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OBIIASA XAPAKTEPUCTHKA PABOTLI

Axtyanerocts pabotsl. IToBsimenne 3¢ peKTUBHOCTH, arperaTHOR MOLIHOCTH
H YMCHBIICHHE METAUIOEMKOCTH COBPEMEHHHIX [H3eJIedl NPH COXPAHEHHH, H
OCOOEHHO MpPH KENaCMOM YBEJIHYEHMM HAJEXKHOCTH W AONTOBEYHOCTH, TpebyloT
IIPOBEJICHHA PAaCIIHPCHHOTO KOMIUIEKCA HAay4HO-HCCJIEOBaTeNbCcKUX paboT mno
obecnedyeHHI0O NMPOYHOCTH BCEX BXOMAUIMX B H3MENHE Y3NIOB W AETAeH npH
BO3MOXKHO TOJIHOM OXBaTe (aKTOpOB M YCJIOBHM MX HarpyxxeHus. MHTeHCHBHBIA
pocT pabouMx Harpy3ok TpebyeT DOBHIMEHHOr0 BHHMaHHA K 3B€HbSIM, BXO/AIIMM B
MIATYHHO-IIOPUIHEBYIO TPYIULY, B TOM YHCJIE — K LUATYHY.

Hanexxnas  pabora  nmu3ens Ha  COBPEMEHHOM  JTane  pa3sBHUTHA
IBUTATENIECTPOCHUA B 3HAYHTENIBHOH CTENEHH 3aBHCHT OT 6€30TKa3HOCTH KaXIOTO
H3 BXOAAIOMX B KOHCTPYKUMIO 3JIEMEHTOB. BepoATHOCTh HX MOBPEXAEHUA AOJKHA
OHTH 0COOEHHO HH3KOH PH MHOXECTBEHHOCTH OJJHOTHIHAIX 3IEMEHTOB B COCTABE
KkoHCTpykumH. Hcxons W3 3THX NONOKeHHH, OJHMM M3 BAKHEIX BOIPOCOB,
CTOAIIMX HAa NYTH YCOEIMHOro pelleHHA YKa3aHHBIX 3aja4, SABIAETCA
HEAOCTATOYHOE pa3sBUTHE METONOB H CPEACTB MCCICJOBAaHHA NPOYHOCTH
37E€MCHTOB [IaTyHa, paboTalomux B CHOXKHHX YCJIOBHAX JHHAMHYIECKOrO
Harpy>kKeHHus B KaXkJoM paboueM LHKIIE IBHTATEIA.

B coorBercTBHMHM €O CBOMM Ha3HA4€HUEM H BHIIOJHAEMBIMH (YHKUMAMH
IaryH JAOJDKeH o0yajaTe JOCTATOYHRIM — 3alacoM  ClIyeOHHX  CBOMCTB,
XapaKTepH3yeMBIX TaKHMH NOKa3aTeJLIME KaK IHKIMIecKas MPOYHOCTD, JKECTKOCTh
YOpyroro KOHTYpPa IOCTEIM MOAMIMITHHKA, CONPOTHBIEHHE H3HALIMBAHHUIO
OMOPHEIX IMOBEPXHOCTEH OT pabounx BO3AEHCTBHIA B TEUCHHE BCEro CPOKa CiyKOn1
WIH 33JaHHBIX MEXPEMOHTHBRIX IIEDHOAOB, IIONHAY 3aMKHYTOCTb pPa3bEMHBIX
HEMOIBIKHBIX coeauseHni. Cneayer 0co60 OTMETHTb, YTO paspyIIEHHE MATyHa
MPUBOAMT HE TOJNBKO K noTepe paboTocnmocoOHOCTH ABWrarensi, HO H H3-3a
HaKaIUIMBaeMOH B HeM GOJIbIIOH KHHETHYECKOH SHEPTHM NPEACTABIAET PEAIbHYIO
ONacHOCTh Ui OOCIY)XMBAIOIIEr0 MNEPCOHANA W KOHCTPYKUHH BCel CHIOBOH
YCTaHOBKH.

IlosToMy, HECMOTpPA Ha TO, YTO MCCIAEHOBAHHEM M JOpabOTKON IMATyHOB
3aHHMAIOTC YK€ MHOro JieT, paboThl HO CO3JaHMIO H COBEPIIEHCTBOBAHHIO
PacueTHBIX M  OKCHCPUMEHTAIBHBIX METOHOB HCCICJOBAaHMA C  LEJIbIO
PaIMOHAIPHOTO MPOEKTHPOBAHHA MIATYHOB COXPAHIOT CBOIO aKTYaIbHOCTB.

I{ens pabothi: pa3paboTka METOOMKH ABYXYPOBHErO0 pacueTa HaNpsKEHHO-
nedOpPMHPOBaHHOTO COCTOSHMA IOAaTYHHOM Trpynnmel Ha 0a3se MO3TamHOH
peam3aiiM MaKpO3JISMEHTHOM M KOHEMHO-3JIEMEHTHON MOJENeH ¢ MoCIeayome
OLIEHKOH 3aMacoB MHKIIMYECKOH MPOYHOCTH.

Mertoant uccnenoBanuii. J[ia pemreHHs NMOCTaBIIEHHOW 3aJayd TIPHMEHSUICA
KOMIUIEKCHBIH TIOJXOJ, OCHOBAaHHbIH Kak Ha pacyeTHhIX, TaK H Ha
3KCIIEPHMEHTATBHBIX HCCIIEIOBAHUAX. PacueTsl BRIOMHAIMCH METOJOM KOHEUHBIX
3NIEMEHTOB B mporpamMMHoO# cpene ANSYS. DkcneprMeHTalbHbIE HCCIEAOBaHHA
6sutH BeimomHeHH Ha OAQ «KonoMeHckwHit 3aBOIy.



Hayunas HoBu3Ha, PaspabGorama naByxypoBHEBas CHCTEMa IPOYHOCTHOrO
aHajM3a  [IaTYHHOM  rpymmsl  NOPIHEBBIX  JBHTaTelcH,  BKIIOYalOmas
MaKpO?J1EMEHTHYIO H OOBEMHYIO KOHEYHO-3JIEMEHTHYIO MOAEIH, 00 INHEHHBIE B
€IMHBI PACIECTHBIA ATOPHUTM.

JocTOBEpHOCTh  pe3ynbTaTOB pa3paboTaHHOM CHCTEMBl JABYXYPOBHEBOTO
pacyera IDaryHOB NOATBEP)XKACHA CXOMMMOCTBIO PAacHEeTHBIX PpPE3yJIbTAaTOB C
9KCTIEPHMEHTATBHBIMH.

[IpakTHyeckas I[IEHHOCTH COCTOHT B CO3JaHMH pPAcueTHOH METOMHKH,
pearnsyionieil pa3paboTaHHYIO0 aBTOPOM ABYXYPOBHEBYIO CHCTEMY MPOYHOCTHOTO
aHaJM3a, W MOJYYEHHH ABTOPOM PACYETHHIX H IKCIIEPHMEHTATHHEIX PE3Yy/IbTATOB
N0 BeNWYHHAM HanmpsbkeHW# u  gedopmampi B maTyHax (OpCHPOBAHHBIX
TEIUVIOBO3HBIX AH3ENCH.

Peanmmzaumsa  paborel.  Pesynsratst paboThl HCMONB30BaHR  NIPH
NPOEKTHPOBAaHHMHM maTyHHOH rpymusl maseneit OAO «KonomeHckuil 3aBoay LA
OLEHKH HX LHMKINYECKOH NPOYHOCTH M B HAYYHO-MCCIIEAOBATENIbCKUX pabortax,
nposoaumbix THY HUMOM MI'TVY um. H.D. baymana ans OAO «KonomeHCkui
3aBoa».

