MuHHCTEpPCTBO HAYKH U BbIcIIero oopasosanusi P®
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hamnpasienune noaroToBku/cnenuaibHocTh: 15.04.06 MexaTpoHHKa U po6OTOTEXHHKA

HaumeHoBaHue o6pa3oBaTejibHON nporpaMMsel. PazpadoTka KOMIBIOTEPHBIX TEXHOJIOT Uil yIpaBIeHUS U
MaTeMaTH4ecKOro Mo/e1MPOBaHUs B POOOTOTeXHIKEe U MeXaTPOHHKe

YpoBeHnb 00pa3oBaHusi: Bbicliee 00pa3oBaHMe - MAaruCTpaTypa

®opma o0yuenusi: OuHas

Pabouast nporpaMma QM CHUILIHHBI
OIITUMAJIBHOE ITPOEKTUPOBAHUE

bJaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yacrtb 00pa3oBaTesbHOM
NPOrpamMMblI:

Yacrb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBLIX OTHOIIEH Uil

Ne IMCHUNJIMHBI 0 YYeOHOMY
IJIaHy:

51.4.03.02.02

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

3 cemecTp - 4,

Yacos (Bcero) no yueoHomy
MJIAHY:

144 yaca

Jlekuuu

3 cemecTp - 16 yacos;

HpaKTuquKne 3aHATHA

3 cemecTp - 48 yaca;

JlabopaTopHbie padoThI

He NMPeyCMOTPEeHO YUeOHbIM MJIAHOM

Kouncynbranuu

3 cemecTp - 2 yaca;

CamocTrosiTesibHasi padoTa

3 cemectp - 77,5 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEeHO YUeOHbIM MJIAHOM

HNnasa koHTakTHas padora

MPOBOAUTCS B PAMKAX YaCOB Ay/IMTOPHBIX 3aHATHI

BKJIIOYAS:
TecTrupoBanue
KontpoabsHas padora

IIpomeskyTouHast aTTecTALUS:

IK3aMeH

3 cemectp - 0,5 yaca;

MockgBa 2021




NPOI'PAMMY COCTABMUJI:

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»
CseneHva o snagensuye L3N M3K

Bnageneyu Llyropes B.H.
[IpenomaBaTelib Naentudneatop _ BAI6ab 1-5hchugorevVN-369b8b4 B.H. lllyropes
JIOJKHOCTD TOAINCH acimu@ppoBKa
p P
TIO/AITUCH)
COI'JTACOBAHO:
MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»
P%IKOBOI[HTeHL w CseneHva o snagensuye L3N M3K O B
00pa30BaTCIIbHON Brageney, CBUPUAEHKO O.B. "
HpOFpaMMBI WUaeHTudMKaTOp R9097b88f-SviridenkoOV-16830d5 CBI/IpI/IHCHKO
(OJIKHOCTB, YUeHasl CTETICHb, YUCHOE (mozmuch) (pacmudpoBKa MOIIHCH)
3BaHKE)
MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»
3aBeHy}0]_qu/'1 BLIHyCKaIO]_[Ieﬁ CseneHva o snagensuye L3N M3K
s é Bnageneyu MepKkypbeB U.B.
Kadeapbl * Mo - NaerTbnratop Rd52c763c-MerkuryevivV-1e4as83 N.B. MepkypbeB
JIOJDKHOCTD, YY€HAs CTEIICHb, YYEHOE TOAINCH acmu(ppoBKa IMOAUCH
y4 y4 p p

3BaHKE)



1. IEJIX 1 3AJTAYU OCBOEHUA TN CHUITJIMHBI
Ienp ocBoeHUs] AMCUMILIMHBI. [I3ydeHue M peanmsanus MaTeMaTHYECKHX METOJOB PEIICHHUSA

3aaad OIITUMAJIBHOTO

IIPOEKTUPOBAHMUS,

HEO0OXOAUMBIX B

IIPOEKTHO-KOHCTPYKTOPCKO,

HpOI/ISBOI[CTBCHHO'TCXHOHOFquCKOﬁ u HaquO'HCCHCHOBaTGHBCKOﬁ ACATCIIBHOCTH CTYACHTA

33[[3‘11/1 AUCHHUIIIMHBI

- O6yquI/Ie CTYACHTOB MAaTEMAaTHUYCCKUM METOJaM PCUHICHUA 3a1a4 OIITUMaJIbHOT'O

IIPOEKTHPOBAHNUS;

- BrinonHeHne OCHOBHOIO IIUKJIA PEIICHHUS 3a1a4 ONTUMAIbHOIO IPOEKTUPOBAHUS KOHCTPYKLIUMA
(KOppeKTHasi IOCTaHOBKA 3a/1a4y, BIOOP U UCCIIEI0BAaHUE METOOB PEILICHUS, aHAJIU3 PE3YJIbTATOB) Ha
IIpUMEPE MOJEIBHBIX U PEATbHBIX KOHCTPYKIIMIA;

- O0yueHue CTyICHTOB METOJJaM UMCIIEHHOTO PELIEHUS 3a7a4 ONTUMU3AalUY KOHCTPYKIUH,
peaNM30BaHHBIM B COBPEMEHHBIX TPOrPAMMHBIX KOMIUIEKCAX;

- O0y4eHue CTyIeHTOB IPUMEHEHHUIO CIEIMATU3UPOBAHHOTO MTPOrPAMMHOTO 00eCTICUeHUS JUIs

pE€UICHUA 3a4a4 OIITUMU3AIUH.

