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1. I_Ie.]m, 3a/laYi U IVIAHUPYEMbIC PE3YJIbTAaThI oﬁyqunﬂ o TMCOMIIJIMHE

K ocHOBHBIM HeJsiM OCBOCHMSA OUCIUILUIMHBI « BhIUMCIMTEIbHASA ra3oruipoMexaHmka,
TeIJIOMAacCo00MeH 1 KOMIIbIOTEPHOC¢ MOACJIUPOBAHUE» CIIEAYCT OTHECCTU!

- (pOpMI/IpOBaHI/Ie 3HaHWM II0 OCHOBHBEIM MeETOJaM U AJIropuTMam BBIYHUCIIUTEILHOM
ra3oruipOMCXaHuKu u TeIIoMaccooOMeHa AJid pCHICHUA 3aaav pa3pa60TK1/1 U TIPOCKTUPOBAHUA
XOHOHHHBHOﬁ, KpI/IOI‘eHHOI\/’I TEXHHMKH U CHCTEM JKM3HEOOCCIICUCHHS C MMPUMCHCHUCM IIPOTrPpaMMHBIX
CUCTEM KOMIIBIOTCPHOI'O MOACTIUPOBAHU.

K ocHOBHBIM 3a1ayaM OCBOEHUS TUCLUIUIMHBI « BpIumcjauTebHAsE Ta30riApoOMexaHuKa,
TEIIOMACCO00MEH M KOMIIBIOTEPHOE MOICTHPOBAHME) CIENAYET OTHECTH:

- IPUBUTHE HABBIKOB M BBIPAOOTKY YMEHHS MPUMEHATH COBPEMEHHBIE METOJbI MTOCTPOCHHUS
MaTEMaTUYECKUX U KOMIIBIOTEPHBIX MOJENEW Ui PELeHUs 3aJad XOJIOAWJIBbHOM, KpUOT€HHOM
TEXHUKHU U CHCTEM JKU3HE0OECIeUeHHsI C NCII0JIb30BAHUEM MPOTPAMMHBIX CUCTEM KOMIIBIOTEPHOTO
MOJICJINPOBAHMSL.

OOyueHne mo aucHMIUIMHE «BbhraucauTeNnpHas Ta30rHAPOMEXAaHHMKA, TEIJIOMAacCOOOMEH H
KOMITHIOTEPHOE MOJICIMPOBAHUE)» HAIpPaBJICHO Ha (OPMHUPOBAHUE Y OOYYAIOMIUXCS CIEAYIOIINX

KOMIIETCHIINH:
Kox n HanMeHOBaHHe NHankaTopbl 10CTHKEHUSI KOMITEeTeHIMH
KOMIIEeTeHINIi
IIK-3 - roTOBHOCTH NIIK-3.1 - 3HaeT Teopuio CO3AaHMsI CUCTEM KU3HEOOeCTIeueHus,

OCYILECTBIISATH COOp U | TEpMOpPETYIUPOBAHUS U arperaToB MHEBMOTHAPABINYECKUX CUCTEM
aHanu3 uHGopmanuu u | MUI1K-3.2 - 3HaeT MeTO10JIOTHIO CO3/IaHMsI MOJIENIEeH, ONMCHIBAIOIINX

MIPOBOJIUTH (GYHKITMOHUPOBAHHUE CUCTEM JKU3HEOOECTICUCHMS,

NPOCKTHUPOBAHUE H TEPMOPETYJINPOBAHUS U arperaToB MHEBMOTUPABIMYECKUX CHCTEM
pacuer CUCTEM HNIIK-3.3 - YMeeT oCcyIecTBIATh CBOEBPEMEHHBIN COOp M aHAIN3
XKHU3HE0OecTIeueHUs UHPOpPMAaLUH (JAHHBIX) O MIEPEIOBBIX TEXHOIOTHUECKUX PEIICHUIX

JUTSI BBISIBJICHUS] HAMJTYUIIIMX [TApaMETPOB € TOCIIEAYIOLUIUM
NPUMEHEHHEM KX B pa3pabOTKe TEMaTUYECKON MPOTYKIINU
NIIK-3.4 - YMeeT npuMeHsATh METOTUKH TIPOBEICHHUS OOIIHNX H
CHEIHaJIbHBIX PACYETOB 10 TEMATUKE IS MTOJIy4E€HUsI HEOOXOJUMBIX
TEXHUYECKUX JIaHHBIX

2. MecTo TMCUMILIMHBI B CTPYKTYpe 00pa30BaTe/ibHOM MPOrpaMMbl

JlucuumiimHa OTHOCHTCS K 4acTH, (QOpMHpYeMOW Yy4YacTHHKaMH 00pa3oBaTEeNbHBIX
oTHomIeHui 6510ka b1 «lucuummuas! (MOIyITN)».

JucuumuinHa «BplaucIuTeNnbHas ra3oruIpoMexaHuka, TeIIOMacCOOOMEH M KOMIBIOTEpHOE
MOJIETTMPOBAHUE» B3aUMOCBSI3aHA JIOTMUECKU MU COAEPKATEIBbHO-METOIUYECKH CO CIEAYIOLIUMU
mucrummaamu OOIT:

- «Teopernueckre OCHOBBI KDUOTEHHON TEXHUKI.

- «Metop1 TOJ00MS (PU3HUECKUX TPOIIECCOBY



3. CTpykTypa u coiep:KaHue TUCUUIIIHHBI

OO01mast TpyA0eMKOCTh JUCHHUIUTHHBI COCTaBIseT 4 3aueTHbIX(e) enuHuIl(pl) (144 gaca (oB)).

3.1 Buabl y4eOHoi1 padoThbl H TPYA0EMKOCTH

(mo ¢popmam oOyueHus)

3.1.1. Ounas ¢popma oOyueHus

Ne . KoanuyecTBo CemecTpbl
wn Buj yueoHoii pa6oThl 4ACOB >
1 | AyautopHble 3aHATHSA 48 48
B ToMm unce:
1.1 | JIexuun 16 16
1.2 | CemuHapCcKHe/IPaKTHUECKUE 3aHATHUS 32 32
2 | CamocTosiTesbHasi padoTa 96 96
B ToMm unce:
2.1 | IlpopaboTka JEKIIMOHHOTO MaTepuaia 32 32
2.2 | IloaroroBka Kk ceMuHapam 32 32
2.3. | llogroroBka KypcoBoi pabOTHI 32 32
3 | IlpomesxxyTouHas aTTecTanus
3advet/nud.3auer/7K3aMeH IK3aMeH 3K3aM€EH
Hroro 144 144
3.2 Temaruyeckuii JIAH U3yYeHUS TUCIUTIHHBI
3.2.1. Ounas hopma oOydeHHs
TpynoemkocTts, yac
AynuTtopHasi padoTa 5
D o o E
Ne Pa3geinl/TeMbl ° S % = = w qE =
n/n JMCHUILTAHBI § E § S E §~ z 5.2
2 2 SEE | 25| gi
S SEo | 80 S
S8 || 3
@)
1 Beenenne. OCHOBBLI YHCIEHHOTO aHaH3a. 12 2 2 8
ITousrtue o Pa3HOCTHBIX CXEMax.
2 PazHocTHBle cXeMBbl IS  OOBIKHOBEHHBIX 18 2 4 12
mudepeHnnaTbHBIX YPaBHCHHM.
3 | Pa3HocTHBIE cxeMbl uis auddepeHnuanbHeix | 18 2 4 12
YPaBHEHUH B YaCTHBIX IPOU3BOIHBIX.
4 | IlpumeHeHne MeTOJa KOHEUHBIX pasHocTe| 36 4 8 24
JUTSL PEIICHUS] MOJICITbHBIX YPaBHEHHIA.
5 YucneHHble METOIBI peuieHus 3a1ay 36 4 8 24
TETUTOTTPOBOTHOCTH.
6 | IlpuMeHeHne MeToja KOHEYHBIX pa3HocTe| 24 2 6 16
s pelrenus YpaBHEHUI
THIPOTa30IMHAMUKH.
Hroro | 144 16 32 96




3.3 Coaep:xxkanue TUCHUILINHBI

1. OcHoBBI ynicneHHOro aHanu3a. [IoHsATHE O pa3HOCTHBIX CXeMax.

2. Pa3HocTHBIE CXeMBbI /17151 OOBIKHOBEHHBIX JU((epeHIINaTbHbIX YPaBHEHHI.

3. PazHocTHbIe cxeMbl 11 i pepeHnalbHbIX YPaBHEHUH B YaCTHBIX POU3BOAHbIX.

4. ITpuMeHeHne METO/Ia KOHEUYHBIX PA3HOCTEH JJIsl pEIICHUSI MOJEIbHBIX YPaBHEHUM.

5. YuncneHHble METOABI PEeUICHHs 33/1a4 TEeTIONPOBOHOCTH.

6. [IpuMmeHeHre MeTOJa KOHEUHBIX Pa3HOCTEH JIJIsl pelIeHHs] YpaBHEHUN THIPOTa30IMHAMUKH.

