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JlabopaTopHas pa6ora Nel. [locTpoeHne IuCKPeTHONH MO/1eJIH /1Jisl pellleHus 3a1a4

TENJIOMEXAaHUKHN ME€TOJA0M KOHCYHBIX 3JICMEHTOB.

1. Iesas u 3aga4un padoThl.

[Tpu BbIMONMHEHUU PabOTHI CTYACHTHI JAOJDKHBI 3aKPEHHUTh TEOPETHYECKHE 3HAHUS IO
OCHOBaM M€TO/1a KOHEUHbIX 3ieMeHToB (MKD), kak npsiMoro BapualiMOHHOTO METOJ1a, U I10-
JYYUTh MPAKTUYECKHE HABBIKM BHIOOpA THIIA KOHEUHBIX AJIEMEHTOB ISl PEIICHUS KOHKPET-
HOW 3aJa4u, OCBOUTH PabOTy B IpOrpaMMe TUCKPETU3ALUN 00JIACTH Ha KOHEUHBIE DJIEMEHTHI,
IIOCTPOUTDH JUCKPETHYIO T€OMETPUUYECKYIO MOJEIIb.

2. OcHOBBI TEOpHH.

2.1. Kpatkas ncropuyeckasi cipaBka.

OpnauMm u3 Hambosee 3((HEKTUBHBIX YHCICHHBIX METOJIOB, TOJIYYMBIIMX B TOCIEIHEE
BpEMs IIHPOKOE paCHpOCTPAHEHHUE sl pelIeHUs HauOosiee CIOXKHBIX 3a7ad MEXaHUKHU
CIUIOITHOW CpeAbl, CTPOUTEIHHONH MEXaHWKH, TCOPHH TEIUIONPOBOJHOCTH, (PHIbTpAlUH U
JPYTUX, SBJISETCS METOJI KOHEUHBIX 3J1eMeHTOB. BozHukHoBeHne MKD cBsizaHo ¢ pemieHueM
3a/1a4 KOCMMUYECKUX UCClIeoBaHUM U oTHOcUTCA K 1950 1., XOTS pa3BUTHE BCIIOMOIATEIbHBIX
JUCLUIUIMH (TEOPHS CTEPHKHEBBIX KOHCTPYKLUI, MaTpUUHas airedpa) Hauajaoch 3HAUUTEIbHO
panbie (1850 r.). BriepBeie 3TOT MeToa ObUT ONMYOJIMKOBaH B pab0oTe aMEPUKAHCKUX YUEHBIX
Tepuepa M.; Knyxa P.; Maptuna X. u Tonna JI. bonbmioit Bkiag B pazsutue MKD BHecin
coBetckue yuennie Posun JI A., Muxnun C.I'. , TloctaoB B.A. u np.

Bonbioe 3Hauenue s Teopetudeckoit paspadotku MKD umeer cnenannoe B 1963 1.
IPEJICTaBIEHUE 3TOr0 METOJ]a Kak OJHOT0 M3 BapHaHTOB MeTojaa Purtua pemienus Bapuanu-
oHHBIX 337a4. CBs13p MKD ¢ mporienypoit MUHIMH3alUA HEKOTOPOTO (DYHKITMOHATIA TIPUBEIIa
K €ro UCIOJB30BaHUIO HE TOJBKO B 33/Ja4axX CTPOUTEIBHONM MEXaHUKH, HO U K PELICHUIO 3a-
Jla4, ONHMChIBaeMbIX ypaBHeHusMu Jlamaca, Ilyaccona (3aauu TErIOnpoOBOAHOCTH, THIIPO-
MEXaHUKH) U Ap.

Janpreiimee pazsutue MKO npuBeno k ero paciimpeHuio Ha perieHue Jo0bx audade-
pPEHIMAIBbHBIX YPaBHEHMH Ha OCHOBE MeToja ['ajmepkuHa wi crioco0a HaMMEHBIIUX KBajpa-
TOB, 00ECIIEYMBAIOIIETO MOJYYCHHE YPABHEHHU i CBOMCTB KOHEUHBIX AJIEMEHTOB. TaKum
obpasom, 6omee obrmre Teopernueckue ooocHoBanuss MKD uckiio4aroT HE0OX0IMMOCTh Ba-
PpUALMOHHON (GOPMYIUPOBKH (PU3NYECKON 3a]1aUH.



2.2. OcHOBHAAl KOHIENMIMA METOIA KOHEYHBIX )JIEMEHTOB.

bynem paccmarpuBate MKD, ncnonb3ys uieo npsMoro npuoIuKeHHOTO pellieHus Ba-
pHAIMOHHOM (OPMYIUPOBKU MPOOIEMBI, HA OCHOBE KOTOPOW CTPOUTCS Ui KaXKAOro KOHEY-
HOT'O 3JIEMEHTa CBsI3b: Bo3jaeilicTBue Ha KD (Hampumep, cuia, TEMJIOBOM MOTOK) - OTBETHAs
peakuus KO (nmepememenne, temneparypa). Juckperusanus crutomHoi Cpeasl B BUIC diie-
MEHTOB, CBSI3aHHBIX KOHEYHBIM YHCIIOM Y3JIOBBIX CBS3€H, MO3BOJISIET C OJHON CTOPOHBI CO-
xpaHuTh cBoiicTBa Cpeapl B kKaxkaoM KO, a ¢ npyroi, HalMure KOHEUHOTO YUCia CBI3eH Mm03-
BOJISIET CBECTU MAaTeMaTUYECKOE OMMCAHUE MOBEACHUS KOHCTPYKIIMHM K KOHEUHOMY YHCITy ajl-
reOpanvecKkux ypaBHEHHI.

B orinuume oT MeTofa KOHEUHBIX Pa3HOCTEH, alpOKCHUMAIMs, MOJI0XKEHHAs B OCHOBY
MKD, nmeeT SIBHO BBIPaKEHHYIO (PU3UYECKYIO MPUPOTY, YTO 00JIeryaeT KOHTPOJIb HaJl pelle-
HUEM 3aJ]a4d U UCIIOJIb30BaHHE MeTo/1a. ANIIIPOKCUMAallUs, MOJI0KeHHas: B ocHoBY MKD, ume-
€T SIBHO BBIPAKEHHYIO (DU3UUYECKYIO TPUPOJY, UTO 00JerdyaeT KOHTPOJb HaJl PelICHUEM 3a/1a-
YH U UCIIOJIb30BAHUEM METO/I.

Hcxoas u3 BRIICOTMEYEHHOTO, OCHOBHAS U] METOAa KOHEYHBIX JIEMEHTOB COCTOUT
B TOM, YTO JIOOYIO HENPEPHIBHYIO BEIWYMHY, TaKyl0, KaK TeMIepaTypa, JAaBlieHUE, IepeMe-
[IeHHE HEOOXOAUMO anmpOKCUMHUPOBATH TUCKPETHOW MOJIEJbIO, KOTOpask CTPOUTCS Ha MHO-
JKECTBE KYCOYHO-HEMPEPHIBHBIX (DYHKIIMH, ONMPEIeICHHbIX HA KOHEYHOM YHCIIe MmoaodiacTeit
(KOHEYHBIX AJIEMEHTOB). DTH KYCOUHO-HENPEPHIBHBIE (DYHKIUU OMPEACNIOTCS BHYTPU KakK-
noro KD ¢ momoribio 3HaueHUi (yHKIIMH B y3JI0BbIX TOUKaX. [IJis KaX10TO 2JIeMEHTa MOXKET
OBITH OMpe/esieH CBOM BUJ (DYHKIIUHU, HO 3TH (YHKIIMH MOJOUPAIOTCSA TaK, YTOOBI COXpaHs-
J1ach UX HEMPEPBIBHOCTH BAOJb IPAHUIL SJIEMEHTOB.

Ocnosnas konnenius MKD MoxeT ObITh HarIAIHO MPOMLIIOCTPUPOBAHA HA OJJTHOMEP-
HOM IMIPUMEPE pacIpeeNeHUs TeMIepaTypsl B crepxkue (puc. 1).
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Puc. 1. Pactipenenenue TemrepaTypsl B CTEpKHE

Pa3Ouenue obnactu L Ha KOHEUHBbIE 3JIEMEHTHI MOXKET ObITh MPOBEIEHO Pa3TUYHBIMU
crnocobamMu. M0XHO, HampUMep, HCMOJIb30BaTh YEThIPE KOHEYHBIX 3JIEMEHTAa C JIMHEWHBIM
pacnpezeneHueM TemrnepaTypsl (puc.2). MoxHO B35Th JABa 3JEMEHTA, HO ISl MOBBIIICHUS
TOYHOCTH aNMpOKCUMAIIMN BBECTH B ATH 3JIEMEHTHI JOMOJIHUTEIbHBIE y3JIOBbIE TOUKH U HC-
M0JIb30BATh MIPHU 3TOM AMIMPOKCUMAIINIO TIOTUHOMOM BTOpOM creneHu (puc.3).
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Puc. 2. JIuneitnas annpokcumarus Puc.3. Annpokcumanus
pacnpenenenust T pacnpenenenus T mapabosoit

Heo6xonuMo OTMETUTh, YTO BO BTOPOM Cilyyae NMpHOIMKeHUe OyJeT Takke KyCOYHO-
HEMPEPbIBHBIM, T.K. YIJIbl HAaKJIOHA KPUBBIX KaXKJIOTO 3J€MEHTa B TOYKE UX KOHTaKTa OyIyT
pas3InYHBbI.

BBoss KOHEUHbIE 3JIEMEHTBI, Mbl MEPEXOJUM OT OECKOHEYHOI'O0 MHOYKECTBA HEU3BECT-
HBIX TEMIIEpaTyp B TOUKAaX HEMPEPHIBHOIO CTepxkHs (pHc.l) K KOHEYHOMY YMCIy HEU3BECT-
HBIX TEMIIEPATyp B Y3JIOBBIX TOUKAX JUCKPETHOrO CTEpKHA (puc.2, 3), Tak Kak B KaXJIOM KO-
HEYHOM 3JIEMEHTE MEX]y y3JIOBBIMH TOUKAMHU TEMIIEPaTypa U3MEHSETCs M0 U3BECTHOMY 3a-
paHee 3a1aHHOMY 3aKOHY.

3agaua Ipy 3TOM CBOAMTCS K HAXOXKJEHMIO TAKMX 3HAYCHMH Y3JIOBBIX TeMIeEpaTyp, KO-
Topble o0ecreyar Hawilyyllee NPUOIMKEHHUE K MCTUHHOMY DPACIIPENEIEHUI0 TeMIIepaTyphl.
310 MpUOIMKEHUE OCYLIECTBISETCA MyTeM MUHUMM3alUU (GYHKLIHMOHAJA, CBI3aHHOIO ¢ (u-
3MYECKOM CYIIHOCTBIO 3afauu. [l 3a1aun pacupoCTpaHEeHUs TeIrla MUHUMHU3UPYeTCsl QyHK-
LIMOHAJI, CBSI3aHHBII C COOTBETCTBYIOIIUM JH(PepeHIINaIbHBIM yPaBHEHUEM TEIIONPOBO/I-
HOCTH, KOTOPOE SIBJII€TCS IIsl 3TOT0 (PYHKIMOHANIA ypaBHEeHHEM Diliepa. MUHMMM3ALUS 3TO-
ro (yHKIMOHAJA B KJacce KyCOUYHO-HENPEPhIBHBIX (DYHKIMUN CBOJUTCS K PELICHUIO TUHEHHON
CHCTEMBI aJIre0pandeckuX ypaBHEHUH OTHOCUTEIBHO Y3JIOBBIX TEMIIEPATYP.

[TpuBeneHHbIE pacCyKIEHUs aHATOTMYHO MOTYT OBITh COPMYIHNPOBAHBI Ul JIBYX- U
TPEXMEpHBIX 00acTel.

B nByMepHBIX 3afadax HMIMPOKOE PACIHPOCTPAHEHHE MOIYYMJIM 3JIEMEHTHI B BUAE Tpe-
YrOJbHUKA WM YEThIPEXyroibHUKA. CTOPOHBI JIMHEHHBIX 3JIEMEHTOB IPEJICTABISAIOT COOOi
npsMble JTMHUH, a €CIIM UCIOJIb3YeTCsl allpoOKCUMAaIHs TOJTMHOMOM BTOPOM (KBaJpaTHUHBIN
3JIEMEHT), TpeThel (KyOUUHBIi), TO CTOPOHBI MOTYT OBITh KPUBOJIMHEHHBIMU U UMETH JIOTOJI-

HUTEJIbHBIE Y3JI0BbIe TOUKH (pHC.4).
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Puc. 4. Buasl koHEUYHBIX 3JIEMEHTOB B ABYMCPHBIX 3a/ladax



HpI/I PEIICHUHU OCCCUMMETPHUYHBIX 3aaa4, XapaKTCPHBIX IJIA ABUTaTCIIsA, IPUMCHAKOTCA
OCECCUMMETPUYHBIC 3JIEMCHTEI, UMCIOIIUE TPEYIOJIbHOC UJIN YCTBIPEXYTI'OJIBHOC CEYCHHUE

(puc.6).
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Puc. 5. Buabl KOHEUHBIX JIEMEHTOB B OCCCUMMCTPHYHLBIX 3aJladax

Pazbuenue obnactu Ha nmogoGmactu (KD) mpencrasnser coboi mepBblil IIar Ha MyTH
peleHus 3agaun. JTOT LIar He UMEeT elle CTPOroro Teoperudeckoro obocHoranus. Mckyc-
CTBO pa30uenus obmactu Ha KD 3aBHCHUT OT UMEIOLIMXCS HABBIKOB. JIMCKpeTH3aus Tena Ha
KD Bxirouaet 3ananue yucia, pa3mMepoB U ¢popmbl K3, KOTopble HCHOIB3YIOTCS I TOCTPO-
eHUSl JUCKPETHON MOJIENH pealbHOro Tena. 37ech HeOOXOAMMO YYHUTHIBAThH, YTO, C OJHOMN
CTOPOHBI, JIEMEHTHI JOJDKHBI OBITh JOCTATOYHO MAJBIMU JJISi JOCTUKEHHS BBICOKOM TOYHO-
CTH, HO C JIpYroi, MprUMeHeHHe 0oJiee KPYIHBIX SJIEMEHTOB COKPAIAET BHIYUCIUTENBHYIO pa-
6oty. [loaToMy B 30HaX 0’KHMJIA€MBIX BBICOKHX I'PaJUEHTOB HccleayeMon (hyHKIUU (HAmpu-
Mep, TeMIepaTypbl) YMEHbIIAIOT pa3Mepbl KD U yBeNMUYUBAIOT UX TaM, TJ€ 0KHUIaeMble 3HA-
yeHUus: (QYHKIIMH U3MEHSIOTCS HEe3HAYUTENbHO. BO3MOXKHOCTh BaphbHUpPOBAHUSI pa3MEpOB diie-
MEHTOB - Ba)KHOE JJOCTOMHCTBO METOJa KOHEUHBIX 3JIEMEHTOB.

Jluckperusaiisi OTHOMEPHOTO Teja MPOCTa, TaK KaK OHA CBOAMTCS K JIEJIEHUIO OTpe3Ka
Ha YacTH, TIO9TOMY PAacCMOTPUM OCOOEHHOCTH pazOueHus ABYMEPHOrO Teja Ha KOHEYHbIE
aneMeHTHl. B kagectBe KO BbiOepeM TpeyroabHUK - MPOCTEHIIHNIA U3 JBYMEPHBIX JIE€MEHTOB
U IOCTaTOYHO IIMPOKO MUCIOIB3YeMbI. BBIIETUM psiJl BAXKHBIX MPUEMOB, IPUMEHSIEMBIX MTPU
IucKperuzanuu tena Ha KO.

Ecnu rpanuna Tena KpuBOJIWHEHHA, TO KPUBOJIMHEHHBIE TPAHUIIBI SJIEMEHTOB 3aMEHSIOT
OPSIMOJIMHEHHBIMU (WM APYTUMH ), UCTIONB3YeMBbIMU B TaHHOM KD.

He pexomenpayetcst ucnonb3oBarh K3, yanuHeHHBIE B OJHOM HaIPaBJICHUH, T.K. TO
CHU)KAaeT TOYHOCTD PEIICHUs 3aJauH.

He oGecrieunT moBbIllIeHHE TOYHOCTH HCTIOIH30BAHNE KOHEYHBIX DJIEMEHTOB, CIIMIIIKOM
CWJIBHO OTIMYAOIIUXCS 10 pa3mepaM (Oosee uem B 10 pa3z).

[Ipu monenupoBaHuM TeJ, OECKOHEYHO NPOTSKEHHBIX B OJHOM HIM HECKOJBKUX
HAIPaBIECHUAX, HEOOXOANMO OTPAaHUYMBATH JUCKPETHYIO MOJENb JOCTaTOUYHO OOJBINON 00-
JacThiO, TaK YTOOBI 3HAYEHHUS MAapaMeTPOB Ha TPAHUIE COTJIACOBAIUCH OBl C JIOCTATOYHOMN
TOYHOCTHIO C U3BECTHBIMHU JAHHBIMHU.

[TprMeHeHre U3NM0KEHHBIX UACH TUCKPETU3AIH MPOMLTIOCTPUPOBAHO Ha puC.7.



