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Ananoranus

B crarne mpuBoauTCS KOHEYHO-3/IEMEHTHBIN aHAIN3 JIOKAJIU3AIINN TL1a-
cTuwdecKux gedopMalnii B 006/IaCTH Pa3pyLIeHus MOJIEJIHHOTO JIHUCKa IIpU
Bpamenun. [Ipu onpeesieHHON YTUIOBOIT CKOPOCTH BPAIEHUS JUCKA SKCITE-
PUMEHTAIBLHO 3aMevaeTcs «yTsxKKay. Jlanubiit 3pdekT BOZHUKAET MPU I10-
Tepu MaTepUajbHON YCTOWIMBOCTH, SABJISETCH AHAJIOIOM M3BECTHOIO 0Opa-
30BaHUs <«IEHKW» MPU PacTsKeHnu obpasnos. B cumy korneaHnoctu nabiiro-
JIAEMBIX 9KCIIEPUMEHTAIBHBIX TIePeMeIeHnil u jijist obHapyKenus 3 dexra
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KYTSKKU» B UUCICHHOM SKCIIEPUMEHTE YPaBHEHUSI PABHOBECUS WHTETPU-
pyiorcs ¢ yaéroMm kKoneunoctu sedopmaruii. Mojgenbubiit pacdér mpose-
JIeH B KBAa3UCTATHUYECKOI TTOCTAHOBKE C TOMIArOBLIM YBEJINYEHUEM YaCTOThI
Bpairenusd. [lnacrudyeckoe moBeieHue METAJIMIECKOTO CILJIABA MaTepHUaa
JIMCKa OIHUCBIBAETCS COIJIACHO TpeesibHO moBepxuocTu 1'ybepa—Muszeca.
MarepuabHbie TapaMeTpbl, UCIOJIb3yeMbIe B PACIETE OIPEIETEHBI 13 9KC-
[IEPUMEHTAJIbHOM KpUBOH pacTsizkeHust obpasia. Oupemessionye yiupyro-
IUIACTUYIECKUE COOTHOIIEHUS 3AIMMCAHBI B KOHEUHDBIX J1e(DOPMAIUSIX C MYJ/Ib-
TUILIMKATUBHON JIeKOMIIO3UINEil J1ehbopMaIlMOHHOIO TpaJueHTa Ha, yIPY-
I'yIO U IUIACTUYECKYIO KOMIIOHEHTHI. [Ipu OJIHOCTRIO ITacTuIecKoM j1echop-
MHUPOBaHUHU METAJIJIOB B CUJIy TOCTOSTHCTBA IIEPBOIO MHBAPUAHTA, IIJIACTHIE-
ckux jgedopmariuii mporecc pedopMupoBanus 0JIM30K K n3oxopHomy. B Ta-
KUX CJIydasiX JIMHEHHbIE N30IIapaMeTPUIECKie KOHEIHbIE JIEMEHTDI [IPOsiB-
JISTEOT 3 DEKT «0OBEMHOTO JIOKUHTA», HCKAXKATOIINI YUCIEHHBII Pe3y/IbTAaT.
B cuiy 3TOro B BBIYHCIEHUAX WCIIOJIB3YyEeM JBaIIATHY3JIOBblE 00BHEMHbBIE
KOHEYHBIE 3JIEMEHTBI BTOPOI'O MOPSJIKA, KOTOPhIE YKA3AHHON 0COOEHHOCTHIO
He o0sagatoT. Berauciienust IpoBeIeHbl HA aIIapaTHO—IIPOrPAMMHOM KOM-
wiekce UMMEPC — ®@upuecuc. UccnenoBana snepro- u mymModddeKTuB-
HOCTB KJIACTEPa B PACIIPEJICICHHBIX BLIUYUC/ICHUSX. B 3aKJ/IIOYCHUN CTaThU
[IPUBOJIATCS CPABHEHUE YHCJIEHHBIX PE3YJIBTATOB € IKCIEPUMEHTAIHLHBIMU
JTAHHBIMU U YPOBEHBb SHEProdddHEKTUBHOCTH KJIacTepa.

