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] deded y! €2 dzOy 5deOdz! dzd? OcGwOteded?2 kzdz o
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U[1R

R11V {1 ¢AR [N
L 0 I B O

[ oo 5
e ¢ k¢ dzr A

s{1 A4
vl 1

Is§ &3 O~n

2017r.

60 mnH. TOHH

2016r. 2017r.

Brawouaer TEPMONAICTHHK, NONUYDETaHbB], TEPMO PE3KToNNACTR],
3NacTomepel, aAre3MoHHbIe M NOKPOEBHBIE MaTEPKHaNEI M TEDMETHRM

W NOAMNPONUMNEHOEDLIE BONOKHAE.
He skntoueHbl PET, PA- n nonMakpunosble

BOJIOKHa.

{ dimir Qdedz' § (6

lfopoBble MOLHOCTU Mo NpousBoAcTBY PET B

2018r., nepean 10-ka cTpaH
O6wasa mowHocmes 33,0 maH.moHH (20182.)

He skxnoveHpl sonokHa PET
OcTanbHble Kutai
30% | 10 maH.T 35% | 11,6 man.T

HO#Haa Kopea
3% | 1 maH.T

bpasunua
3% | 1 maH.T

CLIA
11% | 3,6 maH.T

MHowma

Oman 7% | 2,3 man.T
3% | 1 maH.T
TaitBaHb Mekcuka
4% | 1,3 maH.T 4% | 1,3 maAH.T

tdBif sh dshisd s PESJJs Ohls afls d J

15

rddyflwres

[}

13
ftoesdL ©o sHMIso ts

G s

L I O 20 O P P

t
prresrm Jum[r [
fn

S— e

250 | /.
20 | 200017 PR
100 . ./ m

. e .
—_—
oe T
1950 1960 1970 1980 1990 2000 2010 2020

fesdLosHMisoz § &ZOMIsdS o

PET pna ynakoBKu, cpegHas ueHa 2017-2018rr.

eBpo/T
1550

1450 A

1350 A

1250 ~

1150 T T T T T T
Okt Dez Feb18 Apr Jun Aug Okt

= [loBBIWEHHBII CNPOC Ha NPOXAAAMTENbHBIE HANUTKK
(maproe neto 2018r.)

® CokpaweHue HannumA PET B EBpone no npuyuHe
nepeboes B npoussoacTee PTA

= MeHbwe umnopta 13 Kutaa no npuymnHe Honee seicOKOro
cnpoca Ha PET B KuTae

= Camans BblCOKaA ueHa Ha PET 3a nocnegHwe 5 net

0] IH8dEj 2. )y J dz’

1 duwr ¢

sdzOkzfm zp®Bits. Isjn da

1 1 pgineering | j tc &3O dzd v

RR lrtrtosrJusrR ¥ [J] RGCAR]
(R R

1

f ZOMisdS s HEMsdC ds
Hso sets M®M+8) 5% d3j X H |
;&]Muo ]
350 : - -
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MupoBoe Npou3BOACTEC NoAuadupa B

2016r.

06waa MouwHoCcme 76,66 MaH. moHH (20162.)
. MNpo4ne nonMmMepbl
MnéHka

5,4% | 4,1 MAR.T 2,9% | 2,2 maH.T
BonokHa

44% | 33,7 MAH.T

tdBi.f diese 5

20,2% | 15,5 MAH.T

NMonumep PET
27,5% | 21,1 maH.T

MuKponaacTUK pacnpocTpaHAeTca TakKe Ha
cvwe

spektrum.de (May 2018)

OnacHOCTb M/IaCTUKOBbIX OTXOZ0B ANA
OKpYKalollieil cpeabl
>

wp.de (March 2018)

MnacTuk ctaHoBUTCA Iob6anbHOMN
yrposou

16

LLitanensHOe BONOKHO

MupoBoe NPpoOU3BOACTBO NONM3GUPHOIO

BO/MOKHa
B0 [MAH. ToHH]
40 4
20 H
0 -
2014 2015 2016 2017

fesdLosHMise s (ddl ¥deo d fsdd

MnacTMKoBbie OTXOAbl ONYCKAIOTCA Ha Camoe AHO
Mopen

spektrum.de (May 2018)

BoiiHbl NPOTMB Ni1acTMmaccoBbix Tpy6ouek: bopb6a c
NAIaCTUKOBbIMM OTXOZ4aMM B HaLLIMX MOPAX

KoHel, naacTmaccoBomy
6esymuio!

zeit.de (March 2018)

rywilamsalPieestiie

sBh jhise | dedesc s dgdzj dzd W
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100
[ 90 ~ MeauumHa . Dexabpb 2017T.
80 - ’ﬁiﬂwaﬂempowﬁa D Horbpe 2016r.
Q 4
s ) ¢
< 70 A o CTpOMTENLCTBO
EE i
o 60 - O
o 4 Jomawnee
% 50 - XO3ANCTBO
e |
40 A
] . Ynakoeka
30 4
20 T T T T T T T T T T T T T T
20 30 40 50 60 70 80 a0 100
% BpegHoO >
{ dBiRL Bjdaj dzdj JRBIHN O § ZOMIsdS e o tOL dedasdzsy f
GBSH O

[ B' § ZOMisdS e dzgj BN dets, Mo tej dsj dedzO™ > gL

sBjMijudls! Csdsedujmsd bkfmss2ydeots) BEHEM ]
fejrnfsylsdlsjd df &5 &0 tdOdsd HdY kOSSEEs BB
ssdylsts sdd Msyjlosls o MiBj o' MeCdj 1 CMY dka
LWWjClsdody &5 dMitsd L seOdedj o5 6] Mzemse .
C YUCTO 3KOHOMUYECKOM TOYKU 3peHuAa — MnacTukm npefocTaBNAT CYLWeCTEEHHDBIE @
NAacTHMKEKWM SKOHOMAT pacxoqbl. 3KONoOruM4ecKkre NpernMmMmyuLecTea B TaKUX cd)epax
a npMeHeHWAa, Kak: yNnakoBO4YHaR,

aBToMo6WbHAA, INEKTPUYECKAA/INEKTpOHHanA
MPOMbBILINEHHOCTM, CTPOUTENbCTBO 3AaHUIA U
Pa3HOCTOPOHHOCTL M MHHOBALUK o o
COOPYMKEHUI1, AOMalLHee X03A/1CTBO, CMOPT U
MnacTUKKM Haunyywmnm obpasom oTeevaroT SO e T
WMPOKOMY AManasoHy BO3HUKAaKLLMUX

TEXHONOTMYECKUX NoTpebHOCTEN. ? ‘ Q} LT
t d®il tod J i3z "fjdpshplad € s o
16 &0 VYsdj kOCEEs BSd hsds ydmdzd fwjddzh jn
1

Lisd dsd fdztsy dz' o3q P PlsBYOBEIse ff s dzj dzdats iyls L O
ftosd " dzj detesmiss'e j M j yj dzdV dzOHY ydesets My sdz' L t5¢
EmMCtstej dedwv ddzdeso Oydosdede’ » tejh jdzd?2 5 f dzOMisd § t5¢

[Bhd2 tBiYd 1djtecdd, dMfsd Lzj &Bs2 fted §t
fplzh jifipisdats  dad 3 d | Yd &3 L dzj tecdvw, dzj 5B~ tsHJ BOW H
ftesHkzCydd dej dL f dzOfmisd¢ O!
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~ TonbKo 3a 1990r. 3a CYET UCMO/Ib30BAHUA MIACTUKOB
Bonee nonoxurensHblit BMeCTO a/JibTepHaTUBHbIX MaTepuasioB ana
«3KOJIOTUUECKUM Ciea» naactu NpoOu3BO/ACTBA YNAKOBOYHOM U OAHOPA30BOM NPOAYKLUUK