Puc.6. Jluckpern3sanus 001acT Ha KOHEYHBIE JIEMEHTHI

3. BapuaHTbl 3a1aHU.

IToce ocBoeHMsI mporpamMm JUCKPETH3AIMU JBYMEPHOW 00JIaCTH Ha KOHEUYHBIC dJIe-
MEHTHI U TEIJIOBOTO pacyuera, CTYJICHTY JJIsi KOHKPETHOTO 00bEKTa, BBIIAHHOTO MPEIoaBaTe-
JIeM, HEOOXOIMMO TIOCTPOUTH TUCKPETHYIO MOJICNIb U BHITIOJIHUTH BBOJ (DHU3WUYECKHUX JAHHBIX
B IIPOTpaMMy TEIJIOBOTO pacuerTa.

Jl1s1 BBIMOSTHEHUS Ta00paTOPHON PabOThI HCTIOIB3YIOTCS CICAYIOIINE 3aaHuUs:

1.®opMupoBaHUE UCXOIHBIX JaHHBIX JJIs YHCICHHOIO PEUICHUS 3aa4H CTAal[AOHAPHON
TETJIOTIPOBOHOCTH.

2. ®opMUpOBaHUE UCXOAHBIX JIAHHBIX ISl YUCICHHOTO PEIICHUS 3aa9d HECTAllMOHA-
HOH TETUIONPOBOIHOCTH.

3. ®opMHpPOBaHHUE UCXOIHBIX JAHHBIX JJISI YMCICHHOTO PEIICHUS 3a1a9d MEXaHUKH
nehopMUpYEMOTro TBEPAOTO Tela.

4. ®opMupoBaHUE UCXOIHBIX JTAHHBIX JIJIS YMCIICHHOTO PEIICHUS 33/1a4l O TePMOHa-
MPSKEHHOM COCTOSTHUU TBEPJIOTO TEa.

Viz2 — mporpamMmMa 1ocTpoeHus1, BU3yaIH3aluu U «COOpPKM» obiacTu ra3a *.0e0 u KOH-
TYPOB BHYTPEHHHX TeJ *.KON (pu MX HaJIMYHMH), yCTAHOBKH aKTUBHBIX TPAHUIL U KOHTPOJIb-
HBIX TOYEK BbIBOJIa HH(OpPMALMY B BUIE AMHAMUYECKUX IPa(UKOB.

B daiine Gas2.prj cogepxutcs nHGpOpMaIus o cocTtaBy ¢aiiinoB npoekTa. [1o TpedoBa-
HUIO M0JIb30BATEIIsI MOTYT OBITh CO3/IaHbl (hailsibl TOUKH OCTaHOBA, MOJHBIN (ailsl pe3yabTaToB
(B MaIIMHHBIX KOJax) — *.rez u *.reF, npeHa3HaYeHHbIE JJIs1 «BOCCTAHOBJICHUS POLIETYPhI
pacyera JIUTEIHHOI0 Ta30AMHAMUYECKOT0 MPOoLecca, pealn3alus KOTOPOro MOKeT ObITh
pacTsHyTa Ha HECKOJIBKO JTHEUN U HEZEIb.

@aiinel ¢ pacmmpenueM *.ini, *.tmp u *.re$ ABISAFOTCS BHYTPEHHUMHU BCTIOMOTATEI b~
HbIMU (aiinamu, koTopsle co3natorcs IIDBM B mpornecce padots I1K.

B cootBercTBUM ¢ HYHKIMOHATIBHBIM Ha3HaueHueM nporpamm 1K, ncnonaszyembiMu
CpeAcTBaMU rpauueckoro NHXKEHEpUHTa U rpaduyeckoro npeacTaBiIeHus pe3yabTaToB, HH-
ctpymenTtapuii [IK Bximrouaer:

— ()yHKIIMOHAIbHbIE KJIAaBUILIN BBOJIA ITaHHBIX;

— ()yHKIIMOHAbHbIE KJIABUILIN PEAAKTUPOBAHUS U HACTPOUKH;

— ()yHKIIMOHAIbHBIE KJIABHUILIHU TEKYILEro KOHTPOJIS PE3yJIbTaTOB;

— ()YHKIIMOHAIbHbIE KJIABUIIN COXPAaHEHUS TEKYIIETO COCTOSHUS POEKTA.

[Ton «pyHKIIMOHANBHOH KIIaBUIIEH)» — MOHUMAETCS KHOMKA ¢ M300pakeHHeM, YCTaHOB-
JIEHHAsl Ha MTAHeJIU MPOTrPaMMBl, aKTHUBALUS (OJMHAPHBIH IETYOK JEBOH KHOIKH MBIIIH) KO-
TOPOI MPUBOAMT K BBIITOJIHEHUIO 33JaHHOM KOMaH/Ibl WM NIPEANTUCAHUS.

WNHcTpymMeHTapHii porpaMMHOT0 KOMILIEKCa

Nuctpymenrtapuii I1K (nepeueHb GpyHKIIMOHAIBHBIX KJIABUII) BKIOYAET OAHO- U IBYX-
NO3UIIMOHHBIE BUIUMBIE BUttON— KOMIOHEHTHI:

— BBOJIA u PEJAKTUPOBAHMUA:

Bun n3obpa- ‘ Hasnauenue ‘ Dait ‘




YKEHHUSI | | 1 (*.exe)
BBoa KOHTYpa M IucCKpeTH3anms 00J1aCTH
f — BBOJI IPOU3BOJIBHOTO KOHTYpa
1.
iﬁ — no6aBIieHUE y371a B KOHTYP
1.1.
i ‘5 — yJIaJeHue y3J1a u3 KOHTypa
1.2
t;’u — IIEpEMEILICHHE y371a B KOHType
1.3.
@ — BBOJI KOHTYpa C NOJIIPHOM TUCKPETU3aLHEN B
2 mI0cKocTH R,
@ — BBOJI KOHTYpa C I€KapTOBOM JUCKpETU3aluel B
3 mwockoctu X,Y
% — IPSIMOYTOJIbHAsA JUCKPETU3aLUs TPOU3BOJIBHOTO Viz2
4 KOHTYpa (BBIOIHSETCS moce 1.1) 1z
% — JIMHeHHAas (MHTePIOIUPYIOIIasi) JUCKPETU3AIIS
5 MIPOU3BOJILHOTO KOHTYpA (BBIMOJIHAETCS Toche 1.1)
% — BBOJI aKTUBHBIX TPAHMUII B PACUETHOU 00J1aCTH
6.
(=] — BBOJ] TPaHUII 3a30pOB
7. &
== — CMEIL[EHUE TOYEK IPAHULL 3a30POB
71 T
— BBO/JI Y3JIOB JJIsl BEIBOJIA IMHAMUYECKUX TPaPUKOB
) ﬁ (Tonbko mocie «ONTUMHU3AIII)
ﬁ — BBOJI MapKepOB Ha TeJ€e A1 BeIBOJA TUHAMUYECKUX
9 rpaduKoB (TOJIbKO nocie «ONTUMHU3ALUI)
% — yIaJeHHue 3JIEMEHTOB (TIpH HEOOXOIMMOCTH )
10.
'1'! — BBOJI PETHOHOB B pacueTHOM 00JacTi
11.
! — BBOJI IT0/10071aCTeH B pacueTHOM 061acTu
12.
— IPOBEpKa MOCTPOCHUS CETKU .
E‘? Viz2
13. .
E — onTuMU3anus POPMBI CETKH IIEMEHTOB
14.
o™a — YKa3aHHe M0 OJHOMY (MCTIONB3YeTCs IIPH BBOJIE Pe-
15 == THOHOB, MMOJ001acTel U yAaleHUU 3JIEMEHTOB)
oog — yKa3aHue rpynimsl (MCIOIb3yeTCs IPU BBOJIE PETHO-
ooo HOB, MMOA00IACTEN U yAaIeHUH dJIEMEHTOB)

16.
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— CABUT U300paKEeHUS

— MacTad u3o0paxeHus

i+ 1 — TIOKa3aTh 00J1aCTh KPYITHBIM IJIAHOM
19 O+ Gas2
: " , Termz,
— YBEJIMUYUTH BU3YyalIbHOE U300pakeHUE pacyeTHON Viz2
20.1 o0nactu
Q —YMEHBUINTh BU3yaJbHOE N300paKEHHE PacueTHOM
20.2 obrnactu
@\ — BIIUCATh U300pa’keHUe pacyeTHOM 001acTu B pa3mMep
20.3 OKHa
B —BBIBOJI TH(GOPMAIIUU O CO3JAHHOMN CETKE C YKa3aHU-
o1 | HHE €M 4YHCJIa y3JI0B, 3JIEMEHTOB U JJIMHBI JICHTOYHON MaTpHUILIbI
1 — IIOKa3aTh HyMEpaluIo y3J0B )
i3 Viz2
22.
3 — IIOKa3aTh HyMEpaIUIO 3JIEMEHTOB
23.
I — TMOKa3aTh Y3JIbl CETKU PacyeTHON o01acTu
24,
- — IIOKa3aTh LIEHTPbI JJIEMEHTOB
25.
ﬂ — TMOKa3aTh OOBEKTHI
26.
ﬁ — MOKa3aTh PErHOHbI
21. Viz2
ﬁ — IIOKa3aTh noxodacTu
28.
— TIOKa3aTh TPAHUIIbI
29.0 7
ﬁ — TMOKa3aTh KOHTPOJIbHBIE TOUKH /715l TpadUKOB Ha Te-
30 JIC
E — TIOKa3aTh KOHTPOJIbHBIE TOYKH ISl TPaUKOB B 00-
31. JJaCTH

st co3manus kKoHTypa U BBoja ero B ¢daiim NAME.geo Heo6xoaumMo B TOTTOTHUTEIIFHOM
¢aiine, co3nanHoM ¢ npumeHenueM 1.1, m.1.1, n.1.2, n.1.3 u coxpanennom kak NAME.con npo-
BECTH CIJIEAYIOLINE onepanny (Ipy HaXKaTUU COOTBETCTBYIOMINX (YHKIIMOHATBHBIX KIIABHIII)

32. @

— 1006aBUTHh KOHTYp O0BEKTa

33. E

— YAAJIUTh KOHTYp 00bEKTa

Viz2




11

@ — BBIACTIUTD U COXPAHUTh KOHTYP CETKH
34.
[EI — IOKa3aTh TOJIBKO KOHTYp O0JIACTH
35.
@] — IOKa3aTh KOHTYpP 00JIACTH C HAJIOKCHUEM
36.
E — yOeMBILIUCH, YTO KOHTYP HAXOAUTCS B 3aIaHHOM
37 noiokeHuu, coxpanuthb (aitnt NAME.geo

KpOMe TOr'0, JOCTYIHEI €HIC CIICAYIOINE OIICpaAlun:

D — CO3/1aTh YHCTHIN JINCT
38.
~u — OTKPBITh CO3[aHHBIN paHee (aiii CeTKU WM KOHTY- )
39. [=- pa obnactu Viz2
— MHJIUBUIYyaJIbHBIC HACTPOMKH MOJIb30BaTEIIS
40. L ==
.:ﬁ) — BBI30B IIOMOIIH
41. )
- _';: — nepepucoBaTh 00aacth (Viz2), moaAroToBUTh 1aH- Termczas
42, TV HBIE JIJIs1 IOBTOPHOTO pacuera (Term2, Gas2) ,Vi22 :
& — BBIXOJI U3 IIPOTPaMMBbI
43.

[Tepen co3manueM KOHTYpa, MPEABAPUTEIBHO HEOOXOIUMO O3HAKOMHUTHCS € TOHM JIOKY-
menTtanueit (K, maker uyeprexxeit u T.1.) Ha KOHKPETHOE U3/eIHe.

Bawa 3a0aua: Bb1IeNUTH Ha YepTexe Ty 0071acTh, B KOTOPO HEOOXOAUMO MTPOBECTH
pacuet. B nporpamme Viz2 npu 3aganuu KoHTypa Bel 10KHBI HApUCOBATh TONBKO (PYHKIIH-
OHAJBbHYIO CXEMY.

I'OCT 2.102-68. Cxema — 3TO JOKYMEHT, Ha KOTOPOM B BH/JI€ YCJIOBHBIX (YIPOILIEHHBIX)
n300pakeHNi N 0003HaUEHUH Mpe/ICTaBIeHbl COCTABHbBIE YaCTH U3/EIHs, & TAKKE CBI3U
MEXYy HUMU.

Ilpumep: ctBOA + cHapsa. Ecnu B 3a1aHuy, peub UJET O BHYTPUOATITUCTUYECKOM HC-
CJIeZIOBaHUM, TO HEOOXO0/AMMa JleTallbHas IPOPUCOBKA KOHTYpa KaHajia CTBOJIa U CHapsa, Mo-
JIOKEHHUS U YCTaHOBKA IapaMeTpOB TOIUIMBHOM HaBECKH U T.II. B ciyuae e, aHanu3a yaapHo-
BOJIHOBOHM KapTHHBI, CO3/1aBa€MOM B OKpPY>KarOIIEM MPOCTPAHCTBE YKa3aHHbBIE BBIIIE HIOAHCHI
BHYTPUOAJUTMCTUYECKOTO UCCIIE0BAHUS SIBJIIOTCS MaJlO3HAYUMBIMU. B cityuae Takoii 3a1a-
41, HEOOXOIMMO IPOPUCOBHIBATh HAPYKHBIN KOHTYP CTBOJIA M, IO BO3MOXKHOCTH, BCEX
BHEIIIHUX JIEMEHTOB, SIBIISIOLINXCS B pealbHOM IPoIiecce MCTOUHMKAMH OTPaKEHHBIX BOJIH.

B koneunom utore, nocie Toro kak Bamu OynyT chopmupoBansl Bce (hailiibl U BBINOJ-
HEH pacyeT, Ha KOOPAMHATHON TIOCKOCTH MOXKHO OyZIeT HOCMOTPETh rpaduku U (POHOBBIE
KapTUHBI B KOHKPETHBIX Toukax. Eciu B mporpamme Viz2 Bel He 3agamuTe TOUKU s Tpa-
¢uxoB, To B mporpammax Gas2 u Termz2 Ha KOOpJMHATHON TIOCKOCTH rpaduku oTodpa-
XKaThCS HE OYIyT.




12

Metoaunka dpopmupoBanus gaiision (*.geo)

3anaHue KOHTypa

VYkaxxuTe KypcopoM Ha KJIaBHIIly BBOJa KOHTYpa U BBe-
JUTe TIpeanoaaraeMpiii KoHTyp odsactu (cm. OPITAHU3A-
1A «BBox KOHTYpay).

C OMOIIIBIO TAaHHOW KJIABHILHU IPU HEOOXOTUMOCTH
MOYKHO JJ00aBHUTH y3€J B XK€ CyIIECTBYIOIIUI KOHTYP (CM.
OPTAHU3AIIMA «/lobaBienue y3nay).

[Tpu sxenanuum y3en moxxkHo ynanuth (cm. OPITAHU3A-
WA «Y nanenue y3nay)

WJTU TIEPEeMECTUTh IpHu HeoOxoaumocTH (cm. OPT'A-
HU3 AL «llepemernieHue y3nay).

e | & &

ITocne Toro xak Bel co3panu SaMKHYTBIﬁ KOHTYp, Ha10 paS6I/ITB 06J'I8.CTB, OI'paHHUYCH-
HYXO JaHHBIM KOHTYPOM Ha 3JICMCHTApPHbIC STYCHKH. BBI60p KOJIMYCCTBA y3J10B (qncna ;IqeeK)
B pacquHoﬁ obnactu OIIPEACIIACTCS ABYMS B3aUMOMCKIIOYAIIUMU KPUTCPUSAIMU: C YBCIIH-
YCHHEM 4YHuCia A4CCK JOCTUIaCTCA ITOBBIIIICHUC YCTOﬁqHBOCTH U TOYHOCTH (CXO,Z[I/IMOCTI/I) BEI-
YUCIUTCIIBHOTI'O IIpouecca, npu 3ToM, OJHOBPEMCHHO, YBCIIMUUBACTCA U BPEMS ITPOBCACHUA
pacucra.

Jluckperu3aums MI0CKOI MPAMOYroJibHOI 00J1acTH

1 E Vkaxure KypCOpOM Ha JaHHYIO KJIaBUIITY.

B nosiBuBIIEMCS THAJIOTOBOM OKHE 3aJ1aiiT€ UCXOIHBIC MAPAMETPBHI.

Mapame TPl SHCKPETHOTO NPAMOYTOIbHHKA

Hin= 0

v ,7 Cancel
2 Fhlin = ,97

Fhdax= |1

YHCIO BIEMEHTOE IO X |10
UHCIO BMEMEHTOBIIC ¥ (10

JlucKpeTH3anus CHMMETPHYHOH KOJIBIEBOMH 00/1aCTH

1 @ YKaxuTe KypcopoM Ha JaHHYIO KJIaBUIY.
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B nosiBuBIIEMCSl TMAOTOBOM OKHE 3aJ]aliTe MCXOTHBIC MTapaMeTpHhI.