Anpobanma paborsi. OcHOBHbIE Pe3yNIbTaTH AUCCEPTAUMOHHOH PaboTh ORUTH
HOJIOXKEHBI:

1. Ha nayuno-texaudeckoil xonpepernnun «JIyxanunackmre grenus. [IpoGnemsl
H NEPCIICKTHBBI Pa3BHTHA aBTOTPaHCIIOPTHOTO KoMiutekca» (Mocksa, 2003).

2. Ha obunefiHoit Me>XAyHApOOHOH HAyIHO-TEXHMIECKOH KOH(EpEHIHH,
noceaménHod  90-mermo  Camapcxoro IocymapctBennHoro  TexHHMYeckoro
YuuBepcutera «AKTyalbHble OpOOJIEMBl  HAJEXKHOCTH  TEXHOJIOTHYECKHX,
SHEPreTHYECKHX M TpaHCHOpTHHIX ManmmHy (Camapa, 2003).

3. Ha IX MexnaynapogHoM KOHIpecce napurarenectpowmreneii (Yxpauna,
Pribaune, 2004).

4. Ha nay4no-Texnudyeckoil koHpepeHumu «2-e Jlyxanunckue yrenus. Ilyta
PCIICHHA 3HEPrOIKOJOTMIECKHX IpobieM B ABTOTPAHCHOPTHOM KOMILIEKCEN
(Mocksa, 2005).

5. Ha MexnyHapomHom cuMnosuyMe «OOpa3oBaHue depe3 HayKy»,
nocesmmeHHoM 175-netmo MI'TY um. baymana (Mocksa, 2005).

6. Ha mHaygHo-TexHuueckodi koH(pepeHImH «5-¢ JIykaHWHCKHME YTEHHA.
Pewrenne 5HeproskoorHueckux npoblieM B aBTOTPAHCIIOPTHOM KOMILIEKCE»
(Mocksa, 2011 1.)

[lybnukanuu. Pe3ynsTaThl  BHIMONHEHHOM  AMCCEPTAIIMOHHOHM  PaGoTH
OTPaXCHBLI B ICBATH HayIHHIX paboTax, U3 HUX TPH PabOTHL B )KypHAIaX, BXOAAIMEX
B nepeyeHs BAK.

O6bem paboThl: auccepranoHHas paborta cogepsxur 122 cTpaHHIBI TEKCTa,
41 pucyHOK, 5 TabJML, COCTOMT U3 BBENEHHA, YETHIPEX IJIaB, 3AKTIOYEHHsA, CIIMCKA
JIMTEpaTyphl, BKHodaomero 103 HanMeHOBaHMA, 2-X NPHIOXKEHHN.




COJEPXAHME PABOTBI

Bo BBEAEHWH CONCPXHTCA Kparkoe obocHoBanue BhIOOpa ueneH
HCC/IEIOBaHHA, NPHBOAATCA CBeleHus 06 oObeme ¢axTHueckoro Marepuana,
MOJIOKEHHOT'O B OCHOBY paboTHI.

Ileppas rnaBa COOCPXXMT 0030p KOHCTPYKUMH IIATYHOB COBPEMEHHbLIX
CpenHeoOOPOTHBIX IH3ENICH, METOAOB pacueTa HampsKeHHO-AeHOPMHPOBAHHOIO
COCTOSHHS IMATYHOB H METOAOB OLIEHKH HX HMUKITHIECKOH NPOYHOCTH.

IIpuBeneno onucaHue KOHCTPYKIH#H MIaTYHOB COBPEMEHHBIX
CcpeaHe0OOPOTHBIX ABHraTeNeH, YKa3aHbl NPeMMYIECTBA H HEAOCTATKH KaXI0H u3
KOHCTPYKuHit. B kauecTse Haubosee paclIpOCTPaHEHHOH U NEPCIIEKTHBHON Ana V-
06pa3HOTr0 MCIIONHEHMS YKa3aHa KOHCTPYKIMSA C PAAOM CTOSILIHMH HIATYHAMH.

PacderaM Ha NpOYHOCTP IIATYHOB IOCBAIIEHO OONbmIOE KOJIMYECTBO padoT
OTEYEeCTBEHHHX W 3apybexHbix ydensix. Cnexyer ormeruts paborsl
P.C. Kunacomwswm, @O.®. Cumakoa, M.A. CanrmixkoBa, A.A. Yarnuaesa,
B.H. Ilanuna, B.B. [leyenuna, J1.JI. Markoea, C.M. I1lmosa.

B o630pe MeromoB pacyera HanpsKEHHO-Ae(OpPMHPOBAHHOTO COCTOSIHHA
TPOU3BOJUTCA YCIIOBHOE Da3/ieieHHE CYMIECTBYIOIMX MoOAeIeH IO CTeneHH
aJIeKBaTHOCTHY OTPAXECHMA NEHCTBHTENIBHBIX YCIIOBHI PabOTHI 3B¢HAa HA TPH YPOBHA:
HIDKHHH, CPETHUHA 1 BEDPXHHH.

YnpouieHHas Mozenb, B KOTOpo# ¢hopma ImaTyHa npeacTaBisieTcs npd
pacdere AByMs KPYTOBBIMH TOJIOBKAMH M COCIHHMIODINM HX IPAMbIM CTEPXKHEM,
OTBEYAET HIDKHEMY YpOBHIO. B Takoil MoJenu HpPOYHOCTHOH pacyer uaTyHa
BeJercA, Kak npaBwio, no Mmerony Kunacommwm. Taxas Mopmens AOCTaTOMHO
nmpocrta, TpedyeT Maji0 BPEMEHHM LA pacdeTa, HO H3-3a pija rpyOnix nomynieHui
OOJy9YHIa [PUMEHEHHE TONBKO Ha  HAYa bHBIX  CTAAMAX  3ICKH3HOIO
MPOEKTHPOBAHHUA.

Ha cpemHeM ypoBHE aJeKBaTHOCTH HAXOMATCA MaKPO3NEMEHTHas MOJENb
u1atyHa, paspaboranHas CantoikoBeiM M.A. u Kasaxckoit A.M., ¢ 3an0xeHHO# B
HEH MHOIOMAacCOBO#H CTPYKTYPOH, a TAalOKE IUIOCKAA KOHEYHO-3JIEMEHTHAA MOJEb.

JaHHpie MOJENH NO3BO/SIOT PACCMOTPETh MHOMECTBO HArpy304HbIX
COCTOSIHMH 10aTYHA, YYHTRIBAIOT CJIOXHBIH XapakTep pacrpenesieHust Harpysku (B
9aCTHOCTH, KOCHHYCOMAAIBHBIH) CO CTOPOHBI IOAIIMIHHUKOBBIX Yy31n0B. K
HEOCTaTKaM MOJENeH CpeJHero YpOBHA CleNyeT OTHECTH OrpaHHYeHHe
BO3MOXXHOCTH OIIPEHE/ICHAA JOKATBHBIX MECT KOHLEHTPALMH HampsHKeHuH, a
TaKxke OTCYTCTBHE OLICHKH W3MEHEHHA HANPSOHKEHHH 0 MIMPHHE CEYEHHUA.

