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OBIASA XAPAKTEPHCTHKA PABOTHI

AKTYaIbHOCTL TeMbl JleTalu ¥ 3JIEMEHTHI, BRINOJHCHHBIC B (POPME TOHKHX
TepMoOuMeTaLivyeckux (TB) mniaacTHH M 000JOYEK HAXOJAT MMHPOKOS
MIPUMCHEHHE B KOHCTPYKIIMAX COBPEMEHHBIX MICKTPOTEXHHUECKHX YCTPOHCTB H
SIBJITIOTCA OTBETCTBEHHBIMM DJIEMEHTAMH JTHX M3JC/HiH, Tak Kak OT WX padoThl
3aBHCHT (QYHKIHOHHPOBaHME BCEH CHCTEMH B ULeJioM. Hapsny ¢ imwupoxo
M3BECTHBIMM  KOHCTPYKTMBHBIMH MCIOJHEHHAMH B [OCICAHME TOAb B
COBPEMEHHOM NPHOOPO- M MAIIHHOCTPOEHHH MOSBUIICH DA HOBBIX M3JCNHH, B
KOTOPBIX HCIOJIB3YIOTCS HOBbi€ 000104€yHbe Th 3j€MCHTBI RCTPANMUMOHHOM
dopmul (puc.1), a Take TH 3JEMEHTHI, peaTu3yIOIME 0COOBIE CBOHCTBA M
KayecTBa M OTBCYAIOIIHC PALY HOBBIX M JONOJIHHTCIbHBIX TpeboBanmii. Ha
npumep cosjalorcs 00oJiouedHble TH 3neMEHThl CIHOXHOH I'COMETPHUECKOH
($opMEI, 00ECTICYHBAOLIME HY)KHOH JUCKPETHOH paboycH XapaKTepuCTHKOH.

Puc. 1. Buabl Tb anemMeHToB, NPUMEHREMbIX B TEXHUKE.

AHanM3upys NOpoONEMBl, CBA3aHHBIE C pa3paboTKOM W HCIIONB3OBAHHEM
o6onoueunbix Th 371eMEHTOB B COBPEMEHHBIX 3JIEKTPOTEXHUYECKUX YCTPOHCTBAX,
MOXHO OTMETHTb, YTO H3BECTHAIC AHAJIMTHYCCKHE NOAXOABI H METOJMKH, JIH6O He
M03BOJIAIOT B NOJIHOM 00beMe M C TpeOyeMOH TOYHOCTBIO yUECTh BCE 0COOEHHOCTH
CJIOXHOTO Ipouecca HenuHeHHOro pedopMupoBanns TB ancmenTos, ano0,

€, HE TIO3BOJLIOT

1IC, PCIIMTD PAA 3a4a4. HTE MITY wm . H.3.BaymaHa
wMLH LD W
MH.3 b 1738189

| \L:PE RN . Anvu ABayn Kapum PacueT v n



Cospanne  Tbh  s1eMEHTOB € BBICOKHMH YHKIHOHATLHBIMH
XapaKTEPUCTHKAMH, SRIAETCS B COBPEMCHHOM MallIHHO- H NPHOOPOCTPOCHHM
3ajiageil NEpBOCTENIEHHON BaXXHOCTH.

TakuM 006pa3oM, aKTyalbHOCTh paboThl onpeaensercs HEoOXOAHMOCTBIO
PELUECHUS BakHOW IPHKIAJHOM HAy4YHO-TEXHHYECKOH 3aJa4H, MOCBAILICHHOM
PacyCTy ¥ NPOEKTHPOBaHHIO 060109e4HEX Th 31€MEHTOB AUCKPETHOro ACHCTBHA,
[IPUMEHSEMBIX B KOHCTPYKUHMSX 3JIEKTPOTEXHUYECKHX YCTPOHCTB, Y Iy4IICHHEM HX
KayecTBa U HOTPCOUTEILCKHX CBOHCTB.

Ilenr u  3agaum  paGorbi Jluccepraums TOCBSILIEHa pacdeTry H

MPOEKTHPOBaHUIO 06004eyHBIX Th 2/1eMEHTOB AMCKPETHOro JEHCTBUs, KOTOPEIE
B MpolLiecce OKCILTyaTaUMH MCIBITRIBAIOT CIOXHBIH MpoLECC HETHHEHHOro
AeQOPMHPOBAHHS,  XapaKTCpU3yIOLMHCS, OONBIIMMHM  NEPEMCIIEHHAMH U
XJIOTIKaMH.

Llenbio nuccepTaly ABIAETCS CO3NAHME YMCICHHOM METOINMKH pacdyera H
npoexTupoBaHus obonoucunuix Th anemenToB nuckpersoro neicrsud. B paGore
pelaloTCs  CleQylollde  3ajayd,  BO3HHKAIONMME  MPH  NPOBEICHHH
MPOCKTUPOBOYHBIX U IIOBEPOYHBIX pacyeToB Th 31€MEHTOB 3/IEKTPOTEXHHYECKHX
YCTPOHACTB:

1. Pa3paboTKa METOZMKH M AJITOPUTMOB pacyeTa IPOLIECCOB HETHHEHHOro
JepopMupoBanus 060104eyHsX Th 31eMeHTOB MPHOOPHBIX YCTPOHCTB Ha
OCHOBE HCIOJIb30BAaHHS IIPEAJIaraéMoro aBTOpPOM MOJAXO0Ja B COYETAHHU C
BO3MOXHOCTAMHU CYLIECTBYIOIUMX NPUKJIAAHRIX NPOrPaMMHBIX KOMILIEKCOB
(TTK).

2. YucneHHas peatu3als MCTOIWKM M QIrOPDUTMOB B BHJAE IakKeTa
NpUKIANHBIX nporpaMMm s OBM u noarBepxieHHE HOCTOBEPHOCTH
NOJIYYEHHBIX PE3YJbTaTOB B IIPOHECCE TECTUPOBAaHMS U CONOCTABICHUA C
pe3yabTaTaMu, noxy4eHHbIMH ¢ nomonisio ITTIK «ANSY Sy.

3. IlpoBeneHue YMCICHHOTO MCCIENOBAaHHE TPOLECCOB  HEMHHEHHOro
nepopmupoBanui Th 31€eMEHTOB JHCKPETHOTO AEHCTBHA IO pa3paboTaHHON
METOAMKE C LEIBI0 aHANM3a BIMAHMA KOHCTPYKTHBHHIX I1apaMeTpoB Ha
pabo4yl0  XapakTepHCTHKY M  BRIpaOOTKM  PEKOMEHJalui 10
COBEPIUCHCTBOBAHHIO KOHCTPYKI{HH.

Hayunass HoBH3Ha Jluccepraums sBiIsSETCS 3aKOHYCHHON OpPHIHHANBHOM
HaYYHO-HCCIENOBATENbCKOH paboTOH, cojepxkallell pelmeHHe NPHKIAJHOM
TEXHMYECKOM 3aJa4yd, MMEIOIECH BaXHOE HApOJHO-XO03AHCTBEHHOE 3HadyeHue. Ha
3alMTY BBIHOCSATCS OCHOBHBIC, COJCPXALOME O3JEMEHTHl HAyYHOH HOBH3HEI
HOJIOXKEHHUS AUCCEPTALMH, CPOPMYITHPOBAHHEIE B HHXKE EPEYHCIICHHEIX ITyHKTaX.
1. UncneHHas Meroauka pacueta M npoektupoBanus TB o06onoyedHsx

SJIEMEHTOB  CNOXHOW  (GOPMEI,  NO3BOJNSIOWIA  COBEPLIEHCTBOBATH

CYIIECTBYIOLIME H CO3[aBAaTh HOBhIE KOHCTPYKIMH TEXHHYECKHX YCTPOKHCTB C

OUCKpEeTHOH  pabouelt  XapakTEpHCTHKOM M ApYyrUMH  TpefyeMeiMu

TEXHHYECKUMH N1apaMETPaMH.