661710 CAKOHOMJIEHO 1O0CTAaTOYHO SHEPIUU, YHTOObI MOXKHO
* Mo cpaBHEHMIO € APYTNMM YNaKOBOUHBIMM 6b110 cHabxaTb anekTposHepruenn 100 000 gomos
marepuanamu, TaKUMM Kak aloMUHUM, TMCTOBOM B TeuyeHue nert.

meTann, 6ymara WK CTEKNIO

Ecnu 6bl BCIO NNIaCTUKOBYIO YNAaKOBKY 3aMEHWU/IN Ha a/IbTEPHAaTUBHYIO, TO NPOMU3BOACTBEHHbIE
pacxoppbl, BEC, 3HEPro3aTpaTbl U BbiIGpOCbl NAapHUMKOBLIX ra3oB B3seTenu 6b1 fo Hebec!
3Heprum pacxofp! MapHMKOBbLIX ra308

Do il

tdmil tedj gzn j Miseo O dz@ fplef ofixy ez dzd J

MporHos pocta 06bEMa NNACTUKOB,

2,2 x pacxog, | 2 ):;P&?::ﬁg‘u'_ 2,7 X BbiGPOCHI

AMBUUMKM HOBOKW NNACTUKOBOK IKOHOMMKM
BHelHWe GakTopbl M noTpebneHue HedTn

NPy MHEPLMOHHOM BU3Hec-cLieHapuu

Cospanue sdpdexkTMBHON
o NAACTMHKOBOM 3KOHOMMWKM Nocne Mpouune
MCNONL30BaHWA MaTeplanbHble
BTopuuHas nepepaboTKa oToRM
2014r. 2050r. P pet
PapvKkanbHoe YAYYLLEHHWE IHOHOMHWKH 1
HauecTtea
MpousBoacTBO 311 1124
NAacTUKOB MAH.T MAH.T
COOTHOLWEHKe
NA3acTUKOB U PblbObI B 1:5 >1:1

oKeaHe (no eecy)
[lona nnacTuka B

rnob6anbHOM 6% 20%
notpebneHnu HepTH Wcnone-
_ _ SEEATE HOMI’IGCTVIF]DBHHHE
dfnacbl NEpBHYHOTO
Lona nnactuka 8 1% 15% ChIPbA NONOAHAOTCA
6 13 BO30OHOBAAEMBIX]
vrﬂepoﬂHOM lO-q)KETe WCTOYHWKOB YTeuka
o Peskoe cokpaleHnme
TOeNeHWe NNacTHKOB YTEUKM MIACTMKOB B
OT KOHCEPBATMBHbIX npyUpoaHble CUCTEMBI K

NPOYMX HEraTHBHBIX
BHelWHKUxX dakTopos

{ Bt Oflskh jj LdzOyjdedj *Ctds®dSd LO®RS kst ts

. )
CreneHb nepepaboTku 6yTbinok PET B Copepsxanve BTopuuHoro PET (rPET) B cocTage
T ETTT NUTbEBbIX OYTbINOK CNEMKa BO3POCO.
| ]
o —— Tem He meHee, I'IpOMbILLIJ'IE{-‘IHOCTb no NpousBOACTBY
Bce HyTbuikm PET ‘o HaMWTKOB HalleneHa Ha ellé Gonbwee cogepskaHue rPET
no caave ByTelnok

B HOBbIX ByTbINKax (00 50%).
93,0% 97,3% -

MNpumeHeHWA ona sTopuyHoro PET B lepmanmm h
(2017r.)

® Hoeble ByTeinkmn PET 2013r.
2017r.

HMCTOYHHWHKOB ChIpbA

1 [TnéHovHas
NPOMBIWAEHHOCTE

= TeKcTMABHaA
NPOMBIWAEHHOCTE
Mpouee

tdBLl r MsCOw Mmisjf jos' fzpEj BEESBS ¢ j &dB3Odzdd (20
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KoBép

{ JEDI) s H bk Cjysljvc O B &E " dsS

—

—_ [
/ «Cnpoc Ha pelweHua \ // Heobxoanmbl \\ Mn:;EMM”:f:m
Yy P P ANA OCYLLECTBNEHMA xay no PET, Ht
~ BE30TXOAHOMO ’
_ MNpowussoactea BonokoH = TEXHONOTUEN ANA
- p o = HaAEKHbBIX
= ~ ///H; CeroaHALIHUI aeHb ~_— T pewenwii_
‘ﬂ & \ He CyLlecTByeT MHOM \ : ‘/*Par.'rvu.tee NOANTHYECHOE
aneTe HaTugEhlrno ) x obulecTBEHHOE AaBNeHne Ha
A\ nggi%iM%T:gMnaH\LiM // / KOMNaHMK No nepepaboTtke
\NGR nnm EREMA_/ NONMMEDOB B LENAX BHeQPEHMA
i ™~ KOHUenuMit 6e30TxoaHoro
\m-f__-m_owaaon.qag__f//
OTX u BMS Kak BAagensubl m“pouoe HOYy-Xay B CﬁblTonoe NGR n EREMA
BBE BbicTynator nnaepamm Ha nogpasaeneHuve, rorosoe MCNONb3YIOT
PbIHKE YCTaHOBOK Mo chepe IKCTPy3nK M NpeaocTaBAATb PEeLUEeHHUA TexHonoruio 6e3 Hoy-
NPOM3BOACTBY MAEHOK U bunbTpaymm no nepepaborke xay o npogykre PET
BONOKOH PET
BHeapeHWe cOBCTBEHHbIX TEXHONOrMUECKUX PeweHunA no nepepaboTKe ¢ 3anaTeHTOBaHHOM K1
peLleHuii no nepepaboTke U Hoy-xay Ha MHHOBALMOHHO TexHonorueit VacuFil
ycraHoBKkax OTX u BMS

t dili [ BsMdzso Odzed § yJ U5 BsB®dedc@ L BABMEIsafr ~sHdIs! dzO t
s §jjfc@eiskd s c2 SO’

t JiRi [ Mdeso dz' § Had
)

MpocToTa akcnayaTauuu o6opyaoBaHua
no NpeBpaLeHHIo NPOU3BOACTEEHHBIX
otxonos PET B BbICOKOKaYecTBeHHoe
BONOKHO M NABHKY

Bbicokan npon3BOAUTENIBHOCTD

BKyne C HU3KMM pacxonom sHeprum

J Mddzr Hdafde'lz ifftg " fdgsdj € Ga
JdCsots?2 IsOter
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] SHABH

dzOh dr CtdS Ztej dzlstso
-htesC d 2
-fyled v § dzd 4 uddRe § Mis d
-fyled ¥ § dzd J
- M s
-HsBMmMlsots ftsdz’ L so Oded W

Oig dz' hj IsjrtsBimdzizy do Oded
B tcOodzj dzdj dzO tSHdesd3 Iz
ofesMisslsO BsSHIdW IS OYydd

