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3a4YyeM HYXXHO MoagenuposaHue?

nepeHeCTI/I IKCMNMepMMeEHTbl U3 Llexa Ha KOMIMNbHOTEeP.

3a cYeT 3TOro MOXHO:

v’ BblgBNeHne pOedeKToB B 3aroToBKe Ha craguu é‘

pa3paboTKn TEXHOSTOrMYECKOoro rnpoLlecca,; E
v’ nydwee NOHMMaHME npouecca M nNpuyYMH obpasoBaHUs 3

NedeKToB; §
v/ ONTUMKU3aLUMSA CYLLIECTBYHOLLIEN TEXHOMNOIMN; z
v/ CHM3UTb pacxoga MeTanna; ;
v yBENNYNTb CTONKOCTb OCHaCTKW; =
v/ ONTUMU3NPOBATL 3arpy3ky 060pyaoBaHUS; <
v COKpaTuUTb BpeMsI 3anycka HOBOW TEXHOMOIU; §
v YNyYWKUTb 3KCNMyaTaUnoHHbIE KadecTBa n3nenun.

www.pim-ural.ru
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ba3bl AaHHbIX

« [oToBble OMONMOTEKM OAaHHbIX

JluTenHble cnnaBbl

 Cranu *  YyryHHble
*  AnOMUHUEBbIE * MarHuesble
* MepaHble *  Hwukenesble

¢ TwutaHoBblE
* [paroueHHble meTannbl

*  MaTtepunanbl popmbl

* [leckn « CTtanu
*  Kepamuku *  OrHeynopsl
«  Tennowunsonauus ¢ OK30TEepMUKU

* CrtonopHble KoBWU (NPpodunn CKOpocTH)

www.pim-ural.ru

BcTpoeHHble 6a3bl
AAHHbIX:

V' [edopmMmmnpyembix
MaTepuarnos U
nHcTpymeHTa (FTOCT u
apyrue ctaHgapTbl);

v' ObopynoBaHus;

v' Cmasok un 1.4.

£ Al-alloys

£ Cu-alloys

[ Extrusion

£ Grain size evolution

3 Mg-alloys

£ Mi-alloys

1 Other

[ Phase transformation MatlLDa
[ Phase transformation QForm
[ Steels

£ superalloys

£ Ti-alloys
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MeTog KOHEYHbIX 3J1EMEHTOB

NMpeumywectea MK3:

1. ToyHOE onucaHne TreoMeTpum U 3aroToBKa-
doopma.
2. BO3MOXHOCTb M3MEHSATb pasMep siYEEK CETKU, B

3aBMCMMOCTM OT  CJIOXKHOCTU TreOMeTpun WU
pacyeTHbIX BO3MOXHoCTen pacdeTHoro [1K.

3. boree nonHoe W TOYHOE pelleHne 3agayu
HanpsiKeHHO-0edOPMUPOBAHHOIO COCTOSAHUS.

4. BO3MOXHOCTb pacyeTta KOpOOMeHus OTNUBKM
B pearibHOM BPEMEHM.

5. BO3MOXHOCTb BbITPY3KM pacyeTHOM CETKN U
pesynLtatoB  pacyeta Ana  nocnegyroulero
aHanusa B UHXxeHepHbix CAE nporpammax.

www.plm-ural.ru
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CKM J1INM «MonuroHCodt»
Mooenupyemble TEXHONOrnun

B necyaHble dhopmbl € N0ObIM CBA3YOWMM U 6€3 HEro
B kokunb (HarpeBaemMblin 1 oxIaKgaemblin)

* JlnTbe no BbiNfaBnsAeMbIM MOLENAM

* JlnTbe B Bakyyme (B TOM YnCne HanpasreHHada KpucTannmsaums)
* JlnTbe Noa BbICOKMM OaBfIEHNEM

* JlnTbe Nnoa HU3KNUM gaBneHnem

* HenpepbiBHOE NUTLE

* XXungkaa wtamnoBka

* UeHTpobexHoe nutbe

* Tepmunyeckasi obpaboTtka*

* MopgenunpoBaHune CTPYKTYypbl 3epHa

www.pim-ural.ru

3anonHeHne opmbl
nNpy NUTbE Nnog, AaBlEHNEM

«uedg NLIL» vMHeUuWwox euuAd
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Pe3ynsraThl MogenmpoBaHug