2. Anroput™M M mNpHKiagHas nporpaMMa aias OBM, npepHasHaueHHas Uit
pacdeTa H NpOCKTHpOBaHHA TB 51€MEHTOB B (OpME TOHKOCTCHHRIX
OCECHMMETPHYHBIX  KyTIOJIOB,  NO3BO/SIOLIAS  OMpEAeiMTh  odOaacThb
PAlHOHANBLHLIX 3HAYCHUH KOHCTPYKTHBHBIX TapaMeTpOB H, KaK CICACTBHE,
CYINECTBEHHO COKPATHThL MpOLECC NMPOSKTHpoBaHUs TH 31€MEHTOB CIIOXHOH
opmaL.

3. HoBune pe3yapTaThl [UIA MOJEIBbHBIX M TECTOBHX 3alay HEJIWHEHHOIo
JehOPMHPOBAHHA TOHKOCTEHHBIX TD 3JIEMEHTOB, NPOACHSIOLIUE BIIMSHHC
OCHOBHBIX ~KOHCTPYKTHBHBRIX [apaMETPOB Ha IIPOLECC HEJIMHEHHOIo
nedpopmMupoBaHMs U pabodyl0  XapakTepHCTHMKYy YycrtpokictB. HoBme
pe3yJIbTaThi, MONYy4YEHHBIE 1O aBTOPCKOH nporpamme M ¢ nomombio I1ITK
«ANSYS» mns pearsHeX TH 31eMEHTOB, NO3BOSIONIHE HAWTH IyTH H
pe3epBHl N1 COBEPIICHCTBOBAHMA M CO3JaHMsA HOBHIX KOHCTpykuuit Tb
3JIEMEHTOB NIEKTPOTEXHHYECKUX YCTPOHCTB.

4. PexoMeHJalMM 10 mNpoeKkTHpoBaHMIO TDB 3J€EMEHTOB  CymECTBYIOLIMX
3JIEKTPOTEXHHYECKMX YCTPOKCTB M HOBHIE KOHCTPYKUHMH obGonodeuHnix Th
9JIEMEHTOB, COOTBETCTBYIOMHE COBPEMEHHOMY MHPOBOMY TEXHHYECKOMY
YPOBHIO, HCIOJIB30BAHHE KOTOPHIX TO3BOJMT CYLIECTBEHHO TNOBLICHTBH
9KCIUTyaTaUHOHHKC Ka4yecTBa M CHM3UTh TPYHNOEMKOCTb H3TOTOBJICHHA
H3JETUH.

JoCTOBEPHOCTh __ Pe3yabTaToB  J[OCTOBEPHOCT HAyYHBIX MOJOXEHHH,

BBRIBOZIOB ¥ peKOMEHAauii paGoThl 060CHOBaHA:

1. CTporuM HMCHONB30BAaHHEM KJIACCHYECKMX MEXaHHYECKHMX KOHLEnuMi u
aJIcKBaTHOrO MaTEMaTHYECKOTO aniapara;

2. Ilposepko#t pa3paboTaHHOrO a&IropyTMa M IPOrpaMMBl pacyeTra Ha
MOZENBHHEIE U TECTOBRIE 3a/1a4H;

3. CoOTBETCTBHEM MOJYYECHHHIX YHCICHHBIX pe3yJbTaTOB C JaHHBIMH
9KCNEPHMEHTOB, C AHATHTHYECKUMH, YHCICHHBIMH U 9KCIIEPUMEHTAJIbHBIMU
JIAHHBIMH, TIOJTy9CHHBIMH APYTHMH aBTOPaMH.

IlpakTHYeckas IEHHOCTb paboThl onpenensercs: paspaboTkodl METOAHMKH,
QIrOpMTMa M  NPHKJIAJHOIO [POrpaMMHOro  00ECICYEHHA, MO3BOJIAIOLIHMX
NpOBOJUTh aHaNMM3 M ImpoekTHpoBaHHe TH JJEMEHTOB, HCHONB3yeMHIX B
KOHCTPYKIMAX COBPDEMEHHBIX TEXHHYECKMX YCTPOHCTB; IONYYEHHEM HOBBIX
PE3yJIBTaTOB, CBA3AHHRIX C pacdeToM M aHamu3oM TD 31eMEHTOB pa3IH4HBIX
KOHGUrypauny; BhiJadeH pEKOMEHJAMH 10 palHOHAIBHOMY NPOCKTHPOBAHHUIO
TB 3/1eMEHTOB CIIOXHOM N€OMETPHYECKOH HOPMBI.

PesynpraTH  mUccepTauAoHHON pabGoThl BHedpeHn B OAO «Kamyxckuit
TypOunsei 3aBog» r. Kamyra © B OOO HTI] «PacyeTHnE TEXHOJOTHH» T.
Mocksa np# pacdeTax M MPOCKTHPOBAHHH NPEJOXPAHHTEIbHBIX YCTPOHCTB.

AnpoGanas paGornl OCHOBHEIEC NOJOXEHHA IHCCEPTALMOHHON paGoTH
JOKJIANBIBATHCh HA 5-# MeXIyHapoaHOM KOoHGepeHIMH «MexXaHH3MBl BHEIPEHHS
HOBHIX HANPaBJICHHM HAayKd M TEXHOJOTHH B CHCTeMH oOpasoBanus», (Mocksa,



okT6pb 2004r.), 5-# KOoHbEPEHLMH MOJIB30BaTeNe! MPOrPaMMHOrO OGECTICYEHHA
CAD-FEM GMBH,(Mocksa, Anpenb 2005), 5-# MexIyHapoAHOH KOH(PEPECHLHH
«Monoanie  yyéHble-  NPOMBIIUIGHHOCTH,  HayKe,  TEXHOJIOTHAM  H
npodeccHoHaTbHOMY 00pasoBaHHMIO: NpoOJeMBl W HOBble pemeHus», (Mocksa,
moHb 2005r.), perHoHajbHOH Hay4HO-TEXHHYECKOH KOH(EpPEHIMH CTYAEHTOB,
aclUpaHTOB ¥ MOJOABIX Y4eHhIX, (KDO-MI'TY um. H.O. baymana, Karyra, anpens
2005r.)

Hy6aukxauuu 1To Teme gucceprauuu omyGIHKOBaHO 4 paGOTHI.

CTpyKTYypa ¥ 00beM paGoThl JlMccepTanys COCTOUT U3 BBEAECHH, IITH IJ1aB,
OCHOBHLIX BBIBOJOB, 98 pHCYHKOB, 4 TabNMI] M CIIMCKAa JUTEpaTyphl u3 179

HaUMCHOBaHHH, U3JI0XKEHHBIX Ha 161 CTpaHMIIaX MAIIMHONKCHOTO TEKCTA.
KPATKOE COJEPXAHUWE PABOTHI

Bo_BBegeHMHM OOOCHOBBIBAETCS aKTyalbHOCTh pabOTH, HaydHas HOBH3HA H
NpaKTHYECcKasi LEHHOCTh, POPMYJIUPYIOTCA LM U 331a4H MCCIECAOBaHUS.