CDOpMI/IpyeMLIC y o6yqafomeroc>1 KOMIICTCHIUHU U 3allJTAaHUPOBAHHLBIC PE3yJibTaTbl Oﬁy‘IEHHﬂ 10
JUCHUIITIMHE, COOTHCCCHHBIC C HHANKATOPaAMHU JOCTUKCHU A KOMIIeTEeHIIMIi:

KOI[ U HAMMCHOBAHHEC
KOMIICTCHIIMH

Koa 1 HamMeHOBaHHUeE
HHIMKATOPA T0CTHKEHHS
KOMIIETEeHI{UH

3annaHupoBaHHbIE Pe3yJbTATHI 00y4eHH s

I1K-1 Cniocoben
pa3pabaThiBaTh
TEXHUUYECKOE 33/1aHKe Ha
MIPOCKTUPOBAHHUE
MEXaTPOHHBIX U
POOOTOTEXHHUUECKUX CUCTEM
UX MOJICUCTEM, Y4acTBOBATh
B pa3paboTke
KOHCTPYKTOPCKOH U
MPOEKTHOM TOKYMEHTALIMHN
B COOTBETCTBUHU C
UMEIOIITIMICS CTaHapTaMu
U TEXHUYECKUMU
YCIIOBHSIMU

N /1-3nk-1 Beioupaer
ONTHMAJILHBIC PEIICHUS TIPU
pa3paboTKe MEXaTPOHHBIX U
POOOTOTEXHUUECKUX CUCTEM U
WX TOJICUCTEM Ha OCHOBE
aHaym3a u 0000IIeHNUs
OTEYECTBEHHOTO U
3apyOeKHOTO0 OMBITAa B 001aCTH
WX MPOCKTHUPOBAHUS

3HATh!
- MeTo1bl MHOTOMEPHOM ONTUMU3ALIUU C
y4e€TOM OrpaHudyeHuii: reopema Kyna —
Taxkepa, merox bokca, MeTos mTpadHbIX
¢byHkuui, Mmeto1 6apbepoB;

- Metonpl pemieHus 3a1aq
MHOTOKPUTEPUAIbHON ONTUMHU3ALINH,
METO/Ibl TOCTPOEHMSI MHOKecTBa [lapeTo-
ONTUMAJIbHBIX PEIICHUMN.

YMETh:
- BeiOupate Hanbonee 3¢ (hexTUBHBIN B

JTAHHBIX YCIIOBUSX METOJ] PEIICHUS 3a/1a4H
ONTUMU3ALNH;

- Oco3HaBaTh OCHOBHBIE MTPOOIIEMbI
ONTUMAJILHOTO MTPOEKTUPOBAHUS
KOHCTPYKIIUH, IPH PEIIEHHH KOTOPBIX
BO3HHUKAET HEOOXOAUMOCTh B CIIOKHBIX
3aja4ax BbIOOpa, TpeOYyIOmUX
UCTOJIb30BaHUS KOJMUECTBEHHBIX U
Ka4eCTBEHHBIX METOJIOB;

- [IpuMeHATh U3yUYeHHBIE AITOPUTMBI
ONITUMU3AINH K PEIICHUIO TPUKIIATHBIX
MPOEKTHO-KOHCTPYKTOPCKHX,
MIPOU3BOICTBEHHO-TEXHOJIOTUIECKHUX H
HAyYHO-MCCIIEJOBATEIbCKUX 3a/1a4 Ha 0aze
COBPEMEHHBIX KOMITHIOTEPHBIX
TEXHOJIOTUH.




2. MECTO JJUCHUILJIMHBI B CTPYKTYPE OBPA3OBATEJILHOM NPOT'PAMMBI BO

JucuumnimHa OTHOCUTCA K OCHOBHOM mpodecCHOHaIbHOM 00pa3oBaTeNbHON IporpaMme
Pa3paboTka KOMITBIOTEPHBIX TEXHOJOTUH YIPABICHUS ¥ MaTEMaTHYEeCKOrO MOJCIUPOBAHUS B
poboTorexHuke U mMexatponuke (manee — OIIOII), nanpasnenus noarotopku 15.04.06 MexaTpoHuka u
poOOTOTEXHHKA, YPOBEHb 00pa30BaHMsI: BBICIIEE 0Opa30BaHKE - MATUCTPATYpa.

TpeGoBaHMsI K BXOJHBIM 3HAHHUSIM U YMCHHSIM:

- 3"HaTh [luctumimHa 6a3upyercs Ha JUCHUILIMHAX OakanaBpuata mo HanpasieHuto 15.03.06
MexaTpoHrKa U poOOTOTEXHHKA

- ymeTh JucnuminnHa 6a3upyercs Ha AMCUUIUIMHAX OakanaBpuata 1o Hampasieruto 15.03.06
MexaTpoHHKa U poOOTOTEXHHKA

PesynbTarel 00yueHus1, MOTYYCHHBIE TIPU OCBOCHUU JTUCIUTUIHHBI, HEOOXOIUMBI IPU BBIMOJTHEHUN
BBIMTYCKHOM KBaTU(UKALMOHHON PabOTHI.



3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET 4 3a4eTHBIX eMuHUIIbI, 144 yaca.