OObéMHBIE KOHEYHO-3IEMEHTHbIE MOJENH OTBEYAOT BEPXHEMY YPOBHIO
anexBatHOCTH. OHH DONYYHIH IMIMPOKOE PAacHpOCTPaHEHHE HPH pacdeTe y3/0B H
JeTajiell IBUrarelicii BHYTPSHHEro CropaHus kak 3a pybexoM, Tak u B Poccun. K
NPEeHMYINECTBAM TAKHX MOJENeH OTHOCATCA AOCTATOYHO IOJIHOE OTOOpaxKeHHe
TEOMETPHH PaCYeTHOro 00BeKTa, BO3MOXKHOCTh HOIYIHTh KAPTHHY Paclpeae/iCHHA
HAOPOKCHHHA B OOBEMHOH ITOCTAHOBKE M ONPEAEIHTh MeCTa KOHHECHTPAlMH
HanpsokeHH#H. OmHAako, HECMOTPA Ha COBPEMEHHOC Pa3sBUTHE BBIYHMCIMTCIBHON
TeXHHKH H HaIMyMe MHOXKECTBA MOLIHBIX NPHIUIANHBIX OporpamMM, OOBEMHBIN



KOHEJHO-3JIEMEHTHBIH pacdeT MMaTyHa C YYeTOM MHOXECTBA Harpy3O4HBIX
NONOKEHHA B TedeHHe pabodero NHKIA NPEACTABIIETCA YPE3BHYANHO
TPYJOEMKHM H BEPOATHO H3JMITHUM, OCOOEHHO Ha NpEABAPHTENBHBIX 3Talax
orpaboTky  KOHCTpyKuMH. [IpuMeHeHWe ke  JBYXIIO3MOHMOHHOH  MOJEIH
HarpykeHHs waryHa (OT Ta3oBBHIX CHJ H CHJI MHEPIMH) IPHBOIHMT K HEMOJHOMY
Y9EeTY COBOKYMHOCTH HANpSKEHHBIX COCTOAHMH MIATyHA M X HETOYHOCTH OLEHKH
HPOYHOCTH KOHCTPYKIHH.

B o63ope MeTonoB OLEHKH IMISTHYECKOH INPOYHOCTH IIPOBENEH aHAIA3
ANTOPUTMOB ONPENENCHAA NETEPMHHHPOBAHHBIX 3aIacOB MPOYHOCTH B MOIEIAX
Kaxaoro ypoBHA. Bo Bcex cnywasx pacder NPOH3BOIHTCA N0 METOIHKE
CB. Cepencena. OmHako pacdeT ¢ TIOMOMBIO MOAENH HMDKHETO YPOBHA
NPEACTABIAETCS YPE3BbIYAHHO YNPOINEHHHIM M HE COINEP)KHT DEKOMEHJAlHH I10
BEIOOPY KO03((HIMEHTa KOHLEHTpaMH A1 OTACTBHBIX 3JICMCHTOB INATYHOB.
HepocratkaMu Mopeneil cpemHero ypoBHA SABIAETCA HEKOTOpasd HEACHOCTh B
BBIOOPE PACOJIOKEHHUA PACUETHBIX CEYEHHH BCIIEACTBHE HEBO3MOXKHOCTH OLICHKH
pacnpeesieHus HaNpsDKEHHH 10 MIMpUHE CeUeHMH, a TaKoKe HEOIPENesIEHHOCTh B
BEIOOpPE BENMYMHBI TEOPETHUECKOro Ko3thGbuIMeHTa KOHICHTPALMM HAIPIKCSHHH
MTyTeM CPaBHEHHs 30H KOHLEHTPAlH HANPsDKEHNH B PACYETHEIX CEYCHMAX MAaTyHa
€ pe3ynbTaTaMH PEIICHUH KIACCHYECKHX 3a1ad 110 KOHIEHTPALWH HANPIKSHUIH.,

Ilpu ompeneneHU#A MAKCHMAIBHBIX W MHHHMAIBHBIX HANPODKEHUH B 30HAX
KOHLIEHTPALWH C MOMOMIBIO MOJEJIH BEPXHEr0 YPOBHA BO3HHKaeT mpobiieMa ydera
YYBCTBHTEJILHOCTH MaTepUaia K KOHICHTpanud Hanpspkenwi. Taioke pacaer HIC
¢ MOMOIIBI 0OBEMHBIX KOHEYHO-3JIEMEHTHBIX MOAENEH (KOIHYECTBO SJIEMEHTOB
ngocturaer 50-200 ThicAq) ¢ y9€TOM KOHTAKTHOIO B3aUMOMEHCTBUA CONPSKEHHBIX
JeTajied IpH A0CTaTOYHO MOJHOM OXBate Harpy3ok (monoxenui KIIIM) B Tedenue
pabodero uMKIa MBHTATENI CTAHOBHTCA BECHMa TPYAOEMKHM LaXe C Y4ETOM
BO3MOHOCTEH COBPEMEHHOI BHIYHCITHTENLHOH TEXHHKH.

B mactosmee Bpems npu pacdere BBIHOCIMBOCTH 0a30BEIX Jerajeit
JBUTaTei, B TOM 9HCI€ H IIaTyHOB, TAKOKE NPHMEHAIOTCA CTATHCTHYECKHE
METO/IBl OLEHKH, YTO IIO3BOJIIET Y4ECTh CIYYaifHhIe BapHAUMA XapaKTEPUCTHK
NPOYHOCTH M HArpy3oK, H HadHTH BepoATHOCTh Oe3oTkasnoit paborer. Onnako,
HEeCMOTPA Ha 6oJblIyI0 OGBEKTHBHOCTb BEPOATHOCTHOrO MOAXOAA, I OUEHKH
JIOCTOBEPHOM BEIMIMHEI 3araca MPOYHOCTH HeobXxoaumo pacnoniarath GONBIIHM
00BEMOM  CTAaTHCTHYECKMX [JAHHHIX 0[O HPOYHOCTHBIM  XAPAKTEPHCTHKAM
MaTepHaliOB M XapaKTepy Harpy>keHHs maryHa npu pabore. Kak mpasmio, 3th
JaHHbIE B HEOOXOIMMOM KOJIMIECTBE OTCYTCTBYIOT.

C yd4eToM H3JIOKEHHOro OBUTH NMOCTABJICHH! CEAYIOIHME OCHOBHEIE 3a1a9M
paboTsi:

1. VrouneHme airopmIMa pacyera I[JIABHOTO M TPHLEIHOTO INATYHOB C
MOMOIIBI0 MakpodneMeHTHOH Mopemu. Ilposenenue pacuero HJ/IC rnasxoro m
TPHLENHOrO MAaTyHOB METOJOM MaKPOJJIEMEHTOB C LIEJIBIO BEIABICHHS HauOoiee
OMAaCHBIX MOJNI0OXKEHHH MEXaHU3Ma IO YTJIy MOBOPOTA KOJIEHIATOrC Baja.

2. Tlposenenne  3-XMepHBIX KOHEYHO-IIEMEHTHBIX PACdeTOB IIATYHHOH
TPYIIIH U1 HauboJIee ONacHBIX HAarpy304HbIX ONI0KEHHIA.



3. OueHka UMKIHYECKOH IIPOYHOCTH LUATYHOB C YYETOM CIIEKTpa Harpysok,
JeHCTBYIOIINX Ha IIAaTyHbl B Te4eHHe paboyero LUKIA JBHraTelN .

4. DKCIIepUMEHTANbHOE HCCIEeNOBaHHE HANpsHKeHHO-1eGOPMHPOBAHHOTO
COCTOSIHMS I'J1aBHOTO H MPHLENHOIO WAaTyHOB Ha paboTalolliemM ABHraTene.