[apame Tpbl AMCKPETHOTO KOMbLA

RMin= |01

Cancel
Bhlax= |1
I><Ic:entr=|D
2 Yeentr = |D

UHCINO 3INEMEHTOR IO PATHYCY 10
YHCIO BNEMEHTOE [0 OKPYEHOCTH |20

Juckpern3zanus HeCHMMETPUYHOM KOJIbLEBOH 00J1acTH

Bri6epure B Mento «CeTkay onmmio «Co3aaTh JUCKPETHOE PA3HOCTEHHOE

KOJIBLIOY»
L, Auckpe THIauKa obaacTH -- New El@fgl
dafinel  Kodtyp RESEEN HacTpodikk  Momouwk
Dol j e ) EEEEmE o|e/e B
Cozaate AHCEPETHBEIH ARAMOYrONLHHK - f e
CO343Tk AMCKPETHOR CHMMETPHHHOE KOMBLO '-I-' q ﬁ+
Co34aTk AMCKDETHOE
Beoa Ten
MHbopHaLMa
B nosiBuBIIEMCS TMAJIOTOBOM OKHE 3aJ1aiiT€ UCXOIHBIC MAPAMETPBHI.
I'IapaMEprl AHCKpe THONO, HE CHMME TDHUHOTIO KOTbLa
RMin=  [0.1
Cancel
RMax= |1 4
Heentr= |D
2 Teentr = |D
HeenteW = |D
VeenteW = |D
UHCTIO SIEMEHTOR [I0O PATHYCY 10
YHCIIO ZIEMEHTOE [0 OKPYKHOCTH |10

Juckpernzanus 00,1acTH NPOU3BOJIbHOM reomerpun /1/

1 % Vkaxute KypCOpOM Ha JaHHYIO KJIaBUIITY.
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B nosiBuBIIEMCSl TMAIOTOBOM OKHE 3aJ]aliTe MCXOTHBIC MTapaMeTPHhI.

Juckpe THIaumMa obaacTH

YWCNO Y3N0B NO x |17

2
YHUCNOY3N0B MO Y |9
oK | Cancel |
3 Haxxmurte «OK» min kinasumny [Enter].
[TocmoTpuTE HA CO3/IaHHYIO CETKY.
4
OOpaTuTe BHUMaHKHE HA OTPELIHOCTD!
L I
5
[
—
=] /

Juckpern3anus 00J1acTH NPOU3BOJIbHOI reomMerpuu /2/

1

% Vxkaxure KypCOpOM Ha JaHHYIO KJIaBUIITY.

B nmosiBuBIIEMCS AUATOTOBOM OKHE 33aalTE€ UCXOIHBIE nmapaMeTpBhl.

Juckpe THIaumMa obaacTH

YUCAO Y3N0e NO x |17
YUCNO Y3noe nNo v |9

Ok, | Cancel |

Haxmute «OK» wim kinaumny [Enter].

[TocMoTpuTE HA CO3[ITAHHYIO CETKY.
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OO6paruTe BHUMaHHE HA TTOTPEITHOCTD!

Metoauka ¢popmupoBanus ¢aiinos (*.kon)

I'paduyeckuii daiin ¢ pactmpenuem «Kony npeagHasHadeH Uit CO3IaHus odpasza Iioc-
KO MPOEKIUU MOABUKHOTO (MJIM HETIOJBUKHOT'0) TeJa (CUCTEMBI TEJT), pa3MEIIaeMbIX B pac-
YEeTHOM 00J1acTH, MPoLeAypa CO3JaHNS U PEAAKTUPOBAHUS KOTOPOil ObljIa OMKCcaHa BHIIIE
(merommka ¢popmupoBanus ¢aiina *.geo). [locne Toro Kak co3aH KOHTYP U CETKa pacueTHOMN
001acTH, TPOU3BEICHO PEAAKTUPOBAHUE U COXPAHEHHE, MOXHO T00AaBUTH K MOCIIEAHEMY €Il
OJIMH KOHTYp (00beKT). Hanpumep: CTBOJ MYLIKHU + CHapsI.

Jnst aToro Heo6xoaumo B nporpamme Viz2 Ha nanenu uHTepdeiica BBIOpaTh UKOHKY
«Huctsiii muct». [locie 3arpy3ku aucta HOBOro npoekTa Bel MokeTe HapuCcOBaTh B HEM KOH-
TYp U OTPEJAKTUPOBATh KOOPAUHATHI y3710B. DopMa KOHTYpa MOXKET OBITH JTHOOOM.

Jlob6aByienne KOHTYypa

1 D VYKakure KypcopoM Ha JIaHHYIO KJIaBHILY.

B nosBuBILIEMCS JMATOTOBOM OKHE HAPUCYITE HOBBIA KOHTYP U OTpElaK-
Tupyiite ero (cm. 1.5.3.3 «3aanue KOHTYpay).

JlaHHBIN (aiin coxpaHuTe ¢ pacIMpeHneM *.kon

& [uckpeTHaauma o6nacth - New

dafine RN CeTika  HacTpodikk  Momowes

O HuTate
COXPaHHTE

e
=

Beoa &
Mepene
Aobaen|
CABHHY|

CoxpaHHThb Kak

Danka: |_} Hogaa nanka j = = B

W

Recent

w
®
|

Paficumil cton

\$

Mowm gokyreHTE!

@

Mol korneTep

o
Cetesoe MHraa daiina: |1 j CoxpaHiTe |
OEPYHEHHE
Twun daiina: |‘.k0n j OTmeHa
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OTkpoiite cymiecTByromnmii daiin (*.geo).

4 Pexomenoayuu: nMeHa GaiioB peKOMEHIYETCsI CO3/1aBaTh UICHTHYHBIMA
(OIMHAKOBBIMH), TaK KaK 3TO B 3HAYUTEIBHOU CTEIIEHH 00JIETrYUT paboTy ¢ HU-
mu. Hanpumep: 1.geo — 1.kon —1.dan u t.1.

@ B daiine *.geo, aktuupyiite kinaBuiny «/{o6aBuTh
5 00BEKT.

B nosiBuBIIEMCS TMATIOTOBOM OKHE HaHAWTE CBOM (pailyl ¢ paciimpeHueM

6 (*.kon). Axtuupyiite ero. CoxpaHuTe IOMOJHEHHBIN, TAKUM 00pa3oM, (aiii
reomerpu (*.geo).

Heo0xoaumMo co0ir01aTh MOPSAA0K MTOCTPOSHUS MOJICIIH:

MIOCTPOCHHUE KOHTYpa pacueTHOM 00J1acTH;

JUCKPETH3aIUs 00J1aCTH;

ONTUMU3AIS HyMEPAlluHu Y3JI0B;

ONTUMHM3AIUSA POPMBI CETKH;

BBOJI 00BEKTOB (TeN);

BBO/I 110J1001aCTEN;

BBOJI IPAHHII;

BBO/JI y3JIOB MJIM JIEMEHTOB JIJIsl TpapuKOB;

IIPOBEPKA CETKH.

Paszbepem kaxxplii MyHKT OoJiee OIPOOHO.

CTpouth KOHmMYp pacuemmuoi oboracmuy Haa0 1O YaCOBOM CTpEJIKe, MHAUC IIPH JIMHEH-
HOU JHMCKpeTH3aIuK 00J1aCTH BO3MOYKEH TIOJJOOHBIN pe3ybTar:

<= HMcKpeTusauua obnacru -- New HEE
Paiiner Konryp Cetka Hactpofiew  [Momowes

Ve EE s RBRTHRREE BE L LA B S QR

MapareTpel:
ndu=445
i =495
ngr=0

IdU =414

‘ | IdE =388

[ %=1,3224m y=0,22946m

uckpemuzayus — OJUH U3 CaMbIX Ba)KHBIX 3TaIlOB MOZACIINPOBAHUS. BLI60p quciia
9JICMCHTOB JOJI2KCH UCXOOUTH M3 obecreueHust ABYX IIPOTHBOPCYNBBIX TpeGOBaHI/Iﬁ — C OA-

HOU CTOPOHBI TPeOYyeMOil TOUHOCTH pelIeHUs, a C IPYroi — OrpaHUYeHUs 0 OBICTpOIeHi-
CTBHIO U IAMSTH BBIYUCIUTENLHONW MAIlIUHBI.
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Briaenum psan BaxXHBIX IPUEMOB, IPUMEHSIEMBIX MPU AUCKpeTn3anuu tena Ha K3.

He pexomenayercs ucnonb3oBarsh K3, yanuHeHHbIE B OIHOM HANpaBICHUH, TaK KaK
9TO CHUXAET TOUHOCTh PEIICHUS 3a/1a4H.

He oGecrnieunT NoBbIIIEHHE TOYHOCTH UCIOJIb30BAHNE KOHEUYHBIX 3JIEMEHTOB B HEMO-
CPEICTBEHHOM OJIM30CTH, CIIUIIKOM CUIFHO OTJIMYAIOIINXCA 10 pa3mepam (Oosee ueM B 10
pa3). LlenecooOpa3no obecrneuuTh MmI1aBHOE H3MEHEHUE PA3MEPOB JIEMEHTOB B IPOCTPAHCTBE.
J1st 3TOr0 HEOOXOAUMO BBIIIOJIHUTH OMEPALIUIO ONIMUMUSAUUU POPMbL CEMKU.

[Tpu MoaenupoBaHuu Tell, 0ECKOHEYHO MPOTSKEHHBIX B OJHOM MJIM HECKOIBKUX
HAIpPaBIICHUSAX, HEOOXOIUMO OIPaHUYMBATh IUCKPETHYIO MOJEIb JOCTATOYHO OOJIBIION 00-
JIaCThIO, TaK YTOOBI 3HAUEHUS TAPaMETPOB Ha I'PAHUIIE COTIACOBAIIUCH ObI C IOCTATOYHOMN
TOYHOCTHIO C U3BECTHBIMU JAHHBIMHU.

[Tpu ocymiecTBIEHUH CTYIIEHYATONW JUCKPETU3AIMHI C OTHOCUTEIBHO KPYITHOM CETKOM
MOTYT BO3HUKHYTh BBICOKHE OTPEIIHOCTH.

4. Ilops10K BHINOJHEHUSA PA0OTHI.

1.U3ydyeHne TeopeTHUECKUX BOPOCOB.

2. Nzydenue paboThl MporpamMmbl AUCKPETU3ALNH JBYMEPHON 00JIaCTH Ha KOHEYHbIE
JJIEMEHTHI.

3.Pemenuie 3a1aHHOTO BapyUaHTa 3aauu:

MOCTPOCHUE KOHTYpa UCCIIeyeMOil 001acTu;

JTUCKpETH3aIs 00J1acTu;

yJlaJeHHE JUIIHUX KOHEYHBIX 3JIEMEHTOB;

nepeMenieHue y3joB;

ONTUMM3AIUS CETKH.

5. Yka3aHus 1o BLIIIOJHEHHIO OTYeTA.
Kaxx1ip1i1 CTyZI€HT COCTaBIIAE€T OTUYET, KOTOPBIN JOJIKEH CO/IepkKaTh OCTAHOBKY 3aayuH,
XOJI PeIIeHUs], pe3ybTaThl U BBIBOJIBI 11O padoTe.

6. KonTposbHbIE BONIPOCHI.

OnumuTe NperMyliecTBa U HEAOCTATKH KOHEUHBIX 3JIEMEHTOB TPEYroJIbHOU (OPMBI C
JIUHEHHON (yHKIMEH anmpoKCUMAaIIHH.

Yro Ttakoe «lllupuna n1eHTHI»?

3ayeM HE00X0AMMa ONTHUMM3ALINS HyMEPAIUH Y3JI0B CETKU?

3ayeM OCyIECTBISETCS ONTUMHU3AIMS (POPMBI KOHEUHBIX 3JIEMEHTOB CETKU?

Kakue BapuaHTBI TUCKPETHU3ALIUHU CIIOKHON 00JIaCTH MOTYT OBITh HCIOJIB30BAHBI B ITPO-
rpamme?
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JlaGoparopHasi padora Ne2. 3ajanne rpaHUYHBIX U HAYAJbHBIX YCJIOBMM JIS1 pelie-

HHS 32124 TENJIOMEeXaHUKH MeTO0M KOHEYHBIX 3JIEMEHTOB.
Metoauka ¢popmupoBanus paiisios (*.dan) pas Term2

[Tocie Toro xak co3mansl (aiiisl (*.0e0) u (*.kon), mpou3BeaeHO X PeIaKTHPOBAHUE U
COXpaHEHHE, K HUM He0OX0arMO 100aBUTh emié oauH Qaiia, a uMeHHo (*.dan).

st aTOro HeoO6XxoaUMO B TIporpamMme Termz2 Ha manenu uatepdeiica BLIOpaTh HKOHKY
«PenaktrpoBanue gaHHbIX». [locie 3arpy3ku okHa ¢ umenem Noname.dan Ber Mmoskere 3a-
JIaTh B HEM MCXOHBIC MTapaMeTPhI I pacdéra U OTPEIaKTUPOBATh UX TPH JKenaHuu. Ouzn-
YyecKasi Pa3MEPHOCTh BCEX BBOJAMMBIX BEJIMYMH TOJIBKO B MEXKIYHAPOIHOMN CUCTEME SIUHUI]
(CI).

B paznene «IlapameTpsl pacderay MMoJIb30BaTeNIEM JIOJKHBI ObITh ONPE/IEIICHbI BHEIITHUE
napameTphl pacuyera, BPEMEHHU pacueTa H NMepedHs COo3/1aBaeMbIX (aiiioB.

B paznene «/leranu u HayaabHbIE YCIOBHS» — ONPEACISIOTCS HaYaabHbIE TAPaMETPhI B
00J1acTH pacueTa ¢ yKazaHUEeM YKclia IeTaliei, HoMepa MaTepuala, u3 KOTOPOro OHU M3To-
TOBJICHBI, U HAYaJIbHON TEMIIEPaTyphI JIeTaJICH.

B paznene «Marepuaib» — ONPENeNIOTCs TeII0()U3HUECKUEe U MEXaHUYECKUE CBOM-
CTBa MaTePUAJIOB, TPUYEM MEXaHUYECKHUE CBOMCTBA 3aJIAal0TCS B TOM CIIydae, €Clii He00X0-
JIMMO PacCUUTaTh HANPSKECHHO-IEe(POPMHPOBAHHOE COCTOSIHUE Tel1. Eciu jxe Hy)XHO paccymu-
TaTh TOJILKO TEMIIEPATYPHBIC MOJISI B MCXOJHON 00JIACTH MEXaHWYEeCKHUEe CBOMCTBA MaTepHa-
JI0B He 3anatoTcs. Temmodu3nueckue cBOCTBa MaTepHaIoB 33Jal0TCS BHE 3aBUCHMOCTH OT
napamMeTpoB BEIOPaHHOM MOJIEIIN pacyera.

B paznene «I'paHulpl» — onpeaenseTcs KOJINYecTBO U TUI rpanull. OnpeaenseMoe Ko-
JMYECTBO TPAHHULL B IAaHHOM pa3Jielie J0JKHO COBIAAATh CO 3HaYeHUEeM NQr, OnpeaeasieMoM
pU CO37aHNM (aiiia TeoMeTpuUH.

B paznene «IlapameTpsl Mojenn», MOJIb30BaTeNb 10JIKEH BEIOPATh, UTO HEOOXOAUMO
paccuuTaTh: TOJIBKO TeMIlepaTypHble mosst Tei, Toibko HJC Ten unn pemuTs cConpsiKeHHYIO
3ajady, BKIOYarollyto onpenenenue u remneparypsl 1 HIC ten. B cootBercTBUM ¢ BEIOpaH-
HOW MOJIEJIBIO pacyeTa HeOOXOJUMO YKa3aTh METO/I PelleHus cucTeMbl ypaBHeHUit MKD u
3aJaTh COOTBETCTBYIOIUE MTapAMETPhI pacyeTa.

B HuxkHEH yacTH OKHa, YCTAaHOBIIEHBI KJIABUIIN OTKPBITUA (Daiina TaHHBIX CYIIECTBYIO-
IIET0 MPOSKTa M COXPAHEHHUS HCXOHBIX TaHHBIX B opme daiina *.dan. Knasumnm «OK» u
«Cancel» mpeana3HaveHbI TOJBKO IS MTOATBEPKICHUS (MTHOPUPOBAHUS ) MaJIbIX KOPPEKTH-
POBOK CO3/TaHHOT'O M COXPAaHEHHOTO (aiiyia TaHHBIX.

Hasnauenue npounx okoH I1K siBnsitorcs oueBuaHbIMU. VX Ha3HAUEGHUE M CMBICIT OTIpe-
JENSeTCS BBOAUMBIMU paciIn(pOBKaMH KOMIIOHEHT.