3.4 TemaTuKa CEeMMHAPCKHUX/MPAKTHYECKHUX U J1a00PATOPHBIX 3aHATHH

3.4.1. CemuHapcKue/mpakTHUIECKUE 3aHITHS

Benenune. OCHOBBI UNCIIEHHOTO aHann3a. [ToHsTHE O pa3HOCTHBIX CXeMax.

Pa3zHocTHBIEe cXeMBbI /17151 OOBIKHOBEHHBIX JU(depeHIINaIbHbIX YPaBHEHHI.

PasnocTtHbIe cxembl 115 nudPepeHITnaIbHBIX YPaBHEHUH B YaCTHBIX IPOU3BOIHBIX.
[IpuMeHeHne MeToja KOHEYHBIX Pa3HOCTEH JIJISl PEIICHUs] MOJEIbHBIX YPaBHEHU.
YucneHHble METOBI PELLIEHUS 3a7a4 TEIIONPOBOJIHOCTH.

[IpuMeHeHne MeToga KOHEUHBIX Pa3HOCTEN JUIsl PEIIEHUs YPABHEHUIM THIPOTra30INHAMUKH.

SN e e

3.4.2. JlabopaTopHbI€ 3aHATHUS

HET

3.5 TemaTrunka KypcOBBIX POEKTOB (KypPCOBBIX padoT)

UucrieHHbIe METOIBI PEIICHHUS 33]1a4 TETIONPOBOAHOCTH:
® B TBEPJIOM Teje
® B IKHJIKOCTSX
® B Trazo00pa3HBIX Telax

3ananuel. HaliTu ycTaHOBHBIIEECS pacHpellelIeHHe TEMIIEPATyphl B TOTOKE ATHJICHIJIUKOIIS,
JIBIDKYILEroCsl B HWJIMHAPUYECKOM TpyOKe BHYTPEHHUM JuaMeTpoM 10 MIITMMETPOB OT TOUKHU b ¢
temnepatypoid munyc 70C x touke a ¢ temneparypoil 00C. TedeHue cumTaTh OJHOMEPHBIM.
PaccrosiHue ot Touku a 10 ToukHu b paBHo 0,5 MeTpa. Pacxo1 STUICHIVIMKOIISA TOCTOSIHHBIN U paBeH
0,1 xr/c.

3amanue 2. BeprukanbHas Tpy0Oa pagumycom r0= 25 MM, B KOTOpOW HaxOAMTCS Boja C
temneparypoit 720C, okpykeHa OECKOHEUHO TOJICTOW Ie[sSHOW pyOainkoii, BeicoTa koTopoit H
paBHa 2 meTpaM (cM. pucyHOK 2). Temneparypa npaa pasHa 00C, BcieacTBUE 4Yero jes HaYMHaeT
TasTh. HaliTn nu3amMenenue Gpopmel 001acTH, 3aHUIMaeMON Tajoi Boj0M, Bo BpeMeHHU. [Ipu perienuu
JTAHHOW HECTAallMOHAPHOM 3aJa4uy MIPUHATH, YTO MI0JIOKEHHUE I'PAaHULIbl pa3/iesia Talol BOJbI U JIbJa B
TE€YEHHE Ka)KJIOro Il1ara 1o BpeMeHU He MeHseTcs. Ha xaxaom mocienyroniem mare o BpeMeHU
MIOJIOKEHHE TPAHULIBI pa3/iesa TaJoi BO/bI U JIbJJa U3MEHATh C YUETOM TerI000MeHa yepe3 TpaHuIly
paszznena.



4. YueOHO-MeTOAMYECKOE M MH(POPMALIMOHHOE O0ecIeYeHune

4.1 HopmatuBHbie 1oKyMeHTHI 1 I'OCThI

I. TOCT P 57700.14-2018 YUCJIEHHOE MOAEJIMPOBAHUE ®U3NYECKUX
[TPOLIECCOB Bepudukamus mojgy4aeMbIX CETOYHBIMH METOJaMM YHCIIEHHBIX PELICHUH 3a/1ad
MexaHuKkH crutomuoi cpenbl [Tekct]. - Bren. 2019-01-01. - M. : T'occranmapt Poccun: Uzn-Bo
crangaptos, 2018.

4.2  OcHOBHas JUTEpaTypa

1. Mycretikuc, A. U. UucnenHoe pemieHne 3a1a4d TeIIONPOBOIHOCTH : yueOHOe mocodue /
A. U. Mycreiikuc, JI. I1. FOnakoB. — Canxkr-Iletepoypr : BI'TY "Boeamex" um. [[.d. YcTruHOBa,
2018. — 41 c. — Texkct : >nexTpoHHbIH // Jlanb : 3nekTpoHHO-OMbMMoTeunas cucrema. — URL:
https://e.lanbook.com/book/122077 (mata oOpamenus: 21.08.2023). — Pexum pgocrymna: mis
aBTOPH3. IIOJIb30BATEIICH.

4.3 JlomoJHUTEJIbHAS JUTEPATYPaA

1. Kanunusn, C. B. MaTemarnueckoe MOJICIMPOBAHNUE YCTPOMCTB U CUCTEM : ydeOHOe
nocobue / C. B. Kanuaun, H. B. Manbues. — HoBocubupck : HI'TY, 2022. — 152 ¢. — ISBN
978-5-7782-4620-1. — TekcT : 3neKTpOHHBIN // JIaHb : 31eKTpOHHO-OMOIMOTEeYHAs cUcTeMa. —
URL: https://e.lanbook.com/book/306413 (mata obpamenus: 21.08.2023). — Pexum gocryna: ajis
aBTOPU3. I0JIb30BATEIICH.

4.4 DJexkTpoHHbIe 00pa3oBaTe/bHbIC PeCypPChI

1. BbluucautenvHas — ra3oruJpoMexaHHKa, TEIUIOMacCOOOMEH U KOMIIbIOTEpPHOE
MO/JICJIUPOBAHHE

https://online.mospolytech.ru/course/view.php?i1d=2711

4.5 JluueH3MOHHOe M  CBOOOJHO  pacCHpoOCTpaHsAeMOe  MPOrpaMMHOE
odecreueHue
HET

4.6 CoBpemeHHbIe Npo(ecCHOHAIbHbIE 0a3bl JAaHHBIX U MH(OPMAIMOHHbIE
CIIPABOYHbIE CHCTEMbI
1. DnexTpoHHBIH (HOHA HOPMATHBHO-TEXHHYECKOW W HOPMATHBHO-TIPABOBOI HH(pOpMAIUH

Koncopunyma «Konekc», OecruiaTHbIA 3JICKTPOHHBIA (OHA, B KOTOPOM COJEPIKATCS JOKYMEHTHI
(I)enepaJILHoro " PCTUOHAJIBHOTO 3aKOHOAATCJIBCTBA, HOPMATUBHAA TCXHUYCCKAA NOKYMCHTALlUA U
aBTOPCKHiA cripaBouHbId KOHTEeHT. — URL: docs.cntd.ru

5. MarepuajibHO-TEXHUYECKOE O0ecIeYeHue

JlexumoHHblE W TOpaKTHUECKHE 3aHATHS M JlabopaTopHble pabOThl MPOBOIATCS B
CHenualn3upoBaHHbIX aynuTopusax kadenpsl AB2214 u AB2103, ocHaIllEHHBIX COOTBETCTBYIOLIUM
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https://docs.cntd.ru/about
https://online.mospolytech.ru/course/view.php?id=2711
https://e.lanbook.com/book/306413
https://e.lanbook.com/book/122077

UCIBITATEIbHBIM CTEHI0BBIM 000pYyA0BaHUEM, TUIAKaTaMU, HAaTypHBIMH 00pa3liamMu y3JI0B, JAeTaeit
MaIIHH.

I[Ipu xadenpe paboTaeT KOHCYJIBTAIIMOHHO-BBIYMCIUTEIbHBIN Kiaacc AB2209  musa
CaMOCTOSITENIbHON pa0oThI, OCHAIICHHBII KOMIBIOTEPAMU C COOTBETCTBYIOIIMM PACUYETHBIM U
rpaduyecKuM IporpaMMHBIM 00eCIIEYEHHUEM.

