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3D, T-FLEX Ananus asnsatotca cooctBeHHocTbio 3A0 «Ton Cuctembly.
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BeedeHue

BBEOEHUE

T-FLEX Amnamu3 — sto wmuTterpupoBanHHas c¢ T-FLEX CAD cpena KOHEUHO-3IIEMEHTHBIX pPacd&TOB.
Ucnonezyst T-FLEX Awnanus, nonb3oBatens cucteMbl 1-FLEX CAD mMeeT BO3MOXHOCTh OCYIIECTBIISATH
MaTeMaTHYECKOe MOJEIMPOBAHUE PACIpPOCTPaHEHHBIX (DU3MYECKUX SBJICHUH M pelaTh BayKHbIC
MPaKTUYeCKUe 3a7a4yl, BOZHUKAIOIIUE B IOBCEAHEBHON NMPAaKTUKE MPOCKTHpOBaHus. Bee pacuérsl BegyTCs C
MIPUMEHEHNEM MeToa KOHEeUHbIX 31eMeHToB (MKD). IIpu aToM Mexmy TpEXMepHOH MOIETHI0 3NN U
pacuéTHOM KOHEYHO-IEMEHTHOH MOEbI0 IOIAEP)KMBAETC accouuaThBHas cBs3b. llapamerpuueckue
W3MEHECHUS! WCXOJHOW TBEPJAOTEILHOW MOJIENM aBTOMAaTHYECKH TEPEHOCATCS Ha CETOYHYI0 KOHEYHO-
3IIEMEHTHYIO MOJEIb.

e Craruyeckuii aHaJIM3 TO3BOJSET OCYIIECTBIATH pacu€T HaNpsHKEHHO-Ae(HOPMUPOBAHHOTO
COCTOSIHMSI KOHCTPYKUUH MO IeHCTBUEM NMPHIOKEHHBIX K CUCTEME MOCTOSHHBIX BO BPEMEHHU CHIL
Taxke MOXHO y4yecTb  HalpsDKEHHUS, BO3HHMKAIOIIME IO TPHYMHE  TEeMIepaTypHOTO
paciMpeHus/cxkaTusl Marepuana Wid JeopManuM KOHCTPYKLMH Ha BEJIMYMHY H3BECTHBIX
nepemenieHnii. C momoupto Moaynst «CTaTWdecKuil aHanu3)» IO0Jb30BaTENb MOXKET OIEHHUTH
MPOYHOCTh Pa3pabOTaHHOW KM KOHCTPYKLIMH MO JIOMYyCKAaGMBbIM HANpPSDKEHHSM, OIPEISIUTh
HanOoJiee ysI3BUMBIC MeCTa KOHCTPYKLHMHM W BHECTH HEOOXOOUMbIE M3MEHEHHMS, ONTHMHU3HUPOBAThH
H3JIENHE.

e YacToTHblil aHAJM3 IO3BOJSET OCYLIECTBISTH PACYET COOCTBEHHBIX (PE30HAHCHBIX) YacTOT
KOHCTPYKLUMH W COOTBETCTBYOLIIMX (opMm Konebanmil. Ilo wuroram pacdera oOCyIIECTBIISETCS
MPOBEpKa HAJUYUSI PE30HAHCHBIX YaCTOT B paboyeM YacTOTHOM Juara3oHe uaaenus. Pazpaborunk
MOJKET MOBBICUTh HAIEKHOCTh H PA0OTOCIIOCOOHOCTD M3/ICIHS, ONTHMHU3UPYSI KOHCTPYKIHIO TaKUM
00pa3zoM, 4TOOBI HCKJIFOYUTH BOSHUKHOBEHUE PE30HAHCOB.

e AHalIu3 YCTOMYMBOCTH BaXXEH IPU IPOCKTUPOBAHUM KOHCTPYKLHH, HKCILIyaTallds KOTOPBIX
MIpenrnoaraeT MpOJODKUTENBHOE BO3JEHCTBHE pazIUYHBIX 10 WHTEHCHMBHOCTH Harpy3ok. C
ITOMOLIBIO JAHHOTO MOJYJISL MOJIB30BATENb MOXKET OLEHHUTH 3amac MPOYHOCTH IO TaK Ha3bIBAEMOMU
«KpPUTHUYECKOW Harpyskey. [lon neiicTBuEM KpUTHYECKON HArpy3kH B CKaTbIX 30HaX KOHCTPYKLUU
MOTYT CKa4KOOOpa3HO BO3HUKHYTh 3HAYUTEIbHBIC HEYNpyrue JaedopMalry, 3a4acTyr0 IPUBOISIIIE
K €€ pa3pyLIEHUI0 WIN CEPEE3ZHOMY TIOBPEXKICHUIO.

e TennoBoii aHaMU3 — MOIYJb 00ECIICYMBACT BO3MOXHOCTH OIICHKH TEMIICPATYPHOT'O ITOBEICHUS
W3JEeNUs  MOJl JICMCTBUEM HWCTOYHUKOB TeIJIa M H3Iy4deHHs. TeluIoBOM aHadu3 MOXKET
HCTIONIF30BATHCS CAMOCTOSITENTFHO ISl pacuéra TeMIepaTypHBIX WJIM TETUIOBBIX IMOJIEH M0 00BEMY
KOHCTPYKIIMH, & TAK)KE COBMECTHO CO CTATUYECKUM aHAJIM30M JIJIS OLIEHKH BO3HUKAIOUIUX B U3JEIINU
TEMIIEPATypPHBIX AedopMaItiii.

O mamemamuyeckom annapame T-FLEX AHanusa

B mpornecce MammMHOCTPOUTEIEHOTO NPOEKTUPOBAHKS YaCTO BO3HUKAET HEOOXOIMMOCTh OLIEHKH Hanboiee
3HAYMMBIX (PU3UKO-MEXaHUYECKUX CBOWCTB JETANICH W Y3JIOB, WM W3JeNus B IeinoM. Hampumep, npu
MPOEKTUPOBAHUM HEOOXOAMMO OLEHUTh MPOYHOCTh JeTajJedl Npu 3aJaHHBIX HArpyXeHUsAX WU
MakcUMaJbHble Aedopmanuu Kopryca uzaenus. mTenbHoe BpeMs €IWHCTBEHHBIM CPEICTBOM OLIEHKH
(PM3UKO-MEXaHUYECKUX CBOMCTB M3IETHI OBLIM OIEHOYHbBIE Pacu&Thl C HMCIIOJIb30BAaHUEM MPHUOIMKEHHBIX
AHAJIUTUYECKUX WUJIH TOJYySMIIMPUYECKUX METOJAUK, IPUBOJIUMBIX B OTPACIIEBBIX CIIPABOYHBIX PYKOBOJCTBAX.




Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

TouHoCTh TOMOOHBIX METOAWK NPUMEHUTENHFHO K peaNnbHBIM OOBEKTaM IPOEKTHPOBAaHUS OOBIYHO HE
BbICOKA. [l0PTOMYy B KOHCTPYKIIMIO HM3JAETHS 3aKIaibIBalOTCS 3HAYHUTENBbHBIE «KOI(D(PHUIIMEHTHI 3amaca»
(Hampumep, O MPOYHOCTH), CHUIKAIOIIUE PUCK TPUHATHUS ONTHOOYHOTO MPOSKTHOTO PEIICHUS.

[TosiBIIeHME KOMITBIOTEPHON TEXHMKH W PAa3BUTHE BBIYMCIUTEIHHOW MAaTEMAaTHKH ITIPHBENN K CEPbE3HBIM
W3MEHEHUSIM TPaIUIMOHHBIX TOIX0A0B K HHKEHEPHBIM pacuétam. Hauunas ¢ cepeauns 60-x ronos 20 Beka
JUIUPYIOIIUM METOJIOM YHCJCHHOTO PEIICHHS CaMbIX pa3HbIX (PU3MYECKUX 3a/Jad CTAHOBUTCS MeEmoo
KoHneunvix 1emenmos (MK3). Ocobennoctsmu MKD, obecreumBminMU eMy BeAyIIee IOJOXKEHHE B
MPUKIAIHON BBIYHCIUTENLHON MaTeMaTHKE, CTATU MPUCYIIIE METOAY:

® YHUBEPCAILHOCTh — TIPUTOJIEH JUIS PEUICHUS CAMBIX Pa3IMYHBIX 3aJa4 MaTeMaTHUECKOW (U3UKU
(Mexanuka geopMHUpyeMOro Teia, TEeTIONMPOBOAHOCTD, 3a/Ia4YH AIEKTPOTHHAMIKH );

e Xopomasi aNrOpUTMHU3YEMOCTh — BO3MOXXHOCTH pPa3pabOTKH  MPOrPaMMHBIX  KOMIUIEKCOB,
OXBaTHIBAIOIINX IMTUPOKUH KPYT MIPUKIIATHBIX 32124,

e Xxoporias 4uciaeHHas ycroiunBocts MKD anroputmos.

Pa3zBuTHE mepcoHaNbHBIX KOMIBIOTEPOB M HA4yajO0 WX LIMPOKOrO HCIIOJIB30BaHMS B INPOEKTHBIX LENAX
MIpUBEIIA K YCKOPEHHOMY DPa3BUTHIO U IOSBICHHUIO IMPHUKIAAHBIX CUCTEM KOHEYHO-DJIEMEHTHOI'O aHAJIN3a,
KOTOpBIC HE TPEOYIOT OT MOJIb30BaTENs NTyOOKHUX 3HaHWA Teopuu MKD, UCKITIOYaOT TPYJA0EMKHE OTIepaIii
PYYHOM NOATOTOBKM HCXOAHBIX IOAHHBIX W IPENOCTaBJIIOT IMPEKPacHbIe BO3MOXKHOCTH IO 00paboTKe
pe3yabTaTOB MAaTEMaTHYECKOIO MOJIEINPOBAHMUS.

T-FLEX AHanu3 oTHOCUTCSI K COBPEMEHHBIM CHCTEMaM KOHEYHO-3JIEMEHTHOTO aHalln3a, OPHEHTHPOBAHHBIM
Ha IIMPOKUHI KpPYyr MOJb30BaTeNeH, KOTOPBIM MO POIY WX JACATEIBHOCTH MPHUXOIMTCS CTAIKHUBATHCS C
HE0OXOMMOCTBIO OIICHKH TIOBEJEHUS U3/ENNi B YCIOBUSIX Pa3UIHbIX Qu3ndeckux Bozaeiictemii. T-FLEX
AHan3 OpUEHTHPOBaH Ha HECHEIMAINCTa B 00JaCTH KOHEYHO-JIEMEHTHOI'O aHalIn3a U HE TpedyeT oT
MOJIb30BAaTENIsl CIIEHU(PHUECKUX 3HAHUM B 00JIACTH MaTEeMaTHYECKOTO MOAETHPOBaHUs st 3(h(HEeKTHBHOTO
WCTIONIB30BaHMS CHCTEMBI. TeM He MeHee, KOPPEKTHOCTh IOJIy4aeMbBIX pe3yJbTaTOB MaTeMaTHUECKOTO
MOJICJIMPOBAHMS U MX NPaBUJIbHAs OLIEHKA B 3HAYUTEIBHOM CTENEHU ONPEACISIOTCS KBATU(UIUPOBAHHBIM
MOJIX0/IOM TOJIb30BaTENs K (POPMYyITHPOBKE peniaeMbix ¢ moMomibio T-FLEX Ananuza pusnyeckux 3agau.

CyTp MeTOAa KOHEYHBIX AJIIEMEHTOB 3aKJIOYAETCS B 3aMEHE HCXOAHOW MPOCTPAHCTBEHHOH KOHCTPYKIIMHU
CIIO)KHOW (OPMBI Ha JUCKPETHYIO MaTeMaTHYECKyl0 MOJEb, JODKHBIM 00pa3oM OTPaKarolylo
(PM3UYECKYIO CYIIHOCTh M CBOMCTBA MCXOJHOr0 M3Jeivsl. BaKHEHIIINM 3JIEMEHTOM 3TOW MOJEIH SIBIISICTCS
KOHEeUHO-INIeMeHmHuas OUCKpemu3ayusa W3IeVs - TOCTPOSHUE COBOKYITHOCTH AJIEMEHTapHBIX 00BEMOB
3aJlaHHON (DOPMBI (T.H. KOHEUHbIX 1emMeHmo8, KIJ) o0beMHEHHBIX B €IUHYIO CUCTEMY (T.H. KOHEYHO-
/1EMEHMHYI0 CEMKY).

T-FLEX Amnanu3 opueHTHpOBaH Ha pemieHne QHU3HYecKHX 3ajad B 0O0BEMHON mocTaHoBke. s
MaTEeMaTHYEeCKOW ammpoKCHUMAallMKd W3JENHUd HCIONIb3yeTcsl € OJKBMBAJIEHTHAs 3aMeHa CeTKOM U3
TeTpa’IpajbHbIX 3JeMEHTOB. TeTpa’apanbHbli KOHEUHBIH 3JIEMEHT Y00€H AJIsl aBTOMaTHUECKON TeHepalun
Pacu€THOM CETKH, TaK KaK ¢ MOMOIIBIO TETPadipa MOKHO C OYEHb OOJBIION TOYHOCTHIO allIPOKCHUMHUPOBATH
CKOJIb YTOJTHO CIIOKHYIO (hOpMY M3EIIHS.
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UcxopHas KOHCTPYKUUA U e€ KOHEeYHO-3NIeMeHTHas AUCKpeTusauusa

KoncTpykmus, npencrasisttomnasi co0oil pacIlpenereHHy0 CHUCTEMY CJIOXHOW T€OMETPHYECKOH (hOPMBI,
MPEICTABIISIETCS] B BUJE COBOKYITHOCTH KOHEYHBIX 3JIeMEHTOB. KOHEUHBIE 371€MEHTHI, anmpoKCUMHUPYIOIINE
HCXOJIHYI0 KOHCTPYKIIMIO, CUUTAIOTCSI CBA3aHHBIMU MEXKIy COOOH B IpaHMYHBIX TOUYKAaX - y3JaX, B KOKIOM
13 KOTOPBIX BBOJUTCS MO TPU TOCTYHATENbHBIX CTEIICHH CBOOOBI (IS 3a7a4 MeXaHukn). JlelicTBytomume Ha
KOHCTPYKLIMIO BHEIIHWE HAarpy3Kd NPHUBOIATCS K 3KBUBAJCHTHBIM CHJIaM, TNPHUKIAABIBAEMBIM B Y371axX
KOHEUHBIX 21eMeHTOB. OrpaHHYeHNs Ha TIepeMelIeHue KOHCTPYKIMHU (3aKpEeTUICHHs) TaKKe MePEeHOCITCS Ha
KOHEUHBIE 3JIEMEHTBI, KOTOPBIMH MOJETHpYETCst UCXOAHbIH 00beKT. [Tockonbky kaxapii KO nmeer 3apanee
oIpenesieHHyI0 (JOpMYy M M3BECTHBI €0 T€OMETPHUYECKHE XapaKTEPUCTHKH M XapaKTEPUCTHKH Marepuala,
it kaxgoro KO, koTopeiMu Mozenupyercs KOHCTPYKUHMS, MOMKHO 3alHMcaThb CHUCTEMY JIMHEHHBIX
anredpandeckux ypasHenuii (CJIAY), onpeaenstonmx cMerienue y3moB KO noj geiicTBueM MPUII0KEHHbBIX
B 3THU Y3JIbI CHJL.

3anuceiBasi CUCTEMY ypaBHEHHH JUISI KaXKJOTO KOHEYHOTO JJIEMEHTA, ANMPOKCHMHUPYIOMIETO HCXOIHYIO
(hM3UYECKYI0 CHUCTEMY, MBI pacCCMaTpPHBAEM WX COBMECTHO WM TOJy4aeM CHUCTEMY YPaBHEHUH HJIsl TTOJHOM
KOHCTPYKIUH. [lopsimok 3TOl CHCTEMBl ypaBHEHH paBeH MPOW3BE/ICHUIO KOJIMYECTBA IMOABIKHBIX Y3JIOB
KOHCTPYKIIUM Ha YWCJIO BBEIEHHBIX CTENeHeW CBOOOJbI B ofHOM y3ie. B T-FLEX Ananu3e oObIYHO 3TO
COOTBETCTBYET JIECATKAM HITU COTHSM THICSY alreOpandecKuX ypaBHEHUH.

@opMHupysl CUCTEMY YPAaBHEHHMH Il BCEH KOHCTPYKIMM M pemas €€, MOoJy4aeM 3HAd4€HHs HCKOMOMU
¢u3nuecKkoil BeNWYMHBI (HAlpUMeEp, NEpPEeMEIICHUH) B y3JaxX KOHEYHO-IIIEMEHTHOW CETKH, a TaKxKe
JOTIOJIHUTEIIbHBIE (PM3NUECKUE BEJIMYMHBI, HAIPUMEP, HAPSKEHNU. DTH 3HaUYeHHUs OyIyT NpUOIMKEHHBIMH
(c TOuKM 3peHUs] TEOPETHIECKA BO3MOKHOTO TOYHOI'0» PEIIECHHS COOTBETCTBYIONIET0 AuddhepeHIuarI»HOro
YpaBHEHUs MaTeMaTHYeCKOl (PH3HKH), HO IMOTPENTHOCTh PEUICHUs] MOXKET OBITh OYeHb HEOOJNBIION — J0JH
MpPOLEHTa Ha TECTOBBIX 33Ja4ax, HMEIOIIHUX «TOYHOE» aHaJIUTH4YecKkoe pemieHue. [lorpemHocts
MOJTy9aeMOro B Pe3yJIbTaTe KOHEYHO-3JIEMEHTHON allpOKCHMAIIMH PEIICHHsT OOBIYHO TIIaJIKO YMEHbIACTCS
C YBEIMYCHHEM CTENEHHW JUCKPETU3AIlMd MOJCIUPYeMON cucTeMbl. J[pyruMu cioBamu, 4eM OoJbliee
konungecTBo KO yyacTtByer B nuckpeTu3anuu (MM 4eM MEHbIIEe OTHOCHTENbHBIE pasMepsl KJ), Tem TouHee
nonyyaemoe pemenue. EcrectBeHHO, uto Oonee miotHoe KD pasOuenue Tpebyer Oojiee 3HAYMTEIBHBIX
BBIYHCIUTENBHBIX 3aTparT.




Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

PeSyﬂbTaTbl KOHEe4YHO-3/1eMeHTHOIro MmoagenupoBaHus (nepemeu.teuvm n Hal'lpﬂ)KeHVIﬂ)

OnucaHHBIA aNrOpUTM KOHEYHO-3JIEMEHTHOI'O MOJEJINPOBAHMS NMPUMEHUM IS PELICHUs Pa3HbIX 3a1ad, C
KOTOPBIMHU MOJKCT CTOJIKHYTBCSA COBpCMeHHBIfI HWHXCHEP — TCIUIOMPOBOAHOCTHU, IJICKTPOAMHAMHUKU U T.II.
brnaronapss mepeuncineHHbIM BbilIe gocToMHCTBaM MKD cran nauaupyromuMm METOIOM KOMIIBIOTEPHOTO
MOJEIUPOBaHNs (DU3NYECKUX 3a7ady M, (DAKTUUECKH, ACCOLMHUPYETCSl C LEJOW OTpacibi0 COBPEMEHHOM
MHIYCTPHH TIPOrpaMMHOr0 oOecrieueHusi, u3BecTHOM mon abbpesuarypoit CAE (Computer Aided
Engineering).

TexHu4Yeckue mpeboeaHus

TpeGoBanus kK KOMINBIOTEPY

MaremaTHyeckoe MOJETUPOBaHUE (UZNUECKUX SIBICHUH OTHOCHUTCSI K PEeCYypCOEMKHMM 3ajlauaM U TpeOyeT
CEpbE3HBIX BBIYUCIUTENBHBIX 3arpar. [lostomy, mis 3¢dexkTuBHOrO HMCHOIB30BAHHUS CHCTEMBI KOHEYHO-
SNMIEMEHTHOTO  MOJEIUPOBAaHMUSA  PEKOMEHIYEeTCS ~ HUCIONIb30BaTh  Haubojiee  HMPOU3BOJUTEIIBHYIO
BBIYHCIIUTEIBHYIO TEXHHUKY, JOCTYIIHYIO TOJb30BaTeto. KpoMe 3TOro noBbIIeHUsS pa3MEPHOCTH peIIaeMbIX
3aJ1a4 MOXKHO JIOCTUTHYTh 3a CUET HCITOJIB30BaHuUs 64-X pa3psAAHbIX ONEPAMOHHBIX CHCTEM.

[Mons3oBarento A0cTynHbl aBa Bapuanta T-FLEX Ananusa ¢ TOYKM 3peHMs paspsIHOCTH HMCIOJIb3yeMOM
orneparonHoi cuctembl Windows:

1) T-FLEX Anamus mis Windows 32-bit («o6sranas» Windows, Hanpumep, it KoMibiotepos Pentium
Il wmn V). OcoOeHHoctbio 32-x pa3psAOHbIX OINEPALUOHHBIX CHCTEM SBIISIETCS HaIW4He
«(husndeckoroy» mpejesa Ha MaKCHMAIBHBIH 00beM aapecyemMoii nHpopmanuu (okono 2 ['6aiir), yro
OTpaHUYMBAET BO3MOXKHOCTH IO PACYETy CUCTEM C OOJIBIINM KOJIMYECTBOM KOHEYHBIX 3JIEMEHTOB.

2) T-FLEX Anamu3 mis Windows 64-bit (Windows XP 64-bit, Windows Vista 64-bit). lannas cucrema
paboTaeT Ha Ipoleccopax ¢ MOAJICPKKOH HMHCTpyKImi 64-bit (mampumep, Intel Pentium D, Intel
Core2Duo, AMD 64 u nip.). OnepaliioHHBIE CHCTEMBI C pa3psaHOCTHIO 64-Dit TO3BOJISIOT afpecoBaTh
3HAYHUTENLHO OOJIbIIHE 00BEMBI HHOOPMAIIMHN U TIO3BOJISIIOT PEIlaTh 33]jaud OOJBIIONH pa3MEPHOCTH.
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Pexomenayempble mapaMeTpbl BLIYUCIUTEIbHON TeXHUKH A/ 3 PeKTUBHOM (MpodecCHOHATbHOI)
pabotsl ¢ T-FLEX Anaaunzom

[Ipoueccop ¢ momuepxkoi 64-OmtHeix  mHCTpyKumid (Intel Core2Duo,
AMD 64 u np.)

O0BéM JTUCKOBOTO
npoctpancTBa (mis xpanenus | 80 ['0GaifT u BbITIe
pe3yIbTaTOB PACYETOB)
OmnepatnBHas naMsTh 8 T'Gaiit (1 GoJbIIIE)

OnepalmoHHas cucTeMa Windows 64-bit (Windows XP x64, Windows Vista x64)
IIporpamMmmMHuoe oOecnieueHne T-FLEX CAD 3D x64,

T-FLEX Ananu3 x64

YecmaHoeka cucmembl T-FLEX AHanu3s

Hus pabotrer ¢ mpunokenueM [1-FLEX Amnamm3 tpeOyercs Hamudme YCTAaHOBIEHHOW CHCTEMBI
reomerpuueckoro moaenuposanus T-FLEX CAD. IToatomy, nepen ycranoBkoit cuctemsl T-FLEX Ananus,
cHayasa BeIONHUTE ycTanoBKy T-FLEX CAD.

Cucrema T-FLEX AnHanu3 mocTaBisieTcsl ¢ 3allUTOH OT HEJIUICH3MOHHOTO MCIOJb30BaHUs. [1jis paboTh
chucTeMbl HEOOXOAMMO MOJKIIOYMTH anmapatHelii kimou K napamwiensHomy (LPT) wmu USB mopry
KOMIIbIOTEpa (B 3aBHCUMOCTH OT THIIA HCHOJIb3yeMOro kiatoua). OOBIMHO OIMH KIIOY, MOCTaBISIEMBIHA C
MporpaMMoii AHaliM3a MOXKET OJHOBPEMEHHO OTKPBIBATH OCTYI AJisi PabOTHl C HECKOJIBKHMH DPa3HBIMHU
nporpamMMami, Harpumep, ¢ T-FLEX CAD u Ananuzom.

BHUMAHMUE! AnmapaTHblii KIIOY HEOOXOJUMO YCTaHABIMBAaTh W CHHAMATh TOJBKO TIPH
BBIKJIFOYCHHOM KOMITBIOTEPE W NEepUPEPUIHHOM YCTPOWCTBE, €CIM OHO TIOJCOCIUHEHO K
napajiensHOMy HopTy. JlpaiiBep ammapaTHOro Kio4ya yCTaHABIMBAETCS aBTOMATHYECKH MpPU
ycranoBke T-FLEX CAD.
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CmpykmypHasi opeaHu3ayus npunoxeHus T-FLEX AHanu3s

Crpykrypro T-FLEX Ananu3 opraHu3oBaH 10 MOIyJTEHOMY
MPUHIMITY, YTO TO3BOJISIET MOJB30BATENI0 TMOKO MOJOUTH K
KOMIUIEKTaluu paboyero mecra pacuérumka. CTangapTHas
MIOCTAaBKa CHCTEMBI BKITIOUAET CIIEIYIOIINE MOTYIIH:

e fQpernpomeccop — MOAYJIb IOJATOTOBKM KOHEUYHO-
3JIEMEHTHOW MOJIENH;

e  CHENUATU3UPOBAHHBIA PACYETHBIA MOAYJL - B
3aBUCUMOCTH OT PeEIIaeMbIX 3a4ad, I0JIb30BaTEllb
MOJKET BBIOpaTh OAMH WIM HECKOJIBKO W3 YETBIPEX

pacd€THRIX ~ Momynell  (cTaTW4ecKkwii  aHajm3,
YaCTOTHBIN aHAINU3, aHAJIN3 YCTOMYUBOCTH,
TEIJIONPOBOAHOCTD);

® MOCTNpOLeccOp — MOAYJb BU3YyaJH3allMi U aHaIu3a
pe3yIbTaTOB.

OTMeTUM TaKXke, 4To A ucnoib3oBanus T-FLEX Ananusa
HeoOxomum T-FLEX CAD, koTopelii ucHonb3yercs B
KayecTBE  CPeAbI-O00NOYKH  JUUISI  CHCTEMbl  KOHEYHO-
AIIEMEHTHOT'O MOJCITUPOBAHHS.

Amanbl aHanu3za KOHCMpPyKyuu

CUCTEMA KOHEYHO-3JIEMEHTHOIO
MOAEJ/INPOBAHUA T-FLEX AHAJIU3

T-FLEX CAD 3D

KOHEYHO-9MEMEHTHbIW MPEMPOLIECCOP
MocmpoeHue KOHe4YHO-31eMeHmHoU Modesnu

y

KOHEYHO-3NEMEHTHbIN MPOLIECCOP
leHepayus u peweHue CIIAY

Cmamuka

| Ycmoiyueocmsb |

|Co6cmeeHHble qacmombl

| TennonpoeodHocmb

KOHEYHO-3NEMEHTHbIWA NOCTNPOLIECCOP
Busyanusayus u aHanus pesynbmamoe

L —_ e — o —— — — = J

—— e —— — i —— —— . ——— — — —— — i —_—— — — — — ]

Jlro0oli BUJ aHamW3a OCYIIECTBISCTCS B HECKOJIBKO STAIlOB.
HepeqnanM HeO6XO):[I/IMI)Ie JJIs1 BBIITOJIHCHUA aHaJIn3a IIIaru.

I[J'IH OCYIICCTBIICHU paC‘léTOB H606XO,I[I/IMOI

1) mOCTPOUTH TPEXMEPHYIO MOJIEITh U3/IEIIHS;

2) co3math «3amady». 3amada CO37aeTcs IS OTHOTO HITH
HECKOJBKUX COMPHUKACAIOIINXCSA TBEPIBIX TeJ («KJIEECBOSY

COCTHHCHHE);
3) ompenenuTh MaTEpUall MOJICITH;
4) creHepuUpOBaTh KOHEYHO-JIEMEHTHYIO CETKY;
5) HaJ0XKHTH

TpaHUYHBIC yCJi0Bu,

6) BBIOJHUTH PACUET;

7) TnpOaHATM3UPOBAThH PE3YJIbTATHI.

OIPEICISIOIINE
CYIIHOCTh (PU3UUECKOTO SIBICHUS, TIOJICKAIIETO aHATN3Y;

ATAlbI
KOHEYHO-3JIEMEHTHOIO AHAJTN3A

UE

CO3[0AH
TPEXMEPHOWU MOZEJIN

________ i

SANAYA

3A0AHUE MATEPUANA

FEHEPALUA KOHEYHO-
ANEMEHTHOWU CETKU

BbINMONHEHME PACYETA

y

AHAIU3 PE3YJIbTATOB

| |
| |
| |
| |
| |
| |
| |
| |
' HANOXEHME IPAHUYHBIX '
: YCNOBWUU :
| |
| |
| |
| |
| |
| |

[lepeuncienHble 3Tamnbl CIpaBeJIMBBI AJIS1 BCEX THUIOB aHalM3a, peajn30BaHHbIX B cucrteme «T-FLEX
Anammsy. OTandue MeXIy dTalaMy MOJEIMPOBAHUS IJISl PAa3HBIX BHUAOB aHAJIN3a COCTOMT TOJBKO B THUIAX
HaKJIaIbIBAEMBIX TPAaHWYHBIX YCJIOBHH, KOTOpHIE 3aBUCAT OT BHJA 3amadu (pacué€ra). Hampumep, B
CTaTHYECKOM AHAJM3€ W YCTOMYHMBOCTH POJIb TPAHUYHBIX YCJIOBUM BBINONHSIOT MPUIOKEHHBIE K H3AEIUIO
CUJIOBBIE HAarpyKE€HHs W 3aKpEIUICHUS, B YACTOTHOM — TOJIBKO 3aKpEIUICHMs, a B TEILUIOBOM aHajlu3e —

TEMIICPATYPHBIC U TCIUIOBBIC HAI'PY3KU.
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BeedeHue

Bbicmpoe Hayaso

Paccmorpum  oOmmiA  anropuTM HUCIHONb3oBaHHS cucTeMbl |-FLEX
Ananu3 Ha TpUMEpPe CTAaTUYECKOro MPOYHOCTHOTO pacuéra. Ilyctsb
HEOOXOJUMO  OCYIIECTBUTh  aHAIM3  HAMPSOKEHHOTO  COCTOSHUS
KoHCTpyKIuu «Kopiyc», Ha OJHY W3 TpaHEed KOTOPOTrO MpPHIIOXKEHA
pacnpezeneHHas Harpy3ka, a OopHasi HIDKHSIS TOBEPXHOCTH 3aKpeTieHa
HETIOABUKHO.

Ilar 1. IToaroroBka 00bEMHOM TBepAOTEJIBLHOH MOIEIH HU31CTHSA

s BBINIOJIHEHHsI  aHaIM3a HEOOXOIUMO HMMETh  TPEXMEPHYIO
TBEPIOTENBHYI0O MOJENb H3Aeius. Mojenb MOXET ObITh HOCTpOCHA
MOJIb30BaTeNIeM B cpezie TpéxmepHoro moxaenupoBanus T-FLEX CAD.
OT0 MOXKET OBITh «pabouas» MOJENb, COJEPXKAIlas MPOCKIUU H
odopmireHHBIE paboune YepTeKH, YIaCTBYIOIIas B COCTaBe COOPKHU, WIIH
ucrnonp3yemast it pacuéra tpaektopuii UITY o6paboTkw.

Hcnonssys komanay T-FLEX CAD «®aun|mnopTtupoBaTby, s
aHaAJIM3a MOKHO 3arpy3WTh B CHCTEMY MOJIENb, CO3JaHHYIO B JIPYroi
cucreMe 00BEMHOTO MOJICTUPOBAHUSI.

WcxopHas KOHCTPYKLMS

s neneit pacuéra GbIBAET MOJIE3HO 3apaHee MOIYyYUTh CIENHUANIbHO ONTUMHU3UPOBAHHBIN BapHAHT
MoJieNd  (ONTHMHU3UPOBAHHYIO, MapaMEeTPUUECKH 3aBHCUMYIO KOIHMIO OpHrHHANa). Hampumep,
MOKHO M3 MCXOJIHOM MOJENN YAaJUTh HECYIIECTBEHHBIE B pacu€Te MeNIKHe YacTH (K MpUMepy, He
UTparoIle POJIM MalleHbKHE OTBepcTHs). B sToM cimydyae pacuér OyneT BBHINOJIHATHCS ObICTpee,
nerde OyJeT MOJNYYHTh KOHEYHO-JIIEMEHTHYIO CeTKy. JIJisi KOPPEKTHOTO MPWIIOKEHHS HArpy30K
WHOTIa TpeOyeTCsl Ha YYaCTKH OOJBINNX TPaHEH «Bpe3aThy CIIEIHaIbHbBIC TPAaHH-TUIOMIAIKH.

Hlar 2. Co3xanue «3agaum»

[Tocne Toro, kak TpéxmepHas Mojenb u3nenus osina nocrtpoeHa B T-FLEX CAD 3D wnm uMmmoptrpoBaHa B
CUCTEMY, MOYKHO TPUCTYIATh K MOJArOTOBKE KOHEUHO-3JIEMEHTHOM Mojaenu. JIto0oii Bua pacuéra B T-FLEX
AHanu3e Ha4MHAETCS C CO3AaHUA «3aJaym» C MoMolslo KomaHasl «HoBas 3amada» MeHIO «AHamu3» -
FLEX CAD («Ananus|HoBas 3apayvalKoHe4yHO-aneMeHTHbIN aHanu3y»). [lpu co3gaHuu 3a1auu
nojb3oBaresib  ompenensier e€ tun  («CraTHyeckuid  aHanmu3», «YacTOTHRIA aHamM3», «AHAIM3
YcronunBoctuy, «TemnoBoil ananusy»). KpoMme Toro, eciu B ClieHe MPUCYTCTBYET 00JI€€ OAHOIO TBEPIOTO
TeJa, He0OXOAMMO YKa3aTh, IS KAKOTO M3 TeJl CIIEHBI MBI CO37aéM 3a1ady.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Cozmaanm Ut HalIeld MOJeNTbHOM JeTanu 3aiady Tuma «CTaTudecKuil aHajm3».

% T-FLEX CAD

(=1

iDL maiin  Mpaeka [ocTpoeHA  YepTéw  Onepaund  Ochopmnenme |AHarM3 i MapameTpel  Cepeuc  HacTpodika Bua  OkHo 7 = & xl

KOHEYHO-3NEMEHTHEIM aHANHS

»||E

AMHAMHHECKHA aHAMH3

| 3| = ‘ HoBas saaa4a
CBOHCTES ’EJ ELT.E LI
a %) o o
‘A Hosas 3apaqa & marepman,..
HarpyseHne

Thn: |CTaTqucKMﬁ aHanMs

CIrpaHHHEHHE

SNEHEHTHI 33434H;
Teno_D

TEeNnoBan Harpyska
Co3aaTe AATHHK

Co3AaTE pesyneTaT

PacqgT

OTuET..

CUMCTHTE 383834y

|[¥] Cosaare cemiy

SKCMOpT. ..

OKHO pESYAETaTS

MoKasaTe 3NEMEHTEI 33434
MokazaTe okHo 3a3A34

YCTAHOBKM...

W 5202

|<_] [ 1 ]

3MN: CozAaTE HOBYHD 33434y

Co3aaHue 3ag4avmn KOHeYHO-3J1eMeHTHOro aHanmsa

Ilo ymomuanuto, MpU CO3JNaHUM HOBOW 3aJadyd BKJIIOYEH PEXHM aBTOMATHYECKOIO 3aIycKa KOMAaHIBI
«AHanu3s|CeTKa» NpUMEHUTENBPHO K BHOBb CO3JaHHOW 3amade. [109TOMy, Mocie YCIENIHOrO CO3JaHUs
3aJaud TOSIBUTCA JAWAJOr YIPaBICHWS HACTpOMKaMHM TeHepalud KOHEYHO-3JIEMEHTHON CEeTKH,
aIIPOKCUMUPYIOLLYIO

3aBCPIICHUM KOTOPOro ™Mbl IIOJYYHUM CE€TOYHYIO MOJCIbL U3
TBEPAOTEIBHYIO MOJECIIb U3ACITHA.

TETPa3ApOB,

% T-FLEX CAD

(00 warin
| Al

TMapaMETPLI CETKH

s

£ NapaMeTpbl CeTKW

SNeMEHTEI: | TeTpasapkl (10 y3nos,

¥ EMH |

Mpagka [MOCTPOEHMA  YepTéw  Omepaudk  OdopMneHWe  AHANK  MapaMeTpel  CepBHc

a3l
B x|

I =
g 3
: g
B

{111F

‘ OTHOCHTENEHEIA [v 0.z (ﬁ

Paamyc yayuweHns: | &

OBHOBNATE! | BpyqHyto

MnagHoCTE (0-1):

[HHMMANBHEIR PaSHER KPHEDH!

Mporwd (0-0.5):

‘ OTHOCHTENEHEIA [vl 0,01 %|

ONTHMMZALMA Ha NOEEPXHOCTH

CrnawmeaHmie (0-5): M
1 EETEN ﬂapamewbl CETKH ]—

Hactpofika  Bua

QKHOD 7

tih
[=]

5l 4 &

3MM: Co3aaTE K38 CeTky
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BeedeHue

Komannma «AHanus|llokasaTb OKHO 3ajayv» OTKphIBAET OKHO 3aj1ad, B KOTOPOM B BHjE JepeBa
0TOOpaXKarTCS CYNMIECTBYIONINE B JTAHHOM JIOKYMEHTE 3a1a4d M UX 3JICMCHTHI.

Toapko 9TO cO3MaHHAs 3aJada SBISIETCS aKTUBHOW. BHOBL CO37aBaeMbIe dJIEMEHTHI 3a7a4 U BBITOIHSIEMBIE
KOMaHIbl AHanmn3a OyyT OTHOCUTHCS K aKTUBHOM 3ajaue.

5 T-FLEX CAD =[]
iDL walin Mpaeka TMocTpoedkA  YepTéx  Cnepaund  Odopenede  AHanWs  MapameTpel  Cepeuc  HacTpofika Bua  OkHo 7 o= & X
VlnagRleds- e - 0ésR P 83T 8 Fs i ABIEHRIL S 88 5 E
Sagaqn x| s s
3anaun : npumep.arb [ ]
=y 3anava_1 i
- Teno 0 !ﬁ
o v
(]
O
H
@y
-l
L
=
‘B
%
|
v B
[ 3anaun | B CeoiicTea (<] [ i 3] e
> JaA3HTE KOMAHAY HAK BEIBEAHTE INEMEHT 1

Ecnu B mokyMeHTe MHOTO pa3HBIX 33j1ad, TO aKTUBHOW MOXKET OBITh TOJBKO ofHA. [lepeximrouenne MexmIy

AKTUBHBIMU 3aZladyaMUi OCYIIECTBIIACTCA UC€PE3 KOHTCKCTHOC MCHIO, BBI3BAHHOC E 110 UMCHH 3aJavu. HJ’ISI
HCAKTUBHBIX 3a1a4 AOCTYIIHA KOMaHAa «aKTUBU3UPOBATH).

IIar 3. HazHayenne maTepuana

Jis Toro 4TOoOBI OCYIIECTBISATh KaKWe-THOO pacd€Thl C TBEPAOTENHHON MOJEBIO JIETAd HEOOXOIUMO
OTIpEICTNTh MaTepUal, U3 KOTOPOTO OHA U3TOTOBJICHA.

B T-FLEX Ananu3ze ecTh IB€ BO3MOXXHOCTH 33/IaHUS MaTepualia ISl BBITOHEHU aHanu3a. [lo ymomrdanmto,
B pacu€Te UCHOJB3YIOTCS XapaKTePUCTHUKU MaTepuaia «C omepanun». Ha3zHaueHue Marepuana s
TPEXMEPHON MOJIENTN OCYIIECTBISIETCS B OKHE CBOMCTB oneparuu. [Jis mpoBepKy WM N3MEHEHHs MaTepuaia
B DTOM CJIy4ae HY>KHO BBI3BaTh OKHO ITapaMETPOB OMEPAIlUU U3 KOHTEKCTHOT'O MEHIO TI0 Ea Ha TPEXMEPHOM
TeJe, CO3/IaHHOM OTlepaIieid, WK TI0 UMEHH OTlepaIliil B OKHE 3a7a4.

15



Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

¥ Sansud: npumep.gib
B% 3anava_1
=

#efs Cetka I ¥AanMTE TEND

| CEOACTES, .,

M=MepHTE. .

* | Mokasats kpynHee
BranmocTe
Eyneea onepauma_14
MpeAacTaEneHHe, .,

MepeMecTHTE B Nanky

»

W

D zanauwn | 5 CeoiicTaa I3 I

ﬂ dakin  MMpaeka MMocTpoeHma YepTéw Onepaunk  Odoprnedne  AHanms  Mapametpel Cepewmc HacTpofica

= Bynesa onepauna_14

B nwnanore cBoiicTB omepanMu MOXXKHO BBIOpaThb Marepuan U3 CTaHIApTHOM OHONIMOTEKH MaTepuanoB
T-FLEX CAD. IIpu HEoOXOAMMOCTH IOJB30BATENb MOKET IOMOJHATH CTAaHAAPTHYIO 0azy MaTepHaioB
T-FLEX CAD cBouMmH MarepualaMd W H3MEHATHh XapaKTEPUCTHKH JIIOOBIX MaTepualloB U3 HSTOH
oubroteku. bonee moapobHyro nHpopMmaiuio o padore ¢ marepuanamu 1-FLEX CAD moxHO nipodecTs B
nokymenrarmu 1o T-FLEX CAD, B kaure «TpéxmepHoe MoIeTpoBaHue», riaBa «Marepuaibiy.

@ T-FLEX CAD

Cnofi: Default MorackTe: |:|

[[]refeproe aTofpakenme

~[J¥cranosnens: atpubyTel

Use: [ v (11 ]

MAOTHOCTE CETER

Mpyfbes TauHes

—MaTepHan
HazeaHne: Crane

MNokaseIEaTe TONBKD MATEPHANE! MOLEMH

NepemMeHHan: I MaTepHanel... ]
=

(W 320 | B Ceoficrea =l

(L dadin Mpaeka MocTpoedns  Yeprés  Cnepawsm  Odopmnerke  AHanks  Mapawetpel  Cepewc  HacTpoiika

>
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BeedeHue

Kpome crannmaptHoii Ombnamoreku marepuanoB T-FLEX CAD, mns pacuéra MokeT OBITH HCIONB30BaH
Matepuan u3 0a3pl mMatepuanoB |-FLEX Amammza. loctynm k 6a3e maTepuanoB AHamm3a Ui TEKYIIEH
3a/1a4¥ OCYLIECTBIsIETCS 1Mo KoMaHie « AHanus|MaTepuan» win 13 KOHTEKCTHOIO MEHIO JiepeBa 3ajad,
0TOOpa)kaeMoro B OKHE 3a/ad.

I
% T-FLEX CAD (==
f1 tafin Mpagka MocTpoeHua  YepTéw  Onepaumk  Odopmnedde | AHammz | Mapamertpel  Ceperc  HacTpodka Bua  Okko ? — & X

iVl aAlEHS O E T B4 | Hosasasaa *hiEdRl 8 & H &
g 3aaauM. .. E

CeTka

Jaaaqm o x
(Janauw” npurep arh.

Marepnan. .. |

5o

= & TerTo_D
- Cetra 0 HarpyskeHne 3

DrpaHHHEHNE

TennoEan HarpysKa

CO3A8TE ASTHHK

O34T PESYNETAT

Pacuér

OTUET...

DUMCTHTE Za8aqy

SKENOPT .

OKHO pesyneTaTa

MoKasaTe INEMEHTEI 3aA,a4H

g eblele |66 6 LI @) 2Bl e x|

MoKasaTe OKHO 33434

¥CTAHOBKH...

@ 320 | B2 Ceoiictea 2] | I [

3MJ: PEAaKTHPOEATE MATEPHAN 33834k Bribpato: Jaaaqa_1

a3
Y

Hasnauum mist Hanet monenu Matepuan «Crans/AlSI 1020» u3 6a3e1 matepuanos T-FLEX Ananusa.

=

CNepaumk:
Eynesa onepauna_14 () ) onepaunn
(&) Apyroi BHBinMoTEKa. ..
— Boibop matepuana
MnoTHOCTE: 0.0073 !ﬁ {3y CEHHEL bl
Cepefipa
Mp&A&n NPOHHOCTH Ha PasPBIE: 1} !ﬁ Hyi{paer*2) CHNMKOH
= CHNKKOH ABYOKHCE
MpEAEn NPOHHOCTH Ha CHATHE: 1} lj Hyi{paer*2) CononkMER aueTanA Topdiomasy THOA CyCneHsy
CONaNHMER NONHMIPONHNEHa
Mpeaen TEKyHecTH! 220,594 lﬁ Hyi(raert*2) R AI%’; s 2
) : - - CTans AISL 304 3
¥AENbHAA TENNOEMKOCTE: 0.44 {j Awxirtrpan Crans nervpoBaHan l
— CTank NHTaA NErMpOEaHHaR
MaTtepran: _ CTank HEP#ABRHWLAA KOBaHaA M

[]Toneke MaTepmans: Mogemm

Moay e YNpyrocTH: 210000 {ﬁ Hf(mm**2)
KoaddmumedT Myaccana: 0.28 {ﬁ

Moy Nk CABHra: Hyi{paer*2)
Koad. nkH, paclwHperma: 0.000013 lﬁ 1jrpaa
TennonpoEoAHOCTE! 0.043 lﬁ Bart/{nu*rpaa)

EaHHHLE! H3MEREHHA

Macch: Temnepatypel: |Fpaaycs LenscHa

!!
a
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Hlar 4.1 HanoxkeHue rpaHNYHbIX YCJIOBHH. 3aJaHne 3aKpernieHuil

I[J'Iﬂ YCICIIHOI'0 PCHICHUA q)HSHIIGCKOI;'I 3agadyu B KOHEUYHO-3JICMCHTHOM IIOCTAHOBKE ITOMHMO CO3aaHuA
KOHEYHO-3JIEMEHTHOMN CCTKU, HCO6XO,Z[I/IMO KOPPEKTHO OIIPEACIIUTD TaK HA3bIBACMBIC «T'PAHUYHBIC YCIIOBHUS.
B craruke ux POJIb BBITOJTHAKOT 3aKPECIUICHUA U IPUIJIOKCHHBIC K CUCTEME BHEIIIHUEC HATPY3KHU.

Jus  3amanumst  3akpervienuit B T-FLEX Awnanmze mnpeaycmotpeHsl Tpu koMmaHnel:  «[lorHoe
3akpenneHue», «4actuuHoe 3akpenneHume» u «KoHTakT». Komanma «AHanus|OrpaHuuveHue|
lMonHoe 3akpensieHUe» IpUMEHSICTCS K BeplinHaMm, rpaHsM u péopam moxenu. OHa OmpenesseT, YTo
I[aHHI:If/i JJIEMCHT TpéXMepHOFO TCJIa TIMOJHOCTBIO HCIIOABUIKCH, T.C. COXPAHACT cBOE NepBOHAYAIIBHOC
PAacCIioJIOKCHNUE U HC MCHSCT CBOCTO IMOJIOKCHHUA IO ﬂeﬁCTBHCM IMPUJIIOKCHHBIX K CUCTEMC HAI'PYy30K.

Hcnons3ys komanay «AHanu3|OrpaHudeHue|llonHoe 3aKpenneHue», yKakeM ¢ MOMOIIbIO O
HETOIBIKHYIO TPaHb HaIlleH MOJIEIIH.

5 T-FLEX CAD -JoEd

(3 dafin Mpaska MocTposiMA  UepTéw  Omepaudn  OdopMastme  AHands  apaMeTpsl  Cepevc  Hactpoiika  Bua  Owio 7 o= & X

Y INEaASHE N 0 s B AP SSTL 0T BB S e =

MonHoS 3aKpEnnEHHE o= v [A]

o :

2 MapaMeTpel 3aKPENAEHUA =€ v!}
X

RIG gtat D066 | T HE]|

@ 20291 | B Nonvoe sakpenn... (<] fm

¥
E]
| 5 8

3MC: CO3AaTE NONHOE 33KPENNEHHE

[Ipy 3amaHuy TpaHUYHBIX YCIOBMH H300pakKeHHE KOHEYHO-3JIEMEHTHOW CETKM aBTOMATHYECKU
racutcsi, YT00BI JaTh BO3MOXKHOCTh TIPUBSI3KM TPAHUYHBIX YCIIOBHH K DJIEMEHTAM TBEPIOTEILHON
MoJien (TpaHsM, pEopam, BEpIIMHAM).
[Tociie ycmemHoro 3aBeplIeHUs] KOMaHAbl CO3/IaHUs 3aKPEIUVICHUH B JiepeBe 3a1ad, 0TOOpakaeMOM B OKHE
3a]a4, NOSIBJISIETCS] COOTBETCTBYIOIINH AJIEMEHT, YKa3bIBAIOMIMK Ha HAJIMYME JAHHOTO IPAaHUYHOTO yCJIOBHSI.
B mopensHoMm okne T-FLEX CAD 3akperuieHue IpaHd Takke OTOOpa)kaeTcsi C MOMOIIBIO YCIOBHBIX
TPEXMEPHBIX JIEMEHTOB (JIeKOpaInii).
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BeedeHue

+ é. Cerra 0
=9 3akpennerua: 1

", Moroe saenrere 1

< I I

[ zanam | B Ceoicrea

=

| [>

A

]

3 T-FLEX CAD -JoEs
i L talin Mpaeka MocTpoeHMA  YepTéw  Onepaudv  OdopneHWe  AHandz  MapameTpel  Cepewc  HacTpolfika Bua  Ckwo 7 — & X
¥lnaAlEeds- a0 - 058 EP H8FTF8Fs ARS8+ 2
3a434n s -3 [N
1 Janawm : rpamep.grb: U
B% Sanava_1

E!s Teno_0

3343ATE KOMAHAY HNH BEIBENHTE INEMEHT

| S ORI etahli 3 1@ 0 &S Bl

Iar 4.2 HayioskeHne rpaHUYHBIX YCJIOBHI. 3alaHNe HATPY/KEHU I

Hns 3amanusa Harpyxkenudd B T-FLEX Amnanuse mpemycmorpeH HaOop CreUaIM3HMPOBAHHBIX KOMAaHI,

OOCTYII K KOTOPBIM OCYHICCTBIIACTCA

u3 MeHiO « AHanu3|HarpyxeHue».

Hcnone3ys komanny «AHanus|HarpyxeHne|Cuna», ykaxem rpans «Kopiyca», Ha KOTOPYIO MIPHIIOKEHA
Harpy3ka. B jauamore cBOHCTB KOMaHABI B ToJie “3HavyeHne” ykaspiBaeM 3HadeHue ciibl (550 HproTOHOB).
Co3nanHas cuja paBHOMEPHO PacHpeeNuTCs MO yKa3aHHOUW rpaHu. V3HayallbHO HamNpaBJICHHUE JCHCTBUS
CHJIBI OepeTcst IO HOPMaJIH K YKa3aHHOU IIOCKOW rpaHu. [IpH skeaHuM MOYKHO 33/1aTh BEKTOP HAIpaBJICHUS

JIEUCTBUS CUJIBI.

9 T-FLEX CAD -JoEs
(% dafin Mpaska MocTposHiA  UepTéw  Onepauid  OdopMastme  AHanms  apaMeTpsl  Cepevc  HacTpoiika Bua  Owio 7 o= & X
¥lnaAlESHdS- ¢ - 08B AP TS AFS A BiEdkd S a0
MapaMeTpEl cHs! x| e = -3
- b ~Ia)
v] (8] [%] L
) DCHOBHLIE NApaMeTphl : % v!}
FpaHe_O : Byneea onepaul [vaanure * &_1
=
=1 =
THN Harpy3KH: 21 @_1
N
()
A 3HaueHqe ® Cgl
SHEHEHHE; 550 (ﬁ —
#) Hanpaenenve | :UJ
I'ID HOpHManH \/s
SNEMEHT ! Vﬁ
NCK: =
ni f
i g
[v] v
(i JEChC I'Iapamerpbl CHABl <] I 2] e
> i
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

[locrme 3aBepmieHWs] KOMaHABI CO3JMAHUS HATPY)KCHHS Ha TPEXMEPHOHW MOAENH W3AETUS TOSBISIETCS
yCIIOBHOE OTOOpa’keHHE CO3/JaHHBIX HArpy>KeHHWH B BHAE YCJIOBHBIX OOO3HAYEHWH, MPHIOKEHHBIX K
COOTBETCTBYIOIIUM 3JIEMEHTaM MOJICTIH.

5 T-FLEX CAD [ =[5

(3 tafin Mpacka MocTposHMA  UepTéw  Onmepaudn  OdopMastme  AHands  apaMeTpsl  Cepovc  Hactpofika  Bua  Owio 7 o= & X

VY @ ASHdES-1¢- 0 068 bP S TE OFs i ABiEHISL S
SaaaqH I [A]
Janaw:np
= ‘Sé 3apava_l
= @ Teno_0
@ CeTka
=) 3akpenneHua ;1
,ﬂ, MNonHoe zakpenneHue_(
=23 Harpuskenua : 1
é Pacnpenenéian cuna_1

lgh et |28 106 6| I @ | S falHl e

w

[ zanaun | B CeoiicTsa [#] | I

= 3a43ATE KOMEHAY MK ERIBEPHTE 3NEMEHT

<
L QR

Ilocne YCHICIIHOI'0 3aBCPIICHUA KOMAH/bl 3aJaHUA HaI‘py)KCHI/Iﬁ B ACPEBC 3aaa4 MMCIOTCA B HAJIMYUU BCC
YE€TBIPE IJIEMCHTA, HGO6XOI[I/IMBI€ JJIs1 BBIIIOJTHCHUSA pacqéTa:

® CeTKa;
e Marepuar,
®  3aKpeIUICHHE;

e  HarpyxeHwue.

lar S. BeinoJiHeHue pacuéra

[locie  co3maHWsl  KOHEYHO-JIEMEHTHOW CETKH W HAIOXCHUS TPAHUYHBIX  YCIOBHH  MOXKHO
MHUIHATA3UPOBATh KOMaHay «AHaNU3|PacyéT» u 3amyctuth npoiecc HOPMUPOBAHKS CUCTEM JIMHEHHBIX
anredpandeckux ypaBHeHuit (CJIAY) u ux peuieHus.

Joctym k komaHze «PacdéT» MOXXHO TAKKE MONYYUTh U3 | [lapametpb 3agaun (craTnueckwi ananu3)
KOHTEKCTHOTO MEHIO COOTBETCTBYIOIIEH 3a/a4i B JIEpEBE
3aj1a4, 0TOOpPaKaeMOM B OKHE 3a71ad.

Ofwme | PacdéT |HenHHeF|HDCTb TepHoynNpyrocTe | PESYABTaTEI

PEIWEHHE CHCTEMEI YPAEHEHHE

Pexxumbr st popmupoBanuss CJIAY u Merombl uX © Mpamoli meTon

pelleHusl BBIOMPAIOTCS aBTOMATHYECKU IIPOLECCCOPOM ®i
T-FLEX Anamm3z. [Tonp30BaTeib MOKET CAMOCTOSITEITEHO (THOCHTENEHAR NorPeWHECTS: noor 2
W3MEHUTh ONIMU pacuy€Tra B JMAlOre CBONCTB 3a/layu, MEKCHMATIBHOE YHEND HTERaLHF: 5000 =]
KOTOPBI TI0 YMOIJYaHHIO OTKPBLIBACTCS MeEpe]] HadaloM e Sy

pacqéTa. THN 3NemeHTa: |r{aaﬂpaqublH [v]

B mponecce pemennsa CJIAY poctyneH auaior c
0TOOpaKEHUEM HTAIOB pacyéra. [ oc || omena |[ copaexa |
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BeedeHue

[pomecc pemenus CJIAY MoxeT 3aHUMaTh 3HAYMTEIBHOE BpeMs Ha 3ajadax C CETKaMH U3 OOJBIIOro
KoJm4yecTBa TeTpadapoB. [lo OKOHYaHWMU pacu€Ta BBIBOJUTCS COOTBETCTBYIOIIECE JUATHOCTHYECKOE
cooO1IeHune.
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PacuéT HanprmeHHi

[ )

CaenaHo!  100% BpemA:  0:00:04

CoofiueHhs:

¢ KOMMHecTED y3NoE: 13659
 KONMMYecTEO 3NEMEHTOE: BEES

[[] CoxpatiTs AOKYMEHT NOCNE OROHHaHKA pacHeTa

LRSS (aoure ] 5] lem

= ¥ HIH BLIBEPHTE INEMEHT

+ BeeAgHO aprymeHTOR! 37290

< MeToa pacHETa: MTEpaLHOHHEIR
« MpeaofycnaBnMEaTENs: KOMGMHMPOEAHHEI
* PeweHHe CNAY HafaeHo (iker= 43 tol= 0.000594637)

ek et |52 L0 © 6 I @5 ta il b

< PacyéT aKoHYeH.

[] 3akpeime okHo nocne okoHYaHHA pacHeTa

SR

lar 6. AHa/Iu3 pe3yJIbTATOB pacyéra

Pesynbrarel pacuéra oTpaxkaroTcs B JiepeBe 3a1au. JloCcTym K pe3ysibTaraM 00eCIeUunBaETCs M3 KOHTEKCTHOTO
MEHIO Ul BBIOpAHHOW B JiepeBe 3amad 3aga4yu 1mo komanae «OTKpbITb» wim «OTKPbITb B HOBOM

OKHe», a Takxe 10 55 Busyanuzamnus pe3ynapTaToB ocymiecTBisercs B oTaenbHoM 3D oxne T-FLEX
CAD.

OHOBPEMEHHO MOXET OBITh OTKPBITO HECKOJILKO OKOH C pe3yjbTaTaMH OJHOW MM Pa3HbIX 3aaad. J{is
MOJIB30BATENSl JOCTYITHBI BCE KOMaH/bl MAacIITaOMPOBaHHS W TMO3UIMOHUPOBAHHS CETOYHOW MOJENU C
pe3yIbTaTaMu pacdéToB, HCIONb3yeMble MpU padote ¢ TpéxmepHbiMu MozensmMu B T-FLEX CAD. Kpome
TOro, €cTb Habop CcIeNUaIM3upPOBaHHBIX KOMAaHJ W OIMHA, TO3BOJISIONIMX pelaTh pa3HOOOpas3HbIe
cepBHCHBIE QYHKIMHU 110 00paboTKe pe3ynbTaToB pacuéroB. KopoTko oTMeTHM Hanbosee BayKHbIC U3 HUX.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3
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YnpaBieHue 0To0pazkeHHeM CeTOYHOH MoJesu. JIoCTyn ocyIIecTBIsSETCS 10 JBOHHOMY KJIMKY B 00J1acTH
OKHa IIPOCMOTpa pe3y/lbTaToB pacuéTa Wwin 1o koMaHzae «CBOHCTBa» KOHTEKCTHOro MeHro. Ilonb3oBaTens
MOJKET 3a/1aTh PA3JINYHbIC PEXHUMbI OTOOPAKEHUS PE3YJIBTATOB pacdyéra — C CETKO, 0e3 CeTKH, 0TOOpaxkaTh
JIM KOHTYP MCXOIHOM JIeTaau W IpYyruX Tel, MPUCYTCTBYIOIIMX B cOOpKe, OTOOpakaTh AeOpMHUPOBAHHOE
COCTOSIHUE, aHUMUPOBATh U300pakeHUE U T.I1.
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BeedeHue

@oHOBasi aHMMANMA — TI03BOJISIET BOCIPOU3-
BECTH IIOBEACHUE HCCIIEAYEMOM MOJENU MpH
IUITABHO MEHSIOILEICS] Harpy3ke, ¢ OIHOBPEMEH-
HBIM OTOOpaKEHHEM TOJeH HAaNpsHKeHUH WITH
NepeMEelIeHNH, COOTBETCTBYIOLIUX IEpEeMEHHON
Harpyske.

Hacrpoiika mxanbl. JlocTyn ocCylIeCTBISIETCS
IO JBOMHOMY KJIMKY B O0JacTd ILIKaldbl OKHA
MPOCMOTpa  pEe3yNbTaTOB pacuyéra WIM IO
komaHne «HacTpoOMKM 3anMBKW...» KoH-
TEKCTHOTO MEHIO B OKHE IIPOCMOTpA PE3yJIbTAaTOB
pacuéra. Ilonp3oBarens nMeeT HabOp BO3MOXK-
HOCTEH 10 HACTpOWKe MaHEeTH OTOOpaKEHHS
YUCJIOBBIX 3HAaueHUH. MOXKHO UCIOJIB30BAThH
HECKOJIBKO IPEJONpPENeIEHHBIX THIIOB MIKal, a
TaKXKe €CTh YHHUKaJbHas BO3MOXXHOCTh THOKOH
HACTPOMKHM MIKaJbl JIIOOOTO IIBETOBOTO HATOJIHE-
Hust. Taxxe mMMeeTcsi BO3MOXKHOCTh yCTaHOBHUTH
MUHUMQJIBHOE W  MaKCHMAaJbHOE  3HAYCHHS
HIKaJbl, BBIOpaTh OTOOpakeHUe Jorapudmuyiec-
KOH IIKaJIBbI.

JAunamMuyeckoe 30HIMPOBaHHE Ppe3yJbTaTa.
ITocTopoueccop T-FLEX Ananuza
IpPENOCTaBIsIeT yAOOHYI0O BO3MOXKHOCTH IS
BBIBOJIa  pe3y/ibTaTa HEMOCPEACTBEHHO O]
KypCOpOM MaHHIYJISATOpPa «MbIIbY». [lonb3o-
BaTEII0  JIOCTATOYHO HABECTH Kypcop Ha
HHTEPECYIOIIee €ro MeCTO CETOYHOH MOoJenH, U
MOSIBIISIETCSl TOUHOE 3HAUCHHE PEe3yNbTaTa B 3TOM
MecTe. 30HAMpOBaHHE pabOTaeT M Uil pexuma
oTtoOpakeHnst  1e(hOPMHUPOBAHHOTO  COCTOSHUS
monenu. Ilpm  30HAMpPOBAaHMM  BHYTPEHHHX
y4acTKOB ~ MOJEIM  MOXXHO  HCIHOJIB30BATh
uHcTpymeHT «llmockocte o00peskm» T-FLEX
CAD.

[~ |
Mapame TpbI 3aTHBKM
AnanazoH 2,69103e-006 — g 4
Lkana:
[Makcumym: 2.4e-006—
@ AETOMaTHYEDKKM | 2.69103E-006 M
() 3HaqEHHE: o 2.2e-006 —
MHHHMYM: Ze-006 — ‘
(%) asTomaThaeckH | 0 M
O SHAYEHHE! M 1.8e-006 —

1.6e-006—
LIEeToEaA ramMma

Cxema: o r— [v] 1.4e-uns—l <

IpaaneHT |:| OBpaTtHTE 3arpysHTh 1 Ze-006—
MOpOroELF YROBEHE: L}
YPOBEHE 21 ] N
Nereqaa Se-007 —
[l NepesepHyTE Wiany 4
OTobpakaTs METKH Be-007 =
KoMMYEcTED METOK! 3 E:% 4e-007 —

OToBpa%aTh HYNEEYHD OTMETKY

[ Breraa nokaseiEaTe MAKCMMANEHDS SHAUEHHE 2e-007 —

D Breraa noKasbiEaTe MHHHMANEHOS SHa4EHHS a— ‘

|:|I'Io WYHONHESHHHD I [0]4 l [ OTHEHHTE

2.01828E-006

2.09796E-006

0.00000E+000

Co3nanue 0TYéTa — pE3yNbTaThl PEUICHHS 3a0a4d MOTYT OBITh COXPAaHEHbI B BHAE HE3aBHCHMOIO
AJIEKTPOHHOTO JoKyMeHTa. Jloctyn Kk jguanory (GopMHpOBaHUS OTY€Ta Uil aKTHUBHOM 3ajadu
OCYIIECTBIsIETCST M3 MeHI0 «AHanuM3|OTYET...» Wik dYepe3 MyHKT KOHTEKCTHOrO MeH0 «OTYéT...»

3aJauu, BEIOpaHHOH B iepeBe 3a1ad.
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AHanu3s

NMoAroToBKA KOHEYHO-3NIEMEHTHOU MOAENU AnAd
AHANU3A (MPENPOLLECCOP)

OcnornHoe HazHauenue Ipenporeccopa T-FLEX Ananm3a — moaroroBka NCXOMHBIX JAaHHBIX O TOJICKAIIEH
aHam3y (pu3MUecKoil 3a/aue B BUJIC KOHCUHO-3JICMEHTHOW MOJENH, KOTopas OyJeT ajJeKBaTHO OTPaKaTh
TCOMETPHYCCKUE M (DU3MUECKUE CBOWCTBA MOJEIMPYEMOTO H3JCHHs. DTa KOHEYHO-3JICMEHTHAs MOJICNb
3areM obpabatsiBaercs [Iporeccopom T-FLEX Amnanmza, v B pe3ynbTaTe MOITYYaeTCs pelieHNe HCXOTHOU
3agaun. [IoAroTOBKa KOHEYHO-3JIEMEHTHOM MOJIETTH He TpeOyeT OT MOJIbh30BaTelsl Crenn(UIeCKuX 3HaHUH B
00JIaCTH KOHEYHO-3JIEMEHTHOTO aHaju3a. OHa OCYLIECTBIACTCS Ha OCHOBE MOCTPOCHHON I'€OMETPUYECKOM
MOJICJI B MHTEPAKTHBHOM PEKUME C MOMOINBLI0 KoMmaH [Ipenporieccopa, paboTa ¢ KOTOPBIMH OTKCaHA B
naHHOW TnaBe. PesynmbTatoM paGothl [lpemporieccopa sBISETCS KOHEYHO-DJIEMEHTHAS MOJCNb H3JCIHS,
KOTOpast COACPIKHUT:

®  KOHEYHO-3JIEMEHTHYIO CETKY;
e  CBeJICHMd O MaTepuaiax;
e  TpaHUYHBIE YCJIOBUS, COOTBETCTBYIOIINE MOAEIUPYEMOH (U3NUYECKOH 3a1aue.

[MocnenoBaTensHOCTD CO3AaHMUsI KOHEUHO-3TIEMeHTHON Moaenu B T-FLEX Ananu3e B O0NBIIMHCTBE CiTydaeB
HE MMeeT 3HAYeHHs, T.C. MOJIb30BATENIb MOXKET CHadasla MOCTPOUTH KOHEYHO-3JIEMEHTHYIO CETKY, a 3aTeM
HAJIOKWUTb I'PaHUYHBIC YCJIOBUA, WUJIH, HaO60pOT, CHa4daJla 3a/1aTb HAIrpy3KU W OrpaHUYCHUA, U JIMIIb 3aTCM
CreHeprupoBaTh CCTKY M3 KOHCUYHBLIX 3JICMCHTOB. OI[HaKO HCMIPEMCHHLIM YCJIOBUEM KOppeKTHOﬁ KOHCYHO-
ANIEMEHTHOW MOJIENIN SBJISIETCS 00s3aTeNIbHOE HAaTM4YMe BCEX €€ COCTABIIONIMX — CETKH W3 KOHEYHBIX
3IIEMEHTOB (TE€TPAd’IPOB), XapaKTEPHCTHK MAaTEPUAIOB M MPUIIOKEHHBIX K CHCTEME BHEIIHUX BO3/ICHCTBHIA.

B w™omensHOM okHe T-FLEX CAD cerka W TpaHWYHBIE YCIOBUS OTOOPaKAIOTCS BHU3yaTbHO
HETOCPEJICTBEHHO (CETKAa) WM C ITOMOIIBIO YCIOBHBIX 0003HaueHul (rpaHryHbIe YCIIoBuUs). Mcnomb3ys 310
BU3YaJIbHOE OTOOpaKEHHE, TOJIb30BATEIh MOXKET OLIEHHTH KOPPEKTHOCTH 33]1aBa€MbIX UM JIAaHHBIX.

BuOdbl KOHEeYHO-3/1eMeHMHbIX modesel

B 3aBuCMMOCTH OT reoMeTpHUYECKMX OCOOCHHOCTEH moajexameil aHanuzy KoHCTpykuuu, B T-FLEX
AHanu3e BO3MO)XKHO TIOCTPOCHHE KOHEUHO-JIEMEHTHBIX MOJENEeH TPEX THIIOB:

® TCeTpasapalibHass KOHCYHO-3JIEMCHTHAsA MOACIIb,
® JUIaCTHHYaTasd KOHCYHO-3JICMCHTHAA MOACIIb,
° m6p1/1)1Ha;1 KOHCYHO-2JICMCHTHAsA MOJCIIb.
PaCCMOTpI/IM noz[p06Hee CJIydau UCIIOJIb30BAHUA KaKAOT0 BJa KOHCUHO-3JICMCHTHBIX CCTOK.

TerpasapaibHass KOHEYHO-dJIeMeHTHasi Molejdb. B maHHOM ciy4ae Uil ammmpOKCHMAallid T€OMETPUH
MOJIETTMPYEMOTO H3JIEHs MCIONB3YETCSl €ro IMPEACTaBICHHE KOHECYHBIMH 3JIEMEHTaMH TeTpaj’palbHOM
¢dopmbl. TerpasapaiibHasi KOHEYHO-3JIEMEHTHAS! CETKa XOPOLIO allpPOKCHMHUPYET CKOJb YTOAHO CIOXKHYIO
(dbopMy u3zenus U 00ecIieYnBaeT yIOBIETBOPUTEILHBIE PE3yIbTAThl MOJICIIUPOBAHUS (PUIUUECKUX 33134 JUIsI
00BEKTOB MPOU3BOJILHON (OPMBI, XapaKTepHbIE TEOMETPHUECKUE Pa3Mepbl KOTOPBIX 1O TPEM H3MEPEHUSIM
(1MHa, MIMPHHA, BBICOTA) COMOCTaBUMBI MeX1y co0oi. K Takum 00BbEKTaM MOXKHO OTHECTH OOJIBIIMHCTBO
JeTanel U y3/I0B TPAAUIIMOHHOTO MAIIMHOCTPOCHHUS M TPHOOPOCTPOCHHSI.
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Modzomoeka KoHe4YHO-31emeHmMHoul modenu 0n1si AHanu3a (Mpenpoueccop)
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TunnyHble MalnHOCTpPpOUTESbHbIE 06BLEKTbI U UX TeTpasapalbHble KOHe4YHO-3NeMeHTHbIe Moaenu

I[InacTUHYATAsA KOHEYHO-3JIeMEHTHAsl MoJe/]b. 3HAUMUTENbHBIA KJIACC KOHCTPYKLHH, HCIIOJNB3YEMBIX B
4eJI0BEUECKON JeATeIbHOCTH, UMEeT 0CO0YyI0 reoMeTpHUecKyto (hopMy, pu KOTOPOI OAHO M3 U3MEPEHUi
(ToymMHA) 3HAYUTENLHO MEHBIIIE ABYX APYTHX - IIUPUHBI U JJTUHBL. Takue KOHCTPYKIIUH MTPUHSATO HAa3bIBATh
TOHKOCTEHHBIMH. Hampumep, B MaIIMHOCTPOCHHMH TAaKMMU KOHCTPYKUHMSIMH MOTYT CIYXXHUTh KOpIyca
BCEBO3MOXKHBIX MalIWH, YIUTKH TypOWH; B MPHOOPOCTPOECHHH — TMOKHE YHPYrHe DIIEMEHTBI: CHIB(POHBI,
MeMOpaHbl, B TOM YHCIIe TO(PPUPOBAHHBIC, Tapeib4yaThie NPYKHHBI, B CTPOUTEILCTBE - TOKPBITHS U
MEPEKPBITHS, MAHAYChl, HABECHl M KO3BIPBKH; B KOpaOJECTPOCHHWH - KOpIlyca CyIOB; B aBHACTPOCHHUHU -
(103€ISKU M KPBUIbS CaMOJIETOB; B IPOMBIIUIEHHOCTH — BCEBO3MOXHBIE EMKOCTH: LIUCTEPHBI, PE3ePBYaphl U
T.IL
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Mpumepbl TOHKOCTEHHbIX KOHCprKLI,VIVI U UX NnacTuH4YaTbleé KOHEeYHO-3JIeMeHTHbIe Moaenu

HpI/I KOHCYHO-2JICMCHTHOM aHaJIn3¢€ TOHKOCTCHHBIX KOHCTPYKHI/Iﬁ MOXXHO HCII0JIb30BAaTh HE
TETpasApaJIbHbIC, a ITNIACTUHYATHIC (O6OJIO‘-IG‘-IHLIG) KOHCYHBIC 3JICMCHTBI, KOTOPBIC IMO3BOJIAIOT IOJYYUTH

YAOBJICTBOPUTECIIBHOEC PCHICHUE C MCHBIIMMH BbIYHMCIWTEIIBHBIMH 3aTpaTaMu, 4Y€M IPH HCIOJIb30BAHUU
00BEMHBIX KOHEUHBIX 3JIEMEHTOB.

Fuﬁpnnﬂaﬂ KOHEIHO-JIEMECHTHAA MOAEC/Ib OJTHOBPEMCHHO COCTOUT U3 KOHCYHBIX 3JICMCHTOB 000HX THIIOB
— TCTpasaApaMu alllIPOKCUMUPYIOTCA YaCTU KOHCTPYKIMK COOTBCTCTBYIOIIUC O0BEMHEIM TEllaM C
COIIOCTaBUMBIMHU 11O TpeM HU3MCPCHUSAMU  pPa3MCpaMU. TOHKOCTCHHBIC K€

YaCTU KOHCTPYKLIUHN
AMIMPOKCUMHUPYIOTCA IJIACTUHYATBIMHA 2JICMCHTaAMHU.
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Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Ons AHanu3a (lNpenpouyeccop)
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Mpumepbl KOHCTPYKLMI M UX TMOPUAHBbIE KOHEYHO-3NIEMEHTHbIE MOoAENU

Ha3HayeHue u posib cemok

OcHOBHOE Ha3Hau€HHE KOHEYHO-)JIEMEHTHOW CETKM — aJeKBaTHAas allpOKCUMAalus I'€OMETPUHU
MOJIETTMPYEMOI0 Tela, Y4YMTHIBAIOIlas BCE BaXXHbIE JJIs pacuéTa HIOAHCHl TEOMETPUU H3JENHs.
[penpoueccop T-FLEX Ananuza umeeT 3pPeKTHUBHBIN aBTOMATHUYECKUN IeHEpaTOP KOHEYHO-3JIEMEHTHBIX
CETOK, KOTOPBIM MO3BOJISIET MOJIB30BATEII0 YNPABIATh PA3IMYHBIMU PEKHMaMH T'€HEPALH CETOK, YTOObI
MOJIy4aTh CETKH HY>KHOIO KadecTBa Ha pasHbIx mojensx. B T-FLEX Awnanmuze nns mocTpoeHUs KOHEUHO-
AIIEMEHTHBIX CETOK HCIIONB3YIOTCS OOBEMHBIC TEeTpad/palbHble W TPOCTPAHCTBEHHBIC TPEYTOJIbHBIE
KOHEYHBIE 3JIEMEHTbI, KOTOpble, TEOPETHYECKH, II03BOJSIIOT C JII000M TpeOdyemMoil TOYHOCTHIO
anmnpOKCUMHUPOBATH MPOU3BOJIBHYIO T'€OMETPHIO OONBIIMHCTBA M3leaui. OnHaKo HEOOXOAMMO OTMETHUTh
HECKOJIbKO TIPE/IBAPHUTENILHBIX PEKOMEHJANNH, KacarollUXCs KOPPEKTHOCTH PAcUETHBIX MOee Npu
WCTIOJIb30BaHUH KOHEYHBIX 3JIEMEHTOB.

Bo-nepBbIX, KadecTBO TMOJYy4aeMOTO PEIICHUS MOXET 3aBUCETh OT ¢hopmbl KOHEUHBIX DIIEMEHTOB.
Hawnnydmmie pe3ynbraThl KOHEUHO-3JIEMEHTHOTO MOJIEITUPOBAHUS IOCTUTAFOTCS, €CIIH 3JIEMEHTHI (TEeTPadaphI
U TPEYTOJIbHHUKH), 00Pa3yIoIie CETOYHYI0 MOJIENb, OMM3KH 10 (hopMe K paBHOCTOpPOHHUM. OcoOEeHHO 3TO
CIIPaBEJIUBO JUISI TETPAdAPATHHBIX JJIEMEHTOB. HampoTuB, eciiu ceTodHast MOJIETh COJEPYKUT JIEMEHTHI, y
KOTOpPBIX pedpa, oOpasylolme »JIIEMEHT, HWMEIOT CHJIBHO OTJIMYAIONINECS pa3Mephl, pe3yNbTaThl
MOJIETTUPOBaHMSI MOTYT HWMETh HENOCTaTOYHYK) TOYHOCTh. B 3TOM ciy4yae »kenareibHO, HUCHONb3YS
rmapaMeTpbl HACTPOEGK TeHepaTopa KOHEYHO-IJIEMEHTHBIX CETOK, JOOUTHCS YMEHBIIICHUS KOJWYECTBA
HOIO00HBIX JIEMEHTOB.
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«lMnoxasa» ceTka KOHEYHO-3aNNeMeHTHOM MoAenu «Xopoluasa» ceTka KOHEe4YHO-3rIeMeHTHOW Moaenu

Takum 00pa3oMm, HEOOXOOUMO BH3YaIbHO WM C mnomombio «[lapameTpoB ceTkm» KOHTPOJIMPOBATH
«Ka4ecTBO» MOCTPOCHHON KOHEYHO-3JIEMEHTHON MOJIEIH, JOOUBAsICh 110 BO3MOXKHOCTH 00JI€e 0JHOPOIHOTO
pacnpezneneHust opMbI 00Pa3yIOLINX CETKY HIIEMEHTOB.

Bonee apgekBaTHasi ceTouHass Mogernb, NosyYeHHasi Mocsie UCNOoNb30BaHUSA HACTPOEK NapaMeTPOB CeTKMU

Bo-BTOpBIX, KpOME (HOPMBI KOHEUHBIX 3JIEMEHTOB Ha KaYeCTBO PELICHUS ONPEACISIONINM 00pa3oM BIHAET
TaK)Xe CTENeHb JUCKPETH3AlMU MCXOTHOW TeOMETPUYECKOM MOJEINH, T.€. «TYCTOTa» KOHEYHO-3JIEMEHTHOM
cetku. [lomb30BaTens MOXKET yNpaBiATh 3TUM IapaMETPOM T€HEepaTopa CETOK, YKas3bIBas OTHOCHUTENbHBIN
unn abCOMIOTHBIMN CpegHHH pa3Mep KOHEUHBIX SJIEMEHTOB, ANNPOKCHMHUPYIOIIMX TE€OMETPHIO Tejla WU
MEHsIsI TapaMeTphl, BIUSIONINE HA TEHEPAIMIO CETKH Ha KPUBOIMHEHHBIX Mojenax. OObdHO, Oosiee MelKkoe
pa3zbuenne qa€t Jydiine Mo TOYHOCTH pe3yibTarhl. OJHAKO CeIyeT TOMHHUTD, YTO alPOKCHMAIINS MOJIETH
OOJIBIIMM KOJIMYECTBOM MaJICHBKHX KOHEYHBIX 3JIEMEHTOB HEM30€XKHO NMPUBOJHUT K CUCTEME ayredpanyec-
KHUX ypaBHEHUH OOJBIIOrO MOPSIIKA, YTO MOXKET CYIIECTBEHHO CKa3aThCA HA CKOPOCTH BBITIOJIHEHUS pacyéra.
OneHnTh Ka4eCTBO KOHEYHO-3JIEMEHTHON MOJIETH MOKHO TTOCIIEIOBATEIHHBIM PEIICHHEM HECKOJIBKUX 3a/1a4
C pa3IMYHBIMHM BO3PACTAIOUIMMHU CTENEHAMHU IucKpeTu3auuu. Ecnu pemeHue (Hampumep, MakCHMabHbIE
NEepeMEeILeHNs 1 HapsDKEHUsI) TIEPECTAIOT 3aMETHO MEHSTHCS P UCIIOJIB30BaHUU 00Jiee TYCTOM CETKH, TO
MOKHO CO 3HA4YUTEIHHOW J0JeH YBEPEHHOCTH CYHMTATh, YTO MBI JOCTHINIM HEKOTOPOTO ONTHMAJIbHOTO
YPOBHS IUCKPETU3AINH U JajbHEHIIee yBeTndeHNe TUCKPETU3alUN CETKH HePalHOHAIBHO.
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Bo MHOrux cimy4asx OpuMEHTHPOBOYHBIM MHUHHMMAIbHBIM YPOBHEM pPa30HEHHs MOXXHO CUMTaTh pa3OueHHe
Tena Ha ABa-TPU CJI0S KOHEYHBIX 3JEMEHTOB B HAIPABICHUM NEHCTBUS HArpyXEHUH M HPEAIojaraeMbIxX
HepeMelIcCHUM.

Kpome Toro, cpeactBamu reHepatopa CETOK BO3MOYKHO HCKYCCTBEHHOE CO3J[aHWE «CTYIICHUI» CETKH B
00JIaCTSIX MOJEIH C PE3KO MEHSIOMICHCS KPUBH3HOH, B KOTOPHIX MOXKHO OKH/ATh OOJBIIUX TPaJUCHTOB
VCKOMBIX BEJIMYHH (HarmpuMmep, HapsHKeHUN ).

Takum 00pa3oM, TNpU MOCTPOCHUH KOHEYHO-3JIEMEHTHOM MOJENH, HEOOXOIMMO YIENSATh MPHCTAIBLHOE
BHUMAaHUE T€HEPUPYEMOH CETOYHOM MOZeNH, ciels 3a TeM, YTOObl KOHEYHO-3JIEMEHTHas CeTKa
COOTBETCTBOBAJIa T'€OMETPUU MOJEIH M HMeNa JOCTaTOYHOE KAadeCTBO C TOUYKH 3pEHHUs 00ecHedeHUs
HaJIE&KHOTO U JOCTOBEPHOT'O PEIIeHUsI MOJICTUpyeMoil pu3nueckoii 3axaun.

Budbl u posib epaHUYHbIX ycnoeul

I'paHuYHbBIC YCIOBHS pPA3JIHYAIOTCS B 3aBHCUMOCTH OT THMA MOJCIUpYyeMOl (U3NYECKOH 3aaauu
CJIeIYIONUM 00pa3oM.

Jna 3agaun tuna «CTaTH4ecKnil aHAJIM3» B KA4eCTBE TPAHUYHBIX YCIIOBHUIl BHICTYTIAIOT:
e orpannuenue «llonHoe 3akpenueHue»;
e orpannycHue «JacTUYHOE 3aKPEILICHUEY;
e orpannuyeHue «KoHTakT»;
e OrpaHHYCHHE «YIIPYroe OCHOBaHHEY;
e HarpyxeHue «Cuiay;
e HarpyxeHue «JlaBneHuey;
e HarpyxeHue «Bpamienuer;
e HarpyxeHue «Y CKOpEeHUue;
e HarpyxeHue «lunuHapuyeckas Harpyska»;
e HarpyxeHue «KpyTsamuii MOMEHTY;

e TeruioBas Harpyska «Temmeparypay.
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Jns 3amaun Tuna «YacTOTHBIA aHAIU3)» B KAUECTBE TPAHUYHBIX YCIOBUH BBICTYIAIOT:
e orpannyenue «llonHoe 3aKpenueHue»;
e orpannyeHue «JacTHYHOE 3aKpETICHNEY;
e OrpaHHyeHHE «YIIPYroe OCHOBaHHE.
s 3a0aun TUNIA «AHAJIU3 YCTOMYMBOCTH» B KAUECTBE I'PAaHUYHBIX YCIOBUM BBICTYNAIOT:
e orpannucHue «IlonHoe 3aKkpeneHue»;
e orpaHnyeHue «HacTUYHOE 3aKpeTICHHE»
e OrpaHHYcHHE «YIIPYroe OCHOBAHHEY;
e Harpyxenue «Cuiay;
e HarpyxeHue «/laBieHue»;
e HarpyxeHue «Bparenuey;
e HarpyxeHHue «YCKOpEeHHEY;
e Harpyxenue «lunuHapuueckas Harpyska»;
e HarpyxeHue «KpyTsaumii MOMEHT.
Jna 3agaun tuna «TenyioBoil AHAJIM3» B KaUeCTBE TPAaHUYHBIX YCIIOBUI BBICTYIIAIOT:
e TeruroBas Harpyska «Temmepatypay;
e TeruioBas Harpy3ka «HavanbHas TemnepaTtypa»
e TermioBas Harpys3ka «TermioBoil HOTOK»;
e TeruioBas Harpy3ka « KOHBEKTHBHBIN TETIIIOOOMEHY;
e TeruIoBas Harpy3ka «TermioBas MOITHOCTEY;
e TeruIoBas Harpyska «M3inydeHuney.
e orpaHuueHue «TennoBod KOHTAKT»
Jlia 3amaun Tuna «BeIHYKIeHHBIE KOJIe0aHUs» B KaUEeCTBE TPAHMYHBIX YCIIOBUI BBICTYIAIOT:
e orpannuyenue «llonHoe 3akpeneHue»;
e orpannuyeHue «JacTUYHOE 3aKpeTICHHEY;
e orpannuyenune «KoHTakTy;
e OrpaHHYeHHE «YIPYroe OCHOBAHHEY;
e HarpyxeHue «Cunay;
e HarpyxeHue «/laBieHuer;
e HarpyxeHue «Bpaienuey;
® HarpyxeHHue «Y CKOpEeHHEY;
e Harpyxenue «{umuHapuYeckas Harpy3Ka»;
e Harpyxenue «KpyTsamuii MOMEHT;
e KHHEMaTH4YecKoe HarpyxeHne «OCIuuIsTop»

CyTh ¢u3nYecKol 3aJaydl OMPEAENSeTCS THIIOM IPHIOKEHHBIX K CHUCTEME TpaHWYHBIX ycioBuid. s
TIOJTYICHHSI KOPPEKTHOTO M JIOCTOBEPHOTO PEMICHHUS TOJIH30BATEII0 HEOOXOIUMO XOPOIIO IPEICTaBISAThH
(hM3UYECKYI0 CTOPOHY aHAIM3UPYEMOTO SIBJICHUS, YTOOBI 3a/1aTh T'PAHUYHEIC YCJIOBHS, COOTBETCTBYIOIIIHEC
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peaNbHBIM YCIOBHAM DKCIUTyaTalluy u3fenus. Pe3ynprar pemenus 3aaun OyAeT MOJTHOCTBIO ONPeaesThCS
Ha0OpOM M TapaMeTpaMH TPAaHWYHBIX YCIOBHUH, ONMpEeAEeNEHHBIMHU IIOJIb30BaTelieM. B ciyuae HeBepHOTO
HCTOJIKOBAaHUSl TIONB30BAaTEIEM CMBICTA 33/JaBacMOM MEXaHWYECKOM WM TEIUIOBOM HArpy3Ku WU
OTPaHUYCHHS, MOXKET OBITh IOJIYYCHO PEIICHHE, HE OTBEUAIONICC CYTH aHATU3UPYEMOTo (PU3UICCKOTO
sBiieHusl. OTMETHM, 9TO TPOIECC HA3HAYCHHS TPAaHWYHBIX YCIOBWI HE JOCTYIEH IOJHON aBTOMAaTH3aIUH,
[TO3TOMY OTBETCTBEHHOCTH 32 KOPPEKTHOCTh MPUIIOKEHHBIX K CUCTEME HArpy>KEHUI W OTpaHHYEHUH ¢ TOUKA
3peHus PU3UKU perracMoi 3a/1a4u JISKHUT Ha MOJIb30BaTele.

YnpaeneHue «3ada4yamu», KOMaHObI ynpaesieHuUs1 3ada4amu

3amaya — 0COObIi OOBEKT CHCTEMBI, OOBENUHSIOIIMI B ceOe MaHHBIE M DJEMEHTHI, HEOOXOIHMMBIE IS
BBITIOJIHEHHS pacyéTa MOAEH. 3ajada COAEPKUT HEOOXOIUMbIEe HACTPOWKM MapamMeTpoB pacuéra, a TakKe
uHpOpMaLMI0 00 HUCIONB3yeMBIX OOBeKTax (TBEPABIX Telax /WM 000JO0YKax), Ha OCHOBE KOTOPBIX
CTPOUTCS KOHEUHO-3JIEMEHTHAsI MOJIeNlb, O Harpy3KaX, OTpaHHYEHHUSIX ¥ KOHEYHO-3JIeMeHTHOH ceTke. [locme
BBITIOJIHEHHST BBIYMCIICHUH 3ajjaua TakKe COACPIKUT pe3ynbTaTel pacu€ra. [is 3amadm ompenensiercs THI
BBINOJIHAEMOr0 pacu€Ta: CTaATUYECKUI, YaCTOTHBIN, TEMJIOBOM, paCU€T HA YCTOMYUBOCTb.

Jlns  paboThl € 3ajaYaMd  CYIIECTBYET  CIIEHHMAIBHOE  [3aaam 7 %
ciyxe0Hoe OKHO «3agaun» (B OkHE «3D MoJienb» UMCIOTCS T¢ [ Zanawi: npumep.gib
)
Ke camble QyHKIME). B OKkHe 3amau oToOpaxaercs B Bhge | &F %"‘1‘;"‘3—90
= 2
JepeBa BcS uHGpoOpMaIMs O TMOATOTOBJICHHBIX 3ajadyax B 5 Cerka O
JIAHHOM JIOKYMEHTE, a TaKkKe 000 BCEX DJIEMEHTAX, BXOIAIIMX = 3akpennenun: 1
% n 1
B COCTaB Kaxa0i 3amaud. UYepe3 OKHO 3a1a4 MOXHO : ,#‘;rpﬂ::;jafpe”"e””e-
OCYIIECTBIIATH OBICTPBIA JOCTYII K 3JIEMEHTAM KaXKI0M 3a1a4H. + FF Kpyraui vomert_T
Kaxnpli THUN 3a1ad, a TakkKe KaKIbId 3JIEMEHT 3a1aud =0 Peaynsrarai: 4
o o o Bl Hetopmalim akEHEaneHTHEE
MOMEYAETCS CBOEH CIENMaIbHOM IUKTOrpaMMoii. HexoTopbie S ———
SJIEMEHTHI 3a1au (HArpy3KM, 3aKpEIUIEHHUs, Ppe3yJbTaThl) Bl Hanpsieri akemsaneHTHble
Bl MepemeweHua, Mgyt

00bETMHEHBI B TPYIIIIHL.

B ogHOM MOKYMEHTE MOYKHO CO3[aThb HECKOJBKO 3aiad Juls
BBHITIOJTHEHHS Pa3HBIX pacu€ToB. 3ajaya, C KOTOPOH B JAHHBIH
MOMEHT BenETca pabora, HasblBaeTcsl akTHBHOW. koHka
AKTUBHOM 3aJaud TOMEYaeTcs KpPacHOW TaJlouKOM B OKHE
3amad. J{as Toro 4ToObl CAENaTh aKTHBHOW APYIyio 3ajaudy,
HY>)KHO BOCIIOJIb30BaTbCd KOMAaHAOH KOHTEKCTHOIO MEHIO
«AKTHBH3HPOBATHY.

EELERD] B x
ﬂ Janaum ; npurep.gib

+ AHanus HeTolMuBocTI

CTaTuyeckui AHanus

ﬁ] Teao_0

s Cemka_l

) 3Jakpennenua ;1

) HarpuyseHua: 1

IZ) Pesynetaren: 4

PaGora B OKHE 3aga4 [OpOU3BOAUTCA IpU  MOMOIIH § Tennosoi Anans

@aﬁ++++m%

-

KOHTEKCTHBIX MEHIO, B KOTOPBIX €CTh BCE HEOOXOJHMMEIE HacTamHell Alanis
koMaHApl. CoOCTaB KOHTEKCTHBIX MEHIO 3aBUCHT OT TOIO,
KaKOM 3JIEMEHT 3a/1a4¥ ObLI BRIOPAH IPU HAKATUH Ea
Jiis paboTHI CO CIIMCKOM 33/1a4 €CTh CIEIMaTU3UPOBaHHAS KOMaH/Ia!
Knasuatypa TexcroBoe MeHIO IIukrorpamma

<3ML> «Anamu3|3agayu...»
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B nuanoroBom OKHE STOH KOMaHIbl OTOOPAXAETCA CIHMCOK [~ 34qaun
BCEX CYLIECTBYIOIIMX 3a/1a4 TEKyIlero fnokymenra. Cnpasa oT
CIIMCKA PACIIOJIOKEHBI KHOIKH /75 BBI30BA OCHOBHBIX KOMAH]I.

ﬁ AHANKE ¥ CTORYMBOCTH zMEHHTE
¥ -
@CTaTMHECKMM AHanks

Jis ObICTpOrO CO37aHMs TOXOXKHX 3ajad OJHOTO BHUIA, C 2} Tennoso Aranis
OMHOH W TOW >Xe€ MOZCIbIO (HAmpuMep, 4YTOOBI CpPaBHUTH @ eroTre Araie
pe3ymbTaThl pacueTa C pPa3HOH CEeTKOW WM MaTepruaioM) Konuposate
MO>KHO BOCITOJTb30BaThCs (PYHKITUEH KOMMPOBaHUS 3aauu. FacueT..,

CEOMCTES. ..

¥aannTe

ITo ymomuanuto BKJIrOueHa omius «KomupoBaTh ceTky», T. €. SKenopT. .
3aja4a KOMUPYETCSA CO BCEMU BXOMASAIIMMHU B HEE DIIEMEHTaMH,
KpOMe pe3ynbTaToB. ECIM OTKITIOYHTE 3Ty OMINIO, TO KOHEYHO-
JJIEMEHTHAsI CETKa KOMHMPOBaThCs HE OYJeT, TO eCTh s
paccMmarpuBaeMbIX 3a/1a4 OHa OylIeT OOIICH.

MaTepnan...

.I IIIIIIm

Beixoa,

Jns coznanust HOBOM 3a/1auu UCTIOIb3YHUTE KOMaHY:

Knasuatypa TexcroBoe MEHIO [Mukrorpamma
«Ananu3|HoBas 3axauya|Koneuno-
<3MN> | anaal
3JICMECHTHBIN AHAJIU3»

HOCJIC BbI30Ba KOMaHIbBI B OKHE CBOI\/'ICTB ITOABJIIACTCA BO3MOXKHOCTH Bbl60pa
THIIA CO3JaBacMOH 3aJavu.

% Hopana 3apava

THM: | CTaTHyeckmi aHanks w

Ha panHOM »Tame MOXHO TOJIBKO 3a1aTh THI JUIsi HOBOM 3amauu. Ilocie
CO3JIaHMA 3aJaud IPOM3BECTH CMEHY e Tuia OyAeT BO3MOXKHO TOJIBKO IPHU e P
YCIIOBUY OYUIIIEHUS JaHHBIX 3a/1a4i (BKJIIOYAs IOTEPIO PE3yJIbTaTOB pacuéra). ;i:ﬂ;::? s
3amaya co3maéTcsi Ha OCHOBE OJHOM WJIM HECKONBKUX TBEPAOTEIbHBIX

orepanuii. Eciny B ciieHe MPUCYTCTBYET BCETO OJHO TENO, TO OHO BHIOMpAeTcs
aBTOMaTH4YeCKu. Ecium B CLEHE NPUCYTCTBYET HECKOJIBKO TMOAXOASIINX [/ Cozaate cetky
00BEKTOB, TO TIOJIB30BaTENb JOKEH BEIOPATh HYKHBIE.
Br16paTh 00bEKTHI MOKHO NP TTOMOIIY OIIIUH:

<E> Bri6pats Teno

<E> Bri6pats rpanb
<S> BrIOpath Bce 31eMEHThI

OTMEHHTH BLI60p BCEX 0OBEKTOB MOXKHO IIpU IMMOMOIIX OIIIIUU:

CTATHUSCKHIA aHANHE

Sne YaCTOTHEIF aHanus

TonwKHa:

<R> OTMeHHTH BBIOOp BCEX IEMEHTOB

[Ipu pacuére TOHKOCTEHHBIX KOHCTPYKLHMH ITOJIb30BATENbh MOXET ONPEAeTNTh, Kakue (pparMeHTh MOJENn
HEOOXOJIMMO PACCUUTHIBATH C HCIOJIH30BAHMEM IUIACTUHYATHIX (TPEYTOJIbHBIX) KOHEYHBIX 3JIEMEHTOB M
KaKHe C MCIOJIB30BAHUEM TETPAdApPalbHBIX KOHEYHBIX 3J€MEHTOB. [loaToMy B KkadecTBe «DJIEMEHTOB
3aJaun», KOTOpble OyIyT y4acTBOBaTh B pacuére, HEOOXOIUMO BHIOpaTh IpaHu W/miM Tena. Jns xaxaoi
BBIOpAaHHOM TPaHM yCTaHOBUTH « T ONIIIUHY».
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CEOFCTES x|

v] 2] (%]

A Hopana zapadva

THn: |CTaanecn<mF1 ELET [V]

SNEMEHTEI 3A434H}

Teno_0 E]

IpaHe_1 : Beitankueanue_1 (moe

e

TonwHHa: | & {v}

Co3AaTE CETRY

CuctemMa JOIyCKaeT UCIOJIb30BAHUE B pacuéTe HECKOJIbKUX BHIOPAHHBIX JIEMEHTOB 33/1a4H, B TOM YHCIIE U
3JIEMEHTOB pa3HbIX THIOB — Tel U TpaHed (B ATOM ciydae IOJIydaeTcs TaK HasblBaeMas «TrHOpuaHas
MOJIEJNIbY», COCTOSIIAs W3 IIacTUH U TBEPABIX Tend). [Ipu 3TOM Bce 3IMEeMEHTHI 3aJaud CUMTAIOTCS CIUHBIM
LeJbIM (ITOJ00HO KIIEEBOMY COEIMHEHHUIO), M Al HUX PacCUUTHIBaeTCs OfgHa ceTka. IloaTomy Kaskaplit
3JIEMEHT 3aJaud 00M3aTeIbHO JOJDKCH CONpPHKAcaThbcsd XOTS Obl C OJHMM U3 OCTaBIIMXCS 3JEMEHTOB,
YYacTBYIOIIMX B JAHHOM pacyére, U 3TH 3JIEMEHThI He I0JKHBI TPOHUKATH JIPYT B ApyTa.

I[J'IH KaXXJI0T0 OTACJIBHOI'O 3JIEMEHTA MOKHO HAa3HAYNUTh XapaKTEPUCTUKHU MaTEpUala.

Co3znanHas 3amava MoTydaeT onpeAesiéHHBI Habop HACTPOEK, HOBBIX CBOWCTB M METONOB €€ pemieHus — B
3aBHCHMOCTH OT BBIOpaHHOIO THIA. VI3MEHUTh OCTaJIbHBIC HACTPOUKH 3a/1a4ll MOYKHO TIOCIe €€ CO3/IaHus; B
Janore CBOMCTB. Juanor cCBOMCTB 3aa4uu MOKET MOSBISATHCS aBTOMATHYECKHU TIEPE]T BLITIOJHEHUEM pacuéra
WJIH TIPU BBI30BE COOTBETCTBYIOIIEH KOMAaHJBI U3 KOHTEKCTHOTO MEHIO, BHI3BIBAEMOTO TPH BHIOOpE 3a7adn

@ B OKHC€ 3aJ1a4, a TaKK€ U3 OKHa pa6OTI)I CO CITMCKOM 3aJiay.

OO01ue cBolicTBa 32124

Hns Bcex THNOB 3ajlad €cTh psii IMOXOXKMX CBOWCTB, 3aJaBaeMblX Ha 3akiaakax [O6ume] u
[PesyneTaTsl] B 1HalIore IapaMeTpos.

- [ - [~ |
MNaparMeTpbi 3a0aun (CTATHUYSCKHA AHANHE) MNapameTpbi 3a0aun (CTATHUS CKHA AHANH3)
OBwme | Pacuét | HemmHerHocTs | TepmoynpyrocTe || PesyneTaTel Obwme | Pacdét | HemmHenHocTe || TepMoynpyrocTe | PezyNETaTel |_
Ofiure COxpaHATE PesYNETaTEl pacdéTa & hakine
WA, | CTaTHUeckMi AHanMs CNHCoK pesyneTaTos
THM! | CTATHYSCKHI HANHS [v] KoMaHaa NosE0NAET HACTPOMTE CHIMCOK PesYNbTaToE,

KOTOPEIA GvaeT oTo0payeH B 4epeBe 3aaa4

MEpeMELLEHHA, MOAYNE HacTpofica

AeopHaUmK IKEHEANEHTHEIE
HanpAmeHHA 3KEHEANEHTHEIE
INEMEHTEI MOLENH K-T 3anaca no 3KEBHEaNEHTHBIM HAaNpA¥EHKAM
BeiTankKeaHke_0

KoMMeEHTapKA:

MaTepMank

TonwHHa:

MoKaskIBATE 3TOT AHANOM NEPEA PACHETOM
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Ha 3akmagke [O6mwpre] MOXHO 3aaaTh WUMS 3ajadd, W3MEHUTH TN 3afadn (Cratmdeckuil AHamuz,
YacTtoTHbIt AHanm3, AHamm3 Y croiumBocTH, TermnoBolt AHanm3) U BOucaTh KoMMeHTapuii. KoMMmenTapuit
WCTIOJNIB3YETCS JUIS 3alIMCU HEOOXOIMMBIX MOSCHEHHH U BBIBOJAUTCS TP (DOPMUPOBAHUU OTYETA.
Pekomennyercst Bxmounth uar «Iloka3pIiBaTh 3TOT AMAJOT mepen pacuérom». [Ipu 3ToM MoxHO OyzaeT
3a/1aBaTh CBOMCTBA 33/1aUd U PETYIUPOBATH AITOPUTMBI pacuETa Mepe ero BHIIOJIHEHUEM.

Ha 3akmanke [PeBysnbTaTsl] MOXHO YBHUAETH CIIHCOK ) Pesynbrathi
pe3ynbTaToB, KOTOphIe OymyT AOOaBIEHBI B AEPEBO 3a1ad
. D.BCPDDMEILLHH ‘IREHMEANEHTHEIE Fa

Mocye 3aBeplieHus pacuera. L] S ——
HacTpouTs 3TOT CIHCOK MOKHO B JHAJIOTE, BHI3BIBAEMOM [T nserioie Hoprsoteie Asoptiauim |

|:| [ naeHEIE HOprankHEIE gedoprdad 2
HaXXaTueM KHOIIKH [Hac'rpomca] . Tlomp30BaTeabp MOKET ] T naBHble HOpMAEHEIE AEPOPHaLKH 3

v 9] =I- Hanpaxerus

YCTaHOBUTHh METKH HAIIPOTUB JIFOO0H no3“1/1111/11/1, €CIIM JaHHBIHA [ Hanproxessin Signa
BU PpE3yJbTaTa OH 3aXO04Y€T B JAJIBHCUIICM HCCIENO0BATH. [ Hanpaserua Sigmat
VKa3zaHHbIe TIO3MIMU OyIyT BHIBEAEHBI B OKHO 3az1au. Jlanee [ Hanpsmersia SignaZ

[ Hanpasenua Taur
HY)KHBIC PE3YJIbTaThl MOXXHO OyJeT 3arpy3uTh B OKHO ] Harpesketian Ta@
MIPOCMOTpa Pe3yIbTATOB pacuéTa. L] Harpsoxenun TauvZ

|:| [ naeHoE HoprManeHoe HanpAxeHke 1
Hactpouts cnMcok pe3ynbTaTOB MOXHO WJIH 0, WU MOCIE [[]MnagHoe HoprankHoe Hanprxee 2
BHIMONHEHHUs  pacuéta. OT  KONIMYeCTBA  BBIBOJMMBIX L] T nasros Hopraisros Hanpsxerse 3

. HEII'IDFDKE!HMH ‘IKEHMEANEHTHBIE

PE3YIbTATOB HE 3aBHUCUT 06]].[68 BpeMs pacycTa. Cucrema B [] MHTeHCHBHOETE HaNps#eHUit
JIIOOOM Cllydae BBIYHMCIMT BCE Pe3yJbTaThl, & B OKHE 3aja4 = Rea DRALLSHT 33N303 N0 HMPK SR

KT 3anaca no aKBHBaNEHTHEIM HanpA*xeHHAR
MOKaKET TOJIBKO T€ U3 HUX, KOTOPHIE BEIOPAI MOIB30BATENb. [] K. 58n363 10 KACATEAbHbIM HATPSHEHMAM

D KT zanaca no HOpraNeHEIF HAaNPA#EHHAR b

< >
1N yronuarmo [ Ok, l [ OrreHuTE

[Avnanor HacTPOMKK cnucka pe3ynbTaTos,
oToGpaxaeMbix B AepeBe 3aAad

3adaHue mamepuana

Martepuan — 310 anemeHT T-FLEX CAD. OH conep:XHT nepedeHb XapaKTEepUCTHK PEAIbHOTO MaTepHana, ¢
KOTOPBIM I10JIb30BaTENIb UMEET JeJI0 B IEHCTBUTENLHOCTH.

XapakTEepHCTUKN MaTepuala MO>KHO YCIOBHO Pa3leiHTh Ha JBa THNa. K XapakTepucTHkaM NEpBOTO THIA
OTHOCAITCSI XapaKTePHUCTHKH, BIUSIONMIME Ha OToOpakeHHe TpEXMEpHbIX o00BekToB B 3D  OKHe.
XapakTEepUCTUKH BTOPOTO THIA — 3TO pPa3lUuHble (UIMUECKHE MapaMeTpbl MaTepualia TaKHue, Kak
IUIOTHOCTB, MOAYJIb YIIPYTOCTH, IIPEEI MPOYHOCTH Ha pa3pbIB U T.1. IMEHHO XapakTEepUCTHKU MaTeprana,
OTHOCSIINECS KO BTOPOMY THUILY, SIBIISIIOTCSI HEOOXOIUMBIMH IIPU IPOBEICHUH PacyEToB.

Peaknust netanu Ha Harpy3Kd 3aBUCHT OT TOTO, U3 KaKOI'O MaTrepuana oHa caenana. [I[porpamme HeoOXoqumMo
3HaTh YIpPYIME€ CBOMCTBA MaTepHalla, M3 KOTOPOIO COCTOUT JeTanb. IIporpammoil mnoaxep)KMBarOTCs
U30TPOIHBIE U AHUZ0MPONHLIE MATEPHAJIbl, KOTOPblE MOIYT OBbITb OpPMOMPONHLIMU WU MPAHCEEPCANbHO-
U30MPONHLIMU.

H3omponnble mamepuansl XapakTepu3yroTcs TeM, 4TO (U3NUECKHe CBOWCTBA Marepuana (KodduiueHt
ynpyroctd, kodddunment Ilyaccona, xo3pUIMEHTH TETUIONPOBOJHOCTH W JHHEWHOTO PACIIMPEHHS)
CUUTAIOTCSl MTHBAPUAHTHBIMH K HAMPaBJICHUIO OPUCHTAIMH TeJla B IPOCTPAHCTBE, T.€. OAMHAKOBBIMH BO BCEX
HampaBieHusX. llogamistoniee OOJIBIMMHCTBO KOHCTPYKITMOHHBIX MaTEpHUAIOB, WCIOIL3YIONIUXCS B
MalIHHOCTPOCHUHU U MPUOOPOCTPOCHUHN, OOBIYHO PACCMATPUBAIOTCS KAK NU30TPOITHEIE.
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Ilo ymonuaHuio CBOWCTBAa MaTepuanga MOJENU Uil pacu€ra 3a7adyd HacleAylTCsl M3 IapaMeTpoB
rcrnoip3yeMoi oneparui. O Ha3HAYEHWH MaTepraia Olepanuyd MOKHO MTPOYECTh B KHUTE IO TPEXMEPHOMY
MoieTpoBaHui0. Kpome Toro, eCTh aabTepHATHBHBIHN CITOCO0 3a/1aHUs CBOWCTB MaTepuala 3aadu.

