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llpedmemom uccnedosaHuss $67a59emcs MmexHo-
J102Us  GBMOMAMU3UPOBAHHO20 NPOEKMUPOBAHUS
3IKCMPY3UOHHO20 UHCMPYMeHmd, 8 YaCMHOCMU, IKC-
Mpy3UOHHOU MAMPpUUbl U CUI08020 WHEKA IKCMPpY-
Oepa 015 nepepabomKu 853K0-NJACMUYHbLIX CHUMA-
embix cpeo.

lMpusedeHa pacyemHas cxema 30HbI degpopmayuu
npu npoekmuposaHuu 3KCMPY3UOHHOU Mampuupbl,
npedcmasneH anzopumm u 0aH ¢pazmeHm pacye-
mos ee 2eoMempuyeckux napamempos. ns wHe-
Ka ¢ npsiMOy20/1bHbIM NPOQuUIeM KaHAAa NOKA3aHO
pacnpedeneHue KacamesibHbiX HANpseHull, O0aHsl
aneopumm U npumep pacyemos 2eomMempuyecKux
napamempos KaHana wHeka. PaccmompeHHas mex-
HO/I02USI NPOEKMUPOBAHUS NOCMPOEHA HA O0CHO8e
meopemuyeckoli Modenu, cgs3bisaroweli peonoeu-
yeckue ceolicmea U mpubomexHudeckue xapakme-
pucmuku nepepabamsigaeMo20 Mamepuana ¢ 2eo-
MempuyeckuMu  napamempamMu  3KCMpPY3UOHHO20
UHCMpymeHma.

lpusedeHbl npumepsl KOHCMpPYKUUl popmyroweli
20/108KU U CUI08020 WHeEKA IKcmpyodepd, Cnpoekmu-
POBAHHbLIX HA OCHOBAHUU BbINOJHEHHbIX pPacyemos.
Pesynsmamsi pabomesl Mo2ym 6Gbimb N0AE3HbI NPU
paspabomke cneyuanu3uposarHoli CAP demaneli u
y37108 3KCMPY3UOHHO20 060pyd08AHUS.

MocraHoBka 3apaun

B cTaTbe paccmaTpuBaeTcs 3agava paspaboTku
METOOMKM MPOEKTUPOBAHMUS LWIHEKOBbLIX MALUMH
(3KcTpynepoB), Mo3BONAKOWAN ABTOMATU3MPOBATb
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ABSTRACT
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NOLOGY

The subject of the research is the technology
of computer-aided design of an extrusion tool, in
particular, an extrusion die and a power screw of an
extruder for processing viscous-plastic compressible
media.

The calculation scheme of the deformation zone
in the design of an extrusion die is given, an algo-
rithm and a fragment of calculations of its geometric
parameters are offered. For a screw with a rectangu-
lar channel profile, the distribution of shear stresses
is shown, an algorithm and an example of calculating
the geometric parameters of the screw channel are
proposed. The considered design technology is based
on a theoretical model that relates the rheological
properties and tribotechnical characteristics of the
processed material with the geometric parameters of
the extrusion tool.

Examples of designs of the forming head and
the power screw of the extruder, designed on the
basis of the performed calculations, are shown. The
results ofthe work can be useful in the development of
specialized CAD for parts and assemblies of extrusion
equipment.

pacyeT ¥ MpPOeKTUPOBaHWE (HOPMYIOLLMX FONOBOK
M CMNOBbIX WHEKOB C ONTUMasbHbIMW FreOMeTpuYe-
CKMMM XapaKTepucTMkamu. Ha Bxone faHbl 3KCMny-
aTaLMOHHbIE U TEOMETPUYECKME CBOCTBA U3AENUS
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TEXHONOTUSA U OBOPYAOBAHWME NEFKOM MPOMbIWIEHHOCTU U MALIMHOCTPOEHUS

(TpeboBaHMs 3aKka3umka), a TakkKe GuUanyeckue u
TEXHONOrnyeckMe CBOMCTBA (GOpMyeMon cpenbl
(rmaBHbIM 0Bpa3oM peonormvyeckne u Tpubonoru-
yeckue ee XxapakTepucTuku). Ha Bbixoge aBTOMa-
TU3MPOBAHHAsi CUCTEMA, MOCTPOEHHAS Ha OCHOBE
pa3paboTaHHOM METOAMKM, LO/MKHA ObITb CMOCOBOHA
$hopMMpPOBaTb KOHCTPYKTOPCKYK AOKYMEHTAaLMio
(3D-mMopenu u yepTexu), HeO6XOAMMYK AN U3rO-
TOBNEHUs1 060pyLOBAHMS.