6. MeToauyeckue peKoOMeHIAUN
6.1 Meroguueckue peKOMEHIAIMU I MPenoJaBarejia 0 OPraHu3aluu
00y4eHuUs
OCHOBHLIM Tpe6OBaHI/I€M K npernioaaBaHuIi0 JUCHUIIIINHBI ABJISACTCA TBOp‘-IGCKPIﬁ, HpO6JICMHO-

JIMAJIOTOBBIM MOAXOJ, TMO3BOJIAIONINI MOBBICUTh MHTEPEC CTYJCHTOB K COJEPKAHUIO Y4eOHOTO
MaTepuaa.

OcHoBHast opMa M3yYEHHUS M 3aKpEIUICHUS 3HAHWWA MO STOW JAMCIUIUIMHE — JIGKIIMOHHAS,
nabopaTopHasi U mpakTuueckas. IlpenogaBarens JOIDKEH MOCIEIOBATEIBHO BBIYUTATH CTYICHTAM
pSAA JIEKUMH, B XOJl€ KOTOPBIX CIEIYET COCPEJOTOYMTHh BHMMAHHME Ha KIIIOUEBBIX MOMEHTAX
KOHKPETHOI'O TEOPETHMYECKOr0 MaTepHalla, a TaKKe OpPraHU30BaTh IPOBEJACHUE IPAKTUYECKHUX
3aHATUH TakuM o0O0pa3oM, 4YTOObl AaKTUBU3UPOBATh MBILIUIEHUE CTYJEHTOB, CTHUMYJIMPOBATh
CaMOCTOSITEIIFHOE H3BJICYCHHE WMH HEoO0XOonuMoW HHGOpMAIMH W3 PA3IUYHBIX HCTOYHHUKOB,
CPaBHUTEJBHBIM aHAJIM3 METOJOB pPEUICHUH, COMNOCTABICHHE IIOJYyYEHHBIX PE3yJIbTATOB,
(GOpMyJIMPOBKY U apryMEHTaLMI0 COOCTBEHHBIX B3IJIS10B HA MHOTHE CIIOPHBIE MPOOJIEMBI.

OcHOBY yueOHBIX 3aHSATHI MO AMCUMILIMHE COCTAaBISIIOT JieKuMU. B mpouecce oOyudeHus
CTYJIEHTOB HMCIHOJb3YIOTCS PAa3IMYHbIE BHUbI YUYEOHBIX 3aHATUHN (ayJUTOPHBIX U BHEAYIUTOPHBIX):
JIEKIMU, CEMUHAPCKUE 3aHATHS, JabopaTopHble pabOThl KOHCYJIbTAalMU U T.A4. Ha nmepBom 3aHsATHI
M0 JAaHHOW y4eOHOW JUCHMILTMHE HEOOXOAMMO O3HAKOMHTH CTYIEHTOB C MOPSIKOM €€ M3ydeHus,
PACKpBITh MECTO M POJIb JUCLUMIUIMHBI B CUCTEME HayK, €€ MPaKTUYECKOe 3HAYeHUE, TOBECTU 10
CTYyJIeHTOB TpeOoBaHus Kadeapbl, OTBETUTh Ha BOIIPOCHI.

B Xxone neKIMOHHOrO 3aHATHS MPENoJaBaTeNb JOJDKEH Ha3BaTh TEeMY, y4eOHBIE BOIPOCHI,
03HAaKOMMHTbH CTYJICHTOB C IEPEUYHEM OCHOBHOU M JTOMOJHUTEIBHOM JINTEPATYPhI IO TEME 3aHSATHSL.

Bo BcTynmuTenbHON 4acTH JEKIIMHM 00OCHOBATh MECTO M POJIb M3y4aeMOW TeMbI B yueOHOU
JUCLUUILJIMHE, PAcKphITh €€ NpaKkTUYeCKoe 3HaueHue. Ecnum uuTaeTcs He mepBas JEKUUs, TO
HEOOXOIUMO YBfA3aTh €€ TeMy C NpeAblaylled, He Hapymas JOIMKH H3JI0KEHHUS Y4eOHOTro
matepuana. JIekiumwo cieayer HauuHaTh, TOJBKO YETKO 0003HAUUB €€ XapakTep, TEMY U Kpyr Tex
BOIIPOCOB, KOTOPBIE B €€ X0/1€ OyAyT pacCCMOTPEHBI.

B OCHOBHOI dacTH JeKUMU CJEIyeT pacKpbiTh COAEp)KaHHE Y4YeOHBIX BOIPOCOB,
aKLIEHTUPOBAaTh BHUMAaHUE CTYJACHTOB Ha OCHOBHBIX KaTEroOpusX, SBIECHUSAX M Ipolieccax,
0COOEHHOCTSX MX MPOTEKaHUs. PacKpbIBaTh CYITHOCTh U COJAEPIKAHUE PA3IUYHBIX TOUEK 3PEHHUS U
HayYHBIX T[IOIXOJI0OB K OOBSICHEHHIO TeX WM WHBIX sBIEHHMH u mpoueccoB. Cuemyer
apryMEHTHPOBAaHO OOOCHOBATh COOCTBEHHYIO MO3HMIHMIO MO CIOPHBIM TEOPETHYECKUM BOIPOCAM.
[TpuBoauTh mpuUMephl. 3aiaBaTh MO XOAY HM3JI0KEHUS JIEKIMOHHOTO MaTepuana pUTOPUYECKHE
BOIIPOCHI W CaMOMY JaBaTh HAa HUX OTBET. DTO CIOCOOCTBYET aKTHUBHU3AIMHM MBICIHTEIBHOM
JISITEJIBHOCTH CTY/IEHTOB, IOBBIIICHUIO MX BHMMAHHS W HMHTEpeca K MaTepuaily JIEKIHUH, €€
conepkanuto. [IpenogaBatenb IOJKEH PYKOBOAWUTH pabOTONW CTYAEHTOB MO KOHCIIEKTHPOBAHHIO
JEKIMOHHOTO MaTepuaja, MOAYEpPKUBATh HEOOXOAMMOCTh OTPAKEHHUsS B KOHCIIEKTaX OCHOBHBIX
MOJIOKEHUN U3ydaeMOU TeMbl, 0CO00 BBIJIEIISS KATETOPUMHBIN armapar.



B 3aknrountenbHON 4acTH JEKUUU HEOOXOAMMO c(HOpMyIHpOBaTh OOIIKE BBIBOJBI IO TEME,
pacKpbIBaOIIME COJAEPKAHME BCEX BOIPOCOB, IIOCTABJICHHBIX B JeKiuu. OOBABUTH IUIaH
OUEpEeIHOTO CEMHHAPCKOTO WM JAa0OpaTOPHOTO 3aHATHUS, NaTh KpaTKue pPEeKOMEHIAIMH I10
MOJTOTOBKE CTYJEHTOB K CEMUHapy WM JabopatopHoi paboTe. OnpenenuTb MECTO U Bpems
KOHCYJITAIlMH CTYJIEHTaM, TIOXKEJIAaBIIUM BBICTYIIUTh Ha CEMUHApe ¢ JOKIaJaMu U pedepaTamMu 1o
aKTyaJlbHBIM BOIIPOCaM OOCY>KJaeMON TEMBI.

[{enp mpakTUYECKUX U JTaOOPATOPHBIX 3aHATHH - 00ECIEUNUTh KOHTPOIIb YCBOGHUSI YU4€OHOTO
MaTepuasa CTyJIEeHTaMH, pacllupeHue M yriayOleHue 3HAHUM, MONyYeHHBIX UMM Ha JIEKIHUSAX U B
X0Jle caMOCTOsATeNbHONH paboTel. IloBbieHne A(PGEKTUBHOCTH MPAKTUYECKUX  3aHATUI
JIOCTUTAETCS TOCPEJICTBOM CO3/IaHUSI TBOPYECKOM OOCTaHOBKH, pacHoJararpiield CTYJIEeHTOB K
BBICKA3bIBAHUIO COOCTBEHHBIX B3IUIAJIOB U CYXKICHHH MO OOCYXJTaeMbIM BOMIPOCAM, JKETIAHHUIO y
CTYJICHTOB IOPa0OTaTh y TOCKU MPHU PEIICHUH 3a/1a4.