Karouesvie cr06a; KOHEIHO-3JIEMEHTHBIH aHAIN3, MYJILTUIIIUKATHBHAS
IJIACTUIHOCTD, KOHETHBIE JeDOPMAIIAN, BHICOKOIIPOU3BOIUTETHHBIN BHITHC-
JINTEJIbHBINA KJacTep.

Bubauoepagus: 18 nazpanuii.

MODELING THE DEVELOPMENT OF
LARGE PLASTIC DEFORMATIONS IN A
ROTATING DISK IN THE FIDESYS
PROGRAM

S. M. Abramov, S. A. Amel’kin, L. V. Kljuev, K. Ju. Krapivin,
Ju. A. Nozhnickij, A. N. Servetnik, A. A. Chichkovskij (Moscow)

Abstract

The paper presents a finite element analysis of the localization of
plastic deformations in the region of fracture of the model disk during
rotation. At a certain angular velocity of rotation of the disk, an "ejection"is
observed experimentally. This effect occurs when the material stability
is lost, is analogous to the known "necking"in the specimen tension. In
view of the finiteness of the observed experimental displacements and
for the detection of the "tightening"effect in a numerical experiment,
the equilibrium equations are integrated taking into account the finite
deformations. The model calculation was carried out in a quasi-static
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setting with a step-by-step increase in the rotational speed. The plastic
behavior of the metal alloy of the disk material is described according
to the Huber-Mises limit surface. The material parameters used in the
calculation are determined from the experimental tension curve of the
sample. Elasto-plastic governing relations are used in finite deformations
with a multiplicative decomposition of the deformation gradient into the
elastic and plastic components. In fully plastic deformation of metals, due
to the constancy of the first invariant of plastic deformations, the process of
deformation is close to isochoric. In such cases, linear isoparametric finite
elements show the effect of “volumetric locking which distorts the numerical
result. Therefore, in calculations we use twenty-node volume finite elements
of the second order, which have no specific feature. The calculations were
carried out on the IMERS-Fidesis hardware-software complex. The energy
and noise efficiency of a cluster in distributed computations is studied. The
article concludes by comparing the numerical results with the experimental
data and the energy efficiency level of the cluster.

Keywords: finite-element analysis, multiplicative plasticity, finite strains,
HPC cluster.

Biblvography: 18 titles.

1. BBeaenne

Onpepesnerne pa3pyHiaoNIX J9acTOT BPAIIEHUsT U OCTATOYHBIX VIJINHEHUI
JcKoB razorypbunnbix gpurareneii (I'TJ) aeagercs obs3aTebHBIM TpeOOBAHNU-
eM rpu ux npoektupoannu u ceprudukanuu [1]. C 570ii 1mes1b10 06BITHO TPOBO-
JIAT PA3TOHHbIE MCIBITAHUS JINCKOB UJIM DOTOPOB Ha CIIEINUATBHbBIX yCTAHOBKAX [2].
Bajiava 3aMeHbl YaCTU UCIBITAHUI pacdeToM Ha OCHOBE MaTeMaTUIECKON MOjen
SABJISIETCS aKTYaJbHON B CBA3U ¢ HEOOXOIUMOCTBIO COKpaIleHusi (pUHAHCOBBIX M
BPEMEHHBIX 3aTpaT Ha UCIBITAHUSI.

B mnocseiane rogpl 1pu aKTUBHOM Pa3BUTHUU YHUCJIEHHBIX METOJOB, B YacCT-
HOCTH METOJIa KOHEUHBIX 37eMeHTOB |11, 12|, cTaso BOSMOXKHBIM HCCIIEI0BATH
HECYIIYIO CIIOCOOHOCTH JINCKOB CJIOXKHON KOH(UTYpaIuu, UCIoib3oBaTh 3D pac-
YETHBIE CXeMbl COBMECTHO ¢ Teopueil miacrudeckoro tedenus |3, 4|. OcuosHoit
ujeeil MOJEJUPOBAHUS BJIAETCS KBa3UCTATUYECKUI MOIIATOBBIM pACUYET JUCKA
IIpY yBEJIMYEHUHU BHEIIHEH HArpy3KHd Ha PacueéTHYIO Mojeb. /s OosbmmrHCTBA
KOHCTPYKITMOHHBIX CILIABOB, UCIIOJIb3YEMBbIX IIPU U3roToB/IeHnn JiuckoB [T, nan-
HBI TIPOTIECC COMPOBOXKIACTCA Pa3BUTUEM OOJIBINMNUX ILJIACTUYECKUX JedopMarinii
BILJIOTH JIO Pa3pyIIeHus.