-ftse " M joded §
O sdz' L so Odzedy Htse § oy
BHRSARBHT, oCdzs yy dedz" j ©

o s sdzdzd Isj dz! dzr § W EkdzC yd
v OB dzZdiy @DHIOWS Calse 5 EZtoso daw

¢ &l @idzd € of § B do OfbdAflsid € 5o 52
OL OB ISC O d dzdztse Oy fStizfiztc OB w5 Q j dzf 2 o 1 55 sts 2

ftesdL o sHMiIsp j dadz 2

sOtr :
Mmisd {

OmMMmttels d d3d dzls

6 OMA &8 @ ttdazjjisdnd{df dzO
COoujMmise 5 @yl tdejse s dsl00 dzdzts € 5 )

w

tcts 9 dzj

or MsCcCOYj Miso Reokitds ] JtcsdL o9 sHMise j dzdzr

dzdzr = S i sdzj dzlstse g
fjtodydsze HtesHEZEydsH
d & MEeh Mok hda ¢ i

( fioty def~CBiEmhdDeedny = yJ dzd

Is d

fJtc]j tcOBdEHffCiso 52 I[sOter

1 OH O Otse s EZtctso daW A j dzd

ltcj HiSIso tcON j dad J Elsji{} 2lsy &3 ftsor h jddw Odzg

sCtckzy O h 28 Mtej HE dqo dzzlstcd dzOh j 2 d dzH k1

MseMmMlse j dzdesec s ftesdL o |f toj Hj dZzOd3d

Iseor hjdadj + W Wjhftlsfde'det v MC Stej dzad j A3 t6OL tcOB 5

tcj Mtemtsoe f sdzdzsd3 3 L dgj dzdzets 3
(VACOFIL)

vdzlz yh § dzd § CtczectssBtstir sMisdy j ded § o ) -2

FfOCsaGdceg? JtosHEZC Yy fsolbtedesets dMYf sdz! L

l dzj Htcj ded j Bj LgwslgAmHs d/ d dzd o tsffyls O disaOdpiisdi

9 ts dzts Ctody dgfS d g OCtseaCd dzO oMmj2 Isj

10- BY HJ dad | toj " jded2 || 2030¢G. 5§ 6 Of % o

b Slste) sk dgbdf dzv o g MY sd L s Odedj
f ZOMisdCsoats? bk OFC o (

10R B HJ dzd § dgdzgs Oy HT 2 Cdzd jdals OTX

sjrdesdzse B e s M dtoesdzj o 52 BtsH j dz' B 1

slsdzd yd j 5 SdsdzCdld jdd@ls sgtej M jdzgd?2 65 BJjL SIsh tsH

v OB dzdiwd tsdntsB '

G J dzj ¢ & GHdBaghyineafing] 2

s sfmss glzlsy |, tsmtse j dzdztsmlis d

[ftesmded ¢ [|[Bdzj G YyOJils cjdzgjtedqtctso Odedy dHJ I
My JSCstcO oacftosmise fsBScOjls ¢

RHJjOdz dzOV |utsHj2Mlsokzjls ¢ jdaj tedtectse Oded®  d-H
BSH | dzefff thepy IsdW

[ ic0O0dzOCIsdr jdzOjIs otsL @3y der i3 ¢ j dzj tcdtctso O

d3r h dzj dzd 4 9 Bltcr 9j Bl Ctsdasj € MlsO

[ i ss8204 vitse j teh j dzmiso so-B8zd J dillstsHO® 4
fsLoasdw il cjdzgjtcdtetsa Ols! dHJd

Jtos LYyOdzdj [JLobkyjdad L ser fftojotcOh O spw o

dddzj SIsdC O |wIsdBBzdzdtelzjls E EZyOmlsdzdSseo B j M

syttedw 1J |[Bydil fteddj dvis! mMw ¢ @E2j,H AOCE j
tsyd dzf d
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v OB dzdiw@d tsdntse ' 5§ tslzR d BEfohdin@ering

s sfhtss. slisy |, tMtse j dzdzsmis d

t " desC kOdzgl tetsdzi ) ks tsydzOw mMskzyq j dz tc O dz
Gjdzgjtcedtetso Odedw dHJj2, ybte' Mt

[BHjdzZ sOdudflsj 30 Hd&zY ByjdSd vyj dedetsflsd
ftoesHEZCISO ddzd R OOCIjtedMmisds

cltedrtsH € |[ jlstsH dgOyjdzjdz dzO Hitsflsdy J ded

fnts ¢ ddgheje odHOA HJWIs]j dz2 desfyls (, Colstster §
ot dzslsdIls: dHj¥®¥ o ydL dz

O 2OdzdL L OlsrRdzMIstczdzj dzls OdzOdzd L O, Ylstser s

tojLizdz sObtgMmtstslse jlslsoakze hdj L OltcOlsT

] stolsW j2dz'COddz( [ Olstcd ydzOv yj 2 0 S tsdzgyd f yd2,

FASSG) dzOdzd L |4 " Milster 2 d dzmis to z d3j dzls 0dzOdzd L O,
Cdzyd fyd?

O dzOdzdL yjdir fmlster 2 ddzmlstckzdzj dzls OdzOdzd L O,

WUHHOBauusA —

Pecypco-
c6Geperaowan
TEeXHONOrmua

3TO He CNy4anlHOCTb,
3TO BUAEHME,
cTparterus

M MeHeXKMEeHT

Ycnex 3akasuumka

WTe feHbIM C

| Npu cambix HU3KWUX 3aTpaTax U MUHUMANbLHOM
Konuyecree pecypcos.

MeHeaKMEHT UHHOBaLUUN

MuH.
noTpe6HOCTL B

191edies

alqgoAdL "HUY

{ g&RifJdai vy d3d dals d dzdzso Oyd2

NMepcnekTMBHLIN 0Opa3
Ctpaterns KomnaHum

PaHHWi 1 AHanus Bcewn YeTkoe Mnanuposa- WUcnonk3o- Ynpaeneuue
Henpe- uHdopma- onucaHue Hue HWOKPa BaHue W MOHMWTO-
PBIBHbINA uumn cTpaTteruu MHCTPYMeH- PUHI BCex
MOHWTOPUHI HWUOKP TOB MeHedX- npoueccos
pPbIHKa KM OueHka naei MeHTa HWOKP
TEeXHOMOrun W ux

O0NOMNHK-
Onpegene- MareHTbl 1 Kak yactb TenbHOoWn MeHemxkmeHT Mokasatenu
HWe NepBbIX TeXHWUYecKan cTpaternu LeHHOCTK ANA MHHOBaLWIA. apepekTuB-
TEHAEHLUIA. nuTeparypa. KOMMNaHUK. 3aKa34MKOB. HOCTK

MeHemxkmeHT NPOEKTOB.
Crparernyec- MoceweHne Onpepene- Ot6op rpoekTa.
KWiA CeMUHapOoB. HWe cTpare- Haubonee Lienn
MOHWTOPUHT rMYECKUX npuBnexa- MeHeaxMeHT NPOEKTOB.
pblHKa K Bo3MoxHOCTM ansTepHaTuB. TEnNbHbIX PWCKOB.
KOHKYPEHTOB. W PUCKU noen. Cpoku
KOMNaHWK. YcraHosne- MeHeaxMeHT BbINONHEHUA
MapTHepcTBO HUe ACHOM KoHLeHTpa- npoAyKUUM. NPOEKTOB.
B HNOKPe ¢ CunbHbIe 1 uenu gns uua Ha
n3bpaHHbIMK cnabble pas3BuTUA 1 LIEHHbIX Bapwauuon-
KNUEHTaM. CTOPOHbI MHHOBALWA. npoekTax. HbIA
KOMNAaHWUK. MEHEKMEHT.

3anyck

npouecca

HWOKP.

tdipielstcOHEdyjftetsyj MM  zOdzdtetso Odzed W | r
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1.500 €
o

Hide ¢de

Stunden

B 1250€

REST

Cpoku

2 1.000 €

T 7s0e

Pacxoeab| 500 €
250 € +

Pecypcbl 0€

NocnegHee coBewaHue

Tekywme Tembl

REST

a7%
Material

REST

620.357 €

UcnbiTaHma Pasza 1 * [logrotoBKa K
BbicTaBke ITMA
MNepeobopynoBaHue
®a3a 2 npeactout
MnaHnposaHue ®aza 3
®a3a 4 3aKynku

H dzw

tdtpil sy M ¢l gV o

90ydzj 2N

Stunden

IST

330.156 €

Fortschritt

.

