method have been proposed. The bench
has been developed and manufactured for conduction of
experimental researches. Experimental findings have been
provided considering the definition of influence on the
value of flexible sheet deformation, its width and
cantilevered cog size as well as comparative results of
grain material destruction degree with rigid and flexible
reciprocating screw working surfaces.

Key words: reciprocating screw, flexible helical surface,
unit of flexible sheet, bench, deformation, sheet width,
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INTRODUCTION

Screw conveyors are widely used for transportation of
grain, seed materials, granular mineral fertilizers, that can
be seriously damaged during the relocation, which is
inadmissible.

The main reasons of bulk solids damages are falling of
particles into the gap between rotate reciprocating screw
and stationary internal surface of conductor pipe. As a
result complete or partial material damages take place and
wedging of working part is also possible, which leads to
malfunction and causes increased energy consumption.

Changes of gaps between circumference of
reciprocating screw and pipe surface, application of
different external edging shape of helical surfaces
considering geometrical and rheological characteristics of
bulk solids cannot solve the problem completely.

The following papers [1, 2, 3, 4, 6, 7, 8, 10] are
dedicated to solving such problems as development of
original design for helical working parts and their rational
characteristics and operational modes. However, such
developments do not solve the problem completely,
because existing reciprocating screw designs and
production methods are labour-intensive and working parts
are specified as those having low reliability and
maintainability.

MATERIAL AND METHOD

The objective of this research is to create new
reciprocating screw design with changeable flexible helical
surface, develop its production methods and experimental
benches for investigation purposes. The design of
reciprocating screw with flexible helical surface and design
styles of flexible units in the form of sheets are shown in
fig. 1. It contains central shaft 1, where bearing tape helix
2 with operating flexible spiral on its edge 3 is mounted.
Operating flexible spiral 3 is fixed on the bearing tape helix
by means of sectional screw sheets 4, and bolt connection
with semicircular heads 5 and nuts 6 with spring washers.
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Pe3rome: [lpoBedeHO aHania BiJOMWX  KOHCTPYKLI
poboumnx opraHiB LUHEKIB 3 enacTUYHMMUK MOBEPXHAMM Ta
npouecisa po6oTn IBUHTOBUX KOHBEEPIB. 3anponoHOBaHO
HOBY KOHCTPYKLHO LWHEeKa 3 enacTU4HOK T[BUHTOBOIO
NnoBepXHeto Ta cnocib noro BUrotosrneHHs. Po3pobneHo Ta
BUrOTOBMEHO CTeHA AMNsi NPOBEAEHHS eKCnepuMeHTanbHUX
JocnigxeHb. HaBegeHo pesynbTaTi ekcrnepuMeHTanbHuUX
JocrnigkeHb 3 BU3HAYEHHs BMAAMBY Ha  BENUYMHY
Jedopmadii cekuil enactuyHol nnacTuHKU i WKMPUHK Ta
BEMMUYMHM KOHCOJNIBHOrO BUCTYMY, @ TaKOX MOPiBHSAMbHI
pesynbTaTh CTyNeHsl NOLUKOAXXEHHS 3epHOBOro MaTepiany
LUHEKOM i3 JKOPCTKOK Ta enacTtuyHoi pobounmmn
NOBEPXHSMU.

Knrouoei cnoea: wHek, enacmu4yHa 28UHMOBa MOBEPXHS,
CeKuiss emacmuy4Hoi njacmuHu, cmeHO, Oegbopmauis,
WwupuUHa naacmuHU, 8esiud4UHa KOHCOIbHO20 sucmyriy.

NEPEOYMOBA
LLIHeKoBI KOHBEEPW 3HAMLLIN LUMPOKE 3aCTOCYBaHHsA Ons
TPaHCMOPTYBaHHA ~ 3€pPHOBWMX,  HACIHHEBUX  MaTepianis,

rpaHynboBaHNX MiHeparnbHUX A00OpuWB, ski NpyY NepeMilLeHH
3a3Hal0Tb 3HAYHWX MOLLKO[KEHD, LLIO € HEAOMYCTUMUM.