3amaHne HHIUBUAYATBHOTO MaTepHala 3a/1a4i OCYIIECTBISETCS P MTOMOITH KOMaH/IbI:

Knasuatypa TexcroBoe MeHIO IMuxrorpamma
<3MJ> «Anamm3|Martepuam»

ITocne BrI30Ba KOMaHABI MOSIBIISICTCS THAJIOTOBOE OKHO.

[ CeoicTea matepuana )
MaTepHans! KOHEYHO-3NEMEHTHOMD BHANK3a
Onepaums 3agaqm Tunmatepwana  Mma matepuana
BuiTankueaHue_2 Npyroit MaTEPWAN NoMb30BaTENA
Berrankueanme_3 C Tena/Onep... Crane
Borrankueanme_4 CTena/Onep... CTans
BerrankueaHue_5 C Tena/Onep... Crane
) C TenafOnepawm (@ Jpyroi
[NoTHOCTB: 7.8e-008 | wrfmz)
Mpeaen NpoYHOCTH HE paspels: 399,826 I HfmnY)
Mpeaen NpoYHOCTH Ha CkaTe: 399,826 = HimY
MNpenen TeKy4ecTH: 220,594 = HfMn)
YaensHan TennoEMKocT: 440 2| B f {rer arpaa)
3aKoH YCTanocTu: [He 3agaH '] ’ Cozpate l
CTpyKTYpa MaTepHana: [HsoTponglﬁ v]
Mogyne ynpyrocTu: 220000 = HiGmY)
KosdduupeHT Myaccona: 0.29 =
Moaynb cagura: 87000 = Hf(Mm2)
Kosd. nuHeiHoro pacwmperms:  1,3e-005 = 1frpan
TennonpoEoaHOCTE: 0.043 = BaTT/(Mmerpan)
EAWMHHLIEI H3MEPEHMA
CucTema: [I'IonbsoBaTenn - ] Cungl: [HbrOTOHbl b ]
LHbI ’MMHHMNETDH ’] TeMnepaTypbi: [Fpam*csl Lienbcua ’]
Macchi: [Kunorpannbl v]
[ oK l ’ OTMeHa ]
h
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[To ymom4yanwio TepeKIoYaTeNlb BKIIOYEH B monoxeHue «C
ormepanum». JTO O3HA4YaeT, 4YTO CBOWCTBa MaTepuaia OepyTcs ¢
MaTtepuana omnepanud. Eclu  yCTaHOBUTH MEpEeKIoYaTeslb B
nonoxeHue «Jpyroit», TO CTaHyT IOCTYIHBIMH TOJIL HJisi BBOJA
XapaKTepUCTUK Marepuaia 3ajadyd. MOXKHO BOCIOJIb30BaThCS
KHOTIKOW [Bubsamoreka], KoTopas BBI3BIBACT OKHO ¢ HaboOpoM
MPEABAPUTEIHHO MOATOTOBICHHBIX MATEPUATIOB.

Ilocne BLI60pa Marcepuajia C€ro XapakKTCPpUCTUKHU CUUTBIBAOTCA H
TIOABJIAOTCA B OCHOBHOM IUaJIOre.

B HmxHEH 4yacTH AMajIoOrOBOro OKHa PACIIOJIOKCHBI IMOJIA AJIA BI)I60pa
CANHULl UBMEPEHNA OCHOBHBIX (I)I/ISI/I‘ICCKI/IX BCIIMYHH.

BriGop mate pHana

CononHMED NOAHMNPANHNEHa ~
Crane AISI 1020

CTane AISI 304

CTanke nervpoEaHHan

CTane MMTaa NerMpoBaHHan

CTanb HEp#AESHILL AR KOBAHAA

CTank Hep#aBerilwl aA NnTan

CTank oUHHKOEaHHAA

CTank ¥repoaHcTan AHTan

CTane yrnepodHcTEaa NpocTan

CTanb ¥poMMPOBAHHAA HEP#ABEHILLAA

[] Toneko maTeprane Moaenm

QK ] [ CITMEHHTE: ]
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3ajanue CBOMCTB AaHU30TPONHBIX MATEPUAJIOB

AHHM30TPOIHBIC MATEPUAITbI OTIMYAIOTCS OT M30TPOITHBIX TEM, YTO UX (pU3HUYECKHe CBO¥CTBa (YIpyrocts,
ko3 dunmentrsr [lyaccona, TEMIONMPOBOTHOCTh U T.J.) MMEIOT pa3iWYHbIC 3HAUCHHS B 3aBUCHMOCTU OT
opueHTanuu (u3nueckoro Tena B nOpoctpaHcTBe. Cpeau BCEro MHOTOOOpa3usl  aHU30TPOITHBIX
KOHCTPYKITMOHHBIX MaTEpPUAIOB HAWOOJIBIICe MPAKTUYECKOEC 3HAYCHHE HMEIOT T.H. OPTOTPONMHBIE H
TpaHcBepcaIbHO-U30TponHble MaTepuanbl. 1-FLEX Anamm3 oGecmeumBaeT paboTy ¢ 000MMH M3 3THX
BUJIOB @aHU30TPOITHBIX MaTEPHAIIOB.

OpTOTpOHHbIe MaTepHuaJbl

Opmomponnblii MaTepual — BHI aHHU30TPOITHOTO Marepuaia, Ui KOTOPOTO HMEIOTCS TPH B3aHMHO
OPTOTOHAJIbHBIE IUIOCKOCTH YIPYrOW CHMMETPHH, OTHOCHUTEIBHO KOTOPBIX €ro XapaKTePHCTHKH HE
m3MeHstoTca. K TakuMm MaTtepuanaMm OTHOCATCS JApeBecuHa, Oymara, Qanepa, (eciu mnpeHeOpedb
HEOIHOPOIHOCTBIO PACIIONIOKEHUSI BOJIOKOH, T.C. pa3Mepbl 00pasia JIOCTaTOYHO BEIUKH) KOMIO3UTHI
PETyJISIPHOTO CTPOEHUsI (HapUMeEp, CJIOUCTHIN CTEKIOIUIACTHK, TKAHEBON CTEKJIOILIACTHK).

JIJ1s1 OpTOTPOITHBIX MaTepHaIoB 0000IICHHBIH 3aK0H ['yKka 3armnchIBaeTCs Kak:

1 1% 1%
g =—o,~2o,-2o,,
El EZ E3
1% 1 1%
g, =—2o,+—0,-20,
El E2 E3
1% 1% 1
g, =—20,-2o,+—o0,
El E2 E3
1 1 1
7xy = z-xy’ 7yz = z-yz’ Ve = Ty
GlZ GZ3 G13

U3 12 k03 dhunpenToB 3TOr0 YypaBHeHHs (YIPYTrUX MOCTOSHHBIX) TONBKO 9 SIBISIFOTCS HE3aBHUCUMBIMHU, T.K. B
CHJTy CUMMETPHUH MIPAaBOI YacTH ypaBHEHUH 0000MIEHHOTO 3aK0HA ['yKa HMEIOT MECTO COOTHOIIICHHMS

Ev, = EVyy, Eysy = Egv,; Evig=Evy,

MO,Z[yJ'II/I cABHUTI'a 1 HEC 3aBUCAT OT APYIUX YHOPYTIUX KOHCTAHT. O,Z[HaKO IAJIs HCKOTOPBIX MATCPpHUAJIOB MOTYT
BBITTOJIHATBCA JOTIOJIHUTCIIBHBIC 3aBUCUMOCTU MEIKAY MOAYJIAMU CABUTIa U YIIPYT'OCTU:

ElEZ
E (@+2v,)+E,

Glz =

Uro06sl 3a7aTh OPTOTPOIHBIA MaTepuan HeoOXxoawmo B auanore «CBoicTBa MaTepuana» OTKPHIBAEMOM
KHONIKON «JlOMOTHUTENBHO...», 33aJaThb CTPYKTypy Marepuana: «OproTponHsii». Ilociae uyero mosBuTcs
rpymnIna napaMeTpoB 3aJaHusl OPTOTPOIIHBIX CBOMCTB MaTepHaa.
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CTPYKTYPa MaTepuana: OpToTPONHbINA - |

X L Z:
Moayne YNpyrocTu: £9000 =| 70000 = sg000 +{ Hf(Mm3)
KosddmumedT Myaccoda: 0,31 2| 0.33 =| n.08 =

Kosd. nuH, pacumperua:  3,4e-005 5 1.4e-005 5| 2.4e-005 = lfrpan
TennonpoBoAHOCTE: 0.15 = 0.2 = 0.3

kA Yt L
Moayne coBura: 52000 1 51000 | 53000

= BatT/{MMerpan)

Hf(Mm3)

L113

B sTOM muanore 3a1aroTcs CIeAyIOmUe napaMeTphbl:
Monymuynpyrocma: Ej, E,, E,
Koaddumentsr [lyaccona: v, vy, vy

Monymucnsura : G, G,;, G,

. . a,,0,, 0,
Koadpuuuentsl nuHEHHOT0 pacMpeHus BAOJIb OCEH CHCTEMBbl KOOPAMHAT:

KoaddurmeHTs! TeronpoBoIHOCTH B0 OCEH CHCTEMBI KOOPIUHAT: /11’ 2“2 ' 23

HamnpaBnenue oceil CUMMETpPUM ONIPEIEISETCS CUCTEMON KOOPJAMHAT, 3aJaHHOM JUIsl KaKaoro rena. B
CBOWMCTBax MaTepuana JOJDKHA OBITH 3a/aHa CTPyKTypa MmaTtepuana: «OproTpomsbiiiy. OIUH M TOT XKe
OPTOTPOIIHBIA MaTepua MOXET ObITh 3a7aH AJSl HECKOJBKUX TEJ, a JUIs KaXKIOro Tejla HalpaBJICHUs ocel
CUMMETPUH MOTYT OBITh 3aJlaHbl OTACJIBHOW CHUCTEeMOW KoopauHar. [lo yMOIYaHHMIO HCIONB3YeTCs
rio0aspHasi cucTeMa KOOpAuHaT.

I'maBHBIe HampaBlieHHs YHOPYTrocTH (HOpPMalld K TUIOCKOCTSM CHMMETPHH) OYIyT HampaBlieHbl BJIOJb Ocei
CHUCTEMBbl KOOPIAMHAT, YKa3aHHOH 1uis Tena. YToObl ompeAeiauTh CHCTEMY KOOPIMHAT HEOOXOAMMO B
KOHTEKCTHOM MEHIO IaHHOTO TeJa B JIepeBe 3a/1aui BBIOpaTh MyHKT «CucTeMa KOOpAMHAT MaTepHraiay,
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E|ﬂ 3apaw : 1
=18 Mineiirei

& Cemxa_b

[3) Harpyxenus : 5
I3 3akpennetmn : 1
£ Oaramn - 6

) InemenTsl anaum

; 38 3D cparment
E' 3D gparmenT,

B3 PesyneTate | 292
----- B Mpunoscere:
----- % MprnookeHHs
----- B Mpunoxcerme:
----- B Mpwmnoxcerme:
----- [& 0.000 Mu-Meg

4 LI

fg 30 Mog... |@ Metto ... |E

3

I3 WatnoH rpagua : 1

L EEEY X

I, [ 32 08

Cozgate 3

Wzmennts

BcraewTe w3 Gydepa

Yaanute

WHdopmavuwa...
Wzmepute...

CeoiicTea...

Mokazate kpynHee

OBHoBEWUTE

Bugnmocte 3
CHCTEME KODPAWHET MaTepnana
Mpeobpasoeanue

OTKaTuTe MOgENb

Mepementele

OTKpbITE L

nociie vero ykazath JICK. Beiopannas JICK 3aHocuTcs B CIMCOK Kak 0a30oBas M BOJIb HANpPaBJICHUS OCe

OyZayT ONpeneNsaThCsl OCH CHMMETPUH OPTOTPOIHOTO MIIM TPAHCBEPCAIBHOI'O N30TPOITHOTO TEJl.

EOpueH‘rauun CBOIICTE MaTepuana x| V
o) (R <
73_/ OcHoBHbie napameTpbl x
Basosas JICK: IJ‘ICK__I ]
HanpasneHus oo Z: %

e

g

)

B

Hanpasnexue oon Y:
| 1

Kpowme toro, ecin aHU30TpOITHOE TETO JehOPMUPOBAHO UITH TOTYUCHO MPOTATUBAHUEM, MOXKHO 33J1aTh €IS
3aKOH WM3MEHEHHs HampaBlIeHuss ocH Z (IS OpPTOTPOITHOTO M TPAaHCBEPCATBHO-U3OTPOIHOTO TEN) H

JOTIOJTHUTENIBHO OcH Y (711 OPTOTPOIIHOTO TeNa).
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OpweHTauna CEoMCTE MaTepuana o x

e
7/ OCHOBHBIE NapaMeTpbl
Bazosan NMCK: | |
Hanpasnexwa oon Z:
3D NyTe_2

g @ i | X[ 3¢ A €

Hanpasnexwe oon Y:

|:| MomeHATE mecTamm oo Z MY

Jlnst 3amaHus 3aKkOHa W3MEHEHWsl HamlpaBiIeHHWS OcH Z MOXHO BbIOpaTth 3D myTh (0e3 ykazaHus 0a30BOi
JICK) nnm HEeCKOJIBKO PSIIOM UAYIINX MyTeH — B MOCIEAHEM CITyvae HaIpaBlIeHHE OCH CHUMMETPHHU B KaXI0H
TOYKE Teja OyJeT ONpeAeIIATLCS 110 HAPABJICHUIO KacaTeJIbHOM B OJIMyKakIled TOUKe OJHOTO U3 My TeH.

OpweHTaumAa cEoiCTE MaTepuana 3 x

[v] (O] [R]

7/ OCHOBHBIE NapamMeTpbl

Baszosan NCK: | ™ |

HanpaeneHua ooi 2t

Hanpaenexue oon :

MpaHe_10

D MoMeHATE MecTaMM oci Z MY

Juis 3amaHMs 3aKoHAa WM3MEHEHHs HalpaBleHHss Oocd Y HEOOXOJUMO BBIOpaTh OJHY WJIM HECKOJIBKO
KPUBOJIMHEIHBIX WM IUIOCKUX MOBepXxHOcTel (0e3 ykazanus 6azosoii JICK). Hanpasienue ocu Y B kaxkaoit
TOUKE TeJa OyAeT ONpeAessIThCS 10 HallPaBICHUIO HOpMaly B OmKaiiiel TOuke OJHON U3 OBEPXHOCTEH.
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OpuneHTauna CEORCTE MaTeprana rx

L 4

o) (R] <

% OcHOBHEIE NapameTpbl b4

Basosan NICK: | | L
Hanpaenenwa ooa Z:

e

o)

HanpaeneHue oga Y:
MpaHb_3

MoMEHATE MeCTaMM ot Z 1 Y

Ilepexmrouatens «IIoMeHATs MecTaMu ocH Z U Y» NpeNHa3HAayeH AJ HCHOJIb30BaHMS MTHOBEHHBIX OCEH
XY, pacroio)XeHHBIX B KacaTelbHOW IUIOCKOCTH BBIOPAHHOW IOBEPXHOCTH, B KadeCTBE IUIOCKOCTH
CUMMETPUHU TpaHCBEpCANbHO — HM30TpomHoro Tenma (cMm. nanee). Ilpu srom mapamerpel E, v, G Oyayt
OTHOCHTHCA K IIOCKOCTH XY, a mapameTpsl E’, v, G’ — KO BCeM IIIOCKOCTSIM, COIEPIKaIIIM OCh Z.

[Ipocmotperts, kakas JICK cBsizana ¢ JaHHBIM OPTOTPOIIHBIM TEJIOM MOXKHO BBI3BaB 3Ty K€ KOMaHIy AJIs
Teja B IEpeBe 3a1au.

TpaHcBepcaJbHO-U30TPONHbIE MATEPUATIBI

TpanceepcanvHo — u30mponHHLI MaTEpUal — BUJL aHU30TPOIIHOIO MaTepuana, sl KaKao0l TOUKu KOTOporo
AMEIOTCSl TapaJUIeNIbHBIE IUIOCKOCTH YIHPYroll CHUMMETPHM, B KOTOPBIX BJOJb BCEX HANPABICHUN €ro
XapaKTepUCTUKH HE U3MEHATCS. OpTOroHaJbHO K IIOCKOCTSIM CHUMMETPUHM  PACIIONAraroTcsl OCH
CUMMETpPUH BpaleHus. [IpuMepoM Takux MaTepuanoB MOTYT CIIy>KHUTb CIIOCHBIE TPYOKH, IOIEPEK CIIOEB
KOTOpBIX (110 paJinycy) CBOMCTBA MaTepHaja UHbIEe, YeM BJOJIb O0pa3yIolieil 1 KacaTelbHOM.

Jiist TpaHCcBEpCaNbHO-U30TPOIHBIX MaTepHUaIoB 0000IIEHHBIN 3aK0H [ 'yKa 3anuchIBaeTCs KaK:

gxzé(ax—vay)—%az,

g, =—(—vax+<7y)——'laz,

5y =L (o, 40,)+ 20,

Vxy :éz-xy’ 7y :éryz' Vxa :é‘[xz

TpancBepcambHO — H30TPOMHBIA MaTepuanl XapaKTepU3yeTCs CIEAYIONIMMH YIPYTHMMU ITOCTOSHHBIMU:
Monyib ynpyroctu E, xoadduuuent Ilyaccona v, u moayns cnsura G, OeHCTBYIOLIME B IUIOCKOCTSIX
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E

CUMMETPHUH, TPU STOM 2(1+V). Bo Bcex MJIOCKOCTSX, OPTOTOHAIBHBIX IUIOCKOCTSM CHMMETPHUH
neicTByoT Moayns ynpyroctd E’, koaddumment Ilyaccona v’, u moayne cusura G’, a ans HEKOTOPBIX
MaTepraIoB MOKET BBIMOJIHATHCSI COOTHOILLIEHHE:

G=

, EE
E@+2v)+E’

CTpyKTYpa MaTEpKHana: |TpaHCBEpcaanu MZ0TPOMHEIA - |
X, Z:

Mogynb ynpyrocTu: 63000 =| 65000 | Hf(tm2)

KosdduuenT Myaccoda: 0,33 = 0,33 =

Koz, nuH, pacwipesma:  0.000034 | 0.000034 | 1frpaa

TennonpoBoAHOCTE: 0.15 = 0.15 = BatT/{MMerpan)
XE, ¥

Moaynb CABMra: 52000 = H/(mm2)

Uto0bl 3a1aTh TPaHCBEPCATHHO — W3OTPOIHEBIN MaTepral HeoOXoaumo B nuanore «CBoiCTBa mMarepHhanay
OTKpPBIBaEMOM KHOTNKON «J{OMOMHUTENBHO...», 3adaTh CTPYKTypy Marepuana: «TpaHcBepcanbHO —
HM30TpOonHbINY. Ilocie yero mosBUTCA rpymia NapaMeTpoB 3aJaHUs CBOKWCTB MaTepuana. B 3ToM amamore
3aJar0TCs CICAYIONIUE apaMeTphl:

Motyib yIpyrocTu B HalpaBlIeHHH TWIOCKOCTH CUMMETPUH U OPTOTOHAIBHO K Heit: E, E';

Koo duiments! [Tyaccona B HanpaBieHuy IIOCKOCTH CHMMETPUM U OPTOTOHAIBHO K HEl: V, V'
Moty cBUra B HarpaBJIeHUH IIOCKOCTH CUMMETPHH M OPTOroHanbHo K Heii: G, G';

Koo duiuenTs! THHEWHOTO pacimpenus o, &' u TemtonpoBoanoctu A, A’

CucreMa KOOpIMHAT, B KOTOPOH AEHCTBYIOT STH MapaMeTphl 3aJaeTcsl TAKXKE KakK IJIsi OPTOTPOITHOIO Tejia
(cMm. BbIIIIE).

TunuyHeld NOPSIIOK ASHCTBUN IPU 3aJaHUH CBOMCTB aHU30TPOIHOIO MaTepHaa;
1. Co3narb HOBBIN MaTepual komaHoi MeHi0 CepBrc|Martepualsl. ..

2. B gmanore «CBolicTBa Marepwaiga» OTKPhIBAEMOM KHOIKOH «/lOTIOMHHUTENBHO...», 3a/1aTh
CTPYKTYpy Martepuana: «OpToTponHsli» nin «TpaHcBepcallbHO — H30TPONHBINY. BBecTn ynpyrue
[TOCTOSITHHBIE, TEIIJIOBBIE IOCTOSHHBIE.

3. Ha3HaunuTh aHW30TPONHBII MaTepHal TeJIaM.

4. Tlocne co3maHus 3a7a49¥ HA3HAYUTH KAXKJIOMY aHU30TPOITHOMY TEIY CHCTEMY KOOpIAWHAT KOMaHIIOMN
KOHTEKCTHOTO MEHI0 Kaxjaoro Tena. [Ipm HeoOXoauMoCTH 3a1aTh 3aKOH M3MEHEHHS HAIlpaBJICHUS
OoCcH Z 10 IyTH Y 3aKOH U3MEHEHUS HaIlpaBJIeHUsI och Y 10 HOpMaJu K MOBEPXHOCTH.

5. BepHyTbCs K 3aJaHNIO TPAHUYHBIX YCIOBHUH 3a/1a4H.
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lTocmpoeHue cemku

s paGoTHI C CETKOM NCTIONB3YHTE KOMaHY:

Knasuarypa TexcToBOE MEHIO [Mukrorpamma

<3mM> «Ananu3|CeTka»

KOMaHI[a CO3JaHUA CECTKU MOKET aBTOMATUYCCKH BbI3bIBATHCA IMOCJIC 3aBCPUICHUA CO3JaHUA HOBOM 3aga4u.

Komanpa 3amyckaer mpouenypy paboThI C CETKOM B aKTHBHOI 3ajave. B 3aBHCHMOCTH OT HaJIW4YUS CETKH B
aKTUBHOH 3ajaue, cucreMa OyJIeT CO371aBaTh HOBYIO MM PEAAKTUPOBATH CYILECTBYIOIIYIO CETKY.

Cerka co3maércsi HA OCHOBE OIEpaIri, BRIOPAaHHOW TPU CO3/IaHUM TEKyIIeW aKkTUBHOW 3amadu. [ omgHOM
3aJ]a41 MOXKET OBITh CO3aHa TOJBKO OJIHA CETKa.

[Ipu co3ganum ceTKH MOKHO BBIOPATh 3JIEMEHTHI MOJAEIH JJIsl HOIY4EHHs JIOKAIBHBIX 30H C U3MENb4EHHOMN
CETKOH. DTO JenaeTcsi ¢ LeNbI0 MOoydyeHHs Oojiee TOUHBIX PEe3yNbTaTOB pacuéra B KPUTHUECKUX MECTax

MOJIEJIH.
Br1Opath 35eMeHTHI T yAYYIIEHHsI CETKH MOYHO ¢ TIOMOIIBIO OMIIUU aBTOMEHIO:
<L> BrI0paTh 371€MEHTHI JUIs yITYUIICHUS CETKU
MoxHo BbIOMpath 3D y311bl, BepIINHEL, pEOpa U TpaHu:
<A> Br16op rpaneii, pebep, BepmnH
<P> Bri6pats 3D y3zen
<> Bri6paTs BepmHy
<E> BriOpaTh pedpo
<F> Bri6path rpasp

B npepenax paamyca yiay4yiieHusi (CM. HMXKE) BOKPYI BBHIOPaHHOTO 3J€MEHTa MOAEIH pa3Mep dJIEMEeHTa
CEeTKH OyZeT paBeH pa3Mepy, YKa3aHHOMY B ITapaMeTpax CETKHU JJIsl BHIOPaHHOTO 3JIEMEHTA YIy4IIeHHUS.

3neMeHT, BbIOpaHHbI ANns
yNyLIeHUs CeTKU

S

AN

L7

7
e
I~

7 ]
)

30Ha ynyyleHWs1, orpaHu-
YeHHaA paguycom

B momeHT pacuéra ceTKM cucTeMa BBIBOJHUT CIIy>KeOHOE OKHO, B KOTOPOM OTOOpa)kaeT Xoj mpolecca
resepanuu. B 3ToM okHe ecTh KHomnka [OTMeHa], npu IOMOIIM KOTOPOH MOYKHO OCTaHOBUTH IIPOLIECC
pacyéra CeTKu.
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[eHe pauma ceTHH

[

ConfleHHA:

C0318HKE NOBEPXHOCTHOA CeTkM .. 0K
CrNa%MESHHE NOBERXHOCTHOR CETRH .. DK

Co3gaHne obbEMHOA CETKH

OTrmeHa

BHANME NEPECEYEHHA NOBEPXHOCTHE CETOK |,

JOK

[Ipu M3MeHeHusIX MapaMeTPUYECKOW MOJETH MOXKET MOTpeOOBaThCS OOHOBIEHHE CeTKH. CHcTeMa MOXKEeT
ABTOMATUYECKH OOHOBJIATH CETKY, €CIIM JlaHHAs HACTPOiKa YCTaHOBJCHA B MapaMeTpax CeTKU. BpydHyro

KOMaHaa OOHOBJIEHUS CETKU 3aIllyCKa€TCAd U3 KOHTCKCTHOI'O MCHIO ITpU BI)I60pe CCTKH B OKHEC 3aJa4 .

ITapameTpbI ceTkn

Hactpoiiku reHepupyemMoll CETKH MOXKHO YCTAHOBHTH JINOO B OKHE CBOWCTB, JIMOO B HICHTHYHOM €MY

JIMAJIOTe apaMeTPOB.

MapameTpbl ce TKM

MaparmeTpel ceTkM | Usobpakenme | MHbopmauma
THN reHepMpytbl: INEMEHTOE: TeTpasspel 10 yInoe)

Tena Pasmen CETKH:
CTHOCHTENEHEIA | %

Paawyc v myueHa:
OGHOENATE ! BpyuHy v

MnagHoCTE Nepexoga pasvepa anemeHTos (0-1):
BenvumHa nporuBa (0-0,5):

MHHMMANEHEIR PESMED KPMBOR: | COrHocuTensHel |
ONTHMH3ALHA NOBEPXHOCTHOM CETKH

YPOBEHE CrNA¥HEAHHA NOBEPXHOCTHOH CETKH

ONTHMHEALHA OB BEMHOA CaTkH

[] CoxpaHaTe NOBERXHOCTHYHD CETKY MPH ONTHMAZAWHN 00 BEMHOR CeTIH

[ NoasenTe Henkme 3nemenTe:
OBpabioTka MEMKH: AETANER: | OTHOCHTENEHEIA |

] MHHMManeHeIE yron TpeyroneHmga:
MaKCHMANEHEIA Yron TPEYronEHHIS !

MakcHManeHoe YHCno 3NeMeHToE:

W
0.0s =
5 £
1 £
0.15 =
0.1 =
3 £

-~

00125 &

165.000000
1000000 %

[ Ne ymondarmio [

Ok ][ OTreHa ]

VY KOHEYHBIX JIEMEHTOB, UCHOJIB3YeMbIX B T-FLEX AHanuse, cymecTByeT qBa BapuaHTa — INIOCKOTPaHHBINA
W KpUBOJNMHEHHBIN. IlmOCKOrpaHHBIH 3J€MEHT HMMEET Y3/Ibl TOJBKO B BEpLIMHAX, B TO BpeMs Kak
KPUBOJIMHEMHBIN 3JIEMEHT MMEeT TaKKe MPOMEXYTOUHBIE Y3Jbl Ha cepenuHax pédep (cm. puc.). Takum
oOpa3oM, TeTpasipbl coaepxart 4 uian 10 y3j10B, a TPEYTONIbHUKH — 3 WK 6 y3JI0B.
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AN AN

3-y3noBoW NNOCKOrpaHHbIN TPEYronbHbIA KOHEYHbIN 3NIeMeHT 6-y3noBOW KPUBOJTMHENHbIN TPEYroSibHbIA KOHEYHbINA 3NeMeHT
4-y3noBOW NNOCKOrpaHHbIA TeTpa3aapanbHbIi KOHEYHbIN 10-y3noBo# KpMBONUHEWHbIN TeTpasapanbHbIi
3aneMeHT KOHEeYHbIW 3N1eMeHT

HpI/IMCHCHI/IC KpHBOHHHeP'IHLIX KOHCYHBIX 3JJICMCHTOB IIO3BOJIACT TOYHEE AaIlllIPOKCUMUPOBATL CJIOXHYIO
TCOMCTPHUIO I'paHUL U IIOJTYYIaTh Ooiee BBICOKYIO TOYHOCTB PCHICHUA ITPU MCHBIIEM YUCJIC DJICMCHTOB.

Takum oOpaszom, ajsi Ooee TOYHOTO OTMHMCAHHS CIIOKHOW T€OMETPHH TPAaHUI] HEOOXOJIUMO HCIOIb30BaTh
100 OOJBIIOE KOJMYECTBO TI'PAHUYHBIX 3JIEMEHTOB C NPAMBIMH CTOpPOHaMH (TpaHAMH), TO €CThb
IUIOCKOTPAHHBIX KOHEYHBIX JIEMEHTOB, JTMOO UCIIOB30BATh KPUBOJIMHEWHBIE 3JIEMEHTHI.

Heo6xonumo 3aMeTHTh, YTO NpPU OAMHAKOBOM IIare JMCKPETH3alllW TeHEpauusl CETKH KPHBOJIMHEHHBIX
3NIEMEHTOB TpeOyeT Oolblle BPEMEHHU, YeM TeHepauusl CeTKH IUIOCKOIPAHHBIX 3JIEMEHTOB, OCOOCHHO Ha
MOJIEJISIX C OOJIBIINM KOJIMYECTBOM PATUYyCOB M CKPYTIICHHH. B OTHENBbHBIX Ciydasx ceTKa KPHBOJIMHEHHBIX
3JIEMEHTOB MO>KET HE CTPOUTHCS COBCEM, MITH €€ IOCTPOEHUE MOXKET 3aHUMATh HEIIPUEMIIEMO JI0JITOE BPEMSL.

B TOoXe BpeMst pa3HOCTh MOJTY9YaeMbIX pe3yJIbTaTOB (HalpUMep, MaKCUMYMBI TIepeMEIIeHNN U HalpsHKEHUH )
Ha CETKAaX W3 KPHUBOJIMHEMHBIX M IUIOCKOTPAHHBIX KOHEUYHBIX JJIEMEHTOB CTPEMUTCS K HYJIO, €CIH
UCII0JIb30BaTh JJOCTATOUHO MEJIKOE pa30HeHue.

[TosTOMYy, ecnu 1j1si KOHKPETHOH MOZETH CIO0XKHOM reoMeTpruecKoi GopMbl He yaaércsi HOCTPOUTH CETKY
KPUBOJIMHENHBIX KOHEYHBIX AJIEMEHTOB, WM T€HEpaIys TaKOi CETKH 3aHMMAaEeT CIWIIKOM MHOTO BPEMEHH,
PEKOMEHIIyeTCsl TOCTPOUTHh CETKY IUIOCKOTPAHHBIX KOHEYHBIX 3JIEMEHTOB C JOCTATOYHO MEJKHUM IIarom
JTUCKPETU3alLluH, U UCIIOIB30BaTh ISl pacuéTa eé.

Ha WJTIOCTPAMN HHUXKE NPHUBCACHBI ITPUMEPBI pa36I/IeHI/I$[ MOACIN Ha KOHCYHBIC 3JICMCHTHI KaXI0ro THUIIA.
Pazmep smeMeHTOB CeTKH Ui MOBBILICHUS] HATIIAHOCTH WILIIOCTPALMM YCTAaHOBIIEH HECKOJIBKO OONBIINH,
yeM TpeOyercs Ui pacuéra.
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J J

UcxopgHasa moaenb CeTka u3 NJIOCKOrpaHHbIX IfieMeHTOB CeTtka us KpMBOnMHeﬁHbIX anemMeHTOB

Hactpoiika napamMeTpoB OOHOBJICHUS CETKH OCYIIECTBIIACTCS MyTEM BBIOOpA BapHaHTa B COOTBETCTBYIOIIEM
BBIMAJIAIONEM CIUCKE. Bo3MOXKeH BHIOOpD W3 JBYX BapHAHTOB — IO 3alpocCy, WU aBTOMATWYeCKd (IpU
repecuyEére MOCIHN).

Pa3mep cerku. Pazmep pebpa KOHEYHOro 3JIEMEHTa TEHEPHPYEMOHW CETKH MOXET OBITh ONpeneiéH Kak
OTHOCHUTEJIbHBIH wiIn adcoloTHBIA. B mepBoMm cimydae pasmep pebpa 3amaércs Kak A0S OT CaMoro
Oonpioro pedpa MPsIMOYTONBHUKA, OXBATHIBAIOIIETO BCIO Monenb. [Ipu abcomroTHOM pasmepe pedpo
KOHEUYHOTO AJIEMEHTA ONPEACNIICTCS B MOJCIBHBIX SAMHUIIAX. 3aJaHHBIA pa3Mep KOPPEKTUPYETCS CHCTEMOMN
TakuM 00pa3oM, 4TOObI B WUTOTe MOJIYYHTH BCE DJIEMEHTHI CETKH C PeOpoM MpPHUMEpPHO OJHOTO pa3Mepa,
ONMM3KMM K 3HAYCHUIO, YKa3aHHOMY B TapameTrpax. s s1eMeHTOB Mojenu, BHIOPAHHBIX AJIS yIyYIIeHHS
CETKH, MOXKHO YCTaHOBUTh TOJIBKO aOCOJIFOTHBIN pa3mep.

I[InaBHoCcTH, mepexona pa3mepa JJ1€MEHTOB. YNPAaBIsIeT CKOPOCTHIO PACHpPOCTPaHEHUSI CETKH OT
YMEHBIIICHHBIX SIUEEK CETKHM K KPYIHBIM suciikaM pacy€THoro pasmepa. Eciaum dakrtop pasen 1 (mo
YMOJTYAHHUIO), TO pa3Mep CETKU MPUOTU3UTEIBHO YABAUBACTCS C KAXKIBIM CICITYIONHM JIEMEHTOM, MOKa ero
pa3Mep He JOCTUTHET KPYIMHOTo pa3Mepa ceTku. [Ipu yMeHbIlleHHH 3HaUYeHus PakTopa, Iepexoi B pa3Mepe
MIPOM30MIET 32 MEHBIIICE KOJIMYESCTBO I1aroB (0OJbIIME CKaYKU B pa3Mepe 3eMenTa). Eciau gakrop pasen 0,
TO pa3Mep SUYCHKH cpa3y MOJCKOYHUT K Ooyiee rpyboMy pasmepy Oe3 mepexona. Kak mpaBuio, Ha MpakTHKE
Yaie BCEro MCIoIb3YIOTCS 3HAYCHUS, OJIM3KHE K CTUHHUIIC.

30Ha ynyvmeHns

Ans ynyuweHusa ceTku

BblOpaHa BepluHa

MnaBHoCcTbL = 1 MnaBHocTb = 0,5 MnaBHocTbL = 0

Paguyc yaydmeHusi. DTOT mapaMeTp MOXXHO YCTAHOBUTH TOJBKO JJISl 3JIEMEHTOB MOJICIH, BRIOPAHHBIX IS
JIOKaJBbHOTO YIYUIICHUs CEeTKU. Paauyc ymydilleHus onpeesseT pa3Mep 30HbI BOKPYT 3JIEMEHTA, B IIpeieax
KOTOPOW CTPOUTCA CETKA C JIYYIINMH OTICIBHO YCTAHOBJICHHBIMHU XapaKTEPUCTUKAMH — KaK IPaBHIIO,
MEHBIIIMMH pa3MepaMH CETKH. PacCTOSHHME OTCUMTHIBACTCS OT 3JIEMEHTa, BLIOPAHHOIO B KadecTBE
yiydieHus. AOCONIOTHBIA pa3Mep CETKU I KaXJAOro BCIIOMOTaTeIhbHOTO JJIEMEHTAa YCTaHABIMBAETCS
OTHENbHO. DTy BO3MOXKHOCTh Ha IMPAKTHKE MOXHO HCIIONB30BAaTh I JOCTIDKEHUS Ooliee TOYHBIX
pe3yJIbTaTOB BHIYMCICHHS TMPUMEPHO 3a TO K€ BpeMs pacu€ra B TpoIeccope, HCIob3ys Ooiee Tpyoyro
001y 0 CeTKY JUTsl Bceld MoJIeNn U 0oliee KaYeCTBEHHYIO CETKY B KPUTHYECKHX TOYKAX.
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Beauunna mnpormbéa. [lapamerp BKIIIOYaET aBTOMATHYECKYIO 00pabOTKY Pe6po mogenu
KPUBBIX TIOBEPXHOCTEH M YCTAHABJIMBACT OTPAHMUYCHUE HA MHUHUMAIbHBIN

pa3Mep dJIeMEHTa CeTKU TpH Takod oOpaborke. OrpaHudeHue 3aqaéTcs B a

BHUJIC BEJHMYUHBI POTrH0a, 3HAaUEHHE KOTOPOrO BBIYUCISETCS KaK OTHOIICHHE /\ h | l\

BenmunHbl d K auHe Xopasl h (cM. pucyHok). OrpaHudeHne MOXET ObITh /
3amano B mpenenax 0 + 0.5. PeGpo ceTku

MuHnuMaidbHBIH pa3Mep Kpupoi. PabortaeTr coBmecTHO ¢ «BemnmuumHo¥W mpormba». VYcTaHaBIUBaeT
MpeneIbHBIT MUHUMAIILHBIA pa3Mep CerMeHTa KPUBOW, O KOTOPOH OHAa MOXkeT ObITh pa3buta. Ilapametp
BBOJIUTCSL NJISl OTPAaHUYCHHUS KOJUYECTBA HIIEMEHTOB CETKM — Ha HEKOTOPBIX MOJENAX THUIla KOHYycCa
aBTOMAaTHYeCKOe pa30rMeHne KPUBBIX IMOBEPXHOCTEH ISl 0OecIiedeHns 3a/JaHHON BEIMIMHBI TPOruda MOXKET
MIPOM3BOANTHECA O OECKOHEYHOCTH. [[st aTOro mapamerpa IOMyCKaeTcsl BBOJ JIFOOBIX 3HA4YSHHH OOJbIIe
HYJISL.

e
=
B2

O6paboTka KpUBbIX OTKITHOYEHa O6paboTka KpUBbIX BKIHOYEHa

@DyHKIMHM ONTHMH3ALMH TI03BOJISIOT YIPABIATh MPOIIECCOM TeHepalu 0oee KauecTBeHHOM ceTk. Koraa
reHepaTop CO3/aéT CeTKy, OH CHaydaja pacCUMTHIBAET MPEABAPUTENBHYIO CETKYy. 3aTeM MpOorpaMMa MOXKET
MPUMEHUTh HEKOTOPBIE AEHCTBUS K MOJYYCHHOW MPEIBApUTEIBHON CEeTKE, YTOOBI YIyYLIUTh €€ KauecTBO.
DT AeWCTBUS pa3/ieleHbl Ha IBE YaCTH: ONTUMHU3ALMSA, KOTOpas U3MEHSIET CBA3H MEXAY BEPUIMHAMU CETKU
U CriIa)KMBaHMe, KOTOPOE NepecTaBisieT BEpIIMHBI ceTKH. ONTUMH3AINS MOXKET ObITh WIIM BKJIIOYEHA WIIH
BeIKItOYeHa. CriakuBaHue ymOpasisercss yucioM B aumanasoHe 0 + 5. bombmee uucno gaé€r Oosnbluee
CriakKuBaHue. BBICOKMI ypoBeHb CriiaKMBaHUS OyZeT pa3masbiBaTh IEPeXoisl B pa3Mepe ceTKu. MOxKHO
pa3ienuTh MpoIecchl ONTHMHU3AIMK TMOBEPXHOCTHOW W OOBEMHOW ceTOK. B OoNbIIMHCTBE cilydaes, KOTna
HET HEOOXOAMMOCTHM B MX HCIIOJIb30BaHMU, ATH (PYHKIMH MOXKHO OTKIIOYaTb. DTO YCKOPUT MPOLECC
TeHEepaIH CETKH.

CoxpaHeHHe NOBEPXHOCTHOH CeTKH NPH ONTHMHM3aNUM OOBEMHON TMO3BOJSAET ONTUMHU3UPOBATH
00BEMHYIO CETKY, HE M3MEHSS IIOJYYCHHYI0O Ha IIEpBOM JTale IeHepalud IMOBEPXHOCTHYIO ceTKy. B
MIPOTUBHOM CJIyda€ CCTKa Ha IOBCPXHOCTH MOKET OBITH M3MEHEHA OHTI/IMI/ISaIII/Ieﬁ. DTa BO3MOXXHOCTH
[I0JIE3HA B TEX CIIydasix, KOT/a IMOJIb30BaTeNlb XOUET COXPAaHUTh HAa MOBEPXHOCTH JETANU CTPYKTYpPY CETKH,
KOTOPYI0 OH TIOJIyYWJ B pe3yipTare Moadopa MapaMeTpoB CETKM, HO IPH 3TOM BCE JKE XOuYeT
ONITHMHU3HUPOBATH OOBEMHYIO CETKY.

IopaBuTh MeJiKHe 3J1eMeHThI. BrimtoueHue 3toro rakka ykasplBaeT CHCTEME, MEITKUE 3JIEMEHTBI MOJEITH
(pebpa nnm TpaHN) KaKoro OTHOCHUTEIHHOTO MIIH aOCOMIOTHOTO pa3Mepa MOKHO UTHOPHUPOBATH MIPH pacdére
CCTKH. 3Ty BO3MOXXHOCTHL HYXXHO IIPUMCHATH B CHUTYyallUAX, KOrga MOJCIIb UMECT TaKUC OYCHbL MCEJIKHC
TOTIOJIOTUYECKUE 3JIEMEHTHI, HUINYHME KOTOPBIX CHIBHO 3aMEISET MIIH JaKe CHIEIAeT HEBO3MOXKHBIM pacyéT
MIPaBHJIbHOM, JOCTATOYHOM IS 1Iee AHaAIN3a CeTKH.

O0padoTka MeJKHX JAeTasieil. B aBToMaTHMuecKOM TeHEpaTope CETKH MPEAyCMOTPEH CHEIUaTbHBIN
ITOPUTM JJIsl YIYUIIEHHON 00pabOTKH MENKUX, HO CYIIECTBEHHBIX ISl MoJienu Aetaneid. [Ipu BKItoueHun

a7



AHanu3s

3TOTO peXHMMa HYXHO TaKKe YyKa3aTh MaKCHMAallbHble OTHOCHTEIBbHbIC WM a0CONIOTHBIC pPa3Mephl
3JIEMEHTOB, 00pa0aTHIBACMBIX TAHHBIM aJITOPUTMOM.

MuHUMAJBbHBIA YroJl TPeYroJbHUKA OIpeaeseT NPUEMIIEMbIH AMANa30oH IJs 3HAYEHUN YIJIOB MEXIY
péOpamMu sremMeHTa ceTku (TeTpasapa). MakcHuMallbHBIH yroil TPEYTOJIbHUKA BBIYHUCISIETCS aBTOMATHIECKU
(180°-a_min). Cieayer OTMETUTh TIPH 3TOM, YTO U3-3a APYTHX (HAKTOPOB BCE €Ie MOTYT OBbITh TMOJyYEHBI
yTIbl BHE 3TOTO TMANa3oHa.

MakcuMaibHOe YHCI0 3JIEeMEHTOB. JTOT MapaMeTp YCTaHABIMBAET OIpaHMYEHHE Ha O0Iee KOJIMYECTBO
AIIEMEHTOB CETKH. JTa (PYHKIHS CYLIECTBYET AJISI TOTO, YTOOBI MPEAOTBPATHTh CIy4allHOE CO3AaHUE CIIUIII-
KOM OOJIBIIOrO KOJMYECTBA y3JI0B CETKH, YTO MOXKET CYIIECTBEHHO 3aMEJIUTh KaK TeHEepaIfio caMOi CEeTKH,
TaKk ¥ mocienyroummi pacuér. Ecnyu npu reHepanuu CEeTKH IMOJIyYCHHOE YHCIO 3JIEMEHTOB IPEBBIIIAET
3aJJaHHBIA JTUMUT, TO CUCTEMa BBIIAET COOTBETCTBYIOLIEE COOOIICHNE U MpEKpalaeT TeHepauio ceTku. B
3TOM Cilydyae AJIsl MOJMYYEHHUsS] CETKH C 3aJaHHBIM KOJIMYECTBOM BIIEMEHTOB CIIEAyeT 3a1aTh Ooyiee TpyObie
PaMKH.

Ha 3aknanke «M300paskeHune» MOXXHO YCTAaHOBUTH THIT M300paKEHUS ISl pACCUNTAH- .y

Holi cerTku. IloBepXHOCTHAsi ceTKa MO3BOJSIET OLEHHUTH OOJBIIMHCTBO OCHOBHBIX @npfﬁﬁi:;';f;m
Ka4yecTB MONy4eHHOW ceTkH. [Ipu 3TOM He MoKa3aHa 4acTh CETKH, YXOAsllas BriIyOb O Deiéranan
MOJIeTH, OIarofaps 4eMy CHCTeMa MOXKET OBICTpO paboTarth mpu BpameHuu 3D cieHsl.

N300paxkeHne 00BEMHOM CETKH MOKA3bIBACT BCIO CETKY, B TOM YHCIE M €€ 4acTh, MOMAJAOIIyl0 BHYTPb
Moziend. B 3ToM pexnme cucTeMa MOKeT MEAJIeHHO pabortarh mpu BpamieHnd 3D cuensl. B atom ciyuae
Haunbonee onTuManbHbIA pexum 3D criens — pédepHoe H300pakeHHe.

Ha 3akmanke «MHpopManus» MOXHO MOTYydUTh HH(OpMA- Mlapane Tpbt ceTici
IUI0 O HEKOTOPHIX CBOWMCTBAaX MOJNYYEHHOW CETKH: oflee
YHCIIO BEPUIMH, YHCIO KOHEUHBIX JIEMEHTOB M jp. Bee ori | | Mapamerneicerin | Msodpaxere | Vindoprauss
napameTpsl MO3BOJIIIOT OLEHUTh KadecTBO pe3yJsbTaTa LTS 124
reHepanuu ceTku. OTIENBHOTO MOSCHEHUS TPEOYIOT HEKOTO- LA e ]

pbIe TapaMeTphI:

Yucno TETpaanpoE: 458

M ak.curaneHoe STHOWEHWE 47MH: 4.4789

MaxkcuMajIbHOe OTHOIIEHUE JJIUH XapaKTePU3yeT JJIEMEHT
CeTKH, y KOTOPOrO 3HAUCHWE OTHOUICHHS JIMHHOTO |
KOPOTKOTO pedpa MaKCHMAIIbHO.

M MHMMENEHEE yron Mexay pétpard: (197140
I akcMmaneHeId yran resay pétpar: | 1334022

MuHMManEHoe oTHOWEHKE pagmycos: | 0.3521
MakcuManbHbII/MUHUMAJIBHBIA Yol Mexay péopamm.

[oka3piBaeT (HaKTHUECKH IOMYYCHHBIH MaKCHMAIbHBIA |
MUHHMMAJbHBINA YIIIbI MEKAY peOpaMu 3J1eMEHTOB CETKH.

MuHKManEHEN offber TETpaanpa: 3495394

TNUCTOBRIE KOHEYHEIE 3 NEMEHTEI

Yucno rpaneit
MunumanbHOe  OTHOmIeHMe paguycoB. [lokaswiBaeT

HaVMEHbIlIEEe 3HAYCHHWE OTHOLICHHUS paauyca BIHMCAHHOU
cepsl K paanycy OMHCAHHON chepbl OJHOTO TeTpa’apa.

[ Na yrmanyatie Ok ] [ OTiieHa

3adaHue oepaHu4YeHul

B kauectBe Mecta AJIg ONPEACIICHUA OTPAHUYCHUS MOKET OBITH rpaHb, p€6p0 HJIKM BEpIIMHA UCII0JIb3YECMOI'O
Tena. B cuctemMe MOXKHO 3aaaThb TPH THUIIA OFpaHquHHﬁI MOJTHOC 3aKPECMJICHHUE, HACTUYHOC 3aAKPCIJICHUE U
KOHTAKT. OI‘paHI/IT-IeHI/Ie 1106aBH$IeTC$I B aKTUBHYIO 3a/1a4y U MOXET OBITH COOTHECEHO TOJIBKO C dJIEMEHTaMM
TOro TCjla, KOTOPOC HCIOJIb3YCTCSA B aKTHBHOH 3aga4dc. Bo wusbexanne cOos pacqéTa L MOACTIN
HeO6XOlII/IMO Cco31aTh 1OCTATOYHOEC KOJIMYECCTBO OFpaHPI‘IeHI/Iﬁ, HarrpuMmep, OJJHO IMOJIHOEC 3aKPCILUICHUE.

48



Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Ons AHanu3a (lNpenpouyeccop)

ITonHoOE 3aKkpenieHne

JlaHHBIN BU TPaHUYHBIX YCIOBUI OJOKUPYET Bce CTENEeHH CBOOOIBI U BRIOpaHHOTO 00BekTa. [lomHOCThIO
3aKpEMHUTh MOKHO TpaHb, PeOPO MITH BEPIINHY MOJICITH.

I[J'IH 3alaHus TTOJTHOT'O 3aKPCIIVIEHU A UCIIOJIB3YETCA KOMaHaa:

Knasuarypa TexcToBOE MEHIO [Iukrorpamma
<3MC> «AHanus|3akpenneHue|llonHoe
3aKpenrneHue»
JInst 3amaHusl 3aKpeTUICHHsT HY)KHO BBIOpaTh dJeMeHT Moaenu. [lis YonoBHoo 00o3nateHie

BBIOOpa MOCTYmHBI TpaHd, péOpa wmm BepmwHEBL. [locie BrOOpa
anemenTa B 3D okHe MOSIBISIETCS yCIOBHOE O0O3HAYCHUE MOIHOTO
3aKpEIICHUS.

I'paHb, BbIGpaHHas
AN 3aKpernneHus

YacTuuHoe 3aKpeIJICHUE

IIpu 3agaHMu 4aCTUYHOIO 3aKPEIIEHUs IOJIb30BATENIO IIPEOCTABIETCS BO3MOXHOCTb CaMOCTOSTEIBHO
YCTAaHOBUTHh OTPAaHMYCHHs Ha Pa3NUYHbIE CTENeHH CBOOOABL. [Ipy HMCMONB30BAHWMU TOJBKO YACTUYHBIX
3aKperyieHUH B OOJIBIIMHCTBE CIy4aeB Ml OCYLIECTBICHUS MOJIECJIUPOBAHMS HYKHO OOECIEUUThH
JIOCTaTOYHOE KOJINYECTBO OIPaHUYEHUH IS IPEOTBPAIlleHHs JBM)KEHHUS Tella KakK KEeCTKOro IIeIoro.

I[J'IH 3a/laHus 9YaCTUYHOI'O 3aKPEIUVICHUA UCITIOJIB3YETCA KOMaHaa:

Knasuatypa TexcroBoe MeHIO ITukTorpamma
<3IML> «AHanu3|OrpaHunyeHus|YacTuyHoe
3akKpenneHue»

Jnst 3agaHusl MecTa YacTHYHOTO 3aKpEIUIeHWs] HYKHO BhIOpaTh pebpo, rpaHb wiu BepiiuHy. [lanee
TpeOyeTcsi ONpeJeTUTh OTPaHUYEHUs TI0 CTEeMeHsM cBOOObI. [lonb3oBaTens MokeT paboTaTh B OJHOH U3
Tpéx cucreM koopauHat — lpsmoyronsaoit, Lnnuaapuueckoit uimn Chepuueckoid. i MpUBA3KH CHCTEMBI
KOOpAWHAT K MOJENH HCHOJb3YeTCs JIOKAIbHAs cucreMa KoopauHaT. HeoOxoaumo 3aMeTHTh, YTO B TOM
Cllyuae €CJId II0JIb30BaTEIeM HeE OIpeliesieHa JIOKaJbHAs CHCTEMa KOOPJAUHAT, YaCTUUYHBIE 3aKPEILUICHUS
OyayT 3a7]aHbl OTHOCUTENFHO TI100aIbHOM CUCTEMBI KOOPMHAT.

B kax0# cucTteMe KOOPAMHAT MOKHO OTPaHUUYUTh MIEPEMELICHHS 110 TPEM CTEINEHSIM CBOOObI. AKTUBHBIM
SJIEMEHT YIPABICHUS OTHOCHTEIBHO COOTBETCTRYIOIICH CTENEHH CBOOObI BRIOPAHHOM CHCTEMbI KOOPIUHAT;
O3HaYaeT, YTO MO JAHHOMY HANpPaBIICHHIO 337a&TCsl TIOJHOE OTPaHUYCHHE TepeMelIeHus (ecu 3HauYeHUe
paBHo () WM yKa3aHO HM3BECTHOE IepeMelieHHe (eCiiM 3HAYeHHE B COOTBETCTBYIONIEM TEKCTOBOM IIOJIE
oTaMYHO OT HyJis1). OrcyrcrBue (hlara o3HavaeT, 4TO 10 JAaHHOW CTEMEeHH CBOOOABI OTPaHHYCHHE HE
npenxycMoTpeHo. [lo ymomuanuio orpaHuueHs! JitoObIe TIEPEMENICHUs 110 BCEM TpeM HampaBieHusM. [Ipu
HEO00XO0JMMOCTH MOYKHO CHSATB CYIISCTBYIOIIHE OJIOKUPOBKY MM 0OABUTH HOBBIE.
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YacTHuHoe Jakpe nne HHe 'EEI
O6wwe | Napamerpel sakpenneHua
TpaHe_ OFpaHHYEHHE NEPERELEHHSA N0 OCAM
# METPEL
o €3
O METPEL
Oz METPEI
CHCTEMS KOOpAHHAT! PaaHaHel
MpAMaYronbHas v
NCK: PaAHaHE!
EAMHHLEI H3MEPEHKA
A . paamraHe!
NHHeAHEIE: METpEI -
¥rNoBkIg:
[ No yronuaro [ 0K ] [ OTreHa ]

[apamerpsl «llogopom no X», «llosopom no Y», «llosopom no Z» HEOOXOMUMBI JUIA TOTO, YTOOBI 3a]aTh
MOBOPOTHI OTHOCHUTEIBHO OCEH CHCTEMbI KOOPAMHAT (JIOKAIBHOW MM TIIOOAILHOW) MPH pelleHHH 3a1ad O
Harpy>KEHUM TUIaCTUHBI (WK 000104KH). [Ipy 3TOM IJ1s1 TUCKPETHU3alUU pacu€THON 00JIaCTH JOJKHBI ObITh
WCTIONIb30BaHbl TPEYTOJIbHbIC KOHEUHBIE 3JIEMEHTBHI.

Ecnu 3Hauenue nosopora paBHO 0, 3TO 03HAYaeT, YTO IO JAHHOMY HaIIPaBICHUIO 33JaéTCs IOJHOE
orpaHudeHue noBopota. Ecinu 3HaueHne noBopota He paBHO 0, TO yKa3aH U3BECTHBIN MOBOPOT. OTCYTCTBUE
(¢nmara (omius BBIKJIIOYEHA) O3HAYAET, 4YTO OTHOCUTEIBHO JaHHOH OCH OrpaHUYCHHE IIOBOPOTAa HE
npenycMoTpeHo. [lo ymMonuaHWIO OTpaHWYEHUs] MMOBOPOTOB OTHOCUTEIBHO OCE BHIOPaHHOW CHCTEMBI
KOOPAWHAT OTCYTCTBYIOT.

B nunuHapudeckoi cucteMe KOOpAUHAT CYLIECTBYET Pa”“”e””e e
v| PagnaneHoe
BO3MOYKHOCTb OIPaHMYMBATH [IEPEMENIEHUS T10: 5 sl
®  paguycy, Mo okpysHocTH paIMaHs! 12 96l BpatieHia
] g
®  OKPYKHOCTH,
py ’ Mo ocW BpaweH1A METDEI NG OKPYHHOCTH
o OCH Bpalll€HUA. o X, pagHankHoe
PagmaneHoe
B cdepuueckoil cucreme KOOpAWHAT CYIIECTBYET Da“”“e“”e MERBMBLIBRHAMO BEAM e o
| PaguaneHoe
BO3MOXXHOCTh OI'PaHUYUBATH [IEPEMEIIEHUS 10! 0 it
* paauycy, [¥] foarara pauaHE
0 v
®  JIOJITOTE, Wypora PaAMaHbI
®  [HUpOTE. 0 v

50



Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Onsi AHanu3sa (lpenpouyeccop)

Ha pucynke mpencraBieH MpuMep YaCTUYHOTO
3aKpeIIeHHs TIOBEPXHOCTH B  IIMIIMHAPUIECKON
CUCTEME KOOpAWHAT. B JaHHOM cilydyae 4acTUYHBIC
3aKpCIUICHUS ONPEJCIICHbI B HAMPABICHUU  «IIO
OKPY>KHOCTH», a B PaJdaIbHOM HAINpPABICHUU U TI0
OCH BpAIeHHUS He HAIO)KEHO HUKAKWX OTPaHUYCHHU,
T.€. JUISI M300paKEHHOTO Teja MCKIII0YAeTCs TOBOPOT
BOKPYT' €ro OCH. YCIOBHOE H300pakeHWE MaHHBIX
3aKperUIeHn i’ oTtoOpaxaercs c MTOMOIIIBIO
CHCIMANILHBIX ~ 3HAYKOB, OPUEHTHPOBAHHBIX B
COOTBETCTBYIOIIMX HAIPABICHUSX.

Komanna «HactuuHoe 3akperuieHue» o0iafaeTt eme
OIHUM TIONe3HbIM (yHKIMOHANOM. llonp3oBarens
MOXKET 33JaTh s KOHCTPYKIHUH  HM3BECTHOE
3HAa4YCHUC MNCPEMCUICHUA, HAIIPUMCP, HU3BECCTHYIO
MpeJBapUTENbHYIO eOpMalluio KOHCTPYKIuuU. s
3TOr0 B OKHE CBOMCTB KoMaHAbl «YacTuuHOE
3aKperyieHne» HeoOXOIUMO  yKa3aTh 3HaueHHE
(DUKCUPOBAHHOTO TEPEMEIICHHUS 3JeMEHTa MOJCIH
M0  KakoW-nubO0 W3  KOOPAWHATHBIX  OCEH.
Cratudecknii aHanmu3 OyIeT BBIIONHEH C YYETOM
3TOTO yCIIOBHSL.

CHCTEMA KODPAHHAT!
LinuHapHueckan W
Nck:

OrpaHMHeHHe NepeMeWEHHA Na ocam:

[IPaamancHoe METPEI

Mo OKPYHHOCTH PaAHaHE!
0] 3

[IMo ocv BpalueHka  meTpel

noJjyiHOe 3aKpenneHne
YacTHYHOe 3aKpenneHue

OTMeTnM, YTO B 3TOM CJIy4ae BO3MOXHO OCYIIECTBICHHE CTAaTHUECKOTO pacuéra Oe3 HaIoKeHHS
JOTIOJTHUTENBHBIX (CHIIOBBIX) HarpykeHuid. TakuM 00pa3oM, MOKHO OIICHUTh HANPSHKEHHUS, BOSHUKAIOIINE B

neGOPMUPOBAHHOW KOHCTPYKITUH,
(mepemernienuii).

€CJIM H3BCCTHBI

KOJIMYCCTBCHHBIC 3HAYCHHA OTHUX ,[[G(l)OpMaI_II/Iﬁ

TUNMYHBIA TOPSAAOK JAeCTBUI NPHU 3aJaHUM YACTHYHBIX 3aKPeNJIeHUMH:

BbIOpats 37eMeHT IS 3aKpeTuIeHUs!.
BriOpats cuctemMy KOopMHAT.

gk wbhde

3aBepIIUTh KOMaHY.

Konrtakr

L
NunnnnpoBaTts koMaHAy «HacTHYHBIE 3aKpEIIEHUS T}L

OTMeTHTH H606XOILI/IMI>IG OFpaHI/I‘ICHI/Iﬁ HepeMeH.IeHI/Iﬁ 10 OCsM M 3a1aThb UX 3HAYCHMUA.

HCO6XOZ[I/IMOCTB HCIIOJIb30BaHUA KOHTAKTHBIX OFpaHI/I‘IeHI/Iﬁ BO3HHUKACT B 3a/la4ax COIIPUKACAOUINXCA TCII.

Jlist 3a1aHmMs KOHTAKTa UCTIOIB3YETCSl KOMaH/a:

KnaBuatypa

TexcToBOE MEHIO

[TukTorpamma

<3MI>

«AHanu3s|OrpaHunyeHusi KoHtakT» )

.
-

51



AHanu3s

Jnsg  3agaHMs  KOHTaKTa HEOOXOAMMO BBIOPATh | [lapametpsi konTakTa
KOHTaKTHPYIOIIUE TPaHH IBYX TEJl.

Ofwme | MapameTpbl KOHTaKTa
I[aﬂee YCTaHaBIMBACTCS OAMH M3 HCTHIPEX THIIOB I'paHW Nepeoro Tena: IpaHv BTOpOrO TENa!
KOHTAKTa. paHe_0 : 30 dparmenT_3 Mpate_1 : 30 dparmenT_1

e JKecrtkasg cBs3b

e Hert xoHTaKTa T ROHTaRTE:

[ ] KaC&HI/IC HacaHHe *
HECTKEA CBASL
e JKecrtkag crenka HeT koHTaKTa
KacaHue
Tun KOHTaKTa <CKECTKas CBA3b) HCIIOJIB3YCTCSA B WECTKEA CTEHKE
1M yronyanmo [ Ok H OTeHa

cilydae, Korja HEoOXOIMMO CKpeNHUTh KOHTaKTH-
pyroliye MOBEpXHOCTU Tel. Tena B 3TOM ciiyuyae
paccMaTpUBAIOTCS KakK CBA3aHHBIC, MEPEMELICHHUS TPaHd OAHOro Teja 0e3 Kakux MO0 OrpaHWYeHUI
nepeaalTcsl TpaHsaM JApyroro Ttena. Ecnu Tema cocToAT W3 MaTepHaloB C pasHBIMH  (pU3HYecKHUMHU
XapaKTepUCTUKaMH, KOHEYHO-JIEeMEHTHas MoJielb YYHUTHIBAeT pa3jMyHble CBOWCTBA MaTepHajoB,
MPUHAATICKALUX PA3IMYHBIM IPAHSIM KOHTAKTUPYIOLIUX TE.

Ecnu Ha 00nacTh KOHTaKTa HE JOJDKHO HAKIAIbIBATHCS HUKAKUX OTPAaHUYCHUH, TO CIeoyeT HCIOJb30BaTh
TUTl «HET KOHTaKTa». B maHHOM cilydae KOHTaKTHUPYIOIIFE TMOBEPXHOCTH MOTYT CBOOOTHO IEpEMEIaThCs
JpyT OTHOCUTENBbHO Apyra. IloaTomy, HCIONB3ys STOT KOHTaKT, HEOOXOAWMO CIEIWTh 33 TeM, YTOOBI B
MpoLiecce HarpyKEeHUs COMPUKACAIONIUECS TPAaHN He NepPeCceKauCh.

KonTakT «KkacaHue» oTin4aeTcd OT «HET KOHTaKTa» TeM, YTO 3alpeliaeT B3auMOINpPOHUKHOBEHHE
COMpUKAacalouXcsl rpaneil. JJaHHBI THI KOHTaKTa IMO3BOJISIET MOJEIUPOBATh TaKUe (PU3MUECKHE SBICHUS,
KaK CKOJIbKEHHE OJIHOTO TeJla IO JPyroMy, MOsIBICHUE 3a30POB B MECTAaX COCAMHEHHUS JeTanel, BCICACTBUE
ux gepopmanuii, U T.m. OTMETHM, YTO HCIOJNB30BAaHHE KOHTAKTa «KACAHWE», IMpPEJroyiaraeT Halu4ne
(U3NYECKOro KOHTAKTa IpaHel TeJl B UCXOTHOM COCTOSIHUW aHAIM3UPYEMON KOHCTPYKIIUH.

«KecTkast cTeHKa» UCHOIB3YETCS A MOJEIMPOBAHNUSA COMPUKOCHOBEHHUS Tella C JKECTKOW MOBEPXHOCTHIO,
nedopManyeld KoTopol B HeJsIX MOAEIMPOBAaHMS MOKHO NpeHeOpedb. 3/ech HEOOXOJUMO 3aJIlaHHE TOJIBKO
rpaHei IepBoro Teja, KOTOpble KOHTAKTHUPYIOT C KECTKOW CTEHKOM.

CyH_IeCTByeT BO3MOKHOCTD 3aaBaTb KOHTAKTBI 110 YMOJYAHUIO:

Knasuatypa TexcToBOE MEHIO [Tukrorpamma

<3MK> «AHanu3s|OrpaHuyeHus|lMapameTpbl

KOHTaKTa no ymon4yaHuo»

JlaHHask KOMaHAa OmpeneNsieT TUI KOHTaKTa, UCIOJB3YeMbIH 10 YMOJIYaHHIO. DTO MO3BOJSIET III0OAIbHO
ONpEIeIUTh MapaMeTpbl KOHTAKTa Ui BCEX CONMpPUKACAIOLIMXCs Ten. Hampumep, ecim paccYMThIBASTCS
COCTaBHas KOHCTPYKIUA, COCTOANIASA N3 HECKOJIBbKUX HeTaﬂeﬁ, COCIMHCHHBIX XCCTKO, 3aJJaHUC KOHTAKTa I10
YMOITYAHHIO <«GKECTKAS CBA3B» M30aBISIET OT HEOOXOAUMOCTH ONPEEIISTh BPYYHYIO TUIT KOHTAaKTa JIIsl BCEX
CONPHKACAIONIMXCS TOBepXHOCTeil. [lapamMeTpsl KOHTaKkTa IO YMOJYaHUIO MOXHO TI€PEOINpPEACINTb,
UCrob3ys komanay « KOHTaKT».

[loBeneHne Mojenu B 3aBUCHMOCTH OT Pa3JIMYHBIX THUIIOB
KOHTaKkTa MOXKHO TPOWJUTIOCTPHPOBATh Ha CIEAYIOIIEM
npUMepe. Be Oayku COEJINHEHBI KOHTaKTHBIM
OTpaHUYCHHEM, OJIMH TOpell 3aKperuiéH, a Ha OOKOBYIO W
BEPXHIOKD  TIOBEPXHOCTH  TIEpBOH  Oalmkh  JCHWCTBYeET
pacrpeneneHHas CHiIa Mo HOpMaJIH. PacuétHan mopenk
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Ecnu B kayecTBe KOHTaKTa HCIOJIB3YETCS «3KECTKasl CBSI3bY,
TO COCTaBHas Oalika JeOpMHPYyeTCs KaK KECTKOE IEI0e.

Tun KOHTaKTa «KEcTKasi CBA3b)
B cnyuae, korma ucnosib3yercs KOHTAKT «KaCaHHe), BUJIHO,
YTO  BepXHsAA Oamka  geOpMHpPYeT  HIKHIOID |
MPOCKAITb3bIBACT BJIOJIH HEE.

Tvn KOHTaKTa «KacaHue)
[lpy wucHonb30BaHMKM «HET KOHTAKTa» HaOIromaeTcs
NPOHUKHOBEHUE BEpXHEIl OajKy B HIDKHIOIO, YETO CIIETyeT
n30eraTh Py MPOSKTUPOBAHUH COOPOYHBIX MOJIEIIEH.

TWN KOHTaKTa «HEeT KOHTaKTa)

‘\
\
! ||

THII KOHTaKTa <«GKECTKAsi CTEHKAa» IO3BOJISCT ONpPEACTHTD |
rpaHd Teja, 3aJalollKe B MPOCTPAHCTBE MOBEPXHOCTH, 3a ‘[ 1L
KOTOpBIE TEJIO0 HEe MOXET IPOHUKATh (BUPTyalbHas
a0COJIFOTHO JKECTKasi CTCHKA).

Tunu4yHbIi NOPSAAOK JeiicCTBUI NPU 3aJaHUM KOHTAKTHBIX OrPAHUYEHMIL:

s,

=
MunuunposaTth KoMaHOy «KoHTaKT» .
Br10paTh KOHTAKTHBIC TPaHU IIEPBOTO TEJA.
Bri0OpaTs KOHTAaKTHBIE TPaHU BTOPOTO Tela.
3amaTh TUI KOHTAKTa.

ok~ b E

3aBepIIUTh KOMaHY.

Yupyroe ocHoBaHue

JlaHHBIN BHJ OrpaHUYEHUS NO3BOJIAET OINPENEINTh YIPYroe B3aUMOJEHCTBHE Ha TpaHUIlE Tena. YIpyroe
OCHOBaHHME HCIIONIB3YETCS UIsI MOJAEITUPOBAHUS CONPHUKOCHOBEHMS Te€la C BHEIIHEH YIPYrod Cpenow,
KoTOopast nedopmupyercs BMecTe ¢ TenoM. Hampumep, craHmHa craHka JeOpMHPYIOTCS BMECTE C
OCHOBaHWEM, Oa3upyOIIUMCS Ha YOPYTUX JeMIQHUPYIOMIMX dlieMeHTax (BuOpowmsossitopax). Takike
MPUMEPOM Tejla, CBSI3AHHOIO C YIPYToil Cpenoi, MOXKET CIYXHUTh IUIOTHHA, ONHparoIiascid Ha TPYHT,
PEIABCOBBIN ITyTh U T.J.

MaremaTH4eCcKHn yaopyroe OCHOBAaHHEC PACCMATPHUBACTCA KAaK MHOXKXCCTBO HCEBCCOMBIX INPYKHH O,Z[HHaKOBOﬁ
JKECTKOCTH IMPUIIOKCHHBIX HAa I'PAaHUIIC TECIA.
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J1g 3amaHust yopyroro OCHOBaHHUS MCTIONIB3YeTCsl KOMaH/Ia!

Knasuarypa TexcToBOE MEHIO [Mukrorpamma
«
<3M35> AHanus|3akpenneHue|Ynpyroe ‘%’
OCHOBaHue»

Ilocne BBI30OBa KOMaHIBI HEOOXOIUMO BBHIOpATh JJIEMEHTHI MOACIH IS
puiIoKeHUsT Harpy3ku. C MOMOIIBI0 aBTOMEHIO HYXKHO BBIOpaTh JJIEMEHT
MOJIEIIN:

<E> Br16paTh 311eMeHT U1 3aKpeIIeHUs

s BeIOOpa mocTymHBI Tpanu, péopa win BepiunHbI. [locne BbIOOpa anemenTa
B 3D okHe nosiBiseTcs ero ycioBHoe 0003HaYCHHE.

Jns BIOOpa JOKaJbHOM CHUCTEMBI, B KOTOpOW OyayT ompexaeneHbl kKodddu-
IUECHTBHI )KECTKOCTH, UCTIOJIb3YHTE OMIIHU:

<c> BriOpaTh cucteMy KOOpAUHAT
<K> OTMEHUTH BBIOOP CUCTEMbI KOOPIUHAT

Ecnu He 3a1aHa tokanpHAas cUCTeMa KOOPAWHAT, TO TI0 YMOIYaHUIO UCTIONb3YeTCs TII00anbHast CUCTEMA.
B okne cBoiicTB 3aaiiTe:

e Tum cucTeMbl KOOPAUHAT: IPSIMOYTOJIbHAS, IIWJIUHIPHUYECKas, chepruieckas.

e Twum )KecTKOCTH: cyMMapHasi WU pacipeeieHHasl.

e 3HayeHwus Mo ocsaM (1o ymomdaHuio ctouT 1 H/m).

e  Enununs! usmepenus: H/m, GyHT-crma/moiiM, Kre/cM.

THIT )KECTKOCTH «CyMMapHas» UCIOJIb3YeTCs, €CIM M3BECTHA 00IIasi )ECTKOCTh BO3/ICHCTBYIOIICH Cpeibl 1
3Ta BEJUYMHA PAaBHOMEPHO paclpeaesseTCsl M0 CyMMapHOW IUIOIIAIH IpaHel/ cyMMapHO# JuimHe pebep/
CYMMapHOMY KOJMYECTBY BEPIIHH (110 OHOMY WM KaKIOMY M3 HAIPaBJICHHIA).

THIT JKECTKOCTH «pacIpe/ic/iCHHAs» HCIOJIB3YeTCs, €CIM W3BECTHA YeJbHas KECTKOCTh OCHOBAHHUS Ha
SIIUHUITY TUTOIIAIH (10 OJHOMY HJIH Ka)KJIOMY W3 HAIPaBJICHUH ).
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¥npyroe ocHOBaHWE @
Owwe | MapameTpel sakpenneHa |
Tun aécTrocTi:
Pefpo_10 : BorrankmsaHue_2 |C\|’MNEDHEF| v|

CWCTEME KOOPAWHET!

| MpAMOYroNEHaA A |

nck: [ |

3HEHEHWE MO OCAM

EAMHMLEI MZMEPEHKA

NMiHeRHBIE: | HjM - 2

-

3

BusyaneHei macwTal: 1

Mo yMonYEHIIO oK ] | Omveta |

TunuuyHbIi NOPSAAOK JeiicCTBUI NPH 3aJAHUM OTPAHUYEHUS] TUIIA YIIPYTrOoe OCHOBAHME!

s
1. VHumuupoBaTh KOMaHAY «YIPYroe OCHOBAHME» it

BriOpats rpanu, pedpa, BEpIINHEI.
Br1OpaTh cucTeMy KOOPAMHAT M yKa3aTh €€ THII.
3anath 3Ha4YCHUS KOI(PPUIIMEHTOB KECTKOCTH 110 OCAM M STUHUIIBI H3MEPEHUSI.

SN

3aBepUINTh KOMaHY.

3adaHue Hazpy30kK

MexaHn4yeckue Harpy3Ku

OTOT THIl HAarpy30K MPHUMEHSETCS NPU MOJCIMPOBAHMHU 33/ad JIMHEHHOTO M HEJIMHEMHOro CTaTU4eCKOro
aHaJIM3a MPOYHOCTH KOHCTPYKUMHU (Cmamuueckuii Ananu3z), Ipu pacyére BETUUYNH KPUTHUYECKUX HArpy30K
MOTEPH YCTOMUUBOCTA M COOTBETCTBYIOIIUX MM (hOPM KOHCTPYKIMM (Anaruz Ycmouinusocmu), a Takke —
IPY MOJICTMPOBAHHH PAacU€Ta ¢ yUETOM YCTAIOCTHU MPU HUKINIECKOM HATPYKESHHH.

Cuia

Cuna nipenctaBiseT co00il BU HATPYKEHUs, TPUMEHSIOIIUNACS JUTS 3aJJaHUsI COCPe0omOo4eHHOU Haspy3KU, a
TAKKe NS 3aIaHUST CYMMAPHOU GeUyUHbI PACTIPENCIEHHON HATPy3KU.

Jna 3amanus Harpy3kn Cusia UCTIONB3yWTE KOMaHy:

Knasuatypa TexcToBOE MEHIO [Mukrorpamma

<3MF> «Anasm3|Harpy:xenne|Cuira»

[locrme BBI3OBa KOMaHIBI HEOOXOAMMO BBIOPATH 3JMEMEHTHI MOJAENW JUIsl TMPWIOKEHUs Harpy3kd. llpum
TOMOIITH OITIIUH aBTOMEHIO:

@ <E> Br1Opath aneMeHT IS Harpy>KeHIsI

BbIOEpUTE rpaHu, péOpa WM BEPIIMHBI PACCYUTHIBAEMON MOieNH. BrIOpaHHbIE 3NIeMeHTHI OyayT J00aBIEHBI
B CIIUCOK.

55



AHanu3s

Tax xak npu oMoy Cuibl MOXHO 32J1aTh CyMMapHYIO BEIMYHHY MOTOHHOW (ITOBEPXHOCTHOMN) HATPY3KH,
TO HEOOXOAMMO ONpEeAeNUTh, KAaKUM 00pa3oM 3Ta BeNWYMHA OyAeT pacmupeneneHa Mo inHe pedpa (1o
IJIONIaIU TpaHu). B OKHE CBOWMCTB HEOOXOAMMO 3a/1aTh THII HATPY3KH:

e paBHOMEpHas;
e HepaBHOMEpHasl.
Cuia Kak cyMMapHasi BeJJH4MHA PABHOMEPHO pacnpeieJIEHHON HArpy3Ku

[Ipu onpenenennn Cuibt Kak CyMMapHOUW BETMYHWHBI PABHOMEPHO pacupefe€éHHON Harpy3Ku He0OX0IuMOo
3aJIaTh YMNCIIOBOE 3HAYCHIE, €AMHUIIBI N3MEPEHHS U HalpaBJIeHNE e€ MeHCTBHSL.

MNaparme TpbI CHABI

Dfiwme | MapareTpel HarpyseHa

FpaHe_0

TN HarpyskK:
PaEHOMEpHaA L
MacToAHHEA Harpyska

3HaueHme: |1 3 EamHruel: |H L¥3

HanpagneHne
SNEMEHT ! Pefipo_0 ¢ BeiTankMeaHHe_(

[[] ofpatHoe HanpasneHme

[ No yronuarm [ (0]:4 l [ OTreHa ]

YucnoBoe 3navenue. [lox 4ncioBsIM 3HaYeHWEM OyAeM MOHUMATh CYMMAapHYI0 BEIMYHHY PAaBHOMEPHO
pacnpezen€HHoi 1o AyiuHe pedpa (110 IJIoaau I'PaHH) HArPy3KH.

[Ipu paBHOMepHOM pacnpeneneand Cunsl Ha €QUHULY JUIMHBL peOpa (Ha eOUHHUIYY IJIOIIAAu TPaHu)
MPUXOANTCS BEIMYUHA, paBHAas OTHOIICHHIO 33JaHHOW BEJIMYMHBI HArPY3KH K JuiiHe pebpa (K Turomanu
TpaHu).

Crenyer Takxke 3aMETHTh, YTO €CJIM BEIMYMHA HArpy>KeHHsS 3a7aéTCsi OJHOBPEMEHHO Uil HECKOJIbKUX
AIIEMEHTOB (JIOMYCKAeTCsl BHIOOpP JIEMEHTOB TOJBKO OJHOTO THIIA: BepIIWH, pédep mim rpaneii), To eé
3HaueHHE OyAeT pacupeielieHO MEXIy HUMHU CIIEYIOIUM 00pa3oM:

e Ha CANHULY IUIOIaAn Ka)K,Z[Oﬁ rpaHu 6y,Z[CT NpUXOAUTHCA BCJIMYMHA HArpPY’>KCHHUA, paBHAA
OTHOIIICHUIO SaﬂaHHOﬁ BCJIMYMHBI HArpy3KH K CYMMapHOﬁ miomaaun r‘paHeﬁ;

e Ha enunuiy JyMHBI K&XI0r0 pedpa - BEIMYUHA, paBHAs OTHOLICHHUIO 33JaHHOW BEITMYUHBI HATPy3KU
K CyMMapHoO# anuHe péodep;

e B kaxayro BepinHy OyAeT MPUKIaIbIBATECS YacTh CHIIbI, paBHas 1/n , rie N- 4ucio BepIuuH.

Enununst udmepenus. /g varpysku Cuza MOTYT OBITH YCTAHOBIIEHBI CIEIYIOIINE €AUHUIBI N3MEPEHHA:
H, ©C, KT'C.
Hanpasaenne aeiictBusa Harpy3km. B xadectBe HampaBienus aevictBusi Cuibl, MOKHO BbIOpaTh HOpMallb
K Harpykaemoil rpand, sieMeHT 3D MoJenu WM HEKOTOPBIA paauyc-BEKTOp, 3aJaHHBI B BHIOpaHHOM
MIOJIB30BAaTENIEM JIOKATBHON CHCTEME KOOpPAMHAT (€CM JIOKajJbHas CHCTeMa KOOpAWHAT He 3aJaHa, TO, IO
YMOITYaHUIO0, Oy/IET UCTIOIB30BAThCS TI100aIbHAs CUCTEMa KOOPAMHAT).
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Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Ons AHanu3a (lNpenpouyeccop)

Jl1st pabGoTHI C TIOKATHLHOW CHCTEMOM KOOPAMHAT UCIIOIB3YHTE OTITHH:

<c> BriOpaTh cucteMy KOOpAUHAT
<K> OTMEHHUTD BEIOOP CUCTEMBI KOOPIUHAT

Jua 3ajmanvsi HampaBIeHHWS ACWCTBUS CHIIBI MPH TOMOIMKM O0BekTa 3D Monmenn WMCHONB3yHTE OMIHI0

ABTOMCHIO:

<D> BriOpats HampaBienne

I[J'I}l OTMCHBI BI)I60pa HaITpaBJICHUA HCHOHLSyﬁTe OIIIIHIO:

£t <U> OTMeHUTH BBIOOP HAIIPABJICHHS

Jus ObicTpoii cMeHBI HampaBieHus1 neiictBus Cuiibl Ha TPOTUBOIONIOKHOE MOYKHO YCTAHOBHTH (PIIakok

«O0paTHOE HaTpaBICHUEY.

Cuna Kak cyMMapHasi BeJINUMHA HEPABHOMEPHO pacipele/iEHHOH HATPY3KH

[Ipu ompenenenun Curer Kak CyMMapHOM BETMYMHBI HEPAaBHOMEPHO paclpeneiéHHON Harpy3skd Kpome
YHCJIOBOTO 3HAYEHUS, CIMHULl M3MEPCHHUS U HaIlpaBJieHUsl e€ NeHCTBHUs HEOOXOANMO 3a1aTh KaueCTBEHHBIN
3aKOH paclpeliesieHus], B COOTBETCTBUM C KOTOPBIM 3ajaHHasl BeMUMHA HarpyXeHus OyAeT pacupeaerneHa

T10 TUIOIIAIX TPAHHU.

Yucisiopoe 3Hayenme. [log unciaoBeIM 3HauUeHHEM OyIeM MOHUMATh CYMMAapHYIO BEJITHYHMHY HEPAaBHOMEPHO

pacnpeien€éHHON MO TIOWIA AN TPaHu Harpy3KH.

Enunnusl uzmepenus. s Harpy3ku Cusza MOTYT OBITh YCTaHOBJICHBI CIEIYIOLINE €AMHULBI H3MEPEHUS:

H, ©C, KT'C.

MNaparme TPbI CHABI

D6wme | MapameTpel HarpyseHUa

[paHe_0

PacnpeseneHme
CyMMapHaa cHna: | 1

SHa4EHHE: 5

k| 4

EAHHHLbL

KonoHok: | 2

b (4]

CTpoK: z

BrzvaneHeM macuah:
r
1 £

4
3 2
HanpaeneHue

Mo HOPMaNH
[[] ofipaTtHoe HanpaeneHme

THN HarpyskH:

HepagHoMEpHaA v

VHTEpnonALKHA: | Crnaid b

H

[ No yronyaro

(0] 4 l [ OTrMeEHA

57



AHarnus

3akoH pacnpegesnenusi. Ha npsMoyroibHHMKE, ONHMCHIBAIOIIEM TIpaHb, BBIOPAHHYIO B KadecTBE MecTa
MIPUIOKEHHUS] HEPAaBHOMEPHOM Harpy3KH, CTPOUTCS] paBHOMEpHAs! CeTKa y3J0B. ['ycToTa ceTku onpeaessercs
YHCIIOM CTPOK M CTOJOLOB TaONUIBl pacipeneneHus. B syeiikax TaOnuipl yKa3piBaeTcs 3HaYeHNUE (DYHKIUU
B COOTBETCTBYIOIIEM Y3JI€ CETKH.

~PacnpeeneHH
CyMMapHanA cvna: MHTEpnonAumA:
3HaYEHHE! 10 @ EAHHHUBL
KaonoHow: | S | |
CTpak: 7 10 3 8
q : :
g ’ :
7 [ ]
BHavanbHEI MacwTat: E i 2
1 = I |

MNpumMep 3apaHuA 3akoHa pacnpeperneHnsi HepaBHOMEPHOM Harpysku

HNurepnoasimus. I[Tockonbky 3HaueHUWs (DYHKIMU pacmpesieNiCHUss W3BECTHBI TONBKO B y371ax ceTku (T.e.
3aJlaHbl TaOJIMIICH), HEOOXOJUMO BOCCTAHOBUTH JaHHYIO (DYHKIIMIO JUis JiF000¥ Touku rpanu. B T-FLEX
AHanm3 TpUMEHSeTCs JBa crmocoba BOCCTAHOBIAECHHS (DYHKIMKM TIO W3BECTHBIM 3HAUCHWSAM: JIMHEHHAS
HMHTEPNONSANUS (CTPOUTCS JMHEHHAs 3aBHCHMOCTh MEXY 3HAUYCHUSIMH B y37aX CETKH) U IOCTPOCHHE
cILIaiHAa.

Ha pucynkax mpuBezeHbsl IpuMepsl GyHKIMK pacrpeiesieH|s] HepaBHOMEPHON HArpy3KH, IMOJyYeHHOW NpHU
MTOMOIIY TMHEWHOM HHTEPIIONISALUYN U TIOCTPOCHNUS CIUIAiHA.

-~ Pacnpeaeneqme

CyMMapHAA cHNa: HTEpRONAUKA:
3HAYEHKE: EAnHHUBL
KonoHok: | 4 % | | |
i E— 0 !

0 0 1 0

1 0 1] 1

By ansHEM MacwTab:

1 % (%] T |

Vabe
102899
0935385
0877
074567
0856562
05515
0470348
(e r 2
0BNB
0191025
00979175
000481001
00882975
0181405
0274512
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Modzomoeka KoHe4YHO-31emeHmMHoul modenu 0n1si AHanu3a (Mpenpoueccop)

Mpumep cbyHKUUK pacnpefeneHns HepaBHOMEPHOW Harpy3ku, NONy4eHHON NOCTPOEeHUeM crnnanHa

PacnpeaeneHie

CyMMapHaA cina: | 1 % HTEpRONAUKA:
FHAYEHHE! 1 {ﬁ EAnHHUBL

oo = O
[ R e R e}
e

By ansHEI MacwTat:

t &

m
o
o
]
=
s
¥
~ —ADDI

1l | 2

Mpumep cdbyHKUMK pacnpeaeneHnss HepaBHOMEPHOMN Harpy3ku, NOsTy4eHHOM NPU NOMOLM IMHEWHOW UHTepnonALUn

Hanpasienue neiictBusi Harpy3ku. B kauectBe Hanpasienus aeiictBust Cubl, MOXHO BBIOpaTh HOpMaIb
K Harpy>kaemoil rpaHd, 3yeMeHT 3D MoJenu WM HEKOTOPBIH paluyc-BEKTOp, 3aJaHHBIH B BHIOpaHHOMN
MI0JIb30BATEJIEM JIOKAIBHOM CHCTEMe KOOpAMHAT (€CNIH JOKalbHAas CHCTEMa KOOpPAMHAT HE 3aJaHa, TO, 110
YMOJTYaHHIO, OyAET UCIOJIb30BaThCs T100alIbHAsl CUCTEMa KOOPAMHAT).

Jiist paGoTBHI € JIOKAJILHON CUCTEMOM KOOPIUHAT MCIIONB3YHTE OIIINH:

<c> BriOpats cucteMy KOOpAMHAT

<K> OTMEHUTH BBIOOP CUCTEMbI KOOPIUHAT
s 3ajmaHuisi HanpaBiCHHS ACHCTBUS CHJIbI MPH HOMOINM 00bekTa 3D Monenu HUCHOIb3yHTE OIIUI0
ABTOMEHIO:

<D> BriOpats HampaBienne

Ji1st oTMEHBI BBIOOpa HalpaBJICHHUs HCHIONB3YHTE OIIHIO:

= <U> OTMEHUTH BHIOOP HAIPABJICHUS

Hnst ObIcTpoli CMEHBI HampaBieHus: aercTBus Cuisl HA TPOTHUBOIOJIOKHOE MOXHO YCTaHOBUTH (PIIaskok
«O06paTHOE HAMIPABIICHUE.

H3rundaronme MOMEHTDI

B nmanore «[lapaMeTpbl CHIIBI» TTOMHMO IapaMeTpoOB, 3aJafOlUX THII HArpy3Kd, YUCIOBOE 3HAYCHHE,

SIVUHUITBI W3MEPCHUs, HamlpaBlICHWE EWCTBUS HArpy3Kd H T.[., TPHUCYTCTBYET TpYIIa MapaMeTpoB
«MoMeHT».
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AHanu3s

Maparme TpbI CHABI
Dfwme | MapareTpel Har py#eHHs
paHe_0 i BeiTankHeadme_0
THA HarpysEH:
PagHoMEpHaA Il
MNoCTOAHHAA Harpyska
SHaqwenme: |1 3 EanHuue:  |H ™
Hanpasnerme
ZNEMEHT: w1 3
NCE: ncK_o ¥oon ¢
z |0 2]
[[] ofipaTHoe HanpaeneHHe
MareHT
D MomeHT no A H-t MameHT no ¥ H-m
1 >
MaMeHT no Z H-m EAMHHUBL
1 & o ]
[ Na yraonuaHmo I ak l [ OTrera ]

[Ipy MOMOIIM JAHHOH TPYIIBI MapaMeTPOB MOXKHO 3a[aTh HM3rMOAIONIME MOMEHTBI OTHOCHTEIIBHO OCeil
CHCTEMBl KOOpAWHAT (JIOKAaJTbHOM WIIM TNI0OAILHOW) MpU pElICHWH 3a/a4 O Harpy>KeHWH IUIacTUH (I
obonouek). HeobxoauMo 3aMeTUTh, YTO AMCKpETH3alMsl PacdETHOW 00NacTH BBINOJIHEHA TPEYTrOJIbHBIMU
KOHEYHBIMH DJICMCHTAMH.

Juis Momenma MOryT ObITh YCTAHOBIICHBI ClIeAYyOIINE eauHuIlbl uamepenus: H-m, ®C-mroiim, K['C-cm.

B 3D cuene Harpyska «Cuna» wuzoOpaxaeTcs B Buie crpesiok. CTpeikd IMOKa3bIBalOT HalpaBiICHHUE
NeHCTBHS HATPY3KH.
Bo MHorux ciyuasx pacnpeieiéHHas Harpys3ka JOJDKHA OBITh MPHIIOXKEHa HE Ha BCIO I'paHb MM Pedpo
MOJIeTI, & Ha KaKyl-TO OIpPENeNeHHYI YacTh 3TOW TI'paHW WIM pedpa, COOTBETCTBYIONIYIO 0O0IacTu
TepeIayn BHEITHETO BO3JICHCTBHUS.
Jiis Toro 4TOOBI TPHJIOKUTH BO3ACWCTBME HA YacTh TpaHHW, HEOOXOJMMO CHavajla CO3/1aTh Ha TpaHU
TeOMETPHIO HYXHOW (OpPMBI, a 3aTeM BOCIOJb30BaThCs Komanzioit «Onepauum|lpanu| PaspeneHue
rpaHen».

K pe6py

K rpaHv

K BepluinHe

3apaHue Harpysku «Cuna»
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Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Ons AHanu3a (lNpenpouyeccop)

TunuyHblii NOPSIAOK AeiicTBUI NPHU 3aJaHUN HATPY3KH «Cuiiay.

T
Nunnmuposats KoMauay «Crtay [

Bri6pats rpanb, pedpo, BEpIIHHY, y3€II WIH MOCIeA0BaTEIbHOCTh JIIEMEHTOB.
3a7aTh BEIUYUHY HATPY3KHU.

3a7aTh €MUHULIEI U3MEPEHHUSL.

Br16pats THIT Harpy3Ku: paBHOMEpHAas I HepaBHOMEpPHAs

st HepaBHOMEPHOM Harpy3KH 3a7aTh KAYECTBEHHBIN 3aKOH paclpeacieHus

No ok~

3amaTh HampaBJIeHUE AEUCTBUS HATPY3KH
8. 3aBepmmuTh KOMaHIy.

JdaByienune

Jlasnenue TpeACTaBIIACT COOOH BHJ HArpyKCHUS, NPUMCHSIONUNCS JUIA 3aJaHus PACIpPeIeIEHHOM

Harpy3KH.
[ns 3ananus Harpysku /[agnenue UCTIONb3YUTE KOMaHY:
Knasuatypa TexcroBoe MeHIO IMuxrorpamma
<3MCc> «Ananu3|Harpy:xenne|/laBiieHne»

Ilocne BeI30Ba KOMaHIBI HEOOXOAWMO BBIOpATh 3NIEMEHTHI MOAEIH AJIS NPHUJIOKEHUS Harpys3ku. llpu
MIOMOILH ONLKHU aBTOMEHIO:

<E> Br1OpaTh aneMeHT A HarpyKeHus

BbIOEpHUTE IpaHb WK pedpo paccunThIBaeMoil Moiesin. BoiOpaHHbIe 371eMeHThI OyayT 100aB/IEHBI B CITUCOK.

Tak kak mpu momomu /lagrenuss MOXKHO 337aTh PaclpeleNEHHYI0 HAarpy3Ky, TO HEOOXOAUMO ONpENeIuTh
XapakTep ATOr0 pachpeeNieHus 1Mo JUIMHE pedpa WM 10 IUIONaand TpaHu. B OKHe CBOWCTB 3ajaiTe THI
Harpy3KH:

e paBHOMEpHas;
e  HEepaBHOMEpHas;

®  TIUAPOCTaTHYECKAs.
JaB/ieHne KaK PABHOMEPHO pacnpee/JéHHAS HATPY3Ka

IIpu ompenenenun /lagnenuss Kak paBHOMEPHO paclpeaciEHHON HArpy3Kd HEoOXOIMMO 3a7aTh YHUCIOBOE
3HAa4YCHUC, CAMHNUIBI U3BMCPCHUA U HAIIPABJICHUC eé I[GﬁCTBI/Iﬂ.
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AHanu3s

Mapame TpBI JaENE HHA

O6wme | MapareTpel Har pyKeHH
[paHe_0
THN HarpysKK:

PaEHOMEpHaA e

MOCTOAHHAA Harpy3ka

SHaqeHne: | 1 2 EanHmue: | Hfw~2 w
HanpasneHne

I B! 2
NCK: NCE_0 ¥ |0 2

|0 =

[[] ofipaTHoe Hanpaenerme

I Na yronuarmo l (]9 ] I OrrieHa I

YucsioBoe 3Hauenue. [1o yncaoBbIM 3HaUEHHEM Oy/IeM MOHUMATh BETMYMHY HATPYKEHUS, PUXOASIIYIOCS
Ha eJUHHUILY TUIOIIAIM TPaHU WK Ha eUHUIY JAJIHHBI peopa.

Enunuust m3mepenusi. [ns Harpyskw /[aenenue, TPUIOKEHHONM K TpaHU, MOTYT OBITh YCTaHOBJICHEI
clIeIyronme exuHAIB! m3mepenns: H/m?, ®C/Toiv?, KI'C/em?.

Hnst narpysku Jagnenue, 3aaHHON HA peOpO, MOTYT OBITh YCTaHOBIICHBI CICAYIOIINE STUHHULIBI H3MEPEHUSI:
H/™m, ©C/roiim, KI'C/em.

Hanpasienune aeiicTBusi Harpy3kud. B kauecTBe HampaBieHus IEHCTBUS Jlagnenus, MOXKHO BbIOpaTh
HOpMallb K HarpyXaemMoil rpaHu, aneMeHT 3D MoIeiau WM HEKOTOphI paauyc-BEKTOp, 3aJaHHBIA B
BHIOpaHHOW MOJIH30BATENIEM JIOKAILHOW CHUCTEME KOOpAMHAT (eciH JIOKajbHas CHUCTeMa KOOPAUHAT He
3ajjaHa, To, [0 YMOIYaHHWI0, OyJeT MCIONB30BaThCs TiodanbHas cucrema koopauHat). [lo ymonuanwuio, B
JIOKQJIBHOM CHCTEME KOOPAMHAT HalpaBiIeHHUE ACUCTBUS HArpy3KH 3a/1aHO BJIOJIb OCH X.

J1g paoThI ¢ JTOKaTBbHON CHCTEMOM KOOPAMHAT UCTIONb3YHTE OMIIUH:

<c> BriOpaTh cucteMy KOOpAUHAT
<K> OTMEHUTH BBIOOP CUCTEMbI KOOPIUHAT

Jia 3amaHus HanpaBiieHUs JeWCTBHUA Harpy3ku /laerenue nipu moMomn o0bekTa 3D Monenn ucnomb3yiite
OIIIHIO aBTOMEHIO:

<D> BriOpats HampaBienne

I[J'Iﬂ OTMCHBI BBI60pa HaIlpaBJICHUA HCHOHBSyﬁTe OIIIIHIO:

Zt <> OTMeHHUTD BBIOOD HATIPABICHUS

Jlist OBICTPO CMEHBI HaIPaBJICHUS JISHCTBUSI HATPY3KH HA TPOTHBOIIOIIOKHOE MOYKHO YCTaHOBHTH (PIIaskoK
«O0paTHOE HampaBIICHUEY.

JaBjieHHe KaKk HEPABHOMEPHO pacnpeieiéHHAsI HArpy3Ka

[lpu onpenencHun Jlagrenuss Kak HEPAaBHOMEPHOW HArpy3kd HEOOXOAMMO 3aJaTh CIWUHMIIBI W3MEPECHMUS,
HampaBlieHHe e€ NEHCTBUs U 3aKOH PACIpelIeICHHs, B COOTBETCTBHH C KOTOPBIM JIaHHAs Harpy3ka Oyaer
ompejereHa B KaXI01 TOUKE TPaHHU.
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Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Ons AHanu3a (lNpenpouyeccop)

Mapame Tpbl Jagne HMA

Ofwwe | MapareTpel Harpy#eHWA
MpaHe_0
THN HarpysKK:
HepasHomepHaA L

PacnpeeneHHe

SHa4eHHE!: 5 MHTEpNOnALKA: | CnnanH hd
EAHHHLEL: Hfm2 s

Kononok: | 2

(5] .n
4
e

LAt

CTpoK: z2

EMzyaneHbIA MacluTa:
=
1 £

HanpasneHwe

Mo HopMankK
] ofpaThoe HanpaeneHHe

[ Na yraonuanio I 0K l [ OTreHa ]

3akon pacmpenesnenusi. Ha npsMoyroipHHKE, ONMCHIBAIOIIEM TI'paHb, BBIOPaHHYIO B KauecTBE MecTa
MPUIOKEHUS] HEPABHOMEPHOM Harpy3KH, CTPOUTCS paBHOMEpHAs ceTKa y3JIoB. ['ycToTa CeTKH onpeaessieTcs
YICIIOM CTPOK W CTOJIOIOB TaONHUIIBI pacpenenieHus. B sueiikax TaOnuIbl yka3pIBaeTCsl 3HaUCHHE (PYHKIIUN
B COOTBETCTBYIOIIEM Y3JI€ CETKH.

HNurtepnonsimusi. TTockonbky 3HaueHHss QYHKIMH pacrpeeSieHHs M3BECTHBI TOJNBKO B y31ax ceTku (T.e.
3a/laHbl TabHIei), HEOOXOUMO BOCCTAaHOBHUTH JaHHYIO (DYHKIWIO Ui JF000¥ Touku rpanu. B T-FLEX
AHanu3 NpUMEHSeTCs JiBa crioco0a BOCCTaHOBICHHMS (YHKIIMM IO W3BECTHBIM 3HAYCHUSM: OWMJIMHEHHAs

WHTEPIONANUS (CTPOUTCA JIMHEHHass 3aBHCHMOCTh MEXAYy 3HAUeHUSMH B y3JlaX CETKH) M TIOCTPOCHHE
cIIaiiHa.

Enunuupsl m3mepenusi. [ Harpysku /laenenue, TPWIOKEHHON K TpaHU, MOTYT OBITh YCTaHOBJICHBI
2 o 2 2
crenyromue enuHuUIsl n3mepenus: H/m*, ®C/roiim*, KI'C/em”.

HanpaBienune aeiictBusi Harpy3ku. B kauectBe HampaBieHus HeHCTBUS /lagnenus, MOXHO BBIOpaTh
HOpMallb K HarpykaeMoil rpaHd, 3neMeHT 3D Mopenu Wi HEKOTOpBIH paauyc-BEKTOp, 3aJaHHBI B
BbIOPaHHON I10JIb30BATENIEM JIOKAIBHOW CUCTEME KOOpAMHAT (eciaM JIOKaJbHAas CUCTEMAa KOOpIUHAT HE
3aJjaHa, TO, M0 YMOJYaHHUI0, OylIeT MCIOJIb30BaThCs TiobanbHas cucteMa koopauHat). [lo ymomuanuio, B
JIOKQJIBHOM CHCTEME KOOPAMHAT HalpaBiIeHHUE AEHCTBUS HArpy3KH 3a1aHo BJIOJIb OcH X.

Jlis paboTHI C TOKATBbHOW CHCTEMOW KOOPIMHAT UCTIONB3YHTE OMIIHH:

<c> BriOpats cuctemMy KOOpAXHAT

(]

<K> OTMEHUTDH BBIOOP CUCTEMBI KOOPIMHAT

Jnst 3aganusi HanpaBJIeHUs NIEHCTBUS HAarpys3Kku /[asnenue Tpu nomoiu oobekta 3D Mozaenu ucnons3yiire
OIIL1IO aBTOMEHIO!

LE_J

<D> BeiOpate HampasieHue
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AHanu3s

Ji1a oTMeHBI BEIOOPA HAPaBICHHUS UCIIOIB3YHTE OIIINIO:

=1 <U> OTMEHUTDH BBIOOP HAIPaBICHUS

Jiist OBICTpOI CMEHBI HAINPaBJICHUS ISHCTBUSI HATPY3KH HAa TMPOTHUBOIIOIOKHOE MOKHO YCTaHOBHTH (PIIaskoK
«O0paTHOE HampaBIICHUEY.

I'mapocTaTuyeckoe naBjeHune

| Tuppocratuueckoe napnenue (MM JaBIEHHUE KUIKOCTH) ABISETCS YaCTHBIM
CJIy4aeM HEpPaBHOMEPHO pacnpeacii€HHOW Harpy3ku /asnenue. [Ipumepom
TaKOH HArpy3Kd MOJKET CIy)KUTh IaBIIEHHE >KUIKOCTH Ha CTEHKH COCY/a,

M3MEHSIONIEECsT C BBICOTOH MO 3aKOHY P=p-h, rae h - BeicoTa cronba
h
YKUJKOCTH TIOTHOCTBIO p.
| TIpu onpenenenuu Jasnenus Kak TUAPOCTATHYECKOM HArPy3KH HEOOXOIUMO
3a7aTh  IUIOTHOCTb OKMAKOCTH, €IMHHMLbI HM3MEPEHHS M ONPEACIUTL —
HaIpaBJICHUE U3MECHEHUS HAIPY3KHU.

MapameTpel JaBne HHA

D6wue | Napamerpel HarpyxeHua
MpaHe_0
THN HarpysKH:

rPI.\’J.DDCTaTH‘-IBCKaﬂ b

MacTOAHHSA HArpYska

MnoTHocTe: | 1000 :3: EamHmuen | krim3 L

HanpasneHHe

NCE: NCK_0

1Mo yromuaHuo [ Ok l [ OTheHa ]

Hanpassienne usmenenusi Harpy3ku. Harpyska [ uopocmamuueckoe dasnenue NEACTBYeT 10 HOpMAald K
Harpyxaemoil rpanu. HeoOxoammo 3a1aTh HalpaBJeHHWE M3MEHEHHsI Harpy3KH, TO €CTh HaIlpaBJICHHUE, B
KOTOpPOM JIeHiCTBHE HAarpy3KH YBEIUYUBACTCS.

Jia Toro 4ToOBI 337aTh HamnpaBieHWE U3MEHEHHs Harpy3kd, HEOOXOIMMO BHIOpATh JIOKAJIBHYIO CHUCTEMY
koopauHat. Hampasnenne un3MeHeHusi (yBEJIMYEHHUS]) HArpy3ku OyIeT ONpPEAessITbCS HalpaBliCHHEM,
MPOTHUBOIIOJIOKHBIM HAIIPABJICHUIO OCH Z BHIOPAaHHOM CHCTEMBI KOOPAMHAT:

HyneBoe 3HAUYCHUEC HAIpPy3KU, COOTBETCTBYIOLICC BEPXHEMY YPOBHIO JKXUAKOCTHU, COBIIAACT B IIPOCTPAHCTBE
C KOOpI[I/IHaTOﬁ Z=0 TOKaJIbHOM CUCTEMEI KOOpAWHAT, OHpeI[GHHIOHICfI HampaBJICHUC NU3MCHCHUA HAI'PY3KU.
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Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Ons AHanu3a (lNpenpouyeccop)

Jlst paboTHI C IOKATBLHOW CHCTEMOM KOOPAMHAT MCIIONB3YHTE OIITHH:

<c> Bri0pats cucteMy KOOpAHHAT

()]

<K> OTMEHUTH BBIOOP CUCTEMBI KOOPIUHAT

B 3D cuene Harpy3ka /Jaenenue 0ToOpaxaeTcs CISAYIOIIM 00pa3oM:

|
b
-
’ |

|}
~

3apaHue Harpys3ku «[daBneHue»

Tunu4yHbIA NOPAAOK AeiCTBMI NPU 3aaHUM HArPYy3KH Jaenenue:

HMuaunuupoBath komaHay «/laBienue

BriOpath rpanb, peOpo HiH mocie0BaTeIbHOCTD DIIEMEHTOB.

Br16paTh THIT Harpy3ku: paBHOMEpHasi, HEpaBHOMEPHAs MM THAPOCTaTHYECKasl.
[t paBHOMEPHO pacipeen€HHON Harpy3KH 3a1aTh YMCI0BOE 3HAUEHUE.

Jns HepaBHOMEpPHOW HArpy3KH 3aJaTh 3aKOH PacIpeAeICHUsI.

I[Hﬂ THAPOCTATUYCCKOI'O AaBJICHUSA 3a1aTh IIJIOTHOCTD JXKUAKOCTH.

3a7aTh €MUHULIEI ©3MEPEHHUSL.

NGOk~ wWDd R

3anaTh HarpaBleHHUE.

©

3aBepUINTh KOMaHAY.
Bpamenue

Bpawenue npencrasnser coboi BUA HArpyKeHUS, TPUMEHSIONIHIACS TSI IMUATAIIMH [IEHTPOOEKHON CHJIBI,
KOTOpasi BO3HUKAET MPH PABHOMEPHOM HJIM PaBHOYCKOPEHHOM BpallleHUU 00BEKTa.

st 3amanust Harpy3ku Bpawjenue UCTIONb3yHTe KOMaHIY:

Knasuatypa TexcTroBoe MEHIO [Muxrorpamma
<3MR> «Ananu3|Harpy:xenue|Bpamenue» @

[locne BbI30Ba KOMaH/ABI HYXXKHO BBIOpaTh OJHO MM HECKOJBKO TEN JJSl MPHUJIOKEHUs Harpys3ku. [lpm
[TOMOIIY ONIIMHA aBTOMEHIO:

<B> BriOpats Teno

1=l
£ <M> BriOpathb Bce Tena

BBIOEpHUTE TeNa paccuuThiBaeMor Mojienu. OHu OyayT H100aBJIEHBI B CITUCOK.

Bpaiienue Bceraa npoucXoAuT OTHOCUTEIBHO HEKOTOPOM OcH, II0ATOMY €€ Heo0X0IuMO 3a/1aTh. B kauecTse
OCH BpaIlleHUs] MOXKET BBICTYyNath 00 anemMeHt 3D monenu (pedpo, och NWIMHAPHUYECKON TPaHu U T.1.),
0o crienuaabHO NOCTpoeHHas TuHus (Harpumep, 3D myTs, nocTpoeHHsbId 1o AByM 3D y3nam), 1ubo oxHa
13 Ocel JOKaJbHOW cHCcTEMBI KoopauHaT. HampasiieHue ocu BpallieHHs ONpeesseT HallpaBlIeHUue AeHCTBUS
Harpy3kH (110 MpaBHiTy MPaBoro OypaBunKa).