[Tocne KaxAOro JIEKIMOHHOTO, JaOOpaTOPHOTO M TPAKTHUECKOTO 3aHATUS CHeNaTh
COOTBETCTBYIOIIYIO 3allMCh B )KypHaJlaX ydeTa MOCEIAeMOCTH 3aHATHI CTYJEHTAMM, BBIICHUTH y
CTapoCT y4e€OHBIX TPYII TPUUYUHBI OTCYTCTBUS CTYACHTOB Ha 3aHATUSAX. [[pOBOAUTH rpyNIoBbe U
WHUBUTyaJIbHbIE KOHCYJIBTAIIMU CTYACHTOB 10 BONPOCaM, BO3HUKAIOIINM Y CTYJICHTOB B XOJ€ UX
MOATOTOBKU K TEKYIIEH M MPOMEKYTOUHOM aTTECTAIMH 110 YUYEOHOU JUCIUIUIMHE, PEKOMEHI0BATh
B ITIOMOIIIb YYEOHBIC U APYTHe MaTepUalibl, a TAK)KE CIIPABOYHYIO JINTEPATYPY.

6.2 Meroguueckue yKazaHusi AJs 00y4alOMIMXCS M0 OCBOEHHUIO TN CIIUILTHHbBI

CamocrtosiTenbHasi paboTa sBISETCSA OJHUM M3 BHUAOB IOJNy4YeHUS 0Opa30BaHUA
00y4JaromMuUCs ¥ HallpaBJeHa Ha!
® u3y4YeHHE TEOPETHUYECKOTO MaTepuana, MOJArOTOBKA K JIEKIIMOHHBIM,  CEMHHApPCKUM
(MpaKTUYECKUM) 3aHITHSIM
®* TOJrOTOBKAa K TECTHPOBAHUIO ¢ ucnonb3oBanuem CJ1O.

CaMmocTtosiTenbHasi paboTa CTyIEHTOB MPEACTaBIseT COOOW BakHElIee 3BEHO YUeOHOTo
mporecca, 0e3 TPaBWIBHOW OpraHM3allMd KOTOPOro OOydYaroIIuiics HE MOXET OBbITh
BBICOKOKBATU(DUIIMPOBAHHBIM BBIITYCKHUKOM.

CTyneHT NOMKEeH MOMHUTh, YTO HAYMHATH CAMOCTOSITENBbHBIE 3aHATHS CIEAYyEeT C TMEePBOTO
CEMECTpa U MPOBOJUTH UX PErylsapHO. OUeHb BAXHO MPUIIOKUTH MAKCUMYM YCHIIUH, BOJIH, YTOOBI
3acTaBUTH ceOst pabOTaTh C MOJHOM HATPY3KOM C TIEPBOTO JHSL.

Kaxxaplii cTyIeHT JMOMKEH caM IUIAHUPOBAaTh CBOKO CAMOCTOSITEIBHYIO PabOTy, UCXOAS U3
CBOMX BO3MOXKHOCTEW WM TPUOPUTETOB. ITO CTHUMYJIHMPYET BBHIMOITHEHHE padOTHI, co3/laeT Oolee
CIIOKOMHYI0 00CTAaHOBKY, YTO B UTOT€ IMOJIOKHUTEIHHO CKa3bIBACTCS HA YCBOSHUH MaTepHaa.

BaxxHo monHee y4ecTh 00CTOSTEIbCTBA CBOSH PalOTHI, YSACHUTH, YTO SBJSCTCS TJIaBHBIM Ha
JIAHHOM JTare, KaKylo IMOCJIe0BATEIbHOCTh Pa0OThl BHIOpATh, YTOOBI BHIMIOJIHUTH €€ JIYYIle U C
HAUMEHBIIIMMH 3aTpaTaMHi BPEMEHHU U SHEPTHUH.

Jlist TIIog0TBOPHOM pabOThl HEMAIOBAXXHOE 3HAUCHHE HMeEET OOCTaHOBKA, OpTaHH3aIlvs
pabouero mecra. Hy>xHO HOOUTHCSA, 9TOOBI MECTO PadOTHI IO BO3MOXKHOCTH OBUIO TOCTOSIHHBIM.
PaboTa Ha MpUBBEIYHOM MeCTE JeaeT ee OoJiee TUIOJOTBOPHOM. [IpOayKTHBHOCTE pabOThI 3aBUCUT
OT TIPAaBUJILHOTO Yepe/oBaHUs TpyAa U oTnbixa. [lo3ToMy Kaxkaple Yyac WM JBa CIEIyeT JeaTh
nepepeiB Ha 10-15 MuHyT. BbIXOAHBIE OHU JIydll€e MOCBSATUTH AKTUBHOMY OTIBIXY, 3aHSATHAM
CIIOPTOM, MIPOTYJIKaMHU Ha CBEXKEM BO3JyXe U T... Jlaxe mepextoyeHre ¢ 0IHOTO BUAa YMCTBEHHOU
paboThI HA IPYTOM MOXKET CITYKHUTh AKTUBHBIM OTJIBIXOM.
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CTyneHT JOJKeH NOMHMTb, YTO B IIpolecce OOy4deHMsI Ba)KHEHMIyI0 pOJb HWIrpaer
camocTosTelbHas paboTa ¢ kKHUroi. HayunThcs paboTaTh ¢ KHUTOM — BayKHeiIIas 3a/ja4ua CTy/IeHTa.
be3 sroro HaBblka OyIeT upe3BBIYAHHO TPYAHO H3ydaTh HPOTPAMMHBIA MaTepuan, U MHOTO
BpeMeHH Oy/IeT IOTpaueHo HepaloHaabHO. PaboTa ¢ KHUTO# CKIaabIBaeTCs U3 yMEHUS To00paTh
HEOoOXOUMbIe KHHUTH, pa3o0paThcsi B HUX, 3aKOHCIEKTHUPOBATh, BHIOpaTh TJAaBHOE, YCBOUTH M
MPUMEHUTD Ha MPAKTUKE.

7. DoH/ OLIECHOYHBIX CPEACTB
7.1 MeToabl KOHTPOJISI M OLICHUBAHNS Pe3yJIbTATOB 00y4eHHUs

Jlo naTsl mpoBeeHHs MPOMEKYTOYHON aTTeCTallu CTYJEHT JOJIKEH BBIITOJHUTE BCE padOTHI,
IIpelyCMOTPEHHbIE HAcTOsIIeN padouell mporpaMMoOi TUCITUIINHBL.
[lepeuens 00s3aTeNBHBIX PaOOT, BHINOIHIEMbIX B TEUEHHE CEMECTpa
e VYcTHBIN onpoc, cobeceoBaHNe
e Kypcosas pabora
® TectupoBanue

7.2 IlIkajga 1 KpUTEPUH OLEHUBAHUSA Pe3yJIbTATOB 00yUeHHsI

Pe3ynbpTaThl 00ydeHus: OIICHUBAIOTCS M0 OaUIbHOM IIKalie, OaylIbl HAYHUCISIOTCS CTYICHTY TI0
pe3yJibTaTaM BBIITOJIHEHUS 0053aTeIbHBIX PadoT.

Ouenka KoaunuecTBo 0a/1710B
OTJINYHO ot 81 mo 100
XOPOIIO ot 61 1o 80
YIOBJIETBOPUTEIHLHO ot 41 o 60
HEYJIOBJIETBOPUTEIHHO 40 u meHee

7.3 OueHo4Hble cpeACTBA

7.3.1. Texyumii KOHTPOJIb

TeMbl 17191 yCTHBIX OIIPOCOB
I. CymHocTh KOHUENIMK  JUCKpeTH3aluu  JudepeHlraIbHblX  ypaBHEHHMH
TerioMaccooOMeHa U rasorufpomexaHuku. CTpyKTypa JAHCKPETHOTO aHajlora MCXOJHOTO
T depeHIIMaTBEHOTO YPaBHEHHUS.
2. JIuckpeTHbIe aHAJIOTH TPAHWYHBIX YCIIOBUM B 3a1a4ax TEIUIOOOMEHa.
3. JluckpeTHwlii aHanor audQEepeHIHATBHOTO YpPaBHEHHS Ta30THAPOMEXaHUKHA IS
CTaI[IOHAPHON OJTHOMEPHOM 3a/1a4yM, B KOTOPOM YUUTHIBAIOTCS TOJIBKO KOHBEKIUS U 1UDPy3us.
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4. OCHOBHBIC TPHUHIUIBI BBHIOOpPA HWHTEPHOIANMOHHBIX (YHKIUMH ©u mnpoduneit npu
IOCTPOCHUU JMCKPETHBIX aHAJIOroB UG QEpeHINaIbHbBIX YpPaBHEHUH TEIIoOMaccooOMeHa M
ra3orupOMEXaHUKH.

5. SIBHas cxema aMcKpeTH3auuu mapabonuueckux AudQepeHnrnanbHbIX  yYpaBHEHUH
OJIHOMEPHOH TEIUIONPOBOAHOCTH 6€3 UCTOYHUKOBOT'O YIEHA.