OCHOBHVMM NpYYMHaMK TPaBMYBaHHS CUMKUX MaTepianis
€ NoMafaHHs X YaCTUHOK Y 3a30p MK 06EepTOBMM LLHEKOM i
HEPYXOMOIO BHYTPILLHBEOI MOBEPXHEID HaNpaBnsoyoi Tpyou.
BHacnigok uboro BigOyBaeTbcsi noBHe abo 4acTkoBe
MOLLKOPKEHHST MaTepianis, a TakoXX MOXIIMBE 3aKIMMHIOBaHHS
pobo4oro opraHy, L0 NPU3BOAUTL OO MOr0 MOMIOMOK Ta
MiABYLLIEHHS eHeproBuTpar.

3MmiHa 3a30piB MiX nepudepielo WHeKa Ta MOBEPXHE
TpyOuW, 3acToCyBaHHA Pi3HUX NPOINIB  30BHILLHIX KPOMOK
FBMHTOBMX MOBEPXOHb B 3aNEXHOCTi Big reOMETPUYHMX Ta
peonoriYHMX napaMmeTpiB CUMKOro MaTtepiany He B MOBHIN Mipi
MOXe BUPILLMTK AaHy npobremy.

BupilleHHi0O gaHMX nuMTaHb, a came  po3pobui
OpUriHaNBHMX KOHCTPYKLIA MBUHTOBMX pOBOYMX OpraHiB Ta
BMOOpPY iX  pauioHanmbHMX napameTpiB i pexumis
byHKUiOHYBaHHA npucesdeHi npadi [1, 2, 3, 4, 5, 7, 8, 10].
OpHak, Taki po3pobkv He B MOBHIA Mipi BUPILLYIOTb AaHy
npobriemMy, OCKINbkW BifOMi KOHCTPYKLi LUHEKB i meToaun ix

BUrOTOBMNEHHS €  TpydoMiCTkuMKM, a pobodi  opraHu
XapaKTepu3yoTbCs HM3bKOH HaginHICTIO Ta
PEMOHTO3AATHICTIO.

MATEPIAIl | METOOUKA

MeTol0 paHOro [OOCMIOKEHHA €  CTBOPEHHs  HOBOI
KOHCTPYKUji LUHeKa 3i 3MIHHOK €enacTUYHOI TBUHTOBOIO

MoBepxHetlo, po3pobka cnocoby WOro BWIOTOBMEHHA Ta
EKCrepUMEeHTarnbHUX CTeHAiB ANsi NPOBEAEHHST OOCTImKEHD.
KOHCTpYKLUIS LLHEka 3 enacTMYHOK MBUHTOBOK MOBEPXHELD, a
TaKOX BapiaHTU BWKOHAHHA €enacTUYHUX CeKUii Yy BUrMsgi
nnacTuH 306paxeHo Ha puc. 1. BiH MiCTUTb LeHTpanbHWIA Ban
1, Ha SIKOMy BCT@HOBJIEHA HECy4Ya CMYroBa rBMHTOBA Criipanb
2, no nepudpepii siKoi 3akpinneHa poboda enactnyHa cripanb
3. Ha Hecyuii cwmyroBiii cnipani 3a [OOMOMOrOK  CEKUHMX
rBUHTOBMX nNnactyH 4, a Tako 6ontoBux 3'egHaHb 3
HaMiBKPYIMUMM  TONIOBKaMM 5 Ta ravok 6 3 MnpyXMHHUMU
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Working flexible spiral can be integrated (fig. 1 a, b, c),
or consist of separate units (fig. 1 e, f, g). The units of
working flexible spiral are fixed onto bearing screw spiral
through two gaps at least, and circumferential surface of
working flexible spiral can come in the form of cut sheets
with different width (fig. 1 e, f, g) according to geometrical
and rheological characteristics of material transported.
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Wwanbamu 3akpinneHa pobova enactuyHa cnipans 3.