65



AHanu3s

Jst BBIOOpa ocH BparieHus HCIIONIb3YHTe OMIIHIO aBTOMEHIO:

<A> Bri6patb ock BpaieHus

OTMEHUTH BI)I60p OCH BpallleHUs ITO3BOJIACT OIMIUA:

£t <c> OTMEeHUTE BBIOOP OCH

B oxHe cBOWCTB Harpy3ku HEOOXOIUMO 3a1aTh 3HAYEHUsI YIIIOBOH CKOPOCTH U YIJIOBOT'O YCKOPEHHUSL.

Jmst  yriaoBoit  CKOpPOCTH MOTYT OBITh  YCTaHOBJIEHBI

. Mapame Tpbl EpaWe HHA m

CIIENYIONINE EIVHUIBI M3MEPEHUs: pajuaH B CEKyHIY
[pan/c], Tpaayc B cekyHIy [rpan/c], 000pOTOB B CEKyHIY Ofiue | Mapanierper Harpyweris |
[FH], 060p0TOB B MUHYTY [O6/MI/IH] BiTank1earme_0 ¥rnoeas ckopocTe: | 1 =
[ yrmoBoro yCKOpPEeHHS 3aJaloTcs — CIEAYIOIIne Bavriue: paatc |v|

. 2 2
€AMHULIBI H3MepeH124;1. pazm?H B CeKyHOy [pan/c ]2, e R -
rpagyc B CEKYHOY [rpazzl/c 1, 2060p0T0B B CEKyHAY S BRI S s e
[['/c], o6opoToB B MUHYTY [rpm?].
B 3D cnene mnarpyska Bpawenue otoOpaxaercs [ Mo wromarsio ok | [ omeena ]
CIIEYIOIIMM 00pa3oM:

0Cb BPAWIEHUA

HANPABINEHWE BPALIEHWA

3apaHue BpawaTtenbHOro ABuXxeHus

TUNHYHBIN MOPALOK JEICTBUI NPH 3aJaHUM HATPY3KH «Bpamenue»:
w

1. HMHnnuupoBaTh KOMaHAy «Bparmerne»

2. 3agath OCh BpaIICHUSI.

3. 3allaTI: 3HAYCHU U CAUHUILIBI U3MCPCHUSA erIOBOﬁ CKOpPOCTHU M YIJIOBOI'O YCKOPCHHSA B OKHE CBOICTB
KOMaH/bI.

4. 3aBepmuTh KOMaHIY.
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Yckopenue

Yexopenue coznaét paBHOMEpHOE BO3/ICHCTBUE Ha BCSIKOE TENO, 00Jaarolee Maccoi. JlanHoe Bo3eiicTBre
PaBHOMEPHO paclpeie]IeHO 0 BceMy 00bEMY BRIOPaHHOTO Tesia. [Ipy moMoIy Takoro Harpy>KeHUs: MOXKHO,
HaIpuMep, UMUTHPOBATh HATPY3Ky OT COOCTBEHHOTO Beca MO IEHCTBHUEM CHIIBI TSDKECTH.

s 3anaHus Harpysku Ycekopernue UCIIONb3yuTe KOMAaHYy:

Knasuarypa TexcToBoe MEHIO

[Mukrorpamma

<3MA> «Anammn3|Harpy:xenne|Y ckopenue»

[locme BBI30Ba KOMaHABI HY)KHO BHIOpPATh TeNO (WM HECKOJNBKO TEN) IJS MPHUIIOXKEHUS Harpys3ku. [lpm

TOMOIIH OIMIIAII aBTOMEHIO:

<B> Bribpats Temo

<M> Bribpats Bce Tena

BEIOEpUTE Tena paccuuThiBaeMor Mojiend. OHu OyIyT JOOABIIEHBI B CITUCOK.

B oxHe cBOICTB 3amalTe:

Mapame Tpbl ycKope HHA

e BenuuuHy HarpysKy;

Dewme | MapameTpel HarpyseHHa

2 2 ) 2.
o  EnuHUIEI u3MepeHus: M/c”, cM/c”, aroim/c’;

iTeno 0

e HanpapneHue AeiicTBUS HATPy3KH.
HanpagJjienue peiictBusi Harpy3ku. B kadectse
HaTpaBJICHUs JICHCTBHS YCKOPEHHUS, MOXHO BBIO-
path sneMeHT 3D MoIenau Wi HEKOTOpBIM paguyc-

BenHumHa:

EAHHHLEL

1

Atd

Mjc2 w

BCKTOp, Sa,Z[aHHLIﬁ B BLI6paHHOI>i ITOJIB30BATCIIEM

JIOKaIbHOM CHCTEME KoopauHaT (CCJ'II/I JIOKaJIbHasA

CHUCTCMA KOOpAWHAT HE 3aJaHa, TO, 10 YMOJIYAHULO, [ 1Ma ymomaHe

Hanpaenerye
SNEMEHT:

NCK:

—
[=1
A ||| (]

[JofparHoe HanpasneHHe

[ [0]8 l[ OTrEHS ]

6yILCT HCIIOJB30BaThCs rI00albHAas CHCTEMA KOOp-

nuHat). [lo ymMomyanuio, B JIOKAILHON CHCTEME KOOPAMHAT HAIIPABJICHHE ACHCTBUS HArPY3KH 33/1aHO BIOJH

ocu X.

g paGoThI € JTOKaTBHON CHCTEMOM KOOPJMHAT UCTIOIB3YNUTE OMIIUH:

<c> BriOpate cucteMy KOOpAXHAT
<K> OTMEHUTH BBIOOP CUCTEMbI KOOPIUHAT

Jnig 3amanus HampaBieHUs ACUCTBUS HAarpy3Ku Y CKOpeHue Mpu nmomoud o0bekTa 3D Moxenn ucnonb3ynTe

OIIITUIO aBTOMCHIO:

<D> Bri6paTh HampaBienue

J1a oTMeHBI BEIOOPA HaPaBICHHUS UCIIOIB3YHTE OMIINIO:

ET <U> OTMEHUTH BBI60p HarpaBJICHUSA

I[J'Iﬂ CMCHbBI HaAITPaBJICHUA HeﬁCTBHH Harpyskm Ha MOPOTHUBOIIOJIOXHOC MOXHO YCTAHOBHUTH (l)ﬂa)KOK

«O0paTHOE HaTpaBICHUEY.

67



AHanu3s

Jlyis OBICTPOro 3agaHusl CHUJIBI TSHKECTH B OKHE CBOWMCTB HMMeEETCs KHOIka [Cmna wspkecTnm], KOTOpas
YCTaHaBIUBAeT 3HAa4YeHHE yCKOpeHus ~9.81 M/c® 1 3amaéT HaTpaBJIeHUE ACHCTBHUS HArpy3KH BIOIH OCH Z
rI00abHON CUCTEMBI KOOPMHAT, paBHOE -1.

B 3D cuene Harpy3ka «Y CKOpEeHHE» 0TOOPaXKaeTCsl CIISIYIOIIIM 00pa3oM:

ik

TUnUYHBIA NOPAIOK AeHCTBUI NIPH 3aJaHUU HATPY3KH YcKopeHue:

3apaHue Harpysku «YckopeHue»

NHnnunpoBaTh KOMaHAy «Y CKOPEHUEY .

3anaTh BEIMYMHY Harpy3KH.

w N -

3anaTh HaNpaBJIeHUE NEUCTBUS Harpy3Ku

4. 3aBepHIUTh KOMaHY.
navHaApUYecKas HAIPY3Ka

Lununopuueckasa Haepy3ka UMHATHPYET HATPY3KY, BOSHHKAIONIYIO OT HAIMPABIEHHOTO BO3ICHCTBHSA TaKHUX
JieTajicii, Kak OCh, MOJIIUITHUK WX BaJl.

B kauecTBe MecTa MNPUIOKEHHUS HAarpy3kd MWCHOJb3YyeTCd LMIMHAPUYECKAs TIpaHb. 3aJaHHas cuja
pacnpezesnsercs o CHHyCOMAATbHOMY 3aKOHY (CM. MIITIOCTPALIUIO).

—_———

—~ ~ Bbi6paHHas uMnuHapu-
// (" veckas rpaHb
/ AN
/ \

/ \ _HanpaeneHue npunoxexus
| y~ Harpysku

pacnpepaeneHus no cuHycounaanbHOMY 3aKOHY

Jst 3aganus [Jurunopuveckoii Haepy3ku NCTIOB3YHTE KOMaHITY:

Knasuatypa TeKkcToBOE MEHIO ITukrorpamma
<3MB> «Ananu3|Harpy:xenne|{nsmaapu-
YyecKasi Harpy3Ka»

Ilocne BEI3OBa KOMaHIbI H€O6XOZ[I/IMO BBI6paTI> OJICMCHTBI (LII/IJ'II/IH)_'[pI/I‘IGCKI/Ie FpaHI/I) MOACIN IJId
MPUIIOKCHHA HAI'PY3KHU. HpI/I IIOMOIIIH OIIIMH aBTOMCHIO:

<F> BBI6paTB NUIMHIAPHUYECKYIO TpaHb
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BBIOCPHUTE IMIMHAPUYIECKYIO T'paHb pPAcCUMUTHIBAEMOIl Monenu. BeiOpanHbIH 31eMeHT Oyner no0aBieH B

CITNCOK.
B oxne cBoiicTB 3az[a171Te: LMAMHapHUE CKAA HATpY3Ka
[ ] BCJ'II/I"II/IHY Harpysku, Ofwme | NapameTpel HarpyxeHua |
° EI[I/IHI/II_[I:I I/ISMCPGHI/ISE H’ KI‘C’ dDC, MpaHe_0 3aKoH pacnpeasneHHa cHibI
. | CHHYCOMAANEHEI M
o HanpaBneHHe ACUCTBHS HAIPYy3KHU. Hanpagnenwe: |NCK_0
o [] ofiparHoe Hanpasnevke
HanpaBﬂelme JEeUCTBUA Harpy3Ku. B Ka4yeCTBC : . {i%
v o ENHYKHG!
HaIrpaBJICHUA NCUCTBUA LluﬂqupulteCKou Hazpy3Ku, MOXHO LR '
BI:I6paTI> sneMent 3D MOACIN WIW KOOPAUWHATHBIC OCH
CUCTEMBI KOOPIUHAT. [ Mo ymosmanuio [ ok J[ omens |

s 3amaHus HampaBJICHUs ACUCTBUA [[ununopuueckou Haepy3ku TpH momorm oObekta 3D monenu
WCIIOJIB3YITE ONMIUI0 aBTOMEHIO:

<D> BriOpatp HampaBieHne

Jn1st oTMEHBI BEIOOpa HaIpaBJICHUs UCHIONb3YHTE OIIHIO:

£t <u> OTMEHUTH BHIOOP HAPABICHUS

Jdnst cMeHbl HampaBieHHs JCHCTBHS HAarpy3Kd Ha TPOTHUBOIOJIOXKHOE MOXKHO YCTaHOBHUTH (PIaskok
«O0paTHOE HampaBJICHUEY.

B 3D cuene «{unuHapudeckas Harpy3ka» 0TOOpaKkaeTcsl CIEAYIOIMM 00pa3oM:

3apanue «LlunuHapuyeckon Harpysku»

TunuuyHblii NOPSAOK AeiicTBU npu 3aganun Lununopuyueckoii Hazpy3ku.

@
Muaunuuposats koMmany «LuinHapudeckas Harpy3ka» ”R

BrIOpaTh MUIMHAPHUUECKYIO TPaHb WK HA0OP rpaHek.

3agaTh BEJIMUMHY HArpy3Ku.

M ow e

3agarh HanpaBlieHUE ACHCTBUS HAPY3KH

5. 3aBepmmTh KOMaHIY.

Kpyrsimumii MOMeHT

Kpymswuii momenm nipeicTaBiiseT co0oi BO3/CHCTBHE MOMEHTA YKa3aHHOM BEJIMYMHBI, PACIIPEICIICHHOE 110
YKa3aHHOH IpaHu.
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MecTo npunoxenus
Harpy3ku (rpaHb)

o
\__/

s 3ananus Kpymsawezo momenma ACTIONb3yUTE KOMAHIY:

~_0Ocb MoMeHTa

Knasuarypa TexcroBoe MeHIO IMuxrorpamma
<3MO> «Anamm3|Harpy:xenne| Kpyrsimmi ZW
MOMEHT»

B kadecTBe MecTa NpUIIOKEHHSI HArpy3KW HCIOIB3YIOTCS IpaHu. [ BeIOOpa TpaHell HCIOIB3YHTE OMIUI0
aBTOMEHIO:

@] <F> Bri6pats rpanb

BriOpanHbIe TpaHu 3aHOCSTCS B CITUCOK.

B okHe cBoOWCTB 3amaiTe:

e BenuuuHy Harpysku; Mome HT

e Epununet usmepenus: H-m, KI'C-cMm, @C-nroiim; r— e e

e Ocp MOMEHTA. Mpas_0 MomenT: | L =]
HampaBnenne ocm MoMeHTa (WM OCH BpallleHHUs) OIpeje- Eanhmubi: | He [+

JIeT HampaBjieHHe NeiCTBUA Harpy3ku (M0 MpaBWiIy Mpa-
Boro OypaBumuka). B kauecTBe ocu BpalleHUs! MOXKET BBICTY- T
nath b0 snemeHT 3D monenu (pebpo, och HUIUHIAPUYEC- 30 Myt 0
KOH TpaHW ¥ T.J.), THOO CIEIHAaIbHO MOCTPOCHHAS JIMHUS
(manpumep, 3D myTh, mocTpoeHHBIH Mo AByM 3D y3mam),
100 oz1Ha U3 Ocel JIOKaJIbHOM CUCTEMBI KOOPIUHAT.

[ Mo yronuaro 0K ] [ OTveHa

I[J'IH BI:I60pa OCH BpalllCHHUA HCHOJ’IL3yﬁTG OIIIMIKO aBTOMCHIO:

E <A> BriOpath och BpamieHus

OTMEHHTH BLI60p OCH BpalllCHUs ITO3BOJIACT OIIUA:

£t <c> OTMEHUTH BBIOOD OCH

B 3D criene Harpy3ka «KpyTsimuii MOMEHT» 0TOOpaskaeTcs CIAeayIOmnuM 00pa3om:

3apaHue Harpy3ku «KpyTawmin momeHT»
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TUnUYHBIN MOPAAOK AeCTBUI NIPH 3aaHUU HATPY3KH «KpyTaiumui MOMeHT !

MununnposaTth koMaHAy «KpyTamuili MOMEHT) ZW
BriOpats HarpyxaeMble rpaHu Tela.

3anaTh BEIMYUHY HATPY3KH

3agaTh OCh MOMEHTA.

3aBepIuTh KOMaH/Y.

arowbdPRE
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Ocuunasarop

Ocyunnisimop (KAHEMaTUUYeCKasi Harpys3Ka) MpeACTaBisieT cO00i BHI

HarpyxcHus,

KoJIe0aTeIIbHOr0 JABHKCHHUA OJICMCHTA

IIPUMCHAIOIIETOCA [JIA 3aJlaHusd TapMOHHUYCCKOI'O
KOHCTPYKIHUH,

WCIBITHIBAIONICH BuOpanuio. Vcmonp3yercs B 3ajadax pacuera
BEIHYK/ICHHBIX TapMOHHMYECKHMX KoNeOaHWid s 3agaHud  T.H.

KHHEMATHY€eCKOro Bo30Yy:K1eHUs KoJieOaHui.

JUst 3amanHust Hazpy3Ku OCYuLIAmop NCTIONb3yiTe KOMaHIy:

Knasuarypa

TexcTroBO€ MEHIO

[TukTorpamma

<3M30>

«Anamm3|Harpy:xenne|OcuuisaTop»

S,
P
(=)
N

[Tocrme BBI3OBa KOMaHIbI HEOOXOAMMO BBIOPATh 3JIEMEHTHI MOZCIU JUIS TNPHIOKEHUs Harpysku. [lpu
TIOMOIIIY OTIITUH AaBTOMEHIO:
<E> BrIOpatTh 371eMEHT U1l KHHEMaTHYECKOTO HATPYKEHUS
BBIOCPHUTE AJIEMEHTBI PACCYMTHIBAEMON MO/Ie)Id. BhIOpaHHbIH 351eMeHT OyneT 100aBJicH B CIIMCOK.
[Tpu momoty onIwx aBTOMEHIO:
& <B> BriOpats Teno
& <M> BriGparh Bee Tena
BEIOEpUTE Tena paccyuThiBaeMoi Mojiend. OHH OyIOyT T00aBIEHBI B CIIHCOK.
B okHe cBOWCTB 3amaiite:
e Tun 3Ha4eHUI HArPY3KHU IO OCSM;
e BennuuHy v HanpapJeHHE JCHCTBHS HATPY3KH; Mlapamerper ocumnnsropa (S
MapamMeTpsl HAarpy*eHUA
e EmuHMIBI W3MEpPEHUS Ui PasIWYHBIX  TUIIOB
2. Faverns 10 0o
Harpy3KI/I M, M/C, M/C y BeiTankueaHue_5 Tur:
MpaHe_15 ﬂMHEEIHbIEI Macms_l(il |chpenv1e -
e  Da30BbIif CIBHT, EANHHIIBI H3MEPEHHUS: TPAJI, pa. Mparie_16 : Mareirni Macane_I(#1
VX
5 &
My
3navenusa mo ocaMm, THN. llepen 3agaHWeM BHAYCHUN || qurensroommmar: 10 =
KAHEMATHYeCKOH Harpy3Kd HEOOXOIUMO BBIOpATh THUI || [Memeyronsas z
napameTpa, ONPENENSIONIEr0  aMIUIUTYAy — KoneOaHus. || "¢
EAMHULEL W3MEPEHUA .
KonuuectBenHo aMIUIUTYAA JBUYKEHUS 3JeMeHTa PR e smm—— R sl =
KOHCTPYKIIMM  MOXKET  OBITh  33aJlaHa  HECKOJbKUMH
[ononHATENbHBIE MNEPaMET Pl
PaBHO3HAYHBIMHU crocobamMu gepes aAMITTUTY/IBI: N .
nepemenieHnii Omuodka! O0beKT He MOKeT ObITH CO31aH SRR orya—
U3 KOIOB MO0Jiel peJaKTHUPOBAHMSA., MM, CM, M, JIOUMBI,
q)yTBI; Mo ymonyanmo \m‘

CKOpPOCTH Um =U,_ -o,, MM/c, cM/c, M/c, oiim/c, dyT/c;
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yekopennsa U =U a)f , MM/c2, em/c?, M/c?, moiim/c?, byT/c?;
neperpysku U_/g=U, -w? /g, pas;
IJIC Of - YACTOTA BBIHYKICHHBIX KOTeOaHHil, paj/c; g - yCKOpPEHHe CBOGOIHOTO MageHus, M/c’,

Kak BHUOHO, BCE€ BCIWYUHBI, KPOME aMIUIMTYyAbl NCPEMCUICHUS, SABIAOTCA BTOPHUYHBIMU W OAHO3HAYHO
BBIpAXXarOTCA 4€pe3 aMIUIUTYy Y KoJIeOaHus U YaCTOTY BBIHYKIACHHOI'O KoJIeOaHus.

Yacrora komeOaHus 3aJaeTcsi B AUajore HacTpoeK pacdera "BrIHyKAeHHBIE FapMOHHUYECKHE KoneOaHus"
HEIOCPEACTBEHHO NIEPe]] BBIIIOJHEHUEM pacyera.

Beanunna u HampasJeHue AeiicTBUSI KHHEeMaTH4YeCKON HArpy3ku. B kauecTBe HampaBiieHUs AefcTBUA
Harpy3KH, MOXXHO BBIOpaTh HEKOTOPBIN PayC-BEKTOP, 3alaHHBII B BHIOPAHHOMH MOJIH30BaTENIEM JIOKATbHON
cUcTeMe KOOpAMHAT (eciu JIOKajgbHas CHCTeMa KOOpPAMHAT HE 33JaHa, TO, MO YMOJIYaHUIO, OyIeT
HCTIONB30BaThCs TIIo0abHas cucteMa Koopaunart). [loctaBbTe rajqoyky HaIIPOTHB TEX OCEH, BAOIb KOTOPBIX
OyIeT 3a/1aBaThCsl BEIMUMHA COCTABIISAIONIEH HArpy3KH MO JTaHHOU OCH.

Jiist paGoTBHI € JIOKAIbHON CUCTEMOM KOOPIUHAT MCIIONB3YHTE OIIINH:

<c> Bri6paTh cucTeMy KoOpAMHAT

<K> OTMEHUTBH BBIOOP CUCTEMBI KOOPIUHAT

BenuuuHBEI COCTaBISIOIIMX HAarpy3KH, pas3iloKE€HHONW IO OCAM CHCTEMBI KOOPAWHAT, BBOJATCS B IIOJIA,
COOTBCTCTBYIOIIME OTMCUCHHBIM raioukoii ocsam. Ilo YMOJIYaHHUIO BBOJAATCA 3HAYCHHA C TUIIOM aMIIIUTYyJda
HEPEMELICHUM, MM.

®a30Bblii CABUT UCIIOIB3YETCS IPU HATTMYUK B 3a7]a4€ HECKOJIbKUX TAPMOHMYECKUX BO3JCHCTBUH (CHIOBBIX
WIM KUHEMAaTUYeCKWX) JJis 3aJaHus 3amas3[plBaHus WIH ONepekeHus 1o (aze OJHOH Harpy3Ku
OTHOCUTEIBHO JPYTOH.

B 3D cuene Harpy3ka « OCHHLUIATOP» 0TOOpaXKaeTCst CICIYIOIIUM 00pa3oM:

=

=3

OTo6paxkeHne Harpysku «OcuunnaTop»

TunuYHbBI NOPATOK AeHCTBUI NPH 3aJaHUM HAZPY3KU OCUUNIAMOD:

A

e
1]
3

ﬂ/l!
1. Haunuuposath KoMaHay «OCIUIIIATOPY [ 7.
2. BriOpats rpanu, pedpa, BEpIIMHBI H/WIK TeJa; BEIOpAaTh CUCTEMY KOOPIMHAT.
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3. 3agaTh 3HAYCHHMS W COUHHUIBI HM3MCPEHHS BHOPAIMOHHBIX AaMIUIMTYA JJI1 KOMIIOHCHTOB

MepEeMEIIeHHIA, CKOPOCTH MM YCKOPEHHS B OKHE CBOMCTB KOMaH/IbI.

4. 3amath (a30BEIN CABUT U €AMHUIIBI €T'0 H3MEPCHUS.
5. 3aBepmuTh KOMaHTY.

I[OHOJIHI/ITCJILH&H mMacca

JlononHumensHas Mmacca TPEACTaBISET cO000M BHI HArpyKeHHA,
JIONOJIHUTEIBHOW HWHEPUUMOHHOM HArpy3KH OT YacTH KOHCTPYKLHMM, HE BKJIOYEHHOW SBHO B 3ajady. B
3a/1ayax CTaTHYECKOr0 aHalkM3a M aHalIu3a YCTOWYMBOCTH MPUMEHSETCS TOJIBKO COBMECTHO C Harpy3kou
«Yckopernue». Hcnonb3yercs B 3ajadax CTaTHYECKOTO aHAIM3a, aHaIN3a YCTOWYHMBOCTH, YaCTOTHOTO

aHaJIM3a U aHaJIM3a BBIHYXJICHHBIX KOJICOaHMIA.

UcxogHas nonHopasmMepHasi Mmogernb

3ameHa gucka "JononHuTtenbHon maccomn”

Knasuatypa TekcroBoe MEHIO [Mukrorpamma
" Anasmmz|Harpy:xenne|lonoJHuTEILHASA
<3M3M> e [l

ITocne BrI30Ba KOMaHbI HCO6XOZLI/IMO BBI6paTI> QJICMCHTBI MOJCIN JJISI IPUIIOKCHUS HATrPY3KH. C IIOMOIIBIO

ONIIMHA aBTOMEHIO:

<E> BrIOpats aneMeHT JuIs HarpyKeHUs

BbIOEpUTE IpaHu, pedpa WK BEPIIMHBI PACCUNTHIBAEMOM MOJieNi. BErIOpaHHbIE 21IeMEHTHI Oy IyT

BI:I6epI/ITC TCJ1a paCC‘lHTBIBaGMOfI MOJCIIH. Onn 6YILYT ,I[O6aBJ'ICHI>I B CITMCOK.

MIPUMEHSIONIETOCS IS 3aTaHus
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JononHuTeneHan macca @
Dfiwme | [apameTps! HarpyxeHua |
TpaHb_12 : Borrankusarne 2 |I: EPEC T iY ] ~| 1.512
Eamrnuer: | dhyHThl hd
BuzyansHeIi 1 -
macwTa: =
Mo ymonuaHo [ OK ] | Omvena |

B okHe cBoMCTB 3agaiite:

o BCJ’II/I‘H/IHy Harpy3Kkm B KI; MOKHO HCIIOJIB30BaTh ICPEMCHHBIC, B KOTOPBLIC 3allMCaH pPE3YJbTaT
HU3MCPCHUA MACChI KaAKOTI" 0-IM00 Teaa Uin Oorepanuu.

e  EnuHUIBI U3MEPEHHUS: KT, QYHTHI;
Cnenyer uMeTh BBHUAY, YTO 3aMEHa Teja JOMOJHHUTEIBHOW MacCOW, NMPUIIOKEHHOW K TeM K€
IpaHsM, MO KOTOPBIM KacajloCh 3aMEHSIEMOE TeJO, XOTS W YIPOUIAeT KOHEUHO-3JIEMEHTHYIO
MOJI€JIb, BMECTE C TEM HE IO3BOJIAET YYECThb INPOCTPAHCTBEHHOE paclpeiesieHue MacChl. JTO
OOCTOSITENTLCTBO HY)XKHO YYUTBHIBATH OCOOEHHO B 3a/JayaX 4YacTOTHOTO aHajin3a, B KOTOPBIX
MIPOCTPAHCTBEHHOE PACIIPENICIICHHE MAacChl MTPAcT KIFOYEBYIO POJb B (DOPMHpPOBAHUM CIIEKTpa
COOCTBEHHBIX YacCTOT KOHCTpyKUMHU. [loaTOMy Takas 3aMeHa OOBIYHO [OMYCTHUMAa TOJBKO JUIS
pacdeta nepBoii (HUKHEH) COOCTBEHHOW YaCTOTHI.

TUnuYHBIA NOPAAOK AeHCTBUIA NIPH 3aJaHUU HATPY3KH «/lomoHuTe IbHAS Maccay:
NHnnnnpoBaTh koMaHAy «/JlonosnHuTenbHas macca» @

BriOpats rpanu, pedpa, BEepIIUHEI
3anaTh 3HAYEHUS U €JUHUIIBI H3MEPEHUS.

M ow e

3aBepLIUTh KOMaHIY

Tennoesbie Haecpy3KuU

OTOT TUIl Harpy30K UCIIOIL3YETCs B 3ajjauax TeI000MEeHa.

TennooOMeH npecTaBisieT coboil Mpoliece nepenadr Termia u3 obaactTu ¢ 6oee BEICOKOW TeMIepaTypoi B
0061acTb ¢ 6oJIee HU3KOH TemMIepaTypoi.

Temmneparypa

Temnepamypa XapakTepHu3yeT TEIJIOBOE COCTOSHUE TeJla U OTIPEIEIISieT CTENEHb €0 HarpeTOCTH.

Harpyska «Temnepamypay» Acnons3yeTcs JUIsl ONPENCIICHUS HE U3MEHSIOIIENHCS CO BPEMEHEM TOCTOSHHOU
TEMIIEPATyPhl 3JIEMEHTOB MOJIENH B CTAI[MOHAPHOM M HECTAI[MOHAPHOM TETUIOBOM aHANIM3E, a TaKXKe - IS
OIpEAETICHNs] Pa3HOCTH TEMIIEPATyp B CTATUUECKOM aHAJINM3€ MPOYHOCTH KOHCTPYKIUH MIPH PEIICHUN 3a/1a4
TEPMOYTNPYTOCTH.

Harpyska «Hauanvnas memnepamypa» WCIONB3YyETCSl NS ONPEACICHHS MCXOAHOM TeMIepaTypsl B

HECTAllMOHAPHOM TEIJIOBOM pacyére. DTa TEIUIOBas Harpys3ka ONpeAesseT TeMIepaTypbl BBHIOPaHHBIX
3JIEMEHTOB MOJIETTH B HYJIEBOII MOMEHT BPEMEHH.
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B Tex y3max KOHEYHO-JIEMEHTHOW CETKH, KOTOpble HE IpPUHAJIEkKAT yKa3aHHBIM 3JIEMEHTaM MOJENH, B
KadyecTBe Ha4YaJbHOH TeMIepaTypsl OyAeT YCTaHOBJICHO 3HAYCHHE «II0 yMoidaHuio». OHO ompenessiercs B
nuanoroBoM okHe «Ilapametpsl 3amaum» Ha Bkiajke «[lapameTpsi».

s 3ananust Harpy3Ku UCTIONb3yHTe KOMaHay:

Knasuarypa TexcroBoe MeHIO ITukTorpamma
<3TT> «Ananmn3|TermioBas g
Harpy3ska|Temnepatypa»

Temnepamypa MOXET OBITh IPUIIOKEHA K TENY, IPaHH, peOpy WM BEpIINHE MOJIEIH.

Jst BBIOOpA 3II€MEHTOB MOJIEIH HCITONB3YHTE OMIINKA aBTOMEHIO:

<E> BrIOpats a5ieMeHT JUIs HarpyKEHUs

<B> BsiGparth Teso
<M> BriGparth Bce Tena

BriOpaHHbIE 371EMEHTBI 3aHOCSATCS B CITHCOK.
Temne patypa E
B okHe cBoiictB Harpy3ku «Temmeparypa» e ST
HE00XO0IMMO 3aJ1aTh CICIYIOIINE TTapaMETPhI: Losue]
() HauanbHaA TeMnepaTypa
e  BenuuuHy Harpysku; ® Termeparypa
e  Epununs usmepenus: K, C, F. Fpatis_0 Bennra: | 25 =
EAHHHLEL |rpa,e1ycb| Llenecka M

B 3D cuene Temnepamypa oTOOpakaeTcs CIEAYIO- [ Mo svomarso ok ][ owewa |
UM 00pa3om:

3ananue TeniioBoii Harpy3ku «Temnepatypa» 3ajaHue HAYAIBLHON TeMIIEPATyPhbl B HECTAIIHOHAPHOM
TeIIOBOM pacuére

TunuyHas mocjaea0BaTEIbHOCTD AeHCTBUI npu 3aianuun TenJI0BOM Harpy3KHu:

HMuaunuuposate komaHay « Temneparypay» g

VYceranoButs onumto «Temrepartypa» uinu «HauanbHas Temneparypay.
BriOpats Teno, rpanb, pedpo, BEpIINHY WX HAOOp IIEMEHTOB
3agaTh 3HAUCHHUE TEMIIEPATYPhl U €AUHULBI U3MEPEHHUS.

ISANEE A

3aBepmuTh KOMAaHIY.
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TenaoBoii MOTOK

Harpy31<a Tennosoti nomox MO3BOJISICT 3aJaTb KOJMYCCTBO TCIUIOTHI, IEPEHOCUMOC B CAWHUIY BPECMCHU
4Yepe3 CAMHUYHYIO IUIOMIalb MOBEPXHOCTHU, TO €CTh 3a1aTh y,I[eJII:HI:If/i TEIJIOBOM IOTOK.

ILJ'IH 3aaHrsd Harpy3Ku I/ICHOJ’IB3yf/iTC KOMaHAay:

Knasuatypa TexcroBoe MeHIO ITukrorpamma
«Ananus|TemioBas g
<3TF> [Tenaro &
Harpyska|TennoBoi moTok»

Tennosoti nomox MOXeT OBITh MPUIOKEH K TpaHW Moxaenu. Jins BbIOOpa rpaHell HCMOJIB3YyHTE OMIHUU
aBTOMECHIO:

<F> Bri6patb rpanb

BriOpaHHBIE 37IEMEHTHI 3aHOCATCS B CITUCOK.

B oxHe cBoiicTB Harpy3ku «TemioBod  MHOTOK» = —
TennoeoH NOToK
HE00XO0MMO 3a71aTh CIEIYIOIINE TTapaMETPBI:
Otwe | MapaMeTpel HarpyseHuR |
e Bemnuuny Harpysku;
paHe_0 BenkunHa: | 1 {ﬁ
2 2
e  EauHunml HU3MEpPEHUS: Bt/™m*, Br/cm?,
* o 2 EAHHHLE! |BT,I'MA2 M
BTU/c* moiim*.
OtpunaTenbHOe 3HAUYEHUE BEIMYMHBI TETUIOBOTO MTOTOKA
O3HAYaeT, 4YTO Yepe3 3aJaHHyI0 TpaHb TeJo TepseT
s P AaHHYy p p ] N ysdcmauie [ oK ] ’ OTtmeHa ]
SHEPrHUIO.

B 3D cuene Tennogoti nomox 0ToOpa)xaeTcs CICIYIOIUM 00pa3oM:

%

\}

3apaHue TennoBon Harpy3ku «TennoBon NOTOK»

Tunu4dHas nocne10BaTeIbHOCTh ASHCTBHUM NTPH 3a1aHUH HAarpy3KkH «TernoBoil MOToK»:
17
MuanumnnposaTts koMaHAy «TermIoBoil mOToK» v ;

Bri6patb rpans;
3anaTh BENIMYNHY HATPY3KH;
3amath eTUHUITEI U3MEPCHHUS;

ok~ DN

3aBepuInTh KOMaHYy.
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TengoBasgs MOIIHOCTE

Harpy3ska Tennosas mowrocms MO3BOJSET 3a1aTh:
e  00BEMHYIO MOIIHOCTh HCTOYHHUKOB TEIUIOBOM SHEPIHH;

® KOJMYECTBO TCIJIOTBHI, NCPCHOCHUMOC B CAUWHUIY BPCEMCHHU UYCPE3 IPOHU3BOJIbHYIO IMOBCPXHOCTD,
Ha3bIBACMOC€ MOIITHOCTBIO TCIIJIOBOI'O ITIOTOKA (TeHJ’IOBOﬁ MOHIHOCTI)IO).

I[J'Iﬂ 3aJaHrsd Harpy3Ku HCHOJ’IBSyﬁTe KOMaHAay:

KnaBuarypa TexcroBoe MeHIO ITukrorpamma
«
<3TP> Anaans|TensoBas
Harpy3ka|TennoBast MOITHOCTHY

Tennosas mowHocms MOXET OBITh MPHUIIOKEHA K TeNy, TpaHH, pedpy Wi BeplunHe Mmoxaenu. s BeIOOpa
AJIEMEHTOB MOJEITH HCIIONIb3YITE ONIIMHA ABTOMEHIO:

=l <E> Br1Opats aneMeHT [T HarpyKeHUs

& <B> Bribpats Teno

a2 <m> Bri6parth Bce Tena
Bp1OpaHHbIe 271€eMEHTBI 3aHOCATCS B CIIUCOK. TennoBaa MOWHOCTD

193 193 MapatieTpel Harpy#eHHa
B okHe CBOWCTB 3a1aiiTe: kel Nopserperarpyuees |
MpaHe_0 BennukHa: | 1 {ﬁ
e BenuuuHy Harpysku;
EArHHLUE! |BT M

e  Eaunune usmepenus: Br, BTU/c.

WIATENIEHOE 3HAYEHUE BEIMYWHBI JAHHOW TEIIOBOU
OTp " A [ Mo yrmamanue [ 0K l ’ OrreHa ]
Harpy3Ku O3Ha4aeT, YTO TEJO TEPSIET IHEPTHUIO.

B 3D cuene Tennosas mowmocms 0TOOpakaeTcs CIEAYIOMIM 00pa3oM:

3apaHue TennoBon Harpy3kun «TennoBas MOLWHOCTbY

TunuyHas mocjaea10BaTeJbHOCTD Z[eﬁCTBﬂﬁ Nnpu 3a1aHUA HATPY3KHU «Tennosasn MOIIHOCTDb):

WnnunupoBats komanay «TemnoBast MOITHOCTE)
BriOpartk Teno, rpanb, pedpo WM BEPIIHHY.

3anaTe BENWYNHY HATrPY3KH;

3amaTh eIUHUIIEI H3MEPCHUS

ok owpE

3aBepInTh KOMaH/Yy.
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KoHBeKTHBHBIN TEeNJI000MeH

Kongexmusnvim mennoodmenom Ha3pIBaeTCs MpoILecC MepeHoca TEIUIOThl MEXKIy MOBEPXHOCTBIO TBEPIOTO
TeJa U BHEIIHEH cpefol (Ta3, )KUIKOCTH).

Harpy3ka Koneexmughwiti menioodmer TO3BOISACT 33JaTh KOJUYECTBO TEIUIOTHI, OTIaBACMOE B CIMHUILY
BPEMEHU EIUHUIICH MOBEPXHOCTU IPHU PA3HOCTH TEMIIEPATyp MEXKAY MOBEPXHOCTHIO M BHEIIHEH Cpenou,
paBHOI OTHOMY TPAAYCY, TO €CTh 3a[aTh KO (UIIMEHT TEIUIOOTIAYH.

Jis 3amanus Harpy3ku KoHeekmueHblll menjiooOMeH NCTIONb3YUTe KOMaH/Y:

Knasuarypa TexcToBOE MEHIO [Mukrorpamma
«
<3TC> Anaans|TensioBast Harpy3ka|

KoHBeKTHBHLIH TEIJI000MEH

Harpyska Konsexmugnwiii mennioobmer onpefeneHa i rpaHeil MOAeIu.

st BBIOOpa TpaHeii HCIONB3YITE OMIMKA aBTOMEHIO:

<F>

BriOpats rpanb

BriOpaHHBIE 37IEMEHTHI 3aHOCSATCS B CITUCOK.

B okne cBoicTB Harpy3ku Kowgexmueuwlii menso-
06Men HeOOXOAMMO 33J1aTh CISAYIOIIUE MapaMeTPhl:

Koaddumment tenmootnaym;

Enunanner w3mepenus: Bt/mM2*C, Br/cmM2*C,
BTU/c*mroitm2*F;

TemmnepaTypy BHeIIHEH cpeabl (KUAKOCTH WU

rasa);

Enunnner namepenns: Kenssun [K], rpamycsl
Henscus [C], rpagycel ®apenreiira [F].

KoHBEKTHEHBIH Te NN00GMe H

Oeiwme I'IapaME'rpm Harpy#eHHA |

[paHe_0 BenHdkHa!

EAHHHLE:

TeMnepaTypa:

EAmHHUEL

10 =

BTjnrziC

[l

25 =

|rpaﬂycm Uenecra

[l

[ Mo yronyata

I Ok ][ OTrEHa l

B 3D cuene Harpy3ka «KoHBEKTUBHBIH Tem1000MeH» 0TOOpakaeTcs CIEAYIOIINM 00pa3oM:

3apaHue TennoBoW Harpy3ku « KOHBEKTUBHBLIN TENIO0OMEH»
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Tunu4Has Nocjaea0BaTeJbHOCTD AeHCTBUIA NIPH 3a1aHNU HATPY3KkHU Koneexmuenwiii menniooomen:

Bri6path rpafb.

A

4. 3aBepmuTh KOMaHIY.

HN3nyuyenue

TLh
WNunmmupoBats koMaHay « KOHBEKTUBHBIN TEILIOOOMEH .

3anaTh 3HaueHUE KO3 UIeHTa TEMI00TIau1 1 TEMIIEPATYPhl OKPYKAIOIIECH CPebl.

Harpertsie Tena u3imydaioT B OKpy’Karolee MpOCTPAaHCTBO YHEPTHIO B BHJE KOJeOaHUH SIEKTPOMArHUTHOTO
nons. M3myuenue, momajaroliee Ha HEKOTOPOE TEN0, YACTHYHO OTPa)KaeTcsl, YaCTUYHO MOTJOIIaeTcs, a

TAKXXE YaCTUYHO ITPOXOAUT Y€PE3 HETO.

s 3ananust Mznyuenust NCTIONb3YHTE KOMAHIY:

Knasuatypa TexcToBOE MEHIO [Mukrorpamma
<3TR> «Ananu3|TemioBas E‘
Harpyska|U3aydenney»

Harpyska M31yuenue onpenenena ans rpaneid Mmoaenu. J{ns BeIOOpa rpaHeil UCTIONB3YHTE OO aBTOMEHIO!

<E>

BrIOpath aneMeHT 1151 HarpyKeHHUs

BriOpaHHBIE 37IEMEHTHI 3aHOCSATCS B CITUCOK.

B okHe cBoHCTB Harpy3ku HM3ziyueHue HE00OXo-

JIMMO 3a/1aTh CIEAYIOLIHME apaMeTphbI: S ——

e Tum U3y dEHUS: U3JTy9EHHE B Dbuyee | MaparteTpel Harpyenia
OKPY’KaIOIIYI0 CPEILy; Fpane{

o  KoaddunmenT mzmydeHus;

e TeMmepaTypy BHELIHEN CPEIbI;

e Epununper  wusmepenus:  kenbBuH  [K], sy dena; it
rpagychl Ilenscus [C], Trpagychl oy ioHie B OKpYHSIOWY'O cPedy ||
d)apeHreﬁTa [F] [ Mo yronuarmm

o d)aKTop BUANMOCTHU I'PAHU.

3 nyueHHe: 0.5

TeumnepaTtvpa: | 25

rpaaycel Lenscka [ v

BranmocTe: 1

[<l¥]

==
i3

]
)

0K

l ’ OTmEHE

B 3D cuene Harpy3ka «/3nyueHue» 0ToOpaxaeTcs CIeIyIONUM 00pa3oM:

# i

3apaHue TennoBoi Harpysku «ManyueHue»
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Tunu4Hasg Nocjaea0BaTeJbHOCTD IeCTBUI NIPH 3aJaHUU HATPY3KM H31yuenue:.

MununnposaTth kKoMaHay «3nyueHue» @
3aaaTh TUI U3TyYCHUS.
3anath k03 puUIUEHT H3ITydeHusI.

3anmaTe TEeMIlepaTypy BHEUTHEH Cpelbl ¥ eIUHUIIBI H3MEPEHHUS.

ok~ e

3amath pakTOp BUIAUMOCTH TPaHH.
6. 3aBepiIUTh KOMaH/Y.

TensioBoii koHTaKT (TepMuyeckoe cONpoOTUBIIEHNE)

Konrakr Mexay ¢Gu3ndyecknMH TelaMH NpPAaKTUUYECKH HHUKOTJA HeNb3s CUMTaTh HACalbHBIM. 3-3a
LIEPOXOBAaTOCTH IOBEPXHOCTEH KOHTAKTA HA TPAaHHUIE ABYX TeJl 0Opa3yloTCsi MUKPOCKONUYECKUE 3a30Dbl,
3aIlOTHEHHBIE BO3[yXOM WIIH JAPYTOH OKPYKAIOIIEH Cpeloi. DTa oKpyskaromas cpeaa nMeeT KodQGuimeHTs!
TEIUIONPOBOAHOCTH, OTJIMYAIOIIMECS OT KOHTAKTUPYIOIIUX TBEPABIX Ten. B pesynbrare Ha rpaHuue
KOHTAKTUPYIOIIUX TeJI MPOMCXOAMUT CKAYKOOOpa3HOE M3MEHEHHE HEeMPEphIBHOTO TEMIIEPATYPHOTO IO,
BBI3BAHHOE, KAaK MPaBWIO, XYALIMMH YCJIOBUSIMH TIPOBOJMMOCTH TEIUIOBOM O3HEPrUM Ha TIpaHHLE
KOHTaKTUPYIOIIHX TeJl.

A Tomumina

Temmeparypa

o

0
9T0 (1)H3H‘ICCKOC SIBJICHUC HA3bIBACTCA TCIUIOBBIM COIIPOTHUBJIICHUCM.

I[.HH 3aJaHusl TCIIOBOTO COIPOTHUBIICHMS IIPECIHA3HAYCHA KOMaH/1a.

Knasuatypa TexcToBOE MEHIO IIukrorpamma
« 7 G
<3T73C> AHnanu3s| TennoBas Harpy3ka | Tennosown L"r
KOHTaKT»
[Tocne BpI30Ba KOMaH/Ibl CTAHOBSTCA JOCTYITHBI CIETYIOIINE ONLIUN aBTOMEHIO!
<c> BbIOpaTs KOHTaKTHBIE TPaHU
@&, <1> Bri6op rpaneii 1
] ) <xX> OTMeHUTH BBIOOpP BCcexX IpaHen

Vkaxxkure J1IeBOi KHOIIKO MEBIIIH T'paHHU, Y4aCTBYIOIIUC B TCIIJIOBOM KOHTAKTC. MosxHOo YKa3aTb HCCKOJIBKO
Ha60pOB FpaHeﬁ, €CJIM MapaMeTphbl TCIUIOBOI'O KOHTAKTA B HUX OJUHAKOBBLI.

Ilocne sToro HGO6XO}_'[I/IMO BBI6paTB THUII TCIUIOBOI'O COPOTHUBJICHUS: IIOJTHOC WX PACIIPECACICHHOC.

81



AHanu3s

e T[losHOE CONPOTHBICHHE WMEET EIWHMIBLI H3MepeHus rpaj/Br. Ero BemuumHa xapaktepusyer
CYMMAapHYIO MOTEPIO TEIJIOBOW MOIIHOCTH Yepe3 BCIO MOBEPXHOCTh KOHTAKTa (ITOBEPXHOCTh MOXKET
OBITH COCTaBHOW).

e PacnpeneiieHHOE COTNPOTHUBICHHUE XapaKTEPU3YeT MOTEPIO0 TEIUIOBOTO MOTOKA, MPHUXOJAIIYIOCS Ha
SJIMHUILY TIONIAIA TIOBEPXHOCTH KOHTaKTa. EnuHuIlb! nsmepenus rpan*m”2/BrT.

OpueHTHpOBOYHBIE 3HAYEHUS KOI(D(UIIMEHTOB TEIUIOBOTO COMPOTHUBIICHHUS NPUBEICHBI B CIEAYIOMIEH

TadIuIE:

KoHTakTHBIE TPaHU

TenoBoe conporusienne (v’ -°K/ Br)

HEPIKaBCIoIIas CTaJib

XKenezo/anromunuii 2,22-10°
Menbs/Menb 1-10*-4-10°
AYOMUHAI/AITFOMAHUNA 4,54-10* - 8,33-10°
HepkaBeromas cTas/ 5-10*-2,7-10"*

Hepxasetomas crans/
HeprKaBerolIas CTallb
(pa3pexeHHBIE 3a30PHBI)

5-10°-9,09-10

Kepammuka/kepamuka

2-10°-3,33-10*

TunuyHeIA IOPSIIOK AEHCTBUM IIPU 3alaHUM KOHTAKTHBIX OIPaHUYECHUI:

1_.

1. HMHumuupoBaTh KOMaHIY « TeMIOBOM KOHTAKT» Q.

2. BpIOparh KOHTaKTHBIE TPaHU IIEPBOTO TEJIA.

BbIOpaTh KOHTaKTHBIE TPAaHU BTOPOTO TeJa.

3
4, 3amaTb THI KOHTAKTa.
5

3aBepuInTh KOMaHy.

CeodHass mabnuya Ha2py30K

Bua narpysku Mecto CBsizaHHbIe 00HEKTHI Bxoanble mapameTpsbl
NMPWIOKEHUsI
Cocpenorouennas |BepmnHa OOBbekThl, BbIOpaHHBIC IS | EQVMHMIEI W3MEpeHus, 3HA4YCHUE
cuiia OTIpe/IeTICHNs] HAIIPABJICHUS, | CHJIBI
JIOKaJbHAasi CUCTEMA KOOPIU-
HaT
PaBHomepHo I'panb, pedbpo OOBeKTh, BeIOpaHHBIC s | EAWMHUIIBI M3MEpeHwus], 3HAUCHIC
pacnpenenéHnas OTIpeIeTICHUST HAIPABJICHUS, | CHJIBI
cuJia JIOKaJbHAasi CUCTEMA KOOPIU-
HAT; HOpMaJIb K BHIOpaHHOI
rpaHu

82




Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Ons AHanu3a (lNpenpouyeccop)

HepaBHomepno I'panb OOnbekThl, BBIOpaHHbIE Il | EQMHUIBI M3MepeHHs, 3HaueHHE
pacnpenenéHHast OTIpENCJICHHs] HANpaBJICHUS, | CHUJIbI, 3aKOH paclpeeeHUs
cuia JIOKaJIbHAsl CUCTEMa KOOP/AU-
HaT; HOPMaJIb K BBHIOpaHHOM
rpaHu
H3rudarmomme Bepmmna, pebpo, | JlokampHas cucremMa koop- | EXWHUIBI M3MepeHHs, 3HAYCHHS
MOMEHTBI rpaHb JUHAT H3ru0aroImnuX MOMEHTOB
PaBHOMepHOe I'pans, p€dpo OOvbekThl, BBIOpaHHBIE UIA | EAMHWIEI M3MEpeHus; 3HavYeHWe
JAaBJieHHE OTpeeTICHUS HampasJie- | JaBJICHUS
HUS, JIOKanbHas CHCTeMa
KOOpAMHAT; HOpMalb K
BBIOPAHHOM TpaHu
HepaBnomepnoe I'pans OOnexThl, BbIOpaHHBIE Ui | EquHUOBI  M3MepeHus;  3aKOH
AaBJIeHHE OTIpeIeJICHUS HampasJie- | paclpeaeIeHNs NaBICHUS
HUS; JIOKaJlbHas cHUCTeMa
KOOpAMHAT; HOpMalb K
BBIOpaHHOH TpaHH
I'mapocratuyeckoe | I'panb JlokanpHas cucremMa Koop- | [IMOTHOCTB KMIKOCTH; €IMHUIIBI
AaBJIeHHE JUHAT HU3MEpEHUs
Bpamenne Teno OOnbexThl, BBIOpaHHBIE IS | 3HAUCHHE YTIJIOBOH CKOPOCTH H
OTIpENCNICHUsI OCH; JIOKalb- | YIJIOBOTO YCKOPEHHUS, €IUHMIIBI
Has CUCTeMa KOOpAUHAT U3MEpEHHS
Yckopenue Teno OOmbexThl, BbIOpaHHbIC s | EquHWIBI M3MepeHus, 3HaueHHE
OTIpeICJICHHs HaNpaBJICHHs, | YCKOPEHHUS
JIOKaJIbHAs CHCTEMa KOOpau-
HaT
Muaunapuyeckas |nmmaapudeckas | OObekThl, BbIOpaHHBIE st | EXWHUIBI M3MepeHUs, 3HAYCHHE
Harpy3Ka rpaHb OTIpeIeJICHHs HAINpaBlICHUS; | HArPY3KH
JIOKaJIbHAsl CUCTEMa KOOP/AU-
HaT
KpyTrsammii I'panb OOnbexThl, BbIOpaHHBIE I | EquHWIBI M3MepeHusi, 3HaueHHe
MOMEHT OTIpelIeJIEHUsT OCH; JIOKajb- | MOMEHTA
Has CUCTeMa KOOpAWHAT
Temmneparypa Teno, rpass, - BenuunHa Harpysku, €QUHMIIBI
pedpo, BepinHa H3MEpEHUsi
TenJioBoii norox I'panb - Bennunna Harpys3k, eIUHHILBI
H3MEpeHust
TensioBas Teno, rpass, - BennunHa Harpysku, €QUHUIIBI
MOIIHOCTh pedpo, BepinHa H3MEpEHUsi
KoHBekTHBHBIN I'pans - KoadPpuuuent TEIUIO0TAauH,
Tenja000MeH TeMIleparypa BHEIIHEH CpeJbl,
€JIMHUIIBI H3MEPEHUSI
Hziayuyenne I'pans Tun wuznydeHus, koddduuuent

HU3JIyYEHHUsI, TeMIepaTypa BHEUI-
HEW cpejibl, EAMHUIIBI U3MEPEHNUS,
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| | | | (hakTOp BUAMMOCTH TPaHU

PedakmupoeaHue Haz2py30K U 3akpensaeHul

Jli M3MEHEHHs 3aJaHHBIX HAIPY30K M 3aKPEIUIEHUM HYKHO  [[31.0m o x
HCII0JIb30BaTh KOMaHIy «M3MeHV|Tb», KOTOpasd HaXOOUTCA | 3anau: npumep.arb
s
B COCTaBe KOHTEKCTHOTO MEHIO IpH BBIOOpE d3JeMeHTa | = i I%?“"T“a—u o
= &no_|
3a1a49u E B OKHE 3a1a4 Wik B okHe «3D Momenny. +f Cerka D
o o =1+ 3akpennaeHua 1
JlanpHelnmue ASUCTBUS IIOJIB30BATeISd IO H3MCEHCHUIO

HArpy30K WM 3aKpelUieHHHd OyAyT Majo OTJIMYaThCsi OT = () Harpyserwia | *T_Vaernre
npoLecca UX Co3JaHus. B OKHE CBOMCTB MOKHO U3MEHUTH o Lanern gl Nepesasare
YHCIICHHbIC MapaMeTphl, a IPH MOMOIIH COOTBETCTBYIOIIHX

OIIMI aBTOMEHIO (CM. BBIIE) OTMEHHUTH BHIOOp W 3a1aTh Y ASRT
HOBBIC ONPE/CIISIOMINE JIEMEHThI MOJICIH.

E BcTaBHTL W3 Bydepa Chrl+w

Ilocme 3aBCPUICHUA BHECCHUA W3MCHECHUIN HYXXHO IOATBEPAUTH CBOU I[CﬁCTBHSl Ha)XaTuEM Ha [ij

Hacmpoliku u cepeucHble KOMaHObI

C mnomompio KoMmaHabl «AHanNU3|YCTaHOBKWU...» T0JIb30BaTeIb MOXET OIPEACIUTh TIJI00aNbHbIC
HacTpoiku cuctemsl T-FLEX Ananus.

AHanmz | MapaveTpel  Cepewc  Hao

Hoeaa sagada 3
-Eﬂ SamauM. ..
é. CeTka
@ MaTepman...
Harpy s eHHe ]
OrpaHy-eHHe ]
TennoBan Harpyska 3

CO31aTE AATUME

/@ PacdET

CKHO pEsyNETaTa 3

MNokKa3aTE INEMEHTEI 33434K
MNokazaTe okHO 33334

¥CTAHOBKH. ..
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Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Ons AHanu3a (lNpenpouyeccop)

Ha 3axnanke [Ilpomeccop] onpenenstorcs cieyIonue mapamMmeTphl:

Karajgor Bpemennsix ¢aiijioB — ompenenser MOyTh K
KaTaJory, B KOTOPOM COXPAHSIOTCS IPOMEKYTOUYHBIE | Veranopkn
paboune naHHBIE TpPU PEUICHUH CUCTeM ypaBHeHuil. Ilo
YMONYaHUIO paboure ¢aiibl COXpaHSIOTCS B IAIKe,

MpoUECCop | MocTnpoueccop | JokyHeHT

OHpeHCHHCMOﬁ CHUCTEMHOUN HepeMeHHOﬁ “TEMP”’ (“TMP”) KaTanor EpeMeHHE: dafnoes: docTynHo: 35166 MO
OC Windows. IIpu HeOOXOAMMOCTH II0JIb30BATENb MOKET CADOCUME~ 1illserL OCALS~11Temp) (-]
MEPCONnpeaAcCInuTb 3TOT NYTh. Pecyprel

il ;
B rpymne «Pecypenl»  ONpenensiorCca  CleAyHOIIHe PHORHTET MOTORS PRUWATEMR: | Hewe cpeanero |

HapaMeTpl)Ij CrpaHHYEHHE MCNONE30B3HHA ONEPATHEHOM NaMATH:

rpaHHYEHME ONPEAENAET MAKCHMMANEHEIA pasMep
HpnopnTeT IOTOKAa pe€mareas — IO3BOJLICT II0JIb30Ba- HIHYECKORA NamMATH ANA paBoTel METOAOE PEWeHHA CITAY

TENI0 OMpEeNeNUTh CUCTEMHBIH TPUOPHUTET MOJIYJCH, S LR S
OTBETCTBEHHBIX 3a pPEILIEHHE CUCTeM ypaBHEHHH. B 3aBucu-
MOCTH OT YCTAHOBJICHHOTO ITPHOPUTETA ONEpalliOHHAsl CHC-
tema Windows OyJer pacnpeiensiTh CHCTEMHBIC PeCypCHl,
OoThaBas MpeNnoYTeHHe Oojiee BBHICOKOMY IPHUOPHUTETY.
Hanpumep, ecnu nminaHupyercsi [UIMTENbHOE BpeMsl PELIaTh
OoJNBIIYI0 3aJady C HUCIOJIb30BAaHUEM [HCKOBOI MamsTy,
MOJIb30BATENlb MOXKET MPEABAPUTENBHO YCTAHOBHUTH IMPHO-
puter «Hmxe oObpraHOrO» MM «HW3KW», YTO MO3BONHT

Mpeaen, MG: | 256

L

MNokasblBaTe AHANOr CEOFACTE 38434 NEPE s PacdETom

[ 3akprieaTh okHO PaAcETa MO OKOHYAHHH

o (8.4 H OTHMEHA ][ _npaeka ]
eMy 0e3 O0COOBIX OrpaHMYEHUIl OCYINECTBIIATH Mapa-
JIeTbHYI0 paboTy B Ipyrux npuioxeHusx Windows.
OrpaHuyeHue HCNOJB30BAHUS OMEPATHMBHOW MAMSATH — TO3BOJSIET TMOJB30BATENIO 331aTh O0BEM

OMEPAaTUBHON TaMATH, TPH TPEBBIIICHUH KOTOPOrO cHcTeMa OyJIeT MEepexXOAHTh B PEKUM peIICHHS
YpaBHEHUH C HCHOJIb30BAHMEM JMCKOBOM HaMATH, HAa 4YTO, OOBIYHO, TpeOyeTcs 3HAYUTENbHO OoJbIle
BPEMEHH.

IMoka3spIBaTh AMAJOr CBOMCTB 3aa4M Mepe] PacuyéToM — aKTHBHBIM JJIEMEHT YIPaBJIECHHS BKIIOYAET
PEXKUM ABTOMATHUYCCKOI'O BbI30Ba auajiora CBOICTB 3aayu npu WHUIINAJIN3allnunu KOMaH/bI
«AHanu3s|Pac4éT» s Beex 3a1a4 (yCTAaHOBKA 110 YMOJTYAHHMIO).

3aKpbIBATH OKHO PACyYéTa M0 OKOHYAHHH - DJIEMEHT YIPABJICHHS BKJIIOYAET PEXHMM aBTOMATHYECKOIO

3aKpBITUS. MHQOPMAIIMOHHOTO OKHA C OTOOpakKeHWEM IMpoliecca pPElICHUs] CHCTEM YpPaBHEHHH BO BCEX
3agayax. [1o yMoIyaHHIO 3TOT PeXUM HE aKTUBHUPOBAH.
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Ha 3aknmanke [IlocTnpoueccop] IOJIB30BATEIb MOXKET | VeraHoskw
OTIPEJIENTUTh TII00ANBEHBIC HACTPOUKN BU3YaITH3aIlUH PE3yIhb-
TaTOB, PACIPOCTPAHSIONIUECS Ha BCE 3aaUu.

Mpoueccop | MOCTAPOUECEOR | AokymeHT

CEHD BMZyannsaTopa
OcHoBHOIl mIpU(T — ycTaHABIMBaeT WPUPT MO yMo4a-

HUIO JJISI TEKCTOBOW WH(OPMAIIUH, BBIBOAUMOW B OKHO
Bu3yanu3aropa IlocTmporieccopa (Ha3BaHUE 3aladd, THI

CQCHOBHOA WwpkchT: | Arial, 9 D

LWpkdbT Wwrans: | Arial, 9

pesysbTara u T.H.). [#] BennbiBatILME NOACKa3KH CO SHAHEHHSANA

EELL EH J 2.0 ek
MpudgTt mKaabl — ycTaHaBIMBAaeT MPUPT OTOOpaKEHUS e
HH(prBI’IX 3HAYEHMH I[BETOBOH IIKaJIbL. [JNokasbiBaTs KESAPATHYHEIE 3NEMEHTEI KaK AMHERHEIE
OnemeHT ynpaBieHus «BcmiabiBaomye MNOACKA3KH €O MPH YKCNE 3NEMEHTOR Bonee:
SHAYCHUSIMM) BKIIIOYACT PCKUM, IIPU KOTOPOM IIpH HaBe- OKHD YTIPEENEHHA ASHOPMHPOEaHHEIM COCTOAHMEN
ACHHUU KypCOpa Ha y4aCTOK MOJCJIMU B OKHE HOCTHpOHCC' [INokastieaTs SETOMATHHECKK
Ccopa MOABJICTCS BCIUIbIBarOMIas ITOJCKa3Ka C HHTEPIIOIU- [ Crpeisate asTomatHHeckH
POBaHHBIM 3HAYCHUCM PE3YyJIbTaTda, COOTBETCTBYIOLICTO CEHD YNPAENEHKA BEREMEHHEIM NPOLECCOM
KOOPJIMHATE MOJICIIN TI0J] KYPCOPOM. [ NokasbieaTs aEToMaTHHEKH

D CKDbIBaTb AETOMATHHYECKH
DJNEeMEeHT ympaBlieHUs «3aJep:KKay MO3BOJISIET 3a1aTh Bpe-

MEHHOM MHTEPBAJ MOSABICHHUS BCIUIBIBAIOIIECH MOICKA3KH.

B rpymne «Ymnpomenus» 3amaéTcs MOpPOr KOJIHMYECTBA ok [ omens ]| crpeess

KOHEUHBIX 3JIEMEHTOB, IPU KOTOPOM PE3YJIBTATHI pacyeTa B

okHe IlocTnponeccopa 0TOOpaXkar0TCs TOIBKO AJIST OCHOB-

HBIX Y3JI0B KBaAPATUYHBIX KOHCYHBIX 3JIEMCHTOB, a4 PE3YJIbTAaThl B Y3JIaX, HAXOAAIINUXCA Ha CEpCAUHAX p€66p
3JIEMEHTOB, OIYyCKaloTcad (3TO HE KacaeTcs OSKCTpEeMalbHbIX 3HadeHHi). Takoil pexuM M03BOJIAET
3HAYNUTENIFHO YCKOPUTH 3arpy3Ky pe3ynbTaToB B okHO Iloctnpoueccopa Ha oueHb OonbpIinx ceTkax (Oomee
1000000 s1emMeHTOB).

Onuun «Iloka3biBaTh OKHO aBTOMATHYECKN», «CKpPbIBATH OKHO aBTOMaTH4YecKW» B rpynmnax «OkHO
ynpapjeHus aepopMHPOBAHHBLIM cOCTOsiHMEM» U «OKHO yHpaBjieHHsI BpPeMEHHBIM MPOLECCOM)
MO3BOJIAIOT  YIPABIIATH OTOOpaKeHHWEM IuIaBaromux naHened «JlepopmupoBanHoe cocTosiHHE» U
«BpeMeHHo# TIpoIieccy, COOTBETCTBEHHO.

Ha 3aknanke [[lokyMeHT] MOXHO aKTHUBUPOBAThH OILIUIO

COXPaHEHHUs pe3ylbTaTOB pacyeTa 3a7ad B OTICIBHOM | VetaHokw
BHemnHeM (aiine. [lo yMmoiuaHWIO pe3yibTaThl PacuyeToOB
COXpaHSIOTCA B OCHOBHOM (aitne moxymenta T-FLEX
(pacumpenue .grb). Ilpu akTuBauMM BHEIIHETO XPaHEHHS
PE3YIBTATOB B JUPEKTOPUHA HUCXOOHOIO OOKYMCHTa
coznaérest aiin ¢ umeHem «Umst mokymenta Mms 3amadm» D e e A

U paCHIMPpCHUEM -tfa)- MpM YETAHOENEHHOH ONUMK PE3yNbTaTEl PacdéTa
COXPAHAKTCA B OTAENEHEE hafinkl B KATaNore AOKYMEHTA,

Mpoueccop || Moctnpoueccop | AoKyMEHT

HacTpofku Ha 3TOM CTPAHKUE NPMMEHAKITCA ANA BCEX 33484,
HAX0AAWMECA B TEKYLLEM AOKYMEHTE,

CoxpaHeH1e

JlanHas onuys MOXeT OBITh MOJIE3HON MPHU PEIICHNH 33134
c OonpmMMH OOBEMAMH PE3YJIBTATOB, & TaKXKE MOXKET
YCKOpATH  COXpaHeHHWe  JIOKyMEHTa  (3aBUCHUT  OT [
OTIEpAIIOHHON CUCTEMBI).

Ok l[ OTMEHA ][ Cnpaeka

Padora ¢ 3D oxkHOM npu MOAroTOBKE 3JIEMEHTOB 33/1a4

HpI/I pa60Te C 3aga4aMiu B 3D CIICHC MOT'YT OTO6pa)KaTI>C$I QJICMCHTHI 3ala4 — HArpy3KHu, 3aKpCIJICHUS, CCTKA.
I[J'IH yYHpaBJICHUS 9TUMHA I/I306pa)KeHI/I$[MI/I CYHICCTBYIOT OTACIIbHBIC KOMAH/BbI.
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Modzomoeka KoHe4YHO-arieMeHmHou moodesnu Ons AHanu3a (lNpenpouyeccop)

Knasuatypa TexcToBOE MEHIO [Mukrorpamma
«Anaaus|llokazatb
<3MH> 3|Hoxkas
Harpy3KH/3aKpenieHus»

HpI/I oMo JJaHHOM KOMaHAbl MOXXHO BKJIIOYAaTh M BBIKJIIOYATH PEKUM OTO6pa)KCHI/I$I BCCX HArpys3okKk u
33erHHeHHI>i B 3D CIICHC. OTa xke KOMaH[a JOCTYIIHAa B KOHTCKCTHOM MCHIO ITpH BI>I60pe 3agadu.

B 3D okHe wMoxer ObITh TIOKa3aHa CreHEpUPOBaHHAS
MOBEPXHOCTHAs Wi OOBEMHast ceTka. M300paxeHue mOBEpX-
HOCTHOM CETKM aBTOMAaTHYECKH MOSIBIISIETCS TIOCIE 3aBEPIICHUS
mpoiiecca TeHepamud. l[Ipm OTOOpakeHWH CETKH MOJIeNb He
nmokaseiBaeTcsa. Eciu Hy)XHO paboTaTh ¢ MOJCIBIO (Hampumep, |32ad
3aj1aTh 3aKpEIUICHHE Ha TPaHW MOJEIH), CHCTEMa TaCHT CETKY f_'éé“g‘;ﬁ::”ﬁ E—
aBTOMATHYeCKHM. J[Is TOro, 4toObl CHOBA IIOCMOTPETH CETKY, & Teno 0 a
MOXKHO BOCIOJIb30BaThcss komanjion «Iloka3aTh ceTky». Ota

KOMaH/ia JIOCTYIIHa B KOHTEKCTHOM MEHIO IIPU BBIOOPE 3JIEMEHTa

«CeTtka» B OKHe 3a7ad. Takke B 5TOM MEHIO €CTh KOMAaH[BI IS
MEPEeKIIOUEHHsT MEXIY BHAAMH IMOBEPXHOCTHOH HMIHM O0BEMHOMN
ceTok. Komaunel HaspBaoTca «O0BEMHAf ceTKa» WiId
«IToBepXHOCTHASI CETKAY.

prtt = et RN e ™ e P

PEAAKTHPOEATE MEOMETOHHY ]

MokazaTe CeTKY

OfbEMHaA ceTka |

+
+-J) 3akpennequa ;1
+-I2) Harpyxerua : 1

Oco0enHOCTH PadoTHI C MapaMeTPUYECKONH MOEJIBIO

Mopens T-FLEX CAD, kak npasuio, siBisieTcs HapaMmerpuueckoil. IIpenmymiecTBa mapameTpuuecKon
MOJIEJIM MOKHO B IIOJIHOM Me€pe HCIIONb30BaTh NpU pacd€re. B pesynpTaTe napaMeTpUueCKMX MU3MEHEHUH
TPEXMEPHOIN MOAETH BCE CBA3aHHBIE C MOJEIBIO DJIEMEHTHI 3a/1a4 (Harpy3ku, 3aKperjIeHusl, CeTKa) MOTYT
OBITh ABTOMAaTHYECKH NEPECUUTAHbl, M UX HE MOTpeOyeTcst 3aHOBO 3afaBaTh. HekoTopble ayieMeHTHl 3ajad,
TpeOyrolre 3aMeTHBIX BBIYHCIHUTEILHBIX pPECypcoB (HAIpUMeEp, CETKH), WHOrIa ynoOHee OOHOBIISATH
BpyuHyr. Jnsi Toro 4toObl OOHOBUTH KaKOH-THOO JIEMEHT 3allaud, HeoOXOJWMO BBIOpaTh KOMAaHIY

«OOHOBHTBY» B KOHTEKCTHOM MCHIO, BBI3BIBA€CEMOM HaXaTHEM @ Ha 3JICMCHTEC 3aJa4u.

[Ipu wcYe3HOBEHUH POAMUTEIHCKOTO AJIEMEHTa (HampuMmep, rpaHu, K KOTOPOM MPHIIOKEHA CHJIA) MOXKET
MOTpeOOBaTHCS PyYHOE PEIAKTHPOBAHUE DJIEMEHTA 33a4uH [T y4eTa U3MEHEHHH B MOJIEIIH.

[Mocne oOHOBNEHHS NAHHBIX 33Ja4Ml MOTPEOYETCs] 3aHOBO BBIMONHUTH PAcu€T JUIs MOMYYSHUS! aKTyalbHBIX
pe3yibTaToB.

IKCHOpT

IToaroToBIEHHBIE UCXOHbBIE JAaHHbIE KAXIOHW 3aJauid MOXHO 3KCIIOPTHpoBaTh B (opmare Nastran (*.dat).
JIu1st 5KCTIOpTa aKTUBHOM 3a/1a41 MCIIONb3YHTE KOMaHLy:

Knasuatypa TexcToBOE MEHIO [Mukrorpamma

<3MxX> «AHaIu3|IKcnopT»

Taxxe maHHast KOMaH/a JTOCTYITHA Yepe3 KOHTEKCTHOE MEHIO TPH BRIOOPE 3a/1aun E B OKHE «3ajauny Wiu B
okHe «3D Monmenaby.

Ilocne BbI30OBa KOMaH/IbI IIOSABUTCsL CTaH,Z[apTHBIﬁ JAuajior COXpaHCHUA (baﬁna.
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Janiee HEOOXOIUMO 3a/1aTh KOMOUHAIIMIO JIBYX CBOMCTB (hopMaTa:

KopoTkuit/qJMHHBIi — 331aéT TOYHOCTH BBEIXOIHBIX [TApaMETPOB
(MakcUMaJIbHBI pa3Mep uKced B JACCATHYHBIX 3HAKaX, BKIOYas
TOUYKY): KOPOTKHUH - 10 8 AECATUYHBIX 3HAKOB, JJIMHHBIA - 10 16
JECSTUYHBIX 3HAKOB.

DUKCHUPOBAHHBII/CBOOOIHBII — OIPENENSIET BUJ
JKCIIOPTUPYEMBIX JAaHHBIX: (DMKCUPOBAHHBIN - JTAHHBIC BBIBOJASTCS
B CTOJOMmMAax (DPUKCHPOBAHHOTO pa3Mepa, CBOOOMHBIM - TaHHEIE
BBIBOJISITCS Yepe3 3aIATYIO.

IxcnopT B Mastran

dopmMaT hakina

() KopoTiHit dIKcHpOBaHHEIR
() AMHHHBIN hHECHPOB AHHEI
() KopoTkmi ceofoaHer

(%) ANMHHBIH cBoBoAHEI

I Ok l [ Cancel
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O6pabomka pe3ynbmamos ([ocmnpouyeccop)

OBPABOTKA PE3YNbTATOB (IMTOCTNPOLECCOP)

[octmponeccop T-FLEX Amnanmza mpeanasHadeH Uii BCECTOPOHHETO W3YYEHHUS PE3yNbTaTOB KOHEYHO-
aneMeHTHOro MonenupoBanusa. OcoOeHHOCThIO mocTnponeccopa T-FLEX Ananmza siBisercs ero riryookas
unterpaust ¢ T-FLEX CAD. PesynbpraTel pacuéToB OTOOpaKalOTCsl B OTAEIBHOM OKHE, BO MHOTOM
aHaJIOTHYHOM 10 ynpasieHuto okHy g 3D mogenupoBanust T-FLEX CAD. Bce pe3ynbTaTsl MOTYT OBITH
MOKa3aHbI B BUJIC IBETOBOI PACKPACKH PACCUMUTAHHOW Mojenu. Takke MMeeTcs CPeICTBO VIS JIOKAIBHOTO
olpoca TOYHBIX 3HAa4YeHU B Jr0O00M MecTe Mojaenu. [Ipm oToOpakeHHH pPe3yNlbTaToOB MOJENIb MOXKET
MOKa3bIBaThC B MaclITaOMpyeMOM Je()OPMHUPOBAHHOM COCTOSIHUH. [lpun BKIIOYEHMH cCreUUaTbHOR
«aHMMAalWM» MOKHO B JIBI)KCHHH YBHJIETh XapaKTep M3MEHEHUs IeopManuii OT HYJIEBBIX 10 PAaCUETHBIX
3HAYCHHUH.

O6wue npuHyunsl pabomsel ¢ pe3yibmamamu

CHUCOK AOCTYMHBIX AJIsl IPOCMOTpa pe3yabTaTOB KOHEYHO-3JIEMEHTHBIX pacuéToB 0TOOpa)xkaeTcsl B JepeBe
3aja4 B nanke «Pe3yabTaTe.

Hactpoiika chnmcka pe3ynpTaToB, OTOOpa)kaeMoro B JepeBe 3aJad, OCYLIECTBISICTCS 0 KOMaHE

«HacTtpouTb pe3ynbTaThbl...» U3 KOHTEKCTHOIO MEHIO 10 HAXATHIO Ha MMEHHM BBHIOpaHHOW 3a/1ayu.
OTa KOMaH[1a BbI3bIBAET JUAJIOT HACTPOHUKU OTOOpakaeMbIX B IEPEBE 3a/1a4 PE3YIbTATOB.

SRk e _I Peaynbratsl
¥ Zanauw: npumep.arb
= ‘é;i a - =1 Mepeew eHYA -
= Tend | Pacqer M pEreLL EHUE, MOTYE
- Cer Sl MamermTE [#] MepereweHua Delta
+-I2) 3arg MNeperew eHua Deltay
+-[) Harg % MaTepuan Mepereweun Delta?
+ Pes =
= u — Dedopraty
HedopMaum 3KEHEaNEHTHEIR
ﬁ'J ¥ aanMTe Hedopraumy cxatia Epsilon
| Hedoprmaumnu cxaruA Epsilony’
P | Wrdoprauma... Alk+F1 ] Decpopnaaiy P

Nedopmaumnu cixarua Epsilons

CEOMCTEA. .. Dedopraaumu coeura Gammaxy’
CHKPbBITE HarpysKH3aKpenneHua Aecopmauuu casira GammarZ
n i P Dedopraaumi coeura Gammaxs
I]_B 3KCNopT [ NABHEIE HOPMANEHEE 0EPOpMaLHA 1
- [ NABHBIE HOPMANEHBIE 0EPOPMALHA 2
OTUET ..
[ naEHEIE HOPMAaNnEHEE GEPOptaLMHd 3
OYHETHTE MNOTHOCTE AHERMAW OEFOPHALIHM
HacTpoMTE pesynbTaThl... = Hanpaxenna i
< >
MNpeAcTasneHHE. ..
% 1 Mo yronsarum l Ok ] [ OrmeHUTE
BbizoB KoMaHAbI ((HachOVITI: pe3ynbTaThbl...» I nuanor HaCTpOﬁKM CMNUCKa pe3yJibTaToB I

Joctym k pe3yapTaraM i IPOCMOTPa MOKHO OCYIIECTBUTH HECKOJIBKUMH CIIOCO0aMMU:

1. Tlo G\ Ha Ha3BaHWHM pe3yJbTaTa B JAepeBe 3a1ad OTKphIBacTcsa okHO [locTnpoueccopa ¢ BRIOpaHHBIM
pE3yIBTaTOM.

2. M3 KOHTEKCTHOrO MEHIO MO Ha)KaTHIO @ Ha BLI6paHHOM B JCPCBC 3a4a4 pE3yJIbTaTC IO KOMAHJC
«OTKpbITb» i «OTKPbITb B HOBOM OKHe». IToctmporieccop T-FLEX Amnanmsa mommep:kuBaet
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paboTy B MHOTOOKOHHOM peskrme. OTHOBPEMEHHO MOXKET OBITh OTKPHITO HECKOJIIBKO OKOH C pa3HBIMH
pe3yapTaTaMu, WIIM HECKOJIBKO OKOH C OJTHUM H TEM K€ Pe3yIbTaTOM.

ELLENT] B x

=) Pesynetare ; 42 ~
[ NEBHOE HOPMANEHDE HANPAKEHHE 1
[NEEHDE HOPMAaNEHDE HANPAKEHHE 2
[NEBHOE HOPMAaNEHDE HANPAKEHKE 3
[naEHEIE HOpraNEHEIS GEPOpraLIHH 1
[ NaEHEIE HOPHSNEHEIS AEROPHALIHY 2
[NaEHEIE HOPMENEHEIS GEPOPHALHH 3

B
B
B
B
B
B
_ Demopraui caeurs Gamma<r
B
B
B
B
B
B

Jepopraniy coeura Gamma- OTEPRITE
Hedoprauy cosura Gammars
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¥AANHTE H3 AepeEa

OTKPEITE B HOEOH OKHE

MpeacTaEneHHe. ..

KoHTeKkcTHOe MeHI0 ANA OTKPbITUA pe3ynbTaTa

JInst ynaneHusi pe3yibTaTa M3 JepeBa 3ajad HY)KHO HCIIONb30BaTh KOMaHIy «YAanuTb U3 AepeBar

KOHTEKCTHOTO MEHIO IO HAXKaTHIO Ha BBIOpaHHOM B JiepeBe 3amay pe3ynprare. PesynpTar mepecraner
oToOpakaThCsi B JepeBe 3afad, OJHAKO €ro MOXHO OyJeT CHOBa JOOaBHTh B JCPEBO, MCIOIB3YS YXKe
YIOMSIHYTYIO KoManay « HacTpouTb pesynbTaThl...».

ITpu no6aBiaeHNN/yaaaeHuy pe3yabTaToB B CIIMCOK 3aHOBO 3aIlyCKaTh pacuéT 3a1auu He TpedyeTcs.

Jia nedCTBUTENBHOTO yHajeHHs BCEX Pe3yibTaToB (3a7aya MpU 3TOM CTAaHOBUTCS «HE PAcCCUHUTAHHOMN)
ucnob3yercss koManaa « OUYMCTUTL 3aAavy», T0CTYITHAS ISl aKMUGHOU 3a1a4i U3 OCHOBHOTO MEHIO WIIH
koMaHaa «OYUCTUTBY, TOCTYITHAS U3 KOHTEKCTHOTO MEHIO 10 HaKATHIO = Ha MIMEHH BBIOpAaHHOW 3a1a4n
B JIepeBe 3a7ad.
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CKPBITE Har pysKH/3aKpEMNEHHA
OTHET...
I:I_B IKCNoOpT
QUMCTHTE 33884y
OTHET ...
CRHETT CKHO pESYNETATE 3
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MoK a5aTE 3NEMEHTEI 33484M
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"
_ ¥CTAHOEKH...
Bbi30B KOMaHA Ans yaaneHus BCex pe3ynbTaToB pacyéTa

PeBy.]'H:TaTI)I pacqéTa 3aaa4 U CETKU MOT'YT XpaHUTLCA BMECTC C MOJICJIBIO B *grb (l)aﬁne. O}:[HaKO IIpu 9TOM
MOJIL30BATECJIb JOJLKCH IIOHUMATh, YTO COXPAHCHUEC OTUX JAHHBIX 3HAYUTCIbHO YBCINYUBACT pasMEp (bafma.
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O6pabomka pe3ynbmamos ([ocmnpouyeccop)

B ciydasx, xorga Hy»XHO TOOWTHCS MUHHUMAIIBHOTO pa3Mmepa (haiina, peKOMEeHIyeTCsl Mepell COXpaHeHUEM
YAaTuTh CETKHM OYHMCTUTH Pe3yNbTaThl pacdeTa BO BceX 3amadax. [ paHWYHBIE yCIOBHA oOcCTaloTcs 0e3
n3meHenuii. [Ipu nmocneayronemM OTKPBITHE HY>KHO OYJIET 3aHOBO CO3/71aTh CETKU U BBITIOJHUTH PacuerT.

Hacmpoliku u cepeucHble KOMaHObl OKHa pe3yJibmamoe pacyéma

Hacrpoiika okHa pe3yJbTaToB pacyéra

Hactpoiikn okHa pe3ynbTaToB pacuéTra BHI3BIBAIOTCA oo B TIpe/esiaX OKHA BU3YAIHM3AINH Pe3yIbTaTa N
13 KOHTEKCTHOT'O MEHIO.

MapareTpbl OKHA pe3ynbTaTOB pacueTa .§

OTolpakeHHe pesyYNETaTOE JononHMTENEHEIE NOCTROEHHA

LgETOBSA packpacka [Jcetka

TONBKD Ha NOBEPXHOCTH R T

AedopMHPOEAHHOE COCTOAHHE
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EbITankHEaHHE_D e,
MeTER 3
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MNapareTpel 30 BHAG |:|I'Io Y¥HMONYEHHHD [ QK l [ OTHEHHTE ]

[uanor HacTpoiKu NapameTPOB OKHa pe3ynbLTaToOB pacyéTa

Juanor mapaMeTpoB OKHa pPe3yJIbTaTOB pacuéTa UMEET ISITh TPYII HACTPOEK.
B rpynne «OTo0pakenune pe3yabTaTOB» J0OCTYIIHBI CICAYIOIINE 3JIEMEHTHI YIIPaBICHUS:

IiBeToBass packpacka. [laHHpld (IaXOK BKJIIOYAET W BBIKIIOYAET PEXHUM LBETOBOM PpAacKpacKu
paccuntaHHOM Mozenu. Packpacka MpPOM3BOAMTCS B COOTBETCTBHM C OTOOpa)KaeMbIMU pE3yJIbTaTaMHU
pacuéra M HAacTpOWKaMH IBETOBOM IIKaiubl. L[BeT oO6macTd MoOAenH COOTBETCTBYET OINpPEAEIEHHOMY
YHCICHHOMY 3HaueHuto. HacTpoiika BeTOBO MIKaibl OCYLIECTBISIETCS] B OTACIBHOM Juaore (CM. HIKE).
Tonbko Ha MOBepXHOCTH. Bximouaer pexxuM OTOOpakeHHsI MOBEPXHOCTHOHM ceTku. [IpW BHIKIIIOYEHUH
¢dmaxka oToOpaskaeTcs 00bEMHAS CETKa.

JedopmupoBanHoe cocTosiHHe. DTOT (GIaKOK YIPABISET CHOCOOOM OTOOPaXEHUsS pe3ylIbTHUPYIOIIei
KOHEYHO-3JIEMEHTHOM MOJETIH: OHA MOKET MOKa3bIBaThCS OO0 B Ne(OPMUPOBAHHOM COCTOSHHH, JHOO B
HCXOJIHOM.

Macmrad. YcraHaBnuBaer wmacmTtad agedopmanmii paccumTaHHOH Moxaenn. MoXkeT 3a7aBaThCci B
OTHOCHTEJBHBIX U a0COJIFOTHBIX BEJIMYMHAX.

N3HavanbpHO MaciTab mogo0paH CHCTEMON aBTOMATHUECKH, HO TIOIh30BaTEh MOKET €0 MEHATH 110 CBOEMY
YCMOTPEHHIO.
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®doHoBasi aHUMANUS. DTOT (QIAKOK BKIIOYACT PEKUM aHUMAIMU OKHA IOCTIPOIECCOpa, MPH KOTOPOM
3HaveHue aedopMaruii MOCTENCHHO U3MEHSETCSl OT HYJISA IO PACCUMTAHHOTO 3HaueHws. s ynpasieHus
aHUMaInued U OoToOpaxkeHHeM Je()OPMHUPOBAHHOTO COCTOSHUS MOXKHO HCIIOJIB30BaTh TaKKE ILIABAFOIIYIO
MaHesb, JOCTYH K KOTOPOH OCYIIECTBISACTCS M3 KOHTEKCTHOTO MEHIO B OKHE MOCTHpoleccopa (KoMaHIa
«JleopmupoBanHOE COCTOSTHHIE» WM «BpeMeHHOU TpoIIecc», B 3aBUCUMOCTH OT THIIA PE3yJIbTaTa).

5/ D:\npume p.grb: 3agaua_0 [Z]@

3apava: "3apava_0"
MepemewweHua, Moayne, M
Macwrah nepemeweHuin: 1229.86
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MnockocTe ofipesku »
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r1.87448222E-006 CBOHCTEA...

0.00000000E+000

i’L] J | ] | [ 1229.86

Wcnonb3oBaHue nnaBalollei naHenu ans ynpasneHus 0T06pa)l(eHVIeM
AedopMMPOBaHHOIO COCTOSIHUA U aHUMaLuUn

Yacrora. [lapamerp ycTaHaBIMBAaET 4acTOTY, ¢ KOTOPOM BBIIOJHSAETCS IOJNHBIA LUK aHUMauuu. Yucio
03HA4aeT, 33 KaKyIo JIOJIF0 MUHYThI IIPOUJIET MOJHBIN IIUKII aHUMAalUH.

HN3meHATH packpacky. YTpaBieHHEe N3MEHEHHEM pPAacKpacKd IMPH BBIMOJIHEHWH aHuMaluu. L{Bera moryt
WU3MEHSTHCSI CHHXPOHHO C M3MEHEHHEM J1e()OPMHUPOBAHHOTO COCTOSIHUSI — OT HyJNS 0 KOHEYHBIX 3HAUYEHHH.
IIpu nokase oTpuLaTENbHBIX AeOPMALIUi IBETa HE HHBEPTUPYIOTCSL.

OTtpunarenbHblie 3HaYeHHsA. J[aHHBI MapamMeTp BKIIOYAET PEXUM, MPU KOTOPOM BO BpeMs aHUMAIUH
pe3ynmbTaThl CHayalla JOXOAAT JO HyIsA, a 3aTeM JIOCTHTalT TeX JK€ pPAacu€THBIX 3HAYCHHH C
MIPOTHUBOIIOIOXKHBIM 3HAKOM. [Ipu aToM mocturaeTcs 3P ekt «konedaHus» pacCUNTaHHON MOJIETH, KaK €CITH
OBl Harpy3Ka IeproMYECKH MEHsIIa CBOM 3HAK Ha TPOTUBOIOJIOKHBIM.

I'pynna «Tena Mogeauw» MO3BOJSIET yIPaBITh 0TOOpaxkeHreM B okHe [locTmporiieccopa Teil, BXOASIUX B
coctaB cOopouHO¥ Mojenu, mnpu pacu€re cOopok. Ilomp3oBarenh MOMXKET TMOracuTh (HIAKOK,
COOTBETCTBYIOIIMIA OJTHOW MIJIM HECKOJIBKUM JIETaIsIM COOPKH, MOCIIE YeT0 OHH MEePECTaHyT OTOOpaxaTbes B
OKHE mocTHpoiieccopa. Mcmonb3ys sneMeHT ynparieHus Hempo3payHOCTh MOXKHO TaKkKe YIPaBIATH
MPO3PAvYHOCTBIO JIeTalleil COOpPKH, OTOOpakaeMbIX B OKHE pE3yJIbTaTOB pacuéra. OTH HHCTPYMEHTHI
MO3BOJISIOT BU3yaTU3UPOBATh MOJIS PE3YJIbTATOB BHYTPH COOPOYHON MOJIENH, 32 CUET BPEMEHHOTO CKPBITHS
MEMIAIOIINX 00BEKTOB.
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O6pabomka pe3ynbmamos ([ocmnpouyeccop)

B rpynne mapameTpoB «/lomOJIHUTEIbHbIE MOCTPOEHUSD» IOCTYIIHBI 3JIEMEHTHI YIPABICHHS, 3aJal0IIKe
BUJIMMOCTh BCIIOMOTATEIbHBIX W300paXCHUN BOKPYr PpACCUUTAHHOW MOJENU sl Ooyiee HArIsITHON
VHTEPIIPETALUU Pe3yybTara.

CeTka. YrpaBisieT BUANMOCTBIO TPAaHEH CETKH B OKHE Pe3yJIbTaTOB pacuéra.

I'pannynbie ycaoBusi. YIpaBisgeT BUAUMOCTBIO BCEX IPAHUYHBIX YCIOBHI, 3aJ€HCTBOBAHHBIX B TEKYIIEH
3amaye. CIUCOK THUIOB TPAaHWYHBIX YCIIOBHH OTOOpakaeTcs B OTHEIHHOM OKHE. BHIMMOCTBIO Ka)KIOTO
3JIECMEHTA 3TOTO CIHCKAa MOXKHO YIPaBIATh WHAMBHIyadbHO. CrpaBa OT OKHA PacCIOJIOKEHBI KHOMKH st
paboTHl ¢ 3JeMeHTaMHU crrcka. IIpy MOMOIM ATHUX KHOTOK MOYKHO BKJIIOYHTH (+), BEIKIIOUUTH (-) HIIH
WHBEPTHUPOBATH (+/-) BUANMOCTH BCEX TPAHUYHBIX YCIIOBHIA.

KonTtyp Moaenu. Ilpu Bkimouernn JaHHOTO (hiraykka KOHTYPBI HCXOIHOTO TeJa, yYaCTBOBABIIETO B PacueTe,
0TOOpaXXaroTCAd B OKHE PE3yJIbTAaTOB pacdéra B BHJIE MyHKTUPHBIX JIMHUH. JTa BO3MOXHOCTH MOXET OBITh
TOJIC3HA JJIs1 CpaBHEHUS 1e(hOPMUPOBAHHOTO COCTOSHHSI MOJICTH C UCXOIHBIM.

Kontyps! Becex Tes1 coopku. [Ipu BritoueHHH AaHHOTO (UiakKa B OKHE PE3yJIbTaTOB pacdéra MyHKTUPOM
TaKXKe MOKa3bIBAIOTCA KOHTYPHI Bcex Tel 3D creHbl, He y4yacTBOBAaBIINX B pacuéTe.

I'pynma mnapamerpoB «Ilaneab uHQOpPMANMU» CONEPKHUT SJIEMEHTHl YIPABICHUS UL PEryIUPOBKU
KOJINYECTBA BHIBOJMMOM TEKCTOBOW U rpaduuecKoil HH(popManuu:

[BeroBass mkana. JlaHHBIA (IaXKOK BKIIOYACT BUAMMOCTH ILIBETOBOW IIKAJIbI JJIsi OoJiee HATJISIHOW
UHTEPIPETAlUN Pe3yNbTaToB pacuéra. Jlpama3oH MIKajel W I[IBETa MOXKHO HacTpaWBaTh (CM. HIKe
«Hacrpotika mkane»). lllkama oTroOpakaeTcs B JI€BOW YaCTH OKHA PE3YJIhTaTOB pacuéra.

HaumenoBanue 3amaum. JlaHHBIH (Qrakok BKIIOYaeT OTOOpaKeHHWE WMEHHW TEKyIIeW 3afjadd B OKHE
pe3yJIbTaTOB pacuéra.

Tun pesynabrara. J[anasnii (raxxok BKIIOYaeT 0TOOpakeHNEe Ha3BaHUS TUTIA pacyéTa.
B rpymnne «UuciaoBble 3HaYeHUs» JOCTYIHBI CIEIYIOLINE JIEMEHTHI YIPABICHUS:

Enununst. Ilo3BosisieT yCTaHOBUTH €IWHHUIBI H3MEpeHus (MeTp, OI0HM, MHUJUIUMETpP), B KOTOPBIX
otoOpaxxaercsi pe3yJbTar.

[Mapamerp “dopmar 3HaveHMI” g ymoOcTBa
Yucnoebie THAUSHHA @

BOCHPUS-THS yCTaHABIMBAaeT (opmar yucen MIKaibl —

OH MOXET OBITh AECATUYHBIM, SKCIOHEHIHAIBHBIM HIIH

DopMaT ZHAYEHKH

m . ~
[alal e Yueno sHaqawk: umgp: | 8 -

06IIII/IM (CMCH_IaHHBIM). JEcaTHIHEIA .

. SKCNOHEHLHANEHEIH D MokazelEaTE SAEEPLUISHILME Hy Ik
OOmui hopmat 3HaueHus 10 1000 moka3bIBaeT B IeCs-
TUYHOM dopmare, OosnbIne 10000 - B o yromases [ ok___| [ orwersre
3KCIIOHCHIIAJIbHOM.

B cnenuanbHOM 10J€ clipaBa YCTaHABIMBAETCS YUCIIO
3Ha-

qamux nudp A7S SKCHOHEHIHaTbHOro (opMara M YHCIIO 3HAKOB TIOCHE 3alATON ISl JECSTHYHOTO.
«JlumHue» HynmM MOTYT OBITh aBTOMATHYECKH OTOPOIIEHBI, ecly BBIKIIOUNTH ¢uiar «[loka3biBaTh
3aBEPIIAIOIINE HYIIN».

Hacrpoiika nBeToBOI IKAJbI

Jmamor HacTpoek I[BETOBOM IIKalIbl MOXKHO BBI3BATh M3 OKHA IapaMETPOB Pe3yJbTaTOB pacuéra (KHOIKa
[HacTporika] ), 1100 13 KOHTEKCTHOI'O MEHIO, BBI3BAHHOTO B OKHE PE3YJIbTATOB pacuéTa HaKaTHEM .

HaCTPOﬁKH HBCTOBOﬁ IOKAJIbI HY>KHO BBIIIOJHATE C ILECJIBI0 NPUBCACHUA B COOTBETCTBUC Tpe6yeMHx IIBETOB
U TOJIYYCHHBIX 3HAYCHUI. HepBOHaqaanon HaCTpOﬁKy CHCTEMa BBIIOJHSAECT aBTOMaThuecku. OHa
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PaBHOMEPHO pacrpeaciacT CTaHIIapTHBII;'I CIICKTP U3 IIATH LUBETOB MEXKAY MaKCHUMaJIbHBIM U MUHUMAJIbHBIM
SHAaYCHUAMU, ITOJTYYCHHBIMU B JaHHOM pacrléTe.

B rpynme mapamerpoB “/Ilmanazon”

Mapame Tpbl 33 HBKM
YCTaHaBIH-BAOTCS mapamMeTphl
o AuanasoH 4, 776542-005 — g 4
pacrpeneneHusT YMCIOBBIX 3HAYCHHHM II0 lisenes P
IIBETOBOM IIIKAJIEC: 4,4e-005—
MaKckym: ¢ 2e-008—
Jluneiinasi/Jlorapupmuyeckasi. (& seromaieckn | 47764008 de-005—
Jlorapudmu-yeckas mIKana 1o O sraverve: 3,8-008 -
My 3.6e-005—| o
YMOIYaHUIO HACIIONIb3YEeTCs IS @ seronariecen | 0 u o005
OTO6pa)KeHI/Iﬂ pe3yiibTaTa () sHaqeHme: 3.2e-008—
“Koatpurment 3amaca 1o , gegg:‘
Joe-| —
HaIPSOKCHUIO . DTO JETaeTCs I TOTO, UeeToEaA ratma T

Crema CTaHAapTHaA b 2.4e-005— 4
TpaanEHT [l ofpatHTe 2,2e-006—

9TOOBI MOTYYUTH OOJIee AEeTAIBHYIO IBE-

TOBYIO KapTUHY B HanOosee g
OTBETCTBEHHOM  JHAIla30HE — TI€ 1.82-003—
1.6e-008—
3HAYEHUS Kod(huUIeHTa Herenas it
HpH6HI/I)Ka}OTCﬂ K GILI/IHI/IIIG o I:l MepeEEpHY TE Wikamny 1,2e-008— ‘
Tlonp30BaTens TaKXe MOXKET [¥] Orabpanate MeTkn le-005—

KONHYECTED METOK: 3 A Se-009—
Ge-009 —
4e-009 —
2e-009—

o-Mg

MEPEKIIOYNUTh PEKUM 0T06pa)l(e'HI/I$I Ha

o [“oTatpawats Hyneeyta oTHeTKy
JINHCHHYIO IMIKaly I 3TOr0 pesyllb- [(IBceraa nokastisaTs MakcHmansHoe sHaqeHHe
TaTa. I[J'Iﬂ ApYTrux pe3yjbTaTOB BCCria [[]Bceraa nokassieate MHHMMANEHOS 3HAUEHHE
HCIIOJIb-3YETCS TOJIBKO JIMHEHHAS IITKaa.

|:|I'Io WHOMHaHHHD (94 ] [ OTHEHWTE

Maxkcumym. JaHHbII AIEMEHT
VOpaBIeHUS]  TO3BOJSET  YCTAaHOBHTH
COOTBCTCTBUEC MCXKIAY MaKCUMaAJIbHBIM
3HAYEHHUEM U BEPXHUM Kpai-HUM L[BETOM
cnektpa. [lo ymomganmro BeIOHM-paeTcs
MaKCHMaJbHOE 3HAYeHHE, HO II0JI30-
BaTelb MOMKET BBECTU COOCTBEHHYIO
WHTEpe-CYIONIYI0 BEITUYHHY B
COOTBETCTBYIOIIEM IIOJIE.

MunumyMm. 37ech TPENOCTaBISIETCS BO3MOXKHOCTh YCTaHOBUTH COOTBETCTBUE MEXKAY MHHUMAIHHBIM
3HAYCHUEM M HIDKHUM KpPailHAM I[BETOM CIEKTpa. B OCTallbHOM 3TOT 3JIEMEHT yNPaBICHUS aHAIOTHYCH
MPEIBIIYIIEMY.

A@co0THOE 3HAYeHUe. BKirodaeT pexxuM 0TOOpaKeHUSI B OKHE Pe3yJIbTaTOB pacuéra 3HAYEHHH B y3J1ax
mo momymro (6e3 yu€ra 3HaKa). Pexxmm sBiseTcs BCIoMorarelnbHBIM. Ero MOXHO HCIOIB30BaTh IS
aHaM3a pe3yJbTaTOB, €CIIM WHTEPECYIOT aMIUIMTYJIHbIC 3HAYCHHS KOMIIOHCHTOB IEpEMEIICHUN WIn
JIPYTUX BEINYHH.

BBox MakcMManbHBIX M MHUHMMAJIBHBIX 3HAUYCHHH MOYKHO HCIIOJIB30BAaTh Ul CHEHUAIBbHOW HACTPOHKH
oToOpakeHnst pesynpTaroB. Hampumep, i oroOpaxkenust pesynprata «Koaddumment 3zamaca mo
HaNpsDKEHUSIM» MOXKHO OTPaHMYHMTh MAaKCHMalbHOE 3HaueHue Kodd¢uimeHTa 3amaca, ¢ IeNblo Oonee
HarJsIIHOTO OTOOpaKEHUs JAHHOTO PE3yJIbTaTa B OKHE IMOCTIIPOLIECCOpa.

['pynma napametpoB «LlBeToBasi raMma) MO3BOJISIET HACTPANBATh KOJNYECTBO IIBETOB B IIBETOBOM IIKAJIE.
Cxema. Mimeetcs ceMb IpeABapUTENbHBIX HACTPOEK U OJTHA TTOJIH30BATEIHCKAs.
CrangapTHas. DTa HaCTPOWKA BHIBOJUT IIKATY U3 MSATH OCHOBHBIX I[BETOB.
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OTTeHKH ceporo. /lanHas HACTpoIka BKIIIOYAET YSPHO-OETYIO IIKaITy.

Hoansbrnii cnextp. [Ipy BKIIFOUEHUM 3TOW HACTPOMKU IIKaja MPEACTaBIsACT COOO0M MONHYIO pajayry u3 7
OCHOBHEBIX IIBETOB.

Kpome Toro, nmerorcs neroBsie cxembl Makcumym, MunumymMm, Ilopor, {uanazoH.

Honb3oBarenasi. MOXHO CaMOCTOSITENBHO HACTPOUTh LIBETOBYKO IIKAJY,

COXpaHMB BapuaHT B CHCHHUAJbHBIA Gailnm g Tocieaylomeld ObICTpol S-lE=
3arpy3ku (daiin ¢ pacmmpenuem *.col). Hactpoiika ocymiecTBisieTcsi B mpaBoi gg:gg:: <
YacTH JHajora, TIe HMeEeTCS H300pa)keHhe IBeTOBOW mkanbsl. CrpaBa oOT 3.4e-00% —
LIKaJIbl €CTh HECKOJBKO TPEYTOJBHBIX METOK, 0003HAYAIOIINX MECTO KaKOro- azem0g-  Achaenme
mbo 1Bera B mKkame. [Ipy moMOImM 3THX METOK MOXHO 33JaTh HOBOE 2;:33:: ii;';‘;"::b
MOJIOKEHHE [BeTa B miKaje. [y mepeMenieHuss MeTKM HaXKMUTE 10 He ), u, gizgg:: p
yIlepKUBas KHOTIKY Ha)XaTo, IIepeMecTHTE. 5 2e-005 —

2e-005 —
Jnst co3naHusi HOBOM METKM C HOBBIM IIBETOM IPOM3BEIUTE ug crpaBa oT 1 R-NA —

mkasbl. [TosButest cranaaptHoe okaHo Windows st 3aganus 1sera.
Jns ynanenust MeTKH e€ HY)KHO TIEPEMECTHTH 3a IMpEeJeNbl [BETOBOW MIKanbl. [|ns n3MeHeHus IBeTa,
COOTBETCTBYIOIIETO CYIIECTBYIOIIEH METKE, HY>KHO HCIIOJIb30BaTh 55 st HacTpoeK KAkl MOXKHO

TAaKXC HCIIOJIB30BaTh KOHTCKCTHOC MCHIO, BBI3BIBACMOC HaXXaTHEM @ Ha 1/1306pa>1<eH1/11/1 ].[BCTOBOﬁ
IIKaJIbl.

I'papuent. [Janusiii Graaxok, BKIIIOYEHHBIH 110 YMOIYAHUIO, TIO3BOJSET YCTAHOBHUTH IUIABHBIA MEPEX0 OT
OJTHOT'O IIBETA K IPYrOMY B LIBETOBOM ILIKAJIE.

OopatuTs. [lo3BomseT 0OpaTUTH IBETOBYIO IIKATY.
B rpynne napamerpos «JIerenaa JOCTYIIHBI CIEAYIOIIME 3JIEMEHTBI YIIPABICHUS:

IepeBepHyTh mKagy. OTOT (1aXKOK MEpeBOpaYMBaET IIKaTy 3HaYCHUH. JJaHHBIA pekuM MO0 YMOJTYAHHIO
UCIIOJIb3YeTCsl MIpU oToOpaskeHHH pesyibrata «Kosdduuuent 3amaca mo HanpspKEHUsIM» B CTATHYECKOM
aHanu3e. 1o yaqoOHO 11t 0TOOpaKeHUsI KPUTHUECKUX 3HAYCHNUH, OJIM3KHUX K €MHUIIE, KPACHBIM LIBETOM.

OTOﬁpa)KaTL MeTKH. Bximodenue JaHHOI'o (1)na>i<1<a IIO3BOJIACT 0T06pa)KaTI> METKH C YHCIIOBBIMHU
3HA4YCHUAMM Ha HBeTOBOﬁ IIKaJIC B OKHE PE3YyJIbTATOB.

KoanyecTBO MeTOK. Y CTaHABIMBACT KOJIMYECTBO METOK.

Oto0paxaTs HyJeBYI0 OTMeTKy. llo3Bomsier oToOpa)kaTh Ha IBETOBOW ILKale METKY C HYJIEBBIM
3HAaYCHUEM.

Bceraa noka3pIBaTh MAaKCHMAaJIbHOE 3HAYEHHE. HpI/I BKJIIOYCHHOM q)nache B OKHC pC3yJIbTATOB paCLIéTa
MOABJIACTCA CTPOKA C YKA3aHUEM MAKCUMAJIBHOI'O 3HAUYCHU .

Bcerj_la NMOKa3bIBATh MUHUMAJIBbHOC 3HAYCHHEC. HpI/I BKIIOUCHHOM (l)J'Ia)KKC B OKHC PC3YyJIbTAaTOB pacqéTa
IMOABJIACTCA CTPOKa C YKa3aHUEM MUHUMAJIBHOI'O 3HAYUCHU.
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MapameTpol 3anHBKH (3 D:\npumep.grb: 3agava_0 E]@ﬁ
AranasoH [ ‘
LWk.ana: Japada: "3apnava_0"
& 1.058355 —
() NuHefHan (%) Nor aprdikkyeckas K-T 3anaca nNo 3KEMBANEHTHLIM HAaNPAXKEHUAM
IMaKCHEy: L.17462 — Macwrah nepemewernit: 24 .85
O apTomatiueckn | 464,439 1.27305— Min = 3.22862476E-001
(3) sHaqEHHe! g [ 1,37973 —
3 1. +
e Lass3s—| 4 00000000E+0D0O
0,322862
() aBToMaTHYEKH _ 1 62066 —
, [
(E)saenme: 1 = | T — 1.50535452E+000
1.90365 —
LEeToESA ram1a 2.06318 —
— ' 2.24603176E+000
Cuema: CTaHASPTHAA |+ 223607 — 4
FpagmenT OfipathTe 2.42345 -
3 BFEET— 3.35114264E+000
Z,84663 —
Nerenaa 3.08517 — 5.00000000E+000
[#] NepesepHyTe wrany 3.3437 - 4 Max = 4.64439301E+002
OToBpakaTE METKH 3.6239 —
KONHHECTED HETOR! 3 5 3.92758 —
OTOBpaKaTE HyEEYH) OTHETKY 4,2567 —
[]Breraa nokaseiEaTs MAKCHMANEHOE SHAYUEHHE 4.6134 —
[[]Breraa NoKastIEaTs HHHHMANEHOE SHAYSHHE 5 M ¢ Z
X
|:| Mo yMon4aHKH [ O l [ OTMEHHTE ] [ MPHMEHKTE ]

HacTpoiika guana3oHa 3Ha4eHuUi LWKanbl AN OTOGpaXeHUs pe3ynbLTaToB |

Hcnonb3oBaHue JaTYUKOB ISl AHAJIU3A Pe3yJIbTATOB
B T-FLEX AHnanu3e cyniecTByeT BO3MOXHOCTh HM3MEPCHHS PE3YJIbTATOB pacuéra KOHEUHO-3JIEMEHTHOIO
aHaJ3a B HEKOTOPOH 3aJIaHHOM MOJIb30BATEIEM TOUKE C MOMOIIBIO IATYUKOB.

JlaTyukym MOXHO CO3/1aBaTh TOJBKO JJI1 aKTUBHOM 3aJladyd KOHEYHO-3JIEMEHTHOTO WJIM JTWHAMHYECKOIO
aHaIN3a TIPHU IOMOIIY KOMaH/IbI;

Knasuatypa TexcToBOE MEHIO [Mukrorpamma

<3MD> «Ananu3|Co3aaTh JATYHK»

B okHe CBOMCTB THI AaT4yvKa OIMPCACIICH KaK KSBA TOYKA, TaK KaK OH HUCIOJIB3YCTCA HJIA 3ala4yd KOHCUHO-
OJICMCHTHOI'O aHaJIn3a.