6. ITomHOCTBIO HEsIBHAs cxema Ul JUCKpeTH3aluu napaboiudeckux IuddepeHaabHbIX
ypaBHEHHH 0JTHOMEPHOH TEIIONPOBOAHOCTH 0€3 HCTOYHUKOBOTO YJICHA.

7. Cxema Kpanka-Huxosncona s AuckpeTu3anuu napadonndyeckux IudepeHaabHbIX
ypaBHEHH OJTHOMEPHOH TEIIONPOBOAHOCTH 0€3 HUCTOYHUKOBOTO YJICHA.

8. O00O0IIEHHBIN JUCKPETHBIN aHanor qudQepeHInaIbHOro ypaBHeHUs TemioMaccooOMeHa B
3ajjaue HeCTallMOHAPHON OJJHOMEPHOM TEIIONPOBOAHOCTH 0€3 HCTOYHUKOBOTO WICHA.

9. IlTaGnoHBI SIBHBIX KOHEYHO-PA3HOCTHBIX CXEM B 3aJayax HECTAIIMOHAPHON OJHOMEpPHOM
TEIUIONPOBOAHOCTH.

10. I1I1a610HBI HEIBHBIX KOHEYHO-PAa3HOCTHBIX CXEM B 33/1a4ax HECTAIMOHAPHOW OJTHOMEPHOM
TEIIONPOBOAHOCTH.

3anaHus AJs1 KYpPCOBBIX padoT

3apanme 1. Jlns oxJyaxaeHUsT KOMIIPECCOpPA HCIOIB3YIOT TEIUIOOTBOSAIIMN paaraTop.

[Iporecc mepepaun Temia OT paguaTopa B OKPYKAIOIIMI BO3IyX OMHUCHIBAIOT MU PepeHIInaTbHBIM
ypaBHEHHUEM
dT

em—=P-aS(T-T.),

dt

IJIe M U ¢ — Macca M yJelbHas TEIUIOEMKOCTh MaTepuaia paauaropa, T — TemrepaTypa

paauatopa, t — Bpems, P — mocrynaromas K paguaTopy OT KOMIIpECCOpa TEIIOBasi MOITHOCTh, O1S

(T — T ) — oTBomUMOE Temio, o — KOI((UIMEHT KOHBEKTUBHOHN TEIUIOOTIAYH, S — TUIONIA/b
MMOBEPXHOCTHU pajniatopa, 1. — Temmneparypa OKpy >Karolien Cpebl.
Pamuatop cHaOGXeH BEHTUIIATOPOM, KOTOPBIH aBTOMATHYECKH BKJIIOYACTCS, €CIH

TEeMIIepaTypa paguaTopa MPEBBIIMIAECT JOMYCTUMBIN Ipeaei, TO €cTb T > T, U OCTaHABIMBAETCH,
eciiid T < Tax. Briltouenue 061yBa 3KBUBAJIEHTHO U3MEHEHUIO KOA(pGUIIMEHTa TEIUIO0TIauH o IO
CJIEYIOLIEMY 3aKOHY:

(0,ecanT <7, wmuT <T,,, npudT/di>0,

o=s
[cx Leemm 727 wmuT >T_ npudTl/dt <0,
rae 00 — KodpPHUIUEHT TEII00TauM MPHU BBHIKIIOYEHHOM BEHTHIIATOpE, 0l— KOd(pdUIHMeHT

TEIJIO0TIa4YH MpU 00/1yBE (CM. PHUCYHOK).

Oxnaxnenue

F

Harpes
| >

7; T; min Tmux T

0

PaccunTaiite ydactok 3aBucuMocTH T(t), HA KOTOpPOM CHCTEMa OXJAXAEHHUS BBIXOJUT Ha
ycraHoBuBIIHMiics pabounii peskum Tmin< T(t) < Tmax.
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[TapameTpsl paguaropa: ¢ = 920 Jx/kr-K, m =8,45 xr, S = 0,44 m*. HauaneHyio TeMepaTypy
paauaTtopa npumute papHoit T(t=0) = Tc = 303 K. IIpoune nanHbIC yKa3aHbI B TAOIHIIE.

Pe3ynbTaThl pacueToB mpeacTaBbTe B TaONMUYHOM U Tpadudeckoi popmax B pazmepHom {T =
f(t)} u 6e3pazmeprom {® = (T-Tmin)/(Tmax - Tmin) = ¢(t =t- P/ ¢ - m"AT) } Bunax.

Tao0nuia

[Tapamerp Bapuant

1-1 1-2 1-3 1-4 1-5 1-6 1-7
P, Bt 350 365 380 355 450 535 675
a0, Br/m*K 8 15 19 12 8 8 18
al, Br/m*K 80 95 120 90 60 50 115
Tmin, K 330 340 350 335 345 355 325
Tmax, K 360 370 370 365 370 380 375

Saz[alme 2. Hpouecc nepecaaun TCIJla B TBCPAOM TCJIC OIKUCBIBAIOT YPABHCHUCM

TEIIONPOBOAHOCTH
°oT .
pC—-— dn{k grad (T]] =,
cr '
rne p u C — IUIOTHOCTH M TEIUIOEMKOCTH BemecTBa, T — Temnepatypa, k — koapduuneHt

TCILJIOIIPOBOJHOCTH, Q — IINIOTHOCTh UCTOYHUKOB TCILJIA.
HpI/I YKa3aHHBIX B Ta6HI/II_[€ HCXOOHBIX JAHHBIX IIOJYYUTH YHCJICHHO YCTAHOBHUBIICCCSH
pacnpenenenue temrepatyp T(X,y) Ha TOHKOW MNPSMOYTOJIBHOM IUIACTUHE (CM. PUCYHOK) st

oOnactu
0=x=a0=y=b, cauraz TenodHHIeCKHe CEOHCTEA MATEPHATA IIJTACTHHEL II0CTOAHHBIMH,

Jnmuna mnactunbl L=10 M, mmpuna mnactudsl B=2,5 M. B HavaibHbII MOMEHT BpeMeHu to=0

T .
TeMIlepaTypa IUIACTUHBI paBHA ~ ™™, Ha IpaHHIaX 00JIACTU 3aJaHbl MMOCTOSHHBIC TEMIIEPATYPHI:

a:T=T b:T=T,_.
pu x=0 u x= max qpu y=0 u y= min  OObEMHbIC HCTOYHUKH TEIUIA OTCYTCTBYIOT:

Q = 0. Pe3ynbpraThl pacueToB MPEACTABUTHh B TAOJUYHON U TpaduyuecKoi popmax B Oe3pa3MepHOM
{® = (T-Tmin)/(Tmax - Tmin) = ¢(t = Fo) } Bune.

Tabnuua
ITapamerp Bapuanr

2-1 2-2 2-3 2-4 2-5 2-6 2-7
p, Kr/M’ 2800 3500 | 3500 | 2900 3000 3500 8000
C, x/kr-K 880 140 250 300 330 440 520
k, Br/m-K 80 210 100 75 150 180 35
Tmin, K 273 283 293 343 303 278 278
Tmax, K 373 423 393 583 363 413 583
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}-' %
T=Tni
b 11
T=Tmax T=Tax
() 3
0 T=Tinin x

3aganue 3. BeprtukanbHas TpyOa paamycoMm ro= 25 MM, B KOTOpPOW HaXOIUTCS BOJAA C
temneparypoit 72°C, okpyxkeHa GECKOHEYHO TOJICTOM IIe[sHOM pyOaiukoi, BeicoTa KoTopoi H
paBHa 2 MerpaM (cM. pucyHok 2). Temmeparypa nbaa pasaa 0°C, BCI€ACTBHE Y€ro Jie[ HAYMHAET
TasTh. HaliTu namMeHnenue Gpopmel o0acTy, 3aHMMaeMON Tajoi Bojoi, Bo BpemeHH. [Ipu perienuun
JTAHHOW HECTAllMOHAPHOM 3aJa4uy MIPUHATH, YTO MIOJIOKEHHUE IPAaHULIb] pa3/iesia Talol BObI U JIbJa B
TE€YEHHE Ka)kJIOro Ilara 1o BpeMeHu He MeHseTcs. Ha xaxaom mocienyroniem mare o BpeMeHU
MOJIOKEHHE TPAHULIBI pa3/iesa TaJoi BO/bI U JIbJIa U3MEHATH C YUETOM TerIoo0MeHa yepe3 ITpaHuIly
pasznena.