B nmanmoit pabore Ha OCHOBaAHUU HUCIOJIH30BAHUS ITPOMBIILICHHOW CHUCTEMBI
npourocTHOro mHKenepHoro anasmsa CAE Fidesys [9, 13, 16, 17| BbimosHeHo
MOJICTUPOBAHUE TIPOIECCa PACKPYTKH MOJICIBHOTO JIMCKA, MOJT JEHCTBUEM TTOCTEe-
MIEHHO yBEJIMIUBAIONIENCS TEHTPOOEKHON HATPY3KH C yIeTOM (DUBUUECKON U I'eo-
MeTpHuUecKoil HesmHeiHocTel [14, 15]. s nposepku paboToCrocoGHOCTH MO-
JIEJIN BBITIOJIHEHO COITOCTaBJICHNE PACUYETHBIX Y/JIMHEHWM HAPYKHOI'O JHUaMeTpa
MOJIEJIBHOI'O JINCKA C SKCIEPUMEHTAJBHBIMU JTAHHBIMU.
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3ajaua pereHa Ha BBICOKOIPOU3BOIUTEILHOM BBIYUCIUTEIBHOM KJIACTEPe
Unmmepc [10] HA OCHOBE CHCTEMBI TIOTPYKHOTO YKUIKOCTHOIO OXJIaK JI€HMUsT, O3B0~
JISTIOITEH TIOBBICUTH TJIOTHOCTD YCTAHOBKHU BBIMHUC/INTEIHHBIX Y3/I0B, CyIIECTBEHHO
CHUBUTH YPOBEHB IIyMa PabOTAIONIEro KJjacTepa, a TaKxKe 00eCIeduTh MOOUIb-
HOCTB PEeIeHUs.

2. IlocranoBka 3aja4un

MaremarmdecKkas TOCTAHOBKA 3aJlavda BKJIIOYAET B cebsd CUCTEMY ypaBHEHUI
paBHOBECHU:

dive + f = 0.

Sanuiiem ypaBHeHUsI paBHOBecusi B cyiaboit (hopmynuposke. B ycioBusx Ko-
HEYHOCTH JiepOpMaIil OHU BBITJISAIAT TaK:

Kpdu = f — / Blodw,

rie
Kr = / BgDTBbdw + / Ng ;0 Ny jdw — KacaTenbHasd MaTpUIla JKECTKOCTH,
w w

f= / NI obdw + ]{ N,tdy — BEKTOp BHEITHUX CHUJI.
w 2!

[Tonyuennas cucrtema HeJIMHEHHBIX ypaBHEHUN peraeTcsd MeToj oM HeioToHa—
Padcona |11, 12].

st cBsA3M HalpsizKeHuit ¢ jiepbopMaliisiMyi UCIIOJIB3YIOTCS THIEPYIPYTOILIa-
CTUYECKHE OIPe/Ie/ISIONe COOTHOIIEHU, T/Ie J1ePOPMAIMOHHBII IPaUEHT 3allu-
ChIBAETCS B BUJI€ MYJIbTUILIMKAIIMOHHONW JEKOMITO3UIINN YIIPYTOM U IIaCTHIECKO
kommonenT F' = FEeFP. HeorykoBcknil MaTepuas ¢ pasfefeHneM Ha 00heMHOe
U3MEHEeHHe U CJBUTL:

K 1 -
=—J|J" — = dev|b®
T 2 Je + ILL [ ]7
riae K, i — yupyrue nmocTossHHbIE,
b = J e
b = FeFe’ = FCP1FT — npaBblii TeH30p yupyrux gedopmaruii Kormm—
['pumna,

CP = FP" FP — jeBbrit TeH30p IactTudeckux Jedopmanuii Komu-I'puna,

J¢ = det [F*].