Jlist 3agadus TOYKY, T OYJET CO3/IaH JaTUYHK, HCTIOIB3YyHTE OMITUI0 aBTOMEHIO:

<v> Bri6path TOuKy

Taxoli TOUKOW MOXKET OBITh BepIIMHA HA MPOQUIIE/TyTH, BEpIINHA HA TENe, IICHTP KPUBOW/pebpa, cepeaurHa
pedpa, ueHtp chepbr/Topa wiu 3D y3er.

B nmanore mapameTpoB naTumka mmeercs HaOop moneit («Omeparusy, «OneMeHT», «BTopas omeparusy,
«BTOpoii 351eMEeHT»), B KOTOPBIE 3aHOCATCSI MMEHA BHIOPAHHBIX 10JIb30BaTEIEM 00bEKTOB.
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% MaMepeHue

SNEMEHT!

Aarqme_0
CEOMCTED:
CBOMCTBO 3Ha4EHHE ~
METREREAEE] AL *x EY— o x DISPLACEME.,. 2,73922e-007
DISPLACEME.., -2.53082e-007
[ v l [ o] [ X l ﬁgéjﬂawiﬂwmellglb DISPLACEME... -1.403132-007
= 3agava 1 DISPLACEME... -3.19055e-005
20 -
ARSI =) Teno D STRAIN_EQU... Z2,75746e-008
THIN AaTHHKA! - Cemra 0 STRATMN_X 1.546%-006
_ . STRAIN_Y -1.2834%e-008
K34 TouKkS -1 3akpennena: 1 STRATN 7 17968507 ¥
. +-I ) Harpyserua : 1 OnKcaHme:
MEpaLHA: = .
9 Dara: i MepereWweHkA, MOLY e
BbITankHeaHHe_0 - m
SINEMEHT ! +-I2) Pesynetare F | VismernTe 3HavenMe: | 2.73922e-007
BeplumHa_0 &7 Vaanute ElpameHme:
gek{" darumne_0","DISPLACEMENT _MA
EToOpan onepauma: 7 Wndopmauna...  AlHFL
% MNepereHHan
|[E| WMzmepHTE. .. |
Eropo anemenT: CoticTea.. (%) CosaaTe: | WmA_nepemerHor|
() 3amMEHHTE: “
MpeacTaENEHHE, ..
2 L FOMMEHT pHHA:

MPHMEHHTE

ATanbl co3aaHMA AaTyuka

Jatuuk mpenHazHaueH Uil M3MEpPEHMs pe3yabTaToB pacuéra 3aJayd KOHEYHO-’JIEMEHTHOIO aHalu3a B
yKa3aHHOH mosbp3oBaTeneM Touke. [lig 3Toro HeoOXOAMMO CHavaja BBIIOJIHHUTH PAcdET 3aadyd KOHEYHO-
3NMIEMEHTHOIO aHalM3a (Jake eclM 3ajada yxke Oblla paccuuTaHa), a 3aTeM U3 KOHTEKCTHOI'O MEHIO,
BBI3BIBAEMOTO TpU BbIOOpE «JlaTumkay MpaBoil KHOMKOM MBI B OKHE «3aaadym», BHI3BATb KOMaHIY
«3MepuTHY.

B nosiBuBIIEMcst tuanore cBOHCTB B Ta0uie «CBONCTBO» MOXHO BbIOpaTh MHTEPECYIOIIMIA THIT PE3yJIbTaTa
¥ TIOCMOTpeTh 3HaueHue. [losICHeHHs I KIToYel, CoMepKalIuXcsl B IMEPBOM CTOJIOIE TaOIUIBI, MOXHO
MOCMOTpETh B Tpade «Onucanuey 1o TabIuIeH.

BriOpanHOe 3HaueHHEe MOXKHO COXpaHUTh NpH nomomu «llepemeHHoit». [ns sToro HeoOX0IUMO BBIOPATH
oruuio «Co3nate» B rpymmne «llepemeHHas», 3a1aTh UM IEPEMEHHOM U HaXKaTh KHONKY [[IpuMeHUTS .

I[aT‘II/IKI/I HCIOJIB3YIOTCA TAKKC I M3MCPCHHSA KOHTPOJIBHBIX NAHHBIX IMPU PCHICHUU ONTHUMHU3ALIMOHHBIX
3aaa4 C MCIIOJIb30BAHUEM PE3YJIbTATOB KOHEYHO-2JICMEHTHBIX paC'-IéTOB.

lTocmpoeHue ce4yeHul

B T-FLEX Amnanu3 cymecTByeT BO3MOXKHOCTb IIOCTPOCHHS CEYEHHH KOHEYHO-2JIEMEHTHOM CETKH
HEKOTOPOH 33JJaHHOH IT0JIB30BaTENIEM INIOCKOCTBIO.

CeueHne KOHEYHO-3JIEMEHTHOM CETKH IIOCKOCTBIO MOKHO MOCTPOUTH TOJIBKO B TOM CITy4ae, €CIIU YCIIEIIHO
BBINOJIHEH PACUET 3a/1a4d KOHEYHO-3JIEMEHTHOI'O aHaJIM3a.

,ZIHSI TOTO YTOOBI IMOCTPOUTHL CCYCHUC, HGO6XOHI/IMO N3 KOHTCKCTHOI'O MCHIO, BBI3BIBAEMOI'O HAXAaTHCM
NpaBOi KHOMKH MBIIIK B OKHE MPOCMOTPA pe3yJbTaTOB pacuyéra, BoiOpath komanay «[nockocTb
o6pe3kn|AKTUBHa».

97



AHanu3s

% T-FLEX CAD - F:\npume p\Ban.grb E]@

i dafin Mpaeka MocTpoeHks  Yeprtés  Onepaumk  Odopmnedve  Adanks  Mapametpel  Cepewc  HacTpodika  Bua  OkHoo 7

RANE AS[PSES RN L LS SN S el == =

ECLERT] G,: Ban.grb: 3apnaua_0 n_s.: Ban.arb ]

] Japaw: Bangrh
B‘@ Zanaua 0 MepEMELLEHMA, MOOYTTE, M
E!@ Tena_0
- Cetra 2.3404E-005 z06paueHHe 3
1) 3arpennetua: 2 -
1) Harpyseruia: 1 [P 4 =
Pesynetare: 3 2 5779E-005 MnockocTe oBpeskm 3 |||3 BKTHEHA i
K-T 3anaca no 3KEMEANEHTHEI
EpaweHre 3
Bl Hanpsserin skersaneHTHElR S SETEIIE j:c
B Nepemewenun, Mogyis (TR ' | Prcosate
L 2.2053E-005 METKH » j:l
m AehOpHHPOBSHHOE COCTOAHHE... 'Q
| 1.8378E-005 Pslj HaCTpoRKK 3aMHEKH. . ,&
CBOACTES. ..

I1 4702E-005

+1.1027E-005

7 3511E-006

|gd S50 &L

36756E-006

lacicada

0.0000E+000

< I | [>
6_—3 30 Mogens |CBUHCTBa @ ECLERT]

3arem CICAYCT YCTAaHOBUTD IJIOCKOCThL CCYCHHS B Tpe6yeMoe IIOJIOXKCHHUE.

Jlns1 BpameHus miioCKOCTH OTHOCUTENBHO OCel JoKanbHOU cucTeMbl koopauHat (JICK) mmockocTu cimyxar
YHOPaBISIONINE O0BEKTH: =, <>, <. J[na mepemenieHus mmockoctu Bronbs oceit JICK cmyxar
YIOPABJISIONINE OOBEKTBI wr", " =" [[BeT KaXI0ro M3 OOBEKTOB COOTBETCTBYET IIBETYy OCECH
(OX,0Y,02) JICK mtockoctr. IlepBOHAYaqbHO OCH JIOKAJIBHOW CHCTEMBI KOODPIMHAT IUIOCKOCTH
COHAIPABJICHBI OCSIM TII00ATFHON CUCTEMbI KOOPIMHAT.
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% T-FLEX CAD - F:\npmme p\Ban.grb

=1

0.0000E+000
Z

< 5
78 30 Mogens | B3 CeoiicTea | [ 3aaaum

: dalin Mpaeka MocTposHWA  YepTés  OnepaukM  OdopMneHWe  AHanks  MapaMeTpel  CepeMc  HacTpofika  Buma  OkHo 7
Y : By A . vwxv.\_ v @@ ,F}?. = |
VLUV EIRN S RIS } G &l H S 3
ECLERL Rl -;& Ban.grb: 3agaua_0 ‘;.E Ban.grb
[ 3anaw: Bangb
= ‘@ Sanava_0 MepeMeaweHHa, Mooy, M
=3 Tenn D
H-dfa Cetka 0 2.8404E-003 WMzoBpaneHHe 3
+-IC0) JakpenneHua: 2 MpoeKuws v
+-IC7) Harpyserua : 1
= Pesynetare: 3 3 5779E-005 MnockocTe obpeskK » | D A=
KT 3anaca no 3KEMBANEHTHE ’ BpaweHie 4 S WCTAHOBMTE
B Hanpmxeria skersansHTHeIS Kamepa >
B Nepemewerin, monyns |,’ PHCOBATE
2.2053E-005 MeTrm 3
|£=!.; AedOpMHpOEAHHOE COCTORHHE... @
-
1 B378E-005 ) Hactpoiikn sanuern... @)
CEOHCTEA... -
1.4702E-005 :
e = L
S AR .
SN A0S
1.1027E-005 N P ANp Nl v w AT Y
10a7e VRPN ok =
AV e e Ve
N Y e Wy oW s o
7.3511E-006 Y%
3.6756E-006

S RS &)

LS

[Tocne TOro Kak yCTaHOBJICHA IUIOCKOCTh CEUCHHSI, HEOOXOMMO BHOBb Ha)KATHEM IPABON KHOIKU MBIIIH B
OKHE TMPOCMOTpa Pe3yabTaTOB pacuéra BhI3BaTh KOHTEKCTHOE MEHIO W BBIOpaTh KomaHay «[nockocTb

obpe3ku|PucoBaTb». [lnockocTs ceueHus OyaeT MOCTPOCHA.
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¢ T-FLEX CAD - F:\npume p\Ban.grb (=1 5%
 dafin Mpaeka MocTpoeHuA  YepTéw  Onepaumm  OdoprneHve  AHanks  MapameTpel  Cepeuc  Hactpofika  Buwa  OkHo 7
YluvAwNe:L/ VRS SRS 4

R ox| e Y

3aaaqu !,_E Ban.grb: 2agaua_0 {_E Ban.grb
[ 3anaw: Banab

= ’@ Sanava 0 MepeMeaweHKa, Mogynie, M
=3 Tenn 0
& Cerka 0 2.9404E-005

I 3akpenneHus : 2
I HarpyseHia : 1

T

= Pesynetare: 3 | 2 6729E-005
KT 3anaca no 3KEMBANEHTHE

I% Hanpqmewq IKEHBANEHTHEIE
@ Meperew eHua, Mogye
L 2.2053E-004

+ 1.8378E-005

+1.4702E-005

+ 1.1027E-005

+ 7.3511E-006

3.BTSBE-006

0.0000E+000

a I (2]
78 30 Moaens CeoficTea | [ 3aaaum

B03MO0XHOCTH TOCTPOUTH CE€UYEHHE KOHEYHO-3JIEMEHTHOH CETKHM IIJIOCKOCTHhIO OY€Hb Ba)KHA B TOM Ciydae,
KOT/Ia MTOJIb30BATEI0 HEOOXOAMMO 3HATH MOBEJICHHE PEIICHNsI BHYTPU KOHCTPYKIIHH.

leHepayusi omyémos

[Tonmp30BaTelb MOXKET CcO37aBaTh He3aBucuMble 0T T-FLEX AmHanm3a 3JeKTpPOHHBIE JOKYMEHTHI,
coJepyKalle OCHOBHBIC CBEICHHsI O paccuutaHHoi 3amade. Otuér dopmupyercs B html-dpopmare u ero
IPOCMOTP BO3MOXKEH B JII0OOM mpocMoTpiuuke, Hanpumep, MS Internet Explorer waium MS Word. s
CO3aHMs OTYETA AKMUGHO 33/1a9HU UCTIONB3yeTCsl KoMaH1a KAHann3|OTYET...».

BbI30B amaniora HaCTPOMKHM OTYETA TaKKe BOSMOXKEH M3 KOHTEKCTHOTO MEHIO 110 HAaXKATHIO & ha UMEHH
BbIOpaHHOM 3a1auk (KoMaHaa KOTYET...»).

OT4YéT comepKUT OCHOBHBIE CBEJICHUS O MOJEIH, MaTepuanax, pacuéTHON KOHEYHO-DJIEMEHTHOH CeTKe, a
TaK)Xe IBETHBIE JIIOPHI PE3YNIHTATOB, KOTOPBIE OTOOpa)karoTcs B JAHHBIH MOMEHT B JepeBe 3a/Jay WU
OTKPBITHI B OKHAaX MPOCMOTPA Pe3yJIbTaTOB pacuéTa.

PaccMoTpuM OCHOBHEBIE 3JIEMEHTHI YIIPABICHHS TAAJTI0Ta CO3aHMS OTIETA.
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I'pymma “O6wmast uHpopManus” COICPKHUT NaHHBIC O [(rias
Ha3BaHWM 3aJadd, JUIsI KoTopod (opMHUpyercss OTYET
(“Ha3Banme™), cBeneHusi 0 co3narene otuéra (“ABTop” -
no yMmonuaHuio uHpopmanus Oepércs M3  CBOWCTB
JIOKYMEHTA), CBEJICHUS O KOMITAHUHM TAaKXe M0 YMOIYaHUIO

Qfwaa MHdopMauMA
HazgaHHe: Jaaaua_0

ABTOR! ABTOD

OepyTCs U3 CBOWCTB JIOKYMEHTA. Formanma: Komnarits]
Onement ympaBieHuns “CHHCOK 3mI0p”  MO3BOJISET GRS
OTMETHTh TalO4YKaMH BHUIBI PE3YyNbTaTOB, rpaduieckue TMEpEMELIEHI, MOAY e
o AedopHaumK IKEHEANEHTHEIE
U300pakeHUs] KOTOPBIX OyAyT no0aBiieHbl B (hOPMUPYEMBbIii HaMPATKEHHA SKEHBANEHTHLIS
OTYET. [-T 38Naca No 3KEHEANEHTHEIM HANPAMEHNF
Psagom co criuckom snrop umeercd kHonka [[lapameTpsi],
IIPU TOMOILK KOTOPOH MOKHO BBI3BaTh JUAJIOL JUIsl 3aJ1aHUs d Y
rnapamMeTpoB I/I306pa)KeHI/I51 SIIOP. 3[[60]) MOXXHO 3a1aThb [¥]Mcnonezoeate Hzofpasea OTKPRITEE: pESY NETATOR
pa3Mep KapTHHKM B MHKCENSIX W 1BeT (hoHa. Takke MOMXKHO ) e
BKJIIOYUTb  CO3/IaHHUE IIPEIBAPUTEIIBHOIO INPOCMOTpa  H CHPROGRA1|T-FLEX|T-FLE~3|Program|TFa_common.| .. ]
HACTPOUTH ero u3zobOpaxenue. [Ipu 3TOM B TIaBHBIA OKY-
MEHT OTYETa BKJIIOYAIOTCA YMEHBIICHHbIE I/I306pa)KCHI/ISI [#]Mokasath oT4ET [ cosaame HOTMEHHTb ]
SMIOP PE3yJbTATOB, a JOCTYI K IIOJHBIM H300paKeHUSIM
OCYILIECTBISAAETCS KIMKOM 5 Ha YMCHBIICHHOM H300paxe-
o .. Mapame Tppl JMArpamm
HUU Tpu mpocMoTtpe ¢aima otuéra, Hampumep, B Internet
Explorer WzofpamkeHus
' . wipnna: 800 =
Onaxok “Coxpansats 3D moneas B dopmare VRML s [om =
CO3/1aCT JOIOJHUTEIbHO K KapTUHKAM TakKKe TpPEXMEpPHbIE . ' =
o o UEET $OHA: v
MOJIEIT Pe3yIbTaToB B (opmaTe VIMI ¢ mBeTOBO# OKpackoit Oc —
U TPAaHWYHBIMHU YCIOBUSIMH. B oTueTe psiioM C KapTUHKOU FHRAATE TRETREEHETE
Oymer IOCTyIHA CChUIKA Ha VIMI-MOIENb COOTBETCTBYIO-
mero pesynbrara. OTMeTMM, 4YTO JUIs mpocMoTpa Vrml-
mozemu B Internet Explorer Heo6xoammo HCHONB30BAThH L 1
HesaucuMblil  plugin,  orobpaxkarommii  vrml-monenu [ Corparire 3D maaene & dopriare VAML
(marmpumep, Cortona Vrml Client, http://www.cortona3d.com [ ok | [amenms
WJIH JPYTO# aHajor).

Onaxok «Mcnoab30BaTh H300paskeHUHe OTKPLITHIX Pe3yJbTATOB» IO3BOJISICT IMEPEHECTH B OTUET
M300paKeHHUS OTKPBITBIX B JIAHHBI MOMEHT 3IIOP B TEKYIIMX pakypcaxX, KaKk OHHM BBHITJISAAT B OKHE
pe3ynbTaToB pacuéra. Ecii OTKPHITBIX OKOH C pe3yJIbTaTaMH HET, WM 3JIEMEHT yIPaBJICHUS HEe aKTUBEH, TO
SIIOPHI TOMEMIAIOTCS B OTYET C OpUEHTAIIUEH TI0 YMOTYaHUIO («aKCOHOMETPHS BUJI CIIEPEII»).

IIa6aon oTuéTa — yKaspiBaeT myth K html-mokymenty ¢ mportotunom otdéra. Haxarne Ha KHONKY D
MO3BOJISIET BBIOpATh APYroM mabaoH oTuéTa.

Haxatne na kHOomky [CospmaTe] NPUBOIUT K MOSBICHUIO JUaiora coxpaHeHus daiina oruéra. [lo
YMOITYaHUIO OTYET COXpaHSIeTCs B TEKYLIEM Kartaiore (aiiina MoJeny U UMeeT HauMEeHOBaHUE «UMA (aiina
MoJIeNIn-Ha3BaHue 3a1adm».html.

[Ipn renepamum oTu€ra co3maércs ONHOMMEHHAs manka ¢ ¢ainamu rpaduuecKkux u300paKeHn’
pe3ynbTatoB B opmare .omp. /TaHHOE 0OCTOSTENBLCTBO HEOOXOANMO YYUTHIBATH MPH MEpeHOCe OTYéTa Ha
Ipyroe pabodee MECTO WU IIPH Iiepeiade CTOPOHHEMY 3aKa34YHKY.
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HIa0,10HBI 0OTYETOB

Kak yxe ynmoMuHanIoch, OTYETHI O 337a4ax (OPMHUPYIOTCS C MOMOIIBI0 1madioHoB. [1labmon npencrasiser
coboit  oObuHbIA html-mokyment. I111abr0H, KOTOPBIM MMOCTABISIETCS C CHCTEMOM, HWMEET UMs
TFA_common.html u mo ymomuanuto pacnomaraercss B mamke program wmecramusimun T-FLEX CAD.
Coaepkumoe 11abjoHa JOCTYITHO JJIsl peIakTUpoBaHus B TekctoBoM win html-penakrope. Ionp30oBarens,
3HAKOMBIH ¢ html-mporpammupoBaHreM, MOXET BHECTH W3MCHEHHUS CTaHIAPTHBIM IAOIOH, WIH Ha €ro
OCHOBE CJiejlaTh CBOM COOCTBEHHBINM, a 3aTEM KCIIOJIb30BAaTh HOBBIN IMAOJIOH JUIS TeHEpaIluu OTYETOB I10
3amavyam. [IpuHtmm dhopmupoBaHus oTuéTa Mo MIadNoHy mpocT. ['eHepaTop oT4€Ta MPOCMATPUBAET TEKCT
maboHa U aHAM3HUPYET €ro cojiepKuMoe. B monsx 1ma0ioHa, e BCTPEYaroTCsl CICIHALHBIC YCIOBHBIC
0003HaYeHUs (T.H. «T3TU»), 3TU TATH 3aMEHSIOTCS HAa COOTBETCTBYIOIIME 3HAYCHHWS CBOWCTB 3ajayud, JJIs
KoTopoit hopmupyetcs oTa€T. B Tabnmiie 1 mprBOANTCS CIIFICOK TATOB M WX 3HAYCHHUN B MIA0IOHE OTYETA.

Ilepeyennb 1108 AJ1s1 GOPMHUPOBAHKUSA OTYETOB

Tabamnuna 1
Tar 3HayeHme TITA
$(TaskName) Hassanwue 3amaun
$(TaskComment) KommMmenTapuii k 3a1aue, 3a/1aBaeMblii B IMAJIOTe CBOMCTB 3a/1a4M
$(TaskType) Tum 3amaun
$(TaskAuthor) ABTOp
$(TaskCompany) Opranusaiys
$(Date) Jlata 1 BpeMsi TeHepaIiy OT4eTa
$(File) Wmst v iyTh K (aiiay Moaenu
$(SolidName) Wmst onieparuu, JJ1si KOTOPOH CO3/1aHa 3a/1a4a
$(MaterialNumber) IopsaKOBBIN HOMEp MaTepraa
$(MaterialElasticity) Moyiib yIIpyroctu
$(MaterialPuasson) Koadpdunuent Iyaccona
$(MaterialDensity) ITroTHOCTH
$(Material ThermalCond) TeruonpoBoaHOCTh
$(MaterialExpansion) Koadduiment nmHeiHOrO pacimpeHust
$(Material Stress) HonycTiuMoe HanpshKeHUe
$(Material SpecificHeat) VY nenpHas TEIIOEMKOCTb
$(MeshName) Howmep cetku
$(MeshType) Tun snemenTa
$(MeshNodesNum) Kosmuectso y31108
$(MeshElementsNum) KomnmuecTBo 3meMeHTOB
$(ConditionName) Wmst (HOMep) rPaHUYIHOTO YCIOBUSI
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$(ConditionParent) DJEeMEHT MOJICIIH, JUIsl KOTOPOTO CO3/1aHO TPaHHYHOE YCIIOBHE
$(ConditionParameters) 3HavYeHne TPaHUYHOTO YCIIOBHS (Harpy3Ka, TeMIieparypa u T.I1.)
$(HTML_TR.Result) PesynbTaThl

$(ResultName) HaumeHnoBanue pesyibraTa

.[..1../$(ResultBitmap) Ccblika Ha M300paKEHUE PE3yIbTaTa

Mpumep uHmepnpemayuu pesyabmama

B »tom maparpade MBI paccMOTpUM TpHUMEp AETATBHONH WHTEPIIPETAlldd Pe3yJIbTaTOB KOHKPETHOTO
MIPOYHOCTHOTO Pacy€Ta U BBIIIOIIHUM HEOOXOIUMBIE MEPOTIPUATHS 110 YCTPAHEHUIO HETOCTATKOB MO/IEIH.

Hcxomgnast Momens mpeacTaBiseT cOOOW KPOHINTEHH, YepTEX KOTOPOro IMpelcTaBieH Hibke. KpoHmTeiH
Harpyxaetcsi cuioi 3500kr, KoTopasi paBHOMEPHO paclpeiesicHa M0 FOpPU30HTalbHON muuTte. MaTtepuan
Mo/ — cranb. MiMeeTcs /Ba 3aKkperieHMs: MOJHOE 3aKpeIUIeHWE B HIDKHEM OTBEPCTHH, U YaCTHMYHOE
3aKpEIUICHHE € 3alPETOM MEePEMELICHUI MO MPOJOJIBbHON OCH — IJIsl BEPTUKAIbHOU MJIUTHI

OCHOBHBIM KpUTEPHEM JJIsl OLICHKH POYHOCTH KOHCTPYKIIHH, KaK YK€ TOBOPHJIOCH, SIBISIETCS KO PUIIMEHT
3amaca o HarpspkeHusM (K3). MuanmansHoe 3Hauenne K3 s Hamieid netanu HomKHO OBITh HE MeHee 1,5.
IMocse momy4eHus MepBhIX Pe3ylbTaTOB MOXKHO YBHJETh OOIIYI0 KAPTUHY pacrlpeneieHus: KodQQuimenra,
MOKa3aHHYIO CIpaBa Ha IIBETOBOI dMIOpe.

120 \ 160 | 3agaua: "3agada_0"

’-(—b ‘ | KoadduUMeHT 2anaca No HanpAXKeHWAM _immsrs —~'“"r‘ 5

i —Ar=aL
L L ] 2 - nm TN

Min = 0.6027

U U 1.0000 T
S

O 6.1853

120

38.9993

241.2242

1520.9490

B nanHOM cnyyae Hac MHTEPECYIOT 30HBI, B KOTOpbIX K3 mpuOnmkaeTcs K KpUTHUECKUM 3HAYCHHSIM. MBI
MOXEM TMPOCKaHUPOBATH MOJENb IPH IMOMOIIH Kypcopa, HaBOJs €r0 Ha MHTEPECYIONTUE MECTa U IOTydast
OTBET B BHUJC BCIUIBIBarONIed mojckasku. Ho mis Oosiee HArBIAHOTO MPOCMOTPA TAKUX 30H HYXKHO
HaCTPOUTH LIBETOBYIO LKAy, KaK IIOKa3aHO Ha CIACAYIOIIEM PUCYHKE.
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[NapameTpbl 2aAHEKH D__<|
AnanasoH 1.5—gud

LLikana: 3Jafava: "3agava_0"
) Miredinan i 1.57094 — Ko3dhUUMEHT 33NACa N0 HANPAKEHUAM /

MaKCHMyH: i R Min=0.6027
(O aeToMaTrueckn | 0 ’ 1.5000
@ SHAYEHHE: 3 : 1.72305—

FHHHMYM:
() asTomaThdeckn | O 180454~
@ SHAYEHHE: 1.5 : 1.88988 —

4 1.7830

ABCONMITHOE SHIHEHHE 1.97926—

LEeToEaA ramma

207257 —
Crema: Monesosatens ~
IpaameHT OBpaTHTE JarpysnTh 2,1709 -

227357 —

21193

23811 —

Nerenaa

MepeEepHy Th WKaNY Z,49371 —

25191

OTobpakaTe METKH 2.61185—

Konn4ecTeo meTok: 3 =

. __ 273517 -
OTOBPaATE HYNEEYH) OTHETKY
|:| Breraa NoKastlBaTh MAKCHMANEHOE SHAYEHHE 286452 —
[JBceraa nokassisaTs MAHWMANEHOS SHaUEHHE 3- 4 3.0000 .

Max = 15209490 v
|:| Mo yHon4aHHD [ Ok ] [ OTHEHHTE ] [ MpHMEHHTE ]

YcranaBimMBaeTcs IUana3oH MHTEpecyromux Hac 3HadeHWit ot 1.5 mo 3. Koppekrupyem mns ymoOctBa
[BETOBBIC 3HaueHUs. Bee, uTo Oomnbie 3-X, OyneT oToOpakaThCst OeNbIM IIBETOM — HAC 3TH 30HBI [TOKa HE
nHTepecyoT. KpuTnueckne 30HBI cO 3HaueHWeM MeHee 1.5 Oymyt kpacHbiMH. OcTajbHBIE 3HAYCHUS
Jara3oHa OyAyT UMETh IIBET B COOTBETCTBUH C HACTPOMKAMHU IIBETOBOH IIIKAJBI.

[lpu TakoM OTOOpakeHUH pe3yibTaTa Cpa3y CTAHOBATCS BWAHBI MECTa MOZENH, TPEeOYIOUIHe YCHIICHUS.
Taxoxe Ha MIKalle 3HAYSHUH MBI BUANM, YTO MHHAMabHOE 3HadYeHue K3 pasHo 0.6, 4T0 HE J0IMycTHMO.
Hanee yctpansem HefgocTaTku Mojenu. B mepByro odepelb yCHIMBAaEM MOJKOCHI, YBEIUYMBAs CEUCHUE U
MeCTa COEJIMHEHHs BEPTHUKAIBLHOW WM TOPU3OHTANbHOW TUMT. Takke mpu aHanmm3e oOmield KapTUHBI
pacnpezneneHuss Kod(QQUIMEHTa 3amaca MOXXHO OOHapyXHUTh 30HBI C H30BITOYHOH IPOYHOCTHIO. DTO
MTO3BOJISIET IKOHOMHUTH MaTepuai. Tak, MOXKHO YMEHBIIUTh TOJIIHHY BEPTUKAIHHOHN TUIUTHI U yOpaTh Ha Hel
pEbpa xxecTrocTH. UepTEx HOBOTO KPOHIITEHHA PUBEICH HUXKE.

120 . )
160 3Jagava: "Jagava_0'
i i KoatpuumeHT 3anaca No HaNpAXKeHUAM
r 3 '15 Min = 1.4927
R7 M~ 1.0000
BED
45°
$ | &
O 1.4905
7 4]

22312

3.340

5.0000 J

Max = 25626631
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O6pabomka pe3ynbmamos ([ocmnpouyeccop)

IMocne OOHOBIEHMS CETKM W BBHIMOJNHEHHS IOBTOPHOTO pacueTa BUJIHO, 4TO KodduiumeHT 3amaca B
«TPOOJIEMHBIX» 30HaX TeNeph He MPUHIMAET KPUTHUIECKUX 3HAYCHHN.

Jis BeIHECEHWS] OKOHYATENFHOTO PEIIeHHS O IPOYHOCTH KPOHINTEHHa HEOOXOAWMO BBHIIOIHHUTH PACUET
JIeTali Ha yCTOMYMBOCTH. ODTOT pPAcy€T IOKa3bIBAaeT, YTO TNPH MAaHHOM HarpyxeHuw mias | ¢dopMmer
KO3 PHULIMEHT KPUTUUECKOW HATPY3KH COCTaBIACT 79, YTO TOBOPHUT O JOCTATOYHOM 3aIlace YCTOHUMBOCTH
KOHCTPYKIIUH.

Fanada: "Jagada_1"
OTHOCMTEMEHEIE NENEMELEHMA, MODYNE
DopMa 1 - K0IBDMUMEHT KPUTHYECKOR Harpy=kM: 75,93
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CTATUYECKUN AHANU3

OCHOBHas I1€JTb CTATHYECKOTO MIPOYHOCTHOTO aHAaIM3a KOHCTPYKIIMH 3aKITF0YAeTCs B OIICHKE HAMPSKEHHOTO
COCTOSIHUSI KOHCTPYKITMH, HAaXOJIICHCS MO/ JeHCTBUEM HE M3MEHSIOIIUXCS BO BPEMEHH (CTATHYECKUX)
CUJIOBBIX BO3JICHCTBHI. DTa OICHKA HANPSKEHHOTO COCTOSHHS BBITOIHICTCS OOBIYHO C IICIIBIO MPOBEPKH
MPUHATBIX KOHCTPYKTOPCKHMX PEHICHHWN Ha YCJIIOBUE MPOYHOCTU. YCJIOBHE MPOYHOCTH B OOIIEM Cliydae
(hopMymupyeTCs CIeIyIomnUM 00pa3oM:

Hanpsscenusa O, 603HUKarOujue 6 KOHCMPYKYUU ROO OCliCmeueM RPUNONCEHHBIX K Hell 6HeUHUX CUJ,
001)iCHBL OblMb MEHbULE OONYCKAEMBIX HANPANCEHUTL [6] 07131 0AHHO20 KOHCHMPYKUYUOHHO20 Mamepuana
¢ yuémom nonpasounozo ko3gpuyuenma 3anaca K,,, no npounocmu.

0Ky < [O-]

Mojyib CTaTHYECKOTO aHaJM3a CHUCTEMBbl KOHEUHO-3JIEMEHTHOro MojenupoBanus 1-FLEX Awnanus
npeqHa3HadeH sl pacyéra CTaTMYECKOTO HANPSHKEHHOTO COCTOSIHHS OOBEMHBIX KOHCTPYKIMH B cpefe
T-FLEX CAD. Moaynb CTaTH4ecKoro aHaim3a padoTaeT HEMOCPEICTBEHHO C TPEXMEPHBIMH MOJEISIMH
T-FLEX CAD u He TpeOyeT OTIIeNIbHBIX MOCTPOCHUH TS pacuéTa CrelManbHON TPEXMEPHO MOICIH.

OCHOBHBIMI/I p€SYHI>TaTaMI/I CTaTU4YECKUX 9 1-FLEX CAD 30 - T2\ flokymenTi T-FLEX\TICKP-34,00,00,000\11CKP-34,01.05:511 Boxomvaia-80.9rb ;s =15]%|
. Qain Npaexa MNocTposetn Septéx Onepays Ofopmnese Aramne (apaverper Cepewc Hactpoia Bua Qo 2
PacucCTOB SABJIAKOTCA: CELET IR (Y 2/ADCE RS 2283 00 ¢ 6D 0006096
Bl [0 |2z =alr%

7 Jocosmon Yleh 8 oD ®* R [[%¥[E(EE
BB 1o o TERGEN JETER [ 1 o T
O Cpasna? | ) Cromsanz] 2
T T =

L

LORPBLHHS|CK

® IOl TEepeMelIeHN KOHCTPYKIIMH B T
pacy€THBIX TOYKaX KOHEYHO-3JIEMEHT-

HOM CETKHU,

12076908

TSRS

® [10JIs1 OTHOCUTCIIBHBIX ;[e(bopMauHﬁ;

somean

® [10JIs1 KOMIIOHCHTOB HﬂHpSI)KEHPIﬁ;

Eal D)

2 00dee

= =g

e sHeprus Aedopmaruii;

® Y3JIOBBIC YCHUIIUA,

e O pacnpenesieHuss KodpUIMeHTa
3armaca MO HaOpsOKEHUSIM 1O 00BEMY
KOHCTPYKLHH;

QTR &

OTuX JaHHBIX OOBIYHO JOCTATOYHO MJISt

MPOTHO3UPOBAHUS IOBEACHHUS KOHCTPYKLINHU

Y TPUHATUS PEUIeHUH A ONTUMH3AIUH

reoMeTpHYECcKOr (OPMBI U3AETHS C LETbI0

obecrieueHust OCHOBHBIX yCIIOBUH — of
. 2l

MIPOYHOCTH U3/AETH. 2 B O
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Cmamud4eckul aHanu3

OcobeHHOCMuU 3amanoe cmamu4eckKoa20 aHanu3a

CraTryeckuii aHaIU3 MOJIENIN OCYIIECTBIISICTCS B HECKOJIb- ANIFOPUTIM CTATUYECKOIO AHARU3A

Ko 3TanoB. llepeuncnum HE0OXOAUMBIE ATl BHIIOTHEHUS

aHaIM3a DdIIEMEHTHI. JJIs OCYINECTBICHHUS CTATHYECKHUX TPEXMEQHEJ?M"“HDHEM

pacuyéToB HEOOXOAUMO BBHIMOIHHUTE CIETYIOIIUE [IarH:
Ilar 1. Co3gaHue 00LEMHON TBePAOTEJIbHONH MoOIEH -~

mpeans. [lepen Hayamom pabotel B cucteme T-FLEX 003’1&:';1:;2’1‘“‘*”

AHanu3a I0JIb30BaTeNb AOJDKEH HOATOTOBUTH TBEPIO- «Anamn|Hopan sanaua

TEJIbHYIO TPEXMEPHYIO MOJENb, KOTOPYIO OH OyZIeT pac- T

CUMTHIBaTh. TBEpAOTENbHA MOJENb MOXET OBITh IOCT-

FEHEPAL|MS CETKM

poena B cpene T-FLEX CAD wunu uMmmopTupoBaHa u3 Komanaa

npyrux cucteMm. Cratmdeckne pacd€Thl MOTYT BBITIOJN- «hmamn |Cerxar

HATbCA HaJ OIHOW WM HECKOJBKHMH OIepalysMHu- - -

Teramu. HASHAYEHVE HASHAYEHUE
Hlar 2. Co3panue «3agaum». «3amaua» co3maéres c | MATEPUATIA SAQANHW MATEPUANIA MOAENN

i KomaHna «wmepeuga»|CoficTea)

IIOMOIIBKO KOMAaHABI. «Anamn|Matepuam Marepram

Knasuarypa TexcToBOE MEHIO ITukrorpamMma =
«Ananu3|Hoas ( SABAHVE HATPYXEHIW
<3MN> | 3ajmaua|KoHe4uHo-3JeMeHTHBINH ) «AHW,;%"::DT;W_"»
aHaJIU3»

Jns ocyllecTBiIeHUsI CTaTUYECKOro pacuéra Mpu co3ja- p ~_ > !

HUM 337a4¥ MOJh30BaTellb yKasbiBaeT e€ tun — «Craru- 3AﬂAH”E°3M‘°;ﬁ§””EH””

YECKHM aHalIu3» B OKHE CBOMCTB KoMmaHnbl. Eciau B cueHe T D YA T o

MPUCYTCTBYET HECKOJIBKO TeJ, HEOOXOJMMO BBIOPATH OHO

WIN HECKOJIBKO CONPUKACAIOIIUXCS TeJ, Uil KOTOPBIX < =

OyJer co3jaHa HoBas 3a/Jay4a. BLIMONHEHWE PACYETA
IHar 3. 3aganme marepmana. OgHuM U3 00sA3aTENIBHBIX «AﬂmT;ﬂm

JJIEMEHTOB JIIOOOTO pacyéra SIBISETCS MaTepuan 3aJadw.

[MonpoGHoe omucanue crocoOOB 3aJaHHsT MATEPHAIOB JUISI =

pacy€Ta NpUBOAUTCS B COOTBETCTBYIOLIEM pa3zeiie onuca- AHA““?(:E::":;TATUB

HUs Iperponeccopa. «Judane|lodapHTE pesyaLTATS
Ilar 4. Co3paHue ceTkH. (s OCyIIECTBICHUS KOHEUYHO- «AHAmD{OTYET...» 1 1p.

AJIEMEHTHOTO MOJICTTUPOBAHUS HEOOXO0AUMO TIOCTPOCHHUE
KOHEYHO-2JIeMeHTHOM ceTku. Ilo yMmomdaHuio, KOMaHAa TIOCTPOEHHMS TAaKOM CETKH WHHULUUPYETCS
aBTOMATHYECKH P CO3AAaHMU 3anauu. [lonb30BaTenb MOXKET TakKe CO3[4aTh CETKY, UCHOIb3Ysl KOMaHAY
T-FLEX Amnamm3a «AHanus|Cetka». Ilpu co3maHMM CETKH II0JIb30BATENb ONPENCISeT pa3JIMYHbIe
MapaMeTpsl TUCKPETH3ANK TBEPAOTENbHON Moaenu. KoHedHo-31eMeHTHas ceTKa CYIIECTBEHHBIM 00pa3oM
MOJKET BIHTH Ha KayecTBO IMOJyYaeMbIX PEIICHUH B CiIydae CIOXHOH MPOCTPAHCTBEHHOH KOH(HUrypauuu
nzgenuil. [lonpoOHO mapameTpbl yIpaBieHUs FeHepalueil KOHEYHO-)JIEMEHTHON CETKH PacCMaTPUBAIOTCS B
COOTBETCTBYIOIIEM paszienie onucanus npemnporeccopa T-FLEX Ananusa.

Iar 5. HajioxeHue rpaHMYHBIX yCIA0BHMA. B cTaTHuecKOM aHain3e posib TPAHUYHBIX YCIOBHM BBINOIHSIOT
3aKpeIUIeHNs] ¥ TPUJIOKEHHBIE K CHCTeME BHEIIHME Harpy3kd. OJTam 33JaHdud TPAaHUYHBIX YCIIOBUI OY€HBb
OTBETCTBEHHBIH M TpeOyeT XOpOoLIero MOHMMaHUs pacyéTYMKOM CyTH petraeMoii 3agauu. Ilostomy, npexnie
4YeM MPUCTYNHUTh K HAJOXXEHUIO TPAaHUYHBIX YCJIOBUH, CIEIyeT XOPOLIO MPOAyMaTh (PU3NYECKYI0 CTOPOHY
3a7aui.
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3aaHue 3aKperuieHHH SIBIISEeTCS O00s3aTelbHBIM YCIOBHEM BBIITONHEHUS KOPPEKTHOTO CTaTHYECKOTO
pacuéra. CyMMapHO HaJO)KEHHBIE Ha TIEPEMEIIEHHe Tela OTPaHWYCHHS JOJDKHBI YAOBJIETBOPSTH
CJIEYIOIEMY YCIOBHIO:

st obecTieueHnsT CTaTHIECKOTO aHaIN3a MOJIEIh TOJDKHA UMETh 3aKpeIUICHHE, NCKITIoYaromee eé
CBOOO/IHOC TICpEMEIICHHE B MPOCTPAHCTBE KaK TBEPAOro Tena. HEeBHIOJIHEHHE 3TOr0 YCIOBHUS
NpUBEAET K HEBEPHBIM pe3yjbTaTaM KOHEYHO-AJIIEMEHTHOTO MOJICIUPOBAHUS WM CPBIBY
BBIYHCIIATEIHLHOTO TIpoIIecca.

s 3apanus 3akperuienuii B T-FLEX Ananuse npemxycMotpensl 1Be koMmanabl: «[lonHoe 3akpenneHue»
u «YactuyHoe 3akpensneHue». Komanna «lofiHoe 3akpensieHMe» ompeaeiser OIS BBIOPaHHOIO
3JIeMEHTa MOJCIH IIOJHOCTBIO HEmoaBHXKHOE (hukcupoBaHHoe) cocrosHue. Komanma «YacTuuHoe
3aKpensfieHUe» TO3BOJISCT OTPAHUYHThH IEePEMEIICHUE JIIEMEHTOB MOJEIN H30UPaTeNbHO MO OCsAM
BBEIOpaHHOW CHCTEMbI KOOPMHAT.

Komanga «Yactuunoe 3akperuieHHe» obOnamaeT emé OAHUM MoJe3HbIM (yHKIuoHanoM. Ilonp3oBaTtens
MOXKET 3a7aTh I KOHCTPYKIMH HW3BECTHOE 3HAayeHHE [MEepeMElIeHHs, HalpuMmep, H3BECTHYIO
MpeIBaApPUTEIbHYI0 JedopMalliio KOHCTPYKIMU. JlJis 3TOro B OKHE CBOMCTB KoMaHibl «YacTuyHoe
3aKpeIrIeHHe» HeoOX0IMMO yKa3aTh 3HaUeHUE (PUKCHPOBAHHOTO MIEPEMEILCHHS JIEMEHTa MOJIENH IO KaKOH-
00 M3 KOOPAWHATHBIX oceil. CTaTHuecKkui aHaln3 OyAeT BBIOIHEH C YYETOM 3TOr0 yciIoBus. OTMETHM,
9TO B 3TOM Clly4yae, BO3MOXKHO OCYIIECTBICHHE CTaTHUECKOTO pacuéra 0e3 HaJOKCHHUS JTOTIOTHHUTEIbHBIX
(cunoBeix) HarpyxeHuil. Takum o00pa3oM, MOXHO OLCHHTh HAlpsDKCHHS, BO3HMKAIOLIME B
ne(GOpMUPOBAHHOW KOHCTPYKLMM, €CJIM M3BECTHBl KOJMYECTBCHHBIC 3HAUEHHS JTHX JedopMmaunuit
(mepemerenuit).

YacTHuHoe Jakpe nne HHe

0 G e MapatieTphl 3akpenneHHa

pare_1

CHCTEMa KOOPAHHAT:

nek: [,

EAHHHUE! H3MEPEHHA
THHEAHBIE: |y e Tpe!

¥rnoBbie:

[ Na ymonyaHuo

MpAMOYronEHaA “

OrpaHMHEHHE NEPEMELLEHNA NO OCAM
Ox MHAMHMET P

i MHANHMETREL
-5

¢

D MAANHMMETRE]
PaaHaHel
PaaraHel

PaaHaHel

[ (]9 H OTreHa ]

YAacTHYHO®e 3aKpenneHne+
H3BeCTHOE NepelelleHne

NeAHee 3akpennedne

I'Ipumep Ucnonb3oBaHUA U3BECTHbIX nepemeu.lel-mﬁ

Hnst 3amanus Harpy3ok B T-FLEX Amnanmsze mnpegycMoTpeH Ha0Op cleUaIM3UpPOBAHHBIX KOMAaH[,
MO3BOJISIIONIMX ~ 337aTh OCHOBHbIe Buabl Harpy3ok («Cuna», «[daBneHue», «BpalieHue,
«YckopeHuey, «UunuHgpuyeckas Harpyskar», «Kpytawmm momeHT»). ITogpobHoe omnmcaHmne BCex
TUIIOB HArpy30K COJEPKUTCS B [VIaBE C OIUCAHUEM IIPEIPOLIECCOPA.

OrmernM em€ oaHy (QYHKIHOHAIBHYIO BO3MOXKHOCTh cTaTudeckux pacu€roB T-FLEX Amnanuza.

Ilonp3oBaTenb MOXKET 3a1aTb pacqéT HaHpﬂ)KéHHOFO COCTOAHUSA KOHCTPYKIHH, BO3HPIKaIOH.[PIf;I nmon
Z[eﬁCTBPIeM HE TOJIBKO PAa3JIMYHBIX CUJIOBBIX, HO U TCMIICPATYPHBIX HAI'PY30K — 3aJia4a «TCPMOYHPYTrOCTH).
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Cmamud4eckul aHanu3

W3BecTHO, YTO MMOJ JACHCTBHEM TeMmeparyp KOHCTPYKIIMOHHBIE MAaTepHaibl HCIBITHIBAIOT JIMHEHHBIC
nedopMaIyy - pacIIUpSIOTCS PH HATPEBAHUM U CYXKAIOTCS MIPH OXJaXIeHHWHU. V3MeHeHne pa3mepoB Tena
OPUBOIUT K AeQOpMalsIM M TMOSBICHHIO HANpsDKEHHOTO cocTosiHuA. T-FLEX Ananus mosBoisieT ydecThb
BIHMSIHUE TIepenajga TeMIlepaTyp. 3aJaTh TeMIlepaTypy IJis yuéTa HepaBHOMEPHBIX TEMIIepaTypHBIX TOJeH
MOXHO C TTOMOIIBI0 KOMaH/IbI:

Knasuarypa TexcToBOE MEHIO [Mukrorpamma

<3TT> «Anamm3|TemioBblie

Harpy3ku|Temneparypa»

Bmecte ¢ Tem, uTOOBI TeMIepaTypHBIE Harpy3kd YYUTHIBAJIUCh B CTATHYECKOM pacuére, HE0O0XOIHUMO
BKJIIOYUTh PEXKUM «YUYHTBIBATHL TepMod(pdexkTo» Ha 3aknanke [TepMmoynpyrocTk] auanora
[IapaMeTPOB CTATUYECKOM 3amaun. Tarke NOHaKOOUTCS ONpeNesInTh TEMIIEPATypPy «HYJEBBIX» AedopMalui,
COOTBETCTBYIOIIYI0 HEHANPSHKCHHOMY COCTOSHHMIO MOJCIHM M ONpeAeiHTh padodee TeMIepaTypHOe MoJje
(moapoOHee B pasnene «HacTpoliku nporieccopa TMHEHHOM CTAaTHK ).

Ilar 6. Beinosanenue pacuéra. Ilocne Toro kak s Mojenu ObUla MOCTPOEHA KOHEUHO-JIEMEHTHAsl CeTKa U
HAJIOKEHBI TPaHUYHBIE YCIOBHUS (3aKpeIUiCHUS U Harpy)KeHUs ), MOKHO 3aIllyCTHTh Tporecc GopMUpOBaHUS
Y pelleHus JIMHEHHBIX anreOpandecKuX YpaBHEHAN CTaTHUECKOTo aHanmu3a. J{Js 3amycka pacuéra akmuseHoll
3aJla4l MO>KHO HMCIIOJIb30BaTh KOMaHy:

Knasuatypa TexcroBoe MEHIO IMuxrorpamma

<3MYy> «Anamus|Pacuér» &

Pacuér BeIOpaHHO# 33/1aud MOXHO TaKXKE 3allyCTHUTh U3 KOHTEKCTHOTO MEHIO 10 Ha)KaTHIO 5 Ha UMEHH
BEIOpAaHHOM 3a7]a9H B IEPEBE 3a]1a4.

[lo ymomuanuto, nepen pacu€ToM OTKphiBaeTcs auanor «llapamerpoB 3amaunm» cratuueckoro ananusa. B
JAHHOM JAMAJIOTe I0JIb30BaTeIb MOXET yCTAaHOBUTH TpeOyeMble PEeXHMbI U HACTPOMKH pacuéra, a TakKe
3a7aTh OTOOpakaeMble B JIepeBE 3ajad THIIBI pe3yibTaToB. IloapoOHOe ommcaHue Ha3HAYEHUS HACTPOEK
3ajauyd paccMoTpeHo jganee B pasnene «Hacrpoiiku Ilponeccopa nuHeiiHOW cTaTuku». BoiablIMHCTBO
PEXUMOB BBIOMPAIOTCS MIPOLIECCOPOM aBTOMATHUECKH B 3aBUCUMOCTH OT Pa3MEPHOCTH peIlaeMoi 3aJauu 1
HaJIOKEHHBIX TPAHUYHBIX YCIOBUH.
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Haxxatue xHonku [OK] auasora mapaMeTpoB 3aadu P2CuET - CTATUUECKWI aHEAMS =]
3alycKaeT Tmporecc (QOPMHPOBAHHUA U  PEIICHHS Sapmua:  Sanaua 1t
CHCTEM JIMHEHHBIX ajreOpanyecKux YypaBHEHUH. PacuET
Orambel pemieHus] ypaBHEHUH W JOMOIHUTENbHAS PEEET B
CIipaBO1HasA uHpopManus OTOOPaKaAKOTCS B T —
crnenuanrbHoM UWH(popManuoHHOM okHe. Hakatue Caenato: 100% Bpema:  00:00:11
KHOTIKK [3akperrb] B HMHGOPMAIMOHHOM OKHE Wrepaws: 75 Hesssia: 0.000351463
IIPUBOAUT K IIPEKPAICHUIO pacqéTa. Wcnons308aHUe NaMATH
dnaxox ((3aKprTb OKHO I@OCJ€ OKOHYAHUS 3aHATo: OMB Makamym: 5/MB CeoboaHo: 1112MB
pacuyéra) npuBeIET K aBTOMAaTUYECKOMY 3aKPBITUIO AN T
OKHa 0TOOpa)XeHHs 3TAIOB pacuéra mocie 3aBeplie- . Kommecrso yanos: 16481
HU PCUICHUA YPaBHCHUU. * KonM4ecTED 3NEMEHTOE: 7905
« B : 43053

®naxok «COXpaHHTHL AOKYMEHT MOCIe OKOHYA- SeASH ST METER )

v . « Metoa pacHeETa: MTEPALMOHHBIM
HHUSA pacyéeéra» NpUBEIET K aBTOMATHYECKOMY coXpa- . MPenoByCnABAMBATEN: KOMSMHADOSAHHI
HEHUIO PE3YJIbTAaTOB pacu€ra M BCEX H3MEHEHHBIX
JTAHHBIX pa60qer0 JIOKyMEHTa + Pewenwe CNAY HaitoeHo (ter= 75 tol= 0.000951463)

’ + PBCUET 33KOHUEH
B uHpOpMalMOHHOE OKHO BBIBOZSTCS CIIEAYIOIIUE
CIIPAaBOYHBIC JAHHBIC! 3aKPhITe OKHO NOCNE OKOHYEHKA
KosauyecTBO y3,10B — KOJIMYECTBO Y3JI0B pacu4ETHOM BopasEitan e st
KOHEUYHO-3JIEMEHTHON CETKH.
3aKpeITh ]
‘él

KoJsmm4ecTBOo 3J1eMEHTOB — KOJIHMUYECTBO TETPA3{pOB B KOHEUHO-3JIEMEHTHOM CETKE.
BBeneHo apryMeHTOB — KOJIMYECTBO YPABHEHUH JIMHEWHOM CTATUKHU.

Mertona pacuéTa — HCIIONB3YEMBIN IS PEeNIeHNUs YPaBHEHUH alrOpUTM. BHIBI BO3MOXKHBIX alTOPUTMOB U UX
KCIIONb30BaHuE onucanbl B pazaene «Hactpoiiku [Ipoueccopa TMHENHON CTaTUKI.

Pemenne CJIAY HaiiieHO — CHMBOJIM3HPYET O TOM, YTO MPOILECC PEUIEHHs 3aBEpIIWICA yCHEmHo. B
CKOOKax yKa3bIBaeTCsl JOMOJIHUTENbHAs MH(OpMalus: iter — KOJMYeCTBO BBIMOJIHEHHBIX HUTepauuil (mpu
UCIIONIb30BaHUU HTepannoHHoro merona petneHus CJIAY), tol — gocturHyTtas B pesynbTare pelieHus
YpaBHEHUH OTPELIHOCTb.

Oranbl pacuéra Takke OTOOpaKaroTcs HATJSIIHO B BHJE ITWHAMUYECKH MEHSIOIIeics mKanbsl. B rpymme
Hcnonb3oBanue naMsiTH OTOOpakaeTCsl TEKyLIee COCTOSHUE MaMsITH U MO0 HEMY MOXHO CyIUTb O
IIPUTOAHOCTU HCIIOJIb3YEMOI0 KOMIIbIOTEpa Ul peleHus Oonibluux 3anad. Ilose «3aHATO» IOKa3bIBaeT,
CKOJIBKO OTNepaTUBHON MaMATH 3aHATO B TEKYIIHMI MOMEHT (BKitouas csorm). [lone «Makcumym» — MMKOBOE
3HA4YeHUe, JOCTUTHyTOe 3a Bpems pemeHus. l[lome «CBoOomHO» - pa3smep cBOOOIHOW (QHU3MUECKON
olnepaTMBHOM mamsATH. Eciam 3HaueHWe ymajno [0 HyJsd, TOorAa ucnonb3yercs cson. Kpome Toro,
IIOKa3bIBAETCSI BpEMsl, MPOIIEIIEE ¢ MOMEHTA Hayajga pacyéra W INPOLEHT PEIICHHs TEKyLEH UTepaluu.
[locne 3aBepiieHust pacu€ra MONB30BATENb JOJDKEH 3aKPBITh JIOMOJHHUTENBHOE OKHO (€CNIM HE BKIIOYEH
PEXUM aBTOMATHUYECKOTO 3aKPbITHS).

IMar 7. AHaau3 pe3yJbTAaTOB CTaTH4Yeckoro pacdéra. [locne BbeImonHeHus pacy€ra, B JAepeBe 3adad
nosiBisieTcsl HoBas nanka «Pe3ynbrate». [lo ymonuanuio B Hell 0TOOpakatoTCsl pe3yabTaThl, ONpenesIEHHbIE
B 3axnajke «PesynpraTel» nuanora «llapamerpsl 3agaun». Beero mo pesynbraTaM cTaTMYECKOIO aHaIu3a
TMIOJIB30BATEIIO JOCTYIHBI 38 pe3yabTaToB, CTPYIIHPOBAHHbIE B 6 TPYIIIL.

I'pynna «Ilepememenns». Bkitouaet B ceds ciaemyromuye pe3yiabTaThl:
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A, - KOMIIOHEHTa BEKTOpA Y3IOBBIX IIepEMEIICHNI KOHEUHO-3]IEMEHTHOI1 ceTKH B HanpasieHun ocu OX
[JI00aTBbHON CUCTEMBI KOOPIUHAT

A y " KOMITOHCHTA BEKTOPA Y3JIOBbIX HepCMeHICHI/Iﬁ KOHEYHO-3JICMECHTHOM CETKH B HampaBJICHUU OCHU oy
riI00aIbHON CHCTEMBI KOOpAuHaT

A, - KOMIIOHEHTa BEKTOpa Y3JI0BBIX NICPEMEIICHUI KOHEUHO-JICMEHTHOM CeTKU B HanpasineHun ocu OZ
rII00aTBFHON CUCTEMBI KOOPMHAT
[lepememiennsi, MOaynb - 3Ha4eHHWE aOCOJIOTHBIX MEPEMELICHUH MOJENH B y3Jax, OIpenenseMoe s
2 2 2 .
Kaxkoro ysna mo dopmyne: A=./X; +Y; +2Z;, ta€ X,Y,Z - KOMIOHEHTBI BEKTOPA MEPEMEIIEHUH | -TO
y371a KOHEYHO-3JIEMEHTHOH CETKH.
I'pynna «HanpsizkeHUsD» BKIFOYACT B CE0sl pe3yJIbTATHI:

O . - OTHOCHUTCJIbHBIC SKBUBAJICHTHLIC HAIIPSKCHHN A, BEIYUCIACMBIC U3 KOMIIOHCHTOB TCH30pa

9K8

1 2 2 2
HAIPSDKCHUH 110 Gopmyrie: O, = Ex/(UX - Gy) + (O'y -0, ) +(o, -0 ) + 6(rs + 70 + 7
N

- Hampspkenue B HanpaieHnn oc OX ro6aibHOM CHCTEMbI KOOPIHHAT
- Hanpspkerue B Hanpasiennd ocd OY r106anbHOM CHCTEMbBI KOOPAWHAT

o, - Hanpspkenue B Hanpasiennd ocd OZ rno6aibHOM CHCTEMbBI KOOPAWHAT

7, - Hamnpsbkenue B HanpasieHud ocd OY ri1o6aibHOM CHCTEMBI KOOPAUHAT, IEHCTBYIOIIEE Ha
IUTOIIAJIKE C HOPMaJIbIo Tapanienabaoi ocu OX
T,, - HamnpsbkeHue B HanpasieHud ocd OZ r106aabHOM CHCTEMBI KOOPAUHAT, IEHCTBYIOIIEE HA
IUIOIIAJIKE C HOpMaJbIo apamieabHoi ocu OX
T, - Hanpsbkenue B HanpasiieHun oct OZ 11100abHON CHCTEMBI KOOPMHAT, JAEHCTBYIONIEE Ha
IUIOIIAJIKE C HOPMaIbIO mapaniensHoi ocu OY
0,,0,,07; - IIaBHbIE HANIPSDKEHUs (O = O, = 03).
MHTEHCHBHOCTH HANPSIIKEHUI OTPEIESETCS CIEAYIOIUM 00pa3oM:

o, = maXQO'l — 0,0, — o5 |o; —O'l‘)

I'pynna «Ko3¢puuueHT 3anaca no HanpsizkeHUsiM» BKITIOYAET B ce0sl pe3yIbTaThI:
Koyppuyuenm 3anaca no IK6UBANEHMHBIM HANPANCEHUAM TIPEICTABISET COOOH OTHOLIEHHUE
JOIyCKaeMBbIX HANpsHKEHUH [U] JUIsl TaHHOTO KOHCTPYKIMOHHOTO MaTepualla K 3KBHUBAJIECHTHBIM

HaIMpsOKCHUAM:
« _lo]
san
031«;
K'oat[)dmuueum 3anaca no KacamejlbHbIM HARPAHCEHUAM BBIYUCIIACTCA CIICAYOIIUM 06p330M§
K [O-] T _ O-l B 03
[ 2. v Ymax T 2
Tmax

Koat[)dmuueum 3anaca nO HOPMAlbHbIM HANPANHCEHUAM BbIYUCIIACTCA CIICAYOIUM 06pa30M:
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[o]
K,="—"
O,
JlommycKaeMoe HaIpsDKEHHE MaTepraa 3a1aéTcs B XapakTePUCTUKAX MaTepuala B CTaHJIapTHON OHOIMOTEKe

T-FLEX CAD wunu B COOTBETCTBYIOIIEM T10Jie OMOIMOTEKU MaTepUaIoB 3a/1ayi. B kauecTBe A0myckaeMoro
HaIpPsOKEHUS JUIS IIACTHYHBIX MaTEePHAaIOB BEIOMPACTCS PSS TEKYUSCTH.
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I'pynna «/ledopmanuu» BKItOUaeT B ceOs pe3yIbTaThI:
& - OTHOCUTCIIbHBIC DKBHBAJICHTHBIE Je(OpMaIlid, BBIYHCISEMBIE U3 KOMIIOHGHTOB TEH30pa
ENG o
nedopmarmii mo hopmyiie:
2 2 2 2 2 2
2 [B(ec+ey tey) +3(yxy 7+ V)
“ 3 2 4

£, - OTHOCHTEJbHAs JIHHEHHas nedopmarus B HanpasieHnd ocd OX r106aibHO# CHCTEMbI KOOPIHHAT

83

£, - OTHOCHTEJbHAs TMHEHHas nedopmars B HanpasieHud ocd OY riro6aabHOM CHCTEMBI KOOPIUHAT

&, - OTHOCHUTCIbHAS JIMHCHHAS I[e(i)OpMaHI/Iﬂ B HAITpaBJICHUH OCH OZ rnob6anbHOM CHCTEMBI KOOpAWHAaT

7 - YrioBas 1epopMauus B IIOCKOCTH OXY
V., - yraoas nedopmanus B miockocta OXZ
7y, - yriosas nepopmanus B mockoctu OYZ

&, &,,&; - rIaBHble AedopMalui (& = &, = &).

ILitoTHOCTL 3Heprum Aedopmanmu. PesynbraT oroOpakaeT pacmpefereHHe 3Hepruu aedopManuii 1o
00BEMY MOJIENH.

I'pynna «Peakuuu». PedynpraT oToOpakaeT yCHIMsl, BO3HHKAIONIME B OMOPHBIX (3aKpEIUICHHBIX) y3Jax
KOHEYHO-3JIEMEHTHOM MOJEIH.

F, - cuna peakuun B HanpaBieHnn ocu OX rino6anbHOl CHCTEMbI KOOPANHAT

F y - CHIIa PCAKIHH B HAIPABJICHUN OCH OY rinoGanbHON CHCTEMBI KOOPIUHAT

F, - cuna peakuuu B HanpaBnenuu ocu OZ r106abHON CHCTEMBbI KOOPAHHAT

Cuna peaxuyuu (MoOynw) - 3HaYCHUE aOCONIOTHBIX YCWIMHA MOJENN B Yy3JlaX, OMpENesieMoe Kak

F, = \/FXZ + Fy2 + I:Z2 JUISL K&XKIOro y3ja, TJIe in — X -KOMIIOHEHTa, Fyi — Y -KOMITOHEHTA, in -

Z -KOMIIOHEHTa BCKTOpa YCI/IJ'II/Iﬁ | -T'O y3J1a KOHEYHO-3JIEMECHTHOM CETKU.

I'pynna «Harpy3skm» otoOpakaeT NpuiIoKeHHbIE K KOHEYHO-3JIEMEHTHONH MOJIENN U IIPUBEAEHHBIE K y3J1aM
Harpy3KH. DTOT TUI JAHHBIX [IPEJCTaBIsIeT COO0H CrpaBOYHYIO HHOOPMAIIHIO.

Temnepatypa. Pesynprar oToOpakaeT pacrpeeseHue mois TeMIIEpaTyp Mo 00bEMY MOJEIH.
AJITOPUTM OLCHKH CTATHYECKON MPOYHOCTH 0 Pe3y/IbTaTaM MOJEJIMPOBAHNUS

[locne ycnemrHoro pacuéra 3agadud HEOOXOAWMO NPOAHAIM3UPOBATH IIOJYYEHHBIE PE3YJbTaThl, YTOOBI
c/IeaTh 3aKJIIOYEHUE O BEPOSITHOW CTATHYECKOW NMPOYHOCTHM KOHCTPYKUMH. B OOJBIIMHCTBE ciaydaeB Ui
3TOTO JIOCTATOYHO TPEX THIIOB Pe3yJIbTaTOB — IMEpEeMEIICHUH, HamnpspkeHu n koddduimenTa 3amaca 1o
HanpspkeHusM. [IpuMepHas mocieaoBaTeIbHOCTh AEHCTBUM 10 OLIEHKE PE3yJIbTaTOB KOHEUHO-2JIEMEHTHOIO
MOJEJIIMPOBAHUS:

1. Anagu3 mepememieHuii. B jepeBe 3amau4 M3 KOHTEKCTHOTO MEHIO MO Komanjae «OTKPbITb» win
«OTKpbITb B HOBOM OKHe» oTkpbiBacM pesynbrar «Ilepememienusi, moayib». BusyanbHo
OLICHMBAEM XapakTep M aMIUIUTYIbl Oe(OPMHUPOBAHHOTO COCTOSHHMSA KOHCTpYKUWH. llepemerneHus
HEOOXOAMMO KOHTPOJIUPOBATH ISl TOTO, YTOOBI MIPOBEPHUTH MPABHILHOCTH MPUIOKEHHBIX HAarpy30K H
yOeIuThCS, YTO B PE3yNIbTaTe PEUICHU CUCTEM ypaBHEHHH ObLIO HAalIEHO KOPpEKTHOE pemenne. Eciu
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PE3YIbTATBI aHajlIu3a HepeMemeHHﬁ IMOKa3bIBalOT, 4YTO pPCEHICHUC 3aJadu HaliieHO U XapakTep
,I[e(bOpMI/IpOBaHHOFO COCTOAHMUA KOHCTPYKIIMU COOTBETCTBYET OXHUAACMOMY, MOXHO HCpCfITI/I K
CIcayrouemMy mary.
MepemeweHnA (Moaynk), MeTpbl HanpsxeHnA sKBNBaNeHTHble, Him"2
1.7999E-005 3.0017E+006

1.3851E-005 2.2605E+006

9.0339E-006 1.5079E+006

4.5169E-006 7.5524E+005

0.0000E+000 2.6041E+003

.

Ananu3 nanpsixenuii. OtkpeiBaeM pe3ynbraT «Hanpsikenuss jKBUBajeHTHBIe». BusyaibHO
OLICHUBAEM XapaKTep pPAaCCUMTAHHBIX OKBHBAJCHTHBIX HAIMpPSHKCHUH. ['pagueHTsl HamnpsHKeHUH
oroOpaxkaroTcss LBETOBBIMU mepexoxamu. Illkama 1BETOBBIX 3HAYeHHMH, OTOOpakaemasi B OKHE
IIPOCMOTpa Pe3yIbTaTOB Pacu€ra, MO3BOJISIET ONPEACIUTh OPHEHTUPOBOYHOE 3HAUEHHE 0TOOPaKaeMoro
pe3ynpTaTa. EcnM HaBecTH Kypcop MBIIIM Ha HMHTEPECYIOIIEe MECTO MOJEIH, TO TOSBISETCS
BCIUIBIBAOLIAs IOJICKA3Ka, COAEprKaIlas HMHTEPIIOJMPOBAHHOE IO OMDKAHIINM y371aM 3HadyeHHUE
0ToOpakaeMOH BEJIMYMHBI HETIOCPEICTBEHHO NOJ KypcopoM MbIu. [lo pe3ynpraty « OKBUBaJICHTHBIE
HaNPsKEHUSD TOJIh30BATENh MOXKET CENaTh CISAYIONINE 3aKII0OUEHHS:

3n|opb| moayns nepemeu.lenwﬁ N 3KBUBAINeHTHbIX Hanpﬂ)KeHVIVI

a) OrmpenenuTb, B KakMX MeECTax U DJIIEMEHTaX KOHCTPYKLUMH BO3HHMKAIOT HauOOJbIINE
HaIPSOKEHUS;

0) CpaBHUBasi MaKCUMYMBblI PacUETHBIX HANPSKCHUI ¢ JAOMYCKAeMBIMH Ul MaTepuana MOJENTH
HaANPSKEHUSIMH, MOKHO OIIEHUTH CTETIEHb POYHOCTH KOHCTPYKIIHH.

Ouenka 3anaca mpoyHoctu. OTkpbiBaeM pe3yibTar «Kod(pduumeHT 3amaca no 3KBHBAJIEHTHBIM
HANPSZKeHUAM». [[aHHBIN pe3ynbTaT MO3BOJIAET OLEHUTHh KOJMYECTBEHHOE OTHOLIEHHE JOITyCKaeMbIX
HaNpsOKEHUH, yKa3aHHBIX B XapaKTEpPHCTUKAX MaTepuana, K PacCYMTaHHBIM SKBHUBaJeHTHBIM. [lo
YMOJYaHHUIO Pe3yJbTaT OTOOpaXKaeTcs B JIOTAPHU(PMHUUECKOM MAacCIITa0e KAl C [EJIbI0 YMEHBIICHHS
pa3bpoca [BETOBBIX TpaJHEeHTOB. EciM OTHOLICHHE JOIyCKaeMOro W pacu€THOro HampsHKEHUH
MpHONIKAeTCsl K eIWHUIe, WIM MEHbIIEe €€, YCIOBHE NPOYHOCTH IEePecTaéT BBIMONHATHCS W,
CJIEZIOBATENIbHO, B KOHCTPYKIHIO HE00X0IMMO BHOCHTH U3MEHEHHUS.

Hacmpoliku npoyeccopa sluHeliHOU U HeJITUHeUHoOU cmamuku

CroiicTBa 3ajauy, OIpeeNEHHbIE I10JIb30BATEIEM, COXPAHSIOTCS IPU COXPAaHEHUM JOKYMEHTa, a TakKxkKe
HacJIeAYIOTCS IpY KONMTUPOBaHUH 3a1aun. OCHOBHOE Ha3HAUEHUE CBOWMCTB 3a/1a4i — 33JaHue TPeOYyeMBbIX A

pa60TBI rnponoeccopa peKUMOB, CIIMCKOB OTO6pa)KaeMBIX IoCJIC pacqéTa B ACPCBC 3aJla4y pPE3yJIbTATOB, a
TAKXC XPAaHCHUC ONHUCATCIIbHBIX anI/I6YTOB 3aga4u, TaKMX KaK UM UIH KOMMGHTapHﬁ. I[I/IaJ'IOF napamMeTpoB
3aga4u CTaTUYCCKOIo aHajin3a COACPIKUT IIATH 3aKJIaJ0K.
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3aknaaka [OBwme] MO3BONSIET ONMPEACTUTh ONMKUCATEIbHBIE CBOMCTBA TEKYIICH 3aJauH.

B none «MMs1» 1oabp30BaTeNs MOKET U3MEHUTh HAUMEHO-
BaHME 3a1a4d, NPUCBOCHHOE CHCTEMOH IO YMOIYAHHIO
npu e€ co3gaHuu. DJTO uMs OyaeT B JanbHeiiem
OTpakaTbCs B JEpEBE 3a4a4, B OKHE pPE3yNbTaTOB U B
oTuéTe.

OnemeHT ympasieHus « THm» MO3BONSET yCTaHABIMBATH
tan 3amadn. OtmetuMm, uro T-FLEX Anamm3 mommep-
JKUBaeT M3MCHCHUE THUIA YK€ CYIISCTBYIOIIECH 3amauu Ha
JPYTOi, U3 YKCiia JOCTYIHBIX MOJIH30BATENI0 TUIIOB 3aa4.
Hanpumep, monb3oBaTellb MOXET CO34aTh 3ajady TuIa
«CTaTudeckuil aHaIu3y», a 3aTEM U3MEHUTH €€ THUII, Halpu-
Mep, Ha «Y CTONYMBOCTb» MU «HacTOTHBIN aHATU3».

TexcroBoe mone «KomMmeHTapuii» Mo3BOJSIET MOIB30BA-
TEJII0 3aHECTH IMPOU3BOJIBHYIO TEKCTOBYIO HH(OPMAIIUIO,
OTHOCSIIIYIOCS K TeKymIel 3aaade. JTa nHpopmanus Oyaer
B I[aJ'IBHefIHIeM HCIIOJIB30BAThCA NIPHU I'CHECPALIUN oT4éTa mo
pe3ysbTaTaM peIIeHUs 3a1au.

Mapame Tpol 3a3auM (CTATHUE CKMH AHAMTM3) .ﬁ

OfWKe | Pacudt | HenureliHooTs TepmoynpyrocTe | PesyneTaTel

Chwke

MmA: | Sagada_0

THM | CTaTHUECKH aHanus L

FOMMEHTapHI:

SNEMEHTEI MOAETH
BeiTankmeaHHe_0

MaTepHank!

MokaskIBaTE 3TOT AHANOM NEPEA PaCHETOM

I [o].4 H OTHEHE ” Cnpaeka

3aknagka [PacuéT] mno3BosigeT 3alaTh CBOICTBa Mpoleccopa Uil pelIeHUs ypaBHEHUM JHMHEHHON

CTaTHUKMU.

OneMeHThl ynpasieHus B rpyine «PemleHne cucreMbD» MO3BOJSIOT MOJIB30BATENIO ONPENEIUTH CIIOCOOBI
pENIeHns CUCTEM anreOpandecKuX ypaBHEHUH THHEHHON CTaTHKU:

Hpsamoii meron. CucTeMbl YpaBHEHUU pEILIAIOTCS
MeTozoM ['aycca, ¢ BBIYMCIIEHHMEM TPEYTOJILHOTO pasJio-
KEHUsT MaTpUIIbl skecTKocTH. [anHbiid MeTon 3¢ dexTu-
BEH Ul PELICHUS! CUCTEM YPaBHEHHM, IOCTPOEHHBIX Ha
OCHOBE JINHEHHOTO KOHEYHOr'o 3jJeMeHTa. B HeKoTopbIX
CIIy4asx HCIOJb30BaHUE MPSAMBIX METOJIOB ONPABIaHO U
Mpu pacu€Te CHUCTEM Ha KBaJPaTHYHBIX KOHEYHBIX
asieMeHTax. Ero MOXKHO HCIOJIb30BaTh BMECTO HTepa-
LIMOHHOTO, €CJIM UTEPALMOHHBIM aJrOpPUTM HE CXOIAUTCS
K YCTOWYHBOMY PEIICHHIO, WIM CKOPOCTh CXOAWMOCTHU
OYeHb Mayila (KOJIMYECTBO HTEpalUi  COCTaBisIET
HECKOJBbKO ThIcsd). Takasg cuTyanuss MoXeT Habro-
JaTbCsl Ha «TOHKUX» 3ajayax (MOJENb IIOCKash WIH
BBITSIHYTAas), @ TAK)KE MPH OOJIBIIIOM KOJIMYECTBE KOHEU-
HBIX 3JIEMEHTOB, CHJIBHO OTIIMYAIOIIMXCS OT PaBHOCTO-
pOHHUX (KOTJa OTHOWIEHWE HIJIUH pEOEpP KOHEYHBIX
3JIEMEHTOB COCTABIISIET COTHH WJIH THICSUH).

HUrepanuonnsbiii. CucteMbl YpaBHEHUH pEIIAIOTCS UTeE-
PAlMOHHBIMH METOJAMH. DTOT METOJ, HCIOJB3YETCs MO
YMOJYaHHIO JUIS PENICHUs] CHCTEM ypaBHEHUH, GpopMu-
PYEMBIX Ha OCHOBE KBAaIPATUYHOTO KOHEYHOT'O JIEMEHTA.

I[J'IH HUTCPAlUOHHOI0 METOAa MOXKHO YCTAHOBUTH CICAYHOLNIMC JBa IHapaMeTpa:

IMOrp€IHOCTb U MAKCUMAaJIbBHOE YUCIIO HTepaHI/Iﬁ.

MapameTpel 33534m (CTaTHYECKUA aHAKI) @

| Ofiwme | Pacuer |Hem-1HeF|Hocrb I TepHoynpyrocTe | PesynsTaThl |

PelueHHe CMCTEME! YPaBHEHMIA

@ ABToMaTH4ECKIiA Boifiop

) Mpsmon meTon

_) MiTepaLmoHHeIi MeToa

CITHOCMTENEHEA NOrpeHOCTE! 0.001

MakcumMansHoe JYKono gTepau.wﬁ: 5o00
ToYHOCTE CNpedeneHla KoOHTaKToE, Yot 1
CTabun13HpoBaTE CUCTENY

MeToa KoHEYHBIX INEMEHTOE

TWM 3NEMEHTE! | KEagpaTHLHEI "
PeromeHnyeTca WEENTEE =

COCTOAHNA NMHERHEIA

[ O H OTMEHE H Cnpaska

OTHOCHTCJIbHAA
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OTHOCUTeJbHAs] MOTPEMIHOCTh — TIOTPENIHOCTh MOTYYaeMOT0 UTEPAlMOHHBIM METOAOM pemieHus. Yem
MEHBIII€ YCTaHOBIIEHHAS TTOTPEIIHOCTD, TeM OOJIbIIIee KOMNYECTBO MAroB (HTepannii) Heo0X0IuMO.
MaxkcumManbHOe 4YHCI0 MTEpaluii — TpeneIbHOe KONHYECTBO WTEpalldii, 10 AOCTIKEHHH KOTOPOTO
pellleHne CHCTEM YpaBHEHUI WTEPallMOHHBIM METOJIOM MpPEKpaIlaeTcs, Jake eciii Tpedyemas TOYHOCTb
pEIIeHUs HE JOCTUTHYTA.

ITomp30BaTen MOXET TakXKe YIpaBIsATh PabOTOH ¢ BHENIHEH (AMCKOBOM) M OMEpPAaTHBHON IMaMATHIO
KOMITBIOTEPHOM crcTeMbl ipu petieHnd CJIAY mpsMbIM HITH UTEPAITHOHHBIM MeToioM ( [HacTpoiikal]).

Mpamoi mMeTog @

TpeboBaHKA K NamMATH

Mcnons30BaHWE AWCKOEOH NaMATH: |aBTOMaTIJ1‘-|EC|01 S |

WMcnons308aTh PEWaTENL MOHMAEHHOA TOUHOCTH

PewaTent NoHMAKEHHDA TOHHOCT TPERYET B ABa Pasa MeHbLUE NaMATH 1
obecneunBaeT bonee BricTpoe peweHue. B BoNbLWMHCTEE CNYYEEE KEYECTEO PELLEHMA
MPHEMIIEMD AR MHKEHEPHEIX PACHETOB,

PEKoMEHAYETCA ANA KOMNEKTEPHBIX CHCTEM © HEAOCTATOUHOM
MPOM3E0AMTENEHOCTEIO,

Mcnons30BaTE 0AHONOTOYHYID BEPCMKD PEWETENA

CaHonoTo4HanA BepCMA obecneuvsaeT bonee crabunsHoe PEWEHWE, HO MMEET
CHMAHEHHYHD MPOMIBE0AWTENEHOCTE HE MHOMONPOLECCOPHEIX KOMOBKDTEPHBIX CACTEMaX,

QK ] | OTMEHWUTE

Ouanor HacTpoe NPAMOro MeToAa peLueHUs ypaBHEeHUN

CyuiecTByeT TpU BapuaHTa HCIOJIB30BAHUS JOMONHUTEIBHON JUCKOBOM MAMSTH: A8MOMAMUYECKU,
3anpewero, npunyoumenvio. VIcronb30BaHne TOTMOTHUTENBHOW JUCKOBOW MAaMATH MO3BOJISIET COXPAaHHUTh
pa3yioKeHHE MaTpHUlbl KECTKOCTU. MCMOab30BaTh JIOMOJHUTENbHYK JHUCKOBYIO MHaMATh JISl PEIICHUS
CHUCTEM YypaBHEHHH HEOOXOJWMO TOJBKO B TOM CIydYae, €CIU IaMsTh, HEOOXOAWMAS IS XpaHEHUS
MIPOMEKYTOUHBIX MATPHII, IPEBHIMIACT 00BEM OTIEPATUBHOMN MAMATH BBIYUCIUTEIBLHON cUCTEMBbI. OTMETHUM
TaK)Ke, YTO BPEMs PEIICHHUS 3ajay OOJIBIION Pa3MEPHOCTH C MCIOJb30BAaHUEM BHEIIHEH MaMATH MOXKET
OBITh 3HAYHUTENHHBIM H3-32 OOIBIIOr0 KOJIWYECTBA OIEpAIMii IMOCIEIOBATEIIEHOTO YTSHHS-COXPaHEHUS
JTaHHBIX.

Jlns XpaHeHHs IPOMEKYTOUHBIX MATPHUI] MOTYT MOHAJO0UTHCS 3HAYUTEIbHBIC 00BEMBI TUCKOBOM MaMSITH
(Heckonbko ['0aiit). [IpoBepbTe HaNMYKME OCTATOYHOIO O0BEMA CBOOOJHOTO MECTa Ha JHMCKE IPH
pelIeHny 3a1a4 O0JIBIION Pa3MEPHOCTH C UCIIOJIb30BAHUEM BHEIITHEH MaMSITH.

Eciu mosib30BaTeib OTKIIIOUKIT BO3MOXKHOCTh MCIIOJIB30BAaHUS JUCKOBON MaMSTH, HO TOPSIOK peliaeMoin
CHUCTEMBI YyPaBHEHHUM BEIIMK, U MaMATh, HEOOX0AUMas )i XPaHEHUS PA3JIOKEHUS MaTPHUIIbI PUOJIHKACTCS
Kk 2 I6ait (mms Windows 32-bit), Bo3MOXXeH aBapHiHBIA BBIXOJ M3 BBIYHUCIUTEIBHOTO MpoIecca H
MPEKpaICHUEe PEIICHHS 33 IauH.

Onuus "Hcnosb30BaTh pemiareb MOHMKEHHOW TOYHOCTH' BKIIIOYAET PEXXUM XPAaHEHHs YMCIICHHBIX
JAHHBIX B 4-x OaiiTHOM Buae (oAMHApHAsS TOYHOCTH). [IOTpEOHOCTH B 3TOM MOXXET BO3HHUKHYTH, €CITH
KOMITBIOTEpHAs cHcTeMa 00JlaZlaéM HEeIOCTaTOYHBIM KOJMYECTBOM OIEPATHBHOW MaMSTH U perraeMon
3agaun. CHCTEMBl YpaBHEHHH B 3TOM peKMMe OOBIYHO pEIIaloTCsl HeCKONbKO ObicTpee. OmHako, m3-3a
CHIDKEHHOM Ppa3psAHOCTH XPAaHEHWS YHCEN, B MPOIECCEe BBIYUCICHHH MPOUCXOOUT IOTEPS TOYHOCTH,
KOTOpasi MOXKET OBITh CYIIECTBEHHOW, a MOXKET ObITh M HE3HAYUTEIHHOW B 3aBHCHMOCTH OT pelraeMoit
3agaun. [lo ymonuaHuio Bcerja UCMONB3yeTcsl §-0aiiTHOEe XpaHEHHE YMCIIEHHBIX NAHHBIX, P KOTOPOM
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HOTIPEIIHOCTY YHUCJICHHBIX OKPYIJICHUH OOBIYHO 3aBEJOMO HE OKa3blBalOT BIMSHHUS Ha KOHEUHBIH
pe3ynbTarT.

Hcnonb30BaTh 0AHONMOTOYHYIO BEPCHIO - OTKITIOYAET PEXKIM pacliapayiIeTMBaHIsl BEIYHCIUTEIEHBIX
MIPOIIECCOB B MPOIIECCE PEIIECHHS CHCTEM YPaBHEHUH NPH PELICHUH C TIOHIKEHHOW TOYHOCTRIO Ha
MHOTOTPOIIECCOPHBIX (MHOTOSICPHBIX ) KOMIIBIOTEPHBIX CHCTEMAX, YTO 00CCIICYMBACT HECKOJIEKO MCHBIITYHO
MOTEPIO TOYHOCTHU MPH PEUICHUU CUCTEM YPaBHEHUHN C OJJUHAPHOU TOUHOCTBIO.

MrepaumonHeli meTog @
TpefoBaHuaA K NaMaTH

MpeacbycnosnmeaTens:

|KoM6MHMpoBaHHblﬁ1 - |

Mcnone30BaHHe AMCKOBOM NaMATH:

| ABETOMaTHHECKK e |

WMcnons308aTE PEWETENE MOHMHEHHOH TOUHOCTH

PewaTent NoHMHKEHHOR TOYHOCTH TDEGFET Ha TPETE MEHBLUE NEMATH M obecnewvsaeT
bonee Eblfl'pl:lE pewenue. B BonBILUMHCTEE CNY4Y3EE Ka4YeCTEO PEWEHWA NPUEMNEMD ANA
HMHAEHEPHEIX PSCHETOE,

PexoMeHAYETCA ANA KOMMBKITEPHEIX CUCTEM C HEAOCTATOYHOA
NMPOMSE0ONTENEHOCTEHD,

Mcnons30BaTE 0AHONOTOYHYKD BERCMKD PRLUETENA

CaHonoTo4HanA BepCMA obecneunsaeT Gonee crabunsHoe PEWEHNE, HO MMEET
CHMAHEHHYHD MPOMZBE0AWTENBHOCTE Ha MHOMONPOUECCOPHBIX KOMAOBKOTEPHBIX CMCTEMaX.

Ok ] | OTMEHWUTE |

[Ownanor HacTpoe UTepaLMOHHOro MeToAa peLueHus ypaBHeHMVI

B HacTpolikax UTepallmOHHOT'0 METO/Ia MOJIb30BATENb MOXKET Takke BeIOpath "[IpexodyciaaBauBarens"
JUIsL CUCTEMBI ypaBHEHUH. [Ipedobycrasnueanuem Ha3pIBa€TCs ONpeIeIeHHAs YHCIICHHAs IPOLeaypa,
MO3BOJISIONIAs] YCKOPHUTH MPOLIECC PELICHUS! CUCTEMbI yPaBHEHUH nTepallMoHHbIM MeTogoM. B T-FLEX
AHanu3e 0CTYIHbI 4-¢ BHJIa TIPeA00YyCIaBInBaTeIICH:

Kom0ununpoBaHHblIii (110 yMOIYaHHIO) - OOBIYHO 00ECIIeYHBaET caMoe OBICTPOE PEeIICHHE C MUHUMAIbHBIM
YHCIIOM UTEPALMii, HO TIPH 3TOM U camble OOJIbIITNE HAaKJIaJHbIE PACXO0/IbI 110 ONEPAaTUBHON MaMSTH I
UTEPALIMOHHOTO METO/A.

HemnoJiHoe pa3iio:keHue - 3aTpaThl 110 AMITH HE NIPEBBILIAIOT YABOCHHOIO pa3Mepa IaMsTH, 3aHATOTO
MAaTpHIEH )KECTKOCTH, KOJIMYECTBO UTEpaLlii yMEHBIIACTCS, HO HE TaK 3P (EKTUBHO KaK B ciydae C
ucnonb3oBaHrueM KoMOMHUPOBaHHOTO NpeA0OyCaaBIuBaTEes.

JlnaroHaJbLHBIH U eIUHUYHBIN - 00E€CIICYNBAIOT MHHUMAJIbHEIE TPEOOBaHUSI K JIOTIOTHUTEIBHOMN
OTICPAaTUBHOMN TIAMSTH, HO TPEOYIOT OOJIBITIOT0 KOJUYECTBA HTEPAITAN TS PEIICHUS, OOBITHO PEIKO
MPUMEHSIOTCS B TPAKTUYECKUX 3a/lauax.

Mertox KOHEYHBIX 3JieMeHTOB. Ilo ymonyaHMio, Bce pacyé€rsl OCYIIECTBISIOTCS € MCIOJIb30BAHUEM
KBaJpaTUYHON aNNpOKCHUMAallUK NEPEMELICHUI, HE3aBUCHMO OT TOIO, Kakas CEeTKa KOHEYHBIX 3JIEMEHTOB
Obula mocTpoeHa i Moaenw. Ecnu mosb3oBarenb 3aMHTEPECOBAaH B IOJNYYCHHU KAYECMBEHHBIX
pe3yibTaToB, T.€. €r0 HHTEPECYIOT JIMIIb OTHOCUTEIIBHBIE pacHpeAcsicHUus IoJIEH HalpsDKeHWM Ha
JOCTaTOYHO TOJPOOHOM CEeTKe, MOXKHO HCIOJb30BaTh pacyeéT IJUHEWHBIM JJIIEMEHTOM, KOTOPBIH
OCYILECTBIISIETCS. HAMHOTO OBICTpee, YeM KBaJApaTUYHbIM. | HOPHIHBIN 3IeMEHT HCIONB3YeTCs IPH pacuére
MOJIEJIEH, COCTOSIIMX OJHOBPEMEHHO W3 JIMHEWHBIX IUIACTMHYATBIX W OOBEMHBIX 3JIEMEHTOB (T.H.
«TUOPUIHBIX MOJIENEI»), HAa CTATUYECKYIO TIPOYHOCTD.

117



AHanu3s

Pacuér nmHEHHBIM TETpadApa’IbHBIM OSJIEMEHTOM OOECHedrBaeT HEJOCTATOYHYI0 TOYHOCTH
KOJMYECTBEHHBIX pPE3ylbTaTOB. MaKCUMyMbl TEpEMEIICHHH W HaNpsHKeHHA TIpU  pacuére
JIMHEUHBIM TETPadApaabHBIM KOHEUHBIM 3JIEMEHTOM 3HAYUTEIILHO MEHBIIIE 3HAUCHHM, MOTyJaeMBbIX
mpu pacué€re 0ojee TOYHBIMH MeTonaMu. HacTOSATEEHO PEKOMEHIYeTCs ISl KOJMHYSCTBCHHOMN
OIICHKH MCIIOJIb30BATh PACUYET KBAAPATHUHBIM DIIEMEHTOM (PSKHM IO YMOJIYAHHIO).

Cradunu3upoBath cucteMy. JlaHHBIM PEXUM MO3BOJSET OCYIICCTBIATH PacyeT HEPUKCHUPOBAHHBIX B
MPOCTPAHCTBE CHCTEM, ypaBHOBEIIWBacMbIX cuiiaMu. OOBIYHO, €CTU B KOHEYHO-IJIEMEHTHBIX pacueTax
UCTIONB3YeTCs MOAETb, HE 3aKpelyieHHAash B MPOCTPAHCTBE, T.€. MMEIOINAs BO3MOKHOCTh MEpeMelarbesi B
MPOCTPAHCTBE KaK LENIoe, TO €€ KOHEYHO-3JIEMEHTHBIN CTaTHYeCKUH aHanu3 He Bo3MoxkeH (O4eBHIHO, YTO
HE3aKpeIUIGHHOE TeJNO TOJ [IeHCTBHEM TMPHIOKEHHBIX cuin "ymeTutr' B OeckoHedHOCTh). Omnrws
«CTaObMIM3upoOBaTh CHUCTEMY» TIO3BOJISIET IPEOJONIETh O3TO OrPaHHYCHHWE B Cciydvae, €CIH CHCTeMa
yYpaBHOBEIIMBAETCS CHJIaMH B TMpocTpaHcTBe. [IpuHIMI cTabumu3anuy CleAyromuii: Ha BCce TpaHH MOJIEIH
HAKJIAJbIBAIOTCS DJIACTUYHBIC O3JEMEHTBI, JKECTKOCTh KOTOPHIX JOCTATOYHO Maja TI0 CPaBHECHHIO C
KECTKOCTBIO MOJICTTM W HE OKa3blBaeT CYIIECTBEHHOTO BIUSHHS Ha pacrpeneicHue aehopmanuii (a,
CIIeIOBATEIbHO, U HANIPSHKCHUH ).

IIpu 3TOM 37aCTUUHBIC 3JIEMEHTHI IPEIOTBPAILAIOT MEepeMellie-

HHUE MOJIEJIM B MPOCTPAHCTBE KaK LIEJIOr0 U TEM CaMbIM JIEJIa0T

MaTpULy KECTKOCTH OIpPEACICHHOM, YTO IMO3BOJSIET PEUIUTh foBasouras wécTrocts: |
KOHEYHO-IJIEMEHTHYI0 3afady. Ciemyer y4decTb, 94TO BO m30e-
JKaHUe OOJIBIINX MEPEMEIICHUH KOHEUHO-JICMEHTHONW MOJICIH
MPWIOKEHHAs CUCTeMa CHJI JI0JDKHA OBITh YPaBHOBEIIMBAIO-
meiics. Ecim Bce ke mporcxoauT OOINBINOE MepeMenleHne MOAETH B MPOCTPAHCTBE KakK IEOTr0, MOKHO
BOCIIOJIb30BAaThCS JIONOJHUTCIBHBIMUA YaCTHYHBIMU 3aKPCIUICHUSIMH TpaHH WIM pedpa BOo wu30exkaHHe
BpallleHuss Mojienid. [Ipu 3TOM cleayeT y4uThIBaTh, YTO JIOTOJHUTEIBHBIC 3aKPEIICHHS JOJDKHBI OBITh
BEIOpaHBI Tak, 9TOOBI HE MPEIBOCXUIIATE CIIOCO0 MepOPMHUPOBAHUS Tella B YCIOBHSIX JTAHHOW CHCTEMBI CHII
(He BBI3BIBATH JOINOJNHUTENBHBIX CHJI pEaklWu, HaNpuMep, OTpPaHWYUBATh IIEpEMENICHHE B TeX
HaIPaBJIEHUIX, TI0 KOTOPBIM COCTABJISIOIINE CHJI PABHBI HYJIO JIMOO 110 OCSIM CHMMETPHH).

CTabHNMSMPOBaTE HE3AKDEMNEHHYID CUCTEMY

KpaTKoe OrMCaHWE NPUHWANG CTA0MAM3aLMKM CHCTEME

PacueT He3akpensieHHOW Mogenu, ypaBHOBeLUMBAEeMOW cUlaMum

Knonka [HacTposkal, pacrnosnoxkeHHas psgoM ¢ ¢uarom «CTaOWIN3HPOBATh CHUCTEMY» II03BOJISIET
HACTPOUTH BEJIMYHHY JOMOIHUTEILHON KECTKOCTH, B H/M, mpremseMoii B yCIIOBHSIX TaHHOM 3a1a4u.

118



Cmamudyeckul aHanu3

3aknagka [TepMOynpyTrocTs] IO3BOJSET ONPEICITUTH

PEKIMBI yqéTa TEPMUYECKHX HATPY30K MapameTpbl 333auUM (CTATHUE CHMI AHANTH3)
YYuThLIBATDH TepMO?(l)q)eKTbI Bxirouaer pexXuM pac- Ofwpe | Pacudt | HenuHefiHocTe | TEPMOYNDYTOCTE | PezyneTaTe
yéTa Harpy3okK, BOSHHKAIOIINX B KOHCTPYKIIMK H3-3a CHUJI [¥] ¥umTeieate TeproadderkTe:
JIMHEHHOTO paciupeHus 1o/ ,HGP'ICTBHCM HpI/IJlO)KCHHOI‘/'I K HeHanpauerHoe cocToaHne
Te Ty TeMHepaTprI TeMnepaTyna Hy NeBblx AehopmMal i
. 295 = |KensenHb hd
Temneparypa HyJieBbIX Aedopmanuii — HadalbHas
TeMIleparypa Tena, Ipu KOTOpO# TeMIieparypHbie nedop- U
F. g
Mallfi OTCYTCTBYIOT, U OTCYTCTBYIOT HAINpPSDKCHHS, BBI3- el
295 = | Kenesmme: i

BAaHHBIC PA3HOCTBIO TEMIIEPATYP. ITonp30BaTenb MOXKET
3alaTb 3HAYCHHUE TEMIIEPATYpPhl B OHHOﬁ N3 TPHUHATBIX O MEnonb30BaTE 334aHHHE TEMNEPATYPL

. . TEHMEpATYPEl A0M#HE! BEITE 3385HE! © NOMOLLEHD
CUCTECM H3MCPCHHA TCMIICPATYyp: K-8 KCJ'II)BI/IHaX, C - KOMaHAE! "TeMnepaTypa” TENNDBEX HArpy 30K,
o enncuro; F- mo dapenreiiry.

B 30ne «TemmeparypHble mOJish» ONpeeNseTcs crnocod
3a/laHysl TEIJIOBOM Harpys3KH.

PaBHOMepHasi TeMIlepaTypa — B BBIODaHHON CHCTEME
eIMHULl 3a]aéTcs 3HAYEHHE OJHOPOJHOTO TEMIEpaTyp- [ o J[ omens || crpsexs |
HOTO T0JIs1, PACIIPOCTPAHSIONIErocs Ha Bee Tela 3aJauH.

Hcnosib30BaTh 3aJaHHbIE TEMIEPATYPHI — B CTATHYECKOM pPAacyeTe YUYHUTHIBAIOTCS TEMIIEPATYpPHBIE
Harpy>KeHus, 3a/laHHbIe TIPH TIOMOIIK KoMaH bl « AHanu3|TennoBble Harpy3ku|Temnepartypa».

Hcnoab3oBaTh pe3yabTaThl TEIVIOBOTO AaHAIM3a — JUIA 3aJaHUS TEMIECPATypHOTO HarpyKeHHUs
UCTIONB3YIOTCS PE3YNIbTAaThl PEUICHHsS MMEIONICHCs 3a/aud TEIUIOBOTO aHalM3a. B BBIIAmaroieM CIHCKe
HY)KHO BEIOpaTh WMS PacCUMTAaHHOW 3a/1ayMl TEIUIOBOTO aHAM3a M (€Cid HEeoOXOIUMO) BpEeMs, KOTOPOMY
OOJDKEH COOTBETCTBOBATHL PE3YJIbTaT. HeO6XOI[I/IMO YUUTBIBATh, 4YTO [JIsI MCIIOJB30BAHUA B Ka4YCCTBC
MCXOJHBIX TEMIIEpaTyp pe3yJIbTaTOB TEIUIOBOTO Pacuéra Hy)KHO COOIIOCTH ONPEIeNICHHBIE YCIOBUSL:

1. VYcnoBue HACHTUYHOCTH KOHEYHO-DJIEMEHTHBIX CETOK CTAaTHYECKOTO0 M TEIJIOBOTO pPacuéroB.
Hawmbonee mnpocTeiM cIOCOOOM JOCTIDKEHUS TaKOW WISHTHYHOCTH SBISIETCS HWCIOJIb30BaHUE
koMaHabl «Komwust», MOCTYMHOW M3 KOHTEKCTHOro MeHo. llociemoBarenbHOCTh NMEHCTBUIM MOXKET
OBITH, HATIPUMED, CIICAYIOICH:

a) co3naém 3amauy THNa «TermoBoil aHaN3», TeHEPUPYEM CETKY, OIpeeNsieM TpaHHYHbIEe YCIOBHUS,
CUHTaEM;
0) ucrons3yst komanay «Konusa», co3maém Koo 3a1auu;
B) Ha 3aKkiagke «OO0mue» B Auanore CBOMCTB 3a1a4 MEHsEM THII 331241 Ha «CTaTHUECKUI aHAIIN3Y.
B pesynbpraTe nosydaem ABe 3aa4d pa3sHOIO THIA C OAMHAKOBBIMU KOHEYHO-3JIEMEHTHBIMH CETKaMHU.
2. B obeux 3amauax pexuM «[Ipon3BoANTH pacdyéT NMHEHHBIM DIIEMEHTOM» Ha 3akiajke «Pacdéry
Jpajiora mapaMeTpoB 3aJaud JO0JDKEH UMETh 0OUHAKOGYyl0 YyCTaHOBKYy. Hampumep, ecnm TermioBon
pacuéT OCYIIECTBISUICS JMHEWHBIM 3JEMEHTOM, TO M CTAaTUYECKHH pacdyéT ¢ HCIOIb30BaHHEM
pEe3yaBTAaTOB TETIOBOTO PAcYETa, MOKHO OCYIIECTBUTH TOJIBKO JTHHEWHBIM IEMEHTOM.
3aknanka [PesynbTaTe] MO3BOJSECT ONPEACIUTh THIIHI PE3yJIbTaTOB, OTOOpa)KaeMbIX B JiepeBe 3ajaady
IIOCJIE 3aBEPILCHHUS pacuéra.
CoxpaHATb pe3yJbTaThl pacuéra B (aiijie — BKIIOYAET PEXUM, MIPH KOTOPOM BCE Pe3yibTaThl pacuéra
COXpaHsoTcs B (paiiine BMeCTe ¢ MOAENbBI0. DTO MO3BOJISIET aHAIN3UPOBATh PE3yIbTaThl paHee OCUUTAHHOU
U COXpaHEHHOH 3amaun 0e3 HEOOXOIUMOCTH 3aHOBO BBINONHATH pacu€r. CienyeT WMeTh B BUAY, YTO

119



AHanu3s

COXpaHECHHE Pe3yNbTaTOB pacu€Ta B JIOKYMEHTE NMPUBOJUT K YBEJIWYCHUIO pa3Mepa (aiiia NOKyMmeHTa -
OPHEHTHPOBOYHO Ha 4,5-5 MOaNT Ha CTO THICSY CTENEHEH CBOOOIBI.

3aknmanka [HesmHemHOCTE] II03BOJISET IPOBOIUTH

CTaTUYECKUI pacyeT C yueToM OOJBbIINX HepeMeLIeHUH. ——
Ha mpakThKe BCTpEYAIOTCS CUTYaLMH, B KOTOPBIX Moy | -Coune | Pacser| Henwefiecrs |Tepuoympyrocre | Pesyotare
BO3HeﬁCTBHeM BHeIHHI/IX Hal"py30K HepeMemeHHH OTHGHI)- YHéT HSMEHEHHA HECTEOCTH NP Bonew MNEPEMELLLEHHAX
HBIX TOYEK KOHCTPYKLHUH JTOCTUTAIOT 3HAUUTEIbHBIX BEJU- ROl e GO I e i
yiH. Takue 3a1a4i 0COOEHHO aKTyaJ bHBI B aBHAIIMOHHOMN e e 10 o
U KOCMHYECKON TEXHUKE, IPU KOHCTPYUPOBAHUU PAJUOTE- GBI S

JIECKOTIOB, IPaJUPEH U JPYTrMX TOHKOCTEHHBIX KOHCTPYK- RN D )
uuid. B Takux ciydasx cleqyeT y4WThIBATh HEIMHEHHBIC weToA HeroTona-Padeons 4
5} }EKTHI, TaK KaK MPEANOI0KEHHs, HA KOTOPHIX OCHOBAH SIS 0 &
JIMHEHHBIN aHAJIN3, HAPYIIAKOTCS. s WG w3
Onmuio «Y4yer U3MeHeHHUs KeCTKOCTH NpPH 00JIbIINX

nepeMelIeHusIxX» CleyeT akTHBUPOBATh B TOM CiIydYae, T | M | e

KOT/Ia HapyIIaeTcsl XOTs OBl OTHO U3 CIEMYIOIINX MPEero-
JIOKEHUH JIMHEMHOTO aHaIn3a:

1. BebiBaeMble AedopManny IOCTaTOYHO Mallbl, BCIEACTBHE YETO MOXHO WIHOPHUPOBATH M3MEHEHHS
JKECTKOCTH, BbI3BaHHBIE HATPY3KOii;

2. B mponecce mpuiIoKeHUsI Harpy3Kd I'PaHWYHbIE YCJIOBUS HE MEHSIOT aMIUIMTYAbI, HAIPABICHUS U
pacIpenencHus.

Hanpumep, nuHEHHBIN pacyeT AeTaly TUIIA CIMPAIU IO JSHCTBUEM HArpy3KU Ha TOPLE NAET MOTPEIIHOCTh
npuMmepHo 30% MO CpaBHEHHIO C HEJIMHEWHBIM pacdyeToM. Takoe pas3inyue pe3yabTaToB BO3HUKAET
BCJIEJICTBUE NIPEJIIIOI0KEHUS MAIIOCTH IIEpEMELIECHUI B JIMHEIHOM aHau3e.

Safada "NMUHeRHaR" 3afada; "HenwHeRHan"
MepeMELWEHWA, MOOYNE, W MeperelWgH|A, MogyNE, M
Macwral nepemeweHni: 1.00 KoagdriupeHT Harpyzer: 1.00

MacwTal nepeMew el 1.00

1.24638
0843328

0.936993
0.632497 T
) T
0.B27B08.3 0.42%6%)
0.31 520y . 0210832
&,

] ] T

JIuHelinblii pacuer Henuneiinblii pacuer
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OneMeHTHl ynpaBiieHusl B Tpymne «['eomeTpuueckasi HeJMHEHHOCTBY IMO3BOJSIOT HACTPOUTH MPOIIECC
pelleHHs TeOMETPUICCKH HeTTMHEHHBIX 3a71ad.

s pemieHus Takux 3a7a4 [AroBblii HEIMHEWHBIN pelaTelb OPraHu3yeT MPOLECC MOIIAr0OBOro Harpy KEeHUs
KOHCTPYKITMM W OOECTIeUMBAEeT pelieHHe JTUHEapH30BAHHON CHCTEMBl YpaBHEHHH Ha KaXKIAOM IIare s
TEKYIIETO MPHUPAIICHUs BEKTOPA HATPY30K, CHOPMHUPOBAHHOTO JUIsl KOHKPETHOTO HATPYKCHUSI.

KosnvectBo maroB. [To3BoyisieT ycTaHOBUTH KOIUYECTBO IIArOB, B TEUCHHE KOTOPBIX HAarpyska OymeT
M3MEHATHCS OT HYJIS J0 YCTAaHOBJICHHOTO 3HaueHUs. TeopeTHYeCKH BCE PEUICHUSI MOXXHO HaXOIUTh 33 OJHMH
IIar JiIsl MOJTHOW JIeHCTBYIoIIeH Harpy3ku. OHAKO BOBHUKAET BOZMOXKHOCTh HECTMHCTBEHHOCTH PELICHUS U
MpU 3TOM MOXET ObITh HAWJIEHO pelieHHe, He uMerllee (GHU3MYEcKOro cMbiciia. B Takux cimydasx
1enecoo0pa3Ho 3ajaBaTh HArPy3Ky OTACIBHBIMU MPUPAIICHUSMH M IOJy4aTh HEIUHEHHOE pEIICHUE s
Kaxaoro npupaieHusi. C BBIYUCIUTEIBHON TOYKH 3PEHUS 3TO YacTO SKOHOMHYHO, IMOCKOJBKY 3PQEKTHI
HEJIMHEWHOCTH Ha KaXKJIOM Iare CTaHOBSTCSA MeHbIle. Ecnu mpupaineHus Harpy3Kd JOCTATOYHO MAbl IO
BCJIMYUHE, TO KAXA0C PCUICHUEC B IIPpHUPALICHUAX C ILOCTEITO‘IHOI\/'I CTCIICHBKO TOYHOCTH MOXKET 6I)ITI> HaﬁI[CHO
3a oxuH mar. [lo ymomyanuio onpexaeneno 10 maros.

OOHOBJIeHMe HATIPABJIeHUS HATPY30K I03BOJIAET YUYUTHIBaTh M3MEHEHHE BEKTOpa HAarpy3ok B Ipoliecce
Harpy»XeHHUsI B COOTBETCTBHH C JIe)OPMHUPOBAHHOMN reoMeTprel MOIEIH.

Meton pemenusi. Ilo ymomuanuro wucrmonb3yercss Meton, Helorona-Padcona pemienust cuctembl
HEJIMHEHHBIX YPaBHEHUM.

Ha kaxxgom mare mpuiIioKeHUS HArpy3KH pEIICHHE CHUCTEMBl JIMHEWHBIX anreOpanveckux ypaBHEHUH
MIPOI0JDKAETCS 10 TEX MOP, IOKa OTHOCHTEIbHAS MOTPEIHOCTh MEXAY COCEIHUMHU PELICHUSIMH HE CTAHET
MEHbIIE YCTAHOBICHHON BEJINYHHBI.

Ecnu kosiM4ecTBO MTEpanuMii TOCTUTAET BEIMYMHBI, OONBINEH YCTAaHOBICHHOH, TO MPOUCXOTUT 3aBEPIIICHHE
pacuera.

3adaya onmumu3ayuu

3amaua onTUMHU3aUMU (WK 337a4a [MOUCKA ONTUMAJIBLHOTO PELIeHHs) PEeAHa3HaueHa Uil aBTOMAaTHYECKOTO
MONCKA 3HAYECHUM MEepPEeMEHHbIX, B HAMOOJIbIIEeH CTENEeH! YAOBJIECTBOPSIOMINX 3aJaHHBIM OTpaHn4eHusM. B
T-FLEX AHanu3 MCKOMBIMH TI€pEMEHHBIMH MOTYT OBITh, HalpHUMEp, MapamMeTpbl T€OMETPUH H3IENHs,
CBOHCTBa MaTepuasioB (MOIYyJb YIpyroctu, kodd¢unuent Ilyaccona u T.1.), U3 KOTOPBIX OHO W3TOTOBJICHO,
a TaKkKe — MpWIOKEHHbIe Harpy3kd. OCOOCHHOCTBIO 3afadd ONTHMHU3AlMM, Hcroib3yemoi B T-FLEX
AHanu3, SBISETCS TO, YTO TOWCK ONTUMATHHOTO PEIICHUS OCYIIECTBIISIETCS ¢ YUETOM Pe3yNIbTaTOB pacuéTa
3aJla4l KOHEYHO-3JIEMEHTHOTO aHaIN3a.
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3aga4ya 00 ONTHUMHM3ANUY TOJIIMHBI 0AJIKH

JlaHHBII pUMep WLTIOCTPUPYET IpUMEHeHHe onTuMu3anuy 1t 3D Mozenu ¢ y4éTom pe3ynbTaToB pacuéra
3aJjauyd KOHEYHO-3JIEMEHTHOro aHaiu3a. Ilpumep npencrasinser coOoi pelieHue 3a1adu o mporude Oaiku.
bainka, 3amemiieHHas ¢ AByX CTOPOH, HAXOAUTCA MO JeHCTBUEM cribl 25 H.