Yka3aHue:

79 Sparrow, E. M., Patankar, S. V., and Ramadhyani, S. (1977). Analysis of Melting in the Pres-
ence of Natural Convection in the Melt Region, J. Heat Transfer, vol. 99, p.. 520.
|

[ Mud -
KOCM b

TBepdon
cpefa

e 7
" "t of T
5

PucyHnox

3ananue 4. PaccMoTpeTh IpoIECC HArpeBa KUJKOCTH B YCJIOBHUSAX MOJHOW HEBECOMOCTH.

byaem cumntathb, 4TO KUIKOCTH SBIISETCS YNPYTo Cpenoil, TO €CTh INIOTHOCTh JKUIKOCTH 3aBUCUT

HE TOJBKO OT TEeMIIepaTypbl, HO M OT JaBieHHs. KoianmuecTBeHHOM XapaKTepUCTHKOW yHPyTOCTH
e,

k=—=a

KHUAKOCTU MOKCT CIIYKUTb BCIIMYMWHA ap

(1) , tne @- ckopocTh 3BYKa B KHUIKOCTH.
OnHOMEpHOE JBIKEHHE CTON0a KUIKOCTH BBICOTHI L, HarpeBaeMoro ¢ OCHOBAHMS 3aJaHHBIM

TCIIIIOBBIM ITIOTOKOM q , MOXCT OBITH OIMCAHO cnez[ylomeﬁ CUCTEMOM ypaBHCHI/Iﬁi
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op Opu
ot oOx (2)
ou .8u 1

p=py (1= Bo(T- T, )+

B HayanbHBII MOMEHT T =Tp,u=0.p —Po, (3)
u =O,6—P =0,A T =-q @)
Ha nosepxnoctu HarpeBarens (x=0) ox Ox ,
P :O,a—T =0 )
Ha cBOOO/IHOI moBepxHOCTH (X=L) Ox .

Cucremy (2)-(5) pemMTh YUCICHHO METOJOM KOHEUHBIX Pa3HOCTEW ISl BOJBI C HA4YaJIbHOM
temrneparypoit 20°C, IIOTHOCTH TEIIOBOro moroka q=10* Br/M?, rinyOuna 3amonHeHus (BbICOTA
crosiba) L=0.05 m.

3apanme 5. HunmHapuyeckoe cranbHOe peOpo B (GOpMe HUITIBI NPUKPEINICHO K TBEPAO
crenke ¢ emneparypoii To= 200°C 1 ombIBaeTCs MOTOKOM Bo3ayxa ¢ Temneparypoi T.=30°C (cm.
pucynok). Kospduument rtemnoormaum or pebpa k Bosmyxy o=75 Br/M*K. Kospduumenrt
TeronpoBoaHocTH pedbpa A=45 Br/M'K. Pasmenuts pebpo Ha mATh yacTeid M TpPU TTOMOUIH
uTepanmoHHoro meroja ['aycca-3aiimens (cm. [1], ctp. 158-168) Haiitu TemmepaTypy B y3iax
CeTKH. BBIYHMCINTH TEIIOBON MOTOK 4Yepe3 OOKOBYIO IMOBEPXHOCTh pedpa M TEIUIOBOW MOTOK,
MOCTYTIAIOUINIA B peOpOo OT CTEHKH uepe3 ocHoBaHue pebpa. [lpu pemeHnn naHHOHN 3a7a9u MOKHO
ucnoinbioBath nporpammy CONDUCT (cm. [2], cTp. 65-126).

N K
2 T Oouel
b | YA ¢3 ¢4 bS5 %6 / ' Yoo TEIJIOU30-
T JIApOBaH
§ TN
N 100om > 1.50m —
§ .
I
Pucynok.
VYka3zaHue

Anpepcon JL., Taunexuaa J1 x., Maeruep P.
BbluncanTeNbHas PHApPOMEXaHHKa M Tem1oo6MeH: B 2-x T.
T. I: Ilep. ¢ anrm. — M.: Mup, 1990. — 384 c.,

IlaTaunxap C.B.

YucneHHoe pelleHde 3aja4 TEMJIONPOBOAHOCTH U KOHBEKTHB-
Horo Ttemnoo6MeHa mpu TedeHWHW B KaHanax: [lep. ¢ aHmL
E.B. Kana6una; noa pen. [.I. SlHekoBa. — M.: Hsparenbctso
MDH, 2003. — 312 c., un. ISBN 5-7046-0898-1.

3ananue 6. IlonyunTh 4YHCIEHHOE pEIICHUE 3ajlayd HaMOpaXMBaHUsA JibJa Ha
HWIMHIPUYECKYI0 OECKOHEUHYI TPYOKy C HapyXHbIM auamerpoM 20 MM, MOrpYKEHHYIO B
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HENOABWKHYI0 Boxy c¢ Temmeparypoir 10°C. Temmeparypa BOasl Ha HOBEPXHOCTH TPyOKH
nocrosuna u pasHa wmuayc 10°C. KouBekumeil mnpeHeOpeub. 3agaya  OCECUMMETPHYHAS,
omgromepHas, T=T(r, t).

Hcxoanble faHHbIe U 0003HAYCHHUS:

R — pagnyc TpyoOxu;

T — HayanmpHas TeMIepaTypa BOJIbI,

T — Temmneparypa kpuctamumszanuu Boasl (273.15 K);

T, — TeMmneparypa Ha IOBEpPXHOCTH TPyOKH;

r0f — IIIOTHOCTH BOAbI a (1000 kr/m’);

10}~ IWIOTHOCTS Jbaa (917 kr/m?);

Cpr — TeII0eMKOCTh BoabI (4220 [Ix/kxr-K);

cpi— TerioeMKocTh Jpaa (2120 Ix/kr-K);

L — ckpeiTas TeruoTa kpuctamiuzanuu Boasl (333000 JIx/kr);

Lam; — termmonpoBogHocTh Boabl (0.57 Bt/m K);

Lam, — TeronpoBogHOCTh bAa (2.22 B1/M K).

VYpaBHEHME TEIIONPOBOAHOCTH

d
C(T) p - 5 = V((T) - VT) = Q(T)

Pacnipenenennsiii nctouHuK Temia Q yCTpoeH Tak, 4To:

[Tpu T>T, Q=0;

[Tpu T< T, Q=0;

[Ipu T= T, Temneparypa B JIeMEHTApHOM O00bEME HEHU3MEHHA, TEILUIOBOM MOTOK HAIpPaBJICH
Ha U3BATHE KOJMYECTBA TEIJIOTHI, HeoOxoaumoe 11 gazoBoro nepexoaa (L=333000 Jx/kr).

YaenpHas TENI0EMKOCTh CT)g AJIEMEHTAPHOM 00BEME PAacueTHOM 00JacTH OIpeesseTcs
TeMIIepaTypoun
_ {cpf — npuT =T, = 273,15
I lepy— mpu T = T, = 273,15
Ko huuueHT TemionpoBoHoCTH - (T,
{Lamf —opuT =T, =273,15
Lamy — npu T = Ty = 273,15
s critakuBaHus CKa4yKa TEILIONPOBOJHOCTH UCIIOJIb30BaTh OCPEIHEHNUE:!
2-Lam, ;- Lam,

Lam; =

i’

L.:'lr['.l._-l-ulj =
T Lam;.,; + Lam;
2-Lam;_,4;-Lam,; -
— -1 L
Lam,_y,; =
ST Lam,_,; + Lam,
2.Lam;.. 44, - Lam,;
— L+ ij
Lam.j_i_.-ﬂ =
- - Lam,. ;5 + Lam,;
Lj+1/2 L
2-Lam;; 4/, - Lam,; -
_ _ Lj—1/2 L
Lam;; 4, =

Lam;_,,, +Lam,;
Hosoe pacnpenenenue TeMeparypbl HOIy4aloT YHCIEHHO ¢ HE3aBUCHMBIM 1arom dt<=dtau.

Pemenue 3a1aun npeacTaBUTh B 6€3pa3MepHOM BUJE.

IIpumep TecTOBOIrO 3a1aHUs.
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1. Merong KOHEUHBIX pa3HOCTEH — YHCICHHBIM METOA pemnieHus auddepeHImaIbHbIX
ypaBHEHUI, OCHOBAHHBIN Ha...?