Ucnonw3yercs knaccudeckoe ycjosue Tekydectu ['ybepa—Museca, 3anucan-
HOe B TepMHHaX HalpsKenuit Kupxrodda
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fu = Ildefrll| = sart (h(a) + ) > 0

¢ MYJIbTUJIMHEHHOW (DYHKITMEN U30TPOITHOIO YIIPOUHEHUS
h(a) = E Er Acy,.
k

SaMBIKAIOIIMI YpaBHEHUsIMI sIBJIsitoTcst yeaoBus Kyna—Takkepa, n3 KoTo-
PBIX OIpeiedeTcsd MHOXKATEb COBMECTHOCTH (v

fy < 0,0é 2 O7dfy(a) = 0.

Tanrennuaababie Moy Ep ONpeessiiores HEloCPEICTBeHHO U3 UCTHHHON
JIMarpaMMbl 1ehOPMUPOBAHMUS.

O6HoBJIeHNE HANIPsIZKEHHUI HA KasKJIOM BPEMEHHOM Iare Tak Ke, Kak M Jiisl
«MasIbIX JiebOpMAITHii» OCYIIIECTBIIAETCH 10 AJITOPUTMY «PaIMaJIbLHOIO BO3SBpATA»
[8]: .

_— _
P _ 52 e -1 _ dev[r] . )

CP " = agtr(b)F~InF, n = poinn — accolMMPOBAHHBI C yCTIOBHEM TEKY
94eCcTH 3aKOH TEUeHus,

J— *

dev[Ty41] = dev|T), ] — 2ulyn,

= I, 7 ok

__ Je e 1 e
H=1dpi1y L1 = gt’f’ [anrl] )

do

KommonenTsl jiaHeapu3oBanHoil TaHreHIMaIbHON MaTpunbl DY = 57, cBa-
€
3aHHBIC C AJI'OPUTMOM «PaJIlajIbHOIO BO3BPaTay», BHIMUC/IAIOTCS Ha KarKJI0i ure-
panuun, 9TO obecrieanBaeT KBaJpPaTUIHYIO CXOAUMOCTD.
Ncnonwzytores 20-Tu y3710BBIe reKcadapaabHble 3JIEMEHTHI 2-TO MOPAIKa Ce-
perjunioBoro cemeiicrsa. s nux dbyskipn dopmer sementa [12] sanucbsaror-

csl CIEJTYIOMINM 0OPA3OM:
=1 (1+&E) (1 +nm) (1 + GO (&€ +nin+ (¢ — 2) — B BepumHAX,

=+ (1-8) 1 +nm) (1+G0),
= (1= (1+& A +GQ),
=10+ €0 (4 mm) — b newpax posep,

3. OO6BbeKThI UCCcJAeJOBaHASA U PAaCcYETHAS MOIEJb

ObObekTamMu HCC/IeIOBAHNUS SBJISJINCH JIBE 3arOTOBKU JIMCKA, OTPE3AHHbBIE OT
npyTtka jguamerpom 330 mm u3 cragun DUM961-m. U3 nepBoit 3aroToBKu ObLIT 13-
TOTOBJICH MOJICJBHBI JIUCK JIJIsi PA3TOHHBIX MCIbITaHuil (puc. 1a), a m3 Bropoii —
JIECATH IUJINHIPUIECKUX 00PA3IOB JIjId UCHBITAHUN HA Pa3pbIB JIId TTOCTPOCHUS
dyHKIIMN ympouHeHus.