[IpUBOOMTCS OMHCaHME PATHYHRIX BUJOB 000j0ueyHHX TH 2jileMEHTOB C
JUCKpETHOW pabGoyel XapakTepUCTHKOH, TIPAMEHSEMBIX B KOHCTPYKUMAX
COBPEMEHHAIX JJIEKTPOTEXHHYECKUX YCTPOHCTB. OTMEYAETCS, 9TO B COBPEMEHHEIX
KOHTaKTHO-KOMMYTAlIHOHHEIX ~ YCTpOMCTBaX  HCHOAb3ylOTcs  Bce  Gonee
COBEPIUECHHBIE M CJIOKHBIE KOHCTpYKIMH TH 31€MEHTH C AMCKPETHOH ymnpyroi
XapaKTEpUCTUKON. VI3BECTHH yNAYHbIE EOVHWYHBEIC MOMBITKH 3MIMPHUYECKOro
HaXOXIEHHA DJIEMEHTOB CIOXHOH GOpMEI, obecneunBaOKX TpeOyeMule
XapaKTEPHCTHUKH, KOTOPHIE KaK NMPAaBUJIa 3aNIaTeHTOBaHHL.. HaydHO 060CHOBaHHYIO
METOANKY NPOEKTHPOBAaHUA MOJOOHBIX D3JEMEHTOB B JOCTYNHHEIX aBTOpaM
HUCTOYHHUKAX HAWTU HE YAAIOCh.

B ot0it cBA3u 3amaya pacdera ¥ npoekTHposaHus TH 31eMEHTOB ABISETCS
aKTyanbHOH, 0COOEHHO, B CBeTe NOABICHUA cepuu 1B yCTpoHCTB HOBOrO
NOKOJIEHHUS, MCTIONB3YIOMHX ABICHHE “XJIONKA” M NpEABapHUTEIbHRIC HACTPOHKH
Ha JMCKPETHOE CpabaThIBaHHE NPH 3aJaHHOH TeMIepartype.

IlepBas riaBa nocssimena 0630py METOJOB pacdera W npoekTupoBauus Th
3JIEMEHTOB. B HCTOpHYECKOM KOHTEKCTE OOCYXHAIOTCH METOABl HEIHHEHHOro
anann3a TB KOHCTpyKuwi. AHAMM3HPYIOTCS PaGOTH, MOCBALICHHBIE BOMPOCAM
pacyera pasmmyHelX TB 51€eMEHTOB, aKIEHT CTaBWTCd Ha [polieMax
reOMETPHYECKH HeJuWHeWHoro aHamm3a. OmucmBaiorcs Th  anementn o
ycTpoiicTBa, Hcnoas3yromue Th 2IeMEHTHI, IpUMEHsIeMEIe B PasiIMYHBIX 06JacTiX
TEXHHKH.

OcHoBnl Teopun pacuera Th s1eMeHTOB 3a0ieHH B Tpyaax Y. Bmmiapco,
CII. Tumowenko, J[10.JlaHoBa, B.M. ®deomoceea, 3.U. TIpuromoxa.
Hcnonb3oBaHue ynpyrux 4yBCTBUTENLHBRIX TH 3/1€MEHTOB Ha MpaKTHKE, a TAKKe
BOMPOCH TEOPHMH M aHAIMTHYECKHME METOAN pacyera TH sneMeHTOB HAUUIM
orpaxenue B MoHorpapuax C.J. Ilomomapesa, JL.E. Annpeesoii, ®. Kamnapa,
K.[. Tumomenxosa, B.H. Munaesa, C.51. 'opauenko u ap.



CymecTBeHHHH BKIall B Pa3BHTHE TCOPHH M TIPAaKTHKH pacyeTa
TepMOOHMETAJLINYECKHX KOHCTPYKIHH BHeciaH J.JI. Akcenspan, A. U. Bopobses,
C.C. Taepromun, B.JSI. T'mn3bypr, E.M. Jlazopuxa, B.U. Kopoaer, B.B.
Anekceeckuit, B. H. Xymuk, B. B. IToBucok u M. T1. ®eapyk u ap. 3a pybexom
BOIIpOCAMH TepMoOuMeTaLia 3aHMManuck W.H. Wittrick, D.M. Myers, W.H.
Blumden, M.F. Heary, L.F. Coffin, B.D.Aggarwala, E. Saibel u np.

Cpenu Th 3neMEHTOB BRIAGNSETCS KJIACC 31E€MEHTOB ¢ AUCKPETHOM paboueit
XapakTepuCTHKOH. [T0CKONBLKY NEpBHIE 2IEMEHTH C HCKPETHOM XapaKTepHCTHKON
HMesH GPOPMY NIOJIOTOro OCECHMMETPHYHOTO KyTI0J1a, TAKHE SJIEMEHTH H3BECTHH B
JuTepaType Kak = mepmobumemamnuveckue Oucku. TunwuHas pabouas
xapaktepuctuka Th Iucka, T.e. 3aBHCHMOCTD MEXITY NEpeMEmEHHEM XapaKTepHOM
TOYKH O3JIEMEHTa M H3MCHCHMEM TEMIIEpaTyph oOKpyxawome#t cpea — T
npHBeaeHa Ha pHcC. 2.

Puc. 2 Pabouas xapakrepucTuka Tepmobumerannuyeckoro aucka.

OcoOCHHOCTBIO  JJaHHOH  XapaKTEpHCTUKM  fBISETCS  cKauykoobpasHoe
u3MeHeHHe GOPMEI BJIEMEHTA NPH JOCTIDKEHUHM KPHTHYECKOH TeMnepatypu 7,7
Ilepeckoky cootBercTByer oTpe3ok BC Ha xapakrtepuctuke. Ilpu oxnaxzaeHnu
Jucka go 7,° peanusyercs o6paTHBIi epeckok — oTpe3ok DA.

K nacrosmemy BpeMeHH pa3paboTaHhl 3()(EKTHBHEIC METOKI, MO3BOJISIOLIHE
HpPOAaHATH3UPOBATh MPOLECC HEJIHHEHHoro JedopMupoBanus TB  auCKOB.
Meroauku NO3BOJMIOLKE PELIaTh 3aJa4d aHaJli3a M CHHTE3a 3JIEMEHTOB Golee
CIOXHO¥% GOPMBI B IOCTYIHOH aBTOPY JIUTEPATYpPE OTCYTCTBYIOT.

Ha ocHoBe aHami3a GONBIIOro YHCHa JINTEPATYPHHIX HCTOYHHUKOB OTMEYaeTcs
HEOOXOMMOCTE pa3paboTKH YTOYHEHHBIX METOJIOB U &IOPHTMOB, ITO3BOJISIOLINX
HCCIIIOBaTh CYMIECTBEHHOE HenuHelHoe noBeaenne TH 3jieMEHTOB ClIOXKHOU
¢dopMel. Ocoboe BHHMAHHE YIENAECTCS pAa3BHBAGMEHIM B IOCIEAHEE BpeMs
noaxogaM K MCCICHOBAHHIO MHOIONMAPAMETPHYECKHX 3aNad  HEIMHEHHOro
gepopmupoBanus TB  koHCTpykimi, OGOCHOBHIBAacTCA  HEOOXOAMMOCTD
Pa3paboOTKH YHCIEHHON METOJHKH pacyeTa H aHaIu3a paboyel XapaKTepUCTHKH U
HaNpsOKEHHO-Ae(POPMHPOBAHHOIO  COCTOsHMA  kiacca TB  aneMeHToB.
®opMyIHMpPYIOTCA OCHOBHBIE 3a/layd pabOTbl, CBA3AHHBIE C MCCIEIOBAHUEM



CIIOHBIX HEJIHHEHHBIX npoieccoB gehpopMHpoBanus Th 31€MEHTOB KOHTaKTHO-
KOMMYTalUMOHHHX YCTPOUCTB.