= 3aMeHe MPOU3BOHBIX PA3HOCTHBIMU CXEMaMHU

~ 3aMEHe MIEPEMEHHBIX Pa3HOCTHBIMU CXeMaMHU

~ 3aMEHe MPOU3BOHBIX OOIIUMHU CXEeMaMU

~ 3aMeHe MPOU3BOHBIX YACTHBIMU CXEMaMU

2. MeToj KOHEYHBIX pa3HOCTEH SIBIISETCS... METOJIOM
= CETOYHBIM

~ TJIOTHOCTHBIM

~ (haceTouHBIM

~ Pa3HOCTHBIM

3. IIpeumy1iecTBa MeTO/1a KOHEUHBIX Pa3HOCTEN

=J171 IPOCTHIX 33/1a4 MOCTPOEHUE PA3HOCTHOM CXEMBI BBIITOIHSIETCS OBICTpEe

~Merton sBiseTCsA NPOCKIUOHHBIM, TO €CTh YCTONYUB

~[To3BossieT paboTaTh ¢ TEOMETPHUECKU 0OJICE CIOKHBIMH 00JIACTIMHU

~Pemenune cpa3y mpencraBiser co0oil GpyHKIHMIO W 3HAYCHUS B JIFOOOH TOYKE MOTYT OBITh
BBIUHCJIEHBI CPa3y

7.3.2. IIpomexyTouHast aTTeCTALUS

[TpomexyTouHas arrectanus o0ydarouuxcs B opMe dK3aMeHa IPOBOAUTCS MO pe3yIbTaTaM
BBITIOJTHEHHSI BCEX BUAOB Y4eOHOH palOThI, MPEeIlyCMOTPEHHBIX Y4YEOHBIM IUIAHOM IO JaHHOMN
JTUCIUIUIMHE (MOJYJI0), IPU 3TOM YUUTBIBAIOTCS PE3yIbTaThl TEKYIIErO0 KOHTPOJIS yCIIEBAEMOCTH B
TedeHne cemecTtpa. OIeHKa CTENeHU MOCTHKEHHsS OOyJarolIMMHCS IUIAHUPYEMbIX PEe3yJIbTaToOB
o0ydeHus MO AWCHUIUTHHE (MOIYJI0) MPOBOAUTCS IMpernojaBaTesieM, BEOYyIIUM 3aHATUS I10
JTUCIUILIMHE (MOIYJII0) METOJIOM 3KCIEpTHOM oleHKU. [1o uToram npomMexyTouHOM aTTeCTalllH 110
JTUCIUIIMHE (MOIYJIO) BBICTABISIETCS OLIEHKA «OTIMYHOY, «XOPOILIOY, «yIOBICTBOPUTEIHHOY HIIN
«HEYJIOBJIETBOPUTEIHLHOY.

IIpuMepHbIe BONPOCHI K IK3aMeHY

Bomnpocs! 11 nposepku ypoBHst o0ydueHHocTH 3HATD:

1. CymHoCTh  KOHIENUMH  JAUCKpeTH3auuu  JudQepeHnuanbHbIX — ypaBHEHHH
TerioMaccooOMeHa U Tra3oruapomMexaHukd. CTpyKTypa JUCKPETHOTO aHajora HMCXOJHOTO
QG epeHIaIbLHOr0 YpaBHEHUSI.

2. JIuCKpeTHbIE aHAJIOTU T'PAaHUYHBIX YCIOBHM B 3a/1a4aX TEII00OMEHa.

3. HuckperHpii aHanor audQepeHMaNIbHOTO YpaBHEHUS Ta30THIPOMEXaHWKHU IS
CTAllMOHAPHON OJHOMEPHOM 3a7auH, B KOTOPOH YUUTHIBAIOTCS TOIBKO KOHBEKIHS U AU y3usl.

4. OCHOBHBIE MPHUHIUIBI BHIOOpPAa HMHTEPIONSIUOHHBIX GYHKIMA u mpoduiei npu
MOCTPOCHUH JMCKPETHBIX aHAJIOTOB UG GEpEeHINATbHBIX YpaBHEHHH TEIIOMAaccooOMeHa W
ra30THIPOMEXaHHUKH.

5. SIBHasg cxema [MCKpeTH3aluu Napaboiaudeckux AuQQepeHuranbHbIX YpaBHEHHUH
OJIHOMEPHOI TEIJIONPOBOJHOCTU 0€3 HCTOYHUKOBOI'O YJICHA.
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6. [TomHOCTBIO HEsIBHAST CXeMa JUIS TUCKPETU3aIK Mmapaboiudeckux IuddepeHnaTbHbIX
yYpaBHEHHIA OJTHOMEPHOH TEIUIONMPOBOAHOCTH 0€3 HCTOYHHKOBOTO 4YJICHA.

7. Cxema Kpanka-HukoicoHa [uis JUCKpeTH3alMK THapadoimdyeckux IuddepeHnaaIbHbIX
yYpaBHEHHIA OJTHOMEPHO TEIUIONMPOBOAHOCTH 0€3 HCTOYHHKOBOTO YJICHA.

8. O6001IEeHHBIN TUCKPETHBIN aHaANOT U depeHIaTbHOr0 ypaBHEHHUS TermioMaccooOMeHa B
3ajJjaue HeCTAIlMOHAPHOW OJJHOMEPHOM TETUIONPOBOJIHOCTH 0€3 HCTOYHUKOBOTO YJICHA.

9. Il1aGnoHBI SIBHBIX KOHEYHO-PA3HOCTHBIX CXEM B 3aJayaxX HECTAIIMOHAPHON OJHOMEpHOM
TEIUIONPOBOAHOCTH.

10. H1abmoHBI HESBHBIX KOHEYHO-PA3HOCTHBIX CXEM B 33[]a4aX HECTAlIMOHAPHON OJJHOMEPHOU
TEIUIONPOBOAHOCTH.

Bomnpocs! (3agaun/3aganus) [uist mpoBepkH ypoBHs ooyuenHoctH YMETD:

1. TlomydeHme MAMCKPETHOTO aHajora HUCXOAHOTo JU(p(EepPEeHIIHATBEHOTO YpaBHEHUS
TEIIOMAacCOOOMEHA U Ia30TUAPOMEXAHUKHU C TIOMOIBIO psioB Telnopa.

2. TIlomydyeHue MAMCKPETHOTO aHAlora HCXOAHOTO auddepeHnnanbHOro  ypaBHEHHUs
TEIIOMacCcOOOMEHA U Ta30TUAPOIMHAMUKH € TIOMOIIbIO METO/Ia B3BELIIEHHBIX HEBS30K.

3. IlomyueHwe JAWMCKPETHOTO aHajora WCXOMHOTO JIU(B(HEePEHIHATFHOTO YpaBHEHUS
TEIIOMaccoOOMEHa U Tra30TUAPOIMHAMUKH C IOMOIIbIO METO[a KOHTPOJIBHOTO 00beMa.

4. TlonmyueHue IUCKPETHOIO aHajora IPaHUYHBIX YCIOBUI BTOPOrO poja B 3ajayax
TEIUIOMACCOOOMEHa.

5. IlomydeHne AMCKPETHOrO aHajora IPAHWYHBIX YCIOBHW TpPEThEro poja B 3agadax
TEIIOMAacCOOOMEHa.

6. Anmpokcumanus — UCTOYHHKOBOIO  4jeHa B JU(p(EepeHIUa]IbHOM  YpPaBHEHUU
TEIIOMAacCOOOMEHa JUIsl CTallMOHAPHON OJJTHOMEPHOM 3aJjauy TEeIIONPOBOJHOCTH.

7. IlpumeHneHune MeToAa KOHTPOJIBHOTO O0BbEMa K CTAI[MOHAPHOW OJHOMEPHOM 3aaaue
TEIUIONPOBOAHOCTH.

Bonpocsr (3amaun/3ananus) i npoepku ypoBHs o0yueHHoctr BJIAJIETD:

1. [IpaBuio COOTBETCTBUSI MOTOKOB Ha TpaHHUIAX KOHTPOJIBHOIO 00BEMa MpU MOCTPOCHHUU
JUCKPETHBIX aHAJIOTOB nuddepeHnnaIbHbIX ypaBHEHUU TeIIoMaccooOMeHa u
ra30rupOANHAMUKH.

2. He3aBucumble mnepeMeHHble B 0000IIEHHBIX AuddepeHInanbHbIX — ypaBHEHHSX
TEIIOMaccooOMeHa M Ta30TMAPOAMHAMHMKH. YacTHble CiIy4ad TpU BBHIOOpPE HE3aBUCHMBIX
NEPEMEHHBIX U UX (U3HUECcKasi TPaKTOBKa.

3. IlpaBuio NOJOKHUTEIBHOCTH KOAPQPHUIMEHTOB IMPU 3aBUCUMOW MEPEMEHHON Npu
MOCTPOCHUU AUCKPETHBIX aHAJIOroB AU(QepeHInanbHbIX YPAaBHEHUH TEIUIONPOBOHOCTH.

4. CrangapTHBIN BUJ JUCKPETHOTO aHanora nudQepeHnaabHOro YpaBHEHUs CTallMOHAPHON
OJIHOMEPHOH 3a/1a4y TEIJIONPOBOJHOCTH U €70 OCOOEHHOCTH.