5. IlpoBeneHHe CpaBHHMTENILHONO aHalIH3a pPE3yNbTaTOB pacyera H
3KCMEepHUMEHTa C LENBIO ONpeleieHHs JOCTOBEPHOCTH NpeNNOKEeHHOH METOMMKH
pacyera.

Bropas rmaBa mocesuteHa pa3paboTke MaTeMaTHYeckoil IBYXYPOBHEBOH
MOJZEIH pacueTa HanpsKeHHO-1eOpMHPOBAHHOTO COCTOSHHMS IATYHOB.

Ins  co3maHHs YTOYHEHHBIX MAaKpOYIEMEHTHHIX Mojeled B  cpele
nporpaMmHoro koMuiekca SolidEdge 6su1i paspaboTaHel TBEPAOTENBHBIE MOLETH
[JIaBHOIO M TPULENHOro WIAaTyHOB ABMratens THna J[49, H3roraBiMBaeMoro Ha
OAO «KonomeHckuit 3aBOa».

Ha 0a3e TBepmOTENbHBIX Mojielelf IDaTyHOB B MpPOrPaMMHOM KOMILJIEKCe
SolidEdge 651mu pa3paboTaHbl MaKpO3JIeMEHTHbIE MOJIENH TJIaBHOTO U MPHUUENTHOIO
maTyHoB (pHC.1), 4TO O3BONMIIO GBICTPO M BojIee TOYHO OMHCATh FEOMETPHYECKHE
M MaccoBEIE XapaKTEPUCTHKH OTIEMBHBIX MaKpO3JIEMEHTOB.
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Puc. 1. MakpoaneMeHTHbie MOJIENH: a) [VIABHOTO aTyHa, 6) IpHienHoro
maryHa



IIpy 3romM ObUTM  COXpaHEeHB OCHOBHBIC TPHHLIMITBI  NOCTPOSHUA
MaKpo3JIeMEeHTHBIX Mojesiell. PaHee mocTpoeHne Moaene# Uil MaKpOIJIEMEHTHOTO
pacdera U OMNpEAETeHHE MACCOBO — F€OMETPHYECKHX TTapaMeTPOB MPOU3BOIMIOCH
BPYYHYIO, YTO BHOCHJIO B pacyeT 3HAYHTENIbHbIC NOrPENIHOCTH.

Ilna  omnpeaeneHuWs Harpy3oK, /JeHCTBYIOIIMX Ha IATYHBl, BK/IOYaA
PeaKkTHBHBIE YCHIMA B OIaPHHPAX, HCIONb3yeTCa IHHAMHYECKAd MOJEIb, B
KOTOpO# MpeIyCMaTpUBAETCA y4eT Paclpe/ieleHls Mace BO Beelf KOHCTPYKUHH (B
rojoBKax M CTEPXHE) H ONPEAE/ICHHE BO3HHUKAIOIMIAX CHIIOBBIX 3(EKTOB OT MX
HHEPLUMOHHOrO JeMCTBHUA NPH CIOKHOM JBWKEHHH HIATYHA IO 3aKOHOMEPHOCTAM
KPHBOLUMITHO-IIATYHHOrO MeXaHH3Ma. B ciydae MakpO3JIEeMEHTHOH MOJC/IM A
KaXIOTO  MakKpOdJIEeMEHTa ¢  IOMONIBIO  NpPOrpaMMBl  TBEPJAOTEIBHOTO
moaenmposanus SolidEdge HaxomuTcs ero Macca 1 KOOPIHHATH LEHTPA TAKECTH.
BBH}Iy BO3HMKHOBCHHA NPDH INBH)XCHHAHM HIaTyHa JIMHEHHRIX a, " YTJIOBBIX glax
YCKOpEHHH, HHEPUHOHHBIE YCHIHA, AeHCTBYIONME HA KAKIBIH JJIEMEHT,
ONnpeleNnsioTCs CHJIOH H MOMEHTOM CHJI MHEDUHMH paclpelesIeHHOH Macchl
3/IeMEHTA B COOTBETCTBUM ¢ nMpHHuMMnoM Jlamambepa.

Pacuer cocrasnsroiqux crut peakuuii Ry H Ry, Ha NONIIHITHAKA KPUBOUIMITHOH
H MODPIDHEBOH TONIOBOK IMAaTYH2 IIPH 32aHHOM yTile HOBOPOTa Kpueommma (k-oe
NI0JIOXKEHHE ) IPOU3BOAMTCA IO CNERYIOIMM GOpMyIam:

COCTaBIISIONIME PEAKIHH I MOPHIHEBO#H TOJIOBKH WIATyHa
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rae p — paanyc-BEKTOp U3 LIEHTPa KPHBOIMIKAMHON FOJIOBKA MIATyHa JO LIEHTPa
TSOKECTH MaKpO3JIeMeHTa, P, — CHa OT JaBJieH!s ra3os, P, — AHEPLMOHHOE YCHIIHE
OT mopwHs, Fy — CHJIa TPeHHA, BO3HMKAIOMAA MPH ABHKEHHM NOPIHSA, 3 — yron
Ka4aHHs [IaTyHa,

COCTABJIAIONIME PEAKIHA Ha KPUBOLIHITHYIO TOJIOBKY IIAaTyHa
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AHanornyHo GBUTH NMPOM3BEACHBI PACYETHI PEAKIMIA HAa HOPIIHEBYIO TOJIOBKY H
ATy NpHUEeNHOro maryHa. Ha ocHOBe yka3aHHOH METONMKH aBTOPOM OBuH
pa3paboTaHbl aIrOPHTM M NIPOrpaMMa ONPEAETICHHA YCHJIHH, NeHCTBYIOIHMX Ha
MPOYIIHHBEI [JIABHOTO H IPHIEIMHOrO0 IIAaTYHOB Ha OCHOBE MaKpO3JEMEHTHBIX
Mozeneil. PesynbraT pacuera peakumii Ha KPUBOLIMIIHYIO T'OJIOBKY IJIaBHOIO
HIATyHa NPEeACTAaB/IEH Ha PHUC. 2.

HHepumoHHBIE YCHIIMA COBMECTHO C ra3oBOH COCTABILIOMEH Harpy3kd UiA
pazmmyubix nonoxkeHust KIIIM o6pa3yior pachpeneneHHyi0 N0 HOBEPXHOCTH




pacTo4ex INOpIIHEBOH H KPHBOUIHIHOH TONOBOK IIATyHA CHCTEMY YCHIIHIA,
OPHIOKEHHBIX B Y3JIOBBIX TOUKaX Ha HarpyaeMoil MOBepXHOCTH LIATyHa.
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Puc. 2. BexTopHas auarpaMMa ycwidi, JeHCTBYIOIUUX Ha KDUBOLWIUITHYIO
rOJIOBKY I'JJaBHOTO LIaTyHa
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CoracHO IpOBeJeHHEIM UCCIEROBaHUAM, GYHKIM pacripeielieHUs NaBieHUs
p(v) B NOANIMNHUKE MOXeT OKITh NMPHHATA MO KOCHHYCOHOAIBHOMY 3aKOHY C
[IEpEMEHHBIM YIJIOM NPHJIOKEHHA Harpy3kd B mnape 2v, B 3aBHCHMOCTH OT
TeKymero ycuwnusi. B sToM ciygae:
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THE ok - MAKCHMATIBHOE 3HAUYEHHE TYrOBOH HHTEHCHBHOCTH B A-M NOJIOXKEHHH;
r; - paguyc paboueil MOBEepXHOCTH MOAIUMIIHHKA; V; — TeKylllee 3Ha4eHHe yria,
OTCYHTHEIBAEMOT'O CHMMETPUYHO B 00€ CTOPOHKI OT HANIPaBICHHUSA BEKTOpa Harpy3ku
Rp, Ha NOOMIUITHHK.