Teopus 3KCTpy3MM B OCHOBHOM pa3BMBaNach
Mo OTAENbHOCTM B Pa3HbiIX OTPACIAX HAPOAHOro
X0391CTBa, B 3aBUCMMOCTM OT CBOMCTB nepepaba-
TbiBaeMbIX MaTepuanos. B nocnenHee Bpems no-
nyyunu 6onbluoe pasBUTME UWUCSIEHHbIE METOAbI
nccnenoBaHug nnactuyeckon aedopmaumm, Moge-
vpyloLiMe npouecc 3KcTpysun [1, 2], cywecTsyioT
MaTeMaTUyeckue MoLenu, No3BONSKLLME PaACCUM-
TbIBATb TEXHOMOMMYECKME MNapaMeTpbl, Hanpumep,
MpU 3KCTPY3nm BPUKETOB MOPOLLIKOB antoMuHMS [3].
MNpsiMoe 3aMMCTBOBAHME MONTyYEHHbIX PE3Y/bTaTOB
L9 npoLeccoB nepepaboTku Apyrmx MaTepuanos,
Kak npaBwio, HEBO3MOXHO, MOCKONbKY MO peosno-
TMYECKMM M TEXHONOTMYECKMM CBOMCTBAM nepepa-
H6aTbIBaeMble 3KCTPY3Me MaTepuanbl CUIbHO OTIU-
YaoTCs Apyr ot apyra. B ctatbe onucaHa metoamka
NPOEKTUPOBAHUS  UHCTPYMEHTA, MNPUMEHSEMOrO
Ang nepepaboTku NNacTMYHO-BA3KMX Cpepd, Mno-
CTPOEHHas Ha OCHOBE TEOPETUYECKOM MOLENN IKC-
TPy3un Nopo6HbIX CxkMMaeMbix cpep [4]. B yactHo-
CTW, NPUBEAEHBI MPUMEPbI PACYETOB, BbINOHAEMbIX
MpU NPOEKTUPOBAHWUM 3KCTPY3UOHHOM MaTpULbl U
CUNTOBOTO LUIHEKA 3KCTpyaepa.

McxopaHble AaHHbIE A9 NPOEKTUPOBaHUS

PaccMoTpuMM npumep pacyeTa 3KCTPY3MOHHOM
MaTpuLLbl U CUIOBOTO LUHEKA AN9 3KCTPYAMPOBaHUS
u3genus B BuAe TpyObl C HApYXHbIM AUMAMETPOM
30 mm v BHYTpeHHUM auameTpom 20 mm. Mate-
puvan — 6poH30BbIN Chepuyeckmii MOPOLLOK MapPKM
BpO®-10-1 ¢ dpakumnen -200+160 mrm, nnactu-
duumpyolwas nobaBka — TEXHUYECKU OUMLLEHHBIV
napagpwH.

MeTtoaunka NpoeKTMpoBaHUA MaTpuLbl

PacueTHas cxeMa [Ons MpoOeKTUpPOBAHMS MaT-
puLbl 306paxeHa Ha pucyHke 1. [apameTpsbl Ka-
nMbpyoWen YacTv OnpefensiuTcs reoMeTpuen
U3penvs: paamyc BbIXOLHOMO CeYEHMs KOHyca MaT-
puubl r, =15 mm, panuyc nopHa r, = 10 mm, invHa
UMAMHAPUYECKONM (KanubpytoLen) 4actu maTpuubl
2, - 2,= 20 mm.Yron HaknoHa 06pasytoLLe KOHy-
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ca a = 30°; bonbliee 3HAYeHMe 3TOro napameTpa
BEAET K YXYALIEHUIO KaYecTBa NPecCoBOK, @ MEHb-
Lee — K HeonpasBAaHHOMY YBEIMYEHUIO IHEPrOeM-
KOCTM npouecca GopmMoBaHUS.

lasneHne p, Ha BXOAE B KOHMYECKYK 4aCTb
MaTpuLbl PaBHO AAB/IEHMIO, TPU KOTOPOM MaTepuman
TepsieT ra3oByr $asy M CTAaHOBUTCS HECKMMAEMbIM.
OHO onpeneneHo no pesynbtataM WUCCIefoBaHMs
YNNOTHAEMOCTM  MAACTUDULMPOBAHHBIX MOPOLL-
koB: p, = 60 MIla.Mpenen Teky4ect u Ko3pdu-
LMEHT BHELIHEro TPeHUS NpU 3TOM AABAEHWUU NS
BbIOpaHHOro MaTepuana paBHbl COOTBETCTBEHHO
o, = 12 MlIla v f = 0,13. Paguyc BXOAHOM 4acTu
KOHYCa MaTpuLpl paccymTaH no dopmyne [4]

n
p,tmo,
\/(m] (=), @

roe Ko3ddbuumeHT m 3aBUCUT OT KO3dduumeHTa
TpeHus f v yrna HaknoHa obpasyoluelrt KoHyca a
(tabnuua 1).