« [ledoekTbl, cBA3aHHbIE C 3anofIHEHNUEM
* Ycago4Hble pakoBUHbI

* Makpo- 1 MMKPONOPUCTOCTb

« OcTtaTo4Hble HanpskeHns

» [Nedopmauum n kopobreHue

* TpelwmnHbl (ropadne n xonogHole)

* [lpurap

* Pa3mbiB hopMmbl

« 3epeHHas CTpyKTypa

* TBepaoCTb U MPOYHOCTb CEPLIX YYryHOB

www.pim-ural.ru

3anonHeHne opmbl
npy NUTbE Nnog, A4aBneHnemM
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,D,OI'IOJ'IHI/ITeJ'I bHbl€ TEXHOJIOTNYECKNE NHCTPYMEHTDI
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MogoenupoBaHue 3epHa oTnmneoK. Moaynb «CTpykTypa 2D»

e OCHOBHbIE 803MOXHOCMU:

- [lporHosnpoBaHue Kak -
cTtonbyaTton, Tak 1 paBHOOCHOW =
CTPYKTYPbl 3€peH; -

L T e R

Uonspt s xS s Sy Sodsy e nrsisma -  f

4. Poligon:y -
OT cTonbyartoro K paBHoocHomy ~ 4

- [lporHosnpoBaHue nepexoqa

3epHYy; S 3

- KOHKYpPEHTHbIN POCT 3epHa B =

cTonbyaTtoun 30He; s -

[#] = oy

e - [lporHo3npoBaHne napasnTHbIX 7 e

KpUcTanmos B PR .
MOHOKPUCTaNNU4Yecknx aetansix. :

lpumeyaHue: PacyeT CTPYKTYpPbl 3epHa BbINO/IHAETCA Nocne
TENN0BOro pacyeTta ¢ ucnonbzosaHmem MonnroHCododr. n

www.pim-ural.ru
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MmnopT nedpopmupoBaHHon STL-moagenu B CAD

«uedf NLIL» umHeuwo euuAd

[Mo3BONSIET OLEHUTL AOCTAaTOYHOCTb pa3Mepa Npunycka Ha MexaHn4eckyto obpaboTky Ans nonyvYeHus
KOHeYyHoW aetanu, cooteeTcTaytowen K no pasamepam 1 gonyckam

www.plm-ural.ru



SEPLMYPAN  PYCTIOMMMET /™

MopgenupoBaHne TepmMoobpaboTku Bana
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QFORM
Mopgenunpyemble NpoLeCChH

d

Packartka konel, lMpeccoBaHune JlnctoBas wTamnoBKa
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N,
[NonepeyHo-knnHoBas Opb6uTanbHas Monepe4Ho-BUHTOBAS BonoyeHne TepmoobpaboTka

npokaTtka LUTaMnoBKa npokaTka N NPOrHO3MpPOBaHNE
MUKPOCTPYKTYPbI
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Pe3ynbtaTtbl MOOENMPOBaAHNUSA

OCHOBHbIE BO3MOXHOCTMU:

*  AHanma 3anosriHeHus rpaBrOpPbI LUTaMMa,

* Hanunuue goegekToB B NOKOBKE
(cknagku, NOBEPXHOCTHble AedeKTbl, paspyLueHne);

*  [lpOrHo3 Makpo- 1 MUKPOCTPYKTYPbl MOKOBKY;

* Pacuet Temneparyp, HanpaxeHnn n gegopmauni;
*  AHanmM3 CTOMKOCTU LUTaMMOB;

* Pac4et cunbl 1 paboTel: nogbop obopynoBaHUS.

www.pim-ural.ru
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OCHOBHbIE BO3MOXHOCTU QForm
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CoBmecTHasa aedopmaunsa UHCTPYMEHTA U 3aroTOBKU

www.pim-ural.ru «KeCTKnn» NHCTPYMEHT OKcrnepuMeHT CoBmecTHas gedopmaums
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CocTaBHOW NHCTPYMEHT