Pacnipenenenue Tpy10eMKOCTH pa3zena (B 4acax) Mo BUJIaM y4eOHOI paboTh

Pasnenbl/TeMbl § 5| e ™
Ne JTUCIUTUTAHBL/ (D OPMBI g 2|8 OHTaKTHas pabora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAINH 8| © | Jlex JIab | Ip A CeMECTDE aTTeCTalluu
o KITP 'K HKKIT | TK p /KOHTPOITH
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 MaremaTHueckas 8 3 2 - 2 - - - - - 4 - Ilo020mo6Ka K KOHMPOILHOU padome:
[IOCTAaHOBKA 3a/1a4 ITonrotoBka k Tecty 1. OcBoeHHUE 3HAaHUII 11O
ONTHMU3AINU pazneny 1. [Ipaktuka B opMyTupoBaHUN
11 MaremaTtuueckas 5 1 - 2 - - - - - 2 - MPOCTEHIINX 3a/1a4 ONTUMHU3ALMNY:
MOCTaHOBKaA 33134 oInpeieieHue apaMeTpoB MPOSKTUPOBAHMUS,
ONTHMU3AINU (dopMmynrpoBaHue LeneBol GpyHKINY,
1.2 O030p COBpEMEHHOTO 3 1 - - - - - - - 2 - cocTaBJIeHUE (QYHKIIHH-OrpaHUICHHH.
COCTOSIHMS CPEZICTB Knaccugukamnms momydeHHOH 3a1a49u.
penieHus 3agad H3yuenue mamepuanog iumepamypubix
ONTHMU3AINN UCIOYHUKOB:
[2], 17-35
[7], 15-36
2 MaremaTHueckue 12 2 - 4 - - - - - 6 - Ilo0z0mogKka K KOHMPOILHOU padome:
METO/Ibl OHOMEPHOI IToxroTtoBka k Tecty 2. OCBOEHHUE 3HAHUIL 11O
ONTHMU3AIINU paszgeny 2. IlpakTika HCIOIB30BAHUS
2.1 OnHoMepHast 12 2 - 4 - - - - - 6 - aJTOPUTMOB OJJHOMEPHOU ONTUMHU3AIINH Oe3
ONTHUMHU3ALHS OTpaHHYEHUIl: mepedop Ha CeTKe,
YETBIPEXTOUEYHBIE METOBI, METOJ XyKa-
JxuBca, METOJI CITy4ailHOTO IIOUCKA.
OTtpaboTKa MPUMEPOB, IEMOHCTPUPYIOLINX
JIOCTOMHCTBA M HEJIOCTATKN M3Y4EHHBIX
METOJIOB ¥ TPaHHMIIBI UX IPUMEHUMOCTH.
Peanu3anust n30paHHBIX aITOPUTMOB Ha SI3bIKE
APDL B kommiexce ANSYS.
H3yuenue mamepuanog numepamypHsix
UCHIOYUHUKOB:
[6], 28-46
3 MaTteMaTHaecKue 28.0 4.0 - 10 - - - - - 14 - Iloozomoexka K KORmMpobLHOU padome:
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MCTObI MHOFOMepHOﬁ
OIITUMH3AIIMH

[ToaroroBka k Tecty 3. OcBOeHUE 3HAHUI 1O
pazneny 3. [IpakTka UCIOIB30BaAHUS

3.1 CuMIUIEKC-METOIbI B 4.5 0.5 2 2 aITOPUTMOB MHOTOMEPHOW ONTHMH3aLUH 0e3
3a1ayaX MHOTOMEPHOM orpaHu4eHuil: Merton Xyka-J[uBca, MeTOX
ONTUMHU3ALNH Hennepa-Mupa, rpaiueHTHBIE METOABI,
3.2 MeTons! cxy9aifHOTO 2.5 0.5 - 2 HBIOTOHOBCKHE METO/IbI, KBa3HHHIOTOHOBCKHE
MIOMCKA B 3a/1a9ax METO/IBI, METOABI CITy4alfHOTO TTOHCKA.
MHOTOMEpPHOI Bersanenue u hukcanus TOCTOUHCTB U
ONTHMU3AINN HEJIOCTATKOB N3yYEHHBIX METOJIOB ¥ TPAHUI] UX
3.3 Mertost 4.5 0.5 2 2 pUMEeHUMOCTH. Peanuzanust n30paHHbIX
TIOCJENOBATENBHBIX anropuT™MoB Ha s3sike APDL B komIiekce
HaTpaBJICHUH B 3aa9ax ANSYS.
MHOTOMEPHOM H3yuenue mamepuanog 1umepamypHsix
ONTUMH3AINU UCHIOUHUKOB:
3.4 | Metoa Xyka-/IxuBca B 4.5 0.5 2 2 [2], 150-180
3a7]la4aX MHOTOMEpPHOM [3], 14-53
ONTUMH3AINU [4], 24-31
35 I'pagueHTHBIE METOIBI 5 1 2 2
MHOTOMEPHOU
ONTUMH3ALINU
3.6 | HeroToHoBCckMe meToapl | 4.5 0.5 2 2
MHOTOMEPHOH
ONTHMU3AINU
3.7 Jluneiinoe 2.5 0.5 - 2
IIPOrpaMMHpPOBaHHUE
4 OCHOBHBIE METOJIBI 26 4 12 10 Ilo020mo6Ka K KOHMPOILHOU padome:
pelieHus 3aad ¢ [MoxroToBka K KOHTPOJIBHOM pabote 1.
AKTHBHBIMH U [ToBTOpEHMe 3HAHNUIT, TOITyYEHHBIX TIPH
MACCUBHBIMU n3ydeHuu pazzaenoB 1-3. OcBoeHue 3HAHMIA MO
OrpaHUYCHUSIMU paszgeny 4. IlpakTika pemeHus 3a1a4 ¢
4.1 OnTuMu3ays B 14 2 6 6 OTPaHUYEHUSIMHU-PABEHCTBAMH U
3aa4ax ¢ MaCCHBHBIMU OTpaHNYECHUSIMI-HEPaBEHCTBAMH. Pemerne
OrpaHUYCHUSIMU 3a7a4 C OTPaHWICHUSIMHI-PABCHCTBAMH C
4.2 MHOTrOKpHUTEpHAaTbHAS 12 2 6 4 [IPUMEHEHUEM METOJ1a MHOKuTeel Jlarpanika.
ONTHUMU3ALIHS Pewenne 3a1a4 ¢ orpaHNYEeHUSIMU-

HEPaBEHCTBAMU C IPUMEHEHUEM TEOPEMBI
Kyna-Takkepa. Pemenue 3agau c
OrpaHUYEHUSIMU TP oMol MeToaa bokca.
DopmynmpoBKka mTpadHBIX U GapbepHBIX
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¢bysknuit. Mcnosip3oBanue 6apbepoB s
aNMPOKCUMAITUH OTPAHUICHUH-PABCHCTB.
Peanu3aiius n30paHHBIX aJrOPUTMOB Ha A3bIKE
APDL B xommnekce ANSYS.