Pasronnble ncnblTanns AucKa MPOBOJIUINCH IIPU HOPMAaJIbHON TeMIIepaType B
OJIMH TAIl JI0 pa3pylieHus Ha (gpparMeHTsl. B mporiecce mpoBeieHnst UCIIBITAHUS
BBIIOJTHSAJINCH 3aIIMCU YaCTOThl BpAIlleHUs U V/JIMHEHUs HapYyXKHOTO JuamMeTpa
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JICKA 110 METOJLY, OIIMCAHHOMY B paborax |2, 5|. O6bEeKT pa3pyIIuics Ipu 9acTo-
Te Bpairenus 24 282 06 /MUH, TIPU TOM YIJINHEHIE HAPYZKHOIO JIHaMeTpa JUCKa B
MOMEHT pazpyiienus coctasuiio 4,4 mm. Ha pucynke 16 mokasan pa3pyIuBIIii-
¢ MOJIETIbHBIN JUCK. [lepButvHOe pazpylienre TpOU30ILIO MO IUINHIPUIECKOMY
cedeHuio Ha pajmyce R=55 mmM.

Ouenka HecyIIeil CriocCOOHOCTH JIUCKA 10 TeOPUH TIPeJIeILHOTO paBHOBecHst [6]
IoKa3aJia, 9YTO pa3pylleHne JUCKa HACTylaeT B IUJINHPUYECKOM CeYeHUH Ha pa-
nuyce R=56 mm ipu gacrore Bpamienus 23 100 06/MuH, 9TO YI0BIETBOPUTEIHHO
COBIIQ/IA€T C pe3y/IbTaTaMH UCIbITAHUI.

& 310 mm

Puc. 1: Dckusz MojiesIbHOTO JucKa (&) U XxapakTep ero paspyiienus (6)

Ucnbrranmst 06pas3nos Ha pa3pbiB MpoBoaninch B coorserctsuu ¢ ['OCT 1497-
84 mpum HOpPMAJIFHOI TeMIlepaType C HEelPEPBIBHOI 3alMChIO JuarpaMMbl 1edop-
MUDOBaHMsI JI0 MOMEHTa Haudaja oOpa3oBaHus <«IleiKu» B obpasie (puc. 2a).
[locTpoennas 10 cpeTHUM 3HAYEHUSAM MEXaHMYECKUX XapaKTePHUCTUK yCJIOBHAs
KpuBas JedopMupoBanus npejcrapiena Ha pucyake 20. [IItpuxosoii innueit mo-
Ka3aH y9aCTOK JIMarpaMMbl PACTAXKEHU MTOCJIe Hadaia 00Pa30BaHUs «IEHKU».

Pacuérnasa mMomenb Jucka IpejacrasigeT coOOil CEKTOP € yIJIOM B OCHOBa-
arn 90° (puc. 3). [lo MepuauoHATIBHBIM CEUEHUSM CEKTOpa 3aJaHO TDAHUTHOE
yCJIOBHE B BHJE DPaBEHCTBA HYJIIO OKPYXKHBIX IlepeMerneHuil. K xaxmpomy ysmy
pacIEéTHON MOJiesn IPUKJIaJIbIBaIach IIEHTPOOeKHAsA CHIIA, IPOHOPIHOHATbHASI
KBaJIpaTy YaCTOThI BpallleHUs U TEKYIIeMy PaJuycy, f = pw?7. Jla nocrpoenus
dbysKIIME yIpoYHEeHNA OBLIO BBIIOTHEHO IEPECTPOCHUE YCIOBHOM KpuBoil 1echop-
MUPOBaHUS B UCTHHHYIO B COOTBETCTBHU C JOIYIIEHUEM O IOCTOSHCTBE 00beMa
paboteit qacTi 06pasna 0 U MOCJIe IIACTUIECKOro gedopmuposanus [7].
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Puc. 3: K9 cerka Mone/IbHOro Imncka