ANroput™ ¥ pesynbTaTbl pacyeToB MO MpOek-
TUPOBAHMIO MaTpULbl NpeacTaBieHsbl B Tabnuue 1.
MeToaMKHM, yCTPOMCTBA M OCHACTKA 41 U3MEepPeHUs
HeobX0AMMbIX TEXHONOMMYECKUX CBOMCTB MaTepu-
anoB u Ko3dduuUMeHTOB noapobHO paccMaTpmBa-
t0TCs B MOHOTpadumu [4]. PesynbTaThl pacyeToB MaT-
puLLbl NPEeACTaB/EHbl HA PUCYHKE 2.
MeTtoaunka NnpoeKTMpoBaHUS LHEKa

lpoekTnpoBaHMe LlWHeKa LenecoobpasHo Ha-
YMHaTb C BblibOpa NMpodung BMHTOBOrO KaHana. B
pabote [4] Obin0 MoNyYyeHO ypaBHeHWe, NO3BONS-
oulee paccumtaTtb npoduab KaHana no 3aAaHHO-
My pacrpefeneHunio HanpsbkeHui B matepuane. B
COOTBETCTBMM CO CLENAHHbIMK LOMNYLEHUAMM, Ka-
HaN LWHeKa MMEET MNOCTOSHHOE MO A/IMHE CeYeHue
M CYMTaEeTCS NpSIMONAUHENHbIM. [IBmxywas cuna
BO3HMKAET B pe3y/nbTaTe TPeHWs O MOABWXKHYIO
NMOBEPXHOCTb U [aBNieHUs, AEACTBYIOLLErO Ha BXO-
[ie B kKaHan (ecnn oHo ecTb). Ocb 2 HanpasneHa OT
BbIXOZA KaHana K ero BxoAy, TO eCTb OT MaTpuLibl
3KCTpyAepa k byHkepy. Hauano otcueta coBnagaet
C rpaHuLEen pa3aena Mexay KaHanoMm LHeKa 1 Mat-
puLen, LaBNeHne B 3TOM Touke p,. Ocb x Hanpas-
NIeHa No WMPUHE KaHana, oCb y — MO €ro BblCOTe
(rnybune).

MonyyeHHble B [4] ypaBHeHMs MO3BONSIOT, 3a-
[aBascb dyHKUMEN pacnpefeneHus KacatenbHbIX
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@ )

PucyHok 1 - Cxema 30Hb1 degpopmayuu: 1 — nogepxHocme Mampuusl, 2 — N08epxXHOCMb Q0PHA

\_ J

Tabnuya 1 - Areopumm pacyemos nNo NPOEKMUPOBAHUI0 MAMPULb!

0603HaueHne HasBaHue
UcTouHuk PasmepHocTb Mdopmyna 3HaueHune
napamertpa napamertpa
BHyTpeHHuI pagunyc
3apaHHble r, Wanenms m 0,01
napameTpbl .
r, HapyxHbili pagmyc nspenms m - 0,015
BbibpaHHble z,- 2, [nuHa kanubpytoLei Yactm m - 0,02
3Ha4eHuA a Yron nogbema obpasytouleit | paduan n/6 0,524
y i Mpenen Tekyyectu Mlla 12
3MepeHHble - -
BeTVMHb f KoadhdpuumeHT TpeHus 0,13
p, Kputnueckoe naBneHue MlIla - 60
2 fi
p KoadpduumeHrt 1/m 2f L 31,2
-
o, HanpsikeHune Ha Bbixoae MIla o, I:ep(zz—z,) _I:I 10,397
KOHyca
Pesynbrathl k KoadduumeHt - {_Jri 0,765
BbIYMCNIEHMIA fiea
n Koadduument - ketga -1 0,325
1 t
m KoadduumeHt - A {:tggzz 4,081
\_ r, Papmyc ocHoBaHUWS KOHYyCa m (1) 0,0302 Yy
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PucyHok 2 — Pe3ynemamsi pacyema mampuubi