IsT
53%

Material

IsT

554.772 €

OTKprTbIE 3afavyum

tdipi [byy s 5 Msmistswdedd tcOBBIST

paduK BbINONHEHUA NPOEKTa

MNpoeKTMPOBaHKE BakyyMHOro GuneTpa

t dfgri | tOW dC

ITMA

3arynku
MonTam

Tect

o' f tsdzdzj dzd W
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PedepeHu-

Pacxoa: 130-250 Kr/u
YCTaHOBKa PET -
BydbepHan Coipbé: ET — 6yTbi104HbIE dneKcsl
EMKOCTb Mpoagykr: PET = rpanynar
IV Ha Bxope: npum. 0,7-0,75 an/r
IV Ha sbixoge: npum. 0,6-0,65 an/r
Bakyym Ha3nauenue: OT 6yTBIAKM K HUTH
\ / [ | 3amenurens
¢unbTpa
UndpakpacHan ' O '
cywmnka IKCTPYAEP ! —U ' HOM  fprsnnnnn:
Hacoc
pacnnasa
. P .
t JBBIBBE 1 tesltslsdf uvj-dsdztedyj msow
Pacxopa; 130-250 kr/y
Coipbé: PET — 6yT.dnekce CO2
Mpeayk: PET = rpaHynatT
IV Ha Bxope: npum. 0,7-0,75 an/r
IV Ha BBIXOAE: npum. 0,7-0,75 an/r
BychepHan T 1 Hasxauenue: OT HATH K HUTH
EMKOCTH BakyymHbii
unLTp [ Bax ----- :
Knanan v Buckoaumetp
3anycka B noTo B Hacoce
pacnnasa
Baxyym
\ / e 3amenutens \
| | uneTpa m
SKCTPYAOEP
PaarpyaouHblid skcTpynep
i
I
Hacoc '
pacnnasa |
|

‘Ynpaenexue no YpOBHID

t J&PiBBE

Bxopn pacnnasa -

= (MpeasapuTenbHO OTGUILTPOBAHHDIN)
pacnnas 3aX04MT B BEPXHIOK YacTb
BaKyyMHOro ¢puabTpa

= OaHopoaHOe pacnpeseneHne pacnnasa Ha
BCcex 24 cBevax

®= HanpaBneHue pacniaBa U3HYTPU HapYXKy

* MaKcumanbHasa NoBEepPXHOCTb Aerasaumm +
06HOBNEHWE NOBEPXHOCTU BO Bpems
NPOXOXAEeHUA GUNBTPYIOLEro KapTpuaKa

= [lerasauma nog, HU3KMM Bakyymom (1-10
mbap)

= MeganeHHoe CKONbKeHMe pacniaea
= HakonneHwue pacnnasa B byHkepe

= BblBOA pacrnsiaBa Yepes pasrpy30uHblit
aKCTpyZep

t d 201 R dzdzts© Oy s dzdzO W

23

Cosdzyd fydw

Hacoc pacnnasa

dunsTpauma
(onumn)
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sjJrdzdyimMCdj rVR@BEIsjtcdMmisdC d

-ddzj Slstedyd MS d?2 dzOG tcj o H dzw f sdzlz yj ded w Cstetsis €
dL Bj dgj dedd Isj B j teOlkzte’ ;

-dpPMmdzy dz" o jthtsHey tsyjdz fthistswdadets?2 s B j cOlskzter
-fikslsticsots] Misj Cdzs HdzWw dzOBdzE Hj dzed W, L O ftesyj Mmts
- disH kzdz! dats § d MY sdzdzj dzd | H dzw ftosmlssls’ dzOMmis tc 5 3
tcOMatsHO ¢dzd M dzj €O

xS BOMhIsOBdtotse Odzd |

-9 9sH wOM dzOBOL diplsL sydzr 2 1 CMistelzH § to
Vded C Odz! desfls! fftej HAzsY jdedWw VacuFi l L OC dzs yO,  Ismw
-Wd dzt steOydw tcOMmt fidO® Otc Andztsfidsdr’ sh st toLd dzAMjdstzd=w ~dzdlL\E C
f tetsyf Mg 3Odz! dz" 2§ J to JOsGnH] d3O@e digOdeyf W d dz! Iste Oy d W
-Hj G OL OydVv tc Oy JdrOm jOtc Anclzts fiplsiz! &

-fsMmistsw dzdets ] 5B dats o dif jtdisdfisiC fds otg) Qdrit daRCiplay )
-ffted Wddz IsteOydd ¢ty dzOC iz gz 63" dzif o dzjodzdnisg d W3
L CsdetsdzdV ; cOMr SH S

-dg L d2Oydlsjdz! detsj { §sdzsEYflso dj dzO

oL d3tsy dets  d dzls | fgsi] joftple OHE2ZN d p EZMisOdzse € d

-t dzj e yj dzd j H tolzc(diflz "Sdsddfy Gk, dzj odisSisto il dfdiz! As tol, C Y tcz H j t

e s & BakyymHbIin ounestp
- ' C [4OMNrMM CPOKOM CIyXObl

Mnowapka Texobenyxusanus |

KopnycHas LR +
n3onsaums | 1 "

‘h"‘;ﬂ — ~H i 3arpy3oyHblii
j ‘{ N l 1 ByHkep

" Z' ¥ "’

B

7 YcTtponcteo
KnanaH 3anycka U3M. BA3KOCTU
Hacoc -8 Na— o Hacoc
Ha BXxoge Ha Bbixoae

Pa3arpy3o4Hbin

3KCTpyAep

t dBLlir jlsOdd CodfstkzCydd d shdssd’ j € t&fsc

0,85
0,8
0,75
0,7
0,65

0,6

XapaKTepucTuyeckan BaskocTb [gn/r)

0,55

I

{ BRI MOLOCIjtdMmisdyj MSOY ovwLCrMmls! o otej dgv

Bpema
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Pacxop;: 130-250 kr/u

Coipbé: PET = 6yT.dnekce CO2

Npoaykr: PET - rpanynat

IV Ha Bxoge: npum. 0,6-0,75 an/r

IV Ha Bbixoge: npum. 0,75-0,9 an/r
Wndppa- e
KpacHan HasHauenue: OT HMTH K NNéHKe
CYWwHnKa, BakyymHbii

unsTp j - Bak —--------------- ]

|
3anycka
v BuckosumeTp

__U?F mwﬁ\ \\ %;Jxﬁ

e =18 WY

Hacoc pacnnasa

{ B3I BBE ll@ftsy jidsdsecduj MSOw Maj kO a

BakyymHbii
unsTp 1 Bak -------- - f
Knanan H
sanycka v BuckosumeTp
Bayyu B NOTOKE, B Hacoce
fome) pacnnasa
! ,' 3amenuTens
o~ o9
SKCTPYAEP

Hacoc
Bsog, KpacHTena |

Bt T e CP - noTox
pacnnasa

Cucrema

bopmo-
BaHWA

HD)KI

MnaHupyeTtcs kK MoHTaxy B IV keaptane 2019r.