H3yuenue mamepuanos 1umepamypHblx
UCHOYHUKOG:

[5], 68-78
[7], 109-142
5 [IprmMeHeHe METOIOB 34 4 - 20 - 10 - Iloozomoeka pacuemuo-zpaguueckozo
ONTUMM3ALUH K 3adanua: [1oAroTOBKA K BBIIIOJIHEHUIO 3a1a4 1
pelIeHuto 3aaa4 u 2 PI'P. IloBTOpeHue 3HaHUH, TOTy4YCHHBIX
ONTUMAJILHOTO IIpU U3y4eHUH pasnenoB 1-4. OcBoeHue 3HAaHUH
NPOEKTUPOBAHUSA o pazzgeny 5. [IpakTuueckoe npuMeHeHUE
TUTIOBBIX KOHCTPYKITUI MOJIyYCHHBIX 3HAHUH K PEIIeHHIO 3a/1a4
5.1 OnrumainbHoe 9 1 - 6 - 2 - ONTHMAJILHOTO ITPOEKTUPOBAHUS KOHCTPYKIIHUHL.
MIPOEKTUPOBAHUE DopMynupoBaHHE 3a7jay MPOSKTUPOBAHUS
CTEep>KHA NOCTOSHHOTO PaBHONPOYHBIX KOHCTPYKLUUHN NpU HAITUIUU
1 IEPEMEHHOTO orpannueHuil. [IpakTuka pemenus 3agad
CEUYEHMSI C LIENbI0 MHOTOKPHUTEpPHAIBHON ONITUMU3ALNU. AHAIN3
OTCTPOMKH MEPBOM [TapeTo-onTUManbHBIX MHOXKECTB, KpUTEPUU
COOCTBEHHOM 9aCTOTHI BEIOOpa pemreHus. Peamu3amnus n30paHHBIX
KoJieO0aHUH OT OMACHBIX anroputMoB Ha s3bike APDL B koMIIekce
PE30HAHCOB C YYETOM ANSYS.
MUHHMH3AIUN MaCCHI H3yuenue mamepuaios 1umepamypHylx
5.2 OnrumainbHoe 11 1 - 6 - 4 - UCOYHUKOB:
MPOEKTUPOBAHKE [1], 952-996
KOJIbLIEBOU IJIACTHUHBI
MIePEMEHHOMN TOJIIUHBI
MIPU OCECUMMETPUIHOM
n3rube
5.3 IIpoextupoBanue 14 2 - 8 - 4 -
PaBHOMPOYHBIX
KOHCTPYKIUH
DK3aMeH 36.0 - - - 0.5 - 335
Bcero 3a cemecTp 144.0 16.0 - 48 0.5 44 335
Hroro 3a cemecTp 144.0 16.0 - 48 2 - 0.5 715

IIpumeuanue: Jlex — nexiuu; JIab — nabopatopusie padotsl; [1p — npaktuyeckue 3ausatust; KIIP — ayautopHble KOHCYAbTAIMK 110 KYPCOBBIM
npoektam/padotam; MKKII — nnauButyanbHble KOHCYIBTALUMH 110 KypCOBBIM IpoekTam/pabotam; I'K- rpymnmnoBsie KOHCYIbTallMK TIO pa3ienaM




muctumuael; CP — camoctosrensHas padora cryaenta; MKP — nnas konraktHas padota; TK — Texymmii KoHTpoib; [TA — nmpomexyTouHas
aTTecTalus



3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Mamemamuueckas nocmanoska 3a0ay ONMuMU3ayuY

1.1. MaremaTnueckas MOCTaHOBKA 3a/1a4 ONTUMU3ALAN

[TocraHoBKa  3agay  ONTUMAJIBHOTO  IPOEKTHPOBAaHUS  KOHCTpykKumil.  ITapamerpsl
IPOEKTUPOBAHUS, TapaMETPbl COCTOSIHUSA U IapaMeTpsl kauecTBa. LleneBas QpyHKIus, maccuBHbIC U
aKTUBHBIC orpaHndeHus. lleneBpie QyHKIMM (KPUTEPUH ONTHMH3AIMHK) B 33Ja4aX ONTHMAaJIbHOTO
IPOEKTHPOBaHUs KOHCTpyKuuiH. Kiaccudukauus ontumuzanuoHHbIX 3agad.. OOmas cxema
pelleHus: ONTUMU3ALMOHHBIX 3a1a4.. Kpurepun 3aBepiueHus noucka..

1.2. O630p COBPEMEHHOI'0 COCTOSIHUSI CPEJICTB PEILIEHUS 3a/1a4 ONTUMHU3ALIH

[TapameTpuueckasi, TOMOJOTHYECKAss W Tomorpaduyeckas ONTUMH3AIMA. 3aJa4d TII00aTbHON
ontumuzanuu. Ilouck MuHUMyMa MyabTUMOAAIbHOM (GyHKIMH. COBpEMEHHBIE CTOXACTHUECKUE
METO/Ibl. DBOJIIOLIMOHHBIE anropuTMbl. PoeBrie anropurmsl. CoBpemenHoe [10 s pemenus 3anay
ontumuzaiuu. TecroBblie GyHKIUMU. O0IACTH NPUMEHUMOCTH Pa3IMYHBIX METOA0B ONTUMH3ALUH.
O BrYHCAUTENBHOMN 3()(HEKTUBHOCTH Pa3IMYHBIX METOI0B ONITUMHU3AIIHH. .

2. Mamemamuueckue memoobl OOHOM@DHOI:Z onmumusauyuu

2.1. OgHOMEpHas ONTUMHU3AITUS

Merton AMXOTOMHM B 3a7adyax OJHOMEPHOM onTuMu3zanuu. CKOpPOCTh CXOAMMOCTH METOJa
JUXOTOMUHU. YeTBIPEXTOUCYHBIE CHUMMETPUYHBIE QJITOPUTMbl  OJJHOMEPHOW  ONTUMHU3ALUU
(«3omoToro cedeHus», uncen Gudonauun). CKOPOCTh CXOIUMOCTH YETHIPEXTOUEYHOTO AITOPUTMA.
Meron Xyka — JIkuBca B 3aayax OJHOMEPHOW ONTUMHU3AIMU. MeToabl mpocToro nepedopa u
CIIy4yallHOTO MOMCKAa B 33Jadyax OJHOMEpHOW onTtumuzauuu. [lonmHOMHallbHAS anmpoKCUMALMS B
3a7a4ax OJJTHOMEPHOW ONTHUMU3ALUY. .