IMoauepkuBaercs, YTO aHaIU3 Gojnee MPOCTHIX OCECHMMETPHYHEIX aHAIOroB
JUIS CIOXHBIX TOHKOCTEHHRIX HEOCECHMMETPHIHBIX 060i0ueuHbx Th 31emMeHTOB
MO3BOJET CYLIECTBCHHO COKPaTHTh BpeMs IPOCKTHpoBaHHA Tb 3/1€MEHTOB
CNoXHOX ¢GopMhal Ha 6a3e HCNONAB30BAHHH COBPEMEHHBIX MPOrPaMMHAIX
KOMILIEKCOB. Pacyerbl 3JIEMEHTOB 10 OCECHMMETPHYHOH CXEME IOMHMMO
CaMOCTOATENBHOM LEHHOCTH MOIYT HCHOJNB30BAThCA [UIA TPEABAPHTENBHBIX
PAcycTOB, B X0/I€ KOTOPBIX ONpE/E/IOTCA OCHOBHRIE [1apaMETPhl 1A JIEMEHTOB,
He obnajalolMx oceBoH cHMMeETpHed. JUIi 9HMCTOBRIX pPacdeToB M aHAIW3a
pabounx xapaktepuctuk ¥ HJIC TepMOOHMETALIMYECKHX BJIEMEHTOB CIIOXKHOH
reoMeTpu4eckoil GopMel B paboTe HCMOJB3YETCA METO KOHEYHHIX JIEMEHTOB.

[NpennaraeMeie aNrOpMTMBL MO3BOJIAIOT OCYLIECTBUTH MEPEXOX OT 3aJadu
aHalM3a K 3afiadye cuHTe3a Th anemenTa ¢ 3ajaHHON paGodel XapaKTepHCTHKOM.

Bo BTOpO# rjaBe M3J1araroTcs OCHOBHhIC COOTHOLICHHMS, HCIONB3YEMBIE LA
aHanu3a HeJlMHEHHoro noBeneHud TH aneMeHTOB B GopMe OCECHMMETPHUYHBIX
KynonoB. IlocraBieHHas  3aja4a sSBIAETCS, B  ONPEAENEHHONM  Mepe,
BCIIOMOTraTe/IbHOH M peluaeT npobneMy BeIOOpa palHOHAIBHBIX MapaMETPOB LA
NpOEKTUpOBaHUs GoJiee CIOXKHBIX 000J0YEYHBIX JIEMEHTOB. BHIGOp OCHOBHBEIX
COOTHOLIEHHH M YHCIEHHOTO MeToJa Ui HUX MOCHEQyIOIEro pemeHus
ompezensiicd psanoM (akTopoB, ONPEAENAIONMM M3 KOTOPHIX  SBISLIACh
Pa3sMEpHOCTD 3aJa9i. AHAJIM3 HEJIMHEHHOro AeGOPMHUPOBAHAS OCECHMMETPHIHAIX
TB KynonoB CBOAMTCA K PpEHICHHIO ONHOMEPHOH MHOronapaMeTpHIecKoH
HEeJIMHEHHON KpaeBoi 3aJ1a4M, aJirOPUTM pelleHHs: KOTopolf u3BecTeH. B xadecrse
HCXOJHBIX COOTHOIIEHUH MCHONB3yeTcs MOAMGHIMPOBAHHKIN BapHAHT TEOPHH
TOHKMX OCECHMMETPUYHKIX 000JI04€eK, Heoab3yromui runotedy Kupxroda-Jlssa.
COOTHOIICHHS TMOArOTORJIEHB JUIA NPHMEHEHUS METOJa, OCHOBAaHHOrO Ha
CBEJCHHH HEJIMHEHHON KpaeBOH 33aJay¥ K CHCTEME HEIMHEHHBIX OIEepaTOPHBIX
ypaBHeHuii 1 3anaye Komm.

[Ipu onucanmm reomerpun TB obonodkm, oTcYeTHast NOBEPXHOCTD
COBMeEIaeTcss co chnoeM cmad. Jins omucaHMs (GH3MKO-MEXaHHIECKHX CBOMCTB
HCMONB3yeTCs MOJEb JIMHEHHO YNpyroro Marepdaia. B xayecTBe HezaBHCHMOMR
[IEpEMEHHOR pacCMaTpHBAETCS JarpaHXeBa KOOpIAMHATa S) , OTCYUTHIBacMas
BAoNs MepuauaHa TB obonouku B HemepopMupoBaHHOM coctosuuu (puc.3).
Ilonaraerca, 910 MaTepvan oO6ONOYKH cleayeT 3akoHy ['yka, NpH 3TOM
ko durmentn IlyaccoHa p= p= p, a MoIyau ynpyrocty E;, u ko3pduumeHTH
JIMHCHHOTO pacIMpeHHs MaTepuana o; Iuig BepxHero (i = 1) u wmwkHero (i = 2)
cnoeB OCONOYKM SBIAIOTCS M3BECTHRIMH OGYHKUMAMH S, M MOCTOSHHE IO
ToauuHe. TOMNUHR HIXKHErO M BEPXHEro ClIoeB, 00O03HAYeHHEIe Kak h; H h; ,
TaKKe ABMIOTCH HM3BECTHHIMH  QYHKUMSMHM JYTroBOH KOOpPAHHATH Sy H
NOXYHHSAIOTCA U3BECTHOMY COOTHOIEHHIO Buiapco.

I'eoMerpuyeckie COOTHOLICHHS pAacCMAaTPMBAaEMOro BapHaHTa YypaBHEHHi
OCECHMMETPHYHBIX 000/109€K 3alTCHIBAIOTCS B CHEAYIOLIEM BUJIE:
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Q

v

=(l1+g,,)siny—siny,,

ds,
du

=(1+¢ - , 1
&, (1+s¢,,)cosy—cosy, (1
ﬂ=(1+:»:m)|cm+id—"’—".
ds, ds,

30ech Y, H W - HayaubHBIA M TEKyW[MA YTOJ HAKIOHa KAaCaTeNbHOH K
MEpHJHaHY; ¥ H V - TOPH3OHTAIbHAA H BEPTHKAIbHAA KOMIIOHEHThI NEPEMEILICHUH
B TEKYIICH TOYKE; Emo » €105 Kmo H Ky - AePODMAINH H H3MEHCHHA IJIaBHBIX
KPHBH3H OJIEMEHTa MOBEPXHOCTH cMas. YpaBHEHHS  DaBHOBECHA  AJA
JePOPMHPOBAHHOTO COCTOSHHH HMEIOT BHIL:

dU=_(1+8w) ﬂu__&_.,_p‘ .
2 X, +u X,+u
4 =~(1+e,o)( i d V+P,] : @
as, X,+u
M,

=—(1 +em)[ﬂ(M_ -M,)-Usiny+ Vcoswj.
X, +u

o o

3xeck g, U g, — MHTEHCUBHOCTH paclpeleNieHHONH Harpys3ku. Xp — pammyc
TeKymeh Toukd. BeluyuHbl, OTHOCAIIMECS K HeAePOPMHPOBAHHOMY COCTOSHHIO,
0003HAYaIOTCA HIDKHMUM HHAEKCOM «o». Jlna 00O03HA4YEHHA BEJHYHH,
COOTBETCTBYIOIMIMX MEPHIAMOHAIbHOMY HANpaBIEHHIO HCNOJBL3YETCH HHXHHH

uHpekc "m", a okpyxHoMmy — "t".
Hopmanshas - N, u nmnonepeydas — (0, CHIN B IUIOIIAAKE,
HEPNEHAMKYIAPHOH K MEpUAMAaHy CBi3aHB C TOPM3OHTaNbHOK — U H