BenwduHa yrjia oxBaTa Vg B 3aBHCHMOCTH OT YHPYrO-FeOMeTpHYEeCKHX
mapaMeTpoB  NOJIUIMITHMKAa M  JeficTByomiefi Ha HEro Harpy3kH IIpH
JOTIONTHATEILHOM BBEJEHHH KOPPEKTHPYIOIIEr0 MHOXHTENA, YBEIMYHBAIOEro
yrojl oxBara Harpy3Kd B  ILelaX OpUONMIDKEHHOTO  ydeTa  BIMAHHA



THJPOAMHAMHMYECKOrO CJIOA CMas3kKu M JedopMaimit ynpyroro KOHTypa HOCTENH, a
TaKKe IEeHKH Bana (MaibLa):
t=1.53—5£—(1.206—0.2643 R —=) @)
bK{r, bKSr,

rae 0 — CpefHMH pagHaibHBIA 3a30p B [OMIOMITHUKE, kK — KOHTAaKTHas
KECTKOCTb Naphi IIPH YIIPYTOM B3aHMOJEHCTBHHM JeTaNel, b — MMpHHA BKIA/bINA,
r; — paauyc paboueii MOBEPXHOCTH MOAMIMITHHKA.

OKBHBAIEHTHYIO (CKEJIETHO-MacCOBYI0) MOJEb INATyHAa C ACHCTBYIOIMHMH
Harpy3kaMHd Ha 3aMeHsMIOMMe JJICMEHTHI-CTEPXKHH (B KaKIOM  3aJaHHOM
NOJIOXKEHNH MEXaHH3Ma), PACCMaTPHUBAaEMYIO0 B KadeCTBE YIIPYTOZHHAMHYECKOTO
aHasora LWATyHAa, PacCYMTHIBAIOT Jajee [0 airOpHUTMY pacdeTa ClIOMKHBIX
MHOTOKOHTYPHBIX PaMHBIX CHCTEM Ha OCHOBE Meroza cwi. [J{ni packphiTus
CTAaTHYECKOH HEONPEJeTMMOCTH 3aMKHYTHIX KOHTYpPOB TOJOBOK B OTHEJIbHEIE
Yy4acTKH CHCTEMbl BBOJAT YCJIOBHbl€ pa3pe3bl, B KOTOPHIX IPHKIAJBIBAIOT
HeHu3BecTHble (MCKOMBie) yeuwmma X, Xp, X3 ... X, rhie n — cTeneHs craTudeckoi
HEOIPEAENMMOCTH JAHHOM 3aMKHYTOH CHCTEMBI.

Mo nafineHHBIM 3HAaYECHUSIM KO3(DHIMEHTOB U IPY30BBIX WIEHOB COCTABJIIOT
CHCTEMY YpaBHEHMH, KOTOpPasd B KOMIIAKTHOH MaTpH4HO#H (popMe HMeeT BHL:

[A]{X}z_{Ap}’ (8)

rae [A] - marpuua moparmBocredl (eaMHMUYHBIX Ko3(Qduumentos);, {X} —
MaTpHua-ctonben ycunHi (JMIDHHX HEHM3BECTHBIX CHCTeMEt); {4,} — MarTpuua-
cronben ynpyrux nepemerieHuii (CBOGOIHBIX WIH IPY30BIX WICHOB).

B pesynpTare BBIIONIHEHMA COBOKYIIHOCTH pPacyeTOB MEXaHM3Ma B
NMPOMEXYTOYHBIX MONOXKEHHAX C HeOOXONHMOH MOMHOTOHW W  TOYHOCTHIO
BBIAB/LAIOTC HaWOONBIINE Opgx U HAUMEHBINHE O, 3HAYEHHUA HANPSDKCHHH 3a
pabounii IMIJT ABHTATENS W HX xapakrep (auarpamMma) U3MEHEHHS BO BPEMEHH B
Ka)KJIOM BBIJEIEHHOM CEYECHHH.

Ha puc.3 npHBeieHB! MOCTPOEHHEIE OTHOAIOMME U OIPEeAE/IAEMBIE HMH SITOPAI
pa3sMaxoB HaNpsHKEHHH B CEYEHHAX /UIA IJIABHOrO INATYHa YETHIPEXTAKTHOrO
ABMratess upu paboTe Ha pexMMe NMOJHOH MOLIHOCTH, IOJMYIEHHBIE P pacdere
gepe3 5° yria noBopoTa Konemyaroro sana. OruGaromye HaIPKEHHH O3BOLIOT
BBIABHTE HauboJiee OMNacHEIE HArpy304YHblE COCTOSHUA Ui PacCMaTPHUBAaEMbIX
CEYEHHH, a BEKTOPHBIE JUArpaMMBl YCWIHH, NCHCTBYIOIUMX Ha IIOJUIMIIHHMK,
OIIPEAEJIOT PaCUYETHBIE MOJOXKEHUA [0 MAKCHMABHBIM Ae(DOPMALIMAM.

Ha BropoM srtame ¢ noMompi0 O0BbEMHOM KOHEYHO-IIIEMEHTHOM MOJENTH
npoussommnace Gonee mompoOHad MPopaboTKAa TONMBKO OTAEIBHBIX HOIOXKEHMH
IIaTyHa M3 MHOXECTBA IIPEABAPHMTENILHO DPAaCCMOTPEHHBIX. 33a/ada pPemaercs
METOJOM NepeMelneHHA. B pesynbraTe MHHUMH3aUHM TOJHOM NOTEHIMAILHOM
SHEPruM II0 Y3JIOBBIM TNICPEMEINCHHAM @PHEXONAT K CHCTEME JIMHEHHBIX
anrebpaHueCcKHX ypaBHEHHI OTHOCHTEIBHO NepeMeleHui y3iioB {0} ,

[k¥e}= G} ©)

Marpuuy xectkoctd [k] B rnobamsHBIM BeKTOp HArpy3ku {G}nonyqalofr
CYMMHPOBAHHEM 10 OTAEIbHBIM 3NIEMEHTAM €:
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k-3l )= t0-5 k) (10)

e=1 e=1

rae {R} — BEKTOp COCPeIOTOUEHHON HArpy3KH.