B paznene «[lapametpsl pacueray onpeaenstoTcsi BHEITHUE TapaMeTphl 001acTH pacue-
Ta, KOHEYHOE BpeMs pacyera, pH He0OXOAMMOCTH 33J1a€TCsl aBTOMATHU3allMs BEIYUCICHHS
I1ara UHTErpUPOBaHUS 110 BpeMeHH. Taxke B JaHHOM pasjienie Mojb3oBareseM (110 KeJIaHuo)
OTIpeNIeNIAI0TCS HACTPOMKHU Co3/1aHusl (paitioB pe3ysIbTaToB.
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Pe nakTHpoBaHHe JaHHBIX ana Term2

Aoaaona dlas
PaSMEpHDCTb BCEX BEOAWMEX BEMWYMH B CHCTEME EOWHHL, (4]
MaparmeTpel Mogen ] WantpaseHne ] JuanasoHe! nan|rpel l Ocu rpagukos ] Ha0auHMA ]
MNapameTpel paceTa JETanM 1 HAYanEHEIE YCAOEHA ] M areprant ] [paHuuE! ]

BHEWHKWE NapareTpel a8A3CTH PACYETE

=
TEA WAM WHTEM PUPOEaHKA No LLWmHapuyeckan ¥ | CWCTEME KOORAMHET
) BPEMEHH [C]
1EE  liar BbiBoaa pesysTatos 0 YCKOPEHHE MO OCH X [Mic2]
Na BpEMEHH [ E—
T war pBbIBD,U.a [pr]ssgana‘roB 0 yckopeHHe no ocik Y [rfc2]

no Terneparype [K] 1] CKOPOCTE BPaleHWA, [06/c]
1 KOHEYHOE EpEra, []

r
-
r r r
[ CO30aTE TEKCTOBRIA Galin pesynETaTos
v PegakTvpoBaTE Ha dophe @H Apply | Ok | Cancel |

B paznene «/leranu u HavambHbBIC YCIOBHS» 33/1a€TCS YUCIIO JCTaICH, KOTOPOE JOJIKHO
COBIIAJIATh C KOJIMYECTBOM Moio0macTell B (paiiyie reoMmeTpun, HOMEp MaTepuaia, u3 KOToporo

H3TOTOBJICHBI ACTAJIM, 4 TAKKC UX HAYAJIbHAA TEMIICpATypa.

Pe nakTHpoBaHKE AaHHbIX 4714 Term2

%I

Howazons oz
PaSI'u'IEpHDCTb BCEX BEEOOMMELS EENWYKMH B CHCTEME EOMHHL ClA
MapateTpel FMogen ] Wzo6pakeHiIe ] JpanasoHe NanuTpe! ] Ocu rpagukoe ] WM Z0auHMK
MapameTpel paceTa LleTan 1 HauankHEI2 YCAoEHA l M areprant ] paHuue!
3 :|: HHCNO AETane HauankHele NapamMeTpel B 0BAACTM PACYETE
Detane | Farepuan M | Teraneparypa,[K] |
1 geTans 1 1 293
2 fgeTans 2 1 273
3 feTans 3 1 N3
v PelakTHROBATE Ha dopne @H Apply | Ok | Cancel |

B pasaciic «MaTepI/IaJ'IBI» 3a1aCTCAd YUCJIO MAaTCPUAIIOB U OIIPECACITIAIOTCA UX TCHJ'IO(I)I/I-

3UYECKHE U MEXaHUYECKHE CBOIMCTBA.
B kauectBe TGHJ'IO(I)I/BI/I‘-ICCKI/IX CBOICTB MaTepuraia 3a1at0TCA:

— ko3¢ duruerTs! TemtonpooaHocTH Mo ocsiv OX (LamX) u OY (LamY);

— yaenbHas TerioeMKocThb (C);
— miotHocTh (RO).
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Pe gakTHpoRaHHe JaHHBIX 048 Term2

Aewazme ol
FazmMepHOCTE BCEX BEOOMMELX EENMUMH B CHCTEME BOMHKL, ClA
MNapateTpel Mogenu ] HMzobpamkeHue ] JyanasoHe! nanqTpEl ] Ocu rpatHkoe ] WM Z0AHHMK ]
MapameTpel pacyeTa ] JleTan M Ha4aneHEIE YCNOBKA MaTeprank paHuuEe! ]
1 *| uwicno MATERHANoE 2 =1 4ACAD TABAWHEIR SHAYEHMEA TEMMEpaTYRE!
TennodusHIeckHe CEOMCTES ]
Me Marepian | Lam4 [Brénk] |LamY [Br/iK] | C [Mawdwrk] | Fio [krixys.m] |
1 Marepuan 1 fE": g ft{ g ft[.' oy ft"l g
¥ PepakTupoEaTh Ha hopme EH Apply | Ok | Cancel |

B cnyuae ecnu B pa3gene «[lapamerpst Mmonenn» BeiOpan nyHKT «Pacuer H/IC», To muist
MaTepUaIOB 33/1al0TCs CIIEAYIOIINEe MEXaHHMYECKHUE CBOMCTRA!

— K03 umeHTHI TeMIIepaTypHOro pacimpenus mo ocsm OX (alfX) u OY (alfY);

— ko3 dunuents [Tyaccona mo ocsm OX (nuX) u OY (nuY);

— Moy ynpyroctu 1o ocsim OX (EX) u QY (EY);
— npenen yrnpyroctu (St);

— npenen npoynoct (Sh);

—npeaensHas aedopmanus (Eb).

Pe gakTHpoRaHHe JaHHBIX 048 Term2

Aewazme ol
FazmMepHOCTE BCEX BEOOMMELX EENMUMH B CHCTEME BOMHKL, ClA
MNapateTpel Mogenu ] HMzobpamkeHue ] JyanasoHe! nanqTpEl ] Ocu rpatHkoe ] WM Z0AHHMK ]
MapameTpel pacyeTa JleTan M Ha4aneHEIE YCNOBKA MaTeprank paHuuEe! ]
1| =l wico MATERHAN0E 2 =1 4ACAD TABAWHEIR SHAYEHMEA TEMMEpaTYRE!
TennodusuieckHe ceolicTea  MexaHMecKkMe CBOMCTES ] MexaHueCKkHE CEBONCTES ]
Me Marepian | alf [1/K] | alf [1/K] | i |nuY |
1 tarepuan 1 fE": g fti g fE": g ftl._lf g
¥ PepakTupoEaTh Ha hopme E H Apply | Ok | Cancel |

I[J'I}I BBO/la 3aKOHA U3BMCHCHHA COOTBCTCTBYIOIIUX CBOICTB MaTtcpuajia HCO6XOI[I/IMO
clenaTh ABOMHOM IIETYOK JIEBOM KHOIIKOM MBI HA TOM nmapamMeTpe, 3HaUCHUC KOTOPOTr'o

HCO6XOI[I/IMO 3aaaTb WJIN U3SMCHUTD.

Hampumep, s n3MeHeHus npeena NpoYHOCTH MaTepuaa HIeJIKHUTE JBa pa3a JEBOU
KHOIIKOW MBI HA U300pakeHUH Tpaduka i mpeaesia NpoyHOCTH MaTtepuania 1.
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Pe gakTHpoEaHMe JAHHbIX 474 Term2

Aovazmea oz

FazmMepHocTE BCex BEOAMMED: BENWYHH B CHETEME efMHML, CI1

MapateTpel Mogenu ] Wzo6pakeHue ] JTpanasoHe! NanuTpE ] Ok rpapukos ]

MapareTpel pacyeTa I arepuant

-
1 | wcao METEPHANCE 2 | YHENO TAGAHYHEN: SHIUEHUE TEMNEPATYPE

TennodusmHieck e cEONCTE ] Mexatimeckie ceolicTea  MERSHHYSCRME CBOMCTES l

Mz |E>< Ma] |EY [Na]

'fm fm

W s0uHuM ]
JeTand v Ha4ansHeIE YCNOBHA

I paHmuE ]

I aTepuan | St[Ma]

=

|Sb [Na]

T
s

=

T

1 Marepuan 1

¥ PepakTwpoBaTe Ha dioprie EH Apply | Ok | Cancel |

B nosiBuBIIEMCS 1MaJIOTOBOM OKHE 33/1aiiT€ COOTBETCTBYIOIIUE 3HAUCHUS IIpeiesia
MPOYHOCTU MaTepuana oT TeMreparypsl. s perakTupoBaHus apryMeHTa Tabauis! (B AaH-

HOM CJIy4ae TeMIEpPaTyphl) IIEIKHUTE JIEBOH KHOMKOM MBI HA KHOIIKE A . Yucno tabnny-
HBIX 3HAYEHUH TeMIEpATypsl 3a1aercs pasnene «Marepuayb.

[1peaen npouHocTH mate pHana Nel

[pe gen npouHocTH MaTe pHana Hel

Ok Cancel | & i Macwrah radika a, Q Ok Cancel | | @& =i B Macwrab rpadmka a a
Sh[Ma] Sh,[Na] ;
1766008 §romeemennea bagymemnmnee A b e T S e AR
1.56+08 L B R T
1.250+08 1260408 [TTTTTToTIeTmmsdessessSigeesosodees ook
Te+08 g 775 260 75 T Tes08 5 235 250 775 T
T 200 300 | T 200 e
Sb,[Ma] |25 1E8 Sb,[Ma] 2E8 1EB

fenenwiinoocam: ¥ |4 5 K |4 3 Oenenuii noocam: ¥ |4 o X |4 &

Ipe oen npouHocTH Mate pHana Nel

Ok cancel | @, 4 &3 Macwrab rpadmra a, e,
Sh.[Na] H
176ee08  Foommmmehgee bommnnneeeaaas . (ST
T booreanonean o demerenneennns brommeesnneenas
125408 oo b
Terl8 g 300 400 500 TH
TIK] 200 270 300 60O
Sb,[Ma] 2Eq] 1,7E8 1 7568 1E8
68 | kd

Oenenwiinoocam: ¥ |4 3 K [4 &

B pasnene «'panuib — onpenenseTcs KOJIMYecTBO U TUN rpaHull. OnpenensemMoe Ko-

JMYECTBO TPAHUI] B JAHHOM pa3zese JOJKHO COBIAIaTh CO 3HaYeHHEM NQI, OTpeesiieMoM
IpU CO3JaHNM (ailsia reoMeTpun.
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Pe gakTHpoRaHHe JaHHBIX 048 Term2

Aewazme ol
FazmMepHOCTE BCEX BEOOMMELX EENMUMH B CHCTEME BOMHKL, ClA
MNapateTpel Mogenu ] HMzobpamkeHue ] JyanasoHe! nanqTpEl ] Ocu rpatHkoe ] M E0AHHMK ]I
MapameTpel pacyeTa ] JeTanu W Ha4aneHeIe YCAoBWA ] M arepuant [ paHuuE!
4 = 2 2
*| 4MCAD rpaHHL ¥| 4MEAD TAOAWNHEIR MOMEHTOE BREMEHM

1 1 Yucno seooumbx Tover: |1 TemnepaTypa NoEepxHOCTI (1)

2 10 Yucno sEoaMMer Tovek: |1 dettakl = f(t)

¥ PepakTupoEaTh Ha hopme EH Apply | Ok | Cancel |

B paznene «[lapametpsl Moiem», MOIb30BATENb JOKEH BIOpATh, YTO HEOOXOIUMO
paccuuTaTh: TOJIBKO TeMIlepaTypHble mosst Tei, Tosibko HC Ten nin pemuTs ConpsKeHHYI0
3a/1a4y, BKIIOYAKOIYIo ornpenenenue u temmneparypsl 1 HIIC ten. B coorBercTBUM ¢ BBIOpaH-
HOM MOJIENBIO pacueTa HEOOXOAMMO YKa3aTh METO/I pellleHus cuctembl ypaBHeHH MKD u
3a/1aTh COOTBETCTBYIOIIUE ITapaMeTPhl pacuera.

B cnyuae pacuera H/IC neobxonumo:

— BeIOpaTh TUI AeQopMUpOBaHUs (YIPYroe Uil yIpyromiacTH4ecKkoe);

— BeIOpath nmapametp «llepectpanBaemas ceTkay (B 3TOM ciiyyae OyJaeT MPOUCXOAUTD
MePECTPOCHUE CETKU PaCYeTHOM 00JIaCTH Ha KaXKJIOM IIare HHTETPUPOBAHUS B 3aBUCIMOCTH
ot nedopMaruii);

— BBIOpATh MapameTp «Y4deT AUHAMUKI;

— 3a7]aTh MaKCHUMAaJIbHOE YUCJIO MPUOIIKEHUH 1 MAKCUMAIIbHO IOMYCTUMYIO MOTPelI-
HOCTbH 10 1ehopMaIusm;

— BBIOpaTh METOI pacueTa 1e)OpMUPOBAHHUS.

B cnydae pacuera TemrepatrypHbIX moyieil He00X0IUMO:

— 3a7]aTh MAKCHUMAaJIbHOE YUCJIO MPUOIMKEHUH 1 MAKCUMAIIbHO IOMYCTUMYIO MOTPelI-
HOCTB IO TeMIIeparype.
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Pe gakTHpoRaHHe JaHHBIX 048 Term2

Aewazme ol

FazmMepHOCTE BCEX BEOOMMELX EENMUMH B CHCTEME BOMHKL, ClA

%I

: [1apaMETpEI PACHETE HANPAKEHHO-AEPOPMUPOEAHHOND COCTOAHKA ] [N apareTpel pacHeTa TEMAEPATYRHOMD NONA ]

(* ynpyroe AedoprMpOEaHKE
™ yNpYro-NNacTHYECkoE 0EFOPMHPOBaHHE

[~ MNepecTpaqBaskan ceTra
[ Yu4eT auHamMukM

[Napat4eTpEl pacieTa ] JETanu W Ha4ankHEIE YeAoEHA ] MaTepuank! ] [ paHHLE!
MapareTpel MogemM HzobpameHue ] JNuanasoHe! nanqrpel ] Ocu rpapukos ] Wz0nuHMM
[v¥ Pacuer Temneparypel ¥ Pacwet HOC laycea * | MeTon peWSHHA CHETEMB! YpasHeHWE ME3

100 I SR CHMENEHOE HHCAD NPMEAHAEHMIA N0 A&E0PMAaLKAN 1000 K1 Make
Te-3 M akcHmansHo LonYSTUMEA NOrPEWHOCTE MO 4EdOPMALMAN 1 k2Maly
| TeueHue [MeTog A0n.4efopraUmHD] j tMeTon pacueTa aedopMUpOBaHIMA
¥ PepakTupoEaTh Ha hopme E H Apply | Ok | Cancel |

Heo0xoaumMo co01r01aTh TOPSIIOK ITOCTPOCHUS MOJICITH:
MOCTPOCHHE KOHTYpa pacueTHOM 00J1acTu;
JCKPETHU3aIHs 00J1acTH;

ONTUMU3AIUS HyMEPAlluu Y3JI0B;

onTUMU3aIK POPMBI CETKH;

BBOJI 00BEKTOB (TeN);

BBO/JI 110/100J1aCTEi;

BBO/JI T'PaHMII,

BBO/JI y3JIOB MJIM JIEMEHTOB JIJIsl TpahUKOB;

MIPOBEPKA CETKHU.

Huxe MMPUBCACHLI ITPUMCEPHLI BU3YAIIU3alIUN PE3YJIBTATOB BHIYUCIIUTCIIBHBIX 9KCIICPH-

MCHTOB C IPUMCHCHHUEM IIPOTPAMMHOI'0 KOMIIJICKCA

= fuckpermnzauma obaacti - G:\PacueT\7\7.geo

dafinel KoHTvp  Cetka Hactpoikn  Momowe

O H&HMHhﬂﬂﬁﬁﬁH@ﬁ@%Q@Q“ﬁ?

RRERTERERERE 99 IL

MapatdeTpi:
redu=16941
nu =17405
nar=1

ldU =58

|dE =1E88E

[ PaHHLEL

-

M

x=0,16569m y=0,1187n

Kontyp 6ammuctudeckoro oorekarens I'CH

(KpaCHBIM OBCTOM 0003HaueHa T'paHUlla KOHBCKTUBHOTI'O Tel'IJ'IOO6MeHa)
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ﬂTermZ H: QokymeHTe Jlok 9 cemecTp' flyHaeePacuer!, 7 7.prj _|EI|1|
PacyeT PezyneTatel MapaMeTpel Bua  HacTpofikd  MoMowk

SEHEEL DX B E nsss0P D Qaiqad

T Gy Gy Of Ty Gj Gn 8 Sy St ¥y Sp 8¢ 8y & 8, Oy
Temnepatypa
K.
1.1000e+03
9.2000e+02
7.4000e+02
5.6000e+02
3.8000e+02
2.0000e+02
Maysa B pacdeTe, Bpema = S0c. ... x=0,173895m w=0,101299n | v
Temmeparyproe nose 6ammuctaaeckoro odrekarens I'CH
B MOMEHT BpemenHu t = 50c
Eﬂ Term2 H:\[lokymentoi\ [lok 9 cemectp\ [lynaes\Pacuet\7\ ‘_lﬂzg

Pacuer Pesynetatel Mapametpel Bua Hactporiku [Momows
SABELN . e NaesD B EH Q6K QP ® [T 0.06/0 7,0 O£ & & Yyey 8, 8 b b, &

Waorepmbl
36492e+02
36288e+02
3.6085e+02
35882e+02
35673e+02
35476e+02
35273e+02
35063e+02
3.4866e+02
3.4663e+02
3.4460e+02
34257e+02
34054402
3.3850e+02
3.3647e+02
3.3444e+02
332418402
3.3038e+02
3.2834e+02
- 3.2631e+02
Oaesatis 3.2428e+02
3.2225e+02
3.2022e+02
31813e+02
3.1615e+02
3.1412e+02
31208e+02
3.1006e+02
3.0803e+02
— 3.0600e+02
— 3.0336e+02
— 3.0193e+02
— 2.9990e+02
— 2.9787e+02
— 2.9584e+02
— 2.9381e+02
— 29177e+02
— 2.8974e+02
— 28771e+02
— 2.8568e+02
— 2.8365e+02
— 2.8162e+02

PacueT okowden  |Bpema=  241C.... | x=0,343839m y=0,0622072n | 4

(1 i Rl

a9

TemmnepatypHoe nofie 6amumctudeckoro oorekarens ' CH
B MOMEHT BpeMeHH = 243 ¢ (M30IUHUN)

3. BapuanTsl 3a1aHmil.



25

[Tocne ocBoenus nutepdeiicoB nmporpaMMubix komruiekcoB CAD-cuctemsr 3D-
MIPOCKTUPOBAHUE U3/ (J1eTanel u cOOpoK) JiroOok crenenu ciaoxkHoctd 1 CAE-cuctemsl
MO/JICITMPOBAHHUSI ITPOIIECCOB TEPMOMEXAHUKH, CTYJICHTY I KOHKPETHOTO 3aJJaHHsI, BbIJaH-
HOTO TIperno/iaBaTeseM, Heo0X0AUMO MOCTPOUTh 00beMHYI0 3D wim 2D KoMIbIOTepHYIO MO-
JIeJTb, TIOATOTOBUTH UCXO/HBIC TEOMETPHUECKUE U (PU3NICCKHE JaHHBIC JJIsl TIPOBEIICHHSI BbI-
YHCITUTEIHLHOTO SKCIICPUMEHTA.