{t 23iBBE 1lmékty j i dsdsedyj S Ow Mmaj &0 a

flsjdH d&zO@ | TMA 2018 o

t JBAT I T MO0 sydz 2
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“pci

Arick Analytics Busi

Mackenzie

Beco noaunadmp +33%

LWtanensHoe +2,1%
BOJIOKHO

e d BonokHa +3,8%

20 TexHuueckune npum. +100
ol ThIC.TOHH/TOA,
0 TeKkcTunbHble npum. +1 500

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

ThIC.TOHH/rOA,

Nonuagmprsid wranensfill Texcrunuhuie sonokna [l Texuuueckue
sonokHa

Trusted commercial intelligence
Www.peiwnodmac. com

{ BEI} o5 dztisLjos)) tsMlsO fsdLosHmise ® Isj¢fisdd

......

dunbrpauns
pacnnasa

s
T

BakyymupoBsaHue

O6HoBNEHME
NMoBEpPXHOCTH

OpavH roa
paspaboTok

Hosgeiliras MupoBas cuctema |
VacuFil ¢ xxuaxodaznoit
TIOJIMKOHIeHCcaITuen

tdRpiI) jtojtcOBSISCO PET 4wty lsOdzed j
Om Valueneering k ValueVATION

(OT WHXXUHUPUHTa C NOBbIWeHnemMm CTOMMOCTU K B3llé'l'y CTOMMOC‘I’M)
Kynemypa uHHoeayuli Kak :
,q}ll-IK K:I,V’IHGHUU u )ljnpaeneHuee 8edém »Erfolgsgeschichten
b_‘*glnﬁ)mlt Leadern,
K HOBbIM UOesAM, pocmy U HO8bIM nichtr, (}O"Owern "
(>

0es108bIM 803MOMHOCMAM SR

indelsblatt , Gaadets
gy »

Ucmopuu ycnexa HavyuHarom nudepol,
a He nocnedosamenu ‘ ‘
)

Cnacubo 3a BHUMaHue!

KOHTaKTHble AaHHble:
A-P TeXH. Hayk, nou. a-p Knayc WWadep S
T: +49 (0) 2191/95 10 — 444
Schaefer.klaus@bbeng.de
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[ dIsBOt 1 gf gaizj] dfjcmy
11 [ngineering, j tc &30 dzd W

straf1odrrRc 8 sl o] RARSGARYN VAR W] v
Il 3ufsfslof/RrRARARTI [JT OV JU1 L wlfvdmwrO RSO
gfltrfriv 8lEARGI 2V L1 L [fTozry JuoUut [ 1RC

L iBBABHdEOY CoOdd¥ dSoydw d ¢ &ddghj dzdeQifpls
stcj B Oded?2 S ol ddsse © dzifmsiaCon@EEYe] | b
My d ydod detsets BQMQ dztf i stg B fadedz” . § dzO dad Mistsd s
HOd dzgj 2P jj ©OLoadlsdj .

VarioFil®
PQY, FDY, IDY

t diiulstclz @fipdc) lskiOC Misd dz! dese s f tetsdL © SH fls

— Heobxoaumble crneuunanbHble 3HaHUS

1. TpaHCcnopTUpOBKA rpaHynsATa Ha KPUCTANIM3aLUMIO U CYLLIKY:
— TepMoAMHaMuKa, TEXHONOrM4Yeckne npoLecchl B
MEeXaHUKe, XUMUM 1 TEXHONOrUN TBEPAbIX BELLECTB

2. [lopgaya u Oo3vMpoBaHWe rpaHynsaTa: — rpaBUMETpUS,
TEXHOMNOrNsi TPAHCMOPTUPOBKN, TMAPOANHAMUKA

3. PacnnaeneHue, roMmoreHnsaumus u BblaaBnmBaHue :
— 3KCTPY3MOHHAsi TEXHOINMOMsI, TEXHOMOrnsi
nnacTtMacc, NpuBoOAHbIE TEXHONOrMN

4. [logava yepe3 hunbepHbIE NaKkeTbl:
HACOCHbIE TEXHOMNOIMMK, aspornapomMexaHuka

5. OxnaxgeHue u 3amacivBaHUe HUTU:
— TEeXHOMNOrns KOHANLMOHNPOBaHWNS BO3AYXa,
TepMoguHaMuKa, HacocHas TeXHUKa

6. BblTArMBaHWe n HaMoTKa HUTHU:
— MOALUMMHUKOBAs TEXHUKA, MPUBOAHANA TEXHOMNOTUS, .
nHeBMaTuka, BUOpaLMoHHas TEXHOMNOIMS, AMHAMMKa
BpaLLeHuns

7. YnpaBneHue yCTaHOBKOW:
— TexHonorum aBTOMaTu3MpoBaHus, ynpasneHus,
CEHCOpHas TEXHUKA, ANEKTPOTEXHUKA

t dByis s dzj ¢ Mdesils! RO des Uk Hftc B3teg Galp ™ f B Cls
s - deydrtindfse s fesyd MO
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AV = noaroToska K paborte
QS = KOHTpONb KayecTsa
WEIQ = KOHTpONb NOCTYN/NEHUA

TOBapos
OpraHu3auuoHHaa dopma 1 B

% " \
AV WU3rotos: %
AE* nexHune

] .\, Npoextupo- > \ N | 3aKas-
33Ka3UMKN e—) C6bIT | i MoHTax ) OTrpy3ka /M
— ) '

\ OpraHu3aumoH. popma 2
> 3akynku \> "lc;i“' )> WEIQ

. o - N\

I YnpasneHue npoekTom /

oy 2y 3 ¢ 4 4 5y 6 4 7 ¢ 8 ¢ 9 g 10, 11,12,

I 1 I ) 1 1 I 1 1 L L 1 1

K Verp. Vers.

—> —
i. ‘Montage

Fertigung

AE*= MocTynneHue 3akasa
3anBKu

{ dBi) shdj Hso Olsj d desfls! ©fjwOyd?2 d BcOddL Oyd

3aKynku

YTO4YH.BOMpOC

= l i

(B W

L "\
MoHTax y e
notpeburtens W

CbbIT

N

KoHTponb
KayecTsa

lMocTaBLmK
t diulstczCsztcO BSteeOdzdL Oydd /  OBssyow f
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/«Z/ Mouck nepcoHana
A

BB Engineering GmbH

TexHonorua VarioFil®

tdBLl sdmé §JjemMsdOodzO fted twwOmMh dtej dzdd, {1

= [lepBblit War nocae pasMeLLeHma BakaHCUMU Ha ONpeaenEHHYIO A0MKHOCTb UM NOCT — 3TO
OTNpaBKa AOKYMEHTOB (pe3tome, cepTudmKkaTsl, ceup,eTeanTBa O NPOXOXKAEHUU NPAKTUKA U
T.M.). .2 5
2y
g —

- BTOpOﬁ war — 3HaKoOMCTBO C JIMYHOCTbIO NocpeacTtsom COGGCEAOB&HMH.

&)\ Y

0
L\&

- B KayectBe TPETbEro wara 4o/1IXeH BbIiCTyNnaTb aHa/In3 TOro, HAaCKO/1IbKO AaHHAaA IMYHOCTb, Ha
OCHOBaHuUUM NepBOro enevyatTneHua o HEﬁ, MOXeT COOTBETCTBOBATb AaHHOﬁ AO0/KHOCTW.

['l\

L\

. 7_5'{@
~ ki

{ dBiz 0cd isdstds ns dz0 &zo
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MpodeccMoHanbHble 3HaHWA "._ 3HaHuA

—C
CobcTBeHHan MHUUMaTUBa
KommyHuKabenbHOCTb
Haebiku paboTbl € A04bMM
YyBCTBO OTBETCTBEHHOCTH
HapéxHocTb

YBneyéHHoCcTb ™ JIN4HOCTb

[OTOBHOCTL K 0BYyUYeHUIO

W ® N O v AW e

MbKocTb
10. Be3oTKa3HOCTL

11. OT3bIBYNBOCTL

12. NNoAanbHOCTL

il oY j MMdsdOd df j L dOddw +

1. O6pasosaHue / 2. Co6cTBeHHas

WHULUATHUBA Wr jw
A\

dj

1. [eiicTByeT M COTPYAHMK/COTPYAHMULLA TONBKO
nocne nony4eHus nogpo6HbIX yKazaHWi Uau
KOHKpeTHOM GpopMyIMpPOBKM 338a4?