BEPTUKANBHON — ¥ COCTABSHOIMMHU BHYTPEHHETO YCHIMA IIPH NOMOUIH MaTPULAI
NOBOPOTA, 3aBUCAIIEH OT TEKYIIEro 3Ha4eHus yria y (puc. 3)

e
0. —sinycosy || V

B nmpeanonoxeHH: CIpaBeUTMBOCTH THMOTE3H O ABYXOCHOM HANPSXKEHHOM
HMEIOT MECTO CJIEAYIOIME BRIPAKEHUA IS CAIOBRIX HaKTOPOB:
N, =Cg,, +Cse, +Dx,, +Dx,—BT,

N,=Cg,+Cg,, +Dx,+Dx,, —BT,
M, =-Dg,, — D, -Cx,, —Cx, +B,T,
M,=-Dg,, - Dy, —Cxk,—-Cx, +B,T.

@

T — u3meHenne temneparyphl. IlocrosHunie xoadpduumentu C; , B, , D;
(i=1,2) onipenensoTcs HCXONA H3 PUIHKO-MEXAHHIECKUX CBOWCTB MATEPHAJIOB.



HeusgecTHnle, NPOM3BOAHHIE KOTOPHX BXOZAT B YypaBHeHHa (1,2),
PaccMaTpUBAIOTCA KAK OCHOGHbIe HEU3BECTHhIE, HEU3BECTHRIE HE BXOIAIIME B ITHX
COOTHOIIEHMAX MNOA  3HaK  JAu(oepeHLMana  pacCMATPHBAIOTCA  Kak
écnomozamensHvle, TIOCKOJIBKY OHH MOTYT OHITh BHIDQXKEHH 4Yepe3 OCHOBHEIE
HEU3BECTHBIE C TOMOMBIO CJIETYIOMMUX ANTefpaHdeCKHX COOTHOLICHHUH:

-y T(1+p)
=——————(Ucosy+Vsi +—"F (Eha +E,ho
€ &h*@@( v mW)”X Eh+ E%(h] @z)
3(1-p%) X,+u( siny siny, ). 3T(1-p) P ,
Eme ™ M, - - + ERao +E, S
o Elhl3+E2},z3 mH X, \X,+u X, 2(‘E1hI:+E2hls)\ Ha 2h2az)

)
N, = E’}‘.—*'“Ehz (Xo+pg_a)—l——z;(5‘h,a,+Ez}5az),

_Elhl’+Ezth(Xa+u siny _siny, E E
- X0+u Xo +pxm 2(1 )( hlal+ hzaz)

(1) | X,

Puc.3. K BbiBogy anddepeHLmanbHbiX COOTHOLLEHUA, ONUCHIBAIOLLUX HENVHENHYIO
AedopmaLmio ocecumMmeTpudHbix Th kynonos.

BCKTOP COCTOAHHUSA B TEKYIEM CCYCHHH 000J109KH 3aNHIIETCA B
BHAC:
T
X' =v,u, vy, V,U, M,] ©)

AHanmu3 rpolecca HeIMHEHHOro AeOpMHPOBAaHMA CBOAMTCA K DPELICHUIO
HEeNMHENHOM KpaeBOM 3alay U1 CHCTEMbl HETMHEHHBIX AU¢depeHIHaIbHBIX
YpaBHECHUH

=F(5,,X.0), Q)
0

JOTIONIHEHHOM COOTBETCTBYIOLIMMH KpaeBBIMH ycioBusAMH. 3gece  O-
BEKTOPHBIA [TapaMeTp, XapaKTEpU3YIONHit BO3AEHCTBYIONIME Ha CHCTEMY BHEIIHUE
BO3MYILCHHU.

PaccMaTpuBalOTCS OCHOBHEIE PAacCUCTHRIC MOJCHH, MCIONB3YeMBIe I
OMHCAaHMA NpoUeccoB HenuHelHoro nedopmupoBanus TH smemenrtoB. Kpartko
U3J1araloTcs OCHOBHBIE cooTHomEeRMst MKD 7 onMChIBaIOTCA KOHEYHHIE JIEMEHTEHI,
npuMeHsieMeie 11s pacyera Th aneMeHToB.



B _Tperbeil riaaBe H3naraeTcs METONMKA YWCIEHHOIO aHAIH33a HEMHEHHBIX
npoueccoB JepopMupoBanis THh 31€MEHTOB B paMKaX MHOTONapaMCTPHYECKOro
nomxoga. Ilpy TakoMm mnoaxoie pemeHHe 3a7aud (7) CBOAMTCA K DCIUCHHIO
KyCOYHO-TJI3JIKOH MOCIEA0BATENPHOCTH OJHONMApaMETPHYECKHX 3aiad. Pemenue
CTPOMTCS, KaK MOCIEHOBATENBHOE PEHICHHE HEMHERHBIX OJHONAPaMETPHYSCKUX
3aj1a4 B IPEINONIOKEHUH, YTO H3MEHAETCSA TOIbKO OJMH M3 BHEIIHHX [1aPaMETPOB,
OCTajbHEIE BHEIOHHE TapaMETpHl B Npeeiiax KYCOYHO-TJIAJKOrO Y4acTKa,
QHUKCHPYIOTCA TI0  CBOMM  TOCHCIAHHM  3HAUYEHHAM HAa  NPEABLAYILEM
OJ(HOTIaPAMETPUYECKOM YYacTKe. JIBHXKEHHE IO I1apaMeTpy OCYIUECTBISAECTCS Ha
OCHOBE [BYXIIIaroBOr0 MTEPALMOHHOTO METOJA: «IpPEAUKTOp-KoppekTop». Ha
3Tane «IIpeJUKTOpP» OCYLIECTBIAETCS MNpeJCKa3aHWEe pEUICHHs Ha OCHOBE
MHQOpMAIMH, HAKOIUIEHHOH Ha NpeiblAylMX liarax no napaMcipy. Ha stane
«KOPPEKTOp» MPOM3BOJANTCA YTOYHEHHE NPEACKA3AHHOTO PEILCHHA.

IMpuBoauTCA  OMHMCAHME  ANTOPHTMA M NPOTPAMMHOM  peanu3alMH
npeajaraeMoro Merona. ONMHMCHBAaeTCA MporpamMMa, paspaboTaHHas IJIA pacyera
TB sneMeHTOB B HOpME OCCCHMMETPHYHEIX KynoioB. IIpuBoaurcs 610k cxeMa U
MOAPOGHOE ONMCAHHE COCTAaBHBIX YAacTeH MPOrpaMmbl, HEOOXONMMOH BXOAHOH
HHGOPMALMH H NIOTYyYaeMBIX PE3YJIbTaTOB.