KoHedHo-aneMeHTHas MoJeNb IMIaBHOTO MIaTyHa ¢ KPHBOUIHIIOM, TOPLIHEBLIM
MajbleM H TaJblieM NpHIENHOro INaTyHa, co3jaHHas Ha 0a3e TBEpAOTENBHBIX
MoJenell, mnpelncTaBleHa Ha pHCyHKe 4. Hanuume IJIOCKOCTH CHMMETpHH B
YCIIOBHSX HarpyXeHHs U T€OMETPHH JcTallel IeaeT BO3MOXHBIM PacCMOTpeHHe Y2
Mofiend. Jns HauGosee aneKBaTHOrO 3aJaHUS YCIOBHH HarpyXXeHHS CO CTOPOHBI
COTIPSDKEHHBIX JeTalell pacyeTHas MoJenb BKJoyaeT B ce0s TpH KOHTakKTHHE
napel: KOJIEHYaThIH BaJ-KDHBOIIMIHAS TIOJIOBKa IIATyHa, Naiel mpuuena-
MpOyUIMHA JUIA IPHOENTHOTro INaTyHa, NMOPIUHEBOH Masen-MopITHeRas TIoJIOBKa
HIaTyHa. 3a HEMOJBIKHYIO ONOPY NPHHHMAJICHA KOJEHYAThIi BaJl, K TMOPLIHEBOMY
Nanslly W Nalplly IpUIeENna N0 KOCHHYCOHTAbHOMY 3aKOHY IMPUKIAILBANKCE
HarpyskH, IIpeJBapUTEIbHO ONpeAeieHHble Ha IepBoM JTame pacdera. J[na
MaKCHMaTbHOH 3¢¢exTHBHOCTH onpefeneHds HJIC B 30Hax KOHIEHTpaLHH
HaIpsOKEHMH JUI1 KaXAOro W3 BBIOPAaHHBIX ONACHBIX MOJIOXKEHHH NpoBefeH psn
OIHOTHITHBIX PacdeTOB C Pa3lIHYHON CTENEHBIO NETATH3alMH OTAENBHBIX 30H MO
METOIy HaCBIMIEHHS.

MaxkcuManbHple W MHMHHMalbHBIE HanpsbkeHWs B 30HAaX KOHLIEHTpAILMH
onpeneIsUTHCh HETOCPEACTBEHHO U3 pe3yJIbTaTOB aHAH3A.
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Puc. 3. Dmopk! pazmaxos Puc. 4. KoHeuHo-3n1eMEHTHAsA MOJENb
HaNpsOKEHUH B CEYEHUX IIIaBHOTO rJIaBHOTO IUATyHa

[maTyHa



B Tperneii rnaBe npuBeeHbl METOAMKA M pe3yIbTaThl SKCIIEPHUMEHTAIBHBIX
McCleloBaHHH HaTYPHBIX WIaTyHOB V-00pa3HOro (POpCHpPOBAHHOIO TEILUIOBO3HOTO
auzens 124H26/26 na paboTtatolneM aBuratene ¥ 0€3MOTOPHOM CTEHAE, LENbIO
KOTOPBIX SBWJIOCH Ofpe/ielieHHe BEJMYHH HalpsDKeHHH B Haubosee HarpyXeHHBIX
MecTax IAaTYHOB, a Take O9KCIIepMMEHTalbHas OLeHKa ()aKTHYeCKHUX 3amacoB
LHKIHYECKOH NPOYHOCTH.

Ilpu TeH30OMeTpHpOBaHMH IIaTyHa Ha paboTaromieM JBHraTesle ORHOH H3
BaXKHbIX fABJIseTCA 3ajaya obeclledeHHs HeENpephIBHOM JNEKTPUYIECKOH CBS3H
TEH30pEe3UCTOPOB, PAcIONIOKEHHBIX Ha IAaTyHe, ¢ H3MepHUTeIbHO! annapaTypoH.

B ocHOBY KOHCTpYKUMH YCTPOHCTBa CBSI3H MOJOXXEH IIApHHPHO-PBIYAKHEIH
MEXaHH3M, pblYarH W LIApHUPbl KOTOPOrO CIyXaT OHOpOH miIs rHOKHX
TOKONPOBOASILMX Kabeneil. Takue ycTpoiicTa SBASIOTCS HanboJIee OCBOEHHBIMH H
HaJe>XXHbIMH AJIA TEH30METPHUPOBaHHA JeTallel NIaTyHHO-IOPIIHEBOH IPYIIIBI.

Jns  BBIMONHEHUS IIOCTABIEHHOW 3aJa4d HCHONB30BAHO TOKOCHEMHOE
YCTPOHCTBO, KOTOpPOe NofepeMeHHO (IpH T€H30METPUPOBaHHH) YCTaHABIHUBAIOCH
KaK Ha NPHLENHOM, TaK U Ha rMaBHbIH WaTyHbI (pHC. 5).

INockonpKy TEH30METpUpOBaHKe NPUIIENHOTO MIaTyHa IIPOBOAWIOCH BIEPBEIE,
ObUI TpoBelieH KHHEMaTHYecKHil pacyeT (YTOYHEHAa KHMHEMAaTHKA JBHKEHHA)
TOKOCBEMHOI'O MEXaHHW3Ma IIPH YCTaHOBKE €T0 Ha NPHIIENHON IaTyH.

a) 0)

Puc. 5. IlpenapupoBaHHble a) I1aBHbIH U 0) HPUIIETHOM ATYHBI C
TOKOCBEMHBIM YCTPOHCTBOM
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Hanpsokenns B 371eMEHTaxX INIaBHOTO H IPHIENHOIO LIATyHOB ONMpPEAeIIIIHCH
METONIOM 3JIEKTPOTEH30METPHPOBAHHS TEH30Pe3HCTOPaMH 6a30# 5 MM.

TeH3ope3sHCTOpPEl Ha MpPHIENHOH IUATYH HAKJIEHBAJIHCH COIVIACHO 3CKH3Y,
IIPUBEICHHOMY Ha pHCYHKe 6, a Ha [IJIaBHBIH IDAaTyH COIJIaCHO O3CKM3Y,
IpHBEJIEHHOMY Ha PHCYHKe 7.

Hcnerranus npoBoauinch Ha paboraromieMm gusenb-reHepatope 12UH26/26
mpi n =1000 MHME' Ha CHeIYIOIHX peXHMaxX [0 [ARIEHHIO CrOPAaHHS:
Pmax = 13,5 MIa, ppax = 14,5 MIla, ppax = 15,5 MIa, ppa =16,5 MIla, a 3arem nipu
n=1100 mus™ na PEXHMAX Prmax = 13,5 MITa, ppax = 14,5 MI1a, ppax = 15,5 MI1a.

OnHOBpeMEHHO ¢ TEH30METPHpPOBAaHHEM IPOBONHIOCH HHAWUHPOBAHHE
pabodero mnporecca B 3THX K€ LIIHHIpPaX.

Ilepen MCHBITAHWAMM M MOCNe [IPOBEleHHS HCOBITAHMH TNPOBOAHNACH
TapUpOBKa  H3MepHTeNbHOH  anmaparypel. CyMMmapHas  OTHOCHTeNbHas
IIOIPEIIHOCTH ONpeAeneHus aedpopManHii cocrapuna £6,34%.

B pesynbTaTe TeH30MeTpPUPOBaHHS OBUIM MONydYeHBI BEJIMYHHBI pa3MaxoB
HanpsDKeHUH B ONAcHBIX CeYeHHSX INIaBHOIO M NPHLIENHOIO IIaTyHOB 3a pabounii
LHKJL.

Puc. 6. Dcku3 HaKIIEHKH TEH30PE3HCTOPOB Ha NPHIIEITHON 1IaTyH
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Puc. 7. Dcku3 HaxiefK1 TEH30pe3HCTOPOB Ha INIaBHbIH IIATyH

C uenpl0 onpeAeneHHs JOCTOBEPHOCTH METOJMKH OIIEHKH 3aracoB
UMKIHYECKOH NPOYHOCTH, NpejaiaraeMoii B pabore, 6bUIH NpOBelNeHHI HaTypHEIE
YCTaJIOCTHbIE HCIBITAHMA MPUUENHOro UiaTyHa ABuratens J[49, dopcuposaHHOTrO
10 MAKCHMATILHOMY JIaBJIEHHIO CTOPAaHUA B TMIHHAPE Pmax= 15,5 MIla, npu n=1100
muE"'. Ko bHIUMEHT eperpy3Ky MPHHMMANCS PABHBIM MUHUMATBHOMY 3HAYEHHIO
PEKOMEHyeMOTo Ul IIaTyHOB 3alaca LHKIHIeCKOH IPOYHOCTH Npip=1,6.