3. Mamemamuueckue memoowl MHOZOM@DHOZ:Z onmumusayuu

3.1. CuMIuiekc-MeTO bl B 3a7ja9aX MHOTOMEPHOM ONTUMH3AIUN
Merton perymnspHoro Henepopmupyemoro cumiuiekca. Meton Hennepa-Muna..

3.2. MeTob! ciTydalfHOTO ITOMCKA B 33]]Ja9aX MHOTOMEPHOW OTITHMH3AIHH
Henanpasnennslii cioy4ailHelii nmouck. HanmpasneHHsll ciaydaiiHblii mouck. CTaTUCTHUYECKUN
TPAJIAEHT..

3.3. MeTobl nocaeA0BaTeNbHBIX HAIIPABICHUH B 3aja4aX MHOTOMEPHOM ONTUMH3AIUN
[TokoopauHaTHbBIM MOUCK. MeTo OpTOroHanbHbIX HampasiieHuil. Meron Ilayaina..

3.4. Meroa Xyka-Jl>xuBca B 3a/layaXx MHOTOMEPHOW ONTUMHU3ALINT
Uccnenyrommii mouck, mouck mo oopasiy. Monudukamnuu metoga Xyka-/[xusca..

3.5. 'pagueHTHBIE METOABI MHOTOMEPHOM ONTUMU3ALUN
Meron Hackopeimero cmycka. Meron Tspkenoro mapuka. OBpaxsHbsld  meTon. Meron
COIPSDKEHHBIX I'paaneHToB (popmyna Onetuepa-Pusca, popmyna [lonaka-Paiibepa)..

3.6. Hpr0TOHOBCKHE METOIbl MHOTOMEPHON ONTUMH3ALINHI
Meton Herotona. Meton Heiorona-Padcona. JlocToMHCTBA W HENOCTAaTKH KJIACCHUYECKUX
HBIOTOHOBCKMX MeETOJI0B. KBa3MHBIOTOHOBCKHE METOJbI ONTHMHU3anuu: wMeToa JlaBuaoHa-
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Onetuepa-Ilaysmna (DFP), cummerpuunas ¢opmyna panra 1 (SR1), meron Bpoiinena-®neruepa-
INomsadapba-1llanao (BFGS)..

3.7. JIuneitHOe IporpaMMuUpOBaHuE
JIuneiHOe MpOrpaMMHUPOBAHKE - TOCTAHOBKA 33a4H, aIlTOPUTMBI PEIICHUST. .

4. Ocnosuble Menoovl peuleHus 30044 ¢ AKMUBHLIMU U NACCUBHBIMU OZpaHUYerRuUAMU

4.1. Ontumu3anus B 33/1a4ax C NaCCUBHBIMU OTpaHUYEHUSIMU

IIpocreiiine BBIYMCIUTENBHBIE ANTOPUTMBI. MeTonbl MHOXUTENeH Jlarpanka B 3ajgadax c
NacCUBHBIMU orpannueHusiMu. Teopema Kyna-Takkepa. Merton bokca. Merox mrpadHbIX
¢ynkuunii. Meton 6apbepos..

4.2. MHOTOKpUTEpHaAIbHAS ONITUMHU3AIUS

MHorokpurepruanpHas — ontumusanus. MuoxectBo  IlapeTo-onTUManbHBIX — PELICHHUH..
Ckansgpusauuss BekTopHOM 1ieneBoi ¢yHkuuu. Ot6op pemenus u3 Ilapero-onTumanbHOro
MHO€ECTBA..

J. HpuMeHeHue MEMOO08 ONMUMUIAYUU K peueruro 3a0a4_ ONMUMAILHO20 nNpoeKmuposearus
munoevlx KOHCWIDVKMUL?

5.1. OnTuManbHOE MPOEKTUPOBAHUE CTEPKHS IIOCTOSHHOTO U MIEPEMEHHOI0 CEYSHHUS C LIEIIbI0
OTCTPOMKH MEepPBOK COOCTBEHHON YaCTOTHI KOJICOAHUH OT OMACHBIX PE30HAHCOB C YUETOM
MUHMMH3ALUU MaCChI

[TocTtaHoBKa 33724 ONTUMH3AIMK: BEIOOP HapamMeTpoB, (GopMyTupoBKa meiaeBod (QyHKIHH |
orpannueHuil. IlpuMeHeHne pa3nuyHBIX METONOB MOJYYEHHMsS ONTHUMAJIBHOIO pelieHus. AHaau3
pe3yIbTATOB..

5.2. OnTuManbHOE IPOEKTUPOBAHNE KOJIBLIEBOM TUIACTUHBI IEPEMEHHOM TOJIILMHBI IIPU
0CECHMMETPUYHOM U3rude

[TocTaHoBKa 3324l ONTUMM3ALMU: BBIOOP MapamMeTpoB, (GoOpMyTUpOBKa 1eaeBOM (QYyHKIMH U
orpanuueHuil. [IpumMeHeHHne pa3IUYHBIX METOJIOB IOJYYEHHS ONTHMAJIbHOIO pPELIeHHs. AHanu3
pE3yJIBTATOB..

5.3. [IpoexkTrpoBaHre paBHOMPOYHBIX KOHCTPYKIUN

[TpoekTrpoBaHHEe paBHOIPOYHOTO pe3epByapa. IIpoekTupoBaHMe [HCKa pOTOpa TYpOUHBI
razorypounnoro asurarens (I'T/[), wucmonb3ys 3amacel 1O  Hecylled  CIIOCOOHOCTH.
[TpoexTrpoBanue paBHONpoUHOro aucka poropa Typouns! I'T/l. IIpoekTupoBaHre paBHONIPOYHOTIO
3aMKOBOT'O COEIMHEHUS TUTIA «JTACTOYKUH XBOCT» pabouux xosec ['T/I..