Jiist BeITTONTHEHMST Ta00pATOPHOI pabOTHI HCITOJIB3YIOTCS CIICIYIONIHE 33 JaHHS:

1. IToAroTOBUTH UCXOHBIC TAHHBIC IS TPOBEACHUS BBIYHCIUTEIHHOTO SKCIIEPHMEHTA
10 UCCIICIOBAaHHIO CTAI[MOHAPHBIX TETIJIOBBIX MPOIIECCOB.

2. [1oaroToBUTH UCXOHBIE TAHHBIC IS TPOBEACHUS BBIYHCIUTEIHHOTO SKCIIEPHMEHTA
TI0 UCCIICIOBAaHUIO HECTAIIMOHAPHBIX TEIUIOBBIX IPOIIECCOB.

3. IloAroTOBUTH UCXOAHBIC JAHHBIC JUIS IPOBEACHUS BBIYHCIUTEIBHOTO SKCIIEPHMEHTA
10 UCCIICIOBAaHHIO HANIPSHKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHHSL.

4. [ToaroTOBUTH UCXOTHBIC IAHHBIC JIJISl IPOBECHUS BEIYUCIUTEILHOTO IKCIICPUMEHTA
10 UCCIICIOBAaHHIO MPOLIECCOB JMHAMUKH J1e(DOPMUPOBAHHSL.

5. IloAroTOBUTH UCXOIHBIC JAHHBIC JUIS IPOBEICHUS BBIYMCIUTEIBHOTO SKCIIEPUMEHTA
10 UCCIICIOBAaHUIO TEPMOHAIPSHKEHHOTO COCTOSIHUSI.

4. Ilops10K BHINOJHEHUSA PA0OTHI.

1.U3ydyeHne TeopeTHUECKUX BOPOCOB.

2. Vzydenue paboThl MporpaMMbl JUCKPETU3AINH IBYMEPHOM 00J1aCTH HAa KOHEYHbBIE
JJIEMEHTHI.

3.Pemenuie 3a1aHHOTO BapyaHTa 3aauu:

MOCTPOCHUE KOHTYpa UCCIIeyeMOil 001acTu;

TUCKpETH3aIs 00J1acTu;

yJlaJIeHNe JUIIHUX KOHEYHBIX 3JIEMEHTOB;

NIEPEMELIEHHE Y3JI0B;

ONTUMU3ALMS CETKHU.

5. Yka3aHus 1o BLIINOJHEHHIO OTYeTA.
Kaxx11p1il CTYyZI€HT COCTaBIISET OTYET, KOTOPBINA JOJKEH CO/IepkKaTh MOCTAHOBKY 3a7auH,
XOJI peIIeHUs], pe3yIbTaThl U BBIBOJIBI 110 padoTe.

6. KonTposbHbIe BONIPOCHI.

B ueMm cocTouT nonstue «BbIUUCIUTENBHBINA SKCIIEPUMEHT»?

Kakune nporpaMMHble IpOIyKThI HCIIONB3YIOTCA A mocTpoenus 3D u 2D mozeneit
KOHCTPYKLMH Ha NPEANPUATHIX OTpacau?

Kakue nporpaMMHbIe IPOTyKThI HCIIONIB3YIOTCA JJIsl pacyeTa MpoLeccOB TEPMOMEXaHHU-
KU Ha MPeInpUaTUsIX oTpacin?

Yro takoe CAE-cucrembI?

C Kxako# 1IeIbI0 B IPOTPaMMHBIN KOMIUTEKC Term2 Bxoaut nporpamma Viz2?
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JlaGopaTopHas pa6ora Ne3. Penienue 3a/1a4 CTAlMOHAPHOI TENJIONPOBOIHOCTH Me-

TOAOM KOHCYHBIX 3JICMECHTOB.

1. Hesab u 3apa4u padboThI

[Tpu BeIMOMHEHUH PAOOTHI CTYACHTHI JOJDKHBI M3YYUTh OCHOBBI METO/Ia KOHEYHBIX dJIe-
MEHTOB TP PEIICHUH 3a/1a4 CTAIMOHAPHOU TETJIONPOBOIHOCTH; TOJYUYUTh MPAKTHICCKUE
HaBBIKH B PEIICHUH KOHKPETHOM 3a/1a4i; OCBOUTH PabOTy B MPOTpaMMe YUCIICHHOTO MOJIEIH-
POBaHUS TEMIIEPATYPHBIX IMOJICH; HAYYUTHCS HHTEPIIPETUPOBATH BU3YAIBHOE MPEACTABICHUE
PE3YJIbTaTOB MOJIEITMPOBAHUSI MHOTOMEPHBIX 3a]1a4.

2. OCHOBBI TEOpHUH

PaccmoTpum nnpumenenrne MKD k pelnieHnro miocKou 3aj1adyn TeOpUHr TEILIONPOBOHO-
CTH B Cclly4ae CTAllMOHAPHOTO TEMIIEPATypHOTO MOJIs.

B Teopuu TemnonpoBoIHOCTH CTAIIMOHAPHOE TEMIIEPATYPHOE T0JIE B TEJle, 3aHUMAI0-

ieM JByMepHyto obmacts (puc. 1)

F
T

Tr

Puc. 1. Cxema HarpeBaeMoro rena

OITMCBhIBACTCA ,[[I/I(b(l)epeHI_II/IaJ'ILHLIM YpaBHCHHEM B YaCTHBIX IMPOU3BOJHBIX

o°T o°T
Ay 2+ky 2:O; VX, yeV, )
OX oy
C COOTBETCTBYIOUIMMH I'PAHUYHBIMU YCIOBUSIMHU HAa BHELTHEM KOHTYpeE S,
Hampumep
T=T,(x,y),V X,y €S, @

rae Ax U Ay — K03 ULHUEHTHI TEIUIONPOBOAHOCTH MaTepuaa Tela.

3anucaHHOE ypaBHEHHE €IMHCTBEHHBIM 00pa3oM omnpeenseT 3aaady. OJHaKo BO3MOXK-
Ha Jipyrast popMyIHpPOBKa C TOMOILBIO BAPUAITMOHHOTO UCUHUCIICHUSI.

Ha ocHoBanuu Teopemsl Ditiepa MOXKHO HaWTH (PYHKIIMOHAI, U1 KOTOPOTO ypaBHEHHE
(1) siBnsercs ypaBHeHUEM Dilnepa:

2
1.((oT o°T
D[T(x,y)E [[=A]| = | +| = |ldxdy, Vx,yeV. 3

!{2 ox) oy )
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DKCTpeMyM Takoro pyHKIIMOHAIa OyJeT JOCTUTATHCS HA TaKOW (DYHKIIMH pacrpeerie-
Hus TeMriepatypsl T(X, y) mo obmactu Tena V, KoTopas yaoBJIeTBopsieT ypaBHeHHo (1), T.€.
Ha (PYHKIMH PeabHOTO paCIpeICICHUS TEMIIEPATYPHI.

[TpsiMoit MeTO] pelIeHus TaKOi BapHAIIMOHHOM 3a/1a4M MPEIoJIaracT MpHOIMKSHHYIO
3aMeHy HenpepbiBHON (GyHKIMK T(X, y) O0siee mpocThIMU (TMHEHHBIMU QYHKITASMH, ITOTH-
HOMaMH H T.JI.) U TIOCJICIYIONIYF0 MUHUMU3AIHI0 QyHKIIHOHAIA (3) B KJlacce 3TUX YIPOIICH-
HBIX QYHKIMA. B MeTO/1e KOHEUHBIX AJIEMEHTOB IIUPOKO MCIIOIB3YETCs almpOKCHMAITUS
dbyakuuu T(X, y) TuHEHHBIMA (QYHKIMSAMHU BHYTPU KaXKI0T0 KOHEUHOTO AJIEMEHTA.

JluneitHast anmpokcuMalys TeMIIepaTypbl B TPEYroIbHOM KOHEYHOM 3JIEMEHTE.

BBeneMm 3aBUCHUMOCTH, OIPEEIIAIONINE paclpeieieHue UCKOMOI (PYHKIIMHM BHYTPHU KO-
HEYHOT'O 3JIEMEHTA, €CJIM U3BECTHBI €€ 3HAUCHUS B Y3JIOBBIX TOUKaX (Takoi (QpyHKIHEH MOXKET
OBITH TEMIIEpaTypa, epemenieHus u apyrue). Ha puc. 2 n3o0paxkeH TpeyroyibHbIi KOHEUHBIH
JJIEMEHT.

Y
Puc. 2. TpeyronpHblil KOHEYHBIN JIEMEHT

BBenem HyMmepaiuio ero y3ioB, 1 OyJaeM 0003Ha4aTh 3HAYEHUS BEIMYUH B Y3JIOBBIX
TOYKaX C COOTBETCTBYIOIINM MHIEKCOM X1, X2, X3, Y1, Y2, Y3, T1, T2, T3, a pa3HOCTH BEIHUMH
MEXK]ly IByMsI TOUKaMHU C IBOMHBIM UHJEKCOM, HAIIpUMED:

X21=X2-X1

Jlunelinas pyHKIMS pacrpesieleHus: TEMIIEPaTyphbl 10 KOHEYHOMY JIEMEHTY B 00I1eM
BUJC NIPCACTABIIACTCA 3aBUCUMOCTBIO
T=a+bx+cy 4)
rac a, b # ¢- mocTogHHBIE KOZ-)(I)(I)I/II_[I/ICHTBI. I[J'ISI HaXOXKIACHUSA ITUX TPEX KOHCTAHT BOC-
MMOJIL3YEMCs TPEMS 3HAUCHUAMU TCMIICPATYPHI B Y3JIaX KOHCUYHOTO 3JICMCHTA, YTO AACT TPpHU
aJr eraI/I‘-ICCKI/IX YpaBHCHUA:
Ti=a+bxi+cyy;
To=a+bxo+cyy;
Ta=atbxz+cys .
B PE3YJIbTATC PCIICHUA 3TOU CUCTEMBI oJIydacM 3HA4YCHUA KOHCTAHT a, bu C, BbIpa-
JKCHHBIC YCPE3 TCOMETPHUICCKUC TTAPpAMETPBI KOHCHYHOI'O 2JICMCHTA U Y3JIOBLIC TCMIICPATYPhI.
[Toncrapmnss ux 3ateM B ypaBHenue (1) ans ynxmuu T , Haxoaum

T=N1T1+N>T2+N3Ts3, 5)
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rac

1
N, = Eyzs(x_)%)_xm(y_)’s);

1
Nz = Eys‘l(x_xl)_xﬂ(y_yl);

(6)

1
N, :gylz(X_XZ)_Xﬁ(y_yZ);

1 .
ST = §X21Y32 — X3 Yo

Koaddurmentsr Ni HazpiBaroT ko3 dunreHTamMu Gopmbl, ST-TUIONIAAb TPEYTrOJIbHUKA.

VYpaBHenue (2) B MKD 3anuchIBaloT B MAaTpUYHOM opMe :

T=[N.JTi}.

Jannast nuHeiHAsS QYHKIHS pacTpeelIeHUs TeMIIepaTypsl (HIIH APYroi BEITUIHHbI)
o0ecrieynBaeT ee HeNPePHIBHOCTH HA TPAHMIIE C COCETHIUMH AJIEMEHTAaMH, T.K. 3TO pacipese-
JICHUE JTUHEIHO BJIOJIb JTFOOOH CTOPOHBI TPEYTOJIBHUKA U TIPU OJIMHAKOBOM M3MEHCHHUH BEIIH-
YUHBI B y3JIaX TaKHE JKE CaMble M3MEHEHUs OYIyT U BJIOJIb BCEH BHYTPCHHEH I'PAaHUIIBI.

OTMeTHM HEOOXOMMEBIC B TaTbHEHIIIEM TaKHUe TEOMETPUICCKUE XaPAKTEPUCTUKH KO-
HEYHOT'O DJIEMEHTA, KaK KOOPJMHATHI IICHTPA TSHKECTH CCUCHUS

1 . 1 .
Xt =§(X1+X2+X3), Yr :g(y1+yz+y3)1
1 00BEM B CIIydae OCECHMMETPHYHOM 3a1a9i

V % 2ar.S,

BreiBog paspemaromux ypaBHeHnit MKD 115t koHeuHOro 35emMenTa tena. PaccMotpum
00JacThb, MOKa3aHHYIO Ha pHUC. 3, KOTOpas pa3zelieHa Ha TPEYrojbHble KOHEYHBIE SJIEMEHTHI.

S

y

v

Puc. 3. Cxema nauckperusanuu 00IacTH.

B ka)10M KOHEYHOM 3JIeMEHTE JaHHOM 001acTH Y3J10BbIe BETMUMHBI TEMIIEPATYPhI
OTIPENeNSIOT (PYHKIIHIO



29

T

T:[Ni]{Ti}:[Nl;NZ;N3] T, (7
T,

Tak Kax y3J70BbIe BETMYMHBI OJJHO3HAYHO OMPEICISIOT TEMIIEpaTypy BO BCed 001acTH,
To hyHKIMOHAT @ MOXHO MUHUMH3UPOBATh IO OTHOIICHUIO K 3TUM BEIIMYMHAM, paccMaT-
pUBas €ro B Kjacce JIMHEHHBIX QyHKIUH (7):
2

o= []3 2T 3 o[ 2] ey

OcymeCTBI/IM yKa3aHHbIE OTEpaLUy BHAYaIE IS KaXI0r0 KOHEUHOTO 3JIEMEHTa, a 3a-
TEM COCTAaBUM OOIIYI0 CUCTEMY YPaBHEHUH JUIsl BCETrO Teja, MyTeM CyMMHUPOBAHMs ypaBHEHUN
10 BCEM KOHEYHBIM 3JIEMEHTaM, U3 KOTOPBIX COCTOUT UCCIIEyeMOe TEIO.

[Moncrapnss Gynkiuio (7) B pynkunonan (3) u nuddepeHuupyst ero mo y3aoBoi TeM-
neparype Ti1, momydum:

aobk;:ﬂ} %xa—Ti(a—TjMym o (oT Kixdy =
oT, 22| *ox aT, | ox dy oT, | oy

Xy

1 1
= P‘x g (y23T1 + y31T2 + Y12T3 )E Yoz t

T

1 1
"’}“ 25 L Xos Ty =Xy T, =X, Ty )gx

- X23)HdXdy =1 AxYa3Yas + Ay X3X 55 ) T, +
Xy

7\‘*11

1
+ A Ya Yo +}\‘yX31X23 T+ A Y1Y o +}\’yX12X23 T ]48
- T

7L*12 7\~*13

Huddepenuupys ananorunyso no Tz u Ts, moxyuum
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oo,

8T = [ 7\’xy23y31 +7\‘yx23x31 ) Tl + 7\‘xy31)/31 +}\’yx31x31 T2 +
2

}\«*21 }\4*22

1
+ KxY12y31 +7\‘yX12X31 T3 ]_

15,
7\‘*23

oD,

oT :[ kxy23y12+}\‘yx23X12) T1+ 7\’xy31y31+7\’yx3lx31 T2+
3

}L*gl }\-‘*32

1
+ 7\’xy12y12 +?\’yX12X12 T3 ]_

s,
}\4*31

roe P, - (YHKLIMOHANI Ul OJJHOTO KOHEYHOIO 3JIEMEHTA.

B MaTpuuHOM BH/I€ ITOJTy4YEHHBIE BBIPAXKEHUS 3aIUIIYTCS CIEAYIOIIUM 00pa3oM:

oD,
G—TI: = [7% ]{Ti}, (8)

rac [7\4 ka] - MaTpula TCIIONPOBOAHOCTH KOHCUYHOT'O 3JICMCHTA

A, A, A

11 12 13

[xks]: A xzz 7\’23

21

Ay, A, A

31 32 33 _|

Oﬁ'beIlPlHeHI/Ie KOHEYHBIX 3JiIeMeHTOB. OKOHYATCILHbBIC YpaBHCHUS IpouecCa MUHU-

oD,

E]

MU3AIUH TPEOYIOT 00bEJMHEHUS BCEX MPOU3BOIHBIX JUISl BCEX KOHEUHBIX DJIEMEHTOB
i
U TIpUpaBHUBaHUSA UX K Hymo. O6o3Hauas GyHKIIMOHAN AJis Bcero Tena yepe3 O, nonydum
Nk3
0D _ 0Dy, _
o, & et ©)
i i i

rac N P O6IJ_ICC YHCJI0 KOHCYHBIX 3JICMCHTOB.