Heobxomumo ompenenuTh JOMYCTUMYIO TONIIMHY Oanku, MpH KOTOPOH MAaKCHMAaTbHOE 3HAYCHUE
MEPEMEIICHUS B HAIPABJICHUM, COBIAJAIONIEM C HANpaBICHUEM JCHUCTBUS HArpy3KH, MO MOJAYJIIO HE
npepbiiaer 1e-06 u. [nuna Ganku paBHa 500 mm, mmpuHa Oanku paBHa 50 mm, TOMIIMHA OalKH paBHA
20 mm. Banka Beimosaena u3 cranu AlSI 1020.

Jis Hadama co3maaMM 3afady CTaTMYeCKOTO aHalW3a, TOCTPOUM KOHEYHO-IJIEMEHTHYIO CETKY, 3aJaJnuM
MaTepHal 3a/1auu, PUI0KHUM HArPy3KU H OTPaHHYCHHS.

[y Toro u4ToOBI B 3a/1a4€ ONTHMHU3AINH, KOTOPYIO Oy/IeM peliaTh Jlajiee, UCTIONb30BaTh Pe3yJIbTaThl pacuéra
KOHEYHO-JIEMEHTHOTO aHallu3a, co3JaJuM JaTdyiK Ha cepeanHe peOpa Oanku, Tak Kak 3]1ech
MPEANONaraloTcsl HAanOOJIbIINE TIEPEMEIICHUSL.

Aarumnk

122



Cmamud4eckul aHanu3

Jarnee, BBITIOJTHHUB Pacy€T 3aa4d CTAaTUIECKOTO aHaN3a, CO3/Ia UM IIEPEMEHHYIO TP TOMOIIY JaT4nKa. B
KadecTBe mepeMeHHoil BeioepeM «llepemernienns B HapaBieHH: Z» U Ha30BEM e€ «nepemeujerue I».

CEOHCTEA
2 M3MepeHqe
SNEMEHT:

AaTume_1
CEOHCTEO!

CEOACTED
DISPLACEME. ..
DISPLACEME. ..
DISPLACEME...
DISPLACEME. ..
STRAIN_EQU. ..
STRAIN_X
STRAIN_Y
STRATM 7
CnHCaHHe:

MepeMellEHHA B Hanp. £

IHaueHke: | -1.2146e-006

BblpaxeHme:

get{"Aarme_1","DISPLACEMENT _Z")

2 NeperenHan

@' C034aTh!
C' SaMEHMTE:

KOMMEHT 3pHH:

NpHMEHHTE

NEpEREWEHHE _L

7 x

3Ha4EHHE ~
1.21461e-006
9.93749=2-010
-5.45938e-009
-1.2146e-006
£.61074e-007
7.659537e-007
-2,21086e-007
-2.24149--NN7

CoznmannM 3a1a9y ONTHMH3AINA. 3329y ONTHMH3AIMA MOKHO CO3aTh MTPH MOMOIIA KOMaH/IbI:

KnaBuarypa

TekcToBOE MEHIO

IMuxrorpamma

<PO>

«ITapameTpsl| OnTUMH3 AU tm

¢

sl

Br1zos KOMaH/bl BO3BMOKCH TOJIbKO IIPpXU HAJIMYUHU B JOKYMCHTC YHMCJICHHBIX NICPEMCHHBIX.

[locme BbI30Ba KOMaHABI TOSABISETCS OKHO <«3aJaHMsi HA ONTHMM3AIUIO», COJIEp)Kallee CIUCOK
c(hOpMHUPOBAHHBIX 3a/1a4 ONTHMU3AIKU. JJ0OaBUM HOBOE 3aJaHKE Ha ONTUMH3AIIHIO.
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IMocne nHaxxaTus kHONKK [[JoBaBuTe] Ha dKpaHe NosBiseTcs okHO «[lapaMeTphl onTHMH3AIINN).

nﬂPaME'TPbI ONTHMHIAUMH

Uene

MHHMMHMEHMpOBATE | % v Aonyce: | O

OrpaHHYeHHA

NepereHHan Cnepauna SHAYEHHE AobasHTe

MepereHHEE

lMa MAHHMY M Makchmrym

Janyckate: |MonesoBaTens hd

MNokasbiBaTE TEKYLLEE PELIEHHE MEPECHMTEIBATE 33434H!

MEpECHHTEIESTE 30 MOAEME [J3aaaua_0

[ ok |[ OTHEHS ]

B TexcToBo#i cTpoke HEOOXOIUMO 3aMCcaTh KOMMEHTApUH K 3a7a9e ONMTHMU3AIIHH.

Llens 3amaun onTUMH3ALUK CHOPMYIUPYEM CIEAYIOLUIMM 00pa3oM: 6ydem uckamv OONyCmMumoe 3Havenue
MoNWUnbL OAIKU Npu mpedyemom nepemewjenuu 8 HanpasieHuu ocu Z, paguom (no mooyuo) 1E-06 m.
[MosToMy BBIOMpaeM 3HadyeHue «I[IpUpaBHATHY, yKa3blBaeM MEPEMEHHYIO «IepeMenieHne Z» U BBOAUM &
1eneBoe 3HaueHue, paBHoe -1E-06. YcranaBnuBaem morpemrHocTs HaiieHHOTo 3HadeHus («lomyck») 1E-
014.

B rpymme «llepemennsle» yka3piBaeM O0JaCTh OMNpENEICHHsS MEPEMEHHON «ToNIMHa». MUHHMaIbHOe
3HA4YEHHUE ONpeeNsieM paBHbIM / MM, MAKCUMAJIbHOE 3HAYCHHUE — PaBHBIM J 0 M.

[TockosibKy MpH U3MEHEHHMH TOJIIUHBI OaJKH M3MEHSETCS 3HAauYeHHE e€ NepeMelleHus BAOIb ocu Z, TO B
MpollecCe PENIeHUs 3aJadd ONTHMHU3alMu HeoOxoauMo Oynmer mepecuutbiBaTth 3D Momens u 3amauy
CTaTUYECKOr0 aHallu3a JJIsl Ka)XJOro HalJIeHHOro 3HaueHus ToiauuHbl. [losTomy B nosne «llepecuntsiBaTh
3a/1a9m» HEOOXOIMMO OTMETHTH TY 3aJa4y, pe3yJIbTaThl KOTOPOH MCIIOIB3YIOTCS ISl TIOMCKA ONTHMAIBHOTO
3HAUYEHHUS IEPEMEHHOM «TOJIINHAY, a TaKXKe BKIIOUNTh onuuio «llepecuntsiBath 3D Monenby.
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nﬂpﬂMETphl ONTHMMHIALUMH

Llens
TMEHCE AOMYCTHMOMD 3HAHEHHA TONWMHE! DANKH MPH 3303HHE NEpEt

MNpHPaEHATE || nepemeweH| % | | -le-06 | Aonyck: | 1e-014

OrpaHMYeHA

MepererHan Cnepauma 3HaqEHME Aob3BnTE

MNepemMeHHLIE
Mma FERFMY M Makckrrym
TONWHHS 1.000000 50, 000000

Janyckate: | MoNbs0BaTens hl ANrOpHTH. .,

MoKasbIEaTE TEKYLLEE PELEHHE MEPECHHTEIEATE 33434H!

MNepecumteiEaTe 30 Moaens [w]TomumHa

l QK ][ OTHEHA ]

Haxartp xHOTIKy [OK]. CHOBa MOSIBHTCS OKHO «3aJaHus HA ONTHMU3ALMI0». UTOOBI BHIMONHATH PACcUET
HEOOXOIMMO M3 CIMCKa 3aJad ONTHMH3alUUK BHIOPaTh HEOOXOAMMYIO 3aJady W HaXaTb KHOIIKY

[BemmonuuTs ] .
JaJaHMA HA ONTHMH3ALMI
Wrn K.orrEHT api
NepErEL EHHE_S TMOMEE LOMYCTHMOMD FHEYEHMA TO...
[ HofasuTe ] [ Haanure ] [ CeoiicTea ] [Bbll‘lDJ‘IHH‘I’b] [ Brxon ]

B pesynbrate pemieHus 3agadd ONTHMHU3AIMU IOJMYYWINM 3HAYCHUE TOJIIUHBEI Oanku, paBHoe 21.09 i,
nepeMeIeHne B0k ocu Z npu 3ToM paBHo -9.07355E-007 .

MpunoxeHue (cnpaso4YHbie Mamepuarsbl)

XapakTepuCTUKH KOHCTPYKIIMOHHBIX MATEPHUAJIOB
[IpaBuibHOE Ha3HAYEHWE XapaKTEPUCTHK MAaTepualoB, M3 KOTOPHIX W3TOTABIMBAETCS KOHCTPYKIIHS,
SBJISCTCSA Ba)KHBIM YCIIOBHEM KOPPEKTHOCTH KOHEYHO-JIEMEHTHBIX pacuéToB. OCHOBHBIE XapaKTEPUCTUKH
KOHCTPYKLHMOHHBIX MaT€pPHAIOB, HCIOIb3YyEMbIE I NPOYHOCTHBIX pacuéToB B T-FLEX Ananuze:

2
Mooynas ynpyzocmu mamepuana E, [H/M] — KodpPuIineHT TPOMOPIHOHATEHOCTH MEKIY HATIPSDHKEHUAMH 1
OTHOCHUTENILHBIMU  JeopManusMd o = E€, BO3HMKalOIMMH B HCIBITYEMOM Ha DPACTSHKEHHUE
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MPU3MaTHYIECKOM 00pasiie MEeHTPAIbHO TPHIOKEHHOW cwmimoil. Ilpn sTomM B cpemnei dactu obpasia
peam3yeTcsi OJHOPOJHOE HAIpPSDKEHHOE COCTOSHHWE, HAMPaBICHHOE IO TMPOJOJIBHOW OCH. 3Ha4YeHHE
Moy ynpyroctu E Ha kpuBoii nepopmuposanus o = f (&) uucnenno paBHo TaHrency yriia HakJaoHa

JAuHeHHoro ywactka: E =19/ Ha muarpamme HanpspKCHHU NPH MCTBITAHUSX 0Opasia. dusmdeckuit

cMmbich kod(hdunmenTa £ onpenensiercs Kak HanpspKeHne, HE00X0AMMOe [Tl YBEIMYEeHHsI JUTMHEBI 00pasia
B 7iBa pa3za. OIHAKO BEIMYMHA YIIPYTrOTo YAJUHEHYsSI Y OOJBITUHCTBA TBEPIBIX TEINl PSKO TOCTHTACT JaXe
1%.

Ha pgmarpamMme HampspDKeHUH HMCIBITYEMOro 00pas3lia eCTh HECKOJIBKO —XapaKTePHBIX  TOYCK,
COOTBETCTBYIOIIUX U3MEHEHUIO (DU3MUYECKUX CBOWMCTB MaTrepHalla U UCIOIb3yeMbIC TIPHU OLICHKE CTCIICHU
HaIEKHOCTH MATEPUAIIOB, HAXOISIIUXCS TI0/1 ACHCTBUEM HArPY30K.

Ilpeden ynpyeocmu O, - HanpsHKEHUs, SBIAIOIIMECS BEpXHEH TpaHULEH MPOSBICHUS YUCTO YHPYTHUX

nedopMaIuii.
c (P)

I d '

O OB Ok

On

€ (AL)
ﬂuarpamma HanmeeHuﬁ (pacm)Keva) And NnnacTU4HbIX maTepunanoB
(Hanpumep, ManoyrrnepoauncTas cTasnb)

Ilpeden mexyuecmu or. JlanpHeiee yaauHeHHe oOpasua (Hampumep, Ui MajlOyIJIEPOAMCTHIX CTalieil)

MIPOMCXOANT TPAKTUUYECKH O€3 yBeNWYeHHs Harpy3ku. OJTO SBJICHHME HOCUT Ha3BaHUE meKyuecmu, a
TOPU3OHTANBHBIA yYacTOK JHarpamMMbl, PAacIlOIOKEHHBIH HETOCPEJCTBEHHO TIpaBee TOYKW Cruoa,
Ha3bIBACTCS NI0WAOKOU meKyyecmu. Y MHOTUX KOHCTPYKIMOHHBIX MAaTepHalIOB IJIOIIA/IKa TEKY4eCTH
HE BBIPAYKEHA CTOJIb SIBHO, KAK Y MAJIOYTJIEPOAUCTBIX cTanel. [l TaKUX MaTepUanioB BBOJUTCS TOHATHE

YcCio6Ho20 npebeﬂa meKyuecmu O'S; 9TO HAIIPAKCHUC, KOTOPOMY COOTBCTCTBYCT OCTAaTOYHAA

(rutactuueckas) aedopmanus, paBHas s %. OObruHOo npunumaetcs s = 0,2%. [pemen Tekydectu ajs
IUTACTUYHBIX MaTepHaJOB BBIOMPACTCA B KAUECTBE KPUTEpUS TMPOYHOCTH — MAKCHMAILHOTO
oonyckaemozo nanpsaycenusn [c]. JlocTimwkenue HanpsHKSHUH, COOTBETCTBYIOLIMX IMPEAETY TEKY4YECTH,
MPUBOAUT K HEOOpAaTHMBIM IUIACTUYECKUM AepopManusM KOHCTPYKIHMH, T.€. K HapymIeHHIO €&
paboTOCTIOCOOHOCTH W SIBJISACTCS, TAaKUM 00pa3oM, HEJOMYCTUMBIM SIBJIGHHEM C TOYKH 3PEHHUS
oOecrieyeHus1 HAAEKHOCTH.

Ilpenes mnpoyHocTH O, (BPEMEHHOE CONPOTHBIEHHE) — HAMpPsDKEHHE, NPH MPEBBIIIEHHH KOTOPOTO,

NPOUMCXOJMUT paspylieHue ooOpasna. [Ipu yBeNWYEeHWH HArpy3KH HACTYIAeT MOMEHT, TPH KOTOPOM
JanpHelmas negopmarus odpasna NpoucXoauT 0e3 yBEeIHUCHHS WIHM JaKe ¢ YMEHBIICHHEM Harpy3Ku
BILJIOTH /10 pa3pyLIECHHUSL.

Kosgpdpuuuenm Ilyaccona p xapaktepusyer mnornepedHble aedopMalii, BOZHUKAMOIIUE MPU PACTHKEHUU

obpasuma. B ympyroii ob6mactu jgedopmarisi B IMONEPEYHOM HAIPABICHHH & = —UE, TaE & —
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nepopmMaius B IPOAOIBHOM HaPaBIEHUH, H— Kod(uyuenm [lyaccona. Jis M30TPOIHBIX MATEPHUAIIOB
3HaueHust Koadourmenta [Tyaccona Haxozsres B mpenenax 0 < 1 <0,5.

Juns craneit paznnunabix Mapok £ = 195-206 I'Tla, u = 0,23-0,31, mis crutaBoB amomuHus £ = 69-71
I'Ma, u= 0,30-0,33. Ynpyrue cBoiicTBa HEKOTOPBIX MaTEepUAIOB JIaHbI B TA0NUIIE (B 3HAMEHATENE YKa3aHa
COOTBETCTBYIOIIIAsT XaPAKTEPUCTHKA TIPU CIKATHH).

Marepuan XapakTeprucTuka
E,TTla | op,MIla | opMIla | 6,% | v, %

Cranb CT.3 200 240/240 450/- 26 50
Cranp 15 200 210/210 350/- 28 55
Cranb 45 200 340/340 610/- 24 45
Cranb 30XI'CA 200 950/950 | 1200/- 13 -
Yyryn CY15-32 150 - 150/640 | 0,6 45
Menp npyTKoBas 110 250/250 320/- 15 -
Hropanromus 16 75 240/240 420/- 18 -
Jlenbra-apeBecuHa 20 - 250/160 - -
Tekcronut 30 75/115 | 127/168 | 1,5 -

XapakTepuCTUKaMH IUIACTHYHOCTH MaTepuaja SBISIFOTCS OTHOCHUTENBbHOE YJUIMHEHHE W OTHOCHUTEIhHOE
CYXCHHUE TIPH Pa3phIBE:

I, -1 F,-F
0=%—2100%, !//:O—kloo%
Io Fo
rae lo, Fo— miuna pabGodveit yactu oOpasiia u Iiomma/b MonepeyHoro ceueHus 1o aedopmarum; |, — amuna

paboueii yacTi 00pasia mocie paspbiBa; Fy — KOHEUHas oAb MONEPEYHOro CeYeHus B 1ieliKe 00pasia
T0CIIE Pa3phiBa.

ITo BENTMYMHE OTHOCUTEIHLHOTO Y/UTMHEHHUS TIPU PaspbiBe IIPOBOIUTCS Pa3JIeIEHUE COCTOSHUS MATEPHUAIIOB Ha
IUTACTMYHOE M XPYIKOE. Martepuaisl, UMEIONIME K MOMEHTY PaspylIEHHs JOCTATOYHO GOJIBLIME 3HAYEHUS
0(0 >10%) , oTHOCAT K nAGCMUYECKUM MAMEPUANam, K XpynKuM OTHOCST MATEPHAIbI ¢ OTHOCHTEbHBIM
yummnenueM O < 3% . JlisA IUlacTMYHBIX MaTepuaioB xapaktep amarpammbl o = f (&) npu cxatum
[PUMEPHO JI0 BO3HUKHOBEHHS TEKYYECTH TAKOW K€, KaKk M IPU pacTshkeHuu. B mpouecce medopmarmu
ckatusi 00pasell YKOpauMBaeTCs; NMPH 3TOM PasMepbl MONEPEYHOro CeueHus yBeaumumBarorcs. Jlis psga
IUIACTUYHBIX MaTepHaoOB OOHAPYXKUTh HANPSHKEHHE, AHAIOTMYHOE BPEMEHHOMY CONPOTHBIEHHUIO IIPH
PACTSIKEHHUH, HE YIAETCs, TaK Kak 00pasell CILTIONIMBAETCS.

XpylKue Marepuanbl MPOSBJIAIOT 3HAYMTENBHO JIYHIIYH) CIHOCOOHOCTH CONMPOTUBIIATHCA Ae(OpMaiusm
cxatus, yeM ae(GopManusaM PAaCTSHKEHHS; JUIS HUX Pa3pylNarollee HaNpsSUKEHHE NMPH CHKATHU TPEBBILIAET
npejiesl NPOYHOCTH TIPU PACTSIKEHMH B HECKOJBKO pa3. PaspylleHue XPYyNKUX MaTepHAIoB IPU CKATHH
[POUCXOJIUT 3a CUET 00Pa30BaHMUS TPELIUH.
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O0béMHOE HANPSIKEHHO-1e()OPMUPOBAHHOE COCTOSIHNE B TOYKE

HedopmupoBanHoe cOCTOSIHUE B TOUYKe Ae()OpMUpPYyEeMOro Teina OMHCHIBACTCS CHMMETPHUYHBIM TEH30POM

nedopMariuii;
. i1
X 27xy 27/zx
|1 1
&= Eyvx &y Esz '
i1 ¢
_27/xz 27/yz z |

e £x,&y,&7 - NPOJONBHBIC OTHOCHTEIbHBIC aebopMalit, Yy, = ¥7x, Yxy =Vyx» Yzy =Yyz - YrioBble
nedopmanyn. Beerna MoXHO yka3aTh Takue TPU OPTOTOHAIBHBIE HANPaBICHHS, TPU KOTOPBIX YTIIbl CABHUTa
paBHBI HYNIO, a YIMHEHUs &) = &o = &3. Jebopmanuueg), £, &3, B HaNpaBIEHUAX, U1 KOTOPBIX
OTCYTCTBYIOT YTJIbl CIIBUTA, HA3bIBAIOTCS 21AGHBIMU OePOPMAUUAMU B TOUKE.

COBOKYITHOCTD AEBITH KOMIIOHEHT HampsKeHUH (10 TpU Ha KaXI0# M3 TpeX B3aUMHO MEPHEeHIUKYISIPHBIX
TIIOMIA/IOK) TIPENCTABISIET COO0M HEKOTOPBIH (PU3NIECKHI OOBEKT, HA3BIBAEMBIA MEH30POM HANPANCEHUL B
Touke. TeH30p MpeacTaBisieTcs B BUAEC CUMMETPUYHON MaTPHILIBL:

Ox Txy Tx
o=|Ty Oy Ty |
Tzx Tzy Oz
e Oy,0y,07 - HalpSKEHWs CKATHA-DACTKEHWS, Ty, =Tzx, Txy = Tyx,Tzy =Tyz, , - KacaTelbHble

HaIPSKEHUS.

X
KomMnoHeHTbI TeH30pa HanpsAXeHHOro CoCTosiHuA B 6eCKOHe4YHO Marnom napannenenunepne

JIJ1st KOMTIIOHEHT TEH30pa HANPSHKCHUH OOIIETIPUHATHIM SBJISIETCS CIISAYIONISe MTPABMUIIO 3HAKOB: KOMITOHEHTA
CUMTAETCS MOJIOKHUTEITBHOMN, €CITH Ha TUIOIAJIKE C ITOJIOKHUTEIHHON BHEIIHEH HOPMAIIBIO (T. €. HallpaBIEHHON
BIIOJIb OJIHOM W3 KOOPAWHATHBIX OCEH) O5Ta KOMIIOHEHTAa HaIpaBjieHa B CTOPOHY TIOJOKHTEIHLHOTO
HaIpaBJIeHUs] COOTBETCTBYIOMIEH OCH.

Tenzop HanpsbkeHui, kak M TeH30p JAedopmaiuid, o0nagaeT CBONCTBOM CUMMETPUH. Ty; = Tzy,

Txy = TyX,TZy = TyZ . YcioBue CUMMCTPHUHU TCH30pa HaHpH)KeHHfI HAa3bIBAIOTCA TaKXKE YCIIOBUSIMU
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napHocmu KacameabHblX HANPAMCEHUIl: KAacaTelbHBIE HAIPSDKEHUS, JEHUCTBYIONIME TIO IBYM B3aUMHO
MIEPIICHNKYIISPHBIM TUIOIAAKaM B HAIPaBJICHUSAX, OPTOTOHAIBHBIX pedpy, 00pa3oBaHHOMY IepecedeHneM
STUX IUIOMIAZ0K, PaBHBI 1O BeanduHe. C y4eTOM 3THX CBOWCTB U3 JIEBSITH KOMIIOHEHT TEH30pa HANPSIKEHUN
HE3aBUCUMBIMH OKA3bIBAIOTCS IIIECTh KOMIIOHEHT.

Taxoke kak u 1 gedopManuii Ul HANPSKEHUH BBOJAT HMOHATHE 21A6HBIX HANPAMNCEHUNl, 01 = 09 = 073,

COOTBETCTBYIOIIMX IJIABHBIM JedopMalusiM, KOTOpbIe CBSA3aHBl C KOMIIOHEHTAaMHM TEH30pa HaNpsDKEHUH
YpaBHEHUEM:

(73—J102+J20'—J3=0, riue
Oy TXy Txz

Tzx Tzy Oz

oy T oy T oy T
Ji=oyx+oy+o;,,  Jp= Vip|ox ety e

Pemenne KyOnmueckoro ypaBHEHHMs HMEET TPH BELIECTBEHHBIX KOpPHA 071,092,073, KOTOpPBIE OOBIYHO

YIOPAZOYMBAIOTCS B BHIE O] = O = 03. lJ1aBHbIe HanpsskeHUs oOJNafaroT BaKHBIM CBOMCTBOM: IO

CPaBHEHHIO CO BCEMH JPYIMMH IUIOIIAJKaMU HOpPMaJbHBIE HANpsHKeHWS Ha TJIaBHBIX IUIOIIAIKax
MIPUHUMAIOT 3KCTPEMalIbHbIC 3HaUCHHUA. BBOAUTCS TakxKe MOHATHE CPEAHEr0 HAIIPSHKEHUS 110 popMyIe:

o,=(o,+0o,+0,)/3=(0,+0,+0,)/3

Ouenka craTH4ecKoil MPOYHOCTH KOHCTPYKUMiA. Teopruu npoyHocTH

Ilon mpenenbHBIM OMACHBIM HANpPsDKEHHBIM COCTOSIHHMEM IOHMMAETCs TaKoe, NMPH KOTOPOM MPOUCXOIUT
KayecTBEHHOE M3MEHEHHE CBOWCTB MaTepuaia — Nepexol OT OJHOTO MEXaHUYECKOTO COCTOSHUS K IPYroMYy.
Jns  [IacTUUHBIX — MaTepuanoB  NpeleNbHBIM  OOBIYHO  CUMTAETCS  HANPSDKEHHOE  COCTOSIHUE,
COOTBETCTBYIOIIEE BO3SHUKHOBEHHUIO 3aMETHBIX OCTATOYHBIX AedopMaunuii, a Uil XPYHKOro — Takoe, IpH
KOTOpOM HauWHaeTcd paspylieHue maTtepuana. [IpenerbHoe cOCTOSHUE MaTepuana JOMYCTHUTh HENb3sl.
[MosTOoMy mpu pacué€Te Ha MPOYHOCTH OPHUEHTHPYIOTCS Ha TaK Ha3bIBacMoe JIomyckaemoe coctostane. OHO
COOTBETCTBYET Harpy3Ke, IOJIyYeHHOH MyTEM JIeJIeHHUs] Harpy3KH, BBI3bIBAIOLICH NpeeIbHOE COCTOSIHUE, Ha
HEKOTOpBIN KO3 dunreHT 3anaca. Eciiu B AByX HanpspkEHHBIX COCTOSHMAX KO3(QUIIMEHTHI 3anaca paBHBbI,
TO OHHM HAa3BIBAIOTCS PAaBHOOMACHBIMH. J[JIs1 CpaBHEHUS pa3iM4YHBIX HANPSHKEHHBIX COCTOSHHMN 3a 3TaJOH

(3KBI/IBaJ'I€HT) IIPUHATO IIPOCTOC PACTAKCHUC (C)KaTI/Ie) C I''TABHBIM HAIIPSKCHUEM O 3KB *

IKeusanenmuoe Hanpaicenue Oy, - ITO HAIPSHKEHHE, KOTOPOE CIEAyeT CO3aTh B PaCTAHYTOM 00pasIie,
YTOOBI €ro HAMPsHKEHHOE COCTOSHHE OBUIO PAaBHOOMACHO 33JIaHHOMY HANPSHKEHHOMY COCTOSHHIO.
YCI10BHe NPOYHOCTH 3AIUCHIBACTCS B BUAE &y, < [o-]

Teopml MPOYHOCTU MPECACTABIIAIOT 000 TUITOTE3BI O KpUTCpUAX, ONPCACIIAOIINX YCIOBHUA IEPEXOoaa
Marepualia B IpCACIIbHOC COCTOAHUC.
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IMepBas Teopus npoyHOCTH

B mepBoii Teopun MpOYHOCTH 3a KPUTEPHUH IMEepexojla MaTepuaja B MPEAeIbHOE COCTOSHHE MPUHUMAETCS
Hauboabuiee HopmanvbHoe Hanpsicerue. COTIIACHO 3TOW TEOPUH, OMACHOE COCTOSHUE HACTYMaeT TOT/Aa,
KOT'/Ia Kakoe-JIN0O W3 TJIaBHBIX HANPSHKCHH JTOCTUTAeT OMACHOTrO 3HAYCHUs. B COOTBETCTBHU C 3TUM TpH
pacderax Ha TPOYHOCTh OTPAHWYUBAECTCS BEIUYMHA HAUOOILUMUX 2TAGHBIX HANPANCEHUIl, KOTOpas He

AO0JDKHA MPEBBIIIATE JOIIYCKAEMOI'0 HOPMAJIbHOI'O HAIIPSXKCHUA [J] . YcaoBue IIPOYHOCTU UMEET BU:

o3 <[0]]

2|O'3| u 0'3IKB =

|
F,I[e O_BKB =

, €ClM 01 < |O'3| .
Bropas Teopusi Ipo4YHOCTH

Bo BTOpo#l Teopuu MPOYHOCTHU 3a KPUTEPUA NPUHHUMACTCS Hauboavuiasa oegpopmayus. CoriacHO 3TOU
TEOPHH OINACHOE COCTOSHHE MaTepuana HacTyllaeT TOTr/Aa, KOrJa JIMHeWHble aedopManyy JOCTUTAIOT
HEKOTOpPOr'0 OIAaCHOro 3HadeHus. [l IulacTUYHOrO MaTepuana YCJIOBHE TMPOYHOCTH HMEET BHJ

e <[¢] [3]:M max|e| = g, :i[oy —v(o,+03)]
maxig| =€l rpe E  Ecm,  wHanpumep E , TO

0'311:3 =0, _V(o'z "‘0'3)S [O']

st Xpynkoro marepuana ycloBHE IPOYHOCTH UMEET BUJL:

-

lo]
, E

HepBaﬂ TCOpHUA HACT YHAOBJICTBOPHUTCIBHOC COBIAACHUC C OIBITHBIMH AOAHHBIMHU TOJIBKO IUJISA XPYNKUX
mamepuanos. BTOpaH MPAKTUYCCKH B HACTOAIIECC BPEM HC IIPUMCHACTCH.

max —[ |8min|£[gc]:

TpeTbst Teopus NPOYHOCTH

B Tperpeli TeopuuM TNPOYHOCTH KPUTEPHEM NPHUHUMACTCS HAUOOIbULee KACAMenbHOe HANPAMCEHUE.
CormacHO 5TOH TEOpPHUM OMAcCHOE COCTOSHUE HACTYIAeT, €ClM HauOOJbIINE KacaTellbHbIe HaNpsDKEHUS
JIOCTUTAIOT OTMTACHOTO 3HAUEHHUS.

01— 03
2

Vcnosue MMPOYHOCTHU UMCCT BU/I: Tmax = , TAC [T] = M . OTKy,Z[aZ
2

o
O = —03;> [0-]

YerBepTas (3HepreTuvecKas) TeOPUsi MPOYHOCTH

UerBepTast Teopusl MPOYHOCTH - SHEPreTHUYECKas, MPEACTaBIseT cOO0il TMIOTE3y O TOM, YTO NMPHUIMHOMN
BO3HUKHOBEHHSI OIACHOTO COCTOSIHMS SIBJISIETCA BEJIMYMHA YIEJIBbHOM NMOTEHIHATBHOW 3HEPTUU U3MEHEHUS
(GopMblI Uy, TO €CTh KPUTEPHI — yJieIbHAs IIOTEHIMANIbHAS SHEPIUsl U3MEHEHHS (POPMBI.

dopMyny yIenbHON MOTEHIMAIBHON HEPrUK U3MEHEHUS (POPMBI OTYUYHUM U3 (POPMYIIBI IOJTHOH yAETbHON
MOTEHIMATBHON 3HEepruu AedopmMaryu, noacTasissl 3HadeHue kodpduurenrta Ilyaccona pasnoro u=0,5.
[omyunm:

I+pu 2, 2
[U()]:—A(Gl +02 +03 — 0109 —0203— 0103
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VYcnosue npoynocTy umeeT BU Uy U b < |_u q)J, rae [u 6 ]= 1—1—_,11 [g]

3A

Otkyna:

w _ [ 2 2 2
O e —\/0'1 +0,+03; —0,0,—-0,0;—-0,0; S[O']

niIn

ogXB :%\/(ax —O'y)z +(O'y —O'Z)Z +(0'Z —O'X)2 +6(r)%y +T)2,Z +’Z')%Z) < [O']

Tperpss W deTBepTass TEOPUHM NPOYHOCTH JAIOT YJIOBIETBOPUTENBHOE COBIAJAECHUE PE3YJIbTaTOB
TEOPETUUECKOI0 pacueTa ¢ ONBITHBIMU JTaHHBIMU JUJISl HAACHMUYHBIX MAMEPUanoe 1 MUPOKO IPUMEHIIOTCS
IIPU pacyeTax Ha NPOYHOCTb. JlJIsl XpyNKUX MaTepHaioB 3TH TEOPUU HE IPUMEHUMBI.
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AHANN3 YCTOUUYUBOCTHU

PaBHOBecHe cTaTHYecKH HArPY»KEeHHON KOHCTPYKIIMH HA3BIBAIOT YCTONYMBEIM, €CITH MaJIbIM BO3MYIIAIOIIIM
BO3JICHCTBHSIM COOTBETCTBYIOT Mallble nedopmariin. B onpenenéHHbIX ciiydasx Harpy>KeHUH KOHCTPYKIHN
BO3MOXHBI CUTYallUH T.H. HOMepU YCMOuUUe0CmY — KOT]a Mallble BO3MYILEHUS MPUIIOKEHHBIX K CUCTEME
CWJI TPHUBOJAT K OONBIIUM JaedopManusM KOHCTPYKIIMH, BBIXOISAIIMMH 32 pPaMKH JIMHCHHOW TEOpPUHU
ynpyroctu. Harpyskw, mpu KOTOPBIX MPOUCXOAWT IOTEPS YCTONYMBOCTH, HA3BIBAIOT KPUMUYECKUMU, A
COOTBETCTBYIOIINE COCTOSHUS — Kpumuueckumu cocmoanuamu. llpu ckuMaonmx cuiax, gaxe
HE3HAYHUTEIHHO MPEBBIMAININX KPUTUICCKOE 3HAUCHHE, JTOTOJHUTEIbHBIC HAITPSDKEHUST U3TM0a JOCTUTAIOT
BecbMa OONBIIMX 3HAYEHWH W HETMOCPEICTBEHHO YIPOXKAIOT MPOYHOCTH KOHCTpYKImHU. llostomy,
KPUTHYECKOE  COCTOSHME, KaK HEMOCPEACTBEHHO IMPENIIeCTBYIONIEe  Pa3pyIICHHUIO, CUUTAeTCA
HEJIOMYCTUMBIM B YCJIIOBUSX pealibHOM dKcIuTyaTanuu. ONacHOCTh MOTEPU YCTOMYMBOCTH OCOOECHHO BEJIMKA
B CXKAaTbIX 30HaX AJId JIETKUX TOHKOCTECHHBIX KOHCprKIII/Iﬁ TUIla FI/I6KI/IX CTCp)KHeI\/'I, IIJ1aCTUH U O6OJ’IO‘I€K.
SIBNEeHUS TOTEPH YCTOMYUBOCTH BECbMa Pa3HOOOPAa3HEI: MOSIBIIEHUE Ka4eCTBEHHO HOBBIX (DOPM PaBHOBECHS,
WCYE3HOBEHUE YCTOWYMBBIX ()OPM PaBHOBECHS U JP.

Monynp aHalnM3a yCTOMYMBOCTH IIPEIHA3HAYEH [UIA PEIICHUS 3ala4d T.H. HAYANbHOU YyCHIOUYUE0CHU
KOHCTpYKUuH. Pesynmprarom pacuéra sBisercss KOd(QGHUIMEHT KPUTHYECKOW HArpys3Kd, NpH JeHCTBUU
KOTOPOIl KOHCTPYKLHSI MOXET CKadKoOOpa3HO IepedTH B HOBOE pPABHOBECHOE COCTOSIHHE, M
COOTBETCTBYIOIIAasl 3TOH Harpys3ke (opMa HOBOTO PAaBHOBECHOTO COCTOSHMA. B 3TOM ciydae BO3MOKHA
CUTYyalusi, Korja KpuTHYecKas Harpy3ka, IpH KOTOPOH MPOU30WAET MOTeps YCTOWYMBOCTH, MOXKET OBITh
3HAYUTEILHO MEHBIIE HArpy3KH, IPH KOTOPOH MPOU30MIET MOTEps] NPOYHOCTH KOHCTPYKIUH 0 KPUTEPHSIM
JINHEHHOTO CTaTUYECKU-HAIPSIKEHHOTO COCTOsIHUA. T.€. HalpsoKeHUs B MaTepualle KOHCTPYKIIMM MOTYT HE
JOCTUTHYTh TPEAENbHBIX 3HAueHWH, HO JedOopMalid H3-3a MOTEPU YCTOMWYMBOCTH MOTYT IMPHUBECTH K
pa3pyLeHnI0 KOHCTPYKIUHU. Takum 00pa3oM, yCIoBHE YCTOWYMBOCTH MO KPUTEPHIO KPUTHUECKUX HArPy30K
MOKET OBITh C(HOPMYIHUPOBAHO TAK:

Daxkmuueckue Ha2py3Ku, BPUl0HCeHHble K KOHCMPpYKUUU, C y‘tém&M Ha3Hnavaemozo l<03¢d)uuuenma
3anaca, 00J131CHbL ObIMb Menbwepacuémnblx KpumuueCKux Hazpy3oK:

F Kopoa < F

A Kmu4eckue 3anaca Kpumuveckue

OLIGHI/IB 3HA4YCHHUC KpHTH‘lGCKOﬁ Harpys3ku, Ipyu KOTOPOM KOHCTPYKIHSA MOXCT HNOTCPATH yCTOﬁ‘lHBOCTB,
MOKHO ONTUMU3UPOBATL M3ACIIUC C LCJIbIO JOCTUIKCHUA YCIIOBUA Ha,[[é)KHOCTI/I. HaanMep, JUISL
HpOTH)I(éHHOFO 00BEKTa MOJKHO ITOBLICHUTD yCTOﬁHHBOCTL HYTéM YMCHBUICHUA TJIWHBI WX YBCINYCHUA
TOJIIIMHBI O6’LeKTa, 100 MOXKHO CO3aaTb AOIMOJHHUTCIIBHBIC pe6pa JKCECTKOCTH.
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OcobeHHOCcmu amanoe aHanu3a Ha ycmofmueocmb

AHanu3 Ha YCTOWYMBOCTh OCYIIECTBIISIETCS B HECKOJBKO OJTamnoB. IlocnenoBaTenbHOCTh JeHCTBUM
I0JIB30BAaTEJIA O MOATOTOBKE 33Jaul U BBITOJHEHUIO pacdéTa KOHCTPYKIMH HAa YCTOWYMBOCTH BO MHOTOM
CXO0’Ka C aJrOpUTMOM, onucaHHbIM At CrtaTudeckoro aHanusa. I11o3ToMy B 1aHHOI IJ1aBe OTMETUM TOJIBKO
HEKOTOpbIE OCOOCHHOCTH, XapaKTePHbIE IJIsl pacuéTa Ha yCTOMYHBOCTD:

1.
2.

Co3o0anue 3a0auu. [1pu co3nannu 3a1a9u HY)KHO yKa3aTh €€ THIT — «AHAJIN3 yCTOMYNBOCTI»

Hanoowcenue CPAHUYHDBIX ycnosm"t. B amammse YCTOIZHHBOCTH, KaKk U B CTaTHYECKOM aHAaJIM3€, POJIb
I'paHUYHBIX YCJIOBI/II;'I BBIMIOJIHAIOT 3aKPCIUVICHUS W Harpys3Ku. HpI/I aHaJIn3¢ Ha YCTOIZHHBOCTB MOI'yT
HCIIOJIB30BAaThCs BCC THUIIBI BaerﬂﬂeHI/IfI " BCC BHUJBI CUJIOBBIX HAarpys3oK. TeMnepaTypHHe BO3JCHUCTBUSI
3aJar0TCA TAKXKC KaK U B CTaTUYCCKOM aHaJIn3e€. 3aI[aHI/Ie 3aerHJIeHI/II>'I 1 CUJIOBBIX HArpy3okK sBJISICTCA
00513aTeIIbHBIM YCJIOBHUEM BBIIIOJIHEHUS KOPPEKTHOI'O pacrléTa. CYMMapHO HAJIOXXCHHBIC Ha MOACIIb
OrpaHUYCHUA JOJIKHBI YAOBJIICTBOPATH CICAYIOIIEMY YCIOBHIO:

s obecrieueHns aHaIN3a yCTOMYMBOCTH MOEIH JOJDKHA HMETh 3aKpeIUICHNE, UCKITF0YatoIee eé
CBOOOJHOE TIEpEeMEIICHNE B MPOCTPAHCTBE KakK TBEPAOro Tena. HEBHIMONHEHHE 3TOTO YCIOBHUS
MpUBENET K HEBEpHBIM pe3yjbTaTaM KOHEYHO-3JIEMEHTHOTO MOJEINPOBAHUA WM CPBIBY
BBIYMCIHUTEIBHOTO IIpoLecca.

OTMeTHM TakXke, 4TO 3aJaHue Harpy3oK UMeeT OOJbIloe 3HAUYEHHE Uil O0eCleUYeHUs] KOPPEKTHOCTH
MIOCTAHOBKHM 3a/layll pacyéra HadalbHOM YCTOMYHMBOCTH. B 4YacTHOCTH, NPH OINpPENENECHHBIX CIydasx
Harpy)KeHUs, pelIcHHE 3aJadyd MOXKeT HEe HMEThb (QHU3MUYECKOTO CMbICIA (HAmpUMep, CTEp>KEeHb,
pacTsIruBaeMblid POOJIbHON cuitoil). Ilpr3HakoM KOPPEKTHO 3aaHHBIX TPAHUYHBIX YCJIOBHUH SBISETCA
MOJIOXKUTEJIHOE 3HaUYeHHE KO3 (PUIIMEHTa KPUTUIECKOM HAarpy3KH, IOJIyYeHHOTO B Pe3yJIbTaTe pacuéra.

Bvinoanenue pacuéma. Ilepen BBINIOIHEHUEM Pacu&r - aHanms yCroiumMeocTy =)
pacudéra MoJIb30BaTeNb YKasbiBaeT B CBOMCTBax S a0 §

3a/layd AJITOPUTMBI pacuéTa W KOJIMYECTBO e

q)OpM ImoTepun yCTOfIIII/IBOCTI/I, KOTOpPLIE OH Pac4ET saKoHqeH

XOHCT aHATM3UPOBATD. - 0=

B wuHpoOpMannoHHOE OKHO NPH BBHIIOJIHEHUH Caenaro: 100% Bpema: 00:00:09
pacuéra BBIBOJUTCS CIEAYIOLas CIPaBOYHAS Brinonkero: 100 %

HH(pOpMaHHH Wenone3oBaHKWe NaMaTH

KoaunuectBo Y3/10B — KOJIMYECTBO Y3JIOB 3aHATo: OMB Makcimym: 58MB Ceoboaro: 1174MB

pacy€THOM KOHEUYHO-2JIEMEHTHOM CETKHU.
CoofiueHns:

KoaunuecTBo JIEMEHTOB —  KOJHMYCCTBO

o + Konuuyectso ysnos: 4695
TETPAsAPOB B KOHCYHO-3JICMCHTHOMN CCTKE.

* Konuuecreo anemeHToBs: 2183
BeeneHo  aprymMeHTOB  —  KOJMYECTBO * Beeneno aprymenTos: 13843

aBHeHI/Iﬁ YJAaCTBYIOIIIUX B PCIICHUU.
yp M yrol p + PAC4ET 3EKOHYEH

Pacuér 3aKOHYEH — CHMBOJIM3HPYET O TOM,
YTO MPOLECC PELICHUS 3aBEPILMIICS YCIIELIHO.

3aKPbITE OKHO NOCNE OKOHYaHKA

CoXpaHWTE LOKYMEHT NOCNE OKOHYEHWA

3aKPpBITE
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Peszyrsmameul. Pe3ynbraTamu aHanu3a YCTOMYUBOCTHU SIBISIFOTCS:

Koapduuuent kpuruyeckoii Harpy3km — pacuéTHoe 3HaueHHe KoddduiueHnTta, mpousBelncHHE
KOTOPOTO Ha NPWJIOKEHHBIE K CHCTEME Harpy3Kku, AaéT (HaKkTHUECKOe 3HAaUEHUE KPUTHUECKOW HArpy3KH,
NpUBOJSIIEH CUCTEMYy B HOBOE pPaBHOBECHOE COCTOsiHME. Hampumep, s Mozaenu TPHIIOKEHA
pacmpenenennas cwia 1000 H. KoadduumeHT kpuTHyeckod Harpy3kd MO pe3yjbTaTaMm pacuéra
coctaBun 109,18. D10 03HauaeT, yToO MepBast popmMa YCTOHIMBOTO PABHOBECHOTO COCTOSHUS JIJISl TaHHOM
MOJIEJIN UMEET KpuTuieckyro Harpy3ky 109180 H.
Koaddumuent kputndeckoi Harpy3Kd IOJDKEH OBITH IMOJIOKHUTENbHBIM. Eciu B pe3ynbTare
penienust K03QQUIMEHT KPUTUYECKON HArpy3KH IMOTYyYMIICS OTPHUIATEIBHBIM, 3TO O3HAYaeT, YTO
IIPYU TIPWIOKEHHBIX K KOHCTPYKLHMHM Harpy3kax COCTOSHHE MOTEpU YCTOHYMBOIO PaBHOBECHs HE
MOKET OBITh JOCTHTHYTO.

OTHocHTe/IbHbIE IepeMellleHusl, COOTBETCTBYIOIINE [AaHHOH KpUTHYECKOM Harpys3ke. OTOT THII
pe3yibTaTa oTpaxkaeT GopMy PaBHOBECHOTO YCTOHYMBOTO COCTOSIHUSI KOHCTPYKIIMH, COOTBETCTBYIOIIYIO
OTpeeNIeHHON KpUTUYeCKOW Harpy3ke. DOpMBI PaBHOBECHBIX COCTOSHHUH, OTOOpakaeMble B OKHE
MOCTIPOLIECCOPa TIOCJIE 3aBEepIICHUs pacyéra, MPEACTABISIOT COOOH OTHOCHTENBHBIC MEPEMEIICHUS.
AHanmuzupyst 3Td GOPMBI, MOKHO CIENAaTh 3aKIIOUCHUS O XapakTepe MepeMelieHUi B CUTyalllud [TOTEPH
YCTOMYMBOCTH. 3Has OXKHAEMYIO PABHOBECHYIO ()OPMY Ha HEKOTOPOW KPUTHUECKOW HArpysKe, MOXKHO,
HampuMep, 3aJaTh JOINOJHWUTEIBHOE 3aKpeIUieHMEe WM Omopy B 00JacTH KOHCTPYKLHH,
COOTBETCTBYIOIIEH MaKCUMyMy JaHHOW (OpPMBI pPaBHOBECHOTO COCTOSIHUSI, YTO TPHUBEIET K
3G EKTUBHOMY H3MEHEHHIO MEXaHMYECKHX CBOMCTB H3IEIHSI.

B kadecTBe IOMOJHHUTENBHOTO (CIPAaBOYHOIO) pe3yJIbTaTa MOXKHO BBIBECTH TaKKe IEPEMEIICHHS
KOHCTPYKLUH TI0J JEHCTBUEM IPUIIOKEHHBIX CTATUYECKUX HArpy30K, pacd€T KOTOPBIX MPEAIIECTBYET
pacuéry Kod(pPUIMEHTOB KPUTUIECKIX HArpy3o0K.

OTHOCHTENBHLIE NEPEMELLEHMA, MOy OTHOEMTENEHEIE NEPEMEBWEHUA, MOYNE
Popma 1 - KoahEMUAEHT KPMTHYECKOA HarpyzkK: 53.94 JH, : Dopma 2 - KoIDHUUMEHT KpUTURCKOM Harpysku: 268.19
- -

I 3.8806E-004 I 2.7919E-004

2.9854E-004 2.0939E-004

1.8903E-004 + 1.3959E-004

9.9515E-005 r 6.9797E-005

0.0000E+000 0.0000E+000

q)Oprl PaBHOBECHbIX COCTOSIHUW, COoOTBeTCTBYyHOLW e nepBoﬁ u BTOpOﬁ KPpUTUYEeCKUM Harpyskam gertanu

AJITOPUTM OLICHKH YCTOWYMBOCTH IO pe3yJbTaTaM MOJe/JIMPOBAHNS

ITocne yCHEHOTro pacqéTa 3aga4dyu HCO6XOZ[I/IMO MMpOaHAJIM3NUPOBATL PE3YyJIbTAThL paC‘léTOB, YTOOBI CICJIaTh
3aK/JIFOYCHUE O BepOHTHOﬁ yCTOfI‘lPIBOCTH KOHCTPYKIIMMK 110 PpE3yJibTaTaM KOHCYHO-3JICMCHTHOI'O
MOACIINPOBAaHMA. HpI/IMepHaﬂ IOCJICA0BATCIIbHOCTD ZICI‘/'ICTBI/II‘/'I M0 OHOCHKE pPE3YyJIbTaTOB KOHCYHO-
QJICMCHTHOT'O MOACIIMPOBAHUS ABJICHUA HavaJIbHOHU YCTOﬁqHBOCTH CJICayro1ias:

1.

Ouenka KoppekTHOCTH pemieHusi. Kak yxe orMedanoch, KO3(QQHUIUMEHT KPUTUYECKOW HATPY3KH
JOJDKEH OBbITh MONIOKHUTENbHBIM. Ecmum k03 duOueHT nomydmics OTpULATENbHBIM, 3HAYMT
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Harpy’>KeHUsI, TPWIOKEHHbIE K KOHCTPYKIIUH, HE BBI3BIBAIOT S(PPEKTOB HEYCTOWUYMBOIO IOBEICHUS
CUCTEMBEI.

2. Ouenka 3Hauenusi koddpdunuenta. Ecmu kodDPUIMEHT KPUTHYECKOH HArpy3KH MOIYYHIICS
MOJIOKUTENIEHBIM M MEHbIIE 1, 3TO O3Ha4aeT, YTO MpPH 33JaHHBIX HATPYKEHUSIX CHCTEMa MOTepseT
YCTOHYHMBOCTh, U KOHCTPYKIUS HyXmaeTcs B gopadoTke. Ecinu koa(huUIueHT KpUTHYECKON Harpy3Ku
TIOJIOKUTENICH M OoJibiie 1, 3HAYUT, TIPHU 3aJaHHBIX YCIOBUSX HATPYKEHHUS IMOTEPS yCTOMYUBOCTHU
KOHCTPYKITUH HE yTPOIKAET.

3. AxHaau3 ¢opM paBHOBeCHBIX cOCTOsIHMii. B nepeBe 3amay M3 KOHTEKCTHOIO MEHIO IO KOMAaH/IC
«OTKpBITE» Wil «OTKPBITH B HOBOM OKHE» OTKpbIBaeM pesynbraT «Dopma 01», cooTBeTCcTBYrOMIHN
HalMEHBIIEH KPUTHYECKOH Harpy3ke. BmusyanbHO oOleHHUBaeM XapakTtep IeQOpMHUPOBAHHOTO
COCTOSIHUSI KOHCTPYKIMH. AHanu3 (OpM paBHOBECHBIX COCTOSHUI TO3BOJSIET CAETAaTh BHIBOA O
HaIlpaBJICHUSX U MECTaX MAaKCHMAaJbHBIX MEPEMEIICHUN, COOTBETCTBYIOLIUX KPUTHUYECKOW Harpyske.
Ota I/IH(I)OpMaLII/I)I MOXKET 6LITI) HCIIOJIb30BaHa JIsI ONTUMMU3AllMM KOHCTPYKIMUHU H3ACIUA C LCIIbIO
IIOBBIIIECHUS €€ YCTOMYUBOCTH.

Hacmpouku lNpoyeccopa aHanu3a ycmoulu4yusocmu

ITo ymoiuaHuWio, MOCJIE HWHUIHMAIH3AIMKA KOMaHIbl «AHanu3|PacyéT» mnossiseTcs aManor 3aJaHus
CBOMCTB 3aJjayd, HMMEIOIIUA HECKOJIBKO TEPEKII0YaeMbIX 3akiafok. [lomp3oBaTenh MOXKET H3MEHUTH
YCTaHOBJICHHBIE TI0 YMOJUYAHUIO CBOMCTBA 3a7aun. JJocTyn K CBOMCTBaM 3aa4ll MOKHO TaKyKe OCYIIECTBUTH

o o HAa MMCHM 33Jlaud B JICPEBE 3aJlay WJIM M3 KOHTEKCTHOTO MCHIO IO HA)KATHIO Ha UMCHHU
BBIOpaHHOM 3a/iauM B aepeBe 3anad. CBOMCTBA 3ajauu, ONPEACICHHBIC MOJIb30BaTEIEM, COXPAHIIOTCS MPH
COXpaHEHWU JOKYMEHTa, a TAaKXKe HACIEIYIOTCS NPY KOTMPOBaHUU 3a1adu. OCHOBHOE Ha3HAUCHHE CBOWCTB
3aJla4yM — 3aJaHue TpeOyeMbIx s paboTsl [Iporeccopa pexXMMOB, CIIMCKOB OTOOpakaeMbIX MOCIIE pacuéra B
JIepeBe 3a71a4 Pe3y/IbTaToOB M KOJUUECTBO (JOPM MOTEPH YCTONUNBOCTH.

Ha 3aknagke [O6upte] MOXKHO ONPENEIUTH WM U3MEHUTH ONKCATENbHBIE CBOMCTBA TEKYIIEH 3a1auu: UM,
TUII 33]1a41, KOMMEHTapUH.

Ha 3aknanke [PacuéT] MOXHO 3a/1aTh CBOMCTBA IIPOLIECCOPA ISl pELIEHUS] YPABHEHUI.

KoaunuyecTBo hopm paBHOBecHBIX cocTosiHMi. [lomp30-

BATENb MOYXET OIPECIHTh KONMYCCTBO KPUTHUCCKHX | IAPAMETPBI 3ajaui (aHanu3 ycToRumBocth)
Harpy3ok 1 COOTBETCTBYIOLIUX (1)OpM PaBHOBECHBIX COC- Obwme | PatHET | TepmoynpyrocTs | PesyneTaTel

TOSAHUM, MOJIKAIMX ONpeAeeHuto. s mpakTHYeCKUX s R L L i -
1eJie, HauOOoJIBIIYIO IIEHHOCTh MpeacTaBiser 1-s1 Gopma, L S e i =
COOTBETCTBYIOLIas MHHHUMAJIbHONW KPUTHYECKOW HArpys- A
KeE. OI[HaKO MMOJIb30BaTeNIb MOXKET HAWTH TaKxkKe KpUTHU- [#] OTHOCHTENEHAA NOrpEWHOCTE! 0.001 =
YeCKHE HArpy3KH APYrux GOpM paBHOBECHBIX COCTOSIHHIA. s e B 100 2
B rpynne «Omnpenesienne ¢popM paBHOBECHBIX COCTOSI- METOA KOHEHHED: 3MEMEHTOE

HUID» 11 Tapamerpa «PeleHne cHCTEMbD» HEOOXOIUMO I MposeeoanTe pacuéT mrefinem anevexTon

YKE3aTH BOMOXHOCTS HCTIOTIL3OBANHA JOMOMHATETbHON || | Foeernameonerommpers oo
nuckoBoit mamsati ([HacTpoiikal): aBTOMaTHYECKH, YETORMMBOETH

3anpeleHo, NPUHYIUTENbHO. VICToNb30BaHle JIOTOTHHU-

TEIBHOM }_'[I/ICKOBOf/JI“HaMHTI/I HI03BOJISIET COXPAHUTH Pa3Jio- [T RV r—
YKEHHE MaTPHIIbI )ECTKOCTH Ha JTHCK.

OTHocUTeIbHAS NOrpemIHOCTb — IMOI'PCIIHOCTL OIPEACIICHUA KPUTUYECKUX HArpy3okK, JOCTUKCHUEC
KOTOpOfI IMPUBOAUT K OKOHYAHUIO UTCPALITMOHHOI'O IIpo1ecca.
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MakcuManbHOe 4YHMCJI0 HUTepaluii — TpefeNbHOE KONMYECTBO HUTEpaIfii, MO0 MOCTHKEHHH KOTOPOTO
pelIeHrne CHUCTEM ypaBHEHHH HWTEpaIliOHHBIM METOJOM IpeKpaliaercs, Jake eciau TpedyeMas TOYHOCTH
pelIeHus He TIOCTUTHYTA.

B rpynne “MeToa KOHEYHBIX 3J1€MEHTOB” TIOJIH30BATENb MOXET YCTaHOBUTH pexnM «lIpou3Boauts
pacuyér JuHEHHBIM 3jeMeHTOM». OH TIO3BOJUT TPOBECTH HAMHOTO Oosiee OBICTPBIA pacu€T s
MPUOIU3UTEILHOW OICHKU OTHOCHTEIBHOTO PaCIpelCiICHHUS aMILTUTY] (OpM PaBHOBECHBIX COCTOSHHIA Ha
JIOCTATOYHO TTOAPOOHOH CETKE.

Pacuér JMHEHHBIM D3JEMEHTOM OOCCIICUMBACT HEOOCMAMOYHYI) ~TOYHOCTh  OINPEACICHUS
KPUTHYECKHX HArpy30K. 3Ha4YeHHs KPUTHYECKHX HArpy30K NpU pacyére JTHMHEHHBIM KOHEYHBIM
9JIEMEHTOM 3HAYUTENBHO (B JCCATKH M COTHH pa3) OOJblIe 3HAYCHUH, MONy4aeMbIX NPU pacuére
Oosee TOYHBIMH MeTomaMHu. HacToATETbHO pPEKOMEHIyeTCs Ui KOJMYSCTBEHHOH OIICHKU
K09 PHUIMEHTa KPUTHYECKUX HATPY30K HCIIOIb30BATh TOJBKO PACUET KBAAPATHIHBIM JIIEMEHTOM
(pexuM M0 YMOITYAHUIO).

Ha 3akmanke [PesymnbTaTsl] ONpEAENSIOTCS THUIBI PE3yNBTATOB, OTOOpPaKAEMBIX B JIEpEeBE 3ajad IOCIe
3aBEpLICHHUS pacuéra.
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YACTOTHbLIN AHANU3

Moynp 4acTOTHOTO aHAIH3a MpeIHa3Ha4YeH I pacyéra COOCTBEHHBIX (PE30HAHCHBIX) YACTOT KOJIeOaHun
KOHCTPYKIIMI M COOTBETCTBYIONIMX UM (QopM KoneOaHWi. 3amada pacdéra COOCTBEHHBIX YacTOT W
COOTBETCTBYIOIIMX UM (OpM KojeOaHU BO3HMKACT BO MHOTHX IPAKTHYECKHX CIIy4asx aHaln3a
JUHAMHYECKOTO TOBEJICHUS KOHCTPYKLIMH TIOJA JCHCTBHEM TIepEeMEHHBIX Harpy3ok. Hawuboiee
pacmnpocTpaHeHa CHUTYaIusl, KOrJa MpU MPOCKTUPOBAHWN BO3HHKAECT HEOOXOJMMOCTh YOCTUTHCS B Majol
BEPOSTHOCTA BO3HMKHOBCHHUS B YCIOBHSIX JKCIUTyaTallMM TAKOTO MEXaHHYECKOTO SIBJICHUS, KaK PE30HAHC.
Kak n3BecTHO, cyTh pe3oHaHca 3aKII0YaeTCs B 3HAYUTENLHOM (B ACCATKH pa3 U 0oJiee) yCUIeHUH aMILUTUTYA
BBIHYXKJICHHBIX KoJeOaHWi Ha ONpefeNEHHBIX YacTOTaX BHEIIHHX BO3JCHCTBUI — T.H. PE30HAHCHBIX
yacrtotaX. B OONBIIMHCTBE ClyyaeB BO3HHMKHOBCHHE PE30HAHCA SIBISICTCS HEXKENATCIBbHBIM SIBICHUEM C
TOYKM 3peHHsI oOecredeHus] HaA&KHOCTH u3nenus. [IpoBepka CHEKTpajbHBIX CBOMCTB KOHCTPYKIHMH Ha
BO3MOXXHOCTH PE30HAHCOB B pa00OYeM JHana3zoHe YacTOT BHEITHUX BO3JCHCTBUI HA CTAANN TPOCKTUPOBAHUS
MO3BOJISIET BHECTH B KOHCTPYKIIMIO U3MECHEHUS, CIIOCOOHBIC U3MEHUTH CIEKTP COOCTBEHHBIX 4YacTOT. DTO
II03BOJIUT I/I36C)K3TI> WM 3HAYUTCIBbHO YMCHBUINTH BCPOATHOCTHL IMOABJICHHUA PE30HAHCOB B IIPOLECCE
sKcIuTyaTanui. TakuM o0pazoMm, yciaoBue BHOPOYCTOWYHBOCTH MO KPUTEPHIO COOCTBEHHBIX YACTOT MOXKET
OBITH CPOPMYITHPOBAHO TaK:

Coocmeennvie wacmomol KOHCmMPYKUUu 00JIIICHBL J1eXcams 3a n]pedenamu ouanazona 4acmom eéHeultHUx

6030eiicmeuii: f. [0.7F071.3F "

rne fj- i-1 coGcrBenHas wactoTa KOHCTPYKUMH. OOBIYHO, HAMOONBIIYIO OMNACHOCTH MPEACTABIISIOT

PE30HAHCHI Ha HWKHHMX COOCTBEHHBIX yacToTax (I <~5), T.K. UMEHHO Ha HUX AKKYMYJIHUPYETCs OOJIbIIas
4aCTh MEXAHUUYECKOHN JHEPIHH;

BO3J1. ¢ BO3, o v
fmin H, fmaxﬂ - HW)KHSAA U BEPXHAA 4aCTOTHI U3BECTHOT'O JJUalla3OoHa BHCIIHUX BI/I6paIII/IOHHbIX BO3JICMCTBHH.

s S PP

5 P

A
i //" \
1 PE30QHAHC \\-.
H‘""‘"-....___‘____
Webin
0 ~0,7 1 -13 3 Wecobcm

N3meHeHue KoadpchmumeHTa ycuneHns aMmnnmTya B 3aBUCMMOCTU OT OTHOLUEHMSA YacTOThbl COGCTBEHHLIX Kone6aHumn u
BHeLIHero BO3AeNCTBUA B CUCTEME C HeJOCTaTOUHbIM AeMndupoBaHueM

OLIGHI/IB CIICKTP COOCTBEHHBIX YaCTOT KOJeOaHUM KOHCTPYKIIMM Ha CTaguu MNPOCKTUPOBAHUSA, MOXKHO
OINITUMHU3HUPOBATL KOHCTPYKIUIO C HCJIbIHO AOCTUKCHUA YCIIOBUSA YacTOTHOH BI/I6pOyCTOI\/JI‘II/IBOCTI/I. I[J'IFI
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YBEIMYCHUSI COOCTBEHHBIX YacTOT HEOOXOAMMO MNPHAATh KOHCTPYKIMH OOJIbINEe KECTKOCTH U (MJIH)
yYMEHbIINTh ¢€ Maccy. Hampumep, anst mpoTsDKEHHOTO 00BHEKTa MOXKHO TOBBICUTH KECTKOCTh, YMEHBIIUB
JUTMHY WIH YBEJIMYUB TOJIIMHY 0OBbeKTa. JI7s yMEHBIICHUS COOCTBEHHOM YaCTOTHI M3JCIUS HEOOXOAUMO,
HaIPOTHB, MPUOABUThH MAaCcCy UIH YMEHBIIUTH )KECTKOCTh O0BEKTA.

dopma 1 - pezoHaHcHaa yacToTa: 104.6 My

Takum 00pa3oM, OCyHIECTBISS C IMOMOIIBIO MOJYJSI YaCTOTHOTO aHaiM3a pacyéT PEe30HAHCHBIX YacTOT
KOHCTPYKIIMM Ha JTare NPOCKTHPOBAHHMS W ONTUMHU3UPYS MacCO-KECTKOCTHBIE CBOWCTBA M3JIEIHA,
MOJIb30BATENIb MOMKET TIOBBICUTh HAJEKHOCTh pa3pabaThIBAEMOW KOHCTPYKIMH C TOYKH 3peHust eé
BUOPOYCTOMYMBOCTH U BHOPOTIPOYHOCTH.

OcobeHHOCMuU 3amanoe 4YacmomHO20 aHanu3a

YacToTHBIN aHAIHU3 OCYIICCTBJIACTCA B HCCKOJIBKO 3TAIlOB. HOCJ’IG,I[OBaTeHBHOCTL Z[eﬁCTBHﬁ IIOJIB30BAaTCJIA 110
IOATOTOBKE 3aJa4yd M BBIIIOJIHCHHIO 4YaCTOTHOI'O pacqéTa KOHCTPYKIIMHM BO MHOI'OM CXOXa C aJITOpUTMOM,
OIMMCAaHHBIM  JIJIA CraTH4ecKoro asHammsa. HOZ)TOMy B ,Z[aHHOfI rjiraB€¢ OTMCTUM TOJIbKO HCEKOTOPBIC
OCO6€HHOCTH, XapaKTCPpHBIC JIA pacqéTa Ha YCTOﬁqHBOCTBI

1. Co3nanue «3agaum». [Ipu co3manum 3amadum HY’)KHO yKa3aTh e€ THUN — «YacTOTHBIA aHaIM3» B OKHE
CBOVCTB KOMAH/IbI.

2. Hanoxenue rpaHUYHBIX YycJoBHH. B 3amade 49acToTHOro aHaiW3a poOJb TPAaHUYHBIX YCIOBUM
BBIMOJIHSIIOT TOJIBKO 3aKpeIuleHHs. 3aJaHue 3aKpelvleHuH sBisieTcs 00sA3aTeNbHBIM — YCIOBHEM
BBITIOJTHEHUS KOPPEKTHOTO YacTOTHOro pacuéra. CyMMapHO HaJOXKCHHbIE Ha MEpEeMELICHHE Tela
OTpaHUYEHMUS TOJKHBI Y OBJIETBOPATH CIEIYIOLIEMY YCIOBHIO:

Jna obecriedeHrs 9aCTOTHOTO aHajM3a MOZENb JO0JDKHA MMETh 3aKpeIUIeHue, uckarouaoujee eé
€80000HO€e nepemeujeHue B TPOCTPAHCTBE, KaK TBEPIOro Tena. HEBBIOJIHEHUE 3TOr0 YCIOBHUS
NpUBEAET K HEBEPHBIM pe3yjbTaTaM KOHEYHO-3JIIEMEHTHOTO MOJCIUPOBAHUS WM CPBIBY
BBIYUCIUTEIBLHOTO TIpoIIecca.
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3. Pacuér. [lepen BbIMONHEHHEM pacuéra I10Jb30BATEIb JOJKCH YKa3aTh KOJMYECTBO COOCTBEHHBIX
YacTOT |, €CJI HEOOXOAUMO, YTOYHHUTH aJlTOPUTMBI pacuéra.

4. AHajau3 pe3yJabTaTOB YaCTOTHOIr0 pac4yéra. Pe3ynpraTaMu 4acTOTHOTO aHAIH3A SBIISIOTCS:

Yacrora coOcTBeHHbIX KoJedanuid (I'm) - COOTBETCTBYET OXHUIAEMON PE30HAHCHOM YacTOTE
KOHCTPYKITMH. TeopeTndeckr KOJIWYEeCTBO COOCTBEHHBIX YacTOT MJs JroOoro Tema OeckoHeuHo. B
pe3ynpTaTax 0TOOPaKaroTCsl TOIBKO YaCTOTHI ISl BRIOPAHHBIX (hOPM COOCTBEHHBIX KOJIEOAHUH.

Dopma cobcmeennblX Koedanuil, COOTBETCTBYIONIAA JaHHON dacToTe. [loscHuM Qu3uveckuii CMBICT
noHsATHA «popma Konebanus». dopMa KonebaHWil MOKA3bIBAET, KaKUe OTHOCHTENbHBIC Ac(opmMarnuu
(nepemerienusi) OyneT WCHOBITHIBATE KOHCTPYKUMS, B Cllydyac BO3HHMKHOBEHHS pE30HaHCa Ha
COOTBETCTBYyIOIIEH cobcTBeHHOW uactore. OOpatmM ocoboe BHHMaHWE, 49TO (OPMBI KOJIEOAHHIA,
otoOpakxaemble B okHe [loctmpomeccopa mocie 3aBeplieHHs pacuéra, TMPEACTaBISIOT COOOU
OMHOCUMENbHbIe AMIAUMYObl KoAeOanull. AHATU3UPYS. 3TH (OPMBI, MOXKHO CHIENaTh 3aKIIOUYCHUS O
Xapaxkmepe PE30HAHCHBIX TepEeMENIeHHH, HO He 00 WX (aKTUYECKOW aMIUIUTyAe. 3Has OKUIAeMYIO
(hopMy KonebaHMI HAa HEKOTOPOH COOCTBEHHOW YaCTOTE, MOXKHO, HANPHUMEp, 33JaTh JAOMOIHUTEIHLHOE
3aKpeIicHHe WM OTNopy B 00JacTH KOHCTPYKIMH, COOTBETCTBYIONIEH MaKCHMyMy NaHHOW (HOpMBI
KoJyieOaHuit, 4To mpuBeAET K 3 (HEKTUBHOMY H3MEHEHHIO CIICKTPAIBHBIX CBOMCTB M3/IEIHSI.

ITo ymomuanuto GopMbl KojicOaHUN OTOOpaXKarOTCs B OKHE IMOCTIpolieccopa 0e3 IBETOBOW OKPACKH,
KOTOPYIO MOKHO BKITFOUHTDH B CBOWCTBaX BU3yallU3aTopa.

dopma 1 - pezoHaHcHaA 4acToTa: 376.0 I'u._ dopmMa 7 - PEAOHAHCHAA YacToTa: 612.4 Ty oopma 3 - pE3nHAHCHAA yacToTa: 10872 Ty, Topma 4 - pesoHadcHaA YacTata 1129.8 My,

OTMCTI/IM, TAaKXXE, YTO MNPH aHAJIMU3C XapaKTe€pa ABUIKCHUA, OCYIICCTBIACMOIO KOHCprKHHeﬁ Ha
onpeaenéHHoﬁ qacCToTEC, y,I[OGHO HCIIOJBb30BaTh aHHUMAIIUIO. HaHOMHI/IM, 4uTO JI 3allyCKa IIpolecca

aHUMAaIlMM HY)KHO B CBOICTBax OKHA pe3yJlbTaTOB pacuyéra (AOCTYIM IO 0o B OKHE IOCTIIPOLIECCOPA)
aKTHBUPOBATH DJIEMEHT YIPABICHUS K AHUMAIMS U YKa3aTh KeJlaeMble TapaMeTpbl aHUMAITHH.

Hacmpoﬁku lIpoyeccopa yacmomHo20 aHasnu3a

Ha 3aknagke [O6upte] MOXKHO ONPENETUTH WM U3MEHUTH ONKUCATEIbHBIE CBOMCTBA TEKYIIEH 3a1aun: UMsl,
THII 33141, KOMMEHTapUil.
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Ha 3akmanke [PacuéT] MOXHO 3aJaTh CBOMCTBA MlapameTpbi 3a004H (HACTOTHBI aaTHS)
nporieccopa sl pelieHus ypaBHEHHIA.
Ofwme | PACHET | PesyneTatel
B rpynne «ChnekTp cOOCTBEHHBIX YacTOT» HEOOXO-
CnexTp cofCTEEHHEN YacToT
AUMO. KonndecTEo CoOCTEEHHEL: HacToT: 4| =
® OIpPEACINTh IMapaMETp «Koan4yecTBo COOCTBEHHBIX [JHesakpennénas crcTema

4acToT™», TO €CTh IIOJB30BATCIIb MOXCET YKa3aTb [JHe paccmThiEaTE cofCTEEHHEIE hOpHe!

KOJIMYECTBO HIDKHMX COOCTBEHHBIX YaCTOT KOHCT- OnpeAsneHHe coficTEEHHEEK HacToT

PYKIIHH, TOUTICHKAIIUX OTPEICICHHUIO; PeweHHe CHCTEMEI;

. : 0.001
e BiounTh onumio «He3akpemnéHHas cucremMa» B Al e

TOM CIIly4a€, €CIM OrPaHWYEHHUU, NMPUIIOKEHHBIX K
MOJENH, HE JOCTAaTOYHO, YTOOBI MCKIIOYHUTH €& e e PSR

[INpomzsoants pacdéT nHHefHemM aneMeHTOM
CBO6OZ[HOC NEPEMCIICHNE B IIPOCTPAHCTBE. 5
PeroMEHAYETCA ANA OCYLWECTENEHMA pacHETa Bes

HINONB30EAHHA KONHHECTEEHHBX AaHHB: 4NA OUEHKEH
B rpynme «OmpenesieHne cOOCTBEHHBIX 4YacTOT» JUIA e R et

napametrpa «PelieHue cucTeMbl» HEOOXOJAMMO yKa3aTh T
BO3MOXHOCTH HUCIIOJIB30BaHUA JOITOJIHUTCIIbHON JUCKOBOU
namsati ([HacTporika]): aBTOMaTHYeCKH, 3alpelieHo,
MPUHYIUTENBHO. MCronb30BaHne NOMOTHUTEILHOU JTUC-
KOBOH MaMsATH TIO3BOJISICT COXPAHWUTh Pa3IOKCHUE Mart- rT— (W P——
PHIIBI XKECTKOCTH.

-
-
EKCMMANEHOS YMCN0 MTEPALHA; 400 =

OTHoCHUTEIbHAS MOrpeurHoOCTb — MOrpCIIHOCTL OMIPECACIICHUA COOCTBEHHBIX qacTOT, JOCTUKCHUC KOTOpOﬁ
MMPUBOAUT K OKOHYaHHUIO UTEPALIMOHHOIO IIpoLecca.

MakcumManbHOe 4YHMCJI0 HTepaluil — TpeaeNbHOe KONMMYECTBO HUTepalii, Mo MOCTHKEHHH KOTOPOro
pellIeHre CUCTEM YpaBHEHUH HTEPAlMOHHBIM METOAOM MpEeKpalaercsi, Jake eciu Tpedyemas TOYHOCTb
pelIeHns: He JOCTUTHYTA.

B rpymnne «MeToa KOHEYHBIX 3J1eMEHTOB» II0Jb30BaTelb MOXET ycTaHOBUTH pexxuMm «IlpousBoautb
pacyéT JIMHEHHBIM 3JEMEHTOM», €CIU I10Jb30BaTelIb 3aUHTEPECOBAH B IOJNYYEHUU KaAYeCmEEeHHbIX
PE3yJIbTATOB, T.€. €T0 HHTEPECYIOT JIMIIb OTHOCUTENIbHBIE PAacTIpeeIeHuUs aMIUIUTYA GopM KoJaeOaHuil.

O6pamaeM BHUIMaHHUE, YTO PACUYET JIMHEHHBIM DJIEMEHTOB 00ECTIeYMBAET HEOCTATOYHYIO TOYHOCTh
OIpeneNieHUsT 3HAaYeHWH COOCTBEHHBIX YacTOT. 3HAYEHHWs YacTOT MpU pacyére JMHEHHBIM
KOHEYHBIM 3JIEMEHTOM MOTYT OBITh 3HAYUTENBHO OONbILIE 3HAYEHHUH, MOJyYyaeMbIX IpU pacuére
OoJyiee TOUHBIMU MeTolaMH. PekoMeHayeTcs Uil KOJMYECTBEHHOW OIIEHKHM COOCTBEHHBIX 4acTOT
WCIIOJIb30BATh PACUET TOIBKO KBaJIPATUIHBIM 3JIEMEHTOM (PEKUM IO YMOITYAHHIO).

JAuaronanmsamusa Matpuubl macce. J[aHHBIH peXUM TO3BOJISIET YMEHBIIUTH KOJIMYECTBO TpeOyemoi

MaMSITU JIJIsl pelieHUs] CUCTEMBI JITHEWHBIX ajreOpandeckux ypaBHEeHHH. [Ipr 3TOM TOYHOCTH MOMYyYEHHBIX
Pe3yAbTaTOB CTAHOBUTCS HE3HAUUTEIILHO MEHBIIIE.

140



YacmomHbIlU aHanus

Ha 3akmanke [PesymnbTaTel] ONpEAeNsiOTCS THUIBI PE3yNbTAaTOB, OTOOpaKaeMBbIX B JIEpeBe 3ajad IOCIe
3aBepiieHns pacu€Ta. B wacTOTHOM pacueTe IS TONB30BaTeNsl OCTYIHBI TOJBKO OTHOCUTEIHHBIC
MepeMenieHuss — JU00 MOIyib, JUO0 B HAMpPaBICHUH COOTBETCTBYIOIIUX OCEH TJI00aIhbHOW CHCTEMBI

KOOpPJHHAT.

MapameTpel 3a3auM (YACTOTHBIH aHATM3)

Obime | Pacyét | PEsyneTaTEI

COXpPaHATE PESYNBTATEI pac4ETa B harne

CrHCOK pesyNETaToE
KOMaHAa NO3BONAET HACTPOMTE CMMCOK PE3ybTaTos,

__ PeaynbTatn

= MepereweHra
OTHOCHTEAEHEIE NEPEMELLEHWA B HAMP.X
OTHOCKTENEHEIE NEPEMELLEHUA B HANP. T
OTHOCHTEAEHEIE NEPEMELLEHWA B HaNP.L
OTHOCHTENEHEIE NEPEMELLEHMA, FMOLYTE

KOTOpEIM ByaeT oTobpamkeH & AcpeEe 33434

OTHOCMTENEHEIR NEPEMELLEHHS B HANP. %
OTHOCMTENEHEIE NEPEMELLEHKA B Hanp, '
OTHOCMTENEHEIR NEPEMELLEHHS B Hanp.Z
OTHOCMTENEHEIS MEPEMELLEHHS, MOAY NE

[ Na yranuaHia ] ] [ OTrEHMTE

R H OTHMEHS ” Crnpaeka
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TENJIOBOU AHANU3

29 1-1Ex cAD - D\ pasarop e grd
@i e Mlocipossns Septen Cneasm Baopoh Ofopunsee Avsnn [eusies Coen: (cTpoiva B Q0o 2 @ain Mo MlocTpossn Septex Cnsaum Baspol Oficpmnser Anuns series Cepen: Hactpoivs Bay Qom 2

Monynb TEmIoBOrO aHaNHW3a MpeJHA3HAuYCH JJIs PElICHUs 3a/a4 TEIUIONPOBOJHOCTH U TEIUIONEpeIadu.
[enpto OCYIIECTBICHUS TEIJIOBBIX PAcYETOB OOBIYHO SIBISETCS ONpEACICHUE TEMIICPATYPHBIX IOJICH, a
TAKX€ TEIUIOBBIX ITOTOKOB B 00béMe m3nenusd. B T-FLEX Axanu3e BO3MOXHBI JBE€ IMOCTAHOBKU 3aadd
TEIUIOBOr'O aHAIN3a:

e  YCTaHOBHBIIMIICHA PesKMM — pacuéT paclpeeNieHUs] TEMIIEPATyPHBIX MOJIEH U TETIOBBIX TIOTOKOB B
MPEINONI0KEHNH OSCKOHEUHO-IJIUTENEHOTO MEPUOia BPEMEHH, MPOLICAIIET0 MOCie MPUIOKEHHS
TEIUIOBBIX HArpy30K. B ycraHOBUBIIEMCS pexuMe TeMIepaTypa Tela HE M3MEHSETCS C TeUCHHEM
BPEMEHH, U B KOKIYIO CIMHUILY BPEMEHH 3JI€MEHTAPHbIN 00BbeM Tela OTAAET B OKPY’KAIOIIYIO CPeLy
CTOJIBKO K€ 3HEPTUH, CKOJIBKO MOJy4yaeT U3BHE UM OT BHYTPEHHUX UCTOYHHUKOB TEIUIA.

e HecraumoHapHblii npouecc — pacuéT TeMmmepaTypHbIX IHOJEH OCYLIeCTBIAETCS B (YHKUUHU
BpeMeHH. B aHammupyemol (u3mueckoil cucTeMe MPOMCXOMUT HW3MEHEHHUE paclpeneiIeHus
TEMIIEPATypHBIX IOJIEH C TEYEeHHEM BpPEMEHHM U B pe3ysibTaTe pacuéTa Mbl IMOJIydaeM IO
TEeMIeparyp B KaXIblii MOMEHT BPEMEHHM HEKOTOPOIO 3apaHee OINPEAEICHHOIO IO0JIb30BaTENIEM
BPEMEHHOT'O MHTEpBaa.
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Mpumepbl ycTaHOBUBLLErocs (crneBa) U HeCTaLMOHAPHOro (cnpaBa) TepMOAMHaAMUYECKUX NPoLieCCOB.

Ocob6eHHOCMU 3amanoe menysoe020 aHanau3a

TermoBol aHanM3 OCYIIECTBISETCS B HECKOIBKO ATanoB. [locienoBaTenbHOCTh IE€UCTBUNA MOJIB30BATENS 110
MOATOTOBKE 3aJaud U BBIMOJHEHHIO TEIJIOBOI'O pacuyéra KOHCTPYKIIMM BO MHOTOM CXO0)Ka C aJrOPHTMOM
paboTel ¢ mpyrumu pacy€tHbIME MonylissMu T-FLEX Ananuza. [losTomy B JaHHOW TIaBE OTMETHM TOJIBKO
HEKOTOPbIE 0COOEHHOCTH, XapaKTEePHBIC IS OCYIIECTBICHHUS TEIJIOBBIX PacYETOB.

1. Co3zoanue 3adauu. lpu coznanuu 3a1a4u HyKHO yKa3zath e€ TUI — «TersoBoii aHanu3y». Tak e Kak 1 B
JpyrUX BUAax pacuéra, HEOOXOJMMO IMMOCTPOCHHE KOHEYHO-3JIEMEHTHOW CETKH, allpOKCUMHPYIONIeH
TEOMETPHIO KOHCTPYKITHH.
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Tennoeou aHasnus

Hanoxcenue zpanuunvlx ycnoeuil. B TEIIIOBOM aHalW3e pPOJb TPAHWYHBIX YCIOBHHA BBITIOIHIIOT
MIPHUKJIaJpIBAEMbIe K MOZETN TPpaHWYHbIE W HadaJlbHBIE TEMIIEPATyPhl, ICTOYHUKH TETJIOBOH MOIIHOCTH,
TEIUIOBBIC TIOTOKH, TEIJIOBBIE KOHTAKTBI, @ TaKXe YCJIOBHS TEIIOOOMEHAa MOJEIH C OKpYKaromeh
Ccpeoi — KOHBEKIIUS U U3TyYCHUE.

Ananuz | Mapametpel  Cepewc  Hactpoika Bug  Okno 7
Hogan z3gaqa 4 l'l . ‘?;v ’=-"!vl
53| 3asaun.. = :’Vo : C L
u | Cetka AL
@ Matepuan... E
HarpykeHne »
Orpannyerne b
Tennoean Harpyska | 4 | Temnepatypa
N & Tennosoii notok
Cozgate gatumK &M KoneektweHblii TennooBmen
Co3gate wabnox rpadpuka &' | Tennosaa MowmHocTE
[y Wt | Wsnyuenne
Y@ | Pacugr o | Tennoeoii kowTakT
Aroie

KomaHabl 3aaaHuA rpaHUYHbIX YCITOBUI TENIOBOTO aHanmsa

[lpu 3amaHuu TemmepaTypHBIX HArpyKeHHH HEOOXOIWMO OTIMYaTh U MPaBHILHO HCIIOJIL30BAThH JIBa
BapuaHTa 3ajaHus Harpysku «Temmeparypa» (cMm. «lIpenponeccop») — «HauanbHas Temmeparypa» u
«Temneparypa». HauanpHas Temneparypa HMCHOJIb3YETCS AJIA 3aJaHUsS TEMIIEpaTYpPHBIX HArpy3oK B
HavyaJbHBIA (HYJIE€BOH) MOMEHT BpPEMEHH TOJBKO IS HECTallMOHapHOTO TeIuloBoro pacuéra. Bce
TEeMIepaTypHble Harpy3KH, 3afaHHble ©Oe3 (ara «HadajgbHas» CUYUTAIOTCS KOHCTAHTHBIMU
(Hen3MEeHHBIMH) KaK B yCTAHOBUBIIEMCSI PEKUME, TaK U B HECTALIMOHAPHOM TEIJIOBOM pacuére.
Pacuém. llepen BHINOTHEHHEM PACUETA MTOJIB30BATENb MOKET YKa3aTh THII pELIaeMO 3a/1a4i TEIIIOBOTO
aHanu3a (3aknaznka [I[lapaMeTpsr], CTallMOHAPHAS WIM HECTAllMOHApHAs TEIIONPOBOIAHOCTB), U €CIIU
HE00XOJIMMO, YTOUHUTH ATOPUTMBI PEICHUS CUCTEM YpaBHEHHI Ha 3akianke [Pacuér].

Ananus pe3yniomamoe menniogozo pacuéma. Pe3yiabraTaMu TEMJIOBOTO aHATN3A SIBIAIOTCA:

TemnepaTypHbIe M0JIsI — pacnpeeieHue TEMIIEPATyPhl 0 00bEMY MOJIETIH.

I'paguentsl Temmepatypbl mo ocsim X,Y,Z, a Takike MOIYJb TpajdeHTa TeMOepaTypbl —

0TOOPaXarOT CTETIEHh N3MEHEHUS TEMIIEPATyPhl IO COOTBETCTBYIOIIUM OCSIM CUCTEMBI KOOD/IMHAT.

PesyabTupyomue TemaoBble moToku mo ocam X,Y,Z, a Takike MOAYJb Pe3yJbTHPYIOIIEro

TEeMJIOBOro NMOTOKA — TIOKa3bIBAlOT MHTEHCUBHOCTH MEPEAayl TEIJIOBOW IHEPTHH, ONpPEACNEHHYI0 MO

pe3ynbTaTaM peLIeHus 3a/1a4u TeIUIOBOI0 aHaAIN3a.

Moyu rpajiieHTa TeMIIepaTypbl U pe3yIbTUPYIOIIEro TEIUIOBOIO MOTOKA OMPENENSIOTCS KaK KOPEHb

KBaJpaTHBIA U3 CYMMBI KBaIpaTOB COOTBETCTBYIOLIMX KOOPAMHATHBIX KOMIIOHEHTOB.

Kpome ykazaHHBIX pe3yibTaToB, B KayeCTBE CIPABOYHBIX AAHHBIX B OKHE IOCTHPOLIECCOPa MOXKHO

O0TOOpa3UTH:

e [Ipuiio:KeHHBIH TeMJOBOIl NMOTOK COOTBETCTBYET 3aJaHHBIM MCXOAHBIM IapaMeTpaM TeIJIOBBIX
HarpyKeHuM,

e H3BecTHBIE TeMNePaTypPhl — IPUIOKEHHBIE K MOJIEITH HEU3MEHHBIE TEMITEPAaTyPHBIE HATPY3KH,

e HavanbHble TeMmepaTypsl — TPWIOKECHHBIE K MOJICJIM HadaJbHBIE TeMIepaTypbl (Uit
HECTAlMOHAPHOT'O TEIUIOBOTO aHAJIM3a).
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Mertoapl aHamm3a pe3yiabTaToB TerioBoro pacuéra B Iloctmporeccope T-FLEX Amnammsa, B 11emoMm,
aHAJIOTHYHBI CIIOCO0aM HCCIICIOBAHUS PE3yNbTaTOB B JPYTrUX pPacuyéTHBIX Monyisx. OtMeTnm
HEKOTOpbIE crenuduieckue HHCTPyMeHThl [locTmpoiieccopa, KOTOpPBIE MOXKHO HCIOJB30BaTh IS
aHann3a pe3yIbTaTOB HECMAWUOHAPHOU Men10nPO8OOHOCHIU.

B pesynbrare pemieHusi 3aadd HECTAlMOHAPHOHN TEIUIONPOBOAHOCTH MOdydaeTcs Oombluoil Habop
pe3ynbpTaToB, 0O0IIee KOIMMYECTBO KOTOPBIX PAaBHO KOJHMYECTBY OMNpPENENEHHBIX II0JIb30BaTeIeM
BpeMeHHbIX maroB. B T-FLEX Amnanmmse monp3oBarenio TpeaocTaBisieTCs yHOOHBIN BHU3yadbHBIN
uHTepdelic AN yIpaBiIeHUs BCEM MacCUBOM MOJIYYEHHBIX B pe3yJbTaTe pacuéra JaHHbIX. J{j1st 3TOr0 U3
KOHTEKCTHOTO MEHIO B OKHE BU3yaln3aTopa pe3yJbTaTOB BBI3BIBACTCS AUANOrOBas naHens «BpemeHnHoH
IpOLIECC), C TTOMOIIBI0 KOTOPOH IOJIB30BATEh MOXKET OCYIIECTBISTH OBICTPBHIA IEpPEeXox K HY)KHOMY
pEe3yJIbTaTy 110 BPEMEHHOH IIKaJIe.
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MokasaTk okHo “BREMEHHOR Npouecc”

Ucnonb3oBaHus okHa «BpeMeHHOM npouecc» Ans ynpasreHus 4OCTYNoOM
K pe3ynbTaTtam HecTauMoHapHOro TennoBoro pacyérta

Hacmpoliiku lNpouyeccopa mensoeo20 aHanu3a

Ha 3aknanke [O6upte] MOXKHO ONPENETUTH WM U3MEHUTH ONKUCATENIbHBIE CBOMCTBA TEKYIEH 3a1aun: nUMs,
THII 33141, KOMMEHTapUi.

3aknanaka [Pacu&r] CcomepKUT HACTPOMKH [UIsi peIIeHHs CHUCTEM anreOpanyecKux YpaBHEHHH,
aHaJIOTMYHBIE MO CMBICTY HAcTpoWkaM 3agaun «CTaTM4ecKud aHaiu3» (CM. COOTBETCTBYIOILYIO TJIaBY).
OtmeTnM, 4TO B OONBLIMHCTBE CIy4aeB NMPH OCYIIECTBIEHUH TEIJIOBBIX PAcu€TOB MOXKHO HCIIOJIb30BaTh
pexuM  «llpouszeodums pacuém JAUHENHbIM INEMEHMOM», 4YTO TII03BOJAET OCYLIECTBUTh pAaCyeT
3HAYNUTENIHO ObIcTpee. B oTnnume oT 3a7ad cTaTHKM, YaCTOTHOTO aHaIW3a M aHaluM3a yCTOWYHMBOCTH,
pe3yNnbTaThl pacYE€TOB B MPEIMTONOKEHUH JTMHEHHON WHTEPIOSAIUH MTOJIEH TeMIIepaTyp Mo 00bEMY MOJETH

144



Tennoeou aHasnus

OOBIYHO HE CHJIBHO OTJIMYAIOTCS OT COOTBETCTBYIOIIMX PE3YJbTATOB, MONYYCHHBIX NPH HCHOIb30BAHUH
KBaJPaTUIHON WHTEPIOJISAIHH.

Ha 3aknanke [I[lapameTps!] mepen BHITOJHEHHEM pacyéra IOJb30BaTelb MOXKET yKa3aTh THII PEHIaeMOii
3aJauyd  TEIUIOBOTO aHajW3a: CTaldOHapHas (YCTaHOBHMBLIMKCS pPEXHM) WM  HECTalMOHApHAas
TEIUIONPOBOIHOCTH (HECTAIIMOHAPHBIH MPOLIECC),

Jns  HecTalMOHAPHOH TEIUIONMPOBOAHOCTH HEOOXOAWMO TaKKe YCTAaHOBUTh BPEMEHHOW WHTEpBal
(«KonewyHoe BpeMs MOJETUPOBAHUS ), BpEMEHHOM IIar U HauYaJIbHYIO TEMIIEPaTypy.

OnemeHT ympaenenus «Hcmoap3oBaTh 3aJaHHble HavajdbHble TeMIEPAaTypbl» B TEIJIOBOM pacdeTre
TI03BOJISIET ONPE/ICNIUTh B KAYECTBE HAYAJIBHONW TEMIIEPATyphIL:

e 3ajaHHyIO IpW nomoinu koMmaHasl «AHanus|TennoBble Harpys3ku|TemnepaTtypa» HayaabHYO
TEeMIIEpaTypy;

e TeMIepaTypy, 33JJaHHyI0 110 YMOJYaHHIO B T€X y3JlaX KOHEYHO-IJIEMEHTHOW CETKH, Tie HadalbHas
TeMIeparypa He oIpeielieHa MOIb30BaTelIeM.

DIeMeHT YIipaBJICHUA «Acnoab3oBaTh pe3yabTaTbl MapameTpbl 3a3aum (TeN10B0H aHATH3)
TeNJIOBOT0 AHAJM3a» IO3BOJISIET ONMPEJCIUTh B KaUecTBe
Ha4yaJbHOW TeMIlepaTyphl pe3yibTaThl BBIMOJIHEHHOTO
paHee TeImIoBOro pacuéra. DTOT IMyHKT AUAIOra JOCTYIECH
M0JI30BATEIII0, €CJIM B MOJENIHN NMPHUCYTCTBYIOT BBIIOJIHEH-
HbI€ PaHee TEIUIOBbIE PACUYETHI. B BBINAAIOMEM CIIUCKE Rl G L S L
HY)KHO BBIOpPAaTh WMsI PAacCUYMTAHHOW 3a/Ja4dl TETUIOBOTO Ceele oAl L o
aHanM3a M, €CIM HEOOXOAMMO, BpeMsl, KOTOPOMY JTOJIKEH HalalE R Temcpa TR ac
COOTBETCTBOBAThH pe3yibTar. HeoOXOAUMO YUYHTHIBATS, i e

YTO JJI UCIIOJB30BaHMs B KauecTBE HadaJbHOW Temrepa-
TYpBl Pe3yJbTaTOB TEIUIOBOTO pacyéra HY)KHO COOJIIOCTH
OHpeI[e.HeHHI)Ie yCHOBHH: O HMcnonez08aTe PE3YNETATEl TENNOBOr0 aHanHsa:

Ofwme | MapareTpel | PacyéTt | PesynsTathl

() ¥CTSHOBHBLMICA PEsHH
(%) Her TauMoHapHBIH Npowec:

100 MHH hdl

A|[[]|4) >

3Ha4eHHE Mo WRONYaHKHD.

295 4 | KensenHe hd

1. VYciuoBue MIEHTUYHOCTH KOHEYHO-DJIEMEHTHBIX CETOK
o0oux TeroBbIX pacuéToB. Haubonee nmpocTeiM crio-
CcOOOM JIOCTIKEHUS TAKOM HMIEHTUYHOCTH SIBIISIETCS
HCITOJIb30BaHNue KoMaHIbel «Komusy, L[OCTynHOfI u3 [ 23 l [ OThEHz ] [ Cnpaeka
KOHTEeKCTHOro MeHro. IlociemoBaTelbHOCTh JEHCT-

. . 3aknagka «[apameTpbl» OKHa napamMeTpoB
BUii MOKET ObITh, HAPUMED, CIICYIOLICH: 3aZlaum TennoBoOro aHanm3a

a) co3maéMm 3amauy Tuna «TerioBoil aHamu3», TeHEpUPYEM CETKY, ONpeiessieM TpaHUIHbIE
ycnoBus, cuntaeM. llpeamnonaraem, 4ro TemmepaTypbl, NOJYyYEHHBIE B PE3yJIbTaTe pelIeHUs,
OyZyT WCHONB30BaTbCsA sl 3aJaHMs HayaJbHBIX — TeMIlepaTyp B JApYrod 3ajzade
HECTAIMOHAPHOr'0 TEIJIOBOTO aHAJIN3a;

0) wucnonb3ys komanay «Konus», cozmaém komuro 3a1auw;

B) OMNpezenseM TpaHWYHBIE YCIOBHA HECTAIIMOHAPHOW 3aJadd TEeTUIOBOTO aHanmm3a. Ha 3axmamke
«[lapameTpel» CBOHCTB 3ajaud BBIOMpaeM HMSI TEPBOM 3aJa4d M, €CIH OSTO ObLI
HECTallMOHAPHBIA pacuéT, HyKHbI BPEMEHHOM 1Iar.

B pesynprare mosmyyaem JABE 3aAadd Pa3sHOrO TUNA C OJMHAKOBBIMH KOHEYHO-3JIEMEHTHBIMH

CETKaMH.

2. B obeux 3amagax pexum «[Ipon3BonuTh pacu€T JNMHEHHBIM 3JEeMEHTOM» Ha 3akiaake «Pacuér»
Jyajgora napaMeTpoB 3aaud JOJDKEH HUMEThb 0OUHAaKO0gylo YCTaHOBKy. Hampuwmep, eciau nepselit
TEIJIOBOM pacy€T OCYyIIECTBISICS JIMHEMHBIM JJIEMEHTOM, TO M BTOPOM TEIIOBOM pacd€r ¢
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HCIIOJIB30BaAHUEM PE3YJIBTAaTOB TCIIJIOBOT'O pacqéTa, MOXHO OCYHIECTBUTH TOJIBKO JIMHEHHBIM
OJICMCHTOM.

OTMeTUM TaKXe, YTO PEUICHHUE 33J]a4d HECTAIlMOHAPHOW TEIUIONPOBOIHOCTH TpeOyeT OOJIbIIe MAITUHHOTO
BPEMEHU MO CPAaBHEHHMIO CO CTAllMOHAPHON TEIUIONPOBOJHOCTHIO, TaK KaK B 3TOM CIydae CHCTEMBI
anredpandecKux YpaBHEHUH pENIaroTcs Ha KaK/IOM BPEMEHHOM IIIare, OmpeIeIEHHOM MTOJIb30BaTeIeM.

3aknanka [PesyneTaTs] MO3BONSET OMPEACIUTh THIBI OTOOPaKAEMBIX B JEPEBE 3a1ad Pe3yJbTaTOB
MocJie 3aBEPIICHHUS TETIOBOTO pacyuéTa.

- —_
Mapame TpbI 3a0a4HM (TeNI0BEOH AHAHI) I Peaynvratn

&t | PesyneTatel
Obwwe | MNapameTpel | Pacsér . = Harpysrm ~

M pHNOKEHHEIA TENAOBO0H NOTOK
MaECTHRIE TEMAERETYRE!

HaMankHeIe TeMNenaTyps
KomaHAa NOSE0NAET HACTPOMTE CMMCOK PESYNBTATOE, T erneparypa
KOTOPEIA By aeT oTo0paxeH B Aepeee 3a4a4

Co¥paHATE PE3YNETaTEl pacyéTa B daking

CMHCOK pesyNeTaTos

= [ pagHeHT TerMNepaTyp
MPHACHKEHHEIA TENN0EOA NOTOK ['PaaMeHT TeMNepaTyp & Hanp.»
MsBECTHLIE TEMNEPaTYPE! [paaMEHT TEMNERSTUR & HaNP. Y
HauaneHels TEMNEpaTyYPE! T RELMEHT TEMNEPATUR B HaNp.Z =

TemnepaTypa

PAAHEHT TEMNEPATYP B HANP. X
paAMEHT TEMNEPATYP B Hanp.Y [ Na ymanuaHe 0K ] [ OrreHuTe
[paaAMEHT TEMNEPAaTYP B HaNp. £

TPaiHEHT TEMNERATYR, MOAY Mk

Pesy NeTHRYHIWMIA TENNOBOH NOTOK B HaNp. X
Pezy e THRYHIWMA TENNOEDH NOTOK B Hanp. ¥
PesyNeTHPYHIWMA TEMNAOBOA NOTOK & Hanp. 2
PE3y b THPYHIWMA TEMNOEDH NOTOK, MOAY L

3aknagka «Pe3ynbTaThi» (CrieBa) U Auanor HaCTPOWKKU pe3ynbTaToB, oToGpaxaeMbIX MO YMONYaHUIO B AepeBe 3aaay (cnpasa)

lMpumepbl mennoebix pac4yémoe

TenoBoi pacyéT paagnaropa oxJiaxKAeHusi. Y CTAHOBUBIINHCS PEKUM

Heo6xonumo oueHUTh 3((EKTUBHOCTH MACCHUBHOTO PajuaTopa OXJIAXKICHHS IMOJyIPOBOJHHUKOBOTO 3JIEKT-
POHHOTO YCTpOWCTBa C MakCHMAallbHOM paccemBaeMoi MoIIHOCThIO 15 Bart. Jlomyctumas TemmepaTypa
KOpIlyca MUKpOCcXeMbl cocTasisier 75°C B Auana3oHe TeMIepaTyp SKCIUIyaTallud OKpY’Karolled cpeibl OT
25°C pmo 55°C. na oXNaxAeHHs YCTPOWCTBA HCHOJIB3YETCA pPaIuaTop W3 AIOMHUHUEBOrO CIUIABA,
3aKpeIUIsIEMBII Ha BEpXHEH YacTH KopIlyca MHKpocxeMbl. Kopmyc MHKpoCXeMbl sl yIydIIEHUs
TEIJIO0TBOIA TAK)KE BBIITOJIHEH U3 aTIOMUHUS.

Ilar 1. Co3nanmne «3agaum», CeTKH, Ha3HaAYeHHe MaTepuaia. Vcnons3ys komanasl «AHanus|HoBas
3apada» cosgaauM 3anady tuna «TemnoBoi aHaIM3» HAa OCHOBE JIBYX Tel — MHKPOCXEMbI M paguaTopa.
ITocTponM KOHEUHO-JIEMEHTHYIO CEeTKy. Tarxke He0OXOANMO ONpeNeNuTh MapaMeTpsl MaTepHala N3Aeiusl.
[lo ymomuanuio, B pacyére HCIOJB3YIOTCA XapakTepUCTUKM Marepuana «C omepanum», T.e. CBOWMCTBA
MaTepHuaja aBTOMaTHYeCKH OepyTcs M3 TBEPAOTEJbHONW MOJAENH JACTald H3IeNus. JTOT PeKUM 0COOEHHO
yZI00HO HCHOJIB30BaTh, €CJIM B pacuére y4acTBYIOT Tella M3 Pa3sHbIX MaTepHaIOB B COCTaBe COOPOYHBIX
Mmozenell. B namewm ciydae, npu co3nannu 3D Monenu paanatopa 1 MEKPOCXEeMBI ObLIT OIpe/ieNieH MaTeprai
«ANIOMUHUIT», PU3NKO-XUMUYECKHE CBOIicTBa KoTOporo coaepkarcs B 6aze T-FLEX CAD 3D.
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Tennoeou aHanus

®

Tpéxmepﬂaﬂ mMoaesib MUKpPpOCXeMbl C NaCCUBHbLIM Co3aaHHasi KOHEYHO-3NIeMeHTHas ceTka
pagnaTopom oxnaxaeHust

IMar 2. HanoskeHue rpaHMYHbIX YycaoBMil. 3amaauMm s Hameld MoOZENIM TeIuioBble HarpyxeHus. K
00bEMY MHKpPOCXEMBI MPUIIOKUM Harpy3ky «TerutoBast MomHoCTs» 15 BT, a Ha BHEITHUX TETIOOTBOASALINX
MOBEPXHOCTSIX PaAMaTOpa OINpeleNuM IpaHudHOoe yciaoBue «KOHBEKTHUBHBIN TEINIOOOMEH» C HapaMeTpoM
xouBekimu 25 Br/(M® -°C) u Temmepatypoii okpyxkaromieii cpeast (25°C). YuéroM Temmoo6MeHa 3a cuét
B3aMMHOTO U OKPY’KaIOIIEro M3Iy4YeHHUs B IaHHOH 3a7ade MOXHO IpeHeOpeyb, T.K. BKJIAA OT U3Iy4YEHUs Ha
OKUJIaeMBIX TeMIiepaTypax (IecsSTKH TPalycoB) NpeHEeOpekuMo Mall. BEHIMONHMB KOMaHIbl MOCTPOCHHS
KOHEYHO-3JIEMEHTHOW CETKM M 33/1aHus TEIUIOBBIX HArpy30K, MBI MOJy4yaeM TOTOBYIO K pacdéTy KOHEYHO-
3JIEMEHTHYIO MOJEIIb.

TennoEan MOWHOCTE

2

A TennoBad HOWHOCTb

KOHEEKTHEHEIM TennoofMeH x|

[v] & [%]

# DCHOBHbIE NApaMeTpbl

T

paHe_54
paHe_55
[paHe_S6

FpaHe_S57

Crac- Gf [l]
Benm-HHa: 25 {ﬁ

EanHMuEn | BTiM2*C .
TeMnepatypa: | 25 {ﬁ

EanHHubl: | rpaaycel Lenscia

3apaHue Harpy3ku «TennoBasi MOLWHOCTb» 3apaHue Harpy3ku «KOHBEKTUBHbIN TENNOOOMEH»

3apaya: "CTauMoHapHbIi TennoBow pacuyéT"

Ilar 3. BeimonHenwe pacyéra W aHAJM3 Pe3YJbTATOB. C  Tewneparypac
HOMOIIBI0 KOMaH/Ibl « AHANU3|PacyéT» 3amycTuM TEIIOBOM pac- e
yér. B mnosBUBIIEMCS [Manore CBOMCTB 3aJayd Ha 3aKJajKe
[[lapaMeTpsl] yCTAaHOBUM OIIMI «YCTAHOBUBIIMHCA PEKUMY.
Hns yckopenust pacuéra BrItouaeM pexxuM «lIpousBoauTe pacuér
JIMHEMHBIM 3JIEMEHTOM) Ha 3akinajgke [Pacuér]. 40SE 00T
Criucok pe3ynbTaToB pacdyéra oToOpaxkaeTcsi B OKHE «3ajadum», W
OTKpPBIBACTCSI C TIOMOIIBI0 KOHTEKCTHOTO MEHIO B OKHE PE3yJIbTaTOB
pacuéra. MakcuMalibHasi TeMIepaTypa Mo pe3yjibTaTaM TEIIOBOTO
pacuéra coctamisaeT 41,9 °C mpu temmepatype KouBekiuu 25 °C.
Ucnons3ys koMaHny «U3MeHUTBH)» KOHTEKCTHOTO MEHIO JepeBa 3.9674E+001
3a/1a4, OTPEAAKTHPYEM TeMIIepaTypy KOHBEKTHBHOTO TEINIOOOMEHA, ,Xj\‘ v
YCTaHOBUB JJIsi OKPY’KAIOUIEH cpenbl BEpXHHUU TpeneN 3aJaHHbBII TemnepaTypHbie nons paauaropa npi
paboueit remnepatypsl (55°C), 1 OCYIIECTBUM TIOBTOPHBINA PACUET. Temnepatype KOHBeKLun 25°C

EriTankmeaH+e_0

Benkamna: | 15 {ﬁ

4.1441E+001

4.0396E+001
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[MomyunM MakCHUMalbHYI Temiepatypy Mukpocxembl 71,9 °C. Takum o0Opa3oM, paauaTop oOecledrBacT
TpeOyeMbIii TeMIepaTypHBIl peXUM YCTPOICTBA BO BCEM 3aJaHHOM PEXHUME TEeMIIepaTyp SKCIDTyaTalliH
ycTpoiicTBa. PacuéT 3akoHYeH.

Pacuér BpeMeHnn HarpeBaHusl paauaropa oxJjaxkaenusi. HecraumonapHublii pesxxum
OnennmM Bpemsi, HEOOXOUMOE IS BBIXOJIa YCTPONCTBA HAa YCTAHOBHBIIUICS TEIIOBOM pexkum. st 3Toro
OCYIIECTBUM HECTAIMOHAPHBIN TEIUIOBOW pacuéT CUCTEMBI «MUKpOCXEMa+paanaTopy.

Hlar 1. Co3nanue xomuu 3anauyu. Vcmonp3ys KoMmMaHTy KOHTEKCTHOTO MEHIO nepeBa 3amad «Komumsy,
CO3J1aIuM KOIUIO UCXOJHOH 3aladyM CTallMOHAPHOro TEIIOBOro pacuéra. Ha 3akmanke [O6upre] CBOMCTB
3aJjaud U3MEHUM HauMeHoBaHuUe 3a1auu Ha «Harpesy.