HanpsbkeHWi no rnybuHe kaHana = = f(y), HanTK
COOTBETCTBYHLLYH 3TOM (PYHKLUMM 33aBUMCUMOCTb
x = f(y), TeM caMbiM onpenennB reoMeTpuio Npo-
¢dwunga kaHana. lMpu 3ToM yoo6HO nonb3oBaTbCs Hes-
pasMepHbIMU BEIMYMHAMM PA3MEPOB M Hampsxe-
HWI, MONYYEHHBIMU MYTEM LEeNeHUs BCEX pa3MepoB
X Ha WWPUHY KaHana X, 1 BCEX HAMPSHKEHWI 7 Ha
HanpsHKeHME Ha HEMOABMXKHOM NMOBEPXHOCTU KaHa-
nart,

B vactHoctu, ecnn Tpebyetcs obecneuntb no-
CTOSIHCTBO KacaTesbHbIX HanpshKeHwui no rnybuHe
 3apatbcs dyHkumen = = f(y) = const (pucyHok
3 @), TO 3aBUCMMOCTb X = f(y) oKaxeTcs NpsMoMn
JvHWen, npoxoasweit vepes Touku (0, H) v (x,, 0),
4TO COOTBETCTBYET TPEYrofibHOMY NMPOMUII0 KaHana
(pucyHoOK 3 6).

Tak Kak ucnonbsyemblit ans GunsTpoBs chepuye-
CKMI BPOH30BbIN NOPOLLOK, N1ACTUOULMPOBAHHDIV
napadvHoM, 06/1a4aeT BbICOKOM MIACTUYHOCTbIO,
L9 pacyeToB LWHeKa 6bl1 BbIGpaH He TpeyronbHbIN,
a TexHonorumyeckn 6onee nNpoCTON KBaApaTHbIN
npodunb CO CTOPOHOW 5 mam. Y Takoro npoduns,
HaoboporT, x = f(y) = const (pucyHok 4 6),cooTseT-
CTBYHOLLEE 3TOMY NPOPUID pacCUMTaHHOE pacnpe-
LeneHne KacaTe/bHbIX HaMpsKeHWn no rnybuHe
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o
20 26,5530

o
40 46,5550 z MM

7= f(y) nokasaHo Ha pucyHke 4 a.

Paguyc WHeka r, u AaBAeHWe Ha BbIxoae M3
KaHana p, yxe 6blin ornpeseneHbl npu pacyerte
MaTpuubl. Yron nogbema KaHana y MOXHO Bbl6paTh
MPOU3BONbHO (Ny4lle 13 uHTepBana 10-20°).

[nuHa kaHana paccumTaHa no dopmyne [4]

(p,—e) f—pgh) , )
(f—p,)XpgH—e)

z,=dIn

L/IMHA NPECCYIoLE YacTu WHeka — no Gopmyne

L=z,siny, 3)

a COOTBETCTBYHOLLEE e’ YMCNo BUTKOB KaHana paB-
HO

_ Z,c08y
2xr

|
=

83
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Y Y
1 1
N\
0.9 09—\
0.8 0,8 I\
0.7 0.7 \\
0.6 0.6 \
0,5 0.5
N
0,4 0,4 \
0.3 0.3 N\
0.2 0.2 \\
0.1 0,1 \
0 0,5 1T 0 0.5 1 X
a 6

PucyHok 3 - PacnpedeneHue kacamensHbix HanpsweHul T = f(y) = const (a) u coomsemcmsyowui emy
mpeyaoneHsili npoguns kaHana x = f(y) (6)

Y Y
1 1
0,9 \ 0,9
\
0.8 \ 0.8
0.7 \ 0.7
0.6 \ 0,6
0.5 \ 0,5
0.4 \ 0.4
0.3 \ 03
02 \ 02
\
0.1 \ 0.1
\
0 0.5 1T 0 0.5 X
a 6

PucyHok 4 - PacnpedeneHue kacamenesHoix HanpsxeHrul T = f(y) (a) u coomsemcmsyrowuli eMy npsmMoy20/16Hbil
npogune kaHana x = f(y) = const (6)
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TEXHONOMMS Y OBOPYAOBAHME JIETKOM MPOMBIWAEHHOCTM U MALUMHOCTPOEHMA

ANropuT™ ¥ pesynbTaTbl pacyeToB MO MPOEKTU-
POBAHMIO LLHEKa NpeacTaBneHbl B Tabnumue 2.
Paspabotka n npumeHeHune npuknagHon CAIP