C yuerom (8) ypaBHenue (9) 3anuuiercs B BUJE:
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a® Nka 3
a_T:ZZ[A‘ka]{Ti}:O (10)
)
CyMMHpPOBaHHE JJIEMEHTOB MaTPUIBI [AKk>]10 BceM KOHEUHBIM 3JIEMEHTAM JaeT MaTpH-

Iy TEeTJIONMPOBOIHOCTH [A] BCETo Tena, COCTABICHHOTO M3 KOHEYHBIX AJIeMeHTOB. [Ipu aTOM
ypaBHeHue (10) MOXHO 3amucarh:

[JT) =10}, (11)

rae {T} - MaTpuia Temrneparyp BCceX y3JI0BBIX TOUYCK Tella.
Ha rpanune tena B rpaHMUYHBIX Y3JIOBBIX TOUKAX 33Jal0TCSI B COOTBETCTBUM C I'PAaHUY-
HBIMU yCIIOBUSMHU (2) TeMiepatypsl Tirp:

Tip =T (X, ¥ )%, Y;€S

[Tonydyennas cuctema anredpandeckux ypapHeHui (11), (12) pemaercs Ha DBM.
HaiinenHast B pe3ysibTaTe pelieHHsI COBOKYITHOCTb TEMIIEPATYP B Y3JIOBBIX TOYKAX SIBJISI-
eTCsl IPUOJIMKCHHBIM PEIICHHEM BapuaIlMOHHOW 3a1auu (3).
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3. BapuaHTbl 3a1aHU.

[Tocne ocBOeHMS MPOrpaMMbl YHUCIEHHOTO MOIETUPOBAHUS IPOLIECCOB TEILIOMPOBO/I-
HOCTHU, CTYACHTY JUIsl KOHKPETHOTO TeJla U COOTBETCTBYIOIIMX TPAHUYHBIX YCIOBHMA, BbIIaH-
HBIX IIperoaBareaeM, He0OX0IUMO MOJTYUYHUTh PEllIeHUE CTAllMOHAPHON 3aJauu.

Jl1s BeIONTHEHUS J1abopaTOPHOM pabOThl UCHIONIB3YETCS IByMEpHAs MJIOCKask IOCTaHOB-
Ka U CIIeYIOIue 3aJaHHus:

BbINOTHUTE YKCIeHHOE HCCIeJ0BAHNE CTAIIHOHAPHBIX TEIJIOBBIX MPOIIECCOB B JETANH,
MPEJICTaBIISIONICH OO0 OJJTHOCBSI3HYIO 00JIaCTh C TPAHUYHBIMU YCJIOBHUSIMH IIEPBOTO U TPETh-
ero poza.

BbINOTHUTE YncIeHHOE HCCe0BaHNE CTAIIHOHAPHBIX TEIJIOBBIX MPOILIECCOB B JETANH,
MpeJICTaBIISIIONIEH cO00l MHOTOCBSI3HYIO 00JIaCTh C IPAaHUYHBIMU YCIOBHSIMH IIEPBOTO POJIa.

BbINOTHUTE YncIeHHOE HCCe0BaHNE CTAlIHOHAPHBIX TEIJIOBBIX MPOIIECCOB B JETANH,
MPEeJICTaBIISIONIEeH cO00I OJHOCBI3HYIO 00JIACTh C TPAHUYHBIMH YCIIOBUSIMU BTOPOTO U TPETh-
ero poja.

BEINOTHUTE YKCIeHHOE HCCe0BaHNE CTAIIHOHAPHBIX TEIIJIOBBIX MPOIIECCOB B J€TalH,
MPEJICTaBIISIONIEH cO00 MHOTOCBSI3HYIO 00JIaCTh C TPAaHUYHBIMU YCIOBHIMH TPETHETO POJA.

BBINOTHUTE YnCIeHHOE HCCe0BaHNE CTAI[MOHAPHBIX TETIOBBIX MPOIIECCOB B JETAlH,
MPEJICTaBIISIIONIEH cO00f MHOTOCBSI3HYIO 00JIaCTh C TPAaHUYHBIMU YCIOBUSMHU MEPBOTO U BTO-
poro poja.

4. Ilops10K BHINOJHEHUS PA0OTHI.

1.U3ydyeHne TeopeTHUECKUX BOPOCOB.

2. Vzydenue paboThI MpOrpaMMbl YUCIEHHOTO MOAETUPOBAHUS ITPOLIECCOB TEILJIONPO-
BOJIHOCTH.

3.Pemenuie 3a1aHHOTO BapyUaHTa 3aauu:

MOCTPOCHUE AUCKPETHOI MOJIENN Tea JJi YUCIEHHOTO PEIICHUs 3a/1a4H CTAllMOHAP-
HOU TETIONPOBOIHOCTH;

3a/laHue CBOMCTB MaTepHUaoB Teja, apaMeTpoB TEIJI00OMEHA Ha TPaHUIAX;

MOJIy4€HHE TEMIIEPATYPHOTO MOJIS;

MpeJICTaBICHUE PE3YIbTATOB B BUJIE H30TEPM U B (JOpME IIBETOBOM rpajialilu;

aHaJIU3 Pe3yNbTaTOB M BHIBOJBI MO paboTe.

5. Yka3aHus 1o BbINOJHEHHIO OTYeTA.

Kaxx1ip1il CTyZI€HT COCTaBIIAET OTYET, KOTOPBIN JOJIKEH COJIepkKaTh IOCTAHOBKY 3a7a4uH,
XOJI peLIeHUs, pe3ybTaThl B PA3IMUHBIX (hOpMax MpPeCTaBICHUs TEMIEPATyPHOTO MO U
BBIBOJIBI 110 paboTe.

6. KonTposbHbIE BONIPOCHI.

Onumure NpenMyIIecTBa U HEIOCTATKH METO/1a KOHEUHBIX 2JIEMEHTOB ISl PEILICHUS
3a/1a4M TEIJIONPOBOJHOCTH.

Kakue Buibl rpaHUYHBIX YCIOBHI MOTYT OBITh 33JJaHbI JUIs peIICHHsI CTallMOHAPHOU 3a-
Jla4X TEIUIONPOBOAHOCTH?

Jis uero HeoO6X0IMMO MUHUMU3HPOBATH IIUPHUHY JICHTHI?

Kakum o6pa3om B mporpamme MOJICIUPOBAHUS TEMIIEPATYPHOTO T0JIS 33/1at0TCs Ipe-
JIENIBI [IBETOBOM MAJIUTPbI, COOTBETCTBYIOIIME MTPEACTABIIEMOMY TEMIIEPATYPHOMY J1HAIIa30-
Hy?

Kakum o6pazom B mporpamme MOJICIMPOBAHUS TEMIIEPATYPHOTO MOJIT OCYIIECTBIISETCS
BU3yaJIM3alMsl C TOMOIIBIO U30TEPM?
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JladGopaTopHas pa6ora Ned. Pemienue 3a1a4 HeCTAIlHOHAPHOW TeNJIONMPOBOHOCTH

METOJAOM KOHCYHBIX 3JICMCHTOB.

1. Hesab u 3apa4u padboThI

[Tomy4eHre MpakTHYECKUX HABBIKOB IMTOCTAHOBKU U PEIICHUS 33/1a4l HECTAIMOHAPHOU
TEIJIONPOBOJHOCTH METOJIOM KOHEYHBIX DJIEMEHTOB; IIOJITOTOBKH M 33JJaHUS UCXOIHBIX JaH-
HBIX; OCBOSHUS IMPOTPAMMBI YHCIEHHOT'O MOCIIMPOBAHUS IPOIECCOB TEIIONPOBOIHOCTH;
HAy4YUThCS HHTEPIIPETUPOBATH BU3YAIbHOE MPECTABICHUE PE3YIbTATOB MOJICIUPOBAHUS
MHOTOMEPHBIX HECTAIIMOHAPHBIX 3a/1a4.

2. OCHOBBI TEOpHUH
Jl71s HecTalMOHAapHOTO Mpoliecca TeIIONPOBOIHOCTU B TubdepeHIIaTbHOM ypaBHe-
HUU TEIJIONPOBOJHOCTU AO0ABISIETCS WICH, YUYUTHIBAIOUINI H3MEHEHIE BHYTPEHHEH YHEp-
run Tena V. Bo BpeMeHu T :
o°T . 0T _ oT
M—+A,—5—-Cp—=0, vVx,yeV, ©>0 Q)
OX oy ot
Hckomoe T(X,y,T) HeCTallMOHAPHOM 3a/1a4M TEILUIOMPOBOAHOCTH TOMUMO IPAHHYHBIX
YCIIOBUI Ha MTOBEPXHOCTHU Teja S

T = T,(x,y)vX,yeS,1)0
JOJIDKHO yIlOBJIeTBOpﬂTI) HaanI)HOMy yCJIOBI/IIO
T(x,y,0)=T,,¥X,yeV,1=0

3a/laHHOMY B MOMEHT BpeMeHHU 1=0, KOTOpbII IPUHUMAIOT 32 HA4aJ0 OTCUETa.

oT

I[OHOJ'IHI/ITGJ'II)HI)II\/’I qjeH Cp a TOABJIACTCA B CBA3H C HaAKAIlJIMBAHUEM TCIlJIa B
T

KaX/IOM 3JIEMEHTapHOM 00bEeMe Tejla 3a CUET TeMJI0EMKOCTH MaTepHara.

Ecnu paccmotpets ypaBHeHue (1) B puKkcupoBaHHBII MOMEHT BpeMeHH T*, To mocie-
HUH WIeH MOXXHO pacCMaTPUBATh KaK HEKOTOPYIO 33JaHHYIO (DYHKIIMIO IPOCTPAHCTBEHHBIX
KOOpJUHAT.

oTIx,y, 1"
qV(X,y)=Cp(a—y);
T
°T . 0T
oxt Ty v =0 )
vXx,yeV, t=1".

Taxoe nuddepennnanbHoe ypaBHEHUE SBISIETCS ypaBHEHHEM Ditiepa /Ui GyHKIIHOHA-
na

2 2
1 oT oT
Xy

—q, T jdxdy, VXx,yeV;
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WJIU B Pa3BEPHYTOM BHJIC JUTSI (bHKCHpOBaHHoro ™

2
CD[ xyr ” +ky2—1— -

T (4)
—cp—T dxd
P T jdxdy

Pemenue BapuannonHo 3a1aun (4) Mpou3BeAEM C IIOMOIIBIO MPUOIMKEHHOTO MPSIMO-
IO METOJIa KOHEYHBIX AJIEMEHTOB, IIPH ATOM BOCIIOIB3YEMCS MTOTYYCHHBIMH paHee IIPH perie-
HUU 33/1a4¥ CTAIMOHAPHOU TETIJIONMPOBOIHOCTH BBIBOJIAMH.

Marpuiia TEnI0eMKOCTH KOHEYHOTO 3JIeMeHTa. JlonoJHUTeIbHbIH YieH QyHKIHO-
HaJa (4) 17151 KOHEYHOT 0 3JieMeHTa Vi, MPeACTABJAIONIUI 0001l B 3TOM CjIydyae TeIio-
BOii MOTOK, MOIJIOIAeMblii KOHEYHBIM 3JIEMEHTOM NPH €ro HarpeBe, BLIPa3uM uyepe3 y3-
JIOBbIE COCPeI0TOYEHHBbIE MOTOKHU TelJia (T.e. CylIecTBYeT TOJIbKO B TPeX Y3J10BbIX TOY-
Kax, 1 110 00beMy He pacnpene/ieHo):

oT,

q= Isz—IdXdyz‘UCp N, +N28T2

+
or

8T3

+N, == Jdxdy = 8_ Cpﬂ N, dxdy +

+%Cp;[j deXder@_rng-g N,dxdy=

=C +C +C aT3—q +0,+0
1 aT 2 817 3 81? 1 2 3

rae Ci = Cp“ N;dxdy
Xy

JIBoiinble uHTErpansl B popmyse it Ci MOTyT ObITh JOCTATOYHO JIETKO BHIYHUCIIECHBI
JUIS TPEYroJbHUKA, OJTHAKO MIPU UCTOIb30BAHUU (POPMBI KOHEYHOI'O 3JIEMEHTA, OJIM3KON K
PaBHOCTOPOHHEMY TPEYTOJIbHHUKY, OHH MOTYT OBbITh 3aMEHEHBI PUOIMKEHHBIM 3HaUEHUEM
S1/3. Ilpu 3TOM NOTYyUUM:

1 1 oT,
C; ® —CpS;; ( CpS; —
i 3qu 3p 6r

B marpuunoit popme

o= S o

rae {Ci} — MaTpuna TemI0eMKOCTH KOHEYHOTO HIIEMEHTA.
PaccmarpuBas, kak u paHee, GyHKIIMOHAT JUIs 00JaCTH TPEYTOJILHOTO KOHEYHOTO JIe-
MEHTa B KJ1acce TMHEWHBIX (YHKIUH TeMIepaTypbl U yIUThIBas (5), MOTyIrM



2 2

P = [ NI | NI T

XdXdY"‘Z{Ci}T % {Ti }T
i1

Huddepennupys (6) Mo y3710BbIM TEMIIEpaTypaM, MOJIyIUM
oD, [T
o L)+ {14t

rie MaTpuia [A] — Marpuia TeronpoBOJHOCTH KOHEYHOTO 3JICMEHTA, MOJTy4eHHAs pa-

: ()

Hee.
OxoHuaTenbHbIC YPaBHEHHS MTPOIIECCa MUHUMU3AUUHU (QYHKIIMOHAA TIOTYJal0TCs 00b-
CIMHEHHEM BCEX MPOM3BOMHBIX — K> JIsi BCeX KOHEYHBIX JIEMEHTOB U MPUPABHUBAHUS X
art,
HYIIIO:

oD N 0D Nio T
o= =T He )

oT. m OT. g , (8)
oT oT.

i — T S —

o pmy el |- o

rae [Ci] - MaTpuIia TErmI0eMKOCTH KOHCTPYKIIHH.
Kaxaplii unieH 3Toi MaTpuIlsl (2 OHA B IaHHOM clly4yae JuaroHaibHa) XapaKTepu3yeT
MHTEHCUBHOCTH MOIJIOUIEHUS TEIJIa B Y3JIOBOM TOUKE TeJla IPU HarpeBe.

Penienue cuctemsl ypaBHeHI/Iﬁ MKD ¢ ncroap30BaHrEeM KOHEUHBIX paBHOCTeﬁ 110 BpC-
Menu. CucreMa ypaBHeHI/Iﬁ (8), B OTJIMYHMC OT 3aaa4u CTaHHOHapHOﬁ TCILJIOIIPOBOAHOCTH, HE
MO3BOJIACT HETTOCPECACTBCHHO PACCYUTATh TEMIICPATYPHI B Y3JIOBBIX TOUKAX TCJId B HeKOTOpBIﬁ

MOMCHT BPEMCHH, T.K. COACPKUT NPOU3BOIHBIC . I[J'ISI BBITIOJIHCHHUA YU CJICHHBIX pacy€TOB

ot

0OBIYHO OCYLIECTBIIAIOT JUCKPETU3ALUIO IO BPEMEHU C ITOMOIIBI0 METO0/1a KOHEUHBIX pa3Ho-
CTEH, IPEICTaBIISAs IPOU3BOIHYIO 110 BPEMEHH C IIOMOIIBIO IPOCTENUIIEH KOHEYHO - pa3HOCT-
HOM (popMyIIbI

oT -~ TK+1 - TK .
ot At

rae At — mar pacdera o BpeMEHH.
B sToMm citydae cucremy ypaBHeHUH (8) MOXKHO MpeICTaBUTh B BUE (SIBHASI CXEMa):

T} =T~ T

Otkyna
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o= BI+EES | ®

Ypasuenue (9) n03BOJISET ONPEACTUTH TEMIIEPATYPY B MOCIEIYIOIUNH MOMEHT BPEMEHH
(k+1) nyst Bcex y3mOBBIX TOYEK Tella, €CJIM U3BECTHA TeMIIepaTypa B MPeAbLAYIIUNA MOMEHT
BpPEMEHH.

TakuMm oOpa3om, 3Hast U3 HAYAIBHBIX YCIOBUI TeMIlepaTypy B Ha4aJIbHbIII MOMEHT, MO-
JKEM pacCUMUTaTh paclpesiesieHre TeMIIepaTyp B Tele sl JJII0O0ro MOMEHTa BPEMEHH.

3. BapuanTsbl 3a1aHui

[Tociie ocBOeHUs TPOrpaMMBbl UHCICHHOTO MOJICIMPOBAHUS MTPOIIECCOB HECTAIIMOHAP-
HOM TETUIONPOBOHOCTH, CTYJACHTY JUIsl KOHKPETHOTO TEJIa U COOTBETCTBYIOIIUX HAYaIbHBIX U
TPAaHUYHBIX YCIOBHH, BBIIAHHBIX MPEToaBaTeIeM, HEOOX0IUMO MOJIYIUTh PEIICHUE HECTa-
[IMOHAPHOM 3a1a4H.