MapameTpbl 3aJ3aum (Te NIOEOH aHATMI)

Obwke | NapareTpel | PacdéT | PesynbTaThl
OBwme
Mma: | Harpes|
Tvn: | Tennasoi aHanms hd

FomMMeHTapui;

Ilar 2. 3agaHue nmapaMeTpoB HecTanMOHApHOro pacudéra. Ha 3aknanke [IlapaMeTps!] CBOICTB
TEIUIOBOTO pacyéra ycTaHOBUM pexuM «Hectaunonapuelii mpouecc». 3amaauM mapaMeTpsl BPEMEHHOTO
aHanuza — Bpemsi MozaenupoBaHus 30 muH, mar mogenupoBaHus 0.5 MuHyTh. B KadecTBe HadaiabHOM
TEeMIIEPaTypbl MOJIETN YCTAHOBUM PaBHOMEPHYIO TEMIIepaTypy okpy:karomeit cpeasl (25°C).

E ﬂamgwu 3azaum (ArAemoloi'cﬂaua'lm) @}

Ofue | MepameTpsl | Pacsiy | PesynsTtarel
O Yeramoermussics peximt
(3 Hec T sunonaprns npouece
KOoHayH0e BPEMa MOAEMPOSIHT: 30
Bpesseron Wwar: 0.5

<) <>
3
3
<

M v
Havanumas remneparypa
(3 MKNOns30BaTE 33431092 MANANEISIE TENNEPATYD
SHAEHNE NO YHONHSSH0:

25 2 rpaayce Uensom v

3apaHue pacyéTHbIX NapaMeTPOB HeCTaLMOHAPHOIO
TenyoBoOro pacyéta — BpeMeHM M Ha4yanbHOW TemnepaTtypbl
Ilar 3. BemoJsHenue pacuéra M aHaau3 pe3yybtaroB. [locne 3aBeprieHus pacdéra A aHaIN3a
JOCTYTIHBI Pe3yiabTaThl Ha KaXJIO0M BpeMeHHOM mare. J[is mpocMoTpa Takux pe3yiabTaToB HCIOIb3yeM
IJIABAIONIYI0 TIaHeNlb «BpeMeHHOW TpoIlecc», TO3BOJIIONIYI0 TMPH IIOMOINM TIOJ3YHKAa OBICTPO
MEPEKIIIOYaThCSl B MHTEPECYIOIUN MOMEHT BpeMeHH. VCnonb3ys 3TH HHCTPYMEHTHI, ONpPENENsieM, YTO
MPaKTHUYECKY TIOJTHBINA MPOTPEB paAnaTopa MPOU30UIET MPUMEPHO Yepe3 26 MUHYT.

148



Tennoeou aHasnus

Jagada "Iagaqa_0" BpermenHod npoyecc

(5]
Temnepatypa, C
Bpewa: 159000 ¢ v 1 ] ] 1530 c |w

4.18770126E+001

4.14546738E+001

I 4.08323654E+001

4.04100266E+001

3.86811057E+001

OKHO C pe3ynbTaToMm TEMIOBOro pacyéta B MOMeHT BpeMeHu 1590 ¢ (26 muH.)
Pacuér BPEMCHH OCTHbIBAHUSA paguaTopa OXJaXKJICHHUS. HeCTaIII/IOHapHLIi/'I PEKUM

OnenuM Terepb BpeMs, HEOOXOJMMOE JUIS OCTHIBAaHUS pajriaTopa OXJKICHUS YCTPOWCTBA TOCIE
JUTUTENTLHON paboTHI.

Hlar 1. Co3nanue xonum 3agauu. Koppexkuusi rpaHuuHbix yciaoBuii. Co3gaauM KOTHIO HMCXOIHOHN
3a/1adyd CTAIlMOHAPHOTO TeIioBoro pacuéra. Ilpm co3manmm kommw 3amadu mosBisgeTcs auanor «Komus
3amaum». CHartue Quaxka «KommpoBaTth CETKy» MNPUBEAET K TOMY, YTO B pa3HBIX 3a7adax OyAyT
WCTIONB30BaThCS 00HA U ma dice ceTka. Tako PesKuM KOIMPOBaHUS 00eCIeUnBaeT UOCHMUYHOCHb KOHETHO-
3JIEMEHTHBIX CETOK JIBYX MJIM HECKOJIbKHX 331a4. Ha30BEM HOBYIO 3a7auy «OXIaxaeHUE».

OTKOppEeKTHUPYEM T'paHWYHbIE YCIOBHUS 3amaun «OxnaxaeHuey». s 3Toro u3 KOHTEKCTHOTO MEHIO JepeBa
3a7a4 KoMaHaoH «YAanuTb» ynamseM u3 3anaun «OxiaxeHue» Harpy3ky «TeruioBasi MOLIHOCTBY.
Teneps 3agaua «Oxuax/1eHUE» FOTOBA K 3alaHUIO [1apaMeTPOB pacuéra.

Hlar 2. 3aganue mapaMeTpoB HecTallUOHAPHOro pacuéra. Ha 3akimazxe CBOWCTB TEIUIOBOTO pacuéra
ycTtaHOoBUM pexuM «HecTanmonapHeiii mpouecc». 3amaaiuM mapaMeTpbl BPEMEHHOI'O aHalld3a — BpeMs
mozaenupoBanust 30 MuH, mar MoaenupoBanus 0.5 MuUHYTHL. B KauecTBe HayaJlbHOM TeMIepaTypbl MOAEIU
YCTAaHOBHUM PE3yJIbTaT MPEIBIAYIIETO CTAIIMOHAPHOTO pacdyéTa pagnaTopa.
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Mapame Tpbl 3a3a4K (Te NMOBOH AHAMM3)

Ofwme | MapameTpel | PacyéT | PesynbTats

() ¥ CTAHOBHBLLHIACA PEHM

(® Hecraunonapte npousce
FoHe4HOE BPEMA MOASNMPOEaHHA! 30

BpeMeHHOH Wwar: 0.5 MHH

[« ]]

HauaneHan Temnepatypa

O MCnone30BaTE 3843HHEIR HAHANEHEIE TEMIEPAT YRR

@ Mcnone30BaTE PE3YNETATE TENNOBOMO AHaNHM3a:

CTAUHOHAPHBIFA TENNOBOHA pacHéT v
BpemA: | O : c v
[ OR ] [ OTMEHS ] [ Cnpaeka ]

HacTtpoiika napameTpoB 3agauu npu pac4yéTte npouecca
oxnaxaeHus (HeCTaLIVIOHapHaﬂ TeI'InOI'IpOBOAHOCTb)
HTar 3. Anayau3 pe3yabTaToB pacuéra. OCcylecTBUM pacyET U MPOAHATUZUPYEM MOTYUEHHBIE PE3YIbTaThL
Ucnoneiys nanens «BpeMeHHOI mpoleccy ompenenseM, YTo MPaKTHUECKH IMOJIHOE OCTBIBaHUE pajauaTopa
MIPOM30IIeT MPUMEPHO uepe3 26 MUHYT, MOCIE BBIKIIOUEHUS YCTPOICTBA.

Fafada; " OxnaaeHue"
TemnepaTtypa, C
Bpema: 1590.00 ¢

Max=2.50011845E+001
I 2.480011345E+001

r 2.50011539E+001

r2.50011539E+0M

r2.80011234E+001

2.50011234E+001
Min=2.50011234E+001

PacuyéTt oxnaxpeHus ycTpoucTBa.
Mone Temnepatyp Ha 1590 cekyHAe pac4ETHOro BpeMeHun
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BepughukayuoHHble npumepbl

BEPUOUKALMNOHHBIE NPUMEPDI

B nmanHOl T7aBe paccCMOTPEHO pemIeHHe HEKOTOPHIX 3aad, NMEIONIMX aHATUTHYECKOE PEIICHHE C IEIbIo
OLICHKH TOYHOCTH PAa0OTHI CHCTEMBI KOHEYHO-3JIEMEHTHOTO aHaiM3a. Bce mpuBeneHHBIE 3/1eCh MPUMEPEI
MO>KHO HalTH B Onbnnoteke QaiiioB «BeprudukanoHHbIe TPUMEPHD».

Kaxxnprit BepuUKanMOHHBIN TIPAMEpP COACPKUT OMHCAHUE MOCTAHOBKHM (hM3MYECKOU 3a7add, OIHUCaHUE ef
KOHEYHO-3JICMEHTHOM MMOCTAHOBKH, a TAKIKE PE3YJIbTaThl KOHCYHO-3JIEMECHTHOTO MOJICIIMPOBAHUS C OIEHKOM
OTHOCHUTEIHHOW ITOTPEIIHOCTH TMOyYeHHBIX pPE3yJbTaTOB OTHOCHUTENHHO AaHATUTHYECKOTO pPEIIeHIS,
KOTOpOe IpHHUMAaeTcs 3a "TouHoe". B HEKOTOPHIX 3aJadax MPUBOAATCS TaKkKe TpapUKH OTHOCHTEIHHBIX
HOFpCIHHOCTCﬁ B 3aBUCHMOCTH OT CTE€II€HU KOHEYHO-3JIeMESHTHOM JUCKPCTU3alUuH.

B ¢aitnax BepuuKaIMOHHBIX HPUMEPOB COIEP)KATCS pPEHICHHBIE 33Ja4d, COOTBETCTBYIOLIHE JTaHHOMY
omucanuio. JIsi HEKOTOpPBIX 3a]ad, WMEIOMMX OOJNbIIOEe KOJIMYECTBO pE3yJIbTaToB (Hampumep,
BBIHYKJICHHBIC KOJICOaHUs), Pe3yNIbTaThl B TIOCTABIsIEeMOI OMOIMOTEKEe BEpH(PHUKATUOHHBIX IPUMEPOB MOTYT
OBITh HE COXpaHEeHB! (1T YMEHBIIeHHs pasmepa (aiiima). B sTom ciydae, yToOBI yBHIETh PE3yJIbTaTHI
KOHEYHO-3JIEMEHTHOTO MOJICITMPOBAHNS, HY>KHO TIEpECUNTATh TAKUE 3a/1aH.

Ilpumeuanue. Obpawiaem HuManue, YUMo pe3yabmanvl KOHEUHO-IIEMEHMHBIX PACYEMO8 3A6UCAM O
KOHEUHO-INIEMEHMHON CEeMKU, NOIMOMY HUC/IEHHbIE  3HAYECHUA pe3Ylbmamos, NpueeoeHHvlie 6
mabnuyax, a maxdice uxX  OMHOCUMETbHbIE NOZPEUWIHOCHIU, MOZYM HECKOJIbKO OMAUYAMbLCA Om
pe3yibmamos, COXpAHeHHBIX 6 paiinax. Imo HopmanbvHoe AeNeHUE ONA NPUOTUNCEHHBIX YUCTEHHBIX
pacuémoe.

lNMpumepbl pac4émoe 3aday cmamuku

M3ru6 KoHCObHO-3a1IeMJIEHHOM 0AJIKH MO/ AeHCTBHEM COCPE0TOUYCHHON HATPY3KH

PaccMOTpUM KOHCOJIBHO-3aIIEMIIEHHYIO OAIKy UTHHO#M L,

KOTOpasi Harpy)xeHa cwioii P Ha mpaBoM KoOHIIE. P v
TomnepedHbIM ceueHreM OGalku ABJISAETCA MPAMOYTONBHUK N\ h
¢ mMpHUHOH b 1 BBICOTOI h. o b 0

Tpebyercst onpeaenanTs MaKCHMaJIbHBIE TPOrHObI OAJIKH.

IMpumem P=2000 H, L=0.5 m, b=0.05 M, h=0.02 m. XapakTepucTuku mMarepransa OCTABUM 3aJaHHBIMHU T10
yMoJT4aHuio: Moaynb ynpyroctu E = 2.1E+011 [/a, xkoapuuuent [Tyaccona v = 0.28.

JleBpIli TOpen Oanky 3aKkpenmuM, a Ha TPaBBId TPWIOKHM HArpy3Ky BeNMWYHMHON P, HampaBieHHYyIO
BEPTUKAJILHO BHU3.

Pucynox 1.1-1 - PacueTHasi MosieJib ¢ HATPY3KaMH U 3aKpenJeHusIMHA
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

KoHeuHo-311eMeHTHas: MOJICITh OATTKU C Harpy3KaMHU U 3aKPEIUICHUSIMH
Amnanutuyeckoe perieHue umeeT Bua [1, ¢.215]:

PI® S
W= 3 =1.1905%x10"“m,

3

rae P — cuna, | — myinna 6anku, E — Momyne ynpyroctu Matepuana, J = — MOMEHT MHEPIUH CEUEHMUS.

Bremonaus pacuer npu nomomu T-FLEX Ananms, momydaem cliefyromnie pe3yabTaThl:

Tabnuna 1.
ITapaMeTpbl KOHEYHO-3JIEMEHTHOMH CETKH
Hucno KOHEYHBIX
Tun KOHEYHBIX IIEMEHTOB Uucno y310B
JJIEMEHTOB
KBaJpaTHUHBIA TeTpasap (10 y3moB) 315 764
Tabanua 2.
PesyabTat «Ilepememenne)
Ommbka
Hucnennoe perenne AHanutH4ecKoe pelieHue |W VY |
HepeMemeHHe W* M HepCMeIlICHI/IC W, m o= W x100%
1.1826E-002 1.1905E-002 0.66

Pucynok 1.1-2 — IlepemenneHusi TOYeK 0aJTKH

BriBoxa:

OrtHocuTeNbHas MOrpemHOCTb YACJICHHOIO PCHICHUA 1O CPABHCHUIO C aHAJIMTUYCCKUM COCTaBUJIA 0,7% JUIS
KBaApaTUYHOI'0 KOHECYHOI'0 3JICMCHTA.
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25 A

05 4

0 T T T |
a 500 1000 1500 2000

Pucynok 1.1-3 - 3asucumocms omnocumensnoii nozpewinocmu om uucia K39

CraTuueckmii pacuer prl".]'lOﬁ IJ1aCTUHbI, 3alemMJIeHHOI 1o KOHTYPY

HeoOxomumo — ompenenuTh  MaKCUMAaIbHBIE — IPOTHOBI |
KPYIJIO# IuiacTuHbl pamuyca R u tommuusl h, xotopas

3alieMyIeHa 10 KOHTYpY M HarpykeHa paBHOMEpPHBIM v h
JaBlIeHHEM (, pacIpelelieHHbIM TII0 BepXHEeW TIpaHu W A
TJIACTHHBIL. !

Bcnencreue cumMMeTpun 3a7auu OyJieM paccMaTpUBaTh OJHY YETBEPTYIO YacTh TUIACTHHBI.

[pumeM pagmyc miacTHHbl paBHEIM R = 0.2 m, tommmay h = 0.003 m, nasnenmme q = 10 xH/u.
XapakTepUCTUKA MaTephaja OCTaBHM 3aJaHHBIMHU 110 YMOIYaHUIO: MOAylb ynpyroctu E = 2.1E+011 [1q,

koad¢urment [lyaccona v = 0.28.

Janee HeoO0XOAMMO HAJOXUTh TPAHWYHBIE YCJIOBHA. DOKOBYIO MOBEPXHOCTh IUIACTHHBI 3aKpeIuIieM
MOJTHOCTBIO, @ Ha TIpaHH, KOTOpPbIE OKa3aJIuChb CBOOOJHBIMH TIOCNIE OTOpachlBaHUS Y4 IUIACTHHBI,
HAaKJIQJ[bIBAEM YAaCTUYHbIE OIPAHUYEHUS 110 HOPMAIM K TPaHAM, TaK KaK TOYKH 3TOIO CEYEHUS IO YCIOBUSIM
CUMMETPUM HE MOTYT IIONY4YUTh IPEMMYLIECTBEHHBIX CMELIEHUMH B HOPMAaJIbHOM HampasjeHuu. Ha
BEPXHIOIO IPaHb [IACTHHEI IIPUKIIABIBAEM JABICHHE BeTUUHHOM 10 kH/M’.

iy 'ﬂﬂﬂ'—"‘ T A o ——
B o A AN Wty T e et
R A e, Ly o O WA YL s T A e
S e T S S e e e i ey A e
Sy i ¥ =y e 5
A T el e T e e e gt
o L o 8 =] o |V
e S e L e i 4-5%33-
mmssiee g
= S

Iy
i
i
i

Pl/lcyHOK 1.2-1 - Kone4yHo-3J1eMEeHTHAasI MOJ€Jb IIJTACTHHDBI ¢ HAIPY3KaAMM U 3aKpPENJICHUAMU

Jia naHHOW 3a7a4M M3BECTHO aHAIUTHYECKOe perreHue. [Iporu0 B IeHTpe IUIaCTHUHBI BBIYHCISETCS IO
¢dopmyne [1, ¢.566]:
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

4
w=IR" _ 4876210,
D
Eh®
re D= —
12(1-v?)

Hampspkenust Ha KOHTYpE IIACTUHBI BEIYHUCISIIOTCS 110 popMyIie:

R

2
o= o.m(ﬂ =3.3333x10" /7 .

— M3rudHas JKECTKOCTb, ( — BCJIMUYMHA JABJICHUS, R- paanycC mJI1aCTHUHBI.

Beimonaug pacuer npu nomomu T-FLEX AHanus, nmoirydaem cClieyronue pe3yabTaThl:

Ta0anna

HapaMeprl KOHEYHO-3JIEMEHTHOM CeTKH

Tun KOHEYHBIX 2JIEMEHTOB

Yucno y3noB

Yuci10 KOHEYHBIX

HucneHHoe penieHue

Ilepememienne W ,

AHaUTUYECKOE PELICHHE
Ilepemenienne W, u

JJIEMEHTOB
KBaapaTHUYHbINA TeTpa’ap (10 3981 11794
y3JI0B)
Tabauna
PesyabTat «Ilepemernenue
Ommbka

il
5= x100%

4.8681E-004

4.8762E-004

0.16

Tadanna
PesyabTraTt «Hanpsxenue)

YucneHHoe penieHue

* H
Hanpspkenne o, —
M

AHaTUTHYIECKOE PEIICHIE

H

Hanpspkenne o, —
M

Ommbxa

c—-0o
0 =—-—x100%

3.0057E+007

3.3333E+007

9.83

Pucynok 1.2-2 - [lepememienust To4eK MJIACTHHBI
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BepughukayuoHHble npumepbl

BriBOa:

OTHOCHUTENIbHAS TOTPEITHOCTh YHCICHHOTO PEUICHHMS 110 CPABHEHUIO ¢ aHAIMTH4YecKuM coctasmia 0,16% mo
mepemMernieHusIM U 9,8% MO HampsOKCHWSAM I KBaJAPAaTHIHOTO KOHEYHOTO »JjeMeHTa. l3meHeHue
OTHOCHUTEIHHOM ITOTPENTHOCTH C POCTOM YHCIa KBaapatnaHbeix KO noka3ano Ha rpaduke.

25 -

15 4

0 T T T
0 20000 40000 60000 80000

Pucynoxk 1.2-3 - 3asucumocms omnocumensnoii nozpewinocmu om uucia K39

Pacuer cpepuueckoro cocyaa gaBiaeHus

Nmeercs cdepuueckuii cocyl ¢ BHYTPEHHHM paguycoM [ |

BHEIIHMM pamdycom R. Ha cocyn JIeiicTByloT BHyTpeHHee i/ Y
NaBleHMe Po W BHemHee P;. HeoOX0muMmo  ONpenenuTh /
nepeMeNeHnsi BHYTPEHHEN CTEHKH COCy/Ia. \ P

Benencreue cummerpum 3amaum  OyleM paccMaTpuBaTh OAHY

BOCBMYIO 4acTh cepbl. [IpuMeM cienyrolinue HCXOIHbIC JaHHbIC: - w {'r ZA < .
BHyTpeHHHI paguyc r=0.4 m, =

BHemHui pagnyc R=0.415 wm, - vl \

BHyTpeHHee JaBieHne Po=200 Mlla, e A AN

BHenHee aasienue P;=120 MIla.

XapaxTepucTuky Marepuana mpumem E =2.1-10" TTa,v =0.28.

Kak u B mpenpinymeii 3amade, HEOOXOIUMO HAJIOKUTh TPAHUYHBIE YCIOBHS, YUUTHIBAIONINE BO3JEHCTBHE
OTOpOIIeHHOW YacTh cdepbl. B naHHOM cityyae HE00X0UMO OIPaHUYHUTH IO HOPMAITU TIepEeMENICHNUsT TOYEeK
BCEX IUIOCKUX IpaHeil. Ha BHyTpeHHIO0 1 BHEIIHIOW rpaHy npuknaasiaeM gasieHus 200 MIla n 120 Mlla
COOTBETCTBEHHO.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

S
PIERNN
RRISEIRERS

NAVAVA!

e A A,
KBS RS

Pucynok 1.3-1 - Koneuno-3jieMeHTHasi MO/IeJIb OJHOI BOCBMOIi YacTH c(epbl ¢ HATPY3KAMH H 3aKpeIIeHHSIMH

[lepememenre BHyTpEeHHEH MTOBEPXHOCTH c(hepbl MOKHO paccuuTath o opmyne [1, c.737]:

U=Ar+D 2140631,
r

h_R
e A- r3 3 B P-FR P E . E.-v .
1 1Y 1 1Y 2-L+v)’ 1L+v)-(1-2v)
Q"*”'(m‘rs) '(Rs‘rsj
B chepudeckoii cucteMe KOOpIMHAT BEIPAKESHUS JJIs1 HATPSIKEHU UMEIOT BUI:
-3, p-3 B 35 _p-3 B
rR-RR (P, —Fy) R -R PO+ (P -Py) 3

(p)=—"
PRI R

OKBUBAJICHTHBIC HAMPSHKCHUS ONPEACIISIOTCS 110 POopMyIIe:

6,.(P)=\(c,(P)) +(c,(p))* —2-5,(p) - o,(p) -
DKBHBAJICHTHBIC HANPSDKCHNS HA BHYTPEHHEH noBepxHocTy cdepst pasust o, (1) =1148 Mla .

-3
Lo (p) =
P op R3_13) 2R3

BrimonmanB pacuet npu momontu T-FLEX Aranus, moirydaeM cleayroIme pe3yIbTaThl:

Tabauna

IMapamMeTpbl KOHEYHO-3JIEMEHTHOI CETKH
Umcno KOHEUHBIX
THI KOHEYHBIX 3JIEMEHTOB Yucno y3i10B
3JIEMEHTOB
KBagpaTHYHbIN TeTpa’ap (10 y3mnoB) 1846 5338
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BepughukayuoHHble npumepbl

Taoauna 2.
Pesyasbrat «IlepemereHue»
Ommbka
YuncneHHOE peleHne AHanUTHYECKOE pelIeHre |W_ W |
Iepememenne W, m [lepememenue W, o= W x100%
1.4068E-003 1.4063E-003 0.03
Tadauna 3.
Pe3ysabTaT «IKBUBATEHTHBIE HATIPSIKEHUS
YucneHHoe perieHue AHaTUTHYIECKOE PEIICHIE OmmOka
~ H H |0' -0
Hanpsokenue o, — Hanpsokenue o, — 6 =——x100%
M M o]
1.1508E+009 1.1480E+009 0.24

KBaaparnas niacTuHa noj cwiioi B ueHrpe (miacrunyarbiid K9J)

PaccmaTprBaeTcs jxecTKo 3aKperiéHHas KBaIpaTHas IUIACTHHA ITOJT COCPENOTOYCHHOM CHIIOH B IIeHTpe [4].

3amada CTaTUYECKOTO aHAIM3a PEIIAeTCs C MCIIOIb30BaHUEM IIACTHHYATHIX F
KOHEUYHBIX 3JIEMEHTOB. B pacuére paccmarpuBaeTcs 14 4acTh IJIACTUHBI C i
——————————— -
o #
HQJIOKEHHEM  yCJIOBUH CHMMETPUM Ha  COOTBETCTBYIOIIMX  I'PaHAX i o
(orpaHr4eHue INEpeMEIIEHUH B HANPAaBICHUM OCH JIOKAIbHOW CHCTEMBI .
o - E——
KOOpAWHAT, HOPMATLHOHU K IIOCKOCTH TPaHHU; OTPaHUYCHUE TOBOPOTOB). £

|

Pucynok 1.4-1 - Koneuno-31eMeHTHasi MO/ieJIb IUVIACTHHBI ¢ HATPY3KAMHU U 3aKpenJieHusIMHA

3 o Pa? Eh®
Pemenue »Toif 3a1auun 1715 nporuda noy cunoit 1aér gopmyna: W = 0.0224 , D= >
D 12(1-v7)
[IpuMeM ciepylonue UCXOMHbIE JaHHbIE: JUIMHA U mupHHA miactuHel a = 50040, TOMIMHA NIACTHHBI
h = 3amm, npunoxennas cocpenorouennas cuna P =50xec (wm P = 490.3325H ).

XapakrepucTuky Matepuana npumem E = 2.1x10" ITa, v = 0.28.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

AHaIUTHYECKOE pelenne uMeer Bug: W =5.3557x10° .

Bremomaus pacuer npu nomomu T-FLEX Ananms, momydnim ciemyromune pe3ynbTaThl:

Taéaunua 1.
IMapamMeTpbl KOHEYHO-3JIEMEHTHBIX CETOK
Ho
mep Yucno  koueyHwix
Tun KOHEUHBIX IEMEHNO08 Yucno y3n08
cem 9/1eMEeHMO08
KU
1 KkeaopamuyHwvlii. mempa’op (10 8083 24222
V37108)
2 JuHeltHvli  mpeyeonrvhux (6 3818 7426
V37108)
3 K8AOPAMUyHbIL Mmpey2oibHUK(6 3818 7426
V37108)
Tabanua 2.
Pesyabtart «IlepemereHue»
Ho Ommbka
Mep HucneHHoe peuieHue AHaITHTHIECKOE ‘ _ *‘
- peleHue _ 0
I(i(;IT [epemeruenne W , m Tepemerierie W, i o= i x100%
1 5.3702E-003 5.3557E-003 0.27
5.4078E-003 5.3557E-003 0.97
3 5.3763E-003 5.3557E-003 0.38

Hunaunapuyeckuii pesepByap €0 CTEHKAMH MOCTOSAHHOM TOJIIIMHBI

PesepByap mojBepraercsi ISHCTBUIO JABICHHS XHUAKOCTH, KaK IMOKa3aHO Ha puUCyHKe. J[HuIme pe3epByapa
3anieMJIEHO B a0COMIOTHO KECTKUN QyHTaMEHT.
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BepughukayuoHHble npumepbl

h
R NN o

l— —
— f—
e f—

Pucynok 1.5-1 — PacueTHas cxema

Ha npakTuke TONIIMHA CTEHKU pe3epByapa N ObiBaeT B OOJBIIMHCTBE CIydYaeB Majla B CPABHEHHH Kak C
pamuycoM R, tak m ¢ riny6unoit d pesepByapa. YumThiBas 5T0 M TOT (aKT, YTO JHMILE PE3EpByapa He
UCHBITBIBAET AedopMannii, B Ka4eCTBE KOHEYHO-IIEMEHTHOW MOJEIH pe3epByapa MOXKHO pPaccMaTpUBATh
UWINHAPHYECKYIO 000I0UKY, HIPKHUHM Kpail KOTOpOi 3aiieMiIeH.

Pucynox 1.5-2 - Koneuno-a;1eMeHTHasi Mo/ieJib KOHCTPYKIMH € HATPY3KAMH U 3aKpenJeHusIMA
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

AHanuTHYeCKOE pelIeHue 3TOM 3aauu UMeeT Bun [S]:

5 2
w=e‘ﬁf(Clcos(ﬁi)+Czsin(ﬂz))——pg(dE_hZ)R ,
rae
_ _pgR:d  poR’( 1) .. 31-v?)
7=2rd =T Gt [d_ﬁ]’ﬂ_ R*h?

0 - ITOTHOCTb KUAKOCTH, { - yckoperue cBobomoro magenns (g = 9.807 m/c?)
[lpumem crefyrolnne WMCXOAHbIe aaHHble: rayomua pesepByapa O =1000mm, pammyc R =400aum,

tomuHa pesepByapa h =10amm, motHOCTS )uakoct © =1000 K%d 3-

XapakrepucTuky Matepuana npumenm: E =2.1x10™ I7a, v = 0.28.

Taxum o6pazom, W= 6.7327x107 m (npu maxcumyme B 2 = 0.134 M ot ocHoBanms — cM. rpaduk).
P p

/"

210

-210°

-410°

-610°°

-g-10°¢ \/

-110°

(] 0.1 02 03 0.4 0.5 0.6 0.7 0.8 0.9 1

PﬂcyHOK 1.5-3 — 3aBucumocrtnb nepemMeleHus OoT BbICOTHI COCy/1a, M

BrimomauB pacuet npu momontu 1-FLEX AHanus, oryquiiy CiieIyrontiue pe3yabTaThl:

Taoauna 1.
ITapameTpbl KOHEYHO-3JIEMEHTHBIX CETOK

H THn KOHEYHBIX 3JIEMESHTOB Yucio Y3J10B Yuciio KOHEYHBIX
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BepudghukayuoHHsle npumepbi

0 JIICMEHTOB
M
cp
ce
TK
u
1 KBapaTHIHBINA TeTpasp (10 24325 74887
Y3JI0B)
2 JIMHEHHBIA TPEYTONbHUK (6 y3JI0B) 4549 8864
3 KBaJIpaTUYHbII TPEYTOIbHUK(O 4549 8864
Y3I10B)
Tabauna
PesyabTat «Ilepemermenne»
4
Ho ;ﬁ:ﬁﬁge Ananutuyeckoe OmH?Ka
Mep . pelenue ‘W —W ‘ 0
cer IMepememmenne W Mepemenmenue W, u 0 =——x100%
1 6.8665 E-007 6.7327E-007 1.98
2 6.9118E-007 6.7327E-007 2,66
3 6.9023E-007 6.7327E-007 2,52

3apava: "KBagpaTuyHbIi TeTpasap"”
Mepemelienns, MOAYNb, M

6.8665E-007

6.0082E-007

+ 5.1499E-007

+ 4.2916E-007

3.4333E-007

2.5749E-007

1.7166E-007

8.5832E-008

Pucynok 1.5-4 —Pe3yabTaThl pacuetroB B T-FLEX Ananu3 (mepemennenust)
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

BriBoa:

OTHOCHTENbHAS TOTPEIIHOCTh YHCIEHHOTO PELICHUs! [0 CPABHEHHUIO ¢ aHAJMTUYECKUM MO MEepEMELICHUSIM
cocrapmna 2% g KBampatWyHOro —TeTpasapanibHoro KO um 2,6-2,5% s TpeyrojbHOro
JUHEHHOTO/KBaJPaTHYHOTO KOHEYHOTO 3JIEeMEHTa — IPU 3TOM Tpebyertcs B 8,4 pa3 MeHbIiee unciio KD.

Kpyuenne Opyca ¢ KpyrJbIM NonepeyHbIM cedyeHHeM

PaccMoTpuM Gpyc ¢ KPyIUIbIM IIONEPEYHBIM ceuenueM paauyca R . [lnuna 6pyca | (cm. puc.).

Pucynok 1.6-1 — Kpyrustii 6pyc ¢ pasmepamu

BriGepem cucteMy KOOpIMHAT C OCBIO Z BJOJB OcH Opyca, npu 3ToM Z = 0 Ha ero JieBoM KOHIIE.
Bpyc Haxozutcst MO AEHCTBHEM BHEIIHErO CKpy4HBaromero MomMenta M, . MOMEHT npuiioKeH Ha paBoM

KOHIIe Opyca, IeBBIi KOHEeIl Opyca ®KECTKO 3aKpPEIUIEH.

Pﬂcy}lOK 1.6-2 — PacueTrHast MOJEJIb € Harpy3sKkamMi H 3aKperieHusiMu

[pumem crenyromye UCXoHbie nannbie: quuHa | 6pyca pasua 0.6, paguyc nomepeunoro cedenus R
6pyca pasen 0.02m, Bennunna npuioxenHoro kpyrsero momenta M, =100 H - m .
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BepughukayuoHHble npumepbl

11

Xapakrepuctuku marepuana: E=2.1x10"I1a, v =0.28.

Jliist onpejiesieHus yriia 3aKpyYMBaHKs BOCIIONB3yEMCS COOTHOIIEHHEM [6]:
&

=|—dz+¢,,
® '([GJp Do

E
rie ¢, — yron noopora ceuenus Z=0, G = __—— - moxynb capura, J =

2(L+v)

- TIOJISIPHBI MOMEHT

HWHEPIUHU KPYTIOTO CEUCHHUSI.
Tak kak, 10 yCIOBHIO, JIEBbIH KoHel Opyca xécTko 3akperuién, To ¢, = 0. Toraa Ha paccrosnuu z = 0.5l
OT ’KECTKO 3aKPETIEHHOT0 KOHIA Opyca yrojl 3aKpy4lBaHus () onpeaensercs GopMyIou:
0.5M Kpl
GJ

p

Dos =

Taknm o6pasoM, @, =1.4551x107° pao.

BremomauB pacuer npu nomomu T-FLEX Ananms, moirydaem criefyroniie pe3yabTaThl.

Tabmna 1.
IMapamMeTpbl KOHEYHO-3JIEMEHTHOI CETKH
Yucno Hucno y31oB YHucno
Tun KOHEYHBIX 3JIEMEHTOB TJIABHBIX npu pacuére KOHEUHBIX
y3II0B 3a1a9u AIIEMEHTOB
KBaApaTH4HBINA TeTpa’ap (10 4509 89457 18264
Y3JI0B)
Mouyns nepemerenus (mpu Z = 0.51) Au = 2.9095E-005 .
Tadanna 2.

Pe3yabTaT «YT0J 3aKpYyYHBAHUS»

HucneHHoe pelieHue
Vron sakpyauBatms AHaTUTHYECKOE PELICHHE o-v]
Al VToI1 3aKpyduBanus @, Ommbka § = ——" x100%
w = arcsin( S j,pad pao o
1.4547E-003 1.4551E-003 0.027

BriBoxa:

OrtHocuTeNnbHas MOrp€IIHOCTb YUCJICHHOI'O pCHICHUS IO CPABHCHUIO C aHAJIMTUYCCKUM COCTAaBUJIa 0,027%
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Crep:xkeHb nmoa aeiicTBMEeM COOCTBEHHOT0 Beca

PaccmoTpuM crepkeHs paguyca R u aimHol |, noxselieHHbli 3a BEPXHUI KOHEI U
pacTsaruBaeMblii COOCTBEHHBIM BECOM (CM. PHC.).

[IprMeM cleayrone MCXOIHBIE TaHHble: JuHa crepkas | pasma 1w, pamuyc
nonepe4noro ceuenus crepxus R pasen 0.02m.

Xapaxtepucruku Matepuana: E =2.1x10"I1a, v=0.28, p= 7800K—23 .
M

[MonHOe yATMHEHHE CTEPKHS MO/ AEHCTBUEM COOCTBEHHOIO BECa MOKHO OIPEIETUTh
o popmyse [7]:

2
A=
2E

M
I7ie y — yIembHBI Bec MaTeprala CTepxHs, To ects ¥ = p- ¢, g =9.80665—; .
c

HampspkeHue B cedeHHMH CTEpIKHS, HAXOMIAIIEMCS Ha PACCTOSHUM X OT HIDKHETO
(He3aKpEMICHHOT0) KOHI[A, MOYKHO BBIYUCIHTH 1O popmyte [7]:

o=y-X.
Pucynok
1.7-1-
pacyerHas
MoOaeJIb
_7 , H |
Taknm obpasom, Al =1.8212x107" u; o =3.8246x10* — npu x = 5
M
BrmonauB pacuet npu momontu 1-FLEX Ananus, moirydaem cieayromme pe3yabTaThl:
Tabnauna 1.
IIapamMeTpbl KOHEYHO-3J1€MEHTHOI CeTKH
Uucno Yucno y3noB Yucno
Tun KOHEYHBIX AIIEMEHTOB TJIaBHBIX pu pacuére KOHEYHBIX
y3J10B 3a/1a4u 3JIEMEHTOB
KBaapaTHIHBINA TeTpa’ap (10 2482 16089 9518
V3II0B)
Tadanua 2.
PesyabTat «Ilepememenne»
Ommbka
YHucnennoe perieHue AHaTUTUYECKOE PEIICHHE ‘W —w
Ilepemernenue w M Ilepememienue W, u o= T x100%
W
1.8177E-007 1.8212E-007 1.9410E-001
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BepudghukayuoHHsle npumepbi

Taoauna 3.
PesyabraTr « Hanpsxenue»
UucneHHoe pelieHne AHanuTHYECKOE peleHue Ommbka
~ H H |0' -0
Hanpsokenue o, — Hanpsokenne o, — 0 =—-—x100%
M M o]
3.8247E+004 3.8246E+004 8.0139E-003

BriBOna:

OtHOCHTENBHAS OTPENTHOCT YMCIEHHOTO PENICHUS [0 CPAaBHEHHUIO ¢ aHAIUTHYecKnM coctasmia 0,19% mo
nepemenieHusiM 1 0,008% 1o HanpsKeHUAM JJ1 KBaJpaTUYHOTO KOHEYHOTO AJIEMEHTA.

Pacuér Bpamamwmerocst CijiouMHOI0 JUCKA MOCTOSIHHON TOJIIIMHbBI

Paccmorpum juck paguyca R u tomuuoi h (em. puc.).

Pucynok 1.8-1 — /Iuck ¢ pa3mepamu

B pacuére paccmarpusaercs % 4acTh JTUCKA C HAJIOKEHHUEM YCIOBHUN CHMMETPHH Ha COOTBETCTBYIOIIMX

rpaHsx (OrpaHUYEHHUE MEePEMEIICHUN B HAMPABJICHUU OCH JIOKAJIbHOW CHCTEMBI KOOPJAMHAT, HOPMaJIbHON K
IJIOCKOCTH TPaHM).

JIuCK HaXOmUTCs TOJ JCUCTBUEM IICHTPOOSKHOH cuibl F = p~a)2R, riae p - macca eIuHHIB 00BEMa
Marepuala JucKa, @ - yriioBas CKOPOCTh BpalieHust.h

Pﬂcy}lOK 1.8-2 — PacueTrHast MOJeJIb € Harpy3skKkamMiy H 3aKperieHusiMu
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

[IpuMeM clefyrolIue UCXOAHBIE AaHHbIe: paguyc aucka R pasen 0.457m, Tonmmua mucka h pasma

pao

0.01m, BenmumHa yriaoBoi ckopocty Bpaienus @ pasna 300 —.

c

Xapaxtepucruku Marepuana: E =2.1x10"I1a, v=0.28, p = 7800K—e3 .
M

[Tepemeriennst U B TaKOM ClTy4ae MOXKHO ONpenesuThb 1o Gopmyre [8]:

1
u==

E 8

3+v

rze nocrosiHuble C; =

Maxkcumanbnoe nepemenienue U, oxupaercs npu I = R, to ectb U, =

(1—v)C1r—(1—v)C2%—wpa) r

KOMIIOHEHTBI HANPSKEHUI O, O, HaXOIATCS B BUJIE [8]:

o, = 3;Vpa)2(R2 —rz),
o, = 3+v w2R2—1+3V gy

22 .
pw°R*, C, =0 onpenensirorcst U3 rpaHUYHBIX YCIIOBHIL.

4E

Ot HAIIPsKEHUA IPUHUMAKOT MAKCUMAJIbBHOC 3HAYCHUC B ICHTPEC AUCKA, I'/IC

3+v
o, =0, =

pao’R?

Taknm o6pasom, U, =5.7430x10°x, o, =0, =0 =6.0111x10’ iz
M

BremonauB pacuer npu nomomu T-FLEX Ananus, momydaem cliefyronue pe3yabTaThl:

(1— v) po°R®

Tabauna 1.
IIapameTpbl KOHEYHO-3JIEMEHTHON CeTKH
Yucno Yucno
Ywucao
Tun KOHEYHBIX JIEMEHTOB IJIaBHBIX KOHEYHBIX
apryMEeHTOB
y37I0B 3JIEMEHTOB
KBaJIpaTUYHBIN TeTpad 10
P pasap ( 1545 26874 4340
V3II0B)
Taoauna 2.
PesyabTat «Ilepemenmenue»
HucrenHoe perenne AHaNIUTHYECKOE peleHne O
* mnoKa
Tepememmenre W , .u [lepememenne W, m
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BepughukayuoHHble npumepbl

w—w]
0 =—x100%
W
5.8036E-005 5.7430E-005 1.0390E+000
Tadauna 3.
PesyabraTt « Hanpsxenue»
HucnenHoe peleHue AHanuTH4ecKoe pelieHne Ormmbka
~ H H |O' -0
Hanpsokenue o, — Hanpsoxkenne o, — 0=—"—x100%
M M o]
6.4858E+007 6.0111E+007 7.9

CB0001HO onepTas NPAMOYT0JIbHAS IVIACTHHKA MO/ CHHYCOMIAJBHOI HATPY3KOM

PaccMOTpUM IPSIMOYTONIBHYO IUIACTHHKY CO CTOpOHaMu @, b u tommuuuoi h (cMm. puc.).

h P

a

Pucynok 1.9-1 — IlnacTunka ¢ pa3Mmepamu

TommuuHa iacTuebl N cyiecTBeHHO MeHbIIIe JUTHH €€ CTOpoH a, b .

IInactuna HaXOOdUTCA IIOL ﬂeﬁCTBHeM HarpysKH, pacnpenenéHHoﬁ IO MOBCPXHOCTU INIACTHHBI COTJIACHO

. TX) . T o
3aKOHY: (= qO Sin [—jSIn (Ty) , rac qO OpeaACTaBIISACT c000l MHTEHCUBHOCTH Harpyskm B HCHTPC
a

IIJIAaCTUHKH.
PaCCMOTpI/IM cnyqaﬁ, Korga Kpas rjacTUHbI CBO6OZ[HO OIICPTHI.

[IprMeM CleIyrOIMe UCXOMHBIE JaHHbIE: JUIMHA CTOPOHLI A miacTuHbl pasHa 0.50, mmmna cropons b
ractunbl pasaa 0.4, Tommuna mwactuabl h = 0.003 , HHTEHCHBHOCTL HArPY3KU B LEHTPE TIACTHHKH

H
0y =100 = .
M

Xapakrepuctuky Matepuana: E = 2.1x10"[1a, v =0.28.

AHaTUTHYECKOE PEIIeHIE 3TOH 3a1a9u uMeeT BU [5]:

. [7X . [
W=#2.sm ~—|-sin _y )
1 1 a b
T —+
a

roe D = 5 5\ — UMJIMHAPUYECKAs KECTKOCTD TIACTHHBI.
1 il— 1% )
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

. a
MaxkcuManbHeId MPorud Moiydaercss B LEHTpe IuacTuHKu. IlogcraBuB X=— u Y = 2 B YpaBHEHHE,

MOJTy4aeM:

Wmax - qO 2
1 1
7[4D[a2+sz

Taxum oGpazom, W =1.9059x107° .

B pvaéTC paccMaTpuBacCTCA % YaCTb INUIACTUHBI C HAJTOXCHHEM YCJ'IOBI/Iﬁ CUMMETpUM Ha

COOTBETCTBYIOIIMX TpaHsx (OrpaHMYCHHE TMEpeMeIleHNH B HaNpaBICHUH OCH JIOKAIbHOM CHCTEMBI
KOOPAMHAT, HOPMAJIbHOHN K IJIOCKOCTH IPaHHU; OTPAHUYECHUE TOBOPOTOB).

ycnoBua
cUMMETPMI

'

ycnosua
CUMMETPHN

L

€B0GOAHO ONepTLIN Kpan

\caoﬁonuo

onepTbIA Kpan

Pucynok 1.9-2 - Moaenb NJIacTHHBI ¢ HATPY3KAMH U 3aKpenJIeHUsIMH

BrmonauB pacuet npu nmomontu 1-FLEX Ananus, moirydaem clieayromme pe3yibTaThl.

Taoauna 1.
I[MapamMeTpbl KOHEYHO-3JIEMEHTHBIX CETOK
H
0
M
e
p Yncro Ywucao Ywucao
THI KOHEYHBIX 3JIEMEHTOB Y3108 apryMeHro KOHEYHBIX
c B 3JIEMEHTOB
e
T
K
58
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BepughukayuoHHble npumepbl

1 KBaJpaTHYHbIN TeTpasap (10 5836 104094 17318
y3JI0B)
5 JUHEHHBIN TPEYTONBHUK (6 2747 16472 5304
y3I10B)
3 KBaJpaTHYHBIN TPeyroasHUK(6 10797 64782 5304
y3I10B)
Ta0anna
Pesyasbrat «IlepemereHue»
Ho A Omnbka
Mep UucnenHoe peleHue HAIINTIHICCKOC ‘W _ W*‘
* pelieHue _ o
cer Iepememmenne W, m Tepememenne W, o= x100%
KU1 ' |W|
1 1.8742E-005 1.9059E-005 1.67
2 1.8798E-005 1.9059E-005 1.37
3 1.8752E-005 1.9059E-005 1.61
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Jagava: "TpeyronkHelid K3 (MMHeHBIA)"
MNepeMeweHnn B Hanp.Z, M
MacwTas nepemMelleHi: 664.97

2.6495E-018

-2.3497E-006

+-4.6994E-006

+-T.0492E-006

-9.3989E-008

-1.1743E-005

-1.4098E-005

-1.6448E-005

-1.8798E-00%

Pucynoxk 1.9-3 —PesyabraThl pacueroB B T-FLEX Ananu3 (nepemeunienusi no Z)

BriBoxa:
OTHOCHUTENBbHAS TIOTPEITHOCTh YACICHHOTO PEUICHHUS M0 CPABHCHUIO C aHATMTHYECKUM TI0 TEPEMEIICHUSIM

cocraBuia 1,67% u 1,60% aist KBaIpaTUIHOTO TETPAdAPAIBLHOTO H TpeyronbHoro KO.
IMony6eckoHeuHasi 6ajiKka HA YIPYroM OCHOBAHUM

PaccmoTpum Oanky Ha ynpyroM ocHoBaHuu. [{nuna 6anku L. B cedennn 6anka o0paszyer mpsMOYTOIBHUK C
LIMPUHOM b 1 BBICOTOH h.
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BepughukayuoHHble npumepbl

7, b

Banka HaxoaUTCs MO PaBHOMEPHO pacrpe/e/ieHHON Harpy3koi q . Cuna P npunokeHa K JISBOMY KOHITY
OaJIKH.

Hckomoii BEJIMYUHON SIBIIIETCS MaKCHMaIbHOE nepeMeIeHuE.
IMpumem cnenyrompie Bxoaubie nannbie: q. = 200 H/M, P= 1000 H, L = 5 M, b = 0.05 M, h= 0.02 wm.
Xapakrepuctuku Matepuana (ctanb): E =2.1E+011 Ila, v = 0.28.

Pucynok 1.10-1 - KoneuHo-3;1eMeHTHAsI MOJeTb PH YKA3aHHBIX HATPY3Ke U 3aKpelNJIeHnH.

AHaATUTHYECKOE PElICHHE UIETCs 0 PopMyle:
Womax :(ZBP - q|_) / kb,
Ine J=bh®/12 — MomenT nreprmu, k — Momyb peakuun noactmiatomero ciost (k= 3e+06 H/v),

B = ( k-b/4E-J)¥ = 1.52136. Kpacpoii sddexT mpocnexusaercs 10 paccrosaus Lo = w/f = 1.381 M or
JIEBOT'O KOHIIA OaJIKH.

Takum oGpasom, wo™ = (2*1.52136 *1000-200)/(3*10°*0.05) = 18.95147 mwm.
Ipocamaka 6ankwu: - . / k-b =-1,333 mMm.

[lepex YHUCICHHBIM pAcyeTOM OIPEACIMM CJICAYIOUIME BEIHYHMHBL: IUIOMIAAb TPaHH, [0 KOTOPOH
pacnpenenena Harpyska (. S=bL = 0.25 Mm% jgaBieHne Ha 5Ty IUIOCKYI rpadb: = . *L/S=4000 ITa.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

BBOAMMOE 3HAUYCHHE CyMMApHOH JKECTKOCTH, NPHIOKEHHON HAa HIDKHIOK IpaHb: Ky=k*S=3*10°*0.25=
750000 H/m.

ITocne Beruucnenuii ¢ nomomupo T-FLEX nosrydaeMm cienyromue pe3yIbTaThl:

Tabauna 1.I1apaMeTpbl KOHEYHO-3J1EMEHTHOI CeTKH

Tun KOHEYHOTO AJIEeMEHTa Yucno BepiiuH Beeneno Yucno KOHEYHBIX
apryMeHTOB 3JIEMEHTOB
KBaJIpaTHYHBIC TeTpadaphI (4 10100 30300 4821
y371a)

Tabauua 2. Pesyabrat "llepememenue

UucnenHoe perenne W*, mm AHanuTuyeckoe peuieHue W
MM Ommuodka 6 =100%* w* - w |/ |w]|
18.9523 18.9515 0.004

Jagaya: "Banka Ha ynpyroM oCHOBaHMK "
MNepeMelWeHHA B HaNp.Z, MM
MacwTadé nepeMeLlleHHii: 15.83

Mz 18,9523

18.9523

+ 16.2466

i}

+13.5408

475 M:

Min -2.5933 -1.3479

+ 10,8352

Pucynok 1.10-2 —Pe3yabraThl pacderoB B T-FLEX Ananau3 (nepemenienusi no Z)
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BepughukayuoHHble npumepbl

I I I I I I
15952
1732
1232
¥
— 132r
232r
ity V) = 2685 min
— 2685 /—
-252 | | | | | | |
1] 0.5 1 15 2 25 3 35 4 4.5

Pucynok 1.10-3 — I'paduk npornda nosydeckoHeYHOI §aIKN (AaHATNTHYECKOE PelieHne)
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

] Me | X, ¥, M
— 1 0 0.01895
3 z 1 0.01118
= 3 z 0,005008
iy 4 3 0.0008723
= 5 4 -0,001458
= 6 = -0.002475
] 7 & -0,00269
] & 7 -0.002494
= 9 g -0.002156
23 10 g -0.001528
o= 11 10 -0.001574
- 3 1z 11 -0.001408
& O 13 1z -0.001317
= 7 14 13 -0,001279
52- 15 14 -0,001273
= 16 15 -0.001283
& 17 16 -0,001299
. 1| 17 -0.001316
- 19 18 -0.001332
- 2 19 -0.001345
=k —
Ty
53
‘:II -
A I oV A vy B o BT o SR Vs AN S Y Y 5 : ﬂ ﬂ E ﬂ E r; E 9 E
& 1 2 2 4 53 6 F &2 9 10 11 12 13 14 15 16 17 1B 19 20
Aarurku, ¥ (MHaekc)
Pucynok 1.10-4 — I'paduk npornda nosydeckoHeYHOI faIKu (YUCIeHHOE pPeleHne)
BriBona:

OTtHOCHUTENBHAs MOTPELUTHOCTh YHCIEHHOTO PELIeHHs TI0 CPAaBHEHMIO C aHAJTUTHYeCKUM coctaBuna 1,3% ans
kBaapaTtuyHoro KO.

boJubiuas nedpopmManus Kpyrjo nJIacTHHBI

Paccmotpum kpyrityro TuracTuHy paamyca a W ToimmHbl h. IlnactwHa 3akperuieHa W HaXOMUTCS TIOJ
BO3/ICIICTBHEM PACIIpeIEICHHON HAarpy3KH (.
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BepudghukayuoHHsle npumepbi

PﬂcyHOK 1.11-1 - KoneuHo-3jieMeHTHAs MOAEJIb MIPH YKA3aHHBIX HAI'PY3KeE H 3aKPENJICHUHA.

[Mpumem ciieayrolue BXOHbIC JaHHBIC: paJnyc IUIACTHHBI a paBeH 0.25 M, TOJIIMHA IJIACTHHBI h paBHa
0.005 M, MHTEHCHUBHOCTb Harpysku q paBHa 1E+011 IIa.
CgoiicTBa Marepuana(cranb): E=2.1E+05 u v= 0.28.

Hcnonb3yem cienyronyo anmpoKCUMHUPYIONIYI0 (GOpMyIy JUIsl pacyeTa CMEIICHHS B LEHTPE IUIaCTHHBIL:

at 1
o = 54_.5" e
1+0.488 2L
'Eg L
rac 3
-
12—

’K€CTKOCTh Ha U3THO MIACTUHEI.

Pemas ypaBuHenue mins w0, MBI MOJy4rM 3HAUY€HHE MAKCHMAIBHOTO OTKIIOHEHHS, KOTOPOE JIOJDKHO
HaxoauTCA B eHTpe miacTuHel: w0= 2.3258E-003 M.

[Tocne Beruncnenuii ¢ nomompio T-FLEX nmosmyuaem cienyromue pe3yiabTaThl:
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Tadoauuna 1.I1apamMeTpbl KOHEYHO-IJIEMEHTHON CeTKHU

Tun KkoHEeYHOT 0 dJIEMEHTA Yucno Yucno Yucno KOHEYHBIX
BEPILIUH apryMEHTOB 3JIEMEHTOB
KBaJ[paTHYHbBIC TETPAPHI 2561 42624 7421

Taoauua 2. Pesyabrat "llepememenue

AHaIUTHYECKOE peleHne

UncnenHoe pemierne W,*, M
0
Wy, M

Omm6ka 6 =100%*|w,*- wl/| W, |

2.2926E-003 2.3258E-003 13

3apaya: "3agaya 0"
NepeMelleHns, MOAYNb, M
KoagpuuneHT Harpysku: 1.00
MacwTaé nepemeLteHnii: 10.90

2.2926E-003

2.0060E-003

t1.7195E-003

+1.4329E-003

1.1463E-003

8.5973E-004

5.7316E-004

Pucynox 1.11-2 —Pe3yabrarsl pacuyeroB B T-FLEX Ananu3 (nepemeuienus)

BriBona:
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BepudghukayuoHHsle npumepbi

OtHOCHTeNBHAS MOTPENTHOCTh YUCICHHOTO PEIICHNUS 110 CPABHEHUIO C aHATMTHYECKUM cocTaBmia 1,3% mis
kBaapaTtmaHoro KD.

3amemiieHHAasi KBaIpaTHAs MJIACTHHA IO/ pacnpe/ieeHHOl HArpy3Koi

Paccmotpum 3alleMJICHHYIO KBaJIpaTHYIO IUIACTUHY nop JIaBIICHUEM.
B cuny cummMerpuaHOCTH OyZeM paccMaTpHBaTh TOJIBKO YETBEPTD IUIACTUHBI (OTPAaHWYNM IIEpPEMEIICHHUE 110
0CSIM, TIEPIICHIUKYIISIPHBIM OOKOBBIM TPAHSIM).

Pucynox 1.12-1 — PacueTHasi MofieJib ¢ HATPY3KaMM U 3aKpenJeHusIMHA

Koneuno-snemeHTHas MOJICJIb C IPUMEHEHHBIMHA OaBJICHUEM U 3aKPCIIVICHUAMU

Amnanuruyeckoe PEIICHUC JJId HAXOXKACHHA NEPEMCUICHHA B LCHTPE IJIACTUHBI HAXOAWUTCA IIO ¢)opMyJ1e:

4 3

w =0.001269% p-_ 2% -

D 120-v*
[Tpumem cremyromue BXOAHBIE JaHHBIC: UIMHA M MIMPUHA IuacTuHbl a = 500 MM (Ha mpumepe Mbl Gepem
JUIMHY CTOPOHBI paBHYIO 250 MM, T.K. pacCMaTpHBaeTCS TOJIBKO YE€TBEPTh MCXOAHOM IUIACTHHBI), TOJIIMHA
IUIACTHHBI h =3 mm, MIPHIIOKEHHOE JIaBJICHUE q = 800 Ila.
CaoiicTBa MaTepuaia (ctann): E =2.1E+011 ITa, v =0.28.
AHanuTHYECKOE pelIeHHe MOXKET ObITh BeIpaxkeHo Kak: w = 1.2288E-004 m.

ITocne Beruucnenuii ¢ nomoupro T-FLEX nosydaem cienyromue pe3yabTaThl:
Tabauna 1.I1apaMeTpbl KOHEYHO-ITEMEHTHOI CeTKHU
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Tumn KoHEYHOro dJIEMEHTa Yucao Yucno Yuca0 KOHEYHBIX
BEPIIUH apryMEeHTOB 3JIEMEHTOB
KBaJ[paTHYHBIC TETPAdIPhI 1905 32115 5425
Taoauua 2. Pesyabrat "llepememenue
YucnenHnoe pemieHne W, m AHaTUTHYIECKOE Ommodka & =100%*|w,*- W,|/| W, |
pelieHue W, M
1.2274E-004 1.2288E-004 0.15

Jagava: "KsagpaTHas nnacTMHa nog Aasnennem”
Nepemewenna B Hanp.Z, M

2448E-010

-1.534E-005

-3.069E-005

-4 603E-005

-6.137E-005

-7.67T1E-005

-9.206€-005

-0.0001074

-0.0001227
Pucynok 1.12-2 —Pe3yabraThl pacueroB B T-FLEX Ananau3 (nepemenienusi no Z)

BriBOna:

OTHOCHUTENBbHAS MTOTPEIIHOCTh YUCICHHOTO PEIICHHUS 10 CPABHEHHIO ¢ aHaIMTUYeCKUM coctaBuia 0,15% mno
MepeMenIeHHsIM JUT KBaipatudHoro KO.
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BepughukayuoHHble npumepbl

HN3rud 0aaku moja aeiicteueM 3 cHJI

Paccmotpum Oanky mummHbl L, Harpyxennyto cwioii P B cepenune cumamu peakiuu R1, R2 Ha konnax. B
MOTIEPEYHOM CCUCHHMH Oallka MPSIMOYTOJIbHAS IIUPUHOM b U BBICOTOM h.

p

il

h

R R

RZ

HckoMas BeIMUMHA — MaKCUMAJIBHOE CMEIEHNE OaKu.
[pumem: P = 1000 H, RI1=500 H, R2=500 H, L = 05 M, b = 005 m, h = 0.02 wm.

XapakTepuCTUKU Marepuana (cTains): E 2.1E+011 ITa, v = 0.28.
O6a koHma Oanky HE3aKpEeIUIeHBI W HaxomATcs moj naeiictBuem Harpy3ok R1, R2, HampaBmeHHBIX
BEPTUKAIIBHO. Cuna P MPUIOKEHA K cepenrHe Oaskw.

PacueTsl mpoBe/icHBI ¢ BKITIOYEHHOM omiuer «CTabUI3upOBaTh CUCTEMY» € J00aBOUYHON JKECTKOCTHIO 1.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Pucynok 1.13-1 PacuerHast MojieJib ¢ HATPY3KaMM M 3aKpenJieHUsIMH

Koneuno->nemenTHas MOJACJIb IPH YKa3aHHBIX HArpy3Ke U 3aKpCIJICHUU.

AHaIUTHYECKOE pelleHNe BhITIISANT TaK:
w=(P-L3)/ (48 -E-J)= 3.720E-004 m
rne P — cuna, L — umna 6anku, E — Moxyns FOHra st marepuana, J = b - h®/ 12 — MoMeHT uHepIyy.

ITocne Beruncnenuii ¢ nomoupo T-FLEX nosrydaem cienyromue pe3yIbTaThl:

(nepemerienue pasuo (2.2283E-004)-(-1.5386E-004)=3.7669E-004 m)

Tabauna 1.I1apaMeTpbl KOHEYHO-3JIEMEHTHOM CeTKH

Tur koHEeYHOro Yucno BeplnH Yucno Huciio KOHEYHbIX
37eMEHTa apryMeHTOB 3JIEMEHTOB

KBaJ[paTHYHBIE 2033 40626 8622
TETpa’Iphl

Tab6umna 2. PesyabraT "Ilepememenne

UucleHHoe pelIeHue,
m

AHamuTHYeCcKOe
peuieHue , m

Ommbdka 6 =100%* |0Z" - 0Z|/ |0Z]
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BepughukayuoHHble npumepbl

3.767E-004 3.720E-004 1.26

Jagava: "Sagava_ 0"
NepeMewenna 8 Hanp.Z, M
Macwraé nepeMewenmin: 0.00

00002228

0.0001757

0.0001287

8157E-005

3.449E-005

-1.28E-005

-5.969E-005

-0.0001068

-0,0001538
Pucynok 1.13-2 —Pe3yabtarsl pacyeroB B T-FLEX Ananu3 (nepemenrenust no Z)
BeiBoa:

OTHOcHTENbHAS MOTPENIHOCTh YHCICHHOTO PENICHHsI TI0 CPAaBHEHHUIO C aHaJMTH4YecKuM coctaBmia 1,3% mo
nepeMeIIeHHsIM JUIsl KBagpaTnaHoro KD.

Cru6anue T-o0pa3Hoii 6aku

Paccmorpum T-o6paznyro 0aiky.
b2

k2

3

| e
Rl

I[J'II/IHa Oanku paBHa L. banka xecTtko 3aKpCIlJICHA CJICBA, 4 K IIPaBOMY KOHILY ITPUJIOKCHA CUJia P.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

PaccMoTpum pacuer npu CienyroIuX BXOAHBIX JaHHBIX: JuyinHA L Ganku 1 M, amuHbl cropon bl,h1,b2,h2 -
0.01m, 0.1m, 0.006 M, 0.05 M, COOTBETCTBEHHO, cuiia P paBHa 100 H.
Xapakrepuctuku Marepuana(ctanb): E =2.1E+011 Ila, v = 0.28.

Pucynok 1.14-1 - PacuyeTHasi MoJeJb ¢ HATPY3KAMH H 3aKPeIUIEHHSIMHU

KoneuHo-371€MeHTHAs: MOZAETb IIPU YKAa3aHHBIX HATPY3KE U 3aKPEIUICHHUH.

AHanuTH4YeCcKOE peueHue 3a/1a49n HIIETCS C MOMOILBIO CIIEIYIOIIETO YpaBHEHUA:
Er?
W= ——
3BT
rae
_ 2 2
‘I}’ - {jl’l +ﬂlz 01J+ {JFE + "qﬂz '32} - MOMEHT HHEPLUU OTHOCHUTENIBHO IEHTPAJbHOM OCH HHEPLHNH;
3 3
by T = b/
n = Ya =
12, 12
"'11:’-2:'1';31, -"12:5:'2';32;

Z41:Zp, — PACCTOSHUA MEXKIY ocaMU Y, nY, Y, 1Y, COOTBETCTBEHHO.
Takum o6pazom, w= 5.6989E-004 m.
ITocne Beruncnenuii ¢ nomompo T-FLEX nosrydaem cienyromue pe3yIbTaThl:

Tabauna 1.IIapaMeTpbl KOHEYHO-I1EMEHTHOI CeTKHU

Tun KoHEeYHOTOo 37IeMEeHTa Yucno BepiinH Yucno Uucno KOHEUHBIX
apryMeHTOB JJIEMEHTOB
KBaJIpaTHYHBIE TETPa3Apbl 2861 49053 7905
Tabauna 2. Pesyabrat "llepememenue"
YucieHHnoe perieHue W,", M AHanutuueckoe perieHue W, Ommbka 6 =100%* |w," - w| / |w|
m
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BepughukayuoHHble npumepbl

5.7335E-004 5.6989E-004 0.62

Jagava; “Cr T-06p it Sankn™
MNepeMewenna 8 vanp.Z, M

2115E-008

-7 1856005

-0.0001433

-0.000215

-0.0002867

-0.0003583

-0.00043

-0.0005017

-0.0005734
Pucynok 1.14-2 —Pe3yabraThl pacueroB B T-FLEX Ananu3 (nepemenienusi no Z)

BeiBoa:
OTHOcHTENbHAS TIOTPENTHOCTh YHCIICHHOTO PENICHHUS TI0 CPaBHEHHIO ¢ aHamMTH4YeckuM coctaBmia 0,62% mo
nepeMeIIeHHsIM JUIs KBagpaTnaHoro KO.

prqenue 0aJIKm ¢ KBaJIPpaTHBIM MONEPEYHBIM CCUCHUEM

PaccMoTtpum Ganky ¢ KBaJpaTHBIM HOMEPEYHBIM ceueHreM. JlJinHa CTOpOHbI KBajpaTa a. JlmuHa Ganku L.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Pucynok 1.15-1 — Baaka ¢ pa3mepamu

baska noxBepraeTcs NEpNEHAUKYJISIPHO HAIPABICHHOMY U IIPWIOKEHHOMY K IIPABOM I'paHU KpydeHHIo Mt.,
JIeBBIN KOHEI OaJIKU KECTKO 3aKpeIUICH.

Pucynok 1.15-2 - Koneuno-3;1eMeHTHast MOeJIb MPH YKA3aHHBIX HATPY3Ke H 3aKpenyieHn .

[Mpumem creayrone BXOAHBIE HAaHHbBIe: AnuHA L Oamkm 1.5 M, mnuHa cropoHsl kBaapata a  0.050 M,

BEJIMYUHA MIPUIIOKEHHOTO BpaIlcHUA Mt 1000 H-m.
Xapaktepuctukun  marepuana (crams  AISI 1020 E = 2.0E+011 Ila, v = 0.29.
UroOb HalTH yroJ II0BOpPOTA, HCIIONIB3yEM clenyouee OTHOIIICHUE:!

24



BepughukayuoHHble npumepbl

o ML
Ay .

rae G=E/2(1+v) — Mmomynb ciBura, J,=Ba* — moNAPHBIA MOMEHT HHEPLMH KBAAPATHOIO ceyenns, B= 0.1406.
Takum oOpaszom, o= 2.2168E-002 pag.
MaxkcumManbHoe CMeIleHne BBIYUCIISIETCS o bopmyie:

A2
Mg = sin{e) ?c;r
Takum obpazom, Au = 7.8371E-004 M.
MakcuMabHBIH MOJIYJIb CIBHTa T max CUHMTACTCS 1o crenyromen tdhopmyne:

M!‘

T:wur - 3

oo
rae a= 0.208

Takum obpasom, 7., = 3.8462E+007 MMa.

[Tocne Brruucnenuii ¢ nomoupto T-FLEX nonydaem ciaeayromue pe3yabTaThl:

Tabauua 1.IIapaMeTpbl KOHEYHO-3J1EMEHTHOI CeTKHU

Tun KOHEYHOr o IeMEHTa Yucno Yucno Yuciio KOHEYHBIX
BEPLINH arpyMeHTOB JJIEMEHTOB
KBaJ[paTHYHBIE TETPAdIPHI 4608 91878 19876
Tabauua 2. Pesyabrar "Ilepememenue
Yucnennoe peuienue Au*, m AHanuTHyeckoe Omubka 5 = 100%* | Au* - Au |/ | Au |
pelenue Au, u
7.7079E-004 7.8371E-004 1.65
Tab6aunua 3. PesyabTaT "Hanps:xenue caura"
YucnenHoe perienue 7., * Ila AHanuTnyeckoe Ommoéka & = 100%*| 7. * - 70 | /| Tra |
pelieHue 7.,
Ila
4.0591E+007 3.8462E+007 5.5
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

3apava: "3agava_1"
MNepemMeweHns, Moaynb, M
Macwraé nepemewexmit: 136,60

0.0007785

00006794

+ 0.0005823

L 0.0004853

0.0003882

0.0002912

0.0001941

9.706E-005

Pucynox 1.15-3 —Pe3yasTarsl pacyeroB B T-FLEX Ananun3 (mepemenienns)

BriBOna:

OTHOCHUTENBHAS MTOTPEITHOCTh YUCIECHHOTO PEIISHHS 10 CPABHEHHIO ¢ aHATMTUYECKUM cocTaBmia 1,65% mo
nepeMenieHusiM 1 5,5% 1o HanpspkeHusM i1 KBagpatuaaoro KO.

prqelme BaJia IByMHA BpallalOlliiuM1 MOMEHTaAMHU

Paccmorpum Banm gnuHoM L, mguamerpom d, HarpyKeHHbIA JBYMs BpallalOIMMU MOMEHTaMu T,
NEPHEHANKYIISPHO HAMPABIECHHBIMU JIPYT KO APYTY U MPUIOKEHHBIMU K IPOTUBOIOIO0KHBIM KOHIIAM Baja.
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BepughukayuoHHble npumepbl

™

Hckomas BEJIMYMHA - MAaKCUMaJIbHBIN yroi OTKJIOHEHHS.
[Tpumem T = 100 H*wm, L = 0.5 M, d = 0.06 M.
XapaKTepuCTHKU Marepuaia (cTams): G = 8.203E+010 Ila, v = 0.28.
Oba xoHIIa Baja HE 3aKpeIJICHbl W HaXOAATCS TMOJ JNEHCTBHEM MOMEHTOB T, OCh BpallleHHH KOTOPBIX
COBIIAAACT c OCBIO LUIUHPA, a HaMpaBIeHUS MIPOTUBOTIOJIOKHBI.

Pacuets! mpoBeeHbI ¢ BKIFOUEHHON ommuel «CTa0mIM3upoBaTh CUCTEMY» C J00aBOYHOH KECTKOCTHIO 1.

PﬂcyHOK 1.16-1 - Koneuno-3jieMeHTHAS MO€e/JIb MPU YKA3AaHHBIX HATIPY3Ke U 3aKPCIJICHUMU.

Ananutnyeckoe peuicHue BBITJIAANT TakK:
[0) = (T*L)/(G*Jp) = 4.791E-004 pan
w = d*sin(p/2) = 1.4372E-005 m

I'me ¢ — yrom BpamieHusi, w — CMeIIeHne TO4YKH, 1T — Bpamarmuid MoMeHT, L. — miuuHa Bana, G — Moy
CJIBUIa JIJIsl MaTepuana,

J,= nd*/ 32 — moNAPHBIA MOMEHT MHEPLMK KPYTOBOTO MONEPEYHOIO CEUECHHL.

[Tocne Beruncnenuii ¢ nomompio T-FLEX nmomyuaem cinenyromue pe3yiabTaThl:
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

nepemenienue pasHo 7.124E-006+7.174E-006 = 1.429E-005 m
Tabauua 1.ITapaMeTpbl KOHEYHO-3J1€EMEHTHOM CETKH

Tun KOHEYHOro 37eMEeHTa YHucno BepIIH Yucno Hucno KOHEYHbIX
apryMeHTOB 3JIEMEHTOB
KBaJ[paTHYHbBIC TETPAdIPhI 3268 69363 15348
Taoauua 2. Pesyabrat "llepememenue
Yucnennoe penieHue W, u AHAJIUTHYECKOE pEIICHHE Ommnobxa 5 =100%* |w* - w| / |w]|
W, M
1.4298E-005 1.4372E-005 0.513

3apava: "3agavya_ 1"
MepemMeLweHnsa, MOAYNb, M
Macwraé nepemMelyeHuii: 0.00

7.18E-006

Oamyue_1:
7.124E-006

+ 5.385E-006

Oamyue_2:
7.174E-006

+ 4.488E-006

W 3.59E-006

BriBona:

Pucynox 1.16-2 —Pe3yabrarsl pacuyeroB B T-FLEX Ananu3 (nepemenienus)

OTHOCHTENbHAS MTOTPENIHOCTh YUCICHHOTO PEIICHUs M0 CPAaBHEHUIO ¢ aHanuThieckuM cocrasmia 0,5% mo
nepemMeneHusM st kBaaparnaaoro K3. Ha rpaduike 3aBHCUMOCTH OTHOCUTENLHON TOTPEITHOCTH OT YUCIia
KD BumHO, 4TO BIMSHUE CTAOWIN3AINN U3MEHSET XapaKTep KPUBOMA.
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BepughukayuoHHble npumepbl

0.7 A

0.6 A

0.5 A

0.4

0.3
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0.1 A

T o T T T T T T T T 1

0 20000 40000 60000 80000 100000120000140000160000180000

Pucynok 1.16-3 — 3aBucHMOCTH OTHOCHTEJILHOI MOrpemtHocTy ot yncia K9

IIporu6 ¢cBo6G0OAHO OMepTOii 0AJIKHM MO PABHOMEPHO pacnpeae/ieHHOH HArpy3Koil

Paccmotpum Ganky 1oy paBHOMEPHO pacIIpelelIeHHOn Harpy3koi . JiauHa 6anku pasaa L. B monepeunom
ceueHuH Oanka oOpa3yer kBajaparT. J[iIMHa CTOPOHBI KBaIpaTa paBHA a.

Pucynok 1.17-1 — banka ¢ pasmepamn

Hckomoii BEIIMYNHOU SIBJISIETCS MAaKCHMAaJIbHOE repeMenieHre o Z-KoOpIIuHATE.
[Ipumem cnenyroume BxoaHwsle JganHele: q = 3000 Ila, L = 05 M, a = 002 wm
Xapakrepuctuku Marepuana(cranb): moaynb FOura E = 2.1E+011 ITa, koapdunment [Tyaccona v = 0.28.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Pucynok 1.17-2 - KoneuHo-31eMeHTHasi MO/eJIb C YKa3aHHBIMH HATPY3KOM U 3aKpenJieHusIMHU

AH&H%TH{;IGCKOG perieHne

: 4 3
w=———{-x*+251x - *x

TETR ),IE[Uil

]
rae J = a*/ 12 — MOMEHT WHEPIIUY.

ITpumem MAaKCHMAJIBHOE
5 g-a-f
W, =——
= 284 E-J

OTKJIOHCHHUEC

Taxum obpaszom, | w | = 1.7439E-005 m.
ITocne Beruncnenuii ¢ nomoupo T-FLEX nosrydaeMm cienyromue pe3yibTaThl:

Tabauua 1.IIapaMeTpbl KOHEYHO-3J1EMEHTHOI CETKHU

BBIYHCIIACTCA

3a

o thopmye:

Tur koHEeYHOro 37eMeHTa Hucno BeplIvH Yucino Huciio KOHEYHbIX
apryMeHTOB 3JIEMEHTOB
KBaJ[paTHYHBIE TETPAdJIPhI 695 12003 2169

Tab6smna 2. Pesyabtat "Ilepememenne

YucneHHoe perienue | W* |,
m

AHanuTHyeckoe pemeHue | W |,

m

Ommbka 6 =100%* w* -w |/ |w

1.752E-005

1.7439E-005

0.4
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BepughukayuoHHble npumepbl

Gapaqa: "Mperné danku"
NepeMelleHA B Hanp.Z, M
MaclwTaé nepeMelleHid; 1427.65

0

-2.189E-006

-4 373E-006

+-B.867E-006

-8.T96E-006

L -1.094E-005

L -1.313E-005

-1.5322E-004

-1.751E-004

Pucynok 1.17-3 —Pe3yabTaThl pacueroB B T-FLEX Ananau3 (nepemeniennsi no Z)
* Pe3ynbTaThl YMCICHHOIO PEIICHHS 3aBUCAT OT KOHQUIYpallMH CETKH U MOTYT HEMHOTO OTJIMYAaThCs OT
MPEJICTAaBICHHBIX B TAOJIHIIE.
IIporu6 6asku ¢ rpy3zom

PaccMmoTpum KOHCONBHYO OaNIKy, TPaBBId KOHEIl KOTOPOI HArpy>KEH BECOM.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

w
/

; z,
[

s

1
Jmmna 6anku L. B cedenun Oanka oOpasyeT MpsIMOYrolbHWK MHMPUHBL b 1 BeIcOTH h. Macca rpysa M.
Macca Oanku m.
m = p F,

roe F = b h, - pa3sMepsl cedeHus, p - INIOTHOCTh MaTepuaia OaJiKu.

Pﬂcy]—[OK 1.18-1 - Koneuno-3jieMeHTHAS MOe/Ib IMPU YKA3AaHHBIX HAIpy3Ke U 3aKpPENJICHUU.

[lycts L paBHO 0.5 M, b paBHO 0.02 M, h paBHO 0.05 M.

CeoiictBa  marepuana: E = 2.1E+011 ITa, v=0.28, p 7800 kr /M
Macca rpy3a M paBHa 20mL KT (t.e. 78 KT).
AHannaneECKoe petieHue 3a/1a4n MOJTyYUM u3 3TOM hopMyITBI:
L a3 3

| =M s g=r
max ZEJ 140 , 12

Taxum 00pazom, |z|max= 4.6067E-003 M.

[Tocne Beruncnenuii ¢ nomompio T-FLEX nmomyuaem cinenyromue pe3yiabTaThl:
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BepughukayuoHHble npumepbl

Tabauna 1.IIapaMeTpbl KOHEYHO-IJTEMEHTHOI CeTKH

Tun xoHeuHoro »jIeMeHTa Yucio Yucio Yuciao KOHEUHBIX
BEpLINH apryMEHTOB 3JIEMEHTOB
KBaJpaTHYHBIC TETPaAdIPhI 2060 40992 8766

Tab6umnuna 2. PesyabraT "Ilepememenne

YucnenHoe pemenue |Z[*,.., M AHanuTHueckoe Oumudka
penicHue |Z|max' M 0= 100%*' |Z|*max_|2|max| / |Z|max
4.6128E-003 4.6067E-003 0.13

MepeMelleHHa B HaNp.Z, M
MacwTas nepeMelleHHIl: 5.42

5.1864E-007

-5.7615E-004

+-1.7295E-00
LT -2.3062E-003
+-2.8848E-003

+ -3.45595E-003

-4 0362E-003

-4 .6128E-003

Pucynoxk 1.18-2 —Pe3yabraThl pacueroB B T-FLEX Ananu3 (nepemenienusi no Z)

BeiBoa:
OTHOcHTENBHAS TIOTPENTHOCTh YMCIICHHOTO PENICHHUS TI0 CpaBHEHHIO ¢ aHanuTHYeckuM coctasuia 0,13% mo
nepeMeIIeHusIM [uis KBaapatuanoro KD.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Pacrsiokenne 0aJKH oja aeiictTBueM 2 cuJl

Paccmotpum Ganky mmmHOM L, HarpyxeHHy!0 AByMs criamu F, HanpaBlIeHHBIMU 10 HOPMaJl OT 00OHX ee
KOHIIOB. B monepeynom ceueHnn 6ajka npsiMOyroybHas ITUPUHOH b 1 BBICOTOI h.

F E h
- -

| L | S

Uckomas BEJIMYMHA - MaKCHUMaJIbHOE pacTshKeHue.
[Ipumvem F = 1000 Hb L = 05 ™M, b = 005 ™M h = 002 wm
XapakTepucTUKU Marepurana (ctamp): E = 2.1E+011 Ila, v = 0.28.
O0a koHIa OajdKu HE 3aKPeIICHBl U HAXOIATCS MOJ JeHCTBHEM cuil F, HalpaBlICHHBIX MO HOpPMalld K
TrpaHsaM.

Pacuetsr mpoBeeHbI ¢ BKIFOUEHHOU onmuel «CTa0MIM3upoBaTh CUCTEMY» C T00aBOYHOH JKECTKOCTHIO 1.

Pucynok 1.19-1 - KoHeuHo-3/1eMeHTHasi MOJeJIb NPH YKA3aHHBIX HArpy3Ke U
3aKpernJieHuu.

AHaNUTUYECKOE PEIeHHEe BRITJISIINT TaK:

w=(F-L)/ (A E)= 2.381E-006 m

rae P — cuna, L — qymHa 6anku, E — momyns FOHra muist Matepuana, A = b - h - mnomans.
[Tocne Beruncnenuii ¢ nomompio T-FLEX nmomyyaem cineayromue pe3yiabTaThl:
(nepemertienue paBuo (1.199E-006)+(1.182E-006)=2.381E-006 m)
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BepughukayuoHHble npumepbl

Tabéauua 1.I1apamMeTpbl KOHEYHO-3JIEMEHTHOH CeTKH

Tumn KOHEYHOT 0 IeMEHTa Uucno BepunH Yucno Uucno KOHEYHBIX
apryMeHTOB SIIEMEHTOB
KBaJIpaTUYHBIC TETPAIPHI 2030 40821 8712
Tab6auua 2. Pesyabrat "llepememenne
Yucnennoe perrerne 0Y”, M AHanuTuueckoe ommndka 5 =100%* |0Y* - 0Y|/|0Y]|
pemenne 0Y, M
2.381E-004 2.381E-004 0.1

Japava: "3apava_o"
NepemMewennn 8 Hanp.Y, M
Macwras nepeMelienmin: 20845.10

1.199E-006

9.017E-007

L 6.041E-007

+ 3.065E-007

8.837E-009

-2.888E-007

-5 864E-007

-8.84E-007

-1.182E-008

Pucynok 1.19-2 —Pe3yabraThl pacueroB B T-FLEX Ananu3 (nepemenenns no Y)
BriBOnI:

OrtHocuTeNnbHAs NOrpeIHOCTb YUCJICHHOTO PCHICHUA MO CPABHCHHUIO C AHAJIMTUYCCKUM COCTaBUJIa 0,1% oo
NepeMCUICHUAM IJIA1 KBAAPATUIHOT'O KD.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Hanpsizkenus: u feopManiu OpTOTPONHOM IVIACTHHBI MPH ABYXOCHOM PACTSZKEeHHH

PaccmoTpum  KBazpaTHYIO IUTACTHHY W3 OPTOTPOITHOTO F
MaTepuana ¢ JUIMHON CTOpoHBI L, KoTopas HarpyxeHa 2
cunamu F;, F,, TpWIOKEHHBIM K KpasM IUTACTHHEIL. _q\_/r_/l\,q\» i

TommuHaa TIACTHHE h.

TpeOyercss ompenenuTs HaNpsKEHUS ©  AedopMarlin
MJIACTUHBI,

ITpumem F;=20000 H, F,=10000 H, L=0.1 m, h=0.005 m. Fi

[TocTpouB Mozenp, cozganuM 3anavyy tuna «CTaTU4eCKUi

aHauM3» W pa3o0beM MOAETb Ha KOHEYHBIE SJIEMEHTHI. /
[Tapamerpsl Martepuana cienyromue: Moayau ynpyroctu y
E=5.59-10" Tla, E,=1.373-10" Ila, E3=1.373-10" Ila,
MOJYJIA CHBHUTA G12=5.59-109 I1a, ng=4.904-109 IIa,
G3=5.59-10° Ila, xo>pduuments ITyaccona v1,=0.277,
v3=0.4, v3;=0.068. VYrom HakJIIoOHa TJIABHOM OCH
cuMMeTpun 0=45°.

a

//

A

M —

S A e

Pacnionoxxum mnacTuHy Tak, 4YT0OBI TNIaBHBIE OCH OPTOTPOIHOM CUMMETPHUHN COBHAANIN C OCSIMH TTI00aTbHON
CUCTEMBI KOOPJIMHAT.

Ha HuxHIOIO TpaHb MNPUIIOKUM YaCTUYHOE 3aKPEIUIEHUE C OIPaHUYECHUEM IepeMelieHust mo ocu Z. Jus
cTaOuiu3ai MOZAENN TPUJIOKUM YIIPYroe OCHOBaHHE Ha BEPXHIOIO I'PaHb IDIACTUHBI C JIOTIOHHUTEIHHON
xkecTkocThio 1 H/M. Ha mapy mnapasuienbHbIX OOKOBBIX TpaHE IPHIOKHAM HOPMAJIbHYIO Harpys3Ky
BesimunHOM Fy, Ha apyryto napy npuioKUM HOPMAJIbHYIO Harpy3Ky BEIUUUHOM F .
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BepudghukayuoHHsle npumepbi

Pucynok 1.20-1 - KoHeuHO0-3;1eMeHTHasI MO/IeJIb OPTOTPOMHOI MJIACTHHBI C
HArpy3KaMHM U 3aKpeIIeHusIMH

C noMonipio KoMaH bl « PacyeTy» BBIIOJIHUM CTATHUSCKHI pacyeT MacTUHBL. [1oyduM pe3ynbTaThl B BUIE
nedhopMaril 1 HanpsHKSHAH.

Bapava: "Jagava_ 0"
Aedopmaumn cxatia EpsilonX
Macwraé nepeMeweHli: 147.32

3.8801E-004

3.8801E-004
3.8801E-004
3.8801E-004
3.8801E-004
3.8801E-004,
3.8801E-004

3.8801E-004

3.8801E-004

Pucynok 1.20-2 - le¢opmamn OX opTOTPONHON NIACTHHBI
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Japava: "3apava 0"
AOedopManuun cxatia Epsilony
Macwraé nepemewedni: 147.32

2.0363E-003

2.0363E-003
2.0363E-003
2.0363E-003

2.0363E-003

2.0363E-002

2.0363E-003

2.0363E-003

2.0363E-003

Pucynok 1.20-3 - leropmammu OY opTOTPONHON MJIACTHHBI
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BepudghukayuoHHsle npumepbi

Bafnava: "3agaya_0"
HanpsxeHnAa SigmaX, H/m®
MaclTad nepeMellleHHii: 147.32

3.0000E+007

3.0000E+007

3.0000E+007

3.0000E+007

3.0000E+007

3.0000E+007

3.0000E+007

3.0000E+007
3.0000E+007

Pucynok 1.20-4 - Hanpsizkenusi OX opTOTPONHOI IIACTHHBI

3apgava: "3apava 0"
HanpsxeHua Sigmay, H/M?
Macwrad nepemMeleHuin: 147.32

3.0000E+007
3.0000E+007
3.0000E+007
3.0000E+007
3.0000E+007
3.0000E+007
3.0000E+007

3.0000E+007

3.0000E+007

Pucynox 1.20-5 - Hanpsizkenust OY opTOTPONHOI IIACTUHBI
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3agava: "Japadva 0"
MMagHoe HOpMaNbHOS HanpAXeHUe 1, HiM?
Macwraé nepemelleHnii: 147.32

4.0000E+007

4.0000E+007

4.0000E+007

4.0000E+007

4.0000E+007

4.0000E+00

4.0000E+007

4.0000E+007

4.0000E+007

4.0000E+007
4.0000E+007

Pucynok 1.20-6 - ['maBHbIe HanpsikeHUs1 1 OPTOTPOMHOI MIACTHHBI
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BepughukayuoHHble npumepbl

Japaya: "3apava 0"
MaBHoe HOpMankbHOe HaNpAXeHWe 2, H/M®
MacwTad nepemelledni: 147.32

I 2.0000E+007

2.0000E+007
2.0000E+007

2.0000E+007
+ 2.0000E+007 /

L 2.DDDUE+DU\ 2.0000E+007
| / -
L 2. 0000E+007 \

I 2.0000E+007

2.0000E+007
2.0000E+007

Pucynok 1.20-7 - I'/1aBHbIe HANIPSIZKEHUS 2 OPTOTPOMHON NMIACTHHBI

Cpennee 3HaueHue aedopmanmu OX sx*=3.8801- 10'4, nedopmaru OY sy*:2.0363~ 10'3,

Cpennee 3uauenue Hanpsokerust OX o, =3.000-107 IMa, nanpsokerns OY cy*=3.000- 10" ITa.

['naBHbIe HATPsDKEHUs paBHbL: 63 =4.000-107 ITa, 6, =2.000-10" ITa.

AHaJ'II/ITI/I‘IeCKOG peH.IeHI/Ie JUIS TJIABHBIX HaHpH)KeHPIfI NMECT BU.
F F
O-l = —l , 62 = 2
L-h L-h
rae Fq1,, — cuna H, L — nimrHa nnactunsl, h — TOJIIMHA IUIACTHHEI, M.
6,=20000/0.005/0.01=4-10" ITa, 5,=10000/0.005/0.01=2-10" ITa.

Hanpspkenus o ocsam OX, OY pacCUUTHIBAIOTCS 110 (POPMYIIaMm:

GX:Jy=0a=010082a+028in2a, o =45
6= 6,=4-10" - 0.5+2:10" - 0.5=3.0-10' ITa
Hedopmarmu nio ocsim OX, OY paccuuThiBatoTcs 10 GpopMynam:
o. VO o, V.0 E
Ey=—""— =, gy:_y_ XL v, =y,
El E2 E2 El El
v,1=0.277-1.373-10"/5.59-10"°=0.06804
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£=3.0-107/5.59-10"° - 0.06804-3.0-107/1.373-10°=3.88-10™*;

£,=3.0-10'/1.373:10"- 0.277-3.0-107/5.59-10"°=2.036-10°%,;

BeimosHuB pacyér npu oMoty T-Flex AHaius, IpsMbIM METOI0OM, TIOTYYHIIH CIICIYIOIAE PE3yIbTATHI:

Taoauna 1
Tun koHeYHOTO AIIeMeHTa Yucno y3noB Yuciio KOHEUHBIX AJIEMEHTOB
KeanpaTuunslii TeTpa’ap 1104 3338
Taoauna 2
Ommbka
Hucnennoe AHanuTHYECKOE *
I'maBHOE HamnpspKeHUE * ‘(7 —-o
peurenne, O pelicHue o o, =—x100%
o
o1 ,lla 4.0x107 4.0x10’ 0.00%
o, Ila 2.0x10’ 2.0x10’ 0.00%
Tab6anua 3
Ommbka
Hanpsoxerue OX, OY qI/ICHCHHOC* AHanutnyeckoe ‘G o
pelieHue, 6 pelieHue o 5, =+——"x100%
o
c OX, Ila 3.0x10’ 3.0x10’ 0.00%
c OY, Ila 3.0x10’ 3.0x10’ 0.00%
Tabnuua 4
q Ommbka
WCJICHHOE «
Tedbopmanuu | AmnanmuTtHdeckoe ‘ c_g
pemenue, € peueHue & o, =— x100%
&
e OX 3.8801x107* 3.88x10™ 0.003%
e OY 2.0363x10°° 2.036x10°° 0.015%
BriBoa:

IMonydyeHna peamvcTHUHAS KapTHHA pACIpENEIeHUs MO HanpsokeHwuil. OTHOCHTENBbHAS IMOTPEIIHOCTE
YUCJICHHOTO pEIICHHsS 10 CpaBHEHUIO ¢ aHaguthyeckum coctapwia 0,015% mo nedopmarmsam s

kBaapaTuuHoro KO.
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BepughukayuoHHble npumepbl

TeMnepaTypHLIe HaNpAKCHUA OMMeTALINYECKOTI0 YJIeMEHTA

B paznuuHbIX TeMIepaTypHBIX PEryasTopax MPUMEHSIOTCS TaK Ha3blBaGMbIC OMMETAJUIMYCCKUE 3JICMEHTHI.
Bumeraminueckuii 3neMeHT NpeAcTaBisieT co00i IBE KECTKO COeIMHEHHBIE METANTMYECKUE TIACTUHKH C
pa3aMYHBIMU KO3(QdUIMEHTaMH TEMIEPaTypHOro paclIMpeHus «,,q,. Ilpu HarpeBe OumeTamMyecKas
IJIACTUHKA M3rHOaeTCs 32 CUET pazIUYHOTO YAJIMHEHHS e€ COCTaBIAommx (cM. puc.). Ecim omuH KoHeI
IUTACTUHKHA HETOJABIKHO 3aKpEMUTh, TO BTOPOHM (CBOOOAHBIN) KOHEI IMEpPEeMECTUTCS Ha HEKOTOPYIO
BEIUYUHY.

LA

PaccuuTaeM, kak U3MEHACTCSI KPUBU3HA MIOBEPXHOCTH CIas OMMETAIUIMYECKOTO 3JIEMEHTa B 3aBUCUMOCTH OT
TeMIIEpaTyphl HarpeBa.

[lyctp OMMeTanIU4ecKuid 3J€MEHT COCTOUT W3 TUTACTUHOK, MMEFOIINUX TOJIIIWHBI h1 =5mm, h2 =3Mm U

W3rOTOBJICHHBIX W3 PasHBIX MeTaIoB (amoMuHHil ¢ =2.4x10°K™, E =6.9x104i2, v, =0.33 u
MM
crams o, =1.3x10° K7, E,=2.1x 105%, v, =0.28). IInacTMHKH HUMEIOT OJMHAKOBYK UIHHY
Mm

L=250mm u mmpuny b=40mm. Dnemenr marpesaercs or T,=298.15K (um T,=25°C) no
T =49815K (mmu T =225 °C).

1 1
[Tycth — — HavasjbHAs KPUBHM3HA MOBEPXHOCTH criasi, paBHasi 0; — — KpUBH3HA MOBEPXHOCTH CIasi OCIIE

Po P
HarpeBaHusi. MI3MeHeHHe KpUBH3HBI HAIEM MTpU MOMOIIH ciieayromieit hopmyss [9]:
1 1 6(T — Ty N, — ;)

B 2 2 )
P Po (Elhl - Ezhz)

+4(h, +h,)
El E2hlh2 (hl + h2 )
Kpupuzna MOBEPXHOCTH cras noce HarpeBaHus OMMeTaINYeCKOTO
1 _
sneMenta — = 4,123x107"; p =2425.43 mm.
P
BeimonauB pacuer npu nomomu T-FLEX AHanus, momydaem cliefyronue pe3yabTaThl:
Tabamna 1.
ITapamMeTpbI KOHEYHO-)J1EeMEHTHOH CeTKH
Yucno Yucno y3nos Yucno
Tun KOHEYHBIX 3JIEMEHTOB [JIABHBIX pu pacuére KOHEYHBIX
y3JI0B 3aJauu JJIEMEHTOB
KBaJIpaTUYHBINA TETpa 10
ap erpasp ( 7932 165231 35667
V3II0B)

Tabamna 2.
PesyabTaT « KpUBH3HA IOBEPXHOCTH CHIAS»
| [ToBepxHO | YucnenHoe AHanutnyeckoe Omnbka |
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CTh Sj; pelieHue pereHue ‘ 1
paszena 1 1
ITACTIHO Kpusuzna —, KpuBnzna —, 5=
M P Pn 1
Kinj o o
MM MM
S 4.125E-004 4.123E-004

Jafava: "3afaqa 0"
MepeMelwleHta B Hanp.Z, M
MacwTaé nepemMeLlleHnii: 0.93

2.4017E-005

-3%22&353
F-3.2296E-002
r-5.0064E-002
-6.6832E-003 Oatuune_10:
I-E;LLZ?SSE'””
250 -
— -‘__‘_u_a__‘- —
—_— M
Ro=262L.013 T _—
K=k 125% 10
R24 35,0k R2L12.99

K=£106709x10~ K=k 16L2L2%10~

Pucynox 1.21-1 - Pe3ysabTaT onpeaejieHusi pajnyca KPUBH3HBI 110 TPEM TOYKAM
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BepughukayuoHHble npumepbl

Temneparypnas negopmanus 3-D Opycka

Paccmotpum Opycok. [yimna Opycka L, mupuna b, BeicoTa h.
Hckombie BenmuuHBI — 3TO MOAYIHM Jedopmaruii Baois ocelt X,Y,Z CHpOBOIMPOBAHHBIX W3MEHCHHEM

TEeMIIepaTypHhI.

Paccmorpum  cnenmyromme BxomHeie agammeie: L = 03 M, b = 02 M, h = 01 M.
Xapaxkrepuctuku Matepuana (ctanb): E = 2. 1E+011 Ila, v = 0.28, k03 duimeHT TMHEHHOTO paCIIUPSHUS O
= 1.3E-005 K ™.

Usmenenue temnepatypsl AT pasro 100°.

Pucynok 1.22-1 PacueTHasi MozieJIb ¢ HATPY3KaMH U 3aKpeneHUsIMHU

AHanuTHYeCKOe peleHue BBIYUCIISICTCS o bopmynam:
AX = a L AT
Ay = a b AT
Az=ahAT

Takum o0pa3zom,
AX = 2.60000000E-004 M
Ay = 3.90000000E-004 M

Az = 1.30000000E-004 m .
[ocne Beruncnennit ¢ nomoupio T-FLEX monydyaem cnenyromiye pe3ynbTaThl:

Taoauma 1.
ITapamMeTpbI KOHEYHO-3JIEMEHTHON CeTKH
Yucno Yucio
Tun KoHEUHBIX Yucno
TJIABHBIX KOHEYHBIX
3JIEMEHTOB apryMEHTOB
y3II0B DJIEMEHTOB
KBaJpaTUYHBIA
AP 1730 35775 7565
tetpasp (10 y3moB)
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Tabnauua 2.
Pesyasbrat «Ilepemerenue»
YucneHHoe perienue A*, m AHaJIUTHYECKOE PElIeHHE A, Omnbxka
M 5 =100%*|A* - A |/| A |
2.60000007E-004 2.60000000E-004 0.27E-007
3.90000001E-004 3.90000000E-004 0.26E-007
1.300000004E-004 1.30000000E-004 0.30E-007

Japgava: "Sapava 0"
MNepemMewenna, MOBYNb, M

0.0004864

0.0004256

0.0003648

0.000304

0.0002432

00001824

0.0001216

6.08€-005

4.853E-030
Pucynok 1.22-2 —Pe3yabrarsl pacueroB B T-FLEX Ananu3 (nepemenienus)

BriBOna:

OTtHOcHTENbHAs TIOTPEITHOCTh YMCIIEHHOTO PElIeHHs TI0 CpaBHEHUIO ¢ aHanuTrdeckuM coctaBmia <0,001%
n1s kBaapaTuuHoro KO.

lpumepbl pacyémoe 3ad0a4y ¢ KOHMakmamu

KoHTaKT mi10CcKoil NpyKMHBI

PaccMmoTpuM TUTOCKYIO TIPYKHHY, COCTaBIICHHYIO M3 NBYX dacTed. JlmwHa mepBoi mmactuHbel 3L , momHa
BTOpoit 2L. [lmacTHHBI UMEIOT OJMHAKOBYIO IIMPHUHY b M OJMHAKOBYIO BbICOTY h. IlnmacTuHBI 3aKperiieHbI
clieBa U Harpy»keHsl cripaBa ¢ cuioil P. IIpenmnonaraercs, 4To miacTUHbBI HE coequHeHbl. Kaxaasa ninactuHa
MOJKET CBOOOJTHO JIBUTAThCS OTHOCHUTENLHO JIPYToii (0e3 TpeHws).
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BepughukayuoHHble npumepbl

e g

NNANNRNNN

Pucynok 2.1-1 — PacueTHasi MoJeJib ¢ HATPY3KAMH M 3aKpenIeHUuSIMHI

Koneuno-snemenTHas MOJCJb IIPH YKa3aHHBIX HAIPY3KC 1 3aKPCIIJICHUH.

[Mpumem cnenyrorre BXoaHbie JaHHbIe: JyinHa L paBHa 0.05 M , mpuna b pasHa 0.05 M, BeicoTa h kaxaoi
mnactuHel  paBHa  0.005 M w®  BenuumHa ~— npuwioxkeHHoM cunel P pama 100 H.

CgoiicTBa Marepuaia (ctainp): E = 2.1E+011 ITa, = 0.28.
MaKcumasibHoe BepTUKanbHOoe nepemelieHne Az MoXeT 6biTb BbluMCieHo Tak: Az= 118*P*L3 / 24*E*) , rae
P- 3TO NPWIOXKeHHaA cuna, L - ONVHa, J - oceBoW MOMEHT UHepumu.
J= b*h3 / 12, roe b - LWMpPUHa " h -  BbicoTa KaXI0W  IIJIACTUHEIL.

Brruncnienns o npuBeICHHBIM BhIIe GopMyaM JatoT cleayromuil pesynbrar: Az =5.6190E-004 m .
[Tocne Beruncnenuii ¢ nomompio T-FLEX nomyuaem cienyromue pe3yiabTaThl:

Tab6umna 1.I1apamMeTpbl KOHEYHO-2JIEMEHTHOM CeTKH

Tum koHeYHOro dJIEMEHTA Hucno BepuivH YucCi10 KOHEYHBIX DJIEMEHTOB

KBaJIpaTHYHBIE TETPa3Apbl 2143 7632

Tabauua 2. Pesyabrat "llepememenue
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

—100%*| 1> -
Yucnennoe pemenue /Az*, m AHamuTHYECKOE pelenne Az, M Ommoka 8* 100%4z
Az*||Az]
5.4829E-004 5.6190E-004 2.42

3apava: "3anava 0"
MepeMelenna s Hanp.Z, M
Macwras nepemewenmii: 13.68

9.093E-008

-6.846E-005

-0.000137

-0.0002056

-0.0002741

-0.0003426

-0.0004112

-0.0004797

-0.0005483

Pucynoxk 2.1-2 —Pe3yabraThl pacueroB B T-FLEX Ananu3 (nepemenienusi no Z)

BriBoxa:

OTHOCHTENBHAS TIOTPEITHOCTD YHCICHHOTO PEIICHHS 10 CPABHEHHUIO C aHAIUTHYECKUM cocTaBuia 2,4% st
kBaapaTtuaHoro KO.

KoHTaKT ocHM M IPOyMINHBI

PaccMOTpUM KOHTAaKT OCH M MPOYLIMHBI M0 LMJIMHAPHUYECKONW MOBEPXHOCTH; TPEHHE HE YUHTHIBAETCS (CM.
pucyHok). K cBo00JHOMY KOHITY IPOYIIMHBI PHIIOKeHa HOpMaibHas Harpy3ka P = 100 xH.
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BepudghukayuoHHsle npumepbi

Pucynok 2.2-1 PacueTHast MoJeJIb ¢ HATPY3KAMHU U 3aKpeNJeHUusIMHA

[Mpumem crienyromue ucxomubie naHHbie: auamerp ocu d = 30 mm, mmuHa ocu H = 40 MM, HapyKHBIH
paauyc npoymmsbl R = 25 MM, TommuHa npoymmasl h = 10 MM, mMprHa MOJI0CkH MPOyMHHBL b = 20 MM,
JUTHHA TIOJIOCHI TPOYLIKMHBI b = 40 MM, pasinyc CKpYIJIeHHs MPOYLIHHBI 11= 10 MM.

XapakTEepUCTUKN MaTepHaa: E=21x10 MMa, V= 0.28

HopmaspHoe HampspkeHHe B CEYCHHMSX JICHTHI MOXKHO ONPEACNUTH IO MOIydMIupuueckoi popmyne [1,
c. 190]:

p

o=kK———
h(2R—d)

rae P — HopmanbHas cuia, H; K — koadduienT koHeHTpanuu Hanpsokenuit, K = 3,6.

Pacuer 110 BbIIeyKa3aHHBIM (GopMylam gaet Bemmanny o =1,029-10° Ia.

BeinonHuB pacuér npu nomomu T-Flex Ananus, (OLEHHTh BEIHYHHY G MOXHO IO TJIABHBIM HAIPSUKCHUSIM
61, OYUMTH CIIEyIONIHe Pe3yIbTaThl: BetuunHa o; = 1,027-10% H/M%
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

3agaya: "MpaMon meTogn"
FMagHoe HOpManbHOe HanpAXeHHe 1, HiW?
MacwTraé nepemMeleHln: 238.87

1.027E+008

8.835E+007

L B.8E+007

+ 5.0BEE+00T

1.588E+007

Pucynok 2.2-2 —Pe3yabTaThl pacuetroB B T-FLEX Ananu3s (rnmaBHoe HOpMaabHOe HANPSIKEHHE)

PesynbraTe cBeIeHBI B TAONHITY.

Tabimna 1.
ITapamMeTpbI KOHEYHO-)JIEMEHTHOI CeTKH
Tum xoHEeYHOro Yucno BepinH UuCII0 KOHEYHBIX 3JIEMEHTOB
JJIEMEHTa
KBaJ[paTUIHBIE 2241 10368
TETPadAPbI
Tadanna 2.
Pe3yabTaThl pacueroB, Hanps:xenue ¢, H/m2
Omnbxka
YucneHHoe penieHue *
* AHanutudeckoe perierne W, M ‘W —-W ‘
w o, =—x100%
w
1,027-10° 1,223-10° 19 %
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BepughukayuoHHble npumepbl

Mpumepsbl pacyémoe 3aday ycmolivyueocmu

Pacuer yCTOﬁqHBOCTH CKATOr0 MPAMOIro CTep>KHA

PaccmoTpum 3amady yCTOMYMBOCTH LEHTPAIBHO CHKATOTO MPSIMOTO CTEPIKHS
(3amaua Ditnepa). IIpsMoii cTep)KeHb, [UIMHA KOTOPOTro paBHa |, mmpuHa u
BBICOTA TIOMEPEYHOr0 ceueHusi — b u h COOTBETCTBEHHO, 3aKpPEIUICH OTHUM
KOHIIOM, a Ha JAPYrodl NeWCTBYeT CXKMMarollas Harpy3ka BedTUunHOH P. J
Heo0xonumo HalTH KOAQQULIMEHT HArPy3KH, IPH KOTOPOM CTEPKEHb TEPSIET

YCTONYHBOCTb. L

[MpumeM juMHY crepskHs paBHOW 0.5 M, XapakTEPUCTHKH IOMEPEYHOTO
ceyenns b=0.05 M, h=0.02 m.

XapaKkTepuCTUKU Marepuaja OCTaBUM 3aJaHHBIMH II0 YMOJTYaHUIO: MOMYIb
ynpyroctu E = 2.1E+011 //a, xorddunment [lyaccona v = 0.28.

I'pannynble yclioBHS ompenenuM CieAyromuM o0pa3oM. HIKHIOI I'paHb MOJHOCTBIO 3aKpervisieM, a Ha
BEPXHIOIO MPHUKIabIBa€M pacIipeielIeHHyIo cuily BeanunHon 1 H.

Pucynok 3.1-1 PacuerHast MojieIb ¢ HArpy3KaMHu U 3aKpenJieHUusIMu

KoneuHo-anemenTHas Mojienb 6Ky s 337a4U YCTOWIHBOCTH CTEPIKHA
g naHHOM 3a/1auM M3BECTHO aHANIWTHYEcKoe perieHue [2, c.14]. Kputnueckas Harpy3ka BBIYHMCISETCS IO

dhopmyie:
2
P, = % = 6.9087x10° H ,
)7,

rae £ — MOJyIb ypyrocT, J — MOMEHT MHepLuH, | — [utnHa cTepxHs, 1 — KOODGUIMEHT UTHHBI, 3aBUCSIINIA
OT YCTpOICTBA OTOP U crtocoda HarpyeHus: CTepkHs. B manHOM ciyyae y=2.

BrmonmauB pacuet npu nmomontu 1-FLEX Ananus, moirydaeM cieayromme pe3yibTaThl.

Taoanna 1.
ITapameTpbl KOHEYHO-IJIEMEHTHBIX CETOK

Yucino KOHEUHBIX
THIT KOHEYHBIX DJIEMEHTOB Yucro y3noB
3JIEMEHTOB
KBagpaTHuHbIA TeTpa’ap (10 y3mnoB) 839 2183
Tabamna 2.
PesyabTat « KpTHYeCcKasi HATPY3Ka»
YucneHHoe perieHne AHaMTHYECKOE pelICHHE Omméka
Kputnueckas Harpyska Kputnueckas Harpyska
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

H H -o
O-Kpa 7 prr 7 _MX].OO%
|pkp|
6.9341E+004 6.9087E+004 0.37

Pucynok 3.1-2 - [lepBasi gopMa norepm ycTOHYHBOCTH CTEPKHS

BriBoxa:

OtHOCHTENFHAS MOTPEITHOCT YUCICHHOTO PEIICHNUs 110 CPABHEHUIO C aHAmUTHIecKuM coctaBuina 0,4% mis
kBaapaTtuyHoro KO.

YceToiiuMBOCTh KBAAPATHOM IIACTHHBI (HmiacTuH4aThiid KJ)

PaccMoTprUM KBaapaTHYIO IUIACTHHKY CO CTOPOHOM & W ToNmuHO# h (cM. puc.).

h e

A
Y

TOJ'HJ.II/IHa IUTACTHHEI h CYIICCTBEHHO MCHBIIC JINHBI e€ CTOPOHBI a.
IImactuna PaBHOMEPHO CXaTa B IMONICPCUYHOM HAIIpaBJICHUU.