4. OcobeHHOCTHU pacd€eTa HA BbICOKOIIPOU3BOINTEIb-

HoMm kJractepe IMMEPC

Kak mokazano Ha pucyHke 3, pacdyéTHas ceTKa JJIsl IIPOBEJIEHUS YUCJIEHHO-
IO 9KCIIEPUMEHTa COCTOUT U3 OOJIBIIOTO YHC/Ia dJeMEHTAPHbIX sdeek. [l KaxK-
011 sTueiiKi He3aBUCUMO ITPOBO/IATCS. pACUETHI, IO3TOMY MaKCUMaJIbHOI CKOPOCTHU
BBIYUCJICHUN MOYKHO JIOCTUYDb IIPU UCIIOJIb30BAHUN MYJILTUIIPOIECCOPHBIX CUCTEM.
Boranciurenbnas 3¢dbdGeKTUBHOCTE aJaropuTMa pacdéTa olnpeiesndercd popMytoit
Anpasa |18, osHaKo yBeJnUeHne KOJMYECTBA MIPOIECCOPOB BIEYET IKCIIOHEHIH-
aJIbHBIN POCT sHepro3arpar. Vcmob30oBanne COBpEMEHHBIX CYIIEPKOMITBIOTEPHBIX
CUCTEM JIJId 3aJlad MAaTEeMaTUYECKOTO MOJEIUPOBAHUS CJIOZKHBIX CUCTEM HEpas3-
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PBIBHO CBSI3AHO € IPOOJIEMOIl BBICOKOI SHEPTrOEMKOCTU BBIMHC/ICHUN. DHEPrOEM-
KOCTBb BBIUHCJIeHUiT B Hacrosiee BpeMms e npesbimaer 10 ['dronc/Br, a PUE
BBIYUC/IUTEEN C BO3MYNIHBIMU CHCTEMAMM OXJIaKJIeHWd — He MeHee 1,35, 9TO
P MAaKCUMAaJIbHOM BBIYUCIUTETHLHON 3(DEKTUBHOCTH AJITOPUTMOB PACUETa MH-
TEHCUBHOCTU BBIMUCJIEHUN TTPUBOIUT K HEOOXOIMMOCTU 0DECIIeYUBATH MOITHOCTD
BBIYUCIUTETLHON MAMHBI Ha ypoBHE 65 — 70 KBT. YunThiBas, 4To Best oTped1s-
eMas BBIYUCUTEIbHAas MOIIHOCTDL PACCEeMBAECTCA MEHTPOM 00pabOTKM JIAHHBIX B
BUJIE TeIlIa, MOKHO PACCMATPUBAThL TAKON CYIEPKOMITHLIOTED KaK UCTOYHUK Tell-
JIOBOT'O 3arpsa3nenus. [loaTomMy monck BO3MOXKHOCTHU yBeJIUYEeHHST SJHEPTeTUIeCKOM
9P DEKTUBHOCTU BHIYUCTUTETBHBIX YCTAHOBOK — aKTYaJIbHAs 3a/1a1ua, KOTOPas MO-
JKeT OBITH pellleHa KakK 3a CYET UCIIOTb30BaHUsI MHHOBAITMOHHBIX CUCTEM OXJIAZK e~
HUsA, TaK U 3& CUYET yBEJIUYCHHUS IJIOTHOCTH PACIOJIOKEHUS TEIIOBBIIEISAIONINX
BBIYUCIUTETbHBIX TLIAT.

5. PesynbpTaThl pacuera

OﬂHI/IM n3 XapaKTEPHbIX Ha6JIIO,Z[aeMBIX B HaTyprIX IKCIIEpUMEHTaX ABJIE-
HUIT, BOBHUKAIOIINX HEeIOCPEJCTBEHHO Iepe]] pa3pylleHueM JIUCKa, SBJISeTCS JI0-
KaJIN30BaHHAs <«yTIyKKa» JUCKa, sABJIAIONAACS aHaJIOrOM <«IIefiKi» B obpasle U
XapaKTepU3yIoascs pPa3sBUTHEM HEJIMHEHHOI yIpyroIacTuIecKoil HeycToiun-
Bocru. Jlyist MogempoBanus JaHHOro 3 eKTa BBIIOIHEHO OOJILIIOE KOJITICCTBO
[IArOB HATDY?KeHUs (C IMOCTENeHHO YBeJIMINBAIOIIEHCsT YaCTOTON BPAIEHUST JIHC-
Ka) u urepanuii Hesmueitnoro ajgropurma (Meroga Heiorona-Padcona) B pamkax
KazKJIoro mara. 1Ipu 3ToM BBH/Ly BBLICOKOIl HeJIMHEHHOCTH 3a/a4dy MPHUILIOCH 3a-
JIefiCTBOBATD IIPSAMOIl pelaTesb CUCTeM JIMHEHHBIX aareOpandecKux ypaBHeHMI,
KOTOprZ dABJj1deTcd HaH60ﬂee Tpe60BaTeﬂbeIM K BbIYUCJIUTEJIbHBIM pecypcaM.