Hcnons30BaHKe MPEIUIOKEHHOTO AITOPUTMA NO3BOJIAET NEPERTH OT PEILCHHSA
3a]a4yd aHajlM3a K PELICHHIO 3a/ayd CHHTE3a KOHCTpYKUMH. Hies nepexona
WUTIOCTPUPYETCS Ha TNpHMEpEe CHHTe3a KOHCTpykuuMH Tb nepexmnouarens,
HCIIOJIB3yeMOr0 B  KadeCTBE 3JJIEMEHTAa OBICTPOACHCTBYIOWIErO TEPMOpEIE.
Hactpoiika Th mucka Ha nepekoyeHHe NPH 33JJaHHOM 3HAYEHWH TEMIIEPATYPHI
T* DpOM3BOAMTCA IOCPEACTBOM DEryJIMPOBOYHOrO BHHTA. He3aBUCMMBmMH
napaMeTpaMi ABJISIOTCA TeMriepatypa T H yCHJIME NPEABAapHTEIBHOIO MOKATHSA
F. PesyiabTaThl 4MCICHHOTO aHalM3a NpPEJCTaBJECHHI Ha PHC.4 B TPEXMEPHOM
[POCTPAHCTBE: TEMIIEPATYpPa, YCUIHE NPEABAPUTENILHOTO MOMIKATHA, NMPOrHO.

Wad i
L

o 1 0|
™ A 3

0.4
F. [H]
Puc. 4. MoBepxHOCTL paBHOBECHDBIX COCTOAHMIA TH Kynona B ocsx Temnepartypa—
Harpyska—nporub.



KpuBas 1 cootBercrByer upoueccy Jnedopmuposanud Tb mucka mpn
OTCYTCTBUM MpeABapUTENbHOr0 momkatua. KpuBad 2 COOTBETCTBYET CHIIOBOMY
HarpyXeHHIO 2J1EMEHTa IpU NOCTOSHHOH Temmeparype. KycodHo-rnankue kpussie
3 u 4 COOTBETCTBYIOT CIOXHOMY mnpoueccy AedopMHpoBaHMA. IIpueM cMeHH
NpOCTPAHCTBA YNPABIIAIOMMX 1apaMeTPOB ObLIT IPAMEHEH B TOYKax A H B.

TpaaHLMOHHO 33aJaya ONPEHCNCHUS YCHIHA NpPEABAPHTCIBHOIO IOKATHA,
obecneqynBaloIiero cpabarbiBaHHE NPH 3aJaHHOM TeMIIEpaType, pelaeTcs
meTooM mpo6. B pamkax MHOronapaMeTpH4eckoro MOIXOAa HCIOIb30Banach
CACAyIoLlas CTpaTerus peilCHHs 3ala4d CHHTe3a. Ha nepBodt craauu mpouecca
NPOU3BOJWIOCL HAIPYXEHHE KOHCTPYKLMM TEMIICPAaTypoH BJOJb KpHBOH 1
BILIOTh JO AOCTHXKCHMA 3aJaHHOH TemnepaTypn T*. B Touke B mpousBoaunach
CM€Ha napaMeTpa NpOAODKEHUA, U JallbHEMIlee Harpy)KeHUe MPOU3BOMIOCH IO
cwie, NOoKa He aoctHralach ocobas toyka C, COOTBETCTBYHOW[as NpEAETbHOM
TOYKE /IS 3aBUCHMOCTH INepeMelieHne — ycuine. Ycewine F, coorBercTByIomee
3TO# TOYKE, COOTBETCTBOBAJO HCKOMOMY YCHIIMIO MPEJBAPMTENBHOTO MOMXATHS
F*, obecneunBaroiieMy MpoLIENKMBaHHE dJIEMEHTa Npd TpebyeMoit Temmeparype
T*. Jlna xoHTpons Owhjia pelneHa 3ajada MO IYTH HarpykeHus 3, KoTopas
noKa3ana HMAEHTHIHOCTh MNONYYEHHBIX PEBYILTaTOB C  YHOBJICTBOPHUTENBHOMN
MOI'PELIHOCTBIO

Pa3paboraHHas nporpaMma IO3BOJIAET, TMOJY4HTh  HCUEPNHIBAIOLIYIO
MHPOPMALHMIO O HAaNpKEHHO-AEPOPMUPOBAHHOM COCTOSTHHM Ha JnobGo# craguu
nebopMUpOBaHHA, H B JHOOOM HHTEPECYIOLIEM HAC MEPHAMOHAIBLHOM CEUYCHHH
anemenTa. B nporpamMme npexycMOTpEHR! CleAyIOMue BUIEI pacdeTa: IpoBeJICHUE
pacueTa OT HYJNEBOH TOYKH (OT HEHarpyXECHHOTO COCTOSHHMA); IPOJOJDKEHHE
pacyera oT moOoi TOYKH KPUBOH PaBHOBECHBIX COCTOSHMH, NOJNyYEHHOH paHee;
NPOAODKEHUE pacyeTa co CMEHOM napaMeTpa IpOAODKEHH S, TPAHHIHEIX YCIOBHH,
Harpy3kd; MPOCMOTp Ppe3ylbTaTOB pacyera ¢ rpaguueckuM BHIBOAOM KapTHH
ZehOpMHpOBaHHA KOHCTPYKIHH, CYMTHIBAEMEIX U3 NPEABAPUTENHHO MOJIYIEHHOTO
¢aiina pe3yabTaToB.

IToMuMO aBTOpCKOM NpOrpaMMHl B TpEThEH TIlaBe NPHBEACHO ONHCAHHE
ocHoBHEIe omuui, ucnoassyemele B IINIK «ANSYS» npu MonxenupoBaHuM H
aHaM3e HEIMHEHHOE NOBECHHE TOHKUX 000I09ETHRIX IEMEHTOB.

B _uerBepToii rjaBe NpUBOAATCA NPOBEPKAa NOCTOBEPHOCTH De3YJIBTATOB
pacyeTa M MCCIEHOBaHHA BJMSAHUSA OCHOBHHIX napaMerpoB TH 3i1eMeHTOB Ha

pabodyio XapaKTepHCTHKY. PaccMaTpuBalOTCS BOHPOCH pacdera KOHKpeTHHx Th
JHCKOB C LEHTpaIbHhHIM OTBepcTHEM U 0e3 orteepcrus. IlosmydeHn paboume
XapaKTEPUCTHKM JUiA psga Th 31€MEHTOB M NMpUBEJCHH KPUBHIE, MOKA3bIBAIOLIME
BIMAHUS T€OMETPUUECKHX pasMepoB TH 31€eMEHTOB Ha YIIPYTYIO XapaKTEPUCTHKY,
T.6. Ha TEMIEPaTyphl CPabaThIBAHUA H COOTBETCTBYIONIME HMH NEPEMEIICHHUA
TOYKA 3aKPETLICHHA SJEKTPHYECKOTO KOHTAKTA.

B kauecTBe NpHUMEPOB pacyeTOB Ha pPHC.5 MOKa3aHa NOJNy4eHHas paboyad
xapakrepuctuka TH kynmoma C reoMeTpHYeCKWMM pasMepaMdH M u3uko-
MEXaHMYECKHMH CBOHCTBAMU MAaTEPHAJIOB, COCTABILIONIMX CIOEB.
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KyHOII 3aKpCILUICH B UCHTPE H cB060IHO ONMHPAacTCs MO  KpasaM.
PaCCManHBaCTCﬂ NEPEMEICHHE Yy3iia 1, npeanojaraCMoc MECTO 3aKpCILUICHHA
KOHTAaKTa.