PaccmoTpum ciydaii, Koria Harpy>KeHHbIE Kpasl IUIACTHHBI 3aKpeIIeHbl IIapHUPHO; HEHArpyKEHHbIE Kpast
3aleMJICHBL.
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BepughukayuoHHble npumepbl

PLEEELL
RRRRRRNNY

3aIIEMISHHBIH Kpait
MIAPHUPHO OTePTHIi Kpaii

IMpuMeM crieayrolue UCXOHBIC JaHHBIC: JIHHA CTOPOHBI maacTuHbl & = 500am, TONNMHA MIACTHHBI

N H
h = 3mm, npunoxenHast pacnpeaenéHuas Harpy3ka P = 1—.
M

XapaxtepucTuku Matepuana: E =2.1x10" I1a, v = 0.28.
AHanuTHYECKOE PEIICHNE ITOM 3a1a4u uMeeT Bu/ [2]:

7°D
c,=K—,

a‘h

Eh®
rne D = ﬂl—zj — LMIMHAPHYECKAs )KECTKOCTh TIACTHHEL, E — Moxyns ynpyroctu, K - kosddunuenrt,
-V

3HaYEeHHE KOTOPOTO 3aBHCHT OT CIOCO0a 3aKperuieHus KpaéB TiacTUHKY (B anHoM ciydae K =7.69).

2
Taxum obpazom, o = K 7D =0.5188x10° H )
v a’h M
BeimonauB pacuer npu nomomu T-FLEX Ananuz, momydaem cliefyromnue pe3yabTaThl:
Tabauna 1.
ITapamMeTpbl KOHEYHO-3JIeMEHTHBIX CETOK
Ho
Mep Yucimo KOHEUHBIX
THIl KOHEYHBIX DJIEMEHTOB Yucno y310B
cer JJIEMEHTOB
K1
1 JTUHEWHBIN TPeyTroiabHUK (6 2238 4306
y3II0B)
5 KBaJIpaTHYHBIA TPEYTOIHHUK(6O 2238 4306
y3II0B)
3 KBaapaTHuHbINA TeTpasp (10 4594 13345
Y3JI0B)
Tabauna 2.

Pe3yabTaT « KpuTHYECKasi HATPy3Ka»
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

H|

0

M

© Uucnennoe pelieHue AH&;EEZ;;KOG Ommbka

p KpI/ITI/I‘IeCKa;{—I Harpyska Kprmimeckas arpyska N o, - q| o0

c q, — H N °

MZ o, — O-Kp

e w2

T

K

u

1 0.5260E+008 0.5188E+008 1.39

2 0.5281E+008 0.5188E+008 1.80

3 0.5277E+008 0.5188E+008 1.72
BoiBon:

OTHOCHTENbHAS TIOTPENTHOCTh YHCICHHOTO PEIICHUS MO CPABHECHHUIO C aHAIMTHYECKHM He mpeBbicuia 2%
JUTst KBasipaTuanoro KO.

YceToiiunBOCTh NPSIMOYTOJILHOM IUIACTHHBI (+I1acTuH4YaThii KJ)

PaccMOTpuM IPSIMOYTONTBHYO TUIACTHHKY CO CTOpOHamMu @, b u tommuuuoi h (cMm. puc.).

h P

%

A 4

b

TomuuHa iactuabl N cyimecTBeHHO MeHbIIe Ipyrux eé pasmepos a u b .

IInactuna PaBHOMEPHO CXaTa B IMOIIEPCUYHOM HAIIpaBJICHUU.

Paccmorpum  ciyuaii,

KOorga Harpy>XCHHBIC Kpad IIJIAaCTUHBI 3aKPCIIJICHBI
HEHarpy>KeHHBIX KpaéB 3amemiét, a BTOpoi Kpaii CBOOOIEH.
N , , P
_’ 4—
—> «— |5
_b 4—
—> — v
-— >
a
3alleMICHHBIN Kpan

APHHUPHO OMEPTHIH Kpaii
cBOOOHBII Kpait

ApHUPHO; OJUH

nus3

[IprMeM ClleIyrOIMe UCXOMHbIE NaHHbIE: uIMHA ¥ mupuHa mwiactuabl a = 8004, b =5000m, Tommuuna

. H
wiactudbl N = 3am, npunokeHHas pacnpesieNiéHHas Harpyska P = 1—-
M
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BepughukayuoHHble npumepbl

Xapakrepuctuky Matepuana: E =2x10" [Ta, v =0.25.
AHamUTHYECKOE pellieHre ITOM 3a1aun umeeT Buf [2]:

2
o, =KZ2,

b%h

Eh®
rne D= ﬁl—zj — OWINHAPUYECKAs )KECTKOCTh IIACTHHEI, E- MOAYyJIb YIPYIrOCTH, K- Koa(b(bI/IuI/IeHT,
-V

" a
3HAYCHUEC KOTOPOT'O 3aBUCUT OT cnocoGa 3aKpCIIJICHUSA KpacB IJIACTUHKU U OTHOIICHUA 6 (B JaHHOM CJiy4dac
K =1.33).
2
7D H
Takum 00pazom, o, =K o =0.8401x10’ [_2} .
M

Beimonaue pacuer npu nomomu T-FLEX AHanuz, moyryduinu cienyrolue pe3yibTaThl:

Tadanna 1.
ITapamMeTpbl KOHEYHO-3JIeMEHTHBIX CETOK
Ho
Mep Hucno KOHEYHBIX
THI KOHEYHBIX DJIEMEHTOB Yucno y3noB
cer 3JIEMEHTOB
KH
1 JMHEHHBIN TPEYyroabHUK (6 2105 4040
y3II0B)
5 KBaJpaTHUYHBIN TPEYroJbHUK(6 2105 4040
y3II0B)
3 KBaJIpaTHIHbINA TeTpa’ap (10 4450 12833
y3JI0B)
Tabamna 2.
PesyabTaT « KpuTHUeckas Harpy3ka»
H
0
M
© UucnenHoe pelieHne AHan;ZI;:IgKoe Ommbka
P Kpuriieckas warpyska K I/ITI/I‘-II:)eCKaSI Harpyska O~ Q|
H P by 5= x100%
¢ 4. — H o,
e w2 N
T
K
u
1 0.8370E+007 0.8401E+007 0.37
2 0.8391E+007 0.8401E+007 0.12
3 0.8388E+007 0.8401E+007 0.15
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Mpumepbl 3aday yacmomHo20 aHanu3a

Omnpenesienne cCOOCTBEHHBIX YACTOT KOJIeOaHUIl OaJIKH

HMeeTcst KOHCOIbHO-3allleMIIEHHAs Oanka IauHoM L
C TPSAMOYTOJIBHBIM MOTIEPEYHBIM CEYEHHEM IITUPUHOM @h
b u BEICOTOI h. - -

TpeOyercs onpenennTs MEPBHIE TPH COOCTBEHHBIE YaCTOTHI OaIKH.
[Mpumem L=0.5 m, b=0.05 m, h=0.02 m.

CaoiicTa MaTepuaa: Mogyis ynpyroctn E = 2.1-10" Ia, kosduument Iyaccona v = 0.28, mIoTHOCTS
p =T7800 K%u .

Pucynok 4.1-1 PacuerHasi MoJeJib ¢ HATPY3KAMU U 3aKpenieHusiMI

Koneuno-snemeHTHas MOACIb Oaku ¢ 3aKpCIIIICHUSAMU

Ananutryeckoe penienne umeeT Buj [3, ¢.382]:

2L
i p-F 27\ |

rae f, - cobersennbie wactoThl, E — Mozyss ynpyroctu Marepuaina, J — MOMEHT MHEPLHH, p — IULIOTHOCTh
marepuaina, F — miomaap nonepedsoro ceveHus, | — mmna Ganku, K, - kospduiment, 3aBucsumii ot

dopwmsr koneGannii (K, =1.875, k, = 4.694, k, = 7.855).

PeSy.]'H:TaTBI MNOJIYYHMJINCH CICAYHOIIHNC:

dopma KoneGanmii Pemenme B T- AHQIITHYECKOE orperxo
P FLEX, I'n pemenue, ' cTh, %
3 _——  er3 67.0 0.4
E
ﬂ
3 <q 4191 420.2 0.3
e 1162.4 1176.7 1.3
BoiBoga:
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BepughukayuoHHble npumepbl

OTHOCHUTENIbHAS MTOTPEIIHOCTh YUCICHHOTO PEIICHHS 110 CPaBHEHHIO ¢ aHanuTHYeckuM coctasuna 0,4-1,3%
JUIs TIepBOU-TpeThelt GopMbl s kBagpatuaHoro K3 u pacteT ¢ yBennueHueM nopsiaka GopMal.

OnpenesieHne nepBoi COOCTBEHHON YaCTOTHI KOJIeOAHUI KPYIJIOH IJIACTUHKH

JInst KpyTJI0# miacTUHbI paaunyca R u Tommmus! h, 3ameMiieHHoi mo |
KOHTYpY, HEOOXOOMMO OIpEeAETIUTh COOCTBEHHYIO 4YacTOTY IE€PBOM
(hopMBbI KoJIeOaHMIA.

h
[Ipumem paamyc mmacTuHbl paBHBIM R=0.2 M, TONIMHMHY TUIACTHHBI W

h=0.01 m. CBoiicTBa MaTepuana: MOaysb yrupyroctu E =2.1-10"11a, ,

> |«

kodddumment Ilyaccona v = 0.28, motHOCTH p = 7800 K7 .
M

Bcenencreue CUMMETPHUHU paccMaTrpuBacM OHY YETBEPTYIO qacTh IJIaCTHUHBI, HaKJIaabIBaCM
COOTBCTCTBYIOIIMEC I'PAHUYHBIC YCIIOBUA.

BemmomauM  pacu€r mepBoil  COOCTBEHHOH YacTOTHI KOJeOaHW TUTACTHHBI, WCIONB3ysd CHadaia
TETpasApaJIbHBIC KOHCUYHBIC J3JICMCHTBI, a 3aTCM — TPCYI'OJIbHBIC. CpaBHI/IM MOJIYYCHHLIC PE3YJIbTAaThbl C
AHATUTUYECKUM pelIeHuEM, KOTopoe uMeeT Buf [3, c.452]:

10.21 | D
f =—— |——=633.9 Iy,
27R“\ p-h
E-h’
e R — paauyc miacTiHsl, p — IIOTHOCTH MaTepuaina, h — TONIMHA TIacThHbL, D = 7.4 — M3rubHas
‘(L-v
JKECTKOCTb.

PucyHnok 4.2-1 -PacuyeTHasi MojieJib ¢ HATPY3KaMHM U 3aKpenJIeHUsIMHU

KoneuHo-31eMeHTHAs MOJICITh TUTACTUHEI C 3aKPETUICHUSIME
BrmonauB pacuet npu momontu 1-FLEX AHanus, moyquiiy CiieIyrontue pe3yabTaThl:

Taoanna 1.
ITapameTpbl KOHEYHO-IJIEMEHTHBIX CETOK

Ho
Mep Umnca0 KOHEYHBIX

TuI KOHEYHBIX JJIEMEHTOB Yucno y3nos
cer JJIEMEHTOB

K1

1 JIMHEHHBINA TPEYroibHUK (6 1865 3580
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

y3JI0B)
9 KBaJIpaTHYHBIA TPEYTOIHHUK(6O 1865 3580
y3JI0B)
3 KBaJIpaTH4HbIA TeTpasap (10 3938 11549
y3JI0B)
Tadauna 2.
Pe3syabtaTt «CoO0CTBEHHbIE YACTOTHI»
H
0
M
e AHanuTudeckoe Ommoka
P HucneHHoe peleHue CIITCHIE
CoOcTBeHHas YacToTa p | f, - /11|
- CobcTBeHHas 9acToTa o= x100%
Z ﬁl Ly fl Ty | f1|
T
K
u
1 632.2 633.9 0.26
2 630.6 633.9 0.51
3 631.7 633.9 0.34

Brison:

Pucynok 4.2-2 - [lepsasi popma xos1edanmii

OTHOCHUTENBHAS IOTPENTHOCTh YACICHHOTO PElIeHHsI TI0 CpaBHEHHIO ¢ aHajnuTHudeckuM cocrasuia 0,5-0,3%
JUTsL TIepBOW (OPMBI JJIsT KBaJPAaTUYHOTO TPEYTOJBHOIO U TeTpadapanbHoro KO COOTBETCTBEHHO, OJTHAKO
pacuer TeTpa3apoM TpedyeT B 3 pasa Oosbiiee uynciio K3.

CBoGoaHbIe KoJie0aHust chepuyeckoro kynouaa (+tmaactunvarolii KJ)

Paccmotpum chepuueckuii Kynou paguyca R, 3amemiéHubiil o KoHTypy (CM. puc.).
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BepughukayuoHHble npumepbl

Pucynok 4.3-1 - PacueTnas MojieJib

Tommuna kynona h cymiectBeHHO MeHbIIe ero paauyca R .

HucneHHo MOAEIUPOBAIACh 4 yacTh cpepuaeckoit moBepxHocTH. Ha HIDKHEH KpOMKE 3a/1aBajliCh YCIOBUS

XKECTKOTrO 3aIlleMIICHUs], HA OOKOBBIX IPaHsX — YCIOBHUS CUMMETPHU.

TS CASER:
ﬁi%lv ) AN, aVass
SRR AT SIS

TR fAVavasasVi

e, SRS
AT vy A
PoeaiAAS

NS

U
B

Pucynok 4.3-2 - Koneuno-ajieMeHTHast Mojie/Ib c(hepuyecKoii 00010YKH € 3aKpenIeHusIMI

R
[prmMeM crenyronme ucxoauble gannbie: paguye R = 300aum, Tommuuna h = 3mm (F =100).

Xapakrepuctuku Matepuana: E =2.1x10" ITa, v=0.28, p = 78OOK—23 .
M

Pemenne sToit 3a1aun umeet Bux [4]:

f = M
27
rac
)y = E )
0 R1—1?
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

E — moxyns ynpyrocta,

K, - ko3 duumeHT, 3HaUeHHE KOTOPOTO [UIsl IepBbIX msith yactot: 0.5457, 0.7377, 0.8563, 0.8598, 0.9034.
Takum  oGpasom, f,=1564.7 I'y, f,=21153 1y, f,=245541Ty, f,=2465.4 Ty,
f. =2590.4 I'y.

BremomauB pacuer npu nomomu T-FLEX Ananmz, momydnnm ciemyromune pe3ynbTaThl:

Tadauna 1.
ITapameTpbl KOHEYHO-3JIEMEHTHBIX CETOK
Ho
Mep Yucno KOHEUHBIX
THun KOHEYHBIX IIEMEHTOB Yucno y3noB
ceT 3JIEMEHTOB
K{
1 JIMHEWHBIN TpeyroiabHUK (6 2840 5510
y3JI0B)
5 KBaJIpaTUYHBINA TPEYTOJbHUK(O 2840 5510
Y3I10B)
3 KBaJpaTHYHbINA TeTpa’ap (10 5507 16387
Y3JI0B)
Tabanua 2.
Pe3yabTaT «CoGcTBeHHBIE 4acTOThD». CeTka Nel
Home
p
cober Yucnennoe pemenue AH?ZEZ:SIZKOQ Ormm6ka
Co0 —y
BEHH obcTBeHHAA HactoTa CoOCTBEHHAs YacTOTa o= [fi =4 x100%
on }ui Ay f. I ‘f‘
i1y :
4acTo
THI i
1 1574.1 1564.7 0.59
2 2107.0 2115.3 0.39
3 2469.9 2455.4 0.59
4 2490.3 2465.4 1.01
5 2592.9 2590.4 0.10
Tadanua 3.
PesyabTaTt «CoGcTBeHHBIE 4acTOThDY. CeTka No2
Howme
p UNCIEHHOE  pelleHHne AHATHYECKOE Ourmbka
coder CobGcTBeHHass yacToTa PCLICHHC ‘ P~ ﬂi\
BEHH CoOcTBeHHast dacToTa 0 =——x100%
o A Ty _ i
ou f| ' Fl/f !
4acTo
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BepughukayuoHHble npumepbl

THI |

1 1573.8 1564.7 0.58

2 2105.4 2115.3 0.47

3 2466.7 2455.4 0.46

4 2488.5 2465.4 0.94

5 2586.7 2590.4 0.14
Tadauna
Pe3yabTaT «CoGcTBeHHBIE YacTOThD». CeTka Ne3

Howme

p

cobCT Uucnennoe  peieHue AHAHTHICCKOS Ommbka

BeHH CobcTBeHHAas YacTOTa pelicHue | — A4

- CoOcTBeHHasT YacToTa 6 =——x100%
oif ATy P ‘f‘
i 1’! !

4acTo

THI |

1 1574.3 1564.7 0.61

2 2106.2 2115.3 0.43

3 2465.9 2455.4 0.43

4 2487.0 2465.4 0.88

5 2586.1 2590.4 0.17
BeiBox:

OrtHocuTeNbHAS IMOrp€uIHOCTb YUCJICHHOI'O pCHICHUS 110 CPaBHCHUIO C AaHAJIMTUYCCKHUM HE NIPEBLICUIIA 1%.

HN3rubHble KoJ1e0aHNs KPYTrOBOro KOJbIa

Paccmotpum kpyrosoe konblio. Paguyc R nentpanbHoil muaMK paBeH 1 M.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Pucynok 4.4-1 — KoJab1o ¢ pa3mepamMu

KsanparHoe cedeHune HamMHOro MeHble paauyca R . Jlnuna croponsl kBazapaTta pasBHa 0.050 m
Hwxnss rpanp 3auKCHpOBaHa O HOPMAJIH.

Pl/lcyHOK 4.4-2 - KoHeuHO0-3JIeMEeHTHAas MoIe/Ib NPH YKa3aHHBIX HATPYy3Ke U 3aKPEIJICHUM.
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BepughukayuoHHble npumepbl

CeoiictBa  matepumana: E = 2.0E+011 IIa, v=0.29, p = 7900 kr /™S
AHaTUTHIECKOE pereHue HaXOIUTCS CJIEIyFOIINM o0pazoMm:

2
PR ER1-) ,_at
T | Ly e 1z
Takum o6pasom, f, =31.015 Ty, f; =87.723 'y, f, = 168.201 'y, f; = 272.017 I'w.

ITocne Beruucnenuii ¢ nomoupo T-FLEX nosrydaeMm cienyromue pe3yIbTaThl:

Tabanna 1.
ITapameTpbl KOHEYHO-3JICMEHTHOM CETKH
THun KOHEYHOT O DIIEMEHTA Yucno BepmnH Uncno KOHEYHBIX 2JIEMEHTOB
KBaJIpaTUYHBIE TETPadIPhI 1671 3722
Tabumna 2.
PesyabTart "YactoTn"
Yucnennoe pemenue 7, Amnanutuyeckoe perenue f, Oumméka 6 = 100%*| f,"- | /| ;]|
I'n I
31.0 31.015 0.05
87.5 87.723 0.25
167.3 168.201 0.54
269.5 272.017 0.9
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Sapava: "3anaya Q0"
OTHOCHTEMNbHLIE NepeMellleHUA, MOgyNb

DopMad - pesoHaHCHAn YacToTa: 30.984 Ny
Macwraé nepemewedi; 0.91

Pucynok 4.4-3 — YerBepras popma KoJiebaHunii KoJbia

BriBoxa:

OTtHOcHTENBHAS TOTPEIIHOCTh YUCIIEHHOTO PENICHNS 110 CPABHEHUIO ¢ aHAJTMTHYeCKUM He nipeBbicuia 0,9%.

OceBble U nONEPeYHbIe YACTOTHI KOJIeOaHN 0aJIKH ¢ BeCOM

PaccmoTpuM KOHCONIBHYIO 0aJIKy, Ha IPaBblid KOHEL KOTOPOil MPUIIOKEH Bec.

W
/
L

e e
= =

Pucynok 4.5-1 — Cxema koHcoJIbHOM 6aku ¢ Becom W Ha KoHIIe
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BepughukayuoHHble npumepbl

JmunHa Ganku L. B nepevynoM cedeHun Oaiika TpsMOYroibHAs MIMPUHOW b 1 BbicoTOl h. Macca rpy3za M.
Macca camoit Oanku m.
m = p F,
rae F = b,h — pasMepsl cedenus, p - INIOTHOCTh MaTepuana OankH.

PucyHnok 4.5-2 PacueTHast MoJieJIb ¢ HATPY3KaMHU U 3aKpeNJIeHUsIMHU

KoneuHno-sneMeHTHas MOAEIb MIPU YKa3aHHBIX HArpy3Ke U 3aKpeIICHHUH.
Ilycts L paBHO 0.5 M, b paBHO 0.02 M, h paBHO 0.05 M.

Cpoiictea Matepuana (crans): E = 2.1E+011 Ila, v=0.28, p = 7800 «xr / wm3.
Macca rpy3a M paBHa 2-m-L K2 (T.e. 7.8 Kr).
AHanuTHuecKoe perieHue noJry4aeM o CIIETYIOIINM (bopmynam:

Yacrota OCEBBIX KoJie0aHus

a)
Ja Lo _zg[fA-LJEJ _ml

B JE M
b) Yacrora MOTIEPEYHBIX KoJie0aHui
1| 3E]
Ir =g 33
M+——mL |’
140
_hb
12

Takum o6pazom, f, = 1078.962 'y, f; = 22.092 I'u.

ITocne Boruncnenuii ¢ nomonipio T-FLEX nonyyaeMm cneayrouiye pe3yiabTaThl:

Taoauma 1.
IMapameTpbl KOHEYHO-JIEMEHTHOM CeTKH
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Tun koHeYHOr o djIEMEHTA

Yucno BepminH

Umncio KOHEYHBIX AIEMEHTOB
KBaJ[paTHUYHbBIC TETPAPhI 314 787
Tabaunma
Pe3yabTat "Yacrora'*
Uucnennoe Amnanutnueckoe perienue f, ' Ommoka § = 100%*| f*- | / | ;|
pemienue
f, T
22.252 22.092 0.72
1080.462 1078.962 0.14

Janaqa: "3agava_0"

OTHoCHTENLHLIE NepeMelleHlA, MoaYNL
oopma 1- pPeloHaAHCHAA YacToTa! 22 252 rq
Macwrad nepemMejeHin: 0.07

Pucynox 4.5-3 —Pe3yabtarsl pacueroB B T-FLEX Anamus (Popma 1)
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BepughukayuoHHble npumepbl

IlepBasi coOcTBeHHAsl YACTOTA KOHCOJILHOM 0aJIKH O/ JelCTBHEeM NPOJ0JIbHON pacTArMBaloLel
CHJIBI

Paccmotpum xoHCONBHYTO Oanky. JnmHa 6anku L. B mepedunom ceueHnn Oanka mpsMOYTOIbHAS MUPHHOMN b
1 BBICOTOH h.

h

< - > =
Baika 3akperuieHa ¢ J€BOro KOHIA ¥ Harpy»eHa NpoAO0IbHOM pacTsAruBarolei cuiioi P ¢ mpaBoro KoHua.

[Ipumem criemyrontie BxoaHble maHHble: mmmHa L Oamku 0.5 M, mmpura b 0.05 M, u Beicota h 0.02 M,
BEITMYMHA TIPHIIOKEHHON CHITBI P 50000 H.
XapakTepucTUKu Marepuana (cramn): E = 2.1E+011 ITa, v = 0.28.
Hckomas BennumHa — repBasi COOCTBEHHAs 4acToTa OaKu.

PucyHnok 4.6-1 - PacueTrnasi MoJeJib ¢ HATPY3KAMHU U 3aKpeINJIeHUSIMU

Koneuno-snemenTHas MOJCJb IIPpH YKa3aHHBIX HAIPY3KC 1 3aKPCIIJICHUU.

AHamnTrdeckoe peuiexnue BBITJISIAUT CIIEAYIOIIUM o6pa30M:
: SPI
A 1= fl 1+
1487
poL(a) [B
Vool L) oF

rae f; — 970 mepBasg coOCTBEHHas yacToTa OainkH, J — MOMEHT MHEPLHUHM, p — IUIOTHOCTh Marepuana, F —
mIomanap ceuennsd, k, = 1.875.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Takxum obpasom, f,* = 85.804 I'n

[Tocne Beruucnenunii ¢ momoinpio T-FLEX nomydaem ciemyroiye pe3yabTaTh:

Tabauua 1.
IMapameTpbl KOHEYHO-3JIEMEHTHON CETKH

Tumn KOHEYHOTO dJIeMEeHTa Yucino BepiuH YuCno KOHEUHBIX 3JIEMEHTOB

KBaJ[paTHYHBIC TETPAdIPhI 314 787
Tabanna 2.
Pe3yabTat "Yacrora'*

Yucnennoe pemenue f*, I'a Amnanurnueckoe pemenue f, ' Owmmdka d = 100%*| - f| / |
fl
86.218 85.804 0.48

Japava: "3apava_o"

OTHOCHTENbHBIE NepeMelleHns, MoayNb
®opmMa 1 - pe3OHAHCHAA YacToTa: 86.218 Ny
Macwraé nepemMewennii: 0.00

Pucynok 4.6-2 —Pe3yabraThl pacueroB B T-FLEX Ananu3s (Popma 1)
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BepudghukayuoHHsle npumepbi

l'IepBaﬂ COOCTBEHHAsl YaCTOTA CHCTEMBI HA Yupyrom oCHOBaHUH

PaccmoTpum maccy, nmerontyro Gopmy Ky0a, pacioioKeHHYIO Ha YIIPYTOM OCHOBAHUH.

Pucynox 4.7-1 - KoneuHno-3;1eMeHTHasi Mo/ieJIb P YKA3aHHBIX HArPy3Ke H 3aKpenJeHn .

Jmaa CTOPOHBI KyOa paBHa L. ITyCTh L paBHO 0.1 M.
XapakrtepucTukn wmartepuana (cranp): E = 2.1E+011 Ila, v=0.28, p = 7800 «kr / ™5
Macca KyOa M paccUUThIBAETCS o crieayrouen hopmyite:
M= p L3
Takum o0Opa3om, M = 7.8 KT.
KecrtkocThb TIPYKHHBI k paBHa 1000 H/m .
AHanuTHueckoe peleHue MOy YUM o cleayromei tdhopmyne:
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

1 |k

ety

Takum o6pazom, = 1.802 't
[Tocne Beruucnenuii ¢ nomoupo T-FLEX nonmydaem ciaenyromue pe3yabTaThl:

Tabanna
ITapameTpbl KOHEYHO-3JIEMEHTHOIi CeTKH
Tumn KOHEYHOTO dJIeMEeHTa Yucio BepiuH YuCno KOHEUHBIX 3JIEMEHTOB
KBaJ[paTHYHBIC TETPAdIPhI 1722 7505
Tabauua
Pe3yabTat "Yacrora'*
Yucnennoe perrenue f*, I'n Ananutnueckoe peuieHue f, Ommdka & = 100%*| f*- | / | ;]
'y
1.802 1.802 0.00

Japaya: "3agava_o"
Otk Hble nep WeHua, Moayne

®opmat-p 1.802 My
Macwraé IIOP.MOIM.”H“: 0.00

Pucynox 4.7-2 - —Pe3yabTarsl pacueroB B T-FLEX Anamus (Popma 1)
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BepughukayuoHHble npumepbl

lNpumepbl 3aday aHanu3a eblIHY)XO€eHHbIX KojsiebaHul

BbiHy:KIeHHbIe KOJIeOaHUS TPY3UKA HA NPYKUHE (CHJI0BOE BO30Y:KIeHHE)

PaccmoTpuM IMIMHAPUYECKUM TPY3HK, MOABEIICHHBIA HA OJHOM KOHILIE IPYXHUHBI, APYTOd KOHEL KOTOPOH
3akpermieH. (cMm. Pucynox 5.1-1). K cBoOogHOMY KOHIy TPY>KHUHBI

MPIJIOKEHA BEpPTHUKAIbHAS
BBIHYKJIAI0IIas HArpy3Ka, U3MEHSIOMIASACS 110 CHHYCOUAAILHOMY 3aKOHY.

12

| Lo

i}

PucyHok 5.1-1 — PacyeTHasi MoJieJib ¢ TPAHUYHBIMH YCJIOBUSIMH

[Mpumem cremyroniyie UCXOJHBIE TaHHBIE: CpeaHni muameTp npyxuHsl D = 30 mm, anuna npyxuast H = 100
MM, AuameTp npoBojioku d = 2,5 MM, YMCI0 BUTKOB NPy XuHBI N = 6 MM. [TapameTps! rpy3uka: ntuametp D, =

40 mm; BeIcOTa H, = 35 MM, Macca m, = 0,34306 kr, narpy3ka P =10 H u usmeHsercs o CHHYCOUJATBHOMY
3aKOHY.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

XapaKTepUCTHKH MaTepuana mpykuHsl u rpysuka: E =2,1x10"Ila; v = 0,28; p = 7800 kr/m’; G =
8,203x10" Ila.
Omnpenenuts aMIUTUTYIBI KOJIEOAHUH Tpy3uKa Ha TIEPBOM COOCTBEHHOW YacTOTE W B JHAla30HE 4acToT 4 —

20 ' ¢ warom 4 I'u. Jdemnduposanue mo Panero: a = 0,02; B = 0,003531. Koaddunuent gemndupoBanus
Ha 9acTOTE MEePBOI MOABI paBeH 15 % OT KPUTHUECKOTO.

I[TepBast coGcTBeHHas: YacToTa CBOOOIHBIX KoJieOaHui rpy3uka onpenensercs mo popmyse [1, c. 11 (d.4)]:

o1 19
¢ ZE\AZ

cm_ep
H

rie § — YCKOpEeHHE CBOOOJHOTO MajCHUS, M/Cz; AZ. ;, — CTAaTHYECKOE INEpEMENIEHHE CBOOOTHOIO KOHLA
NPYXXHUHBI TI0]1 BECOM Tpy3Hka. Ero MoxHo onpeaenuts o gpopmysie [2, c. 232, (¢p. 9.54)]:

~8m,g-D%n
Zow op = Tdte

roe M, — Macca rpys3uka, Kr; D — cpeHuil AuamMeTp Mpy>KHHbBI, MM; N — YHCJIO BHUTKOB NPYXuHBI, d —
JUaMeTp MPOBOJIOKU, MM, G — Moaynb ciBura, I1a.

Pacuer mo dopmyne gaer Az, . =1,361 mm, pacyer no MKD paer Az =1446 mMm.

fo_ad
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BepughukayuoHHble npumepbl

SJapava: "CTaTMdecKoe NepemMelljeHHe
nEPEMEU.lEHI-"IH B Hanp_z, (F1x Japava: "COECTBEHHM_‘IECTOTE"

MacwTas "EPEMEMEHHF': 5.49 OTHOCHTENbHBIS nepemMelleHA, MOOYNE
dopMa 1l - pesoHaHCHaA YacToTa: 13.216 'y
I 0.0058451

MacwWwTas nepeMelleHHIA: 0.00

1.693
| 01758 i
11 481
L nas74
L1327
| 0539
! 1058
L 07207
| 0.a464
| _n.anz3
| 0A348
L1084
L 04732
-1.268 0.2116
1 447 .

Pucynok 5.1-2 — Dmiopsl pe3yabTaToB

Termepb paccumTacM IEPBYIO COOCTBEHHYIO YacTOTY: pacdeT 1o (opmyie maer sHauenue f,U=13.511 I'n,
pacuet no MKD naet 3HaueHue fc(1)=13.216 o

I[Mepemerierne CBOGOAHOTO KOHIA MPY>KUHBI MOJT ICUCTBHEM CTATHYECKOM HATPY3KH MOXKHO OTIPEICIHUTD 10
dbopmyie [2, c. 232, (¢. 9.54)]:

_8P-D*-n
™ d*.G

rae P — ocesast cuina, H; D — cpenauii quamMeTp Mpy>KUHbBI, MM; N — YUCIO BUTKOB MPYXHHBI, d — 1uameTp
poBOJIOKH, MM, G — Momyb crBura, Ila.

Az

Pacuer 1o BeIeykasaHHbIM popmyinam gaer Benmandy Az, =4,045 mm. Craruaecknii pacaer MKD naer

Az, =4,172 mm.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Sapaya: "CTtatTMyeckoe nepemMelleHMe oT EbIHyRKAaKWeER cHnbI™
MNepemMelleHHA B HANR.Z, MM
Macwraé nepemMeleHli: 1.49

I 0.01751

+ -0.5061
+-1.03
+-1.5953
+-2.077
+-2.601

+-3.124

-3.648

-4172

Pucynok 5.1-3 — Dmiop pe3yJabTaTa nepemMemienusi no Z

Tenepsb paccuntaeM AeMIpUPOBaHHBIN KOIPPUIMEHT yeuiieHust aMmutya [1, ¢ 74, (d.1.47)]:

1

2

(2] (e

)

rne o, =2x-f,, @ =2x-f, - kpyroBas yacToTa BBIHYK/AIONIEH CHIIBI M COOCTBEHHAs KPyropas 4acToTa
cootBercTBeHHO; ¥ =c/c,, =0,15 - koodpduument nemnduposanns. B pesonance npu f, = f. kospuument
YCHUJICHUS
1
b=y,
Torpma aMmiuTyaa A, BIHYKIACHHBIX KOJICOAHUH OMPEISITUTCS
Ag = ﬂg : AZcm
Pacuer no popmynam naer s f, = 13.511 I'u, By = 3,333; A, = 13,482 mm.
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BepughukayuoHHble npumepbl

st pacuera mpu momornn T-Flex Ananus ompenenum k03)GUIHEHTH AeMITGUPOBAHUS Y OT PajeeBCKHX
ko3 purmeHToB meMIrpupoBaHUs IO HHEPITHH o | 110 skecTkocTh B [1, 304, (d.4.125)]:

a po,
= 4 ¢
" 20, 2

st yacToThI fc(l) = 13,511 3nagenwne y = 0,15.

BGHI/I‘lI/IHy AMIIIMTY bl OIIPEACIIACM IO PE3YyJIbTaTy ((HCpeMCHIeHI/IH, aMIlIUTyaa, Z»

Jagavya: "BelHykaeHHbIe _KonedaHWA_c_jpet 3afava: "BelHy#AeHHbIe_KONe&aHUA_C_AaeM|
4000 Iy - NepeMelleHHA, aMINUTYAa Z, MM 20000 Y - NepeMelledHyA, aMINUTYAA £, MM

Macwraé nepemMelleHHi: 4.25 MacwTaé nepeMelleHnii; 2.84
4537 3.03
I- .87 I 2691
L 3.403 + 2272
- 2.836 +1.894
L2269 +1.5815

Pucynok 5.1-4 — Jniopsl pe3ybTaToOB

Pe3ynbTaThl pacdeTa cBeIeHbI B TAOIUITY.

Tabauna 1.
IlapameTpbl KOHEYHO-3J1eMEHTHOI CeTKH M pe3yJbTAThl pacyeTa
Tun KOHEHHOTO KBagpaTHYHbIN TeTpasap (10 y3noB)
3JIEMEHTa P ThasAp Y
Ywucno y3moB 7614
Yucno KOHEYHBIX
30846
3JIEMEHTOB
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Tadauna 2.
Pe3yabTaThsl pacyera
YuclieHHOe Ommbka
Brinyxnaromas yactota AHanuTH4YecKoe g
pelIeHue, . ,
f,, I A * g pemenne A, My S, = 1x100%
4 4,538 4,412 2,852
8 6,295 6,007 4,792
12 12,98 11,896 9,117
13,511 13,65 13,482 1,245
16 7,068 7,536 6,209
20 3,034 3,182 4,643
16.000
14.000
12.000 / \
10,000 //
8.000 = AHANHUTHYECHOE PELWEHHE

=l YucneHHOE pEWIEHHE

6.000
4.000
2.000
0.000 T T T T T 1
0.00 4.00 8.00 12.00 16.00 20.00 24.00
Pucynok 5.1-5 — I'padpuku cpaBHeHHs pe3yIbTaTOB
BbiBoa:
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BepughukayuoHHble npumepbl

OTHOcHTENbHAS TIOTPENTHOCTh YHCIICHHOTO PEICHHS M0 CPAaBHEHUIO C aHAJWTUYCCKUM Ha PE30HAHCHOU
yacrore coctaBuia 1,25 %, 0JJHaKO B OKPECTHOCTH pe30HaHca morpenHocts nocturaet 10 %.

BbiHy:KIeHHbIe KOJIe0aHUsl TPY3UKA HA NPYKMHe (KHHEMATHYeCKoe BO30yKIeHue)

PaccmoTpuM IMIMHAPUYECKUM TPY3HK, MOABEIICHHBIA HA OJHOM KOHILIE IPYKUHBI, APYTOH KOHEL KOTOPOH
3aKpeIUieH Ha TOABM)KHOM OCHOBAHHH, COBEPIIAIONIEM OCIFUUISAINNA 10 CHHYCOHWJAIBHOMY 3aKOHY. (CM.
PHUCYHOK). AMIUTUTY/Ia OCIMIUIALMI ocHOBaHUs paBHa 1.0 MM.

Pucynok 5.2-1 — PacueTHast MoJie/1b ¢ IPAHUYHBIMH YCJIOBHSIMH H IATYUKOM

[Mpumem cremyroniyie UCXOJHBIE TaHHBIE: CpeaHni muameTp npyxuHsl D = 30 mm, anuna npyxuast H = 100
MM, AuameTp MpoBojoku d = 2,5 MM, YMCII0 BUTKOB NPy XuHBI N = 6 MM. [TapameTpsl rpy3uka: nuametp D, =
40 mm; Beicota H, = 35 MM, macca m, = 0,34306 xr.

XapaKTepUCTUKH MaTepuaia npyxuHbl i rpysuxa: E = 2,1x10" Ia; v = 0,28; p = 7800 xkr/m>;
G = 8,203x10" Ila.

Omnpenenuts aMIUIUTYAbI KoJieOaHUH TPy3HKa Ha MEPBO COOCTBEHHOW YacTOTE W B JMama3oHe 4acToT 4 —
20T ¢ marom 4 T'n. Koadouuumentsr PaneeBckoro aemmnduporanus: o =1.25; B = 0.000297732.
Koaddumment nemndupoBanust Y Ha 4acToTe MEPBOI MOJIBI paBeH 2 % OT KPUTHIECKOTO.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Jiia MKD3 pacuera coznanum ceTky ¢ pa3MepoM arneMeHTa ~3 MM. Ha BepXHuil KoHel NpyKUHBI IPHIIOKUM
Harpy3Ky «OCLWIIATOP» C aMIUIMTYIOH mo ocu Z, paBHOM 1.0 MM, ocTajpHBIC aMIUIMTYIbl OCTAaBUM
PaBHBIMH HYJIIO (10 yMom4aHuio). L{mnnHapuyeckyto rpaib rpy3uKa OrpaHIYMM YaCTUYHBIM 3aKPEIICHHEM
C BO3MOXHOCTBIO IIEpEMEIIEHUS 110 OcU Z.

ITepBast coOOCTBeHHAsE YacTOTa CBOOOHBIX KOJIeOaHUH rpy3uka omnpenensiercs mo dpopmyse [1, c. 11 (d.4)]:

fo_ 1 10

© o 2mh\ Az, ,
re § — YCKOpeHHe CBOOOTHOTO TMAaICHHUS, M/c?; AZ.; ;, — cTaTHYeCKOe NepeMelleHre CBOOOIHOrO KOHIA
MPY>KUHBI IO/ BECOM rpy3uka. Ero MosxHO onpeaenuTs o dopmye [2, ¢. 232, (¢. 9.54)]:
_8m,g-D*-n
mer s dh.G
rae M, — macca rpys3uka, Kr; D — cpeHuil AuaMeTp MpY>KHHBI, MM; N — YKHCJIO BHTKOB IPYXHHBI, d —
JTUaMeTp MPOBOJIOKU, MM, G — MOAYJb cliBHra, [1a.

AZ

*

= —1.361 mm, pacuer mo MKD naer Az =—-1.388 Mm.

cm_zp

Pacuer mo hopmyse qaer Az

cm_e2p

24



BepughukayuoHHble npumepbl

Banava: "CTaTHYeCKOe _NepeMelleHHe Noj cOGCTESHHEIM_BecoM"
NepeMelaHna B HaNp.Z, M
MacwTas nepemMellleHHii: 5.71

4.8581E-006 Safgava: "CTtaTu4ecKoe nepeMelleHne oOT BbIHPKAawWeN cunbl"
MNepeMelleHna B Hanp.Z, M
MacwTad nepemMelleH1iA: 6.01

4.3304E-006
1 1 £981E-004
L 1.2517E-004
1 -3.4447E-004
| 2 5467E-004
1 -5.1912E-004
Harum_4: | -3.8416E-004
1.387RE 003
1 .9280E-004 i
| -5 1366E-004
1 8 F246E-004
Min -1,0317E-003
L 5.4216E-004

Terneph paccunTaeM MepBY0 COOCTBEHHYIO YacTOTy: pacder 1o dopmyie maer smagenme f. = 13.511 I'n,
pacuer o MKD naer 3HadyeHue fc(1)=13.216 I

OKBUBAJICHTHYIO BBHIHYXJAIONIYIO CUTy HalIeM MCXOMS U3 MEpPEeMEeNIeHUs] OCHOBAaHUS, MPUCOEIMHEHHOTO K
BEPXHEMY KOHIY IIPYKHUHBI:

Az, d*-G
8D?.n

rae P — skBuBasieHTHas BbIHYykfaromas cwia, H; D — cpeanuil juaMeTp mpyXuHbI, MM; N — YUCJIO BUTKOB
npyXuHsbl, d — THaMeTp npoBOJIOKH, MM, G — MOIYJTb c/iBHTa, [1a.

Pacuer 110 BbIIeyKa3aHHbIM (popMysam naet Beanuuny P =2.472 H.
Paccuuraem nemndupoBannslii koadduiment ycunenus ammuryn [1, ¢ 74, (¢.1.47)]:

1
B = 2\2 2
1-| Do | | 4|27 %
w

\ a){f c
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

e @, =2x-f,, @ =2r-f, - xpyrosas wacrora BeIHyKIOWIEH CUIIBI M COOCTBEHHAst KPYrOBasi 4acToTa

cootsercteenno; y =clc,, =0.02 - xosdpduument nemnduposarms. B pesomamce mpu f, = f.
MaKCHMaTbHBIN KO OUIIUEHT yCHIICHHS

1

= 2

Toraa aMminTyna A, BEIHYKICHHBIX KOJICOaHUI OMPEIETHTCS:

As :ﬁﬂ .Azcm

st pacaera nmpu momom AUtOFEM Ananus onpenenum xkoddpummenTs! gemMndrupoBaHus Y oT PaneeBckux
K03 PuLIMeHTOB NeMII(UPOBAHUS 110 HHEPLUH 0. B TI0 skecTKocTH B [1, 304, (¢d.4.125)]:

a po.
=+ ¢
" 20, 2

B

Jlns yacThl fc(l) = 25.00 I'y 3Hauenue y = 0.02;

Bennuuny aMIuTy bl onpezeiseM 1o pesyasraty «llepemelnenus, aMuryaa, Z»

Sapaya: "BuiHykAeHHbIe _Kone6anusa_¢_aemr A4 "BhIHKASHHbIE_KONedaHWA_c
4.000 'y - Nepemewwenns, aMnanTyaa Z, mm  19-216 'L - Mepemewenus, aminutyaa

MacwTaé nepemelweHmii: 7.90 Macwraé nepemewweHii: 7.21
1.102 255
L1 089 F 2243
| 1.077 L 19.37
L 16.31
- 1.064 Oatune_3:
1.102
[ 1 1.051 B 1325
| 1.028 L1019
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BepughukayuoHHble npumepbl

PG3YJ'H)T3TI:I pacucTa CBCACHLI B Ta6m/1uy.

IMapamMeTpbl ceTKH

Tun xoHeYHOTO DIIEMEHTA

KBaJIpaTHYHBIN TeTpadap (4 y3ma)

UYucno y310B 7614
Yucno KOHEYHBIX 3JIEMEHTOB 30846
Pe3yabTarhl pacuéroB
Omnbka
BhIHyskaaromas yactota | UMCIEHHOE pelleHUe, | AHATMTUIECKOE PEIICHUE 4 -4
fB, FH Ag *9MM Ag >MM U= %Xloo%
4 1.096 1.102 0.554
8 1.538 1.584 2.907
12 4.671 5.633 20.5
13.126 2541 25.00 1.66
16 2.466 2.169 -12.05
20 0.838 0.794 -5.17
30
25
20 \
15 —4— AHANUTHUYECKDE peweHHe
——YM1CNEHHOE pelUEHHE
10
| L—-
D T T T T T 1
0 4 =] 12 16 20 24

Pucynok 5.2-2 — I'paduxu cpaBHeHHs pe3yJILTATOB
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

BriBoa:

OTHOcHTENbHAS TIOTPENTHOCTh YUCICHHOTO PEIICHHS M0 CPAaBHEHUIO C aHAJTMTUYCCKAM Ha PE30HAHCHOM
yacTtoTe cocraBmia 1,66 %, 0JIHAKO B OKPECTHOCTH PE30HAHCA IMOTPEIIHOCTD Koyeonercs ot +20% a0 -12%.

Mpumepbl 3aday mennoeo20 aHanu3a

YcranoBuBLIaAsICSl TeMIlepaTypa

PaccMoTpuM 3ajady yCTaHOBHBILIETOCS I[MOTOKA TelUla B IUIACTHHE TONIHMHOM N ¢ kosddummeHTom
TEIUIONPOBOJHOCTH K , MOBEPXHOCTH KOTOPOH MOuIepKUBaeTcst Ipu temmeparypax t; u t, (cm. puc.).

]
iR 1k p
I ]

%)

._

%ﬁ

Pucynok 6.1-1 — Il1acTuHa ¢ IPWIOKEHHBIMU TeMIePaTypaMu

M3MeHeHre TeMIiepaTypsl BJOIb TOMMIMHGL IiacTuHbl N onpenensiercst coorHomeHneM [10]:
oT t2 -t
F3

Takum 00pa3oM, TEIIOBOI MOTOK B J1t000#t Touke paBen [10]:

kgzk(tz_tl):(tl_tz) h

1, <t,

f=- ,R=—,1 <t,
oz h R k
Teneps NPeNONI0okKNM, YTO ITACTUHA ABJISETCS COCTABHOI, TO €CTh COCTOMT U3 N IUIACTHHOK C TOJIIMHAMH
h,h,,...,h, u kospduumenramn reronposoanoctu K, K,,...,K, coorsercreenno. Torma TeruioBoit
noToK st Kaxkaoit miactunku f,,1=12,...,n onpenensiercs no popmyie:
ki, -t) (—-t.,) h,
_ i Ui+l i/ _ i i+1
f,=- = R =—/,t<t,,,1=12,...,n
h. R k.
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BepughukayuoHHble npumepbl

[TyCcTh IUTACTHHKY HAXOJISATCS B MICATLHOM TETUIOBOM KOHTAKTE ITO TTOBEPXHOCTSIM pas3zelia, TOTIa TEII0BOH
MOTOK OyJIeT HEeTIPEephIBeH MPH TEePEX0/Iie U3 OAHOM 00JIaCTH B APYTYIO U, B JAHHOM CiIydae, OyAeT OINHAKOB

B mo6oii Touke (10 ecth, f, = f, =...= f = ). U3menenne remneparypbl Mek1y IPOTUBOMOIOKHBIMH
HOBEPXHOCTSAMH BCEH COCTABHOM MIAaCTHHBI OyJIeT PaBHO CyMME H3MEHEHHMil TeMIepaTyp B OTAEIbHBIX
IIaCTHHKAX:
(tl _t2)+(t2 _t3)+"'+(ti _ti+1)+"'+(tn _tn+l)=tl _tn+l
Torna
h .
t,-t,=fR+fR +..+fR =(R +R,+...+R )f,R = Pl =12,...n,
i

f = tl _tn+1

Wb, N

k, K, Kn

[Ipumem ciexyrolnue MCXOIHBIC TAaHHBIC: YHCIO IUIACTHHOK N =3, IIMHA M IIHPHUHA KOKAOH IUIACTHHBI
pasubl 0.5mu 0.3m coorsercrBenno, Tomumubl wiactunok Ny, h,,h, pasast 0.007x, 0.0lu u

0.003x . Tlpunoxennbic Temmeparypsi t, u t, pasusi 273.15K (wm 0°C) u 373.15K (wm 100°C)

COOTBETCTBEHHO.
Koaddummentst Teronposoanoctu: K, = 1GOB—m, k, = 3903—m, k, = 43B—m
M- 2pao M- epao M- 2pao
B
Takum 00pazom, f =—-7.1861x10° —’?, t,=—R f +t =304.5890 K,
M

t,=—(R +R,) f +t, =323.0148K .

BrmonauB pacuet npu nmomontu 1-FLEX Ananus, moirydaem cieayromme pe3yibTaThl.

Tabauna 1.
IIapamMeTpbl KOHEYHO-3J1eMEHTHOI CeTKH
Yucno Hucno y3nos Yucno
Tun KOHEYHBIX AIIEMEHTOB TJIaBHBIX pu pacuére KOHEYHBIX
y3J10B 3a/1a4u 9JIEMEHTOB
nuHeiHbIi TeTpadap (10 y3i0B) 3234 3234 13300
Tabauna 2.
Pesyabtar «Temneparypa»
TosepxHo Uucnennoe Ommbra
CTb Sjj AHaIuTHYECKOE N
pa3znena PELIeRHe. peuienue ‘ - 0
IUIACTHHO Tewmeparypa T Tewmneparypa T, K o= ] =100%
C K
Kiunj
S 3.04589000E+02 3.04588978E+02 7.2188E-006
S 3.23015000E+02 3.23014753E+02 7.6569E-005
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Taoauna3.
Pesyabrar «TennoBoii noTok»
Omnbka
YucneHHoe pelieHne .
Temmosoii ook f AHanuTHYECKOES peulIcHue ‘ f_
5 ' Terosoii notok f , Br/m O =—x100%
Bt/™m | |
-7.18605000E+005 -7.18605212E+005 2.9461E-005

IHoTok Temia B mape
PaccMOTpuM HOMBIH MIap ¢ BHYTPEHHHM pagnycoM [} ¥ BHEIHUM [, , KO3 HULHEHT TennonpoBoaHoCcTH A

KOTOPOTO IOCTOSIHEH. BHYTpEHHSIS1 TOBEPXHOCTH Iapa MMeeT Temiepatypy I,. Ha BHemHeil moBepxHOCTH

IIapa IMPOMCXOIUT TEIIIOOOMEH CO CPeaoit TeMrepaTypsl |, . NHTCHCHBHOCTh KOHBEKTHBHOIO TEIUIOOOMEHA

XapakTepu3yeTcst Kod(pGUIMERTOM TemooTaaqn [ .

SVANAAAD
AT
B
Savavy Ay
oot

vy

b,

N S

SOy
S R RIA OISR
:vﬁshi"“&sgﬁ%‘“
X PANAN =
AN NANTIATE :‘?}E@‘

Vi
£ ZAYANGS:

Pucynok 6.2-1 PacueTHasi MoJeJIb C TEIUIOBBIMH HATPY3KAMH

AnanmuTrdeckoe penienne 3aaaun umeeT su [10]:
T= n-T (,B r22 +r '(1_ﬂ' rz))"'ﬂ' r22T2 '(r_rl)
r'(ﬂ'rzz +n -(1—,3-I’2))

1
Jig arcneHHoro pacyéra paccMOTPUM 8 noJioro mapa (cMm. puc.). Ha GOKOBBIX TpaHsX 3aJaluM yCIOBHUS

CUMMETPHUH (TEIUTOBON MOTOK uepe3 O0KoBbIe rpanu paseH 0).
[IpuMeM creayrome HCXOJHBIEC TaHHBIC: BHYTPeHHMI paguyc mapa I, =150m, BHemHuit pagnyc mapa

r, = 250mm . KoadduuueHT TerionpoBogHOCTH MaTepuana A, W3 KOTOPOTO HM3TOTOBIEH MLIAp, PaBeH

Bm

47 ——.
M-2pao
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BepughukayuoHHble npumepbl

Temnepatypa T, Ha BHyTpeHHeil moBepxHocTH mapa paHa 373.15 K (umi 100 °C). Temmeparypa
okpyxatomeii cpensi 1, pasia 298.15K (wm 25 °C), koopduiment Teruiootmaum [ paseH

Bm
Mm20C

100

BrmomauB pacuer npu nomomu T-FLEX Ananms, moirydaem crieayromniie pe3yabTaThl.

Tabanna 1.
ITapameTpbl KOHEYHO-3JIEMEHTHBIX CETOK
Home Yucmno Hucro
Yucno KOHEYHBI
p Tun KoHeYHBIX y3JI0B TIpH
TJIaBHBIX . X
CeTK 3IIEMEHTOB pacuére
Y3JI0B AIIEMEHTO
" 331241 s
1 KBaJIpaTUYHbII TETpadIp 4674 33357 21979
(10 yzmoB)
5 TUHEHHBIN TeTpasap (10 4674 4674 21979
y3JI0B)
Tadanna 2.
Pesyabrar «Temmeparypay npu  — 32+t % _ 175,
Ho Omnbxa
AHanutudeckoe .
Mep Yncnennoe pemenue S ‘T T
cer Temmeparypa T , K P 0 =——x100%
. Temneparypa T, K |'|'|
1 3.66138000E+002 3.66138033E+002 8.9883E-006
2 3.66166000E+002 3.66138033E+002 7.6384E-003
Tabamna 3.
r+r.
Pesyabrart « Temneparypa» npu , — 1 5 2 _0.200m
Ho Ommbka
AHanutuyeckoe .
Mmep Yucnennoe peienue S ‘T -T
cer Temmepatypa T , K P 0 = ———x100%
. Temnepatypa T, K |T|
1 3.60879000E+002 3.60879058E+002 1.5959E-005
2 3.60901000E+002 3.60879058E+002 6.0803E-003
Tadauna 4.
r,+3r
PesyabraTt « Temneparypa» npu r = 2 ——2 =0.225 1
Ho
AHanutnyeckoe
Mep Yucnennoe peienue S o6
ceT Temmnepatypa T , K P 1moka
. Temmnepatypa T, K
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

T-T
0 =——x100%
Tl
1 3.56788000E+002 3.56788743E+002 2.0837E-004
2 3.56824000E+002 3.56788743E+002 9.8816E-003
Tadauna 5.
Pesyabrar «Temneparypa» npu r =r, =0.250.1
Ho Ommbka
Ananutnyeckoe .
Mep Yucnennoe pemenue S ‘T -7
ceT Temmepatypa T , K P 0 =——x100%
. Temmneparypa T, K |-|-|
1 3.53482086E+002 3.53516492E+002 9.7325E-003
3.53476013E+002 3.53516492E+002 1.1450E-002

TenJonpoBoIHOCTH IMUIHHAPUYECKOH CTEHKH

PaccMoTpum GeCKOHEYHO JUIMHHYIO LMIMHAPUYECKYIO CTEHKY (TpyOy) ¢ BHYTPEHHUM paauycoM [, u

BHEIIHUM [, , KO3 (HUIUEHT TemIONpOBOAHOCTH A KOTOPOH MOCTOSHEH. BHYTpeHHss MOBEPXHOCTb TPYObI

MMeeT TeMIreparypy ;. BHYTpH CTEHKH HMEIOTCSI PABHOMEPHO PaclpeneI¢HHbIC HCTOYHUKU TEIUIOTH (], .

BrinenuBiiascs B CTeHKE TEMJIOTa OTBOJUTCS B OKPYXKAIOLIYIO Cpely Yepe3 BHEIIHIOI MOBEPXHOCTH TPYOBI

(cwm. puc.).

Pucynok 6.3-1 — [{lusimHapuYecKas CTeHKa

OGiriee periieHre 3To# 3a1a4un umeet Bu [11]:

T=C1In(r)+C2—ZZr2.
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BepughukayuoHHble npumepbl

Koncrauter C; u C, ompenenstorcs u3 ycioBui, 3aiaHHbIX Ha BHyTpeHHel (I = I}) u BHemnei (I' =1T,)

r
MOBEPXHOCTSAX  TPYOBL: T‘r:r =T, A d—T =(Q. Takum  obGpa3om, ;= z(q + R ),

dri._, 2
r
C,=T,- qTZIn(rl) - 2—2(252 In(r,) —r? )

[TprmeM cnenyromye HCXOAHBIE NaHHBIE: BHYTPEHHUH paanyc TpyOsl I} = 100Mm , BHEHIHWIA paguyC TPYOBI

r, = 250mm , nnuna tpy6sr | =1000am . Kosddurment temionpoBogHocTn Matepuana A, U3 KOTOPOro

Bm
U3roTOBJICHA TpyOa, paBen 43 .
M-epao
Mo1HOCTh HCTOYHUKOB TemtoThl Q , Haxonsmuxcs BuyTpu crenku, paua 4500 Bm . Tak kak HCTOYHHUKH
. Bm
TEMIOTH (,, PABHOMEPHO pachpeieNieHbl Mo 00bEMY TpyObI, TO (, = % =27283.705 —-.
~(7-7): p

. . . Bm
YnenbHbIi TeMIOBOH MOTOK Ha BHEIHeH moBepxHOCTH TpyOh (=-15000—-. Temmepatypa T, Ha
M

BHYTPEHHEH MOBepXHOCTH TpyOs! pasna 373.15 K (umx 100 °C).

Beimosaue pacuer npu nomornu T-FLEX Ananuz, mojrydaem clieAyroue pe3yabTaThl.

Tadanna 1.
IMapamMeTpbl KOHEYHO-3JIEMEHTHBIX CETOK
Yucno
Uucno
Howmep Tur koHEeYHbIX Yucno Y3JI0B IIpH
. KOHEYHBIX
CETKH 3JIEMEHTOB y3II0B pacuére
JJIEMEHTOB
3a1a4u
1 KBANpATHHbIM TETPASP 13580 98620 66224
(10 y3noB)
2 AuneiinIii Tetpasp (10 13580 13580 66224
Y37I0B)
Tabnauna 2.
PesyabTar «Temneparypa» npu r =r, = 0.250.1
Yucnennoe Ommbka
AHanutuyeckoe "
Homep pemenne B— ‘T _
1 0
CEeTKH TeMHep?;{TYpa T, Temmeparypa T, K o= |_|_| x100%
1 3.03077942E+002 3.03081513E+002 1.1782E-003
2 3.03014069E+002 3.03081513E+002 2.2253E-002
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Juck, HarpeBaeMblii 10 OCH pacnpeaAeTéHHOH MOIIHOCTHI0, ¢ IOCTOSIHHOM TeMIlepaTypoii 1o
HAPYKHOM LMIMHAPHYECKOHN MOBEPXHOCTH

PaccmoTpuMm nBymMepHyI0 3aiaudy paclpeAeneHHsl YCTaHOBHUBIIEHCS TeMIepaTyphl B TOPLEBOM CEUEHHH
JIMCKa, Ha OCH KOTOPOTO PACIOJIOKEH HarpeBaTellb HYJICBOW TOJIIMHBI (JIMHUA) ¢ MOIIHOCThIO P=100 BT, a
Ha reprdepuH MOUTePKIBACTCS TOCTOsHHAs Temmeparypa 0 °C.

XapakTepUCTHKN JUCKA: METAJUIMYECKHd JUCK ¢ TommuHOi O=5 wmm, pamuycom  R=100mMm wu
TermonpoBoarocThio K=50 Br/(m - °C).

Pucynok 6.4-1— PacueTHasi MofieJib ¢ TPAHUYHBIMH YCJIOBHSIMH H AATYHKAMHA

Pemenne 3ol 3a1auu, B KOTOPOH UCTOYHUK PACCMATPHUBAETCS KaK PACIPEICICHHbINH, MOKHO IOJIYYUTh U3
3aJa4d JJI1 TOYEYHOrO0 HMCTOYHMKA Tema. [lycTh Hadano KoOpauHAT COBMAjaeT C LEHTPOM Kpyrion
MOBEPXHOCTH J¥cka. Pemaemoe nuddepenmanbaoe ypaBHEHUE IS TOYSYHOTO HCTOYHUKA UMEET BH/I:
2 2
o‘u o
—+— [K=p-5(P,-P)
2 2 0
ox° oy

I'ne p — WIOTHOCTH pachpeesieHHol MoInHoCcTh. Just Hamero ciaydas: p = P/ d. Pemrenwem naHHOTO
ypaBHeHus sBisieTcst GyHknus ['puna G (QyHKIUS HCTOUHUKA).
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BepughukayuoHHble npumepbl

u=G(P,R,)

yo, 1 R
G(P,P))=—"——|In| = |=In P, =0
(P.Fo) 2K7r( (rj (r0~r1D 0
G(P,PO)—p(Inl—lnlj,uHaqe

2K R
Po:Po(Xo’YO)
P=P(xy)

rR?)’ rR?)’
L= X=X, — | +| Y=Y, —
1\ Orz 0r2

0 0

B sToMm pemrenun Touka 0 cooTBeTCTBYET LeHTPY Aucka. Och Z KOOPAUHATHON CHCTEMBI, B KOTOPOH HMIIETCs
pellIeHne, HallpaBJICHa BAOJb OCH JUCKA.
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Bafaava: "KsaapatuyHblil aneMeHT"
Temneparypa, C

Max= 343
102.5

+ 89.69

76.88 Oatuuk_R60: | Aatumk_R50: | Aatynk_R40: | Aatyuk_R30:
’ 32.48 4409 58.33 76.58

64.06

51.25

+ 38.44

Oatunk_9: prymnk_8: [laTunk_7: | AaTuMK_2: rynk_1:

25.63 6.668 |1416 | 2267 | 1022 498

12.81

0.001001
Min=-6.104E-006

Pucynok 6.4-2 — TenjioBoe moJie B TOPIEBOM CeYeHHH THCKA

Ha pucynke 2 mpencraBiieHa KapTHHA TEIUIOBOTO TMOJIS OT TOYEYHOTO MCTOYHUKA (KBaJAPATHUHBINA 3JIEMEHT,
oTHOCcUTENbHBIH pasmep 0.02). I[eroBas Imikama ObUTa HW3MEHEHA I10 CPABHCHHMIO C YCTAHOBKAMH I10
YMOJYaHUIO: M3MEHeH BepxHuil mpemen c¢ 343 mo 102.5 °C. D10 cuenano 3arem, 4TOOBI MOAPOOHEE
pPaccMoOTpeTh pe3yNbTaT BJAINA OT IEHTPAIbHOTO MCTOYHHMKA Teruia. M3-3a cuMMeTpuu o0nacTv 3HaA4YEHUI
aHAIMTUYECKOE PEIICHNE 3a/1a4y ¢ TOUYCYHBIM MCTOYHHKOM COBIIAJACT C PEIICHUEM JUIsl pacipeiesieHHOTO
WCTOYHHWKA Tera.

CpaBHHM aHaJMTHYECKOE PEIIeHHe 3aJaud C MONydeHHbIM B T-FlexX ananmze. AHanuTHueckoe perreHue
MMOCYMUTAHO C TOYHOCTHIO OoJjiee 6-Tu 3HaYamuX uudp.
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BepughukayuoHHble npumepbl

Ta0auna

ITapaMeTpbl NPOCTPAHCTBEHHOM CETKHU

TuI KOHEYHBIX 3JIEMEHTOB Hucno y310B Yucno OTHOCHTENBHBIH
CETKH MPH JJIEMEHTOB pasmep
pacuete CEeTKH
Tetpasap, 4 y3na. Jluneinsrit
KOHEYHBII SJIEMEHT. 716 2123 0.06
Tetparmp, 4 yzna. Kanparnansrit
KOHEYHBIN 3JIEMEHT. 4241 2123 0.06
Tabanna 2
Pacuer JJMHEHHBIM 3J1€MEHTOM
PaccrosiHue ot 1IeHTpa TUcKa 10 30 40 50 60
TOYKH U3MEPEHUs I, MM
AHanmutuueckoe perietue, °C 76. 58. 44, 32.
647 332 127 520
2 8 1 1
YucnenHoe pemniexue, °C 76. 58. 44, 32.
846 711 584 735
7 5 9 6
OTHOCHUTENbHAS TIOTPEITHOCTD, 0.2 0.6 1.0 0.6
% 602 492 374 626
83 05 57 67
Tabnauna 3
Pacuer kBagpaTHYHBIM 3JIEMEHTOM
Paccrosiame ot nieHTpa AKCKa 10 30 40 50 60
TOYKH U3MEpEeHus I, MM
Ananutryeckoe perienue, °C 76. 58. 44, 32.
647 332 127 520
2 8 1 1
YucnenHoe peuienue, °C 76. 58. 44, 32.
584 328 085 484
8 3 3 9
OTHOCHUTENBHAS OTPEIIHOCTD, 0.0 0.0 0.0 0.1
% 814 077 947 082
11 14 26 41
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I'padMr SaBMCHMMOCTH
TeMIepaTypPH oT paiuyca vir)

140
120
100

20

s ]

AHATHMTHYIS CROS e,

T-Flex KBagpaTHIHEDT =JI.

Pucynok 6.4-3 - I'padpuk 3aBHCMMOCTH yCTaHOBHBIIIEHCSl TeMIIepPaTyphbl OT paguyca (MM)

BriBoa

OTtHOcHTENbHAs MOTPELIHOCTh YHCICHHOTO PELICHUSI 10 CPABHEHHUIO C aHAINTHYECKUM He npeBbicuia 1%
MIpH WCIOJB30BaHUM JuHeWHoro u 0,1% mpu ncroib30BaHUM KBaJpPaTHMYHOTO 3JIEMEHTa Ha Kpalo JMCKa.
TouHOCTE pacucTa npu yaajJcHuu OT UCTOYHUKA TEIIOBOM MOIIMHOCTH pacCTE€T MO NPUYUHE CHUHTYJISAPHOCTU
AQHAINTHYECKOTO PEIICHUS B TOUKE MPHIOKEHHSI MOIITHOCTH (B IIEHTPE JNUCKA).

Ha rpaduke 3aBrcHMOCTH Temreparypbl OT pajnyca BHIHO, YTO aHAJUTHYECKOE PEUICHWE W YMCIICHHOE
pelIeHre IPaKTHYECKH COBIAIN. DTO TOBOPUT O TOM, YTO paclpelesieHHs] TeMIIepaTyPHbIX MaKCUMYMOB U
MUHHMYMOB OJMHAKOBBI, CJIEIOBATEILHO, pacyeT TEIUIOBBIX HOTOKOB W MOIIHOCTH OyIeT MpPOM3BOAMTHCS
TaK e TOYHO.

KBampatnuHplii 3J€MEHT [an CXOAMMOCTh JIYYIIYI0O Ha MOPSANOK, YeM JMHeWHbI sneMeHT. OpHako
notpe0doBal MPUMEPHO B 6 pa3 OOJIbIIE KOJUIECTBA y3JIOB/apryMEHTOB JIJISl PEILICHNSI.

PacnpenesiéHHast MOIIIHOCTD, MPHJIOKEHHAS K HUJIMHAPHUYECKON MOBEPXHOCTH BHYTPH AUCKA

PaccmoTpum nBymMepHyIO 3ajady pachpeiesieHHs YCTaHOBHUBIIEWCS TEMIEpaTyphl B TOPIEBOM CEYCHHU

JIICKa, BHYTPH KOTOPOTO MMEETCsl HarpeBaTellb B BHUJIE [MIIMHIPHYSCKON MTOBEPXHOCTH € paamycoM ry=20
0

MM, MotrHocThio P=100 BT, a Ha nepudepun noanepxusaetcs nocrosHHas temneparypa 0 “C.
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XapakTepUCTUKH [UCKA: METAUTMUECKUi ITUCK ¢ TtommuHor d=5 wmMm, paguycom  R=100 Mmm wu
termtonpoBoaroctbio K=50 Br/(M - °C) — TemIonpoBoHOCTh [HCKa BHYTPH W CHAPYKH IIHIHHIPAIECKO
MOBEPXHOCTH HarpeBaTelisi OJMHAKOBA.

PI/IcyHOK 6.5-1 — Pacuernas MOa€Jb ¢ TPAHUYHBLIMHA YCJIOBUSIMUA U JATYUKAMHU

Pewenue 3Tol 3aa4u, B KOTOPOM UCTOYHUK PACCMATPUBAETCS KaK PACIPECIICHHBIN, MOXHO MOIYYUTh U3
3aJauyd Uil TOYEYHOTO MCTOYHMKA Temua (Kak B IpensiaymieM mnpumepe). IlycTe Hadano koopauHaT
COBMAZAET C LIEHTPOM KpYIJOH MOBEPXHOCTH aucka. Pemaemoe auddepeHnmanbHoe ypaBHEHHE TS
TOYEYHOI'O0 UCTOYHHKA UMEET BUJI:
2 2
o’u o°u
—+— K=p-5(P,-P)
x® oy ’
oy
PelieHye 5TOr0 ypaBHEHHs M3BECTHO'. IJle p — IUIOTHOCTH pachpeieleHHON MOIIHOCTH. [{Isi Hamero
cnyqas: p=P/ (27?- ry -d)= P/S, rae S — nuomans NoBepXHOCTH LWIMHAPA. YUTS JUIsl MOIIHOCTH €€

pacmpezieieHHe 1O KOJBIly NWJIWHAPA, BBIPA3UM TEMIIEpAaTypy KakK CYMMapHYI0 MOIIHOCTh BCeX
MPUIOKEHHBIX TOYEYHBIX UCTOUYHHKOB, IIPOMHTEIPUPOBAB JeNbTa-(QyHKLIHMIO B IPaBoil yacTu 1o touke Py .
[Tonyuum ypaBHeHue:

ov 0%
—+— |[K=p-[5(P,-PH(P, e Q)
33[2 aj,z g_[ 0 0

! Cm. npuMep pacrpesieeHHas MOLIHOCTh Ha pedpe.
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I'me QQ — 3TO MHOXXECTBO TOYCK IMOBEPXHOCTH JAUCKA, ()’ — 3TO MHOXKECTBO TOYEK, JIKAINUX BHYTPHU
MOBEPXHOCTH JTUCKA, OTPAHUYEHHON KOIBIIOM IMIHHJpPA, Ha KOTOPOM 3ajaHa MoIHocTh (cM. puc 1 — 2D
IJIOCKOE KOJBII0 BHYTPH Kpyra). Pemienne 3Toro ypaBHeHHA V — 3TO JIMHEHHas KOMOWMHamws (MHTErpai)
PEUICHUH i1l TOYCUHBIX HCTOYHUKOB!

WP)=t, [Gy (PR (X(r, ) y(r, 0))0

Py (x(r,,6),y(r; ,0))= Py(r, -cos(6).r, -sin(6))

Ine Gy — 10 Qynkums Ipuna, 118 MouHOCTH 3anannoi Gopmynoit p =P /S mna pacnpenenenuns mo
noBepxHocTH. [IponHTErprpOBaB, MOITyInM:

v(P)=G,(P0),PcQ\Q

v(P) = const,P € Q

0o x=0,y=0

To ecTh, YTO BENMYMHA TEMIIEPATYpPbl V TMpPH 3TOM OyAeT COBMAJATh C TEMIIEPATYpOH OT TOYCUHOTO
WCTOYHUKA (PACIOJIOXKECHHOTO B IICHTPE KPyra) B TOYKaX BHENIHWX MO OTHOIICHHIO K KOJIbILY, HA KOTOPOM
3aJjaH paclpeesieHHbI HCTOYHUK. BO BHYTpEHHHX K€ TOYKax TeMIlepaTypa HNpUMET 3HadeHUE, paBHOE
HEKOTOPOU IMOCTOsHHOW BenuumHe. [ne Gy — 3T1o Qynkuus ['puHa, 1UIs MOIIHOCTH 3aJaHHOHN (opMyson
p=P/dana pacnpenenennoro Ha pebpe TouedHOro McToYHMKA. OTMETHM, 4TO V — HeNpephIBHAS
(GYHKIHUS, TOITOMY KOHCTaHTa BHYTPH BIIOYKCHHOTO IHIIMHJIPA BCET/Ia U3BECTHA.
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Banayva: "KesagpaTty4Hbli aneMeHT"

TeMnepartypa, C
104.3531

91.3090

+ 78.2648

1 65.2207

521765

391324

26.0883

Oatunk_R6E0: ' 1
325623

.

‘ J Aatunk_R30:
] 76.8186

N

Oatunk_R50:
44 2021

Adatunk_R40:
58.4227

Pucynox 6.5-2 — KapTuna tenjioBoro moJjst

CpaBHUTE C KapTHHOW TOJSI OT WCTOYHHUKA, PACIpeNeIeHHOro Ha peOpe. BuaHO 4TO OHM COBMAgaroT
(prcyHOK cenaH MpH pacdeTe KBaApaTHIHBIM 3JIE€MEHTOM).

CpaBHI/IM YHUCJICHHOC PCHICHUC, ITOJTYYCHHOC B T-Flex aHanuse ¢ aHATUTUYCCKHUM.

Taoauna

ITapamMeTpbI IPOCTPAHCTBEHHOI CETKH

Twun KOHEYHBIX 2JIEMEHTOB

Hucno y3nos Yucino
CETKH NpHU 3JIEMEHTOB
pacuere CEeTKH

OTHOCHUTENBHBIN
pasmep
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Tetpasnp, 4 y3na. JIunelnsiit
KOHEYHBIH 2JIEMEHT. 691 1998 0.06
Tetpasap, 4 y3na.
KBanparnuHblii KOHCUHBIN 4060 1998 0.06
HIIEMEHT.
Tabauna 2
Pacuer JIMHEeHHbIM 3J1eMEeHTOM
I' — PacCTOSIHH OT IIEHTpa KPYTJIOH MOBEPXHOCTH ANUCKA 0 TOYKH N3MEPEHUS
Koopnunara paanyca r, Mm 30 40 50 60
AHnanmutuueckoe peretue, °C 76. 58. 44, 32.
647 332 127 520
2 8 1 1
YucneHnoe perienue, °C 77. 59. 44, 32.
211 568 690 647
1 5 8 3
OTHOCHUTENbHAS TIOTPEITHOCTD, 0.7 2.1 12 0.3
% 357 183 774 911
08 62 46 43
Tabumna 3
PacueTr KBaApaTHYHBIM 3JIEMEHTOM
Koopaunara paguyca I, Mm 30 40 50 60
Ananutryeckoe perienue, °C 76. 58. 44, 32.
647 332 127 520
2 8 1 1
YucnenHoe pemienue, °C 76. 58. 44, 32.
818 422 202 562
6 7 1 3
OTHOCHUTENBbHAS IOTPEITHOCTD, 0.2 0.1 0.1 0.1
% 236 541 699 297
21 15 63 66
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I'padMr SaBMCHMMOCTH
TeMIepaTVPH oT painyca v(r)

1007

AHAMFMTHYISCROS PeEIlSHIS

T-Flex HBaOpRaTHYIHETT SII.

Pucynok 6.5-3-U3mepenne r 1aHO0 B MIULIIMETPAX

BriBon:

st maHHOM 3a7aud TMOMYYUIN PEAUTHCTHYHYIO KapTuHy moyist. OTHOCHUTENbHAS MOTPENTHOCTh YHCIEHHOTO
pEeLIeHUs 10 CPABHEHHIO C AHAJIMTUYECKUM HE IMpeBbicuiia 2% MpH UCIONIb30BaHUM JuHeitHoro u 0,2% npu
WCTIONIF30BAaHUY KBAIPATHYHOTO AJIEMEHTA Ha KParo JINCKA.

Ha rpaq)m(e 3aBUCUMOCTH TEMIICPATYpPbl OT paanycCa BHAHO, YTO AHAJIIMTUYCCKOC PCHICHHUC W YHCIICHHOC
PEHICHUC MPAKTUICCKN COBIIAJIN. 3T0 TOBOPUT O TOM, YUTO PACIPCACIICHUA TCMIICPATYPHBIX MAKCUMYMOB U
MHUHUMYMOB OIWHAKOBBI, CJICAO0BATCIbHO, PACUCT TCIUIOBBIX ITOTOKOB WM MOLIHOCTHU GYIIGT ITPOU3BOJUTHCA
TakK K€ TOYHO.

KBaznpaTuuHbie 3JIeMEHTHI OKa3aJIMCh TOYHEE JIMHEHHBIX, HO MMOTPeOOBaM B 5.8 pa3 0oJbIle y3JI0B.
Kpome Toro, 3ameTrM, 9TO MOJEITUPOBAHIE TOYCYHBIM MUCTOYHUKOM 33/1a9d C PACIpEeaeICHHBIM OKa3aI0Ch
BIIOJIHE BO3MOXKHO. 3/I€Ch HE€ YTBEpXKAAeTCs, YTO ATO BO3MOXKHO Bcerna. OgHako Ais ompeneNneHHON

reoOMEeTpUM Tesl 3TO Tak. Hampumep, B HameMm ciy4yae, paclpelelieHHbIH HCTOYHUK TeIuia oOJiamai
LIEHTPAJIBHON CUMMETPUE.

MoImHOCTh TOYeYHOr0 HCTOYHHKA BHYTPH IIapa
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PaccMoTpuMm 3amauy HaxOoXAE€HHS TEMIIEPaTYypHOrO MO BHYTPU H30TPOMHOrO IIapa, C TOYEYHBIM
HCTOYHHUKOM B IeHTpe. Ha ceprueckoil HOBEpXHOCTH MOIAEPKUBACTCS TOCTOSHHAS TEMITEpaTypa.

Pazuyc coepsl, orpanmdmBaromeii Teno, R=0.1 M, Temmeparypa Ha moBepxzocT mapa t=20 °C. IleHTp
1iapa COBMEIIEH C HadaloM KoopauHat. IlycTe B LieHTpe miapa 3afaH TOYEYHBIH HMCTOYHHK MOIIHOCTHIO
p=500 Br. Ilonaraem ero xoopauHatsl paBHbIMH Py=(0, 0, 0). TemnonpoBogHOCTh 3ajaauM paBHON A=1
Bt/(m-°C).

PaccmoTpum ans monenupoBanus 1/8 wacte mapa. B pacueTHON Moaenu mpUKIIagbBaeMyI0 MOIIHOCTH B
500 Br, cooTBeTCTBEHHO, pa3aenum Ha 8, T. . 500 / 8 = 62.5 Br.

7

Pucynox 6.6-1 — PacueTHast Moe/1b ¢ TPAHNYHBIMH YCJOBHSIMH

JI1st NaHHOM 3a7a4K CyIECTBYET TOUHOE pemenue B Touke P=P(X, y, z)*:

2 JlaHHOe pelleHne ¢ HeGOBIINME H3MEHEHISIME MOXKHO HaiiT Ha crpanuie http://vicaref.mgsu.ru/PDE/index9.htm.
Pelienue npeacTaBieHo Ijis HCTOYHHUKA, MOIIHOCTBIO 47T,
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u(P)z’D[l— R ]+t,P0¢O
rr-n

Po = Po(xo’yOvzo)
P=P(xy,z)

r= (=% +(y-y, ) +(z-2,)

r? )’ R?)’ R? )’
L= | X=Xg— | +| Y=Yy — | +|2-2,—
1\ Orz 0r2 0r2

0 0 0

2 2 2
fo :\/Xo Yo +Z,

OyHKIW U ABJISETCS perieHneM aubGepeHIManbHOro ypaBHEHHS BHIA:
o’u 0°u ol

=+ —=p-3(P,)
ox° oy oz
u(P)=t,P edQ

I'ne o-pyurxyua nupaxa. ) — obmacts Hariero chepsl, 0€2 — rpaHUIa 3TOH Chephl.
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3agaya: "3agava 0"
Temneparypa, C

Max= 517248
2000

17525

1505

12575

| +1010

7625

2675

20

~

Jarynk_10:
190.548

Aatunk_7: Aatunk_9: Aarumk_6:
285.267 417 617.0

PucyHok 6.6-2 — TeMnepaTypHoe 1oJie BHYTPH IIapa 110 pe3yJbTaTaM KOHEYHO0IEMEHTHOT0 AaHAJIN3a

24



BepughukayuoHHble npumepbl

PI/IcyHOK 6.6-3 - JIunun PAaBHOI'0 YPOBHS TEMIIEPATYPHOI'0 MOJsl aHAJIUTUICCKOI'0 PEHICHUA, IOCTPOCHLI B

cucreme Maple

Ha Pucynok 6.6-2 npejcraBieHa kapTrHa moiis, moaydentas B T-Flex. Ha Pucynok 6.6-3 BuaHO, 4TO THHUA
PaBHOTO YpOBHS AHATUTUYECKOTO pEIICHHS B JUAMETPAIBHON TUIOCKOCTH c(epbl KAaueCTBEHHO He

OTIMYAIOTCS OT TeX, 4To Ha PucyHok 6.6-2.

CpaBHUM UuCIIeHHOE peleHue, momydyeHHoe B T-Flex ananuse, ¢ anamuTuieckuM. AHAITMTHYECKOE PEIIeHUE
MOJIy4EHO C TOYHOCTHIO, OoJiee 6-TH 3HAYAIIUX nudp.

Tabamna 1
IIapameTpbl NPOCTPAHCTBEHHOI CETKHU
Yucno OtHocuTen
Yucno y3510B N
THI KOHEYHBIX 3JIEMEHTOB ceTxi KOHEYHBIX BHBIN
3JIEMEHTOB pasmep
Terpasap, 4 y3na.
.. S 5244 23877 0.06
JIuHeHbII KOHEUHBIH 3JIEMEHT.
Terpasap, 4 y3na.
KBaipaTH4HbIi KOHEUHBIH 5244 23877 0.06
JJIEMEHT.
Tadauna 2
Pacuer JIMHEHHBIM 3JIEMEHTOM
I' — paccTOSIHUE OT LeHTpa cePhl 0 TOUKH U3MEPEHHS
Koopaunara paguyca r, Mm 30 40 50 60
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Tadoauna

AHanutuueckoe peretue, °C 948 616 417 285
40 .83 .88 .25

3 1 7 8
YucienHoe peireHue, °C 970 631 424 290
AT .20 .34 .66

9 0 8 2
OTHOCHUTEIIbHAS IIOIPEIIHOCTD, 2.3 2.3 15 1.8
% 277 294 461 944

0 8 1 25

PacueT KBajipaTHYHBIM 3JIEMEHTOM

Koopamnnara paguyca I, Mm 30 40 50 60
Ananutryeckoe perienue, °C 948 616 417 285
40 .83 .88 .25

3 1 7 8
YucnenHoe pemnienue, °C 948 616 417 285
41 .65 .70 .07

3 3 6 5
OTHOCHTENbHAs TOTPEIIHOCTS, 0.0 0.0 0.0 0.0

% 01 3 4 6
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I'padMr SaBHMCHMOCTHI
TeMIepaTVPRH oT palumyca v(r)

2600
2000
2500
2000
14500
1000

00

AHAJIHMTHEKS

T-Flex KBaSpaTHIHEIT =JI.

PucyHok 6.6-4 - I3mepenusi no r B MHJLILMeTPax

BriBon:

OTHOCHUTENbHAS TTOTPEITHOCTh YUCIEHHOTO PEIISHHS 110 CPAaBHEHHIO C aHAIUTUYECKUM He TpeBbicuna 2,3%
1utst muaeriHoro U 0,4% 11 KBaApaTUIHOTO 3JIEMEHTOB.

Meton okaszancst 3((QEeKTHBEH NpU PpELIeHHH 3aJad C TOYEUYHBIMH HMCTOYHHKAMH M CHHTYJISIPHOCTBIO
peneHusl.

Ha rpaduke 3aBHCHMOCTH TemIepaTypsl OT pajnyca BHJHO, YTO aHAJUTHYECKOE PEUICHWE W YHCICHHOE
pelIeHre MPakTUYECKH COBMAIU. DTO TOBOPUT O TOM, YTO PACIpeesIeHUs] TeMIIepaTypPHbIX MaKCUMyMOB U
MUHHMYMOB OJIMHAKOBBI, CJIEIOBATEJILHO, pacyeT TEIUIOBBIX MOTOKOB W MOIIHOCTH OyIEeT MPOU3BOAUTHCS
TaK e TOYHO.

KBagpaTtuunbie 3meMeHTBl OKa3ajuCh Ha MOPSAOK TOYHEE JIMHEWHBIX, MPU STOM HCMONb3ys B 6.75 pa3
OOJBITIe apryMEHTOB. 3aMETUM Jajiee, YTO BOJU3HM OT CHHTYJSAPHBIX MCTOYHHKOB (COCPEIOTOYCHHBIX HA
pebpe WM B TOYKE), OTHOCHUTENBbHAS IOTPENTHOCTH BHIIIEC, YeM B Oojiee MaJeKWX OT HUX TOYKaX. ITO
CBSI3aHO C TEM, YTO TEMIIepaTypa B TAKUX UCTOYHHKAX PaBHA OECKOHEYHOCTH.
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TeMnepaTypHoe 1oJie TeIJIOBO CHCTEMBbI PAIUATOPA U YUIIA

Paccmotpum crucremy u3 paguartopa u unma. Pamguatop obmagaer TemmonpoBogHOCThIO K g=390 Batt/(™m -
°C), a YHII TEIIONPOBOIHOCTHIO Kenipg=50 Bart/(m - 0C)3. Yun SBISETCS KCTOYHUKOM TeIlia MOITHOCTH P=65
Barr. Ilo Bceill MOBEPXHOCTH MEXAY HAMH HPOUCXOOUT TEIIOBOM KOHTAKT C TEIUIOBBIM COIMPOTUBIECHUEM
R=2-10* M - °C / Barr. Paguarop otBomurt Temio ¢ koahdumuentom terwooraadn h=3000 Barr/(m® - °C)
BO BHENIHIOI cpelxy ¢ Ttemmeparypoii To=20 °C. Heob6X0aMMo B yCTAHOBHBIIEMCS PEXHME HANHTH
pacnpezicfieHUe TeIia B pajiuaTope U B MHUKpocxeMme. Ilpu 3ToM mpeamonaraeM camblii XyAIIUNA BapHaHT:
TEIIO OTBOJAWTCS TOJNBKO pafuatopoM. Becemu npyriuMu BO3MOXKHBIMA TOTEPSIMHU TeTlIa MBI IPpeHEOperaeM.
Tonmuna paguatopa b-a=1.5 mm. TommuHa MUKpOcxeMbl paBHa a=1.5 MM. B mpocTpaHcTBe 00a 3iieMeHTa
HPEIONAraloTcs IPSIMOYTONIbHBIME, ¢ 00beMaMu Vi ag=(0-a)-S 1 Venip = @-S cooTBeTcTBEHHO, e S=900- 10°®
M’ — TIOMIA/Tb KACAHHS.

Pucynok 6.7-1 —PacueTHasi MosieJIb ¢ TPAHUYHBIMH YCJIOBUSIMH

PaccMoTpuM n3MeHEHHE MO BAOJb TOJNIIUHBI CUCTEMBI. IIyCTh Z — M3MepeHHEe BBICOTHI OT OCHOBAHHSA
MHUKPOCXEMBI, Tor/ia uddepeHIraibHoe ypaBHEHUE TPUMET BUJL:

o%u
- K(z)a—2 = POy (2).0<z<b
z

I'ne 5chip — (byHKIMS HCTOYHHKA TeIlJla — MUKPOCXeMbl. B HallleM cityuae, 3TOT HCTOYHHUK — OTPE30K JJIUHBI a.
P — pacnpeJiesieHHas Ha JJaHHOM OTpe3Ke MOIIHOCTb. Eciin B 00beMe Venip OblIa pacnpeiesiena MOIHOCTb P,
To Ha otpe3ke [0, a] p=P/Vgip.

K(z) — 310 hyHKITHSI IPOBOUMOCTH U OIPEIEIISACTCS CIICAYIOIIMM 00pa3oM:

8 TenmonpoBoxHOCTH Meau (paanaTop) U cTaim (MUKpocxema). TerronpoBOAHOCTE MUKPOCXEMBI YCPEIHHUIIN IO MaTepHrajia
CTalH.
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K '
K(Z) _ Krad

chip?

z>a,
z<a

I[J'IH AaHHOI'O YpaBHCHUA KPAaCBbIC YCIIOBUA UMCIOT BU!:

ou
- Krad F(b) = h(U(b) _TO )’
%
u

Mo)=0
0z ( )

HJ’IH TOYCHHOI'O UICTOYHHKA TCIIJIa peIHEHI/Ie JJISA OHHOPOI[HOFO KpaeBOFO YCJ'IOBI/Iﬂ 6y,I[eT NMCTh BU: 4

p p p
2))=—. Pz~ - c,
e R R T O T O

9
0z

Pemenne U 11 HCTOYHMKA TETIa UMEET BH!

(0,2,)=0,2z,>0,2=0

. a-Crad—pkz'a,z>a,z£b,
u :Ig(z,zo)dzo = , o
) a.C pz pa

chip — - ,2<a,z>0
2K 2K

chip chip

KoncTaHTbl Crag 1 Cehip OIIPEAEIAIOTCA U3 CIEAYIOMHX yCIOBHIA:

1 1
c,. =C.,~R-p-p-a ——-——"—
chip rad p p Krad Kchip
2
rad:l E-I—PL-I-TO
al h K

rad

[lycTb BHONB TONIMUHBI MBI PACIIONOXKHWIN JATYNKH TEMIEpaTypbl, B TPEXMEPHOHW MOJEIN OHU
PacIoIOKEHBI B0 TOJIIMHBI IIACTUHBL. CpaBHUM B 3aIaHHBIX TOYKAX YHCIIEHHOE PEIIeHUE, TOIYICHHOS
B T-Flex, ¢ aHaIUTHYECKUM.

AHaNIMTUYECKOE PEIICHUE JaHHOM 3a/1a4M MOCYUTAHO TOYHO (OoJiee 6 3HAUAITMX QD).

4
Pemenne nmomyueno Ha 6asze ¢pyHkiuu ['puna. Ee Bun uznoxxen B kaure MBanuenko J[. CokonoBa A. Kitaccudeckast Teopust
noJist Mocksa 1951 Jleaunrpaz. c. 39

56



Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Tabauna 1
ITapaMeTpbl NPOCTPAHCTBEHHON CETKHU
Tun KOHEYHBIX JIEMECHTOB Yucno y3510B Yucno OTHOCHUTENLHBIHI
CETKU TpU 3JIEMEHTOB pasmep
pacdere CETKH
Tetpasnp, 4 y3na. JluneHHbIN 5957 3518 0.08
KOHCYHBIN 3JICMCHT.
Tetpasap, 6 y3noB. KeagpaTuunsiit 1030 3125 0.08
KOHEYHBIH DJIEMEHT.
Tabauna 2
Pacuer KBAJIPATHYHBIM 3JIEMEHTOM
Z — BBICOTA OT OCHOBAaHUS YUIIa B MM
Koopaunara Touku z, MM 0 0.7 2.2 3
5 5
AHnanmutuueckoe peretue, °C 59. 59. 44, 44,
879 608 212 074
6 8 96 07
YucnenHoe pemienue, °C 59. 59. 44, 44,
879 608 212 074
6 8 97 09
OTHOCHUTENBHAS OTPEIIHOCTD, 3.3 1.6 2.2 6.8
% 4E- 8E- 6E- 1E-
05 05 05 05
Tabauna 3
Pacuer JTUHEHHBIM 3J1eMEeHTOM
Koopaunara Touku z, MM 0 0.7 2.2 3
5 5
Ananutryeckoe perienue, °C 59. 59. 44, 44,
879 608 212 074
6 7 9 0
YucnenHoe peuienue, °C 59. 59. 44, 44,
729 381 208 070
5 1 6 2
OTHOCHTENBbHAS TTOTPENTHOCTS, 0.2 0.3 0.0 0.0
% 5 8 097 086
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I'padtmr TeMnsparype viz)

T T T T T T T T T T T T T T T T T T T T T T T T T T TTT1
u} 0,0005 0,001 00015 0,002 00025 0,003

z
AHATHMTHYSCKOS PelleHME

T-Flex KEagpaTHYIHED SJISMSHT

Pucynox 6.7-2 M3mepenus 1o z na rpaguke B MeTpax, Temmeparypa B °C.

JIOTIOTHUTENEHO TPOBEPHM BEITMUHHY TEIJIOBOTO NMOTOKA HA TPaHMIIE MAaTepPHAJIOB YMIa U paJnaTopa, a Tak
e Ha BepXHell rpaHuue, oraaromeil temio. Kputnuecku BaKHBIM MOMEHTOM JUI HAac SIBJISIETCS TOT (axT,
YTO TEIUIOBOH IOTOK, B OTJIMYHE OT TEMIIEPATyphl, SIBISCTCA HenpephslBHOW (yHKuuei. BeipakeHue ans
TEIUIOBOI'O II0TOKA [10Ka3aHO HUXKeE:

-K

ra

ou <b
d§’2>a'z— v [p-a,z>a,z<h,

K p-z,2<a,z>0

ou
ehip —2<a,220
P
oz
Kak BUIHO W3 aHATUTUYECKOTO BBIPAKCHHUS VIS TIOTOKA: BHYTPH Tella paauaropa (K KOTOpOMY MPHIIOKEHA
TEIUIOBasi MOIIHOCTh) TEIIOBOM IMOTOK PaBEH ITOCTOSHHON BenmwunHe. Ha rpanune pa = pz, npu Z=a,
CJIEAOBATEIBbHO, HENPEPBIBHOCTD TEMJIOBOI0 NOTOKA BHIIIOJIHEHA.
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T'padMr 2aBMCHMMOCTH MIOTOKa OT BHCOTH
F(z), z B MeTpax

70000

80000

50000

40000

20000

20000

10000

a Qo5 0001 00015 0002 00025 0002

rid
TeonoBOoM IOTOK (AHATMTHKE)

T-Flex pacdeT KBaAORD. =I.

Pucynok 6.7-3 — 3aBHCHMOCTH MOTOKA OT BHICOTHI, M
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Janaya: "KsagpaTH4HbIA anemMeHT"

Temnepartypa, C
I 59.8796
-y

F56.9

- 534

Oatune_7:

442130
Oatunk_8:
44.0741
Oatunk_5:

50.8796 ‘

ha
.

+ 5000012

r48.0254 '

Pucynok 6.7-4 — Pe3yabpTaTsl pacuera KBaApaTHYHBIM JIEMEHTOM

Tadanna
Pacuer noroka Tensia F TuHeHHBIM 31eMeHTOM
Koopaunara To4ku z, MM 0.75 2.25 3
AHanuTHYeCKOE peleHue, Bart/m’ 36111.( 72222 ( 72222 (
1)* 2) 2)
YucneHHoe penieHue, Barr/m? 3.774E 7.167E 7.208E
+4 +4 +4
OTHOCHUTENBHAS TOTPEIIHOCTb, % 4.5 0.8 0.19

Tadauna
Pacder noroka Ttenia F KBaIpaTHYHBIM JIEMEHTOM
Koopaunara Touku z, MM 0.75 2.25 3
AHaUTHYECKOE pellieHue, 36111.(1) 72222 72222.(
Barr/m? (2) 2)
YucneHHoe penieHue, Barr/m? 3.6111E+4 7.222 7.2222
2E+4 E+4
OTtHOCHuTENnbHAS <10” <10 <10
MOTPELIHOCTD, %




Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

*udpa B ckoOkax o3HauaeT NepUO JeCATUIHON ApodH, Haripumep 72222.(2)=72222.2222(2).
BeiBox:

OTHOCHTENBbHAS TOTPENIHOCTh YHCIICHHOTO PEIICHUS 10 CPAaBHEHHUIO ¢ aHAMTHYSCKUM He IMpeBbimaet 5%
Ut THHeiHOro 1 10™ I KBaApaTHIHOTO 2IEMEHTOB.

JlaHHas 3ajada pelwiach O4eHb TOYHO, 10 TOW IPUYMHE, YTO PELICHHE MPEICTaBHIIO COO0I KyCOYHYIO
(YHKLUIO C TMHEHHOM U KBaIPAaTUYHOM YaCTSIMH.

Kak BungHO Ha pucyHke 2, rpaduk pacdera KBaApaTHUIHBIM JIEMEHTOM COBIAJ C rpa)uKOM aHATUTHYECKOTO
pemieHus. PacxokaeHue ¢ aHWIMTUYECKMM peIIeHHeM pacueTa JMHEHHBIM 3JIEMEHTOM OKa3alloch
3HAYUTENBHO BBIIIE, 10 CPABHEHHUIO C PAacyeTOM KBaJpPaTUYHBIM 3JEMEHTOM. JTO CBA3aHO C TEM, YTO Camo
pelieHre mpeacTaBiseT coOoi KBagpaTHUHYO (YHKLUUIO TEMIEepaTypbl, CIEIOBAaTEIbHO, PEIIaeTCs
KBaJpaTUYHBIMU 3JIEMEHTaMU TOYHO.

OpToTponHasi rpadguTOBasi NJIACTUHA NMPH YCTAHOBUBILIEMCS] TEMIIEPATYPHOM pesKUMeE.

Paccmorpum 3amauy pachpenesieHust TEIUIOBOIO IO B YCTAHOBMBILEMCSI PEKHMME JUIS IUIACTUHBL C
OPTOTPONIHBIMHU KPUCTAJUINYECKUMH CBOMCTBAMU TEILUIONIPOBOIHOCTH €€ MaTepualia, OQHO U3 pedep KOTopoi
HMMeEET ITOCTOSHHYIO TeMiepatypy Ti, a octainbHblie Ts.

B kauecTBe mpumepa TpuBEAEM TOHKYIO MPSIMOYTOJNBHYIO IUIACTHHY TpaduTa C TEIUIOMPOBOIHOCTHIO
K.=278 Bt/(m - °C) Buoms GazoBoro mampasienus u K,=139 Br/(m - °C) B nepnenmuxymsprom. Eé
pasmeps: 200MM x 100mm. TTapamerpsr a=200mm, b=100mMm. IlmacTHa BBITSIHYTa BIONb 0A30BOTO
HanpaeieHns. K omHOMy u3 e pebep MeHbIueH JUIMHBI TpPWIOKHM Temmeparypy t=80°C. B
YCTaHOBHUBIIIEMCSl PEKMME OHA IOCTOSIHHA W HE 3aBHCHUT OT BpeMeHH. Ko BceM ocTanbHBEIM pebpam
npuaoxena temmeparypa 0 °C. Bromb Bceil MOBEPXHOCTH (C 0GEHX CTOPOH) MPOMCXOIUT TEILIOOOMEH ¢
BHEIHeIl cpejioif, Temmepatypa kotopoii 0 °C, xosddumment teroodmena H=400 Br/(m° - °C). Tonmuna
m1acTuHbl D=2Mmm.
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L

PﬂcyHOK 6.8-1 — Pacuernas MOa€Jb ¢ TPAHUYHBIMHA YCJIOBUSIMUA U JAaTYUKAMHU

Juia nansOoM 3amaun nuddepeHnrnanbHOe YpaBHEHNE NIMEET BU/:

Kl-g+ K, -@—EU:O
oy D

u(0,y)=0

u(a,y)=0

u(x,0)=t

u(b,y)=0

annas 3amgada pemiaercss B KoopawHaTHOW trockoctn OXY, B upsmoyromsauke [0,a]x[0,b],

aCCOLMMPOBAHHOM C Ipa)UTOBOM TIACTHHOM.
AHaNUTHYECKOE PelleHHe 3a1aul BhIpakaeTcs B Buje psua DOypbe 0 UMeeT BHT :

© i ) _ 2, n2 21,2
U(X’y):gzsm(nﬂgla) sh|(b 4’)\/k +n‘zr°/a |It-sin .
a . a

= shipvk? +n’z? / a?

JIuHMK paBHOTO YPOBHSI ISl TOJYYSHHOTO perieHus umerot Buj (cuctema Maple 9.5):

> Ycrounuk: T. Kapcnoy, /1. Errep «TemnonpoBoaHOCTs TBEpABIX Te», M3, «Hayka», M. 1964r. ¢ 171.
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1007

oo
=
1

oo
=
N TN N I TR T T N |

20 40 a1l alll

W

Pucynok 6.8-2 — JIlunuu paBHoro yposHs (o pacyery B Maple)

Taxyto ke kapTuHy mosist Habmonaem u B T-FLEX, cmotpu Pucynok 6.8-3.
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3apaya: "Japgava_o"
Temneparypa, C

an

70

il

+ a0

Oatume_14:
1.24

Oatume_13:
1.915

Oatume_12:
- 30 2.955

Oatume_11:
4544

20

Oatume_9:
6.965

Oatume_10:
10 10.63

Oatune_a:
16.14

-3.914E-009 Latyne_7:

2435

Jatune_fa:
36.44

Oatumne_5:
54.18

Pucynok 6.8-3 — J/Iunuu paBHoro ypoBHs (1o pacuery B T-FLEX ananu3)

Kak mokazaHo Ha pHCYHKE pAaCIOJIOKUM JAaTYUKH TEMIIepaTyp W MOCTPOMM 1o HUM rpaduk X=50 mm.
y=10,20,30,...60 mm. CpaBHUM TpaduK MO STUM TOYKAM C aHATTUTHKOU.
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T'padMy BaBEMCHMOCTH TEMISPDATYH
OT KOOPIOMHATE BHCOTH V(y)

20

YV ED

201

0r—T—T T T T T T T T T T T T T T T T T T

a 20 40 [=10] a0
¥
AHATHMTHYISCROS PelleHME

T-Flex KEagapaTHMYIHEDT SJI.

Pucynok 6.8-4 - I3mepeHus mo y B MHJLTUMeETPax

OL[eHI/IM TCICPb PACXOKACHUC YUCIICHHO. Amnamutudeckoe peHICHUEC MOJIYUCHO C TOYHOCTHIO 6 3HAKOB.

Tabdauna 1
IIapameTpbl NPOCTPAHCTBEHHOI CETKHU
TuI KOHEYHBIX 3JIEMEHTOB Yuciio y3ioB Yucno OTHOCUTENBHBIH
CETKH TpHU 2JIEMEHTOB pasMep
pacuere CETKH
Tetpasnp, 4 y3na. JIuneinsIit 613 1756 0.05

KOHCUYHBIM DJICMEHT.

Tetpasap, 6 yzna. KBagpatnunstii 3591 1756 0.05
KOHEUHBI JJIEMEHT.

Ta0auna 2
Pacuer KBaJIpaTUYHBIM JIEMEHTOM
Y — BBICOTA IJIACTUHBI OT CTOPOHBI C IPUJIOKEHHOM TemMnepaTypoi, X=50 MM.
Koopnunara Touku y, MM 10 20 30 40
Amnanuruueckoe perierune, °C 54. 36. 24, 16.
192 459 345 138
9 3 2 2
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YucnenHoe penienue, °C 54. 36. 24, 16.
073 390 310 126
1 1 2
OTHOCHUTEIIbHAS IIOIPEIIHOCTD, 0.2 0.1 0.1 0.0
% 212 898 441 743
46 00 76 58
Tabéaunua 3
Pacuer JHHEHHBIM 3J1eMeHTOM
Koopaunara To4YKH Y, MM 10 20 30 40
AHaIUTHYECKOE peleHue, °C 54, 36. 24, 16.
192 459 345 138
9 3 2 2
YucnenHoe peniexue, °C 54, 36. 24, 16.
621 599 263 160
1 4 1 0
OTHOCHUTENbHAS TOTPEUTHOCTD, 0.7 0.3 0.3 0.1
% 901 842 372 350
40 64 32 83

OtmeTnM, 4TO ONIMKe K TpaHMIle TOYKH BBIOMpaTh He Hajo (8-10 mm gomyctumo B ripu 200 ciaraeMsix), T.
K. B HUX psiji @ypbe cXoauTest ¢ GOIbIIUMH OCHMILISIIUSMHE. J{J1s1 9TOTO HaJl0 YBEIMYHBATEH YUCIIO CIaraeMbIX
YaCTUYHOU CYMMBI psijia.

Jlnst Bu3yanu3zanuu dpdekra oprorponHoctd B T-Flex nuamennm ko3 GHIMEHT TEIIONPOBOIHOCTH MO OCH
0X K,=70 Br/(m - °C). Kaprtuna nons umeer Buz:
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PucyHoK 6.8-5 - K,=70 Br/(m * °C) citea u K,=139 Br/(m * °C) ciipaBa

Kak BusiHO Ha Pucynox 6.8-5, ©30TE€pMa CJICBa MPU YMEHBIIICHUH TEIUIONPOBOIHOCTH 10 ocu OX crana MeHee
MOJIOTOM.
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BriBox:

Meton oxazancs 3(PQEKTUBEH NpU PEIICHWU 3a]a4 C aHW30TPOITHBIM PACIpPECIICHUEM TeMIepaTyp.
OpTOTPOTHOCTH CBOMCTB MPAKTUIECKH HE TIOBJHIIA Ha BEIYACIUTEIRHYIO 2((EKTUBHOCTh METOIA.

Ha rpaduke 3aBHUCHMOCTH TeMIIepaTyphbl OT pajuyca BHJIHO, YTO AHAIUTHYECKOE PEIICHUE M YHCICHHOE
pelIeHre MPaKTUIECKH COBHAIN. DTO TOBOPUT O TOM, UTO PacCIpe/leleHNs] TeMIIEpaTyPHBIX MAaKCHMyMOB U
MUHUMYMOB OJHMHAKOBEI, CIIEZIOBATEIHHO, PACUET TETUIOBBIX MOTOKOB W MOIIHOCTH OYAET MPOU3BOIUTHCS
TaK k€ TOYHO.

OTHocuTeNbHAsT TOTPEUIHOCTh JIMHEHHBIX 53JIEMEHTOB B CpelHEM B JIBa pa3a oOKaszajach OoJblie
KBaZpaTHuHbIX. OJHAKO KBaJpaTUYHBIA JJIEMEHT HCHOJB30BaJ KOJIMYECTBO Y3JIOB, IPEBOCXOJSAIIEE
KOJIMYECTBO y3JIOB JIMHEHHOTO AIIEMEHTa OoJiee 4eM B 5 pas.

TeMnepaTypﬂoe moJie CUCTEMBI ABYX HUJIUHAPUIECCKHUX BJIOKCHHBIX TEJ € TCIJOBBIM
CONMPOTUBJJICHUEM MOBEPXHOCTHU KaCaHUA

PaccmoTpum 3amady onpenesieHUs] TEMIIEPATypPHOTO OIS CUCTEMbI ABYX LIMJIMHAPUUECKUX BIOKECHHBIX TEI
C TEIUIOBBIM COIPOTHUBIIEHHEM IO TpaHHIlE KOHTaKTa. Paguyc BHyTpeHHEro Tena paBeH I,=5cM, a paguyc
BHeIIHero Teja Mn=7cM. Oba MUINHIPa HAXOIATCS Ha OJTHOM YPOBHE W 00JIaIat0T BRICOTOM paBHOM D=7 cMm.
Ha kpyrmplx mOBEpXHOCTSAX MAaHHBIX TeN 33a/JlaH HYINIeBOH TerioBod moTok. Ha G0okoBOW moBepxHOCTH
BHEIIHETO [IINHAPA 3aaH TEIUTOOOMEH ¢ OKpyKaromeii cpeoit ¢ kosddummentom H=120 Barr/(m? - °C) u
TemIepaTypoii okpyxaromei cpemsl To=20 °C. BIomb HeHTpambHOro OTpe3Ka HIIMHAPA MO BCeil BHICOTE
3amaHa TerioBas MommHOcTh P=200 Barr. Ha moBepxHOCTH KacaHUsS JBYX LWJIHHIPOB 33aJaHO TEIUIOBOE
conporuBienne Bemmanaoii R=0.01 °C-m%/Bart. TeImIonpoBoHOCTh BHYTPEHHETO HINHHAPa paBHa K,=50
Barr/(m - °C), Bremrero Ki=50 Barr/(m - °C) ¢

Paccmorpum Y4 uacTh BCeH IWIMHAPWYECKOW CHUCTEMBbI T, YCJIOBHEM CHUMMETpUM OyJIEeT HYJICBOM
TEIJIOBOM MOTOK Ha KBaJAPATHBIX IPAHMIAX KOHCTPYKIUH. MOIIHOCTH Ha HEHTPAIBHOM OTpe3Ke MPU ITOM
pasnenutcs Ha 4 (pactpenenutcs MexIy nByms tenamu). P1,=50 Bart = P/4. Ilpumep Takoro moctpoeHus
MTOKa3aH HIDKE.