Poboya enactuyHa cripanb Moxe OyTM BUKOHaHa Sk
cyuinsHoto (puc. 1 a, b, ¢), Tak i3 okpemux cekuin (puc. 1 e, f,
g). Cexkuji poboyoi enacTmyHoi cripani KpinmaTbCa 40 Hecyyoi
rBUHTOBOI cnipani LWoOHaMeHLe 4epe3 Asa OTBOPW, a
nepudepiiHa noBepxHsi poboY0i enacTUYHOI cripani Moxe
OyTV BMKOHaHa Yy BUIMISAi PO3Pi3HNX NMACTVUH PI3HOI LLMPUHM
(puc. 1 e, f, g) B 3anexHOCTi Bif reOMETPUYHNX Ta PEOrorivHmX
napameTpiB TPaHCNOPTOBaHOro Matepiany.

o

e)

f)

7

B-B (2:1)

9)

Fig. 1 — Reciprocating screw with flexible helical surface
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During the transportation of agricultural bulk solids in
guide pipe 7 they interact with working flexible helical
surface. In case of jamming, for instance, grains between
surface of the pipe and working flexible helical surface cut
sheets are sagged, thus preventing grain damage. The
width and rigidity of working flexible helical surface are
chosen according to physical and chemical properties of
the transported material.

The production method of this working part [5] is shown
in fig. 2. The stripe of rectanglular crossing is previously
coiled on arbor on rib in faggot (fig. 2 a). Then the faggot is
pressed on the arbor and according to diameter at the
edges of the faggot gaps (fig. 2 b). After that the faggot is
mounted on shaft and stretches spiral to the back step
untill the complete contact of internal spiral with the shaft,
then it is welded onto the latter. On the next stage working
spiral or its units are fixed to gaps of bearing spiral (fig.1d).

INMATEH:- dqticultuw[ %'nqmmq

B npoueci TpaHCNOpTyBaHHSA CUNKMX MaTepianis
CinbCbKOrocnogapcbkoro BUPOOHWMLTBA B HamnpaBsitoyii
Tpybi 7 BOHWM B3aeEMOAilOTb 3 poOOYOD €enacTUYHOK
FBMHTOBOIO  MOBEPXHEK. Y  BUMAAKY  3alleMIeHHs,
Hanpuknag, 3epHUHW MDK MOBEpPXHE Hanpasnsloyol
Tpybn Ta pobo4olo enacTUyHOK FBUHTOBOK MOBEPXHED
PO3pi3Hi  MNacTVHW  MPOrMHAaTLCH, O  BUKMIOYAE
NOLLKOAXEHHSA 3epHuHU. LupuHa Ta XopcTkicTb nnactuH
pobo4oi enacTu4Hoi rBMHTOBOI MOBEpxHi BUOWpalTbL B
3anexHocTi  Bif  i3NKO-MEXaHiYHMX  BNacTUBOCTEN
TpaHCNOpPTOBAHOro MaTepiany.

Cnoci6é BWroToBneHHst gaHoro po6Goyoro opraHy [5]
306paxeHo Ha puc. 2. lNonepedHbo cMmyra MPSIMOKYTHOrO
nepeTVHy HaBMBAETbLCS Ha OMpaBky Ha pebpo B naker
(pyc. 2 a). [Oani nakeT CTMCKaeTbCs Ha onpasui Ta
piBHOMIPHO MO AiameTpy no nepudepii NakeTy BUKOHYIOTb
oTtBopu (puc.2 b). lNicna uboro nNaketT BCTaHOBMIOKTbL Ha
Ban i po3TAryloTb cnipanb Ha 3aJaHUi KPOK OO0 MOBHOMO
KOHTaKkTy BHYTPilWHbLOI cnipani 3 Banom, nicng 4oro ii
npuBapioTb A0 OCTaHHBOro. B noganbwomy Ao oTBOpIB
JaHoi Hecy4oTl cnipani KpinnaTb poboyy enacTuyHy cripanb
abo i cekuii (puc. 1 d).

c)

d)

Fig. 2 — Producion technique of reciprocating screw design with flexible helical surface:
a — metal stripe is coiled on the rib in faggot; b — evenly made gaps of the diameter of the edges of coiled metal stripe
on the rib in faggot; ¢ — gauged spiral is set on the shaft; d - reciprocating screw is fixed with flexible spiral