{mMM]
Ll NS

8 S .

| Tenmeparypa |
MR oy

e Ltz

Puc.5. Pabouas xapakrepuctuka Tb kynona, ™ - YUCNEHHbie pe3ynbTarbl,
© - 3KcnepuMeHTaNbHbIE pesynbTaThl.

Pe3ynbTaThl pacyeTa, MPOW3BEAECHHEIE HA OCHOBE MOZETH OCECHMMETPHIHOIO
KyIoJia, OKa3hIBalOT XOPOLIEE COBMNAJCHHE C PE3YJIbTATaMH SKCIIEPUMEHTA.

T[C] a W.MM) b
16 ¢ canst=2, SINE Ll o N D=const=2 5 MM. Dh=62 5 _
5 . | I 2 o sy B B T=c, "
\.\ T ) I'=const
I 3 025} —
4 ;
120 \ - \
80 2o 0.15 AW W W
WY
40 * 0.1 — 1 o
o \_- | 005 I — ‘ yo RN
375 500 625 750 875 375 500 625 750 875
C
MM]  D=const=2.5 MM, D/h=62.5 ij‘glu D=const=2.5 MM, D'h=62.5- T=const
s T=const - eqe ol ‘
0.3 B TR 100 "
8 I /f
5 Re 80
0.25 s IR N B4
02 60 T, =
- | 40 \
0.15 ' 20 e ] dh
. - c . - 2 5 3 )
0 12,5 25 375 50 d/h 0 125 25 375 (

Puc.6. PesynbTaTbl aHanus3a BRUSHUA KOHCTPYKTUBHBIX NapameTpoB Ha pabouue
xapaktepucTuku T AUCKOB. a- BNWUSIHUE KPUBW3HbI HA TEMNEPATypbi NEpPeKnioHeHNs

T”n T,?; b- sBnuAHue KPUBM3HLI HA BENUUUHY NEPEMELLEHUs TOUKU 3aKpennexus
KOHTaKTa B MOMEHT nepeckoka W,? u Ha ee nepemewenne npu nepeckoke AW ; c-
BNUAHWE paguyca LEHTPANbHOTO OTBEPCTUA Ha MAaKCUManbHOE NepemelleHne TOuKWA
3aKpenneHua KoHTakTa npu nepeckoke W, ; d- BAMAHWE papvyca LEHTpanbHoro

OTBEPCTUA Ha TemnepaTypbi nepekniovedns 1, n 7,7 .



IpuBoaATCA pE3yabTaThl YMCIEHHOTO MCCIEHOBAHMS BIMSAHUS XAPAKTEPHBIX
reoMeTpUYEcKuX XapakTepucTuk Th JKMCkoB Ha pabouyio XapakTepuCTHKY. YacTs
PC3yJ/ibTaTOB HCCJICAOBAHHSA IPUBE/CHA Ha PHC.6.

B _pnstoli_riase NpPOBOAWTCA pacdeT pPEalbHEIX H NEPCHEKTUBHHIX TH
37IEMEHTOB CIOXHOM TreoMETpHIecKod GOPMEI 1O pa3paGOTAaHHOH METOAMKE C
3aBEPIIAIONINM «YHCTOBBIMH» pacueTaMH, IPOBECACHHEIMH C HCIOJb30BaHHEM

IIK «ANSYS».

B pabote NpuBOAATCS pe3y/bTaThl YHCICHHBIX HCCIEJOBAHHUI TPEX PEABbHBIX
KOHCTPYKIMH TH 060/J09€YHBIX 3JIEMEHTOB CJIOXKHOH TeOMETpUYECKOH (POpMBL,
($H3UKO-MEXaHHYECKHE CBOHCTBA KOTOPBIX IPUBECHRI B Tabnuue 1.

Tabnuua.1.
__®uanko-mexanudeckme CBOWCTBA pearnbHbiX uccneayembix T anemeHTos.
Mapka Marepuan ciios E; E; ay (o7}
Té‘mmm _TB__[axrushoro | naccusnoro | am | am | (10°UC) | c10'ucy) | M
Mareur CILIA Tb
Ned 160226 1423 24HX 36H 190 | 150 18 1 0.3
OAO
«Kanyxckui Tb 19HX 36H 195 | 150 17 1.3 0.3
3aBOJ 1323
aBTONpHGOP»
3ason
"Texuonpubop”| Tb 1
N 1353 24HX 36H 100 | 150 20.6 1.2 0.3
Benapych
[MM]
e .
i ‘:?}"»‘ i
3 7\
2 Nl
g P NZ
= —
-3
81N\ hs
* _Txp L ».
| | et
0 140 280 420 2
1=0.2 MM Telwmenfrvu & & C1l

Puc.7. FeomeTpudeckue pasmepsl, K 3 Moaens u xapakrepuctuka Tb anemeHTa

cnoxHon opmbl (nateHT CLUA Ne4160226).




IlepBriii 371eMEHT NMpeAcTaBIAeT cobo# kpyrno# coepuyeckoi odbonoukod ¢ U-
o0pa3HO} NpOpE3bl0 M A3HUKOM B LeHTpe Jjonactd puc.7 (marent CIIA
Ne4160226). Bropolt 31€MEHT MPEACTaBIAET COOOH rpymeBHAHOH ChepHIecKon
o6o0akoi ¢ U-00pa3Hoii TPOpe3blo U A3BIYKOM B LEHTPE NONacTy u [1-00pa3HbiM
prcryriom pHc.8 (OAO «Kamyxcxui 3aBon ABTONpuGOp». TpeTn 2eMeHT B
BU/IE NPSIMOYTOJIBHOH ILIACTHHKM CO C(PepHYECKHM KYNOJIOM B €€ LIEHTpE pHuc.9
(3aBoa «Texnonpudop» r. Morunes, beaapycs). Tonmuna Th anementos 0.2MM.

| g
g U B [MM] 31 o
| T 0.8 2 — —
: N RO 1 2 /
| A 1 '\l - N [_ . i
s T ! 1.6 —
uco_ :oi -~ el e
T\ L L o2 e
ANCAN H \s
35\ < \R245 g -8 .
T A\s0.2 1 | % = -
195 S A
Yien 1 :5-4 i .
o 1 1
4 : i
= i }
TE‘P 1 :'_[‘:(p Tenmeparypa
-8 | - A 1 J
0 140 280 420 SeU (3

Puc.8. l'eomeTpuueckne pasmepbi, K 3 moaens u xapakrepuctuka Tb anemeHTa
cnoxHoi opMbi (Kanyxckui 3asof”ABTonpuoop”).
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| & Jee ]
: = ]
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& 1 | . i
[~ IL// ; =
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Puc.9. Ml'eomeTpudeckne pasmepbi, K 3 moaenb 1 xapakrepuctuka Tb anemeHra
cnoxHoi opmbi (3aBog "TexHonpubop” r. Morunes, benapycs).
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Jl1s Bcex Tpex PacCMOTPEHHBIX JJIEMEHTOB ObUTM TNOMy4eHH pabodue
XapaKTEPHCTHKH, COOTBETCTBYIOIIME EPEMEIIEHHSIM B HECKOJILKHX XapaKTEPHEIX
TOYKaX 3JEMEHTA, YTO HO3BOJACT BHIOPAaTh paUMOHAIBHHA BAPHAHT JUIA
pa3MelIeHHs KOHTaKTa.