5. IlpaBuno oTpuLaTeNbHOCTH KO3 HIIMEHTa NPU JTMHEAPU3ALUU UCTOYHUKOBOTO YJICHA B
000011eHHBIX TU(GEpEeHIINATBHBIX YPABHEHUAX TEIIIOMAcCOOOMEHa M ra30THAPOIMHAMUKH.

6. Crpykrypa o0000menHoro auddepeHINaILHOT0 ypaBHEHUS TEIJIOMacCOOOMeHa,
ra3oruApOoAUHAMUKH U TypOYIeHTHOCTH. PU3NYECKUI CMBICH €r0 YIEHOB.

7. IlpaBujo paBeHCTBA CyMMBI COCETHUX KO3(DPUIMEHTOB MpHU 3aBUCHUMOMN NEPEMEHHON Ha
rpaHuIaX KOHTPOJIBHOIO 00beMa KOA(PGUIIUEHTY IIPU STON IEPEMEHHOM B y3J1€ CETKU JUCKPETHOTO
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aHanora AudGdepeHuaIbHOTO  ypaBHEHUS — TEMJIOMAacCOOOMEHa, Ta30THAPOJWHAMUKH U
TypOYJIEHTHOCTH.
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Oo0pa3zen 3K3aMeHALIMOHHOT0 O1JIeTa

MUWHHUCTEPCTBO HAYKH Y BBICHIET'O OFPA3OBAHUSI POCCUIICKOM OEJIEPALIUN
DEJIEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE YYPEXXJIEHUE
BBICHIET'O OBPA3OBAHUS

«MOCKOBCKHWH ITOJUTEXHUYECKHI YHUBEPCUTET»
(MOCKOBCKU ITOJIUTEX)

@axkynsrer XTub Kadenpa TexHuka HU3KUX TeMIIepaTyp

JucuuninHa BeruuciaurenbHas ra3oruJpoMexaHuKa, TeII0Maccoo0MeH "
KOMIILIOTEPHOE MO/AeTHPOBaHUE

Hanpasnenue 16.04.03

Kypc 1 rpymnma 224-551, dopma oOyueHus ouHas

BK3AMEHAIIMOHHBIN BUJIET Ne 1.

1. JuckpeTHblii aHanor audQepeHINaIbHOr0 YpaBHEHUS Ta30THIPOMEXAaHUKH IS
CTAllMOHAPHON OJHOMEPHOM 3a7auH, B KOTOPOH YUUTBHIBAIOTCS TOJIBKO KOHBEKIHS U AU Dy3us.

2. llonmyueHue IUCKPETHOIO aHajora IpaHUYHBIX YCJIOBUI BTOPOrO poja B 3ajadax
TEIIOMaccOOOMEHa.

3. Crpykrypa o0006menHoro aud@depeHInaIsHOr0 ypaBHEHUS — TEIJIOMacCOOOMeEHa,
ra30THIPOANHAMUKYI U TypOyJIeHTHOCTH. DU3HUECKUI CMBICI €r0 YJICHOB.
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K mpomexxyToyHON aTTecTanuu JO0MyCKalTCS TOJIBKO CTYACHTHI, BBHITOJHUBIINE BCE BHJIbI
y4eOHOM paboThl, MpeayCMOTPEHHBIE paboyeil mporpamMMoil Mo aucuuIuinHe «BberauciautenbHas
ra3oruipoMexaHuka, TermIoMaccooOMeH U KOMITbIOTEPHOE MOAEITUPOBAHUE).

HIxaJnaa
Onucanue
OLICHUBAHUA

BeimonHensl Bce BUABI y4yeOHOW paboOThI, MPEIYyCMOTPEHHBIE Y4YeOHBIM
wiaHoM. CTyJeHT JAEMOHCTPUPYET COOTBETCTBHE 3HAHWMW, YMEHH, HABBIKOB
NPUBEJCHHBIM B Ta0NMLAX TOKa3aTeiel, omepupyer mnpuoOpeTeHHBIMU
Otnu4HO 3HAHUSIMH, YMEHUSMH, HaBBIKAMU, TIPUMEHSIET UX B CUTYAIMsIX MOBBIIICHHON
cioxkHoctd. [Ipu 3TOM MOTYT OBITH JONYIEHBI HE3HAYUTEIHHBIE OIIMOKH,
HETOYHOCTH, 3aTPYAHEHUS MPH aHAJUTUYCCKUX OTEPAIHsX, IePEHOCe 3HAHUI
¥ YMEHHIA Ha HOBBIE, HECTAHIapPTHBIEC CHUTYAIIHH.

BoinmonHensl Bce BHIBI y4eOHOW paboOThI, MPEIyCMOTPEHHbIE Y4EeOHBIM
wiaHoM. CTyleHT JeMOHCTPHPYET HEIMOJHOE, NPaBUILHOE COOTBETCTBHE
3HAaHUW, YMEHMI, HABBIKOB NPHUBEIECHHBIM B TaOJHMIAX MOKa3zaTeneu, Judo
€CJIM TIPU STOM OBLITH IOMYIIEHBI 2-3 HECYIIECTBEHHBIE OIIMOKH.

Xoporio

BeimonHensl Bce BUABI y4eOHOW paboOTh, MPEIYyCMOTPEHHBIE Y4YeOHBIM
VYnoBnerBopu- |mnaHoM. CTyneHT JAEMOHCTPUPYET COOTBETCTBHE 3HAHUH, B KOTOPOM

TEIILHO OCBEILEHa OCHOBHAas, HauOoiee BaKHAs 4YacTb MaTepuana, HO IpPU 3TOM
JOMYIIeHa OJTHA 3HAYUTEIbHAsT OIMOKA WM HETOYHOCTb.

He BeimonHeHn oauH uiau Oosiee BUIOB y4eOHON pabOTHI, MPEAYCMOTPEHHBIX
y4eOHBIM TuIaHOM. CTyZIEHT JIEMOHCTPHUPYET HETOJIHOE COOTBETCTBHE 3HAHUH,
HeynoBneTBopu- | yMeHHH, HABBIKOB TPUBEACHHBIM B TaONUIAX IOKa3aTelNeH, JOMyCKaloTCs

TEJIBHO 3HAYHUTENIBHBIC OIIMOKH, MPOSBISIETCS OTCYTCTBUE 3HAHWH, YMEHHUN, HABBIKOB
10 sy TOKa3aTelNel, CTyICHT UCTIBITHIBACT 3HAUYUTEIILHBIC 3aTPYTHCHUS TIPH
OIIEPUPOBAHUY 3HAHUSMU M YMECHUSMHU MPH UX IIEPEHOCE HA HOBBIC CHTYAIIUH.

BrimonHeHnsl Bce BHUABI Y4€OHOH paboTHI, INperyCMOTPEHHBIE Y4YeOHBIM
w1aHoM. CTyJeHT JEMOHCTPUPYET COOTBETCTBHUE 3HAHUM, YMEHHIl, HaBbIKOB
NPUBEJICHHBIM B Ta0NMIAxX IOKa3aTeiel, omepupyer mnpuoOpeTeHHBIMU
3auTeHo 3HAHUSAMU, YMEHUSIMHU, HaBbIKAMH, IIPUMEHSET UX B CUTYalUSAX MOBBIIIEHHON
cinoxHocTd. [Ipu 3TOM MOryT OBITH JONYILIEHBl HE3HAYUTENbHbIE OIIMOKH,
HETOYHOCTH, 3aTPYJHEHHUS IIPU aHATUTUYECKUX ONEpALUAX, IEPEHOCE 3HAHUM
Y YMEHUH Ha HOBBIE, HECTAHAPTHBIC CUTYyalUH.

He BhimonHeH oguH unu Ooniee BUAOB Y4eOHOH pabOThI, MpeayCMOTPEHHBIX
y4eOHBIM TIaHOM. CTYJIEHT JEMOHCTPHUPYET HETOIHOE COOTBETCTBUE 3HAHMIA,
YMEHHI, HABBIKOB TMPUBEJICHHBIM B TaOJHIAX TMOKa3aTeled, OIMyCKaloTCs
3HAYUTENbHbIE OMIMOKH, MPOSBISAETCS OTCYTCTBHE 3HAHHM, YMEHHI, HaBHIKOB
10 psAy MOKa3aTesiel, CTYEHT UCTIBITHIBAET 3HAUUTENIbHbBIC 3aTPYIHEHUS TIPU

He 3auteno

OIICPHUPOBAHUHN 3HAHUAMHA U YMCHUAMU IIPU UX NIEPCHOCC HA HOBLIC CUTYAllUU.
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