B coBpeMeHHOlM npakTMke KOHCTPYMPOBAHUS
[1N$ BbINOJHEHMS PACYETOB M pa3paboTKM KOHCTPYK-
TOPCKOM [OKYMEHTAaLMU LUMPOKO MPUMEHSHOTCS
TpexmepHble CAD-cuctembl, Hanpumep, KOMIMAC-

3D, SolidWorks, NX. Umetowmiica 6a30Bbiit QyHK-
LMOHaN TaKMX CUCTEM MO3BONISIET aABTOMATU3M-
poBaTb MHOXECTBO Onepaumii, HEeMocpencTBEHHO
CBSI33aHHbIX C FEOMETPUYECKUM MOLENMPOBAHUEM
U MONYYEHUEM Ha OCHOBE MOCTPOEHHbIX MoAenek
accouUMaTUBHbIX YepTexeil. OfHaKO 3KCTpyAepbl —
3TO Creuuanu3npoBaHHoe obopynoBaHue, U ans

Ta6nuya 2 - Aneopumm u pe3ynsmamsl pac4emos napamempos KaHana WHeka

0603HauyeHne HasBaHue
UcTounnk PasmepHocTb ®Mopmyna 3HaueHue
napametpa napamertpa
r, Papuyc wHeka m - 0,0302
3anaHHble p, lasneHune Ha BbIxoae MIla - 60
napameTpbi
g YckopeHue ceoboaHOro n/e? ~ 9,81
nageHus
l, lonoBuWHa WMPUHBI KaHana m - 0,0025
Bbi6paHHble l, MonosuHa npodunsa kaHana m 3L, 0,0075
3Ha4eHuAa H Mmy6uHa kaHana m 2, 0,005
Y Yron nogbema KaHana paduan /8 0,3927
p MnoTHOCTb Ke/m’ - 2000
a, KoadduumeHt MlIla - 0,07
y b, KoadduumeHnt - - 0,66
3MepEeHHblIe - i
L c, KoadduumneHt 1/MTIla 0,005
a, KoaddpuumeHt MlIla - 0,02
b, KosdduumeHt - - 0,2
c, KoaduumneHt 1/MlIla - -0,006
a KoadduumeHt - a,dl,—al) H’ 1
b KoadduumeHt - 6
c KoadduumeHt - (c)l,—c,1)) H? 1,3
2
d KosdduumeHt - L L 0,821
2¢\N4c” ¢
Pesynbratsl b a b
—— e Koadpduument - N2 e 26 -4,44
2
f KosdduumerT - b _a b 0,173
4¢° ¢ 2c
p, [Nasnenne Ha Bxone Ha p8H 98,1
2, [nvHa kaHana m (2) 2,607
n Yuncno BUTKOB - (3) 13
\ L OnuHa WwHeka m 4) 0,997 p
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TEXHONOMUA WU OBOPYAOBAHWME NEFKOWM MPOMBIWIEHHOCTU U MALMHOCTPOEHWUSA

[OCTMXKEHUS Haubonee BbICOKOW CTENeHU aBTo-
MaTM3aumMm Npu UX NPOEeKTMPOBaHUKU HEOBXOAMMO
paspabatbiBatb npuknagHolie CAIP (6ubnuoteku),
paclupsiowme 6a3oBbir dyHKLMoHan CAD-cucrem.

C uenbio aBTOMaTM3aLMKM PaCcyeToB U MOCTpoe-
HUM Mopenen u uyepTtexxen GOpPMYIOLLEro UHCTPY-
MeHTa (3KCTPY3MOHHOM MaTpULbl) U CUNOBbIX LLIHE-
KOB BbIMOJIHEHA 3KCMEepUMeHTanbHas pa3paboTka
cneunanmM3nMpoBaHHOM NPUKNALHOW CUCTEMbI ABTO-
MaTM3MPOBAHHOIO NPOeKTUPOBaHUA. [MpunoxeHune
nHterpmposaHo B CAIMP KOMIMAC-3D uepe3 wuc-
Nonb30BaHME NPU HANUCAHWM NPOrPaMMHOI0 KOAa
UHTEP(ENCOB MPUKNALHOIO MPOrPaMMMUPOBAHUS
(API1). Takas uHTerpauus nNo3BoNAseT UCMONb30BaTb
[N TpexMepHbIX MOCTPOEHUM reoMeTpuyeckoe
anpo cucteMbl KOMIMAC-3D 1 Ha BbIxofe noay4yatb
roToBble TpEXMepHble Momenu u cbopku petanen
M Y3/10B C PACCYMTAHHBIMKU OMTUMASNIbHBIMMU TE0-
METPUYECKMMU XapaKTepucTukamu. [MpunoxeHue
conepXuT 6a3y AaHHbIX UCCNEeLOBaHHbIX B paMKax