For definition of deformation value “A” of free edge of
flexible sheet unit (fig. 1 e, f, g) and its width “B” and value
of cantilevered cog “h” experimental bench has been
developed and manufactured. During the loading process
of flexible sheet unit its free edge was deflected and the
deformation value was noticed according to the bulk of
measuring loads. Experimental studies have been
conducted for the material of flexible sheet “polyurethane
PU-60" with thickness of 2,5 mm. The value of cantilevered
cog of flexible sheet was discretely set with distance of
h =25; 20; 15; 10 mm, with discrete values of these sheet
widths of B = 25; 20; 15; 10; 5 mm.
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[Ina BCTaHOBNEHHsI BNNMBY Ha BeNu4unHy aedopmadii “A”
BINIbHOIO KiHLA CeKuji enactnyHoi nnactuhm (puc. 1 e, f, g) i
WwnpuH1  “B” Ta BenuuMHM KOHConbHoro BucTyny “h”
pO3poBNeHo Ta BUFOTOBMEHO eKCrepuMeHTarnbHuin cteHa. B
NPOLECi HAaBaHTaXEHHS CeKuil enacTtu4Hol nnactuHM i
BiNIbHUI KiHELb NMPOrMHaBCS, a BENWYMHA AaHoi Aedhopmadi
dikcyBanacb B 3anexHOCTi Bifi Macu MipHUX BaHTaxiB.
EkcnepumeHTanbHi JOCHiIKEHHSA nposoaunMcb  Anis
MaTtepiany enactuyHoi nnactuHuM “noniypetaH PU-60" 3

TOBLWMHOW 2,5 MM. BenuuuHy KOHCOMbHOTO  BUCTYMY
enacTtuyHoi  MnacTMHW  OMCKPETHO  BCTaHOBMOBaIM 3
BiACTaHHIO: h =25; 20; 15; 10 mm, npu ONCKPETHNX

BENMYUHAX LWNPWHW Taknx nractvH: B = 25; 20; 15; 10; 5 mm.
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RESULTS AND DISCUSSION PE3YIIbTATU
Fig.3 illustrates the findings of experimental research Ha puc. 3 npeacraeneHo pesynbTari ekcrnepuMeHTarbH1X

for cantilevered fixed flexible sheet deformation AOCﬂiMeHb. ,u.e(bopmaui_'[_ KOHCOIBHO 3aKpinmeHoi enacTu4Hoi
respectively to its loading value. NAacTUHW Big, BENWYMHM iT HABAHTaXEHHS.
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Fig. 3 — Characteristic curve for influence of measuring loads mass mg, the value of cantilevered cog
of flexible blade h respectively to the deformation of sheet's free edge in A =8 mm under B variables

The experimental research for evaluation of the seed HAns npoBeAeHHsl ekcnepuMeHTanbHWUX AOCTIiAXeHb 3

material damage degree the bench [5] has been BI/I3Ha‘:IeHHF| CTyneHa NOLLUKOOXXEeHHA HaE)iHHeBOFO
developed, as shown in fig. 4 mMaTepiany po3pobneHo cTeHa [6], 3aranbHUA BUrMAg,

It ist f dle. featuri | i sIKoro 306paxkeHo Ha puc. 4.
consists of - cradle, teaturing anguiar. position BiH cknagaetbcs i3 pamu, Ha SKil, 3 MOXNMBICTIO

regulator, and the screw conveyor mounted on it 3MiHW  KYTOBOrO MOJNIOKEHHSI, PO3MILLEHMIA  LUIHEKOBMUIA
Reciprocating screw working part with flexible helical TpaHcnopTep. B Hanpasnsiouin  Tpy6i TpaHcrnopTepa
surface is placed in the guiding pipe. The hopper is pO3TalLOBaHWI LUHEKOBUI poBouniA opraH 3 enacTU4HO
mounted on the loading side with the opening in its off-load FTBMHTOBOID  NOBEPXHEIO. -3i CTOPOHN  3aBAHTAXEHHSH
zone for conveying the material into the container. The ~ Marepiany —BCTaHoBnewwit OyHkep, a B 3OHi 1ioro

orkin art gear is driven bv the electric motor BMBAHTaXEHHA — BIKHO, 3 $KOro TPaHCMOPTOBAHWN
working - p 9 IS . v y .' ’ maTtepian nepesoaueca B Tapy. lNpwusig poboyoro opraHy
Frequency converter (Altivar 71) with Power Suite v.2.5.0. 30iiCHIOETHCS BiA enekTpoaBuryHa. [lns mycky ABUryHa Ta

software were employed to start the engine and control its perymnioBaHHs 4acToTy oro o6epTaHHA BUKOPUCTOBYBAM

rotational speed. Altivar 71 system was wired to the nepetsBoptoBay 4actotu (Altivar 71) 3 nporpamHum

network and computer. 3abe3neyeHHsM Power Suite v.2.5.0. Cuctema Altivar 71
npuegHaHa 4o Mepexi Ta 1o kKomn'loTepa.