B pesynpraTe BH3yaslbHOro OCMOTpa IIaTyHAa U NPOBEJEHHOH 3aTeM LIBETHOH
JedekTocKonuH ObIJIO CAeNaHo 3aKIloYeHHe 00 OTCYTCTBHH TPEIHH H KaKuX-TH60
IpYrMX TOBpeXJIeHHH NPHLETHOro INaTyHa IIOCie MPOXOXIACHHS HM 0a3bl,
coctapnsBmeii 107 mukioB. DTO MOATBEPAMIO HANMYME HEOOXOAMMOro 3amaca
IPOYHOCTH B IIATYHE Npyip =1,6 IpH pesxume paboThl Pra=15,5 MIIa, n=1100 mun.

B uerBeprToi rnase IMPOU3BOOHTCSA CpaBHEHHE pPE3YJIbTaTOB pPACHETHBIX H
OKCNECPUMEHTANIbHBIX 208 (3 (0): %13 07471 Hanpxxceﬂno-ne(bopMHpoBaHHoro COCTOAHHUA
TJIABHOI'O M IIPHMLENHOr0 LAaTyHOB M OLEHKa 3aracoB LUKITHYECKON NPOYHOCTH B
ONAaCHBIX CCYCHHAX LIAaTYHOB.




W3 cpaBHEHHS pe3ynbTaTOB MaKpOIJIEMEHTHOIO, KOHEYHO-3JIEMEHTHOTO
pacyeToB M 3KCIEPHMEHTa CHejlaH BERIBOJ O TOM, 4TO HMeeT MECTO JOCTATOYHO
6/M3K0€e COOTBETCTBHE 3Ha4EeHHH HaNpsHKeHHH, MONYYeHHBIX TpeMs PadIHYHBIMH
cnocobaMn (tabmuma 1). Ilpu 3TOM pedn uuer, B nepByl0 Ouepeib, O IUIABHBIX
ydacTKaX Hapy»XHOTo KOHTypa HIaTyHOB (CTepXeHb, 00J1acTh Nepexona OT CTePXKHS
K MOpIIHEBOH ronoske). Hampumep, B cTepXHe 3HaYE€HHs OCEBBIX HANpsHKeHHH 1o
BCEM TpPEM BapHaHTaM OLEHKH MNpPaKTHYECKH ONHHAKOBH. UYTo KkacaeTcs 30H
KOHLEHTpAlHH HalpsKeHHH, To 30ech HHPOpPMaLUS O pa3Maxax HampsKeHHit Gblia
NOJTyueHa TOJIBKO C NOMOILBIO KOHETHO-3IeMeHTHOH Mozend. Tak, B 30He BhIXona
MacCJsHbIX OTBEPCTHH B MOPIIHEBOH [OJOBKE INIABHOIO IaTyHa pa3Max OKPYXHBIX
HOpMAIBHEIX HaNpshkeHH# coctapnser 280 Mlla.

Tabnuua 1
watyH | Ne ceyeHus Maxkpo- KoneuHo- PesynbTarsl
(puc. 6,7) 31eMeHTHBIH 3J€eMEHTHBIH TEH30METPUPOBaHUA
pacder pacyer
20, MIla
TInaBHBIe y4aCTKH Hapy>KHOTO KOHTYypa IIaTyHOB
= 2-2 180 205 189
2
43 3.3 170 185 175
= g
= 4-4 55 60 48
E = (2-2)pp 110 100 100
= o Z“
,_%‘ e g (3-3)mp 165 170 180

30HEI ¢ KOHIIEHTPAaTOPaMH HANpPsHKEHHH (BBIXOJ MACIIAHBIX KAHAJIOB BO
BHYTPEHHHH KOHTYD MOPIIHEBBIX FOJIOBOK)

, E 1-1 150 260 -
R
- 2-2 160 280 -
5% E‘ (1-Dp 160 270 -
= = o
A= B ) 180 345 -

Jlanee omnmcaHa pa3paboTka YTOYHEHHOTO pacyera Ha BBIHOCIMBOCTb C
OIpe/IETICHHEM 3aMacoB LMKIMYECKOH IPOYHOCTH TAKKE HA OCHOBE [MOJTAMHON
pealu3alM¥ MAaKpOJJIEMEHTHOW H KOHEYHO-dJIeMeHTHOH Mopened. B ocHosy
pacyera TONOXKEHa M3BECTHAs MeToauka, npumensemas Ha OAO «KomnomeHckuit
3aBOJI», COTNIACHO KOTOPOH JUIS pacyeTa 3alacoB IPOYHOCTH (IO BBIHOCIHBOCTH)
BLIOMpAIOTCS OTHENBHBIE CEYEHHS, HMMEIOLIME BHICOKMHA YDOBEHb pa3MaxoB
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HanpshKeHHWH, a Takke cedeHHs, BKIIOUaiolHe B cebs KoHueHTpartop. BemramHa
3amaca NpoYHOCTH onpefenserca coridacHo ¢opmynam C.B. Cepencena.
AMmIuTYOa H CcpelHee Hanps)keHHe UHKIA ONpeleNsioTcs ¢ [OMOIIBI0
OrubaloIMX KpPUBBLIX MaKCHMalbHBIX M MHHHMMAIbHBIX BEJIMYMH HaOpPOKCHUMH,
MOMYyYeHHBIX B MaKpO3JeMEeHTHOM pacdeTe. TeopeTHueckHe KOIQGUILHEHTHI
KOHLEHTpaIlMH Halps)KeHHH BbIOHpAIOTCH B COOTBETCTBHHM C PEKOMEHIALIMAMH,
npuBeneHHbIMH CepeHCeHOM NpH pacCMOTPEHHH IUIAaCTHMH C KOHIIEHTPATOpaMH,
BeJIMYMHa MacmTabHoro ¢akropa omnpenensercs MO MPHBEACHHOH ILUIOLIagH
pacyeTHOro CeYeHH .

B npepiaraemoit MeToziKe pacrioNoXeHne 30H KOHIICHTPAIlMH HaNpsDKeHUH, a
TaKXe BeJTMYHHBI aMIUTHTYA HaIpsOHKEHHH M CpeTHUX HalpsuKeHUH OIpeeIfIoTCs ¢
[IOMOIIBI0  KOHEYHO-3JIEMEHTHOr0 aHaiu3a [IaTyHa, IPOBEIAEHHOro  JUIf
HECKOJbKMX Haubonee ONACHBIX €ro PacYeTHBIX IOJIOXKEHHH, BbHIOpaHHBIX U3
pe3ynbTaToOB MaKpOXJIEMEHTHOrO pacueTa. Y TOYHEHHE BEIMIHMHB HanpspkeHHH B
30HaX KOHLEHTpalMH MPOU3BOAMTCA IO METOQY HACHIEHHUSA, T.e. H3MeNbYeHHe
CeTKH TMPOW3BOAMTCA IO TeX MNOp, NOKa pa3HOCTh MEXKIY MOCIEYIOIIHM MU
MpeabIIYUIMM pe3yIbTaTaMH He COCTABUT ONpeAeSieHHON NOIMyCTHMOH BENHYHHEIL.
Jauupli noaxon obecrmedyuBaer HauOGONBIUYIO afeKBaTHOCTh OTOOpaKeHHA
JEeWCTBUTENBHON KapTHHEI pacnpelieNieHHs HanpsokeHMH nmo obbeMy ImaTtyHa H
pacnonoXXeHuss 30H KOHLIEHTPalMH, TaK KaK IPOH3BOIMTCS HENOCPeACTBEHHOE
onpejeneHHe aMIIMTYL HalnpsDkeHHi B 30HaX KOHIEHTpaUWH. BenuuuHa
MacwrabHoro ¢akropa, ko3h(HIMEHTOB KauecTBa OOpabOTKHM M YIpOYHEHUS
TIOBEPXHOCTH OTpe/ieNiseTcs B 000HX BapHaHTaX ONHHAKOBO.