Jl1s BeIONTHEHUS J1abopaTOpHO paboThl UCHIONB3YETCS IBYMEpHAs MIOCKask TOCTaHOB-
Ka U CJIeYIOIUE 3aJaHHs:

BBITTOTHUTE YMCIIEHHOE UCCIIEIOBAHUE HECTAIIMOHAPHBIX TEIIOBBIX MPOIIECCOB B JIETa-
I, TIPEICTABISIONIEH cOO0M OJTHOCBS3HYIO 00JIACTh C TPAHUYHBIMH YCIIOBUSIMU TIEPBOTO U
TPETHETO PoJIa.

BBITTOTHUTE YMCIIEHHOE UCCIIEIOBAHUE HECTAIIMOHAPHBIX TEIIOBBIX MPOIIECCOB B JI€Ta-
I, TIPEICTABISIONIEH cOO0M MHOTOCBSI3HYIO 00JIaCTh C TPAHUYHBIMH YCIIOBUSIMU TIEPBOTO
pona.

BBITTOTHUTE YMCIIEHHOE UCCIIEIOBAHUE CTAIIMOHAPHBIX TEIIJIOBBIX MTPOIIECCOB B JCTAJIH,
MPEJICTaBIISIONIEH cO00i OJJHOCBSI3HYIO 00JIACTh C TPAHUYHBIMU YCIOBHUSIMH BTOPOTO U TPETh-
ero poja.

BBINIONHUTE YMCIIEHHOE UCCIIEI0BAHUE HECTAIMOHAPHBIX TEIJIOBBIX MPOLIECCOB B JIETa-
I, TIPEICTABISIONIEH cOO0H MHOTOCBSI3HYIO 00JIACTh C TPAHUYHBIMH YCIIOBUSIMU TPETHETO
pona.

BBINIONMHUTE YMCIIEHHOE UCCIIEI0BAHUE HECTAIMOHAPHBIX TEIJIOBBIX MTPOLIECCOB B JIETA-
I, TIPEICTABISIONIEH cOO0H MHOTOCBSI3HYIO 00JIACTh C TPAHUYHBIMH YCIIOBHUSIMH IIEPBOTO U
BTOPOIO poJa.

4. Ilopsinok BbINOTHEHUS Pa0OTHI

1 .3y4yeHne TeOpETUUECKHUX BOIIPOCOB.

2. N3yyeHue paboOThl IPOrpaMMbl YUCIEHHOTO MOJIEIMPOBAHUS HECTAIL[MOHAPHBIX MPO-
LIECCOB TEIJIOIPOBOIHOCTH.

3.Pemienue 3a1aHHOrO BapUaHTa 3a/1auu:

IIOCTPOECHUE AUCKPETHON MOJEINHN TeNa I YUCIEHHOTO PEIICHUs 3a/1a4l HECTaLMO-
HapHOH TEIIONPOBOIHOCTH;

3aJjaHie CBOWCTB MaTepUasoB Tella, IapaMeTpoB TEIUIO0OMEHA Ha IpaHUIlaX, Hayajlb-
HBIX YCIIOBUN;

IIPOBEJCHUE BBIYMCIUTENBHOIO DKCIIEPUMEHTA;

IpeJCTaBICHNE PE3yIbTaTOB B BHJIE I'pa(UKOB TeMIiepaTypbl BO BpEMEHH, U30TEPM U B
¢dopme 11BETOBOII rpajjauu;

aHaJIu3 Pe3yJbTaTOB M BBHIBOJIBI IO paboTe.

5. Yka3aHus o BLINOJHEHHIO 0TYETA
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Kaxxaplit CTyA€HT cOCTaBIsI€T OTYET, KOTOPBIA JOJIKEH COIePKaTh MOCTAaHOBKY 3aJ1auH,
XOJl peLIeHUs, pe3yJbTaThl B Pa3IMUHBIX (hOpMax MpeACTaBICHUs TEMIIEPATYPHOTO MO U
BBIBO/IBI 110 padore.

6. KoHTpoJsibHBIE BONIPOCHI

Kaxue BUIbI TPaHUYHBIX YCIOBUM MOTYT OBITh 3aJIaHbI IS PEIICHHUS HECTAIlMOHAPHON
3aJ1ayy TEIIONPOBOJTHOCTH?

B ueMm cocTosAT npenMyIiecTBa U HeIOCTATKU SIBHOW M HESIBHOM Pa3HOCTHBIX CXEM IPH
pacyeTe HeCTallMOHAPHOM 3a]1a4K TETUIONPOBOIHOCTH ?

Kakum 00pa3om 3amgaeTcst 3aBUCUMOCTh TPAaHUYHBIX YCJIOBUH OT BpeMEHU?

Kakum 06pa3om B mporpaMMme MOJSITHPOBAHUS TEMIIEPATYPHOTO TTOJISI 33al0TCS Bpe-
MEHHBIE TTapaMeTPhl Pa3HOCTHOU CXEMBbI?

B kakoii (hopme MOKeT OBITh BU3YyaJIbHO MIPEACTABICHO TEMITEPATYpPHOE T0JIE TIPU pe-
IIEHUHW HECTAIlMOHAPHOMU 3a7a4uu?
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JlaGoparopHasi padora NeS. PazpaboTka 3TanoB BbIYMCJIUTEIbHOI0 IKCIIEPUMEHTA B
COOTBETCTBMH C MHAUBUAYAJIbHBIM 3a/1aHueM. [locTpoenne pacuéTHOM cXeMbI M 1M C-

KPeTHO# Mo/1eJIi, COOTBETCTBYIOIIEH HHAHUBUAYAJIbHOMY 3a/1aHUIO.

1. Iesas u 3aga4un padoTbl

[TosryueHune nNpakTUYECKUX HAaBBIKOB IIOCTAHOBKU M PELICHUS 33a4i HECTALlMOHAPHOMN
TEIIONPOBOJHOCTU METOJOM KOHEUHBIX 3JIEMEHTOB; IOJATOTOBKH U 33JJaHUS UCXOAHBIX JIaH-
HBIX; OCBOEHUS IPOIPaMMBbl YUCJIIEHHOTO MOJEINPOBAHMSI IPOLIECCOB TEILIONPOBOIHOCTH;
HAy4YUTbCSI UHTEPIPETUPOBATH BU3YAJIbHOE MPECTABICHUE PE3YJIbTaTOB MOJAECINPOBAHUS
MHOTOMEPHBIX HECTALIMOHAPHBIX 3a/1a4.

2. OcHOBBI TeOpHHU
J11st HeCTalMoOHAPHOTO MPOIIecca TEIIONPOBOAHOCTH OCECUMMETPUYHBIX KOHCTPYKITHIA
muddepeHIaAbHOE YpaBHEHNE TEILIOMPOBOIHOCTH MPUOOPETAET BU/!

ﬁmrg+ﬁng:rcpﬂ, vr,zev,t>0, 1)

or or 0z 0z ot

rje I — paguyc, Z — oceBas KOOpJauHaTa.

Hckomoe T(X,y,T) HeCTallMOHAPHON 3aJa4M TEILUIOMPOBOAHOCTH TOMUMO IPAHHYHBIX
YCIJIOBUI Ha ITOBEPXHOCTHU Tena S

77

JOJI’KHO yJOBIIETBOPATH HAYAIbHOMY YCIOBHUIO

T(r,2,0)=T,,vr,zeV,t =0

3aJJaHHOMY B MOMEHT BpeMeHH T=0, KOTOPbIil IPMHUMAIOT 32 HaYaJlo OTCYETA.
s Takoro auddepeHnnanbHOro ypaBHeHHs HCIOIb3YI0T (DyHKIIMOHAT

1. (aTy 1. (oT) oT
¢[T(r,z)]_!£{[§xrr5 +§kzr§ ]—Cpra}drdz, 3)

vr,zev,r=1 >0.
BriHocs 1 32 ckOOKH, MTOTydaeMm:
1. (oT) 1. (aT)’ oT
= —A|— | +=A,|— | |-Ccp—T;rdrdz
¢!!2far 2"\ az) | P ' @

Pemenue BaprannoHHoit 3a1aun (4) NpousBeeM ¢ TOMOIIbIO TPUOIMKEHHOTO MPSIMO-
r0 METOJa KOHEYHBIX DJIEMEHTOB, IIPU HTOM BOCIIOIB3YEMCS ITOJIy4YCHHBIMU paHee IIPU pele-
HUU 3a/1a4¥ CTAllMOHAPHOU TEIJIONPOBOJHOCTH BBIBOJAMH.

JanpHelimee pemenune 3Tol 3agaun MKD npoBouTCs aHATIOTHYHO PACCMOTPEHHOM
HaMHM paHee 3a/1a4M JJByMEPHOTO IUIOCKOT0 TeMrepaTrypHoro nois. Pasauna Oyner 3axito-
YaThCs JIMIIb B TOM, YTO B IaHHOM CJIy4yae IUI0IIa/lb KaKJJ0ro TPEYyrolbHUKA HE00X0AUMO
YMHOKaTh Ha PaJNyC €ro LEeHTPa TSHKECTH, T.€. YIUTHIBATh M3MEHEHHE 00beMa KOHEUHOTO
JJIEMEHTA MPU YAAJIEHUU OT OCHU Teja. Perenne ocyiecTBiseTcs B COOTBETCTBUM C Pa3HOCT-
HOW CXEMOI, ONTMCaHHOH B MpebIayIIel 1abopaTopHoi padorTe.

3. BapuanTsl 3aganuii
[Tocne ocBoeHUs: MPOrpaMMbl UUCIEHHOTO MOJIETMPOBAHUS TPOLIECCOB OCECUMMETPUY-
HOU TETUIONPOBOIHOCTH, CTYAEHTY JUIsl KOHKPETHOTO TEJIa U COOTBETCTBYIOUIUX HAYaJIbHBIX U
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TPaHUYHBIX YCIIOBUH, BBIJAHHBIX MPEINOAaBaTeaeM, HE0OX0AUMO MOJIYYUTh PEIIeHUE 3aaun
JUISL OCECUMMETPUYHON KOHCTPYKITHH.

Jl1s BeIOSTHEHUS J1abopaTOpHOU pabOThl UCIIOIB3YETCS JByMEpHasi OCEeCUMMETpUYHAs
MOCTaHOBKA U CJIEAYIOIINE 3aJaHHs:

BBINOTHUTH YKCIEHHOE HCCIe0BAaHNE OCECHMMETPUYHBIX TEIIOBBIX MPOIIECCOB B Je-
TaJH, MPeICTaBIAIoNIe co00i 0JHOCBI3HYIO 00JIaCTh C TPAHUYHBIMU YCJIOBHUSIMH IIEPBOTO U
TPETHETO POJIa.

BbINOTHUTE YKCIEHHOE HCCIe0BaHNE OCECUMMETPUYHBIX TEIIOBBIX IMPOIECCOB B Jie-
TaJu, MPeICTaBIAIoNIe co00i MHOTOCBSI3HYIO 00JIACTh C TPAHUYHBIMU YCIOBHUSIMH IIE€PBOTO
pona.

BBINOTHUTH YKCIEHHOE HCCIe0BAaHNE OCECUMMETPUYHBIX TEIIOBBIX MPOIIECCOB B Je-
TaJH, MPeICTaBIAIoNIe co00i 0JHOCBI3HYIO 00JIaCTh C TPAHUYHBIMH YCIOBUSIMU BTOPOTO U
TPETHETO POJIa.

BBINOTHUTH YKCIEHHOE HCCIe0BaHNE OCECHMMETPUYHBIX TEIIOBBIX MPOIIECCOB B Je-
TaJH, MPeICTaBIAIoNIeH cO00i MHOTOCBSI3HYIO 00JIaCTh C TPAHUYHBIMU YCIOBUSIMH TPETHETO
pona.

BBINOTHUTH YKCIEHHOE HCCIeA0BaHNE OCECUMMETPUYHBIX TETIOBBIX MPOIIECCOB B Jie-
TaJH, MPeICTaBIAIONIeH cO00M MHOTOCBSI3HYIO 00JIaCTh C TPAHUYHBIMU YCIIOBHSIMH IIEPBOTO U
BTOPOTO poja.

4. Ilopsi10K BHINOJHEHUSA PA0OTHI

1.M3yueHune TeopeTuyecKnX BOIPOCOB.

2. V3ydenue paboThl MporpaMmbl YUCIEHHOTO MOIETUPOBAHUS OCECUMMETPHUYHBIX
MPOLIECCOB TEIJIONPOBOJHOCTH.

3.PeuieHue 3a1aHHOTO BapUaHTa 3a4a4uu:

MIOCTPOEHUE JUCKPETHON MOJIEH Tea JIJIsl YMCICHHOIO PEIICHUS 3aJa4ll OCECUMMET-
PUYHOH TEIIONPOBOIHOCTH;

3aJjaHie CBOMCTB MaTepHasoB Tella, IapaMeTpoB TEIUIO0OMEHA Ha IpaHUIlax, Hayajlb-
HBIX YCIIOBUU;

IIPOBEJEHUE BBIYMCIUTEIBHOIO DKCIIEPUMEHTA;

IpeJCcTaBIeHNE Pe3yabTaToOB B BUJIE IPa(UKOB TEMIIEpaTypbl BO BpEMEHH, H30TEPM U B
¢dopme 11BETOBOII rpajauy;

aHaJIu3 Pe3yJbTaTOB M BBIBOJIBI IO paboTe.

5. YKa3aHusi 1o BBINOJTHEHHIO 0TYETA

Kaxiplii CTY/IGHT COCTABIISIET OTUYET, KOTOPBIH TOJDKEH COePIKaTh IIOCTAHOBKY 33/1auH,
XOJI pEeIICHUs, Pe3yJIbTaThl B Pa3IHUHBIX (OPMAX MPEICTABICHUS TEMIIEPATYPHOTO MOJIS U
BBIBO/JIBI 110 padoTe.

6. KonTposbHbIE BONPOCHI

Kakue Buibl rpaHUYHBIX YCIOBHI MOTYT OBITh 33JJaHbl JUIsl PEILICHHUS] OCECUMMETPUYHOM
3a/1a4M TEMJIONPOBOIHOCTH?

B uem cocTodT nmpenmyIiecTBa U HEIOCTATKU SIBHOW U HESIBHOM Pa3HOCTHBIX CXEM IIPH
pacueTe HecTallMOHAPHOM 3a/1auMl TEMJIONPOBOJHOCTH?

Kakum o6pa3zom 3a1aeTcst 3aBUCUMOCTh TPAHUYHBIX YCIOBUI OT BpeMeHH?

Kakum o0pa3om B mporpamme MOJICIUPOBAaHUS TEMIIEPATYPHOTO T0JIs 33/1al0TCs Bpe-
MEHHBIE TapaMETPbl Pa3HOCTHOM cXeMBbI?

B kakoit popme MoKeT OBbITh BU3yaIbHO MPEJICTABICHO TEMIIEPATyPHOE T0JIE TIPU pe-
LIEHUH HECTAL[MOHAPHOU 3a1a4uu?
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JlaGopaTropHasi padora Ne6. 3ajanne rpaHMYHbBIX U HAYAJbHBIX YCJI0BHH 1JIs pelle-

HUSA 3a1a4, COOTBETCTBYHOIIUX HHIANBUAYAJIBbHOMY 3alaHUI0.

1. Hesab u 3apa4u padboThI

[Tpu BBIMOSTHEHUH PAOOTHI CTYJAEHTHI TOJDKHBI TIOJIYYUTh MPAKTHYECKUE HAaBBIKUA BHIOO-
pa THIAa KOHEYHBIX JIEMEHTOB JIJISl PEIICHUsI KOHKPETHON HETMHEHHOM 3a/1a4K; OCBOUTH pa-
00Ty B IporpaMMe TUCKPETH3aUKA 00JIACTH Ha KOHEUHBIE DJIEMEHTHI, TOCTPOUTH JUCKPET-
HYIO MOJIeJTb, BBECTH HEOOXOIMMBIE JTAaHHBIC JUIsl HSJIMHEWHOM 3a/1a4, TPOBECTH MCCIICI0OBA-
HUE U CPAaBHUTH PE3YJIbTATHI C pEIICHUEM JTUHEHHOM 3a1a4H.