3.3. TeMbl NIpaKTHYECKUX 3aHATHI
1. Peanmm3anus Ha s3b1ke mporpamMmmupoBanus APDL anroputma onpenenenns [lapero-
ONTUMAJILHOTO MHOXECTBA Ha 0a3e pe3yabTaToB cllyyaifHoro nepedopa;
2. Peanuzanus metona nedpopMupyeMoro MHororpanauka (Meron Hennepa-Muna ) ans
(GyHKIMU IBYX IIEpEMEHHBIX Ha s3bIke nporpamMmmupoBanust APDL B cpene ANSYS.
MuHuMHI3a1us TUIIOBOM (PYHKIIMH JBYX NEPEMEHHBIX C TTOMOIIBIO CO3JaHHOTO aIrOpUTMa;
3. Peanu3anus metona Xyka-J/[xuBca 1 QyHKIUU OHOM MepeMeHHON Ha sS3bIKe
nporpammupoBanus APDL B cpene ANSYS. Munumusanus TunoBoit pyHKuuu oaHoi
[IEPEMEHHOM C IIOMOLIBIO CO3JaHHOTO aIrOPUTMa;
4. Peanu3anys 4eThIPEXTOYEYHOTO CHMMETPUYHOIO aJITOPUTMA Ha SI3bIKE POTPaMMHUPOBAHUS
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APDL B cpene ANSYS. MunumMu3anust THIOBOH (PyHKIIMH OHOW NEPEMEHHOH ¢ TIOMOIIBIO
CO3JIaHHOI'0 AJITOPUTMA;

5. IlocraHoBKa 3ajauy ONTUMM3ALMH U TOMCK ONTUMAJIBHOTO IpoekTa B cpere ANSYS na
IpUMepe ONTUMU3ALMU KOHCTPYKLUU aucka TypOouns! I'T/L;

6. ABromarusanus B cpeie ANSY'S nporiecca ocTpoeHUs. U TPOYHOCTHOTO aHAIM3a
KOHCTPYKIIUU Aucka TypOounsl ['T/I;

7. N3yuenue s3b1ka nporpammupoBanus APDL B koHeuHo-351eMeHTHOM KoMIuiekce ANSYS.

3.4. TeMbl 1a00paTOPHBIX padoT
HE MIPelyCMOTPEHO
3.5 Koncyabranumn

Ipynnoewle koncyremavuuu no pazoeaam oucyuniunsl (I'K)

1. OGcyxnenue marepuasioB IO Keiicam pasnena "MaremaTuueckas IOCTaHOBKA 3ajay

onTuMusanuu”

2. OOcyxIeHHe MaTepuayioB MO KelicaM paszziena "MareMaTH4ecKhue METOAbI OJHOMEPHOMH
onTuMusanun"

3. OOcyxaeHue MaTepuaaoB Mo Keicam pazjena "MareMaTH4ecKrue METOJbI MHOTOMEPHOU
ontumusanun"

4. OOcyxaeHue marepuanoB Mo Kkeiicam paznena "OCHOBHbIE METOJbl PEIIEHUs 3a1ad ¢
aKTHBHBIMHU U TTACCUBHBIMU OTpaHUYCHUSMH"

5. OO6cyxnenue marepuanoB 1o keicam paszaena "[IpumeHeHrne METOIOB ONTUMH3ALUU K
PELICHUIO 32/1a4 ONTHMAIFHOTO IPOSKTHPOBAHHS THITOBBIX KOHCTPYKIIU"

3.6 TemaTnka KypcoBBIX NPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OPpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena
JTUCLUILIUHEI (B

O1neHoYHOE CPEICTBO
(TN 1 HAUMEHOBAHUE)

3anjgaHupOBaHHbIE PE3yJbTaThl 00YUYEHUS 110 AUCLUILINHE Konpt
COOTBETCTBUM C
(B cOOTBETCTBUHU C pazjesioM 1) WHJIUKaTOPOB 1.3.1)
1/2]3|4]5
3HaTh:
Mertobl perieHus 3a1a4 MHOTOKPUTEPUAIbHOW ONITUMH3ALMU, METO/IbI KonTtposnbHas padora/KonTposbHast
MOCTpOoeHUs MHOKeCTBA [lapeTo-onTUManbHbIX pEeICHUI N/T-3mx-1 + pabora 1. «Perienune
ONTUMH3AIMOHHBIX 33724
MeTtoasl MHOTOMEpPHOM ONITUMM3ALUN C y4€TOM OTPaHUYECHUI: TeopeMa TectupoBanue/Tecr 1.
Kyna — Takkepa, metoa bokca, meTo mtpadHbIX GYHKIUH, METO MaremMaTHuecKkas IOCTaHOBKa
0apbepoB UJT-3mx1 + + ONTUMU3ALMOHHBIX 3a7a4
TectupoBanue/Tect 3. MeTobl
MHOTOMEpPHOM ONTUMH3AIUU
YMersb:
[TpuMeHATH U3ydYeHHbIE AITOPUTMBI ONITUMH3ALMU K PELICHUIO KonTtponbHas padora/KoHnTponbsHas
MIPUKJIAIHBIX TIPOEKTHO-KOHCTPYKTOPCKHUX, TPONU3BOJCTBEHHO- V-3 + |+ pabora 1. «Pemenue
TEXHOJIOTUYECKHUX U HAYYHO-UCCIIEIOBATEIbCKUX 3a/1a4 Ha 0aze ONTHMHU3ALMOHHBIX 334a4»
COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJIOTHH
Oco3HaBaTh OCHOBHBIE IPOOIEMbI ONTUMAIBHOTO TPOEKTUPOBAHMS KonTtpomnbHas padora/KoHTponbsHast
KOHCTPYKLUH, IPU PEIIEHUH KOTOPHIX BOZHUKAET HEOOXOIUMOCTD B V-3 + | 4 | pabota l. «Pemenne
CJIO’KHBIX 3a/1a4ax BbIOOPA, TPEOYIOIMUX UCIOIb30BAHUS ) ONITUMH3AIIMOHHBIX 3a7au
KOJIMUYECTBEHHBIX M KAU€CTBEHHBIX METOJIOB
BeiOupate Hanbomnee 3¢ eKTUBHBIN B TaHHBIX YCIOBUSAX METOJ TectupoBanue/Tect 1.
pelIeHus 3a1a4d ONTUMH3AINH MatemaTtuueckas IOCTaHOBKa
ONTUMH3AIMOHHBIX 3371a4
N/I-3nk-1 + 4+ |+ |+ Tectuposanue/Tect 2. Meto b