® 31ech HamepeHHo K; u K, Ob1r BEIOpaHbI paBHBIMH, YTOOBI TTOKA3aTh BIMSIHAE HA CKAYOK TEMIIEPATYpPhl Ha TPAHUIIE TOIBKO
JIUIIb BETMYMHBI TETJIOBOTO COTIPOTHBIICHUS, & HE N3MEHEHUS TeTUTONPOBOAHOCTEH. OTHAKO aHATMTHIECKOE PelIeHIe HIKE
YUHTHIBAET CITydai, KOT/Ia TEIIONPOBOAHOCTH MaTEPHAIIOB HE PABHBI.
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2

Pucynok 6.9-1 — PacueTHast MoJies1b ¢ TPAHHYHBIMH YCJIOBHSIMH

Pemraemoe nuddepeHnmansHoe ypaBHEHHE JJIs1 TOYEYHOTO UCTOYHUKA UMEET BUJL:

a[auK(x, y)j+a(auK(x. y)j=p~5(x, y)
I'ne p — maoOTHOCTH pactpeserneHHoi MornHoct. [ Hamero ciaydas: p = P/ D. K — ato dynkius
TEIIONPOBOHOCTH MaTepuasna wmanmuaapoB. K(X,Y)=K; ecau Touka (X,y) NPUHAUICKUT BHEUIHEMY
wwHapy, K(X,y)=K; eciu Touka npuHAIIEKUT BHYTPEHHEMY LIJIMHIAPY. 0 — 3TO (YHKIHS HCTOYHHKA (B
nmuteparype ¢yHkuus Jupaka). Pemennem nannoro ypaBHeHus spisiercss ¢ynkuus [puna G (dbyHKnums
WCTOYHUKA). YpaBHEHHE NPEACTaBIeHO B KoopAuHaTax (X,Y). Ha camom ke nene, pemenue OyaeT 3aBUCETh
TOJILKO OT OJHOW NMEPEeMEHHOM — IMIMHIAPUYECKOro paaunyca (PacCTOSHHUA OT OTpe3Ka C MPUIOKEHHOH
MOIIHOCTBIO), ¥ OyJIET IMETh BUJ -

i;(rgl:K(r)j: p-5(),

K,,r,<r<r
K(r)= 11°2 1
K,,0<r<r,

" Tuxowos A. H. Camapckuii A. A. YpaBHeHus MaTeMaTHdeckoil dusnku. C 282 — momyueH B andepeHHansHoro
ypaBHEHHS
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I'parngHOE yCIOBHE 3TOH 3a7a9M 3a/1aeT KOHBEKTUBHBIA TEITIOOOMEH
ou
-K; aT(rl)z H (u(rl)_TO)

8
Pemenue 3agaum uMmeeT BUL .

P

Inr|+C,0<r<r,
u(r)= 2
Lln\r\+cl,r2 <r<r
27K,

FI[G IIOCTOSHHBIC Cl u C2 OMPEACIAIOTCA U3 YCJIOBHA TEMIICPATYPHOTI'O CKavKa Ha I'paHUIIC pa3aciia ABYX TCI
" T'paHUYHOTO YCJIOBUS. BI)Ipa)KeHI/Iﬂ, OIpeaACIAI0INeC C]_ u C2 HUMCIOT BHU:

q:ﬁ("+HTw+wmmq

27, 27K,
C,—c+r P PNER)(1 1
27, 2r K, K,

VYcnoBue TeMiepaTypHOro CKauka UMEET B!

im u(e)- im u) (e, 1) u(r, -)

_|rone
F F
I'me F — TemioBoii mOTOK Ha TpaHUIIE, BRIpaXkaeTcs: GopMyIIon
. ou . ou
F=Ilim-—K,=Ilim-—K,
r->n-  or r-n+ Or

CpaBHI/IM peucHue T-Flex aHanu3a ¢ aHATUTHYECKUM PCHICHUCM 3a]avu.

ITapameTpsl MPOCTPAHCTBEHHOU CETKU

Hucno y3ios Yucno N
OTHOCUTENBHBIN
Tur KOHEYHBIX JIEMEHTOB CETKH MPHU 3JIEMEHTOB A3Me
pacuere CETKHU p p
Tetpasap, 4 y3na. 2730 12060 0.09
JIuHeinbIit KOHEYHBIN
AJIEMEHT.
Terpasap, 6 y3i10B. 18520 12427 0.09
KBagparnunsrit KOHEUYHBIN
3JIEMEHT.
Pacuer nuHEeMHBIM 3IIEMEHTOM
28. 42. 56.

Koopaunara Touku I = ‘X‘x/ﬁ ,

® Tuxonos A. H. Camapcknii A. A. YpaBuenus MaTematnaeckoii ¢pusuki. C 283 — mosyduen Bijl 0OIIEro pereH s
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MM 284 426 568
27 40 54
Koopaunara X=y Touku B
IUIOCKOCTH LIMJIMHIIPA. 20 30 40
Ananutuueckoe pemreHue, °C 173 169 76.
32 .63 071
14 38 86
YucienHoe peirenue, °C 173 169 76.
42 71 099
8 2 5
OTHOCHUTENbHAS TIOTPEIIHOCTb, 0.0 0.0 0.0
% 615 460 363
04 99 34
PacyeT KBapaTHYHBIM HJIEMEHTOM
Koopnunarta Touku I = |X]+/2, 28. 42. 56.
P K2 284 426 568
MM 27 40 54
Koopnunara X=y Touku B 20 30 40
IUIOCKOCTH IIMJIHH/IPA.
AwnanutHyeckoe pemeHue, °C 173 169 76.
32 .63 071
14 38 86
Yucrennoe perenue, °C 173 169 76.
.36 .67 071
3 7 6
OTHOCUTENBHAs TOTPEIIHOCTb, 0.0 0.0 0.0
% 240 254 003
02 67 42
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I'padmk TeMmMnepaType vr)
2004
160

1204

20

ul 10 20 20 40 S0 60 0

r
AHATHMTHYIS CKROS

T-Flex KBaOPaTHIHEDT S3JIeMeHT

Pucynok 6.9-2 - Mi3Mepenust Ha 0csiX: I B MHJLTEMETpAXx, v B °C
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Bagava: "3agavya O"
Temneparypa, C

I 2081
H181.3

L1746

[ 197.8 Odarunk_3:

173.4

141 Jarumk_2:

169.7

1 124.4
Oartume_1:

76.1
H107.6

g0.87

7413

iy

Pucynok 6.9-3 - Kapruna noas

3aMeTuM, 4TO B OTJIMYME OT TEMIIEPATYPHI, TEIJIOBOM MOTOK HE TEPIUT pa3pbIB HA TPaHUIIE MATEPHUAJIOB, T.
€. SIBJISIETCS] HeNpephIBHOHM (pyHKIMEH npocTpaHcTBa. Beraucium ero:

ou 1
F=—K—=_"

or 2ar
Tenepb MpoBepUM BBIUKCIICHHE TIOTOKA Teria B T-Flex ananmuse.
Ta0auna 1
Pacuer JHHEeHHBIM 3JIEMEHTOM

Koopuuara Touki I = ‘X‘xﬁ, 28.28427 2226 56.56854
MM 40
Koopaunara X=y To4ku B 20 30 40
IJIOCKOCTH AJIUHAPA.
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AHaIUTHYECKOE pelIeHHe, Bart/m? 107
16077.0 18. 8038.53
1
YucieHHOE pelIeHne, Bart/v® 107
16351.6 91. 8057.86
9
OTtHOCHTENbHAS TOTPELIHOCTD, % 0.6
885
1.70803 54 0.240466
Tabanna
Pacuyer KBaipaTHYHBIM JJIEMEHTOM
Koo ata Touxu I =|X/2, 28.28427 42. 56.568
pIUHATA TOYKH ‘ Nﬁ 426 o4
MM 40
Koopaunara X=y To4kH B 20 30 40
TUTOCKOCTH LIMITHHPA.
AHanmuTHuecKoe perieHune, Barr/m® 107
16077.0 18. 8038.5
3
1
YucneHHoe pemeHue, Barr/m? 107
16117.4 33. 8048.1
9
0
OTHOCHUTENBbHAS TOTPEITHOCTD, % 0.1
390 0.1201
0.251290 17 71
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Bapava: "Sagaya 0"
PesynbTUPYIOWWIA TeNNoBol NOTOK, MOAYNb, BT/M?

Max=1.004E+006
1.504E+004

l1.397E+DU4

- 1.29E+004

- 1.183E+004

Ef1.076E+UD4

1 9689

- 8619

7550

6480

Pucynok 6.9-4 - Kapruna TenyioBoro noroka

BriBoa:

OTHOCHTENbHAS TIOTPEIIHOCTh YUCICHHOTO PEIICHUS 10 CPABHEHUIO C aHAIMTHYECKUM He TipeBbicuina 1,7%
nst uHeHoro U 0,25 171 KBaipaTHIHOTO DIIEMEHTOB.

HO}ITBepI[I/IHaCB HEMPEPBIBHOCTD TEIIJIOBOI'O IMOTOKA, (1)PI31/I‘~I€CKI/I Ba)KHas1 IJIA TCIIJIOBBIX CUCTEM.

B ,Z[OCTaTO‘IHOﬁ Onu3n oT COCPEAOTOUYCHHOTO HCTOYHHKA (TO‘IKa N OTPGSOK) TEIJIOBOH MOITHOCTH
MOrpeIHOCTH JIMHEHHOTO U KBaaApaTUIHOr'0 3JIEMCHTA CYIICCTBECHHO HE OTJIIMYArOTCA. ITO CBA3aHO C TEM,
4TO TEMII€paTypa B TaKUX HCTOYHHUKAX paBHaA O6eckoneunoctu. Ha OIIPEACIICHHOM paCcCTOAHUU OT HHUX
KBAaAPATUYIHBIC 3JICMCHTBI ITIOKA3bIBAIOT cebs Ha NOPAAOK JIydIlne JIMHEHWHBIX 10 TOYHOCTH pacucTra.

XoTs 3HaYeHHe OECKOHEUHOW TeMIIepaTyphl HE BIIUCHIBACTCS B €CTECTBEHHYIO (PU3NYECKYIO0 MOEIh, TEM HE
MEHee, TI03BOJIAET UCCIEI0BAaTh CaMble PA3IMUHbIE HCTOYHUKH TEIJIa, HAPUMEDP, OT TOHKUX MPOBOJOB WU
JIOCTAaTOYHO yJAJIEHHBIX O0OBEKTOB OT UHTEPECYIONIeH 00IACTH.

24



BepughukayuoHHble npumepbl

IToTok U KOHBeKU M AJI51 H30TPONMHOMN MJIACTUHBI

ITycts umeetcst cranpHas miactuHa b=200mMM X a=100 MM TommuHoH D=5 MM ¢ TEmIOMPOBOAHOCTHIO
K=50 Bt/(m OC). [MokaxkeM, 4TO TEIUIOBas CTAallMOHApHAs 3ajlada MOXKET OBITh BIIOJHE peliacMoi W st
CItydasi, KOT/Ia Ha TPaHHIE HET MOCTOSHHO TOIAEPKUBACMOM TeMIIepaTypsl (KOTOPYIO MIPU MOAETHPOBAHUH
Hamo 3HaTh 3apaHee). OrpaHMYMMCS OBYMSI THIIAMH HArpy30K: TEIUIOBOHW ITOTOK (paBHBIA HYJIO IS
HEKOTOPBIX TPaHUI]) ¥ KOHBEKTHBHBINH TeriooOMeH. [1o moBepXHOCTH TUIaCTHHBI (C IByX CTOpPOH) 3a1aH
Teroo6MeH ¢ BHemHeil cpenoil ¢ kosddurmentom Temmooraaun C=40 Br/(M* - °C) u Temmeparypoii
BHEITHEW cpeapl paBHOU Hymo. [lo weTBepToif rparn (umHo#M 100MM) 3a1aH KOHBEKTUBHBINA TEIIIOOOMEH C
koaddummentom H=20 Br/(m* - °C) u Temmneparypoii Bremseii cpems Up=10 °C.

Pucynok 6.10-1 — PacuerHast MoaeJib ¢ TPAHUYHBIMH YCJIOBHSIMHA

CoBMeCTHM Ha4allo KOOPJIWHAT C YIIIOM IacTuHbI, ock OY HampaBuM B0 OONBIIEH CTOPOHBI IIACTHUHBI,
KOHBEKIIUS TOTJ[a MPUJIOXKEeHa K rpaHu y=b. Torjga moiay4um 4YTo JBE M3 TPEX IpaHell, Ha KOTOPHIX 3aJiaH
HYJIEBOM TEIUIOBOW TMOTOK, COOTBETCTBYIOT 3HadeHMsIM X=0 m X=a. JTO O3HA4YaeT, 4TO MOJy4EHHOE HaMHU
pelIeHre He JOHKHO 3aBUCETh OT KOOPJMHATHI X. Pemenne OyneT uMeTs BU:
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

u(x,y)=V ~(ey\E + e‘y*[)

L=%k .oy

V= Yo

(ebﬁ _ e—bﬁ)_ :j x/t(eb\/t n e—bﬁ)

JluHMm paBHOTO YPOBHS IS MTOJTyYE€HHOTO pellieHNe MToTydeHHbIe B cicTeMe Maple cM. HIKe.

KouBeknus nmpuioxeHa Jyis KOOpAUHATHL Y =b.

T 1T T°1 T T T 1 1T T
a a0z

1T 17 1 1T 11
0,058
¥

T T
0,04 0,06

PucyHok 6.10-2 - Jlunuu paBHOro ypoBHsi penieHusi B cucreme Maple. KonBexkuust npuiosxena k y=b. Ilpu y=0
TeINJI0BOI MOTOK HYJIeBOMH

Cpasuurte ¢ kapTuHoii noss B T-Flex, npencrasnennoit Ha Pucynok 6.10-4.
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T'padMr SaBMOMMOCTH TeMIISepDaTVE
OT KOODOMHATHE BHCOTH V(V)

AHATHMTHIECKOES PeEmEHME

T-Flex KEaAODATHIHEI 3IT.

Pucynok 6.10-3 - U3mepeHus 1o ocu y B MeTpax
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Japgava: "3apgava_0"
Temnepatypa, C

0.2192
in.1933
L 01675
L 01416
Flotsr

+ 0.08985

+ 0.06395

0.03811

0.01224

/I

Oatune_20:
0.219

Oatume_19:
01832

Oatune_18:
0.1533

datuue_17:
01282

Pucynok 6.10-4 —Pe3yabrarsl pacueroB B T-FLEX Ananu3 (nepemenienus)

CpaBHHM YHCIICHHOE PEIICHNE U TIOJTy4YeHHoe B cucteme T-Flex.

Tabnauna
IapamMeTpbI NPOCTPAHCTBEHHOI CETKH
Tun KOHEYHBIX Yucno y3nos Yucno OTHOCHUTENBHBIN
3JIEMEHTOB CETKH TpH 3JIEMEHTOB CETKU pasmep
pacuere
Terpasnp, 4 y3na.
JIuHenHbI KOHEUHBII 742 1972 0.05
3JIEMEHT.
Terpasap, 6 y3na.
KBagpaTuunsrii 4195 1972 0.05

KOHEYHBIN DJIEMEHT.
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Ta0anna 2
Pacuer KBaJIpaTHYHBIM 3J1EMEHTOM
Y — BBICOTA IJTACTHUHBI OT CTOPOHBI ¢ IPUIIOKEHHOH TeMIepaTypoi
Koopaunara To4YKH Y, MM 200 190 180 170
AHanutrueckoe peretue, °C 0.2 0.1 0.1 0.1
190 832 532 282
50 31 92 71
YucienHoe peirenue, °C 0.2 0.1 0.1 0.1
189 831 532 282
79 86 65 48
OTHOCHUTENbHAS TIOTPEITHOCTD, 0.0 0.0 0.0 0.0
% 324 245 176 179
12 59 13 31
Tadanna 3
Pacyer JIMHEIHBIM 2JIEMEHTOM
Koopaunara To4YkH Y, MM 200 190 180 170
Ananutryeckoe perienue, °C 0.2 0.1 0.1 0.1
190 832 532 282
50 31 92 71
YucneHnoe perienue, °C 0.2 0.1 0.1 0.1
187 834 534 282
85 06 06 54
OTHOCHTENbHAS TOTPEIIHOCTb, 0.1 0.0 0.0 0.0
% 209 955 743 132
76 07 67 53
BoiBon:

OTHOCHUTENbHAs TOTPEIIHOCTh YUCIEHHOTO PEIIEHHs 110 CPAaBHEHHIO C aHANUTHYeCKUM He npeBbicuina 0,12%
s muaeitHoro u 0,03% Ut KBaApaTHIHOTO 3JIeMEHTOB. T.e. s JaHHOH 3a]jauy MOITyYWIIH PUOIMKSHHE
no 3-x 3Havamux mudp. 3aada penrmiach MPaKTHYECKH TOYHO C HEOONBIIMMH BBIYHCIUTEILHBIMA
3aTpaTaMu.

KBagpaTuuHble 371eMEHTHI IOKa3aJl OTHOCHTENBHYIO MOTPEUIHOCTh B JIBA Pa3a MEHBILIYIO, YeM JIMHEHHBIE
3JIEMEHTBI, OJTHAKO WCIOJIBF30BAIA TOYTH B 5.8 pa3za GoJbIme y3IIoB.

TenJioBoi MOTOK B H30TPOITHOM JHUCKE

PaccmoTrpum 3amady HarpeBaHHs KPYIJIOH IUTACTMHBI pacHpefeIeHHBIMH HMCTOYHHUKAMHU TeIula IO ee
MOBEPXHOCTH. /{11 3TOr0 3a71aAMM TETUTOBOM MOTOK ¢ 00enx ee cTopoH. [1o rpaHsM BOKpYT IIaCTHHEI OyneM
MOJIEPKUBATH MIOCTOSHHYIO TEMIIEPATYPY.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

B KauecTBe IpUMepa MpHBEIEM TOHKYIO CTAIbHYIO INIACTHHY C TEILIONpoBoaHocThio K=75 Br/(m - °C) . Eé
pagnyc: R=100 Mm. Tommmna D=5 mMM. 3HaueHwe IIOTHOCTH TEMIOBOro motoka F=60 Br/M%. Temmeparypa

110 rpamsM Bokpyr mractuas T=20 °C.

Pucynox 6.11-1 — PacuerHast MoaeJib ¢ TPAHMYHBIMH YCJIOBHIMHU

Ha pucynke 1 npezncraBinena Mojienb Takoro aucka B T-Flex. Ha moBepxHOCTH OT LeHTpa IrcKa
Ha pacctostuuu =0, 10, 20, ..., 60 MM ycTaHOBUM JIaTYMKHU TEMIEPATyphl U CPABHUM PE3YJIbTATHI.

PelraeMoe ypaBHEHHE Ha TOBEPXHOCTH IHCKA HMEET BHIL

2 2
Ju ou 2F
— + — K=—
ox® oy D

B mpaBoii yactu ypaBHeHUs1 00beMHAs TUIOTHOCTh UCTOYHHMKA TEIUIa (IKBHBAJCHTHAS MMOBEPXHOCTHOMW IS
IJIOCKOM 3a71a4n).

Kpaessie ycnoswus:

’ Ypasuenue Ilyaccona
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u(P)=T,PecaQ\(U, UU_)

Ka—u(P): F.PeU,
0z

Ka—u(P)=—F,PeU_
0z

I'me U. u U, - 3TO COOTBETCTBEHHO HW)XKHSISI M BEPXHSS CTOPOHBI IJIACTUHBL. AHAIMTHYECKOE pEIIeHHE

BBIp@KaeTCs uepes GyHKImo nerounnka™ G(P,Py).

G(P,P):ilnl—ln R P, =0
2zl \r rhon)) °

1 1 1
G(P,P))=—|In==In=|,P, =0
(P.Ro) 272( r Rj 0

2 2
fh =+/Xo + Yo

Ota GyHKUUS sBIIsSETCS pelleHreM ypaBHeHus Jlaruiaca ¢ CHHTYJSIpHOI mpaBod 4acThio (B MPaBOM 4acTH

¢bynkuus JIupaka) eJMHUYHON MOIIIHOCTH.
0°G 0°G

ax_2+_2 = 5(P,PO)
G(P,P,)=0,PcdQ\(A, UA.)
G(P,R,)=G(R,,P),vP,R, e Q

Pemenue ypaBHenus Ilyaccona Beipaxaercs yepe3 GyHKLIUIO HCTOYHHKA!

U(P): I f(Po)G(PvPo)dpo’

Q
2 2
87121+67l:: f, f :i:const
oX° oy D-K

Ananurrka Obl1a nocuutana B cucreme Maple 9.5 meroom uncnennoro nunrerpupoBanus d0lajc (aycc
10 Ttouex u Kponpox 21 Touka). Mcmons3oBanioch Ui cpaBHEHUS 6 3HAYamuX HUGP aHATUTHYECKOTO

pelIeHusl.

B JUTEepaType Tak ke HazbIBaeTcs QyHkumel ['puHa.
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Tabauna 1
ITapaMeTpbl NPOCTPAHCTBEHHOM CETKHU
Tum KoHEeYHBIX 3JIEMEHTOB Hucno y3nos Yucno OTHOCHUTEILHBIN
CETKH TIPH DJIEMEHTOB pasmep
pacuete CETKU
Tetpasap, 4 y3na. Jluneinsrit
KOHEYHBIN DJIEMEHT. 322 914 0.09
Tetpasap, 6 y3na.
KBagpaTuuHblii KOHCUHBIH 1876 914 0.09
DJIEMEHT.
Tadauna 2
Pacuer KBa/IPATHYHBIM 3JIEMEHTOM
I — pagnyc, Ha KOTOPOM HaXOJUTCS TaTYUK
r, MM 0 20 40 60
Ananutryeckoe perienue, °C 20. 20. 20. 20.
800 761 672 512
0 0 0 0
YucnenHoe pemienue, °C 20. 20. 20. 20.
797 765 669 509
3 3 2 2
OTHOCHTENBHAS TOTPEIIHOCTS, 0.0 0.0 0.0 0.0
% 129 207 135 136
80 11 44 51
Taoauna 3
Pacuer JTUHEHHBIM 3J1eMEeHTOM
r, MM 0 20 40 60
Ananutryeckoe perienue, °C 20. 20. 20. 20.
800 761 672 512
0 0 0 0
YucnenHoe peuienue, °C 20. 20. 20. 20.
793 760 665 504
9 9 3 9
OTHOCHTENBbHAS TTOTPENTHOCTS, 0.0 0.0 0.0 0.0
% 293 004 324 346
26 81 10 14
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TpadMx SaBMCHMMOCTH
TeEMIepDaTVPREL OT paoMyca vir)

20,799909

b 20,49

20,2000014

204
7T T 1T 17T 17T 1711717171717 17T 17T 17T 17 1T 171717 1T 171

u] 20 40 s 20 100

r
NonyaHalIlMTHYEYS KOS pPeEMSHMSE

T—FLeX HEaOODaATHMWUHEII =JI.

Pucynok 6.11-2 - 3mepenue paanyca oT HEHTPA JUCKA; I' B MM.
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3apaya: "3agaya 0"

Aatumk_16:
Temnepartypa, C 202246

20.8007

Aatumk_15:
20.4007

20.7006 ﬂ;?g:z;tt

Aatunk_13:
20.6567

20.6005

Aatynk_12:
20.7367

20,5004 Aatumk_11:

20.7847

20.4003

203003 | Aatumk_10: i g
20.2246

Jatunk_2: 2
20.4007 G
20.2002 £, /

Aatunk_9:
20.5447 Z

201001 | AaTunk_8:
20.6567

Aatunk_7:
20.7367

20

Latunk_6:
20.7847

V Oatunk_1:

20.8007

Pucynok 6.11-3 — TemnepatypHoe moJie
BriBoa:

OTHOCHTENbHAS TOTPEUTHOCTH YUCIEHHOTO PEIISHHUS 0 CPaBHEHUIO ¢ aHaduTHYecKuM He mpesbicuia 0,03%
st muHerHoro u 0,02 ams KBaApaTHYHOTO AIIEMEHTOB, T.€. PEIIEHHS MONydYeHBl OYeHb TOYHO, 10 4-X
3HaYAIUX MUQpP MpU HEOOIBIIUX BEIYUCIUTEIHLHBIX 3aTpaTax.

B cpennem, oTHOCUTENIbHAS IIOIPEIIHOCTD KBAIPATUUHBIX 3JIEMEHTOB OKa3ajach MEHbIIIE YeM Y JINHEHHBIX B
nBa pasa. Ilpu 3TOM HCHOIB30BANOCH NMPUMEPHO B 6 pa3 Ooiblle Y3JI0B AJsl pacueTa KBaApaTHYHBIM
JIEMEHTOM.

Ocobo OTMCTHUM, YTO B TOYKC r=20 mMm peHICHUC, MOJIYYCHHOC JIMHEHHBIM OJICMCHTOM, OKa3aJIOoCh OaXKE
TouHee. M Takoe AEHCTBUTEIIFHO BO3MOXKHO H3-3a CBOMCTB CXOJUMOCTH pe€mC€Huss B METOJAC KOHCYHBIX
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3NIEMEHTOB (CXOIMMOCTh B CMBICIE€ WHTErPaJbHOW HOPMBI W MEHBIIEE KOJIWYECTBO TOUCK/apTyMEHTOB
urparot posb). OZHaKo NpeayragaTh NOABICHNE U IIOJI0KEHUE ITUX TOUEK, BOOOIIE TOBOPs, HEBO3MOXKHO.

I/Isﬂyqenne IJIACTUHBI BO BHCIIHIOKO Cpeay

PaccmoTpuM 3amady pacdera YCTaHOBHMBIIETOCS TEIUIOBOTO TIONS OECKOHEYHOW TIUIOCKOW TUIACTHHBI,
W3dydalouied B BHEIIHIOI cpedy. Ha kpasx miactuHbl (1O AJHMHE), MOJACPKUBACTCS ITOCTOSHHAS
temmeparypa T=500 °K (cumraem, uto mpu Takoil Temmeparype >hDdEKT H3TydeHHs I Hee Oymer
CYyIIECTBeHEH). M3mydenune IpoucXoIuT C IIOBEPXHOCTH TIACTHHBI C 00EHX €€ CTOPOH BO BHEIIHIOIO CPEdy C
temneparypoii T,,=293 K. CunTast pe>kxuM yCTaHOBHUBLIMMCS, OIPEAEINM I0JI€ TEMIIEPATyp Ha IIOBEPXHOCTU
TUTACTHHBI B KOHTPOJIBHBIX TOYKaX, 0003HAUYEHHBIX AaTYMKaMU (PacnoiokeHHbIME BIOIb ocu OX).

XapaKTepUCTHKY MIACTHHBI: TOMIMHA 0=5 MM; mmpuna I=100Mm; Temonposoguocts K=50 Bart/(m * °K);
u3ydaronias crnocoOHocTh o=1. [lo rpaHWIaM MIMPHUHBI TUIACTHHBI MOIACPKUBACTCS HYJIEBOH TEILUIOBON
MOTOK.

Pucynox 6.12-1 — PacuerHast MoeJib ¢ TPAHUYHBIMH YCIOBHAMHI U JATYHKAMHU

Paccmorpum  muddepennmanbHoe ypaBHeHHWE JaHHOW 3ajgadd. [lOCKONBKY TEIUIOBOM IOTOK Ha
MIPOTUBOIIOJIOKHBIX TPaHUIAX IIACTHHBI PaBEH HYJIO, TO IOJIe TeMIrepaTyp OyaeT W3MEHSATHCS TOJBKO 10
JUIMHE TUTaCTHHBL. BpIOpaB cucteMy koopauwHat Tak 4to och OX HampamiieHa 0 MIMPHUHE TUIACTUHBI, & OCh
OY mno niwHe, MOMyYuM, YTO pPEUIeHHe 3aBHCHT TOJBKO OT IIMPHWHBI IUTacTHHBL. HadampHyro Touky O
KOOPAMHATHON CUCTEMBbI TIOMECTHM B LICHTP IUIACTUHBI. Y pABHEHUE TOTJa IPUMET BUI:
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u(@)=u(b)=T

FI[G koHcranTa C OIMpeACTIACTCA C YUCTOM IIHUPUHBI IIJIACTUHBI CIICAYIOIIUM Opa3oM:

CZZ-OC'G,
K-d
o=5.67-10"

I'ne 6 — mocrostaHast boipnmana.

AHanmuTHYeCKOE pelIeHUe NIl TaHHOTO PEIICHUs CYIIECTBYET B BUJE pasioxkeHus B psija Teinopa. Tak xe
€ro MOKHO MOJIYYHTh YHCIeHHO B cucteme Maple 9. 5t Bynem paccmaTtpuBath 3HaUY€HHE BJIOJb JTHHBI JI0

CpeIHeli TOUKH BRIOPAHHOTO HAYAIa KOOPIAMHAT, TIOCKONBKY PEIICHHE eCTh YeTHAs (yHKIMS .
2

Bripazum Tenepp aHAIUTUYECKOE PELICHHE 3aJaul B BUAE psaa. OTMETUM 4TO F =C. (u — Ty )> 0.T.
X

K. (PU3MYECKM IUTACTHHA HE MOIJIa OCTBITH JIO TEMIIEpaTyphl HIXKE OKpyXkaroled cpeabl. CienoBaTenbHO,

ou

—— BO3pacTacT MOHOTOHHO M3 —0O B + 00, a 3HAYUT, UMCCT CAMHCTBCHHYIO TOYKY IEPECCUYCHHUSA C OChIO

OX, koTopast OyAeT TOYKOH MHUHUMYyMa (YHKIUH pelleHHs. B OKpecTHOCTH 3TOHM TOUKM Pa3IOKHUM B Pl
(hYHKITHIO pelIeHus:

ou o°u AX? o"u AX"
U(Xe +AX)=U(Xg )+ —(Xo ) AX+ = (%o ) =+ et ——(%, )

OX OX 2 OX n!
JuddepeHimpyst HCX0IHOE YpaBHEHHE, Oy/IEM MOTy4YaTh BEIPAKEHUS sl CTAPIIUX MPOU3BOIHBIX:

Ou _g[ ), gy a(“4)=4-u3.ai

ox® ox2 OX X

4 2 2

‘2&‘:0(4 o Z“j/dx 4-u Z‘j+12-(u-‘2“j - 2“ clu*-T4)|=
X X X X X

—4C-u” —4C uT? +12( a“j
OX

U tak ganee. O4eBUIHO, YTO BCE MPOU3BOIHBIE MIPEICTABUMBI B BUEC HEKOTOPOTO ToanHOMa F oT dhyHKITHiH
U ¥ 3HaYEHUH ee IIEpBOM ITPOU3BOIHOM.

1
Perirenue OBUIO MOTYYEHO ABYMS CIIOCOOAMH, PACXOXKICHUE COCTABIIIO 1€-8 B yKa3aHHBIX HIKE TOYKaxX %0
12 o
C ¢du3nuecKoi TOYKH 3PEHHUS 3TO OUEBUIHO, IIOCKOJIBKY 110 KpasM 3aaHa OAMHAKOBAs TEMIIEpaTypa, a MaTepHasl
H30TpoIieH. B 1ieHTpe OyaeM uMeTh TOUKY MHHHMYMa, TIOCKOJIBKY TEJIO TEPSIET TEIUIO.
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ZXLLJ(X): Flux) Zk(kl‘LlI (x). Z;kz—lj (X)%(X)T = F(U(X),%U(X),T = const}

I[J'I}l BCE€X HCYCTHLIX MPOM3BOJHBIX BCEC Cjlara€MbIC IIOJIMHOMA F 6yILyT COACPIKATE MHOXUTCIIEM ICPBYIO
2k+1

MMPpOU3BOJHYIO, ITO3TOMY B TOYKE 3KCTPEMYMa BBIMIOJIHACTCS W(XO):O. CJICI[OB&TGJ'ILHO, peuICHuc

OyZeT UMeTh BHI.
0 aZku AXZK
u(x, + Ax)= kZ:c; 7 (X, )- 2

OueBHIHO, YTO W3 CHMMETPHHM KpacBBIX YCIOBHMI TOYKa Xg COBHAJaeT C BbIOpaHHBIM Hyinem O
KOOpPJWHATHOW CUCTEMBI.

o%*u

aﬁ(xo) HCT, NOCKOJIbKY Ha Ka)XIOM I1Iarc¢ BBIYMCJICHMS
X

HpOCTOFO AHAJIMTUYCCKOT'O BBIPAXKCHUA JIA

CYMMBI psifia IPUXOUTCS XPaHUTh BCe KOA(DGHUIMEHTHI TToMrHOMa F, 9TOOBI BBIYMCIUTH MPOM3BOIHYIO Ha

ciaemytomieM miare. [lo3TOMy HCIOJB30BAIMCh CTAHIAPTHBIC CPEIACTBAa AHAJIUTUYECKOTO  B3SITHS
. 1

npou3BoHOM B cucteme Maple 9.5%.

3HadyeHue U B TOYKE Xo OBUIO MOJIYYEHO CIEAYIOIIMM 00pa3oM: AJIS 3TOrO BBIOMPATUCh YaCTUUHBIE CYMMBbI
psina Teitnopa B Touke Xo +1/2 1 mpupaBHHBaNIMCh K KpaeBOMY 3HAUCHHIO TeMIeparypbl 1. PerieHue 3Tux
YPaBHEHHH HaXOAWJIOCh YHCIEHHO, NPU 3TOM HMHTEPECOBAIM TOJIBKO IOJOXKHUTEIbHBIC ICHCTBUTEIBHBIC
kopHU. B ntore nomyunnu, uto U(0) = 467.4671303. CpaBHUM NOIy4YE€HHOE PELICHUE C AHATUTHKOM.

Ta0auna 1
Pacuer JTHHEeHHBIM 3JIEMEHTOM

Koopaunara Y Touku n3mMepeHuii (Mm) 37.5 25 125 0
AHanuTHYECKOE PelIeHHe (°K) 485.442 475.357 469.425 467.467
JInneiinbrii snement (°K) 488.622 480.737 476.017 474.401
OTHOCHTENBHAS MOTPEUTHOCTh, % 0.655073 1.13178 1.40427 1.48331
Tabamna 2

Pacuer KBaApPpaTUIHbIM 3JIEMECHTOM

Koopaunara Y Touku uamepeHuit (Mm) 37.5 25 12.5 0

Anamuriaeckoe pemene (CK) 485.442 475.357 469.425 467.467

13 >
B HUKJIC 10 YUCITY CJIara€MbIX psaa HPOBOAUIIOCH IlI/I(I)(i)epeHIII/IpOBaHI/IC 1 NMMOJACTAHOBKA YCTBEPTON CTCHICHU PCIICHUA

o*u

87 (X) " HYJIA BMECTO nepBoﬁ B 'OTOBOC BbIPAXKCHHEC.
X

BMECTO BTOPOIl TPOU3BOIHOM
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Keanpatuunsiit snement ('K) 488.496 480.568 475.908 474.37
OTHOCHUTENbHAS TIOTPEITHOCTb, % 0.629117 1.09622 1.38105 1.47668
I'padmnr memneparyp vir), r B

MeTpax, v B "K.

5007

4057

4807
4751

4707

0,05 0,08

Pucynok 6.12-2 — I'pa¢ux pacnpeneeHusi TeMIepPaTyp BA0JIb INHPHHBI IIACTHHBI

t

AHAMTHMTHISCROS PemneHTE

T-Flex KBAIOPWMTHMIHEIL 3JI.

0,07 0.0 0.1
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BepughukayuoHHble npumepbl

3agava: "3agaya_0"
Temnepartypa, K

500

1 496.8
L 493.6
490.4 Aatuuk| Aarumk| JaTunk] JaTumnk| Jatumnk_5:
I > 4744 4744 4744 4744 4744
Oatumk_9:
i'» 487.2 475.9
[artynk_8:
1 484 480.6
| NaTynK_7:
L 480.8 4885
— ,r’ Oatuuk_6:
4776 500

474.4

Pucynok 6.12-3 — KapTuHa Ten;ioBoro moJisi ¢ JaTYMKaMu U3MepeHHuii

BeiBox:

OTtHocHTENBbHAs TOTPEIIHOCTh YHCIEHHOI'O PELICHUS IO CPAaBHEHUIO ¢ aHanuTH4IeckuM pasHa 0,6% (Ha ocu
IUTaCTHHBI) U pocturaet 1,5% (Ha kpato miactusel). OTMETHM, YTO C APOOJICHUEM CETKU PEIICHUE CXOAUTCS
K aHAJIMTUYCCKOMY MCEJICHHEEC B 3ajjadax JIy4UCTOIO TeHHOO6MeHa, 10 MPUYHHE HEJIMHEHHOCTH caMoM
3a1a4H.

Kak u B mpumepe ¢ H3iIydueHHEM IOJIOTO IIapa B OKPYXKAIOIIYIO0 Cpefdy, AeidaeM BwIBoa o ToM, uTo mpu
pacdere HETMHEWHOW 3a7jaud HET Pa3HHUIIBl B TOM, KaKHUM 3JIEMEHTOM MPOU3BOJIUTH pacueT: JTUHEHHBIM WIIH
KBaPaTHYHBIM.

H3iyyenne Ha MOBEPXHOCTH MOJIOI0 LIApa.

PaccmoTpum 3anmady omnpeaeneHus] CTAMOHAPHOTO TEIUIOBOIO IOJs IOJIOTO IIapa, Ha BHYTPEHHEH
TOBEPXHOCTH KOTOPOTO TOIEPKHBACTCS TIOCTOsHHAs Temneparypa T =600 °K, a HapyKHast IOBEPXHOCTH
U3Jly4aeT BO BHEIIHIOK cpely. BHemHss cpena umeer teMnepatypy T ,,=290 %K. IIpu Takoii Temmeparype
3G eKT pamuanuu CyIIeCTBEHHO BIMSET Ha TeMIepaTypy B oObeme Tena. TemioBoe Mojie ONpeleliuM B
KOHTPOJIBHBIX TOUKAX € paanycaMu Rips.

XapakTepuCTHKH Inapa: HapyxkHbeld pamuyc R=100 w™m; BHyTpeHHuit pagmyc R/2=50 wmmM;
TertonposoaHocts K=50 Batt/(M - °K); usiyuaromas criocoGHOCT chepuueckoil MOBepXHOCTH paBHa a=1.

PaccmoTpum 1/8 Bcero mapa. Ha 60koBbIX rpaHsx mapa 3afaJuM HYJIeBOH TEIUIOBOH MOTOK.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Pucynok 6.13-1 — PacueTHast MogesIb ¢ TPAHMYHBIMH YCJIOBHSIMH

[Tockonbky Marepuan M30TPOIEH, TO PELICHHE 3aJadd OyneT 3aBUCETh TOJBKO OT paiuyca. Eciu Hagamo
cUCTEeMBbI c(epUYecKUX KOOpAWHAT MOMECTHTh B LEHTP cdepbl, TO MOJIYYMM ypaBHEHHE C IpaHUYHBIMHU

YCJIOBHSIMU:

15@@“] ~0

ror or

u(R/2)=T,

K ?:(R)=a-0'-(TD‘LP —u(R)')

Pemenne YpaBHEHUA UMECT BU:
u=C,-In(r)+C,

FZ[G KOHCTAHTHI Cl n C2 OMpPEACTIAOTCA U3 TPAHUIHBIX YCJ'IOBI/Iﬁ CJICAYHOIUM 06pa30M:

¢, = 2R 1~ +c, n@))

C,=T,-C,- In(%)
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BepughukayuoHHble npumepbl

TlepBoe ypaBHeHHE (IU1s 3aJaHHBIX MapaMETPOB) HMEET BA BELIECTBEHHBIX KopHs''. I{ms kopHeit: Cy = -
4483.400605 u C, = -12831.06789 penieHne Ha rpaHUIle UMEET OTPUIIATENBHYIO TEMIlepaTtypy. B MeTpuke
KenbBuHa 3TO HEBO3MOXKHO. YIOBJIETBOPSIOT 3TOMY YCIOBHIO Tojbko KopHH C; = -13.02949201 u C, =

560.9671302 .

CpaBHUM YHCJICHHOE pEIICHHE C IOJYYCHHBIM aHAIUTHUYCCKUM pEIICHHEM B TOYKaX C paadycamu
R123=0.0707106; 0.0848528; 0.0989949 M (koopAMHATHI JATYMKOB B ITHX ToukKax: Xi»3=50;60;70 mm

Y123=50,60,70 MM)

Ta0anna
ITapameTpsbl ceTkH

Tum KOHEUYHBIX 3JIEMCHTOB

Yucao
CETKH
pacuere

Y3JI0B
npu

Yuciao

CCTKH

OJICMCHTOB

OTHOCHTEND
HBIH pazmep

Terpasgp, 4 y3na. JIuHeiHbIN

KOHEYHBIHA DJIEMEHT.

1562

6823

0.09

Tetrpasnp, 6
KBagpatuunsiii
3JIEMEHT.

y3JI0B.
KOHEYHBIN

10594

6823

0.09

Taboauna

Pacuer JTHHEeHHBIM 3JIEMEHTOM

Paguyc TOukM M3MeEpeHU,
M

0.0707106

0.084852
8

0.0989949

AHalIUTHYECKOE pEIICHHE,
0
K

595.484322
1

593.1087
648

590.968644
3

0
UucnenHoe peuienue, K

592.7

589.8

587.7

OTtHOcuUTENbHAS
MOTPELIHOCTE, %

0.47

0.57

0.6

Ta0auna

Pacuer KBaAPaTUIHbLIM 3JIEMEHTOM

Panguyc Touku u3MepeHuUu,
M

0.0707106

0.0848528

0.0989949

AHaTUTHYECKOE pEIICHUE,
0
K

595.4843221

593.1087648

590.9686443

KBagparnunsiit
K

DJIEMEHT,

592.8

589.9

587.8

OTtHOCHuTENnbHAS
MOTPEITHOCTE, %

0.47

0.56

0.54

Y Kopuu 6b1 Haiinens! cpeactamu cuctemsr Maple 9.5

!> Hepsi3ka momydeHHbIX KOpHeii cocTaBmia <le-10
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

I'padmr memnepaTyp vir);, r B M,
v e °C.

5007

598;

506

y 5947

502

5001

s8]
_IIIIIIIIIIIIIIIIIIIIIIIII
0,05 008 0.07 008 0,08 0.4

r
AHATHMTHMIS KOS Pem.

T-Flex KBaOpaTHd.

Pucynok 6.13-2 — I'padmk 3aBucuMocTH TeMIiepaTyphl V oT paguyca I' B cepruieckoii cucreMe KOOPANHAT
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BepughukayuoHHble npumepbl

3apava: "Sapgava_0"
TeMneparypa, K

600

598.4

S
v
596.8
/
595.3
N
5937
592.1 4
5905
5889 N p:
5873
] 1 “ / 1 N\ & E A ¥

Pucynox 6.13-3 — Bua TensioBoro moJisi o pe3yJibTaTaM KOHEYHO-3JIEMEHTHOT0 AHAJIM3A ¢ MOKA3aHUAMU
AATYHKOB

BriBoOx:

OTHOCHUTENIbHAS TIOTPEHIHOCTh pacueta npudmmkaercs k 0,5%. OTMmeruM, 4YTO C JIPOOJIGHUEM CETKU
pelleHrne CXOIUTCS K aHAINTUYeCKOMY MeJieHHee B 3afladax JY4YHCTOTO TeIUIooOMeHa, IO IMpHYNHE
HEJIMHEMTHOCTHU caMOl 3a/1ayu.

Kak BUIHO, IOTPENTHOCTh MPHU pacueTe pajHalldy MPAKTHYESCKA OJUHAKOBA JUIS JIMHEHHBIX 3JEMEHTOB H
KBaJIpaTHYHBIX. JTO CBA3aHO C MOTPENTHOCTHIO PEIIEHUs] HEJTMHEWHBIX ypaBHeHUH. [1o aTOMy, ipu pacuere
paAranyy IMEET CMBICI pacyeT TOJNBKO JIMHEHHBIM 3JIEMEHTOM M3-32 MEHBIITNX BBIUMCIUTEIBHBIX 3aTPaT.

TenjioBoe CONMPOTHUBJICHUE MJI0CKOH MJIACTHHKH

PaccMoTpuM 3ajauy yCTaHOBUBILETOCS IOTOKAa TEIJIa B COCTABHOM IUIACTHHE TOJIIUHOMN Zhi c

koo puLmeHTaMl  TeIUIONpOBOAHOCTH  K;, HAa TEpBOH M MOCIEAHEH MOBEPXHOCTIX KOTOPOii
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

o ylepsKuBatoTes Temneparypsl  u ., , a MexIy niacTuHaMu ¢ HomepoM M-1 u M+1 UMeeTcs TEMIOBOI

KOHTAKT C yeJIbHBIM conpoTuBieHreM R (cm. puc.).

Pucynok 6.14-1 - PacuyeTHasi MOJ€eJIb ¢ TEIUIOBLIMU HATPY3KAMH

N3meHeHue TeMiiepaTypbl M TEIIOBOM MOTOK BJOJbL TOJILMHBI COCTABHOW IUIACTHHBI, COCTOSALIEH W3 N

wiactTiHoK ¢ tommmHamu Ny, h,,....h u  kosdduumentamn termonposoaHoctu K, K,,..., K,
COOTBETCTBEHHO Juist Kaxkaoii riactunku f,,1=12,...,n onpenensercst mo popmye:
oT k(t..,—t t —t. h. .
fi:_kia_:_ |(|;]1 |):(| R|+1)’Ri:k_"ti<ti+1'|:1,2,,,,,n
z _ _ _

I | I
HyCTI) BCC IUNIACTUHKH, KpPOMC JABYX, HAXOAATCA B HUACAJIIBHOM TCIIJIOBOM KOHTAKTC II0 MOBCPXHOCTAM

pasacia, a MCXKAYy IUIaCTUHAMHU C HOMCPOM m-1 1 m+1 momMecTuM TEIIOBOE COIIPOTUBJICHUC R TOTrJa

m b
TEIIOBOIT TOTOK Oy/IET HENPEPHIBEH MPH MEPEXO/IE U3 OJIHOW 0GIACTH B IPYTYIO U, B TAHHOM CITy4ae, OyIeT
OIMHAKOB B I0OOH Touke (10 ecth, f,=f,=...=f =1T). Usmenenue temmeparypsr mexmy

IIPOTHUBOIIOJIOKHBIMU TTOBEPXHOCTAMU BCEM COCTAaBHOM INIACTHHEI 6y116T PaBHO CyMME H3MEHEHMI
TEMIICPATYPp B OTACIIBbHBIX INIACTUHKAX:

(tl _t2)+(t2 _t3)+"'+(ti _ti+1)+"'+(tn _tn+l)=tl _tn+l
Torma
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BepughukayuoHHble npumepbl

t,—t ,=fR +fR +. . +fR =(R +R,+R_ +..+R )f,R =—,i=12,...n,

ITpuMeM CleAyIOlMe UCXOJHbIC JaHHBIC: YMCIO IUIACTHHOK N =2, INUHA U IIHPUHA KaXIO0H IIACTUHBI
pasubl  500mmu  250mm  cooTBeTCTBEHHO, TONMWMHBL MiacTuHoK Ny, N, paBusr  8mm, 12mm.

Ipunoxennsie Temneparypsi t, u t, pasast 373°K u 273°K coorsercrenHo.

Bm Bm
Koaddpummentst Termonposonoctu: K, =43———, Ky = 200——
M-2pao M-2epao

Mm* - 2pao

TemnepatypHoe —compoTuBieHne Komtakta R, =3.33x107* ——"— (mpuMepHO OSKBHUBAJECHTHOE
. Bm
TEIIOBOMY COIPOTUBIICHHUIO [IOCKOTO CJI05 Bo3ayxa Toiuuuoii 0,05 mm ¢ K, =0.15——)
M- 2epao
Bm

Taxum o0paszom, f =1.72599x10° —

t,=—R f+t, =—1.860465x10*-1.72599x10° + 373 =2340.88 K ,
t,=—(R +R,)f +t, =—(1.860465x10* +3.33x10* )-1.72599x10° + 373 = 283.35 K.

2807 \\R

0 0.003 0.01 0.015 0.02
h

Pucynox 6.14-2 — I'padmk nepenaga TemnepaTyp Ha rpaHHIe TENJOBOT0 KOHTAKTa
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Beimonuus pacuét mpu nomoriu T-FleX Axamus, moaydninu clieayroIne pe3yabTaTh:

[TapameTpsl ceTku
Tun KOHEHHOTO KBagpaTHuHbIA TeTpa’ap (10 y3moB)
JIIEMEHTA: P padp LT Y
UwcIio TIIaBHBIX Y3II0B: 68155 ‘lncn? y3jon prd 68155
pacuére 3amaqm:
Yucno KOHEYHBIX 44043
3IIEMEHTOB
PesynbpraTel pacyéToB
Omnbka
Hucnennoe AHanuTHyeckoe ‘W W
petenne, W pemienne W o, = ——x100%
W
o Bm 5 5 0
TenoBoit NoTOK, —,- 1.72608 x 10 1.75631x10 1.72%
M
Tewmneparypa, t,, K 340.88 340.88 0.003%
Tewmneparypa, t,, K 283.36 283.35 0.003%

Sapgava: "NIMHe AHBIA"
Temneparypa, K

373

605
248
335.5 283,356
323
340,887
2105

298

2854

273

Pucynok 6.14-3 —Pe3yabrarnl pacueToB B T-FLEX Anajau3 (Temneparypa)
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BepughukayuoHHble npumepbl

Sapava: "JIMHeAHBIA"
PesynsTHpYIOWKA TENNOBOA NOTOK, MOAYNL, BT/M®

I 1.72614E+005
+1.72613E+005

1 7261 2E+005
L 1. 7261 2E+005 1.T2E08E+005
1 72611E+005 1726085009

+1.726) IR

L1 72609E+00

1.72609E+005

1.72608E+005

Pucynok 6.14-4 —Pe3yabratsl pacueToB B T-FLEX Anaan3 (Temneparypa)

TensioBoe conporuBJieHne chepbl

PaCCMOTpI/IM 3aa4y YCTAaHOBUBLICTOCS IIOTOKa TCIJIa B COCTaBHOHU CCI)equecKOﬁ IJIaCTUHE TOJ'IH.IPIHOFI

20,5Adi ¢ koo uImenTaMu TEIIONPOBOAHOCTH K, Ha MepBOM M MOCIEqHEN MOBEPXHOCTSX KOTOPOH

1o yIepsKUBatoTCs Temneparypsl 1) u t a MEeXAy IJIaCTUHAMU C HOMEpoM M-1 u M+1 umMeeTcs TenaoBoM

n+l »

KOHTAKT C y/IeJbHbIM conpoTuBieHreM R (cm. puc.).
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Pucynok 6.15-1 — PacuerHast MoeJib ¢ TPAHUYHBIMH YCIOBUSIMHU

N3meHeHne teMiiepaTypbl M TEIUIOBOM MOTOK BJOJbL TOJILUHBI COCTABHOW IUIACTHHBI, COCTOSALIEH W3 N

wiactuiok ¢ auamerpamu  d;,d,,...,d, wu koodpduumenramu rtemronposoasoctu K, K,,..., K,
COOTBETCTBEHHO Juist Kaxkaoii rmactunku f,,1=12,...,n onpenensercst mo popmyse:
1_1
27K, (t.., —t. t —t d d .
oz 1 1 R, 27K,
d d

i i+1
HyCTB BCC€ INNIACTUHKHU, KPpOME MABYX, HAXOIAATCA B HUACAIIBHOM TCIIJIOBOM KOHTAKTE IIO0 IMOBEPXHOCTAM

pasiena, a MEeXIy IUIACTHHAMHU C HOMEpOM m-1 ¥ M+1 moMecTuM TEIUIOBOE compoTtuBieHne R -, torma

m>»
TeHJ’IOBOﬁ IIOTOK 6y,z[eT HCIIPCPLIBCH IIPU MCPEXOAC 13 OHHOﬁ 06J'IaCTI/I B IPYr'yrO 1, B JaHHOM CJIy4ac, 6yz[eT

OIMHAKOB B I00OH Touke (10 ecth, f,=Tf,=...=f =1). Usmenenue temmneparypsi mexmy
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BepughukayuoHHble npumepbl

MIPOTUBOIIONIOKHBIMHI TTOBEPXHOCTSIMH BCEH COCTAaBHOW IUTACTHHBI OyAE€T pPaBHO CyMMe H3MEHEHHUH
TEMIIEPATyp B OTAENbHBIX IIACTHHKAX:

(tl _t2)+(t2 _t3)+-~-+(ti _ti+1)+"'+(tn _tn+1):t1 _tn+1
Torma

t,—t,=fR+fR +..+fR =(R+R,+R_+...+R )f, i=12...n

t,—t

(aa) -a)
d, d,), d, d

27k, 27k,

n+1

f

ITpumeM cliemyrolne MCXOMHBIC MaHHBIC: YUCIO IUIACTHHOK N =2, AMaMeTpPhbl IUIACTHHOK dl, dz, d3

paBHBI COOTBETCTBEHHO 350, 380, 420 Mm. TIpmioskennsie Temmeparyps t, u t, pasuer 473°K u 273°K
COOTBETCTBEHHO.

Bm Bm
Koaddpurmentst ertonposoanoctu: K, = 43———, K; = 200 ————— (craub 1 aroMUHHEBbII CIUIaB).

M-2epaod M- 2epao

3 M -epao

Temneparyproe comporuBienne konrakta R, =1.5x10 (IpUMEpPHO ~ HKBHBAJIECHTHOE

Bm

Bm
TEIUIOBOMY COIPOTHUBIIEHHUIO CHEPHUECKOTro ¢iIost Bo3ayxa Tonumuoi 0,1 mm ¢ K, =0.15———)

M-2epaod

f =7.8917x10* 2

Takum 06pazom, Mo

t,=—R,f +t, =8.349x10*.7.8917x10* + 473 =407.1K
t,=—(R +R,)f +t, =—(8.349x10* +1.5x10°°)- 7.8917 10" + 473=288.7 K
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400

_\_\_\_\_\_\_\_\_\_\_\_‘_‘—‘——\_

34 0.36 0.38 04 0.42
a

Pucynok 6.15-2 — I'padpuk nepenasa TeMneparyp Ha rpaHUIE TENJIOBOT0 KOHTAKTA

BeimonnuB pacuér npu nmomomu T-FLEX Ananms, monmy4wmiu ciemyromiye pe3yiabTaThl (C HWKHEH U
BEPXHEH CTOPOHBI KOHTAKTa COOTBETCTBEHHO):
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BepughukayuoHHble npumepbl

3apaya: "8agava_0"
Temneparypa, K

473

448 410.9

- 423

- 398

373

o 348

323

298

273

Pucynok 6.15-3 — Pe3yJbTaT KOHE4YHO-3JIeMEeHTHOT0 pacueTa (TeMnepaTypa)

ITapamerpsl ceTkn
Tun KOHEHHOTO KBagpaTHuHbIi TeTpasap (10 y3noB)
JJIeMEHTa P Thasap L0y
Yucro ri1aBHBIX Y3J10B: 22115 qHCH? Y3108 b 22115
pacuére 3amaun:
Yucio KOHEYHBIX 101217
3JIEMEHTOB
Pe3ynbTaThl pacuéron
Ommbka
Hucnennoe Ananutnyeckoe ‘W W ‘
pemenne, W pemenne W o, =——x100%
w
Bm 5 . )
T2 1.08x10 7.8917x10 0.36x10° %
Tennosoii moTok, M
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Temnepatypa, tz, K 410.9 407.1 1%

287.8 288.7 -0.3%

Temmeparypa, & , K

TTapameTpsi ceTku
T KOHCHHOTO JTUHEHHBIN TeTpasap (4 y3na)
3IIEMEHTA! Tpasap (% y
Uwuco rIaBHBIX Y37I0B: 22107 qHCH? Y3JI0B TIpH 22107
pacuére 3amaqm:
Yucio KOHEYHBIX 101190
3IIEMEHTOB
PesynpraTel pac4€ToB
Ommbka
Hucnennoe AnanuTHueckoe Wew ‘
pemenue, W pemenne W o, = TXlOO%
= Ad 5 4 2
TernoBoit OTOK, — 1.08x10 7.8917 x10 0.36x10° %
|
Temneparypa, t, K 410.9 407.1 1%
—~0.30
Temneparypa, &, K 287.9 288.7 0.3%

HeCTaHI/IOHapHOC TEIJIOBOE 110J1€ B H30TPOITHOM LIIape

PaccmotpuMm 3aady ompeneneHusl TeMIepaTypbl BHYTPH M30TPOIHOIO Iapa, B 00beMe KOTOpOro 3aJaHa
HavanbHas Temneparypa Tga=20 °C, W HarpeBaeMoOro Mo HapyXHOIl NMOBEPXHOCTH, HAa KOTOPOil 3ajaHa
IOCTOSIHHASL TEMIepaTypa Tporger=100 °C (HampuMep, map mpum KOMHATHOM TEMIIEpaType OIYCTHIH B
KHITSIIYIO Boxy). OnpenenuM TeMreparypy B J1F000i ero Touke (HaXOJsIIelcsl Ha pacCTOsSHUM I OT IIEHTpa
mrapa) uepes npoMexyTku Bpemenu Aty o3 =10, 20,30 c .

[llap MMeeT CIIeyIoNIIe mapamMeTpsr: paguyc a =100 MM, mIoTHOCTH Matepuana 7800 Kr / M°, TeIIOeMKOCTb

c=440 IIx / (xr -°C), Temnomposomrocts K=50 Barr / (M - °C). Takue TeruioBble XapaKTepHCTHKH
MPUCYTCTBYIOT Y HEKOTOPBIX CIIJIABOB CTAIH.
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BepudghukayuoHHsle npumepbi

JIn1s1 94uCIeHHOro MOACINPOBAHUS PacCMOTPUM 1/8 4acTh Bcero miapa. Y CiIoBHsS CHMMETPHH BBIPAXKAIOTCS B

TOM, YTO Ha TPAHHIAX 3TOM YACTH MIapa, UMEIOMIMX BEPUIMHON IEHTp IeNIOro Iapa, 3aJaJnM HyJIeBOM
TEMJI0BOH ITOTOK.

Pucynok 6.16-1 — PacueTHast MoJeJIb ¢ TPAHMYHBIMH YCJIOBUSMHE H IATYMKOM, PACHOJI0KEHHBIM B KOOPAMHATE
r=50 mm

Ha pucyHnke Bplllie mpecTaBiIeHa MOJEIb TBEPAOTO Teia. JKeaThIM IIBETOM MOKa3aH JaTYUK TeMIIePaTyphl.
OH poBHO Ha IMOJIOBHUHY pajiyca yaalleH OT LeHTpa Chephl.

[TycTs V — ecTh HCKOMOE pelieHue (TemMrepaTrypHoe mosie). Toria, ya4uThiBas, YT0 OHO HE 3aBUCHT OT YTJIOB
MOBOPOTa BEKTOpA, MMEIOIIETO HAYalIoM IeHTpP chephl (yclIoBHE CUMMETPUH) 3aMEHON MEpeMEHHOW BHIA
V=r-U, rie I — 3To paccTOosHUE OT LIeHTpa chepbl, a U — HeKoTopast GyHKLUS, TOTYyIUM ypaBHEHHE A U.

ou_ K &%

ot c-p or?

FI[C t — 3TO BpeM OCTBIBaHI/ISI/ Harpesa TBEPAOTO TCiaa.
u(r,0)=r-f(r)=T,, -r.t=0

u:
U(a,t) =r- q)(t):Tborder ‘rr=a

o .17
Pemas ero metogom pa3aeneHus IEpEMEHHOM, ITOJTYYHUM BBIPAXKCHUE JUIA V.

FpaHI/I‘-IHBIG YCIOBHUA JJIA

'8 Ha rpannuax, Ha KOTOPBIX HE 3a1aHO HH OJHOIO IPAHHYHOTO YCIIOBHS PABEHCTBO TEMIOBOTO IOTOKA HYJIIO 3a1a€TCs 110
YMOJTYaHHIO.
T Kapcnoy, JI. Erep, TermonposomrocTs TBepabix e M3, «Haykay», Mocksa 1964 r. c. 230
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

v(r,t): azriA” .e_Z[az]t s nar
n=1

a

Ine y=K/(Cp) xo3dduumeHT TeMneparyponpoBOJHOCTH. A Beca pasjoKeHUs A, ONPEACISIIOTCS IO

dhopmye:
A, :Ir’- f(r’)sin ﬂr: dr'—nzy(-1)
0

2_2

t

0

Nz

start

order

2 2l
A LT 4T e e ]—1

CpaBHUM YHCIICHHOE PELICHUE C TOTyaHAIUTHICCKUM.

el[n‘zz]ﬂ -p(A)dA =

Tabanua 1
IMapameTpsbl ceTkHn
Tun Huco y3/10B CETKU IIPU pacyeTe Yucno OTHOCUTENBHBIH
KOHEYHBIX TTUHERHBIM KBapaTHIHbIM 3JIEMEHTOB pasMep
SJIEMCHTOB 3JIEMEHTOM 3JIEMEHTOM CeTKH
Tetpasnp, 4 1776 11966 7711 0.09
y3na
Tabdanua 2

IMapameTpbl BpeMeHHOM JUCKPETH3ANNU

IToHOE Bpems pacuera (C)

IIar mo BpemeHnu (c)

Yucno BpEMEHHBIX CIIOEB

120

1

[TockosibKy anbTepHATUBHOE pelieHue (¢ KOTOphiM cpaBHUBaeTcs T-Flex) momydeHO mosiyaHaJIMTHYECKUM
myTéM (BBLIETIEHHEM YaCTHYHBIX CYMM DsJia), HEOOXOIUMO OTPEAETUTHCS C KOJIMYECTBOM 3HAYAIINX UMD,
KOTOphIE MOJXKHO HCIIONIb30BaTh JJIsi CpPaBHEHUS C aHAJIWTHKOW. TaOnwWia, mpencTaBiIeHHAs HUXKE,
MOKa3bIBAET: C KaKOW TOYHOCTHIO BEJICA pacyeT, JJid IMOJYyUYECHUS PEIICHUS Pa3JIOKEHUEM B psia U A
moctpoeHus rpaduka pemieHus. BpIBox 0 KomnMdecTBe 3HAYamMX HUGP B aHAJIWTHKE JAeNaeTcs II0
MOKA3aTEJI0 OTHOCUTEILHOIO U3MEHEHUS PEIICHUs, M TOM (DaKTe, YTO HAll PsiJl BCETAa CXOIUTCH.

Tadanua 3
ITapameTpsbl pacuera MOJyaHAJIUTHYECKOTO PelieHUs], MOJYYeHHOT0 pa3J/iosKeHHeM B pPsii:
KonnuectBo Bpewms B c. 3HaveHHe 3HadcHME OTtHOCHTENH
YIJIEHOB t, TeMIeparyp TeMIeparyp HOE
psna, N (Temnepatyp b1, Un(t), B °C. bI, TIpU U3MEHEHUE
a 3aBUCHT OT yaBoeHUH N,
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BepughukayuoHHble npumepbl

——=1-100%

BpPEMEHH) Uan(t), B °C. 5- ‘un —u,,
Un
10 20.48013866 20.41647716 0.31
500 20 26.07028450 26.00662298 0.24
30 34.46547534 34.40181384 0.18
10 20.53470594 20.53925332 0.02
7000 20 26.12485180 26.12939918 0.01
30 34.52004264 34.52459002 0.01

s aucnenHoro pacuera nmpuMeHuUMBI pe3ynsTaThl st N=7000. {ns moctpoeHus: rpadMKOB MPUMEHUMBI

pe3ynbraTsl g N=500.

Tab1HIIbl 3HAYCHHIT TEMITEpaTyp B Todke =50 MM (cepeauHa paamyca) B °C.

Tabamua Nel nuis1 pacyeTa JIMHEHHBIM 3JIeMeHTOM, 4 3Hayamue HuGpsbI.

Bpewms pacuerat, C 10 20 30
AHaHTHYCCKOE pemenue, "C 20.53 26.12 34.52
Yncnennoe perrenne, 'C 20.37 26.08 34.67
OTHOCUTENBHAS OTPEIHOCTD, % 0.7793 0.1531 0.4345

Tabauua Ne2 1151 pacueTra KBaApaTUYHBLIM 3J1eMEHTOM, 4 3Havanue uudpbl.

Bpewms pacuerat, C 10 20 30
AHanuTHYeCKOe perenue, C 20.53 26.12 34.52
YncnenHoe perrenue, 'C 20.61 26.16 34.58
OTHOCHTENBbHAS TOTPENIHOCTh, % 0.3896 0.1531 0.1738
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

=
[ [ [2h) (7] [eh)
(=) o L) 2] I

]
I

b2
b2

2
-

] 10 15 20 25 20

t

T-Flex MTHHeHHHH SIJ.

(=]

NomyaHaATHMTHMUIE CROE
PelleHHME

PucyHnok 6.16-2 - I'paduk 3aBucumoctu temneparypsl V(t) B Touke r=50 mm ot BpemeHu t
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BepughukayuoHHble npumepbl

100

90.124

+80.248

+70.3721

60.4961

50.6201

40.74432

Oatyuk_1:

346725
30.868%

20,9922

Pucynok 6.16-3 - Bux tensiooro noJist yepe3s 30 cekyng

BriBoOx:

[onyunnu peanucTuyHyro KapTuHy mois. OTHOCHTENbHAas MOTPELUIHOCTh YHCICHHOTO PpEIICHHUs I10
CPaBHEHHUIO C aHajduTU4YeckuM He mnpesbimaeT 0,8% mnpu pacuere ynuHedHBIM U 0,4% - KBaJIpaTHYHBIM
aneMeHTOM. [lorpemmHocTs pacdera 1Mo BpEMEHHM YCTOWYMBA W CYIIECTBEHHO HE PACTET C YBEIWYECHHUEM
pacueTHOoro BpemeHu. Ha rpaduxe 3aBUCHMOCTH TeMIepaTypbl OT BPEMEHHM BHIHO, YTO AHAIUTHYECKOE
pEILICHNE U YUCIIEHHOE PELICHHE TPAKTHYECKH COBITAIIH.

HOFpCIHHOCTL pacu€Ta KBaApaTUIYHbBIMU 3JIEMECHTAMU MEHBUIC, YEM IIPU paACUETC JIMHEHHBIMHU DJIEMEHTaMU
Ha HEOOJIBIIOM HUHTEPBAJIC BPDEMEHU.

HeCTaunonapﬂoe TEMJI0BOC 1MOJI€ B U30TPOIMHOM HIape ¢ TeIJI00TAa4eld Ha MOBEPXHOCTH

PaccmoTpum 3amady ompeneneHus TeMIEpaTypbl BHYTPH HM30TPOIHOTO IIapa, OT KOTOPOTO OTBOAMTCS
TEIIO, €clii B 0o0beMe Iapa 3ajiaHa HaudalbHas TeMmieparypa Tg.,t= 80 °C, a Ha ero rpaHuie 3aaaH
TeIUIOBOI MOTOK BemmuuHoi F=-800 Bart/(M? °C). 3HaK «-» 03HAYAET, YTO WIAP TepsieT Teruto. Ompenenum
TeMIeparypy 1apa B 11000 ero TOUKe Yepe3 MPOMEKYTKH BpeMeHH At » 3 =20, 60, 90, 120 ¢

[lapamerpbl mapa: pagmyc a=100 MM, mIoTHOCTs MaTepuama 7800 kr / M°, TeIUIOEMKOCTH
¢ =480 Ik / (xr- °C), rermonpoBoaHocts K=150 Barr / (M °C).
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

JJ1 4MCIeHHOTO0 MOACTUPOBAHHS PAcCMOTPHUM 1/8 yacTh Beero mapa. Y CcloBHS CHMMETPHHU BBIPAXKAIOTCS B

TOM, YTO Ha TPaHUIAX 3TOHW YacTH LIapa, MMEIOLIMX BEPIIMHOW LIEHTpP LEJIOro Hapa, 3afaJuM HyJIeBOH
. 1

TEIJIOBOM MOTOK.

Pucynok 6.17-1 — PacuyeTHasi MoJeJIb ¢ TPAHUYHBIMH YCJIOBHSIMH

Ha pucynke Belme mnpeacTaBieHa MoAens TBepAoro Tema. IlycTe V. — ecTh HCKOMOE pelieHue
(TemneparypHoe mone). Torjga, yduTeiBas, 4TO OHO HE 3aBUCHT OT YIJIOB IOBOPOTa BEKTOpa, UMEIOLIETO
HaydaiuoM LeHTp cepbl (YCIOBHE CUMMETPUH) 3aMEHOH NepEMEHHON BUAA V=I"U, MOJy4YUM YpaBHEHHE IS

u.
ou_ K o
ot c-p or?

I'me t — aT0 BpeMsi ocThIBaHHWs/HarpeBa TBEPIOro Teia. [ paHWuYHBIE YCIOBUS Ui U BBIpaKAIOTCS B
cienyomieit popme:

'8 Ha rpannmax, Ha KOTOPEIX HE 3a1aHO HH OHOIO IPAHMYHOTO YCIOBHS PABEHCTBO TEIIOBOTO OTOKA HYJIIO 331a€TCS 110
YMOJTIaHHIO.
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BepughukayuoHHble npumepbl

u(r0)=r-f(r)=T,,,-r,t=0

Kﬁ—u(a,t) =F,r=a
or

['ne f(r) — HayanbHOE pacnpesienieHre TeMIepaTypsl. [ 0TOBOE penieHre 3To 3a1a4u MPEICTaBICHO HIKE.

2 2 2 © of
v(rt)= 3Ft F(5r2 —3a )_2Fa ZS'”(mn/a)

oca 10Ka

Kr < a?sin(a,)

—_Y 2- 2
e xaytla +T

start

IT'ne y=K/(cp) xoadduimeHt TemmeparypornpoBOIHOCTH. A BEIHUYHHBI ( OMPEACISIOTCS KaK KOPHH
ypaBHEHUS (TOIBKO MOJIOKUTENbHBIE KOPHH):

9(e,)=a,
AHaTUTHYECKOE PelIeHre TIOMy4YeHO ¢ 6 3HAYaIUMH IH(PaMHL.
Tadanna 1
IMapameTpsbl ceTkHn
Tun Hucno y3/oB CETKU IIpU pacyeTe Yucno OTHOCUTENBHBIN
KOHEYHBIX TTMHCHHBIM KBaApaTHuHbIM 3JIEMEHTOB pasmep
SJIEMCHTOB 3JIEMEHTOM 5JIEMEHTOM CETKH

Terpasip, 4 1776 11966 7711 0.09

y3ia

Tabmna 2

IMapameTpbl BpeMEeHHOM JUCKPETH3ANNU

IHonHoe Bpems pacuera

HIar no Bpemenu (¢)

Yucj10 BpeMeHHBIX €J10€B

(c)

120 1 120
Tab1uIIbl 3HAYCHHIT TEMIIEPATYp B TOUKE OT LEHTPa Ha paccTosHun 50 MM B °C.
Tabauna Nel ans pacuera JUHEHHBIM 3JIEMEHTOM
Bpewms pacuerat, C 20 60 90 120
AHanuTHYeCKOe perenue, C 79.9481 79.7080 79.5163 79.3240
YncieHHoe perrenue, 'C 79.9491 79.7086 79.5167 79.3242
OTHOCHTENbHAS TOTPENIHOCTh, % 0.00125 0.00068 0.00044 0.00013
Tabamma Ne2 nuis1 pacyera KBaApaTHYHBIM 3JIEMEHTOM
Bpewms pacuerat, C 20 60 90 120
AHaJTHTHYECKOE pemenue, "C 79.9481 79.7080 79.5163 79.3240

1
°T. Kapcnoy, /1. Erep, TermonpoBoaocTs TBepAbIX Ten. U3, «Hayka», Mocksa 1964 r. ¢. 234
ABTOpPHI IPUBEIN PEIICHUE 3a]1a9H JJIs1 HyJIEBOW HadalbHOW TeMreparypsl. K ux pereHnio Hago mpocTo NpruOaBUTh

KOHCTAHTY T gtart
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

0
Uucnennoe peurenue, C

79.9479

79.7075

79.5155

79.3231

OTHOCHUTENbHAS ITOTPEITHOCTD, %

0.00035

0.00070

0.00107

0.00126

24



BepughukayuoHHble npumepbl

T'padMK BABMCHMMOCTH TEMISPATYVPE OT

EpemMenn v(t) B moure r=50mm
20

79900002
79800003
70 600007
Y
70500003

705

79400002

u] 20 40 G0 20 100 120

NomyaHaTMTHIE CKROS
PpellieHMe

T-Flex pacueT IMHEHHEM SJI.

PucyHok 6.17-2 — I'padux 3aBucumoctu temneparypsol V() or Bpemenn t B Touke r=50 mm
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

3apava: "JIMHelHbIN aneMeHT"
Temneparypa, C
Bpemsa: 90.00 ¢

79.5504

- 79.5167
L 79.4831
79.4495 Oarumnk_1:
79.5167
79.4159
79.3823

79.3487 BpemeHHOW npoyecc

<

o] [

Y

Pucynok 6.17-3 - Bua TenuioBoro moss yepe3 90 cekyHa (JIMH. 3JIeMeHT)

BriBoa:

OTHOCHTENbHASA MOTPENTHOCTh YHCIEHHOTO PELIeHHs 10 CpaBHEHHIO ¢ aHamuTmdeckuM MmeHbime 0.01 %.
[lorpemHocTh pacdera MO BPEMEHH YCTOWYMBA M CYIIECTBEHHO HE PACTET C YBEIMYEHHEM PAaCUETHOTO
Bpemenn. Ha rpaduke 3aBucMMOCTH TeMmepaTypbl OT BPEMEHH BHJIHO, YTO aHAJUTHYECKOE pEIICHUE U
YHCJICHHOE PElICHUE MPAKTUIECKH COBIIAIIH.

[Ipu pacuere KBaIpaTUYHBIMHU SJIEMEHTAMHU HCIOIB3YETCS TOPa3ao OOIbINE Y3JIOB Ul pacuera, 4eM Mpu
WCTIONIb30BAaHUH JIMHEHHBIX 31eMeHTOB. ClieZJoBaTeNnbHO, CO BpeMeHEeM (Ha KaXKIOM HOBOM BpPEMEHHOM
cJ0e), y KBaIpaTHYHBIX 3JIEMEHTOB HAKAIUIMBAETCS OOJIbIIAs MOTPENTHOCTh, YeM y JInHeHHbIX. Kak MoxHO
BUIEeTh, depe3 20 ¢, T. €. Ha OTHOCHUTEIBHO HEOOJBIIOM MPOMEXKYTKE BpPEMEHH IS HAIeH 3a1add,
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BepughukayuoHHble npumepbl

KBaApaTHUYHBIC 3JICMCHTBI OKa3aJIMCh TOUHEC HHHCﬁHLIX, OQHAKO Ha CYIIECTBCHHOM HMHTEPBAJIC BPEMCHU UX
IIOrp€IIHOCTD pacyucTa CcTajla 1a’KE BBIIIC.

HecTtaunnoHapHoe TelioBoe moJjie B H30TPONHOM HIape ¢ TeNJIO0OMEeHOM HA MOBEPXHOCTH

PaccmoTpuMm 3aiady onpenesieH s TEMIIepaTyphl B IF000H TOUKe BHYTPH Iapa, yepe3 HpOMe)KyTI(I/I BpEMEHHU
Aty 23 = 30, 40, 60 c, ecmu B oObeMe Imapa 3ajaHa HAYaIbHAS TEMIEPaTypa T =60 C a ma ero rpaHHue
3a/jaH KOHBEKTHBHEIA TemiooOMeH ¢ kodhdumuenrom terroornasn H=300 Barr/(m?-°C) 20 (mrap,
yMeBIIHit Temmepatypy BHyTprn 60 °C, omymieH B XOJOJHYH0 MOPCKYIO BOLY C TEMIEpaTypoil HyIIb
TPagycoB).

[Tapamerpsl mapa: paanyc a=100 mm, miotHOCTs Matepuana 7800 kr / M®, Teroemkocts ¢=440 Ik / (kT
-°C), temmonposoarocts K=50 Barr / (M - °C). J{is 9MCICHHOTO MOACIMPOBAHHMS PaccMOTpuM 1/8 4acth
BCETo Iapa. YCJIOBUS CHMMETPHH BBIPKAIOTCS B TOM, YTO Ha l“zpaHI/IIIaX 9TON YacTH IIapa, WMEHONIUX
BEPIIUHOM LIEHTP IEJIOTO MIapa, 3313 JuM HYJICBOH TEIIOBOM IMOTOK.

Pucynok 6.18-1 — pacuernast MoaeJib ¢ TPAHUYHBIMH YCJIOBHSIMHA

2 [Tapamerp Kod>(pUIHEHTA TEIIOOTAAYH TS BOABI 63 TeueHns 6L B3sT ¢ caitta http://www.helpw.ru/Teplotdach.php
Ha rpanuiiax, Ha KOTOPBIX HE 3a/1aHO HU OJHOTO TPAHMYHOTO YCIOBHs PABEHCTBO TEIIOBOTO MMOTOKA HYJIIO 3a1a€TCS 10
YMOJTYAHHIO.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

Ha pucynke Bblie mpencraBieHa Mojelb TBepioro Tema. I[lycTh V — eCTh HCKOMOE pellieHue
(TemmeparypHoe monie). Torma, yduThIBas, 9TO OHO HE 3aBHCHUT OT YTJIOB IOBOPOTa BEKTOpPA, MMEFOIIETO
HavaJoM IEeHTp cdephl (yCcIoBHEe CUMMETPUH) 3aMEHOW TIepeMEeHHOW BUAa V= U, TIOIyYnM ypaBHEHHE I

u.
ou_ K &%
ot c- yo, or?

I'me t — aT0 Bpems oOCTBIBaHUs/HArpeBa TBEPAOTO Tena. |'paHWYHBIC YCIOBUS I U BBIpAXKAKOTCS B
crenyromei ¢popme:

u(r0)=r- f() sart 1 1=0

u(a,t)+(h—ju =0,r=a
or a

['ne f(r) — HavanpHOE pacmpeeneHne TemMrepaTypsl, a koapduuuent h = H/K.

Pelwias ero METOAOM pasiesieHHs epeMeHHOi, OMyUNM BBIPaKEHHE s Vi2o
2hT
v(r,t)= Sta“ZAn e sin(r-q,)

I'me y=K/(Cp) xoapduiMeHT TeMmepaTypormpoBOAHOCTH. A Beca pasaoKeHHsS A, W BEJIMYHHBI
OTIPEETISIOTCS TI0 hopMyIIe:

» a’ar +(an-1f
A =sin(a-a,)- a,f(azaf +ah(ah—1))

u
a-a,-ctg(a-a,)+ah-1=0

T. e. oy — KOpHM TTOCTIEAHETO ypaBHEHUS. CpaBHUM YHCIIEHHOE PElIEHUE C AaHATUTUYECKUM. AHATUTHYECKOE
peleHre ObLUTO TOTY4EHO ¢ 6 3HAYAIUMH [UPPaMH.

Tadauna 1
IMapameTpsbl ceTkHn

Tun Yuciio y3J10B CETKU IIPU pacyueTe Yucno OTHOCHUTENBH

KOHEYHBIX TTHHEHAHBIM KBagparuin 9JIEMEHTOB BII pazmep
SJICMCHTOB 3JIEMEHTOM BIM
JIEMEHTOM

Terpasap, 4 1776 12078 7809 0.09

y31a

2T, Kapcnoy, /1. Erep, TeronpoBogaocTs TBepAbIX Ten. M3z, «Haykay, Mocksa 1964 r. ¢. 234
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BepughukayuoHHble npumepbl

Ta0auna

ITapaMeTpbl BpeMEeHHOM IMCKPeTU3aALMHU

IToHOE Bpems pacdera (C)

[Tar o Bpemenu (c)

Yucno BpeMEHHBIX CIIOEB

60 1 60
Tabmumel 3HaYeHNH TeMITepaTyp B TOYKe OT IeHTpa Ha paccTtostHuH 50 MM B oC.
Tadauua Nel ans pacuera JUHEHHBIM 3JIEMEHTOM
Bpewms pacuera t, C 30 40 60
AHaITHYeCKOE pereHue, 'C 59.2381 58.4375 56.4123
Yncnennoe peurenne, 'C 59.2223 58.4072 56.3901
OTHOCHTENbHAS TOTPENIHOCTh, % 0.03 0.05 0.035
Tabauua Ne2 nis1 pacyera KBaApaTUYHBIM 3JIeMEHTOM
Bpewms pacuerat, ¢ 30 40 60
AHaHTHYCCKOE pemenue, "C 59.2381 58.4375 56.4123
Yncnennoe perrenue, 'C 59.1617 58.3415 56.3222
OTtHOCHTENIBHAS TOTPELIHOCTE, % 0.11 0.15 0.15
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

I'padMy S3aEMCHMMOCTH TeMISPATVPH OT
EperMeHr Vv{(t) B Toure 1r=50mm
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]

h
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u] 10 20 20 40 a0 &0

t MNomyaHaTHMTHIS CHROS
PelleHME

T-Flex IHMHSHAHEDRT SII.

Pucynok 6.18-2 — I'padmk 3aBucumoctu Temneparypsbl V(t) or Bpemenu t B Touke r=50 mm.




BepughukayuoHHble npumepbl

3agaya: "JIMHelHbIN aneMeHT"
Temnepatypa, C
Bpems: 30.00 ¢

59.9749

58.8251
+57.6753

+ 56.5255

Oatumng_2:
59.2223

']
55.3758

54,2259

53.0762 BpeMeHHon npoyecc =

.............................. J o ] i e [v]

Pucynok 6.18-3 - Bua Termioporo moJis yepe3 30 ¢. (JIMH. 3J1€MEHT)

BriBon:

Yo6enunuce B BBIYMCIUTENBHONH 3(dexkTuBHOCTH MeTona. OTHOCHTENbHAs! IOTPELIHOCTh YHCIEHHOTO
pelleH s 10 CPAaBHEHHUIO C aHATUTHYECKUM cocTaBuiia Menblie 0,5%, 4To gaeT rapaHTHPOBAaHO COBIAICHUE
2X 3HAyYalUX OUQp TPU BBIUUCIUTENHLHO HEOONBIIMX 3aTparax Mo BpeMeHH W mamsaTH. [lorpemHocTth
pacueTra MO BPEMEHM YCTOMUYMBA M CYLIECTBEHHO HE PacTeT C YBEIMYCHHUEM pacdyeTHoro Bpemend. Ha
rpaduke 3aBUCHMOCTH TEMIEPaTypbl OT BPEMEHH BHIHO, YTO AHAIUTHYECKOE PEIICHHE M YHCICHHOE
pelIeHne IPaKTHIeCKH COBIAIIH.

[MorpenrHocTs pacueTa KBaApaTUYHBIMU JIEMEHTAMH CYIIECTBEHHO MEHBIIE, YeM IPHU pacueTe JTHMHEHHBIMH

QJICMCHTaAMH, OAHAKO TEMIIbI pOCTa MOrp€IIHOCTH Y KBAAPATHYHBIX 3JICMCHTOB IIO BPEMCHHU HECKOJIBKO
BBIIIIC.
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Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

HecTannoHapHoe TeNIoBoe 1101 B H30TPOIHOM MU IHHApe™

PaccmoTpuM 3amady OCTBIBaHUS LIJIMHAPUYECKOTO Tella C H30TPOIHBIMH CBOWCTBAMHU, HMEIOILETO
HAvYAIBHYIO TEMIepaTypy B ero ooseme t,=60 °C. Ha rpanuie Tena moaepKHBaeTCsS TeMIEpaTypa, paBHas
HYJII0; BpeMs OCThIBaHMA He mpeBbimaeT 20 ¢. OnpenenuM TeMIepatypy B KOHTPONBHBIX Toukax 1, 2, 3,
UMEIOMINX IIIMHIPUIECKIE KOOPANHATHI (Ha4ajao KOOPAMHAT HAXOAUTCSA B LEHTPE MIIUHApA): =25 MM,
h1=25 mmM; r,=25 MM, hy= - 25 mm; 1;=30 mm, h3=0 Mm; B MOMEHTBI BpeMeHH 1y »3=2; 10; 20 cexk.

I'eomerpuyeckne u (Guznueckne XapakTepUCTHKH Tena: BeicoTa muwmmHapa H =100 MM, paguyc mummHapa

a =50 mm. [TnotHOCTH p=7.7 r/em’, Temmoemkocts € =460 Jhx/(kr*°C), Temmonposoanocts K = 40 Br/(M *
0
C).

Pucynok 6.19-1 — PacuerHast MoeJib ¢ TPAHUYHBIMH YCIOBUSIMHU

Hckatp pemenne OyaeM B HUIMHIPUYIECKOH cucTteMe KoopanHat. Ee IeHTp HaXxoauTcs B LEHTPE LMWINHAPa
0 BBICOTE (M3MEHEHHE BBICOTHI - N), a 0Chb, OT KOTOPOH cYMTAETCS PACCTOSIHUE (PaIuyC B LIHIMHIPUYECKOM
cHcTeMe - I'), COBMaAaeT ¢ ochbto ImmuHapa. O6o3naunm |=H/2, Toraa pemraemMoe ypaBHeHHE HpHOOpETaeT
BH[I:

2 IIpmmep B3sT n3 kuUrH Kapcnoy I'. Orrep /I, TermonpoBogrocTs TBepAbIX Ten, MockBa. u3a. Hayka. ctp. 225
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i)

15(r@j+1azu+5“_ u
ror\ or) r?op* ozt £ o
K

; =X
FpaHI/I‘IHLIe yCHOBI/Iﬂ IS OTOTO ypaBHeHI/Iﬂ UMCHOT BU.

u(r,p,z) = f(r,p,2),t=0

ut)=0,(r,p,2) e{(r,p,2):r =aju{(r,p,z) :h==l}

B T'paHUYHBIX YCJIOBHUAX UMECTCA BBUAY, YTO f — HCKOTOPOC pacClpCACJICHUC TCMIICPATyphbl BHYTPU TCJia B

HAYaJIbHBIH MOMEHT BpeMeHH, U(t)=0 Ha MOBEPXHOCTH IMJIMHAPUYIECKOTO Teda B TEUCHHH BCErO MEpHOIa
BpPEMEHHU. 3aMETUM Cpa3y, 4To B HaieM ciay4ae f — 310 KoHcTaHTa.

[IpuBeneM BUA pelIeHHs AAHHOIO YPAaBHEHHMSA B BHIE DPA3JIOKEHHA B PsAA IO TaPMOHUYECKHM H IO
BecceneBbiM hyHKIMSAM JUTs1 001IEro ciayyast, Koraa f - He sIBIseTCs: MOCTOSHHOM.

2_2

u(r,p,z,t)= ZZie){ﬂz+ " JtJn(y- r)-sin m7r(22I+I)X

o0
u m=1n=0

X (Aﬂ,m’n cos(ng)+B, ., sin(n (p))

e J, (r)- Beccenera dyukius®™, mapaMeTp u SBISETCS KOPHEM yPaBHEHHS

Jy(aw)=0
Koaddurmentsr A u B Beraucsirorest mo popmynam, IpruBeeHHBIM HIDKE:
2 i ¢ . ma(z+1);
A n= cos(ng)|sin————=| rd (ur)- f(r,¢, z)drdzd
i ﬂazl{J;(w)}z_jﬂ ( (P):[ ] ! (ur)- £(r, ¢, 2)drdzdg

I a

2 T . mz(z+1)

B, mn = 100 () fsm(n@_[sm ZII rd, (ur)- (r,,z)drdzde
7a n /ﬁ - - 0

B namem npoctom ciydae, korna f = tp u3 Bcero psma mo n ocramercs Tonbko mepBoe ciaraemoe N=0.

AKTyalbHBIM OKa)XETCsl TOJIBKO Pa3JIOKeHUE M0 M U y. YTIPOICHHBIN BU PEIICHUSI MIMEET BH/I:

2_2

2 )-T 5 A s )i

4 m=1

mﬂ(z+|)

I'ne

# Kapcnoy I'. Drrep /1. TemmonpoBoaHOCTb TBepAbIX Teix, Mocksa. n3. Hayka cp. 478
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8-1,

A = ’
w2 mad (ra)(2m +1)

A, ,. =0

,2m

T. e. B psiJie 1O M NPUCYTCTBYIOT TOJIBKO HE YSTHBIC KO (DUITUCHTEHI.
CpaBHUM 3HAauYCHHUE TEMIEPATYPhl B (DUKCUPOBAHHOW TOYKE B Pa3JIMYHBIC MOMEHTHI BPEMEHH C PEUICHHEM,
MOJIyYEHHBIM METOJIOM KOHEYHBIX 3JIEMEHTOB. TOuKy OyJeM BBIOMpATh HAa JOCTATOYHOM PACCTOSIHUUA OT
TJIAaBHOM OCHM HWJIMHIpPA, JJIS JIYYIed CXOMUMOCTH psifia aHAIUTUKH (B YPaBHEHWU €CTh OCOOCHHOCTH BHIIA
1/r koTOpas Ha CKOPOCTh CXOAMMOCTH psifa 1o becceneBbiM GyHKIHMAM CYIECTBEHHO BIIHSET).

CpaBunMm pemenne T-Flex aHanmm3a ¢ aHaTUTHYECKMM pelieHWeM. /s IMoiyaHaTWTHYEeCKOTO METOoja
peuieHus (BBIACTCHUE YaCTUYHON CyMMBI psa) MONMYyYeHO pelleHHe C TOYHOCTBI0 Ooyiee 6-TH 3HAYaIlIux

uudp.

Tadauna

IMapameTpbl NPOCTPAHCTBEHHOI CETKU

Tun KOHEYHBIX 3JIEMEHTOB Hucno y3noB Yucno OTHOCUTENBHBII
CeTKHU IpHu 3JIEeMEHTOB pasmep
pacuere CETKH
Terpasap, 4 y3na. JlunelHsiit 2473 11209 0.09
KOHEYHBII 3JIEMEHT.
Terpasap, 6 y3moB. 16945 11209 0.09
KBanparnuHslii KOHEUHBIN
JJIEMEHT.

ITapameTpsl BpeMEHHON AUCKPETU3ALIUN

IlonHoe Bpemsi pacuera ar no Bpemenu (c¢) Yucino BpeMEHHBIX CIIO0EB
(c)
20 0.5 40
Tabéanua
Tabmna KOHTPOJIBHBIX TOYEK:
Homep 1 2 3
TOUYKH
r, MM 25 25 30
h, Mmm 25 -25 0

W B momenTsI Bpemenu: 2, 10, 20 cek. OyeM CMOTPETh 3HAUCHUE TEMIIEPATYPHI.

TeMmmepaTypsl B KOHTPOJIBHBIX TOUKaX B "C
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Ta0anna
Pacuer JUHEHHBIM J1eMEHTOM

st Bpemenn t=2 ¢

Howmep xoHTpONIBHON TOUKH 1 2 3
AHamuTHYECKOE peleHue, °C 59.9710 59.9710 59.7728
Yucennoe pemrenue, °C 60.8509 60.8372 59.3652
OTHOCHUTENBHAS TIOTPEIIHOCTD, %0 1.2 14 0.5

st Bpemenn t=10 ¢

Homep KOHTpOIBHOM TOYKH 1 2 3
Ananutryeckoe perienue, °C 46.7052 46.7052 45.5215
YucnenHoe pemienue, °C 44.7267 44.8331 43.8220
OTHOcHTENbHAs TOTPENIHOCTh, % 4.2 4.05 35

s Bpemenu t=20 ¢

Howmep xoHTpONIBHON TOUKH 1 2 3
Amnanmutuueckoe peresue, °C 29.5316 29.5316 31.1765
YucieHnoe perieHue, °C 27.9843 28.2911 30.2286
OTtHOCHUTENbHAs MOTPEIIHOCTb, Y% 54 4.1 3.0
Tabauna

Pacder KBaipaTHYHBIM IJI€MEHTOM
st Bpemenn t=2 ¢

Howmep xoHTpONIBHON TOUKH 1 2 3
Ananutryeckoe perienue, °C 59.9710 59.9710 59.7728
YucnenHoe pemienue, °C 59.8153 59.7620 59.8432
OTtHOCHTEINIBHAS TOTPELIHOCTE, % 0.20 0.35 0.03

st Bpemenn t=10 ¢

Homep koHTpONBHOM TOYKH 1 2 3
Ananutryeckoe perienue, °C 46.7052 46.7052 45.5215
YucieHHoe perieHue, °C 46.6186 46.6977 45.4049
OTHOCHUTEIbHAS TIOTPEIIHOCTD, %0 0.19 0.04 0.27

st Bpemenn t=20 ¢

Homep koHTpONMBHON TOUKH 1 2 3
AHanutryeckoe perierune, °C 29.5316 29.5316 31.1765
Yuciennoe penierue, °C 29.4216 29.4864 31.0218

OTtHOCHUTENBHAS OTPEIIHOCTh, %o 0.37 0.17 05




Pykosodcmeo rnonb3oeamensi T-FLEX Ananu3

533aEMCHMMOCTE TEMISPATYVPE OT
Epemenn v(t), r=30, h=0
&0

u] il 10 14 20 25 30

t

T-Flex KBaOpaTHMIHEDT =JI.

AHATHMTHIS KOS PelleHME

Pucynok 6.19-2 - M3mepennst Temnepatypsi v B °C, Bpemenn t B C, I 1 h — 3-51 KOHTPOILHASI TOYKA (B MM)
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Bapava: "KeagpaTH4HbIi aneMeHT"
TeMmneparypa, C
Bpems: 20.00 ¢

50,9842
Oatunk_1:
446112 | 294216
| 35,2382 4 ¢
[atunk_5: J
| 31 551 | 310218 v
|
1 254921 !
N Jatung_2: Fi
20 4864
1 191191
1127461 Yo
6.37301

<

0 5 T

Pucynok 6.19-3 - Bua TenioBoro moas uepes 20 cexyny

BeiBox:

st maHHOM 3a7aun TMOMYYUIN PEAUTHCTHYHYIO KapTuHy moyist. OTHOCUTENbHAS MOTPENTHOCTh YHCIEHHOTO
pEUICHUS O CPABHEHUIO C aHAJTUTUUYECKUM HE IpeBblaeT 5% st auHeitHoro u 0,5% nis KBaapaTUYHOTO
aeMeHTOB (Ha BpeMeHHOM uHTepBajie 20 ¢). Metoa okasaics 3pdeKTHBEH I pelIeHus 3a7a4 CO CAOXKHOU
reometpueii. [lorpenrHoCcTs pacdeTa MO BPEMEHH YCTOWYMBA M CYIIECTBEHHO HE PACTET C YBEJIMYECHUEM
pacdetHoro BpeMeHu. Ha rpaduke 3aBHCHMOCTH TEMIIEpaTyphl OT BPEMEHU BHJIHO, YTO aHAJIUTHYECKOE
pELICHUE U YUCICHHOE PEIICHUE TPAKTUYECKU COBIAIIU.

Jis cI0XHOW TeOMETPUU O0JIACTH KBAAPATHUYHBIC AJIEMEHTHI MOKa3anu ce0s Jydnie JuHeWHbIX. OmxHako
ClIelyeT MOMHHUTh O TOM, YTO Ha OOJIBIIMX HHTEPBajaX BPEMEHH KBaJPATHYHBIC 3JIEMEHThI HAKAIIUBAIOT
00JIBIIYIO TIOIPEIIHOCTD, YeM JIMHEHHBIC Ha MOCIICIHIUX BPEMEHHBIX CJIOSIX.
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HecraunmonapHoe TerioBoe moJjie B OpTOTPONHOM MJIACTHHE

PaccmoTpuM ABYMEpHYIO 3a/ady OCThIBaHUSI TpaUTOBOW IUIACTUHBI C OPTOTPOIHBIMU CBOWCTBAMH.
Havanshas Temneparypa miactuasl t,=60 oC. TemnepaTypa Ha TpaHUIIC IIACTUHBI MTOCPKUBACTCS PABHON
nymo. [Inactuna octeiBaet B TeueHun 20 c. OnpepenrM TEIIOBOE MOJie B MOMEHTHI BpeMenu ;4 = 2, 5, 10,
60 c. Pacuer TerIoBOro moJisi MPOBEIeM JJIsl KOHTPOJIbHBIX To4ek 1-5 ¢ koopaunaramu (X, Y):

i 1 2 3 4 5
X, 20 20 80 80 50
MM
Y, 20 80 20 80 50
MM

CucreMa KOOpIWHAT MaTepHaia BHIOpaHA Tak, YTO HAYajI0 KOOPJAMHAT COBIAIAeT C YIJOM IUIACTHHEI, a
0a30BOE HamparieHUE BIOpaHO B0 ocu OY .-

XapakTepuCTUKH OPTOTPOIMHON IUIACTHHBI>: TUIOTHOCTH p=2.5 r/em®, Temmoemxocts C=840 II/(kr*’C),
koad¢urmenTsl Termonpooanoctr: K;3=0.139 Bt/(Mm ° %C) (Bmoms ocu OX); K,=0.278 Br/(mm * °C)
(Bmonb ocu QY - 6a3oBoro HanpasieHwust). [lnacTiura umeet npsaMoyroibHayr Gopmy 100 x 100 M.

Pucynox 6.20-1 - PacueTHasi MojeJIb ¢ TPAHHYHBIMH YCJIOBUSIMHU

HuddepeHnuanbHoe ypaBHEHHUE UMEET BU:

2 http://www.nanoscopy.org/tutorial/graphite/graphite.html

24


http://www.nanoscopy.org/tutorial/graphite/graphite.html

BepughukayuoHHble npumepbl

@_{_K a_— d_u

x: ooyl ©p dt
u(x,y.0)=o(x,y)t=0,x,y)eQ,
u(t,x,y)=0,(x,y) e aQ

I'me 0 — rpanuma pacyeTHOH 00IaCTH. AHATUTHICCKOE PEIICHIE 3a0a9l HUMEET BH]T

K, -

o .| 7z-my | . [ 7-nX
u(x, y,t)=>">" A, -e* ") sin Y lsin
n=1 m=1 Iy Ix
loe
2 2
7T-Mm 7T-Nn
/I(m,n):— — | K, | —| ‘K
l, I,
2% 2 7T - NX T-m
:—_[ _[gox y)-sin -Sin y dxdy
XXo yyo l ly
I, =X, —X,,
Iy:yl_yO

B nHamem ciyuae X;=100, y;=100, X,=Y,=0. Mcnonp3oBanocs N=M=60 4I€HOB psla pa3IoKeHHUs.

BI/I):[ TCIUIOBOT'O MOJIA Y€PE3 2 CCKYHIbI .

2 .
® Perenne moTydeHO METOIOM Pa3/IeleHH)s IepeMeHHoil. ONMcaHre 3TOr0 METoa ConepxKuTes B Kaure Tuxonos A. H.,

Camapckuii A. A. YpaBHeHHs MaTeMaTrdeckoi ¢pusuku. ¢ 200.
27
AHanuTHYeCcKOe pelieHne u rpaduk moctpoenst B cucreme Maple 9.5
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a 20 40 il 80 100
¥

Pucynok 6.20-2 — Buj TenJioBoro mojisi B MOMEHT t;=2 ¢ (aHAJUTHYECKOE pelieHne)

Kak BHIHO Ha pUCYHKE, 10JI€ BHITAHYTO B0 ock OY. Takas ke KapTHHa M0JIst Ha MOBEPXHOCTH TUIACTHHBI
u B T-Flex.

Cucrema KOOpAWHAT Ha PUCYHKE COOTBETCTBYCT CUCTEME KOOPJAUHAT MMOBECPXHOCTHU IJIACTUHBI.

Tab6auna 1
IMapameTpbl NPOCTPAHCTBEHHOI CETKHU
Tun KOHEYHBIX Yucno y3/m0B CETKHU NPHU pacueTe Yucno OTtHocuren
3JIEMEHTOB TIMHERHBIM KBapaTHaHbl 3JIEMEHT BbHBIN
3JIEMEHTOM M 3JIEMEHTOM OB pasmep
CETKH
Tetpasnp, 4 y3na 2510 196132 132680 0.02
Tadauna 2

IapameTpbl BpeMeHHOI IHCKPETH3AIUH

IToHOE Bpems pacuera (C) ‘ IIar o BpemeHnu (c) ‘ YHucio BpeMEHHBIX CIIOEB
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60 05 120
Tadauna
Tabauna KOHTPOJIbHBIX TOUYEK:
Howmep 1 2 3 4 5
TOYKH
X, MM 20 20 80 80 50
Y, MM 20 80 20 80 50
W B MmomenTsl Bpemenu: 2, 10, 20 cek. OyaeM CMOTPETh 3HAUCHUE TEMIIEPATYPHI.
KonmgecTBo 3Haganux mudp aHATUTHICCKOTO PEIICHHS paBHO 6
TemMnepaTypsl B KOHTPOJIBHBIX TOUKaX B °c
Tadanna
Pac4er 1uHeHBIM 3J1€MEHTOM
15t Bpemenm t=2 ¢
Howmep Touku 1 2 3 4 5
AwnanutHyeckoe pemeHue, °C 28 28. 28. 28. 56.
.8 80 805 805 185
05 50 0 0 6
0
YucreHnoe perienue, °C 28 28. 28. 28. 56.
4 74 599 438 018
69 o7 2 6
2
OTHOCUTENbHAs TOTPEIIHOCTbD, 1.
% 16 0.2 0.7 1.2 0.2
57 05 144 720 982
7 86 59 01 97
s Bpemenu t=5 ¢
Howmep Touku 1 2 3 4 5
AHnanutuueckoe peuieHue, °C 13 13. 13. 13. 35.
A 15 150 150 556
50 03 3 3 0
3
Yuciennoe perienue, °C 12 12. 12. 12. 35.
.8 72 747 827 536
37 88 4 7 9
5
OTHOCHTENBHAS  TIOIPEIIHOCTb, 2. 3.2 3.0 24 0.0
% 37 05 638 531 537
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86 25 08 76 18
5

Jast Bpemenu t=10 ¢

Howmep Touku 1 2 3 4 5

Ananutuueckoe pemreHue, °C 4. 4.7 4.7 4.7 13.
74 48 482 482 678
82 20 4 4 8
0

YucieHnHoe peirenue, °C 4. 4.5 4.5 4.6 13.
61 80 885 13 337
89 04 6 2
8

OTHOCHTENBHAsT  TIOIPEITHOCTD, 2.

% 72 35 3.3 2.8 24
14 41 629 482 972
5 55 3 13 95

Tabnauua
Pacuyer KBagpaTHYHBIM JIEMEHTOM

Jas1 Bpemenu t=2 ¢

Howmep Touknu 1 2 3 4 5

Amnanutryeckoe pemenue, °C 28 28. 28. 28. 56.
.8 80 805 805 185
05 50 0 0 6
0

YucnenHoe pemienue, °C 29 29. 29. 29. 55.
.6 62 623 623 825
26 42 2 7 4
6

OTHOCHTENBHAST  TIOIPENIHOCTD, 2.

% 85 2.8 2.8 2.8 0.6
22 43 404 422 410
8 95 79 15 9

J1st Bpemenu t=5 ¢

Howmep Toukn 1 2 3 4 5

Amnanutryeckoe pemenue, °C 13 13. 13. 13. 35.
A 15 150 150 556
50 03 3 3 0
3
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YucnenHoe penienue, °C 13 13. 13. 13. 35.
A1 12 126 127 834
27 7 9 4 4
1

OTHOCHTENbHAS  TIOTPEHIHOCTD, 0.

% 17 0.1 0.1 0.1 0.7
64 77 779 741 829
2 18 43 41 9

Jas Bpemenn t=10 ¢

Howmep Touku 1 2 3 4 5

AHaUTHYECKOE peleHue, °C 4. 4.7 4.7 4.7 13.
74 48 482 482 678
82 20 4 4 8
0

YucneHnoe perienue, °C 4. 4.7 4.7 4.7 13.
74 49 493 495 700
93 38 5 4 8
5

OTHOCHUTENbHAS ~ MOTPEIIHOCTD, 0.

% 02 0.0 0.0 0.0 0.1
42 24 233 273 608
2 85 77 79 33

Jlist Bpemeru 60 c. pe3ysIbTaThl He IPUBOISTCS, TIOCKOIBKY IUIACTHHA MpakTHdeckn octsuia 10 0 °C.
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T'paduye 2AEMCHMMOCTH TEMISPRATYPRH OT
BpemeHn VI(t) B Tmoure x=hlmm, y=b0pm

G0

a0

10

(o)
]
TN TN T I TN T T T T N T T N T T T T T N N T T O

T-Flex KBagajpTHIHEDT SJI.

MNomyaHamMTHISE CROE
PpelseHe

Pucynok 6.20-3 — 3aBucumocts Temmnepatypsi V(t) or Bpemenu t B Touke Xy=(50,50) Mmm
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55.83
43.85
+41.87
+34.89

é— 27.91

+20.93

+13.96

6.978

-1.925E-011

[Oatunk_7:
2962

Pucynok 6.20-4 - Bua Termsioporo mojst B MoMeHT t,=2 ¢ (110 pe3yJibTaTaM KOHEYHO-3JIEMEHTHOI 0 AHAJIN3A)

BriBoa:

Jlyis naHHOM 3aa4yMl MOJAYYHIIM PEATUCTHYHYIO KapTHHY 1oJs. OTHOCUTENbHAS MOTPEIIHOCTh YUCICHHOTO
pelIeHUs 0 CPAaBHEHUIO C aHATUTHYECKUM HE TpeBbimaeT 3,5% s nuHeinoro u 3% A KBapaTUIHOTO
3JIeMeHTOB (Ha BpeMeHHOM uHTepBaie 10 ¢). [TorpeniHocTs pacyera Mo BpEMEHH YCTOHUUBA U CYIIIECTBEHHO
HE pacTeT C YBSJIMYCHHMEM pacyeTHOro BpeMeHH. Ha rpaduke 3aBUCHMOCTH TEMIIEpPaTypbl OT BPEMEHU
BUJTHO, YTO aHAJMTUYECKOE PEIICHUE U YUCICHHOE PEIICHUE MPAKTUICCKH COBIAIIH.

Kak yxe mokazaHo B IpuUMepe C TEIUIOBBIM IOTOKOM Ha MOBEPXHOCTH cepbl: Tpu pacueTe Ha OOJBIINX
WHTEepBajiaX BpEeMEHHM HaubOoyee MPEeaNOYTHUTENFHO MOJb30BaThCS JIMHEHHBIMU 3JIEMEHTaMHd, T. K. H3-3a
MAaJIOT0 YKCJIa y3JI0B MOTPEIIHOCTh Ha BPEMEHHBIX CIIOSX HAKAIUIMBACTCSl MEJICHHEE.

B HarmieMm ciyuae, mpoBOJUMOCTH BJIOJIb TJIABHBIX OCEH TIACTUHBI JJOCTATOYHO BBICOKH, M 3HAYHT, OCTHIBATH
OHa OyneT oueHb ObIcTpo. [1o 3TOM NpUUYMHE KBapaTHYHbBIC SJIEMEHTHI Ha JOCTATOYHO MAJIBIX MTPOMEKYTKAX
BPEMEHM JalOT 10 TOYHOCTH Jy4IIUd pe3ysibTaT. [lorpenrHocTh pelieHUs HECTAlMOHAPHBIX 33jad He
npesbrmaet 3.5 % st MKD i muHeHHBIX 271eMeHTOB U 3 % ISl KBapaTHYHBIX AJIEMEHTOB.

Jlumepamypa
1.  Buprep U. A., Ilanosko 4. I'. [Ipounocts, ycToH4YNBOCTE, Konebanus, ToM 1 — M.: MamuHocTpoeHue,
1968. 831 c.
2. buprep U. A., ITanoeko 4. I'. [IpoyHOCTB, yCTOWYHBOCTD, KOJIeOaHus, TOM 3 — M.: MammHocTpoeHue,
1968. 567 c.
3.  Tumomenko C. I1., SIur JI. X., Yusep Y. Konebanus B uHxeHepHoM jene. — M.: MammHocTpoeHue,
1985.-472 c.
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