B pesyierare aHanM3a [napaMeTpoB M pabOYMX  XapaKTEPUCTHK,
paccMoTpeHHbIX Th 31eMeHTOB ObUla NpeiokeHa HOBas KOMOWHMpOBAaHHAs
koHCTpykuus TB aucka puc.10, cocTosBuieiics U3 BYX YaCTH COEAMHEHH JPYT C
IpyroM CBapko# WIM 3akienkamH. IlepBas wyacTh mpeiacraBiseT cobGoi
OCECHMMETPHUYHBIA JUCK C OTBEPCTHEM B LIEHTPE, aKTHBHHIA CIOH KOTOPOro
PacnosioxeH B CTOPOHE KPHBU3HAEL. BTopas 4acTh (A3bI490K), B KOTOPO# MACCHBHELA
CJIOM pacIio/IOXeH B CTOPOHE KPUBHM3HHEI JHCKa.

[MM]
e 31
1.8 - - = ol
: 3 ‘&—)/
1.6 l/__.—-t
s 12 (A DS et
B £ A 5 4
| ! — 1
g )
¥ g &
Roil [P~ = )
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E 6 < o - :
4 ' & &
: o ;
> X3-1 |
' ! Ty Tepmeparypa
0 > O L 1 1
S6 [}
0 140 280 420 60 700 i3

Puc. 10. MeomeTpudeckas dpopma u pabouan xapakTepucTuka nepenekTUBHOM
KOHCTpyKumm Tb anemeHTa.

JlaHHad KOHCTPYKIIHA PacIIMpAET AHana3oH HOJIE3HOro NMEPEMEIMEHAT TOYKH
3aKPEIUICHHA KOHTAKTa M IO3BOJACT YBEIHMYUTh YCHJIHA KOHTAKTa, T. € CO3JJaHHE
6oJiee HaNEXKHOTO KOHTAKTa B YCTPOHCTBE.

Beui  npoBeneH  pacueT  KOHTAKTHBIX  YCHJIMH, BOZHMKAIOIMX  IIpH
nepexnoyeHud TH aneMeHTa, M NOKa3aHO, YTO HaHHBIC YCHWIHA IO3BOJAIOT
CO31aTh HAJCKHBIA KOHTAKT M H30€XKaTh NMOABICHHA HEXCIATEIBHBIX ABJICHUM
MCKPEHHs KOHTAKTOB H «apebe3ray.

IMomyyeHHEIE pe3yIBTaTR CBUAETENBCTBYIOT 06 3bdeKTHBHOCTH
NPEJIOKEHHOW METOAUKH M BO3MOXXHOCTH €€ IPUMEHEHHMS NIPH PacyeTe H aHaIM3e
YCTPOMCTB, HCTIONB3YIOIHUX Th 31eMEHTH ¢ AUCKPETHON XapaKTEPHCTHKOM.
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1.

o

OcHOBHbIE Pe3yJbTaThl H BLIBOAbI

TIpeanoxeHa METONHKA YHCIECHHOTO MOACIHPOBAaHHS ITPOLIECCOB HEIHHERHOIO
nedpopmupoBanus TB  31€MEHTOB € JMCKPETHOM  XapaKTCpPHCTHKOW,
[03BOJIAIOIIAS COBEPIICHCTBOBATh CYMICCTBYIOIUME M  CO3AaBaTh HOBhIC
koHCTpyKuUuH TH a51eMeHTOB, ¢ 3a1aHHBIMH TEXHHYECKMMY IaPaMETPaMH
PaspaboTaHo  mpukiagHOe mporpamMmHoe  obecneuenne s OBM,
NpeAHa3HaYeHHOE [JI4 pacyueTa M NPOEKTUpOBaHHA 1B aneMeHTOB B popme
TOHKOCTEHHBIX OCECHMMETPHYHBIX KYMOJIOB, [O3BOJSIOIEE ONMPEACIHTD
o6sacTh paUHOHAIPHRIX 3HAYCHHH KOHCTPYKTHBHLIX IapaMeTpoB M, Kak
CIIEACTBHE, CYIECTBEHHO COKPATHTh NpPOHECcC MpoeKTHpoBaHus Th 3nemMeHToB
CIIOXNHOH QOPMEIL.

. JIOCTOBEPHOCTb PE3YJITATOB, IMONYYaCMBIX € IOMOLIBIO pPa3spabOTAHHKIX

QITOPUTMOB M POrpaMM, TMOATBEPXKIAEHA NOCPEACTBOM PEMICHHA TECTOBRIX
3ana4 ¥ IyTEM CPaBHEHHS C KCIEPUMEHTANbHBIMH JaHHBIMM U H3BECTHRIMM
PCLICHUAMH JTAIOHHRIX M MOJICNBHRIX 33J1a4  aHalM3a JIMHCHHOrO M
reOMETPHYECKH HENTMHEHHOro noseneHus Th eMeHTOoB.

C ucnons3oBaHHEM aBTOPCKO# mporpaMmul M ¢ momoutbio ITITK «ANSYS»
TIOJY4€Hbl HOBBIE PE3YNbTATH JUIS MOJENBHAIX M TECTOBRIX 3aJiay HEJIMHERHOro
JeGOpMHPOBaHHA TOHKOCTCHHBIX TD 371€MEHTOB, NPOSCHSIOWIME BIHAHUE
OCHOBHRIX ~KOHCTPYKTMBHBIX [IapaMETPOB Ha NpoLecC HETHHEHHOro
JehbOpMHPOBaHHS U pabodyIO XapaKTEPHCTHKY YCTPOHCTB.

. Co3nansl napaMeTpUYecKHe MOJENN JJIi pacyera W  IIPOSKTHPOBAHHS

060704eYHbBX TH 37€MEHTOB pa3MYHEIX KOHQMIypauui, NO3BOISIOLIME,
HaliTH MyTH M pe3epBbl JUI1 COBEPIICHCTBOBAHUA M CO3JaHHS HOBBIX
KOHCTPYKIMHA TB 2/1eMEHTOB 3JIEKTPOTEXHHYECKHX YCTPOUCTB.

. Boipaboranl  pekoMeHmauMM 1no  npoektMpoBanuio TB  anemeHTOB

CYMECTBYIOMMX OSNEKTPOTEXHUYECKNX YCTPOHCTB M HOBBIE KOHCTPYKIMH
o060s104eyHbIX TH 3JIEMEHTOB, COOTBETCTBYIOLIHE COBPEMEHHOMY MHPOBOMY
TEXHHYECKOMY YPOBHIO, HCIIONB30BAaHUE KOTOPHIX I1O3BOJIMT CYIIECTBEHHO
NOBBICHTh  OKCIUTyaTalAOHHKIE KayeCTBA M CHH3UTh  TPYAOEMKOCTB
M3TOTOBJICHUS U3JCTHUIA.

B KkayecTBe OCHOBHOIO BHIBOJA CICOYyeT OTMETUTbL, YTO B pa60Tc

TeopeTuyeckH 0600ImeHa ¥ peleHa NpHKIagHas HayYHO-TEXHUYecKas mpobiieMa,
HUMEIOLIas BOKHOEC HApOAHO-XO3AHCTBEHHOE 3HAYEHUE, CBA3AHHAA C PacyeToOM M
npoektuposaiueM Tb  3/IeMEHTOB ¢ JAMCKPETHOW  XapaKTEpUCTMKOM,
HCIOJIB3YEMBIX B KOHCTPYKIMAX COBPEMEHHBIX TEXHHYCCKUX YCTPOKCTB.
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