[aHHOM paboTbl MaTepUanoB M MO3BONSET BbINO-
HATb pacyeT M noctpoerne 3D-mopenn dopmyto-
e ronoBKku, reOMeTpUYeCcKMin M CUNOBOM pacyeT
LUHeKa, a TakXkKe pacyeTbl LOMYCTUMbIX CKOPOCTEMN
BPALLEHMS LUHEKa NPU 33[aHHbIX FeOMEeTPUYECKMX
napametpax. [pakTMka nokasana, Yto peanusauus
pa3paboTaHHbIX METOAMK MPOEKTUPOBAHMS LUHe-
Ka n GopMyloLLen FONOBKM B BMAE MPUKIALHOM
CATP cnocobCTBYeT CHMMXKEHUIO BPEMEHW MOAro-
TOBKM KOHCTPYKTOPCKOW AOKYMEHTaLMW ANS 3TUX
Hanbonee OTBETCTBEHHbIX W CMeuMannM3npoBaH-
HbIX Y3/T0B LUHEKOBOro 3KCTpyAepa. Ha ocHoBaHMK
BbIMOJIHEHHbIX PACYeTOB M MOCTPOeHHbIX 3D-Mo-
nenent obneryaetcs AopaboTka KOHCTPYKTOPCKOM
LOKyMeHTaumu. lns npumepa Ha puCyHKax 5 n 6
npencraBneHbl AopaboTaHHble FOTOBbIE YEPTEXM
M3 KOMMIEeKTa KOHCTPYKTOPCKOM [OKYMEHTaLMK
Ha WHek 1 GopMyHoLLYO TONOBKY 3KCTpyaepa, no-
CTPOEHHbIe C NpUMeHeHneM pa3paboTaHHOM MeTo-
Ok n npuknagHon CATP.

00000090
= | 2y Ra32(\/)
([ V/
i 176" &5
S [~ PN
[
nh AV \
B | 58 - o257
s
5 —
(7] Ra 080
245°
% 2 gacky
&
g Jbo3Ha9enue Fuicyrox
= 30-60002-01 A 1
- A-60002-02 P 2
E
&
E
E 600300002
g PUE 2 Am_| Mo |Mocumdd |
B o A | AP e | odn | foma|
RS2 ol o 77] ek T 168 | 12
S| | 2 (e dmgo 00T 308931 1 1k 0 | I 7
< - ‘ 7 7 N— Cmam 40X [OCT 4543-71) S0 BITY"
f@@ Paprnan AL

PucyHok 5 - lpumep paboyezo Yyepmexa cekyuu Cu08020 WHEKA IKCmpydepa
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BbIBOLbI

Peanusauus pa3paboTaHHOM Bbile TEXHONOTMUM
NMPOEKTUPOBAHUS LUIHEKA U (GOPMYIOLLEN FONOBKK B
Buae npuknagHoi CAIP cnocobcTByeT CHUXEHUIO
BPEMEHM NMOAMOTOBKM KOHCTPYKTOPCKOWM LOKYMEH-
Tauum Ons 3Tux Havbonee OTBETCTBEHHbIX U Cre-
LMaNU3MpPOBaHHbIX Y3/I0B LUHEKOBOIO 3KCTpyAepa.
B cBot ouepenb, y3nbl 3KCTpyAepa, BKIOYaoLWwme
MpPeMMyLLECTBEHHO TWUMOBblE (He CreLuann3npo-
BaHHble) feTanu MawuH (MOAWMMHWKOBBIE Y3/bl,
My@dTbl, MPUBOAbI, CTAHUHbI U3 CBAPHbIX METaNo-
KOHCTPYKLMIA), He TpebytoT pa3paboTku cneumanu-
3UMPOBAHHbIX MPUNOXKEHWUIA, UX MOXHO 3D bEKTUBHO
NMpOEKTUPOBaTb C NMpMMeHeHMeM 6a30BOro QyHK-
unoHana tpexmepHbix CAMP 1 ux ctaHaapTHbIX Ma-
LUIMHOCTPOUTENBHbIX KOHPUIYpaLLMIA.
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