Fig. 4 — Bench for research of reciprocating screw conveyer with flexible working part
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The percentage of damage has been evaluated prior to
the experimental research [2]. Then grain was transported
in the conveyer for several times at set angular position
and rotational rate. After that the percentage of material
damage was evaluated in the same manner. The
difference in percentage determined the degree of material
damage directly during its transportation at set parameters
of working parts for specific distance, which equals the
reciprocating screw length multiplied by the number of
material passings on the conveyer.

The findings of experimental research during the
transportation of grain material with rigid reciprocating
screw (solid line) and with flexible surface reciprocating
screw (dashed line) at different gaps between
reciprocating screw and guide pipe (6 = 2; 6 mm), angles
of obliquity of reciprocating screw 8 and rotational rate n
are illustrated in fig. 5.

1
N 1-8=2mm
g | 2-5=4mm
= B =0°
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Mepen eKcnepMMeHTanbHUMn [ocnigKeHHAMU
nonepeaHb0  BU3HA4YaBCA  HasABHMM  BIiACOTOK  MOro
NOLUKOAXEHHS [3]. Hani 3epHo kinbka  pasis

TpaHCNopTyBanu B KOHBEEPI NPV BCTAHOBIIEHOMY KYTi Oro
Haxuny Ta YacTtoTi obepTaHHs. [licna uboro aHanoriyHUm
crnocoboM BM3HaYanu BiACOTOK MOLLKOMKEHHS MaTepiany.
PisHnMus y BigcCOTKOBOMY BWMIpi XapakTepu3ysarna CTymiHb
MOLLKODKEHHA  MaTepiany 6esnocepegHL0  npu  1oro
TPaHCMOPTYBaHHi 3a AaHWX napameTpiB poboyoro opraHy Ha
BM3HaYeHy BiACTaHb, LUO BM3HAYaETLCA AOOYTKOM AOBXMHU
LLIHEKa Ha KinbKiCTb NPOXOpKEHb MaTepiany B KOHBEEPI.

Pesynbtat  NOPIBHAMBHUX  EKCNepPUMEHTamNbHNX
AocnifKeHb Mpu TPaHCMOPTYBaHHI 3epHOBOrO MaTtepiany
XOPCTKUM  LUHEKOM (CyuinbHa niHiA) Ta LWHeKoM 3
€enacTV4HOI0 MOBEPXHEID (WTpuxoBa IiHiA) Mpu  Pi3HUX
3a3opax MK LWHEeKoOM i Hanpasnsw4ow  Tpyboto
(6 =2; 6 Mm), KyTax Haxwuny LUHeKa B Ta 4acToToK WNoro
obepTaHHs N NpeAcTaBneHo Ha puc.5.

1-6=2mm
2—-0=4mm
n =200 r/m

Fig. 5 — Graphic depending of grain material damage T, % with reciprocating screw (solid line) and with flexible surface reciprocating
screw (dashed line) at different gaps © between screw and the guide pipe angles B and screw rotation speed n

CONCLUSIONS

Based on the patent search analysis of screw working
parts design and review of literary sources concerning
definition of their operation modes, a new design and
production method of reciprocating screw with flexible
helical surface have been proposed.

The bench for conduction of experimental researches
has been developed and produced.

Experimental research findings concerning the
definition of influence of width, cantilevered cog size and
measuring load mass on the value of flexible sheet
deformation.

From characteristic curve analysis as shown in fig. 3, it
can be concluded that for the value of cantilevered cog of
flexible blade h =10 mm increasing its width within the
range from B=5mm to B=25mm for providing
deformation value of free edge of flexible sheet A = 8 mm
the bulk of load must be increased by 2,8 times from 180
to 500 g, for h = 15 mm in 4,8 times, for h = 20 mm in 4,2
times, for h =25 mm in 4,3 times.

It must be admitted that during the decrease of flexible
sheet width B characteristic curve of cantilevered cog size
h of flexible sheet from bulk of mensuring loads mg are
changed from linear to curvilinear.
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BUCHOBKU

Ha ocHoBi aHanisy npoBefeHOro NaTteHTHOro MOLLYKY
KOHCTPYKL FBUHTOBUX poBOYMX OpraHiB Ta nirepaTypHUX
axepen 3 BU3HAYEHHS PexXuMmiB X YHKUIOHYBaHHA
3arnponoHOBaHO HOBY KOHCTPYKLIIO LUHEKa 3 enacTU4HO
rBMHTOBOI MOBEPXHEIO Ta CMOCi6 NOro BUrOTOBMEHHS.