€&——— PacnpegeneHne nnacTtn4eckon
aedopmauumm B 3arotoBke
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[1porHo3npoBaHme rodp 1 paspbIBOB
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[1pOrHO3 CTOMKOCTU LLUTAaMMOB

[MTone «4ncno unknoB 40 paspyLlEeHUsI»:

www.pim-ural.ru
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JinctoBaga wtamnoska. 13HoOC wutTamna
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Tepmunyeckasa obpaboTka

Temnepatypa [°C]
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AHVMAaLMA NPOKaTKX C NofeM TemnepaTypbl

Temnepatypa [°C]
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AENCTBYIOLLNIA PEXMM 0OXaTui npeanaraeMblin peXXUM 0bxaTum 980

970

[ns yckopeHus pac4deTa npousBoaunack obpeska 3arotoBKu Mo AnNvHe nepes npokaTkon B crieayolem kannbpe
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PacnpeneneHne oTHOCUTENbHOM NNOTHOCTH

OTHOocUTeNbHasA N/IOTHOCTb
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D/ Seven

MHTerpauus, onTumMmsanmns n nporHo3

e DT Seven npepAHa3Hau€eH AAA:

e ABTOMAaTM3aL1u1 NPOLLECCOB NPOEKTUPOBAHUA U UHTETPALUUA BHELLIHUX
nporpamMmm U AaHHbIX B EAUHYIO LLIENOYKY

* PelueHus UHXEHEPHbIX 3aAa4 NPU NOMOLLY Habopa UHCTPYMEHTOB AAS
UCCAEAOBAHMUA, ONTUMU3ALUU U NPEAUKTUBHOTO MOAEAMPOBAHMUA

DT Seven no3BonseT:

° COﬁMpaTb MOAEAU NoBEAEHUA U3AEAUA HA OCHOBE HﬂﬁOpOB AAHHDbIX,
aHaAUTMUYECKHUX UAM PACUYETHBIX MOAEAEN

* HUccnepoBatb U ONTUMU3UPOBATL 3TU MOAEAU C MOMOLLbKO MHCTPYMEHTOB
Uccrep0BaHUA U ONTUMU3aLUN

* [lporHo3upoBaTtb NOBeAEHUE HOBbIX BapuaHTOB U3AEAUN UAK PEXUMOB UX
paﬁoTbI NMPU NOMOLLU UHCTPYMEHTOB MPEAUKTUBHOIO MOAEAUPOBaAHUA

www.plm-ural.ru

Habopbl AaHHBIX PacueTHble MoaeAu
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WUnuterpauus
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D7 Seven
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ﬁ@PLMVPAn
Cxema B3anmoaeunctsusa 10

D7/ Seven

QFORM =

www.plm-ural.ru

) KOMMAC-3D

27
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ﬁ%\ PLM YPA/T

Llenn paboThbl

1. Tlouck BapuMaHTa TEXHO/IOTUU, KOTOPbIX MO3BOJUT MNOBbLICUTH

MWHUMA/ZIbHYIO TOJILLMHY 3aroTOBKU MoOC/e
nepexoaos.

2. Tlonck onTumanbHOro BAPnNaHTa TEXHOJ/I0TUU
npomn3ssegeH B aBTOMaTusInpoBaHHOM pexxume.

www.pim-ural.ru

NnepBbiX uYeTblpex

JOMKEeH  ObITb

28
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lﬁ% PLM YPA/
[locTaHOBKa 3aga4u

QForm 11.0.2
1 onepauma [3]

AHMMaLMA CYLLECTBYIOLLLErO MNPOLECCa BbITAXKKMU

www.pim-ural.ru

MapameTpbl UICXOAHOW 3aroTOBKMU

Mapka maTtepmnana ctanb 10
[lInameTp 3arotoBKM, MM @276
TonwmnHa 3aroToBK1, MM 3

29
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lﬁ% PLM YPA/T

NHCcTpymeHT nepBoro nepexoaa

www.pim-ural.ru

locTaHOBKa 3a4aum

NHCTpymeHT BTOPOro nepexoaa

NMpumeyaHue:

Ha pacnpegeneHve  TOAWMHbI  NoOcae  YeTblipex
onepaunit Hanbonbluee BAUAHME OKa3lbiBaeT gepopmaums
B MEPBOM M BTOPOM LUTaMMax, NO3TOMY NOWUCK HanayyLllero
BapuMaHTa  TEXHO/NOMMW  NoApasymeBasl  MOUCK  UX
ONTUMANbHON TFEeOMETPUN, NYTEM WU3MEHEHUA Pa3MepoB
YKa3aHHbIX HUXKe:

Paamep HomuHanbHbi pasamep [AduanasoH pa3mepa

«wredf NLIL» MuMHeuwoM euuid

R1 16 mm 16-25 mm

R2 20 mm 20-40 mm

R3 14 mm 14-29 mm

R4 5mMm 5-10 mm

D1 71,1 mm 65-75 mm
30



SR PLM YPAT
PacueTHas Lenoyka (pSeven) 3 PLM VAN

n e— PacyeTHble TOUYKM:

MHCTPYMEHTA.

ENOK ESTENEHNA. YUNTEIBAET LON0OMHUTENEHIE P
OMAHNIEHIA HA EAPEAPYEMEIS NapaMETpEl J, - “D\Q Kompas3D

v Condition

Enok Else. 33436T Nomky MOESASHMA LEN0HN
MW BEINONHEHWM 0AHOWMEHHOTD YENOEHOM
BLIPAMEHNA B GNI0Ke BSTEMEHNA.

Else
é PythonScript

[ -
Enok MATEMATUYECHAX ONepaLMiA
Pacu1TLIEAET LOMONHATENEHEIE

napamMeTpl ANANePECTPOEHUA
reomMeTpin B Komnac 3D. MepecpaneacT reoMeTpii
L WHCTPYMEHTA.

TeHepaTop KOMOUHALWI
DACUSTHEIX TOUEK. Math 1 .
—T> -
e Fythonscripe “'\‘ i O¥1azeT NepecTpoeHna
T TEOMETIM
Wait QFORM API
é PythonScript é PythonScript

-
Hacerrpanaae’r'eouerpmoi

VHCTRYMEHTA.

o
- > &\Q Kompas3D 2

T
ENCK MATEMATHUECKAX OMEpaLyil.
PEC‘MTb\BaE!T,‘J,UI'DJ'IHMTE.I’IbeIE

| napameTps1 AnAnepecTpoekiA MepecTpanEaeT reoMETRIIR

Ireumsrpvwl & Komnac 3D. WHCTRYMEHTA.

Math 2 -
“'\‘ e

OnTMmanbHaA pacyeTHasa TOYKa:

ﬂ
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UHdopmauyua o pacuyerte
Yucno urepauymm: 121 D1 R1 R2 R3 R4  result_min_value
Yucno ycnewHo obpaboTtaHHbIx c60oeB B QFORM: 2 73,0 246 234 27,7 9,4 2,59

Bpemsa pacyerta: 72 yaca
www.pim-ural.ru 31




S7Z PLM YPAT
w PesynsTtaTthl

QForm 11.0.2
Pacnpep,eneHMe TO/NWHNHDBI NOC/1IE YHETBEPTOIO nepexoia: 4 nepexog [12] m

3.80
3.70

3.60

(=}
MunaER219666]

3.50

3.40

F 330

r3.20

3.10

3.00

2.90

2.80

2,70

2.60
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A
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2.50

McxogHaa TexHonoruna OnTMMKU3MpPoBaHHAA TEXHONOIMA 240

(MMHMUManNbHaA TonwmHa 2,38 mm) (MMHUManbHaA TonwmHa 2,50 mm)
www.plm-ural.ru
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%4% PLM YPA/T

KomnerteHuun
K nNJim ypan

MpennpoekTHoe obcnenoBaHne

ABTOMaTM3aUMSA NHXEHEPHbIX MPOLIECCOB
npeonpusTus

Pa3paboTka meToank ncrnonb3oBaHus
NPOrpaMmMHbIX NPOOYKTOB

BHenpeHue

TexHn4yeckas nogaepxka

O6y4eHne 1 nosbILEHNE KBaNnuduKaumm
ConpoBoxaeHue paboTbl cneumanncToB
HopaboTka cTaHgapTHOro hyHKUMoHana
[MpoBeneHne TeXHONOrMYeCcKnUx pac4eTonB