Iloxy4yeHHBle BeIMYHHHI 3allaCOB [IPOYHOCTH CPAaBHHBAIOTCS ¢ MHUHHMAIBHO
JOMyCTHUMBIMH (TaKk Ha3bIBaeMbIMH HOpPMaMH IPOYHOCTH). BenudyuHml 3amacos
MPOYHOCTH, NOMY4YEeHHble [BYMS OIHCAaHHBIMH cHoco0aMH, IMA HEKOTOPHIX
ONacHBIX CeYeHWH INATYHOB, BKIIOYAIONMX B ce0s KOHIEHTpAaTop HalpshHKeHHH,
npuBeJeHk B Tabnue 2.

Tabmuua 2
WATYH Ceuenue (puc. 6,7) 3anac UMKIHYECKOM MPOYHOCTH N
Ilpunsaras YrTouneHHas
METOAMKA METOMKa

naBubIi 1-1 puyrp 1,88 1,85
tatyH 2-2 puyrp 1,94 1,87
[Npruennoi (1-Dop. ssryrp. 175 1,70
e (2-2)up. saye. 1,93 1,89

HekoTopble pa3nuyus B BeJMYHHAX KO3(OUIHMEHTOB 3aMacoB LUKIMYECKOH
HNPO4YHOCTH 00YcCNOBNeHbl OoJjiee TOYHBIMHM 3HAYEHWIMH HAOpPSDKEHHH B 30HaX
KOHUEHTpalUMH, MNOJNYYEHHBIMH C IOMOINBIO OOBEMHOTr0 KOHEYHO-3JIEMEHTHOTO




pacdeTa H pPacCMOTPEHHEM KOY(OOHUMEHTOB KOHUEHTPALMH  HaNpsKeHHi,
onpe/ieNseMbIX HENOCPENCTBEHHO TPH TOMOLIH TPeNNTOXeHHOH ABYXYPOBHEBOMH
MOJIeJTH pacueTa.

BbIBOJIbI

1. Ananus myGnHKalni, NOCBAMIEHHBIX BOpocaM ofecredeHus POYHOCTHOM
HaeXHOCTH IUATYHHOIO MEXAaHH3Ma, BBIABHJ HECOBEPLIEHCTBO H HEMONHOTY
MaTeMaTHYeCKUX Mojefiell ¢ HUCIONB30BaHHEM COBPEMEHHBIX METONIOB H CPEACTB
aHaJIM3a 1% OLIEHKH [IPOYHOCTHOH Halle)KHOCTH Ha 3a/laHHBIN pecypc.

2. PaspaboraHa AByXypoBHeBas MOZLENb IIPOYHOCTHOTO pacyera IIATYHa,
OCHOBaHHas Ha MOJTAIHOM HCIIONB30BAHHH METOJa MAaKPO3JIEMEHTOB H 0OBEMHOTO
KOHEYHO-3JIEMEHTHOTIO aHalh3a.

3. BrmmonHeHHBle pacyeThl KOHCTPYKIMH IJIaBHOIO M IPHIEMHOIO IUaTYHOB
CpenHeobOPOTHOrO aU3eNs, TECTHPOBAHHUA Ha OCHOBE IKCIIEPHUMEHTANTLHBIX JAHHBIX
MOXTBEPAMIN CIOXKHYI0O HHHAMHYECKYI0 CHCTEMY HarpyxXeHHs, TpeOylollylo NnpH
NpOBENEeHHH MPOEKTHBIX pPaboT 00s3aTENPHONO0 MHOrOMO3HLMOHHOIO aHalli3a
Harpy>eHH 10 YTIIy MOBOPOTAa KOJIEHYaTOro Bana.

4. YTouHEeHHBIH KOHEYHO-3JIEMEHTHBIN aHau3 HaNpsHKEHHO-
1eOpMUPOBAHHOTO COCTOSHHA UIATyHOB B IPEABapHTENHHO BHIOPAHHBIX C
HOMOINBIO MaKPO3JIEMEHTHOTO pacyeTa OMacHBIX MOJOXEHHUAX N0 paboueMy LHKITy
JBUraTeNId MNO3BOJIHI MAaKCHMAJIBLHO MOAPOOHO ydyecTs GopMy H MaTepHan
KOHCTPYKIIMH, & TaloKe XapaKTep Harpy’keHHd H KHHEMaTWYeCKHe TIDaHHYHble
ycnoBus. Ilpemnoxena pacueTHas MoJeNbh HIATYHHOH TPYNIbl, YYHTHIBaIOLIas
MHO’KECTBO MOJIOKEHHH 32 LHKJI, YTO C/IeNaHO BIIEPBEIE.

5. Paspa6oTaH aBTOMaTH3UpPOBAHHBIH AIrOPHTM MO ONpENENeHHIO BETHYHH
3aracoB LUKJIWYECKOH MPOYHOCTH INAaTyHa C Y4€TOM KOHLEHTpallMH HAaNpsOKeHHH,
MacIITabHEIX (AaKTOPOB H KadecTBa TEXHONOTHYECKOTO HCIMOJNHEHHS, 4YTO
HO3BOMIIO BHIIBHTH HauOolee omacHble, C TOYKH 3peHHa obecnedeHus
IPOYHOCTHOH HafeXHOCTH, 30Hbl KOHCTPYKL{HH.

6. CpaBHMTENbHBIH aHaNW3 IPOBENEHHOIO pPaCUETHOTO HCCIENOBAHHA TIO
CO3JJaHHIO MOJENH HAarpyXeHHs IDaTyHHOTO MeXaHM3Ma C pe3ylbTaTaMH
HATYPDHOTO TEH30METPHpOBaHHA Ha paboTalomieM JABUTaTeNle ¢ OPHUTHHAIBLHOM
cxeMoil TOKOCheMa IONTBEPRWIH aNeKBAaTHOCTh OXBaTa OCHOBHEIX ()aKTOpOB
Harpy)KeHus, a TaloKke BHIODAHHBIX TPaHHYHBIX YCJOBHif, 4To obecrieuHBaeT
HeoOXOIMMYI0 [JOCTOBEPHOCTb M IPAKTHYECKYIO IIONE3HOCTh  CHENaHHBIX
pa3paboToK I/ OCHEAYIONEro MPUMeHeHH .

7. O6beiMHeHHE B €JUHBIH MHOTOCTYNEHYAThIii KOMIIIEKC MaKpO3JIEMEHTHOTO
pacueTa, KOHEYHO-3IEMEHTHOTO aHalin3a H MNPHHATOH MOJENH YCTaJlOCTHOTO
paspylleHHs ¢ BBIXOJOM Ha BEIHYHHBI 3alacoB LHKIHYECKOH MPOYHOCTH
NO3BONSET IIPOBOJMTH  MHOTOBAPHAHTHYI0O  OTPabOTKY  KOHCTPYKUMH B
COOTBETCTBHH C TPeGOBaHHAMH HAIEXHOCTH B SKCILTYaTallHH.
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