OI[HOMepHOﬁ OIITUMU3AINHN

TectupoBanue/Tect 3. MeToabt
MHOTOMEPHOH ONTUMU3AIINN
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
3 cemecTp

Dopma peanuzaruu: [lncemennas padota
1. Konrponbnas padora 1. «Pemenne ontuMu3anuonHbIx 3a1a4» (KontponsHas pabota)
2. Tect 1. Maremarrdeckasi TOCTAaHOBKA ONTUMHU3AIMOHHBIX 3a1a4 (TecTupoBaHue)
3. Tect 2. Metonbl ogHoMepHO# ontuMu3anuu (TectupoBanue)
4. Tect 3. Metoasl MHOroMepHOM ontuMu3anuu (TectupoBanue)

bamibHO-peHTUHIOBasE CTPYKTYpa AUCLUILIINHBI SABIISETCS MPUIOKEHUEM A.

4.2 IIpoMe:xyTOUYHasI aTTECTALUSA 110 AUCHMUILJIMHE

Oxzamen (Cemecmp Ne3)
Onenka omnpezensercs MO0 COBOKYIMHOCTH Ppe3yJIbTaTOB TEKYLIEro KOHTPOJIS YCIIEBa€MOCTH B
cootBeTcTBUU C [lonoxeHnem o OamIbHO-pEUTUHIOBOM cucteMe ais cryaeHtos HUY «MOW». B
HPUIIOKEHUE K IUIUIOMY BBIHOCUTCS OLIEHKA 3a 3 CEMecCTp.

B numiom BeICTaBIsIETCS OLICHKA 32 3 CEMECTP.

IIpumeuyanue: OLeHOYHBIE MaTEpUAIbI 110 TUCLMITIIMHE IPUBEICHBI B (DOHIE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOJUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

5.1 IleyaTHbIEe M JIEKTPOHHbIE U3AHUA:

1. @. I1. BacunneB- "Metoasl ontumusanuu” 1, (M314. HOB., iepepad. u gor.), U3natenbcTBo:
"MIJHMO", Mocksa, 2011 - (620 c.)

https://biblioclub.ru/index.php?page=book&id=63313;

2. Pexneittuc, I'. Ontumuzarnus B Texauke. B 2-x ku. Ku.1 : nep. ¢ anrn. / I'. Pekuneiituc, A.
PeiiBunapan, K. Parcgen . — M. : Mup, 1986 . — 349 c.;

3. Pexneittuc, I'. Ontumu3zanus B Texnuke. B 2-x k. Ku.2 : nep. ¢ anrn. / I'. Pekuneiituc, A.
PeliBunnpan, K. Parcoen . — M. : Mup, 1986 . —320 c.;

4. bannu, b. OCHOBBI IMHEHHOTO MPOrpaMMUpoBanus : niep. ¢ auri. / b. banau . — M. : Paguo u
CBs3b, 1989 . — 174 c.;

5. Bacunbes, @. 1. YncneHnHble METOIBI peIlIEHUs SKCTPEMATIbHBIX 3aa4 | Y4ebHoe nmocodue st
BY30B 10 cnernuansHocTh "lpuknagnas maremaruka" / @. [1. Bacunbes . — 2-e uza., nepepad. u
mor . — M. : Hayka, 1988 . — 552 c. - ISBN 5-02-013796-0 .;

6. Yaiing, /. JIx. Merons! moucka sxctpemyma / [I. JIx. Yaiinn . — M. : Hayka, 1967 . — 267 c.;
7. A. ®. U3mannos, B. M. Cononkos- "UucneHHble METOIbI oNTUMH3auu", (2-€ u3a., nepepad. u
nom.), U3parensctBo: "®@uszmarnut", Mocksa, 2008 - (320 c.)
https://biblioclub.ru/index.php?page=book&id=69317.

5.2 JIunieH3M0HHOE ¥ CBOOOHO pacnpocTpaHseMoe NPOrpaMMHoe odecrneyeHue:
1. CAO "IIpomereit";

2. Office / Poccuiickuii makeT opUCHBIX IPOTrpamm;

3. Windows / OnepanimonHas cuctema cemeiictpa Linux;
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4. Maiing BuneokoHpepeHuu.

5.3 UuTepHeT-pecypcsl, BKJIIOYast NpodeccHOHAIbHBIE 0a3bI JaHHBIX U HH(POPMAIIHOHHO-

CIIPpaBOYHbIC CUCTEMBbI:

1. 3BC Jlans - https://e.lanbook.com/

2. 3BC "YHuBepcuTeTcKasi 0u0JMOTEKA OHJIAlNH" -

http://biblioclub.ru/index.php?page=main_ub_red
3. Hayunas s;1ekTpoHHas 0udamoreka - https://elibrary.ru/

4. Ba3za naHHbIX )KypHasuoB m3nareabcrBa Elsevier - https://www.sciencedirect.com/
5. ba3za nannbix Web of Science - http://webofscience.com/

6. ba3za mannbix Scopus - http://www.scopus.com
7. HanpoHanbHas 3JIeKTPOHHAs 0ndamoTeKa - https://rusneb.ru/

8. Dnexrponnas o6udmoreka MOU (36 MOH) - http://elib.mpei.ru/login.php

6. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHHUE JUCHUITJIMHBI

Tun nomemeHus Homep ayauropun, OcHamenue
HAMMeHOBaHHUe
VY4eOHble ayAUuTOpUU IS K-120, MamnHHbII cepBep, KOHIUIMOHEP
MPOBEJCHUS JIEKIIMOHHBIX 3an MBI