Pesynbrarsl pacuéra yuimHEHUN HAPYXKHOTO JUAMETpPa MOJIEJIHHOTO JNUCKA U
UX COTOCTABJICHUE C SKCIEPUMEHTAJbHBIME JIAHHBIME [IPEJICTABICHBI HA PUCYH-
ke 4. Buano, 4To KpuBBIE TPEKpPACHO COIVIACYIOTCA MexK 1y coboit. Hauwmnas c
gacrorsl Bparierus 20 000 06/MUH IPOUCXOUT CYIECTBEHHOE N3MEHEHHe CKOPO-
CTH POCTa YJJIMHEHUI MOJIEILHOTO JIMCKA, a IIPHU IIPUOJIMKEHIN K pas3pyIraonei
JacTOTe BpAIEeHHUsI 3aBUCUMOCTH OJIM3Ka K BepTUKaJ bHON jmHuu. Ilpu vacrore
Bparienusi w = 24 375 06/MuH, 6JIM3KON K PaspyINeHn0, MaKCUMAJIbHBIE I1J1a-
cruveckne JedopMaliny JOKaJIu3yTesd Ha pajauyce aucka R = 50-60 MM ¢ 00-
pa30BaHUeM <«YTsKKU» (PDHCYHKH b 1 6), 9TO COrIacyeTcs ¢ 30HON paspyIleHust
MOJIETBHOTO JIUCKA.

[TpoBesieHHbIe PACYETHI IMCKa Ha BeraucauTebHOM Kiaacrepe UMMEPC [10],
[TOKA3aJ/Ii, YTO IPU COXPAHEHUN MHTEHCUBHOCTH BBIYUCIUTEIBHOIO IPOIECca 3a-
TpaThl SHEpruu CcHuzKalorcs Oosee dem Ha 25%. Takum obpasoM, HOrpyzKHBIE
cucrembl UIMMEPC obecnieauator Benuunay PUE, ne npessrmaromntyio 1,05.
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6. 3akJirouyeHue

B pesynbraTe ampobarun mporpaMMHO-AIIapaTHOrO KOMILIEKCa Ha OCHOBE
CAE Fidesys u rexunonoruit UMMEPC 06buta periena 3ajadqa MOJICTHPOBAHUS
pa3BuUTUs OOJIBIINX ILIACTHIECKUX JAedopMaliiii BO BPAIIAIOIIEMCS MOIEILHOM
ucke. Pe3ynbraThl pacdéToB ¢ UCIOJIb30BaHUEM Mojieseil (hu3maeckoit u reomMeT-
PUYeCKOl HeJMHEHHOCTeH OKa3a/al OTJIMYHYIO CXOJAUMOCTH C IKCIECPUMEHTAJIb-
HBIMU JaHHBIMU.

1 1 ] I
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0 DKCHEPHMEHT

._.
-
e

<

“acrora ppamenns, o0/ MuH 101

Puc. 4: Pacuérnaa n 9KCIIEpUMEHTaJIbHasd KPUBbIC YIJIMHECHNA HAPY2KHOI'O IUa-
MeTpa MOAEJIbHOT'O JHUCKa B 3aBUCUMOCTH OT YaCTOTbI BpallleHUA

Piasic Sirain Mises.
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Puc. 5: Pacnpejesienne miactudeckux JedopMalinii B JIMCKe P 9acTOTEe Bpa-
mennst w = 24375 06/MuH (pasMepHOCThb Ha IIKaJe — OTH. €J1.)
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Puc. 6: Pacripejiesienrie 0ceBbIX epeMeNIeHN B MOJAETLHOM JIUCKE ITPU JacTOTe
Bpamienns w = 24375 06/Mun (pa3sMepHOCTh Ha MIKajIe — M)
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