ApeHaa nporpaMMHbIX 1 annapaTHbIX
MHCTPYMEHTOB 41151 NH)XEHEPHOro aHanmaa

TexHonorn4yeckasa noMmoLlb
B MMMNOPTO3aMELLEHNN N NOSTYYEHUMN
cybcnamni Ha BHeapeHue

www.pim-ural.ru

MUHeUuWwoM euuAd j
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%Q% PLM YPAN KAMAZ etallurgy

OAO “Kamas-metannypruga”

PacyeTr TexHONMorum wu3rotoBrieHUA OTNUBKU «barnka nepeagHero
MOCTa» U OLleHKa NPoOYHOCTU n3genusa

OnpepgeneHne pedekToB YycadodHOro MNPOUCXOXOEHUA U OCTaTOYHbIX
HanpsbkeHnn, obpasylwmxca npu nutbe 0anok, a TakKke BhUsHME
NMUTENHBbIX OedeKTOB Ha 9KCcrslyaTauyuMoHHble CBOWCTBA KOHEYHOro
n3genuvs.
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FeoMeTpuss OTNNBKU Temneparypa metanna npu Pac4yeT Ha Npo4YHOCTb FOTOBOIO
3anonHeHnn opmel n3nenna ¢ y4eTom NUTENHbIX
nedekToB

www.pim-ural.ru
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[Tonb3oBaTtenu NonuroHCodT B Poccumn

ABVIaLIMOHHaf-I N KOCMU4yecCKaa npombiluNIeHHOCTb
@ @ @ OﬂK SII\:IOI'IM BEAPAHOBA
oK  ogK |28

MK CAMIOT ABWALBWFATEND  KPACHbIH OKTABPb

O60pOHHaA NPOMbDILLIEHHOCTb

x @ 4,
~f 1 ]
= A0 MR cusouernoe osuectso A ;
KOPI'IOPCILIMH NPOM3BOACTBEHHOE OBbEAMHEHME . t 9 : - -

!&cfpzn =AM
Takueckoe g8 AO TMEKB «COI03»

PakerHoe
BoopyxeHue

ATOMHanA APOMDBIWNIEHHOCTb

0 0 ASM-TEXHONOTUN

.’ UHUUTMALL ‘ .’ METPO3ABOOCKMALL @
POCATOM

‘ POCATOM

POPAU-BHWUWNTD
H 'o

POCATOM h’

i
v —
2= &
] Bomxuncxuu
YPaAbCKMiA 3aBOA | 3abod

lpaxaaHckoh ABMaumnmn

MAAK
POCATOM

BHUMHM ‘.
POCATOM ‘

«uedf NLIL» umHeuwo euuAd



https://www.po-mayak.ru/
https://www.po-mayak.ru/

S PLM YPAN
[Tonb3oBaTtenu NonuroHCodT B Poccumn

MeTannypmquKaﬂ NPOMDBIWLNEHHOCTDb )‘KEI’IE3HOp,OpO)KHOE MaLLUHOCTPOEHUE
BT‘?’ CeBepcranb I

3HEprTM‘-IECKOE MalUNHOCTPpOEeHue

» SIEMENS [XI=%
HXMN
\o? WWaassa

MawwunHocTpoeHue ABTOMO6UNIbHAA NPOMbILLNEHHOCTb
e BEL B

N
o awz @B S BEARS

«uedf NLIL» umHeuwo euuAd




ﬁ%l PLM YPA/T

[Tonb3oBatenu B Poccunm n CHI®

ABnaumoHHas NMPOMbLILWIIEHHOCTDb

OMO N IRKUT
@ @ oakK | WM. MN.U. BAPAHOBA @ @ O.E'.K ugl‘-_‘rlvcl)(l::lt(.lle @ 6@ 3,2:;?9 !
OOK @oaK|mm&mte. OOK (@ 0aK | ymmo OAK - e
MK CAMOT ABMAn;rATEnb KYSHELOR @—ABUACTAP-CH )