2. OCHOBBI TEOpHUH

[Tpu pemieHny TpakTHYECKUX 3a7a4 KOG (ULHUEHT TeIIONPOBOIHOCTH MaTEPHUAJIOB,
KaK MPaBUJIO, HE MOXKET OBITh MPUHSAT MOCTOSTHHON BEIMYMHOM, a MPEICTaBIsIeT HEKOTOPYIO
(bYHKIHIO TeMIiepaTypbl

Bapuanuonnas gopmynupoBKa Takoil 3a7a4u, OMUChIBAEMON HeMHEHHBIM Tudde-

PCHIOHAIBHBIM YPABHCHHUEM TCILIOIIPOBOAHOCTU

ST+ LM =cr

X & & o
CJIO’KHA. B CBS3M 3THM B MH)KEHEPHOM MPAKTHKE YacTO UCIOIB3YIOT IJISl PELICHUS T10-
no0HbBIX 3a1a4 MKD ¢yHKIMOHAT TUHEHHOH 3a1auu, IpeAroiaras B HeM KOd(QQHUIIMEHT Terl-
JIOTIPOBOTHOCTH B MPEIEIax KaKJ0ro KOHEYHOTO 3JIEMEHTA: TIOCTOSIHHOM BETMUYMHON

ﬂ'i = CONSt na kaxnoM mare pacyera, 4To CBOJAUT HENMHEHHYIO 3a/1a4y K JTHHEHHOM, pac-

CMOTpCHHOfI HaMH BBIIIC.
HpI/I HCIIOJIb30BAHWU MAJIbIX IIAaroB pacucTa I10 BpEMCHHU, KOT'Id TEMIICpaTypa HE YCIIC-

BaCT 3HAYUTCIBbHO U3MCHUTHCA 3a I/IHTCpBaﬂ BpeMCHI/I A T N BeJ'II/ILII/IHy&i paCC‘II/ITI)IBaIOT 10
3HAYCHUAM TeMHepaTypr KOHCYHBIX DJICMCHTOB B HpeI[I)I]IYHII/Iﬁ MOMCHT BpeMCHI/II

/1i,k+1 - /I(Ti,k)

HpI/I YprrIHeHHI)IX marax pacqua 10 BpeMCHI/I Hu HpI/I peIHeHI/II/I CTaHI/IOHapHI)IX 3a1a4
UCIOJIb3YIOT METO/ IOCIEI0BaTeNbHbIX TpUOIKkeHnid. Ha nepBom miare npuoOamxkeHust

NPUHUMAIOT BCIOTY KO3()(PULIMEHT TEeIIONpOBOJHOCTH PaBHBIM ﬂ“i 1= ﬂ(TO) . Ha BTropom
mare NpuOIMKEHHS MO MOJYYEHHBIM TeMIIepaTypam MepBoro mara Ti 1 PaCCUUTBLIBAIOT

ﬂ’i 2 = /1(T| ’1) 1 3aTEM BHOBbL PCHIAKOT TEMIICPATYPHYIO 3aady IIPHU YTOUHCHHBIX ﬂ’i 2

VYKa3zaHHYIO POLEAYPY YTOUHEHHS IPOJOJDKAIOT 10 T€X MOp, KOTJa 3HaYEHUsI TEMITEpaTyp BO
BCEX Y3JI0BBIX TOUKaX Ui JBYX MOCJIEIHUX NPUOIMKEHUI HE COBIAAYT B MpEJeax JI0IMycKa

>

VYkazaHHas npoueaypa peleHus HeTMHENHbBIX 3a7a4 IPUHLIUIHAIBHBIX TPYAHOCTEN HE
UMEET U JIETKO MporpaMMupyeTcs. B kauecTBe JOMOTHUTENBHBIX HCXOIHBIX JAHHBIX HE00XO-
JUMO BBOJUTH B MAMSITh Ta0IHIly K03()PHUIIMEHTOB TETIONPOBOIHOCTH B PYHKIIUU TEMIIEpa-
TYpHI.

3. BapuanTsl 3aganuii

[Tocne ocBoeHUs MPOrpaMMbl UUCIEHHOTO MOJIETMPOBAHUS MTPOLIECCOB HEIMHEUHOU
TEIJIONPOBOJHOCTH, CTYICHTY JJI1 KOHKPETHOTO TeJla U COOTBETCTBYIOIIUX HAYAJIbHBIX U
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TPAaHUYHBIX YCIIOBHH, BBIJIAHHBIX MPEToAaBaTeIeM, HEOOX0IMMO TIOJIYUYUTh PEIICHUE HEH-
HEWHOU 3aJauu.

BBITTOTHUTE YMCIIEHHOE UCCIIEI0BAHUE HETMHEWHBIX TETUIOBBIX MPOIECCOB B JCTAIIH,
MIPEACTABIISIIONIEH COO0M 0JTHOCBSI3HYIO 00JIACTh C TPAHUYHBIMH YCIIOBUSAMU MIEPBOTO U TPETh-
ero poja.

BBITTOTHUTE YMCIIEHHOE UCCIIEI0BAHUE HETMHEWHBIX TETUIOBBIX MPOIECCOB B JCTAIIH,
MIPEACTABIISIIONIEH COO0H MHOTOCBSI3HYIO 00JIaCTh C TPAHUYHBIMH YCJIIOBHSAMU TIEPBOTO POJIA.

BBITTOTHUTE YMCIIEHHOE UCCIIEI0BAHUE HETMHEWHBIX TEIUIOBBIX MIPOLIECCOB B JICTAIH,
MIPEACTABIISIIONIEH COO0M OJTHOCBA3HYIO 00J1aCTh C TPAHUYHBIMH YCIIOBUSIMH BTOPOTO U TPETh-
ero poja.

BBITIOTHUTE YMCIIEHHOE UCCIIEI0BAHUE HEJTMHEWHBIX TETUIOBBIX MPOIECCOB B JCTAIIH,
MIPEACTABIISIIONIEH COO0M MHOTOCBS3HYIO 00J1aCTh C TPAHUYHBIMH YCIIOBHSAMHU TPETHETO POJIa.

BBITIOTHUTE YMCIIEHHOE UCCIIEI0BAHUE HETMHEWHBIX TETUIOBBIX MPOIECCOB B JCTAIIH,
MPEJICTaBIISIIONIEH OO0 MHOTOCBSI3HYIO 00JIaCTh C TPAaHUYHBIMU YCIOBUSMHU MEPBOTO U BTO-
poro poja.

4. Ilops10K BHINOJHEHUSA PA0OTHI

1.M3yueHune TeopeTuyecKnX BOIPOCOB.

2. Uzydenue paboThl MporpaMMbl YHCIEHHOTO MOAECTUPOBAHUS HETMHEWHBIX MIpoLiec-
COB TEIUIONPOBOJIHOCTH.

3.PeuieHue 3a1aHHOTO BapUaHTa 3a4a4u:

MOCTPOEHUE JUCKPETHON MOJIENH Tea JIJIsl YUCICHHOTO PEIIeHUs 3a/1a4i HEJTMHEHHON
TEIJIONPOBOJHOCTH;

3aJJaHUE CBOMCTB MaTepuasoB Tela, MapaMeTpoB TEIUI00OMEeHa Ha TPaHMIIaX, HaYyallb-
HBIX YCJIOBU;

MIPOBEICHUE BBIUUCIUTEIBHOTO SKCIIEPUMEHTA;

IpeJCcTaBIeHNE Pe3yabTaToOB B BUJIE IPaUKOB TEMIIEpAaTypbl BO BPEMEHH, H30TEPM U B
¢dopme 11BETOBOI rpajanuu;

aHaJIu3 Pe3yJbTaTOB M BBIBOJIBI IO paboTe.

5. Yka3aHus 110 BbINOJHEHHIO 0TYETAa

Kaxx11p1il CTyZI€HT COCTaBIAET OTUYET, KOTOPBIN JOJIKEH COJIepkKaTh OCTAHOBKY 3aauH,
XOJI pelIeHUs, pe3yIbTaThl B PA3IMUHBIX (hOpMax MpeACTaBICHUs TEMIIEPATyPHOTO MO U
BBIBO/JIBI 110 padoTe.

6. KonTpobHBIE BONIPOCHI

YeM oTauvaeTcs penieHue JMHEHHON 1 HeTMHEWHOMW 3a/1a4 TeIJIONPOBOAHOCTH?

Kakue BUIbI TpaHUYHBIX YCIOBUI MOTYT OBITH 3aJIaHbI JUIS PEIICHUs HeJTMHEHHON 3a-
Ja4¥ TETJIONPOBOIHOCTH?

UeM oTnMyaeTcs peuieHrne JJMHEMHOM U HEJIMHEMHOM 3a/1a4 TEIUIONPOBOJHOCTHU B CIIy-
YasiX CTAI[MOHAPHBIX M HECTAIMOHAPHBIX MPOIECCOB?

Kak 3aBucuT KO3 GUIIUEHT TETLIOMPOBOIHOCTH OT TEMIIEPATYPHI 151 KOHCTPYKIIHOH-
HBIX MaTepUaIoOB, TPUBEAUTE IPUMEPHI?

OT 4ero 3aBUCHUT YKCIIO UTEPALIUNA NPU PEIICHUH HEIMHEWHBIX 3a/1a4 TeTIONPOBOJIHO-
ctu?
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JlaGopaTropHasi padora Ne7. AHajm3 pe3y/ibTATOB PelICcHUs U ONpe/ieleHue Heo0Xo-

AUMBIX IMAPaAMETPOB KOHCTPYKIMNHA

1. Hesab u 3apa4u padboThI

[Tpu BeIMOSITHEHUH PAOOTHI CTYJAEHTHI IOJDKHBI TIOJIYYUTh MPAKTHYECKUE HABBIKU pellie-
HUS KOHKPETHOW OPTOTPOIHOM 3a71a4K; OCBOUTH padOTy B IPOrpaMMe pacueTa TeMIeparyp-
HOTO TI0JISI B KOHCTPYKIIMHM M3 OPTOTPOITHBIX MaTEPHAIIOB.

2. OCHOBBI TEOpHUH

B unxeHepHOi npakTUKe YacTo MPUXOJUTCS UMETH JIeJI0 C MaTepualiaMu, 00J1a1ato-
HIMMH aHU30Tponuei cBoicTB. KoadduiineHTs! TeronpoBOAHOCTH TAKUX MaTEPHAIOB B
Pa3IMYHBIX HAIPABIEHUSAX MOTYT CYILIECTBEHHO Pa3iuvaThCs, YTO JAOJKHO OBITh YUTEHO MPHU
npoBeqeHNH pacueToB. MKD mo3BosisieT J0CTaTOYHO MPOCTO YUUTHIBATh AaHU30TPOIIUIO TEIl-
JIOTIPOBOJISIIIIMX CBOMCTB MAaTepPHAIOB MPU pacyeTax TeMIEPaTyPHBIX MMOJCH.

B ciydae opToTponHOCTH CBOWCTB MaTepuaia (4To Hanbosee pacnpocTpaHeHo B MPaK-
TUKe) (QYHKIIMOHAJ TeMIIePaTypHOTO MOl IPUMET BUJ:

1. (oTY oTY’
o=[[Z| M| = | +M | | pxdy
2| “Lox oy ’

e A W 1 ﬂ,y - KOO HUIMEHTHI TETIONPOBOIHOCTH B HAIIPABICHUH OCEH X U Y COOT-

BETCTBEHHO. YKa3aHHbIC U3MEHECHHUS (bYHKI_II/IOHaJ'Ia () MNpUBCAYT K H3BMCHCHUIO MATPHUILIbI TCII-
JIOTIPOBOJHOCTH KOHEYHOTI'O 3JIEMEHTA, KOTOpas B JJaHHOM CJIy4yac IPUMET BUJ.

(nyz3xz3 + 7\‘xy23y23); (ny31X23 + 7‘“XY31Y23> (}\‘yXlZX23 + nylz)/zs);
] =| Oy %osXss 2V} (g XXy + 2 YaY k(XX + 2,15, )
(kyX23X12 + }\‘xy23y12); (xyXfSleZ + }\‘xys’lylz); (xyxllez + xxy12y12);

JlanbHel1as mocie10BaTebHOCTh BBIYUCIEHUN 0 (POPMUPOBAHUIO MATPHUIIBI TEILIO-
MIPOBOJAHOCTH KOHCTPYKIIMH B LI€JIOM COXpaHseTcs 0€3 U3MEHEHHUS.

B Monyne BBoa (hu3MUecKHX JAaHHBIX MPOTPAMMBI pacdeTa TEMIEPaTypHOTO MOJIS
HEO0OXO0IUMO 33/1aTh B COOTBETCTBYIOIIUX MOJISIX BBOJIAa HEOOXOAUMBIE 3HAUeHUS KOd(hdUIin-
€HTOB TEIUIONPOBOJAHOCTH, PA3INYAIOIIUECS IO OCAM X U Y.

3. BapuanTsl 3aganuii

[Tocne ocBoeHus: MpOrpaMMbl UUCIEHHOTO MOJIETMPOBAHUS MTPOLIECCOB HECTALIMOHAP-
HOU TETUIONPOBOIHOCTH, CTYACHTY ISl KOHKPETHOTO OPTOTPOITHOTO T€la U COOTBETCTBYIO-
[IMX HAYaJTbHBIX U TPAHUYHBIX YCIOBHM, BBIIAHHBIX MIpernojaBaTesieM, HE0OXO0AMMO BHITION-
HUTb MOJICIIMPOBAHUE.

Jlyist BEIIONTHEHUS J1aOopaTOpHOM paboThl UCTIONB3YETCs JByMEpHasl IOCTAaHOBKA U CJie-
JIyIOIINE 3aJaHus:

BBINOAHUTE YMCIIEHHOE UCCIIE0BAHNE OPTOTPOIHBIX TEIIOBBIX MPOIIECCOB B AETAJIH,
MIPEJICTaBIISIIONICH OO0 OJTHOCBSI3HYIO 00JIACTh C TPAHUYHBIMU YCJIOBHSIMH TIEPBOTO U TPETh-
€ro poja.
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BEINOTHUTE YKCIEHHOE HCCe0BaHNE OPTOTPOIHBIX TEIJIOBBIX MPOIIECCOB B I€TaNH,
MPEJICTaBIISIIONIEH cO00i MHOTOCBSI3HYIO 00JIaCTh C TPAaHUYHBIMU YCIOBUSMHU [IEPBOTO POJa.

BBINOTHUTH YKCIeHHOE HCCe0BaHNE OPTOTPOIHBIX TEIJIOBBIX MPOILIECCOB B I€TaNH,
MPEJICTaBIISIONICH cO00M OJHOCBI3HYIO 00JIACTh C TPAHUYHBIMU YCIOBHSIMH BTOPOTO U TPETh-
ero poja.

BbINOTHUTE YKCIeHHOE HCCe0BaHNE OPTOTPOIHBIX TEIJIOBBIX MPOILIECCOB B I€TANH,
MPEJICTaBIISIONICH cO00M MHOTOCBSI3HYIO 00JIaCTh C TPAHUYHBIMU YCIOBHUSIMH TPETHETO POJA.

BbINOTHUTH YKCIeHHOE HCCeJ0BaHNE OPTOTPOITHBIX TEIJIOBBIX MPOILIECCOB B I€TANH,
MpeJICTaBISIONIeH cO00i1 MHOTOCBSI3HYIO 00JIaCTh C TPAaHUYHBIMU YCIOBUSMHU MEPBOTO U BTO-
poro poja.

4. Ilopsi10K BHINOJHEHUSA PA0OThHI

1.13y4yeHue TeopeTuyecKux BOIPOCOB.

2. Vzydenue paboThl MporpaMMbl YHCIEHHOTO MOAECTUPOBAHUS OPTOTPOIHBIX MPOIIEC-
COB TEIUIONPOBOJIHOCTH.

3.PeuieHue 3a1aHHOTO BapUaHTa 3a4a4uu:

MOCTPOEHUE JUCKPETHON MOJIENH TeJa JIJIsl YUCICHHOIO PEIICHUS 3aJa4l OPTOTPOITHOM
TEIJIONPOBOJHOCTH;

3aJJaHUE CBOWCTB MaTepuasoB Tela, MapaMeTpoB TEIUI0O0OOMEeHa Ha IPaHUIIaX, HaYallb-
HBIX YCJIOBU;

MIPOBEICHUE BBIUUCIUTEIBHOTO SKCIIEPUMEHTA;

MIpEJICTaBICHHUE PE3YIbTATOB B BUJE IPaPUKOB TEMIEpaTypbl BO BpEMEHU, U30TE€PM U B
¢dbopMe 11BETOBOM Ipagaluy;

aHaJIU3 Pe3yNIbTaTOB U BHIBOABI IO paboTe.

5. Yka3aHusl 110 BBINIOJIHEHHIO 0TYETA

Kaxx1ip1i1 CTyZI€HT COCTaBIIAE€T OTUYET, KOTOPBIN JOJIKEH CO/IepkKaTh OCTAHOBKY 3aayuH,
XOJI peLIeHUs, pe3yIbTaThl B PA3IMUHBIX (hOpMax MpeACTaBICHUs TEMIIEPATyPHOTO MO U
BBIBO/IBI 110 padore.

6. KonTpobHBIE BONPOCHI

Kakue Buibl rpaHUYHBIX YCIOBHI MOTYT OBbITh 3aJjaHbl /ISl peIIEHHs] OPTOTPOIHBIX 3a-
Jla4 TEIIONPOBOAHOCTH ?

[TpuBeauTe NpUMEpPHI OPTOTPOITHBIX 3JIEMEHTOB KOHCTPYKIIUN?

Kakum o6pa3om 3a1aeTcst opTOTpOIHOCTh K03(h(pULiMeHTa TemIonpoBOAHOCTH?

Mo’kHO 11 pemaTh aHU30TPOIIHBIE 3a/1a4H TEIIONPOBOJIHOCTH € IOMOLIBIO PACCMOT-
PEHHOM METOJMKU MOACTUPOBAHUS?

B kakoil popme MoxkeT ObITh BU3YaJIbHO MPEJICTABICHO TEMIIEPATYPHOE T10JIE TIPU pe-
IIEHUU OPTOTPOIIHBIX 33124 TEIUIONPOBOJHOCTH?
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