MpodgeccnoHanbHble 3HaHUA

1. Kak ebirnagut npouecc 06pa3OBEIHMFI BNNOTb
A0 HacToAwero MOMEHTA?

2. Yo, Kakum obpazom u rae 6bino npuobpeteHo 2

o, B COCTOAHMM N COTPYAHMK/COTPYAHMLA
B KauecTBe 3HaHWI?

CaMOCTOATeNbHO 0CO3HaTb Npobaemy M UcKaTb
eé peweHuna?

3. Kakoit onbIT AeMOHCTpUpyeTca Ha BBE, u 3. B COCTOAHWMM N COTPYAHMK/COTPYAHMLA
ABMIAETCA 1N OH XOpOoLel OTNPaBHOM TOYKOM CaMOCTOATENbHO NPUHUMATL PELLEHMA B
ANA 0BNaAEHWUA HOBbIM Kpyrom 3aaady Ha BBE? npegenax cBoero Kpyra obasaHHocTein?

3. KommyHuKabenbHoCTb

4. HaeblKK paboTbl

1. HackonbKo xopowo co*rpy,u,um/cémy,n,w ua moryt ¢ MoALMM

ONKUCaTb CBOK CUTYALLMIO CBOMM Konneram, 4Tobbl
NPOABUHYTLCA B BbINOJHEHWM MOCTaB/EHHBIX Nepes,
HUMUK 330a4?

1. EcTb My COTPYAHUKA/COTPYAHULbI MOHUMaHWE
Pa3NUUHbIX CTUNER paboTbl U TMNOB NOBEAEHUA
WX Konner?

2. HacKonbKo BbICOKa roTOBHOCTb
COTPYAHWKaA/COTPYAHMLBI NPY NOMOLLM COBETOB,
WHPOPMALMM MK YTOUHAKLLMX BONPOCOB CO
CTOPOHbLI KOANEr yAy4lnTs NOHUMaHUe CBOMX
pabo4umx yCNOBWMA M NOCTABAEHHbIX NEpes HUMHK

2. MoxeT im oH/oHa BLICTPO HACTPOUTLCA Ha
HOBOE JIMYHOCTHOE OKPY}eHUe B ciydae bbicTpo
M3MEHAIOLWMXCA 338347

3agay?

3. YmeeT nu COTPYAHMK/COTPYAHMULA XOPOLLO CAYLWIATh U 3. B COCTOAHMM N1 OH/OHA AAKe NPW CUNbHOV
NPaBUbHO MHTEPNPETUPOBATL KECTbl U MUMUKY 33BUCMMOCTK OT ApYruX COTPyAHUKOB
N0Aei, a TakMe HaXo0AUTb COOTBETCTBYIOLMIA NOAX0A, becnpenATcTBEHHO BLINONHATL CBOM
K ntoaam? obA3aHHOCTU?

30
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6. HagéxHoctb
5. YyBCTBO OTBETCTBEHHOCTH

1. MNpeacTtasnaet au npobnemy anAa
COTPYAHWKA/COTPYAHMLbI BbINOIHEHWE

1. Owyuwaer nm COTPYAHWK/COTPYAHMLA 3a/laHHbIX OMNepauuii MKW NOCTaBAEHHbIX 33434
OTBETCTBEHHOCTb, KOTOPYHO ero/eé AeATeNbHOCTbL C NOCTOAHHBIM YPOBHEM KauecTsa?
MMeeT ANA AanbHeWwWero pa3suThA ero/eé 2. MOryT 1 KONNeru paccumTbIBaTh Ha TO, YTO
3agaun? coTpyaHWK/coTpyaHKuua sceraa bynet

2. PasmblwnneT v oH/0Ha Hag, Tem, KaKyto cobnogaTe NOCTAaBAEHHbIE LLEAW M CPOKK?
OTBETCTBEHHOCTb OH/OHa UMEET B CBOEM Kpyre 3. B COCTOAHWM N1 COTPYAHUK/COTPYAHMLA
AEATENbHOCTU? YCTaHaBNMBATb AOBEPUE B OTHOLLEHUU CBOEWH

3. MoxeT am oH/oHa NpeacTasuTs cebe, KTO U B paboTbi M AEATENILHOCTU CO CTOPOHbI KOINEr UK
KaKOM OTHOLEHUM NONaraeTcA Ha Hero/Heé? KNMEHTOB?

7. YBneyéHHOCTb
8. [0OTOBHOCTb K 06yueHUI0

o )

1. Wmeetca nu cunbHaa uaeHTUdUKaLKA C 1. WmeeTca nM Yy COTPYAHWUKA/COTPYAHNLbI
BblibpaHHOI Npodeccueli (yBaeyeHbl Aun FOTOBHOCTb CHOBa M CHOBA CTaNKMBATLCA C
COTPYAHWK/COTPYAHWUA [aHHOI1 npodeccueid, u HOBbIMM A48 Hero/Heé 0BCToATENLCTBAMM W
COOTBETCTBYET /M OHA UX CKNOHHOCTAM)? BXOAMTL B Kypc Aena?

2. HacKonbKo CUNBHA YBNEYEHHOCTL 2. Oco3HaéT A COTPYAHUK/coTpyaHULA
COTPYAHMKA/COTPYAHMLbI CBOUM 3a4aHHUEM, CaMOCTOATE/IbHO, YTO eMy/ell He XBaTaeT 3HaHMiA
KOTOpasA Aae B C/ly4yae BOSHMKHOBEHMA [ON19 OCYLLECTBNEHWA NOCTABNEHHOM Lienu, 1
npobnem u Heyaay He AaéT cbuthbea ¢ MLLYT 11 OHW NPU 3TOM BO3MOMKHOCTU
HameyeHHoro nyTu? npuobpect HeobxoaWMble 3HAHUA?

3. HacKonbKO CMNEH NOMOKUTENbHDBIW HACTPOU B 3. B cocTosHUM M COTPYAHUK/cOTpyAHMLA
OTHOLLEHWW NOCTaBNEHHOMW 334341 U XKenaHue NPUHATb NPE//IOKEHUE KACaTeIbHO
pewuThb eé K yA0BNETBOPEHUIO BCEX JNIUYHOCTHOTO PasBUTUA A YNYYLLEHUA CBOUX
Y4aCTHUKOB? npodeccoHaNbHbIX 3HAHWUIA?

10. Be3oTKka3HocTb / MoTuBauma
9. NM6KocTb

1. B cocTosHWM NU COTPYAHUK/COTPYAHULA BbICTpO

HACTPOMTLCA Ha HOBOE AR cebs 3agaHue? HackonbKo cUNbHO ¥enaHue NPUHUMaTL HOBble

BbI3OBbI?

2. WMmeeTca W roTOBHOCTb
COTPYAHMKA/COTPYAHWLbI NPKY HEOBXOAUMOCTH
NPWHATL Ha cebA BbINONHEHWe 3aaHuA, Ha
KOTOpOE OH/OHa U3HAYaNLHO He PaccYUTbIBaNU?

2. B coCTOAHWM AW COTPYAHMUK/COTPYAHMUA Be3
0COBbIX CIOKHOCTEN HACTPOMTLCA Ha
M3MEHEHMWA B CBOEM paboyem OKPYKEHWUIN?

3. MOMeT K1 COTPYAHMK/COTPYAHMLLA TaK}Ke Npu

3. BepHO nK, 4YTO faxe HeOXUaaHHble cobbiTuA He paboTe Hag TAXKENbIMA NPOEKTAMM C
npeACTaBAAOT A1A Hero/Heé npobnembl, HEeOXWAAHHBIMW CUTYaALMAMW peann3oBbiBaTb
NOCKO/NBKY OH/OHa pearupyeT Ha HUX nocTasAeHHbIe 334341 ANA AOCTUXKEHUA
NPUHATUEM COOTBETCTBYIOLLMX Mep? HeobxoauMbIX Lenein?
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11. OT3bIBUNBOCTDL

MOMKEeT N1 COTPYAHUK/COTPYAHMULA
NPOHUKHYTLCA METOAOM PaboTbl MM CUTYaLMei
CBOMX KO/NET M CKOPPEKTUPOBATL CBOM 06pas
MbILLNEHUA U AEUCTBUA B COOTBETCTBUM C HUMK?