3aHATUH U TEKYIIEro
KOHTPOJIS

VY4eOHble ayAUuTOpUn JUIs
IIPOBE/ICHUS MPAKTUUECKUX
3aasatuii, KP u KII

I'-401, YucOHas
ayJIUTOpHUs

napra co CKaMbei, CTOJI IPEroIaBaTesis,
CTYJI, IOCKa MEJIOBast

Y4eOHble ayAUTOpUU IS

b-112, JIaboparopus

CTOJI, CTYJI, JOCKAa UHTCPAKTHBHAsI,

[IPOBECHUS BBIYUCIIUTEIIBHON MYJIbTUMEIMUHBIA TPOEKTOP, KOMITBIOTED
IIPOMEXYTOUYHON MEXaHHUKHU IIEPCOHAJIBHBII
arTecTarnn b-412, YuebOnas CTOJI IpenoaaBaTes, CTOMN, CTYJ, JOCKa
ayuTOopus MEJOoBasi, MyJbTUMENUNHBIN IPOEKTOP,
JKpaH, JO0CKa MapKepHas
ITomemenus nus HTB-303, CTOJI KOMIIBIOTEPHBIH, CTYJI, CTOJI
CaMOCTOSITEIIbHOU PabOThI KommbrorepHbIit MHUCHMEHHBIN, BENTaIKa JIUIS OJIEKIbI,

YUTaIbHBIN 3aJ1

KOMIIBIOTEPHAs! CETh C BBIXOAOM B
HHTepHeT, KOMIIBIOTEDP MEPCOHAIBHBIN,
IIPUHTEP, KOHIULIMOHED

TTomemenust misa
KOHCYJIbTUPOBAHUS

b-109/1, Rabuner
COTPY/AHUKOB Kag.
"PMulIM"

CTOJI, CTYJI, KA, KOMIBIOTEP
[EPCOHAJIbHBIN
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

OnTuMansHOe IIPOCKTUPOBAHUC

(Ha3BaHME AUCIMILIMHBI)
3 cemecTp

IlepeyeHb KOHTPOJIBLHBIX MEPONPUATHI TEKYIIIET0 KOHTPOJIS YCIIEBA€MOCTH 10 M CUUILIHHE:
KM-1 Tecr 1. MaremaTu4eckasi moCTaHOBKA ONTUMHU3AIIMOHHBIX 3a1a4 (TectupoBanue)

KM-2 Tecr 2. Meronsl onHoMepHO# onTumu3anuu (TectupoBanue)

KM-3 Tecr 3. Metoasl MEHOTOMEepHO onTuMu3anuu (TecTupoBaHue)

KM-4 KontponbsHas pabota 1. «Pemenne ontumu3anuoHHbIx 3a1a9» (KonTpoiasHas padboTa)

Bujx npome:xyTo4HOI aTTecTalMu — JK3aMeH.

HNnnexc KM- | KM- | KM- | KM-
Homep Paznen nucrunianHbl KM: 1 2 3 A
paznena Henens 4 8 12 16
KM:
1 MaremaTtnueckast HOCTaHOBKA 3aJa4 ONTUMHU3AINU
1.1 Maremarndeckast nocTaHOBKA 33714 OIITUMU3AINU + + +
12 0O0630p COBPEMEHHOT'0 COCTOSIHUS CPEJICTB PELIEHUS 3a7au + + +
) ONTHUMMU3ALAU
2 Marematrueckrue METOIbl OAHOMEPHON ONTUMH3ALIUH
2.1 OnxHomepHasi ONTUMH3ALUS + + +
3 MaremaTrueckue METOIbl MHOTOMEPHON ONTUMH3ALINHI
3.1 CHuMILIIEKC-METOAbI B 3a1aUax MHOFOMepHOﬁ OIITUMHU3AITNH + + +
39 MeTtoapl ciiy4ailHOTO IOMCKA B 3a/1a4aX MHOTOMEPHOU + + +
' ONITUMM3ALIHU
33 MeTtoabl ociie10BaTENbHBIX HAIIPaBICHUH B 3a/1a4ax + + +
' MHOTOMEPHOM ONTUMM3AIUN
3.4 Meron Xyka-/[»xuBca B 3aja4aXx MHOTOMEPHOM oNTUMM3anuu |+ + +
3.5 ['pagueHTHBIE METOIBI MHOTOMEPHOU ONTUMU3AIINT + + +
3.6 HbroToHOBCKHE METOABI MHOTOMEPHOM ONTUMH3ALUN + + +
3.7 JIuneitHOe mporpaMMHpOBaHUE + + +
4 OCHOBHBIE METO/IBI PEIICHUS 3a7]a4 C AaKTHBHBIMHU 1
MACCUBHBIMU OI'PaHUYCHUSIMHU
4.1 Onrtumu3anys B 3a1a4ax ¢ MaCCUBHBIMU OTPaHUYCHUSIMU + + + +
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4.2 MHorokpurepuanbHas ONTUMU3ALUS + + + +
5 [IpuMeHeHre METOJ0B ONTUMHU3ALUY K PEIICHUIO 3a1a4
ONTUMAJIBLHOI'O IPOEKTUPOBAHUS TUIIOBBIX KOHCTPYKIIUN
OnTumanbHOE NPOEKTUPOBAHUE CTEPHKHSI IIOCTOSTHHOIO U
51 IIEPEMEHHOT0 CEYEHMS C LIEJIBI0 OTCTPOMKHU IIEPBOI +
' COOCTBEHHOM 4acTOThI KOJIe0aHUH OT ONAaCHBIX PE30HAHCOB C
Y4€TOM MHUHMMH3ALHUHA MACChI
59 OnTumabHOE NPOCKTUPOBAHUE KOJIBLIEBOH INIACTHHBI +
' NEPEMEHHOM TOJIIIMHBI TPU OCECUMMETPHYHOM U3ruoe
5.3 ITpoexTrpoBaHKe paBHONPOUYHBIX KOHCTPYKIUHI +
Bec KM, %: | 15 25 25 35
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