Po3po6neHo Ta BUroTOBMEHO CTEHA AN NPOBEAEHHS
eKcnepvMeHTanbHNX AOCTiAXKEHb.

HaeeneHo pesynbTaTtu eKCrnepuMeHTarnbHUX
OOCMiKEHb 3  BW3HAYEHHS BNNMBY Ha  BENUYMHY
aedopmadii BiNbHOrO KiHUS CeKuil enacTmyHoi nnacTuHu ii
LUMPWHM, BENUYMHN KOHCOMNBHOIMO BUCTYNY Ta Macu MipHMX
BaHTaXiB.

3 aHanisy rpagiyHnx 3anexHocTen, ski 306paxxeHo Ha
puc. 3 MOXHa 3poOWUTM BUCHOBOK, WO AN BENUMYMHU
KOHCONBbHOro BUCTYMY enactuyHoi nnactuHn h = 10 mm
30inblueHHs 1T wupuHM B Mexax Big B=5wMm Jo
B=25mMm pgna 3abesneveHHs BenuuuHu pedopmadii
BiNIbHOroO KiHUSA enacTuyHoi nnactmim A =8 MM Maca
BaHTaXy MoBwWHHa 3poctu y 2,8 pasu Big 180 go 500 rp,
ana h=15mvm y 4,8 pasu, ans h =20 mm y 4,2 pa3sn, gns
h =25 wmmy 4,3 pasn.

Cnig 3as3HaunMT¥, WO MpU 3MEHLWEHHI LWMPUHK
enacTuyHoi nnacTuHn B xapakrep rpadivHmnx
3aNeXHOCTEN  BEMWYMHU  KOHCOMbHOrO  BUCTyny h

enacTVyHOI NNacTUHM Bi4 Macu MIpHUX BaHTaXiB Mzp
3MIHIOETLCSA Big NiHIMHOIMO 4O KPUBOMIHIMHOIO.
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Characteristic curve analysis depicted in fig.5 has
shown that application of flexible covers on the
reciprocating screw surface in comparison with rigid
reciprocating screw provides reduction of grain damage
degree, which with rotational rate of working part
100...400 r/m is within the range of 1,55...3,0 times and for
reciprocating screw working member angles to the pitch of
0...40° is set within 1,63...4,0 times.

Obtained findings can be applied in the development of
different types of reciprocating screw working parts with
flexible working surfaces taking into account rheological
properties of bulk agricultural material and admissible
effort value which leads to its damage.
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AHani3 rpadiyHMx 3anexHocTen, ki 300paxeHi Ha
puc. 5 nokasas, L0 3aCTOCYBaHHS €NacTUYHUX Haknagok
Ha MOBEPXHi LUHEeKa Yy MOPIBHAHHI 3 XXOPCTKUM LUHEKOM
3abe3neyye  3MEHLUEHHS cTeneHst MOLUKOXKEHHS
3EepHOBOrO Marepiany, ske Ana 4YacTtoTn obepTaHHs
LHekoBoro pobo4oro opraHy 100...400 06/xB 3HaxoaUTLCSA
B Mexax 1,55...3,0 pasu, a anga kyTiB Haxuny LUHEKOBOro
poboyoro opraHy Ao ropmsoHty 0...40° 3HaxoauTbCcs B
mexax 1,63...4,0 pasn.

OTpumaHi pesynbTaT MOXyTb ByTW 3acTocoBaHi npu
NPOEKTYBaHHI Pi3HNX TWNIB LUHEKOBUX PoBo4YMX opraHis 3
enacTMyHMMn  poboyrMM  MOBEPXHSAMM  BUMXOOSYM 3
peonoriYHnx BNacTUBOCTENW TPAHCMOPTOBAHWUX CUMKUX
CiNbCbKOrOCNoAapcbknx  Matepianie  Ta  AOMNYyCTUMMX
3Ha4yeHb 3yCurb, SKi NPU3BOAATL A0 iX PYMHYBaHHS.
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