3amMeyaeT M COTPYAHMK/COTPYAHMLA
M3MEHEHWA B CBOEM OKPYKEHMM U MbITAETCA 1K
NPOHUKHYTb B CYTb AAHHbLIX M3MEHEHM, UTOGbI
M B NOCNEAYIOLLEM XOPOLIO BbINOAHATD
NoCTaB/eHHble 3a4341?

B COCTOAHUM /1M COTPYAHMK/COTPYAHMLA
NPOHUKHYTBLCA PA3/IMYHBIMK ABUKYLIMMM
MOTHBaMM CBOMX KOA/IET U A4eN0BbIX NapTHEPOB?

O6nagaeT M cOTPyAHU K/cany,qH uua
rOTOBHOCTBIO NPUHWMAaTb YKa3aHUA U 334aHus,
[aKe ec/v B AaHHbI MOMEHT OH/OHa He MoryT
ACHO MOHATb MX CMbICA?

CTaBWT M COTPYAHMK/COTPYAHULA NPK
OCYLLECTBNEHUM CBOEI JeATeNbHOCTH MHTepech
npeanpUATUA Ha Nepeoe MecTo?

O6nagaeT v CoTpyAHUK/COTpYAHMLA
rOTOBHOCTbIO W Aa/blle UCMONHATL CBOM
33[aHuWA, JaXKe eC/M Ha PbiHKe Tpyaa
BO3HMKAIOT HOBbIE A1 HEro/Heé BO3MOMHOCTH
(ucnbiTaTenbHbIi cpok!)?

UHXKeHep-NpOoeKTaHT

BbipaxeHHocTb (0T 1 Ao 6)

5+
4+
3T
T
T
\14 2 — Cpea.3H.
A
€
= -4 s N
A 5 .
- <
MMosicHeHwue:
4= HaBblkn .
1= MNpodpecc. 2= CobcTB. 3= KommyHuka- paboTsi ¢ 5= YyBCTBO OTBET- 6= HapéxHocTb
3HaHus vHUUMaTvBa 6enbHoCTb nioaLMM CTBEHHOCTU
7= YBne4yéHHoCTb 8= [0TOBHOCTb K 9= [MbkocTb 10= Besotkaz- 1= OT3bIBYUBOCTL 12= NlosanbHOCTb
obyueHuto HOCTB
t B qyudetsisdzr 2 fesWdd o sy jhindsdeda]dilspP dbotC
Y
[

KoHcTpykTOp Vo[

BblpaxeHHocTb (o1 1 go 6)

64+
54+
4
3T
2+
1+
T 1 2 — Cpen.3H.
MoscHeHue:
1= Mpodpecc. 2= CobcTs. 3= KommyHuka- 4= HaBblkn 5= YyscTBO OTBET- 6= HapéxHocTb
3HaHuA VHUUMaTuBa 6enbHOCTb pabortbl ¢ CTBEHHOCTU
noabMu
7= YBne4éHHocTb 8= [OTOBHOCTb K 9= Flexibilitat 10= Be3otka3- 11= Empathie 12= NlosinbHOCTb

oby4eHuo

t o 8. d ydats iyls dz 2

HOCTb

ftesWdd d ftesW jMindifiplsiO® sistgO -~ O
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MH)KEHEP-I’IVCKOHBIIBA'-IMK

BbipaxeHHocTb (0T 1 Ao 6)

64
T B

i
TR

MoscHeHue:
1= Mpodecc. 2= Cobera. 3= KommyHuka- 4= HaBblku 5= YyscTBO OTBET- 6= HapéxHocTb
3HaHUA MHUUMaTMBa 6enbHOCTb pabotsl ¢ CTBEHHOCTU
nioAbMU
7= YBne4éHHoCTb 8= [OTOBHOCTb K 9= Flexibilitat 10= Be3sotka3-  11= Empathie 12= JlosinbHOCTb
obyueHunio HOCTb

t dipi [ dydetsfisde” 2 ftesW ddzr d ¢ tetsW jdndpdsdigOed dzr |
f 2S5O kOH yd s O

Mpopasey

BbipaxeHHocTb (0T 1 oo 6)

6 -

54

44

3

2+ \

14 |

1 2
MosicHeHue: )
1= lNpodecc. 2= CobeTB. 3= KommyHuka- 4= HaBbiku 5= YyscTBO OTBET- 6= HapéxHocTb
3HaHus vMHUUMaTvBa 6enbHOCTb pabotbl C CTBEHHOCTU
noabMu
7= YBne4éHHoCTb 8= [OTOBHOCTb K 9= Flexibilitat 10= Besotka3- 11= Empathie 12= JlosanbHOCTb
obyyeHunio HOCTb

t dBlif dydesflsdy 2 fosWdd d §tsW s s d j

WHxeHep-NnpoeKTaHT KoHcTpykTOp
Auspragung (von 1-8) Auspragung (von 1-6)
ot
sk
4+
3
2
1
D Durchschnitt
WHxxeHep-nyckoHanag4vk MNponasey
Auspragung {von 1-8) Auspragung (von 1-6)
[ 64
5 54
4 4
3 34
2 24
1 1.r
Durchschnitt — Durchschnitt

{ diRi [ BN Offidn &3O Is d u Geydfptfistzdz W d dztf s j M fikd 5 dzO dz!' de'
nOLOClkjtedmsdS §j teftdzO®dzO
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Radzevich S.P., Sci.Dr., Professor
Stoneridge, IngUSAradzeviclfpusacom

A POSSIBLE WAY OF EVOLUTION OF NOVIKOV GEARING

The invented in the mid950" Novikovgear system was a breakthrough in the theory of
gearing. The proposed by Colonel MNovikov gearing features lauge potential in sense of
power density in a gear pair (sg4, [2] for details).BesidesNovikov gearingtself deserves to
be investigated more in detail, a variation of this gear system that includes rolling elements
(balls) is of particular interedboth, for the gear theory and for gear application as well.

A brief look at a schematic of paralakes Novikov/conformal/higlsonformal gear pair with
the boundaryN —circle that overlaps the gears inspired the adttwinvestigate a possibility to
replace the sliding between the gear teeth flanks with rolling. Potentially, such a replacement
could be useful as the friction losses in rolling are commonly smaller compared to that in sliding.

As it is illustrated in Figl, in a gction by a transverse plane, both, the driving pinion, as well
as the driven gear feature concave tooth profile. The line of adtldnforms a transverse

pressure angleg, , with a perpendicular to the centerling,

0, Pinion The balls ofa radiusry, =ry interact

with the gear and the pinion tooth flankz,

and P , at two pointKy and K, The
parallelaxes conformal gear pair with
intermediate balls feature two psevuokhs

of contact,Pycg andPpcp In the case under
consideration, the pseugiaths of contact
are two straight lines through the contact
points Ky and K, that are perpendicular to
the plane of drawing in Fid..

When the gears rotate, the balls travel in
the axial direction of the gear pair parallel to
the axis of instant rotatio®), . At this time,
o . . . _ when the balls are situated within the face
Fig. 17 Schematic oNovikovgearing with balls  \yidth. Foe Of the gear pair, the balls are

supported solely by the tooth flanks, and
P . After a ball passed up through a channel formed by two helical suBfa@ndP , it is
returned to its initial position b returningdevice. Theeturningdevice features a gaptheen
the ends, the width of which is equal to or slightly exceeds thewalth, Fp.. Variousmeans to
return the balls can be designed.