@ oakK | CATYPH |§

MeTannypruyeckas NnpoMbILINIEHHOCTb

Crynuncican q YENABMHCKMIA
Socrno @) €255~ Duonar Cesepcrans M ificuerns = EBPA3 5D FEFtns

‘. ' ) ’ r 1 n
m m h Bb&iitkmm PYCAJI PYCAJI PYCNOIMMET 7
K K K METAANNYPIAYECKWA o M K 3 He p réomald I -— KyneGakckuit MeTannyprideckuit 3ason
TAFMET 3RBOA
M2 e (] > e SRR o m @ g2t
u - z MAHOCTPOMTERBHYE [ (] CHNAT =J/IEK‘I'I?O('I'/.I/I e‘ “ Bunc x Tﬂb)K{l'l

3ABOMBI
11N3 «CETA/T» KpaM3 ARCONIC
x ExaTepunbyprcxoe
Ekn - Kysueunoe @
‘x' [IpousBOICTEBO D T 4
www.pim-ural.ru
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%4% PLM YPA/T

PakeTHO-KOCMMYecKasa n POMbLIWNEHHOCTb

[Tonb3oBatenu B Poccunm n CHI
N O

‘ ‘)s_(, NALTIFEPDIr-i4dss
=\ I r 5 Vi
aé < /  wnotewoww  HINO SHEPFOMAL //

VM. C.A. ADAHACBEBA T ""‘“"lh"” C.A.IIABD‘-IKVIHA

060p0HHa;| NMPOMbILUSIEHHOCTb

( o
Kopnopauwms

4. NI@SBHNN =

AA;‘:';STF:::?“GU EEEET}E::: KHPfﬂH"P“GOP @ MAO «<MOTOBWIMXWHCKUE 3ABOAbI» 5 B ——
ATOMHas NMPOMbLIWIIEHHOCTb U dHepreTn4eckoe MallMHOCTPOEeHue \

gv (S POTEK
0 . @
g.-, ‘.4.’ e ESC”ATOM {;) on snare '.4-" ASM_CRELCTAY ‘l’ =KMo

POCATOM
CTAPT y
POCATOM

CHNDBEE
(MALHHE

www.pim-ural.ru
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[Tonb3oBatenu B Poccum n CHI

MawwunHocTpoeHue

arncosrs 1Ty G wpz @) = €pk
1, 3AB0A
() iencibit anopy  dist 27 [ Mesttech] z CTH

OCHOBAH B 1898

ABTOMOOUNbHAsA NPOMbILINEHHOCTb

os BELARUS MA:!. @ ROSTAR
ASAF V _

wenmp annoBsYuGNNOEO paIBUmUR

POCNABNbCKMA [N © PR L T R

=S v A=} ABTOATPEIATHbIV E u UE =
3ABOJ] AMO 311 3 ) G

X\4 npoMbILWNeHHOCTb

H3B3

www.pim-ural.ru
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[Tonb3oBatenu B Poccumn n CHI

BY3bl u TexHONnapku

fg) A MNOJZIUTEX MOCKOBCKMA
MUCKnC yhusepcuTer e - noAuTex

umenn nepsoro MpeswgenTa

YHWUBEPCUTET HayKW U TeXHOMOT WA Pocan b.H. Enbuimma Metpa Benukoro

III
Mal
TOMCKUM
MOJINTEXHUYECKUI
’ - . YHUBEPCUTET
(MEMPCKMIA DENEPANMLHLIA YHUBEPTUTE
SIBERIAN FEDERAL UNIVERSITY

MATU

: KasaHckumit penepanbHbii
CH6FI/I ® | YHUBEPCUTET

FOCYAAPCTBEHHbIN
YHUBEPCUTET

www.pim-ural.ru
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ﬁ%t PLM YPATT

Cnacmbo =2a sHmumanme!

MK «MJIM Ypan» phone: 8-800-500-1993
620131, r. EkaTepuHbypr, e-mall:  info@plm-ural.ru
yn. Metannypros, 16 b https:// www.plm-ural.ru

www.plm-ural.ru
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