The forces that act over a ball when it is supported by the tooth fléhkend P , are
analyzed in Fig2. Here, in Fig2, the driving pinion tooth flankP? , pushes the ball with a
certain resultant forcEg. This force is resolved onto a normal componEptand a tangential

1n March 2,2018. Patent pending.

39


mailto:radzevich@usa.com

csdflfrsawvue trryasufcewwmyfff 4wy RM{ A vuudle R & U [ {201

component, F.. The componentsF, and F;. of the resultant forceFg are considered
(normal/tangential) in relation to the ball.
" F, In order to ensure straight motion of a ball parallel
' to the axis of instant rotationP,, the design
parameters of the tooth flank§, andP have to
be designed so as to form thecsdledfi p 0 ¢ (se=t O
‘ Fig. 2) for a ball that is currently interacting with the
tooth flanks,G andP . The pocket is in length
/ Rotation wise direction of the space between two neighboring
Nlension - teeth. This can be done considering the local
geometry of the interacting surfacés andP  with
the ball.

Every point of a ball is a convex umbilic point, for
w h i ¢ Dupin fAindicatrio , Dup(ball), can be
graphically interpreted as a circle of a certain radius. The circle centers at the poimiaaiith
the gear and with the pinion. Every point of the helical tooth flaBksandP , are saddiike
points that feature section by a normal plane of both kinds, that is, convex and concave plane
sedions are observed.

The tooth flanks,G andP , have to be designed so, as to ensure concave normal plane
section of the booth surface§, andP , in the diretion of the ball travel. Under such a
scenari o, t he ball is locked in the Apocketo
rotation,Py,.

Thepermissible directions of the pseugaths of contac®,c gandP,,, are determinedith
the helpof indicatrices of conformity constructed at poirdg and K, . Viewing along the
straight lineK¢K,, the tooth flanksG andP , are turned in relation to one another through an
angle x, thatis similar to the angle of local relative orientatian,of two smooth regular

surfaces at point of their conta¢s).
When the balls are located within the face Wid{‘-@a, of the gear pair, they are spaced from

Driver

Rotation

Reaction
N

//
Ball
Driven

Fig.2ihPocket 0o fo

one another at a distance that equals to an axial giighof the tooth helix.
The design parameters of the gear tooth flabk, as well as the design parameters of the

pinion tooth flank,P , have to be determined so as to ensure the pgmitie of cotact, Py g
andPy, within the sector for the permissible directions of the psguadlos of contact.

The main advantages of the discussed concept of conformal gearing with intermediate balls
aredue to friction of sliding is substituted by friction @fling.

References
1.RadzevichS.P. High-Conformal Gearing: Kinematics and Geome@RCPress, Boc&aton,
Florida, 2015 332pages.
2.RadzevichS.P.i An Exami na-€CoonhommalHi @dari ngo, Gear Sol u
pages31-39.
3. Radzeich, S.P.,Theory of Gearingkinematics, Geometry, and Synthe&sd Edition, revised and
expanded, CR@ress, Boca Raton, FRQ181 934 pages.

% The difference between the anglgsand Il is solely becausef@ plane within which the angles are measured. aFtuge of local relative
orientation, ., of two smooth regular surface§ and P, at point of their contact is measureetween e principal directionsvithin a
common tangent plane to the surfaces. The apiglis measured between the projections of the principal directions onto a plane that is
perpendiculartothetraightIinngKp. This plane is parallel to a -wdminon ktanigenal pod apar al

common tangent plaonPe oi,n the contact fAball
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MESSSYSTEM ZUR ERFASSUNG VON MIKROBEWEGUNGEN BEI DER
PR, FUNG VON H} FTPROTHESEN I M SI MULAT

Vor der Verwendung eines neuen Materi al s
H¢eftgelenke 1 st eine groCe Anzahl latoem(AbB.r ¢ f u
1) werden voreingestellte Belastungszyklen auf die Prothese angewendet, woraufhin die
Verschlei Cfestigkeit gemessen und der Schad:c¢

Auch die Bedingungen fg¢r die Behandlung vo
Kompamenten der Prothese werden mitAGhsDrehmaschinen und -AchsMehrzweck
Bearbeitungszentren behandel t. I n Abh?2ngi gk
der Wechsealchneighlatte werden Proben mit unterschiedlichen Eigenschaften der
Verscbhbliteig€eet und der Korrosionsbest?2andi gkel

Um die optimalenBearbeitungsparametdr ¢ r verschiedene prothe
ermitteln, werden auch Simulatoren von zyklischen Belastungen verwendet, die den Prozess des
menschlichen Gehens simuker.

.l“ — ———_ e .
Abb. 17 Simulatordes menschlichen Gehens Uniklinikum OVGU Magdeburg

Al | e moder nen Prot hesen des Heftgel enks
mehrkomponentig. Die Dreikomponentenstruktur ist Stand@fahne, Kugel und Schatft.

Bauteilverbindunggunkt e sind die Epizentren des Ver.
forschen.

Der Kopf und @r Schaftsind durch eine konische Verbindung zusamgeschbssn. Hier
hat die FrettingKorrosion ( Rei bungsverschl ei C) (Abb. n 2)
Verschlei C. F¢gr das Auf t reative@b edrifel s2ecrh eVhevresrcshe
mit einer Amplitude von 0 r®x@dSchichtan dgniSlellen dks e  z
bewegli chen Kont akt sKorfogion zuebestimmerigt esl nosvendig, de t i n
Gr°Cen der mi kroskopischen relativen dmar sch
KopfunddemSchaftw2 hr end der zyklischen Bel astung de

41



csdflfrsawvue trryasufcewwmyfff 4wy RM{ A vuudle R & U [ {201

Abb. 271 SichtbarerrettingKorrosiorspuren am Prothesenkopf

Das Roblem ist die Entwicklung von Messsystemen, um die Auswirkungen verschiedener
Faktoren auf die Verschlei Cfestigkeit und Hal
allem auf den begrenzten Raum f ¢r dsoeiedunst al |
die Bedingungen zurg¢gckzuf ¢hren, die w2hrend de
Um die Gr°Ce dieser mi kroskopischen relatiywv
bestimmen, wird ein Sensorsystem (Abb. 3) konstruiert, das auf Wirbelstisarien basiert,

was gegen¢gber dem vorhandenen Anal ogon mehrer e

Q) b) c)
Abb. 31 Der Aufbau des Sensorsystems zur Bestimmung relativer Verschiebungen
( ©®Schema des sensorischen Systenisexisierter Analog; a vorgeschlagene Konstruktion)

Diese Konstruktion sieht nur ein zus?@tzliche:
den Einbau der Prothese in den Simulator i st ,
Kegels (3,c),soalss si e als zus?2tzIliche Halterung f¢r
Vorteile der vorgeschlagenen Konstruktion:

-einfachere Struktur, wodur ch Kosten und Zei

reduziert werden:;
-ben®°tigt weniger Pl atlaionides PrStotypsidrhaltich vereinfachts di e
C

und den Zugang zu seinen Komponenten erm°gl.

Demont age erm°glicht, den Simulationsprozess
Prothese auf den Markt schneller gebtagird;
-der Kegel kann auch f¢gr die "normale Messrei

-beseitigt das Problem der unzuverl|l 2ssigen un

- reduziert den durchschnittlichen Messfehler um das-fhale.

Das entwickelte Sensorsystem kan zum Testen neuer Materialien und
Materialkombinationen verwendet werden, um die Haltbarkeit der Prothese anhand der
angegebenen Werte fg¢gr die zyklische Belastung
Schaft vorherzusagen und die Reibungskorrosidmeatimmen.
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